
at&& (2) (0.8% of dry weight) ad 6ve minor metabol- 

179-180”, and tlte &ture wan c~KGWUI by X-ray 
daractiallaMlyais.Intbemasaspechnmofstyktnlide 
(2). tk hi@st llkokah weight ion obaervcd cor- 
rapodedtohofa+acidfron!tbemolecular 
formula O,o wl1~41 was dctamtd by elemeb 
talalmlyaia.welmveassigDdcverysiglmlhtherichly 
ckt&ld2#)MHz’HNMRspedrPmu8iBg~ 
lhg tcclmiques (Tabk 1). Ihe proton8 at c-9 ad c-10 
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6 

1 

9 

10 

12 

13 

14 

15 

16 

17 

19 

20 

-0M 

5.93(6, 9Hx) 

f-75:1=; . 
%2.4(r) 

4.63(b) 

4.71(h) 

5.50(*) 

3.04(s) 

2.97(6, 402) 

2.1O(d, 16Ex) 
2.27b) 

4.9O(d, 6.5Ex) 

1.10(s) 

l-31(6, 7-1 

1.29(s) 

1.95 
2.00 
2.27 

5.61 

__ 

5.00 

5.18 

5.23 

3.22 

2.92 

__ 

4.79 

1.10 

5.59 
5.92 

3.21 

1.54 

1.31 

1.95 
2.01 
2.20 

__ 

5.42 

5.42 

5.99 

2.97 

5.42 

__ 

5.75 

5.43 

6.02 

2.99 

5.41 

4.76 

0.96 

2.00 

__ 

1.21 

2.00 

4.77 

0.95 

4.06 
4.32 

__ 

1.23 

1.91 

1.96 1.71 
2.03 2.02 
2.17 2.16 

__ 

6.80 

5.43 

6.07 

3.07 

5.45 

__ 

4.02 

0.96 

1.26 

1.98 

1.92 
1.96 
2.19, 

3.79 

19Ul 
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Tabk2’~NMRq~ctra(CDCb)dstyhtuW(22,lrdooc14radalcohdU 

CI 2 u Aa 

1 45.3 44.5 44.5 

2 72.2. 73.5* 73.4* 

3 28.3 28.5 26.6 

4 27.6 26.7 25.5 

s 146.0 134.7 135.0 

6 54.4(b) 120.5* 120.1* 

7 78.0(b) 70.4* 70.1* 

8 81.6 81.8 81.8 

9 81.3* 79.1f 78.9* 

10 51.6 40.3 39.9 

11 58.9 147.0 147.6 

12 59.6 u7.7* 118.4' 

13 33.5 31.9 31.8 

14 72.3* 74.8* 75.7* 

15 13.9 14.5 14.2 

16 121.6 27.5 67.4 

17 43.1 43.8 44.0 

18 6.6 7.0 7.0 

19 174.7 176.6 176.8 

20 22.1 24.3 24.3 

a3cao 170.X 169.8 169.7 
170.7 170.5 171.4 
170.8 171.3 171.5 

iF3- 21.10) 21.2 21.4(2) x2 . 

** These signals may be intcuchanged 

are approximately orthogonal, reeolting in a very small 
(Jel~)~~~t~~~~s~~65~ 
and3.o(.IheaignaiatEi21Oduetotheaxialprotonot 
c-13 is coupkd only to tbc equatorial c-13 proton sigaal 
~~,w~is~~l~~~~~2~(d, 
J=4Hz+ C-12) and 490 (d, J-6.5H.i~ C-14). At zs”, in 
m sohrtion, the 8i@6 at d 4.63 (C-a) aad 4.71 (C-7) 
appear as broad humps wbik at ekvated temperatures 
(5&60”)in~so1utiontbcsig&sharpentodoubleEs 
(J = 3.7 Hz). This observation requires that there he two 
confommtioos of the lolmembered ring having a slow 
rate of interconversiou The ‘% NMR spectrum has 
been assigned Crabk 2) except for tbose signals due to 
thethreeacetategroupsaodtbecarbonatomstowhich 
theyareattaclledPAgaiqthesigoal8at854.4(C_6)and 
78.0 (C-7) were exceptionally broad. 

we found few reactioDs of styktulide which gave 
siogk prodlJcts or even product mixtm%s with 8 major 
component. We attempted to remove the acetate groups 
by base catalyzed hydrolysis under a variety of toll- 
~~by~~h~~~~ 
always obtained a compkx mixture of producta. The 
exocyclic ol&ic bond could not be converted into an 
epoxide, even under forcing comlitioas~ The epoxide 
ring cookI not be ckaved usiog periodic acid. 

