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Construction of Chiral Quaternary Carbon Centers by Way of the Stereospecific
C-H Insertion Reaction of Chiral Secondary Alcohol Derivatives with
Dichlorocarbene

Yukio MASAKI

Abstract: Optically active compounds which contain quaternary carbon stereocenters including tertiary alcohol derivatives, «,a
-disubstituted amino acids, and compounds bearing four different carbon substituents are widely distributed in biologically active
compounds in the fields of pharmaceuticals, herbicides, flavors, and perfumes. So, enantiomerically pure building blocks with
asymmetric quaternary carbon are attractive for synthesis of such biologically active compounds. Contrary to chiral tertiary alcohols,
secondary ones have been easily accessible directly from natural products and also by means of asymmetric synthesis by chemical
and biological methods. We have developed a method for stereospecific transformation of protected chiral secondary alcohol
derivatives to tertiary ones by insertion reaction of dichlorocarbene generated from CHCIl; and 50% NaOH in the presence of phase
transfer catalysts followed by deprotection. Basic treatment of the dichloromethylcarbinols provided‘ intermediary o-chloroepoxides,
which gave chiral a-azide-aldehydes and o-cyanoaldehydes, respectively by reactions with NaN; and KCN. Non-benzylic
a-chloroepoxides underwent Sy2 type opening of the epoxide ring to give o-azide- and a-cyanoaldehydes ‘with inversion of the
configuration. A benzylic epoxide, however, was extremely unstable and rearranged to a configurationally inverted a-chloroaldehyde,

which by azidation and cyanation afforded the corresponding o-azide- and «-cyanoaldehyde, respectively with retained -
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stereochemistry of the starting alcohol. Prolonged treatment of the dichloromethylcarbinols of non-benzylic type with K,CO; in

MeOH afforded an o-methoxy-aldehyde with absolute inversion of the configuration, while the benzylic type led to an

a-hydoxy-aldehyde dimethyl acetal through the a-chloroaldehyde with complete retention of the stereogenic center. The methods
described offer a novel and facile route to construct building blocks of chiral quaternary carbon stereospecifically. A synthesis of
(R)-(+)-tanikolide, an antifungal &-lactone utilizing a chiral dichloromethylcarbinol derived from (R)-O,0-isopropylidene-

glyceraldehyde was demonstrated as one application of such quaternary carbon building blocks.

Keyphrases: chiral quaternary carbon, building block, chiral secondary alcohol, chiral tertiary dichloromethylcarbinol,

dichlorocarbene
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ROICHARIEBREITL, BINETHEAMKO) 1BHE LR
7o T2, a7 = X FAT N a—LHEEEIZOWTIE
Me =—F /)L, TBS =—F /L MOM =—5 /L, EfEET X5
N ETRFLEZEZ A, TBS =—F /1 (12) TIHBIRE

- T Me =—7 /L (10) TIIFREDINRTHAMK A3, 11)

BESN N, MM =—F /L (14) TIHEAAK (15) 1R
BT, FRlx2<ER L, FEEBET AT (16) T

Table 2-1. Insertion Reaction at the Benzylic Position

H R ‘ CHCl, (3ml), 50%aq.NaOH (6g) CLHC R’
Ph” SOR CTAC (0.lmg),80°C  Ph"OR
entry SM (100mg) time (h) product yield/ % * (SM/ %)

R Cl,HC
1 P OMe, 8 Ph” OMe 7 89 (6)
2 H OA%’ 12 ClHC 03%’, 86 (8)
%Xvs Ph
H,/ CIHC,
Ph/LOR Ph/<6R
3 10 R=Me 0 11 52 (42)
4 12 R=TBS 1 13 87 (1)
5 14 R=MOM 13 15 7 (81)
6 16 R=Ac 12 17 0 (72)”

a) The yield was calculated from '"H-NMR data of the product.
b) a-Phenethylalcohol was obtained .
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BAKAD A ONT. BHOBRT £ FAEEEIR Lk,

2-2-2. FERCIAET NV a— VEHEEKRO K
WIZFHER L PN T L a— VBEEEIZ OV THREZ
Tleol-b 25, &EFEMIZRU DA T A a— LEEEKIC
FEEAREBMEN B OB REBET L, FTT7E =
REIZOWTHRET LTz, T2 TAH U DF—LFE
(18, 20) TiX 20%RRE L INENKL, /=, 7V &Y
CEEER(22) TIE12% L IBINETH HOICH L, TH
Y F— A (24) TIX 34% & PREDOINE TRHEA
B EE Xz, FRIHLT, 7z = VERHEEE
EORVA~FY L D — L5 (26) T3 R b IXEAR
LK BB THAKQRN E X, ZOFTINETE =
FETHUERRORBARAZLON, AF L C—HE
ALV L AF U C—HESIOEBRMICHBARISHET L,
FrREEATHDIAF L C—HEEDELIZT7 =
PHMBERENRVFBINENS L VEAAS SR, A

FNT—TMEERRE LEHATLT £ b= FEOF

B LRI AF L C—HBEADEL IZEREEN VR

BB &L, 2-F7 5 ) —NVFEEGD B 8% EHRO L

WREH 5 %1~ (Table 2-2),

Table 2-2. Insertion Reaction at the non-Benzylic Position

H OR' CHCI; (3ml), 50%aq.NaOH (6g) _ CI,HC QR'
R R" CTAC (0.1mg), 80°C R R"
i S time (h roduct  Yield/ %
entry SM (100mg) ime (h) P! (SM/ %)
H O CLHC o\~
RO RO
1 18 R=Ph 19 19 22 (76)
2 20 R = CH,Ph 18 21 17 (70)
3 22 R=0TBS 18 23 12 (88)
4 24 R=CH,0TBDPS I8 25 34 (43)
5 26 R = (CH),CH, 18 27 53 (22)
H OMe CI,HC OMe
R R
6 28 R=Ph 18 . 29 19 (61)
7 30 R= CHPh 18 3 28 (28)
8 32 R = (CHy)yCH; 17 B 58 (22

a) The yield was calculated from 'H-NMR data of the product.

