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Efficient Syntheses of Multisubstituted Cyclic Molecules Initiated by Ynolates

Institute for Materials Chemistry and Engineering, Kyushu University
Mitsuru Shindo

Ynolates are the precursors of metalated ketenes acting as ketene precursors, and their
chemistry shows interesting facets that are impossible to attain with enolates.” We have developed
a novel synthetic method for ynolates via thermal cleavage of ester
dianions. The readily available dibromo esters are treated with BuLi at -78 °C,
and the resulting mixture is allowed to warm to 0 °C to afford ynolates in good yield.”
We have developed new reactions of ynolates including one-pot successive reactions”
and torquoselective olefinations. Herein, we report short-step syntheses of multisubstituted cyclic
compounds initiated by ynolates.

[1] One-pot Synthesis of Multisubstituted Furans, Thiophenes and Pyrroles Initiated by Ynoaltes®
Ynolates reacted with o-acyloxyketones to afford B-lactone-fused cyclic hemiacetals, which
are easily decarboxylated by acid to provide tetrasubstituted furans. In the same protocol,
substituted thiophenes were synthesized efficiently. When a-acylaminoketones were used as a
substrate, substituted pyrroles were generated without acid-mediated decarboxylation step.

[2] New Nazarov Reaction™

We have developed torquoselective olefination of ester carbonyls to afford functionalized enol
ethers.””  These enol ethers were easily transformed into B-alkoxy  divinyl
ketones in two steps. The B-alkoxy divinyl ketones were subjected to the acid-catalyzed
Nazarov reaction to result in generation of o-alkoxycyclopentenones. Among the acids, Sc(OTf);
and triflic acid were found to be excellent catalysts. The effects of the P-alkoxy group
on the catalyst efficiency and the regioselectivity are based on the stabilization
of the intermediates and the spontaneous elimination of the group followed by trapping.
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New Catalytic Transformations for Propargylic Amines

Department of Chemistry, Faculty of Science, Gakushuin University

Hiroyuki Nakamura

A propargylic group is one of the important building blocks for organic synthesis. In general,
propargylic compounds (1), which have a good leaving group such as halogens and esters, undergo
the substitution reaction with various nuéleophiles at their propargylic position (path a). However,
propargylic amines have not been paid attention as building blocks because amine groups are not a
suitable leaving group for organic synthesis. Activation of C-N bond is generally carried out by
conversion of amines to ammonium and iminium ions. There are few examples for amines as
leaving groups: the nucleophilic substitution reactions of highly electron-defficient aromatic
compounds, the palladium-catalyzed carbonylation, deprotection of N-allylamines, and the
ruthenium-catalysed amine exchange reaction.

We have found a novel allene synthesis from the propargylic amines via palladium-catalyzed
hydrogen transfer reaction.' In this transformation, insertion of palladium catalysts into the C-H
bond of the propargylic amines (2) (path b) is considered to be essential and the hydride transfer
from the isopropyl carbon assisted by a lone pair electron of the nitrogen would afford allenes and
imines though S\2’-type rearrangement of the hydride.? Thus, propargylic amines has been able to
be handled as an allenyl anion equivalent and introduced into various electrophiles to be

transformed into allenes.>

c
a -« R
N - /\N
=
1 2 b
X = halogens,
OAc, OTs, efe.

We also found that the propargylic amines (2) underwent the copper (I)-catalysed amine
exchange reaction with secondary amines.* Insertion of copper catalysts into the C-C bond of the

propargylic amines (path c) is considered to be essential for this transformation.

References .
1) H. Nakamura, T. Kamakura, M. Ishikura, J-E. Biellmann, J. Am. Chem. Soc. 126, 5958 (2004).
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4) T. Sugiishi, A. Kimura, T. Moriguchi, S. Onagi, H. Nakamura, OMCOSI14, abstract P-507,
Nara, August 2-6, 2007.
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e LTl RBIRY FUDBMLERELIZEZ A, 77 FUBREBRENOEBIRBICAE
B LT2, EHIZ2IFERRT b L9 b RIEHEDIE acetophenone DI@ER{L/KFRIZ & B Bk
W23t LT HIEHEZ R LT (Table 2), F7-EEB X UBLAOEZ M7= KIGHR T,
2-adamantanone DEE{LICZEIT D 2 DZ — 2 A —/"—52 2000 \IZF THRIEL-, ZOHEIT
INFETIIHBEIN TV 2 EBLKRELZEA L TERERLY LEL, 2 BEKS
THEEICFEL, MEFMNRRNILEERLTWS, EEMAERKISEOTIKRIC EL0
ZHEMTHZ LI LV EUR L7 RIGRTIOBEZ #F L TR Y | EHELREZA TS
TEERERLE, PieB 1-3 ORBREEOBVIIZ OB —BEREICEETEHOTHY
. RFE-REFBETREISOMBEL LTHEATESZ LBALNIC RS, P

Table 2. i@EE{LAKHE 2 E{LAI & L 7= Baeyer-Villiger BRLIZ X33 2 st

substrate product reaction time conversion selectivity yield / % TON
/ min ! % to lactone(s) ( ratio of ) (based on 2)
! % products
o) 0]
e C/o 5 299 299 >99 200
0] (o)
@ (:9 45 299 299 299 200
@) 0] 0]
\Q /Ok)j 0 45 70 90 63 126
’ (64:36)
0 Q
@ Lfo 15 299 299 >99 200
o) COOHOH OAc

Q)\ @ @ @ 135 17 87 15 30
' : (40:33:27)

Reaction conditions: Catalyst (2), 1.25 umol; substrate, 1.25 mmol; H,O; (80 % aqueous), 0.25 mmol; solvent (MeNO,),
1.0 mL; reaction temperature, 333 K. The conversion, selectivities, and yields were determined by gas chromatography or
'H NMR using an internal standard technique and were based on H,0,. ASelectivity to ester
and the successive hydrolyzed products.
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AR — R COMBERIGE, AEOSEE - BN - BRIANE S R EEE L2 V72 iR-
BERE—RRIG~ R T ARAEEFRICBRAINATVWS, RIAFF IV AFL—FE
BVWABEREF O LN, AFAVELOBENHEERICESWICBFES~DEE
EBARFFEN TS, AR TIE, BEY—RICBVWTEBL KRB E T 4L T
AV IRXFUVAERIGICHRRRIGEEZ R T, BT PV AL EMEEERLETD
v-Keggin B ANF O ABHBRY A%V & 2 7 AT — MSiV,W005(OH),) S)DxtH FA4
v & LTH F A M Ni(D)# 4 [Ni(tacn),]** (tacn = 1,4,7-triazacyclononane)Z VN2 Z & T
RS B RAMRELF 5N 28, IR —ROBE L RFERRSRIREEZ R TEEME S L

TRET O LEPbRITLE, Table 3. ok FAMHE 5™ Ic & 52 40 S AL 9

TFTNLAINLNT Ve LA F L E25 enry  substrates products (yield/ %)*
HFAET DS, KA —RTO | O (o em
U7 4 2RI AERISITEBNT, 2 < )
BEAT VY LAEERBLIOER S
& RB L7 B A RSRIRE R L PN g
(i) cis- 3 X W trans-2-octene D TR ¥ o
I BT AR EE R NG NN SN 03
(cisltrans) DR EREZRT L, B NN A 19, <~ 04

LT (i1) ﬁ'% NIz PSR N gﬁ Z a Reaction conditions; catalyst (Sm): 10 pmol, H,0, (30 % aqueous):
L 7 4 vy o »n H* F T 100 umol, substrate: 100 umol, solvent: MeCN (3 mL) + ferr-BuOH
% trans-1.4-hexadiene QC*{I’ LT 3E (3 mL), temperature: 283 K, reaction time: 200 h.

’ . _‘_.: b Yields are based on the substrate and determined by the GC
WA LT 4 v ~OBIBEAMBEER
BNCHEITT A ENALNIR-T
W5, KRG TR L 7o fohl 7 fil g
SNERWIER—BERY—R TORBICBNTYH, Zh b OEEITHT 2 BIRMEITIKRES
— DA L EOEA %R Lz, £72 5N, [Ni(tacn);l[SiVaWi003s(OH), ] DAL A 5
RBDIZH L, 5§ DB F AL & LT ColFEE[Coltacn),]* & AV = BB 1B BN B
RIF 554, RUAFYAZL— b7 a b ASBEBE L 72 [Co(tacn),]2[SiVaW 10040] DFE
BEREL, LbAEEEE RE o T,

analysis with naphthalene as an internal standard.
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Selective Oxidation Reactions Catalyzed by Finely-tuned Active Sites on Polyoxometalates

Faculty of Engineering, Department of Material and Life Chemistry, Kanagawa University
Shiro Hikichi

Metal-oxygen cluster molecules, namely polyoxometalates (= POMs), have attracted much
attention as catalysts because of the tunability of composition, size, shape, acid-base property,
and redox potential. In this study, novel POM-based catalytic oxidation processes with
environmentally benign oxidant such as H,O; and O, have been developed.

[1] Baeyer-Villiger oxidation with H,O; catalyzed by novel disilicoicosatungstate

We have reported that the synthesis, structural characterization, and olefin epoxidation
catalysis of an aqua ligand-containing divacant silicodecatungstate, [y-SinoO34(H20)2]4'
(1). In this study, novel disilicoicosatungstates, [(Y-SiW;¢032(H20)2)2(u-0)]* (2) and
[(y-SiW10032)2(u-0)4]8’ (3), were synthesized by the dimerization of 1 via
dehydrative condensation in an organic solvent. The aquo-ligand
containing disilicoicosatungstate 2 well catalyzed the Baeyer-Villiger oxidation with HO, and
showed the high selectivity (= 90 %) to the corresponding lactones and high turnover numbers (=
1900). Catalyst 2 was stable under reaction conditions as confirmed by spectroscopy. In
addition, 2 <could be reusable at least three times for the oxidation of
cyclobutanone. Silicotungstates 1 and 3, which are composed of a common
[y-SiW,003;] fragment, and peroxo tungsten species such as [W203(Oz)4]2' and
[PO4{W(O)(02)2}4]3’ were inactive under the same reaction conditions.

[2] Heterogeneous olefin epoxidation with HyO, catalyzed by POM-based composite particles

The reactions of a silicodivanadodecatungstate, [y-SiV,W0033(OH),] (5), with a +2-charged
Ni(II) complex of tacn (= 1,4,7-triazacyclononane) ligand, [Ni(tacn),]**, and its +3-charged Co(III)
analogue, [Co(tacn),]** yielded the fine particles of the corresponding binary composites,
[Ni(tacn);)2[y-SiVaW1003s(OH),] (5™, and [Co(tacn)o)a[y-SiVaW10040] (5°°) respectively. Both
composites have the same stoichiometry of the cataionic transition metal complexes and the POM
(i.e., the molar ratio of POM to complexes = 1:2),
while the charges of the complexes are different from each other. The fine particles of
5™ could heterogeneously catalyze the epoxidation of olefins with H,O, maintaining the stereo-
and regioselectivity of the tetra-n-butylammonium salt of 5 in the homogeneous reaction system,
while the cobalt derivative 5° was inactive. The oxygenation of cis-2-octene catalyzed
by 5" yielded the corresponding epoxide with retention of the configuration around the C=C bond
(yield: 19 % (based on substrate)), while 5N was almost inactive for the oxygenation
of trans-2-octene (yield: < 0.5 %). For 1,4-hexadiene, the more accessible terminal C=C
moiety was oxygenated in preference to the electron-rich inner C=C bond.
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(1 /04D AFILILRAZEFBM &5t - Trost RIGEHASHEETRFE/ 20404
FILERE
FB)INFORAFAT =V EBETHEIINARER ( Tz AV AAKR=N) AL
YFBSM &, EX (Zxz=/VANKR=N) AZDF M) OLAERZ 7 yRIEEGTA I L
XD ERtkD, ZOFBSM 2AWT, RTIVULREIZ X D1t Trost B 7 Y VLD
REER/)INVEBAFNMALERS LI, TUATET— MIXL, MBEEOFSFLRTY
U LAEE L FBSM %, REEEIULDEFEET, HUEAFLVUOPTRISEED EMIETS
E /) 7NA{bEMHEIN

