
1252 [Hg(NO3 )(Cj 2 H 16 S 3 )(C 18 H 15 P)] [NO3 ].Ha O.0.5C2 H60 

C(II)--S(3)----C(12)---C(2) 138 (I) C(3)=-C(2)--C(12)---S(3) 98 (I) 
C(6)---C(I)---C(2)---C(3) 3 (2) C(2)--C(3)-=-C(4)--C(5) -2  (3) 
C(6)---C(I)--C(2)---C(12) -174(I) C(3)--C(4)---C(5)-=~(6) 4(3) 
C(7)---C(I)-=-C(2)---C(3) - 174 (I) C(4)--C(5)-42(6)---C(I) -2  (3) 
C(7)---C(I)--C(2)---C(12) 9 (2) S(I)--C(8)--C(9)--S(2) 65 (I) 
C(2)---C(I)--C(6)----C(5) - I  (2) S(2)---C(I0)--C(II)--S(3) 61 (I) 
C(7)----C( 1 )---C(6)----C(5) 176 (I) 

Cell refinement, data collection and data reduction: Rigaku 
AFC-5S software. Program used to solve the structure: 
SHELXS86 (Sheldrick, 1985). Program used to refine the 
structure: XTAL3.0 (Hall & Stewart, 1990). Molecular graph- 
ics: PLUTO (Motherwell & Clegg, 1978). Programs used to 
prepare material for the publication: Xtal3.0 BONDLA and 
ATABLE. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry and least-squares-planes data have been 
deposited with the IUCr (Reference: AB 1115). Copies may be obtained 
through The Managing Editor, International Union of Crystallography, 
5 Abbey Square, Chester CH1 2HU, England. 
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formed by the C(Pb) atoms of the three organic 
ligands. The axial positions are occupied by Br 
atoms [Pb(1)--Br(1) 2.985 (2), Pb(1)--Br(la) 
2.885 (2)A], each Br atom bridging neighbouring 
molecules to form infinite Br(la)--Pb(1)--Br(1)-- 
Pb(lb) chains [Br(la)~Pb(1)--Br(1) 173.610(15), 
Pb(1)--Br(1)--Pb(lb) 122.73 (5)°], i.e. catena-poly- 
[(benzyldiphenyllead)-/z-bromo]. 

Comment 
The structures of three triorganolead halides are 
known to have been investigated by diffraction 
methods. In all cases, the Pb atom proved to be 
pentacoordinated: in Ph3PbX (X-C1 ,  Br) inter- 
molecular X--Pb coordination generates one- 
dimensional chains via unsymmetrical X - - P b - - X  
links (Preut & Huber, 1977), while in 
[PbI(C7H7)(C9HI2N)(C7H70)] (van der Kooi, den 
Brinker & de Kok, 1985), a compound with three 
different R groups attached to the Pb atom, penta- 
coordination is attained by intramolecular N- -Pb  
coordination. Pentacoordination of Pb and for- 
mation of infinite chains by way of halogen bridging 
was also inferred from vibrational studies for tri- 
methyllead halides (Clark, Davies & Puddephatt, 
1968) and for triphenyllead halides (Clark, Davies & 
Puddephatt, 1969). We report here the solid-state 
structure of a triorganolead compound, (I), with two 
types of R group on Pb. 

(I) 
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Abstract 
The coordination polyhedron around Pb in the title 
compound, [PbBr(C6Hs)2(CTHT)], is a slightly dis- 
torted trigonal bipyramid, the trigonal plane being 

