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Introduction

Recently, the bicyclic 2-oxathianyl ketones 1 (Eliel’s
ketones) have found considerable utility for the enanti-
oselective synthesis of a-hydroxycarbonyl derivatives 2
(R = alkyl or H, X = H or OH) which are synthons of a
variety of chiral, highly enantiomerically enriched com-
pounds (eq 1).1:2
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The key intermediates 1 have been prepared by two
routes (eq 2). The first involves a two-step process that
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includes a nucleophilic addition of 4, the lithio derivative
of oxathiane 3,% to an aldehyde followed by Swern oxidation
of the resulting alcohol to the desired ketone 1 (eq 2, route
a).22 A simpler one-step method employs a nucleophilic
addition of 2-lithio oxathiane 4 to appropriate nitriles
followed by acidic hydrolysis (eq 2, route b).45
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However, both methods have limitations. Thus,inroute
a, the intermediate alcohol needs to be isolated and the
subsequent Swern oxidation proceeds in good yields only
if experimental conditions are very carefully controlled.
Furthermore, route b is not general and affords high yields
only with nitriles devoid of a-protons because of compe-
tition between nucleophilic addition and proton abstrac-
tion. Route b also fails (or gives very poor yields) with
heterocyclic and a,8-unsaturated nitriles.*

Results and Discussion

As a consequence of the above, a more general, one-step
synthesis of 1 was developed employing coupling with
much less basic cuprate reagents. This approach involves
conversion of the 2-lithio oxathiane 4 to the corresponding
lithium cuprate 5 which is then coupled with acid chlorides®
to afford 1 in generally excellent (82-97%) yields with no
evidence for a-proton abstraction (eq 3). Results for a
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variety of structural types are presented in Table I and
illustrate the generality of the process in that alkyl,
including those bearing a-protons (entries 1-7), aromatic
(entry 8), a,8-unsaturated (entries 9, 10), and heterocyclic
(entries 11, 12) acid chlorides all gave consistently good
yields. The only negative result was observed with
trichloroacetyl chloride which gave a complex mixture
possibly due to competing coupling with the alkyl halide.

Other features of note include the observation that the
cuprate 5 maintained the same strong stereochemical
(equatorial) orientation as the lithio derivative in formation
of 1 and no evidence for the axial diastereomer was
obtained. Also, unlike most reported cuprate transfers,’
the couplings were stoichiometric in that both 2-oxathianyl
groups were utilized so that excess cuprate was not
required.®

Experimental Section

General Information, Melting points are uncorrected. Mass
spectra (electron impact) were recorded at 70 eV as m/e. Proton
and carbon-13 NMR spectra were recorded in CDCl; on a 250-
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Notes

Table I. Reaction of Lithium Bis(oxathianyl)cuprate 5
with Carboxylic Acid Chlorides in THF at -78 °C to
Oxathianyl Ketones 1 (eq 3)

% yield
entry acid chloride Rofl of 19
la CH;COC1 CH; 92
ib CH;3(CH>),,COCl CH3(CHy),, 97
ic (CHa)zCH(CHz)QCOCl (CHa)ch(CHz)z 90
1d C-CsHuCOCl C-Can 96
le PhCH,COCI PhCH; 91
1f p-CIPhOCH,COCI p-CIPhOCH, 84
1g (CH3)3CCOCI (CH3)sC 86
1h PhCOCl Ph 87
1i PhCH=CHCOC! PhCH=CH 82
1j CH3;CH=CHCOCIl CH;CH=CH 93
1k 2-furanyl-COC1 2-furanyl 90
11 2-Cl-pyridyl-5-COCl 2-Cl-5-pyridyl 87

¢ Yields are for isolated products purified by flash chromatography.

MHz FT-NMR spectrometer. IR spectra were obtained on an
FTinstrument. Unlessotherwise indicated, reagents purchased
commercially were used without further purification. Dry THF
was obtained by distillation from sodium-benzophenone under
a nitrogen atmosphere.

