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Abstract

Project Code: MRG5280046

Project Title: Synthetic Method for Carbon-Sulfur Bond by Oxidation-Reduction Condensation

Using the Combination of Alkyl Diphenylphosphinites and 1,2-Dicarbonyl Compounds

Investigator: Dr. Wanchai Pluempanupat

Department of Chemistry, Faculty of Science, Kasetsart University

E-mail: fsciwcp@ku.ac.th

Project Period: 16 March 2009 - 15 March 2011

A new and efficient method for the preparation of alkyl aryl sulfides from alcohols by

oxidation-reduction condensation using 1,2-dicarbonyl compound is disclosed. The condensation

between 2-sulfanyl-1,3-benzothiazole and alkyl diphenylphosphinites, generated in situ from

alcohols, proceeded smoothly in the presence of camphorquinone to furnish the corresponding

sulfides in moderate to high yields.
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Executive Summary

Carbon-sulfur bond formation is one of important synthetic routes in organic and
medicinal chemistry. The methods for the conversion of alcohols into the corresponding sulfides
by oxidation-reduction condensation using a reductant and an oxidant are commonly employed.
However, there was still a great need to pursue the development of applicable methods towards
the preparation of sulfides. We have now extended this condensation concept for the exploration
of a new and efficient oxidant to be utilized in a practical and convenient method for carbon-
sulfur bond formation. The 1,2-dicarbonyl compounds were also tested for their efficiency as an
oxidant. The results were summarized that the condensation between 2-sulfanyl-1,3-
benzothiazole (0.5 eq) and alkyl diphenylphosphinites, derived in situ from alcohols on treatment
with chlorodiphenylphosphine (1.2 eq) and triethylamine (1.2 eq) in CHCI;, could be smoothly
proceeded in the presence of camphorquinone (1 eq) to furnish the corresponding sulfide in
moderate to high yields. Moreover, thioetherification of alcohols under the developed conditions
proceeded mainly via Sy2 mechanism. In summary, we have described an efficient and
convenient one pot reaction for the preparation of alkyl aryl sulfides from alcohols by oxidation-

reduction condensation using camphorquinone as a new oxidant.
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1.1 @urans Oxidant ialraNUs=&nTA W 31n 1,2-Dicarbonyl compound &WILNNIRIN
WU Carbon-Sulfur @A¥%an Oxidation-Reduction Condensation
1.2 ANBIAIZLArTIUN RNV IRTUNNTRILATIEH Sulfide Lﬁalﬂﬁmaﬁ%uﬁwﬁmﬁmsﬁﬁga
lag/l Alkyl diphenylphosphinite NL@38uN131A Alcohol WUL in situ, Oxidant 1 b@anDa 1.1

waz 2-Sulfanyl-1,3-benzothiazole (HSBtz) S Nucleophile

1.3 finwwavedsinailatnfiues Sulfide 3:nmslEUfi3en laanta 1.2

2. IBNMINaas
2.1 .@3avdlauazarstad
A A o & a o . °
saaiinltlunmmanasnnes sunInGeanyIsEn Aldrich, Fluka, Acros uaz TCI Uz
A a U a a fd' [ L% a .
mItudulassaievesndan i nasane lalasldinafia Nuclear Magnetic Resonance (NMR)

9NLA38931 Varian Inova 400 la operating 91 400 (H) waz 100 MHz (°C)

2.2 35n13891ATA

2.2.1 NMSLAI8N Alkyl diphenylphosphinite

11 Alcohol (10 mmol), 4-Dimethylamino pyridine (3 mmol) LLaz Triethylamine (12 mmol)
wazaely Dy THE 20 ml) moldusssmelulnsew  9nsudos9iéu  Chioro
diphenylphosphine (11 mmol) 8814719 w%auﬁgaﬂuﬂﬁﬁ%mﬁqmﬁgﬁ fo9 1wom 2 alus e
Uffsenfnsuysaludr shasazaonauiildllszme THE sanawfeuuds Tauldia3as rotary
evaporator NUWLANTINAZ A AN TERINS Hexane/Ethyl acetate (8/1) luUSuas 100 §afa0T
whasazaunanlunsasHuss Alumina-Celite 92 ldWaaA 2T Alkyl diphenylphosphinite 73]
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Methyl 2-[(diphenylphosphino)oxy]-2-methylpropionate: 99%, white solid; 1H NMR
(CDCl,) & 7.45-7.57 (m, 4H), 7.25-7.40 (m, 6H), 3.66 (s, 3H), 1.60 (s, 6H); "C-NMR (CDCl3) &
174.7, 142.5, 130.0, 128.8, 128.0, 79.1, 52.1, 27.0.

1-Methyl-3-phenylpropyl diphenylphosphinite: 94%, colorless oil; 1H NMR (CDCl;) & 7.44-
7.58 (m, 4H), 7.02-7.41 (m, 11H), 4.00-4.16 (m, 1H), 2.52-2.78 (m, 2H), 1.75-2.10 (m, 2H), 1.31
(d, J = 6.3 Hz, 3H); 13C NMR (CDCl;) 6 143.0, 142.6, 141.9, 130.6, 130.3, 130.1, 129.8, 129.1,
128.8, 128.3, 128.2, 128.1, 128.1, 128.0, 125.6, 76.9, 40.1, 31.9, 22.4.

2.2.2 MIANIBNN5HILAIILH Sulfide MNKAN Oxidation-Reduction Condensation

#1&17 Alkyl diphenylphosphinite anazana@ae CHCI; 0.5 mL ﬁqmwgﬁﬁao NNLLAN
813 Oxidant leznagay waz 2-Sulfanyl-1,3-benzothiazole (HSBtz) a4 luluvasnanaiudnay aw
ﬂﬁﬁ%mama@imﬁauﬂunm 12 $lus uasrnsuenwaaimeinfedulasmadie Preparative
TLC (hexane/EtOAc = 10/1) lanaasias Sulfide Adasns

2.2.3 35n15891A31eY Sulfide @WnaN Oxidation-Reduction Condensation Wil
Fuaawuiiizran Alcohol

