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SYNTHESIS OF THE LABELED GIBBERELLIN, ~ ~ ~ - 1 7 - l ~ ~  
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SUMMARY 

14 GAg-17- C was s y n t h e s i z e d  by i n t r o d u c i n g  14C i n t o  GAg-17- 
n o r k e t o n e  by t h e  W i t t i g  r e a c t i o n .  The NMR and mass s p e c t r a  of 
f t e e  tiA9 and  GA9-17-norketone are p r e s e n t e d .  The d iphenylmethyl -  

C-phosphine o x i d e  i s  formed a s  a byproduct .  

Keywords: GA9,  GAg-17-norketone, NMR, mass s p e c t r a ,  W i t t i g  r e a t i o n ,  d i p h e n y l -  

methylphosphine  o x i d e .  

INTRODUCTION 

The g i b b e r e l l i n s  (GAS) are d i t e r p e n o i d  a c i d s  w i t h  hormonal f u n c t i o n  and  a r e  

e s s e n t i a l  f o r  normal growth and  development i n  h i g h e r  p l a n t s .  A t  t h e  p r e s e n t  

t i m e ,  t h e  metabol i sm of GA9 i n  Pisum sativum is u n d e r  i n v e s t i g a t i o n  by o u r  

r e s e a r c h  group.  R a d i o a c t i v e  GAS h a v e  been used  i n  numerous s t u d i e s  of t h e  metab- 

o l i s m  of GAS (1 ,2,3) .  

which r e t a i n s  i t s  l a b e l  th roughout  t h e  m e t a b o l i c  c o n v e r s i o n s .  

The i n t r o d u c t i o n  of 14C i n t o  C-17 produces  a p r e c u r s o r  

The p r e p a r a t i o n  of r a d i o a c t i v e  GA9 by t h e  W i t t i g  r e a c t i o n  h a s  been p r e v i -  

o u s l y  d e s c r i b e d  by C r o s s  &. ( 4 )  and  by B e a r d e r  g &. ( 5 ) .  C r o s s  g &. 

have  u s e d  t h e  GAg-17-norketone m e t h y l  ester i n  t h e  W i t t i g  r e a c t i o n  t o  p r e p a r e  

t h e  GA9 m e t h y l  es ter ,  which t h e n  had  t o  be  h y d r o l y z e d  t o  o b t a i n  t h e  f r e e  GA9 

(L). 

but  o b t a i n e d  impure r a d i o a c t i v e  GA9. I n  t h i s  communication w e  r e p o r t  a method 

f o r  p r e p a r a t i o n  of p u r e  r a d i o a c t i v e  GA9 f rom GAg-17-norketone w i t h o u t  hydro ly-  

Bearder  g &. , have  used  t h e  GA9-17-norketone (2) i n  t h e  W i t t i g  r e a c t i o n ,  
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sis. The r a d i o a c t i v e  byproduct of t h e  W i t t i g  r e a c t i o n  i s  i d e n t i f i e d .  NMR and 

mass s p e c t r a  of f r e e  GA9 and GAg-17-norketone are p resen ted  f o r  t h e  f i r s t  t i m e .  

= 0  
17 

18 7 

RESULTS AND DISCUSSION 

For t h e  p r e p a r a t i o n  of GAg-17-14C, t h e  W i t t i g  r e a c t i o n  was c a r r i e d  Out by 

t h e  a d d i t i o n  of GAg-17-norketone t o  t h e  mixture  of methyl-14C-triphenyl- 

phosphonium i o d i d e  i n  to luene  and potassium f-butoxide i n  t - b u t y l  a l c o h o l .  

The W i t t i g  r e a c t i o n  i s  o f t e n  c a r r i e d  out  i n  d i e t h y l  e t h e r ,  but  t h e  GAg-17- 

norketone i s  i n s o l u b l e  i n  d i e t h y l  e t h e r .  

because t h e  GAg-17-norketone i s  s o l u b l e  i n  t o l u e n e  and t h e r e  i s  no chance of 

contaminat ion wi th  peroxides .  

t i o n  of G A ~ - ~ ~ - ~ H ~ ,  because t r i t i u m  w i l l  exchange wi th  5-butyl  a l c o h o l  a f t e r  

t h e  y l i d e  i s  formed (6 ) .  

