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Abstract—N-Tosyl-2,3,5,6-tetramethyl-1,4-benzoquinonimine as the other N-arylsulfonyl-1,4-benzo-
qguinonimines with an activated C=N bondacts along 1,2-addition path with alcohols asatium azide

and along 1,2-additiorelimination path with aromatiamines. The higher activity of the C=HRond in the
N-arylsulfonyl-1,4-benzoquinonimines is not due to the electronic character cuthstituent attached to the
ring (Cl, CH,) but to steric influence resulting in increase in thend angle C=NS.

We formerly studied 2,3,5,6-tetrachloroderivativeswould change the activity of the C=N bond in
of N-arylsulfonylp-quinonimines that had chlorine N-arysulfonyl-2,3,5,6-tetramethyl-1,4-bequinon-
atoms in bothortho-positions with respect to C=N imines.

bond and thus possessing activated sterically strained .
C=N bond (hereinafter<activated C=N bond). The change of the electron density on a carbon

3 .
A number of reactions with these bonds proceed"‘torn may_be foII_owed by C NMR sp_ectroscopy.
unlike those with OrdinaryN_arylsuIfonyl_p_quinon_ The downfield shift of the S|gnal66) evidences the

imines with no substituents in positiond and 5  '€duced electron density on thearbon, and the
[2-7]. upfield shift corresponds to the increase in tiec-

o . ~ tron density[8]. We studied the"*C NMR spectra of
The most characteristic reactions of quinonimines\-tosyl-1,4-benzoquinonimines 4b with various
with the activated C=N bond are reactions occurringypstituents in the quinoid ring and compared them

ation [2, 4, 6, 7]. unsubstituted in the ringlg) (Table 1).
The high activity of the C=N bond was explained
by increase in the bond angle C=R due to the Q X
presence of substituents in both ortho-positions with
respect to C=Nbond. TheX-ray diffraction analysis TsN:C%O
of N-4-chlorophenylsulfonyl-3,5-dimethyl-1,4-benzo-
guinonimine confirms the above statement: The angle Z Y
C=N-S is equal t0132.7C [5]. Tai
The high activity of the C=N bond in thi-aryl- X=H(a, c, g, CH; (b, d), Cl(f-i); T= H@, o,

sulfonyl-2,3,5, 6-tetrachloro-1, 4-benzoquinmmes CH; (b, d), Cl (e-i); Z= H (a, b, g, CH; (c-f), Cl
might be caused by the changed charge on the C (h,i); Q= H (@, b, g, ), CH; (cf), CI ().

carbon due to four electron-acceptor substituents in

the quinoidring. It waspresumable that introduction ~ In the quinonimine series under consideration the
into the ring of four electron-donor CHgroups signal 3(C%) is the most shifted downfield in
_ N-tosyl-2,3,5, 6-tetramethyl-1,4-benzoquinonimine
" The preceding communication, sd]. (Id), and the greatest upfield shift of tt&éC“) signal
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ACTIVATED STERICALLY STRAINED C=N BOND: IX 1125

Scheme 1. Table 1. Chemical shifts ., ppm) of ¢ carbon in the
%C NMR spectra olN-tosyl-1,4-benzoquinoniminesal-i)
CH; CH, CH, CH,
HNO Compd. no. 3(c* A(C*
- NO, Yo, p ) (oY)
Id 167.85 4.21
CH, CH
3 - CH; CH, Ic 164.72 1.08
Ib 164.56 0.92
CH
NH,NH, s CH, la 163.64 0
: NH, NH, If 162.60 -1.04
NiRRe le 162.20 1.44
CH, CH, Ig 160.01 -3.63
Ih 156.03 -7.61
CH, CH, CH, CH, li 149.83 -13.81
2TsCl Pb(OAc),
—— TsNH NHTs ———— TsN o ) .
2HCI HO instead of the expectedN,N-ditosyl-2,3,5,6-tetra-
CH, CH, CH, CH, methyl-1,4-benzoquinonediimine we obtained the
I Id product of its partial hydrolysisN-tosyl-2,3,5,6-
tetramethyl-1,4-benzoquinonemonoiminkel )(
is observed in the spectrum dFtosyl-2,3,5,6-tetra-  The composition and structure of compounds

chloro-1,4-benzoquinonimineli§. Thus the electron |4, 1I were proved by elemental analysis (Table 2)
density on the ¢ carbon in this series is the smallest gnq IR, H and ¥*C NMR spectra.

in quinonimineld and the greatest in quinonimirie
In the IR spectrum of compountd appear the

We previously studied the chemical properties ofgbsorption bands at the frequencia$27, 1596,
quinoniminesic, e, f, i containing an activated C=N 1555 1322, and161 cm® characteristic respectively
bond. As compared with unsubstituted in the ring of C=0, C=C, C=N, and SO groups.
quinoniminela the electron density on the*@arbon _
is greater in tetrachloroderivativp-quinonimineli, ~_ The IR spectrum of compounidi contains absorp-
slightly greater inp-quinoniminesle, f, and slightly ~fion bands aB280, 1133, and171 Cm" character-
lower in p-quinonimine Ic [2-7]. istic respectively of NH and SQOgroups.

