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Summary: N-Phenylsulfonimidoyl chloride reacts with trimethylsilylethene in the presence of
aluminum chloride to give two product benzothiazines, one of which has been desilylated. The silylated
benzothiazine can be deprotonated and alkylated, sometimes with very high diastereocontrol. Upon
treatment with fluoride, these silylated benzothiazines undergo dcsﬂylauon with concomitant cleavage of
the carbon-sulfur bond to give 2-alkenylsulfinanilides which can be hydrolyzed to the corresponding

anilines. © 1998 Eisevier Science Lid. All righs reserved.

Anilines which are substituted at the 2-position are valuable materials for the construction of a number of
different classes of compounds. In particular, 2-alkenylanilines have been converted to indoles by means of a
palladium-catalyzed cyclization process.! They have also served as precursors for the preparation of quinolines

and cinnolines.2 They have appeared as intermediates in a number of total syntheses of natural products. 3 The

synthesis of 2-alkenylanilines is thus of great import. Several approaches have been introduced for their
preparaiion but newer methods of increased generality are necessary to facilitaie a wider range of substitution

patterns and functionality on the target compounds.
R. F
\\ L AICl3 1 3 X Ry
H e pTol—ﬂ-—-Cl R |
A ..85=0 R1G=CR; \1_):‘3 A 20
U~ N '/‘\ N N N7\

/N
N" Mol 1 A Ry R4 , P
Equation 1
We have b
mediated reaction of sulfonimidoyl chiorides with alkenes or alkynes (equation 1). We have aiready
demonstrated that such compounds can be converted to 2-alkylanilines through a reductive desulfurization
procedure? and have developed two methods for the preparation of 2-alkenylanilines.S By virtue of the high
regioselectivity associated with the formation of benzothiazines 2 and 3, the anilines are produced cleanly as
single regioisomers. Further, we recently introduced a new synthesis of 2—allylanilines6 and have demonstrated

i dalac Ja
.

As partof a study involving steric effects in the synthesis of benzothiazines such as 2, we treated 1a with
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trimethylsilylethene in the presence of aluminum

A ds [N 7 QPR -
. Aliempts o converi 5a 1

and it appears that 4 must be derived via a path independent of that leading to 5. A

plausible mechanism for the formation of 4 is shown in Scheme 1. In this case the regioselectivity of the process
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Equation 2

is guided by the carbocation-stabilizing ability of silicon (B-effect).8 Thus, the reactive species derived from la

and Lewis acid leads to 6 upon reaction with trlmethylsxlylethene Desilylation then leads to 7, which closes
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formed highly diastereoselectively, for reasons which are still unclear. However, it is important to not
reaction of t-butylethene with 1 affords t-butylated products analogous to 5a/b but with a 4:1 ratio of
diastereomers.?

The stereochemistry of the minor isomer Sb was established by X-ray diffraction.10 The major isomer 5a is

shown in equation 2. Optimization studies have led to increased yields of 5a and 5b. In the best case developed
thus far, the reaction of 1a with trimethylsilylethene in the presence of 1.2 equivalems of tin tetrachloride resulted
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Scheme i

Even before having found a route to 5a that proceeds in reasonable yield, we examined the alkylation of 5a,
n anticipation of the elimination process designed to lead to 2-alkenylanilines (Table 1). Treatment of Sa with n-
Li in THF at -78 OC followed by addition of an electrophile and slow warmi

P, ! o
BuLi 1 ved b 1 of an h ! warming f

electrophile, the alkylation proceeded with very high stereoselectivity to give 8 as a 25:1 mixture of diastereomers
as determined by 1H NMR analysis of the crude reaction mixture. The structure of the major isomer was
determined by X-ray analysis.ll The other alkylation products were characterized as mixtures and the
stereochemistry of the major isomer was assigned based on analogy to the methyl iodide ¢

The desilylation step was essentially the same as that used for our allylaniline synthesis.G Thus, treatment of
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e
were concerted and if the general stereochemical assignments associated with 8-14 are correct, one would expect
a preponderance of the Z isomer of the sulfinanilide, as is observed. It is important to note, however, that the

stereochemistry of the starting materials in this step is not generally reflected in the stereoisomer distribution of
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Table 1. Alkylation of Benzothiazine 5a

ARy:

Entry RX Product Yield (%)® Ratio (a:b)P

1 Mel 8 88 25:1
2 EtBr 9 67 2:1

3 allyl bromide 10 89 4.6:1
4 benzyi bromide ii 87 4.9:1
6 4-bromobenzylbromide 13 55 2.5:1

4-[2-(5-Methylfuryl)]
7  -4-methyliodopentane 14 87 1.5:1

3After chromatographic purification. ®Based on 'H NMR of the
crude reaction mixture.

TMS
A /k <R BUNF, THF25°C 2N\ "R

LL P

o

. NHSOp-Tol
%-To|
Table 2. Formation of 2-Alkenylsulfinanilides
Entry Educt R Ratio? Product  Yield (%)° Ratio (E:2)°
1 5a H NA 5' 95 NA
2 8 Me 99:1 8' 88 1:13.4
3 9 Et 1:1 9' 67 1:6.2
4 10 allyl 6.8:1 10' 74 1115
5 11 benzyl 16.6:1 11’ 82 only Z
6 i2 MEM 2.6:1 i2 63 1:2.8
7 i3 4-bromobenzyi 171 i3 55 only 2
8 14 4-[2-(5-methyifuryh]-4-methylpentyl 21 14 87 i:5.8

@Ratio of a/b isomers as depicted in Table 1. The tentative stereochemical assignment of these
benzothiazines places the "R" group in the B orientation for the major "a” isomer. See the text. bAfter
chromatographic purification. *Based on 'H NMR of the crude reaction mixture.
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example, formation of a benzylic carbanion which can eliminate via two stereochemically unique pathways would
account for the loss in stereochemistry. It may be the case that two competing mechanisms produce product, or

that the carbanion preferably eliminates to give the Z-isomer of the sulfinanilide. Our prior work lends some
support to the latter idea. 53 We found that treatment of 9a with fluoride resulted in the formation of
sulfinanilides 9’ as a 3:1 mixture of Z/E isomers in 73% yield. On the other hand, 9b afforded an 18:1 mixture
of the same Z/E isomers in 62% yield.

