PROCESS FOR REDUCTI ON OF CARBONYL COMPOUNDS TECHNI CAL FI ELD The present

I nvention relates to a process.for reducing 5 car bonyl conpounds.
BACKGROUND ART Reduction of carbonyl conpounds constitutes a very inportant
technology in various fields, for exanple in the 10 production of drug

I nt er nedi at es ﬁ%%§ge so far known practical nethods of redpgh d/‘hﬁ%ﬁponyl
conpounds, thg' be nmentioned the Meerwei n- Ponndorf - Varley re uc
(MPV reduction) and the reduction using diisobutylal um num hydri de (DI BAH).
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15 The MPV reduction is a nethod of reducing carbonyl conpounds
using an alum numtrial koxi de, such as Al (OiPr)[err], as a reducing agent
or reduction catalyst. This nmethod is in frequent use as an econom cal

nmet hod of reducing various ketones and al dehydes, since the al um num

trial koxi de used 20 there and the al cohol such as isopropyl alcohol are
i nexpensi ve MQYABOE Reactions, volume 2, page 178 (1944)].PEEIROFeNS? t he
MPV reduction, which uses an alum numtrial koxi de, has problens. The
progress of the reaction tends to be ver slow at | ow reaction tenperatures
mai nl y because 25 of the lowreactivity of said reagent. For increasing
the reaction rate and the yield, a high reaction tenperature not
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| ower than 50[err]C , for exanple, is required. Said reduction is thus
unsuited for the reduction of unstable carbonyl conpounds or, in the case
of carbonyl conpounds show ng | ow 30 reactivity, the reduction reaction
can hardly proceed even when the reaction tenperature is raised. The

reducti on of q@@P '% conpounds using DIBAH is a very useful ,paibageighom
the industri al @&% I nt because of excellent reactivity and econom cs,

anong others. Thi$ nethod 35 is in use, for exanple, for the reduction
of
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1 a -am nochl or oket one derivatives derived fromleucine. Wen said a
-am nochl or oket one derivatives are reduced at -78[err]C using D BAH, the
erythro formcan be obtained preferentially with an about 75% di ast er eoner
excess [ Tetrahedron Letters, 5 36, 5453 (1995)]. The term"erythro fornt
as used herej an isoner in which the neighboring am po_and hydroxyl
gr oups shom/?ﬁggEQPSOMAng relative configuration: [err] Fbmﬁggp?wpﬂﬁg
reduction nmethod requires a very IOV\/154 tenperature in order that the
reactivity may be controlled. Furthernore, when the nmethod is applied to

t he reduction of
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said a -am nochl oroketone derivatives, it is inpossible to attain such a
hi gh stereoselectivity as 90%-or nore as expressed in terns of diastereoner
excess. 20 Referring to the reduction reaction of carbonyl
conpounds wi th diisobutylalum numhydride, the literature suggests the
possibility thgbg%gﬁg?iisobutylaluninun1alkoxides formed as riaglebiidise

I nternmedi ates be partly involved in the reduction reaction [Journal of
Organic Chem stry, 38, 4232 (1973)]. 25 § However, no reports have ever
suggested that dial kyl al umi num nonoal koxi des such as dii sobutyl al um num

| sopropoxi de m ght be effective in the reduction or stereoselective
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t hat reducing agents prepared from a dial kyl al um num hydri de, 30 such as
di i sobut yl al um num hydri de, and an al cohol, such as isopropyl alcohol,

m ght be effective in the reduction or stereosel ective reduction of

car bonyl conpounds. In view of the foregoing, it is an object of the
present invention to provide a nethod of reducing carbonyl conpounds 35

to the corres&%%ﬁ%ﬁﬂwhydroxyl conpounds in an easy and si npl BCRIPI7/00189
manner and under m | der conditions. Angther object is to
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-provi de a nethod of reducing certain carbonyl conpounds that can hardly be
reduced with ordinary alum numtri al koxi des and, in particular, a nethod
for stereoselectively reducing 5 a -am noketone derivatives. SUWARY OF
THE |1 NVENTI ON The gi st of the present invention, which is directed to the

reducti on ofwﬁg.?,gﬁgyl conpounds, consists in that a 10 GyTRIPSMo1se ONpound
of the genera ornmula (1) 15 [err] (wherein Rlerr] and Rl err]

each independently represents a substituted or unsubstituted al kyl group
containing 1 to 30 carbon atons, a substituted or unsubstituted aral kyl
group containing 7 to
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30 carbon atons, a substituted or unsubstituted aryl group 20 cont ai ni ng
6 to 30 carbon atons, a cyano group, a hydrogen atom a group of the
general formula (2) [err] 25 (in which X represents a hal ogen atom and n
represents an integer of 0 to 2), or a group of the general formula (3)

[err] 30 (in which Y represents an -al koxyl group, an aral kyl oxyl group, a
subst it ut edVSP"M®Ubsti t ut ed ami no group or an alkylthio J%HUB?W”BPOVided

that one of R err] and Rerr] is a suqFtituted or unsubstituted al kyl group
containing 1 to 30 carbon atons, a
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35

substituted or unsubstituted aral kyl group containing 7 to 30 3
carbon atonms or a substituted or unsubstituted aryl group containing 6 to

1

30 carbon atons) is reacted with an organoal um num conpound of the general

formula (4) [err]

at ons,

r unsubstituted aral kyl group containing 7 to
9
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20 carbon atons or a substituted or unsubstituted aryl group containing 6
to 20 carbon atons and Rl err] represents a substituted or unsubstituted

primary al kyl group containing 1 15 to 20 carbon atons,

a substituted or

unsubstituted secondary al kyl group containing 1 to 20 carbon atons, a
substituted_or unsubstituted primary aral kyl group containing 7 to 30

carbon at onWQ 2818 st it uted or unsubstituted secondary aPg

"3 up

containing 7 to 30 carbon atons) to grqvide t he 20 correspondi ng al cohol

conpound of the general formula (5)

5 [err] (wherein R err] and
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Fig. 1 shows an NMR sepctrum of the product obtained in 30 Exanpl e 5,
namely t-butyl [1(S)-benzyl-2(S)-hydroxy-3- chloropropyllcarbamate.. Fig. 2
shows an IR spectrum of the product obtained in Exanple 5, nanely t-butyl
[1(S)-benzyl-2(S)-hydroxy-3- chloropropyl carbamate. 35 Fig. 3
shows an NVR qRpehkies) of the product obtained in 4 1 BT,
nanmely nmethyl [I1(S)-benzyl-2(S)-hydroxy- 3- osies
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chl oropropyl ] carbamate. Fig. 4 shows an IR spectrum of the product obtained
in Exanple 8, nanely nethyl [1(S)-benzyl-2(S)-hydroxy-3- 5 chl or opr opyl
carbamate. Fig. 5 shows an NWR sepctrum of the product obtained in Exanple
9, namely benzyl [1(R)-phenylthiomethyl-2(S)-hydroxy-

3-chl oropropyl ] carbamate. Fig. 6 shows an IR spectrumof th ro

obt ai ned | NWIP7280Exanpl e 9, nanely benzyl P&’P”'”g&%

[ 1(R) - phenyl t hi omet hyl - 2(S) - hydr oxy-33g chl oropropyl carbanmate. Fig. 7 shows
an NVR sepctrum of the product obtained in Exanple 14, nanely nethyl

2(R, ' S)-hydroxy-3(S)-(t-
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but oxycar bonyl am no) - 4- phenyl butyrate. 15 Fig.8 shows an IR
spectrum of the product obtained in Exanple 14, nanely nethyl

2(R, S) - hydroxy-3(S)-(t- butoxycarbonyl am no) - 4- phenyl butyrate. Fig. 9 shows
an NVR sepctrum of the product obtained in Exanple 15, nanely ethyl

[1(S)-benzyl ééﬁp - hydr oxy- 3, 3- 20 di chl oropropyl car banpégpefibdige 10
shows an | R spec ?Lu%?of t he product obtained in Exanple 15, nanely ethyl

LT Al LED TSORI PTI O GF THE-| NVENT) ON Bofer i ng to the. car bonyl d
of the above gener ol ererring to the car onyl conpounds
B (7) THRENBa—T I/ 0l b UEREKICEVT, R i,
— B a -7 ROMM, Xiz, —BBKe~7 I/ MENTLT
Bohtka-7I/ MEREKOHAHETHO. REBRI~200EREL

( REBROTAVFNVE, BEMT~200BEREL(REERDOT S
VENE, BERE~2 0OBRELRRBROT Y — %, Xil.
KERFEET.

LRREK1I~200BHRE L BRBROT IV AVEL LTRFIC
REIhT., AAE, AFIVE, 2FVR. 1V TaubLBE, 1V TF
VE. t—-TFLE, EFoF s AFLVE, 1 - FoFrzFg,
ANAT P AFNE, FFNFEAFVEGFEETELHTES,
ZFLR. BEBR1~100bDTH %0

LTEREMT~2 00BRELLRERBROTSVFVELE LTRSS
KRESNT. A, XU UNE p—t FO+s IRV ULE. p—
APFURVINE, Tz NFEAFNE, a-T 2R FAESES
TR ENTER, FELR. BRBT~15D0bDTH5S,

FRERKG~200BBE L RREROT Y —NEL LTS
RESHLT, FIAE, 72=VE, p-EtFoxvrr7z2=oVE, p- 4
PV T o VESEBIT BN TES, FELC 2. HEME ~
15060TH 3,

LE—BR (6) TRINBa—-7 /4 b oENE. R, LE—
B (1) TRINBa-TI/)nurtomEBKkIcBNVT. P' . P
B, BMILT. KERFEL(RBTI/VEORBEERT H. X,
P'. P R—itll-T7%u/4NEERT, 7L, P' | P! B
RIIckERFTHAREER,

IR7IJEORBEL LTH. YEBERBIEY L TREEDRENS
BROBKBRESAT. MAE, 70775747 FV—FTR 42



formula (1), Rerr] and R err] each independently represents a substituted
or unsubstituted al kyl group containing 1 to 30 carbon atons, a substituted
or unsubstituted aral kyl group 30 containing 7 to 30 carbon atons, a
substituted or unsubstituted aryl group containing 6 to 30 carbon atons, a
cyano group, a hydrogen atom a group of the above general fornmula (2) or a
group of th¥OeHBIWSgeneral fornula (3), provided that one BETFRIMPIEY and

Rlerr] is a substituted or 35 unsutubftitut ed al kyl group containing 1 to
30 carbon atons, a 5

F—W=ws vy RAB2R (Protective Group

s In Organmic Synthesis, 2nd Ed. ).
TAFS «¥TVa, YY—» (Theodora W. Green)
H. Va3 I94Y=TrF 42X (JOHN WILEY &
SONS) HER (199 0%) D3 0IFE~3 84 HIcIEREhTW3
EIBLIRLANENVE, APV INEVE, t -T2 H
WEZNE, RO ITFIHANE=NVE, TEFLE, PY 7040
TeFNLE RYINVE SRV IVE, P INE, Ry LE, 7
SRANBEEBITEENTED, ERT7TI/EORBE S L TE,
BERGEOVAEBREELZER L TRRT L EAFE L. HAE, 4
FELALE AR, t—F PEVANE=LVE, T FFOHLEL
BEOTNIZIANENE RPNV FFVANENESDT S
WENMNEFOANMNKNVBEEEZRVWAEI LKLY, B2 Y R BRYE
TRERGZHITERDIENTES,

LR—-BX (6) TEEINZa-TI/ 7 b /ERECTBNVT, R’
. LE—-BX (2) THZIhBE, X3, LE—-&X (3) TkEh
2EERT, |

LE—BX (7) TEINBa—-Ti/»rur b BREICBVWT.
Xi3. "o¥ U RFERT,

LN URFELTEIRCRESNYT. AW, ERXRF. BRX
BRF. E5RRF. $->-RAFESEBTELBTES, FFE LW,
HBRETFTH 3.

LER—BX (6) THINhB3a—-TI/77tBREEELTREICRH
EENF. PIAIE. KBERZ (S) — (1 -RYYM-3-soD-
2-FFVTaEN) ANAIVRt-TFNERATN. (R) - (1
—RyPNM—3-pup-2-F%YT0El) HIIVEt-TF



1 substituted or unsubstituted aral kyl group containing 7 to 30 carbon
atons or a substituted or unsubstituted aryl group containing 6 to 30
carbon atons. As the substituent, there may be nentioned a hal ogen 5

atom an al koxycarbonyl group, an al koxyl group, a protected am no group, a

cyano group, nitro _group, a sulfinyl group, a sulfonyl gro
al kyl thio groﬁﬁogﬁaﬁ{she | i ke. Each group represented by R erpﬁ'ﬁﬁlg?r]
may have two or nore such substituents.i 50 The above- nenti oned

substituted or unsubstituted al kyl group containing 1 to 30 carbon atons is
not limted to any

MIRFN, (8) — (1=-Ry¥Ah-3-spp-2-F%Y70E
LY BRI VBAFNZRAFN, (R) — (1 =RV PN-3-20
u—-2-FFV7aEN) AMNIVBAFAIRAFN, (§) - (1
—-RyIN=-3~Jpu—-2—-F4FU/SobN) AN VBT
AFW, (R) — (1 =-XyYVpy—-3—-2unu-2-FFv7ndi)
HWR: B FNIRAFN, (S) — (1"—7 22 WFALFN—-3
~2upp—2—-%FFVTobN) AR UVEBRVYIAMLAFII,. (R)
— (1 -2z2=2NFALAFN-3-up—-2-FFVTalBN) AN
NI VBNIINVIZATFN, (8) ~ (1 =T 2= NVFLATFN-3 —
s7u0—-2 A%V TobEN) ANSI VBt -TFNLAFN,. (R)
— (1 =7 2=NVFAAFN~-3~-Jug-2-FFYTudr) A
NRIVBt-TFNEZRAFN, (8) ~ (1 -T2=2NFXAFNV—3
—fun—-2—-#F*vTabll) ANSIVBAFAZRFN, (R)
—~ (1 =7 z2VFXAFN-3-Suv-2-FFYTOEN) AN
WRIVBAFNZATFN, (8) = (t =T dFVYANE=NTI))
~2—-AFV-4 -T2 NVBBAFN, (R — (t =T bFAN
HZANTFI)) —2~FFV—-4-T7x=2vBBAFN, (S) — (S
bR ANE=NT ) —2-FFV—4 -T2 BB XATF I,
(R) — (A bR YANEKEZNWNTI/) —2-FFV -4 -T2V R
BAFN, [1 (S) - RNvyvn-2-4%v-3, 8, 3—-h¥YZnm
u7n5»3ﬂwﬂiym&y9»11?w,[l(R)—&va—
2—-#F%v—~-3, 3, 3—FVopuFabi] BRI LrBRII
TRAFN, L1 (S) - RyY9N-3, 3—-PY%puTSuEnN-2-%
*/) ANNRIBIFNZIRFN, [1 (R) —RINV-3, 3 -
JruuTabA-2—F%Y] ANKIVBIF NIRRT VEEBEY

B5LENTES,



particul ar species but includes, for exanple, nmethyl, ethyl, butyl,

I sopropyl,
contain 1 to 20 carbon atons. 15

cycl ohexyl and the like. Preferred are those groups which

The above-nmenti oned substituted or

unsubstituted aral kyl group containing 7 to 30 carbon atons is not limted
to any partigHl eci es but includes, for exanple, benzyl, phenyl
wils %é?%gxybenzyl, 1-(N—t-butoxycarbony|anino)-ZKEQBﬁV%Bg
1- (N—benzyloxycarbonylanino)-2-pheny|p%hy| and the like. Preferred a
t hose groups which contain 7 to 20 carbon atons. The above-nenti oned

phenyl et hyl ,

substituted or unsubstituted aryl

not limted to any

riE—BX (7)) TRE¥hBa-T7I/ oSy b rERELLTRE
mmﬁénf.ﬂiw\%ﬁﬁﬁﬁ(S)—(1—&y9»—3—9n
0D-2-4FUTobN) AN VBt -TFNVZRAFL, (R) -
(1 =Ry PN¥—3-70Uu—2—-A%Y7REN) ANAI Bt~
TFNVIAFN, (8) = (1 =RV V-3-Yupn-2-4%v7S
OB HANRI VBAFNIZAFN, (R) — (1 -Ru¥p—3—
rap—2-FFxvTabil) ALNIVYBAFNZZAFN, (§8) —
(1 - Ry N—-3—-vpp—-2-FFVy7ToblN) ALK BT
WX ZFWm, (R) — (1 —RyIW—3—-suu—-2-#4%v7oklt
W) AN VBRI FNVIAFW, (8) — (1 —-RyINp-3-20w
B-2—-FAFVTObEL) AN VBRI NZAF NV, (R) -
(1-RyIp—-3-spa—-2-FFYTabl) #Lr I vBR>
INVZRATFN, (8) —~ (1 =P 22 NWFAAFN-3~-200D -2 —
AFYTOEN) ANRIVBRVYINVNIZIAFN, (R) —(1—-T=x
“WNFARAFN-3~Suu—-2-AFVTabN) AN IRy
SIWERAFN, (8) — (1 -T2 WVWFXAAFN-3—-2up -2 —
AFVYTaEN) ANVAI VBt -TFNXFN, (R) - (1 -7
2= NWVFAAFN—~3—-Juna—-2—-FF7sTabB) <8¢t
~TFNVZRFI, (8) — (1 =T =2=2NVFAAFN-3~-Yuu-—
2-AFVTabbN) ANV UBAFINZATFN,. (R) — (1 -7
2 NWNFARAFN-I-Ip-2-FFVTOEN) A3 /B
FHNZRTFN, (8) —~ (1 -TFz2=2NFAAFN-3-sDOB-2 -
AxyTabn) AN Y BRIFAVZXFIHN, (R) - (1-7=z=
WFALAFN-33 -0 =2 -FFVTREN) AN VBIFNV
ITRFNEHTFBLHTEB, FFEL R, (8) - (1 -V VL
—3-20p—2—-FFVTOEN) ANRIVBt—FTFANIRTF

ropyl,

hyl ,
re

20

group containing 6 to 30 carbon atons is



particul ar species but includes, for exanple, phenyl, 25 p- chl or ophenyl ,
p- ni trophenyl, naphthyl and the like. Preferred are those groups which
contain 6 to 20 carbon atonms. Referring to the group represented by the
above general formula (2), X represents a hal ogen atom and n represents an

i nteger of O \R'Bs%mgo Sai d hal ogen atomis not |im e iponidigs
particul ar species but includes a chlorine atom a brom ne atom an iodine

atomor a fluorine atomand preferably;i;s a chlorine atom The
above-nentioned group of general formula (2) is not 35 limted to any
particul ar species but includes, anong others,

Ve (S8) — (1 =T 2=NFAAFN-3—-%2pu—~-2-*%Y7a
BA) AR vBRYPNIAFINTH D,

ARADOH N K= VILEWOBFER. KERIC, ERE—HKX (1)
CRINBANK=NIEEYERFMT A, LE—-HKX (1) TX
ShaarfoVteancBENERNL. RETE LD,
LE—&R(I)?ﬁéﬂahwﬁ;wﬁémwﬁi%ﬁéoﬂiﬁﬁ
. —10~60°CHFELL, XVIFEL(RB. -10~30CTH
%o

EE—HN (4) TEINIZIERTNVI=VLLEYDOEMBELT
B, LR LB—BK (1) TRINZANE=NVEEHIIFL
Tl1~58NYBTHD, XOFFL{B, 1. 5~3FELSRT
B3, |

ARATCHAINIBEE LTRESCRESINT., AT, LE—K&
R (4) LAUR® 2#FTB3R® OHTRINBTHI—-N{LEY
RLVZY. ARH¥ Y. Y2aaidy ATSY. FE5EFDY
SYUt—FFNMAFNZ—FN. 1, 2P bErvzyr HiLA
FLUY, N, N=UXFIFENLTS FEEETHEIENTES, LT
THIA-NEADBRELTR, Py FhFEFuzsry. NF
HFBRFELL,

BABFELELTRBICBEILT VLR, AXE.,. RiERTH®. BB
MEBMAKBRTAREL. hH. BRLAR. 25 L0, Bir. ZE8F.
ARORLE, HBMFICL-T, ERLLLR-BR (5) THEQ
BTNIA-NMEEDEBEC ENTES,

LR (4) TRINB{LAMiE. DTORBLDANT S
ELbTCEB, BT LB—ERN (1) . ER—8X (6) RULRE
—BR (7)) CRINBZANVENIEYORTICEATEIILNTE



6 1 chl oronet hyl, dichloronethyl, trichloronethyl, brononethyl,
di brononet hyl, tribrononethyl, fluoronmethyl, difluoronethyl,
trifluoronethyl, iodonethyl, diiodonmethyl, triiodonethyl and the |ike.
Preferred anong them are chloronethyl, 5 di chl oronet hyl and

trichloronethyl. Referring to the above-nentioned group of_general formula
(3), Y repr‘&?émsé‘%dn al koxyl group, an aral kyl oxyl group, %&é‘ﬁ%‘m‘f’ut ed or
unsubstituted am no group or an aIkyit{Ho

5o
BE, Fie—8X (10) ;

N
SA—H 10

R‘

(XP. R* . R B, BILT. REMI~100BH/ELLE
MERDODTNFIVE, BEMT~2 0DBRAELIRERDT
FHNFIVE, REBE~20D0BREL{RRKEBEROT V- LE
2RT, ) TRINIEBRTNI=YLLEDBE. TRE—RBA
(11)

R—on  ap

(XP. R B, BRK 1 ~2 0 0BBF L REERO—-BTLFI
. BRE1~2 0 0BB|E L REBEARAO BTNV FNE, BRBT
~3 0DEMME LS RRERDO—BRT S A+ VE, Xid. REMKT~3
COBBMEL(IBREBEROBTSNFVEERT, ) TRINBTH
A-MEEMEDRIBIRE » THBOMAANNE LR AV K= ML
OBTIERTEENTES,

ER—BX (10) TREhIERT VI =V LLEMELTR, A
AR, VXFNTNIZGLNAFSAF P4V TFATHIZTL
NAFSAFSEBTEENTED, FELR SAVYTFATN
IZOLNL K54 FTH B, |

ERR—8X (1 1) TEEhB37Na—-NitaWELTIR, kE¥AA



group. 10 Sai d al koxyl group is not limted to any particul ar
speci es but includes, for exanple, nethoxy, ethoxy, t-butoxy and the |iKke.
Preferred are those containing 1 to 10 carbon atonms. The above-nenti oned
aral kyl oxyl group is not limted to 15 any particul ar species but

i ncl udes benzylgyegkiegand the |i'ke, anong others. Preferred argciie%Goigs OUPS
which contain 6 to 20 carbon atons. The above-nentioned substituted or

unsubstituted anmino group is not linited to any particul ar species but
i ncl udes, 20 for exanple, am no, dinethylamno and the |iKke.

