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The crystal structures at room temperature of the N-chloro-N-(2,6-dichlorophenyl)-chloroac-
etamides 2,6-Cl,C,H; NCICOCCI,; (1) and 2,6-C1,C,H;NCICOCH,CI (2) have been determined.
(1): orthorhombic, Pbca, Z=8, a=2051.7(8) pm, b=1134.8(4) pm, ¢=1089.0(4) pm. (2): or-
thorhombic, Pbca, Z=8, a=2078.7 (4) pm, b=1487.9 (4) pm, c=694.0 (2) pm. The *3Cl NQR spec-
trum of (1) was studied in the range 77 <T/K <370. At 77 K, a sextet spectrum is observed (v in
MHz): v, =v (CI™V)=56.327; v, =40.636, v; =40.317, v, =40.294; v, = 36.532, v, = 36.182. The lines
v,, V3, and v, are assigned to the CCl; group because of their position in the frequency scale. Also,
due to librational motions, this triplet part of the spectrum fades out at 7,2~ 320 K. There is no
problem in assigning in both compounds, on the basis of the known **Cl NQR frequency scale, the
line v, to the Cl atom attached to the nitrogen atom and the lines v and v, to the ring chlorines
(C1® and CI‘®). The crystal structures and NQR spectra of (1) and (2) are discussed together with
literature data for 2,6-Cl,C4H;NHCOR, C,H,;NCICOR (where R=CCl;, CCIH,) and other
substituted acetamides.

Introduction ray methods to determine the crystal structures have

been discussed in [2], and the details of 3*Cl NQR

Recently we have started studies on the N-Cl bond measurements are described in [1].

in solids by *3CI-NQR and crystal structure determi-
nations [1, 2]. The majority of the compounds consid-
ered belong to the group of acetanilides, for many of
which C—**CI NQR data are available [3]. Structure  Crystal Structures
(X-, neutron-diffraction) and **Cl NQR work in detail
was done for some 2,6-dichlorophenyl-acetamides
e rore 0 st Fiurs 1 o he ol o
chloroacetamides 2,6-C1,CH,NCICOCCI, (1) and (1) and (2), r'espectlvely with the thermal ellipsoids and
2,6-C1,C¢H;NCICOCCIH, (2) and discuss the results Wb oIS, G Khie atoms sk throu'ghout tl}e pa-
with those for N-chloro-N-phenyl-chloroacetamides, per. In Table 2 we have given the atomic coordinates

N-(2,6-dichlorophenyl)-chloro-acetamides and other e thgrm.al parameter_s G NS E un}t
substituted amides. cell. A projection of the unit cell of (1) along the axis

[010] onto the ac plane is given in Fig. 2, and the unit
cell of (2) is projected along [011] onto the (011) plane
in Figure 3. In Table 3 we have compiled the intra-
molecular distances and angles for (1) and (2). The
C-C bond distances within the benzene ring are
found in the range 136.2<d(C-C)/pm<139.1 with
the mean value 138.0 pm for (1), and 137.2<d(C-C)/
*  Presented at the XIIIth International Symposium on Nu- pm<139.1 Wlth. the mean value 138.2 pm for (2). As

clear Quadrupole Interactions, Providence, Rhode Is-  regards to the ring angles, they are observed between

Results

In Table 1 the crystal data and the experimental
conditions for the structure determinations of (1) and

Experimental

The preparation of acetanilides is described in [3],
and that of N-chlorinated compounds in [1]. The X-
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limits of error no influence of changing from the side
substituent NCICOCCI; to NCICOCH,Cl is seen. Se-
lected torsional angles of (1) and (2), compared with
those of N-chloro-N-phenyl-2,2,2-trichloroacetamide
(1 ph) and N-chloro-N-phenyl-2-chloroacetamide (2 ph)
may be found in Table 5.

