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Abstract—N-(2,2,2-Trichloroethylidene)- andN-(2,2,2-trichloroethyl)arenesulfonamides react with phenol,
2-chlorophenol, and 2-methylphenol in the presence of oleum or sulfuric acid to give the corresponding
4-(2,2,2-trichloro-1-arylsulfonylaminoethyl)phenols in good yields.

We previously showed that reactions &#f(2,2,2- N-(2,2,2-Trichloroethylidene)benzenesulfonamide
trichloroethylidene)arenesulfonamides with aromatida is known to react with phenol in the absence of
and some heterocyclic compounds in the presence af catalyst to give product of phenol addition at the
oleum lead to formation of 1-arylsulfonylaminoethyl- activated CH=N bond, N-(2,2,2-trichloro-1-phenoxy-
substituted arenes and hetarenes in up to 90% yiekthyl)benzenesulfonamiddlg) [5]. By analogous
[1]. N-(Tri- and dichloroethyl)arenesulfonamides withreactions ofN-(2,2,2-trichloroethylidene)-4-chloro-
functional substituents in positiot of the N-ethyl —benzenesulfonamidelc) with phenol and 2-methyl-
group are efficient C-amidoethylating agents forphenol we obtained addition productib and lic
aromatic compounds in the presence of sulfuric aci§gScheme 1).

[2-4]. In the present communication we report on We have found that reactions BF(2,2,2-trichloro-
the results of our study of the reaction BE(2,2,2- ethylidene)arenesulfonamidda-Ic with 2-chloro-
trichloroethylidene)arenesulfonamidda—Ic and and 2-methylphenols in the presence of oleum result
N-(2,2,2-trichloroethyl)arenesulfonamidds with  in formation of previously unknown 4-substituted
phenol, 2-chlorophenol, and 2-methylphenol in thephenol derivatives,N-[2,2,2-trichloro-1-(4-hydroxy-

presence of oleum and sulfuric acid. phenyl)ethyl]larenesulfonamidés -V (Scheme 2).
Scheme 1. Scheme 2.
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ArSO,N=CHCCl; + ArSO,N=CHCCl; +
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ArSOZNH—CH—O@ |
| CCly
CCly
II1-v
IIa—IIc
I, Ar = CgHs (a), 4-CH;CH, (b), 4-CIC;H, (c); Il , Ar =
Il, Ar = CgHs, X = H (a); Ar = 4-CICH,, X = H (b); CgHs, X = H; IV, Ar = 4-CH,CH,, X = H; V, Ar =
Ar = 4-CICH,, X = CH, (©). 4-CIGH,, X = H (a), CH; (b), CI (o).
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Table 1. Yields, melting points, and elemental analyses of compoutbs lic, 1, IV, and Va-Vc
0, 0,
Comp. | Yield, Found, % Calculated, %
no o mp, °C Formula
' ° C|H|cC|N| S C|H | |c]|]N]| s
b 88 116-118 | 40.80( 2.65 |34.25| 3.32 | 7.74 |C;,H,,CI,NO5S |40.51| 2.67 [34.16| 3.37 | 7.72
lic 90 118-122 |42.22| 3.03 |33.29| 3.21| 7.42 | C;sH,3CI4NOSS |41.98| 3.05|33.05| 3.26 | 7.47
1 69 226-230 |44.12| 3.16 |27.84| 3.65 | 8.44 |C;,H;,CIsNO5S |44.17| 3.18 |27.94| 3.68 | 8.42
v 68 208-210 |45.55| 3.54 |26.88| 3.57 | 8.15 | C;5H14CIsNO5S |45.65| 3.58 | 26.95| 3.55| 8.12
Va 72, | 174-177 |40.86| 2.69 |34.24| 3.39 | 7.78 | C;,H,,CI,NO5S (40.51| 2.67 |34.16| 3.37 | 7.72
o4
Vb 7421‘:)‘, 182-185 |42.12| 3.06 |33.17| 3.22 | 7.44 | C;sH,5CI,NO5S |41.98| 3.05|33.05| 3.26 | 7.47
8
\Y/e 74, | 163-166 |37.23| 2.14 |39.13| 3.06 | 7.10 | C;y4,H,ClsNO5S [37.40| 2.24 |39.43| 3.12 | 7.13
82>
& Method A.
® Method B.

