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Diphenyl-42-pyrazoline crystallizes in the monoclinic space group P2;/c with unit-cell dimensions
a=5404, b=10-162, c=21-683 A, =92-85°, and with Z=4. The crystal structure has been determined
by the symbolic addition method and refined by least-squares analysis of three-dimensional data col-
lected by both film and counter techniques. The molecule is not completely planar; the dihedral angle
between the planes of the phenyl rings is 11°. Both phenyl groups are planar with an average C-C

distance of 1-385 A and an average C-H bond length of 0-99

A. The pyrazoline ring appears to be

significantly non-planar, the maximum deviation from the least-squares plane defined by the ring being
0-053 A. The intermolecular separations correspond to van der Waals interactions.

Introduction

Many derivatives of diphenyl-42-pyrazoline (DPP) ex-
hibit strong fluorescent activity and can be used as
whitening agents for nylon fabrics in commercial deter-
gents. The crystal structure of the parent compound
has been investigated in order to determine the degree
of conjugation and the extent of coplanarity of the
three rings in the molecule as these factors will influ-
ence the physical properties of the fluorescer.

Experimental

Two sets of three-dimensional data were used in this
work. A set of data collected on a diffractometer re-
placed data obtained by photographic methods in the
final cycles of refinement.

Crystals of DPP were obtained as pale green needles
from ethanol solution. With the use of Cu K« radiation
and the multiple film technique, equi-inclination Weis-
senberg photographs were taken of the levels 0k/ — 2k/
for the crystal rotating about the a crystallographic
axis and of the levels 40/ — A4l for the b-axis rotation.
The intensities of the reflexions were measured by
visual comparison with a calibrated scale, and after
application of Lorentz and polarization corrections,
common reflexions observed on both rotation axes
enabled all the data to be placed on a common relative
scale. A total of 1301 independent reflexions were ob-
tained and a further 402 reflexions were below the
minimum observable value. No correction was made
for absorption.

Data were collected for a second crystal on a Hilger
and Watts automatic four-circle diffractometer in the
normal beam arrangement. Integrated intensities were
obtained for <56° by the 6-26 scanning method
using Cu K radiation and a scintillation counter with
pulse height discrimination. Each reflexion was inte-
grated in eighty steps of intervals of 0-01°. Observed
structure factor values were derived from the integrated
intensities in a data reduction program which also cor-
rected for variation in the integrated intensity of a

standard reflexion, measured at frequent intervals
during the data collection. No correction was made
for absorption. A total of 1552 independent reflexions
were measured and of these, 212 reflexions were below
the threshold value for an observed reflexion.

Lattice parameters were obtained from measure-
ments of diffraction angles on the diffractometer and
the systematic extinctions were determined from the
Weissenberg diagrams. The crystal data are as follows:

Diphenyl-42-pyrazoline, C;sN,H;, F.W. 222.3
Monoclinic, @ = 5-404(2), b= 10-162(4), c=21-683(10)A,
B=92-85(0-25)°

U=1189-3 A3, Z=4, D,=1-24 g.cm3, Dy, (not meas-
ured)

Cu Ko radiation (A=1-5418 A).
Space group, P2,/c (No.14).

Structure determination

An examination of the Patterson map obtained using
the Ok/ film data reflexions showed peaks which could
be interpreted as representing both intra- and inter-
molecular ring-to-ring vectors. Several structure factor
trials, based on molecular positions derived from the
map and assuming the molecule to lie close to the (123)
plane, which was represented by the most intense re-
flexion, failed to indicate a correct trial structure.
Further attempts to solve the structure in the 0k/ pro-
jection by the application of minimum functions
(Buerger, 1959) were unsuccessful. A three-dimensional
vector map, calculated with the use of all the available
film data, could not be fully interpreted in terms of
molecular orientation, owing to the poor resolution of
peaks in the region of the origin.

