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Abstract—The direction of hydrohalogenation of N-substitutedjuinonimines was predicted on the basis

of orbital coefficients of the €and G atoms in the lowest unoccupied molecular orbital, calculated by the
PM3 method. It was assumed that the reaction is orbital-controlled and that the initial act of hydrohalogena-
tion is nucleophilic attack by halide ion. The proposed approach was verified by experimental hydrochlorina-
tion and hydrobromination oN-(N-arylsulfonylbenzimidoyl)-1,4-benzoquinonimines which take up HHIg
molecule following the 1,4-addition scheme, i.e., the halogen atom add$ o the quinoid ring.

Hydrochlorination of various N-substituted and Burmistrov [4] found that hydrochlorination of
p-quinonimines has been studied in sufficient detailN-p-tolyl-1,4-benzoquinonimine involves chlorine
In most cases chlorine adds at positpror 6 of the  addition at G, i.e., according to the 6,3-addition
quinoid ring, i.e., the reaction follows the 1,4-additionscheme. This result suggests that protonation should
pattern. The € and C atoms in N-substituted not necessarily be the primary act of hydrochlorina-
p-quinonimines are considered to be active in nucleotion. In order to rationalize the direction of chlorine
philic additions, specifically in hydrochlorination. addition to the N-p-tolyl-1,4-benzoquinonimine

Adams and Looker [1] were the first to report onmolecule it was proposed to estimate the energies of
the reaction ofN-arylsulfonylp-quinonimines with quinoid intermediatesA and B by comparing redox
hydrogen chloride. The authors formulated a rule fopotentials of 1,4-benzoquinong{= 0.583 V [5]) and
chlorine orientation, according to which the initial N-p-tolyl-1,4-benzoquinonimineE° = 0.566 V' [6])
step is protonation of the most basic center in thé4, 7]. Obviously, replacement of oxygen Ipytolyl-
molecule [2]; the subsequent attack by chloride ion ofimino group reduce&™ by 0.017 V (pE"| = 17 mV,
position 2 of the quinoid ring is followed by proto- Which corresponds to an energy of 3.3 kJ/mol); there-

tropic rearrangement: fore, structureB in which the p—tolylimino group is
involved in theortho-quinoid system is more favor-
NR HAR NHR able than structureA [7].
HC NHR NR
—_CI” 3 H
H cl
0 0 0 cl
H
NHR NHR 5} OH
cr cl A B
H a Chlorine addition to € was also observed in the
O~ OH

hydrochlorination of N-p-methoxyphenyl- and
N-phenyl-1,4-benzoquinonimines. The reaction with
The protonation ofN-substitutedp-quinonimines N-p-nitrophenyl-1,4-benzoquinonimine followed the
in the first step of hydrochlorination is really possible.1,4-addition pattern with formation of 2-chloro deriva-
For example, protonation dfl-aryl-1,4-benzoquinon- tive, whereasN-p-iodophenyl-1,4-benzoquinonimine
imines yields stable solid salts [3]. However, Toropingives rise to both 6,3- and 1,4-addition [8].
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Although ortho-quinoid intermediates were charac-Table 1. Some electronic structure parametersNséryl-
terized byE® values forpara-quinoid structures, the 1,4-benzoquinonimines and 1,4-benzoquinone
above approach turned out to be general for various
N-substituted p-quinonimines [7]. x:@:o

The mechanism of hydrochlorination ®f-substi-
tuted p-quinonimines was studied in detail by
Yurchenko [9]. The results of kinetic experiments in X ES, |-E umo:|-Eromor
a protic solvent (acetic acid) showed that the active mvV eV eV
species is doubly protonated quinonimine rather than
its neutral form. ESR study of the reaction mixtures
showed the presence of radical species, and a radic%meO(%H“N 553 | 1497 8.981)-0.299) 0.014
ion mechanism was proposed. In the first stage, eCeH,N | 566 1.503 | 9.1961-0.298) 0.011

. L L ; X CeHsN 578 | 1.525 9.381 |-0.297| 0.008
p-quinonimine Q|cat|on_reacts _W|th Clion to fqrm_ 583 | 1.706 | 10.921 |0 277| _
the corresponding radical cation. Hydro_chlonnatlon4_|C6H4N 506 | 1615 | 9054 |-0295| 0.004
products are formed as a result of a series of CONSG-N G C,H,N | 655 | 2.026 | 10.106 [-0.284|-0.013
cutive reactions involving radical and radical cation 64 ' ' ' '
species [9].

