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Synthesis of Silylthioether via Dehydrogenation of Thiol and Hydrosilane Catalyzed by a
Transition Metal Complex

Kozo FUKUMOTO" Michiho KASA™

Tsukuru OYA™

Hiroshi NAKAZAWA™

ABSTRACT

Photo reaction of Et;SiH with PhSH in the presence of a stoichiometric amount of Cp[M](CO),Me ([M] =
Fe(1), Mo(CO)(2)) exhibited dehydrogenative Si-S coupling reaction to give Et;SiSSPh. Catalytic
condensation with CoFe(CO),Me could be achieved under heat conditions. In order to optimize the
dehydrogenative coupling reaction catalyzed by 1, several solvents were examined, and toluene and
1,2-dichloroethane were found to be the best solvents. The molar ratio of 1, thiol and hydrosilane was also
examined and it was found that TON of 20 was recorded when the ratio was 1 : 10 : 1000. A plausible
reaction mechanism is proposed involving an Fe(IV) complex with SiEt;, SPh and H ligands, from which
reductive elimination of SiEt; and SPh takes place to give Et;SiSSPh.
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10 % Pd-C

CH3OH + HSIEt, CH;OSiEt; 95 % Yield (1)
‘BuNH, + HSIEts _10%PdC_ ‘BuNHSIiEt; 76 % Yield (2)
HCl + HSIEty _10%PdC_ CISiEt, 89 % Yield (3)
CHsSH + HSiEt, _10%PdC_ CH3SSiEt;  No Reaction (4)
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Cp(CO),Fe(CHz) 1 Cp(CO);Mo(CHg) 2
B-1 Cp(C0),Fe(CHy) 1 & Cp(CO) Mo (CH) 2 Dk
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F-1 A FILEEKEFR L= PhSH & HSIEt, & DILEBHR I

hvor A

Me Complex + PhSH + HSiEt; ———— > PhS-SiEt;
Toluene, 24 H
Entry?  Complex Condition o;ir’:lSMS'i?E)t:e(l‘;)) TONP
1 1 hv 47 0.47
2 1 80 °C 0 0
3 2 hv 6.0 0.06
4 2 100 °C 0 0

2Entries 1-4 : 0.025 M solution.
PTON was determined by the 'H NMR yield of PhSSiEt;.

IKERAT 2 T 24 IEDE RN 21T o 720 BUSKE T D
WREHRTE A, NIZTF ALY AR B T A
— JL(PhSSIEt) D% & . 'H NMR LR 47 % CHEZR L 7=
(F2-1, entry 1), 7235, PhSSIEt; (CDWNTid, AR A
HEIN TR T-7-, Davis b OHEWDE 5T
BIRAEREIT> T D, Fa B L Z OIS,
Pt A2 W CTF A —L b b R T o DlikEiEE
IS ZAIT > T2 COHETH M, FEEO KIS %,
MBS T CH AT, BRATFASEIRICH LT, 1Y
D PhSH & HSiEt; & & ¢e b /L= ¥R 2 1ERK L, 80°C
SUET. 24 FEROBOS ATV, ROSTEIR 2 R~ T2 23,
PhSSIEt, (4 i % MRS 5 = & 3T & 72 /v 1= (31,
entry 2), €1 75 o A F LA Cp(CO)sMo(CH3) (2,
1) RO FEEORGTH 1T 72(F2-1, entries 3, 4),
BOSTRIR &2 T8 2 A, SIRE LT Tidbd 07
i A S B B DHETT A LI C & 7228, BRI C
X, BT A ENRTE o7z, UEXD, 8XF
WEER L LIZE|Y 7T v AF R E, FA—L b
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FHTIZB W TRKEREENETT 5 Z AL
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T o7, iR OB R SR & T K FEHE A

#=-2 AFILEEAZE AL PhSH & HSiEt; & D RS

hvor A
Me Copmlex+10 eq. PhSH+100 eq. HSiEt; ———» PhS-SiEt;
Toluene, 24 H
1 .
Entry? Complex Condition H NMR yield TONP

of PhSSIEt, (%)

1 1 hv 0.36 0.036
2 1 80 °C 87 8.7

3 2 hv 0.42 0.042
4 2 100 °C 1.8 0.18

2Entries 1-4 : 0.025 M solution.
bTON was determined by the 'H NMR vyield of PhSSiEt;.

