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Linh vue k§ thuét dwoc dé cap
Sang ché dé cap dén nhém cac hop chét diaza-benzoflorantren, cy thé 13 d& cap

dén hop chat c¢6 cong thire (I), cic mudi duge dung hodc tautome cua no.

Tinh trang k¥ thuét cia sang ché

Theo nghién ciru cta TO chirc y té thé giéi (World Health organization: WHO),
chimg do6t quy ndo, sau bénh tim thiéu mau cuc b9, trd thanh nguyén nhan tha hai gy tor
vong. Trong khi d6, chirng ddt quy néo rit c6 kha nang gy ra sy di dang va tan tat, va
anh hudéng nghiém trong dén bénh nhan va chit lwong cudc séng cia gia dinh ho. Do do,
cin tim ra cach cai thién tinh trang strc khoe ctia bénh nhan bi dét quy va phuc hdi chic
ning co thé ciia ho ciing nhu khé ning 1am viéc, @2 ho c6 thé sbng cudc sbng t6t hon va
su tién trién bénh tét. Didu nay ciing c6 lgi cho viéc 1am giam ganh niing khong chi cho
cac d61 twong ma con cho ca xa hoi.

Hop chét vinpocetine, c6 cong thic B-1, 13 indol alkaloit duge chiét tir cay dira
can nho. Vinpocetine c6é df tan trong chét béo cao va c6 thé d& dang di qua hang rdo mau
ndo, vi thé n6 cé thé c6 hiéu qua véi ndng dd cao & md ndo. Vinpocetine dugc phat trién
bdi cong ty Gedeon Richter Co., Hungari, ndm 1978. N6 ¢6 lich st hon 30 ndm O chau
Au. Hop chét nay dugc st dung chu yéu dé cai thién cac triéu chung do di chung cta
bénh nhdi mau ndo, di chimg cta bénh xuét huyét nfo, bénh vita xo dong mach ndo, v.v.
gdy ra. Tir khi vinpocetine c6 mét trén thi trudng, né duge cho la thubc thong thuong dé
diéu tri bénh tim mach va bénh mach ndo. Gan day, da phat hién dugc r%mg vinpocetine
c6 thé cai thién tinh trang suy gidm tri nh¢ do tudi gia va hoat dong tinh thin ctia ngudi
khoe manh. Ngoai ra, dd phat hién dugc rang vinpocetine cling hitu ich trong viéc cdi
thién tinh trang rdi tri, rdi loan giam chu ¥, d& bi kich thich, réi loan thj gidc va thinh

giac, bién dong cadm xuc, v.v..



B

Ty 1€ méc bénh va tan tit do ching dot quy ndo 1a rit cao & Trung Quéc di tro
thanh ganh nang cho hé théng y té Trung Qudc. Vinpocetine dugc sit dung rong réi dé
diéu tri ching ddt quy ndo va cic bénh lién quan khic & Trung Qudc, va 1a cach didu tri
chit yéu @8 cai thién sy tién trién cta ching dot quy ndo. Tuy nhién, hiéu qua diéu tri ciia
vinpocetine vin khéng rd rang, va d9 sinh kha dyng rat thip.

Bénh dong kinh 13 hdi ching 161 loan chirc ning nfo tam thoi tai phat man tinh, va
dic trung bdi su phong dién bét thudng clia cic noron than kinh & ndo, didu nay din dén
nguy co cac con dong kinh tai phat. Bénh dong kinh 1a bénh cua hé thin kinh phé bién.

Ty 16 méc bénh nay cao thi hai chi sau ching dot quy nio.

Ban chét ky thuit ciia sing ché
Muc dich cta sang ché 1 @& xuit hop chit c6 cong thire (I), cac mudi duge dung

ho#c tautome cta nd, trong do6

(1)
cac nhém R; va Rj riéng biét va ddc 1ap dugce chon tir H, F, Cl, Br, I, CN, OH, SH,
NH, CHO, hoic COOH; ho#c cac nhom Ry va Rs riéng biét va doc 1ap duogc chon tu

nhém, tiy y dugc thé bing nhém Roi, bao gdm C( = O)NH;, S( = O)NHz, S( = 0)2NH;,
Ci.10 alkyl, Ci-10 heteroalkyl, Cs.10 hydrocarbyl mach vong, Cs.i0 hydrocarbyl di vong,
C1-10 alkyl dugc thé bang Ca.io xyclohydrocarbyl hodc Cs.10 heteroxyclohydrocarbyl, Ci.10
heteroalkyl duoc thé bing Cs.io xyclohydrocarbyl hofic Cs.i0 heteroxyclohydrocarbyl,
Ci-10 alkenyl, va Ci.10 heteroalkenyl;

R, dugc chon tir hydrocarbyl mach vong khong no ¢ 5 hodc 6 canh, hydrocarbyl
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F - N\
F 4 S e
. \/\I[ l OH .
F O,N _N \'(\
4 )Y A r - O
di vong khong no c6 5 hodc 6 canh, o , [ , | , o) ,
O A7 HoaN -~
0 hoic © , mOi nhém nay tiy y dugc thé bang nhom Ros;

Ro1 duge chon tir F, Cl, Br, I, CN, OH, SH, NH,, CHO, COOH, C(=0)NH_, S(=

O)NH,, S(=0)2NH; hodc Ro;

Roz duge chon tir Ci-10 alkyl, Ci-10 heteroalkyl, Cs.10 xycloalkyl, Cs.10 alkyl di vong,
aminoaxyl, hodc nhom di vong khong no c6 tur 5 dén 12 canh;

“hetero-" 12 nguyén tir khic loai hodc nhém chira nguyén tir khac loai, dugc chon
tir nhém bao gém -C( = O)N(Ras)-, -N(Ras)-, -C( = NRus)-, -S( = O):N(Ruae)-, -S( =
ONRR47)-, -O-, -S-, =0, =S8, -C(=0)0-, -C(=0)-, -C(=8)-, -S(=0)-, -S(=0)- va
-N(Ras)C(=O)N(Rav)-;

cac nhom R g3-49 riéng biét va ddc 1ap duge chon tir H, NHa, hodc Roz;

Roz tiy ¥ duge thé bing nhém Rooi;

Roo1 duge chon tir F, Cl, Br, I, CN, OH, N(CH3s)2, NH(CH3), NH2, CHO, COOH,
C(= O)NH;, S(= O)NH,, S(= 0);NH,, triflometyl, aminometyl, hydroxymetyl, metyl,
metoxy, formyl, metoxycacbonyl, metansulfonyl, hodc metylsulfinyl;

s6 lwgng nhém Roi, Rooi, nguyén tir khac loai hodc nhém chira nguyén tir khac loai
riéng biét va ddc 1ap dugc chon tr 0, 1, 2, 3.

Theo mot phwong an cua sang ché, cac nhém Ry va Rj riéng biét va doc 1ap duge

I/?102 o . R
R g R LT

chon tir H, 00, O , O° ™, hoiic Rios; cdc nhém Rioi-10s riéng biét va
ddc 1ap dugc chon tir Ci. alkyl hodc Ci. heteroalkyl, mdi nhém nay ty y dugc thé biang
nhém Roor; hodc cac nhém R; va Rj riéng biét va ddc 1ap dugce chon tir hydrocarbyl mach
vong khong no c6 5 hodic 6 canh, hydrocarbyl di vong khdng no c6 5 hodc 6 canh,

F . Na
F/ \/\[r, A -
N o e e
’

, ., 0 , O  hoic © ,mdinhém nay dugc
thé b%mg 0, 1, 2 ho#c 3 nhém Ro.

Theo mot phuong 4n cta sang ché, cdc nhém Rior-105 ri€ng biét va doc 1ap duoc

_4-



28739

F F

H3C/’ |-|:=>|\'/ )\'".

Theo mot phuwong 4n cua sing ché, cdc nhom R; va Rs riéng biét va doc 14p duoc

chon tr nhém bao gdm H, /o\/\", ~-7, va F
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Theo mot phuwong 4n cia sang ché, R dugc chon tir Tas ,
Tzz
Tzs F .
/ D22 D22 \{ /KFf \/\“,,
T T - N
/ 21 /T21 / 24 27 29 F 0O
b OH M | b
/ N\\\f"
OH N OH\(\" O HoN A~ -
o DO DO
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trong do6:

tir 0 dén 2 nhém trong s6 cac nhém T2i23 12 N, va nhém con lai 1a C(Ry);

D1 dugce chon tir -C(Ra1)(Raz)-, -C(=O)N(Ra3)-, -N(Ra4)-, -C(=NRas)-,
-S(= 0);N(Rue)-, -S(= O)NRg7)-, -O-, -S-, -C(= 0)0-, -C(= 0)-, -C(=8)-, -S(=0)-,
-S(=0);- hoic -N(Res)C(= O)N(Ru)-;

To4 duoc chon tir N hodc C(Ry);

cic nhom Dazos riéng biét va doc 14p duge chon tir -C(Ra1)(Raz)-, -C(=O)N(Ra3)-,
-N(Ra4)-, -C(=NRgs)-, -S(=0):N(Rqs)-, -S(=O0)N(Ra)-, -O-, -S-, -C(=0)0-, -C(=0)-,

-C(=S)-, -S(=0)-, -S(=0)2- hogc -N(Ras)C(=O)N(Re9)-;
tir 0 dén 2 nhém trong s6 cac nhém Tas2o 12 N, va nhom con lai 13 C(Ry);
tdy ¥, hai nhém bt ky trong sb cac nhom R va Rar-ae duge lién két véi nguyén tir

hodc nhom chung aé cung nhau tao thanh mot ho#c hai vong c6 tir 3 dén 8 canh;
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cic nhém Ry, Ry va Rap riéng biét va doc 1ap dugce chon tir H, F, Cl, Br, I, CN, OH,
SH, NH,, CHO, COOH, C( = O)NH,, S( = O)NH, hodc S( = 0)NH_; hodc céc nhom Ry,

Ra1 vA Ry riéng biét va doc 1ap dugc chon tir nhom, tiry ¥ dugc thé bang nhom Roi, bao
gdm Ciio alkyl, Ciio alkyl heteroalkyl, Cs.io hydrocarbyl mach vong, hodc Cs.io
hydrocarbyl di vong, Ci-i0 alkyl duoc thé biang Cs.i0 xyclohydrocarbyl hodc Cs-io
heteroxyclohydrocarbyl, Ci-10 heteroalkyl dugc thé bang Cs.i0 xyclohydrocarbyl hodc
* Cs.10 heteroxyclohydrocarbyl, Ci.10 alkenyl, va Ci-10 heteroalkenyl;

Theo mdt phuong an cia sang ché, R, riéng biét va doc 1ap dugc chon tur

T25

Tze \("/’
|

22 22 T.
\\ 27 / 29
/ 21 /T21 /D24 A
, hodc ; trong

d6 A 13 vong cacbon hodc di vong no hodc khong no ¢ tir 3 dén 8 canh, mdi vong nay
tiy ¥ dugc thé bang 0, 1, 2 hodc 3 nhoém R..
Theo mot phwong an cia sing ché, R, riéng biét va doc 14p dugc chon tir
Ne -~
s % =
{ hoic Re

Theo mot phuong 4n cua sang ché, cac nhom R: va Rai-ao riéng biét va doc 1ap
dugc chon tir H, NH,, hodc CN; hodc Ci alkyl, Ci-6 heteroalkyl, Cs.s xycloalkyl, Cs-
alkyl di vong, nhém di vong khong no c6 5 hodc 6 canh, hodc aminoaxyl, mdi nhém nay
tlly ¥ dugc thé bing nhém Roor; cdc nhém R: va Rare2 riéng biét va doc 1ap dugc chon tir
F, Cl, Br, hoac L.

Theo mot phwong 4n cuia sang ché, t5t hon néu cac nhom R: va Rai-a riéng biét va
doc lap dugce chon tr Cie alkylamino, N,N-di(C13 alkyl) amino, Cis alkoxy, Cis
alkanoyl, Ci.¢ alkoxycacbonyl, Ci. alkylsulfonyl, Ci.s alkylsulfinyl, Cs.s xycloalkyl, Cs-
xycloalkylamino, Cs.s alkylamino di vong, Cs.s xycloalkoxy, Cs.6 xycloalkyl axyl, Cs-6
alkoxycacbonyl mach vong, Cs.s xycloalkylsulfonyl, Cs-6 xycloalkylsulfinyl, aminoaxyl,
ho#c heteroxyclyl khong nd c6 5 dén 6 canh, mdi nhém nay tuy y duge thé bang nhém
Roo1.
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Theo mdt phuong én cia sang ché, t6t hon nita néu cc nhom R va Ryr.go riéng
biét va ddc 1ap dugc chon tir nhom aryl c6 5 dén 6 canh hoic heteroaryl c6 5 dén 6 canh,
mdi nhém ndy ty y duge thé bing nhém Roor.

Theo mot phuong én cla sang ché, t&t hon nita néu cic nhém R va Rai.g9 riéng
biét va doc 1ap duoc chon tir phenyl, pyridyl hodc thienyl, mdi nhém ndy tlly y dugc thé
bang nhém Roor.

Theo mdt phwong an cla sang ché, trong d6 nguyén tir khac loai hogc nhém chira

N
nguyén tir khac loai dugce chon tr O, N, S, -C(=0)0-, hoic >§O "
Theo mot phuong &n cla sing ché, cac nhém R¢ va Raqi-a9 riéng biét va ddc 1ap
F
F .
duoc chon tir H, F, CL, Br, I, NHz, CHs, CN, ™", > > * )\’

F F/FL Hoy\, N 0, /O Q \Q Q Q

Pl

b

/ 7
/ /

Q N / o) o)
>§ %ND" @ ) D 0= =\, =\
o .8 Ho o NH2  /  hoic 7/ .
Theo mot phuong an ciia sang ché, cac nhom Ry riéng biét va doc 14p dugc chon

tir cac nhom c6 cong thic sau:
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Theo mdt phuong &n cua sang ché, hop chét, cac mudi duoc dung hodc tautome

ctia n6 theo didm 1 dwoc chon tir cac hop chit c6 cong thic:
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S

hoic N-O
Sang ché con md ta viée st dung hop chit, cac muoi dugc dung hodc tautome cua

né dé san xuit thudc ding dé diéu tri bénh ngap méu nfo hogc bénh dong kinh.

M ta chi tiét sang ché

Céc dinh nghia

Trir khi ¢6 dinh nghia khéc, cdc thuét ngit va cum tir dugc sir dung & ddy c6 nghia
duoc néu dudi day. Néu mot thuat ngit hodc cum tir cu thé khdng dugce dinh nghia cu thé,
thuét ngit hoic cum tir ndy khong duoc coi la khong xéac dinh. Ding hon 12 céc thuit ngit
duoc st dung theo nghia dd dugc chép nhén cta ching. Cac tén thuong mai dugc su
dung & ddy dugc dy dinh d& chi cAc sin phim hofc thanh phén c6 hoat tinh twong tng.

Ci1.10 duge chon tir Ci, Ca, C3, Cs, Cs, Cs, C7, Cs, Co, hodc Cio; va Cs.10 dugc chon
ttr C3, Ca, Cs, Cs, C7, Cs, Co, hodc Cio.

Ci.10 alkyl hodc heteroalkyl, Cs.10 hydrocarbyl mach vong hodc hydrocarbyl di

-11-
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vong, Ci1o alkyl hodc heteroalkyl duoc thé bing Cs.10 hydrocarbyl mach vong hodc
~ hydrocarbyl di vong bao gdm, nhung khong chi gidi han ¢ cac nhém sau:

Crio alkyl, Ci.io alkylamino, N,N-di (Ci-10 alkyl) amino, Ci.i0 alkoxy, Ci-10
alkylaxyl, Ci.10 alkoxycacbonyl, Ci.10 alkyl sulfonyl, Ci-10 alkyl sulfinyl, Cs-i0 alkyl mach
vong, Cs-10 alkylamino mach vong, Cs.1o alkylamino di vong, Cs.1o alkoxy mach vong,
Cs.10 alkylaxyl mach vong, Cs.1o alkoxycacbonyl mach vong, Cs.io alkyl sulfonyl mach
vong, Cs.10 alkyl sulfinyl mach vong;

metyl, etyl, propyl, isopropyl, -CHC(CHs)(CH3)(OH), xyclopropyl, xyclobutyl,
propyl meten, xyclopropionyl, benzyloxy, triflometyl, aminometyl, hydroxymetyl,
metoxy, formyl, metoxyl cacbonyl, metyl sulfonyl, metyl sulfonyl, etoxy, axetyl, etyl
sulfonyl, etoxy cacbonyl, dimetyl amin, dietyl amin, dimetyl amino cacbonyl, dietyl

amino cacbonyl;

N(CH3)2, NH(CH3), -CH2CF3, -CH,CH,CF;, -CH2CH,F, -CH2CH>S(=0).CH3,

4 g S NHe 3 ON AN
-CH,CH,CN, ¥ V o

3 b b

-CH,CH(OH)(CHs)z, -CHzCH(F)(CHg)z, -CHzCHzF, -CH,CF3, -CH2CH2CFs3,
-CH,CH,NH,, -CH,CH,OH, -CH.CH,OCHj;, -CH>CH.CH>OCHs, -CH2CH2N(CHzs)y,

Qs
}— N
S// P AN
-S(=0),CH3, -CH>CH>S(=0).CHs, , )
RN
2 R Ry NG ; EL X
:\1—07<’ HN ~ HO | OM, ;\J<>, ]jc\), F, \_<>O,

X \ N +
> N
‘JJJQCO ’}N\—<>N— QF < ) 2:} ?:} NL(’]
H b F b O H \"_’ \"—: S

N AT N
N N \__</‘ L(/\ (@]
O
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phenyl, thiazolyl, biphenyl, naphtyl, xyclopentyl, furan, 3-pyrolidin pyrolidin, 1,3-
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dioxolan, pyrazolyl, 2-pyrazolinyl, pyrazolidinyl, imidazol, oxazolyl, thiazolyl,
1,2,3-imidazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,3,4-thiadiazolyl, 4H-pyranyl, pyridyl,
piperidinyl, 1,4-dioxan, morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl,
1,3,5-trithian, 1,3,5-triazinyl, benzofuranyl, benzothienyl, indolyl, benzimidazolyl,

benzothiazolyl, purinyl, quinolinyl, iso quinolinyl, xinolinyl hodc quinoxalinyl;

X0

Khi duoc st dung trong ban md ta ndy, thudt ngit “duoc dung” dé chi cac hop
chét, chit, ché phim va/hodc dang liéu ding trong pham vi danh gid y hoc déng tin cdy,
thich hop dé st dung tiép xic véi cdc md clia ngudi va dong vat ma khong c6 doc tinh
qué mirc, su kich thich, d4p mg di tmg va vén @& khac hofic bién chimg, va twong tng
véi ty 1€ ¢6 1¢i/ nguy co thich hop.

Thuit ngit "mudi dugc dung" dé chi mubi cia cac hgp chat theo sang ché, dugc
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didu ché bing céc axit hojc bazo va hop chat trong d6i khoéng doc c6 cac nhém thé cu
thé cua sang ché. Khi cac hop chit theo sang ché chira cac nhom chirc c6 tinh axit twong
d6i, c6 thé thu dugc cac mudi cong bazo bang cach cho dang trung tinh cta cc hop chit
ndy tiép xtic véi lugng du cua bazo, & dang tinh khiét hodc trong dung mdi tro thich hop.
Cac mudi cong bazo dugc dung bao gém mudi natri, kali, canxi, amoni, amin hiru co
hodc magie hodc mudi twong tw. Khi céc hop chét theo séang ché chira cic nhém chirc c6
tinh bazo tuong ddi, c6 thé thu dwoc cac mudi cOng axit b%mg cach cho dang trung tinh
ctia cac hop chét nay tiép xuc voi lugng du cia axit, & dang tinh khiét hoic trong dung
mdi tro thich hop. Vi du vé cac mudi cong axit duge dung bao gbm céc mudi thu dugc tir
axit v6 co nhu axit clohydric, axit bromhydric, axit nitric, axit cacbonic, axit
monohydrocacbonic, axit phosphoric, axit monohydrophosphoric, axit dihydrophosphoric,
axit sulfuric, axit monohydrosulfuric, axit hydriodic, hogc axit phosphoro va axit tuong
tu, cling nhu cac mudi thu duoc tir c4c axit hitu co twong dbi khong doc nhu axit axetic,
axit propionic, axit isobutyric, axit maleic, axit malonic, axit benzoic, sucxinic, axit
suberic, axit fumaric, axit lactic, axit mandelic, axit phtalic, axit benzensulfonic, axit
p-tolylsulfonic, axit xitric, axit tartric, axit metansulfonic, va axit trong tu. Cic mudi ndy
con bao gém mudi clia cic axit amin nhu arginat va axit tuong tu, va mudi ctia cac axit
hitu co nhu axit glucuronic hojc axit galactunoric va axit twong tu (vi dy, xem tai lidu
cua Berge va cac ddng tac gia, "Pharmaceutical Salts", Journal of Pharmaceutical Science
66: 1-19 (1977)). Mot s6 hop chét cu thé clia séng ché chira ca nhém chire bazo va axit dé
cho phép cac hop chét nay dugc chuyén héa thanh mubi cong bazo hoic axit.

Tét hon, néu dang trung tinh cta cac hop chit duoc tai tao bang cich cho mubi
tiép xuc v6i bazo hodc axit va tach cic hop chét gbc theo cach thong thuong. Dang gbc
ciia hop chét 12 khéc véi céc dang mudi khac nhau vé mot sb tinh chat vat ly, nhu d6 tan
trong dung mdi phan cuc.

Khi dugc st dung trong ban md ta nay, thudt ngi "mudi dugc dyung" dé chi dan
xudt ctia hop chét theo séng ché trong @6 hop chit gbc dugc cai bién bing cach tao ra
mudi axit hoic bazo ctia nd. Vi du vé cac mudi dugc dung bao g(“)m, nhung khong chi
gioi han &, cac mudi axit vo co hodic hitu co cua géc bazo nhu amin, kiém ho#ic cic mudi
hitu co cua gbc axit nhu axit carboxylic, va axit twong ty. Cac muéi dugc dung bao gém

cac mudi khong doc thong thudng hodc mudi amoni béc bon cua hop chat goc dugc tao
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ra, vi duy, tir c4c axit vd co hodc hiru co khong doc. Vi dy, cac mudi khong doc thong
thuong nay bao gbm, nhung khong chi giéi han @, cac mubi thu dugce tir axit vé co va
hitu co dugc chon tir axit 2-axetoxybenzoic, 2-hydroxyetan sulfonic, axetic, ascorbic,
benzen sulfonic, benzoic, bicacbonic, cacbonic, xitric, edetic, etan disulfonic, 1,2-etan
sulfonic, fumaric, glucoheptonic, gluconic, glutamic, glycolic, glycolyarsanilic,
hexylresorxinic, hydrabamic, bromhydric, clohydric, hydroiodic, hydroxymaleic,
hydroxy naphthoic, isethionic, lactic, lactobionic, lauryl sulfonic, maleic, malic, mandelic,
metan sulfonic, napsylic, nitric, oxalic, pamoic, pantothenic, phenylaxetic, phosphoric,
polygalacturonic, propionic, salixyclic, stearic, subaxetic, sucxinic, sulfamic, sulfanilic,
sulfuric, tannic, tartric, toluen sulfonic.

Cac mudi duoc dung cua sang ché c6 thé duge didu ché bing phuwong phép hoa
hoc thong thuong tir cac hop chét gbc chira gdc axit hogic bazo. N6i chung, cic mudi néu
trén dwoc didu ché bing cach cho dang axit hodc bazo tu do cua cdc hop chét nay phan
g véi luong theo hé sd ty lugng cua bazo hodc axit thich hgp trong nude hodc trong
dung moi hitu co hodc trong hdn hop cta hai chét nay. Néi chung, mdi trudng khong
chtra nuGe nhu ete, etyl axetat, etanol, isopropanol hodc axetonitril 1a duoc wu tién.

Ngoai céc dang mudi, sang ché dé xuét cac hop chit & dang tién dugc chét. Cic
tidn duoc chét cia hop chit dwge mo ta & day d2 bi thay dbi v& mit hoa hoc trong cac
didu kién sinh 1y dé tao ra c4c hop chét theo séng ché. Hon nita, cac tidn dugc chit c6 thé
dugc chuyén héa thanh hop chét theo sang ché bing phuong phép héa hoc hodc héa sinh
trong moi trudng in vivo.

Mot s hop chit theo sang ché c6 thé tdn tai & dang khong dugc solvat héa cling
nhu dang solvat hoa, ké ca dang hydrat héa. N6i chung, cic dang solvat héa la twong
duong véi dang khong dugc solvat héa va duge bao gbm trong pham vi cua sing ché.
Mt sb hop chét theo séng ché c6 nguyén tir cacbon khong d6i xtmg (tAm tly y) hodc cac
lién két doi. Cac hop chét raxemat, chét ddng phan khong d6i quang, chét ddng phan di
hinh va céc chit ddng phan riéng biét déu dugc bao gdm trong pham vi cia sing ché.

Su bidu dién dd hoa cua cac hop chét raxemic, ambiscalemic va scalemic hodc
hop chét tinh khiét v& mat ddng phan ddi anh dugc st dung & déy duoc 14y tir tai liéu cta
Maehr, J. Chem. Ed. 1985, 62: 114-120. Ky hiéu hinh ném dic va dut quing dugc ding

d8 thé hién cAu hinh tuyét dbi cta tam 1ap thé, trix khi duoc huu y theo cach khic. Khi cdc
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hop chét dugc md ta & day chira lién két d6i olefin hodc cac tm khac cua sy khong déi
xtmg hinh hoc, va trir khi dugc xac dinh theo cach khac, du dinh r:ﬁng cac hop chit nay
bao gdm ca cac chét ddng phan di hinh E va Z. Twong tu, tht ca cac dang tautome déu
dwgc bao gdm trong pham vi ciia sing ché.

Céc hop chit theo sang ché c6 thé ton tai & dang ddng phan 1ap thé hogc di hinh cy
thé. Sang ché bao gbm tit ca cac hop chét néu trén, k& ca chit ddng phan cis- va chét
ddng phan trans-, cic chét déng phan ddi anh (-)- va (+)-, céc chét ddng phan d6i anh
(R)- va (S)-, chat ddng phan khong d6i quang, chét déng phan (D)-, chét ddng phan (L)-,
hdn hop raxemic ctia ching, va cac hén hop khéc cita chung, nhur hén hop gidu chit dong
phan déi anh hoiic chit ddng phan khong dbi quang, déu thudc pham vi ciia séng ché. Céc
nguyén tir cacbon khong d6i xtng khac c6 thé c6 mit trong nhém thé nhu nhém alkyl.
T4t ca cac chit ddng phan nay, ciing nhu hdn hop cla ching, d&u dugc du dinh bao gdm
trong séng ché nay.

Céc chét déng phan (R)- va (S)- va chét ddng phan D va L ¢6 hoat tinh quang c6
thé duoc didu ché bing cach sit dung synthon khong dbi ximg, chét xtc tic khong dbi
xung, hodc chét phan tng khong d6i ximg, hodc duge hoa tan bang cach str dung k¥ thuét
thong thuong. Chéng han, néu chét ddng phan dbi anh cy thé ctia hop chit theo sang ché
12 mong mudn, chét nay c6 thé dugc didu ché bing phwong phép tbng hop khong d6i
xtmg, hodc bing cach din xudt héa bing chit phu trg khong dbi ximg ma trong d6 hdn
hop chét déng phan khong d6i quang tao thanh duwoc tich va nhém phu trg dwoc phén
gidi & tao thanh céc chét ddng phan déi anh tinh khiét mong mudn. Theo céch khic, &
phan tir chita nhém chitc bazo, nhu nhém amino, hodc nhém chic axit, nhu nhoém
carboxyl, cic mudi ctia chét ddng phan khong d6i quang c6 thé dugc tao ra véi axit hodc
bazo c6 hoat tinh quang thich hop, sau d6 hoa tan chét déng phan khong dbi quang duoc
tao ra bang cach két tinh phan doan hoic phuong phép sic ky da biét trong linh vyc ndy,
va tiép @6 thu hdi chit ddng phén d6i anh tinh khiét. Ngoai ra, sy tach cac chit ddng phan
d6i anh va chét ddng phan khong dbi quang thudng dugc thuc hién bang cach st dung
phuong phap sic ky bang pha tinh, khong d6i xtng, tiy y két hop véi phuong phap dan
xuét hoa hda hoc (vi du, sy tao ra carbamat tir amin).

Céc hop chit theo séng ché ciing c6 thé chira ty 1§ cla chit ddng vi nguyén ti

khong c6 trong ty nhién véi mot hodc nhiéu nguyén tir tao thanh cac hop chét nay. Vi dy,
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céc hop chét c6 thé dugc danh diu bang ddng vi phong xa, vi du nhu triti CH), iot-125
(15T) hodic C-14 (14C). Tét ca cic phuong én vé chit ddng vi cta c4c hop chét theo séng
ché, bt ké 13 c6 tinh phéng xa hay khong, déu duogc du dinh bao gdm trong pham vi cla
sang ché.

Thuat ngi "chét mang dugc dung" hodc "chét dan thudc dugc dung" dé chi thanh
phan bit ky hodc méi truong chit mang dé tao ra su giai phéng thich hop luong hiru higu
ctia chét c6 hoat tinh nhu dwge x4c dinh & day, khong 1am anh hudng tiéu cyc dén hiéu
qua cua hoat tinh sinh hoc cua chét c6 hoat tinh, va ¢t khong doc véi vat cha. Cac chét
mang lam dai di¢n bao gém nude, diu, ca dau thuc vat va dau khoéng, chit nén dang
kem, chét nén dang nudc xtc, chit nén dang pomat va chét twong ty. Cac chit nén nay
bao gém chét tao huyén phu, chit lam dic, chét 1am tdng tinh thdm, va chit tueong ty. Cac
cong thirc cua chung d& dugc ngudi co hiéu biét trung binh trong linh vyc duoc pham
dung qua duong khu tri biét r3. Thong tin thém vé céc chit mang nay c6 thé duge tim
thdy trong tai liéu cia Remington: The Science and Practice of Pharmacy. 21st Ed,,
Lippincott, Williams & Wilkins (2005), tai liéu ndy dwgc dua vao déy dé tham khao

Thuit ngtt "ta dugc" thudng dé chi chit mang, chit pha lodng va/hodc mdi truong
cn thiét dé bao ché dugc phim hitu higu.

Péi véi duge chat hoic chét ¢6 hoat tinh duoc ly, thuat ngit "luwong hitu hiéu" hodc
"lwgng hitu hiéu diéu tri" dé chi lugng khong doc ma 1a lugng du cia duge chit hoic
thanh phin dé tao ra hiéu qué mong mubn. Pbi v6i dang trinh bay dé ding qua duong
miéng theo sing ché, thuat ngit "luong hitu hiéu" cua chét c6 hoat tinh trong ché phdm aé
chi lugng cén thiét dé dat dwoc hidu qua mong muén khi duoc sir dung két hgp véi chit
¢6 hoat tinh khéc trong ché phdm ndy. Luong hiru hiéu ndy thay dbi gira cac d6i twong,
tuy thudc vao do tudi va thé trang chung cta ngudi st dung, ciing nhu phy thude vao chét
¢6 hoat tinh cu thé. Lugng hiru hiéu thich hop & m&i dbi twong riéng bidt c6 thé dugc xéc
dinh boi ngudi ¢6 hiéu bidt trung binh trong linh vyc nay bing cach sir dung thir nghiém
théng thuong.

Thuét ngit "thanh phin 6 hoat tinh", "chit diéu tri", "hoat chat" hodc "chét c6
hoat tinh" dé chi don vi chu trac héa hoc, co hiéu qua trong viéc diéu tri rdi loan, bénh
hodc tinh trang dm cta dbi tugng dich.

Thust ngit “dugc thé” dé chi mot hoic nhidu nguyén ti hydro bit ky trén nguyén
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tir cu thé dwoc thé béng mot hodc nhiéu nhém thé, bao gém ca doteri va céc bién thé cua
hydro, mién 13 trang théi héa tri ciia nguyén tir cu thé 1a binh thudong va hop chét dugce
thé c6 tinh 8n dinh. Khi nhém thé 1a nhém keton (nghia 1a =O), c6 nghia 14 hai nguyén tir
hydro duoc thé. Su thay thé keton khong xay ra & cdc nhém thom. Thuat ngit “thy y duoc
thé” @& chi nhom c6 thé dugc thé hoic khong duge thé. Trir khi duoc chi 18 theo cach
khéc, loai va sb lugng nhém thé c6 thé 13 tuy y véi gia thuyét ring ching c6 thé thyc hién
duoc vé& mit héa hoc.

Khi c6 su bién dbi bét ky (vi dy, nhém R) xuét hién nhiéu hon mét lan trong ché
pham hoic cAu trac cta hop chét, sy dinh nghia clia né trong mdi trudng hop 13 doc 14p.
Do d6, vi du, néu mot nhém duge thé bing tr 0 dén 2 nhém R, nhém ndy cé thé ty y
dugc thé bing tdi da 13 2 nhém R, va trong mdi trudng hop, nhém R ¢6 sy lya chon doc
18p. Ngoai ra, su két hop cac nhém thé va/hoic cac bién thé cua ching chi dugc phép néu
su két hop nay s& tao ra hgp chét én dinh.

Khi lién két ctia nhém thé c6 thé 13 lién két ngang véi hai nguyén tir trén vong,
nhém thé nay cé thé duoc lién két voi nguyén tir bét ky trong vong ndy. Khi cac nhém thé
duoc liét ké khong chi rd cong thirc cdu triic chung clia nguyén tr ma n6 dugc lién két
qua d6, bao gdm ca hop chit khong dugc dé cap cu thé, nhom thé nay c6 thé dugc lién
két qua nguyén tir bét ky trong sb cic nguyén tir cia nd. Su két hop clia cdc nhém thé
va/hodc bién thé cua né chi duogc phép néu sy két hop nay tao ra hop chét n dinh.

Céc nhém thé cho nhém alkyl va heteroalkyl (bao gém ca cic nhém thudng dugc
goi 13 alkylen, alkenyl, heteroalkylen, heteroalkenyl, alkynyl, xycloalkyl,
heteroxycloalkyl, xycloalkenyl va heteroxycloalkenyl) thudong dugce goi 1a “nhom thé
alkyl”. Chiing c6 thé dugc chon tr, nhung khong chi gidi han &, mét hogc nhiéu nhém
sau: -R', -OR', =0, =NR', =N-OR!, -NRR ", -SR’, halogen, -SiR’R”R”’, OC(O)R’,
-C(O)R’, -COR’, -CONR’R”, -OC(O)NR’R”, -NR”C(O)R’, NR’C(O)NR"R”,
-NR”C(0):R’, -NR””’-C(NR’R”R’”’)=NR””, NR””’C(NR’R”)=NR"”, -S(O)R’, -S(0)2R’,
-S(0):NR’R”, NR”SO2R’, -CN, -NO3, -N3, -CH(Ph)2 v flo(Ci-Cs)alkyl, s6 lrgng nhém
thé nim trong khoang tir 0 dén (2m’+1), trong d6 m' 13 tdng s6 nguyén tir cacbon trong
cac nhom nay. Tét hon, néu mdi nhém R’, R”, R™’, R>” va R>” doc 1ap 13 hydro,
heteroalkyl duge thé hodc khong duge thé, aryl dugc thé hoic khong duoc thé (vi dy, aryl
dugc thé bang tir 1 dén 3 halogen), alkyl dugc thé hodc khong dugc thé, alkoxy,
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thioalkoxy hoic aralkyl. Khi hop chat theo sang ché bao gdm nhiéu hon mét nhém R, vi
du, m6i nhom R duogc chon doc 1ap, va tuwong tir khi cac hop chét theo sang ché chtra
nhiéu hon mét nhém R, R", R", R™ hodc R"™" khi R' va R" dugc lién két voi cing
nguyén tir nito, ching cd th8 duoc lién két véi nguyén ti nito ndy dé tao thanh vong c6 5,
6 hodc 7 canh. Vi dy, nhém -NR’R”” dugc dy dinh bao gf‘)m, nhung khong chi gidi han 6,
1-pyrolidinyl va 4-morpholinyl. Theo phin ban luan trén day vé cac nhém thé, ngudi cé
hiéu biét trung binh trong linh vyc s& hiéu ring thuat ngir "alkyl" dugc dy dinh bao gom
cac nhom trong d6 nguyén tir cacbon dugc lién két v&i cac nhom khong phai hydro, nhu
haloalkyl (vi du, -CF3, -CH2CF3) va axyl (vi dy, -C(O)CHs, -C(0O)CF3, -C(O)CH20CH3,
V.V.).

