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head-to-head and tail-to-tail approaches. The sugar 
ends of the molecules are extensively linked through 
hydrogen bonding, while the hydrophobic alkene ends 
are held together by weak van der Waals interactions. 
There are four symmetry-independent hydrogen bonds 
in the structure: O ( 2 ' ) - H . . . O ( 6 ' )  (x ,y , z -1)  = 
2.729 (10), O(3 ' ) - -H. . .O(6 ' )  (1.5--x, 2 - y , - 0 - 5 + z )  
= 2.839 (10), O ( 4 ' ) - H . . .  0 (6 ' )  (1 .5 -x ,  2 -y ,  
- 0 . 5 + z )  = 2.908 (10) and O ( 6 ' ) - H . . . O ( 2 ' )  (x,y,z+ 1) 
= 2 . 7 2 9 ( 1 0 ) A ,  all of which involve atom 0(6 ' ) .  
Besides, there are two short non-bonding O . . . O  
contacts: 0 ( 3 ' ) . . . 0 ( 4 ' )  ( l . 5 - x ,  2 -y ,  - 0 . 5 + z ) =  
2 .884(10)  and O(3 ' ) . . .O(D)  (0-5+x, 1-5--y,2--z) 
= 2.653 (9) ,/k. There is no hydrogen bonding between 
the layers and there is very little overlap of molecules in 
adjacent layers. Lack of interlayer hydrogen bonding 
and the presence of hydrophobic regions in the crystal 
structure may very well explain the rather large crystal 
mosaic. 

This work was supported by a Grant (CA 17562) to 
D. van der Helm from the National Cancer Institute, 
Department of Health and Human Services. 
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Structure of 4-Isopropyl- 1,6-dimethyl-7-phenylbicyclo[3.2.1 ]oct-6-en-8-one 
(Two Crystalline Forms) 
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Abstract .  C19H240 , M r = 268.4, monoclinic (form I), 
e2~, a = 13.853 (8), b = 7.893 (5), c =  14.855 (6)/k, 
f l = 9 5 . 9 1 ( 3 )  ° , V = 1 6 1 5 . 4  (6.2) /k 3, Z = 4 ,  O x =  
1 . 1 0 M g m  -3, 2 ( C u K a ) = l . 5 4 1 8 / k ,  g = 0 . 4 8 m m  -l, 
F(000) = 584, T =  293 K. Final R = 0 . 0 9 1  for 1546 
observed reflections. C19H24 O, M r = 2 6 8 . 4 ,  ortho- 
rhombic (form II), Pna21, a = 1 7 . 5 6 5 ( 1 8 ) ,  b =  

* To whom correspondence should be addressed at: Smith Kline 
& French Laboratories, L940, 709 Swedeland Road, Swedeland, 
PA 19479, USA. 

11.707 (14), c = 7.806 (13)/~, V =  1605.2 (6.2)/~3, 
Z = 4 ,  D x =  l . l l M g m  -3, 2 ( C u K a ) = l . 5 4 1 8 , / k ,  /t 
= 0.48 mm -~, F(000) = 584, T =  293 K. Final R = 
0.051 for 890 observed reflections. The regiochemistry 
is established of the cyclopentene double bond with 
respect to the cyclohexane ring and the isopropyl group 
in the exo configuration with respect to the 
bicyclo[3.2.1] framework. The six-membered ring has a 
chair conformation. The five-membered ring exists in an 
envelope conformation with an angle of pucker in the 
range 42.5 (1.0)-42.9 (1.0) ° . 
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Introduction. During continuing studies into the Lewis- 
acid-catalyzed [3+2]cycloaddition of aUyl halides and 
alkynes (Miller & Moore, 1980), we found that the 
reaction of geranyl chloride with 1-phenylpropyne in 
the presence of zinc chloride gave the unexpected 
cycloadduct (1). 

Ph 

(I) (2) 

This bicyclic chloride was converted to the title 
compound (2) (Gray & Miller, 1987), the X-ray crystal 
structure of which was undertaken to establish the 
regiochemistry of the cyclopentene double bond with 
respect to the cyclohexane ring and the stereo- 
chemistry of the isopropyl group with respect to the 
bicyclo[3.2.1] framework. 

