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axetat & nhi€t do phong, khong can sir dung xuc tac va nhiét do cao, khong cén phan 1ap san pham
trung gian. Khi st duno 1uorng du mubi amoni axetat va kéo dai thoi gian phan tmg (18 gid-36 gio)
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nhu chuyén hoa hoé hoc khac.
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Linh vue ky thuét dugc dé cap

Giai phap hitu ich dé cap dén 3 dan xuét 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat (1a-c)
co cau tric nhu dudi day:

(1a) (1b) (1c)

3 dan xuét 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat duoc hinh thanh tir phan Umg ngung

tu da tac nhan gifta dan xuét diandehit, hop chat f-xeton este va luong du mudi amonium axetat.

Phuong phap tong hop c6 wu diém 1a sir dung cac tac nhan ban du dé kiém, phan ing mot giai doan

va thuc hién & nhiét d6 phong, khong can sir dung xuc tac, khong can tach san phim trung gian, qua

trinh tinh ché don gian, do tinh khiét ctia san phdm cao. San pham thu duoc khong nhitng ¢ hoat tinh

sinh hoc trén mét s6 dong té bao ung thu thir nghiém gém Hep-G2 va LU-1 ma con 1a hop chit trung
gian quan trong dé chuyén hoa thanh nhiéu dan xuét hitu co khac.

Tinh trang k¥ thuat ctia giai phap hiru ich

Tetrahydropyridin (THP) ton tai dudi 3 dang ddng phan 1a 1,2,3,6-tetrahydropyridin (2),
1,2,3,4-tetrahydropyridin (3) va 3,4,5,6-tetrahydropyridin (4).

(2) - (3 4)
1,2,3,6-tetrahydropyridine 1,2,3,4-tetrahydropyridine 2,3,4,5-tetrahydropyridine

THP 14 khung phan tir quan trong c6 trong mét s loai thude ngudn gdc tu nhién va tong hop.
DAan xuat tetrahydropyridin c6 trong tu nhién c6 thé ké dén nhu Arecolin (5) va Betanin (6). Arecolin
12 mot ancaloit gbc nicotinic axit dugc tim thiy trong qué cau c6 tac dung giy hung phan va thu gin.
Betanin 1a mot loai thuée nhudém thuc pham glycosidic mau do6 thu duoc tir ¢ cdi dudng. Cac dan
xuit tong hop khac cia THP d& duoc cong bd co kha ning khang viém, khang khuan, khang nim,
chéng oxy hoa, chéng ung thu va diéu tri bénh Alzheimer. ... Pién hinh nhu hop chit (1-methyl-4-
phenoxy-1,2,3,6-tetrahydropyridin) (7) va (dan xuét 4-pyrrole-tetrahydropyridin) (8) duoc dung dé trc
ché monoamin oxidase ma khéng c6 tic dung giy déc than kinh. Ngoai ra, din xuét oxindol cua
1,2,3,6-tetrahydropyridin (9) 1a mét chat chi vén thy thé dopamin manh, ban dau duoc téng hop dé
diéu tri hoi chung phan liét. Tuong tu, Gaboxadol (THIP) (10) la mdt chéat chi van thy thé v -
aminobutyric axit (GABA-A) manh dugc sir dung dé chita réi loan gidc ngi.
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Tetrahydropyridin con 1 hop chét trung gian quan trong trong viéc tdng hop mét loat cac hop
c6 hoat tinh sinh hoc khac. Do d6, cac dan xuat THP ludn 1a d6i tuong nghién ctru ca cac nha khoa
hoc trong va ngoai nude. C6 nhidu phuong phap khac nhau dé tong hop cac dan xuit THP nhu thong
qua phan tng cong dong vong [4+2], phan Ung dong vong Baylis—Hillman, phan ing aza-Morita—
Baylis—Hillman, phan ttng amin ho céc dan xuit piperidon twong ting. .. Cac phuong phap nay thuong
yéu cau diéu kién phan (mg phtrc tap va khic nghiét nhu st dung xuc tac mudi cac kim loai quy, nhiét
d6 cao, nhiéu giai doan... Ngoai ra, san pham thu dwoc chi chira khung di vong tetrahydropyridin 1a
chinh. Vi vdy, viéc nghién ciru phat trién cac phuong phap tong hop cac hop chit tetrahydropyridin
mot cach don gian, thuan tién va hiéu qua 1a can thiét. Giai phap hitru ichnay lan dau tién dé xuit
phuong phap diéu ché 3 din xuét 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat (1a-c) chira ddng
thoi di vong tetrahydropyridin va khung crown ete dua trén phan ing ngung tu da tac nhin, dong thoi
phan tich cau tric cic chat diéu ché duoc bang cdc phuong phap phd IR, NMR, MS va khéo sat hoat
tinh gdy doc té bao cua ching.

