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(54) QUY TRINH BIEU CHE VONG PIPERAZIN BE TONG HQOP DAN XUAT
PYRAZINOCARBAZOL
(57) Sang ché dé cap dén quy trinh cai tién nham tong ‘hop vong piperazin, cu thé 1a dé
téng hop hop chat di vong dung 1am chit trung gian nham tong hop pyrazinocarbazol, vi
du, thudc chéng trAm cam Pirlindol.
Quy trinh dd mé ta rat hiru ich dé diéu ché cac chat dong phan ddi anh Pirlindol, hoic
mudi duge dung ciia chung.
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Linh vue k§ thuat dwoc dé cap

Sang ché dé cap dén quy trinh cai tién nhim tong hop vong piperazin, cu thé 1a dé
téng hop hop chét di vong dugce dung 1am chét trung gian trong phwong phéap téng hop
pyrazinocarbazol nhu thudc chéng tram cam Pirlindol. Quy trinh nay rat hitu ich dé

diéu ché cac chét dong phan dbi anh pirlindol, hodc mubi duge dung cua ching.
Tinh trang k§ thuit clia sang ché

Pirlindol hydroclorua 1 hogp chat c6 cong thirc I

e
O N\ HCI
N

NH
—/ I
Day la tén thong thuong cua 8-metyl-2,3,3a,4,5,6-hexahydro-1H-pyrazino[3,2,1-
jk]carbazolhydroclorua, thanh phéan hoat tinh cua dugc phim duoc ban trén thi truong

ITM

v6i tén Pyrazidol™. Hop chit nay 14 hitu hiéu dé [am thudc chéng trAm cam.

CAu triic hoa hoc cua Pirlindol thudc nhém pyrazinocarbazol. N6 bao gém mot
tam 1ap thé cho thdy c6 su ton tai ciia hai chit ddng phan dbi anh, (R)-Pirlindol c6
cong thire II va (S)-Pirlindol ¢6 cong thuc II1.

HaC HsC
N NH NH
_/ N

1 —

Mdc du dit liéu dugc ly cta Pirlindol va st dung no trén 1am sang da dugc thuc
hién trén hdn hop triét quang, gan ddy, nguoi ta quan tAm nhiéu hon t6i hd so duge Iy
ctia timg chat dong phan d6i anh nay (W02015/171005 Al).

WO2015/171003A1 (Tecnimede group) ndp ngay 9/5/2014 boc 16 phwong phéap
phan giai Pirlindol triét quang thanh Pirlindol quay quang. Phuong phap tong hop
Phén giai-Triét quang hoa-Tai tudn hoan (Resolution-Racemization-Recycle — RRR)
dugc mb ta bao gdbm bude tao dan xuit bang cach didu ché cac cip chat dong phan

khong d6i quang dudi dang mudi tir axit hitu co quay quang. Cac chét dong phan
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khong dbi quang nay co thé duoc tach bang cic phuong phap thong thuong nhu két
tinh. Mic du phuong phap do rat hiéu qua dé diéu ché (R)-hogc (S)-Pirlindol & quy md
phong thi nghiém hoéc tién 1am sang, nhung phwong phap nay lai khong kinh té trén
quy mo cong nghiép vi phuong phép nay st dung Pirlindol triét quang dé lam nguyén

liéu ban dau.

Céc quy trinh diéu ché Pirlindol thuong c¢é budc tao ra vong piperazin. Cac giai
phap k¥ thuat da biét boc 16 nhidu quy trinh khac nhau dé tao ra vong piperazin, nhung
nodi chung, cac quy trinh nay gdm nhiéu giai doan va c6 nhugc diém 1a hiéu suét thap,
gi4 thanh chit phan ting cao, hodc dugc béo céo 1a khong thanh cong (Roderick et al.
Journal of Medicinal Chemistry 1966, 9, 181-185).

Phuong phap tdng hop khong dbi xtmg chit ddng phan ddi anh Pirlindol dau tién
duoc Andreeva va cac dong tac gia md ta (Pharmaceutical Chemistry 1992, 26, 365-
369) 1a phuong phap mot giai doan dé diéu ché hé vong pyrazinocarbazol piperazin tir
tetrahydrocarbazol-amin. Phuong phép d6 c6 hiéu sudt rat thap (23,8%) va sir dung
natri hydrua (NaH) vé6i sy ¢6 mat dimetyl sulfoxit (DMSO) hodc dimetyl formamit
(DMF), c4 hai diéu kién dugc mod ta déu gy ra phan tng phan hity tda nhiét ma c6 thé
tao ra phan tng chay hay phan tng phat trién nhiét.

Hon hop chtra natri hydrua va DMSO tao ra anion dimsyl. Anion nay rat thuong
duoc dung & quy mo phong thi nghiém, nhung vi n6 khong bén nén viée str dung né &
quy md lén can rat than trong. Su phan hity anion dimsyl 12 phan ang tda nhiét. Da bao
c40 rang su phan hiy anion dimsyl bit ddu ngay ca & 20°C, va & nhiét dd cao hon

40°C, n6 phén hiy véi te do déang ké (Lyness et al. US 3288860 1966, Cl. 260-607).

Hbn hop bao gdm DMF va natri hydrua dugc bao cdo trong “Sax & Lewis’s
Dangerous Properties of Industrial Materials”, tao ra phdn Gng chdy manh li€t & nhiét
do cao hon 50°C. Buckey va cac dong tac gia, (Chemical & Engineering News, 1982,
60(28), 5), mo ta phuong phap phat trién nhiét cta 1o phan ung chtra natri hydrua va
DMF & nhiét d tir 50°C trén quy md san xuét thir. Cac thir nghiém do nhiét lugng toc
d6 tang tdc (Accelerated Rate Calorimetry — ARC) cho thay hoat dong téa nhiét dién
ra & muc thip nhu ¢ 26°C. Ciing da quan sat thdy diéu twong tu & DMA. De Wall va
cac dong tac gia (Chem. Eng. News, 1982, 60(37), 5) béo cdo vAn dé tuong tu, trong
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d6 su thoat nhiét bat ddu & nhiét do 40°C, va tang 1én 100°C trong thoi gian duéi 10
phit 1am bay hoi hau hét DMF.

Quy trinh khac dé diéu ché hé vong piperazin cia dan xuat pyrazinocarbazol c6

thé bao gdm budc tao ra vong lactam bang phuong phép ba giai doan:

1.  Phan ing axyl hoa & vi tri N;
2. tao vong axetamit indol ndi phan tu détaora vong lactam;

3. khtr lactam.

Tao vong cloaxetamit indol ndi phan ttr dé tao ra vong lactam da duoc md ta béi
Bokanov va cac dong tac gia (Pharmaceutical Chemistry Journal 1988, 23,12, 1311-
1315), cu thé 1a tong hop khong chon loc d6i anh din xuét pyrazinocarbazolon.

Bokanov va cic dong tac gia da khong mé ta viéc khir lactam thanh vong piperazin.

Budc tao vong cloaxetamit indol ndi phan tur dé tao ra vong lactam ciing da dugc
md t4 boi Rubiralta va cac dong tac gia (Journal of Organic Chemistry 1989, 54,
23,5591-5597) va Bennasar va cac dong tac gia (Journal of Organic Chemistry
1996, 61, 4,1239-1251), 1 két qua ngoai mong doi ctia phan ing quang tao vong. Hiéu

suét tao ra lactam 14 thap (hiéu suat thap hon 11%).

Aubry va cic dong tic gia (Biorganic Medicinal Chemistry Letters 2007, 17,
2598-2602) va Saito va cac dong tac gia (Tetrahedron1995, 51, 30, 8213-8230) boc 10
phuong phap khtr lactam cua pyrazinon thanh hé vong piperazin khi tong hop toan
phin cac san pham alkaloit tu nhién.

