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The modified Townes-Daily equation is shown to be better than the original one for frequencies
of compounds having N-Cl bonds. Of the three semi-empirical methods AM 1, MNDO, PM 3, the
first is preferable. The asymmetry parameters for the same compounds have been evaluated. The
35C1 NQR frequencies of two tautomers of N-chlorobenzotriazole are compared.
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tomers of N-chlorobenzotriazole.

A systematic NQR study of substituent effects and
nitrogen hybridization on the N-Cl bond is still miss-
ing. The scatter of *>CI NQR data on the N-CI bond,
errors in the assignment of frequencies and the ab-
sence of any relationship for the prediction of 3°Cl
NQR frequencies [1—-15] have inspired us to perform
this investigation.

The 35Cl NQR frequencies of chloroketemines
R'R”C =N-ClI correlate with the sum of the inductive
constants (Zo* [16]) of substituents R’ and R”:
v =(43.466 + 0.197) + (0.990 + 0.055) Zo *, r = 0.994,
s =0.299, n = 6 (Figure 1). Thus, it turns out that the
N-Cl bond ionicity of compounds of this series is sen-
sitive to the effect of substituents at the carbon atom
of the azomethyne fragment.

In order to establish general rules for the change in
the N-CI bond, semi-empirical quantum-chemical cal-
culations (AM 1 [17], MNDO [18], PM 3 [19]) with
total optimization of the geometry of a series of
molecules have been made (Table 1). Based on these
calculations, the theoretical *Cl NQR frequencies
(vr.p) were evaluated using the Townes-Daily ap-
proximation. They correlate with the experimental
values (v,,,) as follows:

Veep, = (—3.530+3.658) +(1.004 + 0.068) v, .,

r=0967, s=1.280, (AM1), 1)
Verp. = (—2.776 +4.547) +(0.738 + 0.089) vy p ,
r=0950, s=1.584, (MNDO), (2)

* Presented at the XIIIth International Symposium on Nu-
clear Quadrupole Interactions, Providence, Rhode Island,
USA, July 23-28, 1995.
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Veup. =(—22.269+7.972) +(1.296 +0.142) vy _p, ,
r=0920, s=1971, (PM3). 3)

Analysis of these equations shows that the experi-
mental **Cl NQR frequencies for the N-Cl bond can
fairly well be predicted by the AM 1 method, worse by
the MNDO method and worst by the PM 3 method.
In [20] we have suggested a modified equation in
which the diffuse nature of the indicator atom p-or-
bitals is taken into account:

(& B +E) P,.,.>

2

where ¢, is an exponent for the AO of the Slater type

and P, P,, and P,. are the orbital populations of the
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Fig. 1. Correlation between the 3*Cl NQR frequencies of
chloroketemines R'R"C=N-Cl [1, 2] and the sum of the
inductive constants (g *) [16] of substituents R’ and R”".
R’, R” =(CH,),C, (CH;),C 1; (CH,),C, CiHs 2; C¢Hs,
C¢H; 3; C(H,, CF; 4; Cl, CCl; §;Cl, Cl 6.
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Table 1. Experimental (v
the Townes-Daily equation (v;_p) and the modified equation (vy 1 _p)-

exp.

545

) [1-10] and calculated **Cl NQR frequencies of compounds having an N-Cl bond, the latter by