Tuong ty véi cdc nhom thé d3 mo ta voi gbe alkyl, cdc nhém thé coa aryl va

heteroaryl dugc goi chung 14 “cdc nhém thé cua nhém aryl”, chung dugc chon tir, vi dy,
-R', -OR, -NR'R!, -SR', halogen, -SiRR"R", OC(O)R', -C(O)R', -CO:R’, -CONRR",
-OC(O)NRR", -NR"C(O)R', NR'C(O)NR'"R", -NR"C(O)2R',
NR"™-C(NRR"R")=NR", NR™C(NRR"=NR", -S(O)R', -S(O)2R', -S(O)NRR
NR"SO,R!, -CN, —-NOy, -N3, -CH(Ph),, flo (Ci-Cs) alkoxy va flo (C1-C4) alkyl v6i s6
lugng nhém thé ndm trong khodng tir 0 dén tong sd hoa tri mé trén hé vong thom; va
trong d6 t5t hon néu R', R", R™, R"" va R"" ddc 1ap duoc chon tir hydro, alkyl dugc thé
hoic khong dugc thé, heteroalkyl duge thé hoc khong duge thé, aryl duoc thé hodc
khong duoc thé va heteroaryl dugc thé hoic khong dugc thé. Khi hop chét theo sang ché
bao gdm nhiéu hon mot nhém R, vi dy, mdi nhém R doc 1dp duge chon nhur khi mbi
nhém R', R", R™, R"" va R"" trong 46 c6 nhiéu hon mét trong s6 cac nhom nay c6 mit.

Hai trong sd cic nhém thé trén cdc nguyén tir lién k& cna vong aryl hodic
heteroaryl c6 thé tiy ¥ dugc thay thé bang nhém thé c6 cong thirc -T-C(0)-(CRR")q-U-,
trong d6 T va U ddc 1ap 1a -NR-, -0-, -CRR'- hoic lién két don, va q 1a sb nguyén nim
trong khoang tir 0 dén 3. Theo cach khac, hai trong s6 cic nhém thé trén cac nguyén tit
lién k& cta vong aryl hodc heteroaryl cé thé tuy y duge thay thé bang nhém thé c6 cong
thitc -A-(CHa)r-B-, trong d6 A va B doc 14p 1a -CRR'-, -0-, -NR-, -S-, -S(0)-, -S(0)2-,
-S(0)2NR'- hodc lién két don, va r 13 s6 nguyén nam trong khoang tir 1 dén 4. Mot trong
s6 cac lién két don cua vong moéi dugce tao ra cling ¢6 thé tiy y dugc thay thé bang lién

két doi. Theo cach khac, hai trong s& cdc nhém thé trén cac nguyén ti lién k€ cta vong
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aryl hodc heteroaryl co thé tiy y dugc thay thé bing nhém thé c6 cong thic
-(CRR")s-X-(CR"R")d-, trong d6 s va d doc lap 1a s6 nguyén bang 0 hodc 1 hozc 2 hoic 3,
va X 1 -0-, -NR'-, -S-, -S(0)-, -S(0)2-, hodc -S(0)2NR'-. Tét hon, néu c4c nhém thé R, R,
R" va R" doc 1ap duoc chon tt hydro hodc alkyl (c6 1 hodc 2 hogc 3 hodc 4 hodc 5 hodc
6 nguyén tir cacbon) dugc thé hodc khong dugc thé.

Trir khi duge chi 18 theo cach khac, cac thuat ngir “halo” va “halogen,” mot minh
hoic dudi dang mot phﬁn ctia nhém thé khac, dé chi nguyén tir flo, clo, brom, hoic iot.
Ngoai ra, cac thult ngit nhu “haloalkyl” dé chi cic nhém bao gdm ci monohaloalkyl va
polyhaloalkyl. Vi dy, thuét ngit “halo (C1-C4) alkyl” dugc dy dinh bao gdm, nhung khong
chi gi6i han &, triflometyl, 2,2,2-trifloetyl, 4-clobutyl va 3-bromopropyl.

Céc vi du vé nhém haloalkyl bao gdm, nhung khéng chi giéi han &, triflometyl,
triclometyl, pentafloetyl, va pentacloetyl. Thuét ngit “alkoxy” dé chi nhém alkyl nhu d3
md ta trén day co6 sb lugng nguyén tir cacbon cu thé dugc lién két bang lién két cau oxy.
Nhém Ci6 alkoxy bao gém cac nhém alkoxy c6 1, 2, 3, 4, 5, va 6 nguyén tir cacbon. Cac
vi du v& nhém “alkoxy” bao gdm, nhung khong chi gi6i han &, metoxy, etoxy, n-propoxy,
isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, n-pentyloxy va S-pentyloxy. Cac nhom
xycloalkyl bao gdm céc nhém mach vong no nhu nhém xyclopropyl, xyclobutyl hoac
xyclopentyl. Nhom Cs.7 xycloalkyl bao gdm cac nhém xycloalkyl c6 3, 4, 5, 6 va 7
nguyén ti cacbon. Nhom alkenyl bao gbém mach hydrocacbon c¢6 mach thing hodc mach
nhanh trong ¢6 mot hodc nhidu lién két ddi cacbon-cacbon nhu vinyl va propenyl c6 mat
& vi trf dn dinh bit ky trén mach ndy.

Céc thuét ngilt “halo” hodc “halogen” dé chi flo, clo, brom va iot.

Trir khi dugc chi rd theo cach khac, thuat ngit "hetero” dé chi nguyén ti khac loai
hoic gbc hetero (nghia 12 nhom chira nguyén tir khac loai), bao gbm ca cic nguyén tir bén
canh cacbon (C) va hydro (H) va cdc nhém chira cic nguyén tir khac loai nay, nhu oxy
(0), nito (N), luu huynh (8), silic (Si), germani (Ge), nhém (Al), bo (B), -O-, -S-, =0, =S,
-C(=0)0-, -C(=0)-, -C(=S)-, -S(=0), -S(=0)2-, va -C(=O)N(H)-, -N(H)-, -C(=NH)-,
-S(=0)2N(H)-, hoic -S(=0)N(H)- tity y dugc thé.

Trx khi dugc chi rd theo cich khéac, thudt nglt “vong” dé chi xycloalkyl,
heteroxycloalkyl, xycloalkenyl, heteroxycloalkenyl, xycloalkynyl, heteroxycloalkynyl,
aryl hodc heteroaryl duoc thé hodc khong duoc thé. Khi dugc mé ta ¢ day, thuat ngit
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“yong” bao gdm vong don, vong doi, vong x04n, vong ngung tu hoic vong c6 lién Kkét
cau. S6 lugng nguyén tir trén vong thudng duge mo ta bing sb lugng canh trén vong, vi
dy, “vong c6 tir 5 dén 7 canh” @8 chi c6 tir 5 d&n 7 nguyén tir trong sw sip xép bao quanh.
Trir khi duge chi 18 theo cach khac, vong ndy tiy y chira tir 1 dén 3 nguyén tir khic loai.
Do do, thuit ngit “vong co tir 5 dén 7 canh” bao gbm, vi dy, phenylpyridin va piperidinyl;
mit khac, thut ngit “vong heteroxycloalkyl c6 tir 5 dén 7 canh” s& bao gdm pyridyl va
piperidinyl, ma khong bao gbm phenyl. Thuét ngit “vong” con bao gbdm hé vong chira it
nhit mot vong, trong d6 mdi vong 1a ddc 1ap trong cac dinh nghia nhu duge md ta trén
day.

Trir khi duge chi 1§ theo cach khac, thuit ngit “di vong” hodc “heteroxyclyl” aé
chi vong dang vong don, vong d6i hodc vong ba chira nguyén tir khac loai hogc nhoém
chira nguyén tir khac loai, vong nay co thé no, khong no ho#c khong no mot phan (vi du,
vong thom), va chira cic nguyén tir cacbon va 1, 2, 3 hodc 4 nguyén tir khéc loai doc lap
duogc chon tir N, O hodc S; trong d6 vong bét ky trong s6 cac di vong nhu duge md ta &
day c6 thé dugc ngung tu véi vong benzen dé tao ra vong ddi. Ty y, nguyén tir khac loai
nito va lwu huynh cé thé duge oxy héa (vi dy, NO va S(O)p). Nguyén tir nito ¢d thé duoc
thé hoic khong duoc thé (vi dy, N hoic NR, trong d6 R 1a H hodc nhém thé khic da xéc
dinh & day). Céac nhan di vong cé thé duoc lién két v6i nhom bién clia nd & nguyén tlr
khéc loai hodc nguyén tir cacbon bat ky dé tao ra cdu triic dn dinh. Néu hop chét tao
thanh ¢6 tinh én dinh, c4c nhan di vong dugc md ta & dy c6 thé duge thé trén nguyén tir
cacbon hoic trén nguyén tit nito. Nguyén ti nito trong nhan di vong co thé iy y duoc thé
bdn bac. Theo mdt phwong 4n duge wu tién, khi tdng sb nguyén tir S va O trong nhén di
vong 16n hon 1, cac nguyén tir khac loai nay khong lién k& voi nhau. Theo phuong 4n
duoc wu tién khéc, tdng s6 nguyén tir S va O trong di vong ndy khong 16n hon 1. Khi
duogce st dung trong ban mo ta nay, thuat ngit “nhém di vong thom” hodc “heteroaryl” dé
chi vong thom dang vong don hodc vong doi 6n dinh c6 5-, 6-, hodc 7- canh hodc vong
thom heteroxyclyl dang vong ddi ¢6 7-, 8-, 9- hodc 10- canh, vong nay chlra cac nguyén
tir cacbon va 1, 2, 3 hodic 4 nguyén tir khac loai doc 1ap duge chon tir N, O va S. Nguyén
tir nito c6 thé dugc thé holic khong duoc thé (nghia 13, N hogc NR, trong dé R 12 H hodc
nhém thé khac d3 duge xac dinh & day). Tly ¥, nguyén tir khéc loai nito va luu huynh co6
thé dugc oxy héa (nghia 13, NO va S(O)p). Cén luu y ring s6 lwgng nguyén tir S va O
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trong di vong thom 1a khoéng 16n hon mét. Vong c6 lién két cdu ciing nim trong dinh
nghia ctia nhdm di vong. Vong c6 lién két cu dugce tao ra khi mot hodc nhidu nguyén tir
(nghia 13, C, O, N, hoic S, duoc xéc dinh 13 “céc nguyén tir lién két ciu” & day) duoc lién
két v6i hai nguyén tir cacbon hodc nguyén tit nito khong 1ién k&. Céc vi du dugc wu tién
vé (c4c) nguyén tir lién két cdu trong vong bao gbm, nhung khéng chi gii han &, mot
nguyén tir cacbon, hai nguyén tir cacbon, m¢t nguyén tir nito, hai nguyén tir nito hodc
mdt nhém cacbon-nito. Can luu ¥ ring lién két cAu ludn bién d6i dang vong don thanh
dang vong ba. Trong vong c6 lién két cAu, nhom thé trong vong ndy ciing c6 thé c6 mit
trén lién két cau.

Vi du v& céc hop chit di vong bao gdm, nhung khéng chi gi6i han &, acridinyl,
azoxinyl, benzimidazolyl, benzofuranyl, benzimidofuranyl, benzhydrylphenyl,
benzoxazolyl, benzoxazolinyl, benzothiazolyl, benzotriazolyl, benzotetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, chromanyl, chromen, xinolinyl decahydroquinolyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro [2,3-b] tetrahydrofuranyl, furanyl, furazanyl, imidazolidinyl, imidazolinyl,
imidazolyl, 1H-indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isatinoyl,
isobenzofuranyl, pyran, isoindolyl, isoindolinyl, isoindolyl, indolyl, isoquinolyl,
isothiazolyl, isoxazolyl, metylendioxyphenyl, morpholinyl, naphthyridinyl,
octahydroisoquinolyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, isoxazolyl, oxindolyl,
pyrimidinyl, phenanthridyl, phenanthrolyl, phenazin, phenothiazin, benzoxanthinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, piperidon, 4-piperidon, piperonyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
pyridoxazol, pyridimidazol, pyridthiazol, pyridyl, pyrimidinyl, pyrolidinyl, pyrolinyl,
2H-pyrolyl, pyrolyl, pyrazolyl, quinazolinyl, quinolyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolyl, tetrahydroquinolinyl, tetrazolyl,
6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,3,4-thiadiazolyl, thienanthryl, thiazolyl, isothiazolylthienyl, thienyl, thienoxazolyl,
thienothiazolyl, thienoimidazolyl, thienyl, triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl,
1,2,5-triazolyl, 1,3,4-triazolyl va xanthyl. Céac hop chét dung hop va hop chét vong cling

dwoc bao gdm trong séng ché nay.
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Trir khi duge chi rd theo cach khac, thuat ngit “hydrocarbyl” hodc nhom tuong ty
cua nd (vi du, alkyl, alkenyl, alkynyl, phenyl, v.v.), mdt minh hodc dudi dang mét phin
cta nhém thé khac, dé chi gbc hydrocacbon mach thing, mach nhanh hodc mach vong
hodc hdn hop cua chung, cb thé bdo hoa, don bit bdo hoa hoic da bit bio hoa; cb thé
dugc thé mot 14n, hai 14n hodc nhiu 1dn; c6 thé c6 hoa tri mot (vi dy, metyl), héa tri hai
(vi dy, metylen) hodc da hoa tri (vi du, metenyl); va co6 thé bao gém géc hoa tri hai hoac
da hoa tri ¢6 sb lugng nguyén tir cacbon d3 chi dinh (vi du, Ci-10 nghia 12 c6 tir 1 dén 10
nguyén ti cacbon). Céc vi du vé nhém “hydrocarbyl” bao gdm, nhung khong chi gi6i han
&, hydrocarbyl béo va thom. Nhom hydrocarbyl béo 1a nhém mach thing hoic mach
vong bao gdm, nhung khong chi gidi han &, alkyl, alkenyl va alkynyl. Nh6m hydrocarbyl
thom bao gdm, nhung khdng chi giéi han &, nhém hydrocarbyl thom c6 tir 6 dén 12 canh
nhu benzen, naphtalen va nhém twong ty. Theo mot s6 phwong 4n, thuit ngit nhém
“alkyl” nghia 12 gbc mach thing hoic mach nhanh hodc hén hop cua ching, c6 thé 13 gbc
bdo hoa, don bt bio hoa hodc da bét bdo hoa, va co thé bao gém géc hoa tri hai va da
héa tri. Vi du vé cac gbc hydrocacbon no bao gdm, nhung khong chi gi6i han &, metyl,
etyl, n-propyl, isopropyl, n-butyl, tert-butyl, isobutyl, sec-butyl, isobutyl, xyclohexyl,
(xyclohexyl) metyl, xyclopropyl metyl, va céc chét ddng déng hoic chit ddng phan cua
gbc n-pentyl, n-hexyl, n-heptyl, n-octyl va gbc twong tw. Cac nhém alkyl khong no c6
mot hoic nhidu lién két ddi hodc lién két ba, vi du v& nhém alkyl khong no bao gom,
nhung khoéng chi giéi han &, vinyl, 2-propenyl, butenyl, crotyl, 2-isopentenyl,
2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), etynyl, 1- va 3-propynyl, 3-butynyl,
va c4c chat dong déﬁg cao va chit ddng phan ctia no.

Trir khi duge chi 18 theo cach khac, thuit ngit “heterohydrocarbyl” hodc nhém
twong tw clia n6 (vi du, heteroalkyl, heteroalkenyl, heteroalkynyl, heteroaryl, v.v.), mot
minh hoic két hop véi thuat ngit khac, dé chi gbc hydrocacbon mach thing, mach nhanh
hodc mach vong 6n dinh hodc hdn hop cta ching, bao gbm s6 lugng nguyén tir cacbon
néu trén va it nhit mot nguyén ti khac loai. Theo mdt s6 phuong 4n, thuit ngi
“heteroalkyl”, m§t minh hodc két hop véi thuat ngir khéc, dé chi gbc hydrocacbon mach
théng, mach nhdnh hodc mach vong dn dinh hodic hdn hop ctia chung, bao gém ) lugng
nguyén tir cacbon néu trén va it nhét mot nguyén tir khac loai. Theo mdt phuong an dién

hinh, céc nguyén tir khéc loai duge chon tir B, O, N hodc S, trong d6 cac nguyén tir nito
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va luu huynh c6 thé iy ¥ dugc oxy héa va nguyén tir khéc loai nito ¢6 thé tily y dugc thé
bbn béc. Cac nguyén tir khac loai B, O, N va S c¢6 thé dugc thay thé & vi tri bén trong bét
ky ctia nhom heterohydrocarbyl, bao gbm ca & vi tri ma nhém hydrocarbyl dugc lién Kkét
v6i phan con lai cia phan tir. Cac vi du bao gdm, nhung khong chi gi¢i han 6,
-CH»-CH»-O-CH3, -CH>-CH>-NH-CH3,

-CH,-CH,-N(CH3)-CHs, -CH,-S-CH2-CHs, -CH,-CHz, -S(O)-CH,

-CH,-CH,-S(0),-CHj3, -CH-CH-0O-CH3, -CH2-CH=N-OCH3 va

-CH=CH-N(CH3)-CHs. Ti da 13 hai nguyén tir khic loai c6 thé & lién nhau, vi du nhu
nhém -CH,-NH-OCHs.

Céc thuat ngir “alkoxy”, “alkylamino” va “alkylthio (hodc thioalkoxy)” dugc sir
dung theo nghia thong thuong cla chung, va dé chi cac nhom alkyl duoc lién két voi
phin con lai clia phan t& qua nguyén t&r oxy, nhém amino, hogc nguyén tir lvu huynh
tuong Gng.

Tr khi dugc chi rd theo cach khic, cic thudt nglt “xyclohydrocarbyl”,
“heteroxyclohydrocarbyl” hoic nhém tuwong tw ctia n6 (vi du, aryl, heteroaryl, xycloalkyl,
heteroxycloalkyl, xycloalkenyl, heteroxycloalkenyl, xycloalkynyl, heteroxycloalkynyl,
v.v.), mdt minh hodc két hop véi cac thuat ngit khéc, dé chi dang vong cia nhém
“hydrocarbyl”, “heterohydrocarbyl” tuong (ng. Ngoai ra, d6i vé6i nhém
heterohydrocarbyl hodic heteroxyclohydrocarbyl (vi du, heteroalkyl, heteroxycloalkyl),
nguyén tir khac loai c6 thd & vi tri ma di vong dugc lién két v6i phan con lai cia phan
tir. Cac vi du vé nhém xycloalkyl bao gbm, nhung khong chi giéi han 6, xyclopentyl,
xyclohexyl, 1-xyclohexenyl, 3-xyclohexenyl, xycloheptyl va nhom tuong ty. Céc vi du
khéng lam giéi han vé nhém heteroxyclyl bao gdm 1-(1,2,5,6-tetrahydropyridyl),
1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl,
tetrahydrofuran-2-yl, tetrahydrofuranindol-3-yl, tetrahydrothiophen-2-yl,
tetrahydrothiophen-3-yl, 1-piperazinyl va 2-piperazinyl.

Trir khi duoc chi 16 theo cach khéc, thut ngit “aryl” @& chi nhém thé hydrocacbon
thom da béit bio hoa, nhém ndy c6 thé dugc thé mot 1n, hai 13n hoge nhidu lan, va c6 thé
la vong don ho#c da vong (t6t hon 13 c6 tir 1 dén 3 vong), ching c6 thé dugc ngung tu
v6i nhau hoic dugc lién két cong héa tri. Thudt ngir “heteroaryl” dé chi nhém aryl (hodc

vong) chira tir mot dén bén nguyén tir khéc loai. Theo mdt phuong 4n 1am vi du, céc
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nguyén tir khac loai dugc chon tir B, N, O va S, trong d6 céc nguyén tr nito va luu huynh
tily y dugc oxy hda va nguyén tir nito tuy y dugc thé bén bac. Nhom heteroaryl cb thé
duoc lién két voi phan con lai caa phan tir qua nguyén tir khéc loai. Cc vi dy khong lam
giéi han vé nhom aryl hoic heteroaryl bao gdm phenyl, 1-naphtyl, 2-naphtyl, 4-biphenyl,
1-pyrolyl, 2-pyrolyl, 3-pyrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl,
2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-benzothiazolyl, purinyl,
2-benzimidazolyl,  5-indolyl, l-isoquinolinyl,  5-isoquinolinyl, 2-quinoxalinyl,
5-quinoxalinyl, 3-quinolinyl va 6-quinolinyl. C4c nhom thé ctia mdi nhom trong hé vong
aryl va heteroaryl dugc chon tlr cdc nhom thé dugc chép nhan nhu dugc mo ta dudi day.

Pé don gian, thust ngft “aryl”, khi dugc st dung két hop véi cc thuit ngit khic
(vi dy, aryloxy, arylthio, aralkyl), bao gdm c4 vong aryl va heteroaryl nhu dugc xc dinh
trén day. Do d6, thuét ngir “aralkyl” dugc dw dinh bao gbm céc gbc trong @6 nhém aryl
duoc lien két v6i nhém alkyl (vi dy, benzyl, phenethyl, pyridylmetyl, v.v.), bao gdm ca
c4c nhoém alkyl trong d6 nguyén ti cacbon (vi dy, nhém metylen) da dugc thay thé bang,
vi dy, nguyén tir oxy, nhu phenoxymetyl, 2-pyridyloxymetyl, 3-(1-naphthyloxy) propyl,
va nhém tuong tu.

Thuét ngit “nhém roi chuyén” dé chi nhém chirc hodc nguyén tir c6 thé dwoc thé
bing nhém chirc hodc nguyén tir khac trong phéan tng thé (vi du, sy thay thé 4i nhan).
Céac nhém roi chuyén lam dai dién bao g@)m, vi du, triflat; clo, brom, iot; cdc nhom este
sulfonic, nhu mesylat, tosylat, brosylat, nosylat; acyloxy nhu axetoxy, trifloaxetoxy va
nhém tuong tu.

Thuét ngit “nhém bao vé” bao gdm, nhung khong chi giéi han ¢, nhém bao vé
amino, nhém bao vé hydroxy hodc nhém bao v¢ thiol. Thuét ngi “nhém bdo vé amino”
d8 chi nhém bao vé thich hop dé ngin ngira phan ng phu & vi tri amino nito. Céc nhom
bao vé alkyl lam dai dién bao gdm, nhung khong chi gi6i han ¢, formyl; axyl nhu
alkanoyl (vi du, axetyl, tricloaxetyl hodc trifloaxetyl); alkoxycacbonyl nhu
t-butoxycarbonyl (Boc); arylmetyl nhu benzyl (Bn), trityl (Tr), 1,1-bis (meth), va nhém
twong tw;  arylmetoxycacbonyl  nhu benzyloxycarbonyl  (Cbz) va 9-
florenylmetoxycacbonyl (Fmoc); aryl metyl nhu benzyl (Bn), trityl (Tr), 1,1-bis-
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(4'-metoxyphenyl) metyl; silyl nhu trimetylsilyl (TMS) va t-butyldimetylsilyl (TBS) va
nhém twong ty. Thudt ngit “nhém bao vé hydroxy” dé& chi nhém bao vé thich hgp dé ngin
ngira cdc phan tng phu cta hydroxyl. Cac nhém béo vé hydroxy lam dai digén bao gbm,
nhung khong chi gidi han &, alkyl nhu metyl, ethyl va t-butyl; axyl nhu alkanoyl (vi du,
axetyl); arylmetyl nhu benzyl (Bn), p-metoxybenzyl (PMB), 9-florenylmetyl (Fm) va
diphenylmetyl (benzhydryl, DPM); silyl nhu trimetylsilyl (TMS) va t-butyldimetylsilyl
(TBS) va nhém tuong tu.

Céc hop chit theo sang ché c6 thé duoc didu ché biang nhiéu phwong phép tbng
hop khac nhau ma ngudi co hiéu biét trung binh trong linh vyc da biét 5, bao gdm céc
phuong an dugc md ta dudi day, cac phuong an két hop cac phuong 4n duwgc md ta dudi
day véi cac phuong phap tdng hop khéac, va cac phuong 4n twong duong da biét véi
ngudi ¢6 hiéu biét trung binh trong linh vuc trong linh vire nay. Cac phuong dn duge uvu
ti‘én bao gdm, nhung khong chi gi6i han & cdc phuong 4n cia sang ché.

Céc dung moi dugc st dung trong sang ché nay hién c6 ban trén thi truong.

Céc chit viét tit duoc st dung & ddy 13 nhu sau: aq (aqueous) 1a nuéc; HATU 1a
O-7-azabenzotriazol-1-yl) -N,N,N',N'-tetrametyluroni hexaflophosphat; EDC Ila N-
(3-dimetylaminopropyl) ~ -N'-etylcarbodiimit  hydroclorua; m-CPBA 12  axit
3-cloperoxybenzoic; eq (equivalent) 1 twong dwong; CDI 14 cacbonyl diimidazol; DCM
12 diclometan; PE 14 ete diu mo; DIAD Ia diisopropyl azodicarboxylat; DMF la
N,N-dimetylformamit; DMSO 1a dimetyl sulfoxit; EtOAc 14 etyl axetat; EtOH 1a etanol;
MeOH 14 metanol; CBz 13 benzyloxycacbonyl (dugc sir dung lam nhém bao vé amin);
Boc 14 t-butylcacbonyl (dwoc st dung lam nhém bao v& amin); HOAc 1a axit axetic;
NaCNBH; 13 natri xyanobohydrua; r.t. 13 nhiét d6 trong phong; O/N (overnight) 1a qua
dém; THF 1a tetrahydrofuran; Boc,O 14 di-tert-butyl dicacbonat; TFA 1a axit trifloaxetic;
DIPEA 14 diisopropyletylamin; SOCI; 1& thionyl clorua; CS2 14 cacbon disulfua; TsOH la
axit p-toluensulfonic; NFSI 1a N-flo-N- (phenylsulfonyl) benzensulfonamit; NCS 1a
1-clopyrolidin-2,5-dion; n-Bu4NF 1a tetrabutylamoni florua; iPrOH la 2-propanol; mp
(melting point) 1a diém noéng chiay; TMSCF3 1a (triflometyl) trimetylsilan; TCDI 1a
1,1'-thiocacbonyldiimidazol; Py la pyridin; HOBt 1a 1-hydroxybenzotriazol; DIEA la
N,N-diisopropyletylamin; ~ MsCl &  metylsulfonyl  clorua;  TosMIC la
p-toluensulfonylmetylisoxyanua; TBTU la axit O-benzotriazol-N,N,N',N'-tetrametyluroni
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tetrafloboric; MW 13 phan tng trong 10 vi song; DAST 14 dietylamino luu huynh triflorua;
DMA-DMA 13 N,N-dimetylaxetamit dimetyl axetal; LAH 1a nhom lithi hydrua; PhIO la
iodosobenzen; DCE 1a dicloetan; EDCI 14 1-(3-dimetylaminopropyl)-3-etylcarbodiimit
hydroclorua; NMO la N-metyl morpholin oxit.

Céc hop chét do con ngudi hoic chuong trinh phin mém ChemDraw® dit tén, va
cac hop chit hién c6 ban trén thj truong dugc mo ta véi tén theo catalog duoc cung cép

boi cac nha cung cép.
Hop chit theo sang ché c6 thé dugc diéu ché theo cac so @6 nhu sau:

Sodd A
o || o
LiAIH, N7 N MnO, NS N
HO S DCM O A
B BN
TMSCF3
CsF
Sodo Al

MsCI/TEA/THF NaCN/DMSO

~

isopentylnitrit
t-BuOK/THF

—

CHyl

So d6 A3
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TosMIC, NaOMe

CH3CHaJl
KoCO3, DMF \/0

So dd A5

NH,CI, HATU, THF

H,N

NaOH, dioxan lien két tach nhom carboxyl 18

_———

HC(OCH3),

HaNNH;. HCI

CDI

MeC(OEt)s
AcOH, dun hdi lwu
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SOCI,,DMF POCl, NHp OHHCI
-
NH3.H,0 CHCl, K,CO3
col

NH,0H -HCl
t-BuOK, DMF

Fsc~<\N\

N-O

R” "OH t-BuOK, toluen 110°C 3

EDC, HOBt, DIEA

NH,
R/'%N—OH 160 °C, MW
—_——»

TBTU, HOBT, NEt3
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So do B5
NH,OH-HCI OFEt
OEt EtONa 1) SOCl; OEt ™ .
BN e ; N meok
Et0” “CN EtOH Nooy 2)THF 07 Y : Toluen, DMF  F
N.. O ~ o
oH 110°C MW
HCI dam dic DAST
—_—
CH,Cl,

socl,

MeMgBr
THF

Cs,CO3

toluen 110°C 'C

NH2

HO BF3 Et,0

HATU/DIEA/DCM

thioaxetamit
_—_————

HCl/dioxan 2
DMF

pyridin/MeOH  H
EtOH




(o)

o/

NH,HCI
HATU/DIEA/DCM

PPhga/l/EtsN

DCM

MeMgBr Bry

So do Bll
DMF-DMA NH,OHHCI
—_———— —_—
MeOH, nuéc

Z I

HoNT

AcOH

1.DMA-DMA,100°C
2. NH,OHHCI
POCIs, CH3CN, dun hdi luuX

/O\NHZHCI

/\/MgBr
-_ _
NaOAc, EtOH
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(COCI)2/chét xiic tac DMF/DIEA/DCM

POCIa/chét xtic tac DMF
_— >
CH3;CN

R

R
‘\H)\NHZHG

[®)

HATU/DIEA/DCM
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So d6 B13

So dd B14

So d6 B15
? 4N HCI/EA
NN NON
NHBoc{ NHz,HC!
o
N/O\
NHZ‘HC‘
HATU/DIEA/DCM

POCli/chét xtic tac DMF
CH4aCN

LAH/THF

—_—

POCIs/chét xuc tac DMF

CHACN
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So d5 B16

HZNwO\
(0]

> _ AcOH
PhIO, DCE dun hdi Iy, 20 gioy
o o
0 o]
l /
MeMgBr
HO
LiAIH,
o
0
/
| a).NaOH NG
£ T .
0 ™S b) dung dich HCI EDCI,HOBt,DCM
=\ 0 o
/ OH NH,
NHzMe-THF

EDCI,HOBt,DCM

NH,Me-THF

EDCI,HOBt,DCM

Me,NHHCI
EDCI,HOBt,DCM
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So d6 B18

e d o— { 0— —oY

(o}
HCOONH4
15, KOH OH NMO, TPAP o 00 , PdIC NH,
MeOH DCM MeOH
O o) o o

\
—0 0

O

POCI3
MeCN

oxalyl clorua
DIEA/DMF

NH
£ i g
JEESUERE.. E A
Ho HATU, DIEA O

(0]

HATU, DIEA

CISO3H/CHCl3

SOCIy/DMF
CHCl3

~
~

Sau khi sang loc s cdi bién cau trac cua vinpocetine va duge chat bang md hinh
dwoc ly in vitro va in vivo, sang ché dé xuét hop chat c6 hiéu qua tot hon trong viéc diéu

tri chitng d6t quy ndo va do sinh kha dung qua dudng mi¢ng cao hon so v{i vinpocetine.
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Vi du thyc hién sang ché

Sang ché s& dugc mo ta chi tiét ciing voi cac phuong 4n dugc wu tién sau ddy, va
can hiéu ring cac phwong 4n ndy chi 1a vi dy, séng ché khéng bi giéi han béi cac phuong
4n dugc boc 10 nay.

SoddA

' H H
LiAIH, N ! N MnO, I s N
—— —_— N
HO . DCM O A
-\ -\

Vidul
1-((4'S,13a8)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolyl[3,2, 1-de]pyridyl
[3,2,1-ij][1,5] naphthyridin -12-y1)-2,2,2-trifloetanol

VidulA
((41S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolyl[3,2,1-de]pyridyl
[3,2,1-ij][1,5] naphthyridin -12-yl) metanol

Cho lithi-nhdm hydrua (3,2g, 85,7mmol) vao dung dich tetrahydrofuran (400ml)
chira vinpocetine (10g, 28,6gmmol) & nhiét do nim trong khoang tir 0 dén 5°C theo mé,
khudy hén hop phin ing ndy trong 30 phit & nhiét d§ trong phong va mdi trudng nito.
Sau khi phan ng két thic, 1am ngimg phén (g bing Sml nuéc, va cho thém 4ml dung

dich natri hydroxit 2M va 4ml nudc vao hdn hop phan tng ndy. Loc san phim két taa,
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cho thém nudc va etyl axetat vao dé chiét phan nudc loc ¢d dic. San pham chiét duoc

1am khé va c6 dac dé thu dugc hop chét dich.
IH NMR (400 MHz, CLOROFOM-d) 8ppm 0,98 (t, J = 7,53 Hz, 3 H), 1,08 - 1,17

(m, 1 H), 1,38 - 1,48 (m, 2 H), 1,65 - 1,82 (m, 2 H), 1,86 - 1,96 (m, 1 H), 2,51 (ddd, J =
16,00, 4,96, 1,88 Hz, 1 H), 2,62 - 2,76 (m, 2 H), 2,98 - 3,09 (m, 1 H), 3,20 - 3,29 (m, 1 H),
3,32 -3,39 (m, 1 H), 4,16 (br. 5., 1 H), 4,61 (d, J= 13,30 Hz, 1 H), 4,83 (d, J = 13,30 Hz,
1 H), 5,11 (s, 1 H), 7,10 - 7,15 (m, 1 H), 7,20 (td, J = 7,72, 1,38 Hz, 1 H), 7,47 (d, J =
7,78 Hz, 1 H), 7,67 (d, J = 8,53 Hz, 1 H).

Viduy 1B
((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolyl[3,2,1-de]pyridyl
[3,2,1-ij][1,5] naphthyridin -12-metanal

N
0\\;
~

i T

N

Cho mangan dioxit hoat tinh (5,07g, 58,4 mmol) vao dung dich diclometan
(20ml) chira hop chét ((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolyl
[3,2,1-de]pyridyl[3,2,1-ij1[1,5] naphthyridin -12-yl) metanol (1,8g, 5,84mmol), dun néng
hén hgp phan ung nay va khudy qua d&m, sau d6 loc, va co dic phén nudc loc. Phén cin
duoc sic ky cot, rira giai bing dung dich hdn hop chira ete diu mé/etyl axetat (ty 1& 10/1
theo thé tich) d& thu duge hop chét dich (diu khong mau, 1,2g, hiéu sudt 67,1%).

