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Synthesis of Triptycenes via Triple Cycloaddition of Ynolates with Benzynes

Mitsuru Shindo*
Institute for Material Chemistry and Engineering, Kyushu University
Kasugako-en, Kasuga, Fukuoka 816-8580, Japan

e-mail: shindo@cm.kyushu-u.ac.jp

Ynolates are metalated ketenes acting as ketene precursors, their chemistry showing interesting facets that
are impossible to attain with enolates. We developed torquoselective olefination, sequential reactions
providing carbocycles and so on, so far. These reactions are initiated by cycloaddition of ynolates to C=0
functionalities. However, synthetic reactions of ynolates with carbon-carbon multiple bonds have not been
reported. Herein, we present the reaction of ynolates with arynes to afford triptycenes. This reaction consists
of four sequential reactions: double [2+2] cycloadditions, fragmentation and [4+2] cycloaddition. Synthesis

of functionalized triptycenes and their conversion are also presented.
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Figure 1. Preparation of ynolates
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Figure 2. Stereoselective olefination of carbonyl compounds with ynolates
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Ynolate-initiated sequential reaction
(-)-Stemonamine

Figure 4. Asymmetric total synthesis of (-)-stemonamine
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Figure 6. Reaction of ynolate with benzyne
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Figure 10. Selective cycloaddition of TMS-benzyne
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Figure 12. Triple Suzuki coupling of tribromotriptycene
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Development of Reactions of Pesticides Containing Pyrazole-Ring in Nissan Chemical

Norio Tanaka*
Synthesis Research Dept., Chemical Research Labolatories, Nissan Chemical Ind.,Ltd.
2-10-1, Tsuboi-nishi, Funabashi, Chiba, 274-8507, Japan

tanakan@nissanchem.co.jp

Many pesticides containing N-heterocycles have been developed in Nissan Chemical. The
heterocycles can be synthesized by various methods different from benzene ring. In this lecture, I will
talk about various synthetic methods of pyrazoles, e.g., cyclization, oxidation, N-alkylation, developed
in Nissan Chemical.
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Asymmetric Aldol Reaction Promoted by Chiral Phosphine Oxide as Organocatalyst

Makoto Nakajima*
Graduate School of Pharmaceutical Sciences, Kumamoto University.
5-1, Oe-honmachi, Chuo-ku, Kumamoto, 862-0973, Japan

nakajima@gpo.kumamoto-u.ac.jp

Asymmetric aldol reactions catalyzed by chiral phosphine oxide were developed. The reactions proceed
through a trichlorosilyl enol ether intermediate, formed in situ from carbonyl compounds, which then acts as
the aldol donor. Phosphine oxides activate the trichlorosilyl enol ethers to afford the aldol adducts.

In this method, a,0— and o,a’- double aldol reactions afforded dihydroxy ketone with at most four
asymmetric centers. Inter- and intramolecular aldol reaction of ketone gave hydroxy ketones with high
diastereo- and enantioselectivities. These reactions realized some asymmetric short-step synthesis of

biologically active chiral compounds.
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Process Development of Micafungin, a Novel Antifungal Agent
- Strategies for Manufacturing of Unstable Drug Substance -

Atsushi Ohigashi
Process Chemistry Labs., Pharmaceutical Technology, Astellas Pharma Inc.
160-2, Akahama, Takahagi-shi, Ibaraki, 318-0001, Japan

atsushi.oohigashi@astellas.com

Micafungin is a novel antifungal agent discovered and developed by Astellas Pharma Inc., while satisfying
unmet medical needs and making a contribution to the treatment of invasive fungal infections. We
successfully established the industrial manufacturing process of unstable Micafungin drug substance 3a with
a good quality, utilizing the following strategies; (1) establishment of the practical synthesis of the side chain
moiety 2 of 3a, (2) the optimization of the acylation of the fermentative product 1 with 2, and (3)

introduction of column chromatographic purification of more stable DIPEA salt of 3a.
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KETE A B Ive] ZIIUDETHHAKSETHRESN TN D,

AT 7 R UFEHEK 3a 1E, BEBRWDhE ORI D S N BTRREEE Y OBER Ky
R, BRIRAFH T F R1O7 I K%, (LPICERK LIZIEET ATV 2 TY 2 ouvfetg, T b
Vo atfifbL<iEonsd (®1), —J, 577 X )3 3a I EREE 2 © DIt
DT THDHTD, MHOBITIC LD R OBREDRIZHFHETEX R, LB -> T, ZORRFE
D—=DL L TATLru~ N T77 4 —PNBENRBRKEEEZEX LN, I A7 7 XK 3a
e WTIEIRIRIE COREMIMEL, BT LT v~ 8T T 7 0 —TEHLNTZ 0 BUR OG5y iR
T 57 EORMBENRH T,

PAFAFEIZIWT I A 7 7 o F VI 3a N E IS M dh B CHUS FTRE 7 L& L 2 s 3~ <,
LU FIZRT =D OIS 2 32 C TRFHIE T LTz,



BRANF T RTTF R 1 OT ALRIGHE, R TE~OAME fMET <<,
1) mien'E7 2 O TEEEZ N T 5
2) T IIALBRIS R Ol bz & > TRIGE R Kb T 5

ZLTC, IWT770oFURELEELE LTERSNAMEE TEDDHRL,
3) W rra~v NI T 4—ERAWIER T e R EHEET S,

HNH

H5;C(H,C),0
3(2)4 O O-N O
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1 I A770F U REE 3a OFRLV—

2. EHT AT 2 DT RRIERE DS »°

EHETZ ATV 2D TEMEHL— MR 2IT7RT, -8 FeXi 78 7/ (4) OERE
HINCF DN T VXL EW S %, t-BuOK DIFET, 7L 7 X ABIATFIIL (6) ERIGSHEDZ
LI E ST, RHM imp-T % 0.8% G HTHL-T7 b THINEKS% Tz, B-V7 b 7ICX
7 v E=U LRSS D L, B bxF I 8a b ZDONLE IR 8b 28 83 1 17 DAL E ER R
TR L, AcOEt/ n—~7"% > (1/5) 1RGO ST - Bk, RO S HRERT 5
ZET, B=08a NIE60% THOLNT, —J, ZNODEITEHEKIZEAT 28 2 EMm LT 5
8a & DIREM A NIRRT 5 Z LT, [BILFE 90% TT7 OEI 7 1t X ZEE T E 7,
B/oniz8ald, Mt FuXx i 7 I v LD TREWIEEIRFE TS L, IHE 96% TH—O
9a #5-27-7% (9b: MEHFRARLIT), HEEL7- 9a [T A H#M imp-9 2 &AL THY, ZhNAY
2OMBERTZ 72D L, ZOiEZ kT <<, KOH KEHKIZ L 25 9a DMK EE, B Y 7 A
#5 10a % THF A TR 5 2 L2 & o T imp-9 Z I8~ BN R ER, HRRKIARLE I XY



