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recorded on Varian Associates 220-MHz and Nicolet 360-MHz
spectrometers operating at 33 and 55.4 MHz, respectively. Product
yields were determined by comparison of peak areas by using
either the cut and weigh technique or by using a programmed
curve-fitting routine. Estimated errors using these methods is
2-3%. Chemical shifts (5) were determined relative to tetra-
methylsilane-d;, and were as follows: 3-methylcyclopentene-2-d
(6-2-d), 5.9; 1-methylcyclopentene-2-d (7-2-d), 5.6; 3-methyl-
cyclopentene-3-d (8-3-d), 3.0; 1-methylcyclopentene-5-d (7-5-d),
2.5; cis-2-methylcyclopentanol-1-d (cis-5-1-d), 4.3; cis-2-methyl-
cyclopentyl-1-d ethyl ether (cis-5-1-d), 4.0; cis-2-methylcyclo-
pentyl-1-d 2,2,2-trifluoroethyl ether (cis-5-1-d), 4.1; trans-2-
methylcyclopentanol-1-d (trans-5-1-d), 4.0; trans-2-methyl-
cyclopentyl-1-d ethyl ether (trans-5-1-d), 3.7; trans-1-methyl-
cyclopentanol-2-d (8-trans-2-d), 1.8; cis-1-methylcyclopentanol-2-d
(8-cis-2-d), 2.1; 2-methylcyclopentanol-2-d (5-2-d), and 2-

methylcyclopentyl-2-d ethyl ether (8-2-d), 1.8-2.1.

Solvent Preparation. UV and Conductance Kinetic
Procedures. The procedures were the same as those that have
been previously reported 85t
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The Michael reaction of phenyl vinyl sulfonate (3) or vinyl sulfonamide 12 with phenylacetic esters was the
key step in a general synthesis of 4-phenyl-substituted 1,2-thiazane 1,1-dioxides (sultams) and 5-phenyl-1,2-oxathiane
1,1-dioxides (sultones). This methodology was applied to the synthesis of some cyclic sulfonamide and sulfonate
derivatives (I and II) of the potent TXA, receptor antagonists BM.13177 and BM.13505.

Vinyl sulfonyl esters and amides have served as sub-
strates in a variety of reactions analogous to their carbonyl
counterparts including epoxidation,! aziridination,? and
Diels~Alder® and nitrone* cycloadditions. In addition,
these versatile compounds have been utilized as acceptors
in Michael reactions, primarily with oxygen and nitrogen
nucleophiles.® Very few examples of Michael reactions
of vinyl sulfonyl derivatives with active methylene com-
pounds have been reported.’

As part of a search for novel antithrombotic agents re-
lated to the thromboxane A, (TXA,) receptor antagonists
BM.13177 and BM.13505,% we were led to propose a series
of cyclic sulfonamides and sulfonates as potential sub-
strates.” Herein, we describe the utilization of the Michael
reactions of vinyl sulfonates and sulfonamides with phe-
nylacetic esters as the key steps in a general synthesis of
4-phenyl-substituted 1,2-thiazane 1,1-dioxides (6-sultams)
and 5-phenyl-1,2-oxathiane 2,2-dioxides (5-sultones).® The
application of this methodology to the synthesis of some
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1983, 816.
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3, 1966, 247.
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L.; Burpitt, R. D.; Moore, W. H,; Hyatt, J. A. J. Org. Chem. 1979, 44, 3847.
(c) Le Berre, A.; Etienne, A.; Dumaitre, B. Bull. Soc. Chim. Fr. 1970, 946.
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1984, 15, 167-75. (b) Carrier, R.; Cragoe, E. J.; Ethier, D.; Ford-Hutch-
inson, A. W.; Girard, Y.; Hall, R. A.; Hamel, P.; Rokach, J. A,; Share, N.
N.; Stone, C. A.; Yusko, P. Br. J. Pharmacol. 1984, 82, 489.
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Chem. 1988, 31, 1847-1854. (b) Ezumi, K.; Masumi, M.; Masayuki, N.
J. Med. Chem. 1990, 33, 1117-1122.
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derivatives (sultams and sultones, I and II) of these potent
TXA, antagonists is also presented.
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Results and Discussion

Vinyl Sulfonates in the Synthesis of the Sultam
and Sultone Ring. Our initial strategy toward the de-
velopment of an efficient synthesis of 4- and 5-phenyl-
substituted sultams and sultones, respectively, called for
a Michael reaction between phenyl vinyl sulfonate (3) and
benzyl cyanide (1).5 Reduction of the nitrile to the cor-
responding amine and.subsequent N-S cyclization was
expected to yield the desired sultam. In the event, reaction
of benzyl cyanide with 3% using a variety of phase-transfer
conditions afforded the bis Michael adduct 4 as the sole
product along with an equivalent amount of recovered 1
(eq 1).

Il
S —OPh

O\/CN + I g
1 3
SO,Ph ) (1
2
CN
4

Although disappointed by the exclusive formation of the
bis adduct, we were sufficiently encouraged by the re-
activity of the vinyl substrate to attempt the Michael re-
action with the corresponding ester, methyl phenylacetate
(2a). Happily, reaction of sulfonate 3 with 2a (K,COj,
18-crown-6, 90 °C) provided a 4.5:1 ratio of 5a/6a, from
which the desired mono Michael adduct 5a was isolated
in 48% yield.

The transformation of ester sulfonate 5a to the corre-
sponding sultam was readily accomplished as follows
(Scheme I). Hydrolysis of ester 5a was followed by con-
version of the corresponding acid to carboxamide 7 in 76%
overall yield? Cyclization of 7 to sulfimide 8a was
achieved in 45% yield by treatment with potassium
tert-butoxide. Finally, reduction of 8a (NaCF;CO,BHj;)
cleanly afforded the 4-phenyl sultam 9a (82%).1°

Alternatively, ester sulfonate 5a could be utilized as a
source for the sultone ring system. Reduction of ester 5a
(DIBAL) afforded alcohol 10a in 93% yield. Treatment
of 10a with sodium hydride produced a smooth cyclization
to give an 86% yield of sultone 11a. This methodology
served well for the synthesis of the target sultone pre-
cursors to 19 and 21 using substituted phenyl acetates.
The reaction of 2b with 3 was uneventful, affording a 50%
yield of mono Michael adduct 5b (along with 30% 6b).!!
By use of the corresponding 4-benzoylphenyl derivative
2¢, the Michael reaction proved somewhat sluggish, pro-
ducing a modest 20% yield of 5¢ as well as a 13% yield
of the bis adduct 6¢.112 Ester reduction of the Michael
adducts 5b and 5¢ (as well as benzoate deprotection in the
case of 5¢) followed by cyclization of resultant alcohols 10b
and 10¢ cleanly afforded sultones 11b and 1le¢, respec-
tively, in high yields.

Vinyl Sulfonamides in the Synthesis of Sultams.
The low yield of 5¢ as well as the relatively lengthy con-

) 36(_9{31;:eszomska, B.; Makowski, M.; Kubica, Z. OPPI Briefs 1984, 16,
26 (l%sl'Jmino, N.; Iwakuma, T.; Itoh, N. Tetrahedron Lett. 1976,

3-766.

(11) The yields reported for the bis adducts are of isolated products
and are based on the vinyl sulfonyl ester or amide.

