278 Cy6H25sNO4
ggA ggg;(z) g; gg.llgz g; 884628 g; 883(7) Lists 9f structure factors, anisotropic displacement parameters, H-atqm
c6 0.2893 (2) 0.5073 3) —0.0439 (5) 0.045 coordinates, complete geometry and stereo molecular and packing dia-
Cc7 0.3539 (2) 0.5283 (3) —0.1098 (5) 0.043 grams have been deposited with the British Library Document Supply
c8 0.3852 (2) 0.6152 (3) —0.0891 (4) 0.035 Centre as Supplementary Publication No. SUP 71586 (31 pp.). Copies
C84 0.3511(2) 0.6800 (2) 0.0015 (4) 0.030 may be obtained through The Technical Editor, International Union of
c9 0.3765 (2) 0.7799 (2) 0.0388 (4) 0.030 Crystallography, 5 Abbey Square, Chester CH1 2HU, England. [CIF ref-
C94 0.3155 (2) 0.8430 (2) —0.0113 (4) 0.035 erence: BR1047]
C10 0.2573 (2) 0.7377 3) 0.1693 (4) 0.034
C104 0.2865 (2) 0.6582 (2) 0.0719 (4) 0.031
ci 0.3774 (2) 0.7845 (2) 0.2163 (4) 0.031
c12 0.3159 (2) 0.7603 (2) 02841 (4) 0.032
ci13 0.4430 (2) 0.8039 (3) 0.3044 (4) 0.036 References. .
Cc14 0.4909 (3) 0.8921 (6) 0.5077 (7) 0.074 Chen, J., Garcia-Garibay, M. & Scheffer, J. R. (1989). Tetrahedron Lett.
C15 0.3098 (2) 0.7451 (3) 0.4543 (4) 0.038 30, 6125-6128.
C16 0.2318 (3) 0.7165 (5) 0.6616 (5) 0.058 Molecular Structure Corporation (1990). TEXSAN. Structure Analysis
C17 0.4468 (2) 0.7992 (3) —0.0386 (5) 0.037 Software. MSC, 3200 Research Forest Drive, The Woodlands, TX
c8 0.5339 (2) 0.9173 (3) —0.0420 (5) 0.039 77381, USA.
c19 0.5558 (2) 1.0122 (3) 0.0139 (5) 0.041 .
&0 0.5904 (3) 10055 (4) 0.1718(6) 0.060 Po}lcg;llulrll%P. R., Scheffer, J. R. & Trotter, J. (1993). Acta Cryst. B49,
c21 0.4580 (2) 1.0946 (3) —0.1027 (5) 0.047 .
c22 0.4005 (4) 1.1653 (5) —0.084 (1) 0.082
Table 2. Selected geometric parameters (A, °)

c1—C2 1379(6)  Cl11—CI2 1347(5)  Acta Cryst. (1994). C50, 278-281
C1—C94 1.389 (5) C11—C13 1.481 (5)
2—C3 1.384 (7) C12—C15 1.488 (5) .
c3—ce 1.383 g; c1s—clo 1502 (g; Structure of a Mixed Crystal of a- and 3-