As far as the molecular packing is concerned, the
molecules of (1) are arranged in planes of 2,6-
dichlorophenyl rings in bc planes centered at x =0 and
x=0.5, the NCICOCCI, groups in bc-planes centered
at x=0 and x=0.5, the NCICOCC]l; groups in bc-
planes centered at x=0.25 and 0.75 (see Figure 2).
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Table 1. Experimental conditions for the crystal structure
determinations and crystallographic data of (1), CgH;CI,NO,
M =341.82, and (2), CgHCI,NO, M =272.93. Diffractome-
ter: Stoe-Stadi 4; wavelength: 71.069 pm (MoK a); monochro-
mator: Graphite (002); scan 2 g/w).

Compound 1 2)
Crystal size (mm?) 0.2x0.3x0.7 0.80x0.55%x0.15
Temperature/K 293(2) 298(2)
Absorption coeff. y/m~! 1231 1066
@-range for data coll. 1.99<0/° <2496 1.96<0/°<24.99
Index ranges 0<h<24,0<k<13 0<h<24,
—12<i<7 —17<k<10,
0<I<8
Lattice constants/pm a=2051.7(8) 2078.4(7)
b=1134.8(4) 1487.9(4)
¢=1089.0(4) 694.0(2)
a=90° 90°
B=90° 90°
7=90° 90°
V-10~%/(pm)? 2536(2) 2146.2(11)
Space group D)3 —Pbca D;}—Pbca
Formula units Z 8 8
0eai/Mg-m™3) 1.791(2) 1.689(2)
F (000) 1344 1088
Reflections collec. 4198 3286
Symmetry independent 2231 1894
[R;,] 0.0702 0.0270
Data 2225 1891
Restraints/Parameters  0/158 0/128
Goodness of fit on F2  1.204 1.063
Final R (I>2a(I)) R, =0.0629 0.0349
wR,=0.1680 0.0869
R (all data) R,=0.0753 0.0457
wR,=0.1868 0.0981
Max./min.transmission 0.799/0.544

largest diff: (peak, hole)/ 0.450 and —0.487
(10~°e(pm)*)
extinct. coeff.
Point positions:

0.362 and —0.430

0.0033(10) 0.0007(3)
all atoms in 8¢

Fig. 1. Geometries of the molecules a) 2,6-Cl,C¢H;NCICOCCI, (1) and b) 2,6-C1,C,H;NCICOCCIH, (2), with the number-

ing of the atoms and thermal ellipsoids.
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Table 2. Atomic coordinates (- 10*) and displacement parameters U,
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and U;; (in pm?) for 2,6-Cl,C4H,NCICOCCI; (1) and

2,6-C1,C¢H;NCICOCH,Cl(2). U, is defined as one third of the trace of the orthogonallzed tensor UIJ The temperature factor

has the form
T=exp[—2n(U, h*a**+ U,, k* b*?* + U,;,

Pe*2+ U, hka*b*+ U, hla*c*+ U,y k1b* c*)].

Atom Compound (1) Atom Compound (2)

