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13C and >N NMR spectra of ten 1-(3- or 4-substituted phenyl)-3-methyl-3-phenyltriazenes have
been mzasured in deuteriochloroform. In the temperature range from 210 to 320 K the 13C NMR
signals of both methyl and phenyl groups were not broadened, and no free rotation of the substi-
tuents at N3, has been proved. From the values 2J(*°N(,) 1*C s, and 2J(**N,, 13C ;) it
was possible to determine conformation at the N(,)—N3, bond which has partial double bond
character. The value 'J(! 5N“) 13C(,)) is equal to 1-0 Hz, which proves trans arrangement of the
substituents at the N(; ==N,, bond.

Triazenes have both cancerogenic and cancerostatic properties’; they contain extensive
n system enabling charge delocalization, and they often were studied by means of
'H, 3C, "N and '°F NMR spectroscopy (refs' ~*! and the literature cited therein).
The disubstituted triazenes were investigated with respect to tautomerism?®~7:10-12-16
and the trisubstituted compounds were mainly studied from the point of view of
hindered rotation at the N(,y—N3, bond™2:11:17,

The aim of the present work was to measure the !3C and !°N chemical shifts in
1-(3- or 4-substituted phenyl)-3-methyl-4-phenyltriazenes I and to study the substi-
tuent and temperature effects on these chemical shifts.

EXPERIMENTAL

The 1-(3- or 4-substituted phenyl)-3-methyl-3-phenyltriazenes Ia— Ij were prepared by coupling
of the respective diazonium salts with N-methylaniline!®, The !*N-labelled trizenes were pre-
pared with the use of ! 5N-labelled chemicals: NalsNO2 95% l5N), aniline (95% ’SN), 4-bromo-
aniline (95% '3N), and 4-nitroaniline (10% !°N) (Isocommerz, Berlin). ('SN)3-Diphenylmethyl-
triazene was prepared by alkylation of ('5N)3-diphenyltriazene with methyl iodide!®.

The '3C and '>N NMR spectra were measured at 25:047 and 10-095 MHz, respectively, using
a JNM-FX 100 (JEOL) apparatus equipped with multinuclear tunable probe and quadrature
detection and operating in FT mode. The mesaurements were carried out in 10 mm (o.d.) NMR
test tubes within the range 210— 320 K. For the measurements of 13Cc NMR spectra we used
20— 30°% (w/v) solutions of the compounds in deuteriochloroform which served as an internal
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lock substance. The following parameters were used for obtaining the 13C chemical shifts:
5000 Hz spectral width, 8 K, 9 us (35°) pulse width, pulse repetition 3 s, the proton noise decoup-
ling. The carbon chemical shifts were related to tetramethylsilane as internal standard. The coup-
ling constants "J(!SN'3C) were measured in 2—4% (w/v) solutions of the !5N-labelled com-
pounds at a digital resolution of 0-24 Hz/point and with the proton noise decoupling. After mea-
suring the '3C NMR spectra, we added chromium(III) acetylacetonate (25 mg Cr(acac);/ml)
to the 20—30% solutions of the compounds and measured the >N NMR spectra at the 5N
natural abundance level. The following parameters were used: 4 000 Hz spectral width, 8 K,
15 us (45°) pulse width, pulse repetition 5s, the proton noise decoupling, accumulation time
6—14 h. The !N chemical shifts in the ! >N-labelled compounds were measured in 2— 4% solu-
tions with the use of the following parameters: 5 000 Hz spectral width, 8 K, 10 us pulse width,
pulse repetition 15s, inverse-gated decoupling (irradiation during the acquisition time). The
coupling constants nJ(“-’NISN) were measured at a digital resolution of 0-24 Hz/point. All the
15N chemical shifts are related to external neat nitromethane (25% '°N) (ref.20).