The reaction of N-substituteg-quinonimines with  at the oxygen atom. However, the hydrohalogenation
hydrogen bromide has been studied to a considerabbf N-(4-nitrophenyl)-1,4-benzoguonimine follows
lesser extent. The substrates were dwgrylsulfonyl-  the 1,4-addition scheme which implies initial protona-
1,4-benzo(naphtho)quinone mono- and diiminesion of the nitrogen atom. Taking into account that
[10, 11] andN-aryl-1,4-benzoquinonimines [11]. The the nitrogen atom is less negative than oxygen, it is
result of hydrobromination ofN-p-tolyl-1,4-benzo- unlikely for the reaction to be charge-controlled.
quinonimine was the same as in the hydrochlorination: The orbital control of the quinonimine protonation
bromine added at Tof the quinoid ring [11]. is also improbable, for proton has a small ionic radius

Taking into account that hydrohalogenation ofand the energy gap between the highest occupied
N-substitutedp-quinonimines is performed as a rule molecular orbital (HOMO) of quinonimine and the
in an aprotic solvent (CHG), where the probability vacant orbital of protonE = 0 eV) is large (Table 1).
of protonation is low (the ionizing power of chloro- Therefore, we can rule out protonation of quinon-
form is weaker than that of acetic acid), alternativémine as the initial step of hydrohalogenation.
hydrohalogenation mechanisms may be operative. The calculated total energieg)(of intermediatesA
Below we discuss one of such mechanisms, accordirgnhd B for N-aryl-1,4-quinonimines are almost similar,
to which chloride ion attacks neutral quinonimine asand comparison of their heats of formationH)
reactive species. In terms of this mechanism we caindicates that intermediat is always more favorable
predict the site of halogen addition to the quinoid(Table 2). Therefore, formation of one or another
ring with no regard to redox potentials of quinon-intermediate is not crucial for the direction of hydro-
imines, which are often difficult or even impossible halogenation. Moreover, assuming that the redox
to determine experimentally. potential of quinonimine determines the mode of

We analyzed the process of hydrohalogenation Ohaydrog_en halide_addition, we cannot rati(_)nalize the
N-substituted p-quinonimines on the basis of PM3 formation of a mixture of 1,4- and 6,3-addition prod-
semiempirical calculations. Comparison of the calllCts from N-(4-iodophenyl)-1,4-benzoquinonimine
culated energies of the lowest unoccupied moleculdlAE"| = 13 mV) and of only one isomer from
orbitals (LUMO) of N-aryl-p-quinonimines| with  N-phenyl-1,4-benzoquinonimineA™| = 5 mV [8]).
their redox potentials measured in [8] showed that While analyzing the results of PM3 calculations,
EC regularly decreases as the LUMO energy risesve have revealed an interesting relation between the
(Table 1). This result gave us grounds to use PM3quared AO coefficients of Cand G in the LUMO
data for further theoretical interpretations. of N-aryl-1,4-benzoquinoniminesa—lg (Fig. 1). It

According to the PM3 data (Table 1), the charge orsuggests that Cland Br ions should attack Cin
the oxygen atom iN-aryl-p-quinoniminesl is about N-(4-nitrophenyl)-1,4-benzoquinonimindgj and cé
-0.3 a.u., whereas theharge on the nitrogen is close in quinonimines la—Ic, whereas compoundsd—If
to zero (Tabl. 1). This means that, had the reactioshould give rise to mixtures of 2- and 3-isomers. This
been charge-controlled, the protonation would occuis fully consistent with the experimental data [8].

Charge, a.u.

O] N
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lla-lld andIlIf with HCI or HBr should follow the
1,4-addition scheme, which is in full agreement with
the experimental data [1, 10, 1N-Acetyl-1,4-benzo-
guinoniminelll should also take up halogen at posi-
tion 2 of the quinoid ring; however, the formation of
a mixture of two isomers cannot be ruled out, for the
orbital coefficients of € and G approach each other.
We failed to obtainN-acetyl-1,4-benzoquinonimine
(I1') containing no substituent in the quinoid ring
(presumably, this compound is unstable); therefore,
it was impossible to verify the above supposition
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* ¢ ¢ & experimentally. The results of hydrohalogenation of
Fig. 1. PM3 orbital coefficents of 1) C2 and @) C° in N-acetyl-1,4-benzoquinonimines having a substituent
the lowest unoccupied molecular orbital (LUMO) Naryl- in the quinoid ring cannot be used for this purpose.
1,4-benzoquinoniminesa-Ig. For exampleN-acetyl-3,5-dimethyl-1,4-benzoquinon-

imine takes up hydrogen chloride according to the
1,4-addition pattern, whereas-acetyl-2,6-dimethyl-
1,4-benzoquinonimine does not react with HCI [13].

I
s o e o

Ila-IId, IIf III

0.115

0.100

0.105

0.100

0.0951 2 Y@SOZN=C—N@:0
0090 1 1 1 1 1 1 1 1 1 1 1 1
Ila IIb Ilc IId IIf III IVaIVb IVg IVc IVd IVeIVf
Fig. 2. PM3 orbital coefficents of 1) C* and @) C? in Z
the lowest unoccupied molecular orbital (LUMO) igfaryl- IVa-IVg
sulfonyl-1,4-benzoquinonimineBa—Ild and IIf , N-acetyl-
1,4-benzoquinonimine 1i{ ), and N-(N-arylsulfonylbenz- I, IV, Y = CH;0 (@), CH; (b, ), H (¢), CI (d), Br (e),
imidoyl)-1,4-benzoquinoniminesvVa-IVg. NO, (f); Z = H (af), CI (g).

