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The crystal structures of N-(substitutedphenyl)-2,2,2-trichloroacetamides of the type 2/3/4-
XC¢H,.NHCO.CCl; (X = Cl, NO, or CHj), namely, N-(3-nitrophenyl)-2,2,2-trichloro-
acetamide, 3-NO,C¢H4.NHCO.CCl; (m-NO;PhTCA); N-(4-nitrophenyl)-2,2,2-trichloroacet-
amide, 4-NO,C4H,.NHCO.CCl; (p-NO2PhTCA); N-(2-chlorophenyl)-2,2,2-trichloroacetamide,
2-CIC4H,.NHCO.CCl; (o-CIPhTCA) and N-(4-chlorophenyl)-2,2,2-trichloroacetamide, 4-
CIC4H,.NHCO.CCl; (p-CIPhTCA) have been determined at room temperature. The present
data are analysed along with our earlier crystal structures of N-(2-nitrophenyl)-2,2,2-tri-
chloroacetamide, 2-NO,C4H,.NHCO.CCl; (0-NO,PhTCA); N-(4-methylphenyl)-2,2,2-trichlo-
roacetamide, 4-CH;C¢H,. NHCO.CCl; (p-CH3PhTCA); N-(phenyl)-2,2,2-trichloroacetamide,
C¢Hs.NHCO.CCl; (PhTCA); N-chloro-N-(phenyl)-2,2,2-trichloroacetamide, C4Hs.NCICO.CCl;
(NCIPhTCA); and finally with N-(phenyl) acetamide, C¢Hs.NHCO.CH; (PhA). The crystal type,
space group, formula units and lattice constants in A of the new structures are; m-NO,PhTCA:
triclinic, P1, Z = 4, a = 7.493(3), b = 9.992(3), ¢ = 15.225(5), a = 84.16(2)°, 3 = 82.59(2)°, v =
84.92(2); p-NO,;PhTCA: monoclinic, P2,/n, Z = 4, a = 5.807(2), b = 15.354(6), ¢ = 12.475(5),
B3=92.28(2)°; o-CIPhTCA: orthorhombic, Pna2,, Z =4, a =8.769(2), b = 12.838(3), ¢ =9.578(2)
and p-CIPhTCA: orthorhombic, Pbca, Z = 8, a = 9.742(4), b = 10.031(4), ¢ = 23.110(9). The
compounds, m-NO;PhTCA, 0-NO,PhTCA and p-CH3PhTCA show two molecules each in their
asymmetric units. This is in agreement with the multiple lines observed in the *CI NQR spectra
of the latter two compounds. But the presence of two molecules in the asymmetric unit of m-
NO,PhTCA indicates that it may undergoe a phase transition below room temperature. The bond
lengths and bond angles are normal except for some deviations. The presence of strong electron
withdrawing group at the ortho position of the phenyl ring and N-chlorination of the amide will
have significant effect on some bond distances and bond angles.
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Introduction between the nitrogen lone pair electrons and the car-

bonyl 7-bond results in distinct physical and chemical

Nuclear quadrupole resonance and crystal structure
studies give valuable information on bond properties.
NQR spectroscopy and XRD have extensively been
used to investigate the structural aspects of a variety
of compounds including amides [1 - 9]. We are inter-
ested in the structural studies of amides in their crys-
talline state using this combined tool [6 - 12]. Amides
are of fundamental chemical interest, as conjugation

properties [13]. Thus the amide moiety is an impor-
tant constituent of many biologically significant com-
pounds [14]. Many amides exhibit pharmacological
activity, which has further stimulated interest in their
chemistry. Many acetanilides also exhibit fungicidal
and herbicidal activities [15 - 17].

We have recently prepared several substi-
tuted amides of the configuration: X C¢Hs_,.
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Table 1. Experimental conditions for the crystal structure determination and crystallographic data of 3-

NO,C¢H,.NHCO.CCl;

(m-NO,PhTCA); 4-NO,C4H,.NHCO.CCl,

(p-NO,PhTCA); 2-CIC¢H,.NHCO.CCl; (o-

CIPhTCA) and 4-CIC¢H,.NHCO.CCl; (p-CIPhTCA). Diffractometer: Stoe-Stadi 4; Monochromator: Graphite (002);
scan 2 6/w; Refinement method: Full-matrix least-squares on F2.

