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(n-Butylsulfinyl)benzene (11)5 [Kugelrohr oven tempera-
ture 100105 °C (4 X 102 Torr)] and 1,1’-sulfinylbishenzene
(13),1” mp 70-71 °C (hexane), had spectral data (‘H NMR and
MS) which are consistent with their structure.

(n-Pentylsulfinyl)benzene (12)!¢ [Kugelrohr oven temper-
ature 105-110 °C (6 X 1072 Torr)]: 'H NMR 6 7.65-7.43 (m, 5
H), 2.81-2.78 (m, 2 H), 1.79-1.24 (m, 6 H), 0.90-0.82 (m, 3 H);
MS (70 eV) m/e (relative intensity) 196 (M*, 1), 179 (35), 126
(100), 110 (20), 78 (46). Anal. Caled for C,;H,408: C, 67.30; H,
8.22; 8, 16.33. Found: C, 67.02; H, 8.11; S, 16.16.

Acetylene Analysis. In the reaction between phenyl-
magnesium bromide and (Z)-2, the outlet of the reaction flask
was connected to a 5-mL bulb, equipped with an inlet and an
outlet, and cooled with liquid N,. N, was flushed during the
reaction time and after the quenching. A white crystalline solid
was formed in the bulb. The bulb’s inlet was then stoppered and
most of the N, was removed at the same temperature by a vacuum
pump connected to the outlet. The bulb was allowed to reach
room temperature and the evolved gas was analyzed by mass
spectrometry. Acetylene (M*, 26) was found.

In another experiment, starting from 2 mmol of halovinyl
sulfoxide, the reaction flask was flushed with N,, and the gas was
bubbled into cold diethyl ether (-80 °C). A cold methanolic
solution of K,Hgl, (prepared by adding 5 g of Hgl, to 25 mL of
a 20% solution of KI in CH;OH?) was added to the ethereal

solution of acetylene, followed by 6 mL of a 0.5 N solution of
NaOH. Titration of NaOH excess with 0.1 N H,SO, gave the
amount of acetylene trapped in diethyl ether (85% of the amount
of the starting sulfoxide).
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1,4-Diphenyl- and 1,4-bis(4-chlorophenyl)-1,4-butanediones (3 and 4), as well as 1-phenyl-, 1-(4-chlorophenyl)-,
and 1-(4-methoxyphenyl)-1,4-pentanediones (7-9) react with bis(tributyltin), bis(tricyclohexyltin), and/or bis-
(triphenyltin) sulfide in the presence of boron trichloride to give, 2,5-diaryl- or 5-methyl-2-arylthiophenes.
1,8-Diphenyl-1,7-octadiyne-3,6-dione (10) and 1-phenyl-1,7-nonadiyne-3,6-dione (11), which were prepared in
nine steps from 1,4-butanediol, react with the thionation reagents to give 2,5-bis(2-phenylethynyl)thiophene (20g)
and 2-(2-phenylethynyl)-5-(1-propynyl)thiophene (20f), respectively.

1,4-Dicarbonyl compounds are useful synthetic inter-
mediates, particularly in the synthesis of natural products.
This report describes a nine-step procedure for the con-
trolled and versatile synthesis of less readily available
unsymmetrical alkynyl 1,4-diketones. Owing to the in-
terest in the disulfide/dithione valence isomerization and
in the synthesis of the potent antiviral natural products
Thiarubrines A and B (1 and 2) and their derivatives,!™
CH;—CEC@CEC—CEC—CH=CH2
5—S
1

CH;—CEC—-CEC—<—\>— C=C—CH=CH,
—$

2

(1) Freeman, F; Kim, D. S. H. L.; Rodriguez, E. Sulfur Rep. 1989, 9,
7

207.
(2) Freeman, F. Heterocycles 1990, 31, 701.

0022-3263/92/1957-1722$03.00/0

we decided to attempt to develop mild experimental pro-
cedures for the difficult conversion of 1,4-diketones to the
corresponding 1,4-dithiones*3%2 which could be cyclized

(3) Rodriguez, E.; Aregullin, T.; Nishida, T.; Uehara, S.; Wrangham,
R. W.; Abramowski, Z.; Finlayson, A. J.; Towers, G. H. N. Experientia
1985, 41, 419.

(4) Freeman, F.; Kim, D. 8. H. L.; Rodriguez, E. Unpublished data.

(5) Freeman, F.; Kim, D. 8. H. L. Unpublished data.

(6) Freeman, F.; Kim, D. S. H. L.; Po, S. M,; Vlad, E. Unpublished

ata.

(7) Norton, R. A.; Rodriguez, E. Unpublished data.

(8) (a) Hambrecht, J.; Straub, H. Tetrahedron Lett. 1976, 1079. (b)
Hambrecht, J.; Miiller, E. Liebigs Ann. Chem. 1977, 387.

(9) (a) Merrill, B. A.; LeGoff, E. J. Org. Chem. 1990, 55, 2904. (b)
Yamaguchi, M.; Waseda, T.; Hirao, I. Chem. Lett. 1983, 35.

(10) Stetter, H.; Hilboll, G.; Khulmann, H. Chem. Ber. 1979, 112, 84.

(11) Stetter, H.; Bender, H. Chem. Ber. 1981, 114, 1226.

(12) (a) Sato, T.; Okazaki, H.; Otera, J.; Nozaki, H. J. Am. Chem. Soc.
1988, 110, 5209. (b) Sato, T.; Inoue, M.; Kobara, S.; Otera, J.; Nozaki,
H. Tetrahedron Lett. 1989, 30, 91. (c) Vatele, J.-M. Tetrahedron Lett.
1984, 25, 5997. (d) Baciocchi, E.; Civitarese, G.; Ruzziconi, R. Tetrahe-
dron Lett. 1987, 28, 5357. (e) Corey, E. J.; Ghosh, A. K. Tetrahedron
Lett. 1987, 28, 175. (f) Moriarty, R. M.; Prakash, O.; Duncan, M. P. J.
Chem. Soc., Chem. Commun. 1985, 420.
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Scheme I
‘ DMSO/(COCh),/
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to 1,2-dithiins.2. However, as described below, attempted
thionation of the 1,4-diketones gave thiophenes rather than
the 1,2-dithiins.

1,4-Diphenyl- and 1,4-bis(4-chlorophenyl)-1,4-butane-
dione (3 and 4)8162223 were prepared via the Stetter’s
thiazolium-catalyzed addition of benzaldehyde and of
4-chlorobenzaldehyde to divinyl sulfone.!%!! Under similar

(13) Miyashita, M.; Awen, B. Z. E.; Yoshikoshi, A. Synthesis 1990, 563.

