
T. BANERJEE AND N. N. SAHA 1411 

The authors thank their colleagues S. Chaudhuri and 
D. Chatterjee for their active cooperation and useful 
discussions. 

References 

ACHARI, A. & NEIDLE, S. (1977). Acta Cryst. B33, 3269-3270. 
BADGER, G. M. & MORITZ, A. G. (1958). J. Chem. Soc. pp. 

3437-3442. 
BAMBURY, R. E. (1979). Burger's Medicinal Chemistry, Part II, 

edited by M. E. WOLFF, pp. 41--81. New York: John Wiley. 
BANERJEE, T., BASAK, A. K., MAZUMDAR, S. K. & CHAUDHURI, S. 

(1984). Acta Cryst. C40, 507-509. 
BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1962). ORFLS. 

Report ORNL-TM-306. Oak Ridge National Laboratory, 
Tennessee. 

CAMERMAN, A. F. & TAYLOR, D. W. (1968). Can. J. Chem. 46, 
471-477. 

CASTELLANO, E. & PROUT, C. K. (1971). J. Chem. Soc. A, pp. 
550-553. 

CECCARELLI, C., JEFFREY, G. A. & TAYLOR, R. (1981). d. Mol. 
Struct. 70, 255-271. 

CHAUDHURt, S. (1986). To be published. 
COURSEILLE, C., LEROY, F., HOSPITAL, M. & BARaET, J. (1977). 

Acta Cryst. B33, 1565-1569. 
CROMER, D. T. & WABER, J. T. (1965). Acta Cryst. 18, 104-109. 
DEWAR, M. J. S. & GLEICHER, G. J. (1966). J. Chem. Phys. 44, 

759-773. 
DOMENICANO, A., VACIAGO, A. & COULSON, C. A. (1975). Acta 

Cryst. B31, 1630-1641. 
HALL, D., RAE, A. D. & WATERS, T. N. (1967). Acta Cryst. 22, 

258-268. 
HAMILTON, W. C. (1959). Acta Cryst. 12, 609-610. 

HUGHES, D. L. & TRUTER, M. R. (1979). J. Chem. Soc. Dalton 
Trans. pp. 520-527. 

International Tables Jbr X-ray Crystallography (1974). Vol. IV. 
Birmingham: Kynoch Press. (Present distributor D. Reidel, 
Dordrecht.) 

JEFFREY, G. A. & MALUSZYNSKA~ H. (1982). Int. J. Quantum 
Chem. Syrup. No. 8, pp. 231-239. 

KASHINO, S. & HAISA, M. (1973). Bull. Chem. Soc. Jpn, 46, 
1094-1098. 

MAIN, P., HULL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ, J.- 
P. & WOOLFSON, M. M. (1978). MULTAN78. A System of 
Computer Programs for the Automatic Solution of Crystal 
Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

MARTELL, A. E. & CALVIN, M. (1959). Chemistry of the Metal 
Chelate Compounds, ch. 10, Englewood Cliffs: Prentice Hall. 

MERRIT, L. & DUFFIN, B. (1970). Acta Cryst. B26, 734-744. 
PALENIK, G. J. (1964). Acta Cryst. 17, 687-695, 696-700. 
POLYAKOVA, I. N.,, STARIKO~CA, Z. A., TRUNOV, V. K., 

PARUSNIKOV, B. V. & KRASAVIN, I. A. (1980). Soy. Phys. 
Crystallogr. 25, 286-288, 289-291. 

POPLE, J. A. & BEVERIDGE, D. L. (1970). Approximate Molecular 
Orbital Theory. New York: McGraw Hill. 

PROUT, C. K. & WHEELER, A. G. (1967). J. Chem. Soc. A, 
pp. 469-475. 

RASTON, C. L., SKELTON, B. W. & WHITE, A. H. (1978). Aust. d. 
Chem. 31, 537-545. 

ROYCHOWDHURY, P., DAS, B. N. & BASAK, B. S. (1978). Acta 
Cryst. B34, 1047-1048. 

STANKOVIC, S., RIBAR, B., JAN1C, I., LAZAR, D., ANDREETI'I, G. D. 
& SGARABOTTO, P. (1976). Cryst. Struct. Commun. 5, 645-649. 

STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). d. 
Chem. Phys. 42, 3175-3187. 

