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A Convenient and Regioselective Synthesis of 4,6-Diaryl-
2,3,4,7-tetrahydrooxepin-2-ones’ and 1,4-Diphenyl-2,3,4,7-
tetrahydro-1H-azepin-2-one

Masaru Ishida,* Hajime Muramaru, Shinzi Kato*

Department of Chemistry, Faculiy of Engincering, Gifu University,
Yanagido, Gifu, 501-11, Japan

Reactions of 2-vinyloxiranes and 2-vinylaziridine with dichloroketene
gave the corresponding 2.3,4,7-tetrahydreoxepin-2-ones and 2.3.4.7-
tetrahydroazepin-2-one derivatives, respectively.

Synthesis of lactone derivatives is one of the intensive subjects
of organic chemistry, because of their occurrence in natural
products and synthetic utilities as acylating reagents.® For the
synthesis of &-lactones, the most widely used method is a
Baeyer Villiger oxidation ol the appropriately substituted
cyclohexanones.? ~?

In this paper, we wish to report a convenient and regioselective
synthesis of 4,6-diaryl-2,3,4,7-tetrahydrooxepin-2-ones 1 from
cycloaddition reaction between easily available 2-vinyloxiranes
2%7 and dichloroketene (3)®~!2 and further application for the
synthesis of 2,3.4,7-tetrahydro-1H-azepin-2-one 4.

The ketene 3, in situ generated by dehydrochlorination of
dichloroacetyl chloride, reacted with 2-vinyloxiranes 2 in re-
fluxing benzene to give 3,3-dichloro-2,3,4,7-tetrahydrooxepin-2-
ones 1 without formaticn of 2-yliden-1,3-dioxolanes or y-lac-

tones.!? 13
cl 1
N R _
ar 133 R
Q ™ LA R 3737 Q) ol
A R’ "
R! \ 0
2 benzene ¢is-9 \\ 1

PO AL 4 N\
| [

— Cl cl B
c c1‘§ro Ci To
3 g o R |
Lag ! I 3
& L — |
\:\ b“—\R\Z'
R’ |
trans-5 ) [ -
Y
polymers
1,2 R' R*? 1,2 R! R?
a H Ph d Ph 4-MeOCH,
Ph Ph [ Ph 4-CIC Hy

¢ Ph 4-CH,CeH, £ 4MeOCyHl, Ph

Use of the ketene 3 generated from trichloroacetyl chloride and
zinc'® gave poor results, probably due to ring opening or
polymerization of the oxirane 2a. Use of cther, tetrahydrofuran,
or hexane as a solvent also gave poor results. The reaction of 21
with 3 at 20°C gave higher yield of 1f than that at 80°C. The
reaction may proceed via nucleophilic addition of oxygen atom
of 2 to the carbonyl carbor. of the ketene 3 to form the oxonium
salt 5.[3,3]-Sigmatropic rearrangement of the intermediate c¢is-§
could give the &-lactones 1.'71%
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Instead of the oxiranes 2, use of N-phenyl-2-(2-phenylvinyl)-
aziridine 6'? led to the formation of 3,3-dichloro-1,4-diphenyl-
2,3,4.7-tetrahydro-1 H-azepin-2-onc (4) in 39% yield. Similar
ring expansions of vinylaziridines were reported.!”'®
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Further studies on the reactions of the ketene 3 with 2-
vinyloxiranes 1 and 2-vinylaziridines 6 having other substituents
such as aliphatic groups are now in progress.

Table. 2,3,4,7-Tetrahvdrooxepin-2-ones 1 and -1 H-azepin-2-one 4
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3,3-Dichloro-4-phenyl-2.3,4,7-tetrahydrooxepin-2-one {1a):

To a solution of 2-(2-phenylvinyloxirane® (2a. 0.292 g. 2.0 mmol) and
NEt, (1.01 g, 10 mmol) in anhydrous benzene (30 mL), a solution of
dichloroacetyl chloride (1.47 g, 10 mmol) in anhydrous benzene (20 ml)
is added dropwise within 30 min with refluxing. After refluxing for
additional 60 min, the mixtare is diluted with benzene (50 mL), washed
with H,O (3x100mi.), and dried over anhydrous Na,S0,. After
removal of the solvent, the residue is chromatographed on silica gel
column (cluent: hexane/CH,ClL,. 2:1), to give 0.376 ¢ (73%) of la as
white plates; mp 111-114°C (Et,0/hexane).

3,3-Dichloro-1,4-diphenyl-2.3,4,7-tetrahydro-1H-azepin-2-one (4):

To a solution of N-phenyl-2-(2-phenylvinylaziridine'® (6, 0.221 g.
1.0 mmol) and NEt; (0.202 g, 2.0 mmol) in anhydrous hexane (13 mL),
a solution of dichloroacetyl chloride (0.295 g. 2.0 mmol) in anhydrous
hexane (10 mL) is added dropwise within 30 min with refluxing. After
refluxing for additional 60 min, the solvent is removed, and the residue
is dissolved in CH,Cl, (100 mL). The solution is washed with H,0

