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The crystal structures of CsHsNCICOCH,CI (1), C¢HsNCICOCHCI, (2), C¢H NCICOCCI, (3),
and CqH,NHCOCCI; (4) have been determined at room temperature (lattice constants, d in pm).
(1): P2,/c, Z=4, a=1738, b=645, c=1891, f=90.41°, d (N-Cl) =171, d (C=0) =121; (2): P2,/c,
Z=4, a=820, b=1495, ¢=905, f=114.78°, d (N-Cl)=171, d (C=0)=120; (3): P2,/c, Z=4,
a=819, b=1853, c=718, f=103.64°, d (N-Cl) =172, d (C=0) =120; (4): P2,/c, Z=4, a=551,

b=1704, c=1035, f=93.08°, d (C=0)=121.

For (2), (3), and (4) the 3°Cl NQR frequencies have been determined in the range 77 < T/K < 300.

At 77K (v in MHz): (2):

v D = 37600, v*2 =38.188, v™ =51.858; (3): v™ D =39.944,

v2 = 40,512, v*3) =40.739, v™ = 52.791; (4): vV = 39.428, v*? = 39.452, v(*: ¥ = 39.986. For
the compound C¢H ;NHCOCHCI, (Sg the **Cl NQR measured at 77 K is: v =37.195 MHz,

v®:2 = 37,596 MHz. The relation, v(3

Introduction

N-Chloro compounds are interesting and inten-
sively used chemicals in oxidation reactions. Recently
we have reported on *°Cl nuclear quadrupole res-
onance (NQR) and IR spectroscopy of a series of
such compounds of the general configuration
C¢H;_,X,NYCO(CH,CI), where X=Cl or NO,,
Y=Cl or H [1]. In N-chloro compounds the *°Cl
NQR frequencies, covering the range 44 <v/MHz
< 58, depend strongly on R,R" of RR'NCI. Particu-
larly the bond lengths N—Cl and C= O are of interest.
For compound (1), for which we report and discuss the
crystal structures here, the **CI NQR is already re-
ported in [1], and the title compounds are in close
connection with the 33Cl NQR and diffraction work
(X, N) on 2,6-dichloro-2 chloroacetamides [2, 3]. Some
crystals structure studies on N—Cl compounds are
reported in [4], [5] and [6].

In the following we report on the crystal structure
of C¢HsNCICOCH,CI (1), CcH;NCICOCHCI, (2),
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Cl) =d (N-Cl) is discussed.

C H,NCICOCCI, (3), and C;H;NHCOCCI, (4). The
35C1 NQR spectra are given for (2)—(4) and for
C¢H;NHCOCHCI, (5). For (4) the **C1 NQR spec-
trum at 77 K is reported in [7]. We discuss the results
of the crystal structure determinations and **ClI NQR.

Experimental

N-phenyl chloroacetamides were prepared from
aniline and chloroacetylchlorides by the methods
given in [8]. The compounds were recrystallized from
ethanol. The purity of the reported acetanilides was
checked by measuring the melting points (T},) and the
35Cl NQR frequencies known from [1, 7]. The new
acetanilide (5) was analyzed by C, H, N elemental
analysis, and its **Cl NQR frequencies were mea-
sured. The N-phenyl chloroacetamides were N-chlori-
nated by the method reported in [1]. But the proce-
dure had to be continued for a longer period with di-
and trichloroacetamide, complete chlorination need-
ing 6-8h, depending on the concentration of the
NaOCI solution. N-chlorocompounds were recrystal-
lized from cyclohexane, toluene or mixtures of the two
solvents. The purity of the compounds was checked by
estimating the active chlorine content by the iodomet-
ric method. The analysis gave the following:
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Table 1. Experimental conditions for the crystal structure determination and crystallographic data of (C¢Hs)NCICOCH,Cl
(1), CéHsNCICOCHCI, (2), C¢cHsNCICOCCI, (3), and (C¢H)NHCOCCI, (4). Diffractometer: Stoe-Stadi 4; wavelength:
71.069 pm (MoKa); monochromator: Graphite (002); scan 29/w. (1): CgH,CI,NO, M =204.05 (2): CgH(CI;NO,
M =238.49; (3): CgH,CI,NO, M = 272.94; (4): CgH,CI;NO, M =238.49.

