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The gibbcrcllins are hiosynthcsizcd from geranylgeranyl 
pyrophosphatc (A) by cycliration IO kaurcnc via a 
tricyclic intermediate (B) followed by oxidation to C and 

IIS ring contraction IO give CX-grbberellins such as 
gibbercllin A : (1). ’ The existing total syntheses of both 

the C,,-gibberellins’ and a Cr-gibbcrcllin (gibberellin 
A .).’ however. were not carried out along this biosynthc- 

tic parhu-ay. In continuation of our work, WC focused our 
attentron on the synthesis of gibberellin AIdI) mimicking 

the biogcnctical pattern. As our starting material WC 
employed a racemic tricyclic cnone (2):” which served as 
an intermediate in our synthesis of (r)-kaur-Iben-I%oic 

acid (D)’ and ( r)-stcviol (E).‘” 
The enone (2) was converted lo an enol acclalc (3)’ ” 

This was reduced IO give a hydroxy ester (4): 
Hydroboration-oxidation followed by CrOr oxidation of 4 
gave a dikcto cstcr (5) in 27% overall yield from 2. 

Reaction of 5 with ptolyloxymcthylene triphenylphos- 
phoranc ’ afforded a mixture of products, 6.7 and 8, from 
which the desired mono-condensation product at C- I3 16) 
was isolated. The structure of this compound was 

deduced from its later conversion IO methyl (I)-7.16 
dioxo-l7-norkauran-IY-oate (1.3~. The enol ether (6) was 

+Synthew of Sub\tancc$ related IO Gihberelhns-XXVI. The 
experimental pan of rhrc work war mainly taken from the doctoral 
dirwrtatmn of I.T.. March 1925 Part XXV. K Mon. A@<. RIOI. 
(‘hem. (%~Lwb 36. 2519 (IW!). 

tAlthough ~hc formula dcpictui represent only one enan- 
riomcr. they arc taken IO mean a racemate in the tax of Idally 
synthetic n~~wrral. 
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hydrolyzed IO give a kcto aldehyde (9)” Since 9 was 
recovered unchanged when treated with NaOMe/MeOH, 

an equatorial configuration was assigned lo its formyl 
group. The position isomer 7 gave an isomeric aldehyde 10 

upon acid hydrolysis. This was also recovered unchanged 
when equilibrated with NaOMelMeOH. Owing IO the 

difficulty in isolating 6, the overall yield of the kcto 
aldchyde (9) from the diketone (5) was 4..(%, although no 
effort was made IO optimize the reaction condition. The 

Wittig methylenation of the keto aldehyde (9) proceeded 

fairly regioselectively and afforded the desired keto oletin 

(11) in 60% yield. The minor product was a diene (I I. CH: 
instead of 0 at C-7) obtained in IO% yield. The keto olefin 

OH 
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(11) correspor~Is to the tricyclic intermediate (9) in the 
biosynthetic scheme. 

The next stage was the cycliration to a tctracyclic 

compound (13). Our strategy was IO effect the in- 
tramokcular alkylation a~ C-R as the key step.+ The kcto 

okfin (11) was converted into the corresponding 
bromohydrin (124 by treatment with N- 
bromosuccinimide in aqueous dimethoxyethanc. The 
structure It was assigned on the basis of Overton’s 

roxnonolactonc work dealing with a similar system.” 
Protection of the OH group as THP ether gave 12b as a 

gummy mixture of two stereoisomers at C-15. This was 
heated with NaH in xykne to effect cyclization. The 

product was ctuomalograpbcd over alumina and the friic- 
tions exhibiting the IR absorption due to THP group were 

combined and treatal with pTsOH in McOH IO remove 
IhcTHP protecting group. Thercsultingtctracyclic alcohol 

was oxidized with the Jones (30,. Purification of the 
product by preparative TLC afforded crystalline diketo 
ester (13) in 16% yield from the kcto olefin (11). The 
recrystallized racemic diketone (13) was identical with the 

optically active authentic sample (13)” in its spectral (JR, 
NMR and MS) and chromatographic (GLC and TLC) 
properties. This diketo ester (13) corresponds to the 

tetracyclic intermediate (C) in tbc biosynthetic scheme. 
The remaining steps IO gibberelfin AI: were previously 

investigated by the British workers in their efforts to 
convert em-kaurcnolidcs into gibberellins. They con- 
verted the optically active diketone (13) into 7.16dikcto 
lactonc (14) by bromination followed by treatment with 
LEVDMF.‘” On the other hand enr-7uxokaurcnolidc (15) 
was transformed into the tosylate of en!-7u- 
hydroxykaurcnolidc (16) which was trcatcd with ba.sc to 
effect the contraction of ring B with the extrusion of a 
formyl group.” The resulting aldchgdc was finally 