W& Alcohol (1 mmol), Triethylamine (1.2 mmol) lu dry CHCI; (1 mL) mﬂﬁ?ul,a&l
Chlorodiphenylphosphine (1.2 mmol) maldussmelulnsian  audffSmatnsdaiiio
qm%gﬁﬁauﬂunm 2 %DQI&IG ’ﬂﬁﬂﬁ?m@&l HSBtz (0.5 mmol) L8z Camphorquinone (1 mmol) aalu
RIIRCANUNFNANE 1AL ﬂuﬂﬁﬁ%mama@imﬁaa 9 dalus thvesnawllaiade CH,CI,/H,0.
59074 Organic [He28iwLEI§9628 Brine LLﬁag@ﬁnaaﬂ%gu Organic lagld Na,SO, uasyinms
LNKAAA L AAT WlAsNAfA Preparative TLC (hexane/EtOAc = 10/1)

2-(Octylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.86 (d, J = 8.0 Hz, 1H),
7.74 (d, J = 8.0 Hz, 1H), 7,40 (t, J = 8.0 Hz, 1H), 7.27 (t, J = 8.0 Hz, 1H), 7.34 (t, J = 7.6 Hz,

2H), 3.34 (t, J = 7.6 Hz, 1H), 1.28-1.51 (m, 8H), 0.88 (t, J = 7.2 Hz, 3H).



2-(Benzylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.84 (d, J = 8.0 Hz, 1H),
7.66 (d, J = 7.6 Hz, 1H), 7.12 — 7.39 (m, 7H), 4.53 (s, 2H).

2-(Phenethylthio)-benzothiazole: colorless oil; 1H NMR (CDCl3) 6 7.91 (d, J = 8.4 Hz, 1H),
7.77 (d, J = 7.2 Hz, 1H), 7.25-7.46 (m, 7H), 3.61 (t, J = 7.6 Hz, 2H), 3.16 (t, J = 7.6 Hz, 2H).

2-(3-Phenylpropylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.86 (d, J = 8.0 Hz,
1H), 7.75 (d, J = 7.6 Hz, 1H), 7.21-7.40 (m, 7H), 3.35 (t, J = 7.2 Hz, 2H), 2.82 (d, J = 7.2 Hz,
2H), 2.17 (m, 2H).

2-(Cinnamylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.9 (d, J = 8.0 Hz, 1H),
7.75 (d, J = 8.0 Hz, 1H), 7.23-7.44 (m, 7H), 6.71 (d, J = 15.6 Hz, 1H), 6.38 (m, 1H), 4.18 (d, J =
8.4 Hz, 2H).

2-(1-Phenylpropan-2-ylthio)-benzothiazole: colorless oil; 1H NMR (CDCl3) 6 7.80 (d, J =
8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.10-7.35 (m, 7H), 3.89-3.94 (m, 1H), 2.73-2.77 (m, 2H),
1.48 (d, J = 7.2 Hz, 3H).

2-(4-phenylbutan-2-ylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.86 (d, J =
8.1 Hz, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.18-7.42 (m, 7H), 3.92-4.03 (m, 1H), 2.78-2.84 (m, 2H)
1.93-2.19 (m, 2H), 1.55 (s, 3H).

(S)-2-(4-phenylbutan-2-ylthio)-benzothiazole: colorless oil; 1H NMR (CDCl3) 6 7.88 (d, J =
8.4 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.20-7.41 (m, 7H), 4.00 (m, 1H), 3.37 (m, 1H), 2.83 (t, J =
8.0 Hz, 2H), 2.14 (m, 1H), 2.04 (m, 1H), 1.56 (d, J = 6.8 Hz, 1H), 1.50 (d, J = 7.6 Hz, 1H).

Ethyl-3-(benzothiazol-2-ylthio)-butanoate: colorless oil; 1H NMR (CDCl;) 6 7.88 (d, J =
8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 7.2 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), , 4.31-
4.40 (m, 1H), 4.16 (q, J = 6.8 Hz, 1H), 2.95-3.01 (d, 1H), 2.74-2.67 (dd, 1H), 1.57 (d, J = 6.8 Hz,

1H), 1.26 (t, J = 7.2 Hz, 1H).



2-(Cyclohexylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.87 (d, J = 8.4 Hz,
1H), 7.74 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 8.8 Hz, 1H), 7.27 (t, J = 8.4 Hz, 1H), 3.86-3.93 (m,
1H), 1.31-2.20 (m, 10H).

2-(2-1sopropyl-5-methylcyclohexylthio)-benzothiazole: colorless oill; 1H NMR (CDCl;) &
7.80 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.21 (t, J = 8.0 Hz,
1H), 4.50 (s, 1H), 2.19 (d, J = 13.6 Hz, 1H), 0.83-1.85 (m, 18H).

2-(2-Adamantylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 7.86 (d, J = 8.0 Hz,
1H), 7.73 (d, J = 8.0 Hz, 1H) , 7.39 (t, J = 7.6 Hz, 1H) , 7.27 (t, J = 7.6 Hz, 1H), 4.36 (s, 1H),
2.26 (s, 2H), 2.12 (d, J = 13.2 Hz, 2H), 1.97 (s, 6H), 1.79 (s, 2H), 1.68 (d, J = 12.8 Hz, 2H).

2-(1-Adamantylthio)-benzothiazole: colorless oil; 1H NMR (CDCl;) 6 8.00 (d, J = 8.4 Hz,
1H), 7.79 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 2.16 (d, J = 3.2
Hz, 6H), 2.09 (s, 3H), 1.71 (t, J = 2.8 Hz, 6H).

2-(Benzothiazol-2-ylthio)-2-methyl-1-phenylpropan-1-one: colorless oil; 1H NMR (CDCl3) 6
8.10 (d, J = 7.2 Hz, 2H), 7.89 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 7.2 Hz, 1H), 7.26-7.48 (m, 5H),
1.87(s, 6H).