General Procedure for Oxathianyl Ketones: Methyl
Oxathianyl Ketone la (R = CH;). A two-necked, 25-mL flask,
equipped with an argon bubbler, a magnetic stirring bar, and a
rubber septum was charged with 1,3-oxathiane 3 (200 mg; 1.0
mmol) and 15 mL of dry THF, and the flask was cooled with an
ice-water bath. To this cooled, well-stirred solution was slowly
injected 2.5 M n-butyllithium solution in hexanes (0.44 mL; 1.10
mmol). Afterstirringfor 10 min, Cul powder (100 mg; 0.55 mmol)
was added in one portion and stirring was continued for 10 min
at 0 °C. The resulting dark solution was then cooled to 78 °C
and freshly distilled acetyl chloride (100 xL; 1.50 mmol) was
added dropwise via a syringe. The reaction was stirred at —78
°C for 30 min, allowed to warm to room temperature, and
quenched immediately by addition of 5 mL of saturated aqueous
NH,Cl. The mixture was transferred into a separatory funnel,
diluted with 20 mL of diethyl ether and separated. The organic
phase was washed with brine, dried over MgSQ,, and concentrated
at reduced pressure. The product, methyl oxathianyl ketone 1a,
was isolated in 92% yield (220 mg) by flash chromatography
(silica gel) using 5% ethyl acetate in hexanes as eluent. The 'H
NMR spectrum was identical with that reported.2

Tridecanyl Oxathianyl Ketone 1b (R = (CH;),2CHj3). Using
the procedure described above, 400 mg (97%) of pure product
1b was obtained from the reaction of oxathiane 3 (200 mg; 1.0
mmol) and myristoyl chloride (370 mg; 1.50 mmol) after isolation
by flash chromatography (1% ethyl acetate in hexanes): HNMR
65.45 (s, 1 H), 3.43 (dt, J = 4.3, 10.4 Hz, 1 H), 2.63 (t,J = 7.4
Hz, 2 H), 1.46 (s, 3 H), 1.29 (s, 3 H), 1.25 (s, broad, 8 H), 0.94 (d,
J = 6.5 Hz, 3 H), 0.88 (t, J = 6.6 Hz, 3 H), and others; 1)C NMR
6205.2 (C), 82.4 (CH), 76.8 (CH), 50.2 (CH), 43.8 (C), 41.4 (CH_),
37.9 (CHy), 34.5 (CHy), 31.9 (CHy), 31.3 (CH), 29.6 (CH.), 29.5
(CHy), 29.4 (CH,), 29.3 (CH;), 29.2 (CH3), 29.1 (CH,), 24.2 (CHJ),
23.1 (CH,), 22.6 (CH,), 22.4 (CHj), 22.0 (CH,), 14.1 (CH3); IR
(neat, film) 2923, 2852, 1722 (s, C=0), 1460, 1372, 1151, 1090,
1068 cm-!; MS m/e (rel abund) 412 (M* + 1, 0.3), 411 (M*, 0.5),
211 (16), 199 (100), 137 (63), 95 (29), 81 (563). Anal. Calcd for
CasH460,:8: C, 73.11; H, 11.29. Found: C, 73.35; H, 11.43.

Isopentyl Oxathianyl Ketone 1c [R = (CH,),CH(CH;);].
Using the procedure described above, 270 mg (90%) of pure lc
was obtained from oxathiane 3 (1.0 mmol) and 4-methylvaleroyl
chloride (1.5 mmol) after isolation by flash chromtography (5%
ethyl acetate in hexanes): 'H NMR § 5.45 (s, 1 H), 3.43 (dt, J
=4.4,10.3 Hz, 1 H), 3C NMR 4 205.5 (C), 82.5 (CH), 76.8 (CH),
50.2 (CH),43.8(C),41.4(CHy), 35.9 (CHy,), 34.5 (CHy), 31.9 (CH,),
31.3 (CH), 29.3 (CH3y), 27.6 (CH), 24.2 (CHy), 22.3 (CHaJ), 22.0
(CHy); IR (neat, film) 2996, 2870, 1723 (s, C=0), 1462, 1386,
1366, 1150, 1068, 1009 cm'; MS m/e (rel abund) 300 (M* + 1,
10), 299 (M*, 74), 199 (100), 137 (68), 95 (19), 81 (21). Anal.
Calcd for C17H300282 C, 68.41; H, 10.13. Found: C, 6838, H,
10.16.

Cyclohexyl Oxathianyl Ketone 1d (R = CgH,;). Using the
procedure described above, 300 mg (97%) of purified 1d was
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obtained from oxathiane 3 (1 mmol) and cyclohexanecarbonyl
chloride (1.5 mmol) after isolation by flash chromatography (5%
ethyl acetate in hexanes). The 'H and 3C NMR spectra were
identical with those reported.?

