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ti-The crystal structure of the 1itk compound. C?H,O,. has been dercrmincd by single crystal X-ray 
diffraction methods at 292 K from diffractomcrer data usmg direct methods and refined by leas squares IO a 
residual of O.p6 for 2152 “obscrvcd” reflccrions. Crystals arc orthorhombk. P!,?,?,. a z !?.TIO@). h = 10.96013). 
c = IO.R5OtOo)A. Z - 8. The asymmetric unt1 comprius two indepcnden1 molecuks. bo1h of which confirm 1hc 
structure proposed in [he prcccdmg paper 

The preceding paper’ has described the isolation, 
characterization and chemistry of cpoxyccmbradienol. 
the proposed structure being as shown. The present 
paper describes the structure determination of this com- 
pound by singk crystal X-ray diffraction methods; atom 
numbering follows the systematic scheme given below the 
IWO independent molecules being designated I and II. 

A prismatic crystal fragment 0.2 x 0.3 x 0.3 mm was 
used for the crystallographic work. The unit cell was 

determined by a least squares fit of the angular 
parameters of I5 reflections with 2e - M” centred in the 

counter aperture of a Syntex PI four-circle diffrac- 
tometer. A unique data set was then gathered using a 
conventional 2818 scan within the limit 28 < loo” yielding 
2310 independent reflections: 2152 of these having I > 
20(f) were considered “observed” and used in the 
structure solution and refinement. No correction was 
applied for absorption. T was 295(I) K. 

C+IO/ Dora. Ca,O,, M = 306.5. orthorhombic. 
space group P2,2,2, (I!,‘. No. 19). 4 = 32.770(8). b = 

10.960(3). c = 10.850(3)A. U = 3897(31A’ D_ = 1.06(l). 

QcZ=RI= 1.045gcm ‘. F(OO0, = 1360. Ni-filtered 
Cu(K,) radiation (A = 1.54lR A). p = 5.02cm ‘. neutral 
atom scattering factors.’ ’ 

The structure was solved using the MULTAN pro- 
pamme package’ and refined using the X-RAY 72 
program system’ implemented on a CYBER 73 com- 

puter. Refinement was carried out using block diagonal 
least squares. the parameters of each C or 0 atom with 
those of any associated hydrogen atoms being refined 
within each block. Anisotropic thermal parameters were 

Table I. A1om fracrional ccl1 coordmarer (I. y. :. x IO’H: *lo’. orhers) and rhcrmal paramelers (U,,. x 10’ ;4.‘) 
with leas1 squares csrimarcd srandard devialions in [he final dtgc1 in parcn1hcxs. 

is r A. fhc C-H dis1ancc 
Also grven for hydrogen aioms 

Atom 

%ldtcMkI 

C(I) 
H(I) 
C(2) 
H(h) 
H(2b) 

C(3) 
H(3) 

o(3) 
C(4) 
C(S) 
HUa) 
H(5b) 
C(6) 
H&l 

x Y : L;,, L'>: L',, LI,, L' 1, [i:, 

o902(2) @LMJ) 67260 73(J) 70(4) 44t4) lOt4) -7(4) - 144) 
052(!) 070(C) 694(J) IIo(-) (r = 1.%6)) 

0870(2) ?175(6) 6121(6) 7x5) 780) 51(4) 10(4) - 2(4) -u(4) 
OSI(2) 22x5) 567(51 Ko(-) (I = I 296)) 
112(2) 232(61 564(6) no(-) (I = 0.98(6)) 

0851(2) 3005(6) 6232(n) 69(4) 67(4) Sl(4) 6(4) -8(o -9I4) 
O!l(!) 29%) 76((5) 80(-j (r z 1.?0(6)) 

1139(l) 2472(4) 8099(4) M(3) 743) 5S(3) lo(3) - 16(2) - 7(3) 
09SW2) 4359(6) 697%61 67(j) 7W5) 7oI4) ” 3(3) l(4) -3(4) 
066%2) 4802(U) %98(7) 8Q(6) M(6) 62(5) 1Ol5) -9(4) 120) 

07?12) :‘92(7) 570(6) 1001-I (I - 1.25(7)) 
07x2) 443(7) 508(6) l@x-) (I 7 I.OOt7)) 

0222(2) 466x9) 61 I l(7) 9((6) As(6) 68(0 2x5) MS) 10) 
OIY2) 37x6) 66%) loo(-) Ir - 1.1%7)) 
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Table I IConId) 

Atom x ! L’,i l’,: u,, u,: L:,, L’,! 