Acta Cryst. (1986). C42, 1411-1413 

2-Bromo-4'-phenylacetophenone* 

BY GEORGE A. SIM 

Chemistry Department, University of Glasgow, Glasgow G12 8QQ, Scotland 

(Received 6 April 1986; accepted 29 April 1986) 

Abstract. C~4HllBrO, M r =  275.15, orthorhombic, 
Pcab (a-6b orientation of Pbca), a = 7 . 7 9 4 ( 1 ) ,  b 
=10.961(2) ,  c = 2 7 . 1 0 6 ( 3 ) A ,  V = 2 3 1 6 ( 1 ) A  3, Z 
=8, D x=l .58Mgm -3, CuKa ,  2=1 .5418A, ,  # =  
5.1 mm -t, F(000) = 1104, T = 293 K, R = 0.050 for 
1600 reflections. The bromoacetyl group is tilted at 
5.4 (1) ° to the adjacent phenyl group and the two 
phenyl groups of the biphenyl are inclined at an angle of 
33.9 (1) °. Bond lengths and angles fall within normal 
ranges. 

Introduction. Although biphenyl is non-planar in the 
gas phase (Bastiansen & Tr~etteberg, 1962; Schmid & 

* 4-Phenylphenacyl bromide; 4-bromoacetylbiphenyl. 
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Brosa, 1972), the phenyl rings are coplanar in the 
crystal (Trotter, 1961; Hargreaves & Rizvi, 1962; 
Charbonneau & Delugeard, 1976). In 4-nitrobiphenyl 
(Casalone, Gavezzotti & Simonetta, 1973) and 4,4'- 
dinitrobiphenyl (Boonstra, 1963) the phenyl rings are 
inclined at 33 ° and in 4,4'-bitolyl the angle of twist 
between the aromatic rings is c a  38 ° (Casalone, 
Mariani, Mugnoli & Simonetta, 1969). A halogen 
substitutent at C(3) can be accommodated with little 
effect on the twist angle, which is 39 ° in 4-acetyl- 
3'-bromobiphenyl (Sutherland & Hoy, 1969). A 
halogen substituent at C(2) introduces greater steric 
interactions and several biphenyl derivatives of this type 
have interplanar angles of c a  48 ° (Young, Tollin & 
Sutherland, 1968; Sutherland & Hoy, 1968; Suther- 
land, 1969). 

© 1986 International Union of Crystallography 
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An X-ray study of the title compound, 4-C6H 5- 
C6H4COCH2Br, was undertaken to determine the 
interplanar angle in this biphenyl. 

gr Experimental. Colourless crystal, dimensions 0.35 x c(1) 
0.15 × 0.15 mm. Enraf-Nonius CAD-4 diffrac- c(2) 
tometer, graphite monochromator, CuKct radiation, c(3) 

C(4) 
Cell dimensions from setting angles of 25 independent c(5) 
reflections with 0 20-24 °. 2300 intensities surveyed in c(6) 
the range 0 2-65°; h0-9 ,  k0-12,  10-31; 1600 c(7) c(8) 
independent reflections with I > 2.59(I). Two reference c(9) 
reflections monitored periodically showed no significant c(10) 

C(ll)  variation in intensity. No absorption correction. Struc- C(12) 
turc determined by Patterson and Fourier methods. H c(13) 
atoms located in a difference Fourier synthesis. Least- c(14) 
squares calculations on F with anisotropic thermal O(l) 
parameters for C, N and O atoms and isotropic for H 
atoms. Convergence at R 0-050, wR 0-074, S 3-45, 
A/cr < 0.22 for C, N and O atoms and < 0.41 for H, 
w = 1/cr2(IFol). Final Ap max. 0.37, min. -0 .88  e ,4, -3 
in vicinity of Br. Scattering factors from International 
Tables for X-ray Crystallography (1974). All cal- 
culations on a SEL 32/27 computer with the GX 
system of programs (Mallinson & Muir, 1985). 

Discussion. Atomic coordinates are listed in Table 1 
and molecular dimensions in Table 2.* Fig. 1, drawn 
with ORTEP (Johnson, 1965), illustrates the molecular 
geometry. 

