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Abstract—The crystal structure of the title compound. CyH\,,0,. has been determined by single crystal X-ray
diffraction methods at 295K from diffractometer data using direct methods and refined by least squares to a
residual of 0.06 for 2152 “observed™ reflections. Crystals are orthorhombic, P2,2,2,, a = 32.770(8), b = 10.960(3),
¢ = 10.850(3)A. Z = 8. The asymmetric unit comprises two independent molecules, both of which confirm the

structure proposed in the preceding paper.

The preceding paper' has described the isolation,
characterization and chemistry of epoxycembradienol,
the proposed structure being as shown. The present
paper describes the structure determination of this com-
pound by single crystal X-ray diffraction methods; atom
numbering follows the systematic scheme given below the
two independent molecules being designated [ and I1.

CRYSTALLOGRAPHY

A pnsmatic crystal fragment 0.2x0.3%03mm was
used for the crystallographic work. The unit cell was

Table 1. Atom fractional cell coordinates (x, y. 2.

determined by a least squares fit of the angular
parameters of 15 reflections with 26 ~ 30° centred in the
counter aperture of a Syntex P1 four-circle diffrac-
tometer. A unique data set was then gathered using a
conventional 28/6 scan within the limit 28 < 100° yielding
2310 independent reflections: 2152 of these having I >
2a(I) were considered “observed” and used in the
structure solution and refinement. No correction was
applied for absorption. T was 295(1) K.

Crystal Data. C,H,,0,, M =306.5, orthorhombic,
space group P2,2,2, (D,*, No. 19), a =32.770(8), b =
10.960(3). ¢ = 1085K3)A. U =38973)A’ D, = 1.08(1),
D(Z=8)=1045gcm °® F(000) = 1360,  Ni-filtered
Cu(K.,) radiation (A = 1.5418 A), u =5.02¢m ', neutral
atom scattering factors.”*

The structure was solved using the MULTAN pro-
gramme 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 O atom with
those of any associated hydrogen atoms being refined
within each block. Anisotropic thermal parameters were

x 10" H: x10*, others) and thermal parameters (U, x 10* A%)

with least squares ¢stimated standard deviations in the final digit in parentheses. Also given for hydrogen atoms
is 7 A, the C-H distance

Atom x y : U, Uy Uy U, U, Uy
Molecule |

C() 0902(2) 0924(6)  6726(5) BS) 104 M44) 10(4) -74) -14(4)
H(1) 052(2) 07(5) 694(5) 80(-) (r=1.28(6))

C(2) 0870(2) 21756)  6121(6) 8 S Sl 10(4) -24) -8(4)
H(2a) 051(2) 289 S67(S) 80(-) (r = 1.29%(6))

H(2b) 112(2) 232(6) 564(6) 80(-) (r = 0.98(6))
C(3) 0851(2) 3005(6)  62326) 6%4)  67(4)  SI(4) 4) -8(4) -9(4)
H(3) 051Q2) 29%(%) T64(5) 80(-) (r = 1.20(6))

(0%)) 113%1) 2472(4)  809%4) 85(3) 43 553) 1003) 16D -703)
CW@) 0953(2) 435%6)  697%6) 67(5)  TXS) TK4) +3(3) 1(4) -34)
C(s) 068%2) 48028)  $898(7) 8X6)  BU6)  625) 10(5) -%4) 12(5)
H(Sa) 072(2) 927 S70(6) 100(-) (r-1257)

H(5b) 07%2) 43N S08(6)  100(-) (r = 1.0(7))

C(6) 0222(2) 4639  6111(7) 946) B86)  68(5) 2)(5) o(S) 1(5)
H(6a) 014(2) 37%6) 662(6)  100(-) (r- 1197
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Crystal structure of an epoxycembradienol

Tabie 1 (Contd)

Atom B y Ly Ux U U Uy Uy
C(12) 2750(2) 3375(6)  4392(6) 66(4)  78(5)  70(S5) 16(4) -1244) -5(4)
C(3) 2418(2) 2877 495%T) TS 1S S8(4) 4) -16(4) 9%4)
H(13a) 250(2) 211(6) 577(6) 90(-) (r = 1.05(6))