The stereochemistry of the sulfinanilides was established by 1H NMR. For example, for (Z)-8’ the

the methyl groups for the major and minor isomers were
1.65 and 1.84 ppm, respectively. Earlier work in our group indicated that the upfield shift in the methyl group
corresponds (o a cis relationship to the aryl ring and thus overall Z sterem:hemistry.Sa Other compounds were
assigned analogously.

Basic hydrolysis of the sulfinanilides to give the corresponding anilines proceeded in reasonable yield as

C
eared that the stereochemi
e a that the stereoche

shown in Table 3. In some cases it appeared that th hemistry of the alkenylsulfinanilides was not
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1ave demonstrated that this is not due to loss of
configuration during the hydrolysis process since careful, small scale hydrolysis reactions with both pure (Z)-9’
and a 2:1 E/Z mixture of 9’ gave anilines with olefin configurations essentially the same as the corresponding
sulfinanilides. We believe that either the loss of compound possessing a particular configuration or simply the

inaccuracy associated with using intergration of NMR spectra to determine stereoisomer ratios may be

N R v
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Table 3. Hydrolysis of 2-Alkenylsulfinanilides
Entry Educt R Ratio (E:Z)° Product Yield (%)P Ratio (E:2)°
1 5 H NA 5" 71 NA
2 8' Me 1:14.3 8" 63 1:11.4
3 9' Et 1:6.2 9" 84 1.7.9
4 i ailyi 1:8.2° i0" 55 d
5 11 benzyl only Z 11" 79 only Z
(5] 12 MEM 1:3.1 12" 80 1:3.4
7 3 4-bromobenzy! only Z 13" 86 only Z
8 14' 4-[2-(5-methyifuryl)}-4-methylpentyl 1:5.6 14" 71 1:3.8
*Based on ‘'H NMH analysis of the siarting material. Ratio of a/b isomers as depicted in Table 1. The
tentative stereochemicai assighmenit of these benzothiazines places the "R" group in the P orientation for
the major "a" isomer. See the text. PAfter chromatographic purification. “Based on 'H NMR of the crude
reaction mixture. 9Not determined

Finally, we have investigated in a preliminary fashion the reaction of 2-trimethylsilylpropene with 1a. The

Lewis acid mediated cyclization leads to benzothiazine 15 in 52% yield. Treatment with fluoride and hydrolysis
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gives the aniline 15 % yield (Scheme 2). The optimization and scope of th ocess and reactions with
more complex alkenylsilanes remain to be investigated
In summary, we have demonstrated that benzothiazine 5a is a useful starting material for a convenient

synthesis of 2-alkenylanilines. The major problem with respect to this chemistry lies in the fair yield of 5a,

though its synthesis is fairly straightforward.

Ha Ha
CH jd" ™S
2 . S 1. TBAF X N
Ha AlCla - ( \\r 1. TBAI “ ‘l
1a + croch s | o 2. KOH LA
N iz, =76 - e
TMS 500/, 4 Q-4 \%NGS \ 36% NH
ke /Uy FaNde pTol 15'|
15’
Scheme 2
Experimental Section
All air and moisture-sensitive reactions were carried out in flame-dried or oven-dried (at 120 °C) glassware

under an inert atmosphere of nitrogen. All reactive liquid reagents were transferred by syringe or cannula and
were added into the flask through a rubber septum. Methylene chloride was freshly distilled from CaH, prior to
use. Tetrahydrofuran was distilled from sodium and benzophenone ketyl immediately prior to use. Methanol
was distilled over magnesium methoxide prior to use. All other reagent grade solvents, hexanes, ethyl acetate
etc., were distilled prior to use. Melting points were obtained on a Fisher-Johns Hot Stage melting point

ined on an Enraf-Nonius CAD-4 diffractomeier. Elemental

ammaratiie and ara

apparatus and are uncoriected. X-ray data were obtai
analysis for new compounds were performed by MHW labaratories, Phoenix, AZ. All analytical samples were
either distilled, recrystallized or chromatographed using HPLC grade solvents before submitting them for
elemental analysis.

Both !H and 13c spectra were obtained on a Bruker AMX-500 and AMX-250 at 500, 250 MHz and 125,
All NMR spectra wer

obtained as a solution in CDCI

-~
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standard unless otherwise stated.

Tn the cases where mixtures of isomers were characterized, 'H and 13C spectra were reported as in the
following sense. In the case of a major isomer in the presence of a small amount of a minor isomer, I and 13¢
NMR data were reported for only the major isomer. However, for the case of mixtures where the data were

available for the both of the isomers, each signal and coupling constants for IH NMR spectra were located as
s possible, but 13 C spectra were re
Infrared spectra were obtained on a Nicolet 20DXB FTIR spectrometer either as a neat liquid with NaCl cells
or in KBr pellets.
Analytical Thin Layer Chromatography (TLC) was performed on Merck silica gel plates (Merck Kieselgel 60,

0.25 mm thickness) with F554 indicator. Compounds were visualized under UV lamp or by developing in
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iodine, vanillin or phosphomolybdic acid followed by heating on a hot plate at 250-300 OC. Flash
chromatography was performed on 230-400 mesh silica gel (Merck Kieselgel 60) with technical grade solvents
that wara dictillad nriar tn 1ca
LIIGL YYLIL uldLiiivua PILUI LU Uuoe

N-phenyl-sulfinamide was prepared as reported in the literature. 12 All other chemicals (trimethylsilylethene,

