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In this work we show that lithium ortho-sulfinyl benzylcarbanions are highly efficient reagents for the
synthesis of optically pure benzylstannanes by reacting with halotriorganyl tin (up to >98:2 dr). The
stereoselectivity of these reactions is opposite to those observed with carbon electrophiles. Bromolysis
of the obtained ortho-sulfinylbenzylstannanes with Br, in the presence of CuBr takes place in a highly
stereoselective way (up to 90:10 dr) with retention of the configuration, which allows the synthesis of
optically pure 2-sulfinylated benzyl bromides. Different experiments support the proposed mechanistic

rationalization for both processes.

Introduction

Optically pure benzyl-bromo derivatives are a versatile class
of compounds widely used for resolution studies,' oxidative
addition with palladiurn,2 racemization processes,3 and even as
precursors of transition metals stabilized complexes.* Different
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strategies have been employed for the synthesis of benzyl
bromides, such as inversion of optically pure alcohols,’ enzy-
matic resolution of o-bromo-a--phenylacids,® opening of ep-
oxides and aziridines with a nucleophilic bromine’ and others.?
Most of them lead to 1,2-difunctionalized compounds (bro-
moalcohols, bromoamines or o-haloacids), whereas methods
affording optically pure benzyl bromides without additional
a-functionalities are limited to the bromination of alcohols.’
To our knowledge, methods allowing for stereocontrolled
conversion of benzylic C—H into C—Br have not been reported.

(5) By inversion of an optically pure benzylic alcohol with PPh;/CBry, see,
e.g.:(a) Boot, J.; Cases, M.; Clark, B. P.; Findlay, J.; Gallagher, P. T.; Hayhurst,
L.; Man, T.; Montalbetti, C.; Rathmell, R. E.; Rudyk, H.; Walter, M. W;
Whatton, M.; Wood, V. Bioorg. Med. Chem. Lett. 2005, 15, 699. (b) Kabalka,
G. W.; Venkataiah, B.; Chen, C. Tetrahedron Lett. 2006, 47, 4187. (c) Zeng,
F.; Jarkas, N.; Stehouwer, J. S.; Voll, R. J.; Owens, M. J.; Kilts, C. D.; Nemeroff,
C. B.; Goodman, M. M. Bioorg. Med. Chem. 2008, 16, 783.
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SCHEME 1. Reactions of ortho-Sulfinyl Benzyl Carbanions with Electrophiles
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Present work

In the course of our studies dealing with stereoselective
functionalization mediated by remote sulfoxides, we have found
that reactions of lithium 2-p-tolylsulfinyl benzylcarbanions ([Li]-
1 and [Li]-2) with different electrophiles, such as carbonyl
compounds,” imines,'® alkyl halides,'' and others,'? proceed in
a highly stereoselective manner, thus demonstrating the ef-
ficiency of the remote sulfinyl group for controlling the
stereochemical evolution of the benzyl carbanions (right equa-
tion, Scheme 1). It prompted us to investigate the use of [Li]-1
and [Li]-2 as nucleophiles in the synthesis of the optically pure
ortho-sulfinylated benzyl halides (left equation, Scheme 1). We
considered that the electrophile may play an interesting role in
determining the stereochemical outcome of the reaction given
the ability of the sulfinyl group to behave as an anchimeric
assistant."® Our efforts to develop an efficient and practical
method for obtaining benzyl halides derivatives in a highly
stereoselective manner are reported in this work.

Results and Discussion

The first strategy that we planned involved reactions of [Li]-
1 and [Li]-2 with chemically different electrophilic halogen
sources. Unfortunately, poor results were obtained from the
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P.; Marty, A. Tetrahedron: Asymmetry 2004, 15, 3539. (d) Guieysee, D.;
Salagnad, C.; Monsan, P.; Remaud-Simeon, M. Tetrahedron: Asymmetry 2003,
14, 317. (e) Chang, J.-Y.; Shin, E. K.; Kim, H. J; Kim, Y.; Park, Y. S.
Tetrahedron 2005, 61, 2743. For a resolution via dynamic resolution see: (f)
Xu, Q-W.; Wang, J. Z.; Deng, J.-G.; Cun, L.-F.; Cui, X.; Wu, J.; Xu, L.; Wu,
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C. J. Org. Chem. 2005, 70, 1605. (c) Pandey, M. K.; Bisai, A.; Singh, V. K.
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reaction of the carbanions with Selectfluor,'* NFSL' or
hf:xachloro—2,4—cyclohexadienone,16 as well as with different
brominating reagents.'”"'® At this point, we decided to obtain
benzylic halo derivatives by an indirect way, involving the use
of benzylstannanes as intermediates, which would be trans-
formed into the desired halides by halogenolysis or via stanna-
Pummerer transformation.'?* This route involves developing a
new strategy for the preparation of optically pure tin deriva-
tives,'"® which is interesting because of the low number of
strategies applied to this task. Thus, after the pioneering
contributions from Podesta,'**~® most of the papers describing
the synthesis of enantiopure tin compounds are based on the
use of the (—)-sparteine.'”" >

The synthesis of 2-p-tolylsulfinyl benzylstannanes was achieved
by the reaction of R3SnCl with carbanions derived from 1 and
2 (Table 1). Thus, the addition of R3SnCl to the [Li]-1 solution
afforded 3 in good yield (entry 1), whereas inverse addition of
the reagent did not proceed well (entry 2). Starting from the
prochiral carbanion [Li]-2, a 80:20 diastereomeric mixture of
4A and 4B was obtained, these compounds were epimers at
the benzylic position (entry 3, Table 1). Interestingly, the
stereoselectivity was increased with a higher number of
equivalents of Bu;SnCl (compare entries 3—5), increasing to a
diastereomeric ratio of >98:2 when 3 equiv of the electrophile
were used (entry 5).