—C44 . 19— 514 ( . .
C4A—Co4 1404(5)  C21—C22 14067  Pipitzol (1:1), C15sH,003.C15H2003
C4A—C10 1.507(5). CI9—N 1.448 (5)
Cc5—C6 1.391 (6) C21—N 1.337(5)
C5—C104 1.382 (5) C13—01 1.330(5)  STEPHEN V. Evans, VIViEN C. YEE,
Cc6—C7 1.381 (6) C13—02 1.208 (4) -GARIBAY AND JAME TTER
Cc7—C8 1.392 (5) C14—01 1.437 (6) MIGUEL GaRClA-G Y James Tro
C8—C84 13755 C15—03 1.326 (4 . . . -
C84—C9 1.545 (4; C15—04 1199 8 Department of Chemistry, University of British
C84—C104 1.400 (4) C16—03 1453(5)  Columbia, Vancouver, BC, Canada V6T 1Z1
C9—C94 1.529 (5) C17—05 1.452 (4)
c9—Cl1 1.532 (5) C18—05 1.347 (4) . .
CI9—C17 1513 (5 C18—06 1203 (5) (Received 6 May 1993; accepted 26 August 1993)
C10—C104 1.520 (5) C21—07 1219 (5)
C10—C12 1.521 (5)
C2—C1—C94 119.5 (4) C84—C104—C10 112933)  Abstract
C1—C2—C3 120.8 (4) C9—C11—CI12 114.4 (3) : )
C—C3—ca 120.4 (&) CO—Cl1—C13 1220 G3) The structure (?f a mixed crystal (1:1, space group P1)
C3—C4—C44 1195 (4) C12—C11—C13 12333 of a- and S-pipitzol {[3R-(3a,3a83,73,8ac)]- and [3R-
Cogu-gr  Jesh cleohooh ibT0 (e TaBad)l123,78 Sahershydro-S-hydroxy-
COA—C4A—C10 1133(3)  ClI—Cl2—C15 1223  3:6,8,8-tetramethyl-4H-3a,7-methanoazulene-4,9-dione}
C6—C5—C104 118.6 3) C11—C13—0l 1120(3)  is described. The two molecules are enantiomeric at three
C5—C6—C7 1202 (4) C11—C13—02 1232 (3) ;
b c7_cs 2136 OlCl3—0n 1247 Gy C centres, but have the same (R_) configuration at one C
C7—C8—C8A 1186 (3) C12—C15—03 1116 3) atom and are;mked into off3 pairs about pseudo centres
C8—C84—C9 126.8 (3) C12—C15—04 124.6 (4) of symme O—H- - -0 hydrogen bonds.
C8—C84—C104 1203 (3) 03—C15—04 123.6 3) try by ycrog
C9—C84—C104 1129 3) C9—C17—05 107.6 3)
C8A—C9—C94 104.8 (3) C19—C18—05 113.1 (3)
C84—C9—Cl1 104.6 (3) C19—C18—06 123730 Comment
gg‘;:gg:gg }(1)2'3 8; 8?;_%?;_0&0 ﬁgsl 8; Pipitzo} is isolated from the roots of Perezia michoacana
C94—C9—C17 115.5 3) C18—CI19—N 112.7 3) as a mixture of the « and 3 diastereoisomers. The ma-
Cl1—C9—Cl7 1503 C20—Cl9—N 188(4%)  terial is formed from the sesquiterpene quinone, pere-
C1—C94—C4A 1199 3) C22—C21—N 116.4 (5) . . . ,
C1—C94—C9 12733)  C22—C21—07 1220(5) ~ Zzone, which has a single chiral centre (Sanchez, Basurto
C4A—C94A—C9 112.7 (3) N—C21—07 1216(4) & Joseph-Nathan, 1984). Intramolecular addition of the
C44—C10—C104 105.4 (3) C19—N—C21 120.1 (4) R
Cad—Cl0—C12 1073 ) CI3—0l—C14 115.7 ¢4y side chan} doubl; bon_d of perezone onto the. two faces
C104—C10—C12 104.8 (3) C15—03—C16 1157 3) of the quinone gives rise to the plpltZOlS, while generat-
C5—C104—C84 1209 (3) C17—05—CI18 115.2 (3) ing three additional chiral centres. Thus c- and 3-pipitzol
C5—C104—C10 126.2 (3)

We thank the Natural Sciences and Engineering Re-
search Council of Canada for financial support.
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are enantiomeric at three centres, but have the same con-
figuration at C3. Crystal structures have been determined
for several derivatives, in particular a mixed crystal (1:1)
of the acetates of the a- and (B-isomers (see Soriano-
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Garcia, Walls, Toscano & Lopez-Celis, 1986, and refer-
ences therein). We describe here the structure of a mixed
crystal (1:1) of a- and 3-pipitzols.

