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Abstract 

The preparation of a number of 2-substituted homophthalimides through the 

condensation of homophthalic anhydride with different arylalkyl arnines is reported. 

The prepared compounds were alkylated at the 4-position to generate 4-mono-, 

4,4-disubstituted and 4-spirocyclic homphthalimides, the analogues of which were 

reported to have interesting biological activity. Regioselective reduction of the 

4-substituted derivatives generated the corresponding carbinolamides. Treating the 

carbinolamides with mineral or Lewis acids generated N-acyliminiurn ions, which 

were trapped in situ by one of the following: ( 1) aromatic neucleophiles to 

generate analogues of the natural product berberine, (2) alkyl chain migration to 

generate tetrahydrophenanthridones and functionalised isoquinolones, (3) 

cyclopropane ring-opening to generate 4-alk:ylisoquinolones, (4) addition to double 

bond to generate cyclopentaisoquinolones and (5) benzyl or allyl elimination. 

The oxidation of 4-monosubstituted homophthalimides with triplet dioxygen in 

alkaline media was investigated, and it generated 4-hydroxyhomophthalimides and 

isobenzofurancarboxamides. Treating isobenzofurancarboxamides with POC!3 

provided a concise route to analogues of the neuroactive naturally-occurring 

phthalideisoquinolines. 
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Chapter 1: Introduction. 

N-acyliminium ion chemistry was originally introduced to allow Mannich type 

condensation reactions to be carried out. However, it was quickly realised that 

the intermediate is of great importance in other synthetic reactions as well'!, 2 

Recently, many research groups around the world have employed N-acyJiminium 

ions in their synthetic routes towards naturally occurring alkaloids, or to prepare 

compounds of potential biological activity, which can be further investigated as 

potential medicines. Some recent examples on N-acyliminium ion chemsitry are 

now reviewed. However, further discussion and mote examples on this cationic 

species are detailed in chapter 5. Lee et aP showed that the cyclisation 

reactions of chiral carbinollactarns, derived from (L)-tartaric acid and 

phenylethylamine, afforded one diastereomer under variety of acidic conditions 

in moderate to good yields. One of their reactions is illustrated in Scheme 1.1. 

V
OH

, Ho_OJ_I __ NH_,.O) 0 

Xylene/Reflux ~ r 
~ 
"'OH 

HO 5H H 
84% 

Scheme 1.1 

I1 Na.BH,/E'OH/O·C 

52% 

Manteca et al.4 prepared pyrrolo[2,I-ajisoquinolones, in high yields, from the 

sequential nucleophilic addition of organolithium reagents followed by N

acyliminium ion cyclisation. The products are considered to be key intennediates 

towards Erythrina-type alkaloids. The procedure is outlined in Scheme 1.2. 

2 

o 



CH3~ 

n~e )N 0 llRLI. CH30 2)1l'A 

-

CH30 

o 

CH30~ 
I N 

CH30 ::,... 0 R _ 

Scheme 1.2 

It is important to mention that the authors used cis-norbor-5-en-2,3-

dicarboximide as a masked a,~-unsaturated imide moiety, since they found that 

the direct lithiation of the equivalent maleimide led only to polymerisation 

products. The overall yield is 31 %, and no detailed reaction conditions were 

mentioned. 

Louwrier et aL.5 reported a highly stereoselective N-acyliminium ion coupling of 

~-ketoester-derived silyl enol ethers with enantiopure lactarns derived from (S)

malic acid. This reaction type is applied in the synthesis of an enantiopure 

plausible intermediate in a projected synthesis of ptilomycalin A. One of the 

reaction sequences reported by this group is shown in Scheme 1.3. 

OH 

HOO~COOH 

I) 0 OTMS 

MeoAA 

I) AcCI A 0 
2) RNH2 c ~ 1l NaBH •. ·30

Q

C AeO 
3) AcCI 2) AC20. pyrtdlne. DMAP ~ 

~~~~.~ 0 ~ 
o Ae 0 

Bn Bn 

Yield = 78% Yield = 77% 

A~O 
TMSOTf/ Me02e-y-' \ 

DCM/·78 Qc to r.t. ro Bn 

21 

Yield = 98% 

Scheme 1.3 
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Kodama et al.6 reported an efficient preparation of ~-amino-a,a-difluoroketones 

based on the reaction of I, I-difluorovinyl methyl ethers with N-acyliminium 

intermediates, generated by treating biscarbamates with trifluoromethane

sulfonic anhydride (ff20) in the presence of molecular sieves. An example of 

their work is shown in Scheme 1.4. 

OMe 

F~Ph 
F 

+ 

Yield: 54% 

Scheme 1.4 

Burgess et aU utilised the epoxides generated from cyclic enecarbamates as 

effective N~acylirninium ion precursors. This methodology was utilised to 

prepare ~-hydroxy, a-substituted piperidines and pyrrolidines including the 

antimalarial agent febrifugine. Scheme 1.5 illustrates their approach to 

Febrifugine. 

r;?NI -..;::, 
N,... A 

H 

1l NaH. DMF. 

chloroacetone. OOCtOT.t.~. <f'M~YO-";::' 
2) TMSOTf. HUnlg'S Base ~N A 

DCM. T.t. 
TICI./DCM/OOC 

Yield: 51% 

1l F1ash chromatography. 
2) kOHl H2 0. healIng .. a OH .21 o (1-";::' 

N 'v~J'n A 1(~ 

Yield: 40% Yield: 10% 

Scheme 1.5 

In another example reported by Lee et aI., 8 the asymmetric synthesis of 

furopyrroloisoquinolines was achieved starting from the cheap L-malic acid and 

4 



via a diastereoselective N-acyliminium ion cyclisation of chiral enantides as show 

in Scheme 1.6. 

Xylene/reflux 0:<1" BrCH:zCOBr 
~ 

Pyrtdine. 30 min. 

H6 
76% 

~ ~ V. }-fP P!J,P(ag;ton1tlrle~ Vt? jO 
~ thm "rnA/5<1'C 9' 

5-= E 
6 6 

B ° 
98% 77% 

Scheme 1.6 

WTsOHIDCM ~ 
RefhIx 

° 
50% 

The researCh described in this thesis is summarised in Scheme 1.7, whereby 

each step in the scheme represent the research discussed in the corresponding 

chapter. The central theme of this thesis is chapter 5, which deals with 

generation and trapping of N-acyliminium ions, while chapters 2, 3 and 4 deal the 

research conducted to prepare the N-acyliminium ion precursors. Despite the 

use of known methodologies for the preparation of the different intermediates 

discussed in chapters 2,3 and 4, many novel fmdings are also discussed in these 

chapters. On the other hand, chapter 6 deals with a somewhat different area, 

which is the aerial oxidation of homopthalimides and its utilisation in concise 

routes towards some potentially biologically active alkaloidal analogues. 

The research discussed herein already yielded three published articies,9,1O,11 and 

it contains other novel findings covering at least two more future papers. 

5 
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Chapter 2: Preparation of 1,3-Isoguinolinediones from Arylalkyl 

Amines and Homophthalic anhydride. 

2-Substituted I ,2,3,4-tetrahydro-1 ,3-isoquinolinediones, commonly known as 

homophthalimides, were reported as early as 1887 by Pulvermacher,12 when he 

generated 2-benzylhomophthalimide 2.1 by heating together benzylamine and 

homophthalic acid. 

Howarth et al., \3 in their synthetic approaches to oxyberberine, generated 2-(2-

phenethyl) homophthalimide 2.2 in 72% by heating homophthalic acid and 2-phen

ethylamine, at 180 °C for 3 hours. Other related homophthalimides were similarly 

prepared by the same group. 13 

In their route towards a synthesis of berberine alkaloids, Huffman et al., 14 

synthesised 2-(3,4-dimethoxyphenethyl) homophthalimide 2.3 by heating 

homophthalic anhydride and 3,4-dimethoxyphenethylamine at 180 °C for 2 hours to 

give the product in 45% yield. D'Sa et al. 15 reported the preparation of the same 

product, following a similar procedure without reporting the yield. 

Edwards et al. 16 have reported the preparation of 2-[2-( IH-3-indolyl)ethyl] 

homophthalimide 2.4 by heating tryptamine and homophthalic acid at 180 °C until 

water elimination ceased to give 2.4 in 86%. Clemo et al.l 7 reported the same 

product, from the same starting materials and via similar procedure, without 

reporting a yield. 

2.1 2.2 

2.3 2.4 

In 1995 Cheng et al. 18 generated 2.1 in 80% yield by refluxing homophthaIic 

anhydride and benzylamine in toluene for 24 hours. 

7 



The condensation reactions are generally illustrated in Scheme 2.1. 

OC
COOH 

~ I COOH OR m 7'.06: 
Homophthalic anhydride 0 Homophthalic acid 

Scheme 2.1 

Muchowski l9 also prepared 2.1 in 91 % yield by palladium catalysed hydrogenation of 

the rea~y available 2-benzylhomophthalonirnide as in Scheme 2.2. 

~ 
">0 V 

o 
2.1 

Scheme 2.2 

In the present work we have prepared various 2-substituted homophthalimides as 

starting materials that could be converted into N-acyliminium ion precursors the 

reactions of which will be discussed later. 

The preparation approach we followed is based on heating the particular amine with 

homophthalic anhydride to 180-185 QC for relatively short period of time (30 to 120 

minutes), since we found that longer heating times can result in a reduction of 

yield. The condensation reaction is expected to proceed via the mechanism described 

in Scheme 2.3. 

-1~~N-R ~o 
Homophthalic 

anhydride 

Step 2 

Step I 
~ 

c6: ..... R 

I 
.# 0 

Scheme 2.3 

8 

Homophthalamic 
acid 



In the proposed mechanism, the fIrst step is the nucleophilic attack of the unshared 

pair of electrons of the amino group on the electron-deficient unconjugated carbonyl 

of homophthalic anhydride, to generate N-substituted homophthalamic acid. The 

second step is the heat facilitated water elimination. Evidence from the work of 

Clemo et al. 17 supports this mechanism. They found that refluxing hornophthalic 

anhydride and tryptamine in benzene, for 3 hours generated N-[2-(lH-3-indolyl) 

ethyl] homophthalamic acid (Scheme 2.3) as the major product. 

Optimised reaction conditions and yields of the prepared homophthalirnides are 

summarised in Table 2.1. By examining Table 2.1, one can quickly see that the 

yields for the homophthalimides generated from a-amino acid esters, namely 2.6, 2.7 

and 2.8, are significantly lower than those generated from other arylalkyl amines. 

This behaviour can be attributed to two possible factors: 

I. Steric hindrance resulting from the a-ester. 

2. The deactivating effect of the carbonyl group on the nuc\eophilicity of the amino 

group. A measure of the low nuc\eophilicity caused by the electron withdrawing 0.

ester is indicated by the p~ of the a-amino-ester which is ca. 103 times lower than 

equivalent amines.20 

9 



Table 2.1 

Starting Amine 

(JNH2 

()lNH. 
Me0X)J 

I""" NB MeO 2 

Qn r NU, 

B 

Me0-(j°) 
~ # NB2 

~ H C~B2CHa 
""'" "",I 

"'-

H2 COOCH,CH.3 (CI-hl 

~~~Vr CJl:lo V 
2.5 

Reaction Reaction 

Temperature Time Yield Product 

(oc) (minutes) (%) 

185 30 100 2.1 

185 30 86 2.2 

185 30 90 2.3 

185 30 85 2.4 

175 95 92 2.5 

185 95 29 2.6 

175 120 31 2.7 

(180) (140) (27) (2.8) 

o . 

COOCH2CH3 ~N" COOCH2CH3 (CH31 

~o 
2.6 2.7 (2.8) 

10 



The synthetic route to 2-(3-methoxyphenoxy)ethylamine (2.12). 

This amine is not available commercially and it was prepared as described in 

Scheme 2.4. In the first step 2-(3-methoxyphenoxy)-I-ethanol 2.9 was prepared 

from m-methoxyphenol and chloroethanol in 30% yield.21 The product was then 

treated with phosphorus tribromide in chloroform and yielded 30% of 1-(2-

bromoethoxy)-3-methoxybenzene 2.10,22 this was then converted to the phthalimide 

intermediate 2.11 in 93% yield, via a recently-described microwave-assisted solid 

phase reaction.23 Finally the target amine 2.12 was generated by hydrazinolysis of 

2.11 in 70% yield. 

MeOVOH 
I + 

:::::,.. 
CI~ 

OH 
KOH/H2~ 

.6. 
I OH 

MeovO~ 
:::::,.. . 

PBr3/CHCI. ,;p I Br M1crowavj, 
• MeoV~ MeO 

f}.:::::'" K2C03 
Phthallmide 

2.10 (30%) 

2.12 (70%) 

Scheme 2.4 

Synthesis of tryptophane methyl and ethyl esters. 

2.9 (30%) 

2.11 (93%) 

Tryptophane ethyl and methyl esters, which were used as starting materials in the 

synthesis of homophthalimides 2.7 and 2.8, were prepared from the relatively 

inexpensive tryptophan. The esterification was conducted by treating tryptophan 

with thionyl chloride in ethanol or methanol to give the ethyl or methyl esters, as 

described by Biossonnas et at. 24 The reaction is illustrated in Scheme 2.5. 

Q0COOH QJ:kCOOCH CH 2 3 
~ ;; SOCI2 ~;; 

N ~ NH2 Ethanol (Met:anOI) N ~ +NH3Cf 

J J 

Scheme 2.5 

I1 

Ethyl (2.13) 87<'.4> 
Methyl (2. 14) 96% 



Chapter 3: Formation of 4-Mono- and 4.4-Dialkylhomophthalimides 
and Related Reactions. 

The 4,4-dialkylation of homophthalimides was perfonned as early as 1887 by 

Gabriel25 when he reported the fonnation of 4,4-dimethyl- and 2,4,4-trimethyl

homophthalimide. In the same year Pulvennacher reported the preparation of 

4,4-diethyl, 2,4,4-triethyl and 2,4,4-tribenzylhomophthalimide.12 In 1925, 

Hawortb et al. l3 prepared 2-phenethyl-4,4-dimethylhomophthalimide 3.1 starting 

from 2-phenethylhomophthalimide. Harriman et al. 26 prepared different 4,4-

dialkylhomophthalimides for testing as hypnotic agents, they found that the best 

alkylating agents were iodides except for allyl and benzyl derivatives, for which 

the chlorides worked best. 

All the above alkylation reactions were conducted by refluxing an aqueous 

ethanolic solution of the starting homophthalimide, sodium hydroxide (2 

equivalents) and the particular alkylhalide (2 or more equivalents). The reactions 

can be generally illustrated in Scheme 3.1. 

Yields = 18-71% 

3.1 

NaO Haq/Ethanol 
R2-X 

R, Benzyl. Ethyl. H. Allyl .... 
R2 Methyl. Ethyl. Benzyl 

X = Cl. I 

Scheme 3.1 

Homing et aP7 attempted the preparation of 4,4-dihaloethylhomophthalimides 

via alkylation with large excess of I-bromo-2-chloroethane, using sodium 

12 



hydride or potassium carbonate in dimethylformamide. However, these 

conditions generated homophthalimide-4-spirocyclopropanes in medium to good 

yields as illustrated in Scheme 3.2. 

(35-79 %) 

R,= Methyl. Ethyl. Phenyl. ChloroethyL 
x,: Cl. Br. 

Scheme 3.2 

Collado et al. 28 prepared 2-(3,4-dimethoxyphenethyl)-4,4-dimethylhomoph

thalimide (3.2) by deprotonating the starting homophthalimide at position 4 with 

lithium diisopropylamide (LDA) followed by quenching with methyliodide, 

however the yield was not reported. 

OMe 

3.2 

Kutter et al. 29 prepared various 4,4-dimethyl-2-(l-piperazinylalkyl) 

homophthalimides by condensing 4,4-dimethylhomophthalic anhydride with (1-

piperazinyl) alkylamines or by the reaction of 4,4-dimethylhomophthalimide with 

(l-piperazinyl) alkylchlorides as illustrated in Scheme 3.3. These compounds 

were reported as useful antihypertensives or sedatives or in tachycardia 

treatment. 

13 



o 
R 1\ 

OR 

-(CH2)n~-R 

o RI 

Scheme 3.3 

Kutter et apo prepared the fumarate salts of 4,4-dialkylated homophthalimide 

dimers by condensing 4,4-dimethyl homophthalic anhydride and the particular 

diarnine linkage. Scheme 3.4 illustrates the preparation of one of these 

compounds. The products were tested on mice as potential antiarrhythmic 

agents. 

160 QCI HOCH2CH20H 
~ 

~~~ 
Vx'o 

Scheme 3.4 

o 

Yield; 90 % 

Jonsson et aPl prepared 2-amidoethyl-4,4-diallylhomophthalimide and found that this 

product caused 40% reduction in the reserpine-induced depression in mice. This group 

prepared and tested other homophthalimides, isoindolones and indolones. Scheme 3.4. 

14 



Il NaH 

2) Cl /'..CONH2 

Yleld=80% 

sesbanine Scheme 3.4 

Powell et al. 32 have isolated the potent antileukemic 4,4-spirocyclic 

homophthalimide derivative, sesbanine. Gramain et al. 33,34 in their synthetic 

approaches towards sesbanine, utilised photocyclisation of N-benzoylamines 

followed by oxidation with pyridinium dichromate to generate 4-spirocyclic 

homophthalimide derivatives as illustrated by Scheme 3.5. 

Q9 
Oy

CHO ~ h 
I H2N 

N~ Cl 

hv -

o 

()~ 
N~ 

o 

Scheme 3.5 
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In the present work we have prepared various 4-mono. and dialkylated homo

phthalimides, in moderate to excellent yields, as starting materials that could be 

converted into N-acyliminium ion precursors the reactions of which will be 

discussed later. We followed an alkylation procedure similar to that described by 

Harriman et at.26 and as illustrated in Scheme 3.1, whereby the starting 

homophthalimide is heated to reflux in aqueous ethanolic (I: I, ca. 50 ml) 

solution of sodium hydroxide (ca. 2 equivalents) and the particular alkylating 

agent (I or more equivalents). We also applied this procedure for the 

preparation of 4-spirocyclic homophthalimides as will be discussed later. The 

expected mechanism for the general alkylation reaction is illustrated in Scheme 

3.6. 

R,-X ~ oX' 
R R2 

x = Br, I. 

R = H or Alkyl. 

RI = Arylalkyl. 

R2= Alkyl. 

Scheme 3.6 

Three points are to be noticed in this suggested mechanism. 

R 

I. The enolate form is promoted by the aromatisation of the imide ring. However, 

under neutral conditions the predominant form seems to be the ketone rather 

than the enol, since the 13C mm spectrum of the starting homophthalimides in 

CDCI3 shows clearly the presence of two carbonyl resonances (165 and 170 

ppm) and their infrared spectra show two bands at 1716 and 1670 cm-I. The 

infrared spectra lack any significant hydroxy bands. 

2. In similar alkylation reactions the formation of the enolate anion results from an 

equilibrium reaction between the carbonyl compound and the base. A competing 

equilibrium involves the enolate anion and the solvent. Thus, with diethyl 

malonate (pKa 13) in.solvent SolH in the presence of base B-, we have 

16 



• • 

• • 
to ensure the adequate concentration of the enolate anion at equilibrium clearly 

both the solvent and the conjugate acid of the base must be much weaker acids 

than the active methylene compound. The correct choice of base and solvent is 

thus of great importance if the 'subsequent alkylation is to be successful. 

Reactions must normally be affected under anhydrous conditions since water is 

a much stronger acid than the usual activated methylene compounds and, if 

present, will instantly proton ate any carbanion produced.35 Based on this and 

since our alkylation reaction was conducted in aqueous ethanol (in I: I ratio, ca. 

50 mJ), it can be concluded that the active methylene in the homophthalimide 

structure must be of higher acidity (pKa < 14) than water/ethanoP5 Such 

improved acidity is probably due to the combined consequence of the electron 

withdrawing effect of the imide, stabilisation by charge distribution on the 

carbonyl and aromatisation of the imide ring. 

3. The alkylation takes place on the Cl-carbon rather than the carbonyl oxygen since 

alkylhalides are soft electrophiles and prefer to form bonds with the softer Cl

carbon than the harder ionised oxide ion.36 

Dimethylation of HomophthaIimides at the 4-Position. 

Table 3.1 shows the optimised reaction conditions and yields of the 4,4-

dimethylation reaction for the different homophthalimides discussed in chapter 

2, using methyliodide as the alkylating agent and sodium hydroxide (2 

equivalents) for deprotonation. 

17 



Table 3.1 

Reaction 

Starting Methyl iodide time. 

material. (equivalents) (hours) 

2.1 4 3 

2.2 3 3 

2.3 3 3 

2.4 3 3 

2.5 5 2 

2.6 5* 20 minutes 

2.7 4* 3 

2.8 5** 3 

* In absolute ethanol, ** In methanol 

3.1 3.2 

3.4 3.5 

-

3.7 

18 

Yields. Products. 

(%) 

72 3.3 

92 3.1 

91 3.2 

95 3.4 

80 3.5 

93 3.6 

74 3.7 

71 3.8 

o 

~~/ 
~O 

3.8 

3.3 

COOCH2CH3 

3.6 

H 



From Table 3.1 one can note the following points. 

I. Absolute ethanol was used as reaction solvent for the methylation of the 

phenylalanine and tryptophan homophthalimides (2.6, 2.7), while methanol was 

the reaction solvent in case of 2.8, as we found that incorporating water in these 

reactions led to reduced isolated yields, probably due to the hydrolysis of the 

ester functions. When ethanol was used to generate 3.8 from 2.8, an inseparable 

mixture of 3.8 and 3.7 was isolated due to ester-alcohol exchange. In this regard 

it is worth mentioning that Harriman et al. 26 reported that no alkylation of 

similar homophthalimides took place using sodium ethoxide in absolute ethanol. 

This finding should be questioned in view of the results reported here. 

2. The isolated yields are generally very good (70-95%). There is a correlation 

between the yield and the reaction scale in each reaction; the larger the scale is 

associated with a lower yield. However, IH nmr spectra of the crude products 

show the exclusive presence of the expected product in each case. Also the 

alkylation reaction seems to be rapid as 20 minutes reflux was enough to 

generate 3.6 in 93%. 

3. The homophthalimides derived from (X-amino acids, namely 2.6, 2.7 and 2.8, 

were methylated without interference from the C-H positioned (X- to the ester 

carbonyl, as illustrated in Scheme 3.7. This is as expected because the reaction 

conditions were not basic enough (due to water presence) to deprotonate the (X

carbon (pKa - 24»)5 

4. The methylation proceeded without touching the indole nitrogen, despite the 

relatively acidic indole N-H (pKa 16.2) 37 which clearly indicates the greater 

acidity of the active methylene hydrogen atoms, within the homophthalimide 

ring system, over the indolic N-H. Scheme 3.7. 
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Scheme 3.7 

Similar regioselective alkylation reactions were reported before, for example 

Robertson etal.38 reported the methylation of l-acetyl-I,3-dihydroindol-2-one, 

using sodium hydride in DMF, as illustrated in Scheme 3.8. 

05=~ ~OO NaH/2 Mel. , .... 
DMF/O°C 

Scheme 3.8 

Another example is the reaction described by Serrunelhack et aP9 where they 

prepared 2,4-dimethyl-2-phenylpentan-3-one via methylating 3-methyl-l

phenylbutan-2-one, using sodium hydride and methyl iodide. Scheme 3.9. 

2 Mel/ NaH 

• 
Scheme 3.9 

Preparation of 4-Spirocyclic and other 4,4-Dialkylated Homophthalimides. 

During the course of this research some 4-spirocyclic-homophthalimides were 

prepared using a similar procedure to that used for the preparation of 4,4-

dimethyl derivatives as shown in Scheme 3.1. 
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However, only one equivalent (approximately) of the dihaloalkane chain was 

used in each reaction. Table 3.2 summarises the products, the reaction 

conditions and yields for the homophthalimide spiroaIkylation reaction. 

Table 3.2 

Reflux 

Starting Alkylating NaOH time. Yields. Products. 

material. agent. (equivalents) (hours) (%) 

2.1 or\. 2 45 minutes 15 3.9 

2.1 B~' 2 2 73 3.10 

2.2 ~' 10 2 12 3.11 

2.1 Br~' 2 3 42 3.12 

3.9 3.10 3.11 

3.12 

X-ray picture of 3.9 

From the results illustrated in Table 3.2 the following can be noted: 

1. The highest isolated yield, under relatively similar reaction conditions, was for the 

cyclopentane spirocyclic derivative 3.10, then the cyclohexane 3.12 and the 

lowest was for the cyclopropane 3.9, which is not too surprising as the ring 

formation is expected to be optimum for the 5-membered ring, while the 6-
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memebered ring precursor will have an additional C-C bond available for 

rotation, which increases the entropy in the system prior to cyclisation, while the 

3-memebered ring is presumably too sterically strained for efficient 

cyclisation.40 

In order to improve the yield for 3.9, we used a similar procedure to that of 

Homing et alP Using 2 equivalents potassium carbonate and 5 equivalents of 

1,2-dibromoethane, the homophthalimide 2.1 gave 3.9 in 92%. This result 

should be compared with the reaction reported by Homing et al.27 who used 1-

bromo-2-chloroethane and obtained a similar product (2-phenyl-4-

homophthalimide-spirocyclpropane) in 57% yield, as previously illustrated in 

Scheme 3.2. 

2. By comparing the reactions generating 3.10 and 3.11, the difference in yields is 

very clear and is probably due to the large excess of sodium hydroxide used in 

the second reaction, which was only carried out once. The excess of sodium 

hydroxide probably leads to the dehydrobromination of 1,4-dibromobutane, 

which removes the alkylating agent (Scheme 3.6). 

Reactions of 1,3-dibromopropane with homophthalimides in aqueous 

alcoholic sodium hydroxide. 

When the homophthalimides 2.1 and 2.2 were heated under reflux with 1,3-

dibromopropane in aqueous ethanolic sodium hydroxide (2 equivalents), they 

gave the 4,4-diallylhomophthalimides 3.13 and 3.14 and the pyrano

isoquinolinones 3.15 and 3.16 without any spirocyclobutane derivatives. The 

mechanism behind the formation of these compounds is illustrated in Scheme 

3.10. The absence of the cyclobutane derivatives is not surprising. It is 

sterically difficult for the HOMO of the enolate C=C bond to attack the LUMO 

of C-Br bond either because, (a) the HOMO and LUMO orbitals are too far 

from each other to have any efficient overlap, as in the conformations Band C 

in Figure 3.1 or, (b) the two interacting orbitals are not in the same plain (nearly 

perpendicular on each other) as in the conformations A and D in Figure 3.1. 

On the other hand the enolate oxygen has a lone electron pair in the right plain, 

although not in the precise angle, for effective overlap with C-Br LUMO orbital. 

As illustrated in conformations A and D in Figure 3.10. 
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3.13 3.14 

3.15 3.16 

A B c 

D 

Figure 3.1 - Different possible conformations for the bromoalkyl-enolate intermediate. 
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Scheme 3.10 
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The yields of 4,4-diallylhomophthalimides and pyranoisoquinolinones were found 

to be dependent on the amount of sodium hydroxide used, as shown in Table 

3.3. This behaviour can be explained by the fact that excess sodium hydroxide 

leads to the dehydrobromination of the bromoalkyl-enolate intermediate 

(Scheme 3.10), subsequently removing the alkylating potential of the bromoalkyl 

side chain. 

Table 3.3 

Products 

Starting NaOH Reflux 

material. (equivalents) Time . PI (yield) DH (yield) .. 
2.1 2 90 minutes 3.15 (26%) 3.13 (13%) 

2.2 10 15 hours 3.16 (18 %) 3.14 (22%) 

PI: pyrano-Isoqumohnones. 

DH: 4,4-diaIlylhomophthalimides. 

Synthesis of 5,6-dihydropyrane derivatives via alkylation with 1,3-

dibromopropane was reported in the literature, for example Anderson et al.41 

prepared 2-methyl-3-carbethoxy-5,6-dihydropyran in 65% by heating a mixture 

of 1,3-dibromopropane, ethyl acetoacetate (2 equivalents) and sodium ethoxide 

(2 equivalents) in ethanol over 22 hours, as illustrated in Scheme 3.11. 

NaOCH2CH3~ 

Ethanol 

Scheme 3.11 

Chan et al.42 and Zefirov et al.43 conducted the same cycloalkylation reaction, 

shown in Scheme 3.11, using potassium carbonate either in acetone (38% yield), 

or dimethylsulfoxide (76% yield), respectively. According to our best 

knowledge, we were the first to report the pyranoisoquinolinone system (3.15 

and 3.16). 
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In the course of this research, we required 2-benzyl-4,4-diallylhomophthalimide 

3.13 as starting material for multiple experiments to study N-acyliminium 

intermediates, for this goal we prepared 3.13 in 91 % yield by refluxing 2-

benzylhomophthalimide with allylbromide (2 equivalents) in aqueous alcoholic 

sodium hydroxide (2 equivalents) (Scheme 3.1). Harrirnan et al. 26 reported the 

synthesis of 4,4-diallylhomophthalimide in 38% yield by refluxing homo

phthalimide with allyl chloride in aqueous alcoholic sodium hydroxide. The yield 

difference is probably due to the fact that bromide is a better leaving group than 

chloride. 

Reactions of 2-Substituted Homophthalimides with 1 equivalent Alkyl or 

Arylalkyl Halides and 1 equivalent Sodium Hydroxide. 

During the course of this research we required 4-monosubstituted 

homophthalimides for oxidation studies (chapter 6) and for preparing 

homophthalimides substituted with two different groups at the 4-position. 

In this direction we attempted direct alkylation with the particular alkylhalide (I 

equivalent) in aqueous ethanolic sodium hydroxide (1 equivalent), as shown in 

Scheme 3.12. In this regard, it is worth mentioning that Howarth et al. 13 

reported that all their attempts to obtain 4-monomethyl homophthalimide 

derivatives were unsuccessful. This finding should be questioned in view of the 

results reported here. Table 3.4 summarises the reaction conditions and yields 

of the generated 4-mono and 4,4-disubstituted homophthalimides. 

R2-X (lequ.) 

NaOH (lequ~ 
Ethanoi/Water 

Reflux 

o 

+ 

Mono substituted 

Scheme 3.12 
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Table 3.4. 

Products 

Starting Alkylating Reaction Di- Mono-

material agent. time (hours) (yield) (Yield) 

2.1 ~ 6 3.17 (12 %) 3.18 (26 %) 

2.3 ~ 3.5 3.19 (9 %) 3.20 (29 %) 

2.1 V Br 
3 3.21 (17 %) 3.22 (42 %) 

2.1 A 4 ----- 3.23 (42 %) 

2.4 A 3 ----- 3.24 (44 %) 

o 

N~ 
~oV 

o o 0"oMe 

N~OMe 
o 

N~ 
~o V 

3.17 3.18 3.19 

o 
o 

o (yoMe 

N~OMe 
N~ 
~o V 

o 

3.20 3.21 3.22 

o 

3.23 3.24 
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From Table 3.4 one can notice the following: 

I. Compared to other aIkylations, ethylation resulted in relatively lower yields, this 

is probably due to the higher volatility of ethyliodide (bp 71 cC) compared to 

other a1ky1ating agents (benzyl bromide, bp 199 CC; isopropyl iodide, bp 89 QC). 

2. Isopropylation proceeded with the sole formation of 4-monosubstituted 

derivatives, this behaviour was previously reported by Harriman et aI., 26 which 

is not surprising, as it is expected that the bulky isopropyl group will hinder 

further alkylation. 4-Monosubstituted homophthalimides were targeted before. 

For example, Haworth44 prepared 2,4-dimethylhomophthalimide through 

conversion to the 4-phenylacetyl derivative followed by methylation with 

methyliodide then removal of the phenylacetyl group by hydrolysis with 

methanolic hydrogen chloride as shown in Scheme 3.13. 

olx° ,Me 

I N 

~ ° 
MeI/K01j. 

MeOH 
Reflux 

HClfMeOH ~ 
Wanning o:>:°,Me 

I N 

~ ° 
Me 

Scheme 3.13 

In the above scheme, the author reported 60% yield in the first step, and 

quantitative yield in the hydrolysis step. However, he did not mention the yield 

in the methylation step. Helmut et al.45 prepared 2,4-dimethyl-2H-isoquinolin-l

one in 64% via sodium borohydride reduction of 2,4-dimethylhomophthaIimide 

as in Scheme 3.14. 

° 
~~'Me 
~o 

Me 

° 
I-NaBH4 /CaCI2 /TH). ~~,Me 

2-HCl/THF ~ 

Me 

Scheme 3.14 
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Preparation of the 4-Monoalkylated Homophthalimides via the Reduction 

of 4-Alkylidene or Arylalkylidene Homophthalimides. 

We investigated an alternative approach for the preparation of 4-mono 

substituted homophthalimides. It includes converting the starting materials to 0-

(trimethylsilyl)keten-O.N-acetals which are then converted to 4-alkylidene 

homophthalimides via Mukaiyama directed aldol reactions 46 The resulting 

products were converted to 4-monoalkylhomophthalimides via reduction with 

sodium borohydride as illustrated in Scheme 3.15. 

Reduction .. 

Mukaiyama .. 
Aldol reaction 

O-(Trtmethylsilyl)·N.O-acetal 

Scheme 3.15 

The above scheme can be divided into the following steps: 

4·Alkylidene 
Homophthallmldes 

Step 1: formation of the enolate equivalents, O-(trirnethylsilyl)keten-O,N

acetals, and the following directed aldol condensation reactions. 

Typical aldol condensation reactions have been utilised before for preparing 4-

alkylidene homophthalimides, via base catalysed condensation of a particular 

aldehyde with a particular homophthalimide, for example, Howarth et al. 13 

reported that 2-phenethylhomophthalimide, when dissolved in sodium ethoxide I 

ethanol solution. condensed with aldehydes. However, they did not mention the 

particular aldehydes, and did not provide any experimental data or yields. 
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Later, Howarth et al.47 prepared 4-(o-nitrobenzylidene)homophthalimide in 88% 

yield, by reacting homophthalimide with o-nitrobenzaldehyde in pyridine solution 

and in the presence of a trace of piperidine as in Scheme 3.16. 

Pyridine 
Piperidine • 

Reflux 

Scheme 3.16 

Bailey et al.48 reported that the treatment of 2-methylhomophthalimide with 

phenylglyoxal in the presence of pyridine as catalyst gave an excellent yield of 

2-methyl-4-phenacylidenehomophthalimide as illustrated in Scheme 3.17. 

Pyridine 
Piperidine· 

Reflux 

Scheme 3.17 

Elliott et al. 49 prepared different 4-arylidenehomophthalimides by refluxing 

homophthalimide or its 2-methyl derivative, and different aromatic aldehydes 

with piperidine as a catalyst as in Scheme 3.18. 

Piperidine (cat.) 

• Acetic acid 

Yields; 75·92 % RI; H. Methyl. 

R2; Phenyl. 3.4·(CH30),c,;H3. 3,4·(OCH20)CsH3. 2-FUlyl. 

Scheme 3.18 
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Our attempts to generate 4-ethylidenehomopthalimides, from 2-substituted 

homophthalimides and acetaldehyde, using typical aldol condensation conditions 

were fruitless, probably due to acetaldehyde self-condensation. The crude 

product showed streaks on TLC plates and was impossible to separate. The 

proposed self-condensation reaction is illustrated in Scheme 3.19. 

x ~ 

Scheme 3.19 

According to our best knowledge, all the previously reported aldol reactions 

generating 4-alkylidene or 4-arylalkylidene homophthalimides, in alkaline media, 

were conducted with aldehydes lacking active a-methylene hydrogen atoms 

(Schemes 3.16,3.17,3.18), which further supports the acetaldehyde self

condensation theory. To overcome this problem, we switched to directed aldol 

reactions.46 The enolate equivalents O-(trimethylsilyl)keten-O,N-acetals 3.25 and 

3.26 were prepared in 89% and 64% yield, respectively, by treating the 

acetonitrile solutions of the starting homophthalimides with trimethylsilyl iodide 

in the presence of triethylamine and at room temperature. Trimethylsilyl iodide 

was generated in situ from trimethylsilyl chloride and potassium iodide as 

described by Cazeau et apo Scheme 3.20 illustrates the reaction conditions. 
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3.25 

(CHslsSiCI / KI~ 
(CH3 Cu,.JsN 
Acetonitrile 

Scheme 3.20 

3.26 

The following points are to be noticed regarding the above reaction: 

1. The generated O-(trimethylsilyl)keten-O,N-acetals are very moisture-sensitive, as 

exposure to air moisture for few minutes leads to significant conversion to the 

starting materials, consequently, the reaction had to be conducted under strictly 

anhydrous conditions. 

2. The key features in the I H nmr spectra of the products are the singlets at 0.38 

and 5.7 ppm, corresponding to the trimethylsilyl protons and the enolate proton 

(atom B in 3.25) respectively, as shown in the I H nmr spectrum for 3.25. 

3. The key feature in the I H decoupled 13C nmr spectrum of the products are the 

peaks at 0.0 (3 x CH3) and 87.5 (CH) ppm, corresponding to trimethylsilyl and 

the enolate carbon atom (atom A in 3.25) respectively, as shown in the i3C nmr 

spectrum for 3.25. 

4. Presumably, the driving forces behind this reaction are (a) the tendency for 

silicon to form a relatively strong bond with the carbonyl oxygen,51 (b) 

aromatisation of the imide ring. 

32 



1 1 

r 
! 
I 

i 
I 
I 

( 
I 

( 

j 

fl 

i 
I 

i 
I 

I I 
i A 

I( i 

W j 
:." '-:-<-. . .. 

IH nmr spectrum for 3.25 

; 1 1 

I I 11 

ne nmr chart for 3.25 

33 



Similar O-(trimethylsilyl)keten-O.N-acetals have been targeted before as starting 

materials in directed aldol reactions or in other alkylation reactions. for example, 

Frick et af.52 prepared l-acetyl-I,2,3,4-tetrahydro-6-(trimethylsiloxy)pyridine in 

66% by treating the starting material with TMSOTf and triethylamine in 

diethylether, at ambient temperature, as in Scheme 3.21. 

Cl TMSOTf Cl CH3 
N(CH,CH J I \ .,CH3 

N 0 --::':"'::';~;';;''''''-t.~ N OPI'CH DIet hylether 3 

o~ o~ 
Scheme 3.21 

In another example, Kramarova et al. 53 prepared 3,5,6,7-tetrahydro-l

(trifluoroacetyl)-2-(trimethylsiloxy)-IH-azepine and its 6-membered ring 

analogue in 74% and 49%, using trimethylsilyl iodide as silylating agent and at 

room temperature. They utilised the resulting keten-acetais in a following 

alkylation reaction as in Scheme 3.22. 

Cl (CH3J,Sll 

N(CH,CH3J, 
N 0 --::':-":-<-'-7."'-i." 

~ 
D1ethylether 

TMSOTf 

Scheme 3.22 

~o 

cC 
I 
H 

Yield; 66% 

We utilised the enolate equivalents (3.25 and 3.26) in the directed aldol reaction 

to form 4-alkylidenehomophthalimides, which was carried out by injecting 

catalytic amounts of TMSOTf in a DCM solution of the particular 0-

(trimethylsilyl)keten-O.N-acetal and the particular dimethyl acetal as illustrated in 

Scheme 3.23. Table 3.6 summarises the reaction conditions and yields of the 4-

alkylidene products. 
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CH30>--
+ R2 

CH30 

TMSOTf (cat.l 
~ 

DCM 

Scheme 3.23 

Table 3.6 

Products 
Starting Dimethyl Reaction* Product Ratio 
Enolate acetal time (hours) (yield) Z:E 

CHsO ,feu. 
3.25 CHsJ .... CRs 

75 minutes 3.27 (85%) -------

CHsO 

3.25 rCHs 14 - 16 3.28/3.29 (54%) 56%: 44% 
CHsO 

CHsO 

3.26 rc~ 14 - 16 3.30/3.31 (26%) 35%: 65% 
CHsO 

CH3~>-O 3.3213.33 
3.25 

CHsO -
14 - 16 (quantitative) unclear 

* TMSOTf was injected at -78 OC and after 15 minutes the reaction was 
warmed to room temperature for the stated period of time. 

3.27 3.28/3.29 

3.30/3.31 
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The following are interesting points to be noted regarding this reaction. 

1. The reaction is expected to take place through two subsequent steps, the 

mechanism of the first step, shown in Scheme 3.24, is modified from that 

described by Murata et al. in their pioneering work in utilising TMSOTf as a 

catalyst in directed aldol reactions.54 

4·methoxyalkyl· 
homophthalimlde 

+ 

Scheme 3.24. 

The second step is the B-elimination of methanol and is probably initiated by 

TMSOTf as in Scheme 3.25. 

° 
__ H-,OT~f~ d(R2 

LO 
RI 

Scheme 3.25 

From Scheme 3.25, the catalytic amount TMSOTf is expected to be depleted 

and converted to methoxytrimethylsilane and triflic acid. Consequently, the 
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reaction is expected to proceed further via proton catalysis (triflic acid) as in 

Scheme 3.26. 

Scheme 3.26 

The assumption that the catalytic amount of TMSOTf is not depleted in the first 

step, i.e. the fonnation of 4-methoxyaikylhomophthalimide (Scheme 3.24) 

proceeds without significant p-elimination, is based on the findings of Murata et 

al. 54.55 and EIGihani et al. 56,57 who showed that the reaction of silylenol ethers 

and dimethoxyacetals, under low temperatures (-78 oc) and for relatively 

extended periods of time (14-16 hours), gave excellent yields of the aldol 

product without p-elimination. Scheme 3.27. 

~sl3 + CH3~CH3 TMsarf • 

"\ 
(CH3hSiOCH3 

Scheme 3.27 

In another example, Zerrer et al. 58 reported the use of TMSOTf, under ambient 

temperature and for 36 hours, to generate stable aldol adducts (without ~

elimination) as in Scheme 3.28. 

Cs 
(CH3hsicrl~. ~OSi(CH3h 

TMSOTf. ~O 
2-dichloroethane 6 
Ambient. 36 hours I ~ 

h-
Yield = 55% 

Scheme 3.28 

Gassman et aP9 reported the use of TMSOTf (in molar excess) with N,N

diisopropylethylarnine in the preparation of enol ethers from dimethoxy- and 

dialkoxy acetals, for example the reaction illustrated in Scheme 3.29; 
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8 --T-:-:-S-:-Ic:::....e--'f-----i~~ 6~OSj(CH~3 
6 hours 

250C 
Yield = 93% 

Scheme 3.29 

This example supports the assumption that TMSOTf is depleted during the 13-
elimination step and further demethoxylation is catalysed by the generated triflic 

acid as in Scheme 3.26. 

2. The second point, concerning this reaction, is the yield variation between 

different 4-a1kylidene products. The quantitative yield of the 4-benzylidene 

derivatives 3.32/3.32 can be attributed to the additional conjugation from the 

phenyl ring, which increases the stability of the product and presumably 

improves the yield. The relatively low yield of 3.30/3.31 (26%) compared to 

3.28/3.29 (54%) is probably due to the aromatic methoxy groups in 3.30/3.31, 

which presumably reduce the efficiency of TMSOTf catalysis, by competing 

with the acetal methoxy groups for coordination with the trimethylsilyl moiety. 

3. When a pure sample of 4-benzylidenehomophthalimide derivative 3.32/3.33 

was stored for 3 months under ambient conditions, it was partially oxidised 

(30%) to the tricarbonyl compound 3.34. 

0~ ~I 
o 

o 
3.34 

X-ray picture for 3.34 

4. Finally, concerning the structure of betaine 3.27. By inspecting the nmr data 

one can realise that the following evidence supports the proposed structure. (a) 

The I H nrnr spectra of both the crude and the pure products show a single 

isomer, i.e. absence of Z and E forms in contrast to the other 4-alkylidene 

derivatives mentioned earlier. (b) In the IH nmr spectrum at 25 QC the N,N

dimethyl protons appear as a broad singlet at 3.2 ppm, which sharpens at 50 QC. 

Such a chemical shift corresponds to methyl protons bonded to a positively 
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nitrogen (CH3-N+).60 (c) In the 13C mm spectrum, both at 25 CC and 50 0(;, 

only one carbonyl peak is evident (at 165.4 ppm), despite the fact that accurate 

molecular ion measurement clearly indicates the presence of two oxygen atoms. 

(d) At 25 0(; the N,N-dimethyl carbons appear in the I3C nmr spectrum as a 

broad and short peak at around 45 ppm. However, at 50 0(; the peak becomes 

sharper and more clearly defmed in the DEPT spectrum. The peak sharpening 

at higher temperature indicates improved rotation around a particular single bond 

within the structure.61 

3.27 
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IH nmr spectrum for 3.27 at 25 0C 

IH nmr spectrum for 3.27 at 50 0C. 
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The driving force behind the formation of betaine 3.27 is expected to be the 

following: (a) aromatisation of the imide ring, (b) electrostatic attraction 

between the positively charged N,N-dimethyliminium nitrogen and the 

negatively charged oxygen, as in Scheme 3.30. 

TMSOTf 

Scheme 3.30 

Similar betaines were reported in the literature, for example in 1996 Ramsden et 

al.62 rationalised the existence of a similar betaine as an intermediate in the 

route towards the formation of their end product. However, the betaine was not 

isolated. Scheme 3.31. 

Scheme 3.31 
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In another recent example, Kozhina et al. 63 generated the perchlorate salt of a 

similar analogue via Vilsmeier-Haak reaction as in Scheme 3.32. It is interesting 

to note that similar betaines are rare in the literature. 

'/ 
I) POCI3 
2) Cone. aq. HC~4 

pH=8i. 

Yield = 75% Yield = 70% 

Scheme 3.32 

Step 2: Reduction of the 4-Alkylidene Homophthalimides with Sodium 
" . 

Borohydride. 

The second step, in the alternative route towards the formation of 4-mono 

substituted homophthalimides (Scheme 3.15), is the reduction of the exocyclic 

double bond. We decided to achieve this reduction using sodium borohydride for 

its mild reaction conditions. Towards this we conducted some experiments to 

increase our understanding of this reaction. In one experiment, we wanted to 

check the effect of cerium chloride on the reduction reaction so we conducted 

the following: an ethanolic solution of ZlE 2-(3,4-dimethoxy-phenethyl)-4-

ethylidenehomophthalimide 3.30/3.31 and 1 equivalent cerium chloride was 

cooled down to -78 CC and treated with 3 equivalents sodium borohydride. 

Scheme 3.33 illustrates the reaction conditions and product yields. 

N,R CeCI3/NaBH. .. 
Ethanol/-78°C 

o 45 minutes 

3.30/3.31 3.34 (8%) 3.35 (12%) 3.36 (14%) 

Scheme 3.33 
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The following points are considered regarding this reaction. 

I. The 1 H mnr spectrum of the crude reaction product lacks any significant peaks 

indicating the presence of the 4-ethylisoquinolone derivative 3.36, while it 

shows the carbinolamide 3.35 as the major product, which means that 3.36 was 

mainly generated by silica gel-induced dehydration of the carbinolamide 3.35. 

2. The reaction produced other inseparable mixtures of unidentified compounds. 

3. It seems that cerium chloride had no effect on the reduction process, as itis 

supposed that it will lead to the preferential reduction of the carbonyl group 

instead of the exocylic double bond,64 which indicates that the exocyclic double 

bond is sufficiently reactive to compete with the carbonyl group for the hydride 

ion. This improved reactivity is probably due to the stabilising effect induced by 

the imide ring aromatisation as in Scheme 3.34. 

.... .. 

Aromatic 

Scheme 3.34. 

4. The formation of 3.35 and 3.36 was undoubtedly due to over-reducing the 

starting material, so that the carbonyl group was also reduced. The 

regioselective reduction of the imide carbonyl group will be discussed in more 

details in chapter 4. 

In an attempt to minimise the over-reduction, we carried out the following 

optimisation experiments: 

(a) Reduction of the 4-benzylidenehomophthalimides 3.32/3.33 with 0.40 

equivalent sodium borohydride and for 1 hour at -78°C. This gave the 4-

benzylhomophthalimide 3.38 in 13% yield, together with a mixture of 

unidentified compounds. 

(b) Reduction of the 4-ethylidenehomophthalimides 3.28/3.29 with 0.67 

equivalent of sodium borohydride for 15 minutes and at -78 "C. This trial 

yielded the 4-ethylhomophthalimide 3.37 in 28%, together with a mixture of 

unidentified compounds. 
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3.37 3.38 

Similar reduction reactions were reported in the literature, for example, Beccalli, 

et al.65 reported the reduction of an oxindole exocylic double bond using sodium 

hydrosulfite as in Scheme 3.35. 

Ar 

H 

Na2S,O./Ethanol ~ 
heating for 5-20 mins. 

Scheme 3.35 

H 

Yield = 57-92% 

In another example, Bryant et al. 66 utilised sodium borohydride reduction of 

exocyclic oxindole double bond in their proposed commercial manufacturing 

process of Linopirdine, a potent pharmacological agent for the alleviation of 

Alzeimer's disease. The reduced intermediate was alkylated in situ with overall 

yield of 85-90%. Scheme 3.36. 

NaBH4/NaOH ... 
o methanol~H20 

Scheme 3.36. 

P 
Cl 

NaOH 

In 1996, Elmorsy et al.67 demonstrated that iodotrichlorosilane CITeS) in 

acetonitirile selectively reduced the double bond in a-~ unstaurated amides as in 

Scheme 3.37. 
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CH3CN • 
Ambient. lhour 

Quantltative 

Scheme 3.37 

Methylation of 4-Monosubstituted Homophthalimides. 

In the course of this research, we required homophthalimides substituted with 2 

different groups at C4; to study the behaviour of some interesting N

acyliminium ions derived form them as will be discussed later (chapter 5). 

To achieve this, we treated 4-alkyl or arylalkyl-homophthalimides with methyl 

iodide in aqueous ethanolic sodium hydroxide, as illustrated in Scheme 3.38. 

Mei 
NaOH • 

EthanoijWater 
Reflux 

Scheme 3.38 

Table 3.5 shows the methylation reaction conditions and yields. 

Table 3.5. 

Products 

Starting MeI Reaction Product 

material. (equ.) Time. (yields). 

3.37 2.6 30 minutes ' 3.39 (84%) 

3.38 2.2 4 hours 3.40 (85%) 

3.24 10.1 3 hours 3.41 (28%) 
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3.39 3.41 

The most clear point in the above table is the relatively low yield for the 

methylation of the 4-isopropyl derivative 3.24, despite the presence of 10 

equivalents of methyl iodide, which is understandable based on the steric 

hindrance resulting from the bulky isopropyl. Harriman et al. 13 reported 47% 

yield of 4-benzyl-4-isopropyJhomophthalirnide via refluxing 4-isopropyl 

homophthalirnide with benzyl chloride in sodium hydroxide aqueous alcoholic 

solution. This result must be questioned in view of the methylation result 

reported herein. 
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Chapter 4: The Sodium Borohydride Regioselective Reduction 

of 4,4-Dialkyl- and 4-Spirocyclic Homophthalimides. 

Imide reduction reactions conducted with hydride donors were reported as early 

as 1961 by Uhle,68 when he discovered that the reaction of sodium borohydride 

with a 2-substituted phthalimide produced the corresponding carbinolamide in 

42% yield together with the N-benzylphthalamidic alcohol as shown in Scheme 

4.1. 

51 o ~ J 

~I NaBH, .. 
~ Isopropanol 

Ambient 
() temperature 

42% 30-40% 

Scheme 4.1 

Huang69 reported the same type of reaction for N-phenylphthalimide using 

methanol as the reaction solvent. The reaction yielded the hydroxyisoindolone in 

40% yield. He also reported that treating the starting material with lithium 

aluminium hydride led to the reduction of both carbonyl groups. Later, many 

similar imide reduction reactions were reported in the literature, the following 

are just examples. 

Hurbert et al.10•71 •72 reported the reduction of cyclic imides to cyclic 

carbinolarnides using sodium borohydride. The principal problem of these 

reductions was how to avoid ring cleavage of the carbinolamide to the amide

aldehyde which is further reduced to amide-alcohol. They found that this 

problem can be solved by conducting the reaction under lower temperartures and 

by the continuous addition of aliquots of hydrogen chloride to the reaction as in 

Scheme 4.2. The yield of the ring opened products can also be influenced by 

changing the substituents on the amidic nitrogen. The products were utilised to 

gerierate cyclic N-acyliminium ion species via acid catalysis. The ionic 

intermediates were trapped with aromatic neucleophiles or addition to double 

bonds. 
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Ethanol 

Scheme 4.2 

Kohn et al.73 used lithium aluminium hydride to reduce 5,5-dimethylhydantoins 

to 4-hydroxy-2-imidazolidinones and used the products to generate annelated 

imidazolidinones via N-amidoyl species as in Scheme 4.3. 

Hough 74 generated similar 4-hydroxyimidazolidinones by treating 5,5-

dialkylhydantoins with sodium borohydride. The products were treated with 

trifluoroacetic acid to generat imidazolin-2-ones via alkyl group migration as in 

Scheme 4.3. 

Kohn et a!.: LWH.rrHF /2 days/Ambient (75·90%) 
Hough: NaBH./Ethsnol/S·72 hours/Ambient (53·78%) 

Scheme 4.3 

)- /~ . 

R..-Nr 3 RI 

R Hough. 

Flann et al.75 generated carbinolamides from corresponding imides, in good 

yields, via sodium borohydride reduction, the products were used to study 
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acyliminium ion initiated cyclisation reactions of vinylsilanes and the 

regiocontrolled synthesis of tetrahydropyridines and related heterocycles. One of 

their reduction reactions is illustrated in Scheme 4.4. 

NaBfi. -;(:'1 
Methanol/CJoC .. • 1 

3 hours ~NyOH 

79% - \.-1 

Scheme 4.4 

Kim et al. 76 conducted the sodium borohydride reduction reaction in their route 

towards the complete synthesis of (+/-)-indolizomycine, Scheme 4.5 illustrates 

the reduction step. 

O. 0=0 

NaBfu .. ~H 
Methanol /·5 <>C ~ 

60 minutes 

AI" A~ - I 92% I 
Scheme 4.5 

Hitchings et aP7 reduced N-(a-naphthylmethyl)succinimide to 5-hydroxy-I-(a

naphthylmethyl)pyrrolidin-2-one in 86% yield using sodium borohydride I 

toluene-p-sulfonic acid (PTSA). Scheme 4.6. 

0~0 oN-OH 

~~~~ .. ~ VV 4.5hours VV 

Scheme 4.6 

The authors obtained pyrrolo- and pyrido-[1,2-f]phenanthridines and 

benzol de ]pyrrolo[2, l-a]isoquinolines by acid-catalysed cyclodehydration of 

appropriate hydroxy lactams and keto amides derived from N-substituted 

succinirnide and glutarimide derivatives. Analogous reduction reactions of 

homophthalimides have been very rarely reported in the literature. However, in 

1995 Cheng et al. 18 reported sodium borohyride reduction of 2-substituted 
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homophthalimides, at ambient temperature, to generate the corresponding 

carbinolamides which, without isolation, were dehydrated upon treatment with 

hydrochloric acid to afford the isoquinolin-l (2H)-ones. The same group also 

found that when an excess of sodium borohydride ( ;::: 5 equivalents) was used 

the carbinolamides intermediate was further reduced to the amide-alcohol as 

illustrated in Scheme 4.7. 

o):N""'R He!. 1/2 hour .d;rR 
:::,... I :::,... I ob 

OH 

I, NaBH. .(>5 equiv.) 

