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SUMMARY 

Samples of racemic [10-3H] juvenile hormone 111 (methyl (2~,6~)-lO,ll-epoxy- 

3,7,11-trimethyl-2,6-dodecadienoate) and [lo- 3 Hljuvenile hormone 0 (methyl 

(2E,6~,10~)-3,7-diethyl-l0,1l-epoxy-ll-methyl-2,6-tridecadienoate~ - were pre- 

pared by NaB H4 reduction of the corresponding 1 I-chloro-lo-oxo ("chloroketone") 

precursors to their respective [10-3H]chlorohydrins, followed by treatment of 

the latter with potassium carbonate in methanol. [10-3H]Juvenile hormone 111 

3 

was converted to methyl [lo- 3 Hlfarnesoate (methyl (2~,6E)-3,7,11-trimethyl- 

2,6,10-dodecatrienoate) by reduction with sodium iodide and zinc in acetic acid- 

sodium acetate. 

aluminum hydride afforded a sample of [lo- Hlfarnesol ((2E,6E)-3,7,1l-trimethyl- 

2,6,10-dodecatrien-l-ol). 

Further reduction of methyl [10-3H]farnesoate with diisobutyl 

3 
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INTRODUCTION 

The insect juvenile hormones (JHs) play a significant role in the develop- 
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menta l  and r ep roduc t ive  endocr inology of i n s e c t s  (1). Together  w i th  t h e  unique ,  

homosesquiterpenoid s t r u c t u r e s  of j u v e n i l e  hormones JH I ( 2 , 3 ) ,  JH II ( 3 1 ,  JH 0 

(4). and 4-methyl JH I (S), t h i s  has  ensured  a con t inued  i n t e r e s t  i n  t h e s e  com- 

pounds by chemis ts  and b i o l o g i s t s  a l i k e .  In our  ongoing s t u d i e s  of t h e  q u a l i t a -  

t i v e  and q u a n t i t a t i v e  t i t e r  de te rmina t ion  of JH(s)  i n  misce l l aneous  i n s e c t  

s p e c i e s  ( s e e  6 )  and t h e  e l u c i d a t i o n  of i n d i v i d u a l  enzymat ic  s t e p s  of t h e  biosyn- 

t h e s i s  of t h e  JHs (e.g. 7 ) ,  we have r e l i e d  h e a v i l y  on t h e  use  of r a d i o t r a c e r s .  

Th i s  i n  t u r n  has o f t e n  r equ i r ed  t h e  s y n t h e s i s  of r a d i o l a b e l e d  p r e c u r s o r s  o r  

p roduc t s  due t o  u n a v a i l a b i l i t y  of s u i t a b l e  commercial p roduc t s  (e.g. 8,g) .  

Recen t ly ,  we s t u d i e d  t h e  conve r s ion  of f a r n e s o l  t o  f a r n e s a l  and f a r n e s o i c  a c i d  

by a l c o h o l  dehydrogenase i n  homogenates of co rpora  a l l a t a  ( t h e  organ  of JH 

b i o s y n t h e s i s )  from t h e  tobacco  hornworm moth, Manduca s e x t a  (10).  These s t u d i e s  

r equ i r ed  a sou rce  of r a d i o l a b e l e d  f a r n e s o l  which w a s  ob ta ined  by a l k a l i n e  

phosphatase  h y d r o l y s i s  of [1,5,9- H l f a r n e s y l  pyrophosphate  (NEN). While 

adequate ,  t h i s  s u b s t r a t e  was not  t o t a l l y  s a t i s f a c t o r y  s i n c e  t h e  C-1 t r i t i u m  

moiety is l o s t  f o l l o w i n g  enzymat ic  o x i d a t i o n  and compl i ca t e s  a n a l y s i s  of 

r e a c t i o n  products .  

known t o  be u n s t a b l e  and has  r e c e n t l y  been d i scon t inued  by i t s  s o l e  s u p p l i e r .  

Thus t h e  need f o r  an a l t e r n a t i v e  sou rce  of r a d i o l a b e l e d  f a r n e s o l  is  appa ren t .  

Corn fo r th  et  a l .  (11 )  had r e p o r t e d  t h e  one-stage r e d u c t i o n  of d i -  and 

t r i s u b s t i t u t e d  epoxides  t o  o l e f i n s  t h e  iodohydr ins  as i n t e r m e d i a t e s .  A 

similar r educ t ion  of t h e  l 0 , l l - e p o x i d e  of JH I11 should  a f f o r d  methyl (2E,6L)- 

3,7,11-trimethyl-2,6,lO-dodecatrienoate (methyl  f a r n e s o a t e ) ,  which i n  t u r n  could  

be reduced t o  f a r n e s o l .  

