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Synthesis of trans-(3R,5S)-Atorvastatin Ca and Curative Effect on
Hyperlipidemia Induced by a High-Fat Diet in Rats

Won-Sik Choi”’, Seok-Woo Nam' and Gyung-Rak Lee'
'Department of Biotechnology, Soonchunhyang University

2 % uXFF ARARI cis-(3R,5R)-atorvastatin Ca (1)< 47]9] YA JAA7} glon, ZHzte] o] JAAES A
gxom Azgrhe AL S ojele ol ¥ ApoA Yol HAA] 29| Shel mans-(GR,S5S) atorvastatin
Ca (7)) =Z=AboA] 3,5-diketo atorvastatin ester (3)E MeNHB(OAc);:S ARE3sle] FA]A  cis-(3R,5R) (4)T}
trans—(3R,SS)—atorvastatin ester (5)= ZHZ} 1.5%%} 98.5%2] H|EE YAAAF o2 A2 4 YAt FEsh uxE=
Z|E A1 cis-(3R,5R)-atorvastatin Ca (1)I} 12] JH|o]AJ A A<l trans-(3R,59)-atorvastatin Ca (7)2 Fof|A] 1LR|H}4]0]
of oaf fdE AAFFO XmATte] tfste] YobH gk, ojHEh At IS 28l 2010 1€ AEES AA|s)
Aok 1 Ay, 3$HE 13+ 79 total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-c), low-density
lipoprotein-cholesterol (LDL-c)} triglyceride (TG)+ Z+Z} 93.0+0.5, 43.5%0.8, 40.4+1.4, 45.6+0.9 mg/d¢2} 110.0£0.7,
33.3+0.6, 65.8+1.9, 54.8+1.2 mg/d{E atherogenic index (AI)2} cardiac risk factor (CRF)+= 1.14% 0.05 2.14+0.05%}
2.31+0.06, 3.31%0.062 Y E}FH O aspartate aminotransferase (AST)@} alanine aminotransferase (ALT)+= 51.9+4.6,
16.0+2.1 1U/Q 9} 75.8%4.4, 35.1£9.7 IU/¢ & F IE BFE TIXdZo] Y3t X qga83E Uel|9on, d5HE 19]
0235 B2FITL Y= Wi FIHE 7L X EEITF He AL Felstgnt o]yst AER AR o] A
of gAlol dfe A= WS ANl B ABEIL YE oloREEe] Aol ARl that A ol Tk
3 Ao Az

A
1
~

Abstract  cis-(3R,5R)-Atorvastatin Ca (1) used for hyperlipidemia have four stereomers. However, It is very
difficult to prepare stereoselective stereomers. In this paper, the reduction of 3,5-diketo atorvastatin ester (3)
was performed using Me;NHB(OAc); in acetic acid as a reductant and showed excellent stereoselectivity in the
double reduction of 3,5-diketo atorvastatin ester (3). As a result, reduction of compound 3 by MesNHB(OAc);
was purely obtained with cis-(3R,5R)-atorvastatin ester (4) of 1.5% and trans-(3R,5S)-atorvastatin ester (5) of
98.5%. Also, cis-(3R,5R)-atorvastatin Ca (1) and trans-(3R,5S)-atorvastatin Ca (7) were used to determine
efficacy in the treatment of liver damage and hyperlipidemia induced by a high-fat diet in rats and to study
the performance of the January 2010 experient was conducted. As a result, total cholesterol (TC), high-density
lipoprotein-cholesterol (HDL-c), low-density lipoprotein-cholesterol (LDL-c), and triglyceride (TG) levels of
compound 1 and 7 groups were 93.0+0.5, 43.5+0.8, 40.4+1.4, 45.6+0.9 mg/d¢ and 110.0+0.7, 33.3£0.6,
65.841.9, 54.8+1.2 mg/dl, respectively. Atherogenic index (AI) and cardiac risk factor (CRF) in compound 1
and 7 were 1.14+0.05, 2.14+0.05 and 2.31+£0.06, 3.31+0.06, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were 51.944.6, 16.0+2.1 1U/¢ and 75.844.4, 35.149.7 1U/¢ . Taken together, while
compound 1 treat against high-fat diet-induced hyperlipidemia by attenuating hepatic lipid depots and reducing
oxidative stress, compound 7 group had a low curative effect on hyperlipidemia induced by a high-fat diet in
rats. These findings suggest that new method about synthesis of stereoselective stereomers and indicate that it
may consider using in a clinical trial.