X y z U, X y z Uy
e 5702(2) 6656 (4) 3719(4) 458(10) cH 1614(1) 4363(2) 3783(3) 448(6)
c® 5415(2) 5626(4) 3321(4) 496(10) c@ 2011(1) 3612(2) 3712(4) 515(7)
e 2] 5885(1) 4557(1) 2629(1) 732(5) cl1® 1663(1) 2564(1) 3520(1) 734(3)
c 4749 (3) 5440(5) 3506(6) 672(14) c™ 2670(1) 3698(2) 3812(4) 634(8)
H® 4571(26) 4687(47) 3114(53) 626(142) H® 2933(1) 3193(2) 3757(4) 760
cw 4393(3) 6287(7) 4085(7) 774(18) cw 2933(1) 4539(3) 3994(4) 654(8)
H* 3948(38) 6088(61) 4104(69) 1042(139) H@W 3378(1) 4598(3) 4067 (4) 785
c® 4664 (3) 7311(6) 4497(6) 690(15) c® 2555(1) 5299(2) 4070(4) 573(7)
H® 4503(45) 7916(79) 4878(92) 1353(345) HY® 2741(1) 5864(2) 4194(4) 687
) 5323(2) 7503(5) 4304(5) 535(11) c© 1890(1) 5204(2) 3958(4) 487(6)
Cl1® 5672(1) 8806(1) 4787(2) 819(5) c1® 1411(1) 6152(1) 4082(1) 684(3)
N 6385(2) 6876(3) 3528(3) 467(9) N 0931(1) 4264(2) 3722(3) 507(6)
c™ 6553(1) 7742(1) 2286(1) 596(4) c™ 0588(1) 4045(1) 5929(1) 633(2)
Cc 6829(2) 6407 (4) 4314(4) 392(9) co 0624(1) 4030(2) 2037(4) 460(6)
o 6651(1) 5814(3) 5177(3) 503(8) o 0894(1) 4118(2) 0516(3) 591(5)
c® 7563(2) 6624(4) 4096(5) 491(11) c® -0053(1) 3682(2) 2262(5) 650(8)
Cles:n 8007(1) 5920(1) 5275(2) 698(5) Cle —-0418(1) 3481(1) 0020(1) 832(3)
Gl 7738(1) 8140(1) 4172(2) 774(5) 2 -0306(1) 4118(2) 2973(5) 780
Cl€8 7796(1) 5997(2) 2674(2) 797(5) H8:2) —-0045(1) 3129(2) 3001(5) 780
Atom Uy, U,, Uss Ui, Uis Uss Atom Uy, U,, Uss Uy, Uis Uss
c 336(20) 535(24) S501(22) -5(17) -20(18) 84(20) CV 446(13) S85(15) 313(12) -24(11) -3(10) -2(11)
Cl2) 437(22) 530(24) S521(24) -37(19) -25(19) 25(21) C2 609(16) 566(15) 370(14) 28(12) -8(12) -14(12)
Cc1® 856(10) 599(8)  726(8) 17(8) 7(7) —112(6) e 975(6) 550(4) 676(5) -20(4) —45(5) -4(4)
c® 512(27) 719(32) 784(34) -163(26) —109(26)  95(29) C® 588(17) 799(21) 514(17) 146(16) -39(14) -29(16)
G 327(24) 1027(47) 967(44) —6(28) 39(28) 267(40) C¥ 459(15) 1003(24) 501(17) 9(16) -43(13) -59(17)
c® 439(26) 839(41) 791(35) 131(27) 82(26) 161(32) C® 551(15) 705(18) 463(15) —148(14) -15(13) -37(15)
clo 459(23) 550(24) 597(25) 82(21) -53(21) 18(22) C® 530(14) 568(15) 362(13) -21(12) 7(11) 0(12)
C1© 875(11) 623(8) 726(8) 84(7) -125(9) -172(8) Clee} 721(5) 597(4) 733(5) 56(4) -30(4) -5(4)
N 342(18) 525(20) 535(20) -—64(15) 12(15) 151(17) N 449(11) 710(14) 366(11) -82(119) 48(9) 19(11)
Cciv 521(7)  692(8)  575(7)  -65(5) 2(5)  210(6) c1® 651(4) 820(5) 427(4) -23(4) 145(3) 35(4)
cm 351(19) 345(20) 440(21) -9(16)  2(18) —13(17) C7  443(13) 471(13) 467(15) —1(11) -4(12) -30(12)
6} 430(17) 572(18) S08(17) -74(14)  1(14) 69(15) O 546(10) 832(14) 394(10) -65(11)  4(9)  —-4(10)
c® 336(21) 496(24) 641(27) ~8 (17) -26(200 42(21) C® 508(15) 830(22) 611(19) —102(15) 1(14) —106(17)
CI8D  449(7)  738(9) 913(10)  12(6) —173(6) 178(8) CI®  560(4) 1071(7) 866(7) 4(4) —196(4) —287(6)
CI®2  623(8) 523(8) 1175(12) -207(6) -205(8)  128(8)
CI€&3  611(8) 998(11) 781(9)  130(7) 252(7) -41(8)

This leads to a maximum compensation of the molec-
ular dipole moments in the direction [100]. A similar
dipole compensating molecular arrangement is found
in (2), as shown in Figure 3. Here the molecular
dipoles are also compensating in the [100] direction,
the molecules forming layers of dichlorophenyl rings
in the bc plane at x=0.25 and x=0.75, and the
NCICOCCIH, groups are centered in the bc planes at
x=0and x=0.5.