The symbolic addition procedure (Karle & Karle,
1963) seemed an ideal method of phase determination
for the structure and a computer program was used
to place the film data on an absolute scale by Wilson’s
(1942) method and to determine the value of the overall
temperature factor as B=4-03 A2, Normalized struc-
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ture factor magnitudes, |E|, were computed from the
observed structure factor values, |F|, with the formula
(Karle & Karle, 1964):

N
Ey=Fife X fh,
I

where N is the number of atoms in the unit cell, f; is
the atomic scattering factor for the jth atom corrected
for the overall temperature factor B and =1 except
for h0/ and 0O where ¢=2. The program listed all
triplet interactions E,, E, and E,_, with Ej values
greater than the chosen limit |E|=1-5 which allowed
210 reflexions to be used for the symbolic addition
procedure. A lower limit of |E|=2-0 was used for the
E, and E,_, values to ensure a number of statistically
preferable E,, E,_, pairs related to each E,.

The three linearly independent reflexions, 123, 2,5,13
and 164 were given positive signs to specify the origin
and a further reflexion, 1,1,T8, was assigned the sym-
bol a. All four reflexions had large values for |E| and
had many relationships applicable to the X, formula
(Hauptman & Karle, 1953):

SE,~s % EEy .
k

The starting set of four phased reflexions was used
in the symbolic addition procedure to determine the
phases, in terms of signs and the symbol a, for the 72
reflexions with |E,| >2-0. From the many indications
of the phase of symbol a found in the individual phase
determinations, the symbol a was assigned the negative
sign. This set of 72 phases was used to determine the

Fig.1. Sections of the three-dimensional E map projected
along [100]. Two molecular positions are indicated, one by
a full line, the other by a dashed line. The final atomic
coordinates correspond to the mean of the two positions.
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signs of the remaining reflexions with [Ey>1-5. A
three-dimensional E map was computed with the use
of 202 E values as coefficients in a Fourier synthesis
and is shown in Fig.1. The map shows two molecules
of DPP in the asymmetric unit, but with several atoms
common to both molecules and represented by peaks
of double weight in the E map. This unusual result is
probably due to rational dependence of the atomic
coordinates (Hauptman & Karle, 1959) causing a non-
uniform distribution of {|E,|?) throughout reciprocal
space. In the case of DPP, only the mean statistical
average for all the normalized structure factors was
computed and any need for renormalization was un-
noticed.

Two structure-factor calculations, using the 574
strongest reflexions selected from the full three-dimen-
sional film data and fractional atomic coordinates
derived from the E map, gave R values of 0-43 for each
of the two molecular positions. Fractional atomic co-
ordinates were now calculated from the mean molecu-
lar position and a further structure factor calculation
gave an agreement index of 0-27. In these calculations
all non-hydrogen atoms were calculated as carbon
atoms with isotropic temperature factors of B=4-03 A2
as determined by the Wilson plot. Nitrogen atoms were
distinguished from carbon atoms in the pyrazoline ring
by relative peak height comparison on a Ok/ electron
density map and one cycle of 0k/ Fourier refinement
reduced the reliability index R from 0-25 to 0-20.

Refinement

Refinement was continued by the method of least
squares with block-diagonal approximation. One cycle
of refinement of the scale factor, and the coordinates
and individual isotropic temperature factors of the 17
non-hydrogen atoms, reduced R from 0-23 to 0-18 for
the 1301 observed film data reflexions. All observations
during this first cycle were given unit weights. Two
further cycles using the weighting scheme suggested by
Cruickshank, Pilling, Bujosa, Lovell & Truter (1961)
improved the agreement to 0-16. Seven intense low-
order reflexions, assumed to be affected by extinction,
were given zero weight in the further refinement. The
coordinates of the ten phenyl hydrogen atoms were
calculated assuming them to lie on the ring diagonals
with C-H equal to 1-05 A; their contribution (as fixed
atoms) to the total scattering was included, with an
assumed isotropic B of 5-0 A2, in two cycles of aniso-
tropic refinement of the heavy atoms. The agreement
R was now 0-13 and the coordinates of the four hydro-
gen atoms in the pyrazoline ring were obtained from
a three-dimensional difference Fourier synthesis. One
further refinement cycle with fixed isotropic hydrogen
atoms gave an agreement R of 0-120.

