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TOM TAT

Lisinopril dihydrate was synthesized from the key intermediate N>-[1(S)-
ethoxycarbonyl-3-phenyl propyl]-N®-trifluoroacetyl-L-Lysin (1i5). This intermediate was
activated to form cyclic N-anhydride compound li6 by using N,N-carbonyldiimidazole,
subsequently, the coupling reaction of li6 with L-proline methyl ester (li3) to give fully
protected lisinopril derivative 1i7 in high yield. The last step is the deprotection of 1i7 via
hydrolysis using aqueous solution 1N NaOH in methanol to obtain lisinopril. The crude
lisinopril was recrystalized from solvent system isopropanol/H20(10/1; v/v ml) afforded
lisinopril dihydrate 1i8. The structure of the obtained compounds have been confirmed by
IR, ESI-MS, 'H, BC-NMR, COSY, HMBC, HSQC spectra, and [a]p suitable with
literatures; The purity of obtained lisinopril li8 was identified by HPLC method and H,O
content was determined by Karl Fischer Titration.

Tw khoa: lisinopril, lysine-L-proline, N,N-carbonyldiimidazole, coupling reaction, peptide
synthesis. (Dich nhiing chd bdi vang nay ra tiéng Viét)
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Lisinopril 1a mot trong nhimng thudc hidu qua nhat trong 16p thude trc ché men chuyén
angiotensin ACE (Angiotensin Convert Enzyme), da duoc nghién ctru va phét trién trong nhiéu
thap ky qua, duoc sir dung chi yéu trong diéu tri bénh cao huyét dp, suy tim & huyét, dau tim va
dot quy [1 - 3]. Lisinopril ¢6 tén khoa hoc 1a N*-[(1S)-1- -carboxy-3-phenylpropyl]-L-lysyl-L-
proline (1i8) 1a mot dipeptide, trong phén tir ¢6 3 trung tim bat ddi ximg, vi vay cac phuong phap
téng hop cua lisinopril khd phirc tap lién quan toi téng hop peptide va cdc ddng phan lap thé [4-
8]. Pé thyc hién muc tiéu nghién ctru téng hop lisinopril, trong céng bd trude day [9] ching toi
da trinh bay viéc tong hop hop chat trung gian chia khéa N*-[1(S)- -ethoxycarbonyl-3-phenyl
propyl]-N°- trifluoroacetyl-L-lysin (li5), trong bai bdo cdo nay ching toi cong bb vé viéc nghién
ctru céc bude tiép theo dé tong hop lisinopril tir hop chat trung gian chia khéa li5 trén.

2. THUC NGHIEM
2.1. Héa chit va thiét bi

Héa chit thi nghiém dugc mua tir hang Sigma Aldrich va Merck. Chét trung gian chia khéa
N?-[1(S)-ethoxycarbonyl-3-phenyl propyl]-No-trifluoroacetyl-L-lysin duoc tong hop va tinh ché
tai phong thi nghiém. Cac san pham phan mg duoc tinh ché bang sic ki cot trén silica gel pha
dao (Merck) hoic bang cic phuong phap két tinh. Piém néng chay duoc do trén may Mel-Temp
3.0 Model No 1401. Phd hong ngoai duoc do trén mdy Impact-410, phd NMR dugc ghi trén mady
Bruker Avance 500 MHz v6i TMS lam chét noi chuén cho 'H va tin hi¢u dung méi lam chuén
cho *C-NMR tai Vién Héa hoc (Vién Han lam KHCNVN - VAST). Phé khéi ESI-MS dugce do
trén mdy Agilent 6310 ion trap tai Vién Héa hoc cdc hop chét thién nhién (VAST). Sic ki d6
HPLC dugc do trén mady Agilent 1200 Series va ning sut quay cuc [of]p duoc do trén mdy
JASCO P-2000 tai Phong thi nghiém trong diém Vién Hoéa sinh bién. Ham lugng H,O duoc xac
dinh trén mdy chuan d6 dién thé 751GPD Titrino Metrohm tai Vién Kiém nghiém thudc TW.