Phan ting ngung tu da tac nhan duoc dinh nghia 1 nhiing phéan ting tring ngung, trong d6 chat
san phdm duoc tao thanh chi bang mdt qua trinh phan Gng tir it nhét ba chit ban dau, nhiéu lién két
mai tao thanh trong cting mét diéu kién phan ing ma khong cin bd sung thém tac nhan hodc xuc tac
do két qua twong tac ciia cac trang thai trung gian hinh thanh tir giai doan trudc d6. Cau tric san phim
thu duoc ¢ chira tit ca cac thanh phan chinh clia cac chét tham gia ban diu. Phan ng ngung tu
Petrenko-Kritschenko 1a mdt phan ung ngung tu da tac nhan ding dé tong hop cac hop chat piperidon
tir dan xuét cla axetonedicacboxylic axit, a-md-ni-ac va benzandehit. Khi khong c6 mit a-md-ni-ac
hodc mudi amoni thi hop chat 4-oxotetrahydropyran dugc tao thanh.

piperidone 4-ountetrahydropyran

Tl ddn xuit piperidon, dé tong hop dan xuit tetrahydropyridin can tién hanh phan Gng amin ho
din xuat piperiodon bing a-mé-ni-ac (Thi Thanh Van Tran et al., Acta Cryst. (2018). E74, 1281
1284; Lothar Dr. BroschinskiJosef Dr. DisteldorfWerner Dr. HiibelGiinter Dr. Kriebel,
EP0033529A41, 1980).



4014 38

O NH,

Ri” N7 R,

H

Trong gidi phap hitu ichnay, dd téng hop thanh céng cic din xudt 4-amino-1,2,5,6-

tetrahydropyridin-3-cacboxylat thong qua mét giai doan phan ng trén co s& bién doi phan (rng ngung
tu da tac nhan Petrenko-Kritschenko.

Ban chit k§ thudt ciia gidi phdp hitu ich

Muc dich cta giai phap hitu ich 1a dé xudt phuong phap didu ché 3 dan xuét 4-amino-1,2,5,6-
tetrahydropyridin-3-cacboxylat (1a-c) sit dung phéan (rng ngung tu da tac nhan cia diandehit, f-xeton
este va mudi amoni axetat. Phin tng xay ra trong mot giai doan, khong can phan Iap san phim trung
gian, tiét kiém thoi gian, hoa chat va ning lwong. Khi sir dung lugng du mudi amoni axetat so véi tac
nhan diandehit (tir 6-20 lan theo s6 mol) va kéo dai thoi gian phan ting (18-36 gid) thi ¢6 hai phéan
{rng x4y ra ndi tiép trong dung dich I phan ing cai bién Petrenko-Kritschenko va phan ing amin hod.
San pham thu duoc chira di vong tetrahydropyridin trong khung crown ete hira hen s& mang lai nhiing
hoat tinh sinh hoc hitu ich va 14 hop chat trung gian quan trong cho nhiing chuyén hoa hoa hoc khac.