3 

Fur thermore .  t h e  [3H] fa rnesy l  pyrophosphate p r e c u r s o r  i s  

We r e p o r t  h e r e  on 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 e d  JH I11 and i t s  subsequent  

conve r s ion  t o  methyl (256&)- fa rnesoa te  and (2E,6g)- fa rnesol .  In a d d i t i o n ,  w e  

have p repa red  s a m p l e s  of r a d i o l a b e l e d  l o t r a n s  ( u n n a t u r a l )  and lo& ( n a t u r a l )  JH 

0. 

Methods 

Normal phase l i q u i d  chromatography (LC) w a s  conducted u s i n g  a modular 

l i q u i d  chromatograph c o n s i s t i n g  of a Haskel pneumatic a m p l i f i e r  pump, and a 
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Valco loop injector. Detection was at 254 nm with either a Chrolaatronix model 

230 (sedpreparative LC) or Spectra-Physics 8200 unit (analytical LC). Normal 

phase columns used were a 25 x 0.78 cm LiChrosorb SI-60 (semipreparative, 10 m, 

slurry packed in these labs) or a 22 x 0.46 cm Zorbax Sil (analytical, 

DuPont). Several solvent systems were used and are described in the text where 

appropriate; all normal phase solvents were 50% saturated with water. 

Analytical reversed-phase LC was conducted using a 13 x 0.46 cm Spheri-5 RP-8 

column (Brownlee, MPLC cartridge, precolumn 3 cm, column 10 cm) a Spectra- 

Physics Model 8700 solvent delivery system and an LDC W Monitor 111 (214 nm). 

Solvent compositions are described in the text. Mass of product for 

determination of specific activity was determined by W absorbance (on LC) 

relative to W absorbance of known levels of injected unlabeled standards. The 

level of radioactivity was determined by collecting the whole of the zone 

corresponding to radiolabeled product from LC, for liquid scintillation counting 

(LSC) in a Packard 2425 or 4430 spectrometer. Detection of radiolabel on TLC 

plates was &a Packard Model 7201 Radiochromatogram Scanner. 

EXPERIMENTAL 

Mat erials 

A sample of the JH 0 precursor (5 methyl' (2~,6~)-11-chloro-3,7-diethyl-ll- 

methyl-l0-oxo-2,6-tridecadienoate) was obtained from a batch prepared by 

Anderson et al. (12); the JH I11 precursor (1, methyl (2~,6~)-ll-chloro-lO-oxo- 
3,7,1l-trimethyl-2,6-dodecadienoate) was prepared by Dr. R. J. Anderson using 

the same method, from a Claisen reaction of methyl (2E)-6-hydroxy-3-methyl-7- 

methylene-2-octenoate with 2,2-dimethyoxy-3-chloro-3lnethylbutane (13). Sodium 

[ Hlborohydride (NaB H4, >ZOO d i ;  specific activity 4.5 Ci/mmol) was obtained 

from Amersham Corporation. Diisobutyl aluminum hydride (DIBAH) was from Texas 

Alkyls Inc. ; other chemicals were reagent grade. Dlethyl ether (Mallinckrodt) 

was distilled before use. Thin-layer chromatography ("LC) plates were obtained 

from Analtech. Silica Sep-Pak cartridges (Waters Associates) were prewashed 

with ether followed by pentane. 

3 Synthesis of racemic (10- H]JH 111 (1, see Fig. 1) 

3 3 

Six milligrams (20 -1) of JH I11 precursor (L) was dissolved in 50 ul of 
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a mixture  comprised of 9 volumes of methanol and 1 volume 0 .1Mpotass ium 

phosphate ,  pH 7.0. The l a t te r  s o l u t i o n  was i n j e c t e d  through a serum s t o p p e r ,  

p rovided  wi th  a ven t ing  need le ,  i n t o  an ampoule ( c h i l l e d  on i c e )  c o n t a i n i n g  an 

excess  of NaB H4. 

a g i t a t i o n .  A f t e r  2.5 h ,  convers ion  t o  t h e  ch lo rohydr in  i n t e r m e d i a t e  (2) was 

complete (monitored by TU: on 250 VII s i l i c a  GF, hexane:Et20, 7:3 v /v  and 

radiochromatogram scanning) .  Reac t ions  were d i l u t e d  wi th  100 v l  0 .2E sodium 

a c e t a t e ,  pH 4.0, and e x t r a c t e d  wi th  e t h e r .  The e t h e r  e x t r a c t  was d r i e d ,  

concen t r a t ed ,  and p u r i f i e d  by semiprepa ra t ive  normal phase LC u s i n g  15% e t h e r  i n  

pentane.  The d e s i r e d  product  (k' 3.5) was c o l l e c t e d  and t h e  s o l v e n t  removed. 

