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Abrtrwt--The swucturc dcterminarion of the new sesquitcrpcw. AaIr’ -capnellene-3~.8~.1Oa,ICtetrol I. IJ. des- 
cribed. 

In previous publications,” we described the isolation 
and structure determination of four representatives of 

the hitherto unknown capncllanc skeleton from the soft 
coral Cupne//a imhicoto. We wish now to report the 
structure determination of a fifth highly oxygenated 

member of this class of scsquiterpencs, the tetrol 1 so far 
only found in samples collected at Leti. Province of 

Maluku. Indonesia. and absent in Capnella collected from 
many other locaLtics. 

The KMR spectrum (I : I mixture of d,-pyridine and 
40) of tctrol 1 (C,,H,O,; IR 3400 (OH), 905 cm-’ 
(C=CHr)) suggests the presence of IWO tertiary methyl 

groups (s, 3H each at 1.42 and 1.68). one primary (dd. 2H 
at 3.82). one ahylic secondary (m. IH at 5.33). one 
secondary non-allylic hydroxyl groups (m. IH at 4.6) and 

one vinylic methykne (m, 2H at ?.40). 
Acctylation of 1 furnished the triacetate 2 whose IR 

spectrum (vcm at 3.5OOcm-‘) implies the presence of a 

tertiary alcohol. Its NMR is similar to that of Aa”‘- 
capnellene-3~.8~,lOu-~ol diacctate 3’ but shows ckarly 

that hydroxylation of one of the tertiary methyl groups 
of 3 had occurred (AB system centered at 4. I ppm). This 
was further substantiated by the “C NMR spectrum of 1 

wherein one of the three tertiary methyl group signals of 
the capnellane skeleton is lacking and replaced by one 
triplet at 73.&ppm. Oxidation of 1 with manganese 
dioxide furnished the oily a.&unsaturatcd ketone 4, thus 

confirming the presence of an allylic secondary alcohol. 
The capncllanc skeleton of 1 was established by the 
following reaction sequence: ti/NH, reduction of 4 
afforded the kctotriol 5 which, without preliminary 
purification, was dehydrated IO the a$-unsaturated 
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ketone 6. WNHr reduction of 6 yielded the saturated 

kctodiol 7 (IR 172Ocm ‘) which upon tosylation @- 
TsCllpyridine) IO the ditosylate 8 and immediate reduc- 

tion with LiAlH, in THF under reflux, led to capncllane- 
8f3-01 9. Jones oxidation of 9 yielded the monoketone 10 
identical (IR, GC and MS) with the ketone derived from 

the previously described A*“‘capnellcne_8/?.IOudiol 
11.’ This established the nature of the skeleton of 1 and 

also the position of unsaturation at 9(12). a secondary 

hydroxyl at C-8 and a tertiary hydroxyl at C-IO. 
There remained only the location of the secondary 

non-ahylic and primary alcohols. The primary hydroxyl 

function in 1 could only be attached to carbon atoms 
C-13. C-14 or C-IS. The presence of a primary hydroxyl 
group at either C-14 or C-IS rather than C-13 was indi- 

cated as follows: Jones oxidation of 7 afforded the 
diketo-acid 12 (M’ 264) which could not be decar- 
boxylatcd under acidic conditions @-toluenesulfonic 

acid; 2N HCI) thus excluding C-13 as the site of the 
primary hydroxyl group. This conclusion could be fur- 
ther substantiated by F&on oxidation of 7 IO the 

diketo-aldchyde 13 (M’ 246) which could not be dc- 
formylated under either acidic or basic conditions. 

Moreover. the mass spectra of 7. 12. 14 and 13 
displayed peaks at m/e IO1 (C,H&r, 13%): II4 (C‘H+Or. 
70%) I28 (C&f& 100%) and 98 (C,H& 63%). rcspec- 
tivcly. The generation of such ions is only consistent 
with the ckavage of the CA,, and CA, bonds. thereby 
strongly suggesting the presence of a primary hydroxyl 
group at C-14 or C-15. and a secondary hydroxyl group 
at C-3. 

The existence of a secondary hydroxyl group in ring A 
at position 3 was reinforced by the following con- 
siderations: ‘H-NMR spectra of 1 and 2 depicted the 
presence of a non-allylic secondary carbinol group (m at 



4.6’ and 5.1.5 ppm. respectively). Thcsc chemical shifts 
are comparable with those of compounds IS and 3 (4.13 
and 1.50 ppm). and different from those of compounds 16 
and 11(3.l% and 4.63 ppm).’ The “C NMK spectrum of 1 
also agree5 with these assignments (C-3: 81.01 ppm in 1 and 
gl.Jppm in 15). 