HC-NMR MS

Prod- Yield® mp Molecular IR (KBr)* 1H-NMR (CDCl,)?
uet (%) 0 Formula® v(em ") 3. J(Hz) (CDCly)* (20eV)*
3 iz (M%)
la 73 11-114 C,,H,,CLO, 1725 437 (m, 11, CH); 5.03 (ddd, 1H,  58.8. 69.2, 8.7, 1240, 256
0 (Et,0f (257.1) (C=0) J=18 5.0, 16.8. CHH);, 541 1285, 1288, 1296,
0# hexanc) (qd, 1H, /=24, 168, CHH); 1303, 1350, 1623
trace® 5.87 (ddd, 1H, J =24,54,124, (C=0)
o CH=CH); 595 (ddd. tH. J
40 =24, 5.0, 124, CH=CH): 7.34
(S’ R‘H‘ H:«r.:m)
b 7N 118-120 CyyH,,CLO, 1760 456 (ddd, TH, J=1.5, 2.4, 5.8, 589,720,864, 1265, 332
(E1,0/ (3332) (C=0) CH): 5.38 (m, 1H, CHH); 574  127.6, 1285, 1256,
hexanc) (td, 1H. J=24, 163, CHH); 12880, 128.83. 1314,
6.02 (dd, 1H, J=24, 58, CH 1352, 136.5, 131,
=C); 7.3-74 (m, 10H, H,,,,) 162.4 (C=0)
Ie 70 116121 CoH,6ClL0, 1740 2.34 (s. 3H, CHj); 451 (m, TH,  21.1, 58.5, 71.9, 8.5, 346
(Et,0/ (347.2) (C=0) CHj; 5.36 (m, 1H, CHH); 575 1264, 127.8, 1284,
hexane) (ddd, tH, J=22 24 165, 1288, 1294, 1302,
CHH); .01 (dd, 1H, J =22, 0.2, 1321, 1361, 13x8,
CH=C); 71-7.4 (m, 91, H,,,,)  139.1, 162.4 (C=0;
1d 54 112-113 CioH;6CLO; 1745 3.79 (s, 3H. CH;); 4.50 (ddd, 1H,  55.3. 58.2, 72.0, 86.6, 362
(Er,0) (363.2) (C=0) J=1.1.22 62, CH); 535 (dd, 114.0, 126.5. {209,
1H, J=1.1, 16.5, CHH); 575 127.8, 1284, 12X8,
(d, 1H. J =22, 165, CHH); 1316, 1360, 13:2,
6.01 (dd, 1H, J =22, 62, CH 160.0, 162.5 (C =
=CY; 6.8-7.4 (m, 9H, H,,,)
le 58 115-119 Cy5H,5CL0, 1740 4.54 (ddd. 1H, J=1.5. 24, 60, 581,720,801, 12,5, 366
(E1,0/ (367.7) (C=0) CH); $.38 (ddd, 1H, J = 0.6, 1.5, 127.0. 1286, 1259,
hexane) 16.5, CHH);, 573 (td, 1H. J 1317, 133.7. 1349,
= 2.4, 16.5, CHH); 5.98 (m, 1H, 137.0. 1388, 1622
CH=C): 7.3-74 (m, 9H, H_,..,) (C=0)
If 34 143-145 CioH,(CLO, 1750 381 (s.3H, CH;): 4.54 (ddd, 1H,  55.3, 58.8, 72.0, 8c.5, 362
67" (E1OH/ (363.2) (C=0) J=15 22,62, CH) 536 (m, 1142, 1264, 1277,
EtOAc) 1H, CHH): 5.69 (id, TH, J =22, 128.6. 1288 1304,
16.4, CHH); 595 (dd, tH, J 1313, 1354, 1360,
= 22,62, CH=C); 6.9-74 (m, 159.8. 162.5 (C=0:
9H, H,,om)
4 39! 173-177 CsH{sNOCI, 1660 4445 (m, 2H, CHH and CH); 52,5, 589,904, 124.1, 331
3™ (E1OH) (332.2 (C=0) 492 (m, 1H, CHH); 588 (dddd, 1260, 1274. 1283,

* Tsolated yiclds.

" Satsfactory microanalyses obtained: C +0.17, H +0.19.

¢ Recorded by Jasco IR-G.

4 Recorded by Jeol INM GX-270.

¢ Recorded by Hitachi RMU-6M (Cl = 35ClI).

! The ketene 3 was generated from trichloroacetyl chloride and zinc in
the pre?cncc of P(O)Cl; for 4h in Et,0O at 35°C'%; mole ratio 2/3

1H, /=038, 2.0, 48, 12.0, CH
=CH): 595 (dddd, 1H. J =08,
24,506, 120, CH=CH); 7.2. 7.

(m, 10H. H

amm)

1285, 1294, 123,
1305, 136.0. 1457,
153.4 (C=0)

¥ The oxirane 2a was recovered; solvent: Et,O (35 ) mole ratio 2/3

=1:1.1.

Mole ratio: 2/3 = 1:1.1.

g = ®x = -~ =

Solvent: THF (66°C); mole ratio: 2/3 = 1:1.1.
Solvent: hexane (68 °C); mole ratio: 2/3 = 1:1.1.

Reaction was carried out at 20°C.
Solvent: hexane (68 “C); mole ratio: 6/3 = 1: 2.
Solvent: benzene (80°C): mole ratio: 6/3 = 1: 5.
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{3x 100 mL), then dried over anhydrous Na,SO,. After removal of the
selvent, the residue is triturated with E,O (0.5 mL) to give 0.129 g
(39%) of 4 as white powder; mp 173--177°C (EtOH).
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