The 'H NMR spectrum of compountd contains
the following signals § ppm): 7.267.88 d.d (4H,
Ts), 2.44 s (3H, Ts), 2.02 d, 2.24 d (12H, ¢Hf
_ quinoid ring).

The synthesis ofN-tosyl-2,3,5,6-tetramethyl-1,4- The 13C and APT NMR spectra of compourid

benzoquinonimine I¢) is uncommon, since instead ; :
of benzoquinonediimine forms benzoquinonemono-are Eompletgly conS|st?nt with the as§umed structure
imine (Scheme 1) [3(C%), ppm]: 185.44(C=0), 167.85(C=N), 143.26
: (C* Ts), 142.11, 140.06 @>° of quinoid ring),

The nitration of 1,2,4,5-tetramethylbenzene140.02 (¢, Ts), 129.40, 126.59 &°>5 Ts),
cleanly provides dinitrodurene[9]. Along the 21.52 (CH, Ts), 18.83, 12.80 (four CHgroups of
published procedure of dinitrodurene reduction withquinoid ring). The magnetic equivalence of carbon
tin(ll) chloride we obtained the double salt of tin atoms &, C® and G, C® of quinoidring, andalso of
chloride and diaminodurene hydrochloride [9].Thecarbons in the Ckigroups in position,6 and3,5 of
attempt to acylate the salt witlp-toluenesulfonyl quinoid ring evidences Z,E isomerization at the
chloride was unsuccessful. Therefore we prepareditrogen atom in quinonimingl that is fast according
diaminodurene by reduction of dinitrodurene withto the NMR time scale.

hydrazine hydrate on Raneyickel. Diaminodurene : i i i 1A
base was acylated with p-toluenesulfor_lyl chloride inb er?zeo?qctjli(r)]gi e mg:; oi[r\ln;[r?dsg(l) 2\/v:|%tthI égggg%@g& rl:'i:,
ethyl ether in the presence of triethylamine. 1,2-addition affording the products of quinolid struc-
N,N'-Ditosyl-2,3,5,6-tetramethyl-1,4-phenylenedi- ture:  4-alkoxy-4-(tosylamido)-2,3,5,6-tetramethyl-
amine (I) was oxidized with lead tetraacetate, and2,5-cyclohexadien-2-ones lllg@, b) (Scheme 2)

The reactivity of N-tosyl-2,3,5,6-tetramethyl-1,4-
benzoquinoniminel{l) possessing the lowest electron
density on the ¢carbon was not studieghrlier.
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Table 2. Yields, melting points, and elementahalyses of compoundd, Il, llla, b, IVa, b, V, Vla, b, Vlla, b, VIl

Compd. Y'i"ld' mp, °C (so_lver_1t for Found N, % Formula Calculated N, %
no. ) crystallization)

Id 36 134 (CH,y) 4.40, 4.52 C,H;;NO;S 4.42

Il 84 273 (decomp.) (AcOH) 5.73, 5.85 C,H,N,O,S, 5.96

lla 68 184 (GHg+CcH,W) 3.95, 3.99 C,gH,3NO,S 4.01

b 72 148 (GHg+CeH,y) 4.02, 4.07 C,H,sNO,S 3.86

IVa 25 92 (AcOH, reprecipitation) 5.45, 5.53 C,-H,;NO 5.53

IVb 40 73 (AcOH, reprecipitation) 4.50, 4.57 C,eHiBrNO 4.40

\Y, 86 60 (decomp.) - C,-H,N,O,S 15.56

Via+Vlla 70 - (AcOH) 2.92, 3.01 C,H,sNOS, 3.05

Vib+Vlib 62 - (AcOH) 2.95, 3.06 C,H,:NOS, 2.96

VI 75 210 (GHe) 4.35, 4.40 C,;H,,NO,S 4.39

similar to the products forming in reaction with d.d (4H, Ts), 4.92 br.s (1H, NH), 2.95 q (2H,
alcohol from the otherN-arylsulfonyl-1,4-benzo- OCH,), 2.42 s (3H, CHin Ts), 1.72d, 1.62 d (12H,
quinonimines with the activated C=N bond [2, 5]. = CHj of quinoidring), 1.10 t (3H, CH of Et).