(12) Increasing the yield of this reaction with longer reaction times was
impractical due to the relatively unstable nature of the vinyl sulfonate
under the reaction conditions.
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version of the vinyl sulfonate Michael adduct 5a to sultam
9a prompted us to explore an alternate approach to this
ring system. We decided on a strategy that incorporated
the sultam nitrogen from the outset by utilizing a suitably
protected vinyl sulfonamide as the Michael acceptor. We
felt that such a substrate would prove to be more robust
than its sulfonate counterpart. The p-methoxybenzyl
(PMB) group was chosen to mask the sulfonamide func-
tionality because of its stability to base and its ready re-
moval under oxidative conditions.!®*  Bis(4-methoxy-
benzyl)amine was reacted with chloroethanesulfonyl
chloride to afford vinyl sulfonamide 12 in 82% yield.
Reaction of 2a with 12 afforded the mono Michael adduct

(13) Yoshimura, J.; Yamaura, M.; Suzuki, T.; Hashimoto, H. Chem.
Lett. 1983, 1001-1002.
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13a in 65% yield in addition to the bis adduct 14a (7%)!!
(Scheme II). Treatment of 13a with ceric ammonium
nitrate provided a 66% yield of the primary sulfonamide
15a. Finally, treatment of 15a with sodium hydride pro-
duced sulfimide 8a (71%), which upon reduction as in the
previous text afforded 4-phenyl sultam 9a in 85% yield.
Scheme II demonstrates the generality of this sultam
synthesis utilizing a variety of substituted phenyl acetates.
In all cases, the Michael reactions were run under phase-
transfer conditions using crown ether catalysis. Although
the yields of mone Michael adducts were somewhat higher
using a modest excess of the nucleophile, acceptable
quantities (44-62%) of material could be obtained utilizing
a 1:1 molar ratio of 2/12. Especially noteworthy is the 47%
yield of 13¢ produced from the reaction of 2¢ and vinyl
sulfonamide 12 in contrast to the sequence in which the
corresponding vinyl sulfonate 3 is employed as the Michael
acceptor. Interestingly, in one example in which the
corresponding ethyl ester of the p-nitrophenyl acetate 2d
was deprotonated with 1 equiv of sodium hydride prior to
reaction with 12, the bis Michael adduct was produced as
the exclusive product in 70% yield.}# In contrast, the use
of crown ether conditions for this reaction with 2d afforded
an amount of the mono adduct (62%) comparable to the
other phase-transfer reactions as shown in Scheme II.
Two additional points can be made concerning this re-
action sequence. Although removal of the PMB groups
from sulfonamides 13a-c was readily accomplished using
ceric ammonium nitrate (62-79% yields), the character-
istically messy workup conditions associated with this
oxidation prompted us to examine an alternate procedure.
We have found that treatment of 13¢ and 13d with 50%
trifluoroacetic acid resulted in the smooth removal of the
PMB groups, providing primary sulfonamides 15¢ and 15d

(14) The reaction of dimethyl malonate with vinyl sulfonamide 12
using sodium hydride as the base affords a 50% yield of the mono Mi-
chael adduct.
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in 96 and 97% yields, respectively.!’® In addition, cycli-
zation of the resultant y-carbomethoxy sulfonamides to
the sulfimides was accomplished either with sodium hy-
dride (70%) (as for 15a) or with sodium methoxide
(80-98%), which, in the case of 15¢, also resulted in the
simultaneous deprotection of the phenol. Reduction of
8a-d proceeded cleanly to provide sultams 9a—d in 71-90%
yields.

Synthesis of Sultam and Sultone Analogues of
TXA, Antagonists. The synthesis of the sultam and
sultone analogues of the TXA, antagonist BM.13505 was
accomplished in two steps starting with bromides 9b and
11b, respectively (Scheme III). Reaction of 9b and 11b

(15) (a) Stewart, F. H. C. Aust. J. Chem. 1968, 2543. (b) Jones, M. L,;
Froussios, C.; Evans, D. A. J. Chem. Soc., Chem. Commun. 1976, 472,
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with (trimethylsilyl)acetylene ((PhyP),PdCl,, Cul) afforded
the coupled acetylenes 16 (76%) and 17 (85% )¢ which
upon hydroboration ((C¢H;,),BH; H,0,, NaOH) produced
sultam 18 and sultone 19 in 85 and 55% yields, respec-
tively.l
The oxyacetic acid sultam and sultone derivatives re-
lated to BM.13177 were thought to be available via al-
kylation of the corresponding phenols 9¢ and 1le, re-
spectively. It was found that sultone 20 could be prepared
from a one-pot cyclization/alkylation of 10¢ (NaH,
BrCH,CO,-t-Bu, 93%; eq 2). Hydrolysis of ester 20
HO
1. NaH o
BrCH,C0,tBu
2. TFA

$0,Ph

OH

(2)

20 R-tBu
21 R=H

cleanly afforded acid 21 in 84% yield. However, attempts
to alkylate phenol 9¢ with tert-butyl bromoacetate in the
presence of a variety of bases (NaH, n-BuLi, KN(TMS),)
resulted in low recovery of the tert-butyl ester of 27 due
to competing alkylation of the sultam nitrogen. Our ina-
bility to selectively O-alkylate sultam 9¢ led us to incor-
porate the oxyacetic acid substituent at the beginning of
the synthetic sequence (Scheme IV). Methyl 4-[2-(1,1-
dimethylethoxy)-2-oxethoxy]phenyl acetate (22) was re-
acted with 12 to provide a 44% yield of the mono adduct
23 in addition to a 48% yield of the corresponding bis
adduct.!! Treatment of 23 with 50% TFA to effect si-
multaneous debenzylation and removal of the tert-butyl
group was followed by cyclization of the resulting primary
sulfonamide acid 24 (NaOMe) to provide 25 in 68% overall
yield. Simultaneous reduction of the sulfimide and car-

(16) (a) Takahashi, S.; Kuroyama, Y.; Sonogashira, K.; Hagihara, N.
Synthesis 1980, 627-630. (b) Sonogashira, K.; Tohda, Y.; Hagihara, N.
Tetrahedron Lett. 1975, 4467,

(17) Backlund, S. J.; Zweifel, G. J. Am. Chem. Soc. 1977, 99, 3184.

boxylic acid of 25 (82%) followed by oxidation (NalO,,
RuCl,)!8 of the primary alecohol 26 afforded sultam acid
27 in 47% yield.

Sultams 18 and 27 and sultones 19 and 21 were found
to have no influence on either arachidonic acid or
PGH,-induced platelet aggregation. In addition, none of
the compounds was found to inhibit significantly ['%]-
PTA-OH (a TXA, mimic) binding to washed human pla-
telets. These data suggest that these sultam and sultone
derivatives of BM.13177 and BM.13505 are not thromb-
oxane A, antagonists.!®

In summary, we have presented a general synthesis of
4-phenyl sultams and 5-phenyl sultones utilizing the Mi-
chael reaction of vinyl sulfonamides and sulfonates with
phenylacetic esters. The application of this Michael re-
action methodology to other active methylene compounds
with these sulfonyl reagents should lead to a variety of
substituted sultams and sultones.

Experimental Section

IR spectra were taken as a Nujol mull (unless otherwise in-
dicated). 'H and *C NMR spectra were obtained in CDCl; (unless
otherwise indicated) at 300 MHz. Melting points are corrected.
Thin-layer chromatography was performed on Merck precoated
glass TLC plates with silica gel 60-F254 and stained with a solution
of 75 g of ammonium molybdate, 2.5 g of ceric sulfate, and 500
mL of 10% sulfuric acid (V/V). Column chromatography was
performed with Merck silica gel 60 (230-400 mesh). THF was
distilled from sodium/benzophenone ketyl. Reactions were stirred
with the aid of a magnetic stirrer unless otherwise indicated. In
cases where satisfactory combustion analyses were unavailable,
HRMS data along with 'H and 3C NMR spectra were used to
establish purity.

Phenyl Vinyl Sulfonate (3).52 A mixture of phenol (58 g,
0.61 mol) dissolved in 100 mL of 1,2-dichloroethane and 100 mL
of H,O was mechanically stirred at 0 °C, and 420 mL of 25%
aqueous NaOH and 100 g of chloroethanesulfonyl chloride were
added simultaneously and slowly while keeping the pH of the
reaction between 8.5 and 9.5. The mixture was stirred for another
2 h at 0 °C and then extracted four times with CH,Cl,. The
combined organics were washed with half-saturated NaCl, dried
over Na,SO,, filtered, and evaporated in vacuo to afford 85 g of
material. Distillation with a Kugelrohr oven at full vacuum at
70 °C gave 70.6 g (62%) of 3. '"H NMR: 6§ 7.42-7.21 (m, 5), 6.68

(18) Carlsen, P. H. J.; Katsuki, T.; Martin, V. S.; Sharpless, K. B. J.
Org. Chem. 1981, 46, 3936.

(19) (a) Platelet studies with these compounds, including competitive
binding experiments, were performed by Alice H. Lin and Dr. Robert R.
Gorman, The Upjohn Co. (b) Mais, D.; Knapp, D.; Halushka, P.; Ballard,
K.; Hamenaka, N. Tetrahedron Lett. 1984, 4207.
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(dd, J = 9.9, 16.6 Hz, 1), 6.35 (d, J = 16.6 Hz, 1), 6.15 (d, J = 9.9
Hz, 1). ¥C NMR: 6 149.4, 132.0, 131.7, 129.9, 127.4, 122.3. IR:
1596, 1587, 1489, 1388, 1376, 1170 cm™. Anal. Caled for CgHg SOy
C, 52.16; H, 4.38; S, 17.40. Found: C, 51.98; H, 4.48; S, 17.34.

