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Abstract—Oxidation of N-(N-arylsulfonylimidoyl)-4-aminophenols gave the correspondiipN-arylsulfonyl-
imidoyl)-1,4-benzoquinonimines, derivatives dfaroyl- andN-acetyl-1,4-benzoquinonimines. The structure
of the products was studied by the X-ray diffraction method #énd13C NMR spectroscopyN-(N-Arylsul-
fonylimidoyl)-1,4-benzoquinonimines were found to undergo fast (on the NMR time sé&dayomerization
about the G=N bond in the quinonimine fragmenN-(N-Arylsulfonylacetimidoyl)-1,4-benzoquinonimines
in solution give rise to dynami&,E-isomerization with respect to the=N bond in theN-arylsulfonylacet-
imidoyl fragment.

We previously studied thH and**C NMR spectra It should be noted that correlation of the barriers
of N-aroyl-1,4-benzoquinonimines [1]. The resultsto ZE isomerization with structural parameters of
showed a considerable reduction of the barriers tgarious N-substituted 1,4-beoquinonimines [5]
Z,E isomerization of these compoundaGj = revealed opposite directions in the variation A,
44-46 kJ/mol) relative to those found for the otherand the bond angle €N—-X. This means that change
N-substitutedp-benzoquinonimines (e.g., fad-aryl- of the C=N—-X angle in crystal is related to variation
sulfonyl-1,4-benzoquinonimineaGj, = 65-80 kJ/mol  of the rate of Z,E isomerization in solution.
[2]; for N-arylthio-1,4-benzoquinoniminesAG; = Presumably, the EN-C angle inN-aroyl-1,4-benzo-
75-80 kJ/mol [3]; for N-aryl-1,4-benzoquinonimines,
AG} = 75-95 kJ/mol [4]) and the absence of conjuga-
tion betweenr-electron systems of the quinoid and
aroyl fragments. We presumed that molecules of
N-aroyl-1,4-benzoquinonimines have nonplanar struc-
ture, so that ther-electron systems of the quinoid
and aroyl fragments are orthogonal. According to
the results of quantum-chemical calculations, just in
this case the interaction between the lone electron pair
on the nitrogen atom and" orbital of the GGO bond ¢
could lead to considerable reduction of the barrier to,
Z,E isomerization. In order to prove this assumption,

we performed X-ray analysis of 2,6-th+t-butyl-N- 0L
(4-chlorobenzoyl)-1,4-benzoquinoniming).( ¢ St
C
Bu- c
|
CI@C—N O
Fig. 1. Absolute configuration of the molecule ™-(4-
Bu-7 chlorobenzoyl)-2,6-dtert-butyl-1,4-benzoquindmine (I)
I according to the X-ray diffraction data.
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C0.077 A N,N’-Bis(trimethylsilyl)-1,4-benzoquinonediimine
cH (1) was assigned [8] a linear structure witp
\CZ_C3 hybridized nitrogen atoms, which is stabilized through
/ the exchange interactiam—dg; i.e., via donation of

o'==¢! the nitrogen lone electron pair to the silicdrorbital.
01044\ A This conclusion was drawn on the basis of spectral
//C —¢ data, including thetH NMR spectra which showed
cts magnetic equivalence of all quinoid ring protons.

—0.023 A

Fig. 2. Quinonimine fragment in the molecule ™-(4- MegSi== :<Z>'-:N=SiMe3
chlorobenzoyl)-2,6-dtert-butyl-1,4-benzoquindmine (I)
according to the X-ray diffraction data. I

quinonimines in crystal is much greater than 220 e believe that in this case very fast (on the NMR

then, these compounds should be characterized hiyne scale)z,E isomerization about the €N double

a low energy of activation foZ,E isomerization. bond occurs; also, a considerable contribution of the
According to the results of X-ray diffraction study, linear structure withsp-hybridized nitrogen atoms

the bond angle EN-C(O) in moleculel is 124.6. is conceivable. Presumably, a significant contribution

This value approaches those found for the correspongf the linear structure exists in the case Nfaroyl-

ing N-aryl derivatives [6]. Therefore, reduction of the 1,4-benzoquinonimines.

barrier to topomerization oN-aroyl-2,6-ditert-butyl- N-(N-Arylsulfonylimidoyl)-1,4-benzoquinonimines

1,4-benzoquinonimines does not correlate with thév, some representatives of which were synthesized

C=N-C bond angle. The €N bond length (1.29) by us previously [9], are derivatives oN-aroyl-

is typical for the other benzoquinonimine derivatives(acetyl)-1,4-benzoquinonimines in which the carbonyl