Viduy 1C
1-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolyl[3,2,1 -de]pyridyl
[3,2,1-ij][1,5] naphthyridin -12-y1-2,2,2 -trifloetanol

s N
N

O\\é

~N

Thém xesi florua (148,73mg, 0,979mmol) va (triflometyl) trimetylsilan (139,2mg,
0,979mmol) vao dung dich tetrahydrofuran khan (5ml) chua hop chét
((4'8,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolyl [3,2,1-de] pyridyl [3,2,1-ij]
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[1,5]naphthyridin -12) metanal (200mg, 0,652mmol) & nhiét do 0°C, khudy hdn hop

phén mg nay trong 1 gi¢ & nhiét do 0°C, sau d6 cho thém tetrabutylamoni florua vao,

khudy hdn hop nay trong 1 gio & nhiét d trong phong va sau d6 co dic. Phin cin dugc

sic ky bang phwong phap sic ky long hiéu ning cao didu ché @& thu dugc hop chét dich

(100mg, hidu suét 40,8%).

'H NMR (CDsOD, 400 MHz) § 7,59 (d, J = 8,0 Hz, 1H), 7,43 (d, J = 8,0 Hz, 1H),
7,13~7,17 (m, 1H), 7,05~7,09 (m, 1H), 5,54~5,61 (m, 2H), 4,18 (s, 1H), 3,24~3,28 (m,
2H), 2,96~2,98 (m, 1H), 2,53~2,67 (m, 3H), 1,75~1,98 (m, 1H), 1,70~1,74 (m, 2H),

1,44~1,51 (m, 2H), 0,99~1,08 (m, 4H).
LCMS (ESI) m/z: 377 (M+1)

So do Al
I = _N MsCI/TEA/THF | t‘ N l =_N
N - N = NaCN/DMSO N S
HO R MsO e NC S
BN AN AN
Isopentynitrit
t-BuOK/THF CH3l
Vidu2

(4'S,13aS,Z)-13a-etyl-N-metoxyl-2,3,4!,5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-carbimidoyl xyanua

Vidu2A
I

N :

MsO. \é
~

-30-



28739

Thém trietylamin (1,9g, 18,5mmol) va metansulfonyl clorua (1,1ml, 14,8mmol)
vao dung dich chia hop chit ((4'S,13aS)-13a-etyl-2,3,41,5,6,13a- hexahydro-1H-
indolo[3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin-12-yl) metyl metansulfonat (3,8g,
12,3mmol) trong tetrahydrofuran (80ml) & nhi€t do ndm trong khoang tir 0 dén 5°C trong
moi truong nito, dun néng hdn hop phan ng nay dén nhiét d6 trong phong va khudy
trong 1 gi¢. Sau khi phan Ung két thuc, cho thém dung dich amoni clorua vao hdn hop
phan ng nay. Chiét hdn hop bing etyl axetat, cac chét chiét dugc 1am kho va cb dic dé

thu duge hop chit dich (cht rin mau vang, Sg, sén phim thd, ding cho budce tiép theo).

Vidu 2B
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl) axetonitril

Hoa tan san phdm thé (5g, 12,9mmol) thu dugc tir budc trudc d6 trong
dimetylsulfoxit (40ml), sau d6 cho thém natri xyanua (3,2g, 64,8mmol) vao va khudy hdn
hop phan tmg qua dém & nhiét do trong phong. Sau khi phan ung két thuc, rét hdn hop
vao 150ml nuéc, va loc chét rin két tha va 1am kho dé thu dugc hop chét dich (chit rin
mau vang, 3,6g, hiéu suét: 88%).

IH NMR (400 MHz, CLOROFOM-d) 8ppm 0,94 - 1,02 (m, 4 H), 1,38 - 1,50 (m, 2
H), 1,69 - 1,80 (m, 2 H), 2,03 (dq, J = 14,62, 7,51 Hz, 1 H), 2,37 - 2,45 (m, 1 H), 2,48 -
2,62 (m, 3 H), 2,88 - 2,98 (m, 1 H), 3,11 (d, J= 15,06 Hz, 1 H), 3,20 - 3,36 (m, 2 H), 3,98
(s, 1 H), 5,62 (d, J=1,76 Hz, 1 H), 7,25 - 7,33 (m, 2 H), 7,47 - 7,52 (m, 1 H), 7,65 (d, J=
7,53 Hz, 1 H).

Vidu2C

(4!S,13a8,7)-13a-etyl-N-metoxyl-2,3,41,5,6,13a-hexahydro-1H-indolo[ 3,2, 1-de]pyri
do[3,2,1-1j][1,5]naphthyridin-12-carbimidoyl xyanua
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Cho thém 14n lugt isoamyl nitrit (332mg, 0,95mmol) va kali rerz-butoxit (424mg,
3,8mmol) vao dung dich choa hop chdt  2-((4!S,13aS)-13a-  etyl-
2,3,415.6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin- 12-yl)
axetonitril (300mg, 0,95mmol) trong tetrahydrofuran (20ml), va khudy hdn hop phén tmg
& nhiét d6 trong phong trong méi trudng nito trong 1 gid. Cho thém kali iodua (538mg,
3,8mmol) vao hdn hgp phén mg, va khudy hdn hop niy trong 3 gid nita. Sau khi phan
tmg két thuc, cho thém nudc vao hdn hop phan tng va chiét hdn hop bing etyl axetat.
Céc chét chiét duge 1am kho va ¢ dic. Phan cin dugce tinh ché bing phuong phéap sic ky
16ng hidu ning cao didu ché dé thu dugc hop chit dich (100mg, hiéu sudt: 29%).

'H NMR (400 MHz, CLOROFOM-d) ppm 1,07 - 1,30 (m, 4 H), 1,62 - 1,73 (m, 2
H), 2,17 - 2,35 (m, 3 H), 2,90 - 3,20 (m, 3 H), 3,31 (br. 5., 1 H), 3,58 - 3,84 (m, 2 H), 4,22
(s, 3 H), 4,72 (br. s., 1 H), 5,75 (s, 1 H), 7,20 - 7,26 (m, 2 H), 7,28 - 7,33 (m, 1 H), 7,47 -
7,56 (m, 1 H).

Vidu3
(4'S,13a8)-13a-etyl-12-(1H-imidazol-2-y1)-2,3,4',5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

H
N T
o N

Cho thém l4n luot glyoxal (568mg, 0,97mmol) va dung dich amoniac (343mg,
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9,79mmol) vao dung dich chira hgp chit (4'S,13aS)-13a-etyl-2,3,41,5,6,13a-
hexahydro-1H-indolo [3,2,1-de] pyrido[3,2,1-ij] [1,5]naphthyridin-12-

carbaldehyt (300mg, 0,97mmol) trong etanol khan (5ml), va dun nong héi luu hén hop
phéan mg nay trong 3 ngay. Co dic hdn hop phén tng va phén cin dugc tinh ché bing
phwong phap sic ky 1éng hiéu ning cao didu ché @& thu dugc hop chét dich (50mg, hidu
suat: 14,8%)

IH NMR (CD30D, 400 MHz) éppm 7,75 (s, 2H), 7,64 (d, J = 8,0 Hz, 1H),
7,14~7,24 (m, 2H), 6,11 (d, J = 8,0 Hz, 1H), 5,98 (s, 1H), 5,16 (s, 1H), 3,86~3,96 (m,
2H), 3,35~3,38 (m, 2H), 3,16~3,27 (m, 2H), 1,96~2,04 (m, 3H), 1,79~1,87 (m, 2H), 1,38
(m, 1H), 1,12 (t, J=9,8 Hz, 3H).

LCMS (ESI) m/z: 345 (M+1)

So dd A3
N l ';' N TosMIC, NaOMe
0\ ™ A
~
Vidu4

5-((4'S,13a8)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)oxazol

Cho thém 14n lugt natri metoxit (450mg, 8,15mmol) va (p-tolylsulfonyl)metyl
isoxyanua (390mg, 2mmol) vao dung dich chira hop chét
(4'S,13a8)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido [3,2,1-ij]
[1,5]naphthyridin-12-carbaldehyt (500mg, 1,63mmol) trong metanol (6ml) & nhiét 4o
trong phong, va dun hdi lwu hdn hop phan Gng ndy qua dém. Sau khi dé ngudi, co dic
hdn hop, va xtt ly phdn cin bing dung dich natri bicacbonat, va sau d6 chiét bang etyl
axetat. Lp hitu co dugce 1lam kho bing natri sulfat khan va loc. Co dic phén nuéc loc va

tinh ché san phdm tho bing phuong phap sic ky trén silicagel dé thu duoc hop chét dich
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(200mg, hiéu suét: 35,6%).

'H NMR (400 MHz, DMSO) &ppm 8,58 (s, 1H), 7,59 - 7,35 (m, 2H), 7,09 - 6,85
(m, 2H), 6,12 (d, J = 8,1 Hz, 1H), 5,52 (s, 1H), 4,10 (g, J = 5,1 Hz, 1H), 3,20 - 3,09 (m,
3H), 2,94 (br. s., 1H), 1,94 - 1,73 (m, 2H), 1,59 (br. s., 1H), 1,50 (d, J = 13,0 Hz, 1H),
1,38 (br. 5., 1H), 0,97 - 0,85 (m, 3H).

LCMS (ESI) m/z: 346 (M+1)

j\/'ﬁ/oa
N EtO “OEt

O A NaH, THF

CH3CHal
KoCO3, DMF

Viduy5s
Axit (E)-3-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido [3,2,1-ij][1,5]naphthyridin-12-yl)acrylic

Lam lanh dung dich chia trietyl phosphonoaxetat (293mg, 1,3mmol) trong 2ml
tetrahydrofuran dén nhiét ¢ 0°C bing bé nudc da, sau d6 cho thém natri hydrua (60%,
80mg, 2mmol) vao dung dich nay, tiép d6 cho thém dung dich chira (4!S,13aS)-13a-etyl-
2,3,41,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido[3,2,1-ij]
[1,5]naphthyridin-12-carbaldehyt (200mg, 0,65mmol) trong 2ml tetrahydrofuran vao do6
sau khoang nira gio, va gia nhiét tir tir hdn hop phan tng dén nhiét d6 trong phong va
khudy qua dém. Sau khi phén Umg két thiic (theo ddi bang phuong phép sic ky 16p méng
(TLC)), chung cit dung mdi, va hoa tan phan cin trong 2ml dimetylsulfoxit. Tach hop
chét dich (17mg, hidu sut: 7,56%) bing phwong phap sic ky long hiéu ning cao diéu
ché.

IH NMR (400MHz, METANOL-d4) 8ppm 7,71-7,60 (m, 1H), 7,52 (t, J = 7,9 Hz,
2H), 7,28-7,13 (m, 2H), 6,38 (d, J = 15,6 Hz, 1H), 5,51 (s, 1H), 3,73 (d, /= 7,0 Hz, 3H),
3,09 (br. s., 6H), 2,17-1,89 (m, 3H), 1,69 (d, J= 12,3 Hz, 2H), 1,31 - 1,16 (m, 2H), 1,10 (¢,
J=17,3 Hz, 3H).
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LCMS (ESI) m/z: 349 (M+1)

Vidub6
(E)-etyl-3-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)acrylat

Cho thém 1an lwot kali cacbonat (158mg, 1,14mmol) va iodoetan (88mg,
0,57mmol) vao dung dich chira axit (E)-3-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-
hexahydro-1H-indolo [3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)acrylic
(200mg, 0,573mmol) trong 5Sml tetrahydrofuran, va khudy hdn hop phan tmg & nhiét do
trong phong qua dém. Sau khi phén tng két thic (theo ddi bing phwong phap TLC),
chung cit dung mdi, va hoa tan phén cin trong 2ml dimetylsulfoxit. Tach hop chét dich
bing phwong phap sic ky 1ong hi€u ning cao didu ché.

'H NMR (400MHz, METANOL-d4) 8ppm 7,67 (d, J = 15,6 Hz, 1H), 7,44-7,24 (m,
2H), 7,15 - 6,96 (m, 2H), 6,28 (d, J = 15,8 Hz, 1H), 5,52 (s, 1H), 4,27 (d, /= 7,0 Hz, 2H),
3,85 (br. s., 1H), 3,24-3,11 (m, 1H), 3,08-2,79 (m, 2H), 2,55-2,32 (m, 3H), 1,90-1,67 (m,
2H), 1,67-1,51 (m, 1H), 1,46-1,22 (m, 5H), 0,98 (t, /= 7,4 Hz, 3H), 0,90-0,77 (m, 1H).

LCMS (ESI) m/z: 377 (M+1)

So dd A5

NH,4CI, HATU,THF

Vidu7 |
(E)-3-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)acrylamit



Cho  thém  1in  lwot  trietylamin  (69mg,  0,68mmol)  va
2-(7-azobenzotriazol)-N,N,N',N'- tetrametyluroni hexaflophosphat (217mg, 0,57mmol)
vao hdn hop chua axit (E)-3-((4!S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo
[3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)acrylic (200mg, 0,57mmol), amoni
clorua (36mg, 0,688mmol) va 5ml tetrahydrofuran, khudy hén hop phan tmg & nhiét do
trong phong trong 1 gid, va sau d6 dun néng hdn hop nay dén nhiét d6 60°C va khudy
qua dém. Sau khi phan mg két thtic (theo ddi bing TLC), chung cit dung mdi, va hoa tan
phin cin trong 2ml dimetylsulfoxit. Tach hop chit dich bing phuong phap sic ky long
hiéu ning cao diéu ché.

'H NMR (400MHz, MeOD) 8ppm 7,66 (d, J = 15,3 Hz, 1H), 7,43 (dd, J = 7,9,
12,7 Hz, 2H), 7,25-6,99 (m, 2H), 6,49 (d, J = 15,6 Hz, 1H), 5,53 (s, 1H), 4,17 (br. s., 1H),
3,27-3,16 (m, 1H), 3,03 (br. s., 1H), 2,72-2,49 (m, 3H), 2,04-1,64 (m, 3H), 1,57-1,36 (m,
2H), 1,04 (t, J= 7,3 Hz, 4H).

LCMS (ESI) m/z: 348 (M+1)

Sodo B
H H H
N I N NaOH, dioxan N | = N lién két tach nhom carboxyl N | s N
T . .
O AN HO Ao S
! ~ 0 ~ ~
Vidu8

(4'S,13aS)-13a-etyl-12-(4-metylpyrimidin-2-y1)-2,3,4!,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Vidu 8A
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Axit (4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-carboxylic

Thém vinpocetine (1g, 2,86mmol) vao hdn hgp chita natri hydroxit (137mg,
3,43mmol) va dioxan khan (14ml) & nhiét d6 80°C, va dé hn hop nay phan Gmg & nhiét
d6 nay trong 2 gio. Sau khi vinpocetine tham gia phdn Ung hét (theo dbi bang TLC), ¢co
dic hdn hop dén khi khé, cho thém nudce vio dé hoa tan phin cin, diéu chinh d6 pH ciia
dung dich thu dugc dén 3 bing axit clohydric 2M. Chiét hdn hop bing dung dich hdn hop
chira diclometan/isopropanol (ty 16 10/1 theo thé tich), San pham chiét dugc 1am kho va
¢6 diic d8 thu duge hop chit dich (ding cho budc tiép theo, 900mg, higu suét: 98%).

LCMS (ESI) m/z: 323 (M+1)

Viduy 8B
(4'S,13aS)-13a-etyl-12-(4-metylpyrimidin-2-y1)-2,3,41,5,6,13a-hexahydro- 1 H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Thém axit (4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo [3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-carboxylic (300mg, 0,93mmol), 2-clo-4-
metylpyrimidin  (180mg, 1,396mmol), xesi cacbonat (363mg, 1,1 17mmol) va
1,10-phenantrolin (8,4mg, 0,047mmol) vao bng dung trong 16 vi séng, tron d&u hdn hop
ndy v6i N-metylpyrolidon (3ml) va sau d6 thdi ba 1an bing nito. Cho thém dong (I) iodua
(8,9mg, 0,047mmol) va paladi (II) axetylaxetonat (14mg, 0,047mmol) vao, sau d6 bit kin
éng ndy. Dun néng hdn hop phén tng nay dén nhiét do 170°C bing 16 vi séng va dé hon
hop nay phan Gng trong 30 phut. Rét hdn hop phan ng vao 20ml nude va loc, va tinh
ché banh loc bang phuong phap sic ky 1ng hiéu ning cao diéu ché @8 thu dwoc hop chét
dich (100mg, hiu suét: 29%).
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'H NMR (400MHz, METANOL-ds) Sppm 8,77 (d, J = 5,3 Hz, 1H), 7,60 (d, J =
7,8 Hz, 1H), 7,53 (d, J = 5,3 Hz, 1H), 7,15 (t, J = 7,5 Hz, 1H), 7,07 - 7,01 (m, 1H), 6,21
(d, J = 8,3 Hz, 1H), 5,90 (s, 1H), 5,15 (s, 1H), 3,99 - 3,90 (m, 1H), 3,90 - 3,83 (m, 1H),
3,36 (d, J = 3,5 Hz, 1H), 3,31 - 3,26 (m, 1H), 3,23 - 3,15 (m, 1H), 2,61 (s, 3H), 2,09 -
1,91 (m, 3H), 1,90 - 1,77 (m, 2H), 1,36 (dt, J = 3,1, 13,7 Hz, 1H), 1,13 (t, J = 7,3 Hz,
3H).

LCMS (ESI) m/z: 371 (M+1)

Vidu9
(4'S,13aS)-13a-etyl-12-(6-metylpyridazin-3-y1)-2,3,41,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Phuong phap diu ché ctia vi du nay 1a gibng nhu phuwrong phép ctia Vi du 8B.

'H NMR (400MHz, METANOL-d4) dppm 8,57 - 8,51 (m, 1H), 8,50 - 8,45 (m,
1H), 7,63 (d, J = 7,5 Hz, 1H), 7,21 - 7,15 (m, 1H), 7,13 - 7,08 (m, 1H), 6,50 (d, /=83
Hz, 1H), 6,02 (s, 1H), 5,19 (s, 1H), 3,97 - 3,82 (m, 2H), 3,38 - 3,33 (m, 1H), 3,28 - 3,14
(m, 2H), 3,01 (s, 3H), 2,13 - 1,95 (m, 3H), 1,91 - 1,77 (m, 2H), 1,36 (dt, J= 3,3, 13,8 Hz,
1H), 1,13 (t, J=7,3 Hz, 3H).

LCMS (ESI) m/z: 371 (M+1)

Vidu 10
(4'S,13aS)-13a-etyl-12-(6-metylpyrazin-2-y1)-2,3,41,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Phuong phép diéu ché cia vi du nay 1a giéng nhu phuong phép cia Vi du 8B.
'H NMR (400MHz, METANOL-ds4) 8ppm 8,67 (d, J = 11,8 Hz, 2H), 7,61 (d, J =
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7,8 Hz, 1H), 7,15 (t, J = 7,5 Hz, 1H), 7,06 - 6,97 (m, 1H), 6,13 (d, J = 8,3 Hz, 1H), 5,67
(s, 1H), 5,18 (s, 1H), 4,00 - 3,91 (m, 1H), 3,90 - 3,84 (m, 1H), 3,38 - 3,34 (m, 1H), 3,31 -
3,27 (m, 1H), 3,24 - 3,16 (m, 1H), 2,60 (s, 3H), 2,08 - 1,91 (m, 3H), 1,90 - 1,78 (m, 2H),
1,46 - 1,36 (m, 1H), 1,14 (t, J= 7,4 Hz, 3H).

LCMS (EST) m/z: 371 (M+1)

Vidull
(4!S,13aS)-13a-etyl-12-(pyridin-2-y1)-2,3,41,5,6,13a-hexahydro-1H-indolo
[3,2,1 -dé]pyrido[3 ,2,1-ij][1,5]naphthyridin

Phuong phap diéu ché cta vi du nay 1a gidng nhu phwong phap cua Vi du 8B.

'H NMR (400MHz, METANOL-d4) 8ppm 8,99 (d, J = 5,3 Hz, 1H), 8,79 (t, /= 7,7
Hz, 1H), 8,31 - 8,23 (m, 2H), 7,68 (d, J= 7,8 Hz, 1H), 7,23 (t, /= 7,5 Hz, 1H), 7,12 (t, J
=17,5 Hz, 1H), 6,22 (d, J = 8,3 Hz, 1H), 6,07 (s, 1H), 5,23 (br. s., 1H), 4,02 - 3,93 (m, 1H),
3,92 - 3,86 (m, 1H), 3,42 - 3,34 (m, 2H), 3,30 - 3,19 (m, 2H), 2,14 - 1,99 (m, 3H), 1,92 (d,
J=14,3 Hz, 1H), 1,84 (d, J = 14,3 Hz, 1H), 1,40 (dt, J = 3,4, 13,9 Hz, 1H), 1,17 (t, J =
7,4 Hz, 3H).

LCMS (ESI) m/z: 356 (M+1)

Vidy 12
(41S,13aS)-13a-etyl-12-(6-metylpyridin-2-y1)-2,3,4',5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Phuong phép didu ché ctia vi du ndy 13 gidng nhu phuong phap cua Vi du 8B.
'H NMR (400MHz, METANOL-d4) 8ppm 8,57 (t, J = 8,0 Hz, 1H), 8,10 - 7,95 (m,
2H), 7,65 (d, J = 7,8 Hz, 1H), 7,20 (t, J = 7,3 Hz, 1H), 7,13 - 7,06 (m, 1H), 6,21 (d, J =
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8,3 Hz, 1H), 6,00 (s, L1H), 5,21 (s, 1H), 4,00 - 3,91 (m, 1H), 3,90 - 3,82 (m, 1H), 3,41 -
3,32 (m, 2H), 3,30 - 3,24 (m, 1H), 3,24 - 3,17 (m, 1H), 2,86 (s, 3H), 2,16 - 1,95 (m, 3H),
1,94 - 1,77 (m, 2H), 1,40 (dt, J= 3,3, 13,9 Hz, 1H), 1,15 (t, J = 7,4 Hz, 3H).

LCMS (ESI) m/z: 370 (M+1)

Vidu 13
(4'S,13aS)-13a-etyl-12-(3-metylpyridin-2-y1)-2,3,41,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Phuong phap diéu ché cua vi dy nay 1 gidng nhu phuong phép cta Vi dy 8B.

'H NMR (400MHz, METANOL-d4) dppm 8,95 (d, J = 5,5 Hz, 1H), 8,62 (d, J =
8,0 Hz, 1H), 8,27 - 8,18 (m, 1H), 7,64 (d, J = 7,8 Hz, 1H), 7,22 - 7,14 (m, 1H), 7,08 -
6,99 (m, 1H), 6,00 (d, J = 8,5 Hz, 0,67H), 5,90 - 5,82 (m, 1H), 5,73 (d, J = 8,3 Hz,
0,33H), 5,38 - 5,24 (m, 1H), 4,02 - 3,84 (m, 2H), 3,43 - 3,32 (m, 2H), 3,30 - 3,26 (m, 1H),
3,24 - 3,16 (m, 1H), 2,69 (s, 1H), 2,21 (s, 2H), 2,17 - 2,08 (m, 1H), 2,07 - 1,81 (m, 4H),
1,60 - 1,45 (m, 1H), 1,14 (t, J=7,4 Hz, 3H).

LCMS (ESI) m/z: 370 (M+1)

Vidu 14
(4'S,13aS)-12-(5,6-dimetylpyrazin-2-yl)-13a-etyl-2,3,4 1'5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Phuong phap didu ché cua vi dy nay 13 gibng nhu phuong phap cta Vi dy 8B.

'H NMR (400MHz, METANOL-d4) 8ppm 8,69 (s, 1H), 7,61 (d, J = 7,8 Hz, 1H),
7,19 - 7,12 (m, 1H), 7,04 (t, J = 7,8 Hz, 1H), 6,30 (d, J = 8,3 Hz, 1H), 5,75 (s, 1H), 5,17
(br. s., 1H), 3,99 - 3,83 (m, 2H), 3,40 - 3,16 (m, 4H), 2,78 (s, 3H), 2,67 (s, 3H), 2,12 -
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1,95 (m, 3H), 1,90 - 1,79 (m, 2H), 1,39 (t, J = 12,5 Hz, 1H), 1,14 (t, J = 7,3 Hz, 3H).
LCMS (ESI) m/z: 385 (M+1)

So db Bl

HC(OCHz3)3
————

NN H,NNH,.HCI
—_—_—

]
MeC(OEt)s
AcOH, dun hdi lwu

Vidu 15
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][ 1,5 ]naphthyridin-12-y1)-1,3,4-oxadiazol

Vidu 15A
(418,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-hydrazit

Cho thém nho giot thionyl clorua (20ml) vao dung dich cha axit
(4IS,13aS)-13a—ety1-2,3,4‘,5,6,13a—hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]
naphthyridin-12-carboxylic (1,8g, 5,58mmol) va DMF(1ml) trong clorofom (15ml) &
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nhiét @6 0°C, sau d6 dun néng hdi luu hdn hop phén g nay va duy tri trong 3 gid. Sau
khi 1am ngudi dén nhiét do trong phong, rot hdn hop phan ung vao hydrazin hydrat 25%
(1,4g, 27,9mmol) va khudy trong 2 gi& nita. Pha lodng hén hop ndy bing nudc va chiét
bing diclometan. San phém chiét dwoc 1am khd bing natri sulfat khan va c6 dic dé thu

duoc hop chét dich (chat rin mau vang, 1,7g, hidu sudt: 89%).

Vidy 15B
2-((4!S,13a8S)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-1,3,4-oxadiazol

Pun néng hdn hop chira (4'S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-
indolo [3,2,1-de] pyrido [3,2,1-ij][1,5]naphthyridin-12-hydrazit (400mg, 1,2mmol) va
trimetyl orthoformat (5ml) dén nhiét o 160°C bing 16 vi séng va @€ hdn hop nay phan
{mg trong nira gi¢r. C6 dac hdn hop phan tmg dén khi kh, va tinh ché san pham thé bang
phuong phap sic ky 16ng hiéu ning cao didu ché @8 thu dugc hop chit dich (50mg, hiéu
sudt: 12%).

'H NMR (400 MHz, CDCl3) dppm 1,02 (t, J = 7,28 Hz, 3 H), 1,17 (td, J = 13,55,
3,51 Hz, 1 H), 1,26 (s, 1 H), 1,45 (d, J = 13,05 Hz, 1 H), 1,60 (d, J = 14,05 Hz, 1 H), 1,69
- 1,79 (m, 1 H), 1,90 - 2,01 (m, 2 H), 2,54 (d, J = 16,31, 3,26 Hz, 1 H), 2,63 - 2,69 (m, 2
H), 2,99 - 3,11 (m, 1 H), 3,26 - 3,41 (m, 2 H), 4,25 (s, 1 H), 5,99 (s, 1 H), 6,52 (d, J =
8,53 Hz, 1 H), 7,03 - 7,15 (m, 2 H), 7,49 (d, J=7,53 Hz, 1 H), 8,57 (s, 1 H).

LCMS (ESI) m/z: 346 (M+1)

Vidu 16

5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-1,3 ,4-oxadiazol-2(3H)-on

-51-



Cho thém cacbonyl diimidazol (98mg, 0,6mmol) vio dung dich chia
(41S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo [3,2,1-de]pyrido [3,2,1-ij]
[1,5]naphthyridin-12-hydrazit (170mg, 0,5mmol) trong dioxan (7ml), va dun nong hoi
Irru hdn hop nay trong 45 phut. Sau khi c6 dic hdn hop phén tng, tinh ché phén cin bang
phuong phéap sic ky 16ng hiéu ning cao didu ché dé thu dugc hop chit dich (42mg, hiéu
suat: 23%).

'H NMR (400 MHz, CDCl3) 8ppm 0,90 (t, J = 7,21 Hz, 3 H), 1,40 (d, J = 13,69
Hz, 1 H), 1,50 (d, J = 13,69 Hz, 1 H), 1,77 - 1,96 (m, 4 H), 2,11 (s, 1 H), 2,56 (t, J =
11,00 Hz, 1 H), 2,68 (s, 1 H), 2,76 (d, J = 10,27 Hz, 1 H), 3,23 (d, /= 6,36 Hz, 2 H), 4,37
(br.s., 1 H), 5,23 (s, 1 H), 5,81 (s, 1 H), 7,13 (d, J = 3,67 Hz, 1 H), 7,17 - 7,22 (m, 1 H),
7,31-7,36 (m, 1 H).

LCMS (ESI) m/z: 362 (M+1)

Vidu 17
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-5-metyl-1,3,4-oxadiazol

Cho (4'S,13a8)-13a-etyl-2,3,41,5,6,13a- hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-hydrazit (500mg, 1,5mmol), trietyl orthoaxetat
(487mg, 3mmol) va axit axetic (5ml) vao binh ddy tron c6 dung tich 50ml, va dun hdi huu
h&n hop phan tmg trong 30 phut. Sau khi phan tmg két thic (theo ddi bang phuong phap
séc ky 1ong-phé khéi (Liquid Chromatography-Mass Spectrum: LC-MS)), chung cét
dung moi ra khoi dung dich, va hoa tan phin cin trong 2ml dimetylsulfoxit. Tach hop
chét dich (200mg, hiéu subt: 31,1%) bing phuong phép sic ky long hiéu ning cao diéu

4
A

ché.
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IH NMR (400 MHz, METANOL-ds) Sppm 1,12 (t, J = 7,28 Hz, 3H), 1,24-1,37 (m,
1H), 1,70-1,85 (m, 2H), 1,89-2,12 (m, 3H), 2,56-2,74 (m, 5H), 3,08-3,29 (m, 3H), 3,84 (d,

J =527 Hz, 2H), 5,14 (br. 5., 1H), 6,08 (s, 1H), 6,78 (d, J = 8,78 Hz, 1H), 7,1 -7,28 (m,

2H), 7,55-7,68 (m, 1H).
LCMS (ESI) m/z: 363 (M+1)

So do B2
SOCI,, DMF POCl3 N I N NH, OHHCI
NH3.H,0 CHCl3 P K2CO3
NC B
~N
[l
col N7
_Cot . H
o N N
i B
=<0'N N
fH | o
NN TCOI N N
—_—
N 7 § N
AN =< I N
HO~ S-
) |
NN Ac0
HoN N AcOH
< 7
h ~ —
HO” o
(CF3C0),0,Py NH,OH -HCI
THF N o t+-BuOK, DMF N +
FaC—¢ 2 FlC— z
\<O’N ~ \<\N—0 ~
Viduy 18

3-((4'S,13aS)-13a-etyl-2,3,41,5,6,1 3a-hexahydro-1H-indolo[3,2,1-de]pyrido

[3,2,1-ij][1,5]naphthyridin-12-yl)-1,2,4-oxadiazol-5(4H)-on
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Vidu 18A
(4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij] [1,5]naphthyridin-12-carboxamit

Cho thém nho giot thionyl clorua (5ml) vao dung dich chira axit (4'S,13aS)-
13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]
naphthyridin-12-carboxylic (4g, 12,4mmol) va DMF (0,1ml) trong clorofom (40ml), sau
d6 dun noéng hdi lvu hdn hop phan tng ndy va duy tri trong 3 gio. Sau khi lam ngudi dén
nhiét do trong phong, rét hdn hop phan ng vao amoni hydroxit 25% (40ml) va khudy
trong 2 gid. Pha lodng hdn hgp nay bing nude va chiét bing diclometan. San phim chiét
duoc 1am kho bing natri sulfat khan va c6 dic dé thu dugc hop chét dich (chét rin mau
vang, 3,8¢g, hi¢u suét: 95%).

'H NMR (400 MHz, CDCl3) Sppm 7,44 (d, J = 6,8 Hz, 1H), 7,36 (d, J = 8,0 Hz,
1H), 7,09~7,15 (m, 2H), 5,91~6,10 (m, 2H), 5,84 (s, 1H), 4,14 (s, 1H), 3,32~3,41 (m,
1H), 3,19~3,31 (m, 1H), 2,89~3,09 (m, 1H), 2,58~2,68 (m, 2H), 2,44~2,55 (m, 1H),
1,84~1,96 (m, 3H), 1,65~1,77 (m, 1H), 1,47~1,50 (m, 1H), 1,39~1,42 (m, 1H), 1,01 (¢, J
= 8,0 Hz, 3H).

LCMS (ESI) m/z: 322 (M+1)

Viduy 18B
(41S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5 Jnaphthyridin-12-carbonitril

Cho thém nho giot phospho oxyclorua vao dung dich chua (4'S,13aS)-
13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-{j][ 1,5]
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naphthyridin-12-carboxamit (3,8g, 11,8mmol) trong clorofom (50ml) & nhiét 6 0°C, va
dun néng héi lwu hdn hop nay trong 4 gid. Sau khi lam ngudi dén nhiét d6 trong phong,
rét hdn hop nay vao nuée d4, va didu chinh d6 pH cia hdn hop dén do pH trung tinh
bing dung dich natri hydroxit 40%. Tach 16p hiru co, va chiét 16p nuéc con lai béng
diclometan. Rira céc 1dp hiru co két hop bang dung dich natri bicacbonat, 1am kho bing
natri sulfat khan, loc va c6 dac. Tai két tinh san phém tho béng dung dich hén hop chira
isopropanol/nude (ty 1€ 1/1 theo thé tich) dé thu duoc hop chét dich (chét rin mau vang,
2,0g, hidu suit: 56%). |

'H NMR (400 MHz, CDCl3) 8ppm 7,94 (d, J = 8,0 Hz, 1H), 7,40 (d, J = 8,0 Hz,
1H), 7,17~7,21 (m, 1H), 7,10~7,13 (m, 1H), 5,86 (s, 1H), 4,16 (s, 1H), 3,27~3,32 (m,
1H), 3,14~3,23 (m, 1H), 2,91~2,98 (m, 1H), 2,61 (d, J = 4,0 Hz, 2H), 2,42~2,47 (m, 1H),
1,87~1,99 (m, 1H), 1,70~1,81 (m, 2H), 1,39~1,48 (m, 2H), 1,01~1,09 (m, 1H), 0,95 (t, J
= 8,0 Hz, 3H).

LCMS (ESI) m/z: 304 (M+1)

Vidu 18C
(41S,13a8,Z)-13a-etyl-N’-hydroxyl-2,3,4',5,6,1 3a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][ 1,5]naphthyridin-12-carboxamidin

Cho thém 14n Iluwgt hydroxylamin hydroclorua (350mg, Smmol) va
diisopropyletylamin (323mg, 2,5mmol) vao dung dich chura
(41S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo  [3,2,1-de]pyrido [3,2,1-ij]
[1,5]naphthyridin-12-carbonitril (300mg, 1mmol) trong metanol (8ml), khudy hdn hop
phan tng & nhiét 46 trong phong trong 2 gid, sau d6 cho thém hydroxylamin hydroclorua
(175mg, 2,5mmol) vao, va khudy hdn hogp phén ung nay trong 5 gio nira. Cho thém
hydroxylamin hydroclorua (175mg, 2,5mmol) vao va khudy hdn hgp phan tng & nhiét 4o
trong phong trong 17 gio. Sau khi phén tng két thic, cho thém mdt lugng nhd nudc vao

hdn hop, tiép d6 loc hdn hop nay. Chét rén thu duge dugc rira bang etyl axetat va sau d6
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hoa tan trong metanol. Chung cAt dung modi dé thu duoc hop chit dich tinh khiét (chét rdn
mau tring, 300mg, hiéu suit: 89%).

