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1. ARBHW

TV RV RO R R S - IR S A A R s D —
DOTHY, AENEMEZ AT DEkA R R D EAR
IR EHR TH D p-b Ru X LR =11k
BWMEG 25720, ARERRIZBW TS HEICH
WHENTWD., ZORINMIFEE ORI L - TH
BORFRFZTLEHET DL ENAETHY,
AL DNARIEEZ DT 0% L DIFENRREN
TETD, SEARERED FRISOHIEIX N E 7 EE
IR E Tp o TN DL F T TR TIR L ASEIN
BT v R — VBt O BOGEEME 36 K ONERHUE D J§
RICET 2L S HIED D Z L2 BRI, ¥
T AT VAR AL T L R— VRO xE LT
Oy FEATE B & O TS R 24T - 7.

OR O
| I OTMS  Lewis acid(LA)
.-._-:.__.. H -'-'-:::‘."'ﬂu C”?CIU
1
OrR OH O OR CH O
- = . L
=" Bu = "By
spn anti
LA = BF, TiCly
R =TBS, Bn

Scheme 1

BALIZA~T vl & b OF 7T T E R 1
WY 7T A7 LARRBM LT L R—L K
Ji&(Scheme 1)Zxf L, [EHILS/L A ABRflE DR
HEDREICL o THEIREDKRELS BT HZ &
DN EBRAZ e STV 2 (Table 1).

Table 1 Diastereoselectivities of Mukaiyama
aldol reaction of aldehyde 1

Lewis acid R=Bn R=TBS
(LA) Syn : anti syn : anti
BF; 74 : 26 91:9
TiCl, 3:97 93:7

T AT LAERMTIL F—ILRED RIGEEAERRT

Z DORIEDBIRMEIC SN TIE, BB IRREREE D
e SNSRI 2 7 V&R AW T iEIR
NENTWDRNERNY, HAMHEHIZR S TW
7RV, ZTAME Ty FELE R R X DR
TR Z ATV IE SN TV D ET LD
THIET 2 & & big, V7 AT LABRRMICE S
T 5 ER ORI ZIT o 7.

2. IRBER

(1) &

JbA AfgfilfiE & U C BF; £ 721% TiCly & v 7=,
TILTER1 U ) T—hDmEILT IV
R— UV Z DWW T, B EEAE & ) 7 BE 7T
FIZ X o TRD D 2 & TR O R % 58 7
7o BHR L~ T3 BELBAEE(B3LYP) &2 F VY,
FEIEBIEUZ DWW T Ti JuR LML 6-311+G(d, p)
%, TiJR 21X LANL2DZ #ff fH L7-=. F /-
{LRFE 24T - 74112k LT, CPCM % Wiz
WIESWRFE (Y7 um A y) 2o T RiL
XF—3BA21To7-. T _XCTOEHEIT Gaussian 09
ZHWTITo72. 12 UHIC, BF 2 WA
OV TEBIRIEZ R T- & = A, Bl BR
2o DB ORENF NN, FL— M &K
THEBREMEISONT, WTiLd Felkin
control & 7 /UZ %It d™ B A C d> - 7= (Figure 1),
153 5 BN RE O f 2 EREE XK T R O
IR ZE L= BA O FICBWT, syn (1
REARTH2HONLVLZEL RV FHERER)
DR U7 B U X R OB & —E LT,

Figure 1 Transition state structure of Mukaiyama
aldol reaction of B-substituted aldehyde 1 with BF;
geometry optimized at B3LYP/6-311+G(d,p) level
calculation.



F 7= TiCly & W 7506 TiE, R 28 Bn 2054
(21X TiCly 3% L— b 2Tk L 7= B 3 e 22
ETHDHN, TBS HEOLE TILEEW TMS i
L0 & L— NEDLE & TiCl, A FEHEE R
FEEFAM L TWRWIERIRBENRELE L 0D
Z & DR STz (Figure 2).
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Figure 2 Chelated transition state structures of
Mukaiyama aldol reaction of B-substituted aldehyde
(A: R = Bn, B: R = TMS) with TiCly; geometry
optimized at B3LYP/6-31+G(d,p) (LANL2DZ for Ti)
level calculation.