Key Words : cis-(3R,5R)-Atorvastatin Ca, trans-(3R,5S)-Atorvastatin Ca, MesNHB(OAc)s, High-fat diet,
Hyperlipidemia
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trans-(3R,5S)-Atorvastatin Ca2] g4 2 Ratof|A] TA|HH]o|&2 G=¥ TX|EHF Xgait

1. M2

et AejgdEde] g |
wOF - ShLpo|Ti1]. F{IZ7HA|
o] tiHE FAUIAE &
A Aol arE A
Re Aol dHAR st
e e ZAZE A= ok
£ 5 shte] o] dZA
AgFo] EokAaL glom, F|FAo] =
AGefo] uet FaE B2 AN 53
18] vt Q1R AP S 1
e = - G Agtolw, 3y B T 4
ko] HEkE 1g YEIAEY SR oS S
Ao difem[3-4], 3] 1A EF T AHER
Qg Agke AXl=rEolA & Uetbe e gubEgl
AHFoltH5-7]. ol AYES &3] 8 =0l
A A 5AE HAsHA = laL Sankyo AFe} Merck AF A
T FHAEHE AFE EAQ 3-hydroxy-3-
methyl-glutaryl Coenzyme A (HMG-CoA) reductase©] Tf
5lo] AA|g o] L43F compactin} lovasatin 52 A5}
QTHB]. ol#gh AL s Euk opue} Aok &
ofo = FE Fof o]9F FARRE o7 FRES TRl
skl gHgskA ElSITH9]. ©]& % atorvastatin Ca-> HA|
Pfizer Atol|lA] Lipitoreh= OJOFE o2 AlfEL glom
TABE BAE] Fuste] AAS ATsiat] ALE
=3l glri10].

Atorvastatin Ca2 JLZRAF 47]19] AA0|AARA| 7] ¢lo
™, cis-atorvastatin Ca2 (3R,5R)Z} (3S,5S)F Efjo]m,
trans-atorvastatin Ca2 (3R,55)2} (3S,5R)HEf2] oAzl
AEo] qr} o] = cis-(3R,5R)-atorvastatin Ca (1)©] A
IAEF ABAR AREEIL glom, 242 7 13}
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[32! 1] cis-(3R,5R)-Atorvastatin Ca (1) X4
[Fig. 1] Structural formula of cis-(3R,5R)-Atorvastatin Ca
(eY)
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trans-Atorvastatin Ca % 32l (3R,5S) HEefQ] o)A
AAE AHH o2 Axgrhe AL v 722 o
S Ao sh &= w¢- R wEka, 2 Ao
Ae A&3tEe ke 19 Aol EAIL rans-
(3R,5S)-atorvastatin Ca (7) §H4dsl7] sl 13 29F &
o] tert-butyl 7-[2-(4-fluorophenyl)-5-isopropyl-3- phenyl-4
-(phenyl-carbamoyl)-1H-pyrrol-1-yl]-3,5-dioxoheptanoate
2)E AF3IA]A 3,5-diketo atorvastatin ester (3)S A| 23+
% MesNHB(OAc):Z ZHHA|AH AEAAHOZ  frans-(3R,
5S)-atorvastatin ester (5)5 £55HA A 2391, SHE
58 RS & opEA ZeE o]85te] HERE
trans YA FAA] & 32l trans-(3R,5S)-atorvastatin
Ca (M& =& oo $&E ARSI B3, 3lkE 1
(FAY2L, F)FLF, Korea)} 7& A4 o]o] &Jgt
HAGFo] FEE Fof Fofsto] AF W Ao]asol ¥
3, @34 & SUl2HE 2 ARTF Hs) s
Z>(atherogenic index;Al)2} A& X 4>(cardiac risk
factor;RF)2] H3}e} * = aspartate aminotransferase
(AST), alanine aminotransferase (ALT) 2= 9 7F A
H|9] W3lo| w2 FofA A olo] ofs) [ 1L
g3l diste] s 13 79 ARALE ASeR
u sk

2. Mz A A

21 AN & 7071

el
7-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-yl]-3,5-dioxoheptanoate (2)x= (F)7AE
AoFollA], L 8Fe] = M A2 Aldrich (USA)AL]
AL AHgsIlen, 8 52 &4 Al ARE= Y
& E= YFAES AAISHA g ARSI =
2 golof 083t 'H-NMRL Bruker AX400-spectrometer
(Bruker, HPLC:=  shimadzu A}F2JAD-10A
pump, SAD-10A UV detector®} chiralpack AD-H column
(5 um, 250 x4.6 mm)C. 2 A 2= 30To|A] 1.8 ml/min
o] S=kul 244 nmoj|A  ©]=AK(n-hexane:ethanol:
trifluoroacetic acid=940:60:1=v/v/v)Z AR5l QlA|o]A]
AASE BT nARE AR APS okl
Al8eFEQ] atorvastatin Ca (23] 2%, (5)E2, Korea)
o ALgslgon], AlgerRe] Heke gisk] Aol aes
(FET, Korea)S ALGSIITh RARAS 9lat
&2 AST, ALT, total cholesterol (TC), high-density

ARESE  3,5-atorvastatin - ester@l  tert-butyl

Germany),
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lipoprotein-cholesterol (HDL-c), low-density lipoprotein-
cholesterol (LDL-c), triglyceride (TG) 48 A|F7|E=
FoHAI AEFS FYste] ARgsiGith FEAIFE
AR A|RE A|Z3}7] 95Fe] ultrasonicator (Branson
2210, Bransonic, USA)E AlE35}9 o, &3 BAS 9
3]l UV spectrophotometer (Libra S22, Biochrom, USA)E
g5t

il
o N
o]

il

rlo

[ ()