The intermolecular distances within the van der
Waals distances <380 pm for (1) and (2) are given in
Table 6. The van der Waals interactions are of three

types: a) C---C (ring benzene - benzene), b) CI---Cl,
and c) carbonyl oxygen --ClL For r 4w (Cl) we take
180 pm for the ring attached chlorines and 177 pm for
the aliphatic Cl atoms [6, 7]. r,qw(CI™ is probably
smaller than the aliphatic r 4y, and we assume 170 pm
for it.

3SCINQR

The 33Cl spectrum of (1) was studied in the temper-
ature range 77 < T/K <370. For (2) the NQR frequen-
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Fig. 3. Projection of the unit cell of (2) onto the (011) plane.

cies have been given in [1]. There is a printing error in  molecular crystals, obeying predictions of the theory
[1] in the formula of (13), here (2). It should read of Bayer [8]. The coefficients a; of the power series
CgH,CI,NO, not C;HCI,NO. In Figs. 4 and 5 the development of the **Cl NQR frequencies as f(T) ac-
35CINQR frequencies of (1) and (2) are plotted as cording to

functions of temperature. The frequencies decrease

smoothly with increasing temperature as expected for v=Ya T —1<i<2.
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Table 3. Intramolecular distances (bond lengths) d/pm and  Table 4. Plane equations for (1) and (2).
angles/° of (1) and (2).

Assignment Plane equation

Compound 1) (2)
Compound (1)
Connection d/pm d/pm a) (CV--C'®) 4A077(46)x—4.863(23)y+9.598(12)z=2.657(30)
c_c@ 138.0(6) 139.0(4) Deviation in pm CV:1(2); C'»:2(3); C'¥: —1(4); C®: —3(5);
ngfczz 139.7(7) 137.6(4) C9):5(42); C'®: —4(4); N: —12(7); CI®:49(7); CI'®: —32(7)
84)_85. Sg'ﬁ‘g’ fe ) b) (CI™,N, C"), 0)—1.230(137) x +9.280(10) y + 6.233(8) =
- 4(10) 137.8(4) 7 RD0e