The heating of compoundfa, b to melting point In the 13C NMR spectrum of compountla in a
results in their dealkoxylation to yield the original strong field was observed a characteristic signal of
quinonimine Id; similar process wehave observed sp*-hybridized carbon atom in the quinolid structure
formerly with analogous productf?]. [6(C4) 84.60 ppm]; the othersignals are fully
consistent with the assumed structur&., ( ppm):

Scheme 2. 184.12 (C=0), 146.39 (G5 of quinolid ring),
CH. cH 143.59 (C, Ts), 136.86 (¢ Ts), 135.97 (@5 of
AIKOH 3 3 quinolid ring), 129.16, 127.53 (€*>°, Ts), 49.67
14— TsNH 0 2. 1d+ AkOH (CH;0), 21.49 (CH, Ts), 13.80, 11.42 (CH of
AlkO quinolid ring).
CH; CH, In reaction of quinonimineld with aromatic
Ia,b amines we failed to isolate the products of 1,2-addi-
Ak = CH, (a), CH. (b). tion: occurred 1,2-additiorelimination affording

N-aryl-2,3,5, 6-tetramethyl-1,4-benzoquinonimines
In the IR spectra of compoundBa, b are present (|va, b) (Scheme 3).
the characteristic absorption bands of the C=0 %roup

in the quinolid ring in the region 1628630 cm Scheme 3.
and of NH group at 3188250 cm™.

In the *H NMR spectrum of compountila were A (H; CH,
' . . rNH
observed the following signals: broadened singlet of a Id Ze AN O + TsNH
proton from NH group (5.22 ppm), three-proton :
singlet of CHO group (2.84 ppm), twodoublets CH, CH,
(1.62 and 1.73ppm) from 6 protons of the two IVa, b

magnetically equivalent CH groups in positions

2, 6 and from 6 protons of the two magnetically - 4 )

equivalent CH groups in positions3, 5 of the Ar = 4CHCH, @), 4-BrGH. ().

quinolid ring, andalso from the protons in the tosyl IR spectra of compoundéVa, b contain the char-
group®, ppm): 7.127.50 d.d (4H), 2.40 s(3H, acteristic absorption bands 6=0, C=C, and C=N
CH,). Thus the spectrum is in total agreement withgroups of quinoid ring in the regions 1641630,
the assumedstructure. 1615-1610, andL590-1580 cm® respectively.

In the *H NMR spectrum of compoundilb are In the'H NMR spectrum of compounti/a appear
present analogous resonances ppm): 7.267.49 the signals corresponding to the assumed structure
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(5, ppm): 6.637.13 d.d (4H,4-CH,CgH,), 2.34 ( 127.73 (G3> Ts), 129.43, 127.38 @>° of
3H, 4-CH,C¢H,), 2.24 br.s, 1.98 br.d, 1.50 br.s quinolid ring), 24.23 (CH, Ts), 15.23, 11.47 (CH
(12H, CH; in quinoid ring). It should be noted that of quinolid ring).

the protons of methyl groups attached to positions
3 and5, 2 and6 of the quinoid ring arenonequivalent
unlike those inN-tosyl-2,3,5,6-tetramethyl-1,4-benzo-
quinonemonoimineld). The dynamicZ,E-isomeriz-
ation process at the nitrogen in quinonimihé is
evidenced by the broadened signals of the proton
corresponding the methyl groups at the quindiy.

The reaction of N-tosyl-2,3,5,6-tetramethyl-1,4-
benzoquinonimineld) with arylsulfinic acids occurs
in two directions: 6,1- and,6-addition affording a
mixture  of  N-tosyl-N-arylsulfonyl-2,3,5,6-tetra-
methyl-1,4-aminophenold/@, b) andN-tosyl-O-aryl-
gulfonyl-z,3,5,6-tetramethy|-1,4-aminopheno|s
(Vlla, b) in 1:1 ratio(Scheme 5).

