Dehydrogenation of Carbonyl Compounds

1. Hal and Dehydrohal !t

R'=€-CHCH,~R?
o)

X =Br, Ct

2. Sulfenytation and Elimination of Sulfoxi

1)LDA $Ph !
A'-C-CHGCHy-R? - A'-G-E14-CH,-R?
¢
& 2) PhSSPh 8
3. Selenylation and Elimination of Sel id
1) LDA aPh ’
RA'~C-CHCHRZ - R'~C-CH-CH,-R?
b 2
& 2) PhSeCl g

X
R'-G-CH-CH,-R?
o

Base
= R'-C-CH:CH—R?
High Temp. o

i
ol Ph 2
= R'-C-CH-CH,~R? ———-s R'-C-CH:CH--R?
<) 60-120C &

8 M. Trost et al. J. Am. Chem. Soc. 95. 6840 (1973}

Q
] . ePh . K
——— R'~C~CH-CH -

—————  H'~C-CHzCH—R?
0.25C &

H.J Reich et al. 4 Am. Chem. Soc 95, 5813 (1973)

K B. Sharpless etal J Am. Chem Soc 95,6173 (1973

4. Trimethyisilylation and Pd(OAc),-Catalyzed Elimination

1) LDA PA{OAC),
R'~C2CH-CH,~R? e = R'-C-UH-CH—R?
o}

R'=G-CHCH ~H? -
8 2) Me,SiCl O-SiMe,

Y. ltoelal J Org Chem. 43, 1011 (1978)
J Usufi et al Tetrahedron Lell. 24, 5635 {1983)

A New and Oue-Pot Dehydrogenation of Ketones
by Using N-tert-Butyl Phenylsulfinimidoyl Chloride

1)LDA (1.1 6q.), -78 -C ,
R'C-CHCHR? omm—mee————— = R'-G-CH:CH—R? + Ph—S‘H*Bu
&

Ph
2) S=N'Bu(i2eq)
Ci

THF, -78 *C, 30 min

Entry Substrate Product Yield (%)
(o] [o]
/@)’\/\/\ | N /u\/\/\ 03
1
MeO MeQ” ~F

Q

o

2 PO pr P, 95
0 0

SN

: o
Mewr MeO

o

e I

Q (o]

. & .

*15-Crown-5 (1 1 eq ) was added

T Mukaiyaima J. Matsuv and H Kitagawa Chient Lell. i piess




Pinacol Coupling Reaction of Various Aldehydes o
Promoted by Til, and Cu =

Tily - Cu H R o ! -
RCHO e Rybg v T 3R '?- -
CH,Cl, - ‘BuCN R0 Lo

OH _"
1 2 B
Yield /% :
Entry RCHO Conditions* ~
L{dli/meso ) 2
1 PhCHO A 94{>99/1] o
2 pCLPRCHO A 93[(>99/1] 4
3 p-MeO-PhCHO A 76(98/2) 9
4 prACHo A %(99/1] 8
5 prr—~-CHO B 80(81/19] 11
6 ~o~CHO B 72(80/20] 8 .
7 Y\cuo B 85(75/25) 0
8 YC"O B 98(84/16] 0 .

CHO
9 O’ B 95(85/15] 0
10 —f-cno C 920857151 o0

“See Ref. 10. Conditions A: aidehyde / Tily/Cu/ 'BUCN =0.5/0.5/ 107 !
2.0 mmol in CHCI, (4.0 mi). -23°C, 3 h; B: aldehyde / Tily 7 Cu /'BuCN = :
0.5/0.65/1.3/2.6 maolin CH,CH (4.0 ml), 0°C. 6 h; C: aldehyde 7 Til, ¢
CulBuCN = 0.5/0.65/1.372.6 munol in CHyCly (3.0 mi), 11, 6 b, *Ratios
were determined by 'H-NMR analysis of crude product mixture.