10£10 g@] 753 SPF Sprague-Dawley<

] FA(LYRIE Hlo] 2, Korea)ys -5t 1549 7H

=21

Bt AstrE Aegolsh A AGAIZ & Aol Ab

S3Hch AR S-S 2% 2322 T, F& 55+15 %, 7]

312 15203)/A]7F, A7) 12 A]7H09:00-21:00)] %
=

23 &4
2.3.1 tert-Butyl 7-{2—(4—fluorophenyl)—5—isopropyl
—3—phenyl—-4—(phenylcarbamoyl)—1+H—py
rrol—1—yl]—3,5—diketoheptanoate (3)2| &

50ml Z2tAF o) st #E(20ml)2} oxalyl dichloride
(0.57 ml, 6.73 mmole)E 7}3t & WHS- 225 -65CE %
A3}t Dimethyl sulfoxide(0.92 ml, 13.01 mmole)E
-65C olsto A 30 FF A|7Fskal 307t wHkshich
tert-Butyl7-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl]-3,5-dihydroxy-heptanoa
te (2) (1.0 g, 1.62 mmole)Z H3H (S ml)of] -§-3HA]
7 F 308 53F -65ColA A7} & 2 oA 1AIRE
2ol wHlith HESEo  N,N-diisopropylethylamine
(2.79 ml, 16.07 mmole)S -65CofA] 3057+ Z7}slar vt
& 2EE 25CE 24 F 24K wyskgle) 2
N HCI (4 ml)y& 7F8}aL 2027 gtk & §7152 &
A 23S FE GA10 mhT FRPE AF 5 F gt
nolg o 2 ARkl A9 w535kt S5 WS silica
gel column A Zu}E 183 (n-hexane:ethyl
=1:1=v/v, 30 x 180 mm column, 10 ml fractions)Z %A
sho] =gh Aol HAE 3 (300 mg, 30%)E AUk

'H-.NMR(CDClL, ) : 1.43-1.45(d, 6H), 1.54-1.58(s,
OH), 2.55(d, 2H), 2.81-2.91(t 2H), 4.08(t, 2H),
4.13-451(m, 1H), 5.27-531(t, 2H), 7.19-7.61(m, SH,
aromatic-H), 7.30-8.15(m, 4H, aromatic-H), 7.41-8.15(m,
SH aromatic-H)

acetate

2.3.2 (3R,5S)—tert—Butyl 7—[2—(4—fluorophenyl)
—5—isopropyl—3—phenyl—4—(phenylcarb
amoyl)—1H-pyrrol—1—yI]-3,5—dihydroxy
heptanoate (5)2| &M

OFA| EAKH20 ml)o]] NaBHy4 (293 mg, 7.76 mmole)S &

A7 25 CollA] 107 wuket & sl9HE 3 (1.0 g
1.63 mmole)& OFAIEAKS mlofl ERF3T G5 -2
Al WSl 7t = 2 AIRE 5¢F wRkekeIth Wkl
23} F2 §A(50 mhzt G320 mh)E 7tske] 10
B F FHelE H 97158 B G
2417 7oF B25to] ek Aol sRMEMI
mg, 41%)& Al HPLC EX(chiralpack AD-H, 244
nm, n-hexane:ethanol:trifluoroacetic acid=940:60:1=v/v/v,
A=244 nm) ZAi} cis-3R,5R) (42} trans-(3R,5S)-
atorvastatin ester (5)2] H]&0] Z+Z} 34.7%2} 65.3% Y=
solateit

2o vpgog A NaBH(OAc); (1.64g, 7.76

mmole)§ ARg-Ske] WA A7 O] 39HE(382 mg, 38%)S
Fck Z& 2104 HPLC 2423 o]4Jd 3ok 4
of 59] ko] 22 199%2} 80.1%29) & FsHsick

Z+o wpM o2 51904 Me;NHB(OAc); (2.04 g, 7.76

mimole) & AM&-3l0] W8] 27| SHEHE(592 me, 59%)&
AT} Be AR HPLC B4 27 o4 sl
42} 59) ulgo] 242t L5%s) 98.5% YL ISt 5
=55 silica gel column HZu}E 18 1] (n-hexane:ethyl

o
o
=

A

acetate=1:1=v/v, 30 x 180 mm column, 16 ml fractions)=
BAIste A AR O] B E 5 (575 mg, ST%)E &
SHAl Aic

'H-NMR(CDCl;, ) : 1.43-1.45(d, 6H), 1.54-1.58(s,
9H), 2.48(d, 2H), 2.76-2.78(t, 2H), 3.21(quin, 1H),
3.54(quin, 1H), 4.02(t, 2H), 4.19-4.22(m, 1H), 5.27-5.31(t,
2H), 7.19-7.61(m, 5H, aromatic-H), 7.30-8.15(m, 4H,
aromatic-H), 7.41-8.15(m, 5H aromatic-H)

