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ABSTRACT

(R)-(-)-phenylglycinol was prepafed from (R)-(-)-phenylglycine with a simple
procedure. Then forteen novel chiral aminoalkylphenols ((R,S)-4a~n) were synthesized by
stereoselective reduction with NaBH, of corresponding imine derivatives from (R)-(-)-
phenylglycinol with prochiral 2-hydroxy-5-methylphenyl alky! ketones such as
(2-hydroxy-5-methylphenyl)methyl ketone(2a), (2-hydroxy-3,5-dimethylphenyl)methyl
ketone(2e), (2-hydroxy-5-chlorophenyl)methyl ketone(2i), (2-hydroxy-3,5-dichlorophenyl-
phenyl)-methyl ketone(2l), et al. All chiral aminoalkylphenols were obtained in good
chemical yields (71.6~86.3%) and high d.e. values (95.2~100.0%d.e.) under very mild
reaction conditions.

Single crystals of (R 5)-3a and (R,5)-5e crystallized from iso-propanol/ethyl acetate
solvate, and their structure were determined by X-ray diffraction. The absolute
configuration of their new stereogenic center was determined to be S configuration, from
which absolute configurations of chiral ligand (R, S)-4a~n were inferred. By calculating the
total energy of the transition state with AMI1 semi-expirical method, the absolute
configuration of the new stereogenic center can also be inferred.

The catalytic activity of the aminoalkylphenols was examined for the addition of
diethyl malonate to cyclohexenone, resulting in moderate to good enantioselectivities
(3.0~67.7%¢e.e.) and high yields (54.6~92.2%). The effective factors such as reaction
temperature, reaction time and the amounts of chiral catalyst were studied in this paper. It
was also found that the enantioselectivity of the reacﬁon was effected mainly by chiral
catalyst and the aryl substituents on the substrate.

Structures of all intermediates and terminal products prepared in this paper were

confirmed by IR, 'HNMR and element analysis.

Key Words: chirality  asymmetric induction  enantioselective Michael addition

stereoselectivity



RN
ANBEEY, FTERMELRL, RANESMUEET,
TR RGNS, B B EER, ARITR
TR AREB DL REREE L OHFIRE. HATHT
P EE TR AR, WEETF U RAFH. AN
A E RIS R ML T B AN,

%iﬁ%ﬁz:l%Pﬁ H . 2006, .30

KT AR ER A

EANEETRFRAEERRE. FARCRXHNE, REFR
R R B R A ISR S EEME R TR, SRS
B AN R A% T LU 24 A8 R D B A
BXRBURAEHTHRE, WLURARBH. FORHOEHTFREFRILN
LA ZALIR L.

(REWRLABREENET AT

wahEss: 28 smes. M Elﬁﬁ:)’ﬁ‘%fp%b



PR A i

£—F A

il

FHEARFAEGYRENERFLEZ —, BUSEYLURANGHELARHENTF
MY FIRDIGE ST . 20 D 60 FAUR, A TRAMESNEY “ RNE” 1EHHH
HEIL%ZS, ERRMERALPER T RERREEBRE . 2B M RIAF R
MRF—FBAFEITER, A —HREREHREZTHHRIER. “ RNE”
= I (R)- Bk B RS BRI ((R)-Thalidomide) R F HEHE A, AR HI(S)-FHAHIS BB
4 )LEE . B, L R(Naproxen) A7 i& 3% (Iprofen) £ Z B I M E & 4478 2 47
2y, BARENINBFREHEER, EQ-REENEHER)-FHEESHIE 35
55028 45, L-% E(L-dopa) BIGTIHERMAIRZ, (BHEXIMUYAHT™EMERE
H.

HTFFRD R FAMAANGYH O EEZ L, REFELYHL TR
ERAENSEE RS AE O —. B AL FRBREEAYRILR
BRHI AR EER SMNEERRIRS . FHEES N, FHEEBIKFRENFHELE.
SMERE YRS, BERERH N NERSEE. MFEROEEELES, RNVIHE
S ARERFETEZER .

—Hted i, AARZEREFKRENEENEREEE T RS R AT
SAER T HFRUERATHRER, ATHRET BFLFESRURIAALES
A, ERERFGTANRTETEKRER, FHE 2001 FRE T i IURLE
%.

EEZHIAEHE AL, FHEERZI ZxE. FUHEERE—X
T HEEETRBIHMEEEEDR. BT REEAGNEMETF (BE. 25,
ENMESBETRENA KRS, B8 F EhEsma i mnE, Suks
IIRITE, TR 52 MR B MRS RR SR ch B0 0 B f e 91,

FUHEBMARGELSEESRRAE, TR C=C. Cc=0 A
C=N&, H5ATFHETFHEER. FHRAFER. FHEEFHSMRERNS
PR e A AL TS Y R L ER S B (CBS i) BH B W @R 7 it S, Corey %
R ) ok TR AR e B o 4 £ 77 R IR AR AL A e BLR K 137,



R=H, Me, n-Bu, Ph
HTREREFL-LET, ¢AFHEERESHA RSN BHTF YR
AR NS TIRER ee . H Soai -4 RMFEME EEL(1S,2R)-DBNE 4.

(S)-DPMPM 5 LI 6 BEAF (LR, BHT 100% ee.®'e HFAXHR Reformatsky
[ th B 13 B 1R A fry o (100 12,

Ph Me
Hiltiee QUnIG N

OH NBu, .\Le OH

CHO
chiral catalyst
+ ZnEt,

ZMAFE TGRS0 R T HARE 7, sibilEN LLERERTEE
B8 F1 9, MMK%ERIFEEAMT RIIEERAM 10~14, BX L5 FHMARE

MEREBIE AR TR - Z BB AN, HPAaaaamaTE
KRR,

NHZ

7,36% e.e, 8, 10%e¢.c. 9, 12%¢.e. 10,2.5% e.c.

|IIIZ



BRI S

Me u i-Pr Ph %Bu Ph
A
NH OH NH OH NH OH
| — N=—= N s
11,3.3%ec.e. 12,92% e.c. 13,63%e¢.e.

HEHEEBSRNAT C M TSR 151809, B S,
Hek. TUATFREUR TR EER LM REE%e.e), BRFERILR
Ri(>97%e.e ). &% RECE S LAR T R3T R Diels-Alder U2, #F4H
B I T B L B RRTRR 13- R R '

PhCH,

o
W

\

|
14, 77% e.c. 15 16
0]

| R R 7 |
Spalycae
' 17 ) 18

BEREFHEEEE BT RN 1L3-THEL S RHFR Michael INAK
R, Shibasaki WABFR T F&BET FOMERMF, M LIAIH, 1 BINOL
& B FAERCA(R)-ALB 20, MM X-H a2 LA . JAEATIRAER
0. 3%, WM Z.BEx 5 SAFEIH A IFR Michael MR SH] ee.fih 99%1,
7t -Shibasaki $#RMAFTRERIAEMLILIRSD, ROHISHE R TIRERS,. REHNG
BERESREMBRN. FHEER)-ALB 20 7] A ML Aldol KV (91%

ee)o

T
;u\\\“"'



(R)-{-)-FH BT LD RS HEL

o

(R}FALB(0.3mol%)
K-O-1-Bu{0.9 eq toALB)
+  CHyCOE) ———————s
MS 4A, THF n, 120h .
“CHICOED,
94% yield, 9%%e.e,
o
COLEt (R)-ALB(10 mol%s)
+ Me% + PACHCHaCHO ————————=
'CO.E1
64% yield %1% ec.e.
|
0 o
()
N SoWve®
O\ L
! \
7 )n O\N/O
0/ \0 \
o L U
19 (R)-ALB, 20

RRFR Michael il i 5 5 B 48 4 B S0 8 54 A gubifolidine 217°1
coronafacic acid 2289 LR i %14 #(11-deoxy-PGF ¢ )237Y,

H "

oty

‘\‘\\“\\\/\\/\/COQH
. / CaHyy

Y
L
I
Qe
I

21 22 23

FHERRAYTHN _ELE A EARNIEEEMETERTNEM.
Sundararajan 1 Manickam A C; X#RHEMFHEEE S 24 B BINOL, 5 LiAlH,
R R A EALE A 26, TS TIRAMREALAREDY. T Choudary %8 RIGF
YERCAE 25 B TR AL 26 SHIMECAY), (TS TIRILH ee gD,

4-



g A

o 0
AlLitLigand),
+ CHy{CORY), ———— =
THF, 5h
{ {
o ! CHICORY,
Ri=Et, t-Bu
Ph Ph
\
o O
R bN AIZ-—N R
Ph | “\\\\Ph \ 5
Y\N/ﬁ_ W . 0 . )
OH OH Howu S K™
24:R=Bn, 94%e.e.; 25:95% ee.; 26

a -BRECEE T LA B & 4 Michael INA RS2, HP=40 0 e.e fHiE 91% P4,
o R AN R R, SRR RN R RS, B ST
i, FERR 500 /N A EIAE) 88% ALK P, Angelo 25 A8 W S B £89
T RAE T 28 1k 2-FARIF LA F B8R 2. BE % B BE A A AI Michael B 218 21
T 87%M) e.e.fHF 85%p i 08,

\)l\ ( ; -COOEt CBTB'YS' w\
COOEL

Q—-a—(cu b

HyN NH, -
27,91%e.e.; 28

Pfaltz £ NG T B C, MRS HIRBERE 29, thi1H 29 M Co(INELT =
B S EER B R BRI R RS T PSR eefl, BRWHEREPT |

-5-



(Ry-(-)-FH ERTEYNE RS L

M He
0 9 Ph :
Cat., Co{OAs), O .
S
P # pn T CHACOR), ————— : t/
Z

{i-PryNEVEWOH PP

R=Et, 75% e.e.; R=i-Pr, 82% e.e.; R=t-Bu, 8%% e.e,; 29

SCRRIRIE, XM 4 M)307E P Z B0 — b ZE MRt 2- M 4% 24 B R % #R Miichael
MR RRRL T RIFEAHR, BT8R Nee .

Ph o ; \\& 7/ ",_g

i 7 Cat., Mg(OTH) vt
Ph o I OM
O’N/\/ +R‘/“\/“\R? CHClj,sieves,mt R
cor?
Ri=Me,CHMe; R,=0FEt,0Et; 29~95%e.c. 30

F LR, RERERSEMNTFHERANRIT. &M ELERTHREN M
ABRAEXBETHMEN. BTFHEAERRRERRFEZ. ET &R, EEEN
TE 2% T HH 1R 558 ) 3 o 1 P 41994,

Michael MR NERNNES S EEENME, BT Michael RN, ALK
EFHFELTER. Bk, AMIHEIXEETINREET T XEOR, F18
BRI FHERAB AR A HL Michael MR NHIRE, BRSEMEETOELRR
MARMBL. EWNAFREH ZRYENERFIEEALTF A F# Michael
R AEEREE XM,

AFBERURINTHEEERER, EE£M ENFHTERAE LM, M
Big L, MEZAFREHAHELER, ARG THARLNASE, BN
iy HR R FARRRRAE AL B0 IR R 1,

AT IHRAE ENRDENERFHELTRE, FHAAR)-C)-FHER
AU AT LR, XEhAYRNFE PHEEBEINEHERMNE
¥, REBNFEBRETREAWZRME, 3FEEaUlid s EmeE
EFUHREF ERRERN KD, RSEERIEEH, ATISREHRE B RE
. HEHWTF:



WA FM LA 83

nxa
e
i Ilj

Ra
Ho
(1} Ry=Me, Rz =H, R=Me, Et, Ph, Bn
(2) Ri=Me, Ry =Me, R = Me, Et, Ph, Bn
(3) Ry =ClL R, =H, R = Me, Et, Ph
(4) Ri=Cl,R; =Cl, R = Me, Et, Ph



(R-(-)-FHERATED SRS RERL

3% SR

). FgE, ERTE PAREMM). BRI, 1997,

[2]. Fabienne Fache, Emmanuelle Schulz, M.Lorraine Tommasino, etal. Nitrogen-Containing
Ligands for Asymmetric homogeneous and hetercgeneous catalysis[]]. Chem.Rev. 2000, 100:
2159-2231.

Bl. E&, EEM. A% L2-BEERENEM T E[PLCN:1357534, 2001.

[4}. Klaus Thewalt, Gunter Bison, Heinz Egger, Process for the preparation of 2-amino-propanediol-
1,3(serinol){P]. US:4448999,1984,

[5]. Maria D. Rozwadowska. A concise synthesis of (R)-(+)-phenylalaninol from (18,28)- (+)-
thiomicamine[J]. ;Tetrahedron: Asymmetry,1998, 9:1615-1618,

f6]. #REM, BME, BEESE THESA— IMBRRNERENMH. BEHEE, 2000.

