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Summary 

Palladium Mediated Synthesis of N-Heterocycles by 
Iminoannulation of Aliènes 

The preparation of small heterocyclic molecules by means of palladium-catalyzed 

cyclization reactions have been extensively studied over the last two decades of the previous 

century. In addition to the use of alkenes as the electrophilic partners, aliènes and acetylenes in 

particular have attracted the attention of organic chemists in recent years. Our own interest is 

focused on the palladium-mediated synthesis of N-heterocycles by iminoannulation of aliènes. 

Pd 

A = H, Br, I 

In Chapter 1 a survey on palladium mediated chemistry is presented, with emphasis on 

the use of aliènes for the synthesis of various molecules. 

Chapter 2 deals with the synthesis of cyclopalladated oe-tetralone ketimine complexes 2 

from imines 1 (eq 1) and their reaction with 1,1-dimethylallene (DMA) or 

vinylidenecyclohexane (VCH) (eq 2). This is the first reported nucleophilic attack of an imine 

nitrogen atom on a Pd-7i-allyl species, leading to a N-heterocyclic product. 

RNH, l.Pd(OAc)2 

2. LiCl (1) 
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Summary 

(a) DMA 

or (b) VCH 

3 (condition a) 

(2) 

4 (condition b) 

It turns out that reactions of cyclopalladated imines with DMA lead to iminium salts 3 

with a high regioselectivity. Attack of the imine nitrogen predominantly takes place at the most 

substituted position of the aliène. This result is in contrast with the reactions of cyclopalladated 

pyridines and DMA reported by the group of Pfeffer. They found that the regioselectivity was 

governed by steric effects leading to thermodynamic products. The regioselectivity of the 

reactions described in Chapter 2 is controlled by electronic effects as two donating methyl 

groups can stabilize a positive charge on the formed Pd-7t-allyl species. It is shown that the 

isolated products can only be converted into thermodynamic products in the presence of a 

suitable Pd(0) source. In the case of VCH an adverse regioselectivity is observed leading to 

iminium salts 4. 

During the reaction of complexes 2 with DMA, an equilibrium exists between iminium 

chlorides 5 and the corresponding enamines 6. In the case of the p-NCVQH., substituted 

cyclopalladated imine, this equilibrium lies predominantly to the enamine. This may be due to 

the electron withdrawing group on the imine, which makes protons H9 more acidic (eq 3). This 

is also the reason that the work-up procedure is difficult for these iminium chlorides. Therefore, 

these products are converted to iminium hexafluorophospate salts. HPF6 is more acidic than 

HCl which drives the equilibrium of enamine and iminium salt to the side of the iminium salt. 

HCl 

+ HC1 
(3) 

Reactions of complexes 2 with electron-releasing groups in the para position of the 

aniline with DMA are much faster than the corresponding reactions with electron-releasinj: 

groups. Qualitatively, the reactions proceed faster in the following order: R = p-N02-C6H4 < Pi 

< p-Tol < p-An < Bn. The rate determining step is the bridge breaking reaction by the aliène. 
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Summary 

Iminium salts 3 are converted into neutral N-heterocycles by deprotonation leading to 

enamines 6 or by reduction to amines 7 (eq 4). 

R PF6 

(a) KOH 
_̂ 

(b) NaBH4 

(4) 

condition a condition b 

Chapter 3 starts with the preparation of bromo-bridged palladium complexes 9 from o-

bromoacetophenone ketimines 8. These complexes were characterized by their bridge-opened 

monomers (by means of PPh3 or pyridine). These complexes reacted with DMA in a 

CH2Cl2/MeOH mixture to isoquinolinium salts 10 with a high regioselectivity (eq 5). This result 

is in contrast with the earlier described reactions of cyclopalladated a-tetralone ketimines with 

DMA, which do not form aromatic heterocycles. This might be explained by the restricted 

flexibility of the cyclohexane moiety of the a-tetralone ring, which prevents the formation of a 

flat aromatic system. 

R 
I 

-N 

cSB r RNH2 Br p d (°) 
(5) 

CH2C12 
MeOH 

10 

A similar reaction of complex 11 with DMA in MeCN leads to 12 with a different 

regioselectivity as compared with the reactions performed in a mixture of CH2Cl2/MeOH. 

Nucleophilic attack then takes place at the most substituted position (eq 6). 

DMA 

CH,CN 

(6) 

11 12 
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Summary 

This type of reactions can be made catalytic in Pd by using o-iodoacetophenone 

ketimines. Reaction of imine 13 with DMA in MeCN with a catalytic amount of Pd leads to 

iminium salt 14 in an almost quantitative yield (eq 7). 

5 % Pd(OAc)2 / 10 % PPh3 
DMF / KPF6 / 100 °C 

(7) 

Mono-substituted aliènes are converted into aromatic N-heterocycles in a Pd-catalyzed 

reaction from different o-halide-substituted aryl and vinyl imines as exemplified in equation 8. 

cat. Pd(0) 
base 

15 

(8) 

17 

In earlier attempts to synthesize aromatic N-heterocycles from mono-substituted aliènes 

and benzyl or ferf-butyl substituted imines, moderate overall yields are found as a deprotection 

of the nitrogen is required. In all cases studied, very stable isoquinolinium salts are produced. 

