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Group 5-7 metal complexes have been used as promoters or catalysts for
polymerization and oxidation reactions because they can take various valence and oxidation states.
In this study, we aimed to develop new reactions from a different perspective utilizing the
reactivity of gem-dimetalloalkanes as alkylidene equivalents. We found stereoselective
stannylcyclopropanation of olefins and addition/cyclization reactions with 1,n-enynes and alkynyl
ketones, and confirmed that the generated alkylidene equivalents have nucleophilic Schrock-type
reactivity. By adding appropriate ligands, we succeeded in switching the pathway of the cyclization
reaction and in single-crystal X-ray structure analysis of the reactive gem-dichlorosilylmethanes.

gem-



# X C—19, F-19—-1, Zz—19 (G@m)
1. WFFEBHAG 2 M) D75 5t

JAWRICRBITD 5~7 O&BMAT, A0SR EL B IO R LG B D B s b E
Y ZEDDD, FIZIE, Z AT T T &G Te Schrock BN RUEERIL, AL T4 A%k
ARUGICRIUEWEMEZ R L, Z O OSPEILV T =0 5% 8 T Grubbs $E A% 448 | DA T
IR TEROEOTHD, AHFEE IR AR S ETIZ, S~TIROEJREEAZ VDR 4 72
FHBOGZRZE L, 5L TN, Am. Chem. Soc. 2015, 137, 1452; Angew. Chem. Int. Ed. 2017,
56, 5956; J. Am. Chem. Soc. 2017, 139, 13184 72L), ZNHDORRFTDO T, ZO /7 BRIKIREL TR
JBIR FICHY | BRI RMEIEN AR T 0 22 G0 KERBFOSKHNESL TS
ZEHRRL TV,

2. DO EBY

HEEE DR AR LT gem- @B RISHINAT27 VXV T USRS CORIGTEE
HARIZ, MDA ZEE LIX B2 DT RO F LD BRI AT, 5~T IROEJEILFE DR
IEL, a7 U R CE 2R R B Al ) S A S s DN 2 H ST,

3. WHED ik

TN RFBEDSRIE72 O EZ 77T Schrock BUT VXU T U5 RIE, — K ICZER P TRE
TECTABRDEELN= , RE 172 Fisher BRI ARUSERELELL | AHEE RRA~OFI N H
P TUNND, ARAFZETIX, BER gem-V / \NBAX L FHEARINDD Schrock B/ L7 LX) T 4
REAMEROFR EIEE ZVE W BRSO Z B84, BEMZRRIGELTIE, £7°., 1,6-
TUAR,6-T IV VT R DB EI TRV RS, Fio, mm OV UL R A =)L
\ZL DR EERRr 7 2 AL R AR L, L7272 Schrock BT /L30T U8R LITE D ZAMN
D BB, J JOREEMENT ICH T, SO AR ESE TR0 b SN O KR E
F-FITOTEMEFEOFHIE 2@ L | BTIEADBRCBOSZ BT D,

4. WFFERCR

W27 VBN AEE T 1L,1-P I — R AF VAR b7 e M) 2B SE 52T, — &
B IO T EEA L T 40, XS TAAZ =L /a7 a U FHERBIR RGN L%
RHIUT=(Org. Lett. 2019, 21, 2668), W3 LD ILE R3 SnBug
LORIENDY AL T 4 DL xS =15 RA\ TN . RalA
(TSR E AT , N AL B LI D H Rz | TMEDA
PRI, AF =L (Sny%, LUt ROrR=H)
(SHRT NV I Ge) DD 14 [EITERITE 2 T2 gem-2 VO LWAK o L& Pl U7 3 o
a7 as N ALDENHRIT Ge < Si < Sn DIAIZA] ETDZEN 0ol BALTZAZ =)V, 3L
RELEZAERF L= F F, Stille 1y 7V T ROARXVTF 7 LAZHIZID | O FREFE A~ LT 5L
NTET,

R R?

ETHV T4 LD RUSIZED T a7 a/ SRRSO N2 LT, gem-— 70 LT VT T
TN T URREMIRE L CORSMERSHDZEZRB T DR ThD, T2 TT A7 ORbIc
Ln-m o AL FAERSET2L A A< ERALBIS AR ZD | ZBRIEDT a7 U FF B R
oD EE L UTZ(Org. Lett. 2020, 22,3985), StEZ LT VXV T U EERET LB
RENDAZ T AT IVIN, AR T AZEOFT 72T VA =7 a DI~ GE R~ LS T4 |
DINOT N AN IS N D E THAIT LB 2 6ND, IGIZIET aEELT L afxy



HNVREZNV I RN IEEFTHT A0, AVRCTIRNGEH CET, 2. 70 FNIZED
TR AN A E T DA NKT LT, KT Ly > WNET VX > F L7 4 DB

ASEIRENHEAT L, SEHEDE EF .
. /=CrL, 7 “CrL, J Si
4Bz eT. MR AT AL s,- " Cg R
BMOERITHISH TET=, gem- " — \ "