Methyl 2-(benzothiazol-2-ylthio)-2-methylpropanoate: colorless oil; 1H NMR (CDCl;) &
7.92 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.2 Hz, 1H), 7.42 (t, J = 7.2 Hz, 1H), 7.32 (t, J = 7.6 Hz,

1H), 3.74 (s, 3H), 1.74 (s, 6H).
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gﬂ‘ﬁ 2 "H NMR 23 2-(Benzylthio)-benzothiazole
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gﬂ‘ﬁ 4 1H NMR v84 2-(3-Phenylpropylthio)-benzothiazole
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Eﬂﬁ 5 1H NMR 183 2-(Cinnamylthio)-benzothiazole
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Eﬂ‘ﬁ' 8 1H NMR 283 Ethyl-3-(benzothiazol-2-ylthio)-butanoate
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Eﬂﬁ 10 1H NMR 2843 2-(2-Isopropyl-5-methylcyclohexylthio)-benzothiazole
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Eﬂﬁ 11 1H NMR 284 2-(2-Adamantylthio)-benzothiazole

W oAR® i
= = ’Q—J
[—T——r——r— T T T T T T F T LIELI | T T
10 9 8 7 6 5 4 3 2 1 0 ppm
— R iy
1.00 1.85 2.68  0.55
4.51 67

Eﬂ‘ﬁl 12 1H NMR 284 2-(1-Adamantylthio)-benzothiazole
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Eﬂﬁ' 14 1H NMR 284 Methyl 2-(benzothiazol-2-ylthio)-2-methylpropanoate



3. HANIINAADILAZINTUNANIINAADY
Aa [=f [ . 1 .

3.1 msﬁnmﬂs:ﬁ‘nﬁmw‘lummﬂum Oxidant ilmﬁ’l‘ﬂ%ﬂqad 1,2-Dicarbonyl compound

ITUAUILYINNNIRILATIZARITAIAH Alkyl diphenylphosphinites Un3nia iwashanliduans
AaFuEmTuAnmUseEnsawlunmsidusns Oxidant maamﬂumju 1,2-Dicarbonyl compounds
A ~ A A A o o . A A a @ ) .
Watl3autnaulssanTnIwnual Oxidant a1 NLABAIILUNILAD 1B% 2,6-Di-tert-butyl-1,4-
benzoquinone (DBBQ) lawldifjisenfazld@nuifa sihans Alkyl diphenylphosphinite a1¥i
Uinsunuaieanduanrinnainngseu ussls HSBtz tu Nucleophile tiasannlaiinisdnin

LRZINLITWNITLT HSBtz Lazkiaa Oxidant Li1 DBBQ &1#3ULAS8 Sulfide N %Yield GR

A197191 1 M3An®INavad 1,2-Dicarbonyl compound lunsiduaq Oxidant

N i N
Oxidant
ROPPh, + HS—< D rs— :@
s CHCl3, RT, 12 h S

Entry ROPPh, Oxidant Condition % Yield
1 DBBQ A quant
2 2,3-Butadione A 0
3 Benzil A 0
MeO,C~ “OPPh,
4 Cyclohexane-1,2-dione A 0
5 Camphorquinone A 96
6  23Butadone 8 0
7 /\)\ Benzil B 0
8 Ph OPPh, Cyclohexane-1,2-dione B 0
9 Camphorquinone B 80

Condition A: ROPPh, (2 eq), Oxidant (2 eq), HSBtz (1 eq)
B: ROPPh, (1 eq), Oxidant (1.1 eq), HSBtz (1.5 eq)

PNNMIANBINGVEIG? Oxidant VBIRT 1,2-Dicarbonyl compound 4 T#a sznaueng
2,3-Butadione, Benzil, Cyclohexane-1,2-dione, L8y Camphorquinone ((ﬂ’li’mﬁ 1) lasf@nsny

Alkyl diphenylphosphinite 2 TAAAILEAILATI9 WL Camphorquinone AUseanSawlunis



\uans Oxidant i nfigalunsduamziastlaznay Sulfide (entries 5 uaz 9) uaziitlszAnsnn
InflAseny DBBQ (entry 1) luamuzf 2,3-Butadione, Benzil Laz Cyclohexane-1,2-dione Mailaas
Usedninnlag
o A ° o o ¢ .
3.2 @nw1n1zuazilaRaMnanz N s IUNIIEILATIZY Azide
% 6 . & =

3.2.1 N3§9LAT1EH Azide 910 Alcohol LUUTWABHLALD

PANANNTNIANETE 3.1 Wuin  Camphorquinone  uwaaddszaniawlumaiuan
Oxidant N@&1%3VLNT81 Oxidation-Reduction Condensation 39WNNANBINTAILATIZANDE

6 ¥ | . ] ' & ] % [
asuau-tulnsian lagls TMSN, 1 Nucleophile udanalsiaIy wWuITMIFIL@TNERENT Alkyl
diphenylphosphinite  lu#asufjidnsnfianazulueimeagsetndszinalng  azwudgwing
ganaavaIanIadnand liluansusznay Alkyl diphenylphosphine oxide ledneiilaguNaaNNTY
A ° oo = ) L. o o A
38 Oxygen luarme vlddaaiuans Alkyl diphenylphosphinite neldussenmedesiaue
=2 o 7 < ' ° Aaana ° wva a A o ad [ 6
sensunludneaunIsissiewiliten  dlvluwianufenaznawnisnsaansi
Azide 270 Alcohol wWULTWABMLAEY tasdl Alkyl diphenylphosphinite til1 Intermediate wanani
o a aaa . . Aa [ { { a g % a

szfinwmsaiinlvesl TN uaz%Yield vad Azide wiandanmsiows Niadu lasldinadia
1 { &
H NMR LNaAMaEZaINLasIIaig

33innIneasdfa ¥ 1-Methyl-2-phenylethanol (0.25 mmol) 8nazanelu dry CH,Cl, (0.5
mL) Melausssnme N, 9InuwL@u Chlorodiphenylphosphine Wazs1s Oxidant avluifi3en

) [ d' a Aaaa ai o v, & a aaa
anudey wWasugunniivesl Ao lun 0°c lauld ice bath 3ntudn TMSN, adlulul iTen
uwdadas gulasugmnnlvesditenain o°c ludvamnnives (30°C) awdfisunatsdaiiias
< & o aan { ng; a o { & J o 1

15 77109 Nuw Crude paslisenfnlanvue llamasoundanmsiniiedulasld H NMR

. 5 ; . . _
(@397 2) lagFu mvas H NMR 2ad Methine proton Ailfluniiasasay %Yield 189813

%

] A a J = a%’
A € NENAVBNNITS

H H H H o H
Ph\>4 \>4 Ph\>4 Ph\>4 I )4
Ng " cl OPPh, OPPh, Ph OH

oy (PPM)  3.67 4.15-4.20 4.25-4.30 4.60-4.70 3.90-4.00



a =2 A [ & . & a
MN199N 2 ﬂ’ﬁﬂm:}’m’]’)z“nm&l’]:mlluﬂ’]iadmﬁzﬂ Azide 37110 Alcohol LULUVUG LA