[6, 7], which excludes the possibility for change of theoxygen atom in the aroyl or acetyl moiety is replaced

isomerization mechanism from inversion to rotationaby arylsulfonylimino group (ArSGN=). We expected

in going to N-aroyl-1,4-benzoquinonimines. that the structure and hence tfiel and 3C NMR
The absolute configuration of molecules shown spectra of compound®/ should be similar to those
in Fig. 1. It supports the assumption made in [1] toof N-aroyl(acetyl)-1,4-benzoquinonimines.
explain reduction of the barriers B3E isomerization. In the 'H NMR spectra of quinonimineB/ signals
In fact, the planes of th@-chlorophenyl substituent from the 2-H/6-H and 3-H/5-H protons appear as two
and the quinoid fragment are almost orthogonal: thgioyblets, indicating that they are magnetically equiv-
corresponding dihedral angle is 88hich excludes gjlent in pairs (Table 1). Compound¥a, Vb, and
conjugation betweenc-electron systems of the aroyl |vf_|vi show in the'3C NMR spectra two singlets
and quinoid fragments. The quinoid ring ¥&°) is  from C¥C® and CGIC this means that &C® and
planar within .024A; the deviations of the ON, C3C® are also equivalent (Table 2). Therefore, the
C’, C' and C® atoms from the mean-square planeg,z isomerization of N-(N-arylsulfonylimidoyl)-1,4-
(C'-C°®) are given in Fig. 2. The €carbonyl carbon benzoquinoniminedV with respect to the quinon-
atom lies in the quinoid ring plane; this also followsimine C=N bond in solution is very fast on the NMR
from the torsion angles ®IC*C® (178.2) and time scale and there is a considerable contribution
C'NC*C® (-2.6°). The aroyl carbonyl group is ortho- Of the linear structure (linear transition state) in which
gonal to the quinoid ring plane, and thé orbital the quinonimine nitrogen atom hap hybridization.
of the C=0 bond is parallel to the orbital occupied  N-(N-Arylsulfonylimidoyl)-1,4-benzoquinonimines
by the lone electron pair on the nitrogen); such |Va-IVI were synthesized by oxidation of the corre-

arrangement favors interaction betwegigC=0) and  sponding N-substituted 4-aminophendla —Illl with
ny and reduces the energy of the latter; hence thiead tetraacetate in acetic acitl-(N-Arylsulfonyl-
energy of the linear structure is also reduced. imidoyl)-4-aminophenoldlila -1l were prepared by

Thus, the results of X-ray diffraction study of acylation of 4-aminophenols with appropridtearyl-
compound| are fully consistent with our previous sulfonylbenz(or acet)imidoyl chlorides in a mixture
assumption [1] on the reasons for reduced barrier tof DMF with acetic acid (1:3) in the presence of
Z,E isomerization inN-aroyl derivatives of 1,4-benzo- anhydrous sodium acetate, following the procedure
guinonimines. reported in [9] (Scheme 1). The yields, melting points,
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SYNTHESIS, X-RAY DIFFRACTION DATA, AND 1H AND 13C NMR SPECTRA 993
Scheme 1.
R? R! R? R!
R? R?
X@SOZNZé—CI + H,N OH ——— > X@SOZN=é—NH OH
—HCI
R? R! R? R!
IT1a—III1
R? R!
R3
Pb(OAC), |
X—< >—SOZN=C—N 0
R? R!
IVa-IVl

X =H (a c-€), CHy (b, f, j, I), Cl (k), Br (g-i); R"=H (a, b, d, f, g, i, k), CH; (c, h, j), Cl (e 1); R* = H (a—c, e-h, |, I),
CH, (g, i, k); R® = CHs (a—e, g-i), 4-CIGH, (f), CH, ().

and elemental analyses of compourts —Illl and which are almost orthogonal to each other (the corre-
IVc-IVI are given in Table 3. Compoundi$a , Illb , sponding dihedral angle is 86)4 The quinoid frag-
IVa, and IVb were described in [9]. ment and the aryl group in the ArSQmoiety are
X-Ray analysis of a single crystal of 2,6-dimethyl-coplanar, i.e., they lie in parallel planes which form
N-(N-phenylsulfonylbenzimidoyl)-1,4-benzoquinon-a dihedral angle of 3% The quinoid ring ¢-C° in
imine (|Vc) showed that the EN-C bond ang|e in |V1C I?_ pl?n&gOWIthln 01027A, the deviations of the
the quinonimine fragment is 124.{cf. X-ray difrac- ©O% N*, C’, C*% and C* atoms from the mean-square
tion data for compound)). The absolute configuration Plane are given in Fig. 4. In keeping with these data,
of moleculelVc is shown in Fig. 3. As in molecule  the C’ atom lies almost in the quinoid ring plane: the
quinonimine derivativéVc lacks conjugation between torsion angles éN'C*C® and CN!C*C® are -3.1
n-electron systems of the aryl and quinoid fragmentsnd 176.5, respectively. The G=N? group in the