(14) (a) Aoki, S.; Fujimura, T.; Nakamura, E.; Kuwajima, I. Tetrahe-
dron Lett. 1989, 30, 6541 and references cited therein. (b) Aoki, S.;
Nakamura, E. SYNLETT 1990, 741.

(15) Steliou, K.; Mrani, M. J. Am. Chem. Soc. 1982, 104, 3104.

(16) Shridhar, D. R.; Jogibhukta, M.; Rao, J. P.; Handa, V. K. Syn-
thesis 1982, 1061.

(17) Campaigne, E. Sulfur Rep. 1990, 10, 49.

(18) Campaigne, E.; Foye, W. O. J. Org. Chem. 1952, 17, 1405.

(19) (a) Paal, C. Ber. Dtsch. Chem. Ges. 1885, 18, 367. (b) Kues, W.;
Paal, C. Ber. Dtsch. Chem. Ges. 1886, 19, 314.

(20) (a) Lawesson, S.-O. et al. Bull. Soc. Chim. Belg. 1978, 87, 229, 293,
299. (b) Pedersen, B. S.; Scheibye, S.; Nilsson, N. H.; Lawesson, S.-O.
Bull. Soc. Chim. Belg. 1978, 87, 223. (c) Schiebye, S.; Kristensen, J.;
Lawesson, S.-0. Tetrahedron 1979, 35, 1339. (d) Shabana, R.; Scheibye,
S.; Clausen, K.; Olesen, S. O.; Lawesson, S.-O. Nouv. J. Chim. 1980, 4,
47. (e) Nakayama, J.; Konishi, T.; Hoshino, M. Heterocycles 1988, 27,
1731. (f) Scheeren, J. W.; Ooms, P. H. J.; Nivard, R. J. F. Synthesis 1973,
149. (g) Kagan, J. Fortschritte/Progress in the Chemistry of Organic
Natural Products; Herz, W., Grisebach, H., Kirby, G. W., Tamm, Ch.,
Eds.; Springer-Verlag: New York, 1991; Vol. 56, p 87.

(21) Thiarubrine A (1) and Thiarubrine B (2) are found in the young
leaves of Aspilia mossambicesis and Aspilia plurisetta.!”®

(22) Stetter, H.; Schmitz, P. H.; Schreckenberg, M. Chem. Ber. 1977,
110, 1971,

(23) Takahashi, K.; Matsuzaki, M.; Ogura, K.; lida, H. J. Org. Chem.
1983, 48, 1909.

192 R = GgHs
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DMSO/(COC1),/
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8} o)

10 R=CgHs
11 R=CH,

experimental conditions, 4-nitrobenzaldehyde afforded
diethoxy(4-nitrophenyl)methane (5)%#25 and (2-ethoxy-
ethyl)[3-0x0-3-(4-nitrophenyl)propyl] sulfone (6).

CI)CQHS
Ar—C—H
Ar—-<j.>—-Ar |
[0} OG,Hs
3 Ar = CgHs § Ar = 4-OoNCgHy
4 Ar = 4 CchH4

] Il
CHgCH;OCHZCHz-l?-CHZCHz-C-Ar

6 Ar = 4-O;NCgH,4

Diketones 7,22% 8,2” and 9% were prepared via the thi-
azolium-catalyzed addition of the corresponding aromatic
aldehyde to methyl vinyl ketone.2%-3!

Scheme I shows a versatile procedure for the synthesis
of symmetrical and unsymmetrical 1,4-dialkynylic 1,4-

(24) (a) Opfermann, A. C. J. Brit. Patent 706,561 1951; Chem. Abstr.
1955, 49, 9038. (b) Opfermann, A. C. J. U.S. Patent 2,695,318 1951; Chem.
Abstr. 1955, 49, 12530. (c) Zaganiaris, J. N. Chem. Ber. 1938, 71, 2002.

(25) Kreevoy, M. M,; Taft, R. W., Jr. J. Am. Chem. Soc. 1957, 79, 4016.

(26) Helberger, J. H. Liebigs Ann. Chem. 1936, 522, 269.

(27) Stetter, H.; Schreckenberg, M. Chem. Ber. 1974, 107, 2453.

(28) Severin, T.; Konig, D. Chem. Ber. 1974, 107, 1499.

(29) Hinz, W.; Jones, A.; Patel, U.; Karatza, M.-H. Tetrahedron 1986,
42, 3753.

(30) Stetter, H.; Kuhlmann, H. Synthesis 1975, 379.

(31) Stetter, H.; Kuhlmann, H. Tetrahedron Lett. 1974, 4505.
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A:—QCH; CeHsC=C —@—CiCCﬁj

7 Ar=CgHs 10
8 Ar=4-CICgH,
9 Ar=4-CH30CgH4
cgﬂsc-c—g}-—&ccm
11

butanediones from readily available 1,4-butanediol. An
advantage of this diketone synthesis is that structural
modifications are readily introduced at various stages in
the synthesis prior to ring closure. The preparation of
1,8-diphenyl-1,7-octadiyne-3,6-dione (10) and 1-phenyl-
1,7-nonadiyne-3,6-dione (11) was used to demonstrate the
efficacy of the nine-step synthetic sequence.®?

Scheme I shows the general synthesis of 1,4-diketones
10 and 11. 1,4-Butanediol was monoprotected with tert-
butyldiphenylsilyl chloride® to give 4-[(tert-butyldi-
phenylsilyl)oxy]butanol (12, 95%) which was oxidized to
4-[(tert-butyldiphenylsilyl)oxy]lbutanal (13, 98%) with
dimethyl sulfoxide-oxzalyl chloride.®* Pyridinium di-
chromate (PDC)%% also oxidizes alcohol 12 to aldehyde
13 in 78% yield. Aldehyde 13 reacted with lithium phe-
nylacetylide to afford 6-[(tert-butyldiphenylsilyl)oxy]-3-
hydroxy-1-phenylhept-1-yne (14, 99%),%” which was tet-
rahydropyranylated in the presence of pyridinium p-
toluenesulfonate (PPTs)% to give the protected alcohol 15
(98%). Selective deprotection (desilylation)® of compound
15 afforded alcohol 16 (80%)% which was oxidized* to
aldehyde 17 (81%). Treatment of aldehyde 17 with lith-
ium phenylacetylide yielded alcohol 18a (95%) which was
detetrahydropyranylated in the presence of PPTs* to give
1,4-diol 19a (94%). Oxidation of 1,4-diol 19a with dimethyl
sulfoxide-oxaly! chloride® gave 1,4-diketone 10 (80%).*
1,4-Diketone 11 was similarly prepared from 1,4-butanediol
using the appropriate organolithium compounds.?