14C-phosphine ox ide ,  Ph214CH3P0. 

mass s p e c t r a  ( e l e c t r o n  impact and chemical i o n i z a t i o n ) ( 7 ) .  

has  not  been p rev ious ly  r epor t ed  as a byproduct of t h e  W i t t i g  r eac t ion .  

It was r epor t ed  t h a t  [Ph3PCH3] [BPh4]-decomposes wi th  concd. aq. KOH and 

g i v e s  Ph2CH3P0 (8). 

The 

Toluene w a s  used i n  ou r  method, 

Th i s  method i s  no t  s u i t a b l e  f o r  t h e  p r e p a r a t i o n  

The W i t t i g  r e a c t i o n  also produces t h e  diphenylmethyl- 

I ts  s t r u c t u r e  was determined by NMR and 

T h i s  compound 

+ 

The proton NMR s p e c t r a  of GA9 and i t s  norketone are p resen ted  i n  

Fig.  1. 

been desc r ibed  by Hanson ( 9 1 ,  but t h e  spectrum of t h e  GA9 methyl ester 

was not  given.  

Both s p e c t r a  show t h e  p ro tons  of t h e  C-18 methyl  group a t  6 1.10 and a 

p a i r  of doub le t s  a t  62.47 and 2.72, due t o  t h e  C-5 and C-6 p ro tons ,  w i th  a 

coupl ing cons t an t  J = 10.3 cpm. 

The chemical s h i f t s  of some pro tons  of t h e  G+ methyl ester have 

The chemical s h i f t s  a r e  identica. '  i n  GA9 and i t s  norketone. 

The high coup l ing  c o n s t a n t  may be due t o  t h e  
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Fig. 1 .  Proton NMR s p e c t r a  of GA9 (A) and GAg-17-norketone (B). 

two C-H bonds being n e a r l y  coplanar .  

4.96, are v i s i b l e  i n  t h e  GA9 spectrum but no t  i n  t h e  norketone spectrum. 

The spectrum of t h e  norketone a l s o  shows t h e  d e s h i e l d i n g  of p ro tons  on C-13 

and C-15, but  t h e  exact chemical s h i f t s  of t h e s e  p ro tons  cannot  be c l e a r l y  

determined from t h i s  spectrum because of band ove r l ap .  

The C-17 methylene p ro tons ,  6 4.83, and 

13C-NMR d a t a  of GA9 and GAg-17-norketone are p resen ted  i n  Tab le  1.  C-12 

and C-14 of t h e  norketone are s h i e l d e d ,  w h i l e  C-13, C-15, and C-16 are 

desh ie lded  by t h e  C-16 carbonyl  group. 

publ ished p rev ious ly  (10, 11)  and our  d a t a  on GA9 are i d e n t i c a l .  

t h e  13C-NMR d a t a  f o r  t h e  GAg-17-norketone have no t  been p r e v i o u s l y  p re sen ted ,  

a l though d a t a  f o r  t h e  GAg-17-norketone methyl ester are pub l i shed  (11).  

The C-7 resonance of t h e  GAg-17-norketone moves u p f i e l d  t o  172.5 ppm upon 

fo rma t ion  of t h e  methyl ester of t h e  c a r b o x y l i c  a c i d  (11) .  

The 13C-NMR d a t a  f o r  GA9 have been 

However, 
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TABLE 1 

13C NMR d a t a  (p.p.rn. f rom TMS, i n  CDC13) 

Carbon 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
1 7  
18 
19 

GA9 

30.8 
19.4 
34.4 
49.0 
58.1 
51.6* 

177.5* 
51.5 
54 .0 
93.3 
16.2 
31.4 
38.9 
36.8 
44.3 

156.6 
107.5 

17.3 
179.3 

~~ 

GAg-17-Norketone 

30.5 
19.3 
34.4 
49.3 

52.9* 
176.2" 
49.8 
54.2 
93.1 
16.8 
24.9 
44.8 
34.6 
50.4 

221.1 

17.3 
179.0 

58 .o 

--- 

*Broad peaks  a t  r e p e t i t i o n  rates of 2 . 0  sec. 