Ph\)\ Oxidant, TMSN;
OH

CIPPh,

> Ph\)\
N

CH,Cl,, Time 3
(0.25 mmol) 0°C — RT
Oxidant % Yield"
CIPPh, TMSN; Time
Entry Recovered
Type (eq) (eq) (eq) (h) RN3 RCI ROPPh, ROP(O)Ph,

ROH
1 Camphorquinone 0.5 1 0.5 15 N.D. 25 - - 75
2 Camphorquinone 1 1 1 15 N.D. 64 - - 36
3 Camphorquinone 2 2 2 15 N.D. 50 - trace 50
4 Camphorquinone 2 2b 2 15 N.D. - - - quant
5 Camphorquinone 2 2 2 24 N.D. 30 - trace 70
6 Camphorquinone 2 2 4 15 N.D. 42 - trace 58
7 DBBQ 2 2 2 15 N.D. trace - - quant
8 DBBQ 2 2 4 15 N.D. 32 15 23 30
9 2,3-Butadione 1 1 1 15 N.D. trace - - quant
10 3,4-Hexanedione 1 1 1 15 N.D. 34 - 29 37
11 Acenapthenequinone 1 1 1 15 N.D. 6 - 52 41
12 Acenapthenequinone 1 1 3 15 trace trace - 43 57

“Determined by 'H NMR
°PPh, was used instead of CIPPh,



PMNAANTNARBILLUTUADWLADY LN UULUINIFIATIEANTZAINTINT? UazrANIREIAINY
lsitafinsvasans Alkyl diphenylphosphinite 32 lias1aNUNEAAIMN Azide NdaINT ldT1azdnsn odia
o . o & o a &a & A |aaa
P8967  Oxidant uazdrwInluauassasauLaziiauanmainiats  anavztiuwanzlufisonms
@ a £ ' aan . . { . d ¥
Wi9TULAAYY 1w UJASen Chiorination 1#8991nAn139329Wy Alkyl chloride @9a1aw19nnslD
Aa & . i o A
CIPPh, Nin137891%31tw Chlorinating agent @2%143
uananit diwuyasunafihaulaatnanitsla n13ld Acenapthenequinone 1ilua1s Oxidant
(entries 11 ez 12) 3QATIINUKIT Alkyl diphenylphosphine oxide (ROP(O)Ph,) Faudussniianian
Alkyl diphenylphosphinite lagii Alkyl diphenylphosphinite aztflusnsfiazviifAendenuas Oxidant
w8z TMSN; LAARITIUNA ﬁazﬁw"lﬂajwamﬁmsﬁ Azide AFBINT UAINNINARBIHINATIINY Azide
& & . . - A = . a & o A ° Y
%1 8193921 WWIe Azide ion (N3) @9t11 Nucleophile tRan13WaId Complex NURIIDH Y i lwns
dfinldvasdfiTenlug Azide waaaa 39vilw Alkyl diphenylphosphinite iianisaanaealiiflu Alkyl

diphenylphosphine oxide wiaa1atfiayfAsennisusein lag Chioride ion (Cl) 1vyfATeunn

2
=)

wnefiazinwnde léwsumsnessuuutuaauds Haowasn Nitrogen nucleophile 910
TMSN; LTJ1a13 Phthalimide ilasananssiadiaen pKa fién (ﬁnﬂmiﬁﬂmﬁau%ﬁﬂﬁ GTe R Rl
Oxidation-Reduction Condensation 3z47ia la@nu Nucleophile ﬁﬁ@h pKa @‘1:’1) NNIEANBINAVRINT
\@ud Additive 15w Base U9pfia tialFlunn391 Chioride ion iailasiumaiadfAsenmauteiu

3.2.2 N3§9L1A1EW Azides 910 Alcohols HULFITRABY

myennitesiunsaaased Azides fidesns lasutsoantin 2 Tuaew Aa TwMTa3oY
Alkyl diphenylphosphinite 911 Alcohol NN Alkyl diphenylphosphinite 'li¥n1§ATendany
Oxidant L&z Nucleophile WUt 2 daviud

Su7 1 §F31A 1= Alkyl diphenylphosphinite & 2 5¥asit

1) Y1 1-Methyl-2-phenylethanol (0.25 mmol), DMAP (0.3 eq) Waz Triethylamine (1.2 eq) &N
azanelu dry THF (0.5 mL) mald N, 91nsiusion 91@u Chioro diphenylphosphine (1.1 eq) wWianrann

v

Ujisnngamnives luam 2 las andwhldmeawieuuds  lavldie3as  Rotary



evaporator LaLANAIINAZAEHNEN Hexane/EtOAC 8aT&1 8/1 kWl lUnTas:uT® Alumina-Celite
s ez lssmearinaza e nawuAs
2) %1 1-Methyl-2-phenylethanol anazanels dry THF 0.5 mL agld N, anndudas idn n-
Butyl Lithium (1eq) W&z Chloro diphenylphosphine (1 eq) awday Al jissnnaannlves um
1 talue v ldssmsawiauuis lasltinTas Rotary evaporator WaILANGIYNALANSHNRY
Hexane/EtOAc 8@318% 8/1 uadtnlUnIaseinuti Alumina-Celite 3nntuinansazans lszinadairi
NZANHDANIULIAY
3; A o ni 2 3; ci a .
U0 2 1 Crude Nleanwun 1 wazaelu dry CH,Cl, (0.5 mL) wazl@uans Oxidant adlu
Uit wasugmnnlvesdjitenlun 0°c Tasld ice bath usdudy TMSN, adlUludjizen dews
dl a Aaaa o L a v aaa ] ] d' ) g: o
wWasnguwpfizesjisenn o°'c ludsgamnives audljismededaiiios 15 Talas antuih
Aaa v o« & A o {a £ o1 i o d
crude wa9Uf 387 lanswua luarasounianmsifiiedulasls H NMR wafllauaasluansnsi 3
1 o ] a o [ . Ao I A s KA A v s
PMUANINARBINLIN  HIMIATIAWLHRAN S Azide NAaINITULALINY  J9RTaesae
A > a . - ] aaa a £ ' 6 A = o A
Wil Maa3uw Alkyl diphenylphosphinite 11UJfSaRaduatvanysaiiali 39aedth Crude N
o o A A o { a £ o 1 oA . ..
ldandan 1 ldamareunfanmsiniiedulaslsd H NMR wuiiia Alkyl diphenylphosphinite 11
a v & a ¥ = o ] v a 1 v
PSunalesun Ssorafiannan  anuduluaimea wiadvinazais (THF) lauddafiin  sswalid
A a a R = ! v & 4 A Aa ) &
reagent MLaNadlUiianIaanaaladiny F9o1asemald Tuh 2 HanafRanwaale luaInesasndd
1 2K A o | dl L2 dly Aaana =1 Aaaa [ a
dalUfslanunduivzdoinivguanuauludjien  lasanvszfinmwavesditen  nasanida
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M139N 3 ﬂ']iﬁﬂ]ﬂ"]ﬂ']'ﬁzqﬂLﬁwqgﬁwluﬂqﬁﬁﬁlﬂiqz'ﬂ Azides LUU 2 TUGDH

