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Catalytic generation of carbene complex from 7-alkynylnorbornadiene and cationic gold
complex (Faculty of Science and Technology, Tokyo University of Science) OKenta Toei,
Fumiaki Tomi, Kento Ishida, Norio Sakai

Construction of new carbon skeleton is an important challenge in organic chemistry. It has been
known that treatment of 1,5- or 1,6-enyne compounds with a gold or platinum catalyst
generates a cyclopropyl carbene complex through the electrophilic activation of the alkyne.
This carbene complex affords diverse compounds with regeneration of the catalyst. To date,
various complex carbon skeletons have been constructed by using method. In this study, we
investigated the generation of the carbene complex from 7-alkynylnorbornadiene, which is an
unprecedented 1,5-enyne.

As a result, treatment of 7-alkynylnorbornadiene 1 with cationic gold complex 2 at room
temperature in the presence of styrene afforded the desired product 3 via the
cyclopropylcarbene complex in good yield. Examination with other substrates revealed wide
generality of this reaction.

Keywords : enyne cyclization; cyclopropanation, cationic gold complex; carbene complex

TR IRBER OB IARERICBIT A EERBETH S, ST, 1,5-m A
RN,6-m A NIK L, BXEER EOBEBRSREEKR ARSI L, TAF DK
FBTIEMAL AL LTy 7 a7 a BV LR UBERBAER L 2L 5
2B ERMBILTND D, KRB FEHME R R BB & L B2 5 I D ARk T
HEBWFEO—DLERSH, SRIFHLIT1,5-m0 A LTINETITHDRVN, 7-
TNAX=)V ) VRNV FIm AN DARCEEHRDERR E T A AWy 7 1
7 a AL O W TR R L7z,

T-TIVX=)L ) VR F T 1 EAF LR IREE L, 12-7 o X Rt
h, SR THF A MR 2 ZEH ST, TORE. BRI B LU SR A B
ThHYraTa sk 3 BN T AT LAY —IREWE LTILER 63% THE LI,
F7o, BE RO EIT o7, ATV UFEIRE 7-T VX =0 ) LRV Y
TUBEERO L S DOEEICB W THIEW— RN D Z Lol

_ Ph [Jothhos?u(Mlt;CN)]Sng 2 Ph.~-H
mol™
+  Zph - Ph
7 DCE, 2 mL 7
4 equiv rt, 72 h
1 (0.3 mmol) 3 (major isomer)

63% (d.r.=4.8:1)

1) (a)Bruneau, C. Angew. Chem. Int. Ed. 2005, 44,2328-2334. (b) Dorel, R.; Echavarren, A. M. Chem.
Rev. 2015, 115, 9028-9072. (c) Fiirstner, A.; Davies, P. W. Angew. Chem. Int. Ed. 2007, 46, 3410-
3449, (d) Firstner, A. Chem, Soc. Rev. 2009, 38, 3208-3221. (e) Sohel, S. M. A.; Liu, R.-S. Chem.
Soc. Rev. 2009, 38, 2269-2281.
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Asymmetric Michael addition of a-substituted-cyanoacetic acids with chiral prolinolphosphine
and copper catalyst (1. Department of Chemistry, Faculty of Science, Hokkaido University. 2.
WPI-ICReDD)OMai Onizawa!, Satoshi Sakai', Yohei Shimizu!, Masaya Sawamura'-?

Asymmetric Michael reactions using esters as donors and acceptors are powerful reactions
that give chiral 1,5-dicarbonyl compounds useful as synthetic intermediates for functional
molecules. In particular, reactions using a-substituted cyanoacetates as donors are attractive
because they produce quaternary chiral carbon centers substituted with a cyano group which
can be converted to various functional groups. Although highly reactive vinyl ketones and
acrolein were competent acceptors under the reported rhodium catalysis,!!! reactions using
acrylates as acceptors to produce 1,5-diesters have not been realized. Herein, we developed a
copper-catalyzed asymmetric Michael reaction of a-substituted cyanoacetates with acrylates.
Using mesityl copper (2.5 mol%) and chiral prolinolphosphine ligand (5 mol%) in cyclohexane
as a solvent, the reaction proceeded smoothly, affording the products in high enantioselectivity.