2.3.3 (3R,5S)—7-[2—(4—Fluorophenyl)—5—iso—
propyl-3—phenyl-4—(phenylcarbamoyl)
—1H-pyrrol—1—yl]-3,5—dihydroxyheptan
oic acid (6)2| &M

THF 10 mlo]] M= 5 (1 g, 1.62 mmole)E -8-3[A|7]

2 sodium hydroxide (175 mg, 4.39 mmole)E FH
mhe] 233t GHEG A2o|A Fhg=ol H7Iet & 54]
7 EoF wylskgiTh ¥he-Eol 2 N HCl 42894 ml)}
ethyl acetate (10 ml)ZS 7}5ko] 1087 w3dk & 3} 21
(5 mhE 7Pt f7155 et ¥ F4 vk
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trans-(3R,5S)-Atorvastatin Ca2] ¢4 2 Rato| 4] TA|A]o]2 =% UA|ES

A2 A}

#OE ARAA 7“?& 5ot WAl Aol BAE 6
(590 mg, 65%)5 AUt sHHE 59t T2 WHoz
HPLC &4 A} E}?ﬁ% 60] =45k A= &
Ikt

'H-NMR(CDCl;, §) : 1.43-1.45(d, 6H), 2.44(d, 2H),
2.56-2.67(t, 2H), 3.25(quin, 1H), 3.64(quin, 1H), 4.12(t,
2H), 4.21-4.30(m, 1H), 5.27-5.31(t, 2H), 7.19-7.61(m, 5H,
aromatic-H), 7.30-8.15(m, 4H, aromatic-H), 7.41-8.15(m,
SH, aromatic-H)

2.3.4 trans—(3R,5S)—Atorvastatin Ca (7)2| g
HehE 10 mle} S/4= 25 mle] 3 o) sgh=

6 (1 g, 1.79 mmole)E &3A|X] & o EAREE(0.2 g,
1.26 mmole)& -7 20 mlo] 3fst 85 7jst &
AFeoIA] | AZE B IS W RS §715S 5
23t § Fo 24 nfavlge s ARAA A 55
1 A7

3l & H=5Fo] diisopropylether (5 ml)E 7}5}o] 1 A|7F

M

sk wikslth. AAES ot ¥ AT Azl u
A Ao BAR 7 (1.04 g 98%)S Ach B3 59
2o Wl HPLC 4] 23 35HE 70] 447 A
xE|9 e BIshet.

'H-NMR(CDCl;, 8) : 1.43-1.47(d, 6H), 2.44-2.46(d,
2H), 2.56-2.65(t, 2H), 3.25-3.55(quin, 1H), 3.64-3.75
(quin, 1H), 4.12-4.18(t, 2H), 4.21-4.35(m, 1H), 5.27-5.37
(t, 2H), 7.16-7.54(m, SH, aromatic-H), 7.35-8.10(m, 4H,
aromatic-H), 7.47-8.17(m, 5H, aromatic-H)

Qégwﬁk a @%&Nwok

7¥7} gula A A

4 g, =
4, cis-(3R,5R) (1)1} trans-(3R,5S)-atorvastatin Ca (7)a-
o BRallch ATl Audlolel A4g Aaw
ofstal, jxtmt Aol LA AO|(HFD, 45% of
fat;D12451, 1]=F2]o}, Korea)2}
g ApgHolslRA 717} 45 E9k A8t 24
spalole] 242 & 13} 2o,

T

calories derived from

[E 1] xAo] 24 (g/kg diet)
[Table 1] Composition of the experimental diet

(g/kg diet)

Diet composition High-fat diet (HFD)
Casein, 80 Mesh 800
L-Cysine 12
Corn Starch 291
Maltodextrin 400
Sucrose 691
Soybean Oil 225
Lard” 1598
Vitamin Mix V10001 40
Energy (kcal) 4057
Fat energy (%) 45

“Lard: Typical analysis of cholesterol in lard= 0.95 mg/g.

QAT S8 QY 2R
+

3
cis-(3R,5R) trans-(3R,5S)
4 5

H OH OH OH
QAL 2gde o Q2L 20
H N OCa N N OH

F 2 F
trans-(3R,5S) trans-(3R,5S)
7 6

a) oxalyl dichloride, CH,Cl,, -65C b) reducing agent (NaBHy, NaBH(OAc);, Me4,NHB(OAc)3), HOAc ¢)NaOH, THF d) calcium acetate, CH;OH

[12! 2] 3,5-Diketo atorvastatin ester®] QA4 HF-Sof 28t trans-(3R,5S)-atorvastatin Ca (7)2] A|X.
[Fig. 21 Synthesis of trans-(3R,5S)-atorvastatin Ca (7) by stereoselective reaction about 3,5-Diketo atorvastatin ester.
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o