[7). Cerey E.J, Helal C.J. Reduction of carbonyl compounds with chiral oxazborolidine catalysts: A

new paradigm for enantioselective catalysis and a powerful new synthetic method[J]. Angew. Chem.
Int. Ed. Engl,1998,37(15): 1986-2021.

[8]. Jones T. K, Mohan J. J, Xavier L. C, et.al. An asymmetric synthesis of MK-0417. Observations on
oxazaborolidine-catalyzed reductions[J]. J. Crg. Chem, 1991, 56(2): 763-769.

[9]. Corey E. J, Imai Nobuyuki, Zhang Hong Yue. Designed catalyst for enantioselective Diels-Alder
addition from a Cy-symmetric chiral bis(oxazoline)-iron(IIl}complex{J]. J. Am. Chem. Soc.,1991,
113(2):728-729.

[10]. Evans D.A, Woerpel K.A, Hinman MM, etal. Bis(oxazolines) as chiral ligands in
metal-catalyzed asymmetric reactions. Catalytic asymmetric cyclopropanation of olefins [J].
J.Am.Chem Soc.,1991,113(2):726-728.

[11]. Soai K, Ookawa A, Kaba T, et.al. Catalytic asymmetric induction. Highly enantio- selective
addition of dialkylzincs to aldehydes using chiral pyrrolidinylmethanols and their metal salts[J]. J. Am.
Chem. Soc,1987,109(23):7111-7115,

[12]. Bedekar A.V, Koroleva E.B, Andersson P.G.. Investigation of the Effects of the Structure and
Chelate Size of Bis-oxazoline Ligands in the Asymmetric Copper-Catalyzed Cyclopropanation of
Olefins: Design of a New Class of Ligands([J]. J. Org. Chem, 1997, 62(8):2518-2526

[13]. Yang, X. Shen, J. Da, C. et al. Chiral_ pyrrolidine derivatives as catalysts in the enantioselective
addition of diethylzinc to aldehydes Tetrahedron: Asymmetry 1999, 10, 133-138.

[14]. 8ibi, Muktnd P.; Chen, Jian-xie; Cook, Gregory R.; Reversal of Stereochemistry in Diethylzinc

-8-



PRREW SRR
Addition to Aldehydes by a Simple Change of the Backbone Substituent in L-Serine Derived Ligands. _
Tetrahedron Lett. 1999, 40, 3301-3304,
[15]. (a) Wu, Yangjie; Yun, Hongying; Wu, Yusheng; Ding, et al. Synthesis of N-a-pyridylmethy!
amino alcohols and application in catalytic asymmetric addition of diethylzinc to aromatic aldehydes.
Tetrahedron: Asymmetry, 2000, t1, 3543, (b) Yun, Hongying; Wu, Yangjie; Wu, Yusheng. Et al.
Chiral ligands for asymmetric synthesis: enantio-selective addition of diethylzinc to aromatic
aldehydes catalyzed by chiral N-o-pyridylmethyl amine alcohols. Tetrahedron Lett. 2000, 41,
10263-10266. |
[16], Evans D.A, Faul M.M, Bilodeau M. T,et.al. Bis(oxazoline)-copper complexes as chiral catalysts
for the enantioselective aziridination of olefins[J]. J. Am. Chem.Soc., 1993,115 (12): 5328-5329.
[17]. Von Matt Petet, Pfaltz Andreas. Enantioselective conjugate reduction of a ,B-unsaturated
carboxamides with semicorrin cobalt catalysts[J]. Tetrahedron; Asymmetry,' 1991,2(7):691-700.
{18]. Nakamura M, Arai M, Nakamura E. Carbometalation of Cyeclopropene. Ligand-Induced
Enantiosetective Allylzincation [J]. J. Am. Chem. Soc., 1995, 117(3):1179-1180.
[19). Evans D.A, Takacs J.M, Mcgee. L.R, et.al. Chiral enolate design[J]. Pure & Appl. Chem,,1981,
53(6):1109-1127.
[20]. Enders Dieter, Thiebes Thiebes. Efficient stereoselective syntheses of piperidine, pyrrolidine,
and indolizidine alkaloids[J]. Pure andApplied Chemistry, 2001, 73(3):573-578.
[21]. Meyers A. 1, Andres C. J, Resek J. E, et.al. Asymmetric Routes to Azasugars from Chiral
Bicyclic Lactams. Synthesis of 14-Dideoxy-1,4-imino-D-lyxitol; L-Deoxymanno-jirimycin;
rhammio-1-Deoxynojirimycin and 1-Deoxy-6-epicastanospe rmine[J]. Tetrahedron,1999, 55(29) :8931
[22]. Soai K, Niwa S. Enantioselective addition of organozinc reagents to aldehydes[J]. Chem. Rey,
1992, 92(5):833-856.
{23]. Socai K, Yamamoto 8, Hayasaka T. Chiral N,N-diatkylnorephedrines as catalysts of the highly
enantioselective addition of dialkylzines to aliphatic and aromatic aldehydes. The asymmetric
synthesis of secondary aliphatic and aromatic alcchols of high optical purity[J]. J. Org. Chem.,1991,
56(13):4264-4268.
[24]). Kitamura M, Suga 8, Kawai K,et.al. Catalytic asymmetric induction. Highly enantioselective
addition of dialkylzincs to aldehydes[J]. J. Am. Chem. Soc. 1986, 108(19):6071-6072.
[25]. Satoh K, Inenaga M, Kanai K. Synthesis of a key intermediate of levofloxacinvia enantio-
selective hydrogenation catalyzed by iridium(I) complexes[J]. Tetrahedron: Asymmetry. §998,
9(15):2657-2656.

-9



(R)-()-EHRETEWNE RSk
[26]. Achiwa K. Asymmetric hydrogenation with new chiral functionalized bisphosphine- rhodium
complexes[J]. J.Am.Chem.Soc.,1976,98:8265-8270.
[27]. Cardillo, G; Gentilucci, L.; Tolomelli, A.; et al. A Stereoselective Synthesis of (2R,
3S)-N-Benzoylphenylisoserine Methy! Ester.  J. Org, Chem. 1998, 63,2351-2353.
[28]. Giuliana Cardillo, Alessandra Tolomelli, Claudia Tomasini; A New Diastereoselective Synthesis
of anti- a -Alkyl a -Hydroxy B -Amino Acids. Eur. J. Org. Chem.1999, 155- 161,
[29]. Nocioni, Alessandra Maria, Papa, Carmela; Tomasini, Claudia; A Facile and Stercocontrolled
Synthesis of syn-o-Alkyl a-Hydroxy B-Amino Acids. Tetrahedron Lett.1999, 40, 8453-8456,
[30). Garcia Ruano, Jose L.; Garcia Paredes, Cristina, Regioselective and stereoselective glycidic
oxirane ring opening:’ a new entry to optically pure g-alkyl a-hydroxy B-amino acid derivatives.
Tetrahedron Lett. 2000, 41: 5357-5361.
[31]. Juaristi, E. Ed. Wiley-VCH, Enantioselective Synthesis of b-Amino Acids, New York, 1997,
Chapter 11-13.
[32]. Escalante, Jaime; Juaristi, Eusebio. Enantioselective Synthesis of B-Amino Acids. High
1,2-Stereoinduction in the Preparation of Enantiopure 2(R)-Hydroxy-3(R)-N-benzoylamino-
3-phenylpropionic Acid {Like Stereoisomer of Taxol's Side Chain). Tetrahedron Lett. 1995, 36:
4397-4400.
(33]. Dieter Secbach, Alois Boog, W. Bernd Schweizer; EPC-Synthesis of B -Amino Acid Derivatives
through Lithiated Hydropyrimidines, Eur. J. Org. Chem.1999, 335-360.
[34]. (a) Jens Christoffers; Transition-Metal Catalysis of the Michael Reaction of 1,3- Dicarbonyl
Compounds and Acceptor-Activated Alkenes. Eur. J. Org. Chem. 1998,1259- 1266. (b) Jens
Christoffers, Ulrich R&Bler, Thomas Werner; Censtruction of Quaternary Stereocenters by
Nickel-Catalysis of Asymmetric Michael Reactions. Eur. J.Org, Chem. 2000, 701-705. (c) Christoffers,
Jéns; Mann, Alexander; Pickardt, Joachim ;Synthesis of Chiral Tridentate Oxazolines with Thioether
and Heteroaryl Donor Groups and their Application in the Catalysis of Asymmetric Michael Reactions.
Tetrahedron 1999, 55, 5377-5388.
[35]. Brunner, Henri; Krumey, Christian; Enantioselective catalysis: Part 124, Enantio-selective
" Michael reaction catalyzed by optically active transition metal complexes. J. Mol. Catal. A 1995,
142, 7-15.
[36]. Alvarez, Rosana;, Hourdin, Marie-Agnes; Cave, Christian. et al. New Polymer-supported
Catalysts Derived from Cinchona Alkaloids: Their Use in the Asymmetric Michael Reaction.

Tetrahedron Lett. 1999, 40, 7091-7094,

-10-



BRI R F L0

[37]. End, N.; Macko, L.; Zehnder, M.et al. Enantioselective Michael reactions catalyzed by chiral

bis(dihydroxazolylphenyl)oxalamide. Chem. Eur. J. 1998, 4, 818-824.

[38]. i, J.; Bames, D. M.; Zhang, J. et al. Catalytic Enantioselective Cdnjugate' Addition of
1,3-Dicarbonyl Compounds to Nitroalkenes. J. Am. Chem. Soc. 1999, 121, 10215-10216.

[39]. Sudhir N. Joshi and Sanjay V. Malhotra. Enantioselective addition of diethylzinc to aldehydes
catalyzed by a B-amino alcohol derived from (+)-3-carene. Tetrahedron: Asymmetry, 2003, 14:
1763-1766. '

{40]. Mukund P. Sibi and Shankar Manyem, Enantioselective Conjugate Additions. Tetrahedron,
2000, 56: 8033-8061.

{41}. Paola Daverioa and Matteo Zand. Enantioselective reductions by chirally modified alumino-and
borohydrides. Tetrahedron: Asymmetry, 2001, 12: 2225—2259.

[42]. Zsuzsa M. Jaszay, Gabor Nemeth, Truong Son Pham, et al. Catalytic enantioselective Michael
addition in the synthesis of a-aminophosphonates, Tetrahedron: Asymmetry, 2005, 16: 3837-3840.
[43]. Susan Abraham and G. Sundararajan. Investigation of the active species in a Michael addition

promoted by chirally modified tetrahydroborate. Tetrahedron, 2006, 62: 1474-1478.



(R)-(-)-F HE BT EYH & RS AL

FBoE R-()-FHEENSRRATHRIFRRLE

BT FHEEEREE. BT/ BBERBRMNANE", HEkIEH
AT ZNATARNRE Y. BREERE T HRI Y ERAEA
., BESGFHEEBREREZAAMENLS |, BENTERER EHATFA
HHEHRP, REEREREBRAPITHRERFHANRAATFHEEREARER
Z. FRATHKREBRNFTERERTEMBENFHRERGERER ™,

KA NaBH-H SO L EE R 81 (£)- ) -FHE B & (R)- (-) -FH &8
U2 SRR A 100% M(R)-()-FHERELTFHE, BTESTEAH
AN 5 ERH(3a-n)18 FIH B A F B EREATEY(R S)-4a~n. H (R S)-4a. (R,S)-4i
RIgaxT ) BRI F R E MR 0 BT B R (R S)-5a. (RS)-5i ] X-BH AT HE, IFFIA
AMI F 2R EEEE B EHE S B R T R, MG o 485 H R A
ERMATHERIKE. REFHUSYNEIMENRENERET AM! 2881HH
e,

NH NH
NaBH,
oH OH
.
THF
o}
1

Ph

Ph R ROE R B

R R i R ; H

: 1 O MeoH \N/\’ NaBH, 1 NH/\
HoN — ——
z /w + OH THF OH

O CH CH OH
R,
1 .

Rz

2a- 3a-j 4a-j
s, |

(1) Ry =Me, Ry =H, R = Me, Et, Ph, Bn

(2) Ry = Me, Rz = Me, R = Me, Et, Ph, Bn

(3) Ri=Cl,R; =H, R = Me, Et, Ph

(4) R, =Cl, Ry = Cl, R = Me, Et, Ph



FRAFW LAY

2.1 LR
2.1.1 FEHIHRFEA

% Bio-RadFIS-165 B4 4pailh{¥ . XL-200 BIZREFLIRIL . Perkin-Elmer240C
RITCEAL. WZZ-1S HF X BEMEN(U(D=589nm). {EE Sykam Ft iR
2 (HPLC). Siemens SMART CCD EITH{X (MoK 8%k (A =0. 710738) , FiE#L
FIRIL L, BTSRRI .

