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Table 3. Intermolecular distances (A) and angles (o) about the methyl groups C(17)H 3 and 
C(18)H 3 

x y z 
C(18) 0.6623 (5) -0.1119 (4) 1.2215 (1) C(18)-O(4) 3.158 (4) C(18)-H(181)-O(4) 121 (3) 
H(181) 0.7374 (46) -0.1874 (41) 1.2339 (13) C(18)-H(181) 0.918 (35) C(18)-H(182)-O(4) 92 (2) 
H(182) 0-5264 (48) --0.1213 (37) 1.2352 (12) C(18)-H(182) 1.090 (36) C(18)-H(183)-O(4) 83 (2) 
H(183) 0.7350 (45) -0.0145 (41) 1.2351 (12) C(18)-H(183) 1.072 (35) 
0(4) 0.6593 (5) -0.3370 (3) 1.3098 (1) H(181)-O(4) 2.583 (36) 

H(182)-O(4) 2.929 (33) 
H(183)-O(4) 3.433 (33) 

C(17) 0.8841 (6) 0.2413 (5) 0.7174 (I) C(17)-O(1) 3.217 (4) C(17)-H(171)-O(1) 72 (2) 
H(171) 0.7628 (57) 0.2060 (45) 0.7134 (13) C(17)-H(171) 0.938 (41) C(17)-H(172)-O(1) 130 (2) 
H(172) 0.9174 (51) 0.3191 (43) 0.6950 (14) C(17)--H(172) 0.971 (39) C(17)-H(173)-O(I) not CHIC. 
H(173) 0.9671 (51) 0.1380 (44) 0.7131 (13) C(17)-H(173) 1.115 (39) 
O(1) 0.8521 (4) 0.3373 (3) 0.6045 (1) H(171)-O(1) 3.330 (38) 

H(172)-O(1) 2.510 (39) 
H(173)-O(I) >3.5 

2 .70  A],  but for methylene (CH2) and methyl  (CH3) 
groups this was not necessary,  and in the cases 
considered the angle C - H . . . O  varied from 102 to 
147 ° and the distance H . . . C  could be larger than 
2.6 A. It was  suggested that  this could be due to steric 
hindrance f rom other a toms of  the methylene or methyl 
groups.  

Examinat ion  of  the distances about  the methyl  
groups (Table 3) suggests that  there is a hydrogen bond 
C ( 1 8 ) - H ( 1 8 1 ) . . . O ( 4 ) ,  and there also appears  to be a 
weak hydrogen bond,  C ( 17)--H ( 172). .-  O (1). However ,  
the latter bond is only slightly shorter  than the van der 
Waa ls  distance given by Bondi (1964) (3.28 A) and so 
must  be very weak indeed. The first of  these tends 
to cause the molecules to lie in puckered chains parallel 
to e. 

The author  thanks  Dr  M. Hurs thouse  and the 
Science and Engineering Research  Council  Nat ional  
X - r a y  Crysta l lographic  Service for collecting the 
intensity da ta  and M o b a y  Chemical  Corpora t ion  for 
providing the pigment.  
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4,4'-Bipyridinium(2+) Dinitrate 
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Abst rac t .  C10H10N406, M r =  282.2,  monoclinic, C2/c, 
a = 16.08 (3), b =  3.785 (6), c =  18.85 ( 3 ) A ,  /¢=  
9 8 . 1 6 ( 2 )  ° , U = l 1 3 5 . 6 A  3, z = 4 ,  D x = 1 . 6 5 ,  D m 

0108-2701/87/112144-03501.50 

= 1.64 (1) Mg m -3, 2 ( C u K a )  = 1.5418 A, / z =  
0 .76  mm - l ,  F(000)  -- 584, T =  291 (1) K, R = 0 .048  
for 610 unique reflections. The planar  cent rosymmetr ic  

© 1987 International Union of Crystallography 
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(4,4'-bipyH2) 2~ cations form stacks parallel to b. There 
are N - H . . . O  hydrogen bonds [ N . . . O  2 .770 (5)/~1. 