Table 1. 'H NMR spectra §, ppm) of N-(N-arylsulfonylimidoyl)-1,4-benzoquinonimind¥a—IVI in CDCly

Compgund Quinoid ring - XCH,
no. Rl Rz

IVaP 6.66-6.70 d (2H) |7.00-7.03 d (2H) |7.43-7.81 m (5H) |7.51-7.99 m (5H)

Vb ¢ 6.65-6.68 d (2H) |6.99-7.02 d (2H) |7.427.80 m (5H) |7.31-7.86 d.d (4H), 2.44 s (3H, CHj
Ve 2.06 s (6H, CH) |6.74 br.s (2H) 7412782 m (5H) |7.49-8.00 m (5H)

Ivd 6.49 br.s (2H) 2.07 s (6H, CH) |7.447.80 m (5H) |7.527.99 m (5H)

Ve - 7.22 br.s (2H) 7.44-7.80 m (5H) |7.53-8.00 m (5H)

VP 6.65-6.69 d (2H) |6.97-7.00 d (2H) |7.40-7.74 d.d (4H) |7.31-7.85 d.d (4H), 2.44 s (3H, CHj
IvVgP 6.68-6.71 d (2H) |7.00-7.04 d (2H) |7.43-7.80 m (5H) |7.66-7.86 d.d (4H)

IVh 2.07 s (6H, CH) |6.73 br.s (2H) 7.42-7.81 m (5H) |7.64-7.86 d.d (4H)

IVi 6.51 s (2H) 210 s (6H, CH) |7.45-7.78 m (5H) |7.65-7.87 d.d (4H)

IVj (Z,25)|2.07 s (6H, CH) |6.76 br.s (2H) 2.68 br.s (3H, CH) |7.30-7.88 d.d (4H), 2.43 s (3H, Cji
IVj (E, 75)|2.07 s (6H, CH) |6.68 br.s (2H) 2.26 br.s (3H, CH) |7.29-7.80 d.d (4H), 2.43 s (3H, Cji
IVK (Z, 7) |6.48 br.s (2H) 2.14 s (6H, CH) |2.40 br.s (3H, CH) |7.28-7.79 d.d (4H), 2.38 s (3H, C}ji
IVK (E, 93)|6.48 br.s (2H) 214 s (6H, CH) |2.13 br.s (3H, CH) |7.47-7.86 d.d (4H), 2.38 s (3H, C}ji
VI (Z, 34) - 7.25 br.s (2H) 2.71 br.s (3H, CH) |7.33-7.87 d.d (4H), 2.44 s (3H, Cji
IVI (E, 66) - 7.51 br.s (2H) 2.29 brs (3H, CH) |7.31-7.80 d.d (4H), 2.44 s (3H, CHi

& In parentheses is given the fraction (%) of the corresponding isandg.y3 = 10.2 Hz.® J,5 = 9.9 Hz
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Table 2. 13C NMR spectra &, ppm) of N-(N-arylsulfonylimidoyl)-1,4-benzoquinoniminet/a, IVb, and IVf-IVk

in CDCl
Cﬁ?p' Quinonimine fragment R3-C=N 4-XCgH,SO,
IVa |185.84 (G), 135.02 (G, C9),[168.28 (G=N), 131.71 (&), 129.08 (&, C9),|141.14 (@), 127.43 (G, C9),

IVb

IVf

IVh

Vi

IVj

IVK

129.10 (G, C°), 156.92 (&)

185.80 (&), 135.02 (&, CY),
129.03 (G, C°), 156.89 ()

185.71 (&), 134.89 (&, C5),
129.51 (G, C°), 157.29 (&)

185.77 (G), 134.88 (G, C5),
132.09 (G, C°), 156.91 (&)
186.62 (G), 144.70 (G, C5),
131.22 (G, C°), 156.99 (&),

16.27 (2-CH, 6-CHy)
186.29 (G), 133.42 (G, C5),
145.21 (G, C°), 155.84 (&),
18.89 (3-CH, 5-CHy)
186.60 (&), 144.30 (&, C5),
129.72 and 129.43 & ©),
153.38 and 153.34 (I, 16.26
(2-CH,, 6-CHy)

186.10 (&), 133.30 and 133.1]
(C%, CP), 145.14 and 145.0
(C3, CY, 152.03 (&), 18.78

128.84 (G, CY), 134.28 (&)

167.94 (G=N), 131.87 (@), 129.42 (&, C9),
129.01 (G, C©Y), 134.12 (&)

