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lyl Chloride Assisted Conjugate Addition-Elimination of
Organocopper Reagents to 2-Bis(methylthio)nitroethylene: An Efficient and
Highly Stereoselective Synthesis of 2-Methylthio-2-alkyl/aryl-1-nitroethylenes

a r Synthesis of Nitroheterocycies
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Abstract: An efficient method for the synthesis of novel 2-methylthio-2-alkyl/aryl-1-nitroethylenes 2
has been developed via conjugate addition-elimination of organocopper reagents to nitroketene
dithioacetal 1 in the presence of TMSCI. The product nitroethylenes 2 have been further utilized for the
synthesis of substituted 3-nitro-2-alkyl/arylpyrroles § by their reaction with aminoacetaldehyde
dimethylacetal followed by acid catalyzed cyclization in ethereal HCI. The reaction of 2 with propargyl
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Introduction

corresponding nitroalkanes in excellent y:elds.z Additions ef nonstabilized organometallics generally derived
from Li, Mg, Zn, Al and Cu have also been examined although their reactions with nitroclefins are invariably
accompanied with undesirable polymerization and redox prscesses %3 The nitroolefins with leaving groups in
the B—position such as dialkylamino, alkylthio or phenylsulfonyl group follow addition-elimination sequence,
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when reacted with amines, enonates RMgX and RLi nucieophiles to afford the corresponding B—substituted
nitroolefins in varying yields.* We have recently reported the conjugate addition of organocopper reagents to
a-oxoketene S.S-° and O,S-acetals® and observed that the addition-elimination sequence foliows highly
stereoselective pathway to afford high yields of B-substituted-f-alkylthio (or alkoxy) enones with Z
configuration. We further became interested in extending these additon-elimination reactions of organocopper
reagents to 2-bis(methylthio)nitroethylene 1 with a view to develop a new general synthetic route for 2-
alkyl/aryl-2-alkylthionitroethylenes 2, a class of potentially versatile yet unexplored synthetic intermediates
which only appeared in the literature for the first time in 1984.7 These nitroethylenes are of further synthetic
value as they would undergo another addition-elimination sequence with various O-, N- and carbon
nucleophiles. The synthetic application of these compounds has not been explored although the corresponding
B-phenylsulfonyl nitroalkenes are shown to be useful nitroacetylene equivalents in Diels-Alder cycloaddition
reactions especially for the synthesis of nitroaromatic compounds.® Much of these studies are limited to only a
few systems apparently due to the lack of suitable methods for their synthesis. The only method described in
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the literature”® constitutes a multistep tedious process involving preparation of o-nitroketones, their
conversion to diphenyl/ethylthioketals followed by Lewis acid / base [AICL, KF, Hg(IDtrifluoroacetate /
LiyCOs] assisted or oxidative (MCPBA) elimination of one of the ethyl/phenyithio groups to afford a
stereoisomeric mixture of the corresponding 2-phenyl/ethylthio-1-nitroalkenes in moderate to good yields.

It is therefore important that a more convenient general method for the synthesis of this class of
nitroalkenes would catalyze further studies, particularly on the synthetic application of these intermediates.
We have therefore examined the reaction of organocopper reagents with nitroketene S,S- acetal 1° and
observed that the reaction proved to afford hitherto unknown B-methylthio-B-alkyl/arylnitroethylenes in highly
stereoselective manner involving the expected addition-elimination sequence. The intermediates thus obtained
have been shown to be useful precursors for the synthesis of 3-nitro-2-alkylarylpyrroles and a few 3-
nitrofurans in good yields. These results are described in this paper.

Results and Discussion
A. Synthesis of B-Methylthio-B-aryl/alkylnitroethylenes (2a-j)

Knochel and coworkers have recently reoorted a useful preparative route for polyfunctionalized

nitroolefins bv additio nometallic reagents tc R-mefhvlthm-ﬂ-nhenvl ulfonvl

tion-elimination of copper-zinc organometallic reagents to B-methylthi phenylsulfon
rr o (=3 e 7
nitroolefing. The y have also ...poded the reaction of 2-bzs(me..hy!thxe).-itme-thyl ne 1 with copper-zinc .eage.nt
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and formed only the polymeric mixtures. However when 1 was reacted with ethylmagnesium iodide, cuprous
VL TN TS T TR IS DI [ SV RPN SR SRS SUSIPU . 1. 7 o IS Ry, Sy . P SRR . WU | an
iodide in the presence OI Inmemyls 1yl CHIOriae in eiranyaromuran at -/o6 L, e redciion nixture after work up

