
1784 FENARIMOL 

two. We note that the conformations at the C(1)-C(2), 
C(1)-C(6) and C(1)-C(12) bonds are similar which is 
different from the closely related a,a-bis(p-chloro- 
phenyl)-3-pyridinemethanol (parinol) (Kennard, Smith 
& Palm, 1981). For clarity, Newman projections along 
the three bonds in fenarimol are shown in Fig. 2. While 
in parinol the two phenyl rings are nearly sym- 
metrically oriented with respect to the heterocyclic ring 
plane, this is not the case in fenarimol. 

Short H-bond interactions (Taylor & Kennard, 
1982) are intramolecular CI(1)...H(O1) [2.37 (8)/1,] 
and intermolecular O(1).. .H(C16) [2.48 (8)A] and 
N(2).. .H(C5) [2.54 (8)A]; all other packing distances 
are in the normal range. 

Research work supported by the CNR, Italy. Special 
Grant IPRA, Subproject 1, Paper No. 1804. 
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Abstract. C17H2009, Mr=368 .3 ,  triclinic, Pi ,  a 
---- 5.687 (4), b =  12.367 (3), c =  12.830 (3)A, ct= 
106.24 (2), fl-- 92.34 (5), 7=  90.39 (5) °, V-- 
865.5 ,/t 3, Z = 2, D x = 1.41 gcm -3, 2(Mo Ka) = 
0.71073 A, g = 0.73 cm -~, F(000) = 388, T =  293 K, 
final R = 0.091 for 1482 observed [F o >_ 5a(Fo)] reflec- 
tions. The observed structure confirms the stereo- 
chemistry as the all-trans isomer. There is no crys- 
tallographically imposed symmetry. High thermal 
motion was noted for one of the methoxycarbonyl 
groups, but a disorder model could not be developed. 

Introduction. In the course of our work on the total 
synthesis of naturally occurring, antimitotic lignan 
lactones, we have determined the X-ray structure of the 
title compound. The assignment of substituent stereo- 
chemistry on a 7-1actone moiety by IH NMR coupling- 

* Authors to whom correspondence should be addressed. 
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constant analysis is sometimes problematic. Vicinal 
hydrogen coupling constants for trans-substituted 
compounds have generally been larger than those of the 
cis isomer; however, several exceptions have been noted 
(Bystrom, Hogberg & Norin, 1981; Fristad & Peter- 
son, 1985). The preparation of the title compound 
provided two isomers that we felt were simply epimeric 
at the 3-position due to ~H NMR chemical shifts and 
coupling constants. As our projected conversion of this 
mixture to a cis-fused dicinnamic acid dilactone 
necessitated a trans disposition of the 4-methoxy- 
carbonyl and 5-aryl groups, we felt compelled to 
establish firmly this stereorelationship for the major 
isomer at an early stage. 

Experimental. Crystals (m.p. 380-382K) were ob- 
tained by slow evaporation of an ethyl acetate- 
petroleum ether solution of the title compound. The 
X-ray structure was in full agreement with IR, ~H and 
~3C NMR and analytical data. The compound was 
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Table 1. Final fractional coordinates and equivalent 
isotropic thermal parameters for C ~7 H 2009 

Beq = ](a2fllt + b2f122 + c2fl33 + abcos),fll  2 + accosflfll3 + bccosctfl2a). 

x y z BeQ(A 2) 
O(1) 0.187 (1) 0.9180 (5) 0.4027 (5) 2.76 
0(2) 0.303 (1) 1.0905 (5) 0.4988 (5) 3.19 
0(3) 0.803 (1) 1-0386 (5) 0-2771 (6) 3-26 
0(4) 0.605 (1) 1.1900 (5) 0.3644 (5) 3.27 
0(5) 0.528 (2) 0.7878 (7) 0.0738 (6) 5.13 
0(6) 0.258 (2) 0.9167 (8) 0.0831 (6) 5.16 
0(7) -0.106 (I) 0.4598 (5) 0.1430 (5) 2.82 
0(8) 0.206 (1) 0.3879 (5) 0.2686 (5) 2.57 
0(9) 0.537 (I) 0.5265 (5) 0.3891 (5) 2.75 
C(I) 0.293 (2) 1-0191 (8) 0.4147 (8) 2.83 
C(2) 0.390 (2) 1.0211 (7) 0.3056 (7) 2.25 
C(3) 0.408 (2) 0.8934 (7) 0.2484 (7) 2.28 
C(4) 0.186 (2) 0-8502 (7) 0.2889 (7) 2.60 
C(5) 0.199 (2) 0.7253 (7) 0.2856 (7) 2.02 
C(6) 0.033 (2) 0.6536 (7) 0.2162 (7) 2.03 
C(7) 0.047 (2) 0.5380 (7) 0.2104 (7) 2.08 
C(8) 0.212 (2) 0.4995 (7) 0.2688 (7) 1.90 
C(9) 0-378 (2) 0.5731 (7) 0.3366 (7) 1.93 
C(10) 0.371 (2) 0-6878 (7) 0.3432 (7) 2.10 
C(I 1) 0.634 (2) 1.0809 (7) 0.3155 (7) 2.34 
C(12) 0.823 (2) 1.2579 (8) 0.380 (1) 4.10 
C(13) 0.408 (2) 0.8605 (9) 0.1254 (8) 3.17 
C(14) 0.223 (3) 0.883 (1) -0.0389 (9) 8.02 
C(15) -0.275 (2) 0.4947 (8) 0.0786 (8) 3.04 
C(16) 0.340 (2) 0.3156 (8) 0.1860 (9) 3.62 
C(17) 0.719 (2) 0.5973 (8) 0.4566 (7) 2.80 