WRAKOBWT 7 N BREERFZFORELZ B L
LM = AT VEE BT HAREEICOWTHRET LT,
BELLTHD <= b=, -V =8, L-7 V5 2
VEESEDDAESICHR T AREEE I ATF A XY
S UBRERBOTF AT AT VHERERIR Ui, 48R
BRI TH S CTAC, RUHBIBEE L LTy /oo x
ZUFETF, Zaakis 87 A Y TC-HEBEAKR
ISERET LICRER, = AT ABOB 8RS REN S
WRVBBIZEE LI b DD, nh2 THhE 7o' s
TFI)LFHEAK (entry 2)°n N3 THHEEEEF LTHE
& (entry 3) CIIHFREOWECTHAESELNTZ, 22
TOWRIIER LI HVR R XT L TF LT

AT VIR SR BEERL TS, LLlnd1Th
DEEEE T F VR E A (entry 1) TIXIRAMKIZED LG
LT, FEbIFEALERTE eh o, ZOREEIR
FRISEAL T 5 A F L ARHH OBFHENT ZT LD
BRI L o TELS Ro T B & BEDOKE
HRREP2T272DTH D EEZEZX TS (Table 2-3),

Table 2-3. Insertion Reaction of Acetonide-esters

CHCI, (5ml),
o’\;<?1)‘C02Et 50%aq.NaOH (10g) o’\‘<')n\cozEt
—3(0 H - g

—O
1,2-dichloroethane (0.5ml), CHCI,
(100mg)  CTAC (0.2mg), 80°C, 5h

enry: . SM product yield / % (SM / %)*
- CO,R
1 n= O X\ " 2 4(-)
—ko
2 n=2 _ CHCl, 34 (53)
_ R=Et, H '
3 n=3 : 57 (40)

* The crude products were obtained as a mixture of the esiers and the
corresponding acids which were treated with acetone diethyl acetal and
catalytic p-TsOH to lead to the ethyl esters and separated.

2-2-3. TMS =—F RHEHEOFA

OV an BN oFARII BT D AKEEEOR
HBEICOWTIX., E3 D Acetonide, Methyl
t-Butyldimethylsilyl (TBS). t-Butyldiphenylsilyl
(TBDPS) ether ¥EMDMIZ, Foiff. mOLWERIRELTH
5 Trimethylsilyl (TMS) ZEMNFIFB CTE D Z &g holz,

| RSOMGBEMEED TRENREE TORRETT

(Scheme 2-2),

Scheme 2-2
‘H-0 HO ...
J\\\\H (a) T™MS-Q |l ®.© |CHCL
< —_— J.\‘\\\\ —— )-\‘
Me’ R 1 Me' R Me' R 2 B
a R:n-CgHqs a 39% (SM 52%)
b R:CH,Ph b 31% (SM 61%)

c R:Ph ¢ 60% (SM 23%)

Reagents and conditions: (a) TMS-CI, Et;N, THF, r.t, 2 h, (b) CHCI;,
50% aq. NaOH, CTAC (cat.), 80°C, 18 h; (¢) 2% HCI, MeOH, r.t, 2 h. )
(CTAC: cetyltrimethylammonium chloride C4gH33(Me)sN* CI) :

- tically -
Me” “Ph

2c 1/, ;
’ *  (CHIRALCEL OD-H)

.2-3.  RISOS#EEF

2—3—1 MEKERHE :

Z OFARIEH SR RIICHET LTV S0 E 55
2 DWW T _EER D 2-phenylethanol F5EK (2¢) 2% T,
UTOREBEIZSDWTHF T/ HPLC # AW THRER L
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(Scheme 2-3), X INATra—LBIOBEAKO) &
IR OARIT L a—VOEAKR5) DWTEFNRE
NEXFF/VHPLC CRIELEZA . FTEIENLARL
FEAKOTEERD E—2 0 5 b—F DHMNIETE
ELLERLIBAROE—7 L —B LT, RiE 2-2-3
DFEREEZD T, ZOINRUBARIERR DT IV
a—VEEE, RV IABRT L a—EEEII D
HESIEBERANICEITL TWA Z E PR TE L,

- Scheme 2-3

({y optically active - racemate
P! 8

Smgle Enantiomer CHIRALCEL OJ

mnpsu’\/ﬁ_

iccl, J’
flﬁ  F

Single Enantiomer

optically active racemate

CHIRALCEL OD

2-3-2. #MxiAcE
FAAKRDEANEBORE BN EERMDOILEY
& DAL EICHERE LT (Scheme 2-4), R Tb

T A= AR OWTIEIREEREES (R-8) LVEL

NERBAKOQ DY oo AF)VESE n-Bu,SnH TEE L
7= AF AR (34) & RIED atrolactic acid 76 L AHIE
T, TEF=MEERTHHELZATFVE (R)-34) %
¥ 7 /L HPLC R UBESLBE % Lol L #E XL B 2 HERR L 72, 7F
NPT L3 — oW T HRFEFEEE ((S)-24)
FOBLNBAKC)IZOWTSHED citramalic
acid X BIZFHROFIETHR LTz, ZORBRPOLRY

Scheme 2-4 .
03r el CIHC, 0.3( (a) (63%), HaC 03(
Ph Ph)\/ P"\)k’o

(R) 8 9
I

HiC, OH (.9 (66%) y o o~
Ph-COH > /\/O

(R)-atrolactic acid (R)-34
3(’ .cCl lz"ii>0k>/( (a) (60%), HsC 05(
RONAP RO RO :
(S)-24 25 R = TBDPS ”| 35
HiCL OH  (6.9) 52%)H4C, o
HOLC X —"Q\B,g
O,H (@) (65%) RO
(S)-citramalic acid (S)-35

Reagents and conditions: (a) n-Bu3SnH (10eq.), AIBN (cat.), toluene,
reflux, 11 h; (b) LiAlH,4, THF, reflux, 2 h, (c) c-H,S0,4, CuSOy,,
acetone, r.t., 2 h; (d) c-H,SO,, CuSQy, acetone, r.t., 2h, (d) TBDPSC],
imidazole, THF, r.t., 12h.

NBITFT N a—n FERIOAVEIT L a— L TIZDOWT
BARSA AR, Ao, REFEATETLTVS
ZEEmMERLE,

2-3-3. RHEHE
RIZZDANSABARIGEBKRKRTIT VLI
BERAWTRMEZIRERE L (Scheme 2-5), 3 4
FALT—F 10, 36)DEESHERVTRIEEIToI &
525 LEMEBREBBRIN, EATFL—T
@HZRANWTITY & 34 LBVRESRSBEINRTE,
0L S IR RSEE SN, ERANLERER
RICEITL TV A Z b —EEINRCBREETS 3
BREBREZRALTETLTVWAEEELILND,

Scheme 2-5
H et ghet:
P Eme — [P Eme ™ P Me
OMe OMe oM
Singlel state
MeO MeO
H o, "'e/o,{um Me/"eom
PR Ph 36 " ph Ph
l'atl()
(S0mg + 50mg) (11/37 =2.5/1 0)
MeO
o Me)°<CHCI MeQ h
Ph” D |=h)<cnm2
38 Gomg). ratio

® 39/40=3.4) ©

Reagents and conditions: (a) CHCl3 ( 5ml ), 50%aq.NaOH ( 10g ),
CTAC (0.1mg ), 80°C, 6 h., (53%); (b) CHCl; (3mi),
50%aq.NaOH ( 2g ),CTAC (0.1mg ), 80°C, 14h (89%).