ce-_C® 138.5(7) 139.1(4) o ot -
CcO_cw 139.1(7) 138.3(4) xtutiantn ol el (LG Ni=9idp Ce =220tk o)
ch_c® 154.5(6) 150.7(4) ¢) Angle between the benzene ring and the plane (CI™V,N,C'”, O):
CH-_N 143.8(5) 142.7(3) 81.83(14)°
C7-N 136.0(6) 137.7(3)
c:;;-om 121.3(5) 120.3(3) Compound (2)
C(G,‘Clm 172.2(3) 172.6(3) a) C1..C® —0.948(23)x—1.161(17) y+6.912(2) z
Cco-_Cl 172.6(5) 172.7(3) —1.954(9)
c®_cjes.n 176.5(5) 175.8(3) =1.954(
CB®_(Cjcs:2) 175.9(5) b) CI™M,N,0,C™"  8.904(74) x +13.429(26)y —0.301(6) z
C(SL(&}:CB,B) 176.9(5) =4.757(17)
N-ClI 170.7(4) 172.1(2) o 84608)
Connection Angle/° Angle/°
ch_c@®_c® 120.0(5) 121.0(3)
CA_Cc3_c#® 119.0(5) 119.0(3)
CcO_Cc@_c® 122.3(5) 121.6(3)
cH_ct_c® 118.8(6) 118.8(3)
cH_coO_cw 120.5(5) 120.6(3)
ceo_cv_c@ 119.4(4) 118.9(2) Table 5. Selected torsional angles of N-chloro compounds,
CH-_CA_H® 115(3) 120.5(2) 2,6-C1,C H,NCICOCCI, (1), 2,6-Cl,C,H,NCICOCCIH,
CH-CP_H® 126(3) 120.5(2) (2), C¢HNCICOCCI, (1 ph), and C4H;NCICOCCIH, (2 ph).
CR®_C@_H@® 111(5) 119.2(2)
CO_CH_H@® 126(5) 119.2(2) Compound ) @2 (1ph) (2ph)
CH_c_gB 133(6) 120.6(2)
CO-CE_H 109(6) 120.6(2) Connection Angle/°  Angle/*  Angle/°  Angle/°
N-Ch_C® 121.2(4) 120.5(2)
N-Cc-c® 119.5(4) 120.6(2) CH-N-C?”-0 -0.6(6) -182(4) -1704(2) -164.7(3)
C1@-c@_c 119.7(3) 118.6(2) CH-_N-C-C® 1789(4)  162.6(3) 72(4) 16.2(4)
C12-cA_cH™ 120.3(4) 120.3(2) N-CH-CP-C?®  -1793(4) -178.6(4) -177.7(2) -178.1(2)
ClO-Cc®-_c 119.9(4) 120.3(2) N-Cch-Cc®_C1® 2.3(6) 0.8(3) = =
cl1e-ce—_c 119.6(4) 119.1(2) N-CH-C®-_C® 1799(5) 1783(2) 1764(2) 178.1(2)
CH_N-C 119.6(3) 120.8(2) . N-C-cO-C1® 03(6) -0.6(3) - -
CIN_N-Cc® 114.3(3) 113.9(2) N-C"-C®-_CJcs.n 1793(3) 175.8(2) 383(3) 164.5(2)
CIM-N-C 126.1(3) 121.0(2) N-CP-C®-CI®>  61.6(5) - -84.1(3) -
N-C-C® 119.6(4) 115.5(2) N-C-C®-CI€3  _62.6(5) - 158.9(2) -
O-C"-N 120.2(4) 120.1(2) CI™M_N-CcV-C?® 98.2(4)  842(3) 86.0(2)  91.5(2)
o-Cc-C® 120.2(4) 124.3(2) CIN_N-C-C® ~81.0(5) -943(3) -90.0(2) -87.3(3)
ch_c®_¢jcd.n 108.6(3) 111.7(2) CIN_-N-C?-0 179.1(3) -173.7(2)  -26(3) -47(3)
ch_c®_(jcs.2 110.3(3) - CIM_N-C?-C® ~1.4(6) 71(4)  1751Q)  1762(2)
ch_c®_cjcs.3 109.5(3) —~ C-N-CH-C? —820(5) -729(3) -106.1(3) —108.1(3)
Cl(C8-1_C®_(](C8.2) 107.7(3) - C-N-CH-C® 98.7(5)  108.5(3) 779(3)  732(3)
Cl(€&-1_C®)_cj(c8.3) 108.4(2) - O-CP-C®_CICD  _13(5) -34(4) -1439(2) -147(4)
Clc8-a_C®_(j(cs.» 112.3(3) — O-CP-C®-CIC®2 _119.0(4) - 93.7(2) -
CII_CE_HEsL - 109.3(2) O-C-C®-CICE3  116.9(4) - -23.403) -
C_C®_HC8.2) - 109.3(2) CH_CH-CO-CI® -179.0(4) -179.2(2) - -
CIC8)_C® _H(€8.1) = 109.3(11) CO-CH-_CA_CI? -1784(4) 179.3(2) - -
CI€®_cB_H(©8:2) = 109.3(11) CH-_CH-CO-CI®  1786(5) 179.2(2) = -
HC8H_CO_H€8.2) - 107.9 CH_C_CD_CI?  178.3(5) -179.0(2) = -
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Fig. 4. **CI NQR frequencies of (1) and (2) as functions of temperature.
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Table 6. Intermolecular distances in (1) and (2) within the
van der Waals distances <380 pm [6, 7].