VB ERAHE Y LD THNERIRES T, MAL. 1V T/
— W RyZePFa—iv, 2, 4=-SAFA-3-—RU&/)—=N, V7
agAFH /=N, 2—A b FLVIOAFY )~ NVEEBTBEENT
&5, FE L. FE—MBR (12) ;

1(8

9>._o'n 12

R

(RB, R*, R° B, BEH 1 ~1 00BIRE L { IRBROT V¥
VR, REBT~2 0 0BRELRREROTSHFAE, X3, R
EM6~2 0DERBL{ REEROTY - VEBZRTH. R° . R?
NI B>TYI7aTAENEERT, ) TRENBT VNS
%Tib.iDﬂiL(ﬁ\4V7UN1—»\&§XEFD*w?5
5.
IRREM1I~1 00BHRE LI BKBROTNVFNVELLTR. #
A, AFNE, = FNE, AV ELVEBEEEBITAIENTES,
HELR. 2 FNETH S
LRREHET~200BRE L RRBROTSVENVEELTR.
PR RO NE, Tx=NToENE, ¢a— T 2= NVZFNVE, D
- A PRURYINESERTELHNTES,
IRBEEH~2 0 0BRE L REBEROT V- ALELLTE. &
_iﬂ‘7;:w§‘p—tFn$97;:w§~p—?uuy;;wg‘
p—=tu7sVE F7FNEERBITAILNTES,
ERv27a70FBLLTH. B, VIounxv B, YD
RVFNVBEEPTBEIENTZ S,



The above-nentioned alkylthio group is not limted to any particul ar
speci es but includes nethylthio, phenylthio and the Iike, anong ot hers.

above-nentioned group of general formula (3) is not 25

particul ar species but includes, anong others, nethoxycarbonyl,
ethoxycarboqﬁbgwgﬁﬂgyLoxycarbonyl, t - but oxycar bonyl and the like. Preferred
ony

are net hoxycar

and et hoxycarbonyl, however. As the abd¢ZIREH0188

limted to any

ned

car bonyl compound of general 30 f la (1), there may be nentioned,

exanpl e,

al dehydes such as benzal dehyde, isobutyl al dehyde, etc.; and

ket ones such as acet ophenone, propi ophenone, cycl ohexanone, et hyl

EEBOANE=_NVLEBORBITFER, AXLIE. UTDL3ILT
FoCeNTED,

EF. LR—BRX (10) TRINZEBTNVI v a{balme,

B—8BR (11) TEINBZ7NVI—NViLEMEARIESETRATHA
AYT 3, '

ER—BK (10) TRINZERTAVI= D LLAGOEMEREL
TR, FELIR, ER—BRX (1) eI A2ME=NVESYICH
LT1~5L5RBTHD., JOFFLR, 1. 5~3ENVURTH
%o

EE—BRX (11) CRIna7TVa-NitE&HOFENERL L TR,
FELCR., ER—M=E (1 0) THEINZHBT LI LkA
MICHLTIENLBIIESEVE, FELAR. 1~2EV4RTH
5o '

Lig—8X (10) TRINWZABT NI =YLt E ERE—BA
(11) TRINBTNI—-NABLEARIESETRINLET 2 5B
LT, AAE. LRE-8BR (10) TRIhI3HFBRTVI=Y LI
AYDO LN VBE. FFSEFRTS YBK, \NFH YBESIC. L
—lN (11) TRINGTNI-NESUEZEDLILER. BT S
CEIRKDTICENTES, BMEALLTRFITBESALZ VLA,

&L, —10~80T, LOFELIF. 0~40CTIThNI 3B,

MEBEREELTRBICBEIRIZTVA, 0~30°CT1~10EMITDh
haoediFElv, ¥4, EE—MBR (11) THINETNI—N
{tahic bt—8X (10) CTEINZERT VI =Y LM ERN
TAIELILEDASIEbTE S, |

SWT, KR, LR—BX (1) TRIMZHILE-NELEABE
Fmdah, LE—BR (1) cRIWZALE=NVEAMICRTHE

The

f or



acet oacetate, nethyl benzoylformate, phenacyl chloride, a
-di chl or oacet ophenone, a -trichl oroacet ophenone, ethyl 35

4- chl or oacet oacet ate, benzoyl cyanide, t-butyl [(S)-benzyl-2-"7 1

oxo0- 3, 3-di chl or opropyl carbamate, t-butyl 1(S)-benzyl-2-o0xo-

3, 3, 3-trichl onapéRygscar bamat e, nmethyl 3(S)-(N-benzyl oxy-

PCT/IPY7 '
car bonyl am no) - 2- oxo- 4- phenyl acetate, etc. Referring to the above-gg??ned
synbols R err] and Rlerr], the 5 substi tuted or unsubstituted al kyl

group containing 1 to 10

FmlL. |Ta2sickd, LB—BX (1) TRIBZANME=N
ILEBORTEITI. BEBER. ~1 0~6 0CHAFELL. KDIF
FL{WR. —10~30CTH3, |
ARHALBVWTR., RISUETHA3 W NVENLEHITHRT I D
LRELBATNFNTNIZGLATNAFVYFEEBLTANEZ VL
ENEBTTELDOTEHES. CORBIEHEVT, COTNHNFAMTHI=
DVLTNIXFYFDOTNAFY FEEANEZ VLSO L D DREMIC
EULa7axy FERHLUTHNMCBRCI EICXD, hMEERDE
REBRIET. BRATOREGZAEEL, 4. BLERYWTHS7
Na—NDUGkRBE2 b —NVT BRI EATEkER S, ERR—BK
(1) . ER2—8BX (6) RV LE—8X (7) TRINZLAY%E.
BRERHETRARLTSI LDV TE, BB, AROTNIZVLMIT
NaFy FCREEBEREHKETLE V-7 P XFNVHRED L
SUHLZMOANENMLEMETKRBRGICBTT I LHKTS
5

PlZE. ERTI/VEORBELEHRRIT S LIcLD. ELE—K
X (8) THRHEINBa—-TI/)7Na3—-VFHHEE. RU., Li2—
BX (9) THINBa—TI/ N/ pDEFY UVBSAOoZY ZAoRiE
2. BOTEVWIGBRUETERIEAILNTES. L. 7=
VTS = RBKTSBRRERN (S) - (1-XvIA—-3-4n
B—2—-FF%YTablN) ANVRI /Bt -TFNZAFNVERTET S
BeE. 94%LOITRAFUAT—BEYE (d. e. ) THETEHE
EEUBT I/ o FY Y Bond, 4. Tha—-nitasmeE L
T PRE. RV X Fo—-AEBVABE. WCREZLIRIS %D
SFRF LA —BHRTHIET 3RPERLET S/ Aok K Y 448
BN2. i, (S) —(t—F I +FLANK=NTI)) —~2-FF



carbon atons is not limted to any particul ar species but includes, for
exanpl e, nethyl, ethyl, n-butyl, isobutyl, isopropyl, cyclohexyl,

met hoxynet hyl and the |ike. Said group preferably contains 1 to 6 carbon
atons and is nore 10 preferably isobutyl. Further referring to the
synbols Rerr] and Rerr], the aral kyl group containing 7 to 20 carbon
atoms is notWOP®Y to any particul ar species but i ncl udesPCHEBPTRIE | e,
benzyl, 3-phenyl-1-propyl, a -phenylethyl, p-nethoxybenzyl and the 15

| i ke. Those containing 7 to 15 car bof étons are preferred. Again referring
to the synbols R err] and Rerr], the aryl group containing 6 to 20 carbon
atons is not limted to any

V=4 -T2 NBRAFIOBETHE VT Y AnBRUETHIET S
RREEBa-EFR$ Lz AFARBONE, RBEUE—BR
(1) TRINBa-TI/ robb/yHEXEiE. EB. a-T7 I/ 8
IAFNVEDa—T I/ RBEREIS, AXE, a-70vEERO Y
RYDALT)S—PEEREI A ERREIDMBTEZCENTE
2 (RBAFE7-273547%8) « LREEREERT7Z I/ 0k FY >
B. BBKHIVZuFy7—-¥YHFHNICHEEINS (T8 -99 90
5 9828 .

RIBEEBTE-DDOBRBOERE
PlTEREAZRT CTEARBREZECRLIBHT AN, ARBEH
LEEFICOLREIND DOTIRIEN,

M1 [1 (S) Xy nu—-2 (S8) -t FuFyr—-3—-—%unp
Tabi] AN YBt-TFN&LIFN (1) O8E

OH

' ’ cl
%
3

CO.t-Bu (1)

MYALAITFNTNIZDLDAFY /K (1, OM) 10. 5
ml (10. 5mmol) i, k¥TF2—-For)—-n0. 7T6ml
(10mmol) MA. 3 0ALRTMEHBLA, P11 0mIT
FRB. [1 (S) - Ryv-2—-FFvY~-3-2porFobi] %
Wk vt —7TFNIAFNO, 759 (2. 5mmo 1) 2&HM.



particul ar species but includes, for exanple, phenyl, p-hydroxyphenyl,

p- chl or ophenyl, p-nitrophenyl, naphthyl and 20 the like. Those
containing 6 to 15 carbon atons are preferred. Referring to the synbol

Rl err] defined above, the substituted or unsubstituted primary al kyl group
containing 1 rbon atons or the substituted or unsubsidrpbHs
secondary 25 ‘bagg’%}ﬁ group containing 1 to 20 carbon atons is, forlsg
exanple, methyl, ethyl, isopropyl, cyd ghexyl, 2,4-dinethyl-3-pentyl or the
|ike. Preferred are those containing 1 to 10 carbon atons. More preferred
are isopropyl, cyclohexyl and 2, 4-di net hyl - 3- pentyl .

ERTIHERELL. INERTRAKARLERTFAVTHE. BRE
LR BslR0. 840 g%Bh, BohBELHPLCIITER
AL, MR, BRREERD .

e [1 (S) ~RyInm—-2 (8) ~EFu*vy-3-7pu7so
W] ANRI VBt -TFVZAFNIT. 4%, [1 (8) =Ry
JN—2 (R) ~bEFpxy—-3—-bna7abr] A8t -
T7FNTAFN2. 6%, BIRE ((1S, 2S) &/ (1S, 2R)
k=97, 4/2. 8),

CEEM2 [1 (S) - Ry¥n—2(S) —kEFp¥vy—3-—-2up
7aE»]ﬁmkiu&t—7*W11?w(I)oﬂE
RUAYTFATNI=OADAFY L@l (1. OM) 10, 5
ml (10, 5mmol) K. PYSVYTORFIESI /0, 478
(2. 5mmol) 2FML170CT2HEMALL, 8 0CITHA
#. 10mmHgicBREL. NIAVTFVES v 2B, BHE
THHE. P 20m]l THRL. [1 (S) —Ruv—-2-F
Fy—3—-—%upa/abN] ANI S Bt-TFAZRXAFNOE, T4
4g (2, 5mmol) 2%m. ERTIHMkELL. | NERTh
KAMLUERZFUTHH. RELTRRBERI. 995 g%2B8,
Boh#SREHPLCITEESWL. K, BREERDL,
mE (1 (8) —R¥Y-2 (S) ~Fp*sr-3-Jons/o
EAT ANVNIBt-TFNVZAFAB0. 1%, [1 (8) —R>
UN~2 (R) —tFaFv—3-2uafoblNnN] A3 Bt -
TFNZAFNE, 4%, BIRYE ((1S, 25)Y %7 (18, 2R)
#k=985. 9./4. 1),




30 Referring to the synbol Rferr], the substituted or unsubstituted
primary aral kyl group containing 7 to 30 carbon atons or the substituted or
unsubstituted secondary aral Kyl group containing 7 to 30 carbon atons is,
for exanple, benzhydryl, benzyl, phenyl propyl, a -phenylethyl, 35

p- met hoxybegéy%@ the Iike. Those containing 7 to 15 carbon 8
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KM [1 (S) —RvYm—2 (§) ~tFp*y—3-2uom
FobEL] ANIIVRt-TFNIRFN (1) OBE&

JXFNTHNIZGAIPFY FOAFY UBE (WIM) 10, 4
ml (10. 4mmo 1) 2hVx 1 8ml1THERL. [1 (S) —~
RyOPh—2~-Fb-3-2aprobi] A3 vBt-TFix
A7FNL, 4809g (5mmo 1) #Fmk. KR T2 1ML L/,
INERBT/zvFH. Rz FAUTHE L, RiGR. BXCH#ER
2, 560g%8%. BONMREHPLCIETERAIFL., E,
RIRELERD 72, |
RE [1 (S) - XYY WN-2 (S) ~ctFu¥¥y—-3—-Jupsno
BN] AR Bt -TFNIRAFNSE, T%. [1 (S) —RY
SNW—2 (R) —EFuFv—~3—Jouafabdi] At -
TFNTRAFNE, 3%, BRHE ((1S, 2S) &/ (1S, 2R)
th=87/13),

EHM4 [1 (S) ~RoUN-2 (S8) —LFo*iv—3-Suoup
TabEnN] AN YRRt —TFNZZAFIN (1) ONE

DIBAHO MV R (1. 02M) 9. 9ml1 (1 0mmo 1)
hicZRT7b%2581mg (10mmo 1) FML. ERAT1IK
ML, [1 (S) ~Ry¥h—2-F%Y—-3—-Soasori]
BRI VBt—-TFNTRAFNEL. 488g (5mmo |) WA,
EZRT2HEARF LA, 1 NERTHKSRER. BB FALTRE LR
M, RREER]. 635 gsBk, BOALKEREHPLCIT
ERST L. PE. BRELRD .

K [1 (S) - Ry Ww—-2 (8) —tFudyr—-3-nvSyo
A} AARIUBEt-TFNZAFNE2. 6%, [1 (S) -V




1 atons are preferred and benzhydryl is nore preferred. As the

or ganoal um num conpound represented by the above general fornmula (4), there
may be nentioned, anong ot hers, diisobutylal um num i sopropoxide,

di i sobutyl al um num 5 di phenyl net hoxi de, dii sobutyl al um num et hoxi de,

di i sobut yl al yyp éwpgiggycl ohexyl oxi de, diisobutyl al um num
2, 4-di met hyl - 3- pent yl oxi de, di et hyl al um num et hoxi de and thé""f’i'?é’.““'/&’nong

them diisobutyl al um num i sopropoxi de 2asd dii sobutyl al um num
di phenyl net hoxi de are preferred. 10 The organoal um num conpound of
t he above general fornmula (4) can be prepared, for exanple, by (1) the

reaction of g/,ﬂ/i_glfyk ﬁl)unj_ rEurp M@ gesvitygag 9I£%hﬂllj, ,gg‘)”\l Izne\jﬁ%c;_i on of
TFNVEZRAFNE, 1%, BIR¥E ((1S, 28) %/7(18, 2R)
#h=95. 2/4, 8),

EHM5 [1 (8) - RXyJW—2 (S) ~k¥p¥y—3—-suu
FTo L] LRI VBt -TFLIIATFN (1) OME
DIBAHoO M &% (1. 02M) 8. 8ml (1 0mmol)
CERBRT2-F /-1, 53m] (20mmo 1) ¥FmML. %
DHREBT] HMMBL, £CiK. [1 (S) —R¥yIu—-2-%*
V—3-7ousobi] AVAIVBt-TFNZAFNL. 489
g (5. 0mmol) 2FML. ZERAT2KHRABK. XKNT 1 NER
TR L 7z, Rz FATHiE, BREL. ZRBER]L. 61 g
2Bl YVIAYNASAIO2 M S5T7 04— (NFH VY /BRI TF L)
KEOMBTEoLickD. 1. 386gD [1 (8) —_yyu—2
(S) -k Fudv—-3—2vuFoll] ANMRIUyBt-TFNT
27N (KLY 2, 5%) £33mgd [1 (S) —RX»Ii-2 (R)
—bEFo*xy—-3~2vuFaoblN] ANV VBt -TFNZATI
%87 (M2, 2%). (C(1S, 28) 6/ (1S, 2R) $=
97. 1772, 8)
" Bohtk [1 (S8) RvYw¥-2 (S) ~EFu*xvy-3-/%unp
TREN] ANVAI VBt ~TFNIZZXFIVDONMRARZ PLER]
. IRARZ PV ER2IRR LT

la]» %*=—38. 44 (c=1. 05, MeOH)

Mm:168. 5~168. 5°%

P 6 [1 (S8) - R¥PHn—-—2 (8) ~eFfp*i—-3—-Snpo




a trialkylalumnumw th an al cohol (German Patent Specification No.
2507532), (3) the use, as such, of the 15 reaction m xture obtai ned upon
reduction of a carbonyl conpound, such as acetone, with D BAH, (4) the
reaction of a trialkylalumnumw th a trial koxyal um num ( Ger man Pat ent
Specificati qpog?”I?MGl?), or (5) the reaction of a trialkylalumnumwth
a trialkyl borate (German Patent 20 Speci fication No. 2RCTAPEN0018%he
process for reduci ng carbonyl conpounds according to the present invention
can be applied to the reduction of a -am noketone derivatives of the
general fornmula (6) shown bel ow and the reduction of a -am nohal oket one

derivatives, e n] AnAS VBt —F7FNIZFN (1) DNE

DIBAHO b U@ (1. 02M) 9. 9ml (1 0mmol)
ic, FBTR Xt Fo-43, 68g (20mmol) . FAZY
20mlEMAR. BRTIHMRLSE, [1 (S) —<RPh—2—
AFY—-3—-—2paFlabll] AN UVRt-TFAZXFNL, 4
89¢g (5mmol) MATERT2EHERMELA., | NEBTHX
SRR, FRIFLUTHEHL. SO RBTBREEZHPL CKTERSH
L. g, BREERKD .

% [1 (S8) ~RvUA—2 (S) —tFp*vy-3-snuo7m
EN] AN MLt -TFNVZAFAOS, 1%, [1 (S) =XV
PN—-2 (RY ~eFodv-3-—-2onFabl] AN Bt -
T7FALZRXFVT-BCHO., 9%. ®R# ( (1S, 28S) &/ (1
S, 2R) #%=99. 170, 8),

£HAT [1 (S) - Ny¥ -2 (8) ~EFudy—~3~2unp
Zubi] ARSI VBt -TFANIAFN (1) O8lE
DIBAHDO MV /K (1. 02M) 9. 8ml (1 0mmol)
WERTYZond®xy /-2, 0g (20mmo 1) &1 0
mlZBEML. TORZEBETIHMRBLA. E2ic, [1 (8) -
YION—-2—-A%FV-3-SuvaTubiN] ANKIsBRt-TTFNT
ZFMN1. 489g (5. Ommo }) 2KML. TRT2BERER.
XBTINERTMAIMBLE, FBRFAUTHEIR, REL. #RE
#$£R1. 53 g%38Bk, BoOhAKBEEHPLCIKTERAH L. K&,
RREERB I,

ME (1 (S) —Xy¥rp~2 (S) —EFuFy-3-7uuryao
ANl AN vRt—TFLIZFNIE. 4%, [1 (8) - X~




25 the general formula (7) shown below. The process for reducing

car bonyl conpounds according to the present invention nmakes it possible to .
produce a -am noal cohol derivatives of the general forrmula (8) shown bel ow
fromthe a -am noketone derivatives of general fornmula (6) or produce a

- am nohal ohydwigyrgghes derivatives of the general fornula (9#%&@ ow
fromthe a -am nohal oket one derivatives of general fornula (7). ese a

-am noal cohol derivatives and a -am n&hdal ohydrin derivatives are conpounds
useful as internediates for nedicinal conmpounds. The process for producing
the a -am noal cohol 35 derivatives nentioned above conprises reacting an

Si~2 (R) - Fpdy—3—-Yuvp7obi] ANVAI VBt -
TFNIAFNT—-BCH2., 9%, ®IR¥E ( (1S, 28) &/ (1
S, ZR) %4=907. 0/83. 0) .

EHMs [1 (S) —XvyPA-2 (S) ~kFp¥Fv-3—~2uwp
FTabil] ANAIVBAFNZZATN (1 1) ONE

llo
I

3

*H
COQMS ( 1§ )

[1(S)—NVVW—E—#+V—3-7uq7n8w]ﬂwﬂi
VBt -TFNVIRTFNE [1 (S) - RUPN-2-FFV-3~7
qoFaEA] HAAI VRMAFAIRFAL, 28¢g (5mmo 1)
A THEMEAS CRAIBICHREL. BREEBRRL, 31 4%28. ¥
Y/ BRI FN/F )~ VHOBERTHIEILEID. 1. 063
gD [1 (8) - Ry¥N—-2 (8) — e Fpdy—-3~-snoSfoyr
N BRI VBAFNZRATF NS (RET8, 0%) ., BiITEH
. HPLCIKTAHUALER. 60. Omgd [1 (S) - X220
-2 (S) —bFu*¥v—-8—voroti] ANXIVYBRAFIIZ
AFN (XL, 5%) &, 36, 1mgd [1 (8) -~ RPN -2
(R) —tFu*v—-3-—2uoo7/vti] AN/ BAFNZRT
N (R#E2. 8%) KEELTW:, REERNAHOBRE ( (1S,
28) &%/ (1S, ZRY &) =96, 7/8. 38),

Boht: [1 (S) —Ryyw-2 (S) —bfFepdr-3-2un



a -am noketone derivative of the general fornmula (6) [err] (wherein Rerr]
represents a substituted or unsubstituted al kyl group containing 1 to 20
carbon atons, a substituted or 10 unsubstituted aral kyl group contai ni ng
7 to 20 carbon atons, a substituted or unsubstituted aryl group containing
6 to 20 carb or a hydrogen atom R err] represents a group of the
above.generaﬁﬁ¥%ﬁﬁﬂ?% (2) or a group of the above general fORGRiPA7/G0289 and
Plerr] and P[err] each independently mepresents a 15 hydr ogen at om or an
am no-protecting group or Plerr] in

Tabh] ANVAE VBAFNIZAFAONMRARYZ P VARSI,

IRANRS PV ER4IZR L.

M [1 (R) ~ T 2= vFAAFN-2 (S) ~EFody~
3—2poZobl] ANNIVBRUVAIZFN (111]) o

Pm’ﬁ(avm

N -

DIBAHOttNVZB¥ (1, 02M) 216m1] (220
mmol) KERT2-7ws,4)~N26., 44g (440mmol)
ERMBL, TORBET 1 ML, £, [1 (R) ~7==
w%ti%w—2—1$7—3—7un7uEWJanEy&t—&
yV»xx?»BQ.63(108.9mm01)%ﬁML.iﬁ?
3R MM, XKW TINERS 00m ]| TnkIWLE. BHRZFI
300mI] CHitltk, 2HFIEEXK500ml. 2%KEAK200m]1
THERES L., WKEBRT7 RSO LTHSR. RS L THABEMET
5. 6 248k, Bohr-BlhEIMIV/AFYUVHLRFTE L
ickb, 32. 9g0 [1 (R) —Z7z=nFFiFNM—-2 (8) -t
Fedvr—3-—-2oaZabtn] AR VBRIV AFN (R
82, 7T%) 28, Rirk%E. HPLCRTAWLEER, 2. ©
3gD [1 (R) ~T2=WFA4FN-2 (S) -~ FoFy—-3-—
ronTabi]l AR VBRRYILIATFIV (RES, 1 %) &,
1. 753g® {1 (R) —7x2=2NnmF*+AFNV—-2 (R) —EFBH*



conmbination wth Plerr] represent a phthal oyl group, with the exception of
the case in which P[err] and P[err] are the sane and each is a hydrogen
aton), in particular an a -am nohal oket one derivative of the general
formula (7) 20 25 [err] (wherein X represents a hal ogen at om
and Rlerr] | Q872885 ned above) with an organoalun1nun1conpgﬁagmﬁhnﬁge
above general fornula (4) to provide the correspondi ng a -am noal conhol
derivative of the general fornula (8)230 [err]

S—3-spuToEN] AR VBRRYIVIRFN (RE4. 4
%) PEELTVW:, RIBERYAHORRE ( (1R, 28) &/
(1R, 2R) %) =95. 2/4, 8) . 8o/ [1 (R) —7=
SWFXLFN—-2 (S) ~bFafy—-3-Yopprebr] Hax
VBNV I NZIRFNDONMRAR? P VERESGIR, IRARZ bV
2R 6w L.