A similar increase of the diastereomeric ratio was observed
in reactions with Ph3SnCl (entries 6—8); however, the stereo-

(13) (a) Oae, S.; Kikuchi, K.; Moriyama, M.; Furukawa, N. Chem. Lett. 1982,
1723. (b) Kikuchi, K.; Furukawa, N.; Moriyama, M.; Oae, S. Bull. Chem. Soc.
Jpn. 1985, 58, 1934. (c) Garcia Ruano, J. L.; Castro, A. M.; Rodriguez, J. H.
Tetrahedron Lett. 1996, 37, 4569. (d) Garcia Ruano, J. L.; Esteban Gamboa,
A.; Gonzélez Gutiérrez, L.; Martin Castro, A. M.; Rodriguez Ramos, J. H.; Yuste,
F. Org. Lett. 2000, 2, 733. (e) Garcia Ruano, J. L.; Alemparte, C.; Clemente,
F. R.; Gonzdlez Gutierrez, L.; Gordillo, R.; Martin Castro, A. M.; Rodriguez
Ramos, J. H. J. Org. Chem. 2002, 67, 2919. For other examples, see: (f) Bravo,
P.; Guidetti, M.; Viani, F.; Zanda, M.; Markovsky, A. L.; Sorochinsky, A. E.;
Soloshonk, I. V.; Soloshonok, V. A. Tetrahedron 1998, 54, 12789. (g) Bravo,
P.; Farina, A.; Kukhar, V. P.; Markovsky, A. L.; Meille, S. V.; Soloshonok,
V. A.; Sorochinsky, A. E.; Viani, F.; Zanda, M.; Zappala, C. J. Org. Chem.
1997, 62, 3424. (h) Bravo, P.; Farina, A.; Frigerio, M.; Valdo-Meille, S.; Viani,
F.; Soloshonok, V. A. Tetrahedron: Asymmetry 1994, 5, 987. (i) Bravo, P.;
Capelli, S.; Guidetti, M.; Meille, S. V.; Viani, F.; Zanda, M.; Markovsky, A. L.;
Sorochinsky, A. E.; Soloshonok, V. A. Tetrahedron 1999, 55, 3025. (j) Bravo,
P.; Capelli, S.; Meille, S. V.; Viani, F.; Zanda, M.; Kukhar, V. P.; Soloshonok,
V. A. Tetrahedron: Asymmetry 1994, 5, 2009.

(14) (a) Shibata, N.; Suzuki, E.; Takeuchi, Y. J. Am. Chem. Soc. 2000, 122,
10728. (b) Hintermann, L.; Togni, A. Angew. Chem., Int. Ed. 2000, 39, 4359.
(c) Dautel, O. J.; Fourmigué, M. J. Chem. Soc., Perkin Trans. 1 2001, 3399.

(15) (a) Differding, H.; Ofner, H. Synlett 1991, 187. (b) Nakano, T.; Makino,
M.; Morizawa, Y.; Matsumura, Y. Angew. Chem., Int. Ed. 1996, 35, 1019. (c)
Torga, B.; Eymery, F.; Savignac, P. Tetrahedron Lett. 1998, 39, 3693. (d) Davis,
F. A.; Kasu, P. V. N. Tetrahedron Lett. 1998, 39, 6135. (e) Konas, D. W.;
Coward, J. K. J. Org. Chem. 2001, 66, 8831. (f) Kim, D. Y.; Park, E. Org. Lett.
2002, 4, 545. (g) Shibata, N.; Ishimaru, T.; Nagai, T.; Kohno, J.; Toru, T. Synlert
2004, 1703.

(16) (a) Guy, A.; Lemaire, M.; Guetté, J.-P. Synthesis 1982, 1018. (b) Wack,
H.; Taggi, A. E.; Hafez, A. M.; Drury, W. J.; Lectka, T. J. Am. Chem. Soc.
2001, 723, 1531.
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TABLE 1. Benzylstannanes Produced by Addition of [Li]-1 or
[Li]-2 to R3SnCl

0 . O ..
vy 5
EITN a) LDA, -78 °C “Tol
R byR,SnCl SnR’3
R
1 (R=H) 3 (R=H, R’= n-Bu)
2 (R=Me) 4A : 4B (R=Me, R’=n-Bu)
5A : 5B (R=Me, R’=Ph)
sulfoxide reagent
entry  (mmol) R (equiv) product yield (%) dr (A:B)