Attempted thionation of 1,4-diketones 3, 4, 7-10, and
11 with the Steliou reagent gave the corresponding
thiophenes instead of 1,2-dithiins. Although bis(tricyclo-
hexyltin) and bis(triphenyltin) sulfides required refluxing
toluene and bis(tributyltin) sulfide reacted at 22-24 °C,
Table I shows that the excellent yields of thiophenes 20
are essentially independent of the tin sulfide used and of
the substituents on the 1,4-diketones. The exception is
thionation of 1-phenyl-1,7-nonadiyne-3,6-dione (11), which
ultimately leads to thiophene 20f in only 13-28% yields

(32) Medne, K,; Zile, A.; Glazunowa, N. P.; Vereshchagin, N. P. Latv.
PSR Zinat., Akad. Vestis 1969, 137, Chem. Abstr. 1969, 71, 99218.

(33) Hanessian, S.; Lavallee, P. Can. J. Chem. 1975, 53, 2975.

(34) (a) Omura, K.; Swern, D. Tetrahedron 1978, 34, 1651. (b) Man-
cuso, A. J.; Huang, S.-L.; Swern, D. J. Org. Chem. 1978, 43, 2480. (c)
Huang, S.-L.; Omura, K.; Swern, D. Synthesis 1978, 297. (d) Mancuso,
A. J.; Swern, D. Synthesis 1981, 165. (e) Tidwell, T. Synthesis 1990, 857.

(35) Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 399.

(36) Freeman, F. In Organic Synthesis by Oxidation with Metal
Compounds; Mijs, W. J., de Jonge, C. R. H. L, Eds.; Plenum Press: New
York, 1986; Chapter 2.

(37) (a) Reactions with organolithium compounds®™d were more
successful than reactions with the corresponding organomagnesium com-
pounds (Grignard reagents). (b) Stang, P. J.; Dixit, V. Synthesis 1985,
962. (c) Walter, L. A, Organic Syntheses; Wiley: New York, 1955;
Collect. Vol. III, p 757. (d) Neuman, H.; Seebach, D. Tetrahedron Lett.
1976, 4839. (e) Skattebol, L.; Jones, E. R. H.; Whiting, M. C. Organic
Syntheses; Wiley: New York, 1963; Collect. Vol. IV, p 792.

2 (g,?% 2I\/Iiyashit.a, N.; Yoskikoshi, A.; Grieco, P. A. J. Org. Chem. 1977,

(39) Kobayashi, K.; Mutai, K. Chem. Lett. 1983, 1461.

. 530) The PDC oxidation of 1,4-diol 19a gave 1,4-diketone 10 in 23%
yield.

Freeman et al.

(Table I). Although it is not possible to infer the inter-
mediacy of 1,2-dithiins from these experimental results,
this thiophene synthesis from 1,4-diketones employing the
Steliou reagent!® gives higher yields in shorter reaction
times than previously reported thiophene syntheses uti-
lizing the Lawesson reagent in refluxing benzene or toluene
or using tetraphosphorus decasulfide.?16-20

Experimental Section

General. Melting points were determined in open capillary
tubes and are uncorrected. High-resolution mass spectra
(HREIMS) were obtained at 70 eV. Chemical ionization mass
spectra (CIMS, 2-methylpropane) and electron impact mass
spectra (EIMS) were obtained at an ionization potential of 70 or
100 eV. N, was dried by passing it through a column of Drierite
and 5-A molecular sieves. Solvents were dried and purified by
standard procedures. THF was distilled over Na, CH,Cl, was
distilled over CaH,, and both were stored under N,. Analytical
TLC was performed on Analtech Uniplate 10- X 20-cm (0.25-mm)
silica gel GF prescored glass plates which were developed in a
solvent mixture of 1:2 ethyl acetate/hexanes. The plates were
visualized under UV light and in a diiodine chamber. Flash
collixlrile chromatography was performed on 230-400-mesh silica
gel. 4

Bis(tributyltin) sulfide, bis(tricyclohexyltin) sulfide, and
bis(triphenyltin) sulfide were prepared in over 90% yields from
the corresponding (R);SnCl and sodium sulfide nonahydrate.'5

General Procedure for the Preparation of Lithium Ace-
tylides. To a solution of alkyne (10 mmol) in THF (20 mL) at
-10 to —20 °C was added BuLi (1 M, in THF, 11 mL, 1.1 equiv)
dropwise under N;. The solution was stirred for 1 h at 0 °C and
used immediately in the subsequent reactions.

1,4-Diphenyl-1,4-butanedione (3), 1,4-bis(4-chloro-
phenyl)-1,4-butanedione (4), 1-phenyl-1,4-pentanedione (7),
1-(4-chlorophenyl)-1,4-pentanedione (8), and 1-(4-methoxy-
phenyl)-1,4-pentanedione (9) were prepared by Stetter’s pro-
cedure!%'2 and purified by flash chromatography, giving 3 (23%,
mp 143-144 °C) [lit.22 mp 144-146 °C], 4 (63%, mp 147-148 °C)
[lit."! mp 149-150 °C), 7 (80%, a clear oil) [lit.2>26 mp 28-29 °C],
8 (87%, mp 74-75 °C) [lit.? mp 76 °C], and 9 (64%, mp 72-73
°C) [lit.2 mp 72 °C].

Diethoxy(4-nitrophenyl)methane (5) and (2-ethoxy-
ethyl)[3-0x0-3-(4-nitrophenyl)propyl] sulfone (6) were pre-
pared by the Stetter procedure'®'%? from 4-nitrobenzaldehyde.
The residue was chromatographed using 5:1 hexanes/ethyl acetate
solution to isolate compound 522 ag a light brown solid (28%,
mp 54-55 °C) [lit.%* mp 35-37 °C}: 'H NMR (300 MHz, CDCl,)
61.43(t,3H,J =17.13Hz),4.44 (9,2 H, J = 7.12 Hz), 8.20-8.30
(q, 4 H); 3C NMR (75.5 MHz, CDCly) 5 14.15, 61.90, 123.41, 130.60,
135.79, 150.40, 164.62; CIMS m + 1/z (relative intensity) 196 (M
+ 1 - CH3~CHj,) (100), 180 (M + 1 - HOCH,CH, or ~NO,) (9),
166 (M + 1 - 2CH;CH;) (40).