Keywords : copper catalyst, cyanoacetic acid ester, acrylic acid ester, asymmetric Michael
addition, quaternary chiral carbon center

TATNE RT—BXOT 787 % — LT R85~ A 7 VAINBOSIE, $EREM T
DEBTEEE LTAEARIT TN 15-PINRo bW E 5 2 58N /S TH
Lo LI BWAY T JEHRT AT V& RF— L DIGIE, BRELAHATRE/R T T
JIEDEB LT 4 AFRFEPOLEERT DO THD, L, @IS
DE=ZNT hoReT 7l A a7 7872 —L3 5007 AMEERE RO A
ENTWL—HN T IVNBZATNET 727X —E LT I1,5-VERAT VEAR
THRINMIHRE SN TR, BxFFTI 07 al ) — kR 7 ¢ - HifiiEiic L5
BT W ATV ET 7 VAR AT VOGS T ARREAE~ A 7
IATINBOS 2 BAFE LTc, v 7 m~F Y i A F L 2.5 mol%, ¥ 7 /17w
U —=VRAT 4 S5mol%% W5 OGS TSN ET L, mnwot 7
FBRINME THEB PG BT,

P(DTBM),
o Ne 9 CuMes (2.5 mol%)
Sc L* (5 mol%)
=z t \HI\OE'( -t Buow
t-BuOJ\/ Me cyclohexane § 7
\\\

25°C, 24 h
(0.4 mmol) (0.2 mmol) 89% yield, 87% ee

[1] Sawamura, M.; Hamashima, H.; Ito, Y. J. Am. Chem. Soc. 1992, 114, 8295.
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Photoinduced copper-catalyzed asymmetric allylic acylation via kinetic resolution of
secondary allylic phosphates (' Faculty of Science, Hokkaido Univ., *WPI-ICReDD) OZXousei
Nishimura', Yusuke Ueda', Yusuke Masuda', Masaya Sawamura*?

Photoinduced transition metal catalysis has enabled novel molecular transformations for
organic synthesis. We previously reported photoinduced copper-catalyzed asymmetric allylic
acylation of primary allylic phosphates with acylsilanes.” Based on this finding, we applied
photoinduced copper-catalyzed asymmetric allylic acylation to secondary allylic phosphates.
When a mixture of acylsilanes 1 and racemic secondary allylic phosphates 2 was irradiated
with bule LED in the presence of a chiral copper catalyst, an allylic acylation reaction
proceeded through kinetic resolution, yielding enantio-enriched B,y-unsaturated ketones 3.
Mechanistic experiments suggested that the allylic acylation reaction proceeded in an anti-Sn2'
manner.

Keywords :copper catalyst, photoreaction, enantioselective reaction, acylation, kinetic
resolution

B B AN O SLEhE 2RI L7o BOSIEL, BT L WA S BUEDBRFICRE < JBR L
7o BRI, AR R ARME 2 W e R EF A BRI, RS &AM E S - % 15
HIENTEDHDWNHTH D, BAIZZNE TOHFFEIZEBW T, 57 /L8ifiito
HFEERHAT DL TT AT T UNCED Y VIBRE 1T VLT AT IVORET
UIALT UOALOGHEITT 5 Z L2 R LTV D D, Z ORI EES & AR T,
U UBRE 28k T VIV AT )V EHE &9 4l EE IR B & £ O SEARERI T Y
IALT 2 IALBROG D BHFEIZE D fLA TS, BRET ORGSR, & 7 VHifidi & W OFE T ¢
TINTT 1 ETREIERY UBEE 2%/ UL ATV 2 OIREWICK L TR
RS LA U UEET VLT AT ILONFSE LS TT UNAALT AL S
DEIT L, By-RAEFn b 3 BRI DLz, JeFIEMER ) VRS 2 k7
VLT AT V% W T EZER OFE R 7 U NMALT U ARG DY anti-Sx2° R CTHEFT L
TWDHZ EDRRBENT,

O
(0] 0 chiral Cu cat. 2
# QR. > ph” N X P
+ OBt e light S
Ph™ “SiMe; R' R2 OFt 9 H R
1 2 3

racemic
1) Ueda, Y.; Masuda, Y.; Iwai, T.; Imaeda, K.; Takeuchi, H.; Ueno, K.; Gao, M.; Hasegawa, J.;
Sawamura, M. J. Am. Chem. Soc. 2022, 144, 2218-2224.
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Cu-Catalyzed C5-Selective C—H Functionalization of Indoles (! Graduate School of Pharmaceutical

Science, Chiba University) OTomohiro Isono', Shingo Harada', Tetsuhiro Nemoto'

The indole skeleton is contained in many pharmaceuticals, and the development of reactions
that enable the synthesis of various indole derivatives is an extremely important research topic
in medicinal chemistry. C-H functionalization catalyzed by highly active metal carbene species
is a useful method to reduce the number of steps. But existing functionalization reactions for
benzenoid moiety which is less reactive than the pyrrole moiety leave room for improvement
in regioselectivity and yield. As we have reported about C4-selective C-H functionalization
catalyzed by rhodium carbene species, we succeeded in developing C5-selective C-H
functionalization of indoles catalyzed by copper carbene species in this study. Various C5-
substituted indole derivatives were obtained by this reaction in good yield, and its reaction
mechanism was analyzed based on computational chemistry.