2-4. RISEFOBE
ULDOBERMS D7 ma AR UBARSRIZEY

AFERSRIREE /T N o — VEEEED b AR E R

RHEE /TN a— L FEE Y EBEERTED I L

Table 2-4. Phase-Transfer Catalyst (PTC) Survey

CHCl; (3ml), 50 %aq.NaOH (6g), Ph
(o]

Ph
80°C,12h

_A<o H > 5 “CHCI,
Phase-Transfer Cat. (PTC)(0.1 mg)

(100mg)
Yield/%
PTC (SM Yield/%)
benzyltriethylammonium chloride 77 (21)
(Bn(Et)3N Cl) ’
tetrabutylammonium bromide 56 (37)

((Bu)4N Br)
tricaprylmethylammnium chloride (Aliquat 336) 58 (41)
{CgH47)3MeN Ci)

tetra-n-decylammonium bromide 60 (37)
((C10H21)4N Br)

cetyltrimethylammonium chloride (CTAC) 85 (7)
(C46H33(Et)3N Cl)

cetyltributylphpspohnium bromide 19 (71)

(C1gH33(Bu)3P Br)
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75?%7))&720710 oY ua R OFEARISEOILER
oL, RO, #EEMEICT 52 L& RELTRIESR
MrOBEET o 12,

2-4-1. HEBHMEORES

LoONOMET T =y LARIMMBEARE K UK
7xx7x—&Ammﬁ$@%ﬁ:om1@ﬁﬁﬁﬁf
THAERRBELIZE IS, CTAC ﬁl%brﬁ:b\ﬁé&ﬁiﬁ&%
7~ L7z (Table2-4),

2-4-2. HEEBHTCORIGEZHORE
ZHRERISCICBEERFNEENEREADEOM L
WHRTHAZEBRREENTWDS, 2V srakiLA
FCEKDOKBILT VD Y EAVTT AL Y OFRELET
CraapNRrEREEIEDFEICOWVWTRFEITS
k@%fiﬁ@@%%TWﬁU%%ﬂbtoWMONwH
XU Ca(OH), & TN ENHEME 72T —ELRTREL
%mbk&b«mcrlwﬁwwm,zmiféﬂ%

A THRIKIZTVELTHR L, HH 200W (&

K). 40kHz OBE R e« AV FEEB AL CTAC
HFET. ZhoOBRTAVAY ZFHOCTHIALRUEAK
JEEFAE Lz (Table 2-5), ZFEiR—50 °C T 1.5 B
FRHBH LT, NaOH BT Ca(OH), B CIdFh £ K&
AT LAt o 7228, BT A U TRRISAET L.
%12, NaOH : Ca(OH),=
720
Table 2-5. Insertion Reaction under Ultrasonic Conditions
oTms CHCl; 3 mL),

Base powder (0.3 g),.
CTAC (40uL), water (20uL)

TMSO_ CHCI,

(100mg) Ultrasound, r.t., 1.5h

" entry Base(NaOH:Ca(OH),) S.M.:product”

1 1:1 1:2.6

2 2:1 . 1:5.0

3 4:1 1:8.0

4 NaOH only 8.8:1

5 Ca(OH), only no reaction

* The proportion of S.M.:product was determined by
TH-NMR of the crude product

FoT. BATAHY (NaOH : Ca(OH)=4 : 1) %
v 1 B OB % 2 [ < ¥ IR 9 J57E Ta-phenylethanol

Scheme 2-6
' 1) TMS-CI, Et;N
THF, rt, 2 h
H-O 2) NaOH/Ca(OH), ( 4/1), H-O
J{‘“\H CHCI,,CTAC (cat.), /k\\‘CHCIZ
Me” R 1 20-50°C, 1.0h, ))x2 Me” R 2

3) 2% HCI, MeOH,
a R: n-CgHqs rt,2h

¢ R:Ph CTAC:
CieHaz(Me)sN* CI

a 54% (SM 31%)
¢ 81% (SM 10%)

4: 1O EROPENRRMS

© 28 O-TMS ether 2B L., 81%DINETHIETHT

nahne ) —KEBD Z EHTE (Scheme 2-6),

L LARIEIIREBEBEMHICEES H Y  BICRMERED
VETHDIbOD, R, KB TRGPETTS 2L
Mo, HERFEEER D, '

3. FEMREREEHEEF~DEHR

At X iz va ARy CHBARIGIZE T
AFEERTEBT N IA—ANEREZH/S 7o A
FAHNE ) —NVEBRELNDZ D goTz, Zhbid
FERHERETRICE ) RENRRECEH~OFEH
HFETE D, #1433 TRRZE IV T aarFL
ANE )= VEITEETCONEST A & Ta-7 20T R
XY A FANLEHBEIN, T oo REP A FlzstL
T, BWUAREHE/EAS®D 2 L TR 4 FHH
RL:, OFRICHRIKEER T DT VT & ME~ELH]
ENBZEIEBEICRESNTVWS, 15718 Linl, £
OIMEALZIZBET D HEBIIRFZHL LTIV, LT
DBAR G SRR RACHEST 9401, Scheme 1-12 TiR
L=k 5 CAER S RAE KT L a—AhbRENR
REERET~DEDLREREIIRD EEXOND, £
_vﬁﬁgz&uawéiwm%mw@&v%@ AtE
ZDOWTRRET LTz,

3-1. e-Z7uoxR XY A FEERTEHT Y FEET
T IAERISED
3-1-1. ANV BEHREAWST Y FERE
FFTAINLZAL TOFEFEDOHNVE ) — i (1a,b)
FRAWTT ¥ MU ORE & LLTIZRY (Scheme 3-1),
HAE ) —dab) IR LTREBAF J —H, KCO;,
10 HEER &R S L a-7 aaxR¥H A KQab) N
Bohbd, JooxAKRXH A Mzt LT THF T
15-crown-5 ether 7FETF. NaN; Z/EH &€ 23 &7V ME
NREKEL, BMHETE7 Y FTATE FMEGBa) »
78%. (3b) M 81% L BN THLIZ LN TE T, ZDK

