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Linh vire ky thuit dwoc dé cip

Sang ché @& cap dén hop chit indol, hoic mudi dugc dung cia né, cb hoat tinh
chéng ung thu, do d6 hitu ich trong phuong phép diéu tri bénh cho ngudi va dong vat.
Séang ché ciing dé cap dén quy trinh diéu ché hop chit nay, dwgc phdm chira hop chit nay
va mo ta viéc sir dung hop chét nay trong phuong phap diéu tri bénh, vi du trong san xuét
thudc ding d phong ngira hoic diéu tri bénh ung thr & dong vat méau néng, nhu nguoi,
bao gbm ca viéc sir dung hop chit nay trong phong ngira hodc diéu tri bénh ung thu. Sang
ché ciing d& cap dén hop chét indol c6 tac dung didu hoa trc ché biéu hién chon loc cua

thu thé estrogen.
Tinh trang k§ thuit ciia sing ché

Thu thé estrogen alpha (ERa, ESR1, NR3A) va thu thé estrogen beta (ERp,
ESR2, NR3b) 14 thu thé hormon steroit thudc ho thu thé nhan kich c& 16n. Tuong tir v6i
cAu triic ciia toan bd cac thu thé nhan, ERa chira sdu viing chirc ning (ttc 14 céc vung tir
A dén F) (Dahlman-Wright, et al, Pharmacol. Rev, 2006, 58:773-781) va dugc phén loai
1a yéu 6 phién ma phu thudc phdi tir do sau khi lién két véi phdi tir dic hiéu 1a hormon
sinh duc nit steroit 17b estradiol (E2), thi phirc hop nay s& gin két vé6i trinh trr bd gen co
tén 1 cac yéu t6 thu thé estrogen (ERE), va twong tac v6i yéu t6 ddng didu hoa dé didu
bién phién mi gen dich. Gen ERa ndm & nhiém séc thé 6q25.1 va ma héa protein 595AA,
va nhiéu dang tuong dé)ng c6 thé duge tao ra do c6 céc vi tri khéi diu dich ma khac nhau
va cac kiéu cit nbi khac nhau. Ngoai ving gin két ADN (vimg C) va ving gin két phdi
tir (ving E), thi thu thé nay con chira viing ddu N (ving A/B), ving ban 1& (ving D) lién
két ving C, va viing E va ving d4u C (ving F). Mic dii ving C va vimg E ctia ERa va
ERB c6 d bao thit twong dbi cao (46 twong ddng axit amin I4n lugt 12 96% va 55%), thi
do bao thi cia viing A/B, ving D va viing F lai thip (d6 twong ddng axit amin nho hon
30%). Ca hai thu thé nay tham gia vao qua trinh diéu hoa va phat trién hé sinh duc nit va
déng vai trd quan trong trong hé than kinh trung wong, hé mach va trong chuyén héa
xuong. Tac dung cia ER ddi v6i bd gen xuit hién trong nhan ciia t& bao khi thu thé nay
gin két truc tiép (chu trinh hoat hoa truc tiép hodc chu trinh dic hiéu) hodc gian tiép (chu
trinh hoat héa gian tiép hodc chu trinh khong déc hi¢u) v6i ERE. Trong sy c6 mét cta
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phéi tir, ER duogc lién két véi protein séc nhiét Hsp90 va Hsp70, va thé chaperon da lién
két 1am 6n dinh viing gén két phéi tir (LBD) lam cho n6 d? tiép can duge véi phdi tir. ER
da gén két phdi tir phan tach khéi protein sbc nhiét din dén 1am bién déi hinh dang cia
thu thé, diu nay cho phép dime hoa, gin két ADN, tuong tac véi yéu t6 ddng hoat hoa
hogic ddng thy thé va diéu hoa bidu hién gen dich. Trong chu trinh khong dic hiéu, AP-1
va Sp-1 1a c4c trinh ty ADN diéu hoa thay thé dugc sir dung bdi ca hai dang twong dong
~ clia thy thé dé diéu hoa biéu hién gen. Trong trudng hgp nay, ER khong tuong tac truc
tiép v6i ADN ma thong qua viéc lién két véi cac yéu t§ phién ma gén két ADN khac, vi
du c-Jun hodc c-Fos (Kushner et al, Pure Applied Chemistry 2003, 75:1757-1769). Co
~ ché anh huéng ctia ER dén phién ma gen chwa dugc hiéu 16 nhung c6 thé dugc didu hoa
bdi nhiéu yéu t6 & nhan dugc huy dong boi thu thé gin két ADN. Qué trinh hoat héa yéu
t6 ddng diéu hoa dugc didu bién chi yéu béi hai protein bé mit AF2 va AF1 14n Iuot ndm
& vung E va ving A/B. AF1 dugc diéu hoa bdi cac yéu td tang trudng va hoat tinh ciia no
phu thudc vao mdi trudng té biao va ving khoi dau, trong khi d6 hoat tinh cia AF2 hoan
toan phu thudc vao hoat tinh gin két phdi tr. Mic du hai viing ndy c6 thé hoat dong doc
14p, nhung hoat tinh phién ma ER t5i da lai dat dugc thong qua tuong tac hiép ddng nho
hai vung nay (Tzukerman, et al, Mol. Endocrinology, 1994, 8:21-30). Mic du ER dugc
xem 13 yéu t6 phién ma, nhung thu thé nay ciing c6 thé hoat dong théng qua co ché
khong qua gen nhu dugc thé hién béi tac dung nhanh ctia ER & m6 sau khi hoat héa E2
trong mot khoéng thdi gian tirc 1a qua nhanh dé tac dong qua gen. Hién vén chua r3 liéu

~céc thy thé hoat héa nhanh estrogen 1a cdc ER trong ty & nhan hay céc thy thé steroit

ghép cip protein G riéng biét (Warner, et al, Steroids 2006 71:91-95), nhung nhiéu chu -

' trinh cim umg boi E2 da dugce xéc dinh, vi du chu trinh MAPK/ERK, qua trinh hoat héa
nito oxit ndi md synthaza va chu trinh PI3K/Akt. Ngoai c4c chu trinh phu thudc phéi tir,
ERa di dugc kiém chimg 12 ¢6 hoat tinh khong phu thudc phéi tir fh(“)ng qua AF-1 ma cé
lién quan v6i qué trinh kich thich MAPK thong qua qu4 trinh truyén tin hiéu yéu t§ ting
truéng, vi du yéu td ting truéng twong tu insulin 1 (IGF-1) va yéu t6 ting truéng biéu bi
(vi du yéu t F). Hoat tinh ctia AF-1 phu thudc vao qué trinh phosphoryl héa Ser118 va vi
du vé méi lién quan giira ER va qué trinh truyén tin higu yéu té ting trudng le‘l.qué trinh
phosphoryl hoa Ser 118 béi MAPK khi dép g véi cac yéu td ting trudng, nhu IGF-1 va
EGF (Kato, et al, Science, 1995, 270:1491-1494).
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Nhiéu hop chit c6 chu tric riéng biét da dugc kiém chimg 13 c6 kha ning gin két
v6i ER. Mot s hop chit, nhu phéi tir ndi sinh E2, ¢6 tac dung chi van thy thé, trong khi
d6 cac hop chét khac e ché hoan toan gén két E2 va c6 tac dung déi khang thu thé. Cac
hop chit nay c6 thé duoc chia thanh 2 16p phu thudc vao chirc niing ctia chiing. Chéit didu
bién thu thé estrogen chon loc (SERM), nhu tamoxifen c6 ca hoat tinh duéi dang chét
chi van 13n chit dbi khéang thu thé phu thudc vao thudc tinh té bao va gen khéi diu cling
nhu dang turong ddng ER huéng dich, vi du tamoxifen c6 hoat tinh nhur chat @i khang &
vii nhung lai ¢6 hoat tinh nhu chit cht van mot ph'?ln ¢ xuong, hé mach va tir cung. Toan
bd cac SERM c6 hoat tinh nhu chét dbi khang AF2 va dic tinh chi van mét phin cia
| chiing dat dugc thong qua AF1. Vi du vé& nhém tht hai 13 fulvestrant dugc phéan loai 1a
chét d6i khang hoan toan va c6 kha ning phong bé hoat tinh estrogen thong qua viéc rc
ché hoan toan céc ving AF1 va AF2 thong qua viéc cim tng bién ddi hinh dang dic hidu
& ving gén két phdi tir (LBD) khi gén két v6i hop chit din dén wc ché hoan toan twong
tac giita soi xoén kép 12 va phén con lai caa LBD, phong bé hoat héa ddng yéu tb
(Wakeling, et al, Cancer Res, 1991, 51:3867-3873; Pike, et al, Structure, 2001, 9:145-
153).

Miic ndi bao ciia ERa dugce didu hoa tc ché bidu hién trong sy ¢6 mit cia E2
thong qua chu trinh ubiquitin/proteosom (Ub/26S). Qua trinh polyubiquitin héa ERa d3
gén két phéi tir dwoc xiic tic boi it nhit ba enzym bao gdbm enzym hoat hoa ubiquitin E1
dugc lién hop bdi E2 véi gbe lysin thong qua lién két isopeptit béi E3 ubiquitin ligaza,
sau d6 polyubiquitin ERa dugc lién két truc tiép véi proteosom dé phan hiy. Méc du qua
trinh diéu hoa phién ma phu thudc ER va qué trinh phin hily nh¢ proteosom cta ER c6
mdi trong quan véi nhau (Lonard, et al, Mol. Cell, 2000 5:939-948), nhung ban than qua
trinh phién ma khong cin thiét d& phan huy ERa va qué trinh lip rip phtrc hop hoat héa
phién ma 13 da dé hudéng dich &&n ERa dé phén hity bing proteosom & nhan. Qua trinh
phan hily dugc cim {mg béi E2 nay 1a cén thiét cho hoat tinh cia né d& hoat héa nhanh
qua trinh phién ma khi d4p tmg véi cac yéu cau dé ting sinh, biét hoa va chuyén hoéa té
bao (Stenoien, et al,mol. Cell Biol, 2001, 21:4404-4412). Fulvestrant ciing dugc phan
loai 1a chét diéu hoa tc ché bidu hién thu thé estrogen chon lgc (selective estrogen
receptor down-regulator - SERD), mdt sb chét dbi khang cling c6 tic dung didu hoa e

ché biéu hién nhanh ERa thong qua chu trinh proteosom 26S. Ngugc lai SERM nhu
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tamoxifen c6 thé 1am ting ham luong ERa mic di co ché tac dong dén qua trinh phién
mi 13 giéng nhu SERD.

Khoang 70% ngudi bénh ung thu v biéu hién ER va/hodc thu thé progesteron tic
1a t& bao khéi u ung thu va phu thudc vao hormon @ sinh truéng. Cac bénh ung thu
khac nhu bénh ung thu budng trimg va bénh ung thu ndi mac tir cung ciing dugc cho 1a
phu thudc vao qua trinh truyén tin hiéu ERa dé sinh truéng. Cac dbi tuong bi bénh nay co
thé dugc diéu trj bang cach tc ché truyén tin hiéu ER bang cach dbi khang phéi tir gin
két v6i ER, vi du tamoxifen dugc sir dung dé diéu tri bénh ung thu vii biéu hién ER giai
doan sém va tién trién & ca trudc va sau méan kinh; dbi khang va didu hoa wc ché biéu
hién ERa, vi du fulvestrant dugc sir dung dé diéu tri bénh ung thu va & phy nir d tién
trién mic du da diéu tri bang tamoxifen hodc chit wrc ché aromataza; hoic dc ché téng
hop estrogen, vi du chét trc ché aromataza dugc sit dung dé didu tri bénh ung thu v biéu
hién ER giai doan sém va tién trién. Mic di cac liéu phdp nay rat hitu hiéu dé didu tri
bénh ung thu vi, nhung mét luong déng ké d6i twgng bi bénh ¢6 khdi u biéu hién ER d4
khang lai liéu phap ER hién nay hoic phat trién kha ning khang cac liéu phép nay theo
thoi gian. Mot s6 co ché khac biét da dwgc phat hién dé giai thich kha ning khang
tamoxifen khi diéu tri 14n d4u, trong d6 chi yéu lién quan dén su bién ddi tic dung déi
khang cia tamoxifen thanh tdc dung chii van, thong qua 4i luc thip cia mot sb dong yéu
t6 gén két v6i phirc hop tamoxifen-ERa dugc didu chinh bing cach biéu hién qua mtc
cac dong yéu t6 nay, hoic thong qua sy hinh thanh céc vi tri cip hai ma tao didu kién
thuan loi cho sy twong tic cia phic hop tamoxifen-ERo véi cac ddng yéu td thudng
khong gin két véi phie hop nay. Do d6, tinh khéng thudc xuét hién 1a do su phét trién
qué mirc clia c4c té bao biéu hién ddng yéu t6 dic hiéu ma didu khién hoat tinh ciia phirc
hop tamoxifen-ERa. Ngoai ra, tinh khang thudc xut hién ciing c6 thé do céc qué trinh
truyén tin hiéu yéu té ting truéng khéc ma hoat héa truc tiép thu thé ER hoic céc dong
yéu t6 dé diéu khién su tang sinh té bao khong phu thudc vao qua trinh truyén tin hiéu
phéi tir.

Gén day, cac dot bién ciia ESR1 da dugc xac dinh 13 co ché khéng kha thi & céc
méu khdi u l4y tir bénh nhan ung thu di can biéu hién ER va mé hinh khéi u ghép ngoai
lai 14y tir bénh nhén (PDX) & tin xuit ndm trong khoang tir 17% dén 25%. Cac dot bién
nay xuét hién cha yéu nhung khong hoan toan chi & viing gén két phéi tir din dén dot

bien chirc ning protein; vi du vé cac dot bién axit amin nay bao gom Ser463Pro,
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Val543Glu, Leu536Arg, Tyr537Ser, Tyr537Asn va Asp538Gly, véi cac dot bién & axit
amin 537 va 538 14 cic dot bién chi yéu xuét hién hién nay. Trudc do, cac dot bién nay
chua duge phét hién trong bd gen tir cac miu bénh phim ung thu vii nguyén phat dugc
mo ta trong co s& dit liéu bd gen ung thu Atlas. Trong s6 390 miu bénh phdm ung thu vi
nguyén phat biéu hién ER khéng c6 dot bién diém nao dugc phat hién & ESR1 (Cancer
Genome Atlas Network, 2012 Nature 490: 61-70). Cac dot bién ving gén két phéi tir nay
dugc cho 1a da phat trién tinh khang céc liéu phap endocrin bing chét rc ché aromataza
do céc dot bién thu thé nay c6 hoat tinh phién ma co ban trong su ving mit cia estradiol.
CAu tric tinh thé ciua ER, duoc dot bién & axit amin 537 va 538, cho thiy ring c hai dot
bién nay thich hop cho hinh'dang chi vén ctia ER bang cach x4o tron vi tri ciia soi xoén
kép 12 dé cho phép hoat héa ddng thoi va nhdr d6 bit chude chi van ER thé dai da hoat
hoéa. Theo céac tai liéu “Toy et al, Nat. Genetics 2013, 45: 1439-1445; Robinson et al,
Nat. Genetics 2013, 45: 144601451; Li, S. et al. Cell Rep. 4, 1116-1130 (2013)” thi céac
liéu phéap endocrin nhu tamoxifen va fulvestrant c6 thé van gén két v6i ER dot bién va tc
ché hoat héa phién ma dén mot mirc d6 nao d6 va fulvestrant c6 kha niang phan hiy
Try537Ser nhung liéu cao hon c6 thé can thiét dé &rc ché hoan toan thu thé. Do d6, hop
chét c6 cong thirc (I), hoic mudi duge dung ciia n6 s& rat hiru hiéu trong viéc didu hoa trc
ché biéu hién va d6i khang dot bién ER mic du & giai doan nay cac dot bién ESR1 c6 1am

thay ddi hiéu qua 1am sang hay khong van chura duge bién dén.

Ngoai trir cac co ché khang hoic t6 hop céc co ché khang xuét hién, nhung nhiéu
co ché van dua trén hoat tinh phu thudc ER va viéc loai bd thu thé ndy thdng qua co ché
SERD 14 bién phép t6t nhit dé loai bo thu thé ERa ra khéi té bao. Hién nay, fulvestrant 13
SERD duy nhét duoc chép nhéan dé st dung trén lam sang, mac du dic tinh bao ché, dac
tinh dugc 1y cta duge chit ndy c6 nhiéu han ché do liu lrong hang thang chi gi¢i han &
500mg din dén s hrgng thy thé & cac maiu bénh phdm duoc e ché nhé hon 50% so véi
su diéu hoa trc ché bidu hién hoan toan cua thu thé quan sat dugc trong cac thir nghiém in
vitro (Wardell, et al, Biochem. Pharm, 2011, 82:122-130). Do d6, cAn c6 chit huéng dich
ER thé hé méi c6 dic tinh duge 1y va co ché SERD thich hop dé tao ra hidu qua diéu tri

bénh cao & giai doan sém, di can va khang thube.
Ban chit ki thuét ciia sang ché
Muc dich cia sang ché 13 d& xuét hop chét c6 hoat tinh chéng khéi u rét manh,

hiru ich trong trc ché s ting sinh t& bao 4c tinh khong kiém soat. Hop chét theo sang ché
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c6 tac dung chdng khdi u do lam giam kich thu6e khéi u dén muc téi thidu, c6 hoat tinh
nhu SERD.