+Tlus qclizirron was rfudied cxlcnsively emptoymg mndcl 
compounds derived from cholcs~aol as described m rhc doctoral 
drssenarion of I. ‘Takcmoto. 

converted to gibberellin A,: (1) by Cross and Norton in 
the course of their structure determination of 1.“ 
Therefore the only remaining step to complete the formal 
total synthesis of gibberellin A,: (1) was the regioselectivc 

methyknation of the diketo lactone (14) to ent-7- 
oxokaurenolide (IS). In order IO achieve this goal. we 

prepared 14 from tnt-78.18dihydroxykaurenolidc (17r) by 

modification of the published procedures.” enr-7/X18- 
Dihydroxykaurcnolidc (178) was tosylated as described to 
give 17b.” This was treated with OsO,-NalO, to give a 

nor-ketone (18) in 60% yield.” This tosylate (18) WS 

heated with Nal in methyl ethyl ketone to give an iodide 
(19) in 81% yield. Reduction of 19 over Rancy Ni W-7 

gave a crystalline dihydroxy lactonc (20) in a quantitative 
yield.% Thc pCOti@JKdOn was tentatively assigned to 

the OH group at C-16 assuming that the less hindered side 
of the molecule was adsorbed on the catalyst surface. 

Oxidation of to with the Jones CrO, gave the desired 
diketo lactone (14). The Witting reaction between 14 and 
methyknc triphcnylphosphorane was regiosekctive. The 
resulting enr-7uxokaurenolidc (IS)“.” was identical with 
an authentic sample on the basis of IR. NMR, MS, GLC. 

TLC and m.m.p. This completed the formal total 
synthesis of (r~gibbcrcllin A,: in view of the omission of 
the optical resolution of the racemic diketone (13).” 

mPERlblExTAI. 

All m.pc were unconec~cd. IR spectra refer IO h’u~ol mulls for 
solid samples and hlmc for gums unlctr othcnvrsc stated. NMR 
spectra were recorded al I00 MHz in CDCI, with TMS a\ an 
mtemal standard. 

.Wrhp/ I =I I3 aceroxy 3.9p.IOn podor4rf4 . 7. I3 . dren 
19 mlft (31 

AcCl (I47 ml) and pyrklinc (16.5 ml) were added lo a soln of 2 
(20 g) m Ac:O 067 ml) and rhe mixture was healed under rcflux for 
2.5 hr in an atm of ti:. The mixture was liltercd. washed with Ac:O 
and the hhrate was evaporated to dryness under reduced pressure. 
l’riluration of the residue with .WeOH afforded 3 (27g). which wac 
rccryslallizcd from ~X~AC-MC~H. m.p. 1 I%I?o”. Y,. 1750. 
1725. 1675. 1650, 1240. 1220. 1195.93cm ‘; 6 0.65 (3H. s). I.19 
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17s: R = H 
17b: R = ‘l’s 

~3H.~).2.10~3H,s).3.62~3H,s~.~.S~~IH,m~..(.78~1H,br.s~:A,. 
23<nm (e lg.WO. EtOH). (Found: C. 71.93; If. 8.M. C.&.O. 
requires: C. ?2.26: H. 8 49%) 

Mtrhyl (~~~13~-h~dro~~~s~.9~.IOa-podororp-7-tn-19-oorr (4) 
To an lce.cooled soln of 3 (25 g) m EWH @Xl ml) and dloxan 

(75 ml). NaBH. (17g) dlssolvcd m EIOH (25OmJ~ and uarer 
(ho ml) was added dropwisc al I-5’. After stirring for 2 hr al room 
temp.. the mixture was heated for 2Omin at S&.(3”. ‘Ihe cxccss 
NaHH. was destroyed by dil. HCI. and the product was taken into 
EIOAc. The ErO.Ac soln was washed with water. saat NaHCO, aq 
and sag KaCI aq. dncd (MgSO.) and concentrated in racuo IO give 
l2.6g (63% from 2) of 4. whvh was rccryslallizcd from 
EtOAc-hght pclrolcum. m.p. 120-121”. Y,. WIO. 1720. g20cm ‘; 

150.62OH.s). 1.!0(3H.s). 1.74(IH.s).3..(O(IH.m.W:.: = 22H7L 
3.69 f3H. 5). 5.52 (IH. m); MS. m!r ?9? IM’). 291. 274. 2.59. 
tFound:C.73.~l;H.967.C,.H,.O,rcquircs.C.7~.93:11.9.6S~). 

