
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXIII, NO. 4 
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SUHHARY 

Synthet ic  procedures f o r  t h e  p repara t i on  o f  carbon-14-labeled 
sodium palmoxi rate (TDGA). l abe led  e i t h e r  i n  t h e  carboxy l  pos i -  
t i o n  or i n  t h e  t e t r a d e c y l  hydrocarbon chain, a r e  described. I n  
a d d i t i o n ,  t h e  synthes is  o f  t h e  coenzyme A e s t e r  o f  TDGA-14C 
w i t h  a s p e c i f i c  a c t i v i t y  o f  51 mCi/Rmol i s  repor ted.  The coen- 
zyme A e s t e r  was prepared by format ion o f  t h e  a c y l  c h l o r i d e  w i t h  
o x a l y l  c h l o r i d e  fo l l owed  by r e a c t i o n  w i t h  coenzyme A (CoA) i n  a 
borate-buf fered te t rahyd ro fu ran  s o l u t i o n .  P u r i f i c a t i o n  methods 
and a n a l y t i c a l  and s t a b i l i t y  data a r e  repor ted f o r  t h e  compounds. 

Key Words: Sodium Palmoxirate, Sodium 2-Tetradecy lg lyc idate.  Coenzyme A 
Ester ,  F a t t y  Acid, Carbon-14, Synthesis 

INTRODUCTION 

Sodi um palmoxi r a t e  ('I, sodi um 2 - te t radecy lg l yc ida te ,  TDGA, sod i um 2 - te t ra -  

decyloxiranecarboxylate) and i t s  methyl e s t e r  a re  potent ,  o r a l l y  a c t i v e  i n h i b i -  

t o r s  o f  long-chain f a t t y  a c i d  ox ida t i on .  

hypoglycemic and an t i ke togen ic  compounds i n  both animals (1) and man (2 ) ,  and 

a re  c u r r e n t l y  o f  i n t e r e s t  i n  s tudy ing  t h e  r e l a t i o n s h i p  o f  f a t t y  a c i d  o x i d a t i o n  

t o  var ious o t h e r  metabol ic  processes such as gluconeogenesis (1-7).  

They have been shown t o  be e f f e c t i v e  
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2 - 
To ga in  f u r t h e r  i n s i g h t  i n t o  t h e  mechanism o f  a c t i o n  and metabol ic  f a t e  o f  

TDGA, carbon-14-labeled samples o f  1 and t h e  CoA e s t e r  o f  TDGA (2) were pre- 

pared. TDGA was tagged e i t h e r  i n  t h e  carboxy l  group o r  i n  t h e  t e t r a d e c y l  s ide -  

chain us ing two d i f f e r e n t  syn the t i c  schemes. The carboxy l - labeled m a t e r i a l  was 

synthesized t o  determine i f  t h e  carboxy l  group remained i n t a c t  o r  underwent ox- 

i d a t i v e  cleavage d u r i n g  i n  v i v o  experiments. The second tagged sample, l abe led  

i n  t h e  t e t r a d e c y l  hydrocarbon chain, was used f o r  more extens ive metabol ic  

s tud ies i n  animals. Some o f  t h i s  m a t e r i a l  was converted t o  t h e  TDGA- C-CoA 

t h i o e s t e r  (2) f o r  i n  v i t r o  mechanism s tud ies  ( 3 ) .  

14 

RESULTS AND DISCUSSION 

The synthes is  o f  TDGA labe led  i n  t h e  carboxy l  p o s i t i o n  (la) i s  o u t l i n e d  i n  

14 14 Scheme I .  Hexadecanoic-1- C a c i d  ( p a l m i t i c  a c i d  -1- C. 3) was prepared 

from 1-bromopentadecane v i a  a Grignard r e a c t i o n  wi th 14C02 which was gener- 

a ted on a vacuum system by t h e  a d d i t i o n  o f  concentrated s u l f u r i c  a c i d  t o  d r y  

14 8a COJ. 

P f e f f e r  

amide i n  te t rahyd ro fu ran  (THF) fo l l owed  by r e a c t i o n  o f  t h e  l i t h i u m  carboxy late 

d ian ion  w i t h  formaldehyde t o  g i v e  a - a l k y l h y d r a c r y l i c  a c i d  5.  Dehydration o f  

4 was completed by hea t ing  a t  180°C i n  t h e  presence o f  a c a t a l y t i c  amount o f  

phosphoric a c i d  fo l l owed  by d i s t i l l a t i o n  a t  27OOC i n  vacuo. 

product  was p u r i f i e d  by column chromatography and e s t e r i f i e d  w i t h  boron tr i- 

f l u o r i d e  i n  methanol t o  g i v e  a c r y l i c  e s t e r  Q. 

m-chloroperoxybenzoic a c i d  t o  ox i rane & accord ing t o  a p r e v i o u s l y  described 

procedure (1 ) .  

Conversion t o  2 - t e t r a d e c y l a c r y l i c  a c i d  5, using t h e  procedure o f  

a. (a), was c a r r i e d  ou t  by t reatment  o f  3 with l i t h i u m  d i i s o p r o p y l -  

The d i s t i l l e d  

Compound &was  ox id i zed  w i t h  

Hydro l ys i s  o f  & w i t h  sodium ethox ide i n  aqueous ethanol 
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Scheme I 
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prov ided TOGA (la) l abe led  w i t h  carbon-14 i n  t h e  carboxy l  p o s i t i o n .  The 

i s o l a t e d  product  had a s p e c i f i c  a c t i v i t y  o f  2.08 mCi/mmol and a radiochemical 

p u r i t y  g rea te r  than 98%. 

