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Abstract: ortho-Bromocinnamates can be coupled with methyl phenylsulfoximine to afford N-arylsulfoximines
in excellent yield. Treatment of these products with an amide base results in a completely stereoselective
cyclization to afford enantiomerically pure benzothiazines. This reaction is stereospecific.

Introduction One motivation for this study centered on the idea that the
As part of our program concerning the synthesis and method, if general, could be used to introduce a stereogenic
chemistry of 2,1-benzothiazinésye recently reported the one-  C€Nter ao_llj_?]cent to ?n e(tjromatlc rlgg, t:at is, at the benzylllc
pot synthesis of enantiomerically pure benzothiazines via the POSItion. The natural and man-made pharmacopoeia is replete
reaction of enantiomerically pure-NH sulfoximines andrtho- with interesting and important structures bearing such a stereo-

bromobenzaldehydes, as shown in €4This process involves genic centef. While to say any methodology can definitively
' be applied to such a broad range of compounds may be

unrealistic, the potential exists for a significant contribution if

pToI . . . . .

N= s o +MeO HO oo, Pd(OAC),, 7.5% BINAP the initial steps in a methodological development indicate high

_l\7| 5 1.8 eq. Cs,CO3, toluene yields and high levels of stereocontrol.

e r ' . ’
0 o
(A1 2 110°C, 40h, 81% V) Results and Discussion

MeO XY - It is important to mention that our work made use of
Nts;“o 3 sulfoximine6, whose privileged status arises from the fact that
pTol it is extremely easy to prepare in enantiomerically pure form.

At the outset of this study, it was not clear if we would have to
the Buchwald-Hartwig reactior? followed by an intramolecular  optimize the structure of the sulfoximine to achieve high
condensation. In that report, we also demonstrated a singlestereoselection in the conjugate addition step of the process.
example of a reaction involving an intramolecular addition of That this was unnecessary means that this reaction is more than
a sulfoximine carbanion to am3-unsaturated ester (eq 2). This interesting; it is useful.
reaction was completely stereoselective, but it was not clear if

the process would be general, nor were any mechanistic details NH
. . . 0
about the reaction known. The study reported herein establishes _OfS’-uPh (S)-6
that such a reaction is general, stereoselective, and stereospecific Me
and can, under the appropriate circumstances, be conducted as
a one-pot process involving both carbamitrogen and carbon In coupling sulfoximines to variousortho-bromocinnamates,
carbon bond formation. we made use of the BuchwatdHartwig reaction as modified
by Bolm for coupling sulfoximines to bromoarerfeéls. general,
CO,Me CO,Me this involved refluxing a toluene solution of the bromocinnamate
C(_p{ro, LOA. THE with 5 mol % Pd(OACc) in the presence of 7.5 mol % racemic
) - 2 . . .
N=5"0 ———’_78 °C, 70% Jo 2 BINAP, 1.4 equiv of CgCO;, and 1.2 equiv 06. This procedure
4 M N""%Tol )
e 5 (4) Consider, as examples, some compounds seen on perusal of the Merck
Index: theAspidospermalkaloids, estrone and its congeners, tetrahydro-
cannabinols, podophyllotoxin, morphinoids, calycanthine, chimonanthine,
(1) Harmata, M.; Kahraman, M.; Jones, D. E.; Pavri, N.; Weatherwax, S. E. turmerone, viridin, mitomycins, vindoline, teleocidins,Bpranoprufen,
Tetrahedron1998 54, 9995 and references therein. pentazocine, lycoramine, naproxen, and ibuprofen. For a recent reference
(2) Harmata, M.; Pavri, NAngew. Chem., Int. EA999 16, 2419. on the generation of benzylic stereocenters, see: Paras, N. A.; MacMillan,
(3) (a) Hartwig, J. F. Palladium-Catalyzed Amination of Aryl Halides and D. W. C.J. Am. Chem. So@002 124, 7894.
Related Reactions. IHandbook of Organopalladium Chemistry for Organic (5) Brandt, J.; Gais, HTetrahedron: Asymmetr§997 6, 909.
SynthesisNegishi, E., Ed.; Wiley: Hoboken, 2002; pp 16536. (b) Yang, (6) (a) Bolm, C.; Hildebrand, J. Hetrahedron Lett1998 37, 5731. (b) Bolm,
B. H.; Buchwald, S. LJ. Organomet. Chen1999 576, 125. C.; Hildebrand, J. PJ. Org. Chem200Q 65, 169.
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Table 1. Reaction of (R)- or (S)-6 with Various Our rationalization for the outcome of these reactions is based
ortho-Bromocinnamates on minimization of steric interactions in the transition state
leading to carborrcarbon bond formation. Models suggest that
the transition state leading to the observed products is sterically
less encumbered than the diastereomeric transition state.

CO,Me
5% Pd(OAC)2, 7.5% BINAP
I 1.4 eq. Cs2CO;3, toluene

Br (R)or (9)-6,110°C, 44 h In the course of this work, we discovered that certaitho-
bromocinnamates reacted with sulfoximi@éo give products
of both carbor-carbon and carbonnitrogen bond formation.