166.84 (G=N), 131.87 (G), 129.45 (&, C9),
130.29 (G, CY), 140.97 (&)

168.61 (G=N), 131.26 (G), 129.09 (&, C5),
129.04 (G, CY), 134.49 (@)

169.05 (G=N), 131.21 (@), 129.17 (&, C9),
129.02 (G, Y, 134.16 (&)

164.84 (G=N), 131.25 (G), 129.24 (&, C9),
128.38 (G, CY), 133.97 (&)

173.03 (G=N), 25.94 and 25.90 (CH)

4168.00 (G=N), 25.55 and 25.50 (CH)
3

and 18.66 (3-Chj 5-CHy)

135.20 (G, C°), 132.89 (C)

138.33 (@), 127.53 (&, CY),
135.09 (G, C°), 143.74 (&),
21.52 (CH)

138.15 (@), 127.56 (&, C5),
135.27 (G, C°), 143.94 (&),
21.56 (CH)

139.85 (&), 128.92 (&, CY),
135.29 (G, C°), 127.99 (&)

140.46 (&), 129.05 (&, C5),
132.05 (G, C°), 127.78 (C)

140.71 (&), 128.60 (&, C5),
132.15 (G, %), 127.59 (C)

137.98 (@), 127.65 (&, C5),
131.13 (G, C°), 143.75 (&),
21.57 (CH)

139.29 (@), 128.54 (&, C5),
129.16 (G, C°), 139.29 (&),
21.55 (CH)

N-phenylsulfonylbenzimidoyl fragment is orthogonalas a result, the barrier to isomerization about tEeNC

to the quinoid ring plane, and the antibondimy bond in the quinonimine fragment should be reduced
orbital of the C=N? bond is parallel to the non- considerably.

bondingny orbital of the nitrogen. Such arrangement In the case oN-(N-arylsulfonylimidoyl)-1,4-benzo-
favors interaction between the orbitals and reductioguinoniminesliVa-IVI having one more EN group

of the energy ofny. The greatest decrease in energyin the imidoyl fragmentZ,E isomerization about that
as with compound, could be expected for the transi- group could be expected. However, otil NMR
tion state where the bond anglé€N!-C’ is 180;  study of 1,4-benzoquinonimine®/a—IVi at various

Scheme 2.
R? R! R? R!
H,C N 0 H,C N 0
ANV ANV
C P —— C
|| R2 Rl -~ || R2 Rl
N N
/
SO, X X SO,
(E)-IVj-IVl (Z)-IVj-1V1
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Table 3. Yields, melting points, and elemental analysesNo{N-arylsulfonylimidoyl)-4-aminophenolslic -Illl and

1,4-benzoquinoniminegVc-IVI

Comp. no. Yield, % mp, °C Found N, % Formula Calculated N, %
lllc 76 190 7.12, 7.26 Cy1H,N,O5S 7.37
ld 86 252 7.05, 7.31 Cy1H,N,O5S 7.37
llle 90 182 6.39, 6.58 C10H14CIoN,0O5S 6.65
If 86 255 7.37, 7.45 CyoH17CIN,O3S 6.99
lllg 93 258 6.22, 6.29 C19H15BrN,O5S 6.50
lllh 65 125 5.93, 6.07 C,4H1gBrN,O5S 6.10
i 89 263 5.84, 5.89 C,4H1gBrN,O5S 6.10
1 79 220 8.05, 8.31 Cy7H,0N,0O5S 8.43
Ik 57 195 8.09, 8.15 C16H17CIN,O3S 7.94
1l a7 175 7.82, 7.97 C15H14CIbN,05S 7.84
IVc 88 175 7.16, 7.22 Cy1H1gN,O3S 7.41
Ivd 61 142 7.07, 7.39 Cy1H1gN,0O5S 7.41
Ve 75 181 6.68, 6.83 C10H15CIoN,0O5S 6.67
Vi 85 130 7.42, 7.48 CyoH15CIN,O3S 7.02
Vg 88 163 6.39, 6.52 C19H13BrN,O5S 6.53
IVh 66 173 6.07, 6.22 C,4H/BrN,O5S 6.13
Vi 87 160 6.02, 6.16 C,4H/BrN,O5S 6.13
IVj 86 189 8.33, 8.42 Cy7H1gN,O3S 8.48
IVK 83 170 7.78, 7.96 C16H15CIN,O3S 7.99
VI 62 160 7.72, 7.77 C15H15CIbN,05S 7.88