Scheme 3-1

CHO

(¢]
Cl N
| SO > A
—_—
R R

2a R: n-CgH3 3a (78%), 3b (81%)
b R: CH,Ph
N3 OBz . l ©
n-CgH13 COHN, COOH (d), (e) N3¢, QH
4a0-Bz (> 98% ee) ‘ /¢< - ]
R : R
N3 OH (S)-(+)-o-hexylalanine 5a 4a (91%) -
}(_ (76%) 4b(95%)

CHoPh (S)-(-)-a-methylphenylalanine 5b
4b (> 98% ee) (79%)
(CHIRALCEL OD-H)

Reagents and conditions: (a) K,CO3, MeOH, r.t.,10 min, (b) NaNs,
15-crown-5, THF, r.t., 12 h; (c) NaBH,, MeOH, r.t., 10 min; (d)
Jones' reagent, acetone, 0°C, 15 min; (e) H,, Pd/C, EtOH, r.t, 16 h
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JSOSMEBREEZHALNICTEHD, TP RF7ATER
{£(3a,b) % NaBH, %\ TEJ L 7 V2 — LK da,b)
~EFTNENENBCES ZENTE 4alITNa—
NS R RS T MME(da O-Bz)~ L FHE L7, BIRH
HL72T & IED(L)4a O-B)RU(1)4b) L i b3
FEiEMEA@a 0-Bz)kU@b)% ¥ T /L% 5 L(CHIRALCEL
OD-H) #FWTHXFNVHPLC 2HIE LI Z A, ENF
N98% ee LET—FDxzFHrFAw—nRERLTND

Byt

K, BELTEB LN FA~—DAEE
FRETH-HIZ, (3ab) DT /LT E K& Jones RIK(Z
LD ANKoB~LBEL, BICKERIRT, =%/ —
N 10% PA/IC ZAWTT P REEZT I ) B~ LS
Je L. XXERBERN® o -7 X / BT 5 a -hexylalanine (5a)
& U @ -methylphenylalanine (5b) ~ & &y 7z, (5a) B¢
(5b) DEEEHEIZ OV THENEE % HIE L SUHRE & bk L
7= & 2B, FNFH(52)H3(S)-(+)-a-hexylalanine, 23 (5b)

23(S)-(-)-a-methylphenylalanine2 4’ T& 3 Z & B350 o 12,

UEDERNSTNVENLEZALTOHNE ) —VE RN
LEDT Y FMEEIGREER M ARREFRA THT L T
B Mmool

3-1-2. TAXNBEEYBHWS YT /LR
TIWVEALIALATO_FEEHEOHINVE ) — L ERNTY
7 /bR ORE 21T o7~ (Scheme 3-2) , H/LE ) —
Ji(lab) 2% LTT ¥ RMERIG DR & FIHRIZ K,CO5 % 1E
HA&ta-7ooxR¥H¥A FQRab) 257/, 7ao=xiR
¥4 KiZxt LT THF %, 18-crown-6 ¥ F. KCN %
ER&ER L. BBET D a-> T/ TATE RIETIIAR
L, ®IETBLT /b KU U K@®6ab) 2FNZFh(6a) H
66%. (6b) 7 67% & BNETH LN, TIRIGDILE
BIRMEZRIET H7-DICTT /€ FU K% NaBH, %
BWTGERTLB->T /b KU iE(Tab) ~LEHLZ,
7a 12 B L T iX ¥ (T t-butyldiphenylsilyl chloride
(TBDPSCl) % AV TAKBEE R 43 & f*3# L TBDPS #&(7a
O-TBDPS) ~t#W- T Ifkosre ) —1%

Scheme 3-2

HO CHCI, % CH(CN)OH

R (@ RN (®) N
M K

1 2a R: n-CgHy3
b R: CH,Ph

ri(orsnps J (c)
> NC, COOH
1-CoHrs 2, (d) NC,,” OH

]
7a0-TBDPS (>98% ee) /<R

6a (66%), 6b (67%)

R

(CHIRALCEL OD-H) (R)-(+)-2-cyano-2-methyl- 7a (81%)
NC, OH octanoic acid 8a (94%) 7b(73%)
;(— (R)-(-)-2-cyano-2-methyl-3-

CH,Ph phenylpropionic acid 8b
(88%)
7b (>98% ee)

(CHIRALCEL 0OJ)

Reagents and Conditions: (a) K,COj3, MeOH, r.t., [0 min; (b) KCN, 18-crown-6, THF,
r.t,, 12 h; (c) NaBH,, MeOH, r.t., 10 min; (d) Jones' reagent, acetone, 0°C, 10min.

AVTRBROMLEEZ TV, T & I KRD((£)-7a O-TBDPS)
BEO((E)T0)EHRAM LI, Zh bk ERWT
(7a O-TBDPS) (2 DWW Tix¥* F v # 7 A CHIRALCEL
OD-H %#. 722 —/L@@b) IZOWTIEFITINHET A
CIRALCEL O] #H\THPLC ODHIE*IToT-, TDFE
R, AFEMEZELL S 8RLLETH ST,

RICHEAEBDOREEZITI DB T /e FY
(7a,b) % Jones REIZ L o THNRUVBE~EEBILL, «-
7 /) EEBE T3 D 2-cyano-2-methyloctanoic acid (8a) &
T} 2-cyano-2-methyl-3-phenylpropionic acid (8b) ~ & &>
7. BT DOV TII XK DILEW T o 1o T DRt
EDOREEITD Z LB TE R 27H3, (8b) IZOWTHE
HEZHELZE ZAR-OETHDZ VG072
8 (8a) 1. (8b) WL BRERMDOR)-(NETHD LHH
LIz A EDRERNS TAXALEA TDOTT /LRSS
TV RMEREER L L 5 ICme2 IR REFERTHEITL
TWBZ EMBmhoi,