R, BAEBRMICELN o
. > — FBSM (1.1 eq) )
o ERHOBRAN K=V Cs,CO; (1.1 eq) N PPh, SO,Ph
{ERIGIE Mg 2ER+5Z /\j\Ac [PA(CaHs)ClJ2 (2.5 mol%) PT (S)-PHOX (5 mol%) /\‘:tS%Ph
LN CH,Cl, (1.0 M), 0°C, 6 h AT Dar

1 2
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A FIE RIS

FBSM BEZ AT, AIER(LEM
PHELRICEER AT T Tay )
THd a—ZNFaAF LT I UBE
BEOREEREORBE LRI LIz, R
PTAIVEFKTD a—T7 I KAV

MeO

catalyst (10 mol%) NHBoc

R EEL LT, FBSM ¢ DORE )N:’B” . FBSM base (12equv) . | A~ SO.Ph
) = - ., PN SOPh (12equv) T gopent Ph
Mannich RIS & 17>/ & 2 A, b v —40°C. 1—2d F, S0h
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Mg/MeOH LEIZ L BRAN T =WKIZE D, a—TNA B AFAT IV EOREEGHEE
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Me3Si-CF3 |.|0}<c;:3
Ar” "R' Cinchona Alkaloid/TMAF ~ Ar”+ R
Combination up to 94% ee
R':alkyl :

5

| Cinchona Alkaloid/TMAF Combination -

SE R
1) BRESEEIEF L5 2006, 64, 14-24; J. Fluorine Chem. 2007, 128, 469-483. 2) Angew.
Chem. Int. Ed. 2005, 44, 4204-4207; Angew. Chem. Int. Ed. 2007, in press. 3) Angew. Chem. Int.
Ed. 2006, 45, 4973-4977. 4) J. Am. Chem. Soc. 2007, 129, 6394-6395. 5) Tetrahedron, 2007, 63,
8521-8528. 6) Chem. Commun. 2006, (2), 2575-2577. 7) Synlett 2006 (2) 267-270. 8) Org. Lett.
2007, 9,3707-3710. 9) Angew. Chem. Int. Ed. 2007, in press.



Towards Enantioselective Nucleophilic Trifluoromethylation Reactions

Department of Applied Chemistry, Nagoya Institute of Technology
Norio Shibata

Enantiocontrolled synthesis of fluorine-containing organic molecules is extremely important in
the field of medicinal chemistry and material science. Enantioselective fluorination and
fluoromethylation reactions are especially attractive for this purpose because non-fluorinated
prochiral substrates can be directly transformed to chiral fluoroorganic compounds with controlled
absolute configuration by these methods. Significant progress has been made in the development of

) however, direct enantioselective

asymmetric fluorination reactions in recent years;'
fluoromethylation remains a challenge. We recently found 1-fluorobis(phenylsulfonyl)methane,
FBSM, to be a synthetic equivalent of a fluoromethide species under the Tsuji-Trost allylic
alkylation conditions, which provided the palladium-catalyzed asymmetric allylic
monofluoromethylation reaction with high enantiocontrol.”? We also disclosed an unprecedented
catalytic enantioselective monofluoromethylation reaction of in situ-generated prochiral imines
with FBSM in the presence of a chiral phase transfer catalyst under the combination of

Mannich-type reaction with reductive desulfonylation.”

In this presentation, we will show our
recent progress of the development of enantioselective fluoromethylation reactions based on FBSM
chemistry. Development of enantioselective trifluoromethylation reaction will also be disclosed.”

1. Palladium-Catalyzed Enantioselective Allylic Monofluoromethylation
Monofluoromethylation with the fluoromethide equivalent FBSM was crucial in the syntheses of
the  pharmacologically important compounds (S)-methylfluorinated ibuprofen and
5-deoxy-5-fluoro-B-D-carbaribofuranose. The key step was a palladium-catalyzed allylic
monofluoromethylation reaction.

2. Cinchona Alkaloid-Catalyzed Enantioselective Monofluoromethylation Reaction

A catalytic protocol for the unprecedented enantioselective monofluoromethylation of in situ
generated prochiral imines using FBSM in the presence of a chiral PTC based on the Mannich-type
reaction followed by reductive desulfonylation was developed.

3. Cinchona Alkaloids/sTMAF Combination-Catalyzed Nucleophilic Enantioselective
Trifluoromethylation of Aryl Ketones '

The catalytic, nucleophilic enantioselective trifluoromethylation reaction of both acyclic and cyclic
aryl ketones using the Ruppert-Prakash reagent is now at hand, with an operationally simple
procedure, based on the combination of ammonium bromide of cinchona alkaloids with TMAF.
The procedure is reliable and general. Trifluoromethyl-substituted tetrasubstituted aryl alcohols
have been synthesized in up to 94% ee.

References:

1) J. Fluorine Chem. 2007, 128, 469-483. 2) Angew. Chem. Int. Ed. 2006, 45, 4973-4977. 3) J. Am.
Chem. Soc. 2007, 129, 6394-6395. 4) Org. Lett. 2007, 9, 3707-3710.
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VO(OE1)Cl, (0.2 molar equiv. to Ar-Br) R ©_© (2

MeCN/CH2Cl2 = 2/1, Og, reflux, 12 h

4:~70%

TFRIRVIAVEL— IS ZRAWCYH LV ROy 7Y U IRIEZEITo T, TORER. *F
ST BERVIARELN (X 3), FOBE, XUIATAaA—VRRXV AT AT B RH
ARTAZELHBALE, ZBEBOYV T Ry 7Y U TRIED sp’ REREDH v 7Y
YT HIGATE AR EBRA LN T,

_l NBU4+
VO(OEt)Cl, (4 molar equiv. to 5) O
© - (3)
. MeCN / CH.Clo, Og, 1t, 2 h O
é ~70%

5

BER OSBRI 2 L U0 SREIC X 5B bR NS b

EEFHRNAT AT EFRILEYOERIIBVW TR VEEREAT T Tay s
Thd, Zhbid, —BHIC, BEZEDouF L rRnarRrovA4 I RREDOREFHI%
AVTARENE N, FEMHCEFHEREEZXDLLTULLEFELIIFRY, —F, 1
NNV F XV —PEEROFEEHHA TIX, BBEREBONT Oy LEMEEL LT a1t
MT =AU DHEBLRC A F AL BT TWVWARIZERL., ZOMEERM 2HEHT2 2
& THRERMEMEOBERIZIRVEAT Y,

(1) REFFBBR AL X T LD Y

NP LT aET_NEXF VT —BIIEEOBVRE Br,) ANVWDZ L2 RIE
MA TN LV ELEDME RFILT DA ENTAETHD, NTFTPUVBTUE=U A
LR, BILA Y U LERYAFUIR, BEIURSA A IRE LTRILKER



ERVT, HxOEER, TAYBEOT AR DRRLRIEE AR T2/ &
5. 1BLALOERICBVTRIRETRFLERDBBLNE (R4), T, FHE
B A HA LIRS BIR RAERS A TTREIC R 5 72, B TBIEOEY /ST
DY b & RILMA AT A BEHRRILRIS & LTERTH B,

NH,VO3 (10 mol%)
H,05 (2.0 equiv.)
HBr (2.0 equiv.)
Substrate KBr (3.0 equiv.) _ o
> Bromination Products @)
(arene, alkene, alkyne) H0, Ar, it,24 h

(2) #¥FErH£ERDFOREFEL

Ny P IVAB =TT =L U Cq D Cy  MAREHEEL AT HHELEa HERT TR
23 (CyHy,) IIFHRBMEAIE OO ORILEYE LTHIHIR TS Y, FERIL
A UPEAShERATR UL, ZOFEEESRICBWTEEBERELT 4770y
7L LTEZOND, NFPTALATOE_NNLFF VA —PERERRILLRICZERA L THFER
EMIDERLEIToTm, FORER, ARV 2ODTREENBEAINTZATRUBR
PBRNBTELNZ, AERTIH., AR VORFBHZ BB I LIFEFRBAA~D
TV —NVEOEARCHR R MEEMERIZONTHRET 5,

D, NH,VO3, H;0,, HBr,
ey e

HZO/ CH C|3, rt

®)

Sumanene

B2 30k

1) T. Hirao, in “ACS Symposium Series No 974, Vanadium The Versatile Metal”, eds. By K.
Kustin, J. C. Pessoa, D. C. Crans, American Chemical Society, Washington, DC, 2007, p 2.

2) H. Mizuno, H. Sakurai, T. Amaya, T. Hirao, Chem. Commun. 5042 (2006).

3) T. Moriuchi, M. Yamaguchi, T. Hirao, Tetrahedron Lett. 48, 2667 (2007).

4) T. Moriuchi, M. Nishiyama, T. Beppu, T. Hirao, D. Rehder, Bull. Chem. Soc. Jpn. 80, 957
(2007).

5) (a) H. Sakurai, T. Daiko, T. Hirao, Science 301, 1878 (2003). (b) T. Amaya, K. Mori, H.-L.
Wu, S. Ishida, J. Nakamura, K. Murata, T. Hirao, Chem. Commun. 1902 (2007).

_22_.



Versatile Molecular Transformations Using Vanadium Redox Catalysts

Graduate School of Engineering, Osaka University
Toshikazu Hirao

Vanadium complexes at a higher oxidation state can induce oxidation reaction through
electron transfer by controlling the electronic state of metallic center.' Versatile transformations of
arenes were developed using their redox function.

The oxidative coupling of organometallic aryl nucleophiles is considered to be a
complementary method for the conventional nucleophile—electrophile coupling. The selective
oxidative coupling between two aryl nucleophiles on boron was achieved by the
vanadium(V)-catalyzed oxidation of borates under oxygen to afford symmetrical or unsymmetrical
biaryls (a).? It should be noted that the ligand coupling to unsymmetrical biaryls was achieved with
in situ generated unsymmetrical borates. The benzyl groups on boron were coupled to give the
corresponding bibenzyl. This oxidative reaction was demonstrated to be applicable for the bond
formation between sp3 carbons (b).

