
A SYNTHESIS OF (-)HIBAENE 

severat told syntheses of mcemk pod==P-w4)-ene- 
13”oae 2 have been dcscni.‘= The (+) form of this 
compound is conveniently avaitabk’ from maaiM 3, an 
abuodant natural diteQcne. 

Photocbemical cycbaddi& of ok&OS 011 the un- 
~k~2~,~a~~~ti~,to~ 
tetracycIic impounds 6, #’ and 4ctS containine 8 
cyciobutaoe @. These stmioed substances, which 
undergo a variety of ~tslmderackiicor 
basic cooditions are usefld preuusors of many tetm 
cyclic diterpenes.l-s 

In a previously reported synthesis of (+)hibaae? such 
~~~#~~~ap~sscl~~r~ 
to bii l%os, a ConvenieIltIy suede eyeI@ 
butane compound should aflord (-lhiioe I.# 

ti 

ii 

: 
‘\ H 

Pnpamtion and rtntctw of the photochanfcd inter- 
mediotcs 

Pltotoc& cyck#uklition of vinyl acetate Ott the 

umtmtal ketone 2 at low temperature, gave an in- 
sepmable mixture of four compounds, as jod@ by its 
PMR spccbum @CH,CO-O- peaks). The sbuctures of 
these compouods Wm estab&hed as follows. 

(a) KetAaGoo (ethykne #ycol/H’) foRowed by 
~~~~a~~f~w~h~o~jor 
~~~~~~~~*~~~~~,~ 
B m-p.: 12SP, gave the same cycMu&nooe C @co: 1770 
cm-‘) by oxidation, WoI&Kishna: reduction of this 
ketone atlord& the crystall& MaI a Its hydrolysis 
gavetheketooc4hwhichiaalsoformedbyphotochem- 
icai cy&mddition of ethykne oo 2.’ since it has been 
converted into f+)hii-14-one its ste~mistry is well 
~~~~cyc~~~~~~~* 
tiolL 

(b) CycbbutaNM c and compolmd 9,’ the ozonolysis 
pMdoctofL,arediIIerell&ahhouJ&thecycbbutape 
ringis~inbothcases.ThissuggeststhatCisinfact 

YE. 
~~~C~~~~U~Of 

the mixture of ketaI a@ates gave t+ hydroxy 
ketones. One of them is the known me lcl” 
‘I%iscompoundisformedbyrretro&olopadugofthe 
strained &hydnoxyketone 11. foIlowed by cyclisatioa 
into the much more stabk at&me derivative 10. Si 
the two other cyck&utaae derivatives are stabk toward 
acidic treatment, they are ccrtahdy not #t-hydroxy- 
ketones, but the y-hy~x~s 12 and 13. 

(d) ‘I%e physical data fit quite weIl with these 
conchuiis. In pa&oIar the cycbbutanoae fr&n A or B 
exhibits a negative Cottoo e&c& as exm 00 the 
basii of the octant rule. Resides, in the IR spectrum of 
compouod A, there is no Tree” OH band, ia sharp 
~~~~~B.~~~~eof~ 
internal H-bond@ in A. 

Therefon, compouads A an$ B shouId have str&ure 
6a sod 6b rcqwtively. Ibeir oxidnth product is ketone 
7.ThepareotacctaMbare%*andmostprobablysE 
and Sd, which shmdd lead to the m hydroxyketone 10. 

Sd: H H H OAC 



DolcnAcmNliLhKda/. 

R, R. 
6a: Ii OH 
ebb: Og 
I 4 
IH H 

R,’ RI RI 
11: H H OH 
12: H OH H 
18: OH Ii H 

Rwmangement of the photochanicol Memtcdiates 
The hydroxyketoae 13 was treated with CXM 

methyMiumiadiethyl&er.CoatpoundWledtoa 
mixture of two diols lb (65!&) sad Mb (35%). nese two 
dials have also beca obtaiacd from 13 sad MeM8I in 
diethyl e&r. However, 14m aad 14b were idated in 15 
sad 8596 yield rcspcctivcly.t Compouad 12, treated with 
MeLi 6ave two diols 1% sad lS. However, oaly oae 
(Isa) of tlMe diols could be isolated ia a pore state. 
oxida& of 1c aad lsa a!Tolded the saale hydroxy- 
cyclobutanoae l(; 14b aad ialpure lS (contaminate<l 
withsoaEstutiagal&rial)werealsooxidizedtot& 
same hydroxycyclo- 17. 