Experimental. Colorless crystals were grown from 
petroleum ether (b.p. 333-353 K) and found to consist 
of two types. Preliminary studies showed that form I is 
monoclinic and II is orthorhombic, and that the cells 
have similar volumes but are not related by any 
transformation. Accordingly, the structures of both 
forms were determined. Data were collected photo- 
graphically from cleaved fragments approximately 
0.15 x 0.15 x 0.15 mm and corrected for Lorentz- 
polarization effects, absorption ignored. Equi-inclina- 
tion multi-film Weissenberg exposures of reciprocal- 
lattice layers hO-7l and hk0-3 (form I) and hO-3l and 
hk0-7 (form II) were scanned by use of a micro- 
densitometer (SERC Service, Daresbury Laboratory, 
England). The resolution attainable was limited in both 
cases by the virtual absence of reflections with 0 > 50 ° 
(Cu radiation), up to this limit , ca 45% and 52% of 
reflections were above background for forms I and II 
respectively. Data reduction gave 1546 independent 
reflections for form I and 890 independent reflections 
for form II, with merging R values of 0.045 and 0.039 
respectively. The structure was solved and refined using 
the SHELX76 program system (Sheldrick, 1976). The 
E maps generated by the TANG subprogram showed 
the majority of C and O atoms for both compounds, 
but only after the inclusion of unobservably weak 
reflections with I F o I set at 0 .21F o I max and (for form I) 
a number of strong low-angle reflections (which had 
been omitted from the data received because of 
streaking on film) with visually estimated intensities. All 
subsequent calculations used observed data only. The 
paucity of data for form I necessitated the retention of 
isotropic thermal parameters for all atoms. In the case 
of form II, isotropic refinement to R = 0.108 (81 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A 2 × 103) with e.s.d.'s in 

parentheses (form I) 

x y z U~s o 

O(1) 0.4506 (6) 0.0722 (16) 0.~122 (6) 76 (2) 
C(1) 0.2853 (7) 0.1780 (18) 0.0988 (7) 48 (3) 
C(2) 0.2735 (8) 0.3140 (19) 0.1708 (8) 58 (3) 
C(3) 0.3058 (8) 0.4882 (18) 0.1432 (8) 61 (3) 
C(4) 0.4062 (8) 0-4889 (19) 0.1077 (7) 55 (3) 
C(5) 0.4091 (7) 0.3430 (17) 0.0375 (7) 48 (3) 
C(6) 0.3182 (8) 0.3400 (20) -0.0293 (8) 57 (3) 
C(7) 0.2490 (7) 0.2470 (18) 0.0040 (7) 45 (3) 
C(8) 0.3927 (7) 0.1823 (18) 0.0874 (7) 49 (3) 
C(9) 0.2456 (9) 0-0089 (19) 0.1232 (9) 70 (4) 
C(10) 0.4900 (8) 0.4797 (20) 0.1848 (8) 59 (3) 
C(11) 0.5870 (9) 0-4507 (21) 0.1508 (9) 75 (4) 
C(12) 0.4940 (10) 0-6383 (22) 0.2445 (10) 93 (5) 
C(13) 0.3131 (9) 0.4461 (20) -0.1117(8) 70(4) 
C(14) 0.1489 (7) 0.2202 (17) -0.0406 (7) 45 (3) 
C(15) 0.0682 (8) 0.2635 (19) 0.0062 (8) 63 (3) 
C(16) -0.0231 (11) 0.2388 (22) -0.0398 (10) 89 (4) 
C(17) -0.0378 (9) 0-1825 (20) -0.1247 (8) 66 (3) 
C(18) 0.0387 (8) 0.1428 (19) -0-1701 (8) 61 (3) 
C(19) 0.1328 (8) 0-1593 (18) -0.1266 (8) 57 (3) 