AICl3, aniline, etc.) were obtained from commercial sources.

oxide (Sa)5 (-i_-)-(N ,4S*)-3,4-Dihydro-2-(4-methylphen me .yl ily-224.2,1.
benzothiazine-2-oxide (5b) and (i}-3,4-.‘)ihydr0-2-(4-neihyiphenyl)-2k4-2,1-benzoihiazme-

2-oxide (4). A flame-dried 100 mL recovery flask equipped with a magnetic stir bar, a septum and a nitrogen
balloon was charged with 2.33 g (10 mmol, 1 eq.) of N-phenyl-p-toluenesulfinamide and 50 mL dry CH,Cl, to
give a 0.2 M solution. This solution was cooled down to -78 ©C in an isopropanol/dry ice bath. Tert-butyl
hypochlorite (1.25 ml, 10.5 mmol, 1.05 eq.) was added via a syringe over 5 min. A white precipitate formed
and the solution turned yellow after 10 min. Upon completion, trimethylsilylethene (11 mmol, 1.1 eq.) was
i i i in, followed by the addition of
2.09 g (20 mmol, 2 eq.) of powdered AICl3 in three portions over a 15 min. time period. The color of the
solution turned to brown immediately. The mixture was allowed to stir at -78 ©C for an hour. It was quenched
with 10 mL of 1IN HCI and diluted with 30 mL ethyl acetate in a separatory funnel. The organic layer was then
washed with water (3x30 mL) and brine solution (1x30 mL), dried over MgSQy, and filtered. The solvent was

s light brown solid which was

o ] ] > M
i u 1 \ L LA~ N 2 VL 80 st

removed under reduced
purified by flash chromatography (hexanes/ethyl acetate, 9:1) to give 5a, 5h, and 4 as white solids. Data for
Sa: yield: 37%. Recrystailization from hexane/ethyl acetate gave an analytical sample of 5a. mp 132-133 °C.
1H NMR (250 MHz, CDCly) 6 7.86 (d, 2H, J = 8.2 Hz), 7.33 (d, 2H, J = 8.2 Hz), 7.17-7.06 (m, 2H), 6.97
(d, IH, J = 6.7 Hz), 6.86 (dt, 1H, J = 1.2, 7.2 Hz), 3.56 (dd, 1H, J = 3.2, 12.6 Hz), 3.14 (dd, IH, J = 6.6,
12.6 Hz), 2.78 (dd, 1H, J = 3.1, 6.5 Hz), 2.44 (s, 3H), 0.17 (s, 9H). 3¢ NMR ( CDCl3, 125 MHz), 144.8,
144.8, 136.7, 129.8, 128.7, 127.6, 126.7, 123.7, 123.3, 120.1, 49.3, 28.4, 21.5, -1.8. IR(KBr) 3064 (s),

5 5 1.9, -1.0., INQT v I21 JUVO
2N84 e 180K
IUIT (D), 1ITFJ

1044 (s), 1010 (s) em™!. Anal. Caled for C1gH»3NOSSi: C, 65.61; H, 7.04. Found: C, 65.43; H, 6.94.
Compound S5b (3.7%) was recrystallized from hexanes and ethyl acetate to give an analytical sample. mp
129-130 °C. 'H NMR (250 MHz, CDCl3) 6 7.96 (d, 2H, J = 8.2 Hz), 7.38 (d, 2H, J = 8.2 Hz), 7.27-7.17
(m, 2H), 7.08 (dd, 1H, J = 1.4, 8.0 Hz), 6.86 (dt, 1H, J = 1.4, 7.5 Hz), 3.35 (dd, 1H, J = 4.0, 12.1 Hz),
3.06 (dd, 1H, J = 3.9, 15.0 Hz), 2.73 (dd, 1H, J=12.1 Hz, 15.0 Hz), 2.46 (s, 3H), 0.24 (s, 9H). 13¢ NMR

....... A, p3 .4 AL S5 JIL) V

3

\/\

fmYy 172
\ifij, 15

o I Lizy A i4% 710 2 27 PR TN aly i ]
\\_,U\_,xg L0 IIRZj O i40. iy VLT7.F, 125, i, 128. Ly 127.4 124. 4, 125.5, 12U.U, 45U, £

21.6, -1.2. IR (KBr) 1595 (s), 1499 (s), 1471 (s), 1442 (s), 1306 (s), 1270 (s), 1252 (s), 122 (s), 10ii (s)
cm-!.  Anal. Calcd for C1gH,3NOSSi:  C, 65.61; H, 7.04. Found: C, 6587; H, 6.80.

Compound 4 was obtained in 30% yield after chromatography and was recrystallized from hexanes and ethyl
acetate to give an analytical sample. mp 94-95 ©C. IH NMR (CDCl3, 500 MHz) 6 7.93 (d, 2H, } = 8.2 Hz),

7.37 (d, 2H, J = 8.2 Hz), 7.21 (dt, 1H, J = 1.3, 7.6 Hz), 7.08 (dd, 1H, J = 1.1, 8.0 Hz), 7.06 (d, IH, J = 7.5
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Hz), 6.88 (dt, 1H, J = 1.3 Hz, J=7.4 Hz), 3.45-3.36 (m, 2H), 3.16 (ddd,
(dt, 1H, J = 4.8, 12.7 Hz), 2.46 (s, 3H). 13C NMR (CDCI

t, 1H, 8 S Hz), 2.46 (s, 3H). 2 (CDC],,

128.5, 128.3, 123.4, 120.9, 120.3, 46.2, 24.7, 21.6. IR (Neat) (m), 1477 (s), 1448 (s), 1305 (s), 1295
(s), 1239 (s), 1210 (s), 1120 (s), 1096 (s), 1082 (s), 1044 (s), 3 (m), 1010 (s) cm-i. Anal. Caled for
C15H5NOS: C, 70.01; H, 5.87; Found: C, 69.86; H, 5.97.