The mass s p e c t r a  of GAg and  i t s  n o r k e t o n e  are p r e s e n t e d  i n  F i g .  2 .  

mass s p e c t r u m  Of GAg methyl  e s t e r  h a s  been r e p o r t e d  by T a k a h a s h i  gal. (12) a n d  

Binks  %&. (13) .  

Of GAg and  GAg m e t h y l  ester. 

prominent  i o n s  due t o  t h e  methoxycarbonyl  g r o u p ,  which  i s  n o t  v e r y  i n f o r m a t i v e .  

i n f  ormat i v e .  

The 

T h e r e  are s i g n i f i c a n t  d i f f e r e n c e s  between t h e  mass s p e c t r a  

The mass s p e c t r u m  of GAg m e t h y l  ester shows t h e  

GAg e x h i b i t s  prominent  peaks  due  t o  M-17 (HO), M-18 (HzO), M-44 (COz), 

M-46 (C02H2), M-59 (CO2, CH3), M-87 (Cog, C3H7), M-89 (CO2, COzH), M-112 

(CO2, CsH8), and  M-113 (C02, C5Hg). 

(H20) are n o t  v i s i b l e  i n  t h e  mass s p e c t r u m  of GAg m e t h y l  es ter  (13).  

s u g g e s t s  t h a t  t h e s e  i o n s  are due t o  t h e  l o s s  of HO f r o m  t h e  c a r b o x y l i c  a c i d .  

The i o n s  M-44 (C02) a n d  M-46 (C02H2) are  n o t  prominent  i n  t h e  GAg methyl  ester 

s p e c t r u m  (13) .  

i o n s  M-87 (co2,  C3H7), M-89 (CO2, COzH), M-112 (CO2, C5H8). and  M-113 (CO2, C5Hg) 

may be due t o  t h e  i n i t i a l  l o s s  of CO2 of t h e  l a c t o n e .  

t i o n  of C 3 H 7 ,  C5H8, and  C5Hg may be  f r o m  Ring A. 

The f r a g m e n t  i o n s  of M-17 (HO) a n d  M-18 

T h i s  

The  e l i m i n a t i o n  may be  m o s t l y  f rom the c a r b o x y l i c  a c i d .  The 

The s u b s e q u e n t  e l i m i n a -  

These  i o n s  were a l s o  shown i n  
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Fig. 2. Mass s p e c t r a  of GA9 (A) and GAg-17-norketone (B). 

t h e  GA9 methyl ester spectrum (13) without  i n t e r p r e t a t i o n .  

c o n s i s t e n t  

The measured mass of GA9 i s  316.1673 and t h e  c a l c u l a t e d  mass is 316.1674. 

The r e a c t i o n s  are 

wi th  a s tudy  of metastable ions  and t h e  a c c u r a t e  mass of each ion. 

GAg-17-norketone e x h i b i t s  prominent peaks due t o  M-28 (CO), M-44 (COz), 

M-46 (C02H2), M-59 (CO2, CH3), M-62 ( C 0 2 ,  H20), M-72 (C02, CO), M-74 

(C02H2, CO), M-90 (Cog, C02H2), and M-133 (C02, C02H2, CzH3O). 

i o n  of M--28 (CO) i s  not  prominent i n  t h e  spectrum of GA9. 

the  e l i m i n a t i o n  i s  mostly from t h e  C-16 p o s i t i o n .  M-133 (CO2, C02H2, C2H3O) 

may be due t o  t h e  i n i t i a l  e l i m i n a t i o n  of t h e  C02 of t h e  l a c t o n e  and then  t h e  

e l i m i n a t i o n  of C02H2 of t h e  ca rboxy l i c  a c i d  and f i n a l l y  t h e  e l i m i n a t i o n  of 

C2H3O a t  t h e  C-15 and C-16 p o s i t i o n s ,  

is  318.1463 and t h e  c a l c u l a t e d  mass is 318.1467. 