Diboranc (I20 ml of I \f soln in THF) was added slowly IO an 
rcc-coolcd solo of 4 (5.98) in ‘I’HF (4Oml) under X,. After the 
addition. the flask was kept for 3 5 hr al 2-g” The or- 
was oxdi7d by the addition of a soln of NaOH (58) in water 
I I5 ml). followed by lhc dropulsc addition of 30% H:O, (36 ml). 
The mIxlure was heated for I hr al W. The product was taken into 
c&r. The ether toln was washed with water and WI NaCl aq. 

CO:H 

18 

14 

dncd (MgSO.) and concentrated in cacuo IO adord diol. Jones 
Cfl, (I C ml) was added IO an ice-cooled suln of the did in acctonc 

(I00 ml) and the mtxlurc was left IO stand ar room temp. for I hr. 
M&H was added IO destroy ~hc EXCCIS of rhc oxidant. After rhe 
removal of the solvents m CQCUO. rhc restdue was dduted with 
waler and extracted with EIOAc. ‘Ihe ElO.Ac wln was washed 

with water. sat NaHCO, aq and sag NaCl aq. dncd (MgSO.) and 
concentrated tn t’acuo IO give 5 (2.6g. 4X?; 27% overall yield 
from 2). HccyrslaJlizaGon from ErOAc-light pctrulcum gave rods, 
m.p. 141-142’. Y,. 1725. l?l5. 122.5. IlhCcm ‘; 6 093 (3H. 0. 

1.22 (3H. s). 3.71 (3H. 5). MS m;r W6(M’). !?.(. 246; (~l.(‘tSQ 
SE-M. 0 i! m x 3 mm 1.d.. 31 244’; Carrier ga\ He. 2.2 kg/cm’) 81 

4.3 min. (Found: C. ‘0.6% H. KY. (‘,.I~,(). rcquucs C. 70 56; H. 
U..c%,. 

Prorrdurc A. NaH (2 4 g. WZ drrpcrsion in mineral oil) was 
washed with light petroleum IO remOve rhe mineral oil and DMSO 
(25 ml) was introducal via a r)tinge. The mixture uaz, healed at 
7CW until fhe cvdut~on of H, ccascd To a soln of 
prolyloxymcthylrriphenylphosphonium chlwrde (6.6 g) m DMSO 
(40 ml) was added lhc soln of mcrh)lsulfmyl carbanion 13.6 ml) in 
DMSO via a syringe under h’:. The resulting red udn of rhc ylidc 
was s~~rrcd at room ~crnp. for 10 min. .4 soln of 5 12 g) in dry THF 
(Mml) was added quickly IO a stirred phosphoranc roln. ‘Ihe 
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sIIrring was conlinucd for 3 hr af room Icmp. The mixture uar 
poured InIo ice+aIer and enIracIcd with n-henanc. The cxIrac1 
uas washed with 75% McOH aq. waler and sat NaCl aq. dried 
IMgSO.) and concenIraIcd in POCUO. The rcstdue (3.26) uas 
chromarographed over ncurral alumina (Woclm. acIiviIy grade II. 
32~. !? x 1.6cm) in n-hcxane. Elulion ulth n-hcxane gave 

divmyl ether 8 (342mn. 10%). Y, 1730. l6M. 161s. 1510. 1250). 

1230:11fio. 1020.810c~ ‘; 6 0.74(3H.s), I 20(3H. sl. !.!916H. 5). 
3.62 (3H. s). 6.20 (2H. br. sl,b.7.5-7.25 (RH. ml; MS: m/r .(I4 CM’). 
FracIIons cluted wiIh EIOAc-n-hcxanc 13:97) gave a cryslallinc 6 
(16:‘mg. 6.3%). which was recryslalhzed from IlrOAc-lighl 

pcrrokum. m.p. 19%199’. Y-. 1725. 1705. 1620. IVO. 1385. 1245. 

1230, 1165. I IO!. 82Ocm ‘; 6 O.Ml3H. I). I.2OOH.rl. 2.3613H.s). 
3.76 (3H. sl. 6.19 (IH. s). 6.lG7.14 (4H. ml tf%und: C. 76.01. H. 
8.22. CsHYO. requires: C. 76.06; H. 8.34%). SuhscqucnI fractions 

afforded a nuxturc of 6 and 7 (748 mg. 28%. ~‘tl I : I) 
RccrysIallizaIion of 7 from ElOAc-lighl perrolcum gave pnsms. 

m.p. 130.~131’. Y,. 1730. 1715. 1660, isa!. l%O,l.5Oc. 1380. 
I240.1230.1160. llOO.gl~cm ‘; 6 0.?8 (3H sl I.24 f3H. sl ‘.!! . * *- 
t3H. O. 3 611 f3H. 31. 601 rlH. 5). 6.8!-’ I6 (4H. ml IFound. C. 

