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SUMMARY 
14 Methyl 11- C]docosa-7,10,13,16-tetraenoate was prepared 

from [ l-14C]arachidonic acid by two successive Arndt-Eistert 

syntheses which also can be used f o r  the step-wise homologa- 

tion of other labeled fatty acids. After purification by gas 

chromatography the specific activity was 6.16 mCi/mmol, and 
the radiochemical purity was 97%. 

INTRODUCTION 

All-G-CZ2-polyenoic acids (i-2) derived from linoleic acid (f?) and/or 

a-linolenic acid (5) are important to the development of function of testicular 

tissue (1). Docosa-7,10,13,16-tetraenoic acid (l), docosa-4,7,10,13,16-penta- 

enoic acid ( Z ) ,  and docosa-4,7,10,13,16,19-hexaenoic acid (2) accumulate, 
respectively, in the rooster, rat, and human testes in large quantities during 

the time of sexual maturation ( 1 , Z ) .  

- 
Y 

- 

Numerous factors which adversely affect 
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t e s t i c u l a r  development are a s s o c i a t e d  w i t h  dec reased  l e v e l s  of t h e s e  f a t t y  

a c i d s  ( 3 ) .  

CH3(CH2)x(CH=CHCH ) (CH2)zC021~ 
2 Y  

1 ,  x = 4;  y = 4;  z = 4 - - 2,  x = 4 ; y = 5 ; z = 1  

N 3 ,  x = l ; y = 6 ; z = I  

- 4 ,  x = 4 ; y = 2 ; z = 6  

- 5 ,  x = l ; y = 3 ; z = 6  

- 6 ,  x = 4 ; y = 4 ;  z = 2  

The b i o s y n t h e s i s  of t h e  CZ2- t e t r aeno ic  a c i d  1 and C22-pentaenoic a c i d  2 - 5 

from l i n o l e i c  a c i d  (4) proceeds  by way of a r a c h i d o n i c  a c i d  (6) ( 2 ) ,  a l s o  found 

in l a r g e  q u a n t i t i e s  i n  r o o s t e r ,  r a t ,  and human tes tes  ( 1 ) .  The a c i d  1 is  f i r s t  

formed from 6 and t h e n  dehydrogenated t o  2. The l a t t e r  h a s  a l s o  been shown, 

us ing  [5- C]-2, p repared  i n  low s p e c i f i c  a c t i v i t y  by b i o s y n t h e s i s  ( 4 ) ,  t o  he 

conver ted  t o  6 by d i r e c t  b iohydrogena t ion  and c l eavage  ( 4 ) .  

- 
- ?" 

14 
u 

- 
For cont inued  s t u d y  of t h e i r  b i o s y n t h e s i s  and f u r t h e r  e l u c i d a t i o n  of t h e i r  

p h y s i o l o g i c a l  r o l e ,  carbon-14-labeled C22-polyenoic a c i d s  o r  esters,  depending 

on t h e  mode of a d m i n i s t r a t i o n ,  of s p e c i f i c  a c t i v i t y  g r e a t e r  t han  5 mCi/mmol are 

r equ i r ed .  

14  Methyl [3- C]docosa-7,10,13,16-tetraenoate ( [3- l4C]-1  methyl  e s t e r )  w i t h  

l o w  s p e c i f i c  a c t i v i t y  (0.40 mCi/mmol) was p repa red  earlier from methyl  

11- Cla rach idona te  ( [ l -  

In a more e f f i c i e n t  procedure  w e  have now prepared  [1-14C]-1 methyl  ester from 

[l- 

Scheme) which can  a l s o  be used f o r  t h e  s tep-wise  homologat ion  of o t h e r  l a b e l e d  

f a t t y  a c i d s .  The A r n d t - E i s t e r t  s y n t h e s i s  h a s  been p r e v i o u s l y  a p p l i e d  t o  t h e  

l a r g e  s c a l e  homologation of u n s a t u r a t e d  c a r b o x y l i c  a c i d s  ( 6 ) ,  i n c l u d i n g  two 

po lyunsa tu ra t ed  f a t t y  a c i d s  ( 7 ) .  

14 14 C]-6 methyl  e s t e r )  via a malonic e s t e r  s y n t h e s i s  ( 5 ) .  

