
Journal of  habelled Compounds - April-June - Vol. VIII, n02 

SYNTHESIS OF ETHYL 4- (3,4 5-TRIMETHOXYCINNAMOYLI - [2J !J- '~C] 

P I P E R A Z I  WYL ACETATE AND ETHYL 4- ( 3  J 4 J  5-TRIMETHOXY[,0-'4C] 

C I NNAMOY L) P I  PERAZ I HY L ACETATE I 

G. Hardy, I .P .  Smrd and D.E. Hathway. 

Department of Metabolic S tudies ,  Huntingdon Research 

Centre, Huntingdon PE18 6ES, England. 

Received on September 12, 1971. 

SUMMARY 

T h i s  paper  d e s c r i b e s  t h e  s y n t h e s i s  (i) o f  e t h y l  
4 -  (3 ,4 ,5 - t r ime  thoxyc innamoy  1 )  -[ 2 ,  S-14C1 p i p e r a z i n y  1 

a c e t a t e  v i a  [ 2 ,S -14Clp iperaa ine ,and  e t h y l  [ 2 , 5 - 1 4 C I  

p i p e r a z i n y l  a c e t a t e ,  and ( i i l  of e t h y l  4 - 1 3 , 4 , 5 - t Y i -  

methoxy  [ %-14C1 c i n n a m o y l l p i p e r a z i n y l  a c e t a t e  
3,4,5-trimethoxybromobenze and 3 ,4 ,5 - t r ime thoxybenz  
[ l 4 C 1  a l d e h y d e .  

v i a  

The u n e q u i v o c a  1 preparation of 3,4,5-trimethoxybromo- 
benzene  is. d e s c r i b e d ,  and o t h e r  me thods  f o r  t h e  pre- 
p a r a t i o n  of 3 , 4 , 5 - t r i m e t h o x y b e n z  [ l 4 C l  a l d e h y d e  a r e  
examined .  

The synthes is  (Fauran e t  a l . ,  1969) and pharmacological 

p rope r t i e s  (Huguet e t  a l . ,  1969; Pourrias e t  al., 1971a; 

Pourrias e t  al., 1971b) of a new, po ten t  coronary d i l a t o r ,  e t h y l  

4-(3,4,5-trimethoxycinnamoyl)piperazinyl ace ta t e ,  have r ecen t ly  

been described. For t h e  inves t iga t ion  of i ts metabolism 

(Chasseaud e t  al., 1972) i n  mammals two i so top ica l ly  l abe l l ed  
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forms of the drug were required, -. ethyl 

4- (3 ,4,5-trimethoxycinnamoyl)-f2, 5-14C]piperazinyl acetate and 

ethyl 4- (3,4,5-trimethoxy [B-14c]cinnamoyl)piperazinyl acetate, 

the syntheses of which are the subject of the present paper. 

Schemes 1 and 2 exemplify the reaction sequences which 
were developed for the syntheses of ethyl 

4- (3,4,5-trirnethoxycinnamoyl)-fl, 5-14C]piperazinyl acetate and 

ethyl 4- (3,4,5-trimethoxy [B-14C!cinnamoyl)piperazinyl acetate 

respectively . 
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Scheme 1. Monoalkylation of piperazine hydrochloride with' 
ethyl chloroacetate proceeds in poor yield with respect to piperazine, 
owing to formation of piperazine dihydrochloride, but improved 

results can beobtained through the recovery of the dihydrochloride 
and its conversion into monohydrochloride by reaction with piperazine 
hexahydrate. 
available n, 5-14C]piperazine dihydrochloride (compound 4), good 
yields of ethylfl, 5-14C]piperazinyl acetate (compound 3 

Condensation of that product with 3,4,5-trimethoxycinnarnoyl chloride 
(compound 2 )  in the presence of anhydrous potassium carbonate gave 
ethyl 4- (3,4, 5-trimethoxycinnamoyl)-flI 5-14C]piperazinyl acetate 

(compound la), which was purified as the maleate salt. 

When this procedure was applied to commercially 

were obtained. 

Scheme 2 .  Ethyl 4- (3,4,5-trimethoxy (B-14C]cinnamoy1)piperaziny: 

acetate was eventually prepared by 6-stage synthesis from 
3,4,5-trimethoxybromobenzene (compound 5), but this starting material 
was difficult to obtain. 