Compound m-NO,PhTCA p-NO,PhTCA o-CIPhTCA p-CIPhTCA
Chemical formula CgH CL;N, 0,4 CgH;CL;N, 0,4 CgH;CI,NO CgH CI,NO
Formula weight 283.49 283.49 272.93 27293
Temperature, K 298(2) 299(2) 300(2) 297(2)
Wavelength, pm 71.073 71.073 71.069 71.073
Crystal system triclinic monoclinic orthorhombic orthorhombic
Space group P1 P2,/n Pna2, Pbca

a, A 7.493(3) 5.807(2) 8.769(2) 9.742(4)

b, A 9.992(3) 15.354(6) 12.838(3) 10.031(4)
A 15.225(5) 12.475(5) 9.578(2) 23.110(9)

a, deg. 84.16(2) 90 90 90

3, deg. 82.59(2) 92.28(2) 90 90

7, deg. 84.92(2) 90 90 90

Volume, A3 1121.2(7) 1111.4(7) 1078.3(4) 2258(2)

Z 4 4 4 8

D & cm—3 1.679 1.694 1.681 1.605

Abs. coeff., cm™! 8.08 8.15 10.61 10.13

F(000) 568 568 544 1088

Crystal size, mm?3 0.60x0.40x0.25 1.20x0.27x0.24 1.40x0.18x0.15 1.70x0.22x0.22
0 range, deg. 2.05t027.49 2.10 to 27.54 2.65 t0 29.98 1.76 to 27.49.

Index ranges

9< h <2,-12< k <12,

0< h <7,-19< k <7,

~12< h <1,0< k <18,

—12< h <2,0< k <12,

-19< 1 <19 -16<1<16 -13< 1 <13 0< 1 <29
Reflections coll. 6674 4077 3978 3086
Independent refl. 5125 2562 3150 2585
[R(int)] 0.0207 0.0334 0.0171 0.0163
Absorption corr. - - Numerical =
Max.and min.transm. - ~ 0.880 and 0.829 -
Data 5122 2561 3147 2582
Restraints/parameters 0/296 0/149 1/131 0/131
Goodness-of-fiton F2  1.065 1.047 1.054 1.044
Final R[I > 20([)] R1=0.0543, R1=0.0466, R1=0.0290, R1=0.0585,
wR2=0.1263 wR2=0.1227 wR2 =0.0729 wR2=0.1419
R indices (all data) R1=0.0721, R1=0.0616, R1=0.0351, R1=0.0892,
wR2=0.1456 wR2=0.1394 wR2=0.0793 wR2=0.1737
Abs. str. parameter - - 0.06(6) -
Extinction coeff. 0.020(2) 0.041(4) 0.0029(9) 0.0135(12)
Largest diff. Peak 0.543 and -0.532 0.369 and —0.443 0.316 and -0.315 0.442 and -0.353

and hole e~ A3

NHCOCH,_,CI, (where X = CH;, NO, or Br and
y = 1, 2 or 3) and measured **Cl NQR and IR
spectra [10- 12, 18]. We have observed some in-
teresting trends in these spectra. We have also
studied the influence of methyl and mixed group
substitution in the phenyl ring on the **Cl(w)
NQR. In this process some interesting features
were noticed. For example, N-(3-chlorophenyl)-2-
chloroacetamide did not show 3Cl NQR, while
N-(3-methylphenyl)-2-chloroacetamide showed two
3Cl(w) resonances. Similarly, N-(2-methylphenyl)-
2,2,2-trichloroacetamide, N-(3-methylphenyl)-2,2,2-

trichloroacetamide and N-(4-methylphenyl)-2,2,2-
trichloroacetamide showed, respectively, 1, 3, and
6 ¥Cl(w) NQR frequencies for the same 3
Cl(w) atoms present in all the 3 compounds,
while N-(4-bromophenyl)-2,2,2-trichloroacetamide
showed only one %Cl(w) NQR frequency.
The corresponding nitrosubstituted compounds,
namely N-(2-nitrophenyl)-2,2,2-trichloroacetamide,
N-(3-nitrophenyl)-2,2,2-trichloroacetamide and N-
(4-nitrophenyl)-2,2,2-trichloroacetamide showed 6,
3, and 3 ¥Cl(w) NQR frequencies for the same 3
Cl(w) atoms present in all the 3 compounds. Some
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Table 2. Atomic coordinates (x 10*) and equivalent isotropic displacement parameters (A2x10°). U (eq) is defined as one
third of the trace of the orthogonalized U;; tensor.

Atom T y z U(eq) Atom T y z U(eq)

3-NO,C¢H, .NHCO.CCl, (m-NO,PhTCA)