1 0.041 H  Bu;SnClI (2) 3 92

2 0.041 Me Bu;SnCl (3) 3 a,b
3 0.041 Me Bu;SnClI (1) 4A:4B c 80:20
4 0.041 Me Bu;SnCl (1.5) 4A:4B c 85:15
5 0.041 Me Bu;SnCl (3.0) 4A:4B 75¢ >98:2
6 0.041 Me Ph;SnCl (1.5) 5A:5B c 60:40
7 0.041 Me Ph;SnCl (3.0) 5A:5B 844 86:14
8 0.041 Me Ph;SnCl (5.0) S5A:5B 814 91:9
9¢ 0.041 Me Ph;SnCl (1.5) 5A:5B c 45:55
10 0.082 Me Bu3SnCl (3.0) 4A:4B 824 90:10
11 0.200 Me Bu;SnCl (3.0) 4A:4B c 85:15
12 0.400 Me Bu;SnClI (3.0) 4A:4B c 75:25

@ Addition of the carbanion to a solution of Bu3SnCl at —78 °C. * No
reaction. ©Yield not determined. “Combined yield for both
diastereoisomers. ¢ One equivalent of 12-crown-4 ether was added.

selectivity was lower compared with n-butyltin derivatives.
Thus, using 3 equiv of the electrophile, the 5A:5B ratio was
only 86:14 (entry 7), which was increased to 91:9 when 5 equiv
of the Ph3;SnCl was used (entry 8). The addition of 12-crown-4
ether decreased the stereoselectivity dramatically (entry 9). For
synthetic purposes, we scaled up the reaction with n-Bu;SnCl
(entries 10—12). The stereoselectivity decreased when the
amount of reagents became larger (compare entries 5 and
10—12), and the diastereomeric ratio was only 75:25 when the
experiments were carried out with 0.4 mmol (entry 12), which
is 10 times higher than the amount used in entry 5.
Unequivocal configurational assignment at the benzylic
carbon of the epimers A and B (Scheme 2) was achieved by

(19) (a) Podestd, J. C.; Chopa, A. B.; Koll, L. C.; Mandolesi, S. D. J.
Organomet. Chem. 1992, 434, 269. (b) Podesta, J. C.; Chopa, A. B.; Radivoy,
G. E.; Vitale, C. A. J. Organomet. Chem. 1992, 494, 11. (c) Mandolesi, S. D.;
Koll, L. C.; Podesta, J. C. J. Organomet. Chem. 1999, 587, 74. (d) Vetere, V.;
Faraoni, M.; Belen, S.; Gerardo, F.; Podesta, J.; Casella, M. L.; Ferretti, O. A.
J. Catal. 2004, 225, 457. (e) Faraoni, M. B.; Ayala, A. D.; Vetere, V.; Casella,
M. L.; Ferretti, O. A.; Podesta, J. C. Appl. Organomet. Chem. 2005, 19, 465.
For pioneers Hoppe’s works, see: (f) Kraemer, T.; Schwark, J. R.; Hoppe, D.
Tetrahedron Lett. 1989, 30, 7037. (g) Paetow, M.; Kotthaus, M.; Grehl, M.;
Froehlich, R.; Hoppe, D. Synletr 1994, 1034. (h) Woltering, M. I:; Froehlich,
R.; Wibbeling, W.; Hoppe, D. Synlett 1998, 797. (i) Ozlugedik, M.; Kristensen,
J.; Wibbeling, B.; Froehlich, R.; Hoppe, D. Eur. J. Org. Chem. 2002, 3, 414. (j)
Reuber, J.; Froehlich, R.; Hoppe, D. Org. Lett. 2004, 6, 783. (k) Seppi, M.;
Kalkofen, R.; Reupohl, J.; Froehlich, R.; Hoppe, D. Angew. Chem., Int. Ed. 2004,
43, 1423. (1) Chedid, R. B.; Froehlich, R.; Hoppe, D. Org. Lett. 2006, 8, 3061.
(m) Becker, J.; Grimme, S.; Froehlich, R.; Hoppe, D. Angew. Chem., Int. Ed.
2007, 46, 1645. (n) Chedid, R. B.; Froehlich, R.; Wibbeling, B.; Hoppe, D. Eur.
J. Org. Chem. 2007, 19, 3179. (o) Becker, J.; Jochen, F.; Roland, S.; Salorinne,
K.; Hoppe, D. Eur. J. Org. Chem. 2007, 20, 3337. For pioneers Beak’s work,
see: (p) Beak, P.; Lee, B. J. Org. Chem. 1989, 54, 458. (q) Lutz, G.; Du, H.;
Gallagher, D.; Beak, P. J. Org. Chem. 1996, 61, 4542. (r) Laumer, J.; Jaso, K.;
Dwight, D.; Beak, P. J. Org. Chem. 2002, 67, 6797. (s) Kim, D. D.; Lee, S. I.;
Beak, P. J. Org. Chem. 2005, 70, 5376. (t) Lee, S. J.; Beak, P. J. Am. Chem.
Soc. 2006, 128, 2178. (u) Park, Y. S.; Yum, E. K.; Basu, A.; Beak, P. Org. Lett.
2006, 8, 2667. For other works, see, e.g.: (v) Wilkinson, J. A.; Rossington, S. B.;
Ducki, S.; Leonard, J.; Hussai, N. Tetrahedron 2006, 62, 1833. (w) Krief, A.;
Dumont, W.; Baillieul, D. Tetrahedron Lett. 2005, 46, 8033. (x) Kapeller, D.;
Barth, R.; Mereiter, K.; Hammerschmidt, F. J. Am. Chem. Soc. 2007, 129, 914.
(y) Clayden, J.; Helliwell, M.; Pink, J. H.; Westlund, N. J. Am. Chem. Soc.
2001, 723, 12449. (z) Clayden, J.; Stimson, C. C.; Keenan, M.; Wheatley,
A. E. H. Chem. Commun. 2004, 228.
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oxidation of 5A into the sulfone 11, whose absolute configu-
ration was unequivocally established as R by X-ray analysis
(see Scheme 6). Consequently, it allows us to assign the (SS,R)
configuration to SA and therefore (SS,S) to SB. Interestingly,
the configuration of the benzylic center at the major isomer is
opposite to that obtained in the reactions of 2 with other
electrophiles previously reported.”'® Surprisingly, all these facts
suggest an unprecedented stereochemical evolution and dem-
onstrate that the configurational assignment previously reported
for 4A'>* was wrong, since we assumed that the stereochemical
evolution was identical for CISnBus and other electrophiles.®'°
We have obtained stereochemistry retention in the reaction with
R3SnCl; a comparison to other reported benzylic stannylation
reactions'®" reveals an observed inversion using (—)-sparteine
as chiral external source.