76 14; H.X X.C:,H,O. rcqulrev C.7606; H.W.345) Thcaqucou\ 
Ia!cr IcfI aflcr n-hcxanc cxIracIlon was rccxIracIcd u-iIh erher. 
‘The cIher soln was washed wIIh wafer and ,a~ NaCI aq. dned 
IhfgSO,) and cvap_vaIed tn wcuo. The rcsldue (2.1 g) u-a\ 

chromalographcd over ncrural alumma (U’oclm. acIlv11) grade II. 
2lg. 18~ 1.5cm). Elulion u_iIh IiIOAc-tvhcxanc 1!:9t-I 9) 

yicldcd \Iarling dlketonc 5 (332 mg. 1’5). 
Pmc-edurc n ‘To a \uspcnsion of p -lolylox~~ 

meIh~lInphcnylpho~phon~um chlondc (I gl In dry I‘HF 
I IO ml). cooled al - 40’. was added IO a soln of n-Bul.i in n.hexanc 
I I 01 h’. I.0 ml) via a syringe under N,. The rcsulling mixlure was 
warmed IO V and trincd for I5 min To the red ylidc roln. cooled 
agam IO 40’. was added qluckly a soln of 5 (306 mg) in dr! THF 
(IO ml). The Mxturc was sIirred a1 -43 -- ,3:’ for 30 min. poured 
InIn ice-waler. and cxIracIcd with n-hexanc. The cxIrac1 was 

washed wiIh 75% .McOH aq. waler and sal Na(‘l aq. dned 
(MgSO.) and conccnIraIcd in I(IWO. The rcslduc (416 mg) was 

chromaIographcd over neutral alumina Woclm. acIIvIIy grade II. 

59, 7 x I.1 cm). EluIion with EIOAc-n-hexanc (5 :90 gave 
cr)rlaJlinc 6 (53 mg) Subsequent fraclrons were Ihc mixlure of b 

and 7 161 mg. 15%. co. I. I). Further elution gave cT)tlallme 7 
(23 mg. 6%). Both 6 and 7 were proved lo be idcnllcal uiIh Ihov 
sample\ obrruncd In poccdurc .4. El&on MIh EIOAc-n-hcxanc 
CC .Y!-IO:O) gave 5 (I! mg). The aqueous layer lcfl afrcr n-hexanc 

cxImcl)on was re-cxrracled uIIh ether. The cIha soln was washed 
with waler and sat NaCI aq. dried (SfgS0.l and concenrrared in 
LOCYO. lhe residue 1551 mg) was ChromaIographcd over neurral 

alumina (Wcclm. acrivily grade II. 6g. g.5 x I.1 cm) Elulion with 
EIOAc-n.hcxanc (I. 9) gave cryslalline unrcaclcd 5 (60 mg. lolaI 
72 mg. 24%). 

‘To a soln of 6 131 I mgl in ether (100 ml) was added 70% HCK), 
f IO ml) and Ihe rnix~ure was healed under reflux for I.5 hr under 
N:. The mixlure uas poured InIo icewater. Afrcr C~UII~MIS 

ncuIralizaIion ulIh Na:CO, under ICC cooling. the pro&Is wcrc 
exIracIcd with cIher The ether soln was washed with 2 s-SaOH 
aq. water and sal h’a(‘l aq. dned fMgS0.j. The cIher was 
cvaporakd under reduced pressure IO give the cr)sIalliw 9 
(I52 mg. 640) Rccr)sIallizaIion from EIOAc-IighI pcIrokum 
gave piales. m.p I!-126 . Y 7710 l73?. 1720. l?lO. il(l0cm ‘. n.- -. 
d 0.90 l3H. s). I.20 (3H. 5). 3.76 OH. I). 9.69 (IH. \l tFound: C. 
71.46. H. X.71. C,.H,O. requires c‘. 71.22, H. 881%). 