Hién nay, cin c¢6 quy trinh cai tién dé didu ché dan xut vong piperazin, cu thé 1a
quy trinh chon loc chdt ddng phan dbi anh dé diéu ché tién chét trung gian
pyrazinocarbazol ctuia hop chat dong phan ddi anh Pirlindol c6 cong thirc IT va IIL.

Céc dit kién trén duoc néu ra dé minh hoa vin dé k¥ thuét dugc giai quyét béi
sang ché.

Ban chat k¥ thuat ctia sang ché

Quy trinh dugc mo ta trong ban mo ta nay la quy trinh cai tién dé didu ché vong

piperazin, cu thé 1a didu ché pyrazinocarbazol, vi du, chat dong phan déi anh Pirlindol

¢6 cong thire I va 11T hodc mudi dugc dung cia ching.
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Sang ché dé cap dén quy trinh bién dbi hop chét c6 cong thirc VI ((S)-6-metyl-N-
((S)-1-phenyletyl)-2,3,4,9-tetrahydro-1H-carbazol-1-amin) thanh hop chit c6 cong
thtc IV (S)-8-metyl-3-((S)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-pyrazino[3,2,1-
jk]carbazol-2(3H)-on) ma cé thé dugc thuc hién theo phuong phap mot binh phan Gng,
hai giai doan, bao gbm bude axyl héa & vi tri N va bude tao vong axetamit indol ndi
phan tr. Phan Gng axyl hoa ¢ vi tri N duoc thuc hién trong mdi truong kiém hai pha;
hop chit khong phan tmg c6 cong thirc VI duge thu hdi du6i dang mudi hydroclorua
bang cach loc va dugc ti st dung trong budc axyl hoa & vi tri N. Budc tao vong
axetamit indol nodi phan t cling dugc thuc hién trong hé kiém hai pha véi sur c6 mit
ctia chit xuc tac chuyén pha. Luong chét xuc tac chuyén pha duoc ding da duge giam
manh, t6t hon 14 thdp hon 0,1 duong lugng so v6i hop chét c¢6 cong thire X, cu thé hon

la 0,01 duong lugng.

Sang ché dé xuit quy trinh téng hop chat ddng phan ddi anh pirlindol c¢6 cong

thire IT hoac 111
HaC HAC
N NH N NH
/

I NEARNT]

hodc mudi duoc dung cta chung, bao gom cac budc sau:

cho hop chét c6 cong thic VI (S)-6-metyl-N-((S)-1-phenyletyl)-2,3,4.,9-
tetrahydro-1H-carbazol-1-amin hodc hop chét c6 cong thie VIII (R)-6-metyl-N-((R)-1-
phenyletyl)-2,3,4,9-tetrahydro-1H-carbazol-1-amin,

o0 OO
N - N N
H HN H HN—
Vi b Vil

phéan tng v6i hop chit axyl héa c6 cong thire XII

L1)J\/ L2

XII

trong do,
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L 1a nhém roi chuyén duogc chon tir nhém bao gém —-Br, -Cl, -OTs, -OMs, OH, —
OR,, -OCOR; hoac imidazol

R, 1a hydro, chudi alkyl hoic aryl c6 1 dén 6 nguyén tir cacbon trong dung moi
khong proton tht nhat, v6i su c6 mit clia chét kiém dé tao ra hop chét c6 cong thire X,
((S)-6-metyl-2,3,4,9-tetrahydro- 1 H-carbazol-1-yl)-N-((S)-1-phenyletyl)axetamit-N
duoc thé & vi tri 2 hodc hop chét c6 cong thire XI, ((R)-6-metyl-2,3,4,9-tetrahydro-1H-
carbazol-1-y1)-N-((R)-1-phenyletyl)axetamit - N dugc thé & vi tri 2

Cf@ CTQ
AT

tao vong axetamit indol ndi phan tr hop chét ¢6 cong thirc X hodc hop chét co
cong thirc XI

trong do, L, 1a nhom roi chuyén duoc chon tir nhém bao gém -Br, -Cl, -1,

-OTs, -OMs, -OH, —OR, trong dung moi khong proton thir hai véi sy ¢6 mét cua
chit kidm va chét xuc tac chuyén pha dé tao ra hop chét c6 cong thuc IV (S)-8-metyl-
3-((S)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-pyrazino[3,2,1-jk]carbazol-2(3H)-on hoac
hop chét c6 cong thire XIV (R)-8-metyl-3-((R)-1-phenyletyl)- 3a,4,5,6-tetrahydro-1H-
pyrazino|3,2,1-jk]carbazol-2(3H)-on

H3C H3C

By,

khir vong lactam cta hop chat c6 cong thire IV hodc hop chét c6 cong thirc XIV
thanh hop chét c6 cong thirc V hodc hop chét ¢6 cong thirc IX trong dung mdi khong

proton thir ba v6i sy ¢6 mat cta chat khir
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HaC
N = N N &
LN [
V IX

hydro phan c6 xuc tac hodc tach pheny c6 tinh axit @& thu dugc chit ddng phan

dbi anh pirlindol c6 cong thirc IT hodc 11T hodc mudi duoc dung ctia chung.

Theo mdt phuong an, chét kiém nay co thé duoc chon tir amin hitu co bac ba, vi
du, pyridin hodc trimetylamin; mudi carbonat cua kim loai kiém, vi du, kali carbonat
hoac natri carbonat; mubi hydrocarbonat cta kim loai kiém, vi du, natri hydrocarbonat
hoic kali hydrocarbonat; hodc mubi cua kim loai kiém, vi du, natri hydroxit hodc kali
hydroxit.

Theo mdt phuong an, chét kidm nay 13 natri hydroxit, cu thé, chat kiém nay
chiém 50% (khéi lwong/thé tich) dung dich natri hydroxit.

Theo mdt phwong an, dung moi khong proton thir nhat va dung méi khong proton
tht hai c6 thé duoc chon doc lip tir nhém bao gém clorofom, diclometan,
dimetoxyetan, dietyl ete hodc toluen, t6t hon néu dung moi khong proton thi nhét 1a
toluen; dung moi khong proton thi hai cling la toluen.

Theo mot phuong an, dung mdi khong proton thir ba ¢o6 thé duoc chon tir nhém
bao gém diclometan, tetrahydrofuran, dietyl ete hodc toluen, t6t hon néu no 1a
tetrahydrofuran.

Theo mot phuong an, L; 1a —CL.

Theo mot phuong an, L, 1a —CL.

Theo mdt phuong an, R, 1a chudi alkyl ¢6 1 dén 6 nguyén tir cacbon.

Theo mot phuong an, ty 1€ mol giita chét kiém:hop chét ¢6 cong thirc VI hodc
VIIT:hop chat c6 cong thire XII ¢6 thé ndm trong khoang tir 1:1:1 dén 15:1:4, t6t hon 1a
10:1:3.

Quy trinh theo diém bét ky trong sb cac diém yéu cau bao ho trén, trong d6 ty 1&
mol gita chét kiém nay:hop chét ¢6 cong thirc X hogc X1:chét xtc tac chuyén pha co
thé nim trong khoang tir 1:1:0,005 dén 15:1:0,1, tét hon 1a 10:1:0,01.
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Theo mot phuong an, ty 1¢ mol gitra chét khir:hop chit c6 cong thirc IV hodc hop
chét c6 cong thire XIV ¢6 thé nim trong khoang tir 1:1 dén 4:1, t6t hon 12 3,3:1.

Theo mot phuong an, chit khir c6 thé dugc chon tir lithium-nhom hydrua
(LiAlH,), nhom diisobutyl hydrua (Dibal-H), nhém hydrua (AlH;), natri bis(2 -
metoxyetoxy) nhom hydrua hodc phtrc boran tetrahydrofuran (THF), t6t hon 14 natri
nhom bis(2-metoxyetoxy) hydrua.

