
1998 C8H12N +.C8H70~- 

(Sheldrick, 1990). SHELXL93 (Sheldrick, 1993) was used 
to refine the structure. Anisotropic displacement parameters 
were used for all non-H atoms. H atoms bonded to tertiary 
and aromatic C atoms were fixed in calculated positions, 
the H atoms in the hydroxy groups were located from a 
A p  map and the remaining H atoms were refined with the 
restraint of a fixed angle and distance to the non-H atoms. The 
absolute configuration was chosen so as to be in agreement 
with the known absolute configuration of (S)-mandelic acid, 
the choice being supported by a Flack (1983) parameter 
of X = -0.35 (17). Although the compound contains both 
enantiomers of the 1-phenylethylammonium ion, it contains 
only the S form of the mandelate ion. Consequently the salt 
cannot crystallize in a centrosymmetric space group. 
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with the experimental crystallographic work and Dr 
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Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
ABl136). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. 
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Abstract 
The pyrazolo[1,5-a]pyridine skeletons of 2-phenylpyra- 
zolo[1,5-a]pyridine-3-carbonitrile, CI4H9N3 (2a), and 
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S-2-methylthiopyrazolo [ 1,5-a]pyridin-3-yl p-chloroth- 
iobenzoate, CIsHHC1N2OS2 (2b), are planar [maximum 
deviation 0.019 (3)/~ for (2a) and 0.011 (5)/~ for (2b)]. 
The pyrazolo[1,5-a]pyridine skeleton of compound (2b), 
in which the 2- and 3-substituents are bonded to the 
pyrazole ring by two long C ~ S  bonds, shows no signif- 
icant distortion, while in (2a), with the 2-phenyl and the 
3-cyano groups, considerable changes are seen in the 
bond angles resulting from the severe steric interaction 
accompanied by the resonance effect between the pyra- 
zolo[1,5-a]pyridine and the phenyl group. 

Comment 
The present study was undertaken to confirm the chemi- 
cal structures of the title compounds, (2a) and (2b), and 
to determine their geometrical characteristics, which are 
undiscemible from their formation paths. Structural data 
for pyrazolo[1,5-a]pyridine derivatives are scarce. 

I--R2 -HBr RI 

(1 a)(RI=Ph,R2=CNI 
(1 b)!#=SMe, R2=COC6H4Cl-p) 

• R2 

-H2 R 1 . 

(4) 

1 
[ scoc,.,cl-p 

Ph ~Rearr. R 1 - 7  SMe 

(2a) (5) (2b) 

The pyrazolo[1,5-a]pyridine rings in these molecules 
are almost planar [maximum deviation 0.019 (3)/~ for 
(2a) and 0.011 (5)A for (2b)] and constitute bicyclic 
10x-electron aromatic systems. The bond distances and 
angles for (2b) are very similar to those of the INDO- 
optimized geometry for the parent pyrazolo[1,5-a]pyfi- 
dine (Catalan et al., 1988), except for the N(1)--N(2)  
bond length (1.3253/~ in the latter) and the N(1)--: 
N(2)--C(1)  angle (104.1 ° in the latter). Furthermore, 
the angle S (1 )BC(1 ) - -N(2 )  in (2b) is very similar to 
the angle S (1 )BC(1) - -C(2) ,  and the angle S (2 ) - -  
C(2 )~C(1 )  is also very similar to the angle S (2 ) - -  
C(2)~C(3) ,  indicating the absence of any steric 
interaction between their substituents. The absence of 
such interaction must be caused by the two long C(1 ) - -  
S(1) and C(2 )~S(2 )  bonds. On the other hand, the 
geometry of the pyrazole moiety of (2a) is somewhat 
different from that of (2b). Owing to the extension of the 
conjugated system between the 2-phenyl group and the 
pyrazolo[1,5-a]pyridine ring [the dihedral angle is 
6.3 (2) °] in (2a), a severe repulsion between the 2- 
phenyl and the 3-cyano groups is induced, as seen in the 
increase of the three bond angles C(2) - -C(1) - -C(8) ,  
C(1) - -C(2) - -C(14)  and C(1)- -C(8)- -C(13) ,  and in 
the deviation of the 2-cyano group from the plane of the 
ring. 
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The  g e o m e t r y  o f  the py razo lo [1 ,5 - a ]py r id ine  ske le ton  
in (2b) is a lso s imi lar  to that  o f  2 -ace ty l -3 -amino-5 -e th -  

y l t h i eno [2 ' , 3 ' : 3 ,4 ]py razo lo [1 ,5 -a ]py r id ine  (Kakeh i  et al., 
1990). 

