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Indium(III) Chloride-Catalyzed Conversion of
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Containing a Protected Amino Group!')
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Treatment of {[ (benzyloxy)carbonyl]amino}-substituted sulfones 1 with 2-[ (trimethylsilyl)oxy]furan
(2) in the presence of InCl; as a catalyst at room temperature produced the y-butenolactone derivatives 3
and 4 containing a protected amino group (Scheme 1). The products were formed in high yields (81—
92% ) within 3-10 h favoring the anti-isomer 3.

Introduction. — The y-butenolactone moiety is frequently found in various natural
products [1-3]. Compounds containing this moiety have been known to possess
different important biological properties including anticancer [4-6], antiviral [7],
antibiotic [8], and anti-inflammatory activities [9]. Some of the y-butenolactone
derivatives exhibit pesticidal properties [10][11]. Additionally, y-butenolactones are
versatile precursors for the preparation of bioactive natural products [12-14]. Thus,
the synthesis of these compounds has attracted much attention of organic chemists
[15-22]. Here, we report a simple method for the synthesis of these compounds under
mild reaction conditions.

Results and Discussion. — In continuation of our work [23 —25] on the development
of useful synthetic methodologies by means of a-amido-substituted sulfones (= N-
(sulfonylmethyl)amides), we observed that these compounds, i.e., racemic {{[ (benzyl-
oxy )carbonyl]amino}methyl}-substituted sulfones (=benzyl N-(sulfonylmethyl)carba-
mates) 1, when treated with 2-[ (trimethylsilyl )oxy]furan (2) at room temperature in the
presence of a catalytic amount of InCl;, afforded y-butenolactone derivatives 3 and 4
containing a Cbz-protected amino group (Cbz =PhCH,OCO) (Scheme 1).

Scheme 1
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R = aryl, alkyl; Cbz = PhCH,OCO

1) Part 210 in the series ‘Studies on Novel Synthetic Methodologies’.
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Initially, {[(benzyloxy)carbonyl]amino}-substituted sulfones 1 derived from 4-
chlorobenzaldehyde or butanal were treated with 2-[ (trimethylsilyl)oxy]furan (2) in
the presence of various Lewis acid catalysts (— 3b/4b or 3k/4k, resp.; Table1).
Considering the reaction times and yields, InCl; was found to be the most effective.
Subsequently, InCl; was utilized for the reaction of various {[(benzyloxy)carbonyl]-
amino}-substituted sulfones 1 with 2-[(trimethylsilyl)oxy]|furan (2) (7able2). The
products were racemic y-substituted butenolactone derivatives 3 and 4 having a Cbz-
protected amino group. Both the anti- and syn-isomers 3 and 4, respectively, were
formed but the anti-isomer 3 was the major component. The two isomers could be
separated, and as their yields were good, they can be utilized for further conversions.
The structures of the products were established from their IR, 'H- and *C-NMR, and
ESI-mass spectra and anal. data. The ratio of the two isomers was determined from
'H-NMR spectra and HPLC analysis of the crude products as well as from the yields of
the pure isomers after separation. The configuration of the anti- and syn-isomers was
suggested by comparison of their 'H- and *C-NMR data with those reported earlier for
related compounds [21].

Table 1. Catalytic Activity of Different Catalysts for the Synthesis of y-Butenolactone Derivatives 3b/4b or

3k/dk?)
Products Catalyst Time [h] Yield [%]°)
NHCbz InCl; 5 89
BF,- OEt, 12 59
A\ Sc(OTH), 12 51
N 0 Bi(OTf), 12 45
0o FeCl, 12 59
3b/4b ZrCl, 12 31
vl 12 18
COZHN e InCl, 6 87
BF,- OEt, 12 56
/—)—Qo Sc(OTH), 12 48
Bi(OTY), 12 )
3k/4k FeCl, 12 58
ZiCl, 12 24
v, 12 12

) Reaction conditions: {[(benzyloxy)carbonyl]amino}-substituted sulfone 1 (R=4-CI-C;H, or Pr;
1 mmol), 2-[(trimethylsilyl)oxy]furan (2; 1 mmol), and catalyst (10 mol-%) were stirred at room
temperature. ) Yield after purification.