(2) MREASE

AE O FHE CTIXTBS A 2 TMS JE |2 & & #i % 7=
ET NG A HOTN DN, T OFIEALINERB IR
e (OB 2 5. 2 TV D AlREME &2 52 2T
ETCERVIESTEVBELZEDDHDITIL,
TBSETOREANMLETHDL EZEZLND.

3. SERORE

FINRTIATE ReEAWAfo T A5 1L
AR T L R =V OSIT DN T b, [RERORE
ZITH 2 & TR HAEO SO T T L &
KT 5.

4, EHEJRX b+

(1) 2R

(2) #E

(3) #HmEE
ERIEDNEHE RS FAE T BRI B 5 Hh
727 KRB, TEONY, hHEE, @S,
FIE R > 8 — LN — F 2015, 15,147-148.

(4) FRHER
“Reaction mechanism and solvent effect in
diastereoselective hydride reduction of a-substituted
propiophenones.” D. Kaneno, H. Saigo, The 2015
International Chemical Congress of Pacific Basin
Societies, December 19, 2015, Honolulu, USA.

“Origins of n-Facial Selectivity in Hydroboration
of Allylic Substituted Alkenes.” K. Takaoka, D.
Kaneno, 13™ International Kyoto Conference on New
Aspects of Organic Chemistry, November 12, 2015,
Kyoto, Japan.

“Effects of Lewis Acid on the Reaction Mechanism
of Diastereoselective Aldol Reaction.” N. Nakata, D.
Kaneno, 13" International Kyoto Conference on New
Aspects of Organic Chemistry, November 11, 2015,
Kyoto, Japan.

“TUNLEBRT VD RakyELRIEG
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fb5atime, 20154 12 H 4 B, 4dE
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s
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B A RSE, R, 2015 SR B SUSHEARAT
Jesx, 2015429 H 28 H, &k

TN D n mERNE By R BRI
BT LT VNAANLEBILOZEICOWT &2,
BEFRE), 26 BUEEALERTRRS, 2015 4
9 H24H, I
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HEOFRE 7 KRB, 55 4 Boo R b 738k, 2015
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(5) ETF—FDH1E

55 4 R bRk (T o R RRR),
RGN m RS RS bR — v, 5 H 16 H(2015).

2015 FABSOCEEITTE S (i « ARLUS
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BOERAR RS, &g SRE, &RE
AN va o), HEEA, ERIRSLRER
AR —IV, 9 H 27-28 H(2015).
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1. BIXEMN
TR, HIERERBEICC S LS, fFRIChT - THiE
ARERME AR T e ADRBENAB EENRL T
L. INOOBEE RIS 5 Z &%, ANEOKEER
REOOIEFE IR E oM TLH D, Y
W2 TIXLA EOBLE NS, UITICET % 2 @O
T\ ZHE R ML, BR & R BT RS O BR
HEHELTIREZIT> T 5.
(1) Zfli CHiBR EIC B EICHF/ET HEka it & L
THW L G RS DB,
(2) &R THDLI T A1 F o OBRALET
REVEZFIH Lo iiE i » 77 o 7 ROSRO#E
BB DB%E.
PUFICAAEES D o0 7 ek B O S 2 3