Keywords: Metal carbenoid; Copper catalyst; C—H Functionalization; Indole

A ¥ F=/VERIZERMEE TICHZ CEA SN TEY . TOKRA B EERO Gz 7
HE & 972 SOGBRFE TR L AT B W TR TEERMIIEHRE TH 5, miEtEREeE v
NUREE Wz C-H BRERAMLSUSIZ, e T E e W EaiOE R bz nE L L
Wiz, TREZHIT 2 72Ok E LTEFRAICHIZENMTDR TS, L
L. Em— UL & b U CRUGHEIZZ LW B ) A RELISRT 2 BEF OB Re AL
FOGIEE OALEBRIRVELPIRIZSEO R Z 7R LTV D, HHFFEE T, LT o0 A
H NN WA v RV A RDEIRIVE RE AL ORI DWW TS L7ead V. AREFJE
T NS FEE WD Z & TA > R—)L 5 (IR 7 C-H BREE LIS & B%E T 5
FIHI LTce ZDORIEI Dk 72 A 0 R—)L 5 (LEHADS RAFIRINER TR H A7l &
AL IE S W T SOSHIB IR 21T 72 o T,

b
\ N2 N\Bn
Bn

N +
N

C5-Selective C-H Functionalization
24 examples, up to 91%

1) Harada, S.; Yanagawa, M.; Nemoto, T. ACS Catal. 2020, 10, 11971-11979
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Copper-Catalyzed Regio- and Stereoselective Three-Component Coupling Reaction of
Terminal Alkynes, Organoboranes, and Aldimines ('Graduate School of Engineering,
Nagasaki University, *Graduate School of Integrated Science and Technology, Nagasaki
University, *Environmental Protection Center, Nagasaki University) OSena Toyofuku,' Gen
Onodera,” Tsutomu Fukuda,>* Masanari Kimura®

Alkynylborates formed by the reactions of terminal alkynes and organoboranes with base
are converted to the stereodefined alkenylboranes via 1,2-migration of the substituents on
boron atom serving as the key intermediates for the cross-coupling reactions.

We have found that the three-component coupling reactions of terminal alkynes,
organoboranes, and aldimines proceed to give five-membered azaboroles along with
allylamines in the presence of Cu catalyst and base. In this case, it is likely that alkynylborates
derived from terminal alkynes and organoboranes undergoes 1,2-migration and B-carbon
coordinates to a copper center to form the borylalkenylcopper intermediates. The nucleophilic
coupling reaction with aldimine at the carbon atom adjacent to the copper atom of this key
intermediates gave the corresponding products.

Keywords : Copper; Terminal Alkyne,; Organoborane; Aldimine,; Three-Component Coupling
Reaction

TR U — MISARRIRIIC T VA = LR T o AT Ao B 7R
KTHD, HWEFET, K7 VX E ARV ENSRPTRE SN T VX =1
Rl— M, mUREOBEBBEILD 1,2-850712 X - TIEEEBRIZ T V7 =LK 7 s
EEWIND,

AFZETIL, IR R, R 7 L L AR T EHE, 7L R I D=
FERMZ > CUBRIRO TR e — L L7 U LT 2 U NERT 2 B e & R
L7z, 1-~F 2% "Buli TR L, LD, NV T7FART ) N-FI LTIV R
A I VEIBEREFMUTCEISEED ETHRa =N 27%. TV ILT U0 59%DIL
RTEONTZ, KRS TIZ, KT LF o EAERUENLRMIND T LF = LR
L— h DR T HE EOBEBILD 12-850712 &> THil-7e C-C A ZTER L. P ALERED
FNRERT D Z & TR U NAT VT =T RRRN AR T 5, 2 OH-IRFBFEGH TV
FA I U~RERETHZ LIk o TRISDEITT S E 2TV 5,

NTs Ts
1) "BulLi, -78 °C to r.t B"Bu )j\ |l] NHTs
Bu—= ’ LK P H | e Mgeon P /B
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"Bu "Bu
27% 59%
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Synthesis, Structure, and Reactions of Diarylzincs Derived from Arylboronates Having ortho-
Directing Groups via Boron/Zinc Exchange. ('Department of Chemistry, Institute of Science
Tokyo, *Graduate School of Engineering Science, Osaka University) O XKazuki Hirooka',
Takuma Harada', Jun Takaya’

