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Introduction

Development of synthetic methods of allenic compounds has drawn considerable attention due
to their increasing importance in modern organic chemistry.! Although numerous methods have
been known for the synthesis of allenes, transition-metal-catalyzed synthesis of allenes is more
efficient and more economical compared with classical stoichiometric reactions.? In this research,
I have focused on development of novel and general methods of preparing multisubstituted allenic
compounds by transition-metal-catalyzed reactions.

1. Palladium-catalyzed synthesis of multisubstituted allenes from allylsilanes®

Recently, Ogasawara and Hayashi reported a three-step conversion of a variety of aldehydes
into functionalized allenes by the palladium-catalyzed reactions.* The key intermediates of the
allene synthesis are 2-bromo-1,3-butadiene derivatives. However, 1,1-disubstituted-2-bromo-
1,3-dienes were not accessible by their method, and thus the corresponding 1,1-disubstituted
allenes were not available.

Here I report a high-yield route to multisubstituted allenes from various allylsilanes 1.
Conversion of 1 to the corresponding gem-dibromocyclopropanes and the following thermolysis
of the cyclopropanes afforded a variety of bromodienes in high yields, and their application in the
Pd-catalyzed reactions afforded the desired multisubstituted allenes in excellent yields.

2. Palladium-catalyzed synthesis of allenes from vinyl ketones’

Alkeny! bromides and alkenyl triflates show similar reactivity to many other Pd-catalyzed
reactions.® Based on the results reported in section 1, in which bromodienes were demonstrated to
be excellent precursors to allenes, in this section I report a general method of preparing
1,3-dien-2-yl triflates 2 and their application to the Pd-catalyzed allene formation reaction.

Conversion of vinyl ketones 3 to the corresponding dieny! silyl ethers and then treating them
with MeLi and N-(5-chloro-2pyridyl)triflimide successfully gave the desired compounds 2.
Application of 2 in the Pd-catalyzed reaction gave the allenes in excellent yields. By this method,

allenes with various substituents could be prepared as well.
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3. Solution behavior of alkylidene-n-allylpalladium complex and Pd-catalyzed synthesis of

conjugated vinylallenes from bromotrienes’
The Pd-catalyzed asymmetric reactions of two isomers of PACH=CBrCH=CH, 4 were studied,

both of the (Z)- and (E)-isomer gave the same (R)-allene in almost same ee and same chemical

yield under the identical reaction conditions.

These results may be ascribed to the solution behavior of the reaction intermediate,
alkylidene-n-allylpalladium complexe. An alkylidene-n-allylpalladium species 5, derived from
(2)-4 and Pdo/(R)-binap, was disfavored because of the steric congestion between the syn Ph
group and the Pd[(R)-binap] moiety. Consequently, the intermediate 5 isomerized to a
thermodynamically more favorable species 6, in which the Ph and the Pd[(R)-binap] are anti, via a
o-(allenylmethy)palladium species 7. On the other hand, the more stable intermediate 6 is
generated from (E)-4 and the Pdo/(R)-binap. The following reaction of 6 with nucleophile afforded
the same (R)-allqne.

In order to prove the existence of 7, a novel synthetic method of conjugated vinylallenes from
2-bromo-1,3,5-trienes was designed. As expected, by the designed reaction, various vinylallenes

were prepared.

4. Effects of substituents on the palladium-catalyzed asymmetric__synthesis of
(allenylmethyl)silanes and stereoselective Sg’ reaction

Pd-catalyzed asymmetric synthesis of (allenylmethyl)silanes from silylated bromodienes and

their application to Sg’ reactions have been reported recently.® However, fhe reported
enantioselectivity of the reactions has rooms for further improvement.

Since steric effects play important roles in the stereoselective reactions, I was interested in
modifying steric characteristics of the silyl group in the reactions. As expected, with bulkier silyl

groups, enantioselectivity of both steps improved remarkably.

5. Fe(ID- or Ru (IN)-catalyzed synthesis of allenes from ketenes and diazocarboxylates

In this section, I developed a new method of preparing allene from a ketene and a
diazocarboxylate catalyzed by Fe(Il)- or Ru(II)-species.9 Two diazocompounds, ethyl diazoacetate
and ethyl diazopropionate, were used in the reactions. By this method, a variety of allene
derivatives were prepared in good to moderate yields.

