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SUMMARY 

General procedures for the  t r i t i a t i o n  of juveni le  hormone 
analogues are described. Methyl epoxyfarnesoate, e thy l  dichloro- 
famesoate ,  epozygeranyl-p-ethylphenyl ether,  and e thy l  3,7,3 1- 

trimethyl-2,d-dodecadienoate were prepared wi th  spec i f i c  a c t i v i t i e s  
i n  the 50 mCi/mote range by simple reactions tha t  can be carried 
out d i rec t l y  i n  the biochemical laboratory without need fo r  special 
equipment. 

:!itroduction 

The mechanisms of i n s e c t  j u v e n i l e  hormone ( J H )  b i o s y n t h e s i s  , 
- r a n s p o r t ,  metabolism, and mode of a c t i o n  have a t t r a c t e d  i n c r e a s i n g  

-<:tention i n  t h e  l a s t  y e a r .  I m p l i c i t  i n  t h e s e  k i n d s  of s t u d i e s  

..ds been t h e  need for a wide v a r i e t y  of  r a d i o l a b e l l e d  hormones as 

f m d a m e n t a l  r e s e a r c h  t o o l s ,  b u t  u n f o r t u n a t e l y  no g e n e r a l  p rocedures  

$.-ill e x i s t  f o r  t h e  convenient  p r e p a r a t i o n  of such compounds i n  

i.2 b i o l o g i c a l  o r  t h e  biochemical  l a b o r a t o r y .  

As an a d j u n c t  t o  ongoing s t u d i e s  on t h e  s u b s t r a t e  s p e c i f i c i t y  

-,f t h e  enzymes t h a t  metabol ize  J H  and 3 H  m i m e t i c s  i n  s e v e r a l  i n s e c t  

:?ecies, it became of i n t e r e s t  t o  e x p l o r e  r a d i o s y n t h e t i c  a l t e r -  

. . a t i v e s  c a p i t a l i z i n g  on t h e  e x i s t e n c e  of s e p a r a t e  s t r u c t u r a l  u n i t s  

%.ithin t h e  J H  molecules ,  which could  be l a b e l l e d  r e a d i l y  wi th  tri- 

r i : a  and reassembled wi thout  b e n e f i t  o f  s p e c i a l i z e d  radiochemical  

know-how o r  equipment. For t h i s  purpose w e  adapted procedures  f o r  

:he r a d i o s y n t h e s i s  of t r i s u b s t i t u t e d  double  bonds t h a t  had been 

-cpplied a l r e a d y  i n  t h e  p r e p a r a t i o n  of r a d i o l a b e l l e d  s q u a l e n e ( 2 )  

<=', 1975 by John Wiley & Sons, Ltd. 
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and o t h e r  t e r p e n o i d a l  o l e f i n s .  ( 3 )  

l a b o r a t o r y  p r o t o c o l s  f o r  t h e  p r e p a r a t i o n  of f o u r  t r i t i a t e d  JH‘s 

( F i g .  1). 

T h i s  work p r e s e n t s  t h e  d e t a i l e d  

‘ C E J  ’ 9 PJ:3 I LIIl’ CHO m 

xzx 
F i g u r e  1. Flow c h a r t  of s y n t h e t i c  s t e p s  f o r  t h e  

p r e p a r a t i o n  o f  t r i t i a t e d  JH compounds 

Experimental  

I n s t r u m e n t a t i o n .  Nuclear  magnet ic  resonance (NMR) s p e c t r a  

were recorded  on a Var ian  A-60  spec t rometer  a t  6 0  MHz us ing  CDC13 

s o l u t i o n s  w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  Chemical 

s h i f t s  a r e  r e p o r t e d  i n  ppm ( 6 ) .  A n a l y t i c a l  g a s - l i q u i d  chromatog- 

raphy (GLC) was performed on a f lame i o n i z a t i o n  d e t e c t o r  Barbe’r- 

