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SYNTHETIC COMMUNICATIONS, 26(10), 2003-2008 (1996) 

THE REACTION OF l-MTRO-4-(4-MTROPHENYLSZTLFONYL- 
METHk'L)BENZENE WITH a,fWNSATURATED ESTERS 

Yue Gumen* 
Department of Chemistry, Zhangye Teachers' College, 734000, Zhangye, Gansu, P.R.CHINA 

Department of Chemistry, Nan- University, 210093, Nanjing, JiangsU, P.R.CHINA 
sang 

Abstract, Under solid-liquid PTC conditions, treatment of 1 -Ntro-4-c 4r&ophenykuIfmyl- 
methylbenzendl) with a$ -unsaturated esters (2a-h) at 35 -75OC gave tandem addition-rearran- 
gement productsOa-h). While at hgher temperature(7S°C), addition-rzarrangement-addition pro- 
ducts (4a-b) were obtained when acxylates were used. Finally a possible mechanism is proposed. 

Kegwordr; Ad&tion-rearrangemenk Addition-mmqement-addition 1 -Ni*o-4-t4nitro- 
phenykulfonylmethyl)benzene, a$ -Unsaturated esters 

To date ~ many reports have appeared on using sulfur compounds for orgaruc synthesd1-5i . 
s m e  Seebach and Corey@] reported the utilizafion of 1.3 - hthiane for preparation aldehydes and 
ketones. In general, an organic sulfur compound can be used as a synthetic agent accordmg to the 
followmg scheme, whch consists of two processes: (1) formation of a C-C bond between a sulfur 
agent and an organic compound to afford an intermediate and (2) its desullisizafion 
accompanied with creation of a new functional group to produce a desired product. 

A novel type of tandem Michael addition-rearrangement reaction was found when p-Ntrop- 
henykulfonylacetates[q reacted with a,p -unsaturated esters in the system of QCO,/DhlF mBA, 
where the formation of C-C bonds and the elimination of sulfur dioxide proceeded at the same 
time in one pot. But fusing the other iuykulfonylacetates[8J as mchael donors, only normal 
Michael addition was observed. As a new type of reaction, it should be applied widely. On thLS 
consideration, we have continuously investigated the reaction of 1 -nitro-j-i4nitrophenyI- 
sulfonyhethyWenzmd1') with u,p -unsaturated esters(2). The reaction of I-rutr0-4-I 4-mtro- 
phenykulfonvlmethylbenzme, except for the preparati0d91 and physical properties such as 
spectra daW", has not been reported. Alkylation[lll, Knoevenagel reaction[ll and Michael 
a d d i t i ~ n ~ ~ ~ ~  of the other arykdfonylmethylbenzenes and their derivatives have appeared m the 
literature. 

Our studies show that. under solid-hquid PTC conditions. treatment of l-nil~o-4-tdnho- 
phmylsulfonylmethyl)bhy!,benzene with c@-unsaturated esters at 35 -75 OC gave tandm addition-re- 
.arrangement products. (Scheme I )  

* To whom correspondence should be addressed 

2003 

Copyright @ 1996 by Marcel Dekker, Inc. 
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2004 YUE AND ZHANG 

Scheme 1 

1 2a -b 

244a R=CH3 Zb. 4b R=C2HJ 

&heme 2 

W e  at h@er te~nperature(75~C b, tandem a d ~ ~ ~ - r e a r r ~ g ~ e n t - a ~ ~ ~ ~  products. whch 
are ?-(4-mtrophenylethyI)-2-~4-~trophenyl)glutarates. were obtaaed when acrylates were used 
i Scheme 2 )  

Results and Discussion 

1; An addition-rearrangement reaction could easily occur when 1 reacted with qp-unsa- 
turated esters, whch are acryhtes, methacrylates, itaconates and crotonate, at 35-7 OC in the 
system of K2C03/DMFKEBA. Attempts to react with cinnamates failed’ because of stenc 
hindrance effects. Data &om our studiesflable 1) reveal that the rate of acrylates was the fastest, 
followed by methacrylates, itaconates, and then crotonate. 

2; The mechanism of addition-rearrangement reaction had been &scussed for p-ninophenyl- 
sulfonylacetates reactmg with c@- unsaturated esterslq. Normal Michael addition products were 
not obtained in the reactiop of 1 with a# -unsaturated esters (2) under the conditions of GCO, 
,DMF/TEBA, which denotes that the rate of remanganent IS fastzr than addibon 

3; At lugher temperaturetTS°C ) ,  one equiv. of 1 reacted with two quiv. of acrylates (la-b) 
to produce unexpected organic compounds such as 4a , whch has strong f i a r e d  absorption 

‘Monitmd by TLC, the reaction of 1 witb e&yl cinnmate M not +cn p.ocbcc after 60 hcus. 
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a,@UNSATURATED ESTERS 2005 

