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SYNTHESIS OF I4C-LABELED 10,ll-EPOXYFARdESYL DIAZOACETATE , A POTENTIAL 

PHOTOAFFINITY LABELING REAGENT FOR INSECT JUVENILE HORMONE BINDING PROTEINS. 
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SUfPIARY 
The s y n t h e s i s  of [14C]-10, 11-Epoxy- (2&,6E) - f a r n e s y l  

d i a z o a c e t a t e  i n  one v e s s e l ,  s t a r t i n g  from [ ~ 4 C ] - g l y o x y l i c  
a c i d ,  i s  desc r ibed .  Th i s  compound i s  u s e f u l  as a p o t e n t i a l  
p h o t o a f f i n i t y  l a b e l i n g  agent  f o r  j u v e n i l e  hormone b ind ing  
s i tes .  
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INTRODUCTION 

J u v e n i l e  hormone ( J H )  & i s  one of t h e  major r e g u l a t o r s  of development and 

d i f f e r e n t i a t i o n  i n  i n s e c t s ,  and t h e  i n t e r a c t i o n  of J H  w i t h  v a r i o u s  J H  b ind ing  

p r o t e i n s  which are thought  t o  mediate i t s  b i o l o g i c a l  a c t i v i t y  has  been t h e  

o b j e c t  of r e c e n t  i n v e s t i g a t i o n s .  We have r e p o r t e d  t h e  s y n t h e s i s  I f a number of 

,& (R1 = E t ,  R = Et)  

& (R1 = E t ,  R2 = Me) 

& (R1 = Me, R2 = Me) 

2 

OCH3 

J u v e n i l e  Hormone 

J H  ana logs ,  and we have measured t h e i r  b ind ing  i n t e r a c t i o n s  w i t h  t h e  hemolymph 

carrier p r o t e i n  from the  tobacco homworm, Manduca sexta . '  

analogs c o n t a i n  reactive f u n c t i o n a l  groups and w e r e  designed as a f f i n i t y  

l a b e l i n g  r eagen t s  t o  s t u d y  t h e  i n t e r a c t i o n s  of  J H  w i th  t h i s  and o t h e r  J H  bind- 

i n g  p r o t e i n s .  One analog i n  p a r t i c u l a r ,  l 0 , l l - epoxyfa rnesy l  d i a z o a c e t a t e  (&), 

e x h i b i t e d  h igh  b ind ing  a f f i n i t y  f o r  t h e  hemolymph c a r r i e r  p r o t e i n  (40% r e l a t i v e  

t o  C-18 JH l a ) 2  and w a s  cons ide red  t o  be  an e x c e l l e n t  cand ida te  a s  a pho toa f f in -  

i t y  l a b e l .  

"Address r e p r i n t  r e q u e s t s  t o  t h i s  au tho r .  

S e v e r a l  of  t h e s e  

'ih. 

In t h i s  paper  w e  r e p o r t  an e f f i c i e n t ,  s i n g l e  v e s s e l  s y n t h e s i s  of  5 
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i n  I4C r a d i o l a b e l e d  form. 

G. A .  Krafft, M. F. Reich and J. A .  KatzeneZZenbogen 

EXPERIMENTAL 

iflate r i a  Zs 

Chemicals w e r e  ob ta ined  from t h e  fol lowing sources :  A ld r i ch  Chemical Co. - 

p-toluenesulfonyl  hydrazine,  t h i o n y l  c h l o r i d e ,  g l y o x y l i c  a c i d  monohydrate; 

Eas tman Chemical Co. - t r i e t h y l a m i n e ;  Amersham - 14C-glyoxylic a c i d ,  sodium 

sa l t  (5.5 mCi/mmole); C e n t r a l  So lven t s  and Chemical Corp. - T r i t o n  X-114.  

(ZE,6g)-Farnesol, used i n  t h e  p r e p a r a t i o n  of  10,ll-oxido-(2~,6~)-farnesol, was 

syn thes i zed  from ge rany l  ace tone  (ob ta ined  from Givaudan a s  a mixture  of geranyl  
n 

and n e r y l  ace tones  and s e p a r a t e d  by d i s t i l l a t i o n )  a s  desc r ibed  by Reich.L 

Me t-hods 

A l l  p r e p a r a t i v e  column chromatography w a s  performed on a medium p res su re  

l i q u i d  chromatograph (MF'LC), designed and b u i l t  i n  o u r  l a b ~ r a t o r y . ~  A n a l y t i c a l  

high performance l i q u i d  chromatography (HPLC) was conducted on a Varian Model 

4100 l i q u i d  chromatograph, equipped wi th  an u l t r a v i o l e t  d e t e c t o r  (254 nm). 