The bromoacetyl group is closely coplanar and 
inclined at only 5.4 (1) ° to the plane of the adjacent 
phenyl ring. The dihedral angle between the phenyl 
rings is 33.9 (1) °, in good agreement with values 
obtained for other 4-substituted biphenyls. Because of 
the rotation around the C(4)-C(7) bond the H(5)... 
H(8) and H(3)...H(12) separations are greater than 
2A. 

The length of the bond connecting the phenyl rings, 
1.475 (6)/~, is close to that of the phenyl-acyl bond, 
1.481 (7)A. Both values are close to the standard 
value, 1.48/~, for a Cs.2-Csp2 single bond. 

The C-Br  bond m 4-phenylphenacyl bromide is 
labile and the compound can be used for the prepara- 
tion of derivatives of carboxylic acids: 

RCO2H + C6HsC6H4COCH2Br --, RCO2CH2COC6H4C6H 5 + HBr. 

The C-Br  bond length, however, is normal, 
1.915 (6)A. 

* Lists of coordinates and bond lengths involving H atoms, 
structure factors, anisotropic thermal parameters and torsion angles 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 43031 (17 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (1~ 2) 

Ueq----- (UIIU22U33) 1/3. 

x y z Ueq 
0.17492 (9) 0.19864 (6) 0.09484 (2) 0.070 
0.3790 (6) 0.2287 (4) --0.0505 (2) 0.039 
0.4268 (7) 0.3228 (4) --0.0824 (2) 0.044 
0.4869 (7) 0.2990 (4) --0.1285 (2) 0.042 
0.5047 (5) 0.1794 (4) --0.1460 (2) 0.034 
0.4576 (6) 0.0863 (4) -0.1139 (2) 0.040 
0.3964 (6) 0.1085 (4) --0.0672 (2) 0.040 
0.5615 (5) 0.1535 (4) --0.1969 (2) 0.033 
0.6553 (5) 0.0487 (4) --0.2083 (2) 0.041 
0.7000 (7) 0.0219 (5) --0.2563 (2) 0.049 
0.6559 (7) 0.1005 (5) --0.2937 (2) 0.049 
0.5650 (7) 0.2048 (5) --0.2834 (2) 0.047 
0.5190 (6) 0.2314 (4) -0.2356 (2) 0.039 
0.3088 (6) 0.2596 (4) --0.0013 (2) 0.043 
0.2721 (9) 0.1535 (5) 0.0326 (2) 0-055 
0.2814 (7) 0.3625 (3) 0.0111 (1) 0.075 

Table 2. Interatomic distances (•) and angles (o) 

Br-C(14) 1.915 (6) 
C(1)-C(6) 1.400 (7) 
C(2)-C(3) 1.359 (8) 
C(4)-C(5) 1.392 (7) 
C(5)-C(6) 1.374 (7) 
C(7)-C(12) 1.392 (7) 
C(9)-C(10) 1.375 (8) 
C(I 1)-C(12) 1.377 (8) 
C(I 3)-O(1) 1.196 (7) 

C(2)-C(1)-C(6) 117.9 (5) 
C(6)-C(1)-C(13) 122.9 (5) 
C(2)-C(3)-C(4) 121.7 (5) 
C(3)-C(4)-C(7) 121.8 (4) 
C(4)-C(5)-C(6) 122.5 (5) 
C(4)-C(7)-C(8) 121.5 (4) 
C(8)-C(7)-C(12) 117.5 (5) 
C(8)-C(9)-C(10) 120.0 (5) 
C(10)-C(II)-C(12) 120.2 (5) 
C(l)-C(13)-C(14) 116.3 (5) 
C(14)-C(13)-O(l) 121.5 (5) 

C(1)-C(2) 1.396 (7) 
C(1)-C(13) 1.481 (7) 
C(3)-C(4) 1.402 (7) 
C(4)-C(7) 1.475 (6) 
C(7)-C(8) 1.397 (7) 
C(8)-C(9) 1.377 (8) 
C(10)-C(I l) 1-373 (8) 
C(13)-C(14) 1.509 (8) 

C(2)-C(1)-C(13) 119.2 (5) 
C(1)--C(2)--C(3) 121.3 (5) 
C(3)-C(4)-C(5) 116.6 (5) 
C(5)--C(4)-C(7) 121.5 (4) 
C(1)-C(6)-C(5) 119.9 (5) 
C(4)-C(7)-C(12) 121.0 (4) 
C(7)-C(8)-C(9) 121.1 (5) 
C(9)-C(10)-C(I 1) 120.0 (6) 
C(7)-C(12)-C(11) 121.2 (5) 
C(l)-C(13)-O(l)  122.2 (5) 
Br-C(14)--C(13) 114-4 (4) 

