
(IIf) ~130 ~ ( I I c ) ~  120 ~ (IIk) ~ 150 ~ As a r e su l t ,  mercap toa lky l  e s t e r s  with a f i v e - m e m b e r e d  r ing a r e  m o r e  
r e s i s t an t  to t h e r m a l  decomposi t ion . than compounds with a s ix -  o r  s e v e n - m e m b e r e d  r ing.  A sma l l  amount of 
one of the mercap toa lky l  e s t e r s  (IIk) with a f i v e - m e m b e r e d  r ing could be obtained by vacuum-dis t i l l a t ion .  

E X P E R I M E  N T A L  

O-2-Mercap toa lky l  E s t e r s  of Cyclic Phosphorus  Thioacids ( I Ia-m) .  A mix ture  of the phosphorus th io-  
acid and a double excess  of the alkylene oxide in e the r  solution was refluxed fo r  20-30 min. The volat i le  sub-  
s tances  we re  removed  at  f i r s t  at 10 t o r r ,  and then at 0.2 t o r r  and ~ 25 ~ and analyzed immedia te ly .  The con-  
s tan t s  of compounds (IIa-m) a r e  given in Table  1. 

C ONC LU S I O N S  

The S-2-hydroxyalkyl  e s t e r s  of cycl ic  P(V) th ioacids ,  which were  obtained by reac t ing  a cyclic  phospho-  
rus monothioacid with an alkylene oxide, a r e  conver ted  to the 2 -mercap toa lky l  e s t e r s  of cyclic  phosphorus 
acids independent of the s ize  of the ring, 

1. 
2. 
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It is known that  CH2N 2 in the p r e s ence  of Pd(OAc) 2 eas i ly  r eac t s  with s ty rene  [1] and ~ , f l -enones [2, 3] 
to give cyc lopropane  de r iva t ives .  In the p re sen t  pape r ,  in o r d e r  to obtain analogs of g ibbere l l in  A a i I )  with a 
cyc lopropane  r ing instead of a double bond, we studied the reac t ion  of the known [4] p-methoxyphenacyl  e s t e r  
of g ibbere l l in  Aa (ID with excess  CH2N 2 in the p r e sence  of cata lyt ic  amounts  of PdiOAc) 2 in THF solut ion {18- 
20~ 2 h). He re ,  instead of the des i r ed  product  (HI), was fo rmed a mix tu re  of five compounds (IV)-(VIII), 
which were  separa ted  by p r e p a r a t i v e  TLC,  but not one of them cor responded  to the eyclopropanat ion  product .  

The main  product  iyield 55-60%) proved to be e s t e r  (IV), which in its Rf value and PMR s p e c t r u m  coin-  
cided with one of the minor  products  of the O-methy la t ion  of e s t e r  (II) [4]. The reduct ion of (IV) with Zn in 
glacia l  AcOH gave 3 -O-methy lg ibbe re l l in  A3 (IX), which was synthesized p rev ious ly  [4] in s ix  s teps  f rom (D. 
The reac t ion  of lid with CH2N 2 and Pd(OAc) 2 p e rmi t s  obtaining (IX) f r o m  (I) in th ree  s teps  in be t t e r  yield.  