10b #UUR 93% T2 (imp-9: MHEALIT), 2O X212 L THELALZ 10b Z DMF HC EDC-
HCI/HOBt &t SHAZ LIk, IR IS% TEMmER 2 2455 TGl A2 N T 7=,

MeOZCOCOZMe 6
RBr, K2C03 t+-BuOK
HO RO > RO CO,Me
DMF DMF O O

0 0
4 quant. 5 7

1) HCO,NH/DMF

2) AcOEt/n-heptane — HONIL HCI y
2
7 AcOEt/n-heptane ﬁ@’coneW RO O O CO,Me
(0]

O NHZ —N

k 82  (8h:ND) 96% 92 (9b:ND)
MeOH  ¢p + 8a

90%

1) THF

KOH z 2) aq HCUTHF EDC HCI, HOBt
8 —aMeon/TaF . RO O O COX 10b
(X=H) DMF

O—N ]
10a 93% from 9a  (imp-9: ND) 95%

(X=K) R= H;C(H,C),-
ND= not detected

A OO O
0O O 0O O NH, O
imp-7 Sb
O—N N—O N—0O
imp-9 9b

X 2 JEMEZ XTIV 2O T ENERL— B

3. T YMLRIG DR & ER T v & X DR 2
FHAAr—NThT < I T77 4 —%HWTI AT 7 X UMK 3a 2 BNT 58, &
A BUR DM R 23 5720, FEROSMIZ L2 MER TFhrokn oy, —F,
NT77 R UFEE3a DN, A Y Fa T AT I (DIPEA) H3b OREMIL, I T 7w
FURELY GENTBY, I8 7u~ 8T T 7 0 —I2BT 55 BUEOEMERIEIC S +H01m 2 o
HZZEERMLE, LT, UTICRTHEE S o 22 RT A2 2L T, I V77 FUFIK 3a
DEMEILEZERTED2bDEEZ, MiHcETLE (K3),
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=mmEt

K3 I A7 7 X URHK3a 0flET ok A

1) BRA~OAM AT <L, T IOUBRIS G Z fiaife L, 8 3b & HiftEd %

2) X EERME D EI T LI~ NI T T 4 —THREL, 3bZEmMElLT D

3) 3b & Na WG A A4 L RHEMAE T 7 A~BIR L, SEURE RBHOEEMRILT L LICE-T
SIREIZ, EEERI AT 7 o X VR 3a 2155

BRAFHXTF N1 & DIPEA O DMFIEHRIZ 2 N2 5 & 7 VUG TR b W ERSEZ 5 2,
FOSHE TRICEIREE 2SN 2 2 & THEL 3b 2 R(IbTE 7=,

MeOH Z ¥ HHERIEE L L, HEE3b & v -7 /L I T FRIEN T LITEHIK L TH D ALZ & E D 3b D MeOH
WL, Rz Z & BMERTREL 720, AKIRINZ L 5 T 75%MeOH KIEKICTRTL L=, &L
T, Na BURGA A L AZHumtAE 7 Z 2 (UBK510L) (i@ L, [El—#ARD MeOH KEHKIZ T2 2 &
T, IAT7 7R UK 3a ONRIRESTZ, SBHIT, ZORBHRODEIRIZT & b2 /AcOEt IBE
I 2 RIS 2 4 BB DN EHESL T 2 & T, miWEEMRE LT EI 7 7 X U JFEE
3a IR 5% THD Z LIk LT,

AEEN LT BGEEIC L I D7 7 U X VK 3a ITBEICE D F CREMBIN TN D, IH
T7UXNIT Ay RAT 4 AN =— X & TIERLTHY, I 077 F UK 3a ORLE
R ZE L CTHESERE Rt bDEHAL TN S,
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1 (a) Tomishima, M.; Ohki, H.; Yamada, A.; Maki, K.; Ikeda, F. Bioorg. Med. Chem. Lett. 2008, 18, 1474.

(b) Tomishima, M.; Ohki, H.; Yamada, A.; Maki, K.; TIkeda, F. Bioorg. Med. Chem. Lett. 2008, 18, 2886.
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LA s, o 648, 1294 H (2006)

3 Ohigashi, A.; Kanda, A.; Tsuboi, H.; Hashimoto, N., “Practical Synthesis of FR195752, the Side Chain of
Micafungin, Utilizing a Regioselective Conversion of Diaryl-B-diketone to 3,5-Diarylisoxazole”, Org.

Process Res. Dev. 2005, 9, 179.
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Direct Catalytic Asymmetric Addition to N-Unprotected Ketimines
Toward the Goal of Developing Protecting-Group-Free Synthetic Process

Takashi Ohshima*
Graduate School of Pharmaceutical Sciences, Kyushu University
3-1-1 Maidashi Higashi-ku, Fukuoka 812-8582, Japan
ohshima@phar.kyushu-u.ac.jp

Enantioselective nucleophilic addition to ketimines is one of the most straightforward approaches to
synthesize optically active tetrasubstituted amines. Although various methodologies using stoichiometric
amounts of metal reagents have been developed, in terms of atom economy, direct catalytic asymmetric
reactions are more ideal pathway. Therefore, such direct reactions using N-protected imines have been
explored including our Rh-catalysis. To obtain N-unprotected amines, however, they require additional
deprotection steps, which limit their synthetic utilities. A prominent way to address these issues is using
N-unprotected ketimines; but, there are only limited success using N-unprotected ketimines as an
electrophile. Herein, we disclose direct catalytic asymmetric addition of various nucleophiles, such as
terminal alkynes, 1,3-dicarbonyl compounds, and heteroaromatics, using chiral metal- and organocatalysts to

afford N-unprotected ketimines in high yield and good to high enantiomeric excess.

