1044

Watson—Crick base pairs have been found with
propeller twist angles of up to 25° in double-helical
DNA (Drew & Dickerson, 1981), and in tRNAP®
(Westhof & Sundaralingam, 1986). The purine-
purine G(26)-A(44) base pair in tNRA has been
found to exhibit a larger twist angle of about 35°.
The present structure, which is an example of a
purine—purine self pair, shows a twist angle consider-
ably greater than any previously observed. The
weaker hydrogen-bonding interactions inherent to
the non-Watson—Crick base pairs probably permit
the higher propeller twist angles. Large twist angles
may also be encountered for Watson—-Crick base
pairs when normal stacking interactions are dis-
rupted, for example during transitions between right-
and left-handed helices.

We gratefully thank Dr Norman Kondo for
supplying crystals of the compound and Dr Tuli
Haromy for assistance with the preparation of the
manuscript. This research was supported by the
National Institutes of Health (grant GM-17378) and
by the College of Agricultural and Life Sciences at
the University of Wisconsin.
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Crystal Studies of Musk Compounds. III.
Structures of 6-Acetyl-1,1,2,3,3,5-hexamethylindan (Musk Phantolid) (T)
and 6-Acetyl-3-isopropyl-1,1,3,5-tetramethylindan (II)
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Abstract. (I), C,7H,,0, M,=244-38, monoclinic,
P2,/e, a=103130(7), b=14292(2), c=
10-6086 (8) A, B =99-135(7)°, V=1543-8 3) A3, Z
=4, D,=1-05Mgm™3, A(CuKa)=1-54184, u =
0-451 mm ™!, F(000) = 536, room temperature, final
R=0-056 for 1684 observed reflections. (II),
CisH,60, M, =258-40, orthorhombic, Pbca, a=
10-313 (1), b=11-049 (2), c=28:024(5A, V=
3193-3 g) A3 Z=8, D.=107Mgm™3 A(Cu Ka)=
1-5418 A, ©=045Tmm™', F000)=1136, room
temperature, final R=0-044 for 2211 observed
reflections. The aromatic ring.is essentially planar in
both compounds, whereas the conformation of the
five-membered ring is an almost ideal C(2) envelope
in (I) but is a distorted C(2) envelope in (II). The

0108-2701/91/051044-04%03.00

orientation of the acetyl group relative to the aroma-
tic ring is different in (I) and (II). The geometry of
the common non-H atoms is compared.

Introduction. This paper is the third in a series
dealing with musk compounds [(I) and (II): De
Ridder, Goubitz & Schenk (1990a,b)]. Most known
synthetic aromatic musks may be classified by struc-
ture into two families according to whether they
contain nitro groups (nitromusks) or not. Benzenes,
indans and tetralins occur in both families but the
non-nitromusks also include hydrindacene and
hydrindacenone, naphthindan and naphthindanone,
isochroman, coumarin and polycyclic derivatives.
During the last few years, the search for new musk

© 1991 International Union of Crystallography



DIRK J. A. DE RIDDER AND HENK SCHENK

compounds has shifted towards the non-nitromusks
since, from about 1980 onwards, the use of nitro-
musks has been put into question because it was
suspected that they might have phototoxic and
photoallergic properties and might possibly even
cause liver cancer. The first compound described in
this paper, musk phantolid, was discovered in the
early 1950’s by Kurt Fuchs (Wood, 1968). Like musk
tonalid, its success can be attributed to its excellent
odour and fixative properties in which it simulates
the macrocyclic musks in their outstanding stability
toward alkali and light. The second compound is a
higher homolog of the indan group and has no musk
odour.

Experimental. The intensities were collected with an
Enraf-Nonius CAD-4 diffractometer using graphite-
monochromated Cu Ka radiation and w286 scans.
Preliminary Weissenberg photographs indicated the
crystals of compound (I) to be monoclinic and those
of compound (II) to be orthorhombic.