CI(1) 227(2) 8383(1) 1603(1) 73(1) Cl(2) 4100(1) 8531(1) 1202(1) 70(1)
CI(3) 1719(2) 10927(1) 1043(1) 68(1) C@4) 2055(5) 9359(3) 1659(2) 52(1)
C(5) 2224(4) 9565(3) 2646(2) 47(1) O(6) 2176(4) 10684(2) 2885(2) 64(1)
N(7) 2492(4) 8415(3) 3161(2) 53(1) C(8) 2988(4) 8305(3) 4034(2) 49(1)
C(9) 2504(4) 9302(3) 4605(2) 48(1) C(10) 3103(4) 9114(3) 5428(2) 52(1)
C(11) 4151(5) 7983(4) 5711(3) 63(1) C(12) 4600(6) 7005(4) 5129(3) 72(1)
C(13) 4039(5) 7152(4) 4298(3) 64(1) N(14) 2602(4) 10173(3) 6039(2) 62(1)
O(15) 1655(5) 11156(3) 5800(2) 82(1) O(16) 3188(6) 10030(4) 6752(2) 104(1)
CI(17) 732(1) 3254(1) 4206(1) 71(1) CI(18) -967(1) 3519(1) 2610(1) 77(1)
CI(19) -733(2) 5853(1) 3537(1) 87(1) C(20) 367(4) 4319(3) 3237(2) 48(1)
C(21) 2232(4) 4572(3) 2691(2) 44(1) 0(22) 2808(4) 5669(2) 2617(2) 65(1)
N(23) 3097(4) 3476(2) 2349(2) 45(1) C(24) 4705(4) 3434(3) 1754(2) 42(1)
C(25) 5393(4) 4572(3) 1282(2) 47(1) C(26) 6895(4) 4384(3) 662(2) 50(1)
C(27) 7732(5) 3141(4) 493(2) 59(1) C(28) 7065(5) 2027(4) 990(3) 62(1)
C(29) 5562(4) 2170(3) 1614(2) S51(1) N(30) 7637(4) 5588(4) 157(2) 67(1)
O(31) 7322(5) 6661(3) 482(3) 103(1) 0(32) 8533(4) 5450(4) -563(2) 87(1)
4-NO,C¢H, .NHCO.CCl, (p-NO,PhTCA)

CI(1) 6634(2) 6864(1) 7775(1) 78(1) Cl(2) 7155(2) 5304(1) 9027(1) 78(1)
CI(3) 2728(1) 5745(1) 8044(1) 94(1) C4) 5728(5) 5777(2) 7887(2) 57(1)
C(5) 6440(5) 5259(2) 6867(2) 54(1) O(6) 7806(4) 5567(1) 6283(2) 83(1)
N(7) 5426(4) 4476(2) 6763(2) 58(1) C(8) 5862(4) 3839(2) 5977(2) S51(1)
C(9) 4239(5) 3180(2) 5817(2) 56(1) C(10) 4579(5) 2532(2) 5090(2) 60(1)
C(11) 6587(5) 2540(2) 4527(2) 57(1) C(12) 8217(5) 3188(2) 4658(2) 60(1)
C(13) 7857(5) 3846(2) 5386(2) 58(1) N(14) 6987(6) 1844(2) 3758(2) 73(1)
O(15) 5407(6) 1365(2) 3482(2) 106(1) 0O(16) 8948(6) 1773(2) 3422(2) 102(1)
2-CIC¢H,.NHCO.CCl, (0o-CIPhTCA)

CI(1) 651(1) 726(1) 6292(1) 61(1) Cl(2) -2020(1) 997(1) 4597(1) 65(1)
C1(3) -613(1) 2767(1) 5984(1) 65(1) C4) -277(2) 1569(2) 5122(2) 41(1)
C(5) 728(2) 1765(1) 3803(2) 38(1) O(6) 1949(2) 1339(2) 3688(2) 59(1)
N(7) 117(2) 2431(1) 2884(2) 43(1) C(8) 860(2) 2706(2) 1618(2) 40(1)
C(9) 915(2) 3738(2) 1204(2) 42(1) C(10) 1623(3) 4025(2) -37(3) 56(1)
C(11) 2286(4) 3277(3) -852(3) 70(1) C(12) 2253(4) 2243(2) —446(3) 69(1)
C(13) 1533(3) 1953(2) 777(3) 55(1) Cl(14) 97(1) 4699(1) 2239(1) 62(1)
4-CIC¢H,.NHCO.CCl, (p-CIPhTCA)

CI(1) 1631(2) 627(1) 2523(1) 88(1) Cl(2) 13(1) 495(2) 1482(1) 94(1)
CI(3) 400(2) -1833(1) 2184(1) 99(1) C4) 1175(4) -383(4) 1928(2) 59(1)
C(5) 2480(4) -716(3) 1569(2) 48(1) O(6) 2750(3) -1866(2) 1459(1) 62(1)
N(7) 3204(3) 342(3) 1407(1) 50(1) C(8) 4427(4) 313(3) 1076(2) 46(1)
C©9) 5375(4) -705(4) 1126(2) 54(1) C(10) 6573(4) —658(4) 810(2) 60(1)
C(11) 6805(4) 386(4) 438(2) 56(1) C(12) 5883(4) 1407(4) 384(2) 60(1)
C(13) 4690(4) 1370(4) 706(2) 56(1) Cl(14) 8304(1) 406(1) 29(1) 85(1)

of the corresponding N-chloro compounds have also
been prepared and their **CI(N) and **Cl(w) NQR
measured. Further, N-chloro-N-(3-chlorophenyl)-2-
chloroacetamide showed all the three **Cl nu-
clear quadrupole resonances, while its N-H com-
pound showed no 3Cl(ring) and 3Cl(w) NQR
spectra. Similarly many of the compounds with
the configuration: C¢Hy_ Cl -NCI-CO-CH; did not
show ¥CI(N) NQR, while those of C¢Hs_ Cl,-