OAT VA NS IR, ZhE < — /i Si
A\ cr :E_ without

TT N RT AT RN SN o7 RS . c

(Si = SiMes) \ external ligands

G LEDOIGIZIRESIL TN, 2D
ﬁ%ﬁi%@li@ EE%%&@&ES‘I‘%% Switch of regioselectivity of carbene / alkyne metathesis by ligands
HONCTHZENTEZ, ZNHDORIGDN, 1,6-T A DOBAGIZEIL T, ¥ 7 IV EAL D
TINZEVBLDOIE RN AL F 7L, v 7a~F o Bk nGonsZeh /i Lz (Bull
Chem. Soc. J. 2021, 94, 2848), ZDO Rt Th . gem- 70 LT IVINAIT VXV T SR L LT
BEREL . 70 A ONCENLL T2 7 U DNLAKIEF T LD | AZ BV AR O BRI M2 358
BICAA T TELZED 3 >T,

A U= T N = e WIS R IRIE T V= )V BT Ol A A D IR R TR SR
THEATHL T NV = VL THITE FTHE Ch o7 (Chem. Commun. 2020, 56, 9711), ZDZ &
Mo FAETHT NAXVT U REMAN, RIEZHI7e Schrock D K IGMEEH §TH AR T
Too Flo, VAN VA OFMLIZ IV R ELS

L, Schrock type
BHIET E R THD gem- 7L YL AZ Cr. heat Si6— J+ chromium-carbene
. N Py - . - Si Ol —  C=CrL, equivalents
O G X BEEMAT ISR LTz, EREO cr H (Si = SiMes)
D A Rk ey g (s i T D
ALy F LT FARIE ORI, EHBT AR R /= e R,WS‘M%
SRR DBAIR 6 BROMEVE 145 RO oo T RO

Iz, 7888 ARBUGTIX, 7R AT AFUTUREIS gequential metathesis reaction with C=C and C=0.
KBTIV = A E W OTE AR 72 il 36 SR 73

RLZD, 2D, BERRF LR TR, 7o L2 TG ER “MORBEEICR 32N TEN
X, Ha7n o 3l & b 0720137 CThbd, ZORFOD T, fli 2 O ITAICMLEE
Rzz, 7astio &% TRt L, ZOHEITIE, FERBDIERI B Eis
HZEFTERR)oT,

Fo, TNV R =N FEUSNORKEFFITOIEEREOFE A @ T B OB IS D B D
MRETLT, ZDORER, Ln-T WV F = )V TR U RO BAUAT AR BT 22 &2 R LT, £2
T\ BLALF-OE TG RO BINTTIEZ G | Bk 2 ZRET ATV BOSTER RO A Bl &
OfilEZ B R LIZA IERIE 20%F2E LRVMEICE £o7-, OIS EMOFMmE B EL, ~A
70—y A7 LAOFICEY | FOSHERZIRVEZ (7] B TSRV Db R LTC, Lol &gt
FEDOVEIEPEN R LRD | ZH OO BV T KWK RGN RD 0Tz, BUE, VTV BT
DG E TRT DL TEMROEMEIEZ A L TERWDPRETL TOD,

INETORIGE, 7LD 5~7 RO REEERZ O TRRETL TWOTEER, 7=/ —/LONED
TIVF SO INEORAL =0 AR JORES L, ALESRIIZE ) T V7 = AR IR A iR
LTt XUV ETUFERANLSDICE SN D 8 A R LT2(Org. Lett. 2019, 21, 6756), 7=/
— IVDONET IV SO Z DR 72 75 17 7V r = AL BOS T RIS 2372, 20
FRDBHD TORITholz, XV ETUFERDOIERIL, 7=/ — T NF 2 55 FI28D
[3H2+1 BTN i & BT 2N TE HIVRAZNALDTE RSO ICZE L, TAF 0



CRFA=y e RFBA=Y MO ELTHEEET OB LW RIS Thd o7z, 7=/ — /L LS OK
BEANIEEEL Gl TE T,
o - N 2 1 Regioselective
7= /= AEER R D Bl ] OR F\F’{Z Cycloaddition oH alkenylation OHR2
FEEUTHEREL  BUGEREL T | Rl_=— R2 R1-=—R? |
- =} > R1 - - = R1
WD TR HEFZZ TN, cat. Re(OAr) cat. Re(OAr)
FTo. DOSTEMERRZ B 8 X
+ Catalytic and ortho-selective C-alkenylation of phenols with internal alkynes.