The second compound (6) was isolated by eluting with 2:1
hexanes/ethyl acetate solution as clear crystals (32%, mp 131-133
°C): IR (Nujol, cm™) 2925 (CH,, CHy), 1702 (C=0), 1605 (C=C),
1377 and 1289 (SO,), 1125 (SO,); 'H NMR (300 MHz, DMSO-dy)
6138 (t, 3 H, J = 7.15 Hz), 3.58 (t, 2 H, J = 5.65 Hz), 3.64 (t,
2H,J =589 Hz),3.70 (t,2 H,J = 5.71 Hz), 413 ({, 2 H, J =
5.74 Hz), 4.26 (q, 2 H, J = 7.03 Hz); 1*C NMR (75.5 MHz,
DMSO0-d,) 6 14.21, 49.87, 53.15, 53.83, 60.27, 66.74, 113.57, 122.41,
130.43, 153.67, 165.36; CIMS m + 1/z (relative intensity) 300 (M
+ 1 - 0) (100), 282 M + 1 - O, - H,0) (22), 192 (35), 166 (9),
111 (13).

4-[(tert-Butyldiphenylsilyl)oxy]butanol (12). To a solution
of 1,4-butanediol (5 g, 55 mmol) in CH,Cl, (10 mL) containing
i-PryNEt (10 mL) was added ¢-BDPSiCl (5 mL, 18 mmol) dropwise
under N, at 22-24 °C. The solution was stirred at 22-24 °C for
2 h, concentrated in vacuo, and chromatographed, eluting with
hexanes/ethyl acetate (10:1) to give 12 (clear oil, 5.6 g, 95%); IR
(neat, cm™) 3400 (OH), 3080 (aromatic CH), 1590 (C=C); 'H
NMR (300 MHz, CDCl,) 6 1.05 (s, 9 H), 1.63-1.67 (m, 4 H), 2.30

(41) Still, W, C.; Kahn, M,; Mitra, A. J. Org. Chem. 1978, 43, 2923.
(42) Narita, Y.; Uemori, H.; Fukumoto, M,; Sugiyama, H.; Sakata, Y;
Maruyama, K. Bull. Chem. Soc. Jpn. 1988, 61, 1815.
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Table I. Effects of Substituents on the Formation of Thiophenes from 1,4-Dicarbonyl Compounds

Ja)
S

R R yield, %
compd no. R R! (Sn(Bu)3),S (Sn(cyclohexyl)s),S (Sn(phenyl);),S

20a Ce¢H; CeH; 98 98 97
20b 4-CIC¢H, 4-CIC¢H, 92 96 98
20¢c CH3 CSH5 95 96
20d CH, 4-CICH, 94 97
20e CH; 4-CH,0C.H, 91 93

20f CH,C=C CeH;C=C 15 13 28
20g CgH;C=C CgH;C=C 84 89 92

(s, 1 H), 3.63 (t, 2 H, J = 6.04 Hz), 3.69 (t, 2 H, J = 5.82 Hz),
7.34-7.68 (m, 10 H); 3C NMR (75.5 MHz, CDCl,) 4 19.09, 26.77,
29.16, 29.66, 62.63, 63.93, 127.59, 129.56, 133.57, 135.46; HRCIMS
m + 1/2 329.1936 (caled for CooH,0,51 329.1927).

General Procedure for the Dimethyl Sulfoxide-Oxalyl
Chloride Oxidation.® A mixture of CH,Cl, (25 mL) and oxalyl
chloride (1 mL, 1.40 g, 11 mmol) was stirred and cooled at —-50
to —60 °C as 1.72 g (1.7 mL, 22 mmol) of DMSO was added. The
reaction mixture was stirred for 2 min and the alcohol (10 mmol
in 10 mL of CH,Cl,) was added by cannula over 5 min. After the
solution was stirred for 15 min, triethylamine (7.0 mL, 50 mmol)
was added, and the reaction mixture was stirred for 5 min and
then allowed to warm to 22-24 °C. Water (50 mL) was added,
and the aqueous layer was extracted with additional CH,Cl, (50
mL). The organic layers were combined, washed with saturated
NaCl solution (100 mL), and dried (MgSO,). The filtrate was
concentrated in vacuo, and the residue was chromatographed,
eluting with hexanes/ethyl acetate (10:1) to give the carbonyl
product.

4-[(tert-Butyldiphenylsilyl)oxy]butanal (13). The mo-
nosilyl ether of 1,4-butanediol (12, 6.75 g, 20.1 mmol) was oxidized
using the Swern oxidation procedure® to give silyl ether aldehyde
13 (clear oil, 6.40 g, 19.6 mmol, 98%): IR (neat, cm™) 3080

(aromatic CH), 1730 (C==0), 1590 (C=C); 'H NMR (300 MHz,"

CDCl,) 6 1.04 (s, 9 H), 1.88 (p, 2 H, J = 6.10 Hz), 2.53 (td, 2 H,
J =17.15Hz), 3.68 (t, 2 H, J = 5.97 Hz), 7.34-7.66 (m, 10 H), 9.76
(t, 1 H, J = 1.6 Hz); 1*C NMR (75.5 MHz, CDCl;) 6 19.11, 25.17,
26.76, 40.66, 62.83, 127.62, 129.61, 133.50, 135.45, 202.38; HRCIMS
m + 1/2 327.1771 (caled for CoyH;0,Si 327.2866).

Aldehyde 13 also could be prepared by the PDC oxidation of
alcohol 12.35% To a dry CH,Cl, (10 mL) solution of the alcohol
12 (2 g, 6.1 mmol) was added PDC (3.44 g, 9.15 mmol) in one
portion. The mixture was stirred at 22-24 °C for 16 h under N,.
Diethyl ether (15 mL) was added and stirring continued for 10
min. The reaction mixture was filtered over silica gel, and the
residue on the silica gel was washed with 100 mL of diethyl ether.
The combined filtrate and wash solution was concentrated in
vacuo, and the residue was chromatographed using hexanes/ethyl
acetate (10:1) solution to give 1.56 g (78%) of 18.