"D

2. ARMER
(1) BR

*IEER{LAKBER{T FY v Az kBT
a— VERALEOG DR S

AEEX, BAbT FY U AZfg e L THWD
TV a— LB LR SIZ DWW T 2 v E TONFZE %
FLOERMT DL L aREBIR ST,

%7, 1-phenyl-1-nonanol %7 /VI'E (1a) & L,
Bt DA 24T > 7= (Table 1). JEE 1a &
5% & TBHP % 10 mol% D &REALT U 7 AfFE
EFC, Bt 80°C THULGSHDZ LIZLY, &
ESIENEITLEBMTHD 7 b 2a B 61 %I
T/ LN (entry 1). BUBRENZ &1Z, KV RE
SRR O LA T o Db AKFEZ DT s
ITEIT L, B FONER EXR 5172 (entry2). 7
by 2a DINREH ESE D720, KGHR%Z 6
MIIER L7cb oo, 2 Em g, IR
62% KT L7z, ZOHE, XfIhT 5 o—7 2ES
o, a7 B R DX H 7 1a HiEE
W b2 T Emn 7 v — RRIZA bR
(entry 3). SUSKEH]ZIER L CHIEED M LR RS
RN & D, A L TV D D TIEZR W
MEBZ T B, BbAlZoE LT 5 &I
KNS MZHE L, BRIOZ R 2y 98% DE I
RTHEDLINTE (entry 4). BN U722 GoE it
% 30 mol% 2L TYH, WHEFmELZRW
(entry 5). Z DOME G LIS E AR L5

#HonOs U EME LT 2EHARRIGORH

R, RIGGME 60 °C, i (b/kFE%Z 1 REHFB (1T
2YUEMZHFINECENT, FEORREH/DL &
NTET (entry 6). RIGREAK T SH-Z LIk
D, BFELL RV LAKFEOSIIH S b
OLEbhs. il EiT Smol% THAMILFEMIC
il T E DULR CRUNEITT DA (entry 7), AHF
ZETIE 10 mol% DR AE RS & L TR L.
SIETHRVA, BT b U AAMEAFLE L 72
FAUXEOIE e < T L2V (entry 8). BT b7
TIFNANT B ATIED E Y KT ET LW
N, BALH U T LERAONSEAE, BEF U UL
& [F) % O AEETE M A 7~ L 72 (entries 9, 10).

Table 1. Optimization of Conditions.?
Oxidant o)

oH MX cat.
Ph&ﬁ AcOH, temp., 2 h Ph)kﬁ?
1a 2a
entry  MX (mol%)  Oxidant (eq) Temp(°C) Conv. (%)° Yield (%)°
1 NaBr(10)  aq.TBHP(5) 80 63 61
2 NaBr (10)  aq. H,0, (5) 80 71 71
3¢ NaBr(10)  aq. H,0, (5) 80 70 629
4 NaBr (10)  aq. H,0, (5)° 80 100 98
5 NaBr (30) aqg. HyO, (5) 80 56 56
67 NaBr(10) aq.H,0,(2¢ 60 100 98"
77 NaBr (5) aqg. H,0, (29 60 99 96
8" none aq. H,0, (29 60 0 0
9 KBr(10) aq. H,0, (29 60 100 97"
10" TBAB (10) aq.H,0,(2)¢ 60 78 71

@ Reaction was carried out with 1a (0.5 mmol) in AcOH (0.5 mL).
b Determined by "H NMR analysis of crude material using CHzNO, as
internal standard. ¢ Reaction was carried out for 6 h. ¢ Corresponding
a-bromoketone and o-acetoxyketone were also detected as
byproducts in 3% and 1% respectevely. ¢ 2.5 equiv. of H,O, was
added at the beginning, and then additional 2.5 equiv. was added after
1h. fACOH (1.0 mL) was used. 9 1.0 equiv. of H,0, was added at the
beginning, and then additional 1.0 equiv. was added after 1 h. "
Isolated yield. ' TBAB = n-BuyNBr.

RS T CoREE A% % Scheme 1 (27~
T runie, Toek, = bR LA Eabkkx
BTN ULT L a— )V ZEHTE, T A7
by 2220 ZEICETHDLZ ENTE . 1272, &
FHEHIA S HORE TIE, b 7% TLT b
v 28 BWELNRo T (Z ORIBEITRR A TH
LN EIEZTS). ~a T XA L ORE
R, SFIERDT V=R E ) —VEYEKG RIS
R BbEh, 3T 57 R 2h-2k Z EIUE TH
LT ENTET.