iti Oxidant, TMSN
PhJ\ Condition Ph\)\ xidant, 3 thL
OH OPPh, N

CH,Cl,, Time 3
(0.25 mmol) 0°C - RT
Oxidant % Yield"
TMSN;  Time
Entry Condition” Recovered
Type (eq) (eq) (h) RN, RCI ROPPh, ROP(O)Ph,

ROH

1 A Camphorquinone 1 1 15 trace - 18 60 21

2 A Camphorquinone 1 0.5 15 trace - 22 51 26

3 B Camphorquinone 1 0.75 15 trace - - trace quant

“Condition A: DMAP (0.3 eq), Et;N (1.2 eq), CIPPh, (1.1 eq), THF, RT, 2 h
B: "BuLi (1 eq), CIPPh, (1 eq), THF, RT, 1 h
"Determined by 'H NMR
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Wa9an %Yield 189 Azide NepIMIINUTINUEININ B19ATHINANIINNANNT UL Ua1NNA
va4illasing fidngs vilw Alkyl diphenylphosphinite #3a Reagent NlFlun1aiaiuaaaiodldie v
IiiAadalananalumsdnenusz@ntawaaiaa Oxidant

INMIANMNADMIRIATIZANUE:  Carbon-Nitrogen  agwudawiainnsld  Nitrogen
nucleophile ~ THAGNIgLn  Trimethyl silly azide %38 Phyhalimide vinUfA3eniu  Alkyl
diphenylphosphinite L&z 1,2-Dicarbonyl compound azl@ %Yield vaInaanmsine wia ldifialfnsen
weiluvaeNnshE Sulfur nucleophile %4 2-Sulfanyl-1,3-benzothiazole (HSBtz) L& %Yield a3

a o ) o v g 6 o 6 v =1 % aa (% 6
NAAADANIUTI 75-84% Y lANTFILATIZRNUTLASUaU- lUINTianasdaslmInam I TmM sy
A ) 1Y)

Awnnzauda lUlunmenanin

o & ar A & , \ v Aad o & o [

aanu wIsefazfnmdaly azasiunardTnsdaanziiuse  Carbon-Sulfur @1uwaN
Oxidation-Reduction ~ Condensation  WULTWAaWAE?  lasaziiudnsiTmsieson Alkyl
diphenylphosphinite 911 Alcohol wuy in situ tiwailasnuiluwisnsifiamssaisainaisiiln Alkyl

ana a

. . . - ] @ v & ° {a & o . o
diphenylphosphine oxide @9finanalinaunind  uazthasifalinasnsnaniljisenny  1,2-
Dicarbonyl compound 4azl?d HSBtz 1l Sulfur nucleophile laggiasltszidouitisnmilanaind
v i a A ! i 7 A A = g o o« awv AN A
Laua‘l’JL"IjuL@&J ﬁ]zlf].]aﬂul,ﬂquluaqu Nucleophile L®“H BINUNITANEIY UGLII%G']%??]EW]VLNLQUN

FILNUNIABURINT LTULAEING

3.3 NM3ANB1ASN15§9LAIIEA Sulfide 917 Alcohol mavian Oxidation-Reduction Condensation
HUUDWAD LA
MIANFIANENANITRNFIRTUATLATLY Alkyl diphenylphosphinite 211 alcohol lag/ls Base
v a a =) 6 a ) Aad
Waz CIPPh, 3¢ilsznaudle wiiawad Base USunmavadsiaiaud USunmwasadvinazans lasdisns
NARIRIt ¥ 4-Phenyl-2-butanol (0.25 mmol) unazanely Chloroform-d, aNHLAN Base WAz
CIPPh, adldamuddy mudfitsnadndaiitesigumnivas uam 2 alus udhaaswey

ranua lasaiatSunm %Yield 289 Alkyl diphenylphosphinite 91nm3lE 'H NMR (9131971 4)



A13199 4 WaUe3 Base lum3ta3ay Alkyl diphenylphosphinite

EtzN, CIPPh,

OH . OPPh,
CDCl3, Temp, 2 h
(0.25 mmol)
Base CIPPh,  Temp Conc. Yield™”
Entry o

Type eq (eq) (C) (M) (%)
1 None 1.0 1.0 RT 0.5 0
2 DMAP 1.0 1.0 RT 0.5 54
3 Pyridine 1.0 1.0 RT 0.5 28
4 4-Picoline 1.0 1.0 RT 0.5 44
5 Piperidine 1.0 1.0 RT 0.5 26
6 Et;N 1.0 1.0 RT 0.5 80
7 Et;N 1.2 1.2 RT 0.5 85
8 Et;N 1.3 1.3 RT 0.5 80
9 Et;N 14 14 RT 0.5 74
10 Et;N 1.2 1.2 Reflux 0.5 86
11 Et;N 1.2 1.2 RT 1.0 85
12 Et;N 1.2 1.2 RT 1.0 73°
“Determined by 'H NMR.
bAIkyI chloride was obtained as an undesired product.
°0.1 eq of DMAP was added.
NnEamInesas  wuhFASodliinndy  Base  wfalagadll  acliifia Alkyl

diphenylphosphinite 716893 (entry 1) lupnizfimild ELN Dwua azldnRadmsifidasnmnniga

\Walisuny DMAP, Pyridine, 4-Picoline Was Piperidine (entries 2-6) laga1iziANNzgNdnsUmMy

@384 Alkyl diphenylphosphinite dald Et;N waz CIPPh, “ﬁ 1.2 equivalent %Gﬁl:vlﬁwamﬁmsﬁ 85%