6-[(tert-Butyldiphenylsilyl)oxy]-3-hydroxy-1-phenyl-
hept-1-yne (14). To a solution of freshly prepared lithium
phenylacetylide (2.02 g, 20 mmol) in THF (10 mL) was added
aldehyde 13 (6.4 g, 19.6 mmol) in THF (10 mL) at —78 °C dropwise
over 5 min under N,. The solution was warmed to 0 °C, stirred
at 0 °C for 4 h, and diluted with a 1:1 solution of ethyl ace-
tate/diethyl ether (100 mL) and saturated NH,Cl solution (30
mL) added. The layers were separated, the organic layer was
washed with water (3 X 100 mL) and dried (MgSO,), the solvent
was evaporated in vacuo, and the residue was chromatographed
with hexanes/ethyl acetate (5:1) to give the acetylenic alcohol 14
(light brown oil, 8.40 g, 99%): IR (neat, cm™) 3400 (OH), 3080
(aromatic CH), 1590 (C==C); 'H NMR (300 MHz, CDCl,) § 1.06
(d,9H,J =2Hz), 1.76 to 1.96 (m, 4 H), 3.10 (d, 1 H, J = 6 H2),
3.73 (t,2 H, J = 6 Hz), 4.67 (d, 1 H, J = 6 Hz), 7.25 to 7.70 (m,
15 H); 13C NMR (75.5 MHz, CDCl,) é 19.03, 26.70, 28.14, 34.82,
62.41, 63.78, 84.85, 90.21, 122.68, 127.54, 128.06, 129.52, 131.51
133.35, 135.40; CIMS m/z (relative intensity) 411 (M + 1 - H,0)
592),01)59 (9), 157 (8), 156 (10), 165 (M + 1 - H,0, — HOSitBuDP)

100).

Acetylenic alcohol 14 was also prepared using the Grignard
reagent.’” Phenylethyne (550 mg, 5.4 mmol) was dissolved in 40
mL of diethyl ether under N,. Ethylmagnesium bromide (1.73
mL of 3 M ether solution, 5.2 mmol) was added dropwise under

Ar during a 5-min period and the mixture stirred at 22-24 °C for
9 h. The protected aldehyde 13 (1.70 g, 5.17 mmol) dissolved in
5 mL of diethyl ether under an Ar atmosphere was slowly added
(5 min) to the stirring mixture. After the mixture was stirred for
7 h, saturated NH,CI solution (56 mL) was added slowly to the
reaction mixture. The ether layer was separated and washed with
water (5 X 10 mL). The aqueous layer was extracted with diethyl
ether (2 X 30 mL), the ether layers were combined and dried
(MgS0,), and the solvent was evaporated under vacuum. The
residue was chromatographed using 8:1 hexanes/ethyl acetate to
give 1.9 g (85%) of acetylenic alcohol 14 which was identical to
the product described above.

Pyridinium p-Toluenesulfonate (PPTs).3® p-Toluene-
sulfonic acid monohydrate (5.7 g, 30 mmol) was added to pyridine
(12.1 mL, 150 mmol) with stirring at 22-24 °C. After the solution
was stirred for 20 min, the excess pyridine was removed under
vacuum on a water bath at approximately 60 °C to afford a
quantitative yield of PPTs as colorless crystals. The product was
recrystallized from propanone (7.15 g, 95%), mp 120-121 °C [1it.%
mp 120 °C].

1,8-Diphenyl-1,7-octadiyne-3,6-dione (10). The acetylenic
diol 19a (1.5 g, 5.2 mmol) was oxidized using the Swern oxidation
procedure™ to give diketone 10 (light brown crystals, 1.11 g, 75%).
The diketone 10 was recrystallized from hexanes/ethyl acetate,
mp 106-8 °C [lit.? mp 109 °C]: IR (Nujol, cm™) 3060 (aromatic
CH) 2200 (alkyne), 1670 (C==0); 'H NMR (300 MHz, CDCl,) &
3.11 (s, 4 H), 7.26~7.60 (m, 10 H); 13C NMR (75.5 MHz, CDCl,)
4 39.58, 78.11, 88.09, 92.26, 120.30, 129.30, 131.51, 133.75, 185.78;
HREIMS (70 eV) m/z 286.09937 (caled for CoH,,0, 286.3340).

Diketone 10 also could be prepared by the PDC oxidation of
diol 19a. To a dry CH,Cl; (15 mL) solution of the alcohol 19a
(700 mg, 2.4 mmol) was added PDC (3.0 g, 8.0 mmol) in one
portion.?® The mixture was stirred at 22-24 °C for 18 h under
N;. Diethyl ether (10 mL) was added to the reaction mixture,
which was then stirred for 15 min, and filtered over silica gel. The
residue on the silica gel was washed with 100 mL of diethyl ether.
The filtrate was dried (MgSO,), the solvent was evaporated in
vacuo, and the residue was chromatographed using hexanes/ethyl
acetate (10:1) solution to give 160 mg (23%) of 10.

1-Phenyl-1,7-nonadiyne-3,6-dione (11). The acetylenic diol
19b (1 g, 5 mmol) was oxidized using the Swern oxidation pro-
cedure® to give diketone 11. The diketone 11 was chromato-
graphed, eluting with hexanes/ethyl acetate (10:1) to give a light
brown oil (690 mg, 70%): IR (neat, cm™) 3060 (aromatic CH),
2200 (alkyne), 1670 (C=0); 'H NMR (300 MHz, CDCl,) 6 2.01
(s, 3 H), 2.92 to 3.05 (m, 4 H), 7.34 to 7.58 (m, 5 H); 13C NMR
(75.5 MHz, CDCly) 6 3.87, 38.66, 79.60, 87.18, 90.97, 91.20, 119.50,
128.44, 130.64; 132.81, 184.93, 185.03; HREIMS m/z 224.0853
(Calcd for 015H1202 224.0837).

Diketone 11 also could be prepared by the PDC oxidation (vide
supra) of 1,4-diol 19b.% The residue was chromatographed using
hexanes/ethyl acetate (10:1) solution to give 160 mg (42%) of
diketone 11.