A New and Efficient Oxidation of Various Alcohols
by Using N-tert-Butyl Phenylsulfinimidoy! Chloride

Swern Oxidation /' .
2 HyG Hy '
HyG (Coc, HyG ”o_(_H" oc ?S- . EWN HyG ! .
550 ——— ©OCI c;):ﬁ-c|—~—> My R — |4 1 e + O . R R
HyG -78C Hgf H R? 3 H R? R : .
+HO) . A
The Present Oxidali
r R'z Ph, Ph
HO—€-R \
P, < s- @s- P A
5=N'Bu fl———— +Bu-N A 1Bl N> gy * O
Cl DBU H R HWre |-78:con u H R?
B Preparation of N-fert-Bulyl Phenylsulfinimiday Chioride N
Ca(oCh, on
aq. HCI AcSPh X .
HN'B CI,N'8: =N'B1 o
2V B CH,Cy, 2O Benzens C‘,S v LA
0°C.2h 73-96%  rallux, 1 h ca. quant :
Rel) L. N. Markovskii et at. J Org. Chem USSR, 9, 1435 (1973)

Other Useful Oxidants
PryN"RUO, (cal.)

==\ » - —\e 2
§ NHCeo, (<\ ,Nr)c:zo, Me. % ©:§% Ac
2 -y AcO bac
pPCcC PDC TPAP/NMO Dess-Martin Periodinate

Oxidation of Various Alcohols by Using
N-tert-Butyl Phenylsulfinimidoyl Chloride

Ph, :
S=N'Bu (1.5eq.)
ci

RI 1 ,
HO—( ————— 0= + Ph-S-N-Bu .
R? DBU (2.0 eq.) R? H
CH,Cl,
Entry Alcohol Conditions _ Yield (%) Entry Alcohol Conditions __ Yield {%)
! P OH -78°C.30min 98 7 @—on -78<C,30min 94
2 PN""0H 0°C.30min 94
8 O—OH t, 30 min 91
3 N0 30min 98
9 O—OH nt, 30 min quant.
N o
4 PO oM oc.tn 92 o
© Me o _L_  a30min 98
78~ in 93
5 Ph/kOH 78 *C, 30 min ’
Ph : 11 )krpn -78-C,30min 92
6 PN -78°C,30min 99 Ph
Ph” "OH OH

T. Mukaiyama, J. Matsuo. and M. Yanagisawa, Chem., Lelt . 2000, 1072




Pinacol Coupling Reaction
Using Low-valent Titanium Reagent Generated from TiCl,

BnQ o><o BnQ o><o

TiICh + LIAIH, |, HO,
° C THF, 40 °C &o ‘
H
DCHMSO  0Bn 71% DCHMSO })Bn
TiCly + Zn .
° 1BuCN n‘ OH R? OH
Rt R!
‘/u\ . Y(H‘ + \8(,;‘1
R R CH,Cl, t A2 o Ho' w2
aliphatic ketones dl meso
TiClyDME R? ,
o Zn/Cu \ RO pH
R 1
Mo o %
R R DME, reflux a2 Hd R

aliphatic ketones
P! J. E.McMuny etal., J. Am. Chem. Soc., 96, 4708 (1974).

Pinacol Coupling Using Titanium(ll) Compounds and Copper

10eq.1.0eq 4.0¢q. M
TiXz Cu, ‘BuCN Ph
PhCHO " oy
CH,Clp, T, 6 hr
OH
Entry TiX; T/°C Yield % dl / meso
1 TiCl, n 79 7129
2 TiCl 23 32 90/10
3 TiBry n 90 806/20
L 4 TiBry 23 95 96/4 '

5 TiBr, 40 80 9713

Preparation of Titaniuny1l) Bromide

TiBty + (CHSSCHyly ——————s=  TiBr, + 2 (CHy),SiBr
: 230 °C, 9hr

Piuacol Reaction Using TitaniunxIl) Bromide and Copper

TiBry + Cu H R R
RCHO — = R + RI
H

CHCl, - ‘BuCN

[
n~

) Yield/ %
Entry Aldehyds  Conditions* ———————"
1 {dl/meso}” 2

| PhCHO A 95 (96/4] trace
2 p-CLPRCHO A 97 [99/1) 0
3 Pp-MeO-PRCHO A 74 [94/6} 13
4 P ~-CHO A 80 [91/9] 12
[ pi~—~CHO B 82 [80/20] 7
6  “~—CHO B 70 [74/26] 17

~3

5 [75/25) trace

! \)\CHO
CHO
s O

2) Condition A: Ti / Cu/ CHO = /1, -23°C. 6 b B: Tif Cu/CHO =
1.3/1.3/6, 0 °C. 18 h. b)Rativs determined by YI-NMR analysis of crude
reaction mixture.