7 PR 0 54T 4

2.1.2 (A-CO-FHEEK AR

NH; NH,

OH OH

HY NaBHL, 9.70g(0.26mmolIA THF 100ml & {4 30min. %A HIEMAR-()-
FHEE 1551g(0.10mmol), BAHHE 1he F 0~10CEBIINE IR HoS04(6.8ml,
0.13mmol) ] ZBF AR (B 47 20ml) « ZEMALR . FB MNP RE 20ml H 7T
. &BEF, A SN NaOH %% (100mb) , BEHEEE 3he. A, SiE. EGH
CH:Cl; ¥E5:(Sm1X 3), ¥EHA CHCl, B (20mlX3), FHAEEFH.. FK Na;S04
FHE, RBER, BER-(O-FHEBRS 13.40g, REH Soml ZEHEL4&BOA
B4A 11.50g, W 86.5%. [a]p” =-25.5° (c=6, MeOH), 100%e.e.

IR(KBryem™: 3617( v o) 3167(F5EF 0 o) 2924 2878( U ci)s 2620~2575( v
o)y 1612, 1526, 1454, 1410(EER veae)s 1194 Cvends 1051(Vvco)s 765, 702
CERERN v o) (RIF: B 1D

'HNMR(CDCl;, 6 ppm): 7.36~7.29(5H,m,ArH), 4.06(1H, CHOH), 3.3.76~3.76
(2H,CH;), 2.59GH,0H & NHy) (WHZF: E2) .

TR MEEGHEEY%) C: 70.15 (70.04)  H: 8.06 (8.08) N:10.22 (10.21).



(R)-(-)-FHERFEDN AR SR

2.1.3 FHEAERS)-4a~n 65K
2.1.3.1 FHEHER,S)-4a FERK

HO.
N oH 0O OH
MeOH Sy
. ) NaBH,
OH THF
1 2a 3a 4a

HAMRS)-4a HWEHRLN 2-{0S-1-[(IR)-2-BE-1-FEZE)AE]|Z
) -4-REER.

e (R)-()-FEHE B 0.40g(3.28mol) F1 (2- ¥3 3 -5- B 34 ) K 2k Y BE 6 (2a)0.49¢
(3.00mmol)iF T 10m! FEEP, FiRRME 24h. JEHERBEENR 3a. HHTHHN
3a 3T 10ml THF, B NaBH, 0.14g(3.61mmol), JK/AKHA 1, HHRNERNR
SWALE, BEEHER, MAK 20ml, i IN 282 ILSERCE, B IN NaOH
YW pH T 9~10, I (20mIX3) , FK NayS0, T4k, Wk, HEHEH,
HEGEENSE (BFM: Bk SU/FE (WWV=401); BIK: ECH/
ZEzZ. B (VIV = 3:1)), 18(R.S)-4a 067, WH 855%, [alp'? =-76.9° (c = 0.5,
CHCl)» 99.0%d.e.

IR(KBr)em™:  3316( v aon)» 3027(F5 5 v cn)» 2962( 0 chiz)s 2923, 2876( v cua)s
2850~2720( v cp), 1600, 1515, 1498, 1456(5 ¥ v ¢}, 1372(8 cuz)s 1196(5 % v
—co)s 1160 Cvey), 1045(vco), 851, 828 (EHRZHUAL v o), 765, 702 GEHE
B v ) (AR B3

IHNMR(CDCls, & ppm): 7.34~6.48(8Hm, ArH), 3.78 (1H,mNCHCHa),
3.70~3.63(2H,d,CH,0H ), 3.60(1H, m, CHCH,OH), 2.17~2.12(3H, s, ArCHy), 1.32
~1.30(3H,m,CHz) (RB3: E4) .

TEAT: WEMGHEEY) C: 7521 (75.25) H:7.83(7.80) N:5.14 (5.16).

¥R S)-4a 40mg(0.15Smmol)iE T Sml HEEHR, FinuEimg 0. lnl, FEH R A EH
& E 4%, 37mg(0.12mmol), Y2 80.0%. F§ 20m] ZEZ.E/RAB(V/V=10:1)/25 ¥
R, B TEBEREN, BHER, S -5a (mp: 192.0-193.5C).,

[R(KBr)em': 3640 v og)s 3359( 0 aror)s 3096CGFFF © )y 2945( v cua)s 29234

2876( V crp)s 2850~2720( v cr)s 1600, 1515 1498, 1456(FH v o), 1196(F 5 v

o) 1160 (vl 1045( v o). 851, 828 (ﬁﬂ:Em’ﬂi U ani), 765, 702 (ﬁﬂ:i
14-

HO

£




Ha At e

BUAR v o) CHLPHR: B3 .

'HNMR(CDCl;, 6 ppm): 7.42~6.77(8Hm, ArH), 4.18 (IHm NCHCH;),
4.06~3.87(2H,d,CH,0H ), 3.68(1H, m, CHCH;0H), 2.52~2.20(3H, s, ArCHz), 1.52
~1.50(3H,m,CH;) (LK. B 32) .

TLESH WEEGHEEY) C: 6633 (66.33) H:7.20(7.20) N:4.55 (4.55).

2132 FHEBRS)-4b KER
HO
NH; OH O oH &
O/H + (;/ka MeOH E?/L\ng NaBH,
CH THF
1 2b 3b

ED(RS)-4b Ptk an 2-{Q9-1-[(1RA-2-BE-1-ZRE L EEER
H)-4-FEER.

(R,S)- 4b H1& S RATER(RS)-4a. WHE 71.6%, [alp’ =-51.6° (c=05,
CHCL),» 95.2%d.e.

IR(KBr)/em™: 3391 v aon)s 3030(FEF v c.m)s 2963 2861( v cus)» 2937.2877( v
cha)r 2850~2720( v c), 1602, 1498, 1454, 1431C5 % v c=¢)s 1249(F5 3 v c0)s
1125 Cven)s 1061( v o), 880, 824 (FRILZHUAR U arn), 768, 702 (BRI v
arn) (WLHISR: B S . '

'HNMR(CDCl;, 8 ppm): 7.17~6.50(8H,m, ArH), 3.82 (1Hm NCHC:Hs),
3.70~3.76(2H,d,CH,OH ), 3.36(1H, m, CHCH,0H), 2.26(1H, CH,OH), 2.24~1.91(3H,
s, ArCH3), 1.77~1.65(2H, s, CH2CH3), 0.88 ~0.78(3H,m,CHs) (Rft3x: E6) .

TCES: WREGHEEY%) C: 75.71 (75.76) H:8.14(8.12) N:4.95(4.91).

HO.
£

QH

=z

4b

2133 FHEBR,S)-4¢ BE R

NH, OH o OH

Ph  MeOH
+ e
OH

1 2c




(Ry-(-)- 3 Hr BT 6T A P& ARSI

WAEYIRS)-de HWEREN 2-{(18)-1-[((1R)-2-FBE-1-FEH Z B H B FEZ
)4 ERE. -

(R.S) -4e K& M SRATEF(RS)-4a. WE 78.5%, [alp® =+92.9° (¢ = 0.5,
CHCly), 95.8%d.c. _

IR(KBr)em™s  3401( v aom)s 3028(F55F v c.1)s 2973( U cu)» 29224 2872( U cua),s
2850~2720( v cyy), 1601, 1499, 1454353 v cug)s 1257(FHFF v o), 1145 (v ),
1050( v c.0), 880, 819 (FRIF=HUK v acw), 767 700 GREFREAR v prr) (LPHR:
B|7 .

'HNMR(CDCl;, § ppm): 7.35~6.66(13H,m, ArH), 4.68 (lH,m NCHAr),
3.86~3.83(2H,d,CH,OH), 3.75(1H, m, CHCH,OH), 2.20(1H, CH,OH), 2.14(3H,s,
ArCHy) (LKR: B 8) .

TES MEEGHEE%) C: 79.29 (79.25) H: 6.96 (6.95) N:4.19(4.20).

2.1.3.4 FHEERS)-4d BIE AL
HO
NH, OH O OH  Bn
@ 'ﬁjtan MeGH @l\‘u)\O NaBH,
+ —————— —_—l
OH THF
1 2d 3d

WEDRS)-4d FILEGEH 2-{ (19-1-[(1A-2-BH-1-FREZHE)E A%
HRE)-4-FEER.

(R.S)-4d #18 K SRATEFI(R S)-4a. WE 86.3%, [a]p = -17.1° (c = 0.5,
CHCL), 97.5%d.e.

IR(KBry/em™ :  3391( v aon)» 3026(F5 5 v ), 2920, 2860( v cua)
2850~2720( v cy), 1602, 1500, 1454(F3F v ), 1384( 6 cuz)s 1257(F53F v o),
1117 Cvendy 1077( v co)s 883+ 810 (EFRZEUAL v acpr), 749 700 (FREF B v
arr) (RBR: B9 .

'HNMRCDCl;, § ppm): 7.21~6.58(13H,m, ArH), 3.7t (IHm NCHCHAr),
3.69~3.60(2H,d,CH,0H ), 3.57(1H, m, CHCH,0H), 2.98~2.93(2H,s, CHbAr), 2.23(1H,
CH,OH), 2.20(3H, s, ArCHs) (FI: B 10) .

TCESH: MEEGHHE%) C:79.53 (79.51) H:7.29(7.25) N:4.01 (4.03).

-16-



PRI 34 X
2.1.3.5 ACE(R,S)-de B R

HO )
NH; OH 0 OH
\N NaBH
M a
+ eOH 4
CH THF
1 2e 3e

L& WRS)-4e BILFEREND 2-{(15-1-[(1R-2-BRE-1-BHZE)HEZ
H)-4,6- _FEERE),

(R,S)- de MEMERATER(RS)-4a. W 758%., [alp®=-57.8° (c = 0.5,
CHCl3), 96.7.%d.e.

IR(KBr)em™:  3403( v aon)s 33200 0 nip)» 3028CFHFF v cpp)s 2975( U cns)» 29304
2874( v o), 2850~2720( v cw)s 1601, 1455, 1383(FH veg), 1267(FH v —co)
1169 Cvendy 1095( Y co)r 865 (EIIURNA v ach), 7260 699 CEIFBREUE v orpy)

(RBFE: B1D .

'HNMR(CDCl;, & ppm): 7.41~6.40(7H,m, ArH), 3.78(1H, m, CHCH,OH),
3.75~3.68(2H,d,CH,0H ), 3.66(1H,m NCHCH3), 2.25-~2.25(6H, s, ArCHs), 1.38
~1.36(3H,m,CH;) (LRt B12) .

TES: WEEGHEEY) C: 7573 (75.76) H:8.11(8.12) N:4.93 (4.91).

2.1.3.6 FHEEER,S)-4f &R

HQ.
NHz oH 0 OH Et
e
B peOH N NaBH,
O)EH 4I>/L \@X )\O s
1 2f 3f 4f

AR S)-4f HitktEdreh 2-{ (19 -1-[ (1R -2- 8% 1R 7 IYF KK
Hy4.6- " FEER,

(R,S)-4f )& RS RIAITERI(R S)-4a. W 772%, [alp'® = -60.7° (¢ = 0.5,
CHCL), 98.8%d.c.

IR(KBr)em™: 3404( v aro)s 3306( 0 )» 3025(35FF v i) 2974 V cyrz)s 29194
2868( v ciz)s 2850~2720( U o), 1611, 1484, 1453, 1376(EF v o)y 1245(F5FF v
=c-0)» 1118 Cvca)s 1062( v ) 860 (RFFTUBA v anp), 753+ 702 CRFFHLIRAK, v
act) (HPFZ: B13) .

HO.

=




(R)-(-)-FH BB DN A RS
'HNMR(CDCl;, 8 ppm): 7.40~6.36(7H,m, ArH), 3.75(1Hm NCHC,Hs),
3.81~3.70(2H,d,CH,OH ), 3.73(1H, m, CHCH,0H). 2.21~2.17(3H, s, ArCHs),
1.80~1.69(2H, s, CH,CH3), 0.81 ~0.78(3H,m,CH,) (LFF: & 14) .
TES: MEECHEEY) C: 76.18 (76.22) H: 8.45(8.42) N:4.65 (4.68).

2.1.3.7 FHEHRS)-4g BEH

HO

HO.
NHa OH o) OH Ph OH ;n
Ph MeOH Sy NaBH,
v - —_—
OH THF
1 2g 3z

4z

WEVIRS)-4g MLERER 2-{(19-1-[{(1RA-2-BR- - FEHZH)EH %
AR -4.6- " HERKE.

(R,S) -4g I &M ERAMER(RS)4a. WE 77.1%, [alp = +17.5° (¢ = 0.5,
CHCl3), 97.6%d.e.