T i BT FEAC 2R 55075 (P 244F)

BOSIZ DWW TRF 21T 2 72(3-2).
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1 + 10 eq. PhSH + 100 eq. HSIEt; — 0 PhS—SiEts
24 H

"H NMR yield of
Entry® Solvent PhSSEL, (%) O
1 Toluene 58 5.8
2 1,2-dichloroethane 59 5.9
3 THF 4.0 0.4
4 NEt, 0 0
5 DMA 0 0
6 DMF 0 0

@Entries 1-6 : 0.25 M toluene solution.
PYields were based on PhSH.
°TON was determined by 'H NMR vyield of PhSSiEts.

A S, A1 7 VINERRT D (A 7V A), —
75 BER 112 PhSH @ S-H #& & 2SR LAIAIN L 72354 .
MeCHO D tHIfiEfEZ # T 16 1T 4 7 MR a3
R 5, 2T, HSIEt; OFELESfTHIN, PhSSiEt; @
EITHIBLEE N HEFT 9D = & TR ¢ NVERKT D, BB
C \Z%F LC PhSH D3R LTI, Hy D3 e B i 23 1
T35 2 LT, $85K @nmEINL(P A2V B), %
DOINEGA T OBUSHKRFTTIX, HSIEt; ZimFl &R L
725 E DI, BKEMEE ST Lic, Tiudssk
c. b L <IEEEIER @ DE )02 ENEDME N T2 D 43 i I
JABHELT L9 <, mEIE O HSIE 2 FE S, ko
RS aARd 2 & TR« 7 LS T7= & B 2
bib,

Wiz, a2 LSS b OB EITo 7,
12-V7vuaxyr T 78 Ka7J(THF), ~V
TF T I U (NEt), Y AFATE FT I F(DMA),
NN- A F LRV AT X R(DMF) 1 C 6 & it L7z
& Z A, NEt;, DMA, DMF H G, PhSSiEt; D4Rk & 4=
SHERTHZ LN TERMD SN 12-V/unx i
HCIX v EFRIRRE, THF B TIXbT 0 TiEd
% IR FEHE G RS DB S 472 (3R-3), NIV A
AMEFEME DR WINLE TR 26T DI Cik, s
R THERT D 16 EFEERR EOFHRE & UGS L T
LEW, JUSHEEIND Z EIERT A EEbiLs,
— T 12-Yranx X OIS, N VRS EE
DR TH->TH, BARBMHEICHETTHZ &N
SN0 Te, NSRBI X 2 BREE AR ITELE L.
LB OBEHT F Lo o 2t s L TRV,

A FILEEA 1 D 0.25 mol/L b /v ik 2 YRR L.
w4 28, &, BUSKREIZ W TRGET 21T 72
(#-4), PhSH & HSIEt; #E 1 E4 10 Y &M W TG
Z{To7- & Z A, PhSSiEt; DARITHR TE Rdvo 7z
(entry 1), L7 L HSiEt; DA% S SIZRNT 5 Z &1
XU, fEETEHER M ET A5 ERWL NIRRT
(entries 2, 3), Entry 3 TIZI L7z PhSH 2§ _T
PhSSiEt; IC AW I NIz, ZDZ EMD, FA—ITxt

£-4 REHEORLRE

1 + PhSH + HSIEts goc PhS-SiEt;
Entry 1:PhSH:HSiEt;® solvent Time/H " NMB vield b TON°
of PhSSiEt; (%)
1 1:10:10 toluene 12 0 0
2 1:10:50 toluene 12 51 5.1
3 1:10:100 toluene 24 >99 10
4 1:10:100 toluene 12 34 3.4
5 1:100 : 1000 none 12 20 20
6 1:100: 1000 none 24 6.8 6.8

@Molar ratio of 1, PhSH and HSIEt;.
bYields were based on PhSH.
°TON was determined by the "H NMR yield of PhSSiEt;.