O(1') 0.0151 (6) 0.4820 (17) 0.4478 (5) 68 (2) 
C(I') 0.1899 (7) 0.4866 (18) 0.4693 (7) 50 (3) 
C(2') 0.2275 (8) 0.6261 (18) 0.5388 (7) 54 (3) 
C(Y) 0.2271 (7) 0.5682 (18) 0.6385 (7) 46 (3) 
C(4') 0.1337 (7) 0.4769 (17) 0.6559 (7) 42 (2) 
C(5') 0.1054 (6) 0.3497 (17) 0.5800 (6) 39 (2) 
C(6') 0.1903 (7) 0.2432 (17) 0.5609 (6) 39 (2) 
C(7') 0.2373 (7) 0.3152 (17) 0.4968 (6) 39 (2) 
C(8') 0.0928 (7) 0.4468 (18) 0.4934 (7) 49 (3) 
C(9') 0.1967 (9) 0.5474 (20) 0.3712 (8) 68 (3) 
C(10') 0.0530 (7) 0.6050 (18) 0.6719 (7) 53 (3) 
C(11') ---0.0469 (9) 0.5262 (20) 0.6665 (9) 72 (4) 
C(12') 0.0715 (I 1) 0.6956 (24) 0.7621 (I0) 94 (5) 
C(13') 0-2169 (8) 0.0849 (18) 0.6137 (7) 56 (3) 
C(14') 0.3212 (7) 0.2466 (18) 0.4557 (7) 48 (3) 
C(15') 0.4039 (8) 0.3447 (22) 0.4490 (8) 69 (3) 
C(16') 0.4843 (11) 0.2753 (22) 0.4080 (9) 83 (4) 
C(17') 0.4781 (10) 0-I 184 (21) 0.3732 (9) 78 (4) 
C(18') 0.3976 (10) 0.0228 (23) 0.3785 (9) 85 (4) 
C(19') 0.3209 (9) 0.0840 (20) 0.4183 (8) 65 (3) 

Table 2. 
isotropic 

Fractional atomic coordinates and equivalent 
thermal parameters (A 2 x 103) with e.s.d.'s in 

parentheses (form II) 

X y z Ueq* 
O(1) 0-2575 (2) -0.1685 (3) 0.3270 (12) 75 (1) 
C(I) 0-2938 (3) -0.0032 (4) 0.4997 (I 1) 46 (1) 
C(2) 0-2206 (3) 0.0682 (5) 0.5428 (11) 57 (1) 
C(3) 0.1987 (3) 0.1480 (5) 0.3976 (11) 61 (1) 
C(4) 0-1974 (3) 0.0935 (5) 0.2200 (10) 52 (1) 
C(5) 0-2716 (3) 0.0218 (5) 0.2010 (11) 53 (1) 
C(6) 0.3407 (3) 0.0867 (4) 0.2545 (10) 45 (1) 
C(7) 0.3547 (3) 0.0718 (4) 0.4210 (10) 44 (1) 
C(8) 0.2714 (3) -0.0678 (4) 0.3417 (12) 49 (1) 
C(9) 0-3181 (4) -0.0778 (5) 0-6505 (12) 71 (2) 
C(10) 0-1254 (3) 0.0248 (6) 0-1808 (1 l) 65 (2) 
C(11) 0.1287 (4) -0.0304 (7) 0.0020 (12) 86 (2) 
C(12) 0.0540 (3) 0.0960 (8) 0.1925 (15) 102 (3) 
C(13) 0.3819 (4) 0-1622 (6) 0.1299 (11) 67 (2) 
C(14) 0.4194 (3) 0.I 191 (4) 0.5178 (10) 44 (1) 
C(15) 0.4938 (3) 0.0962 (5) 0.4678 (10) 56 (1) 
C(16) 0.5547 (3) 0.1407 (5) 0.5565 (11) 61 (2) 
C(17) 0.5435 (3) 0.2102 (5) 0-6960 (12) 59 (I) 
C(18) 0.4697 (3) 0.2339 (5) 0.7476 (11) 61 (1) 
C(19) 0.4091 (3) 0.1902 (5) 0.6608 (11) 52 (1) 

1 ~ ~t * Ueq =~s~_t~_.jUlja I aj a r a  j. 

