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THE REACTION OF 1-ARYL-2-(4-NITROPHENYLSUL-
FONYL)ETHANONES WITH a,3-UNSATURATED ESTERS

Yue Guoren ! * and Zhang Zheng?
! Department of Chemistry, Zhangye Teachers’ College, 734000, Zhangye, Gansu, P.R.CHINA

2 Department of Chemistry, Nanjing University, 210093, Nanjing, Jiangsu, P.R.CHINA

Abstracts; 1-Aryl-2-(4-nitrophenylsulfonyl)ethanones (1) reacted with one
equiv. of o,B-unsaturated esters at 60 OC to afford the tandem addition-rearran-
gement products (3), while at 75 ©C 1a reacted with two equiv. of methyl acrylate
and gave an unexpected addition-rearrangement-addition-annulation product whi-
ch is dimethyl 4-hydroxyl-1-(4-nitrophenyl)-4-phenyl-1,3-cyclohexyldicarboxy-

late (4). A mechanism is suggested.

Many reportsl!-5] have appeared on using sulfur compounds for organic
synthesis, since Seebach and Coreyl6] reported the utilization of 1,3-dithiane for
the preparation of aldehydes and ketones. In general, an organic sulfur compound
can be used as a synthetic agent according to the following scheme: (1) the
formation of a C-C bond between a sulfur agent and an organic compound to
afford an intermediate and (2) the intermediate's desulfurization accompanied with

the creation of a new functional group.

* To whom correspondence should be addressed.
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A novel type of tandem addition-rearrangement reaction was found when p-ni-

trophenylsulfonylacetonitrilel?}, p-nitrophenylsulfonylacetates(8] or 1-nitro-4-(4-
nitrophenylsulfonylmethyl)benzenel9] reacted with o,B-unsaturated esters in the
system of K,CO,/DFM/DEBAR. The formation of two C-C bonds and the
elimination of sulfur dioxide proceeded at the same time. But when other
arylsulfonyl compounds such as p-methylphenylsulfonylacetatest!0], p-methyl-
pheriylsulfonylacetonitriles(!!], and p-methylphenylsulfonylmethylbenzenes(!2]
were used, only normal Michael addition was observed. As a new type of
reaction, it should or could be applied widely. On this consideration, we have
investigated the reaction of 1-aryl-2-(4-nitrophenylsulfonyl)ethanones (1) with
a,B-unsaturated esters (2). Although the preparationl13] and physical properties
such as spectra datal!415] of 1 have appeared, the reaction has not been
reported. Michael addition[16] where the normal Michael addition products
were obtained, alkylations{!7] and Knoevenagel reaction{!8] of other
arylsulfonylethanones such as 1-(4-methylphenylsulfonyl)-2-phenylethanone
have appeared in the literatures. Our studies show that, under solid-liquid PTC
conditions, 1 reacted with one equiv. of o,B-unsaturated esters at 60 °C to afford
the tandem addition-rearrangement products (Scheme 1).
While at a higher temperature of 75 °C 1a reacted with two equiv. of methyl
acrylate and gave an unexpected addition-rearrangement-addition-annulation
product which is dimethyl 4-hydroxyl-1-(4-mitrophenyl)-4-phenyl-1,3-cyclo-
hexyldicarboxylate (4) (scheme?2)

Results and Discussion
1. Under solid-liquid PTC conditions, 1 reacted with acrylates and meth-
acrylates and addition-rearrangement products were obtained; but probably due
to larger steric hindrances 1 didn't react with ifaconate and cinnamate and of
course no addition-rearrangement products were obtained. The data from our
studies (Table 1) showed that the reaction of 1 with acrylates is faster than that

with methacrylates.
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@—so,cwo-@-m + cn,-p — 0O cwzmzc—@m