Coleman model 5 , 0 0 0  a p p a r a t u s  f i t t e d  w i t h  6 f o o t  g l a s s  columns, 
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0.125 i n  c?iameter, and w i t h  N2 a s  c a r r i e r  gas .  

was s p l i t  so t h a t  1/20 passed through t h e  d e t e c t o r  whi le  t h e  re- 

mainder er.tered a Packard model 852 f r a c t i o n  c o l l e c t o r  c h i l l e d  

w i t h  d r y  ice-ace tone .  Radio labe l led  f r a c t i o n s  f r o m  a n a l y t i c a l  r u n s  

were takerL up i n  Aquasol and counted a s  p r e v i o u s l y  d e s c r i b e d .  

W e  c a r r i e c  o u t  p r e p a r a t i v e  t h i n  l a y e r  chromatographic  (TLC) separ -  

a t i o n s  i n  a Desaga BN-continuous e l u t i o n  chamber w i t h  t h e  s o l v e n t  

systems used before(’) u n l e s s  o t h e r w i s e  s p e c i f i e d .  

The c a r r i e r  stream 

Methyl 1 0  , l l -ox ido-3 ,7  ,ll-trimethy1-2,6-- , t m - [ 9 - 3 H 1  - 
dodecadienoate  (V). Epoxide Hydration: A s o l u t i o n  of  I (100 mg, 

0.376 mmole) , prepared accord ing  t o  Anderson e t  a l .  ( 4 )  

f r e s h l y  d i s t i l l e d  t e t r a h y d r o f u r a n  (THF), w a s  s t i r r e d  w i t h  an e q u a l  

volume of  0 . 1  N aqueous H2SO4 a t  room tempera ture .  (5 )  A f t e r  4 h r  

TLC showed complete  d isappearance  of s t a r t i n g  m a t e r i a l  and a s i n g l e  

s p o t  f o r  t h e  product  d i o l .  W e  t r a n s f e r r e d  t h e  r e a c t i o n  mixture  i n  

25 m l  d i e t h y l  e t h e r  t o  a s e p a r a t o r y  funnel  c o n t a i n i n g  25 ml of 

h a l f - s a t u r a t e d  b r i n e  and e x t r a c t e d  it 3 t i m e s  w i t h  d i e t h y l  e t h e r .  

The combined o r g a n i c  e x t r a c t s  were washed w i t h  b i c a r b o n a t e  ( 1 0 % )  

and then  w i t h  water u n t i l  n e u t r a l ,  d r i e d ,  and c o n c e n t r a t e d .  The 

r e s i d u e  w a s  t aken  up i n  1 0  m l  1:l ace tone  water .  Then, whi le  t h e  

s l i g h t l y  clouded s o l u t i o n  was being s t i r r e d  a t  r o o m  tempera ture  

under n i t r o g e n ,  s o l i d  sodium metaper ioda te  (280 mg, 0 . 6 6  m o l e )  was 

added i n  one p o r t i o n .  A f t e r  1 h r  a heavy whi te  p r e c i p i t a t e  had 

formed. We d i l u t e d  t h e  r e a c t i o n  mixture  w i t h  2 0  m l  h a l f - s a t u r a t e d  

b r i n e  and e x t r a c t e d  f i v e  t i m e s  w i t h  1 0  m l  e t h e r .  The combined o r -  

q a n i c  e x t r a c t s  w e r e  washed once w i t h  b r i n e ,  d r i e d ,  and concentrated 
t o  a n  o i l .  I11 ( 5 0  mg, 9 0 % ) ,  which was homogeneous by TLC. 