6-[(tert-Butyldiphenylsilyl)oxy]}-1-phenyl-3-[(2-tetra-
hydropyranyl)oxylhept-1-yne (15). To a solution of the ace-
tylenic secondary alcohol 14 (1.5 g, 3.5 mmol) in CH,C}; (10 mL)
at 22-24 °C was added 3,4-dihydro-2H-pyran (0.479 mL, 442 mg,
5.25 mmol) and PPTs (20 mg, 0.08 mmol). The solution was
stirred at 22-24 °C for 1 h and diluted with a 100-mL solution
of (1:1) diethyl ether and ethyl acetate. The organic layer was
separated, washed with H,O (3 X 100 mL), and dried (MgSO,).
The solvent was evaporated in vacuo, and the residue was
chromatographed, eluting with hexanes/ethyl acetate (20:1) to
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give the THP ether 15 (clear oil, 1.75 g, 97%): IR (neat, cm™)
3070, 3050 (aromatic CH), 2940, 2857 (aliphatic CH), 1598 (aro-
matic C=C), 1112, 1020 (satd ethers COC); 13C NMR (75.5 MHz,
CDCly) é 18.92, 19.09, 25.33, 26.75, 28.24, 30.37, 32.07, 61.89, 63.50,
67.37, 84.56, 89.20, 97.72, 123.00, 127.48, 127.93, 128,01, 129.42,
131.56, 133.77, 135.39; CIMS m/z (relative intensity) 411 (M +
1 - HOTHP) (6), 327 (2), 179 (2), 1565 (M + 1 - HOTHP, -
HOSitBuDP) (28), 103 (HOTHP) (13), 85 (100).

6-Phenyl-4-[(tetrahydropyranyl)oxy]-5-hexyn-1-ol (16).
To a solution of the THP ether 15 (1.7 g, 3.3 mmol) in THF (10
mL) was added a 1 M solution of tetrabutylammonium fluoride
in THF (5 mL, 5 mmol) at 22-24 °C. The solution was stirred
for 2 h and diluted with 100 mL (1:1) of diethyl ether/ethyl acetate
solution. The organic layer was separated and washed with H,O
(3 X 100 mL). The water extract was washed with 2:1 diethyl
ether/ethyl acetate solution (2 X 50 mL), and the organic layers
were combined and dried (MgSO,). The solvent was evaporated
in vacuo, and the residue was chromatographed over silica gel using
(5:1) hexanes/ethyl acetate solution. Two isomers were isolated
as clear oils.

Clear oil I: IR (neat, cm™) 3411 (OH), 3057 (aromatic CH),
2942, 2870 (aliphatic CH), 2226 (alkyne), 1598 (aromatic C=C),
1020 (satd ethers COC); *H NMR (300 MHz, CDCl,) 6 1.50-1.97
(m, 10 H), 2.77 (s, 1 H), 3.57 (m, 1 H), 3.70 (t, 2 H, J = 5.93 Hz),
3.84 (m,1 H),4.70 (t, 1 H, J = 5.94 Hz), 5.07 (t,1 H, J = 6.28
Hz), 7.26-7.44 (5 H, m); 13*C NMR (75.5 MHz, CDCl,) § 19.19,
25.23, 28.51, 30.31, 32.18, 62.15, 62.26, 65.05, 85.45, 87.50, 95.52,
122.46, 128.04, 128.15, 131.58.

Clear oil IT: IR (neat, cm™) 3411 (OH), 3057 (aromatic CH),
2945, 2870 (aliphatic CH), 2230 (alkyne), 1598 (aromatic C=C),
1021 (satd ethers COC); 'H NMR (300 MHz, CDCl,) 6 1.53-1.91
(m, 10 H), 2.60 (s, 1 Hs), 3.59 (m, 1 H), 3.68 (t, 2 H, J = 5.98 Hz),
4,07 (m, 1 H), 4.54 (t, 1 H, J = 6.18 Hz), 4.85 (t, 1 H, J = 3.06
Hz), 7.26-7.43 (m, 5 H); 1*C NMR (75.5 MHz, CDCl,) § 18.82,
25.19, 28.27, 30.28, 32.06, 62.01, 62.11, 67.51, 84.74, 88.76, 97.97,
122.75, 128.01, 131.49; CIMS m/z (relative intensity) 275 (M +
1) (0.19), 257 (M + 1 - H,0) (6), 173 (M + 1 - HOTHP) (40),
103 (HOTHP) (6), 101 (7), 85 (100).

6-Phenyl-4-[(tetrahydropyranyl)oxy]-5-hexyn-1-al (17).
Alcohol 16a (1.45 g, 5 mmol) was oxidized using Swern oxidation
procedure® to give aldehyde 17a. Aldehyde 17a was chromato-
graphed, eluting with hexanes/ethyl acetate (10:1), to give a light
brown oil (17, 1.25 g, 85%): IR (neat) 2950 (aliphatic CH), 2730
(aldehyde CH), 1730 (C=0), 1600 (aromatic C=C); 'H NMR (300
MHz, CDCl,) § 1.52-1.79 (m, 6 H). 2.17-2.24 (q, 2 H, J = 6.42
Hz), 2.68-2.73 (m, 2 H), 3.52-3.59 (m, 1 H), 3.75-3.83 (m, 1 H),
472 (t, 1 H, J = 6.09 Hz), 5.04 (t, 1 H, J = 2.83 Hz), 7.27-7.44
(m, 5 H), 9.83 (t, 1 H, J = 1.54 Hz); ¥*C NMR (75.5 MHz, CDCl,)
6 19.12, 25.30, 28.45, 30.26, 39.77, 62.26, 64.19, 86.02, 86.86, 95.54,
122.28, 128.19, 128.41, 131.71, 201.90; HREIMS m/z 272.1473
(caled for C;Hp005 272.1412).

Aldehyde 17 was also prepared from the PDC oxidation (vide
supra) oxidation of alcohol 16.35 The residue chromatographed
using hexanes/ethyl acetate (10:1) solution to give 180 mg of 17
(26%).

6-[(Tetrahydropyranyl)oxyl-1,8-diphenyl-1,7-octadiyn-3-ol
(18a). To a solution of freshly prepared lithium phenylacetylide
(650 mg, 6 mmol) in THF (15 mL) was added a solution of the
aldehyde 17 (1.5 g, 5.5 mmol) in THF (5 mL) dropwise at -78 °C
under N,. The solution was stirred at —78 °C for 1 h and warmed
to 22-24 °C. The resulting solution was diluted with diethyl ether
(50 mL) and 20 mL of saturated NH,CI solution added. The
organic layer was separated, washed with H,O (2 X 50 mL), and
dried (MgS0,), and the solvent was evaporated in vacuo. The
residue was chromatographed, eluting with hexanes/ethyl acetate
(5:1) to give acetylenic alcohol 18a (1.96 g, 95%) as a clear oil:
IR (neat, cm™) 3416 (OH), 3057 (aromatic CH), 2943-2868 (al-
iphatic CH), 2228 (alkyne), 1598, 1572 (C=C), 1117, 1021 (satd
ethers COC); 'H NMR (300 MHz, CDCl,) 6 1.25-2.14 (m, 10 H),
2.80-2.96 (m, 1 H), 3.50-3.59 (m, 1 H), 3.81-3.89 (m, 1 H), 4.73-4.80
(m, 2 H), 5.09 (s, 1 H); 13C NMR (75.5 MHz, CDCl,) 6 19.15, 19.24,
25.30, 30.36, 31.30, 31.58, 33.54, 33.76, 62.36, 62.50, 62.75, 64.89,
64.95, 84.91, 85.70, 85.78, 87.29, 87.47, 89.92, 95.60, 95.63, 122.50,
122.60, 128.12, 128.20, 128.27, 131.60, 131.72; CIMS m/z (relative
intensity) 273 (M + 1 - HOTHP) (22), 171 M + 1 - HOTHP,
— C=CPh) (58), 133 (100), 105 (30), 103 (HOTHP) (13).