yieided the corresponding f-ethyi-B-methyithionitroethyiene Za in 61% yieid (Scheme i ).'° Similarly, the
other higher organocopper reagents were reacted with 1 in the presence of trimethyisilyl chioride to afford the
corresponding B-alkyl-B-methylthionitroethylenes 2b-f in 68-72% overall yields. The reagent apparently
displaced only one methylthio group and no trace of B,B-bisalkylnitroolefins or any polymeric side product
was observed. Interestingly, addition of these trimethylsilyl chloride assisted organocopper reagents to 1 was
found to be highly stereoselective yielding only one stereoisomer in all the systems examined. The stereo
chemistry of a few 2-methylthio-1-nitroalkenes (2a, 2¢c-d) was established by differential NOE experiment and
was found to be of Z configuration. Thus irradiation of olefinic proton at 6 7.23 in 2a displayed n.O.e
enhancement (5.8%) of methylene proton (CH,-CHs, § 2.62), while no intensity enhancement was observed
for olefinic proton signal when SMe proton signal (8 2.41) was irradiated. The reaction was equally facile
with benzyl organocopper reagent under similar reaction conditions to afford the corresponding -
benzylnitroethylene 2g in 71% yield. The other aryl Grignard reagents similarly reacted with 1 under identical
reaction conditions as described to afford the corresponding B-arylnitroethylenes 2h-j in 65-70% overall
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Nitroketene S,S-acetal 1 was earlier reacted with aminoacetaldehyde diethvlacetal 3 to vield the

clization of 2 with Aminoacetaldehyde dimethylacetal

b

nitropyrroles. The direct synthesis of 3-nitropyrroles from pyrrole itself or 2-substituted pyrroles using
alkoxycarbonyl group is shown to be playing both as protecting and directing group. The overall yields of the
pyrrole appears to be a useful alternative for the synthesis of 3-nitropyrrole derivatives. Besides, 3-

afford the corresponding 2-methylthio-3-nitropyrrole in 70% yield.!! Also, a number of heterocyclic N-ylides

comresponding N S-acetal which was shown to undergo ethereal hydrochloric acid assisted cyclization to
have been shown to undergo cyclization with bis(methylthio)nitroethvl

2-AlkyVaryl-3-nitropyrroles (5a-d, 5f-i)
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recognition of double helical DNA.'® We have now developed a facile synthesis of 3-nitro-2-substituted
pyrroles by reacting 2 with aminoacetaldehyde dimethylacetal to yield the corresponding nitroenamines
followed by their cyclization. Thus when 2a was refluxed with aminoacetadehyde dimethylacetal 3 in ethanol,
the reaction mixture after work up yielded the corresponding nitroenamine 4a in 80% yield (Scheme 2).
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The enamine 4a was cyclized in the presence of ethereal hydrochloric acid which after work up yielded the
corresponding 2-ethyl-3-nitropyrrole Sa in 50% yield. The other 2-alkyl (2b-d, 2f), 2-benzyl (2g), 2-aryl (2h-i)
nitroolefins were similarly reacted with aminoacetaldehyde dimethylacetal to yield the corresponding
enamines 4b-d, 4f-i in overall high yields, which were cyclized as described to afford the corresponding 2-
substituted-3-nitropyrroles Sb-d, 5f-i in 51-69% overall yields (Scheme 2) . The structural assignments of the
newly synthesized pyrroles were fully established by their analytical and spectral data.

C. Base Catalyzed Addition of Propargyl Alcohol to 2: Synthesis of 2-Aryl-3-nitro-5-methylfurans 7h-i

Logically, the preceding pyrrole approach was extended to 2-s bsmuted 3-nitrofurans (Scheme 3). Our
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only intractable reaction mixture and our attempts to obtain 3-nitro-2-alkyl-S-methy
conditions were unsuccessful. However when the B-phenylnitroethylene 2h was reacted with propargyl
alcohol in the presence of K2COs in refluxing ethylmethyl ketone, the reaction mixture after work up yielded a
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mixture of two products, of which the expected 2-phenyl-3-nitro-S-methylfuran 7h  was obtained in 46%
yield (Scheme 3) as a second product during column chromatography separation. The first product obtained in
48% yield was characterized as o p-bis(methylthio) styrene (8a) as stereoisomeric E£:Z mixture in 3:2 ratio.
Similarly, 2i reacted with propargyl alcohol to afford the corresponding 3-nitrofuran 7i in 65% yield under the
described conditions. The styrene derivative 8b though observed on TLC (Ry = 0.6, 1% ethylacetate in
hexane) as a minor spot, could not be isolated in pure form (Scheme 3).

The mechanism of the formation of furans 7h-i evidently involves Oxa-claisen rearrangement of the
intermediate vinylpropargyl ether 9 under the thermal conditions to give unstable allenic nitroketone 10 which
undergoes base mediated ring closure to afford nitrofurans 7h-i (Scheme 3). The mechanism governing the
formation of 8 is an interesting example of nucleophilic displacement of NO; by RSH group in nitroolefins.
The methylthiolate anion eliminated during the reaction of 2h-i with propargyl alcohol adds on a-carbon of
nitroethylene 2h-i followed by elimination of nitrate anion on reversal of negative charge. It appears that these
nitroethylenes do behave like push pull ethylenes®™'® with both the carbon atoms displaying electrophilic
properties and the carbon a to the nitro group being softer than the B-carbon atom. This difference in
electrophilicity is of interest and needs further investigation. In order to further ascertain the mechanism and
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course of this unusual formation of 8, the nitroketene S,S acetal 1 was reacted with propargyl alcohol under
similar conditions, when the reaction mixture after work up yielded the expected tris(methylthio)ethylene 12
in 46% yield along with the expected 3-nitrofuran 11 in 51% yield. Similarly, the phenylthiolate anion was
added to cyclic dithioacetal 13 under similar reaction conditions to afford the cyclic tris(thio)ethylene 14 in
78% yield as the sole product.

