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of the unsaturated rings. The figure shows the ability of 
ethylenediamines to mimic the shape of the rigid 
molecule. In particular the distances dN_CG , between the 
N atom and the centres of gravity (CG) of the 
unsaturated rings in cyproheptadine are 6.29 and 6.24 
A, while the corresponding values are N-CG-  
(thenyl) = 6.8 and N-CG(pyridyl)  = 5.56 /~ in 
histadyl and N ( 3 ) - C G ( P h l ) =  6.18 and N(3)-  
C G ( P h 2 ) = 5 . 9 0  A in antazoline. Thus an N - C G  
distance of 6.0-6.5 A is reproduced by the (ring)- 

I + /  I / + /  
CH2-N-CH2-CH2-N ~- or ( r ing) -N-CH2-CH-N (- ar- 

rangements and probably by both if small conforma- 
tional changes are allowed. This result seems to be of 
some interest as it has been shown that dN-CG values of 
6 .00-6.40 A can be reproduced by other anti- 
histamines having four-membered propylamino (ring)- 

c~ +" H-CH2-CH2-N ~- or propenylamino (ring)- 

c~ +" = C H - C H 2 - N -  chains (James & Williams, 1974a, 

b) and also by the five-membered aminoethyl chain 
I +x 

( r ing) -CH-O-CH2-CH2-N~ present in carbinoxa- 

mine (Bertolasi et aL, 1980b), the correct dN_CG distance 
being obtained through a zig-zag planar conformation 
in the former and a helical one in the latter. 

In conclusion, all the data so far collected seem to 
substantiate the idea that a distance of 6 .00-6.40 ,4, 
between the amino N and the centre of gravity of an 
unsaturated ring is the primary stereochemical require- 
ment a molecule must fulfill for showing strong 
antihistaminic activity, all other factors known to affect 
the biological response (pK a values, overall lipophilicity 

or presence of a second unsaturated ring) being 
considered mere modulators of the activity itself. 
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Abstract .  C14H14P+.2C 12H4N4 u2- , (DMDBP) 
(TCNQ) 2, M r = 6 2 1 - 6 ,  monoclinic, space group 
P21/m, a = 7.547 (4), b = 30.19 (2), c = 7.863 (5)A, 
f l = 1 1 5 . 8 6 ( 7 )  o, U=1612.1/1,3,  Z = 2 ,  D m = l . 3 0  , 
D c = l . 2 8 M g m  -3, F ( 0 0 0 ) = 6 4 2 ,  g(MoKet, 2 =  
0.71069 A) = 0.09 mm -~. The structure was solved by 
direct methods and refined to R = 0 . 0 9 5  for 1081 
observed reflexions. The radical anions stack plane- 
to-plane in columns parallel to e, each column 

0567-7408/82/092525-04501.00 

consisting of a series of TCNQ dimers. The columns 
are arranged in sheets parallel to the ae plane, with 
successive sheets being interleaved along b by the 
DMDBP cations. 

Introduet |on .  The crystal structure of (DMDBP) 
(TCNQ) 2 has been determined as part of a series of 
studies on conducting TCNQ salts (Ashwell, 1978, 
1981, 1982). A common feature of these materials is a 

© 1982 International Union of Crystallography 



2526 5 , 5 - D I M E T H Y L D I B E N Z O P H O S P H O L I U M  T C N Q  (1"2) 

characterist ic plane-to-plane stacking of  the radical  
anions in columns which gives rise to anisotropic 
properties. The structural criteria for metallic behaviour  
are (i) a uniform spacing and (ii) an exocyclic bond to 
quinonoid ring overlap of  adjacent  molecules along the 
conduct ing chains. Non-uniformity  of  spacing results in 
semiconducting behaviour.  (DMDBP)  (TCNQ)  2 is a C(l) 
small-band-gap semiconductor .  The electrical conduc- c(2) 