2.2. Téng hop L-proline methyl ester hydrochloride

- Phwong phdp s dung trimethylsilyl chloride (TMSiCl)

Trong mét binh 3 ¢6 ¢6 lap phéu nho giot va 6ng 1am khan CaCl,, trimethylsilyl chloride (3,2
ml, 25 mmol) dwoc nho giot dan vao hdn hop dung dich cua L-proline (1,15 g, 10 mmol) trong
methanol (10 ml) & nhiét 4 phong, sau d6 hdn hop duge khuay tiép khoang 10 gi¢ nira. Phan
g két thiic (klem tra sac ki 16p mong), hdn hop duoc quay cat chén khong dudi 40 °C thu dugc
san pham dang dau sanh trong subt dugc st dung cho phan tmg tiép theo ma khong can tinh ché
thém.

- Phwong phdp s dung thionyl chloride (SOCL) va oxalyl chloride (COCI);

Trong mét binh 3 ¢d dugc lap nhiét ké, sinh han, phéu nho giot va éng lam khan CaCl,, L-
proline (1,15 g, 10 mmol) va metanol khan (10 ml) dugc nap vao. Hon hop dugc lam lanh xuéng
0 °C va SOCI; (1,45 ml, 20 mmol) dugc nho giot dan vao & 0 °C. Sau d6 hdn hop duge dun hdi
luu trong khoang 1,5 gio. Phan tmg két thiic (kiém tra SKLM), dung mdi va téc nhan du dugc
cét loai dudi 4p suat giam, (benzene dugc thém vao 10i duge cat loai dudi dp suat giam de loai
hét SOCI, du) thu dugc san phdm thd L-proline methyl ester dudi dang dau sdnh trong subt c6
thé str dung cho budc tiép theo.

'H-NMR (500 MHz, CDCls): 4,50 (t, J= 7,34 Hz, 1 H), 3,84 (s, 3 H), 3,64-3,49 (m, 2 H),
2,56 (s, 1 H), 2,47-2,40 (m, 1 H), 2,22-2,04 (m, 3 H).
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BC-NMR (125 MHz, CDCls): 169,18; 59,13, 53,43, 45,79, 28,67, 23,57.

Téng hop (S)-1-[N>—(1-Ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysyl]-
N2-carboxyanhydride va (S)-1-[N>—(1-Ethoxycarbonyl-3-phenylpropyl)-N¢-trifluoroacetyl-
L-lysyl]-L-proline methyl ester (1i7):

Trong binh 3 c6 dd nap day khi nito, N?-[1(S)-ethoxycarbonyl-3-phenyl propyl]-N°-
trifluoroacetyl-L-lysin (0,432 g, 1 mmol) da dugc tao huyén phi trong dichloromethane khan
(15 ml). Hon hop dung dich dugc 1am lanh xuéng duéi 0 °C va N,N-carbonyldiimidazole (0,243
g; 1,5 mmol) da dugc thém dan vao va dugc khudy ¢ 0 °C trong khoang 3 gid rdi thém khoang 2
gio nita ¢ nhiét d6 phong, sau d6 hdn hgp dugc rira nhanh véi nudce lanh ¢ phan hity hét CDI
du. Lop nude dugc loai bo, 16p hitu co duge tach ra va dugce 1lam khd voi NaxSOq4 1o L-proline
methyl ester hydrochloride (0,198 g, 1,2 mmol) da dugc thém vao dong thoi véi triethylamine
(TEA) (0,121 g, 1,2 mmol) sao cho pH dung dich khoang 8 - 9. Hon hop phan tmg duoc khudy &
nhiét d6 phong thém khoang 1 gio nita, sau d6 dugc rira bang dung dich NaHCOs bo hoa. Lép
hitu co duoc tich ra va 1am khan bang Na,SO, rdi dwoc quay cat loai dung mdi thu dwoc dung
dich dang dau sanh mau vang. San pham duoc tich qua cot sic ki trén silicagen vi hé dung moi
n-hexan: EA (2:1) cho 0,46 g clia hop chét 1i7 dang dau trong sudt voi hidu suat 85 %.