The orbital control of hydrohalogenation with Hydrohalogenation ofN-(N-arylsulfonylbenz-
initial nucleophilic attack by halide ion is supported imidoyl)-1,4-benzoquinonimine$v was not studied
by the small difference between the HOMO energiepreviously. We calculated the orbital coefficients of
of CI” (-3.479 eV) and Brions (-3.598 eV), on the C? and C in the LUMO of N-(N-arylsulfonylbenz-
one hand, and the LUMO energies of quinoniminesmidoyl)-1,4-benzoquinoniminedVa-IVg (Fig. 2).
(Table 1), on the other. We also calculated the orbitahccording to the calculations, the reactions with
coefficients of @ and C in the LUMO of various hydrogen chloride and hydrogen bromide should
N-substituted p-quinonimines Il -1V whose hydro- follow the 1,4-addition pattern. Our experiments con-
halogenation was studied experimentally (Fig. 2). firmed the results of calculations: successive addition

of two hydrogen chloride molecules (each addition

N \ o process was followed by oxidation of the adduct)
<:> <:> occurred at position2 and 6 of the quinoid ring of
la—Ig N-(N-arylsulfonylbenzimidoyl)-1,4-benzoquinonimines
IVb, IVc, Ve, and IVg. The reaction was highly
Y = CH,0 (a), CH;, (b), H (c), CI (d), Br (e), I (f), NO, (g). regioselective. The hydrochlorination of both quinon-

iminesIVb, IVc, IVe, andIVg and their monochloro
According to the calculation results, the hydrohalo-derivativesVIb, Vic, Vle, and VIg occurred under
genation of N-arylsulfonyl-1,4-benzoquinonimines very mild conditions, by passing gaseous hydrogen
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Table 2. Total energiesK) and heats of formationAH) of N-aryl-1,4-benzoquinoniminela-Ic, If, andlg and inter-
mediate structuresA and B, calculated by the PM3 method

OO OO O

la-Ic, If, Ig

la—lc, If, Ig A B
Y
-E, eV AH, kcal/mol -E, eV AH, kcal/mol -E, eV AH, kcal/mol
CH;0 2457.04 9.45 2790.04 -21.00 2789.71 -13.35
CH, 2163.90 35.17 2496.85 8.25 2496.64 13.00
H 2014.18 44.61 2347.10 18.52 2346.91 22.75
| 2287.34 66.17 2620.27 39.65 2620.09 43.83
NO, 2745.57 36.36 3078.56 8.46 3078.29 14.87

chloride through a solution of quinonimine at roomeffected in dimethylformamide at room temperature,
temperature (Scheme 1). The third and fourth chlorinand the fourth HCI molecule added to compouXts
atoms can be introduced under more severe condkc, Xe, and Xg in dimethylformamide on heating.
tions. The addition of hydrogen chloride to dichloroWe previously succeeded in introducing only three
derivatives VIlIb , Vllic, Vllle, and VIllg was chlorine atoms intoN-arylsulfonyl-1,4-benzoquinon-

Scheme 1.

Cl Cl

ArSOZN=?—N:®:O ArSOZN=$—NH4C§70H ArSOZN=?—N:C§=O

Ar' Ar' Ar'
IVb,IVe,IVe,IVg Vb, Ve, Ve, Vg VIb, Vic, VIe, VIig

HCI, CHCI, Pb(OAc),

Cl
HCI, CHCl, Pb(OAc),
ArSOZNZ?—NH OH ArSOZN—C—N
Ar'
Cl
VIIb, VIie, VIIe, VIig VIIIb, VIIIc, VIIIe, VIIIg
Cl Cl
HCI, DMF Pb(OAc),
ArSOZNZ?—NH OH ArSOZN—C—N
Ar'
Cl
IXb, IXc, IXe, IXg Xb, Xec, Xe, Xg
Cl Cl
HCI, DMF, A Pb(OAc),
ArSOZNZ?—NH OH ArSOZN—C—N
Ar' Ar'
Cl Cl

XTIhb, XI¢, XIe, XIg XTIIb, XIIc, XIIe, XIIg
Ar = 4-CHCeH, (b, 9), GeHs (c), 4-BrGH, (6); Ar' = CgHs (b, c, ), 4-CIGH, (9).
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Scheme 2.
CH, CH; Cl CH; Cl
HCl, CHCl, Pb(OAc),
ArSO,N—C—N 0 ArSO,N—C—NH OH ArSO,N—C—N 0
CH, CH, CH,
XIIla, XIIIb XIVa, XIVb XVa, XVb
CH; Cl CH; Cl
HCl, CHCl, Pb(OAc),
ArSO,N—C—NH OH ArSO,N=—C—N 0
CH; Cl CH; Cl
XVIa, XVIb XVIIa, XVIIb
Ar = C¢Hs (a), 4-BrGH, (b).
Scheme 3.
CH, Cl CH, Cl CH,
HCl, CHCl, Pb(OAc),
ArSO,N—C—N 0 ArSO,N—C—NH OH ArSO,N—C—N 0
CH, CH, CH,
XVIIIa, XVIIIb XIXa, XIXb XXa, XXb
Cl CH, Cl CH,
HCl, DMF Pb(OAc),
ArSO,N—C—NH OH ArSO,N—C—N
cl CH, Cl CH,
XXIa, XXIb XXIIa, XXIIb

Ar = C¢Hs (a), 4-BrGH, (b).