3-1-3. )NUUAREHEFAWS T Y MERIS
TLELELTOEEERHVCTRERBERENG LN
DT, RIZAHNRY CHBEBARISEHEINE TETT D~
VIONEALTDAINE ) —(lc) ERVWTHRE%2IT-
fro TV FMERISIZOWCHRE L7 (Scheme 3-3),
TNXNEATORL R, ERFHOLEZITV, a-
sunzREYA FQe) 2B, ZORVINVEALTD
ZuoxRFH A FMIZBRTHEERD L) BIcE(k
THRLEERMEAEYM TH-/-OT, 'HNMR T/ oo
XY A FQOMBERLTWVWBZ L EBERLTHE, B
BT ¥ FERUSIEft L7z, RS & L TiE THF 9+,
15-crown-5 fFET. NaN; Z{ERH & €7, 20O&ER, BHY
ETHBTURTATE FEQG) % TT%DENETED
TEMTER, REOMEEER LTI EDIIELNL
7Y R7ATE FiE NaBH, # AW TET L7 /ba—b
Kdc) ~LFELE, T IEOILE ) —LER
WTREREDMEBE TV, T IEDO(E)4e) & FIRTHE
Liz, 2T bDbElm%E TN Ehxtiid 5 benzoate {F(dc
0-Bz). ((*)4c O-Bz)& L. ¥ 7 /47 A CHIRALCEL
Scheme 3-3

HO CHCI o N; CHO Ny —OH
Ph Ph Ph Ph
2c

le 3¢ (T7%) 4¢ (94%)
(OJ J(d), (e) Ny OBz

OFBQ\ ¢l Hﬁioon Ph
Ph Ph 4cOBz (>98% ee)

(R)-(-)-a-methyl-  (CHIRALCEL OD-H)
phenylglycine 5¢
(71%)

9 (19%)

Reagents and conditions: (a) K,CO;, MeOH, r.t., 10 min; (b) NaNj, [S-crown-S5,
THF, r.t,, 12 h; (c) NaBH,, MeOH, r.t., 10 min; (d) Jones' reagent, acetone,
0°C, 15 min; (e) Hy, Pd/C, EtOH, r.t.,, 16 h; (f) THF.r.t., 12 h.
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OD-H %ZAVWTHPLC ZHIE Liz & & AHEMEIL 98%
ee Al ETHHT,

KL%%E%GRi%ﬁOKbLT/FTwTEFW
Be) BT NFNZALTDL & LRI Jones B L. &
WCT Y REOBEMBILETVa-TI /BETHSa
-methylphenylglycine (S¢) ~L EEXFEXEZRE L/ &
TH EIAREZLIZ.R-OETHD Z LD 3h ot
26) —pZLF. RNUPNEFALTDT Y RS EE
(LYDAREFEHRLIZE L TRENEREFMEX TEITL T
DILERLTWD, TAFRAYA T LIZRRDERN
BoNDEELRAT A DICKICRT ERET -1,
ROVNBRBEBEA)»bEONS ooz R YA K
QOBTFEETH D Z ENFN> TWIZDO T, 'H-NMR
Tr/onIRIH A FQo) BERLTVIDERRL
Ttk FUSREHE THF PEIRT 12 BB LE, T

OB, yuuTAFE FEO) AERETESND D

LMol BIRRDOTAINEAL FD oo REH
1 FQRab) IZEA L TIXRROLEEIT-> TH 12 BEE%
ELELRAONT s aazRExH 4 FARR I,

yea7AFe FO) Kt LTRUEHTT Y R
K&V, Bohi7 P K7 AT MEOSIb¥E%
RIELEL DA, ooz REd AL FROMNSLEETY
MERGZ2I{Tole b & ERUNMEILEEFTEHT7T O FT
LT E KRB BELNDZ LB ooz,

3-1-4. RUDNBEEXRNDTT /bR

RUPLEALTDALE ) —r(1e) EFNTST

JMEBUSIZ DWW T b RET 21T > 72 (Scheme 3-4) , 7T
MeRBEDEXLREILZ oo R I 44 FQ2e) ITRFL
T. THF #. 18-crown-6 ff7L . KCN 2{EH &5 &7
NELEALTDE X EFBICEHOLT /) TAFE KO

T )b RY E@Ge) 23 T1%DINEBTHE S, VT,

NaBH, ZAVWTELLB-2 T /& U L fKTe) ~& %
LT, '

Scheme 3-4

\CHC|2 (a) \N\.CI (b) )i\CH(CN)OH
Ph
6¢ (71%)
l ©)
NG, COOH (d) NG & OH
) Ph Ph
(S)-(+)-2-cyano-2-methyl- 7¢ (90%)
phenylacetic acid 8¢ (73%) (>98% ee)
, (CHIRALCEL OJ)

Reaagents and conditions: (a) K,CO3, MeOH, r.t., 10 min; (b) KCN,
18-crown-6, THF, r.t., 12 h; (¢) NaBHA MeOH, r.t., 10 min; (d)
Jones' reagent, acetone, 0°C, 10 min..

12 SEIKOILE ) =L ERAVTRERBEOQLE L
TWTEIE(E)TOEIERY L, N6 DLEW

 ﬁH5%
B, F7eoxREH A Qo) OFFHN, 7FRHTO

IZBILTX 5% 5 A CHIRAL O 2 IV TX 5
HPLC Z#JIFE L7 & Z A, JFHBEIL 98% ee LLLETdH >
Too HXEEOREZITIZDIZB-T /E FV 1 (Tc)
 Jones Bk L oa->7 /) BB TdhH D
2-cyano-2-methylphenylacetic acid (8¢) ~& EH X ENHE %
RELIEZAS)-OETHLI LB mNoT, 2" L
LOFERPG, RUVUALFALTOINE ) —VERWD
ST MEBUSIET ¥ MRS & FRRIZREI 7o 2 F
WANE ) —)b(le) DRFFLICHE L TLERFER
TEITLTWBZ EB oz,

3-1-5. 7Y FMERUSER YT /LRSS
LROERMNSIELEEZEDY /oo X F LI
v =R ORISR OEBRE R S 2 & fe o7, B
b, U7 aaAFAHRALE ) —EQ)ITEELEIZ LY
N7 ea R A4 FEQUIZEBRINR, RWTT
T MERBROY T JMERISHHERT 5, TAFAZA
TOHANME ) —N(1ab) EAVVCE EITIREROICRHE

FLBRE LT Y MEERS T /LD LR £

WERTDZ B pole, e, XUUNBBEETIEIR
BER7DaTREY A FEQ)D a7 ra7 AT E K
O)~DENER T, AERLOMERRFENLZTIR
{LER T {LER I HERENBOND Z LM 5oT