Hop chét 1i7 dang dau trong sut c6: FTIR (KBr, cm™): 3571, 3325, 3092, 2952, 2874, 1719,
1639, 155, 1441, 1182, 1030, 702, 495; ESI-MS: m/z = 544[M+H]* 566[M+Na]*. 'H-NMR (500
MHz, CDCls): 7,38 (s, 1 H, NH), 7,28-7,26 (m, 2 H, H-vong thom), 7,19-7,16 (m, 3H, H-vong
thom), 4,53 (dd, J= 4,8, 8,6 Hz, 1 H, H-2”), 4,20-4,13 (m, 2 H, OCHy); 3,72 (s, 3 H, OCH3),
3,59-3,55 (m, 2 H, 2H-57), 3,44 (t, J= 6,2 Hz, 1 H, H-1), 3,37-3,36 (m, 2 H, H-6"), 3,20 (t, 6,6
Hz, 1 H, H-2"), 2,72-2,65 (m, 2 H, H-3), 2,25-2,20 (m, 2 H, H-3”), 2,06-1,87 (m, 4 H, 2 H-2, 2
H-3"), 1,7-1,15 (m, 6 H, 2 H-4", 2 H-5", 2 H-4"), 1,28 (t, j=7,1 Hz, 3 H, -CH3); "C-NMR (125
MHz, CDCls): 174,28 (2’-CO), 173,05 (27-CO), 172,36 (1-CO), 157,46 (157,17) (COCF3),
141,11 (C-vong thom), 128,33 (2C-vong thom), 128,28 (2C- vong thom), 125,90 (C-vong
thom), 119,34 (117,05) (114,77) (CFs), 60,72 (O-CH»), 59,65 (C-1), 58,68 (C-27), 57,54 (C-2°),
52,21 (OCHz3), 46,67 (C-57), 39,29 (C-6°), 34,86 (C-2), 32,38 (C-3"), 31,89 (C-3), 28,79 (C-37),
27,94 (C-57), 24,90 (C-47), 21,83 (C-4’), 14,18 (CH3).

Téng hop N2-[(1S)-1-carboxy-3-phenylpropyl]-L-lysyl-L-proline dihydrate (1i8):

Trong binh 3 ¢6 nap day khi nito, (S)-1-[N*>~(1-Ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysyl]-L-proline methyl ester (5,43 g, 10 mmol) da dugc hoa tan trong metanol
(20 ml). sau d6 dung dich cia NaOH 1M (50 ml, 50 mmol) da dugc thém dan vao. Hon hop thu
dugc da duoc khudy ¢ 40 °C trong 4 gid. Phan tmg két thiic (Kiém tra bing SKLM), trung hoa
hén hop phan tng bang HCl 6 M dén pH = 6 rdi quay cit loai hét dung méi, cin dung dich nudc
dugc chiét bang dichloromethane (2 x 50 ml) sau d6 quay cat loai bot nudce thu duge dich sdnh
déc (5 ml). Dung dich cén da duoc thém isopropanol (50 ml), tua trang hinh thanh. Hon hop
duoc khudy & 60 °C trong khoang 12 gid roi dé ngudi. Két tia tring min dugc loc, rira voi hdn
hop dung mdi isopropanol/H,O (10/1, v/v), dugc lam kho trong chan khong cao ¢ 40 °C trong
vong 5 - 10 gid thu duoc 2,3 g lisinopril dihydrate véi hi¢u suat 52 %.