Vanadium haloperoxidases catalyze the oxidation of halides, permitting halogenation of
organic compounds. By considering the function of the active site, environmentally harmonic
catalytic oxidative bromination of arenes in aqueous media was also performed under relatively
mild conditions by using NH4VO; as a catalyst together with H,O,, HBr, and KBr (c).3’4 This
method was applied to the bromination of sumanene (C;;H;z), a C3y symmetrical fragment of Cgg,
permitting to the synthesis of novel n-bowl compounds (d).

a 1) BuLi b
@ B Uil cat VOOENC), ®o  vooeycl,
RT | - y BBn, —— Bn-Bn
X 2) BPh, Op, A rRL |
-75°C A
(©) cat. NH4VO3, HyO,, (@
HBr, KBr .
Substrate > Elr'g(rjnlljgtastlon
HoO, Ar, rt
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FA T R ED~T uEERILAWIE, ITIEREBRBEMEORRICROND,
FAT 2 U HFRERE SN oA ) TFF T =X, EEWEAE, AREEE, KRS
ME, GEBRABELLCICEESAvbh, BREVHEEZRTIEBMOND, ~
FuEEFEREY I T ERIZLOEES FOMEN»O—RAREBIEDORTREIL, FHEEN
B RADFRYERTHODOT o AMEEOBAN O LT ICEERFRETH D, LF
EIN—TTiL, ~TuEERILEDEERICOOERI FODRBBVEELL LT, ~
FuEEEILEMD CHESTON v 7Y Vv I RIEDERRFIETH D L EXRISRFHC
ROMATE -, FFETIX, ~TuEFRIEAYWTOCHEERDT ) —/MERIERHE
By 7Y RIS OB MEERER, RISEARERBLY, X VMM ok ADER
EODXULERGHBHEBICETIZEREZREBIRSTND,

(1] F7Y—N, FET7 = FEHEDOCHT V=, CHREI YTV T

RSy A, RMEOFEETIC, FFE LTI vbT VI TFAT UV E=T L EMZ
T, FT/—MzLTIve7 V=L &2ERASER L, F7Y N0 2 L THEFERAY
2T ) — BRI 2-T U —AFT7 S —ABNBRLLEBELNDZ ERbhoTz, —F,
L L TRV AERWS-TIV—AF TV -V ERIEE®EDR L, FT/—ADEALT
7 U —EAHEIT LTz, ZORIS TR, HIIAIE LTT7 vL8R (D BHEDITER L, Rk
BRITF A7 = VHEETHRIDZEBbhro Y,

[ 3 —H Ayl oal P20 [ B—Aryl‘ ™
+ r —_——
% y "BusNF, 60 °C S

57~82%

5//- cat Pd
Aryl' + 2 —_— AP Aryl! 2
H—c\s§— y Ayl>—l AQF.60°C y —(S}‘— yit ()

67~85%

[ 1. N -
+  Aryl—I AgF, 60 °C Aryl S R 3)

~60%

RS AEOFEETIZ, BN E LTT7 B 2MATFA 7= v 2R ESED
EHMBEFOMCHBEETEREN v TV U IBRIY, EFA7=rPINERRLELN
B eBbhol, TORBTE, RE-—RFFELE2LOTFTA 7= UFEELZRAVTRES
EHTH, RE-EFFBAETIELLEET, RE-—KBFEETORI T v IHED
B ENbhotr, ERHOSTOECF AT =2 EBEEOFIETERTZ-HI21E, F



F7x DRFE, BREFL REFLZ2EVERINIRLT, ARGIET7T bbb/ I—
BIZEN-FETHHLEEI LN TEB?,

PdCl,(PhCN), (3 moi%)

Br »> Br r
S DMSO,rt,5h S

FAZ72VDCHFREN TV U TREBMRGE LTHRVIEL, EBERMEEEZ AV
ATV ITRISEBETHIZLICXKY, XESERFV IFAT7 0 FEHEEZEART D
ZEIZRHLEY, (FR) 2nbDA Y IF A7z VI RBICRE-BEEESL LOD
INODFEEZFERLT, ZRATREERETOZLLAETH D,

A R R
Brm&' Br $ [\ Br
S S S S
R R
{ { z \ (sz ;s] I\ /N s s
Sl & VW \NF FN < VI
R R R R
R R
b/\ d/ (s] (s) b/\ (‘S/\
Br s S\ \ / \ / s S Br
R
seSS U NN N 7Y sy o
\ / S S \ / \ S S \ /

[2] RIET vt 2DRL & RISHHREOAZHA

FTV—=N, FET72VFBEEOCHD v 7)) VIR, BMEIE LTT v{bR (D
ERAWDZ L THRAITEIT LD, 7 v LBREEGLRRIERITH B, £, —BOKS
TR TREWNENEREINRNFENRH D, £ZT, 7 nvA0%RILEZHEL
TV EMTHRREMBIOEE L, KEDOWNER EZ2BE Lz, MEER() L7 vikd
VO LEHAGSDLDETHWADZ LIZLY, 7 v{bBE2HMAIE LTRHW-ES L BIKRICK
IEBETTHZ e bhotz, £, RISHIZEENZS T THEMT 5 Z &1L D NRIH
BROICRETAZELHELNE RS,

Bn Bn
cat Pd B OMe
+ — r
Br :sj ! D OMe = gNOs KF :s} O

60 °C, DMSO

4 4% (one portion)
— 87% (5 times)



PdCl,(PhCN), (3 mol%)

é 5 AgNO3, KF - 4 s é &
Br it Br r
S DMSO,rt,5h S S

2% — 81%

RISBHEDORERA 2 H X LT, (kEEREOT ) —VALSFEEEAVWTFA 720D
RinaRBZlhol, TOREE, BEEFLEITV—NVELFAT7 =V EE b OBEERED
INRBLBEONE, £/, A&V 7untfklF 47 - VEEETHEBED), 7 vkh
VO LAZEEMAEIE LTRAWTRREREEZA, F47 20 EE _OFoB&6EE1 5
Shi=9, 7U—N (»~u) AE&AD#EEERE, P egeDEFCEdTs2F47 =
CVOBRBFBBRICHEI D TWAI L ERBELTWS, /X7 VU LA AV D RIGIC
BWTHFRRARRRISHERICO—HTHHLEXDI LB TE D,

Me e

Q l
{ § AgNOa KF N
/ \ 50°C,5h /P‘\qsr
DMSO
S Br

74%

AgNO;, KF
YT e \fI

70%

2 ik

1)
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Okano, K. Takamura, M. Kinoshita, T. Ikeda, Org. Lett. 6, 2011 (2004). (c) J. Shikuma, A.
Mori, K. Masui, R. Matsuura, A. Sekiguchi, H. Ikegami,
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Construction of n-Conjugated Heteroaromatic Compounds via
Palladium-catalyzed CH Arylation

Graduate School of Engineering, Kobe University
Atsunori Mori

Heteroaromatic compounds involving thiophene and thiazole rings attract considerable attention
in the field of nmaterials science. Accordingly, construction of  organic
molecules containing heteroaromatic structures with high efficiency is a pioneering field
of process chemistry. We have developed new palladium-catalyzed coupling reactions at the CH
bond of heteroaromatic compounds.

[1] CH Arylation and CH Homocoupling of Thiazole and Thiophene Derivatives
Palladium/copper-catalyzed reaction of thiazole with an aryl
iodide in the presence of tetrabutylammonium fluoride as an activator induced CH arylation
at the 2-position of thiazole. The palladium-catalyzed reaction of 2-arylated thiazole with aryl
iodide in the presence of silver(I) fluoride underwent the CH arylation
at the 5-position. The reaction of thiophene derivatives with the similar catalyst

system also underwent the CH arylation and homocoupling."2'3)

[2] Improvement of the Reaction Efficiency and Mechanistic Investigations

The reaction efficiency of CH arylation and CH homocoupling was highly improved
by switching the activator from AgF to AgNOs/KF and by applying the fractional addition
of the activator. A stoichiometric reaction of aryl(halo)platinum(Il) complex with
2,3-dibromothiophene  afforded  aryl(thienyl)planitum(II) complex, which was an
analog of the palladium intermediate of the catalytic reaction. The reaction of dihaloplatinum(II)
complex  with  23-dibromothiophene  also  furnished  the  dithienylplatinum(II)
complex. These findings suggest that an electrophilic substitution
of thiophene derivatives to the palladium intermediate is an important step

of the palladium-catalyzed system. 4
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FRBERFEHAE
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TILVFEF, 4 IVHEIINT 3 v F BRI REAMRIGIE, HEEELETVa—
W, BEFELEYREDERLEABRKIGD—2TH B, TNEFTAFMPEL LT, BNV
4 ABICAFREFOERM L% 5004 ABAES—B I Avoh, ERLHERTD
T3, 70 b VRN EBNLVAL ABTHIY, TV ATy FB2RE—IREGEE
ARG BT 8 E Ao BHIZEO TR S Tz, JEE, F4R#%ES TADDOL
7E, PHEDONREEEERILEYN, 7LVTEF, 4 VTN 3 REMMKEOENT:
AEMEL LCKEETAZLBRWEINRTWVS, I, KESS2EmE L
T, TVFEFHB0idAf S vy 2REFHCEEELL TS, —F, W7V VY ATy Mg
EAFMEL L THVERBIRINETIRIBEALREINR TR, HAZ, BT
VAT Y FEETHAXF INERRY VEES T AT IV 1A, BI-AFMEL L THRIET S
EEZROWEL, 43R aRAMRIG, SMBERIGESETF v F 4 BIRNICE
Tz tzWHoIc L, RPTHNTINEDH 28BN A AERAIE L KT 3 &,
D TR I3 EESE, AFIRLTRETHY, WIS BEETHE I Lh o, RIEHR
MRAE E L CoRBBEHINS, V) YBHED 7Y A V& Z2DAFEBRRIG~DIGA
BT AR EBRRB Y,

X  ¢——— Stereo-controlling group
OO 1a; X=H
O\ ,,0 . 1b; X=Ph

¢ Lewis basic site 1¢: X=4-NO,CeHs

0O~ OH¢—— Brensted acidic site 1d; X=3,5-(CF3)2CgH3
OO 1e; X=2,4,6-(~Pr);CgHo

X ¢——— Stereo-controlling group f: X=9-anthryl
[1] ¥IVT VY RTy FEflED 7 A ~
Bx ik, 7VVRTy FEBOA S VI 2 REAMRIE, MRS EIT 552
I GRS LCER T3 Z L 2BECBE LT3, T%bS, HBFs Z 7V VY AT v F
e LTHERBAVWSEZ KD, ST B YL ) 57— PDOAMRIGTH B~
v = v e BIRJE°, Danishefsky's diene & @ 7 ¥ Diels-Alder SIGAY&KEEH H 5 v [dKH
KBWTHRRBOET L, TNODBERZTLIC, ¥FIVLTLVARATY FBOTFYAL V%
otz MO FHFAL L T1) BiEE, 2) RR#EED 2 JICERL 7,
pK.73-0.44 TH % HBF, DSEEfilft & L THENTW B Z 95, pKo 8 0 RE DR EINEY &
#Z2Z 72, (EtO)P(O)OH D pK, 7513 THB T L, 5, FIBENLAFTRELHET S
DIZiE, RIREEZEL TR LBUETHELEZIONS I L5, (R)-BINOL 24
FRELTHWTEFINVBRY VB AT V1L 2T A v L,
2] ev=vy eBRRE?
9, HEHBEOYVEE 1a 2HVT, A SVELAVEBIATVHRDY T VYY) LT X
F—ntnwrv=y tBREERA, BRULEYTH 5 -7 I /BB AT IV IZREF 2L
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FREL, 7z VEOBHLEZ 1b 2HAVEEI A, IHFIEEKIZ 28% ee £ THRILEL -,
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ok, FENELIcELEL, T, 4= bu 7 2 VEDOEBRL Y VEE 1c Z AW
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FLHEOL gn EIRERZRL, £ onBldFVEEME TR N,
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N + / OR3 > /\/U\

1 3
| toluene R : OR
] R2 R2
R -78°C, 24 h )
syn/anti=87/13=100/0
90-96% ee

Aerv=y bBRBICBWTE, Gt rF B REOHBRIA IV OFvELD7
2z NVEIC -t Fud v EOFEBNATH -, ZOEEKER%ETIC, €72/ —VEH
koY vEEEETFTLVE L THOWTEE LAz AVW-BTFLEHBE2T-- L2 5, 98
BIRA S L EPREEZBET, A S VD rel& ) RIZKBEIETLTWRBE I EZHSH
L7,

[3] & Fak i) LRIE Y

a-7 /) RRAFR VBT ATV, BEREEEEZETAI LSO NTWS, VY VBl
PRAOCT, A3 VICHLTHY VBB PAINAVRERICBRILICEE7 I/ F AR VER
IRATFNLVDERERAT, FRA2 LY VEBFEEZRE L 2ER, 3,5-(CF),CH; EDEHL
YV 1d PROIBOVAFNREZEZ -, RKEFLE LTERY VEBOA Y 7R ELdE
bRFLEREE 2T,

OMe
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N E:Oi-Pr
R)I m-xyr/tlene S
[4] ~7 12 Diels-Alder K>
RICBTHBES LV LA 2V DT Y Diels-Alder RIG2BE L7, 2N T, FEME:
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12 MEBOFEMZHEM TSI LIk, EBEYDILENEE L UAFNENRELTHLEL
720 B% 24 ¥ D7 Y Diels-Alder RIGDFERZRT ),