Proton magnetic resonance ( H-NMR) s p e c t r a  were ob ta ined  on Varian Assoc ia t e s  

EM-390 (90 MHz) spec t romete r  and a r e  expressed a s  p a r t s  p e r  m i l l i o n  downfield 

from t e t r a m e t h y l s i l a n e  as an  i n t e r n a l  s t a n d a r d  (6 scale). 

s p e c t r a  were ob ta ined  wi th  a Beckman IR-12 o r  a Perkin-Elmer Model 1 3 7  spectro-  

photometer, and d a t a  a r e  p re sen ted  as cm . 
Varian Assoc ia t e s  MAT CH-5 spec t romete r  a t  10 o r  70 e V .  

t h e  form: m/e ( i n t e n s i t y  r e l a t i v e  t o  base  peak = 100). High r e s o l u t i o n  elec-  

t ron  impact mass spectroscopy f o r  e x a c t  mass de t e rmina t ion  was performed on a 

Varian Assoc ia t e s  MAT 731 mass spectrometer .  

1 

I n f r a r e d  (IR) 

-1 Mass s p e c t r a  were ob ta ined  on a 

Data are repor t ed  in 

Radioac t iv i ty  was measured i n  a Nuclear Chicago Isocap 300 l i q u i d  s c i n t i l -  

l a t i o n  counter ,  i n  m i n i v i a l s  u s ing  5 mL of  a xylene-base c o c k t a i l  con ta in ing  

0.55% 2,5-diphenyloxazole,  0.01% p-bis[2-(5-phenyloxazolyl)]benzene, and 25% 

T r i t o n  X-114.  Radiochemical p u r i t y  was determined by chromatography on p l a s t i c -  

backed n e u t r a l  aluminum oxide th in - l aye r  p l a t e s  (Eastman chromogram shee t  

without  f l u o r e s c e n t  i n d i c a t o r ) .  The l a b e l e d  material w a s  s p o t t e d  on top  o f  
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unlabeled c a r r i e r .  A f t e r  devel.opriient, t h e  c a r r i e r  spo t  was v i s u a l i z e d  by 

exposure t o  iod ine  vapor,  and t h e  chromatogram w a s  c u t  i n t o  s t r i p s ,  which were 

then placed i n  m i n i v i a l s  f o r  r a d i o a c t i v i t y  determinat ion.  

Chemieat Syntheses 

lO,ll-Epoxy-3,7,ll-trimethyl-2(~),6(~)-dodecadien-l-yl Diazoace ta t e  (2)  

( l0 , l l -Epoxyfarnesyl  Diazoacetate) '  - A s o l u t i o n  o f  119 mg (0.500 mmol) o f  

l 0 , l l - e p o x y f a m e s o l  (,$)2'4 and 50.5 mg (0.500 m o l )  o f  t r i e thy lamine  i n  1.0 m l  

dry dichloromethane w a s  added dropwise t o  a s o l u t i o n  of 130 mg (0.500 m o l )  o f  

t h e  p-toluenesulfonylhydrazide of g l y o x y l i c  a c i d  c h l o r i d e  $5 i n  2 m l  d ichloro-  

methane a 0°C under  N2 i n  t h e  absence o f  l i g h t .  

a d d i t i o n a l  50.5 mg (0.5 mmol) o f  t r i e t h y l a m i n e  was  added, followed by s t i r r i n g  

f o r  3 h r  a t  O'C. 

of e t h e r ,  t h e  mixture  w a s  f i l t e r e d  and t h e  s o l i d  washed s e v e r a l  t imes wi th  

e t h e r .  The combined f i l t r a t e  and wash was evaporated and t h e  r e s idue  p u r i f i e d  

by p r e p a r a t i v e  MPLC on a cyanopropyl f u n c t i o n a l i z e d  s i l i c a  column (0.5" x 15") 

with 4 : l : l  hexane:ether:dichloromethane a s  t h e  e l u t i n g  so lven t .  The s o l v e n t  

was removed under high vacuum a t  O"C,  t o  g i v e  102 mg (66%) of l i g h t  yellow o i l  