C(12) 

C(I3) 
H(h) 
H(l3b) 
C(M) 
H(l4a) 

H(I4W 
C(lS) 

C(16) 

H( I6a) 

H(W 
H(W 
C(lf) 

H(l7a) 

H(W 
H(17c) 

C(I8) 

H(W 
H(18b) 

H(IW 
C( 19) 
H(h) 
H(l9b) 

H(l9c) 

CQOO) 

H(2W 
H(2W 

H(2W 
0(2@ 
HOW 

n50(21 
2418(Z) 

250(2) 
212(2) 

U@(2) 

244(23 
M(2) 

1912(2) 

2226(2) 

24W-1 
236(-J 
212(-j 

1663(33 
14u-1 
18S(-) 

IS%) 
3131(2) 

33w-) 

3005(-l 
319G1 

1793(3) 

2W-1 

18%) 
16W-1 

l.B3S(2) 

08&-j 
Ou7(-) 
OSS(-1 

114S(2) 

lW2) 

337S(6) 

un(7) 
211(6) 

307(6) 
1!90(7) 

I lo(6) 
I2OW 

1232(6) 

072Y8) 

028(-j 
141(-J 

014(-j 

Ol9w7) 
0%) 

-ozsc-, 

-oloI-) 
2697(7) 

333(-) 

w-1 
19u-1 

7W7) 
7%(-1 
722(-) 

839(-l 
2790(7) 

2C9+) 
202(-j 
312(-j 

394X4) 
319I6) 

4392(6) 
49S9(7) 

S’37(63 

S40(6) 
ro86(7) 

397(7) 
4S7(S) 

1932(6) 
1092(7) 

161(-) 

06%) 
047(-j 

24’W) 
297(-j 

307(-l 
187(-j 

399or8, 
394&1 

470(-1 

470(-J 
48SY9) 

467(-j 
S61(-1 

4aS(-1 
1827(7) 

272(-j 
133(-j 

IW-1 
0172(4) 
-024(6) 

W4) 78(S) 70(S) 

7vS) 7S(S) S8(4) 

w-) (I = I .OH6)) 

9w-) (r = 1.21(6)) 

8U6) 67(S) 68(S) 
ulw (r = 0.8S(6)) 

Rol-) (I = 1.0%6), 

6lN4) 6z(4) 61(S) 

96(6) IIU6) 10016) 
I!o(-1 (I ” 0.99u 
120(-j (I = 0.99(-1) 

12w (f = Loo(-)) 
I36(7) 85(6) loJ(6) 
I?&) (r = 0.99+)) 

I?o(-1 (I = LOO(-)) 

12oI-) (I - I.oo(-1) 
81(S) 9W6) 127(7) 

Ixr-) (I = 0.94(-)) 

120(-j (r = l.ZS(-) 

IZM-1 (I = l.ltJ-1) 

IC3(0) 68(S) 129(7) 
I lo(-) (I = 0.93(-,) 

IIW (r = 0.96(-u 

IW-) (f = 1.02(-)I 

645) 107(6) 86(S) 
IlOt- (I = l.Ow) 
I lo(-) (I = l.OO(-)I 

11014 (r = I.Oo(-)) 

IOH4) Py4) S2(3) 
90(-l (I = l.oo(6)) 

160) 
o(4) 

S(4) 

110) 

21(S) 

- 32(6) - I’%61 

YS) 

I l(S) 

-7(4) 

2w3) 

- IY4) 
- 1644) 

-11(S) 

4(4) 
-8(S) 

- IYS) 

-380 

-0I4) 

-31(3) 

-S(4) 
9(4) 

60) 

o(4) 
-36(6) 

13(S) 

- lS(6) 

Tabk 2. Interatomic dlsrances and angles (A. deg ) with kast squares estimated standard 
deviations in the final digit in parentheses 