These results could be explained as follows: [Li*]-2 must
exhibit a boatlike chelated structure (Scheme 2), with the sulfinyl
group stabilizing the metal atom via coordination, while the H
and the lone electron pair are oriented toward the flagpoles of
the boat, as we previously proposed on the basis of theoretical
calculations.'® The high oxophilicity of the tin could explain
that the addition of R3SnCl causes the immediate attack of the
sulfinyl oxygen at the metal, substituting the chloride (which
will join the Li*, forming LiCl) and favoring species like I
(Scheme 2). The most hindered face in both species ([Li*]-2
and I) is completely different (see Scheme 2), and therefore, A
epimers will be formed in the evolution of species I,>° whereas
the B epimers will be obtained by attack of the electrophiles at
[Li*]-2.%' The A:B ratio obtained in each case will depend on
the composition of the equilibrium between I and [Li*]-2. The
use of an excess of R3SnCl will cause an increase in the
proportion of I and, therefore, in the amount of isomer A formed
(higher stereoselectivity). It is possible to prepare optically active
benzylstannane using this methodology, because diastereomers
4A—5A and 4B—5B are chromatographically separable.

The increase of stereoselectivity observed when the number
of equivalents of the electrophile becomes larger supports this
explanation (the equilibrium depicted in Scheme 2 will be shifted
toward A).?> Taking into account that THF is also able to
stabilize the R3;SnCl by association with the metal, competing
with the sulfinyl oxygen, and thereby reducing the amount of
electrophile which is available to intervene in the equilibrium
of Scheme 2, we have additionally performed experiments that
use different amounts of solvent. When the conditions of entry
4 (Table 1) were repeated by using 5 times more solvent, the
ratio of 4A/4B was decreased (59:41), whereas when the amount
of solvent was reduced to half, the diastereomeric ratio was
increased (90:10); these experiments support the equilibrium
proposed in Scheme 2. On the other hand, the lower stereose-
lectivity observed in the reactions with Ph;SnCl could be a
consequence of the decrease of the oxophilicity promoted by
the phenyl group, although the role of the dilution** and the
different reactivity>* must not be ignored. Finally, the decrease
of stereoselectivity when the reaction is performed at larger scale

(20) This evolution could be less stereoselective for compounds with groups
other than methyl joined to the benzylic carbon, because the conformational
preferences around the C—C bond would alter the relative easiness of the
electrophilic approach.

(21) B epimers are the major or exclusive isomers obtained in reactions with
other electrophiles such as carbonyls or imines, because these reactions take
place on the species [Li]-2. See also ref 10e.

(22) The addition of LiCl to the reaction media induces a decrease of the
stereoselectivity, but the scarce solubility of the salt precludes this effect.

(23) Reactions with solid Ph3;SnCl require more THF to be dissolved before
the addition to the reaction media (whereas BusSnCl is liquid).
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SCHEME 2. Stereochemical Model To Explain the Results Obtained
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SCHEME 3. Reactions of Benzylstannanes with Acid Chlorides
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could be attributed to diffusion problems, determining that
reaction of [LiT]-2 with the electrophile takes place to some
extent before the equilibrium is completely reached.

Once we solved the problem of stereoselective synthesis of
benzyl stannanes, we studied their conversion into the corre-
sponding halo derivatives. Our first approach consisted of
reacting benzylstannanes with X,SO (X = ClI or Br), based on
the previous results obtained in reactions of benzylstannanes
with acid chlorides (stanna-Pummerer rearrangementlz"‘), to
provide benzylic acetates in high enantiomeric excess (ee). The
key intermediate justifying the high stereoselectivity of these
reactions was the intimate ion pair II (Scheme 3), resulting from
the acyl-oxysulfonium derivative formed by attack of the acyl
chloride on the sulfinyl group (Scheme 3). According to this
observation, the use of X,SO instead of the acyl chloride could
allow for the stereoselective introduction of the halogen at the
benzylic position, by formation of the species III.

The results obtained in the reaction of 4A with SOCI, and
SOBr, under different conditions are collected in Table 2.