3 The r e a c t i o n  w a s  allowed t o  proceed a t  O°C fo l lowing  v igorous  

Chlorohydr in  2 w a s  d i s s o l v e d  i n  300 id of methanol and -5 mg of anhydrous 

K2C03 was added wi th  s t i r r i n g  ( 1  h a t  room t empera tu re ) .  

t h e  d e s i r e d  product  ( racemic  [lo- H I J H  111, 2) w a s  e x t r a c t e d  wi th  pentane  

c o n t a i n i n g  10% e t h e r ,  then  d r i e d  ove r  anhydrous MgS04. 

p u r i f i e d  by passage  through a s i l i c a  Sep-Pak, which w a s  e l u t e d  wi th  

pentane :e ther  (2 :  1, v /v ) .  The concen t r a t ed  e l u a t e  was p u r i f i e d  f u r t h e r  by 

semiprepa ra t ive  normal phase l i q u i d  chromatography u s i n g  6% e t h e r  i n  pentane.  

The y i e l d  was 2.84 mg (20.7 ~ ~ 0 1 ,  -54%) and 15.2 m C i ;  t h e r e f o r e ,  s p e c i f i c  

a c t i v i t y  was 1.4 Ci/mmol. 

Br ine  was added and 

3 

The [10-3H]JH 111 was 

0 

Figure  1. Scheme f o r  t h e  

p r e p a r a t i o n  of [10-3H]JH I11 

(2) and i ts  subsequent  

conve r s ion  t o  methyl [ l o -  

3H] fa rnesoa te  (A) and [lo- 

3H]farnesol  (?). 
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3 Conversion of [10-3H]JH 111 t o  [ lo-  HIMethyl Fa rnesoa te  (4, Fig. 1 )  

Zinc  d u s t  (7.5 mg, 115 wl) w a s  added t o  a s t i r r e d  s o l u t i o n  of sodium 

Iod ide  (4.5 mg, 30 w l )  and sodium acetate (0.75 mg, 9.2 mol) i n  20 !.il of 

g l a c i a l  a c e t i c  a c i d  i n  a 1 m l  Micro f l ex  v ia l  (Kontes).  The v i a l  w a s  f i t t e d  wi th  

a Mic ro f l ex  valve-cap assembly and c h i l l e d  on an i c e  bath.  Ten m i l l i c u r i e s  

(1.9 m g ,  7.1 w l )  of (10- H]JH 111 (2) d i s s o l v e d  i n  15 pl of THF was i n j e c t e d  

s lowly  i n t o  t h e  s t i r r e d  s o l u t i o n .  Small a l i q u o t s  were removed f o r  TIC a n a l y s i s  

and radiochromatogram scann ing  t o  monitor t h e  p r o g r e s s  of t h e  r e a c t i o n .  A f t e r  

4 h ,  an a d d i t i o n a l  1.1 mg of sodium i o d i d e  and 0.2 mg of sodium a c e t a t e  i n  5 ul 

HOAc was i n j e c t e d  i n t o  t h e  vial. The r e a c t i o n  was a l lowed t o  proceed  a t  -O°C 

f o r  a t o t a l  of 21 h a t  which time methyl f a r n e s o a t e  (4) appeared  t o  be t h e  major  

r a d i o l a b e l e d  product  w i t h  lesser amounts of s t a r t i n g  material and a p o l a r  

unknown (by TLC). A f t e r  d i l u t i o n  wi th  b r i n e ,  t h e  r e a c t i o n  mix tu re  was e x t r a c t e d  

wi th  e t h e r .  

(MgS04). 

a p p l i e d  t o  a s i l i c a  Sep-Pak. The la t ter  was e l u t e d  wi th  5 m l  of pen tane ,  5 m l  

of 1% e t h e r  i n  pentane ,  and f i n a l l y  10 m l  of 2% e t h e r  i n  pentane .  Most of t h e  

d e s i r e d  product  was p r e s e n t  i n  t h e  combined 1% and 2% e t h e r  e l u e n t s  and was 

e s s e n t i a l l y  r ad iochemica l ly  pure  (TLC). The methyl [ 10- H l f a r n e s o a t e  w a s  

f u r t h e r  p u r i f i e d  by p r e p a r a t i v e  LC u s i n g  1% e t h e r  i n  pentane  (k' 4). 