Theo mdt khia canh, sang ché dé xuit hop chét ¢6 cong thire (I) hodc mubi duge

dung cia nd.

trong do:

R' va R* doc 14p 14 H hodc F;

R® 12 H hoic metyl; va

hoic:

a)R*1aHvaR’ 14 F; hodc

b)R*IAFvaR’ 1aH.

Theo mot khia canh khéc, sang ché dé xuit hop chit co cong thire (I) néu trén,
dugc phdm va ché phém két hop chira hop chét nay.
M@ ta van tit cac hinh vé

Fig.1 13 46 thi thé hién mAu nhiéu xa bot tia X cia dang tinh thd A cta hop chat
theo vidu 7.

Fig.2 13 d0 thi thé hién mau nhidu xa bot tia X ctia dang tinh thé B ctia hop chat
theo vi du 1. ’

Fig.3 12 d6 thi thé hién nhiét dd do nhiét luong quét vi sai ctia dang tinh thé B cua
hop chét theo vi du 1.

Fig.4 1a 46 thi thé hién mAu nhifu xa bot tia X cta dang tinh thd A ctia hop chét

theo vi du 1.
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Fig.5 1a d6 thi thé hién nhiét d phan tich nhiét trong ciia dang tinh thé A cta hop
chét theo vi du 1.

Fig.6 1a d6 thi thé hién mAu nhiéu xa bot tia X cta dang tinh thé C cta hop chit

theo vidu 1.

Fig.7 1a @5 thi thé hién nhiét db phén tich nhiét trong ciia dang tinh thé C ciia hop
chit theo vi dul.

Fig.8 12 dd thi thé hién mAu nhidu xa bot tia X cia hop chit theo vi du 11.
Fig.9 1a d6 thi thé hién vét do nhiét lugng quét vi sai ciia hop chit theo vi du 11.

Fig.10 12 dd thi thé hién két qua nghién ctru ghép ngoai lai MCF-7 bing hop chét
theo vidu 1 va AZD2014.

Fig.11 va Fig.12 1a dd thi thé hién két qua nghién ctru hiéu qua ghép ngoai lai
thiéu hut estrogen trong thoi gian dai HCC1428 bang hop chét theo vi du 1.

M5 ta chi tiét sang ché

Hop chét c6 cong thirc (I) c6 mot, hai hodc ba tm bat dbi va séng ché ciing dé cap
dén cac dang ddng phan quang hoc tinh khiét cia hop chit c6 cong thirc (I) hodc hdn hop
ctia chung theo ty 1 bat ky. Cac dang ddng phan hoat quang c6 thé dugc diéu ché bing
phuong phép chuin da biét trong linh vuc ndy, vi du bing cach didu ché tir nguyén liéu
hoat quang ban d4u hoic phan tach hdn hop raxemic. Tuong tu, hoat tinh chéng khéi u

ciia cac dang ddng phén nay cling duge d4nh gia bang cac phuong phap chuén.

Chét ddng phan déi anh hoic chit ddng phan khong déi quang cu thé ciia hop chit
theo sang ché c6 thé c6 hoat tinh manh hon chét ddng phan d6i anh hodc chét ddng phén
khong dbi quang khac cta chinh hop chét nay.

Theo mot khia canh khac, séng ché d& xut hop chit c6 cong thire (I), hodc mubi
dugc dung ciia n6 duéi dang chit dong phan dbi anh duy nhét nay c6 lwong du chét ddng
phén dbi anh (%ee) > 95, > 98% hoic > 99%. Tét hon néu, chét ddng phan déi anh duy
nhit ndy c6 lrgng du chét ddng phén dbi anh (Y%eee) > 99%.

Theo mét khia canh khic, sang ché d& xuit duoc phim chira hop chét ¢6 cong
thire (I) dudi dang chit ddng phan dbi anh duy nhat nay c6 luong du chét ddng phan dbi

anh (%ee) > 95, > 98% hoic > 99% hoic mubi duge dung cua 16, va chét mang hodc ta
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dugc pha loidng dugc dung. Tt hon néu, chit ddng phan ddi anh duy nhét nay c6 luong
du chit ddng phan d6i anh (Y%ee) > 99%.

Theo mot khia canh khéc, sang ché d& xult hop chét ¢ cong thirc (I), hodic mubi

duogc dung ciia n6 dudi dang chét déng phan khong d6i quang duy nhit nay c¢6 lugng du
 chit ddng phan khong dbi quang (%de) > 95, > 98% hoic > 99%. Tét hon néu, chit dong
phan khong d6i quang duy nhét ndy c¢6 Iugng du chét ddng phan khong d6i quang (%de)
> 99%.

Theo mot khia canh khac, sang ché d& xuét dugc phim chtra hop chét c6 cong
thire (I) dudi dang chit dong phan khong dbi quang duy nhit nay ¢6 luong du chét dong
phan khong d6i quang (%de) > 95, > 98% hoic > 99% hoic mudi dugc dung cia no, va
chit mang hoic ta dugc pha lodng dugc dung. Tét hon néu, chit ddng phan khong dbi

quang duy nhét nay c6 lwong du chit ddng phan khong déi quang (%de) > 99%.

Theo mot khia canh cu thé, hop chit c6 cong thirc (I) 14 hop chét c6 cdng thac (IA):

CO,H

(IA)
Theo mdt khia canh khéc, hop chit c6 cong thirc (I) 1a hop chét c6 cong thire (IB):

COH
.

R’ : R2
N - ~R*
| R®
SR®

(IB)
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Cén hiéu ring thuat ngir “hop chét ¢ cong thire (I)” dugce diing trong ban mé ta dé
chi hop chét c6 cong thirc (IA) va/hodc cong thirc (IB), trir khi c6 quy dinh khac.
Vi du vé hop chit c6 cong thirc (IA) 14 axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic theo

vidu 1.

Vi du vé hop chét ¢ cong thirc (IB) 1a chit déng phan cua hop chét néu trén, tirc
la axit (E)-3-(3,5-diflo-4-((1S,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic.

Ca hai chit ddng phan nay 1a vi du vé axit (E)-3-(3,5-diflo-4-((3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic, tic
12 hop chét c6 cong thirc (I).
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Mot s6 hop chit c6 cong thirc (I) c6 kha ning két tinh va c6 thé tdn tai dudi nhidu
dang tinh thé. Cén hiéu rang sang ché cling bao gdm dang tinh thé hodc dang v dinh
hinh ctia hop chét c6 cong thire (I), hodc hdn hop ctia ching, c6 tac dung diéu hoa trc ché
biéu hién chon loc thu thé estrogen, Ngudi ¢ hiéu biét trung binh trong linh virc ndy dé
dang biét dugc phuong phap xac dinh tic dung diéu hoa Gc ché bidu hién chon loc thy thé

estrogen ctia dang tinh thé hogic dang v6 dinh hinh nay bing cac phuong phép chudn.

D3 biét ring hop chit tinh thé c6 thé dugc phan tich bing cac phuong phép thong
thudng, nhu phan tich nhi€u xa bot tia X (X-Ray Powder Diffraction - XRPD), do nhiét
lugng quét vi sai (Differential Scanning Calorimetry - DSC), phén tich nhiét trong
(Thermal Gravimetric Analysis - TGA), phan tich phd hdng ngoai phan xa khuéch tan
bién d6i Fourier (Diffuse Reflectance Infrared Fourier Transform - DRIFT), phan tich
phd hdng ngoai & budc song ngin (Near Infrared - NIR), phan tich phd cong huéng tir hat
nhan & trang théi rin va/hodc 1éng. Ham lugng nuée ctia hop chit tinh thé co thé duge

xac dinh bing phén tich Karl-Fischer.

Vi du v& hop chit c6 cong thirc (I) kha ning két tinh 1a hop chit theo vi du 7 va
mdt dang tinh thé ctia hop chét nay da dugc xéc dinh.

Do d6, theo mot khia canh khac, sang ché dé xuit axit (E)-3-(4-(2-((S)-3-flo-2-
metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic
dang tinh thé A (hop chét theo vi du 7).

Theo mot khia canh khac, sang ché d& xuit hop Achét dang tinh thé A theo vi dy 7
c6 miu nhiéu xa bdt tia X v6i it nhat mot dinh dic trung & goc 2-theta = 4,5°.

Theo mot khia canh khac, sang ché d& xuét hop chét dang tinh thé A theo vi du 7

¢6 mau nhiu xa bdt tia X véi it nhat mot dinh dic trung & goc 2-theta = 10,8°.

Theo mot khia canh khac, sang ché dé xuit hop chét dang tinh thé A theo vi du?7
c6 miu nhiéu xa bdt tia X v6i it nhat hai dinh dic trung & goc 2-theta = 4,5 va 10,8°.

Theo mét khia canh khac, sang ché d& xuit hop chét dang tinh thé A theo vi du 7
c6 mau nhiéu xa bot tia X véi cac dinh dic trung & géc 2-theta = 4,5°, 4,8°, 6,1°, 7,9°,
9,9°, 10,8 13,4°, 14,0°, 14,3° va 18,5°.

Theo mot khia canh khac, sang ché d& xuét hop chét dang tinh thé A theo vi du 7

6 miu nhiéu xa bt tia X dugc thé hién trén Fig.1.
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Theo mot khia canh khéc, sang ché dé xut hop chit dang tinh thé A theo vi du 7

¢6 mau nhiéu xa bot tia X vai it nhit mot dinh dic trung & goc 2-theta =4,5° + 0,2°.

Theo mot khia canh khéc, sang ché d& xuit hop chit dang tinh thé A theo vi du 7
c6 mau nhiu xa bot tia X véi it nhat mot dinh diic trung & goc 2-theta = 10,8° + 0,2°.

Theo mdt khia canh khéac, sang ché @& xuét hop chét dang tinh thé A theo vi du 7
c6 méu nhiéu xa bot tia X véi it nhit hai dinh dic trung & goc 2-theta = 4,5° va 10,8° +
0,2°.

Theo mot khia canh khac, sang ché d& xuét hop chit dang tinh thé A theo vi du 7

c6 mau nhiu xa bot tia X véi cac dinh dic trung & goc 2-theta = 4,5°, 4,8°, 6,1°,‘ 7,9°,
9,9°, 10,8°, 13,4°, 14,0°, 14,3°va 18,5° £+ 0,2°.

Vi du khéc vé hop chét ¢6 cong thire (I) ¢6 kha nang két tinh 13 hop chét theo vi du

Séng ché ciing dé xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6

mAu nhiéu xa bot tia X vé6i it nhat mot dinh dic trung & goc 2-theta = 8,4°.

Séng ché ciing dé xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B ¢c6
mau nhiéu xa bot tia X voi it nhit mot dinh dic trung & goc 2-theta = 10,9°.

Séang ché ciing dé xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6
mAu nhiéu xa bot tia X véi it nhit hai dinh dic trung & géc 2-theta = 8,4° va 10,9°.

Séng ché ciing d& xuét axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6
mau nhiéu xa bot tia X véi cac dinh dic trung & gbe 2-theta = 8,4°, 10,9°, 18,3°, 24,0° va
14,0°.

Séng ché ciing d& xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6
méiu nhiéu xa bot tia X véi cac dinh dic trung & goc 2-theta = 8,4°, 10,9°, 18,3°, 24,0°,
14,0°, 19,0°, 14,4°, 13,0°, 15,3°, 20,6°.
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Sang ché ciing d& xuét axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6

mAu nhidu xa bot tia X dugc thé hién trén Fig.2.

Sang ché ciing d& xuét axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6
mAu nhiéu xa bot tia X vai it nhit mot dinh dic trung & goc 2-theta = 8,4° + 0,2°.

Séang ché ciing dé xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B cé
mAu nhiéu xa bot tia X v6i it nht mot dinh dic trung & goc 2-theta = 10,9° + 0,2°.

Sang ché ciing d& xuét axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B ¢6
mau nhiéu xa bot tia X véi it nhit hai dinh dic trung & 2-theta = 8,4° va 10,9° +0,2°.

Séng ché ciing dé xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6
mAu nhidu xa bot tia X véi cac dinh dic trung & géc 2-theta = 8,4, 10,9, 18,3, 24,0 va
14,0° +0,2°.

Sang ché ciing dé xuit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic dang tinh thé B c6
mau nhiéu xa bot tia X véi cac dinh dic trung & 2-theta = 8,4°, 10,9°, 18,3°, 24,0°, 14,0°,
19,0°, 14,4°, 13,0°, 15,3°, 20,6° + 0,2°. |

Déi v6i dang tinh thé B ciia hop cht theo vi du 1, tét hon néu d6 két tinh 16n hon
khoang 60%, tot hon nita néu 16n hon khoang 80%, t6t hon néu 16n hon khoang 90% va

t6t hon nira néu 16n hon khoang 95%. Tét nhit néu d6 két tinh 13 16n hon khoang 98%.

Ngoai ra, d6i v6i dang tinh thé B ctia hop chét theo vi du 1, t6t hon néu hop chét
nay hau nhu khéng chira dang tinh thé hodc dang v6 dinh hinh khéc. Thuat ngit “gin nhu
khong chira” ¢ nghia 13 16n hon khoang 60%, t6t hon nita néu 16n hon khoang 80%, tbt
hon néu 16n hon khoang 90%, tdt hon nira néu 16n hon khoéng 95% va t6t nhit néu 16n

hon khoang 98% dang da hinh don.

Cian hiéu ring tri s6 2-theta cia mAu nhiéu xa bot tia X c6 thé sai 1éch ddi chit

gifta cac thiét bi do hoic gifra cic mau, do d6 tri s6 nay khong phai 1a tri s6 tuyét dbi.
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D3 biét ring mau nhiu xa bot tia X thu duge c6 thé c6 mot hodc nhidu sai sb do
phu thudc vao didu kién do (nhu thiét bi hoic may do). Cu thé, cudng d6 mau nhidu xa
bot tia X c6 thé phu thude vao diéu kién do. Do d6, trir khi c6 quy dinh khac can hiéu
ring dang tinh thé ciia hop chit theo sang ché khong chi giéi han & tinh thé c6 mAu nhidu
xa bot tia X gidng hét nhu mAu nhiéu xa bot tia X dugce thé hién trén cac hinh v& lién
quan, va tinh thé bit ky c6 mau nhiéu xa bot tia X gin giéng véi mau nhidu xa bot tia X
duge thé hién trén cac hinh v& ndy ciing nim trong pham vi ciia sang ché. Ngudi c6 hiéu
biét trung binh trong linh vuc nay c6 thé danh gia duoc mirc dd giéng nhau cia cac miu

nhiu xa bot tia X.

Nguoi c6 hidu biét trung binh trong linh vuc ndy ciing s& hidu ring cuong do
tuong ddi cua céc dinh c6 thé bi anh huodng béi kich c¢& hat chét can do, vi du céc hat co
kich c& trén 30um va ty 16 hinh dang hat khéng ddng nhét c6 thé anh hudng dén két qua
phén tich miu. Ngudi c¢6 hiéu biét trung binh trong linh vuc nay ciing s& hiéu ring vi tri
phan xa c6 thé bj anh hudng bsi chiéu cao chinh x4c clia miu nim trong nhidu xa ké va
Kkét qua hi€u chinh v& 0 cia nhidu xa ké. PO phéng cia bé mit mau co thé cling anh
huéng it dén vi tri phan xa. Do d6, dir liéu mAu nhidu xa khong phai 13 tri sb tuyét dbi
(xem tai liéu “Jenkins, R & Snyder, R.L. Introduction to X-Ray Powder Diffractometry,
John Wiley & Sons 1996; Bunn, C.W. (1948), Chemical Crystallography, Clarendon
Press, London; Klug, H. P. & Alexander, L. E. (1974), X-Ray Diffraction Procedures”).

Nhin chung, sai s do ctia goc nhidu xa trén miu nhidu xa bot tia X bing khoang +
0,2° 2-theta, va sai sb nay ciing cin duoc tinh dén khi phan tich dit liéu miu nhidu xa bot
tia X. Ngoai ra, cAn hiéu ring cudng do nhifu xa c6 thé thay ddi phu thudc vao didu kién
do va qué trinh chudn bj miu (t6t hon néu cudng d6 nhiéu xa thay ddi phu thude vao
huéng nhiéu xa).

Hop chét cu thé theo sang ché 13 hop chét duoc diéu ché theo mbi vi du cua sang
ché, va mbi hop chét nay 1a mét khia canh phu thudc cuia sang ché. Ngoai ra, hop chét cu
thé theo sang ché 1a mubi dugc dung dugc didu ché theo mdi vi du cia sang ché, va mbi
hop chét nay 1a mot khia canh phu thudc ctia sang ché.