We also examined reactions of phenol, 2-chloroinstead, its oxidation to diphenyl disulfide and sul-
phenol, and 2-methylphenol witN-(2,2,2-trichloro- fonation of both benzenethiol and diphenyl disulfide
ethyl)arenesulfonamidegla—VIc containing a readily occurred. The resulting sulfo derivatives were also
departing group in thex-position with respect to inactive as substrates for C-alkylation.
the nitrogen atom. The reactions were carried out in

the presence of concentrated sulfuric acid, and they Scheme 4.
led to formation of the corresponding 4-(1-arylsul- X
fonylamino-2,2,2-trichloroethyl)phenol$ll -V
(Scheme  3). ArSOZNH—ClH OH + BrCH,COOCH;,
Scheme 3. CCly
OH Va, Vb
X X
ArSO,NH—CHCCl; + KOH
| ——  ArSO,NH—CH OCH,COOCH,
Nu —HBr |
CCly
Via-Vie
VIIa, VIIb
X
H,S0, (concd.) Vi, Ar = 4-CICH,, X = H (a), CH; (b).
ArSOZNH—ClH oH
CCly Compoundsll -V are colorless crystalline sub-

stances with an odor typical of trichloroacetaldehyde

III, IV, Va-Ve . K . .
derivatives. They are readily soluble in alcohols,

I, Ar = CHs, X = H: IV, Ar = 4-CH,CH,, X = H: acetone, and DMSO, sparingly soluble in diethyl
V, Ar = 4-CICH,, X = H (@), CH, (b), Cl (c); VI, Nu = ether, chloroform, and hydrocarbons, and insoluble in
HO (@), MeO (), 4-CICH,SONH (c). water. Their structure was proved by the IR ardi

NMR spectra, elemental analyses (Tables 1, 2), and
It should be noted thateta and para-substituted chemical transformations. 4-Substituted phendks
chloro- and methylphenols reacted neither with Schifnd Vb were brought into reaction with methyl
basesl nor with N-(2,2,2-trichloroethyl)arenesulfon- bromoacetate, which afforded methyl 4-[2,2,2-tri-
amidesVI, presumably for steric reasons. Benzeneehloro-1-(4-chlorophenylsulfonylamino)ethyl]phen-
thiol also failed to form C-alkylation products with oxyacetatesVlla and VIIb (Scheme 4). Products
compoundsl and VI under the above conditions. Vila and VIlb were identical to those obtained
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by us previously [6] by reaction dfl-(2,2,2-trichloro- and the residue was washed with dry petroleum ether
ethylidene)-4-chlorobenzenesulfonamide with methyand dried. Yield 2.78 g (97%) [7, 8].

phenoxyacetates [6]. N-(2,2,2-Trichloroethylidene)-4-methylbenzene-

The IR spectra of compoundfia-Ilic contain sulfonamide (Ib) was obtained in a similar way from
bands belonging to stretching vibrations of the,SO2.4 g (0.01 mol) ofN,N-dichloro-4-methylbenzene-
and NH groups and aromatic<C and G-H bonds sulfonamide and 15 ml of trichloroethylene. Yield
(Table 2). Substituted phenold -V showed in the 2.85 g (95%) [7, 8].