C(3) tivity along e, the direction of  stacking, varies as c(4) 
o =  o o exp (--E,,/kT) where O300K = 0"3 S m - '  and c(5) 
E a = 0 .20  eV (1 eV = 1.60 x 10 -a9 J). C(6) 

Black crystals of  ( D M D B P )  (TCNQ)  2 were obtained c(7) c(8) 
when a hot  acetonitrile solution (200 cm 3) of  5,- 
5-dimethyldibenzophosphol ium iodide (0.2 g) and 7,7,- (b) Cation 
8, 8- te t racyano-p-quinodimethane (0.2 g) was  allowed to 
cool slowly to ambient  temperature.  The space group 
and unit-cell parameters  were obtained from oscillation 
and Weissenberg photographs .  Intensities were collec- Plane (i)t 
ted in the range 1 ° >  0 >  28.5 ° from a crystal  ca C(13) 

C(14) 
0.36 x 0 .07 x 0 . 4 8 m m ,  mounted  with its a axis C(15) 
coincident  with the co axis of  a Stoe STADI-2  c(16) 
two-circle diffractometer  using M o K a  radiat ion and c(17) 

c(18) 
the background-a , ' - s can-background  technique. The p 
crystal  diffracted weakly and of  the 3061 unique 
reflexions measured only 1081 had significant counts 
[I ___ 2a  (/)]. The intensities were corrected for Lorentz 
and polarizat ion factors but not  for absorption. 

The systematic absences, 0k0, k = 2n + 1, do not 
distinguish between the space groups P2~ and P21/m. A 
trial structure was initially at tempted in the non- 
centrosymmetr ic  space group P2 r Multisolution direct 

Table 1. Final fractional positional parameters and 
equivalent isotropic temperature factors (× 104) with 

e.s.d.'s in parentheses 

The Ueq values were calculated by reference to Willis 
(1975). 

& Pryor 

x y z Ueq(A 2) 
C(1) 3715 (20) 5917 (4) 9465 (15) 401 (57) 
C(2) 2247 (20) 5615 (4) 8335 (16) 371 (56) 
C(3) 2734 (20) 5257 (4) 7556 (16) 395 (61) 
C(4) 4763 (19) 5167 (3) 7935 (15) 276 (47) 
C(5) 6217 (19) 5470 (4) 9076 (16) 328 (51) 
C(6) 5744 (19) 5831 (4) 9808 (16) 390 (56) 
C(7) 3231 (21) 6298 (4) 10169 (16) 419 (58) 
C(8) 1221 (30) 6396 (5) 9648 (22) 585 (79) 
C(9) 4641 (24) 6616 (4) 11258 (20) 461 (70) 
C(10) 5251 (21) 4792 (4) 7156 (18) 393 (62) 
C(1 I) 3811 (24) 4484 (4) 5990 (18) 411 (62) 
C(12) 7234 (21) 4717 (4) 7406 (16) 368 (60) 
N(1) -348 (24) 6516 (5) 9314 (19) 725 (78) 
N(2) 5782 (23) 6874 (4) 12146 (19) 649 (73) 
N(3) 2635 (20) 4242 (4) 5007 (18) 599 (61) 
N(4) 8820 (24) 4637 (4) 7661 (19) 635 (70) 
C(13) 5582 (19) 2055 (3) 3974 (14) 304 (44) 
C(14) 7429 (19) 2251 (3) 4950 (16) 347 (47) 
C(15) 9087 (22) 1979 (4) 5821 (19) 476 (66) 
C(16) 8708 (21) 1529 (4) 5685 (16) 489 (66) 
C(17) 6855 (22) 1341 (4) 4737 (19) 492 (61) 
C(18) 5224 (23) 1619 (4) 3906 (17) 505 (62) 
C(19) 1930 (29) 2500 3852 (23) 608 (98) 
C(20) 2606 (29) 2500 509 (19) 418 (80) 
P 3806 (6) 2500 3027 (5) 252 (8) 

Table 2. Details of molecular planes 

Asterisks denote atoms not defining the plane. 