EHM10 XTI —NONE

DIBAHD MV I % (1. 02M) 9. 8m)] (1 0mmo 1)
. ZB T2 -7 o)1, 53m] (20mmo 1) ZFEMmML.
ZORERT | BEMRLE. T, RYXTAFEFE0, 531
gBml. ERT2HEAREE. KETINERTHRSIEL 7=, BFlt
SFATHES. BEL. 61 5mgOWRME LTS IAT A -
Vel BoniMRYOHPLCARICL S EEMEI . 9%,
RET78. 0% Tdh-7,

XKBEM11 | —-Zz=N—2~2vuxy)—-LONE
RIVAXTFTNTFEeEFR27x+onv2u8Y)F0, 7783g (5mmol)
CEATREMAL OCRARICHEL, 80 ImgoRPeE LT
11— 2= V—-2~2unxd/)—-eBf, MBI T, 5%. NE
80. 4%,

Kiifl 12 a-7=RXFANTNI-NONE
DIBAHOMVI V&R (1. 02M) 8. 9ml (1 0mmol)

cEBT2~Fus/—1, 53ml] (20mmo 1) 2FMmML. #

OHREBTIHERP L. TR, 7P T/ %0, 601 g




10 1 (wherein Rerr], Rerr], Plerr] and P[err] are as defined
above), in particular the correspondi ng a -am nohal ohydrin derivative of
the general fornula (9) [err] 10 (wherein X, Rlerr] Plerr] and P[err]
are as defined above). Referring to the above-nentioned a -am noketone
derivative ofyg @ fornmula (6) and a -aninohal oketone derivative of
gener al fornﬂYa 5;2, Rlerr] is the side chain of a PCT/SP97/00189

30

mi., SRTOHMREE. KETINERTHKARL -, BB F
NTHHER. BEL. 1. 001 gsoMRMELTa -7 zRFIVTHN
I-NEBk, EBRRB55%,. NEL4L T, 7%,

K13 a—-T72AFNTNI-NOUE

D!BAHO M &E® (1., 02M) 9. 9m! (1 0mmol)
KERTRy XLk Fo—-213, 68¢g (20mmo ) 28BhL. 20
BERTIHHMELE, #2277/ 20, 601 g
(5mmo l) 2FmL. 2RT2KHEREE. KBTI NEBRTRHK
SRL7, FRFATHHE, BRL. SohickEHPLCR
TEEAFL. WKL 2. 3XTa—T2RXFNTNI—-NVOEREHE
Bl (X533, 3%) .

EHEM14 2 (S) —EFuoFy—38 (S) - (t—FPrFLANMR
ZWNTI)) —4—-T2=VBEBAFN (1V) ONE

(v)

3
.
:

COat-Bu

DIBAHO MV VK (1. 02M) 2ml (2. 04mol)
RERATCR /A Fu—=n0. 737g (4mmol) ZFmML. 2D
%, TATISEMRLEL. 03 (S) — (t T3 ANE=
WPLJ)) —2 4%V -4 -2 VBBAFN0, 3078 (Im



famliar a -amno acid or the side chain of an a -amno acid 15

derivative obtained by processing such a famliar a -amno acid and
represents a substituted or unsubstituted al kyl group containing 1 to 20
carbon atons, a substituted or unsubstituted aral kyl group containing 7 to

20 carbon at onmgyo #y@ipesti tuted or unsubstituted aryl group cog&a@&%gﬁp? to
20 20 carbon atons or a hydrogen atom Said substituted or unsub ut ed

al kyl group containing 1 to 20 carbon %tbms is not linted to any
particul ar species but includes, for exanple, nmethyl, ethyl, isopropyl,
| sobutyl, t-butyl, hydroxynethyl, |-hydroxyethyl, mercaptonethyl, 25
met hyl thi ometifiyg .1 Pt € o1 i &b R onjomTF ONLER Eink M L

foo BBtz FATHHIR. BEL. Boh/ kD E2BMTLCTHN
L. 2 (S) ~EFpF*s—3 (S) —t-=TI+F+2ANKIATI/)
—4~-Tx=BBAFAEL (R) —EFudy—-38 (S8) — (t -
TEXVANEZNTI)) —4 -7 22 VBB AFNVOREH2 11T
meg% @i, HPLCAWMTIYTAFUARBREEZRDHER. (28,

38) 7/ (2R, 38S) =94/6T&H1,

WE2 (S) —cFaFy-3 (S) - (t=FTbFLrAhNE=N7T
E/5—4—7;:WHH}f»65.9%\2(R)—tFn$9-
3 (SY — (t—TPXUANHENTI)) ~4 -T2 VRS F
Wi, 2%,

Bon#2 (R, S) ~bFo*y—-3 (S) - (t—-7T+FvAhn
HEWTR/) —4 -T2 VRBAFIONMRRANRY PAERTIT,
IRARZ P ERBIZRL 2,

EEM1IS5 [1 (S8) - Ry¥Pnmw-8, §3—-YorpoTdorh-2
(S) ~EFgFFv] AANIVBIFLIAFI (V) O8NS

CHCl; - (V)
T

CoEt

DIBAHO MV VK (1, 0IM) 0, 7T3m1l (0. 7 4
mmol) BT, 2-Fo—-820mg (1. Smmo 1)



carbon atons. Said substituted or unsubstituted aral kyl group containing 7
to 20 carbon atons is not limted to any particul ar species but includes,
for exanple, benzyl, 30 p- hydr oxybenzyl , p-nmet hoxybenzyl,
phenyl t hi omet hyl, a -phenethyl, etc. Preferred are those containing 7 to 15

carbon atons %ﬁhgoEUbStitUted or unsubstituted aryl group contalnlgg 6 to
20 carbon atgﬁ% ot limted to any particul ar species 35PC

includes, for exanple, phenyl, p-hydrgxyphenyl,

ZHRNL. Toth, ERTIHUEML LA, 2SI [1 (S) -y
V=3, 3-Y7uuafobirs-2-FFV-] ALNRIyBIFILT
AFN100mg (0. 33mmol) ZFML. TRTI. 5 M.
4 0°CT2HRME. RICERTI] S RERPH. XHT 1 NE®RTDKS
ML, ERTFATHESE. BBL. BohhRYEIMTLCT
mML. [1 (S) - RyIpA-3, 3~-YZpurfoi-2 (8)
~beFoFyr—=1 AN I oBIFNIRAFNE [1 (S) — RPN
—3.3—97uu7uE»—2(R)—tFn*y—Jﬂwﬂiya
TFNZATFNOESYEE. Tmg (0, 22mmo 1) 28, H
PLCAWTYTRATVARRELRDLEKER. (18, 28) /(1
S. 2R) =905 /6CH~ko

N1 (S) —RyPN-3, 3-YInuaSobi-2 (5) -
EFoFxv-] A vBIFNZAFNME 2. T%,. [1 (S8) —
YYN-3, B—Yruusobi-2 (R) —EFa®y—] AN
N UM FNVNTIRAFNE., 3%
@énk[l(s)—&va—ZCR.S)—tFu$§—3.3
—~J2oaFlabd] ANVKSI VBRI INZZAFIVONMRARY b+
NMEeRSiK, IRARZ MPVERLOKRKRL 2,

£EP1  [1 (S) -R¥PN-2 (S), 3-—zR*vTaEN]
ANVNRI VBt~ TFNIATFNONE

ki 5 clBohi [1 (S) -~ _UyJ—-2 (S) —tFory—
3~spufobnN] AMVSIVEBRt-TFNVZIATFND, 9T 6g%
TEFYySmICEBL, 1 0%%&E2ml £MATERAT I BRRE
Lo KEZ2MR., FRELZRMEE IS LD [1 (8) —-KX
YUN—2 (S), 3—ZRFLTOEN] ANSIVBTFIZIRT




1 p- met hoxyphenyl, etc. Preferred are those containing 6 to 15 carbon
atons. Referring to the above-nentioned a -am noketone derivatives of
general formula (6) and to the above-nentioned 5 a -am nohal oket one
derivatives of general forrmula (7), P[err] and P[err] each independently

represents a Q%ﬁ §3 atomor an amino- protecting group or Bceibdiodigs
conbi nation w @ierr] represent a phthal oyl group, with the exception of

the case in which P[err] and P[err] are g$he sane and each is a hydrogen
atom 10 Sai d am no-protecting group is not limted to any
particul ar species provided that it is effective in

VB, SMTLCTHNE. AZFEEAS LTERHMELXRRLL
(8 9. 8§%ee)o

BEP2 a-T2XFNTNI-NVOUE

TEFZ72/20. 601 g%22-7o/8) =)kl 5mlicERL.
TANIZDLPIAVTaRF L F2, 04 g%FM, 25CTL4HM
WL, | NEBRTRAINE, FR_FLITHE L. BBICLD
Boht0. 564 gDHRRYWEHPLCIRTAHITLA (E]EO, 6
%. MELO. 4%),

2ZEH 3

3 (8) —(t—FbFIANK=NTI)) —2-FFV—-4-7
= IWVRBBAFIDOA]l (O—-iPr) ;s KRLIEL
3 (S) —~(t—=7PH*vANFE=NTI)) —2-FFVY-4—-Tx
SVBBEAFANI0OTmgd2~Tul/~mlicBERL. Al
(Oi—-Pr) s %204mg (Zmme l) mlL. R T 1 %M.
EWiIZ50CT1 S5RMHMRBR LAY, BeERANTHS2 (R, S) —t
Faedvy—3 (S8) —(t =T PFvANMNE=NTI)) -4 -T2
VBRATFIDERRBRBREBD NI I,

B3 EoF) Bl ikt

AZRBE. LBOWMBREIVLBEZ0T, BB, SHEVWAET. 81
$BREICHANVEZ VB EE Fud Y {kAYICBTT A ENTE,
AAE, 72=NVT5= %> oRBSNBET I/ ~or b yERED
>, BMLELET., BOTHEVWIARBRYET, FACERRODHHGKT
5373/ 0k KU VBBAEMET ST LHTE B,



protecting the am no group fromthe reduction reaction in question. It thus
I ncl udes such protective groups as those described in Theodora W G een:
Protective Goups in Organic 15 Synthesis, 2nd edition, John Wley &
Sons, 1990, pp. 309 to 384, for exanple, ethoxycarbonyl, methoxycarbonyl,

t - but oxycarb I nzyl oxycar bonyl, acetyl, trifluoroacetyl, benzyl,

di benzyl , t03§¥?wﬂ§ﬁﬁoyl, pht hal oyl , etc. The am no- protecFFﬁHPﬂm%ﬂﬁ
shoul d preferably be sel ected taking t?e 20 stereosel ectivity of the
reduction reaction into consideration.?The reduction reaction can be caused
to proceed with high erythroselectivity by enploying, for exanple, such an
al koxycar bonyl group as net hoxycar bonyl,

#ROBH
1. Fi—#®= (1) ;

0

A

(AHh. R' . R* B, RULT, BRI ~3 00@BRE L REE
ROTAVINE, BEMT~3 00BRE LA RKBEROTSVFVE,
REBKE~IODEREL(BREROT Y ~IE, YT /&, KXR
F. FTE—-8&X (2) ;

(1)

R! R?

CH.X,, (2)

(Fh. X2, ~"oFvEFEET. nid. 0~208H% %t ) T
RXhz¥. Riz. TR—ER (3) |

i (3)

Y

(Reb, YR, T+ VE. TSARAAEY VE. BRELR
REROT 3 /8. Xid. THVENFAEEET, ) TRINIELEE
To KL, R RUR DB Ooh—FHiR,. REB1~3 00EHY
LARERROTIVFIVE, RRET~3 00BRE L RKERD 7
SAHFNE. X2, BB ~3 0 0BERF L REBROT7 Y ~VE

TH5. ) TRENBAME= LA,

O g



t - but oxycar bonyl or ethoxycarbonyl or such an aral kyl oxy 25 car bonyl
group as benzyl oxycarbonyl. Referring to the above-nentioned a -am noketone
derivatives of general forrmula (6), R err] represents a group of the above
general formula (2) or a group of the above general formula (3). 30
Referring to the above-nentioned a -am nohal oket one deri vat pgggronborgeener a
formul a (7),‘W?¥¥§M%sents a hal ogen atom Said hal ogen atomis not limted
to any particul ar species but nay be agchlorine, brom ne, iodine or
fluorine 35 atom It is preferably a chlorine atom however

TRE—M=X (4)

R 3
\Al-—OR5 &

R‘

(Fp. R° . R* . BRI LT, XK1~ 1 00ERE L BRE
BMOTVENE, RERT~2 00ERE L RREROT SV IE,
k. BEHE~200BRE L RERROT V- VEERT, R®
2. HEM1I~2 0 0BRE LLIERRO-BTLFVE, BRK]
~2 00ERAE L REBRRO_BTAVFNVE REKRT~8 0DER
ELCHEBRO—BRTSAFAE, X2, RERT~300EREL
(RBBROBRTSNVFNVELERT. ) TRSIWBZERTLIZ=VL
k&M EERILT. TE—ERK (5) ;

OH -

R'I RZ

(Xb. R' . R i, WRRERL, ) TN 37 ha—NiLtaEWE
BAZLAEBRETAIANE=NELEDOBTEHE.

2., —fX (4) TEINIEBRTNI=DLEENN, P4V TF
NFPNVI=ghA4YTaRF R, R, VLAV TFATAI=OLY
Tx=d b2y FCHI2MRO8EE | EBROANE= VLSO OBT

ﬁ&o -

A L



12 The above-nenti oned a -am noketone derivatives of general fornula (6)
I ncl udes, but is not limted to, optically active t-butyl
(S)-(I-benzyl - 3-chl or o- 2- oxopr opyl ) carbanmate, t-butyl

(R - (I -benzyl - 3- chl or o- 2- oxopr opyl ) carbanmate, 5 met hyl
(S)-(I-benzyl - 3-chl or o- 2- oxopr opyl ) car banmat e, net hyl

(R) - (I - benzWOSUBMr 0- 2- oxopr opyl ) car bamat e, et hyl
(S)-(I-benzyl - 3-chl or o- 2- oxopr opy! )caar gamat e, ethyl

(R) - (1- benzyl - 3- chl or o- 2- oxopr opyl ) car bamat e,

PCT/IP97/00189

NNNDNDNDN

3. TiE—a&=xk (1) ;

(Rh. R' . R* B, HULT, REB1~3 00BEAELIKRE
BMOTNVFVE, REBT~3 00EREF L BREROT S V* VE,
BREMI~300BRE LI REBRDOTV-NVE, V7T /&, KER
F. FTR—MX (2) ;

CH.X,., (2)

Rp. XiG. "oFVEFERT. nid. 0~208HEET. ) TX
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Y
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EEROT I B, X3, TVFELVFAEERT, ) TRIN3E%ER
¥ 7L, R' RUR' D&5o0—Hit. KR 1~3 0 DEARE
LA RE\EBROTLVFAIE, RERT~300BEBRELBREBERDT
SHEME, Xid. BEXG~3 0D0BEHRF L REKEROT V- 1VE
THod. ) TEINBHANE=NEESYIC,

T, Te—mRA (10) ;
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benzyl (S)-(1-phenylthiomnethyl-3-chloro-2-oxopropyl)carbamate, 10 benzyl
(R) - (1- phenyl t hi onet hyl - 3-chl or o- 2- oxopr opyl ) carbamat e, t-butyl
(S)-(1-phenylthiomethyl -3-chl oro-2-oxopropyl)carbamate, t-butyl

(R) - (I -phenyl t hi omret hyl - 3- chl or o- 2- oxopr opyl ) car bamat e, net hyl
(S)-(1-phenyl &JH yl - 3-chl or o- 2- oxopr opyl ) car bamat e, et hgéyapeTio0189
(R) - (1- phenyl t hi onet hyl - 3-chl or o- 2- oxopr opyl ) carbamat e, 15 nmet hyl
(S) - (t-butoxycarbonyl am no) - 2- oxo- 4- phenyl butyrate, nethyl

(R) - (t-but oxycar bonyl am no) - 2- oxo- 4- phenyl butyrate, nethyl

(S) - (nmet hoxycar bonyl am no) - 2- oxo- 4- phenyl butyrate, nethyl

(R) - (et hoxycar bonyl am no) - 2- oxo- 4- phenyl butyrate, benzyl

[ 1(S) - benzyl - 2- oxo- 3, 3, 3-trichl oropropyl | carbamate, 20 benzyl
[1(R)-benzy|-2-%$o-3,3,3-trichloropropyl]carbanate, :

Np—
_A—H  (10)

R‘
(Xh. R* . R* 3. BUYLT,. BEHI~100ERE L IER
ROTVENVE, BEMT~200BRELREBROTSAELE.

X3, REEE6~2 0oEBBRE L BKBROTYV~-NVEEXET, ) T
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(Kb, R® @, BEH1~2 0 ORME L REBRO—BRT A+
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RHT~3 0 ORAE L IMERO—KT S A VE. Rid. BRK
T~30DBRR/RELBRBRO-BT SAVFAVEERT. ) THREH

27a—itaihoBUINLILAEEERATET, TRE—ER
(5 ;

OH

A ®

R! R?

(R, R' . R* 3. BIRBEAL. ) TRENBTAL2-N{L&W%E
Bl -EBYLTIANK=N{LEYORTHE,

4. —@X (10) TREINZHFBRT V=D LEAYK, V14V T
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ethyl [1(S)-benzyl -3, 3-dichl oro-2-oxopropyl | carbamate, ethyl

[ 1(R) - benzyl - 3, 3-di chl or o- 2- oxopr opyl | carbamat e, etc. The above-nentioned a
- am nohal oket one derivatives: includes, but is not limted to, optically
active 25 t-butyl (S)-(1-benzyl-3-chl oro-2-oxopropyl)carbamate, t-butyl
(R) - (1- benzyl - 3- chl or o- 2- oxopr opyl ) car banmat e, net hyl

(S) - (1- benzyWoD788108r 0- 2- oxopr opyl ) car banmat e, net hyl PCT/IP97/00189

(R) - (1- benzyl - 3- chl or o- 2- oxopr opyl ) car banat e, et hyl

(S)- (I - benzyl - 3- chl or o- 2- oxopr opyl ) carbdmat e, 30 et hyl

(R - (I -benzyl - 3- chl or o- 2- oxopr opyl ) car banmat e, benzyl

(S)-(1-benzyl - 3-chl oro- 2- oxopropyl ) car banat e, benzyl

(R) - (1 - benzyle 3,0l of & 8- R3Q §0514 R BEEK O 3 BB A M FE =it
SMOBTH o

5. —BR (11) TRIha7Ha—-NaNR, TRE—HBR
(12) ;

RS

>——OH (12)

R

(X, R* . R’ 3. XH1~1 0D0BARSE LI RRKEROTVF
NVE., BEBT~2 00BERFL{RRBEROTIVFIVE. XE. K
EME~200BHEE L RREROT Y - LEEETH. R’ . R°
DI >TY I OTNENEERT, ) TRINBT NI NS
MTHAHKOEHIXBARBRROANENIELEUOBITH .

8. —BR (12) TERXHhATNV2-NEGYUN, 1V T 0 -
NTHEAPROBHES EROANE=ZNVILEUDORTF Ho

7. —BRX (12) THRIxhA7TNVI—-NMEEOH. Ry Xk Fo-
VTHELIZMROBE S ERO ANV E=NVLAYORTH ke

8., BREEN. REBE-10~30CCTbNabDTHAIRK
OB, 2. 3. 4. 5. 6 XRTRBROAINE=_NILEBOBXH
o
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benzyl (S)-(1-phenylthiomnethyl-3-chloro-2-oxopropyl)carbamate, benzyl

(R) - (1- phenyl t hi onet hyl - 3- chl or o- 2- oxopr opyl ) car bamat e,
(S) - (1-phenylthiomet hyl - 3-chl or o- 2- oxopr opyl ) car bamat e,
(R) - (1- phenyl t hi omet hyl - 3- chl or o- 2- oxopr opyl ) car banat e,
(S)-(1-phenyl E‘m%{“ﬁyl - 3-chl or o- 2- oxopr opyl ) car bamat e,

0 yl - 3- chl or o- 2- oxopr opyl ) car banat e,
(S)-(1-phenylthiomethyl -3-chl oro-2- oxop yl ) car banat e,
(R) - (1- phenyl t hi omet hyl - 3- chl or o- 2- oxopr opyl ) car banat e,

(R) - (1- phenyl

35 t-butyl

13 1 t - butyl
met hyl

met h?‘br/.mmmssv

et hy

5 et hyl

BI~30DEBRELIIEEBRDOTILFIVE,. BEHT~300EBR
HEL(RERBROTSVFLE, X3, REKE~3 0DBBRE LI
KEBROTYV-NVETHD, R B, FTie—kxX (2) ;

CH. X, (2
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i (3)
Y
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MOBITH o
10, T&E—X (6) ;

O
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REKT~200EREFELBEBEROTSNVENE, BEEHE~20
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etc. Preferred anong these are t-butyl (S)-(1-benzyl-

3-chl or o- 2- oxopr opyl ) car bamat e and benzyl (S)-(1-

phenyl t hi omret hyl - 3- chl or o- 2- oxopr opyl ) carbamate. Referring now to the
process for reducing carbonyl 10 conpounds according to the preséent

I nvention, the reduction of the carbonyl conpound of general fornmula (1) is
ef fect ed by W@8V28405% he car bonyl conpound of general for mul ZCTAFI7{0B189 o
reaction system or adding the reducina agent to the carbonyl compound of
general formula (1), followed by stirifg. The 15 reduction reaction is
preferably carried out at a tenperature of -10 to 60[err]C , nore
preferably -10 to 30[err]C The organoal um num conpound of general fornula

(4) is DERELREBBERO7V-LE, X, kKERF%2E7T. R™ i,
FTE—-®&A (2) ;

CH. X ,, (2)

(Rp. XB, "o YR¥FERT. niZ, 0~208¥ERT, ) T
‘REINDE, XX, TR—ERX (3) ;

i (3)
Y

(Rth, YiR. P2 E TSHENMTFONE, BRELR
EERDOT I /&, XB. PVENVFAEEZERT. ) TRIhIEEE
ToP', PP 3, MILT,. REFEFELI(RTIVEOREEL X
THh, Riz. P' |, P? -T2 usrEiid. KL,
P'. P® HAKICKRRFCTHIBEER. ) Tshsa—-T3
Jr b BRI,

TRE-B&X (4) ;

RS
“Sai—oR (&)

ré

(XP. R* . R' 3. B LT XK I~100BRELRERE
MOZNVENE, REBT~20DEREL{RBREBEROTSISNFIVE,
iz, REM~200ERNELLREBROTY-IVEEZET., R®
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added preferably in an amount of 1 to 5 nolar equivalents, nore preferably
1.5 to 3 nolar equivalents, relative to the 20 car bonyl conpound of
general formula (1). The solvent to be used in the practice of the present
invention is not limted to any particul ar species but includes, anong

ot hers, al coh unds of the forrmula Rlerr]OH in which ' he
sane as R[errﬁb?%% general fornmula (4) shown 25 aboveﬁ["gé;"&g{nﬁmés

t ol uene, hexane, cycl ohexane, heptane, tegrahydrofuran, t-butyl nethyl

et her, 1, 2-di net hoxyet hane, nethyl ene cH ride, N, N-dinethylformm de and

the Iike. Preferred anong the solvents other than the al cohols . nentioned
above are toluene, tetrahydrofuran and hexane.