Theo mét khia canh khac, séng ché dé xuét hop chét c6 cong thic (1), duge didu

cheé theo vi du bat ky cua sang che.
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DAu hiéu khac 12 khia canh bt ky nam trong pham vi ciia sang ché véi diéu kién

14 cac vi du cu thé, nhu vi du 1, 2, 3 v.v. khéng duoc yéu cdu bao ho doc lap.

Ngudi ¢6 hiéu biét trung binh trong linh virc nay s& hiéu ring mot sb hop chét c6
cong thire (T) chita nguyén tir cacbon bat d6i duogc thé, do d6 c6 thé tdn tai, va duge phén
13p & dang ddng phén hoat quang va hdn hop raxemic. M6t s6 hop chét c6 cong thuc (1)
c6 thé c6 dang da hinh. Can hiéu rang sang ché ciing bao gdm dang raxemic, hoat quang,
dang da hinh hoic chit ddng phan khong dbi quang cia hop chét ¢6 cong thie (I), hogc
hon hop cta ching cé tic dung diéu hoa tc ché bidu hién chon loc thu thé estrogen,
ngudi c6 hiéu biét trung binh trong linh virc nay sé d& dang biét duoc cach thirc didu ché
dang ddng phan hoat quang (vi dy, bing cach phan giai dang raxemic bang cac k¥ thuit
tai két tinh, bang cach diéu ché tir nguyén liéu hoat quang ban déu, bing phuong phap
tbng hop chét ddng phan quang hoc, bing phwong phdp phén giai enzym, bang phuong
phap bién dbi sinh hoc, hoic bang phuong phap phén tach sic ky sir dung pha tinh 1a chit
ddng phan quang hoc) va phuong phap x4c dinh tic dung diéu hoa trc ché biéu hién chon

loc thu thé estrogen ciia cac dang ddng phan nay bang cic phuong phap chudn.

Can hiéu ring mot s6 hogp chét c6 cong thirc (I) ¢6 thé c6 chit ddng phan hd bién.
Cén hiéu ring hop chit theo sang ché ciing bao gdm dang ddng phan hd bién, hodc hén
hop clia chiing, ¢6 tic dung diéu hoa trc ché biu hién chon loc thy thé estrogen va khong
chi giéi han & dang ddng phan hd bién bét ky xuét hién trong cic cdng thirc ciu tao hodc
dinh tén trong cc vi du. Nhin chung, chi mét trong sb cac dang déng phan hd bién bat ky
nay dugc dinh tén'trt)ng cac vi du dudi day hoic dugc thé hién trong cong thirc chu tao
lién quan bat ky dudi day

Hop chit theo sang ché cling chira toan bo cac ddng vi clia cac nguyén tir xult
hién trong hop chét nay. Cac ddng vi bao gdm céac nguyén tir c6 ciing sb proton nhung
khac nhau vé s khéi, vi du cac ddng vi ctia hydro bao gbm triti va doteri. Cac dong vi
cua carbon bao gém B va 1c. Dang df‘mg vi doteri cia hop chét theo vi du 1 dugc mo

ta trong vi du 10.

Vi du vé€ muoi duge dung thich hop ctia hgp chat ¢6 cong thire (I) 12 mudi kim loai
kiém hodc muoi kim loai ki€ém thd, nhu mudi natri, canxi hodc magie, hodc mudi amoni,
hodc mudi dugce dieu ché bang bazo hitu co nhu metylamin, dimetylamin, trimetylamin,

piperidin, morpholin hoc tris-(2-hydroxyetyl)amin. Mudi dugc dung thich hop khac cia
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hop chét c¢6 cong thirc (I) bao gdbm mubi kim loai khéc, nhu kali, kém, hodc céc cation
kim loai khéc da biét trong linh vurc nay. Theo mét khia canh, mudi dugc dung cua hop
chét c6 cong thirc (I) 14 mubi véi cation kim loai, mudi amoni hodc mudi duge diéu ché

béng bazo hitu co.

Vi du vé mudi dugc dung thich hop khéc cta hop chét c6 cong thuc (I) 1a mubi

dugc tao ra trong co thé ngudi hodc dong vét sau khi sir dung hop chit c6 cong thirc (1).

Vi du vé mudi dugc dung thich hop ctia hop chit c6 cong thue (I) 1a mubi cong
hop axit, vi du mubi cdng hop véi axit hiru co hodc axit vO co manh, nhu axit
hydrocloric, axit hydrobromic, axit sulphuric hoic axit trifloaxetic. Mudi dugc dung thich
hop khéc ctia hgp chét c¢6 cong thirc (I) dugc mo ta trong vi du 1. Theo mot khia canh

khac, mudi dugc dung cia hop chét c6 cong thirc (I) 1a mubi cong hop axit.

Céc thir nghiém diéu ché mudi ctia hop chét c6 cong thirc (1) da danh gi4 hoat tinh
ctia hop chét theo vi duy 1 (axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic) d& tao ra mudi tinh
thé. Cac dang axit va bazo sau dugc thir nghiém: axit axetic, axit adipic, axit benzen
sulfonic, axit benzoic, axit xinamic, axit xitric, axit D,L-lactic, axit etan disulfonic, axit
etan sulfonic, axit fumaric, axit hydrocloric, axit L-tartaric, axit maleic, axit malic, axit
malonic, axit metan sulfonic, axit napadisylic, axit phosphoric, sacarin, axit suxcinic, axit
sulphuric, axit toluen sulfonic, canxi axetat, dietylamin, etanolamin, etylendiamin,
hydroxyetylpyrolidin, magie axetat, meglumin, piperazin, kali hydroxit, natri hydroxit, t-

butylamin, trietanolamin, tris(hydroxymetyl)aminometan (Tris) va N,N-dietyletanolamin.

Trong sb cac axit va bazo néu trén, khong phai lic ndo ciing thu dugc mudi rin c6
thé phén 14p hodc thu dugc & dang tinh thé trong cac diéu kién thtr nghiém dugc st dung.
Tt hon néu mudi ctia hop chit theo vi du 1 bao gdm mudi c6 thé duge phén lap & dang
tinh thé, vi du mudi cia axit benzen sulfonic (mudi besylat), mudi cia axit suxcinic

(mudi suxcinat) va muoi ciia axit maleic (mudi maleat).

Theo mdt khia canh, mudi thich hop cda hop chét theo vi du 1 bao gém besylat,
suxcinat va maleat. Theo mét khia canh khac, mudi thich hop ciia hop chit theo vidu 1 1a
mudi maleat duge mo ta trong vidu 11.

Cén hiéu rang ddng tinh thé dugc dung thich hop cia hop chét c¢6 cong thirc (I)
cling 1a mot khia canh cia sang ché. Dé tranh nghi ngd, thuit ngit dong tinh thé (hoic
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ddng két tinh) 14 hé nhidu thanh phén chira hoat chét chinh (dugc chit) va hop chét lién
hop (hozic hop chét ddng lién két). Trong ddng tinh thé, ca dwoc chit va hop chit lién hop
(hogc hop chét ddng lién két) tdn tai riéng dudi dang chit rén & nhiét do phong khi &
trang thai tinh khiét (dé phan biét ddng tinh thé v6i solvat hodc hydrat). Thuat ngit nay
khong bao gdbm cac mubi, trong d6 hdu hét hoic toan bd trao ddi proton xuit hién gitra
dugc chét va hop chét lién hop. Trong ddng tinh thé, duogc chit va hop chét ddng lién két
tuong tac béi lién két hydro hoic lién két khong ddng héa tri khéc, vi du v& hop chét
dong lién két dugc dung bdo gbm hop chit trung tinh nhu nicotinamit, resorcinol va
xylenol, ciing nhu hop chét ¢ thé ion héa nhu axit oxalic, axit 3,5-dihydroxybenzoic va
'isoquinolin (x4c dinh mirc do trao ddi proton dé xem mubi hodc ddng tinh thé dugc tao

ra). Luu ¥ ring ddng tinh thé c6 thé ti tao ra dang solvat, bao gdm hydrat.

Cén hiéu ring solvat dugc dung thich hop ciia hop chit ¢ cong thirc (I) ciing 151
mot khia canh cia sang ché, vi du vé solvat dugc dung thich hop 1a hydrat nhu
hemi-hydrat, mono-hydrat, di-hydrat hoac tri-hydrat hodc dang hydrat khac cia no.

Cén hiéu ring tién dugc chit dugc dung thich hop ciia hop chét c6 cong thirc (1)
cling 12 mdt khia canh ctia sang ché. Theo d6, hop chét theo sang ché c6 thé dugc sir dung
& dang tién dugc chét, tirc 12 hop chit bj chuyén héa trong co thé ngudi hodc dong vat dé
giai phong hop chit theo sang ché. Tién dugc chét c6 thé duge sir dung dé bién dbi dic
tinh sinh 1y hoc va/hodc dic tinh duge dong hoc ciia hop chét theo sang ché. Tién dugce
chét c¢6 thé dugc tao ra khi hop chét theo sang ché chira nhém thé hodic phén tir thé thich
hop dé gin nhom bién ddi dac tinh vao, vi du vétién dugc chét bao gbm este c6 thé phan

cét in vivo c6 thé dugc tao ra & nhém carboxy trong hop chit c¢6 cong thirc ().

" Theo d9, sang ché bao gdm hop chét c6 cong thuc (I) khi duge tao ra bang cach
didu ché hiru co va khi dugc tao ra trong co thé ngudi hodc dong vat bang cach phan cit
tién dugc chét cia né. Theo do, sang ché bao gém hop chit c¢6 cong thirc (I) duge fa_o ra
bang cach diéu ché hitu co va ciing bao gbm hop chit c6 cong thirc (I) dugc tao ra trong
co thé ngudi hodc déng vat bang cach chuyén hoa tién duoc chét, tuc 1a hop chét ¢ cong

thirc (T) c6 thé 12 hop chét dugc diéu ché hoic hop chét dugc tao ra boi chuyén héa.

Tién duoc chét dugc dung thich hop ciia hop chét c6 cong thire (I) duge didu ché
dua trén phac dd didu trj thich hop dé st dung cho co thé ngudi hogic dong vat ma khong

c6 hoat tinh dugc hoc khong mong mudn va khéng gy doc tinh qua mtrc.
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Vi du v€ cic dang tien dugc chat duge mo ta trong cac tai liéu sau:

a) Methods in Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al.
(Academic Press, 1985);

b) Design of Pro-drugs, edited by H. Bundgaard, (Elsevier, 1985);

¢) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and
H. Bundgaard, Chapter 5 “Design and Application of Pro-drugs”, by H. Bundgaard p.
113-191 (1991);

d) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);
¢) H. Bundgaard, et al, Journal of Pharmaceutical Sciences, 77, 285 (1988);
f) N. Kakeya, et al, Chem. Pharm. Bull, 32, 692 (1984);

g) T. Higuchi and V. Stella, “Pro-drugs as Novel Delivery Systems”, A.C.S.

Symposium Series, Volume 14; va

h) E. Roche (editor), “Bioreversible Carriers in Drug Design”, Pergamon Press,
1987.

Vi du vé tién dugc chét duge dung thich hop ctia hop chét c6 cong thirc I chira
nhém carboxy 12 este c6 thé phén cit in vivo clia n6, vi du v& este c6 thé phan cét in vivo
ctia hop chét c6 cong thirc I chira nhém carboxy 13 este dugc dung duge phan cit trong
co thé ngudi hodc dong vat dé tao ra axit géc, vi du v& este dugc dung chira nhém
carboxy thich hgp bao gdm (Cig)alkyl este nhu metyl, etyl va tert-butyl, (C,.
¢)alkoxymetyl este nhu metoxymetyl este, (Cj¢)alkanoyloxymetyl este nhu
pivaloyloxymetyl este, 3-phtalidyl este, (C;.g)xycloalkylcarbonyloxy-(C;.¢)alkyl este nhu
xyclopentylcarbonyloxymetyl va 1-xyclohexylcarbonyloxyetyl este,
2-o0xo0-1,3-dioxolenylmetyl este nhu 5-metyl-2-oxo-1,3-dioxolen-4-ylmetyl este va (C;.
¢)alkoxycarbonyloxy-(Cy.¢)alkyl este nhu metoxycarbonyloxymetyl va

I-metoxycarbonyloxyetyl este.

Vi du vé tién dugc chét dugc dung thich hop ctia hop chit ¢6 cong thic I chira
nhém carboxy 14 amit ¢6 thé phén cét in vivo, nhu N-Cy_galkyl va N,N-di-(C;_calkyl)amit
nhu N-metyl, N-etyl, N-propyl, N, N-dimetyl, N-etyl-N-metyl hodc N, N-dietylamit.
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Téc dung in vivo ciia hop chét c6 cong thirc (I) c6 thé duge tao ra mot phén boi
mot hodc nhiéu chit chuyén héa dugc tao ra trong co thé ngudi hodc ddng vat sau khi st
dung hop chit c6 cong thirc (I). Nhu néu trén, tic dung in vivo ctia hop chit c¢6 cong thirc

(I) ciing c6 thé duoc tao ra bang cach chuyén hoa tién dugc chét.

Hai chit ddng phan chuyén héa c6 hoat tinh cta hop chit theo vi du 1 da duoc xac
dinh tir hé in vitro cia ngudi nhu duge thé hién dudi ddy (trong d6 cac chit ddng phéan
nay 1a chét déng phan khong ddi quang do tdn tai ca hai cAu hinh & vi tri cabon dugc

d4nh ddu *), va hai chit ddng phan nay duoc diéu ché theo vi du 14 A va vi du 14B:

e
115(’
(@]
I

Ngoai ra, hop chét sau 1a chét chuyén hoa c6 hoat tinh cia hop chét theo vi du &

mot sO loai, nhu & chudt:

Céc chat chuyén hoa c6 hoat tinh nay tao ra cac khia canh phu thudc khac cua
sang ché.

~

Cén hiéu ring trong ban md ta nay khi nhém bj giéi han béi thust ngit “duoc dinh
nghia néu trén” hodc “dugc dinh nghia & trén” nhém niy bao gbm dinh nghia xuit hién

14n dAu hoic rong nhét cling nhu mét hodc toan by dinh nghia cu thé cho nhém nay.

Vi du vé hop chit cu thé theo sang ché bao gdm hop chét c6 cong thirc (I), hoac
mudi dugc dung cia no, trong d6 trir khi c6 quy dinh khac, mdi R' va R? dugc dinh nghia

& trén hodc theo cac ménh dé sau:
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Theo mdt khia canh, R' 14 hydro. Theo mét khia canh khac, R' 14 flo.

Theo mdt khia canh, R* 12 hydro. Theo mdt khia canh khéc, R? 12 flo.

Theo mét khia canh, ca R! va R? 1a hydro. Theo mét khia canh khac, ca R! va R
12 flo. Theo mot khia canh khéac, R 14 hydro va R? 1a flo.

Theo mdt khia canh, R® 13 hydro. Theo mét khia canh khac, R® 1a metyl.

Theo mot khia canh, R* 1a hydro va R’ 1a flo. Theo mot khia canh khac, R® 1a
hydro va R* 1a flo.

Vi du cu thé v& hop chit theo sang ché 1a hop chét c6 cong thirc (I) duge md ta
trong phan vi du thyc hién séng ché.

Vi du cu thé v& hop chét theo sang ché 13 hop chét c6 cong thirc (I) duge chon tir
nhém bao gdm:

- axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-

tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahy dro-1H-
pyrido[3,4-blindol- 1-yl)phenyl)acrylic;

axit (E)-3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic;

axit (E)-3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit  (E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic;

axit (E)-3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylic;
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axit  (E)-3-(3-flo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

hodc mudi dugc dung cia no.

Hop chit cu thé khac theo sang ché 13 hop chét c6 cong thirc (I) duge chon tir
nhém bao gdm:

axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit  (E)-3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic; '

axit (E)-3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic; '

axit (E)-3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(3,5-diflo-4(1R)-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(3,5-diflo-4(1R)-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic; .

axit (E)-3-(4(1R)-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic;

axit (E)-3-(4(1R)-(2-(2-ﬂo-2-mety1propyl)—3,3-dimetyl-2,3,4,9-tetra.hydro—1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic;

axit (E)-3-(3-flo-4(1R)-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic; va

axit (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-propyl)-3-metyl-4,9-dihydro-3H-
pyrido[3,4-blindol-1-yl]-3,5-diflo-phenyl]prop-2-enoic;

hodc mudi dugc dung cta no.

Muébi dugc dung cu thé theo sang ché 1a (IR,3R)-1-{4-[(E)-2-carboxyetenyl]-2,6-
diflophenyl}-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-beta-carbolin-2-ium

maleat.
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Theo mét khia canh khéc, sang ché d& xuit quy trinh diéu ché hop chét c6 cong
thic (I), hodc mudi dugc dung cua n6. Quy trinh didu ché hop chét c6 cong thirc (I), hoac
mudi dugc dung ciia né duge mé ta bing cac quy trinh bién thé thich hop dudi day trong
do, trir khi c6 quy dinh khéc, R' dén R’ dugc dinh nghia & trén. Nguyén liéu ban ddu co
thé dugc didu ché bang cac quy trinh chuin. Quy trinh diéu ché nguyén liéu ban diu dugc
md ta két hop véi cac quy trinh bién thé thich hop dudi ddy va trong cac vi du kém theo.
Theo cach khéc, nguyén liéu ban diu duoc diéu ché bang cac quy trinh twrong tr da biét

trong linh vuc nay.