'H NMR (400 MHz, MeOD) dppm 1,10 (t, /= 7,39 Hz, 3 H), 1,21 - 1,33 (m, 2 H),
1,34 - 1,39 (m, 1 H), 1,73 (d, J = 11,69 Hz, 3 H), 1,85 - 1,92 (m, 2 H), 1,98 (dt, J= 14,55,
7,28 Hz, 2 H), 3,06 - 3,13 (m, 1 H), 3,21 - 3,26 (m, 2 H), 3,34 (s, 1 H), 3,79 - 3,85 (m, 2
H), 5,03 (br. s., 1 H), 5,49 (s, 1 H), 7,13 - 7,19 (m, 1 H), 7,22 (t, J = 7,28 Hz, 1 H), 7,38
(d, J=8,38 Hz, 1 H), 7,54 (d, /= 7,72 Hz, 1 H).

Vidu 18D
3-((41S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-1,2,4-0oxadiazol-5(4H)-on

Thém cacbonyl diimidazol (482mg, 3,0mmol) vao dung dich chia (4'S,13a8,
Z)-13a-etyl-N’-hydroxyl-2,3 4! 5.6,13a-hexahydro-1H-indolo [3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-carboxamidin (200mg, 0,6mmol) trong dioxan (10ml), va
dun néng hdi luu hdn hop phan Gng nay trong 45 phut. Sau khi chung c4t dung méi, tinh
ché phin c3n bing phuwong phép sic ky 16ng hiéu niang cao didu ché @ thu dugc hop chit
dich (127mg, hidu sudt: 58%).

'H NMR (400 MHz, CDCI3) 8ppm 1,00 (s, 3 H), 1,26 (d, J= 13,55 Hz, 1 H), 1,72
(d, J = 15,06 Hz, 2 H), 1,92 (s, 4 H), 3,06 (s, 3 H), 3,26 (s, 1 H), 3,47 (s, 1 H), 3,60 (s, 1
H), 4,86 (s, 1 H), 5,85 (s, 1 H), 7,08 (d, J = 7,53 Hz, 1 H), 7,16 - 7,25 (m, 2 H), 7,40 -
7,55 (m, 1 H).

LCMS (ESI) m/z: 362 (M+1)

Vidy 19

3-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-1,2,4-thiadiazol-5(4H)-on
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Pun néng dung dich chira (4'S,13aS, Z)-13a-etyl-N’-hydroxyl-2,3,41,5,6,13a-
hexahydro-1H-indolo  [3,2,1-deJpyrido  [3,2,1-ij][1,5]naphthyridin-12-carboxamidin
(200mg, 0,6mmol) va thiocacbonyldiimidazol trong tetrahydrofuran (15ml) dén nhiét d6
60°C va khudy trong 1,5 gid. C6 dic hdn hop phan (mg nay, va tinh ché phan cin bang
phuong phép séc ky 16ng hiéu ning cao didu ché dé thu duoc hop chit dich (69mg, hiéu
sut: 31%).

'H NMR (400 MHz, CDCl3) 8ppm 1,02 (br. s., 3 H), 1,14 - 1,31 (m, 2 H), 1,58 (d,
J=14,11Hz, 1 H), 1,72 (d, J = 13,45 Hz, 1 H), 2,03 (br.s., 1 H), 2,90 (d, J= 11,03 Hz, 2
H), 3,14 (br. s., 2 H), 3,47 (d, J = 2,43 Hz, 1 H), 3,56 (br. 5., 1 H), 4,85 (br. s., 1 H), 5,77
(br.s., 1 H), 6,81 (br. s., 1 H), 7,15 (br. s., 2 H), 7,41 (br. s., 1 H).

LCMS (ESI) m/z: 378 (M+1)

Vidu 20
3-((41S,13a8S)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][ 1,5 ]naphthyridin-12-yl)-5-metyl-1,2,4-oxadiazol

A

EARAN

Cho thém 14n luot (4!S,13aS, Z)-13a-etyl-N’-hydroxyl-
2,3,41 5 6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][ 1,5 ]naphthyridin-12-
carboxamidin (150mg, 0,45mmol), anhydrit axetic (136,6mg, 0,134mmol) va axit axetic
(10ml) vao binh day tron c6 dung tich 50ml, va khudy hdn hop phan tmg ndy ¢ nhiét o
110°C trong 1 gid. Sau khi c6 ddc hdn hgp phén tng, hoa tan phén cin trong 1ml
N,N-dimetylformamit. Thu dugc hop chit dich bang phuong phép sic ky 16ng hiéu ning
cao didu ché (17mg, hiéu suit: 10,7%).

'H NMR (400MHz, METANOL-ds) dppm 7,61 - 7,55 (m, 1H), 7,20 - 7,10 (m,
2H), 6,87 - 6,78 (m, 1H), 5,95 (s, 1H), 5,14 (s, 1H), 3,94 - 3,76 (m, 2H), 3,29 - 3,23 (m,
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2H), 3,19 - 3,11 (m, 1H), 2,71 (s, 3H), 2,06 - 1,99 (m, iH), 1,99 - 1,91 (m, 2H), 1,83 -
1,74 (m, 2H), 1,37 - 1,29 (m, 2H), 1,11 (t, /= 7,4 Hz, 3H).
LCMS (ESI) m/z: 361 (M+1)
Vidu2l
3-((4!S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][ 1,5]naphthyridin-12-yl)-5-triflometyl-1,2,4-oxadiazol

N
FaC—(

o-N

Thém pyridin (822,92mg, 10,417mmol) va anhydrit trifloaxetic (2177,08mg,
10,417mmol) vao dung dich chira (4'S,13aS, Z)-13a-etyl-N’-hydroxyl-
2,3,415,6,13a-hexahydro- 1H-indolo [3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-
carboxamidin (700mg, 2,083mmol) trong tetrahydrofuran (20ml), va khudy hdn hgp phan
tmg & nhiét do 10°C trong 3 gid. Sau khi phan tng két thic, loai bd dung mdi dudi ap
sudt giam, cho thém nudc vao phin cin, tiép d6 chiét hdn hop thu dugc bang etyl axetat.
Sau khi c6 dic chét chiét, tinh ché san phim thd bing phwong phap sic ky long hiéu ning
cao didu ché @& thu duoc hop chét dich (400mg, hiéu suét: 46,4%).

'H NMR (400MHz, Metanol-d4) dppm 7,63-7,59 (m, 1H), 7,21-7,19 (m, 2H),
7,01-6,99 (m, 1H), 6,20 (s, 1H), 5,10 (s, 1H), 3,84-3,82 (m, 2H), 3,32-3,16 (m, 4H),
2,08-2,00 (m, 3H), 1,98-1,79 (m, 2H), 1,30-1,15 (m, 1H), 1,13-1,11 (m, 3H).

LCMS (ESI) m/z: 415 (M+1)

Vidu22
5-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-3-triflometyl-1,2,4-oxadiazol

N\
FaC—(

N-©
Cho thém 1in lwot hydroxylamin hydroclorua (150mg, 2,174mmol) va kali
tert-butoxit  (243,93mg, 2,174mmol) vao dung dich chta 3-((4!S,13aS)-
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28739

13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido[3,2,1-1j] [1,5]
naphthyridin-12-y1)-5-triflometyl-1,2,4-oxadiazol (300mg, 0,725mmol) trong
N,N-dimetylformamit, va khudy hdn hop phan Umg & nhiét 46 40°C trong 5 gi0. Loc
hén hop phan (g nay, va cho thém kali terz-butoxit (150,62mg, 1,342mmol) vao phin
nude loc. Pun néng hdn hop dén nhiét & 100°C va khudy trong 1 gid. Sau khi 1dm
ngudi dén nhiét 46 trong phong, pha lodng hén hop nay bang nudc va chiét ba 14n bang
etyl axetat. Cac phin chiét két hop duoc rira bang nudc mubi va 1am kho. Tinh ché phén
can bing phuong phap sic ky 1éng hiéu ning cao didu ché dé thu duoc hop chit dich
(30mg, hiéu suét: 10%).

IH NMR (400MHz, Metanol-d4) dppm 7,65-7,63 (m, 1H), 7,27-7,21 ( m, 2H),
6,92-6,90 (m, 1H), 6,51 (s, 1H), 5,16 (s, 1H), 3,94-3,85 (m, 2H), 3,33-3,16 (m, 4H),
2,12-2,03 (m, 3H), 1,99-1,84 (m, 2H), 1,33-1,17 (m,1H), 1,15-1,14 (m, 3H).

LCMS (ESI) m/z: 415 (M+1)

So do B3
o
€ G &
NS N RJ\OH o 2 N7 N t-BuOK, toluen 110°C ¢ _ N7 N
Hle N~ EDC, HOB, DIEA R\H/NI N7 R__</N, N
~ ~ ~
Ho S0 o-N
Vidu23

3-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-5 -(tetrahydro-2H-pyran-4-yl)-1,2,4-oxadiazol

N
e

N-O =\
Khudy hdn hop chta diisopropylethylamin (288mg, 2,23mmol), axit

tetrahydropyran-4-carboxylic ~ (116mg,  0,89mmol), 1-(3-dimetylaminopropyl)-3-

etylcarbodiimit hydroclorua (340mg, 1,78mmol), 1-hydroxybenzotriazol (120mg,

0,89mmol) va N,N-dimetylformamit (4ml) & nhiét 0 15°C trong 1 giv, sau d6 cho thém

(418,13aS,Z)-13a—etyl-N’-hydroxy1-2,3,41,5,6,13a-hexahydro-1H-indolo

[3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin-12-carboxamidin (250mg, 0,74mmol) vao, va
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khuy hdn hop nay trong 16 giv nita. Chiét hdn hop phéan {mg bang hdn hop chira
diclometan/metanol (tj 18 10/1 theo thé tich), va c6 dic c4c chét chiét. Tinh ché phén cin
bing phuong phap sic ky 16p mong didu ché (hdn hop cia diclometan/metanol (ty 1¢
10/1 theo thé tich) lam dung mdi rira giai) dé thu duge hop chit amit trung gian (chét rin
mau tréng, 205mg, hiéu suét: 62%).

Hoa tan hop chét amit trung gian (205mg, 0,45mmol) trong toluen (15ml), sau dé
cho thém kali fert-butoxit (167mg, 1,49mmol) vao. Dun néng hdi lwu hdn hop niy va
khudy qua dém. Sau khi lam ngudi dén nhiét do 15°C, c6 dic hdn hop. Tinh ché phan cin
bang phuong phép sic ky 16ng hiéu ning cao didu ché dé thu duoc hop chét dich (70meg,
higu suat: 36%).

'H NMR (CDCls, 400MHz) dppm 12,00 (br. s., 1 H), 7,66-8,09 (m, 2 H), 7,49 (d,
J=17,0Hz, 1 H),7,17 (q, J = 6,9 Hz, 2 H), 6,78 (d, J = 7,8 Hz, 1 H), 5,85-5,98 (m, 1 H),
4,95 (br. s., 1 H), 4,06 (d, J = 11,7 Hz, 2 H), 3,74-3,87 (m, 2 H), 3,58 (t, /= 11,3 Hz, 2 H),
3,45 (d, J = 11,3 Hz, 1 H), 3,26-3,36 (m, 1 H), 3,01-3,22 (m, 3 H), 1,94-2,15 (m, 7 H),
1,63-1,81 (m, 2 H), 1,25-1,39 (m, 1 H), 1,04 (t, /= 7,2 Hz, 3 H).

LCMS (ESI) m/z: 431 (M+1)

Vidu 24
3-((4!S,13a8)-13a-etyl-2,3,4,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-5-(pyridin-4-yl)-1 ,2,4-oxadiazol

N
DS

N-O =\

Phuong phép diéu ché ctia vi du nay 13 giéng nhu phwong phéap cua Vi du 23.

'H NMR (CDCls, 400MHz) dppm 11,54 (br. s., 1H), 9,00 (d, J = 5,1 Hz, 2 H),
8,35 (d, J = 5,5 Hz, 2 H), 7,43-7,57 (m, 1 H), 7,13-7,18 (m, 2 H), 6,83 (d, J= 8,2 Hz, 1
H), 6,04 (s, 1 H), 4,99 (br. s., 1 H), 3,71-3,89 (m, 2 H), 3,46 (d, J = 11,0 Hz, 1 H),
3,03-3,21 (m, 3 H), 1,90-2,13 (m, 3 H), 1,64-1,81 (m, 2 H), 1,27-1,40 (m, 1 H), 1,02 (t,
=17,0 Hz, 3 H).

LCMS (ESI) m/z: 424 (M+1)
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Vidu25
2-(3-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-1,2,4-oxadiazol-5-yl)propan-2-ol

>
o

Phuong phéap didu ché cua vi dy ndy 13 gidng nhu phuong phap cua Vi du 23.

IH NMR (MeOD, 400MHz) ppm 7,46 (d, J = 8,0 Hz, 1 H), 6,97-7,15 (m, 2 H),
6,65 (d, J= 8,5 Hz, 1 H), 5,87 (s, 1 H), 4,33 (br. 5., 1 H), 3,03-3,15 (m, 1 H), 2,53-2,77
(m, 3 H), 1,87-2,05 (m, 2 H), 1,69-1,83 (m, 7 H), 1,49-1,66 (m, 2 H), 1,10-1,20 (m, 2 H),
1,05 (t, J= 17,5 Hz, 3 H).

LCMS (ESI) m/z: 405 (M+1)

Vidu26
Tert-butyl-4-(3-((4'S,13aS)-13a-etyl-2,3,4',5,6,1 3a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-1 ,2 4-oxadiazol-5-yl)piperidin-1-

carboxylat

N
>~<\N S

-0

”

Phuong phap didu ché ctia vi du nay 13 giéng nhu phuong phép cta Vi du 23.

'H NMR (MeOD, 400MHz) dppm 7,46 (d, J = 7,5 Hz, 1 H), 6,95-7,13 (m, 2 H),
6,64 (d, J = 8,0 Hz, 1 H), 5,85 (s, 1 H), 4,32 (br. s., 1 H), 4,07-4,14 (m, 2 H), 3,35-3,45
(m, 2 H), 3,07 (d, J = 7,0 Hz, 3 H), 2,57-2,75 (m, 3 H), 2,15 (d, J = 14,1 Hz, 2 H),
1,72-2,01 (m, 5 H), 1,63 (d, J = 13,6 Hz, 1 H), 1,01-1,19 (m, 4 H).

LCMS (ESI) m/z: 530 (M+1)

Vidu 27
3-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
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[3,2,1-ij][1,5]naphthyridin-12-y1)-5-(4-flophenyl)-1,2,4-oxadiazol

DS
N-0 ~

Phuong phap didu ché ctia vi du nay 1 gidng nhu phwong phép cta Vi dy 23.

'H NMR (MeOD, 400MHz) 8ppm 8,24 (dd, J = 5,3, 8,8 Hz, 2 H), 7,28-7,50 (m, 3
H), 6,93-7,11 (m, 2 H), 6,76 (d, J = 8,2 Hz, 1 H), 5,94 (s, 1 H), 4,40 (br. s., 1 H), 3,39 (4,
J=5,5 Hz, 2 H), 3,04-3,14 (m, 1 H), 2,61-2,79 (m, 3 H), 1,89-2,01 (m, 2 H),1,77(d,J=
12,9 Hz, 1 H), 1,65 (d, J= 13,7 Hz, 1 H), 1,51 (d, /= 13,3 Hz, 1 H), 1,16 (d, J=3,1 Hz,
1 H), 1,04 (t,J=7,4Hz, 3 H).

LCMS (ESI) m/z: 441 (M+1)

Vidu 28
3-((4!S,13aS)-13a-etyl-2,3,4',5,6,1 3a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-5 ~(thiophen-2-y1)-1,2,4-oxadiazol

I

N
>— S

N-O ~

Phuong phap didu ché ctia vi du nay 13 gibng nhu phuong phap cta Vi du 23.

I'H NMR (MeOD, 400MHz,) Sppm 8,06 (d, J=3,5 Hz, 1 H), 7,94 (d, /= 5,0 Hz, 1
H), 7,47 (d, J= 7,5 Hz, 1 H), 7,33 (t, /= 4,3 Hz, 1 H), 6,98-7,11 (m, 2 H), 6,80 (d, J =
8,0 Hz, 1 H), 5,95 (s, 1 H), 4,34 (br. s, 1 H), 3,03-3,18 (m, 1 H), 2,56-2,77 (m, 3 H),
1,87-2,08 (m, 2 H), 1,78 (d, J = 14,1 Hz, 1 H), 1,65 (d, J = 14,1 Hz, 1 H), 1,50 (d, J =
13,6 Hz, 1 H), 1,11-1,21 (m, 1 H), 1,06 (t,J= 7,3 Hz, 3 H).

LCMS (ESI) m/z: 429 (M+1)
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Vidu 29
5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-3-metyl-1,2,4-oxadiazol

N
DS

N

Cho thém lan lugt O-(benzotriazol-1-yl)-N,N,N',N'-tetrametyluroni tetrafloborat
(14,6g, 45,6mmol) va N-hydroxyaxetamidin hydroclorua (5,28g, 47,8mmol) vao dung
dich chira axit (4'S,13aS)-13a-etyl- 2,3.41 5.6,13a-hexahydro-1H-indolo [3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12- carboxylic (14g, 43,4mmol), 1-hydroxybenzotriazol
(300mg, 2,17mmol) va trietylamin (31ml, 217mmol) trong N,N-dimetylformamit
(200ml), va khudy hdn hop phan tng & nhiét do trong phong qua dém. Cho thém nudc
mudi vao hdn hop phan ung nay, tiép d6 loc hon hop thu duge, va pha lodng phén nuéc
loc bang nurdc va chiét bang diclometan. Sén phdm chiét dugc 1am khd bang natri sulfat
khan, va chung cit cac thanh phén cé didm so6i thip. Pun néng tryc tiép san phém tho con
lai trong N,N-dimetylformamit dén nhiét dd 160°C bing 16 vi séng va dé hén hop nay
phan {mg trong 50 phut. Tinh ché san phim tho bang phuong phép sic ky 1ong hiéu nang
cao didu ché dé thu dugc hop chét dich (4,0g, hiéu sudt: 25%).

IH NMR (CDCls, 400 MHz) dppm 7,46 (d, otJ = 6,8 Hz, 1H), 7,13-7,06 (m, 2H),
6,73 (d, J = 8,0 Hz, 1H), 6,08 (s, 1H), 4,23 (s, 1H), 3,38-3,34 (m, 2H), 3,29-3,28 (m, 2H),
2,65~2,63 (m, 2H), 2,55~2,51 (m, 1H), 2,51 (s, 3H), 1,97~1,92 (m, 2H), 1,59-1,55 (m,
2H), 1,45-1,41 (m, 1H), 1,11-1,10 (m, 1H), 1,00 (t, /= 7,2 Hz, 3H).

LCMS (ESI) m/z: 361 (M+1)

Vidu 30

5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-3-phenyl-1 ,2,4-oxadiazol
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Phuong phép diéu ché ctia vi du nay 14 giéng nhu phuong phép cia Vi du 29.
'H NMR (CDCls, 400 MHz) Sppm 8,19-8,13 (m, 2 H), 7,55-7,47 (m, 4 H), 7,17-
7,04 (m, 2 H), 6,88 (d, J = 7,94 Hz, 1 H), 6,19 (s, 1 H), 4,26 (br. s., 1 H), 3,43 - 3,25 (m,
2 H), 3,13 - 3,00 (m, 1 H), 2,71 - 2,60 (m, 2 H), 2,55 (dd, J = 16,21, 2,98 Hz, 1 H),
2,06-1,87 (m, 3 H), 1,85 - 1,68 (m, 1 H), 1,62 (d, /= 13,45 Hz, 1 H), 1,52 - 1,38 (m, 1 H),
1,17 (td, J= 13,67, 3,53 Hz, 1 H), 1,04 (t, /= 7,50 Hz, 3 H).

LCMS (ESI) m/z: 423 (M+1)

Vidu3l1
5-((4'S,13aS)-13a-etyl-2,3 ,41.5.6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-3-(pyridin-4-yl)-1 ,2,4-oxadiazol

N
D>—S

N-O =\

Phuong phap didu ché ciia vi du nay 14 giéng nhw phuong phép cia Vi du 29.

'H NMR (400 MHz, CDCls) 8ppm 8,83 (d, J = 4,02 Hz, 2 H), 8,02 (d, /= 6,02 Hz,
2 H), 7,54 (d, J = 7,53 Hz, 1 H), 7,16 - 7,24 (m, 1 H), 6,87 (d, J = 7,53 Hz, 1 H), 6,26 (s,
1 H), 5,30 (s, 1 H), 4,69 (br. 5., 1 H), 3,62 (br. s., 1 H), 3,22 -3,06 (m, 2 H), 2,89 (d, J =
11,04 Hz, 2 H), 2,03 (td, J = 14,68, 6,78 Hz, 2 H), 1,75 (d, J = 14,05 Hz, 1 H), 1,62 (d, J
=13,55 Hz, 1 H), 1,23 - 1,32 (m, 2 H), 1,09 (t, J=7,28 Hz, 3 H).

LCMS (ESI) m/z: 424 (M+1)

Vi du 32
5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-3-(4-flophenyl)-1 ,2,4-oxadiazol
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N
>—< S

N—O E\

Phuong phép diéu ché ctia vi dy nay 13 gidng nhu phuong phép cia Vi du 29.

'H NMR (400 MHz, CDCls) 8ppm 8,16 (d, J = 8,71, 5,40 Hz, 2 H), 7,50 (d, J =
7,50 Hz, 1 H), 7,15 - 7,23 (m, 2 H), 7,07 - 7,15 (m, 2 H), 6,87 (d, /= 7,94 Hz, 1 H), 6,19
(s, 1 H), 4,26 (br. s., 1 H), 3,36 - 3,43 (m, 1 H), 3,26 - 3,35 (m, 1 H), 3,00 - 3,12 (m, 1 H),
2,67 (d, J= 6,39 Hz, 2 H), 2,52 - 2,59 (m, 1 H), 1,91 - 2,03 (m, 2 H), 1,71 - 1,81 (m, 1 H),
1,62 (d, J= 13,67 Hz, 2 H), 1,46 (d, J = 13,23 Hz, 1 H), 1,10 - 1,26 (m, 2 H), 1,04 t,J=
7,39 Hz, 3 H).

LCMS (ESI) m/z: 440 (M+1)

Vidu33
3-etyl-5-((4!S,13aS)-1 3a-etyl-2,3,4!,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)- 1 ,2,4-oxadiazol

N
DS

N-O N
Phuong phép diéﬁ ché ctia vi du nay 13 gidng nhu phwong phép ctia Vi du 29.
'H NMR (400MHz, Metanol-d4) dppm 7,61-7,59 (d, J = 8,0 Hz, 1H), 7,23-7,16
(m, 2H), 6,75-6,73 (d, J = 8,0 Hz, 1H), 6,22 (s, 1H), 5,05 (s,1 H), 3,80 (m, 2H), 3,30-3,13
(m, 4H), 2,89-2,85 (m, 2H), 2,09-1,98 (m, 3H), 1,77 (m, 2H), 1,41-1,37 (m, 1H),

1,36-1,25 (m, 1H), 1,14-1,10 (m, 3H).

Vidu 34
5-((4'S,13aS)-13a-etyl-2,3,4,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-3-isopropyl-1 ,2,4-oxadiazol
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Phwong phép diéu ché cua vi du nay 14 giéng nhu phuong phép cua Vi dy 29.

'H NMR (400MHz, Metanol-d4) dppm 7,63-7,61 (d, J = 8,0 Hz, 1H), 7,24-7,17
(m, 2H), 6,74-6,72 (d, J = 8,0 Hz, 1H), 6,24 (s, 1H), 5,14 (s, 1H), 3,93-3,85 (m, 2H),
3,32-3,20 (m, 5H), 2,07-1,99 (m, 3H), 1,83-1,79 (m, 2H), 1,43-1,40 (m, 6H), 1,32-1,30

(m, 1H), 1,16-1,12 (m, 3H).

Viduy 35
3-xyclopropyl-5-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro- 1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-1,2,4-oxadiazol

~

N
DS

N-O
Phuong phap didu ché ctia vi du nay 1a gidng nhu phwong phép cia Vi du 29.
'H NMR (400MHz, MeOD-ds) 8ppm 7,61 (d, J = 6,5 Hz, 1H), 7,26 - 7,16 (m, 2H),
6,77 - 6,65 (m, 1H), 6,21 (s, 1H), 5,12 (br. s., 1H), 3,85 (d, J = 5,0 Hz, 2H), 3,29 - 3,12
(m, 3H), 2,30 - 2,21 (m, 1H), 2,12 - 1,94 (m, 3H), 1,86 - 1,73 (m, 2H), 1,58 - 0,78 (m,

9H).
LCMS (ESI) m/z: 387 (M+1)

So do BS
NH,OH-HCI OEt |
iEt EtONa £ NH, 1) SOCl;, OEt " N Y t-BUOK
—_— _— _
Et0” “CN EtOH Nl o 2)THF 07 Y N S Toluen, DMF
“OH .
N._ O 0
“OH 110 °C MW
f |
HCI dam dic NS N DAST NN N
—_—
EtO N A CH,Cl, R N A
Y 3 S 3
EtO d \-o ~ F o N-©O ~
Vidu36

3-Diflometyl-5-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1 H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-1 ,2,4-oxadiazol
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Vidu 36A
2,2-Dietoxy-N’-hydroxyacetamidin

OEt

N
Eto)ﬁl/ Hz

N
“OH
Khudy hdn hop chira hydroxylamin hydroclorua (2,674g, 38,76mmol) va natri

metoxit (2,093g, 38,76mmol) trong metanol (20ml) & nhiét do 0°C trong nira gio, tiép d6
dun néng hdn hop nay dén 25°C va khudy trong ntra gio. Cho thém dietoxyaxetonitril
(1g, 7,752mmol) vao, sau d6 dun néng hdn hop dén nhiét do 40°C va khudy qua dém.
Sau khi loai b dung mdi dudi ap suit giam, pha lodng phin cin bing nuée va chiét bang
etyl axetat (3x20ml). Céc cht chiét duge két hop, rira bang nude mudi, 1am kho bing
natri sulfat khan va cb dic dé thu dugc sén phim thd cua hop chét dich (diu khong mau,

900mg, hidu suit: 71,6%).

Vidy 36B
(4'S,13aS)-N-(2,2-dietoxy-1 -(hydroxyimino)ethyl)-13a-etyl-2,3,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-12-carboxamit

Thém (4'S, 13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3 ,2,1-de] pyrido
[3,2,1-ij][1,5]naphthyridin-12-axyl clorua (1g, 2,941 mmol, didu ché dugc bing phuong
phap ctia Vi dy 21A, va luong thionyl clorua du duge chung cét ra khoi d6) vao dung
dich chira 2,2-dietoxy-N’-hydroxyaxetamidin (600mg, 3,529mmol) trong tetrahydrofuran
(20ml). Sau khi phan Ung két thac, chung cét cac thanh phin c6 diém sbi thap ra khoéi
dung dich dé thu dugc san phdm thd cta hop chét dich (chét rin mau vang, 1,6g, hiéu

suét khoang 100%).
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LCMS(ESI) m/z:467(M+1)

Vidu36C
3-Dietoxymetyl-5-((4!S,13aS)-13a-etyl-2,3 ,41.5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)-1,2,4-oxadiazol

N
=

B0  N-O ~

Pun néng hén hop chira (4S,13aS)-N-(2,2-dietoxy-1-(hydroxyimino)
etyl)-13a-etyl-2,3,41,5,6,13a -hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij] [1,5]
naphthyridin-12-carboxamit (1,2g, 2,79mmol) va kali tert-butoxit (469mg, 4,185mmol)
trong N, N-dimetylformamit dén nhiét do 110°C trong 2 gio. Khi hén hop ngudi, cho
thém 20ml nude vao, va chiét hdn hop bing etyl axetat (3x50ml). Cac phan chiét két hop
duoc rira bang nudc mudi va cd dic trong chin khong dé thu duoc san phdm thd ciia hop
chét dich (chét rén mau vang, 900mg, hiéu suit: 71,9%)

LCMS(ESDm/z:449(M-+1)

Vidu 36D
5-((41S,13a8)-13a-etyl-2,3,4,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-1,2,4-oxadiazol-3 -carbaldehyt

Thém 3-dietoxymetyl-5-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-1 ,2,4-oxadiazol (200mg,
0,446mmol) vao hdn hgp chira hydroclorua (1,613g, 44,2mmol) va nude (0,8g,
44,2mmol), va dun noéng hdi lvu hdn hop phan tng nay trong 1 gio. Sau khi phan tng Kkét
thiic (theo d&i bing phuong phép sic ky 1ong-phd khéi (LC-MS)), rét tir tir hon hop ndy
vao nude va chiét bing etyl axetat (3x20ml). Cac phin chiét két hop duogc rira bing nudc

mudi, 1am kho bing natri sulfat khan va c6 déc trong chan khong dé thu dwoc san phim
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thé ciia hop chat dich (chit rin mau vang, 100mg, hiéu suét: 59,9%).
LCMS(ESDm/z:393(M+1)

Vidy 36E
3-Diflometyl-5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)-1,2,4-oxadiazol

F

S
\

F

N-O

Thém dietylamino hru huynh triflorua (644,72mg, 1,070mmol) vao dung dich
chira 5-((4!S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido
[3,2,l-ij][1,5]naphthyridin-12-yl)-l,2,4-oxadiazol—3-carbaldehyt (100mg, 0,267mmol)
trong diclometan khan (10ml) ¢ nhiét do 0°C trong moi trudng nito, tiép d6 dun néng
hdn hop phan Gng nay dén nhiét @6 15°C va khudy trong 10 gio. Rot hén hop ndy vao
dung dich natri bicacbonat bdo hoa va chiét bing diclometan (3x15ml). Céc phin chiét
két hop dugc rira bing nudc mudi va cd dic. Tach san pham thd bing phwong phap sic
ky 16ng hi¢u ndng cao didu ché dé thu duge hop chit dich (15mg, hiéu sudt: 14,2%).

'HNMR (400MHz, Metanol-d4) Sppm 7,65-7,63 (m, 1H), 7,25-7,05 (m, 1H),
725722 (m, 2H), 6,84-6,82 (m, 1H), 6,44 (s, 1H), 5,20 (s, 1H), 3,97-3,85 (m, 2H),
2,07-1,98 (m, 3H), 1,97-1,85 (m, 2H), 1,36-1,35 (m, 2H), 1,17-1,14 (m, 3H).

LCMS(ESD)m/z:397(M+1)
So db B6
0 OH
go” N
SOCl NH, 0
THF EtO

Cs,CO3 MeMgBr
Toluen 110°C °C O>\_\<N\ : THF
\
EtO N-O ~
Vidu 37
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2-(5-((4'S,13a8S)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-1,2,4-0xadiazol-3-yl)-propan-2-ol

N
s -
S
HO  N-O ~

Vidu37A
Axit éty1-2-(5-((4 IS,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo
[3,2,1-de] pyrido[3,2,1-ij] [1,5]naphthyridin-1 2-formylamino)-2-(hydroxyimino) axetic

Pun n6éng hdi lwu hén hop chira axit (4'S, 13aS)-13a-etyl-
2,3,41,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido [3,2,1-ij] [1,5]naphthyridin-12-
carboxylic (2,0g, 6,20mmol) va thionyl clorua (10,0ml) trong 2 gio va cd dic dudi ap
sudt giam @& thu dwoc sin phdm tho. Cho thém dung dich chira axit
etyl-2-amino-2-(hydroxyimino) axetic (1,0g, 7,58mmol) trong tetrahydrofuran (30ml)
vao san phdm tho d4 hoa tan trong diclometan (30ml) & nhiét 46 0°C, va khuéy hdn hop
phan g qua dém. Sau khi phan ng két thic, ¢b dic hdn hop nay dé thu dugc hop chit
dich (chit rén mau vang, 2,71g, hiéu suat: 100%).

IHNMR (DMSO-d6, 400MHz) ppm7,59 (d, J=7,5Hz, 1H), 7,24-7,14 (m, 3H),
6,51 (s, 1H), 5,05 (brs., 1H), 4,33 (q, J=7,2Hz, 2H), 3,25-2,94 (m, 4H), 2,23-2,12 (m,
1H), 1,97-1,82 (m, 2H), 1,76 (td, J=3,3, 6,5Hz, 3H), 1,63 (d, J=12,3Hz, 2H), 1,32 (1,
J=1,2Hz, 3H), 1,03 (t, J/=7,3Hz, 3H).

LCMS (EST)m/z:437 (M+1)

Vidu37B

Etyl-5-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro- 1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)-1,2,4-oxadiazol-3 -carboxylat
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Thém xesi cacbonat (4,03g, 12,4mmol) vao dung dich choa axit
etyl-2-((4'S,13aS)-1 3a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de] pyrido
[3,2,1-ij][1,5]naphthyridin-12-formylamino)-2-(hydroxyimino) axetic (2,71g, 6,2mmol)
trong toluen (250ml), va khudy hdn hop phan tmg & nhiét do 110°C trong 1 gid. Sau khi
phéan Ung két thuc, c6 dic toluen, tiép d6 thém nude (100ml) vao phf?m can va chiét hdn
hop bing diclometan (3x100ml). Rira céc phan chiét két hop bang 200m! nudc mudi, 1am
kho bang natri sulfat khan va ¢ dic. Tach san phém th6 bing phuong phép sic ky 1éng
hiéu ndng cao didu ché dé thu dugc hop chit dich (chét rin mau vang, 400mg, hiéu sut:
15%).

'HNMR (400MHz, MeOD) &ppm 7,51 (d, J/=7,0Hz, 1H), 7,18-7,05 (m, 2H), 6,72
(d, J=8,0Hz, 1H), 6,32 (s, 1H), 4,53 (q, J=7,0Hz, 2H), 4,32 (s., 1H), 3,43-3,35 (m, 2H),
3,10 (td, J=7,8, 15,9Hz, 1H), 2,70-2,58 (m, 3H), 2,10-1,91 (m, 2H), 1,80-1,62(m, 2H),
1,51(d, J=13,6Hz, 1H), 1,46(t, J=7,3Hz, 3H), 1,12-1,03(m, 4H).

LCMS(ESDm/z: 419(M+1)

Vidu37C
2-(5-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][ 1,5]naphthyridin-12-yl)-1,2,4-oxadiazol-3 -yl)-propan-2-ol

N\
Ho  N-O

Cho thém nho giot metyl magie bromua (3M, 0,5ml, 1,5mmol) vao dung dich

chira  etyl-5-((4!S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-1j][1,5] naphthyridin-12-yl)-1,2,4-oxadiazol-3-carboxylat (200mg, 0,48mmol)
trong tetrahydrofuran (5ml) ¢ nhi¢t d§ 0°C, va khudy hdn hop phan tmg ndy & nhiét 46
0°C trong 1 gi¢. Sau khi phan Ung két thuc, cho thém 10ml nude vao hén hop va chiét

hdn hop bang diclometan (3x20ml). Céac phan chiét két hop dugc rira bang nudc mudbi,
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1am kho bang natri sulfat khan va c6 ddc. Tach san phim thd bing phuong phap sic ky
16ng hi¢u ndng cao diéu ché dé thu duoc hop chét dich (30mg, hiéu subt: 15,4%).

