Bull. Chem. Soc. Jpn., 65, 553—558 (1992) 553

February, 1992] © 1992 The Chemical Society of Japan

Molecular Interactions between Triazene 1-Oxides
and Tetracyanoethylene
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1,3-Diaryltriazene 1-oxides formed stable (1: 1) charge-transfer complexes with tetracyanoethylene in different
solvents, which were studied spectrophotometrically. The stability constants of the complexes were affected by
substituents and solvent polarities. Likewise the thermodynamic properties AG, AH, and AS depend on the
solvent polarities.

In continuation of our earlier studies on the physical
and chemical interactions between 1,3-dipole systems, as
nitrones,! 2 H-pyrrole N-oxides,? isoindole N-oxides,?

® H
G O
00

as well as azoxy compounds,* and electron-poor multi- 1 2

ple bonded compounds, we have investigated the physi- X 2 = 0-OCH;

cal and chemical behavior of the 1,3-dipoles, unsymmet- X: b =m-OCHs

rical diaryltriazene l-oxides,® towards different elec- X, ¢ =p-OCHs CN

tron-poor and electron-rich compounds, specially the X,d=0-CHs NC /

multiple bonded systems as tetracyanoethylene (TCNE) X, e =m-CHs /TN

and p-benzoquinones. § f zfjﬁCHs NC CN
In this work we present the results obtained from the X lg1 = 0-Cl

interactions between the unsymmetrical diaryltriazene X:l =m-Cl TCNE

1-oxides (1a—k) and TCNE in dichloromethane, ethyl X,j =p-Cl

acetate, and methanol. X, k=p-NO;

Experimental

TCNE was crystallized from chlorobenzene and sublimed,
mp 198—199°C. The unsymmetrical diaryltriazene 1-oxides

(1a—Kk) were prepared according to the literature.® The ana-
lytical and physical data are summarized in Tables 1 and 2.
The organic solvents used in the present investigation, dichlo-

Table 1. Physical and Analytical Data of Aryltriazene 1-Oxide 1a—k
. Vield Analysis/ % Found
Compound MP/°C Color Solvent of Mol. formula (Calcd) Ref.
(lit) recrystallization % (M. wt)
C H N
1a 92—94  Pale yellow Ethanol 71 CisHisNsO: 6420 5.43 17.19
(243.264) (64.18 5.40  17.30)
1b 101—102 Orange Ethanol 69 CisHisN3O; 64.19 542 17.34
(243.264) (64.18 5.40 17.30)
1c 113—114 6
(114)
1d 95—97  Yellow Petroleum ether 75  Ci;3HisN3O 68.93 578 18.34
(227.264) (68.70 5.77 18.49)
1le 127—128 Yellow Ethanol 78  Ci3HisN3O 68.80 5.73 18.48
(227.264) (68.70 5.77 18.49)
if 130—131 6
(131)
1g 126—127 6
127
1h 72—73  Yellowish brown Petroleum ether 86 Ci2H3o0NsOCl 58.13 4.13  16.99
(247.683) (58.19 4.07 16.97)
1i 143—144 Yellow Ethanol 72  Ci2Hy1oN3OCl 58.07 4.05 16.82
(247.683) (58.19 4.07 16.97)
1j 146—147 6
(146)
1k 183—184 6

(182)
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Table 2. The 'HNMR, IR, and MS Spectral Data of Compounds la—k
Compd IH NMR (8, CDCls) IR (KBr, cm1) MS

m/ z (rel intensity/ %)

la 3.90 (s, 3H) OCHs; 6.85—8.15
(m, 9H) Ar-H; 10.95 (s, br, 1H)
NH.

1b 3.85 (s, 3H) OCHs; 6.55—8.15
(m, 9H) Ar-H; 10.80 (s, br, 1H)
NH.

1c 3.80 (s, 1H) OCHs; 6.80—38.20
(m, 9H) Ar-H; 10.85 (s, br, 1H)
NH.

1d 2.33 (s, 3H) CHs; 6.80—8.30
(m, 9H) Ar-H; 10.93 (s, br, 1H)
NH.

le 2.30 (s, 3H) CHs; 6.80—S8.15
(m, 9H) Ar-H; 10.90 (s, br, 1H)
NH.

1f 2.35 (s, 3H) CHs; 6.90—S8.18
(m, 9H) Ar-H; 10.90 (s, br, 1H)
NH.

1g 7.00—8.15 (m, 10H) Ar-H;
10.80 (s, br, 1H) NH.