Table 4. Crystallographic parameters, conditions of X-ray diffraction experiment, and divergence factors for compounds

| and IVc

Parameter I IVc Parameter I IVc
Formula C,1H,,CINO, Cy1H1gNo,O5S  [Number of reflections
Space group P2,/n P1 total 3320 2461
Unit cell parameters independent 2677 2271

a, A 5.9113(6) 8.281(2) with 1>25(1) 2230 1392

b, A 30.765(2) 10.212(2) R(int) 0.0305 0.0272

c, A 10.805(1) 11.363(2) Number of refined 323 244

o, deg 90 76.16(3) parameters

B, deg 103.051 (8) 87.08(3) Number of reflections 6.90 5.70

v, deg 90 85.32(3) per parameter

v, A3 1914.2 (4) 929.4(3) Divergence factors:

z 4 2 R, (F) 0.0392 0.0664
Temperature,°C 20 20 Rw (FZ) 0.0991 0.1519
dealo glen? 1.24 1.35 GOF 1.033 0.995
w, mnmt 1.865 0.198 Ratio of the maximal| 0.150 (0.010)| 0.007 (0.001)
F (000) 760 396 (average) shift
Crystal habit, mm | 0.46x0.27x0.22 | 0.31x0.25x0.19 to the error
Spherical segment -6<h<6 0<h<8 Residual electron 0.13 0.30

-24<k<34 -10<k<10 density from the -0.17 -0.28
-12<1<11 -11<1<11 difference Fourier
Limiting diffraction 60 22 series, & AS
angle 0, deg
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was the major one (Table 1). In the NMR spectrum

of compoundIVj recorded in CDG or DMSO-dg

at 45C we observed coalescence of signals from the
CH; protons and signals from 3-H and 5-H of the

quinoid ring (coalescence temperaturg = 318 K).

On further raising the temperature to°80 (solution

in DMSO-d,) the broadened signals become narrower.
This pattern is typical of a dynamic process which is
likely to involve Z,E isomerization.

The 13C NMR spectra of compound¥j andIVk
contain separate signals fron? @d € of the quinoid
ring (A 0.1-0.3 ppm), indicating a weak magnetic
nonequivalence of the corresponding nuclei. The;CH
carbon atom of the R C=N group also gives two
signals. Slightly nonequivalent signals fronf @nd

C® of the quinoid fragment A5 0.16 ppm) were
also observed in tht*C NMR spectrum of compound
IVk . The ¢ atom in the quinoid ring ofVj gives

two signals in the spectrum (Table 2).

EXPERIMENTAL

Fig. 3. Absolute configuration of the molecule of 2,6-di- 1 13
methyl-N-(N-phenylsulfonylbenimidoyl)-1,4-benzoquinon- The "H and *°C NMR spectra were recorded on

imine (IVc) according to the X-ray diffraction data. a Varian VXR-300 spectrometer at 300 MHz fb

and 75.4 MHz for3C. The chemical shifts were
measured relative to TMS.

X-ray analysis of single crystals of compounds
and IVc was performed at room temperature using
an EnrafNonius CAD-4 automatic four-circle dif-
fractometer MoK, irradiation, graphite mono-
chromator, scan rate ratio/206 = 1.2). The unit cell
parameters and crystal orientation matrices were

cz determined from 22 reflections with 2& 6 < 30° for
o-00La compoundl and 12 < 6 < 13 for compoundIVc.

Fig. 4. Structure of the quinonimine fragment in the The StrL_JCture was solved by the direct metho_d and

molecule of 2,6-dimethyN-(N-phenylsulfonylbenz- was refined by the least-squares procedure in full-

imidoyl)-1,4-benzoquinonimine I¥c) according to the matrix anisotropic approximation using SHELXS and

X-ray diffraction data. SHELXSL-93 programs [10, 11]. All hydrogen atoms

were visualized from the difference synthesis of
temperatures revealed no dynanZdE isomerization electron density and were included in the calcula-
process. These compounds exist in solution as a singliens with fixed positional and thermal parameters
E isomer with more favorablerans arrangement U, = 0.08 A. The calculations were carried out on
of the ArSQ, group with respect to the benzimidoyl a PC-AT/486. The principal crystallographic data for
fragment. According to the X-ray diffraction data, compoundsl and IVc and conditions for the X-ray
compoundIVc in crystal also exists as a single diffraction experiments are given in Table 4. The
isomer (Fig. 3). coordinates of atoms in moleculesindIVc are listed

Dynamic Z,E isomerization was observed for in Tables 5 and 6, respectively; the bond lengths and
N-(N-arylsulfonylacémidoyl)-1,4-benzoquinonimines bond angles, in Tables 7 and 8; and Tables 9 and 10
IVj —IVI in solution (Scheme 2). Compountlg —IvI ~ contain principal torsion angles in moleculesand
showed in th¢H NMR spectra two broadened singlets!VC, respectively.
from the quinoid ring protons and GHC=N group, N-(N-Arylsulfonylimidoyl)-4-aminophenols
which indicates the presence of two isomers occurringjic —llll. To a solution of 0.01 mol of appropriate
in a dynamic equilibrium. In all cases, thieisomer p-aminophenol and 0.011 mol of anhydrous sodium