2 COR? COZR3

la;R!=H, 2a;R?=H, RI=CH;, 3aa;R'=H, RZ=H, R3=CH,
la;R!'=H, 2¢;R?2=CH;,R3=CH;, 3ac;R!'=H, RZ=CH;,R’=CH,
la;R'=H, 2d;RZ=CH;,R3=C,H;,3ad;R'=H, R2=CH,,R3=C,H;
1b; R =CH; ,2a; R2=H, R3=CH,, 3ba; R! =CH;, RZ=H, R3=CH;
1b; Rl =CH;,2b; RZ=H, R3=C,H;,3bb; R! =CH;, R2=H, R3}=C;H;
1b; R! =CH;, 2¢; R2=CH; ,, R3 =CH;, 3bc; R! =CH;, R2=CH, ,R? =CH;
1b; R! =CH;, 2d; R2 =CH; ,R? =C,H; , 3bd; R! =CH; , R2 =CHj , R =C,H;
;R =Cl, 2a;R2=H, R3=CHj, 3ca;R!=Cl, R?=H, R3=CH,
Ic; R =CI, 2¢;R2=CHj3,R3=CHj, 3cc; R!=Cl, R2?=CH;,R3=CH,
1c; R =Cl, 2d;R%2=CH,,R3=C,H,,3cd; R'=Cl, RZ=CHj;,R3=C;H;

Scheme 1

? 2CH,=CHCO,CH
oNO—S0LHHD) e

1

Scheme 2

2. Normal Michael addition products were not obtained under the same
conditions, which suggests that rearrangement is faster than addition and
controlling the outcome of the reaction.

3. In the presence of K,CO; /DFM /DEBAR and at a temperature of 60 °C,
1a reacted with methyl acrylate (2a) to give a desired addition-rearrangement
compound (3aa). However, at a higher temperature of 75 ©C, the unexpected
product (4) was obtained. On the basis of the spectra analytical data of 4, we

assert that the molecular structure is as follows;
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Table 1 Physical properties and data of elementary analysis and MS for products

Prod Formula React. Yield M.P  Elementary Anal.
No. M.W) Time (%) found (cald.)% M/z
(h) (°0) C H N (%)
(327.36) 109 (66.04)(5.24)(4.28) (9.9)268(16.2),267(54.9),133
(6.7),120(78.7),105(100),
77(67.8)
3ac CgHgNO, 60 75 110-  66.64 571 3.82  341(M* 1.5)311(2.1),282
(341.39) 111 (66.84)(5.62)(4.10)  (4.2),252(7.4),133(13.4),120
(6.7),105(100),77(40.2).
3ad  CypH;NOg 60 70 76- 67.67 5.98 3.88  355(M™ 0.2),339(1.4),325
(355.42) 77 (67.58)(5.97)3.94)  (4.8),310(1.9),282(31.8),
252(21.5),133(44.4),120
(28.1),105(100),77(95.6).
3ba  CgHgNO; 2 96 114-  67.09 5.69 4.06 341(M*,1.0),311(0.4),310
(341.39) 115 (66.84)(5.62)(4.10) (2.4),281(16.4),147(2.7),134
(64.5),119(100).
3bb  CypHyNOs 1.5 98 76- 67.82 6.02 3.81  355(M*,1.1),310(3.2),281
(355.42) 77 (67.58X5.97)3.94) (17.6),147(3.7),134(58.8),
119(100),91(41.9)
3bc CyoHyNOg 15 85 108-  67.60 6.02 3.90  355(M 1.5)296(2.5),147
(355.42) 109 (67.58)(5.97)(3.94) (10.7),134(7.4),119(100),91
(26.2).
3bd  CyHyNOs 24 87 66-  68.50 638 377 3600M+2.3),339(0.3),296
(369.45) 67 (68.27)(6:29)3.79) (15.9),147(44.6),134(22.2)119
(100),91(79.0)
3ca CigH|(CINOs 1.5 92 99- 60.02 4.63 3.80 363 361(M1,0.3,0.7),331,329
(361.80) 100 (59.75X44T)Y3.8T)  (3.3,8.3),304,302(3.8,11.5),
156,154(21.5,67.4),141,139
(41,100),113,111(12.2, 37.5)
3cc  CgHgCINO; 55 78 98- 60.55 4.90 3.55 377,375(M*,0.1,0.4),318,316
(375.83) 99 (60.72)(4.84)3.73) (5.1,14.3),236(4.7),209(14.7),
169,167(10.5,32.5),156,154
(5.9,17.7),141,139(69.7,100),
113,111(12.8, 39.2)
3cd  CyoH,CINOg 50 77 58- 61.68 5.19 3.56 391,389(M*,0.2,0.7),318,316
(389.86) 59 (61.61)(5.18)(3.59) (5.3,15.3),264(30.0),223(13.2)
169,167(3.9,14.1),156,154
(5.7,17.7),141,139(48.6,100),
113,111(11.4, 33.5)
4 CyyHy3NOg 15 85 148-  63.99 5.76 3.14  413(M™,0.2),397(0.1),383
149 (63.90)(5.62)(3.39)