1h 6.90—8.20 (m, 9H) Ar-H; 11.10
(s, br, 1H) NH.

1i 6.95—8.20 (m, 9H) Ar-H; 11.30
(s, br, 1H) NH.

1j 6.95—8.15 (m, 9H) Ar-H;
10.80 (s, br, 1H) NH.

1k 7.20—8.35 (m, 9H) Ar-H; 11.00
(s, br, 1H) NH.

1330 (N—O).

1325 (N—O).

1330 (N—O).

1315 (N—O).

1330 (N—O).

1330 (N—O).

3285 (NH); 1510 ()N-N=N-);
3190 (NH); 1450—1500
()N-N=N-); 1330 (N—O).

3150 (NH); 1515 (JN-N=N-);
3230 (NH); 1510 ()N-N=N-);
3180—3200 (NH); 1460—1480

(ON-N=N-); 1335 (N-O).

3190 (NH); 1520 ()N-N=N-);
1310—1325 (N—O).

3200 (NH); 1510 (JN-N=N-);

3260—3280 (NH); 1510 (N-
N=N-); 1295—1340 (N—O).
3220 (NH); 1440—1510 (\N-
N=N-); 1340 (N—O).

3190 (NH); 1510 (SN-N=N-);

3200 (NH); 1510 (N-N=N-);

243 (M*, 5); 199 (2); 168 (2); 135 (39); 107 (16);
92 (34); 77 (100); 65 (26); 51 (31).

243 (M1, 6); 215 (1); 199 (6); 168 (2); 135 (25);
107 (100); 92 (27); 77 (89); 65 (13); 51 (24).

243 (M, 6); 215 (5); 199 (9); 168 (3); 135 (37);
107 (83); 92 (25); 77 (100); 65 (21); 51 (35).

227 (M*, 4); 183 (21); 168 (5); 119 (24); 107 (17);
91 (100); 65 (31); 51 (29).

227(M*, 7); 183 (10); 168 (3); 119 (30); 107 (17);
91 (100); 77 (38); 65 (23); 51 (18).

227 (M*, 7); 183 (9); 168 (2); 119 (31); 107 (17);
91 (100); 77 (36); 65 (21); 51 (17).

213 (M*, 6); 169 (10); 108 (3); 105 (38); 77 (100);
51 (24). '

247.5 (M*, 5); 203.5 (2); 167.5 (3); 139.5 (43);
111.5 (100); 77 (34); 51 (23).

247.5 (M*, 5); 203.5 (1); 167.5 (2); 139.5 (52);
111.5 (100); 77 (36); 51 (23).

247.5 (M*, 6); 203.5 (2); 167.5 (3); 139.5 (52);
111.5 (100); 77 (39); 51 (25).

258 (M*, 5); 214 (3); 150 (6); 122 (100); 108 (10);
92 (28); 77 (46); 65 (7); 51 (19).

romethane, 1,2-dichloroethane, chloroform, chlorobenzene,
methanol, and benzene were purified following Vogel” and
Organikum,® dried and distilled. Donors (1a—k) and accep-
tor TCNE concentrations ranged from 1)X10-2to 1X10-1 M (1
M=1 moldm~3). Dichloromethane was used as a solvent for
the study of all CT complexes. Stock solutions (3X10-2 M)
of donors and acceptor were prepared for determination of the
stoichiometry by Job’s method.? The effect of temperature
on the formation and stability of CT complexes in CH2Clz was
determined by increasing the temperature of the all gradually
from 10 to 35°C (£0.5°C) and decreasing it from 35 to 10°C
with the same sample. Whenever the change of the intensity
was not reversible, the donor-acceptor pair in question was
not regarded as forming a stable CTC. The association con-
stants at different temperatures were determined by using the
Benesi-Hildebrand’s method!? by increasing the temperature
gradually from 10 to 35°C for each concentration, the elec-
tronic spectra were recorded within a wavelength range 350—
850 nm, using Perkin-Elmer Lambda 2 (with thermostated cell
holder) spectrophotometer in a matched pair of stoppered
fused silica cells of 1.0 cm optical path length. All melting
points are uncorrected, IR spectra were recorded on a
Shimadzu 408 spectrophotometer, !H NMR spectra on a
Bruker WP 80 WG (80 MHz) spectrophotometer. Elemental
analyses of new compounds were carried out by Fach.
Chemie, Universitdt Duisburg (FRG).