0 

Fig. 1. Molecular structure and atomic numbering: the thermal 
ellipsoids of the C, O and Br atoms are drawn at the 50% 
probability level and H atoms are represented by spheres of 
radius 0. I ,/~,. 
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X-ray Structure of 8¢x-Aeetoxy- 1,3,4,10-tetrahydro- I a,l 0¢x-epoxyaehillin 
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Abstract. (5aI-I,6/~-I, 11 aH)-8a-Acetoxy- 1,5-dihydro-2- 
oxo-lct,10ct-epoxyguaian-6,12-olide, C~7H2206, M r =  
322.3, orthorhombic P2~212~, a =  14.964(6), b =  
17.057(4), c = 6 . 2 1 8 ( 4 ) A ,  V = 1 5 8 7 ( 1 ) A  3, Z = 4 ,  
D ,n= l .349 (5 ) ,  D x = l . 3 4 9 M g m  -3, 2 ( M o K a ) =  
0.7107 A, # = 0.09 mm -l, F(000) = 688, room tem- 
perature, final wR- -0 .068  for 1899 observed reflex- 
ions. The conformations displayed by the cyclo- 
pentanone, y-lactone and cycloheptane rings are near to 
a twist, an envelope and a chair form, respectively. The 
cyclopentanone-cycloheptane and y-lactone-eyclo- 
heptane ring fusions are cis and trans, respectively. 
Packing in the crystal is due to weak C - H . . . O  
hydrogen-bond interactions giving chains of molecules 
parallel to [010] and [001]. 

Introduction. The title compound (I) (m.p. 469-471 K, 
M ÷ m/z 322) was prepared, along with its stereoisomer 
at C(1) and C(10) (II), from 8a-hydroxyachillin (III), a 
natural product isolated from A rtemisia lanata Willd 
(Gonz~ilez, Bermejo, de la Rosa & Massanet, 1976). 

(I) (II) (III) 

The detailed 1H NMR analysis and the criteria based 
on the H(6) paramagnetic shift (Bates, Proch/lzka & 
Cekan, 1963; Ando, Akahane & Takase, 1978), usually 

0108-2701/86/101413-03501.50 

employed to establish the sterecchemistry of the 
1,10-epoxyguaianolides (Bhacca & Williams, 1964), 
seem to fail in this case (Massanet, 1986). An X-ray 
diffraction analysis was suggested to establish definitely 
the conformational details of (I). 

Experimental. Single crystals in the form of colourless 
needles elongated along [001], prepared in the Organic 
Chemistry Department of the University of C/~diz. Dm 
by flotation. Crystal 0.12 × 0-10 × 0.16 mm. Unit-cell 
parameters from 25 reflexions, 5 < 0 < 15 °. Enraf- 
Nonius CAD-4 diffractometer, graphite mono- 
chromator, 2 < 0 < 3 0  ° ( 0 < h < 2 1 ,  0 < k < 2 4 ,  
0 < l < 8), ~ - 2 0  scan mode. Two standard reflexions 
(F;10, 4i0), variation in intensity < 3% of mean value. 
2638 independent reflexions measured, 739 considered 
unobserved [I<2cr(/)].  Lorentz and polarization 
correction, no correction for absorption or extinction. 
Structure solved by direct methods using MULTAN80  
(Main, Fiske, Hull, Lessinger, Germain, Declercq & 
Woolfson, 1980). The chirality was assumed on the 
basis of chemical information. Full-matrix least-squares 
refinement; Yw(  IF o I - IF c I )2 minimized with weight- 
ing scheme based on statistical-count criterion (w 
= 1~or2). Difference Fourier synthesis revealed the 22 
H-atom positions; isotropic temperature factor B = 
4.0 A 2 for H atoms; further least-squares refinement 
including positional parameters of H atoms. At final 
convergence A/cr < 0.4, R = 0.081, wR = 0.068, S 
= 2.7 for 274 refined variables; number of reflexions/ 
number of parameters = 7.87. Final accuracy of the 
refinement is limited by the poor quality of the crystals. 
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