Theo mdt phuong an, chét xuc tac chuyén pha nay c6 thé duoc chon tir mudi
halogen amoni béc bon, vi duy, tetrabutyl amoni bromua, tetraetyl amoni bromua,
benzyltributyl amoni bromua, tetrabutyl amoni hydro sulphat va benzyltributyl amoni

clorua.
Theo mdt phuong an, hop chét axyl héa c6 cong thire XII 1a cloaxetyl clorua.
Theo mot phuwong 4n, chét xuc tac chuyén pha nay 14 tetrabutyl amoni bromua.

Theo mdt phuong 4n, mudi duge dung cia chat dong phan doi anh pirlindol TII
hozc II 1a mudi axetat, mudi hydroclorua, mudi hydrobromua, muo6i mandelat, mudi
xitrat, mudi sucxinat, muoi tartrat, muodi malonat, mudi maleat, muoi metansulfonat,

mudi lactat, mudi etansulfonat, mubi glutamat, mudi phosphat.

Theo mot phuong an, budc hydro phan c6 xuc tac ¢ thé duoc thuc hién & nhiét

d6 ndm trong khoang tir 20 dén 70°C, tot hon 14 50°C.

Theo mdt phuong an, buéc hydro phin c6 xuc tac ¢o thé duoc thuc hién trong
khoang thoi gian tir 2 gior dén 8 gio, tot hon 12 5 gio.

Theo mdt phuong an, budc hydro phéan c6 xtc tac co thé dugc thuc hién & ap suat
hydro nim trong khoang tir 500KPa dén 2000KPa (5-20 bar), tot hon la 700KPa (7
bar).

Theo mdt phuong an, qua trinh hydro phan c6 xtc tic dugc thuc hién ¢ nhiét do
nam trong khoang tir 20 dén 70°C, t6t hon 14 trong khoang thoi gian tir 2 gid dén 8 gio
va & ap suat hydro ndm trong khoang tr 500K Pa dén 2000KPa (5 dén 20 bar).

Theo mot phuong an, bude hydro phan cé xuc tac co thé duogc thuc hién véi hon
hop dung moi da axit hoa duge chon tir nhom bao gbm etyl axetat, dimetyl formamit,

metanol, etanol, isopropanol va diclometan. Tét hon néu hdn hop dung méi da axit hoa
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12 hdn hop chira dung méi proton va diclometan, t6t hon 14 hdn hop chira metanol va

diclometan.

Theo mot phuong 4n, hop chit din xuét pyrazinocarbazol c6 cong thirc V thu
dugc nho bude khir ¢6 chon loc vong lactam cia hop chét c6 cong thirc IV dé tao ra
vong piperazin.

Theo mot phuong an, bude hydro phan cé xuc tac hop chét c6 cong thic V thu
dugc nho quy trinh nay tao ra hop chét thd ((S)-pirlindol) c6 cong thire III véi do tinh
khiét cao cin céc bude tinh ché don gian do khong can qua trinh bazo hoa.

MBO ta chi tiét sang ché

Sang ché @& xuat quy trinh tdng hop vong piperazin, cu thé 1 quy trinh diéu ché
hop chit di vong dung lam chét trung gian dé tong hop pyrazinocarbazol. Cac chét
trung gian nay 1a thich hop dé ding dé téng hop khong ddi xtng chit dong phan ddi
anh Pirlindol ma c¢6 thé d& dang dugc chuyén thanh mubi ciia cac axit twong Gng.

Sang ché dé cap dén quy trinh axyl héa & vi tri N va phéan Gmg tao vong ndi phan
tr dé tao ra din xuit pyrazinocarbazolon c6 cong thirc IV (S)-8-metyl-3-((S)-1-
phenyletyl)- 3a,4,5,6-tetrahydro-1H-pyrazino[3,2,1-jk]carbazol-2(3H)-on

H4C

v
o

Theo khia canh khac, sang ché @& cap dén quy trinh khir chon loc hop chét co
cong thire TV thanh hop chit din xuét piperazin c6 cong thirc V (S)-8-metyl-3-((S)-1-
phenyletyl)-2,3,3a,4,5,6-hexahydro-1H-pyrazino|[3,2,1-jk]carbazol

duoc hydro phén c6 xtic tac dé tao ra hop chét (S)-Pirlindol ¢6 cong thirc I11.

-0
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Theo mét phwong an, hgp chit c¢6 cong thic VI (S)-6-metyl-N-((S)-1-
phenyletyl)-2,3,4,9-tetrahydro-1H-carbazol-1-amin

By ®

=

N
H HN

H;C

VI

1a chit trung gian dé tong hop pyrazinocarbazol c6 cong thirc V va c6 thé duoc
diéu ché bang hai budc:
- 1-cd dic hop chit c6 cong thirc VII, 6-metyl-2,3,4,9-tetrahydro-1H-carbazol-
I-on
HsC
\
N
H OVII
v6i (S)-(-)-a-metylbenzylamin phu trg khong dbi anh, sau do:
- 2-Kkhw chon loc natri bohydrua 1ap thé.
Theo mot phuong an, quy trinh theo sang ché boc 10 quy trinh didu ché (R)-
Pirlindol ¢6 cong thuec II, trong d6 chét déng phan ddi anh ctia hop chét c6 cong thirc

VI, (R)-6-metyl-N-((R)-1-phenyletyl)-2,3,4,9-tetrahydro-1H-carbazol-1-amin  (c6ng

thite VIII)
\
N ; N
H HN—"
bvm

thu dugc tir bude c¢d dic hop chét c6 cong thire VIIL, (R)-(+)-a-metylbenzylamin.

HsC

Theo mdt phuong an, hop chét ¢6 cong thuce VIII ¢6 thé duge axyl hoa, tao vong
va khir dé tao ra hop chat co coéng thic IX, (R)-8-metyl-3-((R)-1-phenyletyl)-
2,3,3a,4,5,6-hexahydro-1H-pyrazino[3,2,1-jk]carbazol
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hop chit nay dugc hydro phan c¢6 xtc tac dé tao ra hop chit (R)-Pirlindol c6 cong
thire I1.

Theo khia canh khac, sang ché d& cap dén phan tng axyl héa hop chit c6 cong
thirc VI & vi tri N dé tao ra hop chét ¢ cong thirc X, N duoe thé & vi tri 2-((S)-6-
metyl-2,3,4,9-tetrahydro-1H-carbazol-1-yl)-N-((S)-1-phenyletyl)axetamit

HsC

o0
e,
X.

Theo khia canh khac, sang ché @& cap dén phan ung axyl héa hop chét ¢ cong
thitc VI & vi tri NII dé tao ra hop chét c6 cong thire XI, N dugc thé & vi tri 2-((R)-6-
metyl-2,3,4,9-tetrahydro-1H-carbazol-1-yl)-N-((R)-1-phenyletyl)axetamit

HsC

Q)

N S

H N—

L{\\g b
XI.

Theo mdt phuong an, cho hop chét ¢6 cong thirc VI hodc hop chit c¢6 cong thirc
VIII tac dung v6i hop chit ¢6 cong thirc XII, trong d6 L, va L, 1a nhém rdi chuyén

trong dung moi thich hop véi sy c6 mét cua chét kiém thich hop.

Vi du v& nhém roi chuyén bao gdm, nhung khong bi gi6i han & cac halogen nhu

—Br, -Cl, hay ruou sulfonic nhu —OTs va—OMs, hodc nhém hydroxyl -OH, hodc nhom
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alkoxy nhu —OR;, hodc anhydrit cua axit carboxylic nhu -OCOR;, hodc imidazol. Tét
hon néu L, 1a —CL. R, 14 hydro, alkyl hodc aryl ¢6 1 dén 6 nguyén tir cacbon.

Hop chét ¢ cong thire XII con co thé duoc thay thé bang keten c6 cong thirc XIII

)'—2
O//C/ X111
C6 thé mua hop chét keten c6 cong thire XIII trén thi truong hodc diéu ché tai
chd tir hop chét c6 cong thire XII. Tinh trang k§ thuét d6 boc 16 phuong phap diéu ché
keten tir chdt axyl hoa c6 cong thirc XII (vi du, Brady et al, Journal of Organic
Chemistry 1981, vol. 46, 20 p. 4047 — 4050).