(413.46)

(2.6),381(6.2),327(13.6),281
(46.6),268(8.7),267(49.1),249
(39.0),178(12.8),133(66.9),
120(80.2)105(100),77(40.4)

Except for product 4 given at 75°C, the other products(3) were obtained at 60°C.
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Besides the addition-rearrangement reaction, the addition-rearrangement-
addition reaction was also reported in the literature[9]. Depending on our
experimental results, a reaction mechanism via addition, rearrangement,

addition, and then annulation is suggested (Scheme 3).

Experimental Section

Unless noted materials were obtained from commercial supplies and used
without further purification. Melting points were determined with a Yancco MP-
500 apparatus and uncorrected. Microanalysis were performed with a Perkin-
Elmer 240C instrument. IR spectra were recordea on a Nicolet 170SX FT-IR
spectrometer (in KBr pellet). ITHNMR spectra were determined with a JEOL
PMX 60 SI spectrometer or a AM 500 spectrometer using TMS as an internal
standard(chemical shifts in d values). Mass spectra were obtained from a ZAB-
HS spectrometer at 70ev (EI).

1; 2-(4-Nitrophenylsulfonyl)-1-phenylethanone (la) was prepared by the
method described in the literaturel16].

1.40 g (5 mmol ) of 1-phenyl-2-(4-nitrophenylthio)ethanone was dissolved
in 10 mL of glacial acetic acid at 60 °C. 1.84 g (12 mmol) of sodium perborate
tetrahydrate was added. The mixture was continuously stirred at 60 °C for 2
hours. The solvent was removed under reduced pressure. The residue was treated
with water. The precipitated product was collected, washed with water and
recrys-tallized from dilute acetone to give 1.35 g (89 %) of analytical sample of
1a. M.P. 136-137 °C. (Lit.[91 M.P.129 °C). IR (in KBr pellet): 1675 (CO), 1533,
1354 (NOy), 1313, 1155 (SO,) cm-l. THNMR (CD,COCD;): 8.40 (2H, d, Ar-H,
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OzN‘@_sozCHzi-Q DMF/K,CO, OZN"©>—5028H((R3—'© CH~CHCO,CH,
f
03450 ——[rOpeh0 |

COLH
3CO C Meisenheier Complex
9
6o,oH
2= CHZCHCO,CHy H3C02 T
‘@‘C TDMFIK,CO, CCH:
& CHCO CH,
M |2
H*| —S0,

OH
H,COC

Go.CH; o H,CO,C . T %
OzN-©—CHCH2CH2(‘r© @ @so, bo.o
2 3

NO CO,CH, NO,

Scheme 3

J=9.0 Hz), 8.16 (2H, d, Ar-H, J=9.0Hz), 8.06-7.30 (5H, m. Ar-H), 3.13 (2H, s
CH, ) ppm.

s

By the similar method, compounds 1b and 1¢ were synthesized.