Structure (I): A crystal with dimensions 0-10 X
0-10 x 0-05 mm was used for data collection. 2599
unique reflections within the ranges 2-5< 8 < 75°,
0=<h<8, 0<k<l17, —13=/<13 were measured,
of which 1684 were above the significance level of
2:50(I). Two standard reflections, 022 and 211,
measured hourly, suffered a 25-4% decrease during
36 h collection time and this was corrected for. Unit-
cell parameters were refined by a least-squares
algorithm using 23 reflections with 79 <26 < 90°.
Absent reflections hO/, [#2n + 1 and 0kO, k=2n + 1
indicated the space group P2,/c. Corrections applied
for Lorentz and polarization effects, not for absorp-
tion. Structure determined by direct methods using
the program SIMPELS83 (Schenk & Kiers, 1983).
The H-atom positions were initially calculated on
the basis of standard geometry. The coordinates of
all H atoms except H(2) were refined. Block-diagonal
least-squares refinement on F, anisotropic for the
non-H atoms and isotropic for the H atoms, conver-
ged to R =0-057, wR = 0071, S=0-16. Max. 4/o =
095. A weighting scheme w™'=876+ F,,+
0-0057F2, was used. The isotropic secondary-
extinction coefficient refined to 1-10(9) x 107°
(Larson, 1967). A final difference synthesis revealed a
residual electron density between 0-0 and 0-4e A 2.

Structure (II): Crystal dimensions 0-50 x 0-33 X
0-23 mm. 3032 unique reflections were measured
within the ranges 25<6<70°, 0<h<12,0<k =<
12, 0 < /= 34. Of these 2211 were above the signifi-
cance level of 2-50(I). The intensities of two standard
reflections, 232 and 046, measured hourly, showed
no significant decrease during 39 h collection time.
Unit-cell parameters were refined by a least-squares
fitting procedure using 23 reflections with 84 < 26 <
90°. Absent reflections Okl, k=2n+ 1, hOl, [#2n + 1
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and 4k0, h=2n+ 1 indicated the space group Pbca.
Corrections were applied for Lorentz and polari-
zation effects, not for absorption. The structure was
determined by direct methods using the program
SIMPFEL83 (Schenk & Kiers, 1983). The H-atom
positions were calculated on the basis of standard
geometry. Block-diagonal least-squares refinement
on F, anisotropic for the non-H atoms and isotropic
for the H atoms, converged to R= 0044, wR=
0058, S=0-17. Max. 4/c was 0-74. A weighting
scheme w™!'=10-7+ F,,,+ 0-0044F3%, was used.
The isotropic secondary-extinction coefficient refined
to 2:4 (1) x 1079 (Larson, 1967). A final difference
synthesis revealed a residual electron density between
—0-1and 0-2e A3,

All calculations were performed with XRAY76
(Stewart, Machin, Dickinson, Ammon, Heck &
Flack, 1976) unless stated otherwise. The scattering
factors were taken from Cromer & Mann (1968) and
International Tables for X-ray Crystallography (1974,
Vol. IV).

Discussion. A uniform numbering system was used
for both molecules: molecule (I) has two methyl
groups on C(1) and one on C(2) whereas molecule
(II) has a methyl and an isopropyl group on C(1) but
no non-hydrogen substituents on C(2). Final posi-
tional parameters for the non-H atoms for both
structures are listed in Table 1.* Bond lengths and
angles are given in Table 2 and have normal values.
PLUTO (Motherwell & Clegg, 1978) drawings of the
molecules showing the atomic numbering scheme are
given in Fig. 1 [for structure (I)] and Fig. 2 [for
structure (I1)].

The aromatic ring is essentially planar within the
limits of accuracy in both molecules. Following the
criteria defined by Altona, Geise & Romers (1968),
the non-aromatic ring is classified as an almost ideal
C(2) envelope for compound (I) and a distorted C(2)
envelope for compound (II) {(I): ¢, =23-8°, A=
34-8° and (II): ¢,, = 19-4°, A=17-7°]. The torsion
angle C(6)—C(5)—C(15)—0(1) is 21-1 (4)° in (I) and
4-5 (3)° in (II). The equivalent angle in musk tonalid
is 22° (De Ridder et al., 1990b). The intramolecular
distances C(17)--O(1) and H(171)---O(1) are respec-
tively 2:826 (6) and 2-37 (4) A for (I) and 2-739 (3)
and 243 (3) A for (II).