C(IhC(2) 
C(IW(14) 

C(IK’(IS) 

C(2u’(3) 
C(3w-x3) 
w3K‘t IS) 

C(3tc(4) 

C(4W(S) 
C(4t_Cf!OJ 
(‘(4M20) 

C(SK‘(6, 

C(6t-c(7) 
C(7tC(8) 
C(8u’(9) 
C(RMY 19) 
(‘(9)-u IO) 

C(lOH’(IIj 

C(II+uI2) 
C(l2&C(l3, 
C(I!bc(IA) 
C(IJM(14) 
C(I5W‘(lh) 
cllo-c(l7) 

I <3(9). l.!lu(lO) 

I S33(I!L l.S26(10) 
I.S60(9). I.C!S(P) 
l.S12(91. I 523(9) 

I.4WR). I.WR~ 
1.46S(R). I 442(8) 

I !4&9). 1.51x(9) 
I.S3?(10,. l.S28tlO) 

1 Slo(lO). l.S1?(10) 

I 4360). 1.449(S) 
I ~Vlll. I .SO3(ll) 
l.S??(ll~. 1 C!O(ll1 
1.319(11~. I3?3(10) 

1.453(11). I C!OflO) 
1 SS7(111. l.SO9tlI) 
l.Wl!L I ‘hl(lI) 
1.497112). 1.~0!(11) 

1.33R~lO~. I 317(10) 
1.48!(10). l.SxAlO) 

IS3otlO). I !30(10) 
l.‘3Vl!). I S44tll) 

1.!!0(9). 1.48S~lOJ 
l.S06(10). 1.53!(10) 

C(2)-C(I&C(14) llS.2(6). 114.8(6, 

C(2)--c(lMxIS) 102.0(S). l02.90, 

c(l4w(l&C(ls, I lS.YbL Il7.8(6) 
C(li-C(2W(3) lOl.S(S). law) 

C(2)--c(3)--<‘(4) 11%2(S). 118.2(S) 

C(!tc(3Mx3) IOWS). lOS.l(S) 

ccrLCc3toc3r lll.O(S). III.2w 

c(3wx3hC(15) 109.9(4,. I IO.0141 

C(3PZ(4)-C(20) 112.6(6). 112.6(S) 

C(3tC(4WX20) 109.W.c). 107.3(S) 

U3K’(4W(C) 108.5(6). IlO.l(S1 

wOM(4M20) 109.8(SL 109.7(S) 
wOw(4~(!) 109.2(6). 109.5(S) 

0(20w(4t--w I07 4(S). 107.5(S) 
C(J~C(Stc(6) 114.2(6). 116 9(6) 
C(SPZ(6i-C(7) ll2.0(6). l11.6(7) 
(‘(6MV&C(8) 125&8). I29 2(7) 
C(7K‘(R&C(91 126.0(7). IzS.8(7) 
C(7W(8M(l9) Il8.?(7). 1 I7 8(7) 
C(9)-wt-(‘( 19) I lS.8(7). I16.4(7) 
C(8&C(9M(lO) I 13.801. II3.5(6) 
(‘(9M(lO~C(Il) ll3.6(7). 112.3(6) 
C(IO~C(lIi-C(l2) 131.2(7). l27.S(6) 
(‘(1 IU‘(I!G(l3) 123..((7). 124.9(n) 
(‘III~(I2K‘(I8l 120.7(6). 119.9(6) 
C(I3)-C(12~C(IU) llS.8(61. 115.2(7) 
C(I!~(I3~C(IQ) 113.%6). ll4.4(6) 
C(I3~C(I4~(1) 111.6(6). 112.8(6) 
C(I&ulS&C(16) 111.I(S~. lI39(6) 
C(l+C(ISK’(17) 116.0(S). Il3.US) 
C(I~(lS~o(!~ 104.4(S). 104.9(S) 
C(16)-C(lS&C(l7) I I l&6). 109.7(6) 
C(16&C(I?t(y3) 107.WS). 107.3(S) 
C(l7i-c( 1srcy3, 10s 7(S). 107.?(S) 
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‘b 