Methyl a-{2-(Phenoxysulfonyl)ethyl]benzeneacetate (5a).
A suspension of 1.38 g (10 mmol) of K,COj in a solution of methyl
phenylacetate (2a, 2.9 mL, 20 mmol) and 132 mg (0.5 mmol) of
18-crown-6 in 40 mL of toluene was stirred and heated to 85-90
°C as 1.84 g (10 mmol) of 3 in 10 mL of toluene were added over
1h. After another 1.5 h at 90 °C, the mixture was allowed to cool,
diluted with EtOAc, and washed with half-saturated NaCl. The
aqueous portion was reextracted with EtOAc, and the combined
organics were dried over MgSO,, filtered, and evaporated in vacuo.
The crude mixture was chromatographed on silica gel, eluting with
15% EtOAc/hexanes to afford 1.62 g (48%) of 5a along with 1.12
g (22% based on 3) of the bis alkylated product 6a. 5a. Mp:
30-31°C. 'H NMR: § 7.41-7.20 (m, 10), 3.82 (t, J = 7.7 Hz, 1),
3.68 (s, 3), 3.20 (m, 2), 2.69 (m, 1), 2.45 (m, 1). 3C NMR: 5 173.2,
1494, 137.1, 130.0, 129.1, 128.0, 127.9, 127.3, 122.0, 52.4, 49.2, 48.0,
27.2. Ry 0.13,15% EtOAc/hexanes IR: 1734, 1587, 1376, 1144,
866 cm‘1 Anal. Caled for C,;H;30,8: C, 61.06; H, 5.43; S. 9.59.
Found: C,61.07; H, 5.25; S, 9.54. 6a. Mp: 86-89 °C. 'H NMR:
8 7.43-7.15 (m, 15), 3.78 (s, 3), 3.38 (m, 2), 3.00 (m, 2), 2.67 (m,
4). '®C NMR: 5173.5, 149.0, 137.9, 130.0, 129.5, 128.3, 127.3, 126.3,
121.9, 52.9, 52.8, 46.7, 31.7. R;: 0.08,15% EtOAc/hexanes IR:
1731, 1460, 1378, 1145 cm™., Anal, Caled for CosHps0gS,: C, 57.90;
H, 5.05; S, 12.36. Found: C, 58.06; H, 5.30; S, 12.47.

Methyl 4-bromo-a-[2-(phenoxysulfonyl)ethyl]benzene-
acetate (5b) was prepared by the procedure given previously for
5a except chromatography was with 20% EtOAc/hexane. 5b.
Yield: 5.0 g (48%). Mp: 63-65 °C. 'H NMR: § 2.32-2.47 (m,
1), 2.61-2.76 (m, 1), 3.13-3.27 (m, 2), 3.67 (s, 3), 3.80 (t,J = 7.7
Hz, 1), 7.13-7.45 (m, 7), 747 (d, J = 6.5 Hz, 2). *C NMR: 4 27.1,
47.8,48.5,52.5,121.9, 122.1, 127.3, 129.6, 130.0, 132.2, 149.0, 172.5.
R;: 0.56, 50% EtOAc/ hexane. TR: 2925, 1722, 1381, 1370, 1222,
1152 cml. Anal. Caled for C"Hy,BrNOsS C, 4941; H, 4.15;
S, 7.76. Found: C, 49.30; H, 3.97; S, 7.79. 6b. Yleld 2.2 g (29%
based of 3). Mp: 97-993 °C. g NMR: 52.50-2.71 (m, 2), 2.92-3.08
(m, 1), 3.27-3.41 (m, 1), 3.80 (s, 3), 7.05 (d, J = 6.6 Hz, 2), 7.15-7.43
(m, 10), 7.52 (d, J = 6.6 Hz, 2). 13C NMR: 4 31.4, 46.4, 52.6, 53.0,
121.9, 122.5,127.4, 128.1, 130.0, 132.6, 137.0, 148.9, 173.0. Ry 0.25,
25% EtOAc/hexane IR (llquld heated) 1736, 1383, 1358 1244,
1174, 1145 cm™. MS (HR): calcd for C%H25BrN0882 596.0175,
found 596.0166.

Methyl 4-(benzoyloxy)-a-[2-(phenoxysulfonyl)ethyl]-
benzeneacetate (5¢) was prepared by the procedure given
previously for 5a except chromatography was with 20% Et-
OAc/hexane. 5c. Yield: 2.4 g (19%). 'H NMR: 6 2.41~2.53 (m,
1), 2.67-2.81 (m, 1), 3.24 (t, J = 7.7 Hz, 2), 3.70 (s, 3), 3.88 (t, J
=17.7 Hz, 1), 7.19-7.68 (m, 12), 8.20 (d, J = 8.1 Hz, 2). 13C NMR:
027.3,48.0, 48.6, 52.5, 115.6, 122.0, 122.4, 127.3, 128.6, 129.0, 130.0,
130.2, 130.4, 133.8, 134.6, 149.0, 150.6, 165.6, 172.9. R;: 0.17,25%
EtOAc/ hexane. MS (HR): caled for CmHn07S 454, 1086 found
454.1087. 6¢c. Yield 1.0 g (13%, based on 3). Mp: 126-128 °C.
!H NMR: § 2.55-2.78 (m, 2), 3.00-3.12 (m, 1), 3.32-3.48 (m, 1),
3.79 (s, 3), 7.18-7.70 (m, 17), 8.20 (d, J = 8.0 Hz, 2). ®C NMR:
4 31.6, 46.6, 52.5, 53.0, 121.9, 122.7, 127.4, 127.5, 128.7, 128.1, 130.0,
130.2, 133.9, 135.4, 148.9, 150.7, 166.2, 173.2. Ry 0.10, 256%
EtOAc/hexane IR: 1745, 1725, 1488, 1456, 1372, 1170 cml, Anal.
Caled for C3oHy040Ss: C, 60.18; H, 4.73; S, 10.04. Found: C, 60.18;
H, 4.73; S, 10.05.