~Jl~"-R 
~OH 

Scheme 4.7 

80-86% 

In the present work we have prepared different carbinolarnides from 2,4,4-

trisubstituted homophthalimides. The generated carbinolamides were utilised to 

generate N-acyliminum ions by treatment with a variety of acids as will be 

discussed later (in chapter 5). Our reduction procedure is based on treating a 

cooled ethanolic solution (-5 - -10 0C) of the starting homophthalimide with 

moderate to large excess of sodium borohydride (5-60 equivalents). The 

reducing agent was added in two equal lots over a 4 hour period. These reaction 

conditions yielded the required carbinolamides in moderate to excellent yields. 

Our aim behind using low temperature was to inhibit further reduction of the 

generated carbinolarnides to the corresponding alcohols as reported by Cheng et 

al. IS The regioselectivity of the reduction is undoubtedly due to the difference in 

electron density between the two carbonyl groups. The hydride ion is expected 

to attack preferentially the more electron deficient nonconjugated carbonyl group 

as in Scheme 4.8. 
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Scheme 4.8 

Under our reaction conditions, we did not notice the presence of the over

reduction ring-opened amidic alcohol reported by Cheng et al., 18 neither in the 

crude product (based on the 1 H nmr spectra) nor after purification. Scheme 4.9 

illustrates our reduction conditions and Table 4.1 shows the starting materials, 

reaction conditions and yields. 

Scheme 4.9 

4.1 4.2 4.3 

OH 

Ovy. ~ OCH3 o I 

4.4 4.5 4.6 
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Table 4.1. 

4.7 

Number of Reaction 
Starting Equivalents Time Product Yields 
Material (NaBH4) (bours) (%) 

3.1 18 4 4.1 83 

3.2 17 4 4.2 85 

3.3 11 4 4.3 84 

3.4 58 4 4.4 43 

3.5 33 4 4.5 83 

3.6 20 4 4.6 12* 

3.7 44 5.5 4.7 21** 

3.9 84 6 4.8 46t 

3.10 20 4 4.9 92 

3.11 64 4 4.10 89 

3.12 34 4 4.11 87 

3.13 20 4 4.12 46 

3.14 77 4 4.13 42 

3.39 43 4 4.14 73* 

3.40 39 4 4.15 91tt 

3.41 122 6 4.16 55** 

* DIastereomenc ratIo 3: 1. ** Smgle dlastereomer. 

t Reaction temperature is 10 "C. :I: Diastereomeric ratio 5: 12 

tt Diastereomeric ratio 2: 1. :1::1: Single diastereomer. 

o 

4.8 4.9 
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o o 

~ .... OHV 

4.10 4.11 4.12 

4.13 4.14 4.15 4.16 

By inspecting the results in Table 4.1 one can recognise the following points of 

importance. 

1. Under the standard reaction conditions (-5 - -10 CC and for 4 hours), large 

variations in the amount of sodium borohydride used did not lead to significant 

differences in the reduction yield for similar compounds. For example, the 

reduction of the 4-spirocyclopentane derivatives 3.10 and 3.11 gave comparable 

yields of 4.9 and 4.10 (92 and 89%) despite the fact that 3.11 was treated with 3 

times the equivalent amount of sodium borohydride used with 3.10. A similar 

trend can be noticed with the 4,4-dimethylhomophthalimides 3.1, 3.2, 3.33 and 

3.5, which gave relatively similar yields even though 3.5 was treated with ca. 

double the equivalent amount of sodium borohydride. 

2. Reduction of the indole derivatives 3.4 and 3.41 yielded 4.4 and 4.16 in relatively 

moderate yields in contrast to the excellent yields with other 4,4-dimethyl

homophthalimides. Presumably, this behaviour is due to the poor solubility of 

the starting material as well as the reduction products in cold ethanol. In the 

case of 3.41, steric hindrance by the bulky isopropyl group probably plays an 

additional role in reducing the reaction efficiency. 
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3. When our standard reduction conditions (ca. 20 NaBH4 equivalents, -5 - -10 OC 

and for 4 hours) were applied to the 4-spirocyclopropane derivative 3.9, no 

reaction took place. A larger excess of sodium borohydride, a higher reaction 

temperature (10 OC) and a longer reaction time (6 hours) were needed to carry 

out the reduction. The reaction progress was monitored by TLC and it was 

terminated when other spots (other than the starting material and the 

carbinolamide product) started to appear on the TLC plate. The resistance of 

the imide carbonyl group to the reduction procedure is most probably due to the 

electron donating effect of the cyclopropane ring. The strained C-C bonds of the 

cyclopropane ring are of particularly high energy and well-known to be available 

for delocalisation even with ordinary electron-deficient 7t-systerns. For example, 

cyclopropane ketone shows low carbonyl stretching frequency in the infrared 

spectrum.79 Such delocalisation was described to be the cause for the stabilising 

effect of cylcopropane ring system on a nearby carbocation.78 In our case the 

cyclopropane ring is locked in the "bisected" configuration, whereby two sigma 

bonds of the cyclopropane ring are suitably aligned to donate electrons to the 

LUMO of the nearby carbonyl group, as illustrated in Scheme 4.10. This leads 

to increased electron density on the carbonyl carbon thus reducing its reactivity 

towards the incoming hydride ion. 

3.9 

* 7t (~) * 7t (C--Q) 

Bisected Cofiguratlon Strained (hiJ:(h enerj;(V (J bonds) 

Scheme 4.10 
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The electron donating effect of the cyclopropane ring is expected to be 

potentiated by the aromatisation of the imide ring, so that three canonical forms 

can be drawn for the structure 3,9 as illustrated in Scheme 4.11. Resonance 

stabilisation involving sigrna bonds delocalisation is known as 

hyperconjugation.80 

+ + 
Major 

Scheme 4.11 

At the present time the evidence is against hyperconjugation involving neutral, 

ground state molecules, since the canonical forms involve charge separation and 

no bond resonance.80 Still, in our case we believe that the aromatisation of the 

imide ring is a powerful factor pushing towards such hyperconjugation. 

X -ray picture for 3.9 

The proposed hyperconjugation theory for 3.9 is supported by bond lengths 

measured using X-Ray crystallography. It is evident that C16-C3 bond (1.542 

OA) is longer than other C-C single bonds within the structure. For example, it is 

4% longer than C16-C17 (1.480 0A) and 5% longer than NI-C9 (1.468 OA) bond 

and 2.6% longer than C9-ClO (1.503 °A). Similarly, C3-C17 (1.534 OA) bond is 

longer than other single bonds. This data indicate that a "no bond" resonance 

form is contributing to C16-C3 and C17-C3 bonds rendering them somewhat 
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longer than other single bonds. However, the 13C nrnr spectrum of 3.9 in 

CDCI3 (at 25 0C) clearly shows that the predominant form is the neutral 

uncharged canonical form (the middle one in Scheme 4.11), as two carbonyl 

groups are evident (at 164.8 and 172.7 ppm). 

The electron donating effect of the 4-spirocyclopropane ring and the subsequent 

reduction in reactivity of the adjacent carbonyl group can be clearly illustrated by 

comparing the chemical shift of atom A (Figure 4.1) in the cyclopropane 

derivative to the chemical shifts of the analogus atoms in other more reactive 

homophthalimides. Table 4.2 shows the 13C nmr chemical shifts of carbon 

atoms A and B (Figure 4.1) in some selected homophthalimides and the 

corresponding reduction yields under standardised reaction conditions. 

Figure 4.1 

Table 4.2 

Starting Carbon Carbon Reduction Reduction 
A 

3.1 176.7 163.8 4.1 83 

3.2 176.8 164.7 4.2 85 

3.10 178.2 164.9 4.9 92 

3.12 176.8 164.9 4.11 87 

3.13 175.1 164.4 4.12 46 

3.39 176.2 164.1 4.14 73 

* This yield was under our standard reaction conditions (-5 - -10 OC, 
4 hours and excess ~ 20 equivalents), but when the reaction was 
repeated at higher temperature (10 oC) and longer reaction time (6 
hours) the yield was 46%. 
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The following points can be recognised from the previous table. (a) There are 

significant differences in the chemical shifts between the reducible carbonyl 

carbon (atom A) and the non-reducible conjugated one (carbon B) (8-12 ppm), 

such differences explain the excellent regioselectivity of the reduction reaction. 

Cb) It seems that the reduction yield is very sensitive to the chemical shift o(atom 

A. For example, excellent yields are seen in the cases where the chemical shifts 

are 176.7, 176.8 and 178.8 ppm, while when the chemical shift moved to 176.2 

ppm (3.39) we noticed a moderate decrease in the yield (73%). In the case of 

4,4-diallylhomophthalimide 3.13, a moderate yield of 46% was associated with a 

chemical shift of 175.1 ppm for carbon A. At 172.7 ppm (3.9) there was 

complete cessation of the reduction under our standard conditions and more 

forcing conditions were employed to carry ()ut the reaction, which once again 

clearly ilustrates the electron donating effect of the cyclopropane ring system. 

I I iI 

13C nrnr for 3.9 
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4. The last point in the discussion regarding Table 4.1 is the poor reduction yield 

for the amino acid-derived homophthalimides, i.e. 3.6 and 3.7. In this regard one 

can note the following interesting points. (a) From the I3C nrnr spectra for both 

4.6 diastereomers; the chemical shifts for the ester carbonyl groups are 172.2 and 

174.4 ppm in contrast to 170.7 ppm for the same group in the starting 

homophthalimide, this shows that the reduction of the imide carbonyl somehow 

deshielded the ester carbonyl within the amino acid moiety. (b) Upon purifying 

3.7 reduction crude product, two compounds were isolated, namely 4.7 (21 %) 

and 4.17 (50%, single diastereomer). The later was probably formed from 

reducing both the imide carbonyl and the ester carbonyl, followed by silica gel

induced dehydration and ether formation, as in Scheme 4.U. 

-

COOCH2CH3 

3.7 

Scheme 4.12 

It is known that esters are generally resistant to sodium borohydride/ethanol 

reduction.81 However, in this case it seems that the new hydroxy group, formed 

from the reduction of the imide carbonyl group, forms an intramolecular 

hydrogen bond with the ester carbonyl group thus causing it to be deshielded in 

the I3C nrnr spectrum (170.7 ~ 172.2 and 174.4 ppm) and increasing its 

reactivity towards incoming hydride ions as in Scheme 4.13. 
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NaBl-4 
• 

• 

EthO~-H 
~1 (Ease of hydride attack: 

~
6 

..,cHa 

CHa 

Scheme 4.13 

• 

Other evidence on the proposed hydrogen bond comes from the infrared spectrum. 

The aminoacid derived carbinolamides show their hydroxy bands at around 3420 cm-I 

and are somehow sharper82 than the hydroxy bands for other carbinolamides which 

occur at around 3360 cm-I, also the stretching frequency of the ester carbonyl group is 

lowered from around 1740 cm-I in the starting materials (3.6 and 3.7) to around 1715 

cm-I in the corresponding carbinolamides. This suggests that the newly formed 

hydroxy group forms an intramolecular hydrogen bond and the ester carbonyl group 

acts as the hydrogen acceptor.82 
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Chapter 5: Generation of N-Acyliminium Ions and Their 

Subsequent Trapping. 

The significance of N-acyliminium ions has already been briefly discussed in the 

introductory chapter. Nevertheless, here are more examples with direct 

relevance to our chemistry with regard to the preparation of the N-acyliminium 

ion precursor, its generation and trapping. One of the early examples illustrating 

the acid catalysed generation of N-acyliminium ions and their subsequent 

capture with aromatic nucleophiles is reported by Hubert et aUo when they 

pioneered the use of this procedure as a more efficient alternative to Bischler

Napieralski cyclisation as in Scheme 5.1. 

NaBH./H~ 

eUBIlol 

CH3 
p'I"sOH(caL)/benzene. 

Reflm: 
CH3 

Et~ 

Quant. 

Scheme 5.1 

o 

73% 

In another example, the same group7! reported the formation of a ~-carboline 

derivative by refluxing an indoloisoquinolinone in HCl-methanol, the starting 

material was obtained from the partial reduction of the corresponding 

homophthalimide as in Scheme 5.2. 

NaBH,/HC! ~ 
Etmno!/Refl", 

Scheme 5.2 

HCl/Methano~ 
Reflux 

86% 

Kohn et al.,73 Rubido et al. 83 and Hough74 utilised a related ionic intermediate, 

an N-arnidoyl species, to prepare annelated imidazolidinones. The ionic 
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intennediate was generated by treating 4-hydroxy-2-imidazolidinones with 

acidic reagents as in Scheme 5.3. 

Rr~. 
Hough. and Rubido et al. 

Scheme 5.3 

Recently, many research groups utilised N-acyliminium ions to generate 

isoquinolones and related derivatives. The following are some recent examples 

(1994-1997) on efforts in this direction. 

Roth et al.84 showed, as part of their investigation in N-acylirninium-mediated 

Friedel-Crafts amidoalkylation reactions, that the benzylamide of glyoxylic acid-

2-pyrrolidinone adduct undergoes intramolecular amidoalkylation to an 

isoquinolone type compound in good yield, as shown in Scheme 5.4. 

0£) 
I 
H 

HOYCOOH 

6H • 
Reflux/acetone 

57% 

~ H+ ~ Benzylamlne. 
~ -m-e""than-o-:l~.";l Reflux 

HO COOH CH30 COOCH3 

Methane sulfontc 
acid 

Room temperature 

6d'lYs 

Scheme 5.4 
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As part of the efforts to optimise synthetic routes to isoquinolone antagonists of 

platelet aggregation, Fisher et al.85 treated a-methoxy amides with l-t-butoxy-l

t-butyldimethylsiloxyethene in the presence of boron trifluoride etherate 

providing access to p-substituted isoquinolone propionates in good yields. 

Scheme 5.5 illustrates their procedure. 

_l_)N_aH_--:l~~ Bno'('()V
I 2)cy' ~lr ~ 

I) DIBAH/TIIF /-78 ·C 

2) HCI/Methanol ~ 
Bn0'09" ~I 

:::,... 

64-95% 30-83% 

2) 'b' 
51-68% 

CH, 

11 Bno'O:( I-Bu(MehS1(Y"'oHlu ~ I 
BF,.OEt2/DCM ~:::,... RI 

-78 to room temperature y.' 
'-c02 t-Bu 

49-90% 

Scheme 5.5 

In the current research we have explored the generation and trapping of N

acyliminium ions, by treating the starting 4,4-disubstituted carbinolamides with a 

variety of acids and under different reaction conditions. The nucieopbiles used to 

trap the generated ions, were aromatic rings, migrating alkyl groups or double 

bonds. The following sections are classified based on the trapped nucleophile. 

A- N-Acyliminium ions Traru>ing by Aromatic Nucleophiles. 

Trapping N-acyliminium ions with aromatic nucieophiles comprises a well known 

route towards natural products and other interesting heterocycles. 1 The 

reactions reviewed earlier and outlined in Schemes 5.1-5.4 are some examples 

illustrating this point. 

In this research we used the following aromatic nucleophiles to trap the 

generated N-acyliminium ions. 
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I. m-Dioxybenzene ring, in this case the carbinol amide 4.5 was treated with three 

Lewis acids: aluminium bromide, scandium triflate and titanium tetrachloride, 

and consequently yielded the interesting oxazipinoisoquinolone 5.1. The 

reaction time and temperature were varied to explore their effect on the product 

yield. Scheme 5.6 outlines the reaction, and Table 5.1 shows the reaction 

conditions, reagents and the corresponding yields. 

CH30,() 

i 
Wf Lewls~ 
:::7 I N Acid 

~ OH 

4.5 

Scheme 5.6 

Table 5.1 

Reaction Reaction 
No. Lewis Acid ** Temperature Time Yield 

(equi.) (oC) (hours) % 

I AlBr3 (1.0) Ambient 19 6 
2 Sc(OTfh (0.5) Ambient 34 0 
3 Sc(OTfh (0.5) 35 22 7 
4 TiCL. (6.0) Ambient' 24 32 
5 TiCL. (0.5) Ambient' 1 23 

• T1CL. was added at -78 ·C for 15 minutes then the reaction was 
warmed up to the mentioned temperature. •• The reactions were 
conducted in DCM. 

2. We also used the indole ring as the trapping nucleophile, in this direction we 

used the carbinolamides 4.4 and 4.7 as precursors. Schemes 5.7 and 5.8 

illustrate the reaction conditions and yields in each case. 
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~ 
4.4 

DM~ 

AlCl3 trHF' /3houTS 

OOC to aml:ient • 
Yield =87% 

Scheme 5.7 

HCllca!.)/lhour .. 

Ambient Temperature 

Yield = 77% 

·4.7 

Scheme 5.S 

5.2 

5.3 

The following are important points for discussion regarding Table 5.1 and 

Schemes 5.6, 5.7 and 5.S. 

I. It is clear that 5.1 yields are considerably lower than 5.2 and 5.3 yields. Such 

difference is undoubtedly due to two factors: (a) the higher nucleophilicity of the 

indole ring, and (b) the faster rate of formation of 6-membered rings (5.2 and 

5.3) compared to 7-membered ones (5.1).40 

2. After storage in DMSO over IO-day period and under ambient conditions, the 

carbinolarnide 4.4 yielded the corresponding ~-carboline 5.2 in ca.ll %. The 

yield was estimated from IH nrnr spectroscopy. As DMSO is known to stabilise 

cations when used as a solvent,86 the cyclisation suggests the presence of an 

equilibrium between the carbinolarnide 4.4 and its corresponding DMSO

stabilised N-acylirninium hydroxide salt. The cation is then captured by the 

highly nucleophilic indole ring. However, the intermediate ion should have very 
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short life time, as it is not detected using iH nmr specti-oscopy, also the low yield 

suggests that the equilibrium is shifted towards the carbinolamide side rather 

than the N-acyliminium hydroxide as illustrated in Scheme 5.7. 

3. The cyclisation of the tryptophane-derived carbinolamide 4.7 produced 5.3 as the 

sole detected diastereomer, as illustrated in Scheme 5.8. The conclusion of high 

stereoselectivity is based on 1 H nmr spectroscopic data for both the crude 

reaction product and the purified compound. The elucidation of 5.3 is based on 

IH and l3C nmr spectroscopy and mass spectrometry and supported by 

HETCOR and COSY experiments, while the configuration is established based 

on IH nmr spectroscopy and IH, IH-NOESY experiments. It was not possible 

to obtain a crystal that was suitable for X -ray crystallography. Crosspeaks of at 

least medium strength were considered in the iH, iH-NOESY experiment. The 

following protons show nOe crosspeaks (Figure 5.1): 

1,2 and 3 .. 

2 and 7 (methyl protons). 

5.3 

8 
H 

4,5 and 6 (methyl protons). 

9 and 6 (methyl protons). 

1 

Figure 5.1 

1 and 8. 

The steric relationship between the hydrogen atoms HI, H2 and H3 is 

established based on the relevant coupling constants. The coupling const'!I1ts 

11,3 and 12•3 were found to be 1.8 and 5.4 Hz indicating equatorial-equatorial and 

axial-equatorial steric relationships.S? These coupling constants can be compared 

with their equivalents in the starting material 4.7 (single diastereomer), in which 

the 11•3 and 12•3 were found to be 5.7 and 10.3 Hz respectively, corresponding 

to axial-equatorial and axial-axial steric relationships respectively. Also similar 

coupling constants are reported for both the major and minor diastereomers of 

4.6. 
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4.6 4.7 

COOCH,CH3 

H 

Consequently, in 5.3 the hydrogen atom H3 should be in the equatorial 

configuration, while the vicinal ester group should be axial. This conclusion was 

further strengthened by the fact that H3 has equivalent nOe crosspeaks with both 

HI and H2 (i.e. intensity wise). This analysis is further supported by 

conformational energy minimisation conducted with CAChe programme. 

Relevant interatomic distances calculated by CAChe minimisation are shown in 

Table 5.2 and the generated 3-dimensional model is illustrated in Figure 5.2. 

Energy minimisation calculations were conducted without enforcing any 

constrains on interatomic distances. 

Figure 5.2 

Table 5.2 

Protons Distance CA) 
1-2 1.81 
2-3 2.50 
1-3 2.52 
1-8 2.56 

2-7 (CH3) 3.69 

4-5 3.04 
5-6 (CH3) l.94 

4-6 (CH3) 2.52 

6-9 3.06 
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13e nmr spectrum for 5.3. 

74 



JOHNS COSY PROGAA~ MO 223A 
JOHNS COSY PROGRAM 

, 

• D •• 
,Cl It G 

i -T i : .. -. 

- . . .. 

• 

_.Ia -L .. 

e at 
- ..... 

I I I 
pp. B , 

COSY experiment for 5.3. 

75 

. J"': 
:f ' 

- __ -I"'-----j 

" 

I 
2 

j-2 
I , 

I 
f 
[' 

l 
t, 

B 

pp. 



I 
pp-

M02238 

I ! ~ I 
I 

f 

I 
120 

I 

I 
100 

I 

~ 
! 

HETCOR experiment for 5.3. 

76 

I 
40 

! 
! 

I 
I 

j 

0 

2 

• 

6 

• 
pp, 



The driving force behind the formation of 5.3 can be explained as in the 

following. Initially, the starting material is expected to be in the staggered 

conformation A shown below (most of the time). This conclusion is supported 

by the following points: (a) the coupling constants 11,3 and 12•3 measured for 4.7, 

which were found to be 5.7 and 10.3 Hz, strongly suggest equatorial-axial and 

axial-axial steric relationships, as mentioned earlier, (b) the hydrogen bond 

formed between the ester carbonyl group and the carbinol hydroxy group. The 

formation of this bond and its supporting evidence were discussed in chapter 4 

(pages 61-64), and (c) this conformation provides the maximum distance 

between the indole moiety and the aromatic carbinolamide and ethyl ester 

moieties. Even though the starting material is distereomericaily pure, the exact 

configuration of the hydroxy group is unknown, the drawn structure for 

conformer A shows only one of the possible configurations (the hydroxy is 

beneath the plane). However, the opposite configuration is still viable regarding 

hydrogen bond formation with the ester carbonyl function. We are not 

suggesting that the drawn conformations are exactly the actual ones, rather they 

are good approximations, based on the available evidence. 