Hop chét ¢6 cong thirc (I) duge didu ché bang cach thuy phan este c6 cong thirc
(I), trong d6 Ré1a Ci.¢alkyl, nhu metyl. Phan mg thiy phan nay dugc thuc hién trong su
c6 mit cuia bazo, nhu natri hydroxit trong dung méi thich hop (nhu dung dich nuéc THF
va MeOH (hdac rugu tuong tu khéc), hodc trong dung dich nuée rugu, vi du dung dich

nudce isopropanol) va ¢ nhiét do thich hop, thuong 1a nhiét do phong.

D

Hop chét ¢6 cong thire (IT) c6 thé dugc didu ché bang cach:

a) cho hop chét c6 cong thirc (III) phan g v6i hop chit ¢6 cong thirc (IV) trbng
didu kién phan tng Pictet-Spengler thich hop (nhu trong su ¢6 mit cia axit (nhu axit
axetic) va trong dung moi thich hgp (vi du toluen) va & nhi€t do thich hgp (nhu 80°C));

hoidc
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(II0) Iv)

b) cho hop chét c6 cong thirc (V) phan tmg v6i hop chét ¢6 cong thirc (VI), trong
d6 LG 1 nhém rdi chuyén da biét trong linh wvuc ndy, nhu halogenua hoac
triflometansulfonat (triflat), triflat thich hop, trong sy ¢6 mit ctia bazo (vi dy bazo amin,
nhu N-etyl-N-isopropylpropan-2-amin) va dung mdi phén cyuc thich hop (nhu dioxan) &
nhiét d¢ thich hop (nhu nim trong khoang tir nhiét d6 phong dén 90°C).

LG/\I{S\R“
“R

V) (VD)
Hop chét c6 cong thic (III) c6 thé duoc didu ché bing cach cho hop chét cb cong
thire (VII) phan tmg v&i hop chét c6 cong thli:c (VI) trong diéu kién nhu trong phéan Ung
ctia hop chét ¢ cong thire (V) voi hop chit ¢6 cong thirc (VI).

(VID)

Hop chét c6 cong thic (IV) ¢6 thé dugce didu ché bing cach cho hop chét c6 cong
thire (VIII) phan tng véi este alkyl acrylat (nhu metyl acrylat khi R® 1a metyl) trong diéu
kién phan Umg Heck thich hop; tic 13 trong sy ¢ mat cia aryl phosphin (vi du tri-o-
tolylphosphin), chit xtc téc paladi (nhu paladi (II) axetat va bazo (nhu trietylamin) trong
dung méi thich hop (nhu DMA) va & nhiét d6 thich hop (vi du 80°C).

Br

-23-



21098
(VIID)

Hop chét c6 cong thire (V) ¢6 thé dugc didu ché bang cach cho hop chét c6 cong

thirc (VII) phan g véi hop chit c6 cong thirc (IV) trong diéu kién nhu mé ta trong phan

tmg ctia hop chit c6 cong thire (III) v6i hop chit ¢6 cong thuac (IV).

Hop chét c6 cong thirc (VI), trong d6 LG 1a triflat c6 thé dugc didu ché theo So dd

1 va So @b 2. Hop chét c6 cong thuc (VI), trong d6 LG khong phai 1a triflat ¢6 thé dugc

didu ché bang cing phuong phap di biét trong linh vurc nay.

Sodd 1

Buéc 1: Chit flo héa, vi du NN-dietyl-1,1,2,3,3,3-hexaflopropan-1-

amin/DCM/RT, tiép theo chat khir, vi du lithi nhém hydrit/THF/nhiét d6 phong.

Budc 2: Triflometansulfonic anhydrit/bazo, vi du 2,6_—1utidin/DCM/0°C

So dd 2

0

Buéc 1 2
/mok’( HO/\[( e 0
F v"S\
F A

Buéc 1: Chét khir, vi du lithi nhdm hydrit/ete/0°C

Budc 2: Triflometansulfonic anhydrit/bazo, vi du 2,6-lutidin/DCM/-10°C

Hop chit c6 cong thirc () 1a hop chét bit d6i. Ngudi c6 hiéu biét trung binh trong

linh vire nay hiéu ring cac phan tmg chon loc dong phan 1ap thé c¢6 thé duge st dung dé

thu dugc chit dong phan mong mudn. Theo cach khéc, héa 1ap thé c6 thé duoc diéu chinh

bang phuong phap thich hop, nhu bing cach epime hoa tir chét d6ng phan cis thanh chét

ddng phan trans nhd axit héa 'h()p chit trung gian chita nhém amin d3 dugc bao vé nhu

dugc mo ta trong vi du 4 (va vi du dugc mo ta trong J. Org. Chem. 2009, 74, 2771-2779).

-24-



21098
Theo khia canh khéc, sang ché @ xuét quy trinh diéu ché hop chét c6 cong thuc
(1), bao gdm budc thiy phan hop chét co cong thuc (II), trong su c¢6 mit cia bazo thich

hop.

AN

Can hiéu ring thtr tir cia cac budc trong cac quy trinh néu trén c6 thé dugc thay

doi theo cac cach khac.

Cén hiéu ring hop chit bat ky c6 cong thirc (I) dugc didu ché bing quy trinh bét
ky néu trén c6 thé dugc bién dbi thanh hop chét c6 cong thirc (I) khac khi cin.

Khi cin, mubi dugc dung cda hop chét c6 cong thac (I) c6 thé duogc diéu ché bé’mg

‘céch cho hop chét nay phan tmg v6i bazo thich hop.

Khi cin, tién dugc chit dugc dung cta hop chét co cong thue (I) c6 thé dugc diéu
ché bang quy trinh thong thudng, vi du este c6 thé phén cét in vivo ctia hop chét c6 cong
thire (I) c6 thé dugc diéu ché biang cach cho hop chét c6 cong thic (I) chira nhéom

carboxyl phan tmg v6i rugu duoc dung. Théng tin chi tiét hon vé tién dugc chét da dugce

* mo ta g trén.

Ngudi c6 hidu biét trung binh trong linh virc nay ciing hiéu ring trong mdt s& phan
tmg theo sang ché, cic nhém bat ky nhay véi didu kién phan g trong hop chit cin dugc
béao vé. Céc phuong phép thich hgp d bao vé cac nhom nay 1a da biét trong linh vyc nay.
Nhém bao vé thong thudng c6 thé dugc sir dung theo quy dinh chuin (xem T.W. Green,
Protective Groups in Organic Synthesis, John Wiley and Sons, 1991). Do d6, khi chit
. phén tmg chira cic nhém nhu amino, carboxy hoic hydroxy, thi cac nhém nay can dugc

bao vé trong mdt s6 phan img theo sang ché.

Vi du vé& nhém bao vé thich hgp cho nhém amino hogc alkylamino 14 nhém axyl,
vi du nhom alkanoyl nhu axetyl, nhom alkoxycarbonyl, vi du nhém metoxycarbonyl,
etoxycarbonyl hodc  r-butoxycarbonyl, nhom arylmetoxycarbonyl, vi du
benzyloxycarbonyl, hodc nhém aroyl, vi du benzoyl. Cac diéu kién khir bao vé dbi voi
c4c nhom bao vé néu trén cin thay d6i theo nhém bao v€ dugc chon. Do d6, vi du nhém
axyl nhu alkanoyl hogc alkoxycarbonyl hodc aroyl cé thé duoc loai bo bang cach thﬁy
phén véi bazo thich hgp nhu hydroxit kim loai kiém, vi du lithi hydroxit hodc natri
hydroxit. Theo cach khéc nhém axyl nhu z-butoxycarbonyl c6 thé dugc loai bd bing cach
Xt ly véi axit thich hop nhu axit hydrocloric, axit sulphuric ho#c axit phosphoric hodc

axit trifloaxetic va nh6m arylmetoxycarbonyl nhu benzyloxycarbonyl ¢6 thé duoc loai bd
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bang cach hydro hoa bang chét xdc tac nhu paladi cacbon, hodc bang cach xt 1y véi axit
Lewis, vi du bo tris(trifloaxetat), vi du vé nhém bao vé thich hop khac cho nhom amino
bac mot 1a nhém phtaloyl ma c6 thé duge loai bé bing cach xir Iy véi alkylamin, vi du

dimetylaminopropylamin, hoéc hydrazin.

Vi du v& nhém bao v¢ thich hgp cho nhom hydroxy 1& nhém axyl, vi du nhém
alkanoyl nhu axetyl, nhém aroyl, vi du benzoyl, hodc nhoém arylmetyl, vi du benzyl. Cac
diéu kién khir bao vé dbi v6i cac nhém bao vé néu trén cin thay ddi theo nhém bao vé
dugc chon. Do d6, vi du nhém axyl nhu alkanoyl hodc aroyl c6 thé dugc loai bd bing
cach thily phan v6i bazo thich hgp nhu hydroxit kim loai kiém, vi du lithi hydroxit hogc
natri hydroxit. Theo cach khac, nhém arylmetyl nhu benzyl cé thé dugc loai bd bing

cach hydro hoa bang chit xiic tac nhu paladi cacbon.

Vi du v& nhém bao vé thich hop cho nhém carboxy 1a nhém tao chirc este, vi du
nhém metyl hodc etyl ma c6 thé duge loai b bing cach thuy phan vé6i bazo nhu natri
hydfoxit, hodc nhém #-butyl ma c6 thé dugc loai bd bang cach xir Iy véi axit, vi du axit
hitu co nhu axit trifloaxetic, hogc nhém benzyl ma c6 thé duge loai bd bing cach hydro

héa bing chét xuc tc nhu paladi cacbon.

Céc nhém bao vé c6 thé dugc loai bd & cong doan thich hop bit ky trong quy trinh
didu ché bang cac k¥ thuét thong thuong da biét trong linh vyc nay.

Mbt s6 hop chit trung gian (vi du, hop chit c6 cong thuc IT, 111 IV, V, VI, VII va
~ VIII, dic biét 1a hop chét c6 cong thirc II, III va/hodc V) theo sang ché 13 cac hop chét
m&i va cac hop chit nay 13 cic khia canh khéc ciia sang ché.

Thir nghi€m sinh hoc

Hoat tinh ciia hop chét theo sang ché dugc do bang cac thir nghiém sau.

Thir nghiém gén két ERa

Kha ning gin két cia hop chit theo sang ché véi vimg gén két phéi tir thu thé
estrogen alpha (ER alpha - LBD (GST)) dugc danh gia bing cac thir nghiém canh tranh
bang phuong phap chuyén ning lwong cong huéng huynh quang rura giai theo thoi gian
phat hién diém cubi LanthaScreen™ (TR-PRET). P& thyc hién phuong phap
LanthaScreen TR-FRET, flophore thich hgp (Fluormone ES2, mi san phdm P2645) va
viing gén két phdi tir thu thé estrogen alpha t4i t6 hop cia ngudi (ma san phim PV4543)
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do Invitrogen cung cdp dugc sir dung dé danh gia kha ning gén két cia hop chit. Nguyén
Iy cua thir nghiém nay 1 ER alpha-LBD (GST) dugc bd sung vao phdi tir huynh quang
dé tao ra phirc hop thu thé/flophore. Khang thé khang GST dugc danh diu tecbi (ma san
phim PV3551) dugc sir dung dé danh déu gian tiép thu thé bing cach gin két véi trinh tu
danh ddu GST cua n6, va 4i luc gin két canh tranh duoc danh gi4 bang kha ning dich
chuyén phdi tir huynh quang ciia hop chit thir nghiém dé 1am mét tin hiéu TR-FRET giira
khéng thé khang GST dugc danh d4u tecbi va hop chit danh déu. Thir nghiém nay dugc
thuc hién bang cach bd sung toan bd cac chit phan tng bing may tram vi long Beckman
Coulter BioRAPTR FRD:

1. Phan tan bing song 4m 120nL hop chit thir nghiém vao dia thir nghiém mau
den 384 giéng dung tich nh.

2. Piéu ché khang thé khang GST dugc danh dAu tecbi/ER alpha-LBD 1x trong
dung dich sang loc ES2 va 1 trong 20 phut.

3. Bb sung flophore 1x vao dung dich khang thé khang GST dugc dénh déu
tecbi/ER alpha-LBD truéc khi sir dung.

4. Phan tan 12uL hdn hop chira khang thé khang GST dwoc danh ddu tecbi/ER
alpha-LBD 1x/flophore vao mdi giéng ctia dia thir nghiém.

5. Day dia thir nghiém dé bao vé cac chit phan tmg khoi bay hoi va tranh anh
séng, va i & nhiét 4§ phong trong 1 gio.

6. Kich thich & buéc séng 337nm va do tin hidu phat huynh quang ciia mdi giéng
& budce séng 490nm va 520nm bing BMG PheraSTAR. |

Hop chét duoc b sung truc tiép tir ngudn hop chit trén vi dia chira hop chit duoc
pha loéing lién tiép (4 giéng chira 1an lugt 10mM, 0,mM, 1uM va 10nM hop chét cubi
cling) vao vi dia thir nghiém bing Labcyte Echo 550. Echo 550 is a liquid handler st
dung cong nghé séng am dé chuyén truc tiép dung dich hop chit DMSO tir vi dia diéu
ché sang vi dia thir nghiém va hé thdng nay dugc 1ap trinh d& chuyén nhidu thé tich nL
hop chit tir cac giéng c6 ngudn gbe tir cac dia khic nhau d& thu duge dung dich pha
loéing lién tiép chira hop chit mong mudn trong thir nghiém, sau d6 nap nguoc trd lai vao
dé chuin héa nbéng d6 DMSO trong khoang ndng d6 pha loang. Téng cong 120nL hop

chét cong véi DMSO duoc bd sung vao mdi giéng va hop chét duoc thir nghiém & 12
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diém ndng d6 so v&i ndng dd hop chét cubi cing lan luot bang 100puM, 29,17uM,
10,42uM, 2,083 pM, 1uM, 0,292pM, 0,104pM, 0,02083uM, 0,01pM, 0,002917uM,
0,001042pM, 0,0001uM. Dir liéu dép tmg liéu TR-PRET ciia mbi hop chét dwoc phan
tich bang g6i phin mém thich hop (nhur Origin hosc Genedata) dé thuc hién phan tich
dudng chuén thich hop. Ai Iuc gin két canh tranh véi ER alpha dugc x4c dinh bing trj sb
ICso. Tri s6 nay dugc x4c dinh bing cach tinh toan ndng d6 hop chét can c6 dé lam giam

50% hop chét danh diu gin két voi ER alpha-LBD.
Thir nghiém diéu hoa rc ché biéu hién thu thé estrogen & té bao MCF-7

Kha ning cia hop chét dé diu hoa trc ché bidu hién mot s thy thé estrogen dugc
danh gia trong thir nghiém huynh quang mién dich té bao bang cach st dung dong té bao
ung thir bidu mé vu 6ng dan sita MCF-7 ctia nguoi. Té bao MCF-7 dugc hoat hda lai truc
tiép tir miu bao quan lanh (khoang 5 x 10° té bao) trong moéi trudng thir nghiém (mGi
truong Dulbecco Eagle cai tién khéng chira phenol d6 (DMEM) (Sigma D5921) chta
2mM L-Glutamin va 5% (thé tich/thé tich) huyét thanh bao thai bé di xi Iy than
hoat/dextran. Té bao dugc tiém vao mdt l4n biang kim tiém 18G x 1,2mm x 40mm vo
tring va mat do té bao dugc do bang thiét bi dém (Beckman). Té bao dugc tiép tuc pha
lodng trong moi trudng thir nghiém dén mét d6 bang 3,75x10* té bao/mL va 40uL/giéng
dugc bd sung vio dia nubi cdy md mau dén day trong subt 384 giéng (Costar, No. 3712)
bang thiét bi Thermo Scientific Matrix WellMate hoic Thermo Multidrop. Sau khi cy té
bao, dia dugc 4 qua dém & nhiét dd 37°C, 5% CO, (Thiét bj G Liconic carousel). Dit liéu
thir nghiém dugc tao ra bang thiét bi dinh dang lai hop chét Labcyte Echo® kiéu 555 1a
mot bd phan ciia hé thdng nudi cdy té bao tr dong (Integrated Echo 2). Dung dich gbc
chira 10mM hop chét thir nghiém duogc sir dung dé tao ra dia phan lidu hop chét 384
giéng (Labcyte P-05525-CV1). 40uL mbi dung dich gbc chtra 10nM hop chét thir nghiém
dugc phén tén vio giéng & géc phan tu thir nhét, sau d6 cac dung dich pha lodng lién tiép
theo ty 1¢ 1:100 trong DMSO dugc-diéu ché bang dung cu pha ché Hydra II (MATRIX
UK) dé 1an luot thu dugce 40pL hop chét thir nghiém pha lodng véo cac giéng & goc phan
tu thr hai (0,1mM), 3 (1uM) va 4 (0,01uM). DMSO (40puL) dugc bd sung vao giéng &
hang P trén dia ngudn dé chuén héa ndng 46 DMSO trong khoang ndng d6 nay. DMSO
(40uL) duge b sung vao hang O1 va DMSO chira 100uM Faslodex® (40uL) duge bd
sung vao hang O3 trén dia ngudn hop chit dé thu dwoc cac giéng dbi ching. Hé théng