Hop chat li8 1a chét bot tring (dnc = 167 - 168,5 °C); FTIR (KBr, cm™): 3563, 3356, 3106,
2969, 2676, 2447, 1655, 1614, 1569, 1449, 1391, 1301, 747, 556; ESI-MS: m/z = 406 [M+H]*;
'H-NMR (500 MHz, D,0): 7,34-7,22 (m, 5 H, H-vong thom), 4,23 (dd, J = 5,34, 8,72 Hz, 1 H,
H-27), 4,14 (t, J=6,4Hz, 1 H, H-2"), 3,54-3,49 (m, 2 H, H-5"), 3,34 (t, ] = 6,2Hz, 1 H, H-1), 2,96
(t, J = 7,3 Hz, 2H, H-6"), 2,70-2,67 (m, 2 H, H-3), 2,20-2,08 (m, 4 H, 2H-3", 2 H-2), 1,97-1,83
(m, 4H, 2 H-3’, 2H-4"), 1,69-1,63 (m, 2 H, 2H-5), 1,57 - 1,53 (m, 2 H, 2 H-4); 3C-NMR (125
MHz, D;0): 178,67 (27-CO), 172,97 (1-CO), 166,26 (2’-CO), 140,50 (C-vong thom), 128,862
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(C- vong thom), 128,60 (2C-vong thom), 126,62 (C-vong thom), 62,40 (C-27), 62,02 (C-1),
58,71 (C-2°), 47,96 (C-57), 39,07 (C-6), 32,07 (C-2), 30,82 (C-3), 29,48 (C-3"), 29,24 (C-3”),
26,39 (C-5’), 24,48 (C-47), 20,86 (C-4").

[alp=-46,75° (¢ = 10 % trong H,O).

Ham luong nudc trong chat bot tring ~8,57 % dugc xac dinh theo phuong phép chuin do
dién thé Karl Fisher.

3. KET QUA THAO LUAN

Diastereomer ~ N?-[1(S)-ethoxycarbonyl-3 -phenyl  propyl] -NS-trifluoroacetyl-L-lysin(li5)
dugc st dung lam chat trung gian chia khoa trong téng hop lisinopril, qud trinh phan Gng da
dugc tién hanh theo so dd trong hinh 1. D¢ ting hi¢u suat va gidi han san pham phy ctia phan
g két hop giita li5 voi L-proline acid nhém carboxy ciia L-prolin d4 dugc bao vé. Phan tmg
methyl héa cta L-proline dwoc tién hanh trong methanol c¢6 thé sir dung céc tic nhan hoat héa
khédc nhau nhu  thionyl chloride, oxalyl chloride va trimethylsilyl chloride (TMSICl) v6i hiéu
suét cao, ddc biét véi viéc str dung tic nhan TMSICl phan ng xay ra gan nhu toan luong, hdn
hop phan tmg sau khi quay cét loai dung moéi va tac nhan du c6 thé su dung cho phan tng két
hop tiép theo ma khong can tinh ché. Trong budc phan tmg két hop tong hop peptide giira li5
v6éi L-proline methyl ester (li3), nhém carboxy cia liS dugc hoat héa thanh nhém N-
carboxyanhydride. Hai tic nhan hoat héa d3 dugoc lya chon nghi€n cuu la N,N-
dicyclohexylcarbodiimide (DCC) va N,N-carbonyldiimidazole (CDI). Két qua khao sat cho thay
tac nhan CDI cho sy chuyén héa hoan toan cua li5 thanh san pham vong anhydride. D¢ tranh
phan g ctia CDI du véi 1i3, hon hop chit hoat héa 1i6 sau phan tmg da dugc xir 1y véi nude
lanh dé loai hoan toan CDI du. Budc tiép theo, hop chét da duogc hoat héda li6 trong pha hitu co
phan tg dé dang véi L-proline methyl ester hydrochloride véi sy ¢6 mit ciia trimethylamine
cho san pham 1i7 14 hop chét lisinopril véi cdc nhém chirc nang da duge bao vé. Cubi ciing 1a
budc loai cdc nhém bao v¢ thong qua phan trng thiy phan sir dung dung dich NaOH 1 M trong
methanol ¢ 40 °C. Sau khi phan tng thuy phén xay ra hoan toan hon hop phan ung da dugc dua
vé pH 6 va duoc quay cat loai dung moéi, sau d6 dich nu6e duoc chiét voi ethyl acetate dé loai
hét céc san pham phu rdi dugc quay b dudi dp suat giam thu dwgc chat ran. Chat ran tring duoc
khuay v6i hon hop dung moi isopropanol/H,O(10/1,v/v, ‘ml) trong 12 gio' 6 60 °C. Viéc st dung
hdn hop dung moi nay cho phép loai bo hoan toan mudi va thu dugc san pham lisinopril sach.
Hiéu suat phan tmg dat 52 %.
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Hinh 1. So &6 tong hop lisinopril tir hop chat trung gian chia khéa li5.