imine molecules [12]. ProductXIb, Xlc, Xle, and and XVIlIb was presumed to occur under more
Xlg of addition of four HCI molecules, as well as severe conditions (in dimethylformamide), and the
adductsV, VII, andIX, were oxidized to the corre- second HCI molecule was expected to add to com-
sponding quinonimines with lead tetraacetate in acetipounds XVIII in dimethylformamide on heating.
acid (Scheme 1). However, the first addition readily occurred in chloro-
As might be expectedy-(N-arylsulfonylbenzimid- form, and the second, in dimethylformamide at room
oyl)-3,5-dimethyl-1,4-benzoquinonimineXllla and temperature (Scheme 3).
Xlllb took up in succession two hydrogen chloride The structure of compoundg—Xll, XIV-XVII ,
molecules in chloroform, yielding 2,6-dichloro deriva- and XIX -XXIl was proved by elemental analyses
tives XVlla and XVIIb (Scheme 2). As in the case (Table 3) and'H and 3C NMR spectra. The NMR
of N-(N-arylsulfonylbenzimidoyl)-2,6-dichloro-1,4- spectra were recorded only for quinoid compounds
benzoquinonimined/Ill , the addition of one hydro- VI, VIII , X, Xl , XV, XVII , XX, and XXIl as the
gen chloride molecule toN-(N-arylsulfonylbenz- most informative. ThéH NMR spectra ofVib, Ve,
imidoyl)-2,6-dimethyl-1,4-benzoquinoniminéd/Illa Vilib , Vlllc, Xb, Xg, Xllg, XVb, XVIIb, XXb,
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Scheme 4.
Br Br
HBr, AcOH Pb(OAc),
ArSOZN=?—N 0 ArSOZN=$—NH OH ArSOZN=?—N 0
Ar' Ar' Ar'
IVb,IVe,IVg XXIIIb, XXIIIc, XXIIIg XXIVh, XXIVe, XXIVg
Br Br
HBr, AcOH Pb(OAc),
ArSO,N=—=C—NH OH ArSO,N=—C—N (0]
| HBr, AcOH, A |
Ar' Ar'
Br Br
XXVhb, XXV, XXVg XXVIb, XXVIe, XXVIg
Br Br Br Br
HBr, DMF, A Pb(OAc),
ArSO,N=—=C—NH OH ArSO,N=—C—N (0]
| HBr, DMF, A |
Ar' Ar'
Br Br
XXVIIb, XXVIIc, XXVIIg XXVIITb, XXVIIIc, XXVIIIg

Ar = 4-CH;CHs (b, 9), GHs (¢); Ar' = CgHs (b, ¢), 4-CIGH, (9).

Scheme 5.
CHj CH; Br CH; Br
HBr, DMF Pb(OAc),
ArSOsN=—=C—N O ArSO,N=—=C—NH OH ArSOsN=—=C—N O
CHj CH; CH;
XIIIa, XIIIb XXIXa, XXIXb XXXa, XXXb
CH; Br CH; Br
HBr, DMF Pb(OAc),
ArSO,N=—=C—NH OH ArSOsN=—=C—N
CH; Br CH; Br
XXXIa, XXXIb XXXIIa, XXXIIb

Ar = CgHs (a), 4-BrGH, (b).

and XXIIb were fully consistent with the proposed successive hydrobromination df-(N-arylsulfonyl-
structures (Table 4). Th&C NMR spectra ofVle, benzimidoyl)-1,4-benzoquinoniminel/b, IVc, and
Ville, Xllb, Xlle, XVIlb , XXlla, and XXllb con- Vg (Scheme 4). The first two HBr molecules add
tain characteristic signals from carbon atoms of thén acetic acid at room temperature according to the
carbonyl group and bemmidoyl and quinonimine 1,4-scheme.N-(N-Arylsulfonylbenzimidoyl)-2,6-di-
C=N groups até; 169-182, 163168, and 144  bromo-1,4-benzoquinonimineXXVIlb, XXVic, and
156 ppm, respectively. The other carbon signals wergXvig are reduced to compoundxVb, XXVc, and
in agreement with the proposed structures (Table 5). XXVg by the action of hydrogen bromide in acetic
Unlike hydrochlorination, only three bromine acid on heating; the third HBr molecule adds in di-
atoms can be introduced into the quinoid ring bymethylformamide on heating. Oxidation of triboromo
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Table 3. Yields, melting points, and elemental analyses of compouhesil , XIV -XVII, XIX -XXII , XXIII -XXVI,
XXVII, XXV, and XXIX -XXXII