Table 1. Fractional atomic coordinates (X10 4) and 
equivalent isotropic temperature factors (,/k 2 × 10 3) 

Uc q IN, ~, it] r l * r t*o  
: - j . _ . i . . ~ . . j , . , i j u i  L~j ,4 i ,  u j .  

x y z ueq 
N(1) 3617 (2) 1635 (I0) 3445 (2) 31 (1) 
C(l) 4338 (3) -3 (12) 3400 (2) 33 (1) 
C(2) 4894 (2) -693 (I 1) 4003 (2) 27 (I) 
C(3) 4701 (2) 337 (10) 4668 (2) E1 (1) 
C(4) 3936 (2) 2005 (11) 4691 (2) 27 (1) 
C(5) 3404 (2) 2637 (11) 4070 (2) 31 (I) 
N(2) 3426 (2) 3288 (9) 1668 (2) 28 (I) 
O(1) 2905 (2) 1884 (9) 2019 (1) 37 (1) 
0(2) 4075 (2) 4627 (9) 1989 (1) 45 (1) 
0(3) 3286 (2) 3259 (9) 1006 (1) 45 (1) 
H(N1) 3257 (29) 2120 (124) 3049 (25) 46 (12) 
H(C1) 4476 (24) -704 (114) 2959 (22) 33 (10) 
H(C2) 5395 (23) -1947 (103) 3942 (18) 23 (9) 
H(C4) 3748 (23) 2540 (112) 5121 (21) 32 (10) 
H(C5) 2915 (27) 3614 (I 16) 4057 (21) 36 (11) 

Table 2. Bond lengths (~,) and interbond angles (o) 

N(I)-C(1) 1.328 (5) N(2)-O(2) 1.238 (4) 
N(l)-C(5) 1.328 (5) N(2)-O(3) 1.235 (4) 
C(I)-C(2) 1.367 (5) N(1)-n(N1) 0.90 (5) 
C(2)-C(3) 1.389 (5) C(l)-n(c1) 0.93 (4) 
C(3)-C(3 ~) 1.488 (6) C(2)--H(C2) 0.96 (4) 
C(3)-C(4) 1.389 (5) C(4)-H(C4) 0.93 (4) 
C(4)-C(5) 1.369 (5) C(5)--H(C5) 0.87 (5) 
N(2)--O(I) 1.257 (4) 

C(I)-N(I)-C(5) 121-8 (3) N(1)-C(5)-C(4) 120.0 (4) 
N(i)-C(1)-C(2) 120.7 (4) O(1)-N(2)-O(2) 119.7 (3) 
C(1)-C(2)-C(3) I19.5 (4) O(1)-N(2)-O(3) 119.2 (3) 
C(2)-C(3)-C(4) I17.9 (3) O(2)-N(2)--O(3) 121.2 (3) 
C(3)-C(4)-C(5) 120. l (3) 

Hydrogen bond 
N(l)...O(1) 2.770 (10) H(NI)...O(1) 1.95 (5) 

N(1)-H(N1)...O(I) 152 (4) 

Symmetry code: (i) l-x, -y, 1-z. 

Fig. 1. Cation and anion stacks extending in the direction of b. 

Introduction. The structures of  several series of  adducts 
of 4,4 '-bipyridine (4,4'-bipy), H20  and lanthanide 
nitrates have been determined (Bukowska-Strzyzewska 
& Tosik, 1978; A1-Rasoul & Weakley,  1982; Weakley,  
1982, 1984). The title compound  was obtained by 
accident during an a t tempt  to prepare an adduct  
containing Lu(NO3) 3. Its structure was determined 
because no structures of  salts of  the doubly-protonated  
cation (4,4'-bipyH2) 2. are known,  with the exception of  
(4,4'-bipyH2) (Cu2C16) (Bukowska-Stryzewska & Tosik,  
1979), from a low-resolution analysis (R = 0.15),  and 
two forms of  (4,4'-bipyH2)2(Sb2Cl~0) (Lipka, 1980, 
1983). 

Experimental .  Colourless prisms elongated on b from 
E tOH vapour  diffusion into aqueous solution. Densi ty  
by flotation in CHBr3 /EtOH.  Da ta  recorded photo-  
graphically from two fragments of  dimensions ca 
0.2 × 0.3 × 0.2 mm for r.1. layers hO-3l and hkO--6; 
equi-inclination Weissenberg films scanned by use of  a 
microdensi tometer  (SERC service, Daresbury  Labora-  
tory);  few reflexions beyond 0 =  40 ° are above back- 
ground;  Rin t = 0 .040  for 610 unique data.  Structure 
solved and refined (on F) by use of  S H E L X 7 6  
(Sheldrick, 1976), with scattering factors from Inter- 
national Tables for  X-ray Crystallography (1974). For  
direct-methods calculat ions ca 850 'unobserveds '  were 
added to the data  set with I F I set at 0.2 I F o I ,,,~,. The 
ten non-hydrogen atoms were located in an E map  in 
C2/c; a second E map calculated on the assumption of  
space group Cc confirmed the centre of  symmetry .  Five 
unique H atoms subsequently located in a difference 
map and refined. Full-matrix least squares, minimizing 
~ w ( I F  ol -- IF cl)2, convergence at R = 0.048,  wR 
= 0.054,  anisotropic thermal parameters  for C, N and 
O, 111 parameters ,  unit weights, (A/a)max 0"033, final 
difference map flat within limits +0 .21 ,  - 0 . 2 5  e A-3; 
at tempts to refine g in weighting scheme w = k[ 1 + 
gF2] -~ resulted in oscillating R with several large A/a in 
all cycles. Final posit ional  parameters  are given in 
Table 1, and bond lengths and interbond angles in 
Table 2.* 