[ 2] LA wa} AAJ == 3,5-atorvastatin ester?] Q]F|o] %
[Table 2] The ratio of stereoisomers about 3,5-atorvastatin ester produced by a reducing agent

JUAE] A

Product (Relative ratio by HPLC)
Entry Reducing agent
(3R, 5S) (3S, 5S) (3R, 5R) (3S, 5R)
1 NaBH4 65.3 0 347 0
2 NaBH(OAc); 80.1 0 19.9 0
3 MesNHB(OAc)s 98.5 0 1.5 0

25 dAnz A Fo

cis-(3R,5R) (1)1} trans-(3R,5S)-atorvastatin Ca (7)2]
AlZ9F 100 mg/kg/dayo] Ae]A]H4> 3 mIE 7|510] 30
Sofl ARgstl e =
cis-(3R,5R)-atorvastatin Ca (1) tablet®] T E A
A AL Eeslete] Alxstqich Alxd Fes 1Y
3], 25 Fet A Fol& £o(sondae)F ©]8-5te] 7
T stelen tiztols QA dSe 3 mIvt Fojst
Ak

oFEFO] 7|7k &

SpEA Aol T8RS

H %ol ultrasonicator2 HENSH 3
okzﬂ

2
=2
=

—

1

2.6 AIEXH-,—I

T
o A 25Tl A 305 B WA F 1000 x g0l 4
208 Bk YARSI, YAEeS B e BRE
0C AL WETC] Hustrs Fojysery A
o AMgsHoILE

2.7 HYMEISE B

AL literd international unit (IU/ £)°o.2 UEFY S
ot TC g4==
(POD) EAH[11] A7) EZ 500 nmol|Al, TG BA=

cholesterol oxidase (COD), peroxidase

=

L

glycerol kinase (GK), glycero-phosphate oxidase
(GPO), POD &4H[12] A]2k7|E& 550 nmol|A] HDL-c
X == phospho-tungstic acid Z7FH[13] A|2F 7| ERZ
500 nmoj|A] UV spectrophotometer2 H|A} A aF5lo] =74
A, 3 A0 mgE e AT LDL-c2Friedwald
H[141e2 Aibstel €% digd mg= YER|RlAL, 59
A2HA et AW E A 4= Haguland[15] 0.2 A4t
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sto] EAskqitt. A F ASTYF ALTO SAH=E
Reitman-Frankel [ 16]f] oJ3]] A% A|eF 7| ES AN
3} 505 nmoJ|A] UV spectro-photometer=  H| A} %] k5]
of 2alL, 2o 8-2rka el Aol we ek

3]

o,

Aol Bt g
AEE0= 100 - — 2 <100
2.8 S|

BE UPE 38 o4 AAsle] RAANE Bt

FZFHAE YeRYQa, SPSS, Windows
package, version 10.0 (SPSS Inc. Chicago, IL, USA)S
ARgsto]l 54 A48T AFAIRE ARl o

statistical

7r9] A= one-way ANOVAZR HA%F & Dunnett
post-hoc testE 3F0] p<0.059|4] AL HS3HATH

3. Zn # nE
3.1 &4
3,5-Diketo ester S}$HE-S- 3,5-dihydroxy ester S}
2 Axsh= BgolA o= 7] Aol dE A7 A
o

=i} 3,5-Diketo ester 3F3HE-0] $HY HIHH-S A E5}A]
2 ool £eE waE olgsis Wel gle
[17-19], SfelAH o2 T Zmj= o] gat cgzﬂﬁgg
Z v Aol UrH20]. AEEA HhHel A
o|-&3ta] (&) 3-hydroxy-5-keto ester
(15%), (¥) 3-keto-5-hydroxy ester (85%)S ¥glom, o]
racemic*|E  diisobutylaluminium hydride (DIBALH)Z
947 (3R,5S)-dihydroxy 62%, (3S,5R)-
dihydroxy ester 5%, (3R,5R)-dihydroxy ester 26%%}
(3S,5S)-dihydroxy ester 7%= AATH21]. o] H¥F--& pH
o 29| Jgkoll ket Wk ohel wkgAIZo] 22

ketoreductase Z A0S

ester



trans-(3R,5S)-Atorvastatin Ca®] g4 U Ratof| 4] TA|HHAlo|2 S TXEF X aZad}
Aey ofg] GAE AR f=go] L o7 YAol4 Qo 3RhE 7 Folit 500.0£3.7g 08 F2 AlF
AA7F AzE= Aol Sk 4 5IkE eIt
serel wile) A9 B BoF olgst UM
@3 ulg Aol fhEA2 ofolod, Lefelts 9717 33 23 5 ZAHE L XY Byl Ha