B KRE1~2 00BRE L REKBERO—-B{TALFVE, BEKI
~20DEREFL BRBROZBTNVFNE, BENT~3 0OEM
ELCREERO-BT IV LVE, X, BEBT~3 00EREL
(RBEBROMTSAFNVEERT. ) TRINEEBTNI=V L
teMmEERSLET, TR—BR (8) ;
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30 - Al t hough the procedure for after-treatnment is not limted to any
particul ar one, the product alcohol conpound of general formula (5) can be
recovered after conpletion of the reaction by an ordinary after-treatnent
and isolation procedure, for exanple, by hydrolyzing the reacti on m xture
35 w th an aqueous acid solution, extracting the sane, 14

concentrat i WOPMSIxt ract and then subj ecting the concent ré’F@’W’“P%I ation

treatment using a columm, crystallization,
4 2

(P, R* 3. REH1~200E#RE L IEEROTLFVE,
BEBT~2 0 0BBRELBRBROTSVFVE, BEME~20
DERBRELRERROT Y —VE, XiZ. KERFERT. R™ 3.
FTiR—&=X (2) ;

CH.X,., (2)

(R, XB. »oyroRFE2RT ni3, 0~2088%&T, ) T
#Fxhsgx, X, FTE—8&K (3)
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T+, X3, P' ( P! R—HRUET75ur VEEZERT. L.
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Jr b BREI,
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(Rth, R? . R* I3, BIr LT, XHF1~1 00oBRE L GRE
BOZLFNVE, REBT~200BRE L(RRBEROT S+ IVE,
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distillation and/or the |like. The conmpound of the above-nentioned general
formula (4) 5 can al so be prepared by the reaction nenti oned bel ow and
the thus-prepared reaction m xture can be used as such for the reduction of
car bonyl compounds of general formula (1), (6) or (7). Thus, the
preparation product obtained by reacting an 10 or ganoal Upi-HsssreeEpound
of the gener MO¥EBI a (10) [err] 15 (wherein Rerr] and Rlerr| each

i ndependently represents a substitutedaog unsubstituted al kyl group
containing 1 to 10 carbon atons, '

BESKG~20DERE LBRBEROT Y- NVEEZERT, ) TREL
2EBRTNI=OLLEAME,. TRE—EA (11)

R—oH  Qau

(Xth, R* F. REH1~2 0 0BRE L REERO—BZTIL+N
E.BERI~200BRE LS RRBRO_BTLVFVE, K
EHMT~300BERE L RRBERO-BRT SV NE, X3, KEH
T~300BHELLREBRO_BETSNVFNVEXET. ) TRIN
B7TNa-eam i oMU NLANEERIET. TR—EX
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H
RS
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ABE-LAEEHLETHEa-TIITNa-NEREONERE,
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a substituted or unsubstituted aral kyl group containing 7 to 20 carbon
atons or a substituted or unsubstituted aryl group 20 containing 6 to 20
carbon atons) with an al cohol conpound of the general forrmula (11) [err] 25
(wherein Rlerr] is a substituted or unsubstituted primary al kyl group
containing 1 to 20 carbon atons, a substituted or unsubstituted secondary
al kyl groupwoonesidfhing 1 to 20 carbon atons, a substitut e PIPBHO s i t ut ed
primary aral kyl group containing 7 to 30 carbon atons or a substituted or
30 unsubstituted secondary aral kyl4dr oup containing 7 to 30 carbon
atons) can be used for the reduction of the carbonyl

Ra
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(Rth. R* . R’ 1. BES1~1 00RAEL(ERERDOT L+
NE, BERT~200BREL,REBRDOT7SVFVE, Xi3. B
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ROWE10. 1 1. 12, 13, 14, 15Ri16ERDa—-73
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conpounds nentioned above. The organoal um num conpound of the above general
formula (10) is, for exanple, diethylalumnum hydride, 35

di i sobutyl al um num hydride and the like. Preferred anong them 15 1 S
di i sobutyl al um num hydri de. The al cohol conpound of the above general

formula (11) is .n imted to any particul ar species provicﬁq.ﬁ,% lof 1S
high in hydroﬁ'g’ﬁm%}ﬂé donating ability. As exanples, there h 189

45

Sko#EB 10, 11, 12, 13, 14, 15, 18RIZ1T8RDa
~TFI)F7N2=-NERkOoNE L.
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5 may be nentioned isopropanol, benzhydrol, 2,4-dinethyl-3- pentanol,
cycl ohexanol , 2-net hoxycycl ohexanol and the |ike. Preferred are al cohol
conpounds of the general forrmula (12) [err] (wherein R err] and R err] each
i ndependently represents a substituted or unsubstituted al kyl group
containing 1 to 10 carbon atons, 15 a substituted or unsubstituted

aral kyl grouyoans@ning 7 to 20 carbon atons or a substi t UREKIRI7/00189
unsubstituted aryl group containing 6 to 20 carbon atonms or Rerr] in
conbination with Rlerr] represent a cy&l%alkyl group). Mre preferred are

| sopropanol and benzhydrol . 20 Sai d substituted or unsubstituted

al kyl group contai ni ng

OH

RS X
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1 to 10 carbon atons is, for exanple, nethyl, ethyl, isopropyl or the I|ike.
Methyl is preferred, however. Said substituted or unsubstituted aralkyl
group containing 7 to 20 carbon atons is, for exanple, benzyl, 25

phenyl propyl, a -phenylethyl, p-nethoxybenzyl or the like. Said substituted

or unsubstit | group containing 6 to 20 carbon atons J
exanpl e, pheﬁ&ﬁgw%ﬁ%§droxyphenyl, p- chl or ophenyl , p-nitrophéﬁ?ﬁ?;ﬁﬁgﬁthyl

or the like. Said cycloal kyl group is ;or exanpl e, cycl ohexyl, 30
cyclopentyl or the Iike. The process for reduci ng car bonyl conpounds
according to the present invention can be carried out, for exanple, in the
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IVBAFNEZRAFN, (R) — (1~ 2= VFFAFN-3-7D
H—-2—-FFVT7OEN) ANSIVBAFAIRAFN. (8) - (1
~ T 2= NFAAFN-3—7va—-2 X%V TRbEN) ANV
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foll ow ng manner. First, the reducing agent is prepared by reacting the 35
or ganoal um num conpound of general fornmula (10) wth the 1 al cohol
compound of general fornula (11). Said organoal um num conpound of general
formula (10) is used in an ampbunt bel ow 3 nol ar equival ents, preferably in

an anmount of | ar equi valents, nore preferably 1.5 tWMI g0l ar
equi val ent s, v}g}yg@fig%mto t he carbonyl conpound of general formula (13.
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Sai d al cohol of general

formula (11)

is added in an anpbunt bel ow 3 nol ar

equi val ents, preferably in an anount of 1 to 2 nolar equivalents, relative

to the organoal um num 10

conmpound of gener al

formula (10).

T

he

preparation of the reducing agent by reacting said organoal um num conpound

of general f 0) with said al cohol conpound of gener gerfpisoisd (11)
can be carrie Hg%?? or exanpl e, by adding the al cohol conpoundﬂgf gener al
15 formula (11) to a solution of the orﬂgnoaluninun1conpound of gener al
formula (10) in toluene, tetrahydrofuraﬁﬁ/ efane or the like and then
stirring the @@ ure. The addition conditions are not critical but the
addition is preferably
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carried out at -10 to 60[err]C, nore preferably O to 40[err]C . The 20
stirring conditions are not critical but the sitrring is preferably carried
out at 0 to 30[err]Cfor 1 to 10 hours. It is also possible to add the

or ganoal um num conpound of general formula (10) to the al cohol conpound of
general for . Then, the carbonyl conmpound of genera (1) is
25 addedqﬁﬁ%%%&%eaction system or the reducing agent igcgggﬂ#Q%)the
car bonyl conpound .of general fornula (1%ﬁ,gqg the mxture is stirred to
effect the reduction of the carbonyl cohpound of general fornula (1). The
reduction tenpB@Bature is preferably within the range of -10 to 60[err]C ,
nore preferably 30 -10 to 30[err]C
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In accordance with the present invention, the carbonyl conpound is reduced
usi ng an al kyl al um num al koxi de differing fromthe one derivable fromthe
react ant carbonyl conpound. In this case, by adequately selecting the

al koxi de group of 35 sai d al kyl al um num al koxi de in view of the al koxi de
group 17 d as an internediate fromthe car bonylpﬁﬁwm, It
becones possﬁﬁ?gwfsdaﬁcrease'the rate of internediate formation, carry out
the reaction at | ow tenperatures and
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control the configuration of the reduction product alcohol. 5 It is
possi ble to reduce the carbonyl conpound of forrmula (1), (6) or (7) under
mld conditions and, furthernore, it is possible to stereoselectively
reduce certain carbonyl conmpounds, for exanple a -keto ester derivatives,

whi ch can hardly be reduced with ordinary alum numtrial koxir{gg.aw 189
By adequat el yWOSM/@805 ng t he above-nentioned anmi no- protecti oup, for

exanple, it is possible to produce the erythro formof the a -am noal cohol
derivative of general fornmula (8) or of 5tfid & - ani nohal ohydrin derivative

of gener al fo;g{;&a (9) with very high stereoselectivity. Thus, for 15
exanple, int ase of reduction of optically active t-butyl

:-O
;
0.876 —
;
e
0.023 — :
-
0. 428 — s
g
0,980 — C
N
1.08 — F
1,000 — E,,
;
:
2.186 —-
5
t
5
X
o
:
6.8713 — o~
E.
-
:-Gb
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(S)- (1-benzyl - 3-chl or o- 2- oxopr opyl ) car banat e, which is a phenyl al ani ne
derivative, the corresponding optically active am nohal ohydrin can be
obtained with a diastereoner excess (d.e.) of not |lower than 94% When
benzhydrol, for instance, 20 is used as the al cohol conpound, the _
correspondi ng optically active am nohal ohydrin can be obtaip '

sur pri si ngl y%m%ﬁs’ci’?astereorrer excess of 98% In the case oﬁﬂ%&?@n of
met hyl (S)-(t-butoxy carbonyl am no)-2-oxo-4-phenyl butyrate, too, the
corresponding optically active a -hydrdkyebtler can 25 be obtained with a
hi gh erythros ctivity. The starting a - am noketone derivative of

general fornmula (7) can generally be produced by reacting the correspondi ng
a -amno acid
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derivative (e.g. a -amno acid ester) with the nmagnesium enolate of a
-chloroacetic acid, for instance (Japanese 30 Pat ent Application

Hei - 07-273547). An HV protease inhibitor can readily be derived fromt he
optical ly active am nohal ohydrin nentioned above (Japanese Kokai

Publ i cati on | -08-99959). 35 BEST MODE FOR CARRYI NG THE
| NVENTI ON 18%97%&102 The foll owi ng exanples are furt hePCFROIRPPY: i ve
of "t he 110
X} 7
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I nvention but are by no means linmitative of the scope of the

I nventi on.
[1(S)-benzyl -2(S)-hydroxy-3- 5

pr esent
pr esent

and the m xture was

After

pr opanol ,

chl oropropyl | carbamate (1) [err] To an
30 m nut es.

Production of t-butyl

Exanple 1

ice-cooled 1.0 Msolution of triisobutylalum numin hexane (10.5 ml,

mmol ) was added 0.76 ml (10 mmol ) of 2-
stirred at r WPV er ature for 15

m xture with 10 ml of toluene,

Hydrolysis with

0.759 g (2.5 mMmmol) of t-butyl

(1(S)-benzyl - 2- oxo-3- chl oropropyl | car b&avatied was added and the resultant

m xture was st@rsred at roomtenperature for 2 hours.
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1 N hydrochloric acid, extraction wth ethyl acetate and 20

concentration gave 0.840 g of pale-yellow crystals. The crystals obtained
were subjected to quantitative analysis by HPLC and the yield and
selectivity were determ ned. Yields: t-butyl [1(S)-benzyl-2(S)-hydroxy- 3-
chl oropropyl ] carbamate 97.4% t-butyl [1(S)-benzyl-2(R)-

hydr oxy- 3- ch| SPEFHRBY | | carbamate 2.6% Selectivity: (1S, 2S)PGRIPRQNS oR)
form= 97.4/2.6. Exanple 2 Production of t-butyl

(1(S)-benzyl -2(S)-hydroxy-3- chl oropropgl/cdadbamate (1) 30 To a 1.0
M sol ution of g4 i sobutylal um numin hexane (10.5 m, 10.5 nmol) was added
0.47 g (2.5 |‘§ of
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0.744 g

RETEPY 018

After cooling to
extraction with ethyl

m of toluene,

[ 1(S) - benzyl - 2- oxo-3-chl oropropyl ] carbamat e was
room t enper at

35

the pressure was reduced to 10 mHg to thereby-
of f
1

and the m xture was heated at 170[err]C for 2 hours.
nt mxture was stirred at

After cooling to 80[err]C,
cause the excess triisobutyl borane to distil
roomtenperature and dilution with 20 19
I
Hydrolysis with 1 N hydrochloric acid,

triisopropoxyborane,
added and t heWPayt

(2.5 mmol ) of t-but

hour s.
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% acetate and concentration gave 0.995 g of pal e-yellow crystals. The

54
crystal s obtained were subj ected to quantitative analysis by HPLC and the

;
_fﬁ?ld and selectivity were determ ned. Yields: t-butyl

[1FS): benzyl -2(S)-hydroxy-3- 10 chl oropropyl ] carbamate 80.1% t-butyl
[1(S)Ibenzyl - 2(R) - h98?6§§-531‘"9m BEBBFEAON 95%&#&%“@. LOMPOUNDS,  vity:
(1S,2S) form (1S,2R) form= 95.9/4.1. Exanple 3 Production of t-butyl

[ 1(S)-benzyl -2(S) - hydroxy-3- 15 chl oropropyl Jcarbamate (1) A hexane
sol ution of di et hyl al um num et hoxi #BCHNBEGAL FIBLD10.4 nm, 10.4 mmol) was
difuted wth 18Tﬂé Bzeégh eESVeBE?Qn‘relates to a process for reducing

5 carbonyl compounds.

BACKGROUND ART
Reduction of carbonyl compounds constitutes a very
important technology in Vérious fields, for example in the

10 production of drug intermediates. As the so far known
practical methods of reducing carbonyl compounds, there may be
mentioned the Meerwein-Ponndorf-varley reduction (MPV
reduction) and the reduction using diisobutylaluminum hydride
(DIBAH). | _

15 The MPV reduction is a method of reducing carbonyl
compounds using an aluminum trialkoxide, such as Al1(0-iPr),,
as a reducing agent or reduction catalyst. .This method is in
frequent use as an economical method of reducing various
ketones and aldehydes, since the aluminum trialkoxide used

20 there and the alcohol such as isopropyl alcohol are
inexpenéive [Organic Reactions, volume 2, page 178 (1944)].

However, the MPV reduction, which uses an aluminum
tfialkoxide, has problems. The progress of the reaction tends
to be very slow at low reaction temperatures mainly because

25 of the low reactivity of said reagent. For increasing the
reaction rate and the yield, a high reaction temperature not
lower than 50°C , fdr éxample, is required. Said reduction is
thus unsuited for the reduction of unstable carbonyl
compounds or, in the case of carbonyl compounds showing low

30 readtivity, the reduction reaction can hardly proceed even
when the reaction temperature is raised.

The reduction of carbdnyl'dompounds using DIBAH is a very
useful method from the industrial viewpoint because of
excellent reactivity and economics, among others. This method

35 is in use, for example, for the reduction of



13489 g (5 mmol) of t-butyl [1(S)-benzyl-2-keto-3- chloropropyl]carbamate
" ‘was addéd, and the mxture was stirred 20 at roomtenperature for 24
.hQurs. After quenching with 1 N hydrochloeric acid, the m xture was

extracted with gthyl_ acetate. ncentration _of ,th xtract gave 2.560 of
pal e-Lyel | urantaeniorekat Ghs dar {oabTkpReaoRevEds BB LBUCBSquRRE L | ve
anal ysi s Wai#lg 248ihbEnYbebReBOHeSBLEEVAYi V¥s2are reBheedEhe UT78Y.

Yields: t-butyl [1(S)-benzy|-2(S)-h§droxy-3- chl or opropyl ] car bamat e 55. 7%
t-butyl [MSHRHIHEEAH(Hhe apvtbkg- Boeml 6aspbepybteinsdnkreferemtially

Sel ecti Vi tyieh Tah Zod O 754 191 a5¢e L QORLT 84L&8s [Tetrahedron Letters,
5 36, 5453 (1995)1. _
The term "erythro form" as used herein means an isomer in

which the neighboring amino and hydroxyl groups show the

following relative configuration:

10 QH

However, this reduction method requires a very low

15  temperature in order that the reactivity may be controlled.
Furthermore, when the method is applied to the reduction of
said @ -aminochloroketone derivatives, it is impossible to
attain such a high stereoselectivity as 90% or more as
expressed in terms of diastereomer excess.

20 Referring to the reduction reaction of carbonyl compounds
with diisobutylaluminum hYdride, the literature suggests the
possibility that the diisobutylaluminum alkoxides formed as
reaction intermediates be partly involved in the reduction
reaction [Journal of Organic Chemistry, 38, 4232 (1973)1].

25 However, no reports have ever suggested that dialkylaluminum
monoalkoxides such as-diisobutylaluminum isopropoxide might
be effective in the reduction or stereoselective reduction of
carbonyl compounds. Likewise, no reports have ever suggested
that reducing agents prepared from a dialkylaluminum hydride,

30 such as diisobutylaluminum hydride, and an alcohol, such as

. isopropyl'alcohol, might be effective in the reduction or
stereoselective reduction of carbonyl compoqnds.
In view of the foregoing, it is an object of the present
invention to provide a method of reducing carBonyl compounds

35 to the corresponding hydroxyl compounds in an easy and simple



30 .Exanple 4  Production of t-butyl [1(S)-benzyl-2(S)-hydroxy-3-
chloropropyl]carbanate (1) Acetone (581 ng, 10 mmol) was added to 9.9 mi
(10 mmol ) of a toluene solution of DIBAH (1.02 M at roon1tenperature 35

and the m xture mas Stl red af .roomt erature_fo Then,
TMiedq (anrsy w1 undet nflaey TongTREORS o anSEhes, BBsEH featBanat o
was added @b idie 4 GREREA of XE8G8ing certain carbonyl compounds that
can hardly be reduced with ordinary aluminum trialkoxides and,
in particuldr, a method for stereoselectively reducing

5 a —-aminoketone derivatives.

SUMMARY OF THE INVENTION
The gist of the present invention, which is directed to
the reduction of carbonyl compounds, consists in that a

10 carbonyl compound of the general formula (1)

15
(wherein R* and R? each independently represents a substituted
or unsubstituted alkyl group containing 1 to 30 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to
30 carbon atoms, a substituted or unsubstituted aryl group

20 containing 6 to 30 carbon atoms, a cyano group} a hydrogen

atom, a group of the general formula (2)
CHnXS-—n (2)

25 (in which X represents a halogen atom and n represents an

integer of 0 to 2), or a group of the general formula (3)

0

IL (3)
30 _Y
| (in which Y represents an alkoxyl group, an aralkyloxyl group,
a substituted or unsubstituted amino group or an alkylthio
group), provided that one of R* and R? is a substituted or
unsubstituted alkyl group containing 1 to 30 carbon atoms, a

35 substituted or unsubstituted aralkyl group containing 7 to 30



was, stirred at roomtenperature for 2 hours. After hydrolysis with 1 N
hydrochloric acid, the reaction m xture was 5 extracted with ethyl
acetate. Concentration of the extract gave 1.635 g of pale-yellow
ctystals. The crystals obtained were subjected tQ quantitative analysis by
HPLC &nd t FRTPPBI ateRg o& écsubsti Rt sAURST It AT YL HRSHP

| 1(9)-benzubngh b Bueotly 39 U cort MR ARy IGRERATR1P:0% - buty!

[ 1(S) - benzy roxy- 3- oropropyl ]| carbamate 4.1% Selectivity:
(1S, 2S) foeorgansa2Ruinvmmcon@eund of. theagsnersml foroia i G of t- butyl
[ 1(S) - benzyl - 2(S) - hydr oxy-3- 15 chl or opr opyl ] carbamate (1)

5 R
Al—OR °

R4

(wherein R® and R' each independently represents a substituted

10 or unsubstituted alkyl group containing 1 to 10 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to
20 carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 20 carbon atoms and R°® represénts a
substituted or unsubstituted primary alkyl group containing 1

15 to 20 carbon atoms, a substituted or unsubstituted secondary
alkyl group containing 1 to 26 carbon atoms, a substituted or
unsubstituted primary éralkyl group containing 7 to 30 carbon
atoms or a substituted or unsubstituted secondary aralkyl
group containing 7 to 30 carbon atoms) to provide the

20 corresponding alcohol compound of the general formula (5)

OH .

(5)
R! R?

25

(wherein R* and R*® are as defined above).

_ BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an NMR sepctrum of the product obtained in
30 Example 5, namely t-butyl [1(S)—benzyl—z(S)-hydroxy—3-
chloropropyl lcarbamate.
Fig. 2 shows an IR spectrum of the product obtained in
Example 5, namely t-butyl [1(S)~benzyl-2(S)-hydroxy-3-
chloropropyl lJcarbamate.
35 Fig. 3 shows an NMR sepctrum of the product obtained in



2=<Propapol (1.53 m, 20 mol) was added to 9.8 ml (10 mmpl) of a tol uene
solution of DIBAH (1.02 M at roomtenperature and the m xture was stirred
at roomtenperature for 1 hour. Thereto was added 1.489 g (5.0 mol) of

resu ant ERAmRS e dTE¥ 1y SREURT T LRI SLOBEREYAL Ao PRTAREARTT-1 oF) cved by
hydr ol ysi shiddogrdpyVic2ebamate. aci d under cooling with ice. Extraction
with ethyl acetate and concentration gave 1. of pal e-yel | ow

61
crystals. Puri f ikl { och $0%s | aralR| segctrureopﬁnhﬁehpéﬁﬁ%er abkgined in
hexane/ et taat = - -
(hex Mmﬁg_!ﬁ, @arﬂ@%’g_%%ﬁlgﬁl g[PfS? Qé'ﬁ%irl Z(S% hydrox

-3
[1(S) - benzyl - ydr oxy ropropyl | carbamate (yield: 52.5@@ and 33 ng
of t-DutylcHliqRpiapyl/]cexRyndlyer oxy-

Fig. 5 shows an NMR sepctrum of the product obtained in
Example 9, namely benzyl [1(R)-phenylthiomethyl-2(S)-hydroxy-
3-chloropropyl]lcarbamate.

Fig. 6 shows an IR spectrum of the product obtained in

10 Example 9, namely benzyl [1(R)-phenylthiomethyl-2(S)~hydroxy-
3-chloropropyl lcarbamate.

Fig. 7 shows an NMR sepctrum of the product obtained in
Example 14, namely methyl 2(R,S)-hydroxy-3(s)-(t-
butoxycarbonylamino)-4-phenylbutyrate.

15 Fig. 8 shows an IR spectrum of the product obtained in
Example 14, namely methyi 2(R,S)-hydroxy-3(8)-(t-
butoxycarbonylamino)-4-phenylbutyrate.

Fig. 9 shows an NMR sepctrum of the product obtained in
Example 15, namely ethyl [1(S)-benzyl-2(R,S)~hydroxy-3,3-

20 dichloropropyl]carbamate.

Fig. 10 shows an IR spectrum of the product obtained in
Example 15, namely ethyl [1(S)-benzyl-2(R,S)-hydroxy-3,3-

dichloropropyl lcarbamate.