[WF 5575 =

GEFBREBTHTHDLA I KT HAMINE. T IV EERT DO OEBERIETH D,
IHNETIZ, 7Tk FEEROT VR A I ATKT 2 @EINER DO m =T o F AR IRAY 22 il S 723
BEAEINTHWDLHOD, 7 N HERO T F I KT 2SI, 7 F 2 v OIS EDK
S, AR OREE S | RLEE S DT E O HFNIRD T 7 < | Fl 2 XA R 7 L% =1
{EBOSZBE U Cid, FLlE 5 (Angew. Chem. Tin. Ed. 2012, 9114), %8I8 & (Org. Lett. 2013, 698)IZ K % # 15
DHBTH Y | FE LT F o F AR S 2 7% LTz, £zt LE & 1%, Rh-Phebox
fitfi (Angew. Chem. lin. Ed. 2011, 6296) % W5 T, oI AT NVEEGTH 7 F I kT 5
fRIEE AN F T N F = BSOS Z BT D FITKED L, R % e ERRa-7 X/ BEFHER O G R A D)
L CW 5 (Chem. Eur. J. 2013, 8417), & B2, RUSHEREMATIC S P L. BEOIEERE O E & FEE —



WRMEDPEIRIZ B T L 7= (JACS 2016, 6194),

OAc : N-CPZ
o sow | O{QY
(" RA | o™ /i\
£10

N/ | \OH2 ! —Rh \\ N
OAc R PG 4/6/kMeh
previous work I J\ SiM
S R
3 \N : (0.5-5 mol %) F30I
I i R|h\ L - E10-FS,, \\
C\/_ jN 0 \J< H\ proton transfer EtO
( Rh Me | R3 up to 98% yield
N~ : up to 95% ee
O\< J : 33 examples
o fast

+ « improved reactivity
» expanded substrate scope

LU b 2 E TICHE SN KIS, A X U OIEMEIL & RFERBEEOT-DIC, Ri#EA
y«kmn%mwé$#%%f%@\é&%i%é%f%%éﬂk?:/_@méﬂé(Tﬂmm
b)o —K. KV EHALFHRERERE VKT I (RNHy) OEROBLENDRD &, HRGE
A I V(C=NH)Z H#HEEEIZH WL O ZRE T 2 EFEN TEIE, KV EFDER - TROFOHRT
BN ARG Z BT D ENARETH D (patha), LU D, BLGEA IV ORIGHE - Z5E
PEDIR S, S OITIREA X SITR R S T E O E REEMOEEENLETHDH T &, &

(AR TH 5 BRET I NS K DABED RIE H 5 WVITARTEAL R EDORIBENFET D720, Bk
A B AW R E SOSITIZIERBE O DI CTh o7z, KBS, BF LBE#EOr FI 1T
K2 E AL R AR F RIS OB & LT Vovk & (Tetrahedron Asymm. 2008, 761), Nakamura
o (Org. Lett. 2011, 1662), Onys’ko ©(Tetrahedron Asymm. 2014, 1234H)IZ X > T, £ £ proline 33
ige) proline FHEARZ AL - L CTHV 2 Mannich SHAHRE SN THWAEHOD, EDOFIZENTS
B oM AT | FHCREAIE LTRT7E Fc Lo S h Tnanizd, BE ik
iﬁ%ﬁ&%@%ﬂﬁ%éﬂf“ﬁo

PG. .H
N*‘PG catalyst N
+ H-Nu RN
ﬂ\ path a 5 Nu
R! "R? . R
via proton-transfer
deprotection I\ waste
H. .H
NFH catalyst N
R!” “R2 path b (this work) R2 Nu

direct access
via proton-transfer



(LR T X ATk 2 BRI 7 L % = AL BOE D B % ]

BEE D7 F 2 v DT AF = MRS, WPR b ER LICREESLETHY | BHK LERED
TRV ENLNT I EGDICIINRERLE Th o, ARIFE L X, BFE EEREO S TF I ISkt
T 5 EHEAIELR) 7 L % = AL RS % 1B T8 THEBL L 72(Chem. Commun. 2017, 6319), ARG IZ
(T EtZn & VAR R 2T ) R 11 DR TR L7 iR sy s R R L, &R - IR
BV ZFa AFLr RO F I BRI O OEREEZAT O RET VR AT LT
BRI TER REREO T NV T I 230 ZEICRA LT, £, o AERMIT
EHEEBIG~EFIATE, EWIEMEIEDO T VX =T S a7 B8%T5 N TET, &5
(. BRI £ D A X M OLERIREY 72 T 1 % = ALBOE DBHZE T & kB L7z,

H. _H H. .PMP
N“H cat. Zn N N
it T A
R NN A
Ph” “CF, 5C on o
+H\$%\ _ 70% (NMR) 9% (NMR)
|- PMP Ph
1.5 equiv
pWJLH (15equiv) | cat Cu <5% (NMR)+ 58% (NMR)

[HECRFE 7 T X Tkt d 2 EHEAY M IEEAY AN 7 Mannich )it 0 BA%E ]

Wiz, REFAE L TEE EEEED o -ketiminoester, KiZA| & L T 1,3-diketone $8% H\ 7=
Mannich St DFRES &2 1T - 7o, FiA BBAELIZ OWTRET 21T - 7285 5%, Zn(OTh), Z il & L CH
WZBRIZ, BICEETHIR GO Z 2 R Lz, StV TARERIG~E BT, e R
FHENL T & OFAE DY ORFE21T > 725, Box REUL & W2 BRICARF ORBNHR I N D
DD, =F T ABRMEIIMEDNFER E oo, 22T, REAEME A Wiz 7 ) —=2 7
EREATSTZE A, F=—FXHROTF AT L7 ZREREMEA BEAREL 2 W T2 BRI BAF R IREB L O
T UFAERETHIMRSEOND Z & % L L 7= (Chem. Eur. J. accepted), ARG IE, 4
@ 1,3-diketone FA721F T2 < | 6 CAHEAEE CTH 5 proline Sl ¢ 13w FH @ IR #E 72 malonate %812 B4
LTHEHAMRETH Y, S HIT, B -ketonitrile $H. B -ketoester JH, 3 (IZEHLEZH T 5 oxindole
JAICKI L CHEMAMEETH L2 Z 2 AL, BIGE, G FAERE), @27 A7 LA R
RS A R L, e L AR U E R FEREEIC ORI Lo, Zhuk, 8 FERED S FI 0%
PN T2 e R 7 DU B PR AL RS DR O T ORI T o 5,



catalyst H

H (0] N° O up to 99% vyield
N . (5—10 mol %) _— up to >20:1 dr
1JJ\ R®  directaccess  ° MRs up to >99% ee
R' CF3  RaRs via R R4 RS 30 examples
7 examples 24 examples
H.
H. _H
N O F G
F3C' . Et02C ( 3
3 EtO,C
EtO,C R 2
0~ RS

[F&0]

UL EF &, B35 BEEED 7 F I ATk D EERIARELR 7 L % = AR & E B AR R A
# Mannich St # A% L, 8 ERAEDO NH 7 F 2 > O/ RALFEN 728 A2 r~3 2 S 12ksh L
=, AEIOFME T, BB L EE LERHED S F I KT DA > F— VO B e
F Friedel-Crafts S DOBAFE & &0 T D OIS 0 BRFE Ofk il & BB — M, Efo S 5

IRDFHE, BOCHEIEMAT 2 SICB L TRET S,
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Flow Reactor System for Phosgene Reaction
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Phosgene is widely used in organic synthesis due to its high reactivity, utility and cost efficiency. However,
the usage of toxic phosgene in batch process has been challenging on industrial scale. To mitigate the safety
risk associated with hazardous chemicals, it is effective to minimize the reaction volume. Flow reactor
provides the solution to this issue by reducing reaction site. This approach is expected to enhance the process
safety for phosgene reaction dramatically with respect to batch mode under large scale production. Here, we
have established a flow reaction system using triphosgene / tributylamine manner, resulting in a
homogeneous reaction that avoids clogging issue. In addition, we have demonstrated that this methodology

can be applied to a wide variety of phosgene reactions, including the preparation of pharmaceutical

intermediates in good to excellent yields.