Compound 1 ?2) 3) 4)
Crystal size (mm)? 0.50 x 0.30 x 0.15 0.60 x 0.50 x 0.25 0.30x0.38x1.3 0.90 x 0.54 x0.13
Temperature/K 297 (2) 298 (2) 298 (2) 297 (2)
Absorpt. Coeff. p/m~*! 669 867 992 821
©-range for data coll. 215<0/°<2495 272<6/°<25.00 220<0/°<2495 230<60/°<2697
Index ranges —8<h<s, —9<h<3, —9<h<)9, —-7<h<7,
—-7<k<0, 0<k<17, 0<k<22, 0<k<2i,
-22<1<22 —-10<1<10 —-8<I<3 -12<i<12
Lattice constants/pm a= 737.6(3) 820.0 (3) 819.2(3) 551.3(2)
b= 6449 (3) 1495.4 (5) 1853.2(7) 1703.9 (7)
¢ =1890.6 (7) 904.8 (3) 718.1 (3) 1034.8 (4)
= 90.410(10)° 114.78 (1)° 103.640 (10) 93.080 (10)
V-10~%/(pm)? 899.3 (6) 1007.3 (6) 1059.4 (7) 970.6 (7)
Space group C3.-P2,/c C3.—P2,/c C3.—-P2,/c C3,—P2,/c
Formula units Z 4 4 4 4
Qcalc/(Mg - m~3) 1.507 (2) 1.572 (1) 1.711 (2) 1.632 (2)
F (000, 416 480 544 480
Reflections collected 3277 2677 2663 4188
Symmetry independent 1588 1772 1863 2100
- 0.0237 0.029 0.0179 0.0249
Data 1587 1767 1863 2100
Restraints/parameters 0/109 0/119 0/127 0/138
Goodness of fit on F? 1.107 1.049 0.762 1.050
Final R (I >20 (1)) R, =0.0409, R, =0.0444, R, =0.0296, R, =0.0320,
wR,=0.1164 wR,=0.1174 wR,=0.0895 wR,=0.0820
R (all data) R, =0.0460, R, =0.0528, R,=0.0336, R, =0.0365,
wR,=0.1233 wR,=0.1331 wR,=0.0983 wR,=0.0862
Largest diff: (peak, hole)/
(107% e (pm)*) 0.236, —0.252 0.362, —0.328 0.269, —0.283 0.475, —0.396
Max. and min. transm. 0.999 and 0.883 0.800 and 0.607 0.764 and 0.612 0.836 and 0.668
Extinction coeff. 0.000 (2) 0.012 (3) 0.002 (1) 0.007 (2)

Point positions:

all atoms in 4e

Active Cl(calc/found): (1): 17.37/17.12; (2): 14.86/
14.78;(3): 12.99/12.82 (5) (calc/found): C (47.09/47.05),
H (3.46/3.43), N(6.86/6.86). T../°C: (1): 75; (2): 71,
(3): 101; (4): 91-92 (33CI NQR at 77 K measured by
Semin et al. [7]); (5): 116.

Small crystals of (1), (2), (3), (4) were selected for
X-ray diffraction and studied at room temperature
with a 4-circle goniometer. The collected intensity
data were corrected for Lorentz-polarisation factor
and absorption. By direct methods and least squares
refinement [9] the point positions were found, includ-
ing the positions of the hydrogen atoms. For the de-
termination of the hydrogen positions the distances
C-H were fixed to 93 pm for the ring hydrogen
atoms, to 97 pm for the CH,Cl group and to 98 pm
for the CHCI, group. The hydrogen bond to the nitro-
gen atom in (4) was found from Fourier synthesis,
d(N-Cl)=80 (2pm). In Table1 the experimental
conditions for the structure determinations and some
crystallographic data are given for (1), (2), (3), (4).