Radiochemical p u r i t y  of t h e  sample was i n v e s t i g a t e d  by a n a l y t i c a l  normal phase  

LC of an a l i q u o t  u s i n g  1% e t h e r  i n  pentane  and l i q u i d  s c i n t i l l a t i o n  coun t ing  of 

c o l l e c t e d  1 min f r a c t i o n s .  

(k' 6.1) and con ta ined  less than  0.03% of t h e  co r re spond ing  l a b e l e d  c is  isomer 

(k '  4.3). S p e c i f i c  a c t i v i t y  was de termined  by reversed-phase  LC u s i n g  60% 

a c e t o n i t r i l e ;  w e  ob ta ined  a va lue  of 1.7 Ci/mmol. Yie ld  was about  4 m C i  (40%,  

1.9 m o l ) .  By reversed-phase  LC a n a l y s i s  t h e  r ad iochemica l  p u r i t y  of t h e  

product  was 4 8 % .  

Conversion of Methyl [10-3H]Farnesoate t o  [ lo-  HIFarnesol  (2, Fig. 1) 

3 

E t h e r  e x t r a c t s  were washed wi th  KHCOj/brine and then  d r i e d  

Fol lowing  removal of e t h e r ,  t h e  sample was r e d i s s o l v e d  i n  pen tane  and 

3 

The sample was >99% methyl (2E-,6EJ-[10-3H]farnesoate 

3 

3 

i n j e c t e d  s lowly  wi th  a s y r i n g e  i n t o  10 ul of a n  ice co ld  I M s o l u t i o n  of DIBAH i n  

hexane (in a 1 m l  Micro f l ex  v i a l  w i th  Mic ro f l ex  va lve  cap and under  N 2 ) .  

One m C i  (-0.5 w l )  of methyl [ lo -  H l f a r n e s o a t e  (4, i n  10 pl of hexane was 

The 
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c o n t e n t s  of t h e  v i a l  were v o r t e x e d  f r e q u e n t l y  d u r i n g  t h e  a d d i t i o n ;  t h e  s y r i n g e  

w a s  washed 3X w i t h  10 pl hexane and t h e  washings  were a l s o  i n j e c t e d  i n t o  t h e  

v i a l .  A f t e r  20 min, t h e  r e a c t i o n  was  ended by a d d i t i o n  of hexane and water; t h e  

hexane l a y e r  was removed and t h e  aqueous l a y e r  f u r t h e r  e x t r a c t e d  w i t h  e t h e r .  

[An a l i q u o t  of t h e  combined s o l v e n t  e x t r a c t s  was removed f o r  TLC ( h e x a n e : e t h e r ,  

50:50 v / v )  fo l lowed by rad iochromatogram s c a n n i n g ,  which showed t h a t  f a r n e s o l  

(2) was t h e  major p r o d u c t  a l o n g  w i t h  s u b s t a n t i a l  amounts of u n r e a c t e d  s t a r t i n g  

m a t e r i a l  and a p o l a r  unknown p r o d u c t . ]  The c r u d e  p r o d u c t  was d i s s o l v e d  i n  

p e n t a n e / e t h e r  (98:2 v / v )  and a p p l i e d  t o  a s i l i c a  Sep-Pak. The bulk  of t h e  

u n r e a c t e d  methyl  f a r n e s o a t e  was removed by e l u t i o n  w i t h  6 m l  of 2% e t h e r  i n  

p e n t a n e  and s a v e d ;  [10-3H]farnesol  and p o l a r  unknowns were e l u t e d  w i t h  e t h e r .  

The e t h e r  e l u e n t  w a s  p u r i f i e d  by s e m i p r e p a r a t i v e  normal p h a s e  LC u s i n g  8% e t h e r  

i n  pentane .  Under t h e s e  c o n d i t i o n s  t h e  k’ f o r  f a r n e s o l  was -17. The f r a c t i o n s  

c o n t a i n i n g  [ l o -  H ] f a r n e s o l  were pooled ,  e v a p o r a t e d ,  and  r e d i s s o l v e d  in 

h e x a n e : t o l u e n e  ( l : l ,  v /v) .  A n a l y s i s  of an  a l i q u o t  by normal p h a s e  LC u s i n g  12% 

e t h e r  i n  p e n t a n e  and c o l l e c t i o n  of 1 min f r a c t i o n s  f o r  LSC showed t h e  

r a d i o c h e m i c a l  p u r i t y  t o  be 4 4 %  (2&,6C)-[lO- H l f a r n e s o l  and -2.5% (2z,6K)-[lO- 

3 H ] f a r n e s o l .  S p e c i f i c  a c t i v i t y  of t h e  p r o d u c t  (1 .4 Ci/mmol) was d e t e r m i n e d  by 

r e v e r s e d - p h a s e  LC u s i n g  55% CH3CN as s o l v e n t .  

