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ABSTRACT

5 mol% Cul
2 eq. HOCH,CH,OH
L Y1+ HeR “o e 7 V—sm
R = 2 eq. K,CO4 R™ =
1.0 mmol 1.0 mmol iPrOH, 80 °C, 18-22 h

R = functional group; R’ = Ar, alkyl

An efficient copper-catalyzed carbon—sulfur bond formation reaction was developed. This method is particularly noteworthy given its experimental
simplicity, high generality, and exceptional level of functional group toleration and the low cost of the catalyst system.

During the past few years, the efficiency of metal-catalyzed industry? have lagged behind. Transition metal-catalyzed and
methods for the preparation of aryl ethers and, in particular, -mediated methods for the construction of arstilfur bond3
aniline derivatives using palladium catalysts has increasedhave usually required either forcing reaction conditfomis
greatly! More recently, our laboratory and others have begun substrates with ortho carbonyl groups that are both electron-
to reinvestigate the use of copper catalysis for the preparationwithdrawing and capable of chelating coppéss in the case

of these classes of important compoufds.

of C—N bond formation, the first report of a mild palladium-

In contrast, methods for the analogous formation of aryl catalyzed carbonsulfur bond formation came from Migita’s
sulfides, which are of great significance to the pharmaceutical laboratory? More recently, substantial contributions by the
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Merck group® Li,1° and Schopfét have appeareH.

The use of copper catalysts for-S bond-formation is
attractive from an industrial perspecti¥elraditional copper
systems have lacked the efficiency and wide applicability
to polyfunctionalized substrates that is desirdglé&: Of the
catalytic processes that have appeared, the most attractive
is that of Palomo and co-worketsHowever, their protocol
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utilizes 20% CuBr and the extremely expensive phosphazen
s )

base§. Our recent results on Cu-c_atf’:llyzed- coupling Table 1. Cu-Catalyzed Carbon—Sulfur Bond Formation

chemistry suggested to us that similar catalysts for C—S 5 mol% Cul

couplings mig_ht be tolerant of a wide var'ie'ty of functional //:\>_] . hsAr 289 HOCHCHOH /7 o

groups?® Herein, we report a general, efficient, and opera- gp~= 2 eq. K2C0s

tionally simple Cu-catalyzed C—S bond-forming reaction. 1.0 mmol 1.0mmol  PrOH, 80°C, 18-22 h
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e~}