RESULTS AND DISCUSSION

The *3C chemical shifts in 1-(3- or 4-substituted phenyl)-3-methyl-3-phenyltriazenes
Ia—1Ij were assigned on the basis of the proton-coupled spectra, using the values
of substituent chemical shifts*! (SCS) and mutual comparison of the individual
derivatives. The values of !3C chemical shifts are given in Table I. For the !°N-
-labelled derivatives we measured the absolute values of "J(*>N*3C) coupling con-
stants (Table II). The '°N chemical shifts were assigned on the basis of **N selective
labeling and comparison with the published values’”''. The values §(N(,,) and
8(N(s,) are very close (« effect??) to the corresponding values of diphenyltriazene
(—9and —300 ppm)*° in acetone at —90°C when the proton only is at ore of the Ny,
N3, nitrogen atoms. The signal of Ny, in compound Ij was differentiated from that
of the nitro group by comparison with the chemical shifts of the triazene prepared
with the use of O,NC¢H, *SNH,, and the assignment of analogous signals of com-
pourd Ii follows from the analogy with the §(NO,) values of substituted nitrobenze-
nes?3. Table III gives the values of !N chemical shifts of the compounds Ia—Ij.
A1l "J(**N'*N) coupling constants were determined in (**N),-diphenylmethyltriaze-
ne: 'J(N,N,,) = 127 Hz, 'J(N,)Ng,) = 142 Hz, and 2J(N;,)N3)) = 59 Hz
(+0-3 Hz). Further 'J(**N'°N) values were measured in the '*N doubly labelled
compounds Ie and Ij: 'J(N(;,N,)) is 12-5 and 12-9 Hz, respectively.The'>N isotopic
chemical shifts were observed in the '°N doubly labelled compounds Ie (95% *°N;);
10% '*N,)) and Ij (10% '*Ny; 95% *°N,)). The signals for Ny, (Ie) and N,
(Ij), respectively, show upfield shifts by 1-7 Hz (0-17 ppm) and 1:0 Hz (0-1 ppm)
when comparing the '’N="°N system with '*N='*N (Ie) and '*N="°N (Ij),
respectively. Similar values were measured?* for N=N group in azo dyestuffs con-
taining amino or acetylamino group. The *°F chemical shifts —37-5 and 16-7 ppm
were measured for the compounds Id and Ig, respectively (related to external neat
CF,COOH).
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The '3C chemical shifts of the compounds Ia, Ib, Ie, and Ij (selected according to
o values) were measured in the range 210—320 K by steps of about 20°. Values of
these chemical shifts are given in Table I. No broadening of the !3C signals of methyl
and phenyl groups was observed in the whole temperature range mentioned, which
can be explained in two ways: (1) there exists free rotation around the N ,—N,3,
bond (the coalescence temperature for a possible hindered rotation being below
210 K) or, on the contrary, (ii) there exists hindered rotation around the N ,;—N3,
bond, the coalescence temperature being above 320 K, and, hence, only one of the
conformers is present. This problem was solved by measuring temperature depen-
dence of absolute values of the coupling constants 2J(**N,,"*C(;,)) and 2J(**N,,).
13Cs). It is known that the 2J(**N'3C) values are stereospecific, which can, e.g.,
be documented®® in the case of compounds II whose 2J(NCN) = 1—2-2 Hz and
2J(NCOO) ~ 10-5 Hz. Table II gives the values 2J(**NN*3C,,)) and 2J(**NNCs.))

TABLE 1

The '3C chemical shifts (6 scale; +0-05 ppm) in compounds Ia—Ij in deuteriochloroform at
300 K