MB& ta vin tit cAc hinh vé

Hinh 1. Phd nhiéu xa tia X don tinh thé ctia hop chat 1c

M@ té chi tiét giai phap hiru ich

Phuong phap diéu ché 3 dan xuit 4-amino-1.2,5, 6-tetrahydropyridin-3-cacboxylat 1a-c duoc
phat trién/bién d6i tir phan mg ngung tu Petrenko-Kritschenko. Ba tic nhan tham gia phan ing gém
dan xuét diandehit, mudi amoni va hop chét S - xeton este. f-xeton este v6i nhom cacbonyl & vi tri
so véi nhdm cacbonyl cua chiic este s€ ¢ tinh acid manh hon cac este thudng. Khi f-xeton este ¢o
nguyén ti hydro & vi tri « bi proton héa, dién tich am trén cacbon duoc giai téa nho hai nguyén tir
OXY.
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S-Xeton este ¢ thé tham gia nhidu phan img ngung tu tao ra cac di vong ctia pyridin, quinolin,
furan, pyrazole, pyrrol va purin... f-xeton este trong phan ung ngung tu véi diandehit, mudi amoni
axetat theo co ché phan tng Petrenko-Kritschenko sé& tao thanh cac din xuét piperidon (13). Mubi
amoni axetat dong vai trd 12 ngudn cung cp amin do sy phan huy ciia mudi nay trong dung dich tao
thanh NH; va CH;COOH. Két qua thuc nghiém chi ra réng, khi sir dung luong du mudi amoni tir 6-
20 1an theo s6 mol so v6i hop chit diandehit (11), trong thoi gian kéo dai (18 giv-36 gi0), qua trinh
amin hoa nhém xeton ctia di vong piperidon (13) xay ra ngay sau khi dan xuét piperidon duoc tao
thanh trong dung dich. Két qua hop chat thu duoc 1a dan xuit tetrahydropyridin (1a-c):
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(13)

Hop chét f -xeton este (12) duoc ly du theo s6 mol so v6i hop chit diandehit (11) tr 1,1-1,5 an,
i 18 tot nhat 1a 1,2 1an; hop chat mudi amoni axetat du 6-20 14n theo s6 mol so v&i hop chat diandehit
(11), ti 16 t&t nhét 4 du 6 1an. Phan ing c6 thé thuc hién & nhiét d6 phong hodc tai nhiét d6 60-70°C.
O nhiét d6 cao, phan tmg xay ra tuy c6 nhanh hon nhung hiéu suét phan tmg thap, nhiéu san phim
phu tao thanh gy kho khin cho qua trinh tinh ché. Do d6 phan tng xy ra tot nhat & nhiét d phong.
Tién trinh phan tng dwoc kiém tra bang sc ky 16p mong va két thic trong khodng thoi gian tir 18 gio
dén 36 gio, tot nhat 1a 24 gio. Cac dung mdi c6 thé sit dung cho phén ting 1a cac dung méi phan cuc
nhu etanol, metanol, axetonitril, dimetylfocmamit, trong d6 dung méi t6t nhat 14 axetonitril do ¢6 kha
ning hod tan t6t cac chat tham gia phan tmg,.

Su tao thanh dan xuit tetrahydropyridin cé thé phat hién thdng qua cac phwong phap phd nhu
pho hong ngoai (IR), phd cong hudng tir hat nhan (NMR) va phd khéi luong phan giai cao (HRMS).
Trén phé IR, xudt hién 2 tin hiéu dao dong & ving 3300-3500 cm! chitng t6 su ¢6 mit cia nhém NH,
va NH, 1 tin hiéu dao dong tai ving 1660 cm™! ddc trung cho nhoém C=0 cua este. Phd HRMS cho tin
hiéu pic ion gia phan tr [M+H]" 14 6 1&, ching to phén tit chira s6 chin nguyén tir nito. Piéu d6 minh
chimg cho su tao thanh ciia dan xuét tetrahydropyridin (1a-c) thay vi su tao thanh déan xudt piperidon
twong tng (13). Phd nhidu xa tia X don tinh thé (hop chat 1c) cang khang dinh chic chin cho sy bién
d6i tao thanh dan xuét tetrahydropyridin.