The hydrazoic acid adds to quinonimird in

1,2-position, aswith the other quinonimines with the Scheme 5.
activated GN group [4]. Theresulting product of
quinolid structure, 4-azido-4-(tosylamido)-2,3,5,6- CH; CH, CH; CH,
tetramethyl-2,5-cyclohexadien-2-on&)( is unstable ArSO,Na Ts
and at heating eliminates a molecule of hydrazoic acidd AcOH - N OH +TsNH 0S0,Ar
to recover the original quinoniminkl. (Scheme 4). ArSO, CH, CH, ¢H, “CH,
We observed such a process for the firste. Va,b VIIab
Scheme 4. Ar = CgHs (8), 4-CHCH, (b).
CH. CH Commonly arylsulfinic acids react wittN-aryl-
3 3 . ..
NaN sulfonyl-1,4-benzoquinonimines along the scheme of
d — 3. TsNH 0 2. 1a+NH 1,4- or 1,6-addition, and in thpresence of chlorine
AcNH N, ’ in 2 and6 position of the quinoid ring occunsucleo-
CH, CH, philic substitution of chlorine by the arylsulfini@st.
\Y The 1,6-addition of arylsulfinic acid toN-aryl-

Previously we observed that such quinolid Struc_suIfon);1|-1,4-benzoq_u|non|mmeg 'posselssmg isopropyl
tures with chlorine atoms i@ and 6 positions under- or methoxy groups i2 and6 positions [10).
went C'-C%migration of azido group with  With N-arylsulfonyl-2,3,5,6-tetrachloro-1,4-benzo-
simultaneous nucleophilic substitution of chlorii#d.  quinonimines only 1,6-addition was observgtl].
In our case the nucleophilic substitution of €roup  In the caseunder consideratioiScheme 5)ccurred
is impossible and therefore occurs elimination of HN unusual combination of two simultaneous processes:

molecule. 6,1- and 1,6-addition.

In the IR spectrum of compound appear char- In the IR spectra of the mixture of compounds
acteristic absorption bands of NH,;NC=0 « SQ Vla, Vlla andVlb, VIIb are present the absorption
groups at 3233, 2082, 1635341 and 1170 chh. bands of OH, NH, and SQin the regions 3540

3520, 3280-3260, 1380-1370 and 11751170 cm’

1
In the "H NMR spectrum of compound appear respectively.

the following signals: broadened singlet of the NH
group proton (5.16 ppm), twaloublets(1.71 and In the 'H NMR spectrum of the mixture of com-
1.79 ppm) from the 12 protons of the four GH pounds Via, Vila were observed the following
groups attached to quinolidng, and theresonances signals §, ppm): 9.38br.s (1H, OH), 8.51 br.s (1H,
from tosyl group protons af.48-7,69 d.d(4H) and NH), 7.93-7.35 m (18H,ArSO, and Ts), 2.45 s,
2.43 s (3H, CH) ppm in full conformity to the 2.39 s (6H, CHin Ts), 2.02 s (6H, CH ortho-posi-
assumedstructure. tion to OSGQPh in compound/lla), 1.84 s (6H, CH
In the 13C NMR spectrum of compoun® in a mﬁta totOtS%IT_Ih ]?f compoug/ollvnal),Sgl.SéHs c(:GH’
strong field was observed a characteristic signal oF hgme ac;)H fo compougVI a), 1.59 s(6H, CH
sp>-hybridized carbon atom in the quinolid structureOrt ot of compoundVia).
[5(C%) 94.19 ppm]; the othesignals are fully con- In the 'H NMR spectrum of the mixture of com-
sistent with the assumed structug,,(ppm): 180.90 pounds ViIb, VIlb were observed the following
(C=0), 146.68 (¢, Ts), 134.90 (& Ts), 129.95 signals §, ppm): 9.30br.s (1H, OH), 8.74 br.s (1H,
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Scheme 6.
CH, CH,
(AlkO),POH @ Na$, 0,
Id ——=—~CH SO,NH - If
3 . OH AcOH
CH, CH,

VIII
Alk = CHj, i-CiH,.

NH), 7.40-7.91 four d.d (16H,Ts), 2.51 s, 2.43 s and 75.4 MHzrespectively; TMS was applied as
(6H, CH; in Ts of compound/llb ), 2.49 s (6H, CH  external reference. Compountt$, llla, b, IVa, b,

in Ts of compounavib), 2.12 s (6H, CH orthoto VvV were recorded inCDClI; solution, compounds
OTs of compoundvllb ), 1.96 s (6H, CH metato  Vla, b, Vlla, b, VIII in DMSO-d;. The character-
OTs of compoundvllb ), 1.95 s (6H, CH metato istics of compounds obtained are listed in Table 2.