(-30%, 0.15 m o l ) .  

3 

3 

Y i e l d  of p r o d u c t  was -322 

F i g u r e  2. Scheme f o r  t h e  p r e p a r a t i o n  of racemic  1 0 , l l G  and t rans- [ lO-  3 H ] J H  0 

(3,). 
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] -[10-3H]JH 0 ( 1 F i  . 2) 

Methodology was s i m i l a r  t o  t h a t  desc r ibed  f o r  s y n t h e s i s  of [10-3H]JH 111 

excep t  t h a t  a smaller q u a n t i t y  (0.7 mg of JH 0 precur so r ,  2 pol, d i s s o l v e d  i n  

25 ul of methanol/phosphate b u f f e r )  was used. The d i a s t e r e o m e r i c  ch lo rohydr in  

p roduc t s  (1,8., were e x t r a c t e d  w i t h  e t h e r  and s u b j e c t e d  t o  TLC on two 500 lol 

t h i c k  5 x 20 cm s i l i c a  GF p l a t e s  (hexane:ether .  7:3, v/v). The b a r e l y  resolved 

upper (3 t h r e o )  and lcuer (& e r y t h r o )  isomers were scraped from t h e  p l a t e  as 

one zone, e l u t e d  wi th  a c e t o n i t r i l e ,  and f i l t e r e d  through a c o t t o n  plug. The 

t h r e o  (k’  4) and e r y t h r o  (k’  6.7) d i a s t e reomers  were s e p a r a t e d  by normal phase 

semiprepa ra t ive  LC; s o l v e n t  was 10% e t h e r  i n  pentane.  

Conversion of t h e  t h r e o  ch lo rohydr in  t o  *-JH 0 (2) and t h e  e r y t h r o  

ch lo rohydr in  t o  trans-JH 0 (10) was e f f e c t e d  by s t i r r i n g  wi th  powdered anhydrous 

K2CO3 i n  100 vl of methanol f o r  1 h. 

e x t r a c t i o n ,  t h e  p roduc t s  were d r i e d  (HgS04). 

passage of t h e  samples through a silica Sep-Pak ( s o l v e n t  used t o  e l u t e  t h e  

d e s i r e d  products  was pen t sne :e the r ,  2:1, v/v). The p roduc t s  were f i n a l l y  

p u r i f i e d  by normal phase semiprepa ra t ive  LC (5% e t h e r  i n  pentane) .  K’ va lues  

f o r  t h e  10,l lcis and t r a n s  racemates were 5.0 and 4.75 r e s p e c t i v e l y .  S p e c i f i c  

a c t i v i t y  w a s  found t o  be 1.4 C i / m m l  f o r  each isomer.  Yields  were 230 61 

(0.16 ml) of 1 0 , l l c i s  Isomer, and 204 rCi (0.15 w l )  of l 0 , l l t r a n s  isomer. 

A f t e r  d i l u t i o n  wi th  b r i n e ,  and s o l v e n t  

P o l a r  i m p u r i t i e s  were removed by 

RESULTS AND DISCUSSION 

Three of t h e  n a t u r a l  j u v e n i l e  hormones (JH I, 11, and 111) are commercially 

a v a i l a b l e  ( N E N )  l a b e l e d  wi th  t r i t i u m  a t  C-10; t h e s e  were prepared by t h e  same 

g e n e r a l  method as desc r ibed  h e r e ,  hrt us ing  NaB3H4 of h ighe r  s p e c i f i c  a c t i v i t y  

f o r  r educ t ion  (D. Ahern and D. A. Schooley, unpubl ished) .  However, JH 0 is not  

a v a i l a b l e  from commercial sou rces  i n  l a b e l e d  (o r  non labe led )  form. Because of 

our need f o r  a l a r g e  q u a n t i t y  of 13H]JH 111, a long  wi th  some [ H I J H  0, w e  chose 

t o  r ad iosyn thes i ze  JB 111, r a t h e r  than t o  purchase i t .  The chloroketone 

p r e c u r s o r s  f o r  r a d i o s y n t h e s i s  of J H  0 and J H  I11 were p u r i f i e d  by 

semiprepa ra t ive  normal phase LC t o  minimize t h e  need f o r  radiochemical  

p u r i f i c a t i o n .  The r educ t ion  wi th  NaB H6 t o  t h e  chlorohydrina proceeds 