.25 DETAILED DESCRIPTION OF THE INVENTION‘ '
. Referring to the carbonyl compounds of the above general

formula (1), R* and R? each independently represents a
substituted or unsubstituted alkyl group containing 1 to 30
carbon atoms, a substituted or unsubstituted aralkyl group

30 containing 7 to 30 carbon atoms, a substituted or
unsubstituted aryl group containing 6 to 30 carbon atoms, a
cyano group, a hydrogen atom, a group of the above general
formula (2) or a group of the above general formula (3),
provided that one of R* and R? is a substituted or

35  unsubstituted alkyl group containing 1 to 30 carbon atoms, a



3.£hloropropyl]carbanate (yield: 2.29%. [(1S,2S) form (IS, 2R) form=

97.7/ 2. 3] 30 An NMR spectrum of the thus-obtained product t-butyl
[ X(S) - benzyl - 2(S) hydroxy-3-ch|oropropyl]carbanate is shown in Fig. 1 and
an- | spect sanme _in, Fi . 4]a re]l=-3.44 (c.=.1. 05, M
o e o iR Phat &8, 3% BablpEh Prafedl BsRARNY broud EhntaiheY oY

carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms.
As the substituent, there may be mentioned a halogen

5 atom, an alkoxycarbonyl group, an alkoxyl group, a protected
amino group, a cyano group, a nitro group, a sulfinyl group,
a sulfonyl group, an alkylthio'group and the like. Each group
represented by R* or R? may have two or more such
substituents. |

10 The above-mentioned substituted or unsubstituted alkyl
group containing 1 to 30 carbon atoms is not limited to any
particular species but includes, for example, methyl, ethyl,
butyl; isopropyl, cyclohexyl and the like. Preferred are
those groups which contain 1 to 20 carbon atoms.

15 The above-mentioned substituted or unsubstituted aralkyl
group containing 7 to 30 carbon atoms is not limited to any
particular species but includes, for example, benzyl,
phenylpropyl, phenylethyl, p-methoxybenzyl,
1-(N-t-butoxycarbonylamino)—2~pheny1ethy1,

20 1-(N-benzyloxycarbonylamino)~2~phenylethyl and the like.
Preferred are those groups which contain 7 to 20 carbon atoms.

The above-mentioned substituted or unsubstituted aryl
group containing 6 to 30 carbon atoms is not limited to any
particular species but includes, for example, phenyl,

25 p-chlorophenyl, p-nitrophenyl, naphthyl and the like.
Preferred are those groups which contain 6 to 20 carbon atoms.

Referring to the group represented by the above general
formula (2), X represents a halogén atom and n represents an
integer of 0 to 2.

30 Said halogen atom is not limited to any particular
species but includes a chlorine atom, a bromine atom, an
iodine atom or a fluorine atom and preferably is a chlorine

'atom.
The above-mentioned group of general formula (2) is not

35 limited to any particular species but includes, among others,



liw'Exaque 6 Production of t-butyl [1(S)-benzy|-2(S)-hydroxy-3-
chl oropropyl carbamate (1) Benzhydrol (3.68 g, 20 nmol) was added to 9.9 ni
(20 mmol ) of a toluene solution of DIBAH (1.02 M at room.J5 t enper at ur e,

f of | pued it of s eng... dirgqi N ' e at
roon?tenpgggggggékggli ﬁé&P@kE?ﬁﬁgﬁ (5%%%ﬁ%ﬂ€;b@§qﬂﬁ%ﬂgbfdM%dgeﬁﬁy'
[ 1(S) - bendybzémometBydh| &wdrompiedinyiland v nome thgded ddrfd udmonedshyt t ant

ST T o MR e S R S e L S S B
acet ate agHet hekergaprefeayed ahiohighetheifa relileRsdthyquantitative
ANy O chioronethy  ahd tishloremethyls "

Referring to the above-mentioned group of general formula
(3), Y represents an alkoxyl group, an aralkyloxyl group, a
substituted or unsubstituted amino group or an alkylthio
group.

10 Said alkoxyl group is not limited to any particular
species but includes, for example, methoxy, ethoxy, t-butoxy
and the like. Preferred are those containing 1 to 10 carbon
atoms.

The above-mentioned aralkyloxyl group is not limited to

15 any particular species but includes benzyloxyl and the like,
among others. Preferred are those groups which contain 6 to
20 carbon atoms. _

The above-mentioned substituted or unsubstituted amino
group is not limited to any particular species but includes,

20 for example, amino, dimethylamino and the like.

The above-mentioned alkylthio group is not limited to any
particular species but includes methylthio, phenylthio and
the like, among others.

The above-mentioned group of general formula (3) is not

25 limited to any particular species but includes, among others,
methoxycarbonyl, ethoxycarbonyl; benzyloxycarbonyl,
t-butoxycarbonyl and the like. Preferred are methoxycarbonyl
and ethoxycarbonyl, however.

As the above-mentioned carbonyl compound of'general

30 formula (1), there may be mentioned, for example, aldehydes
such as benzaldehyde, isobutylaldehyde, etc.} and ketones
such as acetophenone, propiophenone, cyclohexanone, ethyl
acetoacetate, methyl benzoylformate, phenacyl chloride,

a ~dichloroacetophenone, g -trichloroacetophenone, ethyl
35 4~chloroacetoacetate, benzoyl cyanide, t~butyl 1(S)-benzyl-2-



were determned. Yields: t-butyl [1(S)-benzyl-2(S)-hydroxy-3- 15
chl oropropyl ] carbamate 99. 1% t-butyl [1(S)-benzyl-2(R)-
hydr oxy- 3-chl oropropyl ] carbamate 0.9% Selectivity: (1S,2S) fornm (1S, 2R

{?Eg;ibggééégé?S?Eﬁggﬁh§§5@10553%%% a3 Ofrgbgﬁ%gérGéﬁ%ﬂ?ﬁﬂ?yky%VHﬁﬁkano
(2.0 g, 20?Uﬁ?bltﬁ?ehigr@b{%bgg%:\a}’%gﬁaw,enfé‘ﬂ@qtﬂS%--B(Nﬁbe(n]z@er@-) of a

t ol uene solution of DI BAH roomtenperature and thé m Xture was
stirred atcapbemydapénat)aleokor-4tphenylatiedadieo wids.added 1.489 g (5.0 25

mol ) of t-butyhekdt PhngeeeY knd W6LvR-AUAANYY WHSTY W r*, the
5 substituted or unsubstituted alkyl group containing 1 to 10
' carbon atoms is not limited to any particular species but
includes, for example, methyl, ethyl, n-butyi, isobutyl,
isopropyl, cyclohexyl, methoxymethyl and the like. Said group
preferably contains 1 to 6 carbon atoms and is more

10 preferably isobutyl.

Further réferring to the symbols R® and R*', the aralkyl
group containing 7 to 20 carbon atoms is not limited to any
particular species but includes, for example, benzyl,

- 3-phenyl-l-propyl, a -phenylethyl, p-methoxybenzyl and the

15 like. Those containing 7 to 15 carbon atoms are preferred.

Again referring to the symbols R® and R*, the aryl group
containing 6 to 20 carbon atoms is not limited to any
particular species but includes, for example, phenyl,
p~hydroxyphenyl, p-chlorophenyl, p-nitrophenyl, naphthyl and

20 the like. Those containing 6 to 15 carbon atoms are
preferred. _

Referring to the symbol R* defined above, the substituted
or unsubstituted primary alkyl group containing 1 to 20
carbon'atoms or the substituted or unsubstituted secondary

25 alkyl group containing 1 to 20 carbon atoms is, for example,
methyl, ethyl, isopropyl, cyclohexyl, 2,4-dimethyl-3-pentyl |
or the like. Preferred are those containing 1 to 10 carbon
atoms. More preferred are isopropyl, cyclohexyl and
2,4-dimethyl-3-pentyl.

30 Referring to the symbol R®*, the substituted or
unsubstituted primary aralkyl group containing 7 to 30 carbon
atoms or the substituted or unsubstituted secondary aralkyl
group containing 7 to 30 carbon atoms is, for example,
benzhydryl, benzyl, phenylpropyl, a -phenylethyl,

35 p-methoxybenzyl and the like. Those containing 7 to 15 carbon



and the resultant. m xture was stirred at roomterrperatufl"bsslwetmshau
foll owed by hydrolysis with 1 N hydrochloric acid mﬁthl

Extraction with ethyl acetate and concentration gave 1. 5

crystals. The 30 crystals obtained were subjected to uantltatlve
anal ysils by ayRinG @ne tme@arezreﬂ aand skerahydryy hWer@oget EFﬁfﬁéHe Yi el ds:

t-butyl [1(S)-be I néggﬁﬁy y gﬁ@é i

[ 1(S) - benzyl - 2(R;}@/t FOXS d?@BP@B%ﬁT@Q?ﬁgng%gﬁég Yo 258§ € bnBye

Sel ecti vi ty genkxalS)fdmuml 4 15 PR tHeren maP 7bé/ @efitidded, among others, -
diisobutylaluminum isopropoxide, diisobutylaluminum

| ow

5 diphenylmethoxide, diisobutylaluminum ethoxide,
diisobutylaluminum cyclohexyloxide, diisobutylaluminum
2,4-dimethyl-3-pentyloxide, diethylaluminum ethoxide and the
like. Among them, diisobutYlaluminum isopropoxide and
diisobutylaluminum diphenylmethoxide are preferred.

10 The organoaluminum compound of the above general formula
(4) can be prepared, for example, by (1) the reaction of a
dialkylaluminum hydride with an alcohol, (2) the reaction of
a trialkylaluminum with an alcohol (German Patent
Specification-No. 2507532), (3) the use, as such, of the

15 reaction mixture-obtained upon reduction of a carbonyl
compound, such as acetone, with DIBAH, (4) the reaction of a
trialkylaluminum with a trialkoxyaluminum (German Patent
Specification No. 2304617), or (5) the reaction of a
trialkylaluminum with a trialkyl borate (German Patent

20 Specification No. 2151176).

The process for reducing carbonyl compounds according to
the present invention can be applied to the reduction of
a -aminoketone derivatives of the-éeneral formula (6) shown
below and the reduction of g -aminohaloketone derivatives of

25 the general formula (7) shown below. The process for reducing
carbonyl compounds according to the present invention makes it
possible to produce @ -aminoalcohol derivatives of the general
formula (8) shown below from the ¢ -aminoketone derivatives
of general formula (6) or produce g -aminohalohydrin

30 derivatives of the general formula (9) shown below from the
a -aminohaloketone derivatives of general formula (7). These
a -aminoalcohol -derivatives and a -aminohalohydrin derivatives

" are compounds useful as intermediates for medicinal compounds.
The process for producing the a -aminoalcohol

35 derivatives mentioned above comprises reacting an

THIS SHEET HAS BEEN
REPLACED




Eianple,B Production of nethyl [1(S)-benzyl-2(S)-hydroxy- 3-
chl oropropyl]carbamate (I1) [err] 10 The procedure of Exanple 1 was
foll owed using 1.28 g (5 mrol ) of nethyl [1(S)-benzyl-2- oxo-3-ch|oropropy|

carbagate in |ieu z 2- 0X0- 3+4C Ior |\] car bamat e,
Co oibe 1 1zilpRELPRSyBEF4TALTYE: BR: Ehis ofySrd TRl R
hexane/ et hyl acet at e/ et hanol gave 1.063 g of nethyl 15

[ 1(S) - benzyl - 2(S) - hydr oxy- 3-chl oropropyl ] carbanate (yield: 78.0%. Analysis
of the nother liqu@® by HPLC reveal ed the

RS g
. R (6)
Pl’N\ p?
(wherein R® represents a substituted or unsubstituted alkyl
group containing 1 to 20 carbon atoms, a substituted or
10 unsubstituted aralkyl group_containing 7 to 20 carbon atoms, a
substituted or unsubstituted aryl group containing 6 to 20
carbon atoms or a hydrogen atom, R’ represents a group of the
above general formula (2) or a group of the above general
formula (3) and P* and P? each independently represents a
15 hydrogen atom or an amino-protecting group or P! in
combination with P? represent a phthaloyl group, with the
exception of the case in which P' and P*? are the same and each
is a hydrogen atom}, in particular an a -aminohaloketone

derivative of the general formula (7)

20
0
RS X
(N
Pr/N\st
25
(wherein X represents a halogen atom and R® is as defined
above) with an organocaluminum compound of the above general
formula (4) to provide the corresponding a -aminoalcohol
_ derivative of the general formula (8)
30 '
" OH
RE -
(8 .
po~p2
35



presence of 60.0 nmg of nethyl [1(S)-benzyl-2(S)-hydroxy-3-

chl oropropyl ] carbamate (yield: 4.5% and 36.1 ng of nethyl

[1(S)-benzyl - 2(R) - hydr oxy-3-chl oropropyl ] carbamate (yield: 20 2.8%.
Sel-ectivity with respect to the total reaction products: (1S 2S)

formi( 1S, fhergim R°96R//,:3P3. and rﬂVRagrﬁeé:tSr dafdmead ahaviey):- obithi ned pr oduct

t hyl ?yﬁﬁ ﬂ§Pgﬂg§y pt :
g?g y3 anéggﬁlfg(ig}glg r%g%bo?)ége slglé;c Igaqrrpl%% rodu(%:ift.'i on
of benzyltbé(@knphaﬂyﬁbhmudatﬂwn 2(S) - hydroxy 3-chl oropropyl ] car bamat e
(rrr)y f[err] '

5 OH
RS X '
€))
P"N\pz
10 (wherein X, R®, P! and P? are as defined above}.

Referring to the above-mentioned g -aminoketone
derivative of general formula (6) and a -aminohaloketone
derivative of general formula (7), R® is the side chain of a
familiar a -amino acid or the side chain of an @ -amino acid

15 derivative obtained by processing such a familiar a -amino
acid and represents a substituted or unsubstituted alkyl
group containing 1 to 20 carbon atoms, a substituted or
unsubstituted aralkyl group containing 7 to 20 carbon atoms, a
substituted or unsubstituted aryl group containing 6 to 20

20 carbon atoms or a hydrogen atom.l

Said substituted or unsubstituted alkyl group containing
1 to 20 carbon atoms is not limited to any particular species
but includes, for example, methyl, ethyl, isopropyl, isobutyl,
t-butyl, hydroxymethyl, 1l-hydroxyethyl, mercaptomethyl, |

25 methylthiomethyl, etc. Preferred are those containing 1 to 10
carbon atoms. _

Said substituted or unsubstituted aralkyl group

. containing 7 to 20 carbon atoms is not limited to any
particular species but includes, for example, benzyl,
30 p~hydroxybenzyl, p-methoxybenzyl, phenylthiomethyl,
a -phenethyl, etc. Preferred are those containing 7 to 15
carbon atoms. |
Said substituted or unsubstituted aryl group containing 6
' to 20 carbon atoms is not limited to any particular species

35 but includes, for example, phenyl, p-~hydroxyphenyl,

11



2-Propanol (26.44 g, 440 nmol) was added to 216 m (220 35 mol ) .of a

tol uene solution of DIBAH (1.02 M at room 23 1 tenperature and the

nlxture was stirred at roon1tenperature for 1 hour. Thereto was added 39.6
(108 9 mvl) of t- .

[1( A - phéh?ﬂ%@hQ%ﬁEW@@Yklo&Eps cRrefeprepyrreathana ontAining Pk dant

m xture ¢%§%@:HmmtammaUMefm 5 3 hours, followed by
hydronS|s W t of 1 N hydrochloric acid with ice cooling. After
extracti on wi tRef3dring to the above-mentioned a -aminoketone

derivatives of general formula (6) and to the above-mentioned

5 a -aminohaloketone derivatives of general formula (7), P' and
P? each independently represents a hydrogen atom or an amino-
protecting group or P! in cbmbination with P? represent a
phthaloyl group, with the exception of the case in which P!
and P? are the same and each is a hydrogen atom.

10 Said amino-protecting group is not limited to any
particular species provided that it is effective in
protecting the amino group from the reduction reaction in
question. It thus includes such protective groups as those
described in Theodora W. Green: Protective Groups in Organic

15 Synthesis, 2nd edition, John Wiley & Sons, 1990, pp. 309 to
384, for example, ethoxycarbonyl, methoxycarbonyl,
t-butoxycarbonyl, benzyloxycarbonyl, acetyl, trifluoroacetyl,
benzyl, dibenzyl, tosyl, benzoyl, phthaloyl, etc. The amino-

. protecting group should preferably be selected.taking the

20 stereoselectiﬁity of the reduction reaction into
consideration. The reduction .reaction can be caused to
proceed with high erythroselectivity by employing, for
example, such an alkoxycarbonyl group as methoxycarbonyl,
t-butoxycarbonyl or ethoxycarbonyl or such an aralkyloxy

25 carbonyl group as benzyloxycarbonyl.

Referring to the above-mentioned a -aminoketone
derivatives of general formula (6), R’ represents a group of
the above general formula (2) or a group of the above general
formula (3).

30 Referring to the above-mentioned a -aminohaloketone

derivatives of general formula (7), X represents a halogen
atom. _

" said halogen atom is not limited to any particular

species but may be a chlorine, bromine, iodine or fluorine

35 atom. It is preferably a chlorine atom, however.



ﬂﬁ,of et:hyl acetate, .the extract was washed in sequence with 500 ml of 2%
aqueous sodi um hydrogencarbonate and 200 ml of 2% aqueous sodi um chl ori de,

dried over with anhydrous 10 magnesi um sul fate and concentrated to give
5. 6 f of a pal e- yeIIOM/soI The sol i d. obtain d was ,crystallized out
from ¥ ol uene/ heXBRe2PVET §n§é°933 & ~BRAEOKELPPR) ¢ Sﬁéﬁ?Fﬂ e§meEhy |

-2(9) - hydr@éﬂeﬁafh‘fef.ﬁalapybbC%Q@ﬁaég (Buel QSSEOE%umfi\laehy%bs efpttﬂ&euy
not her |iquor by HPLC reveal ed the presence 15 Eﬁg) benzyl
te

[1(R) - phemthven'ethm}tyz(eﬁ)hyarbgyle éhbb&@pDoByDF9§I§ agpiagiages. 19
?2?R§ ;ﬁgnylﬁ% g b %(E&“ﬁ¥érox0h °rﬁ|oroﬁ?Bﬁ?P?%&CBrbaFatFy|e|d 4.49 .
Sel echi vi tpetiiyh (®ppétibénzybeltohdbrof2tbeopropyl)carbamate,
methyl (R)-(1—benzy1-3-ch10ro-2—oxopropy1)carbamate,
ethyl (S)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
ethyl (R)-(1l-benzyl-3-chloro-2-oxopropyl)carbamate,
benzyl (S)-(l-phenylthiomethyl-3-chloro-2- oxopropyl)carbamate,
10 benzyl (R)-(l-phenylthiomethyl-3-chloro-2-oxopropyl)carbamate,
t-butyl (S)-(l-phenylthiomethyl-3~chloro-2-oxopropyl)carbamate,
t-butyl (R) -(1l-phenylthiomethyl-3~chloro~2-oxopropyl)carbamate, .
methyl (S)-(1l-phenylthiomethyl-3- chloro-2- oxopropyl)carbamate,'
methyl (R)—(1-pheny1thlomethy1—3-chloro- —oxopropyl)carbamate,
15 methyl (S)-(t—butoXycarbonylamino)-2—oxo;4—phenylbutyrate,
methyl (R)-(t-butoxycarbonylamino)-~2-oxo~-4-phenylbutyrate,
methyl (S)-(methoxycarbonylamino)-2~oxo-4-phenylbutyrate,
methyl'(R)—(methoxycarbonylamino)-2—oxo¥4-pheny1butyrate,
benzyl [1(S)-benzyl-2-0x0-3,3,3-trichloropropyllcarbamate,
20 benzyl [1(R)-benzyl-2-0x0-3,3,3-trichloropropyllcarbamate,
ethyl [1(S)-benzyl-3,3-dichloro-2-oxopropyl]carbamate,
ethyl [1(R)-benzyl-3,3-dichloro-2-oxopropyl]carbamate, etc.
The above-mentioned a -aminohaloketone derivatives
includes, but is not limited to, optically active
25 t-butyl (S)~(i—benzyl—3—chloro-2-oxopropy1)carbamate,
t-butyl (R)~(1l-benzyl-3-chloro-2-oxopropyl)carbamate,
methyl (S)-(l1-benzyl-3-chloro-2-oxopropyl)carbamate,
methyl (R)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
| ethyl (S)-(l-benzyl-3-chloro-2-oxopropyl)carbamate,
30 ethyl (R)-(l-benzyl-3-chloro-2-oxopropyl)carbamate,
benzyl (S)-(1-~benzyl-3-chloro-2-oxopropyl)carbamate,
benzyl (R)-(1l-benzyl-3-chloro-2-oxopropyl)carbamate,
“benzyl (S)-(1—phenylthiomethyl-3—chloro-2-oxopropyl)carbamaﬁe,
benzyl (R)-(l-phenylthiomethyl-3-chloro-2-oxopropyl)carbamate,
35 t~butyl (S)-(l-phenylthiomethyl-3-chloro-2~oxopropyl)carbamate,



Teaction products: (1R 2S) form (1R 2R) form=95.2/4.8. An 20 NVR
spectrum of the thus-obtained product benzyl [1(R)- _ , '
phenyl t hi omret hyl - 2(S) - hydr oxy- 3-chl oropropyl ] carbamate is shown in Fig. 5

o chnol | B5BUETL" YRS u-ph R T ey 1% eSO Zr oA R P
nmmol )  of path9ll U¢BY ~-§2-phieay 19h i BmdAiH y(11- 302 o rf- F- B rIRAr R ditsanditk | he

m xture was_stirred at roomtenperature for 1 hour. Thereto was added 0.531
g of benkatb¥hydR)-4Adpheaylébiomethydi Ok Zta¥arLPRt] Ysyhamate,

~3ghd
2o d w1 Heres Ksdr Tt el LEhRRe AR SDERIRE L ol ool YRR ©
5 ethyl (R)-(l-phenylthiomethyl-3-chloro-2-oxopropyl)carbamate,
etc. Preferred among these are t-butyl (S)-(1-benzyl-
3-chloro-2-oxopropyl )carbamate and benzyl (S)-(1l-
phenylthiomethyl-3-chloro~2-~-oxopropyl)carbamate.

Referring now to the process for reducing carbonyl

10 ~compounds according to the present invention, the reduction of
the carbonyl compound of genéral formula (1) is effected by
adding the carbonyl compound of general formula (1) to the
reaction system or adding the reducing agent to the carbonyl
compound of general formula (1), followed bylstirring. The

15 reduction reaction is preferably carried out at a temperature
of -10 to 60°C, more preferably -10 to 30°C.

The organocaluminum compound of general formula (4) is
added preferably in an amount of 1 to 5 molar equivalenﬁs,
more preferably 1.5 to 3 molar equivalents, relative to the

20 carbonyl compound of general formula (1).

The solvent to be used in the practice of the present
invention is not limited to any particular species but
includes, among others, alcohol compounds of the formula R®OH
in which R® is the same as R® in the general formula (4) shown

25 above, as well as toluene, hexane, cyclohexane, heptane, '
tetrahydrofuran, t-butyl methyl ether, 1,2-dimethoxyethane,
methylene chloride, N,N-dimethylformamide and the like.
Preferred among the solvents.other than the alcohols
mentioned above are toluene, tetrahydrofuran énd hexane.