Results and Discussion

According to the structural features of the triazene 1-
oxide system, it might be considered as containing two

active centers; the first one is the azoxy I[,3-dipole
(—III:N—), and the second one is the nucleophilic 3-

(0]
nitrogen atom. Therefore, it may be expected that
triazene 1-oxides should undergo 1,3-dipolar cycloaddi-
tion reactions with dipolarophiles.!) On the other
hand, they might behave as nucleophiles towards var-
ious electrophilic compounds through their 3-nitrogen
atom.

On mixing of equimolar solutions of the 1,3-dipoles
triazene 1-oxides (1a—j) and electron-deficient dipolar-
ophile TCNE in dichloromethane at room temperature,
deeply blue stable CT complexes have been obtained.
They exhibit the characteristic!? broad absorption
bands in the visible region 575—705 nm (Table 3). The
chromatographic isolation of the mixtures after 4 days
yielded both reactants, TCNE and triazene 1-oxides.
On the other hand, the isolation of each of the CT
complexes after the recording of their spectrum at 35 °C,
on thin-layer plates, shows that, each mixture contains
only both donor and TCNE compounds except the
mixture of 1c and TCNE (Table 4). This behavior can
be attributed to the strong mesomeric effect of the
electron-donating group OCHs which decreases the sta-
bility of the triazene 1-oxide (1c). This feature is in
agreement with the results obtained by T. Mitsuhashi et
al.®  Moreover, heating the reaction mixtures in ethyl
acetate and methanol did not lead to any reaction



555

Physical and Chemical Behavior of the Diaryltriazene 1-Oxides

February, 1992]

»—0IX9T'STF »-O0IXEEEF »O0IXII'EF +OIXLS EF +0TXLS €F
v8T'T 95T 9T9T S8 £8 00'v SOI'y LOE'Y 005"y 089t  9£9 sudzudg
—OIXECEF »-OIXEEET »-O0IXLEF  »O0IXSF »OIXLYEF »OIXLSEF
9°¢ 6vE'S 19%°C 1680 111 Iy 0Tey (5%7 089'% 008'% 00¥'s  L¥9 UBZURGOIONYD)
OIXLSEF  »-O0IXTTF »-0IXTTF  +O0IXSTF
$9°01 956'y SEET 18870 STl ¥y 165" 089'% 0ST'S €9  QUBYIPO0IONYIIQ-T]
—0IX6'TF »-0IXSIEF +OIXLY bF 01X €F
6'8 €89y  9TTT  0L80 001 61y ELY'Y [43:%% 891'S b9 QUBYIOWOIOYII(]
—OIXLY YF »-0IXEEEF  »-O0IXITF »O0IX86TF  »OIXSTF
8P £68°S 9T 6760 wi 099'v 09L'v 0L6'Y SLL'S 00€9 59 wojoIo[y)
o NS -3 —[ou  _[ow -u
Euw@wo LowE  moy ey . jow] D0 6€ 20 0€¢ 06T 000C D661 2,01 wu A0S
(@233 sSV— HV— HV-— 2 —[owr [ /1oy ey
SIUSATOS JURISJI UT FNDL YIM 3] 9PIXQ-] dudzen ], Jo saxd[dwo) 1) Jo SI9dWeIRd STweuApowIdy ],  9[qe]
eO0IXLTF  e-0IXE9F z0IXII'SF »0IX86'CF  »-0IX6'SF  »OIXSF »OIXLSEF —OIXLY v F
6v0T LE6'L 9¢°€ 8IL'T £€L°0 06 6£0°€ L8T'E 10S°€ vrs'e v08'€  S09 f
e-0IX9EIF  e-0IX9F z0IX6EF vOIXIVIF 3-0IX86TF  o-OIXIF »O0IX86TF »OIXECEF »0IX86'TT
611C 1£0°8 9€I°E 6971 0S5°0 €8 0vE'T 1£v'T 66v'C £86°C vrLT 8Y0'€ S8 1
e-0IXS6 IF z-01X90'IF 950°0F —OIXLY v F —OIXS IF  »-0IXT9F —OIXITIF
LSI'T 080'8 £v0°€ 98¢°1 v6v°0 €8 Y6161 8LI'C LYE'T 1€6°C  SLS ur
»-0IXSF  eO0IXEPF e-0IXIOTF »OIX9TEF »-O0IXII'EF »O0IXII'EF »OIXITTF v—OIXLLYF .
000T 1L8'L 65Y°€ 128°1 98L°0 11 £65°€ 9v9°¢ 168°€ 0y vIv9 079 31
»—OIXLTTF  vOIXIF e O0IXVTF OIXLYYF  »O0IXI'CTF  »-O0IXITF +OIXETTF »OIXSTITF
9681  089°L 681°S 209°C 780'1 1L 81¥'S LEY'S 89°9 1L§°9 v8I'L 899 n
e-0IXLTEF  e-OIXI'LF e-0IX6SF —0IX6'TF  v0IXSYE »OIXLY VF —0TX9'€F
vE6'T Y8LL €897 97T'T 0L8°0 001 v6l'y €LYy (4327 8IS 199 el
TE0°0F 10°0F e-0IX0€TF 0IX8'EF »-0IX80CF +OIXTIF »O0IXETTF
806’1 SYL'L 880°S 0SS°C 190°1 szl SIv'S 8€T°9 vsy'9 96L9 059 PI
—0IXTF
6SLT 0SS°L 44! 69L°9 S0L el
g-OIXLLTF  e-0IX6'LF 2-01X9TSF »—0TX8STF +-0IX8S'TF +-0IXV6'€F »—0IX6'TF
8T6'T 9LL'L 68 8€€°T 1260 9L Iy sy L68'Y ¥S8'S  €v9 qr
e-0IX8TF  e-0IXT8F z-01X90'8F —0IXTI9F »-O0IX8STF  »O0IXSF  »O0IX9F  +O0IX9F »-OIXEEF
L6L'T 109°L 9L9°G 09L'T 960°1 001 0£€'S 6LS°S 9WpIs'S 8€9'9 999°9 LYS'L 069 e[
Ad  A® lwgw_s [OW[eOY  [OW[edY [ WOLOW] D GE D0 0€ 05T 00T D061 D001 wu souoq
q d SV— HV— Dy— 2 -fow [ /10y Y

