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ABSTRACT
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A new Suzuki-type palladium-catalyzed reaction of boronic acids with a-bromo sulfoxides has been developed using a protocol similar to the
well-documented reaction of boronic acids with aryl halides. Both cross-coupling and homocoupling processes were observed. The best
yields in cross-coupling products were obtained when the presence of oxygen was carefully excluded using degassed solvents. The oxidative
addition palladium complex intermediate could be isolated and characterized by X-ray single-crystal diffraction.

Palladium-catalyzed cross coupling reactions have been usedrom sulfones and sulfoxides in cross-coupling palladium-

widely to connect two spcarbon centersThe formation catalyzed reactions was reported by Negishi year$ ahaos,

of sp—sp’ C—C bonds is comparatively less common and the palladium-catalyzed arylation of simple sulfones or

in general comes from the reaction of aryl halides with sulfoxides remains a challenge. Sulfones are important
enolate<. The direct arylation of carbonyl CH-acids (in situ  synthons widely used in the synthesis of useful organic
generated enolates) has received attention in recent $ears,compounds. Sulfoxides possess similar features with the

but in contrast, the reaction with sulfonyl or sulfinyl CH- added value of their chirality, which makes of these

acids has been scarcely explored. Recently, a procedure focompounds valuable auxiliaries in asymmetric synthésis.

direct palladium-catalyzed monoarylation of several func- Owing to the versatility and popularity of sulfoxide chemistry

tionalized sulfones has been described, but it occurs only inin synthesis, we decided to explore the palladium-catalyzed

the presence of an additional electron-withdrawingub- reactions of methyl sulfoxides as a suitable route to the
stituent, and for this reason, the scope of the method isarylation of these compounds.
limited to the arylation of strongly CH-acidic sulfoné&n In a preliminary series of experiments, we attempted

the other hand, the lack of reactivity of lithium anions derived unsuccessfully the direct arylation of sulfoxides with halo-
arenes under similar conditions as described for the arylation
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of ketones’ For instance, a mixture of 3-bromoanisole and ||| NN

methyl phenyl sulfoxide was heated at reflux in the presence 1 pie 1. Reaction ofa-

of NaOt-Bu and 2% Pgldba}/BINAP, but the reactants

were recovered unchanged. The failure of the method could

be attributed, at first, to an inefficient generation of the
sodiuma-sulfinyl anion due to the weaker,&H acidity of
sulfoxides if was compared with the acidity of carbonyl

compounds. Since the base-mediated direct arylation seemed

unattainable, we then evaluated the possibility of arylation
of the sulfinyl anion. However, attempts at arylating lithium
a-sulfinyl anions were reported to be unsuccessful by
Negishi® In addition, methylsulfinyl anions react with
haloarenes without a catalyst to give mixtures of several
compounds as reported by Corey and co-workers in their
pioneering work on the reactivity of methylsulfinyl carb-
anions?

These disappointing results in the palladium-catalyzed
reaction of aryl halides with sulfoxides prompted us to

change our strategy and to attempt the palladium-catalyzed

arylation of sulfoxide derivatives using arylboronic acids.
Recently, thex-arylation of carbonyl compounds by a Suzuki
type reaction of the correspondinghalo carbonyl deriva-
tives with arylboronic acids has been achie¥®&@ompetitive

Bromo Sulfoxidesl with Boronic

Acids 2
convnb ratio
run 1 2 method? (%) 3 (%) 5 (%) 3/4
1 a a A 100 a(80) a(20) 2:1
2 a b A 100 b (87) a(13) 2.5:1
3 a c A 90 c(76) a(13) 1.7:1
4 a d A 74 d((3) al(21) 1:1
5 a d B 89 d((6) a(34) 11
6 a e A 100 e (60) a(40) 231
7 a f AC 26 f(7) a(19) 124
8 a f Ad 62 f (25) a (37) 1:2.2
9 a f B 13 f(0) a(3) o
10 a g Acd 22 g (0) a (22) 0
11 a h A 38 h(11) a7 13
12 a h B 22 h© a@2 o0
13 b a A 85 i (43) be(23) 26:1
14 b e A 72 j@3) b9 3.01
15 b e B 60  j(0) bf(19) o0
16 a d C 90 d@l) a9 281
17 a h C 100 h(70) a(30) 21
18 a f c 76 f(39) a(37) 1115
9 a g ce 25 g (0) a (25) 0