In both structures there are no intermolecular
distances significantly shorter than the sum of the
van der Waals radii. The shortest intermolecular
distance in (I) is 3-544 (4) A [O(1)--C(16), symmetry

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53573 (36 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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Table 1. Fractional coordinates of the non-H atoms
and equivalent isotropic thermal parameters (A?)

o= (1/3)2,2,U;;a*a;*a; a,.

x y z U
Compound (I)
c) 0-6409 (3) 0-6206 (2) 01572 (3) 0-064 (2)
C(2) 0-6107 (4) 0-5587 (3) 0-2688 (4) 0099 (3)
Cc(3) 0-7118 (3) 04778 (2) 0-2883 (3) 0-065 (2)
C4) 0-8183 (3) 0-4020 (2) 0-1063 (2) 0-054 (2)
C(5) 0-8444 (3) 04074 (2) —0:0192 (2) 0053 (2)
C(6) 0-8049 (3) 0-4875 (2) ~0:0930 (2) 0-058 (2)
c 0-7401 (3) 0-5586 (2) —0-0383 (3) 0-061 (2)
C(8) 0-7130 (3) 0-5513 (2) 0-0846 (2) 0-053 (2)
C©9) 0-7519 (3) 04733 (2) 0-1573 (2) 0051 (2)
C(10) 0-5108 (4) 0-6525 (3) 0-0770 (4) 0-095 (3)
c(1n) 0-7241 (4) 0-7076 (2) 0-1921 (4) 0-094 (3)
C(12) 0-5820 (5) 0-6095 (3) 0-3867 (4) 0123 (4)
C(13) 0-6452 (5) 0-3871 (3) 0-3209 (4) 0-115 (3)
C(14) 0-8344 (5) 04961 (4) 0-3883 (3) 0-117 (3)
C(15) 0-9098 (3) 0-3254 (2) —0-0707 (3) 0-068 (2)
C(16) 0-9876 (4) 0-2598 (2) 0-0207 (4) 0-089 (2)
camn 0-8288 (4) 0-5003 (3) —-0-2292 (3) 0-096 (3)
o) 0-8999 (3) 0-3109 (2) —0-1839 (2) 0-112 (2)
Compound (II)
[64)] 0-4071 (2) 0-2558 (2) 0-07320 (7) 0-042 (1)
C(2) 0-5392 (2) 0-1891 (2) 0-07600 (7) 0-047 (1)
C(3) 0-5471 (2) 01212 (2) 0-12405 (7) 0-041 (1)
C(@) 03501 (2) 00461 (2) 017460 (6) 0-0364 (9)
C(5) 0-2173 (2) 0-0553 (2) 0-18464 (6) 0-0361 (9)
C(6) 0-1407 (2) 01382 (2) 015855 (6) 0-0391 (9)
(6} 0-1989 (2) 0-2043 (2) 0-12205 (6) 0-0408 (9)
Cc@®) 0-3292 (2) 01913 2) 0-11141 (6) 0-0360 (9)
(e()] 0-4055 (2) 0-1141 (2) 0-13842 (6) 0-0353 (9)
C(10) 0-4203 (2) 0-3900 (2) 0-08757 (8) 0-059 (1)
[a/80)) 0-3413 (2) 0-2458 (2) 002359 (7) 0-048 (1)
C(13) 0-6095 (2) —0-0035 (2) 0-11883 (8) 0-056 (1)
C(14) 0-6225 (2) 0-1938 (2) 0-16212 (8) 0-059 (1)
C(15) 0-1611 (2) —0-0257 (2) 022185 (6) 0-044 (1)
C(16) 0-2425 (2) —0-1204 (2) 0-24445 (9) 0-067 (1)
(17 ~0-0023 (2) 01578 (2) 0-16765 (8) 0-058 (1)
C(11n 0-3041 (2) 0-1165 (2) 0-01025 (8) 0-060 (1)
C(112) 0-4212 (3) 0-3027 (2) —0-01623 (8) 0072 (2)
o(1) 0-0436 (2) ~0:0192 (2) 0-23347 (7) 0:100 (1)

operation x, 73—y, —3+2z] and 3-369 (3) A in (II)
[O(1)---C(4), through symmetry operation 3 + x, y, 3
— z]. The relatively shorter intermolecular distances
in the latter may explain the distortion in the five-
membered ring.