Phenyl y-(Hydroxymethyl)benzenepropanesulfonate
(10a). A solution of ester 5a (3.11 g, 9.3 mmol) in 25 mL of dry
CH,CIl; was stirred at ~78 °C under N, as diisobutylaluminum
hydride (1 M CH,Cl,, 20 mL, 20 mmol) was added slowly. The
reaction mixture was stirred 30 min at =78 °C, warmed to 0 °C,
and stirred an additional 30 min. The mixture was carefully
quenched with 0.5 mL of MeOH at 0 °C and was stirred vigorously
with 35 mL of 0.5 M sodium potassium tartrate overnight. The
aqueous layer was diluted with 50 mL of saturated NaCl. The
mixture was extracted with 3 X 25 mL of CH,Cl,. The combined
organics were dried over MgSO, and were concentrated in vacuo
to a pale yellow oil. Purification by chromatography over 82 g
of silica gel, eluting with 40% EtOAc/hexane afforded 2.66 g
(93%) of alcohol 10a as a colorless oil. 'H NMR: § 2.17-2.30 (m,
1), 2.44~2.59 (m, 1), 2.89-2.99 (m, 1), 3.04-3.21 (m, 2), 3.79 (m,
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2); 7.13-7.40 (m, 10). 3C NMR: 4 26.1, 46.9, 48.6, 66.9, 122.0,
127.2, 127.6, 127.9, 129.1, 129.9, 139.8, 149.0. IR (liquid): 3560,
1588, 1372, 1192, 1169, 1145 cm™. Anal. Caled for C,¢H,40,S:
C, 62.72; H, 5.92; S, 10.46. Found: C, 62.44; H, 6.08; S, 10.40.
Phenyl 4-Hydroxy-y-(hydroxymethyl)benzenepropane-
sulfonate (10c). A solution of diester 5¢ (1.7 g, 3.3 mmol) in 20
mL of dry CH,Cl; under N, at —78 °C was treated slowly dropwise
with DIBAL (1.0 M CH,Cl,, 15.3 mL, 15.3 mmol), stirred for 30
min at -78 °C, warmed to 0 °C, and stirred an additional 2 h. The
mixture was carefully quenched with 0.2 mL of MeOH at 0 °C
and was subsequently stirred vigorously with 25 mL of 0.5 M
sodium potassium tartrate for 1.5 h. The mixture was diluted
with 1 X 25 mL of 10% HCI and was extracted with 2 X 25 mL
of CH,Cl,. The aqueous layer was filtered to remove 780 mg of
a white solid that proved to be phenolic alcohol 10¢ (73%). The
organics were dried over MgSO, and were concentrated in vacuo
to a pasty oil that provided an additional 160 mg (15%) of 10¢
upon trituration with Et;0. Mp: 165.5-167 °C. 'H NMR
(acetone-dg): 6 2.08-2.21 (m, 1), 2.48-2.62 (m, 1), 2.80-2.93 (m,
1), 3.05~3.19 (m, 1), 3.27-3.40 (m, 1), 3.62-3.79 (m, 2), 6.80 (d,
J =85Hz,2),7.11 (d,J = 8.4 Hz, 2), 7.19-7.50 (m, 5). 3C NMR
(acetone-dg): 6 27.5, 47.0, 49.2, 67.0, 116.2, 123.0, 128.0, 129.8, 130.8,
132.7, 150.6, 157.5. IR: 3501, 1597, 1368, 1350, 1258, 1141 cm™,
MS (HR)Z caled for 016H1805S 322.0875, found 322.0873.
5-Phenyl-1,2-oxathiane 2,2-Dioxide (11a). NaH (50% in oil,
0.286 g, 5.96 mmol) was washed with 2 X 5 mL of pentane under
N, and was suspended in 25 mL of dry THF. The suspension
was cooled to 0 °C and was treated with alcohol 10a (1.66 g, 5.42
mmol) in 12 mL of dry THF. The mixture was stirred 30 min
at 0 °C, warmed to room temperature, and stirred an additional
1.5 h. The reaction was quenched with 10 mL of 1:1 saturated
NaCl/NH,CI and the THF was removed in vacuo. The solid was
collected by filtration and was washed successively with 20 mL
of saturated NaCl containing 20% v/v of 2 N NaOH and 20 mL
of Hy0. The solid material was air dried to provide 1.00 g (86%)
of sultone 11a as a white crystalline solid. Mp: 116-118 °C. 'H
NMR: § 2.33-2.45 (m, 1), 2.50-2.68 (m, 1), 3.16-3.40 (m, 3), 4.45
(dt,J = 2.5 Hz, 11.5 Hz, 1), 4.69 (t, J = 11.4 Hz, 1), 7.23~7.43 (m,
5). 3C NMR: 6 29.6, 40.5, 47.3, 76.9, 127.4, 128.0, 129.1, 137 4.
IR: 2926, 1459, 1359, 1169 cm™, Anal. Caled for C,gH;,0,8: C,
56.58; H, 5.70; S, 15.10. Found: C, 56.23; H, 5.88; S, 15.01.
Phenyl v-(Aminocarbonyl)benzenepropanesulfonate (7).
A solution of ester 5a (1.34 g, 4.0 mmol) in 15 mL of MeOH was
stirred and cooled at 0 °C as 2.4 mL (4.8 mmol) of freshly prepared
2 N NaOH was added. After 10 min at 0 °C, the reaction was
stirred at ambient temperature overnight. The mixture was
evaporated to dryness, taken up in half-saturated NaCl, acidified
to pH 2.5 with 10% HC], and extracted five times with CH,Cl,.
The combined organics were dried over MgSO,, filtered, and
evaporated in vacuo to afford 1.24 g of the corresponding acid,
which was used directly in the next step. 'H NMR: § 7.38-7.17
(m, 10), 3.82 (t, J = 7.7 Hz, 1), 3.18 (m, 2), 2.68 (m, 1), 2.46 (m,
1). 3C NMR: §178.5, 148.9, 136.2, 130.0, 129.2, 128.3, 128.0, 127.3,
122.0, 49.1, 47.9, 26.7. A solution of the acid (1.22 g) and 0.59
mL (4.23 mmol) of Et;N in 7 mL of dry THF was stirred and
cooled at ~45 °C, and 0.55 mL (4.23 mmol) of isobutylchloro-
formate was added all at once. After 10 min, the reaction was
cooled to ~55 °C and 1.5 mL of concentrated NH,OH was added.
The mixture was warmed to 10 to -15 °C and stirred at that
temperature overnight. The mixture was poured into half-satu-
rated NaCl and extracted five times with CHyCl,. The combined
organics were dried over MgSQ, and evaporated to give 1.61 g
of material. Purification by chromatography on 50 g of silica gel,
eluting with 35% acetone/hexanes, afforded 0.97 g (76% from
5a) of the carboxamide 7. Mp: 134.5-135.5 °C. 'H NMR:
7.39-7.19 (m, 10), 5.97 (br s, 1), 5.65 (br s, 1), 3.70 (t, J = 7.6 Hz,
1), 3.34-3.16 (m, 2), 2.72 (m, 1), 2.38 (m, 1), 3C NMR: 4 174.3,
149.0, 138.1, 130.0, 129.3, 128.1, 128.0, 127.3, 122.0, 49.8, 48.3, 27.1.
IR: 3425, 1679, 1664, 1335, 1182 cm™l. Anal. Caled for
C,HsNSO,: C, 60.12; H, 5.31; N, 4.39; S, 10.04. Found: C, 60.12;
H, 5.31; N, 4.41; S, 9.87.
N,N-Bis[(4-methoxyphenyl)methyl]ethenesulfonamide
(12). A 3000-mL three-necked flask equipped with a mechanical
stirrer was charged with 116 g (0.451 mol) of bis(p-methoxy-
benzyl)amine and 720 mL of 1,2-dichloroethane. The solution
was layered with 360 mL of H,0, and the mixture was cooled to
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0 °C. The vigorously stirred mixture was treated slowly dropwise
with NaOH (48.5 g, 1.21 mol) in 360 mL of H,0O while 2-chloro-
ethanesulfony! chloride (57 mL, 0.542 mol) in 300 mL of 1,2-
dichloroethane was added simultaneously, all the while making
sure a slight excess of NaOH was present. The reaction mixture
was stirred 30 min at 0 °C and 3 h at rt. The reaction was acidified
with 250 mL of 10% HC, and the precipitated bis(p-methoxy-
benzyl)amine HCl was collected by filtration (23.7 g, 18%). The
aqueous layer was extracted with 3 X 500 mL of Et,0. The
combined organics were dried over MgSO, and concentrated in
vacuo to provide 128 g (81%) of 12 as a white solid. The crude
material was recrystallized from Et,0/hexane prior to use. Mp:

70~70.5 °C. 'H NMR: 5 3.81 (s, 6), 4.19 (s, 4), 5.85 (d, J = 9 Hz,
1), 6.17-6.34 (m, 2), 6.86 (d, J = 9 Hz, 4), 7.20 (d, J = 9 Hz, 4).

183C NMR: §48.7, 55.2, 113.9, 126.1, 127.6, 130.1, 136.1, 159.3. IR:
1610, 1511, 1338, 1251, 1177, 1146 cm™. Anal. Caled for
CieHzNOS: C, 62.22; H, 6.09; N, 4.03. Found: C, 61.99; H, 6.11;
N, 4.07. .

