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CioHnOs, Mr=314.337, =444, PL, a=10291(2)A, b=11218(3)A, C‘QO&( YA, @=TABAQ), B=11484(1),
-10084(2°, V=8R2BQA’ 1Mo ka)=0TI0094A, p=047 mm ', F000)=324, 296K, Z=2, Dy= 118Mgm
1637F,>3 0 (F)MA Hinr [R4TEC) ek 5% R=00680 oIt

a, 8 -diphenylsuccinic acid, CidHQy HFEE O4)-HO06) AFEEAol kel ¥R acetone™ fEasEol

T R EEREY) QI dimers 5T caboxylic TS OD-HOQ)(~x, -y, 2ol Kol #asol o
o}, Dimer®e] 7P¢ 717H B 3288A [02)°00Q) (x, -y, -2}& 5759 packing®] van der Waals /)22
ol FHAES BT

Abstract

CuoFo0Os, Mr=314.337, triclinic, P1, a=10.201(2)A, b=11.218(3)A, c=9.063(1)A, a=TARA(2)°, B=11484(1°, 7
~10084(2°, V-8323(2)A° A(Moka)=0710604, =047 mm’, F(000)=324, 296K, Z-2, D=118Mgm". Final
R=0.068 for 1637 [F.>3 6 (F.)] unique reflections.

The molecules of @, 8-diphenylsuccinic acid, CigHuOy, are connected with the solvent acetone by hydrogen
bond O4)-H + - O(), forming a dimer related by centrosymmetry through intermolecular carboxylic hydrogen
bond O(1)-H'O2) (-x,-y,~z). The nearest distance 3288A[0(2)0(2) (-x,-y,z) between the dimers shows
that the packing of the dimers is governed by van der Waals’ force.
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1. Introduction

The title compound(I) was newly synthesized in
the course of studies camed out on
2,3-diphenylmaleic anhydride, a new analogue of
cis—stilbemen. Since many succinic acid derivatives
have been used for food, dyes and photography”, it
is expcted that the title compound would be also of
interest in the practical application.

In this work, we determined the X-ray crystal
structure  of the title compound as no
crystallographic data are available in the literature.
The present results would bring some materials for
comparison with those reported for other succinic
acid derivatives”,

HO OH

2. Experimental

The title compound was synthesized by refluxing
2, 8 ~diphenylsuccinonitrile in the mixed solution of
sulfuric and glacial acetic acids as in the literature?,
The compound was further purified by extraction
once from dry diethyl ether. The final single crystals
were obtained by recrystallization from acetone(mp.
219-2217C).

Preliminary photo_gmphyS) established the space
groups as Pl or Pl for the title compound. A
platelet white crystal of size 0.03X04X05mm was
used for all X-ray intensity measurements on an
Enraf-Nonius CAD-4 diffractometer®. The lattice
parameters were determined by a least-squares fit
to 25 automatically centered reflections in the range
1004°< #<1375". Three standard reflections (6 4
~4), (-4 1 -1) and (-4 4 -1) were measured every 3
hours of X-ray exposure and showed maximum
variation of 2.4%. One orentation reflection (5 -4
-4) was monitored every 200 reflections. 2753
independent reflections with -11<h<10, 0<k<12, -9
<I<10 were collected using  graphite-
monochromated MoK e = radiation and /26 scan
mode, w-scan width=(08 + 034 tan@)’, Gmx=24".
Lorentz and polarization corrections were applied but
no absorption correction.

3. Structure Determination and Refinements

The structure was solved by direct methods using
SHELXS8” with the space group P, and- refined
by ful-matrix least squares using SHELXT76’.
Function minimized was Z @(|Fol)-(|Fc|), where
o is unit weight. 1637 reflections with Fo>30 (F,)
were used in refinement,

All of the non-H atoms were refined with
anisotropic  temperature  factors. Some hydrogen
atoms were found by difference Fourier syntheses
and others were located by geometrical calculation
(C-H distance 1.08A). Hydrogen atoms were refined
isotropically. Number of parameters refined was 279.

Final reliability factors were R=0068, wR=0058
and S=079 with (A/6)mx=0739 for the isotropic
thermal parameter of one of H-atoms and A o e/
omin0220/-0204 eA? in final difference map.
Atormic  scattering  factors were provided in
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SHELX76. Geometric calculations on the molecular
structure were done using GEOM programm). All
computations were performed using the Micro
VAX/VMS 3400 computer at Chungnam National
University.