ﬁlﬁ:ﬁ (28D *%JHE:& ﬁiﬂ‘j‘é S + [3+2+1]Cycloaddition using alkynes as both two- and one-carbon units.
2, Z DRI DL = DL 7T

8 CcO
DIEMEZ A ESEHILLTX- Rey(CONs | OG-, To0.. 10.co Co\Rle/oO
20 "RE Rew oc”'| ~co
(Chem. Eur. J. 2019, 25, 15189), AOH ————— | [ ~RESReN
THF Ar(l)/\éAr { ° )

PLEDISNT, 5~T7 HEDAJE  Precatalyst for ortho-selective C-alkenylation of phenols with internal alkynes
fib R0 KOS Al &2 WD 2T
D4 @ TIXEBAR A RE/R B ML S E WO UL 2O R 7E I I 5 5210
LELTHET DL LT, an o= iF5tE R IKHEITSHAIEDNLT LH TEA
Doy, ZHUCEY, AT E B IO R ICAIE T 278 500 =0 AEEOFT LWBTENEZ D
EIE T ZENTE,



9 9 0 0

Masahito Murai 1

Silylative Cyclization with Dehydrogenation Leading to Benzosilole-Fused Azulenes Showing 2022

Unique Stimuli-Responsive Fluorescence

Asian Journal of Organic Chemistry 262-266
DOl

10.1002/ajoc.202100651

Masahito Murai, Ryuji Taniguchi, Kazuhiko Takai 94

Regiodivergent Carbene/Alkyne Metathesis in Chromium-Mediated Coupling and Cyclization with 2021

1,6-Enynes

Bull. Chem. Soc. Jpn. 2848-2852
DOl

10.1246/bcsj - 20210305

Masahito Murai, Ryuji Taniguchi, Kazuhiko Takai 22

Cyclization of 1,n-Enynes Initiated by the Addition Reaction of gem-Dichromiomethane Reagents 2020

to Alkynes

Organic Letters 3985-3988
DOl

10.1021/acs.orglett.0c01304

Masahito Murai, Ryuji Taniguchi, Takashi Kurogi, Shunsuke Moritani, Kazuhiko Takai 56

Cyclization of 5-Alkynones with Chromium Alkylidene Equivalents Generated in situ from gem- 2020

Dichromiomethanes

Chemical Communications 9711-9714

DOl
10.1039/d0cc03986a




Masahito Murai, Ryuji Taniguchi, Chisato Mizuta, Kazuhiko Takai

21

Chromium-Mediated Stannylcyclopropanation of Alkenes with (Diiodomethyl)stannanes 2019

Organic Letters 2668-2672
DOl

10.1021/acs.orglett.9b00658

Masahito Murai, Masaki Yamamoto, Kazuhiko Takai 21

Rhenium-Catalyzed Regioselective ortho-Alkenylation and [3+2+1]Cycloaddition of Phenols with 2019

Internal Alkynes

Organic Letters 3441-345
DOl

10.1021/acs.orglett.9b01214

Masahito Murai, Kazuhiko Takai 21

Rhenium-Catalysed Cyclization via 1,2-lodine and 1,5-Hydrogen Migration for the Synthesis of 2- 2019

lodo-1H-indenes

Organic Letters 6756-6760
DOl

10.1021/acs.orglett.9b02380

Masahito Murai, Masaki Yamamoto, Kazuhiko Takai 25

Mechanistic Insights into Rhenium-Catalyzed Regioselective C-Alkenylation of Phenols with 2019

Internal Alkynes

Chemistry A European Journal

15189-15197

DOl
10.1002/chem.201903910




Masahito Murai, Naoki Nishinaka, Takahiro Enoki, Kazuhiko Takai 22
Regioselective Sequential Silylation and Borylation of Aromatic Aldimines as a Strategy for 2020
Programming Synthesis of Multifunctionalized Benzene Derivatives

Organic Letters 316-321

DOl
10.1021/acs.orglett.9b04338

15 2 2
31
2021
Tt
52
2021
Tt
52

2021




48

2021

Synthesis and Properties of Phosphonium-Bridged Fluorescent lonic Liquids

102

2022

Development of Dithienoazepine-Based NIR Dyes

102

2022

Development of Sulfur-Bridged Diazulenylmethyl Cations Forming a Uniquely Assembled Structure

102

2022




Satoshi Takahashi, Masahito Murai, Shigehiro Yamaguchi

Cationic Diazulenomethene-based 1 -Conjugated Compounds with a Sulfur Bridge

Pacifichem 2021

2021

2020

47

2020

101

2021




101

2021

gem- 1,n-

2019

Masahito Murai, Ryuji Taniguchi, Kazuhiko Takai

gem- 1,n- 5-

66

2019

Masahito Murai

Regioselective Benzannulation of PAHs via Rhenium-Catalyzed Deoxygenation of 7-Oxabicyclo[2.2.1]hepta-2,5-diene

International Congress on Pure & Applied Chemistry Yangon

2019




JP 2018-209329

2019

2023-034651

2023