Theo mot phuong an, dung mdi thich hop dé chuyén hop chit c6 cong thire VI
thanh hop chét ¢ cong thirc X theo sang ché dugc chon tir, nhung khong bi gigi han &
dung moi khoéng proton nhu clorofom, diclometan (DCM), dimetoxyetan (DME),

dietyl ete hodc toluen.

Theo mot phuong an va dé thu dugc cac két qua tot hon, t6t hon néu dung méi

phit hop da d& cap & trén 1a toluen.

Theo mot phuong an, chat kiém thich hop theo sang ché duoc chon tir, nhung
khong bi gi¢i han ¢ amin hitu co bac ba nhu pyridin hodc trietylamin, hodc mudi
carbonat hoac hydrocarbonat cua kim loai kiém nhu kali carbonat hodc natri carbonat
hodc natri hydrocarbonat hoac kali hydrocarbonat hodc mudi cua kim loai kiém nhu

natri hydroxit (NaOH) va kali hydroxit (KOH).

Theo mdt phuwong an va dé thu dugc cic két qua tét hon, tot hon néu chét kiém
ndy 1 natri hydroxit, t6t hon nita néu chit kiém nay chiém 50% (khdi luong/thé tich)
dung dich natri hydroxit.

Theo mdt phuong 4n va dé thu duoc cac két qua t6t hon, tot hon 14 ty 1& mol gitra
céc chét phan ung axyl héa nhu chét kidm, hop chit c6 cong thirc VI, va hop chét c6
cong thire XII ndm trong khoang tir 1:1:1 dén 15:1:4, tot hon 14 10:1:3.

Theo mdt phuong 4n va dé thu duoc céc két qua t6t hon, tot hon 1a ty 1& mol gitta
céc chat phan tng axyl hoa nhu chét kiém, hop chét c6 cong thire VIII, va hop chét ¢
cong thtre XII ndm trong khoang tir 1:1:1 dén 15:1:4, tot hon 1a 10:1:3.
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Theo mdt phuong 4n, phan Gng nay dugc thyc hién ¢ nhiet do nam trong khoang
tir -10°C dén 20°C, t6t hon 1a ndm trong khoang tir 0 dén 5°C trong thoi gian tir 30

phat dén 10 gio, tot hon nita 1a 4 gio.
Theo mdt phuong 4n, tot hon néu hop chét c6 cong thirc XII 12 axyl halogenua.

Theo phuong an khéc, sang ché @& cap dén quy trinh tao vong axetamit indol noi
phén ttr d6i v6i hop chét c¢6 cong thire X thanh hop chét c6 cong thuc IV, trong d6 L,
12 nhoém rdi chuyén trong dung mdi thich hop véi sy ¢6 mat cia chét kiém thich hop

va chat xuc tadc chuyén pha.

Theo phuong an khac, sang ché @& cap dén quy trinh tao vong axetamit indol noi
phan tr hop chét c6 cong thire XI thanh hop chét ¢6 cong thirc XIV, (R)-8-metyl-3-
((R)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-pyrazino[3,2,1-jk]carbazol-2(3H)-on

N—"
T
X1V

trong d6 L, 1a nhém ro1 chuyén trong dung mai thich hgp véi sy c6 mit cia chat

kidm thich hop va chat xuc tac chuyén pha.

Vi du vé nhém roi chuyén bao gdm, nhung khong bi gi6i han & cac halogen nhu
—Br, -Cl, -I hodc rugu sulfonic nhu -OTs va -OMs hodc cac nhém alkoxy nhu —OR;.
Tét hon néu L, 1a —Cl. R, 12 hydro, alkyl hodc aryl c¢6 1 dén 6 nguyén ti cacbon.

Theo mot phuong an, t5t hon néu hop chat ¢ cong thire XII 1a cloaxetyl clorua.

Theo mdt phuong 4n, chit kiém thich hop theo sdng ché duoc chon tir, nhung
khong bi giéi han & amin hitu co bdc ba nhu pyridin hodc trimetylamin, hodc mudi
carbonat hay hydrocarbonat cta kim loai kiém nhu kali carbonat hodc natri carbonat
hodc natri hydrocarbonat hodc kali hydrocarbonat hodc mudi cia kim loai kiém nhu

natri hydroxit va kali hydroxit.

Theo mot phuong an va dé thu duogc cac két qua t6t hon, t6t hon néu chit kiém
nay 14 natri hydroxit, tot hon nita 1a chét kiém nay chiém 50% (khéi luong/thé tich)

dung dich natri hydroxit.
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Theo mot phuong an, dung mdi thich hop theo sang ché dugc chon tir, nhung
khong bi gidi han & dung moi khong proton nhu clorofom, diclometan, dimetoxyetan,

dietyl ete hodc toluen. Tét hon néu dung mdi nay 1a toluen.

Theo mot phuong an, chét xtc tac chuyén pha thich hop theo sang ché duogc
chon tir, nhung khong bi gi6i han & nhém bao gdm mubi amoni bac bdn nhu tetrabutyl
amoni bromua, tetraetyl amoni bromua, benzyltributyl amoni bromua, tetrabutyl amoni

hydrosulphat va benzyltributyl amoni clorua.

Theo mdt phuong an va dé thu dugc két qua tt hon, t6t hon néu chat xic tac

chuyén pha nay 14 tetrabutyl amoni bromua.

Theo mdt phuong an va dé thu duoc két qua tét hon, t6t hon 1a ty 1& mol giita
chéat phan tng tao vong nhu chét kiém, hop chit c6 cong thic X, va chat xuc tac

chuyén pha nam trong khoang tir 1:1:0,005 dén 15:1:0,1. Tét hon nita 1a 10:1:0,01.

Theo mot phuong 4n va dé thu dugc két qua tét hon, tot hon 1a ty 1& mol giita
chét phan ung tao vong nhu chét kiém, hop chét c6 cong thic XI, va chat xtic tac

chuyén pha nam trong khoang tir 1:1:0,005 dén 15:1:0,1, tot hon nita 1a 10:1:0,01.

Theo mot phuong 4n, phan (ng tao vong dugc thuc hién ¢ nhiét do nam trong
khoang tir 20°C dén 100°C, tét hon 1a & 65°C trong thdi gian tir 30 phut dén 2 gio, tbt
hon ntra la 1 gio.

Theo phuong an khéc, sang ché dé cap dén phan tng khit lactam chon loc hop
chét c¢6 cong thire IV thanh hop chét c¢6 cong thie V trong dung moi thich hgp, cu thé
1a dung moi khdng proton va véi chét khir thich hop.

Theo phuong an khéc, sang ché dé cap dén phan tng khir lactam chon loc hop
chét ¢6 cong thirc XIV thanh hop chét c6 cong thire IX trong dung moi thich hop, cu
thé, dung moi khong proton, va véi chat khir thich hop.

Theo sang ché, chit khir thich hgp bao gdm, nhung khong bi giéi han & khong
nhitng hop chét hitu co-lithi nhu lithi-nhém hydrua (LiAlH,), nhdom diisobutyl hydrua
(Dibal-H), nhém hydrua (AlH;) hodc natri nhém bis(2-metoxyetoxy) hydrua, ma con
1a hop chit hitu co-bo hogc phic nhu phire boran THEF.

Theo mét phuong 4n va dé thu dugc két qua tét hon, tét hon néu chét khtr nay 1a

natri nhom bis(2-metoxyetoxy) hydrua.
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Theo mét phuong 4n, dung mdi thich hop dé didu ché hop chat c6 cong thuc V
hodc hop chét c6 cong thirc IX theo sang ché, bao gdm nhung khong bi gi¢i han &

dung mdi khong proton nhu diclometan, tetrahydrofuran, dietyl ete va toluen.