Oxonoly& of stylaMk (2) in methanol solution at 
-~~ve~S~~~.~‘H~~ 
00 longer showed any broadeniog of the signal for c-6 (6 
4.35). Treatment of stykhdi& with boron M&wide 
~~~~~~S~~~~~~~~ 

ddehydc 6 in 8096 yield. The ‘H NhfR spectrum of 
aldehyde 6 amtaked an aldehyde proton sin@ at 8 
9.39. m protons at C-9 (8 5.61) and C-10 (8 3.09) wen 
no lo-r o&mgonal and their sigoala were coupkd 
(J-6Hx).Aswasthecasewithmostcompoumirinthis 
~,~~S~~h~$~~a~ 
iminthemassapec&umbuttbe~-6O]~i4ms,dueto 
loss of acetic acid, were ckariy visible. 

It was kaown from tk research on briareiiA (1)‘ that 
reduction of the &chloro+actone portion of the mok- 
cules with xinc caused riq opening to give a 7,&n- 
Mufated acid. lEc pnxiucts from treatment of sty!- 
atulide’(2) with zinc dust were highly dependent 011 the 
reactku conditions employed. Prolonged &atment of 
StyMl&kwithgnrnularzincbl~muiqeethYlacetah: 
gavethea&7.necNdeacid7wMcwvertcdintothe 
~~~~rn~~~8~~p~~~ 
cbaractaiPrtion,IatbeUVspClctrumofesterStbedkne 
chromopbore at 224nm (t 2900) wa5 weaker thaa expec- 
ted, suggesting that, as in briarem A (3). the ok3nic 



groupsamwtattainplawity.Tht1?INhfRs9cctNm0f 
ester6containultheaonsolefhlicpMtonsjgnalsat526 
(d,lH,J=13Hz)aada00(d,lH,J=UHz)radtbe 
methyl ester s&d at 3.68 (s, Xl). The ‘H NMR spcc- 
trumalsoimWtcdtlmtthcrchadbecnnochan9eintbe 
subaituentsabouttkI6aMmberedring;in~,a 
signal doe to the epoxida proton at d 2.88 (d, lH, 
J = 4Hx) was observed. 

1 R’H 

8 R.lk 

AC0 

RO- 

# R=H 

1) R’Ac 

lnanattemptto incrMsct&ratcof~thc 
rcactionwasrepcaMwithasmallquWityofacetkscid 
ad&dtotlmrc&imlmixtum.AftertrcanNmoftbs 
pNuhlctmixttm?withdkMharE,twomcthylestenl9 
andl2WCICClbthCd.Tbe’HNMRspsctnrmOftbC 

majormcthyJcstcr9amtakdthafooroMlnicsignahl 
oftbeclienesystemrtb4~~1H),498~1~5~ 
(d,1H,J=13Hz)aad~oO(w,1H,J=l3Hz)~ 
withtwoa&Mooaloktbtic~~at4.%3(~1H)and 
5.16(s, lH)andasignalat460(m, lH)appsopr&for 
thcprotonsofthcallylicakoholmoiety.Thc~of 
eWoodaryakohdhmcbolHrlitywas~by 
convemionof9intoatctra+cetatc10,inwWtt& 
sif& due to the proton at G12 ‘was shifted to 
-5.3Oppm.oxid&nof9withpyridkmchbrocb 
fOlUtCiIldiChbnwetbem~gBVCthC- 

ju@eddiaumc11fUV;232nm(r$@O)lbyclimina- 
tkmolaceticacidfromtbefnWmaWckatone.’lhc’H 
NA6RspWbllmofdienoas11~~stb6.87 
(d,1H,J=11Hz)rpd599(d,1H,J~11Hz)duecotbs 
newendocycJicd&icprountsanll6.19(~ lH)and5‘A6 
(& 1H) due to the exocydk dsnnic protons (C-29) as 
wellasthcfamiliarsignabat6&3@d,1H,J=13Hx), 
5~((61H,J-13Hz),5.00(br,1~I)md48211H) 
duetothcprotonsontbcdkmsys&at. 

Tbemincrmethylcatcrl2coatakdanaldehy& 

sig~lat89.31(51H)inthe’HNMRspect~m.Com- 
parisonoft&‘HNMRspechumofnmthyfcstcr12with 
thatofthealdehyde6aodtkmcthyiestcr9kkated 
thattk.aldehydcl2cootainulboththcdicnesystcmand 
the ritq con&acW aldehydc system. Both methyl esters 
9andl2couhibcformcdbyacklcatalyxcdopcnin8of 
t&epoxidcrh@whichiWqWlkdtherodoctiveopen- 
ing of tbc Schloro-y-ktooe moiety. Since we have no 
evfdtnce to the contrary, we have assumed that the 
proton at C-17 did not cpimcrixc during these reactions 
(see foIlowin9 pmagmph). 

