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We recently disclosed the ruthenium-catalyzed efficient pro- Table 1. Reaction of Propargylic Alcohol (2a) with Thiols?
Ph Ph

pargylic substitution reactions of propargylic alcohols with various o / Smolcat Ph /

heteroatom- and carbon-centered nucleopbhiles to afford the corre- T SoroRd o

sponding propargylic products in high yielti§he reactions are i

catalyzed only by thiolate-bridged diruthenium compléssch . yield of
run thiol catalyst 3, %P

as [Cp*RuClf,-SR)RUCp*Cl] (Cp* = 1>-CsMes; R = Me (1a),

iPr (1b), "Pr (1¢)) and [CP*RuClf-SPr)RUCp*(OHy)]OTf ; :ggg: %ggggg:ggmiggggggg}gg 83 gg: ;’;

(OTf = OSOLCF;; 1d). The reactions proceeded more smoothly in 3 ngysH [CP*RUCI-SPrECP*RU(OH)]OTF (1d) 3aa 92

the presence of a catalytic amount of M. In these catalytic 4 "BuSH [Cp*RuCl{x-SMe}Cp*RuCl] (1a) 3aa, trace

substitution reactions, available substrates were unfortunately strictly 2 ZEUSHSH [[gpigﬂgllg:gare)z)z%p*guuc(g &)?)(;Tf o g:g tgrgce

limited to the propargylic alcoholsearing terminal alkyne group 7 M;é}_lCHZCHZSH [CE*RU(OW_SMe)ng*Ru(ow)]OTf(16) 3ac 76

because the reactions proceeded via allenylidene intermediates;
which can be produced only from this type of propargylic alcohols. 2 All the reactions o2a (0.30 mmol) with thiol (1.50 mmol) were carried
O h ohr han,Some other raupe v ey Toun ranlore 14 ezree f iy 512l iG] 50
metal-catalyzed propargylic substitution reactions of propargylic proceeded even in the presence of J8F.

phosphates and acetates with nitrogen (Cu anéf¥xygen (Ti)3¢

and carbon-centered (f)nucleophiles, but a catalytic reaction witn ~ Pridged diruthenium complexedd—1c), which were known to

a sulfur-centered nucleophile to afford the corresponding propargylic Promote the propargylic substitution reactions of propargylic
sulfides has not yet been reported, probably due to the long known @lcoholsbearing terminal alkyne groupvith various heteroatom-
fact that sulfur-containing compounds act as catalyst poisons and carbon-centered nucleophitedid not work at all, even in the
because of their strong coordinating propertiBsiring our ongoing ~ Presence of NkBF, (Table 1, runs 4 and 5). When other simple
study on the catalytic propargylic substitution reactions, we recently alkanethiols such as cyclohexanethiol and 3-methyl-1-butanethiol
found a general synthetic method for propargylic sulfides. Namely, Were used in place of 1-butanethiol, the corresponding propargylic
a novel cationicmethanethiolate-bridgediiruthenium complex ~ Sulfides @ab and 3ac) were obtained in 93 and 76% yields,

[CP*RUCI(uz-SMepRUCP*(OH)]OTF (16) (Chart 1) has been  respectively (Table 1, runs 6 and 7). The most characteristic feature
of this reaction is the direct use of propargylic alcohols as effective

Chart 1 propargylating reagents where the reaction occurs in an environ-

o oy op oo mgntally friendly manner, with the only stoichiometric byproduct
e N N being water (HO).
R e, e by caionic methanetiate-bridged Reactions oR2a with thiols containing functional groups have