A TE WIS Z BT DRAT AL, Fax DI NVR= UL EMZBEICARTE L2 LD,
ARG EAMZRATH S (Figure-1), LINLARBHARAT AT@mENRHR, LEAS—/LTO
R EE 225G, Ny FRY T 7 X —TIHERICKREOEEWEZ R T2 2812k 4ok
DEEA L TCWe, — . 7a—RU 77 Z—TIIOLER a7 Neloh mtEWE ORE;
BE2M/METE, ZEMEZREBIICED L ZENATREL 0D, Fxld, ZoKR7u =07 72—
VAT LOZEE TOBNIEIZER L, RAT UG E Z—7 v MIE OB ARG 2 FEh LT,

NCA

R1
2 R.__CO,H Isocyanate
Carbonate Ho)\rR T NG y
w NH, /
R—NH,

0]

PN

Cl

R—OH 2 R—NH,
/ Phosgene \
Chloroformate

Figure-1

Cl




NIRRT ET I WA AT CBORIE, BUSEIZT X VHEBIENREIAET D720, LIEL
X NWTH U CRUGTR DS AR E— & 72 % (Figure-2), /Ny FCTEIET 254 XFHCHE L 13725
RN, 77— TIET A VAZED Y 27 BIFEET D720 OISR Z FIZH—IZ T 208 b o7,
PAZEY A 7 OEGEEZ AT TIE, 7 2 EEEOMASDOENEZE L 2508, AAGHEIZE LT
FEANCRBT LIRS, B MEOE W N Y TFAT I U2 NS Z LIk, Bt L2 ToRHn
BER CRZIERAE ST S, SONRITY — ik e e b 2 & 2 R LT,

o Amine o] Substrate Ami
)I\ —> 3 )]\ —> Product + mine
ClsCO OCCly cl cl HCI salt

Triphosgene Phosgene

Figure-2

FTEIRATURIED O, 7an 7y —A— MRS ZETVE L TER L, 9-7 VAL =
WAL )=V RN L-A v b —)L &I L L., Figure-3 ORE/RMEE A AN T, b U R AZ L ORI
ENVTFAT IV HBEOWEKE Y ) ORI THER - IBRE L, 7 — s FE LT, *
DRGSR, HHH)~ AV R72RESRME T, BWERFM CONTER I EITL, BARINEEZ 5 X
7= (Table-1, Run 1, 3), 72, MU TFAT IV EHWEZ & CRISKITE &0, T14
EEBORMoT, —J7, Ny FRTEM L7z Run 2 Tik, BUSTI AR O 5533 2 H0 O TULER AR
KR L7272, HiEbUba 7 e — N TCHEMET 5 LNEREIZA Y v MH 52 & aiER LT,

mtii W=

Triphosgene (0.4eq.)
in Toluene
e ——— Y
Tributylamine (1.5eq.) Temperature control e Bre:(;:?:t
/ Substrate in Toluene (T°C) Quench
. solution
Figure-3
Table-1
Desired Residence  Yield @ ;
Run Substrate Product T (°C) time (min) ) Clogging  System
1 OH oo O 4 98 None Flow
Y
O~ OO
2 Q Q -5 - 60 - Batch
3 T 30 1 99 N Fl
one ow
OH - o’tci
PN PN

@ Determined by HPLC analysis



A7 v —FREMOR AT OSSR L, RRICSEERLOPEILERICET T2 &%
A Te, N-TIVRF AR b, U LT LAY 2b, AL A NEA L 3b 1, 55 APl O HE 1 H]
TKTHO ., ZNHDIEMIEAT U ERWTEANYy FRIGICTARTE D Z R TIcE sh T
W5 3 (Scheme-1), €2 T, FMNIARRFT L /NI TFAT I W7 —sEHNWT, 2
O DILEMNERTE DT L7,

@® NCA (N-Carboxy Anhydride) synthesis

5 0y OFt Oy OFt , o. OEt O N/
! Ph/\iN/kﬂ/o Ph N&O L N/'\[(N\g
: "o O//Lo : H o6 CcoH
' 1a ! . .

1b ' Imidapril

H ' _
H O’N‘OBn H ?\N/OBn: f (%N/os%
N . :
NSR™SN ) : + b N_<
H ' o) @)

2a 2b Relebactam

O NH O N_ _Cl O N__ O,
5 — b = ‘27()( @
i 3a 3b i

Solifenacin

Scheme-1

NCA (N-H VR k) b, KO LT AICBET % 7 v — & Cld, Figure-3 & [F U#EE %
AW TR Z B BREICRET 52 I8 I~EONETHIYZGL Z LTI LT

(Table-2, Run1,2). LA L7ZaAs b, LA ASEA L b D7 10— RIS TH, AlEIED 70,
INER1T 45% L RN & 72 o 7= (Table-2, Run3), 7235, AU IR RO SoMr A e i G2 D St 2 25 2
THIEUEIITE L R T,

Table-2
Desired Triphosgene Tributylamine T Residence Yield @
Run  Substrate Product Solvent (eq.) (eq.) (°C) time (min) (%)
1 1a 1b b 0.4 1.1 60 3 76
2 2a 2b THF 0.8 3.2 0 2 85
3 3a 3b Toluene 0.4 1.2 10 2 45

@ Determined by HPLC analysis
b Triphosgene was dissoved in toluene. Tributhylamine and 1a were dissolved in THF.



