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Amidopyrine (1-phenyl-2,3-dimethyl-4-dimethylaminopyrazolone), C13HzvN30, a dimethylamino 
derivative of antipyrine and an important analgesic and antipyretic agent, crystallizes in the triclinic 
space group P1 with four molecules in a unit cell of dimensions a= 7.458 (5), b = 10.744 (5), c= 17.486 
(15)/~,, e=98.6 (2),/~= 85.6 (3), y= 108-6 (2) . The structure was solved by direct methods and refined 
to an R value of 0.055 for 3706 photographically observed reflexions. The dimensions of the two crystal- 
lographically independent molecules are very nearly the same. The pyrazolone moiety in the molecule 
has dimensions comparable to those in antipyrine. Unlike antipyrine, the molecular dimensions of 
amidopyrine in the free state (the present structure) are close to those found in some of its hydrogen- 
bonded complexes. Thus it appears that the presence of the dimethylamino group makes the molecule 
more resistant to changes in its dimensions resulting from molecular association. An attempt has also 
been made to correlate the polar nature of the pyrazolone moiety and the hybridization state of the 
hetero nitrogen atoms in antipyrine, amidopyrine and their complexes. 

Introduction 

Several pyrazole derivatives are used as analgesic and 
anti-inflammatory agents. In our earlier communica- 
tions we have reported the X-ray analysis of anti- 
pyrine, the first pyrazole derivative to be introduced 
as a drug (Singh & Vijayan, 1973), and a molecular 
complex between antipyrine and salicylic acid (Singh & 
Vijayan, 1974). The crystal structure analysis of amido- 
pyrine (1-phenyl-2,3-dimethyl-4-dimethylaminopyrazo- 
lone), a dimethylamino derivative of antipyrine, is 
presented here. Amidopyrine is more potent than anti- 
pyrine in its pharmacological action and is also less 
toxic. A preliminary note on the analysis has been 
published (Singh & Vijayan, 1975). 

Experimental 

Large, transparent, plate-like crystals of amidopyrine 
were grown by slow evaporation at room temperature 
of its solution in 95% alcohol. The space group and 
unit-cell dimensions were determined from oscillation, 
Weissenberg and precession photographs taken along 
crystallographic axes. The reciprocal cell constants 
a*,b*,c*, cos co* and cos ),* were refined by a least- 
squares method (International Tables for X-ray Crys- 
tallography, 1959) using 22 Okl and 16 hkO high-angle 
reflexions. The crystal density was measured by flota- 
tion in an aqueous solution of potassium iodide. 
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Crystal data 
Amidopyrine, C13H17N30; space group P1 or P ] ;  

a=7.458 +0.005, b=  10.744+0.005, c= 17.486+0.015 
A; 0c=98.6+0.2, fl=85.6+0"3, y=108-6+0"2 °. M =  
231.20, U=1312.665 A3; D,,=1.176+0.005, Z = 4 ,  
De= 1"171 g cm-3; )~= 1.5418 A,/L(Cu Kc0 =6.89 cm -1 

The intensity data were recorded on multiple-film 
equi-inclination Weissenberg photographs with nickel- 
filtered copper radiation for reciprocal levels Hkl, H= 
0 through 6 and hkL, L=O through 10 from nearly 
cylindrical crystals of mean radii 0.035 and 0.050 cm, 
cut and ground along a and c respectively. The intensi- 
ties were estimated visually with calibrated film strips. 
Out of a total of 5575 independent reflexions in the 
copper sphere, 4308 were recorded, of which 3706 were 
in the measurable range. The data were corrected for 
Lorentz and polarization effects and spot-shape distor- 
tions. The two sets of data were also corrected for 
absorption (/~ra = 0"241,/zrc = 0"345) using the analytical 
formula given by Palm (1964). The common reflexions 
i'n the two data sets were used for inter-level scaling. 
The absolute scale and the overall temperature factor 
were initially obtained from Wilson's statistics. The 
statistical distribution of IE[ values indicated the space 
group to be centrosymmetric and hence PT, which 
was confirmed by subsequent structure analysis in this 
space group. 