The next th ree  products ,  isolated in r e spec t ive  yields of 2, 25, and 13%, were  identified as being the 
known [4] dimethyl  e s t e r  (V) and p-methoxyphenacyl  e s t e r s  (VI) and (VII), which belong to the i sogibbere l l in  
A~ (X) s e r i e s .  The s t ruc tu re  of (VI) and (VII) was proved via t he i r  s p e c t r a  and convers ion  to the c o r r e s p o n d -  
ing acids (XI) and (X) by t r e a t m e n t  with Zn in glacial  AcOH. The PMR s p e c t r a  of compounds (VI), {VH), and 
(XI)', l ike the s p e c t r u m  of (X) [5], contain the c h a r a c t e r i s t i c  s ignals  of an olefinic proton at C 1 t5 ~5.7 ppm,  m) 
and an al lyl ic proton at C 2 (6 ~ 4.7 ppm,  t r ip le t  f r o m  a doublet of doublets ,  J o b s e r v e d  ~6 Hz). The fifth r e -  
act ion product  (VIII), isolated in 2% yield,  based  on the IR spec t r a l  da ta ,  lacks a lactone grouping,  but re ta ins  
an exocycl ic  double bond and t e r t i a r y  OH group iv 1110 and 905 cm-1).  Its PMR s p e c t r u m  has  s ignals  (5 ,ppm)  
at 3.56 s (3H, methyl  e s t e r ) ,  at ~ 5.2 m i lH) ,  and at 3.31 d (1H, J = 4.5 Hz),  which mus t  be ass igned to the 
proton of the MeOCHCH grouping in the cyc lopropane  ring. The s ignals  at  4.90 and 5.04 ppm (2H) conf i rm the 
re tent ion  of the exocycl ic  double bond. The m a s s  s p e c t r u m  of (VIII) (M + 464) co r r e sponds  to the loss  of CO2 
and inser t ion  of CI-I 2 into the iII) molecule .  The t r e a t m e n t  of {VIII) with Zn in glacial  AcOH gives the mono-  
bas ic  acid (XH), which was addit ionally cha rac t e r i zed  as the methyl  e s t e r  (XIIa), f r o m  whose m a s s  s p e c t r a  
(M + 316 and M + 330) it follows that  changes in the g ibbere l l in  por t ion of the molecule  fail  to occur  when 

N. D. Zel inski i  Insti tute of Organic C h e m i s t r y ,  Academy of Sciences of the USSR, Moscow. Trans la ted  
f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 11, pp. 2596-2603, November ,  1980. O r i -  
ginal a r t i c l e  submit ted J anua ry  4, 1980. 
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removing the p-methoxyphenacyl  protection.  Finally, the PMR spec t ra  of (VIII) and its der ivat ives ,  (XII) and 
(XIIa), have,  together  with the signal of an olefinie proton at ~ 5.2 ppm, a signal at ~ 0.6 ppm m (1H). The 
presented data a re  in agreement  with s t ruc ture  (VIII) (Scheme 1). 

Scheme 1 

CH~ O 

HO Ott ItO 
M~ COOPMP 
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R= ~i (i), (nl) 
PMP (ii) 
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Me COOFMV 3 
(V) / 

0 0 

eO P"  MeO 
-' CoO ~ Me COOII 

| (vI) (xi} 

I 

HO IlO 
Me CO0 PMP Me COOfl 

L (vii) ~ (H) (x) 

(VIII) R : H  (XII); Me (XIIa) 

a) Cit,~N~/Pd(OAe)2, b) Zn/AoOH, c) Pfl(PPhz)4, PMP, = p-MeOC~H,COCH~.. 

When (VII) is t reated with excess  CH2N 2 in the presence  of Pd(OAc) 2, the hydroxyl at C 3 is not methyl-  
ated even af ter  long exposure.  Evidently,  only the allylic hydroxyl  in the (II) molecule is methylated under 
these conditions. There  is noticeable competi t ion between this react ion and the i somer iza t ion  of the double 
bond [(I1) -* (VII) and (IV) -~ (VI)], which is analogous to the known isomeriza t ion of (I) to (X) in weakly basic 

medium [6]. 

In the absence of CH2N2 the Pd(OAc)2 does not cause the i somer iza t ion  (lI) -~ (VII) o r  (IV) ~ (VI) even 
a f te r  long exposure.  Apparently,  the i somer iza t ion  catalyst  he re  a re  t r aces  of colloidal Pd, which is formed 
by the reduction of Pd(OAe) 2 with diazomethane.  To ver i fy  this possibi l i ty we studied the effect of the c o m -  
plex Pd(PPha)4 [7] on es te r s  (II) and (IV) (18-20 ~ 15 min). It is proved that they a re  rapidly i somerized r e s -  
pectively to (VII) and (VI). This i somer iza t ion  can be explained by a two-s tep  mechanism,  according to which 
the lactone f ragment  f i rs t  plays the role  of the leaving group (A ~ B), and then it again cycl izes  at  C 2 (B -~ C). 
A s imi l a r  mechanism was proposed for  the alkylation of allylic acetates  by soft nucleophiles in the presence  

of Pd [81. 

The format ion of (VIII) can be explained as being another  way of stabilizing the B sys tem,  which is r e -  
lated to the elimination of CO2 and the format ion of a bond between C 4 and C 2. 