AL /ST A L 3 D7 1 — S CRIAE LI R & B - FTE L

ToAES, AL Figure-4 1IR3 R 7 A RT3 A— MK
(Impurity-A) T®H 25 Z EXVHH L, ZiudEkt3a & hU R R7 v N\"/OCCls
Ph O

DNEEROG U CRIAE L7z EHERI S vz 7o, BIEZ Il 2 7291213,

NURART U NDRAT DM A+ 31T o 7%, HHE 3a LiRA Impurity-A
THTavARGE LWEE X, % 2 T Figure-5 |2/~ i 25 % Figure-4

FANL T, A7 v —REEEL 2 DO DR SV TE Y | AREO ST TR AT V&%
BT, BEORISET3a ERAT VARG - RISSEDZ LICLY BD 3b (T 5 &
WO THNWTH D, BT ORGSR, IUHRIF 90% & KiEiZm =L, R L Cu7z Impurity-A & A H &
ol TORRIT, 3b DR TIREE 72 o> T2 CRIK T I, RHORA HiEE LRT 52 & TR
L7,

— Temperature control (10 °C)

@:}3}3{&1;51:}Liﬂ:l:fff}:f)‘ idp———

Triphosgene (0.4 eq.)
in Toluene

e )

Tributylamine (1.2 eq.) q
in Toluene :
f o %
N = .
H - . ! Quench Yield: 90%
3ain Toluene R 4 solution Impuriy-A: Not detected

Figure-5

Pk, BFrexid7va—0 77 2 —OREHE TOEBMMEZIEN L, FEER T —/VTIEEY Fu KL
SNDBEDRNREAT BRI TE DRI AT DAL LTe, 7 v —INFFA OFRET
DI AEMBEICE LTI, Y TFAT IV E2HNE 2 & TRIAET ST I R AR IA
WHEER CTHH L2 &2 R L, SRR, 72, Y7 e — v A7 MFEEGPHEIE
BREZFLLL ORAT VRIGICHEHAETH S Z & biEgE L T,

RBAKEETIE, N0 7o —RIGHERIIMA T, A L7 —0T7 72 —&fFEoa &7
F (GMP + = /L F /83— 3%R) 12OWTH P CHLET 5,
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We developed tetraalkylammonium methylcarbonates as highly active catalysts for transesterification. In
particular, [Me;N] [OCO,Me] was effective for the transesterification of highly chelating substrates, as seen
amino alcohols, diols, triols, sugar derivatives, alkaloids, etc., which are hardly used with conventional metal
salt catalysts. Common organic solvents, such as hexane, toluene, THF, DMF, MMA, dimethyl carbonate,
and ethyl acetate, could be used. Moreover, non-epimerized transesterification of a-amino esters was
developed. Overall, this metal-free and environmentally benign catalytic transesterification system might

be attractive for not only laboratory use but also industrial use.

[(FRER - BM]

HNVR BT AT VESR S FE LA E LT TEMICES AREhTnaY, 20 Th,
Az OB BENRRN A F LT 2T L(R'COMe) & 7 /L 2 — /L(RPOH)IC & 5 il i = 2 T 148
BARSIE, A2 ) — NV U BEEMZ LS 20Wzd, a2 X MBRERWER L EER= AT VERIEDO—D
Thod, LrL, BFEFREOELLN—FE2RKBFERANDILERH DL, o, LEMNRTZ AT
VRS T, WERICAR, FEY, ToFEUVREDFEMENE L AP ~DERELERD
Mz b HOESBEMEEN LS AN TND, £0 95 2, —MKAYIT 4R AR O m o
Ha M5 & fEEN RIEIIR T2 &0 o KERMZRBER & 0 | REE LA 3 L RE S
TV D (K EEY), RIFFETIE, BIEQO = AT VRSN 25 2o OB % 3 2 877
il e LT, AZ LT U —DT E=y AEMBHICAE B U7o(X1 FEY), fie b WO ARSI 75 X
NDHDIET =7 LT a2y REERN]TORY Th D03, FDOMWEEIEMED 7= 6 WIRPEA
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i/ NRICARI T 2 7 A 3R b D, AR TR, 29 LEEREN S, EREICENT
fisH T o TR T v = 0 AR Me,N] TOCO.Me]™ 2dDBHFIZEh L=, LA FICARRFFE AL F
OEEZ IR D

ERDHE
FG  cat MX, FG, M = AI(lII), Ti(IV), Sb(lll), Sn(IV
< — WX, = AI(Il), Ti(IV), Sb(Ill), Sn(IV),
oy HX o HF(IV), Zr(IV), Zn(ll), Co(ll),
, ) Mn(ll), Fe(lll), La(lll), etc.
Inactive species
AR
cat. [Me,NJ*[OCO,Me]" (2d) G o - Me ,N* with small
( FG (Stable soild) ( N steric hindrance
> O / N\
O - No f-H to avoid
OH ~MeOH and ~CO, Active species decomposition
Fast (Relatively stable) [Me4NJ*[OCO,Me]~ (2d)

1 EALPERES & 2 i~ oD

[(FFRFER]

B, BIRO T 2 & U % VD = AT OVHBRIOS OB FRBR 2 2T+ Hilfe T, 74
CRREE A ORIE E LT TR < RO R ZRRE & LT, BlnME R~ o ] 23 R #ET
D LERBRLTE L, FHEZRITTT, FxBBLICHEEZOFEIMARD T & it
La(Oi-Pr);/HO(CH,CH,0),Me? 0 #2 A D F o & L il i La(NO;);-H,O/[Me(n-octyl)sP] [OCO,Me] T
IEWF IS SUSITHEIT L 72y o 7o (entries 1 and 2), & Z A, FEFITHIRIENZ &2, B2 ARk

DSy T 5 R AR =7 AHi[Me(n-octyl);P] [OCOMe]™ (1a)D A% N5 & BOSITHIEICHEIT L,
R EIN R T S L (entry 3), & H 2, 7 =7 At [Me(n-octyl);N] [OCO,Me] (2a)iE kL ¥
B Ol EE P A2 > = & 2 R L 7= (entry 4)Y,

OH O OH O

catalyst (6 mol%)
OMe + BnOH 0">Ph
(1:1) n-hexane (bp. 69 °C), MS 5A (-MeOH)

azeotropic reflux, 2 h

entry catalyst yield
1 1/2 La(Oi-Pr); + HO(CH,CH,0),Me 2%
2 1/2 La(NO3)3'H,O + [Me(n-octyl)sP]*[OCO,Me]™ (1a) 1%
3 [Me(n-octyl);P]*[OCO,Me]~ (1a)  87% (71% for 0.5 h)
4 [Me(n-octyl)sNJ*[OCO,Me]™ (2a) 90% (78% for 0.5 h)

K1 BALMERE BT D ALY

F1T, 7 E=U Ll 2a(entry 4)23 K AR =7 Al 1a(entry 3) & D HUNEN E - TZD
R TH L 2 MBSO SOSHED 2R THETE 5(K2), T72bb, RAR= T LMgtfiila