The fragment 

Th i s  sugges t s  t h a t  

The measured mass of GAg-17-norketone 
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Methods 

Nuclear Magnetic Resonance (NMR) 

Proton NMK s p e c t r a  were ob ta ined  i n  CDC13 a t  34OC wi th  t e t r a m e t h y l s i l a n e  

(TMS) as  a n  i n t e r n a l  r e f e r e n c e  on a Varian EM-390 ins t rumen t  (Varian/Instrument  

Div i s ion ,  Pa lo  A l t o ,  Ca., U.S.A.*), o p e r a t i n g  a t  90 MHz. 13C-NMR s p e c t r a  were 

obtained i n  CDC13  a t  24°C wi th  TMS as i n t e r n a l  r e f e r e n c e  on a JEOL PFT-100 

F o u r i e r  t r ans fo rm spec t romete r  (JEOL Ltd., Tokyo, J a p a n ) ,  o p e r a t i n g  a t  25.03 

MHz. 

r e p e t i t i o n  rate. 

13C-NMR s p e c t r a  were run wi th  a f l i p  a n g l e  of 48 degrees  and a 2-sec. 

Mass Spectrometry (MS) 

Low-resolution mass s p e c t r a  were ob ta ined  (E.I . ,  70 e .v . ,  d i r e c t  probe 

sample i n t r o d u c t i o n ) ,  u s i n g  a double-focusing magnet ic-sector  mass spectrom- 

e ter ,  Model MM-70/70F (V.G. Micromass, Ltd. ,  Al t r incham, Ches. ,  England). 

Exact masses of molecular  i o n s  were determined wi th  a CEC 21-ll0A mass 

spec t romete r  (Du Pont  Co. Instrument  P roduc t s ,  Wilmington, Del., U.S.A.) by 

peak matching. The ion  source  temperature  was 200°C. The me tas t ab le  peaks 

were observed by B/E and B /E  l i n k e d  scans  (14,15)  on t h e  MM - 70/70 F 

instrument .  

2 

Prepa ra t ion  of GAg-17-norketone (~-10~-hydroxy-17,20-dinorgibbere11-16-oxo-7,  

1Y-dioic a c i d  19+lO-lactone)  

GA9 (20 me), d i s s o l v e d  i n  t e t r a h y d r o f u r a n  (20 m l ) ,  w a s  added t o  an  aqueous 

s o l u t i o n  (10 ml )  of 0s04 ( 8  mg) and NaI04 (500 mg). 

a t  room temperature  f o r  2 days (16 ) .  

d i s t i l l a t i o n ,  phosphate b u f f e r  (20 m l ,  0.5 M, pH 3 )  was added, and t h e  mixture  

was e x t r a c t e d  wi th  e t h y l  acetate. GAg-17-norketone w a s  i s o l a t e d  from the  

e t h y l  acetate e x t r a c t  by p r e p a r a t i v e  th in - l aye r  chromatography (TLC) on a 

The mix tu re  was s t i r r ed  

Te t r ahydro fu ran  was t h e n  removed by 

* 
Keference t o  a company o r  product does n o t  imply approva l  o r  recommendation 
by t h e  U.S. Department of A g r i c u l t u r e  t o  t h e  e x c l u s i o n  of o t h e r s  t h a t  might 
be s u i t a b l e .  
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S i l i c a  G e l  H l a y e r ,  20 x 20 cm,  0.5 mm t h i c k ,  deve loped  w i t h  methylene  

c h l o r i d e  - methanol  - f o r m i c  a c i d  (50:50:1). 

(Kf s. 0.5) i s  e a s i l y  l o c a t e d  by i n s p e c t i o n .  

acetate,  and  t h e  no rke tone  was c r y s t a l l i z e d  f rom e t h y l  acetate - hexane. 

The c r y s t a l s  formed a s p h e r o i d i c  a g g r e g a t e  of ve ry  f i n e  n e e d l e s  (15 mg), m.p. 

193-194°C. 