At this stage the diffractometer data became avail-
able and the final least-squares cycles were performed
with this data. The starting parameters were those ob-
tained in the final cycle of film data refinement. Three
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cycles of anisotropic refinement of the heavy atoms,
with fixed isotropic (B=5-0 A?) hydrogen atoms, re-
duced R for the observed reflexions from 0-124 to 0-099.
Two further cycles, allowing the hydrogen positional
parameters to vary also, improved the agreement to
0-095 for the 1330 observations. The shift in any heavy
atom parameter was now less than one quarter of its
estimated standard deviation and each hydrogen par-
ameter shift was less than one half of its e.s.d. The re-
finement was thus discontinued.

The weighting scheme used for the diffractometer
data was that suggested by Cruickshank et al. (1961),
and during the final cycles ten strong low-order re-
flexions, assumed to be affected by extinction, were
given zero weight in the refinement. In all structure-
factor and least-squares calculations, the atomic scat-
tering factors for C, N and H were those given in
International Tables for X-ray Crystallography (1962).

The final non-hydrogen positional parameters and
anisotropic temperature factors are given in Tables 1
and 2 respectively, together with their estimated stan-
dard deviations. Hydrogen atomic coordinates are
presented in Table 3 and a list of F, and F, values for
the counter data is shown in Table 4.

Table 1. Fractional atomic coordinates
(e.s.d.’s x 104 in parentheses)

x/a y/b z/c
N(1) —0-0580 (7) 0-4078 (4) 0-3998 (2)
N(Q2) 0-0954 (7) '0-3884 (4) 0-3541 (2)
C) —0:0243 (10) 0:1711 (5) 0-5592 (2)
CQ2) 0-1482 (9) 0-1578 (5) 0:5147 (2)
C(3) 0-1433 (8) 0-2343 (5) 0:4629 (2)
C4 —0-0450 (8) 0:3274 (4) 0-4536 (3)
C(5) —0-2218 (8) 0:3415 (5) 0-4980 (2)
C(6) —0-2103 (9) 0-2616 (6) 0-5498 (2)
C(D 0-0443 (8) 0:4748 (5) 0-3090 (2)
C(8) —0-1520 (8) 0:5700 (5) 0:3248 (2)
C(9) —0-2424 (8) 0-5138 (5) 0-3846 (2)
C(10) 0-1917 (8) 0-4814 (5) 0-2573 (2)
C(11) 0-3714 (8) 0-3848 (5) 0-2478 (2)
C(12) 0-5172 (9) 03946 (5) 0:1975 (2)
C(13) 0-4910 (10) 0-4981 (5) 0-1563 (2)
C(14) 0-3144 (10) 0-5919 (5) 0:1652 (2)
C15) 0-1637 (9) 0-5855 (5) 0-2153 (2)
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Table 3. Fractional coordinates of the hydrogen atoms

x/a y/b z/c
H(1) —0:020 0-119 0-596
H(2) 0-278 0-093 0-521
H@3) 0-272 0-228 0-431
H®@4) —0-355 0-408 0-489
H(5) —0-344 0-260 0-578
H(6) —0-289 0-577 0-286
H(7) —0-082 0-667 0-332
H(8) —0-427 0-487 0-378
H(9) —0-260 0-584 0-422
H(10) 0-394 0-305 0-279
H(11) 0626 0-316 0-193
H(12) 0-581 0-496 0-118
H(13) 0-309 0:658 0:136
H(14) 0030 0653 0-223

Assumed isotropic temperature factor B=5-0 A2 for all
hydrogen atoms.
Average estimated standard deviations:

a(x/a)=0-009, a(y/b)=0-005, o(z/c)=0-002 .

Discussion

The interatomic bond lengths and angles are shown in
Fig.2. Bond lengths involving hydrogen atoms are
given in Table 5. The estimated standard deviations
(0) in atomic positions given in Table 1 and calculated
from the inverse diagonal elements of the final least-
squares matrix result in an average o of 0-005 A for
the heavy atom positional parameters and average
values of 0-007 A and 0-5° for bond lengths and angles
respectively involving these atoms. These values are
probably too small because series-termination errors
have not been included.

