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THE SYNTHESIS OF ' 'C-~~A~s-3-nETHYL-2-HEXENoIc ACID LABELED I N  

VARIOUS POSITIONS" 

Joseph L. Rabinowitz** and Murray Zanger*** 

R e c e i v e d  en Xay 10, 1 9 7 2 .  

SUMMARY 

The Emmons reac t ion  was used f o r  t h e  synthes is  of 

14C-trans-3-methyl-2-hexenoic acid.  This compound is  

found i n  human sweat. 1-14C-2.-pentanone w a s  prepared 

by t h e  reac t ion  a t  room temperature of l'c-methyl- 

magnesium iodide  and b u t y r o n i t r i l e .  

INTRODUCTION. 

Smith et al . ('), reported t h e  presence of w-3-methyl -2-hexenoic  

ac id  (TMHA) i n  t h e  sweat of schizophrenic p a t i e n t s .  

about t h e  b i o l o g i c a l  precursor  of t h e  a c i d  and its metabol i tes  seemed 
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d e s i r a b l e ,  t h e  syntheses  o f  t h e  labe led  ac id  and a poss ib le  p r e c u r s o r - w - 3 -  

methyl-2-hexenol, were undertaken. 

schizophrenia ,  t h e  a v a i l a b i l i t y  of labe led  TMHA would be t h e  b a s i s  f o r  en 

"isotope-dilution' '  d iagnos t ic  t es t  ( 2 ) .  

Should TMHA prove t o  be symptomatic of  

DISCUSSION. 

The Wadsworth and Rnmons modif icat ion of t h e  Wit t ig  r e a c t i o n ( 3 )  was chosen 

r a t h e r  then  t h e  Reformatsky r e a c t i o n ( 4 *  5 )  s i n c e  t h e  o v e r a l l  y i e l d  of the  

des i red  compound is usua l ly  h igher  by t h i s  method. A second advantage is t h a t  

only t h e  

considerable  amounts o f  3-hexenoic ac ids  (& and a) a r e  a l s o  formed. 

synthe t ic  method i s  out l ined  i n  Scheme I as i s  t h e  synthes is  of l abe led  

2-pentanone (S tep  A). 

end =-2-enoic ac ids  ere formed while with t h e  Reformatsky, 

The 

A number of runs using unlabeled e t h y l  and methyl bromoacetates i n  reac t ion  

with t r i e t h y l  phosphate (STEP I )  ind ica ted  t h a t  v i r t u a l l y  q u a n t i t a t i v e  y i e l d s  

could be obtained for triethylphosphonoacetate (TEPA) and diethylmethylphos- 

phonoacetate (DINPA). 

i n  t h e  2-posi t ion ( 3  runs)  and t h e  1.2-positions (1 run)  were c a r r i e d  out .  

These runs ranged from 1 t o  1 3  mmoles o f  labe led  a c e t a t e  with t o t a l  a c t i v i t i e s  

of 2-5 m C i ' s .  

end 90% y i e l d s ,  while products  o f  t h e  smaller runs were used i n  t h e  next s t e p  

as such. 

Four runs using labe led  e t h y l  and methyl bromoacetates 

The products  from l a r g e  runs were vacuum d i s t i l l e d  g iv ing  89% 

The syntheses  o f  t h e  esters of trans-3-methyl-2-hexenoic acid (TMHA) were 

c a r r i e d  out  by preparing Wit t ig  Reagent from e i t h e r  TEPA or DEMPA with sodium 

hydride i n  a dimethoqethane so lvent  (STEP IIa). 

added (STEP IIb) at room temperature. 

before  work-up. 

(of c i s / t r a n s  isomers) ranged from 58 t o  89%. 

in t h a t  unlabeled TEPA w a s  u t i l i z e d  and t h e  l a b e l  w a s  in t roduced i n  t h e  ester 

The 2-pentanone w a s  then 

The mixture was s t i r r e d  f o r  24 hours 

A 15/85 c i s / t r a n s  mixture was obtained. The combined y i e l d s  

The f i n a l  run was d i f f e r e n t  
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by using l-14C-2-pentanone. 

group bore t h e  l a b e l .  The o ther  e s t e r s  synthesized car r ied  t h e  l a b e l  i n  t h e  

1-position and i n  one case,  a dual l a b e l  i n  t h e  1.2-positions. 

This produced an e s t e r  in which t h e  angular methyl 

SYNTHCPIC SCHENE 

(CZH,O)~P + BrdH,dOC2H, 
II 

Step I 

(C2HsO) P6H2<OC2Hs 
2 It I1 
0 0  

NaH Steplla 4 
(TEPA) 

,- CIH,M~I 

b Indicates  pos i t ions  where l a b e l  was introduced, though 
not all pos i t ions  were simultaneously labeled.  
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The labe led  2-pentanone used i n  t h e  previous s t e p  w a s  not  ava i lab le  

commercially. One l i m i t a t i o n  i n  its preparat ion vas t h e  requirement t h a t  

labeled methyl iod ide  be  t h e  source. It was used here  mainly because of its 

ready a v a i l a b i l i t y  and comparatively low cos t .  The b e s t  method w a s  found t o  

be t h e  reac t ion  of a n i t r i l e  and a Crignard(') (STEP A )  s ince  it gave high 

y ie lds  under mild condi t ions and w a s  f r e e  o f  s i d e  products. The y i e l d  for 

t h i s  reac t ion  w a s  about 65%. 

methyl iodide with a t o t a l  a c t i v i t y  of 20 m C i .  