Echo st dung cong nghé séng 4m dé chuyén truc tiép dung dich hop chit DMSO tir vi
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dia diéu ché sang vi dia thir nghiém. Hé théng ndy dwoc l4p trinh dé chuyén cac thé tich
tang khoang 2,5nL giita cac vi dia va tao ra dung dich pha lodng lién tiép chira trong dia
thir nghiém, sau d6 nap nguoc trd lai vao dé chuén héa néng do DMSO trong khoang
ndng do pha loang. Hop chét duoc phan tan vao cic dia té bao v6i dia ngudn hop chét
duogc tao ra nhu néu trén tao ra 12 phin lip lai cia khoang ndng do nim trong khoang tir
3uM dén 3pM véi d6 pha loang 3 14n va mot d6 pha lodng 10 1in cudi cing bing hé
thdng Integrated Echo 2. Céc giéng d6i chimg tin hiéu t6i da dwoc bd sung véi DMSO dé
thu dugc ndéng do cudi cling bing 0,3% va cac giéng d6i chimg tin hiéu t6i da duge bd
sung v&i Faslodex® dé thu duoc ndng d6 cudi ciing bang 100nM. Cac dia dugc tiép tuc 0
trong 18-22 gio & nhiét do 37°C, 5% CO,, sau d6 cé dinh bing 20pL dung dich
formaldehyt 11,1% (thé tich/thé tich) (trong dung dich dém muédi phosphat (PBS)) dé thu
dugc ndéng d6 formaldehyt cudi cing biang 3,7% (thé tich/thé tich). Céc té bao dugc cb
dinh & nhiét ¢ phong trong 20 phiit truéc khi rira hai 14n bang 250puL PBS/Proclin (PBS
chtra chit diét khuén sinh hoc) bing may rira dia BioTek, sau d6 40mL PBS/Proclin dugc
bb sung vao toan bd cac giéng va cac dia dugc bao quan & nhiét d6 4°C. Phuong phap cb
dinh néu trén dugc thuc hién trén hé théng Integrated Echo 2. Phan tmg thAm mién dich
dugc thuc hién b%mg hé théng phén tich té bao tu dong AutoFElisa. PBS/Proclin dugc hut
ra khéi toan bd cac giéng va cac té bao duoc thdm véi 40puL PBS chira 0,5% Tween™ 20
(thé tich/thé tich) trong 1 gid & nhiét d6 phong. Cac dia duoc rira ba 1an trong 250pL
PBS/0,05% (thé tich/thé tich) Tween 20 chtra Proclin (PBST chtra chét diét khuén sinh
hoc), sau d6 20pL ERa (SP1) Khéang thé don dong cia tho (Thermofisher) 1:1000 trong
PBS/Tween™/3% (khéi lugng/thé tich) Albumin huyét thanh bd dugc bd sung vio. Céc
dia dugc 1 qua dém & nhiét dd 4°C (Thiét bi & Liconic carousel), sau d6 rira ba 14n trong
250uL PBS/0,05% (thé tich/thé tich) Tween™ 20 chira Proclin (PBST). Sau do, cac dia
dugc U v6i 20pL/giéng khang thé AlexaFluor 594 cita dé khang IgG ciia thd hodc khéng
thé AlexaFluor 488 ciia dé khang IgG cua thd (Molecular Probes) véi Hoechst theo ty 18
1:5000 trong PBS/Tween™/3% (khdi lwong/thé tich) Albumin huyét thanh bo trong 1 gidr
& nhiét d6 phong. Sau d6, cic dia dugc rira ba 1an trong 250uL PBS/0,05% (thé tich/thé
tich) Tween™ 20 chira Proclin (PBST chira chit diét khudn sinh hoc). 20uL PBS duoc
bb sung vao mbi giéng va cac dia dugc ddy bang nip mau den va bao quan & nhiét do
4°C truée khi doc két qua. Cac dia dugc doc két qua bing thiét bj huynh quang Cellomics
Arrayscan & bude séng 594nm (sau 24 gid) hodc 488nm (sau 5 gid) dé& xac dinh ham
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luong thu thé ERa & mbi giéng. Cudng d6 tdng sb trung binh dugc chuén héa theo sb
luong té bao dé thu duoc cudng d6 tdng sb tinh trén mot té bao. Dir lidu dwoc phan tich
bing g6i phin mém thich hop (nhu Origin) dé thuc hién phén tich duong chuin thich
hop. Mitc d6 diéu hoa wc ché biéu hién thu thé ERa dugc x4c dinh bing tri s6 ICsq bang
cach tinh toan ndng d hop chét cin c6 dé 1am giam 50% cudng d6 tin hiéu trung binh t6i
da.

Mic dit ddc tinh duoc 1y cia hop chit c6 cong thirc (I) thay ddi theo cong thirc cu
tao, nhung nhin chung hoat tinh ctia hop chét c6 cong thirc (I) c6 thé duogc xac dinh & cac
ndng d6 hoic liu lugng duéi day trong mét hodc nhiéu thir nghiém néu trén.

Dir lidu dudi ddy duoc tao ra dbi voi cac vi du (dit lidu nay co6 thé 1a két qua cia

mot thir nghiém duy nhét hoic két qua trung binh ciia nhiéu thir nghiém lap lai).

Bang A
Vidu | Ailrc ginké&t ER, | Mirc d6 diéu hoa tc ché biéu hién, tri
tri s6 ICso 56 ICsp

1 <0,64 0,14
2 1 0,85
3 1 0,4
4 1,6 0,99
5 0,2 0,57
6 <13 0,44
7 5 - 1,7
8 2,2 3

9 <1,2 1,5

Nghién ctru ghép ngoai lai MCF-7 in vivo v6i hop chét theo vi du 1 dudi dang
"hoat chat duy nhit va két hop vé6i chit (rc ché mTOR

Té bao MCF7 (5 x 10° t& bao dwoc tao hén dich trong 100pL mbi trudng RPMI)
dugc cdy dudi da & héng phia sau ctia chudt da bj suy giam mién dich (SCID) mét ngay
sau khi mdi chuét dugc phiu thust ciy ghép véi 0,5mg/21 ngay oestrogen dang hat nhé
(Innovative Research, USA). Cac khdi u dugc do hai 1dn mot tudn va su thay dbi vé thé
tich khéi u va tac dung trc ché sinh truéng khéi u duge x4c dinh bang thuée kep hai chiéu
Vernier (chidu dai x chiéu rong), trong d6 chiéu dai duge xac dinh 1a chidu dai nhét trén
khéi u va chiéu rong 13 chidu vudng goc turong tng. Thé tich khéi u dugc do theo cong

thirc (chidu dai x chiéu réng) x V (chiéu dai x chiéu rong) x 7/6).
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Cac khdi u dugc do sau 13 ngay ciy ghép té bao dé chia nglu nhién cac chudt
thanh c4c nhém thir nghiém. Qua trinh diéu tri bing hop chit bit diu sau 14 ngdy ciy
ghép té bao.

Chét e ché mTOR AZD2014 dugc sit dung cho cac nhém chuét khac nhau & lidu
lwong bang 15mg/kg mdt 14n hang ngdy theo dudng ubng & lidu luong bang 0,1mL/10g.
Hop chét theo vi du 1 dugc st dung & liéu hrgng bang Smg/kg mot 14n hang ngay theo
dudng udng & lidu luong bang 0,1mL/10g. Mot nhém chudt duge st dung gia dugc theo
dudng udng déng vai trd 1am nhém dbi ching. Chin chudt mdi nhém dugc sir dung céc

hoat chit cho nhém d6i chimg.
Dit liéu thu duge tir nghién ciru nay dugc thé hién trong Fig.10.

Téc dung hiép ddng clia hop chét c6 cong thire (I) v6i chét te ché PI3Ko/5 c6 thé

duge nghién ctru theo cling cach thirc két hop vai chit e ché mTOR néu trén.

Nghién ctru hi¢u qud ghép ngoai lai suy giam estrogen kéo dai HCC1428
(HCC1428 LTED)

Sau khoang thoi gian nudi ciy thich hop, t€ bao HCC1428 LTED (1 x 10%) dugc
ciy dué6i da & hong phia sau ciia chudt cai NSG da bi suy giam mién dich va cit bo budng
trimg (Jackson Labs, USA). Céc khéi u dugc do hai lan mot tudn va sy thay ddi vé thé
tich khdi u va tac dung trc ché sinh truéng khdi u dugc xac dinh bing thudce kep hai chidu
Vernier (chidu dai x chiéu rong), trong d6 chidu dai dugc xac dinh 1a chidu dai nhét trén
khdi u va chiéu rong 1a chidu vuéng goc tuong tmg. Thé tich khdi u duge do theo cong
thirc (chiéu dai x chiéu rong) x V (chidu dai x chidu rong) x (n/6). Céc khdi u duge do
mot tudn mét 14n sau khi cdy ghép té bao cho dén khi kich c& trung binh bing 150 mm®
dé chia ngiu nhién cac chudt thanh cac nhém thir nghiém, mdi nhém gbm 10 chudt. Qué
trinh diéu tri bing hop chét bit diu sau 62 ngay nghién ciru va mot tudn mot 1an thé tich
khéi u tiép tuc duoc do. Hop chét theo vi du 1 dugc sir dung & lidu lrgng 25mg/kg mot
1in hang ngay theo dudng ubng & lidu luong bang 0,1mL/10g. Mot nhém chudt khac
dugc sir dung gia dugc theo dudng ubng dong vai trd lam nhém dbi ching.

Sau 28 ngay didu tri, thé tich khbi u ciia cac chudt dbi chimg di ting trung binh
220mm’ (bing céc trj sb trung binh hinh hoc), trong khi d6 thé tich khdi u caa céc chudt
dugc diéu tri bang hop chét theo vi du 1 da giam 46mm’ tuong tmg v6i ty 16 phén trim

tic ché sinh truéng khdi u bang 121% (P<0,001 bang phép kiém dinh T khong bét cap).
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Pé do ham luong protein thu thé estrogen & cac khdi u ghép ngoai lai, cac miu
khéi u duoc thu nhan sau 24 gid sir dung lidu cudi cing cia gia duge hodc hop chét theo
vi du 1 va bdo quan ddng lanh trong nito 16ng. Dé chiét xuét protein, manh khéi u dugc
bd sung vao 700pL dung dich dém chiét tach t& bao Invitrogen (FNN0011) c6 bd sung
~ chét e ché phosphataza Sigma (s6 2 (P5726) va 3 (P0044) theo ty 1¢ pha lodng 1:100) va
chit tc ché hoan toan proteaza Roche (11836145001) (1 vién nén/50mL), 1mM
dithiothreitol (DTT) trong 6ng mau ¢ dung tich 2mL trong nudc d4. Cac miu duge lam
ddng nhat héa bang Mixermill (level 27/gidy) va 3 x 2 phit chu trinh dong nhit. C4c miu
dugc ly tAm nhanh dé x4ac dinh mirc d6 ddng nhét hoan toan cia khéi u. Dich treo dong
nhét dugc siéu im trong 10 gidy, sau d6 ly tim ddo ngugc & téc d6 bing 13000 vong/phit
trong 15 phiit. Ham lugng protein trong phan dich ndi dugc do va khoang 45pug protein
dugc chay trén Bis-Tris Gel 15 giéng (4-12% Gel) bang cic phuwong phép chuin. Sau khi
phan tach protein va chuyén 1én mang loc nitroxenluloza, thu thé estrogen 68kDa: khéng
thé ThermoFisher SP1 #9101S dugc bd sung vao, pha lodng theo ty 1& 1:400 trong
stta/PBS/T va 1 qua dém & nhiét 46 4°C. Mang loc nay duoc rira trong 3x 5 phit trong
khoang 20mL TBS/T 0,05% va khang thé thtr cAp phét hién khéng IgG ciia thé dwoc pha
lodng theo ty 1€ 1:2000 trong 5% marvel trong TBS/T va 0 trong 1 gi¢ & nhiét do phong.
Tin hiéu dugc phat hién bing co chét kéo dai sidu tin hiéu phat quang héa hoc va dinh
lugng bang phin mém Syngene. Ham lrong protein vinculin dugc do du6i dang miu déi
chimg bang V931 Sigma dugc pha lodng theo ty 16 1:10000 trong marvel va khang thé
phét hién khang IgG cia chi;ét. Két qua trén Fig.11 va Fig.12 cho thiy ring ham lugng
ER & cac chudt dugc didu tri bing hop chét theo vi du 1 da giam 60% so véi mau dbi

chung.

Theo mot khia canh khac, sang ché d& xuét duoc phém chtra hgp chét c6 cong

thire (I), hoac mubi dugc dung cua nb, va chét mang hodc t4 dugc pha lodng dugc dung.

T4 dugc duge dung thich hgp d& bao ché vién nén bao gﬁ‘)m, vi du t4 dugc pha
loang tro, t4 dugce tao hat va ta duogc rd, t4 dugc dinh, ta duogc tron, chét bao quan va chét
chdng oxy hoa. T4 dugc duge dung thich hop khac bao gdm chét tao phuec chelat. Vién
nén c6 thé dugc bao hoic khong duge bao d& bién ddi kha ning ra cua chung va hép thu
hoat chét trong dudng tidu hoa, hodc dé cai thién d6 6n dinh va/hodc hinh thai cua ching,

khi str dung c4c quy trinh bao va t dugc bao thong thuong da biét trong linh vire nay.
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Theo céch khéc, duge phim ding theo dudong udng c6 thé dugc bao ché & dang
vién nang cting gelatin, trong d6 hoat chit dugc tron véi ta duge pha lodng rin tro, hodc

dudi dang vién nang mém gelatin, trong d6 hoat chat dugc tron véi nude hoic dau.

Hbén dich thube nude thuong chira hoat chit & dang bt min cung véi mot hodc
nhiéu chit gy thAm 6n dinh, chit phan tan hodc chét hit 4m. Hon dich thuc nudc cb thé
con chira mot hodc nhidu chit bao quén, chét chéng oxy hoéa, chit mau, chét thom,

va/hodc chit 1am ngot.

Hn dich thubc du c6 thé duoc bao ché béng cach tao hdn dich hoat chéit trong
dau thuc vat hodc dau khoang. Hon dich thubc diu c6 thé con chira chit 1am dic. Chét
1am ngot va chit thom c6 thé dugc bd sung vao dé tao ra dugc phim dé ubng. Céc dugc

phim nay c6 thé duoc bao quan bang cach bd sung chét chéng oxy hoéa.

Thudc bot va thubc cdm c6 thé phén tan thich hop @& bao ché hdn dich nudc bang
cach bd sung nudc thudng chira hoat chit cing véi chit phén tan hodc hut 4m, chét gay
thdm &n dinh va mot hodc nhiéu chét bao quan. Céc dugc phém nay co thé con chira céac

t4 dugc khac chét 1am ngot, chit thom va chit mau.

Dugc phim theo sang ché c6 thé dugc bao ché & dang nhii tvong dau trong nudc.
Pha ddu c6 thé 1a diu thuc vit hoic diu khoang hodc hdn hop ciia chung. Nhii twong

thudc c6 thé con chira chit 1am ngot, chit thom va chét bao quan.

Xird va con thudc ngot cling cé the dugce bao che vadi chat 1am ngot, va c6 thé con

chira chat chong viém, chat bdo quan, chat thom va/hodc chat mau.

Dugc phim theo sang ché ciing ¢6 thé dugc bao ché & dang hén dich thubc tiém
dau hodc hdn dich thudc tiém nudc vo tring, theo quy trinh da biét sir dung mot hoac
nhiéu chét phén tan hoic hit 4m va chit gay thdm én dinh thich hop. Ché phdm thubc
tiém vo tring ciing c6 thé dugc bao ché & dang hdn dich thudc tiém hodc hdn dich thube
ti€ém vO trung trong t4 dugc pha lodng hodc hé dung mdi khong doc thich hgp sir dung

theo duong ti€m .

Dugc phdm dé sir dung theo dudng xong hit c6 thé duge bao ché & dang thudc
phun mu dugc thiét ké dé phan tan hoat chit du6i dang phun mu chtra hat rin min hodc

giot 1éng. Céc chét ddy thong thuong nhu flohydrocarbon hodc hydrocarbon bay hoi ¢6
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thé dugc sir dung thiét bj khi ding duogc thiét ké thuan tién dé phan phdi Iuong hoat chat
chinh x4c. C4c dugc phim xong hit chira bot khé ciing c6 thé thich hop.

Pé biét thém thong tin v& cac dugc phim nay, xem Chapter 25.2 in Volume 5 of
Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial Board),
Pergamon Press 1990.

Theo mot khia canh, sang ché @ xuét duoc phém chira hop chét theo vi du 1, tirc
la axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-bJindol-1-yl)phenyl)acrylic, hoic mudi dugc dung ciia né. Tét hon néu,
hop chét theo vi du 1 ¢6 mit & dang tinh thé B.