NCI-CO-CH,CI showed *CI(N) NQR spectra. Fur-
ther, several of the compounds with the configura-
tion: (CH,),C¢H;_ Cl -NCI-CO-CH,Cl did not show
3CINQR. o

There are no reports on structural studies of these
compounds to see how the -NHCO- bond parameters
vary with the substitution both in the benzene ring and
in the side chain. Hence we thought it interesting to
make crystal structure studies of several of the above
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Table 3. Bond lengths (A) (standard deviation).
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Table 4. Bond angles (degree) (standard deviation).

Connection Bond length Connection Bond length  Connection Bond angle Connection Bond angle
m-NO,PhTCA m-NO,PhTCA

Cl)-CE)  1.765(3) Cl7)-CR0)  17653)  C(G)-CA-CI1)  1103Q2) CR1)-CR0)}-CI(17) 108.5(2)
ClR)-C@)  1.770(4) CI(18)-C20)  1.758(3) C(5)-C(4)-CI2) 108.12) C(21)-C(20)}-CI(18) 110.3(2)
CI3)-CHE)  1.758(3) C(19)-C(20)  1.749(3) C(5)-C@)-CI3)  11022) C21)}-C(20)-CI(19) 109.8(2)
C(4)-C(5) 1.560(4) C0-CQ21)  1558(4) Cl(1)-C@)-CI2) 1103Q2)  CI(17)-C(20)-CI(18) 108.7(2)
C(5)-0(6) 1.208(3) CQ1-022)  1203(4) CI(1)-C()-CI(3)  1093(2)  CI(17)-C(20)-CI(19) 109.4(2)
C(5)-N(7) 1.339(4) CQIN@3)  1.340(4) Cl2)-C(4)-CI(3)  108.6(2)  CI(18)-C(20)-CI(19) 110.1(2)
N(7)-C(8) 1.416(4) N@23)C(24)  1411(4) O6)}-C)-N(T)  125.13)  0(22)-C21)-N@23) 125.13)
C(8)-C(9) 1.383(4) C(4)C(25)  1384(4) 0(6)-C(5-C(4)  12083) 0(22)-C(21)-C(20) 120.7(3)
C®)-C(13)  1.391(5) C(24)C29)  1389(d) N(T)-C()-C4)  11413) N(23)-C(21)-C(20) 114.2(2)
CO-C(10)  1.374(4) C(25)-C(26)  1385(4) C5)N(T)-CE])  12603) CQRI)-N23)-C24) 126.63)
C(10)-C(11)  1.382(5) CQ6)-CQT)  1.374(5) C(9)-C®)-C(13) 1202(3) C(251-C(24)-C29) 119.6(3)
C(I0)-N(14)  1.472(4) CQ6)N(30)  1.472(4) CO-C®)-N(7) 12253) C(25)-C(24)N(23) 1232(3)
C1C(12)  1.376(6) C@R7)-C28)  1375(5) C(13)-CO)-N(T)  1173(3) C(29)-C(24)N@23) 117.13)
C(12)-C(13)  1373(5) C(28)C29)  1383(5) C(10)-C(9)-C(8) 117.83) C(24)-C(25}-C(26) 117.6(3)
N(14)-0(15)  1.213(4) NG0)-0(31)  1218(5) C(9-C10)-C(11) 1234(3) CQ7)-C(26)-C(25) 123.7(3)
N(14)-0(16)  1.214(4) N(G0)-0(32)  12228)  C(9)-C(10)-N(14) 1182(3) C(27)-C(26)-N(30) 118.3(3)
p-NO,PhTCA Sy C(11)-C(10)-N(14) 1184(3) C(25)-C(26)-N(30) 118.0(3)
o T 1 et
CEcd L7736 20 L7622 c(12).c(13}C(8) 1199(3) C(28)-C(29)-C24) 120.93)
CHOCEY  Livk CI3-CA  L772Q)  o15,.N(14)-0(16) 123.33)  O(1)-N(30)-0(32) 124.0(4)
CE-C) il 2 o s 1504(2) O(15)-N(14)-C(10) 118.5(3)  O(31)-N(30)-C(26) 118.0(3)
L0 L1833y C(5)0LE) 12112)  0(16).N(14)-C(10) 1182(3) O(32)-N(30)-C(26) 118.1(4)
C(5)-N(7) 1.343(3) C(5)-N(7) 1.33702) ' :
N(7)-C(8) 1.415(3) N(7)-C(8) 1.424(2) p-NO,PhTCA PhTCA