i n  5 m l  

Aldehyde T r i t i a t i o n :  A s o l u t i o n  of I11 (10 mg, 4 7  pmole) 

and t r i t i o t e d  water  (20  gl, s p e c i f i c  a c t i v i t y  9 0  mCi/nnnole, Amer- 

sham-Sear:te Corpora t ion)  was placed i n  a 2.5 ml c a p a c i t y  g l a s s  t u b e  

which was s e a l e d  and heated a t  50° for 14 h r .  W e  cooled t h e  t u b e  

t o  room t empera ture ,  broke it open,  and c a r e f u l l y  d i l u t e d  t h e  re- 
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a c t i o n  mixture  w i t h  2.5 m l  0 . 5  M phosphate  b u f f e r ,  pH 7 . 0 .  Ext rac-  

t i o n  of t h e  aqueous phase s i x  times w i t h  10 m l  o f  d i e t h y l  e t h e r ,  

fol lowed by dry ing  and c o n c e n t r a t i o n  of t h e  s o l v e n t ,  a f f o r d e d  t r i -  

t i a t e d  s t a r t i n g  m a t e r i a l  ( I V )  a s  an o i l  (7.6 mg).  The product  ob- 

t a i n e d  i n  t h i s  manner co-chromatoyraphed w i t h  I11 i n  two TLC sys-  

tems and w a s  used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Epoxide Regenera t ion :  T h i s  r e a c t i o n  i s  o p t i m a l l y  c a r r i e d  

o u t  i n  a 5 ml t w o  necked f l a s k  w h i l e  fo l lowing  a l l  t h e  procedura l  

p r e c a u t i o n s  o u t l i n e d  by Nadeau and Hanzl ik .  W e  prepared t h e  

r e q u i r e d  sulfonium y l i d  by a d d i t i o n  of  phenyl l i t h i u m  (50 pl, 0 . 1  

mole) through a s y r i n g e  t o  isopropyldiphenylsulfonium f l u o r o b o r a t e  

( 5  mg, 0.102 m o l e )  suspended i n  0.5 m l  d r y  THF a t  -78OC under 

n i t r o g e n .  A f t e r  1 0  minutes  a s o l u t i o n  of  t r i t i a t e d  aldehyde I V  

(5 mg, 0.024 mole] i n  0.5 ml THF w a s  t r a n s f e r r e d  c a r e f u l l y  a g a i n  

by s y r i n g e  and added dropwise through a rubber  septum t o  t h e  y l i d  

r e a g e n t .  The mixture  w a s  s t i r r e d  a t  -78OC f o r  5 min and allowed t o  

warm t o  room tempera ture  w i t h  s t i r r i n g  f o r  an a d d i t i o n a l  20 min a t  

which t ime w e  added 1 m l  of  w a t e r  fol lowed by 1 m l  of s a t u r a t e d  

b r i n e .  E x t r a c t i o n  w i t h  e t h e r  ( 2  ml p o r t i o n s ,  5 t i m e s )  y i e l d e d ,  

a f t e r  d r y i n g  and c o n c e n t r a t i o n ,  c rude  product  contaminated w i t h  

d i p h e n y l s u l f i d e .  P u r i f i c a t i o n  by TLC on a 20 x 5 c m  s i l i c a  g e l  

p l a t e ,  250 w t h i c k ,  e l u t e d  w i t h  1 : 4  e ther -hexane ,  a f f o r d e d  pure  V 

(3.1 mg, 4 6 % ) .  

E t h y l  7 , l l - d i c h l o r o - 3 , 7  ,ll-trimethyl-2-trans-[9-3H] -dodecen- 

oate ( X I ) .  

d i o l  ( V I I )  t o  t h e  aldehyde ( V I I I )  and then  t o  t h e  t r i t i a t e d  a l d e -  

hyde I X  i n  t h e  manner j u s t  d e s c r i b e d .  I X  was conver ted  t o  e t h y l  

[9-3H]-3,7 , l l - t r i m e t h y l - 2 , 6 - t r a n s  ,trans-10-dodecatrienoate ( X )  by 

t r e a t m e n t  w i t h  a n  i sopropyl  t r iphenylphosphonium y l i d .  ( 2 )  

of 2 M methyl  l i t h i u m  i n  e t h e r  w a s  added t o  a suspens ion  of i s o -  

propyl  triphenylphosphonium i o d i d e  (35.5 mg, 0.084 mmole) i n  0 . 5  m l  

THF s t i r r e d  a t  O°C under n i t r o g e n .  IJext w e  added t r i t i a t e d  a l d e -  