The select ive methylat ion of the hydroxyl  at C a and the i somer iza t ion  of the double bond in ring A revealed 
that the Pd is coordinated preferent ia l ly  at  the A i bond. We decided to use this select ivi ty  to remove  the hydrox-  
yl ftmction at C ~ using 1)d ca ta lys is .  It is known [9, 10] that aliphatic allyl formates  when heated with Pd(OAc)~ 
10se co2  and a re  converted to olefinie hydrocarbons ;  here  the probabili ty of allylic migrat ion of the double bond 

depends on the s t ruc tu re  of the s ta r t ing  allylic alcohol. 
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I I l ) +  Pd~ (VII) + Pd ~ 

A B C 

The 3 - m o n o f o r m a t e  of g ibbere l l in  Aa (XIII) was obtained by reac t ing  (I) with acet ic  fo rmic  anhydride 
(85% yield); d i fo rmate  (XIV) is fo rmed  as a by-product .  CO2 was evolved and t h r ee  products  we re  formed 
when (XIII)was heated with ca ta ly t ic  amounts  of Pd(OAc)2 and P(C6Hs)3 in DMF ( reac tan t  ra t io  = 20:1:15, 85-115 ~ 
5 h, At) .  The main  reac t ion  product  (46% yield) proved to be the p rev ious ly  unknown* (-) g ibbe re l l a - l ( 10 ) , 2 ,  
1 6 - t r i e n - 1 3 a - o l - 7 , 1 9 - d i o i c  acid (XV); the homoangu la r  a r r a n g e m e n t  of the diene s y s t e m  in (XV) followed f r o m  
the PMR s p e c t r u m  of its d imethyl  e s t e r  (XVa)and t h e i r  U V s p e c t r a  (Xmax 275.5 nm,  e 4000). In the PMR s p e c -  
t r u m  of d i e s t e r  (XVa) the protons at C 1 and C 2 have Jv ic  - 5.3 Hz,  the protons at  C 2 and C 3 have  Jc i s  = 9.5 Hz,  
and the protons  at C 1 and C 3 have the long- range  SSC constant  J1.5 = 2.0 Hz. Chemical  proof  fo r  the s t r u c t u r e  
of (XV) was its convers ion  to g ibbere l l in  A 5 (XVI) in 46% yield by t r e a t m e n t  with CF3COOH in abs .  CH2C12 (5: 
95 by volume,  0-5 ~ 72 h). The by-produc t s  of the reac t ion  of (:Kill) with Pd(OAc)2 proved to be the known [12] 
epia l logibberoic  acid (XVII) and the 3 -m onofo r ma te  of i sogibbere l l in  A3 (XVIII), which w e r e  addit ionally c h a r -  
ac te r i zed  as the methyl  e s t e r s  (XVIIa) and (XVHIa). The yield of (XVII) is nea r ly  quanti tat ive when diene (XV) 
is heated with Pd(OAc)2 and P(C6Hs) 3 in DMF under  the above indicated conditions. The homoal ly i ic  f o rma te  
(XVIID r ema ins  unchanged under  the s a m e  conditions.  Apparen t ly ,  only the al lyl ic  f o r m a t e s  a r e  capable  of  
decarboxyla t ion  when t rea ted  with Pd(OAc)2 (Scheme 2). 

Scheme 2 
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Me COOH 

(xlli), (xiv) 
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OH OHCO 

Me COOR Me COOH 
ROOC Me COOR 

(xv), (xva) (XVII), (XVlIa) (XVIil), (XVilIa) 
F3COOH/CH2C12 

0 

Me COOR 

(xvI), (xvla) 

l t=n (xiii), (xv), (xvi), (XVli), (xvlII), Me (XVa), (XVIa), (XVlIa), (XVlila), 
CHO (XlV). 

F r o m  the obtained data it can be seen  that  the t r an s fo rma t ions  of g ibbere l l in  A3 under  the influence of 
Pd compounds proceed  exc lus ive ly  at r ing  A, which can be used fo r  the reg iospec i f ic  syn thes i s  of modified 

* Acid (XV) was recen t ly  detected by  the G L C - M S  method as being one of the ca tabo l i sm products  of the g ib-  
bere l l ins  in pea seeds  [11]. 
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gibberell ins.  The prepara t ion of (XVI) f rom (XV) formal ly  represents  the final step of the th ree - s t ep  synthesis  
of gibberell in A s f rom gibberell in A3(I) -~ (XIII) ~ (XV) ~ (XVI) in an overal l  yield of 18% (cf. [13, 14]). 