Trcatmcnt of stylatulide (2) with l+dia&icy- 
clof5.4.0lumlecene_5 (DBU) in tctrahydtofuran solution 
at W rcsultcd in the formation of 17cpi-stylatulkk (U). 
The ‘H NhIR spcc&um of 17qkstylatuW (U) differed 
from that of stykuhdc (2) at C6 (8 5.09 vs 4.63), C-7 (6 
5.18 vs 4.71). C-9 (8 5.23 vs 5.59) atul C-18 (9 154 vs 
1.31). Treatment of stylatuW (2) with DBU in tctra- 
hydrofuran containing 10% dcutcriun~ oxide gave l’lcpi- 
stylatulide (l3) in which the C-17 proton sigmd at S 3.21 
was absent and the C-18 methyl signal at 1.54 was a 
~,.nlktingit only the C-17 proton was invdvat 

A small quantity of 17+stylatulide (l3) (0.01% dry 
wcight)wasiso&tcdasaminormetaboliteofStglatvla 
hot it is not known ‘whether this materid results from 
cpimerizatkm of stylatuW (2) dur@ the isolation pro- 
CCdlUCS. 

Ihe minor mctabohtes of SI*kdir sp. have been 
idcntabd from tkir spectml propcrtks. The most aburk 
dantmdabolikafterstylaM&wasthclactonc14(0.1% 
drywci$u).TbehighnXuWionmassnlcastlremcnthl- 
dicatcdamokuhufonntdaofC~ThcJRspcu 
tntm contained hydroxyl (335&m-‘). y&tone 
(1775an-‘) and acetate (174OcK’) bands. The “C 
NMRsp&rumcont&dfourcstcrcmbmtyIsiguslsat8 
176.6, 1713, 170.5 and 169.8, four ok&tic carbon signals 
at 147.0 (s)), 134.7 (s), la.5 (a) and 117.7 (a) assigned to . . 

tnNbMWdolefinicbondsPnd9veCatofnsbon- 
z to oxygen at 81.8 (s), 79.1(d), 74.8 (a), 735 (a) and 
70.4 (a). The seven Me carbons could all be assi8nod. 
lbctbneacetatemethylsignalsappcmcdatd212and 
21.4 0, the C-18 methyl at 7.0, the C-15 methyl at 14.5, 
amt the two vinyl Me signals at 24.3 and 27.5, indi&ng 
ttMtbOthokthlshadthCZ-gC!omCtry.ThelHNMR 
sptc&umcontakdthrecacetateMesignalsat’62.17, 
2.03and l.96,twovinylMe@alsat2.tNI(bs,6H)and 
twordditionalMesigaalsat121(d,3H,J=7Hz)and 
0.98 (I, 3H). The six low-tkld proton signals could not be 
ass&red from the chkoformd speckum in whkh 
several signals ovedappad. In the benzenedf. spectNm, 
thccbandc-7protonsgaverisetoanABpattcrnat8 
536(d,1KJ==10Hx)and562@,1H,J=10Hx)with 
the C-12 ok&tic proton at 5.34 (bs, 1H) and the three 
a+cctoxy protons at 6.16 (s, lH), 5.21 (d, lH, J = 7 Hz) 
and431@a,1H).Assumingthcsamccarbonskdetonas 
sWtlbde,thastrucWcofthelactonc14canbcassig- 
nedfromthcscspcctmldata;inpartkuk,thcmulti- 
pkitk3oftbso-acctoxyprotoo~stI68cstthatthe 
~oftbesca?ntersarethcsameasinstyi- 
atWe (2). 

Tbemorepolarfmctionsfromtbe~yqi 
tkrcsQasextractxcontakdaprimaryalwholW 
@.925%drywqtt)whidthadtlJcnukularformute 
cmH&*Tllc’cNMRspaWlmwasverysbnilarto 
tktofthCbctonel~thC~prdi9CrCncCbGittgthe 
prcscnceofasigndatd67.4andtbcabsenceofonc 
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8igmdintbcd~3oregion~Me2).The’HNMR 
spcmmindicsteclthlltoncofthevillyiA4egroupsill 
la&one 14 had beamc a hydroxymethyknc group in the 
alcohol IS. On acetyktioa, ths hydroxymcthykne pro- 
tmu at 6 4.06 (6 IH, J- 15Hx) and 4.32 (6 lH, J= 
15Hz)wereshiftcddownfkldto453aul439.oxidation 
oftbcakdldlswitilmut#uWe dioxkkindi- 
chkrom&mQe gave t&l! ad_ 
[w 228 (c 85OO)k ‘Ibe ‘H NMR &g : 
dehy&16amtaiWdmaldehydeprotonaiglmiatb9.54 
(II, 1H) amI the flproton al the cr,~3unsaturatsd aldchydc 
at653(W,lH,JilOHz)~collpledtoaprotoaat 
SJa(d,1H,J-1OHz)~tbptthealdehydemust 
be at c-16. Attempts to oxidize the kctonc 14 to the 
aIde@e&e~wkoium dioxide in refhuiq etband 