Structure determination 

With space group P ]  and four molecules in the unit 
cell, there are two crystallographically independent 
molecules consisting of 34 non-hydrogen atoms in the 
asymmetric unit. The structure was solved with the 
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p r o g r a m  M U L T A N  original ly wri t ten  by Ge rma in ,  
Ma in  & Woo l f son  (1971) and  modif ied  by S. R a m a -  
k u m a r  and  M. R. N.  M u r t h y  for  the I B M  360/44 
c o m p u t e r  system at  the Ins t i tu te ;  290 reflexions with 
IEI-> 1.56 were used for  sign de te rmina t ion .  I n f o r m a -  
t ion ob ta ined  f rom pack ing  cons idera t ions  and  Pat-  
te rson dis t r ibut ions  was also used, a long with the 
convent iona l  figures o f  mer i t  ( A B S F O M  and  R), to 
choose  the correct  set o f  signs f rom the M U L T A N  
output .  The correct  solut ion ( A B S F O M = I . 2 1 ,  R =  
18.6) tu rned  out  to be the second best non-tr ivial  solu- 
t ion on the basis o f  the figures o f  meri t .  

The  s t ruc ture  was first refined isotropical ly  to an 
R value of  0" 164 with  the modif ied version of  a block- 
d iagonal  SFLS  p r o g r a m  writ ten by R. Shiono.  F u r t h e r  
ref inement  of  the s t ruc ture  with individual  an iso t ropic  
t e m p e r a t u r e  fac tors  o f  the fo rm exp [ -  (bn h2 q-b22 k2 + 
ba312 + 2b12hk + 2b13hl+ 2bzakl)] reduced R to 0.098. All 
the hydrogen  a toms  were located on a difference syn- 
thesis c o m p u t e d  at  this stage.  The posi t ional  and  iso- 
t ropic  thermal  pa r ame te r s  of  the hydrogen  a toms  were 
also included in the subsequent  ref inement  cycles. 
The ref inement  was t e rmina ted  when all the shifts 
became much  smaller  than  the co r re spond ing  s t anda rd  
deviat ions.  The  final R value for 3706 observed reflex- 

ions was 0.055. The  weight ing funct ion  used in the 
final cycles had  the fo rm 1/(a + bFo + cF2), where a = 
0.371, b = 0 . 1 5 2  and  c = 0 . 0 0 1 5 .  The a tomic  scat ter ing 
factors  were those of  C r o m e r  & W a b e r  (1965) for  
ca rbon ,  ni t rogen and  oxygen and of  Stewart ,  Dav idson  
& S impson  (1965) for  hydrogen .  The final posi t ional  
and  the rmal  pa rame te r s  of  the non -hydrogen  a toms  and  
those of  the hydrogen  a toms  are listed in Tables  1 and  2 
respectively.* 

Discussion 

Description of  the structure 
The crystal  s t ruc ture  o f  amidopyr ine  as viewed a long 

the a axis is shown in Fig. 1. Perspect ive views of  the 
two crys ta l lographica l ly  independent  molecules,  re- 
ferred to hereaf te r  as molecule  A and  molecule  B, as 
seen a long the no rma l  to the planes of  the respective 
pyrazo lone  rings, are shown in Fig. 2. Equa t ions  o f  the 
mean  planes o f  var ious  p l ana r  g roups  were calcula ted 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31735 (15 pp., 1 microfiche). Copies may be obtained 
through The Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CH 1 1 NZ, England. 

Table  1. Final positional and thermal parameters for the non-hydrogen atoms 

(a) Final positional coordinates (× 104) of non-hydrogen 
atoms. The estimated standard deviations are given in paren- 
theses. 