C(8)-C(9) 1.392(3) C(8)-C(9) 1.390(2) CO)-CA-CH1)  109.12) CG)-CA-CID)  1134(1)
C(®)-C(13)  1.397(3) C®-C(13)  1386(2) C)-C@)-CI2)  10832) C(G}-CA-CI2)  110.0(1)
C(9-C(10)  1.366(4) CO-C(10)  1386(3) CG)-CA)-CI3)  1117Q2) CG}-CA-CI3)  106.9(1)
C(10)C(11)  1.385(4) C(10-C(1l)  13733)  CI1-CA)-CI2) 10872) CI(1)-CA-CI2)  108.4(1)
CUNC(12)  1.3794) C(-C(12)  1.382(3) CI(1-C)-CI3)  109.72) CI(1)-CA)-CI3)  109.5(1)
C1-N(14)  1.461(3) CUDN(4) 14613 Cl2)-C@)CI3) 1094(2) Cl2)-C@)CI3)  108.6(1)
C(12-C(13)  1.380(4) C12-C(13)  13823) O6)}-C5)-N(T)  12652) OB)}-CG)MNT)  1263(2)
N(14)-0(15)  1.215(4) 0(6)-C(5)-C(4)  119.7(2)  O(6)-C(5)-C(4) 118.9(1)
N(14)-O(16) 1.234(4) N(7)-C(5)-C(4)  113.7(2)  N(7)-C(5)-C(4) 114.8(1)
o-CIPhTCA p-CIPhTCA C(5)-N(7)-C(8) 126.6(2) C(5)-N(7)-C(8) 125.4(1)
Gty imn  Gras e OCSOD B COSTh b
Cleepcity LR ClZ)Cd) 1.767(4) C(13}-C®)-N(T) 1224(2) C(13}-C®)-NT)  117.9(2)
CUaFpCA  L770G) CLE)-C65) L743@)  (10)-c9C8) 1206(2) C(10)-CO)-C(8)  119.5(2)
L LoG10 5 g 1.555(5) C(9-C(10)-C(11) 11852) C(O)-C(10)-C(11) 120.7(2)
CO100) L2072 C(5)-0(6) 1.210(4) C(10)-C(11)-N(14) 119.13)  C(12)-C(11)-C(10) 119.7(2)
bl Sl CLN-NTS L3284 c(12)C(11)-N(14) 118.6(3)  C(13)-C(12)-C(11) 1204(2)
e S e pa it L4164 c12)C(11)-C(10) 12232)  C(12)-C(13)1-C(8)  119.3(2)
C(8)-C(9) 1.384(3) C(8)-C9) 1.381(5) i els el o0 :
C(8)-C(13)  1.390(3) C®)-C(13) 13875 e e

C9-C10)  1.391(3) CO-C(10)  1378(5) 4 ey e M

C(10)-C(11)  1.368(4) CUBEQY LIS g wisont 1mas

CUNC(12)  1.384(4) C-C12)  1.368(5) SR T 117500

C(12-C(13)  1381(4) C(12-C(13)  1.380(5) '

CO-CI14)  1737Q2) CD-CI(14)  1.740(4)

compounds. We report now our results on the com-
pounds, N-(3-nitrophenyl)-2,2,2-trichloroacetamide,
3-NO,C¢H,;.NHCO.CCl; (m-NO,PhTCA); N-(4-
nitrophenyl)-2,2,2-trichloroacetamide, 4-NO,C¢H,.
NHCO.CCl; (p-NO,;PhTCA); N-(2-chlorophenyl)-

2,2,2-trichloroacetamide, 2-CIC4H,.NHCO.CCl; (o-
CIPhTCA) and N-(4-chlorophenyl)-2,2,2-trichloro-
acetamide, 4-CIC4H,.NHCO.CCl; (p-CIPhTCA).
Further, we have analaysed the present data along with
our earlier crystal structures of N-(2-nitrophenyl)-
2,2,2-trichloroacetamide, 2-NO,C¢H,.NHCO.CCl,
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Table 4 (continued). Bond angles (degree) (standard devia-
tion).