About the measurements of the 33C1 NQR spectra, see
[1]. The line widths of the 33C1 NQR were 10—15 kHz.

Results
X-ray Diffraction (Crystal Structures)

In Table 1 the crystallographic data of the title com-
pounds (lattice constants, space group etc.) are listed.
The atomic coordinates and mean thermal parame-
ters are given for (1)—(4) in Tables 2-5, respectively.
For the full matrix of the mean squares displacement
of the atoms, see [10]. Table 6 lists the intramolecular
distances and angles of the title compounds, and in
Table 7 we have collected some intermolecular dis-
tances which are within the sum of the concerned van
der Waals radii. Table 8 reports the plane equations
for the Cq rings of the compounds considered and the
equations for the planes NC”C®OQ. In Fig. 1 we show
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Table 2. Atomic coordinates ( x 10*) and isotropic mean ther-
mal parameters [Ueq] of (CgHs)NCICOCH,CI (1). [Ueq] is  Table4. Atomic coordinates (x10*) and [Ueq] of
defined as 1/3 of the trace of the orthogonalized tensor U;;  C¢HsNCICOCCI, (3). For the definition of [Ueq ] see Table 2.

and is given in (pm)2. [Ueq] is given in (pm)?.

Atom X y z [U.,] Atom X y z [Ue]
c4 2011 (3) 3303 (3) 1236 (1) 420 (5) e —1854(2) 3793 (1) 2529 (3) 406 (2)
c® 0475(4) 217(4) 1426(1) 484(6) C@ —2319(3) 3087(1) 2151(3)  490(5)
H —0591(4) 2331(4) 1163(1) 580 H© —1806(3) 2719(1) 2964(3) 590
c® 0559 (4)  0954(4) 2018(1) 555(7)  C© —3570(3) 2932(2) 0533(4) 598 (6)
H©3 —0460 (4) 0209 (4) 2155(1) 666 H© —3910(3) 2457(2) 0263 (4) 720
cW 2135(4) 0796 (4) 2402 (1) 576 (7) c@ —4306 (3) 3472(2) —0669 (3) 606 (7)
HE® 2174(4) —0043(4)  2802(1) 691 HE —5133(3) 3361(2) —1760(3) 730
c® 3663 (4) 1870 (5) 2202 (1) 581 (7) c® —3837(3) 4177(2) —0281(3) 568 (6)
HCS 4732(4) 17415 2462(1) 697 HES —4332(3) 4541(2) —1112(3) 680
c® 3602(4) 3140(4)  1613(1) 510(6)  C© —2613(3) 4348(1) 0346(3) 476(5)
H€® 4625 (4) 3873 (4) 1474 (1) 612 H€® —2308(3) 4825(1) 1637 (3) 570

N 1921(3) 4674(3) 0633(1) 487(5) N —0625(2) 3971(1) 4263(2) 467(5)
1™ 1357(1)  7172(1)  0832(1) 652(3) CI™ —1508(1) 4150(1)  6162(1)  656(2)
c” 2706(3)  4325(4) —0007(1) 459(6) C7 1060(3) 3914(1) 4757(3) 406 (5)
0 2913(3)  5659(3) —0448(1) 643(6) O 1874(2) 4007(1) 6362(2)  634(5)
c® 3259(4)  2077(4) —0105(1) 547(7)  C® 1998(3)  3690(1) 3189(3)  458(5)
C1€® 3707(1)  1498(1) —0992(1) 686(3)  ClH-c® 1201 (1) 4050(1)  0886(1)  634(2)
HC8. D 2295(4)  1183(4)  0062(1) 656 C1¢:c® 1941 (1) 2736(1)  3071(1)  671(2)
H(C8:2) 4334(4) 1797(4) 0178(1) 656 C163:¢8) 4106 (1) 3974(1)  3953(1)  715(2)

Table 3. Atomic coordinates ( x 10*) and isotropic mean ther-  Table 5. Atomic coordinates ( x 10*) and thermal parameters
mal parameters [Ueq] (see Table 2) of C¢cHsNCICOCHCI,  [Ueq] of C¢cHsNHCOCCI, (4). [Ueq] is defined in Table 2 and
(2). [U,q] is given in (pm)?. given in (pm)?.