Higher yields are found in the reaction of ß-cyanoethyl substituted imines 15, which lose their 

N-substituent in situ. In general high regioselectivities are found for the tert-butyl substituted 

imines compared with the ß-cyanoethyl substituted imines because of steric hindrance of the 

teri-butyl group. The former therefore lead predominantly to steric products 16. 

1,3-Disubstituted aliènes react with aryl imines 18 to iminium salts 19 without the 

formation of aromatic products (eq 9). In the case of feri-butyl substituted imine a high 

preference for the Z-isomer (derived from the corresponding anti-substituted Pd-n-allyl 

complex) is found. In the case of benzyl substituted imine however, no regioselectivity is 

observed as an equimolar mixture of E and Z isomers is found. The R,-substituent on the imine 

thus has a profound effect on the stereoselectivity. In the case of a benzyl substituent, the 

interaction with the vinylic substituent is much less than in the case of a tert-butyl group. 
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Summary 

18 

cat. Pd(OAc)2 

PPh3 

Ri = Bn, tert-Bu 
R2 = Me, Ph Z-isomer 

19 

E-isomer 

(9) 

Chapter 4 deals with oxidative imination reactions on aliènes and alkenes. It starts with 

the synthesis of alcohol 20 by protection of o-iodobenzylalcohol, conversion to the Grignard 

reagent, reaction with allyl bromide and subsequent deprotection (eq 10). 

OH DHP 

93% 

OTHP 
l )Mg 
2) allylbromide 

53% 
OCX (10) 

20 

Alcohol 20 is oxidized with PCC to the aldehyde and condensed with 3-

aminopropionitrile to imine 21. Imine 21 reacts with Pd(OAc)2 in the presence of NaOAc as base 

in MeCN to 3-methylisoquinoline (22) (eq 11). 

OH 
1)PCC 

20 
2) H2N' 

^ ^ N ^ ^ C N Pd(OAc)2 

21 

NaOAc 
MeCN 

Unfortunately it was not possible to make this interesting reaction catalytic in palladium. 

Extension of the scope of this reaction by trying to synthesize other o-allyl-substituted aryl or 

vinyl imines was unsuccessful. Despite all the efforts, it appeared impossible to functionalize 

the ortho position of the protected alcohols or aldehydes. Functionalization of the unprotected 

alcohols or aldhydes with allyltributylstannane, a reaction known as the Stille coupling, was 

also tried. All efforts have failed because either the conversions were not complete, or the work

up procedures failed. 

As the attempts to introduce an allyl group on vinyl or aryl positions failed, the attention 

was turned again to allenes. Allene 23 was successfully synthesized by a coupling of protected 

o-iodobenzylalcohol with propargyl tosylate, catalyzed by palladium (eq 12). 
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Summary 

OTHP 
< 

OTs 

l )Mg 
2) ZnCl2 

3) Pd(PPh3)4 

98% 

0Ç 
J 

OTHP HCl 

95% 

Pd-catalyzed cyclization of aliène 23 surprisingly gave a mixture of dihydrobenzofurans 

24 and dihydrobenzooxepine 25 (eq 13). As a result of the complicated reaction mixture, 

oxypalladation or the corresponding iminoannulation reactions was not further investigated. 

^ \ cat.Pd 
23 '] 

(13) 

By the introduction of an extra carbon between the aromatic ring and aliène function it 

was thought that only six-membered ring products could be obtained, which would simplify 

the reaction mixtures. Reaction of protected alcohol 26 with allenyllithium gave the one-carbon-

higher analogue 27 (eq 14). 

OH HBr (aq) DHP 
* - a 

OH ioo% 

Li 

26 

Br 

OTHP 2) HCl 

64% 

l^L^OH 
27 

Cyclization of alcohol 27 in the presence of different electrophiles, catalyzed by 

palladium gave 2-alkenyltetrahydropyrans 28 with moderate to good yields (eq 15). 

OH 

27 

w // 
cat. Pd 

(15) 
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Summary 

The main interest laid in the corresponding intramolecular iminoannulation reaction of 

this type of molecules. Alcohol 27 was converted into imine 29 and subsequently cyclized by 

palladium in the presence of iodobenzene (eq 16). Isoquinolinium salt 30 was successfully 

synthesized in quantitative yield. This shows that an intramolecular variant of the earlier 

described intermolecular cyclization of an imine and aliène is also feasible. 

1)PCC 

77 \ 

Phi 

N ^ / cat. Pd 

29 "f 
P h tin 

+ r (16) 

Introduction of a substituent in the 2-position was shown to be successful. As an 

example, a methyl on the carbon atom next to the nitrogen was introduced by reaction with 

MeMgCl leading to tetrahydroisoquinoline 31 (eq 17). Iminium salt 30 could be reduced with 

NaBH4 in EtOH leading to tetrahydroisoquinoline 32 (eq 17). 

a) orb) 

•d-Ri 
(17) 

a) MeMgCl : R2 = Me (31) 
b) NaBH4 : R2 = H (32) 
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