H(13b) 212(2) 307(6) 540(6) 90(-) (r = 1.21(6))
C(14) 2247(0) 1590(7)  4086(D) 846)  67(5)  68(5) 5(4) -11($) &3)
H(i4a) 244(2) 110(6) 39%(7) 80(-) (r = 0.85(6))
H(14b) 198(2) 120(5) 457(5) 80(-) (r = 1.0%6))
cQas) 1912(2) 1232(6) 1932(6) 68(4) 624)  61(5) 11(4) 44) 04)
C(16) 2226(2) 07248)  1092(7) 96(6) 1136)  100(6)  21(5) -8(5) -36(6)
H(l6a) 243(-) 028(-) 161(-) 120(-) (r = 0.9%-))
H(16b) 236(-) 141(-) 065(-) 120(-) (r = 0.9%-))
H(16¢) 22A-) 014(-) 047(-) 1200-) (r = 1.00¢-))
camn 1663(3) 0190(7) 2496(7) 136(7)  85(6) 1046) -32(6) -19%(6) 13(5)
H(17a) 143(-) 054(-) 291-)  RK-) (r =0.9%-))
H(17b) 185(-) -028(-) 307(-) 120(-) (r = 1.00(-))
H(17¢) 155(-) -040(-) 187(-) 120(-) (r = 1.00(-))
cag) 3135(2) 26977 3990(8) BI(S)  936) 127(7) 45) - 14(5) -15(6)
H(18a) 333(-) 333(-) 394-) 120(-) (r = 0.94(-)
H(18b) 305(-) 196(-) 470(-) 120(-) (r=128%-)
H(18¢) 31%-) 193(-) 470(-) 120(-) (r=11&-))
C(19) 1793(3) 1594(7)  4854(9) 153(8)  68(5) 1297) 11(5) =387 -20(6)
H(19a) 204(-) 796(-) 467(-) 110(-) (r=09}-)
H(19b) 18%-) 122-) $61(-) 110(-) (r = 0.96(-))
H(19%) 163(-) 83%-) 485(-) 11-) (r=1.02-))
C(20) 0835(2) 2190(7) 1827(7) 64(5) 107(6)  B&S) -74) -(4) -5(5)
H(20a) 086(-) 25%-) 1xA-) N-) (r=1.00{-))
H(20b) 087(-) 202(-) 133(-) 10(-) (r = 1.00(-))
H(20¢c) 055(-) 2A-) 166(-) 10(-) (r = 1.00(-))
>20) 1145(2) 3943(4) 0172(4) 105(4) 944) $23) 2003) -3103) -10(3)
H(20d) 104(2) 31%6)  -024(6) 90(-) (r = 1.00(6))

Table 2. Interatomic distances and angles (A, deg.) with least squares estimated standard

deviations in the final digit in parentheses

Cur@
C(H—Cd)
C(H—C15)
CQ—C3)
C3—-03)
O3)—Cu1s)
C3)—C)
C(H—C(%
Ci4—Cr20
Ce—020)
C5—C6)
Ce—CM
CN—C(®)
C®—C9
C&—-Cu9)
CO—C0)
cao—Caly
can—cay
can—Cay)
CAD—C(18)
Can—C(4)
CAasH—Cane)
CUH—Cun

1.525¢9).
1.533(1)
1.56(9).
15129,
1.456(8),
1.465(8),
1.546¢9),

1.537010),
1.510(10),

1.436(8).

1.88701 ).
1.527(1D,
L3I,
1.453(11),
1.557010.
1.576(12).
1.497(12),
1.338010),
1.482(10),
1.530(10).
1.835(12).

1.520(9).
1.506(10)

1.518(10)

. 1.526(10)

1.525(9)
1.5239)
1.440(8)
1.442(8)
1.518(9)
1.528(10)
1.512010)
1.44%(8)
150311
1520011
1.323(10)
1.520(10)
15091
LSel(1l)
1.50211)
1.317010)
1.526(10)
1.£30(10)
15441
1.485(10)
. 1532010

CQ—CH—C014)
CQ—C(—Cas)
C(1—C(H—Ls)
CH—C@A—CD
C—C3—C4)
CQ—C(3—003)
C@—C3—3
C{3)—063)—C15)
C3)—CE—CQy
C3—C(4—00Q0)
COCE—C(H
C(20)—C(4)—0(20)
CRO—LCEH—(5)
0(20)—C(4)—C(5)
C(H—Ci5H—C(6)
C5H)—Ci6—C(M
C6)—-C(M—C(®)
CH—L(8—C(9)
C(H—CEB—C(19
COHO—CE—C(19)
C(8—C(9—C(10)
CO—no—-Ccan
CUO—CN—C(1)
CAN—Ca—Cca3)
CON—CO2)—C(18)
CAHY—Ca—C18)
Ca—C13)—Cy
CO3)—CaaH—C()
CH—L15—C16)
C(H—C1s5—Camn
CH—CASH—0N
C6)—C(15—CA7)
C(16)—CU15—0(3)
CAN—CAsH—0(3)

115.2(6). 114.8(6)
102.0(5), 102.%(5)
115.4(6), 117.8(6)
101.5(5). 100.4(5)
115.2(5), 118.2(5)
104.4(5), 105.1(5)
1LS). 111.25)
109.%(4), 110.0(&
112.6(6), 112.6(5)
109.3(5), 107.3(5)
108.5(6). 110.1(5)
109.8(5), 109.7(5)
109.2(6). 109.5(5)
107.4(5), 107.5(5)
114.2(6). 116.9(6)
112.0(6), 111.6(7)
125.8(8). 129.2(7)
126.0(7). 125.8(7)
18.2(7). 1177
NS.&M. 16.47)
113.8(7), 113.5(6)
3.6, 112.3(6)
131.2(7). 127.5(6)
123.5(7). 124.%6)
120.7(6), 119.%6)
115.8(6). 115.2(7)
113.%6), 114.4(6)
111.646), 112.8(6)
HLIS), 113.%6)
116.0(5), 113.45)
104.4(5), 104.%5)
111.6(6), 109.7(6)
107.3(5), 107.3(5)
105.7(5). 107.2(5)
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Fig. 1. Unit cell contents projected down ¢ tertiary and hydroxyl

hydrogen atoms only are shown, attached to the molecular skeleton

by line bonds. Numbering of the oxygen atoms is given. Hydrogen
bonds are shown as dotted lines. Molecule | has solid bonds.