(24) The influence of the reactivity on the selectivity was indicated by
studying the reaction with Me;SnCl under conditions of entry 4. A 66:33 mixture
of diastereoisomers was instantaneously produced, suggesting that the attack of
Li-2 to this electrophile is faster than the establishment of the equilibrium depicted
in Scheme 2.
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X+ so,
— Tol—S§
H” R

TABLE 2. Halo Derivatives Produced As Illustrated in Scheme 3

o ..
B
S Tol E” S Tol
- SnBU3 - R
4A 6 (R=Cl)
7 (R=Br)
entry solvent/T (°C) reagent yield (%) er?
1 CH,Cl/rt SOClL, 65 49:51
2 acetone/—78 to rt SOCl, 67 54:46
3 CH,Cl,/rt (COCl), 72 55:45
4 CH,Cl,/—20 to rt (COCl), 42 52:48
5 CH,Cl,/rt PCl; 35 52:48
6 CH,Cl,/rt SOCl,/Py 69 55:45
7 CH,Cl,/—40 to rt SOCl,/Py 71 23:77
8 DMF/-20 SOClL,/Py 66 28:72
9 CCly/—78 to rt SOCL/Py 68 42:58
10 CH,Cl,/—78 to 1t (COC1),/Py 65 21:79
11 CH,CL,/—20 SOBr, 42 51:49

“ Enantiomeric ratio determined by HPLC.

Reaction with SOCI, in CH,Cl, at room temperature afforded
6 in good yield but with very low enantiomeric excess (entry
1) which could not be significantly improved by changing the
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SCHEME 4. Synthesis of the Simplest Benzylbromide 8

SOTol
LDA/

CISnBus ©/\‘ Bry,
92M \cou, rt
O‘Sb‘\\” 3 SnBU3 329,
©i “Tol SOTol
Ej/\/Br
1a \_ a)LDA/BusSnCl / 8
b) Bry, CCly, 0 °C

c) KF, MeOH
78%

solvent (acetone at —78 °C, entry 2) or using other chloride
sources such as (COCI), or PCl; (entries 3—5). Better stereo-
selectivities were obtained by using pyridine as an additive
(entry 6—10), which also inverted the selectivity. The reaction
with SOBT; also afforded 7 with very low stereoselectivity (entry
11).

The lower stability of the intimate ion pair III (Scheme 3),
evolving into a separated ionic pair, and/or the easy elimination
of SO, from X—SO—O0— to yield X, which would attack from
any of the two faces of the planar benzylic carbocation, would
explain the low ee observed in these reactions.

The second and definitive approach to obtain optically
enriched benzyl halides involves the halogenolysis of tin
derivatives. It is well-known that the C—Sn bond can be cleaved
by using halogens, where the reactivity depends on the halogen
used (Cl, > Br, > I,) and the group attached to the metal,?
with benzyl derivatives among the most reactive substrates. The
stereochemistry of the cleavage of C—Sn bonds by halogens
depends on the temperature, the structure of the substrate, and
mainly the solvent,”® usually taking place with retention of
configuration in apolar solvents such as CCl, but with a large
degree of inversion in more polar solvents.

According to the known ability of the sulfinyl group as an
anchimeric assistant in halogenolysis of C—Sn bonds,”” 2-p-
tolylsulfinyl benzylstannanes should be appropriate substrates
for an easy Sn—C cleavage with halogens. When the simple
benzylstannane 3 reacted with bromine in CCly, a complete
conversion into 8 was observed at room temperature (Scheme
4). Chromatographic separation of 8 from Bu;SnCl was a tedious
task that required the use of low polarity solvents and therefore
long periods of time. Thus a low isolated yield was observed
(32%) for compound 8 which was barely stable in light. By
modifying the reaction conditions, by performing the bromi-
nation in the absence of light, and by reducing the time of the
purification process by addition of KF/MeOH?® to the crude
reaction mixture, the reaction formed insoluble BusSnF that
precipitated and allowed for separation of 8 by filtration. The
isolated yield of 8 from 1a was increased to 78% (Scheme 5).

Once we found the appropriate conditions for efficient
bromolysis of these stannanes, we studied the behavior of 4A
and SA (Table 3), which would provide relevant information

(25) (a) Davies, A. G.; Hawari, J. A. J. Organomet. Chem. 1983, 251, 1. (b)
Davies, G. A. Organotin Chemistry; VCH: Germany, 1997.

(26) (a) Jensen, F. R.; Davis, D. D. J. Am. Chem. Soc. 1971, 93, 4048. (b)
Rahm, A.; Pereyre, M. J. Am. Chem. Soc. 1977, 99, 1672. (c) McGahey, L. F.;
Jensen, F. R. J. Am. Chem. Soc. 1979, 101, 4397. (d) Rahm, A.; Grimeau, J.;
Pereyre, M. J. Organomet. Chem. 1985, 286, 305. (e) Chopa, A. B.; Koll, L. C.;
Podesta, J. C.; Mitchell, T. N. J. Organomet. Chem. 1989, 376, 283.

(27) Kuivila, H. G.; Karol, T. J.; Swami, K. Organometallics 1983, 2, 909.