" (Scheme 3-5),

Scheme 3-5
0. . Ny
R= Alkyl \?) "inversion" /_?<CHO
base . N Alkyt
Aot Nu: N3, CN
\\CHC|, 2a,b > 3a,b; 6a, b
CHO
mversmn " ion®  Nu
@ , mv:rslon )Q\CHO
Y, u
Ph 7, Pn N R
2c "unstable” 3¢c,6c

EROIIBONTHRERICNEEEEZEDRT S
oo AFLHNE ) —LQ2) DEBRERDL SIZELEL
= TIXABD ALY ) —L(ab) &V E X
REERIDS LR RN S BI TR L T oo Ry
4 FQab) BRNRT LI ICBBRL, dMEOREKGLZT
T B F{RE@ab; 6ab) 235505, 2R LT, N
ONBIOANE ) — Ay AV &iIZii s ooz R
FHA RQ2e) BEDREEMD T DITREMOKE %
2. RPICHFET R A A CHITL DB

WAL A A VRS R R L, RN TR XA R
BB LIEOREL-aZaa 7 LT FO) ~LiEg
(4%, $OTRERID RREIC S2 BTHE LTV
F b FiK@e; 60) ~ELEHEND, BLREEH, 2EO
SRR ER R R R TISLERIFRER TEITL TV 5,
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3-2. HEHMFHTAZ /) —NEORN
REZBJTr7aa A FLANE ) —MMEIIA Y ) —
VP TER, SFMOEELBICLY e 7o REY
A FEEZEXDZERoTVBN, —KiZaZoo=x
REV A FEOEMIEL . ZOE EREEESE LT
=0, HE KO, DEFHL LIV TEH L a7 nnxR
FHA FEMLEEBRETTHEATIZ L 2BEL T,
B, TOXEBEFFMIFAELER. EVIUABEER
LRCUNBBEBETREDERYES 2, MELFERNIC
LELIEBTRIEDETTHAZ L2 RHELE, 2®

3-2-1. K,CO, /MeOH RETFTTOTAINABT 7 oo A
FAINE ) —NARD RS
RFTTNAINVEIATOEREERAN TR T2
(Scheme 3-6), YZug XFAHNE /) —/N{E(a)l
2T K,C0, (5 eq) /MeOH iZ & 2 RIGHH % 10 355 10
B~ LIS LT 2B, 7T FK(10a) 23 79% D
WERTENE, £/, ZO&RGE7un R4 K
(2a) KA L7ZHE D, RERIZ 10a 257, ZOT T
b FE(10a) DR X OSLIR(LE 2 RET 5 BT,
NaBH IZ X WBIELTA F 7 a—nfk(lla) & L,
—J T — VEAE A TF VL (122) |
t-butyldiphenylsilyl (TBDPS) {4 (13). p—methoxybenzyl
(PMB) & (14) ~ L BE L1z, Zh O DNRFEMER SV
MRt ELB I RITE R D&M & DHBRIZ L VT2 Tz,

Scheme 3-6

(b) (79%)
OH (a) o_cl ) MeO, CHO
/&HCIZ - /Q ™ Me S n-CgHy3
Me” R n-CgHyy Me’ n-CeHy3 )
1a 2a (c) l 10a
MeO, OMe MeO, OH
%, ———— %,
Me™ “n-CeHyy m)’(n-csm,
12a 11a

[a]p -1.2° (¢=1.0, CHCl3)

MeO, ,—~0-CH,C¢H,-OMe MeO, ,—O:Si(Ph),t-Bu

Me” Tn-CgHy; Me’ -CeHys
14 PMB (>98% ee)
(CHIRALCEL OJ-H)

13 TBDPS (>98% e¢)
(CHIRALCEL OD-H)

Reagents and conditions: (a) K,CO; (5 €q.), MeOH., r.t.. 10 min: (b) K,CO; (S eq.), MeOH.,
r.t, 10h (75%): (c) NaBH,, MeOH..r.1., 1 h (92%); (d) NaH/Mel. DMF, r.t, 10h (88%).

3-2-2. Sharpless IEIZ L AARE 3T NV a—/iEd
DOFHE L BB DR E

fe{t & AD-mix- 8 # BV 5 Sharpless {EIZ L., K
WAL 740038 R) B L 2-UA—NEEE LB LN
HHNTWSD, 29 ZZ T, Sharpless #Ex AV DK
T.5EIE &R L 7= TBDPS 4 (13) 38 L UV PMB {4 (14) @ (R)
KESHORAE 21T o7~ (Scheme 3-7), F T,
2-methyl-1-octene (15) Z CHRD FiEIZ & ¥ & 7K t—BuOH
F1. AD-mix-BT OCT I8 BFRAEE L, (R)-1, 2-¥ A~/
# (R)-16) #EINETHE, Hobhiz 16 2AF L

—F K (R)-12) ~eFBHL, ThiiEMHE LTED
12a LHEREDQHB R TolmE 25, HHEI/NEWVD
OD 12a XSV K fE>Ta A FFTTATE FiK(10a)
DHXIECEIZ S) BB TH D Z L h sy ol Eiz, HFHM
EOREDT®, 16 D—FKEEED TBDPS =— 7 VL%
TV, BEVTZRABED X F Lz —T bR T8
BEeHaRs X TERMo, L L, —HkEEE
@ PMB =— 7 WALIZ e ZRAKBEED A F o —T Ak
ik PMB A ((R)-14) ~DFEIITER, £Z T, Z
NAEERE LT3 5/ HPLC (CHIRALCEL 0J) THEEHME
ZP~f= & T A, Sharpless IETHE LN (R)-14 55 72%
ee T, FHx DFETE- PMB {4 (14) 1% S 5T 98%ee L
EEnS | ERFEMELRL,

3-2-3. K,C0; /MeOH G FTCORV AT 7 oo A
FNANE ) —NARD S
Scheme 3-7

@ HO_ ~OH ( MeO_ <—OMe

—_— $ — 3
Me” “n-CgHqsz Me” B ™>n.CHys Me” “n-CgHyz
15 16 (R)-12
© | @ falp +1.0° (¢=1.0, CHCly)

\ Y

HO, —O-PMB HO_ —O-TBDPS
Me>‘\n-csH13 Me>:\n-C5H1 3

© ’ g
MeO, :\—'O-PMB MeO_ '—O-TBDPS

Me>\n-csH13 |v|e>\n-c5H13

(R);-14 PMB  (72% ee) (R)-13 TBDPS
(CHIRALCEL 0J) .