Comp. no. Yield, % mp2 °C Found Hlg, % Formula Calculated Hlg, %
Vb 90 215 8.93, 9.04 CyoH17CIN,O3S 8.84
Vc 88 220 8.99, 9.11 C19H1sCIN,O3S 9.16
Ve 64 195 24.42, 24.88 C10H14BrCIN,O3S 24.77
Vg 71 228 15.73, 15.94 CyoH16CloN,O5S 16.29
Vib 51 135 8.61, 8.65 CyoH1CIN,O3S 8.89
Vic 69 183 9.06, 9.13 C19H13CIN,O3S 9.21
Vie 77 127 24.17, 24.31 C10H15BrCIN,O35S 24.87
Vig 50 147 15.79, 15.98 CyoH14CIoN,0O3S 16.36
Vlilb 80 205 15.84, 16.03 CooH16CloN,0O5S 16.29
Vlic 91 182 16.07, 16.52 C10H14CI5N,0O3S 16.83
Vlle 90 210 30.07, 30.29 C;9H13BrCl,N,05S 30.15
Viig 56 268 22.15, 22.44 CyoH1:CI3N,05S 22.64
VIilib 83 160 16.05, 16.31 CooH14CIoN,0O5S 16.36
Vllic 75 181 16.74, 16.77 C10H15CIbN,0O5S 16.91
Vllle 91 187 29.63, 29.85 Cy9H11BrCl,N,05S 30.27
Vilig 56 185 22.13, 22.37 CyoH13CI3N,05S 22.74
IXb 63 210 22.31, 22.44 CyoH1:CI3N,05S 22.64
IXc 95 235 22.94, 23.16 C;10H13CI3N,05S 23.34
IXe 83 220 34.01, 34.44 CygH15BrCIsN,05S 34.84
IXg 75 235 27.86, 27.97 CooH14CI4N,O3S 28.13
Xb 89 212 22.18, 22.38 CyoH13CI3N,05S 22.74
Xc 90 210 22.90, 23.19 C10H11CI3N,0O5S 23.44
Xe 63 187 34.22, 34.76 C1gH 1 BrClsN,05S 34.97
Xg 60 220 27.77, 27.96 CyoH15CI4N,O3S 28.24
Xlb 85 275 27.55, 27.93 CooH14CI4N,O5S 28.13
Xlc 66 284 28.08, 28.45 C10H15CI4N,O5S 28.93
Xle 84 290 38.19, 38.72 CygH14BrCl4N,05S 38.96
Xlg 67 295 32.64, 32.87 CyoH13ClIsN,0O3S 32.91
Xllb 51 203 27.88, 27.93 CooH15CI4N,O35S 28.24
Xllc 55 235 28.74, 28.83 C10H1Cl4N,O3S 29.05
Xlle 40 215 24.91, 24.97 C19HgBrCI4N,05S 25.01
Xllg 53 210 32.44. 32.63 CyoH11ClIsN,O5S 33.03
XIVa 57 291 8.34, 8.47 C,1H,CIN,O3S 8.54
XIVb 86 280 22.98, 23.25 C,1H;gBrCIN,0O5S 23.36
XVa 77 164 8.36, 8.51 C,1H,7CIN,O3S 8.59
XVb 74 170 23.00, 23.17 C,1H;6BrCIN,O3S 23.46
XVla 69 303 15.61, 15.72 C,1H16CIoN,05S 15.85
XVIb 80 315 28.13, 28.21 C,4H;7BrCI,N,05S 28.55
XVlla 63 191 15.66, 15.73 C51H14CI,N,05S 15.92
XVIib 40 227 28.37, 28.46 C,4H;5BrCl,N,05S 28.66
XIXa 68 302 8.35, 8.42 C,1H1CIN,O3S 8.54
XIXb 57 210 22.95, 23.16 C,1H;gBrCIN,0O5S 23.36
XXa 50 173 8.36, 8.47 C,1H7CIN,O3S 8.59
XXb 86 195 23.01, 23.32 C,1H;6BrCIN,0O5S 23.46
XXla 92 276 15.45, 15.62 C,1H16CIoN,05S 15.85
XXIb 51 300 28.04, 28.37 C,4H;7BrCI,N,05S 28.55
XXlla 52 212 15.46, 15.58 C51H14CI,N,05S 15.92
XXIllb 50 190 28.19, 28.31 C,4H;5BrCl,N,05S 28.66
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Table 3. (Contd.)

Comp. no.| Yield, % mp2 °C Found Hlg, % Formula Calculated Hlg, %
XXlb 65 198 17.68, 17.89 CyoH1/BrN,O5S 17.94
XXlllc 91 225 18.43, 18.59 C19H15BrN,O5S 18.53
XXllg 78 225 31.42, 31.74 CyoH16BrCIN,O5S 31.43
XXIVb 63 140 18.01, 18.22 CyoH15BrN,O5S 18.02
XXIVc 94 180 17.73, 17.95 CyoH13BrN,O5S 18.11
XXIVg 57 162 31.22, 31.27 CyoH14BrCIN,O5S 31.57
XXVb 64 205 30.11, 30.28 CyoH16BroN,0O5S 30.48
XXVc 71 175 30.95, 31.24 Cy9H14BrN,0O5S 31.32
XXVg 80 240 34.42, 34.58 CyoH15Br,CIN,O5S 34.95
XXVIb 58 185 30.17, 30.31 CyoH14BroN,0O5S 30.60
XXVlc 55 190 31.07, 31.28 CygH15Br,N,0O5S 31.45
XXVlg 60 192 34.67, 34.83 CyoH13Br,CIN,O3S 35.08
XXVIlb 43 183 39.03, 39.17 CyoH15BrsN,0O5S 39.74
XXVlic 67 215 40.52, 40.81 Cy9H;3BrsN,05S 40.69
XXVIlIb 48 210 39.64, 39.82 CyoH13BrsN,0O5S 39.88
XXVllic 75 215 40.59, 40.69 Cy9H11BrsN,0O5S 40.83
XXIXa 96 270 17.05, 17.22 C,4H1gBrN,O5S 17.39
XXIXb 97 280 29.36, 29.43 Cy1H;gBr,N,05S 29.69
XXXa 77 173 17.23, 17.32 C,4H1/BrN,O5S 17.47
XXXb 91 208 29.70, 29.82 Cy1H;6BroN,05S 29.80
XXXla 83 268 29.31, 29.45 Cy4H;gBr,N,05S 29.69
XXXIlb 86 312 38.82, 38.97 Cy4H;7BrsN,05S 38.84
XXXlla 82 205 29.18, 29.44 Cy1H;6BroN,05S 29.80
XXXIllb 59 230 38.91, 40.16 C,4H;5BrsN,05S 38.97