(28) Leibner, J. E.; Jacobus, J. J. Org. Chem. 1979, 44, 449.
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SCHEME 5. Conversion of 9A and 9B into Enantiomeric
Sulfones 10

A _Tol
[a]p= -84.0 S.g  mCPBA SOzTol  (o1,=6.3
(c 4.5, CHCls) Br gr (c0.35 CHCly)
We Me
9A (R)-10
A_.Tol
S0 mcPBA S0,Tol
[a]p= +137.6 Br B [a]p= +6.8
(c 0.38, CHCl3) T (c0.34, CHCI3)
Me Me
9B (S)-10

TABLE 3. Halogenolysis of Methyl 2-p-Tolylsulfinylbenzyl
Stannanes

4 Tol ~'\S_\T0I RN s~‘T°'

@C/\O Reagent @L/\O . "0
. SnR3  solvent, T X X
Me Me Me
4A (R=n-Bu) 9A (X=Br) 9B (X=Br)
5A (R=Ph)
yield
entry reagent R solvent 7 (°C) (%) dr” (A:B)

1 Br, n-Bu CCly 0 45 57:43
2 Br, n-Bu CCly —=20 60 60:40
3 Br, n-Bu CH,Cl, —78 55 42:58
4 Br, n-Bu toluene —78 NR?
5 Br, n-Bu  DMF —40 NR?
6 NBS n-Bu CCly -20 NR?
7 PhNMe;Br,Br n-Bu CH)Cl, —78 NR”
8 Br,/CuBr (10%) n-Bu  CCly, —=20 78 70:30
9 Bry/CuBr (1 equiv) n-Bu CCly =20 >99 80:20
10 Bro/CuBr (2 equiv) n-Bu CCly —20 90 90:10
11 Br, Ph CCly —-20 nd 60:40
12 Bry/CuBr (2 equiv) Ph CCly —20 81 85:15
13 Bry/CuBr (3 equiv) Ph CCly —-20 76 86:14

“ Diastereomeric ratio measured by 'H-NMR. ? No reaction.

about the stereochemical aspects of the process. The reaction
of enantiopure 4A with Br, afforded a 57:43 mixture of 9A
and 9B that was epimeric at the benzylic position (entry 1, Table
3) in a moderate yield. By decreasing the temperature to —20
°C (at lower temperatures the solvent was frozen), the stereo-
selectivity was scarcely improved (entry 2). Experiments carried
out at —78 °C required change of the solvent. Thus, in CH,Cl,,
we observed a similarly low diastereoselectivity, but the ratio
was inverted to favor 9B (entry 3, Table 3). Since an influence
on stereoselectivity by solvent-polarity was suggested, we
studied the reaction in other solvents, but unfortunately
the reactions did not work in toluene or DMF (entries 4 and 5,
Table 3). No expected products were obtained by using NBS
or PhNMe;Br,Br as brominating agents (entries 6 and 7, Table
2). All of these reactions were conducted in the absence of light
and with the addition of KF/MeOH to the resulting reaction
mixture in order to make the purification of the final products
easier.

Taking into account the possible anchimeric assistance of the
sulfinyl group, the low stereoselectivity observed in these
reactions could be the result of a competition between the
assisted and the unassisted process. In such a case, additives
could be able to neutralize the participation of the sulfinyl group
by association to the sulfinyl oxygen, and thus modify the
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stereoselectivity. With this in mind, we investigated the influence
of CuBr on the course of the reaction (entries 8—10, Table 3).
To our delight, yield and stereoselectivity were significantly
improved in the presence of this reagent, depending on the
concentration. A quantitative yield was obtained by using 1
equiv of CuBr (entry 9), but the best stereoselectivity was
observed using 2 equiv of this additive (80% de, entry 10).
Because 9A and 9B are chromatographically separable, it is
possible to prepare the optically pure halo benzyl derivatives
we set out to obtain (as shown in Scheme 1). We have also
investigated the bromolysis of triphenylstannane SA (entries
11—13). In this case, the reaction is barely stereoselective in
the absence of CuBr, whereas its addition induces a substantial
increase of the stereoselectivity. Thus, when 2 equiv of copper
salt was used, the reaction afforded an 85:15 mixture of
diastereoisomers, whereas the result was scarcely improved by
the use of 3 equiv of additive (entry 13).

As the configurational instability of the sulfinyl groups in
the presence of halogens has been reported as well as that of
the benzyl bromides under light,?® the stereochemistry of 9A
and 9B had to be investigated. Once separated by chromatog-
raphy, the independent m-CPBA oxidation of 9A and 9B
provided enantiomeric sulfones [(R)-10 and (S)-10], which
clearly indicated that their precursors were epimers at the
benzylic carbon (Scheme 5), and therefore, the sulfinyl config-
uration had not been affected under the reaction conditions.
Additionally, by standing in solution, pure 9A was spontane-
ously converted into a 55:45 mixture of 9A and 9B. The same
result was obtained from 9B, providing evidence of the low
configurational stability of these benzyl bromides in solution
in the presence of light.

The absolute configuration of the sulfones (R)-10 and (R)-
11, respectively, obtained by m-CPBA oxidation of the sulfox-
ides SA and 9A, were unambiguously established by crystalli-
zation and X-ray analysis (Scheme 6).*® As shown in Scheme
6, the configuration at the benzyl carbon is R for both substrates,
which means that halogenolysis has taken place with retention
of configuration.