Quy trinh diéu ché axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic nhu dugc thé hién
trong vi du 1, can dugc thyc hién trong diéu kién tranh 4nh sang va trong diu kién khi
nito dé tranh tao san pham phan huy.

San phim phén hily ctia hop chit néu trén 1a (R,E)-3-(3,5-diflo-4-(2-(2-flo-2-
metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium-l-yl)phenyl)acrylat, co

cong thirc nhu sau:

va c6 thé dugc tao ra tir hop chét theo vi du 1, tirc 13 axit (E)-3-(3,5-diflo-4-
((1IR,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic bing phan tmg tw oxy héa trong khong khi theo co ché gbc tur do. Dé
tranh nghi ngd, san phim phén hity nay duoc cho 1a gin nhu khong c6 tac dung diéu hoa

trc ché biéu hién chon loc thu thé estrogen.

Hop chét ndy ciing c6 thé 1a (E)-3-[3,5-diflo-4-[(3R)-2-(2-flo-2-metyl-propyl)-3-
metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium-1-yl]phenyl]prop-2-enoat va dugc didu -
ché theo vi du 13.
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Ngudi c6 hiéu biét trung binh trong linh vyc nay s& hiéu ring viéc kiém soat sy
hinh thanh céc san phim phan hiy 13 can thiét dé san xult va bao quan an toan dugc
phim. Ngudi c6 hidu biét trung binh trong linh vuc ndy ciing s& hiéu ring mot s6 hop
chét c6 thé phan huy khi bao quén, ngay sau khi bao ché thanh dugc phdm, va trong mot
sO truomg hop san phim phén hily c¢6 thé duge kidm soat bing cach st dung t4 dugc thich
hop trong duge phdm vi/hodc biang quy trinh thich hop dé dong goi thanh phim. Ngudi
c¢6 hiéu biét trung binh trong linh vyuc nay ciing s& hiéu ring thudc thanh phim d& béan
trén thi truong s& can phai duoc t6i vu hoa cho mot sé dic tinh, bao gém d6 6n dinh héa
hoc, d6 4n dinh vat ly va dic tinh hoa tan. Do d6, cic dugc phdm nay s& dugc phat trién

d€ 1am can bang mot s6 yéu to khac nhau.

T6t hon néu, dwgc phim chira axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic, hodc

muoi dugc dung cta nd, con chira chat chong oxy hoa.

Chét chéng oxy thich hop dé dung trong dugc phdm da biét trong linh vuc nay, va
bao gdm, vi du axeton natri bisulfit; axit alpha lipoic; alpha tocopherol; axit ascorbic;
ascorbyl palmitat; butylhydroxyanisol; butylhydroxytoluen; caroten; axit xitric
monohydrat; dodecyl galat; axit erythorbic; axit fumaric; glutathion; histidin; axit
hypophosphoro; axit lactobionic; axit lipoic; axit malic; melatonin; metionin; d-manoza;
monothioglycerol; octyl galat; kali métabisulﬁt; axit propionic; propyl galat; natri
ascorbat; natri bisulfit; natri formaldehyt sulfoxylat; natri metabisulfit; natri sulfit; natri
thiosulfat; thiéc clorua; uu huynh dioxit; thymol; tocopherol; tocotrienol; ubiquinol; axit
uric; vitamin E; va vitamin E polyetylen glycol suxcinat. Cac hop chét nay c6 thé tao ra
tac dung chdng oxy hoa theo nhiéu co ché va mot hogc nhidu co ché nay c6 thé hiéu qua
hon cho hop chit cu thé. Mot s6 chét chdng oxy héa hop chét, nhu BHA, déng vai trd 1a
chét loai gbc tur do. Cac chit chéng oxy héa khéc, nhu natri metabisulfit va axit ascorbic

dé bi oxy héa va do d6 c6 thé bj oxy hoa d& hon hoat chét.

Vi du, khi kim loai gdy ra sy hinh thanh peroxit tham gia vao co ché oxy héa, thi
viéc st dung chét tao phi’:c chelat, nhu, vi du EDTA (etylendiamintetraaxit axetic), c6 thé
hitu ich d& loai bo tap chét kim loai bit ky va nho d6 dat dugc tac dung 1am én dinh mét
cach gian tiép. Céc chét tao phirc chelat v6i kim loai khac da biét trong linh vuc nay va
bao gém, vi du betadex sulfobutyl ete natri; canxi axetat; axit xitric monohydrat;

xyclodextrin; dinatri edetat; axit edetic; axit fumaric; galactoza; axit glutamic; histidin;
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hydroxypropyl betadex; axit malic; axit pentetic; phytochelatin; poly(metyl vinyl
ete/maleic anhydrit); kali xitrat; natri xitrat dihydrat; natri phosphat dibazo; natri

phosphat monobazo; axit tartaric; va trehaloza.

Dugc phim chira hop chét theo vi du 1 ¢6 thé chira propyl galat, natri metabisulfit,
axit ascorbic va butylhydroxyanisol. Dugc phim chira hop chét theo vi du 1 ciing c6 thé
chira EDTA, vi du cu thé vé dugc phém ndy dugc mo ta trong vi du 12. Trong sb nay,
dugc phdm chira natri metabisulfit c6 d6 6n dinh thap hon dugc phim khong chira chat
chéng oxy hoéa, sau 4 tudn bao quan & nhiéu didu kién nhiét dd va dd 4m. Dugc phém
chira axit ascorbic 12 én dinh nhét sau 4 tudn bao quan & nhiéu didu kién nhiét do va do

4m (nhu dugc x4c dinh bang phuong phép phan tich sic ky 16ng, vi du UHPLC).

Céc ta dugc thich hgp khéc dé bao ché dugc phém chira hop chét theo vi du 1, bao
gﬁ‘)m t4 dugce c¢6 ham lugng kim loai thép, ta dugc c6 ham lugng peroxit thép, ta dugc nhu
manitol ma 13 chét loai géc tu do cling nhu t4 dugc don. Quy trinh bao ché duoc phém
nay c6 thé ciing anh huéng dén d6 on dinh., vi du d6i v6i mot sd hoat chit, viéc dam bao
tron k¥ hoat chét véi ta duge tao ra d6 6n dinh c6 thé quan trong trong vi¢c dam bao 4o
n dinh t6i da. Viéc tron k§ nay c6 thé bi anh hudng béi, vi du tde do tron, kich c& hat va
cac quy trinh tron/tao hat uét hodc kho. Hoat chét c6 thé dugc tao hat v6i chét chéng OXy
héa, sau d6 tron voi céc ta duge khac. Chét chéng oxy hoéa cé thé con dugc bd sung vao

mang bao bén ngoai bt ky ciia dugc phim.

Theo mot khia canh, sang ché @& xuit dugc phdm chira axit (E)-3-(3,5-diflo-4-
((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1- |
yl)phenyl)acrylic hoic mubi dugc dung ciia né, va it nhit mot chit mang hodc ta duge

pha lodng dugc dung.

Theo mét khia canh, sang ché dé xuét dugc phém chira axit (E)-3-(3,5-diflo-4-
((1IR,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hoic mubi duoc dung ciia n6, va chit chéng oxy hoa. Tt hon néu, axit
ascorbic duoc sir dung 1am chét chéng oxy hoa.

Theo mdt khia canh, sang ché @& xuit dugc phém chutra axit (E)-3-(3,5-diflo-4-
((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hoic mubi duoc dung ctia nd, va chét tao phirc chelat v6i kim loai. Tt

hon néu, EDTA duoc sir dung 1am chét tao phirc chelat v6i kim loai.
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Theo mot khia canh khéc, sang ché d& xuét dugc phém chira axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hosic mudi dugc dung ciia né, chit chdng oxy hoéa va tily y con chira

chét tao phurc chelat véi kim loai.

Theo mot khia canh khéc, sang ché @& xuit dugc phém chira axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahy dro- 1 H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hosc mudi duge dung ciia nd, va it nhat mot chit mang hoic ta dugc
pha loang dugc dung, trong d6 duoc phidm nay chira it hon 5% khéi luong/khdi luong
(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-
bJindol-2-ium-1-yl)phenyl)acrylat. '

Theo mot khia canh khéc, sang ché dé xuét dugc phdm chia axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hoac mubi duge dung cua no, va it nhit mot chit mang hodc t4 dugc
pha loing dugc dung, trong d6 dugc phim nay chira it hon 2% khéi lugng/khdi luong
(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[ 3,4-
bJlindol-2-ium-1-yl)phenyl)acrylat. '

Theo moét khia canh khac, sang ché @ xuit duge phém chira axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hosic mudi -duge dung clia n6, va it nhit mot chit mang hoic t4 dugc
pha lodng dugc dung, trong d6 dugc phém ndy chira it hon 1% khéi luqng/khéi lugng
(R,E)-3‘-(3,5-diﬂ0-4-(2-(2-ﬂo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3 4-
b]indol-2-ium-1-yl)phenyl)acrylat.

Theo mét khia canh khéc, sang ché dé xuét dugc phim chira axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1 H-pyrido[ 3,4-b]indol-1-
yl)phenyl)acrylic hosic mudi dugc dung ciia n6, va it nhit mot chit mang hoic ta duoc
pha losng dugc dung, trong d6 dugc phdm nay chira it hon 0,5% khéi hrong/khdi luong
(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-
bJindol-2-ium-1-yl)phenyl)acrylat.

Theo mét khia canh khéc, sang ché d& xuét dugc phdm chira axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-b]indol-1-

yl)phenyl)acrylic hodc mubi duge dung cda no, va it nhit mot chét mang hodc t4 dugc
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pha losing dugc dung, trong d6 dugc phim nay chira it hon 0,1% khéi Tugng/khdi lugng
(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-
bJindol-2-ium-1-yl)phenyl)acrylat.

Theo mot khia canh khac, sang ché @& xuit dugc phim chira axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic hosic mudi dugc dung ciia nd, va it nhit mot chit mang hodc ta duge
pha lodng dugc dung, trong d6 dugc phdm nay chira it hon 0,05% khébi lwong/khbi lugng
(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[ 3,4-
bJlindol-2-ium-1-yl)phenyl)acrylat.

Theo céc khia canh néu trén, khi dugc phim theo sang ché chira it hon 5% khéi
lwong/khdi luong, 2% khéi lugng/khbi luong, 1% khéi lugng/khéi lugng, 0,5% khéi
luong/khdi lugng, 0,1% khdi lugng/khdi lugng hodc 0,05% khbi lwong/khdi lugng
(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-
blindol-2-ium-1-yl)phenyl)acrylat thi ngudi ¢6 hidu biét trung binh trong linh vic nay s&
hiéu ring thuat ngir ndy c6 nghia 14 ty 18 phn trim khéi luong cua axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1 H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic ¢6 trong dugc phim.

Do d6, san phdm phén hiy (R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-
4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium- lv-y,l)phenyl)acrylat c6 thé dugc st dung lam
chét chi thi hodc chét chudn trong cac phuong phép phan tich nhu HPLC dé kiém soat d
6n dinh cta hop cht theo vi du 1 hodc duge phim chira hop chit nay.

Lugng hoat chét tirc 12 két hop véi mdt hodc nhiéu ta dugc dé tao ra dang bao ché
don liusé can thay dbi phu thudc vao dbi trong cin didu tri va dudng dua thube cu thé.,
vi du dé str dung theo dudng ubng cho ngudi s& thudng cin, vi du nim trong khoang tir
1mg dén 2g hoat chét (t5t hon néu nim trong khoang tir 100mg dén 2g, vi du nim trong
khoang tir 250mg dén 1,8g, nhu nim trong khoang tir 500mg dén 1,8g, t6t hon nira néu
nam trong khoang tir 500mg dén 1,5g, tét nhit néu nim trong khoang tir 500mg dén 1g)
két hop vé6i lugng ta dugc thich hop c6 thé thay dbi nim trong khoang tir 3 dén 98% khéi
luong cia téng ché phdm. Can hidu rang, khi lidu lugng 16n can sir dung, thi dang bao
ché da lidu c6 thé dugce st dung, vi du hai hodc nhiéu vién nén hodc vién nang, véi lidu

lugng ciia hoat chét dugc chia thich hop trong d6. Théng thudng, dang bao ché don vi
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chtra hop chét theo sang ché véi lwong nim trong khoang tir 10mg dén 0,5 g, mic du dang
bao ché don vi c6 thé chira 1én dén 1g. T6t hon néu, dang bao ché rén don liéu chira hoat

chét véi lugng ndm trong khoang tir 1mg dén 300mg.

Liéu lrong dé didu tri hoac phong ngira ciia hop chét theo sang ché s& thay ddi
theo ban chit va mirc do nghiém trong cta bénh, d6 tudi va giéi tinh cta ddng véat hoac

d6i tugng bi bénh va dudng dua thudc cu thé, theo theo céc nguyén Iy y hoc da biét.

Pé diéu tri hodc phong ngira, hop chét theo sang ché s& thuong dugc sir dung véi
liéu hang ngiy nam trong khoang tir Img/kg dén 100mg/kg thé trong dbi twong bi bénh,
khi cén chia liéu. Nhin chung, liéu thip s& dugc st dung khi duong tiém dugc st dung.
Do d6, vi du dé str dung theo dudng tiém tinh mach, liéu ndm trong khoang tir 1mg/kg
dén 25mg/kg thé trong s& dugc st dung. Tuong tu, d& sir dung theo dudong xong hit, lidu
nam trong khoang tir 1mg/kg dén 25mg/kg thé trong s& duoc sir dung. Tuy nhién, duong

uodng dugc uu tién, dac biét 1a & dang vién nén.

Theo mét khia canh, hop chét theo sang ché hodc mudi duoc dung cua né, dugc st
dung duéi dang vién nén chira hop chét c6 cong thirc (I) hodc mubi duge dung cda n6 v6i
lrong ndm trong khoang tir 10mg dén 100mg, trong d6 mdt hodc nhiéu vién nén dugc st

dung khi can dé dat dugc lidu lugng mong mubn.

Nhu néu trén, da biét ring qua trinh truyén tin hiéu qua trung gian ERa giy ra
khéi u béi mot hodc nhidu tac dong didu hoa sy tang sinh té biao ung thu va céc té bao
khéé, didu hoa cac yéu t tao mach va diéu hoa su di chuyén, di cin va x4m 14n cia té
bao ung thu. Céc tAc gia sang ché da phat hién thiy ring hop chét theo sang ché c6 hoat
tinh chéng khdi u rdt manh bang cach dbi khang va didu hoa giam ERa tic 1a tham gia
VA0 c4c qua trinh truyén tin hiéu ma tao ra kha ning tang sinh va séng s6t cia té bao khébi
u va kha ning xam 14n va di chuyén cia té bao khdi u di can.

Theo d6, hop chit theo sang ché 12 hoat chit khang khéi u rét hiru hiéu, dic biét 1a
hop chét theo sang ché 1a chét e ché chon loc sy tang sinh, séng sot, di chuyén, di can va
xam 14n cta té bao ung thu & dong vét c6 v din dén wc ché sy phat trién va sbng sét ctia
khéi u va tc ché su phat trién cia khéi u di cin. Pic biét 13, hop chét theo sang ché c6
thé hitu ich dé ding 1am hoat chit chéng ting sinh va xam l4n trong phong ngira va/hodc
diéu tri bénh khdi u rén. Dic biét 13, hop chét theo sang ché c6 thé hiru ich trong phong

ngira hodc diéu tri khoi u nhay cam véi chat tc ché ERa va tham gia vao cac qué trinh
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truyén tin hiéu ma tao ra kha ning ting sinh va séng s6t cia t& bao khéi u va kha nang di
chuyén va xam l4n ciia t& bao khéi u di can. Ngoai ra, hop chét theo sing ché c6 thé hitu
ich trong phong ngira hoic diéu tri khdi u dugc diéu hoa riéng hodic mot phan bai su dbi
khang hoac diéu hoa giam ERa, tirc 13 hop chét c6 thé duge st dung dé tao ra tac dung Gc

ché ERa & dong vat mau ndng can di€u tri.

Theo mdt khia canh khéac, sang ché dé xuit hop chét ¢6 cong thac (I), hoac mudi

dugc dung cta nd, d€ ding lam thudc & ddng vat mau nong, nhu nguoi.

Theo mdt khia canh khac, sang ché dé xuit hop chét c6 cong thic (I), hoac mudi
dugc dung cta nd, dung dé tao ra tac dung chéng tdng sinh & dong vat mau ndéng, nhu
nguoi. ‘

Theo mét khia canh khac, sang ché d& xuét hop chét c6 cong thire (I), hodc mudi
dugc dung cta n6, d ding 1am chit chéng x4m l4n & dong vt méau nong, nhu ngudi

trong phong ngira va/hoic diéu tri bénh khéi u rén.

Sang ché cling md ta viéc st dung hop chit c6 cong thirc (I), hoiic mubi dugce

dung ctia n6, dé tao ra tac dung chéng ting sinh & déng vat mau néng, nhu nguoi.