LT, BRI ZMRERNNT 52 & T, s
PE EIRRRETH D Z LRy roTc, E7o, entry 1 &
entry 4 L OESTIX, FA— b FKry Tk L
TOIRINT B8 A FEERD B & /070 5 Z & T,
fEE OB ERB SR TWD, 2 b 2 AaBE .
entry 5 TIEEk 2 F/LEEIRIZKT L, 100 4 &EDOF A — /1,
1000 ¥ &EDE Kuv I &2z, KcxaRafLizs =
A, ZIHVETORIEDOF T, HKROMBETEM:(TON = 20)
o Uiz, Z ORGSO S %2 24 BEICE X Lz &
A, BUSRIRIZE £ D PhSSIE (XA Lz, Zh
IXR P CARRT AL & - T, PhSSiEty; D43 fiff
JEIT L2 E b s, RIGERR & LTI,
12 KRR CTH D Z ENBH LN E o T,

3. EERIA
(1) —MEFEE

TRTOBEEIT, BRFHAKLT, 2L 7EEZH
WA T, M 3R NI UA YZrBEx
%, DMA, DMF [3kH#E b0 b Vv TRK
AT o T, ZARBMEZITWVER L 72, &F NMR X
~7 FV(H, Be{HY, PSi{tHY)oRIEICIX, JEOL #
INM-AL400 Z i L7z, H, ®C{*H} NMR 22”7 } /L
X, FNFNRNOREO Y — 7 23R —27 L LT,
BSi{"H}NMR 2227 FLiE, T hTAFALL T (6=
Oppm)E&Re—7 & LT,
(2) PhSSiEt; O45HE NMR A<XZ kL

'H NMR (400 MHz, C¢Dg, 25 °C) & = 0.64 (q, Jun = 7.8
Hz, 6H, CH3CH,), 0.96 (t, Juy= 7.8 Hz, 9H, CH3CH,), 6.97
(d, Jun = 7.4 Hz, 2H, Ph), 7.49-7.51 (m, 3H, Ph). ®*C{'H}
NMR (100.4 MHz, C¢Dg, 25 °C) & = 5.70 (CH,CH,), 7.41
(s, CH3CH,), 126.95, 128.98, 132.01, 135.59 (Ph). *Si{*H}
NMR (79.3 MHz, C¢Dg, 25 °C) 6 = 23.37.
(3) EBAEMEIKEZ =, PhSH & HSiEt; D{L2F5E:
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R K SEAE B B
Cp(CO),Fe(CH3) (1) (0.205 mmol, 40.0 mg)?D kL
FRIR(8.19 mL, 0.025 M)ZAER L7z, Z DOEHRIZ PhSH
(0.205 mmol, 0.02 mL) & HSiEt; (0.205 mmol, 0.03 mL) %
WNL7=, 2D, 25°C THEEH, HL<iE80°C T
24 FEMIINEAA LT > 7=, 100-150 Pa CHEFIMEDOWE % [
ELI-%, EEYE L L TY 7 2=/l A% (Ph,CH,)
(0.205 mmol, 343 pL)Z ML, '"H NMR (2L~ T
PhSSiEt; DIV % K 7=, Cp(CO)sMo(CHz) ()25t L T
b, [FRRIC, FEEEZE AT MV UIRIEEER L,
25°C YIRS S L < 13 100 °C A 24 BRAT - 7214,
PhSSiEt; DU Z KD T,
(4) #kAFLEEKE V7= PhSH & HSIEt O it i
IKSERE A B

Cp(CO),Fe(CH3) (1) (0.112 mmol, 22.0 mg) % & Y BV |
R L PRI (0.46 mL, 0.25 M) & 1ERL L T2, 2 OIRIRIC
PhSH (1.12 mmol, 115 pLi) & HSiEt; (11.2 mmol, 1.79 mL)
BRI U7z, £D#%, 80 °C I E 24 WfE{T- 72,
100-150 Pa THIFEMEOME ZIrE LTk, EEDE L
L T PhyCH, (0.560 mmol, 93.6 nL)Z#s/M L. 'H NMR
12 £ Y PhSSIiEt; DUV Z K 6D 7=,

4. F&O

AW TR, RIS T . EReEEERE v
FA =t Fr T OlKERE RIS THR
LT, 8AFOLEERE I, INEGRAE T ChUG 21T
9 Z & T, MBERRES SO EITT S 2 L 2D T
L7 ZORISTIE, M=y, b L<L X CH,CL 23
WEEECH 0 | K\ EIE O HSIE 2 V5 Z & T TON
=20 F CHELEME A M E X5 Z STk Lz,

E i
AWFTEIL, AR LA R 20 5e 8 2 T 22 (B)
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