‘The- complete structure of 1 was established by single 

crystal X-ray diffraction analysis. Crystals of 1 belong to 
the s 

Al 
ace group p2,2,2, with o = 18.44, b = 13.20. c = 

6.51 , 2 = 4. There are also eight water molecules in the 
unit cell. A total of 979 independent X-ray intensities 

with B < 50” were collected with Cu K. radiation on a 
diffractometer. The structure was solved by direct 

methods and refined with isotropic thermal parameters 
(Table I) by full-matrix least-squares to the conventional 

residual R = 0.12. The tetrol, given ~hc same absolute 
configuration as Aa”’ capnellene-~&R&IOU-trio1 15,’ has 
similar conformation angles as one of the two inde- 

pendent molecules in the crystal structure of IS (Fig. I). 

There is one intramolecular hydrogen bond, o(4)- 
H.. O(3). of 2.762(4)A and seven other hydrogen 
bonds ranging from 2.73 IO 2.81 A. Thus all OH 
hydrogens are involved in hydrogen bonds. 

Several other representatives of the capncllane class 
of sesquiterpenes arc currently being investigated. 

Table I Atomic coordmares (x10‘) and thermal 

parameters lx IO A II with e.s.d.‘s in parentheses 

X Y z R 

(‘II) 

C(2) 
C(3) 

C(4) 

C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
CIIO) 

C(lll 
C(l2l 
C(l3l 
C(l4) 

C(l5) 
o(l) 
o(2) 

o(3) 
o(4) 
o(WIl 

~Ul) M24 IO) 2w 34(3l 
3066(6) 6(0019) -W) 28(3) 
3491(6) 74039) KJf?) 2H2) 
4192U) 1281(10) -112(2) 3U3) 
4863(173 nssclob .I?i2) 3l(3) 
5318(6l 6939(9) 9112) 243) 
6l44Ul 7opb(ll) 6P(3) 43(3) 
6341(l) 6566(lOl -135(Z) 3Y3) 
5659(l) 59R6(lO) -509(2) 29(2) 
5 107(6) 5969(9) -)6(2l 26(3) 
4318(6) 6098(9) - 105(2J D(2) 
5562(U) S613(12) ‘- 393(2) 43(3) 
4088t8) x41(12) 33U2) 38(3) 
3472(l) 459% IO) -57(2) 3Y3, 
3824(l) 5516(10) 271(2) 3Y3) 
3058(4) 8264(6l -51(l) M(2) 
6!940) 7261(l) -293(l) 38t2l 
5250(4l 500!2(6) 88(l) 34(2) 
4@2(4) 3902(6) -Ml) 4&2l 
l6u(4l 421(6) -223(l) 3Y2) 

OIW?) 24W4) 8897(6) 41341, 3512) 

FIE. I. Torsion angles for compound I. 

M.ps (KoRcr) are uncorrected. AU rotations and IK spectra 
were dclcrrnined In chloroform solution. CD spectra were 
measured in MeOH. AU NMR spcc~ra were recorded (CM&. 
unkss otherwise mcnuoncd. with TMS as internal standard) on a 
Varian TJ& or XI.-100 spectrometer: all chemical shifts are 
reported in 6 values. “C K;MR spectra were recorded using a 

‘This spectrum was recorded in I : I pyridinc d,.D,O soluricm. 
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Varian XL 100 specrromeler operating al 25 5 MHz. .Mass spec- 
tra (direct inlcl system) were obtained by Mr R. Ross with an 
AEI MS-9 or an Atlas CH4 spectrometer and all peaks of 
rc.lati\e intensity greater than 5% are reported. Mass spectral 

high resolufion mcarurcmenls were made by .Hiss Annemarie 
Wmnn using a Varian MAT 111 spccrromerer. All GC 
analyses were carried OUI at oven temp. of I5&20@’ using a 

Hewlclr-Packard 402 high efficiency gas chromatograph equip 
pcd wlrh a&glass U-Me columns packed with 3% 01’25. OVl7 
or OV3 stationary phases coated over GasChrom U (1m 
12Omesh). All TI.C was performed usmg Merck sihca gel F,,. 
compounds were visualized with ceric sulfate 2% in H,SO,?N. 
All compounds were found IO be bomogcncous by TLC and GC. 

The gcnrral procedure for tbc isolation of lbc xsquiterpcne of 
Capnclla imbn’cafa has been described.’ 