In summary, we have demonstrated selective and efficient displacement of one of the methylthio
groups of nitroketene dithioacetal 1 by organocopper reagents under mild conditions to afford hitherto
unreported B-alkyl/aryl-B-methylthionitroethylenes in synthetically useful yields. The successes of the reaction
is based on the use of trimethylsilyl chloride as activating reagent. The utility of these newly synthesized B-
methylthionitroethylenes as “C=C-NO;” synthon is demonstrated in facile synthesis of 2-substituted-3-
nitropyrrole derivatives which are not easily available by other synthetic methods. Besides, the base catalyzed
addition rearrangement of propargyl alcohol on B-arylnitroethylenes 2h-i further demonstrates potential utility
of these intermediates for the synthesis of 3-nitro-2-ary1ﬁ1ran derivatives. The formation of

bis(methylthio)styrene 8 in reasonable yield in this reaction suggests alternative reactivity pattern of these B-
methylthionitroalkenes ..h_l ch demands fur -.hcr prvbe to utilize it for the synthesis of poly
alkyl/arylthioethylenes, a class of important donor organic molecules. The work in this direction is under

progress and will be published later.
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on glass plates coated with silica gel (ACME’S) containing 13% calcium sulfate as binder and visualization of
compounds was accomplished by exposure to iodine vapour or by spraying potassium permangnate (acidic)
solution. Column chromatography was carried out using ACME’S silica gel (60-120 mesh).

General Procedure for Reaction of Organocopper Reagents with Bis(methylthio)nitroethylene 1:
Synthesis of 1-Alkyl/aryi-1-methylthio-2-nitroethylenes (2a-j)

To a stirred suspension of anhydrous Cul (1.9gm, 10 mmoi) in dry THF (25 mi) under a nitrogen
atmosphere at —78°C, alkyl/aryl Grignard reagent [ 10 mmol, prepared from magnesium (0.96 gm, 40 mmol)
and alkyl/aryl halide (10 mmol) in 60 ml of Et;O.THF (1:3)] was added dropwise followed by further stirring
for 20 min. A solution of nitroketene dithioacetal 1 (0.8 gm, 5 mmol) and trimethylsilyl chloride (0.6 ml, 50
mmol) in dry THF (15 ml) was added dropwise at -78°C and the reaction mixture was further stirred for 1hr
{monitored by TLC) at the same temperature. It was then poured into satd. NH4Cl solution (100 ml), extracted



with CHCl; (3 x 50 ml), dried (Na,SO,) and evaporated to give viscous residues, which were purified by
column chromatography over silica gel using hexane as eluent to afford pure 2a-j.

2-Methylthio-1-nitrobut-1-ene (2a). Viscous liquid; yield 61%; O3N
IR (CCL): 1276, 1464, 1556 cm™; 'H NMR (300 MHz, CCly): & 1.40 N ))
(t, J=17.5Hz, 3H), 2.41 (s, 3H), 2.62(q, J="7.5 Hz, 2H), 7.23 (s, 1H); H;CS C
MS (m/z, %): 147 (M', 11.6), 101 (M', -NO;, 11.2); Anal. Calcd for \\7:(“:)
CsHyNO,S (147.20): C, 40.80; H, 6.16; N, 9.52%. Found: C, 40.52; H, ~— 0
6.24; N, 9.48%. Fig Important n O e. correlations

2-Methylthio-1-nitropent-1-ene (2b). Viscous liquid; yield 72%; IR (CCL): 1259, 1477, 1557, 1634
cm™; '"H NMR (100 MHz, CDCL/CCL): 8 0.95 (t, J = 7.5 Hz, 3H), 1.56 (sext, J = 7.5 Hz, 2H), 2.31 (s, 3H),
2.39 (1, J= 7.5 Hz, 2H), 7.10 (s, 1H); MS (m/z, %): 161 (M", 23.4); Anal. Caled for CsH;;NO:S (161.22): C,
44.70; H, 6.88; N, 8.69%. Found: C, 44.84; H, 6.77; N, 8.73%.