~
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stable structure Chair-Boat

(1999)

BnO ?Xo 1 8nQ QXO
HO. i
- L
iH o” TH
L EDMSO OBa EOMSO OBn
* 60%
X | N .
BnQ ? 0 BnQ ? 0
O:
D SL I
HO” N3 H HO” N5
EDMSO OBn | EOMSO OBn' |

Aldol Product
(1999)

Benzylation reactions of alcohols with benzyl
mesylate by using lithium salts and MgO

: LiB(CeFs)s MgO  LIOTI  Yield

- BnOMSs (1.2 eq.) o

: Coron umsat lmol%  fea. fea %

- n- —_— > n — —

; 87 CH20|2 gV iy7 10 s 31

. 40°C,20h 10 . - 5

o 10 1.6 1.0 79 (919)

3cyclohexane-CHyCly ( 2:1), 1., 24 h

Alcohols Yield/% Alcohols Yield/%
BnOMs (1.2 eq.}, OH
LiB(CgFs)4 (10 moi%) or~OH 96 S quant.
LiOTf (1.0 eq.) OH A~~OH  quant.
MgO (1.6 eq.) T S
ROH ROBN Me OH gro
cyclohexane-CH,Cly CINSOH 7T B0
(2:1) Me” Me o
a,b

3BnOMs (1.4 ect), LiOT! (3.0 eq.) and MgO (2.0
eq.) was used. “The reaction time was 48 h.

. - e



Completion of the Total Synthesis of Taxol
3% urget-orlented new reaction chemistry

85% (93% conv.)
7-TES baccatia 11§

H
TFA, H,0
NH -—
I o
u quant.

Taxol

Asymmetric Total Synthesis of Antitumor Agent Taxol (1992-1997)

Sn(OT1), d MgBr, -OEt, r Bn? Bn
MQ%H . H 0T8s L H
Mo ry,o Sems (&
N 8 PMB
Me
Bn H
Sml,  TBS NaOMe 1B
- -
A

PEY ™

P A P St SN ST  EO

Synthesis of 9-Epitaxoids by A ring Formation




Q otes

e B
"~ pyridine
TESO™ Br TESO”

96%

‘)H
)
Y

1) Ac,0

2) PhLi
ESO™
080,

86%

Synthesis of ABCD Ring System (Route li-d)

1) HF-pyridine
——

2) TESC), pyridine
HO'

gor
3

88%

7-TES baccatin 11l

Enantioselective Synthesis of Side Chain of Taxol

HO O
s"(OTf)z j\/u\ R T |
H 7 .
SEU musnoAd, I SEt Pnp o PH I
Bn Bn
96% ee 70%
antl/syn 99/1
1) B2Cl, DMAP BZU AgOCOCF, BZH'I‘ o] ')EBSA:CmOMe)a. Ph /]CL
2) SnCl, Ph Y TsE MeOH PR TOMe 5 on 0 B‘NJW OH
OH OH sd
86% 84% 58%
Med

Dehydration Condensation between Side Chains and 7-TES Baccatin il

TES @“oj“o’Q

éu

7-TES baccatin I

&;&im

B
Ph Y OH

Bn
1
; quant. at 34% conversion  quant. at 63% conversion
1 {quant. at 66% conversion
; by 4 times operation) (resisting deprotection)
|
| (separately prepared)

TES
(DPTC) \
“owe AR
DMAP o
toluene, 73°C PP | o
Ac
h )?\ Ph JL
BzN OH B2l )ﬁ OH
e J
4
Met Med<
95% yleld at 93% conversion No. Reaction /