The yield of 1b was 94 %, M.P. 159-160 oC, (litl4] M.P. 155 oC). IR: 1688
(CO), 1538, 1350 (NO,), 1305, 1146 (SO,) cm-!; THNMR (CDCl3): 8.30 (2H,
d, Ar-H, J=8.5Hz), 8.00 (2H, d, Ar-H, J=8.5Hz), 7.72 (2H, d, Ar-H, J=8.0Hz),
7.20 (2H, d, Ar-H, J=8.0Hz), 4.72 (2H, s, CHp), 2.44 (3H, s, Ar-CH3) ppm.

The yield of 1c was 91 %, M.P. 180-181 °C. (litl4] M.P.179 oC). IR: 1677
(CO), 1531, 1349 (NO,), 1300, 1154 (SO,) cm-l; THNMR (CDCl5): 8.36 (2H,

d, Ar-H, J=9.0Hz), 8.03 (2H, d, Ar-H, J=9.0Hz), 7.85 (2H, d, Ar-H, J=8.5Hz),
7.20 (2H, d, Ar-H, J=8.5Hz), 4.70(2H, s, CH,) ppm.
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Table 2 Data of IR, LHNMR for products

No.

IR. max(cm!)
0=C-0 0=C NO,

THNMR:5 (ppm)*

Jaa

3ac

3ad

3ba

3bb

3bc

3bd

3ca

3cc

3cd

1731

1720

1718

1732

1722

1724

1714

1735

1726

1727

1729

1638

1684

1681

1681

1676

1678

1675

1679

1668

1687

3499

1517
1348

1519
1354

1518
1352

1516
1344

1518
1351

1518
1353

1518
1350

1525
1345

1519
1355

1521
1348

1519

1715 (OH) 1350

8.10(2H,d,Ar-H,1=9.0Hz),7.40(2H,d,Ar-H,j=9.0Hz),7.86-7.30(5H,m, Ar-H)
3.80(1H,t,Ar-CH,J=7.5Hz),3.62(3H,5,0CH3),3.0-2.03 (4H,m,CH,CHy)

8.22(2H,d,Ar-H,J=9.0Hz),7.56(2H.d,Ar-H,J=9.0Hz),8.03-7.47(SH,m,Ar-H) -
3.77(3H,5,0CH3),3.06-2.76(2H,m,CHy-C-C=0),2.56-2.302H,m,

CH,C=0),1.66(3H,5,C-CH3)

8.22(2H,d,Ar-H,J=9.0Hz),7.53(2H,d,Ar-H,)=9.0Hz),8.00-7.40(5H,m,Ar-H)
4.22(2H,q,0CH,,J=7.0Hz),3.16-2.83(2H,m,CH,-C-C=0),2.62-2.34(2H,m,

CH,C=0),1.72(3H,5,C-CH3),1.30(3H,,0-C-CH3,=7.0H2)
8.06(2H,d,Ar-H,J=9.0Hz),7.66(2H,d,Ar-H,J=8.0Hz),7.40(2H,d,Ar-H,
J=9.0Hz),7.10(2H,d,Ar-H,J=8.0Hz),3.80(1H,t Ar-CH,J=7.5H2),3.63(3H,s,
OCH3),3.00-2.76(2H,m,CH,-C-C=0),2.50-1.96(2H,m,CH,C=0),2.40(3H,
s,Ar-CH3)

8.10(2H,d,Ar-H,J=9.0Hz),7.70(2H,d, Ar-H,J=8.0Hz),7.43(2H,d Ar-H,
J=9.0Hz),7.13(2H,d,Ar-H,J=8.0H2),4.12(2H,q,0CH,,1=7.0H2),3.82(1H 1,
Ar-CH,J=7.0Hz),3.00-2.76(2H,m,CH-C-C=0),2.53-2.10(2H,m,
CH,C=0),2.43(3H, 5,Ar-CH3),1.22(3H,1,0-C-CH3,1=7.0Hz)