The no rke tone  band on  t h e  p l a t e  

T h i s  band was e l u t e d  w i t h  e t h y l  

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

P r e p a r a t i o n  of ~ ~ ~ - 1 7 - l ~ ~  (~ -10~hydroxy-20-norg ibbe re11-16-ene -7 ,19 -d io i c  

a c i d  19+10 l a c t o n e )  

14 Methyl- C i o d i d e  (1 m C i ,  6.8 mg, New England Nuc lea r ,  Bos ton ,  Mass., 

U . S . A . ) ,  was d i s s o l v e d  i n  benzene (2 .5  ml)  w i t h  s l i g h t l y  loss due t o  i t s  

v o l a t i l e  n a t u r e  and  was t h e n  added t o  t r i pheny lphosph ine  (50 mg). The 

u n l a b e l l e d  methyl  i o d i d e  (18.2 mg) was added  t o  t h e  mix tu re .  

t h e  mix tu re  a t  room tempera tu re  f o r  2 days ,  t h e  methyl-14C-triphenylphosphonium 

i o d i d e  formed was c o l l e c t e d  by f i l t r a t i o n  and  d r i e d  (62 mg) ( 4 ) .  Methyl- C- 

t r iphenylphosphonium i o d i d e  was d i l u t e d  t o  75 mg w i t h  u n l a b e l l e d  me thy l t r ipheny l -  

phosphonium i o d i d e  and w a s  d i s s o l v e d  i n  4 m l  of d r y  t o l u e n e  ( d r i e d  w i t h  

Molecu la r  S i e v e s ,  Type 4A, F i s h e r  S c i e n t i f i c  Company, F a i r  Lawn, New J e r s e y )  

under  n i t r o g e n  and  a s o l u t i o n  of po tass ium r -bu tox ide  i n  r - b u t y l  a l c o h o l  ( 0 . 3  m l ,  

0.61 tj) was added  ( 1 7 ) .  

fo rma t ion .  

was added ,  and  t h e  mix tu re  w a s  s t i r r e d  o v e r n i g h t  a t  room tempera tu re .  A f t e r  

t h e  a d d i t i o n  of phosphate  b u f f e r  (20 m l ,  0.5 g, pH 3 ) ,  t h e  mix tu re  was e x t r a c t e d  

w i t h  e t h y l  acetate. 

A f t e r  s t i r r i n g  

14 

The r e s u l t a n t  s o l u t i o n  was ye l low due t o  t h e  y l i d e  

The GAg 17-norketone (15  mg) ( 1 7 ) ,  d i s s o l v e d  i n  d r y  t o l u e n e  ( 1  ml) ,  

The GAg-17-14C formed was p u r i f i e d  by column chromatography on s i l i c a  

g e l  (50-200 mesh, M a l l i n c k r o d t ,  I n c . ,  S t .  L o u i s ,  Mo., U.S.A. ). The e t h y l  

acetate extract  is  n o t  s o l u b l e  i n  hexane. It w a s  d i s s o l v e d  i n  5 m l  of a n  

e t h y l  acetate - hexane ( 4 : 6 )  mix tu re  and a p p l i e d  t o  a chromatographic  column 

( 1  x 5 cm). 

The byproduct ,  diphenylmethy1-14C-phosphine ox ide  i n  pure  form, was t h e n  e l u t e d  

by e t h y l  acetate - hexane (5 :5 ) (10  ml).  

r e d i s s o l v e d  i n  5 m l  of e t h y l  acetate - hexane (2:8), and p u r i f i e d  by a second 

GAg-17-14C was e l u t e d  by e t h y l  ace t a t e -hexane  ( 4 : 6 )  (10 ml) .  

The GAg-17-14C f r a c t i o n  was d r i e d ,  
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column chromatography. 

GAY-17-l4C. 

ntethylphosphine o x i d e  (Rf 

0.25 mm t h i c k ,  deve loped  w i t h  methylene  c h l o r i d e  - methanol  - fo rmic  a c i d  

(50:50:1). 

phosphine  ox ide  (24  mg, 4 mCi/mmole) o b t a i n e d  gave a s i n g l e  peak when t h e  

TLC p l a t e  w a s  scanned  (Radiochromatogram Scanne r ,  Model 7200, Packard  

Ins t rumen t  Co., Downers Grove, I l l . ,  U.S.A. ). 

The u n r e a c t e d  GA9-17-norketone was e l u t e d  a f t e r  

GA9 (Rf s. 0.81 ,  GA9-17-norketone (Rf z. 0 . 5 ) ,  and d ipheny l -  

0.3) were l o c a t e d  by TLC on a S i l i c a  G e l  G l a y e r ,  

Both t h e  GAg-17-14C (10  mg, 4 mCi/mmole) and  d i ~ h e n y l m e t h y l - ~ ~ c -  
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