Fig. 1. An ORTEP (Johnson, 1965) view of compound (2a) showing 
the atomic numbering scheme. Displacement ellipsoids are drawn at 
the 50% probability level. c0c  

C4 C7 
01 

C I ~ s  1 $2 ~ , , ~  
$1 CI1 

Fig. 2. An ORTEP (Johnson, 1965) view of compound (2b) showing 
the atomic numbering scheme. Displacement ellipsoids are drawn at 
the 50% probability level. 

N(1) 
N(2) 

Experimental y(3) 
C(1) 

Chloroform solutions (40 ml) of l-[2-(substituted methyl- c(2) 
thio)methyleneamino]pyridinium bromides [(la) or (Ib), c(3) 
2 mmol], readily obtainable from the reactions of pyridinium c(4) 

C(5) 
thiobenzoylaminide with bromoacetonitrile or pyridinium c(6) 
(methylthio)thiocarbonylaminide with p-chlorophenacyl bro- c(7) 
mide, were treated with potassium carbonate (5 g) at room c(8) 
temperature for 1 d. After the removal of insoluble inor- c(9) 

c(10) 
ganic substances, each reaction solution was concentrated c(11) 
under reduced pressure and the residue was separated by c(12) 
column chromatography on alumina using hexane, ether and c(13) 
then chloroform. The concentration of the combined chloro- c(14) 
form layers at reduced pressure provided (2a) (0.394 mg, 90%) 
(Kakehi, Ito, Nagata, Kinoshita & Kakinuma, 1987) or (2b) 
(582 mg, 87%) (Kakehi, Ito, Ito, Yotuya & Nagata, 1985). For 
X-ray analysis, compounds (2a) and (2b) were recrystallized 
from chloroform-ethanol to give colourless needles. 

Compound (2a) 
Crystal data 

ClaHgN3 
Mr = 219.25 
Monoclinic 
P21/c 
a = 5.506 (1)/~ 
b = 9.754 (2)/~, 
c = 20.339 (2)/~ 
fl = 91.19 (2) ° 
V = 1092.1 (3) h a 
Z = 4  
Dx - 1.333 Mg m -3 

Data collection 
Rigaku AFC-5S diffractome- 

ter 
w-20 scans 
Absorption correction: 

none 
2931 measured reflections 
2660 independent reflections 
1262 observed reflections 

[! > 30-(/)] 

Refinement 

Refinement on F 
R = 0.047 
wR = 0.053 
S = 1.57 
1262 reflections 
191 parameters 
w = 4F2/0-2(F 2) 
(i/0-)max = 0.02 
./kpm~ = 0.16 e / ~ - 3  
Apmin = -0 .15  e A -3 

Mo Ka radiation 
A = 0.71069/~ 
Cell parameters from 25 

reflections 
0 = 18.35-19.78 ° 
# - 0.077 mm -~ 
T = 295 K 
Needle 
0.72 x 0.36 x 0.24 mm 
Colourless 

Rint = 0.038 
0max = 27.5 ° 
h = 0 ---~ 7 
k = 0 ---~ 12 
l = - 2 5  ~ 26 
3 standard reflections 

monitored every 150 
reflections 

intensity variation: - 0 . 5 %  

Extinction correction: 
analytical 

Extinction coefficient: 
0.10845 x 10 -4 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (]h2) for (2a)  

Beq = (87r2/3)~ai~jUija~ a; ai.aj. 

x y z Beq 
0.6807 (3) 0.1750 (2) 0.5045 (1) 3.5 (1) 
0.6798 (4) 0.0919 (2) 0.4508 (1) 3.8 (1) 