Tinh ché 3 din xuit 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat la-c:

Sau khi két thuc phan tng, thuc hién qua trinh chiét 16ng-1éng bang diclometan dé thu duoc 3
din xuit 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat dang chét thd, c6 mau vang. Qua trinh tinh
ché nhan thiy ring, cac tap chit c6 thé d& dang loai bé nhd d6 tan khac nhau cta tap chét va san pham
chinh trong dung méi axetonitril. San pham chinh hoa tan rat kém trong dung méi axetonitril, trong
khi cac chit tham gia phan tng ciing nhu san pham phu tao thanh lai tan tt trong dung méi axetonitril.
Vi viy, tién hanh rira tap chét trong san phim thé bing dung mai axetonitril cho dén khi thu duoc chat
rin mau tréng, Két tinh lai chét ran trong hdn hop dung moéi diclometan va axetonitril thu duoc san
pham tinh khiét. CAu truc cia cac dan xuit 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat duoc xac
dinh bang cac phuong phap phd IR, phd cong hudng tir hat nhan proton va cacbon (‘H &'*C-NMR),
phé HRMS va phé nhiéu xa tia X don tinh thé (hop chét 1¢).
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Hoat tinh gdy ddc té bao cia din xuét 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat (la-c)
téng hop duoc:

P3i tién hanh thu nghiém hoat tinh gay doc t& bao cua 3 din xuht 4-amino-1,2,5,6-
tetrahydropyridin-3-cacboxylat (1a-c) tong hop duoc tai Phong Sinh hoc thuc nghiém, Vién Hoé hoc
cac hop chat thién nhién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam theo phuong phap cua
Skehan & cs. (1990) va Likhiwitayawuid & cs. (1993) da dugc ap dung tai Vién nghién clru ung thu
Quoc gia cua My (NCI) va Truong dai hoc Duogc, Dai hoc Téng hop Illinois, Chicago, M§. Hai dong
té bao ung thu thir nghiém gém Dong Hep-G2 (Human hepatocellular carcinoma — Ung thu gan) va
Dong LU-1 (Human lung adenocarcinoma — Ung thu ph01) sir dung chit ddi ching (+) 1 Elliptixin
va ddi chting (-) 1a DMSO. Gia tri ICso 1a ndng do cua mau tho ma tai dé e ché duoc 50% sb luong
té bao nghién ctru va dugc xéac dinh nho vao phan mém may tinh Table Curve 2D. Két qua hai dan
xuit (1a, 1b) c6 kha ning (rc ché dong té bao ung thu thir nghiém véi gia tri ICso thu duge nhu bang
dudi day:

Bang 1. Gi4 tri ICso ctia mau thir nghiém

Gia tri ICso (M)
TT Tén miu Dong té bao
Hep-G2 LU-1
Déi ching (+) 1.09 1.38
1 la 8.61 -
2 1b 8.42 31.62

Vi du thwe hién giai phap hivu ich

Vidul

Cho hdn hop gém 458mg hop chét diandehit 11 (1mmol), 173mg hop chit isopropyl axetoaxetat
12 (1,2mmol), 462mg NH4OAc (6mmol), 15ml axetonitril vao binh cau 100ml. Hon hop duoc khudy
déu trong 24 gid & nhiét d6 phong. Tién trinh phan tmg duoc kiém tra bing sic ky 16p méng. Sau khi
phén tng két thic, thém nudc cat vao hdn hop phéan tng va thuc hién chiét 16ng 1ong bang dung méi
diclometan. Qua trinh chiét thuc hién 3 lan, mdi 1an 15ml dung moéi diclometan. Cac phan doan chiét
diclometan duoc gdp lai, 1am khd bang mudi NaSO4khan. Loai dung méi diclometan bing co quay
chan khong duéi ap suét thap va & nhiét d6 40°C thu duoc chit rin mau vang. Thém 20ml dung méi
axetonitril vao chit ran mau vang thu duoc, khudy déu. Loc bo dich mau vang va thu chit rin mau
trang. Két tinh lai chét ran thu dugc trong 18ml hdn hop dung méi axetonitril va diclometan (ti 1€
5:1 theo thé tich) thu dugc chét ran mau trang (1a), sy kho & 80°C trong 12h. Hiéu sut san phim la
dat 203mg (35%), Ry = 0,33 (etyl axetat/n-hexan 4:1), T%. 228-230°C.