THNMR(400MHz, MeOD) 3ppm 7,50 (d, J = 7,5Hz, 1H), 7,20-7,00 (m, 2H), 6,67
(d, J = 8,5Hz, 1H), 6,1 (s, 1H), 4,34 (s., 1H), 3,36 (s., 1H), 3,08 (d, J = 8,0Hz, 1H),
2.77-2,52 (m, 3H), 2,13-1,87 (m, 2H), 1,85-1,61 (m, 9H), 1,51 (d, J = 12,0Hz, 1H),

1,18-1,10 (m, 1H), 1,07 (t, J = 7,5Hz, 3H).
LCMS(ESI) m/z: 405(M+1)

So 36 B7
NH; e
L H 5
N - _N HO\)\ " N 2N BF3 Et,0
HO A A HATU/DIEA/DCM ‘ [N N
= x 1
o ~ o’ ~
Vidu38

(S)-2-((4'S,13aS)-13a-etyl-2,3,4,5,6,1 3a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin- 12-yl)-4-metyl-4,5-dihydrooxazol

Vidy 38A
(4'S,13aS)-13a-etyl-N-((S)- 1-hydroxypropan-2-yl)-2,3,4',5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-carboxamit

Thém O-(7-azabenzotriazol-1-yl)-N,N,N',N'-  tetrametyluroni hexaflophosphat
(707,7mg, 1,862mmol) va diisopropyletylamin (240,25mg, 1,862mmol) vao dung dich
chira axit (4!S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo[3,2,1- de] pyrido
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[,2,1-ij][1,5]naphthyridin-12-carboxylic (500mg, 1,552mmol) trong diclometan (7,8ml),
khudy hdn hop nay trong 1 gio, sau d6 cho thém L-aminopropanol (233,01mg,
3,104mmol) vao va khudy hdn hop phan ng trong 4 gio. Sau khi pha loéng bing nuéc,
chiét hdn hop phan ung bing diclometan. Rira cic phin chiét bing nudc va nude mubi,
lam kho bing natri sulfat khan va c6 dic trong chan khong. Tinh ché phin cin bang
phuong phép séc ky cot trén silicagel véi hdn hop diclometan/metanol (ty 1 20/1 theo
thé tich) 1am dung mdi rira gii d& thu dwoc hop chét dich (570mg, hiéu sudt: 96%).
IHNMR (400MHz, CLOROFOM-d) 8ppm 0,94-1,07 (m, 4H), 1,29 (d, J=7,03Hz,
3H), 1,36-1,57 (m, 3H), 1,65-1,80 (m, 1H), 1,81-2,00 (m, 2H), 2,52 (d, /=14,05Hz, 1H),
2,58-2,71 (m, 2H), 2,96-3,10 (m, 1H), 3,19-3,30 (m, 1H), 3,31-3,41 (m, 1H), 3,61-3,70
(m, 1H), 3,80 (d, J=10,54Hz, 1H), 4,18 (brs., 1H), 4,30 (br.s., 1H), 5,72 (s, 1H), 6,26

(br.s., 1H), 7,08-7,20 (m, 2H), 7,32 (d, J = 8,03Hz, 1H), 7,46 (d, /=7,53Hz, 1H).

Vi du 38B
(S)-2-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1 H-indolo[3,2,1-de]
pyrido [3,2,1-3j][1,5 Jnaphthyridin-12-y1)-4-metyl-4,5-dihydrooxazol

Pun néng dung dich chua (4'S,13aS)-13a-etyl-N-((S)-1-hydroxypropan-
2-y1)-2,3,41,5,6,13a- hexahydro -1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]
naphthyridin-12-formamit (200mg, 0,527mmol) trong bo triflorua dietyl eterat dén nhiét
d6 120°C va khudy trong 20 gi¢ trong moi truong nito. Sau khi phan Ung két thic, pha
loAng hdn hop phan tmg bing nude, va didu chinh d pH dén 8 bing dung dich natri
hydroxit. Chiét hdn hop bing diclometan, va rira cc phin chiét bing nuéc va nudce mudi,
lam kho bang natri sulfat khan va c¢d ddc trong chén khong. Tinh ché phan cin bang
phuong phéap sic ky 1éng hiéu ning cao didu ché dé thu dugc hop chét dich (chét rén
mau tréng, 60mg, hi€u subt: 31%).

'HNMR (400MHz, METANOL-d4)8ppm7,42 (d, J=8,03Hz, 1H), 7,25 (d,
J=8,03Hz, 1H), 7,03-7,16 (m, 2H), 5,87 (s, 1H), 4,54-4,67 (m, 1H), 4,43 (dt, J=9,16,
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6,71Hz, 1H), 4,06-4,21 (m, 2H), 3,12-3,31 (m, 2H), 2,88-3,05 (m, 1H), 2,41-2,63 (m, 3H),

1,77-1,97 (m, 2H), 1,58-1,75 (m, 1H), 1,52 (d, J = 13,55Hz, 1H), 1,38 (d, J = 6,53Hz,
4H), 0,86-1,08 (m, 4H).

Nl =_N Thioaxetamit le

—_—
H a2
NC ™ g HCl/dioxan
A DMF

EtOH

Vidu 39

5-((41S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2, 1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-3-metyl-1,2,4-thiadiazol

N
\<\\

N-S ~

Vidu 39A
(41S,13a8)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-thioamit

Cho thém l4n luot etylsulfamit (1,48g, 19,8mmol) va axit clohydric 4 mol/l trong
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1,4-dioxan (8m1,‘ 33mmol) vao dung dich chira (4'S,13aS)-13a-
etyl-2,3,4',5,6,13a-hexahydro-1H-indolo  [3,2,1-de]pyrido [3,2,1-ij][1,5]naphthyridin-
12-carbonitril (2g, 6,6mmol) trong N,N-dimetylformamit (20ml), va khudy hdn hop phan
tmg & nhiét dd 120°C qua dém. Sau khi lam ngudi, didu chinh hén hop dén @ pH trung
tinh bing dung dich natri bicacbonat va chiét bing etyl axetat. C4c chét chiét dugc lam
khé va c6 dic. Tinh ché phin cin bing phuong phap séc ky cot trén silicagel voi hdn hop
diclometan/tetrahydrofuran (ty 1¢ 20/1 theo thé tich) lam dung moi rira giai dé thu duoc
hop chét dich (chat rin mau vang, 580mg, hiéu suét: 26%).

'HNMR (400MHz, CLOROFOM-d) dppm 0,93-1,05 (m, 4H), 1,35-1,42 (m, 1H),
1,55 (d, J=13,80Hz, 1H), 1,63-1,76 (m, 1H), 1,88-1,95 (m, 2H), 2,47-2,64 (m, 3H),
2,99-3,08 (m, 1H), 3,20-3,30 (m, 1H), 3,32-3,40 (m, 1H), 4,13 (s, 1H), 6,12 (brs., 1H),
7,08 (brs., 1H), 7,12-7,20 (m, 2H), 7,35-7,40 (m, 1H), 7,47-7,51 (m, 1H), 7,90(br.s.,1H).

Vidu39B
(4'S,13aS)-N-(1-(dimetylamino)etyliden)-13a-etyl-2,3,4',5,6,13a-hexahydro- 1H-i
ndolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-1 2-thioamit

Khuéy hén hop chira (418,13aS)-13a—ety1—2,3,41,5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido [3,2,1-ij][1,5]naphthyridin-12-thioamit ~ (560mg, 1,7mmol) va
N,N-dimetylacxtamit dimetyl axetal (3ml) & nhi¢t d¢ trong phong trong 3,5 gio. Sau khi
Jam bay hoi dung mdi, tinh ché phin cin bing phwong phap sic ky cot trén silicagel vdi
hdn hop diclometan/tetrahydrofuran (ty 1& 10/1 theo thé tich) 1dm dung moi rira giai aé
thu dugc hop chit dich (chét rén mau da cam, 800mg, san pham tho).

LCMS(ESDm/z: 407(M+1)
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Vidu39C
5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5Inaphthyridin-12-yl)-3-metyl-1,2,4-thiadiazol

N\
—

N-S

Thém axit hydroxylamin-O-sulfonic (156mg, 1,4mmol) va pyridin (311mg,
3,9mmol) vao dung dich chia (4!S,13aS)-N-(1-(dimetylamino) etyliden)-13a-etyl-
2,3,41,5.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-12-
thioamit (400mg, 0,98mmol) trong hdn hop etanol/metanol (12ml/6ml), va khudy hén
hop nay & nhiét d 60°C qua dém. Sau khi phan ng két thuc, pha lodng hdn hgp nay
bing nudc va chiét bang etyl axetat. Céc chit chiét dugc 1am kho va c6 dic. Tinh ché
phdn cin bing phuong phéap sdc ky long hiéu ning cao didu ché dé thu dugc hop chit
dich (100mg, hidu sudt: 27%).

IHNMR (400MHz, CLOROFOM-d)dppm1,12 (t, /=7,15Hz, 3H), 1,29-1,39 (m,
1H), 1,68-1,86 (m, 2H), 2,21-2,35 (m, 3H), 2,79 (s, 3H), 2,98-3,22 (m, 3H), 3,36 (d,
J=6,78Hz, 1H), 3,63-3,87 (m, 2H), 4,80 (br.s., 1H), 5,77 (s, 1H), 6,51 (d, /=8,28Hz, 1H),
7,09-7,17 (m, 1H), 7,18-7,25 (m, 1H), 7,53 (d, /=7,78Hz, 1H).

Vidu 40
2-((4'S,13a8)-13a-etyl-2,3,4',5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-4,5-dimetylthiazol

Nap (4'S,13aS)-etyl-2,3 4! 5 6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-thioamit (200mg, 0,59mmol) va 3-clo-2-butanon (9,47g,
88,89mmol) vao lo dugc bit kin va @& hdn hop nay phén Gng & nhiét 6 130°C trong 20
gio. Sau khi lam ngudi dén nhiét dd 20°C, cho thém 10ml etyl axetat va 20ml nudc vao

va chiét 16p nude bing etyl axetat (2x20ml). Rira céc phan chiét két hop bing 10ml nude
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mudi, lam kho bing natri sulfat khan va cd dic trong chan khong. Tinh ché san pham thd
bang phwong phép sic ky 16ng hidu ning cao didu ché dé thu duoc hop chit dich (40meg,
hiéu suit: 15,84%).

IHNMR (400MHz, METANOL-d4) éppm 7,60 (d, /=7,5Hz, 1H), 7,20-7,15 (m,
1H), 7,13-7,08 (m, 1H), 6,37 (d, /=8,3Hz, 1H), 5,80 (s, 1H), 5,16 (br.s., 1H), 3,96-3,80
(m, 2H), 3,33-3,12 (m, 4H), 2,55 (s, 3H), 2,44 (s, 3H), 2,09-1,91 (m, 3H), 1,84-1,73 (m,
2H),1,38-1,28 (m, 1H),1,12 (t, /=7,2Hz, 3H).

LCMS(ESDm/z: 390(M+1)

NHZHCI
HATU/DIEA/DCM

Viduy 4l
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-5-metoxy-4-metyloxazol

Vidu4lA
(S)-metyl-2-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro- 1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][ 1,5]naphthyridin-12-formylamino) propionat etyl

0
I

Thém O-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetrametyluroni hexaflophosphat
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(707,7mg, 1,862mmol) va diisopropyletylamin (600,6mg, 4,656mmol) vao dung dich
chira axit (4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido
[,2,1-ij][1,5]naphthyridin-12-carboxylic (500mg, 1,552mmol) trong diclometan (7,7ml),
khudy hon hgp nay trong 1 gio, sau d6 cho thém este (S)-alanin metyl hydroclorua
(431,6mg, 3,104mmol) vao va khudy hdn hogp phan ng nay trong 4 gid. Sau khi pha
loang biang nuéc, chiét hén hop phan tmg bang diclometan. Rira cac phan chiét bing
nwéc va nuée mubdi, lam khd bing natri sulfat khan va cd ddc trong chén khong. Tinh ché
phén cin bing phuong phip séc ky cot trén silicagel voi hdn hop diclometan/metanol (ty
16 20/1 theo thé tich) lam dung méi rira giai dé thu dwoc hop chat dich (chét rin mau
tring, 600mg, hiéu suit: 95%).
LCMS(ESDm/z: 408(M+1)

Vidu41B
2-((4'S,13aS)-13a-etyl-2,3 4! 5.6,13a-hexahydro-1H-indolo[3,2, 1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-5 -metoxy-4-metyloxazol

Cho thém nhé giot trietylamin (397,31mg, 3,93mmol) vao dung dich chira
triphenylphosphin (514,93mg, 1,96mmol) va iot (498,28 mg, 1,96mmol) trong diclometan
khan (10ml), hdn hop nay chuyén dan thinh mau 46 sAm sau khi khudy trong khoang 10
phut, cho thém dung dich chua etyl (S)-metyl-
2-((4'S,13a8)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo [3,2,1-de] pyrido[3,2,1-ij]
[1,5]naphthyridin-12-formylamino)propionat (200mg, 0,49mmol) trong diclometan
(2,5ml) vao va khudy hdn hop tao thanh trong 24 git cho dén khi phan ng két thic (theo
ddi bing phuong phap sic ky 16p mong). Pha lodng hdn hop phan (g bang diclometan,
rira biang dung dich natri bicacbonat bdo hoa, nudc mudi, 1am kho bing natri sulfat khan
va loc, va cd dédc phan nuéc loc trong chén khong. Tinh ché phin cn bing phuong phap
sic ky cot trén silicagel vdi hdn hop ete dau mo/tetrahydrofuran (ty 1¢ 5/1 theo thé tich)
Jam dung mdi rira giai d& thu dugc hop chét dich (40mg, higu suét: 20,9%).
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'H NMR (400MHz, METANOL-d4) 8ppm 1,13 (t, J=7,03Hz, 3H)1,22-1,35 (m,
1H)1,79 (brs., 2H)1,88-2,09 (m, 3H)2,11-2,16 (s, 3H)3,10-3,32 (m, 4H)3,76-4,01 (m,
SH)5,13 (br.s., 1H)5,82 (s, 1H)6,59 (dd, J=5,77, 2,76Hz, 1H)7,20 (dd, J=5,52, 2,51Hz,
2H)7,60 (d, J=5,02Hz, 1H).

So dd B10

MeMgBr N : N Brp
_

Viduy 42
(418,13aS)-13a-etyl-12-(imidazo[ 1,2-a]pyridin-2-y1)-2,3 41,5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Vidu42A
(4S,13a8)-13a-etyl-N-metoxy—N-metyl-2,3,4',5,6,13a-hexahydro- 1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][ 1,5]naphthyridin-1 2-carboxamit

Thém N,O-dimetylhydroxylamin  hydroclorua  (11,3g, 112mmol), O-
(7-azabenzotriazol-1 -yl)-N,N,N',N'-tetrametyluroni hexaflophosphat (22g, 56mmol) va
trietylamin  (10,6g, 112mmol) vao dung dich choa axit (4'S,13aS)-13a-
etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo  [3,2,1-delpyrido  [,2,1-j][1 ,5]naphthyridin-
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12-carboxylic (18g, 56mmol) trong N,N-dimetylformamit & nhi¢t 4o trong phong, va
khudy hén hop qua dém. Sau khi pha lodng bing nudc, chiét hdn hop phan img bang etyl
axetat. Lam kho cac chit chiét bing natri sulfat khan, loc va cd dic dé thu duge hop chét
dich (chét rén, 18g, hidu sudt: 90%).

LCMS(ESDm/z: 366(M+1)

Vidu 42B
1-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-etanon

Cho thém nho giot metyl magie bromua (50ml, 150mmol) vao dung dich chura
(4'S,13a8)-13a-etyl-N-metoxy—N-metyl-2,3 ,41,5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,S]naphthyridin-12-carboxamit (17g, 49mmol) trong
tetrahydrofuran (170ml) & nhiét 46 0°C, va sau do khudy hdn hop & nhiét 4o ndy trong 4
gir. R6t hdn hop nay vao dung dich amoni clorua, chiét bang diclometan, lam kho bing
natri sulfat khan, loc va c6 déc dé thu dugc hop chit dich (chét rén, 11g, hiéu sudt:
70,5%).

LCMS(ESDm/z: 321(M+1)

Vidu42C
2-Bromo-1-((4'S,13aS)-13a-etyl-2,3 .41 5.6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)-etanon

Cho thém timg phin brom léng (3,47g, 21,8mmol) vao dung dich chira
1-((4S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H- indolo [3,2,1-de] pyrido
[3,2,1-ij][ 1,5 Inaphthyridin-12-yl)-etanon (7g, 21,8mmol) trong diclometan va khudy hén

-80-



28739

hop nay & nhiét d0 trong phong trong 4 gio. Rot hdn hop vao nudc va chiét bang
diclometan. Lam khé cac chét chiét bing natri sulfat khan, loc va c6 ddc dé thu dugc hop
chat dich dang tho (5g, hiéu sudt: 57,6%), hop chit nay dugc st dung truc tiép trong

bude tiép theo.

Vi du 42D
(4'S,13aS)-13a-etyl-12-(imidazo[1,2-a]pyridin-2-yl)-2,3 ,41,5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

Pun néng hdn hop chira 2-bromo-1-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-
hexahydro-1H-indolo[3,2,1-de] pyrido[3,2,1-ij][1 ,5]naphthyridin-12-yl)-etanon
(400mg, 1mmol) va 2-aminopyridin (92mg, 1mmol) trong etanol (3ml) dén nhiét @
70°C va dé hdn hop ndy phan tng trong 8 gis. Loc chit rin tao thanh, cho thém etyl
axetat vo, va téch hop chit dich (100mg, hiéu sudt: 25,3%) bing phuong phap sic ky
long hiéu ndng cao didu ché.

'HNMR (CD;0D, 400MHz) Sppm 8,11 (d, J=6,6Hz, 1H), 7,69-7,59 (m, 2H), 7,46
(d, J=7,9Hz, 1H), 7,23 (d, /=7,9Hz, 1H), 7,04 (t, J=7,5Hz, 1H), 6,95-6,80 (m, 3H), 6,64
(d, J=8,4Hz, 1H), 5,60 (s, 1H), 4,31 (brs., 1H), 3,48-3,27 (m, 2H), 3,15-3,01 (m, 1H),
2,76-2,53 (m, 3H), 2,02-1,86 (m, 2H), 1,60 (d, J=13,7Hz, 1H), 1,43 (d, J=13,2Hz, 1H),
1,29-1,15 (m, 1H), 1,01 (t, J/=7,5Hz, 3H).

LCMS(ESDm/z:395(M+1)

Viduy43
4-((4'S,13aS)-13a-etyl-2,3,4,5,6,13a-hexahydro- 1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5 Inaphthyridin-12-yl)-thiazol-2-amin
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Pun néng hdn hop chira 2-bromo-1-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-
hexahydro-1H-indolo[3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)-etanon
(400mg, 1mmol) va thioure (92mg, Immol) trong etanol (3ml) dén nhiét do 80°C va aé
hén hop nay phan tng trong 2 gid. Sau khi 1lam ngudi, rot hdn hop vao nude va chiét
bing diclometan. C6 dic cc chét chiét, va sau d6 tinh ché san phim tho bang phuong
phap sic ky 16ng hiéu ning cao didu ché @8 thu dugc hop chét dich (10mg, hiéu suét:
50%).

IHNMR (CDsOD, 400MHz)dppm7,45 (d, J=7,5Hz, 1H), 7,10-6,96 (m, 2H),
6,70-6,55 (m, 2H), 5,39 (s, 1H), 5,04 (s, 2H), 4,23 (brs., 1H), 3,42-3,21 (m, 2H),
3,11-2,98 (m, 1H), 2,70-2,45 (m, 3H), 1,96-1,81 (m, 2H), 1,58-1,34 (m, 2H), 1,18-0,90
(m, 3H).

LCMS(ESDm/z:377(M+1)

Vidu 44
(4'S,13aS)-13a-etyl-12(7-(triflometyl)imidazo[ 1 ,2-aJpyridin-2-y1)-2,3,41,5,6,13a-h
exahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin

FaC

Pun néng hdi luu hdn hop chira 2-bromo-1-((4'S,13aS)-13a-etyl-

23,415 6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2, 1-ij][1,5]naphthyridin-12-yl)-eta

non (400mg, 1mmol) va 2-amino-4-triflometylpyridin (162mg, 1mmol) trong etanol (3ml)
va d& hdn hop nay phan tmg trong 12 gid. Sau d6, co dic hon hop va tinh ché san pham

thd bing phwong phap sic ky long hiéu ning cao didu ché d thu duoc hop chét dich

(100mg, hiéu suit: 22%).

'HNMR (CD30D, 400MHz) Sppm8,24 (d, J=7,0Hz, 1H), 7,98 (s, 1H), 7,76 (s,
1H), 7,53-7,43 (m, 1H), 7,10-6,99 (m, 2H), 6,93 (t, /=7,8Hz, 1H), 6,58 (d, J=8,5Hz, 1H),
5,64 (s, 1H), 4,31 (br.s., 1H), 3,50-3,28 (m, 2H), 3,17-3,00 (m, 1H), 2,79-2,52 (m, 3H),
2,06-1,72 (m, 4H), 1,49-1,35 (m, 1H), 1,30-1,13 (m, 1H), 1,02 (t, /=7,3Hz, 3H).

LCMS(ESD)m/z:463(M+1)
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DMF-DMA NH,OHHCI

MeOH, nuwéc

1.DMA-DMA, 100°C
2. NH,OHHCI

POCls, CHsCN, dun héi lvu

Vidu45
5-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)isoxazol

Vi du 45A
(E)-3-(dimetylamino)-1-((4'S,13aS)-1 3a-etyl-2,3,4!,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-yl) prop-2-en-l-on

Pun néng hdi luu hdn hgp chira 1-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-
hexahydro-1H-indolo [3,2,1-de] pyrido [3,2,1-ij][1,5]naphthyridin-12-yl)-etanon (800mg,
2,5mmol) va N, N-dimetylformamit dimetyl axetal (8ml) va dé hdn hop niy phan Gng
cho dén khi chit ban du bién mat. Thu dugc hop chét dich (700mg, hiéu sut: 74,7%)
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dimg cho budc tiép theo bing cach gidm nhiét do va ¢d dic dudi 4p sudt gidm.

LCMS(ESDm/z: 376(M+1)

Vi du 45B
5-((4IS,13aS)-l3a-ety1—2,3,41,5,6,13a—hexahydro-1H-indolo[3,2,l-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)isoxazol

N-O ~

Thém hydroxylamin hydroclorua (100mg, 1,4mmol) vao dung dich chua
(E)-3-(dimetylamino)-1-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-  hexahydro- 1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-yl) prop-2-en-I- on (350mg, 0,93mmol)
trong N,N-dimetylformamit (3ml), va dun nong hdn hop phan tng dén nhiét d§ 120°C
bang 10 vi séng va dé hén hop nay phan Ung trong 2 gio. Co dic hdn hop trong chén
khong va tinh ché phéan cin bang phuong phép sic ky 1ong hiéu ning cao didu ché dé thu
dugc hop chét dich (60mg, hi¢u suét: 18,7%).

'H NMR (CDsOD, 400 MHz) 8ppm 8,53 (s, 1H), 7,48 (d, J = 8,0 Hz, 1H), 7,15 -
6,96 (m, 3H), 6,67 (d, J = 8,5 Hz, 1H), 6,45 (s, 1H), 5,58 (s, 1H), 3,07 (br. s, 1H), 2,70
(br. s., 1H), 2,05 - 1,84 (m, 2H), 1,48 (br. s., 1H), 1,30 - 1,12 (m, 2H), 1,02 (t,J=7,3 Hz,
3H).

LCMS (ESI) m/z: 346 (M+1)

Vi du 46
(4'S,13aS)-13a-etyl-12-(1-metyl-1H-pyrazol-3-y1)-2,3 ,415,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin, va
(4'S,13aS)-13a-etyl-12-( 1-metyl-1H-pyrazol-5-y1)-2,3,41,5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin
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Thém  metylhydrazin  (46mg, lmmol) vao dung dich  chira
(E)-3-(dimetylamino)-1-((4'S,13aS)-13a-etyl-2,3 4156,13a- hexahydro- 1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-yl) prop-2-en-l- on (200mg, 0,53mmol)
trong axit axetic (2ml). Dun hdi lwu hdn hop ndy trong 4 gid, sau d6 rét vao nudc, chiét
béng diclometan, 1am kho bing natri sulfat khan, loc va c6 dic. Phén cin dugc sic ky
léng siéu téi han dé tach va thu dugc hai hop chét dich: (4'S,13aS)-13a-etyl-12-
(1-metyl-1H- pyrazol-3- y1)-2,3,4',5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin (20mg, hiéu sudt: 10,5%) ('"H NMR
(CDsOD, 400 MHz) 8ppm 7,51 - 7,41 (m, 2H), 7,10 - 6,91 (m, 2H), 6,62 (d, J = 8,5 Hz,
1H), 6,30 (d, J = 2,0 Hz, 1H), 5,38 (s, 1H), 4,00 (s, 3H), 3,53 - 3,28 (m, 2H), 3,08 t,J=
15,8 Hz, 1H), 2,84 - 2,55 (m, 3H), 1,95 (br. s., 2H), 1,61 (d, /= 13,1 Hz, 5H), 1,45 (d, J =
13,1 Hz, 2H), 1,34 - 1,11 (m, 2H), 1,02 (t, J = 7,3 Hz, 3H), LCMS (ESI) m/z: 359 (M+1)),
va

(4'S,13a8S)-13a-etyl-12-(1-metyl-1H-pyrazol-5-y1)-2,3,4',5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin (30mg, hiéu sut: 15,8%) (‘"H NMR
(CDsOD, 400 MHz) 8ppm 7,61 (s, 1H), 7,45 (d, J = 7,5 Hz, 1H), 7,11 - 6,87 (m, 2H),
6,41 (br. s., 1H), 5,89 (d, J = 8,5 Hz, 1H), 5,20 (br. s., 1H), 4,37 (br. s., 1H), 3,72 - 3,27
(m, 5H), 3,14 - 3,00 (m, 1H), 2,84 - 2,48 (m, 3H), 2,09 - 1,93 (m, 1H), 1,86 (dd, J= 6,8,
13,8 Hz, 3H), 1,59 (d, J = 12,5 Hz, SH), 1,35 - 1,15 (m, 3H), 1,02 (t, / = 7,3 Hz, 3H),
LCMS (ESI) m/z: 359 (M+1)).

Vidu47
5-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-3-metylisoxazol

N-O

Pun nong hdi lvu dung dich chira 1-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido [3,2,1-ij][1,5]naphthyridin-12-yl)-etanon (80mg,
0,25mmol) trong 2ml N,N-dimetylaxetamit dimetyl axetal trong 2 gi¢. Loai bo céc thanh
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phin c6 diém soi thip trong chan khong va hoa tan phin cin trong Sml axetonitril. Sau
d6, cho thém hydroxylamin hydroclorua (20mg, 0,3mmol) va phospho oxyclorua (100mg)
vao, va dun néng hdi lru hdn hop phan g nay trong 1 giv. Sau khi lam ngudi dén nhigt
d6 trong phong, rét dung dich nay vao dung dich natri bicacbonat, chiét bing diclometan,
rira bang nudce mudi, 1am kho6 bing natri sulfat khan, va loai bo dung mdi trong chén
khong. Tinh ché phén cin bing phuong phép sic ky 16ng hiéu néng cao didu ché @ thu
dugc hop chit dich.

'H NMR (400MHz, METANOL-ds) 8ppm 7,40 (d, J = 7,5 Hz, 1H), 7,08-6,91 (m,
2H), 6,52 (s, 1H), 6,39 (d, J = 8,3 Hz, 1H), 5,57 (s, 1H), 4,21 (br. 5., 1H), 3,38-3,36 (m,
1H), 3,31-3,15 (m, 2H), 3,07-2,91 (m, 1H), 2,65-2,44 (m, 3H), 2,39 (s, 3H), 2,03 (s, 4H),
1,58-1,34 (m, 2H), 1,00 (t,J= 7,4 Hz, 4H).

LCMS (ESI) m/z: 360 (M+1)

So dd B12

- O\NHQHCI
_— >
NaOAc, EtOH

Vi du 47
1-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2, 1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl) butan-1-on-O-metyl oxim

Vi du 48A
1-((4'S,13a8)-1 3a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
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[3,2,1-ij][1,5]naphthyridin-12-yl)butan-1-on

Cho thém nhd giot tr tir n-propyl magie bromua (2M trong tetrahydrofuran,
0,825ml, 1,65mmol) vao dung dich chira (4'S,13aS)-13a-etyl-N-metoxyl-N-metyl-
2,3,41,5,6,13a—hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,l-ij][1,5]naphthyridin—12-
carboxamit (200mg, 0,55mmol) trong tetrahydrofuran (2ml) ¢ nhiét ¢ 0°C trong mdi
trudng nito, sau do khudy hén hop phin Ung ndy trong 4 gid nita trong diéu kién nay.
Cho thém dung dich amoni clorua bio hoa (20ml) vao hdn hop nay, va chiét hdn hop
bang 40ml etyl axetat. Rira cic phin chiét bing nudc mudi, 1am kho bing natri sulfat, loc
va c6 dic. Tinh ché phan cin bang phuong phap sic ky 16ng hiéu ning cao didu ché dé
thu duge hop chét dich.

'H NMR (400 MHz, MeOD) 8ppm 7,52 - 7,61 (m, 1 H), 7,16 - 7,28 (m, 2 H), 7,00
-7,06 (m, 1 H), 6,30 (s, 1 H), 3,58 - 3,77 (m, 2 H), 3,23 - 3,30 (m, 1 H), 3,11 - 3,23 (m, 2
H), 2,98 - 3,08 (m, 1 H), 2,84 - 2,96 (m, 2 H), 2,01 - 2,15 (m, 1 H), 1,94 (dt, J = 14,68,
7,47 Hz, 2 H), 1,70 - 1,88 (m, 4 H), 1,03 - 1,24 (m, 7 H).

LCMS (ESI) m/z: 349 (M+1)

Vidu 48B
1-((4!S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)butan-1-on-O-metyl oxim

Pun hdi lwu hdn hop chira 1-((4‘S,13aS)-13a—etyl-2,3,41,5,6,13a—hexahydro-
1H-indolo  [3,2,1-de]pyrido  [3,2,1-ij][1,5]naphthyridin-12-yl)butan-1-on (200mg,
0,55mmol), metoxylamin hydroclorua (455mg, 5,5mmol), natri axetat (445mg, 5,5mmol)
va etanol (10ml) qua dém. Pha loing hdn hop nay bing nuéc (20ml) va chiét bang 40ml

diclometan. Rira cac chét chiét bang nuéc mudi, lam kho bang natri sulfat khan, loc va c6
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dic. Tinh ché san phim tho bang phwong phéap sic ky 16ng hiéu ning cao diéu ché va séc
ky 16ng siéu bdo hoa dé thu dugc hop chit dich.

S#c ky 16ng siéu bio hoa:

“cot: Chiralpak AD-H 250x4,6mm, dudng kinh trong 5um; pha d¢ng: isopropanol
(DEA 0,05%), CO; 5% ~ 40%; tbc d6 dong: 2,35ml/phut; chiéu dai budc song: 220nm”

'H NMR (400 MHz, METANOL-d) 8ppm 7,55 (d, J= 7,53 Hz, 1 H), 7,11 - 7,24
(m, 3 H), 5,28 (s, 1 H), 4,01 (s, 3 H), 3,64 - 3,79 (m, 2 H), 2,95 - 3,25 (m, 5 H), 2,23 (s, 1
H), 1,97 - 2,12 (m, 2 H), 1,77 - 1,97 (m, 2 H), 1,67 (d, J = 11,04 Hz, 2 H), 1,51 (dt, / =
15,18, 7,72 Hz, 2 H), 1,42 (s, 3 H), 1,17 - 1,33 (m, 2 H), 1,10 (t, J= 7,53 Hz, 3 H), 0,91 (t,
J=17,28 Hz, 3 H).

LCMS (ESI) m/z: 378 (M+1)

Vidu 49
4-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl) heptan-4-ol

¢
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Cho thém nhd giot tit tir n-propyl magie bromua (2M trong tetrahydrofuran,
2,14ml, 4,29mmol) vao dung dich chira vinpocetine (300mg, 0,86mmol) trong
tetrahydrofuran (2ml) & nhiét @60 0°C trong moi trudng nito, sau d6 khudy hdn hop
trong 4 gid nita trong didu kién ndy. Cho thém dung dich amoni clorua béo hoa (20ml)
vao hdn hop nay, va chiét hdn hop bing 40ml etyl axetat. Rira céc phan chiét bing nudc
mudi, 1am kho bing natri sulfat khan, loc va c6 dac. Tinh ché phin cin bing phuong
phép sic ky 16ng hiéu ning cao didu ché @8 thu dwoc hop chat dich.

'H NMR (400 MHz, MeOD) Sppm 8,51 - 8,63 (m, 1 H), 7,34 - 7,44 (m, 1 H), 7,00
-7,14 (m, 2 H), 5,30 (s, 1 H), 4,09 (br. s., 1 H), 3,20 - 3,31 (m, 2 H), 2,99 - 3,13 (m, 1 H),
2,52 -2,71 (m, 3 H), 1,95 (br. s., 4 H), 1,43 (br. s., 8 H), 0,96 - 1,14 (m, 8 H), 0,72 (t, J =
7,28 Hz, 3 H).

LCMS (ESI) m/z: 393 (M+1)
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So do B13
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Vidu 50

2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-haxahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-4-metyloxazol

Vi du 50A
(4'S,13aS)-13a-etyl-N-((S)-1-(metoxyl(metyl)amino)-1 -oxopropan-2-yl)-
2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-

carboxamit

Cho thém nho giot oxalyl clorua (590,98mg, 4,656mmol) vao dung dich chira axit
(4IS,13aS)-13a-ety1—2,3,41,5,6,13a—hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,l-ij]
[1,5]naphthyridin-12-carboxylic  (500mg, 1,552mmol) va Iluwong xGc tac cua
N,N-dimetylformamit (0,075ml) trong diclometan khan (7,5ml) & nhiét d6 0°C va khudy
hdn hop phan tng & nhiét ¢ ndy trong 1 gio nita. Loai bé dung moéi dudi &p sult giam,
va hoa tan tirc thi sin phim thé tao thanh trong diclometan (7,5ml). Tiép d6 cho thém
diisopropyletylamin  (600,61mg,  4,656mmol)  va (S)-2-amino-N-metoxy-N-
metylpropanamit (307,5mg, 2,328mmol) vao, khudy hdn hop phan ng & nhiét d6 trong
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phong trong 2 gid. Cho thém nudc vao va chiét hdn hop bing diclometan. Rira céc phén
chiét bang nuéc, nudce mudi, 1am kho bing natri sulfat khan va ¢ ddc dung méi trong
chan khong. Tinh ché phan cin bing phuong phép sic ky cdt trén silicagel véi hdn hop
diclometan/metanol (ty 16 20/1 theo thé tich) 1am dung mdi rira giai d8 thu dugc hop chit
dich (chét rin mau tring, 460mg, hiéu sut: 68%).