l Hl 

~~~--~ 
b" N 0 
H' 

CH3'''' 
CH 

Conformer A 4.7 

Treating 4.7 with catalytic amounts of hydrogen chloride in DCM is expected to 

lead to the formation of the corresponding N-acyliminium ion, with the 

concomitant loss of the hydrogen bond in conformer A. The generated ion can 

then take different conformations. Figure 5.3 illustrates some stable possible 

conformers for the intermediate ion. The immediate conformer after acid 

treatment is expected to be B. However, the free rotation around the C-N bond 
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will allow the formation of C, D and E conformers. To minimise the repulsive 

forces between the bulky indole ring, the ethylester and N-acyliminium moieties, 

the proposed rotation of the C-N bond will be probably associated with 

conformational change of the central C-C bond from the staggered to the 

eclipsed forms, as the case in conformers C and D. 

CH3'''' 
CH 

B 

CH 

c 

Figure 5.3 

It is expected that E conformer will be unfavourable due to the repulsion 

between the ester and amide carbonyl groups, as illustrated in Figure 5.3. By 

inspecting molecular models of the intermediate ion, we concluded that C and D, 

in which the aromatic N-acyliminium moiety is aligned paralIel with the central 

C-C bond, are relatively more stable than the other conformers, as they allow 

improved distances between various bulky moieties within the structure. 

However, C (and other closely related conformers) is fruitless regarding the 

cyclisation reaction, since the indole ring will be far from the N-acyliminium 

centre. Consequently, the remaining reasonable conformer is D (or other closely 
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related one) both stability wise and in its potential for cyclisation leading to 5.3. 

The rotation around the central C-C bond in D conformer should be favoured in 

the opposite direction to the bulky ethyl ester moiety, which means that the 

indole ring should capture the N-acyliminium ion trans to the ester moiety, 

providing good explanation for the formation of 5.3 as the sole diastereomer in 

this reaction, as illustrated in Scheme 5.9. 

CHa 

Rotation direction 5.3 

Scheme 5.9 

The axial conformation of the ethyl ester group is somewhat unexpected, since 

the anticipated conformation for this bulky moiety is the more sterically relaxed 

equatorial position. Inspection with molecular models shows that the equatorial 

option for the ethyl ester moiety, when compared to the axial one, is not 

associated with any significant increase in steric crowding in other parts of the 

molecule. Consequently, we propose that the axial conformation assumed by the 

ethyl ester moiety is due to stereoelectronic factors, namely the anomeric 

effect. 88 Trisubstituted nitrogen atoms are known to be excellent electron 

donors, for example they are better than oxygen.89 On the other hand the ethyl 

ester group is an electron withdrawing moiety. Consequently, a stabilising two

'electron interaction is expected between the unshared electron pair of the 

nitrogen and the antibonding orbital (LUMO) of the C-C bond connecting the 

ester group, as illustrated in the axial conformation in Scheme 5.10. 
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LUMO 

Axial 
~'. Equatortal 

'0 ./~ 0'1 
... # I 

Unshared electrons 

Scheme 5.10 

The equatorial position does not allow proper alignment of the unshared nitrogen 

electron pair with the antibonding orbital of the relevant C-C bond, thus it 

disfavours the stabilising two-electron interaction. It remains to be mentioned 

that the relevant nitrogen is actually amidic, which means that the unshared pair 

of electrons are supposed to be involved, to some degree, in resonance forms 

with the amide carbonyl group. However, we assume that the amide carbonyl 

group is rendered less electron-deficient through resonance with the nearby aryl 

group, which increases the electron density on the amide nitrogen and improves 

its sp3 character, thus allowing effective two-electron interaction as mentioned 

earlier. This assumption is supported by two pieces of evidence: 

(a) The l3C chemical shifts ofthe two carbonyl groups in various homo

phthalimides .. The chemical shifts for the carbon atom A (Figure 5.4) range 

between 175.1-178.2 ppm, as previously illustrated in Table 4.2, while it ranges 

between 163.8-164.9 ppm for carbon atom B. This difference must be due to 

the conjugation of the carbonyl group B with the adjacent aromatic ring as both 

carbonyl groups are connected to the same nitrogen atom. 

Figure 5.4 

(b) Comparing the l3C chemical shifts for the carbon atom B before and after 

reducing A (Figure 5.4) shows negligible difference, which clearly demonstrates 

the relative independence of the electron density on carbon B from that of the 
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demonstrates the relative independence of the electron density on carbon B from 

that of the nearby nitrogen, and further supports the assumption that B is 

involved in effective resonance with the aromatic ring leaving the amidic 

nitrogen with higher electron density. Table 5.3 illustrates the I3C chemical 

shifts for carbon B (Figure 5.4), in some randomly selected homophthalimide 

derivatives, both before and after reducing the carbonyl group at carbon A 

(Figure 5.4). 

Table 5.3 

I3C chemical shifts for B 

Homo- Before After 
phthalimide Reduction Reduction 

3.1 163.8 163.9 
3.3 164.1 163.8 
3.6 164.8 165.0 (164.9)* 
3.12 165.0 163.4 
3.13 164.5 163.8 

* The chemical shift of B carbon atom In the 
minor diastereomer is in brackets. 

In addition to the above, the 13C chemical shift for carbon atom B within the 

cyclised products 5.2, 5.1 and 5.3 (165.6, 163.3 and 165.7 ppm respectively) are 

close to their starting homophthalimides (164.6, 164.2 and 164.1 ppm, 

respectively), and the corresponding carbinolamides (161.9- in <I<; DMSO, 164.3 

and 165.0 ppm, respectively), which further adds to the evidence on the 

assumption about the electron density on the amidic nitrogen. Similar anomeric 

interactions involving ester groups are reported in the literature, for example, the 

ester group in the dithiane shown in Figure 5.5 has a clear preference for the 

axial position due to the anomeric effect.9o 

}

OMe 

~ H 

Figure 5.5 

Shimizu et al.91 generated the ~-carboline derivative shown in Figure 5.6, and 

they proved the axial position of the methyl ester group through IH nrnr 
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Figure 5.6 

Our attempt to carry out the cyclisation reaction starting with the phenyl a1anine

derived carbinolamide 4.6 led only to the epimerisation of the starting material. 

In this attempt, a single diastereomer of 4.6 was treated with boron trifluoride 

etherate in dry DeM. However, after workup and extraction, no cyclic product 

was detected in the crude reaction mixture, as judged from lH nmr spectroscopy. 

Scheme 5.11 shows the relevant reaction conditions. 

I~ 

BF3·E therate ~ 

DCM /4 °C/3hours 

4.6 Scheme 5.11 

This result clearly indicates the formation of the intermediate N-acyliminium ion, 

as epimerisation occurs only as a result of the formation of the planar cationic 

intermediate. The lack of cyclisation in this reaction is probably due to the 

weakly nucleophilic nature of the phenyl ring compared to the indole ring in the 

case of 4.7. 

The use of tryptophane esters to affect 1,3-stereochemical induction, involving 

N-acylirninium ion intermediates (as in the reaction leading to 5.3), is only rarely 

reported in the literature. These reports dealt mainly with N-acyliminium or 

iminium ions generated from imine-type starting materials. The following are 

recent examples in this area. Wang et al. 92 utilised the imine derived from L

tryptophane methyl ester and senecialdehyde to generate an N-acyliminium ion, 

which was employed in a Pictet-Spengler condensation, yielding a mixture of eis· 

and trans-tetrahydro-p-carbolines. This procedure was utilised in the concise 
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route to the cell cycle inhibitor demethoxyfumitremorgin C, as illustrated in 

Scheme 5.12. 

I:i C02M e I:i C02M e 

Or0" NH (CH,J2C=CH-<:HO ~ ru1~" Fmoc·L.p",-C1 
~ 1 ~ 2 HQOMe), ~ I ~ 0 Pyrtdlne/DCM ~ 

N N 0 C, lh. room temperature 

H H 

-1( .rno-;C::2=O","~P::lpe="::;dI:::n::e ~1n~DCM;;:::~=-l~~ ( 
HH~O ",om tempernture/30 minutes 

a-H27% 
6-H 19% 

Demethoxyfumltremorl!ln C ~ a-H 75% 
6-HSO% 

Scheme 5.12 

Peng et al.93 synthesised enantiomerically pure indoloquinolizines from 

tryptophane methyl ester and by employing iminium ion intermediates. Scheme 

5.13 outlines their chemistry. 

Me~cHO 

-err" ::Me _::;:;"::::::uo=",.::a::c:::et
7i
lcf-ia:::c',,,d::-. ~ I\:----; CHCI 3/M eOH/room 

~ N temperature/S hours ... 

H 

Trtethylamlne 
etilYiicetate/4S hOurs .. 

room temperatu~ 

61% 

~ 
Tetrabutylammon1um' 

H hydrogen sulfatel OOCI DCM/4 hOUTS ~ 
Sodium hydroxldel acetyl chloride 

. 0 

60% 

+ 

15% 

Scheme 5.13 

The higher yield of the I ,3-trans product in Peng et al. chemistry shows 

similarity to our findings regarding 5.3. 
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Other research groups have reported similar examples on related 1,3 -

stereochemical induction and these include: De La Figuera et al.94 who 

investigated 2-amino-3-oxohexahydro-indolizino(8, 7 -b )indole-5-carboxylate 

derivatives as new scaffolds for mimicking l3-turn secondary structures in 

proteins, Shimizu et al.,91 Ungemach et al.95 and Konda et a[.96contributed to 

this area. 

B- Competition between Aromatic Nucleophiles and a Migrating Alkyl group in 

Trapping N-Acyliminium ions. 

Trapping iminium and N-acyliminium ions with 1,2-alkyl shifts97 (Wagner

Meerwein type rearrangement reactions) are reported only rarely in the 

literature. The followings are literature examples in this area. Warshawsky et 

al.98 showed that treatment of 3,3,5,5-tetramethyl-6-methoxy-2-piperidone with 

concentrated H2S04 , at room temperature and over 16 hours, led to the 

formation of 1,2,3,4-tetrahydro-3,3,5,6-tetramethyl-2-pyridone, as shown in 

Scheme 5.14. 

H2SO. (Cone.) ~ 
16 hows 

Room tempern1ure 

Scheme 5.14 

~ 
I 

H 

In their work involving the coupling of 2-hydroxyindoline with arenes via an N

acyliminium ion intermediate, and using boron trifluoride etherate as a Lewis 

acid, Kitamura et al.99 isolated the Wagner-Meerwein rearrangement product, 

1-(4-chlorobenzoyl)-2,3-dimethylindole, as a side product. They also found that 

the weaker the aromatic nucleophile is, the higher the yield of the 1,2-shift 

product. Scheme 5.15 illustrates one of their reactions. 

84 



BF3·Et20 

in dioxane ~ 

SO<>C over 72 hours 

ro-Cl 

O~ 
~Cl 

Yield = 40% 

SchemeS.IS 

H.o 

+ 

~OH V-Lr 
~Cl 

(X}-
o:l~ ." U

Cl 

Yield = 48% 

Finally, Dehnel et al. 100 found that in the presence of acids, such as HF in 

pyridine, 3-ethoxycarbonyl-6-oxa-l-azabicyclo[3.1.0]hexanes afforded 

substituted 3-ethoxycarbonylpyrroles. The second step in this reaction includes 

the capture of an iminium ion with a migrating alkyl group. Scheme S.16 

illustrates one of the reactions. 

M~~e COOEt 

= IlIlMe 
Qi, •. N e 

M~~e COOEt 

_ IlIlMe 
;')I": l'{ ... 

..... -,u.~ e 
+H 

M~¥e COOEt 

-w \ 
~ HdP' 7 e 

Me 

~~COOEt 
Hd~ Jl 
I~ 7 Me 

+H Me 

M\-.rCOOEt 

-H20,-W ~ Me~N~ 
7 e 
Me 

Yield = 85% 

SchemeS.16 

In the research reported in this thesis we have explored the competition between 

a I,2-alkyl shift and the intramolecular capture of aromatic nucleophiles, 
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involved in the neutralisation of the intennediate N-acyliminium ion. Different 

substrates were investigated. In each case, the two competing processes were 

compared under variable conditions of temperature, solvent, Lewis acid nature 

and concentration. The following subsections are classified according to the 

starting substrate. 

i)" The N-acyliminium ion generated from 3-hydroxy-4,4-dimethyl-2-

phenethyl-l,2,3,4-tetrahydro-l-isoquinlinone (4.1). 

Treating the carbinolamide (4.1) with aluminium chloride or aluminium bromide 

yielded the 1,2-shift product 5.4 and the cyclisation product 5.5 in different 

ratios depending on the reaction temperature. The reaction is generally outlined 

in Scheme 5.17. Table 5.4 shows the different reaction conditions and the 

corresponding product ratios. 

oQ 0 ~ --V 
:::,... I Acid ~ 

OH 

4.1 

Table 5.4 

Reaction 

5.4 

Scheme 5.17 

No. Temperature Lewis Acidt Solvent 

(CC) 

1 -5 AlBr3 o-DCB 

2 -5 AlBr3 DCM 

3 Ambient AlBr3 DCM 

4 35 AlBr3 DCM 

5 180 AlBr3 o-DCB 

6 35 AlCl3 DCM 

7 35 AlO3 DCM 

8 180 AlO3 o-DCB 

t Quantity = 1.5 mmol. 

+ 

Reaction 

Time 5.4tt 5.5 
(hours) % % 

6 30 70 

6 5 95 

24 41 59 

24 44 56 

4 94 6 

24 25* 9 

72 73 27 

4 93 7 

tt Ratios estimated from the average peak areas at 4.81 (s, IH), 5.01 (m, IH) 
and 8.15 (m, lH) ppm for (5.5) compared to peak areas at 2.30 (s, 3H, CH3), 

4.31 (m, 2H) and 8.50 (m, IH) ppm for (5.4) from the IH nmr spectra of 
crude products. Mass balance was maintained. 
* Starting material accounts for 66 % (based on 1 H nrnr). 
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The results in the above table clearly demonstrate the dependence of product 

ratios on reaction temperatures, for example, with AlBr3 and in 0-Oe8, the ratio 

5.5 to 5.4 changed from 70:30 at -5 OC (reaction no. I) to 6:94 at 180 OC 

(reaction no.5). A similar trend persists with OCM as the reaction solvent, for 

example the ratio 5.5 to 5.4 changed from 95:5 at -5 OC (in reaction no.2) to 

56:44 at 35 OC (reaction no. 4). The poor solubility of AlCI3 in DCM or o-DCB 

hindered any useful study a low temperature (-5 OC). However, similar 

temperature-dependent trend was noticed with AlCl3 at higher temperatures, for 

example, 5.5 to 5.4 ratio changed from 27:73 at 35 OC (reaction 7) to 7:93 at 

180 ac (reaction 8). These results strongly suggest that the sterically crowded 

tetracyclic isoquinolone 5.5 is the kinetically favoured product, while the flat 

aromatic isoquinolone 5.4 is the thermodynamically preferred one. This 

conclusion was further supported by global energy calculations conducted using 

SYBYL programme, which indicate that 5.4 is approximately 10 times more 

stable that 5.5. Accordingly, the energy profile of this reaction (Scheme 5.17) 

is expected to be as in Figure 5.7. 
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CHs 
CH,; 

PI 

5.5 cH,; + I ~ 
...,; 

~ 
CHs'fTo 

CH;'U 

Kinetic Route· Cyc:llsation 

Thermodynamic Route· Migration 

Figure 5.7 

5.4 

Presumably, the driving force behind the methyl migration is attributed to two 

factors: (a) the formation of a relatively stable benzylic cation, i.e. the 

intermediate species directly leading to 5.4 shown in Figure 5.7, (b) the 

aromatisation of the isoquinolone ring in the final product 5.4. However, the 

energy barrier required for the migration reaction is higher than that needed for 

the cyclisation reaction as illustrated in Figure 5.7. To our best knowledge, 

there are no reported accounts on similar kinetic/thermodynamic-based 
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ii) The N-acyliminium ion generated from 2-(3,4-dimethoxyphenethyl)-3-

hydroxy -4,4-dimethyl-l,2,3,4-tetrahydro-l-isoq uinolinone (4.2). 

The results of treating the carbinolamide 4.2 with aluminium chloride or bromide 

showed an opposite trend to that of 4.1. Table 5.5 shows the different reaction 

conditions and the corresponding product ratios, and Scheme 5.18 outlines the 

general reaction. 

/MJ-r Me 

Me Acid 

+ 

4.2 5.6 5.7 

Scheme 5.18 

X-ray picture of 5.6 
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Table 5.5 

Reaction Reaction 

No. Temperature Lewis Lewis acid Time 5.6tt 5.7 

(CC) Acidt equivalents (hours) % % 

1 -5 AlBr3 1 2 42* 0 

2 -5 AlBr3 3 2 lOO 0 

3 Ambient AlBr3 1 24 20** 72 

4 Ambient AlBr3 3 24 100 0 

5 180 AlBr3 I 0.5 22 78 

6 Ambient AlO3 1 24 21+ 67 

7 Ambient AlO3 3 24 29 71 

t All the reactions were conducted in o-DCB. 
tt Ratios estimated from the average peak areas at 4.75 (s, IH), 5.00 
(m, lH) and 8.13 (m, lH) ppm for (5.7) compared to peak areas at 
2.30 (s, 3H, CH3), 4.31 (m, 2H) and 8.50 (m, IH) ppm for (5.6) from 

I H nrnr spectrums of crude products. Mass balance was maintained. 
* Starting material accounts for 58 % (based on IH mm). 
** Starting material accounts for 8 % (based on I H mm). 
+ Starting material accounts for 12 % (based on I H nrnr). 

Form the above table, it is clear that the electron releasing effect of the 

dimethoxy groups led to improved cyclisation yields, i.e. 5.7, both at room 

temperature and at 180 CC, provided that only one equivalent of AIBr3 is present 

(reactions 3 and 5). However, migration was the preferred route, i.e. 5.6, when 

the reaction was carried out at low temperature (-5 0C) or with three-fold excess 

of AIBr3 (reactions 1,2 and 4). This behaviour is most probably attributed to 

aluminium complexation with oxygen atoms within the aromatic dimethoxy 

groups. Such complexation will undoubtedly reduce the nucleophilicity of the 

aromatic ring due to the following reasons: (a) it ties up the pair of un shared 

electrons on the oxygen, which are otherwise available for donation to the 

aromatic ring, this leaves the electron-withdrawing effect of oxygen to be the 

predominant electronic factor. (b) It generates a partial positive charge on the 

oxygen atom, the value of which is dependent on the relative strength of the 

coordination bond between aluminium and oxygen atoms. The inactivation of 
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the aromatic ring nucleophile leaves methyl migration as the only remaining 

alternative to capture the cationic intermediate. 

The proposed coordination bond seems to be relatively weak, since at 

moderately higher reaction temperatures (room temperature or 180°C), 

cyclisation was the predominant reaction, and higher ratios of 5.7 were 

observed. On the other hand, the lower the temperature, the more stable the 

complex will be, hence the higher the fraction of a1uminium-coordinated 

molecules within the molecular population, leading to higher 5.6 ratios. 

Similarly, increasing the abundance of aluminium within the reaction mixture, 

by increasing the number of AlBr3 equivalents (reactions 2 and 4), will increase 

the fraction of a1uminium-coordinated starting material molecules and thus 

increase the migration yield. 

Cyclisation was the preferred route with aluminium chloride, regardless of its 

quantity in. the reaction mixture (reactions 6 and 7). This result is probably due 

to the poor solubility of this reagent in o-DCB, which leads to reduced 

complexation with the methoxy functions, and hence, cyclisation will be 

promoted by the activating effect of the methoxy groups. 

Buckley et al. 101 illustrated the dependence of the acylation of alkyl aryl ethers 

on the stoicheiometry of the Friedel-Crafts catalyst. They found that the 

acylation reaction of oxygenated aromatic rings was completely arrested with 

large molar excesses of the catalyst. They stated that the most likely 

explanation for these effects is a total reversal of the electron-donating ability of 

an aryl ether oxygen in the presence of excess Lewis acid. This results from the 

essentially complete complexing of oxygen lone pair with the Lewis acid in 

solution. When this Lewis acid-aromatic complexing was prevented by the 

steric bulk of an attached highly branched group, the greater electron density and 

greater reactivity of the oxygenated aromatic nucleus is restored. Scheme 5.19 

illustrates one of the reactions conducted by Buckley et al. to support their 

assumption. 
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100 mol% Me 

Me 

MeoXYX'Q 
AIBr3 0 

I I CH2CBr2 Exclusive 

MeO::'" 0 Cl::'" 

MeO 

300 mol% 
MeO 

0 
Good yield 

Scheme 5.19 

According to our best knowledge, the work conducted by Buckley et al. is the 

only published account regarding the effect. of Lewis acid stoicheiometry on the 

acylation yields of oxygenated aromatic rings. 

iii) The N.acyliminium ion generated from 4-ethyl·3·hydroxy4.methyl·2-

phenethyl·l,2,3,4·tetrahydro·l·isoquinolinone (4.14). 

In an attempt to cyclise the carbinolarnide 4.14, it was treated with aluminium 

bromide under the optimum cyclisation conditions, which were detennined from 

the previously discussed experimentation with 4.1 (Table 5.4). However, the 

reaction yielded the migration derivative 5.8, in 30% yield together with 25% 

remaining staring material. No cyclisation product was detected. The reaction is 

illustrated in Scheme 5.20. 

AIBr,(l.8Equ.) ~ 

OH DCM /·7 °C/3 hours 

Yield ~ 30% 
4.14 5.8 

Scheme 5.20 

The absence of any cyclisation product is probably due to either the ethyl group 

higher migratory aptitude compared to methyl group,102 or the increased steric 

bulk around the N-acyliminium ion (before migration), or both factors together. 
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iv) The N-acyliminium ion generated from 4-benzyl-3~hydroxy-4-methyl-2-

phenethyl-l,2,3,4-tetrahydro-l-isoquinolinone (4.15). 

In an attempt to evaluate the effect of benzyl group substitution at position 4 on 

the cycIisation product, the carbinolamide 4.15 was treated with AIBr3 in DCM 

at -5 <>C. However, only the isoquinolone 5.9 was isolated in 50 % yield and 

without detecting any cycIisation products both in the crude reaction mixture and 

after purification. Scheme 5.21 shows the reaction. 

4.15 

AlBr.(i.5 equ.)/OCM .. 

_5°C /4 hours 

Scheme 5.21 

5.9 

Benzyl group elimination could take place via two mechanisms: 

Yield = 50% 

A- Through forming stable benzyl cation, as shown in Scheme 5.22. 

AlBr. 
~ 

Scheme 5.22 

B- Through bromide ion SN2 attack on the benzylic methylene carbon as in 

Scheme 5.23. 

AlBra .. 

Scheme 5.23 

We favour the fIrst mechanism, since the benzylic cation is undoubtedly more 

stable than the N-acyliminium ion, justifying the relatively rapid loss of the benzyl 

group (i.e. quicker than cycIisation). The absence of any cyclisation product is 
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expected to be due to either the relatively rapid benzyJ'elimination process, or 

the increased steric bulk around the N-acyliminium ion (before benzyl 

elimination), or both factors together. 

v) The N-acyliminium ion generated from 3-hydroxy-2-phenethyl-1,2,3,4-

tetrahydro-1-isoquinolin-one-4-spiro-cyc1opentane (4.10). 

The final attempt to study the competing cyclisation/migration processes was 

conducted with 4.10. Two reactions were carried out: (a) under optimum 

cyclisation conditions, and (b) under optimum migration conditions. Scheme 

5.24 outlines the two reactions and Table 5.6 shows the reaction conditions and 

the corresponding product yields. 

AlBr3 ~ 

4.10 5.10 

Scheme 5.24 

Table 5.6 .' 

Reaction AlBr3 Reaction 5.10 

Temperature equivalents Solvent Time Yield 

(QC) (hours) % 

150 1.5 o-DCB 2 96 
-7 1.5 DCM 4 80 

As illustrated above, the only isolated product from both reactions is the 

tetrahydrophenanthridinone 5.10. This result clearly indicate relative ease by 

which the 5-membered spirocyclic ring undergoes ring expansion to the 6-

membered one. No cyclisation product was detected. 
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c- N-Acylirninium ions Trapping by Migrating Alkyl Groups. 

Inorder to investigate the previously mentioned 1,2-alkyl shift under relatively 

mild conditions and in the absence of any potential cyclisation, the 

carbinolamides 4.3, 4.9 and 4.11 were treated with AlBr3 (1.2-1.5 equivalents) at 

room temperature. The general reaction conditions are illustrated in Scheme 

5.25. 

4.3 

~N~ lJXlOHV 
R R 

CH, 

5.11 (yield = 19%) 

4.9 4.11 

A1Br, (1.2-1.5 <quI/OCM 

r. t. / 3-4 hours. 

Scheme 5.25 

5_12 (Yi eld = 77%) 5.13 (yield = 53%) 

From the experiments discussed in the previous section, one expects the 

isoquinolones 5.11, 5.12 and 5.13 will be generated in higher yields if the 

reactions were conducted at higher temperatures. The choice of the N-benzyl 

substitution has two aims: (a) to avoid the competing cyclisation reaction, which 

can take place with longer aryl alkyl chains, and (b) the relative ease by which 

the benzyl group can be removed providing a concise route to isoquinolones and 

tetraiIydrophenanthridinones.9 These two classes of compounds were reported to 

have interesting biological activities, which will be discussed later in more detail. 
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D- N-Acyliminium ions Trapping by Cyclopropane Ring Opening. 

Treating 2-benzyl-3-hydroxy-I,2,3,4-tetrahydro-I-isoquinolinone-4-

spirocyclopropane 4.8 with three Lewis acids led only to cyclopropane ring

opened products. Scheme 5.26 illustrates the three reactions and the 

corresponding products. 

N~ 
'OHV 

4.8 

3 hours 

Yield = 80% 

BF 3.etherate/ether .. 
_7 SOc _ r.I./50 min. 

Yield = quant. 

1) TMSOff/DCM/BSA ~ 
-7SoC _r.t 

50 min. ::::,... 
2) NaHC03/H,O 

Yield = 55% 

Scheme 5.26 

0 ............. 
5.15 

OH 5.16 

The following are important points for discussion regarding the reactions in 

Scheme 5.26. 

I. None of the above reactions yielded any detectable migration product, i.e. the 

cyclobutane derivative, despite the fact that similar reactions, involving 

cyclopropane to cyclobutane ring-expansion, are frequently reported in the 

literature. For example, Kanemoto et al. IQ3 reported the formation of the 

fluorinated cyclobutane by treating the hydroxycyclopropyl compound with 

poly-hydrogenfluoride as shown in Scheme 5.27. 
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~ 
OH 

Poly-HF /Pyrtdtne 
t-Pr.NH/KHF ./KF /DCM 

-5IJOC/ 0.3 hours 
~ 

Yield = 71% 

Scheme 5.27 

+ 

Yield = 4% 

In another example, Bernard et al. 104 reported cyclopropane ring-expansion 

coupled with acid-induced epoxide-ring opening, as shown in Scheme 5.28. 

TosOH/DCM 
~ ci+o Reflux 

o 

Yield = 80% 

Scheme 5.28 

One of the clear examples that shows the higher tendency of cyclopropyl

methanol to expand to cyclobutanol, under acidic conditions, was illustrated by 

Fadel et al.,105 when they showed that cyclopropylmethanol ring-expansion to 

cyclobutanol was the basis of an efficient cyclobutene synthesis. Scheme 5.29 

shows their reaction. 

Ratio 97 : 3 

HCI/H,O /',..-OH + HO~ ./""0... A-
Heating .. V "" "'Q'" 

Yield = 92% I II TosCI/Pyl1dtne 
,21 t-BuOK 

D Yleld=81% 

Scheme 5.29 

Presumably, in our case (Scheme 5.26) the relative ease by which the 

cyclopropane ring is cleaved is due to the aromatisation of the isoquinolone ring 

system in the products. 

2. The mechanism by which cyclopropane-ring opening takes place is expected to 

be as in the following: 
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A) In the case of the bromine containing product 5.14, the expected mechanism is 

illustrated in Scheme 5.30. 

Scheme 5.30 

Similar examples of bromide induced cyclopropane ring-opening have been 

reported in the literature, for example, Ferreri et a1. 106 reported a facile entry to 

secondary cyclopropylcarbinols from cyclopropanecarboxaldehyde, the products 

were further used to generate (E)-homoallylic bromides. One of their reactions 

is illustrated in Scheme S.31. 

(] 
D-nH ~gC1o~ 

o E',Of·78 C 

48%HBr ~ 

OH 

Yield ~ 95% 

SchemeS.31 

Yield ~ 92% 
E/Z~ 98/2 

Chorghade et a1. 107 developed a versatile synthesis for the preparation of the 

potent anti-convulsant desmethyltiagabine in excellent yields. The key steps in 

the synthesis were Grignard reaction followed by ring opening with simultaneous 

dehydration and bromination of a hydroxymethyl cyclopropane with 

bromotrimethylsilane. Scheme S.32 shows the mentioned key steps in the 

synthesis. 
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CH3 

~ 
MgBr 

);.~ 
THF 

o 

Yield = 83% 

TMSBr 
~ 

DCM 

Desmethyltlagablne 

X~OH 
o 

Scheme 5.32 

B) The mechanism leading to the fonnation of the ethylether 5.15 is expected to 

take place as in Scheme 5.33. 

( 
Scheme 5.33 

Similar examples of cyclopropane ring-opening associated with capture of dialkyl 

substituted oxygen nucleophiles have been reported in the literature, for example, 

Marshall et al. 108 reported the intramolecular capture of methyl ester oxygen in 

the process of cyclopropane ring opening as illustrated in Scheme 5.34. 
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COaCH;, 

6'11 HClO.(aq.~ 
- acetone 

AH 
Yield = 72% Yield = 57% Yield =85 % 

Scheme 5.34 

C) Before considering the mechanism leading to the hydroxy isoquinolone 5.16, it is 

important to mention two points: (a) BSA (N,O-bistrimethylsilyl acetamide), 

which was added (4 equivalents) as a proton scavenger to the reaction mixture 

(5-10 minutes before introducing 2 equivalents of TMSOTf), is known to be 

rapid silylating agent for hydroxy groups,56, 115 thus it is expected that at least a 

fraction of the starting material (compound 4.8 in Scheme 5.26), is silylated at 

the free hydroxy group before the introduction of TMSOTf. (b) After reaction 

workup, ca. 20% of the starting material was retrieved from the reaction ruixture 

suggesting good stability for the intermediate N-acyliminium ion, particularly in 

the absence of any effective nucleophile. The improved stability of the N

acyliruinium ion is expected to be due to two factors (I) hyperconjugation 

involving the adjacent cyclopropane ring, and (2) the aromatisation of the 

isoquinolone ring system in the cyclopropane ring-opened canonical forms as in 

Scheme 5.35. 

Aromatic 
Scheme 5.35 

The improved stability of cyc1opropylmethyl carbocations is known and has been 

discussed in the literature.18 

Formation of the hydroxyisoquinolone derivative 5.16 can take place via two 

possible mechanisms: 

1- Cyclopropane ring-opening coupled with triflate capture as in Scheme 5.36. 
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Scheme 5.36 

Despite the poor nucleophilicity of triflate ion and its nature as a good leaving 

group, it has been reported in the literature to be captured by carbocationic 

centres, albeit rarely. For example, Murata et az.109 reported triflate capture in 

association with TMSOTf-induced epoxide ring opening as in Scheme 5.37. 

no 
(CH3bSIOTf ("r...;L 

.. ~SiICH313 

DBU .. 

-TfOH O'''''OS!ICH313 

Scheme 5.37 

In another example, Hayashi et al. 11O reported one-pot successive ring expansion 

reactions of I-bromo-9-t-butyldiphenylsilyloxy-4,5,7,8-diepoxynonanes. In the 

course of these reactions, triflate was captured by the cationic intermediates, one 

of these reactions is shown in Scheme 5.38. 

YIeld = 39% 

Scheme 5.38 

101 



Ritterskamp et al. lll reported the capture of mesylate group in association with 

cyclopropane ring-opening. This step was utilised in the total synthesis of 

iridodial, a biologically significant compound, produced in some insects. 

Scheme 5.39 shows the cyclopropane ring-opening step. 

d)"'10H_M_e_th_an-:-SU_lfO_n-,y~I.~h~l::o:-:rl::d:ce~~ ~ 
trlethylamlne/O C/DCM W 

d H 
H o~-o 

H J;-
"s Yield = 94% 

Scheme 5.39 

lridodial 

Earlier examples on the reactivity of cyclopropane-ring system and its utilisation 

in organic synthesis are sufficiently reviewed in the literature. 112 These 

examples support the suggested triflate nucleophilic attack on the cyclopropyl 

group, as in the proposed mechanism shown in Scheme 5.36. 

Other literature examples support the suggested conversion of the labile triflate 

intermediate to the hydroxy end-product (5.16) via water molecule or hydroxide 

ion nucleophilic substitution, as in Scheme 5.36. The work reported by 

Roberts et at. 1I3 on cyclopropylmethyl methanesulfonate illustrates the effect of 

the nucleophile nature on elimination/nucleophilic substitution ratio. Scheme 

5.40 shows the products and their corresponding yields resulting from treating 

cyclopropylmethyl methanesulfonate with: (a) sodium ethoxide in ethanol (most 

nucleophilic), (b) sodium isopropoxide in isopropanol (medium nucleophilicity 

and basicity) and (c) potassium t-butoxide in t-butanol (most basic). 
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.I"\7 .. !fl......OJ ... EtONa 
ArSO:!" V EtOH 

Yield = 100% 

! i-PrONa 
i-PrOH 

Yield = 100% 

Yield = 69% Yield = 31% 

Scheme 5.40 

In another example, Huang et al. 114 converted 5'-O-tosylthymidine to the 

hydroxy analogue by treatment with sodium bicarbonate. 

2- The second potential mechanism, towards forming 5.16, is a cyclopropane ring

opening coupled with trimethylsilanol capture as in Scheme 5.41. 

NaHC03 

~ 

n ;:-H, 

Q:-CH, 
CH3 

OH 

Scheme 5.41 

However, the reaction is less likely to take place via this mechanism for the 

following reasons: 

1) The presence of BSA in the reaction mixture is expected to reduce the possibility 

of this mechanism through two factors: 
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(a) It will silylate the free hydroxy group in at least a fraction of the starting 

material 4.8 molecules, as in Scheme 5.42 . 

. , 
HO-R 

R-OSj(CH3l3 

~CH3 
(CH3l3SI 

Scheme 5.42 

In this suggested silylation mechanism, the proposed nucleophilic attack of the 

hydroxy group on the nitrogen-bonded silicon is supported by the following 

points: (a) the relatively strong Si-O !lond,51 (b) silicon is known to be oxophilic 

rather than being azaphilic,115 and (c) the previously reported use of N

trimethylsilyldiethylamine (TMSDEA) as a reactive reagent for preparing 

trimethylsilylethers from hydroxy compounds, 116 as in Scheme 5.43. 

Me3SI-NEt2 

R-OH .. 
-45 DC 

R-OSiMe3 

Scheme 5.43 

Other silylation reactions involving silicon-substituted amines have been 

sufficiently reviewed in the literature. I I? Also, it is known that N-trimethyl

silylacetarnide is at lower energy level compared to the O-trimethylsilyl form, 

explaining the biased equilibrium towards the acetamide form as shown in 

Scheme 5.42.115 Other BSA-induced hydroxy silylation mechanisms have been 

suggested and discussed in the literature. I 15 
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As a consequence for the expected rapid silylation of the starting material 4.8, a 

TMSOTf attack on the siloxy group (in the silylated fraction of the starting 

material) will lead to the formation of hexamethyldisiloxane [(CH3)3SilhO as in 

Schemes 5.36 and 5.44. This species is weakly nucleophilic since the unshared 

pair of electrons on the oxygen atom are involved in an overlap with the vacant 

d orbitals of the adjacent silicon atoms, 118 in fact this factor accounts for the 

reduced nucleophilicity of the hydroxy group within trimethylsilanol as well. 

Also, a nucleophilic attack by the oxygen atom within [«CH3hSihOl. on the 

cyclopropane ring. is expected to be fruitless regarding the formation of a siloxy 

adduct, since Si-O bond is stronger than C-O bond. 51 as shown in lower part of 

Scheme 5.44. 

(b) BSA is also expected to silylate the trimethylsilanol generated from the 

TMSOTf attack on the hydroxy group of the staring material (the non-silylated 

fraction), leading to the hexamethyldisiloxane mentioned earlier. This silylation 

reaction will compete with any potential mucleophile attack by trimethylsilanol 

on the cyclopropane ring as in Scheme 5.44. 

o 

o}N"Bn (CHaI.SI-OH ~ I 

~I ~Y ... OH 

TMSOTf 0 ... Bn ? 
BSA ~ I N+ 

o 

OTMS 

0} (CH. I 51-0 I 
~ .-. • '51(CH I ~ 

OSI(CH-' •• 
~ ;jI3 

(CH '.SI-OH BSA ~ (CHaI351-O 
• .,., '51(CHaI3 

Scheme 5.44 
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2) Trimethylsilanol is expected to be a softer oxygen nucleophile compared to 

triflate, as it is neutral, and its oxygen's HOMO electrons are predicted to be in a 

higher energy level in contrast to their equivalents in the triflate ion (due to the 

strong electronegative effect of CF3S02 fragment in the triflate ion, which 

renders the electrons highly stabilised);119 On the other hand, the generated N

acyJiminiurn ion is positively charged, and the charge is concentrated on three 

atoms (two carbons and a nitrogen), thus it can be described as a hard 

electrophile. 119 In fact, the hard electrophilic nature of the intermediate cation is 

evident by the fact that it captured diethylether, which is known as a hard 

nucleophiJe119 (Scheme 5.33). Consequently, the reaction of the hardN

acyJiminiurn ion is more likely to be with hard triflate ion, due to the expected 

strong electrostatic attraction between the two ions, 119 and possibly the high 

energy difference between the silicon-stabilised HOMO hydroxy electrons in 

trimethylsilanol and the LUMO in the N-acyIirniniurn intermediate. Scheme 5.45 

illustrates the anticipated relative energy levels of the relevant orbitals within the 

interacting molecules. 

Energy Levels 

o 
~Bn 

~ 
_ LUMO 

Frontler-Orbi tals _.---r <ff 
" " .. ,X I" - - , CH3SJ _OH ,;' " .. ,' " 

" " 
HOMO ,/ 

, 

" o .< / 

CF3L6,/ 
11 / 

o " 

HOMO 

,/ 
/ 

" Electrostatic attraction 

Scheme 5.45 

The soft nucleophilic nature of triphenylsilanol was utilised by Trost et al.120 to 

generate 2-ene-I,4-diols from palladium catalysed lA-opening of vinyl epoxides. 

This group reported that while water and hydroxide ion did not show 
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nucleophilic properties in similar palladium catalysed reactions, carboxylic acids, 

as oxygen nucleophiles, led to high yields of the 1,2-epoxide ring-opened 

products. On the other hand, triphenylsilanol reacted smoothly with different 

1,4-vinyl epoxides and offered, after optimisation, good to excellent yields of 

the 2-ene-I,4-diols, one of the reactions conducted by this groups is illustrated in 

Scheme 5.46. These results can be compared with the 1,2-epoxide ring opening 

reported for triflate ions as in Schemes 5.37 and 5.38. 

o 
-tr y 2% (dbaJ3P d.z.CHC13. 

+ {}-o-OH 4 moll<> dppb. 8 mol"" Ph3P ~ 
4:1 Isopropanol: THF 

o 1'<:: 
h 

KF. CH,CN. H,O. 70°C 
~ c/

H 

OH 
Yield = 88% 

Scheme 5.46. 

Yield = 70% 

E- The Trapping of N-acyliminiurn Ion Generated From 4.4-Diallyl-2-benzyl-3-

hydroxy-I.2.3.4-tetrahydro-I-isoquinolinone. 

Treating 4,4-diallyl-2-benzyl-3-hydroxy-I,2,3,4-tetrahydro-I-isoquinolinone 

4.12 with different Lewis acids in different solvents led to different products, 

extending from double bond addition to 1,2-alIyl migration and allyl elimination. 

The different products and their yields are now discussed. The following 

subsections are classified according to the Lewis acid and/or the reaction solvent 

used to generate the N-acyliminium ion. 

i) Reactions of 4.12 with titanium tetrachloride and aluminium tribromide. 

Treating 4.12 with TiCI. or AlBr3 led to allyl group elimination as in Scheme 

5.47. The reaction conditions and yields are summarised in Table 5.7. 
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o o 

AlBr3 or TICl, 
~ 

Scheme 5.47 

Table 5.7 

Lewis Acid** 

Reaction Reaction 5.17 

No. Temperature Type Number of Time Yield 

(CC) Equivalents (hours) % 

1 Ambient AlBr3 1.25 4 42t 
2 Ambient' TiC4 2.10 4.5 92 

, TIC4 was added at -78 ·C for 15 rrunutes then the reactIOn was 
warmed up to the room temperature. 

** Solvent = dry DCM. 
t ca. 34% recovered starting material. 

The elimination reaction is expected to take place via a bromide or chloride ion 

nucleophilic attack on the bis-homoallylic-stabilised N-acyliminium ion (this 

cation will be discussed in more details later) as in Scheme 5.48. 

o o 
LewlsAcld • 

Nu 
Nu = Br or Cl 

Scheme 4.48 

Allyl group elimination is somewhat similar to the benzyl elimination described 