Optimized Procedure for the Preparation of 5a. A flame-dried 15 mL flask equipped with a magnetic

1
Hz2Y & 14
s vV AT,

ivias

125

§

stir bar, septum and a nitrogen balloon was charged with N-phenyl-p-toluenesulfinamide (0.30 g,1.30 mmol, 1
eq) and dry CH,Cl5 (6 mL) ¢

J and Ly AR

8

n oo
A T 1O 111 Al

isopropanol/dry ice bath. Tert-buty 2 mL, 1.60 mmol, 1.25 eq) was added dropwise via a
syringe. On addition of the hypochlorite the solution turned yellow in color. The reaction was monitored by
TLC and upon completion (ca. 7 min.), the solution was concentrated on a rotary evaporator at 0 °C and dried

on a vacuum line for about 10 min. to afford la as a bright yellow solid. The sulfonimidoyl chloride was

immediately treated as follows. The flask containing the sulfonimidoyl chloride was equipped with a septum and
a nitrogen balloon and charged with CH>Cly (6 mL) to give an approximate 0.20 M solution.

rimethylsilylethene (1.5 mmoi, 1.2 eq) was then added and the solution was cooled to -78 ©C in an
isopropanol/dry ice bath. SnCly (1.5 mmol, 1.2eq) was added dropwise over 5 min. Upon addition of the
Lewis acid the solution turned from bright yellow to a brown color. The reaction was allowed to stir at -78 ©C
and was monitored by TLC. Upon completion the reaction was quenched with 1N HCI solution (10 mL)and
diluted with CH7Clp (20 mL) ina %eparamry funnel. The organic phase was washed with water (1x10 mL) and

brine (1x10 mL), dried over Na

residue was purified by flash chromatography to afford t
and 18% yield, respectively.

General Procedure for Alkylation of Benzothiazine 5. Preparation of (1)-(25*,3R*,4R*)-
3,4-Dihydro-3-methyl-2-(4-methylphenyl)-4-(trimethylsilyl)-214-2,1-benzothiazinc-Z-oxide
(8a) and (+)-(28*,3S*,4R*)-3,4-Dihydro-3-methyl-2-(4-methylphenyl)-4-(trimethylsilyl)-
224 -2,1-benzothiazine-2-oxide (8b). A 5 mL flame-dried recovery flask equlpped with a magnetic

1. an | PR . PP — L P = ~ sngnthiag A B /N m 1 £ irv
dy dr 1O l)CnI()Ulld[l 1€ Ja {(U.J I ) Wl l 1.9 [IIL O y

THF. The solution was cooled down to -78 ¥C in a dry ice/isopropanol bath and allowed to stir for 15-20 min.

>

nBuLi (0.139 mL, 0.33 mmol, 2.4M solution in hexanes) was then added via a syringe slowly over 5 min. The
resulting yellow solution was stirred for 15 minutes and iodomethane (0.33 mmol) was added. After stirring for
30 min. at -78 ©C, the mixture was slowly warmed up to room temperature. The reaction was quenched by
addition of brine. The mixture was rinsed into a separatory funnel and extracted with Et,O (3x25 mL) and the
combined organic layers were washed with water and brine, dried over Naf;SOA. The solvent was removed on a
rotary evaporator to give the crude product. The ratio of isomers was determined by 1H NMR of the crude
reaction mixture. Flash chromatographic purification with hexanes/ethyl acetate (4:1) gave 8a/b as a solid,
which recrystallized from hexane and ethyl acetate to afford an analytical sample. Yield: 88%. Data for (8a):

mp 132-134 °C. IH NMR (500 MHz, CDCl3) 6 7.71 (d, 2H, J = 8.3 Hz), 7.35 (d, 2H, J = 8.0 Hz), 7.17

(dt 1
i

G,

,
Hz), 3.33-3.31 (m, 1H), 2.62 (d, 1H, J = 4.7 Hz), 2.46 (s, 3H), 1.44 (d, 3H, J = 7.0 Hz), 0.19 (s, 9H). 13C

W2

ik, J = 16, 78 nz

, 7.9 Hz), 6.95 (d, 1H, ] = 6.6 Hz), 6.85 (dt, 1H, J = 1.3,

Vel A AL v T VeV Adk LA A A A X v =
£ )y L] L] £ t] ]



10002 M. Harmata et al. / Tetrahedron 54 (1998) 999510006

NMR (125 MHz, CDCl3) 8 145.9, 144.3, 135.4, 129.8, 129.3, 127.7, 126.9, 122.6, 119.6, 55.9, 35.3, 21.5,
12.7, 0.0. IR (KBr) 1596 (s), 1489 (s), 1448 (s), 1318 (s), 1282 (s), 1253 (s), 1206 (s), 1123 (s), 1093 (s),

& AU

1075 (s), 1040 (s) cm~1. Anal. Caled for C19H,5NOSSI: C, 66.42; H, 7.33. Found: C, 66.45; H, 7.26.
(£)-(28*,3R*,4R*)-3,4-Dihydro-3-ethyi-2-(4-methylphenyl)-4-(irimethyisilyi)- zm4-z i-
benzothiazine-2-oxide (9a) and (%)-(25*,3S*,4R*)-3,4-Dihydro-3-ethyl-2-(4-methylphenyl)-
4-(trimethylsilyl)-2}u‘i-2,l-benzothiazine-z-oxide (9b). Flash chromatographic purification with
hexane/ethyl acetate (4:1) gave an inseparable mixture of 9a and 9b as an oil. Yield: 67%. (9a, Major) Iy

NMR (500 MHz, CDCl3) & 7.80 (d, 2H, J = 8.0 Hz), 7.37-7.26 (m, 2H), 7.15-7.04 (m, 2H), 6.95-6.81 (m,