Both phenyl rings in the molecule have dimensions
in agreement with literature values; the mean C-C and
C-H bond lengths are 1:385 A and 0-99 A respectively
and bond angles are not significantly different from
120°.

In the pyrazoline ring, the N(1)-C(9) bond length
of 1-493 A agrees well with the C-N distance of 1-498 A
in pyrazoline hydrochloride (Nardelli & Fava, 1962)
but is longer, though not significantly, than the accu-
rate value of 1476 A obtained by Becka & Cruick-

Table 2. Anisotropic temperature factors and their estimated standard deviations (in parentheses) x 104

By By Bi3 Bas Bi3 B
N(1) 468 (17) 139 (5) 37 (1) -13 (4) 69 (1) 88 (15)
N(2) 447 (16) 125 (5) 31 Q1) 0@ 91 (7) 84 (19
Cc) 504 (21) 147 (6) 30 (D) 10 (5) 46 (8) —27 (20)
C@) 491 (21) 126 (6) 35(1) 4 (5) 46 (9) 76 (18)
C@3) 409 (18) 127 (6) 31 (D) —-8(5 49 (8) 36317
C@ © 368 (16) 101 (5) 25 () —-5@ 37(7) -32019
C(5) 363 (17) 153 (6) 31 (1D -2(5 66 (7) 537
C(6) 455 (20) 175 () 36 (1) 13 (5) 112 (9) 12 (20)
C() 402 (17) 109 (5) 27 (1) 204 83 (1) 90 (16)
C(8) 390 (17) 111 (5) 31 (1) —10 (4) 41 (8) 66 (15)
C(9) 360 (17) 123 (6) 34 (1) -9 (@4 14 (8) 72 (16)
C(10) 399 (17) 107 (5) 29 (1) —11 (4 13 (D) -9 (15)
can 436 (18) 107 (5) 30 (D -9 @4 47 (8) 58 (16)
C(12) 482 (20) 133 (6) 30 (1) —14 (4 63 (8) 19 (18)
C(>13) 551 (22) 147 (6) 32 -9 (5 86 (9) —65 (20)
C(14) 574 (23) 137 (6) 32 23 (5) 59 (9) —31 (20)
C(15) 475 (20) 110 (5) 31D 10 (4) 5@ 2737
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Table 4. Observed and calculated structure factors (x 10)

Reflexions indicated by asterisks have intensity values less than the threshold value for an observed reflexion and were omitted
from the least-squares and final R calculations.
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Table 5. Bond lengths involving hydrogen atoms

C()-H(1) 096 A C(9)—H(8) 1:04 A
C(2-H() 097 C(9)—H(9) 1-09
C(3)-H(3) 100 C(11)-H(10)  1-05
C(5)-H(4) 100 C(12)-H(11) 100
C(6)-H(5)  0-98 C(13)-H(12) 097
C(8)-H(6) 109 C(149-H(13) 092
C(®)-H(T)  1-06 C(15-H(14)  1-02

shank (1963). The N(2)-C(7) bond length is inter-
mediate between values expected for a single and a
double bond; from a C-N bond order curve drawn
as described by Wheatley (1955), the amount of double
bond character was determined as 39%. Although in-
sufficient data are available to draw a similar N-N
bond order curve, the N(1)-N(2) bond length is signi-
ficantly shorter than the single bond distance (~ 1-48 A)
and must also have appreciable double bond character.
Similarly, bonds C(4)-N(1) and C(7)-C(10), between
the pyrazoline and phenyl rings, are both shorter than
single-bond distances, suggesting that conjugation be-
tween the phenyl rings occurs via atoms N(1), N(2)
and C(7). The bond angles within the pyrazoline ring
agree well with those found in the 1-p-iodophenyl-3-
phenylpyrazoline adduct of isocolumbin (Cheung,
Melville, Overton, Robertson & Sim, 1966).