Rc Ra R. R4 
14a:OH H OH Me 
14b:OH H Ma OH 
168: H OHOHMa 
Mb: H OHMOOH 
16: -4 OHM0 
17: 4 Me OH 

R-meat umler acidic conditions of the 
hydroxycy&botaaoaes 16 sad 17 was entirely onsoc- 
cessful. Ia formic acid, dehydration took place, aad the 
ummatalketoae18waaob~.Thiske was 

to? ra!Wered IuKdm@d after proloagcd treatmea with 
formic acid at room temperature. Ia trilluofoac& acid, 
maay compounds were formed. None of them could bc 
ideati%d.~ Diols 14& lib, 1% ad lSb however were 
rapidly dehydrata! ia formic acid at room temperature. 
The resulting hydroxyolefins l)r ad 1% were smoothly 
coaverted ia high yield (9046) albeit very slugeishly (oae 
month), into hibaae derivatives. Diols 14 gave the 
difommte 21~ wbercas dials 15 give 2lb. The cor- 
rcqoading hibanaiiala 22m md 22b were formed by 
LAH lmimioa of their diforalatm The structures of 
these dials rely oa the follow&J evidence. 

19: -0CHO H 
1): H -0CHO 
208: OH H 
1ob: H OH 

(a) These diols could be 0-t: eikemzeh 
has the sane physical coast&s 
dioae23.p 

(b) Ia the PhIR spectra of dials 22% 22b sad (+)14Q- 
hydroxyhibaae’ a siagiet at 4.75, 4.60 aad 4.46 ppm 
respectfvely caa be a&gaed to a 148 protoa. l%e 15s or 
15~ proton ia 22a sad 22b respectively 8ave rise to a 
sigaalwhichcaabecoa.sSredastheXputofaaABX 
systeal. 

Adiolresnltingfromaredoctioaofdioae23,which 
acconliugtothepublishaldata9shaukibe22b,was 
transformed into 14a-acetoxyhibaeae by Weakeh 
However, the key step, a pyrolysis of the corresponding 
diacetate 24,&ave a rather poor yield. We found that 
oxidatkm of diol 22s by silver carboa& on C&e is 
regio&ective. From diol 22a, ketol 25 was the only 
detectable oxidation product This was expected, since 
protoa IS/3 is severely hindered, sad the OxidSlg solid 
isfartoobulkytoalbwtbeassumedtraasitioastateto 
be forami. 

oa the contrary, ia diol22b, the lk protoa is readily 
qcccssible. The oxidation of diol22b yielded a mixture of 
twounapou&:adioae23whichhadbeeadesc&ed9 
previously and Ma-hydroxyhiiae-15-e 26. Siace the 
latter hydroxyketoae gave dioae 23 when treated with 
excess silver carboa& on Mite, very probably, oxida- 
tion of the 15a-OH group was more rapid thaa oxidation 
of the other secondary alcohol.. 

‘Ibe structure of these hydroxyketoaes was proved as 
follows: 

(a)IIIthcIRspcctrumof#asbarpbandisfoundat 
1410 cm-’ (scissoriag v&ration of CIto to the CO 
group). 

(b) A siagk-t at 3.17~ is still present ia the PMR 
spectmalof26.Iatbeoxid&nlprodBctof2425,thex 
partoftbem4mGoMdABxsystaaisobserved. 
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~(c)Ketones2SandYexhibitanegativeCottoneUect, 
aspred&alontbebasisoftheoctaotrule. 