©

During the_completion of this work, Venkatarama_n re_ported entry Al AISH product % yield®
an interesting Cu-catalyzed method for the combination aryl
iodides with thiols in the presence of NaOt-Bu. ) e
5-lodo-m-xylene and thiophenol was used as the proto- @“ HS/© /@\ @ %2
typical substrate combination for preliminary optimization Mé Me s
of the reac_tion conditions. Copper(l) complexes generally 5 /@\ O @\ /@ 86
gave superior results compared to copper(ll) sources in terms NC | HS NC s
of conversion and yield of the desired product. A variety of
these were efficient, but we chose to focus on the use of 3 /@\ /@ /@\ /@ 92
Cul due to its stability to ait® Both KsPQ, and K;CO; were & I hs B S
found to be effective bases for this coupling reaction; the /@\ /@\ﬁ
use of other bases such as DBU ogNEgave somewhat 4 oN | n Me O,N ve B4
lower yields'® As we recently reported for Cu-catalyzed
aminatior?® the use of ethylene glycol (2 equiv) in 2-pro- " Q HzN\@\ /@\ o1
panol provides an active and general catalyst system. HS Me s Me
Presumably, it serves as a cosolvent and ligand in the o o
reaction. Its major function may be to get and keep the Cu(l) /©/ O\ /©/ 85
species in solution. In accordance with this notion, fairly b oHs MeO S
good results were obtained using DME, DMF, or dioxane Q o
as a solvent in the absence of any additional ligand. In fact, | O\ Me/“\©\ /@om
in several cases, we found that DME was the solvent of HS OMe s
choice. Presumably, it can function in much the same way ° oH e
. OH 90
that ethylene glycol does. Control experiments revealed that O/ /@\ /©/
only a trace amount of aryl-aryl sulfide coupled product was Me rons Me s
observed from GC-MS in the absence of copper catalyst. Bu Bu
Thus, the optimized reaction conditions utilized 5 mol % /©\[ Hs/©/ HOQ\SO o1
Cul, KxCO; (2 equiv), and ethylene glycol (2 equiv) in om
reagent-grade 2-propanol (without drying or degassing) at 4, c/@\ /©/ e O\ Oom 88
80 °C under argor® In the first part of this study, these HOO HS HOOC s
reaction conditions were applied to the coupling of various
functionalized aryl iodides and thiophenol counterparts, 11 /@\ C/@\ /@\ 82°
neither of which contained ortho substitutents (Table 1). As E00C L HS OMe E100 s OMe
can be seen, the process is extremely tolerant of a variety of 0 /@\ /@\ C/@ /@\ o
OHC I HS OMe OH S OMe
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1998, 39, 543. (b) Using 5 mol % Cu in refluxing NMP: Sindelar, K; 13 H, O H N\/@\ /©/ 93
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Protiva, M.Collect. Czech. Chem. Commu289,54, 2240. (c) Use of a
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Chem 1999 64, 2986. (b) Baxter, A. J. G.; Teague, STétrahedron 993
49, 9089. (c) Réabai, J.; Kapovits, |.; Tanacs, B.; TamhSynthesid€ 990,
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Hosangadi, B. Dindian J. Chem. Sect.2980, 831. (f) Rajsner, M.; Svatek,  nitrile, nitro group, ketone, free anilino NHand phenolic
E.; Metysova, J.; Protiva, MCollect. Czech. Chem. Commui975, 40, iati i i
1604. (g) Rajsner, M.; Metysova, J.; Svatek, E.; Miksik, F.; Protiva, M. OH mo[etles, a carboxylic a.CI.d’ an aldehyde, and a free
Collect. Czech. Chem. Commui@75,40, 719. (h) Machek, V. G.; Haas, alkylamino group were all efficiently converted to product.
H. J._Prakt. Chem1942, 41. (i) Stelnkopf,_ von W.; Schmitt, H. F, Fiedler, The presence of an ethy| ester could be accommodated by
H. Liebigs Ann. Chem1937,527, 237. (j) Roberts, K. C.; Smiles, 3.

Chem. S0c1929, 863. using DME as the reaction solvent (in the absence of ethylene

(8) (a) Migita, T.; Shimizu, T.; Asami, Y.; Shiobara, J.-i.; Kato, Y.;  glycol), under our normal conditions transesterification to
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T.; Terada, M.; Sano, H.; Migita, Bull. Chem. Soc. Jpr1985,58, 3657.
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the isopropyl ester occurs. These results speak to theand a free NH group. As can be seen from the results in
importance of using mild bases for transformations of this entry 4, a thiophenol with an ortho carboxymethyl group
type. Also of interest is the result in entry 8 in which can be coupled in good yield. This demonstrates that the
chemoselective C—S bond formation occurs in the presenceprotocol can be applied even with electron-deficient thiols.
of a phenolic OH group?® The process is also extremely tolerant of steric hindrance,
A second portion of this work involved the application of although the reaction is, in some cases, slightly more
our protocol to the combination of ortkeubstituted aryland ~ demanding. For example, the coupling of 2-isopropylthio-
of heteroaryl iodide substrates (Table 2). The presence ofphenol with 2-iodotoluene takes place in 88% yield. In
comparison, the reaction pfmethoxythiophenol with 2-iso-

_ propyliodobenzene is carried out with 20% Cul at 1@

- 0,
Table 2. Cu-Catalyzed Carbon—Sulfur Bond Formation of in tert-amyl alcohol to give a 94% yield of the desired
Ortho-Substituted and Heterocylic Substrates

5 mol% Cul
2 eq. HOCH,CH,OH .
N1+ hear oS3 HOCHCROR @-sm Table 3. Cu-Catalyzed Carbon—Sulfur Bond Formation of
= 2 eq. K,C05 A= Alkyl Thiols?
e o
1.0 mmol 1.0mmol  iPrOH, 80°C, 18-22 h 5 o Cul "
. . HOCHCH,OH /
entry Ar ArSH product % yield? / N+ HS-Alyl 2 eq. HOGH,GH,OH // Mg
R = 2 eq. KoCOz R=

iPrOH, 80°C, 18-20 h

oH 1.0 | 1.0 mmol
.U mmol .
cC o e
1 HS S/@ entry Ar RSH product % yieldb
@il\w Bu ©f\"i©/ﬁl 91 Me Me
M S
@ 15 Qo e L
95
HS 2
B e
Me ) Me $7>""Me

" MeQ,
86 3 HS \©\ 91
Me S 3
COOMe !

