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Summary
The present study describes an efficient chemoenzymatic synthesis of enantiopure (S)-(-)-
atenolol, a selective pi-adrenergic receptor blocker, via 5-step procedure. The chiral key
intermediate, (R)-1-(4-(2-amino-2-oxoethyl)phenoxy)-3-chloropropane-2-yl acetate, was obtained by
using the Amano lipase from Pseudomonas fluorescens. The (R)-enantiomer intermediate was then
hydrolyzed and the resulting product was reacted with isopropylamine to afford (S)-(-)-atenolol with

the high enantiomeric excess.

Keywords: (S)-(-)-atenolol, lipase, Amano lipase, p-blocker.

Pat van dé

Atenolol thuéc nhédm thubc chen beta c6 tac
doéng chu van chon loc trén thu thé B, dwoc st
dung phé bién trong diéu tri cac bénh tim mach
nhw cao huyét ap, dau that nguc, nhéi mau co
tim cAp. Cac nghién cru da chirng minh chi
dang déng phan (S)-(-)-atenolol méi cé tac
dung Gc ché thu thé B, va dang dbéng phan
(S)-(—)-atenolol don tri liéu c6 tac dung dwoc ly
nhw dang hén hop racemic. Viéc st dung déng
phan (S)-(-)-atenolol sé cho tac dung chon loc
trén tim, gidp tranh dwgc mét sb tac dung phu
gay ra cua dang déng phan (R)-(+)-atenolol ,
V6&i nhitng wu diém trén, viéc nghién ctu tdng
hop (S)-(-)-atenolol dwgc dung tng dung trong
bao ché thuéc dang ngay cang dwoc cha .
Trong nghién cwu nay, (S)-(-)-atenolol duoc
nghién ctru tdng hop & quy mé phong thi nghiém
trong diéu kién Viét Nam. Day ciing la tién dé cho
viéc xay dwng quy trinh cong nghé tong hop (S)-
(-)-atenolol dwgc dung phu hgp véi dinh hwéng
phat trién nén cdng nghiép héa dwoc Viét Nam.
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Nguyén vat liéu va phwong phap
nghién clru

Nguyén liéu

Cac nguyén liéu st dung trong nghién ctru
dwoc mua tr cac hang héa chat nhuw Acros
Organics (Geel, Bi), TCl Chemicals (Tokyo,
Nhat) va Merck (Darmstadt, Blrc).

Thiét bi

Nhiét d0 nong chdy duwoc do trén may do
diém chay Gallenkamp (Sanyo, Anh). Phd cong
hwdng tir hat nhan ("TH-NMR va *C-NMR) dwoc
do trén may Bruker Avance 500 MHz (Bruker,
M{). Phd khéi do trén may Shimadzu LCMS-IT-
TOF (Shimadzu, Nhat Ban).

Phwong phap nghién ctru

(S)-(-)-atenolol  (5) dwoc téng hop tw
4-hydroxyphenylacetamid (1) va epiclorohydrin
tao dan chat O-ether (2) dwa trén phan tng
Williamson 2. Dan chat O-ether (2) tham gia vao
phan *ng m& vong oxiran v&i tdc nhan acetyl
clorid tao dan chét clorohydrin (3), theo sau
bang phan trng ester hoa véi tac nhan anhydrid
acetic tao dan chéat (RS)-ester acetat (4) ¥, H&n
hop racemic dan chat 4 dwoc thiy phan chon
loc bang enzym Amano lipase tr ching
Pseudomonas fluorescens thu duwoc (R)-ester
acetat (R)-4 *°. Dan chét (R)-4 dwoc thiy phan
ester trong mdi trwéng kiém theo sau dwoc cho
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phan &ng vo&i isopropyl amin thu dwoc
(S)-(-)-atenolol (5) (so dd 1) . Cac san phadm
tbng hop dwoc kiém tra dd tinh khiét bang
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séac ky I&p méng (SKLM), nhiét d6 néng chay va
xac dinh cAu truc bang phd MS, NMR, xac dinh
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So d6 1. So db téng hop (S)-(-)-atenolol