Thus in our hands, reaction of 3,fi,r-trimethoxybenzoic acid 

under Hunsdiecker conditions afforded a ,gle, halogen-free product 

with ester-like properties (cf. Dandiya et al., 19621, and also, 
debromination of 2,6-dimethoxy-3,4,5-tribrnmophenol with Zn dust 
yielded, in fact, a ternary mixture wb ysed by gas chromatography 

and n.m.r. spectroscopy, not 4-bromo-2,6-dimethoxyphenol exclusively 
(cf. Kohn et al., 1947). Over a range of reaction conditions 
involving different batches of Zn, 3-bromo-2.6-dimethoxyphenol 
(7G%, theoretical) preponderated, with 4-bromo-2,6-dimethoxyphenol 
(16%) and 2,6-dimethoxyphenol (14%) as minor products. Only by 
methylation of this mixture, followed by careful fractional 

crystallization of the low-melting product, were workable quantities 
of 3,4,5-trimethoxybromobenzene obtained. 
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Scheme 2 
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Whence, carbonation of the bromobenzene de r iva t ive  was e f f ec t ed ,  

e s sen t i a l ly  as described by Calvin (19491, t o  a f ford  

3,4,5-trimethoxyben~oic2~~acid (compound 7), which was converted 

i n t o  the  corresponding aldehyde (compound 8 )  by Ros6mnd reduction 
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of the acid chloride. Condensation of the aldehyde with malonic 

acid yielded 3,4,5-trimethoxy (p- Clcinnamic acid (compound 9). 
from which ethyl 4-(3,4,5-trimethoxy h- 14 C1cinnamoyl)piperazinyl 

acetate (compound lb) was prepared by the method described for the 

other isotopically labelled form of the drug (see Scheme 1). 

14 

Alternative syntheses of 3,4,5-trimethoxybenz p4C]aldehyde 

(compound 8 )  were also investigated, but the cost of isotopic 

starting materials precluded synthesis of syring p4V aldehyde 
with a 33% theoretical yield by Duff reaction of 

2,6-dimethoxyphenol with hexamethylenetetramine (Allen et al., 1963). 

or by o x i d a t i o n  o f  t h e  benzy l idene  d e r i v a t i v e  formed by C l a i s e n  rearrangement 

of the allylic ether corresponding to 2,6-dimethoxyphenol (Pearl, 1948). 

Attempted Vilsmeier-Haack formylation of 2,6-dimethoxyphenol under 

various reaction conditions gave starting material, or under 

neutral work-up conditions, a compound, which showed carbonyl 

absorption in the i.r-, and which was easily hydrolysed to starting 

material. The product, presumably the 0-formyl derivative, was 

not further investigated. 

Experimental 

Melting points (m.p.) were determine3 on a Kofler microscope 

hot-stage. Gas chromatography (g.c.) was carried out on a 

Perkin-Elmer F-11 instrument with flame ionisation detection using 

a 6ft column (inside diameter 1/8in) of 5% OV-1 on J.J's diatomite 

'CQ' 80-100 mesh at 145OC. Nuclear magnetic resonance (n.m.r.) 
spectra were recorded in deuteriochloroform on a Varian HA-100 

instrument using tetramethylsilane as internal reference: 

infra-red (i.r.) spectra as Nujol mulls on a Unicam SP2OOG 

spectrophotometer. 

scintillation methods using a Nuclear Chicago Mark 1 counter. 

Merck t.1.c. plates 

preparative plates were coated with Merck Kieselgel G 1 mm thick. 

Radiochemical purity was monitored using Kodak X-ray film. 

14C activities were measured by liquid 

(250p, F254) were used to monitor purity: 
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2.6-Dimethoxv-3.4.5-tribromophenol 

Bromine (12.8g; 8 h o l e )  was gradually added with stirring 

to pyrogallol-1.3-dimethyl ether (3.lg; 20mmole) contained in a 

wide-necked flask. when the addition was complete excess bromine 

was removed in vacuo leaving a pink residue which was 
recrystallized from benzene, to qive colourless prisms (5.74g) 

m.p. 136-137O (Kohn & Gr'h,1925, give m.p. 134O). 

3,4,5-Trimethoxybromobenzene 

2,6-Dimethoxy-3,4,5-tribromophenol (4.8g; 12.4mmole) was 

dissolved in warm glacial acetic acid (10 ml) and water (10 ml), 

then zinc dust (4.8g) was added to the solution in two portions. 