I®! I L
4 92
H MeQ S 93 {@\ HS/\/\/\/OH (@\ on
/\/\/\/
M&™ " Me M Me M 1 M S

Me a8 Reaction conditions: Arl (1.0 mmol), alkyl-SH (1.0 mmol), 5 mol %
HS s 88 Cul, 2.0 equiv of KCOs, 2.0 equiv of HO(CH),OH, in 2-propanol at 80

B w
o
. z
DEQ
© ()
3

COOMe

o

Me

[o)]
- =
©

°C under argon® Isolated yield in average of two runklsolated yield.
Reaction only proceeded to 78% conversion.

N
Q
g 3
=
>
©
=

O @ﬁ
j©/ product. The combination of substrates that both possess an

ortho isopropyl group can be accomplished in 91% yield
/E/P (EL J? 91 (entry 8) under the latter conditions. As seen in entries 9
and 10, 3-iodopyridine and 5-iodoindole are also excellent

[02]
Q
[
5

Me Me .
substrates for this method.
0 S | Hs\©\ i mk@\ 0 85 Alkanethiols were also found to be effective nucleophiles
N NTMe SN HJ\Me in these reaction conditions (Table 3). Butanethiol and
10 N OMe N 90 (11) Schopfer, U.; Schlapbach, Aetrahedron2001,57, 3069.
/©/ m (12) (a) Harr, M. S.; Presley, A. L.; Thorarensen,3ynlett1999, 1579.
N HS MeC N (b) Ishiyama, T.; Mori, M.; Suzuki, A.; Miyaura, NI. Organomet. Chem.

1996,525, 225. (c) Ciattini, P. G.; Morera, E.; Ortar, Getrahedron Lett.

aReaction conditions: Arl (1.0 mmol), ArSH (1.0 mmol), 5 mol % Cul,  1995,36, 4133. .
2.0 equiv of KCOs, 2.0 equiv of HO(CH),OH, in 2-propanol at 80C (13) Ullmann couplings: (a) Ullmann, Ber. Dtsch. Chem. Ge$903,
under argon® Isolated yield in average of two runsDME solvent. 36, 2382. For a review, see: (b) Lindley, Tetrahedron1984,40, 1433.
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2.0 equiv of KCO;, 2.0 equiv of HO(CH).OH in tert-amyl alcohol at 100 Rev.2002,102, 1359. _ o '
°C under argon for 24 h. (14) For an alternative process using a stoichiometric amount of Cu-

(OACc), and arylboronic acids as S-arylating agents, see: Herradura, P. S.;
Pendola, K. A.; Guy, R. KOrg. Lett.2000,2, 2019.
(15) Palomo, C.; Oiarbide, M.; Lépez, R.; Gbmez-Bengoal &rahe-
. . .. L dron Lett.2000,41, 1283.
functional groups in the ortho position of the aryl iodide (16) Schwesinger's phosphazeneB base ($ 260 for 5 mL from

substrates are tolerated, including a hydroxymethyl group Aldrich) was used.
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benzylmercaptan were S-arylated in excellent yield (Table studies of this and related Cu-catalyzed cross-coupling
3, entries 2 and 3). The selective S-arylation was observedreactions are in progress.
when 6-mercaptohexanol was used as the substrate (Table Acknowledgment. We thank the NIH (GM 58160).
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is particularly noteworthy given its experimental simplicity,
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hydrate), Br, F, OAc, acac) and &b all worked well. We are currently and yield of the reaction and (b) the oxidative coupling product, diaryl

examining the latter as an industrially interesting precatalyst. disulfide (ArS—SAr), was the major product if the reaction was performed
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