Freeman et al.

6-[(Tetrahydropyranyl)oxy]-1-phenyl-1,7-nonadiyn-3-ol
(18b): clear oil; IR (neat, cm™) 3420 (OH), 3057 (aromatic CH),
2943-2869 (aliphatic CH), 2233 (alkyne), 1598 (aromatic C=C),
1117, 1021 (satd ethers COC); 'H NMR (300 MHz CDCl,) &
1.54-2.05 (m, 10 H), 1.83 and 1.84 (two singlets, 3 H), 2.53-2.62
(two doublets, 1 H, J = 5.04 Hz), 3.54-3.59 (m, 1 H), 3.80-3.88
(m, 1 H), 4.45 (br, s, 1 H), 4.69-4.74 (q, 1 H, J = 5.05 Hz), 5.08
(m, 1 H), 7.27-7.44 (m, 5 H); 1*C NMR (75.5 MHz, CDCl) 6 3.48,
19.16, 19.20, 25.31, 30.32, 31.32, 31.53, 33.83, 33.96, 62.08, 62.20,
62.28, 64.92, 80.16, 80.92, 85.55, 85.62, 87.42, 87.55, 95.47, 95.54,
122,54, 128.10, 128.23, 131.71; HREIMS m/z 312.1750 (caled for
CooH,,0; 312.1725).
1,8-Diphenyl-1,7-octadiyne-3,6-diols (19a). To an ethanolic
solution (30 mL) of tetrahydropyranyl ether 18 (1.87 g, 5 mmol)
was added PPTS (20 mg, 0.08 mmol) in one portion. The solution
was refluxed for 1 h, cooled to 22-24 °C, and diluted with a
mixture of diethyl ether (100 mL) and H,O (200 mL). The organic
layer was washed with H,0 (2 X 100 mL), dried (MgSO,), and
concentrated in vacuo. The residue was purified by chroma-
tography over silica gel, eluting with hexanes/ethyl acetate (3:1)
to give a diastereomeric mixture of dialcohols 19a (1.36 g, 94%)
as a clear oil: IR (neat, cm™) 3340 (OH), 3059 (aromatic CH),
2927-2867 (aliphatic CH), 2229 (alkyne), 1598, 1572 (aromatic
C=C); 'H NMR (300 MHz, CDCl,) § 2.00-2.13 (m, 4 H), 3,01 (br
8, 2 H), 4.70-4.73 (m, 2 H), 7.24-7.44 (m, 10 H); 13C NMR (75.5
MHz, CDCl,) é 33.32, 33.58, 62.32, 62.40, 85.08, 89.59, 122.47,
128.20, 128.34, 131.64; CIMS m/z (relative intensity) 274 (M +
1 - OH) (14), 273 M + 1 - H,0) (76), 171 M + 1 - H,0, —
C=CPh) (68), 159 (16), 143 (17), 133 (12), 131 (19), 105 (100).
1-Phenyl-1,7-nonadiyne-3,6-diol (19b): clear oil (915 mg,
93%); IR (neat, cm™) 3356 (OH), 2920-2868 (aliphatic CH), 2285
(alkyne), 1598 (aromatic C=C); 'H NMR (300 MHz, CDCl,) §
1.82 and 1.83 (2 s, 3 H), 1.88-2.05 (m, 4 H), 3.19 (br s, 1 H), 3.47
(br s, 1 H), 4.45 (m, 1 H), 4.68 (m, 1 H), 7.27-7.44 (m, 5 H); 3C
NMR (75.5 MHz, CDCly) & 3.45, 33.30, 33.50, 33.71, 62.04, 62.23,
62.29, 79.87, 79.93, 81.27, 84.84, 89.74, 122.50, 128.13, 128.23, 131.59;
CIMS m/z (relative intensity) 212 (M + 1 - OH) (16), 211 (M
+ 1 - H,0) (100), 195 (9), 193 (9), 186 (M + 1 - C=CCHj;) (2),
183 (3) 155 (11), 109 (M + 1 - H,0, —C==CPh) (20), 105 (42).
General Procedure for the Preparation of 2,5-Disubsti-
tuted Thiophenes 20. Reactions involving bis(tricyclohexyltin)
and bis(triphenyltin) sulfides were performed in refluxing toluene,
and experiments using bis(tributyltin) sulfide were carried out
at 22-24 °C. To a 10-mL dry toluene solution of bis(triphenyltin)
sulfide (697 mg, 0.95 mmol) and dione 4 (100 mg, 0.48 mmol) was
injected 1 M BCl; in CH,Cl, (0.64 mL, 0.64 mmol). The reaction
solution was refluxed for 2 h, cooled to 22-24 °C, and added to
100 mL of 2:1 diethyl ether/ethyl acetate. The solution was
washed with H,0 (3 X 100 mL), dried (MgS0,), and concentrated.
The residue was purified by chromatography using 100:1 hex-
anes/ethyl acetate solution to give 2,5-bis(4-chlorophenyl)-5-
methylthiophene (20b) as a white solid (97 mg, 98%), mp
161-162 °C [lit.* mp 161-162 °C]: 'H NMR (300 MHz, CDCl,)
47.23 (s, 2 H), 7.32-7.53, (dd, 8 H); 13C NMR (75.5 MHz, CDCl,)
6 124,39, 126.75, 129.07, 132.56, 133.37, 142.58.
2,5-Diphenylthiophene (20a): yield 96 mg (97%); mp 148-149
°C [lit.!® mp 149-150 °C]; 'H NMR (300 MHz, CDCl,) 6 7.27 (s,
2 H), 7.37-7.75 (m, 10 H); 13C NMR (75.5 MHz, CDCly) § 124.02,
125.63, 127.52, 128.94, 134.34, 143.62.
2-Methyl-5-phenylthiophene (20c): yield 95 mg (96%); mp
46-47 °C [lit.'* mp 49-51 °C]; *H NMR (300 MHz, CDCly) 6 2.46
(s, 1 H),6.69 (q, 1 H, J = 3.54 Hz), 7.07 (d, 1 H, J = 3.562 Hz),
7.20-7.54 (m, 5 H); 13C NMR (75.5 MHz, CDCl,) 4 15.35, 122.80,
125.38, 126.10, 126.91, 128.71, 134.62, 139.38, 141.90.
2-(4-Chlorophenyl)-5-methylthiophene (20d): yield 96 mg
(97%); mp 108-109 °C;*4 1H NMR (300 MHz, CDCl) 5 2.49
(s, 3H),6.71(q, 1 H, J = 2.57 Hz), 7.07 (d, 1 H, J = 3.56 Hz),
7.28-7.46 (m, 4 H); 13C NMR (75.5 MHz, CDCl,) 6 15.43, 123.24,
126.29, 126.58, 128.89, 132.61, 133.20, 139.95, 140.57.
2-(4-Methoxyphenyl)-5-methylthiophene (20e): 92 mg; yield
93%; mp 94-95 °C [lit.!* mp 93-94 °C]; 'H NMR (300 MHz,