TP7HY 3 A, NR Im 2HY 282 (m T1THY 244 (¢ Y 2M0M_1 00 (v THY 1 Q4.1 74 fm 1 NQ7 /¢ 21T T —
iR )y S 1T VAL RN u, Liljy &.00 111, 111}, LT O\Dy JEL )y LWWLT LT UL, 111), 107170 (11, 1K1}, V.O/ \l, JIly, J —
7.4 Hz), 0.17 (s, 9H). (9b, Minor) IH NMR (500 MHz, CDCl3) 8 7.93 (d, 2H, J = 8.0 Hz), 7.37-7.26 (m,

2H), 7.15-7.04 (m, 2H), 6.95-6.81 (m, 2H), 3.24 (d, 1H, J = 7.8 Hz), 2.78 (d, 1H, J = 4.8 Hz), 2.46 (s,
3H), 1.27-0.96 (m, 2H), 0.69 (t, 3H, J = 7.3Hz), 0.17 (s, 9H). 13C NMR (CDCl3, 62.9 MHz) & 144.6,
143.5, 133.6 130.2, 129.8, 129.6, 129.6, 128.4, 127.7, 126.9, 126.5, 122.9, 122.5, 121.2, 120.1, 119.6,
62.4, 57.2, 32.1, 32.0, 22.4, 21.6, 21.6, 19.6, 11.3, 10.5, 0.0, -1.2. IR (Neat) 1596 (s), 1484 (s), 1448 (s),

=1
ORI
»
7
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w
@
D]
N
2
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Found: C, 67.20; H, 7.71.

(i—)-(2S*,3R*,4R*)-3,4-Dihydro-2-(4-methylphenyl)-3-(2-propenyl)-4-(trimethylsilyl)-27L4-
2,1-benzothiazine-2-oxide (10a) and (*)-(2S*,35* 4R*)-3,4-Dihydro-2-(4-methylphenyl)-3-
(2-propenyl)-4-(trimethylsilyl)-214-2,l-benzothiazine-Z-oxide (10b). Flash chromatographic
purification with hexane/ethyl acetate (6:1) gave 10a/b as an oil. Yield: 89%. (10a, major) 1H NMR (500
2H), 6.79-6.76 (m, 2H)

EX]y V. 111, Li1i),

Hz), 27 (m, 1H), 2.80 (d, 1H, J
4 Hz), 2.34 (s, 3H), 182160 (m. 2H), 0.09 (s, 9H). 13C NMR (CDC13, 62.9 MHz) & 144.

133.0, 132.0, 129.9, 129.5, 128.4, 126.2, 122.7, 120.7, 120.1, 119.0, 54.3, 33.6, 31.8, 21.3, -1.4. IR
(Neat) 1596 (s), 1477 (s), 1459 (s), 1278 (s), 1243 (s), 1204 (s), 1016 (s) em-1.  Anal. Calcd for
C,1H,7NOSSi: C, 68.24; H, 7.36. Found: C, 68.5
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V=) MmiT  gu X% §FAN ST TF TR UT =T

-ma n - Q.inho v h

l.Ju. RAEN l’l IJ -t llll‘ iax IJ e 4 ARER LA
’\’\4 -~ 4 o4k s -~ _ * 1 _ £ 4 4 — = h | [1\’1’\(‘* b RS FD 2 B Y A Tati __ % .y ~ i A
LA T4, 1-DENZOINIAZINE-Z-0X1AE (11a) ana LT)=(LDT, I3 ,4K™)-0,4-J1NyAro-4-(4-

methylphenyl)-3-(phenylmethyl)-4-(trimethylsilyl)- -2)4.2 2,1-benzothiazine-2-oxide (11b).
Flash chromatographic purification with hexane/ethyl acetate (4:1) gave 11a/b in 87% yield. Upon
recrystallization from hexanes and ethyl acetate, 11a was obtained as a single isomer. mp 116-118 °C. 'y
NMR (500 MHz, (‘DCIﬂSSOO(d 2H, J1=8.3 Hz), 7.38 ( d, 2H, J = 8.1 Hz), 7.25-7.09 (m, SH), 6.88 (dt,

it, J = 1.3, 7.5 H2), 6.832-6.79 (m, 3H), 3.55 (dda, 1H, J = 1.58 Hz, J = 5.7, 9.6 Hz), 2.54 (a, 1H, }) = 1.4
Hz), 2.46 (s, 3H), 2.28-2.24 (m, ZH), 0.05 (s, 9H). "“C NMR (CDCl5, 62.9 MHz) o 144.8, 1434, 13
133.4, 130.2, 129.8, 128.9, 128.8, 128.6, 126.9, 126.5, 123.0, 121.0, 120.5, 56.6, 35.5, 31.5, 21.6,
IR( KBr) 1603 (s), 1434 (s), 1447 (s), 1315 (s), 1279 (s), 1213 (s), 1128 (s), 1098 (s) cm-!. Anal. Caled for
Co5HpgNOSSI: C, 71.55: H, 6.97. Found: C, 71.79; H, 6.69.

()-(28*,3R*,4R*)-3,4-Dihydro-3-(2-methoxyethoxymethyl)-2-(4-methylphenyl)-4-

1

6.
-1.