Ketone 25 was tnatal in pyridine with p-tolylthhno. 
carboMtecidoride’oandtberesuitingthionocarboarte27 
w~~~~.~c~~y,~ 
kiImene4-one 31 was obtained in nearly quantitative 
yield.AWoIiI-Kislmerreductionoftbisketooe,hthe 
absarce of oxygen” gave (-)hibe-1Ecne 1, whose m.p., 
IRandPhIRdatafitquiteweIlwiththepublishedin 
the literature.‘* 

RI R* R. 
MS: -0CHO H -0CHO HR 
Be: OH 
21b: H %CHO %HO :: 
22bZH qi OH H 
2a: -0 -4 

-ok lj 
4 

w H 
4 

21: 0Est. OH - H 
19: H kt. OH H 
= OEM. H Ofst. H 

Dials m and m, bW.cd with p-tolyl- 
chtorkie’” gave csscnay llko- 26 and 
2). Pyrolysi!s of &esc two cmlpounds gave the !iamc 
l~-hy~xy*~~-lS~ 30. oxidation of this nn- 
saturated alcohol 3, followed by WoIiMCi&aer reduc- 
tion afforded (-)hiilScne 1 in fair yield. 

R. R* 
=OH H 
al: z 

lintkminpalt8ns25gofsbcoddbe~fromths 
lnlxtwc. 

Muun?. lk (film) 1710 Cal-’ (I, acetate), 1705 cm-’ (I, cnlbmlyl 
grollpr). 

Campmmd sbz al.p. 13$IR (ccn) 1740 cm-’ b. amIte), 17a5 
an-’ (s$ Go); NMR gDcl3~ 0.75, aas* OS @acfl singkt, 38% 
Iif& 2.W (aiugk& 3H. M&O-O-),.S.lS &wad signal, lH, H 
guhatcd with -oAc);-&),= 4&T, {u)$7#=48.60. I&6= 
SW. {& = lM.3@, {c&&l = 19o.P (c = l.as iu CIiCl3); A# - 
0.423 (A, =2%nm, dioxamle). (Poud c, 75.17; H, 989: 0. 
14.94. Cak. for C2&02: c. 74.%; H, 1O.W 0,14.98%)# 

~~~ photoedhrxs mixtm (6.W p-- 
~~~(~~~lo~~yk~~~~~~ 
7mc w8a reilwd for 12hr‘ and water was sqnlmtd in a 
Dcm&8rkadqtcr.Tbewoledsobawasextmctaiintbeusual 
amlmcr. l%c solveat was raboved and the leanIt@ dried 
matcrid(75g)waBusedaa6uchfoftbcncxtrtep. 

ASdlldtbCd3OVCIBiXtlWOfk&llSCI.Sp)iQSOUllOfdlkd 

@byleUmwasaddcddropwimtoa siBpakaofLAH(31))ia 
~~~Yl~.~2~,~~~~.,~ 
lllhtWCwUtfC8tCdWithwrtu.AftpBttntian&CV~ 

ofctllcr,suylltdhcmix~wa6obgined.~oftbctwo 
mnjurprodumwmobtaidbyprqmtiveTIXoosilicage1 
with1:1diuhylctbcr/tK4mkumetbcrasaolvcnL 

compovnd 6b (h: 0.4): oily pmduct; mmfad 3625. 3475 
cm-’ (OH): NMR (CD&) 0.65.0.85,0.8S (each sin&t, 3H, Me), 
4.32 (tripkt,~J = 7.5 Hz, H gcmimtd with OH gmp), 3.85 
(~4H,~~~~~~). 

conpowr (r (4: 0.6): !lLp. 128-13cP (CHZCI~ 
etkr); IR(CHCld 3474 an-’ (OH, no “free” OH baud); NMR 
cCl4) 0.Q 0.85.0.93 @cll singk& 3Ii, Me), 4.05 @road d&ml, 
lH, H gemhrated with OH), 4.07 @uhipk& 4H, mtbykne of 
ethylme W (~)m=-27.4’. {0~=-2tW, {Q&=-31.6’1 
{&If -48.1q {& f -55.6’ (c = 1.83 in CHQS). (Foul& c, 
75.2% H, 10.42 0.14.25. Cak. for Cz,H&: C, 75.40, H, 10X$ 
0,1350%). 

KetoJs U,WadlO 
A3dnofthepmodingmixture(5~g)inl5omlcH~was 

~withlU)ml3NHaItroan~.far3hr.Tbe~arat 
CXtMdwitbCH$&dtkCXtWtlWMeT?MkdUpwitbUt 
N~~~~~.A~~~~~(4.2~~ 
~~~~~~~1~1~~.~~~13 
mseprnudby CbWOpphyUl8dUlMOfSiliUIpl. 