E X P E R I M E N T A L  

All of the melting points a re  cor rec ted .  Chemapol L si l ica gel (40-100 p) was used for the ch romato -  
graphy. The prepara t ive  TLC was run on plates with a l ayer  s ize  of 28 x 20 x 0.15 cm (loose). The IR spec -  
t r a  were  taken on a UR-10 ins t rument .  The PMR spee t r awere  taken on aVar ian  HA-100 inst rument .  The mass  
spec t ra  were  taken on a Varian MAT-CH-6 ins t rument ,  equipped with a one-piece glass admittance sys tem,  
at 170-210~ The UV spec t ra  were  taken on a Specord UV-VIS instrument.  The spec t ra l  data for  the ob- 
tained products a re  given in Tables 1 and 2. 

Reaction of (II) with CH2N2 and Pd(OAc)2. A solution of 1.976 g (4 mmoles) of (II) in 30 ml of abs. THF 
was added to 60 ml of distilled CH2N 2 solution in abs. e ther  (~20 mmoles  of CH2N2), cooled to 0:2 ~ Then a 
saturated solution of 45 mg of Pd(OAc) 2 in abs. e ther  was added to the mixture,  allowed to warm up to ~ 20 ~ 
(2 h), the excess  CH2N2 was disti l led off, the obtained precipitate (15 mg) was f i l tered,  and the f i l t rate was eva-  
porated to dryness .  The res idue (2.226 g) was dissolved in 36 ml of acetone and aliquot portions of the solution 
were  chromatographed on 12 prepara t ive  plates in the sys tem:  4:2:1 b e n z e n e - e t h e r - M e C N .  F rom the zones 
with Rf 0.68 we isolated 41 mg (2%) of dimethyl e s t e r  (V) with mp 155-157 ~ which was identified via the Rf and 
the IR, PMR, and mass  spec t ra l  data by compar ing  with the known specimen [4]. F rom the zones with Rf 0.59 
we isolated (VIII) as an amorphous powder with mp 125-134 ~ Yield 38 mg (2%) (reprecipitated f rom CH2C12 
solution with hexane). F rom the zones with Rf 0.45 we isolated monomethyl e s t e r  (IV) as an amorphous powder 
with mp 95-103 ~ Yield 1.21 g (59.5%) ( reprecipr i ta ted  f rom ethyl acetate (EA) solution with hexane). F r o m  
the zones with Rf 0.32 we isolated 506 mg (25%) of g lassy  e s t e r  (VI) with mp 98-105 ~ F rom the zones with Rf 
0.17 we isolated 238 mg (12%) of the p-methoxyphenacyl  e s t e r  of isogibberell in A3 (VII) as an amorphous powder 
with mp 132-134 ~ . 

Removal  of p-Methoxyphcnacyl Protec t ion  (General Method). With vigorous s t i r r ing ,  to a solution of 0.1- 
0.5 mmole  of the p-methoxyphenacyl  e s t e r  in 10-25 ml of glacial AcOR was added 0.5 g of Zn dust,  the mixture 
was s t i r red  for  4 h at 18-22 ~ f i l tered,  the precipi tate  was washed with EA, and the solution was combined with 
the f i l t rate  and evaporated in vaeuo (5 mm) at 40-45 ~ The residue was dissolved in EA, the solution was ex-  
t rac ted  with 5% Na2CO 3 solution, and the soda ext rac t  was acidified to pH 3.0 and extracted with EA. After 
washing with water ,  drying over  Na2SO 4, and evaporat ion of the extract  in vacuo, the obtained acid was pur i -  
fied ei ther  by  rec rys ta l l i za t ion  o r  by reprecipi tat ion.  

F r o m  (IV) we obtained (IX) in 70% yield, mp 227-229 ~ (crystals  f rom EA-hexane )  (cf. [4]). 

F r o m  (VI) we obtained (XD in 70% yield, mp 109-112 ~ (amorphous powder,  reprecipi ta ted f rom ether  
solution with hexane). Found: C 67.00; H 6.74%. C20I-I2406. Calculated: C 66.65; H 6.71%. 