earlier in Scheme 5.21. It was not possible to find similar allyl elimination 

reactions in the literature. 

108 



il) Reaction of 4,4-diallyl-2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l

isoquinolinone with boron trifluoride etherate in chloroform. 

Treatment of a solution of the carbinolamide 4.12 in CDCh with boron 

trifluoride etherate (1 equivalent) at room temperature resulted in the generation 

of the bis(homoallyl)-stabilised N-acyliminium ion and allowed the collection of 

the '3C nmr spectrum, the chemical shifts of which are shown against the 

structure in Scheme 5.49. After ca. I hour, the I3C spectrum showed the nearly 

exclusive presence of a new compound and after ca. 2.5 hours, the reaction was 

quenched with sodium bicarbonate and extracted with DCM, to give the fluorine 

containing compound 5.18 in 60% yield and as a single diastereomer (based on 

I3C and 'H nmr spectroscopic analysis). This result was confIrmed by a separate 

experiment, in which the carbinolamide 4.12 was reacted with boron trifluoride 

(1 equivalent) in CHCh over ca. 2.5 hours to give again 5.18 in ca. 60% yield. 

Scheme 5.49 outlines the reaction and shows the chemical shifts of the directly ., 
involved carbon atoms in the starting material, the intermediate cation, and the 

end product. The changes in the chemical shifts are easily noticed and compared 

in the three species. 

OH 

~~9.7 

\ 118.7 

132.7 138 43.2, d, ] 21.9 Hz 
132.9 39, d, J 21.3 Hz 

4.12 5.18 Yield = 60% 

Scheme 5.49 

The following are important points for discussion regarding this reaction. 

I) As shown in Scheme 5.49, two dotted coordination lines are connecting the N

acyliminium ion centre with the two aIlylic double bonds, this assumed 
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coordination is supported by the following pieces of evidence: (i) the N

acyliminiurn intermediate was found to be stable over ca. 20 minutes period in 

CDCh (the time needed for the acquisition of I3C and DEPT spectra.). 

However, a 13C nrnr spectrum taken after ca. 1 hour showed the absence of the 

intermediate cation and the formation of S.18. This moderate stability of the 

cation, at room temperature, is assumed to be due to the demonstrated 

coordination. (ii) The 13C and DEPT spectra of the intermediate cation show the 

two alIylic chains to have equivalent chemical shifts and to be deshielded from 

their original chemical shifts in the starting material, for example the allylic 

double bonds methylene carbons (CH2) were deshielded from 118.7 and 119.7 

ppm in the starting material to 122.5 in the intermediate cation, and the same 

happened for the alIylic double bonds methine carbons (CH), i.e. from 132.7 and 

132.9 ppm to 138 ppm. The fact that the allylic carbons have equivalent 

chemical shifts, and the clear deshielding of the double bonds' carbon atoms 

clearly demonstrate the coordination. A control experiment was done to ensure 

that the deshielding of the two alIylic double bonds is due to their coordination 

to the N-acylirninium centre rather than boron trifluoride (or other related acidic 

material). In this experiment, the 13C nrnr spectrum of a mixture of I-hexene 

and boron trifluoride, in 1: I molar ratio, was collected and compared with 13C 

nrnr spectrum of pure I-hexene sample. All the carbon atoms in the I-hexene 

molecule, including the double bond atoms, kept their original chemical shifts, 

i.e. before the addition of boron trifluoride, which clearly rules out the possibility 

of any contribution by boron trifluoride in the mentioned deshielding of the 

allylic double bonds. 

2) The chemical shift of the N-acyliminium ion reported in this research (Scheme 

5.49) is more deshielded compared to the previously reported chemical shifts of 
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The l3C nmr spectrum for the bis(homoallylic)-stabilised N-acyliminium ion, the peaks at 13.6 
and 68.7 ppm correspond to BF3.etherate. (as determined from a separate control experiment.) 
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~ ~6.980 

~ ~5.873 ~ 143
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13C mm spectrum for the product 5.18. 
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other iminium and N-acylirninium ions shown in Figure 5.8. 1 

189.7 190.6 

SbCIa SbCIa 

Figure 5.8 

~+~ =N oc,Hs 
/ , 

Ph Et 

SbCls 

It was not possible to fmd literature examples showing direct evidence on aIIylic

stabilised N-acylirninium ions. However, speculative theories regarding the 

formation of such complexes were discussed in the earlier literature.2 

3) The mechanism leading to 5.18 proceeds, most likely, via a fluoride ion 

nucleophilic attack on the less hindered face of one of the cation-coordinated 

double bonds. This attack is expected to be concerted with the ring closure, 

resulting in the 5-membered ring formation. The suggested mechanism justifies 

the high diastereoselectivity of the reaction. The fluoride ion is expected to be 

mainly donated from the BF30H complex. The mechanism is shown in Scheme 

5.50. 

BF30H. 

BF30H 

4.12 5.18 

Scheme 5.50 

4) The elucidation of 5.18 was based on I3C and 'H mm spectroscopy aided by 

COSY and HETCOR experiments, while the configuration was established based 
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on: (a) 'H, 'H-NOESY experiments, (b) the mechanistic evidence regarding the 

formation of the bis(homoallyl)-stabilised N-acyliminium ion intermediate, and 

(c) the fact that only one diastereomer was formed in the reaction. 

Concerning the 'H, 'H-NOESY experiment, it was conducted at 25 OC in CDCI3, 

over two mixing times: 0.55 and 0.70 second and at 400 M Hz. Crosspeaks of 

at least medium strength were considered. The following protons show nOe 

crosspeaks, (the numbers 9f the relevant hydrogen atoms are in bold, and they 

correspond to the numbered atoms in Figure 5.9): 

1 (dd, 3.82 ppm) and 2 (m, 2.14 ppm). 2 (m, 2.14 ppm) and 4 (m, 4.83-4.86 ppm). 

1 (dd, 3.82 ppm) and 7 (m, 5.37-5.44 ppm). 2 (m, 2.14 ppm) and 8b (d, 4.47 ppm). 

1 (dd, 3.82 ppm) and Sa(d, 5.12 ppm) and Sb (d, 4.47 ppm). 

BaV () 
l~ 

/--...1/N 0 

Figure 5.9 

The analysis results were further strengthened by conformational energy 

minimisation calculations conducted by CAChe programme. Relevant 

interatomic distances calculated by CAChe minimisation are shown in Table 5.S 

and the three-dimensional model generated by the programme for 5.18 is also 

shown in Figure 5.9. 

Table 5.S 

protons distance (,A) 

1-2 2.38 

2-4 2.39 

1-7 1.78 

2-8b 2.91 

1-8a 2.28 

1-8b 3.24 

115 



~u; i g ~!:;i 
== 
\ 

'" 

IH nmr spectrum for 5.18 

116 



ppo 

~ 

III 

~. 
'. G 

• ,. , 
o I .~ 

i • 

, 
0 
0 

0 

1H,lH NOESY experiment for 5.18. 

117 

g 

f} <!l, 
~ 

~ 11\ . 

i 
2 

!) 

2 

• 

s 

B 

pp. 



~ 

.....: 

-

~ 
.....;;;;;jjjj 

-

~ 

. 

j l , 

i 
I 
; , i 
, 

! 

: 

• 

• . 
I 

ppm e 

... _---_._-

I 

; 

. 
. 

. 
it . 
• 

D • 

El " 

" 

'g,,1f 
• 6(" co .~ 

/ .. 9. 

i 
! 

le 
" 

I • 

• 
• 

COSY experiment for 5.18. 

118 

! , 

·1, 
"'II! " 
iI" ~I 

• • 

• -
·1 0 "! . co 

III 

I 
2 

I 
. I 

I 
2 

6 

e 

pp. 



I 

, 

I f~ t 

t 

pp. 

11102790 

r 

I 

I 
120 

-

I 
lOO 

--

" 

HETeOR experiment for 5.18. 

119 

,I 

I 

I 
60 

I I 

, 

, 
, 

I 

I 

I 

I 
.0 

2 

• 

6 

a 

pp. 



5) The addition of an N-acyliminium ion to double bonds is a frequently reported 

transformation, and it was recently sufficiently reviewed.2 Nevertheless, some 

selected interesting reactions, within this class, are outlined in the following. 

Wijnberg et al. 121 converted (R,R)-tartaric acid into (R,R)-dimethoxy

succinimide, then the succinimide was coupled with 3-butenol, or other related 

alkenols and the products were reduced to the corresponding carbinolamides, 

which were cyclised by treatment with formic acid. One of their reaction 

sequences is illustrated in Scheme 5.51. 

HCOOH~ 

+ 

H...."...U....:)...-_~_., ~CH3 
gH H HCH3 

Quantitative Yield 

Scheme 5.51 

Gesson et al. 122 showed that the cyclisation of N-acyliminium ions, generated 

from imide-derived ethoxycarbinolarnides, using trifluoroacetic acid, trifluoro

methanesuifonic acid and arthydrous HF, afforded ketones, bromoalkenes and 

geminal bromofluoro compounds, respectively. Scheme 5.52 shows the 

products generated by treating the phthalimide-derived ethoxycarbinolamide with 

the three acidic reagents. 
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Yield = 76% 

o 
Yield = 79% 

Scheme 5.52 

CF3COOH (50 equ.) 

~24ho<= 

Yield = 69% 

It is noteworthy to mention that this example is the only literature example we 

found describing a nucleophilic attack by a fluoride ion in a N-acyliminium 

ion/double bond addition reaction. 

In another example, Moeller et al. 123 generated an N-acyliminium ion 

intermediate by treating a proline derivative with titanium tetrachloride, the 

cation was then captured by a tethered double bond to yield a 7-memebered ring. 

Scheme 5.53 illustrates the reaction. 

TiCI./DCM 

-78°C to r.t./ 25 hout P
Ph 

Cl 
MeOH2C N 

Yield = 92% 

Scheme 5.53 

The addition reactions of N-acyliminium ions to double bonds have been addressed by . 

many research groups2 including Chamberlin et al. 124 who applied cyclisations of 

ketene dithioacetals to synthesise pyrrolizidine, indolizidine and quinolizidine 

alkaloid ring system. Fisher et al. 125 reported the addition 
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of N-acyliminium ions to a1kynes. Other examples include the work reported by 

Lessen et aI., 126 and Frauenrath et al. 127 

ill) Reaction of 4,4-diallyl-2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l

isoquinolinone with boron trifluoride etherate in diethylether. 

The bisChomoallyl)-stabilised cation, described earlier, seems to live longer 

when generated in diethylether. This assumption is based on the following 

experiment. The compound 4.12 was allowed to react with boron trifluoride 

etherate in diethylether at room temperature for 3 hours and 20 minutes and then 

an a1iquot taken and quenched with aqueous sodium bicarbonate. Analysis 

using thin layer chromatography showed only the presence of starting material, 

suggesting an improvement in the stability .of the N-acyliminium ion 

intermediate. The reaction therefore was allowed to proceed for 28 hours. The 

reaction conditions and products and their corresponding yields are illustrated in 

Scheme 5.54. The reaction was initiated at -78 °C for 15 minutes, then it was 

warmed up to room temperature. 

N ...... Bn BF3 ·ether/dtethylether • -7S0C to r.t./28 hours 

Yield = 24% 

OH 

4.12 

Scheme 5.54 

+ 

2:3 
• 

Yield = 9% 

Or--
5.19 

Yield = 7% 

5.21 

In addition to the products shown in Scheme 5.54, ca. 2% of the starting 

material was also recovered from the reaction. 
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The mechanisms leading to the different products in this reaction are expected to 

proceed via the same double bond-stabilised N-acyliminium ion, as shown in 

Scheme 5.55. 

Intermediate A 5.18 

\ 
-r· ....... ./Bn 

4.12 

5.19 

/ 
Intermediate B 

Scheme 5.55 

The improved stability of N-acyliminium ion (intermediate A) is probably due to 

the coordination of diethylether molecules to the cationic centre. This 

assumption is supported by the capture of diethylether to give the ethoxy

carbinolamide 5.19. Also, it seems that diethylether, by the virtue of its ability to 

coordinate to cationic centres, is enhancing the formation of another cation, i.e. 

intermediate B, which led to the formation of the two alkenes 5.20 and 5.19, 

albeit in low yields. The formation of the fluorine containing compound 5.18 is 

expected to take place via the same mechanism described in Scheme 5.50. 
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iv) Reactions of 4,4-diallyl-2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l

isoquinolinone with TMSOTf in the presence and absence of selected 

nucleophiles. 

The previously mentioned reactions of the carbinolamide 4.12 with different 

Lewis acids did not lead to 1,2-aIkyl shift, which was one of our investigation 

goals. Consequently, we decided to conduct a series of exploration reactions 

using TMSOTf as a Lewis acid. ll The low nucleophilicity of the TMSOTf 

counter ion, i.e. triflate, made it an excellent candidate for the potential migration 

reaction. Also, the use of this Lewis acid allows the incorporation of external 

nucleophiJes that can be captured by the intermediate N-acyliminium ion. 

Scheme 5.56 illustrates the generalised reactions that were carried out. 

4.12 

., 

l)TMSOTf 
21 Nucleophile. 

added after 'Nucleoplle Time' 

Bn 3)Workup with NaHC03 

_-=af:..:t:..:.r~'R:;.e:..:a:;.ct:;.lo:..:n:...T:..:'=m:;.e·--;~ 
~ :::"... 

Scheme 5.56 

5.22 

+ 

5.24 5.25 

+ 

"' .......... Bn 

5.20· 

Table 5.9 summarises the detailed conditions and the corresponding products 

with their yields in each reaction. The nucleophile time is defined as the time 
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delay between the addition of TMSOTf and the injection of the selected 

nucleophile to the reaction, while the reaction time is the period between the 

addition of the selected nucleophile until the reaction termination by workup 

with sodium bicarbonate solution. 

Table 5.9 

Reaction No.. ~ 1 2 3 4 5 

TMSOTf@ Equ.x catalytic 1.9 2.1 2.1 2.0 
Reaction 

Temperature in CC x x Ambient Ambient Ambient -10 Ambient 
Nucleophile (Equ.X) BSA(3.0) BSA(4.0) ACN* (lOm Non TMSA*(4.0) 

Nucleophile 
Time m minutes O· 80 60 ------ 60 

Reaction 
Time in hours 4 10 23 29 25 

The Reaction Products and their Yields (%). 

5.22 ------ 15 7 9 5 
5.20/5.21 •• ------ 28t [1:5] 29 [1:3] 40 [1:4]16 

5.23# ------ [3:2] 24 [3: 1] 11 ------ [4: 1] 7 
5.25 tt ------ ------ [2:1] 10 ------ ------

5.24 44 31 ------ ------

@ The solvent used in these reactions is dry DCM. 
x The number of equivalents compared to the starting material. 
x x The reactions were initiated at -78 CC, and after 15 minutes they were 

warmed up to the indicated temperatures. 
* ACN = acetonitrile, TMSA = N-trimethylsilyl acetamide . 
• BSA was added to the stirred solution of the starting material in DeM, 

and after 5 minutes, the reaction was cooled down to -78 CC and TMSOTf 
was added . 

•• The alkene ratios are shown between square brackets, and are calculated 
from the average peak hights of comparable carbon atoms in l3C nmr 
spectroscopy. 

t Only 5.21 was isolated. 

25 

# The diastereomeric ratios of [Major : Minor] are shown in square brackets 
and are calculated from the peak areas for the comparable protons at 3.44 
(dd, IH, J 7.9, 10.5 Hz) ppm for the major diastereomer and 3.67 (dd, IH, 
J 8.2, lOA Hz) ppm for the minor diastereomer. 

tt The diastereomeric ratios [Major: Minor] are shown in square brackets 
and are calculated from the isolated and purified diastereomers. 
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The following points are noticed regarding these reactions. 

I) It is expected that these reactions take place via the same double bond-stabilised 

N-acyliminium ion (intermediate A in Scheme 5.57). 

Intermediate A 

\/ 5.22 

Intermediate B 

/ 

.,o, .. /Bn 

NaHC03 aq 
.~ 

c~ + .... Si(CHsl3 
NH 

Scheme 5.57 
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2) It seems that the N-acyliminium addition to the double bond occurs at a faster 

rate than the 1,2-alkyl shift reaction, as it is clearly evident from the yields in 

reaction number 4 in Table 5.9. 

3) The expected mechanisms of the different reactions, summarised in Table 5.9, 

are shown in Scheme 5.57 (except reaction number 3, i.e. when acetonitrile is 

used as nucleophile). 

4) It is important to mention that N-trimethylsilylacetamide, which is essential for 

the production of 5.23 and might contribute in the formation of 5.24 (as in 

Scheme 5.57), can be generated in situ from BSA as it was previously 

illustrated in Scheme 5.42. 

5) The isolation of 5.24 in reactions 2 and 5 (after 80 or 60 minute of 'nucleophile 

time' as in Table 5.9) illustrates the relatively good stability of the intermediate 

N-acyliminium ion (intermediate A in Scheme 5.57). The imprOVed stability is 

expected to be, once again, due to the double bond-coordinationmentioned 

earlier. 

6) An earlier account of an intramolecular reaction between BSA and a N

acyliminium ion has been reported by Wanner et al.l 28 The reaction is shown in 

Scheme 5.58. 

oy~". 
t-Bu 

• 
Yield = 16 % 

Scheme 5.58 

7) Approximately 7% starting material was isolated from the crude product in 

reaction 4 (Table 5.9), which is another evidence on the improved stability of 

the intermediate N-acyliminium ion, albeit at -10 °C in this case. 

8) The isolation of the acetate 5.23 in reactions 2,3 and 5 (after 80 or 60 minute of 

'nucleophile time' as in Table 5.9) indicates a relatively good stability of the 

intermediate cation B (in Scheme 5.57), which might be due to a certain degree 
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of coordination between the cation and the double bond of the nearby allyl group 

as in Figure 5.10. 

° 

FigUre 5.10 

9) The lower yields for the products isolated from reaction 5, in Table 5.9, is 

assumed to be due to the presence of an impurity in the starting material. This 

assumption is based on the fact that one of the isolated compounds (in ca. 20% 

yield) is believed to be 5.26 according to infrared, spectroscopic and X-ray 

evidence. The compound was not further characterised. The presence of this 

product can only mean that the starting material was contaminated with 5.27, 

which probably was formed as a side product in the reduction of the starting 

homopthaIimide 3.13. 

N:O 
o 

~ 
::::'0 V 

5.26 5.27 3.13 

10) The isolation of 5.23 and 5.25 from reaction 3 (in Table 5.9) was unexpected, 

as the attacking nucIeophile in this case is supposed to be acetonitrile. Our 

theory, regarding the formation of 5.23, is based on the possibility that BSA was 

formed in situ, as illustrated in Scheme 5.59. 

° 

0=1...0 
CH3 

5.23 5.25 
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BSA is known to generate N-trimethylsilylacetamide upon reaction with hydroxy 

compounds. I IS The generated acetamide will then act as an oxygen nucIeophile 

as in Scheme 5.57. On the other hand, 5.25 was possibly formed from capture 

of water or hydroxide ion by the intermediate cation B (Scheme 5.57) during the 

reaction workup, suggesting an improved stability of this intermediate, which 

might be due to the presence of acetonitrile. Acetonitrile is expected to stabilise 

cationic species. However, further experimentation is required to know what is 

really happening. 

BSA 

Scheme 5.59 
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Significance of Berbines, Tetrahydrophenanthridinones and related 

Isoquinolones. 

1) Berberines. 

Tetracyclic isoquinolones, analogous to 5.5 and 5.7 and to a lesser degree to 5.1, 

5.2 and 5.3, are described as having the berbine ring skeleton.I29.130 

COOCH"cH3 

5.3 

Berbine alkaloids, also known as protoberberine alkaloids, are widely distributed 

in nature, occurring in at least eight botanical families. They occur most 

frequently in the various genera of the papaveraceae but are also well 

represented in the berberaceae, menispermaceae, rununculaceae, rutaceae and 

annonaceae.13\ Figure 5.8 shows some Berbine alkaloids of interest. 129 

OCH3 OH 

OCH3 
OCH3 

(-) Canadine 

(+) CorydaIine 

_e(B_e) 

OCH3 

OCH3 

NeoozybeIberIne 

Figure 5.8 
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OCH3 

OCH3 
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Regarding their pharmacological properties, large number of berbine alkaloids 

substituted in rings A and D have shown tranquillising characteristics in initial 

tests. 132 Berberine, which was fIrst isolated from Berberis vulgaris, is of low 

toxicity, and was shown to have LDso of 0.275 mg/IQ g after intraabdominal 

administration to mice. 130 It has shown ability to intercalate and form a complex 

with DNA leading to some antibacterial and antiprotozoal activity. Furthermore 

it has transient hypotensive activity in rats. 132 13-Allylberberine bromide may 

have potential as an antiulcer drug. 132 

Naturally occurring and modifIed berbine derivatives have shown hypotensive 

activity and 133 the berbine derivative tetrahydropalmatine has been found to 

possess antipsychotic, tranquillising ~.d sedative activity.l34 Recently, Schmeller 

et al. 135 showed that berberine and palmatine are active 0.-2 adrenergic blockers, 

and good DNA intercalaters. The authors concluded that these biochemical 

activities may mediate chemical defence against microorganisms, viruses and 

herbivores in the plants producing these alkaloids. Ckless et al. 136 concluded 

that the anti-inflammatory action of berberine, may arise in part from the 

inhibition of DNA-synthesis in activated lymphocytes. 

The biosynthesis of berberine and related alkaloids have been studied extensively 

and it appears that the amino acid tyrosine plays an important role in providing 

the aromatic moieties, while methionine plays an important role in the 

biosynthetic pathway as a single carbon atom donor. 137 

The chemical synthesis of the berbine ring system has been achieved in a variety 

of ways. 129, 131, 138 Some selected recent synthetic routes are now reviewed. 

Kessar et al. 139 synthesised tetrahydropalmatine and canadine and other related 

analogues, by reacting o.-oxo-o-quinodimethanes with 3,4-dihydroisoquinolinium 

salts followed by reducing of the generated 8-oxoberbines to the target berbines. 

Scheme 5.60 illustrates their synthetic route. 
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CHO vCH3 ri( Pd/Charooal ~ 7 I 
MeO~C02Et H, MeO:::'-'" C02Et 

OMe OMe 

NaOH~. ri(CH
3 

Me~COOH 
OMe 

Yield = 95% Yield = 86% 

21 TMSCI... I 3 SOC!, 11 .·Bull ¥=SIMe ~I SiMe3 

- MeO:::'-'" COOH ---=-il::~eO:::'-'" Cl 
CSF~ 

OMe OMe 0 

Yield = 90% Yield = 95% 

OMe 

OMe 
a-oxo-o-qulnodimethane 

OMe 
OMe 

OMe (±)-<:anadine OMe 

Yield = 52% Yield = 98% 

Scheme 5.60 

Kametani et al. 14O achieved the total synthesis of the protoberberine alkaloid (-) 

xylopinine by photochemical 1,3-asymmetric induction. Scheme 5.61 shows 

their synthetic route. 
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MeO 

~ I"'" 
~ OMe 

Me 

MeO 

MeO 

Yleld=89% 

C02 Me 

~CH,COl.~ ~:te POC13/60oC JS2Me 

Pyrtdlne Me~ Acetonttrtll-MeO~e 
Yield= 87% MeO Y,eld= 99% MeO 

Yleld= 100% 

OMe 

MeO 

MeO 
hu/Benzene 

~ 

OMe 

Yleld=80% 

~ J_ .... ..-<.O· I1 POC1
3
/Reflux/ 

MeO 

NaBH./3days 
Ethanol/PyrtdliPe' 

2hours 
2INaBH./O'C ~ 

OMe 

Yield = 54% Yield = 66% 

O 
OMe 

Me 

(-I XylopInJne 

SchemeS.61 

In another interesting short synthesis, Stambach et al. 141 achieved the berbine 

ring system by treating l-benzyl-l,2,3,4-tetrahydroisoquinolines with phosgene. 

The resulting N-chloroformyl derivatives were subjected to a variety of Lewis 

acids to induce intramolecular ring closure yielding berbine-8-ones. The 

corresponding berbines were prepared by reducing the berbin-8-ones with 

LiA!H,. Scheme S.62 shows an example on this synthetic route. 
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Y
OMe 

~O I h PCl./CHCl3 7 o HN, ~~I 

OMe 

NaBH./MeOH ~ 

Yield; 80% 

OMe 

AIC13 /Benzene 

Reflux • 

OMe OMe 

Yield; 70% Yield; 95% 

Scheme 5.62 

Other synthetic routes to berbine alkaloids and related compounds include: 

palladium catalysed insertion of carbon m~moxide into benzyItetrabydro

isoquinolines, developed by Pandey et a1. 142 , the reaction of phthalide anions 

with 3,4-dihydroisoquinoJines, developed by Marsden et al. 143 and electro

reductive annelation reaction, in which controlled potential reduction of iminium 

salts in the presence of bromo esters, such as o-bromomethyl benzoates, afforded 

berbine-type compounds, this methodology was utilised by Shono et al. l44 

2) Tetrabydrophenanthridinones and Related Isoquinolones. 

Phenanthridinones are found in a range of natural products, mainly in alkaloids 

isolated from the amaryllidaceae botanical family. 145, 146 Some phenanthridin

one alkaloids of interest are illustrated in Figure 5.9. 
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~H 

OH 

R o 

R = OH, (+) Narciclasine. 
R = H, Lycortctdine. 

OH 0 

Pancratlstatin 

Figure 5.9 

OH 0 

Narciprtmlne. 

OH 

Narciclasine and narciprirnine have been extracted from daffodil bulbs (Narcissus 

incomparabilis.) ,145,146 the structure of narciclasine had been subject to several 

revisions until an X-ray structure was published,I47 It must be pointed out that 

narciprimine is an extraction artefact, since avoiding acid treatment during the 

daffodil extraction, it seemed completely absent. 148 Pettit et al have recently 

isolated and identified pancratistatin from Pancratium littorale ,149 Regarding 

their biological activity, narciclasine aJ}d Iycoricidine are powerful antimitotic 

agents that effectively inhibit eukaryotic protein synthesis at the ribosomal 

level. 150 Competitive binding studies suggest that narciclasine inhibits protein 

elongation by binding to intact 80S ribosomes at or near the peptidyl transferase 

centre, a site that appears to be accessible to structurally diverse elongation 

inhibitors including anisomysine, homoharringtonine, and the biogenetically 

related amaryllidaceae alkaloids haemanthamine and pretazettine. IS I On the 

other hand, pacratistatin exhibits pronounced in vivo antitumor activity in animal 

models and demonstrates significantly higher therapeutic indices than narciclasine . 

and lycoricidine. IS2 

Simpler isoquinolones are also known to have interesting biological activities, for 

example, 4-aryl-l(2H)-isoquinolones (Figure 5.10) are reported to be 
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cholesterol biosynthesis inhibitors,153 antiulcer,154 anticholinergic l55 and 

anticonvulsive agents.156 

Figure 5.10. 

Many synthetic approaches to the phenanthridinone and related isoquinolone 

ring systems have been reported.145 Some recent selected approaches are 

reviewed in the following. Jahangir et al. 157 have synthesised N-butyl-I,2,3,4-

tetrahydrophenanthridinone ring system, in 28% yield, starting from N,N-diethyl

o-toluarnide by a route involving, in the final step, a Lewis acid induced 

rearrangement to a benzylic position, as in. Scheme 5.63. 

N-Bromosuccln1m1de .. 
hv 

~
~ Li ~'<:: 

L!lI'./THF I 
---..... .& NEth2 ..& 

Br 

o 0 

AgBF. • 

Scheme 5.63 

o 

Beugelrnans et al. 158 utilised aromatic SRN I reactions, in one pot procedures, to 

generate various 3,4-disubstituted l-oxo-I,2-dihydroisoquinolines 

(isocarbostyrils) including tetrahydrophenanthridinone, which was synthesised in 

30% yield starting from o-bromobenzarnide and cyclohexanone. The reaction is 

outlined in Scheme 5.64. 
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2 
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• 0 

H+ 
~ • 

SchemeS.64 

Rigby et al. 159 utilised a photocyc1isation approach to synthesis the 

phenanthridinone core of pancratistatin. The regiocontrolled arylamide 

photocyclisation was the key step to produce trans-BC ring junction, the 

regiocontrol was achieved by allowing hydrogen bond formation between a free 

A-ring phenol and the adjacent enarnide carbonyl. The overall yield of all steps is 

18 %. Their synthetic route is outlined in Scheme S.6S. 
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<MC2 
OEE 0 

1) NaH/DMF <~I Q hvlBenzene 
PMBCI ~ 0 ~ NPMB ____ ---;~~ 

21 PPTSI 
MeOH 0 ,0 

" -' H 

Scheme 5.65 

Lopes et al. 160 synthesised the phenanthridinone core of the cytotoxic alkaloid 

pancratistatin. The key manoeuvre in their synthesis is the 1 A-addition of an 

ortho-lithiated benzarnide derivative to l-nitrocyc!ohexane. The synthetic steps 

and their corresponding yields are outlined in Scheme 5.66. 

OnCI 
o 

Et,NH. 0 NEt2 
e£her~ ~ 

o 
Yield = 89% 

H2N'(l 
NaBl!.. 
NICI2 -6H2 0. 

MeOH. Sontcatto> rIJ""·V 
~NEt2 

o 

02NY'"'l 
1) sec-BuLl. TMEDA. • •• ,V 

.-c? 0:;=" 

sec-BuL!, ~ 
THF. -15 C. 

Yield = 79% 0 

o Yield = 63% 

Scheme 5.66 

Mali et al. 161 reported a general one-step synthesis of 2-methyl-l,2-

dihydroisoquinolones from N,2-dimethylberizamide via lithiation followed by 

reaction of the dilithiated derivative with N,N-dimethyl-carboxamides. The 

yields ranged from 58-77%. Scheme 5.67 illustrates one of their reactions. 
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o . 

~NH-CH3 cC+CH3 
~"U I) n-BuL1/THF~ 9" I N H+ ~ 

CH3 2) jj :::,... CH3 
CH3~~(CH3" OH 

Yield = 58% 

Scheme 5.67 

Recently, Couture et al. 162 prepared 4-aryl and heteroaryl-l(2H)-isoquinolones 

by base promoted cyclisation of phosphorylated a-aroyl and heteroaroyl 

benzamides. Scheme 5.68 shows an example of their work. 

(Ctt,O)n. ~r 
Me.SICI I . Cl 

H+/Ethanol_ H...rp:-"'O 
- I ,"Iph 

CH3 Ph 

Yield =85 % 

CH3 

Ph2 POEt ~ _--"" ",,0 

Toluene/Reflux· ~7 l:;;Ph 
CH3 Ph 

Yield = 82 % 

/ CH3 

N,-~O 
l"'lph 

o Ph 

Yield = 90 % 

·78OC to r.t.. 0.5 hour Yield = 90 % 

Scheme 5.68 

Trost et al. 163 reported an elegant asymmetric total synthesis of pancralistatin, in 

which a palladium-catalysed approach to desymmetrization was utilised to 

construct rings B and C within the pancratistatin structure. Scheme 5.69 

illustrates their synthesis. 
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NBS/DMF 
• 

I) n-Bull/TIiF /OOC 
2) OC<X)Me • (X~C02\ (.-c,.H,PdCl), cat./Ugand 

o 1MSN,/DCM/r.t • 

Yield = 75% 

O'IES • • 

OC02CH, 

Yield = 87% 

0s04cat. 

NMO.I-I,O 

DCM/r.t. • 

lo 

TISOSo,CF, 
• 2.6-1uUdne. 

DCM 

Yield = 82% 

Yield = 62% (last 2 steps) Yield = 100% 

I) (CH,),P/1HF.H,O 

2) COCL,/1HF.Et,N • 

1BAF/TIlF 
• -78toOOC 

° 

~BuLl 

6 • ether. -78 C 

II)SOU2lNEta 
• 2) cat RuCI.HiJ. NdO. 

Ca.. CHJ:N. lhO r.t 

Yield = 65% 

0') I) PhCO,Cs. DMF . 

./ ..... __ ...... ./ .... 0 2) Workup with TIlF. 1-1,0. cat. I-I,so, 

3) K2 C0 3 • cH3 0H. r.t. • < 
,..,.---.~ ......... 

4) LU. D MF. 80"(; 

Yield = 72% Yield = 72% 

Scheme 5.69 
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Chapter 6: The Oxidation of 4-Monosubstituted 

Homophthalimides by Dioxygen in Alkaline Media and The 

Related Cleavage-Cyclisation Reactions. 

The alkaline-mediated dioxygen oxidation of carbonyl groups is a known 

reaction. l64 For example, Bailey et a/. 165,166 found that steroidal ketones, 

when converted to the enol form, using sodium or potassium alkoxides, can be 

easily oxidised with dioxygen to the a-hydroperoxyketone derivatives in 40-60% 

yields. The reaction gave best results with a large excess of the alkoxide. The 

a-hydroperoxides were either spontaneously dehydrated to the corresponding di

ketones in quantitative yield, or reduced to the hydroxy-ketones with zinc 

dust/acetic acid in 50-70 % yield. Scheme 6.1 illustrates one of the reported 

reactions. 

o,/t-BuOH/ 
t-BuOK 

Ambient 
Temperature 

52% 

Scheme 6.1 

45% 

Zlnc dust .. 
acetic acid 

The same group found that only tertiary alkoxides can induce the reaction, while 

primary or secondary alkoxides failed to do so. A vramoff et af.l67 reported the 

preparation of a-hydroperoxy-esters via the autoxidation of esters of diaryl-and 

(arylalkyl)aryl acetic acids. The reactions were carried out in pyridine in the 

presence of catalytic amounts of the phase transfer catalyst benzyltrimethyl 

ammonium hydroxide. The reactions were carried out under low temperatures 
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(-30 - 0 OC) and the yields ranged from 28-65% depending on the nature of Rh 

R2 and R3. One of their reactions is illustrated in Scheme 6.2. 

O,/Pyrtdtne 

-IS"C • 

R I= p-MeOCs14CH2 

R2= Phenyl 

R3= Ethy 

H1!'° R 0'" 3 
R 

I 

40% 

Scheme 6.2 

Kl/AdlH • 
quant. 

Nishio l68 reported the formation of 3-hydroperoxyindolin-2-one by the dye

sensitised photooxygenation of indolin-2-ones. One of the prepared peroxides 

was reduced to the corresponding alcohol in 38% yield using sodium 

borohydride. The author also found that 3-hydroxyindolin-2-one was formed as 

the sole product from the direct air oxidation (without dye-sensitisation) of 

indolin-2-ones in the presence of catalytic amounts of sodium hydroxide or 

sodium methoxide. An example reaction is illustrated in Scheme 6.3. 

~
CH3 ~CH3 

~ I 0 Iw. 0,. sens it' ~;=bO 

b 
NaOCH3/HOC 

~-!J Yteld=70% ~ !J 

02' base 
In methanol 

Yield"" 60% (NaOCH3) 

99% (NaOH) 

Scheme 6.3 

NaBH • • 
Yteld=38% 

M CH3 

CJ-;=o 
~ b 

Yu et al. 169 reported the preparation of the optically active 1,3-dimethyl-3-

hydroxy-5-methoxyoxindole in 50% yield via air oxidation of 1,3-dimethyl-5-

methoxyoxindole in 50% NaOH aqueous solution and in the presence ofthe 

chiral catalyst N-[(4-trifluoromethyl) benzyl] cinchonium bromide. The reaction 

is illustrated in Scheme 6.4. 
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CH3 

CH3~ 
I ° ~ ~ 

CH3 

Air. NaOH 
CPTC 

12 hour 
Ambient Temperature 

Scheme 6.4 

50% ( ee > 13%) 

A recent example of the use of this type of oxidation reaction was reported by 

Wender et alPo when they utilised the reaction in two steps in their pinene route 

to taxanes. One ofthe steps is illustrated in Scheme 6.5. 

t-BuOK/Oa ~ 
DMSO/THF/-25° 

° OCH3 TBSoP" 

96% 

Scheme 6.5 

This type of reaction has been reported only rarely using homophthalimide 

derivatives. According to our best knowledge, the only paper to report the air 

oxidation of homophthalimide derivatives was by Homing et al.,21 when they 

reported the oxidation of 4-(N ,N-dialkyl-arnino) ethyl homophthalimides in the 

solid state. They obtained the corresponding hydroxy derivatives upon exposure 

of the crystalline starting materials to air. Their starting materials were attained 

from treating the 4-spirocyclopropane derivatives with various amines, as 

illustrated in Scheme 6.6 but the yields obtained were not reported. 

o 

~~R RNH 

~O-D-M-2:::"F/-6...:~c.,~:iC" 
Air 0,. 

Scheme 6.6 
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Recently, Semple et al.l?1 described an efficient route"to the preparation of the 

herbicidal agents ethyl 2-aryl-4-hydroxy-1 ,3(2H, 4H)-homophthalimide-4-

carboxylates starting form corresponding non-hydroxylated homophthalimides 

via treating the sodium enolates of the starting homophthalimides with benzoyl 

peroxide followed by the selective alcoholysis of the benzoyl group with sodium 

ethoxide as in Scheme 6.7. 

C02Et 

I. NaOEt/EtOH/O·C ~ 
2" HOAc 

1 I. NaH/THF. O·C 
~ 

C02Et 

38-61% 

Scheme 6.7 

J C02 Et 

O~h 70·92% 

2 

We were interested in exploring the oxygen-induced oxidation of 

homophthalimides in order to increase our understanding of the mechanism of 

such reaction, and to explore novel and concise routes to phthalide-isoquinoline 

alkaloidal analogues. We conducted a number of experiments in which the 

starting homophthalimide was heated to reflux in oxygen-saturated ethanol 

(aqueous or anhydrous) and in the absence or the presence of NaOH (catalytic or 

equivalent amounts), as illustrated in Table 6.1. These reactions generally 

yielded two types of compounds, 4-hydroxy-homophthalimides (HH) and 

phthalideamides (PA). The transformation is outlined in Scheme 6.8. 
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R 0ox:k 
° 

~ I 1 

~ 

R 

'o,{NaOH ~ o~k ~H 
Ethanol 

~ I I 

~ (HH) 

Scheme 6.8 

Table 6.1 

Reaction 
No. Starting NaOHtt Time BB 

Material equiv. (hours) (yield%) 
1 2.1 0.15 3 days. non 

2 3.18 1.10 4 6.1 (10) 

3 3.18 0.15 9 (36) 

4 3.20 1.00 24 6.3 (10) 

5 3.22 0.15 17 (33) 

6 3.23 1.10' 6 non 

7 3.23 1.10 7 non 
.8 3.23 1.0 5 non 

9 3.23 0.15 5 non 

10 3.23 non 5 non 

11 3.24 1.1 5 •• ----

tt Number of sodium hydroxide equivalents' used. 

• Solvent: ethanol/water [5:8). tRemaining starting material 

•• Isolation was not attempted. 

~ ~oV 

6.1 6.2 
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PA SMt 
(Yield%) % 

non 100 

6.2(51) non 

(25) non 

6.4 (51) •• ---
(13) 57 

6.7 (22) non 
(quant.) non 
(quant.) non 

(89) non 
non 100 

6.8(91) •• ---

6.3 



6.4 

o 
6.7 

o 

6.8 

6.6 

X -ray picture for 6.8 

From Table 6.1 the following are interesting points for discussion. 

1. The presence of sodium hydroxide proved to be essential for the reaction to 

proceed, as the oxidation of 3.23 to the corresponding phthalideamide 6.7 did 

not take place under neutral conditions (reaction lOin Table 6.1). However, the 

reaction proceeded efficiently in the presence of catalytic or equivalent amounts 

of sodium hydroxide. 

o 

~~ ~oV 
N~ 

'>0 V 

2.1 3.23 

2. When the oxidation was attempted on the nonsubstituted N-benzylhomo

phthalimide 2.1, no reaction took place and only the starting material was 

retrieved (reaction 1 in Table 6.1). This indicates that substitution at the 4-
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position is essential for the oxidation reaction to take place. Presumably, the 

presence of an alkyl group at position 4 will stabilise radicals generated at that 

position. Alkyl groups stabilise adjacent radicals through hyperconjugation 

mechanisrns l72 as illustrated in Scheme 6.9. 

H 
HH oH HH 

R-W 0 ...... I---J .. ~ R-cd: ....... r--.-J .. ~ R----Ll 
I I I I ~y 
HH HH OH 

H 

Scheme 6.9 

Moreover, the total oxidation yield for each substrate (i.e. the sum of both 4-

hydroxyhomophthalirnide and phthalidearnide yields) is influenced by the nature 

of the substituent at position 4. The highest oxidation yield is reported for 3.23 

with isopropyl group at this position (89-100%, reactions 7, 8 and 9 in Table 

6.1), while the total oxidation yields for both 4-ethyl derivatives 3.18 and 3.20 

are surprisingly the same (61 %, reactions 2, 3 and 4), under both catalytic and 

stoicheiometric amounts of sodium hydroxide. The lowest oxidation yield was 

for the benzyl derivative 3.22 (46%, reaction 5). The variations in oxidation 

yields between different substrates are possibly due to the relative stability of the 

free radical formed at position 4. 

N~ 
~o V 

3.18 3.20 3.22 

3. When the reaction was conducted in aqueous ethanol (3.23 in reaction 6 in 

. Table 6.1), the isolated oxidation yield suffered a significant decrease (22%). 

The presence of strong base line spot on the TLe plate suggests that the low 

yield might be due to the hydrolysis of the starting material by the aqueous 

sodium hydroxide. 

4. Regarding the rearrangement of 4-hydroxyhomophthalirnides to 

phthalidearnides, two points are noteworthy: (a) the effect of the 4-alkyl group 

and (b) effect of the reaction temperatlIre. From Table 6.1, it is clear that, under 
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comparable reflux times, the highest yield of the phthalideamide products were 

reported for the 4-isopropyl derivatives 3.23 and 3.24 (reactions 7-9 and II in 

Table 6.1), then the 4-ethyl derivatives 3.18 and 3.20 (reactions I, 2 and 3), the 

least rearrangement yields ~ere for the slowly-oxidised 4-benzyl derivative 3.22 

(reaction 5). 

3.24 

Such results indicate the dependence of the. rearrangement reaction rate on the 

nature of the 4-substitution. Presumably, differences in the steric s~ induced 

by each of the 3 substituents leads to such variable yields. Regarding the 

temperature effect, we suspected that the rearrangement reaction is heat

induced, since earlier reports described ring contraction reactions from six

membered to five-membered ring to be heat-induced. For example, the 

conversion of N-substituted isoquinolinetriones into ethyl 3-hydroxyisoindolone-

3-carboxylates by heating in ethanol and in the presence of triethylamine,173 as in 