(a) TCNQ 
Equation of plane 

0.2465X + 0.5248Y + 0.8147Z - 3.8281 = 0 
Distances from the plane (A) 

-0.02 (1) C(9) 0.08 (1)* 
-0.02 (1) C(10) 0.01 (l) 

0.02 (1) C(I l) 0.03 (1)* 
0.00 (1) C(12) 0.10 (1)* 

-0.01 (1) N(1) 0.27 (1)* 
-0-01 (1) N(2) 0-11 (1)* 

0.03 (1) N(3) 0.07 (1)* 
0.16 (2)* N(4) 0-10 (1)* 

Equations of planes 
(i) 0.5461X + 0.0000Y- 0.8377Z + 0.7990 = 0 
(ii) 0.5336X- 0.0325Y- 0.8451Z + 1.0819 = 0 

Distances from the planes (A) 

Plane (ii) 
0.00 C(13) 0.03 (1) 
0-00 C(14) --0-01 (1) 
0.00 (2)* c(15) 0.00 (2) 

-o.o5 (1)* c(16) 0.00 (1) 
--0.07 (2)* C(17) 0.01 (2) 
-0 .10  (1)* C(18) -0 .02  (1) 

0.007 (4)* P 0-006 (4)* 

tlncluding symmetrically related atoms C (13') and C(14'). 

methods using SHELX (Sheldrick, 1976) enabled the 
positions of  all non-H atoms to be readily located. The 
two independent  T C N Q  molecules in the asymmetr ic  
unit were so closely related by a mirror plane passing 
through the cation that  analysis was continued in the 
centrosymmetr ic  space group P21/m. Coordinates  for 
the H atoms were calculated ( C - H  = 1.08 ,~,). Com-  
mon isotropic temperature  factors were applied to the 
methyl  and ring H atoms and refined to final values of  
U = 0 .062 (19) and 0 .066 (17) A 2 respectively. Scat- 
tering factors were taken from International Tables for 
X-ray Crystallography (1974) and the weighting 
scheme was w = 5.3159/[a2(Fo) + 0.0010 (Fo)2]. Full- 
matrix least-squares refinement with anisotropic tem- 
perature factors for the non-H atoms gave the final 
R = 0.095.  The final difference map showed no peaks 
greater than 0 .44  e A -3. 

Significant errors in the atomic coordinates,  bond 
lengths and angles led to a further at tempt at refinement 
in P2 r However,  the final R value showed no 
improvement  ( = 0 . 0 9 5 )  and in the light of  high 
correlat ion between the refined parameters,  unrealistic 
temperature  factors and unsat isfactory T C N Q  geom- 
etries we believe P21/m to be the more appropr ia te  
space group. The final atomic coordinates are listed in 
Table 1 and the results of  least-squares-planes'  cal- 
culations are in Table 2.* 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 36863 (7 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 



5,5-DIMETHYLDIBENZOPHOSPHOLIUM TCNQ (1:2) 

Discussion. The crystal structure of (DMDBP) 
(TCNQ)2, projected along a* and b, is shown in Figs. 1 
and 2 respectively. The TCNQ molecules are stacked 
plane-to-plane in columns parallel to c, each column 
consisting of a series of TCNQ dimers. While the 
overlap between molecules within the dimeric unit is of 
the ring-external-bond type there is little direct overlap 
between adjacent dimers (Fig. 3). The mean perpen- 
dicular intra-dimer spacing is 3.17 A. Adjacent TCNQ 
columns form sheets parallel to the a c  plane, successive 
sheets being separated along b by the DMDBP cations. 