IR spectra absorption band of the hydroxy group, and N-(2,2,2-Trichloroethylidene)-4-chlorobenzene-
the NH band was observed at higher frequencies. 1gyifonamide (Ic) was synthesized in a similar way
the "H NMR spectra of 2,2,2-trichloro-1-aroxyethyl- from 2.56 g (0.01 mol) ofN,N,4-trichlorobenzene-
amidesllb andlic andN-(2,2,2-trichloro-1-phenoxy- sulfonamide and 15 ml of trichloroethylene. Yield
ethyl)benzenesulfonamidég) (which were not given 312 g (97%) [7, 8].

in [5]) we observed signals from aromatic protons and N-(2,2,2-Trichloro-1-phenoxyethyl)-4-chloro-
doublet signals from the NH and CH protons withye;enesuifonamide (I1b). To a solut)i/o)n of Schiff

a coupling constang of 9.2 Hz (Table 2). The'H base lc in trichloroeth
. . ylene, prepared from 2.56 g
NMR spectra of substituted phendl$ -V contained aLO.Ol mol) of N,N,4-trichlorobenzenesulfonamide by

analogous signals (Table 2) with the difference th ; ; P
the NH and CH doublets had a coupling constant o h.84prgc?od.grle Sn%?frgegﬁgﬁéé'-m% aﬂ?xﬁﬂr‘év'tgpsotr',rtgr_'g

10.5 Hz and were displaced upfield by 816ppm  hqo6,5ly warmed up to 32 and was stirred for

relative to the corresponding signalsit-lic. ~1.5-2 h at room temperature. Excess trichloroethylene
We can conclude that, depending on the conditionsyas removed under reduced pressure, and the precip-
reactions OfN-(2,2,2-trich|0r0ethylidene)arenesulfon- itate was Separated, washed with hthw ether,
amides with phenols yield either 1-arylsulfonylamino-and dried in air. Yield 3.64 g.
2,2,2-trichloro-1-phenoxyethanes or 4-(1-arylsulfonyl- N-[2,2,2-Trichloro-1-(2-methylphenoxy)ethyl]-4-

amino-2,2,2-trichloroethyl)phenols. The addition of.poronenzenesulfonamide (lic)was synthesized in
phenol and 2-methylphenol tdl-(2,2,2-trichloro- o gjmjjo way from 1.08 g ((O.g)l mol))/ of 2-methyl-
ethylidene)arenesulfonamides occurs in the absen fienol and a solution of Schiff bage in trichloro-

of a catalyst and is accompanied by heat evolutiorj, lene. which was prepared from 2.56 q (0.01 mol
By contrast, reactions d4-(2,2,2-trichloroethylidene)- §f Ny,N,4-’trichlorobenz%ncfsulfonamide. Yie?d(3.86 g. :

arenesulfonamides with phenol, 2-chlorophenol, an . .
2-methylphenol in the presence of oleum yield only , 4-(2,2,2-Trichloro-1-phenylsulfonylaminoethyl)-
the corresponding 4-(2,2,2-trichloro-1-arylsugl- Phenol (). Method A To a solution of 2.86 g
aminoethyl)phenols. Similar products are formed by0:01 mol) of N-(2,2,2-trichloroethylidene)benzene-
reaction of phenols witiN-[2,2,2-trichloro-1-hydroxy- sulfonamide fa) in 10 ml of dry benzene we added
(methoxy or 4-chlorophenylswdfhylamino)ethylj- dropwise '1 ml of oleum while stirring under argon.
arenesulfonamides in the presence of sulfuric acid. Aftér 5 min, 1.88 g (0.02 mol) of phenol was added
on cooling with water to 1520°C. The mixture

EXPERIMENTAL spontaneously warmed up and turned brown (the
original mixture was light brown). After 15 min, the

The IR spectra were recorded on a Specord IR-78lixture was allowed to warm up to room temperature
spectrometer in KBr. The'H NMR spectra were and was st_lrred for 3 h. The product was filtered off,
obtained on a Jeol FX-90Q instrument (90 MHz) inwashed with water (820 ml) and diethyl ether
DMSO-dg using TMS as internal reference. (3x10 ml), and dried in air. Yield 2.63 g.