& All products were recrystallized from acetic acid.

derivatives XXVIIb and XXVlIc yields the corre- involves initial formation of relatively stable bright
sponding quinonimineXXVIllb and XXVIlic . Our yellow intermediated. In most cases the lifetime of
attempt to effect addition of the fourth HBr moleculethese intermediates ranges from 5 to 20 min. Taking
resulted in reduction oXXVIIl to tribromoamino- into account possible protonation at the nitrogen atom
phenols XXVII (Scheme 4). of the arylsulfonylimino fragment, the most probable

N-(N-Arylsulfonylbenzimidoyl)-3,5-dimethyl-1,4- salt-like structure of intermediafe is shown below:
benzoquinonimineXllla and Xlllb take up in suc-
cession two HBr molecules. The addition occurs only 2HHIg .
on heating in dimethylformamide (Scheme 5). We 1V ArSOZT=?—NHQo Hig™
failed to effect addition of hydrogen bromide to H Ar
N-(N-arylsulfonylbenmnmidoyl)-2,6-dimethyl-1,4-ben-
zoquinoniminesXVllla and XVIIIb even under b
severe conditions; as a result, only initial products and
those formed by hydrolysis were isolated. The adducts 10 ArSO,N=C—NH OH
obtained by reactions of quinonimines with hydrogen —HHig |
bromide were then oxidized with lead tetraacetate Ar Hig
in acetic acid. The structure of compoundXIIl — V, XXIIT
XXXII was proved by elemental analyses (Table 3)

and*H NMR spectra which were obtained for quinoid  The quinoid fragment ifD is structurally related to

Hig H

structuresXXVIlb and XXVIilb (Table 4). intermediateA (see above). Presumably, its stability
The hydrohalogenation oN-(N-arylsulfonylbenz- is explained by the presence of a positive charge on
imidoyl)-1,4-benzoquinoniminel/, XIII , and XVIII the arylsylfonylimino nitrogen atom. The salt-like
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Table 4. I1H NMR spectra of compound¥lb, Vie, Vllib , Vllic, Vllle, Xb, Xg, Xllg, XVb, XVIlb , XXb, XXllb ,
XXVIb, and XXVIlib

Comp. Chemical shiftsd, ppm (CDC})
no- quinoid ring Ar'C=N 4-XCgH,SO,
Vib 6.78 d (1H, 6-H), 7.16 d (1H, 3-H), 7.04 d.d.42.7.80 m (5H) |7.31%-7.86 d.d (4H), 2.44 s (3H, C}}
(1H, 5-H)
Vie 7.21d (1H, 3-H), 7.05 d.d (1H, 5-H), 6.82/@.44-7.79 m (5H) |7.67-7.86 d.d (4H)
(1H, 6-H)
Vilib 7.19 s (2H, 3-H, 5-H) 7.43-7.79 m (5H) |7.31-7.87 d.d (4H), 2.44 s (3H, C}l
Villc 7.22 s (2H, 3-H, 5-H) 7.44-7.80 m (5H) [7.53-8.00 m (5H)
Ville 7.23 s (2H, 3-H, 5-H) 7.45-7.79 m (5H) |7.68-7.87 d.d (4H)
Xb 6.99 s (1H, 5-H) 7.447.80 m (5H) |7.32-7.87 d.d (4H), 2.44 s (3H, C}l
Xg 6.97 s (1H, 5-H) 7.427.74 d.d (4H)|7.32-7.85 d.d (4H), 2.44 s (3H, C}l
Xllg - 7.427.71d.d (4H)|7.33-7.92 d.d (4H), 2.45 s (3H, C}l
XVb 6.63 d (1H, 6-H), 2.12 d (3H, 5-C})l, 2.29 §7.46-7.77 m (5H) |7.66-7.87 d.d (4H)
(3H, 3-CHy)
XVllb 2.29 s (6H, CH) 7.46-7.76 m (5H) |7.67-7.86 d.d (4H)
XXb 6.55 d (1H, 5-H), 2.02 s (3H, 6-C}i 2.30 §7.43-7.82 m (5H) |7.64-7.87 d.d (4H)
(3H, 2-CHy)
XXllb 2.29 s (6H, CH) 7.417.79 m (5H) |7.62-7.86 d.d (4H)
XXVIb  |7.46 s (2H, 3-H, 5-H) 7.43-7.80 m (5H) |7.32-7.87 d.d (4H), 2.44 s (3H, C}l
XXVIIb |7.27 s (1H, 5-H) 7.45-7.78 m (5H) |7.31-7.87 d.d (4H), 2.43 s (3H, C}l
structure decomposes by the action of water to form EXPERIMENTAL

benzoid structure, 2-halo-4-aminophenolor XXIII ,
via proton transfer. This process is accompanied by The IR spectra were recorded on a UR-20 spec-
liberation of 1 equiv of hydrogen halide which wastrometer in KBr. The'H and *C NMR spectra were
guantitated by the weight of silver halide formed inobtained on a Varian VXR-300 instrument operating
reaction with silver nitrate. at 300 MHz for'H and 75.4 MHz for'3C; chloro-