J>-r~.)
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(trimethylsilyl)-214-2 1-benzothiazine-2-oxide (12a) and (%)-(2S*,3S*,4R*)-3,4-Dihydro-3-
(2-methoxyethoxymethyl)-2-(4-methylphenyl)-4-(trimet vlsilvn.zx“-z.l-hpnmth_inzgpg-z-

ey’ Liig 221 LY k] AR A LY AL LR 1S T a r4

oxide (12b). Flash c hromatographlc purification with hexane/ethyl acetate (1:1) gave 12a/b as an inseparable
mixture of isomers in 63% yield. (12a, major) 'H NM R (250 MHz, CDCi3) 6 7.76 (d, 2H, J = 8.0 Hz),
7.33-7.24 (m, 2H), 7.14-7.03 (m, 2H), 6.94-6.83 (m, 2H), 3.95-3.87 (m, 2H), 3.54-3.51 (m, 1H), 3.41-3.39
(m, 2H), 3.32-3.25 (m, 1H), 3.25 (s,3H), 3.05-2.95 (m, 1H), 2.86 (d, 1H, J = 4.9 Hz), 2.42 (s, 3H), 0.14

(s, OH). 3¢ NMR (CDCl3, 62.9 MHz) § 145.5, 144.2, 136.2, 129.6, 129.5, 127.8, 126.9, 126.5, 122.4,

119.8, 71.5, 70.3, 67.7, 60.5, 58.9, 31.6, 21.5, -0.2. IR (Neat) 1294 (s), 1248 (s), 1106 (s) cm-!. Anal,
Calrd for CL_H_ _NNMN_CC:. M £240- T 79794 TEannd. 7 &) A&D. LT T AL
AT T LVLE BB L0/ | \.«22113111\}3001 oy VL7, 11, /.47 DUULIIU. L, UL, UL, 11, 7,41,

(£)-(28*,3R*,4R*)-3-(4-Bromophenylmethyl)-3,4-dihydro-2-(4-methylphenyl)-4-
(tnmethylsnlyl)-27»"-2,1-benzoth|azme-2-ox1de (13a) and (£)-(28#*,3S*,4R*)-3-(4-Bromo
phenylmethyl)-3,4-dihydro-2-(4-methylphenyl)-4-(trimethylsilyl)-2k4-2,l-benzothiazine-Z-

oxide (13b). Flash chromatographic purification with hexane/ethyl acetate (4:1) gave a inseparable mixture of

13a/b. Yield 55%. (13a, major) lH NMR (250 MHz, CDCl3) § 8.00 (d, 2H, J = 8.1 Hz), 7.37 ( m, 4H),
TF1QT7 11 (+n DIV LKON_ATQ e DY E7N0 (A DT 1T — Q1 1Ty 281 7A4 1T 1T — A A £ A LT, Y AQ (o
JS.10°7.11 111, &k}, U, JUTU. /7 \ill, 411}, U./U \4, £1i, J — O.1 114}, J.Jl (Uu, 113, J = “.9, U.% Il1L)}), £.90 D,

3H), 2.47 (d, 1H, J = 15.3 Hz), 2.27-2.20 (m, 2H), 0.08 (s, 9H). 13C NMR (CDCl3, 62.9 MHz) & 145.0,
143.4, 135.3, 133.3, 131.8, 130.6, 130.2, 129.9, 128.7, 126.7, 123.1, 120.9, 120.8, 120.6, 56.3, 35.0,
31.6, 21.6, -1.3. IR (Neat) 1497 (s), 1474 (s), 1271 (s), 1249 (s), 1209 (s), 1108 (s) cm"!. Anal. Calcd for
C,5H,7BINOSSI: C, 60.23; H, 5.66. Found: C, 60.46; H, 5.64.

(+)-(28*,3R*,4R*)-3 4-Dihydro-3 [4 ethyl-4-[2-(5-methylfuryl)pentyl]-2-(4-

hyuln
nyipni
SF

(25*,38

"o
i

vlcily .22 4.9 1. henzothiazina. Yoxid
Jl ll.’ ‘l -‘,l-ucllbulll.aljlllc r
ca

c-r
-+

,4R*)-3,4-Dihydro-3-[4-methyi-4-[Z-(5-methyifuryl)peniyl}-2-(4-methyiphenyi)-4-
(trimethyls|lyl)-27k4-2,1-benzothlazme-z-omde (14b). Flash chromatographic purification with
hexane/ethyl acetate (4:1) gave an inseparable mixture of 14a/b in 87% yield. (14a, major) 1H NMR (250

MHz, CDCly) § 7.89 (d, 2H, J = 8.3 Hz), 7.35-7.29 (m, 2H), 7.12-7.08 (m, 2H), 6.90-6.85 (m, 2H), 5.80-

5.75 (m, 2H), 3.28 (ddd, 1H, J = 1.6, 4.1, 9.5 Hz), 2.68 (d, 1H, J = 4.9 Hz), 2.45 (s, 3H), 2.20 (s, 3H),
1904121 fm 1Y 177180 /m Y 10110 m AHY 1 0A (¢ 2HY 108 (¢ THY N 14 (¢ OLI\ (14K
L.749-10.01 (T, 113y, 1./ /-1.0VU i, 161y, 1.0VU-1.1v (| I, 411, 1.U0 \5, 51, 1.UJ (S, J11j, U.i5 5, Jr). (i,
minor) 7.76 (d, 2H, J = 8.3 Hz), 7.35-7.29 (m, ZH), 7.12-7.08 (m, 2H), 6.90-6.85 (m, 2H), 5.69-5.67 (m,

2H), 3.16-3.04 (m, 1H), 2.63 (d, IH, J = 4.9 Hz), 2.43 (s, 3H), 2.20 (s, 3H), 1.43-1.35 (m, 1H), 1.32-1.30
(m, 1H), 1.0-0.6 (m, 4H), 1.13 (s, 3H), 1.11 (s, 3H), 0.10 (s, 9H). 13C NMR (CDCl3, 62.9 MHz) & 160.5,
160.4, 150.1, 145.0, 144.6, 144.5, 143.6, 133.6, 130.2, 129.8, 129.6, 128.4, 127.6, 126.9, 126.4, 122.8,
122.5, 121.2, 120.1, 119.5, 105.4, 104.65, 103.8, 55.4, 41.3, 40.9, 35.4, 35.3, 33.1, 32.3, 29.7, 27.0,
6. _ ,

2 25K T i H> 354 i 2
o, £U.J, LU“P, z.u*r, Zl. u, 2i. .J,/.l U, 12.3, -0. i, ~1.2.