diruthenium complex.(1e) been carried out in the presencelef(5 mol %) at 60°C for 1 h8
Typical results are shown in Table 2. In all caszswas completely
disclosed to promote the catalytic propargylic substitution reaction ¢onsymed, and the corresponding propargylic sulfi@as-{3ag
of propargylic alcohols bearing not onigrminalalkyne group but were obtained in good to excellent yields. Functional groups, such
alsointernal alkyne group with thiols. Preliminary results on this 54 phenyl (Table 2, run 1), methoxycarbonyl (Table 2, run 2), chloro
catalytic reaction are described here. _ ~ (Table 2, run 3), and hydroxyl (Table 2, run 4), in thiols did not
First, we investigated the substitution reaction of propargylic affect this catalytic reaction. The reaction of 1-alkenyl-substituted
alcohols bearing amternal alkyne group such as 1,3-diphenyl-2- hropargylic alcoholb with 1-butanethiol gave the allylpropargylic
propyn-1-ol @a). Treatment of2a with 1-butanethiol in 1,2-  gyifide 3bain 96% isolated yield (Table 2, run 5). Unfortunately,
dichloroethane in the presence I (5 mol %) at 60°C for 1 h a similar reaction of dialkynyl-substituted alcot2uidid not proceed
afforded 1-butyl 1,3-diphenyl-2-propynyl sulfideda) in 92% (Table 2, run 6). Other various alkyl- and aryl-substituted propar-

isolated yield (Table 1, run £)No other products or regioisomers  gyiic alcohols Rd—2h) reacted with thiols to afford the corre-
of 3aawere detected by GLC arith NMR. The reaction proceeded sponding propargylic sulfidesS@a—3ha) in excellent yields with

even at room temperature, but a slightly prolonged reaction time complete regioselectivity (Table 2, runs-T4)7

(3 h) was required (Table 1, run 2). The complex with the sterically  Next, we examined the substitution reaction of propargylic
demanding ®r group exhibited almost the same catalytic activity ~|cohols bearingerminalalkyne group such as 1-phenyl-2-propyn-
in this reaction (Table 1, run 3). Itis noteworthy that neutral thiolate- 1_q| (4a) with thiols in the presence dfe (5 mol %) at 60°C for

1 h8 Thus, a variety of thiols such as 1-butanethiol, 1-octanethiol,

:E%;gsggi’ygpsﬁ’t;“tho“ E-mail: uemura@scl.kyoto-u.ac.jp. 3-methyl-1-butanethiol, cyclohexanethiol, phenylmethanethiol, and
* Science University of Tokyo. 3-chloropropanethiol could be employed to give the corresponding
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Table 2. Reaction of Propargylic Alcohols (2) with Thiols in the
Presence of 1ed
Ao

-
R Z
+ R*SH

OH 2

2 R?

R‘H FZ
+ H0

SR* 3

5 mol%1e

CICH,CH.CI
60°C, 1h

yield of
run propargylic alcohol thiol 3, %b
1 2aR'=Ph,R=H,R¥=Ph R = Ph 3ad, 70
2 2aR'=Ph,R=H,R¥=Ph R = CH,CH,CO,Me 3ag 92
3 23, R'=Ph,R=H,R¥*=Ph R = CH,CH,CH,CI  3af, 90
4 23, R'=Ph,R=H,R}*=Ph R = CH,CH,OH 3ag 52
5 2b,R'=PhC=CH,RR=H,RR=Ph R'="Bu 3ba, 96
6 2c¢, R'=PhG=C,R=H,R®=Ph R ="Bu 3ca trace
7 2d,R'=Ph,R=H,R¥="Bu R*="Bu 3da, 87
8 2d,R'=Ph,R=H, RE="Bu R* = CH,CH,CHMe, 3db, 90
9 2e¢ R!=Ph, R=H, R®=rhexyl R ="Bu 3eq 83
10 2f,R1=Ph,R=H,R®=1Bu R*="Bu 3fa, 86
11 2f, R'=Ph,R=H,R®*=1Bu R*= CH,CH,CHMe, 3fb, 87
12 2g, R'=p-MeCiHs, RR=H,R®*=Ph R'="Bu 3ga 90
13 2¢g, R'=p-MeCgH4, R2=H, R®=Ph R'=CH,CH,CHMe, 3gb, 92
14 2h, R'=Ph, R=Me, R=Ph R ="Bu 3ha 84

a All the reactions o (0.30 mmol) with thiol (1.50 mmol) were carried
out in the presence dfe (0.015 mmol) in CICHCH,CI (8 mL) at 60°C
for 1 h. P Isolated yield.c 10 mol % of 1le was used.

Table 3. Reaction of Propargylic Alcohols Bearing Terminal
Alkyne Group with Thiols?