W e  conver ted  t h e  e t h y l  e p o x y e s t e r  V I ( 4 )  v i a  t h e  10,11- 

0 . 0 4  m l  
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hyde I X  ( 5  mg, 0 .021  m o l e )  i n  0 . 3  ml THF t o  t h e  y l i d  r e a g e n t .  The 

mixture  was s t i r r e d  f o r  2 h r  a t  O°C, then f o r  6 h r  a t  room tempera- 

t u r e .  F i l t r a t i o n  of t h e  r e s u l t i n g  phosphine oxide  through a C e l i t e  

pad on a Buchner funnel  under s u c t i o n  followed by t h r e e  washes w i t h  

1 0  ml CH2C12 a f f o r d e d  t h e  t r i t i a t e d  o l e f i n  X ,  a f t e r  dry ing  and con- 

c e n t r a t i o n  of  t h e  organic  s o l v e n t s .  

A s o l u t i o n  of  c rude  X i n  0 . 5  ml a b s o l u t e  e t h a n o l  was c h i l l e d  

t o  O°C and t r e a t e d  next  wi th  0 . 5  ml i c e  cold e t h a n o l  p r e v i o u s l y  

s a t u r a t e d  w i t h  d r y  gaseous HC1. A f t e r  5 m i n  s t i r r i n g  t h e  r e a c t i o n  

mixture  was concent ra ted  o n  a r o t a r y  e v a p o r a t o r ,  and t h e  r e s i d u e  

p e r c o l a t e d  through a 2 .5  x 0 . 8  cm column o f  alumina ( A c t i v i t y  I V )  

i n  2 5  ml hexane. Concent ra t ion  of  t h e  h w a n e  l e f t  3 mg of  X I  a s  a 

yel low o i l .  

3,7-dirnethyl-6,7-oxido-2-trans-! 5-3Hl _____-- -0ctenyl-4 ' -ethylphenyl- 

e t h e r  ( X V I ) .  The epoxide X I 1  was hydrated and c l e a v e c  t o  t h e  c o r -  

responding aldehyde X I V ,  which i n  t u r n  was t r i t i a t e d  as d e s c r i b e c  

( v i d e  s u p r a ) .  Subsequent t r e a t m e n t  of  X V  w i t h  the y i i d  of i s o p r o -  

pyldiphenylsulfoniunl  f l u o r o b o r a t e  gave X V I  i n  40% y i e l d  a f t e r  TLC 

p u r i f i c a t i o n .  

Ethyl  3,7,11-trimethyl-2,4-[6-3H1 _- -dodecadienoace __-_ (XX) . We 

m d e  t h e  s t a r t i n g  aldehyde X V I I  i n  85% y i e l d  as d e s c r i b e d  f o r  t h e  

p r e p a r a t i o n  of n-octanal  - . (') I t  was t L  i t i a t e d  i n  the  Lisual r,lanner. 

R l l y l i c  brominat ion of dimethy: a c r y l i c  a c i d  methyl e s t e r  wich 

N-bromosuccinirnide i n  carbon t e t r d c h l r j r i d e ( 7 )  a f f o r d e d  a f t e r  f r a c -  

t i o n h l  d i s t i l l a c i o n  through an e f f i c i e r i t  Vigreux column a 1 : 9  mix- 

t u r e  of  + to trans broino e s t e r s  ( b . p .  85-9loC/1O nm). Eight grams 

of  t h i s  m a t e r i a l  and 6 . 4  g of t r i e t h y l p h o s p h i t e  were combined w i t h  

s t i r r i n g  a t  100-llO°C. ( 8 )  

a 30 min per iod  and maintained it a t  t h a t  temperarure  f o r  1 h r .  

The product  (XIX) w a s  ob ta ined  i n  65% y i e l d  by f r a c t i o n a l  d i s r i l l a -  

t i o n  ( b . p .  112-114°C/0.01 m m ) .  