The rad ioac t ive  run u t i l i z e d  7 m o l e s  of 14C- 

The e s t e r s  of TMHA were hydrolyzed t o  t h e  f r e e  acids  by re f lux ing  with 

20% aqueous sodium hydroxide (STEP 111). 

t h e  base,  t h e  reac t ion  course could be determined by observing t h e  disappearance 

of t h e  upper phase. Complete hydrolysis  took 5 hours. The . f ree  acid was then 

i s o l a t e d  by a c i d i f i c a t i o n  with hydrochlor ic  ac id ,  ex t rac t ion  with e t h e r  and 

solvent s t r i p p i n g  t h e  dr ied  e t h e r  ex t rac ts .  Inf ra red  and thin- layer  

chromatographic ana lys i s  confirmed t h e  i d e n t i t y  and pur i ty  of t h e  TMHA thus  

prepared. Yields of a c i d  i n  t h i s  s t e p  were 78-951. 

Since t h e  e s t e r  i s  immiscible with 

The reduct ion of t h e  TMHA-esters (methyl and e t h y l )  t o  t h e  unsaturated 

alcohols  was c a r r i e d  out  by room temperature reduction with l i th ium aluminum 

hydride (STEP IV)(g). 

with mineral acid and ex t rac ted  with e t h e r .  The e t h e r  e x t r a c t  contained t h e  

unsaturated alcohol  which was f r e e  of *-isomer. 

pur i f ied  by chromatography. 

The suspension was s t i r r e d  for 18 hours, hydrolyzed 

The alcohol  w a s  f u r t h e r  

The y i e l d  of alcohol  w a s  9549%. 

I n  a l l  of t h e  syntheses ,  considerable  amounts of t h e  & isomer vere  

always obtained. 

preparat ive gas- l iquid chromatography of t h e  e s t e r .  

The separat ion of isomers was always accomplished by 

The isomerical ly  pure 

e s t e r  could then be hydrolyzed o r  reduced. 

these  s teps .  

No isomerization occurred during 
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EXPERIMENTAL. 

14C-Triethvlphosphonoacetate. A 10  m l  one-necked f lask  was charged with 

2.03 g of 2-1k-ethylbromoacetate (12 mole, 2 mCi) and 2.16 g of t r i e t h y l -  

phosphite. 

The product was a pale  yellow l iqu id .  

(14Oo-145O/9 mm) t o  give 2.41 g (89.5% y i e l d )  of t h e  e s t e r .  

The reac tan ts  were heated under r e f l u x  a t  16Oo-165O C f o r  5 hours. 

It was p u r i f i e d  by d i s t i l l a t i o n  

Ethyl 2-14C-a-3-methyl-2-hexenoate. A 100 ml reac t ion  k e t t l e  we8 

f i t t e d  with a thermometer, mechanical s t i r r e r ,  dropping funnel and a r e f l u x  

condenser with drying tube. The f lask  w a s  charged with 25 ml of anhydrous 

dimethoxyethane and 463 mg of  a 576 o i l  dispers ion of  sodium hydride (264 mg 

NaH, 11 m o l e ) .  

14C-triethylphosphonoacetate (I1 m l e .  1.78 mCi) i n  3 m l  of dimethoxyethane 

was added, drop-wise, so t h a t  t h e  reac t ion  temperature was kept below 60 C .  

After  addi t ion w a s  complete t h e  mixture was warmed t o  room temperature and 

s t i r r e d  u n t i l  hydrogen evolut ion had ceased. The r e s u l t i n g  so lu t ion  was 

cooled t o  Oo-5O C and 922 mg of  2-pentanone (10.7 m o l e )  was added drop-wise 

keeping t h e  temperature below 60 C .  Af te r  addi t ion was complete t h e  mixture 

was s t i r r e d  a t  room temperature for 24 hours. 

with water  (20-30 m l )  and ex t rac ted  with t h r e e  25 m l  port ions of e ther .  

combined e t h e r  e x t r a c t s  were dr ied  over anhydrous magnesium s u l f a t e  and solvent  

s t r ipped  using a stream of dry ni t rogen gas. 

preparat ive s c a l e  gas- l iquid chromatography. 

mixture. 