- 
14 C1-6 i n  good y i e l d  by two s u c c e s s i v e  A r n d t - E i s t e r t  s y n t h e s e s  (Reac t ion  

RESULTS AND DISCUSSION 

14 [l-14ClArachidonic a c i d  ( [ l -  C l - 2 ,  50 U C i ,  10.4 mCi/mmol) w a s  conve r t ed  t o  

t h e  ac id  c h l o r i d e  7 w i t h  o x a l y l  c h l o r i d e  i n  benzene and t o  t h e  d i a z o  k e t o n e  8 
N - 



1 4  Methyl tl- C~Docosa-7,lO,13,16-Tetraenoate 1065 

Reaction Scheme 

7 
Y 

9 
Y 

RCH2-14COC1 - (b) RCH - 
2 

11 - 

14 (a) 14 (b) [ I -  C]-2 - R- COCl -?= R-14COCHN2 

8 
Y 

14 (a) RCH2- C02H -+ 

10 
m 

4COCHN2 ~-. (C) 

12 - 
14 

[l-  C]-1 methyl ester 
Y 

R = CH3(CH2)4(CH=CHCH2)4CH2CH2 

(a) (COC1) /benzene. (b) CH2N2/ether. (c) C6H5C02Ag/ 

Et,,N/MeOH. (d) KOH/H20/MeOH. 

2 

with diazomethane. Addition of silver benzoate in triethylamine to a methanolic 

solution of 8 effected a Wolff rearrangement (8) to 9. Analysis of the hexane- 

soluble product (41 pCi) by gas chromatography (GC) showed a small amount of 

[l- C]-6 methyl ester while 922 of the radioactivity had a retention time 

intermediate between those of 6 methyl ester and methyl docosa-7,10,13,16-tetra- 

enoate (i methyl ester) (Table I), the intermediate retention time consistent 

f o r  that of methyl [l- C]heneicosa-6,9,12,15-tetraenoate (9). 

Y Y 

14 

Y 

14 - 

Table I. Gas Chromatography Data 
for Fatty Acid Methyl Esters 

Compound Retention time, 
mi$ 

12.9 b 6 methyl ester- - 
14.7 

16.5 b 1 methyl ester- 
Y 

a Temperature programmed from 175 
to 225 *C increasing at 5 OC/min. 
b - Authentic sample. 5 Unlabeled. 
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Crude 9 was s a p o n i f i e d  w i t h  potass ium hydroxide  i n  aqueous methanol ,  and 1 0  

Treatment of t h e  

- 
was conver ted  

c rude  r e a c t i o n  product  w i t h  s i l v e r  henzoa te  and t r i e t h y l a m i n e  gave a mix tu re  

(28 .3  pCi) which by GC had r a d i o a c t i v i t y  co r re spond ing  t o  3.6% [1-’4C]-6- methyl 

e s t e r ,  9.7% 9 and 77% [ l -  C ] - 1  methyl  ester.  Var ious  u n i d e n t i f i e d  subs t ances  

wi th  longe r  r e t e n t i o n  times than  t h a t  of 1 methyl  ester accounted  f o r  t h e  

remaining r a d i o a c t i v i t y .  To a i d  i n  r ecove ry ,  a s m a l l  p o r t i o n  of methyl  ester 

was added, and [l-14Cl-; methyl e s t e r  (17.8 uCi, 6.16 mCi/mmol) was i s o l a t e d  by 

p r e p a r a t i v e  GC. 

t h e  a c i d  c h l o r i d e  11  t o  t h e  d i a z o  ke tone  2. - 

1 4  - 

In pre l imina ry  s y n t h e t i c  expe r imen t s  u t i l i z i n g  un labe led  a r a c h i d o n i c  a c i d  

( 6 ) ,  p roduc t s ,  i d e n t i f i e d  as un labe led  9, and I- methyl e s t e r  by GC, when 

s u b j e c t e d  t o  mass spec t roscopy  gave p a r e n t  i o n s  w i t h  m/z 332 and 346, respec-  

t i v e l y ,  c o n s i s t e n t  w i th  t h e i r  r e s p e c t i v e  c a l c u l a t e d  molecu la r  we igh t s .  During 

t h e s e  s y n t h e t i c  exper iments ,  t h e  p ro ton  n u c l e a r  magnet ic  resonance  ( H NMR) 

s p e c t r a  of t h e  un labe led  i n t e r m e d i a t e s  7-10 and 1 methyl  e s t e r  were c o n s i s t e n t  

w i th  t h e i r  a s s igned  s t r u c t u r e s .  These s p e c t r a  showed t h a t  f o r  each  compound i n  

t h e  s y n t h e t i c  sequence  t h e r e  was some s i g n a l  (Table  11) w e l l  s e p a r a t e d  from 