Theo mot phuong an va dé thu duogc két qua tt hon, tét hon néu dung moi khong

proton nay la tetrahydrofuran.

Theo mdt phuong 4n, tot hon la ty 1& mol gitta chit khir cac thanh phan khir
lactam:hop chét c¢6 cong thirc IV niam trong khoang tir 1:1 dén 4:1, tot hon nira 1a

3,3:1.

Theo modt phuong 4n, tot hon 1a ty 1& mol gitta chét khir cac thanh phan khir
lactam:hop chét c6 cong thic XIV nam trong khoang tir 1:1 dén 4:1, t6t hon nita l1a

3,3:1.

Theo mot phuong an, sy khir lactam dugc thure hién ¢ nhi€t do nam trong khoang
tir nhiét do phong dén 100°C, tét hon 1a & 50°C trong thoi gian tir 30 phit dén 5 gio,

t6t hon nita 14 trong thoi gian tir 30 phut dén 3 gid, con wu tién hon nita 12 1 gio.

Theo mdt phuong 4n, chét trung gian V thu duoc nho quy trinh theo sang ché co
thé dugc hydro phan c6 xtc tac hodc tach phenyl etyl axit. Hydro phan c6 xtc tac
trong hon hop dung mdi hitu co da axit hoa tao ra hop chét (S)-Pirlindol ¢6 cong thic
III. Phan tng hydro phan c6 xuic tadc dugce thuc hién & ap sudt hydro hodc & cac diéu

kién hydro phan trao ddi.

Theo mot phwong an, chit trung gian IX thu duge nhd quy trinh theo sang ché c6
thé duoc hydro phan c6 xuc tac hodc tach phenyl etyl c¢6 tinh axit. Hydro phéan ¢6 xuc
tac trong hdn hop dung moéi hitu co da axit hoa tao ra hop chét (R)-Pirlindol c6 cong
thiee II1. Hydro phan c6 xuc tadc dugce thuc hién ¢ ap suét hydro hodc & cac diéu kién

hydro phéan trao doi.

Theo mot phwong an, tot hon 13 buéc tich phenyl etyl c6 tinh axit dugc thuc hién
nh chét tach c6 tinh axit nhu bo hodc nhom trihalogenua. Tét hon nita chét tach c6
tinh axit nay 1a bo triclorua, bo tribromua hodc nhom clorua.

Theo mét phwong 4n, t6t hon 1a bude hydro phan c6 xuc tac st dung chét xuc tac

di thé va dugc thuc hién & ap suét hydro. Tét hon néu chit xuc tac di thé nay la paladi
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trén than g8. T6t hon nita 1a chat xic tic di thé nay c6 ham luong paladi xap xi 3,2%
mol.

Theo mot phuong an, t6t hon 1a 4p suét hydro dé hydro phan c6 xiic tc nam
trong khoang tir 500KPa dén 2000KPa(5-20 bar), tét hon nita 1a & 700KPa(7 bar).

Theo mdt phuong an, t6t hon 1a nhiét do dé hydro phan c6 xuc tac nim trong
khoang tir 20-70°C, t6t hon nita 1a 50°C.

Theo mot phuong an, tot hon 1a buéc hydro phan co6 xic tac kéo dai trong khoang
thoi gian tir 2 dén 8 gio, 6t hon nita 1a 5 gio.

Theo mdt phuong 4n, hdn hgp dung mdi d axit hoa trong budc hydro phén c6
xuc tac thich hop c6 thé 1a hdn hgp chira dung moéi hitu co duge chon tir nhém bao
gbm etyl axetat, dimetyl formamit, metanol, etanol, isopropanol va diclometan, tot hon
12 hdn hop dung moi ndy bao gbém hdn hop chtta dung moi proton va diclometan, tot
hon 14 hdn hop chira metanol va diclometan.

Theo mot phuong 4n, t5t hon 1a quy trinh axit hoa hdn hgp dung méi nay dugc
thuc hién nho s hép thu khi HCL

Theo mot phuong an, hop chét thd c6 cong thire 11T hodc cong thic II co df tinh
khiét cao thu duoc khong can trung hoa bazo bat ky va duoc tai két tinh tir nuée
va/hodc dung moi proton mot cach nhanh chong.

Theo mdt phuong an cu thé cta sang ché, quy trinh nay bao gdm céc budc sau:

cho hop chét ¢6 cong thire VI hodc VIII vao toluen;

bd sung dung dich NaOH 50% (khéi lugng/thé tich) & nhiét d6 nam trong khoang
tir 0 dén 5°C;

bd sung hdn hop cloaxetylclorua trong toluen vao td hop thu dugc trude d6 &
nhiét do va thoi gian da dé cho phép phan Gmg nay xay ra, cu thé 1a ¢ nhiét do nam
trong khoang tir 0 dén 5°C trong 4 gio;

bd sung nude vao hon hgp phan ung da dugc lam lanh bing nude da thu duge &

bude trude do;

tach cac pha, va chiét pha 16ng bang toluen;
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xtr ly pha hitu co bang dung dich axit hitu co hodc vo co va loc huyén phu thu
duoce, cu thé 1a dung dich HCI 2M ;

chét rin da loc dugc xac dinh 1a mudi cia hop chét ¢6 cong thirc VI, hodc mubi
ctia hop chat c¢6 cong thirc VIII, duge thu hdi va tai str dung trong bude cloaxetyl hoa;

tach cac pha cta dung dich gbc, va chiét pha léng bang toluen;

sdy kho pha hitu co, loc va ¢ dic & ap sudt giam dé thu duge hdn hop chira hop
chét tho c6 cong thirc X, hodc XI trong toluen;

bd sung chét xtic téc chuyén pha va dung dich natri hydroxit 50% (khdi luong/thé
tich) vao hdn hop san phim thé (cu thé 1a trong toluen) da thu dugc & budce trude &
nhiét do va thoi gian di d& cho phép phan tmg nay xay ra, cu thé 1a & 65°C trong 1
gio;

bd sung nuée vao hdn hgp nay & 0°C va tach cac pha;

rira 16p hitu co nay bang dung dich HCI va nudc;

sdy 16p hiru co @ dugc lam kho, loc va lam bay hoi dé tao ra hop chit co cong
thae IV, hoac XIV;

cho hop chét ¢6 cong thirc IV, hodc hop chét c6 cong thirc X1V vao THF;

bd sung hdn hop natri nhdm bis(2-metoxyetoxy) hydrua trong THF vao hdn hop
THF dugc tao ra trude do ¢ nhiét do va thoi gian du dé cho phép phan g nay xay ra
(c6 thé can hdn hop bd sung hdn hop chira natri nhém bis(2-metoxyetoxy) hydrua
trong toluen);

bd sung dung dich NaOH 5% (khéi lwong/thé tich), nuéc va DCM;

tach cac pha va chiét pha 1ong bang DCM;

séy kho pha hitu co, loc va 1am bay hoi dung méi nay dé thu duge san pham tho
¢6 cong thuac V, hodc IX;

cho san phdm thd thu dugc trong budc truéc vao DCM va b6 sung

metanol(MeOH) dé thu dugc hop chét c6 cong thirc V, hodc IX.

Quy trinh theo sang ché 1a phu hop dé ap dung trén quy mo cong nghiép va cé
nhiéu vu diém nhu st dung hdn hop chira clorua axit, cu thé 1a axetyl clorua, trong hé
hai pha bao gdm hdn hgp chira toluen va dung dich natri hydroxit 50% (khéi luong/thé
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tich), 1am chét thay thé cho hén hop trimetylamin va clorua axit kém bén; va luong
chét xtc tac chuyén pha duoc dung da dugc giam di rat nhidu, cu thé 13 thp hon 0,1

dwong lwong so voi hop chit co cong thire X.

Quy trinh theo sang ché cling md ta quy trinh khtr chon loc vong lactam thanh

piperazin.