A~‘*‘-Cbpnrllmr-3~,~~.l0o.l4_ldrol I: m.p. 19?-Y: [al,?” + 
70” (MeOH. c = 0.32) IR 34OOcm I: NMR (p$inc d,/D#l 1.42. 

I.68 (s. 3H each CH,- 
c 

-I. 3.82 (dd. 2H. Clj+)H). 4.60 (m. IH. 

CHOH). 5.33 cm. IH. I’CHO). S.40 (m. 2H. CHp). MS: m/c 250 

(5%. M-H,OI. 23216). 219(18l. 211(4). 2OU17l. 2Ol(l?l. 199(lOl. 
l%@O). 149Q7). 139(20). 131(13). 125(40). I2Wl7). 12102l. 
11201). 108(Sll. lOl(lOO). 96(25). 95(43). 9ll20). 81117). 7Y(zOl. 
6p(l7). 5500). “C h’MR CTMS. M&H): C-1(64.10). C-2M6.66). 
C-WSl.Ol,. C4G2.42). C-5(45.95). C-6GO.lOl. C.708.44). C- 
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R(73.84). C-91161.90). C-10(89.11). C-11(63.54). C-12(109.09). C- 

l3(24.R0). C-14(73.84). C-15(21.%). On acetylattin compound I 
furrushed rhe rriacetare 2: m.p. 122’; IR 174Ocm-‘; NMR: 0.95. 
1.35 (5. 3H each. CH,<b. 2.05 (5. 6H. 2x CH,COO). 2.10 (5. 3H. 

(‘H,CW). 4.10 (dd. 2H. Clj,OAc). 5.15 (m. IH. CYOAc). 5.40 
(hs. ?H. CH?). 583 (m. IH. =C-CljOAc); MS. m/r 376 (1%. 
M-H,(I). 334 (13. M-CH,C(X)H). 292t3). 27U27l. 261l.c). 2IY13). 

?01(10). 18117). 167(21). 121(4). 120(M). 10805). 107(8x). 94(49). 
43t 100) 

~~“‘-Copnrl/rnr-3~.I~.l4-fno1~8-onc 4. To compound I 

(100 mg) dissolved in warm chloroform 000 ml) was added I g of 

a&e manganese droxide. and the mixture sIirred aI room Icmp 

in Ihc dark ovemighI Afrcr fillrafion and evaporalion of [he 

wl\enI. the residue was purified by prcpararive T1.C IO g~vc ody 

4. IR: 1700cm’ ’ K=O); CD [t9jl, t 375. [@I,,- - 3718. lt?Q, + 

XIUU); SMR tCDCI,.acctonc d,): 0.90. I.42 (5. 3H each. CH,-CI. 

3.30 (dd. 2H. Cl&OH). 4.26 cm. IH. CHOH). 5.58. 6.16 fs. IH 
each. CH_<‘l; MS: m/r 266 0%. M’). 248t3). 14%91. IJW!). 

IOIl% Yl(6). 8W6l. Rl(3). 744). 710). 690). S9W. 58tI I). 57(10). 
C6f5). 55(10). 43(100). 

On acetylatron compound 4 furnished a dracetate: od. IR: 
I’lccm ’ (Cdl); NMR: O.Ko. I.40 (\. 311 each. CH,<l. 203. 

2.10 (s. 3H each, CH,COO). 4.28 (dd. J = II. 14Hr. 2H. 

(‘&OAc). 5.13 (m. IH. CHOAc). 5.50. 6.20 (5. IH each. CHr<‘). 
iP-(.apnpllmr-3B.l4_dlol$-onr 6. To a soln of Li (IO&l.50 mg) 

m 100 ml of hqurd ammonia was added a soln of 4 (100 mg) m 
tetrahydrofurane (s-40 ml). AfIer 30 min , solid ammonium 

chlorrdc was slowly added unIil ~hc blue soln decolonzed. ‘Ihe 

ammoma was allowed IO evaporale; water (5Omml) and ether 

1100ml) were added and the mixlure surred vrgorously for 

10 min. After separation and drying ober NalSO,. the crhcr layer 
was evaporated IO an oily residue. Crude 5 was dissolved m 

methanol (I5 ml) IO which five drops of 10% KOH wcrc added. 

and Ihe mixIurc stirred aI room Iemp. for 6 h. The soln tias then 

poured inIo equal volume of waler and cxIracIed ~wicc with ethyl 
acc~a~c (2 x 50 ml). warhcd wrIh water. dried over Sa$O,. and 

cvaporarcd IO a gum which was purified by preparalivc ‘TLC. IO 

yield oily 6. IR. 1715 cm ’ (Cd): NMR: 0.86. I 10 (s. 3H each, 
(‘H&b. I.66 td. J = I.! Hr. 311. CH,<:=CI. 3..w tm. 2H. 