%tuImmr 01 9 with NaOMc. A coin of 9 (32 mg) In .&OH 
(3 ml) was Ireared ulIh NaOMc 13 mg) a1 room Icmp. for I hr. T?IC 
mlxIurc u-as poured mIo Ice-water and cxIracIcd u-lIh cIher .Ihc 
cxtrac1 was washed with waler and \a~ NaCI aq and dncd 
IMgSO,) Evaporalion of ether gave the crysrallme aldehydc 9 
125 mg). ‘Ihls sample showed an IR spectrum. E;MR spcclrum and 
a ‘TLC‘ (srhca gel G. ElOAc-n-hexanc (I : I) R, 0.51) complcrcl~ 
&nIIcal with ~bose of OK Ihc sIartIng material. 

In a similar manner. 7 (23 mgl afforded IO (I! mg. X%). u_hKh 

was rccrysrallirrd from EIOAC-light pclrolcum. m.p. I I I- I 11’. 
I-,. 2i.W. 1735. 1725. 1715. 1250. IIBO. ll65cm ‘; 6 0.701tH.s). 

1.!0~3H.0.3613~3H,s).9~9~1l~,d.J ..!Hr).(Found:C,71.17. 
H. 8.84. C,.H,.O. requires: C. 71.X; H. ll.XlW. SimIlarI) 
IrcaImcnI of IO ulIh SaO\le gave rhc starling maIcrial 

A nuxlurc of h’aH (2.4g. 50% dispersion rn mmcral orI) and dr) 
DMSO (?!ml) was heard at :.C-Wo: unril Ihe c\oluIron of If, 

ceased. To a soln of triphcnylmcIhyIphosphonIum bromide (0.‘~) 
m dp DVSO (IOmll was added the \oln of mcIh)lsulfin)l 
carbaruon 10.5 ml) in DMSO via a \)ringe under N,. Tbc re\ulImg 
yhdc roln w-as srirrcd at room Icmp. for IOmin A win of 9 

(261 mgl in dry ‘THF I IO ml) was added IO the phocphoranc \oln. 
The mIxIurc was ,Iincd a~ room Icmp. for 4 hr and poured mIo 
ice-waler. The producrs uerc Iakcn mIo n-hcxanc ‘The cxIrac1 
aas washed uiIh 75% !&OH aq. waler and \a~ NaCl aq. dried 

(SfgS0,~ and condenIraIcd in t’uruo The re\iduc I!? mg) uas 
chromalographcd over silica gel (Malhnckrodt. 3g. 9~ I.1 cml. 
EluIion ulth I& pcrroleum gave dlcne I I ICH, in$fcad of 0 a~ 
C-7) (25 mg. 105) which wa\ recr)~~alliccd from EtOAc-MeOH. 
m.p. 90.5-91’. I’,. _ w. 1730. 164.5. IXO. 1160. looo. 9%). 910. 
890. 88Ocm ‘; 6 0.76 (3H. 5). I.!! r3H. s). 3.?4 t3H. 5). 4 ~YI (IH. 

ml. 4.7X (IH. m). 4.9-5.3 (?H. ml. !.?-6! tlH. ml (Found (‘. 
‘9.92. H. 10.01. C,;Ht201 requires: C. 79 70; Ii, IO 19Vl. IiluIron 
u_IIh ElOAc-n-hcxanc (3:9? gave II 1I.C mg. 60% which ua\ 
rccrysrallizcd from hM)H, m.p. ?9-79.5”. IV,. .30X0. I%. 1’10. 

IMO I”0 II60 990 9OOcm ‘; 6 0.90 t3H. 5). I.18 l3H. 5). 3 76 . ..- . 
~3l~,~l.4.9-!.!l~H,~~.~.~.l(IH.m).~I:.uund:C.7~~.H.9~. 
C,H&, requires: C. 75.43; H. 9.SW) ‘1%~ aqueous la)cr lcff 

after n-hcxanc cxIrdcIIon ua rc-cxIracIed with ether. The cxIr;kI 
ua\ washed wlIh uakr and \a~ h’a(‘l aq and dried 1.5(gS0.) 
EvapvaIion of cIher gave Ihc mtxIurc of unrcaclcd aldehldc 9 

and Iriphcnylphocphmc oxide. which ua\ chromatographed o\cr 
silica gel lo afford pure 9 (27mg. 10%) 