O==
+0.138 A
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Table 5. Coordinates of atomsx(L0% in molecule |
Atom X y z Atom X y z
cl 1331 (1) 70(1) 7208 (1) cto 5651 (5) 199 (1) 8626 (2)
ot 4522 (4) 1998 (1) 15117 (1) clt 3426 (5) 360 (1) 8263 (2)
0? 10438(3) 899 (1) 11354 (2) ct? 2831 (5) 750 (1) 8728(2)
N 8010 (4) 1477 (1) 11226 (2) cl3 4476 (5) 979 (1) 9576 (2)
ct 5217 (4) 1873 (1) 14199(2) ct4 5381 (4) 2676 (1) 13480(2)
c? 5826 (3) 2197 (1) 13292 (2) cte 4751 (4) 1075 (1) 14904 (2)
c 6759 (4) 2045(1) 12360(2) cle 2792 (4) 2751(1) 13420(2)
ct 7109 (4) 1584 (1) 12164 (2) cl’ 6835(5) 2835(1) 14757 (2)
c® 6404 (4) 1273 (1) 13017(2) ct8 6028 (5) 2953(1) 12434 (2)
ct 5490 (3) 1397 (1) 13989 (2) cto 6242 (6) 1147 (1) 16 243(2)
c’ 8518 (5) 1051 (1) 10929 (2) c20 2183(5) 1141 (1) 14899 (3)
c8 6724 (4) 823(1) 9972(2) c2t 5077 (8) 610(1) 14517 (3)
c® 7285 (5) 430(1) 9482 (2)
Table 6. Coordinates of atomsx(L0% in molecule IVc
Atom X y z Atom X y z
S 1190 (2) -186(2) 2681 (1) co 2774(8) ~4024 (6) 5251 (5)
ot 4219(6) -3661 (5) -1729(4) cto 3248(9) -5235(7) 6047 (5)
0? 1863 (5) -116(4) 1470 (3) clt 3039(10) | -6442(7) 5807 (6)
o3 1634 (5) 803 (4) 3280 (4) ct? 2359(10) | -6489(7) 4739(7)
NI 956 (6) -2888(5) 2239 (4) ct3 1872 (9) -5284(6) 3929 (6)
N2 1684 (5) -1650 (5) 3609 (4) ct -911(7) -98(5) 2638 (4)
ct 3456 (8) -3385(6) -867(6) cts -1817(8) 220(6) 3607 (6)
c? 4356 (7) -3105(6) 145 (6) cle -3436 (10) 360 (8) 3602 (8)
c 3546 (7) —2933(6) 1147 (6) cl’ ~4224(10) 196 (8) 2584 (12)
ct 1812(7) —2986 (5) 1279 (5) cte ~3352(11) ~121(7) 1639 (9)
c® 909 (7) -3175(5) 259 (5) cto -1698(8) -263(6) 1638 (5)
ct 1694 (7) -3370(5) —755(5) c20 6161 (8) -3052(7) -1(6)
c’ 1601 (7) —2779(6) 3306 (5) c2t 805 (9) -3618(6) -1797 (5)
c8 2082 (7) —4054 (6) 4162 (5)
Table 7. Bond lengthsd and bond angles» in molecule |
Bond d, A Bond d, A Bond d, A Bond d, A
cl-ct 1.7303) | c?-c 1.337(3) | cB-ct3 1.387(3) | cl4-c!8 1.531(3)
ol-ct 1.218(2) | c?-ct4 1.5203) | c8-c? 1.389(3) | c'#-ct6 1.534(3)
ool 1.2173) | c3-c* 1.455(3) | c2-cto 1.376(4) | c4-cl’ 1.532(3)
N—C* 1.289(2) | c*-c® 1.453(3) | clo-cl! 1.377(4) | ct>-c2 1.516(3)
N—C’ 1.398(3) | c°-cb 1.342(3) | c'l-cl2 1.377(3) | co-c!® 1.531(3)
cl-c8 1.494(3) | cb-ct® 1.531(3) | c'2-ct3 1.371(4) | c1®-c20 1.531(3)
ct-c? 1.498(33) | c’-c® 1.481(3)
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Table 7. (Contd.)
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Angle o, deg Angle o, deg Angle o, deg Angle o, deg
CcANC 124.6(2) cocicd 118.6(2) coc8c’ 118.9(2) cl8cl4cle 107.4(2)
olclct 120.1(2) cécoct 122.2(2) ctococt 121.0(3) c2clict? 110.6(2)
olclc? 119.8(2) cocsct 118.3(2) cl1c1oc? 119.0(2) cl8clict? 107.7(2)
cbéclc? 120.1(2) Cochctd 123.0(2) cloctict? 121.1(3) ctéctact’ 110.0(2)
c3c3ct 117.5(2) clcécls 118.6(2) cloclic 119.8(2) c21c15¢s 111.2(2)
c3c2c* | 123.6(2) 0%C'N 120.3(2) ctclic 119.1(2) c21cl5cto 108.4(2)
clcc | 118.9(2) o%c’c® 122.7(2) cl3clectt 119.4(3) céclocto 109.2(2)
c2csct 123.2(2) NC’C8 116.6(2) cleclscs 120.9(2) c21c15¢20 108.2(2)
NCACd 124.0(2) c3c8c? 118.6(2) c2cl4cte 111.1(2) cécl5c?0 109.8(2)
NCAC3 117.4(2) c3c8c’ 122.4(2) c2cl4cté 109.9(2) cl9ct5c20 110.1(2)