The syn the t i c  r o u t e  used t o  prepare TOGA (&) labe led  i n  the  t e t r a d e c y l  

hydrocarbon chain and t h e  corresponding CoA e s t e r  (2) i s  shown i n  Scheme 11. 

Labeled t e t r a d e c y l a c r y l i c  a c i d  & was prepared f rom 1 - b r o ~ m t o t r a d e c a n e - l - ~ ~ C  

i n  a manner s i m i l a r  t o  t h e  procedure employed by Gisser and Hertway (9) .  and Ho 

-- e t  a1 (1). The sequence invo lved  condensation o f  carbon-14-labeled l -bromotet -  

radecane w i t h  d imethy l  malonate t o  g i v e  d i e s t e r  a. 
h a l f  ac id-ester  (9)  f o l l owed  by r e a c t i o n  wi th aqueous formaldehyde and d i e t h y l -  

amine prov ldcd & i n  e x c e l l e n t  y i e l d .  Conversion o f  f& t o  the  des i red  l abe led  

TOGA (lb) was completed by epox ida t l on  wi th m-chloroperoxybentoic a c i d  and hy -  

d r o l y s i s  wi th sodium ethox ide as mentioned above. 

s p e c i f i c  a c t i v i t y  o f  51 mCi/mnol and chemical and radiochemical p u r i t i e s  i n  

excess o f  98%. 

A l k a l i n e  hyd ro l ys i s  t o  t h e  

The f i n a l  product  had a 

14 A p o r t i o n  o f  t h e  l abe led  TOGA-3- C (lb) was employed i n  t h e  p repara t i on  

o f  t h e  COB e s t e r  (2). 
i d e  t o  g i v e  acy l  c h l o r i d e  

This  was completed by t reatment  o f  w i t h  o x a l y l  c h l o r -  

f o l l owed  by r e a c t i o n  w i t h  coenzyme A. 
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Scheme II 

CQH 
37% HCHO 

Et,NH 

CH 2 

CH,(CHXCH ) CQCH, CH,(CH&%H&HCO&H, 
9 - - 6b 

- S-Palmoxirate-~-~-CoA Ester 

Numerous methods have been described f o r  t h e  synthes is  o f  f a t t y  a c i d  coen- 

zyme A esters  (10-16), and t h e  p repara t i on  o f  carbon-14-labeled CoA es te rs  has 

been p rev ious l y  repor ted (11,17). However, because o f  t h e  s e n s i t i v e  epoxide 

f u n c t i o n a l i t y  i n  TOGA, i t  was necessary t o  choose a synthes is  i n v o l v i n g  m i l d  

condi t ions.  

o f  a c i d  c h l o r i d e  lo w l t h  o x a l y l  c h l o r i d e  fo l l owed  by r e a c t i o n  w i t h  C o A .  The 

cond i t i ons  were e s s e n t i a l l y  those described by Seubert ( l o ) ,  b u t  mod i f i ed  t o  

reduce t h e  70:l  r a t i o  of l abe led  acy l  c h l o r i d e  t o  coenzyme A. The f i n a l  r a t i o  

t h a t  was employed was 15:l .  a c y l  c h l o r i d e  t o  C o A .  

The procedure se lected f o r  our  purposes i nvo l ved  t h e  p repara t i on  

The r e a c t i o n  f a c i l e l y  pro- 
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vided the desired product a t  t h i s  reactant ra t i o .  Attempts t o  use the pro- 

cedure of Bishop and Hajra (11). which employed an excess o f  coenzyme A and 

inverse add i t ion  o f  the reactants f o r  the e f f i c i e n t  preparation o f  carbon-14- 

labeled palmitoyl  coenzyme A. gave no detectable product w i th  TOGA (1). 
procedure, however, was e f f e c t i v e  w i th  pa lmi t i c  acid. 

The 

Chemical y ie lds  o f  up t o  79% based on CoA were obtained using the 15:l 

reactant r a t i o .  Ear ly experiments. however, gave y ie lds  tha t  varied between 10 

and 70%; these resu l t s  were determined t o  be due t o  d i f f i c u l t i e s  i n  maintaining 

the pH o f  the microscale react ion i n  the range o f  pH 8-9, and incomplete remov- 

a l  of water from TOGA. Sodium tetraborate (borax) was found t o  be an e f f i c i e n t  

buffer which el iminated manual add i t ion  o f  base during the course o f  reaction. 

The complete removal o f  water during forlaation o f  the acyl  ch lo r ide  was essen- 

t i a l .  Drying of glassware and extensive drying o f  lb over phosphorous pentox- 

i de  i n  vacuo was found t o  be necessary i n  order t o  remove bound water. 