4. Results and Discussion

Fractional atomic coordinates and equivalent

isotropic thermal parameters are given in Table 1,
bond distances, bond angles, torsion angles and
hydrogen bonds in Table 2, least-square planes in
Table 3. An ORTEP" drawing of a molecule with
the numbering scheme of atoms is depicted in Fig.
1, which shows details of the hydrogen bondings,
and a stereoview of the unit cell packing is provided
in Fig. 2.
As shown in Table 2, the C-C mean bond length
of benzene ring is 1.377A, and, in the two carboxyl
groups, the bond distances C(1)-O(1) [ 1.311(6)A]
and C(Q2)-04) [L3R21EB)A] show single bond
character while C(1)-O(2) [1.210(6)A] and C(2)-O(3)
[1.201(6)A] double bond one. The C=0O bond lengths
agree well with the accepted value of 1215 A™ and
the similar distances were found in 35-dichloro
-2-hydroxy-4~methoxy-6-n-propylbenzoic acid"?.

The catbon atoms around C(10) and C(20) atoms
have the tetrahedral angles with mean value 110.72°
and their average bond length is 1517A indicating
single bond

The dhedral angle of two benzene rings is
66.6(3° and the one of the two carboxyl groups is
67.7(2)° (see Table 3) with the torsion angle 60.7(4)°
for C(11)~-C(10)-C(20)-C(21) as shown in Table 2.

@, B -diphenylsuccinic acid, CisHisOs, and solvent
acetone, OCsHs, molecules in an asymmetric unit are
linked by hydrogen bond O(4)-H(@®)"0() of 2695(7)
A

FRAAEHA : 110

28, #9%, P43, BB, o)Az, s

Table 1. Fractional atomic coordinales(X1(f) and equivalent isotropic

temperatire factors(A°X10°)  with  esds in
parentheses,
atorns X y z Un
o -100(4) 1074(4) 111365 63
o) 1444(4) -112(4) 1704(4) 63
o’ 788(4) -1349(3) 5004(6) 68
0.0} 2045(4) ~1785(4) 5728(5) 67
(0.6 1714(6) -4315(5) 6316(7) 110
(04)) 1062(5) 64005) 0736 48
o) 2082(6) -99%(5) 5200(5) 49
C(10) 1834(5) 1186(4) IBREG) 4
C(20) 2928(5) 401() 4933(6) 4
c(1) 2723() 28%(5) 3106 53
Cc(12) 3148(6) 2867(6) 2566(7) (i)
C(13) 494(8) 4120(10) 251000 102
C(14) 424701 5086(9) B2 10
C(15) 30411 4823(7) BI) 1™
C(16) 2464(8) IH16) 3107(®) 72
c@n 3156) 82(4) 6574(5) 4
c) 5248(6) 1214(5) 7280(6) 51
cB) 5966(7) 1602(5) &R21(7) 6
24 515(7) 1684(5) B4(7) &%
03)] 3650 131(6) 88(6) 4
C(2p) 2926(6) ®BL5) 7430(6) 5
c@n 157®) ~4936(8) 407(9) %
(o0 1128100  -4236(100  8493(11) 139
C(2) 8616 631 T66K13) 181

*Un = [1/3(1-c0s @ —cos® A-cos” 7 +200s acos Boos 7)]
X(Uysin' & +Upsint” B+Ussin’ 7 +2Upsin acos y
+ 2Upsin esin 7 cos B +2Uxsin Asin 7 cos @)

Fig. 1

Stereoview of the title
atomrnumbering  scheme,  Hydrogen bonds  are
indicated by dotted lines.

compound  indicating  the



Table 2. Interatomic distances(A), angles(’), selected torsion angles(’)

a, B-Diphenylsuccinic Acid®] #5

and hydrogen bonds(A, °) with esd’s in parentheses.

Table 3. Least-square planes and dihedral angles. Starred atons not

included in the plane definition

a, 8 —diphenylsuccinic, G moleaule
o) <) 13110 0B-CQ) C2 12416
02 C) 1216) O@-C(2) C0)  1124()
0(3) €2 1.201(6) C)-Cao-cal)  108%4)
o) €2 1.321(6) C)-C0-C0 11184
(1) Cao 1501(6) C(Z)-C(Z))—O(IO) 1104(4)
) -C20) 1217 C-C)-C2l)  1089(4)
CA0-C0 1.523(6) CAO-CAN-C12)  120006)
Cao-c(1y 15197 Co-Can-Ccae)  12086)
CD-C(12) 1.336(7) CaO-C0-C2) 11324
CAD-¢(16) 1307 Can-Ca2-C(13) 11921
Ca2-C(13) 1.331(9) C(12-C13-C(14)  12180)
C(13)-C(14) 13312  C(13-C(14)-C15  1999)
C(14)-C(15) 136(12)  CI9-C(15-C16)  1200(9)
C(15)-(16) 146100 CU5-CA6)-C(1D 11959
C0-C21) 1514(6) CA6-Can-c12)  1192(6)
CRn-C2) 1.376(6) CQU-CAo-C1y 11114
C2n-C(26) 1.3%6(6) C0-C2D-CZ2) 12134)
C2)-C2) LI CO-CRD-C2p)  1203(4)
CR)-C2) 13778)  CH-C2)-C(B)  11845)
CA)-C(%) 13/ C@CR)-CA 120006
C(Z)-C(26) 130 UB)-CA-CX)  11956)
oD-C1)-0Q) 1826  CA-CX)-C® 12116
OoH-C(H-C0)  11336) CH)-C(B)-C21) 12025
0Q-C(H-C0) 12844 C6)-C2D-C(2) 1184
03)-C2-014)  1235(5)
Acetone, GHO, molecule
06) -C27) 1217(®) CG2W)-C(2n-0(6) 11828
C2n-C(B) 1.433(10) C(9)-C2N-06) 12049
C@n-C(2) 148000  CO-C2N-C2B 12139
Table 2. (cont.)
Sclected torsion angles