The last issues to answer are the stereochemical course of
the bromolysis and the role played by CuBr. According to the
preceding stereochemical studies on halogenolysis, inversion
of the configuration can be explained by assuming that the
substrate is forming through an Sg2 (closed) mechanism.**"
Starting from the presumably most stable conformation of the
isomers 4A or S5A (C at Scheme 7), this mechanism would
involve one of the bromine atoms of the Br, joining to the Sn,
simultaneously enhancing the nucleophilic character of the
carbon attached to the tin and the electrophilic character of the
second bromine atom. The formation of the bromo derivative
would be obtained with the same configuration as the starting
stannane (bold line, Scheme 7). However, when the activation
of the Sn would take place by another nucleophile, before the
attack of the bromine, the reaction took place via inversion of
the configuration of the carbon according to an Sg2 (assisted)
mechanism.>*® The presence of the sulfinyl group in our
substrates, with the sulfinyl oxygen being able to act as an

(29) Buckles, R. E.; Steinmetz, W. E.; Wheeler, N. G. J. Am. Chem. Soc.
1950, 72, 2496.

(30) CCDC 701382 [(R)-10] and 701383 [(R)-11] contains the supplementary
crystallographic data. These data can be obtained free of charge at www.ccd-
c.cam.ac.uk/conts/retrieving.html [or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, U.K. Fax: (internat.) +44(1223)336-
033.
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SCHEME 6. Synthesis and X-ray Analysis of Compounds
(R)-11 and (R)-10

A Jol _Tol
\s‘\ \s‘\
Clm g CC3
SnPh;  CuBr, CCly Br
% 0/ st z
e (68% yield) Ve
5A 9A
m-CPBA, | agos vi m-CPBA, | 950, v
CHyCly 1t 98% vyield CH,Cl, rt 92% yield

me/jﬁ‘” \I<:
o .
(R)-11 (R)>-10

internal activator for the tin by formation of species D, suggests
that the reaction proceeds through this mechanism (thinner line,
Scheme 7). By assuming a similar rate for the formation of
species C and D, the observed stereoselectivity would be related
to the relative proportions of C and D in the equilibrium. The
low diastereomeric ratio obtained in reactions of compounds
4A or 5A with Br, suggests that C and D are present in equal
amounts in the equilibrium.*' The addition of CuBr would favor
the association of the sulfinyl oxygen to the copper, precluding
the internal activation. Under these conditions, species C' would
be formed which should react in a manner similar to that for C
with retention of configuration through an Sg2 (closed) mech-
anism. When the amount of CuBr was increased, the proportion
of C' becomes larger, and the observed results can be explained.

In order to support this mechanistic proposal, we studied the
reaction of Br, with 4B, the minor diastereoisomer obtained in
reactions at Table 1. For this compound, the formation of species
D' (Scheme 8; similar to D depicted in Scheme 7) would not
be expected because of the strong steric destabilization produced
by the methyl group occupying one of the flagpole positions of
the boat. As a consequence, 4B would mainly form through
conformation C' which should increase the stereoselectivity in
the reaction with Br, and simultaneously decrease the influence
of the CuBr.

The reaction of 4B with Br,, under the conditions of the entry
2 (Table 3) provides a 82:18 mixture of 9B and 9A (much higher
stereoselectivity than that observed for 4A under similar
conditions). The results were almost identical when 4B reacted
under conditions of the entry 10 at Table 3, which reveals the
low importance of the addition of CuBr on the reaction course.
These results can be explained by assuming that the preferred

(31) This oversimplification, considering that the reaction rates of the Sg2
(closed) and Sg2 (assisted) processes are similar, could not be true for compounds
bearing groups different from Me joined to the benzylic position, because the
significance of the steric effects in the transitions states resulting in the evolution
from C and D are clearly different.
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SCHEME 7. Stereochemical Model Proposed To Explain the Obtained Results from 4a or 5a
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SCHEME 8. Stereochemical Evolution of 4B
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conformation of 4B is indeed C', which evolves through an Sg2
mechanism to produce 9B constituting the principal route for
the evolution of 4B (Scheme 8).

Conclusions

In conclusion, we have shown that the lithium ortho-sulfinyl
benzylcarbanions are highly efficient in the synthesis of optically

R R
\Sn/"'R

CuBr R R
\ ]
(0] Sn
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— R _
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0 Br
H—“\ —H
S
/N H
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pure benzylstannanes by reaction with halotriorganyl tin. The
preferred stereoselectivity of these reactions is opposite to that
observed with carbon based electrophiles, and we have discussed
a possible mechanistic rationalization. Moreover, bromolysis of
the ortho-sulfinylbenzylstannanes with Br, in the presence of
CuBr takes place in a highly stereoselective manner with
retention of configuration starting from 4A, allowing the
synthesis of optically pure 2-sulfinylated benzyl bromides
following chromatographic separation. Different experiments
supported the proposed mechanistic rationalization for both
processes. We are now involved in studying the behavior of
these compounds in their reactions with different nucleophiles,
as well as in the synthesis of other benzyl halides supporting
groups different to Me at the benzylic position. Results obtained
in these studies will be reported in due course.