Oxida&mcftheakubolUwithJones’reag&gave 
aaacid,whkhwastreataiwithdi8zometlmlletoobtaio 
thccomspondisomethylcater17.An~methyl 
estc117hadbl?enkoktedfromthcseapalasamilWr 
Pddo.~em wiiw. 

llllmwdul attempt8 to ilttcrcuuvert 
com~oftbesQbltuWgrwp,wecounmtercd 
‘several intcrcatif@ reX&ns. since tbc minor mctabolitcs 
kckcdchlorinc,woattempMtoremovetbechlorine 
atom from styIatuW (2) wing silva e&ate io acetic 
acid. Trcatm& of 8tyktuW (2) with silver acetate and 
&XtkE4CidillramaiPpa4plNlS-~VCll~ 

ykldofaain&productwhi&atiUcu&ncdchlorinc. 
The’HNMRapa%umoftbeprodWtdidnotanltaio 
signalsforexocydicmctbykncprotonabutasignnlfora 
Magroupat8131wasobWvalto#ethWrrrith8ai@ 
atd4.14whichwaa8a&BedtotlKashkropWoothat 
wasno~rallyik.TheIRspa%umdidnotcontaina 
OHbandsuggMingthatthcprodoctwastbccydkcther 
18.‘IhercmainiogqWraidatadidwtamtredictthis 
a!nigimWl~ 

Treatmentofthckctonel4withexccaamchbmpcr- 
benzoicafzidindkhloromct!mnc&Wioogavermixture 
of four products, two cpoxidea and two dkpoxidea, each . pair being formed in a 2:l ratio. The w 
evidence &owed that tk “A dcllo was cpoxidM 
pnfereotklly to give a 2:l ratio of llj3:llo epoxidca 
(Uand2))andtbatthcsA~wastheocpoxidixed 

reospecifically to obtain a 2: 1 ratio 5&11/J and S/~&I 
&xi&s (21 and 22). fn both epoxidea 19 and 2) t& 
Cd protal signal was at -53ppm whik in the dk- 
poxidcs21and22tl~Cbprutonsigodwasat-33ppm, 
bothsignakbciugcoupkdtotbeC-7pMonwithalOHz 
colIpi@umstanLTbercgkaelectivityofepoxid8forma- 
tion at the “A oldin can be daamined by m 
ofthccbemkalshiftsofthcc-1oprotonsignalwitlltbat 
of sty&dide (2) at 8 3.04. llle cbcmical 8hift8 of the 
c-1oprotonsia2oand22(t&minoriaooler?J)atd2M 
aad291weremucbcloserthanthoseofl)and21(tbe 
major isomers) at 8 241 and 2.65. &amina& of a 
Dnidingmoddoflactone14rcvcakdt&attbcj3feceof 
tbe”AoldIowaaslighUyksshinderedtimathcaface 
aadalsosbowaItbatonlythe~faceofthc’Aol&ic 
bondcoukIbeappmochalbyreag&Alt&n@wewere 
unabk to accomplish ao iotcrrcWonship between either 
oftkminorepoxidcsaDdstyktulide(2),tbcformatLm 
oftbeepoxidescouurmaIthc~oftbctw0 
trisldmtWcdoktinsintlulactone16. 

llw chlorinntal diterpenes from MUWWI ubestimnn 
were first described above a dccsde ago. structrapl 
clucid&noftbuccbmpoundabychankaldcgruMm 
gaveiuconduiverc8ultnducmaidytotbchighdegWe 
offunctionalityintbelDokalks.Tbex-fay~ 

(2mWg 

8MlYSi8Of@CCtd8ldCbhdd8&kd,UrfhiS~Y 
ofstyMuMellasabo~theprodoctafromcbemiad 
reac&BonthisgroupofditeQl?acsarcoftallm- 
pEdi&bk. 