o) -C() -Cao-car) -T3A4)

1) -C(1) -Cao-Co) 1634(5)

0(2) -C(1) -C0-cQa1) 1066(6)

02 -C(1) -CL0-C20) -176(4)

0@d) -C) -C20)-C(10) ~275)

0(3) -C(2) -C0-C(21) 97.0(6)

0@ -C) -C0)-C(10) 1543(5)

04 -C2) -C20)-C21) -808(5)

C() -C0-C1-C(12) -578(5)

C) -C0-C111)-C16) 1214(6)

C(1) -C10-C0-CQ2) -5.14)
C(1) -C10-C20)-C(21) -1774(5)
C2) -CLO-C2D-C(2) 1126(5)

C2) -C20)-C2D-C26) ~649(5)
CQ0)-C0-C2D-C2) -124.2(6)
CQ0)-C(0)-C2D-C(26) 36
C()~C(10-C0)-C2) -17706)

Can-C0-c0-cn 60.7(4)

C20-C(10-C(11)-C(12) 6.806)

CQO-C(10-CA1)-C(16) -1150(6)

Hydrogen bonds

D—H A D—H H"A D"A «D—HA
O-HD02'F 091(6) 1766) 26616)  1704(60)
o'y- 7 0) 091(6) 1766)  2661(5)  170.4(60)
O(4)-H@®)-06) 096(6) 1746) 2867 17244

Symmetry code (a) ~x,-y,z

111

Atom Dev, A Atom Dev, A Atom Dev, A

Phenyl ring 1 : 446607X - 1.19084Y + 572897 = 280049

can 000L(3) C(12) -0.001(9) ca3 0000
c14) 0008 C15 00079) C1e)  -0006(6)
10y -0008(1D (1) -12702 €@ 12313

Phenyl ring2 : 1.09614X - 9.865074Y + 2.02002Z = 0865827

C@n 0.0023) 2 -0.006(4) ) 008G
c) 0.002(6) %) ~0.004(5) C(26) 00014
*C(20) 0.0679) «C2) 148110 +C(10)  -L0BXI0)

Plane 3+ -58877X - 52390Y + 4801162 = 003150

0.0)) -0001(1) 0@ -0001(1) C)  0006()
Can 00011 =CaD -L36E®  C20)  041000)

Plare 4 : -232301X + 3.20078Y + 8841532 = 380680

(06) 0.008(1) 04 0.002(1) c2  -00136)
C0) - 00s1)  =C2D 1460)  +C10) -0631(10)

Plare 5 : -799100X + L77961Y - 2228872 = -35435]

06) -000K(1) c2n 0.097(7) B -0003)
() -0010®) 0¢ 04042 03 138D

*C(2) 0513(30)
Dihedral angles

Planes Angles(’) Planes Angles(’)
-2 66.6(3) 2-4 79.3(2)
-3 83.8(3) 2-5 104.5(5)
-4 40.1(3). 3-4 67.7(2)
-5 154.1(4) 3-5 75.2(4)
-3 41.2(2) 4-5 116.0(4)

J o B,

Gu(z'l

R

Figure 2. The unit cell packing for the molecules: origin, lower left : a-axis,

horizontal; b-axis, vertical. Hydrogen bonds are indicated by
dotted lines and hydrogen atoms are omitted for clarity..
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The crystal structure projected along the c-axis is
shown in Figure 2. It consists of controsymmetric
dimers linked by hydrogen bonds between carboxylic
groups. As can be seen in Table 2, the
intermolecular hydrogen-bond distance 0(1)..0Q2") =
0(2)..0(1") is 2661(5)A. The similar distance 2656A
was found in the structure of 35-ichloro-2-hydroxy-
-methoxy-6-n-propylbenzoic acid®. The dimers are
stacked by van der Waals' contact with the shortest
distance 3.28A for 0(2)'0Q2) at -x, -y, -z
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