W7 a %y REHHE LTSEL O R AR T A ZTER L 9 5 72 OOt B TR T L, 5B
AR ZIER LW T =0 AEftE2a8 X 0 @S WitEE 2 R L& E 2 5N 5,

entry 3: entry 4:
[MeR3NJ*[OCO,Me] (1a) R
- R_/® © R® R
or [MeRsPIOCOMel™ (28) ~ oo S SOBN N o8 ]
+ RN R™ "Me
—C0O, Me
BnOH Fast Less active species Active species

(within 5 min)

B2 ARAKR= T LML T U = T A OISO E

&AM, WEMARMEA AT L9 LRICRFEED D O bIC, KISHIZBWTT v E=v Ak
DOAER) 7218 C & 2 Hofmann Bl & SN2 5 i (2 K 5 20 i /3 B4R C & 97 filii2a o0 JLE 3 FH &t R 1 X R
BNTLE D Z Enbnoiz(K3)), &2 THfEdEN L 7 5 Hofmann BB & 345 72912, N
FOTNRNEEF T FLENS B-KFBEFFLZRWVATFLEIZEL LIZ(H4), EDORER,
[Me(n-octyl)sN] TOCO,Me]™ (2a). [Mey(n-octyl),N] [OCO,Me]™ (2b), [Mes(n-octy)N]'TOCO,Me] (2¢)
DNENZ 2 ENE R OIS PE D 7] B U7, BT, B -/KFE & FF2 720 [MeyN] [OCO,Me]™ (2d)73 i
LENTIECHA I AR L, 7By AMRAIIRERACHETH Y . R EN.
HEE A LB TESTHY, TEMTAVS ETH AU v MIREWY,

n'CgH15 \(K)l/ n'CgH«]s

\/\/\)i “CHs Sp2 reaction — s (r-octyl)sN
0,
H k@ ca. 20%
x__

OR?

Hofmann elimination of the p-H moiety —> Me(n-octyl),N

ca. 80%
B3 7 =T DA D 5y iR

P~Me N-Me N~Me Me~N=Me Me~N=Me

Me Me Me
Coco,Me Coco,Me Cocome  Cocome  Cocome
1a 2a 2b 2c 2d
Catalytic activity Low High

due to steric factors:

Chemical stability
(Hofmann elimination ~ Unstable Stable
and S\2 reaction):

B4 filh o fe AL
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B L O TR SR,
fiZ~F %> hox> THF. DMF,
SR, WEOBMMEOMBIC b RIETE R, E6iC

(B3 T2 WN-BECRFE D FENE o -7 X/ B X7 Vv 2 IV D46

WCHh Lz, 29 Lz

Gy iR W T E R, MRA
X, T T va— L,
TodiaA RIZEACE e, — iR REAEE L 1380 |

WECNPE IR ISR L C i
M)A —n, Ui AT,

EHTE 5%

IREEY ATV, BEfR=F /L, MMA, A Y 7 ra/X ) — 7
. fgRAHMERIR THEEETHY . 5% T
BIRFET Bl 2 T VA
R R ORI 2 8 U C, NEERS B2 O Frod X 5 72455170 He
WirkET L L BHEMERS BOZ AT AR EZEOND Z EbbhhoT-, EEE.
FHEFTHRNRT VT = T AR ORI EME 2 TEN LT, B X 3

Zo9LT=
VEFHEKRTT LY N, IR

X9 D FPEM 2 & O EMEEME D107 T L A7 — VAR b EE) L2 (3,

JOL o [Me,NJ*[OCO,Me]- (2d) (6 mol%)
+ -

OMe solvent, MS 5A, azeotropic reflux

(1:1)

OR?

Product, solvent, reaction time, and yield:

NH AcO/j;O)...o o .
o’ Y © ¢

]
Ph)l\o | )
%, 0 BzO N N7

0]

toluene, 3 h, 94%

OAc AcOEt, 1 h, 91%
= >< DMF (90 °C),
12 h, 85%
AcO OAc OMe 23 8
AcOMe, 15 h, 98%

NOB”
NH,

Ph~p
ph/P‘OBn N~

n-hexane, 6 h, 82%

n-hexane, 50 °C, 8 h,

THF, 6 h 77% 94%, >99% ee

Ao

MMA (70 °C), 16 h 93%

AMY

-PrOH, 8 h, 98%

0CO,Me
)\/\X/

DMC, 12 h, 95%

R2 HH MO

(0] trans, trans-farnesol (25 mmol)

2d (6 Mol%
o OMe ( o)

toluene, MS 5A

MeO azeotropic reflux, 3 h

25 mmol, 6.96 g

K1 EWIEEME (B4 I VE

oA B o
2
o=

DeCaNy
91%, 10.6 g

R DT T DA — VAR



SIhiZ, K7 vE= Wbﬁ%ﬁmanmmiﬁm@%%ﬂkﬁbfﬁm@&%ﬁm”% THECT X,
AN AR A N ATRE TH - 72(32), = 9 L4y BEREIIE AT 12 . FEE Ofik i A KRR AR
BHZEMNTED@IERERY K UIZ X o THEE0.25 mol% 241 24),

ester & alcohol
0 E07 2d (1 mol%) (6 mmol each)

+ o - A
OMe HO” ™" nhexane (1 M), MS 5A n-hexane (1 M), MS 5A | 3[
(

MR (%) ISR (MO RE)

azeotropic reflux, 3 h azeotropic reflux, 3 h ’niEL

6 mmol 6 mmol
(bath temperature 90 °C) bath temperature 90 °C)

@Eﬁf“} %maimAg
Ph” 07 Ph” 07
BEEASET 96%, 5.48 ¢

K2 7T LR — )L T ORI R oMt

TEEMCHEBE RN A Z 7 ) L— F(MMA)E / ~— ORI bISHATRETH 5 (H3), 7vE=
U KRR & R AR = U AR 1aOTEMEOZE AR LT, U4 — /L OFRIFIMMA A LA % &Y
FTEYV T D LBRTERY,

catalyst
HO OH MMA, MS 5A \[HI\ Wl)k J\”/
[Me(n-octyl)3P]*[OCO,Me]™ (1a), rt, 3 h: 97% yield 3% yield
[Me4NJ*OCO,Me]~ (2d), 80 °C, 6 h: 3% yield 97% vyield

X3 T UE= U LM - R AR =T AEMBEO NI KD RBIRK T 2T 11k

[(F&H]