The s t i r r e d  dispers ion w a s  cooled t o  Oo-5O C and 2.b g of 

The mixture w a s  then hydrolyzed 

The 

The product w a s  p u r i f i e d  by 

The product w a s  a 15/85 c i s i t r a n s  

1-14C-2-pentanone. A three-necked f l a s k  was f i t t e d  with a thermometer, 

mechanical s t i r r e r  and a r e f l u x  condenser with drying tube.  

charged with 197 mg of magnesium turnings and 10 ml of anhydrous e ther .  The 

The f l a s k  vaa 
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dropping funnel  was charged with a so lu t ion  of  1.00 g of methyl iodide 

(7.04 m o l e ,  20 mCi) i n  10 m l  abso lu te  e ther .  

slowly u n t i l  Grignard formation w a s  i n i t i a t e d  and then a t  such a rate as t o  

maintain g e n t l e  r e f l w i n g .  A f t e r  addi t ion  was complete an addi t iona l  100 mg 

of unlabeled methyl iodide w a s  added t o  r e a c t  with t h e  r e s i d u a l  magnesium. 

A s o l u t i o n  of 486 mg of b u t y r o n i t r i l e  (7.04 m o l e )  i n  10 m l  of absolute  

e t h e r  was then added drop-wise over a ten-minute per iod(8) .  

w a s  s t i r r e d  overnight  at room temperature. 

The methyl iodide was added 

The reac t ion  

The reac t ion  mixture w a s  then cooled and hydrolyzed with sa tura ted  

aqueous sodium chlor ide  (2-3 m l )  followed by s u f f i c i e n t  10% hydrochlor ic  

ac id  t o  form two p r e c i p i t a t e - f r e e  l a y e r s .  

and t h e  aqueous phase ex t rac ted  with two, f i v e  m l  por t ions of e t h e r .  The 

combined e t h e r  e x t r a c t s  were dr ied  over anhydrous magnesium s u l f a t e  and 

d i s t i l l e d  a t  70° C ,  through a Vigrew column t o  remove the  bulk of t h e  e t h e r .  

The res idue ,  a dark l i q u i d  w a s  p u r i f i e d  by preparat ive-scale  gas- l iquid 

chromatography t o  g ive  .415 g of pure 2-pentanone. 

The e t h e r  l a y e r  was then separated 

2-14C-trans-3-methyl-2-hexenol(9). A 100 m l  three-necked f l a s k  was 

f i t t e d  with a thermometer, addi t ion  funnel  and condenser with drying tube.  

To t h e  f l a s k  was added 20 m l  of  absolu te  e t h e r  and 1.20 g of l i th ium 

aluminum hydride ( 3 1  m o l e ) .  The suspension w a s  cooled t o  Oo-ho C and then 

1.20 g of 2-14C-t-3-methyl-2-hexenoate  (0.9 m o l e ,  5 mCi) in 8 m l  of 

absolu te  e t h e r  w a s  added drop-wise over a 10-minute per iod.  

w a s  kept below loo C. 

temperature and s t i r r e d  f o r  24 hours. 

hydrolyzed with water and s u f f i c i e n t  10% hydrochlor ic  ac id  t o  give two 

p r e c i p i t a t e  f r e e  layers .  The pH of  t h e  aqueous phase was checked t o  ensure 

t h a t  t o o  much a c i d  had not been used ( f i n a l  pH of 6). 

then  separated and t h e  aqueous phase ex t rac ted  with t w o ,  15  m l  por t ions  of e ther .  

The temperature 

After addi t ion ,  t h e  mixture was warmed t o  room 

The mixture was then cooled t o  0-5O C ,  

The e t h e r  l a y e r  w a s  
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The combined e x t r a c t s  were dr ied  over anhydrous magnesium s u l f a t e  and solvent  

s t r i p p e d  by passing a stream of dry ni t rogen through t h e  so lu t ion .  The y i e l d  

w a s  70-725 with a B.P.4==3b0 and [ n ] ~ ~ = 1 . 4 4 5 0 .  

Prepara t ive  chromatography was c a r r i e d  out  using a Nester-Faust Co. 

(Wilmington, Delaware) apparatus with an e l e c t r o s t a t i c  p r e c i p i t a t o r .  

"Supelco" (Bel le fonte ,  Pennsylvania) column w a s  10 ft. long, 1/2" I D  annular ,  

" b i - w a l l "  s t a i n l e s s  steel, packed with SE-30 on chromosorb-6W, 60/80 mesh. 

H e l i u m  gas  was used at 30 l b s  pressure.  

were made t o  e s t a b l i s h  s t r u c t u r e  and p u r i t y  u t i l i z i n g  a Perkin-Elmer (Norwalk, 

Connecticut) R-12 Nuclear Magnetic Resonance Spectrometer using deuterated 

chloroform so lu t ions .  

The 

Nuclear magnetic resonance s t u d i e s  

The following compounds were synthesized by t h e  methods described. 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

0. 

9. 

e t h y l  2-1k-~-33-methyl -Z-hexenoat .e  

2-1hC-3-methyl-2-hexenol-l 

2-14C-3-methyl-2-hexenoic a c i d  

methyl-2-14C---3-rnethyl-2-hexenoate 

e t h y l  1 ,2-14C-t-3-methyl-2-hexenoate  

l-lk-2-pentanone 

1,2-14C-~-3-methyl-2-hexenoic  ac id  

e t h y l  a -14C-3-me thy l -2 -hexenoa te  

- tran~-~~C-3-methyl-2-hexenoic ac id  
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1. 

2. 

3. 

4. 

5.  
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