The racemic {[ (benzyloxy )carbonyl|Jamino}-substituted sulfones 1 can conveniently
be prepared from aldehydes and are generally stable [26]. They were prepared here
from aromatic, heteroaromatic, and aliphatic aldehydes. Aromatic aldehydes contained
both electron-donating and electron-withdrawing groups at the aromatic rings. The
sulfone derivatives prepared from naphthalene-2-carboxaldehyde also underwent the
conversion smoothly (— 3i/4i; Table 2). Different functionalities such as ether,
halogen, and nitrile remained intact during the conversion.
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Table 2. Synthesis of y-Butenolactone Derivatives 3 and 4*)

R Time [h] Products®) Yield [%]°) antilsyn?)
4-Me—CH, 5 3a/4a 91 72:28
4-ClI-C¢H, 5 3b/4b 89 71:29
4-F—C.H, 7 3c/de 89 67:33
4-Pr—C¢H, 4 3d/4d 91 72:28
3,4,5-(MeO);C¢H, 3 3e/de 92 65:35
4-CN-C4H, 10 3f/4f 81 61:39
Furan-2-yl 8 3g/dg 81 64:36
2-Thienyl 7 3h/4h 91 66:34
Naphthalen-2-yl 6 3i/4i 88 67:33
Et 6 3j/4j 87 68:32
Pr 6 3k/4k 87 68:32
Me,CHCH, 6 3141 88 69:31

) Reaction conditions: {[(benzyloxy)carbonyl]amino}-substituted sulfone 1 (1 mmol), 2-[ (trimethylsi-
lyl)oxy]furan (2; 1 mmol), and InCl; (10 mol-% ) were stirred at room temperature. ) The structures of
the products were established from their IR, 'H- and *C-NMR, and ESI-mass spectra and anal. data.
°) Yield after purification. ¢) The ratio of the two isomers was determined by 'H-NMR and HPLC
analysis and from the yields of the pure isomers after separation.

It is known [27][28] that a-amido-substituted sulfones are converted into the
corresponding (protected) N-acyliminium ions on treatment with a Lewis acid. These
iminium ions can easily undergo nucleophilic addition. Thus, 2-[ (trimethylsilyl)oxy]-
furan (2) reacts with the iminium ions derived from {[(benzyloxy)carbonyl]amino}-
substituted sulfones 1 in the presence of InCl; to produce the y-butenolactone
derivatives 3 and 4 (Scheme 2).

Scheme 2
0.
o~ ~OSiMe;
)Nbez InCl; NCbz 2 CbZHN>_{1
-, |

1 3/4
R = aryl, alkyl; Cbz = PhCH,OCO

]

Conclusions. — We developed an efficient method for the synthesis of racemic y-
butenolactone derivatives having a protected amino group by the reaction of
{[ (benzyloxy )carbonyl]amino}-substituted sulfones with 2-[(trimethylsilyl)oxy]furan
in the presence of InCl; as a catalyst at room temperature. The method is simple and
mild and gives high yields of products.
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Experimental Part

General Procedure. Under N,, 2-[ (trimethylsilylJoxy]furan (2; 1.0 mmol) was added dropwise to a
soln. of {[ (benzyloxy )carbonyl|amino}-substituted sulfone 1 (1.0 mmol) and InCl; (10 mol-% ) in CH,Cl,
(5 ml). The mixture was stirred at r.t. (TLC monitoring). After completion, the reaction was quenched
with dist. H,O (5 ml), and the mixture was extracted with AcOEt (3 x 10 ml). The extract was washed
with H,O (2 x 10 ml), dried (Na,SO,), and concentrated and the crude product subjected to column
chromatography (silica gel, 20 — 40% AcOEt/hexane): pure racemic anti- and syn-isomers 3 and 4, resp.
The spectral and analytical data of some representative products are given below.

Phenylmethyl N-{(RS)-[(2SR)-2,5-Dihydro-5-oxofuran-2-yl](4-methylphenyl)methyl}carbamate
(3a (anti)): IR: 3323, 1758, 1710, 1529, 1246. 'H-NMR (200 MHz, CDCl;): 7.38-721 (m, 6 H); 7.14 -
7.03 (m, 4H); 5.89 (dd, J="70, 1.5, 1 H); 5.69 (d, /=70, 1 H); 537-5.33 (m, 1 H); 512-4.99 (m,
3H); 2.29 (s, 3H). BC-NMR (50 MHz, CDCl,): 172.5; 155.7; 153.2; 139.4; 135.4; 133.2; 129.9; 129.0;
128.9;128.7; 126.1; 122.7; 85.0; 67.1; 55.8; 20.6. ESI-MS: 355 ([ M + NH,]*). Anal. calc. for C,,H;(NO,: C
71.22, H 5.64, N 4.15; found: C 71.14, H 5.71, N 4.19.

Phenylmethyl N-{(RS)-[(2RS)-2,5-Dihydro-5-oxofuran-2-yl](4-methylphenyl)methyl}carbamate
(4a (syn)): IR: 3323, 1758, 1710, 1529, 1246. '"H-NMR (200 MHz, CDCl,): 7.35-7.18 (m, 8 H); 7.08 (d,
J=8.0,2H);599 (dd,J=170,2.0,1H);5.51 (d,J=70,1H); 524-520 (m,1 H);5.02 (d,/=8.0,1 H);
5.01 (s, 2 H); 2.31 (s, 3 H). *C-NMR (50 MHz, CDCl;): 173.0; 156.2; 154.5; 138.8; 136.1; 134.9; 129.9;
128.8; 128.7; 128.5; 127.3; 123.0; 85.1; 67.4; 55.4; 21.1. ESI-MS: 355 ([M +NH,]"). Anal. calc. for
C,HyNO,: C 71.22, H 5.64, N 4.15; found: C 71.33, H 5.59, N 4.20.