3 

3 
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smoothly. However, both un labe led  and l a b e l e d  p r e p a r a t i o n s  of borohydr ide  are 

f r e q u e n t l y  contaminated wi th  base ,  which may conve r t  t h e  ch lo rohydr ins  d i r e c t l y  

t o  t h e  epoxide  i n  t h e  r e d u c t i o n  s t e p .  Th i s  i s  not a l i a b i l i t y  i n  t h e  s y n t h e s i s  

of [10-3H]JH 111, but i t  is very u n d e s i r a b l e  i n  s y n t h e s i s  of [ lo -  H I J H  0. 

Because J H  0 and i t s  ch lo rohydr in  p r e c u r s o r s  c o n t a i n  asymmetric carbon atoms a t  

both C-10 and C-11, f o u r  i somer i c  ch lo rohydr ins  r e s u l t  from r e d u c t i o n  of t h e  

racemic  ch loroketone .  The t h r e o  and e r y t h r o  ch lo rohydr ins  (each  a racemate)  

s e p a r a t e  s l i g h t l y  on TLC or r e a d i l y  on LC. However, t h e  racemic cis and t r a n s  

epoxides  formed upon c y c l i z a t i o n  of t h e  i s o m e r i c  ch lo rohydr ins  are s e p a r a b l e  

only wi th  d i f f i c u l t y  on LC, and are q u i t e  i n s e p a r a b l e  on TLC. 

3 

Accordingly ,  we used 90% methanol c o n t a i n i n g  0.015 phosphate b u f f e r ,  pH 7, 

f o r  t h e  borohydr ide  r educ t ion .  Th i s  p r e c a u t i o n  r e s u l t e d  i n  format ion  of t h e  

ch lo rohydr ins  uncontaminated by t h e  epoxides.  

While t h e  procedure  of Corn fo r th  e t  ale (11 )  f o r  deoxygenat ion  of epox ides  

i s  a w e l l  known r e a c t i o n ,  w e  were p l e a s a n t l y  s u r p r i s e d  t h a t  i t  works w e l l  w i th  

J H  111. J H  111 is very s e n s i t i v e  t o  rearrangement under a c i d i c  c o n d i t i o n s .  In 

f a c t ,  van Tamelen's group (14 )  s t u d i e d  t h e  c y c l i z a t i o n  of racemic methyl epoxy- 

f a r n e s o a t e  [ (1ObZ)JH 1111 t o  mix tu res  of monocyclic and b i c y c l i c  s e s q u i t e r -  

penoids ,  c a t a l y z e d  by 85% phosphor ic  a c i d  or by boron t r i f l u o r i d e  e t h e r a t e  in 

benzene. These s t u d i e s  were c a r r i e d  out  be fo re  t h i s  material was i s o l a t e d  as an  

a u t h e n t i c  j u v e n i l e  hormone of i n s e c t s  (15).  It is of i n t e r e s t  t h a t  we could not 

d e t e c t  a p p r e c i a b l e  amounts of such c y c l i z a t i o n  r e a c t i o n s  i n  g l a c i a l  a c e t i c  a c i d ,  

t h e  s o l v e n t  f o r  t h e  Corn fo r th  deoxygenat ion ,  a l though  some unknown p roduc t s  were 

formed. 

Corn fo r th  et a l .  (11) have shown t h a t  a l though  fo rma t ion  of an  i n t e r m d i a t e  

iodohydr in  appears  t o  be s t e r e o s e l e c t i v e ,  t h e  r educ t ion  of t h e  iodohydr in  w i t h  

z i n c  is almost comple te ly  non- s t e reose l ec t ive ,  in t h e  case of d i s u b s t i t u t e d  

o l e f i n s .  Thus, w e  have no t  a t tempted  t o  apply  t h i s  deoxygenat ion  r e a c t i o n  t o  

l a b e l e d  J H  0 (or t o  commercially a v a i l a b l e  J H  I or J H  IT), as fo rma t ion  of C- 

10,11 i somer i c  mix tu res  of o l e f i n s  is  expec ted .  