F rom (VII) we obtained isogibberel l in A 3 (X) in 58% yield, mp 153-160 ~ (reprecipitated f rom ether  solu-  
tion with hexane); cf. [12]. 

F rom (VIII) we obtained 19-noracid  (XII) in 62% yield, mp 108-110 ~ (amorphous powder, reprecipi ta ted 
f r o m  e ther  solution with hexane). The t rea tment  of (XII) with CH2N 2 gave the liquid methyl e s t e r  (XIIa). 

I somer iza t ion  of (II) and (IV), A. To a solution of 100 mg of (II) in 3 ml of abs. THF was added a solu-  
tion of 5 mg of Pd(OAe) 2 in 2 ml of abs. e ther .  After  16 h an additional 5 rag of Pd(OAc)2 was added and the 
solution was let stand for  24 h at 18-20 ~ Based on the TLC and PMR spect ra l  data,  (II) remained completely 
unchanged. A s imi la r  experiment  with (IV) gave the same resul t .  

B. To a solution of 200 mg of (II) in 10 ml of abs. THF under argon was added a saturated solution of 
5 mg of Pd(Ph3) 4 in abs. ether  and the mixture was kept for  15 rain at ~ 20 ~ evaporated,  and the res idue was 
ehromatographed on a prepara t ive  plate in the sys tem:  4:2:1 b e n z e n e - e t h e r - M e C N .  F r o m  the zones with Rf 
0.25 we isolated 12 mg of the s tar t ing (II). F r o m  the zones with Rf 0.17, af ter  repeated purification in the 
same  sys tem,  we obtained 163 mg of (VII) as an amorphous powder with mp 131-134 ~ 

The same experiment  was run with 220 mg of  (IV). F r o m  the zones with Rf 0.45 we isolated by p r e p a r a -  
t ive TLC 15 mg of (IV), and f rom the zones with Rf 0.32 we isolated 148 mg of the iso e s t e r  (VI) with mp 98- 

106 ~ (foam). 

3 -O-Formylg ibbere l l in  A3 (XIII), To a solution of 6.92 g (20 mmoles) of (I) in 25 ml of abs. pyridine at 
0-2 ~ was added in 10 rain 10 ml of acet ic  formic  anhydride [15] and af ter  24 h the mixture was poured on a 
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T A B L E  2. I n f r a r e d  and M a s s  S p e c t r a  of  G i b b e r e l l i n  A 3 D e r i v a t i v e s  

Compound 

(IV) * 

(VI) * 

(VII) * 

(VIII) * 

(XI) * 

(XII) 

(XIIa)'~ 

(XIII) * 

( X l Y )  * 

(XV) * 

.~, C r n  -1  

3590,3060, 1770, i740, t695, t600, 
tt75, tiO0, 895 

3490, 3080, 1768, t735, i690, 1600, 
1t80, ti20, 980, 900 

3450, 3080, t770 (sh). t740, t695, 
t605, t120, 985, 9t0 

3530, 3050, t735, t690, 1605, tti0, 
930, 905 

3430, 3270, 3080, 1765, t705, t665, 
1t00, 960, 905 

36t0, 3060, t705, t665, 1t90, ttiO, 
965, 905 

3600, 3060, 1740, 1665, tt90, 960, 
905 

3515, 3200-3100, 1770, t735, t720, 
1660, 1t60, 895 

3200, 3090, 30t0, 1755, 1745, t720, 
t660, 1195, 1t55, 905 

3350-3200, 3075, 3040. 3025, 
t705-1690, 1665 (sh), 16t0, 905 

(XVa) "~ 36i0, 3085, 3040, 30t5, 1725, 
17t5(sh). tt65, t605, 895 

(XVIIIa) * 3480, 3080, t765, 1740, 1665, 1190, 
1100, 965, 905 

�9 IR spectrum as KBr pellets. 
"~ IR spectrum in CHC13 solution. 