Compound (1) 2)
Connection d/pm d/pm
CcW..Cct? - 373
Cc?..Cc3) 368 =
C?..c# 355 -
Cc?..cH) 341 372
c®..ct3) 356 -
C(S)..C(4') 372 —
Cc..c6Y — 364
CM), ,C(S’) _ 357
C@..C6" _ 367
CM). .C(6') = 353
C#..C" _ 349
) ..C6) _ 359
C(5)..C(6’) _ 366
Cl®..C1® - 348
C1?..C16" 364 _
CI(€8. D). C](C8.2) 371 _
C](Cs.l)..C](CB.S') 378 =
Cl(€8-2)... C](€8.39 379 =
Cl€&b..C1®) 366 =
CI‘CS'”‘ . Cl(6') 347 _
Cl(€8:2).. C|®") 366 —
CI™..C1?" 3N 374
Cl€82..0 346 373
Cl8:3.. o 359 —
CI™..O 283 325

are listed in Table 7 together with frequencies at se-
lected temperatures for both the compounds. Among
the resonances of the three chemically different kinds
of chlorine atoms, as assigned in the discussion sec-
tion, those from the chlorine bound to nitrogen atoms
and to the ring are observed up to 370 K, whereas
those from chlorine atoms in the CCIH,- and CCl;-
groups fade out above 310 K. This is in contrast to the
observation that quite often for the trichloromethyl
group fade out above room temperature. Since there
is no change in the multiplicity of the spectrum from
77 K up to 370 K (except for dynamical fade out of
v (CICCls or €CH2) one can say that, in the present condi-
tions, there is no phase transition of first order in these
compounds.

Discussion

It is worthwhile to compare the 3°Cl NQR and
crystal structure data of (1) and (2) with the liter-
ature data [2, 4] of 2,6-dichlorophenyl-2,2,2-trichloro-
acetamide (1nh), 2,6-dichlorophenyl-2-chloroaceta-
mide (2nh), N-chloro-N-phenyl-2,2,2-trichloroaceta-
mide (1ph) and N-chloro-N-phenyl-2-chloroaceta-

Table 7. Coefficients a; of the polynomial v=3a,T’,
—1<i<2, and **CINQR frequencies at selected tempera-
tures for (1) and (2). z is the number of measurements, ¢ the
mean squares deviation (in kHz). S/N is the signal to noise
ratio, measured by lock in technique, time constant 10 s. For
(2), see also [1].

Position v, z ¢ a, a_, a,-10°  a,-10°
kHz MHz MHz-K MHz MH:z
.K*l AK—Z
Compound (1)
CIN v, 11 45 56493 0482 -1452 -9.849
Clccts) v, 8 2.8 40695 -7941 -3498 -4.660
Clec vy 8 37 40778 -10.169 -3.954  -3.895
cleas v 8 151 40714 2036 -0831 -6.496
Cl1=8 vy 11 27 36823 -5692 -2518 -3.757
Clf#:9 ve 11 58 36470 -7405 -2205 -3.208
Compound (2)
1™ v, 7 38 53065 -15402 -4216 -1.771
CICOHz) 7 141 35806  24.405 4.545 28.056
C12® vy 7 27 36007 -4386 -1417 -3.372
C12:® v, 7 30 36591 -4802 -1494 -3.996
Assign- v; MHz MH:z MHz MH:z
ment (S/N) (S/N) (S/N) (S/N)
T=77K T=273K T=300K T=370K
Compound (1)
c|™ v, 56.327(40) 55.364(20) 55.176(20) 54.604(15)
clects v, 40.636(60) 40.016(25) 39.907(10) -
Clecty vy 40.317(45) 39.373(25) 39.204(10) -
cled v, 40.294(50) 39.366(30) 39.199(10) -
C12:8 vy 36.532(50) 35.836(30) 35.710(30) 35.359(15)
C12:® ve 36.182(60) 35.604(30) 35.497(30) 35.190(20)
Compound (2)
CI™ v, 52.529(40) 51.727(10) 51.588(10)
Cl€e™Ma y 36.303(30) 35.055(10) 34.716(5)
C12:® vy 36.389(35) 35.869(10) 35.765(10)
CI2:8 v, 35.820(25) 35.353(10) 35.262(10)