The dimensions of the cation (Fig. 4) closely 
resemble those found in 5-(p-bromobenzyl)-5- 
phenyldibenzophospholium bromide (Allen, Nowell, 
Oades & Walker, 1978). The P atom lies 0.007/~ out 
of the C(13), C(14), C(14'), C(13') plane. The six- 
membered rings are inclined at an angle of 2.0 (2) ° to 
this plane and 3.7 (5) ° to each other. The C-P-C 
exocyclic bond angles are in the range 107.6 to 114.2 °, 
while the endocyclic angle is 95.6 (4) ° and may be 
compared with values of 93.4 ° in 5-hydroxy-5H-di- 
benzophosphole 5-oxide (de Boer & Bright, 1974) 

Fig. 1. Projection of the structure along a*. 

Fig. 2. Projection of the structure along b, showing the arrangement 
of dimers within the TCNQ sheet. For clarity the cation has been 
omitted. 

2527 

1 " 8 1 ( 1 } ~ 9 5 . 6 ( 4 ~ )  . . . . . .  . ~  

Fig. 4. Bond lengths (./~) and angles (°) in DMDBP with e.s.d.'s in 
parentheses. 

N4 

N~1.152 1.35 1.15 / 
180 C9 C6 C5 C12 176 

.41 1.46 ~1.41 1.4 
\ 1 2 3 1 ^ ^ 1 2 1  / 121 1 2 1 /  
117 C7 "~'~ C1 118 118C4 1.41 C10 11(5 
,/~,1,9 121\ /121 122\ 

42 1.41~ 120 121/  1"45 1'42X 

N1 N3 

Fig. 5. Bond lengths (A) and angles (o) in TCNQ. E.s.d.'s are 
0.02 A and 1 o respectively. 

and 93.9 o in 5-(p-bromobenzyl)-5-phenyldibenzophos- 
pholium bromide. The small endocyclic angle im- 
plies strain within the dibenzophospholium system. 

The radical anion (Fig. 5) shows no abnormal 
dimensions and is in agreement with the geometry of 
TCNQ ~/2- (Ashwell, Eley, Wallwork & Willis, 1975). 
However, in view of the large e.s.d.'s an estimation of 
the negative charge on the radical anion is not possible. 
In this structure the TCNQ moiety is not planar but 
adopts a slight boat form. 

(a) 

(b) 

Fig. 3. Molecular overlaps within the TCNQ sheets; (a) the 
intra-dimer overlap and (b) the inter-dimer overlap. 
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We thank the SERC and the Royal Society of 
Chemistry Research Fund for support of this work and 
acknowledge the SERC for computing facilities. 

References 

ALLEN, D. W., NOWELL, I. W., OADES, A. C. & WALKER, P. 
E. (1978). J. Chem. Soc. Perkin Trans. l, pp. 98-101. 

ASHWELL, G. J. (1978). Phys. Status Solidi B, 86, 705-715. 
ASHWELL, G. J. (1981). Nature (London), 290, 686-688. 

ASHWELL, G. J. (1982). Mol. Cryst. Liq. Cryst. In the press. 
ASHWELL, G. J., ELEY, D. D., WALLWORK, S. C. • WILLIS, 

M. R. (1975). Proc. R. Soc. London Ser. A, 343, 461-475. 
BOER, J. J. DE & BRIGHT, D. (1974). Acta Cryst. B30, 

797-800. 
International Tables for X-ray Crystallography (1974). Vol. 

IV, Table 2.2B. Birmingham: Kynoch Press. 
SHELDRICK, G. M. (1976). SHELX. Program for crystal 

structure determination. Univ. of Cambridge, England. 
WILLIS, I .  T. M. & PRYOR, A. W. (1975). In Thermal 

Vibrations in Crystallography. Cambridge Univ. Press. 