Methyl a-[2-[[Bis[(4-methoxyphenyl)methyljamineo]-
sulfonyllethyl]benzeneacetate (13a). A solution of methyl
phenylacetate (2a) (10.5 mL, 72.7 mmol) and 12 (14.7 g, 42.2 mmol)
was combined with K,CO; (5.8 g, 42.2 mmol) and 18-crown-6 (1.1
g, 4.22 mmol) in 150 mL of dry toluene, and the mixture was
heated to reflux for 3 h. The cooled mixture was diluted with
300 mL of EtOAc, washed with 1 X 150 mL of 90% saturated
NaCl, and the aqueous layer was backwashed with 3 X 10 mL
of EtOAc. The combined organics were dried (MgSO,) and
concentrated in vacuo to a pale oil. Purification by chromatog-
raphy over 527 g silica gel, eluting with 32% EtOAc/hexanes,
afforded 13.7 g (65%) of 13a and 1.1 g (6%) of the bis adduct
14a. 13a. Mp: 97-98 °C. 'H NMR: § 2.17-2.32 (m, 1), 2.42-2.54
(m, 1), 2.71-2.81 (m, 2), 3.66 (s, 3), 3.72 (t,J = 13 Hz, 1), 3.81 (s,
6), 4.12-4.27 (m, 4), 6.86 (d, J = 9 Hz, 4), 7.17 (d, J = 9 Hz, 4),
7.21-7.39 (m, 5). 3C NMR: & 27.0, 49.2, 49.5, 51.1, 52.2, 55.3,
114.1,127.6, 1278, 127.9, 128.9, 130.1, 136.5, 159.3, 174.2 Ry 0.53
(50% EtOAc/hexane) IR: 1728, 1610, 1333, 1251, 1146 cm‘l
Anal. Caled for CyHyNOgS: C, 65.17; H 6.28; N, 2.81. Found:
C, 65.23; H, 6.28; N, 2.80. 14a. 'H NMR: 5 2.38 (t, J = 8 Hz,
2), 2.54-2.63 (m, 1), 2.70-2.82 (m, 1), 3.67 (s, 3), 3.80 (s, 12), 4.19
(br s, 8), 6.85 (d, J = 8.7 Hz, 8), 7.03-7.07 (m, 2), 7.13-7.21 (d,
J = 8.7 Hz, 8), 7.31-7.41 (m, 8). 3C NMR: 5 80.0, 49.1, 52.5, 55.2,
114.1,126.2, 127.5, 127.7, 129.0, 130.0, 138.8, 159.3, 173.8. R 0.43
(50% EtOAc/hexane) IR: 1731, 1612, 1327, 1249, 1176 1145
em™., Anal. Caled for C“HmNzOmSz C, 63. 96 H, 6.20; N 3.32;
S, 7.59. Found: C, 64.17; H, 6.58; N, 3.39; S, 7.47.

Methyl a-[2-[[bis[(4-methoxyphenyl)methyl]amino]-
sulfonyllethyl]-4-bromobenzeneacetate (13b) was prepared
by the procedure given previously for 13a using 1.1 equiv of 2b.
Purification was by crystallization (EtOAc) and chromatography
{25% EtOAc/hexanes) of the mother liquor. 13b. Yield: 32.3
g (55%). Mp: 113-115°C. 'H NMR: 4 2.11-2.26 (m, 1), 2.40-2.52
(m, 1), 2.70 (t, J = 7.5 Hz, 2), 3.63 (s, 3), 3.73 (t, J = 8.3 Hz, 1),
3.80 (s, 6), 4.11-4.30 (m, 4), 6.81-6.86 (d, J = 8.7 Hz, 4), 7.12 (d,
J=84Hz2),717(d,J = 8.7 Hz, 4), 747 (d, J = 8.4 Hz, 2). 13C
NMR: ¢ 26.9, 48.8, 49.2, 50.8, 52.4, 55.3, 114.1, 121.6, 127.6, 129.7,
130.1, 132.0, 136.6, 159.4, 172.5. R 0.17 (25% EtOAc/hexane)
IR: 1736, 1610, 1512, 1335 1137 cm®. MS (HR): calcd for
CHyBrNOgS 575. 0978 found 575.1011. 14b. Yield: 0.51¢g (1%).
1H NMR: § 2.28-2.39 (m, 2), 2.44-2.59 (m, 1), 2.51-2.64 (m, 1),
3.66 (s, 3), 3.81 (s, 12), 4.20 (br s, 8), 6.85 (d, J = 8.7 Hz, 8), 6.93
(d,J = 8.4 Hz, 2),7.16 (d, J = 8.7 Hz, 8), 7.47 (d, J = 8.4 Hz, 2).
13C NMR: 5 29.8, 48.9, 49.2, 52.2, 52.7, 55.3, 114.1, 121.8, 127.5,
128.1, 130.1, 132.1, 138.0, 159.4, 173.3. R 0.08 (40% EtOAc/
hexane). IR: 1732, 1612, 1512, 1352, 1145 cm‘1 MS (HR): caled
for C“HuBl'Nzolosz 923.2247, found 923.2216.

Methyl 4-(benzoyloxy)-a-[2-[[bis[(4-methoxyphenyl)-
methyl]lamino]sulfonyl]ethyl]benzeneacetate (13c) was
prepared by the procedure given previously for 13a using 1.5 equiv
of 2¢. Purification was by silica gel chromatography with 30%
EtOAc/hexanes. 13c. Yield: 4.85 g (47%). Mp: 137-138 °C.
'H NMR: $ 8.19 (m, 2), 7.64 (m, 1), 7.52 (m, 2), 7.32 (m, 2), 7.19
(m, 6), 6.85 (m, 4), 4.23 (m, 4), 3.81 (s, 6), 3.79 (t, J = 8.0 Hz, 1),
3.67 (s, 3), 2.78 (m, 2), 2.49 (m, 1), 2.25 (m, 1). 13C NMR: § 174.0,
165.0, 159.2, 150.3, 135.0, 133.6, 130.0, 129.9, 129.1, 128.9, 128.5,
127.5, 122.0, 113.9, 55.1, 52.2, 50.8, 49.0, 48.7, 27.0. R 0.095 (25%
EtOAc/hexanes). IR: 1732, 1609, 1320, 1309, 1175 1164 cm™,
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Anal. Caled for CqHgsNOgS: C, 66.11; H, 5.71; N, 2.27; S, 5.19.
Found: C, 66.16; H, 5.77; N, 2.28; S, 5.21. l4c. Yield: 2.08 g
(24%). 'H NMR: 4 8.20 (m, 2), 7.66 (m, 1), 7.53 (m, 2), 7.24-7.07
{m, 12), 6.89-6.78 (m, 8), 4.22 (s, 8), 3.80 (s, 12), 3.67 (s, 3), 2.76-2.39
(m, 8). 13C NMR: & 174.5, 164.9, 159.4, 151.0, 137.0, 134.0, 130.1,
129.5, 129.4, 128.7, 127.6, 122.2, 115.8, 114.1, 60.4, 55.3, 53.6, 53.0,
49.2, 30.4.

Methyl a-[2-(Aminosulfonyl)ethyl]benzeneacetate (15a).
A solution of dibenzy! sulfonamide 13a (3.0 g, 6.03 mmol) and
36 mL of H,O in 144 mL of CHyCN under N, was treated with
Ce(NH,)NO; (26.4 g, 48.2 mmol) and stirred 2.5 h at rt. The
CH,CN was removed in vacuo, and the aqueous residue was
poured into 150 mL of saturated NaCl and extracted with § X
100 mL of Et;0. The combined organics were washed with 1 X
100 mL saturated NaHCQ;, dried over MgSO,, and concentrated
in vacuo to a dark oily residue. Purification by chromatography
over 100 g of silica gel, eluting with 40% EtOAc/hexane, afforded
1.04 g (67%) of sulfonamide 15a as a yellow oil that crystallized
under high vacuum. Mp: 80-83 °C. 'H NMR: § 2.26-2.39 (m,
1), 2.561-2.66 (m, 1), 2.96-3.17 (m, 2), 3.66 (s, 3), 3.76 (t,J = 7.7
Hz, 1), 4.96 (br s, 2), 7.23-7.48 (m, 5). *C NMR: 4 27.3, 49.2,
52.2, 52.6, 127.6, 128.8, 136.9, 173.1. IR: 3336, 1714, 1349, 1327,
1162, 1148 em™l, MS (HR): caled for CuH15N04S: 257.0722,
found 257.0721.

Methyl a-[2-(aminosulfonyl)ethyl]-4-bromobenzeneacetate
(15b) was prepared by the procedure given previously for 15a.
Yield was 6.87 g (79%) after recrystallization (40% EtOAc/
hexane) and silica gel chromatography of the mother liquor (40%
EtOAc/hexane). Mp: 126-129 °C. 'H NMR: § 2.25-2.38 (m,
1), 2.50-2.66 (m, 1), 2.96-3.14 (m, 2), 3.68 (s, 3), 3.76 (t, J = 7.7
Hz, 1), 4.65 (br s, 2), 7.16 (d, J = 8.3 Hz, 2), 7.47 (d, J = 8.3 Hz,
2). 13C NMR: 5 28.5, 49.8, 52.7, 53.4, 122.4, 131.0, 132.9, 138.6,
174.5. IR: 3337, 1714, 1349, 1329, 1162 cm™.. MS (HR): caled
for C;;H,,BrNO,S 334.9827, found 334.9819.