(4) .  'H-NMR 6 1.21, 1.24 (Zs, 6H, C - 1 1 ,  CH3), 1 .48 (m, ZH, 2 x H-9), 1.62 ( s ,  

3H, C-7, CH ) , 1 . 7 1  ( s ,  3H, C-3, CH3), 2.06 (m, 6H, CHz: 

A f t e r  s t i r r i n g  f o r  2 h r ,  an 

Workup and p u r i f i c a t i o n  were done i n  t h e  dark.  A f t e r  a d d i t i o n  

C-8,5,4), 2.49 ( t ,  3 

J=6 Hz, lH, H-lo), 4.58 (d ,  J=7 H z ,  2H, 2 x H-1), 4.62 ( s ,  l H ,  C H N 2 ) ,  5.07 

( t ( b r o a d ) ,  l H ,  H-6), 5.29 ( t ,  J=7  Hz, l H ,  H-2). 

1690 (C=O), 1235 and 1185 (C-0) cm- . 
I R  3110 ( S N Z ) ,  2115 ( N 2 ) ,  

1 

High r e s o l u t i o n  m a s s ,  Calcd. f o r  Cl7Hz6N2O3: 306.4084. Found: 306.4078. 

Radiochemical P repa ra t ion  of l0 , l l -Epoxyfarnesyl  14C-Diazoacetate (5) - 
14C-glyoxylic a c i d  sodium salt  (0.21 mg, 1.82 pmol, 10.0 pCi) i n  200 p 1  w a t e r  

w a s  t r e a t e d  wi th  1.69 mg (10 pmole) p-toluenesulfonylhydrazine i n  85 ~1 of 

3t3 IICl a t  60°C f o r  30 min. Evaporat ion of w a t e r  i n  vacuo l e f t  a c o l o r l e s s  

s o l i d  r e s idue ,  which w a s  suspended i n  500 p1 chloroform, and t r e a t e d  wi th  

excess  (10 p l )  t h i o n y l  c h l o r i d e  under r e f l u x  f o r  45 min, The s o l v e n t  and 

excess  t h i o y l  c h l o r i d e  were removed i n  vacuo, and t h e  r e s idue  w a s  d i s so lved  i n  
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CH2C12.  

(13.1 umol) l 0 , l l - e p o x y f a r n c s c i  ($)”“ i n  1500 ul CH2C12  w a s  added. 

2.5 h r ,  t h e  r e a c t i o n  w a s  t r e a t e d  w i t h  a n  a d d i t i o n a l  30 pl t r i e t h y l a m i n e  and 

s u i r r i n g  was con t inued  f o r  3 h r .  The s o l v e n t  w a s  removed under a slow stream 

of N2, and t h e  r e s i d u e  r e d i s s o l v e d  i n  100 pl chloroform.  

on a 2 . 1  mm x 25 c m  cyanopropyl  s i l i c a  g e l  (Var i an  Micropack CN-10) column w i t h  

a 0-75% g r a d i e n t  of 8 0 : 2 0  CH2C12:isopropanol v s  hexane a f f o r d e d  $ i n  61.2% 

rad iochemica l  y i e l d .  Radiochemical p u r i t y ,  as  de termined  by TLC a n a l y s i s  on 

n e u t r a l  alumina p l a s t i c -backed  p l a t e s ,  was 9 2 . 6 % .  The material w a s  s t o r e d  at  

-2O’C i n  nanograde hexane under  a rgon .  

A f t e r  c o o l i n g  t o  G 0 C ,  a s o l u t i o n  o f  330 ~1 t r i e t h y l a n i n e  and 4 . 3 1  mg 

A f t e r  

P u r i f i c a t i o n  by HPLC 

RESULTS 

The s y n t h e s i s  of u n l a b e l e d  l 0 , l l - e p o x y f a r n e s y l  d i a z o a c e t a t e  5 i s  shown 

i n  Scheme 1. E s t e r i f i c a t i o n  of t h e  p- to luene  su l fony lhydrazone  o f  g l y o x y l i c  

aciJ 2, v i a  i t s  a c i d  c h l o r i d e ,  w i t h  l O , l l - e p o x y f a r n e s o l $ ,  a f f o r d e d  t h e  ester 

1, 1rl:jch was immediately s u b j e c t e d  t o  E t  N induced  e l i m i n a t i o n  of 1 - to luene -  

s i i l f i n i c  a c i d  t o  a f f o r d  t h e  d i a z o a c e t a t e  ,? i n  43% y i e l d  from 4. 
3 