mide (2ph) and other substituted acetamides and
chloroacetamides.

The first point we consider is the intramolecular
geometry of the title compounds. The individual data
are given in Table 3. Comparison of the C-C% bond
distances within the Cg-rings of the two compounds
shows that there is no significant change in the ring
distances by the side substitution. Similar trends were
observed with the corresponding unsubstituted N-Cl-
N-phenyl-chloroacetamides C,H;NCICOCCI; (1 ph)
and C,H;NCIOCCIH, (2ph) [2]. The C**®—Cl bond
lengths are almost the same and are also not dif-
ferent from the respectively N-H compounds,
2,6-C1,C(H;NHCOCCI; (1nh) and 2,6-Cl,C¢Hj;-
NHCOCCIH, (2nh) [4]. The C*’-N bond distances
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for compounds (1) and (2) are 143.8 pm and 142.7 pm,
compared to the values of 142.9 pm and 141.6 pm for
the N—H compounds (1 nh) and (2nh) [4]. For the bond
N-C'7, the distances are 136.0 pm and 137.7 pm for (1)
and (2), respectively, and 133.6 pm and 133.6 pm for
(1nh) and (2 nh). The elongation of this bond is greater
with compound (2) on N-chlorination. The effect of
the latter on the C™”-O bond length of (1) is negli-
gible, while it shortened this bond length of (2) by
1.4pm. On N-chlorination the C®-CI®-1.8.2.8.3)
bond distances in the side chain lengthen by about
2 pm in both the compounds.

As to ring angles, the mean values are 120° for both
compounds, as they are for the respective N-H com-
pounds [4]. There are no substantial differences in the
bond angles N-C*'-C?-®) and C1*-9-C*6-C1:3:9
of the title compounds. The C*"'~N-C” bond angles
for the compounds (1), (2), (1 nh), (2nh), (1 ph) and (2 ph)
are 119.6°, 120.8°, 121.4°, 123.4°, 132.3° and 125.6°,
respectively [2, 4]. That is, the bond angles narrow
down by 1.8-2.6° on N-chlorination of N-(2,6-
dichlorophenyl)-chloroacetamides, while the effect of
2,6-dichlorosubstitution into the ring of N-chloro-N-
phenyl-chloroacetamides is marked. It shortens the
bond angle by 12.7° with trichloroacetamide side
chain and by 4.8° with monochloroacetamide. But the
dichloro substitution in the benzene ring has no sub-
stantial effect on the CI™-N-C*) bond angle, while
the effect is significant on the CI™Y-N-C'” bond an-
gle. The values for (1) and (2) are 126.1° and 121.0°,
compared to the values of 113.8° and 117.3° for (1 ph)
and (2 ph) [2]. N-chlorination of N—H compounds also
widens these angles. The HM-N-C” angles are
116.1° and 117.8° for (1nh) and (2nh). Similarly the
(N-C-C® N-C7-0 and O-C"-C® bond an-
gles change to some extent. The changes in bond an-
gles with regard to the side chain are minor in the
respective categories.