EXPERIMENTAL SECTION 

Barium carbonate-l4& was obtained from New England Nuclear Corp.. Boston, 

MA and 1 -bromotetradecane-l-l4& was prepared by Amersham Corp., Ar l ington 

Heights, IL.  

benzoic acid (SO-85%). a -bu ty l l i th ium (1.6 !$ i n  hexane), hexamethylphosphoramide 

(HMPA), 1-brmpentadecane, boron t r i f l u o r i d e  methanol complex, di isopropyla- 

mine, oxa ly l  chlor ide,  sodium tetraborate decahydrate, and mercaptoacetic acid 

were obtalned from A ldr lch  Chemical Co. (Milwaukee, MI). The 1-bromopentadecane 

was d i s t i l l e d  p r i o r  t o  use on a Nester/Faust spinning band d i s t i l l a t i o n  appara- 

tus, the paraformaldehyde was dr ied  over phosphorous pentoxide I n  vacuo a t  25°C 

and the HMPA and diisopropylamine were dr ied  over molecular sieves (type 4A, 

Union Carbide Corp., Linde Div., New York, NY). 

purchased from Hal l inckrod t  (St. Louis, HO) and 37% aqueous8 formaldehyde was 

obtained from Fisher S c i e n t i f i c  (King o f  Prussia, PA). 

from Sigma (St. Louis, MO) as the sodium s a l t  w i th  a p u r i t y  o f  90-95%. 

Oimethylmalonate, diethylamine, parafomldehyde, n-chloroperoxy- 

Magnesium metal turnings were 

Coenzyme A was purchased 

The proton magnetic resonance spectra were obtalned using a Brucker AH 360 

instrument. U l t r a v i o l e t  absorption spectra were measured w i th  a Perkin-Elmer 
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Lambda 5 spectrophotometer us ing  1 cm matched c e l l s .  Elemental analyses were 

performed by A t l a n t i c  Micro labs,  A t l an ta ,  GA. Th in- layer  chromatography was 

c a r r i e d  ou t  w i t h  s i l i c a  g e l  GF p l a t e s  obta ined f rom Analtech, Inc.  (Newark, D E ) .  

Radioscans were taken on a Varian-Berthold Ser ies 6000 t h i n - l a y e r  scanner and 

s p e c i f i c  a c t i v i t i e s  were determined on a Sear le  Isocap/JOO l i q u i d  s c i n t i l l a t i o n  

spectrophotometer. Gas chromatography was c a r r i e d  ou t  us ing a Perkin-Elmer 

model 39208 inst rument  w i t h  columns obta ined f rom A l l t e c h  (Deer f i e ld ,  I L ) .  A 

Laboratory Data Contro l  ( R i v i e r a  Beach. FL) h i g h  performance l i q u i d  chromato- 

graph equipped w i t h  a v a r i a b l e  wavelength UV de tec to r  was used f o r  analyses. 

Hexadecanoic-1- C Ac id ( 3 1  14 

A s o l u t i o n  o f  1-bromopentadecane (14 mmol) d i sso l ved  i n  20 mL o f  d i e t h y l  

e the r  was s low ly  added t o  a suspension o f  magnesium metal t u r n i n g s  (18 mnol) i n  

d i e t h y l  e t h e r  (3  mL). 

cooled t o  -2OOC and 11.4 m o l  o f  carbon d iox ide -  C, generated by t h e  slow 

a d d i t i o n  o f  concentrated s u l f u r i c  a c i d  t o  230 m C i  (20.1 mCi/mnol) o f  barium 

carbonate- g, was vacuum t r a n s f e r r e d  i n t o  t h e  reac t i on .  

s t i r r e d  f o r  20 minutes and 20 mL o f  5% hyd roch lo r i c  a c i d  was added w h i l e  main- 

t a i n i n g  t h e  temperature a t  -2OOC. 

organic  l a y e r  washed w i th  water and d r i e d  over anhydrous magnesium s u l f a t e .  

F i l t r a t i o n  and evaporat ion o f  t h e  f i l t r a t e  gave a crude wh i te  s o l i d  which was 

chromatographed on s i l i c a  ge l  (S i l i cAR , CC-7, M a l l i n c k r o d t )  us ing a hex- 

ane:d ie thy l  e t h e r : g l a c i a l  a c e t i c  a c i d  (70:30:1, v/v) so l ven t  system. The f r a c -  

t i o n s  con ta in ing  product  (monitored by t l c  i n  t he  above system and v i s u a l i z e d  

w i t h  i o d i n e  vapor) were c o l l e c t e d  and evaporated t o  dryness i n  vacuo. 

adecanoic-1- C a c i d  (9.0 mnol) was recovered i n  a 79% y i e l d  a f t e r  d r y i n g  a t  

45OC i n  vacuo f o r  t h r e e  hours. Thin- layer  chromatography was c a r r i e d  o u t  on 

s i l i c a  ge l  GF us ing the  above so l ven t  system. V i s u a l i z a t i o n  i n  i o d i n e  vapor 

showed a major spot which chromatographed a t  t h e  same Rf as re ference hexa- 

decanoic a c i d  ( R f  0.55) and a t r a c e  i m p u r i t y  a t  lower Rf  (0.36). 