Benzyl Oxathiany! Ketone le (R = CH,Ph). Using the
procedure described above, 290 mg (91 % ) of pure 1e was obtained
from oxathiane 3 (1 mmol) and phenylacety! chloride (1.5 mmol)
after isolation by flash chromatography (3% ethyl acetate in
hexanes). Recrystallization from pentane gave the analytical
sample: mp 74-75 °C; 'H NMR 6 7.28 (m, 5 H), 5.50 (s, 1 H),
3.96 (dd, J = 6.6, 22.7 Hz, 2 H), 3.41 (dt, J = 4.3, 10.4 Hz, 1 H),
1.43 (s, 3 H), 1.30 (s, 3 H), 0.95 (d, J = 6.4 Hz, 3 H), and others;
13C NMR 6 202.4 (C), 133.4 (C), 129.6 (CH), 128.3 (CH), 126.7
(CH), 82.0 (CH), 77.1 (CH), 50.3 (CH), 44.8 (CH,), 44.1 (C), 41.5
(CH,), 34.6 (CH,), 31.4 (CH), 29.3 (CH3), 24.3 (CH,), 22.5 (CH3),
22.2 (CH3); IR (neat, film) 3030, 2925, 2869, 1730 (s, C==0), 1602,
1496, 1454,1387,1371,1150, 1068, 1010 cm-!; MS m/e (rel abund)
319 (M* + 1, 1), 318 (M*, 2), 199 (100), 137 (91), 95 (45), 91 (56),
81 (76). Anal. Caled for C1oH30.S: C, 71.66; H, 8.23. Found:
C, 71.63; H, 8.11.

(p-Chlorophenoxy)methyl Oxathianyl Ketone 1f (R =
CH,0C;H,Cl-p). Using the procedure described above, 310 mg
(84 %) of pure 1f was obtained from oxathiane 3 (1.0 mmol) and
freshly distilled p-(chlorophenoxy)acetyl chloride (1.5 mmol) after
isolation by flash chromatography (10% ethyl acetate in hexanes).
Recrystallization from diethyl ether-pentane gave the analytical
sample: mp 92-93 °C; 'H NMR ¢ 7.22 (m, 2 H), 6.82 (m, 2 H),
5.64 (s, 1 H), 5.03 (dd, J = 7.8, 18.4 Hz, 2 H), 3.46 (dt, J = 4.3,
10.4 Hz, 1 H), 1.47 (s, 3 H), 1.31 (3, 3 H), 0.95 (d, J = 6.4 Hz, 3
H), and others; 1*C NMR 4§ 199.8 (C), 129.2 (CH), 115.8 (CH),
81.4(CH),76.9 (CH),69.8 (CH,),50.3 (CH),44.4 (CH),41.4 (CH,),
34.5 (CHy), 31.3 (CH), 29.2 (CHy), 24.2 (CHy), 22.4 (CHj3), 22.0
(CHy); IR (neat, film) 3071, 2926, 2870, 1744 (s, C=0), 1679,
1650, 1589, 1584, 1492, 1454, 1371, 1290, 1230, 1149, 1092, 1070,
1007 cm-'; MS m/e (rel abund) 369 (M*, 4), 335 (1), 199 (100),
137 (87),95 (39), 81 (60). Anal. Caled for C;5H»503SCl: C,61.86;
H, 6.83. Found: C, 61.76; H, 6.79.

tert-Butyl Oxathianyl Ketone 1g (R = C(CH;);). Using
the procedure described above, 240 mg (86%) of pure 1g was
obtained from oxathiane 3 (1.0 mmol and trimethylacetyl chloride
(1.5 mmol) after isolation by flash chromatography (2% ethyl
acetate in hexanes), mp 97-98 °C (lit.* mp 94.5-96.5 °C). The
I!H NMR spectrum was identical with that reported.

Phenyl Ozxathianyl Ketone th (R = Ph). Using the
procedure described above, 260 mg (87 % ) of pure 1h was obtained
from oxathiane 3 (1 mmol) and benzoyl chloride (1.5 mmol) after
isolation by flash chromatography (5% ethyl acetate in hexanes),
mp 92-93 °C (lit.* mp 93-94.5 °C). The 'H NMR spectrum was
identical with that reported.2a+