Methyl «-[2-(aminosulfonyl)ethyl]-4-(benzoyloxy)-
benzeneacetate (15¢) was prepared by the procedure given
previously for 15a. Yield was 1.89 g (62%) after silica gel chro-
matography (50% EtOAc/hexane). Alternatively, a solution of
13c¢ (4.75 g, 7.7 mmol) in 25 mL of dry CH,Cl, under N, was
treated with trifluoroacetic acid (25 mL) and stirred at rt over-
night. The mixture was concentrated in vaeuo to a purple oil and
purified by silica gel chromatography over 92 g of silica gel, eluting
with 45% EtOAc/hexane to afford 2.8 g (96%) of 15¢ as an
off-white solid. Mp: 121-122 °C; 'H NMR: § 8.16 (m, 2), 7.99
(m, 1), 7.49 (m, 2), 7.35 (m, 2), 7.18 (m, 2), 5.25 (s, 2), 3.83 (t, J
= 6.7 Hg, 1), 3.65 (s, 3), 3.10 (m, 2), 2.60 (m, 1), 2.35 (m, 1). ¥C
NMR: 6173.3, 165.3, 150.4, 135.1, 133.7, 130.1, 129.1, 128.6, 122.2,
60.4, 52.6, 52.4, 48.7, 27.4, 21.2, 14.1. IR: 3361, 1731, 1710, 1377,
1167 cm™. Anal. Caled for C,gH;90¢SN: C, 57.28; H, 5.07; N,
3.71; S, 8.49. Found: C, 57.08; H, 5.29; N, 3.98; S, 8.21.

Dihydro-4-phenyl-2H-1,2-thiazin-3(4H)-one 1,1-Dioxide
(8a, Method a). A suspension of NaH (50% in oil, 0.493 g, 10.5
mmol, prewashed with 2 X 5 mL pentane) in 30 mL of dry THF
at 0 °C was treated slowly with ester 15a (2.4 g, 9.33 mmol) in
20 mL of dry THF. The mixture was stirred 30 min at 0 °C,
warmed to rt, and stirred an additional 83 h. The reaction was
concentrated in vacuo to a brown solid (2.4 g), dissolved in 30 mL
of MeOH, and stirred with 12 g of Dowex-50W-X8 ion exchange
resin (H* form) for 1 h at rt. The resin was removed by filtration
and washed with copious amounts of MeOH. The filtrate was
chilled to —33 °C overnight to provide 1.03 g (49%) of sulfimide
8a as a fine white solid. The resin bed was washed further with
200 mL of THF, the filtrate was combined with the MeOH mother
liquor, and the mixture was concentrated in vacuo to a yellow
paste. Purification by chromatography over 20 g of silica gel,
eluting with 40% acetone/hexane + 0.25% acetic acid provided
an additional 0.52 g (25%) of 8a.