2-(Hydrox~~ethyl)hexadecanoic-l- C Acid ( 4 1  

A s o l u t i o n  o f  g-buty l  l i t h i u m  (24.7 m o l )  i n  hexane was added t o  a cooled 

The m ix tu re  was heated a t  r e f l u x  temperature f o r  2.5 h, 

14 

14 The r e a c t i o n  was 

The m ix tu re  was ex t rac ted  w i t h  e t h e r  and the  

8 

The hex- 
14 

14 

s o l u t i o n  o f  d i isopropylamine (24.7 m o l )  and 30 mL o f  THF a t  a r a t e  t h a t  main- 
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t a ined  t h e  temperature below 0°C. 

m o l )  was added fo l lowed by a s o l u t i o n  o f  10 mmol hexadecanoic-1- C acid*  

d i sso l ved  i n  15 mL o f  THF. 

a t  45°C t o  g i v e  a c l e a r  s o l u t i o n .  

f l a s k  by hea t ing  (29.9 mmol) paraformaldehyde a t  180-2OO0C, were passed i n t o  

t h e  r e a c t i o n  m ix tu re  by a slow stream o f  n i t r o g e n  gas. The r e a c t i o n  was t e r -  

minated when a l l  o f  t h e  formaldehyde was t rans fe r red .  

n e u t r a l i z e d  t o  pH 7 w i t h  1N hyd roch lo r i c  a c i d  and concentrated t o  an o i l y  syrup 

on a r o t a r y  evaporator. 

washed w i t h  10% hydroch lo r i c  a c i d  fo l l owed  by water. The e the r  l a y e r  was sep- 

arated, d r i e d  over magnesium s u l f a t e ,  and f i l t e r e d .  

a ted t o  g i v e  a wh i te  c r y s t a l l i n e  s o l i d  in 80% y i e l d .  

d i e t h y l  e t h e r : g l a c i a l  a c e t i c  a c i d  (75:25:5, v/v, R f  0.48). 

2-Hethvlenehexadecanoic-1- C Ac id ( 5 1  

A f t e r  s t i r r i n g  f o r  f i v e  minutes, HMPA (22 .2  

14 

The r e s u l t i n g  suspension was heated i n  a water  ba th  

Formaldehyde vapors, generated i n  a second 

The r e a c t i o n  was 

The res idue  was ex t rac ted  i n t o  d i e t h y l  e the r  and 

The f i l t r a t e  was evapor- 

T1c :s i l i ca  g e l  GF, hexane: 

14 

An 8.03 nmol sample o f  2-(hydro~yrnethyl)hexadecanoic-~-~~~ a c i d  (3) and 

50 pL o f  85% phosphoric a c i d  were placed i n  a s h o r t  path m i c r o d i s t i l l a t i o n  

apparatus equipped wi th a thermometer and vacuum adapter. The m ix tu re  was 

heated a t  18OoC/20 t o r r  f o r  30 min and t h e  r e s u l t i n g  dark o i l  was d i s t i l l e d  a t  
0 

270°C/0.25 t o r r .  

CC-7, H a l l i n c k r o d t )  column us ing  a hexane:diethyl e t h e r : g l a c i a l  a c e t i c  a c i d  

(75:25:5, v/v) so l ven t  system. 

t l c )  were combined and t h e  so l ven t  evaporated. 

obtained i n  78% y i e l d  a f t e r  d r y i n g  i n  vacuo a t  45°C f o r  f o u r  hours. 

chromatography i n  t h e  above system showed t h e  product  t o  be a s i n g l e  component 

( Rf  0.68). 

Methyl 2-Hethvlenehexadecanoate-1- C ( 6 a l  

The d i s t i l l a t e  was chromatographed on a s i l i c a  g e l  (S l l i cAR , 

The f r a c t i o n s  con ta in ing  product  (determined by 

A wh i te  c r y s t a l l i n e  s o l i d  was 

Thin- layer  

14 

A boron t r i f l u o r i d e  methanol complex (1.7 mL, 50% boron t r i f l u o r i d e  by 
14 weight) was added t o  6.26 m o l  of 2-methylenehexadecanoic-1- C a c i d  (5)  d i s -  

solved i n  5 mL of absolute methanol. The s o l u t i o n  was heated a t  r e f l u x  temp- 

e ra tu re  f o r  f i v e  hours and t h e  so l ven t  removed on a r o t a r y  evaporator. SatUr- 

* Labeled 3 (9.0 m o l )  from above was d i l u t e d  w i t h  c a r r i e r  (1.0 m o l )  t o  a d j u s t  
t h e  reagent q u a n t i t i e s  t o  t h e  same amounts as those used d u r i n g  t r i a l  runs. 
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ated sodium b icarbonate s o l u t i o n  was added t o  n e u t r a l i z e  t h e  res idue and t h e  

r e s u l t i n g  aqueous m i x t u r e  was ex t rac ted  w i t h  d i e t h y l  e ther .  The organic  l a y e r  

was separated, washed w i t h  water and d r i e d  over  magnesium s u l f a t e .  

was evaporated and t h e  res idue chromatographed on a s i l i c a  g e l  (Woelm, Univer- 

sa l  S c i e n t i f i c  Inc. ,  At lanta,  GA) d r y  column us ing a hexane:diethyl e the r  

(75:25, v/v) so l ven t  system. The column was segmented and t h e  f r a c t i o n s  con- 

t a i n i n g  product were ex t rac ted  w i t h  methanol f o l l owed  by e the r  and f i l t e r e d .  

The f i l t r a t e s  were combined and evaporated t o  dryness. 

t a ined  i n  a 22% y i e l d  a f t e r  d r y i n g  i n  vacuo a t  room temperature f o r  t h r e e  

hours. 

chromatography system. 