OH
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N OTMS Ar ©
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NET, HEIEMRA I & Brassard's diene & DY 7 AT L A EIREY 7 3 Diels-Alder Kt
IBERE SN T 72208, SR I ) >~ F AR 7 3 Diels-Alder KIS IE R 7ZHER D372\,
BRIIZBTIE, 33M0BBE L LT, 9-7¥ FILVESRD REFLRER2E5 X,
HiZ, VVEBBIfOEBY P UERRAVS Z L & D {LFIERA L L 72, TN, Brassard's
diene DSERICK L THED CRLETH 55, B2 €Y P =y 0L L THREERZET S
BB EICED, PvoEEENALLEZ-ONERAELZbDEEZI TS, KA
%4 T ¥ & O azaDiels-Alder K2 e L7z, FHEBRTNVTE FHEDA S v DHL 6T,
FEREE 7 VT FEEDA SV EDRIGIZEBWTYH, B+ vy F4&ERETHET 2R
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N Me N
' OMe
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INE TOT Y Diels-Alder Rivid, BEFEES IV LA IV ELEDRIBTH %, RiZ, 7Y
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Chiral Brgnsted Acid-Catalyzed Enantioselective Synthesis of Nitrogen-Containing
Compounds

Faculty of Science, Gakushuin University
Takahiko Akiyama

Recently, chiral Brgnsted acid catalysis has emerged as a new type of .
chiral catalysis.” We have designed and synthesized chiral cyclic O Ar
phosphoric acid diester 1, starting from (R)-BINOL. The phosphoric
acid exhibited excellent catalytic activity in the addition reaction toward
aldimines such as Mannich-type reaction® and hydrophosphonylation O
reaction.” We have found that 9-membered cyclic transition state model
for the Mannich-type reaction.” Aza Diels-Alder reactions of aldimine
with electron-rich dienes such as Danishefsky's diene® and Brassard's diene® were efficiently
catalyzed by chiral phosphoric acid 1 to give 6-membered aza heterocycles with high to excellent
enantioselectivity.  Reverse electron-demand aza Diels-Alder reaction of 2-aza-diene with

electron-rich alkene gave tetrahydroquinoline derivatives with excellent enantioselectively.”

iy
o™
1

Ar?

Ar\N N

;2 ) \%\ ’ R o
R R2 oTMS upto 91%ee
up to 96% ee 0]
HO OMe OMe SV
/l\/koms |
Et OMe

)]
/=
)

0
f’\ N
A OEt Pl up to 99% ee
SAr R
_OR / Z 0okt
? \on
up to 90% ee “'OEt
up to 97% ee
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INFETOEBRESHRILZIIBNTIE. RBOAEE, RIGOBDBREEZENELT, BL2D
A AfemhiE. 20T AEEAEEZ AN REOARBNERICRINTERE. Zh
WHLT, BAORBTHEZANVWSZENEREINTEEEAM DERNRILE, R
AMOBEWARIETH B AF N AINEFT R (DMSO) ORFEZENL T, fliEZ2<H
WTIC TERE ) TETESE2IEZBMNELTEARRICEFE L, J2TO NERRE]
i3, i s U A BAZEINTNEHDIEZ—HANENENSIERTH 5.

DMSO F TOEMERIHIZ. CNETIAIOTVIMEOFNBESN TS, &
B, REREDICEEERDDICEREINS EVSHBRIREFENERINTNS, TOD
=8 A E L TELSAVNSN TV S DMSO ORtE2iEM Uiz —RIEDE WEAE SRR
BEBERT L. RIMRMEOCEHERE. HREOSZST, JU—2F3IAM— R
) OB AN S BEBO THERATHBEELISNDS, ZOXDRBEZHICETE, DMSO
—AFYUREEEP T, PHNIINIHUTHEAENI ZLFIN DU ERIEEE S0
TIYUNI—FIEBRNBELETTAIELEE2EFTRHELEY., ZNEZonFELT
fixDERREMERSEZBRRETEZIENTEZDT,. TNLDORREZBRNS,

(1] 7NVFe RhoDs7 /b R CEREFBIATIVOEMESRY

TIFe RETST ARSIV EDKIEE. DMSO BiiEHh, ERETELFa 57—
—JZ (MS) 4A OEHETFTHS & ®ETHL7 /b R CREFHRIATIVAIRE
<gohni (R1). T ABRRISEVEOKEETTITO & E ROFERT
J—DI7 ) RYIATHONINBESEBRTHIENTER, EMETIT /1L
NETT2EMELTIZ. DMSO A7 b= MUNNRIAFIVEINLT S K (DMF)
EDHENTVNSZ EMRbMoTz, DMSO ODEEER T, RISHITHZ ST MR
ANVDOANRIINVREBEERFICRMTE I EICED. REFINHEMICEREENTEY
DRIEVEITT B EHEEL TS,

MS 4A 0Bz
RCHO + BzCN —_— (1)
DMSO /1t R™ "CN
(R = Alkyl, Aryl) up to 97% yield

[2] PINVTFEERSDTT /b RY VREI ATV O ERMESRKRS
PINTFEREST JFBIATFINEDRIGZEZ., DMSO BEHF. MS 4A OFEEFTITD
EETALT I E RY VREBEIATFIVANRRBLISESNDZEZRBLE. 7/ F



BMIZTNOTINFNEETINVESIZVERDNEIRAIATS. AROEHRKIENT
BONMIETLE R2)e TORBIZT FATI ) I—IZBNTVE EEDHIT. HIVRZ
WEIZHT 227 ) EORERMME, C ROFEOEMHZT Ry b TIToTWH LN
SEHTHRKEVWRIETH S, TORGZINIORE & A RRICEIETETL WA LS
2o, EETHKGHEICET 2 LEHEOBROBNDLTFETH D,

MS 4A OCO,R?

R'CHO + NCCOR? —> . )
DMSO R “CN

(R = Alkyl, Aryl; R2= Alkyl, allyl, Bn) up to 100% yield

(3] DMSO BFEFRIZBIT B HNRZIEEY OBk b ) 7)) A 0 AF)ED

NUINWAOAFNEZETHILEMIFRNREYEREZETHIENEL, TOME
EREAEORRBIIAEERICBVWTEETHS., NI IZNFORAFILNYAFINC S
1. BN A O AFNVEEZERD TIHARADESICLELIZAWS A RIGAITH 5.
DMSO &, MS 4A HFETF. B2 OANRZIMEEDIZH L TR ZILAOAFIV
DAFIINTSOERIBERED E, MIETS M) 7 FAOXFIUEENRTAPNIENRET
BohaszezHLMILE (R3). ERETIE, BEEAREOfEZ—RANTICENR
ZHTT, 7IVTERSBIWVWET P o0WTHhOEHN 5SS, A—2FRIZEET ST
WI—F IR I ATIINVEZERD 2 &<, EEEBRIAIC N 7)VAF O AFIENE
79%, &5, PIVFeEREZEEMEEL THWEERESIZE, ZiE 1 09fR TRIGN
THETHENIRFHDBALTNS,

FIMIRZEZ HICEDE, NUITNAORAFIVRIAFINISORODICRY AFIVY
UIVTERZBMI)IINERAWEEZA, PTIVTE ROEMIES T ) AFIVEDETTR I E
NHino iz,

Q MS 4A TMSQ_ CF,
] )L , + TMSCF3 ——m » (3)
R ™R DMSO / 1t R "R
(R = Alkyl, Aryl; R2 = Alkyl, H) up to 100% yield

[4] DMSO BftHIc BT 3 7V T b RO EME Henry KRS

Henry il AVERZIeEME—ROTZ VA NS-= a7 a—)VEERT S
RIETHD., BERERILZIIBVNTEHEIDSHASNTNAREERRE — RFBESERK I
D—DTHB, TNETIT. VA REEPCIA ABREL2EE L THWS Henry KSA
BEI|EINTVS,



ZNFETO DMSO BFER TOEMBERIGIE. 7 b R T XTIV ED AN RV BN
BLEHDOR M) AFIV VD )IVENRES U RIGHIDSRIZEA Z I RMICTESEIET I &
ZFIALTER, RIZDMSO OENERHEZ S E<EMIE., BEEOBWEEAFL >
{EEHD ARV EIZHT A IMKE S BAE TETTHDOTIERWNEE R, BRFL
2o TOD#ER, DMSO B, MS 4A FET. ANVRZIMEEHMIIH L T hO XS >
ERINEREEZA, RETH-Z a7 A—IINRBLILIBENB I EEZHASMTL
7= (X4), 512, DMSO OO DIZDMF 25 E L THWS RN AKEETL,
TERZbMUI, HBEAFLY, AFH U EOBETIIFEAERIGNETLRNWIED
bofz, ZbOXF UM, Z a2, 2-=ba7aN E2RANTHRERRE
MNET L. RIBRHIZ MS4A ZMMATICKZHESI R TRFERRIGETI & BROK
IEMIZEAEEITLENWZ EbbMho Tz, 5. DMSO B#EH., o,p-FREMABIVE=IV
ftEwic L T baFNVh E2REIREEZS, 1 4-HNMRENETL T, XHT3
yZhOANRIIMEEIDRNBLLBENE ZEHAMLE (K5).

MS 4A "
R "R DMSO / rt R2
(R1= Alkyl, Aryl; R2=H, CO2Et) up to 93% yield

o) MS 4A M/NO .
PN Np,, * CHNO: > o 2 (5)

DMSO/rt/24h
92%

UEDEX ST, MEZBERICANS Z LR W DMOF AR EAE RIS OBRFEIK
Wiz, INSDRIETIE, DMSO ABARGHID I IR ZIVRERF H 5 Wd T 1 REFA
EENL TRIGHIZTEMLESE D Z LK D RISPETL, RS ELEINTHWET S
CREDEECSEMEREEZ—YPANDIURENZNEVWIBENERBERAL TS, £
7z. DMSO BRI TH 5 Z LZ2FAL T, ERREANDRARE 7O 2{LEAD
REBHFEINS.
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Catalyst-free Efficient Reactions in Dimethyl Sulfoxide

Faculty of Science, Ibaraki University
Takeshi Oriyama

The continuous discovery of new and efficient catalytic reaction is one of the key steps in the
development of simpler and cheaper syntheses of complex organic molecules. Furthermore, a
catalyst-free reaction is more significant and attractive in synthetic organic chemistry from the
viewpoint of environmentally friendly chemistry. Recent efforts in our laboratory have focussed
on the catalyst-free efficient reactions in dimethyl sulfoxide (DMSO). Our previous investigations
documented the silylation of alcohols with trialkylsilyl chloride in DMSO-hexane without a
catalyst” and cyanobenzoylation of aldehydes with benzoyl cyanide in DMSO using no catalyst.?

Cyanohydrins and O-protected cyanohydrin derivatives are known as one of the most versatile
synthetic intermediates. For cyanation of aldehydes, TMSCN is a commonly used reagent, because
it is safer and easier to handle than hydrogen cyanide. Alkyl cyanoformate is another candidate as a
cyanating agent of aldehydes for preparation of cyanohydrin carbonates. Therefore, we found that a
variety of cyanohydrin carbonates were readily prepared from aldehydes with cyanoformate in
DMSO using no catalyst in a convenient one-pot procedure.” These reactions was supposed to
proceed via activation of the agents by coordination of the DMSO oxygen atom to the silicon atom
of trialkylsilyl chloride, or the carbonyl carbon atom of acyl cyanide and cyanoformate.

A trifluoromethylated compound shows unique biological activity, so that introduction of a
trifluoromethyl group into the molecule is applied to medicinal and agricultural chemicals.
Trifluoromethyltrimethylsilane (TMSCE,) is one of the most promising trifluoromethylating agents
for carbonyl compounds. We found that in the presence of MS 4A in DMSO, trifluoromethylation
of various aldehydes and ketones with TMSCEF,; proceeded very smoothly to give the corresponding
trifluoromethylated adducts in good to quantitative yields.”

In the presence of MS 4A in DMSO, Henry reaction with various carbonyl compounds and
nitroalkanes proceeded smoothly to give the corresponding B-nitroalcohol without a base catalyst.”
Moreover, 1,4-addition of nitroalkane to a,B-unsaturated ketones was also performed in DMSO.