In two cases, namely in the hydrochlorination ofform-d was used as sol_vent, and tetramethylsilane, as
N-(N-arylsulfonylbenzimidoyl)-1,4-benzoquinonimines internal reference. Thin-layer chromatography was
IVb and Ve, we succeeded in isolating stable inter-performed on Silufol UV-254 plates. Samples were

mediate compound$XXlilb andXXXllle (D): applied from solutions in chloroform, and benzene
ethyl acetate (10:1) was used as eluent. The spots

were visualized with UV light. Initial compounds

Vb, 1Ve — 0 | Arso,Ni—=C—NH ola- IVb, IVc, Ve, IVg, Xllla, Xillb, XVllla, and
II{ 1|\r' ) XVlllb were synthesized as described in [14].

a H N-(N-Arylsulfonylbenzimidoyl)-4-amino-2-

XXXIIIb, XXXIIIe chlorophenols Vb, Vc, Ve, and Vg;N-(N-arylsul-

fonylbenzimidoyl)-2,6-dichloro-4-aminophenols

1,0 Vb, Ve Vlib, Vlic, Vlle, and VIlg; N-(N-arylsulfonylbenz-

—HClI imidoyl)-4-amino-2-chloro-3,5-dimethylphenols

XIVa and XIVb; N-(N-arylsulfonylbenzimidoyl)-
We failed to record theitH NMR spectra, but 4-amino-2,6-dichloro-3,5-dimethylphenols XVla
the IR spectra oiXXXIlIb and XXXllle contained and XVIb; and N-(N-arylsulfonylbenzimidoyl)-
a characteristic absorption band at 168640 cm®  4-amino-3-chloro-2,6-dimethylphenols XIXa and
due to carbonyl group and two bands in the region¥XIXb. A stream of gaseous hydrogen chloride was
3170-3180 and 329800 cmil, which are typical passed over a period of 280 min through a solution
of N—H bonds. of 0.01 mol of appropriate quinonimin®&/b, IVc,
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Table 5. 13C NMR spectrade, ppm) of compound¥le, Ville , Xllb, Xlle, XVIlb , XXlla , andXXllb in CDCly

Comp. Quinonimine fragment

o 1ctc=0)| @ | 2cH, | C® | 6CH, | C® | 3CHy | C5 | 5CH; | C*(C=N)
Vie 17825 | 142.04| - 134.64| - 135.17| - 131.98| - 156.00
Ville 172.15 | 141.28| - 141.28| - 13226 - 132.26| - 154.42
Xllb @ 169.31 | 139.16| - 139.16| - 138.92| - 138.92| - 143.92
Xlle 169.22 | 139.17| - 139.17| - 139.05| - 139.05| - 144.55
XVIib 17159 | 138.83| - 138.83| - 141.66| 16.72 | 141.66| 16.72 | 152.54
XXlla 181.73 | 141.40| 14.66 | 141.40| 1466 | 13826| - 13826 - 146.08
XXIlb 181.64 | 141.60| 14.67 | 141.60| 1467 | 138.14| - 138.14| - 146.19
Comp. Ar'—C=N ArSO,

no. C=N ct c2 cb | 3 8 c ct c2 c® | c8 cb ct
Vie 168.07 | 131.33 | 12921 | 129.13 | 13471 | 140.06 | 12894 | 13222 | 12813
Ville 167.69 | 131.16 | 129.29 | 129.16 | 13479 | 139.94 | 12891 | 132.10 | 128.24
Xib2 | 163.62 | 131.40 | 12958 | 129.10 | 134.66 | 139.34 | 12855 | 134.03 | 127.45
Xlle 164.20 | 131.17 | 12921 | 12890 | 13429 | 139.86 | 12862 | 132.28 | 128.18
XVIb | 163.56 | 130.65 | 129.37 | 128.56 | 134.23 | 14042 | 12837 | 13220 | 127.79
XXlla | 164.90 | 132.14 | 12886 | 128.77 | 13356 | 141.12 | 127.34 | 12857 | 132.66
XXlb | 16513 | 132.02 | 129.17 | 128.94 | 13372 | 14027 | 12861 | 132.09 | 127.73

& 8¢ 21.59 ppm (CH in CH,C,H,SO).