Scheme 6.10. 

C1-\,C/ioOH/NEt, ~ 
Heating 

Scheme 6.10 

ocr
HO COOC2Hs 

'7
1 

~ 

o 
68% 

Wrobel et al. 174 used this reaction as the key step towards the preparation of the 

potentially antidiabetic agents, spiro[ I H-isoindole-l ,5' -oxazolidine 1 2' ,3(2H),4' -

triones, one of the examples is shown in the Scheme 6.11. 
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o 

HO C02Et 

(X{ NH3/MeOH I N-R ~ 
~ ~

HO CONH2 • 
'Y I 1) LlN(SiMe3)2/THF/O C .. 

:::::::.... R 21 ;arbonyldUmtdazole 
OCto room temperature 

O~ o:po 
I R 

~ 

o o o 
64% 

R = cycJohexyl 

Scheme 6.11 

To establish that the formation of the phthalideamides is also heat induced, we 

conducted two experiments: 

1- An ethanolic solution of the homophthalimide 2.23 was treated with a catalytic 

amount of sodium hydroxide and 3 equivalents of triethyl phosphite (a peroxide 

reducing agent). The reaction mixture was bubbled with dioxygen gas over 18 

hours and at room temperature. Subsequently, the reaction was terminated by 

extraction with DCM to yield the 4-hydroxy derivative 6.9 in 97% yield as 

illustrated in Scheme 6.12. 

3.23 

NaOH (cat.l/Ethanol 

Trtethyl Phosphite (3 equ.l~ 
Ambient temperature 

yield = 97% 

Scheme 6.12 

o 

~ '!:::"oV 

6.9 

2- In the second experiment, an ethanolic solution of the hydroxyhomopthalirnide 

6.1 was heated under reflux for 20 hours in the presence of an equivalent amount 

of sodium hydroxide. The reaction was terminated by cooling and extraction 

with DCM. The I H nrnr spectrum of the crude reaction mixture showed that the 

corresponding phthalideamide 6.2 was the sole component. Scheme 6.13 shows 

the reaction details. 
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rol NaOH(equ.)/Ethanol ... 
o ~ Reflux/20hours 

OH 

Quantitative 

6.1 

Scheme 6.13 

o 

6.2 

The two experiments indicate clearly that the ring contraction process is heat

induced. 

From the results in Table 6.1 and the other two related reactions (Schemes 6.12 

and 6.13) it is possible to construct an acceptable mechanistic sequence shown in 

Scheme 6.14. It is clear that a number of alternative routes are available to the 

initial radical (B), for example the involvement of the hydroxy radical in that step 

would also regenerate hydroxide ion. 

R R R . 
I I 30, I 

ONO ONO if 0 

~ NaOH(caLl ox -L-.. 
, I H I ~, I - RI \ - , I . I 

~ ~ -o.z ~ 
A B 

R R 

O~~ ~ L O~~. ~H 
, I I \ - , I I 

~ B ~ 

A o~l 0 OH 

, I I 

~ 
B 

Scheme 6.14 

After the publishing our results, 10 Ke-Qing et al. 178 reported a dye-sensitised 

photooxygenation of 1,3-isoquinolinediones (homophthalirnides). 
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The preparation of phthalideamide precursors for the Bischler-Napieralski 

cyclisation reactions that can lead to phthalideisoquinoline alkaloids is frequently 

troublesome. 175 It is clear that our procedure provides a concise and straight

forward route to phthalideamides. We applied Bischler-Napieralski 

cyclisation 176 conditions on these products to generate the corresponding 

phthalideisoquinoline alkaloidal analogues. Such compounds are known to be 

potent central nervous system active agents. l77 We have prepared two novel 

phthalide derivatives: the phthalide-~-carboline 6.10 and the phthalide 

isoquinoline 6.11 using this procedure, Scheme 6.15 illustrates the products and 

reaction conditions. 

o 

6.8 

o 
6.4 

POC1, (10 equ.)! Acetonltrtle 
Reflux/3.5 hours ~ 

Yield = 22% 

POCl3 (5 equ.)! AcetOnltrtl~ CH30 
Reflux!Ca.425 hour 

Yield = 58% 

Scheme 6.15 

6.10 

o 
6.ll 

Using one equivalent of phosphoryl chloride and warming to 60 OC were not 

sufficiently forcing conditions to carry out the cyclisation of 6.8, as only the 

starting material was isolated from the reaction mixture. 
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General Procedures. 

Solvents and Reagents - Commercially available solvents and reagents were used 

throughout without further purification, except for those detailed below which 

were purified as described. 'Light petroleum' refers to the fraction boiling 

between 40 °C and 60 0c. Light petroleum and ethyl acetate were distilled from 

anhydrous calcium chloride through a 36 cm vigreux column before use. 

Dichloromethane was distilled from phosphorus pentoxide. 

Chromatographic Procedures - Analytical thin layer chromatography was 

carried out using glass-backed plates coated in Merck Kieselgel 60 PF254• Plates 

were visualised by UV light (at 254 and/or 360 nrn) or by exposure to an 

appropriate staining agent. Flash chromatography was carried out using Merck 

silica gel 60. Pressure was applied at the head of the column with hand bellows. 

Samples were applied as a concentrated solution in an appropriate solvent. 

Spectroscopic Techniques - Infared spectra were recorded in the range 4000-600 

cm·' using a Nicolet FT -205 spectrometer with internal calibration. Spectra 

were recorded as thin films or as Nujol mulls. lH and i3C NMR were recorded 

using Bruker AC-250 and Bruker DPX-4oo instruments. lH NMR spectra are 

referenced against residual undeuterated solvent, in the case of deuterio

chlorofom this is 7.260 ppm. Signals are described as singlets (s), doublets (d), 

double doublet (dd), quartets (q), multiplet (m) etc. High and low resolution 

mass spectra were recorded on a Kratos MS80 instrument. 

Other Data and Instrumentation - Melting points were measured on a 

Electrotherrnal digital melting point apparatus or using a Kofler hot stage 

apparatus and are uncorrected. Bulb to bulb distillations were performed on a 

Buchi GKR-51 KugeJrohr; boiling points refer to air bath temperatures and are 

uncorrected. 

All of the following experimental reactions were carried out under an 

atmosphere of nitrogen except where it was obviously unnecessary. All coupling 

constants (J values) are quoted in Hertz. 
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Chapter 2 experimental: 

General Method for 1,2,3,4-tetrahydro-l,3-isoquinolinediones 

Formation. 

The amine (1 equivalent) was added to homophthalic anhydride and stirred at 

70 "C. The reaction mixture was then heated to the stated temperature for a 

given length oftime.3, 13, 17 After allowing the mixture to cool to room 

temperature, the product was purified either by recrystallisation or by flash 

chromatography on silica gel. The following 1,3-isoquinolinediones were 

prepared: 

2-Benzyl-l,2,3.4-tetrahydro-l.3-isoquinolinedione.12, 18, 19, 179,180 

cXco o 

,2.1 

Benzylamine (LOg, 9.3 mmol) and homophthalic anhydride (1.5g, 9.3 mmol) 

were heated at 185 "C for 30 minutes and gave the title compound (2.1) (2.3g, 

100%), mp 110-112 "C (glass)(lit. 19 124 - 126°C) : Vrnax 3035, 1716 and 1670 

cm-I; IH mm (250 M Hz, CDCI3) 3.98 (s, 2H), 5.14 (s, 2H), 7.17-7.52 (m, 8H) 

and 8.15-8.18 (m, IH) ppm;13C nmr (100.5 M Hz, CDCI3) 37.04 (CHz), 43.84 

(CHz), 125.95 (C), 127.71 (CH), 128.26 (CH), 128.38 (CH), 128.99 (2 x CH), 

129.22 (2 x CH), 129.79 (CH), 134.22 (CH), 134.75 (C), 137.71 (C), 165.25 

(C=O) and 170.44 (C=O) ppm; Found: M+ 251.0950 (88.5%) Calc. for 

C I6H J3N02 251.0946. 

2-Phenethyl-l.2.3.4-tetrahydro-l.3-isoquinolinedione.13,181 

2.2 
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2-Phenethylamine (0.75g, 6.2 mrnol) and homophthalic anhydride (1.0g, 6.2 

mrnol) were heated at 185 QC for 30 minutes and gave the title compound (2.2) 

after flash chromatography eluting with EAlLP [1:1] (L4g, 86%), mp 122-

123.6 <>C (\it. i3 128 - 129 <>C) from EAlLP: Vrnax 3050, 1717 and 1672 cm·l ; IH 

nmr (250 M Hz, CDCI3) 2.89- 2.95 (m, 2H), 4.01 (s, 2H), 4.18-4.25 (rn,2H), 

7.20-7.62 (m, 8H) and 8.20-8.23 (m, lH) ppm; i3c nmr (100.5 M Hz, CDCI3) 

34.54 (CH2), 36.78 (CH2), 4L92 (CH2), 125.76 (C), 126.87 (CH), 127.54 

(CH), 128.141 (CH), 128.87 (2 x CH), 129.38 (2 x CH), 129.51 (CH), 134.03 

(CH), 134.48 (C), 139.00 (C), 165.12 (0=0) and 170.20 (C=O) ppm; Found: C, 

76.60, H, 5.53, N, 5.43% Calc. for C17H15N02 C, 76.98, H, 5.66, N, 5.28%; 

Found: M+ 265.1109 (9.2%) Calc. for C17H 15N02 265.1103. 

2-( 3,4-Dimethoxyphenethyl)-l,2,3,4-tetrahydro-l,3 -isoquinolinedione. 14•15• 180,181 

o I ~
OMe 

~N/ OMe 

~O 
2.3 

2-(3,4-Dimethoxyphenyl)ethyl amine (Llg, 6.2 mmol) and homophthalic 

anhydride (LOg, 6.2 mrnol) were heated at 185 QC for 30 minutes and gave the 

title compound (2.3) after flash chromatography eluting with EAlLP [1:1] (L8g, 

90%), mp 145 - 146.4 <>C (lit.I4 147 - 148 QC) from EAlLP: Vrnax 3055,1716 and 

1668 cm-I; IH nmr (250 M Hz, CDCI3) 2.81-2.87 (m, 2H), 3.83 (s, 3H,OMe), 

3.84 (s, 3H, OMe), 3.99 (s, 2H), 4.13-4.20 (m, 2H), 6.76-6.81 (m, 3H), 7.22-

7.56 (m, 3H) and 8.17-8.20 (m, IH) ppm; i3C nmr (62.8 M Hz, CDCI3) 33.61 

(CH2), 36.29 (CH2), 41.53 (CH2), 55.74 (CH3, OMe), 55.78 (CH3, OMe), 

11 Lll (CH), 11 1.99 (CH), 120.85 (CH), 125.26 (C), 127.06 (CH), 127.66 

(CH), 128.96 (CH), 131.03 (C), 133.54 (CH), 134.01 (C), 147.50 (C),148.72 

(C), 164.64 (C=O) and 169.73 (C=O) ppm; Found: C, 69.51, H, 6.05, N, 4.41 % 

CI9HI9N04 requires~, 70.15, H, 5.84, N, 4.31 %; Found: M+ 325.1318 (8.0 %) 

Calc. for C19HI~04 325.1314. 
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2-{2 -(1 H-3 -lndolyl)ethyl J-l ,2, 3,4-tetrahydro-l ,3-isoquinolinedione. 16,17,182,183 

2.4 

Tryptamine (l.Og, 6.2 mmol) and homophthalic anhydride (l.Og, 6.2 mmol) 

were heated at 185 QC for 30 minutes and gave the title compound (2.4) (l.6g, 

85%), mp 192-194.5 OC (lit. 182 195 - 196 QC) from DCM: Vrnax 3370 (broad), 

3154,1708, and 1655 cm-I; IH nmr (400 M Hz, CDCI3) 3.10-3.14 (m, 2H), 4.04 

(s, 2H), 4.31-4.35 (m, 2H), 7.13-7.88 (m, 8H), 8.00 (br.s, lH, N-H) and 8.26-

8.28 (m, IH) ppm; I3C nmr (l00.5M Hz, CDCI3) 24.30 (CH2), 36.85 (CH2), 

41.30 (CHi), 111.39 (CH), 113.43 (C), 119.58 (CH), 119.89 (CH), 122.44 

(CH), 122.45 (CH), 125.92 (C), 127.48 (CH), 128.00 (C), 128.10 (CH), 129.52 

(CH), 133.94 (CH), 134.53 (c), 136.64 (C), 165.26 (C=O) and 170.33 (C=O) 

ppm; Found: M+ 304.1209 (8.8%) Calc. for CI9HI6N202 304.1212. 

2-{2 -( 3-Methoxyphenoxy )ethylJ- 1,2,3, 4-tetrahydro-l, 3-isoquinolinedione. 

WO ~ODOMe 
I N I 

./ 0 '-

2.5 

2-(3-Methoxyphenoxy)ethylamine (2.12) (0.7g, 4.2 mmol) and homophthalic 

anhydride (0.68g, 4.2 mmol) were heated at 175 QC for 95 minutes and gave the 

title compound (2.5) after flash chromatography eluting with EAlLP [1:3] (l.2g, 

92%), mp 75-77 OC from EAlLP: v""" 2961, 1717, 1671 and 1605 cm· l ; IH nmr 

(400 M Hz, CDCI3) 3.77 (s, 3H, OMe), 4.05 (s, 2H), 4.21 (t, 2H, I 6.2), 4.44 (t, 

2H,I6.2), 6.48-6.53 (m, 3H), 7.15 (t, lH,I8.5), 7.25-7.28 (m, lH), 7.45 (t, 

IH, I 7.5),7.59 (t, lH, I 7.5) and 8.22-8.24 (m, lH) ppm; I3c nmr (100.5 M 

Hz, CDCI3) 36.76 (CH2), 39.32 (CH2), 55.64 (CH3, OMe), 64.89 (CH2), 101.33 
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(CH), 107.02 (CH), 107.17 (CH), 125.58 (C), 127.57 (CH), 128.13 (CH), 

129.58 (CH), 130.24 (CH), 134.14 (CH), 134.54 (C), 160.15 (C), 161.19 (C), 

165.26 (C=O) and 170.45 (C=O) ppm; Found: M+311.1157 (6.3%) C ISH17N04 

requires 311.1157. 

Ethyl 2-( 1,3-dioxo-l,2,3,4-tetrahydro-2-isoquiolinyl)-3-phenylpropanoate. 

2.6 

Phenylalanine ethylester (0.9g, 4.7 mrnol) and homophthalic anhydride (0.75g, 

4.7 mrnol) were heated at 1850C for 95 minutes and gave the title compound 

(2.6) after flash chromatography eluting with EAlLP [1:3] (0.46,29%), pale 

yellow oil: Vmax 2981, 1741, 1720, 1675 and 1604 cm-I; IH nmr (400 MHz, 

CDCI3) 1.19 (t, 3H, 17.1), 3.40 (dd, lH, B of ABX, JAB 14.1, JBX 10.0),3.62 

(dd, lH, A of ABX, JAB 14.3, J AX 5.7), 3.78 (d, lH, A of AB, JAB 22.3), 3.93 

(d, IH, B of AB JAB 22.3), 4.21-4.29 (m, 2H), 5.81 (dd, IH, X of ABX, J AX 

5.7, JBX 10.0),7.13-7.25 (m, 6H), 7.42 (t, IH, J 7.6),7.57 (t, lH, J 7.5) and 

8.15-8.17 (m, IH) ppm; 13C nmr (100.5 M Hz, CDCI3) 14.53 (CH3), 35.18 

(CH2), 36.62 (CH2), 54.58 (CH), 61.95 (CH2), 125.28 (C), 127.03 (CH), 

127.49 (CH), 128.16 (CH), 128.72 (2 x CH), 129.63 (2 x CH), 134.23 (CH), 

134.31 (C), 137.72 (C), 139.00 (C), 164.74 (C=O), 169.86 (C=O) and 169.88 

(C=O) ppm; Found: M+ 337.1315 (12.8%), C2oHI9N04 requires 337.1314. 

COSY and HETCOR experiments support characterisation. 

156 



Ethyl 2-( 1,3-dioxo-l,2,3,4-tetrahydro-2-isoquinolinyl)-3-( IH-3-indolyl) 

propanoate. 

2.7 

Tryptophane ethylester (2.13) (1.96g, 8.5 nunol) and homophthalic anhydride 

(1.37g, 8.5 nunol) were heated at 175°C for 120 minutes and gave the title 

compound (2.7) after flash chromatography eluting with EAlLP [1:4] (LOg, 

31%), mp 69-72 OC from EAlLP: Vmax 3405 (broad), 2982,1740,1718,1670 

and 1606 cm-I; IH nrnr (250 M Hz, CDCI3) 1.25 (t, 3H, J 7.1),3.58-3.88 (rn, 

4H), 4.20-4.27 (rn, 2H), 5.86 (dd, IH, X of ABX, J AX 5.8, JBX 9.5),6.98-7.58 

(rn, 8H), 8.10-8.13 (rn, IH) and 8.15 (br.s, lH, N-H) ppm; J3C nrnr (62.8 M Hz, 

CDCI3) 14.20 (CH3), 24.50 (CH2), 36.32 (CH2), 54.05 (CH), 61.47 (CH2), 

111.09 (CH), 111.58 (C), 118.58 (CH), 119.34 (CH), 121.86 (CH), 122.95 

(CH), 125.05 (C), 127.01 (CH), 127.56 (C), 127.67 (CH), 129.18 (CH), 133.72 

(CH), 134.02 (C), 136.01 (C), 164.52 (C=O), 169.60 (C=O) and 169.80 (C=O) 

ppm; Found: M+376.1417 (6.5%) C22H2oN204 requires 376.1423. 

Methyl 2-( 1,3-dioxo-l.2.3.4-tetrahydro-2-isoquinolinyl)-3-( 1 H-3-indolyl) 

propanoate. 

N-H 

o 

~o COOC", 

2.8 

157 



Tryptophane methylester (2.14) (6.1g, 27.7mmol) and homophthalic anhydride 

(4.5g, 27.7 mmol) were heated at 180 OC for 140 minutes and gave the title 

compound (2.8) after flash chromatography eluting with EAlLP [1:3] (2.7g, 

27%), mp 78-80 OC from EAlLP: Vmax 3406 (broad), 2951, 1740, 1716, 1670 

and 1606 cm-I; IH nrnr (400 M Hz, CDCI3) 3.59-4.04 (m, 4H), 3.78 (s, 3H, 

OMe), 5.88 (dd, IH, X of ABX, J AX 5.7, JBX 9.5), 7.02-7.60 (m, 8H), 7.99 

(br.s, IH, N-H), 8.15-8.17 (m, lH) ppm; 13C nrnr (62.8 M Hz, CDCI3) 24.87 

(CH2), 36.65 (CH2), 52.90 (CH), 54.25 (CH3, OMe), 111.40 (CH), 111.99 (C), 

118.98 (CH), 119.81 (CH), 122.33 (CH), 123.23 (CH), 125.40 (C), 127.39 

(CH), 127.92 (C), 128.07 (CH), 129.64 (CH), 134.15 (CH), 134.40 (C), 136.35 

(C), 164.86 (C=O), 169.94 (C=O) and 170.65 (C=O) ppm; Found: M+362.1268 

(8.1 %) C21 H 18N20 4 requires 362.1267. COSY and HETCOR experiments 

support characterisation. 

The Intermediates in the Preparation of 2-(3·Methoxyphenoxy)ethylarnine. 

2-( 3-Methoxyphenoxy)-I-ethanol. 21,84,185 

MeOyyO~ V OH 

'2.9 

Procedure modified from that described by Motwani and Wheeler.21 A 

magnetically stirred solution of p-methoxyphenol (lOg, 80.6 mmol), 2-

chloroethanol (8g, 99.4mmol) and potassium hydroxide (12 ml, 40% aqueous 

solution) was heated to reflux for 3 hours. Subsequently the reaction mixture 

was allowed to cool down to room temperature. The aqueous layer was then 

extracted with diethyl ether (2 x 200 ml), then the organic layer was washed with 

potassium hydroxide (40% aqueous solution) until the washings became 

colourless. The organic extract was then dried over magnesium sulfate and 

concentrated in vacuo and gave the title compound (2.9) after vacuum 

distillation (4.0g, 30%), colourless oil, bp 104 OCII.O mmHg (Iit.21 160OC/2.0 

mmHg) : Vrnax 3385 (broad), 2940, and 1603 cm-I; IH mm (250 M Hz, CDCI3) 

2.60 (br.s, lH, OH), 3.78 (s, 3H, OMe), 3.91-3.97 (m, 2H), 4.05 (t, 2H, J 4.1), 
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6.48-6.55 (m, 3H) and 7.18(t, lH, J 8.1) ppm; i3C nrtlr (62.8 M Hz, CDCI3) 

55.30 (CH3, OMe), 61.40 (CH2), 69.29 (CH2), 101.20 (CH), 106.69 (CH), 

106.79 (CH), 129.98 (CH), 159.92 (C) and 160.88 (C) ppm; Found: M+ 

168.0788 (100%) Calc. for ~H1203 168.0786. 

1-(2-Bromoethoxy )-3-methoxybenzene. 22,186,187 

MeOyyO~ V Br 

2.10 

A scaled-down and modified procedure from that employed by Drain et al.22 

A magnetically stirred solution of 2-(3-methoxyphenoxy)-I-ethanol (2.9) (4g, 

23.8 mmol) in chloroform (20 rnl) was cooled down to 0 QC and phosophorus 

tribromide (3.4g, 12.6 mmol) added. The reaction mixture was then stirred at 

the same temperature for 90 minutes tHen warmed to room temperature and 

heated to reflux for a further 1 hour. Subsequently, the reaction mixture was 

cooled down to room temperature and quenched with aqueous saturated sodium 

bicarbonate solution (100 rnl). Extraction of resultant cloudy emulsion with 

DCM (2 x 100 rnl) and drying of the combined organic extracts over magnesium 

sulfate followed by concentrating in vacuo gave the title compound (2.10) after 

flash chromatography eluting with ENLP [1:2] (1.6g, 30%), colourless oil, 

lit. 186 bp 95 - 96 0c/0.35 mmHg: Vmax 2938, and 1604 cm-I; IH nmr (400 M Hz, 

CDCI3) 3.66 (t, 2H, J 6.2),3.83 (s, 3H, OMe), 4.31 (t, 2H, J 6.2),6.54-6.61 (m, 

3H) and 7.24 (t, lH, J 8.2) ppm; 13c nmr (100.5 M Hz, CDCI3) 29.32 (CH2), 

55.43 (CH3, OMe), 67.98 (CH2), 101.48 (CH), 106.85 (CH), 107.19 (CH), 

130.16 (CH), 159.46 (C) and 161.05 (C) ppm; Found: M+229.9948 (84.4%) 

Calc. for C9Hl1 0 2Br 229.9943. 
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2-[2-(3-Methoxyphenoxy)ethyll-l,3-isoindolinedione. 187 

2.11 

Procedure modified from that of Bogdal et alP A mixture of 1,3-isoindoline

dione (LOg, 6.8 mmol), 1-(2-bromoethoxy)-3-methoxybenzene (2.10) (1.5g, 6.5 

mmol), tributyl ammonium hydrogen sulfate (0.25g, 0.75 mmol) (!it.23 tetrabutyl 

ammonium bromide) and potassium carbonate (2.6g, 18.8 mmol) was heated in 

a domestic microwave oven (450 W) in an open Erlenmeyer flask for 7 minutes. 

After cooling down, the reaction mixture was extracted with DCM (2 x 200). 

Then the extracts were dried over magnesium sulfate, fIltered, and the solvent 

was evaporated to dryness and gave the title compound (2.11) (1.8g, 93%), mp 

104-105 CC (lit. 187 114 - 115 CC) from DCM: Vmax 1711 cm-I; IH nmr (400 M 

Hz, CDCI3) 3.78 (s, 3H, OMe), 4.13 (t, 2H, J 5.7), 4.22 (t, 2H, J 5.7),6.46-6.52 

(m, 3H), 7.16 (t, !H, J 8.2), 7.74-7.76 (m, 2H) and 7.88-7.91 (m, 2H) ppm; 13C 

nmr (100.5 M Hz, CDCI3) 36.71 (CH2), 54.65 (CH3, OMe), 64.10 (CH2), 

100.44 (CH), 106.00 (CH), 106.36 (CH), 122.73 (2 x CH), 129.24 (CH), 

131.43 (2 x C), 133.41 (2 x CH), 158.94 (C), 160.17 (C) and 167.55 (2 x C=O) 

ppm; Found: M+ 297. 1001 (25.6%) Calc. for C17HI5N04 297.1001. 

2-( 3-Methoxyphenoxy )ethylamine. 188, 189, 190,187 

MeO~O~NH2 

2.12 

Procedure modified from that used by Augustin et al. to generate 2-(2-

methoxyphenoxy) ethylamine from the corresponding 1,3-isoindolinedione.186 A 

magnetically stirred solution of 2-[2-(3-methoxyphenoxy)ethyIJ-1,3-isoindo

linedione (2.11) (1.8g, 6.1 mmol) and hydrazine hydrate (0.33g, 6,5 mmol) in 

ethanol (15 rnI) was heated to reflux for 60 minutes. Subsequently, the reaction 

mixture was acidified with hydrochloric acid (20 rnI, 0.5 M) and further heated 
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to reflux for 90 minutes Then the reaction was cooled down to room 

temperature and the white precipitate was fIltered and washed with water, the 

wash water and the fIltrate were combined and made strongly basic with sodium 

hydroxide aqueous solution (20%) and extracted with diethyl ether (2 x 100 ml). 

Then the extracts were dried with magnesium sulfate, fIltered, the solvent was 

evaporated to dryness to give the title compound (2.12) after vacuum distillation 

(Kugelrohr) (O.7lg, 70%), colourless oil, bp 175 OC/0.50 mmHg (lit. lOb 98 - 100 

OC/0.80 mmHg) : Vmax 3373 (broad), 2940 and 1604 cm-I; IH nrnr (250 M 

Hz,CDCI3) 1.53 (brs, 2H, NH2), 3.06 (t, 2H, J 5.2),3.78 (s, 3H, OMe), 3.96 (t, 

2H, J 5.2),6.48-6.53 (m, 3H) and 7.17 (t, IH, J 8.0) ppm; 13C nrnr (62.8 M Hz, 

CDC13) 41.60 (CH2), 55.27 (CH3, OMe), 70.21 (CH2), 101.07 (CH), 106.43 

(CH), 106.73 (CH), 129.91 (CH), 160.19 (C) and 160.86 (C) ppm; Found: M+ 

167.0946 (68.7%) Calc. for ~H13N02 167.0946. 

Preparation of Ethyl and MethyI2-Amino-3-(lH-3-indolyl) propanoate. 

Ethyl2-amino-3-( IH-3-indolyl)propanoate.194. 195 

~I /"'-.... ...... COOCH2CH3 

'=\.J ~H2 
I 

H 

2.13 

A scaled down and modified procedure from that employed by Biossonnas et al 

in the formation of tryptophane methylester hydrochloride salt. 24 A magnetically 

stirred suspension of 2-amino-3-(IH-3-indolyl) propanoic acid (tryptophane) 

(lOg, 49.0 mmol) in absolute ethanol (lOO ml) was cooled down to -10 OC and 

thionyl chloride (8 ml) was added dropwise. The reaction mixture was then 

stirred at the room temperature for 48 hours. Subsequently, diethyl ether (200 

ml) was added to the reaction mixture, the precipitate was fIltered and washed 

with diethyl ether and dried in vacuo to give the hydrochloride salt of the title 

compound (2.13) (11.44g, 87%), lit.194 mp 225 - 226 "C. A solution of the 

prepared hydrochloride salt (2.6g, 9.7 mmol) in water (50 ml) was treated with 
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saturated sodium bicarbonate solution (lOO ml) and extracted with DCM (2 x 

200). The organic layer was dried over magnesium sulfate, fIltered and the 

solvent evaporated to dryness to give the title compound (2.13) (2.19g, 97.3%), 

yellow oil: vmax3365 (broad), 2981 and 1730 cm-I; IH nmr (400 M Hz, CDCI3) 

1.06 (t, 3H,J 7.1), 1.47 (brs, 2H, NH2), 2.83 (dd, !H, B of ABX, lAB 14.3, lBX 

7.9), 3.09 (dd, !H, A of ABX, lAB 14.3, lAX 4.6),3.64 (dd, lH, X of ABX, lAX 

4.6, lBX 7.9),3.95-4.02 (m, 2H), 6.72-7.45 (m, 5H) and 8.84 (brs, IH, N-H) 

ppm; 13C nmr (100.5 M Hz, CDCI3) 12.88 (CH3), 29.56 (CH2), 53.68 (CH), 

59.75 (CH2), 109.23 (C), 1l0.09 (CH), 117.00 (CH), 117.76 (CH), 120.32 

(CH), 122.00 (CH), 126.14 (C), 135.07 (C) and 174.10 (C=O) ppm; Found: M+ 

232.1213 (6.2%) CaIc. for Cl3HI6NP2 232.1212. 

MethyI2-amino-3-( IH-3-indolyl)propanoate. 

Qn:' COOCH3 
~ I 

N NH2 
I 

H 

2.14 

The hydrochloride saIt24• 91. 93.191.192.193 was prepared by treating a methanolic 

solution of 2-amino-3-(IH-3-indolyl) propanoic acid (tryptophane) with thionyl 

chloride as described by Biossonnas et al. 24 Data for the free base (2.14) : yellow 

oil; vmax 3364 (broad), 2981 and 1735 cm-I; IH nmr (250 M Hz, CDCI3) 1.65 

(brs, 2H, NH2), 3.08 (dd, IH, B of ABX, lAB 14.3, lBX 7.7),3.28 (dd, IH, A of 

ABX, lAB 14.3,1 AX 4.7),3.74 (s, 3H, OMe), 3.85 (dd, IH, X of ABX, lAX 4.7, 

lBX 7.7),6.95-7.65 (m, 5H) and 8.86 (brs, IH, N-H) ppm; l3C nmr (100.5 M 

Hz, CDCI3) 31.36 (CH2), 52.62 (CH), 55.49 (OCH3), 111.15 (C), 111.92 (CH), 

119.18 (CH), 119.92 (CH), 1?2.53 (CH), 123.77 (CH), 127.98 (C), 136.92 (C) 
, 

and 176.37 (C=O) ppm; Found: M+ 218.1059 (3.1 %) CaIc. for CI2H I4NP2 

218.1055. 
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Chapter 3 Experimental: 

General Method for 4,4-dimethyl-l,2,3,4-tetrahydro-l,3-isoquinolinediones 

Formation. 

Procedure modified from that employed by Haworth et al. 13 A magnetically 

stirred solution of the particular 1,3-isoquinolinedione, sodium hydroxide (2 

equivalents in ca.20 ml water) and methyl iodide (3-5 equivalents) in ethanol 

(unless otherwise stated, ca. 60 rnI) was heated to reflux for a given length of 

time. After allowing the reaction to cool down to room temperature DCM (100 

rnI) and water (100 rnI) were added to the reaction mixture followed by vigorous 

shaking. The organic layer was then collected and the aqueous layer was further 

extracted with DCM (100 rnI). The combined organic extracts were dried over 

magnesium sulfate, concentrated in vacuo and the residue was purified by flash 

chromatography on silica gel and/or reerystallisation; The following 4,4-

dimethyl-1 ,2,3,4-tetrahydro-l ,3-isoquinolinediones were prepared: 

4,4-Dimethyl-2-phenethyl-l ,2,3, 4-tetrahydro·l, 3 -isoquinolinedione. 13 

°N~ 
o 

3.1 

A stirred solution of 2-phenethyl-l,2,3,4-tetrahydro-l ,3-isoquinolinedione (2.2) 

(0.7 g, 2.6 mmol), sodium hydroxide (0.2g, 5.3 mmol) and methyl iodide (l.lg, 

7.8 mmol) in ethanol (ca. 60 ml) heated to reflux for 3 hours gave the title 

compound I 3(3.1) (0.7g, 92%), yellow oil: Vmax 2975,1713,1667 and 1605 cm· l ; 

IH nrnr (250 M Hz, CDCI3) 1.56 (s, 6H, 2 x CH3), 2.91-2.97 (m, 2H), 4.21-4.27 

(m, 2H), 7.27-7.46 (m, 8H) and 8.25-8.26 (m, IH) ppm; i3C nrnr (62.8 M Hz, 

CDCI3) 29.18 (2 x CH3), 33.96 (CH2), 41.52 (CH2), 43.38 (C), 123.33 (C), 

125.11 (CH), 126.36 (CH), 127.23 (CH), 128.34 (2 x CH), 128.81 (CH), 

129.00 (2 x CH), 133.90 (CH), 138.47 (C), 144.80 (c), 163.75 (C=O) and 
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176.67 (C=O) ppm; Found: M+ 293.1419 (9.4%) CaIc. for CI9HI~02 

293.1416. 

2 -( 3,4-Dimethoxyphenethyl)-4,4-dimethyl -J ,2,3,4-tetrahydro-l,3-

isoquinoIinedione. 

~
OMe 

o I 
N 4" OMe 

o 

3.2 

A stirred solution of 2-(3,4-dimethoxyphenethyl)-1,2,3,4-tetrahydro-l,3-

isoquinolinedione (2.3) (0.35g, 1.1 mmol), sodium hydroxide (0.09g, 2.2 mmol) . 

and methyl iodide (0.47g, 3.3 mmo1) in ethanol (ca. 60 rnI) heated to reflux for 3 

hours gave the title compound (3.2) (0.35g, 91 %), mp 66-68 °c from DCM : 

Vrnax 2977, 1712, 1667 and 1605 cm-I; IH nrnr (400 M Hz, CDCI3) 1.55 (s, 6H, 2 

x CH3), 2.85-2.89 (m, 2H), 3.81 (s, 3H, OMe), 3.83 (s, 3H, OMe), 4.18-4.22 

(m, 2H), 6.75-6.81 (m, 3H), 7.38-7.62 (m, 3H) and 8.19-8.21 (m, lH) ppm; 13c 
nmr (62.8 M Hz, CDCI3) 29.13 (2 x CH3), 33.48 (CH2), 41.56 (CH2), 43.34 

(C), 55.69 (CH3, OMe), 55.79(CH3, OMe), 111.14 (CH), 112.11 (CH), 120.95 

(CH), 123.74 (C), 125.06 (CH), 127.20 (CH), 128.74 (CH), 130.99 (C), 133.85 

(CH), 144.97 (C), 147.50 (C), 148.72 (C), 164.66 (C=O) and 176.77 (C=O) 

ppm; Found: M+ 353.1621 (7.8%) C21H23N04 requires 353.1627. 

2 -Benzyl-4, 4-dimethyl-J, 2, 3, 4-tetrahydro-J, 3 -isoquinolinedione. 

3.3 . 

A stirred solution of 2-benzyl-l ,2,3,4-tetrahydro-l,3-isoquinolinedione (2.1) 

(2.5g,1O mmol), sodium hydroxide (0.8g, 20 mmol) and methyl iodide (5.7g, 40 

mmol) in ethanol (ca.60 rnI) heated to reflux for 3 hours gave the title compound 
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(3.3) (2.0g, 72%), yellow oil: Vmax 2977,1713 and 1667 cm-I; IH nmr(250 M 

Hz, CDCI3) 1.62 (s, 6H, 2 x CH3), 5.20 (s, 2H), .7.25-7.62 (m, 8H) and 8.22-

8.24 (m, IH) ppm; I3C mm (100.5 M Hz, CDCI3) 29.30 (2 x CH3), 43.69 (C, 

CH2), 124.00 (C), 125.18 (CH), 127.42 (CH), 128.47 (CH), 128.65 (2 x CH), 

128.92 (2 x CH), 129.55 (CH), 134.07 (CH), 137.35 (c), 145.13 (c), 164.14 

(C=O) and 176.95 (C=O) ppm; Found: M+ 279.1261 (91.9%) CISH 17N02 

requires 279.1259. 

2 -[2 -( 1 H -3 -lndolyl )ethylJ-4, 4-dimethyl-1 ,2, 3,4-tetrahydro-I,3 -isoquinoline 

dione. 

o 
f 

NH 

3.4 

A stirred solution of 2-[2-(1H-3-indolyl)ethyl]-1 ,2,3,4-tetrahydro-l ,3-

isoquinolinedione (2.4) (0.35g,1.2 mmol), sodium hydroxide (O.lg, 2.4 nunol) 

and methyl iodide (0.51g, 3.6 mmol) in ethanol (ca. 60 ml) heated to reflux for 3 

hours gave the title compound (3.4) (0.38g, 95%), mp 148.0 - 149.5 CC from 

DCM: Vmax 3370, 1709, 1656 and 1605 cm-I; IH mm (250 M Hz, CDCI3) 1.60 

(s, 6H,:2 x CH3), 3.11-3.14 (m, 2H), 4.29-4.35 (m, 2H), 7.11-7.80 (m, 8H), 

8.08 (br.s, IH, N-H) and 8.23-8.24 (m, IH) ppm;13C nmr (100.5 M Hz, CDCI3) 

24.20 (CH2), 29.64 (2 x CH3), 41.58 (CH2), 43.88 (C), 111.38 (CH), 113.32 

(C), 119.65 (CH), 119.86 (CH), 122.39 (CH), 122.55 (CH), 124.38 (C), 125.53 

(CH), 127.52 (CH), 128.03(C), 129.29 (CH), 134.30 (CH), 136.62 (C), 145.54 

(C), 164.58 (C=O) and 177.41 (C=O) ppm; Found: M+332.1520 (15.8%) 

C21H2oN202 requires 332.1525. 
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2-[2 -( 3-Methoxyphenoxy )ethyI1-4, 4-dimethyl-l ,2,3, 4-tetrahydro-l, 3-

isoquinolinedione. 

3.5 

A stirred solution of 2-[2-(3-methoxyphenoxy)ethyl]-1,2,3,4-tetrahydro-l,3-

isoquinolinedione (2.5) (Ll4g, 3.7 mmol), sodium hydroxide (O.3g, 7.3 mmol) 

and methyl iodide (2.6g, 18.5 mmol) in ethanol (ca. 60 ml) heated to reflux for 2 

hours gave the title compound (3.5) (LOg, 80%), mp 101-102 CC fromDCM: 

Vrnax 2973, 1715, 1668 and 1605 cm-I; IH nmr (250 M Hz, CDCI3) 1.62 (s, 6H, 2 

x CH3), 3.73 (s, 3H, OMe), 4.16 (t, 2H, J 6.1),4.41 (t, 2H, J 6.1),6.44-6.49 (m, 

3H), 7.10 (t, IH, J 8.5),7.38-7.46 (m, 2H), 7.58 (t, IH, J 7.5) and 8.20-8.23 

(m, IH) ppm; 13C nmr (62.8 M Hz, CDCI3) 29.26 (2 x CH3), 39.21 (CHz), 

43.72 (C), 55.24 (CH3, OMe), 64.59 (CHz), 101.00 (CH), 106.66 (2 x CH), 

124.20 (C), 125.16 (CH), 127.35 (CH), 128.98 (CH), 129.84 (CH), 134.11 

(CH), 145.07 (C), 159.83 (C), 160.80 (C), 164.18 (C=O) and 177.09 (C=O) 

ppm; Found: M+ 339.1475 (ILl %) CZoHZIN04 requires 339.1471. 

Ethyl 2-( 4,4-dimethyl-l,3-dioxo-l ,2,3,4-tetrahydro-2-isoquinolinyl)-3-

phenylpropanoate. 

3.6 

A stirred solution of ethyI3-(l,3-dioxo-l,2,3,4-tetrahydro-2-isoquiolinyl)-2-

phenylpropanoate (2.6) (0.28g, 0.8 mmol), sodium hydroxide (0.07g, 1.6 mmol) 

and methyl iodide (0.57g, 4.0 mmol) in ethanol (ca. 60 ml) heated to reflux for 

20 minutes gave the title compound (3.6) (0.28g, 93%), yellow oil: Vrnax 2980, 
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1742,1718,1673 and 1605 cm-I; IH nmr (250 M Hz, CDCI3) 1.19 (t, 3H, J 

7.1),1.27 (s, 3H, CH3), 1.52 (s, 3H, CH3), 3.39 (dd, IH, B of ABX, JAB 14.1, 

J BX 10.4),3.57 (dd, lH, A of ABX, JAB 14.1, J AX 5.8), 4.15-4.25 (m, 2H), 

5.83 (dd, lH, X of ABX, J AX 5.8, JBX 10.4),7.08-7.60 (m, 8H) and 8.12-8.16 

(m, lH) ppm; I3C nmr (100.5 M Hz, CDCI3) 15.19 (CH3), 29.36 (CH3), 30.72 

(CH)), 35.86 (CH2), 44.60 (C), 55.06 (CH), 62.49 (CH2), 124.42 (C), 126.15 

(CH), 127.64 (CH), 128.36 (CH), 129.34 (2 x CH), 130.10 (CH), 130.37 (2 x 

CH), 135.21 (CH), 138.25 (C), 146.06 (C), 164.76 (C=O), 170.65 (C=O) and 

177.57 (C=O) ppm; Found: M+ 365.1630 (27.9%) C22H23N04 requires 

365.1627. 

Ethyl 2-( 4,4-dimethyl-l ,3-dioxo-l,2,3,4-tetrahydro-2 -isoquinolinyl}-3-( 1 H-3-

indolyl}propanoate. 

-H 

3.7 

A stirred solution of ethyI3-{l,3-dioxo-l,2,3,4-tetrahydro-2-isoquinolinyl)-2-

(lH-3-indolyl) propanoate (2.7) (0.75g, 2.0 mmol), sodium hydroxide (0.16g, 

4.0 mmol, anhydrous) and methyl iodide (1.14g, 8.0 mmol) in ethanol (ca. 60 

ml) heated to reflux for 3 hours gave the title compound (3.7) after flash 

chromatography eluting with EAlLP [1:2] (0.6g, 74%), mp 60-62 QC from 

EAlLP: Vrnw< 3397, 2979,1739,1715,1669 and 1605 cm-I; IH nmr (400 M Hz, 

CDCI3) 1.17 (s, 3H, CH3), 1.24 (t, 3H, 17.1), 1.50 (s, 3H, CH3), 3.66 (dd, lH, 

B of ABX, JAB 15.0, J BX 9.6), 3.74 (dd, lH, A of ABX, JAB 15.0, J AX. 6.0), 

4.18-4.35 (m, 2H), 5.95 (dd, lH, X of ABX, J AX 6.0, JBX 9.6), 7.00-7.61 (m, 

8H), 8.17-8.19 (m, IH) and 8.22 (brs, lH, N-H) ppm; I3c nmr (100.5 M Hz, 

CDCl3) 14.45 (CH3), 24.84 (CH2), 28.41 (CH3), 29.72 (CH3), 43.85 (C), 54.27 
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(CH), 61.65 (CHz), 111.31 (CH), 111.63 (C), 119.10 (CH), 119.57 (CH), 

122.08 (CH), 123.39 (CH), 123.86 (C), 125.30 (CH), 127.53 (CH), 127.90 (C), 

129.25 (CH), 134.35 (CH), 136.36 (C), 145.32 (C), 164.14 (C=O), 170.28 

(C=O) and 176.84 (C=O) ppm; Found: M+404.1736 (3.3%) C24H24N204 

requires 404.1736. 

Methyl 2-( 4,4-dimethyl-I,3 -dioxo-l ,2,3,4-tetrahydro-2-isoquinolinyl)-3-( 1 H-3-

indolyl)propanoate. 

N-H 

o 

~ coaCH, 

3.8 

A stirred solution of methyl 3-(l,3-dioxo-I,2,3,4-tetrahydro-2-isoquinolinyl)-2-

(lH-3-indolyl) propanoate (2.8) (0.63g, 1.7 mmol), sodium hydroxide (0.14g, 

3.4 mmol, anhydrous) and methyl iodide (1.21g, 8.5 mmol) in methanol (ca. 50 

ml) heated to reflux for 3 hours gave the title compound (3.8) after flash 

chromatography eluting with EAlLP [1:3] (0.47g, 71 %), white foamy oil: Vmax 

3407, 1744, 1712, 1666 and 1605 cm· l ; IH nmr (400 M Hz, CDCI3) 1.11 (s, 3H, 

CH3), 1.49 (s, 3H, CH3), 3.67-3.79 (m, 2H, unclear AB of ABX), 3.77 (s, 3H, 

OMe), 5.96 (dd, lH, X of ABX, lAX 6.2, lBX 9.5), 7.01-7.60 (m, 8H), 8.17 (hrs, 

lH, N-H) and 8.18-8.20 (m, IH) ppm; 13C nmr (100.5 M Hz, CDCI3) 24.42 

(CH2), 27.94 (CH3), 29.29 (CH3), 43.47 (C), 52.30 (CH), 53.68 (CH3, OMe), 

110.89 (CH), 111.14(C), 118.69 (CH), 119.23 (CH), 121.74 (CH), 122.95 

(CH), 123.40 (C), 124.91 (CH), 127.14 (CH), 127.44 (C), 128.87 (CH), 134.00 

(CH), 135.92 (C), 144.92 (C), 163.73 (C=O), 170.42 (C=O) and 176.48 (C=O) 

ppm; Found: M+ 390.1581 (9.2%) C23H22N204 requires 390.1580. COSY 

experiment supports characterisation. 
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General Method for 1,2,3,4-tetrahydro-1,3-isoquinolinedione-4-spiro

cycIoaJkanes Formation. 

A magnetically stirred solution of the particular 1,3-isoquinolinedione, sodium 

hydroxide (a given number of equivalents) and the appropriate alkylating agent 

(1 - 1.2 equivalents) in aqueous ethanolic solution [1:1] (ca. 100 ml) was heated 

to reflux for a given length of time. Subsequently, the reaction mixture was 

allowed to cool down to room temperature then DCM (1S0 m1) and water (1S0 

m1) were added to the reaction mixture followed by vigorous shaking. The 

organic layer was then collected and the aqueous layer was further extracted 

with DCM (100 m1). The combined organic extracts were dried over magnesium 

sulfate, concentrated in vacuo and the residue was purified by flash 

chromatography on silica gel andlor recrystaIlisation. The following 1,2,3,4-

tetrahydro-l,3-isoquinolinedione-4-spiro-cycloalkanes were prepared: . 

2-Benzyl-I,2.3.4-tetrahydro-I.3-isoquinolinedione-4-spiro-cyclopropane. 

o 

N:G 
o 

3.9 

Procedure A: following the above mentioned general procedure, a stirred 

solution of 2-benzyl-l,2,3,4-tetrahydro~1,3-isoquinolinedione (2.1) (2.5g, 10 

mmol), sodium hydroxide (0.8g, 20 mmol) and 1,2-dibromoethane (2.25g, 12 

mmol) in aqueous ethanol [l: I] (ca. 100 m1) heated to reflux for 45 minutes and 

gave the title compound (3.9) after flash chromatography eluting with EAlLP 

[1:3] (0.42g, IS%). 

Procedure B: modified form the procedure described by Homing et al,27 

however, 1.2-dibromoethane was used instead of I-bromo-2-chloroethane. To 

a stirred mixture of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione (2.1) 

(2.Sg, 10 mmol) and potassium carbonate (2.76g, 20 mmol) in 20 ml of dry 
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dimethylformamide was added 1,2-dibromoethane (9.4g, 50 mmol). The mixture 

was stirred at room temperature for 24 hours under nitrogen atmosphere. The 

reaction was terminated by adding DCM (100 ml) and water (lOO ml) followed 

by vigorous shaking. The organic layer was then collected and the aqueous layer 

was further extracted with DCM (lOO ml). The combined organic extracts were 

dried over magnesium sulfate, concentrated in vacuo and gave the title 

compound (3.9) after flash chromatography eluting with EAlLP [1:3] (2.55 g, 

92%), mp 119-120 cc: from EAlLP: Vrnax 1705, 1663 and 1608 cm-I; IHnmr 

(400 M Hz, CDCI3) 1.64-1.70 (m, 2H), 2.17-2.23 (m, 2H), 5.26 (s, 2H), 6.82 

(d, lH, J 7.9),7.27-7.58 (m, 7H) and 8.29-8.31 (m, IH) ppm; i3C nmr (100.5 

M Hz, CDCI3) 25.62 (C), 27.47 (2 x CH2), 44.05 (CH2), 120.72 (CH), 125.73 

(C), 126.62 (CH), 127.62(CH), 128.60 (2 x CH), 129.09 (2 x CH), 129.31 

(CH), 134.20 (CH), 137.51 (C), 141.30 (C), 164.83 (C=O) and 172.73 (C=O) 

ppm; Found: C, 77.28, H, 5.45, N, 4.98 % CIsHISN02 requires C, 77.95, H, 

5.41, N, 5.05 %; Found: M+ 277.1105 (23.0%) CIsHISN02 requires 277.1103. 

HETCOR experiment supports characterisation. 

X-Ray Report (Experimental Details). 

A. Crystal Data 

Empirical Formula 

Formula Weight 

Crystal Colour, Habit 

Crystal Dimensions 

Crystal System 

Lattice Type 

No. of Reflections Used for Unit 

Cell Determination (29 range) 

Omega Scan Peak Width at 

Half -height 

Lattice Parameters 
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Carried out by Dr. AMZ Slawin. 

CIsHISN02 

277.1103 

clear, prism 

0.13 x 0.21 x 0.39 mm 

monoclinic 

primitive 

25 (73.7 - 74.60 ) 

0.260 

a = 10.706(1) °A 



Space Group 

Z value 

Deale 

Fooo 

Jl (CuKu) 

B. Intensity Measurements 

Diffractometer 

Radiation 

Attenuater 

Take-off Angle 

Detector Aperture 

Crystal to Detector Distance 

Temperature 

Scan Type 

Scan Rate 

Scan Width 

2emax 

No. of Reflections Measured 

Corrections 
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b = 7.134(2) °A 

c = 18.380(I)OA 

J3 = 90.152(7)0 

V = 1403.7(3) °A3 

P2,/c (#14) 

4 

l.312g1cm3 

584.00 

6.49 cm" 

Rigaku AFC7S 

CuKu (A = 1.54178 °A) 

graphite monochromated 

Ni foil (factor = 9.42) 

6.0 0 

9.0 mm horizontal 

13.0 mm vertical 

400 mm 

20.0 OC 

co 

16.001 min (in co) (up to 4 scans) 

(1.15 + 0.35 tane) 0 

120.10 

Total: 2409 

Unique: 2274 (Ri• t = 0.037) 

Lorentz-polarization 

Absorption 

(trans. factors: 0.7006 - 1.0000) 

Decay (0.60% decline) 

Secondary Extinction 

(coefficient: 6.92481e-05) 



C. Structure Solution and Refinement 

Structure Solution 

Refinement 

Function minimised 

Least Squares Weights 

P-factor 

Anomalous Dispersion 

No. Observations (b3.000-(1)) 

No. Variables 

Reflection I Parameter Ratio 

Residuals: R; Rw 

Goodness of Fit Indicator 

Max ShiftlError in Final Cycle 

Maximum peak in Final Diff. Map 

Minimum peak in Final Diff. Map 

Direct Methods (SIR92) 

Full-matrix least-squares 

L wOFol-IFcl)' 

I 4Fo' 
cr'(Fo) = cr'(Fo') 

0.0030 

All non-hydrogen atoms 

1724 

191 

9.03 

0.050; 0.047 

5.56 

0.68 

2-Benzyl-l ,2, 3, 4-tetrahydro-l, 3 -isoquinolinedione-4-spiro-cyciopentane. 

o 

N~ 
"'0 V 

3.10 

A stirred solution of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione (2.1) 

(2.5g, 10 mmol), sodium hydroxide (0.8g, 20 mmol) and 1,4-dibromobutane 

(2.6g, 12 mmol) in aqueous ethanol [1:1] (ca. 100 ml) heated to reflux for 2 

hours and gave the title compound (3.10) after flash chromatography eluting 

with EAlLP [1:3] (2.22g, 73%), mp 89 - 90 CC from EA /LP: Vrnax 2955,1711, 

1668 and 1604 Cm-I; IH nmr (400 M Hz, CDCI3) 1.87-2.02 (m, 6H), 2.38-2.42 

(m, 2H), 5.12 (s, 2H), 7.15-7.53 (m, 8H) and 8.12-8.14 (m, IH) ppm; l3C nmr 
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(100.5 M Hz, CDCI3) 28.22 (2 x CH2), 43.72 (2 x CH2), 44.09 (CH2), 54.26 

(c), 124.65 (C), 125.66 (CH), 127.35 (CH), 127.74 (CH), 128.79 (2 x CH), 

129.06 (CH), 129.12 (2 x CH), 134.46 (CH), 137.73 (C), 146.81 (C), 164.89 

(C=O) and 178.25 (C=O) ppm; Found: M+305.1421 (13.2%) C2oHI~02 

requires 305.1416. 

2-P henethyl-l, 2, 3, 4-tetrahydro-l, 3 -isoquinolinedione-4-spiro-cyclopentane. 

o ('1 
N~ 

3.11· 

A stirred solution of 2-phenethyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione (2.2) 

(3.0g, 11.3rnmol), sodium hydroxide (4.5g, 113.4 rnmol) and 1,4-dibromo 

butane (2.44g, 11.3 rnmol) in aqueous ethanol [1: 1] (ca. 100 ml) heated to reflux 

for 2 hours and gave the title compound (3.11) after flash chromato-graphy 

eluting with ENLP [1:3] (O.44g, 12%), yellow oil: v""", 2956,1710,1665 and 

1604 cm-I; IH nmr (400 M Hz, CDCI3) 1.92-2.07 (m, 6H), 2.38-2.41 (m,2H), 

2.92-2.96 (m, 2H), 4.21-4.25 (m, 2H), 7.19-7.60 (m, 8H) and 8.18-8.21 (m, lH) 

ppm; I3C mnr (62.8 M Hz, CDCI3) 27.81 (2 x CH2), 34.02 (CH2), 41.65(CH2), 

43.34 (2 x CH2), 53.61 (C), 124.03(C), 125.26 (CH), 126.33 (CH), 126.86 

(CH), 128.35 (2 x CH), 128.42 (CH), i29.00 (2 x CH), 133.96 (CH), 138.58 

(C), 146.40 (C), 164.19 (C=O) and 178.00 (C=O) ppm; Found: M+ 319.1580 

(5.7%) C21H21N02 requires 319.1572. COSY and HETCOR experiments 

support characterisation. 
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2 -Benz:yl-l, 2, 3, 4-tetrahydro-l, 3-isoquinolinedione-4-spiro-cyclohexane. 

o 

N:O 
o 

3.12 

A stirred solution of 2-benzyl-I,2,3,4Ctetrahydro-l,3-isoquinolinedione (2.1) 

(2.5g, 10 mmol), sodium hydroxide (0.8g, 20 mmol) and 1,5-dibromopentane 

(2.3g, 10 mmol) in aqueous ethanol [1: 1] (ca. 100 ml) heated to reflux for 3 

hours and gave the title compound (3.12) after flash chromatography eluting 

with EAlLP [1:5] (l:35g, 42%), mp 120 - 121 CC from EA /LP: Vrnax 2930, 

1715, 1671 and 1603 cm-I; IH nrm (250 M Hz, CDCI3) 1.26-1.38 (m, IH), 

1.59-1.64 (m, 2H), 1.75-2.02 (m, 7H), 5.15 (s, 2H), 7.22-7.64 (m, 8H) and 

8.20-8.23 (m, IH) ppm; i3C nrm (100.5 M Hz, CDCI3) 22.55 (2 x CH2), 25.39 

(CH2), 37.31(2 x CH2), 43.96 (CH2), 47.32 (C), 125.17 (CH), 125.75 (C), 

127.52 (CH), 127.71 (CH), 128.78 (2 x CH), 128.98 (2 x CH), 129.69 (CH), 