Table 2. Bond distances (A) and angles (°) for 
C17H2oO9 

O(1)-C(1) 1.35 (1) O(1)-C(4) 1.47 (1) 
O(2)-C(l) 1.19 (1) O(3)-C(ll)  1.16 (1) 
O(4)-C(I I) 1.33 (1) O(4)-C(12) 1.47 (1) 
O(5)-C(13) 1.19 (1) O(6)-C(13) 1.30 (1) 
O(6)-C(14) 1.51 (l) O(7)-C(7) 1.38 (1) 
O(7)-C(15) 1.39 (1) O(8)-C(8) 1.38 (1) 
O(8)-C(16) 1.43 (1) O(9)-C(9) 1.33 (1) 
O(9)-C(17) 1.44 (l) C(I)-C(2) 1.53 (1) 
C(2)-C(3) 1.55 (1) C(2)-C(i I) 1.55 (1) 
C(3)-C(4) 1.53 (l) C(3)-C(13) 1.52 (I) 
C(4)-C(5) 1.53 (1) C(5)-C(6) 1.40 (1) 
C(5)-C(10) 1-36 (1) C(6)-C(7) 1.41 (I) 
C(7)-C(8) 1.35 (1) C(8)-C(9) 1.40 (l) 
C(9)-C(10) 1.40 (1) 

C(1)-O(1)-C(4) 110.3 (7) C(1 I)-O(4)-C(12) 113.6 (8) 
C(13)-O(6)-C(14) 118 (1) C(7)-O(7)-C(15) 119.6 (7) 
C(8)-O(8)-C(16) 114.2 (7) C(9)-O(9)-C(17) 118.9 (7) 
O(1)-C(1)-O(2) 122.2 (8) O(I)-C(1)-C(2) 108.7 (8) 
O(2)-C(1)-C(2) 129. l (8) C(1)-C(2)-C(3) 101. l (7) 
C(1)-C(2)-C(I I) I13.9 (7) C(3)-C(2)-C(1 I) ll0.9 (8) 
C(2)-C(3)-C(4) 99.7 (7) C(2)-C(3)-C(13) 115.8 (8) 
C(4)-C(3)-C(13) I l l .6  (8) O(1)-C(4)-C(3) 102.4 (6) 
O(1)-C(4)-C(5) 108.7 (7) C(3)-C(4)-C(5) 112.7 (8) 
C(4)-C(5)-C(6) 115.8 (8) C(4)-C(5)-C(10) 121.2 (8) 
C(6)-C(5)-C(10) 122.9 (8) C(5)-C(6)-C(7) 116.5 (8) 
O(7)-C(7)-C(6) 121. I (9) O(7)-C(7)-C(8) 117.4 (8) 
C(6)-C(7)-C(8) 121.5 (8) O(8)-C(8)-C(7) 119.7 (8) 
O(8)-C(8)-C(9) 119.3 (8) C(7)-C(8)-C(9) 120.8 (8) 
O(9)-C(9)-C(8) 116.2 (7) O(9)-C(9)-C(10) 124.7 (8) 
C(8)-C(9)-C(10) 119.1 (8) C(5)-C(10)-C(9) 119.2 (8) 
O(3)-C(l 1)-O(4) 127.4 (9) O(3)-C(11)-C(2) 124.8 (8) 
O(4)-C(l l)-C(2) 107.5 (9) O(5)-C(13)-O(6) 124 (1) 
O(5)-C(13)-C(3) 123 (1) O(6)-C(13)-C(3) 113 (1) 

prepared by a procedure described elsewhere (Sur- 
jasasmita 1987; Peterson, Do & Surjasasmita, 1988). 
D m not determined. Crystal 0.20 x 0.25 x 0.60 mm. 