RV + RSH 5 mol%1e H*Hz // + HO
OH 4 SR® 5

yield of
run propargylic alcohol thiol 5, %b
1 43, R'=Ph,R=H R3 =Bu 5aa 86
2 43, Rt=Ph,R=H R3 = noctyl 5ab, 87
3 4a, R'=Ph,R=H R® = CH,CH,CHMe; 5ac 88
4 43, Rl = Ph, R=H R3= CC5H11 Sad, 82
5 43, R'=Ph,R=H R3 = PhCH 5ae 79
6 43, R*=Ph,R=H R® = CH,CH,CH,CI 5af, 79
7 43, R'=Ph,R=H R3=Ph 5ag 24
8 4b, Rt = p-MeCgH4, R2=H R3="Bu 5ba, 83
9 4c, Rt = p-FCeH4, R2=H R®="Bu 5ca 84
10 4d, R = 2-naphthyl, R=H R3="Bu 5da, 94
11 4e, R =C°CgHy;, RZ=H R3="Bu 5eg 62
1z 4f, Rt = PhC=CH, R2=H R3="Bu 5fa, 47
13 4g, Rt =Ph, R=Ph R ="Bu 5ga 60

a All the reactions ot (0.60 mmol) with thiol (3.00 mmol) were carried
out in the presence dfe (0.03 mmol) in CICHCH,CI (15 mL) at 60°C
for 1 h.PIsolated yield.£ For 6 h.d For 24 h.

alkyl 1-phenyl-2-propynyl sulfide5aa—5af) in good yields with
complete regioselectivity. Typical results are shown in Table 3.
Other isomers and products were not observed in the reaction
mixture. The use of benzenethiol led to the formation of phenyl
1-phenyl-2-propynyl sulfide5ag) in a lower yield (Table 3, run
7). Various propargylic alcohols reacted smoothly to give the
corresponding sulfides in good to excellent yields as shown in runs
8—13 of Table 3, although in the cases of 1-alkenyl-substituted
alcohol4f and 1,1-diaryl-substituted alcohdy the reaction became
slower?

A stoichiometric reaction of the allenylidene compl&with
1-butanethiol did not afford the corresponding propargylic sulfide
5aa(eq 1). This is in sharp contrast to our previous finding that

| T]BF,
Cp? cpr P # Cp\R /Cp_] "BuSH
\ / u=—R{ Ut =
wes2 gy — 2 wes=] o Sse "N
! SM Cl &
<|:| o ¢ NHBF, ol 60°C,6h  SBu

1a C, 5aa

allenylidene complex (6)

that the reaction of propargylic alcohols bearing a terminal alkyne
group4 with thiols may proceed via other reactive intermediates.
On the other hand, a stoichiometric reaction of the cationic complex
lewith a propargylic alcohol bearing an internal alkyne gro2ig) (

at room temperature was investigated'syNMR in CD,Cl,, but

no intermediates were observed. Addition of an excess amount of
1-butanethiol to this reaction mixture led to the formation of the
sulfide 3aa together with 1e These results indicate that the
intermediates of this catalytic reaction are too labile to be identified.
Although direct evidence of the reactive intermediates has not yet
been obtained, we suppose that the present catalytic reactions
between propargylic alcohols and thiols may proceed wia (
propargyl)ruthenium speci¥st the diruthenium site. Nucleophilic
attack of a thiol to this species affords the corresponding propargylic
sulfides. Further investigation to elucidate the detailed reaction
mechanism is currently in progress.

In summary, we have found a highly selective and efficient
propargylic substitution reaction of propargylic alcohols with thiols
catalyzed by the cationic diruthenium complex!! The Nicholas
reaction has been found to be the most reliable tool for selective
propargylation of nucleophiles by usingstéoichiometricamount
of cationic propargyl complexes [(propargyl)£60)]*.12 How-
ever, only a few studies on the propargylation of thiols by the
Nicholas reaction have been reportédnd the preparative methods
for propargylic sulfides by other methods are quite limited sd4ar.

Supporting Information Available: Experimental procedures and
spectral data for all of the new compounds and crystallographic data
for 1e(cif). This material is available free of charge via the Internet at
http://pubs.acs.org.
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