Sang ché cling md ta viéc st dung hop chit c6 cong thire (I), hoic mubi dugce
dung cua nd, trong san \xue‘it thudc dé tao ra tic dung chdng ting sinh & dong vat méau

néng, nhu ngudi.

Sédng ché cling mo ta viéc st dung hgp chat c6 cong thirc (I), hodc mudi dugce
dung ctda no, trong san xuat thudc d€ dung lam chat chong xdm lan ¢ dong vt mau néng,

nhu ngudi trong phong ngira va/hogic diéu tri bénh khéi u rén.

Séang ché ciing mé ta phuong phép tao ra tac dung chéng ting sinh & dong vat mau
néng, nhu ngudi, can diéu tri, bao gdm bude cho dong vét nay st dung lugng hiru hi€u
ctia hop chit c6 cong thirc (I), hodc mubi duge dung cia nd.

Séang ché ciing mé ta phuong phap tao ra tic dung chéng xam 14n béang cach phong
ngira va‘hodc diéu tri bénh khédi u rin cho dong vat méu néng can diéu tri, nhu ngudi bao
gdm budc cho dong vat nay sir dung luong hitu hiéu ciia hop chét c6 cong thic (I), hodc

mudi duge dung cia nd.
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Theo mot khia canh khéac, sang ché @ xuit hop chét c6 cong thire (I), hodc mubi
dugc dung cia no, ding dé phong ngira hoic diéu tri bénh ung thu ¢ dong vat mau néng,
nhu nguoi. |
Sang ché ciing md ta viéc sir dung hop chit c¢6 cong thire (I), hosic mubi dugc
dung ciia né trong san xuét thudc ding dé phong ngira hodc diu tri bénh ung thu dong

vét mau néng nhu nguoi.

Séang ché cling mé ta phuong phap phong ngira hodic diéu tri bénh ung thu & dong
vat méu néng, nhu ngudi, cin diéu tri, bao gdm budc cho dong vét nay sir dung luong

hitu hiéu ciia hgp chét c6 cong thire (I), hodc mubi dugce dung cta no.

Theo mdt khia canh khéc, sang ché d& xudt hop chit c6 cong thirc (I), hosic mubi
dugc dung clia né ding dé phong ngira hoic didu tri bénh khdi u rin & dong vat mau

néng, nhu nguoi.

Séng ché cling md ta viéc st dung hop chit c6 cong thirc (I), hoic mudi dugc
~dung ciia n6 trong san xuét thubc ding dé phong ngira hodc diéu tri bénh khéi u rén &

dong vat mau néng, nhu nguoi.

Séng ché ciing mo ta phuong phap phong ngira hodic diéu tri bénh khéi u rén &
dong vat mau néng, nhu ngudi, cin diéu tri, bao gdm budc cho dong vit ndy sir dung

lugng hiru hiéu ciia hop chit c6 cong thire (I), hodc mubi duge dung cua né.

Theo mot khia canh khéc, sang ché @& xuét hop chét ¢c6 cong thirc (I), hodc mubi
dugc dung ctia né ding dé phong ngira hoic diéu tri khéi u nhay cam véi chat tc ché
ERa tham gia vao cic qué trinh truyén tin hiéu tao ra kha ning tang sinh, sdng s6t, x4m
14n va di can cia té bao khéi u.

Sang ché cling mo ta viéc st dung hgp chét ¢c6 cong thic (I), hodc mudi duge
dung ciia n6 trong san xuét thudc ding dé phong ngira hodc didu tri khéi u nhay cam véi
chét e ché ERa tham gia vao céac qué trinh truyén tin hiéu tao ra kha ning tdng sinh,
sbng sét, x4m 14n va di can caa té bao khédi u.

Sang ché ciing mé ta phwong phap phong ngira hoic diéu tri khdi u nhay cam véi
chét e ché ERa tham gia vao cac qué trinh truyén tin hiéu tao ra kha nang tdng sinh,
song sét, xam 14n va di can cua té bao khéi u, bao gbm budc cho dong vét nay sir dung

Iugng hiru hi€u cia hop chét ¢6 cong thire (I), hodc mubi dugc dung cua no.
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Theo moét khia canh khéc, sang ché @ xuét hop chét ¢co6 cong thuc (I), hodc mubi

dugc dung ctia né ding dé tao ra tic dung trc ché ERa.

Sang ché ciing md ta viéc st dung hop chit c6 cong thirc (I), hoic mubi duoc

dung cia n6 trong san xuét thudc ding dé tao ra tic dung trc ché ERa.

Sang ché ciing mé ta phuong phép tao ra tac dung trc ché ERa, bao gdm budc sir

dung lwong hiru hiéu ctia hop chét c6 cong thirc (I), hodc mubi duge dung ciia né.

Theo mét khia canh khéc, sang ché d& xuit hop chét c6 cong thic (I), hoic mubi

dugc dung ciia né dung dé tao ra tac dung tc ché chon loc ERa.

Sang ché ciing md ta viéc sir dung hop chit c6 cong thie (I), hoic mubi dugc

dung cia n6 trong san xuét thudc ding dé tao ra tic dung trc ché chon loc ERa.

Sang ché ciing md ta phwong phép tao ra tac dung trc ché chon loc ERa, bao gdm
budc st dung luong hitu hiéu ciia hop chit c6 cong thire (I), hodic mudi duge dung cuia
no.

- Hop chit theo sang ché c6 thé gin két véi ving gin két phéi tir ERa va phén giai
chon loc thy thé estrogen. Trong céc thir nghiém sinh héa va té bao, hop chét theo sang
- ché c6 kha ning gin két thu thé estrogen va 1am gidm luong ERa trong t& bao rat hiru
- hiéu, do d6 hiru ich trong diéu tri bénh hodc trinh trang bénh nhay cdm véi estrogen (bao
gbm bénh ung thu di khang lidu phap diéu tri ni tiét), tirc 1a ding dé didu tri bénh ung
thu v va bénh ung thu co quan sinh duc (bao gém bénh ung thu ndi mac tr cung, bénh
ung thu budng trimg va bénh ung thu ¢b tir cung) va bénh ung thu bidu hién protein ERa
dot bién ma c6 thé dot bién mot 14n nira hoic tang dot bién khi didu tri truée bing lidu
phép diéu tri noi tiét, nhu chét tc ché aromataza.

Theo mét khia canh khac, sang ché d& xuét hop chit c6 cong thirc (I), hodc mubi

duoc dung cia né ding dé didu tri bénh ung thu vi hodc bénh ung thu co quan sinh duc.

Theo mét khia canh khac, sang ché d& xuét hop chit c6 cong thirc (I), hodc mubi
dugc dung cda né dung dé diéu tri bénh ung thu vi, ndi mac tir cung, buc“mg tring hodc
b tir cung.

Theo mét khia canh khac, sang ché d& xuét hop chit c6 cong thire (I), hodc mubi

duge dung cta né dung dé diéu tri bénh ung thu vi.
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Theo mot khia canh khéc, sang ché @ xuét hop chét c6 cong thic (I), hodc mubi
“dugc dung cua n6 dung dé diéu tri bénh ung thu vi, trong d6 bénh ung thu nay da khang

mdt hodc nhiéu phrong phéap didu tri ndi tiét khac.

Séang ché ciing mo ta phwong phap diéu tri bénh ung thu vu hodc bénh ung thu co
quan sinh duc, bao gbm buéc st dung Irgng hiru hiu clia hop chét c6 cong thic (I), hodc

“muoi dugc dung cia no.

Séng ché ciing md ta phuong phép diéu tri bénh ung thu va, ndi mac tir cung,
budng trimg hodic ¢b tir cung, bao gdm budc st dung lugng hiru hidu ciia hop chét c6

cong thure (I), hodc muoi dugce dung cia no.

Sang ché ciing md ta phuong phap didu tri bénh ung thu v, bao gbm budc sir

dung lugng hitu hiéu ctia hop chit c6 cong thire (I), hodc mudi duge dung cua no.

Séang ché ciing md ta phuong phép didu tri bénh ung thu vi, trong do bénh ung thu
ndy d4 khang mdt hoic nhidu phuong phép didu tri noi tit khac, bao gdm budc st dung

lugng hitu hidu ciia hgp chét ¢ cong thire (I), hodc mudi dugc dung cia né.

Sang ché ciing md ta viéc st dung hop chit c6 cong thirc (I), hodc mubi duge
- dung ciia n6 trong san xut thudc ding dé didu tri bénh ung thu va hodc bénh ung thu co

quan sinh duc.

Séng ché cling mo ta viéc st dung hop chét c6 cong thire (I), hodc mudi duge
dung cia né trong san xuét thudc dung dé diéu tri bénh ung thu v, ndi mac tir cung,

budng trirng hoic c¢b tlr cung.

Sang ché ciing mé ta viée sir dung hop chit c¢6 cong thirc (I), hoic mudi dugc

dung ciia n6 trong san xuét thubc ding dé didu tri bénh ung thu va.

Sang ché ciing mé ta viée s dung hop chit c6 cong thirc (I), hoic mubdi duoc
dung ciia n6 trong san xuét thubc ding dé diéu tri bénh ung thu vi, trong d6 bénh ung thu
nay da khdng mot hoic nhiéu phuong phép didu tri ndi tiét khac.

Theo mét khia canh, bénh ung thu can diéu tri 12 bénh ung thu vu. Theo mot khia
canh khac, bénh ung thu va 13 bénh biéu hién thu thé estrogen. Theo mot phuong an, hop
chat c6 cong thirc (I) duoc sir dung két hop véi chét chdng ung thu khéc, nhu chét khang

hormon.
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Theo mdt khia canh khéc, sang ché @& xuét hop chét c6 cong thic (I), hoac mubi

dugc dung clia né ding dé diéu tri bénh ung thu vi biéu hién thy thé estrogen.

Séng ché cling md ta phuong phap didu tri bénh ung thu va bidu hién thu thé
estrogen, bao gbm budc sir dung luong hiru hidu coa hop chét c6 cong thirc (I), hodc

mudi duge dung cuia no.

Sang ché ciing mé ta viéc sit dung hop chét c6 cong thirc (I), hosic mudi dugce
dung clia né trong san xuét thuéc ding @& didu tri bénh ung thu va biéu hién thu thé

estrogen.

Nhu néu trén, tac dung in vivo ciia hgp chit c6 cong thic (I) ¢6 thé dugce tao ra
mot phé‘m béi mot hodic nhidu chét chuyén héa duogc tao ra trong co thé ngudi hodc dong

vét sau khi sir dung hop chit c6 cong thirc ().

Séng ché ciing mé ta phuong phap wc ché ER-a ¢ dbi tugng bi bénh, bao gdbm
buéc cho dbi tugng bi bénh st dung lugng cia hgp chét co6 cong thirc (I), hodc mubi

dugc dung ctia né, hiru hiéu dé e ché ER-a & dbi twong bi bénh.

- Sang ché ciing mé ta phuong phap tGc ché ER-a & dbi tuong bi bénh, bao gdm
budc cho dbi trgng bi bénh sir dung lwong cta hop chit c6 cong thie (1), hojc mubi

dugc dung ctia né, hiru hidu dé e ché ER-a & d6i twong bi bénh.

Trong toan bd céc phuong phép va sir dung néu trén, hop chit c6 cong thic (I)
thich hop 1a hop chét theo vi du 1, hoic mudi duge dung cda nd. Theo mot khia canh,
hop chit theo vi du 1 13 & dang tinh thé B.

Phuong phap diéu tri bénh ung thu theo sang ché c6 thé 13 liéu phap duy nhit hoic
ngoai hop chét theo sang ché c6 thé con bao gbm liéu phép phau thuat, xa tri hodc hoa tri.

Liéu phap héa tri bao gdm mét hoic nhiéu hoat chit chéng khéi u sau:

(i) hoat chit chdng ung thu/chdng ting sinh khac va hdn hop cua chiing, nhu dugce
str dung trong linh vie diéu tri bénh ung thu, nhu hoat chét alkyl héa (vi du cis-platin,
oxaliplatin, carboplatin, xyclophosphamit, nitoc mu tac, melphalan, chlorambucil,
busulphan, temozolamit va nitrosoure); chit chéng chuyén héa (vi du gemcitabin va chit
khang folat nhu flopyrimidin nhu 5-flouraxil va tegafur, raltitrexed, methotrexat, xytosin
arabinosit, vd hydroxyurea); khang sinh chdng khdi u (vi du anthraxyclin nhu

adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C,
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dactinomycin va mithramycin); chit chéng gisn phéan (vi du alkaloit cia cdy dura can nhu
vincristin, vinblastin, vindesin va vinorelbin va din xuét taxol nhu taxol va taxotere va
chét rc ché polokinaza); va chit wc ché topoisomeraza (vi du epipodophylotoxin nhu

etoposit va teniposit, amsacrin, topotecan va camptothecin);

(ii) hoat chit khang hormon nhu chit khang oestrogen (vi du tamoxifen,
fulvestrant, toremifen, raloxifen, droloxifen va iotxyfen), progestogen (vi du megestrol

axetat), chat irc ché aromataza (vi du anastrozol, letrozol, vorazol va exemestan);

(iii) hoat chét trc ché yéu t§ ting truéng va truyén tin hiéu gidm cia ching: bao
gbm khéng thé diéu hoa yéu té ting truéng hodc thu thé cua yéu td tang trudng bét ky
duoc mo ta trong tai li€u: Stern et al. Critical Reviews in Oncology/Haematology, 2005,
54, pp11-29); chét {rc ché phan tir nho clia céc dich nay, vi du chit wc ché kinaza, bao
gdbm khang thé khing erbB2 trastuzumab [Herceptin™], khang thé khéang EGFR
panitumumab, khang thé khang EGFR cetuximab [Erbitux, C225] va chit wc ché tyrosin
kinaza bao gém chét e c_hé ho thu thé erbB, nhu chéit trc ché ho thu thé yéu td tang
trudng biéu bi (vi du FR/erbB1) tyrosin kinaza nhu gefitinib hodc erlotinib, erbB2 tyrosin
kinaza nhu lapatinib, va chét wc ché t6 hop erb1/2 nhu afatanib; cic hoat chit twong ty
tac dong dén cac yéu td ting truong khéac va thu thé cia ching, vi du chit tc ché yéu té
ting trudng té bao gan hoic thu thé clia né bao gdm c-met va Ron; chét tc ché insulin va
yéu t6 ting trudng insulin hodc thy thé ctia né (IGFR, IR) chét tc ché yéu t ting trudng
6 ngudn gdc tir tiéu ciu hodc thu thé cia n6 (PDGFR), va chit trc ché qué trinh truyén
tin hiéu diéu hoa béi cac thu thé tyrosin kinaza khac nhu c-kit, AnLK, va CSF-1R; chét
didu hoa huéng dich protein truyén tin hiéu trong que’i trinh truyén tin hiéu PI3-kinaza, vi
du chét (rc ché cac dang twong ddng PI3-kinaza nhu PI3K-a/B/y va ser/thr kinaza nhu
AKT, mTOR (nhu AZD2014), PDK, SGK, PI4K hogc PIP5K; chét &rc ché serin/threonin
kinaza khong dugc thé hién & trén, vi du chit &rc ché raf nhu vemurafenib, chit tc ché
MEK nhu selumetinib (AZD6244), chit rc ché Abl nhu imatinib hodc nilotinib, chét trc
ché Btk nhu ibrutinib, chit (rc ché Syk nhu fostamatinib, chét tc ché aurora kinaza (vidu
AZD1152), chét tc ché ser/thr kinaza khac nhu JAK, STAT va IRAK4, va chit tc ché
kinaza phu thudc xyclin nhu palbociclib;

iv) hoat chét diéu hoa truyén tin hiéu pha hity ADN, vi du chét wc ché PARP (vi
du Olaparib), chit (rc ché ATR hoic chét trc ché ATM; v) chét didu hoa qu trinh gay ché
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té bao va gy chét té bao theo chwong trinh nhu chit diéu hoa ho Bel (vi du ABT-
263/Navitoclax, ABT-199);

(vi) hoat chit chéng tao mach nhu hoat chét e ché yéu té tdng truéng ndi mo
mach, [vi du khang thé khang yéu »tc") ting truéng té bao ndi mdé mach bevacizumab
(Avastin™) va chdt wc ché thu thé VEGF tyrosin kinaza nhu sorafenib, axitinib,
pazopanib, sunitinib va vandetanib (va hop chit tic dong theo cac co ché khac (vi du

linomit, chat trc ché integrin avp3 va angiostatin)];
(vii)hoat chit ph4 hity mach méu, nhu Combretastatin A4;

(viii) hoat chat chéng x4m 14n, vi du chét trc ché c-Src kinaza nhu (dasatinib, J.
Med. Chem, 2004, 47, 6658-6661) va bosutinib (SKI-606), va chit Gc ché
metalloproteinaza nhu marimastat, chat @rc ché thu thé hoat héa plasminogen urokinaza

hoic khéng thé khang Heparanaza];

(ix) hoat chat mién dich, bao gdm, vi du hoat chét Iam ting kha ning mién dich ex
vivo va in vivo véi té bao khdi u cho dbi tuong bj bénh, nhu cdy ghép véi xytokin nhu
interleukin 2, interleukin 4 hodc yéu t6 kich thich tao bach cau hat-dai thuc bao, hoat chét
trc ché suy giam té bao T, t& bao mién dich chuyén gen nhu té bao dudi gai chuyén gen
xytokin, t€ bao khéi u chuyén gen xytokin va khang thé khang idiotip, vi du cu thé bao
gdbm khang thé don dong khing PD-1 (vi du BMS-936558) hoic CTLA4 (vi du

ipilimumab va tremelimumab);

(x) hoat chit d6i ma hoic gy nhidu ARN, vi du hoat chit d8i ma cac dich néu

trén.