LCMS (ESI) m/z: 437 (M+1)

Vidu 50B
(4'S,13a8S)-13a-etyl-N-((S)-1-oxopropan-2-yl)-2,3 ,41,5,6,13a-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin- 12-carboxamit

Thém lithi-nhém hydrua (32,66mg, 0,86mmol) vao dung dich chira
(4'S,13aS)-13a-etyl-N-((S)-1-(metoxyl(metyl)amino)- 1-oxopropan- 2-yD)-
2,3,415.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1 -ij][1,5naphthyridin-12-
carboxamit trong tetrahydrofuran & nhiét d¢ -78°C trong méi trudng nito, sau d6 thay bé
nuée d4 kho-axeton bing bé nude d4, ting nhiét do phan tng 1én 0°C. Sau khi khudy hén
hop phan Ung nay trong 20 phut, gidm lai nhi¢t 40 phan ung dén -78°C, sau d6 lam
ngung nhanh phan img bing cach cho thém dung dich kali bisulfat. Sau khi ting nhiét 46
hdn hop dén nhiét @6 trong phong, loc chét rén, va chiét phin nuéc loc bing etyl axetat.
Céc phdn chiét két hop duge rira bing nudc mudi, 1am kho bing natri sulfat khan, loc va
loai bé dung méi dé thu duoc hop chét dich dang thd (dung cho budc tiép theo, 190mg,
higu sudt: 88%).

LCMS (ESI) m/z: 378 (M+1)
Viduy 50C

2-((4'S,13aS)-13a-etyl-2,3 415 6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-4-metyloxazol
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Thém luong xuc tic cia N,N-dimetylformamit (0,025ml) va phospho oxyclorua
(386,59mg, 2,518mmol) vao dung dich chira (4'S,13aS)-13a-etyl-N-((S)-1-
oxopropan-2-yl)-2,3,41,5,6,13a- hexahydro- 1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]
naphthyridin-12-carboxamit (190mg, 0,504mmol) trong axetonitril khan (5ml), sau d6
dun néng hdn hop phan ung nay dén nhiét 46 90°C va khudy trong méi trudng nito trong
3 gio. Sau khi phan Umg két thuc, rét dung dich phan ung vao dung dich natri cacbonat va
diéu chinh d6 pH dén 8, tiép d6 chiét hdn hop bing diclometan. Rira cac phin chiét két
hop bing nudc, nude mudi, 1am kho bing natri sulfat khan, va loai b dung mdi trong
chan khong. Tinh ché san phim tho béng phwong phép sic ky léng hiéu ning cao didu
ché dé thu dugc hop chét dich (30mg, hi¢u suat: 32%).

'H NMR (400 MHz, METANOL-ds) 8ppm 1,13 (t, J = 6,27 Hz, 3 H), 1,24 - 1,47
(m, 2 H), 1,70 - 1,86 (m, 2 H), 1,91 - 2,14 (m, 3 H), 2,30 (s, 3 H), 2,72 (s, 2 H), 3,11 -
3,22 (m, 1 H), 3,78 - 3,96 (m, 2 H), 5,14 (br. s., 1 H), 5,90 (s, 1 H), 6,45 (d, J=8,03 Hz,
1 H), 7,08 - 7,24 (m, 2 H), 7,60 (d, J=7,03 Hz, 1 H), 7,87 (s, 1 H).

LCMS (ESI) m/z: 360 (M+1)

So dd B14
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R
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POCla/chét xtic tac DMF
—
CH4CN

Vidu 51
2-((41S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-5-metyloxazol
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ViduS1A
(41S,13a8S)-13a-etyl-N-(2-oxopropyl)-2,3,41,5,6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-carboxamit

Thém O-(7-azabenzotriazole-1-y1)-N,N,N',N'- tetrametyluroni hexaflophosphat
(283,08mg, 0,745mmol) va diisopropyletylamin (240,25mg, 1,862mmol) vao dung dich
chira axit (418,13aS)—l3a—ety1—2,3,41,5,6,13a-hexahydro-1H-indolo [3,2,1-de]
pyrido [3,2,1-ij][1,5]naphthyridin-12-carboxylic (200mg, 0,621mmol) trong diclometan
(3,Iml) va khudy hén hop nay trong 1 gio. Tiép @6 cho thém aminopropanon hydroclorua
(135,37mg, 1,242mmol) vao va khudy hdn hop ndy trong 4 gio nita. Thém nude vao hdn
hop ndy va chiét hdn hop bing diclometan. Rira céc phan chiét két hop bang nuéc, nude
mudi va lam khd bing natri sulfat khan. Co d%c 16p hitu co trong chén khong va tinh ché
phin cin bang phuong phap sic ky cot trén silicagel véi hdn hgp diclometan/metanol (ty
16 20/1 theo thé tich) 1am dung méi rira giai dé thu dwoc hop chét dich (chat rin mau
tring, 210mg, hidu sudt: 89%).

'H NMR (400 MHz, CLOROFOM-d) 3ppm 0,98 - 1,15 (m, 4 H), 1,50 - 1,55 (m, 1
H), 1,59 (d, J = 13,55 Hz, 1 H), 1,81 - 2,11 (m, 3 H), 2,30 (s, 3 H), 2,62 - 2,93 (m, 3 H),
3,00 - 3,15 (m, 1 H), 3,31 - 3,43 (m, 1 H), 3,44 - 3,56 (m, 1 H), 4,27 - 4,40 (m, 2 H), 4,43
- 4,54 (m, 1 H), 5,69 - 5,75 (m, 1 H), 6,78 (br. s., 1 H), 7,16 (quin, /= 6,71 Hz, 2 H), 7,21
-7,26 (m, 1 H), 7,47 (d, J=7,03 Hz, 1 H).

Vidu51B

2-((4'S,13a8)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-5-metyloxazol
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Thém lugng xuc tic ciia N,N-dimetylformamit (0,028ml) va phospho oxyclorua
(854,56mg, 5,567mmol) vao dung dich chira (4'S,13aS)-13a-etyl-N-
(2-oxopropyl)-2,3,41,5,6,13a-hexahydro -1H-indolo [3 ,2,1-de]pyrido[3,2,1-ij][1,5]
naphthyridin-12-carboxamit (210mg, 0,557mmol) trong axetonitril khan (2,8ml), sau do
dun néng hdn hop phén ng nay dén nhiét d6 90°C va khudy trong méi trudng nito trong
3 gi¢. Sau khi phén Umg két thuc, rot dung dich phan ing vao dung dich natri cacbonat va
didu chinh d6 pH dén 8, tiép d6 chiét hdn hop bing diclometan. Rira c4c phan chiét két
hop bing nuéc, nude mudi, 1am kho bing natri sulfat khan, va loai bé dung mdi trong
chan khéng. Tinh ché san phidm tho bing phuong phéap sic ky 1ong hiéu ning cao didu
ché @& thu dugc hop chét dich (50mg, hiéu suét: 25%).

'H NMR (400 MHz, METANOL-ds) dppm 1,12 (t, J = 6,78 Hz, 3 H), 1,23 - 1,36
(m, 1 H), 1,79 (t, J = 12,55 Hz, 2 H), 1,90 - 2,12 (m, 3 H), 2,45 (s, 3 H), 3,12(d, J =
16,06 Hz, 1 H), 3,25 (d, J = 12,05 Hz, 2 H), 3,37 (s, 1 H), 3,75 - 4,00 (m, 2 H), 5,14 (br.
s., 1 H), 5,88 (s, 1 H), 6,53 (d, J = 8,03 Hz, 1 H), 7,05 - 7,26 (m, 3 H), 7,60 (d, J = 7,03
Hz, 1 H).

Vidu 52
2-((4!S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-4,5-dimetyloxazol

Quy trinh cua vi du nay la gidng nhu quy trinh cua Vi du 51.

'H NMR (400 MHz, CLOROFOM-d) ppm 1,09 (t, /= 7,40 Hz, 3 H), 1,24 (td, J
= 13,93, 3,26 Hz, 1 H), 1,63 (d, J = 14,56 Hz, 1 H), 1,73 (d, J = 14,05 Hz, 1 H), 2,08 -
2,26 (m, 6 H), 2,32 (s, 3 H), 2,90 - 3,07 (m, 2 H), 3,08 - 3,20 (m, 1 H), 3,26 (d, /= 11,04
Hz, 1 H), 3,64 (td, J = 12,67, 5,77 Hz, 1 H), 3,73 - 3,84 (m, 1 H), 4,73 (br. 5., 1 H), 5,79
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(s, 1 H), 6,56 - 6,64 (m, 1 H), 7,11 - 7,22 (m, 2 H), 7,46 - 7,55 (m, 1 H).
Vi du 53

5-Etyl-2-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-yl)-4- metyloxazol

Quy trinh ctia vi dy nay la gidng nhu quy trinh ctia Vi du 51.

'H NMR (400 MHz, CLOROFOM-d) Sppm 1,11 (t, J=7,28 Hz, 3 H), 1,17 - 1,34
(m, 4 H), 1,60 - 1,81 (m, 2 H), 2,14 - 2,38 (m, 6 H), 2,58 - 2,78 (m, 2 H), 2,91 - 3,22 (m,
3 H), 3,31 (d, J = 10,04 Hz, 1 H), 3,65 (br. s., 1 H), 3,80 (d, J = 11,04 Hz, 1 H), 4,76 (br.
s., 1 H), 5,83 (s, 1 H), 6,52 (d, J = 8,03 Hz, 1 H), 7,17 (quin, J = 7,03 Hz, 2 H), 7,50 d,J
=17,03 Hz, 1 H), 13,07 (br. s., 1 H).

Vidu 54
2-((41S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-j][ 1,5]naphthyridin-12-yl)-5 -isopropyl-4-metyloxazol

Quy trinh ctia vi dy nay la gidng nhu quy trinh cta Vi dy 51.

'H NMR (400 MHz, CLOROFOM-d) 8ppm 1,12 (t, /= 7,03 Hz, 3 H), 1,18 - 1,35
(m, 7 H), 1,66 (d, J = 14,05 Hz, 1 H), 1,79 (d, J = 14,05 Hz, 1 H), 2,13 - 2,38 (m, 6 H),
2,94 - 3,23 (m, 4 H), 3,32 (d, J=9,54 Hz, 1 H), 3,66 (br.s., 1 H), 3,80 (d, /= 10,54 Hz, 1
H), 4,78 (br. s., 1 H), 5,91 (s, 1 H), 6,43 (d, /= 8,03 Hz, 1 H), 7,10 - 7,24 (m, 2 H), 7,51
(d,J=1,53 Hz, 1 H).

Vidu 55
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2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-4,5,6,7-tetrahydrobenzo[d]oxazol

Quy trinh cta vi dy nay la gidng nhu quy trinh ctia Vi du 51.

'H NMR (400 MHz, CLOROFOM-d) dppm 7,52 (dd, J = 6,27, 2,76 Hz, 1 H),
7,15 - 7,25 (m, 2 H), 6,65 - 6,76 (m, 1 H), 5,91 (s, 1 H), 4,77 (br. s., 1 H), 3,81 (d, J =
11,29 Hz, 1 H), 3,33 (d, J= 9,79 Hz, 1 H), 3,15 (br.s., 1 H), 3,02 (d, J = 10,54 Hz, 1 H),
2,58 - 2,77 (m, 4 H), 2,17 - 2,39 (m, 4 H), 1,87 - 2,05 (m, 4 H), 1,80 (d, /= 14,05 Hz, 1
H), 1,68 (d, J= 14,31 Hz, 1 H), 1,21 - 1,38 (m, 1 H), 1,13 (t, /= 7,28 Hz, 3 H).

Vidu 56
4-etyl-2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-5-metyloxazol

Quy trinh cta vi du nay la gidng nhu quy trinh cta Vi du 51.

'H NMR (400 MHz, METANOL-d4) 8ppm 1,06 - 1,17 (m, 3 H), 1,28 (t, /= 7,53
Hz, 4 H), 1,70 - 1,84 (m, 2 H), 1,91 - 2,15 (m, 4 H), 2,38 (s, 3 H), 2,54 - 2,65 (m, 2 H),
3,09 - 3,30 (m, 3 H), 3,76 - 3,96 (m, 2 H), 5,12 (br. s, 1 H), 5,85 (s, 1 H), 6,54 (d, /=
7,53 Hz, 1 H), 7,16 (quin, J = 7,03 Hz, 2 H), 7,59 (d, /= 7,53 Hz, 1 H).

Vidu 57
2-((4'8,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-4-isopropyl-5-metyloxazol
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Quy trinh ctia vi dy nay la gidng nhu quy trinh cta Vi du 51.

'H NMR (400 MHz, METANOL-ds) 8ppm 1,13 (t, J = 7,28 Hz, 3 H), 1,29 (dd, J =
9,91, 6,90 Hz, 7 H), 1,70 - 1,83 (m, 2 H), 1,92 - 2,14 (m, 3 H), 2,38 (s, 3 H), 2,96 - 3,07
(m, 1 H), 3,10 - 3,35 (m, 5 H), 3,74 - 3,96 (m, 2 H), 5,12 (br. 5., 1 H), 5,84 (s, 1 H), 6,53

(d,J=1,78 Hz, 1 H), 7,09 - 7,21 (m, 2 H), 7,58 (d, /= 7,53 Hz, 1 H).

So do B15
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5-xyclopropyl-2-((4'S,13aS)-13a-etyl-2,3 4! 5.6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-1 2-yl)-4-metyloxazol

Vidy 58A

(S) -2-amino-N-metoxy-N-metylpropanamit hydroclorua
0

NHz‘HC\

Hoa tan  (S)-tert-butyl-(1 -(metoxyl(metyl)amino)-1-oxopropyl-2-yl)carbamat

(20,0g, 106,82mmol) trong 4M etyl axetat hydroclorua (100ml) va khudy hdn hop nay &
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nhiét d6 20°C trong 2 gidr. Thu duge hop chat dich (12,0g, hiéu sudt: 90,9%) bang cach
loai bd cac thanh phan c6 diém sbi thép.

'H NMR (400 MHz, CLOROFOM-d) Sppm 1,54 - 1,71 (m, 3 H), 3,23 (5, 1 H),
3,82 (s, 1 H), 3,93 - 4,28 (m, 2 H), 4,53 (br. 5., 1 H), 8,39 (br. 5., 3 H).

Vidu 58B
(4S,13a8)-13a-etyl-N-((S)-1-(metoxyl(metyl)amino)-1 -oxopropyl-2-yl)-
2.3,41 5.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-

carboxamit

Thém O-(7-azabenzotriazol-1-yl)-N,N,N',N'-  tetrametyluroni hexaflophosphat
(7,08g, 18,61mmol) va N,N- diisopropyletylamin (3,01g, 23,26mmol) vao dung dich
chira axit (4!S,13aS)-13a-etyl-2,3,4',5,6,13a-hexahydro-1H-indolo [3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-carboxylic (5,0mg, 15,51mmol) trong diclometan (80ml)
va khudy hén hop nay & nhiét d6 20°C trong 1 gid. T iép @6, cho thém
N,N-diisopropyletylamin (4,01g, 31,02mmol) va (S) -2-amino-N- metoxy-N-
metylpropionamit hydroclorua (2,11g, 17,06mmol) vao va khudy hdn hop nay trong 14
gi&r nita. Thém nuéc vao hén hop ndy, va chiét hon hop béng diclometan (3x10ml). Rira
céc phan chiét két hop bing nuée (10ml), nuéec mudi (10ml) va lam kho bang natri sulfat
khan. Loai bd dung mdi trong chin khong va tinh ché phin cn bang phuong phép sic ky
cot trén silicagel v6i hon hop diclometan/metanol (ty 1¢ 20/1 theo thé tich) lam dung moi
rira giai dé thu dwgc hop chét dich (gdm mau vang nhat, 5,5g, hiéu suét: 90,58%).

LCMS (ESI) m/z: 437 (M+1)

Vidu 58C

(418,13aS)-N-((S)-1-xyclopropyl-1-oxopropyl-2-yl)-1 3a-etyl-2,3,41,5,6,13a-
hexahydro-1H -indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-12-carboxamit
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Cho thém nhd giot truc tiép xyclopropyl magie bromua (0,5M, 307,8ml,
153,9mmol) vao (4!S,13aS)-13a-etyl-N-((S)-1- (metoxyl(metyl)amino) -1-oxopropyl-
2-yD)- 2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-
12-carboxamit dang rin (2,24g, 5,13mmol) & nhiét d6 0°C trong khoang thoi gian dai
hon 60 phat. Sau khi phan ing két thuc, dun néng hdn hop phan Ung nay dén nhiét @6
20°C va khudy trong 18 gi& nita. Tiép d6, gidm nhiét d phan tmg dén 0°C, va cho thém
dung dich amoni clorua bdo hoa, chiét hdn hop bang etyl axetat (3x30ml). Rira cic phin
chiét két hop bing nuéc (30ml), nudc mudi (30ml), 1am kho bang natri sulfat khan, va
loai bd dung moi trong chan khong. Tinh ché phan cin bing phuong phap sic ky cot trén
silicagel véi hdn hop diclometan/metanol (ty 1& 20/1 theo thé tich) 1am dung moéi rira giai
8 thu duoc hop chit dich (g6m mau vang nhat, 1,7g, higu sudt: 79,37%).

LCMS (ESI) m/z: 418 (M+1)

Vidu 58D
5-xyclopropyl-2-((4'S,13aS)-13a-etyl-2,3 415 6,13a-hexahydro-1H-indolo
[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-yl) -4-metyloxazol

Thém lugng xic tic ciia N,N-dimetylformamit (17,5mg) va phospho oxyclorua
(367,22mg, 2,39mmol) vao dung dich chira (4'S,13aS)-N-((S)-1-xyclopropyl-1-
oxopropyl-2-yl)-13a-etyl- 2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-carboxamit (200mg, 0,479mmol) trong axetonitril khan
(2,8ml), tiép d6 dun néng hdn hop phan tmg nay dén nhigt d6 90°C va khudy trong moi
trudng nito trong 15 gio. Sau khi phdn Ung két thic, rot dung dich phan Gng vao dung

dich natri cacbonat va diéu chinh 46 pH dén 8, sau d@6 chiét hdn hop bing diclometan
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(3x10ml). Rira cac phan chiét két hop bing nuée (10ml), nuéc mudi (10ml), 1am khd
bing natri sulfat khan, va loai bé dung mdi trong chan khong. Tinh ché phin cin bing
phuong phap sdc ky cot trén silicagel v6i hdn hop ete diu mo/tetrahydrofuran (ty 1€ 5/1
theo thé tich) 1am dung moéi rira giai 8 thu dugc hop chét dich (chat rin miu vang nhat,
100mg, hiéu sult: 52,25%).

'H NMR (400 MHz, CLOROFOM-d) éppm 0,71 - 0,88 (m, 2 H), 0,91 - 1,03 (m, 2
H), 1,12 (t, J = 7,28 Hz, 3 H), 1,27 (td, J = 13,99, 2,89 Hz, 1 H), 1,67 (d, /= 14,05 Hz, 1
H), 1,78 (d, J= 14,31 Hz, 1 H), 1,86 - 1,96 (m, 1 H), 2,15 - 2,34 (m, 6 H), 2,93 - 3,25 (m,
3 H), 3,32 (d, J = 10,29 Hz, 1 H), 3,65 (br. s., 1 H), 3,81 (d, /= 11,29 Hz, 1 H), 4,76 (br.
s., 1 H), 5,82 (s, 1 H), 6,45 - 6,54 (m, 1 H), 7,14 - 7,24 (m, 2 H), 7,47 - 7,56 (m, 1 H).

So @ B16

ILH N
N
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Vidu 59
2-(2-((418,13a8)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][ 1,5 Inaphthyridin-12-yl)-4-metyloxazol-5-yl)prop an-2-ol
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Vi du 59A
(4'S,13a8)-3-amino-1-metoxyl-1-oxobut-2-en-2-yl-13a-etyl-2,3 ,41,5,6,13a-
hexahydro-1H- indolo [3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-cacbonat

Thém axit (4!S,13aS)-13a-etyl- 2,3,41,5,6,13a- hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-carboxyl (5,04g, 15,63mmol) vao hdn hop chua
metyl 3-aminocrotonat (1,5g, 13,03mmol) va iodosobenzen (3,44g, 15,63mmol) trong
dicloetan (75ml) & nhiét ¢ 20°C va khudy hdn hop phan tng & nhiét d6 nay trong 20
gio. Nging phén ong bing dung dich natri bicacbonat béo hoa (150ml), va chiét hdn hop
bing diclometan (3x100ml). Lam khd c4c phan chiét két hop bang natri sulfat khan. Sau
khi chung cét dung moi, tinh ché phén cin bang phwrong phap sic ky cot trén silicagel v6i
hdn hop tetrahydrofuran/ete diu mo (ty 16 1/10-1/2 theo thé tich) lam dung mdi rira gidi
d thu dwoc hop chét dich (chit rin mau tring, 1,5g, hiéu sudt: 26,4%).

'H NMR (400MHz, CLOROFOM-d) dppm 7,49 - 7,44 (m, 1H), 7,40 - 7,34 (m,
1H), 7,18 - 7,09 (m, 2H), 6,39 (br. s., 1H), 4,21 (br. s., 1H), 3,85 - 3,68 (m, 3H), 3,40 -
3,33 (m, 1H), 3,32 - 3,21 (m, 1H), 3,10 - 2,98 (m, 1H), 2,68 - 2,61 (m, 2H), 2,52 (dd, J =
2.9, 16,2 Hz, 1H), 2,02 (br. s., 3H), 1,87 - 1,72 (m, 2H), 1,52 (br. s., 1H), 1,47 - 1,40 (m,
1H), 1,12 - 0,98 (m, SH).

Vidu 59B
Metyl-2-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-4-metyloxazol-5-cacbonat

J() [, U‘az‘i}‘, wr 3‘.]@‘;
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Thém (4'8S,13aS)-3-amino-1-metoxyl-1-oxobut-2-en-2-yl-13a-etyl-
2,3,415.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-12-
cacbonat (1,5g, 3,44mmol) vao axit axetic (20ml), dun néng hon hop nay dén nhiét do
120°C va khudy trong 20 gié. Chung cit dung mdi, cho thém diclometan (50ml) va nudc
(30ml) vao phin cin, va chiét 16p nudc tach duge bing diclometan (2x50ml). Rira céc
pha hitu co két hop bang 30ml nudc mudi, 1am kho bing natri sulfat, loc va ¢ dic phin
nuée loc. Tinh ché san phim tho bing phwong phép sic ky cot trén silicagel v6i hdn hop
tetrahydrofuran/ete du mé (ty 1¢ 0-2/5 theo thé tich) lim dung mbi rira gii dé thu duoc
hop chét dich (580mg, higu suit: 40,38%).

'H NMR (400MHz, METANOL-d4) 8ppm 7,61 (dd, J = 2,0, 6,5 Hz, 1H), 7,25 -
7,13 (m, 2H), 6,79 - 6,67 (m, 1H), 6,12 (s, 1H), 5,13 (s, 1H), 3,97 - 3,79 (m, 5H), 3,37 -
3,34 (m, 0,5H), 3,32 - 3,13 (m, 3,5H), 2,56 (s, 3H), 2,08 - 1,91 (m, 3H), 1,87 - 1,74 (m,
2H), 1,35 - 1,24 (m, 1H), 1,13 (t, /= 7,3 Hz, 3H).

LCMS (ESI) m/z: 418 (M+1)

Vidy 60
2-(2-((4'S,13a8S)-13a-etyl-2,3,4',5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-1 2-yl)-4-metyloxazol-5-yl)propan-2-ol
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Thém metyl magie bromua (3M, 0,4ml, 1,2mmol) vao dung dich chua
mety1-2-((4IS,l3aS)-13a-ety1-2,3,41,5,6,13a—hexahydro-1H-indolo [3,2,1-de]pyrido
[3,2,1-ij][ 1,5 ]naphthyridin-12-yl)-4-metyloxazol-5-cacbonat (100mg, 0,24mmol) trong
tetrahydrofuran khan (2ml) & nhiét d6 -70°C trong mdi trudng nito, va khudy hdn hop
phan Ung nay & nhiét do ndm trong khoang tir -70 dén 20°C trongl6 gid. Dung phén Ung
bang 2ml dung dich amoni clorua bdo hoa & nhiét do nam trong khoang tir -78 dén 0°C,
va chiét hdn hop bang etyl axetat (3x10ml). Cac phin chiét két hop duoge ria bing nuéc
muéi (10ml), 13m khé bing anhydrous natri sulfat, loc va ¢6 dc phin nuéc loc. Tinh ché

phin cin bing phuong phap sic ky 16ng hiéu ning cao didu ché @& thu duoc hop chét
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dich (52,0mg, hiéu sult: 52,0%).

'H NMR (400MHz, METANOL-ds) 8ppm 7,59 (d, J = 7,3 Hz, 1H), 7,24 - 7,08 (m,
2H), 6,42 (d, J = 7,8 Hz, 1H), 5,86 (s, 1H), 5,14 (br. s., 1H), 3,96 - 3,77 (m, 2H), 3,38 -
3,07 (m, 4H), 2,40 (s, 3H), 2,09 - 1,91 (m, 3H), 1,86 - 1,72 (m, 2H), 1,53 (d, /= 14,1 Hz,
6H), 1,35 - 1,25 (m, 1H), 1,12 (t, /= 7,0 Hz, 3H).

LCMS (ESI) m/z: 418 (M+1)

Vidu 61
(2-((4'S,13a8S)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][ 1,5 Inaphthyridin-12-yl)-4-metyloxazol-5-yl)metanol

-7
sl B

Thém dibutyl nhdm hydrua (iM, 0,5é7ml, 0,527mmol) vao dung dich chia
metyl-2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo [3,2,1-de]pyrido
[3,2,1-ij][ 1,5 ]naphthyridin-12-yl)-4-metyloxazol-5-cacbonat (100mg, 0,24mmol)
trong diclometan khan (8ml) ¢ nhiét d6 -70°C, va khudy hén hop phan Gmg ndy ¢ nhiét
d6 nim trong khoang tir -70 dén 15°C trong 2 gio. Ding phéan Gng bang c4ch cho thém
r tir amoni clorua bdo hoa (Sml) & nhiét 6 ndm trong khoang tir -78 dén 0°C va chiét
hdn hop bang etyl axetat (3x30ml). Cac phin chiét két hop duoc rira bang nuéc mudi
(20ml), 1am kho bing natri sulfat, loc va cé ddc phan nuéc loc. Tinh ché san pham tho
bang phuong phap sic ky long hiu ning cao didu ché dé thu dugc hop chét dich
(50,0mg, hiéu suit: 53,6%).

'H NMR (400MHz, METANOL-d4) $ppm 7,60 (d, J = 7,5 Hz, 1H), 7,24 - 7,12 (m,
2H), 6,60 (d, J = 7,8 Hz, 1H), 5,93 (s, 1H), 5,14 (br. 5., 1H), 4,64 (s, 2H), 3,99 - 3,74 (m,
2H), 3,36 - 3,09 (m, 4H), 2,31 (s, 3H), 2,10 - 1,91 (m, 3H), 1,86 - 1,73 (m, 2H), 1,35 -
1,24 (m, 1H), 1,13 (t, J= 7,0 Hz, 3H).

LCMS (ESI) m/z: 390 (M+1)
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So dd B17
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NH;Me-THF
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Vidu 62

2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-4-metyloxazol-5 -carbonitril

Ny :
(0]

NH,

Vidu 62A
Axit 2-((4'S,13aS)-13a-etyl-2,3 ,41 5.6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin- 12-yl)-4-metyloxazol-5-carboxylic

-103-



PSS se Al EaR ]

Cho thém nho giot dung dich chta natri hydroxit (330,0mg, 8,25mmol) trong
nuéc (10ml) vao dung dich chira metyl-2-((4‘S,l3aS)-l3a-ety1-2,3,4’,5,6,13a-
hexahydro-1H-indolo [3,2,1-de]pyrido[3,2,1-ij][1 ,5|naphthyridin-12-yl)-4
-metyloxazol-5-cacbonat (1,80g, 4,31mmol) trong metanol (10ml) trong khi khudy, va
khudy hdn hop nay trong khoang 16 gio. Sau khi phan tng Kkét thuc, chung cét cac thanh
phdn ¢6 didm soi thép va rira phin cin bing etyl axetat (3x30ml). Axit héa pha nuée
bing axit clohydric 6M. Sau khi loc, rira chét réin két tia (banh loc) bang nudc (3x20ml),
hoa tan trong metanol (20ml), 1am khd bang natri sulfat khan, loc va ¢ dic dé thu duoc
hop chét dich (1,20g, hiéu suét: 69,01%).

LCMS (ESI) m/z: 404 (M+1)

Vi du 62B
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][ 1,5]naphthyridin-12-yl)-4-metyloxazol-5 -carboxamit

Nx s
0

NH;

Thém 1dn luot trietylamin (75mg, 0,744mmol) va amoni clorua (40mg,
0,744mmol) vao dung dich chira axit 2-((4'S,13aS)-13a-etyl-2,3,4',5,6,13a-
hexahydro-1H- indolo[3,2,1-de] pyrido[3,2,1-j][1,5 naphthyridin-12-yl)-4-
metyloxazol-5-carboxylic  (100mg, 0,248mmol), 1-hydroxybenzotriazol = (50mg,
0,372mmol) va 1-(3-dimetyllaminopropyl)-3-etyl-carbodiimit hydroclorua (71mg,
0,372mmol) trong N,N-dimetylformamit (Sml), va khudy hdn hgp phéan ung nay trong
khoang 16 gio. Sau khi phan ng két thuc, r6t hdn hop vao nudce (voi thé tich glp 5 1an)
va chibt bing etyl axetat (5x30ml). Céc phan chiét két hop dugc lam kho béng natri sulfat

khan, loc va c6 déc. Tinh ché san pham thd bang phuong phép séc ky 16ng hiéu ning cao
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didu ché dé thu dugc hop cht dich (chét rin mau tring, 50mg, hiéu suat: 50,12%).

'H NMR (400MHz, METANOL-d4) 8ppm 7,72 - 7,55 (m, 1H), 7,31 - 7,13 (m,
2H), 6,83 - 6,59 (m, 1H), 6,18 (s, 1H), 5,14 (br. 5., 1H), 3,99 - 3,76 (m, 2H), 3,30 - 3,09
(m, 3H), 2,56 (s, 3H), 2,19 - 1,93 (m, 3H), 1,88 - 1,65 (m, 2H), 1,43 - 1,25 (m, 1H), 1,16
(t, J=7,3 Hz, 3H).

LCMS (ESI) m/z: 403 (M+1)

Vidy 63
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-4-metyloxazol-5-carbonitril

Thém phospho oxyclorua (571mg, 3,73mmol) vao dung dich chtra
2-((41S,13a8)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H- indolo[3,2,1-de] pyrido[3,2,1-ij]
[1,5]naphthyridin-12-y1)-4-metyloxazol-5-carboxamit (150mg) trong clorofom (10ml)
trong khi khudy, dun néng hdn hop phan g nay dén nhiét @6 50°C va khudy trong 6
gi. Sau khi lam ngudi, 6t cAn than hdn hop nay vio nuéc (10ml), diéu chinh d¢ pH dén
mitc ndm trong khodng tir 7 dén 8 bing dung dich natri biéacbonat bio hoa, va chiét hdn
hop bing diclometan (3x20ml). C6 dic cic phin chiét két hop va tinh ché phan cin bing
phuong phap sic ky 1éng hiéu ning cao didu ché dé thu duoc hop chét dich (80mg, hiéu
sudt: 55,83%).

'H NMR (400MHz, METANOL-ds) 8ppm 7,63 (dd, J = 2,5, 6,3 Hz, 1H), 7,32 -
7,18 (m, 2H), 6,90 - 6,70 (m, 1H), 6,19 (s, 1H), 5,15 (br. s., 1H), 4,07 - 3,78 (m, 2H),
3,32 - 3,13 (m, 4H), 2,47 (s, 3H), 2,13 - 1,92 (m, 3H), 1,88 - 1,71 (m, 2H), 1,40 - 1,24 (m,
1H), 1,14 (t, /=7,3 Hz, 3H).

LCMS (ESI) m/z: 385 (M+1)

Vidu 64
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2-((4S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-ij][ 1,5]naphthyridin-12-y1)-N,4-dimetyloxazol-5-carboxamit

Thém 14n luot trietylamin (75mg, 0,744mmol) va dung dich chira metylamin trong
tetrahydrofuran (1M,  0,74ml, 0,74mmol) vao dung dich chfra axit
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H- indolo[3,2,1-de] pyrido[3,2,1 -1j]
[1,5]naphthyridin-12-yl)-4-metyloxazol-5-carboxylic (100mg, 0,248mmol),
1-hydroxylbenzotriazol (50mg, 0,37mmol) va 1-(3-dimetyllaminopropyl)-3-etyl-
carbodiimit hydroclorua (72mg, 0,376mmol) trong N,N-dimetylformamit (5ml), va
khudy hdn hop phan tmg nay trong khoang 16 gi. Sau khi phén ung két thic, rét hon
hop ndy vao nudc voi thé tich gép 5 13n va chiét bang etyl axetat (5%30ml). Céc phén
chiét két hop duge 1am khd bing natri sulfat khan, loc va ¢d dc. Tinh ché san phim thd
bang phuong phép sic ky 1ong hi€u ning cao didu ché dé thu dwogc hop chit dich (20mg,
hiéu sudt: 19,37%).

- 'H NMR (400MHz, METANOL-d4) 8ppm 7,78 - 7,54 (m, 1H), 7,30 - 7,16 (m,
2H), 6,87 - 6,65 (m, 1H), 6,16 (s, 1H), 5,15 (br. s., 1H), 4,08 - 3,77 (m, 2H), 3,31 - 3,23
(m, 2H), 3,21 (d, J = 5,0 Hz, 1H), 2,87 (s, 3H), 2,57 (s, 3H), 2,01 (dd, /= 7.5, 10,0 Hz,
3H), 1,82 (br. s., 2H), 1,32 (br. s., 1H), 1,16 (t, /= 7,5 Hz, 3H).

LCMS (ESI) m/z: 417 (M+1)

Vidu 65
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido
[3,2,1-ij][1,5]naphthyridin-1 2-y1)-N,N,4-trimetyloxazol-5-carboxamit

Thém 14n lugt trietylamin (75mg, 0,744mmol) va dimetylamin hydroclorua (60ml,
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0,744mmol) vao dung dich chira axit 2-((4'S,13aS)-13a-etyl-2,3,4!,5,6,13a-
hexahydro-1H- indolo[3,2,1-de] pyrido[3,2,1-ij][1,5]naphthyridin-12-y1)-4-
metyloxazol-5-carboxylic  (100mg, 0,248mmol), 1-hydroxylbenzotriazol ~(50mg,
0,37mmol) va 1-(3-dimetyllaminopropyl)-3-etyl-carbodiimit hydroclorua (72mg,
0,376mmol) trong N,N-dimetylformamit (5Sml), va khudy hén hop phin ung niy trong
khoang 16 gio. Sau khi phan img két thac, rét hdn hop nay vao nuée voi thé tich gip 5
14n va chiét bing etyl axetat (5x30ml). Céc phan chiét két hop duoc lam kho bang natri
sulfat khan, loc va c6 ddc. Tinh ché san phim thé bang phwong phap sic ky long hiéu
ning cao didu ché d& thu dugc hop chét dich (50mg, hiéu sudt: 46,86%).

'H NMR (400MHz, METANOL-ds) 8ppm 7,75 - 7,55 (m, 1H), 7,32 - 7,10 (m,
2H), 6,76 - 6,51 (m, 1H), 6,07 (s, 1H), 5,18 (br. s., 1H), 4,03 - 3,76 (m, 2H), 3,30 - 3,16
(m, 2H), 3,16 - 2,96 (m, 6H), 2,48 (s, 3H), 2,15 - 1,90 (m, 3H), 1,82 (br. 5., 2H), 1,32 (br.
s., 1H), 1,15 (t, J= 7,3 Hz, 3H).