'H-NMR (600 MHz, [D1]CHCl3, 25 °C, TMS): 6= -0.04(d, J = 6 Hz, 3H, CH3), 0.64 (d, /= 6 Hz,
3H, CHs), 2.32 (d, J=17 Hz, 1H, Chegq), 3.43 (brs, 1H, CHax), 3.66-3.74 (m, 3H, CH; &CH), 3.78-
3.83 (m, 3H, CH xCH>), 3.89-3.93 (m, 1H, CH), 4.0 (t, J= 10 Hz, 1H, CH), 4.16 (d, J=10 Hz, 1H,
CH), 433 (t, J=10 Hz, 1H, CH), 4.51 (td, /=10 & 2 Hz, 1H, CH), 4.57 — 4.62 (m, 2H, CH3), 5.02
(s, 1H, CH), 5.92 (s, 1H, CH), 7.18 (dd, J =9 & 3 Hz, 1H, Ar-H), 7.24 (d, /=9 Hz, 1H, Ar-H), 7.28
(d, /J=7Hz, 1H, Ar-H), 733 (t, J=7.5 Hz, 1H, Ar-H), 7.42 (t, /= 8 Hz, 1H, Ar-H), 7.53 (t, J = 8
Hz, 1H, Ar-H), 7.67-7.71 (m, 3H, Ar-H), 7.76 (d, /= 8 Hz, 1H, Ar-H), 8.20 (d, /=8 Hz, 1H, Ar-H),
8.33 (d, J=9 Hz, 1H, Ar-H); BC-NMR (125 MHz, CDCl3, 25 °C, TMS): 6 = 169.10, 156.16, 155.28,
154.74, 129.98, 129.21, 129.07, 128.76, 128.43, 128.33, 128.08, 126.62, 126.19, 124.14, 123.96,

5
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123.41, 123.08, 12228, 116.94, 116.86, 116.71, 113.80, 97.36, 72.76, 71.05, 70.56, 70.17, 69.30,
68.83, 64.97, 53.50, 52.08, 50.43, 21.36, 20.46; IR (KBr): v = 3478, 3325 (NH, & NH), 1658 (CO);
MS (ESI) m/z [M+H]" tinh toan C3sH39N2Os: 583.2808, tim thay: 583.2814.

Bing phuong phap tuong tu, dd tién hanh tong hop hop chat 1b va lc.

DAin xuit 1b. Hiéu suit dat 28% (167mg), Re= 0.3 (etyl axetat/n-hexan 4:1), T%c 120-122°C;
TH-NMR (500 MHz, [D1]CHCl3, 25 °C, TMS): 6=0.16 (d, /=7 Hz, 3H, CHs), 0.26 (d, /= 7 Hz, 3H,
CH3), 0.98-1.08 (m, 1H, CH(CHs),), 2.33 (dd, /=17 and 3.5 Hz, 1H, CHeq), 3.35-3.40 (m, 2H, CHax
& CH), 3.65-3.73 (m, 3H, CH), 3.78-3.84 (m, 3H, CH), 3.89-3.91 (m, 2H, CH), 3.99 (m, J = 10 Hz,
1H, CH), 4.15 (dd, J= 10 & 4 Hz, 1H, CH), 4.3 (t, J = 10 Hz, 1H, CH), 4.48-4.57 (m, 2H, CH>),
5.01(d, J=11 Hz, 1H, CH), 5.94 (s, 1H, CH), 7.15-7.23 (m, 2H, Ar-H), 7.34 (t, /= 8 Hz, 1H, Ar-H),
7.39 (t,J =8 Hz, 1H, Ar-H), 7.53 (t, /=8 Hz, 1H, Ar-H), 7.63-7.71 (m, 4H, Ar-H), 7.76 (d, J=8 H,
1H, Ar-H), 8.19 (d, /= 9 Hz, 1H, Ar-H), 8.32 (d, J = 9 Hz, 1H, Ar-H); *C-NMR (125 MHz, CDCls,
25 °C, TMS): ¢ 169.87, 156.55, 155.27, 154.61,133.69, 130.12, 129.20, 129.07, 128.76, 128.56,
128.14, 127.40, 126.64, 126.36, 123.71, 123.41, 123.10, 122.46, 122.29, 116.52, 115.45, 114.32,
113.78, 72.75, 71.06, 70.53, 70.20, 69.24, 68.79, 53.33, 51.88, 34.29, 27.10, 18.68, 18.52; IR (KBr):
v =3476, 3327 (NH, & NH), 1665 (CO); MS (ESI) m/z [M+H]" tinh toan C3¢Hs1N20s: 597.2965, tim
thay: 597.2939.