 Com- . o
pound

Ch C2 €3 Cao Cs5 Ce Cay €y Cuy Cuy Cs

la 1502 121-2  128-8% 1265 1288 1212 1450 116 12897 1231 32:0
Id 150-4  121-3  128:8° 1265 128-8" 1213 1454 1169 12899 1233 320
Ia¢ 149-7 121-0 128-8 126:4 1288 1209 1444 1164 1288 1231 321
? 144-1  122:3 1141 1585 1141 122:3 1453 1166 1290 1230 319
b 1434 1220 1137 1577 1137 122:0 1447 1163 1290 1229 322
I’ 148-0 121-1 1295 136:3 1295 1211 1452 1167 1290 1231 320
1d*Y 146:5 1225 1156 1614 1156 1225- 1450 1169 1291 1234 322
Ie 149-3 1228 1319 1198 1319 1228 1449 1172 1291 1238 325
I 149-5  122°9 132:0 1199 131:0 1229 1451 117-3 1292 1238 32§
Ie€ 148-6 1225 131-8 1195 131-8 1225 1445 1168 1290 1236 328

1/ 1515 12367 122:7 1290 130-1 120-5 1447 1172 1290 12387 32:6
14" 153-0 121-4 1260 1279 1260 121-4 1448 117-4 1292 1242 328
' 154-1  121-3 1282 137-1 1282 1213 1442 1173 1290 1244 330
Ii 151-2 1156 1487 12014 1294 1271 1443 117-4 1291 1243 329
Iy 155-1 121-4 1248 1455 1248 1214 1444 1178 1293 1249 335

1 155-3  121'5 1248 1457 1248 1215 1446 1179 1293 1250 334
< 154-8 1212 1249 1446 1249 1212 1439 1175 1291 1249 338

“The assignment can be opposite; b 320 K; €210 K; dd(()Cl—[3) = 55-4; © 6(OCH;) -= 55'3;

T 8(CH3) = 21:0; |"J(°F'3C)| = 2453 (n == 1); 225 (n=2); 8:1 (n=3); 32 (n= 4) Hz;

" §(CFy) = 124-3; ["J(°F13C)| = 271:9 (n = 1); 33:0 (n == 2); 3-8 (n = 3) Hz; ' 8(SO,CH3) ==
44-4.
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TasBLE II
Absolute values of the coupling constants “J(tSN“C) (Hz, 403 Hz) in compounds Ia, Ie,
and I; in deuteriochloroform

Compound 95% '’N C, Cuy Csy Cuy Cuy Coy Cuy Ciy Cu

Id* Ng 79 39 ° b 6&s 26 " P 18
Ie® Ny, 10 41 20 07 11 04 ° 2 37
1 Ngy 80 41 ° b 6&s 26 " b 20
I Ng &1 40 ° b 63 26 ° P 18
1 Ngay 80 41 ° b 6&s 25 b b 18

%300 K; <07 Hz; €330 K; ¢ 240 K.

TaBLE III X
The >N chemical shifts (40-2 ppm) in the compounds Ia— I; in deuteriochloroform and o values
of the substituents

Compound  8(*°N(y))  3('°Ng)  3('°Ngs)) ¢~
1" —52 615 —205-8 0-00
1d® —67 60-2 —207-4 0-00
Id —57 624 —2054 0-00
I —62 556 —210-0 —012
Ic? —60 586 —208-7 —0-14
1d° -93 59-7 —207-5 0-15
Ie" —11:0 612 —2056 0-26
I —97 62:6 - -
1r° —11-5 625 —204-2 0-37
I —130 643 —203-4 0-62
I —154 665 —199:5 1-05
14 —162 64-5 —201-5 0-71
I —16'5 67-8 —198-4 125
% —171 679 - -
1j¢ - 68-7 — —

“ 60% solution; ® about 25% solution with addition of 25 mg Cr(acac); per 1 ml; € the 1SN doubly
labelled compound; ¢ §(NO,) = —10-8; © 3(NO,) = —11-2;/ the ! >N doubly labelled compound
with addition of 25 mg Cr(acac); per 1 ml; ? the 15N-labelled compound.
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measured at 230, 300, and 330 K for the compound Ij. Obviously these constants are
temperature independent within experimental error. For the azo dyestuff II] it was