M+ 

508 w 

508 w 

494 w 

464 w 

360m 

3i6m 

330m 

330(0,53) 

m/e 

ions 

490, 476, 448, 432 w, 
135main 

490, 477, 432, 359 w, 
t35 main 

476, 432, 328, 297 w-m, 
t35 main 

4t8 w~ t35 main 

239 main 

284, 239main136 

298, 264, 239main136 

358(0,94) 

388w 

3t5 (0,35), 3t2 (0,40), 
297 (0,25), 284(0,80), 
269 (0,90), 251 (0,38), 
239 (t,OO) 

343 (0,29), 326(0,13), 
298(0,25), 293(0,75), 
239 ~4,00) " 

370, 342, 329, 324, 298, 
239 

m i x t u r e  of  300 m l  of i ce  and 300 ml  of  conc .  HC1. The  ob ta ined  p r e c i p i t a t e  was  f i l t e r e d ,  w a s h e d  with  w a t e r ,  
d r i e d  in  t he  a i r ,  and c h r o m a t o g r a p h e d  on a c o l u m n  p a c k e d  wi th  200 g of  s i l i c a  ge l .  E l u t i o n  with  a 75:25 b e n -  
z e n e - E A  m i x t u r e  gave  1.05 g (13%) of d i f o r m a t e  (XIV) wi th  mp  193-196 ~ ( c r y s t a l s  f r o m  CH2C12-hexane) .  E l u -  
t ion  with  b e n z e n e - E A  m i x t u r e s  (55:45 and 50:50) gave  6.353 g (85%) of 3 - m o n o f o r m a t e  (XIH) wi th  mp  238-242 ~ 
( c r y s t a l s  f r o m  E A - c y c l o h e x a n e ) .  Found:  C 64.23; H 6.07%. C20H2207. C a l c u l a t e d :  C 64.13;  H 5.93%. 

D i e n e d i c a r b o x y l i c  Acid  (XV). Into  a f l a s k  f i t t ed  wi th  a s p a r g e r  and a r e f l u x  c o n d e n s e r ,  connec t ed  to  a 
s c r u b b e r  con t a in ing  Ba(OH)2 s o l u t i o n ,  was  c h a r g e d  a s o l u t i o n  of  1.496 g (4 m m o l e s )  of (XIII),  45 mg (0.2 
m m o l e )  of  Pd(OAc)  2, and 786 mg (3 m m o l e s )  of  PPh~ in 20 m l  of  a b s .  DMF.  The  m i x t u r e  was  h e a t e d  r a p i d l y  
in  an  a r g o n  s t r e a m  un t i l  t he  CO 2 evo lu t i on  b e g a n  (85-90 ~ , and t hen  the  t e m p e r a t u r e  was  g r a d u a l l y  r a i s e d  to  
115 ~ in 5 h un t i l  t he  COs evo lu t ion  c e a s e d .  The  d a r k  r e a c t i o n  m i x t u r e  was  p o u r e d  on 300 m l  of c r a c k e d  i c e ,  
the  ob ta ined  p r e c i p i t a t e  was  f i l t e r e d ,  and the  f i l t r a t e  was  a c i d i f i e d  to  pH 2.5 and e x t r a c t e d  wi th  EA (6 • ml ) .  
The  e x t r a c t  was  w a s h e d  we l l  wi th  w a t e r  to  r e m o v e  the  D M F ,  d r i e d  o v e r  Na2SO o e v a p o r a t e d ,  and  the  r e s i d u e  
(1.1 g) was  c h r o m a t o g r a p h e d  on a c o l u m n  p a c k e d  wi th  50 g of  s i l i c a  ge l .  E lu t i on  wi th  C H C 1 3 - E A  m i x t u r e s  (85: 
15 and 80:20) gave  26 m g  (2.3%) of  e p i a l l o g i b b e r o i c  a c i d  (XVII) wi th  m p  252-254  ~ ( c r y s t a l s  f r o m  CH2Ci2-hexane )  
(cf. [12], m p  244-245~ M a s s  s p e c t r u m :  M + 284. The  m e t h y l  e s t e r  (XVIIa) was  ob ta ined  a s  a n  a m o r p h o u s  
p o w d e r  and was  c h a r a c t e r i z e d  v i a  t he  s p e c t r a  ( see  T a b l e s  1 and 2). U l t r a v i o l e t  s p e c t r u m  {Xmax, nm,  a lcoho l ) :  
259,  265,  and 274 (e 240,  290,  and 230). E l u t i o n  with  a 75:25 C H C 1 3 - E A  m i x t u r e  gave  151 m g  (10.3%) of  i s o -  
g i b b e r e l l i n  A3 f o r m a t e  (XVIII) w i th  m p  92-98 ~ ( a m o r p h o u s  p o w d e r ,  r e p r e c i p i t a t e d  f r o m  E A  s o l u t i o n  wi th  hexane ) ;  
the  m e t h y l  e s t e r  (XVIIIa) was  ob ta ined  a s  a c o l o r l e s s  s o l i d  f o a m  w i t h m p  76-79  ~ E l u t i o n  wi th  C H C 1 3 - E A  m i x -  
t u r e s  (65:35 and 60:40) gave  608 m g  {46%) of c r y s t a l l i n e  d i c a r b o x y l i c  a c id  (XV) with  mp  189-191 ~ ( d e c o m p n . )  
( f r o m  C H 2 C 1 2 - a c e t o n e - h e x a n e ) .  Found:  C 69.16; H 6.93%. C19H2205. C a l c u l a t e d :  C 69.08; H 6.72%. U l t r a -  
v io l e t  s p e c t r u m  (Xmax, nm (a lcohol) ) :  275.5(e  3960). The  t r e a t m e n t  of  (XV) wi th  CH2N2 gave  the  d i m e t h y l  e s t e r  
(XVa) as  a c o l o r l e s s  o i l ;  k m a x ,  n m  (a lcohol ) :  276 (e 4050}. 