saxa[dwo) GNDL Yim (—e] SOPIX(Q-] SUSZBLIY JO SHNSIY ompwo3oydonoads pue StureudpowIay] ‘€ S[qel



556

between them, instead, the triazene l-oxides were
decomposed. This result indicates that, the 1,3-dipole
system in the triazene 1-oxide compounds, i.e. —1}I=N—,

o

shows no tendency towards the dipolarophile TCNE.
This behavior is in agreement with the results obtained
from the study of the reactions of the azoxy compounds
with different dipolarophiles by Huisgen.1¥ That the
triazene 1-oxides (1a—k) did not undergo a nucleophilic
reaction with TCNE, may be due to the mesomeric
effect of pair electron of the 3-nitrogen atom with the

1,3-dipole azoxy group (—§=N—N( o -lTI—N=%().
©|0| ©|0|

On the other hand, G.M. Camaggi et al.1¥) has been
reported that, the treatment of 1,3-di-p-tolyltriazene
with TCNE in methanol afforded N-dicyanomethylene-
p-toluidine, 2-p-tolylhydrazonopropanedinitrile and
other products via the formation of unstable deeply blue
CTC:s as a first step. Also, a new mechanism for the
formation of these products was suggested by
Mitsuhashi.1516) These results confirm the important
role of the oxygen atom, which not only leads to
decrease the nucleophilic reactivity of the 3-nitrogen
atom of the triazene 1-oxide system towards TCNE, but
also is responsible for the formation of stable CTC’s
with TCNE, as a consequence for the presence of a
negative charge on the oxygen atom, which should make
the triazene 1-oxide a better electron donor according to
the charge-transfer theory.1” The fact that, azobenzene
did not form CTC with TCNE,% while azoxybenzene
formed stable CTC with the same acceptor, supported
our results. It should also be noted that, the CT com-
plexes of azoxybenzene and 4,4-azoxyanisole with
TCNE absorbed at shorter wavelength (500 sh and 570
nm, respectively)? than the analogous triazene 1-oxides
(Table 3). This may indicates that the presence of an
NH group in the triazene 1-oxide system increases their
basicity and consequently increases the ability to com-
plexation with TCNE.