© 1994 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

The coordination polyhedron around Pb can be 
described as a slightly distorted trigonal bipyramid, 
with C(1), C(21) and C(31) in the equatorial plane 
and two Br atoms in the axial positions. The struc- 
ture is similar to that of [PbBr(C6Hs)3] (Preut & 
Huber, 1977); however, some noteworthy differences 
exist. The distances Pb(1)--Br(1) and Pb(1)--Br(la) 
are more similar to each other in the title compound 
[2.985(2) and 2.885 (2)/1,, respectively], than in 
[PbBr(C6Hs)3] [2.852 (1) and 3.106 (1) A, respective- 
ly]. Hence, the difference between the Pb(1)--Br(1) 
and Pb(1)--Br(la) distances of 0.100/~ in the title 
compound is less marked than in [PbBr(C6Hs)3] 
(0.254/~), and this corresponds to a distinctly shorter 
distance of Pb from the plane defined by C(1), C(21) 
and C(31) in the title compound {0.052 (5) A, com- 
pared to 0.127 (10)A in [PbBr(C6H5)3] (Preut & 
Huber, 1977)}. In this respect, the distortion of the 
trigonal bipyramid is smaller than in [PbBr(C6Hs)3]; 
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however ,  the C - - P b - - C  angles  in the equa to r ia l  
p lane  deviate  to a grea ter  extent  f rom the ideal 
values than  in [PbBr(C6Hs)3]. This  m a y  be related to 
the more  p r o n o u n c e d  steric effect o f  the benzyl  
l igand,  its pheny l  g roup  being located on the acute 
side o f  the en la rged  angle  C ( 1 ) - - P b ( 1 ) - - C ( 3 1 )  
[127.8 (3) A]. 

Never theless ,  the title c o m p o u n d  and  [PbBr- 
(C6H5)3], as well as [PbCI(C6H5)3] {which is very 
s imi lar  to [PbBr(C6Hs)3]: difference Pb(1) - -CI (1 )  
minus  P b ( l ) - - C l ( l a ) =  0.241 A; d is tance  Pb(1) f rom 
the p lane  C(1), C(21), C(31) = 0.1 19 (10) ~, (Preut  & 
Huber ,  1977)}, be long  to a s t ruc tura l  type of  l inear  
polymer .  In the m o n o m e r i c  complex  [PbI(C7H7)- 
(C9HI2N)(C7H70)]  (van der  Kooi ,  den Br inker  & de 
Kok ,  1985) I is less basic than  the d o n o r  g roup  
(CH2)2N, thus  i n t r amolecu la r  c o o r d i n a t i o n  is 
favoured  over  in t e rmolecu la r  br idging.  In con t ra s t  to 
[PbX(C6Hs)3], [SnCl(C6Hs)3] was found  to con ta in  
discrete molecules  in the solid s tate  wi th  a near ly  
t e t r ahedra l  c o o r d i n a t i o n  p o l y h e d r o n  a r o u n d  the Sn 
a tom (Bokii ,  Z a k h a r o v a  & S t ruchkov ,  1970). The  
a p p a r e n t  t endency  of  t r i o rgano lead  hal ides  (having  
no basic subs t i tuen t s  at the o rgano  group)  to form 
po lymer ic  s t ruc tures  by way  of  ha logen  br idging,  
m a y  be cor re la ted  to the h igher  c o o r d i n a t i o n  ten- 
dency  of  Pb. 

E x p e r i m e n t a l  

The title compound was prepared by bromination of 
Ph3PbCH2C6H5 in pyridine at 243 K (Schl6ttig, 1927). 

Crystal data 

[PbBr(C6Hs)2(CTH7)] Mo Ka radiation 
Mr = 532.43 A = 0.71073/~, 
Monoclinic Cell parameters from 43 
P21/ c reflections 
a = 9.741 (4)/~ 0 = 7.5-15.0 ° 
b = 10.287 (5) A, # = 12.402 mm -) 
c = 16.790 (9) ~ T = 170 (1) K 
/3 = 92.05 (4) ° Block 
V = 1681.4 (14)A 3 0.62 x 0.20 x 0.16 mm 
Z = 4 Yellow 
Dx = 2.103 Mg m -3 

Data collection 
Nicolet R3m[V diffractome- Rint = 0.038 

ter 0max = 25.05 ° 
w/20 scans h = - 11 ---* 1 
Absorption correction: k = - 1 ~ 12 

empirical l = - 19 ---, 19 
Train = 0.470, Tmax = 6 standard reflections 
1.000 monitored every 300 

3707 measured reflections reflections 
2980 independent reflections intensity variation: 
2292 observed reflections < -t-3.4% 