x y z 
N(I) 1506 (5) 4325 (3) 1436 (2) 
N(2) - 144 (4) 4566 (3) 1222 (2) 
C(3) 484 (6) 5842 (4) 1023 (2) 
C(4) 2408 (6) 6341 (4) 1040 (3) 
C(5) 3130 (6) 5353 (4) 1284 (4) 
C(6) - 1742 (6) 4246 (5) 1793 (3) 
C(7) - 9 0 0  (6) 6485 (5) 824 (3) 
0(8) 4768 (4) 5340 (3) 1337 (2) 
N(9) 3527 (5) 7590 (3) 817 (2) 
C(10) 4794 (8) 8421 (5) 1432 (4) 
C(11) 4553 (10) 7459 (7) 93 (5) 
C(12) 1469 (6) 2984 (5) 1448 (3) 
C(13) 2815 (7) 2768 (5) 1888 (3) 
C(14) 2820 (9) 1469 (6) 1889 (4) 
C(15) 1504 (10) 414 (6) 1482 (5) 
C(16) 1602 (10) 638 (6) 1067 (4) 
C(17) 132 (7) 1920 (5) 1040 (3) 
N(21) 4565 (5) 4296 (3) 3908 (2) 
N(22) 1316 (5) 4500 (3) 3614 (2) 
C(23) 2049 (6) 5858 (4) 3561 (3) 
C(24) 689 (6) 6450 (4) 3720 (3) 
C(25) -1068 (6) 5458 (4) 3923 (3) 
C(26) 2422 (7) 3827 (5) 3969 (4) 
C(27) 4094 (7) 6458 (5) 3346 (4) 
0(28) -2684 (4) 5533 (3) 4059 (2) 
N(29) 911 (6) 7805 (4) 3672 (3) 
C(30) 371 (10) 8513 (6) 4387 (4) 
CO1) -31  (11) 7965 (6) 3008 (4) 
C(32) - 1889 (6) 3004 (4) 3839 (3) 
C(33) -3452 (7) 2758 (5) 4353 (4) 
C(34) -4795 (8) 1511 (6) 4298 (4) 
C(35) -4580 (10) 503 (6) 3733 (5) 
C(36) -3026 (10) 740 (6) 3234 (5) 
C(37) -1675 (8) 1993 (5) 3278 (3) 

(b) Anisotropic thermal parameters (× 104) of non-hydrogen 
atoms. The estimated standard deviations are given in paren- 
theses. 

/711 b22 b33 b12 b13 b23 
N(1) 107 (6) 82 (4) 41 (2) 43 (4) 3 (3) 15 (2) 
Y(2) 100 (6) 85 (4) 37 (2) 35 (2) 9 (3) 20 (2) 
C(3) 121 (8) 84 (4) 28 (2) 42 (5) 6 (3) 8 (2) 
C(4) 113 (7) 75 (4) 37 (2) 28 (5) 5 (3) 11 (2) 
C(5) 107 (7) 86 (4) 37 (5) 41 (2) 13 (3) 12 (2) 
C(6) 117 (8) 119 (6) 44 (3) 41 (6) 8 (4) 25 (3) 
C(7) 133 (8) 102 (5) 43 (2) 49 (5) 1 (4) 18 (3) 
0(8) 112 (6) 112 (4) 65 (2) 46 (4) 34 (3) 28 (2) 
N(9) 138 (7) 74 (4) 47 (2) 24 (4) 8 (3) 17 (2) 
C(10) 214 (12) 81 (5) 65 (3) 13 (6) - 1 3  (5) 5 (3) 
C(11) 285 (16) 141 (7) 49 (3) 21 (9) 28 (6) 27 (4) 
C(12) 158 (9) 87 (5) 37 (2) 56 (5) 21 (4) 20 (3) 
C(13) 179 (10) 110 (6) 42 (3) 68 (6) 14 (4) 22 (3) 
C(14) 265 (14) 133 (7) 58 (3) 104 (9) 21 (6) 39 (4) 
C(15) 358 (18) 91 (6) 62 (4) 80 (8) 21 (6) 25 (4) 
C(16) 294 (16) 89 (6) 59 (4) 37 (8) 18 (6) 15 (3) 
C(17) 195 (11) 89 (5) 40 (2) 25 (6) 7 (4) 20 (3) 
N(21) 115 (7) 76 (4) 38 (4) 17 (4) 6 (3) 14 (2) 
N(22) 131 (7) 76 (4) 41 (2) 24 (4) 1 (3) 15 (2) 
C(23) 130(8) 81 (5) 33(2) 18(5) - 1  (3) 11 (2) 
C(24) 139 (8) 74 (4) 33 (2) 29 (5) 6 (3) 12 (2) 
C(25) 123 (8) 80 (4) 36 (2) 21 (5) - 5  (4) 9 (2) 
C(26) 175 (10) 100 (5) 45 (3) 51 (6) - 8  (4) 17 (3) 
C(27) 132 (9) 99 (5) 54 (3) 19 (6) 11 (4) 20 (3) 
0(28) 138 (6) 104 (4) 57 (2) 37 (4) 11 (3) 22 (2) 
N(29) 176 (8) 72 (4) 47 (2) 34 (5) 12 (3) 13 (2) 
C(30) 321 (17) 93 (6) 54 (3) 55 (8) 21 (6) 4 (3) 
C(31) 373 (20) 128 (7) 50 (3) 95 (10) 10 (6) 36 (4) 
C(32) 152 (9) 17 (4) 36 (2) 13 (5) - 6  (4) 14 (2) 
C(33) 176 (11) 96 (6) 47 (3) 20 (6) 10 (4) 14 (3) 
C(34) 209 (13) 116 (7) 60 (4) 7 (7) 25 (5) 22 (4) 
C(35) 255 (15) 89 (6) 81 (4) - 1 8  (8) - 7  (7) 20 (4) 
C(36) 275 (16) 82 (6) 67 (4) 12 (8) - 2 2  (6) 4 (4) 
C(37) 197 (11) 96 (5) 39 (3) 27 (6) - 3  (4) 12 (3) 
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Table 2. Final positional coordinates (x  10 3) 
and isotropic temperature factors of hydrogen atoms 