Scheme 1 

1 Et3* 

C H 3 G  SO2NHN=CHCC1 ii 

Ts 

A s y n t h e s i s  of S ,  u t i l i z i n g  g l y c i n e  as a p o t e n t i a l  r a d i o l a b e l e d  s t a r t i n g  

material w a s  a t t empted ,  as shown i n  Scheme 2,, The cesium sa l t  of t h e  p r o t e c t e d  

g l y c i n e  d e r i v a t i v e  

t o  a f f o r d  t h e  ester Q i n  93%. 

w a s  a l k y l a t e d  w i t h  l 0 , l l - e p o x y f a r n e s y l  bromide (4)  i n  DFlF 

T h i o p h i l i c  removal of the o -n i t ropheny l su l f eny l  
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group with thioacetamide i n  a c e t i c  ac id  a f forded  l0 , l l -epoxyfarnesyl  g lyc ina te  

i n  S G X .  

Scheme 2 

I 1  I CH3CNH2 
NO2 

Scheme 3 

HONO 
acetone 

7 7 7  \ \ \ 

8? 4JL 0 

Diazot izat ion of fa rnesylg lyc ina te  a with N a N 0 2  i n  1:l acetone:4NH 2 4  SO 

a t  O°C afforded i n  56% y i e l d  fa rnesyl  diazoacetate  (a). 
epoxide 9 w a s  subjected t o  these condi t ions,  epoxide hydrolysis  occurred a t  a 

r a t e  comparable with the des i red  d iazot iza t ion .  

r e a c t i o n ,  use of organic  n i t r i t e s  ( e . g .  a m y l  n i t r i t e ,  3-butoxy-1-propylnitrite) 

o r  inorganic  n i t r o s a t i n g  agents (e.g. E I 2 O 5 / C C l 4 ,  N O C 1 ,  N D P F  6 ) f a i l e d  t o  pre- 

serve the  epoxide funct ion while e f f e c t i n g  d iazot iza t ion  of the amine. 

However, when the  

Attempts t o  buf fer  the 

The successfu l  radiochemical synthes is  of 14C-labeled 10 ,ll-epoxyfarnesyl- 

diazoacetate  was  achieved u t i l i z i n g  14C-labeled glyoxyl ic  acid a s  the s t a r t i n g  

mater ia l .  The aforementioned procedure was modified so t h a t  a l l  of the four  
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t r ans fo rma t ions  be conducted i n  a s i n g l e  r e a c t i o n  v e s s e l .  Condensation of 

1 C]-glyoxylic a c i d  w i t h  p - to l euensu l fony l  hydraz ine  a t  e l e v a t e d  temperature  

(60'C) w i t h  an  a c i d  c a t a l y s t  (HC1) a f f o r d e d  t h e  [14C]-hydrazone ,?, which, a f t e r  

removal of  water i n  vacuo, was hea ted  t o  r e f l u x  w i t h  t h i o n y l  c h l o r i d e  i n  

benzene. Removal o f  excess  t h i o n y l  c h l o r i d e  and s o l v e n t  i n  vacuo, e s t e r i f i c a -  

t i o n  wi th  l 0 , l l - e p o x y f a r n e s o l  and e l i m i n a t i o n  of  t h e  s u l f i n i c  a c i d  wi th  tri- 

ethylamine f u r n i s h e d  t h e  [14C]-diazoacetate ($). 

e l u t i o n  from a CN-silica g e l  HPLC column a f f o r d e d  t h e  I 4 C  l a b e l e d  compound ,? 
i n  621  radiochemical  y i e l d  wi th  a radiochemical  p u r i t y  of  93%, as determined 

by t h i n - l a y e r  chromatographic a n a l y s i s .  The s p e c i f i c  a c t i v i t y  of  t h i s  material 

w a s  d i l u t e d  t o  1 mCi/mmole w i t h  un labe led  2. 

14 

P u r i f i c a t i o n  by g r a d i e n t  

Th i s  s imple s y n t h e s i s  p rov ides  access i n  h i g h  y i e l d  and p o t e n t i a l l y  h igh  

s p e c i f i c  a c t i v i t y  t o  a v a l u a b l e  p h o t o a f f i n i t y  r e a g e n t  t h a t  may prove t o  b e  

capable  of s p e c i f i c a l l y  l a b e l i n g  J H  b ind ing  p r o t e i n s  and probing t h e  mode o f  

JH a c t i v i t y .  
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