Kclo okfin II (62 mgl uas stirred u_iIh h’-hromo\uccImmidc 
(7;mgl In DUE-water IR: I; 4ml) a1 room temp. for 6 hr. The 
mixlure was poured mIo Ice-ualcr and exlraclcd uiIh ether The 

cIhcr roln was wa\hcd wlIh sag SaHCO, aq. *aIcr. and \ir~ h’a(‘l 
aq. dried (hfgS0.1 and conccnlrakd in LUCUO ho g~vc lh (X5 mg). 
a\ a Mxlurc of almos1 inseparable (‘.I< cpimcrs. Y, (film) 3500. 
1735. 1715. Il65cm ‘. .A u)ln of It IIV mgl in dr) cIhcr (IOmIl 

wa\ mixed wirh dlhydropyran (I ml) ad p~olucncsulfo~c acid 
(63 mgl and slirrcd overnight al room lemp. Then the xoln u-a\ 
uashcd wlIh KzCOt aq. dried (K..CO,) and ccmcentratcd m IXIWO 
IO glvc 011) l2b. ,‘,. 171s. ITI!. 1160. IIZO. 1080. 10~~. 
9Xcm ‘. The I’HP clher IZb. as a mixlure of (‘.I! cpuncrs. uas 
dissolved In p\ylenc (20 ml). and added IO SaH 19s mg. W(r; 

dispcrsron in mineral oil) under N: ‘The mixlure u-a\ sIincd at 31’ 

for I hr. healed gradually IO Ihc rcflux IcmpraIure and Ihcn 
rcfluxcd for I.5 hr Y&H was added lo destroy the excc\s of 

h’aH. The products were Iaken mIo cIhcr. The ether \oln was 
sashed wiIh K:CO, aq. dned tK:(‘O,) and cvaporafr~I tn I’WUO. 
‘The residue 1372 mgl u-as chromatographed over neufral alumina 
(H’twlm. a&II) grade Il. 48, 5 r I.1 cm) IO g~\e Ihc following 
fractions. So I. ’ (EIO.Ac-n-hexane. 0: IO ? 95): h)drtuztrbon 
(249mg). No %I4 tf:~O.Ac-n-hexant .‘:9! - 1.4) THP eIhcr 

(74 mgl. Y,. l73(, 1715 1162. 1130. IO80. 104Ocm ‘. $0 I5 I8 
(tIOAc-n-hexanc I 4 10.0). gum The I’HP erhcr ohIaIned 
from h’o. b I4 %a\ Ircaled wiIh prolcunclulfonlc acid (60 mpl In 
M&H (5 ml) a~ room Icmp. for 2 hr The mIxIurc was dllufed u_iIh 
water and crIracIcd uIfh erhcr. The cIhcr soln wax washed with 
\a1 h’aHC0, aq. waler and OI Na(‘l aq. drrcd IMpSO.) and 
conccnIraIed in rotuo IO afford an alcohol (Mm@. I~.... WO. 
1730. ITIS. IIW. 1120. 1070cm The rcsulling alcohol uas 
dissolved In acelone I.( ml) and oxidircd hy Jones Cr-0, reagcn1 
18 N. 0.2 ml). MeOH %a\ added IO dcrlroy the cxce\s of fhc 
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oxnlant After the removal of rhc solvents in racuo. rhe residue 

was diluted with water and extracted wifh ether. The exlracl was 

washed with sag NaHCO, aq. water and sal NaCl aq. dried 

t YgSO.) and concentrated in FUCUO. The raidue was purified by 

preparative T1.C (silica gel. ether-n-hexanc I: I) IO afford 

cr)srallinc dlkcrone 13 ( IOmg. 16% from 11). which was 
recrytlalhzcd from acetone lo give pnsms. m.p. l32-133C. y,. 
(CHCI, soln) 174O(vs). l722(s). l?O!(vsl. 1316(w). 11566(m). 1138 
(w). II20 (w). II00 (w). 9U2 (wl cm ‘; Y,. (KBrl 1751 (~1. 171s 
(V\). 1701 (\s). I465 (W). 1455 (Wl. 1430 IW). 1315 (u.). 

1263(wl.l224fm).llR6~w~,ll6S(w~.ll~2~m).l. 
1095 (u 1, 1040 (u ).9&l (w). 9-V (w) cm ‘_ Cc/ The optically acllvc 

13: Y,. (KBr) 1740 (vs). 1715 (5). 16% 1~s). 1475 (w). 
145s (Wl. l4.u) Cu.). 1317 (W). l2fQl (U). 126h (U). 1245 (wl. 
1224lml. IIlQl(wl. 1170(u). 1153(m). 1137(w). lll9~w~.lloO(wl. 
1090 (ul. 1041 (w). 9l?4l (ul. 960 (WI cm ‘.). d O&l.3 12Hl. IO8 