IR(KBr)/em™': 3425( 0 aron)s 3324( v s 3030(FH v cyp)s 2953( V0 cra)s 2923,
2874( v cup)s 2850~2720( v cyy), 1611, 1482, 1384(FH v ), 124555 v o))
111 Coends 1067(vco)y 863 CREUHUL v arp), 760, 703 GEIRHEAL v arn)
(R B15) .

'HNMR(CDCl;, 8 ppm): 7.41~6.40(12H,m, ArH), 4.69 (1H,m NCHATr), 3.87(1H, m,
CHCH,0H), 3.81~3.72(2H,d,CH,OH ), 2.25~2.12(6H,5,ArCH;) ¢ WLFt: E16) .

AEST: WEEGHEEY) C: 79.54 (79.51) H: 7.23 (7.25) N:4.07 (4.03).

2.1.3.8 FHERER,S)-4h KA R
NHy oH © OH Ba on
Ba MeOH Sy NaBHy i
. OH * - THF
1 2h 3h 4h

HEBRS)-4h e h 2-{ 19-1-[((1A-2-BH-1- R 7 )& &%
HERE}-46-— PEER.

(RS)-4h BB M ERATEFRS)4a. BRS-4h, KL 722%, [alp'’=
-77.5° (¢=0.5, CHCly), 97.1%d.¢.

I=

(1]

H
Bn




FHARSW LSRR

© IR(KBrYem-1: 3488( U aon) 3025(EFF vey) 2998( v us)s 2914 2869(V
cH2)s 2850~2720( v cyp), 1613, 1482, 1455. 1435(F K v )y 1241(FFF v co)s
1155 Cocad, 1068( v c.o), 862 (FREFIYERAK v orpy), 746, 698 GEFRBELAL v o) (L
Mx: B®17) .

'HNMR(CDCls, 5 ppm): 7.32~6.45(12H,m, ArH), 3.71 (IHm NCHCH,Ar),
3.65~3.61(2H,d,CH,0H ), 3.69(1H, m, CHCH,OH), 3.02~291(2H, s, CH,Ar),
2.25~2.18(6H, s, ArCHy) (WLHTF: B 18) .

TR WEBECHHAEY) C: 79.68 (79.74) H:7.52(7.53) N:3.89(3.87).

2139 FHEER,S)-4i K45

HO.
NH; OH o] OH
MeQH \N
¢
+ ~_NaBH,
oK THF
Cl Cl
1 2i 3i 4i

AR S)-4i MERER 4-F-2-{(18)-1-[(1R)2-BH-1- KHEZHEHR)Z
HYEH.

(R,S)-4i B & RS IRATIER(R S)-4a. 1 806%, [u]p'®= -76.5° (¢ = 0.5,
CHCL), 100.0%d.e.

IR(KBr)fem™: 3317( v aon)s 3028(F5FF v ) 2963( 0 cis)r 2924+ 2878( ¥ i)
2850~2720( v cy)s 1585, 1486, 1391(35¥F v og)s 1375( 8 cua)s 1255(FH v co)s
1120 (vend, 1058(veo), 873, 824 (FH=HUAL v orp), 7464 702 (EERHAER v
art) CLH3R%: B 19)

'HNMR(CDCl3, 8 ppm): 7.40~6.71(8H,m, ArH), 3.83 (1H,m NCHC,Hs), 3.75(1H,
m, CHCH;OH), 3.69~3.64(2H,d,CH,0H ), 1.39~1.36 (3H,m,CH3). (WFf: & 20D

TR BT EAEY%) C: 65.77 (65.86) H: 6.25 (7.536.22) N: 4.79 (4.80).

K (R.S)-41 410mg(0.14mmol)¥&F-T Sml FHEZH, FMWKEER 0. lnl, fEHERBH
B, 32mg(0.11mmol), W 78.6%. F 20ml 2B ZE/REBV/V=10:1)E& %
FIER, BRTEBEREN, BESR, -5 (mp: 197-199T).

IR(KBr)/em™: 3360( v aron)s 3100(FFR v ¢pp)s 2966( 0 cuz)s 2924 2818( v cpz)s
2850~2720( v ci)s 17424 16014 1391(BEH v o), 1252FHF v cg)s 1135 Cvon),
1056( v c.o)y 874, 822 (FIE=HUAR v ary), 7272 702 (RFFEEL v or) (FHR:

-19-
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(Ry-(-- R HBRATEDO SRS UL

'HNMR(CDCl;, & ppm): 7.42~6.77(8H,m, ArH), 4.18 (1Hm NCHCH,),
4.06~3.87(2H,d,CH,OH ), 3.68(1H, m, CHCH,OH), 2.52~2.20(3H, s, ArCHs), 1.52
~1.503H,m,CH;) C(ALBix: B 34) .

TEESHT: WEEGTEEY) C: 58.55(58.55) H:5.83(5.83) N:4.27(4.27).

2.1.3.10 FHEE(R,S)-4j K14 R

HO.
NH, OH 0 OH Et
x
+ Et MeOH N NaBH,
OH THF
cl o]
1 2j 3j 4j

WEPRS)-4j M EGEHN-F-2-(19-1-[{(1D-2-B&E-1-FH ZH)EH)
PE ).

RS -4 R ERANBERRS)4a. WEL08%, [alp'’= -77.6° (¢ = 0.5,
CHCLy),» 96.9%d.e.

IR(KBr)/em™: 3414( v pron)s 3318( 0 i)> 3061(35HF v )y 2962( 0 o) 2933
2876( v cua)» 2850~2720( v cu), 1598, 1456, 1382, 1354(F%F v o), 1265(FF v
=c0)r 1174(Ven)s 1063( 0 o), 864 (FEFPUEAR v ), 727 701 (KEFBAFE v o)
(AP B2 .

"HNMR(CDCls, 8 ppm): 7.40~6.67(8H,m, ArH), 3.85 (1H,m NCHC,Hs), 3.76~3.67
(2H,d,CH;OH ), 3.36(1H, m, CHCH,OH), 1.70~1.65(2H, s, CH;CHj;), 0.83~0.79
(3H,m,CHy) (F3%: E22) . :

TRET: WEEGTHAE®) C: 66.71 (66.77) H:6.56 (6.59) N: 11.61 (11.59).

2.13.11 FHEMAE(R,S)-4k HIE R

HO

’ HO
NH, oH O OH  Ph OH  Ph
. S H
Ph MeOH N NaBH,
+ — —_——
OH THF
Cl Cl
1 2k 3k

4k
AR -4k B N4 -2-{(15)-1-[(1R)-2- P - - F R ZEYE H) ¥ 5

-20-
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BYRIR WIS 4103

ZEYEE).

(R,S)- 4k & S RAI R E(R S)-4a. WET9.8%, [o]p''=+46.5" (¢=0.5,
CHCl), 97.6%d.e.

IR(KBr)/em™: 3319( v aron)s 3027(55F v cap)s 2925 2871( v cyz)s 2850~2720( v
cH) 1595, 1496, 13915 R v cag)s 1258(F5 3 v o)y 1120 (v en), 1058( v co).
878, 822 (EHZHUA v arw), 7464 701 CEFRARAL v ocyy) (RIFF: B 23)

'HNMR(CDCl;, 8 ppm): 7.35~6.66(13H,m, ArH), 4.68 (IHm NCHAr),
3.86~3.83(2H,d,CH,OH ), 3.75(1H, m, CHCH,OH) (JL}5: B 24) .

TESH: MEECHHEEY) C: 7133 (71.28) H: 5.73(5.70) N:3.89 (3.96).

2.13.12 FHRMERS)-4] HER
. HO. o]
NH, oH 0 OH =
:J\ C'\Q/Jk °‘\(>/L\j\:: ¢ )\i
+ MeOH N ﬂ__ N
OH THF
Gl Cl

1 21 31 41

WAED(R S)-41 BFEME R 2,4-ZH-6-{(18)-1-[(1R)-2-F2 - 1- K Z ) E K]
ZEYER

(R,S) - & L SR AT IERR S)-4a. WE83.6%, [ulp”=-90.0° (c=0.5,
CHClLy), 95.9%d.e.

IR(KBr)Yem-1: 3429( v aon)y 3064(F5HR v cp)s 2963( v cs)s 2927 2875( Y cina)s
2850~2720( v cu)s 1601, 1450, 1377(F5F v ec)s 1263(35FF v co), 1176 (v n)d,
1058( v c.o)s 864 CEIFPYERAL v ary), 729+ 702 (BTG v anp) (FEF: E25) .

"HNMR(CDCl3, 8 ppm): 7.43~6.63(7H,m, ArH), 3.90(1H, m, CHCH,0H), 3.76
(JH,m NCHC,Hs), 3.79~3.66(2H,d,CH,0H ), 1.40~1.38 (3H,m,CH;) (PR E26)

TCEMT: WEMEGHEEY%) C: 58.81 (58.91) H:529(5.25) N:4.26 (4.29).

2.1.3.13  FHEER,S)-4m KI5 B

NHy OH o] OH Et CH Et

og'




(Ry-(-)-F W EFIATE Wi & B 5 hk ik

WAEYIRS)-4m KIHLEMEZAR 2, 4-—8-6-{(19-1-[(1RA-2-FH-1-FEZ
B ETAE) R

(R.S)-4mK) & R SR AT FZF (R S)-4a. YTH84.1%. [a]p?’=-94.0° (c=0.5,
CHCl;), 98.1%d.e.

IR(KBr)em™: 3418 v aron)s 3319 v ar)» 3064(FHH v cp)s 2967( v cng)s 29334
2876( Y cimp)s 2850~2720( v cy)s 1599+ 1455, 1382, 135435 v cag)s 1265(F5H v
=c-0)» 1174( v ), 1063( U c.0)s 864 (RERIYELA v ar), 727, 701 GEFREAEUE v ar)

(M B27 .

'HNMR(CDCl;, 8 ppm): 7.42~6.59(7H,m, ArH), 3.89 (1Hm NCHC,Hs),
3.80~3.37(2H,d,CH;0H ), 3.67(1H, m, CHCH,OH), 1.75~1.67(2H, s, CH,CH3), 0.83
~0.80(3H,m,CH:) (JHLFR: B 28) .

TCEHT: P EGHEEY%) C: 60.14 (60.01) H: 5.65(5.63) N:4.08(4.12).

2.1.3.14 FHEEFR,S)-4n KEEE

HO.

HO
NHy OH o] or Ph QH Bh
Cl a . cl H
Ph N NaBH,
+ MeOH H
H THF
(=] |
1 2n 3n

4n

HEWRS)-4n MILERLA 24-ZF-6-{(1S)-1-[(1R)-2-Fo - 1- K HE 2T
BEIRELEY)EE. '

(R,S)- M & RS RAITER21.3.1. HES4.1%, [a]p®=+643° (¢=0.5,
CHCl3), 96.4%d.e.

IR(KBr)/em-1: 3425( v pron)» 3059(FH5 3R v )y 2921.2878( U crp)» 2850~2720( v
ch)r 1601, 1454, 1378035 v o)y 1253(FH vc.o)s 1178 (v )y 1056( U co)s
864 CEIFIUERAR 0 prpr), 728+ TOLCEFREINL v o) CLHER: B129) ,

'HNMR(CDCls, 8 ppm): 7.34~6.56(13H,m, ArH), 4.64 (1H,m NCHAr), 3.88(1H, m,
CHCH,OH), 3.75~3.72(2H,d,CH,0H ) (JLHZ: B 30) .

JLEFAT: A (HEAEY%) C: 64.83 (64.96) H: 4.98 (4.93)N: 3.58 (3.61).

22 HRiTik

(R.Sy-4a FI(R,8)-4i KX B b B8 S A T B A2 MY o JBIT#E AMI semi-empirical
KETERAMUAERNMFRAMNTESHEEE, ETESHER, wmET
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F KSR it
(R.S)-4b~(R,S)-4h KI(R,5)-4j~(R.S)-4n I HRL,

2.2.1 (R,S)-4a MEXTH I E
(R,S) -da HY4EXTHR ZARIE 28 8 (R,S) -Sa (AR HI IR 52 1.

OH

CHy

T +
9

BE (RS -5

#2-1. BE(RS) -5a H5iE

Table 2-1.

Crystal (R,S)-5a data

Formula
Formula weight
Crystal shape/color
Crystal size/mm
Crystal system
Space group

al A

B A

o A

o

pr

A

A

Zz

C21H30CINO4
395.91
block/coloriess
0.50x0.40x0.12
Monoclinic

P2 (1)

12.043(2).
7.7441(16)
12.043(2)

S0

103.07

50

1094.2(4)

2

0.71¢73

7K

pimm™ (Mo-Ka)

Dxlg cm’

Data / restraints / parameters
F(000)

Transmay

Transm;,

Grang

Index range (k, &, )
Reflections collected
Independent reflections
Goodness of fit in 7

Ry, wR: [I2 20(1)]

Ry, wR; (all data) -

Absorption coefficient

298(2)
0.072

1.202

3672 /168 / 250
424

0.9765

0.9071

1.74/25.15

-14/10, -8/9, -14/14

5629

- 3672

1.045
0.0539, 0.1444
0.0523, 0.1424,

0.199 mm™!