Methyl 2-Tetradecvloxiranecarbox~late-1 -14C ( 7 a l  

The so l ven t  

The product  was ob- 

The m a t e r i a l  had an Rf  o f  0.74 on s i l i c a  g e l  GF us ing t h e  above 

14 A m ix tu re  o f  methyl 2-methylenehexadecanoate-1- C (6a, 1 .38  nmol). 30 mL 

o f  1 ,2-di c h l  oroethane, 1 5 mg 3 - x - b u t y l - 4 - h y d  roxy -5methy l  phenyl s u l  f i de 

( A l d r i c h )  and m-chloroperoxybenzoic a c i d  (2.8 mnol) was heated a t  r e f l u x  temp- 

e ra tu re  f o r  f o u r  hours. 

res idue ex t rac ted  i n t o  ether .  The organic  l a y e r  was washed w i t h  a saturated 

s o l u t i o n  o f  sodium bicarbonate, d r i e d  over  magnesium s u l f a t e  and f i l t e r e d .  

f i l t r a t e  was concentrated t o  dryness and t h e  res idue chromatographed on a s i l -  

i c a  ge l  ( S i l i c a  AR , CC-7, Ma l l i nck rod t )  column us ing a hexane:diethyl 

e the r  (85:15, v/v) so l ven t  system. The f r a c t i o n s  con ta in ing  product  ( v i s u a l -  

i zed  by us ing t l c  i n  t h e  above so l ven t  system and spray ing w i t h  a s o l u t i o n  o f  

7% phosphomolybdic a c i d  i n  95% ethanol  and hea t ing  a t  1 5 O O C  f o r  1 5  min) were 

combined and evaporated t o  dryness. 

r e c r y s t a l l i z e d  f rom methanol t o  g i v e  a 70% y i e l d  o f  product  a f t e r  d r y i n g  a t  

37'C i n  vacuo f o r  1 5  hours (MP 43.5-44.5OC. corrected) .  

atography found t h e  m a t e r i a l  t o  have a chemical p u r i t y  o f  99% by area normal- 

i z a t i o n  (tR 9.45 min). 

SE-30 on 100/120 mesh Gas Chrom Q g lass  column heated f rom 90-280°C a t  16"/min, 

us ing hel ium as t h e  c a r r i e r  gas and a f lame i o n i z a t i o n  d e t e c t o r  (F ID) .  

l a y e r  chromatography and radioscan showed t h e  m a t e r i a l  t o  c o n s i s t  o f  a major  

component corresponding t o  methyl TDGA-1-'4C ( R f  0.64) and a h ighe r  e l u t i n g  

The so l ven t  was removed on a r o t a r y  evaporator and t h e  

The 

@ 

The r e s u l t i n g  wh i te  c r y s t a l l i n e  s o l i d  was 

Analys is  by gas chrom- 

Gas chromatography was performed on a 2 m x 2 mn 

Thin- 
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0.5% radiochemical impur i ty on s i l i c a  gel  6F using a mobile phase of 

hexane:diethyl ether (85:15, v/v). 

by using the phosphmlybd ic  acid spray reagent described above. 

Sod i um Pa lmoxi rate-1 -l 4C (Sod1 urn 2-Tetradecv 1 ox i  raneca rboxv 1 ate-1 - C . 1 a 1. 

Visua l iza t ion  o f  the plates was car r ied  out 

14 

A mixture o f  1.9 mL absolute ethanol and 1.97 mnol sodium metal was s t i r r e d  

a t  room temperature u n t i l  the sodium f u l l y  dissolved. To t h i s  so lu t ion  was 

added 0.97 mnol methyl 2-tetrade~yloxiranecarboxylate-~-~~~ ( 7 a )  and 0.1 mL 

water. The react ion mixture was s t i r r e d  a t  room temperature f o r  four  hours and 

the resu l t i ng  p rec ip i t a te  f i l t e r e d ,  washed w i th  cold ethanol (1 mL) and s lu r -  

r i e d  i n  water (2 mL). 

t a l l i n e  s o l i d  was recovered i n  60% y i e l d  a f t e r  d ry ing  a t  35OC i n  vacuo f o r  18 

hours. The product was d i l u t e d  w i th  c a r r i e r  and rec rys ta l l i zed  from a hexane: 

methanol (1:4, v/v) mixture. The product was recovered by suction f i l t r a t i o n  

and dr ied  i n  vacuo a t  35°C f o r  four  hours. The spec i f i c  a c t i v i t y  o f  the  f i n a l  

product was 2.08 mCi/Rmol. HP 135.5-137.5OC (corrected); radiochemical p u r i t y  

was determined t o  be greater than 98% by segmentation o f  t l c  p lates developed 

in the fo l lowing systems: 

(95:5, v/v, Rf 0.48) and s i l i c a  gel  6F, concentrated amnonium hydroxide:ethyl 

acetate:methanol (1:60:39, v/v, Rf  0.88). 

accomplished by l i q u i d  s c i n t i l l a t i o n  counting o f  5 mn segments o f  the t l c  

plates. No d isc re te  radiochemical impur i t ies  were detected. Treatment o f  a 

small sample w i t h  d i a z m t h a n e  fol lowed by gas chromatography, using the condi- 

t i ons  described above for ?a. showed the mater ia l  t o  have a chemical p u r i t y  

greater than 98%. 

mull,  exhibi ted maxima a t  2851, 1607, 1528, 1343, 893 and 771 tm-'. Unlabel- 

ed samples prepared during p l l o t  runs were characterized by mass spectroscopy, 

The resu l t i ng  suspension was f i l t e r e d  and a white crys- 

s i l i c a  gel  6F, ethy l  acetate:glacial ace t ic  acid 

Radioact iv i ty measurements were 

e 
The in f ra red  absorption spectrum, obtained as a Nujol 

H NHR and elemental analysis, and compared f u l l y  t o  authentic reference I 

mater ia l .  