Connection Bond angle Connection Bond angle
0-CIPhTCA p-CIPhTCA

C(5)-C(4)-Cl(1)  110.7(1)  C(5)-C(4)-CK(1) 109.5(3)
C(5)-C(4)-Cl(2) 108.9(1) C(5)-C4)-Cl(2) 108.6(3)
C(5)-C(4)-Cl(3) 109.4(1) C(5)-C(4)-CI(3) 110.9(2)
CI(1)-C(4)-C1(2) 109.0(1) CI(1)-C(4)-Cl(2)  109.3(2)
CI(1)-C(4)-C1(3)  108.3(1) CI(1)-C(4)-CI(3) 108.9(2)
Cl(2)-C(4)-C1(3) 110.5(1) Cl(2)-C(4)-C1(3)  109.7(2)
0(6)-C(5)-N(7) 125.8(2)  O(6)-C(5)-N(7) 126.0(3)
0(6)-C(5)-C(4) 120.1(2)  O(6)-C(5)-C(4) 119.6(3)
N(7)-C(5)-C(4) 114.1(2)  N(7)-C(5)-C(4) 114.4(3)
C(5)-N(7)-C(8) 1224(2)  C(5)-N(7)-C(8) 125.6(3)
C(9)-C(8)-C(13)  119.0(2) C(9)-C(8)-C(13)  119.6(3)
C(9)-C(8)-N(7) 119.9(2)  C(9)-C(8)-N(7) 122.2(3)
C(13)-C(8)-N(7) 121.1(2)  C(13)-C(8)-N(7)  118.2(3)
C(10)-C(9)-C(8)  120.9(2) C(10)-C(9)-C(8)  119.8(3)
C(9)-C(10)-C(11) 119.5(2)  C(9)-C(10)-C(11) 119.8(3)
C(8)-C(9)-CI(14) 120.2(2)  C(10)-C(11)-CI(14) 119.1(3)
C(10)-C(9)-Cl(14) 1189(2)  C(12)-C(11)-Cl(14) 119.6(3)

C(12)-C(11)-C(10) 120.3(2)  C(12)-C(11)-C(10) 121.3(3)
C(13)-C(12)-C(11) 120.4(2)  C(13)-C(12)-C(11) 119.0(3)
C(12)-C(13)-C(8) 119.9(2)  C(12)-C(13)-C(8) 120.5(3)

Molecular geometry of N-(3-nitrophenyl)-
3-NO,C4¢H,.NHCO.CCl; (m-

Fig. 1.
2,2,2-trichloroacetamide,
NO;PhTCA), with the numbering of atoms and thermal
ellipsoids.

(0-NO,PhTCA); N-(4-methylphenyl)-2,2,2-trichlo-
roacetamide, 4-CH;C¢H,.NHCO.CCl; (p-CH3Ph-
TCA) [19]; N-(phenyl)-2,2,2-trichloroacetamide,
CsHs.NHCO.CCl, (PhTCA); N-chloro-N-(phenyl)-
2,2,2-trichloroacetamide, C4Hs.NCICO.CCl; (NCI-
PhTCA) [8] and finally with N-(phenyl)acetamide,
C4Hs.NHCO.CH; (PhA) [20].

715

Fig. 2. Molecular geometry of N-(4-nitrophenyl)-
2,2,2-trichloroacetamide, 4-NO,C4H,.NHCO.CCl; (p-
NO;PhTCA), with the numbering of atoms and thermal
ellipsoids.

Fig. 3. Molecular geometry of N-(2-chlorophenyl)-2,2,2-
trichloroacetamide, 2-CIC¢H,.NHCO.CCl; (o-CIPhTCA),
with the numbering of atoms and thermal ellipsoids.

Fig. 4. Molecular geometry of N-(4-chlorophenyl)-2,2,2-
trichloroacetamide, 4-C1C¢H,.NHCO.CCl; (p-CIPhTCA),
with the numbering of atoms and thermal ellipsoids.

Experimental
Preparation and Characterisation of the Compounds

The compounds, m-NO,PhTCA, p-NO,PhTCA,
0-CIPhTCA, and p-CIPhTCA were prepared from
the corresponding mononitro or monochloroanilines,
trichlorcacetic acid and phosphoryl chloride (Aldrich,
Germany) [4, 10, 21]. The commercial anilines were
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purified by zone refining. The liquids were purified by
double distillation. The compounds were obtained by
treating monosubstituted aniline with a clear mixture
of trichloroacetic acid with phosphoryl chloride un-
der constant stirring. The mixture was slowly warmed
to expel HCI. Excess phosphoryl chloride was hy-
drolysed by adding cold water drop wise under ice
cold conditions. The solid was filtered under suc-
tion, washed thoroughly with water and dried. The
compounds were recrystallised from ethanol several
times. The purity of the compounds was checked by
elemental analysis (C, H, and N) and by determining
their melting points. The compounds m-NO,PhTCA,
p-NO,PhTCA, o-CIPhTCA, and p-CIPhTCA were
further characterised by recording their infrared and
3CINQR spectra and comparing the frequencies with
the literature values. All other reagents employed in
the preperations and purification of compounds were
of analytical grade.