134.04 (CH), 137.84 (C), 145.69 (C), 164.95 (C=O) and 176.77 (C=O) ppm; 

Found: M+319.1572 (79.0 %) C21H21N02 requires 319.1572. 

Preparation of 2-benzyl-4,4-diallyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione 

(3.13). 

o 

N~ 
"0 V 

3.13 

Procedure modified from that described by Harriman et al. 26 A magnetically 

stirred solution of 2-benzyl-1,2,3,4-tetrahydro-1,3-isoquinolinedione (2.1) 

(2.5g, 10.0 mmol), sodium hydroxide (0.84g, 21.0 mmol in ca.20 ml water) and 
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allyl bromide (2.54g, 21.0 mmol) in ethanol (ca. 60 m1) was heated to reflux for 

2 hours. Subsequently, the reaction mixture was allowed to cool down to room 

temperature then DCM (100 m1) and water (lOO m1) were added to the reaction 

mixture followed by vigorous shaking. The organic layer was collected and the 

aqueous layer was further extracted with DCM (lOO m1). The combined 

organic extracts were dried over magnesium sulfate before concentrating in 

vacuo and gave the title compound (3.13) (3.0Ig,91 %), brown oil: v"",3078, 

1713, 1668 and 1605 cm-I; IH nmr (250 M Hz, CDCI3) 2.60 (dd, 2H, A of 

ABX, lAB 13.3, lAX 6.6), 2.97 (dd, 2H, B of ABX, lAB 13.3, lBX 7.9), 4.72-

4.85 (m, 4H), 5.05-5.18 (m, 2H), 5.17 (s, 2H), 7.20-7.65 (rn, 8H) and 8.23-8.27 

(m, IH) ppm; \3C nmr (loo.5 M Hz, CDCI3) 43.97 (CH2), 46.78 (2 x CH2), 

53.08 (C), 119.89 (2 x CH2), 125.99 (CH), 126.66 (C), 127.73 (CH), 127.81 

(CH), 128.60 (2 x CH), 129.32 (3 x CH), 131.89 (2 x CH), 134.37 (CH), 137.52 

(C), 141.40 (C), 164.45 (C=O) and 175.08 (C=O) ppm; Found: M+ 331.1571 

(19.4%) C22H21N02 requires 331.1572. 

Reactions of 1,3-dibromopropane with 1,2,3,4-tetrahydro-l,3-isoquinoline 

diones and aqueous alcoholic sodium hydroxide - General Method. 

A magnetically stirred solution of the particular 1,3-isoquinolinedione, sodium 

hydroxide (a given number of equivalents) and 1,3-dibromopropane (1.2 

equivalents) in aqueous ethanolic solution [1: 1] (ca. 50 m1) was heated to reflux 

for a given length of time. Subsequently, the reaction mixture was allowed to 

cool down to room temperature then DCM (lOO m1) and water (lOO m1) were 

added to the reaction mixture followed by vigorous shaking. The organic layer 

was then collected and the aqueous layer was further extracted with DCM (lOO 

m1). The combined organic extracts were dried over magnesium sulfate, 

concentrated in vacuo and the residue was purified by flash chromatography on 

silica gel and/or recrystallisation. The following reactons were conducted: 

175 



Reaction of l,3-dibromopropane with 2-benzyl-l,2,3,4-tetrahydro-l,3· 

isoquinolinedione and NaOH (2 equivalents). 

o 

3.15 

A stirred solution of 2-benzyl-I,2,3,4-tetrahydro-I,3-isoquinolinedione (2.1) 

(2.5g, 10 mmol), sodium hydroxide (0.8g, 20 mmol) and 1,3-dibromopropane 

(2.4g, 12 mmol) in aqueous ethanol [1:11 (ca. 50 rnI) heated to reflux for 90 

minutes and gave two products after flash chromatography eluting with EAlLP 

[I : 31. The fIrst product 2 -benzyl-4, 4-diallyl-l, 2, 3,4-tetrahydro-l, 3 -isoquinoline 

dione (3.13) (0.42g, 13%). The second product 5-benzyl-2,3,5,6-tetrahydro

lH-pyrano{2,3-clisoquinolin-6-one (3.15) (0.75g, 26%), mp 160.5 -161.5 CC 

from EAlLP: Vrnax 2959, 1657, 1616 and 1556 cm-I; IH nrnr (400 M Hz, CDCI3) 

2.07-2.16 (m, 2H), 2.72 (m, 2H), 4.31 (m, 2H), 5.39 (s, 2H), 7.25-7.64 (m, 8H) 

and 8.43-8.45 (m, IH) ppm; i3C nrnr (100.5 M Hz, CDCI3) 19.94 (CH2), 22.28 

(CH~, 44.63(CH2)' 68.33 (CH2), 89.89 (c), 120.82 (CH), 122.40 (C), 124.16 

(CH), 127.46 (CH), 128.32 (2 x CH), 128.72 (2 x CH), 128.91 (CH), 132.88 

(CH), 137.96 (C), 138.26 (C), 148.02 (C) and 162.34 (C=O) ppm; Found: C, 

76.99, H, 5.88, N, 4.65 % CI9H17N02 requires C, 78.32, H, 5.84, N, 4.81 %; 

Found: M+ 291.1260 (75.7%) CI9H 17N02 requires 291.1259. 

Reaction of l,3-dibromopropane with 2-phenethyl-l,2,3,4-tetrahydro-1,3-

isoquinolinedione and NaOH (10 equivalents). 

o~ 
N 

o 

3.14 3.16 
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A stirred solution of 2-phenethyl-I,2,3,4-tetrahydro-I,3-isoquinolinedione (2.2) 

(1.5g, 5.6 mmol), sodium hydroxide (2.24g, 56 mmol) and 1,3-dibromopropane 

(1.36g, 6.7 mmol) in aqueous ethanol [1:1] (ca. 50 ml) heated to reflux for IS 

hours and gave two products after flash chromatography eluting with ENLP 

[I :3]. The first product 4,4-diallyl-2-phenethyl-l,2,3.4-tetrahydro-l,3-

isoquinolinedione (3.14) (0.43g, 22%), yellow oil: Vrnax 3078, 1711, 1667 and 

1605 cm-I; IH mm (400 M Hz, CDCI3) 2.62 (dd, 2H, A of ABX, JAB 13.5, J AX 

6.8),2.86-2.90 (m, 2H), 3.00 (dd, 2H, B of ABX, JAB 13.5, J BX 7.9), 4.17-4.22 

(m, 2H), 4.82-4.93 (m, 4H), 5.15-5.20 (m, 2H), 7.20-7.65 (m, 8H) and 8.23-

8.26 (m, IH) ppm; 13C nrm (100.5 M Hz, CDCI3) 34.58 (CH2), 42.16 (CH2), 

46.67 (2 x CH2), 52.85 (C), 119.71 (2 x CH2), 125.61 (CH), 126.75 (C), 126.97 

(CH), 127.73 (CH), 128.79 (2 x CH), 128.93 (CH), 129.57 (2 x CH), 132.06 (2 

x CH), 134.18 (CH), 139.09 (C), 141.32 (C), 164.23 (e=O) and 174.84 (C=O) 

ppm; Found: M+ 345.1732 (30.9%) C23H23N02 requires 345.1729. The second 

product 5-phenethyl-2,3,5,6-tetrahydro-lH-pyrano[2,3-clisoquinolin-6-one 

(3.16) (O.3lg, 18%), brown oil: Vrnax 2959,1659, 1615 and 1555 cm-I; IH mm 

(400 M Hz, CDCI3) 1.99-2.05 (m, 2H), 2.63 (m, 2H), 2.93-2.99 (m, 2H),4.12 

(m, 2H), 4.33-4.36 (m, 2H), 7.19-7.60 (m, 8H) and 8.38-8.40 (m, IH) ppm; l3C 

mm (100.5 M Hz, CDCI3) 19.89 (CH2), 22.16 (CH2), 35.17 (CH2), 42.94 

(CH2), 68.16 (CH2), 89.61 (C), 120.75 (CH), 122.26 (C), 124.00 (CH), 

126.61(CH), 128.57(CH), 128.69 (2 x CH), 129.37 (2 x CH), 132.70 (CH), 

137.87 (C), 139.57 (C), 147.90 (C) and 162.04 (C=O) ppm; Found M+ 

305.1416 (15.3%) C20HI9N02 requires 305.1416. COSY experiment supports 

characterisation. 

Reactions of 1,2,3,4-tetrahydro-1,3-isoquinolinediones with alkyl- or 

arylalkyl halides (1 equivalent) and aqueons alcoholic sodium hydroxide (1 

equivalent) - General Method. 

A magnetically stirred solution of the particular 1,3-isoquinolinedione, sodium 

hydroxide Cl equivalent) and the appropriate alkylating agent (I equivalenl, 

unless otherwise stated) in aqueous ethanolic solution [1:1] (ca. ISO ml) was 
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heated to reflux for a given length of time. Subsequently, the reaction mixture 

was allowed to cool down to room temperature then DCM (150 ml) and water 

(150 ml) were added to the reaction mixture followed by vigorous shaking. The 

organic layer was then collected and the aqueous layer was further extracted 

with DCM (lOO ml). The combined organic extracts were dried over magnesium 

sulfate, concentrated in vacuo and the residue was purified by flash 

chromatography on silica gel and/or recrystallisation. The following aIky lation 

reactions were conducted: 

Reaction of 2-benzyl-l,2.3.4-tetrahydro-1.3-isoquinolinedione with ethyl iodide 

and NaOH. 

o o 

3.17 3.18 

A stirred solution of 2-benzyl-l ,2,3,4-tetrahydro-l ,3-isoquinoIinedione (2.1) 

(1.5g, 6.0 mmol), sodium hydroxide (0.24g, 6.0 mmol) and ethyl iodide (0.94g, 

6.0 mmol) in aqueous ethanol [1:1] (ca. 140 ml) heated to reflux for 6 hours and 

gave two products after flash chromatography eluting with EAlLP [1 :5]. The 

first product 2-ben7JII-4. 4-diethyl-l.2.3,4-tetrahydro-l ,3-isoquinolinedione 

(3.17) (0.22g, 12%), mp 44-46 CC from EAlLP: Vmax 2967,1712,1669 and 1606 

cm-I; IH nrnr (250 M Hz, CDCI3) 0.42 (t, 6H, 2 x CH3, 17.4), 1.81-1.89 (m, 

2H), 2.26-2.34 (m, 2H), 5.20 (s, 2H), 7.19-7.63 (m, 8H) and 8.24-8.27 (rn, IH) 

ppm; l3C nrnr (68.2 M Hz, CDCI3) 9.19 (2 x CH3), 36.19 (2 x CH2), 43.58 

(CH2), 53.92 (C), 125.04 (CH), 126.81 (C), 127.20 (CH), 127.39 (CH), 128.36 

(2 x CH), 128.81 (CH), 128.87 (2 x CH), 134.18 (CH), 137.35 (C), 141.97 (C), 

164.37 (C=O) and 175.97 (C=O) ppm; Found: M+ 307.1581 (56.6 %) 

C2oH21N02 requires 307.1572. The second product 2-benzyl-4-ethyl-l.2.3.4-

tetrahydro-l.3-isoquinolinedione (3.18) (O.44g, 26%), yellow oil: Vmax 2969, 

1715,1670 and 1603 cm-I; IH nrnr (4oo M Hz, CDCI3) 0.70 (t, 3H, J 7.4), 

178 



1.98-2.05 (m, 1H), 2.22-2.30 (m, IH), 3.95 (t, 1H, J 5.5),5.20 (q, 2H, AB, JAB 

13.8),7.24-7.62 (m, 8H) and 8.24-8.26 (m, 1H) ppm; 13C mm (100.5 M Hz, 

CDC13) 9.77 (CH3), 30.81 (CH2), 43.75 (CH2), 47.63 (CH), 126.16 (C), 127.18 

(CH), 127.84 (CH), 127.93 (CH), 128.77 (2 x CH), 129.31 (2 x CH), 129.39 

(CH), 134.05 (CH), 137.62 (C), 139.30 (C), 165.13 (C=O) and 173.97 (C=O) 

ppm; Found: M+ 279.1257 (100.0 %) C IsH17N02 requires 279.1259. 

Reaction of 2-( 3,4-dimethoxyphenethyl)-I, 2, 3, 4-tetrahydro-l, 3-isoquinoline 

dione with ethyl iodide and NaOH. 

~
OMe 

o I 
N OMe ~

OMe 

o I 
N OMe 

o o 

3.19 3.20 

A stirred solution of 2-(3,4-dimethoxyphenethyl)-1,2,3,4-tetrahydro-l,3-

isoquinolinedione (2.3) (3.3g, 10.0 mmol), sodium hydroxide (0.40g, 10.0 

mmol) and ethyl iodide (1.6g, 10.0 mmol) in aqueous ethanol [1:1] (ca. 120 rnI) 

heated to reflux for 3.5 hours and gave two products after flash chromatography 

eluting with EAlLP [1:5]. The fIrst product 2-(3,4-dimethoxy phenethyl)-4,4-

diethyl-I,2,3,4-tetrahydro-I,3-isoquinolinedione (3.19) (0.35g, 9%), mp 87-89 

CC from EAlLP: Vow< 2967, 1711, 1667 and 1607 cm-I; IH mm (250 M Hz, 

CDCI3) 0.45 (t, 6H, 2 x CH3, J 7.4),1.80-1.89 (m, 2H), 2.24-2.32 (m,2H), 

2.81-2.88 (m, 2H), 3.81 (s, 3H, OMe), 3.84 (s, 3H, OMe), 4.17-4.29 (m, 2H), 

6.78-6.83 (m, 3H), 7-23-7.65 (m, 3H) and 8.22-8.25 (m, IH) ppm; 13C nrnr 

(62.8 M Hz, CDCI3) 9.19 (2 x CH3), 33.80 (CH2), 36.05 (2 x CH2), 41.86 

(CH2), 53.81 (C), 55.83 (CH3, OMe), 55.91 (CH3, OMe), 111.34 (CH), 112.16 

(CH), 120.96 (CH), 125.04 (CH), 126.76 (C), 127.20 (CH), 128_53 (CH), 

131.22 (C), 134.10 (CH), 141.91 (C), 147.65 (C), 148.91 (C), 164.21 (C=O) 

and 175.80 (C=O) ppm; Found: M+ 381.1939 (59.4 %) C23H27N04 requires 

381.1940. The second product 2-( 3.4-dimethoxyphenethyl)-4-ethyl-l ,2,3,4-

tetrahydro-I,3-isoquinolinedione (3.20) (LOg, 29%), yellow oil: Vrnax 2966, 
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1713,1668 and 1608 cm-I; IH mm (250 M Hz, CDCI3) 0.69 (t, 3H, J 7.4), 

1.92-1.95 (m, IH), 2.15-2.18 (m, IH), 2.85-2.92 (m, 2H), 3.79-3.88 (m, IH), 

3.82 (s, 3H, OMe), 3.84 (s, 3H, OMe), 4.10-4.24 (m, 2H), 6.75-6.84 (m, 3H), 

7.25-7.61 (m, 3H) and 8.16-8.20 (m, IH) ppm; \3C mm (62.8 M Hz, CDCI3) 

9.52 (CH3), 30.43 (CH2), 33.77 (CH2), 41.60 (CH2), 47.19 (CH), 55.84 (CH3, 

OMe), 55.91 (CH3, OMe), 111.31 (CH), 112.19 (CH), 121.00 (CH), 125.71 

(C), 126.82 (CH), 127.56 (CH), 128.78 (CH), 131.14 (C), 133.62 (CH), 138.92 

(C), 147.65 (C), 148.89 (C), 164.70 (C=O) and 173.56 (C=O) ppm; Found: M+ 

353.1627 (16.7 %) C21H23N04 requires 353.1627. COSY and HETCOR 

experiments support characterisation. 

Reaction of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione with benzyl 

bromide and NaOH. 

o 
o 

3_21 3.22 

A stirred solution of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione (2_1) 

(LOg, 4.0 mmol), sodium hydroxide (O.17g, 4.2 mmol) and benzyl bromide 

(0.7g, 4.1 mmol) in aqueous ethanol [1:1] (ca. 120 ml) heated to reflux for 3 

hours and gave two products after flash chromatography eluting with EA /LP 

[I :4]. The first product 2,4,4-tribenzyl-l,2,3,4-tetrahydro-l,3-isoquinoline 

dione l2 (3_21) (0.29g, 17%), yellow oil: v""", 3031,1710,1667 and 1604 cm-I; 

IH nmr (250 M Hz, CDCI3) 3.35 (d, 2H, A of AB, JAB 13.0),3.78 (d, 2H, B of 

AB, JAB 13.0),4.89 (s, 2H), 6.60-6.63 (m, 4H), 6.87-7.40 (m, 12H), 7.76-7.80 

(m,2H) and 7.95-7.98 (m, IH) ppm; \3C nmr (68.2 M Hz, CDCI3) 43.41 

(CH2), 48.48 (2 x CH2), 55.94 (C), 126.66 (CH), 126.86 (2 x CH), 127.06 

(CH), 127.48 (CH), 127.99 (4 x CH), 1'28.23 (2 x CH), 128.47 (2 x CH), 128.53 
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(C), 128.83 (CH), 129.42 (4 x CH), 133.38 (CH), 135.40 (2 x C), 136.61 (C), 

140.71 (c), 163.29 (C=O) and 174.44 (C=O) ppm; Found: M+431.1888 (37.0 

%) Calc. for C3oH2SN02 431.1885. The second product 2,4-dibenzyl-I,2,3,4-

tetrahydro-I,3-isoquinolinedione (3_22) (0.57g, 42%) mp 98-100 CC from 

EAlLP: Vmax 1715, 1669 and 1606 cm-I; IH nrnr (400 M Hz, CDCI3) 3.29 (dd, 

JH, A of ABX, JAB 13.2, J AX 4.9),3.42 (dd, JH, B of ABX, JAB 13.2, Jsx 6.1), 

4.25 (dd, IH, X of ABX, J AX 4.9, Jsx 6.1), 5.06 (s, 2H), 6.61-6.63 (m, 2H), 

7.01-7.59 (m, 11H) and 8.12-8.14 (m, IH) ppm; 13C nrnr (68.2 M Hz, CDCI3) 

43.42 (2 x CH2), 48.16 (CH), 125.87 (C), 127.10 (CH), 127.28 (CH), 127.43 

(CH), 127.73 (CH), 128.17 (2 x CH), 128.39 (2 x CH), 128.86 (CH), 129.14 (2 

x CH), 129.28 (2 x CH), 133.36 (CH), 135.32 (C), 136.93 (C), 138.09 (C), 

164.29 (C=O) and 173.00 (C=O) ppm; Found: M+ 341.1420 (29.0 %) 

~3HIgN02 requires 341.1416. COSY and HETCOR experiments support 

characterisation. 

Reaction of 2-benzyl-I,2,3,4'tetrahydro-I,3-isoquinolinedione with isopropyl 

iodide and NaOH. 

3.23 

A stirred solution of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione (2.1) 

(2.5g, 10.0 mmol), sodium hydroxide (O.44g, 11.0 mmol) and isopropyl iodide 

(1.7g, 10.0 mmol) in aqueous ethanol [1: 1] (ca. 140 mJ) heated to reflux for 4 

hours and gave after flash chromatography eluting with EAlLP [·1:8] 2-benzyl-4-

isopropyl-I,2,3,4-tetrahydro-I,3-isoquinolinedione (3.23) (1.23g, 42%), mp 

72-74 CC from EAlLP: Vrnax 2964,1715,1671 and 1606 cm-I; IH nrnr (400 M 

Hz, CDCI3) 0.77 (d, 3H, J 6.9),0.91 (d, 3H, J 6.9),2.23-2.31 (m, JH), 3.79 (d, 

JH, J 4.2),5.17 (q, 2H, AB, JAB 13.6),7.25-7.59 (m, 8H) and 8.22-8.24 (m, 
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IH) ppm; 13C mm (100.5 M Hz, CDCI3) 19.04 (CH3), 19.77 (CH3), 37.61 

(CH), 43.61 (CH2), 53.38 (CH), 126.15 (C), 127.42 (CH), 127.50 (CH), 127.53 

(CH), 128.25 (2 x CH), 128.65 (CH), 129.18 (2 x CH), 133.05 (CH), 137.04 

(C), 137.93 (C), 165.45 (C=O) and 173.34 (C=O) ppm; Found: M+293.141O 

(32.6 %) CI9HI9N02 requires 293.1416. 

Reaction of 2-[2-( 1 H-3-1ndolyl)ethyIJ-1.2.3.4-tetrahydro-1.3-isoquinolinedione 

with isopropyl iodide (2 equivalents) and NaOH. 

3.24 

A stirred solution of 2-[2-(lH-3-Indolyl)ethyl]-1,2,3,4-tetrahydro-l,3-

isoquinolinedione (2.4) (1.4g, 4.6 mmol), sodium hydroxide (0.20g, 5.0 mmol) 

and isopropyl iodide (1.56g, 9.2 mmol) in aqueous ethanol [1:1] (ca. 140 rnl) 

heated to reflux for 3 hours and gave after flash chromatography eluting with 

EAlLP [1:3] 2-[2-(1H-3-1ndolyl)ethyIJ-4-isopropyl-1.2.3.4-tetrahydro-1,3-

isoquinolinedione (3.24) (0.70g, 44%), mp 135-137 OC from EAlLP: Vmax 3370 

(broad), 3154,1714,1673 and 1606 cm-I; IH mm (400 M Hz, CDCI3) 0.92 (d, 

3H, J 6.9),1.03 (d, 3H, J 6.8),2.34-2.38 (m, lH), 3.13-3.17 (m, 2H), 3.84 (d, 

IH, J 4.0),4.21-4.28 (m, IH), 4.36-4.44 (m, IH), 7.13-7.65 (m, 7H) 7.94 (d, 

IH, 17.4), 8.25 (br.s, IH, NH) and 8.28-8.30 (m, lH) ppm; 13c nrnr (100.5 M 

Hz, CDCI3) 19.24 (CH3), 19.86 (CH3), 24.37 (CH2), 37.52 (CH), 41.26 (CH2), 

53.42 (CH), 111.39 (CH), 113.11 (C), 119.56 (CH), 119.75 (CH), 122.30 (CH), 

122.50 (CH), 126.63 (C), 127.83 (C), 127.92 (CH), 127.96 (CH), 128.88 (CH), 

133.38 (CH), 136.60 (C), 138.35 (C), 165.55 (C=O) and 173.50 (C=O) ppm; 

Found: M+ 346.1683 (7.9%) C22H22N202 requires 346.1681. 
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General Method for 3-[(I,I,I-trimethylsilyl)oxy]-I,2-dihydro-l-

isoquinolinones Formation. 

Procedure modified from that described by Cazeau et al50 for the preparation of 

silyl enol ethers from ketones and aldehydes. A solution of sodium iodide 

(1.5-3 equivalents) in a given volume of dry acetonitrile was added dropwise 

over 15 minutes, at room temperature, to a solution of the particular 1,3-

isoquinolinedione, triethylamine (1.5-3 equivalents) and trimethylchlorosilane 

(1.5-3 equivalents) in a given volume of dry acetonitrile. Stirring was maintained 

for 90 minutes at room temperature. Then dry diethyl ether (200 rnl) was added 

. to the reaction mixture and stirring was maintained for further 10 minutes. The 

reaction mixture was then allowed to stand for 10 minutes to permit the 

suspended solid to settle down. Subsequently, diethyl ether/acetonitrile solution 

was transferred under nitrogen pressure to a receiving flask via canula. diethyl 

ether and acetonitrile were removed in vacuo and fresh dry diethyl ether (150 ttt1) 

was added to the residue, the formed suspension was then quickly filtered, and 

the filtrate was concentrated in vacuo to give the title compounds. The products 

were very sensitive towards atmospheric moisture, consequently, all steps were 

conducted under tight nitrogen atmosphere and the reaction conditions were 

optimised to generate the products in sufficiently high purity for characterisation 

and subsequent reactions. The following 3-[(1 ,I ,1-trimethylsilyl)oxy]-1,2-

dihydro-l-isoquinolinones were prepared: 

2-Phenethyl-3 -f( 1,1, l-trimethylsilyl)oxy ]-1 ,2-dihydro-l-isoquinolinone. 

3.25 

A solution of sodium iodide (2.55g, 17.0 mrnol) in dry acetonitrile (20 rnl) was 

added dropwise, at room temperature, to a solution of 2-phenethyl-l,2,3,4-

tetrahydro-I,3-isoquinolinedione (2.2) (1.50g, 5.7 rnrnol), triethylamine (2.2 rnl, 
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17.0 mrno1) and trimethyJchlorosilane (2.2 ml, 17.0 mmol) in dry acetonitrile (20 

ml) followed by stirring for 90 minutes and gave the title compound (3.25) 

(J.70g, 89%), brown oil: Vrnax 1655,1619 and 1596 cm-I; IH nrnr (250 M Hz, 

CDCI3) 0.38 (5, 9H, Si(CH3h), 2.92-3.02 (m, 2H), 4.25-4.37 (m, 2H), 5.71 (5, 

JH), 7.16-7.54 (m, 8H) and 8.30-8.35 (m, IH) ppm; I3C nmr (62.8 M Hz, 

CDC13) 0.00 (3 x CH3, Si(CH3h), 34.86 (CH2), 43.37 (CH2), 87.48 (CH), 

121.88 (C), 123.95 (CH), 124.49 (CH); 126.41 (CH), 127.88 (CH), 128.53 (2 x 

CH), 128.92 (2 x CH), 132.30 (CH), 137.68 (C), 138.99 (C), 148.33 (C) and 

162.50 (C=O) ppm; Found: M+ 337.1511(0.1 %) C2oH23N02Si requires 

337.1498. 

2 -( 3,4-Dimethoxyphenethyl)-3 -[ ( 1,1, 1-trimethylsilyl)oxy J-1 ,2 -dihydro-1-

isoquinolinone. 

3.26 

A solution of sodium iodide (2.55g, 17.0 mmo1) in acetonitrile (25 rnl) was 

added dropwise, at room temperature, to a solution of 2-(3,4-dimethoxy 

phenethyl)-1,2,3,4-tetrahydro-1,3-isoquinolinedione (2.3) (3.34g, 10.3 mmol), 

triethyl amine (2.2 ml, 17.0 mrnol) and trirnethyJchlorosilane (2.2 ml, 17.0 mmol) 

in acetonitrile (40 ml) followed by stirring for 90 minutes and gave the title 

compound (3.26) (2.60g, 64%), yellow oil: Vrnax 2961, 1707, 1662, 1620 and 

1593 cm-I; IH nrnr (250 M Hz, CDCI3) 0.38 (5, 9H, Si(CH3h), 2.82-2.94 (m, 

2H), 3.80 (5, 3H, OMe), 3.84 (5, 3H, OMe), 4.15-4.32 (m, 2H), 5.71 (s, 1H), 

6.75-6.86 (m, 3H), 7.23-7.34 (m, 2H), 7.48-7.54 (m, JH) and 8.30-8.33 (rn, JH) 

ppm; I3C nrnr (62.8 M Hz, CDCI3) 0.00 (3 x CH3, Si(CH3h), 34.39 (CH2), 

43.57 (CH2), 55.75 (CH3, OMe), 55.91 (CH3, OMe), 87.52 (CH), 111.41 (CH), 

112.15 (CH), 120.82 (CH), 121.89 (C), 124.00 (CH), 124.49 (CH), 127.88 
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(CH), 131.60 (C), 132.34 (CH), 137.67 (C), 147.65 (C), 148.38 (C), 148.93 

(C), and 162.77 (C=O) ppm; Found: M+ 397.1729 (0.1 %) C22H27N04Si 

requires 397.1709. 

Reaction of 2-phenethyl-3-[ (l,l,l-trirnetbylsilyl)oxy ]-l,2-dihydro-l

isoquinolinone with N,N-dimethyl dimethoxyforrnamide and TMSOTf. 

+ 

l····· 
3.27 

A magnetically stirred solution of 2-phenethyl-3-[(l,I,I-trimethylsilyl)oxy]-1,2-

dihydro-I-isoquinolinone (3.25) (1.5g, 4.45 mmol) and N,N-dimethyldimethoxy 

formamide (l.80g, 15.lmmol) in dry DCM (ca. 50 rnJ) was cooled down to -78 

OC and TMSOTf (catalytic quantity) injected, under tight nitrogen atmosphere. 

The reaction was then stirred at the same temperature for 15 minutes then 

warmed gradually to room temperature over I hour. The reaction changed 

colour from yellow to deep red. Subsequently, saturated sodium bicarbonate 

solution (ca. 50 rnJ) was added to the reaction mixture. Extraction of resultant 

cloudy emulsion with DCM (2 x 100 rnJ) and drying of the combined organic 

extracts over magnesium sulfate follow~d by concentrating in va~uo gave after 

flash chromatography eluting with EA 4-[( i,i-dimethyl ammonio)methyIJ·l

oxo-2-phenethyl-i,2-dihydro-3-isoquinolinolate (3.27) (1.2Ig, 85%), mp 154.5 

- 155.5 QC from EA: vmax2953, 1672, 1626 and 1604 cm-I; IH nrnr (298 K, 250 

M Hz, CDCI3) 2.93-2.99 (m, 2H), 3.18 (bLs, 6H), 4.28-4.35 (m, 2H), 7.15-7.47 

(m, 8H) ,7.91 (bLs, IH) and 8.22-8.25 (m, IH) ppm; IH nrnr (323 K, 250 M 

Hz, CDCI3) 2.89-3.00 (m, 2H), 3.18 (s, 6H), 4.29-4.35 (m, 2H), 7.12-7.44 (m, 

8H) ,7.89 (s, IH) and 8.20-8.24 (m, IH) ppm;I3C nrnr (323 K, 62.8 M Hz, 

CDCI3) 34.35 (CH2), 41.39 (CH2), 45.68 (2 x CH3), 120.00 (br.s, C), 121.67 

(br.s, C), 123.28 (CH), 125.94 (2 x CH), 126.03 (C), 128.16 (2 x CH), 128.76 
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(CH), 128.93 (2 x CH), 132.18 (CH), 133.33 (c), 139.59 (c), 155.49 (CH) and 

165.42 (C=O) ppm; Found: M+ 320.1532 (100%) C2oH2oNP2 requires 

320.1525. HETCOR experiment at 323 K supports characterisation. 

Reactions of 3-[ (l,l,l-trimethylsilyl)oxy ]-I,2-dihydro-I-isoquinolinones 

with dimethyl acetals and TMSOTf -General Method. 

A magnetically stirred solution of the particular 3-[(1, 1, 1-trimethylsily1)oxy]-1,2-

dihydro-1-isoquino1inone, the particular dimethyl acetal (1-1.3 equivalents) and 

BSA (few drops) in dry DCM (ca. 50 m1) was cooled to -78 CC and TMSOTf 

(catalytic quantity) injected, under tight nitrogen atmosphere. The reaction was 

then stirred at the same temperature for 15 minutes, then warmed to room 

temperature and stirred for 14-16 hours. The reaction changed colour from 

brown to black. Subsequently, saturated aqueous sodium bicarbonate (ca. 50 

m1) was added to the reaction mixture. The organic layer was then collected and 

the aqueous layer was further extracted with DCM (2 x 50 m1). The combined 

organic extracts were dried over magnesium sulfate, concentrated in vacuo and 

the residue was purified by flash chromatography on silica gel. The following 

reaction were conducted: 

Reaction of 2-phenethyl-3-[( 1,1, I.trimethylsilyl)oxy ]-I,2-dihydro-I

isoquinolinone with acetaldehyde dimethylacetal and TMSOTj 

CH3 

3.28 3.29 

A stirred solution of 2-phenethyl-3-[(I, I, I-trimetbylsilyl)oxy ]-1,2-dihydro-l

isoquinolinone (3.25) (3.03g, 9.0 mmol), acetaldehyde dimethylacetal (LOg, 11.0 . 

mmol) in dry DCM (50 m1) was cooled to -78 OC and TMSOTf (catalytic 

quantity) injected and gave after flash chromatography eluting with EAlLP [1:5] 

mixture of Z and E [56% : 44%] 4-(ethylidene)-2-phenethyl-l,2,3,4-tetrahydro-
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1.3-isoquinolinedione (3.28/3.29) (1.4Ig, 54%). Fraction of 4-[(Z)ethylideneJ-

2-phenethyl-1.2.3.4-tetrahydro-1.3-isoquinoline dione (3.28) was isolated 

(O.llg), yellow oil: Vrnax 2925,1703,1661 and 1606 cm-I; IH mnr (400 M Hz, 

CDCI3) 2.31 (d, 3H, 17.5), 2.82-2.86 (m, 2H), 4.14-4.18 (m, 2H), 7.10-7.56 

(m, 9H) and 8.12-8.14 (m, IH) ppm; I3C mnr (100.5 M Hz, CDCI3) 17.58 

(CH3), 34.68 (CH2), 41.95 (CH2), 122.15 (CH), 124.29 (C), 126.32 (C), 126.76 

(CH), 128.42 (CH), 128.83 (2 x CH), 129.32 (CH), 129.42 (2 x CH), 133.82 

(CH), 135.00 (C), 139.27 (C), 145.42 (CH), 164.47 (C=O) and 164.68 (C=O) 

ppm; Fotmd: M+291.1269 (33.5%) Clgli17N02 requires 291.1259. HETCOR 

and COSY experiments support characterisation. Data for 3.28/3.29 mixture: 

IH nmr (400 M Hz, CDCI3) 2.21 (d, 3H, 17.9), 2.31 (d, 3H, 17.5), 2.82-2.86 

(m, 4H), 4.14-4.18 (m, 4H), 7.10-7.56 (m,18H) and 8.12-8.14 (m, 2H) ppm; 

mixture I3C nmr (250 M Hz, CDCI3) 17.03 (CH3), 17.20 (CH3), 34.14 (CH2), 

34.21 (CH2), 41.49 (CH2), 42.06 (CH2), 121.70 (2 x CH), 123.60 (2 x C), 

125.20 (C), 125.6 (C), 126.34 (CH), 126.61 (CH), 127.20 (C), 127.94 (CH), 

128.08 (CH), 128.39 (4 x CH), 128.78 (2 x CH), 128.93 (4 x CH), 132.84 (CH), 

133.37 (CH), 134.58 (C), 138.80 (2 x C), 144.06 (CH), 145.10 (CH), 164.64 

(C=O), 164.88 (C=O), 65.20 (C=O) and 165.76 (C=O) ppm. 

Reaction of 2-(3,4-dimethoxyphenethyl)-3-[( 1. 1. 1-trimethylsilyl)oxyJ-1.2-

dihydro-1-isoquinolinone with acetaldehyde dimethylacetal and TMSOTf 

~
OMeOMe 

o I 
N ~

OMeOMe 
o I 

N 

o o 

3.30 3.31 

A stirred solution of 2-(3,4-dimethoxyphenethyl)-3-[(l,I,I-trimethylsilyl) oxy]-

1,2-dihydro-l-isoquinolinone (3.26) (3.20g, 8.0 mmol), acetaldehyde dimethyl 

acetal (0.90g, 10.0 mmol) in dry DCM (50 ml) was cooled to -78 CC and 
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TMSOTf (catalytic quantity) injected and gave after flash chromatography 

eluting with EAlLP [1:3] mixture of Z and E [65% : 35%]2-(3,4-dimethoxy 

phenethyl)-4-( ethylidene)- J ,2,3,4-tetrahydro-J,3 -isoqllinoline dione (3.30/3.31) 

(O.72g, 26%). Fraction of 2-(3,4-dimethoxy phenethyl)-4-[(Z)ethylidenel

J,2,3,4-tetrahydro-l,3-isoqllinolinedione (3.30) was isolated (0.02g), mp 62 -

640C from EAlLP: Vrnax 2950, 1702, 1660 and 1609 cm-I; IH nmr (400 M Hz, 

CDCI3) 2.45 (d, 3H, J 7.5),2.90-2.94 (m, 2H), 3.86 (s, 3H, OMe), 3.87 (s, 3H, 

OMe), 4.24-4.28 (m, 2H), 6.81-6.90 (m, 3H), 7.36 (q, 1H, 17.5), 7.45-7.71 (m, 

3H) and 8.24-8.26 (m, 1H) ppm;i3C nrnr (100.5 M Hz, CDCI3) 17.56 (CH3), 

34.21 (CH2), 42.05 (CH2), 56.22 (CH3, OMe), 56.31 (CH3, OMe), 111.76 

(CH), 112.65 (CH), 121.40 (CH), 122.14 (CH), 124.26 (C), 126.30 (C), 128.43 

(CH), 129.27 (CH), 131.83 (C), 133.84 (CH), 134.96 (C), 145.42 (CH), 148.02 

(C), 149.27 (C), 164.48 (C=O) and 164.67 (C=O) ppm; Found: M+ 351.1466 

(1.6%) C21H21N04 requires 351.1471. HETCOR and COSY experiments 

support characterisation. Data for 3.28/3.29 mixture: I H nrnr (400 M Hz, 

CDC13) 2.33 (d, 3H, 17.8), 2.45 (d, 3H, 17.5), 2.90-2.94 (m, 4H), 3.86 (s, 6H, 

OMe), 3.87 (s, 6H, OMe), 4.24-4.28 (m, 4H), 6.81-6.90 (m, 6H), 7.28-7.71 (m, 

8H) and 8.24-8.26 (m, 2H) ppm; i3C NMR (250 MHz, CDCI3) of the mixture 

17.16 (CH3), 17.31 (CH3), 33.83 (CH2), 33.90 (CH2), 41.74 (CH2), 42.30 

(CH2), 55.87 (CH3, OMe), 55.90 (2 x CH3, 2 x OMe), 55.98 (CH3, OMe), 

111.40 (2 x CH), 112.25 (CH), 112.30 (CH), 121.06 (CH), 121.09 (CH), 

121.86 (CH), 123.88 (2 x C), 125.88 (2 x C), 126.76 (CH), 128.11 (2 x CH), 

128.25 (CH), 128.90 (CH), 131.52 (2 x C), 132.99 (CH), 133.54 (CH), 134.60 

(2 x C), 144.16 (CH), 145.22 (CH), 147.69 (C), 148.92 (3 x C), 164.16 (C=O), 

164.31 (C=O), 165.60 (C=O) and 166.20 (C=O) ppm. 
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Reaction of 2-phenethyl-3-[( l,l,l-trimethylsilyl)oxy 1-l,2-dihydro-l

isoquinolinone with benzaldehyde dimethylacetal and TMSOTf 

°N~ °N~ 
o o 

3.32 3.33 

A stirred solution of 2-phenethyl-3-[(1,1, I-trimethylsiJyl)oxy ]-I,2-dihydro-l

isoquinolinone (3.25) (1.68g, 5.0 mrnol), benzaldehyde dimethylacetal (O.76g, 

5.0 mrnol) in dry DCM (50 ml) was cooled to -78 OC and TMSOTf (catalytic 

quantity) injected and gave after flash chromatography eluting with ENLP [1:2] 

mixture of Z and E 2-phenethyl-4-( l-phenyl methylidene)-l,2,3,4-tetrahydro

l,3-isoquinolinedione (3.3213.33) (1.76g, 100%), yellow oil: Vrnax 3027,1704, 

1662 and 1604 cm-I; IH nrnr (250 M Hz, CDCI3) 2.92-3.02 (rn, 2H), 4.23-4.33 

(rn, 2H), 7.25-7.55 (rn, 15H) and 8.20-8.25 (rn, lH) ppm; Found: M+ 353.1383 

(43.3%) C24HI9N02 requires 353.1416. Upon storing under ambient conditions 

for 3 months, 3.3213.33 yielded 2-phenethyl-l,2,3,4-tetrahydro-l,3,4-

isoquinoline trione (3.34) (0.42g, 30%) after flash chromatography eluting with 

EAlLP [1:2]. 

°N~ 
o 

3.34 

Data: mp 126 -127°CfromEAlLP: vrnax 2925, 1709, 1677 and 1597 cm-I; IH 

nrnr (250 M Hz, CDCI3) 2.95-3.01 (rn, 2H), 4.26-4.32 (rn, 2H), 7.19-7.38 (rn, 

5H), 7.80-7.94 (rn, 2H), 8.20-8.24 (rn, IH) and 8.33-8.37 (rn, IH) ppm; 13C nrnr 

(100.5 M Hz, CDCI3) 34.45 (CH2), 42.83 (CH2), 127.17 (CH), 128.23 (CH), 
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129.04 (2 x CH), 129.36 (2 x CH), 130.23 (CH), 130.33 (C), 131.29 (C), 

134.85 (CH), 136.46 (CH), 138.30 (C), 157.29 (C=O), 162.45 (C=O), 175.01 

(C=O) ppm; Found: M+ 279.0901 (17.2%) C 17H\3N03 requires 279.0895. 

HETCOR and COSY experiments support characterisation. 

X-Ray Report (Experimental Details). 

A. Crystal Data 

Empirical Formula 

Formula Weight 

Crystal Colour, Habit 

Crystal Dimensions 

Crystal System 

Lattice Type 

No. of Reflections Used for Unit 

Cell Determination (28 range) 

Omega Scan Peak Width at 

Half -height 

Lattice Parameters 

Space Group 

Z value 

Dcalc 

Fooo 

11 (CuKa.) 

B. Intensity Measurements 

Diffractometer 

Radiation 

Attenuater 

190 

Carried out by Dr. AMZ Slawin. 

CI7H 13N03 

279.09 

yellow, block 

0.15 x 0.23 x 0.32 mm 

orthorhombic 

primitive 

25 (74.0 - 75.(0) 

0.27° 

a = 6.371(2) °A 

b = 15.476(2) °A 

c = 13.989(2) °A 

v = 1379.1(3)OA3 

Pna2[ (#33) 

4 

1.345 g/cm3 

584.00 

7.62 cm· l 

Rigaku AFC7S 

CuKa. (A. = 1.54178 °A) 

graphite monochromated 

Ni foil (factor = 9.42) 



Take-off Angle 

Detector Aperture 

Crystal to Detector Distance 

Temperature 

Scan Type 

Scan Rate 

Scan Width 

26nuu 

No. of Reflections Measured 

Corrections 

C. Structure Solution and Refinement 

Structure Solution 

Refmement 

Function minimised 

Least Squares Weights 

P-factor 

Anomalous Dispersion 

No. Observations (1)2.000'(1)) 

No. Variables 

Reflection 1 Parameter Ratio 

Residuals: R; Rw 

Goodness of Fit Indicator 

Max ShiftlError in Final Cycle 

Maximum peak in Final Diff. Map 

Minimum peak in Final Diff. Map 
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6.0 0 

9.0 mm horizontal 

13.0 mm vertical 

400 mm 

20.0OC 

16.001 min (in 00) (up to 4 scans) 

(1.15 + 0.35 tane) 0 

120.10 

Total: 2480 

Unique: 1240 (Rnt = 0.085) 

Lorentz-polarization 

Absorption 

(trans. factors: 0.4618 - 1.0000) 

Decay (0.26% decline) 

Direct Methods (SIR92) 

Full-matrix least-squares 

L wQFol-IFcl)' 

1 4Fo' 
cr'(Fo) = cr'(Fo') 

0.004 

All non-hydrogen atoms 

1058 

191 

5.54 

0.000; 0.000 

0.00 

0.00 



Sodium borohydride Reduction of 4-(phenylmethylidene)- and 4-

(ethylidene )-1,2,3,4-tetrahydro-1,3-isoquinolinediones. 

Reduction of 2-( 3,4-dimethoxyphenethyl)-4-( ethylidene )-1 ,2,3,4-tetrahydro-

1,3 -isoquinoline. 

OMe 

OH 

3.36 3.35 , 

A magnetically stirred solution of 2-(3,4-dimethoxyphenethyl)-4-(ethylidene)-

1,2,3,4-tetrahydro-l,3-isoquinoline (3.30/3.31) (O.60g, 1.71 mmol) and cerium 

chloride heptahydrate (O.64g, 1.71 mmol) in dry ethanol (10 ml) was cooled 

down to -78 OC and sodium borohydride (0.20g, 5.3 mmol) added. The reaction 

was then stirred at the same temperature for 45 minutes. Subsequently, the 

reaction was terminated by quenching with saturated aqueous sodium 

bicarbonate (ca. I 0 ml). Extraction of resultant cloudy emulsion with DCM (2 x 

50 ml) and drying of the combined organic extracts over magnesium sulfate 

followed by concentrating in vacuo gave three products after flash 

chromatography eluting with EAlLP [1:1]. The first product 2-(3,4-dimethoxy 

phenethyl)-4-ethyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione (3.20) (0.05g, 8%). 

The second product 2-( 3,4-dimethoxyphenethyl)-4-ethyl-l,2-dihydro-l

isoquinolinone (3.36) (0.08g, 14%), yellow oil, Vrnax 2963, 1652,1624 and 1594 

cm-I; IH nrnr (400 M Hz, CDCI3) 1.14 (t, 3H, J 7.4), 2.59 (q, 2H, J 7.4),3.00 

(t, 2H, J 7.2),3.72 (s, 3H, OMe), 3.84 (s, 3H, OMe), 4.15 (t, 2H, J 7.2), 6.56 

(s, IH), 6.66 (d, !H, J 1.8), 6.72-6.79 (m, 2H), 7.47-7.51 (m, !H), 7.62-7.67 

(m, 2H) and 8.49-8.51 (m, IH) ppm; I3C nrnr (100.5 M Hz, CDCI3) 14.25 

(CH3), 22.64 (CH2), 35.15 (CH2), 51.95 (CH2), 56.14 (CH3, OMe), 56.34 

(CH3, OMe), 111.88 (CH), 112.71 (CH), 117.79 (C), 121.31 (CH), 122.97 

(CH), 126.58 (C), 126.84 (CH), 128.69 (CH), 129.40 (CH), 131.39 (C), 132.30 
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(CH), 137.02 (C), 148.19 (C), 149.44 (C) and 162.11 (C=O) ppm; Found: M+ 

337.1690 (0.6 %) C21H23N03 requires 337.1678. COSY and HETCOR 

experiments support characterisation. The third product 2-( 3,4-dimethoxy 

phenethyl )-4-ethyl-3 -hydroxy-I, 2,3, 4-tetrahydro-I-isoquinolinone single 

diastereomer (3.35) (0.07g, 12%), mp 128-129°C from ENLP: Vrnax 3351, 2936, 

1635 and 1603 cm-I; IH nmr (250 M Rz, CDCI3) 0.90 (t, 3H,' 7.3), 1.47-1.66 

(m, IH), 1.97-2.15 (m, IH), 2.72-2.83 (m, IH), 2.92-2.97 (m, 2H), 3.12 (d, IH, 

O2° ex.,' 8.1), 3.47-3.60 (m, IH), 3.80 (s, 3H, OMe), 3.83 (s, 3H, OMe), 

4.06-4.18 (m, IH), 4.61 (dd, IH, '] 3.3, '2 7.3),6.76-6.77 (m, 3H), 7.25-7.49 

(m, 3H) and 8.02-8.06 (m, IH) ppm; i3C nmr (62.8 M Rz, COCI3) 11.02 (CH3), 

20.10 (CH2), 34.58 (CH2), 42.86 (CH), 48.84 (CH2), 55.82 (CH3, OMe), 55.88 

(CH3, OMe), 81.98 (CH), 111.34 (CH); 112.16 (CH), 120.85 (CH), 125.15 

(CH), 126.97 (CH), 127.49 (C), 127.87 (CH), 131.77 (C), 132.15 (CH), 137.86 

(C), 147.50 (C), 148.97 (C) and 163.93 (C=O) ppm; Found: M+355.1744 (0.1 

%) C21H25N04 requires 355.1784. 

Reduction of 4-( ethylidene )-2-phenethyl-1 ,2,3.4-tetrahydro-1 ,3-

isoquinolinedione. 

3.37 

A magnetically stirred solution of 4-(ethylidene)-2-phenethyl-l,2,3,4-tetrahydro-

1,3-isoquinolinedione (3.28/3.29) (2.0g, 6.90 mmol) in dry ethanol (30 ml) was 

cooled down to -78°C and sodium borohydride (0.18g, 4.7 mmol) added. The 

reaction was then stirred at the same temperature for 15 minutes. Subsequently, 

the reaction was terminated by quenching with saturated aqueous sodium 

bicarbonate (ca. 10 mJ). Extraction of resultant cloudy emulsion with OCM (2 x 

50 mJ) and drying of the combined organic extracts over magnesium sulfate 

followed by concentrating in vacuo gave after flash chromatography eluting with 
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ENLP [1 :5] 4-ethyl-2-phenethyl-l,2,3,4-tetrahydro-l;3-isoquinolinedione 

(3.37) (0.56g, 28%), oil: Vrnax 1713,1669 and 1607 cm· l ; IH mm (250 M Hz, 

CDCI3) 0.70 (t, 3H, J 7.4),1.90-2.01 (m, IH), 2.16-2.27 (m, IH), 2.91-2.99 (m, 

2H), 3.86-3.91 (m, lH), 4.09-4.35 (m, 2H), 7.20-7.64 (m, 8H) and 8.21-8.24 

(m, IH) ppm; I3C nrnr (62.8 M Hz, CDCI3) 9.47 (CH3), 30.36 (CH2), 34.20 

(CH2), 41.43 (CH2), 47.14 (CH), 126.15 (C), 126.37 (CH), 126.73 (CH), 

127.47 (CH), 128.38 (2 x CH), 128.83 (CH), 128.93 (2 x CH), 133.52 (CH), 

138.52 (C), 138.86 (C), 164.95 (C=O) and 173.44 (C=O) ppm; Found: M+ 

293.1416 (12.9 %) CI9HI9N02 requires 293.1416. 

Reduction of 2-phenethyl-4-( I-phenylmethylidene )-l,2,3,4-tetrahydro-l,3-

isoquinolinedione. 

°N~ 
o 

3.38 

A magnetically stirred solution of 2-phenethyl-4-(I-phenylmethylidene)-1,2,3,4-

tetrahydro-l,3-isoquinolinedione (3.3213.33) (0.69g, 1.95 mmol) in dry ethanol 

(40 rnI) was cooled down to -78 OC and sodium borohydride (0.030g, 0.78mmol) 

added. The reaction was then stirred at the same temperature for 1 hour. 

Subsequently, the reaction was tenninated by quenching with saturated aqueous 

sodium bicarbonate (ca. 15 rnI). Extraction of resultant cloudy emulsion with 

DCM (2 x 50 rnI) and drying of the combined organic extracts over magnesium 

sulfate followed by concentrating in vacuo gave after flash chromatography 

eluting with ENLP [I :5]4-benzyl-2-phenethyl-l,2,3,4-tetrahydro-l,3-isoquin 

olinedione (3.38) (0.092g, 13%), pale oil: vm'" 3028, 1713, 1669 and 1605 cm' 

I; IH nmr (250 M Hz, CDCI3) 2.68-2.85 (m, 2H), 3.23 (dd, lH, A of ABX, JAB 

13.1, J AX 4.7), 3.34 (dd, IH, B of ABX, JAB 13.1, lBX 6.3), 3.90-4.14 (m, 2H), 

4.19 (dd, IH, X of ABX, J AX 4.7, lBX 6.3), 6.66-6.70 (m, 2H), 7.09~7.60 (m, 
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IIH) and 8.07-8.11 (m, IH) ppm; l3C mm (100.5 M Hz, CDCI:i) 34.16 (CH2), 

41.67 (CH2), 43.65 (CH2), 48.18 (CH), 126.05 (C), 126.53 (CH), 127.41 (CH), 

127.55 (CH), 128.15 (CH), 128.40 (2 x CH), 128.57 (2 x CH), 128.64 (CH), 

128.73 (2 x CH), 129.46 (2 x CH), 133.37 (CH), 135.55 (C), 138.21 (C), 

138.85 (C), 164.22 (C=O) and 173.01 (C=O) ppm; Found: M+ 355.1573 (24.3 

%) C24H21N02 requires 355.1572. COSY and HETCOR experiments support 

characterisation. 

General Method for 4-methylation of 4-aIkyl-l,2,3,4-tetrahydro-l,3-

isoquinolinediones. 

A magnetically stirred solution of the particular 4-alkyl-1 ,2,3,4-tetrahydro-l ,3-

isoquinolinedione, sodium hydroxide aqueous solution (a given number of 

equivalents) and methyl iodide (5 equivalents) in ethanol (ca. 60 rnI) was heated 

to reflux for a given length of time. After allowing the reaction to cool down to 

room temperature DCM (50 ml) and water (50 rnI) were added to the reaction 

mixture followed by vigorous shaking. The organic layer was then collected and 

the aqueous layer was further extracted with DCM (50 ml). The combined 

organic extracts were dried over magnesium sulfate, concentrated in vacuo and 

the residue was purified by flash chromatography on silica gel. 

4-Ethyl-4-methyl-2-phenethyl-l.2,3,4-tetrahydro-l,3-isoquinolinedione. 

N ~ 
o 

3.39 

A stirred solution of 4-ethyl-2-phenethyl-I;2,3,4-tetrahydro-I,3-isoquinoline

dione (3.37) (0.56g, 1.91 mmol), sodium hydroxide (0.46g, 11.5 mmol) and 

methyl iodide (0.7Ig, 5.0 mmol) in aqueous ethanol [1:1] (ca. lOO rnI) heated to 
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reflux for 30 minutes and gave the title compound (3.39) (0.49g, 84%), oil: Vow< 

2969,1711,1665 and 1606 cm-I; IH nrnr (250 M Hz, CDCI3) 0.49 (t, 3H, J 

7.4),1.57 (s, 3H), 1.80-1.94 (m, IH), 2.22-2.36 (m, IH), 2.90-2.97 (m, 2H), 

4.21-4.28 (m, 2H), 7.22-7.64 (m, 8H) and 8.23-8.27 (m, IH) ppm; i3C nrnr 

(100.5 M Hz, CDCI3) 9.43 (CH3), 28.62 (CH3), 34.15 (CH2), 36.44 (CH2), 

41.71 (CH2), 48.26 (c), 125.22 (c), 125.26 (CH), 126.43 (CH), 127.29 (CH), 

128.45 (2 x CH), 128.92 (CH), 129.08 (2 x CH), 133.96 (CH), 138.57 (C), 

143.53 (c), 164.14 (C=O) and 176.24 (C=O) ppm; Found: M+ 307.1579 

(28.9%) C2oH21N02 requires 307.1572. 

4-Benzyl-4-methyl-2-phenethyl-I,2,3,4-tetrahydro-I,3-isoquinolinedione. 

o 0 
N~ 

3.40 

A stirred solution of 4-benzyl-2-phenethyl-l,2,3,4-tetrahydro-l,3-isoquinoline

dione (3.38) (0.80g, 2.25 mmol), sodium hydroxide (O.64g, 16.0 mmol) and 

methyl iodide (0.71g, 5.0 mmol) in aqueous ethanol [1:1] (ca. 100 rnI) heated to 

reflux for 4 hours and gave the title compound (3.40) (0.71 g, 85%), pale oil : 

Vrnax 1710, 1665 and 1604 cm-I; IH nrnr (250 M Hz, CDCI3) 1.82 (s, 3H), 2.59-

2.81 (m, 2H), 3.07 (d, IH, A of AB, J M3 12.9),3.44 (d, IH, B of AB, J M3 

12.9),3.96 (m, 2H), 6.53-6.55 (m, 2H), 6.96-7.73 (m, 1 IH) and 8.08-8.11 (m, 

IH) ppm;i3C nrnr (68.2 M Hz, CDCI3) 27.02 (CH3), 33.91 (CH2), 41.78 (CH2), 

49.18 (C), 50.71 (CH2), 125.52 (C), 125.86 (CH), 126.34 (CH), 127.08 (CH), 

127.41 (CH), 127.85 (2 x CH), 128.40 (2 x CH), 128.91 (CH), 129.29 (4 x CH), 

133.60 (CH), 135.37 (C), 138.81 (C), 142.66 (C), 163.42 (C=O) and 175.42 

(C=O) ppm; Found: M+ 369.1728 (31.8%) C2sH23N02 requires 369.1729. 
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2 -[2 -( 1 H-3-lndolyl)ethyIJ-4-isopropyl-4-methyl-I.2.3.4-tetrahydro-I.3-

isoquinolinedione. 

3.41 

A stirred solution of2-[2-(IH-3-indolyl)ethyl]-4-isopropyl-I.2,3,4-tetrahydto-

1,3-isoquinolinedione (3.24) (0.48g, 1.39 mmol), sodium hydtoxide (0.061g, 

1.53 mmol) and methyl iodide (2.0g, 14.1 mmol) in aqueous ethanol [l:I] (ca. 

50 ml) heated to reflux for 3 hours and gave the title compound (3.41) after flash 

chromatography eluting with EAlLP [1:3] (0. 14g, 28%), foamy oil: v""" 3378 

(broad), 2968, 1708, 1658 and 1605 cm-I; IH nrnr (400 M Hz, CDCI3) 0.76 (d. 

3H, J 6.8),0.90 (d, 3H, J 6.8),1.69 (s, 3H). 2.07 (h, IH), 3.08-3.12 (m. 2H), 

4.20-4.27 (m, IH),4.31-4.38 (m, IH), 7.12-7.47 (m. 7H)7.89(d.1H,J7.4), 

8.04 (br.s, IH, NH) and 8.27-8.29 (m, lH) ppm; i3C nrnr (100.5 M Hz. CDCI3) 

18.06 (CH3), 18.32 (CH3). 22.54 (CH3). 24.36 (CH2), 41.70 (CH2), 42.12 (CH), 

51.20 (C), 111.36 (CH), 113.53 (C). 119.73 (CH), 119.90 (CH). 122.44 (CH). 

122.46 (CH), 126.37 (C). 126.47 (CH). 127.61 (CH), 128.00 (C), 128.91 (CH), 

133.60 (CH). 136.68 (C), 143.50 (C), 165.06 (C=O) and 176.07 (C=O) ppm; 

Found: M+ 360.1844 (3.3%) C23H24N202 requires 360.1838. 
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Chapter 4 Experimental. 

Preparation of 3-hydroxy -4,4-disubstituted -1,2,3,4-tetrahydro-l