8: (())]; %%Tn%%ltr;‘%\(}:)b))’ 1.72 s [6H, CH ortho to Diaminodurene. To a suspension of dinitrodurene
' in 15 ml of ethanol was added 0.2 g of Raney nickel
The reaction of quinonimineld with dialkyl and then was added dropwise 4 ml of hydrazine
phosphites resulted only in its reduction kbtosyl- hydrate. The mixture waseated to 6670°C and
2,3,5,6-tetramethyl-1,4-aminophendVIll ). Amino- gradually turned transparent and colorless. On
phenolVIll also formed on treatment of quinonimine completion of the reduction the catalyst was filtered
Id with sodium dithionite in acetic acid (Scheme 6). off, and ethanol was evaporated on a wat@th. The

. L o diaminodurene obtained was washed with water and
The reduction of quinonimingd with dialkyl phos- dried. mp 155C [9].

phites may be ascribed to its high redox potential.
_ i N,N'-Ditosyl-2,3,5, 6-tetramethyl-1,4-phenylene-
Similar_process was also observed terarylsul diamine (II). To a solution of 5 mmol of diamino-

fonyl-2,3,5,6-tetrachloro-1,4-benzoquinonimines; .
however in this case were obtained the phosphorylaqlurene in 20 mi of ethyl ether was add#d.5mmol

. o~ of p-toluenesulfonyl chloride and then 10 mmol of
tl'ozn_;)drgﬁ%ﬁs[gg quinonimines formed alogl- and triethylamine. The precipitated triethylamine hydro-

chloride was filteredoff, the filtrate was evaporated

IR spectra of compoun®Ill contain the absorp- in a vacuum. The colorless precipitate formed was
tion bands at3520, 3278,1327 and 1168 cil cor-  washed withwater, filtered, dried, andecrystallized
responding to OH, NH, and S@roups respectively. from glacial aceticacid.

'H NMR spectrum of compoun&Ill (8, ppm): N-Tosyl-2,3,5,6-tetramethyl-1,4-benzoquinon-
9.00 s (1H, OH), 8.03 s (1H, NH), 7.72.49 d.d imine (Id). To a suspension of 2 mmol df,N'-di-
(4H, Ts), 2.38 s (3H, CHin Ts), 1.99 (6H, CH tosyl-2,3,5,6-tetramethyl-1,4-phenylenediamindl) (
meta to OH), 1.78 s (6H, CH ortho to OH) is in 5 ml of glacial acetic acid was adddd06 g oflead
consistent with the assumstructure. tetraacetate. The solution turnestange. Then was
gdded severatlrops of ethylengylycol, the mixture
was stirred, andwater was added dropwise till
formed orange precipitate of compoundd. The

recipitate was filteredff, washed withwater, dried,
nd recrystallized from heptane.

The results of the present research and that pe
formed before [17] show that the chief cause govern-
ing the direction of the reactions witk-arylsulfonyl-
1,4-benzoquinonimines possessing two substituen
in ortho-position to the C=N bond is not the
electronic factors but the steric influence leading to N-Tosyl-2,3,5,6-tetramethyl-1,4-aminophenol

decrease in the C=MN5 angle. (V). To a solution of 5 mmol of quinoniminkl in
25 ml of boiling glacial acetic acid was added by
EXPERIMENTAL portions 0.5 g of sodium dithionite till the solution

was colorless. Orcooling to the solution was added
IR spectra of compounds synthesized were recordseveral milliliters of water till complete precipitation
ed on spectrophotometer UR-20 from KBr pellets.of reaction produc¥Ill . The precipitate was filtered
'H and ®C NMR spectra were registered on spectro-off, washed withwater, dried, andecrystallized from
meter Varian VXR-300 at operating frequencies 300benzene.
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Reaction of N-tosyl-2,3,5,6-tetramethyl-1,4- 3 ml of acetic acid was added 0.6 mmol of sodium
benzoquinonimine (Id) with alcohols.In 5 ml of an  arylsulfinate, and the boiling was continued for
appropriate alcohol was refluxed for 0.5 h 0.5 mmol10 min. The bright orange color of the solution
of quinonimineld. The alcohol was evaporated, the turned to paleyellow. On cooling precipitated the
arising crystalline reaction product was recrystallizedcolorless crystalline reaction product containing a
from a benzenehexane mixture. mixture of isomersVIl and VIl in 1:1 ratio. The
precipitate was filteredff, washed withwater, and
recrystallized fromaceticacid. The characteristics of
the isomer mixtured/la, Vila, andVib, Vilib are
given in Table 2.

Reaction of N-tosyl-2,3,5,6-tetramethyl-1,4-
benzoquinonimine (ld) with alkyl phosphites. To
1 ml of dialkylphosphite heated to 180 was added
0.5 mmol of quinonimine. The solution obtained was
heated to 15T. The color of the solution turned
from orange topaleyellow. The solution wagooled
and left standing for aveek. The separated colorless
crystalline produc¥Ill was washed with butanol and
recrystallized from benzene, mp 20 Yields in
reaction with dimethyl phosphit®5%, with diiso-
propyl phosphite79%.
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