N Compound Vexp. AM1 MNDO PM3
(MHz)
VT.-D. VM.T.-D. VT.-D. VM.T.-D. V1.-D. VM.T.-D.
1 [(CH3)3C],C=N-CI 42.433 47.412 44287 45.489 44231 51.760 46.302
2 (CH3),N-Cl 43.705 48.674 47.435 47.244 47.025 50.584 47.259
3 44.681 48.402 45.544 45372 44.088 52.684 47.476
(CgHs)C=N-ClI
4 0=<:>:N—Cl 44.992 48.713 46.123 46.040 45.066 52.732 47.850
5 [>N —Cl 45604 48794  47.09% 46.709 46.195 52.794 49.103
C6F5C:N—Cl
6 éF 46.616 50.332 48.133 47.961 47.365 54.664 50.524
3
F F
Cl
N-ClI
7 F 49.123 51.056 48.932 49.205 48.877 55.644 51.130
F F
8 Cl,C=N-Cl 49.205 51.321 49.318 49.837 49.528 54.979 50.725
9 CeFsNCly 51.180 51.979 52.135 49.911 50.792 56.199 54.750
10 CICH,CH,CONHCI 51.359 54.125 53.728 50.094 50.529 53.555 51.255
(0]
11 { N -a 53.005 57.947 58.047 55.109 55.501 59.358 57.294
[0
12 CCI13CONHCI 53.520 56.331 56.391 50.890 51.515 55.150 53.440
cH, ¢
CH N
13 3 N>=0 53.639 55.073 55.014 53.642 54.475 57.601 55.493
o |
cl
. 55.960 59.512 59.931 57.154 58.113 60.356 58.706
(0]
14 EN—C' 54.088 58.833 58.769 56.139 56.574 60.274 58.056
o}
o]
15 CQN'C‘ 55.424 58.920 58.706 56.046 56.292 59.934 57.538
(6]
O
CI\NJ\N,CI
16 J L 58.902 62.092 63.850 59.282 61.096 62.032 61.685
O N (]
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Table 2. The parameters of the correlation equation of v,
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= A+Bv, for N-chlorobenzotriazole tautomers (n=18).

Compound Method Equation A B r S
1-chlorobenzotriazole AM1 T.-D. —4.786 +4.351 1.032 +0.081 0.954 1.534
M.T-D. 7.457+3.056 0.817 +0.058 0.962 1.392
2-chlorobenzotriazole T.-D. —1.814+3.451 —1.814 +3.451 0.967 1.302
M.T-D. 10.02142.538 0.876340.047 0.970 1.238
1-chlorobenzotriazole MNDO T-D. —4.092+5.000 1.069 +0.098 0.939 1.757
M.T.-D —3.055+3.833 0.928 +0.074 0.952 1.569
2-chlorobenzotriazole T.-D. —2.690+4.187 1.038 +0.081 0.954 1.533
M.T.-D. 4.15843.144 0.903 +0.061 0.966 1.335
1-chlorobenzotriazole PM 3 T.-D. —24.292+8.156 1.336 +0.145 0917 2.046
M.T-D. —4.196+4.134 1.032 +0.078 0.958 1.478
2-chlorobenzotriazole T.-D. —21.387+7.254 1.280 +0.129 0.928 1.915
M.T.-D. —2.040+3.551 0.987 +0.066 0.966 1.332

Table 3. The difference Av=v,_ —
(1-6) for the assumed N-chlorobenzotriazole tautomers.

Ve, between the experimental NQR frequencies (v.,,) and those calculated v, by

Compound AM1 MNDO PM3

Avy p, Avy r.p. Avr p. Avyr.p. Avy p, Avyt.p.
1-chlorobenzotriazole —3.776 —3.312 —3.576 —3433 —3.086 —2.836
2-chlorobenzotriazole 1.774 2136 0.105 0.007 0.689 0.986

diagonal population-bond order sub-matrix of the
chlorine atom p-electrons.

Making use of this equation, we calculated the fre-
quencies vy 1_p for the compounds presented in
Table 1 and compared them with the experimental
values:

Verp. = (8421 £ 2.618) +(0.795+0.050) vy 1 p

r=0972, s=1.181, (AM1), )
Verp. =(4.153 + 3.401) +(0.903 +0.066) vy 1 »
r=0962, s=1379, (MNDO), (5)
Verp, =(—2.907 + 3.849) +(1.005 +0.073) vy 1. »
r=0963, s=1.357, (PM3). 6)

One can see a marked improvement in the correla-
tion characteristics of the equations and a leveling out
of the capability of predicting frequencies of the three
methods.