styktuW(2)wasfoundtobctoxictocopepodae 
laneeofllYsbefucutaj&n~atconccntmtkngrcatcr 
tlmIl0.5ppm.neacdataallsEcSttlmtstyktulide8~ 
pMiblytlErdataiditcqW%mayservetoprotedthc 
coc4cntaatc3fromlarvalMtliog.Althoo&ithasbeen 
s~tbatthiacka8ofcompounds~detcrotkr 
pr&tom,wchavenotfoundstyktuMtobealmrti- 
allarly toxic compound., 
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N@ (b!&) d.Ss, (h 1Hj; 6.53 (w, tiI, J = lOH& 6.M (br, 
lH), 556 (d, Iii, J - 10 Hz), SA3 (lm, lH), 4.69 (6 lH, J - 9 Hz), 
480 (ba, lH& 3.00 m, m, 264 (ml 3H). 2.2lk 3H), 1.96 (bq 
6H). 1.90 (h 3lf), 1.30 (d, 3H, J=7H& 1.01 t’k 3H); mau 
~~~~~*~~*~*~~~.3~~ 

rp,thcorpniclMtcklwuurtnb#lwithCHla20x20mt) 
andtbecimbinedcxtnctsdricdovevN~mdtbcwh’eat 
avapolatL?dto~18(5s~84r96~:lR(~ 
1790,1740,1730,1370cm-‘; ‘H NMR (CDCb) 8 3.94 (bh lH), 
5.36 @d, lH, J-4@, 4.87 (I&, lH, J--2Hz). 4.70 (d, 1H, 
J=4Ht),+14(d,1H,J=4~~2iP1(e,3~,226(h3HX200 
Ia. 3Hk l.% (i 3iik 1.47 (d. 3H. J - 7 Hzk 133 (t, 3Hk 131 (r, 

llfl-JQmxik l9. IR (CHCL) 34U0, 1775, 1% 137Ocm-‘; ‘H 
~(~8~oO(d,1H,J-3~),S~(d,1H,J-lO~), 
S34 (d,‘lH, I-lOHz), 4.86 (d, 1% J=7Hz), 4.74 @t, lH, 
J=3H& 2% (bd, 1H. J-SHz), 2.49 (m, 3H), 2.41 (d, 1H. 
J=3Hz~W(~33Hf,200~9~,1.~~r,3H),1~(fd,3~ 
J=7~~1Bl~s,3H);mu,~,~r,408~~~, 
4u3,386: HRMS, obx sOu.2317. C&&to raplima: saa23m. 

lla-Bpaddr # ‘H N?tIR KDCI~) 6 6.12 (d, lH, J-3HzA 
3A0(~1H,J=10Hz),5.#)(~1H,J~10Hz),4.~(M,1H),48 
(M,lH,J-3~)~3.00(M.lX,J-3Hz).290(~1H,J-3Hz~ 
2.22 (h 3Hk 1.93 (a 3H-k 1.92 (h 3Hx l9lk 3H-k 1.66 k 3m 
1~(~3H,J~7~),0~(~3~ 

1 l&J?&&de 21. M.p. 270-271.; IR (CHCld 3406, lS, 17% 
137OcK’; ‘H NbfR @DC%) 8 6.02 (d, lH, J - 3 Hz), 5.07 (d, IH, 
J-7Hz),4.7l71lH,J-3Hz),4.48(d,1H,J-lOHz),3.34(d, 
1H,J-10Hld),3.~(M,1H,J=3HZ),265(~1H,J-3~~259 
(q, 1H. J - 7 Hz), 2.17 (h 3H), 2.04 (s, 6fi). 1.72 (h 3H), 1.51 (h 
3H).136(63H,J=7Hzh1~(1(r,3H);mur~mlr,sU 
0,481,465,464,421,40+ HRM!S obr: 324.72&L CA&i 
reqks: 324.2257. 

lla-~22’HNMR(~)df8({~lfH,f-3~~ 
5~(bh1H),5.~(d,1H,J-7Wt),4~(~1H,J-10~~3~ 
(d,1H,J-10Hz),3M(bt,1H.J=3~~(g1H,J=7Hz), 
29l(d.lH.J=3~~221(h3H),ZM(s,3H),200(h3H),lSI 
(s. 3H), 1.49 (I, 3H), 1.25 (d, 3li. J - 7 Hz), 1.17 (h 3H). 

AebFo~--m mpcpodb aas8y w8a perfamed by 
~M.~w~e~~~.~~~v~ 
aullPkuithim!uiabintllesIoinve~~was 
arrialautby?&Lokctdl&omofsfJ#rdQmnamdc 
darkmscruimofRNDoloGfundedbytbeNatiooaiScimcc 

oflmrimls&~.- - - 
‘F. W. W&ii and T. WMlin. JntunmMoa of cbfm-13 
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