30 : Although the procedure for after-treatment is not limited
to any particular one, the product alcohol compound of
geﬁeral formula (5) can be recovered after completion of the
reaction by an ordinary after-treatment and isolation
procedure, for example, by hydrolyzing the reaction mixture

35 with an agueous acid solution, extracting the same,

14



gave 615 ng of benzyl alcohol as an oil. HPLC analysis of the oii obtained
reveal ed a conversion of 99.9% and a yield of 78.0% 35 24 1 Exanpl e
1] Pr oducti on of 1- phenyl - 2- chl or oet hanol The procedure of Exanple 10 was
f‘ol | owed usi ng 773 g (5 nmmol) of phepacyl chloride in lieu o

benza| dEhmc%r@W‘B@W’ﬁ%‘raﬁtp@?ﬂlltrﬂerbrﬁlﬂ?l%?ﬂ‘%lt‘&% %%n%wtrate

Conversi oy jsolation treatment using a column, crystallization,

distillation and/or the like.

The compound of the above-mentioned general formula (4)

5  can also be prepared by the reaction mentioned below and the

thus-prepared reaction mixture can be used as such for the
reduction of carbonyl compounds of general formula (1), (6)
or (7). |

Thus, the preparation product obtained by reacting an

.10 organocaluminum compound of the general formula (10)

Sa—H  (10)
rY |
15
(wherein R® and R' each independently represents a substituted
or unsubstituted alkyl group containing 1 to 10 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to
20 carbon atoms or a substituted or unsubstituted aryl group
20 containing 6 to 20 carbon atoms) with an alcohol compound of

the general formula (11)
R®-OH (11)

25 (wherein R® is a substituted or unsubstituted primary alkyl
grodp containing 1 to 20 carbon atoms, a substituted or
unsubstituted secondary alkyl group containing 1 to 20 carbon
atoms, a substituted or unsubstituted primary aralkyl group
containing 7 to 30 carbon atoms or a substituted or

30 unsubstituted secondary aralkyl group containing 7 to 30
carbon atoms) can be used for the reduction of the carbonyl
compounds mentioned above.

The organoaluminum compound of the above general formula
{10) is, for example, diethylaluminum hydride,
35 diisobutylaluminum hydride and the like. Preferred among them

|



5%, rate: 97.5% vyield 80.4% Exanple 12 "Production of a -phenethyl

al cohol 2-Propanol (1.53 ml, 20 nmol) was added to 9.9 m (10 nmol) of a

t ol uene sol ution of DI BAH (1 02 M at room 10 tenperature and the

nlxture was stlrred a roon1tenﬁerature for 1 hour. Thereto was added 0. 601
u

g ofl acetloprthbiRbubynteinBing® hydridst xture was stirred at room
tenperature fofyd Q%ﬁolfe&hﬁwﬁdbafhmé%ﬁékzé zgfeheraleBmh%hl(qm)c1@01 d

with ice cooling. Extraction wWwth ethyl acetate and concentration
gave 1.00%oly bimibtedhemeany| pattbtvlansspacoes. providedstbatsiy 1§| eI d

0
4r. 1% Eﬁﬁ%ﬁk :%ydroggﬁuféﬁO&oﬂétfmgpgﬁffig¥t ahgogggmples, there
5 may be mentioned isopropanol, benzhydrol, 2,4-dimethyl-3-
pentanol, cyclohexanol, 2-methoxycyclohexanol and the like.

Preferred are alcohol compounds of the general formula (12)

R%

10 9>—0H (12)

R

{wherein R® and R® each indepéendently represents a substituted
or unsubstituted_alkyi group containing 1 to 10 carbon atoms,

15 a substituted or unsubstituted aralkyl group containing 7 to
20 carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 20 carbon atoms or R® in combination with R°®
represent a cycloalkyl group). More preferred are isopropanol
and benzhydrol.

20 Said substituted or unsubstituted alkyl group containing
1 to 10 carbon atoms is, for example, methyl, ethyl, isopropyl
or the like. Methyl is preferred, however.

Said substituted or unsubstituted aralkyl group
containing 7 to 20 carbon atoms is, for example, benzyl,

25 phenylpropyl, a -phenylethyl, p-methoxybenzyl or the like.

Said substituted or unsubstituted aryl gfoup containing 6
to 20 carbon atoms is, for example, phenyl, p-hydroxyphenyl,
p-chlorophenyl, p-nitrophenyl, naphthyl or the like.

 Said cycloalkyl group is, for example, cyclohexyl,

30 cyclopentyl or the like.

The process for reducing carbonyl compounds according to
the present invention can be carried out, for example, in the
following manner. _

First, the reducing agent is prepared by reacting the

35 organocaluminum compound of general formula (10) with the

1 6



Benzhydrol (3.68 g, 20 nmol) was added to 9.9 ml (10 20 mmol) of a
tol uene solution of DIBAH (1.02 M at roomtenperature and the m xture was
s%irred at . roomtenperature for 1 hour. Thereto was added 0.601 g (5 mmol)
- acet ophengn and the resuyl tant m.xture s Stiyred at roomtenperature
for 2fhour§?°PﬁPﬂoﬁ8EP89“ﬂy8 oﬂfQQ§Qﬁ1ﬁ¢?ﬁqq%?§il)‘hydrochloric agPd with
ice cooling. EgkAdacbirgandallimdnii ax t rfgdrinfil &g a0 Rri i |,
whi ch was subj ected to quantitative analysis by HPLC. Thus was conf,irnmed
the for matB8adoinaanppaeanty bedowoBomolars 2auwalant s c radena b 3inan 30

amount of 1 to 5 molar equivalents, more preferably 1.5 to 3
5 molar equivalents, relative to the carbonyl compound of
general fqrmula (1). o

Said alcohol of general formula (11) is added in an
amount below 3 molar equivalents, preferably in an amount of
1 to 2 molar equivalents, relative to the organoaluminum

10 compound of general formula (10). _

The preparation of the reducing agent by reacting said
organocaluminum compound of general formula (10) with said
alcohol compound of general formula (11) can be carried out,
for example, by adding the alcohol compound of general

15 formula (11) to a solution of the organocaluminum compound of
general formula (10) in toluene, tetrahydrofuran, hexaﬁe or
the like and then stirring the mixture. The addition
conditions are not critical but the addition is preferably
carried out at -10 to 60°C , more preferably 0 to 40°C. The

20 stirring conditions are not critical but the sitrring is
preferably carried out at 0 to 30°C for 1 to 10 hours. It is
also possible to add the organcaluminum compound of general
formula (10) to the alcohol compound of general formula (11).

Then, the carbonyl compound of general formula (1) is

25 added to the reaction system, or the reduding agent is added
to the carbonyl compound of general formula (1), and the
mixture is stirred to effect the reduction of the carbonyl
compound of general formula (1). The reduction temperature is
preferably within the range of -10 to 60°C, more preferably

30 -10 to 30°C.

In accordance with the present invention, the carbonyl
compound is reduced using an alkylaluminum alkoxide differing
from the one derivable from the reactant carbonyl compound.
In this case, by adequately selécting the alkoxide group of

35 said alkylaluminum alkoxide in view of the alkoxide group

17



-ékanple,14 Production of methyl 2(S)-hydroxy-3(S)-(t-

‘but oxycar bonyl am no) - 4- phenyl butyrate (1V) 35 25 [err] Benzhydrol (0.737
g, .4 mol) was added to 2 nl (2.04 mmol) of a toluene solution of DI BAH
(.02 M at room 10 tenperature and the m xture was stirred at room

t enpek at urEoxmed 1asoan. inkermedinse fgemdtbescarpony Imeempospndnetity| 3(S)
becomes possible to increase the rate of intermediate

formation, carry out the reaction at low temperatures and
control the configuratién of the reduction product_alcohol.

5 It is possible to reduce the carbonyl compound of formula
(1), (6) or (7) under mild conditions and, furthermore, it is
possible to stereoselectively reduce certain carbonyl
compounds, for example g -keto ester derivatives, which can
hardly be reduced with ordinary aluminum trialkoxides.

10 By adequately selecting the above-mentioned amino-
protecting group, for example, it is possible to produce the
erythro form of the a -aminoalcohol derivative of general
formula (8) or of the g -~aminohalohydrin derivative of general
formula (9) with very high stereoselectivity. Thus, for

15 example, in the case of reduction of optically active't—butyl
{S)-(1l-benzyl-3-chloro-2-oxopropyl)carbamate, which is a
phenylalanine derivative, the corresponding optically active
aminohalohydrin can be obtained with a diastereomer excess
(d.e.) of not lower than 94%. When benzhydrol, for instance,

20 is used as the alcohol compound, the corresponding optically
active aminohalohydrin can be obtained with a surprisingly
high diastereomer excess of 98%. 1In the case of reduction of
methyl (S8)-(t-butoxy carbonylamino)-2-oxo-4-phenylbutyrate,
too, the corresponding optically active a -hydroxyester can

25 be obtained with a high erythroselectivity. The stafting a-
aminoketone derivative of general formula (7) can generally
be produced by reacting the corresponding g -amino acid
derivative (e.g. a ~amino acid ester) with the magnesium
enolate of a -chloroacetic acid, for instance (Japanese

30 Patent Application Hei-07-273547). An HIV protease inhibitor
can readily be derived from the optically active
aminohalohydrin mentioned above (Japanese Kokai Publication
Hei~08-99959). |

35 BEST MODE FOR CARRYING OUT THE INVENTION
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1¥t-butoxycarbonylanino)-2-oxo-4-pheny|butyrate, and the resultant m xture
was stirred at roomtenperature for 2 hours, followed by hydrolysis with 1
N hydrochloric acid with 15 ice cooling. Extraction with ethyl acetate,

o Soarat rve TR SRI3oHIHS Shnahi o el SR ARL 115 aguEr 'St e ©f | DY

hydr oxypBéS)sntt 1htsrb@>t31©rmr oty laad ny) o mhm;é Auitmyiree tel wen o fret iy | scope

2(R) - hydr.o (S) - (t-hutoxycarbonyl am no)-4- 20 phenyl butyrate. Upon
HPLC an8fy§%§ PFﬁéeH¢a§P§F%6§éVbctlV|ty was found to be (2S,3S) /(2R 3S) =
94/ 6. VYighfipieMgt Ny lpréaRlthyi oy -[aY mnyimna)droxy 3-

4- ghenylbutyrate 65.9% nethyl 2(R)-hydroxy- 3 (S) (t-
chloropropyl]carbamate (1)

H

Cl
M\/
) .

10 CO.t-Bu (1)

'"‘O .

To an ice-cooled 1.0 M solution of triisobutylaluminum in
hexane (10.5 ml, 10.5 mmol) was added 0.76 ml (10 mmol) of 2-
propanol, and the mixture was stirfed at room temperature for
15 30 minutes. After dilution of the mixture with 10 ml of
toluene, 0.759 g (2.5 mmol) of t-butyl [1(S)-benzyl~-2-o0x0-3-
chloropropyllcarbamate was added and the resultant mixture
was stirred at room temperature.for 2 hours. Hydrolysis with
1N hydrodhloric acid, extraction with ethyl acetate and
20 concentration gave 0.840 g of pale-yellow crystals. The
crystals obtained were subjected to quantitative analysis by
HPLC and the yield and selectivity were determined.
Yields: t-butyl [1(S)-benzyl-~2(S)-hydroxy-3-~
chloropropyllcarbamate 97.4%; t-butyl [1(S)-benzyl-2(R)- -
25 hydroxy-3~chloropropyl lcarbamate 2.6%. Selectivity: (1S,28)
form/(1S,2R) form = 97.4/2.6.

Example 2 Production of t-butyl {1(S)-benzyl-2(S)-hydroxy-3-
chloropropyl Jcarbamate (1)

30 To a 1.0 M solution of triisobutylaluminum in hexane
(10.5 ml, 10.5 mmol) was added 0.47 g (2.5 mmol) of
triisopropoxyborane, and the mixture was heated at 170°C for 2
hours. After cooiing to 80°C , the pressure was reduced to 10
mmHg to thereby cause the excess triisobutylborane to distill

35 off. After cooling to room temperature and dilution with 20



but oxycar bonyl ani no) - 4- phenyl butyrate 4.2% 25 An NVR spectrum of
t he thus-obtai ned product nethyl
2(R'S) - hydroxy 3(S)-(t-butoxycarbonyl ani no) - 4- phenylbutyrate i's shown in

glﬂyl7[i?%? F@gfggéggi a7405 3378 m@?é? ﬁ;dFoxy§§gp$l (%) -pERgdeR o 2

26 [erréxo- 3-chloropropyl]lcarbamate was added and the resultant
mixture was stirred at room temperature for 3 hours.
Hydrolysis with 1 N hydrochloric acid, extraétion with ethyl

5 acetate and concentration gave 0.995 g of pale-yellow
crystals. The crystals obtained were subjected to
guantitative analysis by HPLC and the yield and selectivity
were determined.
Yields: t-butyl [1(S)-benzyl-2(S)-hydroxy~-3-
10 chloropropyllcarbamate 80.1%; t-butyl [1(S)-benzyl-2(R)-

hydroxy-3-chloropropyl lcarbamate 3.4%. Selectivity: (1S,28)
form/(1S,2R) form = 95.9/4.1.

Example 3 Production of t-butyl [1(S)-benzyl-2(S)-hydroxy-3-

15 chloropropyl Jcarbamate (I)

‘A hexane solution of diethylaluminum ethoxide (about 1 M,

10.4 ml, 10.4 mmol) was diluted with 18 ml of toluene, then
1.489 g (5 mmol) of t-butyl [1(S)~benzyl-2-keto-3-
chloropropyllcarbamate was added, and the mixture was stirred

20  at room temperature for 24 hours. After quenching with 1 N
hydrochloric acid, the mixture was extracted with ethyl
acetate. Concentration of the extract gave 2.560 g of pale-
yellow crystals. The crystals obtained were subjected to
quantitative analysis by HPLC and the yield and selectivity

25 were determined.

| Yields: t-butyl [1(S)-benzyl—z(S}—hydroxy—B-

chloropropyllcarbamate 55.7%; t-butyl [1(S)-benzyl-2(R)-
hydroxy-3-chloropropyllcarbamate 8.3%. Selectivity: (1S,ZS§
form/(1S,2R) form = 87/13. '

30
Example 4 Production of t-butyl [1(S)-benzyl—z(s)-hydroxy—3-
chloropropyl lcarbamate (I) '
Acetone (581 mg, 10 mmol) was added to 9.9 ml (10 mmol)
of a toluene solution of DIBAH (1.02 M) at room temperature
35 and the mixture was stirred at room temperature for 1 hour.



- 2-Propanol (920 ng, 1.5 nmmol) was added to 0.73 m (0.74 mml) of a tol uene
solution of DIBAH (1.01 M at room 10 tenperature and the m xture was
Stirred at roomtenperature for 1 hour. Thereto was added 100 ng (0. 33
“mol ) of et hyl [1&&%-benzyl-3,3-dich|oro-2-oxo ropyl 1 carbamate, and the
resdl t anThenet dr-d 8% g <43 mmal hiok dorhWierbel LS} PenAY B-2-0#RT 3~ t hen at

Fol | owbd By hoioya AR bl am R RE B he (URFTEME Bulptusge Tours.
Extract i waswistti reteldy lataomicn e ek reonoentfart | drhairs he Aitencdhydpokysisoil ,
D S N PR A G B (R B o @
5 extracted with ethyl acetate. Concentration of the extract
gave 1.635 g of pale-yellow crystals.The crystals obtained
were subjected to quantitative analysis by HPLC and the yield
and selectivity were determined.
Yields: t~butyl [1(S)-~benzyl-2(S)-hydroxy-3-
10 chloropropyl]carbamate 82.6%; t-butyl'[1(S)-benzy1—2(R)—
hydroxy-3~chloropropyl lcarbamate 4.1%. Selectivity: (1S,2S)

form/(1S8,2R) form = 95.2/4}8.

Example 5 Production of t-butyl [1(S)-benzyl-2(S)-hydroxy-3-

15 chloropropyl Jcarbamate (I) ,

2-Propanol (1.53 ml, 20 mmol) was added to 9.8 ml (10

mmol) of a toluene solution of DIBAH'(l.OZ M) at room
temperature and the mixturé was stirred at room temperature
for 1 hour. Thereto was added 1.489 g (5.0 mmol) of t-butyl

20 [1(S)—benzyl-2-oxo-3-chloropropyl]carbamate, and the resultant
mixture was stirred at room temperature for 2 hours, followed
by hydrolysis with 1 N hydrochloric acid under cooling with
ice. Extraction with ethyl acetate and concentration gave
1.61 g of pale-yellow crystals.Purifiéation by silicagel

25 column chromatography (hexane/ethyl acetate) gave 1.386 g of
t-butyl [1(S)-benzfl-Z(S)-hydroxy-3-chloropropy1]carbamate
(yield: 92.5%) and 33 mg of t-butyl [1(S)-benzyl-2(R)-hydroxy-
3~-chloropropyl]carbamate (yield: 2.2%). [(1S,28) form/(1S,2R)
form = 97.7/2.31. -

30 An NMR spectrum of the thus-obtained product t-butyl
[1(S)-benzyl-2(S)-hydroxy-3-chloropropyl]lcarbamate is shown in
Fig. 1 and an IR spectrum of the same in'Fig. 2.
[apr?®]= -3.44 (c = 1.05, MeOH)
Melting point: 168.5 to 169.5C.

35



20. hydr oxypr opyl ] carbamate and ethyl [1(S)-benzyl -3, 3-dichl oro-
2(R) - hydroxypropyl ] carbamate. The di astereosel ectivity as determ ned by
HPLC was (1S 28)/(18 2R) —95/5 Yi el ds: et hyl

HES) b %E% h >5€é hI or &O@%)rgb‘%}?ﬁ e%gﬁ)atﬂy et }/A%"NNR

spectr uaﬁhqergﬁ ﬁéﬁtb%inﬂﬁﬂs p(rp)duct ethyl [1(S)-
benzyl - 3, 3-di chl or o- 285 EL hydr ox ropyl carbanmate i s shown in Flg 9 and
an | R spect r Benghydy b gzy Tokp was Rddedfee HBAmp!l (10

skl 4913, e WS e L6005 e o A 0,97
5 temperature, followed by addltion of 20 ml of toluene. After
stirring the mixture at room temperature for 1 hour, 1.489 g
(5 mmol) of t-butyl [1(S)-benzyl-2-oxo-3-chloropropyl]carbama
te was added and the resultant mixture was stirred at room
temperature for 2 hours. After hydrolysis with 1 N
10 hydrochloric acid, the reaction mixture was extracted with _
ethyl acetate and the organic layer obtained was subjected to
Quantitative analysis by HPLC and the yield and selectivity
were determined. -
Yields: t-butyl [1(S)-benzyl-2(S)-hydroxy-3-
15 chloropropyllcarbamate 99.1%; t-butyl [1(S)~-benzyl-2(R)-
hydroxy-3-chloropropyl lcarbamate 0.9%.
Selectivity: (1S,28) form/(lS,ZR) form = 99.1/0.9.

Example 7 Production of t-butyl [1(S)-benzyl-2(S)-hydroxy-3-
20 chloropropyllcarbamate (I)

Cyclohexanol (2.0 g, 20 mmol) and 10 ml of toluene were
added to 9.8 ml (10 mmol) of a toluene solution of DIBAH
(1.02 M) at room temperature and the mixture was stirred at
room temperature for 1 hour. Thereto was added 1.489 g (5.0

25 mmol) of t-butyl [1(S)-benzyl-2-oxo-3-chloropropyl]carbamate,
and the resultant mixture was stirred at room temperature for
2 hours, followed by hydrolysis with 1 N hydrochloric acid
with ice cooling. Extraction with ethyl acetate and
concentration gave 1.53 g of pale-yellow crystals. The

30 crystals obtained were subjected to guantitative analysis by
HPLC and the yield and selectivity were determined.

Yields: t-butyl [1(S)~benzyl-2(S)-hydroxy-3-
chloropropyl lcarbamate 93.4%; t~butyl [1(S)-benzyl-2(R)-
hydroxy-3-chloropropyl ]Jcarbamate 2.9%.

35 Selectivity: (18,28) form/(1S,2R) form = 87.0/3.0.



nanely t-butyl [1(S)-benzyl-2(S)-hydroxy-3-chloropropyl]carba mate, was
suspended in 8 m of acetone, then 2 m of 10% 35 sodi um hydr oxi de was
added, and the mi xture was stirred at 27 1 roomtenperature for 1
hour, The aqueous | ayer was separated and the organlc | ayer was
coneentrated to dryness to glve t- butyl

[1(S) - bepgkiupd S, 3- SRV Mrgne[i(/g)tme 143 oy iiopa fyxy - 3-
preparative TLC, the optlcal purlty (99. 8% ee 'ﬂﬁés confﬁ?ﬁ%d d%lng a
chiral cehdemopropyl]carbamate (II)
5 ‘ OH
‘ 2 Cl
COQMe (H)
10 The procedure of Example 1 was followed using 1.28 g (5

mmol) of methyl [1(S)-benzyl-2-oxo-3-chloropropyl]carbamate
in lieu of t-butyl [1(S)-benzyl-2-oxo-3-chloropropyllcarbamat
e, to give 1.314 g of pale-yellow crystals. Recrystallization
from hexane/ethyl acetate/ethanol gave 1,063 g of methyl

15 [1(S)-benzyl-2(S)-hydroxy-3-chloropropyl jcarbamate (yield:
78.0%). Analysis of the mother ligquor by HPLC revealed the
presence of 60.0 mg of methyl {1(S)-benzyl-2(S)-hydroxy-3-
chloropropyl]Jcarbamate (yield: 4.5%) and 36.1 mg of methyl
[1(S)~-benzyl-2(R)~-hydroxy-3-chloropropyl]carbamate (yield:

20 2.8%). Selectivity with respect to the total reaction
products: (18,28) form/(1S,2R) form = 96.7/3.3.

An NMR spectrum of the thus-obtained product methyl [1(S)

- benzyl-2(S)-hydroxy-3~-chloropropyl]carbamate is shown in

Fig. 3 and an IR spectrum of the same in Fig. 4.

25
Example 9 Production of benzyl [1(R)-phenylthiomethyl- 2(S)—
hydroxy—3 chloropropyl Jcarbamate (III)
OH
30 ~__Cl
Phs” Y
NH

\ :
CO,CH,Ph (m)

2-Propanol (26.44 g, 440 mmol) was added to 216 ml (220
35 mmol) of a toluene solution of DIBAH (1.02 M) at room



. Reference Exanple 2 Production of a -phenethyl alcohol Acetophenone
(0.601 g) was dissolved in 15 mM of 2- propanol, 2.04 g of al um num
triisopropoxi de was added, and 10 the m xture was stirred at 25[err]C

- for 4 hours. After hydrolysis with 1 N hydrochloric acid, the m xture was
extracted with ethyl acetate. Concentration gave_ 0.564 %@Og an oglufghich
was Bnal ykeRipByakRILE @wh\idvesimdX torms,was of bl prady at | EORM LPIREEE S| e 3

i R G PR e G A
' benzyl [1(R)-phenylthiomethyl-2-oxo-3-chloropropy13carbamate,
and the resultant mixture was stirred at room temperature for
5 3 hours, followed by hydrolysis with 500 ml of 1 N
hydrochloric acid with ice cooling. After extraction with 300
ml of ethyl acetate, the extract was washed in sequence with
500 ml of 2% aqueous sodium hydrogencarbonate and 200 ml of
2% aqueous sodium chloride, dried over with anhydrous
10 magnesium sulfate and cbncéntrated to give 75.6 g of a pale-
yeilow solid. The solid obtained was crystallized out from
toluene/hexane to give 32.9 g of benzyl [l(R)-phenylthiémethyl
~2(S)-hydroxy-3-chloropropyl]carbamate (yield 82.7%).
Analysis of the mother liquor by HPLC revealed the presence
15 of 2.03 g of benzyl [l(R)-phenylthiomethyl-z(S)-hydroxy-B—
chléropropyl]carbamate (yield'S.l%) and 1.753 g of benzyl
[l(R)-phenylthiomethyl&Z(R)—hydroxy-3—chloropropyl]carbamate
(yield 4.4%). Selectivity with respect to the total of the
reaction products: (1R,2S) form/(1R,2R) form =95.2/4.8. An
20 NMR spectrum of the thus-obtained proddct benzyl [1(R)~-
phenylthiomethyl-Z(S)-hydroxy-3-chloropropyl]carbamate is-
shown in Fig. 5 and an Iﬁ spectrum of the same in Fig. 6.