Scheme 1. Substrate scope under standard Condition.

)O\H aq. H,0, (2 equiv.) (0]
0,
AR NaBr (10 mol%) Ph)kR
1 AcOH (1.0 mL), 60°C, 2 h 2
(0.5 mmol)
(o} 0 o}
Cl Br
2a 2b 2c
98% 93% >99%
(0] O (o)
o 90
2d 2e 2f
95% 95% 91%
o o] o]
/@)K ©)K/\CI
MeO
29 2h 2i
7% 93% 98%
2j 2k
90% 97%

INHDOFERAEFE LD Synlett 5 ETHEL
776

S SRARIE T U SNBSS DRFSE

WEAEE Clo, $fiitic k- T, ka7 UL
T —F )L & Grignard RIEN a7
7L, T UNMMLEBEROERMBEOND Z %
RHLTWD (FFRES T ey MREES
H, 1)

C-0O bond cleavage
\ RMgBr

Fe(acac); cat. PN
1
e THF, it an AT R (1)

Allylic Sbstitution

Scheme 2. Synthesis of Allyl Silyl Ether

CHO CHO
/©/ o /©/
T
HO pyridine, rt 50

74% yield

o
PhaP\)kOEt

DIBAL-H
TfO CH,CI, TfO

91% yield -78°C 94% yield

\>
AT oM

X
TMSCI

OSi(CH3);3
Et;N, rt  TfO
overnight 89% yield

ZOT IV N —T UL, eI AT Y ILVT IV

a— b Williamson =T—T L AEIEIC L DR
ZGICEKRTEZ B0, ZOBRICHWDKFELT NV
TAERKIGLTLE D L) REREEROIE
DERRIIIER TE 2o T2, T ORMEE R
B, TUNLAFLTZ—F LTI, 7L
VINTZ =T NERICEE LT 52 LRI,
7 U U v —T U, B CARR T
X, INETICERTE RN o7 0TF &2 FFOT
U VB DA R LTz (Scheme 2) .

(2) MERSE
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3. SHRORE

INETIH/ONIAZ S LI, ST Y
IALEISIE OISR, /~1 7 A A A il
O Te AL SOS DBRFE 2 it 5.

4. EHEIVR b+
(1) ZFTER
“Sodium Bromide-Catalyzed Oxidation of
Secondary Benzylic Alcohols Using Aqueous
Hydrogen Peroxide as Terminal Oxidant”
Hiromi Komagawa, Yukako Maejima,
Takashi Nagano*, Synlett 2016, in press
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(3) #HEE
ZEETL
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(56) EIF—F0hME
ZEEL

(6) HUHEBIES
TH27 4R SSH #3 (UNEERR) WERFT
RERY X, JST) (2015412 H 12 H) A
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725y - % s ECEE & U AP Ml o &
DT ~EBWT D 2 LI AEA LA S T
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%« AR TS FTIIE LWL DT 2 ARk
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INT Ty NIERE RS R ORIz B0
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(1) &
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O A MLEWIL, EBERILAWMIFIET,
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DIEO—RELIRNONBRTH S,

IIE TIZERILEMEA L7 EBIEM T BV T
ZHIN Wb~ Uik A AbEWA1
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“Asymmetric Michael Addition Reaction of
a-Aryl-Substituted Lactams Catalyzed by Chiral
Quaternary Ammonium Salts Derived from
Cinchona Alkaloids: A New Short Synthesis of
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Kotsuki Hiyoshizo, Synlett 2015, 26, 2301-2305
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Chem. 2015, 4457-4463.
“Biomimetic Approaches Employing the Ugi
Five-Center ~ Four-Component  Reaction  for
Synthesis of the Right-Hand Portion of
Halichonadin Q and the Central Part of
Halichonadin M” Mimura Rika; Kitamori Ayumi;
Ikeda Akihumi; Masuda Toshiya; Nakano Keiji;
Kotsuki Hiyoshizo; Ichikawa Yoshiyasu, Synthesis
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