LCMS (ESI) m/z: 431 (M+1)

So do B18
O/ [o} —0 \0
lz KOH NMO TPAP 0 HCOONH4, Pd/IC NH,
MeOH MeOH
(0] (0]

oxalyl clorua
DIEA/DMF

Vi du 66
2-((4'S,13a8)-13a-etyl-2,3,4,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-y1)-6,7-dihydro-4H-pyrano[3 ,4-d]oxazol

Vi du 66A
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4 4-dimetoxytetrahydro-2H-pyran-3-ol

8
A

N A
YN
/

Thém tetrahydropyran-4-on (10g, 99,88mmol) vao dung dich chira kali hydroxit
(15,82g, 240mmol) trong 210ml metanol & nhiét dd nam trong khoang tir 0 dén 5°C. Sau
khoang thoi gian tir 5 dén 10 phut, cho thém nho giot dung dich chira iot (27,89,
109,87mmol) hoa tan trong 185ml metanol trong khoang thoi gian dai hon 1,5 gid, tiép
d6 gia nhiét tir tir hon hop nay dén nhiét do trong phong. C6 dic hdn hop, cho thém 50ml
toluen vao va loc hdn hop nay. Chung cAt phin nudc loc va tinh ché phin cin biang
phuong phap séc ky cot trén silicagel véi hén hop ete diu mo/etyl axetat (ty 18 1/1 theo
thé tich) 1am dung moi ria giai dé thu duoc hop chét dich (chit 1ong mau vang, 10,0g,
hi¢u suét: 61,73%)

'H NMR (400 MHz, CDCI3-d) Sppm 4,13 (q, J = 7,03 Hz, 1 H), 3,77 - 3,90 (m, 2
H), 3,65 - 3,74 (m, 2 H), 3,50 (td, J = 11,67, 2,51 Hz, 1 H), 3,27 (d, J = 7,28 Hz, 6 H),
2,31 (br. s., 1 H), 2,05 (s, 1 H), 1,95 (ddd, J = 14,31, 11,80, 4,77 Hz, 1 H), 1,71 - 1,83 (m,
2 H), 1,27 (t,J=7,03 Hz, 1 H).

Vi du 66B
4 4-dimetoxy-dihydro-2H-pyran-3(4H)-on

Thém rdy phan tir 4A (5,0g, 12,33mmol), N-metyl morpholin-N-oxit (3,64g,
31,08mmol) va tetrapropyl perutenat (200mg, 0,569mmol) vao dung dich chua
4 A-dimetoxytetrahydro-2H-pyran-3-ol (2,0g, 12,33mmol) trong diclometan (30ml), va
khudy hdn hop phan g nay trong khoang 30 phut. Sau khi loc, ¢ dic phan nuée loc, va
tinh ché phdn cin bing phwong phap sdc ky cot trén silicagel voi hdn hop ete ddu mé/etyl
axetat (ty 18 10/1 theo thé tich) 1am dung mdi rira giai d€ thu dwoc hop chat dich (chét
16ng mau vang, 1,2g, hiéu suét: 60,76%).

'H NMR (400 MHz, CDCI3-d) dppm 4,05 (s, 2 H), 3,90 - 3,98 (m, 2 H), 3,66 -
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3,72 (m, 1 H), 3,19 - 3,27 (m, 6 H), 2,27 (s, 1 H), 2,16 - 2,23 (m, 2 H).

Vidu 66C
4 4-dimetoxy-tetrahydro-2H-pyran-3-amin

I
N

N AA
VeV ERAN

Thém 1dn lugt paladi trén cacbon (50mg) va formamit (4,72g, 74,9mmol) vao
dung dich chira 4,4-dimetoxy-dihydro-2H-pyran-3(4H)-on (1,2g, 7,49mmol) trong
metanol (30ml) & nhiét ¢ 20°C trong mdi trudng nito, va khudy hdn hop ndy & nhiét
d6 20°C qua dém. Loc hdn hop phén tmg nay va c6 dac phin nuéc loc dé thu dugc hop
chét dich dang thd (ding cho budc tiép theo, 800mg).

Vi du 66D
(4'S,13aS)-N-(4,4-dimetoxy-tetrahydro-2H-pyran-3-yl)-13a-etyl-
2,3,41 5 6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-1j][1 ,5]naphthyridin-12-

carboxamit

N 2
o<:§\/0 ~

Thém hai giot N,N-dimetylformamit vao dung dich chtra axit
(41S,13a8)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo [3,2,1-de]pyrido [3,2,1-ij]
[1,5]naphthyridin-12-carboxylic (300mg, 0,93mmol) trong diclometan (20ml) & nhi¢t d§
0°C, tiép d6 cho thém nhé giot tir tir oxalyl clorua (236,22mg, 1,86mmol) vao dung dich
nay, va khudy hdn hop phan tmg ¢ nhiét 46 0°C trong mdi trudng nito trong 1 gid. Sau
khi ¢6 dic hon hop trong chan khong, hoa tan phin cin trong diclometan (20ml), va tiép -
do cho thém diisopropyletylamin (240,52mg, 1,86mmol) va
4 4-dimetoxy-tetrahydro-2H-pyran-3-amin (100mg, 0,62mmol) vao dung dich nay &
nhiét d6 0°C. Khudy hdn hop & nhiét d trong phong trong 1 gi®, sau d6 cho thém nude
(50ml) v& diclometan (50ml) vao. Rira 1¢p diclometan bang nuéc (2x50ml), nuée mubi

(50ml), 1am kho bing natri sulfat khan va loc. C6 diic phan nude loc dé thu duoc san
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phdm thé, san phim nay dugc tinh ché thém bing phwong phép sic ky cot trén silicagel
v6i hdn hop diclometan/tetrahydrofuran (ty 1& 2/1 theo thé tich) 1am dung mai rra giai dé
thu dwoc hop chét dich (diu khong mau, 220mg, hidu suét: 76,17%).

LCMS (ESI) m/z: 420 (M+1)

Vi du 66E
2-((4'S,13aS)-13a-etyl-2,3,41,5,6,13a-hexahydro- 1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-yl)-6,7-dihydro-4H-pyrano[3,4-d]oxazol

Thém hai giot N,N-dimetylformamit trong méi trudng nito vao dung dich chua
(418,13aS)- N-(4,4-dimetoxy-tetrahydro-2H-pyran-3-yl)-13a-etyl- 2,3,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-1 2-carboxamit (120mg,
0,258mmol) trong axetonitril (10ml), tiép d6 cho thém tir tir phospho oxyclorua (350mg,
2,28mmol) vao dung dich nay, va dun nong hdn hgp phan tng dén nhiét 46 nam trong
khoang tir 80 d&n 90°C va khudy trong 4 gio. C6 dic hdn hop phan mg va tinh ché phin
cin bing phuong phap sdc ky long hiéu ning cao didu ché dé thu dugc hop chét dich
(40mg, hiéu suit: 35%).

'H NMR (400 MHz, MeOD-ds) ppm 7,57 - 7,64 (m, 1 H), 7,13 - 7,24 (m, 2 H),
6,57 - 6,64 (m, 1 H), 5,93 (s, 1 H), 5,16 (s, 1 H), 4,69 (s, 2 H), 3,99 - 4,17 (m, 2 H), 3,79 -
3,99 (m, 2 H), 3,13 - 3,30 (m, 3 H), 2,90 (t, /= 5,27 Hz, 2 H), 1,89 - 2,11 (m, 3 H), 1,74 -
1,89 (m, 2 H), 1,32 (td, J = 14,12, 3,89 Hz, 1 H), 1,14 (t, /= 7,40 Hz, 3 H).

LCMS (ESI) m/z: 402 (M+1)
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Vidu 67

4-(2-((4'S,13a8)-13a-etyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5 Jnaphthyridin-12-yl)-4-metyloxazol-5 -yl)morpholin

Aﬁ\ o (\{A‘b‘ ng f ;1

|\/'
\ { JJ
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Vidu 67A
Tert-butyl-(1-morpholinyl-1-oxopropan-2-yl)-carbamat

Thém chi mdt 1an O-(7-azabenzotriazél-1-yl)-N,N,N',N'-tetrametyluroni hexaflo-
phosphat (4,82g, 12,68mmol) vao dung dich chtra axit 2-(tert-
butoxycarbonylamino)-propionic (2,0g, 10,57mmol) va morpholin (1,11g, 12,68mmol)
trong diclometan (30ml) trong méi trudng nito, tiép d6 thém diisopropyletylamin (3,01g,
23,25mmol) vao va khudy hdn hop phan tmg & nhiét do trong phong trong 15 gi0. Thém
20ml nuéc vao hdn hop, va chiét pha nuéce bing etyl axetat (3x50ml). Rira pha hitu co
két hop bing nuéc mubi bdo hoa (20ml), lam kho bing natri sulfat khan, loc va c6 ddc
phin nuéc loc trong chén khong. Tinh ché phéan cin béng phwong phép sdc ky cot trén
silicagel véi hon hop tetrahydrofuran/ete diu mo (ty 18 0-1/2 theo thé tich) lam dung mdi
rira gidi d& thu dwoc hop chét dich (diu khong mau, 2,5g, hiéu sut: 91,56%).

'H NMR (400MHz, DMSO-de) 8ppm 6,97 (d, J = 7,8 Hz, 1H), 4,40 (quin, J = 7,2
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Hz, 1H), 3,54 (d, J = 4,3 Hz, 4H), 3,45 (td, J = 4,6, 13,4 Hz, 4H), 1,36 (s, 9H), 1,12 (d, J
= 6,8 Hz, 3H).

Vidy 67B
2-amino-1-morpholinyl-propyl-1-on

O, meme 300 P Ko
" e MJ;.. Tk‘f) &&\

Thém axit trifloaxetic (Sml) vao dung dich chira terz-butyl-(1-morpholinyl-1-
oxopropan-2-yl)-carbamat (900mg, 3,48mmol) trong diclometan (15ml) trong mdi trudng
nito vi dé hdn hop nay phan tng & nhiét dd 15°C trong 2 gio. C6 déc hdn hop & nhiét
d6 40°C dudi 4p suat giam. Pha lodng phan cin bing 20ml dung dich natri bicacbonat va
chiét pha nudc bang diclometan (3x30ml). Rira cic pha hitu co két hop bang nudc mudi
bdo hoa (20ml), 1am khd bing natri sulfat khan, loc va cd dic trong chin khong dé thu
duoc hop chit dich (chét 1ong mau ving nhat, 400mg, hiéu sudt: 72,66%).

'H NMR (400MHz, DMSO-ds) Sppm 3,75 (q, J = 6,6 Hz, 1H), 3,60 - 3,52 (m, 1H),
3,50 - 3,40 (m, 4H), 1,07 (d, J = 6,8 Hz, 3H).

Vidy 67C
(4'S,13aS)-13a-etyl-N-(1-morpholinyl-1-oxopropyl-2-y1)-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-1 2-carboxamit
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Thém 1dn  luwgt  O-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetrametyluroni
hexaflophosphat (1,13g, 2,98mmol) va trietylamin (552,09mg, 5,46mmol) vao dung dich
chia axit (4IS,13aS)-13a—ety1-2,3,41,5,6,13a—hexahydro-1H-indolo [3,2,1-de]
pyrido [3,2,1-ij][1,5]naphthyridin-12-caboxylic (800mg, 2,48mmol) va 2-amino-1-
morpholinyl- propyl-1-on (400,18mg, 2,53mmol) trong diclometan (20ml) trong moi
trudng nito, va khudy hén hop phén Gng nay ¢ nhiét d6 20°C trong 15 git. Thém 20ml

nuéc vao hon hop, va chiét pha nudc béng etyl axetat (3x50ml). Rira pha hitu co két hop
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bang nude mubi bdo hoa (20ml), lam khd bang natri sulfat khan, loc, va co dic phén
nude loc trong chan khong. Tinh ché phin cin bing phuong phap sic ky cot trén silicagel
v6i hdn hop tetrahydrofuran/ete diu mo (ty 18 1/5-4/5 theo thé tich) 1am dung mdi rira
gidi d thu dugc hop chat dich (chét rin mau vang, 350mg, hiéu sudt: 30,51%).

'H NMR (400MHz, CLOROFOM-d) dppm 7,49 - 7,43 (m, 1H), 7,24 - 7,18 (m,
1H), 7,15 - 7,08 (m, 2H), 7,05 (d, J = 7,3 Hz, 1H), 5,69 (s, 1H), 5,11 (quin, J = 6,9 Hz,
1H), 4,15 (s, 1H), 3,82 - 3,52 (m, 8H), 3,39 - 3,31 (m, 1H), 3,30 - 3,20 (m, 1H), 3,08 -
2,96 (m, 1H), 2,66 - 2,60 (m, 2H), 2,51 (dd, J = 2,9, 16,2 Hz, 1H), 1,97 - 1,81 (m, 3H),
1,78 - 1,63 (m, 1H), 1,55 - 1,45 (m, 4H), 1,39 (br. s., 1H), 1,07 - 0,95 (m, 4H).

Vidy 67D
4-(2-((4'S,13a8)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1 H-indolo[3,2,1-de]pyrido
[3,2,1-4j][1,5 ]haphthyridin- 12-yl)-4-metyloxazol-5 -yl)morpholin

=5 by
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Cho thém nho giot dung dich chira brom long (128,52mg, 0,804mmol) trong
diclometan (2ml) vao dung dich chira triphenylphosphin (210,93mg, 0,804mmol) trong
diclometan (10ml), khudy hdn hop nay trong 30 phit, cho thém lan lugt trietylamin
(203,44mg, 2,0lmmol) va dung dich chira (4'S,13aS)-13a-etyl-N-(1-
morpholinyl-1-oxopropyl-2-yl)-2,3 .41 5.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido
[3,2,1-ij][1,5]naphthyridin-12-carboxamit (310mg, 0,67mmol) trong diclometan (8ml)
vao, va dun hdi lru hdn hop phan tmg trong moi trudng nito trong 30 phit va duy tri &
nhiét do 20°C trong thoi gian hon 12 gid. Pha lodng hén hop nay bing ete dau mo (50ml)
va loc trietylamin hydrobromua két tiia. Lam bay hoi phan nuéc loc dén khi khd dudi dp
suit giam va tinh ché phin cin bing phuong phap séc ky long tinh ning cao bazo dé thu
duoc hop chét dich (100mg, hiéu sut: 33,57 %).

'H NMR (400MHz, METANOL-ds) Sppm 7,45 (d, J= 7,0 Hz, 1H), 7,11 - 6,98 (m,
2H), 6,34 (d, J = 7,8 Hz, 1H), 5,72 (s, 1H), 4,28 (s, 1H), 3,78 - 3,70 (m, 4H), 3,37 - 3,24
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(m, 1H), 3,11 - 2,98 (m, SH), 2,68 - 2,53 (m, 3H), 2,21 (s, 3H), 2,04 - 1,82 (m, 2H), 1,79
- 1,66 (m, 1H), 1,60 (d, J= 13,8 Hz, 1H), 1,50 - 1,40 (m, 1H), 1,12 - 0,99 (m, 4H).
LCMS (ESI) m/z: 445 (M+1)
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Vidu 68

(4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-1 3a-etyl-N-metyl-2,3,4',5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-9-sulfonamit

O« S//O

Vi du 68A
Axit (4'S,13a8)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N-metyl-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-9-sulfonic
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Thém nhé giot axit closulfonic (2,0g, 17,21lmmol) vao dung dich chua
2-((4'S,13a8)-13a-etyl-2,3,4!,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido[3,2,1-1j]
[1,5]naphthyridin-12-yl)-4,5-dimetyloxazol (1,5g, 4,02mmol) trong clorofom (40ml) &
nhiét d6 ndm trong khoang tir 0 dén 5°C trong khoang thoi gian tir 10 dén 15 phut, va
khudy hén hop phan tmg & nhiét do 20°C trong 0,5 gid, va cho thém 30ml clorofom vao
d6. Rét hdn hop niy vio nude da, didu chinh do pH dén 8 bing trietylamin. Chiét hon
hop bing 50ml diclometan, va rira pha hiru co bing nudc (50ml), lam khd bang natri
sulfat khan v c6. Tinh ché phin cin bing phuong phap séc ky 16ng hiéu nang cao didu
ché @& thu duoc axit (4!S,13aS)-12-(4,5-
dimetyloxazol-2-yl)-13a-etyl-N-metyl-2,3,4 1.5 6,13a-hexahydro-1H-indolo[3,2,1-de]
pyrido[3,2,1-ij][1,5]naphthyridin-8-sulfonic (chdt rin mau vang, 600mg, hiéu suét:
32,91%) va axit (4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)- 13a-etyl-N-metyl-
2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1 -ij][1,5]naphthyridin-7-sulfoni
¢ (210mg, hiéu suat: 11,52%).

'H NMR (400 MHz, DMSO-ds) 5ppm 0,97 (t, J = 7,28 Hz, 3 H), 1,06 - 1,14 (m, 1
H), 1,57 - 1,83 (m, 4 H), 1,87 - 1,98 (m, 1 H), 2,13 (s, 3 H), 2,30 (s, 3 H), 2,95 - 3,11 (m,
3 H), 3,21 (d, J = 11,29 Hz, 1 H), 3,68 - 3,88 (m, 2 H), 5,17 (br. s., 1 H), 5,81 (s, 1 H),
7,02 (s, 1 H), 7,41 - 7,46 (m, 1 H), 7,48 - 7,51 (m, 1 H), 10,49 (br. s., 1 H).

Axit (4S,13aS)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N-metyl-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5 Inaphthyridin-8-sulfonic

'H NMR (400 MHz, DMSO-ds) 8ppm 0,97 (t, J = 7,03 Hz, 3 H), 1,06 - 1,21 (m, 1
H), 1,54 - 1,83 (m, 4 H), 1,88 - 1,98 (m, 1 H), 2,13 (s, 3 H), 2,30 (s, 3 H), 3,11 (br. s., 3
H), 3,22 (d, J = 11,54 Hz, 1 H), 3,72 - 3,86 (m, 2 H), 5,17 (br. s., 1 H), 5,80 (s, 1 H), 6,47
(d,J=28,78 Hz, 1 H), 7,39 (d, /= 8,78 Hz, 1 H), 7,82 (s, 1 H), 10,47 (br. 5., 1 H).

Axit (4!S,13aS)-12-(4,5 -dimetyloxazol-2-yl)-13a-etyl-N-metyl-2,3 ,41.5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-7-sulfonic
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'H NMR (400 MHz, DMSO-ds) 8ppm 0,98 (t, /= 7,28 Hz, 3 H), 1,11 - 1,21 (m, 1
H), 1,58 - 1,85 (m, 4 H), 1,92 (dq, J = 14,37, 7,26 Hz, 1 H), 2,13 (s, 3 H), 2,28 (s, 3 H),
2.93 - 3,04 (m, 1 H), 3,25 (d, J = 11,54 Hz, 1 H), 3,37 - 3,50 (m, 1 H), 3,69 (br. 5., 3 H),
5,17 (br. s., 1 H), 5,79 (s, 1 H), 6,34 (d, J=8,53 Hz, 1 H), 7,02 (t, /= 7,91 Hz, 1 H), 7,48
d, J=7,28 Hz, 1 H), 10,31 (d, J= 7,53 Hz, 1 H).

Vi du 68B
(4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-1 3a-etyl-N-metyl-2,3,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-9-sulfonylclorua

Thém thionyl clorua (236mg, 1,98mmol) va N,N-dimetylformamit (95mg,
1,3mmol) vao dung dich chira axit (4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-
N-metyl-2,3,41,5,6,13a-hexahydro-1H-indolo[3,2, 1-de]pyrido[3,2,1-ij][1,5]
naphthyridin-9-sulfonic (300mg, 0,66mmol) trong clorofom (10ml), va dun néng hdn
hop phan Ung nay dén nhiét d6 55°C va khudy trong 2 gio. Sau khi c6 d3c cac thanh phén
c¢6 diém so6i thdp dén khi kho, dau mau vang tao thanh dugc st dung truc tiép cho budc

tiép theo.
Vidu 68C

(41S,13a8)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N-metyl-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-9-sulfonamit
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Thém 14n lugt trietylamin (60mg, 0,632mmol) va dung dich chira metylamin trong
tetrahydrofuran ~ (IM,  0,426ml,  0,426mmol)  vao dung dich  chia
(418,13a8)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N-metyl -2,3,4,5,6,13a-hexahydro-
1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-9-sulfonylclorua (100mg,
0,212mmol) trong clorofom, va khudy hdn hop phan Gng ndy & nhiét d6 20°C trong 1
gio. Thém diclometan (30ml) va nuée (20ml) vao hdn hop nay, va 1am kho 16p hiru co
tach dugc bing natri sulfat khan va c6 dic. Tinh ché phan cin bing phuong phap sic ky
long hiéu nang cao didu ché dé thu duoc hop chét dich.

'H NMR (400 MHz, METANOL-ds) 8ppm 1,15 (t, J = 7,40 Hz, 3 H), 1,28 - 1,38
(m, 1 H), 1,77 - 1,88 (m, 2 H), 1,94 - 2,13 (m, 3 H), 2,23 (s, 3 H), 2,39 (s, 3 H), 2,48 (s, 3
H), 3,19 - 3,30 (m, 2 H), 3,38 (br. 5., 2 H), 3,83 - 3,99 (m, 2 H), 5,22 (br. 5., 1 H), 6,04 (s,
1 H), 7,29 (s, 1 H), 7,64 (d, J= 8,28 Hz, 1 H), 7,80 (d, /= 8,28 Hz, 1 H).

Vidu 69
(4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N,N-dimetyl-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-9-sulfonamit

Quy trinh cta vi dy nay la gidng nhu quy trinh cta Vi du 68C.

'H NMR (400 MHz, METANOL-ds) dppm 1,15 (t, J=7,40 Hz, 3 H), 1,34 (td, /=
14,18, 4,02 Hz, 1 H), 1,77 - 1,88 (m, 2 H), 1,94 - 2,13 (m, 3 H), 2,20 (s, 3 H), 2,39 (s, 3
H), 2,65 (s, 6 H), 3,19 - 3,31 (m, 2 H), 3,33 - 3,41 (m, 2 H), 3,85 - 4,00 (m, 2 H), 5,24 (s,
1 H), 6,04 (s, 1 H), 7,20 (s, 1 H), 7,58 (dd, /= 8,28, 1,25 Hz, 1 H), 7,83 (d, J=8,28 Hz, 1
H).

Vidu70
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(4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N-(3-metoxylpropyl)-2,3 ,41,5,6,1
3a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-9-sulfonamit

Quy trinh cta vi du nay 1a gidng nhu quy trinh ctia Vi du 68C.

'H NMR (400 MHz, METANOL-ds) 8ppm 1,15 (t, J= 7,28 Hz, 3 H), 1,28 - 1,37
(m, 1 H), 1,65 (quin, J = 6,46 Hz, 2 H), 1,76 - 1,87 (m, 2 H), 1,96 - 2,15 (m, 3 H), 2,24 (s,
3 H), 2,40 (s, 3 H), 2,77 - 2,94 (m, 2 H), 3,18 - 3,32 (m, 6 H), 3,34 - 3,40 (m, 3 H), 3,84 -
3,99 (m, 2 H), 5,22 (s, 1 H), 6,04 (s, 1 H), 7,29 (s, 1 H), 7,65 (dd, J = 8,28, 1,25 Hz, 1 H),
7,79 (d, J= 8,53 Hz, 1 H).

Vidu71
(4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-1 3a-etyl-N,N-dimetyl-2,3,4',5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][ 1,5 Inaphthyridin-8-sulfonamit

Quy trinh cta vi du nay la gidng nhur quy trinh cta cac Vi du 68B, 68C.

'H NMR (400 MHz, METANOL-ds) 5ppm 1,14 (t, J = 7,28 Hz, 3 H), 1,26 - 1,38
(m, 1 H), 1,76 - 1,87 (m, 2 H), 1,95 - 2,15 (m, 3 H), 2,23 (s, 3 H), 2,39 (s, 3 H), 2,68 (s, 6
H), 3,22 - 3,30 (m, 2 H), 3,33 - 3,43 (m, 2 H), 3,84 - 4,00 (m, 2 H), 5,22 (s, 1 H), 6,04 (s,
1 H), 6,87 (d, J = 8,78 Hz, 1 H), 7,57 (dd, J = 8,91, 1,38 Hz, 1 H), 8,06 (d, J = 1,00 Hz, 1
H).

Vidu72

(4'S,13a8)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N-(3 -metoxylpropyl)-2,3,41,5,6,1
3a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5 Jnaphthyridin-9-sulfonamit
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Quy trinh ctia vi du nay la giéng nhur quy trinh cua cac Vi du 68B, 68C.

'H NMR (400 MHz, METANOL-ds) dppm 1,14 (t, J= 7,28 Hz, 3 H), 1,27 - 1,37
(m, 1 H), 1,70 (quin, J = 6,40 Hz, 2 H), 1,75 - 1,87 (m, 2 H), 1,94 - 2,13 (m, 3 H), 2,22 (s,
3 H), 2,38 (s, 3 H), 2,90 (t, J = 6,90 Hz, 2 H), 3,20 - 3,32 (m, 6 H), 3,39 (t, /= 6,02 Hz, 3
H), 3,84 - 4,01 (m, 2 H), 5,20 (br. s., 1 H), 6,02 (s, 1 H), 6,82 (d, J=9,03 Hz, 1 H), 7,64
(dd, J= 8,78, 1,25 Hz, 1 H), 8,14 (s, 1 H).

Vidu73
(4'S,13aS)-12-(4,5-dimetyloxazol-2-yl)-1 3a-etyl-N-metyl-2,3,4,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][ 1 ,5]naphthyridin-7-sulfonamit

Quy trinh cta vi du nay 1a gidng nhu quy trinh cua cac Vi du 68B, 68C.

'H NMR (400 MHz, METANOL-ds) ppm 1,14 (t, /= 7,28 Hz, 3 H), 1,31 (td, J=
14,05, 3,51 Hz, 1 H), 1,75 - 1,87 (m, 2 H), 1,93 - 2,12 (m, 3 H), 2,22 (s, 3 H), 2,37 (s, 3
H), 2,68 - 2,74 (m, 3 H), 3,20 - 3,30 (m, 1 H), 3,34 - 3,40 (m, 1 H), 3,52 - 3,69 (m, 2 H),
3,80 - 3,91 (m, 2 H), 5,22 (s, 1 H), 6,04 (s, 1 H), 6,81 (d, J= 8,28 Hz, 1 H), 7,29 t,J=
8,03 Hz, 1 H), 7,68 (d, J= 7,53 Hz, 1 H).

- Vidu 74

(41S,13a8S)-12-(4,5-dimetyloxazol-2-yl)-13a-etyl-N,N-dimetyl-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5 Inaphthyridin-7-sulfonamit
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Quy trinh cta vi du nay 1a gidng nhu quy trinh ctia cac Vi du 68B, 68C.

'H NMR (400 MHz, METANOL-ds) 8ppm 1,14 (t, J=7,28 Hz, 3 H), 1,31 (td, J =
13,99, 3,64 Hz, 1 H), 1,76 - 1,86 (m, 2 H), 1,95 - 2,11 (m, 3 H), 2,23 (s, 3 H), 2,37 (s, 3
H), 2,92 (s, 6 H), 3,19 - 3,29 (m, 1 H), 3,34 - 3,40 (m, 1 H), 3,49 - 3,61 (m, 2 H), 3,81 -
3,92 (m, 2 H), 5,22 (s, 1 H), 6,07 (s, 1 H), 6,87 (d, J=8,53 Hz, 1 H), 7,31 (t, J = 8,16 Hz,
1 H), 7,64 (d, /J=7,53 Hz, 1 H).

Vidu 75
(4'S,13a8)-12-(4,5-dimetyloxazol-2-y1)-13a-etyl-N-(3-metoxylpropyl)-2,3,41,5,6,1
3a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridin-7-sulfonamit

Quy trinh cta vi dy nay 1a gidng nhu quy trinh cia cac Vi du 68B, 68C.

IH NMR (400 MHz, METANOL-ds) Sppm 1,14 (t, /= 7,28 Hz, 3 H), 1,31 (td, J =
13,93, 3,76 Hz, 1 H), 1,73 - 1,87 (m, 4 H), 1,93 - 2,09 (m, 3 H), 2,22 (s, 3 H), 2,36 (s, 3
H), 3,11 - 3,17 (m, 2 H), 3,22 - 3,31 (m, 4 H), 3,36 (br. s., 1 H), 3,41 (t, /= 6,02 Hz, 2 H),
3,54 - 3,70 (m, 2 H), 3,79 - 3,93 (m, 2 H), 5,23 (br. s, 1 H), 6,04 (s, 1 H), 6,80 (d, J =
8,28 Hz, 1 H), 7,29 (t, J= 8,03 Hz, 1 H), 7,70 (d, J= 7,53 Hz, 1 H).

Vidu 76

(4'S,13aS)-13a-etyl-N-metyl-12-(3-metyl-1,2,4-oxadiazol-5-y1)-2,3,4',5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][ 1,5]naphthyridin-9-sulfonamit
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Quy trinh cta vi dy ndy la gidng nhu quy trinh cta cac Vi du 68A, 68B, 68C.

'H NMR (400MHz, CDs0D) &ppm 8,10 (s, 1H), 7,62 (dd, J = 1,1, 8,9 Hz, 1H),
7,04 (4, J= 9,0 Hz, 1H), 6,41 (s, 1H), 5,23 (br. s., 1H), 4,06 - 3,78 (m, 2H), 3,32 - 3,16
(m, 3H), 2,60 - 2,42 (m, 7H), 2,22 - 1,93 (m, 3H), 1,87 - 1,70 (m, 2H), 1,42 - 1,25 (m,
1H), 1,15 (t, J= 7,3 Hz, 3H).

LCMS (ESI) m/z: 444 (M+1)

Vidy 77
(4'S,13aS)-13a-etyl-N,N-dimetyl-12-(3-metyl-1,2,4-oxadiazol-5-yl)-
2,3,41,5.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1,5 Jnaphthyridin-9-

sulfonamit

Quy trinh cua vi du nay 1 gibng nhu quy trinh ctia cdc Vi du 68A, 68B, 68C.

'H NMR (400MHz, CD;0D) dppm 8,07 (d, J = 1,3 Hz, 1H), 7,60 (dd, J=1,5, 9,0
Hz, 1H), 7,11 (d, J = 9,0 Hz, 1H), 6,44 (s, 1H), 5,25 (br. 5., 1H), 4,07 - 3,82 (m, 2H), 3,29
-3,16 (m, 2H), 2,78 - 2,65 (m, 7TH), 2,54 (s, 3H), 2,21 - 1,96 (m, 3H), 1,91 - 1,75 (m, 2H),
1,43 - 1,30 (m, 3H), 1,16 (t,J=7,3 Hz, 3H).

LCMS (ESI) m/z: 468 (M+1)

Vidu78
(4'S,13aS)-13a-etyl-N-(3-metoxylpropyl)-12-(3-metyl-1 ,2,4-oxadiazol-5-yl)-
2.3,41,5,6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2, 1-ij][1,5]naphthyridin-9-

sulfonamit
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Quy trinh cta vi du nay 1a gidng nhu quy trinh cta céc Vi du 68A, 68B, 68C.

'H NMR (400MHz, CD3;0D) 8ppm 8,12 (d, J= 1,0 Hz, 1H), 7,65 (dd, /= 1,5, 8,8
Hz, 1H), 7,05 (d, J = 9,0 Hz, 1H), 6,42 (s, 1H), 5,23 (br. 5., 1H), 4,04 - 3,82 (m, 2H), 3,41
-3,35 (m, 3H), 3,29 - 3,19 (m, 5H), 2,90 (t, J = 6,9 Hz, 2H), 2,53 (s, 3H), 2,23 - 1,98 (m,
3H), 1,90 - 1,77 (m, 2H), 1,69 (quin, J = 6,5 Hz, 2H), 1,40 - 1,26 (m, 2H), 1,15 (t, /= 7,3
Hz, 3H).

LCMS (ESI) m/z: 502 (M+1)

Viduy 79
(4!S,13aS)-13a-etyl-N-metyl-12-(3-metyl-1 ,2 4-oxadiazol-5-y1)-2,3,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][1 ,5]naphthyridin-8-sulfonamit

Toy g

/S

T2

N\

T23/D21

Quy trinh cta vi du nay 1a gidng nhu quy trinh cta cac Vi du 68A, 68B, 68C.

'H NMR (400MHz, CD3;0D) dppm 7,80 (d, J = 8,3 Hz, 1H), 7,67 (d, /= 8,3 Hz,
1H), 7,51 (s, 1H), 6,45 (s, 1H), 5,25 (s, 1H), 4,08 - 3,81 (m, 2H), 3,31 - 3,17 (m, 3H),
2,63 - 2,44 (m, TH), 2,20 - 1,96 (m, 3H), 1,92 - 1,73 (m, 2H), 1,47 - 1,28 (m, 2H), 1,16 (t,
J=1,3 Hz, 3H).

LCMS (ESI) m/z: 444 (M+1)

Vidu 80
(4'S,13aS)-13a-etyl-N,N-dimetyl-12-(3-metyl-1 ,2,4-oxadiazol-5-yl)-
2,3,41,5.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-j][1 ,5]naphthyridin-8-

sulfonamit
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Quy trinh ctia vi dy nay 1a gidng nhur quy trinh cua cac Vi dy 68A, 68B, 63C.

'H NMR (400MHz, CD3;0D) Sppm 7,86 (d, J = 8,3 Hz, 1H), 7,63 (d, J = 8,3 Hz,
1H), 7,44 (s, 1H), 6,48 (s, 1H), 5,26 (br. s., 1H), 4,01 - 3,86 (m, 2H), 3,32 - 3,21 (m, 4H),
2,67 (s, 6H), 2,51 (s, 3H), 2,17 - 1,92 (m, 3H), 1,91 - 1,78 (m, 2H), 1,44 - 1,32 (m, 1H),
1,16 (t,J= 17,3 Hz, 3H).

Vi du 81
(41S,13aS)-13a-etyl-N-(3-metoxylpropyl)-12-(3-metyl-1 ,2,4-oxadiazol-5-yl)-
2,341 5.6,13a-hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1 -ij][1,5]naphthyridin-8-

sulfonamit

Quy trinh cua vi dy nay la gidng nhu quy trinh coa cac Vi du 68A, 68B, 68C.

'H NMR (400MHz, CD;0D) dppm 7,80 (d, J = 8,5 Hz, 1H), 7,69 (dd, J = 1,0, 8,5
Hz, 1H), 7,52 (s, 1H), 6,44 (s, 1H), 5,25 (s, 1H), 4,02 - 3,84 (m, 2H), 3,37 (t, /= 6,0 Hz,
3H), 3,32 - 3,19 (m, 6H), 2,99 - 2,79 (m, 2H), 2,53 (s, 3H), 2,16 - 1,94 (m, 3H), 1,90 -
1,77 (m, 2H), 1,67 (quin, J = 6,5 Hz, 2H), 1,42 - 1,29 (m, 1H), 1,16 (t, /=7,3 Hz, 3H).

LCMS (ESI) m/z: 502 (M+1)

Vi du 82

(4'S,13aS)-13a-etyl-N-metyl-12-(3-metyl-1,2,4-oxadiazol-5-yl)-2,3 ,41,5,6,13a-
hexahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-ij][ 1,5 ]naphthyridin-7 -sulfonamit
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Quy trinh ctia vi du nay la gidng nhu quy trinh cta cac Vi du 68A, 68B, 68C.