trans-Cinnamyl Oxathianyl Ketone 1i (R = CH=CHPh).
Using the procedure described above, 270 mg (82%) of pure 1i
was obtained from oxathiane 3 (1 mmol) and trans-cinnamoyl
chloride (1.5 mmol) after isolation by flash chromatography (5%
ethyl acetate in hexanes). Recrystallization from diethyl ether—
pentane gave the analytical sample: mp 133-134 °C; 'H NMR
67.79(,J =16 Hz, 1 H), 7.61 (m, 2 H), 7.17 (d, J = 16 Hz, 1
H), 5.67 (s, 1 H), 3.52 (dt, J = 4.3, 10.4 Hz, 1 H), 1.52 (s, 3 H),
1.32 (s, 3 H), 0.96 (d, J = 6.5 Hz, 3 H), and others; 13C NMR §
192.7 (C), 144.6 (CH), 134.2 (C), 130.6 (CH), 128.6 (CH), 128.5
(CH), 120.3 (CH), 82.3 (CH), 76.9 (CH), 50.2 (CH), 44.1 (C), 41.5
(CH,), 34.5 (CHyp), 31.3 (C), 29.3 (CHy), 24.3 (CH,), 22.5 (CHy),
22.1 (CHj3); MS m/e (rel abund) 332 (M + 1, 2), 331 (M*, 8), 199
(100), 137 (94), 131 (32), 103 (55), 95 (46), 81 (86). Anal. Calcd
for ConstzS: C, 72.69, H, 7.93. Found: C, 7260, H, 7.91.

Propenyl Oxathianyl Ketone 1j (R = CH=CHCH;). Using
the procedure described above, 250 mg (93%) of pure 1j was
obtained from oxathiane 3 (1 mmol) and freshly distilled crotonyl
chloride (1.5 mmol) after isolation by flash chromatography (5%
ethyl acetate in hexanes): mp 58-59 °C; 'H NMR 4 7.11 (m, 1
H), 6.53 (dt, J = 1.6, 15.7 Hz, 1 H), 5.57 (s, 1 H), 3.47 (dt, J =
4.3,10.3 Hz, 1 H), 1.92 (dd, J = 1.5, 7.0 Hz, 3 H), 1.48 (s, 3 H),
1.30 (s, 3 H), 0.94 (d, J = 6.5 Hz), and others; 13C NMR 6 192.3
(C), 145.3 (CH), 125.8 (CH), 81.8 (CH), 76.8 (CH), 50.1 (CH),
43.9(C),41.4(CHy), 34.4 (CHy), 31.2 (CH), 29.2 (CHj), 24.2 (CHy),
224 (CHa), 21.9 (CH3), 18.5 (CHa). Anal. Calcd for C15H24OQSZ
C, 67.12; H, 9.01. Found: C, 67.11; H, 9.06.
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2-Furyl Oxathianyl Ketone 1k (R = 2-C,H;0). Using the
procedure described above, 260 mg (30% ) of pure 1k was obtained
from oxathiane 3 (1.0 mmol) and freshly distilled 2-furoyl chloride
(1.5 mmol) after isolation by flash chromatography (10% ethyl
acetate in hexanes), mp 108-109.5 °C. The 'H and *C NMR
spectra were identical with those reported.

6-Chloro-3-pyridyl Oxathianyl Ketone 11 (R = 3-(6-Cl)-
C:;H;N). Using the procedure described above, 300 mg (87%)
of pure 11 was obtained from oxathiane 8 (1 mmol) and freshly
sublimed 6-chloronicotinyl chloride (1.5 mmol) after isolation
by flash chromatography (10% ethyl acetate in hexanes).
Recrystallization from hexanes gave the analytical sample; mp

Notes

110-111°C; 'HNMR 6 9.17 (d, J = 2.1 Hz, 1 H), 8.33 (dd, J =
2.4,8.4 Hz, 1 H), 7.40 (d, J = 8.5 Hz, 1 H), 6.0 (s, 1 H), 3.56 (dt,
J =4.3,105 Hz, 1 H), 1.53 (s, 3 H), 1.31 (5, 3 H), 092 (d, J =
6.5, 3 H), and others; 1*C NMR ¢ 191.3 (C), 155.7 (CH), 151.8
(CH), 139.7 (CH), 128.7 (CH), 124.2 (CH), 82.0 (CH), 77.7 (CH),
50.6 (CH), 44.9 (C), 41.5 (CH3), 34.5 (CH>), 31.4 (CH), 29.3 (CH3),
24.3 (CH,), 22.4 (CH3), 22.0 (CH;). IR (KBr): 3040, 2970, 2950,
2910, 2870, 2850, 1690 (s, C==0), 1570, 1465, 1370, 1105, 1060,
1000, 795 cm-}; MS (m/e) 342 (M + 2), 340 (M), 306, 242, 199,
137. Anal. Calced for CyH0.NSCL: C, 60.08; H, 6.52; N, 4.12.
Found: C, 59.90; H, 6.45; N, 4.03.