W e  then  warned t h e  mixture  t o  15OoC over  

A s o l u t i o n  of X I X  ( 5 0  mq, 0.2 mole) i n  0.5 i n 1  THF was adakd 
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b y  s y r i n q e  t o  a v igorous ly  s t i r r e d  suspens ion  of  washed NaH (50  mg, 

0 . 2 1  nmo!e) i n  0 . 5  ml THF under N 2 .  A f t e r  one hour o f  s t i r r i n g ,  a 

f l o c c u l e n t  suspension r e s u l t e d  t o  which w e  added t h e  t r i t i a t e d  a l -  

dehyde X V I I I  ( 5  mg, 32 pmole) i n  0 . 5  m l  THF. S i x  hours  l a t e r  t h e  

prodi iot ,  X X ,  was o b t a i n e d  throuqh a chemical  workup i d e n t i c a l  t o  

the ane  used i n  t h e  recovery  o f  X I  from i t s  r e a c t i o n  mixture .  The 

y i e l d  of p u r i f i e d  m a t e r i a l  a f t e r  TLC w a s  6 0 % .  

Results and Giscuss ion  

Kadiosyntheses:  Chemical Y i e l d .  F i g u r e  1 i l l u s t r a t e s  t h e  

ovei-dlI approach t o  t h e  p r e p a r a t i o n  o f  r a d i o l a b e l l e d  j u v e n i l e  hor -  

mt3nds .  The s p e c i f i c  s y n t h e t i c  s t e p s  used throughout  t h e  prepara-  

t i o n  of both  t h e  i n t e r m e d i a t e s  and t h e  f i n a l  p r o d u c t s  proved t o  be  

simple and r e p r o d u c i b l e .  Y i e l d s ,  a s  r e p o r t e d  i n  t h e  Experimental  

Procedure,  were c o n s i s t e n t l y  h igh  i n  t h e  c a s e  of a l l  epoxide hydra-  

t io i l s ,  d i o l  c l e a v a g e s ,  and b a s e  cakalyzed t r i t i a t i o n s .  A s  a n  a v e r -  

a y e  of t h r e e  t r i a 1 . s  w e  ob ta ined  compounds 1 1 - I V ,  V I I - I X ,  X I I I - X V  

dnd X V I I I  i n  b e t t e r  t h a n  8 0 %  y i e l d  each t ime.  

Yie lds  of t h e  W i t t i g  type r e a c t i o n s ,  however, proved t o  be  

lower and moze e r r a t i c  i n  t h e i r  r e p r o d u c i b i l i t y .  Thus, a f t e r  t h r e e  

a t t e m p t s ,  compounds V ,  x, XVI ,  and XX could  o n l y  b e  o b t a i n e d  i n  50% 

averaqe  y i e l d  w i t h  i n d i v i d u a l  r e s u l t s  ranging  from 30 t o  6 0 % .  Such 

v a r i a b i l i t y  i s  i n  p a r t  accounted f o r  by t h e  g e n e r a l  t e c h n i c a l  d i f -  

f i c u l t y  r e s u l t i n g  from t h e  need t o  m a i n t a i n  s t r i c t l y  anhydrous con- 

dit:ions d u r i n g  t h e  g e n e r a t i o n  of t h e  aforementioned y l i d  r e a g e n t s  

on a micro s c a l e .  We found a l s o  i n  t h i s  connec t ion  t h a t  a t t e m p t s  

by other workers t o  r e p e a t  with r e s p e c t a b l e  y i e l d s  t h i s  p a r t i c u l a r  

set of  s y n t h e t i c  r e a c t i o n s  f a i l e d  most o f t e n  due t o  c a r e l e s s n e s s  

i n  t h e  e x c l u s i o n  of m o i s t u r e  from t h e  exper imenta l  system. 

Radiochemical y i e l d s ,  l i s t e d  i n  Table  1, ranged between 50  and 

7 0 %  of t h e  t h e o r e t j c a l  t o t a l  r a d i o a c t i v i t y  which would have r e s u l t e d  
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Table  1. 