Thwe nghiém, két qua va ban luan

Téng hop héa hoc va dic diém san pham
thu dwoc

Téng hop 2 - (4 - (oxiran - 2 - ylmethoxy)
phenyl) acetamid (2)

Hoa tan 2-(4-hydroxyphenyl)acetamid (1)
(3,02 g, 20 mmol) trong dung mdi aceton (200 ml),
sau do thém vao hén hop phan tng K,COs (3,31 g,
24 mmol), epiclorohydrin (15 ml, 120 mmol). Bun
phan ng & 60 °C, theo ddi phdn (rng bang
SKLM véi hé dung mbéi DCM-MeOH = 19:1 cho
dén khi hét nguyén liéu 1 (60 gi®). Sau khi dirng
phan &ng, loc néng hén hop qua phéu Buchner,
dich loc thu dwoc dé ngudi tw nhién & nhiét do
phong, ngadm da cho dén khi két tinh hoan toan.
Loc, sdy kho trong ta sdy chan khéng thu duoc
2,4 g san pham 2, hiéu suét 38%.

Tinh chét ctia sén phdm: Chét rdn mau tréng,
tan t6t trong DMF, DMSO, kém tan trong aceton,
khoéng tan trong n-hexan. Nhiét d6 nong chay:
163,6-164,9 °C.

Két qué bién gidi phé: MS (ESI) m/z:
230,0556 [M+Na]®, tinh toan: 230,0793
(C11H13NNaOs). "H-NMR (500 MHz, DMSO-d6)

é (ppm): 7,40 (brs, 1H, NHy); 7,17 (d, 2H, J =
9,0 Hz, Ha-2,6); 6,88 (d, 2H, J = 8,5 Hz, Ha-3,5);
6,81 (brs, 1H, NH,); 4,28 (dd, 1H, J = 2,5 Hz, 11 Hz,
CH,0); 3,79 (dd, 1H, J = 6,5 Hz, 11,5 Hz, CH,0O);
3,41 (s, 2H, CH,C=0); 3,29 (m, 1H, CH oxiran);
2,83 (dd, 1H, J = 4,5 Hz, 5,0 Hz, CH, oxiran);
2,7 (dd, 1H, J=2,5 Hz, 5,0 Hz, CH, oxiran).

Téng hop 2-(4-(3-cloro-2-hydroxypropoxy)
phenyl)acetamid (3)

Hoa tan 2 (2,4 g, 11,6 mmol) trong DCM
(80 ml) va MeOH (40 ml), sau dé thém nwéc cat
(20 ml) vao khudy déu. Nhé tir tir acetyl clorid
(4 ml, 60 mmol) vao hén hop phan tng. Khudy
phan &ng & nhiét dé6 phong, theo déi phan (rng
bang SKLM v&i hé dung méi DCM-MeOH = 9:1.
Két thuc phan &ng sau 5 gi®, tach |4y pha dung
dich trén, c6 quay cho bay hoi hoan toan MeOH.
Dung dich con lai sau cb quay, thém it nwéc da
vao sé thay xuat hién két tha tréng, tiép tuc lam
lanh trong nwéc da cho dén khi két tinh hoan
toan. Loc lanh san phdm trén qua phéu
Buchner, rira tia bang nwéc lanh, thu 14y san
phdm, sdy khod trong t sdy chan khong thu
duwoc 0,97 g san pham 3, hiéu suét 35%.
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Tinh chét ctia sdn phdm: Chét r&n mau trang,
tan tbt trong DMSO, aceton, kém tan trong
nwdc, khdng tan trong n-hexan. Nhiét dé nong
chay: 132,2-132,9 °C.

Két quéa bién gidi phé: MS (ESI) m/z:
266,0500 [M+Na]’, tinh toan: 266,0560
(C11H14CINNaO3). '"H-NMR (500 MHz,
(CD3),CO) ¢ (ppm): 7,23 (d, 2H, J = 8,5 Hz,
Ha-2,6); 6,89 (d, 2H, J = 8,5 Hz, Ha-3,5); 6,70
(brs, 1H, NHy); 6,17 (brs, 1H, NH,); 4,17 (dd,
1H, J = 5,5 Hz, 10,5 Hz, CH,0); 4,08—4,06 (m,
2H, CH,O, CHOH); 3,81 (dd, 1H, J = 5,0 Hz,
11,0 Hz, CH.CI); 3,72 (dd, 1H, J = 5,5 Hz,
11,0 Hz, CH,CI); 3,42 (s, 2H, CH,-C=0).