A l l  r a d i o l a b e l e d  p roduc t s  were found t o  co-chromatograph w i t h  cor responding  

un labe led  s t a n d a r d s  -normal phase  and/or  reversed-phase LC. Ana lys i s  by gas  



lIO--'H] Juvenile Hormone 111 and [IO-.'H] Juvenile Hormone 0 541 

chromatography/mass spec t romet ry  f u r t h e r  confirmed t h a t  t h e  r a d i o l a b e l e d  

p roduc t s  were i d e n t i c a l  w i th  a u t h e n t i c  s t a n d a r d s .  P o r t i o n s  of t h e  samples of 

[10-3H]JH 111 and lO,ll&-[lO- H I J H  0 were conver ted  t o  t h e  co r re spond ing  11- 

methoxy-c13-10-hydroxy (MH) d e r i v a t i v e s  (6 ) .  

t r a c e r s  t o  ensu re  t h a t  l i q u i d  chromatographic  c o n d i t i o n s  used d u r i n g  ou r  JH 

t i t e r  d e t e r m i n a t i o n  s t u d i e s  r e s u l t  i n  s a t i s f a c t o r y  r e s o l u t i o n  of JH 0 and JH 111 

d-,, MHs from the  a p p r o p r i a t e  phenylurea  marker compounds (6) .  

avoid  having  t o  use  UV a b s o r p t i o n  d e t e c t i o n  of s y n t h e t i c ,  un labe led  s t a n d a r d s  a t  

r e l a t i v e l y  h igh  l e v e l s  of mass, which can c o n t r i b u t e  t o  c o n s i d e r a b l e  

contaminat ion  of samples (see comments i n  16). 

3 

We u t i l i z e  t h e s e  r o u t i n e l y  a s  LC 

In t h i s  way we 

N e i t h e r  f a r n e s o l  nor  methyl f a r n e s o a t e  a r e  commercially a v a i l a b l e  i n  

i s o t o p i c a l l y  l a b e l e d  form. There is c u r r e n t l y  much i n t e r e s t  I n  j u v e n i l e  hormone 

b i o s y n t h e s i s  and i t s  c o n t r o l ,  e.g. by f a r n e s o l  and f a r n e s o i c  a c i d  (17).  

A d d i t i o n a l l y ,  methyl f a r n e s o a t e  may p lay  a hormonal r o l e  in i n s e c t s  (18) and 

o t h e r  i n v e r t e b r a t e s  (19, and Laufer  et  a l . ,  in p r e p a r a t i o n ) .  We have r e c e n t l y  

u t i l i z e d  110- Hlfa rneso l  in s t u d i e s  on f a r n e s o l  dehydrogenase in Manduca s e x t a  

co rpora  a l l a t a  (F. C. Baker e t  a l . ,  unpubl i shed  r e s u l t s ) .  Both r a d i o l a b e l e d  

f a r n e s o l  and methyl f a r n e s o a t e  have been used as i n t e r n a l  s t a n d a r d s  d u r i n g  

development of an i s o t o p e  d i l u t i o n  method f o r  q u a n t i f i c a t i o n  of t h e s e  compounds 

i n  b i o l o g i c a l  samples (Baker et  a l . ,  i n  . p repa ra t ion ) .  Radio labe led  methyl  

f a r n e s o a t e  h a s . a l s o  been i n v a l u a b l e  f o r  moni tor ing  t h e  s t a b i l i t y  of t h i s  

compound dur ing  v a r i o u s  a n a l y t i c a l  chemical man ipu la t ions .  We have observed  

t h a t  nanogram l e v e l s  of methyl [lo- H l f a r n e s o a t e  undergo c o n s i d e r a b l e  

decomposi t ion  when a p p l i e d  t o  s i l i c a  TLC p l a t e s  i f  t h e  l a t t e r  are no t  developed 

immediately.  One of t h e  p roduc t s  co -mig ra t e s  w i th  JH 111, an o b s e r v a t i o n  a l s o  

r epor t ed  by Dr. G. E. P r a t t  and co-workers ( a t  t h e  Second I n t e r n a t i o n a l  CNRS 

Symposium on Biosyn thes i s ,  Metabolism and Mode of Act ion  of I n v e r t e b r a t e  

Hormones, S t r a sbourg ,  France ,  September 1983). We have a l s o  found t h a t  methyl  

f a r n e s o a t e  can 'be conver ted  (0.1% o r  less) t o  J H  I11 dur ing  p r o c e s s i n g  of 

b i o l o g i c a l  samples f o r  JH t i t e r  de te rmina t ions  (19) .  

3 

3 



542 F. C. Baker and D. A. Schooley 

ACKNOWLEDGMENTS 

We thank M s .  Ca ro l  C .  Reuter  f o r  GC/MS a n a l y s i s  of t h e  r a d i o l a b e l e d  

p roduc t s ,  D r .  Richard J. Anderson of t h e  Chemistry Department,  Zoecon 

Corpora t ion ,  f o r  p rov id ing  t h e  J H  ch lo roke tone  p r e c u r s o r s ,  and Ms. C h r i s t i n e  A. 