Theo mdt phuong an, mudi dugc dung theo sang ché bao gdbm dang mudi khong

déc, c6 tac dung tri liéu ma hop chét co cong thire IT va III ¢ thé tao thanh.

Dang mubi cong axit ctia hop chét c6 cong thae 11 va III & dang tw do 1a bazo ¢6
thé thu dugc bang cach xir Iy bazo tw do v6i axit thich hop nhu axit vo co, vi du, axit
clohydric, axit bromhydric, axit sulfuric, axit phosphoric, axit nitric va axit twong tu;
hodc axit hitu co, nhu, vi du, axit axetic, axit xitric, axit xitric khan, axit mandelic, axit
hydroxyaxetic, axit lactic, axit pyruvic, axit maleic, axit malonic, axit fumaric, axit
malic, axit metansulfonic, axit suxinic, axit tartaric, axit p-toluensulfonic, axit

xyclamic, axit etansulfonic, axit glutamic, axit 1,2-etandisulfonic va axit tuong tu.

Theo mot phuong 4n, dang mudi nay c6 thé duoc chuyén thanh dang tu do bing

cach xtt Iy bang bazo.

Theo mét phuong 4n, hop chat ¢6 cong thire IT va Il va mubi cta ching c6 thé &
dang solvat, dang nay dugc bao ham trong pham vi clia sang ché. Solvat nay bao gdm,

vi du, hydrat, alcolat va chét tuong tu.

Theo mdt phuong an, tdm quay quang co thé mang ca hai cAu hinh ‘R’-hoic °S* &

tat ca cac pham vi da dugc dé cap trén day.

Theo mot phuong an, hop chét c¢6 cong thire I, 1T va IIT va mot sd chit trung gian
c6 mdt hoac hai tam 1ap thé trong cAu trac. Tam lap thé nay co thé ¢6 cau hinh R hoic
S, ky hiéu R va S da néu dugc dung theo quy tic da dugc mod ta trong Pure Applied
Chemistry 1976, 45, 11-30.

Sang ché dé cap dén tét ca cac dang dong phan lap thé nhu dang ddng phan dbi
anh va dang dong phan d6i quang ctia hop chét c6 cong thie 1, 1T va III hodc chét trung
gian.

Viéc didu ché hop chat c6 cong thie 111 bét ddu tir hop chit c6 cong thirc VII ¢6

thé duogc thuc hién trong mot loat phan tmg khac nhau, nho d6 ma tach dugc ting chét
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trung gian, hodc cé thé dugc thuc hién theo phuong phap xau chudi (telescopic

synthesis).

Nhim muc dich cta sang ché, dong phan dbi anh tinh khiét c6 nghia la do tinh
khiét ctia chit ddng phan ddi anh twong duong hodc cao hon 97%.

Theo sang ché, chét dbng phéan ddi anh Pirlindol ¢6 cong thire 11 va III dugc tao
ra bang quy trinh theo séng ché ¢c6 thé duge didu ché nhu cac ché pham duge, ching
dic biét hitu ich trong viéc diéu tri cac bénh ly ciia hé thn kinh trung wong, cu thé la
bénh trim cim. Céc ché phdm nay chira (R)-Pirlindol II hogc (S)-Pirlindol IIT véi chat
mang va/hodc ta dugc dugc dung da biét dbi voi ngudi c6 hiéu biét trung binh trong

linh vuc k¥ thudt nay.
Vi du thwe hién sang ché

Vi du 1 - Didu ché (S)-8-metyl-3-((S)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-
pyrazino[3,2,1-jk]carbazol-2(3H)-on — Cong thirc IV

H;C

7%

Theo mot phuong an, didu ché (S)-8-metyl-3-((S)-1-phenyletyl)-3a,4,5,6-
tetrahydro-1H-pyrazino[3,2,1-jk]carbazol-2(3H)-on (Cong thic IV) nhu sau, B6 sung
timg giot dung dich NaOH 50% (khdi lwong/thé tich) (79 g) vao dung dich VI (S)-6-
metyl-N-((S)-1-phenyletyl)-2,3,4,9-tetrahydro-1H-carbazol-1-amin  (30g, 98,5mmol)
trong 300ml toluen ¢ nhiét d§ nim trong khoang tir 0 dén 5°C, sau d6 bd sung ting
giot dung dich cloaxetyl clorua (12ml, 148mmol, 1,5 duong lugng) trong 15ml toluen
& nhiét do nim trong khoang tr 0 dén 5°C. Khudy hdn hop nay & nhiét d6 ndm trong
khoang tir 0 dén 5°C trong thoi gian 2,5 gid, va nho ting giot cloaxetyl clorua bd sung
(12ml, 148mmol, 1,5 duong luong) trong 15ml toluen & nhiét do nam trong khoang tu
0 dén 5°C. Khudy hdn hop & nhiét do nam trong khoang tir 0 dén 5°C trong thoi gian
1,5 gio. B sung nude vao hdn hop phén Gng dd dugc giit ¢ nhiét do thap hon 5°C.
Cac pha dugc tach nhau va chiét pha léng bang toluen. Xt ly pha hitu co bang dung
dich HCI 2M. Loc huyén phi thu duoc. Chét rin thu dugc sau khi loc duge xac dinh 1a
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mudi HCI cua hop chét co cong thuc VI, mubi nay co thé dugc tach ra va dugce dua tré
lai buéc cloaxetyl hda. Tach céc pha cua dung dich gbe va chiét pha léng bang toluen.
Pha hitu co duoc sdy trén Na,SOy, loc va cd dic & ap sudt giam dén khoang 350ml
dung dich trong toluen. Dung dich toluen cua hop chét thé co6 cong thirc X nay duoc

phan ung trong budc tiép theo.

Theo mét phuong 4n, bd sung TBAB (0,394g, 1,22mmol, 1% khéi lugng/ khdi
lugng theo hiéu suit 1y thuyét ciia budc trudc) va dung dich NaOH 50% (khoi
lwong/thé tich) (8,1g, 10 duong lugng) vao dung dich toluen cla chét trung gian thd
thu dugc trong bude trude trong cung mot binh phan Gng. Khudy hdn hop phan g
nay trong thoi gian 1 gio & 65°C ddng thoi két thic phan Gng. B6 sung nuée vao hon
hop nay & 0°C va tach céc pha, rira pha hitu co nay bang dung dich HCI, va nuéce, sau
d6 sy trén Na,SOy, loc va 1am bay hoi dé thu duogc 32,87g hop chét c6 cong thirc IV
(S)-8-metyl-3-((S)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-pyrazino[ 3,2,1-jk]carbazol-
2(3H)-on (hiéu sut & hai budc 12 97%), 1a chét rin c6 mau nau. San pham tho nay

dugc phan Gng trong budc tiép theo ma khong can tinh ché thém.

Vi du 2 - Diéu ché (S)-8-metyl-3-((S)-1-phenyletyl)-2,3,3a,4,5,6-hexahydro-1H-
pyrazino[3,2,1-jk]carbazol — Cong thiuc V