3-Methyl-2-methylthio-1-nitrobut-1-ene (2c). Yellow viscous liquid; yield 71%,; IR (CCls): 1268,
1476, 1498, 1566 cm™; 'H NMR (300 MHz, CCL): & 1.25 (d,J="7.5 Hz, 6H), 2.47 (s, 3H), 2.90 (sept, J = 7.5
Hz, 1H), 7.23 (s, 1H); MS (m/z, %): 161 (M’, 18.7), 99 (15.1); Anal. Calcd for CsH;NO,S (161.22): C,
44.70; H, 6.88; N, 8.69%. Found: C, 44.88; H, 6.91; N, 8.74%.

2-Methylthio-1-nitrohex-1-ene (2d). Viscous liquid; yield 68%; IR (CCly): 1325, 1429, 1557, 2959

m"; 'H NMR (300 MHz, CDCL): § 0.97 (t, J = 7.2 Hz, 3H), 1.45 (sext, .J = 6.30, 2H), 1.57 (quint, J = 6.9

Hz 7m 2.41 (s, 3H), 2.49 (t, J = 6 Hz, 2H), 7.21 (s, 1H); 1*C NMR (75 MHz, CDCL;): § 13.69, 14

2L, &il,, 5 ) M OARL, Liij, T.La Oy 2Kay, N ANAVAAN (7 AVAR R, NoASNAF ).

31.50, 33.23, 96.07, 130.87, 161.42, MS (m/z, %). 175 (M", 34.7), 81 (100); Anal. Calcd for C/H;3NO,S
F

(175.25). C,47.97, H, 7.48; N, 7.99%. Found: C, 48.13; H, 7.56; N, 7.89%.
3,3 Dimethyl 2-methylthio-1-nitrehut-1-ene {2¢}. Viscous liquid; yield 68%; IR (CClL): 1199, 1308,
-1, 1 ALY . < . na ala e
1392, 1449 cm™;, H NMR (90 MHz, CDCh): 3 0.85 (s, 9H) ), 6.69 (5, 1H); Anal Calced for

(203.31): C, 53.17,H, 8.4 ‘3 N 6.89%. t'ound C,53.28;H 848 N 6.7%%.

2-Methyithio-3-phenyl-1-nitroprop-1-ene (2g). Viscous liquid; yield 71%; IR (CCl,): 1016, 1252,
1374, 1593, 2922 cm™'; '"H NMR (300 MHz, CDCL): & 2.34 (s, 3H), 4.24 (s, 2H), 6.72 (s, 1H), 7.24-7.27 (m,
SH), *C NMR (75 MHz, CDCl;): & 15.29, 38.37, 95.95, 126.98, 127.76, 127.91, 127.99, 128.30, 128.64,
128.77, 129.43, 135.76; MS (m/z, %): 209 (M", 8.8), 161 (82.9), 114 (100); Anal. Calcd for CioH;;0;SN
(209.27): C, 57.40; H, 5.30; N, 6.69%. Found: C, 57.51; H, 5.37; N, 6.73%. .

1-Phenyl-1-methylthio-2-nitroethylene (2h). Yellow viscous liquid; yield 65%; IR (CCly): 1073,
1176, 1268, 1329, 1474 cm™; "H NMR (90 MHz, CCLy): & 1.98 (s, 3H), 7.20 (s, 1H), 7.33-7.67 (m, 5H); MS
(m/z, %): 195 (M, 7.2), 134 (100), Anal. Calcd for CsHsNO.S (195.24): C, 55.37; H, 4.65; N, 7.17%.
Found: C, 55.28;. H, 4.71; N, 7.24%.

1-(4’-Methylphenyl)-1-methylthio-2-nitroethylene (2i). Viscous liquid; yield 70%, IR (CCls): 1267,
1380, 1404, 1505 cm™; "H NMR (90 MHz, CCl,): & 1.85 (s, 3H), 2.35 (s, 3H), 7.18 (s, 1H), 7.22-7.43 (m,



4H);, MS (m/z, %): 209 (M ", 6.2), 182 (9.3), 192 (14.1), 130 (88.4); Anal. Calcd for C1oH;;1NO;S (209.27):
C, 57.40; H, 5.30; N, 6.69%. Found: C, 57.53; H, 5.42; N, 6.61%.

1-(4’-Methoxyphenyl)-1-methylthio-2-nitroethylene (2j). Viscous liquid;, yield 69%, IR (CCl):
1175, 1253, 1603, 2925 cm™'; '"H NMR (90 MHz, CDCl;): § 2.00 (s, 3H), 3.89 (s, 3H), 7.01 (d, /=9 Hz, 2H),
7.25(d, J =9 Hz, 2H), 7.31 (s, 1H); MS (m/z, %). 226 (M", 28.8), 135 (100); Anal. Caicd for C;oH;;NO;S
(225.27): C, 53.32, H, 4.92; N, 6.22%. Found: C, 53.27; H, 5.06; N, 6.28%.