N-(2,2,2-Trichloro-1-phenoxyethyl)benzenesul-  4-[2,2,2-Trichloro-1-(4-methylphenylsulfonyl-
fonamide (lla) was synthesized by the procedureamino)ethyllphenol (IV) was synthesized in a similar
reported in [5]. way from 3.0 g (0.01 mol) ofN-(2,2,2-trichloro-

N-(2,2,2-Trichloroethylidene)benzenesulfon- €thylidene)-4-methylbenzenesulfonamidi)( and
amide (la). A mixture of 2.26 g (0.01 mol) oN,N-di-  1.88 g (0.02 mol) of phenol. Yield 2.70 g.
chlorobenzenesulfonamide and 15 ml of trichloro- 4-[2,2,2-Trichloro-1-(4-chlorophenylsulfonyl-
ethylene was heated for 8 h at-8B°C under dry amino)ethyl]phenol (Va)was synthesized in a similar
argon until vigorous evolution of chlorine ceasedway from 3.21 g (0.01 mol) ofN-(2,2,2-trichloro-
(starch-iodine test). Excess trichloroethylene wasethylidene)-4-chlorobenzenesulfonamidee)(and
removed under reduced pressureq®nm, 1820°C), 1.88 g (0.02 mol) of phenol. Yield 3.02 g.
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Table 2. IR and 'H NMR spectra of compound#ia—lic, Ill, IV, and Va-Vc
Comp. IR spectrum,v, cni?t IH NMR spectrum,3, ppm (, Hz)
% | SO, | C=Cyaom| C—Haipn| C—Harom| NH | OH |CHCCL| — ArsO, ArO NH
lla 1180, 1450, 2990 3080 3240 - 591 d| 7.69 m 7.24 m 9.92 d
1340 | 1490, (9.2) 9.2)
1500
lIb 1170, 1450, 2980 3080 3250 - 545 d| 7.38, 7.58 7.28 m 9.78 d
1330 | 1500, ©9.2) |  (AABB) (9.2)
1600
licd | 1170, 1430, 2990 3090 3240 - 5.46 d| 7.90, 8.00 7.44 m 9.77 d
1340 | 1480, 9.3) | (AABB) (9.3)
1590
I 1165, 1440, 2990 3090 3290 | 3420 | 5.01 d| 7.55 d ¢rtho),| 6.50, 7.10| 8.85 d
1325 | 1490, (10.4) | 7.25 t (netd,| (AABB) | (10.4)
1590 7.40 t (para)
va 1170, 1430, 2980 3085 3290 | 3430 | 4.98 d| 7.25, 7.45 6.50, 7.10| 8.85 d
1330 | 1490, (10.4) | (AABB) | (AABB) | (10.4)
1600
Va 1160, 1445, 2875, 3090 3280 | 3420 | 5.04 d| 7.33, 7.57 6.50, 7.21| 9.10 d
1325 | 1480, | 2950 (10.3) | (AABB) | (AABB) | (10.3)
1605
VvbP | 1160, 1420, 2850, 3090 3280 | 3480 | 5.08 d| 7.34, 7.52 7.11 s, 7.85 d
1325 | 1515, | 2920 (10.4) | (AABB) | 7.12 d, | (10.4)
1610 6.63 d
Vc 1150, 1440, 2860, 3080 3280 | 3480 | 5.15 d| 7.36, 7.62 6.74 d, 9.13 d
1320 | 1505, | 2955 (104) |  (AABB) | 7.19 d, | (10.4)
1600 7.40 s

& 3(CH,), ppm: lic: 2.06 s;IV: 2.25 s.
® The 'H NMR spectrum was recorded i€DCl;, 8(CH;) 2.06 ppm.