isoquinolinones - General Method. 

Procedure modified from that employed by Speckamp et al in the ragioselective 

reduction of imides.7o, 71,72 The following procedure was followed, unless 

otherwise stated in each individual case. A magnetically stirred solution of the 

particular 4,4-disubstituted-l ,2,3,4-tetrahydro-l,3-isoquinolinedione in ethanol 

(ca. 100 ml, unless otherwise stated) was cooled down to -5°C - -10 °C (unless 

otherwise stated), then sodium borohydride (5-50 equivalents) was added. After 

2 hours more sodium borohydride was added (5-50 equivalents), the reaction 

was stirred at the same temperature for further 2 hours. Subsequently, the 

reaction was terminated by quenching with aqueous sodium bicarbonate. The 

resulting cloudy emulsion was extracted with DCM (2 x 100 ml) and the 

combined organic extracts were dried over magnesium sulfate, concentrated in 

vacuo and the residue was purified by flash chromatography on silica gel and/or 

recrystallisation. 

3-Hydroxy-4,4-dimethyl-2-phenethyl-I,2,3,4-tetrahydro-I-isoquinlinone. 

°NJ) 
OH 

4.1 

A stirred solution of 4,4-dimethyl-2-phenethyl-1 ,2,3,4-tetrahydro-l ,3-

isoquinolinedione (3.1) (0.88g, 3.0 mm91) in ethanol was cooled down and 

sodium borohydride (l.Og, 26.3 mmol) was added. After two hours more 

sodium borohydride was added (1.0g, 26.3 mmo1). Two hours later the reaction 

was quenched with sodium bicarbonate and gave the title compound (4.1) 

(0.73g, 83%), mp 157.0 - 159.0 DC from ethanol: Vmax 3353 (broad), 2969, 1633 

and 1603 cm·l ; IH nrnr (250 M Hz, CDCI3) 1.15 (s, 3H, CH3), l.47 (s, 3H, 

CH3), 1.95 (d, IH, OH, D20 ex., J 8.0),3.00-3.13 (m, 2H), 3.78-3.84 (m, IH), 
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3.96-4.02 (m, IH),4.53 (d, IH, J 8.0),7.27-7.51 (m; 8H) and 8.10-8.13 (m, 

IH) ppm; 13C rum (100.5 M Hz, CDCI3) 23.11 (CH3), 29.95 (CH3), 34.98 

(CH2), 39.74 (C), 49.18 (CH2), 90.36 (CH), 125.18 (CH), 126.97 (CH), 127.39 

(CH), 127.58 (C), 128.53 (CH), 128.79 (2 x CH), 129.04 (2 x CH), 133.00 

(CH), 139.40 (C), 144.31 (C) and 163.86 (C=O) ppm; Found: M+ 295.1572 

(3.8%) C19H21N02 requires 295.1572. 

2 -(3,4-Dimethoxyphenethyl)-3 -hydroxy-4, 4-dimethyl-l, 2,3, 4-tetrahydro-l-

isoquinolinone. 

4.2 

A stirred solution of 2-(3,4-dirnethoxyphenethyl)-4,4-dimethyl-I,2,3,4-

tetrahydro-I,3-isoquinolinedione (3.2) (l.lg, 3.1 mmol) in ethanol was cooled 

down and sodium borohydride (1.0g, 26.3 mmol) was added. After two hours 

more sodium borohydride was added (LOg, 26.3 mmol). Two hours later the 

reaction was quenched with sodium bicarbonate and gave the title compound 

(4.2) (0.92g, 85%), mp 204.0 - 205.5 CC from ethanol: Vrnax 3374 (broad), 2962, 

1627 and 1604 cm-I; IH nmr (250 M Hz, CDCI3) 1.18 (s, 3H, CH3), 1.48 (s, 3H, 

CH3), 1.96 (d, IH, OH, J 8.00),2.90-3.06 (m, 2H), 3.78-3.84 (m, lH), 3.86 (s, 

3H, MeO), 3.88 (s, 3H, MeO), 3.94-4.06 (m, IH), 4.55 (d, IH, J 8.00), 6.82-

6.83 (m, 3H), 7.27-7.51 (m, 3H) and 8.09-8.12 (m, IH) ppm; l3C nmr(IOO.5 M 

Hz, CDCI3) 23.12 (CH3), 29.98 (CH3), 34.71 (CH2), 39.82 (C), 49.41 (CH2), 

56.29 (2 x CH3, 2 x OMe), 90.51 (CH), 111.77 (CH), 112.45 (CH), 121.11 

(CH), 125.24 (CH), 127.51 (CH), 127.62 (C), 128.83 (CH), 131.88 (C), 133.06 

(CH), 144.08 (C), 148.10 (C), 149.48 (C) and 163.70 (C=O) ppm; Found: C, 

68.49, H, 6.79, N, 3.79 % C21H25N04 requires C, 70.95, H, 7.04, N, 3.94 %; 

Found: M+ 355.1783 (1.8%) C21H25N04 requires 355.1784. 
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2 -Benzyl-3 -hydroxy-4, 4-dimethyl-l, 2, 3, 4-tetrahydro-l-isoquinolinone. 

4.3 

A stirred solution of 2-benzyl-4,4-dimethyl-l,2,3,4-tetrahydro-l,3-isoquinoline

dione (3.3) (2.0g, 7.20 mmol) in ethanol was cooled down and sodium 

borohydride (1.5g, 39.5 mmol) was added. After two hours more sodium 

borohydride was added (1.5g, 39.5 mmol). Two hours later the reaction was 

quenched with sodium bicarbonate and gave the title compound (4.3) (1.7g, 

84%), mp 109-111 OC from ethanol: Vmax 3360 (broad), 2971, 1634 and 1604 

cm-I; IH nrnr (250 M Hz, CDCI3) 0.96 (s, 3H, CH3), 1.40 (s, 3H, CH3), 3.75 

(br.s, 1 H, OH), 4.27 (d, lH, A of AB, J 14.5), 4.56 (s, lH), 5.33 (d, !H, B of 

AB, J 14.5), 7.25-7.50 (m, 8H) and 8.07-8.11 (m, lH) ppm; 13c nmr (62.8 M 

Hz, CDCI3) 22.55 (CH3), 29.56 (CH3), 38.91 (C), 48.49 (CH2), 87.57 (CH). 

124.73 (CH), 126.84 (CH). 126.97 (C). 127.55 (CH). 128.55 (3 x CH), 128.83 

(2 x CH), 132.62 (Cm, 137.21 (C), 144.50 (C) and 163.75 (C=O) ppm; Found: 

M+ 281.1410 (4.2%) CISH IgN02 requires 281.1416. 

3-Hydroxy-2 -[2-( IH -3-indolyl)ethyI1-4,4-dimethyl-l, 2,3,4-tetrahydro-l

isoquinlinone. 

OH 

4.4 

A stirred solution of 2-[2-(lH-3-indolyl)ethyl]-4,4-dimethyl-l,2,3,4-tetrahydro-

1 ,3-isoquinoline dione (3.4) (0.30g, 0.90 mmol) in ethanol was cooled down and 

sodium borohydride (1.0g, 26.3 mmol) was added. After two hours more 
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sodium borohydride was added (I.Og, 26.3 mmol). Two hours later the reaction 

was quenched with sodium bicarbonate and gave the title compound (4.4) after 

flash chromatography eluting with EAlLP/ethanol [I: I: few drops] (O.13g, 

43%), mp 176 - 178 OC from EAlLP: Vmax 3336 (broad), 3055,1616 and 1598 

cm-I; IH nmr (250 M Hz, d6 DMSO) 1.11 (s, 3H, CH3), 1.40 (s, 3H, CH3), 

3.00-3.04 (m, 2H), 3.36-3.40 (m, IH), 4.04-4.14 (m, IH), 4.74 (d, IH, J 5.45), 

6.17 (d, IH, OH, J 5.40),7.01-7.56 (m, 5H), 7.27-7.51 (m, 3H), 7.71 (br.s, IH, 

N-H) and 8.01-8.04 (m, IH) ppm; I3C nmr (100.5 M Hz, ~ DMSO) 21.87 

(CH3), 23.39 (CH2), 28.60 (CH3), 37.95 (C), 45.29 (CH2), 86.81 (CH), 110.77 

(CH), 110.85 (c), 117.60 (CH), 118.04 (CH), 120.34 (CH), 122.12 (CH), 

124.10 (CH), 125.52 (CH, C), 126.59 (CH), 126.90 (C), 131.35 (CH), 135.67 

(C), 144.76 (C) and 161.92 (C=O) ppm; Found: M+ 334.1686 (2.7%) 

C21H22N202 requires 334.1681. 

3-Hydroxy-2 -[2 -(3 -methoxyphenoxy jethyI1-4, 4-dimethyl-l, 2, 3, 4-tetrahydro-l-

isoquinolinone. 

o 
~0Yy0~e 

OH V 

4.5 

A stirred solution of 2-[2-(3-methoxyphenoxy)ethyl]-4,4-dimethyl-l,2,3,4-

tetrahydro-l,3-isoquinolinedione (3.5) (0.80g, 2.4 mmol) in ethanol was cooled 

down and sodium borohydride (1.5g, 39.5 mmol) was added. After two hours 

more sodium borohydride was added (1.5g, 39.5 mmol). Two hours later the 

reaction was quenched with sodium bicarbonate and gave the title compound 

(4.5) after flash chromatography eluting with EAlLP [1:2] (0.68g, 83%), oil: 

v""", 3419 (broad), 1637 and 1603 cm-I; IH nmr (400 M Hz, CDCI3) 1.27 (s, 3H, 

CH3), 1.54 (s, 3H, CH3), 3.63-3.66 (m, IH), 3.76 (s, 3H, OMe), 3.94 (d, IH, 

OH, 13.7), 4.12-4.17 (m, IH), 4.34-4.41 (m, 2H), 4.80 (d, IH, 13.7), 6.45-6.54 

(m, 3H), 7.14 (t, IH, J 8.2),7.32-7.35 (m, 2H), 7.48-7.50 (m, IH) and 8.05-
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8.08 (m, lH) ppm; I3C mm (100.5 M Hz, CDCI3) 23.17 (CH3), 29.94 (CH3), 

39.48 (C), 48.33 (CH2), 55.73 (CH3, OMe), 67.37 (CH2), 91.12 (CH), 101.34 

(CH), 107.11 (CH), 107.69 (CH), 124.98 (CH), 127.18 (CH), 127.27 (C), 

128.75 (CH), 130.57 (CH), 133.11 (CH), 145.16 (C), 159.31 (C), 161.34 (C) 

and 164.30 (e=O) ppm; Found: M+ 341.1626 (1.3%) ~oH23N04 requires 

341.1627. COSY experiment supports characterisation. 

Ethyl 2-(3 -hydroxy-4,4-dimethyl-l-oxo-l ,2,3, 4-tetrahydro-2-isoquinolinyl)-3-

phenylpropanoate. 

o NEH,c", 
OH 

4.6 

A stirred solution of ethyI2-(4,4-dimethyl-l,3-dioxo-l,2,3,4-tetrahydro-2-

isoquinolinyl)-3-phenylpropanoate (3.6) (0.28g, 0.75 mmol) in ethanol (50 ml) 

was cooled down and sodium borohydride (0.29g, 7.5 mmol) was added. After 

two hours more sodium borohydride was added (0.29g, 7.5 mmol). Two hours 

later the reaction was quenched with sodium bicarbonate and gave the title 

compound (4.6) after flash chromatography eluting with EAfLP [I :3] 

(0.032g, 12%), diastereomeric ratio [3: 1], the major diastereomer (O.025g, 9%): 

foamy oil, Vrnax 3420 (broad), 2971, 1719, 1656 and 1604 cm-I; IH nrm (250 M 

Hz, CDCI3) 0.77 (s, 3H, CH3), 1.20 (t, 3H, 17.1, CH3), 1.46 (s, 3H, CH3), 3.16 

(dd, lH, B of ABX, lAB 15.0, lBX 10.5),3.46 (dd, 1H, A of ABX, JAB 15.0, 

lAX 6.3), 4.16 (q, 2H,17.I),4.38 (d, IH, OH, Dpex.,l 1.4),4.81 (d, lH,l 

1.9),5.62 (dd, 1H, X of ABX, lAX 6.3, lBX 10.5),7.20-7.52 (m, 8H) and 8.07-

8.11 (m, IH) ppm; I3C nrm (62.8 M Hz, CDCI3) 13.95 (CH3), 22.98 (CH3), 

28.83 (CH3), 35.41 (CH2), 39.22 (C), 57.67 (CH), 62.27 (CH2), 85.31 (CH), 

124.55 (CH), 126.49 (C), 126.63 (CH), 127.20 (CH), 128.67 (3 x CH), 128.83 

(2 x CH), 133.00 (CH), 136.10 (C), 144.93 (C), 164.97 (C=O) and 174.43 
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(C=O) ppm; Found: M+ 367.1793 (l.l %) C22H25N04requires 367.1784. 

COSY experiment supports characterisation. The minor diastereomer (0.OO7g, 

3%): foamy oil, Vrnax 3424 (broad), 2968, 1736, 1656 and 1604 cm-I; IH nrnr 

(400 M Hz, CDCI3) 0.57 (s, 3H, CH3), 1.24 (t, 3H, 1 7.1, CH3), 1.39 (s, 3H, 

CH3), 3.53 (dd, IH, A of ABX, lAB 14.3, lAX 5.4), 3.65 (dd, !H, B of ABX, 

lAB 14.3, lBX 10.5),3.88 (d, IH, OH,] 3.1), 4.30 (q, 2H, 17.1), 4.36 (dd, IH, 

X of ABX, lAX 5.4, lBX 10.5),4.42 (d, IH, 1 3.0),7.16-7.51 (m, 8H) and 8.10-

8.12 (m, IH) ppm; I3C rum (100.5 M Hz, CDCI3) 14.56 (CH3), 23.11 (CH3), 

28.73 (CH3), 35.81 (CH2), 39.84 (C), 62.74 (CH2), 65.74 (CH), 92.70 (CH), 

125.23 (CH), 126.79 (C), 127.02 (CH), 127.11 (CH), 128.57 (CH), 129.11 (2 x 

CH), 129.62 (2 x CH), 133.42 (CH), 138.37 (C), 145.50 (c), 164.87 (C=O) and 

172.32 (C=O) ppm; Found: M+ 367.1755 (33.8%) ~2H25N04 requires 

367.1784. COSY and HETCOR experiments support characterisation. 

Ethyl 2-(3 -hydroxy-4,4-dimethyl-l-oxo-l,2,3,4-tetrahydro-2 -isoquinolinyIJ-3-

(lH -3-indolyl}propanoate. 

o 

4.7 4.17 

A stirred solution of ethyI2-(4,4-dimethyl-l,3-dioxo-l,2,3,4-tetrahydro-2-

isoquinolinyl)-3-(lH-3-indolyl)propanoate (3.7) (0.74g, 1.8 mmol) in ethanol (50 

rnI) was cooled down and sodium borohydride (1.5g, 39.5 mmol) was added. 

After two hours more sodium borohydride was added (1.5g, 39.5 mmol). After 

further 3.5 hours (at the same temperature) the reaction was quenched with 

sodium bicarbonate and gave after flash chromatography eluting with ENLP 

[1:3] two products. The fust product is the title compound (4.7) (0. 15g, 21 %), 

single diastereomer, mp 78 - 80 ac from EAlLP: v""'" 3406, 3300 (broad), 2973, 
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1715, 1644 and 1603 cm-I; IH nmr (250 M Hz, CDCl3) 0_80 (s, 3H, CH3), 1.16 

(t, 3H, 1 7.1, CH3), 1.41 (s, 3H, CH3), 3.40 (dd, lH, B of ABX, JAB 15.4, lBX 

10.3), 3.55 (dd, lH, A of ABX, lAB 15.4, lAX 5.7),4.13-4.24 (m, 2H), 4.30-4.33 

(m, IH, OH), 4.86-4.87 (m, lH), 5.62 (dd, lH, X of ABX' l AX5.7, lBxlO.3), 

6.98 (d, lH, 1 1.9), 7.11-7.65 (m, 7H), 8.11-8.14 (m, lH) and 8.56 (br.s, IH, N

H) ppm; Found: M+406.1846 (1.7%) <;4H26NP4 requires 406.1892. The 

second product 3-hydroxy-2-[2-hydroxy-l -(1 H-3-indolyl methyl)ethyIJ4,4-

dimethyl-l,2,3,4-tetrahydro-l -isoquinolinone (4.17) (0.33g, 50%), single 

diastereomer, mp 85-86 <>C from EAlLP: Vrnax 3412, 3297 (broad), 2974,1647 

and 1604 cm-I;IH nmr (400 M Hz, CDCI3) 1.12 (s, 3H, CH3), 1.52 (s, 3H, 

CH3), 3.08 (dd, IH, B of ABX, 1 ABI4.0, lBX 9.8),3.63 (dd, IH, A of ABX, 

1 AB 14.0, J AX 3.1),3.97-3.40 (m, lH), 4.09-4.12 (m, lH), 4.79-4.85 (m, IH), 

5.02 (s, IH), 7.05-7.57 (m, 7H), 7.85-7.88 (m, lH), 8.17-8.19 (m, lH) and 8.66 

(br.s, IH, N-H) ppm; 13C nmr (100.5 M Hz, CDCI3) 22.49 (CH3), 23.32 (CH3), 

27.34 (CH2), 39.79 (C), 56.39 (CH), 71.21 (CH2), 92.57 (CH), 111.57 (C, CH), 

119.32 (CH), 119.85 (CH), 122.39 (CH), 123.05 (CH), 124.36 (CH), 127.51 

(CH), 127.95 (C), 128.13 (CH), 129.16 (c), 132.89 (CH), 136.60 (C), 144.87 

(C) and 161.78 (C=O) ppm; Found: M+ 346.1680 (1.0%) <;2H22N202requires 

346.1681. 

2-Benzyl-3-hydroxy-l.2,3,4-tetrahydro,1 -isoquinolinone-4-spiro-cyclopropane. 

o 

N~ 
'OH V 

4.8 

The usual procedure (sodium borohydride = 2 x 13 equivalents, -5 <>C) didn't 

yield any detectable reduced product. The following is the optimised reduction 

procedure. A stirred solution of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinoline 

dione-4-spiro-cycIopropane (3.9) (0.26g, 0.94 mmol) in ethanol (50 m1) was 

cooled do~n to 10°C, then sodium borohydride was added (0.70g, 18.4 mmol). 
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After two hours, more sodium borohydride was added (LOg, 26.3 mrnol). After 

further two hours more sodium borohydride was added (1.3g, 34.2 mmol). Two 

hours later, the reaction was terminated by quenching with aqueous sodium 

bicarbonate. The resulting cloudy emulsion was extracted with DCM (2 x 

100ml) and the combined organic extracts were dried over magnesium sulfate 

and concentrated in vacuo and gave the title compound (4.8) after flash 

chromatography eluting with EAlLP [1:3] (0.12g, 46%), mp 130-133 OC (glass): 

Vrnax 3355 (broad), 3067, 1632 and 1605 cm-I; IH nmr (250 M Hz, CDCI3) 0.58-

0.74 (m, 2H), 0.96-1.05 (m, I.H), 1.48-1.57 (m, IH), 3.95 (d, !H, OH, J 6.5), 

4.03 (d, IH, J 6.5),4.18 (d, !H, A of AB, J 15.1), 5.44 (d, !H, B of AB, J 

15.1),6.83 (d, !H, 17.7), 7.24-7.45 (m, 7H) and 8.08-8.11 (m, IH) ppm; 13C 

nmr (62.8 M Hz, CDCI3) 9.34 (CH2), 19.04 (CH2), 24.45 (C), 47.95 (CH2), 

85.97 (CH), 122.03 (CH), 126.52 (CH), 127.48 (CH), 127.98 (2 x CH), 128.04 

(C), 128.66 (2 x CH), 128.70 (CH), 132.69 (CH), 137.46 (C), 139.23 (C) and 

164.04 (C=O) ppm; Found: M+ 279.1258 (9.4%) CI8H17NOZ requires 

279.1259. 

2 -Benzyl-3 -hydroxy-l ,2, 3, 4-tetrahydro-l-isoquinolinone-4-spiro-cyclopentane. 

o 

4.9 

A stirred solution of 2-benzyl-I,2,3,4-tetrahydro-l,3-isoqujnolinedione-4-spiro

cyclopentane (3.10) (1.2g, 3.9 mmol) in ethanol was cooled down and sodium 

borohydride (1.5g, 39.5 mmol) was added. After two hours more sodium 

borohydride was added (1.5g, 39.5 mmol). Two hours later the reaction was 

quenched with sodium bicarbonate and gave the title compound (4.9) (l.1g, 

92%), mp 139-140 OC from ethanol: Vrnax 3378 (broad), 2954, 1634 and 1601 

cm-I; IH nrnr (250 M Hz, CDCI3) 1.25-1.60 (m, 4H), 1.72-2.0 (m, 3H), 2.18-
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2.28 (m, lH), 2.53 (d, 1 H, OH, J 8.1), 4.32 (d, lH, A of AB, J 14.5), 4.55 (d, 

lH, J 8.1) , 5.33 (d, lH, B of AB, J 14.5), 7.24-7.48 (m, 8H) and 8.13-8.16 (m, 

lH) ppm; l3C mm (62.8 M Hz, CDCI3) 24.23 (CH2), 25.28 (CH2), 32.76 (CH2), 

40.01 (CH2), 48.49 (CH2), 51.31 (C), 86.83 (CH), 125.21 (CH), 126.84 (CH), 

127.29 (C), 127.61 (CH), 128.61 (2 x CH), 128.69 (CH), 128.78 (2 x CH), 

132.34 (CH), 137.25 (C), 143.48 (C) and 163.64 (C=O) ppm; Found: M+ 

307.1573 (44.4%) CzoH21N02 requires 307.1572. 

3-Hydroxy-2 -phenethyl-l, 2, 3, 4-tetrahydro-I-isoquinolinone-4-spiro

cyc/opentane. 

O~ . I 
N 

OH 

4.10 

A stirred solution of 2-phenethyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione-4-

spiro-cyclopentane (3.11) (O.44g, 1.4 rnrnol) in ethanol was cooled down and 

sodium borohydride (1.7g, 44.5 rnrnol) was added. After two hours more 

sodium borohydride was added (1.7g, 44.5 rnrnol). Two hours later the reaction 

was quenched with sodium bicarbonate and gave the title compound (4.10) 

(O.4g, 89%), mp 172-173 OC from ethanol: Vmax 3355 (broad), 2954, 1633 and 

1602 cm-I; IH mm (250 M Hz, CDCI3) 1.39-1.46 (m, IH), 1.59-1.75 (m, 3H), 

1.89-1.97 (m, 3H), 2.21-2.23 (m, lH), 2.43 (d, 1 H, OH, J 8.0), 2.99-3.09 (m, 

2H), 3.68-3.77 (m, lH), 3.96-4.05 (m, IH), 4.54 (d, IH, J8.0), 7.22-7.50 (m, 

8H) and 8.06-8.10 (m, lH) ppm; l3C nrm (100.5 M Hz, CDCI3) 24.70 (CH2), 

25.67 (CH2), 33.03 (CH2), 34.80 (CH2), 39.97 (CH2), 48.90 (CH2), 51.64 (C), 

89.39 (CH), 125.22 (CH), 126.51 (CH), 126.92 (CH), 127.45 (C), 128.49 (CH), 

128.65 (2 x CH), 128.90 (2 x CH), 132.33 (CH), 139.05 (c), 143.54 (C) and 

163.70 (C=O) ppm; Found: M+ 321.1728 (9.2%) C21H23N02 requires 

321.1729. HETCOR and COSY experiments support characterisation. 
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2 -Benz:yl-3 -hydroxy-l, 2,3, 4-tetrahydro-l-isoquinolinone-4-spiro-cyclohexane. 

o 

N~ 
'OHV 

4.11 

A stirred solution of 2-benzyl-l,2,3,4-tetrahydro-l,3-isoquinolinedione-4-spiro

cyciohexane (3.12) (LOg, 3.1 mmol) in ethanol was cooled down and sodium 

borohydride (2.0g, 52.6 mmol) was added. After two hours more sodium 

borohydride was added (2.0g, 52.6 mmol). Two hours later the reaction was 

quenched with sodium bicarbonate and gave the title compound (4.11) (O.87g, 

87%), mp 191-192 OC from ethanol: v";" 3347 (broad), 2927, 1635 and 1599 

cm-I; IH nmr (250 M Hz, CDCI3) 0.48-0.73 (m, IH), 1.05-1.28 (m, 3H), 1.40-

1.75 (m,4H), 1.98-2.03 (m, 2H), 2.22 (d, IH, OH, J 8.9),4.32 (d, lH, A of AB, 

J 14.5), 5.12 (d, lH,J 8.9) ,5.39 (d, lH, B of AB, Jl4.5), 7.26-7.51 (m, 8H) 

and 8.15-8.18 (m, lH) ppm; l3C nmr (62.8 M Hz, CDCI3) 21.25 (CH2),21.30 

(CH2), 25.44 (CH2), 29.80 (CH2), 37.96 (CH2), 41.76 (C), 48.68 (CH2), 81.84 

(CH), 124.55 (CH), 127.04 (CH), 127.53 (C), 127.79 (CH), 128.79 (2 x CH), 

128.86 (CH), 129.00 (2 x CH), 132.74 (CH), 137.64 (C), 144.31 (C) and 163.43 

(C=O) ppm; Found: M+ 321.1729 (28.3%) C21H23N02 requires 321.1729. 

4,4-Diallyl-2-benz:yI-3-hydroxy-l,2,3,4-tetrahydro-l-isoquinolinone. 

o 

N~ 
'OH V 

4.12 

A stirred solution of 2-benzyl-4,4-diallyl-1 ,2,3,4-tetrahydro-l ,3-

isoquinolinedione (3.13) (2.71g, 8.2 mmol) in ethanol was cooled down and 

sodium borohydride (3.1g, 81.6 mmol) was added. After two hours more 
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sodium borohydride was added (3.1g, 81.6 mmol). Two hours later the reaction 

was quenched with sodium bicarbonate and gave the title compound (4.12) after 

flash chromato-graphy eluting with EAlLP [1:4] (1.24g, 46%), mp 109-112 CC 

from EAlLP: Vrnax 3363 (broad), 2928,1634 and 1602 cm-I; IH nmr (250 M Hz, 

CDC13) 1.97-2.04 (m, 2H), 2.50 (dd, lH, A of ABX, JAB 13.6, J AX 7.3), 2.72 

(dd, lH, B of ABX, JAB 13.6,JBX 7.4), 3.38 (d, lH, OH, 17.1), 4.41 (d, lH, A 

of AB, J 14.6), 4.72-4.79 (m, 2H), 4.92-4.97 (m, lH), 5.19 (d, lH, B of AB, J 

14.6),5.14-5.32 (m, 3H), 5.82-5.93 (m, IH), 7.20-7.51 (m, 8H) and 8.12-8.16 

(m, IH) ppm; \3C mnr (62.8 M Hz, CDCI3) 35.56 (CH2), 40.44 (CH2), 44.62 

(C), 49.07 (CH2), 84.97 (CH), 118.79 (CH2), 119.73 (CH2), 126.24 (CH), 

127.17 (CH), 127.45 (C), 127.74 (Cm, 128.74 (2 x CH), 128.85 (CH), 128.89 

(2 x CH), 131.99 (CH), 132.68 (CH), 132.98 (CH), 137.29 (c), 141.35 (C) and 

163.76 (C=O) ppm; Found: M+ 333.1729 (43.8%) C22H23N02 requires 

333.1729. 

4,4-Diallyl-3-hydroxy-2-phenethyl-I,2,3,4-tetrahydro-I-isoquinolinone. 

~ 

4.13 

A stirred solution of 4,4-d!allyl-2-phenethyl-I,2,3,4-tetrahydro-l,3-isoquinoline

dione (3.14) (0. 14g, 0.41 mmol) in ethanol was cooled down and sodium 

borohydride (0.60g, 15.8 mmol) was added. After two hours more sodium 

borohydride was added (0.60g, 15.8 mmol). Two hours later the reaction was 

quenched with sodium bicarbonate and gave the title compound (4.13) after flash 

chromatography eluting with EAlLP [1:3] (0.060g, 42%), mp 118-119 OC from 

EAlLP : Vmax 3351 (broad), 2928, 1636 and. 1601 cm-I; lH nrnr (250 M Hz, 

CDCI3) 2.15-2.18 (m, 2H), 2.20 (d, lH, OH, 17.4),2.49 (dd, lH, A of ABX, 

JAB 13.3, J AX 7.1), 2.74 (dd, IH, B of ABX, JAB 13.3,JBX 7.3), 2.99-3.10 (m, 
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2H), 3.78-3.82 (m, IH), 3.88-3.94 (m, lH), 4.62 (d, lH, J 7.4), 4.82-5.02 (m, 

2H), 5.23-5.32 (m, 3H), 5.86-6.00 (m, lH), 7.19-7.49 (m, 8H) and 8.11-8.15 

(m, IH) ppm; l3C mm (100.5 M Hz, CDCI3) 34.80 (CH2), 35.63 (CH2), 40.66 

(CH2), 43.61 (C), 49.09 (CH2), 86.96 (CH), 118.81 (CH2), 119.90 (CH2), 

126.17 (CH), 126.59 (CH), 127.26 (CH), 127.67 (C), 128.63 (CH), 128.69 (2 x 

CH), 128.91 (2 x CH), 131.91 (CH), 132.71 (CH), 132.93 (CH), 139.05 (C), 

141.05 (C) and 163.52 (C=O) ppm; Found: M+ 347.1889 (15.0%) Cz3H25N02 

requires 347.1885. HETCOR experiment supports characterisation. 

4-Ethyl-3 -hydroxy-4-methyl-2 -phenethyl-l, 2, 3, 4-tetrahydro-l-isoquinolinone. 

°N~ 
OH 

4.14 

A stirred solution of 4-ethyl-4-methyl-2-phenethyl-l,2,3,4-tetrahydro-l,3-

isoquinolinedione (3.39) (0.45g, 1.47 mmol) in ethanol was cooled down and 

sodium borohydride (1.20g, 31.6mmol) was added. After two hours more 

sodium borohydride was added (1.20g, 31.6mmol). Two hours later the reaction 

was quenched with sodium bicarbonate and gave the title compound (4.14) after 

flash chromatography eluting with EAlLP [1:3] (0.33g, 73%), oil, diasteomeric 

ratio [5: 12]. Data for the major diastereomer: Vrnax 3356 (broad), 2968, 1634 

and 1602 cm· l ; IH mm (400 M Hz, CDCI3) 1.02 (t, 3H, CH3, 17.3),1.08 (s, 

3H, CH3), 1.95-2.00 (rn, 2H), 2.46 (d, lH, OH, J 8.0),2.97-3.00 (m, lH), 3.05-

3.09 (rn, IH), 3.73-3.77 (rn, IH), 4.01-4.10 (rn, lH), 4.66 (d, IH, J8.o), 7.21-

7.46 (m, 8H) and 8.05-8.07 (rn, lH) ppm; 13C nrnr (62.8 M Hz, CDCI3) 7.72 

(CH3), 25.43 (CH3), 27.58 (CH2), 34.64 (CH2), 41.17 (C), 48.73 (CH2), 86.68 

(CH), 124.41 (CH), 125.10 (C), 126.45 (CH), 126.81 (CH), 128.41 (CH), 

128.58 (2 x CH), 128.80 (2 x CH), 132.46 (CH), 138.99 (C), 144.90 (C), 

163.80 (C=O) ppm; Found: M+ 309.1727 (1.6%) C2oH23N02 requires 309.1729. 

HETCOR experiment supports characterisation. Data for the minor. 
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diastereomer, oil: Vrnax 3356 (broad), 2968, 1634 and 1602 cm-I; IH nmr (400 M 

Hz, CDCI3) 0.66 (t, 3H, CH3, J 7.5), 1.35-1.40 (m, I H), 1.39 (s, 3H, CH3), 

1.48-1.52 (m, IH), 2.46 (d, lH, OH, J 8.0),2.97-3.00 (m, lH), 3.05-3.09 (m, 

lH), 3.73-3.77 (m, IH), 3.89-3.93 (m, IH), 4.58 (d, lH, J 8.0), 7.21-7.46 (m, 

8H) and 8.05-8.07 (m, IH) ppm; 13C nmr (62.8 M Hz, CDCI3) 8.46 (CH3), 

18.64 (CH3), 33.17 (CH2), 34.73 (CH2), 42.77 (C), 49.10 (CH2), 89.20 (CH), 

126.22 (CH), 126.45 (CH), 126.94 (CH), 127.20 (C), 128.32 (CH), 128.58 (2 x 

CH), 128.80 (2 x CH), 131.90 (CH), 138.99 (C), 142.24 (C), 163.80 (C=O) 

ppm; Found: M+ 309.1727 (1.6%) C2oH23N02 requires 309.1729. HETCOR 

experiment supports characterisation . 

. ' 

4-Benzyl-3 -hydroxy-4-methyl-2-phenethyl-l. 2. 3.4-tetrahydro-I-isoquinolinone. 

O~ 

OH 

4.15 

A stirred solution of 4-benzyl-4-methyl-2-phenethyl-l ,2,3,4-tetrahydro-l ,3-

isoquinolinedione (3.40) (0.35,0.95 mmol) in ethanol was cooled down and . 
sodium borohydride (0.70g, 18.4 mmol) was added. After two hours more 

sodium borohydride was added (0.70g, 18.4 mmol). Two hours later the 

reaction was quenched with sodium bicarbonate and gave the title compound 

(4.15) (0.32g, 91 %), diasteomeric ratio [1:2]. Data for the diastereomeric 

mixture: Vnun 3354 (broad), 2924, 1635 and 1602 cm-I; 13C nmr (100.5 M Hz, 

CDCI3) 19.51 (CH3, major), 25.85 (CH3, minor), 34.67 (CH2, minor), 34.94 

(CH2, major), 40.11 (CH2, minor); 42.53 (C, minor), 43.89 (C, major), 47.07 

(CH2, major), 48.85 (CH2, minor), 49.93 (CH2, major), 86.44 (CH, minor), 

89.70 (CH, major), 124.29-141.39 (Aromatic Cs and CHs), 162.22 (C=O, 
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minor) and 163.47 (C=O, major) ppm; Found: M+ 371.1889 (3.6%) C25H25N02 

requires 371.1885. 

3-Hydroxy-2-[2-( IH-3-indolyl)ethyI1-4-isopropyl-4-methyl-l,2,3,4-tetrahydro

l-isoquinlinone. 

N £ 
OH 

4.16 

A stirred solution of 2-[2-( 1H-3-Indolyl)ethyl]-4-isopropyl-4-methyl-l .2,3,4-

tetrahydro-l,3-isoquinolinedione (3.41) (0. 14g, 0.39 mmol) in ethanol (50 rnI) 

was cooled down and sodium borohydride (0.60g, 15.8 mmol) was added. After 

two hours more sodium borohydride was added (0.60g, 15.8 mmol). Two hours 

later a third amount (0.60g, 15.8 mmol) was added. The reaction was quenched 

with sodium bicarbonate after further two hours (overall 6 hours reaction time) 

and gave the title compound (4.16) after flash chromatography eluting with 

ENLP [2:5] (0.078g, 55%), single diastereomer, foamy oil : Vrnax 3411 (broad), 

3323 (broad), 2973,1634 and 1601 cm-I; IH nmr (400 M Hz, CDCI3) 1.10 (d, 

3H, J 6.8, CH3), 1.12 (s, 3H, CH3), 1.13 (d, 3H, J 6.8, CH3), 2.38 (p, lH, J 

6.8),2.76 (d, IH, OH, J 7.6),3.15-3.22 (m, 2H), 3.85-3.90 (m, IH), 4.13-4.19 

(m, lR), 4.83 (d, !H, J 7.6),6.98 (d, IH, J 2.3),7.14-7.51 (m, 6H), 7.73-7.75 

(m, !H), 8.16-8.19 (m, IH) and 8.28 (br.s, IH, N-H) ppm; l3C nmr (100.5 M 

Hz, CDCI3) 18.28 (CH3), 20.15 (CH3), 24.82 (CH2), 26.18 (CH), 32.87 (CH3), 

45.01 (C), 47.26 (CH2), 87.68 (CH), 111.76 (CH), 113.34 (C), 119.24 (CH), 

119.80 (CH), 122.43 (CH), 122.78 (CH), 126.34 (CH), 126.98 (CH), 127.68 

(C), 128.56 (C), 129.16 (CH), 132.39 (CH), 136.84 (C), 144.17 (C) and 

164.23 (C=O) ppm; Found: M+ 362.1985 (0.2%) C23H2~202 requires 

362.1994. HETCOR experiment supports characterisation. 
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Chapter 5 experimental: 

Generation of N-acyliminium ions from the corresponding 3-hydroxy-4,4-

disubstituted-1,2,3,4-tetrahydro-1-isoquinolinones and their subsequent 

capture - General Method. 

A magnetically stirred solution of the particular 3-hydroxy-4,4-disubstituted-

1,2,3,4-tetrahydro-l-isoquinolinone in a given volume of DCM (unless otherwise 

stated) and under nitrogen atmosphere, was adjusted to the stated temperature, 

and the particular acid was injected. The reaction was allowed to proceed for a 

given length of time. Subsequently, the reaction was terminated by quenching 

with aqueous sodium bicarbonate. The resulting cloudy emulsion was extracted 

with DCM (2 x 100 ml) and the combined organic extracts were dried over 

magnesium sulfate, concentrated in vacuo and the residue was purified by flash 

chromatography on silica gel and/or recrystailisation. 

A- N-Acylirninium ions Trapping by Aromatic Nucleophiles. 

3-M ethoxy-14.14-dimethyl-6.7.14.14a-tetrahydro-9H-benzo[ 6. 7J [ 1,4 Joxazepino 

[4.5-b Jisoquinolin-9-one. 

MeO 

5.1 

A stirred solution of 3-hydroxy-2-[2-(3-methoxyphenoxy)ethyl]-4.4-dimethyl-

1.2,3,4-tetrahydro-l-isoquinolinone (4.5) in dry DCM was adjusted to the stated 

temperature and the particular Lewis acid was added. After the stated reaction 

time. the reaction was allowed to re-adjust to room temperature and terminated, 

and gave the title compound (5.1) after flash chromatography eluting with 

EAlLP [1:2] (reaction conditions and yields are listed in Table Exp. 5.1), 
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mp 188-190 CC from EAlLP: Vmax 2971,1648 and 1611 cm-I; IH nmr (323 K, 

400 M Hz, CDCI3) 1.40 (s, 3H, CH3), 1.42 (s, 3H, CH3), 3.28-3.35 (m, IH), 

3.79 (s, 3H, MeO), 4.07-4.20 (m, 2H), 4.70 (s, 1H), 4.86-4.90 (m, IH), 6.51 

(dd, 1H,J2.6, 8.5),6.67 (d, IH,J2.6), 6.81 (d, 1H,J8.5), 7.35-7.56 (m, 3H) 

and 8.10-8.12 (m, 1H); 13C nmr (323 K, 100.5 M Hz, CDCI3) 24.37 (CH3), 

27.88 (CH3), 38.79 (C), 44.01 (CH2), 55.34 (s, 3H, MeO), 68.17 (CH), 71.44 

(CH2), 108.61 (CH), 109.31 (CH), 123.10 (CH), 123.19 (C), 126.75 (CH), 

128.21 (C), 128.89 (CH), 130.28 (CH), 132.36 (CH), 146.98 (C), 158.21 (C), 

160.68 (C) and 163.27 (C=O) ppm; Found: C, 72.23, H, 6.41, N, 4.15 % 

~oH21N03 requires C, 74.27, H, 6.50, N, 4.33 %; Found: M+ 323.1522 (58%) 

~oH21N03 requires 323.1521. HETCOR experiment at 323 K supports 

characterisation. 

Table Exp. 5.1 

Starting Reaction Reaction 
No. Material Temperature Lewis Acid DCM Time Yield 

g mmol (CC) (g, mmol) (ml) (hours) mg % 
1 0.34 1.0 Ambient AlBr3 (0.27, 1.0) 25 19 20 6 
2 0.16 0.47 Ambient Sc(OTf)3 (0.12, 0.24) 15 34 0 0 
3 0.16 0.47 35 Sc(OTf)3 (0.12, 0.24) 30 22 10 7 
4 0.20 0.59 Ambient' TiC4 (0.40 ml, 3.54) 15 24 60 32 
5 0.28 0.82 Ambient' TiCL. (0.05 ml, 0.41) 20 1 60 23 
• TICL. was added at -78 ·C for 15 rrunules then the reaction was warmed up to the 

mentioned temperature. 

14, 14-Dimethyl-5, 7,8, 13, 13b, 14-hexahydroisoquino[ 3,2-aJ~-carbolin-5-one. 

N 
I 

H 

5.2 
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A stirred solution of 3-hydroxy-2-[2-ClH-3-indolyl)ethyl]-4,4-dimethyl-I,2,3,4-

tetrahydro-I-isoquinlinone (4.4) (O.IIg, 0.33 mmol) in dry THF (ca. 50 ml) was 

cooled to 0 "<: and aluminium chloride (O.044g, 0.33 mmol) was added. After 

two hours, the reaction was allowed to warm up to room temperature. One hour 

later, the reaction was terminated and gave the title compound (5.2) (0.09Ig, 

87%), mp 214 - 215 "<: from OCM I THF: v""", 3290 (broad), 2924,1635 and 

1600 cm-I; IH nmr (400 M Hz, COCI3) 0.94 (s, 3H, CH3), 1.62 (s, 3H, CH3), 

2.82-2.90 (m, 3H), 4.79 (s, lH), 5.06-5.09 (m, lH), 7.09-7.42 (m, 7H), 8.12-

8.15 (m, IH) and 8.21 (br.s, IH, N-H) ppm; 13C nmr (100.5 M Hz, COCI3) 

2L16 (CH2), 23.46 (CH3), 23.72 (CH3), 40.65 (CH2), 40.82 (C), 61.97 (CH), 

111.36 (CH), 114.35 (C), 118.76 (CH), 120.21 (CH), 122.80 (CH), 123.61 

(CH), 126.67 (C), 127.47 (CH), 128.34 (C), 129.68 (CH), 130.17 (C), 132.69 

(CH), 136.49 (C), 147.13 (C) and 165.62 (C=O) ppm; Found: M+ 316.1580 

(100%) C2iH2oN20 requires 316.1576. 

Ethyl (7SI7R. 13bRl13bS)-14.14-dimethyl-5-oxo-5.7.8.13.13b.14-hexahydro 

isoquino[ 3.2 -a J~-carboline-7 -carboxylate. 

5.3 

A stirred solution of ethyl 2-(3-hydroxy-4,4-dimethyl-l-oxo-l ,2,3,4-tetrahydro-

2-isoquinolinyl)-3-ClH-3-indolyl)propanoate (4.7) (0.15g, 0.37 mmol) in DCM 

(ca. 15 ml), at room temperature, was injected with concentrated hydrogen 

chloride solution (few drops). After one hour, the reaction was terminated 

and gave the title compound (5.3) after flash chromatography eluting with 

EAlLP [1:2] (O.llg, 77 %), single diastereomer, mp 239-241"<: from EAlLP: 

v""", 3302 (broad), 2978, 1734, 1638 and 1602 cm-I; IH nmr (400 M Hz, CDCI3) 
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0.82 (t, 3H, 17.1), 0.94 (s, 3H, CH3), 1.56 (s, 3H, CH3), 3.00 (dd,IH, B of 

ABX, J AB15.2, JBX 5.4), 3.45 (dd, 1H, A of ABX, J AB15.2, J AX1.8), 3.77-3.86 

(m, 2H), 5.02 (s, 1H), 5.85 (dd, X of ABX, J AX 1.8, JBX 5.4), 7.02-7.47 (m, 

7H), 8.12-8.14 (m, IH) and 8.18 (br.s, 1H, N-H) ppm; l3C nmr (62.8 M Hz, 

CDCI3) 14.00 (CH3), 23.14 (CH3), 23.26 (CH3), 23.67 (CH2), 40.35 (C), 52.32 

(CH), 61.10 (CH), 61.21 (CH2), 110.35 (C), 111.03 (CH), 118.15 (CH), 119.78 

(CH), 122.41 (CH), 123.43 (CH), 126.35 (C), 127.09 (CH), 127.47 (C), 129.54 

(CH), 129.85 (C), 132.68 (CH), 136.34 (C), 147.09 (C), 165.65 (C=O) and 

171.22 (C=O) ppm; Found: M+ 388.1784 (57.9%) C24H24N203 requires 

388.1787. HETCOR and COSY experiments support characterisation. The 

structural configuration and conformation in CDCI3 at 25 OC was analysed by 

! H,! H-NOESY at 400 M Hz over mixing time of 0.70 second. 

Crosspeaks of at least medium strength were considered. The following protons 

show nOe crosspeaks: 

1,2 and 3. 

2 and 7 (methyl protons). 

8 
H 

4,5 and 6 (methyl protons). 

9 and 6 {methyl protons). 

1 2 

U U3 

COOCH 2CH3 

H """ 9 

o 

Figure Exp. 5.1 
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The analysis results were further strengthen by conformational energy 

minimisation conducted by CAChe programme (Figure Exp. 5.1). Relevant 

interatomic distances calculated by CAChe minimisation are shown in Table 

Exp.5.2. 

Table Exp. 5.2. 

protons distance (,A) 

1-2 1.81 
2-3 2.50 
1-3 2.52 
1-8 2.56 
2-7 (CH3) 3.69 

4-5 3.04 
5-6 (CH3). 1.94 

4-6 (CH3) 2.52 

6-9 3.06 

B- Competition between Aromatic NucIeophiles and Migrating methyl group in 

Trapping N-Acyliminium ions. 

Reactions of 3-hydroxy-4,4-dimethyl-2-phenethyl-I,2,3,4-tetrahydro-l

isoquinlinone with aluminium tribromide and aluminium trichloride. 

5.4 5.5 

A stirred solution of 3-hydroxy-4,4-dimethyl-2-phenethyl-l,2,3,4-tetrahydro-l

isoquinlinone (4.1) (O.30g, 1.0 mmol) in the particular solvent (30 ml) was 

adjusted to the stated temperature and the particular Lewis acid was added (1.5 

equivalents). After the stated reaction time the reaction was re-adjusted to room 

temperature and terminated. Reaction conditions and product ratios are 

illustrated in Table Exp. 5.3. 
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Table Exp. 5.3 

Reaction Reaction 
No. Temperature LewisAcidt Solvent Time 5.4tt 5.5 

(OC) (hours) % % 

1 -5 AlBr3 o-DCB 6 30 70 

2 -5 AlBr3 DCM 6 5 95 

3 Ambient AlBr3 DCM 24 41 59 

4 35 AlBr3 DCM 24 44 56 

5 180 AlBr3 o-DCB 4 94 6 

6 35 AlO3 DCM 24 25* 9 

7 35 AlO3 DCM 72 73 27 

8 180 AlO3 o-DCB 4 93 7 

t AlBr3 (400mg , 1.5 mmol), AlC13 (200mg, 1.5 mmol). 

tt Ratios estimated from the average peak areas at 4.81 (s, IH), 5.01 (m, IH) and 
8.15 (m, lH) ppm for (5.5) compared topeak areas at 2.30 (s, 3H, CH3), 

4.31 (m, 2H) and 8.50 (m, IH) ppm for (5.4) from the IH nmr spectra of 
crude products. Mass balance was maintained. 

* Starting material accounts for 66 % (based on IH nrnr). 

Data for compounds (5.5) and (5.4). 

3,4-Dimethyl-2-phenethyl-1,2-dihydro-1-isoquinolinone (5.4), fIrst eluted with 

ENLP [1:3], yellow oil: Vmax 3050, 1645, 1614 and 1592 cm-I; IH nrnr (250 M 

Hz, CDCI3) 2.32 (s, 3H, CH3), 2.40 (s, 3H, CH3), 3.01-3.07 (m, 2H), 4.33-4.40 

(m, 2H), 7.27- 7.69 (m, 8H) and 8.49-8.52 (m, IH) ppm; 13C nrnr (100.5 M Hz, 

CDCI3) 13.75 (CH3), 16.22 (CH3), 34.79 (CH2), 46.34 (CH2), 109.01 (C), 

122.41 (CH), 124.39 (C), 125.52 (CH), 126.37 (CH), 127.81 (CH), 128.33 (2 x 

CH), 128.41 (2 x CH), 131.90 (CH), 134.82 (C), 136.95 (C), 138.48 (C) and 

162.18 (C=O) ppm; Found: M+ 277.1458 (14.6%) C I9HIgNO requires 

277.1467. HETCOR and COSY experiments support characterisation. 

13,13-Dimethyl-5,S, 13, 13a-tetrahydro-6H -isoquino[ 3,2-alisoquinolin·8-one 

(5.5), second eluted with ENLP [1:3], mp 122-125 OC from ENLP : Vrnax 2955, 

1647 and 1602 cm·l ; IH nrnr (250 M Hz, CDCI3) 0.90 (s, 3H, CH3), 1.40 (s, 

3H, CH3), 2.72-3.00 (m, 3H), 4.81 (s, IH), 4.97-5.04 (m, lH), 7.17 -7.48 (m, 

7H) and 8.12-8.16 (m, lH) ppm; i3C nmr (62.8 M Hz, CDCI3) 23.07 (CH3), 

23.79 (CH3), 29.97 (CH2), 39.56 (CH2), 40.70 (C), 64.88 (CH), 123.35 (CH), 
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125.23 (CH), 126.84 (CH), 127.27 (CH), 128.24 (C), 128.47 (CH), 128.98 

(CH), 130.13 (CH), 131.76 (C), 132.01(CH), 138.61 (C), 147.68 (C) and 

164.38 (C=O) ppm; Found: M+ 277.1468 (29.5%) Cl~19NO requires 

277.1467. HETCORE and COSY experiments support characterisation 

Reactions of 2-( 3,4-dimethoxyphenethyl)-3-hydroxy-4,4-dimethyl-l ,2,3,4-

tetrahydro-l-isoquinolinone with aluminium tribromide and aluminium 

trichloride. 

OMe 

N~OM' 

5.6 

MeO 

MeO 

5.7 

A stirred solution of 2-(3,4-dimethoxyphenethyl)-3-hydroxy-4,4-dimethyl-

1,2,3,4-tetrahydro-l-isoquinolinone (4.2) (0.30g, 0.85 mmol) in o-DCB (45 ml) 

was adjusted to the stated temperature and the particular Lewis acid was added 

Cl or 3 equivalents). After the stated reaction time the reaction was re-adjusted 

to room temperature and terminated. Reaction conditions and product ratios are 

illustrated in Table Exp. 5.4. 
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TableEx 54 ~. . 
Reaction Reaction 

No. Temperature LewisAcid Time 5.7 5.6tt 
(OC) (mg,mmol) (hours) % % 

I -5 AlBr3 (227, 0.85) 2 0 42* 

2 -5 AlBr3 (680, 2.55) 2 0 100 

3 Ambient AlBr3 (227,0.85) 24 72 20** 

4 Ambient AlBr3 (680, 2.55) 24 0 100 

5 180 AlBr3 (227, 0.85) 0.5 78 22 

6 Ambient AlCI3 (113, 0.85) 24 67 21+ 

7 Ambient AlCI3 (340, 2.55) 24 71 29 

tt Ratios estimated from the average peak areas at 4.75 (s, IH), 5.00 (m, IH) 
and 8.13 (m, IH) ppm for (5.7) compared to peak areas at 2.30 (s, 3H, 
CH3), 4.31 (m, 2H) and 8.50 (m, IH) ppm for (5.6) form I H nmr 

spectrums of crude products. Mass balance was maintained. 
* Starting material accounts for 58 % (based on IH mm). 
** Starting material accounts for 8 % (based on IH nrnr). 
+ Starting material accounts for 12 % (based on IH nmr). 

Oata for compounds (5.6) and (5.7). 

2 -( 3,4-Dimethoxyphenethyl)-3,4-dimethyl-I,2 -dihydro-I-isoquinolinone (5.6), 

first eluted with EAlLP [1:2], mp 117.0 - 118.0 OC from EAlLP: Vrnax 2936, 

1643, 1614 and 1590 cm-I; IH mm (250 M Hz, COCI3) 2.30 (s, 3H, CH3), 2.36 

(s, 3H, CH3), 2.92-3.01 (m, 2H), 3.81 (s, 3H, OMe), 3.86 (s, 3H, OMe), 4.27-

4.37 (m, 2H), 6.78 (s, IH), 6.81 (d, 2H, J 0.6),7.42-7.48 (m, IH), 7.63-7.67 (m, 

2H) and 8.47-8.51 (m, IH) ppm; i3C nrm (62.8 M Hz, COCI3) 14.00 (CH3), 

16.53 (CH3), 34.58 (CH2), 46.74 (CH2), 55.85 (CH3, OMe), 55.96 (CH3, 

OMe), 109.17 (c), 111.38 (CH), 112.14 (CH), 120.73 (CH), 122.64 (CH), 

124.66 (C), 125.77 (CH), 128.05 (CH), 131.36 (C), 132.16 (CH), 135.20 (c), . 

137.20 (C), 147.79 (C), 149.05 (C) and 162.44 (C=O) ppm; Found: M+ 

337.1680 (6.4%) CZIHz3N03 requires 337.1678. 

X-Ray Report (Experimental Details). 

A. Crystal Data 

Empirical Formula 

Formula Weight 
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Crystal Colour, Habit 

Crystal Dimensions 

Crystal System 

Lattice Type 

No. of Reflections Used for Unit 

Cell Determination (2a range) 

Omega Scan Peak Width at 

Half -height 

Lattice Parameters 

Space Group 

Z value 

Dealc 

Fooo 

J.1 (CuKa) 

B. Intensity Measurements 

Diffractometer 

Radiation 

Attenuater 

Take-off Angle 

Detector Aperture 

Crystal to Detector Distance 

Voltage, Current 

Temperature 

Scan Type 

Scan Rate 

Scan Width 
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clear, block 

0.20 x 0.20 x 0.34 mm 

monoclinic 

primitive 

25 (70.3 - 74.50) 

0.360 

a = 8.210(2) °A 

b = 13.229(4) °A 

c = 16.372(2) ° A 

~ = 97.89(2)0 

V = 1761.3(6)OA3 

P2dn (#14) 

4 

1.272 glcm3 

720.00 

6.42 cm" 

Rigaku AFC7S 

CuKa(/..= 1.54l78°A) 

graphite monochromated 

Ni foil (factor = 9.42) 

6.0 0 

9.0 mm horizontal 

13.0 mm vertical 

400 mm 

OkV,OmA 

20.0OC 

<0 

16.001 min (in (0) (up to 4 scans) 

(1.37 + 0.35 tana) 0 



2emax 

No. of Reflections Measured 

Corrections 

C. Structure Solution and Refinement 

Structure Solution 

Refmement 

Function minimised 

Least Squares Weights 

P-factor 

Anomalous Dispersion 

No. Observations (1)2.000-(1)) 

No. Variables 

Reflection I Parameter Ratio 

Residuals: R; Rw 

Goodness of Fit Indicator 

Max ShiftlError in Final Cycle 

Maximum peak in Final Diff. Map 

Minimum peak in Final Diff. Map 

120.20 

Total: 2987 

Unique: 2772 (Rin' = 0.089) 

Lorentz-polarization 

Absorption 

(trans. factors: 0.7594 - 1.0000) 

Decay (0.62% increase) 

Secondary Extinction 

(coefficient: 5.08 I 2ge-06) 

Direct Methods (SAPI91) 

Full-matrix least-squares 

L wqFol-IFcl)' 

0.0010 

AIl non-hydrogen atol115 

1688 

227 

7.44 

0.040; 0.028 

3.03 

0.05 

2,3-Dimethoxy-13,13-dimethyl-5, 8,13,13a-tetrahydro-6H-isoquino{ 3,2-

aJisoquinolin-8-one (5.7)196, second eluted with EAlLP [1:21, mp 165.0 - 167.0 

DC from EAlLP: Vrnax 3056, 1652 and 1634 cm-I; IH nmr (250 M Hz, COeI3) 

0.92 (s, 3H, CH3), 1.45 (s, 3H, CH3), 2.66-2.90 (m, 3H), 3.86 (s, 3H, MeO), 

3.91 (s, 3H, MeO), 4.75 (s, 1H), 4.96-5.01 (m, 1H), 6.67 (s, 1H), 6.72 (s, IH), 
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7.36-7.46 (m, 3H) and 8.12-8.15 (m, IH) ppm; I3C mm (100.5 M Hz, CDCI3) 

23.41(CH3), 24.37 (CH3), 29.89 (CH2), 40.14 (CH2), 41.35 (C), 56.28 (CH3, 

OMe), 56.51 (CH3, OMe), 65.08 (CH), 111.66 (CH), 113.97 (CH), 123.73 

(CH), 123.97 (C), 127.27 (CH), 128.69 (C), 129.43 (CH), 131.65 (c), 132.52 

(CH), 146.75 (C), 148:10 (C), 148.55 (C) and 164.96 (C=O) ppm; Found: M+ 

337.1679 (13.2%) CaJc. for C21H23N03 337.1678. HETCOR and COSY 

experiments support characterisation. 

3 -Ethyl-4-methyl-2-phenethyl-l.2-dihydro-l-isoquinolone. 

5.8 

A stirred solution of 4-ethyl-3-hydroxy-4-methyl-2-phenethyl-l.2,3,4-

tetrahydro-I-isoquinolinone (4.14) (0.18g, 0.58 mmol) in dry DCM (ca. 50 ml) 

was cooled to -7 CC and aluminium bromide (0.29g, 1.05 mmol) was added. 

After 3 hours the reaction was terminated and gave the title compound (5.8) 

after flash chromatography eluting with EAlLP [I :6] (0.05g, 30%), yellow oil: 

Vmax 2973, 1645, 1613 and 1593 Cm-I; IH nmr (250 MHz, CDCI3) 1.19 (t, 3H, 

CH3, J 7.5),2.33 (s, 3H, CH3), 2.75 (q, 2H, J 7.5),3.01-3.08 (m, 2H), 4.32-4.38 

(m, 2H), 7.32- 7.68 (m, 8H) and 8.48-8.52 (m, IH) ppm; 13C nmr (100.5 M Hz, 

CDCI3) 13.45 (CH3), 13.75 (CH3), 22.99 (CH2), 35.63 (CH2), 46.24 (CH2), 

108.84 (C), 122.78 (CH), 124.94 (C), 125.94 (CH), 126.76 (CH), 128.21 (CH), 

129.00 (2 x CH), 129.l9 (2 x CH), 132.24 (CH), 137.51 (C), 138.90 (C), 