Example 10  Production of benzyl alcohol

25 2-Propanol (1.53 ml, 20 mmol) was added to 9.8 ml (10
mmol) of ‘a toluene solution of DIBAH (1.02 M) at room
temperature and the mixture was stirred at room temperature
for 1 hour. Thereto was added 0.531 g of benzaldehyde, and
the resultant mixture was stirred at room temperature for 2

30 hours and then hydrolyzed with 1 N hydrochloric acid with ice
cooling. Exkraction with etﬁfl acetate and concentration
gave 615 mg of benzyl alcohol as an oil. HPLC analysis of
the oil obtainad revealed a conversion of 99.9% and a yield of
78.0%.

35



-Bhenyl hutyrate (307 ng) was dissolved in 6 m of 2-propanol, 20 204 nmg (2
mol ) of AI(OiPr), was added, and the mi xture was stirred at room
tenperature for 1 hour and then at 50[err]C for further 15 hours. However,
the formation of the reduction product ne

t hyl
2(R33-hygﬁéﬁylg(éﬂ-(tPE&@B%R%WbGﬁ&@mﬂhﬁﬂiiﬁziﬁﬂ%ﬂHQﬁﬁqﬁQﬁk was scarcely
observed. 25 | NRUSERLAe gL WFABKambY Balon G0 s idiert s de g J pned; appve,

the present invention makes it possible to reduce carbonyl conpounds to the

cor r espon@itad ) hodr plgnesydoghdoriiden ig dgley afd hengp BEhydmnia Qﬁv%xlomer
tenperatu589“hbho@'ghpﬁ%ﬁ&ﬁq§@dﬁ¥8fgéﬁﬁanol as an oil. Conversion

5 rate: 97.5%; yield 80.4%.

Exémple 12 Production of g -phenethyl alcohol
2-Propanol (1.53 ml, 20 mmol) was added to 9.9 ml (10
mmol) of a toluene solution of DIBAH (1.02 M) at room
10 temperature and the mixture was stirred at room temperature
for 1 hour. Thereto was added 0.601 g of acetophenone, and
the resultant mixture was stirred at room temperature for 6
hours, followed by hydrolysis with 1N hydrochloric'acid with
ice cooling. Extraction with ethyl acetate and concentration
15 gave 1.001 g of a -phenethyl alcohol as an 0il. Conversion
558, yield 47.7%.

Example 13 Production of a -phenethyl alcohol
Benzhydrol (3.68 g, 20 mmol) was added to 9.9 ml (10

20 mmol) of a toluene solution of DIBAH (1.02 M) at room
temperature and the mixture was stirred at room temperature
for 1 hour. Thereto was added 0.601 g (5 mmol) of
acetbpheﬁone, and the resultant mixture was stirred at room
temperature for 2 hours, followed by hydrolysis with 1 N

25 hydrochloric acid with ice cooling. Extraction with ethyl
acetate and concentration gave an o0il, which was subjected to
guantitative analysis by HPLC. Thus was confirmed the

formation of a -phenethyl alcohol in 42.3% yield (conversion

53.3%).

30 .
Example 14 Production of methyl 2(S)-hydroxy-3(S)-(t-
butoxycarbonylamino)-4-phenylbutyrate (1IV)

35



“~Fhus, f.or exanple, the invention nmakes it possible to produce

am nohal ohydrin derivatives, which are internediates in the production of
.useful medicinal conpounds, from am nohal oketone derivatives derived from
'ﬁhgnylalanine-and the |Iike, under 35 mld conditions with very high
st'ereosel ectivity. 28 1 CLAIMS 1. A.
process for reduci ng cggponyl conpounds which conprises reacting a carbonyl
conmpound of the generakE formul a

5 NH

l
"CO4t-Bu

Benzhydrol (0.737 g, 4 mmol) was added to 2 ml (2.04

mmol) of a toluene solution of DIBAH (1.02 M) at room

10 temperature and the mixture was stirred at room temperature
for 1 hour. Thereto was added 0.307 g (1 mmol) of methyl 3(S)
-(t-butoxycarbonylamino)-2-oxo~4-phenylbutyrate, and the
resultant mixture was stirred at room temperature for 2
hours, followed by hydrolysis with 1 N hydrochloric acid with

15 ice cooling. Extraction with ethyl acetate, concentration of
the extract and purification of the thus-obtained oil by
preparative TLC gave 217 mg of a mixture of methyl 2(S)-
hydroxy-3(S)-(t-butoxycarbonylamino)-4-phenylbutyrate and
methyl 2(R)~hydroxy-3-(S)-(t-butoxycarbonylamino)-4~

20 _phenylbutyrate. Upon HPLC analysis, the diastereoselectivity
was found to be (2S,3S)/(2R,3S8) = 94/6.

Yields: methyl 2(S)-hydroxy-3(S)~(t-butoxycarbonylamino)-
4-phenylbutyrate 65.9%; methyl 2(R)-hydroxy-3-(S)-(t-
butoxycarbonylamino)-4~-phenylbutyrate 4.2%.

25 An NMR spectrum of the thus-obtained product methyl
2(R,S)-hydroxy-B(S)-(t—butoxycarbdnylamino)-4-pheny1butyrate

is shown in Fig. 7 and an IR spectrum of the same in Fig. 8.

Example 15 Production of ethyl [1(S)-benzyl-3,3-dichloro-
30 2(S)~hydroxypropyl]carbamate (V)

35



- -

5 (1) [err] 10 wherein R err] and R err] each independently represents
substituted or unsubstituted al kyl group containing 1 to 30 carbon atons,

substituted or unsubstituted aral kyl

7’ substituted or unsubstituted aryl group 15 containing 6 to 30 carbon
a cyano group, a hydrogen atom a group of the general fornula (2)

at ons.
[err]

integer of 0 to 2, or a g

10

15

20

25

30

35

20

I n which X regggsents a hal ogen atom and n represents an
oup of the general fornula (3)

CHCl, V)

NH
|

COzEt

2-Propanol (920 mg, 1.5 mmol) was added to 0.73 ml (0.74
mmol) of a toluene solution of DIBAH (1.01 M) at room
temperature and the mixture was stirred at room temperature
for 1 hour. Thereto was added 100 mg (0.33 mmol) of ethyl
[1(S)-benzyl-3,3-dichloro-2-oxopropyllcarbamate, and the
resultant mixture was stirred at room temperature for 3.5
hours, then at 40°C for 2 hours and, further, at room
temperature for 15 hours, followed by hydrolysis with 1 N
hydrochloric acid with ice cooling. Extraction with ethyl
acetate and concentration of the extract gave an oil, which
was purified by preparative TLC to give 66.7 mg (0.22 mmol) of
a mixture of ethyl [1(S)-benzy1—3,3—dichloro—2(s)—
hydroxypropyl lcarbamate and ethyl [1(S)-benzyl-3,3~dichloro-
2(R)-hydroxypropyl]lcarbamate. The diastereosele&tivity as
determined by HPLC was (1S,2S8)/(1S,2R) =95/5.

Yields: ethyl [1(S)-benzyl-2(S)-hydroxy-3,3-
dichloropropyllcarbamate 62.7%; ethyl [1(S)-benzyl-2(R)-
hydroxy-3,3-dichloropropyl lJcarbamate 33%.

An NMR spectrum of the thus-obtained product ethyl [1(S)-
benzyl-3,3~dichloro-2(R,S)-hydroxypropyl Jcarbamate is shown in

Fig. 9 and an IR spectrum of the same in Fig. 10.

Reference Example 1. Production of t-butyl [1(S)-benzyl-2(S)
, 3-epoxypropyl Jcarbamate ' _

A 0.976-g portion of the product obtained in Example 1,
namely t~butyl [1(S)-benzyl-2(S)-hydroxy-3~chloropropyl]}carba
mate, was suspended in 8 ml of acetone, then 2 ml of 10%

sodium hydroxide was added, and the mixture was stirred at

a
a

group containing 7 to 30 carbon atons,



- 25, ) [err] in which Y represents an al koxyl group, an aral kyl oxyl
group, a substituted or unsubstituted am no group or an al kylthio group,
provi ded that one of Rlerr] and Rlerr] is a substituted or unsubstituted

“al kyl group contalnln% 1 tg 30 carbon atonms, a 30 . substituted or
unsubst i tEPRM BPEPRYACHEBUSOFoAt BOREng Fheo agiieoshdRYAToMasySeparated

SUbSt'tUt&ﬁdoﬁhénéEBﬁthU&SQeéfMBSQEQHEeﬁQQ%%b@'%% @r&%e%% @y Rmﬁ&pnﬁ
wi th an organoal um hum conpound of the general fornula (4) 35
butyl [1(S)-benzyl-2(S),3-epoxypropyl]lcarbamate. After
purification by preparative TLC, the optical purity (99.8% ee)

5 was confirmed using a chiral column.

Reference Example 2 Production of a -phenethyl alcohol
Acetophenone (0.601 g) was dissolved in 15 ml of.2-
propanol, 2.04 g of aluminum triisopropoxide was added, and
10 the mixture was stirred at 25°C for 4 hours. After
hydrolysis with 1 N hydrochléric acid, the mixture was
extracted with ethyl acetate. Concentration gave 0.564 g of
an oil, which was analyzed by HPLC (conversion 0.6%, yield
0.4%).
15
Reference Example 3 Reduction of methyl 3(s)-(t-
butoxycarbonylamino)-2-oxo0-4-phenylbutyrate with Al(O-iPr),
Methyl 3(S)-(t-butoxycarbonylamino)-2-oxo-4-
phenylbutyrate (307 mg) was dissolved in 6 ml of 2-propanol,
20 204 mg (2 mmol) of Al(0-iPr),; was added, and the mixture was
stirred at room temperature for 1 hour and then at 50°C for
further 15 hours. However, the formation of the reduction
product methyl 2(R,S)-hydroxy-3(S)-(t-butoxycarbonylamino)-4-
phenylbutyrate was scarcely observed.
25
INDUSTRIAL APPLICABILITY
Being constituted as mentioned above, the present
invention makes it possible to reduce carbonyl compounds to
the corresponding hydroxy compounds in a simple and easy
30 manner at a lower temperature with high stereoselectivity.
Thus, for example, the invention makes it possible to produce
aminohalohydrin derivatives, which are intermediates in the
production of useful medicinal compounds, from aminohaloketone
derivatives derived from phenylalanine and the like, under

35 mild conditions with very high stereoselectivity.



-1 5

substituted or unsubstituted aral kyl
*or - a substituted or unsubstituted arylhgroup 10 containing 6 to 20
Hon atons and Rlerr] represents a &

car
al kyl

. [err] wherein Rlerr] and Rl err] each independently represents a
substituted or unsubstituted al kyl group containing 1 to 10 carbon atons,
group containing 7 to 20 carbon atons

secondary al kyl group containing 1 to 20 carbon atoms, a substituted or

5

10

15

20

25

30

35

« A process for reducing carbonyl ¢ompounds which
comprises reacting a carbonyl compound of the general formula
(1) |

0

A

wherein R* and R? each independently represents a substituted

(1)

R! R?

or unsubstituted alkyl group containing 1 to 30 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to
30 carbon atoms, a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms, a cyano group, a hydrogen

atom, a group of the general formula (2)
CHnXS—n (2)

in which X represents a halogen atom and n represents an

integer of 0 to 2, or a group of the genefal fo;mula (3)

0
e
Y

in which Y represents an alkoxyl group, an aralkyioxyl group,

a substituted or unsubstituted amino group or an alkylthio
group, provided that one of R! and R? is a substituted or
unsubstituted alkyl group containing 1 to 30 carbon atoms, a
substituted or unsubstituted aralkyl group containing 7 to 30
carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms, with an organcaluminum

compound of the general formula (4)

L

EM$t uted or unsubstituted primary
group containing 1 to 20 carbon atons, a substituted or unsubstituted

a



-tnsubstituted primary aral kyl group containing 7 to 30 carbon 15 at ons
or a substituted or unsubstituted secondary aral kyl group containing 7 to
30 carbon atons, to provide the correspondi ng al cohol conpound of the
‘geneial formula (5) [err] wherein Rerr] and Rlerr] are as defined above.
25 2. The process for reducing carbonyl conpounds according to
Claiml, mheggin t he organoal um num conpound of general formula (4) is
di i sobut yl al WLQun1iso opoxi de or diisobutyl al um num di phenyl net hoxi de. 30
3. A process fgAl=-e@RcI ng ¢aybonyl conpounds which conprises reacting a
car bonyl conpy nd of the general formula
R
5

wherein R’ and R* each independently represénts a substituted
or unsubstituted alkyl group containing 1 to 10 carbon atbms,
a substituted or unsubstituted aralkyl group containing 7 to
20 carbon atoms or a substituted or unsubstituted aryl groﬁp

10 containing 6 to 20 carbon atoms and R® represents a |
substituted or unsubstituted primary alkyl group containing 1
to 20 carbon atoms, a substituted or unsﬁbstituted secdndary
alkyl group containing 1 to 20 carbon atoms, a substituted or
unsubstituted primary aralkyl group containing 7 to 30 carbon

15 atoms or a substituted or unsubstituted secondary aralkyl
group containing 7 to 30 carbon atoms, to provide the

corresponding alcohol compound of the general formula (5)

OH
20 * (5
R R?

wherein R! and R? are as defined above.

25 2. The process for reducing carbonyl compounds according
to Claim 1, wherein the organocaluminum compound of general
formula (4) is diisobutylaluminum isopropoxide or

diisobutylaluminum diphenylmethoxide.

30 3. A process for reducing carbonyl compounds which
comprises reacting a carbonyl compound of the general formula

formula (1)

s T



fornmula (1) 30 [err] 5 wherein Rlerr] and Rl err] each independently
represents a substituted or unsubstituted al kyl group containing 1 to 30
carbon atons, a substituted or unsubstituted aral kyl group containing 7 to
80 carbon atons, a substituted or unsubstituted aryl group 10 cont ai ni ng
6 to 80 carbon atons, a cyano group, a hydrogen '

10

15

20

25

30

35

O

AN

wherein R* and R’.eéch independently represents a substituted

(1)

R! R?

or unsubstituted alkyl group containing 1 to 30 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to
30 carbon atoms, a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms, a cyano group, a hydrogen

atom, a group of the general formula (2)
CH,X3-, (2)

in which X represents a halogen atom and n represents an .

integer of 0 to 2, or a group of the general formula (3)

i (3)
Y

in which Y represents an alkoxyl group,-an aralkyloxyl group,
a substituted or unsubstituted amino group or an alkylthio
group, provided that one of R! and R? is a substituted or
unsubstituted alkyl group containing 1 to 30 carbon atoms, a
substituted or unsubstituted aralkyl group containing 7 to 30
carbon atoms.or a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms, with a compound prepared in
advance from an organoaluminum compound of the general
formula (10)

SN
/,Aﬂ'—-fi (10)

R4

wherein R?® and R* each independently represents a substituted
R SR ekl

R O O AR



-atom a group of the general formula (2) [err] 15 in which X represents a
hal ogen atom and n represents an integer of 0 to 2, or a group of the
general formula (3) 20 [err] in which Y represents an al koxyl group,

«@n aral kyl oxyl gr.oup,. a bsjituted bstituted )
a1 k1 i & o oo thet bk bt ofb rpeRt s raked o of ] 1 Pocd- BB BEeffeq o
- unsubsti t yf ed Kl P UPr CRsEbSE NEutled Oa BA1RFL D§PoabOsBALAIADNg 7 to

substituted or unsubstituted aral kyl group containing 7 to 30 carbon atons
or a subst2® wtawban atubhser tatabkitule u@rcBﬂ?ﬁPﬁghbuBe@oaﬁﬁlCQFBHH

atons, V“tétﬁté§ﬂgﬁa”§1ﬁgeﬂ@rggrﬁéh atoms, and an alcohol compound of
5 the general formula (11)

R® -0OH (11)

wherein R® represents a substituted or unsubstituted primary
10 alkyl group containing 1 to 20 carbon atoms, a substituted or
unsubstituted secondary alkyl group containing 1 to 20 carbon
atoms, a substituted or unsubstituted primary aralkyl group
containing 7 to 30 carbon atoms or a substituted or
unsubstituted secondary aralkyl group containing 7 to 30

15 carbon atoms, to provide the corresponding alcohol compound of

the general formula (5)

OH
. ®
20 Rl RZ

wherein R* and R? are as defined above.
4., The process for reducing carbonyl compounds according
25 to Claim 3, wherein the organocaluminum compound of general

formula (10) is diisobutylaluminum hydride.

5. The process for reducing carbonyl compounds according

to Claim 3 or ‘4, wherein the alcohol compound of general

30 . formula (11) is an alcohol compound of the general formula
(12) | |
RS |
9>—0H (12)
35, R

N A



-

advance from an organoal um num conpound of the general Lt Ig 0)er B
[err] 35 wherein R err] and [err] each independently re
sUbstituted 31 1 or unsubstituted al kyl group contai a llml ﬂHﬁHﬂ
carpon atons, a substituted or unsubstituted aral kyl group!isd
20 Carbon atonms or a substituted or unsubstituted aryl group

in which R® and R® each independently represents a substituted

to

or unsubstituted alkyl group containing 1 to 10 carbon atoms,

a substituted or unsubstituted aralkyl group containing 7 to
5 20 carbon atoms or a substituted or unsubstituted aryl group
- containing 6 to 20 carbon atoms or R® in combination with R’

represent a cycloalkyl group.

6. The process for reducing carbonyl compounds according
10 to Claim 5, wherein the alcohol compound of general formula

(12) is 1sopropanol.

7. The process fof reducing carbonyl compounds according
to Claim 5, wherein the alcohol compound of general formula

15 (12) is benzhydrol.

8. The process for reducing carbonyl compounds according
to Claim 1, 2, 3, 4, 5, 6 or 7, wherein the reduction
reaction is carried out at a temperature of -10°C to 30°C.
20
9. The process for reducing carbonyl compounds according
to Claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein, in the carbonyl
compound of general formula (1), R' is a substituted or
unsubstituted alkyl group containing 1 to 30 carbon atoms, a
25 substituted 6r unsubstituted aralkyl group containing 7 to 30
carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms and R? is a group of the

general formula (2)
30 CH,X3-, (2)

in which X represents a halogen atom and n represents an

35 R RN R 1A
* C L M - * .
'REPLACED

integer of 0 to 2, or a group of the general formula (3)
THIS SHEET HAS Bﬁﬁhj
3 3 =




-Containing 6 to 20 carbon atoms, and an al cohol conpound of 5
formula (11) [err] wherein Rerr] represents a substituted or unsubstituted
primary 10 al kyl group containing 1 to 20 carbon atons, a substituted or

unsubstituted secondary al kyl group containing 1 to 20 carbon atons, a
substituted or unsubstituted primary aral kyl group containing 7 to 30
carbon atonsr a substituted or unsubstituted secondary aral kyl group

containing 7o 3¢3)5

conmpound of t general formula (5) [err]
¥ _

5

10

15

20

25

30

35

in which Y represents an alkoxyl group, an aralkyloxyl group,
a substituted or unsubstituted amino group or an alkylthio

group.

10. A process for producing a -aminoalcohol derivatives
which comprises reacting an a -aminoketone derivative of the

general formula (6)

RB
R" (@)

.PI’N ~p2
wherein R°® represents a substituted or unsubstituted alkyl
group containing 1 to 20 carbon atoms, a substituted or
unsubstituted aralkyl group containing 7 to 20 carbon atoms,
a substituted or unsubstituted aryl group containing 6 to 20
carbon atoms or a hydrogen atom, R’ represents a group of the

general formula (2)
CH,Xs_, (2)

in which X represents a halogen atom and n represents an

integer of 0 to 2, or a group of the general formula (3)

L @
Y

in which Y represents an alkoxyl group, an aralkyloxyl group,
a substituted or unsubstituted amino group or an alkylthio

group, and P* and P? each independently represents a hydrogen

s« | INAN RN RNN VO
* c L M S *

t he general

carbon atons, to provide the corresponding al cohol



AViherein Rlerr] and Rlerr] are as defined above. 4. The process for reducing
car bonyl conpounds accordi ng 25 to daim3, wherein the organoal um num
compound of general formula (10) is diisobutylalum numhydride. 5. The

process for, reduci ng carbonyl gconpounds accordi ng ' r. 4. .ywherein

t he é‘coh&ﬁ“ﬂ%dﬁ%dﬁ% %mlﬁgﬁérgfegglng ?BPHBI8I(?1)&ﬁsgéﬁbgbggggp g&#g0und

of the gener afeppssehe 4 1ghth&16¥13droup, with the exception of the case
in which P! and P? are the same and each is a hydrogen atom,

with an organoaluminum compound of the general formula (4)

5
R3S
Al—OR®  (p)
R4
10 wherein R® and R* each independently represents a substituted

or unsubstituted alkyl group containing 1 to 10 carbon atoms,
a substituted or unsubstituted aralkyl grbup containing 7 to
20 carbon atoms or a substitdted or unsubstituted aryl group
containing 6 to 20 carbon atoms and R® represents a

15 substituted or unsubstituted primary alkyl group containing 1
to 20 carbon atoms, a substituted or unsubstituted secondary
alkyl group containing 1 to 20 carbon atoms, a substituted or
unsubstituted primary aralkyllgroup containing 7 to 30 carbon
atoms or a sﬁbstituted or unsubstituted secondary aralkyl

20 group containing 7 to 30 carbon atoms, to provide the

corresponding compound of the general formula (8)

OH
6
R R
25 (8)

pr 2

wherein R®, R?, P! and P? are as defined above.

30 11. The process for producing g -aminoalcohol
derivatives according to Claim 10, wherein the organoaluminum
| compound of general formula (4) is diisobutylaluminum

isopropoxide or diisobutylaluminum diphenylmethoxide.

35 12. A method of producing a -aminocalcohol derivatives
-

LT R



-SB,Substitute sheet - 25 February 1999 1 in which R err] and R err] each
i ndependent|ly represents a substituted or unsubstituted al kyl group
containing 1 to 10 carbon atons, a substituted or unsubstituted aral kyl
groyp contaipning 7 to 5 2Q .carbon at ons Or, subsiift. L

natbst| POLER BPPriRss, TeaREiit d0 of CoDs et deaVari ¥ of the,
conbi nat gepevhllh fBr@illa (&Iresent a cycl oal kyl group. 6. The process for

reduci ng car bonyl conpounds accordi ng 10 to Claimb5, wherein the al cohol
conmpound of general formula (12) is isopropanol.
O
5 RS .
R (6)
Pl’N\ P2

- wherein R® represents a substituted or unsubstituted alkyl

10 group containing 1 to 20 carbon atoms, a substituted or
unsubstituted aralkyl group containing 7 to 20 carbon atoms,
a substituted or unsubstituted aryl group containing 6 to 20
carbon atoms or a hydrogen atom, R’ represents a group of the
general formula (2)

15

CHoXs- 4 (2)

in which X represents a halogen atom and n represents an
integer of 0 to 2, or a group of the general formula (3)
20

0
L ®

Y

in which Y represents an alkoxyl group, an aralkyloxyl group,
25 a substituted or unsubstituted amino group or an alkylthio

group, and P! and P? each independently represents a hydrogen

atom or an amino-protecting group or P! in combinetion with P?

represent a phthaloyl group, with the exception of the case '

in which P* and P? are the same and each is a hydrogen atom,
30 with a compound prepared in advance from an organocaluminum

compound of the general formula (10)

Al—H (10)

SHE : ) ) R A



-%;,The process for reduci ng carbonyl conpounds according to Claimb5,

wherein the al cohol conpound of general fornula 15 (12) is benzhydrol.