(entry 7) #anINNRINUIN mwLiuiuLLa:qmﬁgﬁmaaﬂﬁﬁ%mvl&iNa@iamnﬁ@ﬂﬁﬁ%m (entries 10-

11) Tududaldaz@nmuszdninmwlumaidudn Oxidant vasa13ngu 1,2-dicarbonyl compound lag

v §Asennu Alkyl diphenylphosphinite N1L@i3aua N Alcohol WUU in situ N3N lGANBATI96Y

wazdl HSBtz LI Sulfur nucleophile (a13197 5)



135199 5 WaUIR151,2-Dicarbonyl compound lun13idueq Oxidant

EtzN (1.2 eq) HSBtz (0.5 eq)
oy CIPPha(2eq) OPPh, Oxidant (1 eq) SBtz
CHCI; (1 M) RT, 15 h
(0.25 mmol) RT,2h Btz = _g_«i@
Entry Oxidant Yield” (%)

1 None 0

2 2,3-Butanedione trace

3 3,4-Hexanedione trace

4 Benzil trace

5 1,2-Cyclohexanedione 0

6 3-Methyl-1,2-cyclopentanedione 0

7 Acenaphthenequinone trace

8 Camphorquinone 84

9 Camphorquinone 13b

10 Camphorquinone 58°

11 2,6-Di-tert-butyl-1,4-benzoquinone (DBBQ) 69

12 2,6-Dimethoxy-1,4-benzoquinone (DMOBQ) 75

®Isolated yield.

bThe reaction concentration was 0.5 M in CHCI; (instead of 1 M).

°HSBtz and camphorquinone were suddenly added after the addition CIPPh.,.

NNNIANEINAEIGL Oxidant UB9IaT 1,2-Dicarbonyl compound N9 7 wHaasdh 2,3-

Butanedione, 3,4-Hexanedione Benzil, Acenaphthenequinone, 1,2-Cyclohexanedione and 3-Methyl-

1,2-Cyclopentanedione LRz Camphorquinone fRIUMIFIATIER Sulfide 310 Alcohol @uMan

Oxidation-Reduction Condensation WUUIUAWLALY WL Camphorquinone JUseansawlunsdu

¢ Oxidant lag'le Sulfide NGBINTT 84% (entries 2-8) uazdidszanTnn@ninans Oxidant NiAsinIs

TENUUNNBUAUNRUED LT 2,6-Di-tert-butyl-1,4-benzoquinone Laz 2,6-Dimethoxy-1,4-benzoquinone

lumsrliseuuutuaauidad (entries 11-12)



a? o KR o o aaa s [ .
uanani GaanwaaIazay lagnasasdfiseinsssiamzd Sulfide 30 Alcoholuuy
g; dl % g: J s s o al' a 1 o aaa . . .
Tuaaui@amIwni Audvhaznsiiasinimenwignihanlgluljissn Oxidation-Reduction
Condensation %% CH,Cl,, THF %38 Toluene tJudu (a157199 6) weatndlsiay 89Wwuin CHCl; 1Tu
@ o d { Aaaa { o & ¥ a . a
dvhazmpilanumanzasniige uazditnwawdul swnsaifia Sulfide ldludSano 84%

Waldiiannes 9 T lug

@13197 6 WaTBIGIAzAY waza lumaialfizen

EtsN (1.2 eq) HSBtz (0.5 eq)
CIPPh, (1.2 eq) OPPh, | Camphorquinone (1 eg) SBlz
Solvent (1 M) RT, Time
(0.25 mmol) RT,2h
Entry Solvent Time (h) Yield® (%)

1 Neat 15 40

2 THF 15 17

3 Toluene 15 28

4 CH,Cl, 15 81

5 CHCly 15 84

6 CHCly 6 64

7 CHCls 9 83

8 CHCl, 12 81

9 CHCl, 24 61

*Isolated yield.
M3anE It uea 1zt dwn1 TN AN AR FUEIRIUNIIRILATIZY Sulfide 917 Alcohol @13l

“an Oxidation-Reduction Condensation WULIUABKLALY Mnagauny Alcohol mﬁ@@i’me] (mi'ldﬁ 7)



®1319% 7 M3vU A3 Thioetherification Uad Alcohol Thad13¢)

EtzN (1.2 eq) HSBtz (0.5 eq)
CIPPh, (1.2 eq) [ } Camphorquinone (1 eq)
ROH » ROPPh, » RSBtz
(Ammo)y  CHCls@M) RT,9h
RT,2h
Entry ROH RSBtz Yield” (%)
1 P N NG NN T 77
X X
7 w ©/\)\SBtz 84
o)
: J_L A 09
-0 OH A
L L =
OH SBtz
JecolNee :
VC R & :



14 ~ )§< ~ )§< 50
15 4\ 4\ Not Detected
16 4\ %\ Not Detected
Ph
17 Ph OH %\ Not Detected
Ph
18 4\
Not Detected
Prbh OH

“Isolated yield.
Y | aaa A o £ ' . A &
NMILTUH AT AN UUANDIN Primary waz Secondary alkyl alcohol %Qmﬂﬂﬁ‘lﬂﬂmu
Alkyl diphenylphosphinite was¥intlfjfisensany Camphorquinone waz HSBtz a2 ld Sulfide 1T %Yield
luSanmings (entries 1-7) luunizl Cyclic Alcohol azld Sulfide 713l %Yield Mﬂ%mmmgma
(entries 8-9) LTWLALINWAL Tertiary alcohol (entries 10-12) &niiw Tertiary alcohol 4 wHhaNiN
NaRadl entries 15-18 wWuinliiia Sulfide AdaINs INNAAINENILEAIALANIT  nabANT
Wialnsensiasn Alcohol 1Uuilu Sulfide @au%an Oxidation-Reduction Condensation WLUU
& A ' A A A % Aa & Y
TUABWLAL Wz AREwMTUNUALLY S\2 Hadannmsld Alcohol Aflanuinzne uansasdn
fauanaziiia Sulfide N1 %Yield Usanmihunans wia e §izen
1 a Aaaa Aa [l o ¥ & ¥ d'd wa . .
mnagauna lnmatiad e tiaru Sy2 lalaglissasaundanii@ Optically active
A % A =2 ' o . A
A8 (R)-4-phenyl-2-butanol (R, 99% ee) AILEASIBUNBAINA 1 nMIAnw WLzl Sulfide 1
@ a ' . . 25 { o
FaINM TSN 78% Yield uazilen Optical rotation = [0y -30.7, ¢ 0.95, CHCl, LLﬁjammi