aMethod A: MeOH, NaCOs; 2 M, 10% catalyst, 16 h. Method B: DME,

cross-coupling and homocoupling processes occur, and theya,co, 2 M, 10% catalyst, 16 h. Method C: Conditions A using degassed

control of the selectivity depends on the nature of the
phosphine ligand on palladiutf® However, despite this
precedent, we have found that Pd(BRbatalyzes the cross
coupling reaction ofa-bromo sulfoxides1! with boronic
acids 2 under mild conditions in the presence of aqueous
NaCQ; to give the corresponding-rmonoarylated sulfoxides

3 with high to moderate yields (Scheme 1, Tablé?lyhis

Scheme 1
? Pd (PPhs)
ph—S Br +  ArB(OH), — ek,
o
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1R" 2| Ar 3| R' Ar 4| Ar 5 R’
alH a| CgHs a|H CgHs a| CgHs aH
b{ CH3 |b| p-MeOCgH, |b| H p-MeOCgH4 |b| p-MeOCgHs bf CH4
c| o-MeCgHs |c|H o-MeCgH; |c|o-MeCgHs ¢ =CH,
d| o-MeOCgH; |d| H o-MeOCgH, |d| o-MeOCgH,
e| p-BrCgH4 e|H p-BrCgH, e| p-BrCgH,
f| 3-thienyl f| H 3-thienyl f| 3-thienyl
g| 2-thienyl g| H 2-thienyl g| 2-thienyl
h| m-NOyCgHy |h| H  m-NOzCgH4|h| m-NO,CgH,
i CH3 CEHE
J | CHy p-BrCgH,

solvents? Conversion ofl determined by NMR¢ Reaction time 32 h.
420% catalyst® Compoundsc (19%) was also obtainelCompoundsc
(41%) was also obtained.

Concerning the mechanism of the arylation reaction, we
were able to prove that the arylation occurs through the
conventional catalytic cycle (oxidative addition, trans-
metalation and reductive elimination). Thesulfinylpalla-
dium(Il) complexla (R = H; Hal = Br) (Figure 1) derived

o,
PhSCH-Pd-Hal
R'" PPhy I
y
PhSCH-Pd-Ar
'1 |
R' PPh; II

Ia®

Figure 1. Oxidative addition k) and transmetalationllj of
palladium intermediates in the arylation @fbromo sulfoxidedl.
aThermal ellipsoid plot (50%) probability of compoura (Rt =
H; Hal = Br).

reaction is unprecedented and represents to the best of oufrom the oxidative addition ofla to Pd(PPk), was stable

knowledge the first example of participation of a methyl
sulfoxide derivative in a palladium catalyzed CispC(s|7)
bond formation reaction.
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enough to be isolated and characterized by X-ray single-
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crystal diffraction'® The crystal structure shows a slightly
distorted square planar palladium complex with the sulfinyl
ligand trans to bromine (Figure 1). A similar complekR?

= H; Hal = CI) was characterized by Floridfby reaction

of cis-[PdCL(PPh),] with potassiuma-sulfinyl anion. To
ensure thata is an intermediate in the arylation af, it
was allowed to react witlRa leading, as expected, to the
formation of the cross-coupling produgé.

In the palladium-catalyzed reaction dwith 2athe cross-
coupling derivative3a was the main product, but formation
of the homocoupling compounda was also detected. The
3al4a ratio was 2:1, thus showing a remarkable chemo-
selectivity for the cross-coupling process. The homocoupling
derivativedawas formed along with debrominated sulfoxide
5a generated by reduction of starting bromo sulfoxice
A similar reductive side reaction also happens whidiromo
carbonyl compounds are reacted with boronic a&féls.