S p e c i f i c  a c t i v i t y  
mC i/mmol e 

Hormone (average  of  3 t r i a l s )  

V 6 O t 6  

X I  58+6 

xv I 68f10 

xx 4 424  

B i o l o g i c a l  
a c t  i o i t y  

MD50 u g / i n s e c t  - 

4 

0.005 

0.004 

0 . 0 0 2  

l n s e c t  t e s t e d  aad 
mode of a p p l i c a t i o n  ___ 

Tenebrio m o i i t o r  
pupae - t o p i c a l  
~ _ _ _ - - -  
P y r r h o c o r i s  -5Eterus 
f i f t h  i n s t a r  - 
t o p i c a l  

Tenebrio m o i l t o r  
pupae - t o p i r a l  

Manduca s e x t a  
l a r v a e  - t o p l c a l  

from t h e  complete exchange of  t h e  two p r o t o n s  p o s i t i o n e d  a l p h a  to 

t h e  carbonyl  f u n c t i o n  i n  compounds 111, V I I I ,  X I V ,  and X V I I .  

P u r i t y  of I n t e r m e d i a t e s  and Products .  W e  monitored t h e  c o u r s e  

of  each r e a c t i o n  o u t l i n e d  i n  F igure  1 as  w e l l  a s  t h e  p u r i t y  of the  

r e s u l t i n g  p r o d u c t s .  TLC a n a l y s e s  w e r e  performed r o u t i r l e l y  and i n  

m o s t  i n s t a n c e s  GLC checks were a l s o  c a r r i e d  o u t .  Products  o b t a i n e d  

on a 50 t o  1 0 0  mg scale w e r e  a l s o  examined by NMR spec t roscopy 

(Table  2 ) .  Table  2 i l l u s t r a t e s  t h e  p e r t i n e n t  chromatographic  d a t a .  

I t  should  be  noted in p a r t i c u l a r  t h a t  i n  t h e  c a s e  of compounds 1, 

V ,  X I I ,  and X V I ,  b o t h  u n l a b e l l e d  and l a b e l l e d  m a t e r i a i s  co-chroma- 

tographed by TLC o r  GLC w i t h  i d e n t i c a l  R f  o r  Rt v a l u e s .  

W e  found V t o  be  a t  least  9 2 %  pure  t r a n s , t r a n s  isomer by G L C .  

X V I ,  d e r i v e d  through X I 1  from I’alma Rosa g e r a n i o l  (Givaudan) was a t  

l e a s t  97% t r a n s  by GLC. Although t h e  d ihydrochloro  e s t e r  X 1  chro-  

matographed as  a s i n g l e  s p o t  on TLC, i t s  GLC behavior  i n d i c a t e d  ex-. 

t e n s i v e  sample thermal  decomposi t ion.  Compound X ,  t h e  immediate 

p r e c u r s o r  of X I ,  however, was found t o  b e  9 0 %  t r a n s , t r a n s  isomer.. 

GLC o f  XX showed two peaks i n  a 2 : 3  r a t i o  r e p r e s e n t i n g  t h e  2-Q-2cc-- 

4-cis and 2- t rans-4- t rans  i somers ,  r e s p e c t i v e l y .  Both r e s u l t e d  - 
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a GLC c o n d i t i o n s  were a s  follows: c o l u m n ,  1 7 5 O ,  u n l e s s  o t h e r w i s e  

n o t e d ;  i n j e c t o r .  210";  detector, 250": flow r a t e ,  40 m l / h r  

n i  t r o q e n  . 

p 'The s o l v e n t  s y s t e m s  u s ~ d  w e r e  A ,  e t h e r ;  B ,  1 : 2  e t h e r - h e x a n e ;  C, 

1:: e t h y l  a c e t a t e - e t h e r :  9, 1:l h e x a n e - e t h e r ;  E ,  1:1Y e t h e r -  

hexane:  F ,  1 : 9  e t h y l  a c e t a t e - h e n z e n c .  