Reagents and conditions: (a) AD-mix-f, H,0/--BuOH, 0°C, 18 h (89%); {(b)

NaH/Mel, DMF, r.t, 18 h (82%); (c) NaH/PMB-C|, DMF, r.t, 18 h (67%); (d)

imidazole/TBDPS-Cl, DMF, r.t, 18 h, (69%); (¢) NaH/Mel, DMF, r.t, 18 h (63%).

RIZ, RUPAVBRES 7aa AFLhLe ) —i

(1c) DIEFEF SISOV T OMET 21T - 7= (Scheme 3-8),
FERONFERIEOSRMYT T le 2xh LT 10 BEEEE
WBE Tl A, abk FaFxFi 7 —MEAT N
BRETHELN, 171, ERMOEEABICLVED
N3O 7 oo xRF Ik (2c) % REFMEELE L
THELN, $/-. 700 R (EKQc)Z THF B, =
BEELTHELOND a0 TNATE REQ) % KRR
BWEABLTHLELND, BonTEXF—NEADD
FEHEEIT S 5 /L HPLC (CHIRALCEL 0J) 7>% 98%ee LA L

Scheme 3-8
OH o_ ¢l :
/)fmh (@) /Ef ®) magm
Me ; Ph > |Me Ph > Me” “Ph
c 9

l 2c
Me’ Ph

92% 95%
17 (>98% ee) (CHIRALCEL OJ)

Reagents and conditions: (a) K,COs (5 eq.), MeOH., r.t., 10 min; (b) THF.. r.t,
10 h (76%); (c) K,COs (5eq.), MeOH., r.t,, 10h
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ThHhdI Loz,
T & — AR (1T) D #e BRI SCEREE S oD (S) -7 L
FE R ({8)-10c) 39 RUX(S)-H /R EE((S)-19) 39

CHIENXEAZHET A Z L2k 0 #E L7~ (Scheme 3-9),

FP, TEI—AEADEAFLZ—FT K18 & L,
ROCELEIZEY a4 XS TAFE FE0C) % 2
TR, 87T%DNETHEL, EbIZ, ZOHL D% Jones B
L., 85%DNETa XA FFIHNREEN9) 2B,
EFNFNOEXER B LI L Z A, 10c BLU19 T
RETHDZ EMToT,

Scheme 3-9 ’ )

H H : 3780
HO_  C(OMe), MeO,_  C(OMe), MeO_ cHo [@Ip*1378

>i >i - >i (c=0.9, CHCly)
~ph (@) | Me” “Ph T (b)  Me” Ph [“‘-(S)i

Me [o]p-145.0°
(c=0.7, CHCly)

17 18 10c

[a)p-28.5° MeO, CO,H l ©)
(c=0.6, MeOH) N

lit. (S): Me™ “Ph 49

[[a]n+3l.5° (R) (-)-a-methylmandelic
(c=0.8, MeOH) | acid methyl ether

. Reagents and conditions: (a) NaH/Mel, DMF, r.t, 10 h (95%); (b) 5% H,SO,,
THF/H,0, reflux, § h‘(95%); (c) Jones' reag., acetone, r.t, 10 min (85%).

3-2-4. KIGHiE v '

UEDE I RN OIS LN ST LT D
BEC L& & HA RO L HIZE X T 5 (Scheme
3-10), R INI A TOEBEOHATIH, avnnT
RE YA FOWBFRBN A R F 27 =4 25,2 BT
REHE L, =R R YA FORBARD 0 IHOKEL
A RELTAFE FEQ02) RERLEDDEEZ S
B —FH. RUVNEAL TORBOBETIE, A FX
VT =AORBLY LRIZHFHT a)VOEMMBE D
D, YEORELZZaa T AT RiEQ) L2y, &
WTTATE RALVRZALEADA N FOT =4 0OR
B Y, BEMEORE LA MR HIY A K
R (20) BT, BRIDA FF ST =4 DR
F (0-Me fll) ~DOHBIZLBHZRFH A FORBICLY
et ROXe 78 —LEADBER L LD EEX
LB, -

Scheme 3-10

ot{cHCI K,CO; /MeOH /Q/ R: alkyl [

Me” R°R - [Me

n-CeHq; }
1 “OMe

inversion l
MeO, CHO

mversmn i /(
Me” S "-Can
(o]
H-C \\\CI inversion % HO  CH(OMe),
MeO" \/Me JOMe —> >\

9

R: phenyl

3-3. aZnu®IYA FEREFDRIEDRIE

a/uuTHEIFY AL FEECEL TRV OIS T
EIER DG A T TREANCTHT BRIGH. FRlZ, 3L
AL FERIEBASBIIC R DFRERL B, . KA
DRI L > THEBRRR DI L BN o7, RISHE
NEELZESHDTHONEEREE FRIZFET (Schene
3-11), '

Scheme 3-11 , -
: R= Alkyl O, . "inversion" . " N" CHO
base Me . \.) Nu® e
OH Alky ’Nu ' tyl
Nu: N3, CN, OM
/chucl_ F N ®  3ab;6ab; 10a
Me’ 1R —
a R: n-CgHys
2R CHzPh "inversion" c| CHO "inversion" Nu\CHO
¢ R:Ph O M\ Nu- Me/"
Ph Nu : Ph
2c unstxble" 9 Nu:NjCN 3¢ 6c
"inversion"
Cl, O "inversion" OH OMe
Me Nu- Me,’%om nch
OMe OMe Ph OMe
9 Nu: OMe z 17

a&nu;ﬁ%%4F®®§E&QW%\?w#w
TG HBNZTE CHESRERORRE R B85, VY
WVENSHER IR BT L, a7 BT AT E

CFE@ ~EEL. REFORBEEZ T LI LB

Tnd, BEDEID, REAT VKT =4, v 7y

CAAY A RRYFT =AY O Hard & Soft #, L a

sruzREYA K (FXTY) @0 1AL ERFE
BT HAE) L2l (REESEATHMAE) . Ra”
au7 AT e MED 260 (Cl ENERTHAE) &7

T & FIRFEODHardtE L Sof t HEDMBIZ & > TRIEHH

HMENTWBRLDLEEZTWS, Bz, FhFhOILK
EEL—OOERICEENDHLEZTND

4. HHEEHER)-(H-F =27 A F%‘ﬁi

EHLAMHRLTEEAANY C-HIFARISIC LS
HAETEME 3T N T — R RETF OFHEHEDIER &
LT, BECHIETHERE . 0,0 “BHaT I/ B0,
o o LT ) EIRSEOAR LT, AETIES -

T b UEEE L OBEERRYTH Y . SR HIE
Scheme 4-1
CHO  (a) N CiiHs (®) x"Crifs
0 — > %5 — QO CHCl,

—ko ’ ?ﬁ 4
#

: : n-CyiHas | TBDPS

. . H R .