Atom X y z [Ue,l Atom b y z [Uel
cw 2046 (4) 1146 (2) 2032 (3) 480 (6) ce 8321 (3) 1557 (1) 3682 (2) 345 (3)
c@ 0941 (4) 1734 (2) 0874 (4) 640 (8) c® 10256 (3) 1538(1) 4598 (2) 436 (3)
H€? 0406 (4) 2205 (2) 1181 (4) 768 H©€? 10435 (3) 1931 (1) 5220 (2) 520
c® 0627 (6) 1630 (3) —0725(4) 814 (11) c® 11919 (4) 0928 (1) 4579 (2) 516 (5)
H©€» —0140 (6) 2019 (3) —1511(4) 977 H© 13224 (4) 0917 (1) 5187 (2) 620
c@ 1441 (7) 0956 (3) —1155(5) 900 (14) c@ 11659 (4) 0342 (1) 3673 (2) 521 (5)
H©€4 1262 (7) 0899 (3) —2237(5) 1080 H<Y 12783 (4) —0066 (1) 3668 (2) 630
Cc® 2532 (6) 0350 (3) —0018 (5) 901 (13) c® 9721 (4) 0358 (1) 2769 (2) 513 (5)
H©Y 3069 (6) —0114(3) —0335(5) 1082 H©S 9536 (4) —0041(1) 2159 (2) 620
Cc® 2825 (5) 0439 (2) 1615 (4) 671 (8) c® 8055 (3) 0964 (1) 2767 (2) 434 (4)
H©€® 3530 (5) 0029 (2) 2394 (4) 805 H©® 6758 (3) 0975 (1) 2154 (2) 520

N 2314 (3) 1270 (2) 3695 (3) 517 (6) N 6649 (3) 2194 (1) 3596 (1) 371 (3)
cm 0630 (1) 0876 (1) 4157 (1) 696 (3) H® 6103 (38) 2301 (12) 2887(22) 450 (50)
c 3769 (4) 1593 (2) 4973 (3) 496 (6) cm 5902 (3) 2608 (1) 4598 (2) 436 (4)
(6] 3927 (3) 1594 (2) 6351 (2) 724 (4) O 6462 (3) 2492 (1) 5731 (1) 498 (3)
c® 5213 (4) 1971 (2) 4490 (3) 530(7) c® 4253 (3) 3328 (1) 4222(2) 377 (4)
CItHC8) 6218 (1) 2904 (1) 5724 (1) 844 (4) Cl1u.c® 2318 (1) 3164 (1) 2830 (1) 538(2)
CI3:68) 6822 (1) 1120 (1) 4800 (1) 830 (4) Cli&<8 2445 (1) 3574 (1) 5515(1) 501 (2)
HC® 4670 (4) 2149 (2) 3341 (3) 636 C13:¢8) 6217 (1) 4125(1) 3939 (1) 639 (2)

the molecules of the title compounds as they appearin  onto the ac plane. Projections of the unit cell of (2), (3),
suitable projection with their thermal ellipsoids and  and (4) are shown in Figs. 3, 4, and 5, respectively.

with the numbering of the atoms used throughout the
paper. For comparison of the molecular structure of
the title compounds we list in Table 6 the intramolec-
ular distances and angles of (1-4). In Fig. 2 the unit The 33Cl NQR spectrum of (1) is reported in [1].
cell of (1) is projected along the short axis b (645 pm) For (2), (3), and (4) the spectra have been measured