The estimated standard deviations are given in parentheses. 

x y z B 
H(13) 375 (9) 350 (6) 220 (4) 5 (2) 
H(14) 373 (9) 132 (6) 217 (4) 6 (2) 
H(15) 157 (12) - 4 0  (8) 142 (5) 9 (2) 
H(16) - 8 8  (11) - 1 0  (7) 74 (4) 8 (2) 
H(17) - 8 2  (7) 207 (5) 76 (3) 4 (1) 
H(61) - 2 8 6  (9) 458 (6) 168 (4) 6 (2) 
H(62) - 1 0 8  (10) 474 (7) 235 (4) 7 (2) 
H(63) - 2 2 4  (9) 320 (6) 187 (4) 6 (2) 
H(71) - 180 (9) 665 (6) 124 (3) 5 (1) 
H(72) - 9  (10) 744 (7) 61 (4) 7 (2) 
H(73) - 180 (10) 591 (7) 34 (4) 7 (2) 
H(101) 438 (9) 932 (6) 130 (4) 6 (1) 
H(102) 389 (10) 843 (7) 195 (4) 7 (2) 
H(103) 589 (9) 807 (6) 153 (4) 5 (I) 
H ( l l l )  511 (10) 837 (7) - 1 2  (4) 8 (2) 
H(l12) 565 (13) 699 (9) 13 (6) 11 (3) 
H(l13) 384 (12) 684 (8) - 3 8  (5) 9 (2) 
H(33) - 3 6 6  (9) 344 (6) 473 (4) 5 (1) 
H(34) - 5 9 9  (9) 147 (6) 469 (4) 6 (1) 
H(35) 567 (10) - 3 7  (7) 377 (4) 7 (2) 
H(36) - 2 5 9  (12) 6 (8) 299 (5) 9 (2) 
H(37) - 5 5  (8) 215 (5) 294 (3) 4 (1) 
H(261) 261 (13) 424 (9) 454 (5) 9 (2) 
H(262) 188 (9) 292 (6) 392 (4) 6 (2) 
H(263) 373 (8) 403 (5) 373 (3) 4 (1) 
H(271) 422 (8) 727 (6) 318 (3) 5 (1) 
H(272) 500 (12) 640 (8) 381 (5) 9 (2) 
H(273) 447 (12) 602 (8) 287 (5) 9 (2) 
H(301) 66 (10) 949 (7) 419 (4) 7 (2) 
H(302) 126 (16) 868 (10) 486 (6) 12 (3) 
H(303) - 8 1  (9) 814 (6) 451 (4) 6 (2) 
H(311) 30 (10) 897 (7) 300 (4) 7 (2) 
H(312) - 147 (13) 764 (9) 308 (5) 9 (2) 
H(313) 67 (12) 754 (8) 258 (4) 8 (2) 

with Blow's (1960) method. In the structure, the 
phenyl ring and the pyrazolone ring are oriented with 
respect to each other at 37-7 and 40.1 ° in molecules 
A and B respectively. The orientation is determined 
essentially by steric factors as in the case of antipyrine 
(Singh & Vijayan, 1973). On account of the proximity 
of the carbonyl oxygen atom 0(8) and the methyl 
carbon atom C(7), the sterically most favourable orien- 
tation of the dimethylamino group is one in which the 
two methyl groups lie on opposite sides of the pyrazo- 
lone ring. In this orientation, the two methyl groups 
could point towards either 0(8) or C(7). The observed 
conformation in the structure corresponds to the 
former possibility. This conformation is sterically more 
favourable on account of the larger van der Waals 
radius of the methyl group compared to that of the 
oxygen atom. The dihedral angles which define the 
conformation of the dimethylamino group [namely, 
O(8)-C(4)-N(9)-C(10) and O(8)-C(4)-N(9)-C(11)] are 
-58 .2  and 68.0 ° in molecule A and -57 .4  and 70.6 ° 
in molecule B. 