The generality of the C(Sp—C(sp) cross-coupling reac-
tion was investigated using a number of arylboronic acids
2a—h and the secondary bromo sulfoxid®é (Scheme 1,
Table 1). The reaction ofa with electron-rich substituted
boronic acid2b and2c using the same conditions as in the
case of the parent compouBd gave3b and3c, respectively,
with similar chemoselectivity and conversion. The presence
of the o-methoxy group in acid2d resulted in a lower
chemoselectivity with only partial conversion of the starting
bromo sulfoxidela. Although the chemoselectivity was only
moderate in this case, the cross-coupling reaction was als

oMoreno-Maﬁas and co-workéfshowed that self-

sulfoxide 1a under our standard conditions with predomi-
nance of the homocoupling reaction.

The palladium-catalyzed arylation was also tested with the
o-bromoethyl sulfoxidelb. Reaction with boronic acidza
and2egave mainly the correspondingarylated derivatives
3i and 3j although vinyl sulfoxide5c was also formed by
B-elimination from the intermediate complexeR? = CHs;

Hal = Br) and Il (R' = CHs; Ar = CgHs, p-BrGsHy).
Although p-elimination is a highly favored process in
palladium chemistry, cross-coupling products predominate
under mild conditions (method A). The use of higher reaction
temperatures (method B) favors the formation of the elimina-
tion product5c.

The poor results obtained in the cross-coupling reaction
with some of the boronic acids tried prompted us to run the
reaction ofl with 2 with the complete absence of oxygen
using degasified solvents (runs-1869, Table 1), and in some
cases, with longer reaction times (run 16, Table 1). The yield
in 3 increased significantly under these conditions. For
instance, in the case of tlemethoxy-substituted aciad
the yield increased from 56% to 81% (runs 5 and 16, Table
1), and, more strikingly, thp-nitroboronic acic?h gave the
cross-coupled sulfoxid8h in 70% vyield (runs 11 and 17,
Table 1). By contrast, the results obtained with thiophene-
boronic acids2f and 2g were roughly the same in the
presence or absence of oxygen.

Self-coupling of aryl boronic acids in regular Suzuki
reaction®® occurs when the cross-coupling is very slow.

. . coupling
Ezgnr(?iz:)nnsBC:IISSW;:Znuiiirg;gggzggﬁit?eﬁee?jtusrcél\;r:jtreaaions are accelerated in atmosphere of oxygen and also
e P by the presence of an electron donor substituent at the
complete solubilization of the catalyst Pd(RRhbut these

dificati did not lead to sianificant ch in th boronic acid moiety. In the same way, under standard Suzuki
modiiications did not lead to significant changes in e -, 4 large amounts of biaryls are formed in the reaction

of arylboronic acids andx-bromo esterd?® a reaction
inhibited by the use of bulky, not too electron rich
phosphines® In the case of the reaction ofi-bromo
sulfoxides with boronic acids reported herein, several
alternative and simultaneous reaction paths are envisaged to
account for the formation of homocoupling products. At first,
Pd(PPHh), species present in the medium would promote by
oxidative addition (transmetalation) the direct self-coupling
of boronic acids®” A second mechanism would involve
an oxidative homocoupling through the formation of a pal-
ladium(ll) peroxide by reaction of oxygen with a Pd(BJ2h
complex!® These two mechanisms do not involve at all the
participation of bromo sulfoxide% in the process leading
to the formation of homocoupling produetsAlternatively,

the homocoupling reaction might take place by a double
transmetalation through the oxidative addition compléx

a similar way as proposed by Zhang for the homocoupling
reaction observed in the reaction @fthalo carbonyl com-

chemoselectivity or the degree of conversion of the starting
bromosulfoxidela. The effect of the presence of electron-
withdrawing groups in the boronic acid moiety was also
studied. Bromo-substituted boronic aédreacted withla

to completion. The cross-coupling was the main process with
a chemoselectivity similar to the case of tbemethoxy
substituted aci®d. With the nitro-substituted acigh, the
homocoupling was the main reaction observed giving rise
to the formation of biary#th and only 11% vyield in the cross-
coupling producBh (see Table 1). Thiophene boronic acids
2f and2gled only to partial conversion of the starting bromo