Nuclear Quadrupole Resonance, *>Cl
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Table 7. Intermolecular distances d (in pm). Taking the van
der Waals radii [13, 14] (in pm): r(C1™) = r(C1©) = r(NH)
=r(CH) =180, r(O)=150, we consider distances Cl--- CI

angles (degree) in C¢HsNCICOCH,CI (1), CCHsNCICOCHCL, <370, Cl--- O <340, Cl---CH=370, O--- O <310 pm,
(2), CcHsNCICOCCI, (3), C¢gH NHCOCCI, (4). (CH--- O)= <340, CH --- CH < 370.
Compound 1) ?2) 3) 4) Compound 1) 2) 3) (4)
connection connection
d/pm Cl---Cl 3851 35413 37017
c_c® 137.3(4) 136.7(4) 1384(3) 138.6(2) 34314
c_c® 1383(4) 137.8(4) 137.3(3) 139.0(2) Cl---0 34222
CW_N 1444 (3) 1437(3) 1443(3) 1424(2) Cl---CH 3712 37418 35123
Cco_c® 138.5(4) 136.7(5) 138.6(3) 138.6(3) 3573 3691° 35424
Cc®_Cc® 137.0(4) 1353(6) 136.5(4) 137.3(3) 368% 3372>
cw-_c® 1379(4) 1381(6) 137.1(4) 138.2(3) 350° 36026
c®-_c® 1383(4) 1399(5) 138.5(3) 1382(3) 337¢ 36527
N-C? 136.3(3) 1355(4) 1346(3) 133.7(2 3697
N-CI™ 170.6(2) 170.7(2) 172.0(2) CI™...c™ 3508
c”-0 1209(3) 1197(3) 1200(3) 121.1(2) O---CH 348° 34015 34520
cr_c® 151.8(4) 153.1(4) 1562(3) 156.4(2) 33410 33616
c®_Cla-c® 1751 (3) 1760(3) 1759(2) 176.8(2) 34011
Cc®_C1@-c® 177.0(3) 177.0(3) 176.2(2) 33912
Cc®_C163-c® 1764 (2 1772(2) CH---CH 34221 35028
angle/°
co-c-c@ 121.7(2) 121.2(3) 121.5(2) 1199(2) (4): Hydrogen bond N-H:---O: d(N---0)=301,
C®_CW-_N 119.5(2) 1203(3) 1188(2) 117.9(2) d(O---H)=228, angle (N-H --- 0)=152.5°; N, H in x,
C®_CW-N 1189(2) 1184(3) 119.6(2) 1221(2) Va—y, Yatz.
cH_Cco_c® 118.5(2) 1202(4) 118.6(2) 119.5(2
Cw-_Cc®-_Cc® 1203(2) 1195(4) 1205(2) 120720 (1) CI™N---CI® (—x,1—y, —2); 2CI® ... CH® (1 —x,
C®-_Ccw_c® 1206(3) 121.2(3) 1206(2) 119.7(2) - y —2);3CIC® ... CH® (x, a—y, z— %); *CI® -.. CH®W
Cw_C®_C® 119.8(3) 119.7(4) 120.1(2) 120.4(2) Va—y, z—); > CI™ ... CH! Y (x, 1+y, z); © Cl‘“’
ch_ce_c»® 119.1(3) 1181(3) 118.6(2) 119.8(2) Hm (x 1+y,2); " CI™.. H‘B’( x, 1—y, —2); Cl‘N’
CP-_N-CW 125.6(2) 1292(2) 1323(2) 1254(1) -CO (=x, 1=y, —2z); ° o CH“” 1—x, 1—y, —z);
C?PO-N-CI™ 117.3(2) 1153(2) 113.8(1) 10o C"’g—x 1—y, —2); “O CH‘S’(I-—x 1—y, — )
CW_N-CI®™ 1144(2) 1152(2) 113.0(1) 120---CH? (—x 1—y, —z); Q) 3 CIMV ... C12-¥ (1 —
O-C"-N 123.5(2) 1241(3) 1230(2) 1263(2) —y,1—2); 14 Q1= H...CI™ (1 +x,y,2); 150 CH‘Z’(
o-Cc-Cc® 1240(2) 1225(3) 1183(2) 1189(1) '/2 —y, % +42); 10 ---CH® (x, Y2 — 5 l/z+22 3) 7 C1? 8
N-C™"_C® 11252 1134(2 1186(2) 114.8(1) -Cl2® (x, Y — 5 l/1+z 18 C12:9 ... CH® (1 +x, Va—y,
cO—_c®-_C1a-c® 1120(2) 1089(2) 116.1(2) 113.4(1) '/z+2) e Cl“ 8 ...CH® (—x,1—y, —2);2° O---CH o)
C_C®_C1e-® 107.7(2) 106.8(2) 110.0(1) (- 1—z) 21 cg® ... CH® gx Vo — ,z—'/z;
Cc_c®_C16.c» 107.9(2) 106.9 (1) (4) %2 (Cl“ B0 (x, Ya—y, z—'/) St 6115 CH@
C14:e8_C®_C]2-c® 110.5(2) 109.5(1) 108.4(1) (x—1, Ya—y, z—/)' 24 Cl‘2 ... CH® (x—1, Y%—y,
C11-®_C®_(]3.c8) 107.4 (1) 109.5(1) '/2+Z) 25 C1@-8 ... CH® (x 5/ _(X l/z+z) 26 Cl<3 8)
Cl?-c&_C®_C]3:c® 109.0(1) 108.6(1) -CH® Q2—x, a2+ ¥> '/2—2), 9 ...CH@ 2—x,