The hetero nitrogen atoms are pyramidal in both 
molecules. The nitrogen atom N(1) deviates from 
the plane of the three surrounding atoms by - 0 . 1 9 9  + 

0.005 and N(2) by 0.404 + 0.006 A in molecule A. The 
corresponding values for the nitrogen atoms N(21) 

and N(22) in molecule B are -0 .199+0.005 and 
0.362 + 0.006 A respectively. The phenyl ring attached 
to N(1) and the methyl group attached to N(2) lie on 
opposite sides of the mean plane of the five-membered 
pyrazolone ring. The dihedral angles C(12)-N (I)-N(2) 
-C(6) and C(32)-N(21)-N(22)-C(26) which define their 
mutual orientation are 68.2 (in molecule A) and 61.9 ° 
(in molecule B). 

Average dimensions of the molecules in comparison with 
the molecular dimensions of antipyrine 

The dimensions of the two crystallographically inde- 
pendent molecules in the structure are very nearly the 
same. Therefore their average values will be used in 
the further discussion. The average bond lengths and 
bond angles of the molecule are given in Fig. 3. 

As mentioned earlier, the two methyl groups of the 
dimethylamino group lie on opposite sides of the plane 
of the five-membered ring. The line joining the two 
methyl carbon atoms is approximately normal to the 
plane of this ring. Thus, the lone pair of the amino 
nitrogen atom is nearly perpendicular to the p orbitals 
of the ring atoms and the resonance interaction of the 
amino nitrogen atom with the ring is expected to be 
negligible. Therefore, the electronic effect of the sub- 
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O-- . . . . . . . . . . . . . . . . . . . . .  O . . . . . . .  

Fig. 1. The crystal structure of amidopyrine as viewed along 
the a axis. 
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Fig. 2. Perspective views of the molecules A and B in the 

structure, as seen normal to the planes of the respective 
pyrazolone rings. 
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n(102) 

H(101)- C(10)- H(103) = 110 I-I(61) - C(6)- t-I(63) = 108 
H(102) - C(10) - N(9) = 110 I-I(62) - C(6) - N(2) = 109 
H( I l l ) -  C(I1)- H(113) = 107 H(71)- C(7)- H(73) = 104 
H(112)- C(11)-N(9) = 112 H(72)- C(7)- C(3) = 110 

(b) 

Fig. 3. (a) Average bond lengths (A), (b) average bond angles 
(°). Mean standard deviations for the bond lengths are: 
a(C-O) =0"006, a(N-N)=0.006, ,a(N-C)=0"007, a(C-C)= 
0"008, a(C--H)=0"08 A. The e.s.d, s of bond angles involving 
non-hydrogen atoms vary between 0.3 and 0.6 ° , whereas the 
mean e.s.d.'s of C-C-H (or N-C-H) and H-C-H angles are 
4"0 and 5.5 ° respectively. 

stitution of the dimethylamino group at the 4-position 
is likely to be limited to the inductive effect through a 
orbitals. These considerations indicate that the reso- 
nance forms I, II and III, used in the case of 
antipyrine (Singh & Vijayan, 1973), and shown in Fig. 
4, are perhaps adequate to describe, in an approximate 
semi-quantitative manner, the structure of the pyrazo- 
lone moiety in amidopyrine. In fact, the observed bond 
lengths in this moiety can be satisfactorily explained 
(Table 3), employing the bond length-bond order 
curves used earlier (Singh & Vijayan, 1973), if the 
contributions from forms I, II and III are fixed 
at 68, 16 and 16% respectively. These contributions 
are comparable to those used in the case of antipyrine 
(66, 22 and 12% respectively), indicating the essential 
structural similarity of the pyrazolone moiety in the 
two compounds. A detailed comparison of individual 
bond lengths, valency angles and dihedral angles also 
clearly brings out this structural similarity. Minor 
differences do exist in the dimensions of the pyrazolone 
group between the two compounds. These differences 
give rise to the small variations in the relative con- 
tributions of the resonance forms I, II and III. 