Matching of the common non-H atoms resulted in
an r.m.s. value of 0-21 A, This is mainly caused by
the significantly different twisting-out angles of the
acetyl group versus the aromatic ring [the largest
difference is observed at the atoms C(16) and O(1)
with a distance of 0-62 and 0-49 A, respectively].
Structure (II) is structurally isomeric with musk
tonalid, the structure of which has been reported
previously (De Ridder ez al., 19904). The observation
that compound (II) has no musk odour indicates the
important influence of the molecular shape in the
structure—activity relationship.

The authors gratefully acknowledge the provision
of crystals by Dr A. M. Cohen and Drs W.
Lenselinck of PFW—-Nederland. We also thank D.
Heijdenrijk and J. Fraanje for technical assistance.
Part of the calculations for the first structure were
carried out by Erik B. van der Tol.

C] 7H240 AND C]3H260

Table 2. Bond lengths (A) and bond angles (°)

® (In

c(1)—C(2) 1549 (5)  1:551 (3)
C(1)—C(8) 1519 (4)  1-516 (2)
C(1)—C(10) 1-539 (5) 1-542 (3)
cy—c(1n) 1523 (5) 1-551 3)
CR—CB) 1548 (5) 1-544 (3)
CRy—C(12) 1515(6) -

C(3—C0) 1513 (4) 1:517 (2)
CE—C(13) 1531 (6) 1-528 (3)
C3)—C(14) 1539 (5) 1-545 (3)
C@—C(5) 1401 (4)  1-402 (2)
C(4y—C(9) 1385 (4) 1-384 (2)
C(5—C(6) 1410 (4) 1413 (2)
C(5—C(15) 1498 (4)  1-492 (2)
C(6—C(7) 1394 (4)  1:393 (3)
C(6—C(17) 1515 (4)  1-513 (3)
C(7—C(®) 1380 (4) 1:384 (2)
C(8)—C(9) 1379 (4)  1-386 (2)
cn—c(111) - 1-525 (3)
C(11)—C(112) - 1-524 (3)
C(15—C(16) 1-488 (5) 1-483 (3)
C(15—0(1) 1208 (4)  1-207 2)
CR—C(1)—C®) 1009 2) 1019 (1)
C—C(1)—C(10) 1092 (3) 1114 (2)
CR—C(1y—C(11) 170(3) 1133 ()
CE)—C(1)—C(10) 115 (3) 1083 (2)
C’)—C(1)—C(11) 1107 (3) 1116 (1)
C(10—C(1)—C(11) 107-4 (3) 1100 (2)
C(1)—CR—CE3) 1084 (3) 1087 (1)
C(1)—C2—C(12) 1165(3) -

CB—C)—C(12) 17163 -

CR—C(3)—CO) 1007 (2) 1019 (1)
C)—C3)—C(13) 1102 (3) 1122 (2)
CR—C(3)—C(14) 1153 (3) 1121 (2)
COCB—C(13) TG 1126 Q)
C(O—C(3)—C(14) 1090 (3) 1092 (1)
C(13)—C(3—C(14) 1097 (3) 1088 (2)
C(5)—C4)—C(9) 1208 2) 1207 (2)
C(@—C(5—C(6) 1194 (3) 1193 (2)
CA)y—C(5)—C(15) 1180 (2) 1184 (2)
C(6)—C(5—C(15) 1226 (2) 1223 (2)
C(5)—C(6)—C( 1184 (2) 1187 (2)
C(5—C(6)—C(17) 1235 (3) 1234 (2)
C(—C(6)—C(17) 180 (3) 1179 (2
C(6)—C(7—C(®) 1214 2) 1214 (2)
C(1—CE—C(N 1282 (2) 1281 (2)
C(1—C(8)—C(©) 114 Q2) 1120 (1)
C(7—C(8)—C(9) 1203 (3) 1198 (2)
C(3—CO)—C@) 1279 (2) 1283 (2)
C(3—CO)—C(8) 125@2) 1117(1)
C(4)—C(9)—C(@8) 1196 (2) 1200 (2)
C—C1)—C(111) - 1134 (2)
C()y—C(11)y—C(112) - 1130 (2)
CO1)—C(1)}—C(112) - 11011 2)
C(5—C(15—C(16) 1189 (3) 1202 (2)
C(5)—C(15)—0(1) 1217 3) 1217(Q2)
C(16)—C(15—0(1) 1194 (3) 1181 (2)