30 

3b 

3c 

3d 

3e 

3f  

36 

3h 

40 

4b 

(344.35) 

c18H18N206 
(358.38) 

c18H1f1206 
(358.38) 

C19%0%06 
(372.41) 

c20%0"208 

c24%p208 
(416.42) 

(412.54) 

'24%8N2% 
(472.54) 

cl@18N206 
(358.38) 

c21%2N208 
(430.45) 

(4511.5 1) 

5 

4 

5 

5 

6 

7 

8 

10 

1 

1 

TlvMs 1 Physical properllcr and drdpofelemeDtsrg PDaly Ids and MS for produds  
Rod Famula Rcact Yield MP. E l a u a h y d y i i i r  M l Z  
No. WW) Time (96) ( o c )  famd(calcd) (96) (hr C(96) €I(%) N(%) 

93- 5923 4.75 7.94 344(~,0.1).314(0.9~~19S(100). 
94 (s9.29) (4.69) @.14) 163(29.7).150(9.0),136(11.6). 

9s 

94 

92 

90 

91 

90 

90 

85 

93 

90 

75- 60.49 5.31 7.68 
76 (60.32) (5.07) (7.82) 

101- 60.51 5.19 7.68 
102 (60.32) (5.07) (7.82) 

55- 61.07 532 7.30 
56 . (61.21) (5.42) (7.52) 

108- 57.69 5.10 6.61 
109 (57.68) (4.85) (6.73) 

90- 61.21 6.26 5.83 
99 (61.00) (5.98) (5.93) 

90- 61.08 6.12 5.81 
91 (61.00) (5.98) (S.93) 

106- 60.35 5.30 7.71 
107 (60.32) (5.07) (7.82) 

138- 58.42 5.32 6.39 
139 (58.59) (3.16) (6.51) 

101- 60.25 5.98 5.98 
102 (60.25) ( 5 . 7 3 )  (6.11) 

106(11.6) 
358(~,0.3),328(1.5),285(6.8).239 
(6.6),209(100),181(100).163~18.5), 
150(13.3).136(36.2)J06(25.3) 
342(0.5).3 28(0.6).299(3.2).269 
(1.2).233( 1.5),209( 100).177(32.3). 
163(6.0).150(23.0).136(27.5),106 

35q0.6)l4z(0.8).299(5.2),270 
(21.7),223(1Oa).195(36.3),177 
(16.4).163( 7.6),150(41.8),136 
(38.3).106(17.5). 
J85(0.S),267( 16.4).235(100).u)7 
(48.7),150(3.3),136(10.1).106~4.0~. 

371(7.2U23(9.7).263(12.5)321 
(60.0),15o(21.1~.136(14.6),106 

472~.0.1),412(0.7),413(1.4).371 
(5.8),343(S.8).323( 15.1),263(61.5), 
221 (1 0O)J 93( 354). lJO(5.5 1,136 
(18.2).106(12.8). 
3S8(hf+,O. l).j42(0.3),32sc0.6)~99 
(1.8),196(10.7),195( loO),160(43.3) 
150(4.1),136(29.9).106(U.2). 
430(M+,O.2).415(0.2)~4Oo(6.1 L399 
(1.5),398(2.2),3 71(14.7),370(9.0). 
341(5.7),3 11(6.8).281(100)249 
(56.2),221(26.7).150(42.3),136 
(3.0).106(4.5 1. 
458(hft,l.O).442(2. 1).428(7.1).413 
(12.3),385(90.4),367(23.9),355 
(14.6),j39(~.2,,336(54.9).3 11 
(%.6).309( 100).263(84.0).235 
(63.31206t 72.8L15CK19.01.136 

(15.1). 

(15.0). 

bands (in KBr pellet ) at 1735, 1720cm-' characterized to two carbonyl groups and at 151 1, 
1343cm for two Ntra groups. The I HNMR (in CDC13) sptxtra of 4a recorded on an AM 500 
WNMR spectrometer has shown four symmetric doublets at 8.30, 8.20, 7.53, 7.37ppm 
characterized to two para-disubstituted phenyl groups. two smglets at 3.83. 3.73ppm for two 
methoxy groups and one multple band at 2.70-2.03ppm (8H) for two ethene groups (figure I).  
The stablest hgment in MS spectra (El) of l a  is 281(M+-p-02NC6H4CH=CH2, 100). We assert 
that the structures of 4 are as fo~ows: 
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2006 YUE AND ZHANG 

.-fi& 
-0 2 . 5  2 . 0  1 . 5  1 . 1  . 5  1 . 0  

Figure 1 

3, -b 

Scheme3 
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a,PUNSATURATED ESTERS 2007 

Table 2 Data of IR, lHNMR for products 
Prod nuan-') 'HNm' 6 @pm) 