X-ray Diffraction Studies

Small fine crystals of m-NO,PhTCA, p-
NO,;PhTCA, o-CIPhTCA and p-CIPhTCA were se-
lected for X-ray diffraction and studied at room tem-
perature. The collected intensity data were corrected
for Lorentz polarisation and absorption. The posi-
tional parameters were determined by direct methods

B. T. Gowda et al. - Substituent Effect on Crystal Structures of N-phenyl trichloroacetamides

Fig. 5. Projection of the unit
cell of m-NO,PhTCA along
the [100] a axis.

and least squares refinement (SHELXL-93) [22 - 27].
For locating the hydrogen atom positions, the C-H
distances were fixed to 0.93 A for the ring hydro-
gen atoms, while the side chain C-H distances were
fixed to 0.96 A for the CH,; group. Further exper-
imental conditions for structure determinations and
refinements are given in Table 1.

Results and Discussion

The crystallographic data of the compounds, m-
NO,PhTCA, p-NO,PhTCA, o-CIPhTCA and p-
CIPhTCA are given in Table 1. The atomic coordi-
nates and the mean displacement parameters are listed
in Table 2, while Tables 3 and 4 give the intramolecu-
lar bond distances and bond angles, respectively. The
latter tables also contain the bond distances and bond
angles for the parent compound PhTCA. The hydro-
gen coordinates, anisotropic displacement parameters
and further informations on the crystal structure deter-
minations will be deposited at the Cambridge Crys-
tallographic Data Centre, CDCS numbers 147590 -
147593. Figures 1 - 4 show the molecules of the ti-
tle compounds, m-NO,PhTCA, p-NO,PhTCA, o-
CIPhTCA and p-CIPhTCA as they appear in suitable
projection with their thermal ellipsoids and with the
numbering of the atoms used throughout the paper.
The projections of the unit cells of the compounds,
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m-NO,PhTCA, p-NO,PhTCA, o-CIPhTCA and p-
CIPhTCA are shown in Figures 4 - 8.

The compounds, m-NO,PhTCA, 0-NO,PhTCA,
and p-CH3PhTCA show two molecules each in their
asymmetric units. This is in agreement with the multi-
ple lines observed in the *CI NQR spectra of the com-
pounds 0-NO,PhTCA and p-CH3PhTCA [10]. But
the compound m-NO,PhTCA showed only 3 33Cl
NQR frequencies at 77 K, and these 3Cl(w) NQR
frequencies fade out at room temperature. Hence the
presence of two molecules in the asymmetric unit
indicates that this compound may undergo a phase
transition below room temperature.

The phenyl, N-chloro-phenyl, 4-nitrophenyl and 4-
methylphenyl trichloroacetamides crystallise in the
monoclinic crystal symmetry, while the 2-nitrophenyl
and 3-nitrophenyl trichloroacetamides crystallise
in the triclinic crystal system, whereas 2-chloro-
phenyl and 4-chlorophenyl trichloroacetamides and
N-phenyl acetamide crystallise with orthorhombic
symmetry. It may be difficult to generalise these as-
pects, unless an extensive work is carried out with the
change of both the substituent and the site of substi-
tution in the phenyl ring. Work is in progress in our
group in this direction.

If we now turn to the intramolecular geome-
try of the four title compounds, m-NO,PhTCA,
p-NO,PhTCA, o-CIPhTCA, and p-CIPhTCA, in

Sy
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Fig. 6. Projection of the unit cell of
p-NO,PhTCA along the [100] a axis.

comparison with the compounds 0-NO,PhTCA, p-
CH3;PhTCA, PhTCA, NCIPhTCA, and PhA, we
find that the range of C(i)-C(j) bond distances within
the phenyl rings of the compounds shows no sig-
nificant changes with the substitution either at the
side chain or in the phenyl ring. The mean dis-
tances of all the compounds lie in the range 1.377
- 1.387 A, the minimum mean value has N-chloro-
N-phenyl trichloroacetamide (NCIPhTCA) and the
maximum mean value N-phenyl acetamide (PhA).
Also the range of the six ring distances for the com-
pound PhA is wider (1.366 - 1.413 A), which nar-
rows down on substitution either in the phenyl ring
or at the side chain, the narrowest range being 1.373
- 1.390 A for the PATCA, with most of the ring dis-
tances of all the compounds being in the range of
1.37-1.39 A. The C(ring)-Cl distances for the com-
pounds 0-CIPhTCA and p-CIPhTCA are 1.737 and
1.740 A. The C(ring) - N distances for the compounds,
0-NO,PhTCA, m-NO,PhTCA, p-NO,PhTCA, o-
CIPhTCA, p-CIPhTCA, p-CH;PhTCA, PhTCA,
NCIPhTCA, and PhA are 1.402, 1.414, 1.415,1.420,
1.416,1.427, 1.424, 1.443 and 1.426 A, respectively.
The minimum and maximum distances of 1.402 A
and 1.443 A are for the 2-nitrophenyl and N-chloro
phenyl trichloroacetamides, respectively. Only N-
chlorination or the substitution of a strong electron
withdrawing group at the ortho position of the phenyl
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ring affects the C(ring)-N distance in this class of
compounds. There is no significant change in the
C(0)-N bond distance on substitution, the trend be-
ing more or less as that for the C(ring)-N distance,
while the C-O bond length is slightly shortened with
the replacement of the -CH, group by -CCl;, by the
introduction of electron withdrawal groups into the
phenyl ring or N-chlorination of the amide. Thus it is
1.226 A for the N-phenyl acetamide (PhA), 1.195 A
for the 2-nitro or 4-nitrophenyl trichloroacetamide
and 1.200 A for the N-chloro-N-chloro trichloroac-
etamide. The C(O)—C(soide) bond lengths remain in the
range of 1.555 - 1.565 A for all the compounds, except
for the phenyl acetamide, for which itis 1.476 A. This
distance increases to the above range on substitution
in the side chain. The mean C(side)-Cl bond length
generally remains in the range of 1.760 - 1.765 A.