cbmpmnd lo. m.p. 2W (CH2Q?nfroknm etbcr); IR 
(mad 3600,347.o a-1 (OH) 1715 am- (00); NMR (am) 
0.8% 0.885.0.95 (each siqkt, 3H. Me), 4.13 @mad sign& IH, H 
&haatcd with OH); {&= SW’, {ah= 533, {ah= 6l.F. 
{I&X - lll.O’, {i&j = 205.8” (c = 0.55 in CHCI,); ht = 0.266 
(A, = 2% nm, dioxaw). (panod: C, 78.72; H, 10% 0, 10.78. 
Cak. for c!,pNIch: c, 7851; H, 10.41; 0*10.78%). 

conyportrrd 13: f&p. 176-m (_ et&r); fR 
cHCl3) 36ah 3450 cm-’ (OHI 16% cm-’ (C-0); NMR (CDCII) 
0.6RO.B85,0.% (cacb skgkt. 3H, Me), 4.33 (broad signal, iH, H 
cedwal with OH); {c&P = 16.e. {a)sm = 176, {& = 21.00, 
{a)a= 50.4*, {aohu = 14l.P (c - 0.56 in CHCl,); Ae - 1.69 
(&.a - 298 nsi dhum& (pooad: C, 78.R H. 10% 0,11.25. 
Cdc. for C&t&: C, 78fl; H, 10.41; 0,10.78%). 

cIJmpod II: m.p. 1%15F (CH~ ether); lR 
cfiCW 3600,3450 cm-’ joif), 16ao cm-’ (cm); NMR (CD&) 
0.8% 6916 I.02 @cU@et, 3H, Me), 4.25 &rod &al, IH, H 
&unbred with OH); {ahs- -9#, {c&a * -9.T. {ah* = 
-7.P,tu~-+lbS,~~-+l~(c=oOJIinCHas);bc= 
0.73 (hma = 3mm& dioxrans). (Pd c, 7835; H, 10.60; 0, 
10.70. Cdc. for cidfro: c, 78-q & 10.41; 0*11.&256). 
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Gmlpound 7: m.p. 9p (dkthyl ether); IR (CHQ) 1770 cm-’ 
(00); NMR (CDCI,) 0.82,0.82,0.95 (eech sio&t, 3H, Me), 3.92 
(brcul &et, IH, ethykae ketal); {&=4X. {a)m=4.54’, 
{ah = VW, {a}& = - 109, {ahsJ = -99.4” (C = 0.84 in CIiU3); 
At =-OS85 (A,-311~1, dioxaaue). (Found: C. 75.19; H, 
10.0; 0.14.71. Cak. for t&H,&: C, 74.96; H, 10.06; 0. ll.!B%). 

Kuone4h 
A mixture of 7 (15Oms) aad 4ml hydrazinc hydiate in ISml 

dicthykaeslycdwasre&usdforlhr.KOH(300me)wrstben 
added,andsomewaterandhydmzineweredktilkdoffuotila 
r&lx temp. of 21(P had been reached. IlIe mixture we3 Iefluxed 
formadditionnllOhr.~cookdsokwu~ia~md 
entrededwahdkthy~ethu.Thecnxk8wascrysIaUkedfrom 
pentmle. yield: 70%. 

Compovlld 8: m.p. IlZllC (pntaoc): IR (CCL) Ill5 cm-’ 
(ethylene ketal). (Folmd: C, 78.99; II, 10.70; 0. 10.31. Cak. for 
C2,H,& C, 79.19; H, 10.76; 0, 10.05%). 

AsolnofI(9Oo@iolOmlofCH~was~with5ml 
3N HCl at room temp. for 3hr. Ibc solo was extrxcted with 
dkthyl e&r. ltbc cryti from pentaoc gave 70 mg of 4b. 