Conclusion '
In this work, several novel methods of preparing multisubstituted allenes were developed.
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TUVUIIEBEERILFICBITA2EER VM THY, TEEEMZELTWS, T L
DEFREICELTIL, kL Vg4 RFESBESN TV SR, BBLRMEEME S V7=
TV UBRREIGIE WS ONRDRE—ZRONTWS, U EORE2SEZBRKEEDEL
WMATIR., BBEBREEMEIC L 2FRSBRT VO ARRICOME] 2 EME LFE
BRIZOWVWTRARB N TWVWD, BERITIILASNENLRY, FRTHAE1EICEX, TIC
RTEDODRE Y I ARBREN TV,

1. NS L MBEPRIATATIALTUNLOEBBRT VL OER

EF, PNER - RO, BRxRT AT FE3BRBEORISICL Y ERELZHT T LT
FETDOICICOVWTRELTWD; ZOFEORKSFTHEMEIL, 2-70E-1,3-7 5P
VEEETHD, LOLRRDL, INIE2o0BRESZFETIT e o HEEIT.
WHROFETERTIILITTERY, ZODH, KB 2HODBHRESZ L SOT LU 2D
DFETERTDHILIITERY, ’
COERLEDHNERE L, TINS T VA HEMEL T 0T 2o FHEED
FRAEBEOHRBIIRIILTNE, TINTF U2V TR IANRCRARERGEEDL L
WWEVELNL Y Tuss/uaranv 2803 E2L, 7ued 70Ol 4726
REISHETL, 7REV T BREZRETHELND, 25 LTHRLNESBRT aEY
TR, RIVTAMBERICORFREETHY, e REBRT LV UE2BEVIREKRTHE S Z
EIZERII LTV 5,

2. RS LAMBEHATIC=AF b DLOEBBT L DR

ZDONRFG VY LERISIZBWT, TALIr=V ) 77— 3T A= o RER
ClORIEHETTZEBMLNTWD, BIETRLEEY, Vo7 uI RRT7T LUK
ODRFREBLRDZIENL, V=V N 75— 2 RUORISICGHAT 2 Z L 2B L
TW3,
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BHICERARERERE =LV BRI TEVT oAV Y AT —F UE~E B L
T, AFNVIFULTUERBTIL, Vo= ) S5— 2R BAETES, ZOHLD
EPELER M) 7S MEAILRIESE, BRILTEY I oA RY 75— LR RIFRINRTE
TV, V2= b 75— MRIMIETAE T 0 I RERBRIZART Oy AMERISIZ L Wi~
R7VVEHEBIBWNETER S, ZOFRLV— MLV, e RBREXOT L OE
BAZEEh LTV 3,

3. TNV F-—g-FIANRGFIY LEEORNER OMIT & X5 Y LMEIZ W
EDRRBEYNT VA OER

PhCH=CBrCH=CH, ® 2 DD BMBMEKZ 5 V0 Az L A3 RE T L v AREISIZEA
L. WTROREED L L R -EOMAE T LU MZIER— D= F o F4HBIRME, bk
THRONDIEBRHLTVS, ORI, N7V AMBERIEODBETHET AR
Tr-n-TIARGT Oy LEOBHEENC LV FE—OBES L OPRELE-T2oDK
IEHEIT LI Z L BRBRLTWD, SEONEKILEL Z@LAERIZLY, (FLoAAF
W) RIVY LBEERBNEBHOBELBBIREL LTRR Sh,

ZO(T LN AFN) AT D0 LEEEIT, RERBE SN TORWERLERETH 58,
IObLOHEBBREBL LTHFETDHOTHIE, 2-702%-1,3,5-F U= 2507 Al
WEET TREAERIGESES &, BRIZ 1, 5-BREGESETL, £#BEEC=LT L RE
bhvdetEXOND, EEBICEARTaE Y TUEART Y MEERISICSEL. FAL
ERISEBRBE/B TN D, iz, ZORBIKBWTRERA 7 4 VEEFE LBV B EIC
XY, REEHBMAF AT LU 2BBZLICBbERILTNS,

4. RNRFILAMPBICLD (FV=NRAFN) VSV ORERBLED S FEEE
RISIZE T 3RS T

NIV LEIZED 1-V I N-2-TBES2onbD (FLoARAFL) V5 OFRF
BRE, TNLOLD S AEEERGE~DIEAICEAL T, =y FHRREOm LI LT
W5, PERDBETIX, YINELLTRI AFATYAERAVSNR TV, STEBIC
BRERODEIA YT AV INERE P EATSZ SICL Y. ZBERORIEOWFRIZEN
TOHELWIEBREOR ERAONB I EE2RNWELTWS,

5. Fe(IDBIUY Ru IDNMBIZIBFT UV ESTIINRYBRIAFANLDT
v ARKE

28R, HOIVNEINT =V AMEEZ L LNWT, FT U AINAR VB AFANGT
VENVANR U BIATVEERTAFEZER LTS, RELT =D A, 50
AEBRRAT7 4 VREEAVERET LV ABRRISIEBT 2 EBREEN S, ZORISEOKEIC
BT5BELIToTV3,

BEDESIT, BABEBORRICBNTIR, BB L EHEAMBEDREE A BICRA L.
RABFRT V2 EREEOBRBMERINTNS, £, ZhLFERISORISEEIC >
WTOBROREINTEY, B 0RKFENARENRHINTWS, N5k, A#ERIL
FOSROBRRBIRBIFLETIHDEEZILND, 5T, BLO2MIT+HETZHD
EHMTT D,
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