The structure was solved initially in space group P1;
apparent partial occupancy of the C10 site indicated P1
as the correct space group. The unit cell contains one
molecule each of a- and S3-pipitzol, related by a pseudo
centre of symmetry; the molecules (Fig. 1) are enan-
tiomeric at atoms C3a, C7 and C8a, but have the same
configuration (R) at C3. Refinement proceeded smoothly
by full-matrix least-squares methods, but with correla-
tion coefficients as high as 0.89. The general molecu-
lar geometry and dimensions (Table 2) are quite simi-
lar to those of the acetates (Soriano-Garcia et al., 1986).
The five-membered rings containing the C3-methyl sub-
stituent have approximate half-chair conformations, but
with C1’ and C2’ displaced most from the ring plane in
a-pipitzol, and C2 and C3 in S-pipitzol. These conforma-
tions are such as to reduce possible intramolecular steric
repulsions between the C3-methyl substituents (C10) and
the neighbouring O atoms at C4 (O1’) in a-pipitzol, and
at C9 (03) in G-pipitzol.

The molecules are linked into /3 pairs about pseudo
centres of symmetry by O—H---O hydrogen bonds:
02—HO02---01'(x+1,y+1,z— 1), 0---0 = 2.850 (6),
O—H=091,H---0=2.10A,0—H- - -0 = 140°, 02'—
HO2'-..01(x+1,y+1,z—1),0---0=2.776(6),0—H =
0.94, H---O = 1.92A, O—H---O = 150°. The non-
linearity of the bonds may be due to minor bifurca-
tion involving weak intramolecular hydrogen bonding:
HO2---01=2.49 A,02—HO02. - -01 = 96°, HO2'- - -Ol'
=226 A, 02'—HO2'-..01" = 107°.

Experimental

Crystal data

Ci5H2003.C15H2003 Cu Ko radiation

M, = 248.32 (per molecule) A=15418 A

Triclinic Cell parameters from 25
Pl reflections
a=96729 (3) A 6 = 40-49°

b =10.5434 (3) A p =0.64 mm~'
c=173228(2) A T=294K

a = 99.850 (3)° Block

B = 109.361 (2)° 0.25 x 0.19 x 0.18 mm
v =98.229 (3)° Colourless

279

(a)

(b)

Fig. 1. Views of the molecules of (a) a-pipitzol and (b) B-pipitzol with
thermal ellipsoids at 50% probability. The third H atom on C10’ is
behind the C atom, i.e. trans to the H atom on C3’.

V=67197 (4) A’
Z=1(1aandl )

D, = 1216 Mg m~?

Dm =121 Mgm™3

D, measured by flotation

Crystal source: crystalliza-
tion from ethanol



280 C15H2003.C15H903

Das ol G e e o
Enraf-Nonius CAD-4F Ormax = 75° ci3 0.5453(10)  0.8489 (8) 0.4084(13)  0.070
diffractometer h=-12 - 12 o1 0.9846 (7) 0.9098 (7) 0.1686 (10) 0.064
Absorption correction: oy 03 0TII®  0s:6()  oomsan 00
none 1 =-9-9 - - . :
2792 measured reflections 3 standard reflections ) .
2792 independent reflections monitored every 150 Table 2. Selected geometric parameters (A, °)
2327 observed reflections reflections a-Pipitzol (-Pipitzol
I > 3a(D)] intensity variation: 1% C1—C2 1514 (7) 1.509 (8)
C1—Cs8a 1.535 (6) 1.545 g)
c2—C3 1.538 (7) 1.512(7)
Refinement C3—C3a 1560 (5) 1510 (6)
Refinement on F Extinction correction: Becker €3—Clo L515(7) 1.540(8)
R =0.044 & C (1974) C3a—C4 1.509 (5) 1.518 (6)
e © oppens {17 C3a—Csa 1.572 (6) 1.581 (7)
wR = 0.054 Extinction coefficient: C3a—C9 1.524 (5) 1.557 (5)
§=23 0.38x 10* C4—C5 1.474 (5) 1.469 (6)
2327 reflections Atomic scattering factors C4—01 igi?) (‘5‘) igig (g)
323 + 148 H parameters from International Tables Eg:g‘; 1375 25; 1.354 25;
w = 1/a*(F) Jor X-ray Crystallography C6—C7 1.510(6) 1.513 (6)
(A/0)max = 0.1 (1974, Vol. 1V) C6—Cl1 1.493 (6) 1.501 (6)
_ 23 Cc7—C8 1.548 (7) 1.579 (7)
Dpma - 0.15 ¢ A7 -3 C71—C9 1.511 (5) 1.491 (6)
Apmin = —030 € A C8—C8a 1.576 (5) 1.557 (6)
All H-atom parameters refined, except on C10’, where H atoms C8—C12 1.530 (7) 1.528 (7)
C8—Cl13 1.527 (6) 1.521(7)