Theo mot phuong 4n, didu ché (S)-8-metyl-3-((S)-1-phenyletyl)-2,3,3a,4,5,6-
hexahydro- 1H-pyrazino[3,2,1-jk]carbazol (Cong thirc V) nhu sau. Nho timg giot dung
dich natri nhom bis(2-metoxyetoxy) hydrua trong toluen (70% khéi luong/ khéi lwong,
237mmol, 2,5 duong lugng) voi lwgng 66ml vao dung dich da dugc khudy bao gdm
32,87g IV (S)-8-metyl-3-((S)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-pyrazino(3,2,1-
jk]carbazol-2(3H)-on (95,4mmol) trong THF kho6 (170ml). Lam 4m hon hop phéan tng
nay t6i nhiét do 40°C, va két thic buée bd sung, khudy hdn hop ¢ 50°C cho t6i khi
nguyén lidu ban dau tan hoan toan. B6 sung thém 22ml dung dich natri nhém bis(2-

metoxyetoxy) hydrua (70% khéi luong/ khéi lugng, 79mmol, 0,8 duong luong) bang
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cach nho giot. Sau khi két thic phan Gng, 1am ngudi hdn hop nay t6i nhiét do phong va
bd sung tir tir dung dich NaOH 5%. B6 sung nudc va DCM vao hdn hop nay, cac pha
duoc tach nhau va chiét pha 16ng bang DCM. Pha hitu co nay dugc sdy trén Na,SOy,
duoc loc va dung moi nay dugc lam cho bay hoi dé thu dugc chét rdn mau nau
(28,8¢). Hoa tan san phim tho trong DCM va b sung MeOH. Chat rdn mau tring két
tia. Loc va rira chét rin nay bang MeOH dé thu duoc 14,6g hop chat c6 cong thire V
(S)-8-metyl-3-((S)-1-phenyletyl)-2,3,3a,4,5,6-hexahydro-1H-pyrazino[3,2,1-

jk]carbazol (hidu suat:46%) dudi dang chit rin c6 mau tring nhat, giéng nhu bong.
Vi du 3 - Piéu ché (S)-Pirlindolhydroclorua - Cong thirc I11

Theo mdt phuong 4n, didu ché (S)-Pirlindol hydroclorua III nhu sau. Hoa tan
((S)-8-metyl-3-((S)-1-phenyletyl)-2,3,3a,4,5,6-hexahydro-1H-
pyrazino[3,2,1-jk]carbazol) c6 cong thic V (8,32g, 25mmol) trong 42ml DCM va bd

amin tu do

sung HCI du vao 42ml MeOH. Lam bay hoi dung moi nay ¢ ap sudt giam cho dén khi
kho dé thu dugc chit 16ng mau vang. Hoa tan cin trong 120ml MeOH va bd sung vao
thé phan tan Pd/C (1,74 g, ~50% nudc) trong 20ml MeOH. Khudy hén hop phan tng
nay & 50°C & ap suét hydro 750KPa(7,5 bar) trong 5 gio. Sau khi hoan thanh (HPLC),
loc huyén phu qua tim xelit, va ria khdi chit rdn bing MeOH. Kiém tra do pH cua
dung dich thu duge (< 3) va lam bay hoi dung dich nay dé thu duoc hop chat mudi
hydroclorua thé c6 cong thue III. B4 sung iPrOH vao mudi thd nay va khudy huyén
phu nay. Loc huyén pht, va sdy san phim trong mdi truong chan khong dé thu duoc
mudi hydroclorua cta (S)-Pirlindol, hop chét c6 cong thie III (5,11g, 19,5mmol, hiéu
suét:77%). Do tinh khiét 16n hon 99,5% (HPLC). D6 tinh khiét ctia chat dong phan doi
anh 12 99,5% (Chiral HPLC). MS (ESI):m/z 227,2 (M+H)".

Bang 1. Hiu sut so sanh

Hiéu suét Higu §uat tao Hiéu suét khur . £
Y vong Hiéu suat Hydro
phan {mg axetamit lactam phan
axyl hoa & (Piperazin) . 0
vi ri N(%) (La(c(:;a)m) %) (Pirlindol) (%)
0
Theo sang ché 97 46 77
Theo Andreeva va céc
ddng tac gia 1992 23,8 42
Theo Bokanov va céc
dong tac gia 1988 81 >2 ) )
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Dang ngac nhién 1a quy trinh téng hop chit dong phan d6i anh pirlindol c6 cong
thirc II hodc III theo sang ché tao ra hiéu suit chung va riéng cao hon so v6i quy trinh
dugce boc 16 trong tai li€u chuyén nganh nay. Cu thé, hiéu suit tao vong lactam cao
hon, sang ché mo ta higu sudt 1a 97% trong khi Bokanov va cic ddng tac gia bao cao
hiéu suét 13 42%. Ciing da nhan thdy hiéu suét tao vong piperazin cao hon, séng ché
mé ta hiéu suét la 45% thay vi 23,8% nhu Andreeva va cic dong téc gia da boc 15. Két
qua tuong tu cling dd quan sat dugc ¢ quy trinh hydro phan, Andree va cac dong tac
gi4 da boc 16 hiéu sudt tach Pirlindol ting 42% va sang ché mo ta hiéu sudt chuyén
dang twong tu tang 77%. Uu diém khac ciia quy trinh nay 1a c6 kha nang loai b hop
chit ddc benzen ra khéi qua trinh hydro phan ¢6 xuc tac. Uu diém khac nita cua quy
trinh nay 13 né an toan hon quy trinh da duoc, vi du, Andreeva va cac ddng tac gia boc
16 nam 1992, trong d6 st dung natri hydrua véi sy c6 mit cia dimetyl sulfoxit
(DMSO) hodc dimetyl formamit. Quy trinh nay bdc 16 tinh an toan cao hon vi n6
khong 1am gia ting su téa nhiét khi phin giai.

Thuét ngt "bao gdm" duge ding trong ban mo ta nay dé chi sy c6 mat cta dic
tinh, du hiéu, budc, thanh phan dugc néu, nhung khong loai trir sy c¢6 mat hoac b
sung cia mot hodc nhidu dic tinh, diu hiéu, budc, thanh phan hodc cic nhém cla

ching.

Ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuat nay hiéu rang, trir khi ¢6
chi dan khac trong ban mo ta ndy, thir ty cac budc cu thé da dugc mé ta chi nham
minh hoa va c¢6 thé thay d6i ma khong nim ngoai pham vi clia sang ché. Vi vay, trir
khi ¢6 chi dan khac, quy trinh dd mo ta duoc sép xép khong theo thir tu ¢ dinh, cac

budc nay co thé dugc thuc hién theo thit ty mong doi hodc thuén tién néu can.

Khong nén nhin nhan sang ché bi gidi han theo cach bat ky béi cac phuong 4n da
duoc md ta va ngudi ¢6 hidu biét trung binh trong linh vyc k§ thuét nay s& du doan

nhiéu kha nang thay dbi cia chung.
Céc phuong an cua sang ché duoc mo ta trén day co thé dugc két hop vé6i nhau.

Céc diém yéu cau bao ho sau day tiép tuc trinh bay sang ché theo cc phuong an

cu thé.
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YEU CAUBAO HO
(N6p kém cong ven tra 107 Thong bdo s6 20877w/SHTT-SC ngay 02.03.2023)

1. Quy trinh téng hop chit ddng phan ddi anh Pirlindol ¢6 cong thie IT hogc 11

HaC H,C
NH NH
Nu N

I o

hodc mudi dugc dung cua chiing bao gdm cac budc sau:

cho hop chét c¢6 cong thitc VI (S)-6-metyl-N-((S)-1-phenyletyl)-2,3.4,9-tetrahydro-1H-
carbazol-1-amin hodc hop chit c¢é cong thirc VIII (R)-6-metyl-N-((R)-1-phenyletyl)-
2,3,4,9-tetrahydro-1H-carbazol-1-amin,

H3C H3C )
o0 OO
N B N S
H HN H HN—
VI b Vil

phan tng vé1 hop chét axyl hoa c¢6 cong thire XII

O

L1)j\/ I-2

XII

trong d6 L 1a nhom ro1 chuyén duogc chon tir nhém bao gém —Br, -Cl, -OTs, -OMs, -
OH, —OR;, -OCOR hoac imidazol,