Method b. A solution of potassium tert-butoxide (428 mg, 3.82
mmol) in 10 mL of dry THF at 0 °C was treated slowly with
carboxamide 7 (610 mg, 1.91 mmol) in 6 mL of THF. The mixture
was stirred at 0 °C for 2 h and at rt for 30 min. The reaction was
diluted with 5 mL of MeOH and passed through a column of 5
g of Dowex 50W-X8 (H* form) resin. The resin was washed well
with THF. The filtrate was evaporated, and the material was
purified by chromatography on 20 g of silica gel, eluting with 40%
acetone/hexanes/0.25% acetic acid to afford 177 mg (42%) of
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8a. Mp: 211-212°C. 'H NMR (MeOH-d,): & 2.38-2.53 (m, 2),
3.46-3.58 (m, 2), 3.90~4.00 (dd, J = 6.4, 10.2 Hz, 1), 7.18-7.40 (m,
5). 13C NMR (acetone-dg): 5§ 27.3, 48.4, 48.7, 128.1, 129.5, 140.6,
171.5. IR: 8170, 1700, 1453, 1337, 1147 cm™.. Anal. Calcd for
C,oH1NO;S: C, 53.32; H, 4.92; N, 6.22. Found: C, 52.97; H, 5.06;
N, 6.03.
4-(4-Bromophenyl)dihydro-2H-1,2-thiazin-3(4H)-one 1,1-
Dioxide (8b) was prepared by the procedure (method a) given
previously for 8a. Purification by silica gel chromatography (50%
acetone/hexane/0.25% acetic acid) gave 2.8 g (71%). Mp:
189-190.5 °C. 'H NMR (MeOH-d,): 6 2.40-2.57 (m, 2), 3.52-3.65
(m, 2), 4.01 (dd, J = 6.5, 10.7 Hz, 1), 7.21 (d, J = 8.2 Hz, 2), 7.55
(d, J = 8.2 Hz, 2). 3C NMR (MeOH-d,): § 27.3, 122.3, 131.6,
132.8, 139.4, 173.1. IR: 3144, 1697, 1494, 1326, 1161 cm™. Anal.
Caled for C,gH,(BrNO,S: C, 39.49; H, 3.31; N, 4.60; S, 10.54.
Found: C, 39.43; H, 3.30; N, 4.62; S, 10.64.
Dihydro-4-(4-hydroxyphenyl)-2H-1,2-thiazin-3(4H)-one
1,1-Dioxide (8c). A solution.of benzoate 15¢ (2.6 g, 6.9 mmol)
in 20 mL of MeOH under N, at 0 °C was treated with NaOMe
(400 mg, 7.4 mmol) and stirred for 2 h as the cooling bath expired.
The mixture was diluted with 25 mL of THF, treated with NaOMe
(880 mg, 16.3 mmol), heated to reflux for 2.5 h, and stirred ov-
ernight at rt. The mixture was stirred vigorously with 9 g of Dowex
50W-X8 ion exchange resin (H* form) for 30 min. The resin was
removed by filtration and washed well with 20 mL each of MeOH,
acetone, and THF. The filtrate was concentrated in vacuo to a
pasty white solid that was throughly washed with Et,0 to provide
1.49 g (90%) of 8¢ as a white solid. Mp: 252-254 °C. 'H NMR
(DMSO-dg): 66.93 (d, 2), 6.68 (d, 2), 3.79 (dd, J = 6.2, 10.6 Hz,
1), 3.55 (m, 2), 2.38 (m, 1), 2.21 (m, 1). ¥*C NMR (DMSO-d):
6173.3,158.1,131.1, 130.8, 116.9, 49.1, 47.7, 27.8. IR: 3353, 1660,
1615, 1371, 1333, 1190 cm™. MS (HR): caled for C,oH;;NO,S
241.0409, found 241.0406.
Tetrahydro-4-phenyl-2H-1,2-thiazine 1,1-Dioxide (9a). A
solution of sulfimide 8a (100 mg, 0.44 mmol) and NaBH, (194
mg, 5.13 mmol) in 3 mL of dry dioxane under N, at 0 °C was
treated slowly with trifluoroacetic acid (0.400 mL, 5.19 mmol).
The reaction was stirred for 30 min at 0 °C, heated to reflux for
5 h, and quenched with 2 mL of MeOH at rt. The mixture was
concentrated in vacuo, taken up in 25 mL of Et,0, and washed
successively with 2 X 10 mL of 5% HCl and 1 X 10 mL of 8:2
saturated NaCl/NaHCO,. The organics were dried over MgSO,
and concentrated in vacuo to afford 77 mg (82%) of sultam 9a
as a white crystalline solid. Mp: 128-129 °C; 'H NMR 6 2.30-2.39
(m, 1), 2.52-2.67 (ddd, J = 3.7, 12.5, 14.1 Hz, 1), 2.84-2.94 (dddd,
J =3.7,119Hz, 1), 3.12-3.22 (ddd, J = 4.0, 13.4 Hz, 1), 3.32-3.44
(m, 2), 3.62-3.74 (ddd, J = 9.5, 11.5, 14.5 Hz, 1), 4.52 (br s, 1),
7.21-7.38 (m, 5). *C NMR: 4§ 30.5, 41.7, 49.7, 50.9, 67.1, 127.1,
127.4, 128.9, 140.5. IR: 3309, 1584, 1317, 1152 cm™. Anal. Caled
for C(oH;3NO,S: C, 56.85; H, 6.20; N, 6.63. Found: C, 56.51; H,
6.10; N, 6.58.
4-(4-Bromophenyl)tetrahydro-2H-1,2-thiazine 1,1-dioxide
(9b) was prepared by the procedure given previously for 9a. Yield
was 3.5 g (88%) after crystallization (CHCly) and silica gel
chromatograph (35% acetone/hexane) of the mother liquor. Mp
200-202 °C. 'H NMR: § 2.25-2.37 (m, 1), 2.48-2.62 (m, 1),
2.79-2.92 (m, 1), 3.09-3.21 (m, 1), 3.30-3.42 (m, 2), 3.59-3.73 (m,
1), 4.46 (brs, 1), 7.10 (d, J = 8.4 Hz, 2), 7.46 (d, J = 8.4 Hz, 2).
13C NMR: 5 30.3, 41.4, 49.4, 50.4, 121.3, 128.5, 131.9, 139.1. IR:
3232, 1462, 1320, 1195, 1151, 1137 cm™.. MS (HR): caled for
CmHuBl'NOzs 288.9773, found 288.9790.
Tetrahydro-4-[4-[(trimethylsilyl)ethynyl]phenyl]}-2H-
1,2-thiazine 1,1-Dioxide (16). Two separate 15-mL screw-cap
flasks under N, were each charged with sultam 9b (600 mg, 2.06
mmol) and 6 mL of 50% benzene/Et;N. Each flask was treated
successively with (PhyP),PdCl, (74 mg, 0.105 mmol) and Cul (10
mg, 0.052 mmol) followed by (trimethylsilyl)acetylene (1.16 mL,
8 mmol). The mixtures were heated at 100-110 °C for 1 h, cooled
to room temperature, and treated successively with (Ph;P),PdCl,
(74 mg, 0.105 mmol) and Cul (10 mg, 0.052 mmol) followed by
(trimethylsilyl)acetylene (1.16 mL, 8 mmol)., The reaction mix-
tures were heated to 100-110 °C for an additional 1.5 h, cooled
to room temperature, and combined. The volatiles were removed
in vacuo, and the residue was partitioned between 50 mL of EtOAc
and 50 mL of 1:1 saturated NaCl/NH,Cl. The aqueous layer was
extracted with 3 X 50 mL of EtOAc. The combined organics were
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dried over MgSO, and concentrated in vacuo to an amber solid.
The solid was chromatographed over 100 g of silica gel, eluting
with 30% EtOAc/hexane to afford 961 mg (76%) of 16 as a pale
tan solid. Mp: 187 °C. 'H NMR: § 0.28 (s, 9), 2.22-2.35 (m, 1),
2.45-2.61 (m, 1), 2.86-3.00 (m, 1), 3.13-3.28 (m, 1), 3.29-3.41 (m,
2), 3.562-3.67 (m, 1), 5.06 (brs, 1), 7.16 (d, J/ = 8.3 Hz, 2), 7.45 (d,
J = 8.3 Hz, 2). 13C NMR: 4 0.0, 30.4, 41.6, 49.6, 50.7, 94.7, 104.5,
122.3, 127.0, 132.5, 140.9. IR: 3272, 2161, 1317, 1152, 1136 cm™.
MS (HR): caled for Cy;H,y NO,SSi 307.1062, found 307.1070.
4-(Tetrahydro-2H-1,2-thiazin-4-yl)benzeneacetic Acid
S,S-Dioxide (18). A solution of cyclohexene (1.14 mL, 11.3
mmol) in 3 mL of dry THF under N, at 0 °C was treated slowly
with BHy/THF complex (1.0 M THF) (5.65 mL, 5.65 mmol). The
mixture was stirred 1 h at 0 °C and treated slowly with a solution
of acetylene 16 in 2 X 3 mL of THF. The reaction was stirred
1 h at rt, diluted with 9 mL of MeOH, cooled to 0 °C, and treated
successively with 2 N NaOH (2.83 mL, 5.65 mmol) and 30% H,0,
(1.73 mL, 17 mmol). After being stirred at 0 °C for 25 min and
at 40 °C for 1.5 h, the mixture was cooled to rt and was brought
to homogeneity with 2 N NaOH. The organics were removed in
vacuo, and the aqueous residue was poured into 20 mL of satu-
rated NaCl. The mixture was extracted with 2 X 20 mL of Et,0.
The aqueous layer was acidified with 30 mL of 10% HCl and was
extracted with 4 X 25 mL of EtOAc. The combined EtOAc
extracts were dried over MgSO, and concentrated in vacuo to a
white solid (950 mg). Trituration with CH,Cl, provided 670 mg
(87%) of acid 17 as a white solid. Mp: 172-173 °C. 'H NMR
(MeOH-d,): 6 2.19-2.29 (m, 1), 2.34-2.51 (m, 1), 2.80-2.94 (m,
1), 3.08-3.32 (m, 3), 3.40-8.51 (m, 1), 3.57 (s, 2), 7.16-7.30 (m, 4).
13C NMR (MeOH-d,): 6 31.8, 41.5, 42.4, 50.4, 51.9, 128.2, 130.8,
135.0, 141.3, 175.5. IR: 3253, 1709, 1338, 1330, 1147 cm™.. Anal.
Caled for C,oH;NO,S: C, 53.52; H, 5.61; N, 5.20; S, 11.90. Found:
C, 53.52; H, 5.54; N, 5.16; S, 11.70.
tert-Butyl [4-(1,2-Oxathian-5-yl)phenoxylacetate §,S-
Dioxide (20). A suspension of NaH (146 mg, 3.04 mmol; pre-
washed with 2 X 5 mL of pentane) in 8 mL of dry THF at 0 °C
was treated slowly with a solution of alcohol 10¢ (445 mg, 1.38
mmol) in 2 X 2 mL of dry THF. The reaction was stirred for 15
min at 0 °C, warmed to rt, and stirred for 1.5 h. The mixture
was cooled to 0 °C and treated with tert-butyl bromoacetate (0.500
mL, 3.10 mmol), warmed to rt, and stirred for 2 h. The mixture
was diluted with 2 mL of saturated NaHCO;, and the THF was
removed in vacuo. The aqueous residue was poured into 10 mL
of 1:1 saturated NH,Cl/NaCl, and the mixture was extracted with
4 X 20 mL of Et,0. The combined organics were dried over
MgSO, and were concentrated in vacuo. Purification by chro-
matography over 26 g of silica gel, eluting with 30% EtOAc/
hexane afforded 438 mg (93%) of 20 as a white crystalline solid.
Mp: 127-128 °C. 'H NMR: & 1.49 (s, 9), 2.31-2.41 (m, 1),
2.48-2.62 (m, 1), 3.09-3.38 (m, 3), 4.38-4.45 (ddd, J = 2.4, 4.5,
11.4 Hz, 1), 4.51 (s, 2), 4.63 (t, J = 11.3 Hz, 1), 6.86 (d, J = 8.7
Hz, 2),7.17 (d, J = 8.6 Hz, 2). 3C NMR: & 28.0, 29.7, 39.7, 47.3,
65.6, 82.5, 115.1 128.5, 130.1, 157.6, 167.8. IR: 1749, 1514, 1449,
1850, 1154 cm™. Anal. Calcd for C;gH06S: C, 56.12; H, 6.48;
S, 9.36. Found: C, 56.08; H, 6.74; S, 9.19.
[4-(1,2-Oxathian-5-yl)phenoxylacetic Acid §,S-Dioxide
(21). A solution of ester 20 (328 mg, 0.958 mmol) in 11 mL of
dry CH,Cl; under N, at 0 °C was treated with 3 mL of tri-
fluoroacetic acid. The mixture was stirred for 1 h at rt and
concentrated in vacuo to a white solid. The solid was thoroughly
washed with Et,0 and was collected by filtration to provide 230
mg (84%) of 21. Mp: 169.5-170.5 °C. H NMR (acetone-dg):
4 2.30-2.58 (m, 2), 3.22-3.49 (m, 3), 4.37-4.61 (m, 2), 4.72 (s, 2),
6.95 (d, J = 8.6 Hz, 2), 7.30 (d, J = 8.6 Hz, 2). 13C NMR (ace-
tone-dg): 6 39.9, 47.7, 65.1, 77.5, 115.5, 129.3, 131.6, 158.3, 169.7.
IR: 1742, 1709, 1610, 1358, 1162 cm™. Anal. Caled for CyoH;OgS:
C, 50.34; H, 4.93; S, 11.20. Found: C, 49.89; H, 5.12; S, 11.00.
Methyl a-[2-[[bis[(4-methoxyphenyl)methyl]amine]-
sulfonyllethyl]-4-[2-(1,1-dimethylethoxy)-2-0x0ethoxy]-
benzeneacetate (23) was prepared by the procedure given
previously for 13a using a 1:1 ratio of 22/12. Yield was 27.0 g
(44%) of 23 and 23.5 g (48% based on 12) of the bis Michael
adduct after crystallization (EtOAc) and silica gel chromatography
(30% EtOAc/hexane) of the mother liquor. Mp: 140-141 °C.
'H NMR: & 1.49 (s, 9), 2.13-2.28 (m, 1), 2.40-2.52 (m, 1), 2.74
(t, J = 7.6 Hz, 2), 3.64 (s, 3), 3.67 (m, 1), 3.81 (s, 6), 4.21 (br s,