Y 

1 

- -  - 

Table  11. NMR S p e c t r a l  Data of Polyene  F a t t y  Acids 
and D e r i v a t i v e s  

Compound P ro ton  ppn$ P ro ton  p p 2  

b 
9- - 

l& - 

CH2C02  2.39 C02H 1 0 . 8 s  

CH2COC1 2.93 

CH2C0 2.38 COCHN2 5.29 

CH2C02 2.38 C02CH3 3.78 

C H 2 C 0 2  2.40 C02H 9 .622  

2.37 C02CH3 3.74 m2c02 1 methyl  e s t e r  
w 

b 5 Downf i e l d  from TMS in CDCL3. - Unlabeled .  2 V a r i a b l e .  

ne ighbor ing  s i g n a l s  which e i t h e r  was n o t  p r e s e n t  i n  t h e  r e a c t a n t  o r  w a s  p r e s e n t  

i n  t h e  r e a c t a n t  but no t  in t h e  product .  T h i s  provided  a n  easy  method f o r  
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determining t h e  success o r  f a i l u r e  of any given reac t ion .  It was a l s o  evident 

from these spec t ra  t h a t  the  r e a c t i o n  mixtures remained remarkably f r e e  of 

impur i t ies .  

EXPERIMENTAL 

Unless otherwise noted, reac t ions  were run a t  room temperature and under 

d r y  ni t rogen.  Excess diazomethane was removed from reac t ion  mixtures using a 

stream of dry n i t rogen ,  and o ther  evaporations were done under reduced pressure 

a t  o r  below room temperature. Benzene was pur i f ied  and dr ied by d i s t i l l a t i o n ,  

and methanol was s tored  over Type 3A Linde Molecular Sieves. Triethylamine was 

boi led with a c e t i c  anhydride and d i s t i l l e d .  The d i s t i l l a t e  was shaken with 

s o l i d  potassium hydroxide and r e d i s t i l l e d .  Analyt ical  gas chromatography (GC) 

of unlabeled samples was done with a Varian 1520 Gas Chromatograph with an 8- f t  

x 1/8-in column. 

Chromatograph (radio-GC) with an 8- f t  x 1/4-in column, and f r a c t i o n s  were 

co l lec ted  'using a Packard Frac t ion  Collector  Model 850. 

wi th  10% SP 2340 on 100-120 mesh Supelcoport (Supelco, Inc.) .  The c a r r i e r  gas  

was nitrogen a t  a flow-rate of 30 mL/min f o r  the  1/8-in diameter column and 

helium a t  a flow-rate of 80 mL/min f o r  the  1/4-in diameter column. The column 

temperature was programmed from 175 t o  2 2 5  O C  increas ing  a t  a r a t e  of 5 OC/min. 

[ 1- C]-1 Methyl e s t e r  was i s o l a t e d  using an F and M Research Chromatograph with 

an 8-ft x 1/4-in column with packing a s  above. 

flow-rate of 60 mL/min, and the  temperature of t h e  column was 190 O C .  F rac t ions  

were co l lec ted  i n  10-cm tubes packed with g l a s s  wool. Radioactive samples were 

counted i n  a toluene-based s c i n t i l l a t i o n  f l u i d  using a Packard Tr icarb  Spectro- 

meter Model 3214 with a counting e f f i c i e n c y  of 89%. The mass s p e c t r a  were 

obtained using an LKB Model 9000 Gas Chromatograph/Mass Spectrometer w i t h  a 70 

eV ionizing poten t ia l .  Proton nuclear  magnetic resonance ( H NMR) s p e c t r a  were 

observed with a JEOL JNM-MH-100 spectrometer. 

Radioactive samples were analyzed using a Varian 1800 Gas 

The columns were packed 

14 - 
The c a r r i e r  gas was helium a t  a 

1 
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14 
_____I Methyl [ 1- C]Docosa-7,10,13,16-tetraenoate ( [  1-14C]-1 Methyl E s t e r ) .  