General Procedure for the Reaction of 1-Alkyl/aryl-1-methylthio-2-nitroethylene 2a-d, 2f-i with
Aminoacetaldehyde dimethylacetal 3: Synthesis of Nitroenamines (4a-d, 4f-i)

A solution of aminoacetaldehyde dimethylacetal 3 (1.4 ml, 10 mmol) and 1-alkyl/aryl-1-methylthio-2-
nitroethylene 2a-d, 2f-i (10 mmol) in ethanol (50 ml) was refluxed for 8-12 hr (monitored by TLC). The
solvent was removed under vaccum to give viscous residues, which were dissolved in chloroform (50 ml),
washed thoroughly with water (3 x 50 ml), the combined organic layer was dried (Na;SO,) and evaporated to
give crude products, which on column chromatography over silica gel using hexane-ethyl acetate (94:6) as
eluent gave pure 4a-d, 4f-i.

2-(2’,2’-Dimethoxyethyl)amino-1-nitrobut-1-ene (4a). Thick viscous liquid; yield 80%; IR (CCly):

1013, 1167, 1299, 2922, 3105 cm™; 'H NMR (100 MHz, CDCL): § 1.20 (t, J = 7.5 Hz, 3H), 2.30 (g, /= 7.5

Hz, 2H), 3.41 (s, 6H), 3.50 (dd, J = 7 Hz, 2H), 4.50 (t, J = 7 Hz, 1H), 6.50 (s,1H), 10.10 (brs, 1H);, MS (m/z,

%): 204 (M, 22.7), Anal.Calcd for CgH;6N204 (204.23): C, 47.05; H, 7.90; N, 13.72%. Found: C, 46.93; H,
7.83; N, 13.82%.

2-(2’,2’-Dimethoxyethyl)amino-1-nitropent-1-ene (4b). Thick viscous liquid; yield 78%; IR (CCly):

1095, 1259, 1557, 2854, 2923 cm'l' 'H NMR (100 MHz, CDCh): 6 1.08 (t,.J= 7.5 Hz, 3H), 1.62 (sext, /J=7.5

Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 3.42 (s, 6H), 3.55 (dd, J = 6Hz, 2H), 4.50 (t, J = 6 Hz, 1H), 6.55 (s, 1H),

C
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10.20 (brs, 1H); MS (m/z, %) 218 (M, 7.1), 187 (7.5), 126 (30.3); Anal. Caled for CoHsN,O4 (218.25):

------ e =25 7= 73 SE=Y RF VT 7 722102

49.53; H, 8.31; N, 12.84%. Found: C, 49.66; H, 8.38; N, 12.89%.

2-(2’, 2’-D|meﬂ!9!vg_h yl)amino-3-methyl-1-nitrobut-1-ene (4c): The crude prvd_l__ ct 4¢ was used as
uch for cyclization without further purification to give pyrrole Sc.
2-(2’, 2’-“-mo!ho- vethvl)amino-1-nitrohex-1-ene (4d). Viscous liquid; vield 80%; IR (CCL): 1193
21
1243, 1603, 2960 cm™, 'H NMR (300 MHz, CDChL). 6 0.95(t,/=17.5 3H), 1.42 (sext, J = 6 Hz, 2H), 1.51
fpnint T=AH> 271N 2724+ T=T792H> 271\ T AAR{c A T AT/{Ad T=5AH> 7HY 440+ T=AH-> TN
\\iulllt’d AV .I.].L, Ll.ll, PANF g \L’ vy 1. L 11‘;, Ll.l]’ g7V \D’ Ulll, E® e ¥ \Uu, (v g ~.°T & ‘rll}’ .77 \I., oo AV 3 IALI’
£ 86 e TIN 101285 fhee TEY BONMD /78 M- TICLY S 12 62 729 40 2068 20N 49 A5 20 §5 N2 109 &4
0.00 (8, 1r1), 1U SO (018, 10, U INIVIR { /3 MINZ, CUL13). 0 13.00, £2.4U, 27.00, S5U.GL, 43.27, 33.U3, 1UL.04,
110 £ 151 OF- NAQ £tz O\ AN AT OO 2 OV Angl Folad £ac O LT NN (727 9Q)- 0 1 71- 1T Q £9. N
11U.65, 101.95, MO (IIVZ, 70). 4Us (VI UMIC, 5.5, ANGL, LaIiCa 10T U1or120iN2U4 (£34.406)0 L, 51,71, I1, 6.00; IN,
12.06%. Found: C, 51.84; H, 8.73; N, 12.17%
a2 A TR Al o al _ NN 1 __ a4 % ____ AL V... 1l - | =11 100/ D (Y . 11£9
2-(2°,2’-Dimetnoxyetnyl)amino-1-nitrooci-i-ene (4i). ViSCous lquid; yieid /9%, IR (UCUls): 1102,
PN Py P Al lerwamaam sanA w2 aTy TN, O A AN S T _ £ TT ATTVN 1 A1 ~y s YN 1 M e
1192, 1492, 2910 ecm™, HN (JUU MHz, L,Ubl3) 3 0.90 u, J = 6 Hz, 3H), 1.31-1.37 (m, 6H), 1.52-1.56
 ArEN A (t.J=6H T - - 8 y Tr. 1IT e