Table 3. Observed and calculated bond lengths (A) 
of the pyrazolone moiety in amidopyrine 

Observed Calculated 
N(1)-N(2) 1-419 1.440 
N(2)-C(3) 1.395 1.395 
C(3)-C(4) 1.357 1.352 
C(4)-C(5) 1.461 1.467 
C(5)-N(1) 1.402 1.395 
C(5)-O(8) 1.237 1.246 

Molecular dimensions of amidopyrine in its crystalline 
complexes 

The structures of two crystalline complexes involv- 
ing amidopyrine, one with barbital (Kiryu, 1971) and 
the other with cyclobarbital (Kiryu, Hirayama & 
Iguchi, 1974), have been reported so far. In both these 
complexes, the association is achieved through a hydro- 
gen bond with the carbonyl oxygen atom of the amido- 
pyrine molecule. The molecular geometry of amido- 
pyrine is very similar in the two compounds and hence 
the weighted average dimensions of the molecule will 
be used in the following discussion. The bond lengths 
and angles in the molecule, averaged using Topping's 
(1961) formula, are given in Fig. 5. 

Examination of Figs. 3 and 5 shows that the dimen- 
sions of the molecule in the complexes are surprisingly 
close to those found in free amidopyrine. For example, 
the mean value of the differences between the bond 
lengths in the pyrazolone moiety in the two cases is 
0.009 A, the maximum difference being 0.025 A. The 
small differences that exist can again be expressed 
qualitatively in terms of the resonance forms considered 
earlier. The average bond lengths of the pyrazolone 
group in the complexes can best be explained if the 

A C 32B - 12 
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contributions of forms I, II and III are assumed 
to be 68, 20 and 12°,/0 respectively. These values are 
indeed very close to those calculated for free amido- 
pyrine (68, 16 and 16%). The hybridization states of 
the two hetero nitrogen atoms are also somewhat 
similar in these two cases. In the complexes, N(1) 
and N(2) deviate from the planes of the three sur- 
rounding atoms by -0 .234+0-004  and 0.348+0.019 
/k respectively. The corresponding values in amido- 
pyrine are -0 .199  + 0.004 and 0.383 + 0.021 /k respec- 
tively. The close similarity between the dimensions of 
the pyrazolone moiety in free amidopyrine and in its 
complexes became rather intriguing when compared 
with the considerable differences between the molec- 
ular dimensions of antipyrine in the free state and 
those in its hydrogen-bonded complex with salicylic 
acid (Singh & Vijayan, 1974). Thus it appears that the 
attachment of the dimethylamino group at the 4- 
position makes the molecule more resistant to changes 
in its dimensions resulting from interactions at the 
carbonyl group. 

The polar nature of  the pyrazolone group and the 
hybridization state of  the nitrogen atoms in antipyrine, 
amidopyrine and their complexes 

The crystal structures of antipyrine, amidopyrine 
and a few of their hydrogen-bonded and metallic 
complexes were examined in this and the preceding 
papers in this series. The dimensions of the pyrazolone 
moiety in these crystals were also discussed in terms 
of the relative contributions from three resonance 
structures. The differences in the relative contribu- 
tions are obviously related to the differences in the 
polar nature of the molecule. The changes in the hy- 
bridization state of the two hetero nitrogen atoms in 

the pyrazolone moiety resulting from the interactions 
at the carbonyl group were also discussed in some 
detail. In antipyrine, as well as in amidopyrine, a 
phenyl ring and a methyl group are attached to the 
two nitrogen atoms and, therefore, changes in the 
pyramidal nature of the latter lead to considerable 
changes in the geometry of the molecule. An attempt 
is made here to correlate the polar nature of the pyrazo- 
lone moiety and the hybridization state of the nitrogen 
atoms in the crystal structures examined so far. The 
attempt is again based on the relative contributions 
of three resonance forms. Admittedly, rigorous deduc- 
tions cannot be made on the basis of contributions 
from different resonance forms calculated with em- 
pirical bond length-bond order curves. However, such 
calculations, when used carefully, can be very helpful 
in explaining broad structural features and in identify- 
ing the general trends of changes in molecular dimen- 
sions resulting from intermolecular interactions. 

The displacements of the two hetero nitrogen atoms 
in the pyrazolone ring from the planes of the surround- 
ing atoms and the sums of the angles around them 
(the nitrogen atoms), in antipyrine, amidopyrine and 

CH, CH, /CH~ 
/ / 

~ N  CH, _.._._.N ('H, ~ N  : " 

CH ' ~  / CH ' \ / Cl1 "N / "  ' f l l J, 

o I o I o- I 
C~H~ C~H, C~H: 

(1) (II) (III) 

Fig. 4. Canonical structures of amidopyrine. 