Wavelength / A
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®2-2. BHRS) 5 PEERTHOLEFELEESHEEERLESH

Table 2-2. Atomic coordinates (x10*) and equivalent isotropic displacement parameters (A x10%)
for crystal (R,8)-5a

X Y z Uleq)
C(1) 2637(3) 1365) 7310(3) 57(1)
C(2) 2609(4) -814(6) 6285(4) | 76(1)
(o)) 1609(5) -787(6) 5437(3) T
C(4) 663(4) -29(6) 5637(3) 66(1)
C@5) 681(3) 758(5) 6668(3) 51(1)
C(6) 1672(2) 790(4) 7514(2) 39(1)
C(7) 1726(2) 1551(4) 8672(2) 370)
C(8) 1193(3) 372(4) 9420(3) 50(1)
c(9) 1625(2) 4678(4) 8003(2) 34(1)
C(10) 717(2) 6066(4) 7627(3) 45(1)
ca 2707(2) 5407(4) 8735(2) 36(1)
C(12) 3636(2) 5700(4) 8266(3) 43(1)
C(13) 4603(3) 6567(5) 8852(3) 54(1)
C(14) 5599(3) 6900(7) 8299(4) 87(2)
C(15) ' 4619(3) T10%(5) 9941(3) 60(1)
C(16) 3715(3) 6800(5) 10446(3) 5H1)
c(17) 2761(2) 5958(4) 9850(2) 41(1)
C(18) 2151(4) 3088(12) 3504(5) 115(2)
c(19) 2845(5) 3413(10) 4665(5) 112(2)
C20) 4620(7) ' 3021(15) 5910(6) 158(3)
cen 5616(7) 2090(20) 5941(7) 215(6)
CK1) 8432(1) 3083(1) 7833(1) 46(1)
N(1) 1135(2) 3263(3) 8611(2) 34(1)
o(1) 2635(5) 4201(8) 5468(4) 155(2)
0(2) 3851(3) 2682(8) 4793(3) 127(2)
0(3) 1831(2) 5626(4) 10295(2) 57(1)
O(4) 1245(3) 1230(4) 10469(2) 73
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FREM 2R Y

Table 2-3. Hydrogen coordinates (x10* and isotropic displacement parameters (A’ x10%)

for crystal {R.S)-5a

X y z Uleq)
H(D) 3309 -10 7872 68
H(2} 3254 -1370 6159 91
H(3A) 1592 -1292 4732 92
H(4A) -7 -37 5074 80
H(5) 23 1272 6795 61
H(7) 2529 1721 5048 45
H(8A) 407 125 %049 60
H(8B) 1607 =711 9550 60
H(10A) 520 6566 8286 68
H(10B) 51 5556 7149 68
H{10C) 1009 6948 7210 68
H(12) I613 5303 7532 51
H(14A) 5842 8079 8426 130
H(14B) 5367 6687 7494 130
H(14C) 6219 6245 8627 130
H(15) 5254 7700 10349 72
H(16) 3759 7161 111914 69
H(18A) 1362 3288 3492 172
H(18B) 2253 1914 3293 172
H(18C) 2389 3853 2975 172
H(20A) 4786 4246 6000 189
H(20B) 4269 2561 6520 189
H(21A) 5501 908 6120 322
H(21B) 6224 2572 6514 322
H21C) 5809 2160 5212 322
H(1A) 1153 Jo18 9326 40
H(1B) 399 3114 8257 40
H(3) 1828 6291 10824 86
H(#) 1428 540 10995 109




(Ry-(-)-FHERGTEGHE RS

24 BR(RS) -5a MEKFEEA
Table 2-4. Bond lengths (A) and angles (%) for crystal (R,8)-5a

C(6)-C(1)-C(2)-C3) 1.3(6) C(9)-C(11)-C(12)-C(13) 171.7(3)
C(1)»-C@2)-C3)-C(4) -2.2(7) C(11)-C(12)-C(13)-C(15) 1.2(5)
C@R»CBY-CH-C(5) 1.4(7) C(11-C(12)-C(13)-C(14)  -178.7(4)
C)-CMAYC(5H-C(6) 0.3(6) C(12)-C(13)-C(15)-C(16)  0.5(6)
C(4)-C(5)-C(6)-C(D) -1.2(5) C(14)-C(13)-C(15)-C(16) -179.7(4)
C(4)-C(3)-C(6)-C(7) -176.9(3) C(13)-C(15)-C(16)-C(17) -1.3(6)
C(2)y-C(1)-C(6)-C(5) 0.4(5) CUSK-C(I6)-CUITIOB3)  -179.3(3)
C(2)-C(1)-C(6)-C(T) 176.3(3) C(15»-CA6-CIT-C(11)  0.4(5)
CEYFCOXCTN() -45.3(4) CO2»-C1)-CIT-0(3) -179.1(3)
C(1)-C(6)-C(7)-N(1) 139.0(3) CE-C(1)-C(17)-0(3) 7.3(4)
CG)C(6)-C(N-C®) 76.1(4) C12)-C(11)-C{17-C(16) 1.2(5)
C(1)-C(6)-C(7)-C(8) -99.7(3) C(9)-C(1H-C(17)-C(16) -172.4(3)
N(1)-C(7)-C(8)-O(4) -53.6(3) C(6)-C(7)-N(1)-C(9) -62.0(3)
C(6)-C(7)-C(8)-O(4) -177.7(3) C(8)-C(7)-N(1)-C(9) 174.0(2)
N(1)-C(9)-C(11)-C(12) 135.5(3) C(11)-C(9)-N(1)-C(7) -76.6(3)
C(10»-C(O-C(11)-C(12) -102.1(3) CUOMCEOND-CT  159.2(2)
N(1)-C(9)-C(1 D-C(17) -50.9(3) O(1)-C(19)-0(2)-C(20) -3.2(11)
C(10)-C(9)-C(11)-C(17) 71.4(3) C(18)-C(19)-0(2)-C(20) 177.0(7)

C7-C11-C(12)-C(13) -2.0(4) C(21)-C(20)-0(2)-C(19) 176.7(9)
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B 2-1. 85 (RS)-5a #y 3D 444
Figure 2-1. 3D structure of crystal (R,S)-5a

B 2-2. 35 (R,S)-Sa f) &R B3 PR AL B
Figure 2-2. A view of the packing in crystal (R,S)-5a




(R)-()-FH R EDN & RS

B 2-3 8.4 (R,S) -5a B9 G BEMI 3L AN E
Figure 2-3. A displacement ellipsoids of crystal (R,S)-5a

View down ¢ axis
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FRAE TR
RIZEXT MBI 4 S, B AMI semi-empirical 7718 NaBH, 3[R R B IERIM T B2
BEER BT R BATHER.

—RRi, NaBHyiGRRARSEN, BEE B RTFS5TRMN N FEF,
FERX B-O-C-C-C-N ATCHREES 32, REEEFTANETE, SETHETM
si BB T re IHE, SFHIB BB NMTES: (RS)-3'a-Ts FI(R,R)-3'a-Ts.

£ AMI semi-empirical X F T H/MULITEHRATRANTESH AR, HHE
R EAR(R,S)-3%a-Ts 115 R LTI AR (R,R)-3’a-Ts G BEE /> 1.22 Keal/mol ™,
EERTERRS)-3a-Ts BIRE, MUBSERFENFFHEFLOL S HE, &
HHNERSLREREHM.

3’a

(R,R)-3’a-Ts (R,S)-3a-Ts
0.00 Kcal/mol™ 1.22 Kcal/mo}™!

29.



2.2.2 (R,S)-4i BIZax) # B B 2
(R,S)-4i RZBXTHI BY R ARIE B Sa(R,9)-51 MBI R M ER) .

HO.

(R)-(-)-FEHERMTEDM SRS

OH

Cl

BR(RS)-Si

#* 2-5. BE(RS-5i FIE

Table 2-5. Crystal (R,5)-5i data
Formula C20H27 CIZN O4 TIK 298(2)
Formula weight 416.33 pfmm™ (Mo-Ka) 0.072
Crystal shape/color  block/colorless Dxlg cm’ 1,258
Crystal size/mm 035x0.21x0.18 Data/restraints/parameters 3294 / 162 / 249
Crystal system Monoclinic “F(000) 440
Space group P2 (1) Transmax 0.9448
al A 11.912(3) Transpig 0.8966
b A 7.7221(18) @ rang /* 1.76/25.03
o A 12.312(3) Index range (A, k, D) -14/12, -5/9, -14/14
af 20 Reﬁections collected 4637
B 103.993(3) Independent reflections 3294
A 90 Goodness of fit in 7 1.080
Vi A 1098.9(4) Ry, wR; [J2 20(D] 0.0670, 0.1735
z 2 R, wR; (all data) -0.0705, 0.1777
Wavelength / A 0.71073 Absorption coefficient 0.319 mm"
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# 2-6. B EA(RS)-S5i FALZ R T HIA B A HRE B EHEL B S 5
Table 2-6. Atomic coordinates (x10*) and equivalent isotropic displacement parameters (A* x10°) for
crystal (R,8)-5i

X Y z “Uleq)
C(l) 6610(4) -959(6) 1409(3) 51
C(2) 5941(5) -1785(7) 487(4} 66(1)
c@3) 4853(6) -2350(8) 464(4} 72(2)
C4) 4404(5) -2079(8) 1381(4) 68(1)
C(5) . 5052(4) . -1253(6) 2302(3) 43(1)
C(6) 6170(4) -687(5) 2338(3) 41(1)
C(7) 6956(3) . 40(5) 3387(3) 38(1)
C(8) 7359(4) -1351(6) 4279(4) 50(1)
C®) 6258(3) 3153(5) 3292(3) 41(1)
C(10) 5528(4) 4321(6) 3839(5) 54(1)
c(an 7411{4) 3918(5) 3297(4) 43(1)
C(12) 8310(4) 3977(6) 4243(4) 54(1)
C(13) 9331(4) 4778(7) 4214(6) 72(2)
c(14) 9475(5) 5524(9) 3264(8) 93(2)
C(15) 8588(6) 5495(9) 2305(6) 86(2)
C(16) 7567(5) 4694(7) 2323(5) 62(1)
c(17) 11496(8) 1596(17) 2869(6) 136(3)
C(18) 10315(10) 1200(18) 2212(8) 141(3)
C(19) 9137(11) 1260(30) 510(11) 204(5)
C(20) 9118(10) 2140(40) -567(11) 255(9)
N(1) 6353(2) 1448(4) 3886(2) 36(1)
o) 4650(3) -948(5) 3240(3) 61(1)
0(2) 4481(3) 3491(5) 3827(4) 72(1)
0(3) 9439(8) 464(14) 2347(9) 196(4)
04) 10259(6) 1716(15) | 1154(4) 165(3)
Ci(1) 6497(2) -2121(3) -681(1) 116(1)

CI(2) 2752(1) 6653(2) 3488(1) 49(1)
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F27. BERS) -5 PERTHLIERAERE DR LB SR

Table 2-7. Hydrogen coordinates (x10*) and isotropic displacement parameters (A’ x10%)

for crystal (R,5)-5i

X y z Uleq)
H(1A) 5636 1080 3838 43
H(IB) 6739 1609 4604 43
H(IC) 7352 -586 1408 62
H(2) 3962 211 3739 108
H(3) 4417 -2914 -165 87
H@) 3661 2457 1372 82
H(7) 7638 541 3194 45
H(8A) 7864 -841 4927 74
H(8B) 7766 -2241 3986 74
H(8C) 6700 -1845 4483 74
H(9) 5839 2968 2512 49
H(1) 4082 -1556 3223 9l
H(10A) 5938 4568 4604 65
H(10B) 5379 5408 3435 65
H(12) 8224 3472 4904 65
H(13) 9932 4809 4857 86
H(14) 10173 6058 3256 111
H(15) 8684 6014 1651 103
H(16) 6970 4668 1677 74
H(17A) 11477 1861 3626 204
H(17B) 11794 2573 2545 204
H(17C) 11987 611 2863 204
H(19A) 8536 1698 846 245
H(19B) 9053 17 415 245
H(20A) 8639 3155 -636 383
H(20B) 8813 1368 1176 383
H(20C) 9891 2474 -583 383
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Table 2-8. Bond lengths (A) and angles (°) for crystal (R,S}-5i