(3H.s). I 18(3H,s). I .&!.I (llH~.!.I-2.6(3H).!.62.9(IH. 2.62. 
2&j ‘) :- “9). ? Y-3.3 (2H. 2 97. 3.02. 3 I!. 3.20. 3.26). 3.6X (3H. , _ ., -. 
5); MS- mie 332 ISI’. 6x1. 272 (45) I65 (25%). I49 (355’1). I36 
(26%). lo9 (I@?%). 95 (31%). 79 (!@?)a 57 (274). 55 (.UR). 43 
134%). 41 (41%): G1.C. (3% SihccHlc Gum SE-.XX 0.75 m x 3 mm 
i.d.. at !?@: (‘arricr gas !i:. 0 7 kg/cm’) Rt 4.4 nun. This UrnpIe 

showed an IR %pcctrum (in CHCI, soln). NMR spectrum. mass 
spectrum. ga\ chromatogram and TLC (silica gel. ether-n.hcxanc 
(4. I) K, 0 46. bcnrcne-EIOAc (I : 4) R, 0.62) complcrel) ldcnflcal 

uuh those of the op~tcall) acfivc 13. 

cnt-ia.H,vdrox! .Ill-p-ro.rvlor~.k~u~~~~~id~ (17bl 
(- )-~.IR.Dlhydroxykaurcndlde (17r. I g) was treated with 

p~toluencsulfonyl chloride (I.31 g) m pyndmc (5001) al room 
remp for YO hr. ‘The mixture was poured into tccdil H:SO. 

(250 ml) and the product wa\ recovered in EIOAc Thc extract was 
washed with Kc-wakr and \a1 NaCl aq. dried (MgSO.) and 

conccntrafcd m I’U~UO lo afiord l7b (I.3 g. quantitafivel. whch 
wax recr!slallircd from bcnrzne-light petroleum. m.p 183-l&l 
(lit ” lg%ltl6’). Y,.. 3.540. 1760. 1660. 1595. 1200. I Inc. 9Ko. 970. 
ll% #l!cm ; b O.wI (3H. s). I 90 (IH. s. -OH). 2 44 (311. 0.4.00 

(2H. \). 4.32 (IH. d. J ~H~).~.~(IH,I.J-~HI).~.YO(IH,~). 
5.04 I IH. m). - .36 (?H. d. J - g Hrl. 7 7 (2H. d. J - X HI, 

cnl ho.?@ . I)lh!droly . 18 p forvhr! 17. norkuuron . 19. 

OK orid I9 *6o lacrone (18) 
To a coln of 17b 1 I I25 g) m THF (I00 ml).water (35 ml). OsO. 

(IOOmg) was added. Aflcr rumng for IOmm. finely powdered 
SalO. 13.6g) was added portionwcr. The mlxlurc was sturcd al 

rc*,m temp. for I6 hr and filtered. The filtrate was concentrated in 
L’OCUO IO afford crysfalline 18. whtch u-as collected on a filter and 
washed ulth ether 1550 mg). l’hc mother liquor was extracted with 
ElOAc. The extract wti washed with waler and sag SaCI aq. dncd 

(MgSO.) and concentrated in ~‘ocuo. The residue (YllOmg) was 
puriticd b) hlrrauon chromatcgraph) over alumina (Woclm. 
ac~n II) grade II. log. g x I ( cm) IO gtvc crude Ill (392 mgl. Crude 
18 wiu chromatwaphcd o\er shca gel thbllmckrodr. 48. 
: x I.! cm) Elurion ulrh ElOAc-n-hexanc (3: 7-IO:01 gave pure 
I8 (130 mg. lotal yield 680 mg. 6VZ). m.p 2!6!Sw” fit” !!>!57). 
I’,. 34CQ. IT. 1730. IH)o. 1200. 1190. g!Ocm ‘; 6 lCDCI,- 
DMSO&) 0.90 1311. $1. X4? (3H. I). 4.00 r!H. \I. 4 I4 (Ill. d. 
I-iHz).444(lH.1.J .‘H~I.‘.J~(~H.J.J-.~H~).~RO(!H.~. 
J gH71. 

The norketone I8 15X9 mg). dry NaI (2 gl and dry methyl ethyl 
ketone (ho ml) were heated m a scaled tube at 140; for 31 hr. The 
mlxlure was filtered. the filtrate evawaled to dryness and lhc 
restdue washed wtvlth water. MeOH. &d ether. leaving cryslals of 
I9 (456mg. Xl%). m.p. 26!%!71” (lit.” 269-275 Y,. 3420. ITS. 
17’5 cm ; d ((‘D<‘I,-acetoned) 0.88 (3H. 5). 3 30 (2H. AB.. 
1,: ~~HL~.~.~I~H.~.J~-~H~~.~.S~~IH.I.J-?H~~ 

‘I’hc mdidc I9 (341 mg~ drssolvcd in F.tOH (IM ml) ua\ stured 
with Raney Ni W-7 (3 5 g) and 0, (0 35 gl at room Iemp. for 

2.5 hr. The mixture was fihmd. The fihrare was concentrated in 
t~cuo IO give crystalline diol 20 (248mg. quanlitativc). m.p. 

