
JUDITH L. FLIPPEN-ANDERSON et al. 2153 

Discussion. Table 1 lists the coordinates and Ueq values 
for the non-H atoms of (3).* Fig. 1 shows the results of 
the X-ray analysis and the numbering scheme. There is 
a cis junction between the two six-membered rings 
( H 8 a - C 8 a - C 4 a - H 4 a  = 0.5°). The bridged six- 
membered ring is in a normal boat conformation 
(average absolute value of the four non-planar torsions 
is 65.2 °) while the hydroxylated six-membered ring has 
a much flatter boat conformation (average absolute 
value for non-planar torsions is 44.4°). This may be 
due, in part, to the presence of an intramolecular 
hydrogen bond with 0 2  as the donor and O1 as the 
acceptor (O. . -O 2.82, H . . .O  1.89/~, O - H . . . O  
154.9°). Strain in the molecule is evidenced by the 
smaller than normal internal ring angles (see Table 2) in 
the bridged ring system. This is especially true for all 
the angles in the five-membered ring involving C(9). 
Packing in this crystal is influenced by the presence of 
an intermolecular hydrogen bond with O 1 as the donor 
and 0 2  as the acceptor (O. . .O 2.80, H . . .O  1.96.&, 
O - H . . . O  171.8°). 
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Fig. 1. Results of the X-ray study on (3). 
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Abstract. CIsHlsF2N6OTS2.CH2C12, M r = 581.39, 
monoclinic, P21, a = 11.435 (3), b = 11.275 (2), c 
= 1 0 . 1 7 8 ( 2 ) A ,  f l = 1 1 3 . 5 2 ( 1 )  ° , V = 1 2 0 3 . 2 ( 5 ) A  3, 
Z = 2, D x = 1.605 Mg m -3, 2(Mo K~t) = 0.7107 A, 
p(Mo Kct)= 0.51 mm -~, F ( 0 0 0 ) =  596, T -  295 K, R 
= 0.028 for 2580 reflections. The N - C  and C=O 
bonds in the fl-lactam amide group are 1.392 (3) and 
1.192 (3),/k, respectively. The N atom is displaced by 

0.290 (2)/~, from the plane of the three attached C 
atoms. 

Introduction. 1-Oxacephems possessing the 1-oxa-1- 
dethia-3-cephem skeleton are antibiotics which com- 
pare favorably with penicillins and cephalosporins. 
Especially of interest are their 7mmethoxy derivatives 
which are stable to fl-lactamases. One of them, 
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latamoxef, is now in clinical use. The structure 
determination of the title compound, flomoxef, which 
exhibits more potent antibacterial activity than 
latamoxef, was undertaken as part of an investigation 
on the structure-activity relationship for the anti- 
biotics. 

Experimental. Platy colorless crystals obtained as a 
solvate of dichloromethane from acetone-dichloro- 
methane solution. Crystal of dimensions 0.4 x 0.4 x 
0.5 mm, Rigaku AFC-5UD diffractometer, graphite- 
monochromatized Mo Kct radiation, o9--20 scan mode. 

Table 1. Atomic coordinates (x 104) and equivalent 
isotropic temperature factors (A 2 x 102) with e.s.d.'s in 

parentheses 

B e q = 4 ~  - ~-f l  a a ~ i ' - . . j  i j  l" ~i" 