Vaty, l/z-z) 28 CH®.--CH®™ 2—x, —y, 1—2).

Table 8. Equations of planes, mean deviations of atomic positions from the

plane, angle between the planes.

Mean deviation {d) (in pm) of the C-
atoms from the plane C' "®; mean de-

Plane Com-  Equation viation {d) (in pm) of the atoms from
pound the plane NC”C®O; angle ¢ between
the benzene ring plane and the plane
ca-e (1)  —2109(8)x + 4.953(5)y +10.873(18)z =2.551 (4) NCOC®OQ.
?2) 6.561 (8) x + 8.665(20) y — 1.757 (13)z =1.965 (2)
3) —6913(5)x — 1.755(18)y — 5.114(5)z =3.247(6) Com- (é)/pm <d/>pm ¢&/°
4) 3232(4)x — 8930(12)y+ 6.709(7)z =1.607 (5) pound
NC?C®0 (1) 6.611 (6)x + 1.334(10) y + 7.293(24)z =2.356 (4) 1) 0.3 0.3 82.6(1)
2) —3.370 (12) x +13.471 (12) y + 0.405 (15) z = 1.080 (8) 2) 11 0.1 80.1 (1)
3 1.206 (10) x +17.897 (10) y — 1.741(9)z =6.293(7) 3) 0.6 0.7 81.5(1)
“4) 4461 (4)x + 9.970(13) y — 0.996 (10) z =4.791 (5) 4) 0.3 0.9 354(1)
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Fig. 1. Geometry of the molecules of the title compounds. Given are projections of the molecules in suitable orientation
including the thermal ellipsoids. a) C(H;NCICOCH,Cl (1); b) C;H,NCICOCHCI, (2); ¢) CcHNCICOCCI; (3);
Cc,H;NHCOCCI, (4).

O 0o © o
00 za

Fig. 2. Projection of the unit cell of (1) along the axis [010] onto the a ¢ plane. The molecule for which the position coordinates
are listed in Table 2 is marked by (*).
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Fig. 3. Projection of the unit cell of (2) along [100] onto the
bc plane. The molecule for which the position coordinates
are listed in Table 3 is marked by (*).

from 77 K on up to 300 K or up to the temperature T;
at which the NQR signals fade out. The temperature
dependence of *3Cl NQR is rationalized by a power
series development

v=Xaq, T, —1<i<2. )

In Table 9 one finds the coefficients a; and the fre-
quency values at two temperatures (77 K and 273 K)
and in case there was no fade out, also at 300 K.
Individual frequencies including the signal to noise
ratio can be found in [10]. v = f(T) is shown in Figs. 6
and 7.