102.43, 110 20 161.04; Anal. Calcd tor C12H24N204 (260 33)

H, 9.33; N, 10.81%.
2-<(2’,2’-Dimethoxyethyl)amino-3-phenyl-1-nitroprop-1-ene (4g). Viscous liquid; yield 79%; IR

(CCLs): 1030, 1128, 1215, 1358, 1605, 2937, 3017 cm™; "H NMR (90 MHz, CDCl;): & 3.30 (s, 6H), 3.35 (dd,
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6 Hz, 2H), 3.65 (s, 2H), 4.33 (t, J = 6 Hz, 1H), 6.66 (s, 1H), 7.25-7.55 (m, 5H), 9.68 (brs, 1H); Anal. Calcd
Ci3H1sN204 (266.30): C, 58.63; H, 6.81; N, 10.52%. Found: C, 58.72; H, 6.87; N, 10.61%.

2<2’,2’-Dimethoxyethyl)amino-2-phenyl-1-nitroethene (4h). Viscous liquid; yield 82%; IR (CCly):
1107, 1276, 1651, 2919 cm™; '"H NMR (300 MHz, CDCl;): 8 3.31 (dd, J = 4.2 Hz, 2H), 3.36 (s, 6H), 437 (t,J
= 6 Hz, 1H), 6.49 (s, 1H), 7.27-7.52 (m, 5H), 10.00 (brs. 1H); Anal. Calcd for C12H1sN2O4 (252.27): C, 57.13;
H, 6.39; N, 11.10%. Found: C, 57.21; H, 6.44; N, 11.19%.

2+2’,2’-Dimethoxyethyl)amino-1-(4’-methylphenyl)-1-nitroethene (4i). Light yellow viscous

liquid, yield 90%; IR (CCLy): 1130, 1359, 1457, 1595, 2935 cm™'; 'H NMR (300 MHz, CDCl): § 2.41 (s, 3H),
3.37 (dd, J= 5 Hz, 2H), 3.80 (s, 6H), 4.39 (t,J =5 Hz, 1H), 6.57 (s, 1H), 7.23-7.30 (m, 4H), 10.16 (brs, 1H),
C NMR (75 MHz, CDCL): § 21.41, 46.69, 54.83, 96.08, 102.63, 111.81, 127.85, 128.39, 129.69, 141 22,
160.33; MS (m/z, %): 226 (M, 9.1); Anal Calcd for C;3HisN;04 (266.30): C, 58.63; H, 6.81; N, 10.52%.
Found: C, 58.71; H, 6.73; N, 10.58%.

J=
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General Procedure for the Cyclization of Nitroenamines 4a-d, 4f-i: Synthesis of 2-AlkylVaryl-3-
nitropyrroles (Sa-d, 5f-i)

A solution of enamines 4a-d, 4f-i (3 mmol) in ethereal hydrochloric acid (15 ml) was stirred at 0-5°C
for 1.5-2 hr (monitored by TLC). The reaction mixture was then poured into crushed ice, the ether layer was
separated and the water layer extracted with CHCl (3 x 50 ml). The combined organic extracts were dried
(Na»SO4) and evaporated to give crude pyrroles which were purified by column chromatography over silica
gel using hexane-ethylacetate (98:2) as eluent.

2-Ethyl-3-nitropyrrole (5a). Viscous semisolid; vield 50%; IR (CCly): 1170, 1330, 1573, 2899, 2971

em’!; 'H NMR (300 MHz, CDCh): 8 1.30 (t, J = 7.5 Hz, 3H), 3.08 (q, /= 7.5 Hz, 2H), 6.57 (t, / = 3 Hz, 1H),

6.76 (t, J = 3 Hz, 1H), 8.60 (brs, 1H); MS (m/z, %): 140 (M", 68.5), 123 (100); Anal. Calcd for CsHgN2O;
(140.14): C, 51.42; H, 5.75; N, 19.99%. Found: C, 51.53; H 583; N, 19.87%
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1£79 2071 2077 ~-l. LT W\IAAD 710N AALT. AT Y. RS 1107+ T — T & II- 2L TE feavt T = "7 LI» LN
1770, 4011, L7 /4 LIl , X1 ANIVAIN L1IVUU VXL, LLUUE3). U 1.1V L, J P.J XL, JXR), 1.1 \DUAI., v I LML, Lil),
3.05 (t, J = 7 Hz, 2H), 6.5 (t, J = 3Hz, 1H), 6.75 (t, J = 3Hz, 1H), 8.55 (brs, 1H) 3C NMR (75 MHz,
I~~~ o -~ A ~ - ~ LWV ] L - s ) w Ly 7 NS A & WX '-' e NaVaS'W A ___1 M1 3 O
CDCh) 0 15.8U, £1.40, 4Y.33, 1V0.D/, 112.02; MS (m/Z /0] 124 UVI"' 73. l), f {1UU), Anal. Lalcd 101
C7H;oN2O7 (1 —4_17)1 C, 54.53; ", 6.54; N, i8.1i 54.67; H 49; N, %o