5h c(15) :~a. 
x.3b~ " ~  C(15)__ 

co6) c04) -"~120.30)~ C(16) c(i4) 

C(17) C(13) C(]~/) 119"1(4) 118"4(4) C(3) 
"/2~/~ x.3~b~b, 3 120'4(3) 

~9 ccx2) ': ~c(12)~""  
.~[ .120"7(5) ] 1!7"8(5) 

119'9(4)N 1) 122'8(5) ..,~, Nil) :~o 

C(6) ~114"6(5) ~209'1 (1)~4 123"1(4)/ 0(8) 
Ni2) C(5) N(2) C(5) 
~ ~ ~i21"5~9) \106"2(3)" 105"8(37 131"0(5) 

\ 110-2(3) 
C(3) C (4)~. . -- 108"I(4) / " 4 121 2(4) C(3) ~ (;(4) 126 5( ) 

,,?,%~/ 1"352(4) N~:~ / 128'7(5) \ 
C(7) N(9) 1 ~  C(ll) .125"3(4)~112"4(5) C(ll) 

<,:/ 'C(7) 112"5(4)/(9) 
111 0(5) 
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Fig. 5. (a) Weighted average bond lengths (/1,) and (b) angles (°) of amidopyrine in its hydrogen-bonded complexes. The standard 
deviations are given in parentheses. 
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Table 4. The displacements (A) of  the hetero nitrogen atoms from the planes of  their nearest neighbours, 
the sum of the angles around them and the percentage contributions of  the three canonical forms in 

amidopyrine and its complexes, and antipyrine and its complexes 

Calcium hexa- 
Nearest Amidopyrine antipyrine 

neighbours Amidopyrine in complexes Antipyrine Salipyrine perchlorate 
Displacement of N ( 1 )  N(2)-C(5)-C(12) -0.199 (5) -0"234 (5) -0.247 (5) -0.154 (8) -0-098 (11) 
Displacement of N ( 2 )  N(1)-C(3)-C(6) 0-383 (21) 0.348 (19) 0.347 (5) 0.295 (8) 0.188 (12) 
Sum of angles 

around N(1) 354-2 352"2 350"8 356"6 358-8 
Sum of angles 

around N(2) 339.2 343-8 342"3 347.0 354"7 
Form I (%) 68 68 66 45 41 
Form II (%) 16 20 20 34 37 
Form III (%) 16 12 12 21 22 

their complexes are given in Table 4. The contribu- 
tions of the three resonance forms in each structure, 
determined from bond length-bond order curves, are 
also listed in Table 4. In form I, all the bonds 
around N ( 1 ) a n d  N(2) are single whereas forms II 
and Il l  have a double bond each, adjacent to N(2) 
and N(1) respectively. The presence of these double 
bonds is likely to make N(1) and N(2) more planar. 
Thus, the deviations of N(1) and N(2) from the planes 
of their nearest neighbours may be expected to be 
inversely related to the relative contributions of (Ill) 
and (II) respectively. An examination of Table 4 
shows that a general, though not rigorous, inverse 
relationship exists between the deviation of N(1) and 
the percentage contribution of (III) and between the 
deviation of N(2) and the percentage contribution of 
(II). It may be mentioned that the degree of planarity 
introduced by an adjacent bond having a given double- 
bond character differs between N(1) and N(2). For 
example, in amidopyrine each of these nitrogen atoms 
has a bond adjacent to it with a bond order of 1.16. 
But N(1) deviated from the plane of the neighbouring 
atoms by - 0.199 + 0.004 A whereas the corresponding 
value for N(2) is 0.383 + 0.021 A. This disparity arises 
presumably because of the substituents at N(1) and 
N(2), and hence the steric constraints, being different. 
Also, the effect of the polar forms II and III on the 
hybridization state of the nitrogen atoms appears to 
be more pronounced in the metal complexes com- 
pared with that in the hydrogen-bonded complexes and 
in the free molecules. However, to sum up, there ap- 

pears to be a reasonably good qualitative inverse cor- 
relation between the contribution of polar forms II 
and III and the pyramidal nature of hetero nitrogen 
atoms N(2) and N(1). 
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