2-Methyl-4-[2,2,2-trichloro-1-(4-chlorophenyl-  allowed to warm up to room temperature and was
sulfonylamino)ethyl]phenol (Vb) was synthesized in stirred for 3 h. The product was filtered off, washed
a similar way from 3.21 g (0.01 mol) d¥-(2,2,2-tri-  with water (3x20 ml) and diethyl ether (810 ml),
chloroethylidene)-4-chlorobenzenesulfonamide) (  and dried in air. Yield 3.9 g (94%).

and 2.16 g (0.02 mol) of 2-methylphenol. Yield 2-Methyl-4-[2,2,2-trichloro-1-(4-chlorophenyl-

318 g. _ sulfonylamino)ethyl]phenol (Vb) was synthesized in
2-Chloro-4-[2,2,2-trichloro-1-(4-chlorophenyl- 5 gimjlar way from 3.39 g (0.01 mol) d¥-(2,2,2-tri-
sulfonylamino)ethyl]phenol (Vc) was synthesized in - cp|or0-1-hydroxyethyl)-4-chlorobenzenesulfonamide

a similar way from 3.21 g (0.01 mol) d¥-(2,2,2-tri-  /|13) and 2.16 0.02 mol) of 2-methviohenol
chloroethylidene)-4-chlorobenzenesulfonamide) ( g(ield) 351 g. (825?/0)(. ' ) yip ’

and 2.56 g (0.02 mol) of 2-chlorophenol. Yield 3.34 g. _
2-Chloro-4-[2,2,2-trichloro-1-(4-chlorophenyl-

4-[2,2,2-Trichloro-1-(4-chlorophenylsulfonyl- . . .
amino)ethylJphenol (Va). Method B. Concentrated Stfonylaminojethyllphenol (Vc) was synthesized in
sulfuric acid, 3 ml, was added dropwise with stirring@ Similar way from 3.39 g (0.01 mol) df-(2,2,2-tri-

chloro-1-hydroxyethyl)-4-chlorobenzenesulfonamide

to a mixture of 3.39 g (0.01 mol) oN-(2,2,2-tri-
1 R 14(Vla) and 2.56 g (0.02 mol) of 2-chlorophenol.
chloro-1-hydroxyethyl)-4-chlorobenzenesulfonamid ield 3.63 g (81%).

(Vla) and 10 ml of dry chloroform. After 5 min,
1.88 g (0.02 mol) of phenol was added on cooling to 4-[2,2,2-Trichloro-1-(4-chlorophenylsulfonyl-
15-20°C. The mixture warmed up and turned brownamino)ethyl]phenol (Va) was synthesized in a similar
(from light yellow). After 15 min, the mixture was way from 3.53 g (0.01 mol) oN-(2,2,2-trichloro-1-
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methoxyethyl)-4-chlorobenzenesulfonamid#l() and added dropwise. After 2 h, the mixture was cooled to
1.88 g (0.02 mol) of phenol. Yield 3.9 g (94%). 20°C, excess methanol and methyl bromoacetate were
2-Methyl-4-[2,2,2-trichloro-1-(4-chlorophenyl- ~ removed under reduced pressure, and the product was

Su|f0ny|am|no)ethy|]phen0| (Vb) was Synthes|zed in WaShed W|th d|ethy| ether and dl’led In alr. Y|e|d
a similar way from 3.53 g (0.01 mol) d¥-(2,2,2-tri- 4.67 g (96%).
chloro-1-methoxyethyl)-4-chlorobenzenesulfonamide Methyl 4-[2,2,2-trichloro-1-(4-chlorophenylsul-
(VIb) and 2.16 g (0.02 mol) of 2-methylphenol. fonylamino)ethyl]-2-methylphenoxyacetate (VIIb)
Yields 3.43 g (80%). was synthesized in a similar way from 0.73 g
2-Chloro-4-[2,2,2-trichloro-1-(4-chlorophenyl-  (0-013 mol) of KOH, 4.29 g (0.01 mol) of 2-methyl-
sulfonylamino)ethyllphenol (Vc) was synthesized in 4:[2,2,2-trichloro-1-(4-chlorophenylsulfonylamino)-
a similar way from 3.53 g (0.01 mol) df-(2,2,2-tri-  €thyllphenol ¥b) and 1.84 g (0'032 mol) of methyl
chloro-1-methoxyethyl)-4-chlorobenzenesulfonamig@romoacetate. Yield 4.86 g (97%).
(VIb) and 2.56 g (0.02 mol) of 2-chlorophenaol.
Yield 3.68 g (82%).