Két hop phén tich cdc pho 'H, "C-NMR, H-H-COSY, HSQC, HMBC da cho phép gin céc
tin hiéu phd phit hgp véi céu triic ctia san pham va phit hop véi cdc tai liéu da duge cong bd. Pho
'H, *C-NMR cuia li3 cho cdc tin hiéu ctia nhém methyl ester & du 3,84 (singlet) va 3 53,43. San
phém 1i7 cho cdc tin hiéu phd cta 2 hgp phan Li5 va L-proline methyl ester (1i3). Pho khéi ESI-
MS ctia hop chit 1i7 cho pic ion phan tir proton héa [M+H]* & m/z = 544 phii hop v&i khdi lugng
phan tir cta 1i7. Trén phd "H-NMR cua li7, tai viing truong cia cdc hop chét thom 1a tin hiéu
multiplet ctia 5 proton & 7,28 - 7,16 ppm. O trudng cao hon 1a tin hiéu duplet ctia proton H-2" &
On 4,53, multiplet cta proton nhém ethoxy O-CH; ¢ 4,20 - 4,13 ppm. Tin hi¢u cua proton nhém
OCHj3 1a singlet ¢ ou 3,73, tiép theo la cdc tin hiéu cua 6 proton 2H-5"(m, 3,59 - 3,55 ppm), H-1
(t, J = 6,2 Hz, & 8u 3,43), 2H-6"(m, 3,4 - 3,3 ppm) va H-2’(t, ] = 6,6 Hz & &y 3,2) lién két véi
carbon ctia nhém C-N, C-O cdn & trudong cao hon 1a tin hidu cua céc proton lién két voi carbon
alkan. Pho *C-NMR cho tin hiéu ciia 26 carbon, trong d6 tin higu ctia 4 nhém carbonyl 2’-CO &
dc 174,28; nhém 27-CO & 6. 173,05; nhém 1-CO & & 172,36 va nhém COCEF; cho tin hi¢u vach
kép & 8. 157,5 (157,2). Phoé HMBC cho cic tin hidu tuong tic xa ctia cdc nhém carbonyl 1-CO
(172,36)/0-CH; (4,20-4,13); /H-1 (3,43); /H-2 (2,06-1,87); nhém 2°-CO (174,28)/H-2’ (3,20);
/H-3’(2,06-1,87); nhém 2”-CO (173,05)/H-2” (4,5); /2H-3” (2,25-2,22); nhém COCF;3/2H-6’
(3,37-3,36). Cic dir liéu phd ciia san pham thuy phén li8 da chung té cic nhém bao vé da duoc
loai bo hoan toan, trén cdc phd cua li8 khong con tin hiéu ciia cic nhém bao vé nira. Phd khi
ctia san pham lisinopril Li8 cho pic ion phén tir proton héa [M+H]* & m/z = 406 phit hop véi
khéi luong phan tir ctia 1i8. Trén phd 'H, *C-NMR cua li8 (hinh 2) khong c6 tin hiéu ciia nhém
O-CH; hay OCH3 va COCF; nira, céc tin hi¢u cua cdc nhém gé‘in véi cdc nhom bao vé ciing bi
thay doi nhu H-6" va H-2” da chuyén Ién truong cao hon, tin hi¢u proton H-2’ thay d6i kha 16n
tir & 3,2 ppm cua li7 chuyén xudng ving trudng thip hon & 4,14 ppm cua li8. Céc tin hiéu con
lai ctia carbon va proton it thay doi. Sac ki 6 HPLC cua 1i8 (hinh 3) chay trén cot pha dao
Zorbax Eclipse XDB C18 (250 x 4.6 mm, 5 um) chi ra ham lugng tuong di cua lisinopril trong
mau san pham dat trén 99,5 % & thoi gian luu 3,8 phidt. Ham lugng nude trong 1i8 dugc xdc dinh

237



Nguyén Québc Virong va NNK

bang phuong phap Karl fisher trén mdy chuan do dién thé 1a 8,57 % tuong duong véi 1 phan tir
lisinopril ngam 405 x 0,0857 = 34,7 g ~ 2 phan t& H,O.