Arachidonic a c i d  (11.9 mg, 39.1 umol) was d i l u t e d  t o  10 mL wi th  benzene ,  and 1.0 

mL oE t h i s  s o l u t i o n  was combined w i t h  0.27 mg (0 .89  umol)  of [ l -14C]a rach idon ic  

a c i d  (56.3 mCi/mmol). 

10.4 mCi/mmol) w a s  evapora t ed ,  and t h e  r e s i d u e  was s t i r r e d  w i t h  benzene (0 .5  mL) 

and o x a l y l  c h l o r i d e  (0.5 mL) f o r  1 5  min. The benzene and e x c e s s  o x a l y l  c h l o r i d e  

were evapora ted  and d i  azome thane ,  prepared  from - N-me t hy  l-E-ni t r  oso-p- t o  luene- 

su l fonamide  (0.43 g ,  20 mmol), i n  a l c o h o l - f r e e  e t h e r  (5-7 mL) was added. The 

m i x t u r e  w a s  s t i r r e d  f o r  1 h ,  and t h e  e x c e s s  d iazomethane  was removed. The e t h e r  

was evapora t ed ,  and t h e  r e s i d u e  was d i s s o l v e d  i n  methanol ( 3  mL). To t h i s  

s o l u t i o n  w a s  added s i l v e r  benzoate  ( 5  mg) i n  t r i e t h y l a m i n e  (0 .5  mL). The 

mix tu re  was s t i r r e d  f o r  1 h and then  b o i l e d  f o r  15 min. The s o l v e n t  was 

The r e s u l t a n t  s o l u t i o n  of [1-'4C]-t (4.80 umol, 50 p C i ,  

evapora t ed ,  and hexane ( 8  mL) was added t o  t h e  r e s i d u e .  The m i x t u r e  w a s  s t i r r e d  

ove rn igh t ,  f i l t e r e d  through c o t t o n  and evapora t ed .  The r e s i d u e  ( 4 1  U C i ,  82%) 

was r e d i s s o l v e d  i n  hexane ( 5  mL). Analys i s  of a n  a l i q u o t  of t h i s  s o l u t i o n  by 

radio-GC showed t h a t  methyl  [ l -  C]heneicosa-6,9,12,15-tetraenoate ( 9 )  accounted 

f o r  92% of t h e  r a d i o a c t i v i t y .  The s o l v e n t  w a s  evapora t ed ,  and t h e  r e s i d u e  w a s  

b o i l e d  wi th  methanol (2 .5  mL) and 10% aqueous potass ium hydroxide  (2 .5  mL) f o r  

1 h .  The m i x t u r e  w a s  evapora t ed ,  a c i d i f i e d  w i t h  3 N h y d r o c h l o r i c  a c i d  ( 5  mL), 

and e x t r a c t e d  w i t h  e t h e r  ( 3  x 10 mL). 

f i l t e r e d  and evapora ted  t o  g i v e  c rude  [ l-14C]heneicosa-6,9,  1 2 , 1 5 - t e t r a e n o i c  a c i d  

(10 ) .  Crude 10 was t r e a t e d  w i t h  t h e  same sequence  of r e a c t a n t s  i n  t h e  same 

amounts as w a s  [ l -14C]arachidonic  a c i d  ( [  1- 

14 14 [ l -  C]docosa-7,10,13,16-tetraenoate ( [ l -  C]-1 methyl  e s t e r )  (28.3 U C i ,  57:;). 

T h i s  c rude  product  w a s  d i s s o l v e d  i n  hexane ( 5  mL), and a n a l y s i s  of t h e  s o l u t i o n  

by radio-GC showed t h a t  f l -  

r a d i o a c t i v i t y .  Unlabeled 1 methyl  e s t e r  (0.50 mg, 2.9 Umol) was added. The 

r e s u l t i n g  s o l u t i o n  w a s  s u b j e c t e d  t o  p r e p a r a t i v e  G C ,  and [ 1-14C]-1 methyl ester 

(17.8 P C i ,  6.16 mCi/mmol, 36% from [1-14C]-6) w a s  i s o l a t e d  w i t h  a rad iochemica l  

p u r i t y  of 97% as de termined  by radio-GC. 

14 - 

The e t h e r  e x t r a c t  w a s  d r i e d  (MgS04), 

Y - 
1 4  C]-6) t o  g i v e  c rude  methyl - 

- 

14 C]-1 methyl ester accounted  f o r  77% of t h e  

Y 

- 
- 
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