— (thermodyuamic product)

(kinetic product)

T e e e




Synthesis of ABC Ring System (Route li-d) @

TES TES
1) 3N HCI (Imid),C=S
2) TESC|, pyridine DMAP
H 3) TPAP, NMO H H
63%
TES TES
P(OMe); PCC
110°C " i AcONa
H benzene, 95 °C Io; M
53% (2 steps) 78%

Synthesis of ABCD Ring System (Route Ii-d)

TES TES CuBr,55°C o TES
PhCO3Bu/ Cubr 92%
“1/1
TE80”" G BT qeso” 50°" i e
a
Y 7% Y
o (62%+15%) &

" L LlCu oBOM HMPA “OBOM
p

low rcpmduclblllly

Lil-Cu—==—"Pen 1 Buli

’ o SEt
ores — ;\ .
Sn(OTN), CHO  OTMS




Synthesis of ABC Ring System (Route li-d) @

N
Br

1) TBAF ;

‘Buli G 2) M, Sicl :
89% HO OBn
(@/B=91/9) .

r

'

1) eld :
2JPDC PACL, H,0 :
65% (4 steps) 80% ‘

Synthesis of ABC Ring System (Route li-d) () :

3 target-oriented aew resction chemlstry

Entry OR Yield/ %

1 —O-SiMe; 5

2 —o-%sO "
] {

—0-Si -

3 )(< 64 chair (A)\ twlsl7ﬁ( ©) 7
4 -05550 73 :

NOE

pinacol

Y i’

B VU U

Synthesis of ABC Ring System (Route li-d)

Bi
i i 1} Na, lig. NH;
TiCh, LiAlH, " } Na, lig 3 HQ
2) TBAF
z 1%
H H uant.
CHOMS! \C’Bﬂ CHDMS! })Bﬂ q

1) (CCLO).CO,
pyridine

—_—
2) Ac,0
DMAP H

84%

pentaol

X-ray Analysis



Synthesis of BC Ring System (Route li-b) @

BnQ O oL
8BS0, ("PryN){RuO.}
+ B e
- Lip{CN)Cu NMO, MS 4A
§ 1 2
Ofn 92% 89%
(P only)
NaOMe
plus
MeOH
quant.
82% 18%

Synthesis of ABC Ring System (Route li-b) @

&g n TPAP, NMO
1 . N
TBSO, 2} Netd et ;;ggg
- 3) DIBAL —_—
] 4;M-,C(0Mo), 3) allyl-MgBr
PMBO  OBn
70% 1%
(x only)
1) PdClz, H,0 1) Na / NH,
2) DIBAL 2) PhCH(OMs),
3) TBSOTH 3) (Me,N);SF Me,SiF
OBn’
75% Ho 50%
1) ("PrN)RUO,] 'BuOK
2) LHMDS, Mol BUOH / THF
75% low yield
o (1996, April)

Synthesis of ABC Ring System (Route li-c) @

Me,SiCl, MelLi
imidazole o
73%
(2 steps)
%
BWQ O o
PDC PACH,, H,0 o WL
81%

HO, Me,SiCl, ‘BuLi HO. :
. imidazole [ H
OH 89% quant. otes |

Chem. Lett., 1995, 229.
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Synthesis of the Optically Active Polyoxy Unit

1) )
MeO. Z~o8n 3 target-oriented aew reacticn chemistry 1 .
o8n TBSO 70% 1) DIBAL BnQ oBn !
otes  MeBuOEn MeO, ]><)\/oms 2) Swem \(K)((k,om i
g 1880 \“/\ ¢ 0 3
2) TBSOTI 3 Mehgar :
orPMB 2,6-utidine TBS bf o Tos’ O‘Pua J
quant. 90%
I
P
l 2
V-
i
BnO o BnQ OBn -
sf% ano\)\‘></'\/oan L
T i
H oxo HO OH 5
Cy-symmetric structure -
.
'-.
M J\ f
- b
BrO °0 :
R ¥