i7%. Found: C, 54.67; H, 6.49; N, 18.21%.
2-(i-Propyi)-3-nitropyrroie (5c). White crystais (hexane-ether), mp 122-123°C; yieid 52%,; iR (KBr):
1169, 1331, 1573, 2871, 2972 em™; "H NMR (100 MHz, CDCL): § 1.30 (d, J = 6 Hz, 6H), 3.80 (sept, J=6
Hz, 1H), 6.50 (t, /= 3 Hz, 1H), 6.68 (t, / = 3Hz, 1H), 8.80 (brs, 1H); B3C NMR (75 MHz, CDCl3): & 20.95,
2629, 106.57, 115.87, 132.38, 141.83; MS (m/z, %): 154 (M, 52.9), 137 (100); Anal. Calcd for C;HyoN; O,
(154.17): C, 54.53, H, 6.54; N, 18.17%. Found: C, 54.65; H, 6.63; N, 18.21%.

2-(n-Butyl)-3-nitropyrrole (5d). White crystals (hexane-ether), mp 98-99°C; yield 69%; IR (KBr):
1128, 1332, 1414, 1574, 2929 em™; 'H NMR (300 MHz, CDCL): § 0.95 (t, J = 7 Hz, 3H), 1.40 (sext, J =
SHz, 2H), 1.66 (m, 2H), 3.04 (t, /=7 Hz, 2H), 6.56 (brs, 1H), 6.75 (brs, 1H), 8.60 (brs, 1H); MS (m/z, %):
168 (M", 100), 151 (93.1); Anal. Calcd for CsH2N;0; (168.19): C, 57.13; H, 7.19; N, 16.65%. Found: C,
57.21; H, 7.21; N, 16.68%.

2-(n-Hexyl)-3-nitropyrrole (5f). White crystals (ether); mp 101-102°C; yield 66%; IR (KBr): 1312,
1465, 1574, 2916 cm™'; "TH NMR (300 MHz, CDCL): § 0.89 (t, J = 7 Hz, 3H), 1.33-1.40 (m, 6H), 1.71 (quint,
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J=17Hz, 2H), 3.04 (t, J = 7.5 Hz, 2H), 6.58 (brs, 1H), 6.72 (brs, 1H), 9.36 (brs, 1H); >C NMR (75 MHz,
CDCly): & 13.93, 22.39, 27.33, 28.03, 28.89, 31.35, 106.22, 115.77, 132.90, 136.89; MS (m/z, %): 196 (M",
36.0), 119 (68.6); Anal. Calcd for CioHisN202 (196.25): C, 61.20; H, 8.22; N, 14.27%. Found: C, 61.31; H,
8.16;N, 1431%. .

2-Benzyl-3-nitropyrrole (5g). Viscous semisolid; yield 57%; IR (CCly): 1106, 1302, 1321, 2839 cm™;
'H NMR (90 MHz, CDCh): & 4.50 (s, 2H), 6.65 (brs, 1H), 6.85 (brs, 1H), 7.35-7.60 (brs, SH);, Anal. Calcd for
C11H16N20; (202.21): C, 65.34; H, 4.98, N, 13.85%. Found: C, 65.41; H, 488, N, 13.91%.

2-Phenyl-3-nitropyrrole (Sh). Pale yellow crystals (hexane-ether), mp 153-154°C; yield 64%; IR
(KBr): 1307, 1423, 1455, 1573, 2972 cm™'; '"H NMR (300 MHz, CDCL/DMSO-ds): 5 6.74 (brs, 1H), 6.91
(brs, 1H), 7.45-7.47 (m, 3H), 7.56-7.60 (m, 2H), 11.8 (brs, 1H); MS m/z, %) 188 (M, 100), 115 (50); Anal.
Caled for C,oHgN;0; (188.19): C, 63.82; H, 4.28; N, 14.88%. Found: C, 63.91; H, 4.31; N, 14.91%.

2-(4’-Methylphenyl)-3-nitropyrrole (5i). Pale yellow crystals (hexane-ethylacetate), mp 159-160°C;
yield 80%; IR (KBr): 1106, 1302, 1321, 2839 cm™; 'H NMR (300 MHz, CDCl): & 2.40 (s, 3H), 6.70 (1, /=3

SEERETEE 7 Al it

Hz, 1H), 6.87 (t, J = 3 Hz, 1H), 7.24-7.26 (m, 2H), 7.44-7.48 (m, 2H), 8.64 (brs, 1H); '>C NMR (75 MHz