-0.0149 (4) 0.3791 (3) 0.4107 (1) 6.1 (1) 
0.4853 (4) 0.1323 (3) 0.4146 (1) 3.7 (1) 
0.3624 (4) 0.2403 (3) 0.4461 (1) 3.9 (1) 
0.4917 (4) 0.2674 (3) 0.5047 (1) 3.7 (1) 
0.4739 (5) 0.3576 (3) 0.5579 (2) 4.6 (1) 
0.6451 (6) 0.3529 (3) 0.6068 (2) 4.9 (2) 
0.8389 (5) 0.2586 (3) 0.6043 (2) 4.7 (1) 
0.8552 (5) 0.1701 (3) 0.5538 (1) 4.0 (1) 
0.4326 (5) 0.0633 (3) 0.3517 (1) 4.0 (1) 
0.5948 (6) -0.0309 (4) 0.3280 (2) 5.8 (2) 
0.5479 (7) -0.1010 (5) 0.2699 (3) 7.3 (2) 
0.3406 (7) -0.0779 (4) 0.2338 (2) 6.6 (2) 
0.1783 (7) 0.0161 (4) 0.2561 (2) 6.4 (2) 
0.2215 (6) 0.0854 (4) 0.3149 (2) 5.5 (2) 
0.1512 (5) 0.3161 (3) 0.4253 (1) 4.5 (1) 

Table  2. Selected geometric parameters (/~, o ) f o r  (2a)  

N(I)---N(2) 1.360 (3) C(3)----C(4) 1.400 (4) 
N(1)----C(3) 1.377 (3) C(4)---C(5) 1.358 (4) 
N(1)---C(7) 1.375 (3) C(5k---C(6) 1.410 (4) 



2 0 0 0  C14H9N3 A N D  C15Hl lC1N2OS2  

N(2)--C(1) 1.347 (3) 
C(1)---C(2) 1.414 (3) 
C(2)--C(3) 1.401 (4) 

N(2)--N(1)---C(3) 113.2 (2) 
N(2)--N(1)--C(7) 123.7 (2) 
C(3)--N(1)--C(7) 122.5 (2) 
N(1)--N(2)---C(1) 104.8 (2) 
N(2)--C(1)---C(2) 110.6 (2) 
C(1)---C(2)---C(3) 106.7 (2) 
N(1)--C(3)--C(2) 104.2 (2) 
N(1)---C(3)---C(4) 118.6 (2) 
C(2)---C(3)--C(4) 137.2 (2) 
C(3)--C(4)---C(5) 119.1 (3) 

C(6)----C(7) 
C(1)---C(8) 
C(2)--C(14) 

C(4)---C(5)---C(6) 
C(5)----C(6)---C(7) 
N(1)----C(7)----C(6) 
N(2)---C(1)---C(8) 
C(2)--C(1)---C(8) 
C(1)--C(2)---C(14) 
C(3)---C(2)--C(14) 
C(1)--C(8)---C(9) 
C(1)---C(8)---C(13) 

1.346 (4) C(3) 
1.468 (4) C(4) 
1.434 (4) C(5) 
120.6 (3) C(6) 
120.6 (3) C(7) 
118.5 (3) C(8) 
118.9 (2) C(9) 
130.4 (2) C(10) 
130.1 (3) C(ll) 
123.2 (3) C(12) 
119.6 (2) C(13) 
123.2 (3) C(14) 

c(15) 

0.4475 (3) 0.4481 (8) 0.6002 (3) 3.8 (2) 
0.5119 (3) 0.3497 (9) 0.6751 (3) 3.8 (2) 
0.5920 (3) 0.4529 (10) 0.7136 (3) 4.2 (2) 
0.6108 (3) 0.6585 (10) 0.6790 (3) 4.0 (2) 
0.5494 (3) 0.7520 (9) 0.6063 (3) 3.9 (2) 
0.2426 (5) 0.8474 (13) 0.3387 (4) 5.5 (3) 
0.2423 (3) 0.2828 (8) 0.6046 (3) 3.4 (2) 
0.1730 (3) 0.1306 (8) 0.6093 (3) 3.2 (2) 
0.1333 (3) 0.1967 (11) 0.6602 (3) 4.7 (2) 
0.0676 (3) 0.0614 (11) 0.6652 (3) 4.9 (3) 
0.0421 (3) -0.1398 (10) 0.6187 (3) 4.1 (2) 
0.0808 (3) -0.2140 (10) 0.5681 (4) 4.6 (2) 
0.1457 (3) -0.0780 (9) 0.5634 (3) 3.9 (2) 

C o m p o u n d  (2b) 