8. The process for reducing carbonyl compounds according to daiml, 2, 3,
4y 5,.6 or 7, wherein the.reduction60[err]C reaction is carried out at a
tenperature of -10[err]C to 60[err]C. 20 preferably -10[err]C to
30[err] C. whedéenpRdcand Rér eaechudndgpeadeanyly mepmeseﬁ&saacsuﬁsﬂjﬂuteazﬂ m
1, 2, 3, 4 0 , Wherein, in the carbqnyl nd o ener al
for mul ag 1yor Aiasnpdr Sbuleanatki i gote ahefBinint: 4ot LYl Cotbel BbamE i ng
1 to 30 cag b@ﬂb@tpeﬁtea ép unsﬁBQﬁithHé@da‘i’h1%9&U§§bhbub%t&fi@1|1|ﬁ)d 79RQHP
cont afl) ni ng to 30

20 carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 20 carbon atoms, and an alcohol compound of

the general formula (11)

R®-OH (11)
10 '
wherein R® represents a substituted or unsubstituted primary
alkyl group containing 1 to 20 carbon atoms, a substituted or
unsubstituted secondary alkyl group containing 1 to 20 carbon
_ atoms, a substituted or unsubstituted primary aralkyl group
15 containing 7 to 30 carbon atoms or a substituted or
unsubstituted secondary aralkyl group containing 7 to 30
carbon atoms, to provide the corresponding compound of the
general formula (8)
20 T OH
RS =
(8)
po g
25 wherein R®, R’, P* and P? are as defined above.

13. The process for producing a -aminoalcohol
derivatives according to Claim 12, wherein the organoaluminum
compound of general formula (10) is diisobutylaluminum

30 hydride. |

14. The process for producing a -aminoalcohol

derivatives according to Claim 12 or 13, wherein the alcohol

compound of general formula (11) is an alcohol compound of

) RO 0

35 the general formula (12)




. carbon atonms or a substituted or unsubstituted aryl
30 carbon atons and Rerr] is a group of the general fornmula (2) [err] in

which x represents a hal ogen atomand n represents an integer of 0 to 2,

“a gr pup of the general formula (3) 33 1 [err]

>—on - N

10

15

20

25

30

35

group containing 6 to

or

R

in which R®* and R’ each independently represents a substituted
or unsubstituted alkyl group containing 1 to 10 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to

20 carbon atoms or a substituted or unsubstituted aryl group

_containing 6 to 20 carbon atoms or

R® in combination with R® represent a cycloalkyl group.

15. The process for producing a -aminoalcohol
derivatives according to Claim 14, wherein the alcohol

compound of general formula (12) is isopropanol.

16. The process for producing a -aminoalcohol
derivatives according to Claim 14, wherein the alcohol

compound of general formula (12) is benzhydrol.

17. The process for producing a -aminoalcohol
derivatives according to Claim 10, 11, 12, 13, 14, 15 or 16,
wherein the reduction reaction is carried out at a
temperature of -10°C to 30C.

18. The process for producing a -aminoalcohol
derivatives according to Claim 10, 11, 12, 13, 14, 15, 16 or
17, wherein one of P* and P? in the a -aminoketone
derivative of general formula (6) is a hydrogen afom and the
other is an amino-protecting alkoxycarbonyl or’

aralkyloxycarbonyl group.

19. The process for producing a -aminoalcohol
derivatives according to Claim 10, 11, 12, 13, 14, 15, 16, 17

or 18, wherein the a -aminoalcohol derivative of general

REPLACED

THIS SHEET HAS BEEN

L) ) O Y



5. . in which Y represents an al koxyl group, an aral kyl oxyl group, a
substituted or unsubstituted am no group or an al kylthio group. 10. A
process for producing a -am noal cohol derivatives 10 whi ch conpri ses
reacting an a -am noketone derivative of the general formula (6) [err]
wher di n Rfermjuleepridseritss ebtabmd tskexeeselecubeely uirdthe kK§TYERBAp
containin& 1 to 20 carbon atons, a substituted or 20 unsubsti t ut ed
aral kyl gf®¥f*containing 7 to 20 carbon atoms, a substituted or
unsubstituted aryl group containing 6 to 20 carbon atons or a hydrogen

atom R[err] represents a group of the . ,
20. The process for producing a -aminoalcohol

5 derivatives according to Claim 10, 11, 12, 13, 14, 15, 16, 17,
18 or 19, wherein the a -aminoketone derivative of general
formula (6) is an a -aminohaloketone derivative of the

general formula (7)

10 (o)
R, X
(D
P1’N\Pz
15 in which X represents a halogen atom, R® represents a

substituted or unsubstituted alkyl group containing 1 to 20
carbon atoms, a substituted or unsubstituted aralkyl group
containing 7 to 20 carbon atoms, a substituted or
unsubstituted aryl group containing 6 to 20 carbon atoms or a

20 hydrogeh atom and P* and P? each independently represents a
hydrogen atom or an amino-protecting group or P' in
combination with P? represent a phthaloyl group, with the
exception of the case in which P* and P? are the same and each
is a hydrogen atom, and the a -aminoalcohol derivative of

25 general formula (8) is the @ -aminohalohydrin derivative of

the general formula (9)

OH
RG X

30 (9

p1”° NQ p?

in which X, R®, P! and P? are as defined above.

35 21. The process for producing a -aminoalcohol derivatives

5 o ] 0 0
* C L M H *




_é@neraljfornula (2) [err] in which X represents a hal ogen atom and n
represents an integer of 0 to 2, or a group of the general formula (3)
[err] in which Y represents an al koxyl group, an aral kyl oxyl group, a

Pord ' anaceptifrb R G A iheF S e ne o feRCegpe O 0P 2
derivative of general formula (7) is optically active
t-butyl (S)-(1l-benzyl-3-chloro-2-oxopropyl)carbamate,
t-butyl (R)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
5 methyl (S)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
methyl (R)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
ethyl (S)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
ethyl (R)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
benzyl (S)-(1-benzyl-3-chloro-2-oxopropyl)carbamate,
10 benzyl (R)-(l-benzyl-3-chloro-2-oxopropyl)carbamate,
benzyl (S)-(l-phenylthiomethyl-3-chloro-2-oxopropyl)carbamate,
benzyl (R)-(1-pheny1thiomethyl-3-chloro—2-oxoprbpyl)carbamate,
t~butyl (S)-(1-phenylthiomethyl—3-chloro-2-oxopropy1)carbamate,
t-butyl (R)—(i-phenylthiomethyl-3fchloro-2-oxopropy1)carbamate,
15 methyl (S)-(1l-phenylthiomethyl-3-chloro-2-oxopropyl)carbamate,
methyl (R)-(l-phenylthiomethyl-3-chloro-2-oxopropyl)carbamate,
ethyl (S)-(l1-phenylthiomethyl-3~-chloro-2-oxopropyl)carbamate or
ethyl (R);(1-pheny1thiomethy1—3-chloro—2-oxopropy1)carbamate.

20 22. The process for producing a -aminoalcohol
derivatives according to Claim 20; wherein the
a —amiﬁohaloketone derivative of general formula (7) is
t-butyl (S)-(1-benzyl-3-chloro-2-oxopropyl)carbamate or
benzyl (S)-(1-phenylthiomethyl-3~chloro-2-oxopropyl)carbamate,
25 = the organoaluminum compound of general formula (4) is
diisobutylaluminum hydride and the alcohol compound of general

formula (5) is isopropanol or benzhydrol.

23. The process for producing a -~aminoalcohol
30 derivatives according to Claim 20, 21 or 22, wherein the
a —-aminohalohydrin derivative of general formula (9) is

obtained stereoselectively in the erythro form.

35
I

A



T . atomor an am no-protecting group or P[err] in conbination with Plerr]
represent a phthal oyl group, with the exception of the case in which Plerr]
and Plerr] are the sane and each is a hydrogen atom with an organoal unm num

conpfund of the general formula (4) ?B%ﬁéﬁhT wherein R err] and R err]
each™i ndependently represents a subs or unsubstituted al kyl group
containing 1 to 10 carbon atoms, a substituted or unsubstituted aral kyl
group cont ai ni 7 to 20 c rbon a ons or substltuted or unsuqiiltuted

aryl group contBenBI§SENY BY B¥L 98/ d aRPEPLESSe ok ¢ing
substi t ut drBonys edfigduidi 1 lﬂ’?db’oﬁj; k¢bmpbaHBSGOThaipairtd chlar

5. stereoselectively reducing a -aminohaloketone derivatives,
under mild conditions in an easy and simple manner, which

comprises reacting a carbonyl compound of the general formula .

(1) with an organoaluminum compound of the general formual (4)

to provide the corresponding alcohol compound of the general
10 formula (5).

gl r? (1)
R3

N b

Al—OR @
R“/
OH

/K (5)

Rl R2



.0 20 carbon atons, a substituted or unsubstituted secondary al kyl group
containing 1 to 20 carbon atons, a substituted or unsubstituted prinmary
aral kyl group containing 7 to 30 carbon atons or a substituted or
Unsubstituted secondary aralkyl 20  group containing 7 to 30 carbon
atons, to provide the correspondi ng fgggognd of the general formula (8)
[err] wherein Rerr], Rerr], Plerr]”dn [err] are as defined above. 30
11. The[Q%ﬁqpss for producing a -am noal cohol derivatives according to

Cl ai m 10, erein the organoal um num conpound of general forrmula (4) is
di | sobut yl al um num i sopropoxi de or diisobutyl al um num di phenyl net hoxi de.
snee - pesu——— e €
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.35, . 12. A met hod of producing a -am noal cohol derivatives 35 1
whi ch conprises reacting an a -am noketone derivative of the general |
frormula (6) [err] wherein Rlerr] represents a substituted or unsubstituted
akkyl 10 group containing 1 to 20 carbon atons, a substituted or
unsubstituted aral kyl group contalnlgg/é tjo 20 carbon atons, a substituted

%T

or unsubstituted aryl group containing to 20
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.carbon atoms or a hydrogen atom R[err] represents a group of the general
formula (2). 15 [err] in which X represents a hal ogen atom and n represents
an integer of 0 to 2, or a group of the general fornula (3) 20 [err] in
which Y represents an al koxyl group, an aral kyl oxyl group, 25 a
substituted or unsubstituted am no grrg]u % an al kylthio group, and P[err]
and P[err] each independently represent’s ‘a hydrogen atom or an

am no- protleid.ihg group or Plerr] in conbinetion with Plerr]

s >
&
1 ———a ]
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Jepresent a phthal oyl group, with the exception of the case in which Plerr]
and P[err] are the sane and each is a hydrogen atom 30 with a conpound
prepared in advance from an organoal um num conpound of the general fornula
{10) 3 6 wherein R err] and R err] each independently represents a
substituted or unsubstituted al kyl gr lrJ/D cs)nt aining 1 to 10 carbon atons, a
substituted or unsubstituted aralkyl g oﬂlp containing 7 to 5 20 carbon
atons or Figulstituted or unsubstituted aryl group
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Lpntaining 6 to 20 carbon atons, and an al cohol conpound of the general
formula (11) 10 [err] wherein R err] represents a substituted or
unsubstituted primary al kyl group containing 1 to 20 carbon atons, a
substituted or unsubstituted secondary al kyl group containing 1 to 20
carbon atons, a substituted or unsubséh}g{%d primary aral kyl group 15
containing 7 to 30 carbon atons or a bstituted or unsubstituted secondary
aral kyl griigy ontaining 7 to 30 carbon atons, to provide the corresponding

conpound of the general fornula (8) 20 [err]

= = e
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|

0.023 — 4 é

0.426 —
0.939 — [

1.03 — :
1.000 —= E g
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25, wherein Rerr], Rerr], Plerr] and P[err] are as defined above. 13.
The process for producing a -am noal cohol derivatives according to Claim
X2, wherein the organoal um num conpound of general formula (10) is

dri sobut yl al um num 30 hydri de. 14. The process for producing a

-am noal cohol derivatives according tfﬁ 1a' m 12 or 13, wherein the al cohol
conpound of general fornula (11) is an”“alcohol conpound of 35 t he

general fdigulga (12) 3 7
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Hé@{Substitute sheet - 25 February 1999 1 [err] 5 in which Rerr] and R err]
each independently represents a substituted or unsubstituted - al kyl group
gontaining 1 to 10 carbon atons, a substituted or unsubstituted aral kyl
group containing 7 to 20 carbon atons or a substituted or unsubstituted
aryl group 10 . containing 6 to 20 cggpqn atons or Rlerr] in conbination
with R err] represent a cycl oal kyl grodp. 25. The process for producing a
-am noal cdhq, 7 -
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15 conmpound of
produci ng a
wherein the al cohol

wherein the al cohol
16. The process for

I S | sopropanol .
derivatives according to Caim 14,

eonmpound of general

g to daim 14,

formula (12)

atives accordin

gener al
~ani noal cohol

deriv

13,

12,

The process for
11,
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derivative

wherein the reduction
t enper at uifdgpf -10[err]C to 60[err]C preferably -10[err]C to 30[err]C 25

18. The process for producing a -am noal cohol

00 ‘09

00 ‘09 —-

formula (12)

00 08 00 °08

16,
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produci ng a -am noal cohol
15 or

14,



derivatives according to Claim10, 11, 12, 13, 14, 15, 16 or 17, wherein
~one of P[err] and P[err] in the a -ami noketone derivative of general
-Kormula (6) is a hydrogen atom and the 30 ot her- is an am no-protecting
vakkoxycar bonyl or aral kyl oxycarbonyl group. 19. The process for producing a
- am noal cohol derivatives according tﬁéguain110, 11, 12, 13, 14, 15, 16, 17
35 or 18, wherein the a -am noal cohdl dgrivative of general REPLACEMENT
SHEET Fig. 9
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group containing 1
group contai ni ng

derivatives according to
wherein the a -am noketone

19,
h X represents a hal ogen atom

5

'9
bstituted al kyl

18 or
a substituted or unsubstituted aral kyl

lI

17,
uns

16,
derivative of general fornula (6) is an a -aninohal oketone derivative of

t he general

Rl err]

produci ng a -am noal cohol
13, 14, 15,
15
a substituted or

12,
formula (7) [err]

represents a substituted or

11,
to 20 car big.at dhs,

The process for
7 to 20 carbon atons,

'-J@.\~jo;nula (11) is obtained stereoselectively in the erythro form 20.
ClLaim 10,
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. . S 9/U04320-9
unsubstituted aryl group containing.6 to 20 carbon atonms or a 20 iros coby
hydrogen atomand P[err] and [err] eaech-i-ndependently represents a hydrogen

5, Y s

atom or an anino-protecting group of Plerr] i conbination with Plerr
represent a phthal oyl group, with the ex8epSubstitatetsheetast Navemberml #Pér r |

i noal Soho| S5ENE, ST FELEGR \and LUHIRREEYF 05|08 piafarred.
- ami nohal ohydrin d&s \khe \erginadilumionim Lompewndarepresentpd Ryutihen akove
g
diisobutylaluminum isopropoxide, diisobutylaluminum
5 diphenylmethoxide, diisobutylaluminum ethoxide,
diisobutylaluminum cyclohexyloxide, diisobutylaluminum
2,4-dimethyl-3-pentyloxide, diethylaluminum ethoxide and the
like. Among them, diisobﬁtylaluminum isopropoxide and
diisobutylaluminum diphenylmethoxide are preferred.
10 The organoaluminum compound of the above general formula
(4) can be prepared, for example, by (1) the reaction of a .
dialkylaluminum hfdride with an alcoheol, (2) the reaction of
2 trialkylaluminum with an alcohol (German Patent
Specification No. 2507532), (3) the use, as such, of the

15 reaction mixtufe obtained upon reduction of a carbonyl
compouhd, such as acetone, with DIBAH, (4) the reaction of a
trialkylaluminum with a trialkoxyaluminum (German Patent
Specification No. 2304617), or (5) the reaction of a .
trialkylaluminum with a trialkyl borate (German Patent

20 Specification No. 2151178).

The process for reducing carbonyl compounds accordirng to
the present invention can be applied to the reduction of
a -aminoketone derivatives of the general formula (6) shown
below and the reduction of g -aminohaloketone derivatives of

25 the general formula (7) shown below. The process for reducing
caébonyl compounds according to the present invention makes it
possible to prodﬁce a -aminoalcohol derivatives of the general'
formula (8) shown below from the a -aminoketone derivatives
of general formula (6) or produce ¢ -aminochalohydrin

30 derivatives of the general formula (9) shown below from the
a -aminohaloketone derivatives of general formula (7). These
a -aminoalcohol derivatives and @ -aminohalohydrin derivatives
are éompounds useful as intermediates for medicinal compounds.

The process for producing the a -aminoalcohol

35 derivatives mentioned above comprises reacting an REPLACEMENT SHEE

Q5 NOV 1997




1

‘accor di ng to Claim20, wherein the a -am nohal oket one deri vat$ Uofl’ 92

general forrmula (7) is optically active t-butyl

(S)-

(R)-

(S)-
R) -

(

(S)
(R)-
(S)-

(1- benzyl - 3-chl or o- 2- oxopr opyl ) car bamat e, t- butyl

(I -benzyl - 3-chl or o- 2- oxopr opyl ) cadBarSubstitate shestR\25 February 1999
(1- benzyl - 3- chloro 2- oxopr opyl ) carbamat e, nethyl

(1-benzyl -3-¢hl R{& O%RR" 2P %ag %aiﬁéér%n%enﬁ.ﬂy%epresents a substituted

-~(1-benzyl - 3- chroro - OXOpr opyl’)car
-1 - benzyl - 130Ghu0$@b$§knmﬁpdo;%#ﬂh:arg@pmgqgtabengg|1 to 10 carbon atoms,
(

1- benzyl - 3-4ChLBE e ArtRUOBE O usRE PGB Gralkyl group containing 7 to

S -20 carbon atoms or a substituted or unsubstituted aryl group

containing 6 to 20 carbon atoms or R' in combination with R’
represent a cycloalkyl group. '

6. The process for reducing carbonyl compounds -according
10 to c1a1m 5, wherein the alcohol compound of general formula
(12) is isopropanol. '

7. The process_fur reducing carbonyl compounds according
to Claim 5, wherein the alcohol compound of general formula
15 (12) is benzhydrol.

8. The process. for feducing carbonyl compounds according
to Claim 1, 2, 3, 4, 5, 6 or 7, wherein the reduction 60°C
reaction is carried out at a temperature of -10°C to 30¥%

a0 - Preferably -10°C to 30°C,

9. The process-for reducing carbonyl compounds according
to Claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein, in the carbonyl
compound of general formula (1), R® is a substituted or

i unsubstituted alkyl groub containing 1 to'30 carbon atoms, a
25 substituted or unsubstituted aralkyl group containing 7 to 30
~carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 30 carbon atoms and R? is a group of the

"general formula (2)

30 ’ CHNXJ-.‘ (2)

in which X represents a halogen atom and n represents an
. integer of 0 to 2, or a group of the general formula (3)

240
poS Copy

O ) 1 . .“EP“‘CEME"” SHEET
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10 " benzyl

(R) - (1-benzyl - 3- chl oro- 2- oxopr opyl ) carbamat e, benzyl (S)-(

- phenyl t hi onet hyl - 3- chl or o- 2- oxopr opyl ) car bamat e, benzyl

¢R) - (1- phenyl t hi onet hyl - 3- chl or o- 2- oxopr opyl ) car banmat e, t-but

(S) - (1- phenyl t hi onet hyl - 3- chl or o- 2- oxoBBojSubstiuteasheat - ZStﬁﬁbwarv 1999

(R) - (1- phernyl t hi omet hyl - 3- chl or o- 2- oxopr opyl ) car bamate, 15 met hyl
(S)-(1-phenyl thionethyl -3-chl.oro-2-oxopropyl)carbamate, nethyl

(R).- (1- phenyl t hi onRThyl - 3-chl or 0- 2- oxopr opyl ) car bamat e, et hyl
(S)=(1-pheny|thion€% =QHchl| dd8) 2- oxopropyl ) car bamate or et hyl
(R)Y-(1-phenyl t hi oret hyl - 3- chl or o- 2- oxopr opyl ) car bamate. 20 22. The

precess for
wherein t hed

10

15

20

25

30

35

produci ng a -ani noal cohol derivatives according to C ai m 20,
a -am nohal oket one derivative of general formula (7) is

in which R® and R’ each independently represents a substituted
or unsubstituted alk&l group containing 1 to 10 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7 to
20 carbon atoms or a substituted or unsubstituted aryl group
containing 6 to 20 carbon atoms or

R* in combination with R’ represent a cycloalkyl group.

15. The process for producing g -aminoalcohol
derivatives according to Claim 14, wherein the alcohol

compound of general formula (12) is isopropanol.

16. The process for producing « -aminoalcohol
derivatives according to Claim 14, wherein the alcohol
compound of general formula (12) is benzhydrol.

'17. ~The process for broducing a -aminoalcaohol ‘
derlvatlves according to Claim 10, 11, 12, 13, 14, 15 or 16,
wherein the reduction reactlon is carrlfg out at a

C to 30°
temperature of -10°C to, X

18. The process for producing a -amipoalcohol
derivatives according to Claim 10, 11, 12, 13, 14, 15, 16 or
17, wherein one of pt and P? in the g -aminoketone
derivative of general formula (6) is a hydrogen atom and the
other is ah'amino-protecting alkoxycarbonyl or
aralkyloxycarbonyl group. ' '

19. The process for ptoducing a -aminoalcohol
| derivatives according to Claim 10, 11, 12, 13, 14, 15, 16, 17

or 18, whérein the a -aminoalcohol derivative of general

REPLACEMENT SHEET
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: ) o ' 97049209
- t-butyl (S).-(1-benzyl-3- chI or 0- 2- oxopr opyl ) car bamat e or benzyl Pas cory &

(S)-(1- phenylth| oret hyl - 3-'chl or o- 2- oxopropyl)car bamate, 25  the VERIRIED TRANS

or ganoal um num conpound of general fornula (4) is diisobutylalum num

hydri de and the al cohol conpound oft#tgeméymEim Ed¥ul a (5) is |sopropanol RS
benzhydrol . 23. The process for prd@ud®ng¥a &anfnoal cohol deri v ﬁ“v B
accor di rBGT Cl ai m 20, 4% 77 ﬁﬁ@l@rﬁbt’ﬁeﬁﬁﬂ-&hmwl n deri vaté
of general fornmula (9) is obtained stereoselectively in the erythro form
35
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(54)Title: PROCESSES FOR THE REDUCTION OF CARBONYL COMPOUNDS
CHRBIOLZH IANFE=ALSBORTHE

(57) Abstract
Processes for reducing carbonyl compounds into hydroxyl compounds
casily under milder conditions, particularly a process for reducing an
a-aminohaloketone derivative stereoselectively. The above process comprises
_|I treating a carbonyl compound of general formula (1) with an organcaluminum 1 2
compound of general formula (4) to form an alcohol of gencral formula (5). R R
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