; This was first observed with9, whose reaction witlé afforded
en roduct ield (% ! ’ . o
try P y (%) a 53% vyield of20 as well as a 36% yield of benzothiazi@,
COMe with complete stereoselectivity (eq 3). We ascribed the formation
| (RET of 21 to a buttressing effect, which biase2D toward a
1 .\o- 91 conformation which placed the methyl group of its sulfoximine
functionality near the3-carbon of theo,S-unsaturated ester.
C02Me Equilibrium deprotonation of the sulfoximine to form the
) (5,58 corresponding carbanion resulted in some cyclization, due to

2 S..-Ph 93 this proximity effect.

I °°2M° " __COMe )

(559 e 5% Pd(OAck, 7.5% BINAP

3 | Ph 78 1.4 eq. Cs2COg, toluene

N* S‘“ Br 1.2 eq. (R)6, reflux, 44 h

Me 19
I CO,Me COMe 3)
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4 S/:(( Meg-(RE10 83 NS NS
ZNE :Ph e (F120, 53% OMe R R)-21, 36%
CO,Me
s o v (SBH1 COMe E,COZMe
|

Q1 sauPh 96 ) 5% Pd(OAc)2, 7.5% BINAP 0 N
N* - 0 1.4 eq. Cs2COg, toluene W
O 1.2 eq. (S)-6, reflux, 44 h [‘ 'o.

(59)-23,61%
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CO2Me CO,Me
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Q\Al/f 5% Pd(OAc)z, 7.5% BINAP

~T4eq. C5,C0;, oluene
generally afforded high yields of N-arylated sulfoximine using 1. 2eq (S) -6, reflux, 44 h N 0.
either enantiomer 06 (Table 1). (59)-25, 82%

Most gratifyingly, we found that treatment of the sulfoximines
with an amide base resulted in the formation of benzothiazines

=
o
z,)

with complete diastereoselectivity (Table 2). Typical reaction __COMe 5% PA(OAC),, 7.5% BINAP
conditions involved adding a THF solution of 2 equiv of LDA < T4eq Cs:éo;g, Toluene

or LIHMDS in THF to the sulfoximine at—78 °C. Some ° B e 1.2 eq. (A)-6, reflux, 44 h
variation in temperature was explored to assess the effect of o COMe (6)
this variable on selectivity. None was found. Two substrates | OcMe o

could not be cyclized under these conditions. While thiophene <°Jd emt < +d uPh

9 afforded benzothiazin&5 in good yield, furanll appeared o N* SO °© N -

to polymerize when base was added. This problem was (R)-27, 60% (R,A)-28, 25%

circumvented by simply adding the furan to a solution in base,

thereby keeping its concentration relatively low. Similarly,  Thijs jdea was tested with two other substrates. The reaction

pyridine 12 gave either decomposition or side products when of poth 22 and 24 with 6 under standard reaction conditions

treated with base. Inverse addition coupled with rigorous zfforded only benzothiazine3 and 25, respectively, in a one-

degassing solved this problem, and the desired benzothiazinepot procedure in good yield (eqs 3 and 4). Thus, it appears that

was obtained in high yield. a buttressing effect may be used to create benzothiazines in a
All of the benzothiazines were formed as single stereoisomers.single operation. Other effects may also be important, however.

Stereochemical assignments were based on X-ray data obtainedor example, the reaction &6 with 6 gave not only the

for 5.2 Other assignments were made on the basis of analogy,sulfoximine27 in 60% yield, but the benzothiazirs as well

based on spectroscopic comparisorbto (eq 6). Clearly, no buttressing effect is possible with this system.
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Table 2. Reaction of Sulfoximines 7—12 with an Amide Base

CO,Me _COMe
Me-  LDA or LIHMDS (2 eq.) N o
,_*é/o THF, -78 °C | :s’o
N"pn N e

7-12 13-18
entry educt product yield(%)
MeO,CH,C
1 (R)-7 @(;‘g‘ph (RAI3 9p
%o_
MeO,CH,C
BnO 5 (5914
) +LPh
2 ()-8 C(N\éb 91°
MeOCH,C
s (SR)-15
3 (59 ] Ph 91*
I3
MeO,CH,C
eOZCE\ (RR)16
S da
4 R-10 =W 93¢
MeO,CH,C
oMt (8917
5 ©11 S 85"
MeO,CH,C
3 (SS-18
6 $)-12 77°

S
(R
N"™N* b

aPrepared by addition of base to sulfoximifi®?repared by addition of
sulfoximine to base.

To obtain more information about the base-mediated cycliza-

tion step with those substrates requiring two steps to achieve

benzothiazine formation, we treated th#-tinnamate7 with

5756 J. AM. CHEM. SOC. = VOL. 125, NO. 19, 2003

LDA (eq 7). Benzothiaziné3 was obtained as the sole product
in 89% vyield, suggesting that the reaction was stereospecific.

MeO,C | _CO,Me
Me i
Cg '°G- __2eq.LDA, THF @
NS 7810-20 9C, 1h, 89% 5=
Ph %
(R2y7 (R913 °
Conclusion

In summary, we have demonstrated that the intramolecular
conjugate addition of sulfoximine carbanionstg@-unsaturated
esters is a powerful method for establishing a stereogenic center
at a benzylic position. This methodology has the potential for
application to natural product synthesis, especially because a
procedure for the reductive removal of the sulfur functionality
from benzothiazines is knowhThe synthesis of molecular
scaffolds, establishing the formation of chiral quaternary centers,
and exploration of the chemistry of certain chiral benzothiazines
themselves are among our immediate goals in further exploring
this methodology. Finally, this chemistry is only beginning to
be explored. Extensions to other nonbenzenoid systems, using
the results obtained thus far as guiding principles, should make
possible the synthesis of a wide variety of enantiomerically pure
compounds. Further results will be reported in due course.
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