were placed in calculated positions, since refinement produced

unacceptable geometry. Data collection: CAD-4 (Enraf-Nonius, Cz 23 :;396 (i) lj:; (j)
1977). Cell refinement: CAD-4. Data reduction: local programs. glzcé:ga 104'3 53; 104'0 g 4;
Program(s) used to solve structure: MULTANSO (Main et al., C2—C3—C3a 1029 3) 101.9 (4)
1980). Program(s) used to refine structure: ORFLS (Busing, C2—C3—C10 114.6 (4) 116.7 (5)
Martin & Levy, 1962). Molecular graphics: ORTEPII (Johnson, Cla—C3—C10 1194(4) 11606)
1976). C3—C3a—C4 118.8 (3) 116.5 (4)
C3—C3a—C8a 106.6 (3) 106.9 (4)
C3—C3a—C9 114.1 (3) 1200 3)
Table 1. Fractional atomic coordinates and equivalent C4—C3a—Cha 1069(3) 108.4 (3)
. L s s C4—C3a—C9 107.7 (3) 104.0 (3)
isotropic dzsplacement parameters (A°) C8a—C3a—C9 101.0 (3) 99.4 (3)
C3a—C4—C5 1150 3) 1179 3)
Ueq = (1/3)X:1;Ujar a} a;.a;. C3a—C4—01 1249 (3) 121.0 (4)
C5—C4—01 120.1 3) 121.2 (4)
. x y z Ueq C4—C5—C6 1227 (4) 121.0 (4)
a-Pipitzol C4—C5—02 1160 (3) 117.6 (3)
c1 0.0532 (6) 0.2463 (6) 0.3987 (7) 0.066 C6—C5—02 1214 (3) 1213 (4)
2’ —0.0926 (8) 0.2474 (7) 0.4331 (11) 0.065 C5—C6—C7 1196 (3) 1195 (4)
c3 —0.0435 (8) 0.3138 (7) 0.6552 (1) 0.052 C5—C6—Cl11 122.5 (4) 1226 (4)
C3a’ 0.0991 (7) 0.2604 (7) 0.7524 (10) 0.036 C7—C6—Cl1 117.9 4) 117.9 (4)
c4’ 0.0873 (7) 0.1548 (7) 0.8652 (10) 0.037 C6—C7—C8 113.7 (3) 114.8 (3)
cs’ 0.2319 (8) 0.1312(7) 0.9883 (11) 0.041 C6—C7—C9 1063 (3) 107.4 (3)
ce’ 0.3642 (7) 0.1999 (7) 1.0024 (11) 0.043 C8—C7—C9 1011 (3) 10028 (3)
c7 0.3678 (8) 0.3038 (7) 0.8844 (12) 0.043 C7—C8—C8a 1033 (3) 102.0 (3)
cs’ 0.3263 (8) 0.2465 (7) 0.6592 (11) 0.046 C1—C8—Cl2 1073 (4) 106.6 (4)
Csa’ 0.1501 (7) 0.2019 (7) 0.5790 (11) 0.042 C7—C8—C13 1131 (4) 1131 (4)
cy’ 0.2371 (7) 0.3675 (7) 0.8824 (11) 0.044 C8a—C8—CI2 113.1 (4) 1139 (4)
c1o’ —0.1681 (8) 0.3027 (8) 0.7375 (13) 0.086 C8a—C8—C13 1110 (4) 1111 @)
ci’ 0.5105 (8) 0.1789 (8) 1.1328 (12) 0.061 Cl2—C8—C13 1085 (4) 110.0 (5)
c12’ 0.3810(9) 0.3564 (8) 0.5713 (13) 0.069 C1—C8a—C3a 1042 3) 102.4 (4)
c13’ 0.3979 (8) 0.1304 (8) 0.6165 (12) 0.062 C1—C8a—C38 1202 (4) 1192 (4)
o1’ —0.0295 (7) 0.0879 (7) 0.8543 (10) 0.055 C3a—C8a—C8 106.6 (3) 108.5 (3)
02 0.2237 (7) 0.0316 (7) 1.0860 (10) 0.059 C3a—C9—C7 104.3 (3) 104.7 (3)
03’ 0.2401 (7) 0.4785 (6) 0.9571 (11) 0.071 C3a—C9—03 1273 3) 126.5 (4)
B-Pipitzol C7—C9—03 1283 (4) 128.6 (4)
Cl1 0.9019 0.7575 0.6360 0.067 C8a—C1—C2—C3 442 (5) 34.6 (5)
CcC2 0.9869 (8) 0.6639 (7) 0.5632 (11) 0.070 C1—C2—C3—C3a —37.2(4) —427(5)
c3 1.0146 (8) 0.7144 (7) 0.3945 (12) 0.060 C2—C3—C3a—C3a 163 (4) 35.1(4)
C3a 0.8651 (8) 0.7452 (7) 0.2874 (11) 0.047 C3—C3a—C8a—Cl 9.9(4) —14.3(4)
C4 0.8664 (8) 0.8459 (7) 0.1622 (11) 0.046 C3a—C8a—C1—C2 —327(5) —123(5)
cs 0.7213 (8) 0.8651 (7) 0.0351 (11) 0.046
o 0.5913 (7 0.7907 (7 0.0217 (11 0.045 . ) ..
c7 0.5947 (8; 0.6867 27; 0.1412 E 1 1; 0.046 We thank Dr Esther Garcia, Instituto de Investigaciones
c8 8-6287 ® 0-;416 @ 03697 (11)  0.049 Quimico-Biologicas, Universidad Michoacana, Mexico,
gga 0:32;; g; gisgﬁ g; 8;‘;;1)8 8 3 g:g:g for crystals and the Natural Sciences and Engineering Re-