LLED X 51z, AlalFk 2 1306k 0> 4 Jm dh fl it 73 568 ) TR 86 72 B A 1 0 BB S )3 2 = A 7 L AS R
JRIZRRE LTz, $RIC, A2 V7Y =T, BEMEDPEG S BMBREL REART =7 L
[Me,NTTOCO.Me] 2A)Z AL L7z, BIGRHF THREDO T L a— L LI IGT D 2 228D,
PERRIE & 72 DA D SR A IR S B2 miEtE 7 v B = A7 v ax v REARSE 5 2 L
ThoD, MBEORBNES 2 LD, BOIGHERMEZRTIEN, AT =7 v SR TE,
BN AR S FTRECd D, (LFBIRNR = AT ARBEISIZ LA TH Y | A TE DM O
YL 2\, R THEMEO SRR = 2 7 VG & LT, T¥Eb~D RN+ 5
TX5,
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Process development of asymmetric and streodivergent route to cyclic 1,2-aminoalcohols

Sayuri Hirano*, Mitsuhisa Yamano
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Asymmetric and stereodivergent synthesis of cyclic 1,2-aminoalcohols has been developed. By utilizing
the developed asymmetric route, (3S5,45)-3-aminotetrahydro-2 H-pyran-4-ol, which is a key fragment of some
of the active pharmaceutical ingredients (APIs), has been manufactured with high quality. The present
route dose not require column chromatography, special equipment, and harsh reaction conditions, so it is
suitable for scale-up manufacturing. Moreover, all four diastereomers are successfully synthesized starting
from the same intermediate by simply switching commercially available ruthenium catalyst. Based on the
newly developed route, scale-up manufacturing has been successfully conducted to afford 15 kg of
(35,4S)-3-aminotetrahydro-2 H-pyran-4-ol.
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BIR 12-7 2 ) T a— WIS OERLCEENDIBE 2 FKO—>THDL Y, ZOTI /7T
W3~Wi4@@4%£$Wﬂffb\;ﬂ%iw RITHED 3 DEMTINELEREE ETH
5, BIZIE, trans-12-7 2 7 T3 — )L ORFEKIZIBWNTIL, 7& KD trans-1,2-aminoalcohol
DIEE DRERF Y RADARFT I /LIS PERET 5D, L Laedn, iR
BLEDD | ETBEIIARFIEEL S AL O A FHESLCAFEGMEOBLE b KES IR M &
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NIRSATNEG Y

AEFx 1L WO ERLEERMEEY NCEENDH3BS49)3-TI /T T RrET U4
A= (6)DRILE G IEZ LX< MFRICET Lz, AMEEWIE—BEZ, o357 I 70
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LRI NS, ZHABIC, TARFY FADOHBRBINZEBW T, LT RMEK ent-5 OMITAIE BIEA
(regioisomers-S)3RI/ET D AIREMED 8 5, Z ONLEBRMEIRITTERIIRET 52 L PAREETH 5720
HASBNCE R ER LA O SEICHBE RIET LD 5, B, HEVWETHDL T L a—1()
TEMCTH D=0, WREHE-STBS4ES)3-TI /T h 78 Rab T 44— LO)DERKE &
fli7zeb DL L TWnD, ZNOOBRERE X, 3545)-3-T /7 hT7 b Kub T vd4-4—/(6)%
IR maE, £ L TR MG 28 E IEOfMESLA TR HENT,

10 mmHg

o NEt3, MsCI [o) (o] DBU evaporation o mCPBA
y NS
HO g ©

92% 62% 65%
1 2 3

crystallization

o (S)-phenetylamine from MTBE H2 Pd/C H,N
o » \O \O - target product

27% 99%

4

+

HyN,
Q A
HO"g

—_—
ent 5 ent-6 related
+ substances
regioisomers-5 regioisomers-6

2. ORI

(3548)-3-7 X /T b7t RRET V44— (6) DAk & L, OZMiZRGAIZ WD =
L. @QFxNRE LT HRECMENZRME T2 2 & 2RI E 2 T, MEMITICE D, L7
%2 DDOARK RE . BIMETH 27 b o (8) DB EFRII R AIR LG CRE TE RV E B R T,
Flo. ZOHBHE 8 OERIT. ATV RS 2T NZ8 Rub g 44 MNhbitHo 2 L& &
L7z, BB ERIARFE IS Tk, FrEo b7 U AR TiE7e <, vxwﬁ%%héi%ﬁ%%
ST, FOBRIE, B RueXx v EONIKNKERZTT 9 2 & THHY~F BThodEExT, T3
J & EORGERIT, BElUKFARIZ X D AR ORI AR 23 %@@@ﬁf”%f%é«//wﬁ
XTANAR=EE (Z2H) ZHWLZ & e LT,

OH
~_NHZ
e
E (6]
? 0 dynamic kinetic : (35,45)-9
fﬁ fjj/NHZ asymmetric reductlon
— | [ T e N or
0 0 : OH
R »
O
(3S,4R)-9
3. HRESRER

FT. BERDAEME 8 DERICHETF LI, 7 b D afii7 I /LRISIE. FEx OREFIH 5



D, B OEANEET 5 2 & JUSOBENE 7 2 EORHELOBI AN D, Neber #5072 %
B2 A RIET—-10-8) 28 A L7z, 10 OARIEITRERNH 7228 °, BKIEZET 55 2, 2
TRETIE 6% ThHoTlled, USHRFEZBGEET 2R -7, REFORER, VR y Moo=
v b= VEGIRRESRM T, 1K 90% T 10 ZBfST 5 HikE ML T 7=,

<reported method>
yield: 56% (2 steps)

temp.: -40 °C to 60 °C
_OH _OTs

N N note: isolation of 7" is required including phase separation
| TsCI |
aq. NH,OH aq. NaOH Y
_— _— .
MeCN <.|mproved method>
(6) (0] (0] yield: 89% (2 steps)
7 7 10 temp.: 0 °C to 50 °C
note: telescoping metnod, use of single reactor

eV T, Neber #ANL DSOS AR LTc, ARBUSIZRW T, FRHERE, REOa br—L

NIFFICEE Th-oT-, HoNT I 78X —LA1)ix, BT Z L 72 Eoff#E, K
WTT B X — )V ONKRDGIRZERD Z L8 IR T5% THLED T o 8 Z Aa~HARIKE L
THD Z LT Lz,

_OTs
N EtQ OEtNH 1) Z-Cliag. NaOH Q
[j%j EtOK [?%]/ 2 | 2)HCl [%EI/NHZ
0 o 0
10 11 75% 8

Foi 8 AW, B RMN AR IS D RIRGTT 21T 272, o0-7 X /&7 b OB
FERROARF AR FACRISIE, ITERBOREFRH L OV, 22T, 24 "RA— 7 L—T%H,
Tl 2 DB RAREE & BRI DR AEDE T, REKBIIESM FCOMBER 7 ) —=2 7 %47 o T,
BPENPRRE S L ITBAFICHBL L2 b OIZEL T, S HICHMAIZMZ 570 L L TR 21T
ST, LWL 5100 fEIE EOERABED A 7V —=2 71280 T, = U FARIRME L &
kN Z 2 ADNRBIRVE D 5 2 RIRFICH R 95 £ 9 eGSR 2 3 2 LIXT&an o7z,