R; 14 hydro, chudi alkyl c6 1 dén 6 nguyén tir cacbon hoic aryl trong dung mdi khong
proton thir nhat véi su c6 mit cta chét kidm dé tao ra hop chét c6 cong thire X, ((S)-6-
metyl-2,3,4,9-tetrahydro-1H-carbazol-1-yl)-N-((S)-1-phenyletyl)axetamit - N dugc thé
& vi trf 2 hodc hop chét c6 cong thire X1, ((R)-6-metyl-2,3,4,9-tetrahydro-1H-carbazol-
1-y1)-N-((R)-1-phenyletyl)axetamit - N dugc thé & vi tri 2
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CZQ QQ
L/\\< X LF\< b

tao vong axetamit indol nd1 phén tr d6i v6i hop chét co cong thire X hodc hop chét co
cong thuc XI

trong do, L, 1a nhom ro1 chuyén duoc chon tir nhém-Br, -Cl, -1,-OTs, -OMs, -OH,
-OR;, trong dung moi khong proton thtr hai voi sy ¢6 mat chét kiém va chét xuc tac
chuyén pha dé tao ra hop chat co6 cong thiuc IV, (S)-8-metyl-3-((S)-1-phenyletyl)-
3a,4,5,6-tetrahydro-1H-pyrazino[3,2,1-jk]carbazol-2(3H)-on hodc hop chéit c6 cong
thac XIV  (R)-8-metyl-3-((R)-1-phenyletyl)-3a,4,5,6-tetrahydro-1H-pyrazino[3,2,1-
jk]carbazol-2(3H)-on

H3C HsC

\ o)
NH(?N N
N—
° é R b
\Y
lan luot khir vong lactam ctia hop chét c¢6 cong thirc TV hodc hop chét c6 cong thire

XIV thanh hop chit c6 cong thitc V hodc hop chét ¢ cong thire IX trong dung moi

khdng proton thtt ba véi sy c6 mat cua chét khur

00 )
- N >

hydro phan ¢6 xtic tac hodc tach phenyl co tinh axit dé thu dugc chét dong phan doi

anh pirlindol c6 cong thirc II hodc III hodc mudi dugc dung ciia chiing.
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2. Quy trinh theo diém 1, trong d6 chat kiém nay dugc chon tir nhém bao gdm amin
hitu co bac ba, mudi carbonat ctia kim loai kiém, muoi hydrocarbonat cua kim loai

kiém, hoic mubi ctia kim loai kiém.

3. Quy trinh theo diém 2, trong d6 amin hitu co béc ba nay la pyridin hodc
trimetylamin.

4. Quy trinh theo diém 2, trong do mudi carbonat ctia kim loai kiém nay 13 kali
carbonat hodc natri carbonat.

5. Quy trinh theo diém 2, trong d6 mudi hydrocarbonat ctia kim loai kiém nay 14 natri
hydrocarbonat hoac kali hydrocarbonat.

6. Quy trinh theo diém 2, trong d6 mudi cua kim loai kiém nay 14 natri hydroxit hodc
kali hydroxit.

7. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong do chét kiém nay la
natri hydroxit, tot hon néu chét kiém nay chiém 50% (khdi luong/thé tich) dung dich
natri hydroxit.

8. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 dung moi khong
proton thu nhét va dung moi khong proton thtr hai dwge chon doc 1ap tir nhém bao
g@)m clorofom, diclometan, dimetoxyetan, dietyl ete hodc toluen.

9. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 dung moi khong
proton thir nhét 14 toluen.

10. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 dung moi khong
proton thtr hai 1a toluen.

11. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 dung moi khong
proton thtt ba dugc chon tir nhém bao g@)m diclometan, tetrahydrofuran, dietyl ete
hodc toluen.

12. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 dung mdi khong
proton th{ ba 12 tetrahydrofuran.

13. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 L 1a —CL.

14. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 L, 1a —Cl.
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15. Quy trinh theo diém bat ky trong sb cac diém néu trén, trong d6 R, 1a chudi alkyl

c¢6 1 dén 6 nguyén tit cacbon.

16. Quy trinh theo diém bt ky trong sb cac diém néu trén, trong d6 ty 1& mol giira chét
kidm:hop chat ¢ cong thirc VI hoae VIII:hop chét ¢6 cong thirc XII ndm trong khoang
tir 1:1:1 dén 15:1:4.

17. Quy trinh theo diém bt ky trong sd cac diém néu trén, trong d6 ty 1€ mol giira chét

kiém:hop chit c6 cong thirc VI hodc VIII:hop chat c6 cong thire XII 1a 10:1:3.

18. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 ty 1& mol gitra chat
kiém nay:hop chét ¢ cong thirc X hodc XI:chét xtic tac chuyén pha nim trong khoang

tr 1:1:0,005 dén 15:1:0,1.

19. Quy trinh theo diém bt ky trong sb cac diém néu trén, trong d6 ty 1é mol giira chat

kiém:hop chét c6 cong thire X hodc XI:chit xuc tac chuyén pha 1a 10:1:0,01.

20. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 ty 1& mol gifta chat
khir-hop chét ¢6 cong thirc IV hodc hop chit c6 cong thire XIV nim trong khoang tir
1:1 dén 4:1.

21. Quy trinh theo diém bét ky trong s cac diém néu trén, trong do ty 1& mol gitta chat

khir:hop chit c6 cong thirc IV hodc hop chét ¢6 cong thirc XIV 14 3,3:1.

22. Quy trinh theo diém bét ky trong sb céc diém néu trén, trong d6 chat khir duoc
chon tr nhém bao gém lithi-nhdom hydrua (LiAlH4), nhém diisobutyl hydrua (Dibal-
H), nhém hydrua (AlH3), natri bis(2-metoxyetoxy) nhom hydrua hodc phirc boran
tetrahydrofuran (THF), tot hon 14 natri nhdm bis(2-metoxyetoxy) hydrua.

23. Quy trinh theo diém bt ky trong s6 cac diém néu trén, trong d6 chét xuc tac
chuyén pha nay dugc chon tir nhém bao gbm tetrabutyl amoni bromua, tetraetyl amoni
bromua, benzyltributyl amoni bromua, tetrabutyl amoni hydro sulphat va
benzyltributyl amoni clorua.

24. Quy trinh theo diém bat ky trong sd cac diém néu trén, trong d6 hop chét axyl hoa
c6 cong thire XII 1a cloaxetyl clorua.

25. Quy trinh theo diém bat ky trong sb céac diém néu trén, trong dé chit xuc tac

chuyén pha nay 1a tetrabutyl amoni bromua.
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26. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 mudi duoc dung
ctia chit ddng phan dbi anh pirlindol II hozc III Ia mudi axetat, mudi hydroclorua,
mubi hydrobromua, mudi mandelat, mubi xitrat, mubi sucxinat, mudi tartrat, mubi
malonat, mudi maleat, mudi metansulfonat, mudi lactat, mubi etansulfonat, mudi

glutamat, mudi phosphat.

27. Quy trinh theo diém bat ky trong sb cac diém néu trén, trong d6 budc hydro phan
¢6 xuc tac duoc thue hién & nhiét do nim trong khoang tir 20°C dén 70°C, tét hon 1a &

50°C.

28. Quy trinh theo diém bét k¥ trong s6 cac diém néu trén, trong d6 budce hydro phan

c6 xtc tac dugce thuc hién trong thoi gian tr 2 gio dén 8 gio, tbt hon 1 5 gio.

29. Quy trinh theo diém bat k¥ trong s6 cac diém néu trén, trong d6 budce hydro phén
¢6 xtic tac dugc thuc hién & 4p suit hydro nim trong khoang tir 500KPa dén 2000KPa,
t6t hon nita 1a & 700KPa.

30. Quy trinh theo diém bt ky trong s6 cac diém néu trén, trong d6 budc hydro phan
¢ xuc tac dugc thuc hién & nhiét do nam trong khoang tir 20°C dén 70°C trong thoi

gian tur 2 gio dén 8 gidy va & ap sut hydro nim trong khoang tir 500K Pa dén 2000KPa.

31. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 budce hydro phan
6 xtc tac dugce thue hién véi hon hop dung moi da axit hoa duge chon tir nhém bao
gbm etyl axetat, dimetyl formamit, metanol, etanol, isopropanol va diclometan, t5t hon
néu hdn hop dung moi da axit héa 1a hon hgp chira dung mdi proton va diclometan, tot

hon 14 hdn hop chita metanol va diclometan.
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