Phenylmethyl N-{(RS)-[(2SR )-2,5-Dihydro-5-oxofuran-2-yl][4-(1-methylethyl)phenyl]methyl}car-
bamate (3d (anti)): IR: 3332, 1752, 1716, 1516, 1242. '"H-NMR (200 MHz, CDCl;): 7.38-7.25 (m, 6 H);
7.19-7.06 (m,4H); 5.93 (dd, J=70,1.5,1H); 5.61 (d,J=70,1H); 5.41-5.37 (m, 1 H); 5.12-5.00 (m,
3H);2.83-2.81 (m, 1 H); 1.21 (d, /=70, 6 H). *C-NMR (50 MHz, CDCl;): 174.2; 156.0; 153.7; 149.2;
136.0; 135.8; 134.0; 129.1; 129.0; 128.9; 126.1; 123.2; 84.9; 65.4; 55.4; 34.0; 24.1. ESI-MS: 383 ([M +
NH,]"). Anal. calc. for C,,H,;NO,: C 72.33, H 6.30, N 3.84; found: C 72.45, H 6.23, N 3.92.

Phenylmethyl N-{(RS)-[(2RS)-2,5-Dihydro-5-oxofuran-2-yl][4-(1-methylethyl)phenyl]methyl}car-
bamate (4d (syn)): IR: 3332, 1752, 1716, 1516, 1242. 'H-NMR (200 MHz, CDCl;): 7.44-7.20 (m, 8 H);
718 (d,J=8.0,2H);5.98 (dd,J =70,2.0,1 H);5.79 (br.s,1 H);5.24-5.18 (m,1 H); 5.10-5.01 (m, 3 H);
291-2.87 (m,1H); 1.21 (d, /=70, 6 H). BC-NMR (50 MHz, CDCl,): 174.6; 156.2; 154.8; 149.4; 136.1;
136.0; 135.2; 129.5; 129.2; 129.0; 126.6; 123.2; 85.0; 65.2; 55.3; 34.5; 24.2. ESI-MS: 383 ([M +NH,]").
Anal. calc. for C,,H;NO,: C 72.33, H 6.30, N 3.84; found: C 72.26, H 6.24, N 3.78.

Phenylmethyl N-{(RS)-[(2SR)-2,5-Dihydro-5-oxofuran-2-yl](naphthalen-2-yl)methyl}carbamate
(3i (anti)): IR: 3419, 1748, 1693, 1612, 1452, 1271. 'H-NMR (200 MHz, CDCl,): 7.41-720 (m, 7 H);
5.90 (dd, J=170,1.5,1H); 7.33-730 (m, 1 H); 5.02 (s, 2H); 4.85-4.79 (m, 1 H); 2.03-1.99 (m, 1 H);
1.70-1.52 (m,2 H); 0.83 (d, J=7.0,1 H). BC-NMR (50 MHz, CDCl;): 174.6; 158.1; 154.4; 136.1; 128.0;
1275; 1274; 122.2; 85.0; 67.2; 50.0; 40.6; 30.0; 23.1. ESI-MS: 321 ([M +NH,]"). Anal. calc. for
C;H;NO,: C 6733, H 6.93, N 4.62; found: C 67.25, H 6.87, N 4.55.

Phenylmethyl N-{(RS )-[ (2RS )-2,5-Dihydro-5-oxofuran-2-yl] (naphthalen-2-yl)methyljcarbamate (4i
(syn)): IR: 3419, 1748, 1693, 1612, 1452, 1271. 'H-NMR (200 MHz, CDCl,): 7.42-7.20 (m,7 H); 6.14 (dd,
J=170,2.0,1H);5.32-5.29 (m, 1 H); 5.02 (5,2 H); 4.82-4.79 (m, 1 H); 1.99-2.03 (m, 1 H); 1.71-1.52
(m, 2H); 0.82 (d, J=70, 6 H). *C-NMR (50 MHz, CDCl;): 174.8; 159.2; 154.7; 137.4; 129.2; 129.0;
128.8; 124.5; 85.3; 67.0; 51.3; 41.0; 29.9; 23.6. ESI-MS: 321 ([M + NH,]"). Anal. calc. for C;;H, NO,: C
67.33, H 6.93, N 4.62; found: C 67.38, H 7.01, N 4.66.
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