Téng hop (RS)-1-(4-(2-amino-2-oxoethyl)
phenoxy)-3-cloropropan-2-yl acetat ((RS)-4)

Cho vao binh ciu chét 3 (0,5 g, 2 mmol),
anhydrid acetic (30 ml) va pyridin (0,5 ml).
Khudy phan (ng & nhiét d6 phong, theo dbi
phdn rng bang SKLM v&i hé dung méi CHCls-
MeOH = 9:1. Sau 6 gio dirng phan (rng, thém
vao hén hop phan &ng 50 ml nuwdc lanh, trung
hoa bang dung dich HCI 3N. Chiét l4y san pham
bang ethyl acetat, |am khan b&ng natri sulfat
khan. Cd quay dich ethyl acetat, can thu dwoc
chay séc ky cot silicagel véi hé dung méi CHCls-
MeOH = 19:1 cho 0,42 g san phdm (RS)-4,
hiéu suat 71%.

Tinh chét cua sdn pham: Dang keo mau
trdng vang, tan tét trong DMSO, aceton, kém tan
trong nwéc, khéng tan trong n-hexan.

Két qud bién gidi phé: MS (ESI) nv/z
308,0625 [M+Na]’, tinh toan: 308,0666
(C13H16CINNaOQ,). '"H-NMR (500 MHz,
(CD3),CO) 6 (ppm): 7,23 (d, 2H, J = 9,0 Hz,
Ha-2,6); 6,89 (d, 2H, J = 8,5 Hz, Ha-3,5);
6,77 (brs, 1H, NH,); 6,31 (brs, 1H, NH,); 5,34—
5,30 (m, 1H, CHOACc); 4,20-4,18 (m, 2H, CH,0);
3,92-3,87 (m, 2H, CHJCI); 341 (s, 2H,
CH,C=0); 2,05 (s, 3H, CHj).

Téng hop (R)-1-(4-(2-amino-2-oxoethyl)
phenoxy)-3-cloropropan-2-yl acetat ((R)-4)

Cho enzym Amano lipase (5,81 g) vao binh
nén cé chra (RS)-4 (1,66 g, 5,8 mmol), MeOH
(16,6 ml) va dung dich dém phosphat pH = 7
(564,4 ml). L&c rung binh phan ¢ng & 37 °C
trong 2,5 gid. H6n hop sau phan ¢ng duoc
chiét tach bang DCM, lam khan bang Na,SO,
khan, cd quay, tinh khiét hoéa san phdm béng

phwong phap sac ky cot véi hé dung méi DCM-
MeOH = 95:5 thu dwoc 0,505 g san pham (R)-4,
hiéu suat 70%.

Tinh chét cda san phdm: twong tw sadn pham
(RS)-4. Goc quay cuc rieng: [a]3® - + 21,8°
(c 1,00; MeOH).

Téng hop (S)-(-)-atenolol (5)

Hoa tan K,CO;3 (1,0 g, 7,2 mmol) trong 4 ml
nwéc roi cho vao binh phan (ng cé chira (R)-4
(100 mg, 0,36 mmol) va MeOH (10 ml). Khudy
phan trng & nhiét dd phong trong 2 gi® rdi thém
vao isopropylamin (10 ml). Kiém tra phan tng
bang séc ky |&p méng v&i hé dung méi CHCIs-
MeOH = 9:2. Phan &ng duoc két thuc sau 3,5
gi®, cd quay hdn hop dé loai isopropylamin dw
va dung moi. Tinh ché béng séc ky cot v&i hé
dung mdi CHCI3-MeOH = 9:2 thu dwgoc 60 mg
san pham 5, hiéu suét 64%.