Dimethvl 2-(Tetradec~l-l-~~C)~ro~anedioate (8 )  

Dlmethyl malonate (13.7 mnol) was added t o  a so lu t ion  o f  13 mnol sodium 

methoxide dissolved i n  6.6 mL methanol under a ni t rogen gas atmosphere. 

resu l t i ng  mixture was s t i r r e d  f o r  0.5 h a t  room temperature and then heated f o r  

The 



364 L. E. Weaner and D. C. Hoerr 

0.5 h at reflux temperature. The reaction was cooled to 20°C and 2.4 mnol 

(122.4 mCi) 1-bromotetradecane-1- C was added over a 10-min period. This 

mixture was heated at reflux temperature for 4.5 h and the solvent was evapor- 

ated on a rotary evaporator. 

ether and washed with water. The organic layer was separated, dried over mag- 

nesium sulfate and filtered. 

ator and excess dimethyl malonate was removed by fractional distillation j~ 

-- vacuo. The remaining oil crystallized on standing to give a 91.4% yield. The 

product was determined to be 85% pure by gas chromatography on a 2 m x 2 mn 

SE 30 on 100/120 mesh Gas Chrom Q glass column heated from 90-280OC at 16O/min 

using helium as the carrier gas and an FID (tR 12.1 min); thin-layer chroma- 

tography: silica gel GF, hexane:diethyl ether:glacial acetic acid (85:15:1, 

v/v, R f  0.53). 

Monomethyl 24Tetradecyl-1- C)propanedioate (9) 

14 

The remaining solid was extracted into diethyl 

The filtrate was concentrated on a rotary evapor- 

14 

14 A solution of 2.19 mnol of dimethyl Z-(tetradecyl-l- Qpropanedioate 

( g ) ,  3.11 mnol of  85% pure potassium hydroxide, 0.25 mL water and 10 mL methan- 

ol was heated at 45OC for eight hours and allowed to stir overnight at 40OC. 

The solvent was evaporated and the residue dissolved in 10 mL of 50% aqueous 

methanol. 

dryness on a rotary evaporator. 

hydrochloric acid and the resulting precipitate extracted into ether. 

ganic layer was washed with saturated sodium chloride solution. dried over mag- 

nesium sulfate and filtered. The filtrate was evaporated to dryness and the 

product was recovered in an 89% yield after drying at 37OC in vacuo for four 

hours. 

silica gel GF, hexane:diethyl ether:glacial acetic acid (84:15:1, v/v, Rf 

0.23). 

Methyl 2-Methylenehexadecanoate-3- C (6b) 

This mixture was washed (4x) with hexane (10 mL) and evaporated to 

The residue was acidified to pH 1 with 6 1 
The or- 

Thin-layer chromatography was carried out I n  the following system: 

14 

Reaction of 1.94 m o l  of monomethyl Z-(tetradecyl-l- 14 C)propanedioate 

(9 ) .  according to a previously published procedure (1). gave 

Gas chromatography using the conditions described above for compound a showed 
the material to have a 95% chemical purity (tR 9.2 min); thin-layer chromato- 

in an 85% yield. 
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graphy:si l ica ge l  6F, hexane:diethyl ether (75:25, v/v, Rf 0.75). 

Sodium Pa lmx i  rate-3-’ 4C rSodi wn 2-(Tetradecvl-1- Cloxi ranecarboxylate. 1 b l  14 

Epoxidation o f  o l e f i n  was car r ied  out using the same procedure described 

fo r  the carboxyl-labeled es ter  (a) t o  give fi i n  a 60% y ie ld .  The p u r i f i e d  

epoxide was hydrolyzed wjth sodium ethoxide i n  aqueous ethanol according t o  the 

procedure employed above and afforded the des’ired product in a 58% y i e l d  a f t e r  

rec rys ta l l i za t i on .  The product had a spec i f i c  a c t i v i t y  o f  51 m C i / m l .  Analy- 

s i s  by t lc-radioscan and gas chromatography o f  the methyl es te r  der ivat ive,  as 

described f o r  the carboxyl-labeled sample, showed the mater ia l  t o  have chemical 

and radiochemical p u r i t i e s  greater than 98%. Unlabeled samples prepared during 

t r i a l  runs were f u l l y  characterized by H NRR, i n f ra red  spectroscopy, mass 

spectroscopy and elemental analysis. 