We previously reported that the double boron/zinc exchange reaction of o-
phosphinophenyboronate with ZnEt, proceeded efficiently to afford diarylzinc having two
phosphorus side arms selectively. In this presentation, we report that this method is successfully
applicable to arylboronates having various ortho-directing groups, enabling selective and
efficient synthesis of diarylzincs without generation of inorganic salts. The obtained diarylzincs
undergo oxidative coupling in the presence of Mn(acac);, affording biaryls via C-C bond
formation. Furthermore, it is demonstrated that a particular boron reagent induces the reverse
boron/zinc exchange reaction to regenerate arylboronate, thus demonstrating unique reactivity
of C-Zn bonds as a dynamic covalent bond equipped with reactivity for further molecular
transformation.

Keywords : Transmetallation; Zinc; Boron, Directing groups, Self-organization
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v oxidative coupling

isolable v reversibility

structurally characterized

1) K. Fukuda, T. Harada, N. Iwasawa, J. Takaya, Dalton Trans. 2022, 51, 7035.
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Tungsten-Catalyzed Synthesis of Multisubstituted Cyclopentadienes from Internal Alkynes
and 3,3-Disubstituted Cyclopropenes ('Graduate School of Engineering Science, Osaka
University, >Graduate School of Engineering, Osaka University) OTakuya Akiyama,' Akira
Yamamoto,' Tao Kasahara,' Tetsuro Kusamoto,' Hayato Tsurugi?

Schrock-type alkylidene complexes have attracted much attention in the field of
organometallic chemistry due to their high reactivity as catalysts and reagents for C-C multiple
bond-forming reactions. [2+2+1]-Cycloaddition reactions of metal alkylidene complexes and
two equiv. of alkynes are particularly interest for synthesizing multisubstituted
cyclopentadienes, although a catalytic protocol for the cyclopentadiene formation has rarely
been investigated. Herein, we report that imidotungsten(IV) complex catalyzes a [2+2+1]-
cycloaddition reaction of 3,3-disubstituted cyclopropenes and two equiv. of alkynes, leading to
multisubstituted cyclopentadienes. DFT calculations and isolations of reaction intermediates
revealed the reaction mechanism, in which following two reactions, C-C bond cleavage of the
cyclopropene by low-valent tungsten complex to form (imido)tungsten alkenylalkylidene
complex and subsequent metathesis with alkynes, are involved during the catalytic cycle.
Keywords . Tungsten; Alkylidene complex; Cyclopentadiene; Cycloaddition reaction; Cyclopropene

vany 7T R T U RIIREARGES L DA XU ARKGITR L TEW
WEZEZ R L, AV T A VAR BVARERT VX DA X ARG E, ZikiZh
7 D ABSE G OIS 5V T Y ERIE L L TASFIHESNTE 2, — ., &R7T
NXVTUEERE 2 FOTNNX EDH v 7 T ROGTIE [242+1]-B LA
IEHEIT L, ZEHS 7 o X Z U UHERE 52 50D, EOMEACIZAKD L
X< TN RANLOHTHS 1, SElbvbiuk, Mg 7 A7 A4 IR
SRR 3 it T AL TT AR 2 Ly uray 1 O R2R2+H1]-BbANK
JEIMEEAT L, ZEMS 7o X Z VT UFHER 4 DRONDZEERH LT, &6
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1) Akiyama, T.; Kusamoto, T.; Mashima, K.; Tsurugi, H. J. Am. Chem. Soc. 2024, 146, 33338-33348.
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Synthesis of Multi-substituted Pyrrole Derivatives via Three-Component Coupling Reaction of
Azobenzene and Two Different Alkynes Catalyzed by Tungsten Complexes (! Graduate School
of Engineering Science, Osaka University, *Graduate School of Engineering, Osaka
University)

(OTao Kasahara!, Takuya Akiyama' Tetsuro Kusamoto', Hayato Tsurugi’

Multi-substituted pyrrole derivatives are synthetically valuable heteroaromatic compounds in
terms of their versatility as building blocks of pharmaceuticals, natural products, functional
materials, and dyes. Herein, we report on the synthesis of multi-substituted pyrrole derivatives
via the selective three-component coupling reaction between azobenzene, alkyne with
quinoline moiety, and dialkyl- or diarylacetylenes catalyzed by tungsten complexes. DFT
calculation revealed that the interaction between the quinoline, which is bound to one of the
alkyne substrates, and the tungsten center induced lowering the transition state energy for the
selective quinolylalkyne incorporation over dialkyl- and diarylacetylene in the initial
metathesis step. The imido tungsten complexes with a n*-alkyne ligand derived from 2 and
other ortho-substituted alkynes were also synthesized to verify their reactivity.