Experimental Section

General Procedure for Synthesis of Compounds of Table
1. A solution of n-BuLi (0.6 mmol, 2.3 M in hexane) was added to
iPr,NH (0.9 mmol) in THF (3 mL) at 0 °C. After stirring for 20
min, the mixture was cooled to —78 °C. A solution of the
corresponding (S5)-sulfoxide 1 or 2 (0.5 mmol) in THF (2 mL) was
added. After stirring for 30 min, the corresponding tin chloride (1.5
mmol) was added at —78 °C. When the reaction was completed
(20—30 min), the mixture was hydrolyzed (saturated NH,Cl),
extracted (3 x 10 mL of Et,0), washed (2 x 10 mL of NH,Cl
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saturated), and dried (MgSOy), and the solvent was removed under
reduced pressure. Compounds were purified by flash silica gel
column chromatography (eluent and yield were indicated in every
case).

(SS)-Tributyl[2-(p-tolylsulfinyl)benzyl]stannane (3). The reac-
tion was carried out using (S)-sulfoxide 1 and tributyltin chloride.
The residue was purified by flash chromatography (15:1 n-hexanes/
EtOAc) giving a colorless oil. Yield = 92%. IR (NaCl): 2923, 1588,
1492, 1464, 1084, 1034 cm™'. '"H NMR (200 MHz): 6 7.84 (dd, J
= 6.8, 1.2 Hz, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.30—7.10 (m, 4H),
6.95 (d, J = 6.8 Hz, 1H), 2.35 (s, 3H), 2.29 (d, J = 12.0 Hz, 1H),
2.20 (d, J = 12.0 Hz, 1H), 1.44—1.30 (m, 6H), 1.29—1.10 (m,
12H), 0.88-0.80 (m, 9H). *C NMR (50 MHz): 6 142.4, 141.5,
141.4, 138.9, 130.7, 129.9, 128.6, 126.2, 124.6, 124.0, 28.8, 27.7,
27.2,13.6, 13.5, 10.1. [o]p*®: —269.3 (¢ 1.0, CHCI3). Anal. Caled
for Co,sH»NOS: C, 79.02; H, 6.39; N, 3.29; S, 7.53. Found: C,
78.56; H, 6.39; N, 3.29; S, 7.53.

General Procedure for Synthesis of Compounds of Table
2. To a solution of the sulfoxide 4A (0.2 mmol) in CH,Cl, was
added the corresponding halogenated compound (0.9 mmol) at the
indicated temperature (for conditions, see Table 2). When the
reaction was completed (20—30 min), the solvent was removed
under reduced pressure. Compounds were purified by flash silica
gel column chromatography (eluent and yield were indicated in
every case).

[2-(1-Chloroethyl)phenyl](p-tolyl)sulfane (6). The residue was
purified by flash chromatography (50:1 n-hexanes/EtOAc) giving
a colorless oil. Yield = 72%. The enantiomeric ratio was determined
by HPLC using a Chiralpak AD column [n-hexane/i-PrOH (100:
0)]; flow rate 0.1 mL/min; g = 35.0 min (major enantiomer), Tr
= 44.5 min (minor enantiomer). IR (NaCl): 1491, 1467, 1437, 1043
cm™!. 'TH NMR (300 MHz): 6 7.66 (d, J = 8.0 Hz, 1H), 7.32 (td,
J =172, 1.2 Hz, 1H), 7.27—7.14 (m, 4H), 7.10 (d, J = 8.8 Hz,
2H), 5.78 (q, J = 6.8 Hz, 1H), 2.31 (s, 3H), 1.77 (d, J = 6.8 Hz,
3H). 3C NMR (75 MHz): 6 143.5, 137.1, 133.6, 132.8, 130.8, 130.1
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(2C), 128.7, 128.1, 127.2, 55.3, 26.2, 21.1. Anal. Calcd for
C,sH;5CIS: C, 68.55; H, 5.75. Found: C, 68.78, H, 5.41.

General Procedure for Synthesis of Bromide Compounds
of Scheme 4 and Table 3. To a solution of the sulfoxide 3, 4, or
5 (0.2 mmol) in CCl, in the absence of light was added the
corresponding halogenated compound (0.9 mmol) at the indicated
temperature (see Scheme 4 and Table 3). When the reaction was
completed (20—30 min), MeOH and KF (1000 mg) were added. A
white precipitate appeared which was filtered through celite. The
solvent was removed under reduced pressure. Compounds were
purified by flash silica gel column chromatography (eluent and yield
were indicated in every case).

(SS)-1-[(R)-1-Bromoethyl]-2-(p-tolylsulfinyl)benzene (9A). The
residue was purified by flash-column chromatography (6:1 n-
hexanes/EtOAc) giving a colorless oil. Yield = 50—90%. IR
(NaCl): 2920, 1587, 1490, 1435, 809 cm™. 'H NMR (300 MHz):
0 7.88 (d, J = 9.3 Hz, 1H), 7.60 (d, J = 9.0 Hz, 1H), 7.50—7.35
(m, 4H), 7.18 (d, J = 8.0 Hz, 2H), 5.45 (q, / = 6.6 Hz, 1H), 2.28
(s, 3H). 1.70 (d, J = 6.6 Hz, 3H). '*C NMR (75 MHz): 141.9,
141.7,141.4, 141.2, 131.8, 131.2, 129.2, 128.7, 125.9, 125.0, 41.9,
26.6, 21.2. [a]p*: —137.4 (c 1.0, HCCls). EM (FAB) m/z: 325 (M
+ 1, 31), 245 (50), 244 (51), 243 (100), 225 (41),132 (29).
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