140.70 (C) and 162.69 (C=O) ppm; Found: M+ 291.1625 (25.8%) C2oH21 NO 

requires 291.1623. 
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4-Methyl-2-phenethyl-l,2-dihydro-l-isoquinolinone. 

5.9 

A stirred solution of 4-benzyl-3-hydroxy-4-methyl-2-phenethyl-l,2,3,4-

tetrahydro-l-isoquinolinone (4.15) (0.35g, 0.94 mmol) in dry DCM (ca. 50 ml) 

cooled to -5 OC and aluminium bromide (O.40g, 1.5 mmol) was added. After 4 

hours, the reaction was allowed to warm up to room temperature and terminated 

and gave the title compound (5.9) after flash chromatography eluting with 

ENLP [1:3] (0. 12g, 50%), colourless oil: Vrnax 2941, 1653, 1623 and 1603 cm-I; 

IH nmr (400 M Hz, CDCI3) 2.19 (d, 3H, CH3, J 1.1), 3.01-3.09 (rn, 2H), 4.12-

4.19 (m, 2H), 6.66 (d, 1H, J 1.1), 7.20-7.68 (m, 8H) and 8.49-8.51 (m, lH) 

ppm; l3C nmr (100.5 M Hz, CDCI3) 15.66 (CH3), 35.81 (CH2), 51.58 (CH2), 

112.09 (c), 123.41 (CH), 126.49 (C), 126.99 (2 x CH), 128.55 (CH), 128.99 (2 

x CH), 129.37 (2 x CH), 130.04 (CH), 132.35 (CH), 137.74 (C), 138.79 (C) and 

162.20 (C=O) pprn; Found: M+ 263.1311 (17.3%) CISH17NO requires 

263.1310. HETCOR and COSY experiments support characterisation. 

5-Phenethyl-l,2,3,4,5,6-hexahydro-6-phenanthridinone. 

5.10 

A stirred solution of 3-hydroxy-2-phenethyl-l,2,3,4-tetrahydro-l-isoquinolin

one-4-spiro-cyclopentane (4.10) in the particular solvent was adjusted to the 

stated temperature and aluminium bromide added. After the stated reaction 

time, the reaction was allowed to re-adjust to room temperature and terminated, 

and gave the title compound (5.10) (reaction conditions and yields are lisled in 
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Table Exp. 5.5.), mp 89-92 OC from DCM: Vrnax 2935, 1645, 1614 and 1597 

cm· l ; IH nmr (250 M Hz, CDCI3) 1.79-1.82 (m, 4H), 2.59-2.62 (m, 2H), 2.73-

2.76 (m, 2H), 2.99-3.05 (m, 2H), 4.26-4.32 (m, 2H), 7.26-7.66 (m, 8H) and 

8.49-8.52 (m, IH) ppm; l3C nmr (62.8 M Hz, CDCI3) 21.76 (CH2), 22.78 

(CH2), 24.31 (CH2), 27.08 (CH2), 34.86 (CH2), 45.06 (CH2), 110.68 (C), 

121.44 (CH), 124.54 (C), 125.75 (CH), 126.49 (CH), 127.91 (CH), 128.53 (2 x 
CH), 128.85 (2 x CH), 131.98 (CH), 136.64 (C), 136.80 (C), 138.79 CC) and 

162.70 (C=O) ppm; Found: M+ 303.1626 (22.8%) C21 H21 NO requires 

303.1623. 

Table Exp. 5.5 

Starting Reaction Reaction 
No. Material Temperature AlBr3 Solvent Time 

g mmol (OC) g mmol (ml) (hours) 

I 0.14 0.44 150 0.18 0.66 25 (o-DCB) 2 

2 0.14 0.44 -7 0.18 0.66 15 (DCM) 4 

C- N-Acyliminium ions Trapping by Migrating Alkyl Groups. 

2-Benzyl-3.4-dimethyl-I.2-dihydro-I-isoquinolinone 

o 

N:O 
5.11 

Yield 
g % 

0.13 96 

0.11 80 

A stirred solution of 2-benzyl-3-hydroxy-4,4-dimethyl-l,2,3,4-tetrahydro-l

isoquinolinone (4.3) (1.20g, 4.3 mmol) in dry DCM (50 ml) at room temperature 

was injected with aluminium bromide (1.73g, 6.4 mmol). After four hours. the 

reaction was terminated and gave the title compound (5.11) after flash 

chromatography eluting with EAlLP [1:2) (0.32g, 19%), mp 110-111 CC from 

EAlLP: Vrnax 3030, 1647, 1614 and 1595 cm-I; IH nmr (250 M Hz, CDCI3) 2.28 
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(s, 3H, CH3), 2.32 (s, 3H, CH3), 5.49 (br.s, 2H), 7.14~7.69 (m, 8H) and 8.52-

8.55 (m, IH) ppm; I3C mm (62.8 M Hz, CDCI3) 13.82 (CH3), 16.67 (CH3), 

47.55 (CH2), 109.50 (C), 122.62 (CH), 124.60 (C), 125.72 (CH), 126.17 (2 x 

CH), 126.98 (CH), 128.47 (CH), 128.67 (2 x CH), 132.23 (CH), 136.20 (C), 

137.20 (C), 137.44 (C) and 162.50 (C=O) ppm; Found: M+ 263.1309 (56.0%) 

C ISH 17NO requires 263.1310. 

5-Benzyl-I,2,3,4,5.6-hexahydro-6-phenanthridinone. 

o 

5.12 

A stirred solution of 2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l-isoquinolinone-4-

spiro-cyclopentane (4.9) (LOg, 3.26 mmol) in dry DCM (50 ml) at room 

temperature was injected with aluminium bromide (1.08g, 4.0 mmol). After four 

hours, the reaction was terminated and gave the title compound (5.12) after flash 

chromatography eluting with EAlLP [1:2] (O.72g, 77%), mp 145-146 CC (lit. 197 

156 - 157 QC) from EAlLP : Vmax 2944, 1644, 1615 and 1596 cm-I; I H nmr (250 M 

Hz, CDCI3) 1.77-1.80 (m, 4H), 2.61-2.64 (m, 2H), 2.75-2.77 (m, 2H), 5.45 (br.s, 

2H), 7.13- 7.69 (m, 8H) and 8.51-8.54 (m, 1H) ppm; l3C nrnr (100.5 M Hz, 

CDCI3) 22.22 (CH2), 23.13 (CH2), 24.69 (CH2), 27.54 (CH2), 46.63 (CH2), 

111.32 (C), 121.91 (CH), 124.93 (C), 126.25 (CH), 126.53 (2 x CH), 127.35 

(CH), 128.87 (CH), 129.08 (2 x CH), 132.60 (CH), 137.40 (C), 137.68 (C), 

137.93 (C) and 163.22 (C=O) ppm; Found: M+289.1468 (71.1%) Calc. for 

C2oH I9NO 289.1467. 
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6-Benzyl-6. 7. 8.9.1 O.11-hexahydro-5H-cyclohepta{ c JiSoquinolin-5 -one. 

o 

NX) 

5.13 

A stirred solution of 2-benzyl-3-hydroxy-l.2.3,4-tetrahydro-l-isoquinolinone-4-

spirocyclohexane (4.11) (0.60g. 1.87 rnrnol) in dry DCM (40 ml) at room 

temperature was injected with aluminium bromide (0.76g. 2.85 mrnol). After 

three hours. the reaction was terminated and gave the title compound (5.13) 

after flash chromatography eluting with EAlLP [1:3] (0.30g. 53%). mp 160-161 

CC from EAlLP : Vmax 2925. 1642.1610 and 1590 cm-I; IH nmr (400 M Hz. 

CDCI3) 1.39-1.40 (m. 2H), 1.64-1.67 (m, 2H), 1.76-1.79 (m, 2H), 2.89-2.97 (m, 

4H). 5.58 (br.s, 2H), 7.19- 7.80 (m. 8H) and 8.58-8.60 (m. IH) ppm; 13C nrnr 

(100.5 M Hz, CDCI3) 25.47 (CH2). 26.28 (CH2), 26.46 (CH2). 30.61 (CH2). 

31.65 (CH2), 47.89 (CH2), 117.33 (C), 122.39 (CH), 124.96 (C), 125.96 (CH). 

126.79 (2 x CH), 127.48 (CH), 129.11 (2 x CH), 129.37 (CH), 132.73 (CH). 

136.80 (C), 138.20 (C), 143.70 (C) and 163.23 (C=O) ppm; Found: M+ 

303.1625 (20.6%) ~IH2INO requires 303.1623. HETCOR experiment 

supports characterisation. 

D- N-Acyliminium ions Trapping by Cyclopropane Ring Opening. 

2-Benzyl-4-(2-bromoethyl)-1.2-dihydro-1-isoquinolinone. 

o 

N~ 
/ V 

Br 

5.14 
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A stirred solution of 2-benzyl-3-hydroxy-I,2,3,4-tetrahydro-l-isoquinolinone-4-

spirocyclopropane (4.8) (0.09g, 0.32 mrnol) in dry DCM (15 m1) at room 

temperature was injected with aluminium bromide (0.76g, 2.85 mrnol). After 

three hours, the reaction was terminated and gave the title compound (5.14) 

after flash chromatography eluting with EAlLP [1:3] (0.087g, 80%), mp 143-

144 OC from EAlLP: v..,.. 3040, 1654, 1619 and 1600 cm-I; IH nrnr (400 M Hz, 

CDCI3) 3.20 (t, 2H, 17.5), 3.57 (t, 2H, 17.5), 5.26 (s, 2H), 7.05 (s, IH),7.30-

7.73 (m, 8H) and 8.56-8.58 (m, IH) ppm; i3C nrnr (loo.5 M Hz, CDCI3) 31.95 

(CH2), 33.57 (CH2), 52.09 (CH2), 113.62 (C), 122.48 (CH), 126.90 (C), 127.38 

(CH), 128.27 (CH), 128.35 (2 x CH), 129.24 (2 x CH), 129.40 (CH), 131.20 

(CH), 132.84(CH), 136.22 (C), 137.15 (C) and 162.26 (C=O) ppm; Found: M+ 

341.0398 (3.4%) CI8HI~OBr requires 341.0416. HETCOR experiment 

support characterisation. 

2 -Benzyl-4-(2 -ethoxyethyl )-1,2 -dihydro-1-isoquinolinone. 

o 

o~ 

S.15 

A stirred solution of 2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l-isoquinolinone-4-

spiro-cyclopropane (4.8) (0.03g, 0.11 mrnol) in dry diethyl ether (25 rnl) was 

cooled to -78 OC and boron trifluoride etherate (0.23g, 1.60 mrnol) was injected. 

After 25 minute the reaction mixture was warmed to room temperature, 25 

minutes later the reaction was terminated and gave the title compound (5.1S) 

after flash chromatography eluting with EAlLP [1:3] (0.035g, quantitative), oil: 

v..,.. 2866, 1655, 1626 and 1602 cm-I; IH nmr (250 M Hz, CDCI3) 1.13 (t, 3H, J 

7.0),2.90 (t, 2H, J 6.9),3.42 (q, 2H, 17.0),3.60 (t, 2H, J 6.9),5.21 (s,2H), 

7.01 (s, IH), 7.26-7.69 (m, 8H) and 8.50-8.54 (m, lH) ppm; i3C nrnr (100.5 M 

Hz, CDCI3) 15.55 (CH3), 30.27 (CH2), 52.06 (CH2), 66.75 (CH2), 70.07 (CH2), 

113.79 (C), 123.08 (CH), 126.74 (C), 127.09 (CH), 128.17 (CH), 128.36 (2 x 

227 



CH), 129.10 (CH), 129.18 (2 x CH), 130.44 (CH), 132.55 (CH), 137.05 (C), 

137.36 (C) and 162.35 (C=O) ppm; Found: M+ 307.1573 (6.6%) C2oH21N02 

requires 307.1572. 

2-Benzyl-4-(2-hydroxyethyl )-1, 2-dihydro-1-isoq uinolinone. 

o 

N~ 
OH 

5.16 

A stirred solution of 2-benzyl-3-hydroxy-I,2,3,4-tetrahydro-1-isoquinolinone-4-

spirocyclopropane (4.8) (0.03g, 0.11 mmol) and BSA (0.086g, 0.43 mmol) in 

dry DCM (25 ml) was cooled to -78 OC and TMSOTf (0.047g, 0.21 mmol) was 

added. After 25 minute the reaction mixture was warmed to room temperature, 

25 minutes later the reaction was terminated and gave the title compound (5.16) 

after flash chromatography eluting with EAlLP [1:3] (0.017g, 55%), mp 133-

135 OC from DCM: Vrnax 3407 (broad), 1651, 1620 and 1599 cm-I; IH nrnr (400 

M Hz, CDCl3) 2.16 (br.s, 1H), 2.88 (t, 2H, J 6.4),3.85 (t, 2H, J 6.4),5.06 (s, 

2H), 6.98 (s, 1H), 7.26-7.68 (m, 8H) and 8.48-8.50 (m, IH) ppm; 13C nrnr 

(100.5 M Hz, CDCl3) 33.18 (CH2), 51.95 (CH2), 62.05 (CH2), 113.38 (c), 

123.14 (CH), 126.73 (C), 127.26 (CH), 128.24 (CH), 128.32 (2 x CH), 129.14 

(CH), 129.21 (2 x CH), 130.77 (CH), 132.67 (CH), 136.88 (C), 137.21 (C) and 

162.28 (C=O) ppm; Found: M+ 279.1262 (43.1 %) C IsH17N02 requires 

279.1259. COSY experiment support characterisation. 
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E- Trapping of N-acyliminium Generated from 4,4-diallyl-2-benzyl-3-hydroxy-

1,2.3.4-tetrahydro-l-isoquinolinone. 

Reactions of 4.4-diallyl-2-benzyl-3-hydroxy-l.2.3.4-tetrahydro-l

isoquinolinone with titanium tetrachloride and aluminium tribromide. 

5.17 

A stirred solution of 4,4-diallyl-2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l

isoquinolinone (4.12) in dry DCM was adjusted to the stated temperature and 

the particular Lewis acid was added. After the stated reaction time, the reaction 

was terminated and gave 4-allyl-2-benzyl-l,2-dihydro-l-isoquinolinone (5.17) 

after flash chromatography eluting with EAlLP [1 :4] (reaction conditions and 

yields are listed in Table Exp. 5.6.), oil: Vmax 3062,1656, 1624 and 1606 cm-I; 

IH nrnr (400 M Hz, CDCI3) 3.31 (d, 2H, J 6.1),5.00-5.05 (m, 2H), 5.13 (s, 2H), 

5.84-5.91 (m, lH), 6.85 (s, lH), 7.18-7.59 (m, 8H) and 8.43-8.45 (m, lH) ppm; 

\3C nrnr (62.8 M Hz, CDCl3) 33.65 (CH2), 51.71 (CH2), 114.61 (C), 117.07 

(CH2), 123.18 (CH), 126.34 (C), 126.79 (CH), 127.78 (CH), 127.87 (2 x CH), 

128.59 (CH), 128.81 (2 x CH), 129.68 (CH), 132.10 (CH), 135.71 (CH), 

136.60 (C), 137.01(C) and 162.04 (C=O) ppm; Found: M+ 275.1309 (49.7%) 

CI9H17NO requires 275.1310. HETCOR experiment supports characterisation. 

Table Exp. 5.6 

Starting Reaction Reaction 
No. Material Temperature Lewis Acid DCM Time Yield 

mg mmol ("C) (g, mmol) (ml) (hours) mg 

1 300 0.90 Ambient AlBr3 (0.30, 1.12) 30 4 103 
2 200 0.60 Ambient' TiC4 (0.24, 1.26) 20 4.5 160 

% 
42 
92 

'TiC4 was added at -78 QC for 15 minutes then the reaction was warmed up to the 
mentioned temperature. 
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Reaction of 4,4-diallyl-2-benzyl-3-hydroxy-1 ,2, 3,4-tetrahydro-1-isoquinolinone 

with boron trifluoride etherate in chloroform. 

o 

5.18 

A solution of 4,4-diallyl-2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l-

isoquinolinone (4.12) (0.130g, 0.38 mmol) in chloroform (2rn1) at room 

temperature; was injected with boron trifloride etherate (54mg, 0.38 rnrnol). 

After 2.5 hours, the reaction was terminated, and gave after flash chromato

graphy eluting with ENLP [1:4] (2S12R, 3aR/3aS, 9bRl9bS)-9a-allyl-4-benzyl-

2-fluoro-2,3,3a,4,5,9b-hexahydro -1 H-cyc/openta[ c Jisoquinolin-5-one (5.18) 

(76mg, 60%), single diastereomer, oil: v...,. 2977, 1648 and 1601 cm-I; IH nrnr 

(400 M Hz, CDCI3) 1.67-1.74 (rn, IH), 2.12-2.32 (rn, 4H), 2.77-2.84 (rn, IH), 

3.82 (dd, IH, J7.0, 11.4),4.47 (d, IH,J 14.4), 4.71 (dd, lH, J 1.8, 17.0),4.83-

4.86 (rn, 0.5H), 4.92 (dd, IH, J 1.8, 10.0),4.97-4.99 (rn, O.5H), 5.12 (d, IH, J 

14.4),5.37-5.44 (rn, lH), 7.27-7.53 (rn, 8H) and 8.24-8.26 (rn, IH) ppm; 13C 

nrnr (100.5 M Hz, CDCI3) 38.99 (d, CH2, J 21.3),43.22 (d, CH2, J 21.9), 45~87 

(CH2), 46.98 (d, C, J 1.4), 50.61 (CH2), 61.68 (CH), 90.73 (d, CH, J 174.1), 

119.46 (CH2), 126.52 (CH), 127.60 (CH), 128.05 (C), 128.20 (CH), 129.08 (2 

x CH), 129.21 (CH), 129.32 (2 x CH), 132.67 (CH), 132.96 (CH), 137.79 (C), 

142.97 (C) and 162.93 (C=O) ppm; Found: M+ 335.1685 (92.6%) C22H22FNO 

requires 335.1685. HETCOR annd COSY experiments support characterisation. 

The structural conformation and configuration in CDCI3 at 25 CC were analysed 

by IH,IH-NOESY at 400 M Hz over two mixing times: 0.55 and 0.70 second. 

Crosspeaks of at least medium strength were considered. The following protons . 

show nOe crosspeaks (the numbers of the relevant hydrogen atoms are in bold 

and they correspond to the numbered atoms in Figure Exp. 5.2) : 
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1 (dd, 3.82 pprn) 

2 (rn, 2.14 pprn) 

1 (dd, 3.82 pprn) 

2 (rn, 2.14 pprn) 

1 (dd, 3.82 pprn) 

2 

and 

~-, 

and 2 (rn, 2.14 pprn). 

and 4 (rn, 4.83-4.86 pprn). 

and 7 (rn, 5.37-5.44 pprn). 

and 8b (d, 4.47 ppm). 

8a (d, 5.12 ppm) and 8b (d, 4.47 ppm). 

~ 
r----t/N 0 

Figure Exp. 5.2. 

The analysis results were further strengthened by conformational energy 

minimisation conducted by CAChe programme (Figure Exp. 5.2). Relevant 

interatomic distances calculated by CAChe minimisation are shown in Table 

Exp.5.7. 

Table Exp. 5.7 

protons distance CA) 
1-2 2.38 
2-4 2.39 
1-7 1.78 
2-8b 2.91 
1-8a 2.28 
1-8b 3.24 
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Reaction of 4,4-diallyl-2-benzyl-3-hydroxy-l ,2, 3, 4-tetrahydro-J -isoquinolinone 

with boron trifluoride etherate in diethyl ether. 

o o o 

5.19 5.20 5.21 

A stirred solution of 4,4-diallyl-2-benzyl-3-hydroxy-l,2,3,4-tetrahydro-l

isoquinolinone (4.12) (O.3Og, 0.90 rnrnol) in dry diethyl ether (30ml) was cooled 

down to -78 CC and boron trifloride etherate (0. 16g, 1.13 rnrnol) was added. 

After 15 minutes, the reaction was wanned up to room temperature. After 28 

hours the reaction was terminated, and gave after flash chromatography eluting 

with EAlLP [1 :7] four identifiable compounds. The fust one 4,4-Diallyl-2-

benzyl-3-ethoxy-l,2,3,4-tetrahydro-l-isoquinolinone (5.19)(22mg, 7%), oil: 

Vmax 2978, 1655 and 1603 cm-I; IH nmr (250 M Hz, CDCI3) 1.03 (t, 3H, J 6.9), 

1.82-1.86 (m, 2H), 2.48 (dd, lH, J 7.9, 13.3),2.69 (dd, lH, J 6.8, 13.3), 3.34-

3.40 (m, lH), 3.54-3.60 (m, IH), 4.14 (d, IH, A of AB, J 14.4), 4.49 (s, IH), 

4.74-4.94 (m, 2H), 5.16-5.29 (m, 3H), 5.57 (d, IH, B of AB, J 14.4), 5.75-5.82 

(m, IH), 7.12-7.48 (m, 8H) and 8.14-8.17 (m, lH) ppm; i3C nmr (62.8 M Hz, 

CDCI3) 15.36 (CH3), 35.38 (CH2), 40.17 (CH2), 44.36 (c), 51.42 (CH2), 64.64 

(CH2), 91.45 (CH), 118.59 (CH2), 119.31 (CH2), 125.37 (CH), 126.73 (CH), 

127.76 (CH), 128.31 (C), 128.58 (CH), 128.60 (2 x CH), 129.23 (2 x CH), 

131.58 (CH), 132.72 (CH), 133.08 (CH), 137.25 (C), 142.49 (C) and 164.40 

(C=O) ppm; Found: M+361.2043 (0.9%) C24H27N02 requires 361.2042. The 

second product is a mixture of two regioisomers (3aS/3aR, 9bS/9bR)-9b-Allyl-4-

benzyl-3a,4,5,9b-tetrahydro-l H-cyclopenta[ c lisoquinolin-5-one (5.20) and 

(3aS/3aR, 9bS/9bR)-9b-Allyl-4-benzyl-3a,4, 5, 9b-tetrahydro-3H

cyclopenta[clisoquinolin-5-one (5.21) (27mg, 9%), data for the isomeric 

mixture (5.20/5.21) [2:3], oil: Vmax 2919, 1647 and 1602 cm-I; IH nmr (for 5.21) 

(400 M Hz, CDC13) 2.02-2.07 (m, IH), 2.l2 (dd, lH, J 8.5, 13.9),2.27 (dd, lH, 

J 6.3, 13.9),2.45-2.51 (m, IH), 3.69 (dd, IH, J 7.6,9.3),4.26 (d, A of AB, J 
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14.4),4.41 (dd, lH, J 1.5, 17.0),4.74 (dd, lH, J 1.5, 10.1),5.15 (d, lH, 14.4), 

5.35-5.43 (m, IH), 5.68-5.70 (m, lH), 5.97 (dd, IH, J 2.2,6.2),7.05 (dd, IH, J 

0.7,8.7),7.20-7.39 (m, 7H) and 8.11-8.15 (m, IH) ppm; i3C nmr (for 5.21) 

(100.5 M Hz, CDCI3) 38.74 (CH2), 45.26 (CH2), 50.07(CH2), 50.97 (C), 62.31 

(CH), 119.08 (CH2), 127.02 (CH), 127.17 (CH), 127.27 (C), 128.08 (CH), 

128.43 (CH), 128.99 (2 x CH), 129.33 (2 x CH), 130.52 (CH), 132.70 (CH), 

133.31 (CH), 136.16 (CH), 138.12 (C), 142.19 (C) and 163.26 (C=O) ppm; \3C 

nmr (for 5.20) (100.5 M Hz, CDCI3) 44.29 (CH2), 45.45 (CH2), 50.30 (C), 

50.67 (CH2), 68.24 (CH), 118.68 (CH2), 126.46 (CH), 127.25 (CH), 128.11 

(CH), 128.60 (CH), 128.75 (C), 129.03 (2 x CH), 129.43 (2 x CH), 130.69 

• (CH), 131.18 (CH), 132.30 (CH), 133.99 (CH), 137.78 (C), 143.99 (C) and 

163.05 (C=O) ppm; Found: M+ 315.1624 (11.2%) ~2H21NO requires 

315.1623. The third compound is (2S12R, 3aR/3aS, 9bR!9bS)-9a-allyl-4-

benzyl-2 -fluoro-2,3,3a,4,5,9b-hexahydro -1 H-cyc/openta[ c Jisoquinolin-5-one 

(5.18) (72 mg, 24%). 
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Reactions of 4,4-diallyl-2-benzyl-3-hydroxy-1 ,2,3,4-lIitrahydro-l

isoquinolinone with TMSOTf in the presence and absence of selected 

nucleophiles. 

o 

o o 

N:0 

5.22 5.23 

5.25 

5.24 

A stirred solution of 4,4-diallyl-2-benzyl-3-hydroxy-I,2,3,4-tetrahydro-l

isoquinolinone (4.12) in a given volume of dry DCM and under nitrogen 

atmosphere was cooled down to -78 OC and TMSOTfwas added. After 15 

minutes the reaction was warmed to the stated reaction temperature. Mter a 

given period of time, the reaction was quenched with the particular nucleophile 

(nucleophile time). After the stated reaction time the reaction was tenninated. 

Reaction conditions and yields are illusterated in Table Exp. 5.8. 
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Table Exp. 5.S 

Reaction No. I 2 3 4 5 
Starting mg 300 113 200 200 190 
material mmol 0.90 0.34 0.60 0.60 0.57 
Solvent ml 20 15 20 20 20 
TMSOTf mg 152 280 280 250 

mmol catalytic 0.68 1.26 1.26 1.14 
Reaction 
Temperature (OC) Ambient Ambient Ambient -10 Ambient 
NucIeophile mg BSA 540 BSA 276 ACNH260 Non TMSAit340 

mmol 2.66 1.36 6.0 2.28 
NucIeophile 
Time minutes 0* 80 60 ------ 60 
Reaction 
Time hours 4 10 23 29 25 
Chromatographic 
elution system+ I: I 1:6 ~1:3t I:IO~ 1:1* 1:1O~1:4* 1:1O~1:2t 

Products (in elution order). 
5.22 mg ------ 16 14 17 9 

% ------ 15 7 9 5 
5.20/5.21 mg ------ 30 55 76 28 

[5.20:5.21]** % ------ 28t [1:5] 29 [1:3] 40 [1:4] 16 
5.23 mg ------ 31 25 ------ 15 

[Dias. Ratio]lt % ------ [3:2] 24 [3: I] II ------ [4: I] 7 
5.25 mg ------ ------ 19 ------ ------

[Dias. Ratio]tt % ------ ------ [2: I] 10 ------ ------

5.24 rng 147 40 ------ ------ 53 
% 44 31 ------ ------ 25 

* BSA was added to the stirred solution of the the starting material in DCM, 
after 5-10 minutes, the reaction was c;ooled down to -78 OC and TMSOTf was 
added. 

++ ACN = acetonitrile, TMSA = N-trimethylsilyl acetamide. 
+ Solvent system ratio: EAlLP. 
t Gradient elution. 
** The alkene ratios are shown in square brackets and are calculated from 

the average peak hights of comparable carbon atoms in \3C nrnr 
spectroscopy. 

t Only 5.21 was isolated. 
It The diastereomeric ratios [Major: Minor] are shown in square brackets, and 

are calculated from the peak areas for the comparable protons at 3.44 (dd, IH, . 
J 7.9, 10.5 Hz) ppm for the major diastereomer and 3.67 (dd, IH, J 8.2, 10.4 
Hz) ppm for the minor diastereomer. 

tt The diastereomeric ratios [Major: Minor] are shown in square brackets and 
are calculated from the isolated and purified diastereomers. 
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Data for compounds (5.22), (5.23), (5.25) and (5.24).' 

3,4-Diallyl-2-benz:yl-i,2-dihydro-i-isoquinolinone (5.22), oil : Vmax 3035, 1648, 

1612 and 1600 cm-I; IH nmr (250 M Hz, CDCI3) 3.36-3.38 (m, 2H), 3.47-3.49 

(m, 2H), 4.93-5.27 (m, 4H), 5.46 (br.s, 2H), 5.90-6.05 (m, 2H), 7.10-7.70 (m, 

8H) and 8.52-8.55 (m, IH) ppm; l3C nmr (100.5 M Hz, CDCI3) 31.83 (CH2), 

33.70 (CH2), 47.65 (CH2), 113.02 (C), 116.39 (CH2), 117.51 (CH2), 123.56 

(CH), 125.52 (C), 126.29 (2 x CH), 126.67 (CH), 127.52 (CH), 129.09 (CH), 

129.28 (2 x CH), 132.86 (CH), 133.96 (CH), 135.95 (CH), 137.06 (C), 138.09 

(C), 138.17 (C) and 163.45 (C=O) ppm; Found: M+ 315.1621 (40.2%) 

Cz2H21NO requires 315.1623. 

Ni-{(3aR/3aS, 9bRl9bS)-9b-Allyl-4-benzyl~5-oxo-2,3,3a,4,5,9b-hexahydro-iH

cyclopenta[cJisoquinolin-2-ylJacetate (5.23), data for the diastereomeric 

mixture, oil : Vrnax 2978, 1736, 1645 and 1602 cm-I; IH nrnr (for the major 

diastereomer) (400 M Hz, CDCI3) 1.50-1.62 (m, IH), 1.70 (5, 3H, CH3), 2.04-

2.14 (m, 2H), 2.17-2.21 (m, lH), 2.36-2.52 (m, 2H), 3.44 (dd, lH, 17.9, 10.5), 

4.39 (d, lH, A of AB, J 14.4), 4.64-4.73 (m, IH), 4.88-4.94 (m, 2H), 5.09 (d, 

IH, B of AB, J 14.4), 5.30-5.41 (m, IH), 7.22-7.51 (m, 8H) and 8.19-8.25 (m, 

IH) ppm; IH nmr (for the minor diastereomer) (400 M Hz, CDCI3) 1.77-1.85 

(m, IH), 1.88-1.95 (m, IH), 2.00 (5, 3H, CH3), 2.04-2.14 (m, 2H), 2.17-2.21 

(m, lH), 2.79 (dd, lH, 17.3, 13.9),3.67 (dd, lH, J 8.2, 10.4),4.36 (d, lH, A of 

AB, J 14.4), 4.82-4.86 (m, lH), 4.88-4.94 (m, 2H), 5.12 (d, lH, B of AB, J 

14.4),5.30-5.41 (m, lH), 7.22-7.51 (m, 8H) and 8.19-8.25 (m, lH) ppm; l3C 

nmr (for the major diastereomer) (100.5 M Hz, CDCI3) 21.33 (CH3), 38.53 

(CH2), 41.31 (CH2), 45.61 (CH2), 46.68 (C), 50.44 (CHV' 62.18 (CH),71.58 

(CH), 119.52 (CH2), 126.97 (CH), 127.33 (CH), 127.81 (C), 128.22 (CH), 

129.09 (2 x CH), 129.24 (3 x CH), 132.74 (CH), 132.97 (CH), 137.76 (C), 

142.98 (C), 163.19 (C=O), and 171.10 (C=O) ppm; 13C nrnr (for the minor 

diastereomer) (100.5 M Hz, CDCI3) 21.53 (CH3), 38.09 (CH2), 41.46 (CH2) , 

45.06 (CH2), 47.34 (C), 50.51 (CH2), 61.69 (CH), 71.78 (CH), 119.43 (CH2), 

126.15 (CH), 127.73 (CH), 127.81 (C), 128.19 (CH), 129.09 (2 x CH), 129.29 
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(3 x CH), 132.08 (CH), 132.74 (CH), 137.79 (C), 142.13 (C), 163.13 (C=O) 

and 170.98 (C=O) ppm; Found: M+ 375.1836 (9.0%) C24H25N03 requires 

375.1834. HETCOR, COSY and NOESY (in CDCl3 at 25 oc: over 0.70 second 

mixing time) experiments support characterisation. 

(3aR/3aS, 9bR/3aS )-9b-Allyl-4-benzyl-2-hydroxy-2,3,3a,4,5,9b-hexahydro-1 H

cyclopenta[clisoquinolin-5-one (5.25), data for the minor diastereomer 

(isolated, 7 mg), oil, Vrnax 3394 (broad), 1641 and 1603 cm-I; IH mnr (400 M 

Hz, CDCI3) 1.74-1.87 (m, 3H), 2.22-2.29 (m, 3H), 2.75-2.85 (m, lH), 3.86 (dd, 

lH,J 8.2, 10.4),4.10-4.16 (m, lR), 4.50 (d, lH, J14.3), 4.77 (dd, IH,J 1.8, 

17.0),4.92 (dd, lH, J 1.8, 10.0) 5.07 (d, lH, J 14.3), 5.40-5.50 (m, lH), 7.27-

7.50 (m, 8H) and 8.24-8.26 (m, lH) ppm; \3C nmr (100.5 M Hz, CDCI3) 41.62 

(CH2), 45.32 (CH2), 45.81 (CH2), 47.59 (C), 50.69 (CH2), 62.16 (CH), 69.16 

(CH), 118.82 (CH2), 126.03 (CH), 127.31 (CH), 127.99 (CH), 128.73 (C), 

128.91 (2 x CH), 129.19 (CH), 129.36 (2 x CH), 132.34 (CH), 133.35 (CH), 

138.07 (C), 143.40 (C) and 163.15 (C=O) ppm; Found: M+ 333.1725 (55.0%) 

C22H23N02 requires 333.1729. Data for the major diastereomer (eluted after 

the minor diastereomer, 12 mg), oil, Vrnax 3402 (broad), 1637 and 1600 cm-I; IH 

nmr (250 M Hz, CDCI3) 1.37-1.52 (m, lH), 1.73 (br.s, lH, OH), 2.00-2.25 (m, 

3H), 2.37-2.48 (m, 2H), 3.38 (dd, lH,17.7, 11.0),4.10-4.16 (m, lH),4.39 (d, 

IH, J14.5), 4.63 (dd, IH, J 1.8, 17.0),4.88 (dd, lH, J 1.8, 10.0),5.08 (d, lH, J 

14.5),5.30-5.41 (m, lH), 7.28-7.55 (m, 8H) and 8.22-8.25 (m, IH) ppm; \3C 

nmr (100.5 M Hz, CDCI3) 42.31 (CH2), 44.40 (CH2), 45.81 (CH2), 46.70 (C), 

50.45 (CH2), 62.52 (CH), 69.29 (CH), 119.38 (CH2), 127.03 (CH), 127.63 

(CH), 127.95 (C), 128.19 (CH), 129.02 (2 x CH), 129.19 (2 x CH), 129.52 

(CH), 132.55 (CH), 133.18 (CH), 137.88 (C), 143.32 (C) and 163.15 (C=O) 

ppm; Found: M+ 333.1728 (10.0 %) C22H23N02 requires 333.1729. 

N 1-( 4,4-Diallyl-2-benzyl-1-oxo-1 ,2,3,4-tetrahydro-3-isoquinolinyl )acetamide 

(5.24), mp 139-142 oc: from EAlLP: Vrnax 3288 (broad), 1652,1645 and 1602 

cm-I; IH nrnr (400 M Hz, CDCI3) 1.82"1.86 (m, lH), 1.87 (s, 3H, CH3), 2.01-
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2.04 (m, lH), 2.33 (dd, 1H, J 5.0, 14.8),2.73 (dd, 1H, J 8.3, 14.8),4.14 (d, 1H, 

A of AB, J 14.0),4.65-4.69 (m, lH), 4.89-4.92 (m, 1H), 5.10-5.20 (m,3H), 

5.42 (d, lH, B of AB, J 14.0), 5.47 (d, lH, J 10.2), 5.50-5.70 (m, IH), 5.89 (d, 

1H, J 10.2),7.22-7.54 (m, 8H) and 8.19-8.21 (m, 1H) ppm; 13C nmr (62.8 M 

Hz, CDCI3) 23.28 (CH3), 36.11 (CH2), 41.09 (CH2), 43.50 (c), 48.34 (CH2), 

65.81 (CH), 119.12 (CH2), 119.67 (CH2), 126.19 (CH), 127.68 (CH), 127.73 

(CH), 127.82 (C), 128.56 (2 x CH), 129.25 (CH), 129.56 (2 x CH), 131.95 

(CH), 132.08 (CH), 132.22 (CH), 136.79 (C), 140.67 (c), 162.87 (C=O) and 

169.96 (C=O) ppm; Found: M+ 374.1994 (13.4%) C24H26N202 requires 

374.1994. HETCOR experiment supports characterisation. 
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Chapter 6 experimental: 

The oxidation of 4-monosubstituted-l,2,3,4-tetrahydro-l,3-isoquinoline

diones by dioxygen in alkaline media and cleavage-cyclisation reactions -

General Method. 

A magnetically stirred solution of the particular 1,3-isoquinolinedione, sodium 

hydroxide (I equivalent or catalytic) in a given volume of oxygen-saturated 

ethanol was heated to reflux for a given length of time. Subsequently, the 

reaction mixture was allowed to cool down to room temperature. The reaction 

was then adjusted to neutral pH using diluted hydrochloric acid. Then DCM 

(ISO ml) and water (ISO ml) were added to the reaction mixture followed by 

vigorous shaking. The organic layer was then collected and the aqueous layer 

was further extracted with DCM (lOO ml). The combined organic extracts were 

dried over magnesium sulfate, concentrated in vacuo and the residue was 

purified by flash chromatography on silica gel and/or recrystallisation. 

Oxygen-saturation of ethanol was done by bubbling oxygen gas in the particular 

volume of ethanol for 5-10 minutes prior to dissolving the particular 1,3-isoqu

inolinedione. The following oxidation reactions were conducted: 

Oxidation of 2 -benzyl-4-ethyl-l ,2, 3, 4-tetrahydro-l, 3 -isoquinolinedione. 

o 

N~ 
"'0 V 

OH 

6.1 

~NH 

6.2 

A stirred solution of 2-benzyl-4-ethyl-I,2,3,4-tetrahydro-l,3-isoquinolinedione 

(3.18) and sodium hydroxide in ethanol heated to reflux for the stated period 

and gave two products after flash chromatography eluting with EAlLP [1:4] 

(reaction conditions and yields are listed in Table Exp. 6.1). The first product 

2-benzyl-4-ethyl-4-hydroxy-l,2,3,4-tetrahydro-l,3-isoquinolinedione (6.1), oil: 
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Vrnax 3464 (broad), 2972,1722,1674 and 1606 cm-I; IH mm (400 M Hz, CDCI3) 

0_65 (t, 3H, J75), 1.77-1.93 (m, 2H), 3.85 (br.s, lH, OH), 5.14 (d, lH, A of 

AB,JAB 13.9), 5.19(d, lH,JAB 13.9),7.28-7.72 (m, 8H) and 8.18-8.20 (m, IH) 

ppm; 13C mnr (100.5 M Hz, CDCI3) 8.06 (CH3), 40.70 (CH2), 44.43 (CH2), 

75.77 (C), 124.71 (C), 125.51 (CH), 128.12 (CH), 128.73 (CH), 128.88 (2 x 

CH), 129.03 (CH), 129.35 (2 x CH), 134.37 (CH), 136.97 (C), 141.22 (C), 

164.37 (C=O) and 177.36 (C=O) ppm; Found: M+ 295.1211 (14.5%) 

CIsH 17N03 requires 295.1208. The second product Nl-benzyl-l-ethyl-3-oxo

l,3-dihydro-l-isobenzoJurancarboxamide (6.2), mp 127-129 OC from EAlLP: 

Vrnax 3365 (broad), 2974, 1772, 1675 and 1600 cm-I; IH nrnr (400 M Hz, CDCI3) 

0.88 (t, 3H, J7.4), 2.01-2.10 (m, IH), 2.46-2.55 (m, IH), 4.25 (dd, lH, J 5.2, 

14.7),4.56 (dd, lH, J6.6, 14.7),7.10 (br.s, IH, N-H), 7.22-7.31 (m, 5H), 7.56-

7.59 (m, IH), 7.71-7.75 (m, IH) and 7.83-7.90 (m, 2H) ppm; 13C mm (100.5 M 

Hz, CDCI3) 8.33 (CH3), 32.09 (CH2), 43.93 (CH2), 89.88 (C), 123.91 (CH), 

124.61 (C), 125.88 (CH), 128.06 (CH), 128.14 (2 x CH), 129.12 (2 x CH), 

130.24 (CH), 135.31 (CH), 137.77 (C), 149.36 (C), 169.25 (C=O) and 169.58 

(C=O) ppm; Found: C, 72.55, H, 5.75, N, 4.77 % C ISHI7N03 requires C, 73.22, 

H, 5.76, N, 4.74 %; Found: M+ 295.1210 (22.8%) C ISHI7N03 requires 

295.1208. 

Table Exp. 6.1 

Starting Product 
Material NaOH Reaction Solvent yields 

No Time Volume 6.1 6.2 
mg mmol mg mmol (hours) (ml.) mg % mg % 

1 210 0.75 33 0.83 4 70 22 10 113 51 
2 210 0.75 5 0.11 9 70 80 36 55 25 

240 



Oxidation of 2-( 3,4-dimethoxyphenethyl)-4-ethyl-l ,2,3,4-tetrahydro-l,3-

isoquinolinedione. 

~
OMe 

o I 
N ./ OMe 

o 
OH 

6.3 

H:(XoMe 
N I 

OMe 

6.4 

A stirred solution of 2-(3,4-dimethoxy phenethyl)-4-ethyl-l,2,3,4-tetrahydro-

1,3-isoquinolinedione (3.20) (LOg, 2.83 mmol) and sodium hydroxide (0.11 g, 

2.83 mmol) in ethanol (70 ml) was heated to reflux for 24 hours and gave two 

products after flash chromatography eluting with EAlLP [1:4]. The fIrst product 

2-(3,4 -dimethoxyphenethyl )-4-ethyl-4-hydroxy-l, 2, 3, 4-tetrahydro-l, 3-

isoquinolinedione (6.3) (0. 109, 10%), oil: v""'" 3464 (broad), 2967, 1718, 1671 

and 1606 cm-I; IH nmr (250 M Hz, CDCI3) 0.70 (t, 3H, n.5), 1.75-1.88 (m, 

2H), 2.88 (t, 2H, n.8), 3.76 (br.s, lH, OH), 3.85 (3H, CH3, OMe), 3.86 (3H, 

CH3, OMe), 4.08-4.17 (m, IH), 4.23-4.32 (m, IH), 6.78-6.83 (m, 3H), 7.46-

7.53 (m, lH), 7.67-7.70 (m, 2H) and 8.13-8.16 (m, IH) ppm; l3C nmr(62.8 M 

Hz, CDCI3) 7.87 (CH3), 33.78 (CH2), 40.22 (CH2), 42.21 (CH2), 55.78 (CH3, 

MeO), 55.93 (CH3, MeO), 75.25 (C), 111.33 (CH), 112.14 (CH), 121.00 (CH), 

124.63 (C), 125.18 (CH), 128.34 (CH), 128.43 (CH), 130.70 (C), 133.93 (CH), 

140.81 (C), 147.78 (C), 148.94 (C), 163.98 (C=O) and 177.01 (C=O) ppm; 

Found: M+369.1574 (4.5%) C21H23N05 requires 369.1576. The second 

product Nl-( 3,4-dimethoxyphenethyl)-1-ethyl-3-oxo-l,3-dihydro-l-isobenzo 

furan carboxamide (6.4) (0.53g, 51%), oil: v""'" 3369 (broad), 2938,1771, 

1674 and 1592 cm-I; IH nmr (400 M Hz, CDCI3) 0.84 (t, 3H, J 7.4),1.98-2.05 

(m, 1H), 2.39-2.45 (m, lH), 2.72 (t, 2H, J 7.0),3.42-3.57 (m, 2H), 3.84 (s, 3H, 

OMe), 3.85 (s, 3H, OMe), 6.60-6.75 (m, 4H), 7.54-7.58 (m, IH), 7.69-7.73 (m, 

lH) and 7.82-7.85 (m, 2H) ppm; l3C nmr (100.5 M Hz, CDCI3) 8.25 (CH3), 

31.82 (CH2), 35.54 (CH2), 41.09 (CH2), 56.18 (CH3, OMe), 56.29 (CH3, 

OMe), 89.83 (C), 111.86 (CH), 112.22 (CH), 121.00 (CH), 123.85 (CH), 
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124.52 (C), 125.76 (CH), l30.16 (CH), 131.08 (C), 135.22 (CH), 14S.18 (C), 

149.37 (C), 149.46 (C), 169.22 (e=O) and 169.49 (C=O) ppm; Found: M+ 

369.1573 (32.7%) C21H23NOs requires 369.1576. 

Oxidation oJ 2,4-dibenzyl-l ,2,3,4-tetrahydro-l, 3-isoquinolinedione. 

0 <PNH N:D 
0 OH 

0 

6.5 6.6 

A stirred solution of 2,4-dibenzyl-l,2,3;4-tetrahydro-l,3-isoquinolinedione 

(3.22) and sodium hydroxide in ethanol heated to reflux for the stated period and 

gave two products after flash chromatography eluting with EAlLP [1 :7) 

(reaction conditions and yields are listed in Table Exp. 6.2). The first product 

2-dibenzyl-4-hydroxy-l,2,3,4-tetrahydro-l,3-isoquinolinedione (6.5), mp 109-

III CC ether: Vrnax 3459 (broad), 3032,1719,1673 and 1605 cm-I; IH nmr (400 

M Hz, CDCI3) 3.09 (d, lH, A of AB, JAB 12.9),3.19 (d, lH, B of AB, JAB 

12.9),3.95 (br.s, IH, OH), 4.96 (d, IH,.A of AB, JAB 13.S), 5.08 (d, IH, JAB 

l3.8), 6.51-6.52 (m, 2H), 7.04-7.70 (m, IlH) and 8.0S-8.10 (m, IH) ppm; I3C 

nmr (100.5 M Hz, CDCI3) 44.50 (CH2), 54.11 (CH2), 76.1S (C), 125.17 (C), 

125.78 (CH), 127.S6 (CH), 128.16 (CH), 128.41 (2 x CH), 12S.61 (CH), 128.90 

(2 x CH), 128.94 (CH), 129.82 (2 x CH), l30.38 (2 x CH), 133.45 (C), l34.37 

(CH), l36.75 (C), 140.25 (C), 163.76 (C=O) and 176.43 (C=O) ppm; Found: 

M+ 357.l365 (11.5 %) C23HI9N03 requires 357.1365. COSY experiment 

supports characterisation. The second product Nl,1-dibenzyl-3-oxo-l,3-

dihydro-l-isobenzoJurancarboxamide (6.6), mp 96-98 CC from EAlLP: Vrnax 

3364 (broad), 3031,1774,1676 and 1600 cm-I; IH nmr (400 M Hz, CDCI3) 

3.26 (d, IH, A of AB,] AB 14.0),3.75 (d, IH, B of AB, JAB 14.0),4.10 (dd, 

lH, J 4.7, 14.7),4.50 (dd, IH, J 6.9, 14.7),6.70 (br.s, lH, N-H), 6.95-6.97 (m, 

2H), 7.22-7.30 (m, 8H), 7.58-7.60 (m, lH), 7.79-7.81 (m, 2H) and 8.06-8.08 
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(m, IH) ppm; l3C nmr (100.5 M Hz, CDCI3) 43.83 (CH2), 44.88 (CH2), 89.17 

(C), 124.23 (CH), 124.68 (C), 125.92 (CH), 127.72 (CH), 128.00 (2 x CH), 

128.66 (2 x CH), 129.05 (CH), 130.37 (CH), 130.91 (2 x CH), 133.96 (C), 

135.26 (CH), 137.23 (C), 149.00 (C), 168.51 (C=O) and 169.10 (C=O) ppm; 

Found: M+ 357.1366 (4.1 %) C23Hl~03 requires 357.1365. COSY experiment 

supports characterisation. 

Table Exp. 6.2 

Starting Product 
Material NaOH Reaction Solvent yields 

Time Volume 6.5 6.6 
mg mmol mg mmol (hours) (ml.) mg % mg % 

230 0.67 4 0.10 17 70 80 33 30 13 

Oxidation oj 2-benzyl-4-isopropyl-l.2.3.4-tetrahydro-l.3-isoquinolinedione. 

~NH o 

o 

6.7 6.9 

Procedure A: 

A stirred solution of 2-benzyl-4-isopropyl-1,2,3,4-tetrahydro-1,3-isoquinoline 

dione (3.23) (0.20g, 0.68 mmol), sodium hydroxide (4.1 mg, 0.10 mmol) and 

triethyl phosphite (0.34g, 2.04 mmol) in ethanol (70 ml) was bubbled with 

oxygen gas over 18 hours at room temperature. Subsequently, the reaction was 

terminated by adding DCM (150 ml) and water (150 ml) followed by vigorous 

shaking. The organic layer was then collected and the aqueous layer was further 

extracted with DCM (lOO ml). The combined organic extracts were dried over 

magnesium sulfate, concentrated in vacuo and gave after flash chromatography 

eluting with EAlLP [1:4J2-benzyl-4-hydroxy-4-isopropyl-l,2.3.4-tetrahydro-

1.3-isoquinolinedione (6.9) (0.20g, 97%). oil: Vmax 3482 (broad), 2969.1719, 
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1673 and 1605 cm-I; IH mm (400 M Hz, CDCI3) 0.68 (d, 3H, J 6.7),0.73 (d, 

3H, J 6.7), 1.87 (h, lH,J 6.7),3.83 (br.s, lH, OH), 5.12 (d, IH, A of AB, JAB 

13.8),5.19 (d, IH, JAB 13.8),7.30-7.70 (m, 8H) and 8.17-8.19 (m, lH) ppm; 

l3C mm (100.5 M Hz, CDCI3) 16.78 (CH3), 17.04 (CH3), 42.99 (CH), 44.52 

(CH2), 78.03 (C), 125.45 (C), 126.34 (CH), 128.18 (CH), 128.60 (CH), 128.71 

(CH), 128.81 (2 x CH), 129.65 (2 x CH), 133.62 (CH), 136.83 (C), 140.26 (C), 

164.77 (C=O) and 177.31 (C=O) ppm; Found: M+ 309.1366 (6.0%) CI9HI9N03 

requires 309.1365. 

Procedure B: 

In accordance with the oxidation general method, a stirred solution of 2-benzyl-

4-isopropyl-l ,2,3,4-tetrahydro-l,3-isoquinolinedione (3.23) and sodium 

hydroxide in ethanol (hydrous or anhhydrous) was heated to reflux for a given 

period of time and gave two products after flash chromatography eluting with 

EAlLP [1 :6] (reaction conditons and yields are listed in Table Exp. 6.3). The 

first product 2-ben<:yI-4-hydroxy-4-isopropyl-I,2,3,4-tetra hydro-I,3-

isoquinoline dione (6.9). The second product NI-ben<:yI-I-isopropyl-3-oxo-I ,3-

dihydro-I-isobenzoJurancarboxamide (6.7), mp 143-145 OC from ENLP: Vrnax 

3366 (broad), 2971, 1773, 1676 and 1598 cm-I; IH nrnr (400 MHz, CDCI3) 

0.55 (d, 3H, J 6.8), 1.13 (d, 3H, J 6.8),2.83 (h, lH, J 6.8), 4.22 (dd, lH, J 5.1, 

14.7),4.57 (dd, lH, J6.6, 14.7),7.06 (br.s, lH, N-H), 7.22-7.31 (m, SH), 7.56-

7.58 (m, lH), 7.71-7.74 (m, IH) and 7.83-7.88 (m, 2H) ppm; I3C nmr (100.5 M 

Hz, CDCI3) 15.35 (CH3), 17.76 (CH3), 35.52 (CH), 43.77 (CH2), 92.06 (C), 

123.71 (CH), 124.61 (C), 125.65 (CH), 128.04 (CH), 128.22 (2 x CH), 128.96 

(2 x CH), 130.02 (CH), 135.16 (CH), 137.60 (C), 149.06 (C), 169.30 (C=O) 

and 169.76 (C=O) ppm; Found: M+ 309.1363 (12.2%) CI9HI~03 requires 

309.1365. HETCOR and COSY experiments support characterisation. 
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Table Exp. 6.3 

Starting Product 
Material NaOH Reaction Solvent yields 

No Time Volume 6.9 6.7 
mg mmol mg mmol (hours) (mJ.) mg % mg % 

1 620 2.10 92 2.30 6 65' non 140 22 
2 550 1.90 83 2.10 7 70 non 600 quant. 
3 230 0.74 non 5 50 non non 
4 380 1.30 8 0.20 5 50 non 358 89 
5 230 0.74 30 0.75 5 60 non 240 quant. 

, Solvent: ethanol/water [5:8] 

Oxidation oJ 2-[2-( IH-3-indolyl)ethyIJ-4 -isopropyl-l.2.3.4-tetrahydro-l.3-

isoquinolinedione. 

o 

6.8 

A stirred solution 2-[2-(lH-3-indolyl)ethyl]-4-isopropyl-l ,2,3,4-tetrahydro-l ,3-

isoquinolinedione (3.24) (0.20g, 0.58 mmol) and sodium hydroxide (25mg, 0.63 

mmol) in ethanol (40 mJ) was heated to reflux for 5 hours and gave Nl-[2-(1H-3-

indolyl)ethyl J-l-isopropyl-3-oxo-l.3 -dihydro-l-isobenzoJuran carboxamide I 0, 198 

(6.8) (0.19g, 91 %), mp 187-189 CC from ENLP: Vmax 3406 (broad), 2970, 1771 

and 1669 cm-I; IH nmr (400 M Hz, CDCI3) 0.56 (d, 3H, 16.8), 1.11 (d, 3H, 1 

6.8), 2.81 (h, lH, 1 6.8),2.94 (t, 2H, 16.9),3.50-3.69 (m, 2H), 6.72 (br.s, IH, N

H), 6.91 (d, IH, 12.0), 7.10-7.13 (m, lH), 7.19-7.23 (m, IH), 7.36-7.38 (rn, IH), 

7.55-7.60 (m, 2H), 7.71-7.75 (m, IH), 7.86-7.88 (rn, 2H) and 8.17 (br.s, lH, N-H) 

ppm; J3c nmr (l00.5 M Hz, CDCI3) 15.49 (CH3), 17.89 (CH), 25.70 (CH2), 

35.48 (CH), 40.00 (CH2), 92.29 (C), 111.67 (CH), 112.77 (C), 118.92 (CH), 

119.91 (CH), 122.37 (CH), 122.59 (CH), 123.89 (CH), 124.75 (C), 125.75 (CH), 
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127.44 (C), 130.12 (CH), 135.30 (CH), 136.82 (C), 149.30 (C), 169.38 (C=O) 

and 169.95 (C=O) ppm; Found: M+ 362.1636 (14.0%) C22H22N203 requires 

362.1630. HETCOR and COSY experiments support characterisation. 

Bischler-Napieralski cycIisation of isobenzofuran carboxamides -General 

Method. 

A magnetically stirred solution of the particular isobenzofuran carboxamide and 

phosphorus oxychloride (5-10 equivalents) in a given volume of dry acetonitrile 

was heated to reflux for a given length of time. Subsequently, the reaction 

mixture was allowed to cool down to room temperature. The reaction was then 

quenched carefully with diluted ammonia aqueous solution. Then DCM (100 

ml) and water (100 ml) were added to the reaction mixture followed by vigorous 

shaking. The organic layer was then collected and the aqueous layer was further 

extracted with DCM (100 ml). The combined organic extracts were dried over 

magnesium sulfate, concentrated in vacuo and the residue was purified by flash 

chromatography on silica gel and/or recrystaIlisation. 

3-( 4.9-Dihydro-3H-~-carbolin-l-yl)-3-isopropyl-l.3-dihydro-l-isobenzo 

furanone. 

6.10 

A stirred solution of N1-[2-(IH-3-indoly1)ethyl]-I-isopropyl-3-oxo-1,3-dihydro-

1-isobenzofuran carboxarnide (6.8) (0.15g, 0.41 mmol) and phosphorus 

oxychloride (0.61g, 4.0 mmol) in dry acetonitrile (5 ml) was heated to reflux for 

3 hours and 30 minutes and gave the title compound (6.10) after flash chromato

graphy eluting with EAlLP [1:4] (31mg, 22%), mp 148-149 CC from EAlLP: 

Vmax 3473, 3350 (broad), 2969, 1769 and 1601 cm-I; IH nmr (400 M Hz, CDCI3) 
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0.77 (d, 3H, J 6.8), 1.04 (d, 3H, J 6.8),2.84-2.93 (m, 3H), 3.93-4.05 (m, 2H), 

7.16-7.96 (m, 8H) and 9.20 (br.s, 1H, N-H) ppm; 13C mm (100.5 M Hz, CDCI3) 

16.43 (CH3), 17.56 (CH3), 19.40 (CH2), 37.77 (CH), 48.97 (CH2), 95.37 (C), 

112.75 (CH), 118.66 (C), 120.04 (CH), 120.59 (CH), 125.05 (C), 125.27 (CH), 

125.47 (2 x CH), 125.59 (C), 127.00 (C), 129.66 (CH), 134.54 (CH), 136.86 

(C), 150.69 (C), 159.67 (C=N) and 170.37 (C=O) ppm; Found: C, 77.27, H, 

6.12, N, 7.99 % C22H2oNP2 requires C, 76.71, H, 5.81, N, 8.14 %; Found: M+ 

344.1524 (1.4%) C22H2oN202 requires 344.1525. 

3-(6, 7-Dimethoxy-3,4-dihydro-l-isoquinolinyl)-3-ethyl-l ,3-dihydro-l-isobenzo 

furanone. 

MeO 

MeO 

6.11 

A stirred solution of N1-(3,4-dimethoxyphenethyl)-I-ethyl-3-oxo-l,3-dihydro-l

isobenzofuran carboxamide (6.4) (0.49g, 1.32 mmol) and phosphorus oxychloride 

(1.0g, 6.54 mmol) in dry acetonitrile (10 ml) was heated to reflux for 4 hours and 20 

minutes and gave the title compound (6.11) after flash chromato-graphy eluting with 

EAlLP [1:5] (0.27g, 58%), oil: Vrnax 2939,1765 and 1606 cm-I; IH nmr (400 M Hz, 

CDCI3) 0.75 (t, 3H, 17.5), 2.22-2.27 (m, lH), 2.51-2.60 (m, 3H), 3.58-3.62 (m, 

IH), 3.70-3.75 (m, lH), 3.85 (s, 3H, OMe), 3.88 (s, 3H, OMe), 6.66 (s, 1H), 7.39 

(s, 1H), 7.49-7.53 (m, lH), 7.66-7.67 (m, 2H) and 7.86-7.89 (m, lH) ppm; 13C nrnr 

(100.5 M Hz, CDCI3) 7.91 (CH3), 26.54 (CH2), 32.89 (CH2), 47.72 (CH2), 56.20 

(CH3, MeO), 56.46 (CH3, MeO), 93.28 (C), 110.49 (CH), 110.75 (CH), 120.22 

(C), 124.96 (CH), 125.40 (CH), 126.20 (C), 129.47 (CH), 133.23 (C), 134.14 

(CH), 147.47 (C), 151.01 (C), 151.89 (C), 164.53 (C=N) and 170.64 (C=O) ppm; 

Found: M+ 351.1468 (80.5%) C21H21N04 requires 351.1471. COSY experiment 

supports characterisation. 
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