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WFER R OBEEE (330) : In this research on low-valent titanium-promoted C-O and N-S bond
cleavage reactions, radical reductive ring-opening reaction of epoxides including
stereoselective reactions and S-N bond cleavage of sulfonamides and sulfonylesters have
been developed. In addition, novel valence-selective generation of low-valent titanium,
radical ring-opening of oxetanes and reductive McMurry-type coupling reaction have been
discovered.
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Me3SiCl
additive A OH A
r
)I Mg powder Ar/\’“ r . Ar/\‘/
Ar THF OH
1a (Ar = p-MeOCgH,) 3a 4a
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ST,
Ti(O--Pr), (2.6)

/OR Me,SiCl (2.6), EtgN (5.2)

Mg powder (4)
ove— N—cro
Y=/ THF, 50 °C, 48 h

RO 1j (R = n-CgHya) OR M, = 4.74 x 10°
7 N\ M,/M,? = 2.50
7 >_/ habs max = 434 nm
RO n

polymer 5j (51% yield)
}/

OHC—( S H—cro

\—=/

as above

R_R M,? = 6.94 x 10°
— e My /M2 = 2.15
7 N ) Aabs max = 395 nmi
/S N/ n hemmax = 456 nm
polymer 5k (65% yield)
“Determined by GPC (THF, based on poly-styrene)
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Ti(O-i-Pr)4 (1.2)
o) Me3SiCl (1.2)

OH
R OH
R g+ _Mg powder (3) R, \i/\ \(\R"
A THE.®,12h . @ A
1 (then Hy0*) 2 2'
(regioselectivity)
/<(‘) o OH OH
n-CgH ——» n-CgHy3 +
63 1 mCetha” 5 s

2a
76% (98 : 2)

o OH
Bu—<:>(, ] » HBU
’ d.r. 89:11

1b single diastereomer

wFPr
—

1c d.r. 100:0
ord.r. 47:53

1d

@"( e

2b 74% (exclusively)
@/ -Pr
OH

2c 71% (exclusively)
d.r. 62:38

2d"
total 61%

o ~6:4
)MOMOM = OMOM
1e

o]
o —> PR

1f 3f 40%
Ti
R)g: 4
(0]
H>\/

Ti(O-#Pr), (1.3)

MesSiCl (1.5)
O Mg powder (3)
—_—
R~ THF-dpm.8h
1g then D,O

(R = p-TBSOCgH,)

Ti-complex 4 (1.3)
Me,SiCl (1.5)
Mg powder (3)

THF, 1,8 h

2g+2g' +O
total 58% yield

OH
2e 80% (exclusively)

R~_OH+ R_L_ (1)
2g 2g'
total 63% yield (93 :7)
no deuterium incorporation

tBu (2)

(72 : 28) 21%

T|—<O-<:>—r Bu) T|A<O7<:>-t Bu) TI-(O;:}( Bu)

1D-4

D 20,4

:}

(o]
fgrn
n syn-2

1

method :},
N anti-2

TBSO

OTBS oTBS
1i TBSO

(TBS = SiMe,'Bu)

xmﬁ%%&ﬁm@%%%ﬁbkowf
BRI T D C-O FEAMANEITL, X
lﬁ?ﬁ%@’)\fcﬁb‘Tﬂ/: —V MBS L TA
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MO —BrBEBRREE ST U
RIS TdH D EB 2L, MEERENHA T
& %, RICITHE D KFR A A L2, FUG
HThrFH o kb0 7o ik
O Ti- B ALK OGBS iz,

Isolated Main product
Reagents (equiv.) 1 anti:syn®  yield® (%) 2 (R = TBS)
OH
98:2 " de
th gz e A OR
Ti(O-i-Pr)s/MesSiCl/ 71:29 L conde oH
Mg (1.2/12/3) g9y 3068 “OR
OH
1j 88:12 76 RO:><]’
RO— N,
OH
th 21:79 43¢ 1 or
\
Cp,TiCl,/Mn/ OH
1 4-cyclohcxadmnc i 46:54 80 -
(1.05/6.3/10-18) OR

OH

1j 22:78 80 Rom
RO/
@ Determined by "H NMR analysis of the crude mixture. * A mixture of
anti- and syn-2. © Ina 02 M solution of THF or DME/DCM (1/4, v/v) at
room temperature. 9 The reaction in DME/DCM (1/4, v/v) instead of
THEF. ¢ 7-10% of tertiary alcohol was co-produced. / In THF at room
temperature. * 16% of allylic alcohol was co-produced.
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ARG T, Rl T 2 ROGANZ £ 5
RF—~T BT GRAEORF & &I,
AT R A=~ T 1 1A R A R LT
&7z, FOWBET, Ti(0-i-Pr)y/Me;SiCl/Mg X
ISRIDRR 72 AT CAAR LT I FEL &
R, XHET D7 I UH2 Z2ENERTH
DEERNE L, &6I1C, ANVKUEBETA
T3 DORIGESBEFICHEITL, it b7 L
a—)L 4 %527,