Cl10 1.0767 (9) 0.6258 (9) 02648 (14)  0.092 search Council of Canada for financial support.
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Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and torsion angles, together with stereo molecular and pack-
ing diagrams have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 71600 (21 pp.).
Copies may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CHI 2HU, Eng-
land. [CIF reference: CD1061]

E = CO.Me
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isomers.

has now been determined by X-ray methods. The general
geometry and dimensions of molecule (2) are similar to
those of related materials (Pokkuluri, Scheffer & Trotter,
1993, 1994).
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Structure of a Cyclopropapentalene
Photolysis Product of a Dibenzobarrelene
Ester Lactone

PuANI RaJ POKKULURI AND JAMES TROTTER

Department of Chemistry, University of British
Columbia, Vancouver, BC, Canada V6T 1Z1

(Received 3 June 1993; accepted 19 August 1993)

Abstract

Photolysis of the dibenzobarrelene ester lactone,
C,1H604 (1), can produce several products, the struc-
ture of one of which, 8b-methyl 4b-(1-hydroxyethyl)-
4b,8b,8¢,8d-tetrahydrodibenzo[a.flcyclopropa[cd]penta-
lene-8b,8c-dicarboxylate carbolactone (2), has been de-
termined by X-ray methods. The molecule of (2) contains
a three-membered ring and has geometry and dimensions
similar to those of related materials.

Comment

Photolysis of (1) can give four photoproducts, three of
which have been isolated (Chen, Pokkuluri, Scheffer &
Trotter, 1992). The structure of one of the products, (2), Fig. 1. View of the molecule with 50% probability ellipsoids.
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