Cl]+)H). 4.0 Cm. IH. CHOH): MS: m/r 250 (23%. M-1. 233(4). 

232(20). !O?(?!l. 17%12). 178f17). 17C(lI). 174(12). 161ll7). 

160(15). 159fllL IWM,. 14%20). 13Xl!l. 13W14). 1110O). 

109(24). 107ll9). 10!(22). 4X100,. 

CbnLcrrion of ~e-capndlmc-3~.ICdi~~l-X-onr 6 IO capndlan-8- 

one IO. I.I:NH, reduction of 6 (see above for cxpcrimcnral 

prcxedurcl furrushed ody capncllane-3~.14diol-8-onc 7: IR: 

I? cm ‘; MS: mie !!!.li384 (174. al’ calcularcd for C,,!{:.O,: 

?i.l:W, 234191. 204(100). 17709~ 161(15). 13!(15). 133(X%. 

lZll24,. IIYtlCJ, Ioy(42). 101~1.11. 94(4Ol. 9341). 91(2Yl. 8k28I. 

%!Il. ‘7(2I).. 

On IosglaIion (p.TsCl/pyndme) compound 7 furnished a di- 

tosylafe 8. which was reduced duectly with LIAIH, in THF under 
r&x for 6 h IO provide 9. which was oxidized with Jones 
reagent IO IO identical GC. MS and IR) wvlth the ketone derived 
from ~~‘:‘.capnellane-RB.l~diol IS.’ 

/onr~ oxidation 01 7. To a solution of the kcro.drol 7 (5 mg) m 

aceIonc (5 ml) tias added Jones reagent dropwtsc at room temp. 
for 15mm. The mixuJrc was poured into water. ex~ractcd with 

cIhyl acetalc. washed with waler. dned over NaSO, and 

evaporated IO a gum. The analysis of this gum by T1.t depicted 
one hroad spar typical of a free carboxylic acid. To the gum were 

added methanol (4Oml) and HCI (ION. I ml). The mixture was 

refluxed for 24 h. poured into ice and extracted with ethyl 

acetate. Preparative TLC furnished the more mobile dikctMster 
I4 and rhe less mobile dikelo-acid 12. 

3.8.~xocapndlan.l4-oic acid 12. IR: 1710-173Ocm ’ (C=0); 

MS: m/r 264 (5$1. M’I. 1~1(100). l!&lO). 114(70). IOYtIi). 
107(U). 95(lS). 94t14). 93(20). 91(9). 86t46). 81(7). 7W14). 77(R). 
6% IO). 

M&y/ 3.L1.dioxurapn~jan-14oafr 14. IR: I735 cm ’ ((‘=()I. 
MS: m;c 278 I(039 (M’. calculated for C,,H::O,. ?‘X.I.(I?Y). 
12804734 (C.H.0,). 107(11). Im24). 7WlO). 69(17). 61(26). 

45(27). 43f33). 
The decarboxylatron of I2 with p-TsOH and !!G HCI was 

arremptcd but m every case 12 was recovered unchanged. 
F&on oxidafion? 01 fhr Irem-dial 7. A mixture of 7 (5 mg). 

F&on reagent (300 mg) and benzene (50 ml) was heated under 
r&x for 7 h. A portion (IO ml) of the bcnrene was distilled. but 

the rcmammg solution. when checked by TLC, depicted much 
unreacted startmg material. The mixture was then rcfluxcd for 
additional 72 h during whrch period almost all benzene was 

distilled Prcparallvc TLC of rhc resrdue furnished the oil) 
3.8-dioxoiapnelkn.14.al 13: IR: 172Scm ’ (C=t)); MS: mir 
248 14102 (64. M(‘. calculated for C,.H,,O; 248 14123). 

204(22I. lSlf31). 13UIO). Ios(28). 107(100). 9%cn3,. 95(22). 94t49,. 

9309). 91(18,. 79(U). 77clSr. 69fS3) 
This aldchyde could not bc deform)larcd by hcaltng with 

p-TsOH (in benzene) or aq KOH (in methanol). 

Gas chromatographic relentron times? relauvc IU 
compound 1. of compounds 7. IO. I2 and I4 

Compound So Relalivc rclcnrion lime 

I I.00 
4 I.10 

IO 0.20 
I2 0.65 

I4 0.4 I 

*Over OV.3 34 on gzs chrom Q (lO&l!O). oven 

temp. 190” det. 290 inj. 260. 
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