S-Pa lmoxi ra ted - ’  4C-CoA ester is-r 2 4  Tetradecy 1 -1 -l 4C 1 ox i raneca rboxvl a te  1 

Coenzyme A. 2 1 1  

1 

Oxalyl chlor ide (1.1 mnol) was added t o  a suspension of 90 ~ m o l  sodium 

pa lm~x i ra te -a- ’~& (lb) i n  0.75 mL petroleum ether under a ni t rogen atmos- 

phere a t  25OC. The mixture was s t i r r e d  f o r  one hour and the solvent and excess 

oxa ly l  chlor ide were removed i n  vacuo. A 0.5 mL a l i quo t  o f  petroleum ether was 

added t o  the residue and a f t e r  s t i r r i n g  f o r  f i v e  minutes the react ion was con- 

centrated t o  dryness under reduced pressure. 

roleum ether was added t o  the  react ion mixture and again the solvent was evap- 

orated. The o i l y  residue was dissolved i n  1.5 mL dry  THF and added dropwise 

over a f i v e m i n u t e  per iod t o  a s t i r r e d  mixture o f  0.42 mn01 sodium tetraborate 

decahydrate, 5.3 rmol coenzyme A, 0.15 mol mercaptoacetic acid and 1.5 mL 

water a t  25OC. 

acid was added t o  the mixture. 

ed pressure and the remaining suspension was centr i fuged. 

decanted and the  s o l i d  washed w i th  1 mL acetone followed by 1 mL d ie thy l  ether. 

The s o l i d  was dissolved i n  1.5 mL water and prec ip i ta ted  from so lu t ion  by the 

add i t ion  o f  5% perchlor ic acid t o  pH 2. The resu l t i ng  suspension was cen t r i -  

fuged and the  aqueous phase was decanted. The s o l i d  was washed w i th  0.5 mL 

acetone and then w i th  0.5 mL ether. 

A second 0.5 mL a l i quo t  of pet- 

The react ion was s t i r r e d  f o r  0.5 h and 2 mL o f  5% perch lo r ic  

The organic solvent was evaporated under reduc- 

The supernatant was 

The sample was suspended i n  0.5 mL d ie thy l  



366 L. E.  Weaner and D.  C. Hoerr 

e the r  and t r a n s f e r r e d  t o  a v i a l .  

a wh i te  c r y s t a l l i n e  s o l i d .  

and 79% (based on coenzyme A) f o r  t e n  t r i a l  runs. 

Evaporation o f  t h e  so l ven t  i n  vacuo prov ided 

Typ ica l  y i e l d s  f o r  t h i s  procedure ranged between 40 

The s p e c i f i c  a c t i v i t y  o f  t h e  l abe led  sample was 51  mCi/mnol based on t h e  
14 The radiochemical p u r i t y  o f  t h e  s p e c i f i c  a c t i v i t y  of t h e  s t a r t i n g  TOGA- C. 

product  was estimated by HPLC ana lys i s  t o  be 90%. 
0 

on a 4.6 x 250 mn Zorbax o c t y l s i l a n e  10 

DE) e l u t e d  w i t h  a l i n e a r  g r a d i e n t  s t a r t i n g  w i t h  a so l ven t  composit ion of 55% 

a c e t o n i t r i l e  i n  0.01 H tetrabutylamnonium phosphate (ad justed t o  pH 5.5 wi th 

phosphoric ac id )  and inc reas ing  t h e  concen t ra t i on  o f  a c e t o n i t r i l e  t o  83% over  a 

f ive-minute per iod.  

25OC and t h e  e f f l u e n t  was monitored wi th  a UV d e t e c t o r  a t  a wavelength o f  

254 nm. 

runs va r ied  between 85 and 97% us ing  t h e  above HPLC system and were dependent, 

i n  p a r t ,  on t h e  p u r i t y  o f  t h e  s t a r t i n g  coenzyme A. P u r i f i c a t i o n  o f  t h e  crude 

TDGA-coenzyme A sample was r e a d i l y  accomplished by p repara t i ve  chromatography 

on a reversed-phase oc tadecy l s i l ane  column us ing  t h e  f o l l o w i n g  procedure: 

TDGA-coenzyme A e s t e r  (2) was d i sso l ved  i n  water  ( 4  rng/O.l mL) and chromato- 

graphed on a 9.4 mn x 25 cm Whatman Magnum 9, P a r t i s i l  10 rm ODs-3 c o l -  

umn (Whatman Inc., C l i f t o n ,  NJ). The column was e l u t e d  us ing a f ive-minute 

l i n e a r  g rad ien t  formed from 50% a c e t o n i t r i l e  i n  P I C  reagent A ( t e t r a b u t y l -  

amnonium phosphate, M i l l i p o r e ,  Waters Product D i v i s i o n ,  M i l f o r d .  MA, ad justed 

t o  pH 6.0 wi th phosphoric ac id )  t o  82.5% a c e t o n i t r i l e .  

b mL/min, column temperature 25OC and t h e  e f f l u e n t  was monitored a t  a wave- 

l eng th  o f  254 nm. The l a r g e s t  peak t o  e l u t e  (tR 5.9 min) was c o l l e c t e d  and 

t h e  a c e t o n i t r i l e  evaporated i n  vacuo. The remaining aqueous s o l u t i o n  was ac id -  

i f i e d  t o  pH 2 w i t h  1 I? hydroch lo r i c  a c i d  and t h e  r e s u l t i n g  suspension c e n t r i -  

fuged. 

f o l l owed  by 5 mL ether .  