114L; RLLDS £V 3L £L14) 3, £Li%7, 0.0 ¥, 2IL), - AYZZ IZ,

CDCh): & 21.42, 107.71, 117.12, 126.84, 127.82, 128.96, 129.23, 129.75, 133.09, 139.62; Anal. Calcd for
11H1gN; 07 (202.21): C, 65.34; H, 4.98; N, 13.85%. Found: C, 65.42; H, 4.88; N, 13.91%.
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1,2-Bis(methyithio)-1-phenylethyiene (8a). (EtOAc/hexane, 1:99, R, = 0.7), viscous liquid; yieid
48%; IR (CCL): 1499, 1437, 1375, 1342 cm™; 'H NMR (90 MHz, CDCls, E:Z, 3:2): § 2.05 (s, 3H, SMe for
E), 2.26 (s, 3H, SMe for Z), 2.30 (s, 3H, SMe for Z), 3.35 (s, 3H, SMe for F), 6.30 (s, 1H, olefinic for Z), 6.41
(s, 1H, olefinic for £), 7.20-8.05 (m, 10H, ArH for £ and Z); Anal Calcd for CyoH1282 (196.33): C, 61.17; H,
6.16% Found: C, 61.44; H, 6.03%.

2-(4-Methylphenyl)-5-methyl-3-nitrofuran (7i). 7i was similarly obtained from B-
phenylnitroethylene 2i and propargyl alcohol under identical reaction conditions (EtOAc/hexane, 1:99, Ry =
0.6). viscous liquid; yield 65%; IR (CCL): 1140, 1346, 1377, 1504, 2922 cm™; "H NMR (300 MHz, CDCl): &
2.26 (s, 3H), 2.39 (s, 3H), 7.19 (s, 1H), 7.25 (d, J = 9 Hz, 2H), 7.66 (d, J = 9 Hz, 2H); °C NMR (75 MHz,
CDCL): 8 957, 21.51, 11859, 125.19, 127.15, 128.53, 128.86, 138.68, 140.83, 153.96, Anal. Calcd for
C12H11NOs (217.22): C, 66.35; H, 5.10; N, 6.45%. Found: C, 66.42; H, 5.19; N, 6.59%.



Reaction of 2-Bis(methyithio)nitroethylene with Propargyl Alcohol: The nitroketene dithioacetal 1
(4.95g, 30 mmol) and propargyi aicohol (2.65 mi, 45 mmol) were reacted with anhydrous K,COs (6.20g, 45
mmol) under identical conditions as described for 2h and propargy! alcohol. Work up of the reaction mixture
as described, afforded 2-methyithio-S-methyl-3-nitrofuran 11 and 2,2,2-tris(methylthio)ethylene 12.

2-Methylthio-5-methyl-3-nitrofuran (11). (EtOAc/hexane, 1:99, Ry = 0.4); pale yellow crystals
(ether), mp 83-84°C; yield 51%; IR (KBr): 1127, 1330, 1398, 1490, 1546, 1932, 2927 cm™; '"H NMR (90
MHz, CDCly): 8 2.30 (brs, 3H), 2.65 (s, 3H), 7.32 (brs,1H); MS (m/z, %): 173 (M, 62.5), 149 (100); Anal.
Calcd for CsH/NQsS (173.19): C, 41.61; H, 4.07; N, 8.09%. Found: C, 41.76; H, 4.18; N, 8.17%.

2,2,1-Tris(methylthio)ethylene (12). (EtOAc/hexane, 1:99, R, = 0.8), viscous liquid; yield 46%; IR
(neat): 796, 1421, 2907 cm™; "H NMR (300 MHz, CDCls): § 2.26 (s, 3H), 2.32 (s, 3H), 2.34 (s, 3H), 6.47 (s,
1H), >C NMR (75 MHz, CDCl): § 16.13, 17.20, 17.64, 96.02, 126.55, 133.94; MS (m/z, %) 166 (M', 100);
Anal. Caled for CsHy0S3 (166.33): C, 36.10; H, 6.06%. Found: C, 36.24; H, 6.11%.

Base Catalyzed Addition of Phenylthiol to 2-(Nitro)methylene-1,3-dithiolane 13: Cyclic
nitroketene dithioacetal 13 (3.26g, 20 mmol) was reacted with phenyithiol (1.02 ml, 10 mmol) in the presence
of K,COs (2.07g, 15 mmol) in refluxing ethylmethyl ketone (30 ml) following similar procedure as described
for reaction of 2h and propargyl alcohol. After work up of the reaction mixture as described yielded 2-
(phenylthio)methylene-1,3-dithiolane 14.

2-(Phenylthio)methylene-1,3-dithiolane (14). (EtOAc/hexane, 1:99, Ry = 0.8); viscous liquid; yield
78%; IR (CCLy): 1237, 1398, 1470 cm™’; '"H NMR (300 MHz, CDCL): § 2.86 (t, /=6 Hz, 2H), 3.16 (t, /= 6
Hz 2H) 7.14-7.31 (m 4H) 7.47 (d, J = 6 Hz, 2H); PC NMR (75 MHz, CDCI3): & 3272, 3742, 12637,

126.44, 127.02, 127.29, 127.78, 128.88, 137.85; Anal Caled for C;gHyoS; (22639): C, 53.05; H, 4.45%,
Found: C, 53.24, H, 4.55%.
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