35CINQR

There is no problem in the assignment of the
35CI NQR frequencies. The six lines observed for (1)
at 77K (Table 7) may be assigned as follows: In
N-chloroacetanilides, the 3°CI™ frequencies are
much higher than those of 3°CI®, generally
> 51 MHz [1], and therefore the assignment is unique.
Hence v, = 56.327 MHz is assigned to CI™. The side
chain CI atoms have much higher temperature coeffi-

cients than the ring chlorines [3, 9]. Therefore the fre-
quencies v,=40.636 MHz, v;=40.317 MHz, and
v,=40.294 MHz have been assigned to the CCl,
group. The position of the latter in the frequency scale
of CI© is much higher than for the ring chlorines.
Also, due to librational motions in the lattice, this
triplet part of the spectrum fades out at ;=320 K, as
the torsional motions of the CCl; group are easily
excited. The remaining two lines, vs=236.532 MHz
and v, =36.182 MHz are assigned to the ring chlori-
nes (C1® and CI®).

Pies et al. [3] have synthesised a large number of
N-(chlorophenyl) acetamides and measured their
35C1 NQR. They have observed several phase transi-
tions, besides the fade out of the *°Cl signals, which
may, however, often be a property of the vibrational
excitations of the considered group in the molecule.
Quite an interesting relation was found later by Groke
etal. [4], who observed that in the series, 2,6-
Cl,CcH;NHCOCH,; _ . Cl, x=0, 2 there is a phase
transition of first order, whereas there is no phase
transition up to the melting point for x=1, 3. We find
that the N-chlorination does not influence this pattern
for x=1, 3. Substitution within a molecule changes
the *>C1 NQR frequencies by the Hammett substitu-
ent effect, namely the y-effect [3].

The present *3Cl NQR frequencies have also been
compared with our previous [1, 2] and on-going work
[10] and with other results in the literature [11]. The
comparisons are schematically represented in Figures
6—8. Figure 6 shows the variation of the mean value
of the C-33C1*® NQR frequencies with Cl sub-
stitution in the side chain CH;_,Cl, in N-(2,6-
dichlorophenyl) and N-chloro-N-(2,6-dichlorophenyl)
acetamides and chloroacetamides. It generally in-
creases with increase in the number of Cl atoms in the
side chain from the level of the mean value
34.704 MHz of the two frequencies 34.398 MHz and
35.010 MHz for 2.6-dichloroaniline [11]. The varia-
tion of the CCIH, and CCl, frequencies in chloroac-
etamides, N-phenyl and N-(2,6-dichlorophenyl)
chloroacetamides, and N-chloro-N-phenyl and N-
chloro-N-(2,6-dichlorophenyl) chloroacetamides is
shown in Figure 7. Variations of the *>CI™ NQR fre-
quencies in X,CcH;_ NCICOCCIH, (where X=CI
or NO, and y=1 or 2) [1] and 2,6-Cl,C¢H;NCICOR
(where R=H, CH,, CH,CH,, CH(CH,),, C(CH,),,
C¢Hs, CH,Cl, and CCl,) [10], with the changes in ring
substitution at constant side chain, and vice versa, are
shown in Figure 8.
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The main principal axis @, of the electric field gra-
dient tensor, EFGT, depends on the distance d of a
charge e from the quadrupolar nucleus by

&, =ad 3.

In the case of **Cl with I =3/2, under the assumption
that the asymmetry parameter n(3*Cl)<0.18 it can be
assumed 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), from
which @_. can be calculated with the known values of
other constants. Thus the theory allows for a corre-
lation of the NQR frequencies with the bond dis-
tances [12, 13]. Hence our main interest is in the corre-
lation of N-CI bond lengths and the **CI™ NQR
frequencies.

The N-CI bond lengths of (1), (2), (1ph) and (2 ph)
are 170.7 pm, 172.1 pm, 172.0 pm and 170.6 pm, re-
spectively. The **CI™ NQR frequencies of the above
compounds are 56.33 MHz, 52.53 MHz, 52.79 MHz
and 52.17 MHz, respectively. The experimental data
obtained up to now are not sufficient to correlate
between the N-CI bond lengths and *>CI™ NQR
frequencies. Further NQR and structure work on a
series of compounds with weak and strong N-CI
bonds is necessary for the purpose of correlation. Our
work in this direction is in progress [14].
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