C(6)-C(1)-C(2)-C(3)
C(6)-C1-CR)-CI(T)
C(1)-C(2)-C(3)-C(4)
CI(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5}
C(3)-C(4)-C(5)-0(1)
C(3)-C(@)-C(5)-C(6)
C(2)-C(1)-C(6)-C(5)
C(2)-C(1)-C(6)-C(7)
C(4)-C(5)-C(6)-C(1)
O(1)-C(5)-C(6)-C(1)
C(4)-C(5)-C(6)-C(7)
O(1)-C(5)-C(6)-C(7)
C(1)-C(6)-C(T)-N(1)
C(5)-C(6)-C(T)-N(1)
C(1)-C(6)-C(T)-C(8)
C(5)-C(6)-C(T)-C(8)
C(11)-C(9)-C(10)-0(2)

C(17)-C(18)-0(4)-C(19)

-0.2(8)
179.9(4)
0.5(9)
-179.5(5)
-0.2(9)
-179.9(5)
-0.5(8)
-0.5(7)
173.3(4)
0.8(7)
-179.7(4)
-172.7(5)
6.8(6)
135.6(4)
-51.0(5)
-103.5(4)
70.0(5)
-178.4(4)

177.4(12)

N(1-C(9)-C(10)-0(2)
N(1)-C(9)-C(11)-C(12)
C(10)-C(9)-C(11)-C(12)
N(1)-C(9)-C(11)-C(16)
C(10)-C(9)-C(11)-C(16)
C(16)-C(11)-C(12)-C(13)
CO}-C(11)-C(12)-C(13)
C11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(11)
C(12)-C(11)-C(16)-C(15)
CO)-C(11):C(16)-C(15)
CAT1)-C(O)-N(1)-C(7)
C(10)-C(9)}-N(1)-C(7)
C(6)-C(7)-N(1)-C(9)
C(8)-C(7)-N(1)-C(9)
O(3)-C(18)-0(4)-C(19)

C(20)-C(19-0(4)-C(18)

-54.1(5)
-45.5(5)
75.5(5)
138.3(4)
-100.7(5)
-0.3(7)
-176.5(4)
0.1(8)
0.3(10)
-0.5(10)
0.3(9)
0.1(7)
176.4(5)
-61.2(4)
1743(3)
-76.3(4)
160.4(3)
1.6(17)

171.1(14)
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| 2-4. B85 (RS)-5i #) 3D 4544
Figure 2-4. 3D structure of crystal (R,5)-5i

2-5. B8 (R.S)-5i M1 & MK ARTIL B
Figure 2-5. A view of the packing in crystal (R,S) -5i
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FaRFRL RN

2-6 Fgh (R,S)-5i M RBEMI AR (AL E
Figure 2-6. A displacement ellipsoids of crystal (R,S) -5i

BB 2-5. 2-6. 2-7T W FH, Si MAEXAEIARS), BIHFFERNFERC)IMG
A S, H AMI semi-empirical %1 H NaBH, i&ﬁfiiﬁ%ﬁﬁ&@ﬁ’n‘ﬂ?ﬁ%&ﬁ‘éﬁmﬁ
AR B AT I 5

—R ¥, NaBILERERAAERN, BAE B BRF5EEN N RFERA,.
R B-O-C-C-C-N AHATES 31, BEEEFTFANETE, S8 FETN
si BB T re Y, 7 HRIRATES: (RS)-3-Ts F(R,R)-3i-Ts.

£ AMI semi-empirical KF FEMIHEBIARMTESH LSRR, HHE
RRTEARS)-3i-Ts KB EER T EARR)-3I-Ts FE R/ 1.20 Keal/mol',
RERTESRS-I-Ts BRE, UBSERE=ENTFHP 0L S A, B
WitE SRS TR R RN,
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(R,R)-3i-Ts (R, 8)-3i-Ts

0.00 Kcal/mol! ‘ 1.20 Kcal/mol™

2.2.3 AMI semi-empirical J7 ¥ 7E 2 %) BUH & o 9

BILX B (R,S)-5a « (R.S)-5i X-SHRATH MBOR T HE THFHE P Om 4
HHIRH S #E!, 5 AMI semi-empirical #EMIIHH R —H. FH AM] 2R
HENE—MANHES RN ESH TR E, LR EAREN
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2 s AL
Wi, NS BRI R ., Frel AMI E2RITEET UNAT 40
o 3o 1) B P S
A AM1 25 NaBH, B R R BB NI ES RN SR, THE
RREFTESRS)-3a-n-Ts FIE R LITHARR)-3'a~n-Ts AR/ (K 2-1),

X R P EER S)-3a~n-Ts Eﬁ%? Bl 3a~n EFTEE S 4a~n BFHFHE L
S R,

3’a~n

(R,R)-3’a~n-Ts

(R,5)-3’a~n-Ts

=37



0.9, da~nitHEA R AL S I b B A

Table 2-9. The transition state energy and absolute structure of 4a~n

ITEAEEE (Keal/mol™) FFHEPON
E(H..S')-3’l~n-Ts = E(R,R)-S'a-n—Ts %H #‘Jgg
4a 1.219 | 0y
4b 2.531 S
de 2.337 S
4d 0.609 S
de 2133 S
4f 0.462 s
4g 4312 s
4h 1.836 iy
4i 1.203 S
4j 2.031 s
4k 1,586 S
4l 1.508 s
4m 1.766 s
4n 2.109 s
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224 it

FILLAR)-()-FHEBARGREERT R)-()-FH A, WE86.5%., FLLE
2AEIR)-(--FHERIFUHE, 8RR EFERRE, BRI+ ERAREFE
B 2-{(1S)1-[(IR)-2-BE-1-ZEZE)VE R ZE }4- P EEXB(RS)4a) .
2-(S-1-[(IR)-2-BH-1-FHZE)B K] Z K46 Z FEEB (RS)4e). 4-8
2-{(18)-1-[((1R)-2- B H-1- F R ZEVE E) Z 5 ) F((R,S)-4i). 2, 4-ZF-6-{(15)-1-
[((1R)-2-¥3 8- 1-F R ZIYE X ZEVER(R,S)-MF, HFERT1.6~863%. BT FE
HPLCHIE Hd.e 895.2~100.0%. Fié it B &dRPRERLEE, BETIR,
'HNMRAITE TR :

AZBMZE/FEE (V: V=10: 1) ETIERRS)-4af(RS)4i, ZRTEE
HRERE DI EFRL S W) B & (R,S)-SafI(R,S)-5i. FIAIX-STERTHBAMET
FHHRENELETHLFEERENAGNBEE: BREBASE: BRRIDEM;
HAFTRSNSBIARRE. Bl R RNX- SR HRESARET
(R,9)-5aFI(R,S)-4iF P F NS WL,

FIFAM RSB S G — M AR RE S RN MAA L EAHTRAWE,
BT ESEENGE BREERS)-5aMRS)-4iTHF P OREXT HRATES
IR, AT AA B ERETIELE. BUTENERSERERE 8. ¥
AM] 28T EEN R T RS+ I E(R,S)-4b~hFI(R,S)-4j~n), i 5E H TP L
BoZast M BB RS
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(R-(-)-FHBENEWO & k5L

FZE FHEABCA-BR_ZESFRCBEN
Michael 51 5% B

R HRNEE RN —, T Michael IR REEZ X301, He,
BARBKRN B RN RO RN . RRES 2R FiE
Eif45 Ru, Co, Rh, Ni, Cu, Zn, Cd, Al ¥& BB FAE, REH T A% Michael
A, FELTFHES MR T BT LR,

FXFARC-FHEBRTEMNFUHRCEAR B - ZEMF D HTHEAR
STFK Michael AR, #HARARE TEEAWEN ee .

3.1 XS

3. 1.1 B[R

WZZ-1S %5 2% B 308 Y60 (D=589nm) . % E Sykam Ff = R0 £ (HPLC).
£ BFEFRIE.

TR R A 4 et
3.1.2 FHREAELE-R=ZENK AT Michael I8 5 R

chirzl catalyst
+ CHyCOE)y, ——— =
LiAlH,

CH(CO,E),

Chiral ligand:

h

=
130

s, ) |

(5} Ry=Me, R;=H, R=Me, Ei, Ph, Bn
(6) R;=Me, R;=Me, R = Me, Et, Ph, Bn
(7) Ry=Cl,R;=H, R =Me, Et, Ph

(8) R;=CL R;=ClLR=Me,Et, Ph
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3.1.2.1 M4k (R, S) -4a ALK B — ZEAXFF S4B B Michael fn 5 & N

F 3l = | A A LiAlH, 5.6mg(0.15mmol) #1 T ¥ B2 /4 (R,S)-4a 40.03mg
(0.15mmol), EAARYF, T A 10ml THF, WKB#HEE 30min, MATA B =78
0.12¢(0.75mmol)FIEF L8 0.07g(0.75mmol), FimBIHE R 40h, FEA IN B
2ml #IERR, FZBESZEEEEB(10mIX3), Tk NapSO, T4, ifik, HRER,
B 0.18g, TLC(FCH: ZMZEE=3: D4E,B0.11g, £57.5%. [a]p’=
0.1(c=0.5, CHCl); e.e.=3.0%.

IR(KBr)em™ : 2942,2869,1455,1389( ¥ cy3), 2916,2837( U chz)» 1450,1030(FF v ¢4z
2850-2720( v cwyy  1731(F v ce)s 1689( 0 o)y 1257,1174 (va, vscoc ) (LK
*: E36) .

'HNMR(CDCls, 8 ppm): 3.30 (1H, CHCO), 2.47(1H, m, ¥CH), 2.44~2.25(8H, 7%
REFCH,), 4.24~4.18(4H, CH,CH3), 1.26~1.30(6H,m,CHs) ( WpHF: E36) .

TEEM: MEEGHEE%) C: 60.81 (60.92) H:7.93(7.87) 0:31.26 (31.21).

3.1.2.2 El{K (R,S) -db~4h {4475 — 8 = Z.BE X EF AR A9 Michael JNA R B

FHEECE(R,S)-4b~dh 4L — B8 — Z.EE 1 55 SRR ER I A K Michael il & Y
T FE FI(R.S)-4a HIHELLSERE

(R,S)-4b 1 W 70.3%, FYELAENEa p™=24° (c=0.5, CHCl3). e.e.=
67.7%.

(R,S)-dc fEL: WOEE 68.5%, FEHILLIESEAE[ a Jp™=-1.0° (c=0.5, CHCly). e.e=
27.6%.

(R,S)-4d {4k W3 91.8%, FEWIHLIERE [ a 1pP=0.7° (c=0.5, CHCl3). e.e.=
18.3%.

(R.S)-de 4k : W 54.6 %, FEHILLHENGRE a o= -1.5° (c=0.5, CHCL). ee.=
41.0%. .

(R.S)-4f fE1L: LR 65.0%, FLLRELE o pP=-22° (c=0.5, CHCly). ee=
61.5%.

(RS)-dg fi4k.: W2 67.8%, FPHIENEa [p?=-1.0" (c=0.5, CHCl3). c.e.=
1.0%.

(R,S)-4h f4k: WE 92.2%, FEYELHEAE[ o o= 0.9° (¢=0.5, CHCl3). e.e.=

25.1%.
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(R)-(-)-FH BT LD & S HL

3.2 #Ritig

3.2.1 AWHmEEDeeaBRNESR

1) (R.S)-4a fELLF=HH) HPLC B
HPLC Conditions
Column: Chiralcel OF
Flow rate L 0.5ml/min
Eluent: 10%(v/v) 2-PrOH in hexane

EPLOT

% - l}
16,1 958
e -
23,198
22,99
s -
32.5¢%
o - 27,912
45172
0P
ChRONATOPAC  C-RSA M .
SANPLE N0 B ACTHOD 421
REPORT HO  {44E
PRED TINE . WREA KK 1DMO CONC HANE
1 2.678 156 ey
2 §.607 611 ¥ 0.4393
1 9 5 Y s:lé%%
1 3y 318
7 16157 U 9.9633
& 17358 1547 1.1833
23192 4263 10439
foEE o L
. 1 : 955§
12 7.7 w72 Y 488290
a7aL 12202 i
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# BRI 3

2) (RS)-4b HELLF=HIH) HPLC
HPLC Conditions
Column: Chiralcel OF
Flow rate L 0.5ml/min
Eluent: 10%(v/v) 2-PrOH in hexane

R

6% (or

18 - .|D.3’
(YR
= 17383
28 «~ _
.1
28,69

a -
3. 038

30,08
T '
60
[
CHROWATOPAC  C-Ré# FILE o
SANPLE N8 @ SETHOD a1
REPORT WD 1671
PKNO - TING ARER MK IBND  CONC - NAME
% i;!!’ -y i :
: It :
IR i
. R .. : “- : .
TR 14 1 A i+ 1 - A
T0TAL 97694 100
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(R-{-)-FHERATEYNS RS

3) (R,S)-de ALY HPLC &
HPLC Conditions
Column: Chiralcel OF
Flow rate L. 0.5m!/min
Eluent: 10%(v/v) 2-PrOH in hexane