The mixture was heated at reflux for 45 minutes, cooled, filtered, 

poured into water (20 ml) and neutralised with a saturated solution of 

scdiun h y d m  carbonate. 

monobromophenol (2.0g) which was immediately taken into 2N sodium 

hydroxide solution (10 ml) and treated with dimethylsulphate 

(1.0 ml). After heating at reflux for 2 hours, the mixture was 

cooled, diluted with water (10 ml) and extracted with ether (3 x 10 ml 

The combined ethereal extracts were washed with dilute sulphuric 

acid and water, then dried and evaporated to leave a waxy residue 
(1.25g). Fractional crystallisation of the product from 60/80 
light petroleum followed by recrystallisation from n-pentane 

afforded colourless prisms (200mg) m.p. 75-76' (Kohn & Steiner, 1947 

give m.p. 78O) n.m.r. (CDC13) I!, 3.31 singlet (2H) (arbmatic 

protons) 6.18 & 6.02 singlets (9H) (3 x OCH3) .  

Ether extraction afforded the crude 

3,4,5-Trimethoxvbenzoic p4u acid 
A solution of 3,4,5-trimethoxybromobenzene (12Omg; 0.485mmole) 

in anhydrous ether (5 ml) was flushed with nitrogen then chilled to 
-60° with a dryice-isopropanol mixture whilst a 18b solution of 

- n-butyl lithium in z-hexane (0.35 ml; 0.55mmole) was added. 
The mixture was allowed to warm to room temperature for two minutes 
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with  s t i r r i n g ,  then frozen i n  l i q u i d  n i t rogen  and the  system 

evacuated t o  0.2mn. Radioactive carbon dioxide was l i be ra t ed  by 

add i t ion  of concentrated sulphuric ac id  t o  barium carbonate-14C 

(43mg; 0.218mole; 60.7mCi/mmole) frozen out  on t o  t h e  r eac t ion  

mixture, then reacted a t  -60° f o r  7 minutes. The so lu t ion  was 

a c i d i f i e d  with 2 N  hydrochloric ac id  and ex t rac ted  with e t h e r  

(4 x 10 m l ) .  Combination of t h e  e t h e r e a l  e x t r a c t s  and re -ex t rac t ion  

wi th  5% sodium hydrogen carbonate so lu t ion ,  followed by 

r e -ac id i f i ca t ion  y ie lded  t h e  Crude carboxylic ac id  which was 

ex t rac ted  i n t o  e t h e r  (4 x 10 ml) and washed with water. 

Evaporation yielded a co lour less  s o l i d  (21mg) m.p. 173-174O 

(from wa te r ) .  

3,4,5-Trimethoxvbenz p 4u aldehyde 

3,4,5-Trimethoxybenzoyl p4c/ chlor ide  (115mg; 0. 5mmole) 

prepared from t h e  ac id  (106mg) and th ionyl  ch lor ide  (0.3 m l )  i n  

benzene (5 m l ) ,  &s dissolved i n  dry xylene (3 m l )  containing 

1 drop of quinoline-sulphur c a t a l y s t  poison and reduced with 

hydrogen gas  over 10% palladium on barium su lpha te  c a t a l y s t  (5Omg). 

The evolution of hydrogen ch lor ide  d u r i w  t h e  r eac t ion  w a s  
monitored by absorption i n t o  water and t i t r a t i o n  with 0.1N sodium 

hydroxide so lu t ion .  

A f t e r  3 hours t h e  r eac t ion  was stopped, t h e  conten ts  of t h e  

f l a s k  f i l t e r e d  f r e e  from s o l i d  ma te r i a l  and so lvent  evaporated 

-- i n  vacuo t o  a f fo rd  t h e  aldehyde, pa l e  yellow needles from aqueous 

e thanol  (98mg) m.p. 74-75O (Huang, Ta rbe l l  & Arnstein, 1948 g ive  

m.p. 74-75'] - 

3,4.5-Trimethoxv L E  -14Qcinnamic a c i d  

A mixture of 3,4,5-trimethoxybenz f 'galdehyde (9%; 0.5mmole) 

and malonic ac id  (65mg; 0.625mole) i n  dry pyr id ine  (O.5ml) 

containing p iper id ine  (1 drop) was heated a t  95O f o r  24 hours then  

a t  r e f lux  f o r  a f u r t h e r  4 hour. On cooling t h e  r e s u l t a n t  so lu t ion  
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was t r e a t e d  wi th  3N hydrochloric ac id  (3 m l )  and t h e  cinnamic acid 

which deposited was co l l ec t ed  and r e c r y s t a l l i z e d  from e thanol ,  

co lour less  needles (65mg) m.p. 123-124O, i d e n t i c a l  i n  a l l  respec ts  

with an au thent ic  sample. 