Ti(0-i-Pry,
Me,SiCl
R! 3 R1
/\N—é—R3 Mg powder :NH
o THF R?
1 2
Q § as above
R-0-S$-R? ————— R'-OH
3 © 4
run substrate 1 h’ '\ICIS f" 2,
0
1 Bn,N-SO,-p-Tol (1a) 12 947
2 Bn,N-SO,-Ph (1b) 12 82 727
3 Bn,N sop'\/ \/)\ 24 79, 607
(lc)
iPr.
4 Bn;NfSO?{\/ N—iipr 12 82,80
)7~
FPr (1d)
5 Bn,N-SO,-1-Naphthyl(1e) 12 82 68
6 BnsN-SO4-ColH-p-Cl (1f) 12 87
7 Bn,N-SO,-CH; (1g) 24 66, 64%¢
8 Bn,N-SO5-n-CgH 5 (1h) 24 64, 43
9 Ph("Bu)N-SO,-p-Tol (1i) 24 83
10 P-("Bu)CoHy(H)N-SO,p-Tol (1j) 12 100, 747
11 PhCH,CH,(H)N-SO5-p-Tol (1k) 12 69
12 p-("Bu)CeHy(H)N-SO,-CH; (11) 24 48, 29¢
13 PhCH,CH5(H)N-SO,-n-CgH ;1 24 No reaction
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fili 2 D E T XD FE O I DV T
HUIEEE, EEEALEACT I RTIE, —
e, “HRRT X UHKDE ONE S IIREG
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SUREEFEBE—RT I TN HELIT L
oW, ME—NENAIR—#% T 2 v H kDR A
NRYT I R KnPEIT LN T,

THE ORI, HEOREDIEE A LR p- b Y
WANLKR RO T 2 ROMETH - 7=DIiz
$tUT, BVIEA LRV BOT I Raegivis
FEOREICEAEE AT 2FIC 25,

TIXNEBREEGTLEEFBRST 7T
NAREZFETDZNLKRCT I ROREZ BB
L7ZFT, ST 7I0onELNn5E &b,
Z VIR WYL, C-S fRZLE THEAT L, Xt
T DB ERRACKBILEY D G THE
RLTWDZ ERBELNTRoT2, THET
D% DIRILZDIENT A — V% 5 %
TEY, PUCEmROBRICIE, EERAREL
STW5, TR LT, KE&TIE, F4
—URER L7V D T, EEICH AR T2
ML, AERBETORAZ =L TORIGITY
FEAIZ XIS T & D RS & LTI 2 3145
b,

run substrate 1 yield of 2. %"
o HN-T
1 -/~ N-Ts 90
Ph—" :,/— lo
/ 2\ H
2 CI—( Y—N-Ts 49 (67)
\—/ Ip
N
\/ 0o //’_\\ H 74
3 O*fyL'\—%N—Ts
/ —4 lq
\\/»':’r N
SO,-R
4 Ir R = 4-tolyl 75
5 1s R = mesityl 100
)
SO,-R
6 1t R = 4-tolyl 79
7 1u R = mesityl 93

_Ph

[ 100
Me,BuSiO._~.__N-Ts v

BT, RS L CEERE AR
FHRE L, WEIRLEBRENSSND X
912, Birch EITCEEMESM: N TN T
SNBER DN =T IR X — )V EE T
HE, HFEHEA v vl L CERREE R
7o) B LD ET LT, 6124 R—
L Rex )V ol REBIRT IO
ANKT 2 RIZHOWTEH, BHICHARH#EN
HIT LT,
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T5 (SN2 &) DIZxf LT, SOF/\%:ﬁq:
RS DAL F KOS TE XI5 72
=

0 Ti(O-iPr), (1.0)

a MegSiCl (1.5)
0 g i Mg powder (5.0) [ f
P TTHR 50°C
3a: R =p-Tol 91% from 3a (12 h)
ag: R= &eo 34% from 3b (60 h)
[63% of 3b was recovered)
Oﬂiiy \ﬁ'hOTs as above O—/ \—OH
Phgﬁ \ / ph_/ \—/
3c 4c 91% (12 h)
b/ 0 7\ or as above O VRN OH
{ —0Ts —— *—\ e
/ \—/ /
ad 4d 64% (12 h)
[78% NMR vyield)
Ti(O-i-Pr)4 (1.0)
o Me;SiCl (1.5 or 4.0)

) Mg powder (5.0)
mCeHi7=0-8=pTol T r 5050, 12 h
i , ,
3e nCgHy;—OH + n-CgHyz—S—p-Tol (2)
4e 7e
Me,SiCI (1.5): 71 : 29