4+-8- homogeneous catalystZ o|-&5FH= 3rAIHo| Ql=g|,
a1 Fa% wgozs HYA
hydrogenation, hydrocyanation, allylation, hydrosilylation

hydroformylation,

3} hydroboration 5©] 1.2, pyrethroids, a-amino acid
2 menthol §H4do] 1 o322l ofjo]cH{22]. Atorvastatin
Ca2 4719] Aol A7} 2%t | LA
| BAR AMEEE YAFRE cis-(3R,5R)-atorvastatin
Ca (o], o]Qox= cis-(3S,5S), trans-(3R,55)2}
trans-(3S,5R) FZE9| @It} cis-(3R,5R)-atorvastatin Ca
(12 Ak 2olA] Al 74 b2 Fefel o4
So| ELER AAHD EFE AEQ chiral columne:
0|83t HPLC 4] A3} o]g atorvastatin Ca JA|o]A]
250 Cis-(38,58)7F 1635,
trans-(3R,58)= 21.75, cis-(3R,5R)& 25.650]3] o
trans-(3S, SR)S- 5435918 olojr}. B ool A 3}
Hog 3$HE 32 NaBHis, NaB(OAc):2}
Me:NHB(OAC)E o] &3to] 319l ukS A4 T 23} e
A3} Aotk T 204 ML ulol o NaBHA:
cis-(3R,5R) (4)} trans-(3R,5S)-atorvastatin ester (5)7}
7}7} 34.7%9} 65.3%2, NaB(OAc)y= 19.9%%} 80.1%=
U901, Mes;NHB(OAC)s= 1.5%9} 98.5%9]-< 8t
215}t o] = MesNHB(OAc);0] 7FH <=3k A4
AL 7RIS oA HYr) FRHE 3-8 Me,NHB(OAC);
o2 SAAF|AL ZHEfisto] o EAEEC R WhE-
ARl At 2AEE ARAE AMEE cis-(3R5R)-
atorvastatin Ca (1)2] UA|o)d&A = 3shtQl trans-
(3R,5S)-atorvastatin Ca (7) 98%°]|A+2] =28 4=
L=i=4 ZﬂZ“GP 2~ %OJE]-

retention  time

LA 0]
b B R S0

N0 o7

e
T

3.2 HE ¥ Ao|g=2| Hal

cis-(3R,5R) (1)3} trans-(3R,5S)-atorvastatin Ca (7)2]
IAEF A mandt AFA AlF} Ao|aEo] Hil=
HHGEE daE A YHAE & oEAEVF &
2H AR7MA O] SAXEA 242t 3 3, 4of] YERYSITE
45 0] HHR v AEE T AlFS 460.044.9~
485.0£3.5 golglom, i, 39hE 13} 7 Foi-59
Ao Akl vl A F7HEo] LAHHAo]= <l
gt Al 77 1= 25 B9k X5V HEd
Fo| HF A HAFFO] 457.5648 gO ﬁomcﬂ
T, t]{;#o] 485.0425.6 gOo. &2 714 =okth BFpHE
Folile 495.045.1 g0 7 3 AlSganis "}E}
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trans-(3R,58)-Atorvastatin Ca (7)9] 1A EZ X &&
T Al 8 F9 TC, TG, HDL-c# LDL-c2 &
5o yehfgleh A9 8% TC, HDL-c, LDL-c}
TGx= Z+7; 86.7+0.9, 49.9+1.0, 29.7+2.22} 35.4£0.9 mg/
Q2 bkt 5 SoA] B ujol o] jzze] TC,
LDL-c¥} TG= Z1Z}F 129.6+2.0, 86.7+1.3%} 63.9+1.3 mg/
d0Z 7}A =9Fo ), HDL-c& 30.040.9 mg/diz 7} uF
o} ;A HFAo] Fol2 Qlste] EH X& o] Wity
& shlsioleh. WHRE AR F gxa WTsiAe
] cis-(3R,5R) (1)} trans-(3R,5S)-atorvastatin Ca (7) &
o]79] TC, LDL-cT} TGE ZFzF 93.0+0.5, 40.4+1.49}
45.6+0.9 mg/dm 110.0+0.7, 65.8+1.9, 54.841.2 mg/dl&

2F28}91 11, HDL-c 43.5+0.87} 33.3+0.6 mg/d(2 27}
slo] slghE 1 Bojke IR ESo| Yigle] 943 A&
EJ—F— Uetlo sighE 7 Foldose Amna
7 & As SRISHTE Avisar F[23] Algol| A9
31A] E*(—)‘Oﬂ o3t od5Lof|A] atorvastatin Ca2] 3 TCS
217.24 mg/dlof| A 191.45 mg/dl=, HDL-c-2 41.5 mg/d{
oflA 43.4 mg/dlz UERA2H, Arca 5{24]9] -9
/\15 TC= 257.6+39.6 mg/dlo]| 4] 198.8+38.052, HDL-c