DAD1 A, Sig=210,4 Ref=360, 100 (HANHICHUVUONG_LISINOPRIL_MOI_05.D)
Norm.

H
1400 “
1200 “

‘ \
10004

{
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!

Hinh 2. Phé "H-NMR cua LS. Hinh 3. Sic ki @6 HPLC cua 1i8.

Két luan: Da nghién ciru tong hop dugc hoat chat lisinopril dihydrate mot hop chat
dipeptide dugc st dung lam thudc trc ché men chuyén angiotensin. Lan dau tién ¢ Viét Nam mot
nghién ciru téng hop peptide hoan chinh dén hoat chat 1am thudc da dugc thuc hién. Cic diéu
kién tong hop peptit da duoc nghién ctru thu dugc hop chat trung gian 1i7 1a hop chét lisinopril
¢6 ciac nhém chirc nang da duoc bao vé¢ véi hiéu sudt cao. Lisinopril d& thu dugc tir sy thuy phan
li7 va su Kkét tinh chon loc san phém lisinopril thd trong hé dung méi IP/H,O(1/10, v/v) da cho
san pham li8 v6i do sach dat trén 99,5% dugc xic dinh qua phuong phap HPLC. Két qua nghién

ctru s& 12 tién dé cho nghién ciru trién khai tong hop lugng 16n lisinopril trong céc chwong trinh
tiép theo.

Léi cam on. Nhém nghién ctru xin cam on Vién Han 1am Khoa hoc va Cong nghé Viét Nam da cap kinh

phi thuc hién dé tai (Dé tai KHCN thudc 7 hudng wu tién cap Vién KHCNVN nam 2011-2012; ma sb
VAST06.05/11-12).
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ABSTRACT

SYNTHESIS OF LISINOPRIL DIHYDRATE FROM THE KEY INTERMEDIATE N>-
[1(S)-ETHOXYCARBONYL-3-PHENYLPROPYL]-NS-TRIFLUOROACETYL-L-LYSINE.

Nguyen Quoc Vuong, Vu Van Chien, Nguyen Thi Thu, Nguyen Thi Hue, Nguyen Tien
Dat, Pham Van Cuong, Chau Van Minh

Institute of Marine Biochemistry, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi,
“Email: nguyenvuong @imbc.vast.vn

Lisinopril dihydrate was synthesized from the key intermediate N>-[1(S)-
ethoxycarbonyl-3-phenyl propyl]-N®-trifluoroacetyl-L-Lysin (1iS). This intermediate was
activated to form cyclic N-anhydride compound lié by using N,N-carbonyldiimidazole,
subsequently, the coupling reaction of li6 with L-proline methyl ester (li3) to give fully
protected lisinopril derivative 1i7 in high yield. The last step is the deprotection of 1li7 via
hydrolysis using aqueous solution 1N NaOH in methanol to obtain lisinopril. The crude
lisinopril was recrystalized from solvent system isopropanol/H20(10/1; v/v ml) afforded
lisinopril dihydrate 1i8. The structure of the obtained compounds have been confirmed by
IR, ESI-MS, 'H, C-NMR, COSY, HMBC, HSQC spectra, and [ot]p suitable with
literatures; The purity of obtained lisinopril li8 was identified by HPLC method and H,O
content was determined by Karl Fischer Titration.

Keywords: lisinopril, lysine-L-proline, N,N-carbonyldiimidazole, coupling reaction, peptide
synthesis.
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