Discussion
First we shall discuss the intramolecular geometry

of the four title compounds in comparison. The in-
dividual data are given in Table 6. Comparing the

(& S

. 4}

Fig. 4. Projection of the unit cell of (3) along [001] onto the
ab plane. The molecule for which the positional coordinates
are listed in Table 4 is marked by (*).

©C zax
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C®_CY bond distances within the C¢-rings of the four
title compounds we find a mean distance {d (C—C)) of
137.8 pm, the minimum at 135.3 pm, the maximum at
138.9 pm. This spread shows no significant change of
the ring distances by the monosubstitution; the intra-
ring distances are hard bond parameters. Also the
bond angles are soft bond parameters we find a
mean angle for the four title compounds between
118.9° and 121.1°, again no significant deviation from
120° by the monosubstitution of the ring. The dis-
tances C'Y'—N are for the compounds (1)—(4): 142.3
<d/pm <144.3. The smallest value belongs to (4)
with the group NH. For the bond N-Cl1” we find
(d(N-C")»=135.0 pm; a small shorthening of this
bond with increasing number of Cl on the group
CCI H; _, seems to be present. The mean of d(C'"-
C®) is 154.4 pm; there one observes an increase with
the number of chlorines at C® of d (C'”—~C®) which
may be significant. The distances C=0 are with {d)
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Fig. 5. Projection of the unit cell of (4) along [100] onto the
bc plane. The molecule for which the positional coordinates
are listed in Table 5 is marked by (*). The hydrogen bonds
N-H --- O are marked by dashed lines.

=120.4 pm in the expected range, little shortened by
the presence of the Cl atom at the nitrogen of (4). All
angles C—C-Cl and Cl-C—-Cl are found in the range
grouped around the tetrahedral angle with deviations
up to 116° and down to 107°, the angles C1-C-Cl
being 109.0° +1°.

Our main interest was in the determination of the
distance N—ClI, which is found to be 170.6 pm for (1),
170.7 pm for (2), and 172.0 pm for (3).

The Cg¢ ring in the four title compounds is planar
within the limits of error. Also the sp? carbon C”
keeps the plane NC”’OC® planar. The maximum
deviation of a carbon atom from the ring plane is
0.3 pm for (1), 1.5 pm for (2), 1.0 pm for (3), and 0.4 pm
for (4). Planarity is also quite rigid for the plane
NCOC® with maximum deviation of the atoms of
0.5 pm, 0.2 pm, 1.2 pm, and 1.6 pm for (1), (2), (3), and
(4), respectively. The angle ¢ between the ring plane
and the plane NC”OC® is for (1)—(3) between 80°
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and 82°. For (4) we find ¢ = 35° (Table 8). This is un-
derstandable if one considers the intermolecular hydro-
gen bond N-H --- O, (4) forms. The intermolecular
interactions Cl--- Cl, Cl--- CH and O --- CH are of
the van der Waals type. (4) is an exception, forming a
hydrogen bond N-H --- O (Table 7). Figure 5 shows
that the hydrogen bonds N-H --- O in (4) connect the
molecules in the direction [001] to chains.