Application of Job’s method shows that the stoichio-
metric ratio for the formed CTC’s is 1: 1. The associa-
tion constants K. of the CTC’s examined were deter-
mined at six different temperatures (Table 3). The
values of K. were used to calculate the enthalpies of
complex formation (AH) (Table 3) using the van’t Hoff
equation plots. The values of change in free energy
(AG) and entropy (AS) for CTC’s which are given in
this table have been derived from the reported values of
AH and from the association constants (K;). The data
reported in Table 3 show also that the CT-maxima
values follow, in general, the order expected from the
electron donating character of the diaryltriazene I-
oxides (1a—j), namely OCHs>CH3>H>Cl. It is inter-
esting in this respect to note that, in case of CTC’s of the
methylated and methoxylated diaryltriazene 1-oxides
(1a—f) with TCNE, the base strength of these donors

Ahmed M. Nour EL-Din, Alaa A. Hassan, Shaaban K. MoHAMED,
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follow the order: para>ortho>meta; while for the chlori-
nated diaryltriazene 1-oxides (1h—j) it follows the order:
para>meta>>ortho. This trend is in agreement with the
normal principles of the inductive and mesomeric effects
of the nature of substituents.18-20) From the data
reported in Table 3 the donor (1k) did not form CTC
with TCNE. Presumably, this is a nature consequence
of the low donating ability of this donor, which arises
from the electron withdrawing effect of the nitro group
present on the phenyl ring of the donor. Thus, a plot
of log K.: against Hamett’s o values?V is linear with slope
of p=—0.666, r*=—0.989 (Fig. 1), this is in accord with
the expectation, since a negative value of ¢ is typical of a
reaction enhanced by electron donors acting on the
reactive center.

According to Mulliken’s theory,!”) the strength of the
interaction between a donor and an acceptor increases
with increasing the molar extinction coefficient. How-
ever, in the present work, emax values, unlike K. values,
show large deviation. The CTC’s which have low sta-
bility constants are found to have higher em.x values.
This behavior can be attributed to the steric effect of the
different substituents.1?

The ionization potential values of the donors listed in
Table 3, were estimated from the energies of the CT-
bands applying the well-known empirical equation:2V
i.p.=atbvcr. As seen in Table 3, the i.p. values of
donors (1a—j) vary regulary with the transition energies
of the corresponding CTC’s. This is in agreement with
the previously reported results.!220)  From the data in
Table 3, as AH values decrease, corresponding decrease
in AS is also observed. This simultaneous decrease in
these thermodynamic parameters may serve as an indi-

log K

T T T
4 0

) )

Fig. 1. Hammett plot for complex formation between

TCNE with some m- and p-substituted triazene 1-
oxides.
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cation of the physical restraints imposed upon the com-
plex components as the strength of the interaction
between them increases. A linear relationship between
AH and AS (Fig. 2) usually shown by series of related
equilibria involving moderate changes in structure,?? is
also indication for this behavior; where the slope 509 K
represents the so-called “isokinetic temperature”.??
The experimental results in Table 3 also show that the
values of the thermodynamic and spectrophotometric
properties are markedly affected by variation of the
substituents in the diaryltriazene 1-oxides studied.

It is well known that!? in the case of weak complexes
the role of the solvent is very important. In our case,
the different values of equilibrium constants of the
triazene 1-oxide (1e)-TCNE complex in different sol-
vents (Table 4) suggest that, the role of solvent interac-
tion with TCNE can not be neglected. Comparison of
the results in Table 4 reveals that, in case of CHCls, in
spite of lower dielectric constant (4.8),29 it shows a
higher absorption data than the other solvents, this may
be due to the ability of chloroform to form a hydrogen
bond with the negatively charged oxygen atom of tri-

2.9
2.5
L2
°
g
=
(&} -4
=l
Ias)
3
g
1.3

—AS/calmol-1K—1

Fig. 2. Relationships between enthalpies and entro-
pies of formation for CT complexes of a series of
triazene 1-oxide derivatives with TCNE.

Physical and Chemical Behavior of the Diaryltriazene 1-Oxides 557

azene l-oxide. The anomalous solvent effect on K
values in CH2Clz and CICH2-CH2Cl may be attributed
to the complexation of these solvents with the acceptor
TCNE, which should lead to a decrease of K. values.
A similar behavior has been previously reported on
substituted indoles and TCNE by Cipiciani and
Santini.2®)

On the other hand, the stability of the 1e-TCNE
complex in the aromatic hydrocarbon solvents; i.e. ben-
zene and chlorobenzene, increases with increasing the
polarity of solvents. This behavior is expected because
an increase of the solvent polarity should favor the
stabilization of the excited state of the complex relative
to its ground state, thereby reducing the energy require-
ments for transitions.26)

We warmly thank Professor Dr. D. Dépp, Fachbereich
Chemie, Duisburg Universitit (FRG) for the providing
laboratory facilities and for helpful discussions.
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