£ 48.6£14.9 mg/dloA] 49.7417.7 mg/dlE H|23F BHeF
o] WH3lE Hglch Hiromi 52519 dAFtolA= FollA
R[] o]of 2] TCx} HDL-c©] atorvastatin Ca2]
© 717} 108.245.87} 47.643.2 mg/dl 2 UpEhgom,
SeladE 0 AR Webt B Ao AAFS
SIS Gotto S{26]9] ATo S3he FAA 5
57} 9% $% Sepbu LDLco] o ol 2745 o
3 988 @RS} hasickn el AL o] g of
e F9Ae] W2 LDLYAN= LDL 4=gAo] thgh
z13kego] wolA ZHAEHEC] ter F4EA 4L
gZo] @ A7 2R AR Ho] A = o)A}
02 Z7FshA 1ol e ARl A ax(lipase) 2] /g o]
Z7lsto] Altjd ez Aol debkst LDLY A7} wo] Ay
etk Bauskgict webA 2 A Ao A= LDL-c
SheFe 1 x|HlAl o] Lo H]3}o] atorvastatin Ca Fo]7t-S
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T2 70] BBt HABIBAST

@A 2le 72 0.7420.04, 1.74+0.049} 4.06+0.417} = 1525} 313

50620412 TYEZO) A9 AAZ] M) Be 2/ A LRSS A9t Songih Lee27]0] Slshel

= veh ok B SNAESE HIRT AE8EA dge Yt
= &5 F cis-(BR,5R) ()T} trans-(3R,5S)- dzoIxtz AMEE S~ 9lon EWAIR|SE L=

Hl 0 & HDL-cof| that TC2] H]-&[28] (TC/HDL-c)&

atorvastatin Ca (7) B2 23} v wsl9S o &
2451931, TC/HDL-cx= Zho] A2 Zmsle] 9

WSt HEBARASE A7 1142005,
2.14£0.059} 2.31+0.06, 3.31+0.06 2.2 el ton, 3la} Fo| =rta Rustgch
[ 3] 4% 5oke] mAAlolo] ofs) mAF| f=H 9] AF L Alo|ag wat

o

[Table 3] Body weight gain, food intake and FER of rats induced to hyperlipidemia by HFD for 4 weeks

Groups Initial weight (g) Final weight (g) | Weight gaina) (g) Food intake (g) FER"

Normal 265.0£1.9 357.5£4.0 92.5.1£4.9 562.0+4.5 0.16+0.009

Control” 255.03.2" 460.0£4.9" 207.5+4.4" 533.8+3.1 0.38+0.012"
cis-3R, 5R) (1) 277.5+3.7 485.0+3.5" 208.8+20.2" 778.3+67.0° 0.27+0.002"
trans-(3R, 58) (7) 262.5+2.1" 480.0+5.2" 217.5+5.9" 553.5+4.8" 0.39+0.012"

Data were expressed by mean+SD for 8 rats in each group.

Data followed by the same letter are not significantly different (*p<0.05).

“)Body weight gain: final weight (g)-initial weight (g); YFER: feed efficiency ratio
“Control: fed HFD for 4 weeks and normal diet for 2 weeks with untreated.

= body weight gain (g) / food intake (g);

[ 4] 2A8Z0] §r= Foj 23 %9t cis-(3R,5R) (1)} trans-(3R,55)-atorvastatin Ca (7)2] Fo] & 213l A= 4l Xlo|a

O 1o
& W3}
[Table 4] Body weight gain, food intake and FER of rats for 2 weeks on hyperlipidemia with treated cis-(3R,5R) (1) and

trans-(3R,5S)-atorvastatin Ca (7)

Treatment Initial weight (g) Final weight (g) Weight gain® (g) Food intake (g) FER”

Normal 357.5+4.0 457.5+4.8 100.0+7.6 280.5+4.1 0.36+0.028

Control® 460.0+4.9" 485.025.6" 25.06.3" 244.0+8.6" 0.10£0.024"
cis-3R, 5R) (1) 485.0+3.5" 495.0+5.1" 10.0+6.0" 279.2+4.7 0.04+0.010"
trans-(3R, 5S) (7) 480.0+5.2" 500.0+3.7" 20.0+6.0" 275.3+4.0° 0.07+0.022"

Data were expressed by mean+SD for 8 rats in each group.

Data followed by the same letter are not significantly different (*p<0.05).

“)Body weight gain: final weight (g)-initial weight (g); YFER: feed efficiency ratio
“Control: fed HFD for 4 weeks and normal diet for 2 weeks with untreated.