(43) Thiophene 20f has been previously prepared* but no spectral
data were reported.

(44) Karchenko, V. G.; Voronin, S. P.; Gubina, T. I.; Markushina, I.
A.; Oleinik, A. F. Khim. Geterotsikl. Soedin. 1984, 12, 1606.
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CDCl,) & 2.48 (s, 3 H), 3.81 (s, 3 H), 6.68 (d, 1 H, J = 2.39 Hz),
6.97 (d, 1 H, J = 3.49 Hz), 6.87-7.47 (dd, 4 H); 13C NMR (75.5
MHz, CDCly) 6 15.39, 55.32, 114.19, 121.79, 126.00, 126.73, 127.62,
138.41, 141.87, 158.81.

2-(2-Phenylethynyl)-5-(1-propynyl)thiophene (20f):% light
yellow oil, yield 27 mg (28%); IR (neat, cm™) 3055 (aromatic CH),
2922 (aliphatic CH), 1597 (aromatic C=C); 'H NMR (300 MHz,
CDCl,) 6 2.07 (s,3H), 698 (d,1 H, J = 3.77 Hz), 7.08 (d, 1 H,
J = 3.81 Hz), 7.32-7.51 (m, 5 H); *C NMR (75.5 MHz, CDCl,)
6 4.72, 72.67, 82.34, 91.30, 93.23, 122.63, 123.18, 125.60, 128.34,
128.49, 130.83, 131.40, 131.55; HREIMS m/z 222.0532 (calcd for
CysH oS 222.0503).

2,5-Bis(2-phenylethynyl)thiophene (20g):54 brown oil,
yield 91 mg (92%); IR (neat, cm™) 1598 (aromatic C==C); 'H NMR
(300 MHz, CDCly) 6 7.15 (s, 2 H), 7.34-7.53 (m, 10 H); *C NMR
(75.5 MHz, CDCl,) & 82.25, 94.04, 122.56, 124.64, 128.39, 128.65,

(45) Acetylenic thiophenes 20f and 20g are unstable in light at 22-24

(46) The thiophene ZOg has been previously synthesized but no spec-
tral data were reported.’-

(47) Sanechika, K.; Yamamoto, T.; Yamamoto, A. Bull. Chem. Soc.
Jpn. 1984, 57, 752.

(48) Hudson, J. B.; Towers, G. H. N.; Abramowski, Z.; Hudson, L.;
Rossi, R.; Carpita, A.; Neri, D. Chemosphere 1989, 18, 2317.

131.45, 131.80; HREIMS m/z 284.0614 (calcd for CyH,,S
284.0660).
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A one-pot tandem Sy2-Michael addition sequence has been developed for the preparation of five-membered-
and six-membered-ring nitrogen and sulfur heterocycles from 6- or 7-halo-2-alkenoate esters. Nitrogen-containing
rings are prepared by reaction of the w-halo-2-alkenoate ester with a primary amine in the presence of triethylamine.
The sulfur analogues are generated by thiourea displacement of the halide followed by base hydrolysis of the
isothiouronium salt. Yields are routinely in the 60-80% range. Experiments are described which elucidate the
chronology of the reaction sequences. Ring size and steric hindrance to the initial substitution reaction appear

to be the only limitations of the procedure.

As part of our synthetic program aimed at the devel-
opment of new approaches to functionalized ring systems,
we have explored the use of a tandem Sy2-Michael ad-
dition route to nitrogen and sulfur heterocycles bearing
an acetic acid residue at C-2. Previous studies by
Boeckman and co-workers? have demonstrated the use of
a sequential Gabriel amine synthesig~Michael addition for
the preparation of a dihydroisoindole-1-acetic ester pre-
cursor to the lycorine alkaloids. In a different context,
Vedejs and co-workers® have reported the formation of
methyl (£)-2H-tetrahydrothiopyran-2-acetate from meth-
anolysis of methyl (E)-7-(acetylthio)-2-heptenocate. We
report here several related procedures which allow for the
one-pot synthesis of five- and six-membered-ring nitrogen
and sulfur heterocycles by reaction of 6- or 7-halo-2-
alkenoate esters with benzylamine (eq 1) or thiourea (eq
2), respectively.

(1) Undergraduate research participant, 1991-1992.

(2) Boeckman, R. K., Jr.; Sabatucci, J. P.; Goldstein, S. W.; Springer,
D. M.; Jackson, P. F. J. Org. Chem. 1986, 51, 3740~-3742.

(3) Vedejs, E.; Mullins, M. J.; Renga, J. M,; Singer, S. P. Tetrahedron
Lett. 1978, 519-522.
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Synthesis of Starting Materials. The heterocycli-
zation substrates used in this study are depicted in Scheme
1. Ethyl (E)-2-(bromomethyl)cinnamate (6) was prepared
by known methods.*  Ethyl (E)-2-(2-bromoethyl)-
cinnamate (8) was prepared by Wittig olefination of 2-
(2-bromoethyl)benzaldehyde (7)° with ethyl (triphenyl-
phosphoranylidene)acetate; treatment of 8 with sodium
iodide in acetone afforded 9. Ethyl (E)-6-bromo-2-hex-
enoate (10), ethyl (E)-7-bromo-2-heptenoate (12), ethyl
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