[I > 2o'(/)1 

Brlla) 
• ~ C L ~ ~  3S1 

C 1 1 ) ~  

B~F(1,~ C'11, 

C(13) '"0 

Refinement 
Refinement on F 2 
R(F) = 0.0387 
wR(F 2) = 0.0941 
S = 1.07 
2980 reflections 
192 parameters 
Only H-atom U's refined 
Calculated weights 

w = 1/[o'2(Fo 2) + (0.0617P) 2] 
where P = (Fo 2 + 2F~)/3 

(A/o')ma, < 0.001 

mpmax = 1.636 e /~-3 
(near Pb) 

mpmin = -3.889 e /~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8, 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 

Fig. i. View (SHELXTL-Plus; Sheldrick, 1987) of part of the 
crystal structure, showing the atom-numbering scheme. 

Pb(l) 
Br(1) 
C(l) 

-.~. 0_._~ X C(11) 
c(12) 

• ; . ~  c (15 )  

~ ~  C(21) 
C(22) 

• ,,~., ~ . ~ C(23) 
C(24) 
C(25) 

Fig. 2. Stereoscopic view (SHELXTL-Plus', Sheldrick, 1987) of the C(26) 
unit cell. C(31) 

isotropic displacement parameters (~ 2) 

13  * *  Ueq = ( / )Ei~]jUija i aj ai.aj. 

x y z Ueq 
0.01089 (3) 0.05910 (4) 0.24372 (2) 0.02227 (13) 

-0.07470 (10) -0.19848 (9) 0.17684 (5) 0.0286 (2) 
-0.1936 (8) 0.1269 (10) 0.1994 (6) 0.026 (2) 
- 0.2959 (9) 0.1390 (10) 0.2624 (6) 0.025 (2) 
-0.3559 (9) 0.0297 (10) 0.2976 (6) 0.033 (2) 
-0.4507 (9) 0.0445 (11) 0.3552 (7) 0.039 (3) 
-0.4902 (10) 0.1649 (11) 0.3807 (6) 0.038 (3) 
-0.4314 (10) 0.2736 (12) 0.3472 (7) 0.041 (3) 
-0.3341 (10) 0.2617 (11) 0.2895 (6) 0.031 (2) 

0.1815 (9) 0.0776 (10) 0.1609 (5) 0.025 (2) 
0.2979(10) 0.1451 (11) 0.1812(6) 0.031 (2) 
0.4022 (10) 0.1625 (11) 0.1272 (7) 0.038 (3) 
0.3848 (12) 0.1115 (12) 0.0507 (7) 0.048 (3) 
0.2679 (12) 0.0450 (12) 0.0296 (6) 0.045 (3) 
0.1666 (10) 0.0262 (10) 0.0844 (6) 0.032 (2) 
0.0631 (9) -0.0384 (9) 0.3575 (5) 0.021 (2) 
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C(32) -0.0311 (9) -0.1137 (10) 0.3969 (5) 0.027 (2) 
C(33) 0.0095 (10) -0.1733 (9) 0.4677 (6) 0.030 (2) 
C(34) 0.1407 (10)  -0.1622 (10) 0.4977 (6) 0.032 (2) 
C(35) 0.2327 (10) -0.0877 (11) 0.4566 (6) 0.037 (3) 
C(36) 0.1955 (9) -0.0240 (10) 0.3873 (6) 0.030 (2) 

Sheldrick, G. M. (1987). SHELXTL-Plus. Release 3.4 for Nicolet 
R3m/V crystallographic system. Nicolet Instrument Corpora- 
tion, Madison, Wisconsin, USA. 

Sheldrick, G. M. (1994). J. Appl. Cryst. In preparation. 
Spek, A. L. (1990). Acta Cryst. A46, C-34. 