Discussion. The (4,4'-bipyH2) 2+ cations lie on crystal  
inversion centres and form stacks parallel to b (Fig. 1). 
The anions, which lack imposed symmetry ,  form 
intervening stacks. The mean planes of  the cations are 
separated by 3.35 (1)/~ and the normals  to the planes 
are inclined at 2 7 - 7 ( 1 )  ° to the stack axis; the 
corresponding values for the anions are 3 .32 (1)A, 
27.8 °. The CsN rings are planar  [max. deviation C(3), 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 44160 (6 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 
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0.006 (4)A] but the two ring mean planes of each 
cation are separated by 0.030 A. The bond lengths and 
angles in the cation agree well with the values for 
(4,4'-bipyH2)2(Sb2Cl~0) (Lipka, 1980) and for the 
protonated ring in (4,4'-bipyH)[Ce(4,4'-bipy)- 
(NO3)a(H20)21 (Bukowska-Strzyzewska & Tosik, 
1978), in particular as regards the increase in the ring 
angle at N compared with that in unprotonated 
4,4'-bipy. The dihedral angle of zero between the CsN 
ring planes contrasts with the angles of 3.1 ° in 
(4,4'-bipyH2)2(Sb2Cll0) and ca 22 ° in the unstable form 
of the latter compound (Lipka, 1983). The dihedral 
angles for the neutral and monoprotonated molecules 
in (4,4'-bipyH)2[/~- (4,4'-bipy)Nd2(NO3)a(H20)2].2 (4,4'- 
bipy) and [Ho(NO3)a(HEO)a].2(4,4'-bipy) range from 
zero to 36 ° (Weakley, 1984) and the dication can 
clearly adapt in the same way to the local requirements 
of crystal packing because of negligible resistance to 

torsion about the central C - C  bond. The title com- 
pound, unlike the (Sb2Cl~0) 4- and (Cu2Cls) 2- salts, 
contains hydrogen bonds [N(1)...O(1) 2.77 ]k]. 
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Structures of 9,9-Dimethoxy- l-methyl-7-phenylsulfonylbicyclo[4.3.0]nonan-2-one (I) and 
10,10-Dimethoxy-8-phenylsulfonylbicyclo[5.3.0]decan-2-one (II) 
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Abstract. (I): C1sH2405S, Mr= 352.45, monoclinic, 
e2~/a,a= 12.861 (2), b = 14.554 (3), c = 9.412 (1)A, 
# = 9 7 . 0 8 ( 1 )  ° , V = 1 7 4 8 . 3  (5) A 3, Z = 4 ,  D x =  
1.34 g c m  -3, Cu Ka, 2 = 1.54178 A, /~ = 18.3 cm -l, 
F (000)=752 ,  T = 2 9 1  K, R =0 .041  for 2801 ob- 
served reflections. (II): ClsH2405S, M r = 3 5 2 . 4 5 ,  
orthorhombic, P2~2~2~, a = 12.326 (2), b = 19.182 (3), 
c = 7. 227 (2) A, V =  1708.7 (6)A 3, Z = 4 ,  Dx= 
1.37 g c m  -3, Cu Ka, 2 = 1.54178 A, /~ = 18.7 cm -~, 
F (000)=  752, T =  291 K, R =0 .045  for 1537 ob- 
served reflections. The ring fusions are cis and the 
phenylsulfonyl substituents are orientated in the exo 
position. The five-membered rings in both compounds 
exhibit envelope conformations, the six-membered ring 
in (I) has a chair conformation, and the seven- 
membered ring in (II) exhibits a twist-chair con- 
formation. 

Introduction. Natural and non-natural cyclopentanoids 
constitute an area of growing interest. In a previous 
communication (De Lombaert, Nemery, Roekens, 
Carretero, Kimmel & Ghosez, 1986) we reported a new 
two-step sequence that provides highly functionalized 
fused cyclopentanone derivatives from trimethyl 3- 
phenylsulfonylorthopropionate and the corresponding 
enone. 

SO~h ~Ph 
(I) R = M e ,  n = 2 

(II)R= H,n= 3 
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