S§1ART

7,69
o - 5§¥§E?"‘Eg
y
s,
e - 21,165
4 23,482
e ieh
W - 2.102
8 -
ToF
CHROMATOPAL  C-Réh FiLt 8
GROPLE WD @ ' HETHO 421
RCPOET WO 1673
PXNO TINE  aREA MK IDWO . COMC HaNE
i i:iii 1531; ¥ i:?%il
i 5%, | Y i
I IR 1 R et
7 13,39 ] 9.1346 -
TR L N 11 0.0199
Y 1593 200 v R
19 16755 - #2829 v 95328
LI 17,492 165 ¥ C L7289
iz 21,985 A R
13 etk 32353 v 06816
1+ 26123 71 0.413
1 9,058 e v 8, 0377
1 1,187 277993 58,5849
12 a7.022 187617 v 322196

—mmemmrr e L e T

TOTAL 74478 188
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- ]

4) (R,S)-4d #E4LF=¥1) HPLC &
HPLC Conditions
Column: Chiralcel OF
Flow rate L 0.5ml/min
Eluent: 10%(v/v) 2-PrOH in hexane
BTART

B.13
l"el'!lgztu
) '16'.3%‘2“
18,712
28.%88
(3454
f:*-““ p—— —— 3!.2!3
) A e 43,793
g ]
10P
ChRONATOPAC  C-RéA FILE )
SAMPLE 0 @ , NETHOD 2
REPORT HD 1676
PKNG - TinE AREA MK JDHO toKe HANE
1. 9,18 49416 8 7.7409
B 9.48 731 €.9590
3 10.089 361 T 9.0892
€ (8,69 4L TY o.1402
AT H T 33 o.85t5
Rt WH HEHEH
8 AR T HAE
iR Ll it
13 4798 el v 33,6410
ToTAL 43571 140
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(Ry-(-EHERATEYR SRS M
5)  (R.S)-4e fEALF=HIH HPLC B
HPLC Conditions
Column: Chiralcel OF
Flow rate L 0.5ml/min
Eluent: 10%(v/v) 2-PrOH in hexane

§TART
q"’j}}&m
ERiT
15.'333
e 117
gex s’
—y ' 32,318
= 40.783
Top
CARONATOPAC  C-RéA FILE 0
EANPLE ¥O 8 nithos a1
REPORT KD 1877
PERD Ti8c BREA MK JDND CONC - WANE
1 2.11? 99 2.41%¢ :
? §.443 1663 v 4.5038
F I % 4 1Y REY
I bk ] fig
: 15 iy §:8553
T Y Ay 41 Rt
11 2RI 398 g.1181
18 3Imns e 76.5103
13 46.783 8946 ¥ 12,3594
TOTAL 272484 . 100
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6) AEIEFEY) 6 B HPLC B
HPLC Conditions

Column: Chiralcel OF
Flow rate L 0.5mVmin
10%{v/v) 2-PrOH in hexane

Eluent:

START -
1

74713g, 458
1.== 5,833
11,928,

10,4875

DIk Ea e v

—C punr——
Lraa
CHRONATOPAD  C-RéA FILE
SANPLE NO ] BETKQD
REPORT MO 1678
[44,1)] TIRE uEi_a HK. IDWg [ <],
1Y TR | I 5'.3132
. -
1‘.323 1428 ¥ :
He dmi
B 11} .¥ 1.4004
§  p1,332 1150 9.9849
18 £2.223 41838 V 3.587)
1L 28,862 627 ¥ 04187
2 3215 1432 v 0.1060
13 35.4 74092 ¥ © 48,0927
I, 6 53e338 9.2156
TOTAL 1135997 160

9
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7)  FHECE (RS)-da~h 7ER B~ ZEEXT R SR ERA R AN K ER Michael DNk R R

HHEL R
#3-1_FHE(R.S)-4a~hE P — 80— & R T 2 SR ) X BEMi chae LN S o o AR LR R
Entry Chiral ligand Ligand Reaction  T(TC) Yield e.e.’(%)
loading(%)  time(h) (%)
1 4a 20 48 10 353 3.0
2 4b 20 40 10 70.3 67.7
3 4c 20 36 10 68.5 27.6
4 4a 20 48 10 918 18.3
5 de 20 24 20 J4.6 41.0
6 " 20 48 20 65.0 61.5
7 4g 20 36 20 67.8 30.7
8 4h 20 48 20 92.2 251
a. HH1-58E FHEHPLCRIE, -8B e AR Lhit iR 3.
3.2.2 FHAECATEMichael 1R R B AE 4L &4 IAL1L
#3-2 RPURE., AEACRE R IR B Michael R ML HIR W
Entry Chiral ligand Ligand/ Ligand Reaction Yield (%)
LiAlH, loading (%) time(h)
1 4a 1:1 20 6 19.5
2 4a 1:1 20 12 26.2
3 4a I:1 20 36 48.2
4 4a 11 20 48 355
5 4a 11 20 120 63.5
6 da 2 40 12 27.1
7 4d 11 20 &0 83.0
8 4d 1:1 20 36 47.1
9 4d 1:1 10 36 44.9
10 4d 11 2 36 398
11 4d 1:1 40 36 49.5
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7 K 2
1) FHERE S R B ANAL R RO B R

60—
(18

50 -
+5 /
Q-

5 T T T T T ﬁ_' T 1 T L L) L)
o 5 10 5 20 25 F 1) » L] 5
Cinal (gard badhg &

B3-1. FHEKRREN LR KENER
AFHEAE(R,S)-4d RIRLA 2%, HENE K= ZEEXH 2F T Michael
IR R A F T LA B 39.8%. AR R R B S BELR E A LiAIH, R 4408 A
BHCRET R #HITATS. SFHRERS)-4d HHEREE 4%, WRES
Fl} 49.5%. :
B -1 ATLUEE, ZRAEERECTABHENESFAEE. FHEHEX
RS, BRSO IEE N 20%.

Yield (%)

2) HEACET RIS R K BT

Yield (96)

is 4

0+

LA

30 4

25

Bl3-2 fELrIER S R R A R
HiP8 3-2 FT4m, fE4L R AUET AR Michael MR BER M. JFHEA
REREAER, £ 6-48h MTEE A, BWEFEELRNNAMERREESE. K
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(R-(--FHEERMENN A RS HEL

3) Fm EEARER R R .

BEEHAFEBRT LITERAER MR, ERETFREL R ER
R RO RN . EFERERS)-4a~h B, (RS)-4a FIBFCERIE P, FHELK
REZE (3.0%ee). (RS)-4b F(R.S)-4f MELERAR A, WETRIFOMBILKER,
BETREN ee.fi(67.7%,61.5%). BIR(RS)-de. (R,S)-4g BTG E T TR A
RItERK, BR B FERENZEMCERZWET AZB_ZE 55K S HER A C=C @K,
EEPFEEREOATHBEFRERMAG (-27.6%e.e.. 30.7%e.e.).

3.2.3 &

FHBCAR(R,S)-da~h AL T TR = ZBaXT 3R IS TR M 3 R Michael i A R RE,  BY
18 T 54.6~92.2%K W R F13.0~67.7%e.e. (8. it LA 4k 8 5 5 () % =
RHIEW, RRFEFHEREREREN KEARERS: E648hiuER, EK
L AR B ER AR E. RUBRIRMEMA: FrHERE: LiAH=L1 #405H
H20%; H4k X SEE]48h,

FHER L AIAEN A B ZERT 2E R A FiMichae R NE B &
W, & LA FHREF LRERARERAMRIE, SEREART R R Rk
R R PuE . EFERE RS)da-nfIBLRE T, (RS)-4bELE T RIFHIELL
A, eelf67.7%.

-50-



P REN X

5 &3k

[X]. Viatcheslav Stepanenko, Margarita Ortiz-Marciales, Wildeliz Correa, et al. Highly

enantioselective carbonyl reduction with borane catalyzed by chiral spiroborate esters derived from

chiral 1,2-aminoalcohols. Tetrahedron: Asymmetry, 2006, 17: 112-113,

[2]. Recep Tumerdem, Giray Topal and Yiimaz Turgut. Asymmetric reduction of acetophenone using

lithium aluminium hydride modified with some novel amino alcohol Schiff bases. Tetrahedron:

Asymmelry, 2005, 16: 865-868.

[3]. Yan Li, Bin He, Bo Qin. et al. Highly Enantioselective Cyanosilylation of Aldehydes Catalyzed

by Nove!l B -amino Alcohol-Tiatanium Complexes. J.Org. Chem. 2004. 69: 7910-7913.

[4]. Shi-Liang Tseng and Teng-Kuer Yang. The application of chiral amino thiols as catalysts in the

enantioselective addition of diethylzinc to aldehydes. Tetrahedron: Asymmetry. 2004. 15: 3375-3380.

[5]. Cian Christopher Watts, Praveen Thoniyot, Lacie C, Hirayama. et al. Tetrahedron: Asymmetry. 16:

1829-1835,

[6]. Nicolas E, Russell K.C, Hruby V. J. Asymmetric 1,4-addition of organocuprates to chiral

a,p-unsaturated  N-Acyl-4-phenyl-2-oxazolidinones: A new approach to the synthesis of

chiralp-branched carboxylic acids{J]. J. Org. Chem, 1993, 58(3):766-770

(7. %%, 2%, F#E. H NeBH D BEREEM D-()-FHAEHU KRN, 2002

24(4):237-239,

[8]. Tenbrink R.E. A method for the preparation of stereochemically defined psi pseudodipeptides[J].

J.Org.Chem, 1987, 52(3):418.

[9}). Rao A.V.R, Chakraborty T.K, Joshi S.P, et.al. The first synthesis of C-terminal biphenyl moiety of

vancomcin([J]. Tetrahedron Letters,1992, 33(28):4045-4048,

[10]. Guillaume Glorian, Lucien Maciejewski, Jacques Brocard, et.al. Enantisoselective syntheis of

R)- and (S)-l-fen(;cenylalkylamines. Reduction of enantiopure ferroceny- limines obtained from

valinol and phenylglycinol{J]. Tetrahedron: Asymmetry, 1997, 8(3):355-358.

[11]. Corey E.J, Ishihara K. Highly enantioselective catalytic Diels-Alder addition promoted by a

chiral bis(oxazoline)-magnesium complex[J]. Tetrahedron Letters. 1992, 33(45).6807-6210.

[12). fTdtte F R A A9, B U DL K B 38 30, 2005,

[13]. #R, FHEEREBNSMR, FEELFLLFER, FBAF, 2005.

[14]. Zsuzsa M. Jaszay, Gabor Nemeth, Truong Son Pham, et al. Catalytic enantioselective Michael
5]



(R) {- ) XH ﬁﬁm&%&‘]‘*ﬁi‘i%w

addition in the syntheSIs of a-aminophosphonates. Tetrahedron: Asymmerry, 2005, 16:3837-3840.
[15]. Paola Daverioa and Matteo Zand. Enantiosetective reductions by chirally modified alumino-and
borohydrides. Tetrahedron: Asymmetry, 2001, 12: 2225-2259.

[16]. End, N.; Macko, L.; Zehnder, M.et al. Enantioselective Michael reactions catalyzed by chiral

bis(dihydroxazolylphenyl)oxalamide. Chem. Eur. J. 1998, 4, 818-824.

-52-



b N 1Tl oL A
HNE i

AILLR-(-FHEBRNEBHREEERT R)-()-FHEH, E86.5%. FLGF
MEIR)-(--EHEFAFHE, 2 ANHEFERRE, B2+ Ui ELREFiE
F: 2-{(18)-1-[(1R)2- B E-1-EH ZH)EH)Z £ }4- F # X B (RS)-4a)
2-(1S-1-[(IR)2- B E-1-ZEZE)FAE)Z E-4.6- =~ FH EF (RS)4e). 4-8
2-{(18)-1-[((AR)-2- B E-1- X B LEEE) LB X (R,94i) . 24-=H-6-{(15)-1-
[((1R)-2-Fa - 1-FH 2 B)YEE) LB EB((RS)-4)E, WRAT1.6~86.3%. BITFH
HPLCRI 2 Hd.e.{H95.2~100.0%. Fré& i BALE4 R P Ak 4R, @R,
'HNMRAITCEMBLLEE.

RZBZEB/FARE (V: V=10: 1) HUETEERS)-4af(R.S)-41, TR TEE
ERBEFBFEULHEH SR FRS)-5aFR,S)-51. FIAX-HEGHBEANET
FRRNESAETHLGREMRAECESE: BRSBASH. R AKNIDE:
FMET R EHRFLAMRE. B LR RNX-5 RN ER S AWET
(R.S)-5aFI(R.S)-4iFFh FHEM S BRI HEL.