Crystal data 

C15Hll C1N2OS2 
Mr = 334.84 
Monoc l in ic  
e21/c 
a = 16.940 ( 2 ) / ~  
b = 5 .680 (1) A, 
c = 17.388 ( 1 ) / ~  
/3 = 115.880 (6) ° 
V = 1505.4 (4) /~3  
Z = 4  
Dx = 1.477 Mg m -3 

Data collection 

Rigaku AFC-5S diffractome- 
ter 

w - 2 0  scans 
Absorpt ion correction: 

none 
3935 measured reflections 
3810  independent  reflections 
1522 observed reflections 

[I > 3o-(/)] 

Refinement 

Refinement  on F 
R = 0.043 
wR = 0.046 
S = 1.29 
1522 reflections 
235 parameters  
w = 4F2/O.2(F 2) 

(A/o.)max = 0.05 
Apmax = 0.23 e A -3 
Apmi, = - 0 . 2 8  e / ~ - 3  

Mo Kc~ radiation 
A = 0.71069/~ 
Cell parameters from 25 

reflections 
0 = 15.02-17.92 ° 
# = 0.517 mm - l  
T = 293 K 
Needle 
0.54 x 0.20 x 0.16 mm 
Colourless 

Rim = 0.033 
0max = 27.5 ° 
h = 0 ---+ 21 
k = 0 ---~ 7 
l = - 2 2  ~ 18 
3 standard reflections 

moni tored  every  150 
reflections 

intensity variation: none 

Extinction correction: 
analytical 

Extinction coefficient: 
0.65716 x 10 -6  

Atomic scattering factors 
f rom International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

Table  3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2) for (2b) 

Beq = (81r2/3)~i~yUuaT aT ai.a y. 

x y z Beq 
CI(1) -0.04162 (9) -0.3077 (3) 0.6241 (1) 6.54 (7) 
S(1) 0.23187 (8) 0.5973 (3) 0.39629 (9) 4.96 (6) 
S(2) 0.29709 (8) 0.1626 (2) 0.54622 (8) 3.91 (5) 
O(1) 0.2612 (2) 0.4724 (6) 0.6397 (2) 4.7 (2) 
N(1) 0.4683 (2) 0.6488 (6) 0.5680 (2) 3.2 (1) 
N(2) 0.4006 (2) 0.7302 (6) 0.4943 (2) 3.4 (1) 
C(1) 0.3360 (3) 0.5759 (8) 0.4817 (3) 3.3 (2) 
C(2) 0.3601 (3) 0.4000 (8) 0.5431 (3) 3.4 (2) 

Table  4. Selected geometric parameters (/~, ° ) f o r  (2b) 

N(1)---N(2) 1.375 (5) C(3)----C(4) 1.400 (6) 
N(1)---C(3) 1.382 (5) C(4)---C(5) 1.357 (6) 
N(1)---C(7) 1.369 (5) C(5)----C(6) 1.412 (7) 
N(2)----C(1) 1.343 (5) C(6)----C(7) 1.347 (7) 
C(1)---C(2) 1.388 (6) S(1)---~(1) 1.745 (4) 
C(2)---C(3) 1.403 (6) S(2)---C(2) 1.735 (4) 

N(2)---N(1)---C(3) 113.5 (3) C(3)---C(4)--C(5) 119.5 (5) 
N(2)--N(1)----C(7) 124.2 (4) C(4)---C(5)----C(6) 120.7 (5) 
C(3)---N(1)---C(7) 122.3 (4) C(5)----C(6)---C(7) 120.0 (5) 
N(1)---N(2)----C(1) 102.8 (3) N(1)--C(7)----C(6) 119.2 (5) 
N(2)--C(1)---C(2) 113.5 (4) S(1)--C(1)--N(2) 122.9 (3) 
C(1)--C(2)--C(3) 105.6 (4) S(1)--C(1)---C(2) 123.6 (3) 
N(1)---C(3)----C(2) 104.5 (4) S(2)---C(2)----C(I) 127.3 (3) 
N(1)--C(3)----C(4) 118.2 (4) S(2)---C(2)----C(3) 127.0 (3) 
C(2)----C(3y---C(4) 137.2 (4) 

Azimuthal scans of several reflections indicated no need 
for an absorption correction. The H atoms were  located 
f rom a difference Fourier  map and refined isotropically. The 
structure was solved by direct methods (SIR88; Burla et al., 
1989) utilizing the TEXSAN package (Molecular  Structure 
Corporation, 1985). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AS ll l2).  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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