Acta Cryst. (1982). B38, 2528-2531 

Structure of 8,2'-Anhydro-8-mereapto-9-fl-D-arabinofuranosylhypoxanthylyl(3'-5')-8,2'- 
anhydro-8-mercapto- 9-fl-D-arabinofuranosyladenine (lSp A ~) H exahy drate*t 

BY KENSAKU HAMADA, YOSHIKO MATSUO, AKIRA MIYAMAE, SATOSHI FUJII AND KEN-ICHI TOMITA 

Faculty o f  Pharmaceutical Sciences, Osaka University, 1-6 Yamadaoka, Suita, Osaka 565, Japan 

(Received 27 November 1981; accepted 12 February 1982) 

Abstract. C20H20N909PS2.6H2 O, triclinic, P1, M r =  
733.6, a = 14.324 (5), b = 11.130 (3), c = 
5.794 (1) A, a =  97.40 (3), f l=  87.42 (3), y =  
120.05 (4) °, Z =  1, Dm = 1.630 (1), Ox= 
1-536 Mg m -3. The final R value is 0.066 for 2697 
observed reflections. The molecular conformation is a 
folded form, with (g+,t) torsion angles around P-O 
bonds, which is stabilized by hydrophobic interactions 
between sugar and base moieties and by intermolecular 
base stacking. 

Introduction. It has been reported that the nucleic acid 
with high-anti orientation possesses an interesting 
tendency to form a left-handed duplex by CD measure- 
ment (Uesugi, Yasumoto, Ikehara, Fang & Ts'o, 1972) 
and energy calculations (Fujii & Tomita, 1976). In the 
previous paper, we reported the molecular structure 
of ASpA s [8,2'-S-cyclo-2'-thioadenvlyl(3'-5')-8,2'-S- 
cyclo-2'-thioadenosine] which did not have the left- 
handed stacking form but had a new type of stable 
non-helical 'bent' form (Fujii, Hamada, Miura, Uesugi, 
Ikehara & Tomita, 1982). 

* (6aS, 7R, 8R, 9aR)-4-Amino-6a,7,8,9a-tetrahydro-7- 
hydroxyfuro[2'.3':4,5lthiazolo[3,2-elpurin-3-ium-8-ylmethyl (6aS, 
7R,8R,9aR)-3,4,6a,7,8,9a-hexahydro-8-hydroxymethyl-4- 
oxofuro[2',3':4,5]thiazolo[3,2-elpurin-7-yl phosphate hexahydrate. 
(The abbreviation I in ISpA s stands for inosine - 9-fl-D- 
ribofuranosylhypoxanthine.) 

]" Structure of a Dinucleoside Monophosphate Having a High- 
anti Configuration. II. 
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ISpA s was synthesized by condensation of 8,2'- 
S-cycloinosine and 8,2'-S-cycloadenosine 5'- 
monophosphate (Ikehara, Uesugi & Shida, 1980). By 
slow evaporation of an aqueous solution of ISpA s in the 
refrigerator, prismatic transparent crystals were ob- 
tained. The intensity data (using a crystal 0.74 x 
0.52 x 0.33 mm, sealed in a quartz capillary with some 
mother liquor) were collected on a Rigaku Denki 
automatic four-circle diffractometer with Cu Kct 
radiation. The o) scanning technique was employed at a 
rate of 8 ° min -1. 

The structure was solved by the direct method 
employing the program M U L T A N  78 (Main, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1978). An 
E map derived from the set with the highest combined 
figure of merit showed many peaks corresponding to 
one P atom, two S atoms and some light atoms. 
Successive Fourier syntheses revealed the remaining 
non-hydrogen atoms, including six water molecules. 
After refinements with anisotropic temperature 
parameters, a difference Fourier synthesis showed all 
H-atom positions, except those of the water molecules. 
Final refinement, by a block-diagonal least-squares 
method with anisotropic thermal parameters for non- 
hydrogen atoms and with isotropic thermal parameters 
for H atoms, reduced R and R w to 0.066 and 0.089, 
respectively. The atomic scattering factors in 
International Tables for  X-ray Crystallography (1974) 
were used. All the computations were performed on an 
ACOS-700 computer of the Crystallographic Research 
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