IVe, IVg, VIb, Vic, Vle, Vig, Xllla, Xlllb , XVa, of 30-40 min through a solution of 5 mmol of
XVb, XVllla , or XVIlIb in 5 ml of dry chloroform. quinonimineXb, Xc, Xe, or Xg in 5 ml of dimethyl-
The solution lightened, and a bright yellow solid formamide, preliminarily heated to 600°C. The
precipitated. The product was filtered off on exposuresolution lightened, and a yellow solid precipitated and
to air, and it became colorless. It was washed witlguickly turned colorless. The product was filtered off,
a small amount of acetic acid, dried, and recrystallizedvashed with acetic acid, dried, and recrystallized from
from acetic acid. The yields, melting points, andacetic acid (Table 3).

elemental analyses (for halogen) of the products are Chlorinated N-(N-arylsulfonylbenzimidoyl)-1,4-
given in Table 3. benzoquinonimines VIb, Vic, Vle, Vig, VIiib,
N-(N-Arylsulfonylbenzimidoyl)-4-amino-2,3,6-  Vllic, Vllle, Vlllg, Xb, Xc, Xe, Xg, Xllb, Xlic,
trichlorophenols 1Xb, IXc, IXe, and IXg and N-(N-  Xlle, Xllg, XVa, XVb, XVlla, XVIIb, XXa, XXDb,
arylsulfonylbenzimidoyl)-4-amino-3,5-dichloro-2,6-  XXlla, and XXIIb. Lead tetraacetate, 6.5 mmol, was
dimethylphenols XXla and XXIb. Gaseous hydro- added with stirring at room temperature to 5 mmol of
gen chloride was passed over a period of4® min  aminophenolVb, Vc, Ve, Vg, Vilb, Vlic, Ve,
through a solution of 5 mmol of quinoniminélllb ,  Vllg, IXb, IXc, IXe, IXg, Xlb, Xlc, Xle, Xlg,
Vilic, Vllle, Vlllg, XXa, or XXb in 5 ml of di- XlVa, XIVb, XVla, XVIb, XIXa, XIXb, XXla, or
methylformamide until the solution turned colorless.XXlIb in 10 ml of acetic acid. the reaction was exo-
The reaction was exothermic, and the mixture warmethermic, and it was necessary to cool the reaction
up during the process. The mixture was cooled anchixture. Ethylene glycol, 2 ml, was added, the mix-
diluted with 5 ml of aqueous acetic acid (1:1), andture was stirred for 2 min, and the precipitate was
the colorless precipitate was filtered off, washed witHfiltered off, washed with methanol, dried, and recrys-
water, dried, and recrystallized from acetic acidtallized from acetic acid (Table 3).
(Table 3). N-(N-Arylsulfonylbenzimidoyl)-4-amino-2-
N-(N-Arylsulfonylbenzimidoyl)-4-amino-2,3,5,6-  bromophenols XXIllIb, XXlllc, and XXIlllg and
tetrachlorophenols Xlb, Xlc, Xle, and Xlg. Dry  N-(N-arylsulfonylbenzimidoyl)-4-amino-2,6-di-
gaseous hydrogen chloride was passed over a peribdomophenols XXVb, XXVc, and XXVg. To a solu-
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tion of 0.01 mol of quinoniminelVb, IVc, Vg,
XXIVb, XXIVc, or XXIVg in 10 ml of acetic acid

we added with stirring in portions 2 ml of 46% hydro- 1.

bromic acid. The solution turned first bright yellow

and then (on further stirring and cooling) lightened, 2.
and a yellow solid precipitated. The product was fil-
tered off (it became colorless during filtration in air), 5
dried, and recrystallized from acetic acid (Table 3). '
N-(N-Arylsulfonylbenzimidoyl)-4-amino-2,3,6-
tribromophenols XXVIIb and XXVlic; N-(N-aryl- 4
sulfonylbenzimidoyl)-4-amino-2-bromo-3,5-di-
methylphenols XXIXa and XXIXb; and N-(N-aryl- 5

sulfonylbenzimidoyl)-4-amino-2,6-dibromo-3,5-di-
methylphenols XXXla and XXXIb. To a solution of

0.01 mol of quinonimineXllla, Xlllb , XXVib, 6.

XXVic, XXXa, or XXXb in 30 ml of DMF, heated

to 110C (XXVIb and XXVic) or 70°C (Xllla, 7.

Xlllb , XXXa, and XXXb), we added with stirring

10 ml of 46% hydrobromic acid. The mixture was 8g.

stirred for 5 min, and it turned orange. The mixture

was cooled and diluted with 20 ml of water (in the o

reactions with compoundglllb , XXXa, andXXXb,
the product separated from the solution without dilu-
tion), and the colorless precipitate was filtered off
and recrystallized from acetic acid (Table 3).
Brominated N-(N-arylsulfonylbenzimidoyl)-1,4-
benzoquinonimines XXIVb, XXIVc, XXIVg,
XXVIb, XXVic, XXVig, XXVIllib, XXVllic,
XXXa, XXXb, XXXlla, and XXXllb were obtained
from the corresponding aminophenolXXllib ,

XXlllc , XXIllg , XXVb, XXVc, XXVg, XXVIb, 13.

XXVllc, XXIXa, XXIXab, XXXla, and XXXIb)

by the procedure described above for the chlorinatet.

analogs, by oxidation with lead tetraacetate in acetic
acid (Table 3).

10.
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