cen t r i f uged .  The c l e a r  aqueous phase was removed and a c i d i f i e d  w i t h  5% per-  

c h l o r i c  a c i d  t o  pH 2. The product  was obta ined by c e n t r i f u g a t i o n  and washed 

w i t h  0.5 mL acetone fo l l owed  by 0.5 mL d i e t h y l  e ther .  The wh i te  c r y s t a l l i n e  

Chromatography was performed 

column (Dupont, Wilmington, 

The f l o w  r a t e  was 2 mL/min. t h e  column temperature was 

I n  general,  t h e  chemical p u r i t i e s  o f  m a t e r i a l  prepared du r ing  t r i a l  

The 

0 

e 

The f l o w  r a t e  was 

The supernatant was decanted and t h e  s o l i d  was washed w i t h  5 mL acetone 

The w h i t e  s o l i d  was d i sso l ved  i n  0.4 mL water and 
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s o l i d  was recovered i n  a 32% y i e l d  a f t e r  d r y i n g  i n  vacuo over phosphorous pent- 

oxide. 

be a s i n g l e  component w i t h  no i m p u r i t i e s  be ing detected. 

t roscop ic  ana lys i s  of an unlabeled sample, prepared d u r i n g  t r i a l  runs, were i n  

f u l l  agreement w i t h  t h e  s t r u c t u r e  o f  t h e  S-TOGA-coenzyme A t h i o e s t e r  (2). 
Elemental Analysis: Calcd. f o r  C38H66N7018P3S*2H20 (1070.00): C, 42.66; H, 

HPLC ana lys i s  us ing  t h e  system descr ibed above showed t h e  m a t e r i a l  t o  

Chemical and spec- 

6.59; N, 9.16; Found: C. 42.44; H, 6.48; N, 9.08. 

Mass Spectrum: Fast  Atom Bombardment (FAB) mass spectroscopy, 

01 mat r i x ,  gave a p o s i t i v e  i o n  spectrum wi th  a protonated molecular  

ponding t o  m/z 1034 (M+H)+. 

n a g l yce r -  

i o n  corres-  

Proton NMR Spectrum: The 360 MHz p ro ton  NHR spectrum e x h i b i t e d  t h e  approp- 

r i a t e  resonances for  t h e  combination o f  coenzyme A and TOGA. 

U l t r a v i o l e t  Absorpt ion Spectrum: The compound exh ib i ted  an absorpt ion 

maximum a t  256 nm ( C  = 1.40 x lo4 P4-l cm-’) and a minimum a t  225 nm 

(C = 4.56 x 10 M cm , 1 m g / l O O  mL water). 3 -1 -1 

I n f r a r e d  Spectroscopy: The absorpt ion spectrum o f  a sample prepared i n  a 

potassium bromide p e l l e t  e x h i b i t e d  major  bands a t  2930, 1693, 1230, 1050, 952 

and 500 crn-l. 

Chemical Analysis: The product  gave a negat ive n i t r o p r u s s i d e  t e s t  (18) for 

The t e s t  was p o s i t i v e  when 2 was hydrolyzed w i t h  0.2 1 f r e e  s u l f h y d r y l  groups. 

sodium hydrox ide i n  methanol f o r  2 min. i n d i c a t i n g  cleavage o f  t h e  t h i o e s t e r  

bond. 

t a t e  fo l l owed  by evaporat ion o f  t h e  so l ven t  prov ided t h e  f reed  TOGA- C. 
Treatment of t h e  a c i d  wi th  diazomethane i n  d i e t h y l  e the r  and gas chromatography 

o f  t h e  r e s u l t i n g  methyl es te r ,  as described above, showed t h e  m a t e r i a l  t o  be 

g rea te r  than 99% pure w i t h  no epoxide-ring-opened products being detected. 

a d d i t i o n ,  t h e  m a t e r i a l  cochromatographed w i t h  an au then t i c  sample o f  methyl 

TOGA. 

A c i d i f i c a t i o n  and e x t r a c t i o n  o f  t h e  h y d r o l y s i s  m ix tu re  w i t h  e t h y l  ace- 
14 

I n  

STAB1 LITY 
14 

The radiochemical p u r i t y  o f  a sample o f  sodium TDGA-1- C, w i t h  a speci- 

f i c  a c t i v i t y  o f  2.08 mCi/mmol, decreased approximately 4% over  a one-year per-  
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iod when stored as a dry solid at -20°C. 

having a specific activity of 8.3 mCi/mol, exhibited a much faster rate of 

radiolytic self-decomposition. In this case, material with an initial radio- 

chemical purity of greater than 99% was determined t o  be only 86% pure after 

five months of storage at -20°C. 

detected in the sample by tlc-radioscan. 

imately 4% per year for a sample of methyl TOGA labeled in the hydrocarbon 

chain ( 7 b )  with a specific activity of 9.65 mCi/mol. 

per year when the specific activity was 3.26 mCi/mol. 

stored at room temperature during the same period exhibited no decomposition. 

The carbon-14-labeled TDGA-CoA ester (2) was found t o  be most stable when 
stored refrigerated (-20°C) as the dry solid. A sample stored in this manner 

underwent approximately 3-4% decomposition per month. The radiochemical purity 

of a sample dissolved in water 

at a rate of about 8-10% per month. 

A sample of the methyl ester (3). 

Seven discrete radiochemical impurities were 

The rate of decomposition was approx- 

The rate decreased t o  2% 

An unlabeled sample 

fj) and stored frozen at -78'C decreased 
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