Metal precursor

o) OH OH
NHZ Chiral ligand A NHZ NHz
H, O/ + + other diastereomers
(6] (0]

(0]

8 (3S,45)-9 (3S,4R)-9
trans cis

Chiral ligands (representatives)

I Q .
PAr, . PR 4 l phosphoramitides, etc...
‘ O PAr, Ar2P PAr2 2 N>R

I, RNARFBERUEICIER Uiz, ZORISIE, KFET A2 N0, Rk ikl & &4
TELRWEWSIFIHbH Y, WET nv 2 FIFFITHEINTH D, MER 7 ) —=2 7 OfER,

PPh,




AFRGIRNT =0 Al A AV D Z & T, WD TEVWNRRIRE T AR T 2 ) 7 v a—)Lik
KBGO ZERHALNERoT, SOLRDKISFHORBEICL Y EE R E L
(s/€)2000 &\ 9 R E O TG 2 58kl S8 5 Z L ITkTh Uiz, ft < dabriefElc X o258 <
(3S,4R)-9 Z UL 94% ., 99.9% ee. 99.9%cis THFTE T,

35°C,24h (35,4R)-9 (3S,4R)-9
99.1% cis 99.9% cis
96.0% ee 99.9% ee

O RuCl(p-cymene){(R,R)-Ts-dpen} [ o NHZ H NHZ ij
s/c=2000 i
NHZ ( ) (‘j} Aging (‘j} 0=%=0
EtsN/HCO,H o 0 I
(0] 94% Ru’,,
8 : “Cl

catalysts under hydrogen transfer conditions

R = Ms,Ts, etc.

2
@ Ar = p-cymene, mesytylene, etc.
M =Rh, Ir

BHE BRI AR BBELUSIC K> TR BN T L a =k 9 13, Y AR TH -T2/ 0IT,
b Na S RO AREED FEERGTT 2 LN H - 72, SARKERO FIEICBE L ThH ., 27 56
Al ORISR EZ WD L0 HEHZAI- T, Ok Re ¥ U2 EER S e B C 8 #, @
AL —FERRIC X D S\2 BUGIC K DRI R & - 72 7 = R AR Y. @7 & Mol
IR RS % 1% % T UL ARG Uiz, EOREE, B L U TIEA U VENRETH Y | i< S\2 X
T K D SEARER, MK FRISIZ K0 | 3 TRENEE 74% T b 7 ZRDBS,4R)-9 %155 Z L )3T
T, B, WEOKZBFEHET, NI AXF U NR= VA RET L LICEY, FTED
(3548)-3-T X /T b7t Ru BT A4-4—/1(6) % #ILE 44% CHUE LT,

OH MsCl OMs DBU OAc
@,NHZ Et3N @NHZ AcOH @NHZ
H 0,
o rt, 30 min. o 90°C,19h o
(3S,4R)-9 (3S,4R)-12 (3S,45)-13
OH OH
aq. K,CO4 E’j,NHZ Pd/C O,NHQ
rt, 30 min. H, (1 atm
o 2 ( . ) o
74%in 3 steps  (3S,45)-9 99% 6
99.9% trans
>99.9% ee

BHNT=(BS4S)-3-T 2 /T h T Ru bt T 44— L(6)D5E & Mesd LI iR, B AHF Ak
ETHLNE b OIE, ERIEL AT, BEMERmD TORWZ ERRA LN o7, THUT,



Sl DAL E BAEAR (regioisomers-6) 731 L CAEK L7 WARRIETH D Z L, b NTIFIEETOHH
ERERTERAETE 272010, TRIEIC X DRRPDEMIITONTZ SICERK L TV 5,

4. FRAF G RAE OIS

AN— R EFRHATHZ LT, 12-T I T3 —d 4 FEOSARBYERZ @ o A 8 75 i
BV T B2 EICb R Lz, 72 RoOSiRix, AFRS VT =0 Al BN+ T,
J. B Ra S EosiRid, MBS U T ERO S\2 SUGIT & 5 SEAR SRS % 38 B O CHlEd
HZENTE, FHEE 8D 60~69% DR TAFEDT I ) T NVa—ARBEHETElL, 20Xk
SEAROVED 231X, e mEIRx T A RRER AR LI G IE TIEA S TR W ed . AR
BARIEDORERBATHDL EWVZ D,

OH

(j’ 3s,4s -trans
RuC (p cymel e){(” “) Sdpe }

° \ NH,
0 (35,4R)-9 ('j’ (3S,4R)-cis
fﬁ/NHZ 60-69% from 8
>99% ee, >99% cis or trans
(0]

NH,
8 O NHZ / O (3R,4S)-cis
E—

RuCl(p-cymene){(S,S)-Tsdpen}
f]‘
(3R,4R)-trans

O

(3R,45)-9

5. Ar—)7 v 7 RIEER

IR KD ITHESE L T2 B RE D RIS RO RE 2 8% ¥ u /7 AR —LToH
WEIZET CE St L, BEE1T -7, HRAKIIZ, 15 kg D(3S48)-3-T 1 /T h 7k Kuv'o
V4T — v RRIEE 37% CHUST A Z LICEF L, EmICEE LR, Rk TS T
F~—., BEEWENZNETI 038%., 1.2% TH =D LT, FIAFERIETITENER
0.05%ATii, 0.1%AMm Th o7z, F/o, FHEEED Ru I L THIE LIZHEN G LN TR,
FE72(3S49)-3-7X /7T 7 Ru bt T 44— U (6)DRLEZ R T H Z LN TET,

6. &

BRIRT I /)7 va—no—fEThs, 3549)-3-7 /7T b7kt REE T V44 —/(6)DHHA
HEEEZRE Lz, ZOREE, WIRIMATES T J 8 R 44 (N aEHFEEE L
T, FRINEE 44% T HBEA(6) % HBEST 2 AL & fENr LTz, A/V— M, Neber 85, LT =¥
DT X D ARFKRFEBEN G, ELEHRRFN 25 T TO S\2 Kt &9 3 DOERISNH 78> T
WD, Av— hEFIT 2 Z & T, RTOMKREMERZ LB FRUANSBEIEY 2175 2 L1

HbPI LT, S50, ZOFEERICA T —NLT v 78GR T o TR, RIER 37% CEdmE 7 B
HMEAEW(6)% 15 kg BUGT 5 Z &ITREI LTz,
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