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SYNTHETIC COMMUNICATIONS, 29(4), 591-597 (1999) 

HECK REACTION: STEREO SELECTIVE SYNTHESIS OF 

TRISUBSTITUTED OLEFINS: USEFUL INTERMEDIATES FOR 

ANTHRAQUINONE CARBOXYLIC ACID DERIVATIVES 

A.Rama Devi* and S.Rajaram 

Indian Institute Of Chemical Technology, Hyderabad-500 007, India. 
This work is dedicated to Dr. M. Pardhasaradhi 

Abstract: Palladium catalyzed arylation of dialkyl itaconate in presence of 

Pd(OAc)z/PPhl as a catalyst, afforded trisubstituted olefins stereo selectively. 

These alkenes are useful intermediates for the synthesis of anthraquinone 

carboxylic acid derivatives. A new coumarin is also synthesized using this 

protocol. 

Palladium catalyzed coupling reaction of Heck type is the most versatile 

method for C-C bond f0rmation.l Application of Heck reaction in the synthesis 

of natural and non-natural products is well reviewed by Meijere and Meyer.* A 

very few reports are available in literature about the steroselective synthesis of 

trisubstituted ole fin^.^,^ 

We report herein a simple, direct and steroselective method for the 

synthesis of trisubstitute olefins using Heck reaction of dialkyl itaconate with 
bromo aromatics (Scheme-1). 
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Scheme - 1  

RAMA DEVI AND RAJARAM 

Ar 

'y ''OR w ( O A c 1 2  /ppb, 
A r  - B r  + 

EtsN 1 DHF ROOC 
ROO( 

A r  = Substited phenyl /naphthyl (Table-1 1 

The arylated olefins (7-12) are the intermediates for the synthesis of 
anthraquinone carboxylic acid derivatives (la-d), agents for the treatment of 

connective tissue disorders such as rheumatoid arthritis, osteoporosis and cancer5 

R" o wcooH OR 0 OR' 

1 - 
a. R ,  R ' ,  R' H Rhein 

b. R , R' = O A c  ; R" = H  Oiacetyl R hein 

c .  R , R' o H ; R" 8 F 8 -  Flour0 Rhein 

d .  R .  R' = CHF2 , R " - H  bir-Diflouromethyl Rhein 

The synthesis of butenoic acid derivative (3) was attempted by Gallagher 

et al?a Starting from naphthyl tin (2) and methyl 2-bromomethyl fbmarate ushg 

palladium catalyst under a variety of conditions (Scheme-2), but failed to produce 

any coupled product. This could be explained by the allylic rwrnangement of 

bromomethyl fiunarate.6 Hence, we were prompted to choose d i m 1  itaconate as 
an olefin in Heck reaction. 

2-Bromo-l,4dimethoxybenzene (4) was prepared from 1,4dimethoxybenzene 

with bromine in CC14 at 8oOC for Shrs. The bromo compounds (S and 6) were 

prepared starting from readily available 1,5-dihydroxynaphthalene, 

D
ow

nl
oa

de
d 

by
 [

T
he

 A
ga

 K
ha

n 
U

ni
ve

rs
ity

] 
at

 2
2:

23
 1

4 
O

ct
ob

er
 2

01
4 



TRISUBSTITUTED OLEFINS 

S chome - 2 

593 

neooc 

Paltadium catalysis 
OCH3 

3 2 L - 
bis methylation followed by monodepr~tection~ and selective bromination at Cz 

gave bromophenol,8 which was fiutber converted to methyl ether (5) and benzyl 

ether (6) by reaction with methyl iodide and benzyl bromide re~pectively.~ 

The reaction of aryl bromides with dialkyl itaconate in presence of 

Pd(OAck/PPhj (I5 mol%) in DMF and EtjN resulted arylsubstituted olefins in 

good yield and the results are presented in table- 1. 

All the reactions showed 'E' stereoselectivity and Gas Chromatography - 
Mass Spectrometry (GC/MS) analysis of the products confirmed >95% of 'E' 

isomer. The stemxhemistry of the products was proved by NOE studies. 

The product selectivity could be explained by the 1 

syn addition of arylpalladium halide complex across the ..,Pyj$;R 
olefin followed by syn elimination of HPdX through the 

following conformation. H 

COOR 

Standardization of Heck reaction led to the formation of an interesting 

coumarin acetic acid derivative 13. The reaction of aryl bromide with diethyl 

itaconate in presence of Pd(OAC)2/PPh3 (3Omol%) in DMF & Et3N resulted 

coumarin 13, in 50% yield in addition to the coupled product 11 (20%). 