No. c-0 NO, 
3a 

3b 

3c 

3d 

3t 

3f 

36 

3h 

4a 

4b 

~ 

1722 1S16 
1346 

1738 1519 
1347 

1724 1516 
1347 

1728 1S24 
1349 

1746 1519 
1729 1346 

1732 1519 
1720 1346 

1736 1517 
1720 1344 

1733 l J l8  
1348 

1735 1511 
1720 1343 
1734 1516 
1719 1344 

8.23(W.dAr-H,JE8.8Hz),8.16(W.dAfH,JE8.JHz),7.48(W,4Ar-KJ-8.8Hz), 7.34(2H, 
d Ar-H, J-8.5&), 3.70(3H, & OCH& 3.68(1K k Ar-CH. J-8.0Hz). 2.97-2.p0(4H. Q 

W+). 
8.40(2K. d Ar-H, J+.8Kr). 8 . 2 q W  d Ar-R M.SHz), 7.JU2H. d Ar-I€ J4.8fi). 7.40(2H, 
4 APH, W.JHZ), 4.20(2H, 0 OCH,, &7.0Hz), 3.66(lH, f Ar-CH, J-8.OHZ). 2.97-2.00(4H, 
IO, CH&€$), 1.34(39 f CHq,  &7.0&1, 
8.28(2K 4 Ar-H, J-8.m). 8.18(2H. 4 &-I% J4.SHrh 7.56(2H, d, AFH, J-8.8Hz). 7.37(W 
d Ar-I€ J4.JHZ). 3.76(3H, S, OCH?), 2.83-2.03(48 UI, CWC&), 1.76(3H, 8. CCH?). 
8.17(W 4 Ar-H, J-(1.8Hz), 8.07(2H, 4 Ar-H, J*.SHr), 7.JO(W d, Ar-H, J98.8HS). 7.27(2H, 
d Ar-H J+.5Hr), 4.16(21L q, OCH,. J=7.0Hz), 2.80-200(4H, m, CI€$H,), 1.63(3H, 9. Ar- 
C-CHq), 1.19(3H, t, OCclI,, J-7.OHz) 

d, Ar-H, J-8.SHZ), 3.70(34 I, OCHq), 3.J9(3H, 9. OWq), 3.16(W m. COC€L,), 2.S0(4H, m, 

8.22(W d Ar-I€ Jp%.8Hz), 8.07(2K d Ar-H, M.SHz), 7.5qZH. d Ar-R J~8.8Hz). 7.26(= 

a,%). 
8.2qW. d Ar-R J4.m). 8.07(2H, d, Ar-H, J=8. JHZ), 7.J0(W, d, Ar-H, J4.8HZ). 7.2q7.H. 
d k-H,  J+.SHz), 5.WW m 2xocH ), 3 . W W  w -1. 2.48(4H, w qCIE?), 
l.l6(121L m, 4 X c - q )  
8.23(2€!, 4 Ar-H, Jq.8HZ). 8.09(2H, d Ar-H JE8.SIZ). 7.S2(W d Ar-I€ J-8.8Hz). 7.30(2H 
d Ar-H, JI(I.SHz). 4.00(4H, f 2XOCH9. Jl'l.OHZ), 3.13(W, m. C q ) .  2.50(4H, I% 

C H p b A r ) ,  1.60(4K m. O C - C W ,  0.83(64 m. 2X%) 
8.22(2H, 4 Ar-H, J=8.8Hr), 8.07(W, 4 Ar-H, J4.SHz).  7.S3(W. d, Ar-I€ J=8.8&), 7.13(W. 
d Ar-H, &8.SHz), 3.60(335 I, OCHq), 3.42(1H 4 h-CK J+.JHz), 2.66-2.00(3& 
CHW), 0.83(3H, d, C c H q ,  Jp6.OHz). 
8 .3qW 4 Ar-H, JL8.8&). 8.20(W d AfH, J-8.5Hz). 7.53(W d, Ar-R J-8.8Hz). 7.37(= 
d Ar-H, J=~.S€IZ), 3.83(3H, 4 OC33?), 3.73(3H, S, OCH?), 2.70-2.03(8€& IU, 2XC!H&&)  
8.28(2& d, Ar-H, J-8.m). 8.16(2R 4 Ar-H, J?).SHz). 7.J6(2K d Ar-H, J-8.8=), 7.37(2H, 
d, Ar-I€ J4.SHZ). 4.3?(2H, q, OC?$. J-7.OHZ). 4.20(2H. 4. OCH,, J=7.0&), 2.83-208(8H, 
m, 2 X q W  ), l.lq3H. f 0 - C - m .  &7.0&). 1.06(3H, 1. O-C-CHq. Jc7.OHr) 

Amixluc of CDCI, md CCI, wo wed as the d v a d  

?he results of elemental anaysiS of l a  were C; 58.42, H;, 5.32, N; 6.39, which are in 

On the basis of experimental results, a possible mechanism via addition, rearrangemenf and 
agreement with the calculated values C; 58.59, H, 5.16, N, 6.51. 

then addition is proposed (scheme 3). 