Din xuit 1c. Hiéu suit dat 40% (252mg), Re = 0.3 (etyl axetat/n-hexan 4:1), T%. 220-221°C.
TH-NMR (600 MHz, [D1]CHCI3, 25 °C, TMS): § 2.31 (dd, J =17, 3.5 Hz, 1H, CHeq), 3.29 (brs, 1H,
CHax), 3.53 (d, /=11 Hz, 1H, CH), 3.70-3.74 (m, 2H, CH>), 3.77 — 3.82 (m, 2H, CH>), 3.87-3.93 (m,
2H, CH,), 4.14 (dd, J = 10, 3.5 Hz, 1H, CH), 4.24-4.30 (m, 1H, CH), 4.38-4.42 (m, 1H, CH), 4.53-
4.58 (m, 1H, CH), 4.66-4.72 (m, 1H, CH), 4.99 (brs, 1H, CH), 5.95 (s, 1H, CH), 6.34 (d, /=7 Hz, 2H,
CH,Ph), 6.63 (d, J=7 Hz, 1H, Ar-H), 6.94 (t, /=8 Hz, 2H, Ar-H), 7.05 (t, /=8 Hz, 1H, Ar-H), 7.10 (t,
J=8 Hz, 1H, Ar-H), 7.14 (d, J=9 Hz, 1H, Ar-H), 7.18 (d, /=10 Hz, 1H, Ar-H), 7.23 (d, /=8 Hz, 1H,
Ar-H), 7.30-7.35 (m, 2H, Ar-H), 7.51 (t, J =7 Hz, 1H, Ar-H), 7.66-7.69 (m, 3H, Ar-H), 7.75 (d, J =8
Hz, 1H, Ar-H), 8.17 (d, J= 8 Hz, 1H, Ar-H), 8.26 (d, J =8, 1H, Ar-H); *C-NMR (125 MHz, CDCls,
25 °C, TMS): J 167.18, 155.25, 154.65, 153.28,136.33, 133.65, 132.36, 130.06, 129.20, 129.08,
128.76, 128.60, 128.33, 128.29, 128.19, 127.97, 127.87, 127.69, 127.11, 126.66, 126.46, 123.65,
123.54, 123.49, 123.12, 122.25, 116.56, 113.77, 97.85, 72.69, 71.04, 70.49, 70.21, 70.05, 68.78,
64.52,53.31, 51.86, 50.30; IR (KBr): v= 3477, 3325 (NH2& NH), 1668 (CO); MS (ESI) m/z [M+H]"
tinh toan Ca9H3oN20s: 631.2808, tim thay: 631.2777.

Hiéu qua dat dwge cia giai phap hiru ich

Giai phap hitu ich d& cdp dén phuong phap diéu ché 3 dan xuédt 4-amino-1,2,5,6-
tetrahydropyridin-3-cacboxylat (1a-c) mdi trén co s& két hop phan ting Kritschenko céi bién va phan
ung amin trong mot giai doan phén Ung, khong can st dung xuc tac va nhiét d cao, khong can phan
1ap san phim trung gian. Dan xuat 4-amino-1,2,5,6-tetrahydropyridin-3-cacboxylat (1a-b) thé hién
duoc hoat tinh gy doc té bao trén cac dong té bao ung thu thir nghiém gdm Hep-G2 va LU-1. Ngoai
ra, chiing con 12 hop chat trung gian quan trong cho nhiéu qua trinh chuyén hoé ho4 hoc khéc.
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Yéu cau bao hg

1. Hop chét co cong thirc 1 (a-c):

1a: R=- CH(CHa)y:
1b: R= - CH,CH(CHa)y:
1c: R= -CH2C6H5

(1a-c)

2. Hop chat theo diém 1, trong d6 hop chét nay co cong thic la:

2
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Hinh 1. Pho nhiéu xa tia X don tinh thé cta hop chit 1c