Table 8. Bond lengthsd and bond angles» in molecule IVc

Bond d, A Bond d, A Bond d, A Bond d, A
S-0? 1.445(4) cl-c8 1.457(9) c/-c8 1.466(8) cli-cts 1.388(8)
s-0° 1.426 (4) cl-c? 1.497 (8) c8-ct3 1.371(8) clo—cl6 1.344(10)
S—N? 1.645(5) c2-cd 1.333(8) c8-c® 1.397(7) clé—_cl’ 1.403(12)
s-cl4 1.737(6) c2-c20 1.500(9) c9-clo 1.387(9) cl’—ct8 1.352(12)
ol-ct 1.216(7) ci3-c* 1.440(8) clo_clt 1.350(9) clé—_cto 1.366(10)
Ni-c* 1.290(7) c*-co 1.469(7) cll-ct? 1.376(9)
Ni-c’ 1.381(7) cc-c8 1.342(8) cle—ct3 1.393(9)
N2-C’ 1.287(7) cé-c2t 1.507(8) cl4-cto 1.389(8)

Angle o, deg Angle o, deg Angle o, deg Angle o, deg
03SC? 117.0(3) c3c3ct 119.6(6) | N2C'N? 123.9(5) | coct4ctd 119.5(6)
O°SN? 105.0(2) c3c2c?0 122.2(6) | N2c’c® 119.7(5) | c'°c'’s 121.8(5)
O°SN? 111.9(2) ctcec?0 118.2(8) | Nic’c® 116.2(5) | c'°cl4s 118.6 (5)
o3sct4 108.4(3) c2c3ct 121.8(6) | c3c8c? 118.6(5) | c6clecl4 121.3(7)
o?sct4 108.9(3) NicAce 125.2(5) | c3c8c’ 121.9(5) | c5ctéct? 118.6(8)
N2scl4 105.0(2) NicAcd 115.9(5) | c°c8c’ 119.5(5) | c8clicle 120.5(8)
ciNIC? 124.1(5) c3cAcd 118.9(5) | c9%cqc? 119.1(6) | coctécl’ 121.1(8)
C'N3s 122.0(4) cécoct 120.6(6) | cicloc® 121.8(6) | c8clocl4 118.9(7)
olclch 122.5(6) cocsct 120.6(5) | COctict? 119.9(6)
olclc? 119.1(6) c°ch¢c?t 121.8(6) | ctlctects 119.2(6)
cbéclc? 118.4(5) clchc?t 117.6(5) | c8ctct? 121.4(6)

Table 9. Principal torsion anglesp in molecule |
Angle ¢, deg Angle ¢, deg Angle ¢, deg

olctcec? 174.64(0.21) NC’c8c? 169.17(0.18) olcicécts 3.40(0.31)
cécicacs -4.58(0.28) cl3c8cocto -0.23(0.33) clcctact? 62.52(0.25)
olclc?ct4 -4.79(0.30) c’cécoclo 177.65(0.20) c2cicbct® | -177.39(0.18)
céclcect 175.99(0.18) c8ccioctt -0.54(0.34) cocéclsct -2.94(0.33)
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SYNTHESIS, X-RAY DIFFRACTION DATA, AND 'H AND '3C NMR SPECTRA 999