Fig. 1. The numbering system of musk phantolid (I). The H atoms
are shown but not labelled.
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Fig. 2. The numbering system of 6-acetyl-3-isopropyl-1,1,3,5-
tetramethylindan (II). The H atoms are shown but not labelled.
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trans-4-tert-Butyl-3-hydroxy-5-cyclohepten-1-one (2) and
trans-6-tert-Butyl-3-hydroxy-2,7-dimethyl-4-cyclohepten-1-one (5)

By ALaA S. ABD-EL-AZIZ,* MARK LAUTENS AND ALAN J. LOUGHY

Department of Chemistry, University of Toronto, Toronto, Ontario, Canada M5S 141

(Received 10 August 1990; accepted 25 September 1990)

Abstract. (2) C,H;;0,, M,=182-3, monoclinic,
P2,/a, a=7-463 (3), b=9-776 (3), ¢ =14955(5) A,
B=9733, V=10822A% Z=4,D,=1-12gcm ™3,
A(Mo Ka)=0-71073 A, ©=070cm™', F000)=
400, room temperature, R = 0-041 for 480 observed
reflections. (5) C,;H,,0,, M, = 210-3, orthorhombic,
Pnab, a=9-747 (1), b= 10724 (2), ¢ = 24:365 (4) A,
V=25468 A Z=8, D,=110gcm 3, A(Mo Ka)
=071073 A, x=067cm™', F000)=928, room
temperature, R = 0-037 for 521 observed reflections.
In both (2) and (5) the hydroxyl group is trans with
respect to the ters-butyl group. In (2) pairs of
molecules are linked via hydrogen bonds [O---O
(1-x, 1=y, 1=2) 2-809 (7) A] to form centrosym-
metric dimers, while in (5) molecules are hydrogen
bonded [O--O(x, —0-5+y, 1-5—z) 2:847(7)A]

* Current address: Department of Chemistry, University of
Winnipeg, Winnipeg, Manitoba, Canada R3B 2E9.

+ To whom correspondence should be addressed. E-mail
address: ALOUGH@ALCHEMY.CHEM.UTORONTO.CA
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N

through 2, screw axes to form infinite chains. The
highly strained seven-membered ring in (2) has a
boat-type conformation and in (5) it has a sofa-type
conformation.

Introduction. We have recently investigated the ring
opening reaction of 8-oxabicyclo[3.2.1]oct-6-en-3-one
(1) and 2,4-dimethyl-8-oxabicyclo[3.2.1]oct-6-en-3-
one (4) with organocuprate reagents (Lautens, Di
Felice & Huboux, 1989). These types of reaction
provide an extremely efficient route to seven-
membered rings where two or four contiguous
stereocentres are created in two steps. The syntheses
of the starting oxabicyclic compounds (1) and (4)
were carried out according to a literature procedure
(Fohlisch, Gottstein, Herter & Wanner, 1981;
Hoffmann, 1984). Treatment of compound (1) with
five equivalents of ‘BuLi/CuCN (1-6/1) in tetra-
hydrofuran with ageing the cuprate for 3 h led to
the formation of the regioisomers (2) and (3) in 3/1
ratio with total yield of 95%. Under the same experi-

© 1991 International Union of Crystallography