% 1 1 dl a J v 1 v A Q
a9na lUmndn %ee w84 Sulfide Niiadulasls Chiral HPLC wuinlanaanusd S/R Configuration 1u

OH
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(> ' A o % ' Aaaa ] & & | e @ '
0038I% 89/11 (S, 78% ee) TyvhlvnmuinufAsouvulnadnwauwdui Imsutedunuszning Sy2

waz Sy1 displacement lagiianabnuuy Sy2 tHunan

OH 1) Et3N, CIPPh,, CHCI3, RT, 2 h _ @/\/\SBtZ
2) HSBtz, Camphorquinone, RT, 9 h

(R) 99% ee (S) 78% ee

WRIBATINT 1 N131U T8N Thioetherification V849 (R)-4-Phenyl-2-butanol

4. gyduaninaaag
nuwiTsilddunudszaninmlunanduda Oxidant vassslungu 1,2-Dicarbonyl compound
. _ 4 o o _ . A . o & 4
laglanzagngds Camphorquinone Taiiua? Oxidant N luiasdinsTenuainneauntind lumsdaes
Alcohol ltifuanslsznaudue 1w Sulfide @unan Oxidation-Reduction Condensation wanannes

lafimswamufisonmsssaszyt Sulfide 91nm3ld Alcohol uuuIuaauLAns NX %Yield Uunans

= . Aa o ¢d a J < . . .
N8 Lae Stereochemistry PYDINAANUNNLNAVWLLUUUY Inversion of configuration
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Abstract
A new and efficient method for the preparation of alkyl aryl sulfides from alcohols by oxidation-
reduction condensation using 1,2-dicarbonyl compound is disclosed. The condensation between 2-
sulfanyl-1,3-benzothiazole and alkyl diphenylphosphinites, generated in situ from alcohols,
proceeded smoothly in the presence of camphorquinone to furnish the corresponding sulfides in

moderate to high yields.
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Carbon-sulfur bond formation is one of important synthetic routes in organic and medicinal
chemistry.! The methods for the conversion of alcohols into the corresponding sulfides by
oxidation-reduction condensation using a reductant and an oxidant are commonly employed. The
combination of reagents such as PPhs/diethyl azodicarboxylate (DEAD), PPhs/diisopropyl
azodicarboxylate (DIAD) or PPhs/di-p-nitrobenzyl azodicarboxylate (DNAD) have been reported
as viable routes for the thioetherification of alcohols with high efficiency.? These reagents are
attractive since reactions can be performed under mild conditions with good yields. However, it
has generally been known that sterically-hindered tertiary alcohols do not give the corresponding
sulfides by the above condensation reactions as the olefinic products or remaining alcohols are
often detected.® Recently, Mukaiyama and co-worker reported a new type of oxidation-reduction
condensation using the combination of alkyl diphenylphosphinites (ROPPh;) and 1,4-
benzoquinone derivatives or azide compounds such as 2,6-di-tert-butyl-1,4-benzoquinone
(DBBQ)*,  2,6-dimethyl-1,4-benzoquinone ~ (DMBQ)*,  2,6-dimethoxy-1,4-benzoquinone
(DMOBQ)® or ethyl azidoacetate®®®. Under these condensation conditions, tertiary alcohols could
be converted to the corresponding sulfides in high to excellent yields with almost complete
inversion of configuration (Sn2). However, alkyl or phenyl diphenylphosphinites are not
commercially available. Although, they could be easily prepared from alcohols by simply adding
CIPPh; in the presence of EtzN and DMAP, conditions resisting to moisture and air-oxidation are
required to avoid decomposition.*® There was still a great need to pursue the development of
applicable methods towards the preparation of sulfides.

Therefore, we have now extended this condensation concept for the exploration of a new
and efficient oxidant to be utilised in a practical and convenient method for carbon-sulfur bond
formation. The 1,2-dicarbonyl compounds were tested for their efficiency as an oxidant. We wish
to report herein, the preparation of alkyl aryl sulfides from alkyl diphenylphosphinites, derived in
situ from alcohols in the presence of 1,2-dicarbonyl compounds and 2-sulfanyl-1,3-benzothiazole

(HSBtz).



Firstly, optimum conditions for the preparation of alkyl diphenylphosphinite from alcohol
utilizing base and CIPPh, were examined. Variable parameters including types of base,
stoichiometric ratio of base and CIPPh,, and the amount of solvent were examined using 4-phenyl-
2-butanol as a model substrate (Table 1). A typical procedure involved the reaction of alcohol
(0.25 mmol), base, and CIPPh; in CDCl; at room temperature (30°C) for 2 h. Then the crude
product was directly analysed for %yield of alkyl diphenylphosphinite by *H NMR.

(insert Table 1)
The reaction could not be performed without using any extra base to yield the desired
diphenylphosphinite product (entry 1) whereas the quantity of the desired product was
significantly increased when Et3N was used (entry 6). Nonetheless, the reaction did not completely
proceed because the remaining alcohol was still detected. The quantities of EtsN and CIPPh, were
also varied in order to find a suitable stoichiometric ratio that provides the maximum yield of alkyl
diphenylphosphinite. Increasing the amount of EtsN and CIPPh, from 1 to 1.2 equivalents afforded
the highest yield of the target product (entry 7). On the other hand, the yield was slightly decreased
when both reagents were used as 1.3 and 1.4 equivalents (entries 8-9). In addition, the
concentration and reaction temperature did not affect the yield of the desired product (entries 10-
11).
The screening of oxidants in the class of 1,2-dicarbonyl compounds was further examined for the
condensation of alkyl diphenylphosphinite, formed in situ from alcohol and
chlorodiphenylphosphine, with HSBtz using a suitable stoichiometric ratio of substrate and reagent
previously reported in the literature (Table 2).*

(insert Table 2)
In the absence of an oxidant, the desired product was not obtained indicating that an oxidant was
crucial for this reaction (entry 1). In the presence of 2,3-butanedione, 3,4-hexanedione benzil, and
acenaphthenequinone, the desired product was obtained only in trace amounts (entries 2-4 and 7)

whereas the use of 1,2-cyclohexanedione and 3-methyl-1,2-cyclopentanedione did not yield



desired sulfide product (entries 5-6). Interestingly, the corresponding sulfide was attained in 84%
yield in the presence of camphorquinone (entry 8). However, at lower reaction concentration (0.5
M), the reaction did not proceed to give the desired product (entry 9). Furthermore, the efficiency
comparison between previous oxidants*® and camphorquinone was also examined. Under our
newly developed conditions, camphorquinone could afford the desired product in higher yield
compared with DBBQ and DMOBQ (entries 11-12).
According to previous studies, CHCI; was the first medium used in the reaction due to the
solubility of both substrate and reagent.* In this study, THF and toluene were selected and
examined for the possibility of replacing CHCI; with these common, nonhalogenated solvents for
the condensation reaction (Table 3). The reaction condition without any solvent was also tested.
Along with solvent variation, the reaction time was also varied in order to optimize the yield for
the condensation.