D
ow

nl
oa

de
d 

by
 [

T
he

 A
ga

 K
ha

n 
U

ni
ve

rs
ity

] 
at

 2
2:

23
 1

4 
O

ct
ob

er
 2

01
4 



594 RAMA DEW AND RAJARAM 

Table 1 Palladium coto ly ted  convers ion  of o r y l  bromide to o ry lo ted  
ole t ins .a 

Entry A r  - Br I taconate Ary la ted  oletinsc Yield t ./elb 

1 Pr 
4 

9 3  

3 wer 
OCH3 

5 

4 I 

OCHZPh 

5 @"' 
OCH3 6 

bCH3 

EtOOC ,y'ooEt 

L 

Y 

ncoo YcooMe 

Et oo'c ,Ycoo"" 

MeOOC Y O o M e  

71 
COOEt 

&-t COO€ t 68 

ocn3 9 

COONc & COOne 67 

OCH3 10 eOEt COOEt 66.5 

OCH3 11 

0012Ph 
COOne 

@fy OCH3 12 COOMe 
65 

a With 15 mol% Pd (OAcIz and Ppht t 3 0  mol %I at  100eC tor 16 to 18hr r .  

C '  
Y ie lds  are based on anoty t i ca l l y  cure . i so la ted  compounds a f t e r  column.chr 

The structure o f  olefins were confirmed by  lH-N)IR and N S l l  

Various synthetic routes to coumarins are known'* but employ harsh 

conditions. Low yields were observed. We report here in a new novel & direct 

method for coumarin synthesis, which utilizes readily available reagents & mild 

conditions affording good yields. 
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TRISUBSTITUTED OLEFINS 595 

13 

Typical reaction procedures: 

A mixture of bromo compound, 5 (2.5 g, 0.0093 M), diethyl itaconate 

(1.64 g, 0.0093 M), Pd (OAC)~ (15 mol% 0.312 g) and triphenylphosphine (30 

mol%, 0.729 g) were taken in DMF (20 ml) and flushed thoroughly with argon 

gas. 10 ml of triethylamine was introduced into the mixture and the reaction 

mixture was heated to 1 OOOC, and stirred for 18 hrs under argon atmosphere. The 

dark reaction mixture was cooled to RT and filtered through whatman filter paper 

and washed with 50 ml of CHzC12. The filtrate was concentrated at 5OoC undpr 

reduced pressure. The residue was purified by column chromatography over 

silica gel using h e m e  and ethylacetate (1O:O.S v/v) as eluent. Yield 1.75 g, 70%. 

The structure of the product, 9 was confirmed by spectral data. 

The olefin esters, 7-12 were hydrolyzed to the corresponding acids by 
reflwing for 1 hr in 10% methanolic KOH solution and the melting points of the 

acids were measured. l4 

We therefore present this novel application of Heck d o n  for the 

synthesis of trisubstituted olefins for the first time, which is not only direct and 

efficient method but also gives, highly stereoselective products in good yields. 

Acknowledgements: The authors are thankful to Dr. M.Pardhasaradhi, 
Dr.D.S.Iyengar and Dr. M. Vairamani for useful discussions. ARD is thankful to 

CSIR, New Delhi for the award of Research Associateship. 
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596 RAMA DEVI AND RAJARAM 
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13. Compd. 7: lH NMR (200 MHZ, CDC13) 6 1.3 (6H, m), 3.4 (2H, s), 3.75 (3H, 

s), 4.25 (4H, m), 6.91-7.3 (4H, m). EIMS: m/z 292 (M+*, 100%). 
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Compd. 9: *H NMR (400 MHz, CDC13) 6 1.2 (3H, t ), 1.3 ( 3H, t), 

3.26 (2H, s), 3.81 (3H, s), 3.9 (3H, s), 4.1 (2H, q), 4.22 (2H, q), 6.66 

(lH, d), 6.81 (lH, d), 7.18 (lH, d), 7.26 (lH, t), 7.82 (IH, d), 

8.58(1H, s). EIMS: m/z 372 (Mi, 100 %). 

Compd.11: IH NMR (200 MHz, CDCI3) 6 1.27 (6H, m), 3.55 (2H, s), 4.05 

(3H, s), 4.2 (4H, m), 5.04 (2H, s), 6.96-8.1 (lOH, m), 8.2 (lH, s). 

EIMS: m/z 448 (M+, 5%). 

14. The Melting Point of the acids fiom the esters 7,8,9 and 11 are 9SoC, 98oC, 

208OC and 145OC respectively. 
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