The temperature dependence of the *°Cl NQR
spectra shows (see Figs. 6 and 7) that there is no phase
transition within the range 77 < T/K < 300. The tem-
perature coefficient dv/d T is negative in (2), (3) and (4),
changing smoothly. This originates in the spectrum of
the librational molecular motions in the lattice. The
torsional motions of the CCi; groups are easely
excitated, which results in the fade out of the 3°Cl
signals at lower temperatures T; than the C1™ signal.
It has been shown that the 3*Cl NQR frequency of
the Cl atom bonded to the nitrogen atom in the
N-Cl-N-phenyl-acetamides is in the range from 52
to 53 MHz (T =77K), and the changes of the reso-
nance frequency of CI™ are due to the group

=COCH, _,Cl,. We are interested in the relation
between NQR frequencies and bond distances
[11, 12]. Theory shows that the main principal axis
@, , of the electric field gradient tensor, EFGT, de-
pends on the distance d of a charge e from the nucleus
in question by

®,p=a-d>. )

The axes @,y and &y, describe, together with &,,,
the symmetry (asymmetry parameter #) of the EFGT
through the relations

[Py x| < [Pyy| S| DPzzls [ Pxx—Pyy| <[ Pyzl=1n. (3)

In the case of nuclear spin I = 3/2, which applies to
35.37Cl, and under the assumption of #(*°Cl) <0.18
we can safely assume that the frequency measured is
1/2 of the nuclear quadrupole coupling constant
eQ®,,h™ ', where e is the unit charge, Q the nuclear
electric quadrupole moment and h Plancks constant.
So we can draw conclusions about (1) from the fre-
quency measurements. The three distances d (N—Cl)
measured here, compared with v(3°CI1™) at 77 K, (1):
170.6 pm, 52.166 MHz; (2): 170.7, 51.858 MHz; (3):
172.0 pm, 52.791 MHz is not confirming (2). The ex-
perimental data we have up to now are not sufficient
to argue further. NQR and structure work is necessary
on compounds with a) “weak” bond and b) with
“strong” bond N-CL
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Table 9. 9 Cl NQR frequencies v at selected temperatures and coefficients a; of the power series development v =12 q; T",
—1<i<2. zis the number of measurements, ¢ is the standard deviation. For the a; of (1) see [1]. S/N is the signal to noise
ratio (lockin) recorder, time constant 10 s).

Comp v Z L o s 91107 _2:10°
! kHz MHz MHz - K MHz-K™! MHz - K 2
2) yv. 10 35 37.7411 0.0081 —1.0023 —10.5578
y®-2) 10 33 38.4401 —4.3051 —1.9877 —7.0774
v 10 31 52.3452 —14.2731 —3.5419 —4.7146
3) y™ 1 10 2.8 40.2618 —8.0321 —2.2049 —17.2589
y™2 10 2.6 40.7191 —3.0955 —1.6420 —6.8243
y®3 10 2.3 40.9560 —4.7233 —1.6230 —5.0395
y® 12 2.3 53.3089 —13.9706 —4.1122 —3.1583
4) ytv. D 10 2.8 39.9193 —16.4395 —3.4157 —2.3438
y™2 10 6.2 39.7743 —7.0226 —2.5579 —5.4685
y®3 10 31 40.2520 —8.2170 —1.7850 —3.7208
Comp. v® y/MHz(S/N) T/K  Ref. Comp. v@® v/MHz(S/N) T/K  Ref.
1) v® 37,004 (50) 77 [1] 3) v 39944 (30) 77 This paper
35.863 (20) 273 39.090 (10) 273
35.611 (15) 300 yv-2) 40.512 (30) 77
V™ 521166 (60) 77 39.753 (10) 273
51.168 (30) 273 y3 40.739 (30) 77
50.973 (30) 300 40.119 (10) 273
7)) y™ 1 37,600 (40) 77 This paper y ™ 52.791 (50) 77
36.681 (20) 273 51.902 (20) 273
36.488 (15) 300 51.742 (15) 300
y™2 38188 (40) 77 (4) yw 39.428 (40) i) This paper
37.357 (20) 273 38.636 (5) 273
37.190 (15) 300 yw2 39.452 (40) 17
v®™ 51858 (50) 77 38.748 (5) 373
50.976 (15) 273 y3 39.986 (50) 77
50.809 (15) 300 39.452 (5) 273
5) yiw: 37.195 (30) 77 This paper
y™2) 37.596 (25) 77
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