IH NMR (400MHz, CD;0D) dppm 7,71 (d, J = 7,5 Hz, 1H), 7,32 (t, J = 8,2 Hz,
1H), 7,06 (d, J = 8,5 Hz, 1H), 6,43 (s, 1H), 5,24 (s, 1H), 3,93 - 3,79 (m, 2H), 3,71 - 3,49
(m, 2H), 3,33 - 3,24 (m, 2H), 2,72 (s, 3H), 2,52 (s, 3H), 2,14 - 1,94 (m, 3H), 1,90 - 1,76
(m, 2H), 1,34 (dt, J= 3,8, 14,1 Hz, 1H), 1,15 (t, /=7,3 Hz, 3H).

LCMS (ESI) m/z: 444 (M+1)

Vidu 83
(4'S,13aS)-13a-etyl-N,N-dimetyl-12-(3-metyl-1 ,2,4-oxadiazol-5-yl)-
2,3,41,5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido[3,2,1-ij][ 1,5 naphthyridin-7-

sulfonamit

Quy trinh ctia vi du nay 1a gidng nhu quy trinh ctia cac vi dy 68A, 68B, 68C.

IH NMR (400MHz, CD30D) dppm 7,66 (d, J = 7,8 Hz, 1H), 7,34 (t, J = 8,2 Hz,
1H), 7,10 (d, J = 8,5 Hz, 1H), 6,45 (s, 1H), 5,24 (s, 1H), 3,93 - 3,80 (m, 2H), 3,64 - 3,47
(m, 2H), 3,43 - 3,35 (m, 1H), 3,30 - 3,19 (m, 2H), 2,93 (s, 6H), 2,72 (s, 1H), 2,52 (s, 3H),
2,16 - 1,94 (m, 3H), 1,90 - 1,77 (m, 2H), 1,40 - 1,28 (m, 3H), 1,15 (t,J=17,3 Hz, 3H).

LCMS (ESI) nv/z: 468 (M+1)

Vidu 84

(4!S,13aS)-13a-etyl-N-(3-metoxylpropyl)-12-(3 -metyl-1,2,4-oxadiazol-5-yD)-
23,41 5,6,13a-hexahydro-1H-indolo[3,2,1 -de]pyrido[3,2,1-1j][1 ,5]naphthyridin-7-
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sulfonamit

Quy trinh cta vi du nay 1a gidng nhu quy trinh ctia cac vi du 68A, 68B, 68C.

'H NMR (400MHz, CD3;0D) &ppm 7,72 (d, J = 7,8 Hz, 1H), 7,32 (t, J = 8,2 Hz,
1H), 7,06 (d, J = 8,5 Hz, 1H), 6,44 (s, 1H), 5,26 (s, 1H), 3,97 - 3,81 (m, 2H), 3,72 - 3,31
(m, 3H), 3,45 - 3,36 (m, 4H), 3,30 - 3,24 (m, 4H), 3,16 (t, J = 6,8 Hz, 2H), 3,06 (t, /= 6,9
Hz, 1H), 2,52 (s, 3H), 2,13 - 1,74 (m, 8H), 1,41 - 1,27 (m, 1H), 1,15 (t, J= 7,4 Hz, 3H).

LCMS (ESI) m/z: 502 (M+1)

Thir nghiém 1: phat hién phosphodiesteraza (phosphodiesterase: PDE) in vitro
Nguyén ly thir nghiém

Hoat tinh enzym cuia PDE1A dugc x4c dinh bang cach phat hién muc do tao ra
adenosin monophosphat/guanosin monophosphat (adenosine monophosphate/ guanosine
monophosphate: AMP/GMP) bang thir nghiém phan cwyc huynh quang, trong dd
AMP/GMP c6 dénh déu AlexaFluor 633 dugc ding dé thay thé AMP/GMP dé gén két
v6i khang thé.
Chét phéan tmg thir nghiém:

Dung dich dém cho phan ang: Tris-HCI 10mM, d6 pH = 7,5, magie clorua SmM,
Brij 35 0,01%, DTT 1mM va DMSO 1%);

Co chét enzym: AMP mach vong hoic GMP mach vong 1M (Ca?*- calmodulin ¢6
tac dung 1am d6ng nhin t6 cia PDE1A) _

Chét phan tng dé phat hién: khéng thé AMP2/GMP2 Transcreener®; chit danh
ddu AMP2/GMP2 AlexaFluor 633.
Quy trinh va phuong phép thir nghiém

1. Enzym cé ngudn gbc tir ngudi (san phidm c6 ban trén thi trudng tir cong ty
SignalChem) dugc thr nghiém va co chit dugc pha lodng bing dung dich dém phan tUng

vira duoc di€u ché;
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2. Dung dich enzym (co ndng dd 3 pM) dugc cho vao cac 16 ctia vi dia;

3. Nhém céc dung dich chira hop chét trong DMSO 100% (c6 ndéng d6 mong
mudn) duge cho vao cac 16 chira dung dich enzym bang dung cu Echo550, va sau d6 cac
vi dfa nay duoc G trong 10 phut & nhiét d¢ trong phong;

4. Dung dich co chét dugc cho thém vao cac 16 chira enzym va hop chat dé bat dau
phan ng;

5. Céc vi dia dugc 1 trong 1 gid & nhiét d¢ trong phong va rung;

6. Hon hop phat hién (chit d4nh d4u va khang thé trong dung dich dém lam nglmg
phén tng) dugc cho thém vao d& 1am ngimg phan ing enzym, va céc vi dia dugc 1 trong
90 phut ¢ trang thai rung;

7. Thiét bi quan sat (PerkinElmer), Cy5 FP Ex FP 620, Em S-pol 688 / P-pol 688,
gwong phan cyc huynh quang (FP) D658fp/D688 dugc dung dé phat hién hdn hop phéan
tmg, va Ex/Em 620/688 duoc dung d8 phat hién sy phan cuc huynh quang.

Phén tich s ligu

Trong bang Excel, hoat tinh cia enzym twong Umg vdi tin hiéu phin cyc huynh
quang (FP) phat hién dugc trén duong cong chit chuAn AMP/GMP bing cach tham chiéu
véi dbi chimg 4m DMSO, va sau d6 duoc chuyén dbi thanh ndng do san phim (nM).
Chuong trinh phan mém GraphPad Prism dugc st dung dé phan tinh va tinh toan céc gia
tri ndng d6 e ché 50% (ICso).
Két qua thir nghiém dugc thé hién trong Bang 1.

Bang 1: két qua ndng d6 ICso cia PDEI

Mau thir nghiém PDE1 Mau thir nghiém PDE1
(hop chét dich) (hop chét dich)
Vidul D Vi du 43 C
Vidu2 B Vi du 44 C
Vidu3 D Vi du 45 C
Vidu4 C Vi du 46 C
Vidus D Vidu 47 B
Vidu6 B Viduy 48 B
Vidu7 C Vi du 49 D
Vidu8 C Vi du 50 B
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Vidu9 B Vidu 51 B
Vidu 10 B Vidu 52 A
Vidull C Vidu 53 A
Vidy 12 B Vidu 54 B
Vidul3 C Vidu 55 A
Vidu 14 B Vidu 56 A
Vidu 15 D Vidu 57 A
Vidu 16 B Vidu 58 A
Vidy 17 B Vidu 59 A
Vidu 18 D Vidu 60 B
Vidy 19 D Vidu 61 A
Vidy 20 B Vidu 62 B
Vidy 21 D Vidu 63 A
Viduy 22 C Vidu 64 A
Viduy 23 B Vidu 65 A
Viduy 24 C Vidu 66 A
Vidu 25 B Vi du 67 A
Vidu 26 D Vidu 68 A
Viduy 27 D Vidu 69 B
Vidu 28 D Vidu 70 A
Vidu 29 B Viduy 71 B
Vidu 30 D Vidu 72 C
Viduy 31 B Vidu 73 B
Viduy 32 D Viduy 74 B
Viduy 33 B Vidu75 C
Viduy 34 B Vidu 76 B
Vidu 35 B Vidu 77 C
Vidu 36 C Vidy 78 C
Vidu 37 B Vidu 79 B
Vidu 38 C Vidu 80 C
Vidu 39 B Vidu 81 C
Vidu 40 B Vidu 82 C
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Viduy4l A Vidu 83 C

Vidu 42 B Vidu 84 D

Ghi chi: A<l uM; 1 uM < B <20 uM; 20 uM < C<100 uM; D>100 uM

Thir nghiém 2: so sanh thong s6 dugc dong hoc & cho san tho Beagle

Trong thit nghiém nay, cac con ch6 Beagle gidng duc dugc cho sir dyng céc hop
chét theo cac vi du va vinpocetine (1am hgp chét d6i chimg) bang cach tiém qua duong
trong tinh mach hoic ding qua dudng miéng twong ung, sau d6 ndng @6 dugc chit trong
huyét twong & céc thoi didm khac nhau dugc x4c dinh bang phuong phép séc ky 16ng/phd
khéi/phd khdi (LC/MS/MS), dé dénh gia dic tinh dugc dong hoc cia hai dugce chét thir
nghiém & ché Beagle.

Chon tdm con ché Beagle trudng thanh khoe manh c6 trong luong nim trong
khoang tir 7,0 dén 10,83kg (dugc mua tir cdng ty Beijing Marshall Biotechnology Co.,
Ltd.). Cong thirc thanh phin cta ché phim @ st dyng cho nhém tiém qua dudng trong
tinh mach 12 DMSO: PEG400: nuéc = 5: 20: 75. Dung mdi cho thém vao hop chét thir
nghiém dugc can chinh x4c, sau khi tao dao dong xody va siéu 4m, thu dugc dung dich
trong sudt co ndng d6 cubi bang 1,0mg/ml. Loc dung dich nay bing mang loc ¢& 0,22pm
va bao quan ¢ nhiét d§ trong phong dé sir dung. Cong thirc thanh phén ctia ché phém dé
stt dung cho nhém dung qua duong migng 12 PEG 400: Tween 80: H20 = 40: 10: 50.
Dung méi cho thém vao hop chit thir nghiém dugc cin chinh x4c, sau khi tao dao dong
x04y va siéu 4m, thu dugc dung dich trong sudt c6 ndng do cudi bang 1,5mg/ml. Ca ché
phim ding dé tiém qua dudng trong tinh mach va dung qua dudng miéng dugc bao ché
vao ngay st dung. Liéu dung qua dudng tinh mach 14 1,0 mg/kg, va lidu diing qua dudng
miéng l1a 3,0 mg/ kg. L4y miu mdu todn phin d6i v&i mdi hop chét thir nghiém tuong
tmg & thoi didm 0,083 (chi d6i véi lidu tiém qua dudng trong tinh mach), 0,25, 0,5, 1, 2,
4, 6, 8 va 24 gi¢ sau khi str dung. MAu mau toan phan nay dugc ly tdm (3000g, 15 phut,
4°C) @& thu dugc huyét twong. Nong do duoc chit trong mbi mAu huyét twong duge xac
dinh bing phuong phap LC/MS/MS. Sé lidu vé& ndng @6 duge chat trong huyét tuong
duge xtt 1y bing chuong trinh phin mém WinNonlin'™ phién ban 6.3 (Pharsight,
Mountain View, CA), bing cach st dung mo hinh khéng ngan, va cic thong sé duoc

dong hoc dugc tinh todn béng céch sir dung phuong phap hinh thang logarit tuyén tinh.
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Bang 2: Céac thong sb dugc dong hoc cia hop chit dich theo Vi du 29 va

vinpocetine & ch6 Beagle

Céc thong sb | Tiém qua dudng trong tinh mach (1 | Dung qua duong miéng (3 mg/kg)

dugc dong mg/kg)

hoc & chod

Beagle
Pothanh | Thoi | Diéntich | Nong | Thoi | Diéntich | DO
thai qua gian dudi do gian dudi sinh
huyét twong | ban duong cyc | dédat| duong kha

(ml/phat/kg) hiy | cong ndng d.ai ndng | cong ndng | dung
(gid) d6 theo (nM) do do theo

thoi gian cuc thoi gian
(0-inf, dai (0-inf,
nM.gio) (gid) nM.gid)
Vinpocetine 80,5 6,03 588 142 0,5 216 12,3
Vidu 29 11,97 9,42 4040 1299 1,0 4545 37,5

Nhu dugc thé hién trong Bang 2, hop chét theo Vi du 29 cé 40 thanh thai qua
huyét tuong thip hon khoang 85% so v6i vinpocetine, va thoi gian ban hiy dai hon 56%
so v&i vinpocetine, va c6 dd sinh kha dung qua dudng miéng cao hon 3,1 14n so véi
vinpocetine. O loai ché Beagle khong san dong vat gém nhim, cac thong s6 duogc dong

hoc cia hop chét theo Vi du 29 1a cao hon ding ké so véi vinpocetine.

Thir nghiém 3: tic dung trc ché dbi v6i mo hinh bénh dong kinh & khi dudi dai duoc kich
thich bing pentylentetrazol

Trong thir nghi¢m nay, 6 con khi dudi dai dugce chon, va mdi con nay dugc cho su
dung qua dudng trong da day bing cach cho &n qua dudng miii. Bén canh viéc
pentylentetrazol dwgc si dung bang cach tiém dudi da, hop chit theo Vi du 29 va
carbamazepin dugc st dung lién tuc trong 8 ngay tuong tmg. Céac con khi 1an luot dugc
cho st dung dung mdi twong Umg trudc 13n st dung dau tién, va dugc tiém
pentylentetrazol dudi da ngay sau 1an st dung cudi cing. Khoang thdi gian sir dung gitta
hai thir nghiém 1a khoang 10 ngay. Pentylentetrazin dugc sir dung mot 14n @& gay bénh
dong kinh truéc 1an st dung dau tién clia hop chit theo Vi du 29. Liéu dung dugc tinh
theo trong lugng mdi nhét cua dong vit, va ngay sir dung dau tién dugc chon 1am Ngay
1.

Quy trinh phéu thuat: cac con khi dugc cho #n tuy y trong it nhit mot tudn bing
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dung cu cho in, va sau d6 ching dugc gy mé trong qua trinh chudn bi trude khi phiu
thuat theo tiéu chudn ciia cong ty. Céc thao tic phiu thuat chinh 14 nhu sau: cét da dau, dé
16 toan bd xuong so, boc tach mang xuwong, va lam sach bé mit xwong so bing bong
thdm kho; khoan 2 15 trén xwong so ctia khi dudi dai bing khoan so, cdy dién cuc ndo, va
c¢b dinh dién cyc nay béng xi méng nha khoa; tiép d6 ludn hai dién cyc dién co vao co cd
cia khi dudi dai, va Tudn dién cuc dién mét vao co mit & hai bén, c§ dinh than cdy vao
16p co bung. Viéc cham soéc sau khi ph?lu thuat dugc thyc hién theo tiéu chuén cua cong
ty.

S4 liéu chua xir ly duogc thu thép béng chuong trinh phﬁn mém Ponemah ciia hé
théng DSI, va sb lidu nay dugce phén tich va chinh sira bang chuong trinh phin mém
Neuronscore.

Céc sb 1iéu dugc thé hién theo gid tri trung binh + sai s6 chuln (gi4 tri trung binh +
SEM), phép phan tich théng ké duoc thyc hién bing thir nghiém t-test va phan tich
phuong sai ANOVA. Gié trj P <0,05 thé hi¢n sy khdc biét dang ké, P <0,01 thé hién sy
khéc biét rit dang ké, P <0,001 thé hién sw khac biét vo ciing déng ké.

Céc dic tinh ciia phan Umg dién ndo va ning luong dién ndo ddi v&i bénh dong
kinh dugc kich thich bang pentylentetrazol dugc quan st va phén tich, va sau d6 so sanh
gita hop chét theo Vi du 29 va carbamazepin v& thoi gian tiém ting ctia sy khéi phat con
dong kinh, va thoi diém va thoi gian kéo dai cta ching co giat rung va chiing co giat-
cing & md hinh kich thich bang pentylentetrazol & khi dudi dai, dé so sanh tac dung uc
ché vé duoc luc hoc clia hop chét theo Vi du 29 va carbamazepin @i véi mé hinh kich
thich bing pentylentetrazol & khi dudi dai.

Sau khi cdc con khi dudi dai duoc tiém pentylenetetol qua dudng dudi da véi lidu
40 mg/kg vao lung va c6 cac hanh vi gibng nhu bénh dong kinh, phan tmg dién nio as,
phan tmg dién co d va tinh van dong dugc phét hién bing hé théng ghi tin higu cam bién
tir xa khong day DSIL Céc con khi dudi dai dugc tiém pentylentetrazol c6 phan tmg dién
nio dd va phan img dién co dd gidng nhu bénh dong kinh dic trung. Céc hanh vi dugce
chia thanh hanh dong kich phat, chimg co giat rung va chiimg co git cung theo trang théi
ctia bénh ddng kinh.

Su thay dbi ciia ning lwong dién ndo dd trong khoang tin sb6 4-24Hz dugc phan

tich vé mat thong ké khi khi dudi dai bi con dong kinh trong vong 24 gi¢ sau khi tiém
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pentylentetrazol. Céac két qua cho thdy ning lwong dién ndo dd trong khoing thn sb
4-24Hz tang lén dang ké khi bénh dong kinh dugc kich thich bang pentylentetrazol xudt
hién.

Sau khi tiém pentylentetrazol, thoi gian tiém tang cta sy khoi phat con dong kinh
duoc tinh toan dé so sanh tic dung ctia hop chét theo Vi du 29 va carbamazepin dbi véi
thoi gian tiém ting cta sy khoi phat con dong kinh & mo hinh dugc kich thich bing
pentylentetrazol. Cac két qué cho thiy ring hop chét theo Vi du 29 va carbamazepin lam
kéo dai dang ké thoi gian tiém tang ctia sy khoi phat con dong kinh. Sau khi sir dyng lién
tuc trong 8 ngay, thoi gian tidm tang cta sy khéi phat con dong kinh & mo hinh kich thich
bing pentylentetrazol bing 24,86 + 3,97 phut d6i v6i nhom sir dung gid duoc, bang 45,20
+ 9,11 phut dbi véi nhém sit dung carbamazepin, bing 64,10 + 13,21 phut d6i v6i nhém
sir dung hop chit theo Vi du 29. C6 sy khéc biét dang ké (P <0,05) déi v6i ca nhém sir
dung hop chét theo Vi du 29 va nhém st dung carbamazepin so v6i nhom dbi ching st
dung dung mdi. Nhom sir dung carbamazepin lam kéo dai thém 20,34 phut so v6i nhom
sir dung gia dugc, ty 1€ ting tuwong d6i bang 81%; hop chéit theo Vi du 29 1am kéo dai
thém 39,24 phat so véi nhém st dung gia duoc, ty 16 ting twong doi bang 160%; hop
chét theo Vi du 29 1am kéo dai thém 18,9 phut so v6i nhém sir dung camazepin, ty 1¢ ting
tuong d6i bing 42%.

Do d6, c& hop chét theo Vi du 29 va carbamazepin dugc st dung vdi cung lidu (10
mg/kg) déu c6 tac dung dang ké trong viéc kéo dai thoi gian tiém tang clia sy khoi phat
con dong kinh, va tac dung cta hop chét theo Vi du 29 trong viéc kéo dai thoi gian tiém
tang cua sy khoi phat con dong kinh 1a cao hon dang ké so voi carmazepin (khoang
42%).

Ngodi ra, ca hop chét theo Vi du 29 va carbamazepin déu lam gidm déng ké thoi
didém xudt hién ching co gist rung va ching co gidt cimg trong vong 24 gio sau khi sur
dung pentylentetrazol. Thoi diém xudt hién chimg co giat rung va ching co gidt cing
bing 107,50 = 15,60 dbi v6i nhém sir dung gid dwoc, bang 39,20 + 14,92 dbi v6i nhom
st dung carbamazepin va bing 25,7 £ 7,07 d6i v6i nhém sit dung hop chét theo Vi du 29.
C6 su khéc biét rét dang ké (P <0,01) dbi v6i ca nhom sir dung hop chét theo Vi du 29 va
nhém s dung carbamazepin so v6i nhom dbi ching str dung gia dugc. Nhém s dung

carbamazepin 1am giam trung binh khoéng 68 14n so v6i nhém st dyng gia duoc, ty 1€
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gidm tuong d6i bing 63%; nhoém st dung hop chét theo Vi du 29 1dm gidm trung binh
khoang 82 14n so véi nhém st dung gia dugc, ty 1& giam twong d6i bang 76%; hop chit
theo Vi du 29 1am giam khoang 14 l4n so v&i nhém st dung carbamazepin, ty 1& gidm
trong d6i bang 36%.

Do d6, c& hop chét theo Vi du 29 va carbamazepin dugc st dung véi cling lidu (10
mg/kg) ddu 1am giam déng k& thoi diém xuit hién chimg co giat rung va chimg co giat
clrng, va tac dung cta hop chét theo Vi du 29 trong viéc 1am gidm thoi gian xay con dong
kinh 12 cao hon d4ang ké so v6i carmazepin (khoang 36%).

Cubi cing, tac dung ctia hop chit theo Vi du 29 va carbamazepin d6i véi thoi gian
kéo dai ching co giit rung va chimg co gidt cimg dugc phat hign. Cac két qua cho thiy
rang ca hop chét theo Vi du 29 va carbamazepin déu 1am rut ngén dang ké thoi gian kéo
dai cta ching co giat rung va chiing co giat cing & khi dudi dai dugce kich thich bing
pentylentetrazol. Thoi gian kéo dai chimng co gidt rung va chung co gidt cing bing
11,68+3,15 phut di véi nhém sir dung gia duogc, bing 4,71+2,35 phit d6i véi nhém sir
dung carbamazepin va bing 2,61=0,99 phut di véi nhom sir dung hop chét theo Vi du
29. C6 su khac biét dang k& (P <0,05) dbi v6i ca nhom sir dung hop chét theo Vi du 29 va
nhém st dung carbamazepin so véi nhom dbi chimg st dung gia duge. Nhom sir dung
carbamazepin c6 thoi gian rat ngin trung binh 13 6,97 phit so v6i nhom sir dung gid
duoc, ty 18 giam tuong dbi bing 60%; nhom sit dung hop chét theo Vi du 29 c6 thoi gian
riit ngin trung binh 13 9,07 phut so véi nhém sir dung gia duge, ty 1€ giam tuong d6i bang
78%; nhém st dung hop chét theo Vi dy 29 c6 thoi gian rit ngin khoang 2,1 phit so véi
nhom sir dung carbamazepin, ty 1€ gidm tuwong d6i bang 45%.

Do d6, ca hop chét theo Vi du 29 va carbamazepin dugc sir dung véi cung lidu (10
mg/kg) déu lam rit ngin dang ké thoi gian kéo dai chimg co giat rung va ching co giét
cling, va tac dung cua hop chét theo Vi du 29 trong viéc rit ngén thoi gian kéo dai chung
co giat rung va chung co gidt cing la cao hon dang ké so véi carmazepin (khoang 45%).

K&t luan, céc két qua cho thiy ring ci 6 con khi dudi dai giéng duc dugc tiém
pentylentetrazol dudi da déu c6 kidu dang dong kinh, sy phéng dién lién quan dén chimg
co giat va tang truong lyc co; va hop chét theo Vi du 29 va carbamazepin khong chi 1am
kéo dai dang ké thoi gian tiém tang cta su khéi phat con dong kinh & khi dudi dai dugce

kich thich bing pentylentetrazol, ma con lam giam déng k& thoi diém xuét hién va thoi
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gian kéo dai clia chimg co giat rung va chimg co giat cung trong vong 24 gio sau khi sur
dung pentylentetrazol. Cac s liéu cho thy ring hop chét theo Vi du 29 c6 tic dung cao

hon carbamazepin vé ca ba két qua do chinh cua téc dung tri bénh dong kinh.
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YEU CAU BAO HQ

1. Hop chét c6 cong thirc (I), cdc mudi duge dung hodc tautome clia no,

trong do:

cac nhém R; va Rs riéng biét va doc 1ap duge chon tir H, F, Cl, Br, I, CN, OH, SH, NHa,
CHO, hodc COOH; hodc

R;vaRs riéng biét va doc 14p dugc chon tir nhém, tuy y duoc thé bing nhém Roi, bao
gdm
C( = O)NHz, S( = O)NHz, S( = O)NHz, Ci10 alkyl, Ci-10 heteroalkyl, C-10
hydrocarbyl mach vong, Cs.10 hydrocarbyl di vong, Ci-10 alkyl duogc thé bang
Cs.10 xyclohydrocarbyl hogc Cs.io heteroxyclohydrocarbyl, Ci-io heteroalkyl
duoc thé biang Cs.10 xyclohydrocarbyl hodc Cs-10 heteroxyclohydrocarbyl, Ci-10
alkenyl, va Ci.10 heteroalkenyl;

R, duoc chon tir cdc nhém co cong thire T23 ) Dz

To4
b / \ Tze \Y . NQ
22 / -7
\ D T27\ /ng /K( \/OT}[l p\OH O’h
Dg— OH | I

b 3 3 b 3 b

OHW/\,/ \/O\ﬂ/\'/ HzN\n/\/

o ) © ,hodc ©
trong do:
tir 0 dén 2 nhém trong s6 cac nhém Ta1.23 14 N, va nhém con lai 1a C(Ry);

Dy duge chon tir -C(Rar)(Raz)-, -C(=0)N(Rs3)-, -N(Rae)-, -C(=NRas)-,
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-S(=0)N(Ra)-, -S(=0)NRs)-, -O-, -S-, -C(=0)0-, -C(=0)-,
-C(=9)-, -S(=0)-, -S(=0)2- hodc -N(Ras)C(=O)N(Ra9)-;

T24 duoc chon tir N hodc C(Ry);

cac nhém Dayp4 riéng biét va doc lap duge chon tir -C(Ra1)(Raz)-, -C(=O0)N(Ras)-,
-N(Ra)-, -C(=NRgs)-, -S(=0)2N(Ras)-, -S(=O)N(R47)-, -O-, -S-,
-C(=0)0-, -C(=0)-, -C(=8S)-, -S(=0)-, -S(=0)2- hodc
-N(R4s)C(=O)N(Ra)-;

tir 0 dén 2 nhém trong s6 cac nhom Tas29 14 N, va nhom con lai 1a C(Ry);

tuy y, hai nhém bét ky trong sd cac nhém R va Rai-a9 duoc lién két v6i nguyén tir hodc

nhém chung dé cung nhau tao thanh mét hosc hai vong c6 tur 3 dén 8 canh;

cac nhém Ry, Rai va R riéng biét va doc 1ap duge chon tir H, F, Cl, Br, I, CN, OH, SH,
NH,, CHO, COOH, C( = 0)NHz, S( = O)NHa, hodc S( = 0)>NH>; hodc

cac nhom Ry, Rar va Raxriéng biét va doc 1ap duge chon tir nhém, tuy y duge thé bﬁng
nhém Roy, bao gdm Cr.io alkyl, Ci-10 alkyl heteroalkyl, Cs-10 hydrocarbyl mach
vong, hodc Cs.io hydrocarbyl di vong, Ciio alkyl dugc thé bang Cs-10
xyclohydrocarbyl hodc Cs-10 heteroxyclohydrocarbyl, Ci-io heteroalkyl dugc
thé bing Cs.10 xyclohydrocarbyl hodc Cs.io heteroxyclohydrocarbyl, Ci-10
alkenyl, va Ci.10 heteroalkenyl;

Roi dugce chon tir F, Cl, Br, I, CN, OH, SH, NH,, CHO, COOH, C(=O)NHa,
S(=0)NHa, S(=0)2NH; hodc Ro;

Roz dugc chon tir Ciio alkyl, Ciio heteroalkyl, Cs.10 xycloalkyl, Cs.10 alkyl di vong,
aminoaxyl, hodc nhém di vong khéng no co tr 5 dén 12 canh;

“hetero-” 14 nguyén tir khic loai hodc nhém chira nguyén ti khac loai, dugc chon tir
nhém bao g(‘A)m -C(=0)N(Rg)-, -N(Ra4)-, -C(=NRags)-, -S(= 0)2N(Ras)-,
-S(=0)NRg)-, -0-, -S-, =0, =8, -C(=0)0-, -C(=0)-, -C(=5)-, -S(=

0)-, -S(=0)2- va -N(Ras)C(=O)N(Ra9)-;

c4c nhém R 3.9 riéng biét va doc 14p dugc chon tir H, NHa, hodc Ro;
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Rz tly ¥ dwoc thé bing nhém Roor;
Roo1 dugc chon tir F, Cl, Br, I, CN, OH, N(CHs)2, NH(CH3), NHz, CHO, COOH,

C (=0)NH,, S(=0)NH,, S(=0):NH,, triflometyl, aminometyl, hydroxymetyl,

metyl, metoxy, formyl, metoxycacbonyl, metansulfonyl, hodc metylsulfinyl;
s6 luong nhom Roi, Root, nguyén tir khac loai hodc nhém chira nguyén tir khac loai

riéng biét va doc 1ap duoc chon tir 0, 1, 2, 3, hodc 4.

2. Hop chét, cac mubi dugce dung hoic tautome ctia nd theo diém 1, trong d6

R102
[\/j - R O -~
Rior” S, 103 Y
cac nhém R, va Rs riéng biét va doc 1ap dugc chon tir H, 00, o ,

R1o4
O)\‘ , hodc Rios;
cac nhém Rior.10s riéng biét va doc 14p duge chon tir Ci6 alkyl hodc Cis heteroalkyl, mdi
nhém ndy tily ¥ dugc thé bing nhém Roor; hodc

cac nhém R; va Rs riéng biét va doc 14p duge chon tir hydrocarbyl mach vong khong no

FE
F
¢6 5 hoiic 6 canh, hydrocarbyl di vong khong no c6 5 hodc 6 canh, o ,
o N
\/\IIL \lr[l oH - \/o - . )
o o ) O D 5 ) T
l , b, O , 0 hodc ¢ , mOi nhém nay

dugc thé bﬁng 0, 1, 2 hoac 3 nhém Ro.

3. Hop chét, céac mudi duoc dung hodc tautome cia né theo diém 2, trong d6:

cac nhém Rioi-10s riéng biét va doc 1ap duge chon tir nhém bao gém H, O~ ,

~-7, H3C” F* F

va

4. Hop chét, cac mudi dugc dung hodc tautome cia né theo diém 3, trong de:

4 /4 b ‘A A Y A A AY 4 A OH’/\\
cac nhém R, va Rs riéng biét va doc 1ap duoc chon tir nhém bao gom H, . ~ ,
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F F
A~ N /O\” ’ O ';>l\/o ‘ F)v 0
S J 3 Yoo
2 O b o b O bl O b o : b
N4
TN 0 N\S¢O
0" ,va SN

nhém R; riéng biét va doc 1ap dugc chon tir cac nhém c6 cdng thire ,

Ty

T22
2 22 T
27\ / 29
A /T21 /Dz4 A
, hodc _ ; trong d6

A 13 vong cacbon hodc di vong no hogc khong no c6 tir 3 dén 8 canh, mdi vong nay tuy y

duoc thé bing 0, 1, 2 hogic 3 nhém R:.

6. Hop chét, cac mudi duge dung hodc tautome ctia n6 theo diém 5, trong d6

~
/N

nhém R riéng biét va doc 18p duge chon tir nhém c6 cong thire hoac

N PR
S
Y
21

e

Rt

7. Hop chét, cac mudi duoc dung hoic tautome cua né theo diém 1, trong 86
cic nhom R; va Rai-go riéng biét va doc 1ap duge chon tir H, NHa, hodc CN; hodc
C1 alkyl, Ci- heteroalkyl, Cs.s xycloalkyl, Cs. alkyl di vong, nhoém di vong
khong no c¢6 5 hodc 6 canh, hodc aminoaxyl, mdi nhém ndy tuy ¥ dugc thé
bing nhém Rooi;

cic nhom R va Ry riéng biét va doc 1ap dugce chon tir F, Cl, Br, hodc I
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t6t hon néu cac nhém R; va Rar.ae riéng biét va doc ldp duge chon tir Ci6 alkylamino,
N,N-di(C1.; alkyl) amino, Cis alkoxy, Cis alkanoyl, Ci.¢ alkoxycacbonyl,
C1s alkylsulfonyl, Ci. alkylsulfinyl, Cs.s xycloalkyl, Cs.s xycloalkylamino,
Css alkylamino di vong, Ci.s xycloalkoxy, Cs. xycloalkyl axyl, Cs.s
alkoxycacbonyl mach vong, Cs.s xycloalkylsulfonyl, Cs.s xycloalkylsulfinyl,
aminoaxyl, hodc heteroxyclyl khong no ¢6 5 dén 6 canh, mdi nhém nay tiy y
duoc thé bing nhém Roor;

5t hon nita néu cac nhém R va Rai-go riéng biét va doc 1dp duge chon tir nhém aryl ¢6 5
dén 6 canh hogc heteroaryl c6 5 dén 6 canh, mdi nhém ndy tuy y duoc thé
bing nhém Rooi;

tbt hon nita néu cdc nhém R; va Rai-ae riéng biét va doc 18p dugc chon tir phenyl, pyridyl

hoc thienyl, mdi nhém ndy tuy y dugc thé bing nhém Roor.

8. Hop chit, cac mubi duge dung hodc tautome ctia n6 theo diém 7, trong @6 nguyén

tir khac loai hodc nhém chira nguyén ti khac loai duge chon tir O, N, S, -C(=0)0-, hoac
Q .
P
0] N\

9. Hop chét, cac mubi duge dung hodc tautome ciia né theo diém 8, trong d6 cac

nhém R v Raigo riéng biét va doc lap duge chon tir H, F, Cl, Br, I, NHz, CHs, CN,

F F F N, ;
> [>" F* F)\” T?L“ F)“ o T P

? b b

5. O O O O 0

’ '
4 4

"i / 0 0
@ - 2 D =\ Y B
HO— 0 NH; / hoic /.

b b b b b

10. Hop chét, cac mubi dugc dung hodc tautome ciia n6 theo diém 9, trong d6 cac

nhém Ry riéng biét va doc 14p dugce chon tir cdc nhém c6 cong thirc sau:
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N \
N-O | ,N\0 , Yo | , , NO , N,
/ N N - Ne -~ n N -~ Ne -~ N -
O~y O~y O O<1 0<% 2
N-O , N-O , o-N , o-N , N-O , N-O ,
. N -~ N -~
N - N -7 F N -7 FF N Nﬁ(’ ﬁ' N \7 N -
D Dﬂ\ J D DA We! \ 0 \-O ~
\N—O b N’O ’ \N’O 3F \N*O b ’ ’ >/ )\-<\N,S 3
! Ny -~
AL X N
N - - - X /l\ O N ﬁ’
N >L</ 7 AN HNSN NN \’2( \ys
HO N-O HO N \-O ,O\=/N, N=N HN-N | ,/O o ,
N -
Ne -- -
S
N e
B \of N~ — S ball \g’o
Ny, \ﬁ 4 \ 0 \\f \_d N
}-0 O Y (
0 ,HO HO o}

-0 NH; / , hodc

> b b 2 b

}\Z’ Q o~

O—N O‘N , H2N

o) , O , ©O-N o~ S- s—N 0 o}
N\[,‘ \[Nj/ N\ . N\ . N\ . N N\ . ‘ N
LN 1 l I 1 y P
, N R F A = F hoac N ;
F F \/\[ : Na-
F)<T/ }‘l I OH \}\[l OH A7 O~ HzN -
o o o Y D
OH | o, , |, ©O , 0 hodc 0 .

11. Hop chét, cac mudi duge dung hogc tautome ctia n6 theo diém 1 dugc chon tir cac

hop chét c6 cong thirc sau:
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