Angle ¢, deg Angle ¢, deg Angle ¢, deg
clc2cect 2.65(0.30) coclocticle 1.03(0.35) C*NC'0? -92.47(0.29)
clc2cect -177.95(0.19) cocloclic) -178.89(0.17) clcéclsc?t | 178.07(0.24)
C/NCAC? -2.61(0.36) cloclici?cis -0.72(0.36) c*NCc? 94.44(0.26)
Cc/NCAce 178.17(0.22) cictict?cis 179.20(0.18) Ccoccl5cl? | 116.61(0.24)
C2C3C*N 179.51(0.20) cliclectscs -0.08(0.36) o?c’cécls 174.06(0.22)
c2c3cicd 0.25(0.31) c9c8clscl? 0.54(0.33) clcbclscl® | -62.38(0.26)
NC*coch 179.42(0.21) c’céclscl? -177.26(0.21) NC’c8cte -13.03(0.29)
c3cAcoes -1.37(0.31) c3c2clicte 2.73(0.28) Coctc15c20 | _122.62(0.24)
ctcoceet -0.59(0.30) clc2clicte -177.88(0.19) o%c’céc? -3.73(0.31)
cAcbchets -179.59(0.19) c3c2clicte 121.46(0.22) clcbclse?0 58.39(0.26)
olclcscd -175.64(0.21) clc?clicts -59.15(0.24)
c2ciched 3.57(0.29) c3c2cl4ct? -116.88(0.24)

Table 10. Principal torsion anglesp in molecule IVc

Angle ¢, deg Angle ¢, deg Angle ¢, deg
O3SN2C’ ~172.95(0.45) olclcscd 174.22(0.55) c9c8clscl? -1.23(0.99)
O?SN2C’ -45.04(0.51) c2ciched -3.21(0.81) c’c8clscl? 178.89(0.63)
cl4snec? 72.92(0.49) olclcéc?t ~4.14(0.87) ctict?ciscs 1.22(1.15)
olclc3c -173.43(0.58) c2clchc?t 178.43(0.47) o3scl4cls 142.06 (0.46)
cécicace 4.09(0.80) SN2C'N? -6.31(0.76) o?sct4ct? 13.75(0.54)
olctcec?0 5.52(0.84) SNC’CB 178.98(0.40) N2scl4ct? ~106.21 (0.47)
céclcac?o -176.97(0.54) C*NICTN? 97.95(0.69) o3sct4cts -34.43(0.52)
clc2cect ~1.04(0.85) c*NIc/ce -87.16(0.66) o?sct4cts ~162.74(0.43)
c?0c?c3ct ~179.94 (0.53) N2C’c8ct3 173.72(0.57) N2scl4cts 77.31(0.49)
Cc'NicAc -3.12(0.88) Nic’c8cts -1.40(0.82) clocl4clscle 0.55(0.91)
C'/NIcAcP 176.50 (0.48) N2C’c8c® -6.16(0.81) sct4ctoelé 177.12(0.52)
C2C3cN?T 176.79(0.53) Nic’cBc® 178.72(0.50) cl4clsclécty -0.83(1.04)
c?cicAed —2.82(0.84) c3c8cocto 1.07 (0.90) clocléclic1s 1.20(1.17)
NicAcocs -175.93(0.51) c’cécocto ~179.05(0.56) clécliclecto -1.30(1.21)
c3cAcoes 3.72(0.77) c8ccioctt -0.96(1.03) cl’clsclocts 0.99(1.03)
cAcbchet -0.63(0.81) coclocticl2 0.95(1.16) clscliciocts -0.60(0.84)
cAcdchet 177.66(0.49) cloclicicis -1.06(1.18) sct4clocte ~177.06(0.49)

acetate in 10 ml of a 1:3 dimethylformamigeeetic

acid mixture, cooled in an ice bath, we added withmidoyl)-4-aminophenolllic —IllI

compoundsillic -1l

are given in Table 3.

N-(N-Arylsulfonylimidoyl)-1,4-benzoquinon-
imines IVc-IVI. Lead tetraacetate, 0.013 mol, wasanalyses of compound¥c-IVI are given in Table 3.
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added to a mixture of 0.01 mol ®-(N-arylsulfonyl-
in 15 ml of acetic
stirring a solution of 0.01 mol of the correspondingacid, and the mixture was vigorously stirred. The
N-arylsulfonylbenzimidoyl chloride. The mixture was reaction was exothermic. In the synthesis of com-
stirred for 30 min and diluted with 100 ml of ice poundsIVf-IVi, the mixture was additionally heated

water. The precipitate was filtered off, washed withto 50-60°C. When a solid separated, the mixture was
water, dried, and recrystallized from acetic acid. Theooled, and 1 ml of ethylene glycol was added. The
yields, melting points, and elemental analyses ofellow precipitate was filtered off, washed with acetic
acid and methanol, dried, and recrystallized from
acetic acid. The yields, melting points, and elemental
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