(insert Table 3)
The highest yield of the desired product was obtained when CHCI3 was used, (entry 5). Similarly,
performing this reaction with CH,Cl, as a solvent also provided the desired product in high yield
(entry 4). On the other hand, the %yield of the desired product was reduced to 17-40% when THF,
toluene, and neat condition were used (entries 1-3). Moreover, a reaction time of 9 h in the
condensation step was also possible with the production of the desire product in 83% yield (entry
7).
Next, the optimized conditions were utilized in the study of thioetherification of various primary,
secondary, and tertiary alcohols (Table 4).

(insert Table 4)
All the primary and secondary alkyl alcohols studied were smoothly transformed into alkyl
diphenylphosphinites, which then reacted with camphorquinone and HSBtz to give the
corresponding sulfides in high yields (entries 1-7). The cyclic compounds, on the other hand, were

converted into cyclic sulfides in moderate yields (entries 8-9). Tertiary alcohols were also



converted to the corresponding sulfides in moderate yields (entries 10-12), peradventure, the
proceeding reaction depended on steric hindrance of the alcohols. Therefore, the reactions with
alcohols having more bulky substituent proceeded with lower %yields of the corresponding sulfide.
This observation is also an indication of the Sn2 displacement mechanism. Then, a closer
examination of the reaction mechanism was performed using an optically active substrate, (R)-4-
phenyl-2-butanol (Scheme 1). Under the standard protocol, chiral alcohol was successfully
transformed into the desired sulfides ([o]o® -30.7, ¢ 0.95, CHCls) in 78% vyield. The
stereochemistry of the chiral substrate was converted from 99% (R) to 78% (S).®’ The nearly
complete inversion of configuration is an indicative of a competition between Sy2 and Syl
displacement with the Sy2 mechanism as a predominant pathway.
(insert Scheme 1)

In summary, we have described an efficient and convenient one pot reaction for the preparation of
alkyl aryl sulfides from alcohols by oxidation-reduction condensation using camphorquinone as a
new oxidant. Thioetherification of alcohols under the developed conditions proceeded mainly via
Sn2 mechanism.

A typical experimental procedure is as follows: a stirred solution of alcohol (1 mmol),
triethylamine (1.2 eq) in dry CHCI3 (1 mL) was successively added chlorodiphenylphosphine (1.2
eq) at RT under N, atmosphere. After 2 h, 2-sulfanyl-1,3-benzothiazole (0.5 eq) and
camphorquinone (1 eq) were added to the mixture, respectively. After the reaction was continually
stirred for 9 h, the mixture was extracted with CH,Cl,/H,O. The combined organic layers were
washed with brine, dried over Na,SO, and concentrated. The residue was purified by preparative

TLC on silica gel (hexane/EtOAc = 10/1) to afford the desired sulfide.
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Table 1. Effect of base for the preparation of alkyl diphenylphosphinite

o

o

Base CIPPh, Temp conc. Yield®®
Entry

Type eq (eq) (’C) (M) (%)
1 None 1.0 1.0 RT 0.5 0
2 DMAP 1.0 1.0 RT 0.5 54
3 Pyridine 1.0 1.0 RT 0.5 28
4 4-Picoline 1.0 1.0 RT 0.5 44
5 Piperidine 1.0 1.0 RT 0.5 6
6 Et;N 1.0 1.0 RT 0.5 Ol_io
7 EtzN 1.2 1.2 RT 0.5 85
8 Et;N 1.3 1.3 RT 0.5 80
9 EtsN 1.4 (025 mm0|)5 74
10 EtzN 1.2 1.2 Reflux 0.5 86
11 EtzN 1.2 1.2 RT 1.0 85
12 EtzN 1.2 1.2 RT 1.0 73¢

“Determined by 'H NMR.

®Alkyl chloride was obtained as an undesired product.

°0.1 eq of DMAP was added.

EtsN,

CDCl,



Table 2. Effect of 1,2-dicarbonyl compounds as an oxidant

o o o

« 1

Entry Oxidant Yield® (%)
1 None 0
2 2,3-Butanedione trace
3 3,4-Hexanedione trace
4 Benzil trace
5 1,2-Cyclohexanedione 0 Et3N (1 2

6 3-Methyl-1,2-cyclopentanedione 0 CI P P h2 ( 1 .
7 Acenaphthenequinone thH

8 Camphorquinone 84 C H C |3 ( 1

b

9 Camphorquinone RT 2 |
10 Camphor(LJan25 mmOI) 58° ’

11 2,6-Di-tert-butyl-1,4-benzoquinone (DBBQ) 69

12 2,6-Dimethoxy-1,4-benzoquinone (DMOBQ) 75

%lsolated yield.
*The reaction concentration was 0.5 M in CHCl; (instead of 1 M).

“HSBtz and camphorquinone were suddenly added after the addition CIPPh;.



Table 3. Effect of solvent and reaction time

EtsN (1.2 eq) HSBtz (0.5 eq)
OH CIPPh, (1.2 eq) OPPh, Camphorquinone (1 eql SBiz
Solvent (1 M) RT, Time

(0.25 mmol) RT,2h
Entry Solvent Time (h) Yield® (%)
1 Neat 15 40
2 THF 15 17
3 Toluene 15 28
4 CH,Cl, 15 81
5 CHCl3 15 84
6 CHCl3 6 64
7 CHCl3 9 83
8 CHCl;3 12 81
9 CHCl;3 24 61

%Isolated yield.



Table 4. Thioetherification of various alcohols

Entry ROH RSBtz Yield® (%)

1 PN N NN 77

o ©NEth (1.2 eq)
7 U cBph, (1.2 eq)

ROH
= m CHCI, (1 M)

©M m *RT, 2 K

L 2
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%Isolated yield.
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Scheme 1. Thioetherification of (R)-4-phenyl-2-butanol.