= body weight gain (g) / food intake (g);

[E 5] mxHpAlo]of 93l S=% 1A EZo] th3t cis-(3R,5R) (1)} trans-(3R,5S)-atorvastatin Ca (7)Q] X|=a 3}
[Table 5] Therapeutic effects of cis-(3R,5R) (1) and trans-(3R,5S)-atorvastatin Ca (7) on hyperlipidemia induced by HFD

in rats
Treatment Dose (mg/kg/day) Totai;lgl;)(ljziterol HD].;:ll;)(ljzjterol LDL(—I;:II;(/)SZS)terol Trzii;ggde
Normal - 86.7+0.9 49.9+1.0 29.742.2 35.4+0.9
Control” - 129.6+2.0° 30.040.9" 86.7+1.3" 63.9+1.3"
cis-(3R, 5R) (1) 100 93.0+0.5" 435+0.8" 40.4+1.4" 45.6%0.9"
trans-(3R, 58) (7) 100 110.0+0.7" 33.3+0.6° 65.8+1.9" 54.8+1.2"

Data were expressed by meantSD for 8 rats in each group.
Data followed by the same letter are not significantly different (*p<0.05).
“Control: fed HFD for 4 weeks and normal diet for 2 weeks with untreated.
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trans-(3R,5S)-Atorvastatin Ca2] g4 2 Ratof|A] TA|HH]o|&2 G=¥ TX|EHF Xgait

[E 6] AgAlolo] o) =8l T @ZE| that cis-(3RSR) (1) trans-(3R,58)-atorvastatin Ca (7)©] Fu 48|42}
AR
[Table 6] Atherogenic index and cardiac risk factor of cis-(3R,5R) (1) and trans-(3R,5S)-atorvastatin Ca (7) on
hyperlipidemia induced by HFD in rats

Treatment Dose (mg/kg/day) Atherogenic index Cardiac risk factor

Normal - 0.74+0.04" 1.74+0.04

Control” - 4.06+0.41" 5.06+0.41"
cis-3R,5R) (1) 100 1.14+0.05" 2.14+0.05"
trans-3R,5S) (7) 100 2.31+0.06" 3.31+0.06"

Data were expressed by mean+SD for 8 rats in each group.
Data followed by the same letter are not significantly different (*p<0.05).
“Control: fed HFD for 4 weeks and normal diet for 2 weeks with untreated.

3.5 83 = AST, ALT Mz 2 7F 24| 3 3.23£0.07%2 ERIE]o] TAHFAlolR Qlaf 71e] H|
o| tH3} et A= SRSk} 2y} v wsklS
o SKEHE 13} 7RO 217 2.96+0.04%2} 3.2240.01%

4z 7¢ bl

UeRt 7F 279] A} gashs Ao selsy
€ i S291e] il SIo) AL oIk ALTSY
AST 5-& ZA}SF A3} atorvastatin Ca2] 73 ALT=
43.40+7.41 TU/ £ 9} AST= 100.70+6.04 IU/[ = yehy
o ALTE B 219} ABIYOL ASTOHE 7))
aol7 A5 SISHATE Lee 5{3012 LAA]o]2

B/HSIO1 LTS AST @ a2l Bl

e % e Qo el WA
;L 4. i36-\—} 13.243.1 IU/ £ T}

2 Aol
7}3t 101.0+7.1 1U/2£ eI,
of ulal] oF 4.16u] Z7}5F 54.746.8
IU/[%}—% ookt cis-(3R,5R) (1)}  trans-(3R,5S)-

. o] B FAES S 7HAIE Yo 348 o

atorvastatin Ca (7)2] FojZo]A= ASTQ} ALTEHJo] :l] Z]O}Oj} Sh= ol ﬂ:i]LH';E E(_)_’o" ;
3 7194 7 7  Zo 5

51.9+4.6, 16.0£2.1 TU/ £ 1} 75.8+4.4, 35.1£9.7 IU/ 4 & g5 ol 2715 H%Eﬂr b 3= Aozt L?}M

B Ao M E A BB GARH e gl

B 12 FoHoR gashy REAINE HYo
sigheE 72 W2 A5 ars Uetygich AdEEe A
Zoll digk 7+ 22)9] SEFujollA HARELS 2.63+0.14%
2 BolE 9l thadte Akl via) oF 1221 Z7}

[ 7] x9lo]o] o8l SxgE 1A &EZ=o] 5t cis-(3R,5R) (1)3} trans-(3R,5S)-atorvastatin Ca (7)2] ASTL} ALT
[Table 7] AST and ALT of cis-(3R,5R) (1) and trans-(3R,5S)-atorvastatin Ca (7) on hyperlipidemia induced by HFD in

rats
Treatment Dose (mg/kg/day) AST (IU/0) ALT (IU/0) Liver index” (%)
Normal - 42936 13.243.1 2.630.14
Control” - 101.0£7.1° 54.746.8" 3.23+0.07
cis-3R, 5R) (1) 100 51.9+4.6" 16.02.1 2.96+0.04"
trans-(3R, 58) (7) 100 75.8+4.4" 35.149.7" 3.22+0.01"

Data were expressed by mean+SD for 8 rats in each group.

Data followed by the same letter are not significantly different (*p<0.05).
Liver index: (liver weight (g) / final body weight (g)) x 100;

P’Control: fed for 4 weeks and normal diet for 2 weeks with untreated.
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3,5-Diketo atorvastatin ester (3)2] T+LWS-of| A 3+l
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= OPIEAL 270 Slol 4 Spat ARAENNE ek
At
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247k 1.5%%} 98.5%5 UEtH It ol=dh v-8-2 o|&
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