(12) Representative Procedure A mixture of a-bromo sulfoxidela
(0.4 mmol), boronic aci@® (0.8 mmmol), and Pd(PBja (0.04 mmol) in
aqueos 2 M NaCO;s (0.8 mL, 1.6 mmol) and methanol (8 mL) was heated
at reflux for 16 h. The reaction mixture was then cooled to room temperature,
guenched with water (10 mL), and extracted with diethyl ethex (25
mL) and dichloromethane (2 15 mL). The combined organic extracts
were dried with NaSOys and evaporated under reduced pressure.

(13) X-ray crystal structure d&: pale yellow prism of 0.40x 0.20 x
0.20 mm size, triclinicP-1, a = 12.171(2) A,b = 12.483(3) A,c =

15.933(3) Ao = 93.98(3), 8 = 101.23(3}, y = 118.61(3}, V = 2046.9(7)
A3, 72 =2,D.=1.520 g cm?3, 20max = 53°, diffractometer Kappa CCD,
Mo Ka (4 = 0.710 73 A),w-scan,T = 173(2) K, 16 376 reflections
collected of which 8357 were independdRt,; = 0.066), direct primary
solution and refinement oR? (SHELXL-97, G. M. Sheldrick, University
of Goéttingen, 1997), 508 refined parameters, riding hydrogen atoms, The
PhSO group is disordered over two sites, IR%[20(1)] = 0.0490, wR2
(all data)= 0.1033.

(14) Veya, P.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, @rganometallics
1994,13, 441.
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T. Synlett1994, 649. (c) Song, Z. Z.; Wong, H. N. @. Org. Chem1994,

59, 33.
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61, 2346.
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pounds with boronic acid® or in the Pd(OAc}promoted Our data show thatti-bromo sulfoxides are better sub-
homocoupling of aryl boronic acidéIndeed, biary#h was strates tharo-bromo carbonyl compounds in Suzuki-type
obtained by treatment of compldx(R* = H; Hal = Br) cross-coupling reactions since the parent triphenylphosphine
with boronic acid2h in the presence of oxygen, but we can is a suitable ligand in the case of sulfoxides while bulky
argue thatt decomposes prior to that to give a Pd(BRh  phosphines are required for carbonyl derivatives. The high
species which reacts with according to the reaction paths reactivity of theo-sulfinylpalladium(ll) complexes shown
described above. In fact, we did not find a correlation in the cross-coupling is noteworthy if compared to the rather

between the amount of biaryfsand sulfoxide$ obtained low reactivity exhibited by these complexes in insertion
in the coupling processes collected in Table 1 as would be reactions:
expected if biaryls4 would arise exclusively through the In conclusion, this new reaction allows the-@rylation

double transmetalation mechanism. In general, the formationof alkyl sulfoxides with high yields under mild conditions.

of dehalogenation products is uncommon in typical Suzuki The palladium catalyzed process allows the substitution of

coupling reaction$? bromine ina-bromo sulfoxides for nucleophiles opening new
Although details of the reaction pathway remain unclear perspectives in sulfoxide chemistry. Work is in progress to

at present, the results of the palladium-catalyzed reaction ofamplify the synthetic value of this method with the conver-

compoundd and2 show that the relative extent of the cross- sion of the sulfoxide group in other functions and to clarify

coupling and homocoupling processes depends on thethe detailed mechanism of the undesired competitive homo-

electron-donating or -withdrawing character of the substit- coupling reaction.

uents in2 and the presence or absence of oxygen in the
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