X-ray Analysis

Synthesis of the 8-Membered Ring Compound Using Sml,

Bg 0Bn DUMDS  Be) QBn — B0 08n :
B o G
0 O Orm ) o 0 O i Swem o 0 o :
T8 PMB 88 PMB R
. quant. 93%
'
i) MsCl, ProNEL N
¥ DBU :
cHO :
83% .

ketoaldehyde Chem. Lett., 1995, 181,

o o [«] :

o 5 S 0 ) :
7 687- ield A

| ono | T8% v o 8’cuo yi ;

J. Inanaga and M. Yamaguchi, Tetrahedron Lett., 27, 3089 (1886) .
J. Inanaga and M. Y , Tetrahedron Lett., 32, 6371 (1891 N
1

Synthesis of BC Ring System (Route ll-a) @

OTES !
Mel 1) TBAF \
+ e ————— :
. Lio(CN)Cu HMPA 2) Swem
PMBG  OBn : 5 ¢
7% 83%

No Reaction




Synthesis of Optically Active 1,2-Diol Units

OSiMe3  Sn(OT1), + "Bu;Sn({OAc), O
ricto + = )\HL :
R0  SEt { V‘N: > &r?
NJ
syn anti
+78C, CH,Cl,
Entry R'CHO R%0 R? Yield/% syn:anli  ee/° (config)

1 BnO Et 83 1:99 96 (anti)
2 PnCHO BuMe,Si0  "Pr 79 85:15 92 (syn)
3 U_ BnO Et 83 2:98 96 (anti)
4 o CHO 'BuMe,SiO “Pr 76 94: 6 93 (syn)
5 BnO £t 72 2:98 97 (anti)
6 EICHO ‘BuMe;SI0 P 46 92: 8 82 (syn)
7 BnO Et 85 2:98 97 (anti)
8 N0 gesio Pr 75 97: 3 94 (syn)
9 BnO Et 88 2:98 98 (anti)
10 A0 esio P 76 90: 10 92 (syn)

(1990-1992)

B to BC to ABC Ring Route (Route Il)

g o M oon

_9“ OR

MeO.

- = Ykr\@/bm"s = o
. Q0 Orve T80

PMBO  0Bn

onc X X ores

OPMB

Sn(OTH),
N0
ome Mo
MeoﬁXCHO . BHO/\r

Mo oTBS "Bu,Sn(OAc), 36%
overail yleld

NH, 5 ste;

ps OBn 4 steps
Ho\“/k/on
I ore OB 40%
L - serine Meo\'H\ overall yleid
o]
58%
OH 4 steps |></\ § stops / om:u yleld
o o0
[ PMP (1999)

D - pantolactone

X
OHE N 0OTBS

H
OPMB

Chem. Lett., 1995, 179.

SO

e



One-Pot Synthesis of Trisaccharides

OBn
OBn 10 ~ 30 mol%
8 Moiom, e se _TBCF), ["mo‘%’&sa}

p-MeBzO
PMeBz0 (12 eq.) {(1.06q)
e
150mol% , HO™® "%
NIS (or NBS) OMe 53
(1.7~50eq) IOMeB0 om

oBa .
ol oy Y
B Bn
o P - P
B p-Me-BzO 8 p-Me-BzO
n
PhtN 8 - 820
OMe 820
B20°
Ba
820,

83% B& PhthN

8200 3% 8%

OMe
©OBn 0Bn 08n

A B o oy

PMe-BZO o Bg p-Ma—BzO O8n
820 pMe-820 anN B87C0me i
Bz BnQ,
69% B200me 65% 71% o0 o

side chain

Asymmetric Total Synthesis of Antitumor Agent Taxol
(1992-1997)

/(‘L O oH

Cp o o @ee
- D

l © HO¥) °

OH o )

Taxol®

(isolated in 1971)

Holton (1994), Wender (1997)

E%M:E@Q\ O
@ =@ 7 N

(1994), Danishetsky (1895), Ki (1908)