24&246c. Y-. 3300. 176s. 1095 cm”. 6 fCDClrace~one dl 0.80 

OH. s). 1.24 (3H. s)..2.8 (!A. br. -0Hl.4.U (IH, m. W,,: _ I6 HI). 
430(IH.d.J=7Hz).4.56(IH.r.J=7Hz).MS.m/c320~M’. 

17’71. 302 (26%). 129 @@Xl. 109 (77%). 71 (58%). 57 (‘IS’XC). 55 

(78%). 43 (la%) 

enI 6a . Hydrorx . 7.16. dwro . 17. norkouran . IY - oic actd 

19-60 lac-font (14) 
Jones Crt), reagent (8 N I .6 ml) was added IO an icccookd soln 

of 20 (320 mg) m acetone (IO0 ml) and the mixIurc was lefl lo sfand 
at room temp. for 1.5 hr. MeOH was ad&d IO destroy fhc cxccv 
of rhe oxidant. Afler rhc removal of the sdvcnts m tacuo. the 
restdue was dllutcd with water and extracted ullh EIOAC. ‘h 
ErOAc soln was washed with saat NaHCO, aq. water and sal 
NaCI. dried (MgSO.) and concentrated m t’aCuo IO afford 
crystalline 14 (269 mg. 8%). Recrysralhzation from CHCl, gave 
prisms, m.p. 299-301’ (II!.“ L?%X”). Y,. 177s. 1740, 1710. 1210. 

I IO5 cm ; 6 0.75 (3H. I). 1.32 13H. s). 4.86 (IH. d. J L PHI). 

ent-7~Oxokovrcnofidc (15) 
A suspension of tnphcnylmethylphosphoholuum bromide 

(Ill4 rr@ m dry THF (I< ml) was suned in an aim of N, and treated 
with n-BuLi (I 3 N. 0.Y ml). The resultant phosphoranc soln was 

srurcd for 30 mm. then the dIkelone I4 (72 mg) in dry TH?’ (IS ml) 
was added dropwise. Stirring was contmucd for another hour. The 
nuxture was poured into ice-water and cx~rac~ed wlrh F.tOAc. The 

extract was washed with water and sat NaCI aq, dned (MgSO.) 
and concentrated tn tocuo. Thr reslduc (193 mg) was chromarog 
raphcd over silica gel (Mallinckrodt. 28, 3.5 x 1.6cml F.lulion 

with ErOAc-n.hcxanc (0: l&l :!) gave crude crys~alhne IS 

(40 mg). contaminated ulth a small amount of tnphcnylphosphmc 
oxide. Crude IS was collected on a filter and washed with erhcr 10 
afford pure 15 (I? mg). Elutlon with F,tOAc-n-hcxanc f I :?-IO: 0) 

gave unreacred diketw 14 (23 mg). Recrystallization of IS from 
ace~onc-I&I petroleum gave needles. m.p. 265L266’ (III.” 

!W26!“l. Y,. l7wO (~$1. I705 (5). 1660 (w). 1222 (~1. II92 lw). 

I I.50 (u). 1110 (m). I082 (wl. 1059 (ul. IO18 (w). 940 (w). 930 (w). 
885 (wlcm ‘; 6 0.70 (3H. sl. I.30 OH. s). 4.86 (IH. d. J = 7 HI). 

4n8fIH.ml.5.O6(IH,m);MS:mic3l4~M’.R4C/r).278(42%l.2~ 
tVl%). 147(26%). 139(28%). 137(100%). 109(4Mrl. IOSf2fil.91 
(4O%I. 7? (4,vI. 67 (35%). S! (44%). 44 (79%). 41 (58%). ct1.C‘: 

SE.30. 0.75 m x 3 mm 1.d.. at !!(P; Gamer gas N,. O.ll k&m’) RI 
5.5 mm This samolc showed IR. NMR. MS. GLC. TLC lsihca gel 

ErOAc-n-hcxane.1. I. N, 0.46) and m.m.p. (26fL266’) complel& 
idenucal with those of rhc authentic sample of 15. 
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