Tinh chét ctia sdn pham: Chét r&n mau trang,
tan t6t trong DMSO, aceton, kém tan trong
nuwdc, khong tan trong n-hexan. Nhiét dé nong
chay: 157,3-159,1 °C (148 — 150 °C ™: 152 —
155 °C By,

Két qua bién gidi phé: MS (APCl) m/z: 267
[M+H]*. "H-NMR (500 MHz, DMSO-d6) 5 (ppm):
7,35 (brs, 1H, NH,), 7,15 (d, 2H, J = 8,5 Hz,
Ha-2,6); 6,85 (d, 2H, J = 8,5 Hz, Ha-3,5); 6,79
(brs, 1H, NH,); 4,92 (brs, 1H, NH); 3,92-3,90
(m, 1H, CH,-0); 3,85 - 3,81 (m, 2H, CH,-O va
CH-OH); 3,29 (s, 2H, CH,C=0); 2,72 - 2,65 (m,
2H, CH,-N va CH-N); 2,56-2,52 (dd, 1H, J =
6,5 Hz, 11,5 Hz, CH,-N); 0,97 (dd, 6H, J =
25 Hz, 6,5 Hz, 2CH;). C-NMR (125 MHz,
DMSO-dB) (d, ppm): 172,5 (C=0); 157,3 (Car4);
129,9 (Car-2, Ca-6); 128,4 (Car-1); 114,2 (Car-3,
Ca-5); 70,8 (CH,-0O); 68,4 (CH-OH); 50,0
(CH-N); 48,1 (CH>-N); 41,3 (CH,C=0); 22,9
(2CHs). Goc quay cuc rieng: [al3® - - 16,7°
(¢ 1,00; HCI 1 N) (-17,0° (¢ 1,00; HCI 1 N) ).

Ban luan

Nghién clru da tdbng hop thanh cong
(S)-(-)-atenolol c6 d6 tinh khiét quang hoc cao
v&i xuc tac enzym lipase tr Pseudomonas
fluorescens. Tdng hop dan chét epoxid (2) dwa
trén phan tng O-ether Williamson. Phan &ng co
thdi gian kéo dai, theo ddi phan (ng bang
SKLM cho thay phan (rng xay ra hoan toan sau
60 gio. Tinh ché bang phwong phap két tinh lai
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c6 nhiéu loi diém khi ap dung trén quy mé Ion,
tuy nhién han ché con gay hao hut san pham
nhiéu, hiéu suét sau tinh ché con thap (38%).
Bén canh do, nghién ctru da thwe hién khao sat
mot sé6 dung méi/hé dung méi phan (ng nhw
aceton, acetonitril, aceton/acetonitril = 1/1, két
qua cho thdy khong c6 sy khac biét gitra cac
dung mdi nay. Phé MS (ESI) cho pic ion gia
phan t&r tai m/z 230,0556 [M+Na]* phu hop v&i
gia tri theo tinh toan 230,0793 (C41H3NNaO3).
Két qua phd "H-NMR phu hop voi ciu truc dw
doan, trong dé tai 6 4,28 va 3,79 ppm ghi nhan
dwoc 2 tin hiéu dinh d6i (dd) twong &ng voi 2H
khéng twong dwong clia CH,=0 chirng t6 c6 sw
tao thanh lién két O-ether.

Phan (*ng m& vong oxiran v&i tac nhan
acetyl clorid tao dan chét clorohydrin (3) duoc
thwc hién véi hé dung mdéi (DCM, MeOH va
H,0) tao thuan lgi cho qua trinh tinh ché bang
phwong phap két tinh lai, tuy nhién hiéu suét
sau tinh ché con thap. Phé MS (ESI) cho pic ion
gid phan t&r tai m/z 266,0500 [M+Na]" phu hop
voi  gid tri theo tinh toan 266,0560
(C11H1sCINNaO3). Két qua phd "H-NMR phu
hop v&i cau tric dw doan.