Table 2. Selected geometric parameters (A, °) 
Pb(1)---C(31) 2.201 (9) C(21)---C(22) 1.363 (13) 
Pb(1)---C(21) 2.213 (8) C(21)--C(26) 1.392 (13) 
Pb(I)---C(1) 2.214 (8) C(22)--C(23) 1.397 (13) 
Pb(1)--Br(1) 2.985 (2) C(23)---C(24) 1.39 (2) 
Pb(1)---Br(la) 2.885 (2) C(24)----C(25) 1.36 (2) 
C(1)----C(ll) 1.484 (12) C(25)---C(26) 1.387 (14) 
C(ll)---C(16) 1.396(14) C(31)---C(36) 1.375 (12) 
C(11)---C(12) 1.406 (14) C(31)--C(32) 1.388 (12) 
C(12)---C(13) 1.370(14) C(32)---C(33) 1.383 (13) 
C(13)---C(14) 1.370 (15) C(33)--C(34) 1.361 (14) 
C(14)----C(15) 1.38 (2) C(34)---C(35) 1.383 (14) 
C(15)----C(16) 1.385 (13) C(35)---C(36) 1.372 (14) 

C(31)---Pb(1)---C(21) 115.4 (3) Br(1)---Pb(l)---Br(la i) 173.610 (15) 
C(31)---Pb(1)--C(1) 127.8 (3) Pb(1)---Br(1)-----Pb(lb ii) 122.73 (5) 
C(21)--Pb(1)--C(1) 116.7 (3) C(I 1)----C(1)---Pb(1) 113.9 (6) 
C(31)---Pb(1)---Br(la i) 87.3 (2) C(16)---C(11)----C(I) • 120.1 (9) 
C(21)--Pb(l)--Br(la i) 93.6 (3) C(12)---C(1 I)---C(1) 122.1 (9) 
C(1)---Pb(1)---Br(la i) 93.4 (3) C(22)---C(21)---Pb(1) 121.6 (7) 
C(31)--Pb(1)---Br(1) 88.6 (2) C(26)--C(21)---Pb(1) 119.5 (7) 
C(21)--Pb(I)---Br(1) 92.6 (3) C(36)---C(31)---Pb(1) 116.9 (6) 
C(1)--Pb(1)--Br(1) 85.3 (3) C(32)---C(31)----Pb(1) 122.1 (6) 

Symmetry codes: (i) - x ,  ½ + y, ½ - z; (ii) - x ,  y - ½, ½ - z. 
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Systematic absences (h0/) h + 1 = 2n + 1, (00/) 1 = 2n + 1 and 
(0k0) k = 2n + 1 were detected. The structure was solved by 
standard Patterson and difference Fourier methods (SHELXTL- 
Plus; Sheldrick, 1987) and refined satisfactorily within space 
group P21/c (No. 14) by full-matrix least-squares calculations 
(SHELXL; Sheldrick,  1994). The  H a toms were  placed in 
geometr ica l ly  calculated posi t ions and refined with c o m m o n  
isotropic d i sp lacement  parameters  for different  C - - H  types 
(Haryl, Halkyl). C o m p u t e r  p rograms  used were  SHELXTL-Plus 
(Sheldrick,  1987), SHELXL, PARST (Nardelli ,  1983), PLATON 
(Spek,  1990) and MISSYM (Le Page,  1987). 

Financial support from Fonds der Chemischen Indus- 
tile is gratefully acknowledged. 

Abstract 
The crystal structure of sodium (5R,6S)-6-[(R)-I- 
hydroxyethyl]-7-oxo-3-[(R)-2-tetrahydrofuryl]-4-thia-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate 2.5-hydrate, 
Na+.C12H14NOsS-.~H20, a member of a new class 
of/3-1actam antibiotics, has been determined by X-ray 
diffraction. ThE C(3)--S(1) bond (bridgehead C atom) 
is longer than the C(2)--S(1) bond, although the latter 
is usually longer in penicillins and cephalosporins. The 
crystal packing shows a three-layer sheet in which two 
layers of the molecules are held together by Na + ions 
and by water molecules through a network of hydrogen 
bonds. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and least-squares-planes data have been deposited with 
the IUCr (Reference: SH1079). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Comment 
The title compound (I), which has the tetrahydrofuran 
ring at the C(2) position, shows potent in vivo activity by 
oral administration (Nishino et al., 1991). Knowledge of 
the accurate crystal structure of this compound should be 
useful for understanding the interaction of the molecule 
with water and biological macromolecules. 
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OH 

(i) 
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