3556 dJ. Org. Chem. 1991, 56, 3556~3564

4), 4.50 (s, 2), 6.80-6.89 (m, 6), 7.14-7.21 (m, 6). *C NMR: 3 27.0,

28.0, 48.7, 49.2, 51.0, 52.2, 55.3, 65.7, 82.4, 114.1, 115.0, 127.6, 129.0,
130.0, 130.3, 157.5, 159.3, 167.9, 173.4. IR: 1746, 1731, 1612, 1513,
1317, 1185 cm™. Anal. Caled for C3sH;NOGS: C, 63.14; H, 6.58;
N, 2.23; S, 5.11. Found: C, 63.52; H, 6.64; N, 2.43; S, 4.89.

Methyl a-[2-(aminosulfonyl)ethyl]-4-(carboxymethoxy)-
benzeneacetate (24) was prepared by the alternate procedure
given previously for 15¢. Yield was 9.2 g (85%) after silica gel
chromatography (6% MeOH/CH,Cl;/0.5% acetic acid). Mp:
115-117 °C dec. 'H NMR (MeOH-d,): 4 2.16-2.32 (m, 1),
2.42-2.57 (m, 1), 2.87-8.10 (m, 2), 3.62 (s, 3), 3.78 (dd, J = 7.7 Hz,
1), 4.63 (s, 2), 6.90 (d, 2), 7.21 (d, 2). 3C NMR (MeOH-d,): &
28.7, 49.7, 52.8, 53.5, 65.9, 116.0, 130.2, 132.1, 158.9, 172.8, 175.3.
IR: 3331, 1758, 1713, 1514, 1329, 1163 cm™, Anal. Calcd for
CsHsNO;S: C, 47.12; H, 5.23; N, 4.17; S, 9.68. Found: C, 46.73;
H, 5.32; N, 4.11; S, 9.35.

Disodium [4-(tetrahydro-3-oxo-2H-1,2-thiazin-4-yl)phen-
oxy]acetate S,S-dioxide (25) was prepared by the procedure
given previously for 8c. Yield 6.4 g (80%). Mp >300 °C. 'H NMR
(D;0): §2.21-2.35 (m, 1), 2.41-2.54 (m, 1), 3.20-3.30 (m, 2), 3.70
(dd, J = 5.6, 8.3 Hz, 1), 4.49 (s, 2), 6.95 (d, 2), 7.18 (d, 2). ¥C NMR
(Dy0): §5.6,22.7,24.7, 45.2,98.2, 107.9, 111.7, 135.0, 155.2, 157.6.
IR: 1611, 1532, 1300, 1125 eml. MS (HR): caled for CleuN-
0¢SNa, 300.0532, found 300.0542.

2-[4-(Tetrahydro-2H-1,2-thiazin-4-yl)phenoxyJethanol
9,S-dioxide (26) was prepared by the procedure given previously
for 9a. VYield: 127 mg (82%). Mp 130-1383 °C, dec. 'H NMR:
5 2.14~-2.28 (m, 1), 2.30~4.49 (m, 1), 2.69-2.93 (m, 1), 3.04-3.47
(m, 4), 3.85 (t,J = 2 Hz, 2), 4.00 (t,J = 2 Hz, 2),6.90 (d, 2), 7.15

(d, 2). 3C NMR: § 32.1, 42.0, 50.6, 52.2, 61.8, 68.2, 70.6, 116.0,
129.2, 134.9, 159.5. IR: 3506, 3248, 1515, 1317, 1298, 1148 cm™1.
Anal. Caled for C,,HsNO,S: C, 53.12; H, 6.32; N, 5.16; S, 11.82.
Found: C, 53.24; H, 6.40; N, 5.18; S, 11.79.

[4-(Tetrahydro-2H-1,2-thiazin-4-yl)phenoxylacetic Acid
8,8 -Dioxide (27). A vigorously stirred solution of alcohol 26
(210 mg, 0.77 mmol) and 4 mL of H,O in 4 mL of 50%
CH;3;CN/CH,Cl, under N, at 0 °C was treated successively with
NaHCO, (332 mg, 3.95 mmol), NalO, (508 mg, 2.38 mmol), and
RuCl; (17 mg, 0.08 mmol) and stirred for 3 h as the cooling bath
expired. The organics were removed in vacuo, and the aqueous
residue was diluted with 10 mL of 2 N NaOH. The mixture was
extracted with 2 X 10 mL of Et,0, and aqueous layer was adjusted
to pH 2.5 with 5% HCI and extracted with 4 X 15 mL of EtOAc.
The combined organics were dried over MgSO, and concentrated
in vacuo (208 mg). Purification by chromatography over 12 g of
silica gel, eluting with 10% acetone/EtOAc containing 3% acetic
acid, afforded 102 mg (47%) of 27 as a white solid. Mp: 186-188
°C. 'H NMR (MeOH-d,): 6§ 2.20-2.30 (m, 1), 2.34-2.51 (m, 1),
2.78-2.91 (m, 1), 3.09-3.50 (m, 4), 4.63 (s, 2), 6.89 (d, 2), 7.19 (d,
2). 13C NMR: § 32.0, 42.0, 50.6, 52.1, 66.0, 116.0, 129.2, 136.0,
158.6, 173.0. IR: 3217, 1739, 1513, 1318, 1135 cm™. MS (HR):
calcd for C,oH;sNO;S 285.0671, found 285.0694.

Supplementary Material Available: 'H and *C NMR
spectra for compounds 5¢, 8¢, 8d, 9b, 9¢, 10¢, 13b, 15a, 15b, 15d,
16, 25, and 27 and spectral and analytical data for compounds
8d, 9¢, 9d, 10b, 11D, 11c, 134, 15¢, 154, 17, and 19 (29 pages).
Ordering information is given on any current masthead page.
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Alkylation of the anion derived from 2-phenoxy-3-(phenylsulfonyl)-1-propene proceeds « to the phenylsulfonyl
group and affords cyclic products from 1,w-dihalides. Reaction of the monoalkylated products, in which a suitably
positioned olefinic or acetylenic unit is present, with sodium benzenesulfinate—acetic acid gives functionalized
acetylcyclopentenes and cyclohexenes via C~C bond formation from the allyl cation—-sulfinate ion pair. In the
vinyl sulfone series, deprotonation of (E)- or (Z)-2-alkoxyvinyl phenyl sulfones rapidly affords the more stable
(E)-lithio derivative, an acetaldehyde anion equivalent which reacts normally with aldehydes, ketones, alkyl halides,
and epoxides. The latter process may be effected in an intramolecular fashion. Thus, (E)-(2-phenylsulfonyl)
vinyl ethers of 2,3-epoxy alcohols cyclize on treatment with amide bases to afford dihydrofurans whose stere-
ochemistry is fully defined by that of the starting epoxy alcohol.

For some time, synthetic chemists have sought efficient
and stereospecific methods for carbocyclic annulations.
Useful annulating reagents should be capable of acting
sequentially as an alkylating agent and Michael acceptor.!
In this context, functionalized allylic reagents of type 1,
wherein X is some leaving group and Y is an electron-
withdrawing substituent, have been extensively utilized
in organic synthesis.”!! These substituted 1-propenes
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