4-[2,2,2-Trichloro-1-(4-chlorophenylsulfonyl- 1 Rrozentsveig, 1.B., Levkovskaya, G.G., Albanov, A.l.,
amino)ethyl]phenol (Va) was synthesized in a similar ~ and Mirskova, A.N., Russ. J. Org. Chem.2000,
way from 5.12 g (0.01 mol) of 1,1-bis(4-chlorophenyl- vol. 36, no. 5, pp. 674673.
sulfonylamino)-2,2,2-trichloroethan&/ic) and 1.88 g 5 Rozentsveig, I.B., Levkovskaya, G.G., and Mirsko-
(0.02 mol) of phenol. Yield 2.56 g (62%). va, A.N., Russ. J. Org. Chem1998, vol. 34, no. 6,

2-Methyl-4-[2,2,2-trichloro-1-(4-chlorophenyl- p. 897.
sulfonylamino)ethyl]phenol (Vb) was synthesized 3. Rozentsveig, I1.B., Levkovskaya, G.G., and Mirsko-
in a similar way from 5.12 g (0.01 mol) of 1,1-bis- va, A.N., Russ. J. Org. Chem1999, vol. 35, no. 6,
(4-chlorophenylsulfonylamino)-2,2,2-trichloroethane  pp. 895-898.

(Vic) and 2.16 g (0.02 mol) of 2-methylphenol. 4. Rozentsveig, I.B., Evstafeva, I.T., Levkovskaya, G.G.,
Yield 2.57 g (60%). Mirskova, A.N., and Albanov, A.l.,Russ. J. Org.

2-Chloro-4-[2,2,2-trichloro-1-(4-chlorophenyl- Chem., 2000, vol. 36, no. 6, pp. 81815.
sulfonylamino)ethyl]phenol (Vc) was synthesized in 5. Levkovskaya, G.G., Mirskova, A.N., Drozdova, T.I.,
a similar way from 5.12 g (0.01 mol) of 1,1-bis- and Voronkov, M.G., USSR Inventor'€ertificate
(4-chlorophenylsulfonylamino)-2,2,2-trichloroethane  no. 803361;Byull. Izobret., 1990, no. 3.

(Vlc) and 2.56 g (0.02 mol) of 2-chlorophenol. 6. Levkovskaya, G.G., Krivonos, E.V., Rozentsveig, I.B.,
Yield 2.83 g (63%). Mirskova, A.N., and Albanov, A.l.,Russ. J. Org.

Methyl 4-[2,2,2-trichloro-1-(4-chlorophenylsul- Chem., 2000, vol. 36, no. 2, pp. 24Q244.
fonylamino)ethyl]phenoxyacetate (Vlla). Potassium 7. Mirskova, A.N., Levkovskaya, G.G., Drozdova, T.I.,
hydroxide, 0.73 g (0.013 mol), was dissolved by stir- and Voronkov, M.G., USSR Inventor'<ertificate
ring in 20 ml of methanol, and 4.15 g (0.01 mol) of  no. 899543;Byull. Izobret., 1982, no. 3.
4-[2,2,2-trichloro-1-(4-chlorophenylsulfonylamino)- 8. Mirskova, A.N., Levkovskaya, G.G., Drozdova, T.l.,
ethyl]phenol {¥a). The mixture was heated to 1D, Kalikhman, 1.D., and Voronkov, M.G.,Zh. Org.
and 1.84 g (0.012 mol) of methyl bromoacetate was Khim., 1982, vol. 18, no. 3, pp. 45253.
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