These reactions shown here are experimental convenient and very attractive from the standpoints
of green chemistry, because the atom economy is extremely high to consume almost all reagents
under mild reaction conditions.
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i IEth

EROAPRICBVWTEBSBREEOKRVARICMETD 1 1ETK 8- R- &1, €
OUHEIIMMOBBERBE K& By ML U TORERIHE VREILTHRY,
B LRI,/ B BEESRE Z VIZK WI EBZOBERD—DLEXOND, offG A%
T AR R ~OMINKIE 72 £ OBILBOE b E FLRWRERIGDOBAEhEIZX
DEMEERIZA O TR Y, FEHRBIRELTTBE LV, Z0fliTdivn, Fx
X, DRTIVEMFHRICED 1 1 ETREEOESCRBIZEKZ/F > THEL T
Do BT, BEAADENF L — MEEALFHA, 1 1 RAERISICERREE DR ETTZ
LERHOT, ThiCESE, e Fav I ka7 rva—LokEy Y k) V2 %
[FUATAa—AHEEL SR hbLOT VAR YRERRS] © 2B L, &%
EESFZE Tt Th O 2N RETER~BRT 2 & L bICHRROMERISZ RS L.
THIZE 5T 1 EREEAIETE L O BRI A 2B S DICED B Z LR AL LT
MEx T, FORRO—HEUTIZERRS,

(1) ZFULFLA—LEEKESROAUMLDT ) IINERIFEERRICOTRFEEL
HZEEET VAR ORILAEWT. INVEZNEEYERROI R TEIRBICT Y VL
L. RFEMEFRETIATA =L EEZZ2HARKGHITHD, L, BEFOEKRIE
TRITINVFEHENMCEEREBEULVLETHS L, ZEMEPET S, S-EHEREREE
STHLDRBRELLELD~DEAVEETHD, ZNoDRBELAFRTE SILAMED
BWENRESRIEDORENEEND,

2 M TIZHFE LTV 5 Cu(l)—Xantphos Iz X 57 ) AR U REMRBIGE. AFHE
SRTINALTLa—LHEUEELMNER I ONMEEBRMICT VLR Y REEWICEREERT
X AME—DRETHD Y,

10 mol % PhoP PPhj
Cu(O-t+-Bu)

OCOcha Xantphos B(pm) 0 (o) O
Bu’\/\Me ]

98% ee 0 C 23h 95%, 96% ee

Xantphos
AR T, FESBEMNFZEA L CIORGEREMETAZ L 2KRETL. Z B
BOT YIIRBEBT AT VORIGIZ, REEMFE LT QuinoxP*ZAWVD Z LITXY . 9%6%
ee EWVWIEFAHLNVOESERIREZER TE T,

5 mol % t- BuqkL
Cu(O-t-Bu)

Ph X (R,R)-QuinoxP* B(pin) @: I
/\Al + (pin)B-B(pin) NN

toluene
0CO,Me .
2 0°C,20h 78%, 96% ee (S)

t Bu
(R, H)-QuunoxP



ETMEEMIZL D DFT HHEORBRICESE, LTORSHEEZEBEL TW5S, T/
FH(D &R Do AFZ BRI > TH Y E (1) PREME A BERKL, TIU L
REET AT V& DFHEERTY-7 7 - 81D 5 (B) BLESRREIZAERKT 5, Z
DS, 7 VAL C-O fEEDo* & C-Cu fEAMHECHE/EANEETH D, KIC Cu-B i
BDT IV o ~D syn I LY HERKT 5 T A 80 (1) FREE C 2 b anti-pILEBEDEEFT L |
TUVNRUFEEMPERT S, = FARIREORBRICEELRERIZ., T/A72—
pEfE B, 723z hicki< Cu-B (MEBREOLZEETHH EEZHND, B OFEIC
BT QuinoxP*ETFNAD -Bu DI HLO—FRRIGEEICELIEEL COIEAREY 5 2
HIll, TAF L OEERIZZECBONTCI VRN THLZ LBTREENS,

P X
MeO-BOIN (in)B—C R’j\ AModel for Complex B
) 2 \ 0CO,Me (\
0]
A L%
47
B

(pin)B-B(pin) . P
(pm)B-..'cld'_P)

p
, -

MeO-Cu) H Me .’ I \\/
) = -H $./_ --Cu.. =

P R)I‘-|¢H e '"“‘-\P
: P W{,’. xpﬂ
H, B(pin) : i,P OCO,Me /
. A~ (pin)B  Cu B H g
+ H"WIH
€0 3 " B3LYP/6-31G**

QCOzMe C

[2] PULFLIA—LGFEEALORY LSS A TONRVERRS

ou7a RN ERIEIRAEBLEMCILIEILIERONAHBETHY, Ry raTs
BAVEING YT a R BEREROILEVMEER T HTODEALT 7T ry s
ELTHERTHD, ¥»7u7aX M EW0E< IRNICAETSEZET I, HFEHE
AU 7aTa S BFCEETHD, BEFORARER Y Vo7 rm T a U ERIED
ZE A EIRERBEACFEROICAVE LOTHY, MEMREARKIT, B s o
TSy OREE RahsURKIZ LS bORME—DFITH 5,

Xantphos—#fl (I) il I L 57 U AR VRO ERIEETIFES 2 H ¢, BBEEEyAL O & #k73
VI NEDEE Cu-B DT VT L ~DATMOL BRI R U, 2 DR E LT trans-1-
VIN2 RN N T T anNeBERTLHZ LR R L, TV NMRBBTZ AT VO T Vi
VR OSIAEIEA . RS, MOMERRE, CABRMEOVTIC b KX RE B
BIEL, WTFhi ZEOFRER TS, FRAT ¢ VELF & LT Xantphos Db Y IZ
SEGPHOS = QuinoxP*% i\ % & | RUGEED D LIET L72ds, mWHEMED rans-1-
YN2-RY A raTa N PENRTELRE,

A FEWRIEIC L BB Y VRO OME BRI DO WAL, Si-C Do*& C-Cu FEA 1M
EOMAENERANR, TINVKRUFEEEZDHEITELS C-0 Do*k C-Cu FAMEIEDHEE
EREL Y DR THLZ LiIcLDLEEX L, DFT #EORER (AE =5 keal/mol) &%
NEXFLTWA,



10 mol %

Cu(O éBu) Me;Si B(pin) Orbital Interactions (B3LYP/6-31G**)
Xantphos +
MesSi” " 0C0,Me +(pin)B-B(pin) i3 B(pin) MesSi o(C-Cu) o(C-Cu)
DMI . Blpin) o B Cu N\ B
30°C,29h 60% 17% \ [ /
trans:cis = 87:13 wnn G—Co1 .C—C..,
Nt < e
- 3 mol % . f
Me3Si Cu(O-Bu) MeqS| Bein \ g Lz o
™ Xantphos + o 9'(C-0) o%(C-Si) C°H3
OCO,Me *+(pin)B-B(pin) T B(pin) MesSi
30 °C 1h 96% 1% 0 kcal/mol -3.7 kcal/mol
trans:cis = 99:1
99:1
. 5 mol % . .
Me,Si ?#g g -Bu) 5 Me;Si B(pin)
uinoxP* +
vocozm + (pin)B-B(pin) ————> B(pin)  MesSi” 7
30°C, 24 h 95% 1%
96% ee (15,25)

ZEORIGHE, BIREBEALTWAEBIIUTOL I ICHATE %, Z&~D Cu-B £+
AREMIE. Cu Do REDIFILFLZRFLRBOSFHRNSLBRGIZEY F T REED
vra7anRvBREERTES (EBKED), ZhicstL, E&~0 Cu-B N4 H>
b, a REDIBLEEZRFE LD OBBRRIGSHEITT 2546, Y7uraXVREERK
THEBRE (E) 2BWT, YULELRIALERNVABRBLERYD, KRERIMEREHN
AUB, TOMERFEEZEET D=, Cu Do REDIEREEZ D W BIORGEENE
5L BBREF). NS REBOY7urlaNrdERt 5, 20X IR EENLDY
77 a XU ERITHEBRBORGBERTHY, TILVKURILEHOLERETEET 5,

ch 8 K'Y
H B
Cu-B %r / SimC—C-H
= \ Hib—c.., N J’>v<ﬁ
s \—ocoMe Y H — Cu\’,Q'@cozR 3 si Y H
ocom | "H'p | Glon e
[SI: M33Si ] ’I N - s B :t
B = B(pin)
Cu= (P-P)Cu " ,;3‘_55.{’“ sy’ g
ciMCS.oco,R H o H
si cus ©C4 B HY ,q\? | o s
— —Lb Siv C_C"UH = E =
0COMe H? AYa Cu 8 ¥ H B
OCO,R S,“’.E%o....H avals
4 X si ¥ H
H SipeoR| od, & @
I H a F | culor 'rans

vrurzunRr DY) VEERYVER, REMICEN TN RS IAERICE
BARETHD, ThEfATINRNZREMIEIL, AFEEL 7 oo R LEhOER
TEMFEIIRD LD LHFTE D,
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Development of Copper(I) Catalysis Based on Ligand-Control Concept

Faculty of Science, Hokkaido University
Masaya Sawamura

We are pursuing principles of activation of group 11 metal complexes for catalysis toward
advanced organic synthesis. Our research focuses the design and use of a ligand to have a discrete
complex that is highly active for selective catalyses. We recently found that the Xantphos ligand,
which is a bidentate phosphine ligand featuring a large natural bite angle of about 120°, exhibits
distinctive activation effects in group 11 metal catalyses. This finding was exemplified by the
development of the Cu(I) and Au(I)-catalyzed hydrosilane alcoholyses,'? and the Cu(l)-catalyzed
y-selective and stereospecific substitution reaction of allylic carbonates with diboron.’ The latter
allowed an efficient access to chiral allylboron compounds. In the present research program,
significant progress has been made in the development of catalytic enantioselective synthesis of
allylboron compounds and related reactions.

Our endeavor to find a chiral catalyst system that promote the allylic carbonate—diboron
substitution reactions led to the identification of the QuinoxP*-Cu(O-¢-Bu) complex as an exellent
catalyst that allows the catalytic synthesis of optically active allylboron compounds with
enantiomeric excesses as high as 96%.

5 mol %

Cu(O-t-Bu) 8 t;\lB"%P,Me
Ph N \ (H R)-QuinoxP* (pin) N
/\/W\ + ' Ph/\/\/ >
0CO-Me toluene N"SR,
2 0°C,20h 78% Me’ “-Bu
96% ee (S) (R, R)-QuinoxP*

During the course of studies on the the allylic carbonate—diboron substitution reactions, we
found that the y-silicon substituent causes complete reversal of the regioselectivity of the Cu-B
addition to the substrate C-C double bond, resulting in the formation of a B, Si-bifunctional
cyclopropane. The QuinoxP*-Cu(O-z-Bu) complex gave optically active
trans-1-(trimethyl)silyl-2-(pinacolato)borylcyclopropane with 96% ee. DFT calculations
(B3LYP/6-31G**) gave a rationale for the critical importance of the orbital interaction between the
highest C—Cu bonding orbital and one of the Si—C anti-bonding orbital.