Keywords: Tungsten complex; Pyrrole; Alkyne; Azobenzene;, DFT study
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1. (a) Tsurugi, H.; Tonks, I. A.; Mashima, K. et al. J. Am. Chem. Soc. 2019, 141, 4194. (b)Tsurugi, H.;
Akiyama, T.; Frye, C. W.; Kakiuchi, Y.; Mashima, K.; Tonks, I. A. Inorg. Chem. 2024, 63, 3037.
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Generation of silyllithium species from functionalized silylboranes and their use in oligosilane
synthesis ('Graduate School of Chemical Science and Engineering, Hokkaido University,
Graduate School of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido University)
ONatsumi Hammyo,' Rikuro Takahashi,' Hajime Ito™*

Silyllithiums are organometallic reagents widely used as silicon nucleophiles. Classically,
they are generated by the reduction of chlorosilane or disilane compounds; however, these
methods are limited to only a narrow range of substrates. * In 2001, Tamao reported a novel
approach for silyllithium generation through a boron-metal exchange reaction using silylborane.
3 In this reaction, an alkylmetal reagent such as MeLi activates the silylborane to form a boron
ate complex, followed by a boron-metal exchange reaction that produces the corresponding
silyllithium species. Despite its utility, this method exhibits limited functional group tolerance.
In this study, we present a general strategy to generate silyllithium species from functionalized
silylboranes bearing either electron-rich or electron-poor groups. We further demonstrate their
utility as silicon nucleophiles in the synthesis of novel complex oligosilanes.

Keywords : Organosilicon compounds, Silylborane; Silyllithium, Oligosilane
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EDG=NR,, OR EWG=CN, CO,R
R’= Me, Et, i-Pr ' R’= Me, Et, i-Pr

1) George, M. V,; Peterson, D. J.; Gilman, H. J. Am. Chem. Soc. 1960, 82, 403—406. Pulikkottil, F. T.;
Balakrishnan, V.; Chandrasekaran, R.; Murugesan, V. Rasappan, R.; Synthesis 2024, 56, 2183-2212.

2) Lee, T. W.; Corey, E. J. Org. Lett. 2001, 3, 3337-3339.

3) Kawachi, A.; Minamimoto, T.; Tamao, K. Chem. Lett. 2001, 30, 1216—1217.

© The Chemical Society of Japan - [F12101-4pm-09 -



[FI2101-4pm-10 BA{L24 B1055SE2 (2025)

BEEEZEIT AV VILRSI DEAVEERY FULEECKI SR
BREHRRIG & EIETTR

Ab R - JERBE# b 2 « AL RPEL ? - ALK WPILICReDD*) OILH #F! - &l F2
B2 - O 2

Nucleophilic Substitution Reactions of Silylboranes with Leaving Group Using Organolithium
Reagents and Their Mechanistic Study (!School of Engineering, Hokkaido University,
2Graduate School of Chemical Sciences and Engineering, Hokkaido University, *Graduate
School of Engineering, Hokkaido University, * WPI-ICReDD, Hokkaido University) ORyohei
Yamaguchi,! Rikuro Takahashi,? Ito Hajime>*

1,2-Boron migration is a rearrangement reaction in which a substituent on a boron atom
migrates to an adjacent carbon center in a boronate complex containing an « -leaving group.
This transformation is one of the most important reactions in the transformations of boron
compounds and has been widely utilized in organic synthesis. However, 1,2-boron migration
reactions involving a silicon center have remained largely unexplored. Therefore, we focused
on silylboranes bearing a leaving group and investigated the development of 1,2-boron
migration reactions at a silicon center. Herein, we report the first successful demonstration of
1,2-boron migration at a silicon center using chlorosilylborane as the substrate and an alkynyl
lithium reagent, which not only stabilizes the silyl-boronate complex but also possesses
moderate nucleophilicity. Mechanistic studies using spectroscopic analysis and DFT
calculations suggest that this reaction proceeds through a boronate complex-mediated 1,2-
boron migration pathway.
Keywords: Silylboranes; DFT Calculation, Silyl-Boronate Complex; Boron-Metal Exchange;,
Organoboron Compounds
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