x y z Beq 
O(1) 7570 (1) 8098 6930 (1) 250 (4) 
C(2) 8909 (2) 7911 (2) 7366 (2) 246 (5) 
C(3) 9720 (2) 8481 (2) 8789 (2) 225 (5) 
C(4) 9195 (2) 8772 (2) 9710 (2) 229 (5) 
N(5) 7903 (11 8488 (2) 9326 (2) 238 (4) 
C(61 7217 (2) 7767 (2) 8040 (2) 221 (5) 
C(71 5959 (2) 8360 (2) 7965 (2) 237 (5) 
C(8) 6856 (2) 9185 (2) 9189 (2) 256 (5) 
0(9) 6724 (2) 10071 (2) 9754 (2) 394 (5) 
C(10) 9924 (2) 9297 (2) 11165 (2) 262 (5) 
O(111 10919 (2) 9812 (2) 11479 (2) 379 (5) 
O(12) 9345 (2) 9111 (2) 12038 (2) 376 (5) 
C(13) 11104 (2) 8599 (2) 9071 (2) 275 (5) 
S(141 11628 (11 10095 (1) 8890 (1) 335 (2) 
C(151 11324 (2) 10158 (2) 7075 (2) 261 (5) 
N(16) 10690 (2) 9401 (2) 6043 (2) 322 (5) 
N(I 7) 10720 (2) 9886 (2) 4837 (2) 370 (6) 
N(181 11332 (2) 10874 (2) 5093 (2) 353 (6) 
N(19) 11728 (2) 11066 (2) 6510 (2) 285 (5) 
C(20) 12519 (3) 12093 (2) 7207 (3) 359 (7) 
C(211 13906 (2) 11771 (2) 7864 (3) 342 (7) 
0(22) 14342 (2) 11349 (2) 6827 (2) 366 (5) 
N123) 5228 (2) 9031 (2) 6700 (2) 260 (41 
C(241 4702 (2) 8525 (2) 5389 (2) 264 (5) 
0(25) 4865 (2) 7482 (2) 5171 (2) 312 (4) 
C(261 3850 (2) 9362 (3) 4219 (2) 329 (6) 
S(271 4006 (11 9184 (11 2542 (1) 369 (2) 
C(281 5450 (3) 9981 (2) 2970 (3) 390 (8) 
F(29) 6446 (1) 9398 (2) 4021 (2) 510 (6) 
F(301 5722 (3) 9986 (2) 1807 (3) 704 (9) 
0(3 I) 5254 (11 7528 (2) 8371 (2) 304 (4) 
C(32) 4172 (2) 7995 (3) 8558 (3) 417 (8) 
C1(331 1588 (1) 6939 (1) 4681 (I) 676 (3) 
C1(341 1561 (!) 6626 (1) 1848 (I) 810 (5) 
C(351 2128 (3) 6104 (3) 3588 (4) 540 (11) 
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Fig.  1. Perspective view o f  the molecule with the atom-numbering 
system. 

Cell dimensions calculated from 20 angles for 25 
reflections (20 < 20 < 24°). Intensities measured up to 
20 = 54 ° in h 0/14, in k - 1 4 / 0  and in 1 -12 /11 .  Three 
standard reflections monitored every 100 measurements 
(+ 1% variation). 2764 unique reflections measured, 83 
reflections with I Fol <_ a(F o) unobserved, no absorp- 
tion corrections. Structure solved by MULTAN78 
(Main, Hull, Lessinger, Germain, Declercq & 
Woolfson, 1978). H atoms located on difference density 
map. Positional parameters of all atoms and aniso- 
tropic thermal parameters of non-H atoms refined by 
block-diagonal least squares. Temperature factor of 
each H atom equal to Beq of the bonded atom. Yw IAFI 2 
minimized, w = [o'2(Fo) + 0.00075 IFol  2] - l  for 

Table 2. Bond lengths (A) and angles (o), with e.s.d.'s 
in parentheses 

O(I)-C(2) 1.430 (3) 
O(11-C(6) 1.394 (3) 
C(21-C(3) 1-516 (3) 
C(3)-C(41 1.340 (3) 
C(3)--C(13) 1.497 (3) 
C(41--N(5) 1.406 (3) 
C(41-C(10) 1.501 (3) 
N(51--C(6) 1-473 (3) 
N(5)-C(8) 1.392 (3) 
C(6)-C(71 1.560 (3) 
C17)-C(8) 1.565 (3) 
C(71---N(23) 1.439 (3) 
C(71-O(31) 1.402 (3) 
C(81-O(9) I. 192 (3) 
C(10)-O(11) 1.202 (3) 
C(I0)-O(12) 1.320 (3) 
S(141-C(15) 1.740 (3) 
C(15)---N(16) 1.323 (3) 