M i l l e r  f o r  de t e rmina t ion  of t h e  s p e c i f i c  a c t i v i t y  of t h e  [ lo -  H l fa rneso l .  We 

a r e  indebted  t o  t h e  Na t iona l  Sc ience  Foundation (PCM 82-08665) f o r  p a r t i a l  

f i n a n c i a l  suppor t .  

3 

REFERENCES 

1. 

2. 

3. 

4 .  

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

Wigglesworth V. B. - Adv. I n s e c t  Phys io l .  &247 (1964) .  

R 6 l l e r  H . ,  Dahrn K. H . ,  Sweeley C. C. and Tros t  B. M. - Angew. Chem. 

i n t e r n a t .  Ed i t . ,  & I 7 9  (1967).  

Meyer A. A. ,  Schneiderman H. A., Hanzmann E. and KO J. H. - Proc. Nat. 

Acad. S c i .  60: 853 (1968).  

Bergot B. J . ,  Jamieson G. C . ,  R a t c l i f f  M. A. and Schooley D. A. - Sci .  

210:336 (1980).  

Bergot B. J., Baker F. C., Cerf D. C . ,  Jamieson G .  and Schooley D. A. i n  

J u v e n i l e  Hormone Biochemis t ry ,  P r a t t  G. E. and Brooks G. T., Eds., 

E l s e v i e r ,  North-Holland, p. 33 (1981). 

Bergot B. J. ,  R a t c l i f f  M. and Schooley D. A. - J. Chromatog. 2 2 3 1  

(1981).  

Schooley D. A. and Baker F. C. - i n  Comprehensive I n s e c t  Phys io logy  

Biochemis t ry  and Pharmacology G. A. Kerkut and L. I. G i l b e r t ,  Eds., 

Pergamon. I : p .  363 (1985).  

Baker F. C. and Schooley D. A. - Anal. Biochem. E : 4 1 7  (1979). 

Baker F. C. ,  Lee E. ,  Bergot B. J. and Schooley D. A. - i n  J u v e n i l e  Hormone 

Biochemis t ry ,  Pratt  G. E. and Brooks G. T. Eds., E l s e v i e r ,  North-Holland, 

p. 67 (1981).  

Baker F. C . ,  Mauchamp B. ,  Tsa i  L. W. and Schooley D. A. - J. L i p i d  Res. 

- 2 4 :  1586 (1983).  

Corn fo r th  J. W., Cornfo r th  R. H. and Mathew K. K. - J. Chem. SOC., 112 

(1959). 

- 



[10-3H] Juvenile Hormone 111 and [lO--’H] Juvenile Hormone 0 543 

12. Anderson R. J., Corbin V. L . ,  C o t t e r r e l l  G . ,  Cox G. R., Henrick C. A., 

Schaub F. and S l d d a l l  J. B. - J. Amer .  Chem. S O C .  z : 1 1 9 7  (1975).  

Acad. Sc i .  67:1465-1467 13. Werthemann L. and Johnson W. S. - Proc. Nat 

(1970).  

14. van Tamelen E. E. - Accounts Chem. Res. r : 1  1 (1968).  

15. Judy K. J., Schooley D. A., Dunham L. L., Ha l l  M.  S . ,  Bergot B. J. and 

S i d d a l l  J. B. - Proc. Nat. Acad. Scl.  s : 1 5 0 9  (1973). 

16. Baker F. C., Lanzre in  B. ,  Miller C. A., T sa i  L. W . ,  Jamieson G. C. and 

Schooley D. A. - L i f e  Sc i .  =:1553 (1984). 

17. Feye re i sen  R., Ruegg R. P. and Tobe S. S. - I n s e c t  Biochem. f i :657  ( 

18. Lanzre in  B. ,  Imboden H., Biirgin C., Briining E. and G f e l l e r  H. - in 
B i o s y n t h e s i s ,  Metabolism and Mode of Act ion  of I n v e r t e b r a t e  Hormones 

984).  

Hoffmann J. and Porche t  M . ,  Eds.. Spr inger -Ver lag ,  B e r l l n ,  p. 454 (1984).  

19. Laufer  if., Bors t  D. W., Ca r ra sco  C., Baker F. C. and Schooley D. A . ,  

A b s t r a c t  from t h e  10 th  I n t e r n a t i o n a l  Symposium on Comparative Endocrinology 

(Colorado) ,  J u l y  21-26 (1985).  