Comwund 4: q .o. 74-72 IR (CCL) 1703 cm-’ (GO): NMR 
(a) 0.72, 0.80, b.88 (each si&& 3H, Me); (ah= 30.0”. 
{a}- = 3350, {ah = 39.U’, {a},% = 74.0”. {ab = 185.6” (C = 

0.815 io CHCI,); k = 0.83 (A- = 298 am, dioxmne). (poomi: C. 
82.95; H, 11.12; 0.5.93. Cak. for C&aO: C. 83.15; H. 11.02; 0. 
S&3%). 

To a solo of 12 or 13 (48) ia #w)ml dkthyl ether, 2M MeLi 
(12Oml) io dkthyl ether was addal. Ibc 94Jbl was StilTed on&r 
~,atroomtcmp.,forZhr.Thea,enollObwWr~addedto 
destroy the reagent, tbc qoeous kya was squated and cx- 
tlacted witb dkthyl ether. The combioed either ~xtritcts were 
washedwithasatNaClaq,drkdandevapom@l.Ibeobcriaad 
mix- (4.2g) whkh still coot&d some ueacted ketol waa 
w on a cdomn of silica gel with 40% dkthyl 

Ether ill pctldaun ether as solventt 
From 13. 14~ (65% of the mixm) q .p. 107-110” (CHZCIZ- 

hexaoe); IR (CCL) 3615, 3450 cm-’ (OH); NMR (CDs,) 0.85, 
0.85,0.95,121 (each sin&, 3H, Me), 4.30 (tripkt, IH, J = 8 Hz, 
H g&nated with IICC. OH grovp); {ah= 163, {ah= 178, 
{a}W=19.20. {a}a=2&1Y, {ab=37.0” (C’O.78 ill CHCl3). 
(Fwod: C. 78.32; H. lo.%; 0, 10.66. Cak. for C&& C, 
78.38; H, li.18; 0. 10.44%). 

Comoound 1& (35% of the mixture) m.u. 136-13T (CHzCL 
hexane); IR (CCl4)‘361& 3450 cm-’ (OH);-NMR (CD&) 0.83. 
09.2,1.07.1.63 (each akgkt, 3H, Me). 4.22 (t&k& lH, J = 8 Hz, 
H ge&ated with sec. OH group); {ah= 18.9”. {&I= 193, 
{a}% = 21.90, {ab = 353, {ah = 52.7 (C = 1.25 in CHG). 
(Fcunck C, 78.73; H, 11.Q 0, 10.44. Cdc. for Czd&Oz: C. 
78.38; H. 11.18; 0, 10.44%). 

From ~.~aadItcuddootbeseprakd(sameR~). 
compad 1s. (1046 of the mixture) o~p. X0-162” NXbCl3; 

IR (CCL) 3610,345o cm-’ (OH); NMR &zDCh~ 0.85 0.w 0.95, 
1.11 (each siogkt, 3H, Me), 4.00 @road sign& lH, H e 
with sec. OH gmup);{ab = 13.85”. {ah = 14.2”. {a}% = MJP, 
{ah* = 2&P, {ah = 39.4” (C = 1.10 in CHCl3). (Found: C, 78.32; 
H, 10.96; 0, 10.72. Cak. for C&&: C, 7838; H. 11.18; 0. 
10.44%). 

Ketolr 16 ad 17 
lllcdidslb.l4b.malKl1$bwenoxididsepMtelywitb 

theCr<hpyridinec&pkxmetbod~de&bed&ve.1iaaad 
l5agavetbesameketol16.14andlSgilve17. 

Compound 17. aLp. 133-1350 (dkthyl ether); IR (Ca4) 3610, 
3480 cm-’ (OH) 1770 an-’ (GO); NMR (CDCh) 0.833.0.84,I.OO. 
1.37 (each singkt, 3H. Me); AC = -0.806 (A, = 307 MI, dkx- 
aooe). (Fouod~ C, 76.19; H, 10.41; 0, 10.69. Cak. for Ca&Oz: 
C. 78.79; H, 10.59; 0,1051%). 

thlote. With MeMgl the m pmdocts were obbiaed, but io’ 
di&not propo&m (14r: 15%,14b: 85%). 