As regards the bond angles, they are ob-
served between the ranges listed as follows: 116.9°
and 121.6° (0-NO,TCA), 117.3° and 123.7° (m-
NO,PhTCA), 118.5° and 122.3° (p-NO,;PhTCA),
119.0°, and 120.9° (o-CIPhTCA), 119.0° and
121.3° (p-CIPhTCA), 116.8° and 122.4°, (p-
CH;PhTCA), 119.5° and 120.7° (PhTCA), 118.6°
and 121.5° (NCIPhTCA), and 119.2° and 121.3°
(PhA) with the mean values of 120° in all
the cases. The deviations of the individual val-
ues from 120° are relatively larger for the ni-

3

O

L

‘% Fig. 7. Projection of the unit

cell of o-CIPhTCA along
[100] on to the bc plane.

tro and methyl substituted trichloroacetamides. The
C2(ring)-Cl(ring)-N and C6(ring)-C1(ring)-N an-
gles for all the nine compounds are 121.2° and
121.8° (0-NO,PhTCA), 122.9° and 117.2° (m-
NO,PhTCA), 117.6° and 122.4° (p-NO,PhTCA),
119.9° and 121.1° (o-CIPhTCA), 122.2° and 118.1°
(p-CIPhTCA), 119.4° and 121.2° (p-CH3PhTCA),
122.1° and 117.9° (PhTCA), 119.6° and 118.8°
(NCIPhTCA) and 115.7° and 122.7° (PhA). Sim-
ilarly the C2(ring)-Cl(ring)-C6(ring) bond angles
are 117.0°, 119.9°, 120.0°, 119.0°, 119.6° , 119.3°,
119.9°, 121.5° and 121.2° for the compounds, o-
NO,;PhTCA, m-NO,PhTCA, p-NO,PhTCA, o-
CIPhTCA, p-CIPhTCA, p-CH3;PhTCA, PhTCA,
NCIPhTCA and PhA, respectively. Within these
compounds the C(ring)-N-C(O) bond angles vary
as 127.9° (0-NO,TCA), 126.3° (m-NO,PhTCA),
126.6° (p-NO,;PhTCA), 122.4° (o-CIPhTCA),
125.6° (p-CIPhTCA), 124.1° (p-CH3PhTCA),
125.4° (PhTCA), 132.3° (NCIPhTCA) and 129.3°
(PhA), while the N-C(O)-C(side chain) angles
are 113.7° (0-NO,TCA), 114.2° (m-NO,PhTCA),
113.7° (p-NO,PhTCA), 114.1° (o-CIPhTCA),
114.4° (p-CIPhTCA), 116.5° (p-CH3PhTCA),
114.8° (PhTCA), 118.6° (NCIPhTCA) and 117.7°
(PhA), respectively. Similarly the O-C(O)-C(side
chain) angles vary as 118.9° (0-NO,PhTCA),
120.8° (m-NO,PhTCA), 119.7° (p-NO,PhTCA),
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Fig. 8. Projection of the unit cell of p-CIPhTCA along [100] on to the bc plane.

120.1° (o-CIPhTCA), 119.6° (p-CIPhTCA), 118.2°
(p-CH3PhTCA), 118.9° (PhTCA), 118.3° (NCI-
PhTCA) and 1204° (PhA), while the O-
C(O)-N angles for the compounds are 127.4°
(0-NO,TCA), 125.1° (m-NO,PhTCA), 126.5°
(p-NO,PhTCA), 125.8° (o-CIPhTCA), 126.0°
(p-CIPhTCA), 125.3° (p-CH3PhTCA), 126.3°
(PhTCA), 123.0° (NCIPhTCA) and 121.7° (PhA).
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