Enraf-Nonius CAD-4 diffractometer, graphite-mono- 
chromated Mo Kt~. Cell constants from setting angles 
of 25 reflections (0>  19°). Correction for Lorentz- 
polarization effect, no correction for absorption. 0max 
= 4 2 ° ;  h 0  to 5, k - 1 2  to 12, 1 - 1 2  to 12. Standard 
reflections measured every 3600 s of data collection 
time: 201, 070, 009. Variat ion= +2%. 1836 reflec- 
tions measured, 1482 independent observed reflections 
[Fo>_5a(Fo)]. Structure solved utilizing M U L T A N  
(Germain, Main & Woolfson, 1971) direct-methods 
program. Geometrically constrained H atoms were 
placed 0.95 A from the bonded C atom with a fixed 
isotropic thermal parameter B = 5.5 A 2 and allowed to 
ride on that atom. High thermal motion was noted for 
C(13), C(14), 0(5)  and 0(6)  although it was most 
pronounced for C(14). A disorder model could not be 
developed considering the rigidity of this group, and the 
effect is most probably thermal in nature. The methyl 
H atoms, except those for C(14), were located from a 
difference Fourier map and included with fixed con- 
tributions (B = 5.5 A2). An unfortunate consequence of 
the high thermal motion and the inability to locate all H 
atoms for the title compound comprising only light 
atoms, is a rather high R value of 0.091. Scattering 
factors and anomalous-dispersion corrections from 
International Tables for X-ray Crystallography (1974); 
structure refined with SHELX76 (Sheldrick, 1976). 
~ w( i Fo l _ IF c i)2 minimized, weights = unit, 235 
parameters varied. R = 0.091, wR = 0.100, S = 1.74. 
A/a in final least-squares refinement cycle < 0.01, 
Ap < 0.4 e A -3 in final difference map. 

Discussion. Fractional coordinates and Beq values are 
given in Table 1,* distances and angles in Table 2. A 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom coordinates, least-squares-planes results and torsion angles 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 51094 (9 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

05 03 

Fig. 1. Thermal-ellipsoid plot of the title compound showing the 
arbitrary atom-numbering scheme. 



1786 C17H2009 

trans stereorelationship between the 4-methoxy- 
carbonyl and 5-aryl groups has been confirmed as seen 
in the ORTEP drawing (Johnson, 1976), Fig. 1. 

The lactone ring exists in an envelope conformation 
with atoms O(1), C(1), C(2) and C(4) planar to within 
0.023 A and C(3) out of this plane by 0.65 A. The 
O(1) -C(1) -C(2)  bond angle is 108.7 (8) °, deviating 
somewhat from an unconstrained trigonal carbon 
center. The bond angles C(2) -C(3) -C(4)  and C(1) -  
C(2)-C(3)  are 99.7 (7) and 101.1 (7) °, respectively, 
and in turn reflect angle compression due to ring size 
from tha t  usually associated with aliphatic sp3-hy - 
bridized carbon. Bond distances are unaffected by ring 
geometry in this compound. The bond distance between 
C(2) and C(3) is 1.55 (1) A and that between C(3) and 
C(4) is 1.53 (1)A. The torsion angles H(1)[C(3)]-  
C(3)--C(4)-H(1)[C(4)] and H(1) [C(2) ] -C(2) -C(3) -  
H(1)[C(3)] o f - 1 5 4 . 4  and +151.0 °, respectively, 
support an all-trans disposition of substituents at these 
centers, and are consistent with the relatively large 
~H NMR vicinal coupling constants (observed 8.72 and 
10.62Hz, respectively) associated with the major 
stereoisomer formed by our reaction procedure. The 
similarly large vicinal hydrogen coupling constant 
observed for H(1)[C(4)] of the non-crystalline minor 
isomer is hence consistent with our initial structural 
assignment that these compounds are simply epimeric 
at the 3-position (Peterson et al., 1988). Finally, as 
anticipated, the aromatic ring atoms C (5) -C (1 O) define 
a plane to within 0.011/~. 
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Cancer Society, Illinois Division, Inc. (JRP, grant No. 
87-53), the Milheim Foundation for Cancer Research 
(JRP, grant No. 87-32), the Elsa U. Pardee Foundation 
(JRP), the Donors of the Petroleum Research Fund 
(JRP and RDR), administered by the American 
Chemical Society, and to the Northern Illinois Univer- 
sity Graduate School and Biomedical Research Support 
Group (JRP) for their generous support of this 
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Abstract. C25H24012 , M r = 5 1 6 . 5  , triclinic, P i ,  a =  
7.383 (5), b =  11.843 (7), c =  14.775 (9)A, a =  
104.95 (9), t =  100.30 (8), y =  103.09 (7) °, V =  
1176/~a, Z = 2 ,  D x=l .46gcm -3, 2(MoKa)= 
0.71073 A, /t = 0-74 cm -~, F(000) = 540, T =  293 K, 
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final R = 0.047 for 2733 observed [F o > 5tr(Fo)] reflec- 
tions. The observed structure reveals that the trans 
disposition of the substituents at positions 4 and 5 of 
the heterocycle is maintained in the reaction sequence, 
and that the major stereocomponent in the product 
mixture possesses a cis-3,4-bis(methoxycarbonyl) 
relationship. There is no crystallographically imposed 
symmetry. 
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