/
@F‘;n’ ’ :):j — \@_D
Mukaiyama (1987) ¢ =
8Os [
~ 03 /




[ TrB(C¢Fs) catalyzed glycosylation with glycosyl ﬂuorida
0B SnCl-AgCIO,, MS4A / Et;0, -15 °c= o8 7
gl o oy, .-
BnO BnO .
10 mol% TeB(C¢Fs)y, Drierite, -10 °C Bn '
+ /"BuCN:BTF = 15 8n )
8 - BnO OMe .
Bn! 91%, o/ = 5/95 .
BnO Gme - K. Takauchi and T. Mukaiyama, Chem. Leir., 1998, 555 ,
OBn '
Cat. TrB(CFs), o8n :
Bng * H0‘>/ \/&/F L ngﬁ_,oa '
BnO Drierite BnO
"armed"” "disarmed” CH,C IZ"BuC N:PhCF; (1:1:5)
OBn -15~0°C oBn :
Bnogég,o Bpo S Q Ohc
Bn BnO o
BnO AECZJ&'&/ BnO azo&y&/ B0 Ac&'&’F
820 DCPhINN DCPhinN
80%, a/f = 17/83 86%, a/f =9/91 84%, o/p = 8/92 -
(TI'OH catalyzed glycosylation using various glycosyl donors. ) :‘
Bn
BnO
Bn! H o B8n o] -
o E } LUy + Bo TIOH (5 mol %) )
Bn Bn it 3
BnO B0 (e Drierite
donor (1.0 eq.) 2(1.0eq) CHyCly, i1, 21 Bno
BnO OMe :
Entry X Yield/%  o/f* ! Entry X Yield /% _ o/p®
1 Br () 9 4555 1 5 OH (mix) 51 73127 :
2 Cl () 6 52148 1 6 OAc (@) 75 68/32
3 F(a) 87 66/34 E 7 OCOOPh () 6l 72/28
4 F(p) 83 6733 | 8 SEt (B) 0 — ’
*Ratios were determined by HPL.C analysis.

( TIOH catalyzed B-selective glycosylation with various glycosyl acceptors )
OBn 5 mol% 0B
BnO Trod BnO y
o= F + ROH ——— Bno OR :
BzO (1.0eq) Drierite, CH,Cl, BzO |
(1.2¢eq) 0°C disaccharide
OBn OBn
BnO OBn
Bn o Bnowgél% o
820 BO Bho-—T BnO Spte B20 B“O Bn0
97% B0 ome 87% 61%  OMe
OBn
Bnoéy&,o B"O '
Bn! BnO
B8z0 Bé?o SEt BzO BnO :
85% BzO 81 ./ NPhth




0
: . A .

2 o | gl L MR

1 e nl —— R‘
A n EtN | A~ ] 8¢ R
)

<CB°T' [ | R2 A H HO ©O 5
o OBR, . :
g R — =& s
A 2,6-lutidine | A 1 78°C a' ;
(1976) B
W o]
N .
o SO, e D a HO ©
A, A
L/j ca. 80% ee :
N 1]
Et M
(1982) .

o S
S, CL
R'-C-N_ B + N"TO
85% ~ quant. CHy
N >
| o, ‘ \ 2 ELN o (l
1]
I:J Xe + R'COOH + R“OH —_— HI‘C‘ORZ + N o
CHy 62 ~ 97% CHy
©: O>_ cl R'  EtN °>_ A EYN'CT R
® % 3 O —fw 4
N + HO~foy — & _ﬁzH —  yA—cl
B 9 R? ) A2
BF, BF,
(1975)
1 N CgHsCOOH + HoN —O 43~ 70%
®.
N
CHs °  CHiCOOH + HyN -O
J. K. Sutherland and D. A. Widdowson, J. Chem. Soc., 1964, 4650.