I\-)

!
i
1 2T OO,
1

1272 (s), 1201 (s), 1107 (s), 1048 (s), 1007 (s), 854 (s) cm™!. Anal. Calcd for CogHzgNO,851: C, 70.54; H,
7.96. Found: C, 70.38; H, 7.91.

(+)-(28*,4R*)-3 4-Dihydro-4-methyl-2-(4-methylphenyl)-4-(trimethylsilyl)-Zl“-Z 1-
benzothiazine-2-oxide (15a) and (%)-(2S*,45%)-3,4-Dihydro-4-methyl-2-(4-methylphenyl)-4-

methvlsilvl)- 214 -2,1-benzothiazine-2-oxide (15b). Flash chromatographic purification with

LA AL 181 2AFEITRA e, LTIl LA RemALRRE 29 ).
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hexane/ethyl acetate (4:1) gave 15 in 52% yield. Recrystallization from hexanes and cthyl acetate gave an
analytical sample. mp 93-95 OC. (15a, major) Iy NMR (250 MHz, CDCl3) 8 7.84 (d, 2H, ] = 8.3 Hz),
T2 A4 D2 T - Q22U T 1L T YT (v LIV A0A (+v TLIN 2 &N /A 1LY T — 12N 1T\ 709 71117 T _ 12 N
F.01 Uy 481, 9 = 6.0 112, .19-7.V/ (il 511), U.75% (01, 101), 3.0V (Q, 111, J = 1J.V 1n1Z), 2.04 (\Q,111, J = 1J53.V

Hz), 2.42 (s, 3H), 1.46 (s, 3H), 0.14 (s, 9H). 13C NMR (CDCl3, 62.9 MHz) & 145.0, 144.4, 137.4,
129.8,128.6, 128.5, 126.8, 124.6, 123.3, 120.4, 56.6, 28.4, 23.8, 21.5, -2.6. IR ( KBr) 1596 (s), 1575 (s),
1489 (s), 1448 (s), 1318 (s), 1282 (s), 1253 (s), 1206 (s), 1123 (s), 1093 (s), 1075 (s), 1040 (s) cm~l. Anal.
Caled for. CgH,sNOSSi: C, 66.43; H, 7.33. Found: C, 66.58; H, 7.39.

mmol) and dissolved in 0.73 mL of dry THF. To this solution, tetrabutylammonium fluoride (0.16 mmol,
0.159 mL, 1.0 M solution in THF was added via a syringe at room temperature. After stirring for 1 hour at
room temperature, the solution turned yellow. The reaction was quenched by addition of water. The mixture
was rinsed into a separatory funnel and extracted with Et5O (3x25 mL) and the organic layer was washed with
water and brine and dried over NaySOy4. The solvent was removed on a rotary evaporator to give the crude

A Tha ~mids - Feilinag gal and s
pxuuu\.t 1HC VUGS pl Sllita gl aild Luc Lullvel DIUH wad LUlllll uu.u U_y

IH and 13C NMR. These suifinanilides were carried on to the next step without further characterization.

General Procedure for the Hydrolysis of Sulfinanilides. A 5 mL flame-dried recovery flask equipped
with a magnetic stir bar, an N balloon and a septum was charged with 80 mg of sulfinanilide 8’ (0.29 mmol)
and 2.95 mL of dry MeOH. KOH (41 mg, 0.74 mmol) was added and the mixture was allowed to stir at room

temperatur e for 12 to 24 hours. The reaction was mlenched by addition of water. The mixture was rinsed into a

separatory funnel and extracted with Et;O (3x10 mL) and the combined organic layers were washed with water

and brine, and dried over NapSOy4. The solvent was removed on a rotary evaporator to give the crude product.

The crude product was purified by flash chromatography to afford the aniline.

(Z)-2-(prop-1-enyl)aniline (8°’). Flash chromatographic purification with hexane/ethyl acetate (9:1) gave

8’’as an oil. An analytical sample was obtained after several flash chromatographies. Yield: 63%. 1 NMR
(250 MHz, CDCl3) 8 7.05 (d, 2H, J = 7.5 Hz), 6.72 (dd, 2H, ] = 1.0, 7.6 Hz), 6.30 (dd, 1h, ] = 1.4, 11.2

i ¥ LT3 § 3 1L 1L

H-Y §Q2.8Q

_8 Q1 1THY 2 A5 /¢ 2H Wy 172
rcj, J.JJ J.01 B

ifij, 3.0J S, 411, Of), 1.7

143.9, 129.8, 128.8, 127.8, 1259, 1229, 118.0, 115.1, 14.4. IR (Neat) 2955 (s), 2938 (s), 2879 (s), 1611
(s), 1499 (s), 1458 (s) cm-1. Anal. Calcd for CgH| N: C, 81.16; H, 8.32. Found: C, 81.15; H, 8.16.
(Z)-2-(but-1-enyDaniline (9°°). Flash chromatographic purification with hexane/ethyl acetate (9:1) gave

/-\

9’ as an oil. An analytical sample was obtained after several flash chromatographies. Yield: 84%. 1H NMR

(250 MHz, (“D(‘Ia\ 8 7.11-7.04 (m, 2H), 6.77-6.69 (m, 2H), 6.26 (d, 1H, J = 11.3 Hz), 5.83-5.73 (m, 1H),
b TV T A~ LT T — E s 7T ATy 15O iv L —_ 7 = e 131 mRA M 1. R~ O MEday A
3.07 (b. z,n, Ul) Z.1/(4q, <, § = 1.0, /.4 nZ), 1UL (L 511, 5 = /.0 NZ) L ANVIR (L3, V2.7 ini) o