Non-empirical calculations of the 3°Cl nuclear
quadrupole coupling constant have been reported for
N-chloraziridine [21]. Semi-empirical NQCC calcula-
tions for this compound are slightly less predictive
than non-empirical procedures.

It has also been reported [5] that for 1-chlorobenzo-
triazole the BEEM-n (bond electronegativity equal-
ization method [22]) calculation, fairly effective in pre-
dicting NQR frequencies, induces serious disagree-
ments with the experiment. Probably in this case it
should be taken into consideration that N-chloroben-
zotriazole can exist as two tautomers:

N N—cl
/ /
N N
&
1 2

As neither the method of synthesis, nor structural
data are presented in [5], it is quite possible that the
spectrum presented in [5] is that of 2-chlorobenzotria-
zole. We have carried out quantum chemical calcula-
tions for the two tautomers. Introduction of the data
obtained for tautomer 1 into the correlation equations
(1-6) leads to deterioration of the correlation parame-
ters (Table 2). For tautomer 2 a decrease in dispersion
and an increase of the correlation coefficient were ob-
served nearly in all cases. The correlation obtained in
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Table 4. Calculated asymmetry parameters of the EFG (%) of N-Cl-bond-containing compounds.
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N Compound AM1 MNDO PM3
"t.-D. MM.T.-D. "1.-D. "M.T.-D. Nt.-D. M.T.-D.
1 [(CH3)3C],C=N-Cl 3.43 2.99 3.54 213 3.40 1.97
2 (CH3),N-Cl 0.12 0.43 0.18 0.78 0.26 0.60
3 (CgHs),C=N-Cl 3.49 3.16 423 332 425 3.83
4 O:-®-=N—Cl 430 422 5.44 5.01 5.40 5.45
5 [>N —ClI 0.31 0.16 0.36 0.75 0.64 0.24
6 CeFsG=N—Cl 452 447 520 465 531 552
CF;
F F
7 < ] 5.60 5.51 6.40 5.88 7.44 792
F
F F
8 Cl,C=N-Cl 3.54 3.23 3.88 291 4.52 443
9 CeFsNCly 1.69 1.62 1.65 1.07 0.75 0.14
10 CICHyCH,CONHCI 0.36 0.12 0.57 0.14 0.51 0.47
(o)
11 { N -a 0.37 0.34 0.63 0.36 0.30 0.16
(6]
12 CCI3CONHCI 0.54 0.09 0.63 0.01 0.38 0.40
CH ](il 5
13 0.44 0.01 0.54 47 0.73 0.08
CH; —o
o~ N,
cl
. 0.51 0.30 0.85 0.31 0.46 0.10
o
14 D q 0.45 0.29 0.71 0.23 0.46 0.15
o)
o]
15 CEEN_C' 0.52 0.34 0.88 0.35 0.54 0.20
16 as a 0.60 0.50 1.18 0.85 0.51 0.32
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the case of AM 1 by the modified Townes-Daily equa-
tion is the only exception. Furthermore, we intro-
duced the calculated NQR frequencies of the two tau-
tomers into (1-6) and found a difference from the
experimental value of 56.743 MHz (Table 3).

On the basis stated above, the 56.743 MHz signal is
suggested to correspond to 2-chlorobenzotriazole. We
also suppose that in N-chlorobenzotriazole crystals
there are no strong intermolecular interactions.

In many works devoted to NQR studies of the elec-
tronic effects in molecules having N-Cl bonds, the
asymmetry parameter is either taken to be equal to
zero or ignored. Nevertheless, based on BEEM-7 cal-
culations [5], this parameter can be high for some
compounds (for example, 15.7% for compound 4
(Table 1). Our calculations imply that these data
should be taken into account (Table 4).

As seen from Table 4, non-zero values should be
expected for compounds possessing a >C=N-Cl
fragment. These values grow with strengthening of the
electron-withdrawing properties of substituents at the
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