WEY XNV WY

1-Fluorosugar from 1-Hydroxysugar
BnO N F BnO F BnO
0 OH bllle ots® 0, 0
plaiuteh + .
IS R3N
Bni Bn Bla=1/1) BnO OBn By ELO BnO OBn
i)
84% I @ra=s/y |
SnCly 2%
BnO o F TeClo;  BnO o
+ ROH
MS 4A OR
BnO OBn BnO OBn «/P=90/10-80/20
BnO o o O%Me BnO o OBn
. sn
BnO OBn BnoOBn BnO OBn BnOSme
95% Yield 96% Yield (1983)




R P P
- ! - e
XNH-CH-COOH + H,N-CH-COOY i L _' .
= : ol o <
PhyP | v , ~;
N"S : e
2 P
[0} “HO | 2] T
S
PhyP=0 = 2 (\
whs
H !
R! R? '
i
XNH-CH-CONH-CH-COY
-LH-RH
L_(;lu-His-Trp-Ser-Tyr-Gly-Leu—Arg-Pro-G!y-NHz ;
o t
- ACTH (1-24) '
5 Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-
Lys-Lys-Arg-Arg-Pro-Val-Lys-Val-Tyr-Pro-NH,
- Coenzyme A :
QO HCOH L
0P ocnzc CHCONHCHZCH£CO NHCH¢CH¢SH .
0 HsC .
0:7-0y O Ad b
o . Cyclic Phosphate .
T i N
0 OR? Trinucleotide :, .
O:P-O [
OH (1966-1973) |
WIS TLITIITULUTL T L e o . - R Doe TR g R e iy g e e .’.. N i e e i
° .
<.
\é 0 SPh Brvg .
. SPh — !

| .o
HO, / AgCIO4 S
SPh o t

SPh H

AgCIO,
{Oremon OO
benzene

O= = OO0

MX,, : SnCly, AICI3, ZnCl, [ TICl,,|SbCls, FeCls, etc.

(1972) .
TICl, Functional Groups interconversion ; .

[Low—vnlent Titanlum Specles ] Pinacol Coupling .
..1 .
i

OH O
o} OTMS TIiCl, /}\/u\ .
+ 3 —— 1
R R R

R! )L R2 “0/\ R* R? R® '

o R 0 ;

o OTMS TiCl, ' w i

+ 3 —— 1 4 '

R J\/\ /2 R -'Jk R R Y R !

(1974)
TiCly - LiAlH, TiCly - 2n
2 (o] — or ——
"BugN A
é(\/g/\ p-Carotene  90%
(1976)
! 3




Research New and unique seeds will come out by
exploring the unknown, that is, the
on fundamental subject | ey pected phenomena disclose the
unnoticed interesting topics.

01 new reaction chemistry
Research By setling a right strategy, it will be completed T el !
ted subject via feedback between repeated experiments and Tl
on targeted subjec discussions even though the unpredictable P § ol e
phenomena are quite often observed during the L . ! .
course. .

¢

i) targeted reaction chemistry;
1-10 6.g. asymmetric synthesis
il) total synthesis of complex molecule

Research L
on target-oriented Accunwlated knowledge and susceptibility

. Associated with targeted subject
new reaction chemistry

n—§8 target-oriented new reaction chemistry
e a2 L e . R - e '
A
R-NCO + H,NR . RNHCONHR
A
R-NCO + HOR' - . RNHCOOR'
- H* o
R-N=C=0 + [CHaNO, ' Na — R-NH-C-CH,NO, .
A. Michael, Ber, 38, 22, 39, 46 (1905)
W. Steinkopt and H. M. Daege, ibid., 44, 497 (1911)
O CH,
I
CeHsN=C=0 + [CH3CHNO,JNa* —f— CgHsNH-C-CHNO,
benzene
cat. Et5N

CgH5-N=C=0 + R-CH,NO; —— precipitates + gas

O<—N=CR HO}I{ €0

—N= — I

[ ] R'-N-C-N-R'

(1960)
A R
N N .
07 4o°c.2n o ‘
80 % (1965) S

(€]
(pnp ) + [R-s-m] _ [ Pth-®S-R‘ .l

———— .

® o
PhaP-S-R' . OCOR

@ ©
- PhsP - OCOR? . sSR!

_ [ PhyP:0 ] + [nzcosa']

(1967)
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