8.06(2H,d,Ar-H,)=9.0Hz),7.66(2H,d,Ar-H,}=8.0Hz),7.36(2H,d, Ar-H,
J=9.0Hz),7.10(2H,d,Ar-H,J=8.0Hz),3.66(3H,5,0CH3),3.00-2.70(2H,m,
CH,-C-C=0),2.50-2.16(2H,m,CH,C=0),2.37(3H,5,Ar-CH3),
1.63(3H,5,C-CH3)
8.06(2H,d,Ar-H,1=9.0Hz),7.63(2H,d, Ar-H,J=8.0Hz),7.38(2H,d, Ar-H,
1=9.0Hz),7.06(2H,d,Ar-H,J~8.0Hz),4.13(2H,q,0CH,,J=7.0Hz),3.00-2.70
(2H,m,CH,-C-C=0),2.50-2.20(2H,m,H,C=0),2.40(3H,5,Ar-CH3),1.63
(3H,5,C-CH3),1.24 (3H,1,0-C-CH3,J=7.0Hz)
8.19(2H,d,Ar-H,J=8.5Hz),7.84(2H,d,Ar-H,J=8.3Hz),7.50(2H,d, Ar-H,
J=8.5Hz),7.41(2H,d,Ar-H,1=8.3Hz),3.87(1H,t,Ar-CH,J=7.5Hz),3.70G3H,
5,0CH3),2.95(2H,m,CH,-C-C=0),2.53(1H,dt,CH,C=0,J,=21.3Hz,
1,=7.3Hz),2.24(1H,dt, CH,C=0, J=21.3Hz, J,=6.8Hz)
8.10(2H,d,Ar-H,J=8.5Hz),7.77(2H,d,Ar-H,J=8.3Hz),7.40(2H,d,Ar-H,
J=8.5Hz),7.31(2H,d,Ar-H,J=8.3Hz),3.69(3H,5,0CH3),3.00-2.70

(2H,m,CH,-C-C=0), 2.50-2.20(2H,m, CH,C=0),1.64(3H,s,C-CH3)

8.10(2H,d,Ar-H,1=8.5Hz),7.78(2H,d,Ar-H,]=8.3Hz),7.43(2H,d Ar-H,
J=8.5Hz),7.34(2H,d,Ar-H,J=8.3Hz),4.16(2H,q,0CH,,J=7.0Hz),3.00-2.76
(2H,m,CH,-C-C=0),2.50-2.20(2H,m,HyC=0),1.70(3H,5,C-CH3),1.30
(3H,,0-C-CH3,J=7.0Hz)
8.21(2H,d,Ar-H,J=8.7Hz),7.60(2H,d,Ar-H,1=8.7Hz),7.43-7.23(5H,m,Ar-H)
4.40(1H,5,0H),3.77(3H,5,0CH3),3.53(3H,5,0CH3),3.39(1H,dd,Hy, J =
3.4Hz,J,=12.8H2),2.76(1H,m,Hp),2.51 (1H,m,H¢),2.42(1H,dt** Hy,) ge=
13.6Hz,) 45=13.6H2J4r=3.5H2),2 41 (1H,t Ho, ¢y =12.8Hz,)5=12.8Hz),
1.96(1H,m,Hp),1.72(1H,dtHy Jo¢=13.6Hz,)p4=13.6Hz,J5o=3.5Hz).

* A mixture of CDCI3 and CCly was used as the solvent. **dt represents a doublet of triplet.