D-Mannitol 1 o ~¢"C1iH23
o HO™ YCHCl,

R)-(+)-Tanikolide (1 S (>99%ee)
(CHIRALCEL OD-H)

Reagents and conditions: (a) 1) Ph;P*-n-CyH,) Br'. n-BuLi; ether. 0 °C. 30min; 2) Hy.
Pd/C. EtOH, r.t:(39%. 2steps): (b) CHCl;. aq.NaOH. CTAC (cat.). 80 °C..12h (58%):
() 1) c-HCIL. MeOH. r.t.. 2,5h: 2) TBDPSCI (Seq.). imidazole (Seq.). THF. r.t.. 12h.
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ERALMIENTVABR)-F)-F=aF 4 FQ)3t 32
DOEREIT IO TN T 5 (Schemed-1), D-<w> = b
—ANLZYVEATATE FHEEEAQZEHBALTES
NBERTE b= FES)P kT bV 7m0y
I &3 C-HEARIGIZ 58% (FUBHEIY 24%) DN R Tl
TL7Z, BONDHEAEK@DRFHEIL TBDPS #(5)IC
Z5# L 7=1% % 5V HPLC (CHIRALCEL OD-H)T 99%ee
UETHHZLEHERLTNS,
ZOBAEGDNBH)-F=a54 FO)EERT DI
Borou2F AR LICHRRIEEZITY ZEBLE
ThHY, ToOEDIZTI/aa AFAEORMRTICLD
7oA FAEG)~DOEH LRI L7z (Scheme 4-2),
n-Bu;SnH ICX ABIT TR oo X FAEGEHBHZ L
BTELN, WRITEL FB%2%Z < EIX L7z, n-BuySnH
DYUEFKEFETIHEI 00 XAFNIEGDOMIZEIZ
BREPETL, AFALERELNTLS DI B0,
AETRHERMUZ /o A FLEGEEDZ LIITE
oo tz, FhUZx LT LiAlH, THRZEIR TRIRBIIZE
7 o afbB T L, 7 aa XFiKe6) % 60%DINET
BHZENTE, '

Scheme 4-2
n-Cq1Ha3 n'C11H23
(a)
o 3 — »0 3
_Ag;cmz ——\(/;‘cmc' + SM
l 4 ®) * 6 8%) (86%)

Reagents and conditions: (a) n-Bu3zSnH (Seq.), AIBN (cat.), toluene,
reflux, 18 h; (b) LiAlH, (2eq.), THF, r.t., 6 h (60%).

Bonfcr oo A FAEKGEEBRTRT £ M= b
L%, A —AD 1% T La— Ry i2RIRBIIC
TBDPS £ THR#E L, Bbhicroot F) AR
AZ 7 —NVRREES VO A EEREERF GBI
ZH# L. %\ T 3-butenylmagnesium bromide & Cul 226
FARLU-RARE T RE S FORBUN STV F L%
Tot, BIRUGE LTRITBEITL A FAENER L
B, BROF VT 4 KO EBFDH N TE I, KRIZH
L7 4 V5% Lemieux (L TT VT b FIZERL L7214,
Jones B{LIC L D T 7 b URKQO~NE#LT, ZDF T b
EAOIX, H)-F =354 FA)D TBDPS A THY ., F
Scheme 4-3

TBOPSOQ TBDPSO

n-CyH
O/\:( nf2s (q) n-CyyHag (b) nCo it
_.\—o CH,CI — 3 —_— 11z
HO" “cH,Cl N
6 7 8
TBDPSQ TBDPSO 6 W
© 7-C1iHas @ . 11(22)3 HO™ n-CyyHaa
_>H o:‘ —_— o —— (o)
o [o]
9 10 —
z >99% o0} (R)-(+)-Tanikolide (1)

(CHIRALCEL OD-H)  [alp 2 +2.5 (¢ 0.44, CHCly)
[1it. folp 28 +2.3 ( 0.65, CHCl, )|

Reagents and conditions: (a) 1) c-HQl, MeOH, r.t., Sh. 2) TBDPSCl (2eq.), imidazole (2eq.), THF, r.t.,
12h (95%., 2steps); (b) K,CO; (5eq.), MeOH, r.. th (97%); (c) CH,=CHCH,CH,MgBr (10 cg), Cul
(Seq.), ether, 0°C, 30min; (d) 1) OsO, (0,1eq.), NalO, (I0eq.)dioxane - H,O. r.t., 1.5h, 2) Jones' reagent,
acetone, 0°C, 30min, (26%, Isteps); (c) TBAF (5eq.). THF. r.t.. 1.5h (71%).

S L HPLC (CHIRALCEL OD-H) CH:2EHME X RIE L= &
Z5 99%ee LLETH o7z, HEIT tetrabutylammonium
fluoride (TBAF) CTBDPS & # i{R# 4 5 = & THlFEX
R THDH)-F=a274 FOZEH, EEELERELL.
& AXHME L HEHEA —B L. E72. 'H-NMR Zftho>
Wtk &, —E L7~ (Scheme 4-3),"

5. & &

D-v = h=ADOERINDHHFT L VA —NVFE
BEOHINNY EDRIGOBERF, BRICH C—H A
RiG%E RV Lz, ARISHBRIORIETH Y L -
FOICOHRN, Ao, BRAICAT > C—H ICHRAK
SBEITT 2 Z by . FEZRT va—L &R

LT BREFMRJRKROMEE~, Bz, FEURRRS

BaT7 I8 oav7 /EBEERS 77 FrOAE~E
BETAZLENTER, Bz, ARIEBRUCIOLT L=
—VBEETRRBLCETTHI 0D, RV
RENBZZFEEFOEELEGRDOIZDDEREFOFE
BLLTHETHDEEZTWD, o, BOMBER Y
DARFKBEED o il C—H FBEDFRHFREBERELICD
RENHFETES, B2, =¥ /AT IVEOL I
EMEREERRAE /T NV a— VE~OER b
ThHdH, 5. INVXUBARIGOHROE EZBHEL
TRIGEEDOBRFBMETHY, £, NI 7a
—NFEEOR U ROBHRE (BETR5IMEE. EF
HERE) DR BORBIIERRIGOAREIIRAIRTH D,
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