of the form
exp (=273 (U, ha* + .. +2Unkib*c*)

for the non-hydrogen atoms; for the hydrogen atoms U
was constrained at a value fixed by consideration of the
thermal motion of the parent carbon. Not all methyl
hydrogen atoms would refine meaningfully and in some
cases could not even be located in difference maps. The

E. N. MaSLEN et al.

Table 3. Non-hydrogen skeletal torsion angles (deg.)
for molecules [ and II respectively

CUH—C(H—C-C3) -166.2.- 169.0
CUSH—C(H—C(2)—C3) -405,-397
COH—C(—C3)—-00) 394, 36.6
C(H—C—C3)—C¥) 161.4, 161.3
C2—C)—03)—C(15) -227.-193
C—C3)—03)—C9) - 1475, 1484
CH—03)—C(15)—C(1) -32.-63
C(3)—003)—C(15—C(16) -121.1,- 12717
C(3)—03)—C15—C(1 119.6, 114§
CR=CMH—L15)—N3) 274,294
C—C(—C(15—C(16) 142.7, 146.4
C—C—C5)—C17) -884 -872
C4H—CH—CO5—0(3) 153.1, 156.8
C14—C(H—CU5H—C(16) - 916.-86.2
C1—C(1—C5)—Camn 373, 40.2
C—CB—C)—C(H 518, 51.0
C—C3)—C4)—C(20) 69.2.-716
CA—C3—C(—020) 168.5, 167.7
03 —C3)—CE—C(9) 170.1, 1726
0(3)—C(3)—C(4)—C(20) 49.2. 50.1
O3)—C(3)—C(4)—0(20) -73.1,-1707
C—C(4—C(5)—Ci6) 5§76, 56.6
C(20)—C(4)—C(5)—C(6) -1794.-179.1
O(20)—C(4)—C(5)—C(6) 60.4 - 60.0
C{4—C(5)—C(6)—C(7) S 1574,-149.0
C(H—CO—C(M—C(®) 110.9, 1140
C6)—C(NH—CB)—LCH 06.16
C(6)—C()—C8—C(19 -1799. 176.0
C(H—C@—CO—(10) -1180.- 1221
C(19—C(8)—C(H—C(10) 624, 55.
CE—LCOH—C(10—C1) 172.9, 1637.2
CO—C0—Can—C2) -1249.-1237
C(10—C1N—LC(12)—CY) 12,-25
CUO—C(11H—C(12)—C(18) - 177.5, 180.0
CON—CUD—C(13)—C(14) 118.1, 120.7
C(18)—C(12)—C(13)—C(14) -63.1,-616
CUD—CU3—C(14—C(1) -613,-562
Cu3)—C(14)—C1)—C(2) $7.1, S99
CO3)—CAH—C(H—C1%) 1756, 178.6

latter were presumed disordered and ignored. while the
remainder were fixed as invariants in the refinement at
the position observed in the difference map. Refinement
terminated with all parameter shifts <0.20. The residu-
als were

R = Z[Fo| - [FcllZ|Fo| = 0.060,
R’ = (T w(|Fo| - \Fc|)*[Ew|Fol’)'" = 0.072.

In a weighting scheme of the form
w = (o’ (Fo)+ n x 104 Fo))) '

the optimum value of n was found to be S.
The results are given in the Tables and Figures, tables
of structure amplitudes are deposited with the Editor.

DISCUSSION

The unit cell contents comprise discrete molecules of
epoxycembradienol, the asymmetric unit containing two
independent molecules; although these molecules have
the same configuration as expected. their conformations
differ surprisingly little (Table 3) in spite of the large,
supposedly flexible ring system. The only abnormally
close intermolecular contact is the hydrogen bond H(20d,



Crystal structure of an epoxycembradienol

Fig. 2(a). Stereoscopic projection of molecule 1 showing S0% thermal cllipsoids: the bonds in the cpoxide ring are
shown as solids for clarity. Methyl hydrogen atoms are omitted for the same reason.

3309
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Fig. 2(b). Stereoscopic projection of molecule 11 shown similarly.



Crystal structure of an epoxycembradienol

...03. D) (x. y, z— 1), L9X6)A, shown in Fig. 1. The
following points are of interest:

(i) the double bonds are cis; this is not usual in a ring
this size derived from a natural product.

(i1) the absolute configuration at C(1) has been es-
tablished by chemical degradation to (—) homo-
terpenylketone.' known to have the R configura-
tion; the absolute configuration of the molecule is
thus established and shown in Fig. 1.

(i) the two hydrogen atoms on C(1) and C(3) are
shown to be cis. Bond lengths and angles are
otherwise as expected.

(iv) the stereochemistry at C(4) was not established
unambiguously from the chemical work and has
been shown to be R.

1B
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