compovnd 16. m.p. 13&l& (dkthyl ether); IR (Cc4) 3Xl0, 
3500 cm-’ (OH) 1778 cm-’ (GO)); NMR (_) 0.Q 0.4 0.92 
1.m (each siugkt, 3H, Me). (Farnd: C, 78.31; II, 1034; 0,10.70. 
Cak. for C&I&: C, 78.79; H. 10.59; 0. 10.51%). 

unsatnrcd ketoru 18 
Asdnd16or17,(1rnmg)inSOmlformicrcidwrsstimdfor 

1hratroomtcmp.ThcproductUwhkhprc&iudwasfiltaed 
0uadwa3hedwitllwata.clystauilatioaiudil!thy1etha 
abfdal 18 (75 ntg). 

Cbmpound 18: m.p. 102-103”; IR (C&) 1770 an-’ (C-O); NMR 
(CDCl3 O&S, 0.85.1.07, 1.67 (each skgkt, 3H. Me), 3.37 (dwbkt 
of doobkta. lH, JI = 18 Hz, Jz = 10 Hz, H14), 5.55 (lm& s&l, 
IH, definic protoo); {ah = 42.40, {ah = 42.6”, {ah = 47.0”. 
{a}dx=67.C, {ab t62.8 (c =O.U iu CHC&); Ae = -0.244 
(A, = 32211131, dkxaaoc). (Found: C, 83.n; H, 10.40; 0.5.86. 
Cak. for C&I& C, 83.66; H, 10.55; 0,5.59%). 

Awlnofl~orllb,UzUb.(SOOme)in#)Omlformicodd 
wllsstim?datroomtemp.,ultdaiDert~forooe 
moath.AftcS1hrthestartingmatukll4awasalovertediutothe 
dehydratko product 1% which rcarrm@ slowly iota 21a. After 
onemLmtb,sO%of21raod2Q%ofl*wereok&doai.Evapora- 
tkooftbeecidgave550mgofacnwiemixtme,wbosecuuti- 
tucntswaeqmratedbyTLConsilka~with1046etberin 
pmtaoe as solvent. 

The form&s were cooverted into the cu~+~ndbq al&d; 
by redo&m with a sospenskm of LAH in dkthyl ether. 

From 14n md 14b 
cmlpod 2la. oily product; IR (fum) 1730 cm-’ (formptes); 

NMR (CDCl3) 0.80, 0.83, 0.93, 1.01 (each siogkt, 3H, Me), 4.75 
(sin&t, lH, H14). 5.54 (do&et of doobkts, IH, JI = 7 Hz, 
Jz = 3 Hz. HI5), tl.O6,8.23 (each sin&t, lH, -0). 

m 22r. m.p. 21&21P (CHClrpentsne); IR (CHCl,) 3620, 
3440 cm-’ (OH); NMR (CDCIJ) 0.82,0.86.0.95,0.96 (erch siqjct, 
3H, Me), 3.23 (siagkt, IH, Hl4), 4.40 (da&t of doobkts, IH. 
J1=77 Jz=3Hz, HIS); {ab=2.W, {u~=lSlP, {ah= 
2.83”, {a},~ = l.lf, {ah = 6.8 (C = 0.53 in CHUB). @XII& C, 
78.02; H. 10.72; 0, 10.40. Cak. for C&,&: C, 78.38; H, 11.18; 
0, 10.44%). 

Compound 1%: oily produn IR (C!&) 1725 cm-’ (formate); 
NMR (CDCI,) 0.75, 0.83.0.87, 1.56 (each s&jet, 3H, Me), UCI 
(bipkt, lH, J =7.5 Hz, Hl5), 5.45 @road s&ml, 1H. ok@nic 
proton), 8.00 (sin&t. 1H. -0C~O). 

Afcohd 28x. oily producf rR (cell) 3630.3480 cm-’ (OH), 
3040 cm-’ (d&ok C-H); NMR (CDClj) 0.78.0.78, 0.88, 1.50 
(eachsingkt,3H,Me),4.12(tripkt,lH.J=7.5H.x,Hl5)5.35(brorni 
signal, IH, okti proton). 