The equations of the least-squares planes calculated
according to Blow (1960) through each ring in the
molecule are given in Table 6 together with the atom
deviations from the planes. Tests of y2 for atoms de-
fining phenyl rings I and III give ¥2=7-84 and 1-98
respectively with three degrees of freedom and p > 0-01
in both cases. The phenyl rings are thus planar within

Table 6. Least-squares planes

The equations of the planes are:

I —0-5504X—0-6831Y—0-4799Z +6:5868 =0
II —0-6251X—0-6280Y —0-4623Z+6-1085=0
III —0-6444X —0-5324Y —0-5489Z 4 6-1494=0

where X, Y and Z are orthogonal coordinates in A.
Atomic deviations (A) from the planes (* identifies the atoms
defining the plane).

I 11 I
N(1I) 0-011 —0-035* —0-329
N(2) 0-136 —0-003% —0-247
c() —0-009* —0-125 —0-950
c) 0-006* —0-207 —0-981
Cc3) —0-003* —0-196 —0-799
Cc®) 0-002* —0-068 —0-542
C(5) —0-005* 0-025 —0-500
C(6) 0-008* 0-013 —0-687
() 0-130 0-039* —0-032
C(8) —~0-101 —0-053% —0-040
C(9) —0-028 0-052* —0-091
C(10) 0-153 —0-019 —0-003*
c11) 0-382 0-081 0-001*
C(12) 0-374 —0-004 0-003*
C(13) 0-137 —0-193 —0-005%
Cc(14) —0-077 —0-279 0-002*
C(15) —0-075 —0-197 0-001*
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experimental error. For the pyrazoline ring, y2=410-0,
p<0-01 indicating that the ring is significantly aplanar.

The molecule as a whole is non-planar; the sense
and magnitude of the non-planarity can be seen from
Table 6 using plane II as a reference. Both phenyl rings
are bent downwards below plane II by approx1mately
the same amount (0-1 A) at the ring centres; in addi-
tion, rotations about the C(4)-N(1) and C(7)—C(10)
bonds give the molecule a slight propeller shape. The
dihedral angle between the planes of the phenyl rings
is 11-0° and the angles between planes I and II, and
planes II and III, are 5-4° and 7-5° respectively. The
aplanarity of the molecule is probably due to both
intra- and intermolecular close approaches. Atom C(9)
deviates from plane IT by +0-052 A; to maintain an
equal interaction of H(4) with H(8) and H(9) would
involve a small rotation of phenyl ring I about the
C(4)-N(1) bond in the direction indicated in Table 6.
Similarly, C(8) lies 0-053 A below plane II and the
rotation of phenyl ring IIl, to prevent close hydrogen
interactions, would be in a direction consistent with
the observed aplanarity of the molecule.

All intermolecular distances less than 3-60 A be-
tween heavy atoms and those less than 3-00 A involv-
ing hydrogen atoms have been calculated and are given
in Table 7. Some of these distances are shown in Fig. 3,
the projection of the structure along [100]. None of

nr 1027

ng3y  192°

Fig.2. Interatomic bond lengths and angles.
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Fig. 3. Projection of the structure along [100].

the contacts is less than the normal van der Waals
separation.

The author is indebted to Dr F. R. Ahmed for making
available his programs, written for the IBM 360 com-
puter, which were used throughout the structure deter-
mination. Thanks are also due to the computing staff
of Unilever Research Division for their cooperation.
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Table 7. Intermolecular distances

All distances less than 3-60 A between heavy atoms and less
than 3-00 A involving hydrogen atoms are included.

From to in molecule at

H(7) ca) ] 291 A
H(9) C(1) —-x, 1=y, 1—2z 2:94 A
C(9) C(6) 3-59
cin  o® | 354
c(il)  H(6) J T+x, 2z 278
C(12) H(6) 2:84
H(13) C4) 2:92
H(13) N(1) Il—x,4+p, -2 2:96
H(14) N(2) 2:97
H(10) C(14) Il—x,y—4%,%-2 291
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