G i b b e r e l l i n  A 5 (XVI) ~ To a s o l u t i o n  of 200 m g  of (XV) in 40 ml  of a b s .  CH2C12 was  added  a s o l u t i o n  of  
2.5 ml  of  CF3COOH in 7.5 ml  of a b s .  CH2C12, t he  m i x t u r e  was  l e f t  s t a n d i n g  in the  r e f r i g e r a t o r  a t  0-5  ~ fo r  3 
d a y s ,  the  v o l a t i l e  p r o d u c t s  w e r e  v a c u u m - d i s t i l l e d ,  and the  r e s i d u e  was  c h r o m a t o g r a p h e d  on a p r e p a r a t i v e  
p l a t e  c o v e r e d  wi th  s i l i c a  ge l  in t he  s y s t e m :  92:8 CHC13-MeOH.  F r o m  the  zones  wi th  Rf 0.60 we i s o l a t e d  92 
mg {46%) of  p u r e  g i b b e r e l l i n  A~ ( X V I ) w i t h  m p  260-263  ~ ( f r o m  e t h e r ) ,  [O~]D 2 3 -  69.8 ~ (C 0.8,  a l coho l )  (cf. [13]; 
mp  260-261 ~ [ a ] D -  77~ I n f r a r e d  s p e c t r u m  ( K B r ,  v ,  cm-1) :  3440,  1765,  1730,  1660,  1625,  895 and 700. 
The  t r e a t m e n t  of  (XVI) wi th  CH2N2 gave  the  m e t h y l  e s t e r  (XVIa) wi th  m p  189-192 ~ ( f rom e t h e r ) ,  wh ich ,  when  

1854 



analyzed by GLC on a one-p iece  g lass  cap i l l a ry  packed with 0.15% SE-30 (210 ~ N 2 flow ra te  30 ml /min)  coin-  
cided in its re tent ion t ime  with that  of an authentic spec imen  (cf. [13]: mp 191-193~ F r o m  the zones with Rf 
0.14 we isolated 89 mg  (44.5%) of the s t a r t ing  (XV). 

C O N C L U S I O N S  

1. The reg iospec i f ic  methyla t ion of the al lyl ic  hydroxyl  and i somer i za t ion  of the double bond in r ing A 
occur  when the p-methoxyphenacyl  e s t e r  of g ibbere l l in  A 3 is reac ted  with CH2N 2 in the p r e sence  of Pd(OAc)2. 

2. I somer i za t ion  of the double bond in r ing A is cata lyzed by Pd ~ . 

3. The e l iminat ion of CO 2 f r o m  the 3 - m o n o f o r m a t e  of g ibbere l l in  A3, cata lyzed by Pd(OAc)2, leads to 
the fo rmat ion  of the g ibbe re l l a - l (10 ) ,  2 -d iene  s y s t e m .  This  reac t ion  was used to synthes ize  g ibbere l l in  A 5. 
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