C(21-O(11-C(6) 109.2 (2) 
O(1)--C(2)-C(3) 113.9 (2) 
C(21-C(31-C(4) 119.9 (2) 
C(21-C(3)-C(131 114.7 (2) 
C(4)-C(31-C(13) 125.3 (2) 
C(3)-C(4)-N(51 117.7 (2) 
C(3)-C(4}-C(I0) 124.0 (2) 
N(5)-C(4)-C(10) 118.2 (2) 
C(4)-N(5)-C(6) 120.0 (2) 
C(4)--N(5)-C(8) 131.7 (2) 
C(6)-N(5)-C(8) 95.2 (2) 
O(1)-C(6)-N(5) 110.4 (2) 
O(1)--C(6)-C(7) 113.9 (2) 
N(5)-C(6)-C(7) 87.7 (2) 
C(6)-C(7)--C(8) 85.2 (2) 
C(6)-C(7)-N(23) 117.7 (2) 
C(6)-C(7)-O(3 l) 109.0 (2) 
C(8)-C(7)-N(23) 111.2 (2) 
C(81-C(7)-O(3 l) 115.7 (2) 
N(23)-C(7)-O(31) 114-7 (2) 
N(5)-C(8)-C(7) 90.5 (2) 
N(5)-C(8)-O(9) 134.0 (2) 
C(7)-C(8)-O(9) 135.5 (2) 
C(41-C(10)-O(1 l) 123.2 (2) 

C(15)-N(19) 1.343 (3) 
N(16)-N(17) 1.357 (3) 
N(17)--N(18) 1.286 (3) 
N(18)--N(19) 1-346 (3) 
N(19)-C(20) 1.466 (4) 
C(20)-C(21) 1.499 (5) 
C(21)-O(22) 1.417 (4) 
N(23)--C(24) 1.352 (3) 
C(24)-O(25) 1-225 (3) 
C(24)--C(26) 1-527 (4) 
C(26)-S(27) 1.797 (4) 
S(27)-C(28) 1-775 (4) 
C(281-F(29) 1.379 (4) 
C(28)-F(30) 1.339 (5) 
O(31)-C(32) 1-426 (4) 
C1(331-C(35) 1.747 (4) 
C1(34)-C(35) 1.728 (4) 

C(41-C(101-O(12) 111.8 (2) 
O(l 1)-C(10)-O(121 125.0 (2) 
S(141-C(15)-N(16) 129-I (2) 
S(14)-C(15)-N(19) 121.9 (2) 
N(16)-C(15)-N(19) 109-0 (2) 
C(15)-N(16)--N(I 7) 104-8 (2) 
N(16)--N(17)-N(18) 112.0 (2) 
N(17)-N(18)-N(19) 106-2 (2) 
C(15)-N(19)-N(I 8) 108.1 (2) 
C(15)-N(19)--C(20) 130-2 (2) 
N(18)-N(19)--C(20) 121.6 (2) 
N(19)--C(20)--C(21) 111.3 (3) 
C(20)-C(21)--O(221 111.9 (3) 
C(7)-N(231-C(24) 122.2 (2) 
N(23)--C(24)-O(25) 123-0 (2) 
N(231-C(24)-C(26) 113.8 (2) 
O(25)-C(24)--C(26) 123-2 (2) 
C(24)-C(26)-S(27) 113.4 (2) 
C(26)-S(27)-C(28) 98.4 (2) 
S(27)-C(28)-F(29) 110.4 (2) 
S(27)--C(281-F(30) 107.9 (3) 
F(29)-C(ES)-F(30) 106-1 (3) 
C(7)-O(311-C(32) 115-1 (2) 
C|(33)-C(35)-C1(34) 112.7 (2) 

w 

Fig.  2. Stereoscopic view of the crystal structure down the b axis. 
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wl/21Fc I ~ 1 and wl/21AFI < 3, w = 0  otherwise. R 
= 0.028, wR --- 0.037, S = 1.126 for 2580 observed 
reflections (w :/= 0). Max. A/a in the final cycle 0.78. No 
significant peaks in final difference map, highest peak 
0 . 3 e ~  -3. Atomic scattering factors calculated by 
Y[aiexp(-bl2-2sin20)] + c (i = 1, ...,4) (International 
Tables for X-ray Crystallography, 1974). Calculations 
performed by FACOM M-150F computer at Shionogi 
Research Laboratories. 