MeS| 5m8°s) Me;Si B(pin)
3 -t-Bu 3 pin
. \ , S?) QuinoxP* \A\ + _ /v
0002Me , \ THF B(pin) Me,Si
30°C,24 h 95% 1%

96% ee (15,29)
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EMBEREERELER
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AHFETIL, EB»OFREE~DETFBHERISE AWV T, fEREBHIFI DD 20 TR
JSNEFFR L O ERIRAY Ry N _ERFR/EEHRRICORE] &\ 5 FR i ke
L. BWEBERnE, s, BIRML2H L., B/24MHI2T Simple Procedure TKE
ERLRSTREARERN B/ uR Wy 7 ) Y IRIGEODBRFE LT o7, Th b DRI,
SITREBRTROKER [ERMEGLRIS] . B FEENZ A TORETHRICL 5%
ERIGHEARFETF] ORI PRBBEROBES FTEROERIZENP DI LD LHFIND,

(1) BBEBXTRIEZAVWETVRy FELEKBROZERRT VIV ERE

AFRE ST, BETIIZORECHER B CTERETRETHD [TAT=F V]
EREFREDRIEN OB OND AR &L F UHEEEL b ORE- 7 VIV LERM % . IBF72
ZUETHELBETHROCBRMNIZEONDZFELRHLTWS, 12 LML, ZThbd
BiG IEMA L7 4 VORERFIZENTEN 1 HOT INELEAKRRFHEAINDE
T ThHB, ¥ —FH. ARBEBODTES TEMARA VT 4 VIEEDOEFDRERFICENE
NTONERZ_BICEATIECLY, —BECTEAR 14—V INK=VLEMZERD
HIEBERLIBODTEETHD, TI T, FAPFETIE, BEXKYON-TINAVIUIT IV
AXIHNNA LEY—LVOEETOEREBEETELZRVT, BL20T7 IVERT
NAXSANRNEEZRAF LV SERAZT 7 VBT AT VD vicinal AV 7 4 VRFE
BFOMAIC, EEEFES v 7HEEIZIT geminaF REBRFIZT VA ANT=NVEE,
DUy MITEREFN_EEAT D ZERE- 7 VLIS B HRPOBHEICEZ D
FEEOHDTRELE, &E5I2, TOMERIE LTantBO 7 o AR NVINED T =
=NERAVIUE, Y7 uaFulvBE LD MIET3AER TS b ALED EILEFERR
ICERTH5ELXRH L,

2
R (R=C0O).0 ® o
or 2 +2e (Zn—Zn RIOO
+ 0 y
Ar n-BuyNBr, Ard, R
1 RS'U‘NQN DMF "3
R'=H, Akyl 4 Yield=85~33%

R2=Alkyl, R3=Alkyl, MeO-, E1O-

® ©O
+2e (Zn—an 0o Q
2\ + (CHyCO)0 n-Bu,NBr /u\r
X 2 DMF X 6
5  X=COOR,CN Yield=72~45%




—ARICEBE TR ST, BEEICHENIR B T - EREO v — A — B2 A,
XFFEMHE L LTO BwulNBr, @BREOT7 VALBEIROCEE %25 Lz DMF $i2T, &ii
BETEBREFMEICTITR ), 1 4~6F/mol DEFEZ BEL=%. JISREWITEE D%
WEH1T 20X, BRERDPHECHEERMICELNS, AFLUBEERQOXUIAZT 7
) U B 27 VEEGB) % Ex OBEKY(2) OFETIZ TBRAET VL, vicinal BI”"ET7 Vv
{EREAAEIZREY, #edT5 1,4-UF7 b @) BL U6 B ENFNIFIRBIZTE N,
BBV LT, RISROFIC 1 YE]EEALOKEZERMTNE, T/ 7T INMbLERDE L
TB-7xRFATNAXNT DATBIE LD, BEE Da- 7 RXFATAIAY bt
2{RBENB o7, TOEEIT, BYDORFE—T VNMERIEH LT B—RFERF EIC
BZDHEWORUNEFRBIRELRLTWD, £, FlZ/7 o b VBT X T AVRPREREET X
TV BIIREBT T, B—~DE ) T VMERIERBIRANEZ DI L, A%
T UNBET AT AL vicinal BIZET VIALRIGHBIRENCE Z 2 R ERIT,
RS EARD THEBREEY,

(2) BEBBITEIGIZ X Bvicinal R geminal _BRB—HINVRT Vv ax I (LRE

B2 RIGREEIZ T, TUNMEFIORDVIZN=TALaAF I HNVR=NA IF S — Lk
AvhiE, Rz vicinal REFEIZZERFZ-AINVETNL X ACRISHBEZIZRZ 9V | xi&
THRANIBTRATANEEIELON, —FH. RIGEEL L TRAF LU HORDYIZE
FERETAVTE Fovy 7#EEEZRAVNE. TURy M TRV P AVRERFICgeminal —
BERFZ-INFATNLaXxMERIEHEIY, tETEITIV—ATI/va B X718
BBRAIZELNE, ¥

R? 0 +2e

& \=/" nBu,NBr OR?
DMF =
4 i N4
Yield 82-19% X

o +2e
« JiNN L Meozs(cozxe

\=/" n-Bu,NBr g H
DMF
8 4 undivided cell Yield 58-12%

(3) BBEBETEZIZIAEeRTIFr T s F OAEKBRHOEKR

oIz, VURy PZERFE-T VLIS DRIEAMRIE~DIEAEZRY . a —T %
WAF LUK LT, ToMERIE LTantEgly7z=1r(10a) BLX ORIV Z VEEY
7 2= (10b) ZFHWT, AEREIGEE TICTEBRBETLRIGEITo- 25, ¥HDOFIE
WWRLTYZ7ua7a"VREaF oAy —7Funs 7 brr1Ma) RS — 3 ve S
7 hr(U1b) RRFRNEBTHFEICEONDIELZRH L-, o BREVWEIZX, £ 0
vouaZanXUBREOT IV —LVEET I FOROIRFZE—BEEFEIL. FA transtEE 2 FH T



D EWVD BEOILERIRMEE o TRIGHEITT 2FNHA L7,

0
1 ® ©
/Rl\ , COOPh . 2 O , o g
Ar (Yo.COOPh  n-Buy,NBr, DMF (N b
1 _
n=0 (10a : o n=0 (11a)
R'=H, Me, Et, -Pr =1 %mbﬁ Yield 77-28%  n=1 (11b)

@—AFNRFLL DOV TRISIZBWT, anZigy 7 = =,1(10a) D{H Y
WIS TAAFAZATARANR BV 70 ) ReAWTRERZETICTERETR
ISEITHT=M, FERERMITIELBONR 2Tz, FREO IR v 7))V TRIED
RISHE Y LCit. BOICERENS o —TAFLAF LU 1 ~D 1 EFBENCE D ART
BT =ALTCHAND BRDREBRFIZ, aNIBOUITNEINE) ST 2= VDA NLR
ZIVIREBRETFHBL, ERT ARV NN DINRS=F U, vr7a7a/x ROR
EHEBELTYyMOINVKoVRFEERELT, Yr7aran) —AT =4 BERT
5, ZOvruaTZuan)—LVT =t b T ATNVEDHNKE o NBRFEFICENA AR
XL — BT, EEWVWr7u7axVRBEDOTV—NLVEZ, 77 FPRORE—
BAFRE A & OB RFEZ BTN ET D Z LI dD T, FROIZ trans D3
BENICAERT I TH BN,

Zn+2
R +e Phooc"(')',.c OOPh & Oj o
» Ul W
Ar N L Az ] Ar O W -0Ph
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§ %0 i
R,
o, o)
[ dwrﬁgm]——> F&;in
11a(n=1)
Ar 11b(n =2)
Steric Repulsion Steric Repulsion
‘ ZQ+2 ( \ .zn+2
Ars e | A 8 b
M/\lLoph - Ar, OPh
R M
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One-Pot Selective Plural Carbon-Bond Formation
through Organic Electron Transfer Reactions

Nagaoka University of Technology, Department of Chemistry
Ikuzo NISHIGUCHI

In this study, we are initially going to report the first one-pot vicinal double C-acylation of
styrene (1) and methacrylate derivatives (5) by electroreduction in the presence of aliphatic acid
anhydrides (2) or N-acylimidazoles (4) using an undivided cell equipped with Zn-plates as the
anode and the cathode to lead one-pot vicinal double C-acylation affording the corresponding
1,4-diketones, (3) or (6), in satisfactory yield.

R (R2C0),0 ) i (z g
or 2 +2e Zn—Zn )\ +ee n,
A + ﬁ —BuNE > 'T\/"“n . + (CH;C0),0 ——)»n B, /u\r
R'=H, Alkyl 4 =
R’-:Alkyl,yn3.Alky| MeO-, EtO- Yield=g5~33%  X=COOR,CN Vield=72-45%

Secondly, one-pot vicinal double carboalkoxylation of styrene derivatives (1) has been developed
by electroreduction in the presence of N-carboalkoxyimidazoles (4) in a DMF-BuNBr system to
give the corresponding phenylsuccinic acid esters (7) effectively while electroreduction of aromatic
imine derivatives (8) under the similar conditions brought about one-pot geminal double
carboalkoxylation to give the corresponding aryl aminomalonic esters (9) selectively.

R o @28
@A Zn—g R2° %9 0 MeO,C, COM
+Rzo N’\ — eUo
he =/ n-Bu NBr R2 ° N Ph +MeOJlN" ——ZM Ph)‘N6
X ; 4 \ N 7 \:/ n-BtllﬁNBr 9H
Yield 82-19% undivided cell Yield 58-12%

We finally wish to present novel regio- and stereoselective double cross coupling between
styrene derivatives and diphenyl succinate(10a) or diphenyl glutarate(10b) as a bifunctional
electrophile by electroreduction using an undivided cell to afford the corresponding five- (11a) and
six-membered spiro-lactones(11b), possessing cyclopropane rings in moderate to good yields. The
present double cross coupling is quite unique and may be the first example to our best knowledge.

O

Ar/J\ (N0.cooPh n-BugNBr, DMF (NN "Ph

1 = . n=0 (11
RI=H, Me, Et, P ey 832’) Yield 77-28% = §11§;
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Kendrekar P. S.; Yamamoto. Y.; Nishiguchi, I.* Electrochemistry, 2006, 74, 680. 7) Kendrekar P.
S.; Yamamoto. Y.; Maekawa, H.:Nishiguchi, I.* Electrochemistry, 2007, in press.
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A New Catalytic System: Development of Hg(OTTf),-Catalyzed Reactions

Faculty of Pharmaceutical Sciences, Tokushima Bunri University
Mugio Nishizawa

During the synthetic study of hair restoration triterpene, lansic acid (1), we have developed an
effective olefin cyclization agent mercuric triflate [Hg(OTf),] to achieve the transformation of 2 to
3. Recently we found that Hg(OTf), is a powerful catalyst to hydrate terminal alkyne 4 leading
methyl ketone 5. The reaction should involve Hg**-induced hydration of alkyne and subsequent
protodemercuration by TfOH, generated in situ, and following regeneration of catalyst Hg(OTf),.
When double bond or aromatic ring are exist in appropriate position, enyne as well as arylyne
cyclization take place to give 10 and 12, respectively, in 1000 times catalytic turnover. Cyclization
of yne-en-aryl substrate 13 leading tricarbocycle 14 is the first catalytic and biomimetic tandem
cyclization. Not only the C-C bond formation but also the heterocycle synthesis, Hg(OTf), showed
highly efficient catalytic activity such as furan synthesis, indole synthesis, lactonization,
glycosylation using alkynoate as the leaving group, and catalytic SN2 reaction also using alkynoate
as the leaving group.
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Preparation of a CCR5 Drug Candidate

Nobuyoshi Yasuda
Department of Process Research, Merck Research Labs, PO Box 2000, Rahway, NJ
07065-0200 USA

An effective asymmetric synthesis of a Merck CCR5 drug candidate (1) will be presented.
Compound 1 could be prepared from three key intermediates, namely cyclopentanone 2,

pyrrazole 3 and tert-butyl D-alanine, as shown in Scheme 1.

Scheme 1. Retrosynthetic analysis of compound 1

MevMe

Me< N—NEt

A
N—NEt N™ "COH

Nﬁ [ HO NH HZNACOzH
O

Preparation of chiral trans 3,4-disubstituted cyclopentanone 2 was accomplished via
Trost's Molybdenum catalyzed asymmetric allylation reaction, followed by

cyclopropanation reaction, as shown in Scheme 2.