parameters) was followed by refinement to R = 0-078 
with anisotropic parameters for all C and O atoms (181 
parameters), a decrease in R significant at the 99% 
confidence level. A number of peaks attributable to H 
atoms were subsequently located in difference maps for 
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both forms, but as these were of similar intensity to the 
stronger 'noise' peaks the H atoms were included at 
calculated 'riding' positions in the last cycles. Full- 
matrix least squares refinement (on F) rapidly con- 
verged (maximum A/a in last cycle was 0.082 for form 
I and 1.000 for form II) at R = 0.092, wR = 0.109 for 
form I, and at R = 0.051, wR = 0.066 for form II. The 
function minimized was ~w( IF o I - IF c I) 2. The weight- 
ing scheme used was of the type w = k[a2(F) + gF2] -~ 
with a(F) set at unity as recommended for photo- 
graphic data (Sheldrick, 1976); final values of k, g were 
5.14, 0.00022 for form I, and 0.477, 0.00509 for form 
II. Atomic scattering factors were taken from Inter- 
national Tables for X-ray Crystallography (1974). The 
final difference maps were flat to within + 0.2 e A -3 
(form I) and + 0.4 e A -3 (form II) and showed no 
evidence of disorder or of the presence of lattice solvent 
molecules. 

Discussion. Atomic coordinates and equivalent iso- 
tropic thermal parameters for the two crystal forms are 
given in Tables 1 and 2.* An OR TEPII (Johnson, 
1976) view of the molecule with atom numbering is 
shown in Fig. 1. The two independent molecules in form 

* Lists of structure factors, bond lengths and angles, H-atom 
coordinates and anisotropic thermal parameters have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 44318 (24 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

~ c(11) 

_ c ( ~  

.(1)~ c191 c121c(6) ~ . 

c(13, ~ ) ]  ~.~ ~ c(7) 

c"s'V..3 

C(17) 

Fig. 1. ORTEPII diagram (Johnson, 1976) for the structure of 
crystal form II, illustrating the numbering scheme. Non-H-atom 
ellipsoids at 50% probability level. 

I have the same chirality and are in general very similar 
to one another and to the molecule in form II. The C (4) 
isopropyl group is in the exo configuration with respect 
to the bicyclo[3.2.1] framework confirming our pre- 
viously postulated steric-approach-control argument in 
the [3 +2]cycloaddition reaction (Gray & Miller, 1987). 
The phenyl ring is on the vinyl C atom adjacent to the 
quaternary bridgehead C atom indicating that the 
regiochemistry of the [3+2]cycloaddition reaction 
giving the bicyclo[3.2.1] structure is the same as that 
observed for the formation of simple cyclopentenes 
(Miller & Moore, 1980). The six-membered ring has a 
chair conformation. As expected, the C (2) -C (1) -C (8) 
and C(4 ) -C(5 ) -C(8 )  angles observed in the title 
compound are slightly larger than the corresponding 
angles in 4-isopropyl-6-methoxymethyl- 1-methyl-7- 
phenylthiobicyclo[3.2.1]oct-6-en-8-ol (Gray, Miller & 
Weakley, 1987) owing to an increased flattening at this 
end of the cyclohexane ring by the sp2-hybridized 
bridge carbonyl. The cyclopentene ring adopts an 
envelope conformation. The angle of pucker between 
the planes defined by atoms [C(1), C(5), C(7), C(6)] 
and [C(1), C(5), C(8)] is 42.9 (1.0) and 42.5 (1.0) ° for 
the molecules in form I, and 42.7 (1.0) ° in form II. The 
angle between atoms C(1), C(8) and C(5) forming the 
ketone bridge is 106.0 (9) and 107.0 (8) ° for the 
molecules in form I and 104.2 (4) ° in form II. These 
values are similar to values of 44.1 and 104.2 ° 
observed in 2,3-dihydroxy- 1-methylbicyclo[ 3.2.1 ]- 
octan-8-one (GiUon, Ovadia, Kapon & Bien, 1982), and 
41.0 and 106.6 ° in 2-(2,6-dimethoxyphenyl)-2,5-di- 
methylbicyclo[3.2.1]octane-6,8-dione (Murthy, Ven- 
katesan, Reddy & Kasturi, 1982). 

We thank the Carnegie Trust for a scholarship to 
BDG. 
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