5 (4
\ s
L fw :
_ CN
X NN, AN /
\VIRE N=(.\
@,. 'COOCH,
/.
/ ' I
om—@—rﬂ\\ ’
N}—Q"- N(CHy),
m

found?® that the coupling constant 2J(**N,,'*C) was temperature dependent, at
265 K the values being 2J(**N;,'3C3)) < 1'5Hz and 2J(**N,'*C(s)) = 10 Hz,
whereas at free rotation (303 K) a single value of the '*C chemical shift for C,,
and Cs, and a single value of the coupling constant 2J(*3N;,!3C ;'5)) = 47 Hz
were found. From the given facts it follows that in the case of compounds Ia—Ij
there exists hindered rotation with high AG* values, hence the Ny7—N(, bond has
partial double-bond character. From the 2J(**N,,'3Cy,) values (Table II) of com-
pounds Ia and Ij then follows that the substituents at the N;,=N,, bond have
trans arrangement, because these values are very similar to the values of 2J(‘5N(2).
.‘3C(1,)), and, hence, the substituent must be in the same geometrical position with
respect to free electron pair at the N, nitrogen atom. Recently it was found?? that
also the 'J(**N'3C) values depend on configuration at the double bond: for cis

TABLE 1V
Values of the correlation parameters of Eq. (/), N = 10

(X) a b r F-test
6(N(1)) —8:07 + 091 —7-08 £ 0-56 0-9532 79-5
(N (2)) 7-49 £ 0-77 590 4 047 0-9607 959
O(N(3y) 8:05 + 0-47 —2079 4 029 09866 2923
0(C4ry) 1-:36 4 0-11 123-2 4+ 007 0-9764 163-2
(Cs+y) 1-05 £ 0:07 3212 4- 004 0-9827 2256
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and trans 4-methylazobenzene the respective values are 9-3 and 1:2 Hz. Also for
substituted triazenes?” the coupling constants are different: 7-7 and 0 Hz for cis
and trans arrangement at the N=N bond, respectively. For compound Ie the found
coupling constant 'J(**N(;,'*C,,) = 1-0 Hz (Table II) corresponds to the trans
derivative, and this fact agrees with the above-given results following from the values
2J(**N(,'*C) of compounds Ia and Ij.

The values of chemical shifts of N, _3, nitrogen atoms and C,, and C(5 -y carbon
atoms correlate better with ¢~ than with o constants. The values of ¢~ were taken
from ref.?®, and the values &, were used for the 3-substituted derivatives. The para-
meters of the correlation equation (1)

5(X) = ac™ + b (1)

are given in Table IV. Values of the correlation coefficients are lower than it is usual
for, e.g., kinetic data, but it must be taken into account that difference in the 3C
chemical shifts is relatively small as compared with experimental error, and in the case
of the *>N chemical shifts the addition of Cr(acac), can affect slightly the '*N chemi-
cal shifts of some compounds, because it can act as a shift reagent?3. Both the
hindered rotation around the N,;—N3, bond and the therewith connected correla-
tion of the chemical shifts with the ¢~ constants correspond to contribution of polar
structures.

R '/CH. \‘N'/CH, o CH
I Il It
N AN N
N N N
j 1
< 8 e
N L L
o h
X X \"
Zl‘l
A B c

The structures 4 and B given in ref® for R = CHj; can be complemented by struc-
ture C for some derivatives I (e.g., 4-NO, and 4-SO,CH,) in which the negative
charge is localized at at the substituent. Similar results were obtained in the study
of tautomerism of alkylaryltriazenes® as well as in a study of rotation of trialkyltria-
zenes and aryldialkyltriazenes!.
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H W N =

O ® J N W
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In this paper the following correction should be made (p. 967):

/\_ CH
X/<{__—> N\ / :
N

—N
N
()
I

Ia, X=H If, X = 3-Br
Ib, X = 4-OCHj, Ig, X = 4-CF,
Ic, X = 4-CH, Ih, X = 4-SO,CH,
1d, X = 4-F Ii, X = 3-NO,

le, X = 4-Br I, X = 4-NO,