All reagents were of reagent grade and used without fhther purification An meltmg pomts 
areuncorrectedandmeasuredwith a Yancco MP-500 apparatus. Elemental analysis were 
performed using a Perh-Elmer 24OC instrument. IR spectra were recorded on a NicOlet ET-IR 
170SX spectrometer, HNMR spectra on a JEOL PMX 60 SI spectrometer and an Am 400 
IHNh4R spect~ometer where using Th4S as an internal standard ~ and Mass spectra on a ZAB-HS 
spectrometer. 
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2008 YUE AND ZHANG 

1; I-Ni~o-6(4-nitrophenyIsulfonylmethyl)benz (1) was prepared by the method 
described m the literaturd''l. 

1.1% (4 mmol of l-nitro-4-(4nitwphenylthiomethyl)benze 1 was dissolved in 10 ml of 
glacial acetic acid at 55%. 1.85g(4 mmo9 of sodium perborate tetrahydrate was added in porbons 
at 70 OC over a period of 1 hour . The mixture was continuously stirred for 5 hours. The solvent 
was removed under reduced pressure. The residue was treated with water. The precipitated 
product was collected washed with water and recrystallized fiom glad acetic acid to M e  1.16g 
[,91?6) ofanalyhcal sample of 1 . M.P. 197 -198 OC. fLitJ9J M.P.195 OC j. IR (in K B r  pellet): 

(2H,44r-H, J=8.8Hz), 8.OOC;2H,d&-H,J=8.5Hz), 7.53(2H,d, Ar-H,J=8.5Hz), 4.82 (2Hls,CH,lppm. 
2: Methyl 2-methyl-2,4bisc6~~oph~y~1butanate(3) 
To a solution of 0.64 g (2 mmol 1 of 1 in 5 ml of DMF was added 0.55 g (4 mmol 1 of 

anhydrate potassium carbonate and 0.lg (0.44 mmol') of TEBA. The solution was stirred 15 
minutes at room temperature before 0.61~6mmol) of methyl methacrylates(2c) was added. The 
reaction progress was monitored by thin layer chromatogmphyCnC'). M e r  stmed at 75OC for 5 
hours, the reaction mixture was cooled and poured into cold water. The mixture was added with 
2N hydrochloric acid to PH4.5 and extracted with dichloromethane(3.* 15mll. The combined 
organic phase was dned over anhydrate sodium sulfate and concentrated. The residue was 
chromatographyed on silica. Elution with a mixed solvent of petroleum ether and ethyl acetate 
t6:l') aEorded 0.67g(927Of of3c as a pale yellow needle .M.P. 101-102°C. 

3a-b,Jd-h and la-b were synthesized by the method s i m h  to 3c. Their principle reaction 
con&tions and analyhcal data were listed in the table land table 2.  

1526, 1343 (NO,), 1301, 1152 (S02)rm-', ' HNMRf,CD3COCD& 8.47(2H,d&-H,J=8.8HdZ), 8.16 

Referems 
1. Ogura, K. Pure andAppl. Chem. 1987, S9, 1033; 
2. Kociensla, P. Phosphrous Sulfir 1985,24. 477; 
3. Ottenheijm, H. C. J. Phosphrous Sulfir 1985.24, -509. 
4. Xu, C. Y. Liu, G. J .  Zhang, Z. Synth. C o m n .  1987,17,1830; 
5. Posner, G. H. Smd. Prog. Chem. 1987.28. 145; 
6. Corey, E. J. and Seebach, D. Angew. Chem. Intern. Ed. Engl. 1965,4,1075: 
7. Cheng>W.H. Zhang, 2. Xu, X. Q. GmdengX.uexiaoHuanreXuebao 1995,16(9j,1410; 
8. Zhang, 2. Liu, G. J. Xu, C. Y. H y  L. B. Ymji Huame 199O, lO,  422; 
9. Waldron W. R. and Reid, E. E. J.  Am. Chem. SOC. 1923,45.23!W; 
10. Leandri G. Mangini A. Passerini R. J. Chem. SOC. 1957,1386; 
11. Prousek, J. Collect. Czech. Chem. Commun. 1988,53,851; 
12. MakosqM. andTyma,A. Synth. Commun. 1986,16,419; 
13. Sanchez, 1. H. and Agtular, M. A. Synthesis 1981,55; 
14. Xu, X. Q. Zhoy W. Q. Z h q ,  Z. Naqjing DanreXuebao, Ziran Keme 1991,27.483: 

(Received in the USA 11/11/95) 
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