Frum lLandl5b 
Cbmpound 2lb. Oily product; IR (film) 1730 cm-’ (form&s); 

NMR &DCl,) 0.80,0.84.090,0.94 (cacb sin&t, 3H. Me), 4.&i 
(skgkt, IH, H14). 494 (dwbkt of doobkts, IH. J, = 12Hx, 
Jz = 6 Hz, H15). 8.00.8.15 (each siogkt, IH. -0CbO). 

D&l ?m: m.p. 21S216 (cHa+teoe); IR (CHCI,) 3620, 
3640 cm-’ (OH): NMR (CDCL) 0.80.0.85.0.94.1.00 (each siuekt. 
3H, Me), i.sZ &gkt, iH. H14). 3.ss (&&t of &ubkts.ifi; 
JI = 10 Hz. JZ = 6 Hz, Hl5); {ub = -37-r. {ah = -39.3’. 
{a)546 - -45.0”. {a}* =-7850, {&=-I2520 (c -0.68 bl 
CHCl>). (Found: C, 78.D; H, 1158; 0.1083. Cak. for C&&z 
C. 76.38; H. 11.18; 0, 10.14%). 

Compound UL. oily product; IR (film) 1725 cm-’ (formate); 
NMR (CDCh) 0.78,0.83,0.8383.1.55 (each s&k& 3H. Me), 4.95 
(broad BouMn 1H, HIS), 5.48 (brwd sienal, IH, oktnk potoaE 
7.85 (aiogkt, IH, -0). 

AIcohd mb. oily pmduct; IR (CQ1) 3620. ‘34&l cm-’ (OH) 
3040 cm-’ (oknuk GH); NMR (CDa3) o.!nl, 090. 1.07, 1.66 
(each siugkt, 3H, Me), 4.05 (broad @aI, IH, HlS), 5.58 (broad 
&MI. 1H. ok&& pm&o). 

inketone 
StandardJ~ra4teot(2ml)a~addaitoa1okofdkI22e 



A ayntbcak of (-)hii 1211 

or28(2ooml)io4omlacaooe.IbexrhrmtstimdforIhi. 
nMa5OnllwntcrWrcadd&aKithePmductwasextla&d 
withdi&ylctbcr.ncextrxtanrncutnlised,drkdand 
evrporeted. cry- of the residue tram dietbyl c&r- 
~~VC~~~~. 

Compound u: m.p. W-144*; IR KX34) 1X25 cm-’ W3~0, 
1710 cm-’ (GO, w); NhfR (CKX2s) 0.83, 0.88, 0.91, 1.18 (each 
si&ct, 3H. MC), 2.23 aod 2.72 (each doubkt, tH. C&la); 
{oh=-31.99 {a}m=-34.aO. {~}~=-41.4~, {&s=-99iP, 
bhu = -304.4’ (C =o.n in CHCI.& litt: (9) m.P. @XII& C, 
79.75; H, 9.99; 0, 10.51. Cak. for &,I&&: C, 79.42: H. 10.00; 
0*10.58%). 

~~(~~)~~~~n~~~s~~ 
carboMte on celite (10 equivs) in benz8W (7Smlf. wate was 
WOVCdilt8klldt8habprer.IbetXJWCOftbCnadiaD 

WBS folbwcd by analytical TLC. After several days the soln was 
futcrcdandevaPorated.Theproduct2swpjrccry~f~ 
PlMaIle. 

compovnd 25. m.p. 1% IR (CCL) 3620,34u) cm-’ (OH) 1740 
cm-’ (Go); NMR (CD@) o&& 0.88,1.@2,1.02 (a&l singkx, 3H, 
Me), 4.45 (doublet of dwbkts, lH, J’ = 8.2 Hz, J2 = 3 Hz, HlS); 
{a}ws=S.zD, (o}m=tW, (&=7.9’, {u}r,=4.1*, {u)w = 
-42.00 (c =0.60 in CHQ); AC = -0.75 (A- -299~1. diox- 
annc). (Found: C, 78.47; H, 10.65; 0, 10.75. Cak. for C&I& 
C, 78.8 H, 102 0,10-51%). 