100% i
Me,SiCl (4.0): 100 : 0 )( conversion)
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(3) il Boase SR ) 2 AR 1 filh F & > D FEAETE
DPAFE
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Uz wa ) ReDORAL A8 S B HEST L
CITi(0-i-Pr) ;A 23R L 721, Mg TEIT I
TEMF X MBI DETRIND, &6
2, Zo7aARYIRENG L, LK
JAADOFT X VRN FEAEL TWVWDHHD EHE
ZHND,

12 Mg
TiV(O-i-Pr) s ~— CITiV(O-i-Pr)3 a\—FI""(O i-Pr)s
1/2MgX, B
MesSiCl  i-PrOSiMeg A
Me;SiCl
iPrOSiMe#
12 Mg
Ti(0) =<-- Ti(ll) =--- Ti'(O-i-Pr), ‘ﬁ'_ CITi"(O-i-Pr),
D 1/2 MgXs c
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TR ROT P HNRERG, TV
NTZ—=FTVORT VLR, FUA D5y
FNBRAAT N = BAL KOG 72 & O RS IZ D0
T, 1/Me;SiClUMg ISHI & O s % fist Lz,
ZORER, KEMT & IR AT D0,
FU A OBALAIN Z B SITIEE A S
WATHES, 72, =RF L FBEBRIGICK

HRIGEENRRI > TEBY, P,
Ti(0-i-Pr)y/Me;SiClUMg SR & 135 72 5 K

PEZRTHBHAL NIRRT,

1/2 Mg
n N N
67 i-OR 7T>‘ @7 i-Cl j_“ 6'} il

i MesSiCl ROSIMe; i 12 MgXe i

" \

N-. T'ig -------- ?

/ i-Pr ; ,T |||) ?
FONNARIGETHD EEZLND
REL REEREOWHT VLRI EFTT 5
DIZKF LT, FYVIARISTIERNEEZ S
DT U BRACA I Z BAL 2 ST L 22 W
=D, BIFF L L 9 IR =T % >
FERAFEELTWDLEDEEZ NS, 5714,
KRR 217700 L & blT, UA—
BT ¥ iRz A2 IR0 72T
X URRRE A RIZ DWW THFZE & fkft L T <

4) x®BE HEDT Y H IR IG
bk (3) D#FFES T, ARRFFE DR -l
FH T Naxy REOSHIN, JRFLFHO 4 %
YA ETOHNVICETHETAELY R
WiE LT, FEURIGNC L 48X D
T VU ANVBBRESIE, Cp,TiCl BUGHI THes
BIRS D05, LT DRET VNN LE
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R ERRT D 2N EEROL X T
HBARGITOLDEST L CGEITR Sz &
B @R TE 2 -, Wi, 2fE#A L

ZEHM CERIT AT L, X0 E#REOD
R
cat. complex 1 OH
><> Me;SiCl ></ A~
R o R_Q Mg powder R OH
x> THF R OH
R' 10 (+ CHD) 11
(0]
PO Ph{) Ph_/—Q Pﬂn R=Me
10b:P=CH,Ph  10d 10e 10g: R = Ph
10c: P = SiMe,Bu o\ o
4 %% I “t> Tf78<
Oh  MeO w 10i 10j .
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B CAMTE, ZOZEHMATORMERIL,
B LD ZIRFEWEROGE LT, ARMICS
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i TH 5,

R R_ o R .0 R H
R‘>_o ﬁﬂ'& 7 R><) AH'X/\OH
N 10 1

(5) FEWE=F VY LD McMurry B h » 7
U > T RO D3 B

&5, ERLTE OB ET, BEF
=k VL% Ti(O-i-Pr),/Me;SiCl/Mg &l
EROGSETFT, = R U ILSETHICHT 2
J ZwfbT DO, BlD, JZItHY McMurry
WA 7Y v TGN HEIT LT, 1,2-E7 Y
—NVET UERART DFEL RN LT, Bl
BT, PEREOINETH DN, ZoOEXD
BOSASEIBI A HE S, #ied TH LW BUSTEA E
L CHIBREW DT, 5%, IEOWEEL L
2, ROSHERE O, A ailiE s L COMENL
HEE LT 2kt %,

Ti(0-i-Pr),
Do

Me,SiCl

Mg powder
(6) WFEiRHE
AWFFETIL, IR & o BOSHNZ K 5
R BT, EF I E A B MRS DN T
Matl, =R R GLRERIRE) 590
IRITCRBR SR A AR 7 2 RED SN
BIREOGE RNTE L, SUHIONZER %+
DERTE LR TX 5, IHIZ, 20
WILDE ET, SLRDMFEBEBIZEND,
MEGRIR A 72 AR 7 2 RO R AL, A
XX DT UHNVIRTHERNE, = RV
DIETEHI McMurry B o 7Y U TR &V 9
KOMDDOFH LW EHZLENTET,
5. EhEEHRIE
(BFFEARESE . WFFE 038 S OV A 923 1
EN )

one-pot

O+

~50% vyield

THF, 50 °C
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