14 
E t h y l O ,  5- Clp iperaz inyl  a c e t a t e  

To a mixture of p iperaz ine  hexahydrate (97mg; 0.5mmole) an3 

p iperaz ine  dihydrochloride ( 7 5 ~ ;  0.47mmole) comprising cold 

dihydrochloride (52mg; 0.32mmole) and p iperaz ine  0 , 5 -  C]- 

dihydrochloride ( 2 3 ~ ;  0.15mmole; 33.4mCi/mmole; CEA France) 

i n  ethanol (2  m l )  was added e t h y l  ch loroace ta te  (62mg: 0.5lmmole) 

i n  e thanol  (0.1 m l ) .  The mixture was refluxed 2 hours then 

cooled, supernatant decanted, and t h e  res idue  washed wi th  cold 

ethanol (1 m l )  and washings combined wi th  supernatant.  

The res idue  (piperazine 0, 5-l4C] dihydrochloride j was re-cycled 

and supernatant from both runs combined, evaporated i n  vacuo t o  a 

syrup then  b a s i f i e d  wi th  excess aqueous potassium carbonate. 

Chloroform ex t r ac t ion  (2 x 20 m l )  afforded t h e  product (164mg). 

14 

Ethyl 4- (3.4,5-trimethoxvcinnamoy1)-/2.5- l 4 v p i p e r a z i n v l  a c e t a t e  

maleate sal t  

3,4,5-Trimethoxycinnamoylchloride (246mg: 0.97mmole) i n  e t h y l  

ace t a t e  (2 m l )  was added over 5 minutes t o  a co ld  mixture of sodium 

hydrogen carbonate (12Omg; 1.43mmole) and e t h y l  0 , 5 -  Clpiperazinyl 

a c e t a t e  ( 1 6 4 ~ :  0.95mmole) i n  e t h y l  a c e t a t e  (3 m l ) .  The mixture 

was heated a t  r e f l u x  f o r  one hour, thoroughly washed wi th  hot water 

(60°; 2 x 5 m l ) ,  aqueous washings re-extracted with e t h y l  a c e t a t e  

( 2  x 20 m l )  and the  combined organic phases d r i ed  and evaporated. 

The crude amide thus  obtained (32Omg) was warmed wi th  maleic ac id  

(95mg) i n  e t h y l  a c e t a t e  (5  m l )  for 5 minutes, then f i l t e r e d  hot 

through g l a s s  f i b r e  paper on a medium poros i ty  s i n t e r .  

Evaporation of so lvent  i n  vacuo af forded  the  maleate s a l t  ( 4 0 6 ~ )  

14 
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This s a l t  d i sso lved  i n  a 1:l mixture of e t h y l  a c e t a t e  : e thanol  

(10 m l )  was submitted t o  chromatography on p repa ra t ive  p l a t e s  

(e thanol  a s  e l u e n t ) .  

a s  marker and t h e  r e l evan t  band i d e n t i f i e d  under U.V.  l i g h t .  

Authentic ma te r i a l  was co-chromatographed 

Removal of t h e  band and recovery of t h e  product i n  bo i l ing  

1:l ethano1:ethyl a c e t a t e  gave a t o t a l  of 1 4 8 q  of pure maleate,  

i d e n t i c a l  i n  a l l  r e spec t s  wi th  au then t i c  ma te r i a l  

( i . r . ,  t.1.c. i n  3 so lvent  systems).  Autoradiography showed t h e  

d e r i v a t i v e  t o  be radiochemically pure. The s p e c i f i c  a c t i v i t y  

was 7.422pCi/mg = 3.77mCi/mmole. 

Ethyl 4- (3.4.5-trhnethoxy LB -14~cinnamoyl)  piperaz i n v l  a c e t a t e  

maleate s a l t  

This was prepared from 3,4,5-trimethoxy [ ~ s - ~ ~ C /  cinnamoyl 

ch lo r ide  (69mg: 0.265mole) and e t h y l  p ipe raz iny l  a c e t a t e  

(46.5mg; 0.27Ommole), and was p r i f i e d  a s  t h e  maleate sa l t  exac t ly  

as described above. I t  was i d e n t i c a l  i n  a l l  r e spec t s  wi th  

au then t i c  mater ia l .  The s p e c i f i c  a c t i v i t y  was 14.87pCi/mg, 

7.55mCi/mole. 

A l l  of t h e  o the r  in te rmedia tes  used i n  t h e i e  experiments w e r e  

prepared by t h e  r eac t ions  descr ibed  f o r  t h e  l a b e l l e d  compounds. 

* 
* *  
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