Downloaded by [University of Chicago Library] at 03:28 04 October 2014

1462 YUE AND ZHANG

2: Methyl 2-(4-nitrophenyl)-4-benzoylbutanate (3aa)

To a solution of 0.55 g (2 mmol ) of 1a in 5 mL of DFM was added 0.55 g
(4 mmol) of anhydrate potassium carbonate and 0.1g (0.44 mmol) of DEBAR.
The solution was stirred 15 minutes at room temperature before 0.52 g (6 mmol)
of methyl acrylates(2a) was added. The reaction progress was mopitored by thin
layer chromatography(TLC). After stirred at 60 °C for 8 hours, the reaction
mixture was cooled and poured into cold water. The mixture was added with 2N
hydrochloric acid to PH=6.5 and extracted with dichloromethane(3x15ml). The
mixture was added with 2N hydrochloric acid to PH=6.5 and extracted with
dichloromethane(3x15ml). The combined organic phase was dried over
anhydrate sodium sulfate and concentrated. The residue was chromatographied
on silica. Elution with a mixed solvent of petroleum ether and ethyl acetate (5:1)
afforded 0.67 g (92 %) of 3aa as white needle .M.P. 108-109 ©C.

3ac-3cd were synthesized by the method similar to 3aa. Their principle
reaction conditions and analytical data were listed in the table 1 and table 2.
3 dimethyl 4-hydroxy!l-1-(4-nitrophenyl)-4-phenyl-1,3-cyclohexyldicarbo-

xylate (4).

To a solution of 0.55 g (2 mmol ) of 1a in 5 mL of DFM was added 0.55 g
(4 mmol) of anhydrate potassium carbonate and 0.1g (0.44 mmol) of DEBAR.
The solution was stirred 15 minutes at room temperature before 0.52 g (6
mmol ) of methyl acrylates(2a) was added. Then, the solution was stirred at
75°C for 15 hours. It was worked up (vide supra) and subjected to column
chromatography on silica using a mixed solvent of petroleum ether and ethyl
acetate (4:1) as eluent to afford 0.70 g (85 %) of 4 as white needle .M.P. 148-
149 0C.

References
1. Ogura, K. Pure and Appl. Chem. 1987, 59, 1033;
2. Kocienski, P. Phos. Sulfur 198S, 24, 477,



Downloaded by [University of Chicago Library] at 03:28 04 October 2014

1-ARYL-2-(4-NITROPHENYLSULFONYL)ETHANONES

NN v A W

. Ottenheijm, H. C. J. Phos. Sulfur, 1985, 24, 509,
. Xu,C. Y. Liu, G.J. Zhang, Z. Synth. Commun. 1987, 17, 1839,
. Posner, G. H. Stud. Prog. Chem. 1987, 28, 145;

Corey, E. J. and Seebach, D. Angew. Chem. Intern. Ed. Engl. 1965, 4, 1075;

. Yue, G. R. and Zhang Z. Chinese Chem. Lett. 1996, 7(4), 305;

8. Cheng, W. H. Zhang, Z. Xu, X. Q. Gaodeng Xuexiao Huaxue Xuebao, 1995,

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.

16(9), 1410;

Yue, G. R. and Zhang, Z. Synth. Commun. 1996, 26(10), 2003;

Zhang, Z. Liu, G. J. Wang, Y. L. Xu, C. Y. Youji Huaxue, 1990, 10, 422;
Britteen-Kelly, M. R. and Willis, B. J. J. Org. Chem. 1981, 46, 5027,
Sanches, 1. H. and Aguilar, M. A. Synthesis, 1981, 55;

Truitt, P. etal. J. Am. Chem. Soc., 1949, 71.3512,

Borchardt, A. etal. J. Chem. Soc. Perkin Trans. 11, 1990,845;

Etouv, S. H. etal. J. Indian. Chem. Soc. 1983, 60, 137,

Bazavova, I. M. Neplyuev, V. M. Ukr. Khim. Zh. 1983, 49(7), 758,
Shingare, M. S. Siddiqui, H. B. Indian. J. Chem. Sect. B.1984, 28B, 154,
Inomata, K. etal. Bull. Chem. Soc. Jpn. 1987, 60, 1767,

Xu, X. Q. Zhou, W. Q. Zhang, Z. Nanjing Daxue Xuebao, Ziran Kexue
1991, 27, 483,

(Received in the USA 07 November 1996)

1463