FIR I L’nlr cell contents proJected down c: lerttary and hydroxyl 
hbdroptn atoms only are shown. attached IO the molecular ckclcron 
hy lint hondr Sumbering of the oxygen aroms is given. Hydrogen 

bonds are thown as dotted Imes. Mokcuk I has solrd bonds. 

of the form 

cxpt - Zn’(U,,h’o*‘+ . .+2U,,klb*c*)) 

for the non-hydrogen atoms; for the hydrogen atoms Cl 
was constrained at a vakc fixed by consideration of the 
thermal motion of the parent carbon. Not all methyl 
hydrogen atoms would refine meaningfully and in some 

Table 3. Non-hydrogen skeletal torsion angle\ (dep.1 
for molecules I and II respccrively 

- 166.2. - 169.0 
- 40s. - 39.7 

39.4. 36 6 
161.4. 161.3 

- 22.7. - 19.3 
.’ 147.5. 148.4 
-32.-63 
- 121.1. - 127.7 

119.6. 114.5 
27.4. 29.4 
142.7. 146.4 

-884.-8i2 
153.1. 156.8 
91.6. - 86.2 
37.3. 40.2 
51.11. 51.0 
69.2. - 71.6 
168.5. 167.i 
170.1. 172.6 
49.2. 50.1 

- 73.1. - 70.7 
57.6. 56 6 

-- 179.4. - 179.1 
60.4 - 60.0 
I57 4. - 149.0 
110.9. 114.0 
0.6. I6 
179.9. 176.0 

- I IA 0. - I!! I 
62.4. 55.5 
172.9 167.2 

-1249:-1237 
I’ -25 

- 177.3: IRo.0 
II8.I. 120.7 

-63.1.- 61.6 
- 61 3. - 56 2 

57.1. 59.9 
175.6. 178.6 

latter were presumed disordered and ignored. while the 
remain&r were fixed as invariants in the refinement a~ 

the position observed in the difference map. Refinement 

terminated with all parameter shifts <O.!o. The residu- 

als were 

R = ZW- iF#IlF0;ll= 0.060. 

R’ = (IW(lFOI !Fcl)‘RlvIFol’,“’ = 0.07?. 

In a weighting scheme of the form 

~9 = (o’(Fo) + R x IO’tFo)‘) ’ 

the optimum value of n was found to be 5. 
The results are given in the Tables and Figures. tahks 

of structure amplitudes are deposited with the Editor. 

The unit cell contents comprise discrete molecules of 
epoxycembradienol. the asymmetric unit containing IWO 
independent mokcules; although these molecules have 
the same configuration as expected. their conformations 
differ surprisingly little (Table 3) in spite of rhc large, 
supposedly flexible ring system. The only abnormally 

cases could not even be located in difference maps. The close intermolecular contact is rhc hydrogen bond HWd. 
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1’1g. ?(a). Skreoscoplc pro&Con of mokcuk I showing W!Z thermal ellipsoids; rhc bonds m the cpoxidc ring arc 

shown as solds for clarhy. .Ucthyl hydrogen atoms are omitted for the same reason. 
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Fii. 2(b). Stereoscopic projcchoa of mokcuk II shown similarly 
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11)...0(3. I) (x, y, 2 - I), 1.9!36)A, shown in Fig. I. The 
following points are of interest: 

(i) 

(ii) 

(iii) 

(iv) 

the doubk bonds are cis; this is not usual in a ring 
this size derived from a natural product. 
the absolute configuration a1 C(1) has been es- 
tablished by chemical degradation IO ( - ) homo- 
terpenylketone.’ known IO have the R configura- 
tion; the absolute configuration of the molecule is 
thus established and shown in Fig. 1. 
the IWO hydrogen atoms on C(1) and C(3) are 
shown to be cis. Bond lengths and angles are 
otherwise as expected. 
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the stereochemistry at C(4) was not established 
unambiguously from the chemical work and has 

?k X-Ray System-Version of June, 1972’. Technical Report 
TR-192 of the Computer Scimce Centret. University of Mary- 

been shown to bc R. land, U.S.A. 

Ackowltdgcmnr-We thank Ibe Australian Research Grants 
Committee for a graDI supponing this work. 