Scheme 2. Preparation of the key cyclopentanone 2

MeO OMe
N
0OCO,Me \([)I/\O(Na MeOZC\:/COZMe COzH /IK/COZMG
/ M / —— : /
O O
CO,Me MeO,C
— -E. NZ > —— 2
Ar /\/ .”Ar

Furthermore the reaction mechanism of this Molybdenum reaction has been identified

as shown in Figure 1.



Figure 1. Mechanism of Asymmetric Alkylation of n-allyl Mo complex
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Protease-targeted Drug Discovery
( Novartis Institutes for BioMedical Research, Tsukuba )

Genji lwasakai

In general, proteases were thought primarily to be protein-degrading enzymes
until very recently. However, understanding more the complexity of the biological
processes they participate in, the mechanisms of protease activity and
regulation, proteases are now commonly recognized as extremely important
signaling molecules that are involved in numerous vital processes. Protease
signaling pathways are strictly regulated, and the dysregulation of protease
activity can lead to pathologies such as cardiovascular and inflammatory
diseases, cancer, osteoporosis and neurodegenerative disorders including
Alzheimer’s disease. This area has been widely explored by many
pharmaceutical companies in the past few decades, and several low-molecule
drugs targeting proteases are already on the market and more candidates are in
clinical development.

Through the drug discovery research, it is noted that , to be effective as
biological tools, protease inhibitors must be not only very potent but also highly
selective in binding to a particular protease. Furthermore, to be effective as
drugs, the inhibitors need to have the following characteristics such as minimal
peptide character, high selectivity, high stability against nonselective proteolytic
degradation, good membrane permeability, long lifetimes in the blood and in cell,
low susceptibility to elimination, and good bioavailability ( preferably to be
administered orally ) etc. In general, these desired properties will require the low
molecular weight compounds. In this presentation, some of our drug discovery
approaches targeting proteases will be introduced.



SCHANEALZAVDAARY— FRIGICE 3—BILIRZEDRESFER

KRERFFSLRF R FEBEBRFE R
W BRE

—BILREIZARER—R L L EBENICEM2{LERERRTH Y BRI FICALE= L
HEELTHOADEI LD OEBENEHEFLVZS, FPHANVRIGIRSELERELE
BIZERAREITAB I ERERGHEMHEL LW EERFEL LTOHEL DOF|
HEELTWwS, bhbid, FTVHINVRIGIKRILL F-—BILIRFEDEE T F~DEAE
DEBENCEE L., BRESBMEIC X 2 AN R NWLEICB L TRES IGER S L Wi
Fis PRI HE2BEMERZERELTE ., —BLREDOICHNVRIBIZBIT 35—
FREHEIZ TSNS CANTH B, TN T AN TIERIEN 2 KSEEDhiT &
hEnon, CNEZIEALEICAHANVAINMRKEOBEESERL 72, B, bhrbhid 7
FOANDANRKIIVRENRETHICOBEE TSI L2 RHET LI, CORELRHE
ZRAL. BEINVENALEYOGBRICIGRA L, £72, 7 AVEERIGCTHREICH
WHENB P TFNAIE R FRELEFIRIGCATL2HFE L, ZOREIZOWT
bR B,

(1] 77 % LAR~NOENE—BCRBEAFEDORR
PINSTAHANZARICOIZHNTHEIEZ NI AN EEYUORGEEH2 TS L
BPFTE M TERL', P2, RE—REZEBAICN T 2 RLER TR, Hic5-exo
BULASHERMICERTH D, BIUBO I HNBBAENICEIVRELR6ER I AN
AR LZEIT, —HA4 I VON-CEAICHTIRLZBRE L L 2 ABH THIENT
Hot, ThbOLEZ LI T ANIZEWTIZ6-endoB LASHERWICERL, 7OV
ANTBOTIREZELTOS-exoR{LBBEL, CO7INVITANDOREFHEELZ TR
THERBREREIBEICB TS I VERDEREEFNLEANVFNVED n "HE & DM
HERDRR L T2HENMENRBRVBTAE TCH o122, COTIINVITANVDBERR
JHZE) 2 BGIICIER L —B{LREZ A NVR VR ETE3H L ALKV LEDRFE %
fro7:2,

kinetically favored kinetically favored
o) ) O
? 5-exo . [ ] . 5-exo .
<t/% 65/ N7 N
kinetically favored kinetically favored




RELTOTINI CHNIT & B5-exokft L EFE ETD6-endoB LS L7/ 5 XK
ZEBE LR, R EELTcn6-endoBULEISEIRICE S Y, &6, Z
DRIGEE % . AEEE2BT 3434 VY VEANOBEERLEIGIZIGHA L7, TEDH
2BV TE S N 7-6-endoBi{LiE X (R)-coniine& K DEILEW TH 5,

/(/ AIBN BusSh O /(/ 6-ondo
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Giese Reaction:

0]
| o) hv _
[:::r/ * *kvzu\oz' Bu3SnCl ©
NaBH,4 or NaBH;CN
NN . /\H/OEt boror'lydride /\/\/\/\/\n/OEt
0 conditions®
3h 0
NaBH,, EtOH hv (Xe, pyrex) EtOH 10%
NaBH;CN, MeOH hv (Xe, pyrex) MeOH 75%
NaBH;CN, MeOH V-65°, reflux MeOH 72%
n-BuysNBH3CN, MeOH hv (Xe, pyrex) MeOH 66%
NaBH(OAc)3;, MeOH hv (Xe, pyrex) CgHs 0%

a-picoline-borane, MeOH  hv (Xe, pyrex) MeOH 0%

a) Reaction conditions: 1 mmol scale, [RI] =0.5 M, alkene (1.5 equiv), borohydride (5.0 equiv),
b) V-65 = 2,2' -azobis (2,4-dimethylvaleronitrile).

CORGDZRZEEAN KNV RKISRICICA L 1z, LRERIEZ —BLEK
EMETICRAT & 2 M8 SROEREERMTH B 4- 7 P LR @YCN
FARESNT, E5IC1-3—FFPF¥eryroeFuxsy X5 U{LK
6%k —BLREMET T 272 AH, THIRVFAREY ) —AHBEIR
GNBEEDIHIIRTI 7P/ EFYUDEIELKE, 22T, ¥7/F88EFY FIZEZ
TPYVEZILRENL FIA4 FEAOVTANVRNMURIE 2Tt 2 AHELETS
RUFNRAY )= NDHE T 3%DNETRET,

AIBN gﬁ;\ﬁH
| + CO + n-BuyNBH, benzene, 80 °C

82 atm 73%

OH
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Molecular Conversion of Carbon Monoxide via Radical/Ionic Cascade Reactions

Graduate School of Science, Osaka Prefecture University
Ilhyong Ryu

Utilization of carbon monoxide is an ongoing challenge in organic synthesis. In this work,
we found that acyl radicals, generated by radical carbonylation, permitted a 6-endo cyclization onto
nitrogen of imines in the presence of an alternative, 5-exo cyclization pathway (eq 1)."* We also
examined oxazoline derivatives, which again underwent selective 6-endo cyclization to provide
bicyclic lactams. An optically active oxazoline derivative was also examined, which gave a key
compound for the synthesis of of (R)-(-)-coniine (eq 2).

We have also demonstrated that acyl radicals, generated by radical carbonylation of
N-substituted alkynylamines in the presence of tributyltin hydride, undergo unusual substitution at
nitrogen atom (eq 3).> According to the protocol, five to seven-membered ring lactams were
prepared in good yields. For the present homolytic substitution reaction at nitrogen, we propose a
pathway which involves the nucleophilic trap of a-ketenyl radicals, which would then undergo
pB-fission expelling the a-phenethyl radical and yielding the product .

We have also developed a novel tin-free radical carbonylation system available for

hydroxymethylation (eq 4).

lb /(/ AIBN BugSn L BusSn O /(/
SN + CO +BuSIH = o5c.an \C % (1)

85 atm
6-endo at N
QpPh 4
’> +CO+ (TMS)SHAEN ’S ——— o
Phse._~_Ag CeHg, 90°C, 10 h
71atm R-(-)-coniine
BugSn O BusSn
II AIBN I " ? \o
+ CO + BuStH ————— R |— H 3
\ Lph CgHe, 80°C, 4 h HN' NH @)
\ 78 atm
H
AIBN
+  n-Bu,NBH @\/0“
@\I + 0 EUNER GgHe, 80 C, 31 @
82 atm 73%
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Scheme 1
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HO Ph HO Ph .
e Q O
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AT V—NVEEPETDHIT IV ) —NERZT IV ) TV =A< TR0 LR
WO BRFIZER TEARRISIZEIGARE TH 7= (Scheme 2). 7=, REAFI= AT NL~D
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Scheme 2
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A Cettyy * O O CaHyy | Ph
5711 N C82003 (10 mol %) 51111

1a , Bn toluene, 90 °C, 24 h 95% yield, 94% ee | _(5:5)-Bn-bod”
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SiMe,Bu
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0 i o BuMe,Si.,, =
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toluene, 60 °C, 3 h % 5% SiMe,Bu
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Development of Advanced Molecular Transformations Utilizing Carbon-Carbon Bond
Cleavage

Graduate School of Science, Kyoto University
Takahiro Nishimura

Selective cleavage of a carbon—carbon bond by transition metals has been considered to be one
of the most challenging objectives in organic chemistry. Catalytic reactions are especially of
interest as they provide useful synthetic tools for various transformations. One of the approaches
of C-C bond cleavage by transition metals involves B-hydrocarbyl elimination of oxygen-metal
species such as M-O-C-C.! We have developed new catalytic methods of the molecular
transformations utilizing the f-aryl, alkenyl, and alkynyl elimination on a rhodium alkoxide.

[1] Rhodium-Catalyzed Aryl Transfer from rert-Arylmethanols to o,B-Unsaturated Carbonyl
Compounds

We have found that the tert-arylmethanols derived from 10-benzylacridin-9(10H)-one are
highly reactive towards the {-aryl elimination on their alkoxide complexes of rhodium to generate
aryl rhodium species, which is successfully applied to the rhodium-catalyzed conjugate arylation of
electron-deficient alkenes.”> For example, in the presence of [Rh(OH)(cod)], as a catalyst (5
mol % of Rh) in toluene at 110 °C for 3 h, 3-nonen-2-one (1la) was completely converted with
acridinol 7m to give a quantitative yield of the corresponding B-arylketone.

[2] Rhodium-Catalyzed Asymmetric Rearrangement of Alkynyl Alkenyl Carbinols

Rhodium-catalyzed asymmetric conjugate addition of organometallic reagents to electron
deficient alkenes has been developing rapidly. One drawback of the rhodium-catalyzed
asymmetric addition is that the organic groups successfully installed have been limited to aryl and
alkenyl groups, and any alkynyl groups have not been applied to the rhodium-catalyzed
asymmetric addition. Our new approach for the synthesis of optically active B-alkynylketones is
asymmetric 1,3-rearrangement of alkynyl group from alkynyl alkenyl carbinols, which involves
the B-alkynyl elimination® as a key step. The asymmetric rearrangement actually took place very
successfully.*
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Green Oxidation with Aqueous Hydrogen Peroxide

National Institute of Advanced Industrial Science and Technology (AIST)
Kazuhiko Sato

The oxidation procedure must be high-yielding and with high selectivity without
any by-products through a simple, safe operation using a clean, well-behaving, and cheap
oxidant. Aqueous hydrogen peroxide is an ideal oxidant, because the atom efficiency is excellent
and water is a sole theoretical co-product.”

[1] Development of Oxidation Methods with Hydrogen Peroxide

A catalytic system consisting of sodium tungstate and
methyltrioctylammonium  hydrogensulfate effects oxidation of alcohols to carbonyl
compounds using 3-30% hydrogen peroxide without any organic solvents. Addition of
(aminomethyl)phosphonic acid accelerates epoxidation of olefins.?  Olefins are converted
directly to diols in high yield.¥ Allylic alcohols are chemoselectively oxidized to o,B-unsaturated
carbonyl compounds in excellent yield.¥ These oxidation methods are high-yielding, clean, safe,
operationally simple, and cost-effective and therefore meet with the requirements of
contemporary organic synthesis.