FIFFAMI 2507 Hkxd 8§ — D TR 55 S R R p P il A AT B AL,
ELE BRI A B B K, 5 H(R,S)-5a (R, S)-4it FT FHEH LR A i BIETRS
R, Wbt MBI MM ERE TIRE. B HENERETRERER 3. #
AM1 ¥2Ri BEN AT &+ FEAE(R,S)-4b~hF(R,S)-4j~n), 5 & H T O
R RIER 2 SH Y,

FAEA(R,S)-da~hfiE 0 T 8 = Z BRI 4 T A X B Michael in A & B, BY
87 54.6~92.2% M1 2 $03.0~67. 7% e fH . I B0 4 PR 2 W A (] S HE A0 R
R, REFHEARAENEM WEFTRBIERS: Te4shiElp, EK
fEfumtE B B E R m R, MUERREAMA: FHEEE: LiAlH=1:1; EHTA
B20%; W40 R R [Al48h.

FERR LIRS B ZEEN B R R A B Michael A R YA B
B ELHAERRRET ETERAEAMRIN, GER A FREL X R H
ERABEEN . #FHEERS)-da~nEL R, (R,S)-4bINE T BT HELN
R, eefi67.7%. '
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1 R-CFEHERQ K R E
Figure 1: The IR figure of (R)-(-)-Phenylglycinol (1)
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2: (R-(-)-ZHEM (1)K 'HNMR B
Figure 2: The "HNMR figure of  (R)-(-}-Phenylglycinol (1)
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Figure 3: The IR figure of

B3: 2-{(18) 1-[((IR)-2-FRBe- - KB ZH) W] 28] -4- P EFEH((R.S5)-4a) KIIRHE

2-[(18)-1-{[(1 R)-2-hydroxy-1-phenylethyl]amino}ethyl]-4-methylphenol  ((R,S)-4a)
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B 4: 2-{(1S)F1-[((1R)-2-FBHE- |- HH 7, B) TR ] 2.8} -4-FHEERN((R.S)-4a)) 'THNMR
Figure 4: The '"HNMR figure of

2-[(18)-1-{[{1 R)-2-hydroxy-1-phenylethyl]Jamino}ethyl]-4-methylphenol  {(R,S)-4a)
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FRIRE B2 0e

B 5: 2-{(ISH{1-(((1R)-2-F2 2 1- R E: 2. ) WA )T HE) -4-FEARB(RS)-40)M IR &
' Figure 5: The IR figure of
2-[(18)-1-{[{1R)-2-hydroxy-]-phenylethyl]amino}propyl]-4-methylphenol  ((R,S)-4b)
B8ic-Rad ¥in-IR
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B 6: 2-{(19)-{1-[(1R)-2-F2 2 |- B Z H)RE L) -4- FEEEN(R,S)-4b)d ) 'HNMR
Figure 6: The "HNMR figure of
2-[(18)-1-{[{1R)-2-hydroxy- 1-pheny]ethy]]amino}propyl]—4—methylphenol ((R,5)-4b)
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(R)(--FH BRI ERN SRR AL

B7: 2-{(18)-{1-(OR-2-F2E-1-F R ZE) FE | FEF ] -4- FEEHH((RS)-4c)M IR
Figure 7: The IR figure of
2-[(S)-{[(1R)-2-hydroxy-1-phenylethylJamino} phenylmethyl]-4-methylphenol  ((R,S}-4¢)
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' Figure 8: The 'HNMR figure of
2-[(5)-{[(1R)-2-hydroxy-1-phenylethyl]amino } phenylmethyl]-4-methylphencl ((R,S)-4c)
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FHAEB T FREX
B 9: {019 1-[((1R-2-F3F-1-FELE) BE)EEZE) - FRER((RS)-4H IR
Figure 9: The IR figure of
2-[(8)-{[(1R)-2-hydroxy-1-phenylethylJamino} phenylethyl]-4-methylphenol  ((R,S)-4d)
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B 10: 2-{(1S)-1-[((1R)-2-53H-1-F R Z.3E) WER | KEZ 4} -4-F B
((R.S)-4d)f#) 'HNMR
. Figure 10: The '"HNMR figure of
2-[(5)-{[(LR)-2-hydroxy-1-phenylethyl]amino} phenylethyl]-4-methylphenol  ((R,S)-4d)
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(R)-(--EHEARTEDM SR
B 115 2-{(08) (R 2B E- - E 7 2) BR) ZH] -4, 6~ = FERE(R,S)-4e)f1 IR
Figure 11: The IR figure of

2-[(185)-1-{[(1 R)-2-hydroxy-1-phenylethyllamino }ethyl]-4,6-dimethylphenol  ((R.5)-de)
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B 12: 2-{(1S-1-[(1R)2- B R-1-FHEZE) R 5} 4, - FEERH

((R.S)-4¢)i1 'HNMR 8
Figure 12: The 'HNMR figure of
2-[(18)-1-{[(1 R)-2-hydroxy-1-phenylethyl]amino}ethyl]-4,6-dimethylphenol  ((R,5)-4e)
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FRRFETEARY

B 13: 2-{(18)-1-[(1R)y-2- BT~ 1-HE Z28) BHI TR -4, 6- = FEEM((R,S)-SOK IR B
Figure 13: The IR figure of '
2-[(18)-1-{[(1R)-2-hydroxy-1-phenylethylJamino} propyl]-4,6-dimethylpheniol  ((R,$)-50)
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B 14: 2-{US-1{((R)-2-BE-1-FHEZE)FH]IFE] 4, 6-“HEFR

((R.S)-SHH1 'HNMR &
Figure 14: The 'HNMR figure of
2-[(18)-1-{[(1 R)-2-hydroxy-1-phenylethyllamino}propyl]-4,6-dimethylphenol  ({(R,S)-5f)
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(R-(-)-FH ERERTE YN & R AL
B 15 2-({18)-1-((1R)-2- B E-1-FE LB FH)FEFR) -4, 6- “HWEEE
((RS)-4g) TR &

Figure 15: The IR figure of
2-[(18)-1-{[(1R)-2-hydroxy-1-phenylethyljamino} phenylmethyl]-4,6-dimethylphenol  ((R,S)-dg)
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Bi6: 2-{(18)-1-[((IR)-2- 8- 1-FEZE) EH I XEHR] -4, 6- —HERE

(RSy-4g)H] 'HNMR [
Figure 16: The 'HNMR figure of
2-[(18)-1-{[(1R)-2-hydroxy-1-phenylethyl]Jamino} phenylmethyl)-4,6-dimethylphenol ({R,S)-4g)
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B 17 {08 1-((IR)-2-F2 21 H B L HYE )RR T} -4,6-— FEERI((RS)-4h)d7 IR B
Figure 17: The IR figure of
2-[(18)-1-{[(1R)-2-hydroxy- 1-phenylethyl]lamino} phenylethyl]-4,6-dimethylphenol  ((R,S)-4h)
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Figure 18: The 'HNMR figure of ‘
2-[(18)-1-{[(1R)-2-hydroxy-1-phenylethylJamino} phenylethyl]-4,6-dimethylphenal  ((R,S)-4h)
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B 19 4-F-2-{(18)-1-[((1R)-2-F2H-1-F R L8 HE] 25
. Figure 19: The IR figure of
4-chloro-2-[(15)-1-{[(1R)-2-hydroxy-1-phenylethyi]amino}ethyl]phenol  ((R,S)-4i)
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A 20: 4-8-2-{(18)-1-[(1R)}-2-F2 -1~ R 7, 3) EI] Z. 1) EBI(R,S)-4)Y 'THNMR H

Figure 20: The '"HNMR figure of
4-chloro-2-[(1S)- 1-{[(1R)-2-hydroxy-1-phenylethyl]lamino}ethyl]phenol  ((R,S)-4i}
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B 21: 4-8-2-{(19)-1-[((R)-2- B H-1-H 5 Z.5) WH R FBR.S)-4)i IR A
Figure 21: The IR figure of
4-chloro-2-[(18)-1-{[(1 R)-2-hydroxy-1-phenylethylJamino}propyl)phenol  ((R,S)}-4j)
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B 22: 4-8-2-{(18)-1-((1R)-2-BFE- 1-KIEZ ) EE I E EB((R.S)-4)i) 'HNMR

Figure 22: The 'HNMR figure of
4-chloro-2-[(18)-1-{[(1R)-2-hydroxy- 1 -phenylethyljamino} propyl]phenol ((R,S)-4j)
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Figure 23: The IR figure of
4-chloro-2-[(8)-{[(1 R)-2-hydroxy-1-phenylethytamino}phenylmethyllphenot  ((R.S)-4k)
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Figure 24: The '"HNMR figure of
4.chlore-2-[(8)- {[(1 R)-2-hydroxy-1-phenylethylJamino}phenylmethyl]phenol ((R,S)-4k)
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Bl 25: 24-Z&-6-{(08)-1-[(1R)-2-BE-1-FHZE)EH] ZE) FB(RS4DM IR B

Figure 25: The IR figure of
2 4-dichloro-6-[(15)-1-{[(1R)-2-hydroxy-1-phenylethyl]amino}ethyl]phenol  ((R,S)-4l)

BioRed Win—IR

70 4

&0 4 2355 160

o6
504 A6

Trensmittence

40 4
J429

30 o

1480

PO

T T

Ll L T M 1 M 1 M 1 ! 1 ! 1
4000 3500 3000 2500 2000 2 1S0O 4000 500

Wavenumber(cm™')
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Figure 26: The '"HNMR figure of
2,4-dichloro-6-[(15)-t-{[(1R)-2-hydroxy-1-phenylethylJamino}ethyl]phenol  ((R,5)-4])

2% Do Ooets Poampenmry 74
NAGE  : AZKYDID
By E]
mocHo 1
[TPe-rity N—
SRl ; #IAN00 WD
o4 Procussing Farnmers 47
s : o080 He
iy ]

= 0.06H Mz
N H 16384

2% 1D MR Pk Prrsmoters 4
Oftemt (723
AQ Nww 1 1IGTISH am

[y ey —
N ARKYOI031Y
IPWIDTH mats
al T 6R0L08 Ha
(v} H 2.00 Ha
UL 4000 He
SFREQ 01308905 Wik
ROAIN_AC *®

67-



(R) (-} %ﬁﬁﬁm&%ﬂﬁ”‘m&%ﬂ.

[@ 27 24- _ﬁ-6 -{(15)-1-[((1R)-2-F2 -1~ x%ai)ﬁilﬁi}z&%(a{s}) 4m)E|’J IR A
‘Figure 27: The IR figure of '
2,4-dichloro-6-{(15)-1-{[{1 R)-2-hydroxy- | -phenylethyl]amino} propyl}phenol ((R,S)-4m)
Bio-Red Win-iR
60
50

40 4

0

Transmittence

20

05354

1
1174
2

145§

10 383191791-]5

T T ¥ T T T ¥ T T T T T T T T T
4000 3sSp0 J0O00 2500 2000 1SOD 1000 Fld]

Wavenumber(em™)

B 28: 2,4-Z8-6-{(15)-1-[((1R)-2-F2 - - FH L) AEIFHE) FEH(R.S)-4m)H) 'HNMR &
Figure 28: The 'HNMR figure of
2,4-dichloro-6-[(18)-1-{[(1 R)-2-hydroxy--phenylethyl]amino} propyl]phenol  ({R,S)-4m}
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B 29: 2,4-ZF-6-{(18)-1-{((1R)2- I - H R 2. 5) EAR I H R 7 1) XMW
{(R,S)-4n)iy IR &
Figure 29: The IR figure of crystal
2 4-dichloro-6-[(15)-1-{[(1R)-2-hydroxy-1-phenylethyl]amino} phenylethyl]phenol  ((R,S)-4n)
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B 30: 2,4-ZF6-{(1S)1-[((1R)y-2-F 11 - E 25 FUEHE ZHPEB((R,S)-4n)H) 'HNMR [H
Figure 30: The 'HNMR figure of
2,4-dichloro-6-[(15)-1-{[(1 R)-2-hydroxy- 1-phenylethyl]amino} phenylethyl]phenol  ((R,S)-4n)
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B 31: PA&(RS)-5a 1 IR HE
Figure 31: The IR figure of crystal (R,5)-5a
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Bl 32: BLE(R,S)-5a i) 'HNMR
Figure 32: The 'HNMR figure of crystal (8,5)-5a
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B 33: BR(RS)-51 1 IR &
Figure 33: The IR figure of crystal (R,5)-5i
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Figure 34: The 'HNMR figure of crystal (R,S)-5i
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K 35: -IREFCHA M- ZEE ) K IR E
Figure 35: The IR figure of diethyl (3-oxocyclohexyl)malonate (6)
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Figure 36: The '"HNMR figure of diethyl (3-oxocyclohexyl)malonate (6)
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