Discussion. Atomic coordinates and equivalent iso- 
tropic temperature factors of non-H atoms are listed in 
Table 1.* Bond lengths and angles are given in Table 2. 
The perspective view of the molecule with the atom- 
numbering system drawn using PLUTO (Motherwell & 
Clegg, 1978) is presented in Fig. 1. The absolute 
configuration of the molecule was determined on the 
basis of the R configuration of C(6). 

A stereoscopic view of the crystal structure is given 
in Fig. 2. Distances between the molecules and a 
dichloromethane solvate are longer than the sum of the 
van der Waals radii. In a layer perpendicular to the b 
axis, there are two intermolecular hydrogen bonds, one 
between adjacent molecules along the a axis, O(22)... 
N(23)(1 +x, y, z) = 2.825 (3) A, and the other be- 
tween those along the c axis, O(12)-.-N(17)(x, y, 
1 + z ) =  2.789 (3) A. Another hydrogen bond of 
O(22) . . .O(25)(2-x,  ½+y, I - z ) =  2.839 (3) A is for- 
med between the layers. 

The non-planarity of N(5) is one of the important 
factors in the investigation of the structure-activity 

* Lists of structure factors, anisotropic temperature factors of the 
non-H atoms and coordinates of the H atoms have been deposited 
with the British Library Document Supply Centre as Supplemen- 
tary Publication No. SUP 44135 (22 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

relationship of fl-lactam antibiotics. Takasuka, Nishi- 
kawa & Tori (1982) proposed the angle 0 between the 
N(5)-C(4)  bond and the plane of N(5), C(6) and C(8) 
as a parameter representing the non-planarity regard- 
less of the relevant bond lengths. For the series 
7ct/-/- 1-oxacephem, 7(~-methoxy- 1-oxacephem, ceph- 
alosporin and 7~t-methoxycephalosporin having the 
same substitutents at the 3, 4 and 7fl positions, the 
wavenumbers of the stretching vibration band of 
C(8)=O(9), measured in solution, correlate linearly 
with the cos 0 values. 

The 0 value in flomoxef is 29.4 °, which is larger than 
those of the other 7a-methoxy-l-oxacephems having 
different substituents at the 3, 4 and 7fl positions: 21.8 ° 
for diphenylmethyl 7ct-methoxy-3-(1-methyl- 1H-tetra- 
zol- 5-ylthio)methyl-7C/-phenylacetamido- 1 -oxa- 1 -de- 
thia-3-cephem-4-carboxylate (Shiro, Nakai, Onoue & 
Narisada, 1980), and 18.8 and 16.9 ° for two indepen- 
dent molecules in an asymmetric unit of latamoxef 
diammonium salt (Shiro, Nakai, Matsubara & Kik- 
kawa, 1982). 
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Structure of 1,5-Di(l-pyrrolidinyl)-4-hexene- 1,3-dione 

BY HELEN STOECKLI-EVANS,* THOMAS KALLIMOPOULOS, PASCAL DE ANGELIS AND ANDRt~ JACOT-GUILLARMOD 
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(Received 18 May 1987; accepted 17 June 1987) 

Abstract. C I4H22N202, M r =  250, triclinic, P] ,  a =  
7.300 (5), b = 8.790 (7), c =  10.923 (7) A, a =  
96.04(6), fl= 103.38(7), 7=90.27(5)  °, V=678 .3A 3, 

* Author for correspondence. 

0108-2701/87/112155-03501.50 

Z = 2 ,  D x = l . 2 2 4 g c m  -3, MoKct radiation, 2 =  
0.71073 A, /z = 0.47 cm -l, F(000) = 272, rcom tem- 
perature. R = 0.056 for 1829 observed reflections. The 
molecule consists of two planes inclined at 77 (1) ° at 
the methylene C atom between the carbonyl groups. 
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