[2] Development of Novel Hailde-Free Insulating Resins by Clean Epoxidation Process

Insulating resins have been used as a coating material for various electronic parts and
wirings of large liquid crystal displays, mobile phones, etc. However,
conventional process for the production of
insulating resin needs epichlorohydrin. Halide compounds remaining in the epoxy resin have caus
ed some serious problems such as lower insulation performance with short-lived. We developed
a new catalytic system for the production of bifunctional epoxy monomers with
selective epoxidation of diolefin compounds by H,0,. This epoxidation is achieved under organic
solvent- and halide-free conditions, to form epoxy monomers in high yield even in an 100
kg-scale synthesis. Subsequently, we oligomerized the bifunctional epoxy monomers obtained,
and additionally carried out the cationic polymerization of oligomers with a novel hardening agent.
We have successfully developed a non-phenolic resin which have both excellent
insulation performance and flexibility without any halide contaminants.
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Design and Application of Chiral Bifunctional Organocatalysts

Graduate School of Science, Kyoto University
Keiji Maruoka

Apart from enzymes as biocatalysts, a broad repertoire of chiral reagents, auxiliaries, and
catalysts can be developed in recent years. In this respect, the design of new catalysts and new
organic transformations in an environmentally benign manner is increasingly important in the 21
century for the construction of new and useful molecules from carbon resources. Accordingly,
we have developed new catalytic asymmetric reactions based on the rational design of
environmentally benign, bifunctional chiral binaphthyl-modified amino catalysts and bifunctional
chiral phase transfer catalysts as efficient chiral organocatalysts.

[ 1] Design of Chiral, Bifunctional Amino Acid and Amine Catalysts

The direct asymmetric aldol and Mannich reactions catalyzed by proline and its derivatives have
been extensively explored in the past few years. Some of such proline-catalyzed aldol and Mannich
reactions, however, have serious limitations on the reactivity and selectivity due to the difficulty
for further structural modification of proline. Accordingly, several types of structurally rigid, chiral
amino acids 1 and amines 3 derived from commercially available (R)- or (S)-binaphthol have been
designed as new chiral amine-based organocatalysts, and successfully applied to the highly
practical asymmetric transformations including asymmetric aldol reaction and asymmetric

Mannich reaction.'?

[2] Design of Chiral, Bifunctional Phase Transfer Catalysts

Phase transfer catalysis (PT'C) has been recognized as a convenient and highly useful synthetic
tool in both academia and industry because of several advantages of PTC (operational simplicity,
mild reaction conditions with aqueous media, environmental consciousness, suitability for
large-scale reactions, etc.), which meet the current requirement for practical organic synthesis.” In
particular, we are interested in the design of a chiral bifunctional phase transfer catalyst as a
remarkably efficient organocatalyst for certain asymmetric transformations, based on our recent
finding on the design of simple, yet powerful phase transfer catalysts. *>
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Diisobutylaluminum 2,6-Di-tert-butyl-4-methylphenoxide.
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Diisobutylaluminum 2,6-Di-fert-butyl-4-methylphenoxide. Novel Stereoselective
Reducing Agent for Prostaglandin Synthesis

Hisao Nakai*
Medicinal Chemistry Research Laboratories, Research Headquarters, Ono Pharmaceutical Co. Ltd.
3-1-1 Sakurai Shimamoto-cho Mishima-gun, Osaka 618-8585, Japan
hi.nakai @ono.co.jp

In an effort to explore the selective reducing agents suitable for prostaglandin synthesis, diisobutylaluminum
2,6-ditert-butyl-4-methylphenoxide I is found to be among the best because of the operational simplicity
and wide availability of starting material. Reduction of the C-15 ketone with the reagent in toluene at
=78 °C produced the desired a-alcohol in high yield with good stereoselectivity. Reduction of PGE, methyl
ester with I produced PGF,, methyl ester in 95% yield and 100% selectivity. The procedure is suitable for
the synthesis of prostaglandin analogs.

1. i ILDIZ

TaRE T 7P (PG)IZE B LU BB L TFEET DEENMELL T 1930 FIZEDTFEI TSR
&Y, 1957 FEICHEERERESN: 2. BREVASENDHRARY A—F A ILLoTHIMHENETS
FRUBEN L Tut X A F—BIZ DB LR EY PGG, 8L U PGH, 2 & SR P RELL T, HRALE
PEEFR I LV EHE PGs ICEHMIND LMD TV D(Scheme 1).
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Scheme 1. Biosynthesis of Prostanoids
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Development of A Novel Synthetic Method for RNA Oligomers:
The Challenge of A Very Long RNA Oligomer

Tadaaki Ohgi
Discovery Research Laboratories in Tsukuba, Nippon Shinyaku Co., Ltd.
3-14-1 Sakura, Tsukuba, Ibaraki 305-0003, Japan
t.ohgi@po.nippon-shinyaku.co.jp

A novel method for the synthesis of RNA oligomers with 2-cyanoethoxymethyl (CEM) as the 2'-hydroxyl
protecting group has been developed. The new method allows the synthesis of oligonucleotides with an
efficiency and final purity comparable to those obtained in DNA synthesis. In addition, the CEM method has
enabled us to synthesize for the first time an RNA oligomer longer than 100 nucleotides.

RNA FHOZRIT. /NS 72 RNA(siRNAY, miRNA?) SEEF 21BN L T332 HF LV I A TDEKE
BE LT, REOBRFCHATE ML E X, 2D, RA OLESROFTESAICAK
BLTW3, RNA L, T TICEDEHRARIESHILTWADINA LRV, 27 -KBEXRFETD
e, ZORBEVETHD, ZNCAVIREREIIEBEGTEIRETHY . HOBREOERN
TIXRNA DEAFRICHE L RWVWEBEMREGFT CEBICBRETRETRITAERLR2V, ThETE
HEEDOE =T FAIRAFLL YL (TBMS) ERELAVLhTEL, LhL, ZOBEFHSD
DA ENEL , HMERRNA 2BEHEE LTHABRTILOTEN-7Y, Kif, 20
SORBELRRTIED . HFLV2 RERLLTER(2-TE ;T X)) AFV (ACE)
DERLRMNIA Y TaELTV Y AR AF L (TOM) YEMHEFE S
72o WL TBIMS E X VINEAR SIZBW TSR INZBERL L
THRTREBREE LTS VEEV, FI2IT. ACE EiRAI2ERRE L
R LEE L), TOM BIXZ OBMVOBAMED LDy v Mok Moo g/ 7 7 oN
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DMTrO fo)

ARIGESNESRERSbA TS, ThbDREXAHEIC.2 - NiPrz
KEEOH LWMEHERLLT, 2—3 7/ bF T AFL (CEM) E Base =U, A%, c#¢, gP=°

EHRR LY, ZHTATRORBE L b~ SIAEES L VDL, 1 CEM7I#4 P+ (1)

RNA BRIZBVT DNA & IZIZRBEOHESINRZZER L. H»oiRF

REMGETTORELTMEEE Lz, CBMEZEDE/ v—a2=y +, BILCCEMT7T IX A F2ELIIR
T ZDCM T I ZA M&HVT- RNA SRITAES RNA (21mer F2EE) 1338, ERED THRETSH



o 7= 100mer LA LD RNA DEEAR b AIERIZ LI-DOTHET 5 7,
LT RNABEHARICULELRZATEBDOCMTIFA F(1la—d) O8RKRELXZE IR L,

T (o) B (i) T (o] B
TIPDS H TIPDS 9
N N

O OH (o] OVO\/\CN

2a-d Ja-d

Ac
(i) TIPDS (iii)
N

0 O_S<.
6 Base=U, A#e CAe, gPee
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w "o w putro— B i)
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? 0_9~"cn

HO OOy HO OOy AP N
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4a-d 5a-d

1a-d
2. CEM7IXA DA (i) 2-cyanoethyl methylthiomethyl ether, molecular sieves 4A
(MS 4A), NIS, CF,SO,H, THF, -45°C; (ii) DMSO, acetic anhydride, acetic acid; (iii)
3-hydoxypropionitrile, MS 4A, NIS, CF,SO;H, THF, -45°C; iv) NH,F, MeOH, 50°C or TEA-3HF,
THF, 45°C; (v) 4,4’ -dimethoxytrityl chloride, THF, pyridine, MS 4A, room temperature;
(vi) diisopropylammonium tetrazolide, bis{(/, /diisopropylamino) cyanoethylphosphite,
CH,CN, 40%C.
ARFRERESEL., KIEHH DV HABORISEEVN DR CHKBILVFEETH o, FFiZ,
KEARZBETHEES. 17 RURETAIHIIV IO o RIIRERFRE RS, EDOEKIT
BEORIS, BIEDMTr b, FRAT7 4 FAUEERTERHIZCMT IF A F2RHTLNTER,
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LCF S —NAOFEYHE, FlXiE, 5—_UIVALIT T RT VS —n BUT) HBVNES5 —
TFAFFT 5= (ETT) AV, i, BHA ) I~>—0FRICIIBIEE LTRT A
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Biotransformation-Induced New Possiblity of Synthetic Route Design

Manabu Katsurada*
Biotechnology Laboratory, Mitsubishi Chemical Group Science and Technology Research Center, Inc.
Bio & Chemical Process Discovery Laboratory, API Corporation
1000, Kamoshida-cho, Aoba-ku, Yokohama, 227-8502, Japan
1504265@cc.m-kagaku.co.jp

Application of bio-asymmetric reduction for preparing chiral pharmaceutical intermediates will be
introduced. A chiral alcohol is a key functionality to give carbon-carbon chirality. A chiral sulfonate was
alkylated by malonate with steric inversion. After decarboxylation a chiral branched chain alkanoic acid was
obtained over 99% e.e. A racemic a-amino-B-oxoester is a key functionality to give vicinal chirality. It was
reduced to chiral a-amino-B-hydroxyester with dynamic kinetic resolution (DKR) by biocatalyst over 99%
e.e. and 99% d.e. The substrate, ai-amino-f-oxoester was found to prepare via one-step synthesis with
benzoylglycine (hippuric acid) and acid chloride. Biotransformation shows excellent enantiomeric and
diastereomeric purity and gives us a chance to make new synthetic routes. Its stereoselectivity and

productivity can be optimized by gene technology for a short period.
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Process Development of Anti-VLA-4 Drug, TRK-720

Kazuharu Suyama,* Yuji Sugawara, Takami Kanno, Masayuki Maeda,
Motohiro Shiraki, Kuniaki Kawamura, Katsuhiko Iseki
Pharmaceutical Research Laboratories, Toray Industries; Inc.
10-1, Tebiro 6-chome, Kamakura, Kanagawa, 248-8555, Japan
Kazuharu_Suyama@nts.toray.co.jp

Synthetic method of novel anti-VLA-4 drug, TRK-720, was developed. Intermediate DAPM is prepared
from L-Asparagine by three steps and SMA is prepared from 1-benzyl-4-piperidone by five steps. Key
intermediate SDPM is synthesized by coupling of DAPM and SMA with 1,1’-carbonyldiimidazole.
Hydrolysis of SDPM affords TRK-720. Crystallization from methanol gives TRK-720 as stable monohydrate
crystal.
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Initial Process Research for Ant-allergy Agents

Keiji Nakayama
Process Technology Research Laboratories, Daiichi-Sankyo Co.,LTD.
1-12-1, Shinomiya, Hiratsuka, Kanagawa, Japan

nakayama.keiji.xr@daiichisankyo.co.jp

Compound 1, a potent ant-allergy agent, possesses chiral trans-2,5-disubstituted pyrrolidine parts and
trans-4-subsutituted cyclohexanecarboxylic acid. We had various problems in the 1% API (active
pharmaceutical ingredient) synthesis for 1. In this lecture, the initial process research for 1 will be introduced

and the problems peculiar to the 1% API synthesis will be discussed.
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