Hii-M&-of-15-o& 26 
The same procedure +Plkd dioi 22b (2ooml) gave afta 

compktc diq~canss Of~~~~~~~~ 
6OmaofzTafterscparationbyTLCoasilka& 

f&pound 26. IR (CC!&) 
3640. 3450 cm-’ 

uip. 1990 (~HClrpebokuicthcr); 
(OH). 1735 cm-’ (00 1410 cm-’ (CHxr to 

60); NMR (CD&) d:82,0.85,0.85; l.OS.(mch &tkt,.3H;Me), 
3.17 @in&t, 1Ii. H14); (a}* = $2”. (&I= 5.6*, {a~~=l@, 
f&6 = 0.29 (+i5 = -43.P (c = 0.63 ia CIm3); bc = -0.19 
unn =314nmin&xxllae). 

iilba-l4-one-1sa-PtdyMiofwc#tlonat~ 27 
p-T~ecbloride’0 (1.5 d) W88 added to 8 &II 

ofU(220ml).Thesolamisstimdfor12hr.nKn.25mlwater 

from &OH. 
C5mpoimd 31. m.p. !@-9R IR (CSZI 30s cm-’ (ok&tic C-H), 

1755 cm-’ (GO). 718 cm-’ (0ktInic G-II): NMR fCDCM 0.82. 
0.8S, 0.85, ~l.O3$ach siugiit, 3H, Me); 5.89 ani 6.l~(caci 
doubkt, 1H. AB Systems J =‘7H& ok@& pmtau); {ab= 
- 28.f?, {ah = - 30.1”. {a)w = - 35.4*, {a}- = -R_IT, (&I - 
- 146.5” (c = 0.79 in CHCI,); Ae - -0.69 (A, = 287 om in diox- 
ame). (Found: C, 82.33; H, 10.34; 0,626. Cat. for CaHJoo: C, 
83.8@ H. 1036; 0.559%). 

conrpowd & oily product; iR mm) 3430 cm-’ (On) 11%‘ 
12251290 cm-’ (~); NMR (CDQ) OS& 0.87.1.00, 
1.03 (each srseiet, 3H. Me), 2.33 (x&kt, 3& ar. Me), 3.25 
(aingkf IH, HW, 5.78 (doubkt of doubkts, lH, J’ = 9HL, 
Jz=3&, HlS@).t 

conrpovnd 29. $lY pfvdw IR elm) 3soo an-’ (OH); 1195, 
1225*1280 cm-’ (-1; NMR (CDCb) 0.82,0.85,0.w, 
1.03 (=b sin&t. 36 Me), 231 (sin@, 3H, ar. Me), 3.03 
(&tkt. 1X, Hfla). 5.33 (dmibkt of do&k& lH, J, = 10.5 Hz, 
J2 = 55 Hz, HlSu). 

v 32. cuy pnxiut; IR (film) 1195,122s. 1290 cm-’ 
(-1; NMR Qxl3 0.81. 0.88. 1.M. I:06 I& 
siaskt 3H. MeI, 2.25 aad 3.30 teach si@&3H, ir. Me); 3.80 
(&r&t. tH. H14u). S.83 (doubkt of doubkts. lH_ J, = 9Hz 
Jz=‘jHz.H15). .. 

(-I- 1 
Hibaemec 31 (?On#, hydra&e hydrate (l.Jml) and didy- 

~gly~(15nrl)aadKOH(1Jma)wgenlhuedvlsdct~n 



~.~~~,s.Bindn.~.~MykriM.NuJsimMdN.D.V. a&cted.fnf~doubk-bavebcea-ill 
wihl, SY. CMmvR 3Mh 431 pm. . 
'oQ(DsMb P-W 

rclltdcases:EfbjitaandY.Nagao.r~~~)#Il), 
11(# (1972). 

CM&I and W. MBlkrr, Hdv. C&m. Acta S(7), 2271 (l!Jii: ‘%.Ki&an and A. Yoabhski, BuIL Chm. Sot hpaa 3O,,S 
“oxygmmayumvuthydnzineintodiimids,r~ . 

ruluci~ qpnt; tbc easily r&&k doubt bond would then be 