c - Column t e m p e r a t u r e  w a s  i60" 



f rom t h e  a d d i t i o n  of t h e  p r e d o m i n a n t l y  t r a n s  phosphona te  X I X  t o  t h e  

t r i t i a t e d  a l d e h y d e  X V I I I .  The isomer r a t i o  o b t a i n e d  h e r e  i s  i n  

k e e p i n g  w i t h  t h e  f i n d i n g s  of Corey e t  a l .  ( 9 )  

c o u r s e  o f  a similar phosphona te  y l i d  r e a c t i o n .  

on t h e  s t e r e o c h e m i c a l  

Whenever NMR s p e c t r a  w e r e  o b t a i n e d ,  t h e y  a g r e e d  w i t h  p o s t u -  

l a t e d  s t r u c t u r e s  o f  t h e  compounds s u b m i t t e d  t o  a n a l y s i s .  P e r t i n e n t  

d a t a  f o r  three s u c h  s p e c t r a  are rep roduced  i n  T a b l e  3 .  These f u r -  

t h e r  a t t e s t  t o  t h e  i d e n t i t y  and p u r i t y  o f  a c h a r a c t e r i s t i c  d i o l  

i n t e r m e d i a t e  (11) and i t s  p e r i o d a t e  c l e a v a g e  p r o d u c t  (111). Of 

p a r t i c u l a r  i n t e r e s t ,  a l s o ,  i s  t h e  h e r e t o f o r e  u n p u b l i s h e d  spec t rum 

of t h e  t r a n s  phosphona te  X I X .  

T a b l e  3 .  S e l e c t e d  n u c l e a r  magne t i c  r e s o n a n c e  s p e c t r a l  d a t a  

_____ 

Chemical  s h i f t  NO.  o f  
Compound S o l v e n t  __ (pF?m) Type __ p r o t o n s  

I1 C D C 1 3  1 . 2 5 ,  1 .30  s i n g l e t s  2 x 3  
1 . 6 2  s i n g l e t  3 
2.16 s i n g l e t  3 

3-3.3 b r o a d  s i n g l e t  2 
3 .72 s i n g l e t  3 
5 .1-5 .4  m u l t i p l e t  2 

1 .90-2.25 m u l t i p l e t  8 

111 

x I X  

CDC13 

C C 1 4  

1 .60  s i n g l e t  3 
2 . 1 3  s i n g l e t  3 

3.7 s i n g l e t  3 
5 . 1 - 5 . 4 5  mu1 t i p  le t 2 
9 . 7 2  s h a r p  d o u b l e t  1 

1 .8 -2 .3  m u l t i p l e t  8 

(J = 1 Hz) 

1.28-1.31 o v e r l a p p i n g  9 

2.30 s h a r p  d o u b l e t  3 

2.69 d o u b l e t  2 
4 . 1  o v e r l a p p i n g  4 

4 .25 q u a r t e t  2 

5 .83 b road  s i n g l e t  i 

t r i p l e t s  
(J = 7 Hz) 

(J = 1 Hz) 

q u a r t e t s  
(J = 7 Hz) 

(J = 7 Hz) 
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F i n a l l y ,  a s  an o v e r a l l  check on t h e  i d e n t i t y  and p u r i t y  o f  t h e  

t r i t i a t e d  hormones g e n e r a t e d  a c c o r d i n g  t o  F i g u r e  1, w e  t e s t e d  t h e i r  

b i o l o g i c a l  performance i n  s e v e r a l  o f  t h e  m o s t  s e n s i t i v e  b i o l o g i c a l  

a s s a y s  f o r  JH a c t i v i t y .  I n  e a c h  case, as s e e n  i n  Table I, t h e  

l a b e l l e d  hormone showed b i o l o g i c a l  a c t i v i t y  comparable t o  t h a t  of 

u n l a b e l l e d  material ,  t e s t e d  c o n c u r r e n t l y ,  and i n  good agreement 

w i t h  a c t i v i t y  v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e .  
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