123.3, 118.0, 115.1, 22.0, 14.3. IR (Necat) 29

143.9, 136.5, 129.7, 127. 4.3, 5
s) cm” 1 Anal. Calcd For CioH3N: C, 81.59; H, 8.90. Found: C, 81.50; H,

7
1611 (s), 1499 (s), 1458
8.87.
(Z)-2-[(3-phenyl)prop-1-enyl] aniline (11°’). Flash chromatographic purification with hexane/ethyl

acetate (9:1) gave 11’as an oil. An analytical sample was obtained after several flash chromatographies. Yield:
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89%. 'H NMR (250 MHz, CDCl3) § 7.31-7.06 (m, 7H), 6.77-6.64 (m, 2H), 6.43 (d, 1H, J = 11.0 Hz),
6.02-5.92 (m, 1H), 3.70 (s, 2H, br), 3.50 (d, 2H, J = 7.4 Hz). 13C NMR (CDCls, 62.9 MHz) & 144.1,

140.6, 132.8, 129.6, 128.5, 128.3, 128.2, 127.6, 126.0, 122.7, 118.1, 115.2, 34.7. IR ( Neat) 1623 (s),
1499 (s), 1460 (s) cm™!. Anal. Calcd for C 15H5N: C, 86.08; H, 7.22. Found: C, 86.00; H, 7.07.

U

(Z)-2-(4,7-dioxaoct-1-enyl)aniline (12’"). Flash chlomatographxc purification with hexane/ethyl acetate
(1:1) gave 12”%as an oil. An analytical sample was obtained after several flash chromatographies. Yield: 80%.
'H NMR (250 MHz, CDCl5) & 7.08 (dt, J = 1.4, 7.7 Hz), 6.96 (d, 1H, J = 7.4 Hz), 6.75-6.67 (m, 2H), 6.49

(d, 1H, J = 11.4 Hz), 6.01-5.91 (m, 1H), 4.15 (dd, 1H, J = 1.5, 6.5 Hz), 3.70 (s, 2H, br), 3.58-3.49 (m,
ALIN o Sie Lo IRV SN 2LIN 1,3/" AIARAD 7TV £ 0 WMILTY K 144N 12N 2 190 O 170 £ 177 O 19 1 110 N
“ar1), J.0/4 \d>, 21}, L INIVIIN \\/U\/13, VL.7 WVMIINL) O 1944.U, 10U.0, 147.0, 140.0, 147.7, 144.1, 110.U,
115.2, 71.9, 69.6, 68.0, 59.0. IR (Neat) 3476 (w), 3370 (m), 2995 (w), 2925 (m), 2878 (s), 1625 (s), 1496

(s), 1455 (s), 1315 (w), 1145 (m), 1098 (s), 1045 (w), 764 (m). Anal. Calcd for CyoH7NO,: C, 68.37; H,
7.82. Found: C, 68.50; H, 7.90.
(Z)-2-[3-(4-bromophenyl)prop-1-enyl]aniline (13’’). Flash chromatographic purification with

hexane/ethyl acetate (9:1) gave 13”’as an oil. An analytical sample was obtained after several flash
P PP Sty Sy Vil ~L07 1[] ANIRAD /AN ALY MMM AR T20 /1 YT T 0721y 7T 10 T NY 7. ATIY
CIRULLIALOETAPINGDS,  1ICIL, DU70. Il INIVIIN \ &0V LVLTD1Z, \/U\./13) O /.07 \U, &I1,J = 0.0 I1L), /.10-/7.UD (lll, 411},
6,73(t, 2H, J = 7.5 Hz), 6.43 (d, 1H, J = 11.0 Hz), 5.96-5.86 (m, 1H), 3.63 (s, 2H, br), 3.44 (d, 2H,J = 6.0

Hz). 3¢ NMR (CDCl3, 62.9 MHz) 6 132.0, 131.6, 131.5, 130.1, 129.5, 128.4, 127.7, 126.5, 119.8,
118.1, 1159, 115.2, 34.1. IR (Neat) 1625 (s), 1486 (s), 1456 (s), 1016 (s), cm!. Anal. Calcd for

C15H14BrN: C, 62.52; H, 4.9. Found: 62.77; H, 4.88.

(Z)-2-[6-methyl- 6-[2-(5-methvifurvl)lhent-1-envllaniline (14’) Flash chromatogranhic
J L AN 7 vt r J T3 AY I o r

i Finntian with havanalathol anatata 761 gave 142210 an il An amaluticnl camnle wae ahtainad affar cavaral

puluu.auu 1 wWitki llc]\dllc/clllyl LoLlaltc \U. 1) gavc A% Aad dil ull ll al 1a1_y uLal >ai 1C W UULAllICTU allcl >ovoial

‘]

~ Yield: 7% ley arn sy ¢ P
1

flash chromatographies. Yieid: 71%. ‘H NMR (250 MHz, CDCly) 6 7.07-7.01 (m, 2H), 6.76-6.67 (m, 2H),
6.26 (d, 1H, J = 11.3 Hz), 5.83-5.80 (m, 2H), 5.79-5.69 (m, 1H), 3.65 (s, 2H, br), 2.76 (d, 3H, J = 0.6 Hz),
2.15-2.06 (m, 2H), 1.61-1.52 (m, 2H), 1.28-1.25 (m,2H), 1.21 (s, 6H). 13¢c NMR (CDCl3, 62.9 MHz) &
161.2, 149.8, 143.9, 134.7, 129.7, 127.8, 1279, 1247, 117.9, 115.0, 105.3, 103.6, 41.5, 35.8, 28.9, 26.8,
24.8, 13.5. IR ( Neat) 2979 (s), 2942 (s), 2860 (s), 1624 (s), 1498 (s), 1019 (m), cm-!. Anal. Calcd for

S QN8N T Q Q0 TEannd QN2 LT Q £4
“ LO0Z., 1r'uud

F. Ll
n , OU.JZ; 11, O na: O, ou.50; 11, 0.054.
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