O giai doan 3 va 4, nghién ctu nay khong
tac dong truc tiép vao carbon bat dbi xirng, thay
vao dé thuc hién acetyl héa nhém chirc alcol dé
thu dwoc hdn hop racemic dan chét ester acetat
(RS)-4. Sau do, enzym lipase tr Pseudomonas
fluorescens dwgc str dung dé deacetyl héa chon
loc trén dang déng phan (S)-4. Két qua thu
duoc san phdm (R)-4 véi hiéu suét kha tét 49%
qua 2 budc, day la diém méi cla nghién ctu
chua duoc cdng bd trong cac nghién ciru trwée
day. Két qua phan tich phd cua (RS)-4 phu hop
v&i cAu truc dw doan. Phd MS (ESI) cho pic ion
gid phan t&r tai m/z 308,0625 [M+Na]" phu hop
v&i gia tri theo tinh toan tinh toan 308,0666
(C13H16CINNaO,). Phd "H-NMR ghi nhan tin
hiéu dinh don tai 6 2,05 ppm twong ng véi 3H
clia gbc acetyl, cling nhw proton CHO c6 sw
chuyén dich vé& trwdng yéu ¢ 5,34 - 5,30 (m)
chirng t6 c6 sy tao thanh ester acetat. San
phdm (R)-4 1a ddng phan hiru trién cé géc quay
cuwe riéng [@]% -+ 21,8°(c 1,00; MeOH).

O giai doan 5, két qua thu dwoc atenolol &
dang déng phan quang hoc mong muén
(S)-(-)-atenolol c6 d6 tinh khiét quang hoc cao.
Ph& MS (APCI) cho pic ion gid phan t& tai m/z
267 [M+H]". Két qua phd "H-NMR phii hop véi

cu truc du doan, trong dé c6 cac tin hiéu H cla
nhém isopropyl tai 6 (ppm) 2,72 - 2,65 (m,
CH-N) va 0,97 (dd, 2CHj5), chirng té cé sw tao
thanh isoproyl amin trong giai doan phan (ng
nay. Két qua phd ™C-NMR cho c6 tin hiéu
carbon phu hop véi cdu tric dy doan. Két qua
do goc quay cuc rieng [a]3® - - 16,7° (¢ 1,00;
HCl 1 N) twong dwong vé&i nghién clru cua
Subhas Bose va CS. (- 17°) ¥

Két luan

Nghién clru da tbng hop thanh cong dong
phan (S)-(-)-atenolol theo quy trinh tdng hop 5
bwéc trong dé cod st dung xuc tac lipase tw
Pseudomonas fluorescens. San pham tdng hop
duwoc c6 dd tinh khiét quang hoc cao, tuy nhién
hiéu suat toan quy trinh con thap. T két qua
nay, nhirng nghién ctru tiép theo s& hwdng téi
t6i wu hoa quy trinh tdng hop nham nang cao
hiéu su4t va dong thdi nghién clvu nang cép quy
mé phan (rng, xay dwng quy trinh cong nghé
tbng hop (S)-(-)-atenolol dwoc dung phu hop
v&i diéu kién Viét Nam nham c6 thé &ng dung
dwa vao san xuét nguyén liéu dwoc pham.

Tai liéu tham khao

1. Stoschitzky K., Egginger G., Zernig G.,

Klein W., Lindner W. (1993), “Stereoselective

features of (R)- and (S)-Atenolol: Clinical
pharmacological, pharmacokinetic, and
radioligand binding studies”, Chirality, 5,

pp. 15-19.
2. Prasad Dwivedee B., Ghosh S., Bhaumik

J., Banoth L., Chand Banerjee U. (2015),
‘Lipase  catalyzed green synthesis of
Enantiopure atenolol’, RSC Aadv., 5,

pp. 15850-15860.

3. Ader U., Schneider M. P. (1992), “Enzyme
assisted preparation of enantiomerically pure p-
adrenergic  blockers 1ll:  Optically active
chlorohydrin derivatives and their conversion”,
Tetrahedron: Asymmetr., 3, pp. 521-524.

4. Subhas Bose D., Venkat Narsaiah A.
(2005), “An effcient asymmetric synthesis of
(S)-atenolol: Using hydrolytic kinetic resolution”,
Bioorg. Med. Chem., 13, pp. 627—630.

5. B Y té (2017), “Atenolol”, Duoc dién Viét
Nam, 1an xuét ban thr ndm, tap 1, NXB Y hoc,
Ha Noi, tr. 116-118.

TAP CHI Y DUQC HQC SO 15 - THANG 02/2021

19