(xi) liéu phap gen, bao gdm, vi du liéu phap thay thé gen dot bién nhu gen dot
bién p53 hodc gen dot bién BRCA1 hosic BRCA2, GDEPT (tién duoc chét enzym huéng
dich gen) nhu xytosin deaminaza, thymidin kinaza hoic nitroreductaza vi khuin va liéu
phép 1am kha ning dung nap cia dbi tuong bi bénh v6i li€u phap hoéa tri hodc xa tri nhu
lidu phap gen khang nhiéu thudc.

Theo khia canh nay, séng ché d& xuét ché phim két hop thich hop ding dé didu trj
bénh ung thu chira hgp chét theo sang ché hoic mubi dugc dung ciia né va chit khang
khéi u khac, cu thé hoat chit chéng khéi u bit ky dugc chon tir nhém hoat chit (i) dén

(xi). Cu thé, hoat chit chéng khéi u dwoc chon tir nhém hoat chit (i) dén (xi) 12 cac duge
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chét thiét yéu dé diéu trj bénh ung thw; ngudi c6 hidu biét trung binh trong linh vue nay
s& hiéu ¥ nghia cia thuét ngit “dugc chat thiét yéu”. Theo mot khia canh, hop chét theo

sang ché 1a hop chét theo vi du 1, hoic mubi dugc dung cia nd.

Do @6, theo khia canh khéc, sdng ché dé xuit hop chét co cong thirc (I) hodc mudi
duge dung cia no két hop véi chét khang khéi u khéc, dic biét 1a chét khéng khéi u dugc

chon tir mdt trong s& cac nhém hoat chét tir (i) dén (xi).

Theo khia canh khac, séng ché d& xuét hop chit theo vi du 1 [axit (E)-3-(3,5-diflo-
4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic] hogc mubdi duge dung ctia n6 két hop véi chit khang khdi u khéc, dic

biét 1a chit khang khéi u dugc chon tir mét trong sb cac nhém hoat chat tir (i) dén (xi).

Theo khia canh khac, sang ché d& xuét hop chét co codng thirc (I) hodic mubi dugc
dung ctia n6 két hop v6i chit khang khéi u khac, dic biét 1a cht khang khdi u dugc chon
tir nhém hoat chét (i).

Theo khia canh khéc, sang ché d& xuét hop chét co cdng thirc (I) hodic mubi duoc

dung ctia n6 va chét chbng khéi u bt ky duoc chon tir nhém hoat chit (i).

Theo khia canh khac, sang ché @8 xuét hop chét theo vi du 1 hodc mudi duge dung

ctia né két hop véi chit chdng khédi u bat ky dwgc chon tir nhém hoat chét (i).

Theo khia canh khéc, sang ché d& xudt ché phdm két hop thich hop dung dé didu
tri bénh ung thu chira hgp chét theo sang ché hoic mubi duoc dung cta nd va dan xuét
taxol, nhu, vi du taxol hodc taxotere, taxotere thich hop., vi du hop chét thich hop theo
séng ché két hop véi dan xuht taxol, nhu, vi du taxol hodc taxotere, taxotere thich hop 1a

hop chét theo vi du 1, hodc mudi duge dung cia no.

Theo khia canh khéc, sang ché @& xut hop chét c6 cong thuc (1) hoac mubi duoc
dung ctia n6 két hop véi chit khang khéi u khac, dic biét 1a chit khang khéi u dugce chon
tir nhém hoat chét (ii).

Theo khia canh khic, sang ché dé xuét ché pham két hop thich hop ding dé didu
tri bénh ung thu chira hop chét theo séng ché hodc mudi dugc dung ctia né va chét khéng
hormon bt ky dugc chon tir nhém hoat chit (ii), vi du chét khang oestrogen bét ky duoc
chon tir nhém hoat chét (ii), hoac chét tc ché aromataza duoc chon tir nhém hoat chét

(ii).
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Theo khia canh khac, sang ché dé xuét ché phim két hop thich hop dung @& didu
tri bénh ung thu chira hop chét theo vi du 1 hodc mubi dugce dung ciia n6 va chéit khéng
hormon bt ky dugc chon tir nhém hoat chét (ii), vi du chét khang oestrogen bat ky duoc
chon tir nhém hoat chét (i1), hodc, vi du chét &c ché aromataza dugc chon tir nhém hoat
chét (ii).

Theo khia canh khac, sang ché dé xuét ché phim két hop thich hop ding dé didu
tri bénh ung thu chira hop chét theo vi du 1 hodc mudi duge dung ctia n6 va chét wc ché

mTOR, nhu AZD2014 (vi du xem tai lidu sang ché s§ W02008/023161).

A7ZD2014

Theo khia canh khac, sang ché d& xuit ché phdm két hop thich hop dung dé didu
tri bénh ung thu chira hop chit theo vi du 1, hodc mubi duge dung ctia né va chét trc ché
PI3Ka, nhu chit tc ché PI3Ka dwgc mé ta trong tai lidu sing ché sb
PCT/GB2014/050163, vi du vé mot chat wrc ché PI3Ka thich hop 1a hop chét theo vi du 3
dugc mé ta trong tai lidu sang ché sé PCT/GB2014/050163, ma 14 hop chit 1-(4-(5-(5-
amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-
yl)piperidin-1-yl)-3-hydroxypropan-l-on, hoic mudi dugc dung ciia n6. Hop chét theo vi
du 3 cia tai liéu sang ché s PCT/GB2014/050163 dugc diéu ché trong vi du dbi chiéu 1.

Theo khia canh khac, sang ché d& xuit ché phdm két hop thich hop ding dé diéu

tri bénh ung thu chira hop chét theo vi du 1 hodc mudi dugc dung cda n6 va palbociclib.

Theo mét khia canh, ché phdm két hop néu trén chira hop chét ¢ cong thic (1)
hodc mubi dugc dung cida nd, dac biét 1a hop chét theo vi du 1 hodc mudi duge dung cla
no, va chat khang khdi u dugc chon tir nhém hoat chét (ii), hodc chit irc ché mTOR (nhu
AZD2014), hoic chét tc ché PI3K-a (nhu chét trc ché PI3Ka dugc md ta trong tai li¢u
sang ché s PCT/GB2014/050163, dic biét 12 hop chét theo vi du 3) hodc palbociclib,
thich hgp dung dé diéu tri bénh ung thu vi hodc bénh ung thu co quan sinh duc, nhu
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bénh ung thu vii, ndi mac tir cung, budng trimg hoc ¢ tir cung, dic biét 1a bénh ung thu

vii, nhu bénh ung thu v biéu hién thu thé estrogen.

Khi thut ngit “két hop” duoc sir dung cin hiéu ring thuét ngit ngay chi viéc sir
dung déng thoi, viéc st dung riéng hodc viéc st dung ludn phién. Theo mot khia canh
“két hop” dugc ding trong ban md ta dé chi viéc st dung déng thdi. Theo mot khia canh
khac “két hop” dugc ding trong ban mo ta dé chi viéc sir dung riéng. Theo khia canh
khac, thuat ngir “két hgp” duge ding trong ban mé ta d& chi viée st dung ludn phién. Khi
viéc st dung 13 luan phién hoic riéng biét, thi thanh phan thi hai cin duoc sir dung trong
khoéng thdi gian thich hop dé khéng 1am mét tac dung c6 loi khi sir dung két hop. Khi
hai hodc nhiéu thanh phan dugc sir dung két hop riéng hozc luén phién, cAn hiéu ring ché
d0 lidu d6i v6i mdi thanh phan c6 thé khac va doc 14p véi cac thanh phn con lai. Tét hon
néu, hop chit theo séng ché dugc str dung mot 14n hang ngay.

Theo mot khia canh khac, sang ché @& xuit duoc phdm chira hop chéit ¢6 cong
thtre (I) hodc mubi duoc dung cda n6 két hop véi chét khéng khéi u duge chon tir nhém

hoat chat tir (i) dén (xi), va chit mang hodc t4 dugc pha lodng dugc dung.

Theo mot khia canh khéc, sang ché @ xuit dugc phérn chira hop chit théo vidul
[axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylic] hoic mubi dugc dung ciia n6 két hop véi chét
khang khdi u dugc chon tir nhém hoat chét tir (i) dén (xi), va chit mang hodc ta duoc pha

lodng dugc dung.

Theo mdt khia canh khéc, sang ché d& xuét duoc phém chtra hgp chét ¢6 cong
thte (I) hoac mubi duge dung ctia n6 két hop véi chét khéng hormon bt ky dugc chon tir
nhém hoat chét (i), vi du chét khang oestrogen bét ky duoc chon tir nhém hoat chét (i),
hoic, vi du chit trc ché aromataza dugc chon tir nhém hoat chit (ii) va chét mang hodc ta

duogc pha lodng dugc dung.

Theo mét khia canh khéc, sang ché d& xuét duoc phém chira hgp chét theo vi dul
hodc mudi dugc dung ctia n6 va chét khéng hormon bét ky dugc chon tir nhém hoat chét
(ii), vi du chét khang oestrogen bat ky dugc chon tir nhém hoat chét (ii), hodc, vi du chit
trc ché aromataza dugc chon tir nhém hoat chét (ii); va chét mang hodc t4 dugc pha lodng

dugc dung.
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Theo mot khia canh khac, sang ché d& xuét dugc phém chtra hop chét theo vi du 1
hodc mudi duge dung ctia n6 va chét trc ché mTOR, nhu AZD2014 (vi du xem tai liéu

sang ché s6 W02008/023161); va chit mang hodc ta dugc pha lodng dugc dung.

Theo mot khia canh khac, sdng ché d& xuét dugc phém chira hgp chét theo vidu 1,
hoic mudi duoc dung ciia n6 va chit rc ché PI3Ka, nhu chét e ché PI3Ka dugc mod ta
trong tai liéu sang ché s6 PCT/GB2014/050163, va chit mang hoic ti dugc pha lodng
duogc dung, vi du v& mét chét trc ché PI3Ka thich hop 12 hop chit theo vi du 3 duge md ta
trong tai lidu sang ché s6 PCT/GB2014/050163.

Theo mot khia canh khac, sang ché dé xuit dugc phim chira hop chit theo vi du 1
hodc mubi dugce dung cuia né va palbociclib va chét mang hodc t4 dugc pha lodng dugc

dung.

Theo mot khia canh, dugc phém chira hgp chét c6 cong thirc (I) hodc mudi duge
dung cda nd, dac biét 1a hop chét theo vi du 1 hodc mubi dugc dung cia n(')-, va chét
khang khéi u dugc chon tir nhém hoat chét (ii), hodc chit trc ché mTOR (nhu AZD2014),
hofic chit trc ché PI3K-a (nhu chat trc ché PI3Ka dugc mé ta trong tai lidu sing ché sb
PCT/GB2014/050163, ddc biét 1a hgp chét theo vi du 3) hoic palbociclib, thich hgp dung
dé diéu tri bénh ung thu v hodc bénh ung thu co quan sinh duc, nhu bénh ung thu v,
ndi'mac tr cung, buéng trimg hodc co tir cung, déc biét 1a bénh ung thu vii, nhu bénh ung

~ thuva biéu hién thu thé estrogen.

Theo mot khia canh khac, séng ché dé xuit dugc phdm chira hop chit c6 cong
thire (I) hodc mudi dugc dung ciia n6 két hop véi chit khang khéi u dwgc chon tir nhém
hoat chit tir (i) dén (xi), va chit mang hoic t4 dugc pha loang dugc dung ding dé diéu tri

‘bénh ung thu.

Theo mot khia canh khéc, sang ché dé xuit dugc phdm chira hop chit c6 cong
thire (I) hoic mudi duge dung ciia n6 két hop véi chit khang hormon bét ki duge chon tir
nhém hoat chét (ii), vi du chét khang oestrogen bét ky dugc chon tir nhém hoat chét (ii),
hodc, vi du chét trc ché aromataza dugc chon tir nhém hoat chét (ii) va chét mang hodc ta

dugc pha loang dugc dung ding @ diéu tri bénh ung thur.

Theo mét khia canh khac, sang ché dé xult duoc phdm chira hop chit theo vi dy 1

hoic mudi dugc dung ciia n6 két hop véi chét khang khdi u duge chon tir nhém hoat chat
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tir (i) dén (xi), va chit mang hoic ta dugc pha loang dugc dung ding dé diéu tri bénh ung

thu.

Theo mot khia canh khéc, sing ché dé xuét dugc phém chura hop chét theo vi du 1
hozic mudi dugc dung ciia n6 va chét khang hormon b4t ky dugc chon tir nhém hoat chét
(i), vi du cht khang oestrogen bt ky dugc chon tir nhém hoat chét (ii), hodc, vi du chat
trc ché aromataza dugc chon tir nhém hoat chét (ii); va chit mang hogc ta dugc pha lodng |

dugc dung ding @ diéu tri bénh ung thu.

Theo mot khia canh khac, sang ché d& xuét duoc phém chira hgp chét theo vi dul
hodc mubi dugc dung cia nd va chét e ché mTOR, nhu AZD2014 (vi du xem tai liéu
sang ché s6 W02008/023161); va chét mang hoic t4 dugc pha lodng duge dung ding dé
didu trj bénh ung the.

Theo mot khia canh khéc, séng ché dé xuét duoc phém chira hop chét theo vi dul,
hodc mudi dugc dung cia né va chét tc ché PI3Ka, nhu chét tc ché PI3Ka dugc md ta
trong tai liéu sang ché s6 PCT/GB2014/050163, va chit mang hoic ta dugc pha lodng
dugc dung ding dé diéu trj bénh ung thu, vi du v& mot chit irc ché PI3Ka thich hop 14
hop chit theo vi du 3 durgc mé ta trong tai liéu sang ché sé PCT/GB2014/050163.

Theo mot khia canh khéc, sang ché dé xuit duoc phdm chira hop chit theo vi dy 1
hoic mubi duge di,mg clia né va palbociclib va chit mang hoic t4 dugc pha lodng dugc

dung diing dé diéu trj bénh ung thu.

Theo mot khia canh, dugc phém chira hop chét c6 cong thirc (I) hoac mubi duoc
dung cua nd, dic biét 1a hop chét theo vi du 1 hodc mudi duge dung cia nd, va chét
khéng khdi u dugc chon tir nhém hoat chét (ii), hodc chét irc ché mTOR (nhu AZD2014),
hodic chét trc ché PI3K-a (nhu chit ¢rc ché PI3Ka. dugc md ta trong tai liéu sang ché sb
PCT/GB2014/050163, dic biét 12 hop chét theo vi du 3) hodc palbociclib, thich hop ding
dé didu tri bénh ung thu va hodc bénh ung thu co quan sinh duc, nhu bénh ung thu vu,
ndi mac t cung, buéng trimg hoac cb tir cung, dac biét 14 bénh ung thu v, nhu bénh ung

thu via biéu hién thu thé estrogen.

Sang ché ciing m6 ta viéc st dung hop chét c6 cong thirc (I) hoic mubdi dugc dung
ctia n6 két hop v6i chét khang khéi u duge chon tir nhém hoat chét tir (i) dén (xi), trong

san xuat thudc dung dé dicu tri bénh ung thu & ddng vat mau néng, nhu nguoi.
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Sang ché ciing mo ta viéc st dung hop chét theo vi du 1 hodc mubi dugc dung cta
n6 két hop véi chét khang khdi u dugc chon tir nhom hoat chét tir (i) dén (xi), trong san

xut thubc ding dé didu tri bénh ung thu & dong vat méu néng, nhu ngudi.

Séng ché ciing m6 ta viée st dung hop chét c6 cdng thire (T) hoic mudi duoc dung
ciia no6 két hop v6i chat khéng hormon bét ky dugc chon tir nhém hoat chét (i), vi du
chét khéng oestrogen bét ky duogc chon tir nhom hoat chét (i1), hodc, vi du chét trc ché
aromataza dugc chon tir nhém hoat chét (i) trong san xuit thudc diung dé diéu tri bénh

ung thu & dong vat mau néng, nhu ngudi.

Sang ché ciing md ta viéc sir dung hop chét theo vi du 1 hoic mubi dugc dung ctia
n6 két hop véi chét khang hormon bat ki dwgc chon tir nhém hoat chét (ii), vi du chét
khéng oestrogen bét ky dugc chon tir hhc’)m hoat chét (ii), hodc, vi du chat wc ché
aromataza dugc chon tir nhém hoat chét (ii); trong san xuét thubc dung dé diéu tri bénh

ung thu & dong vt mau néng, nhu nguoi.

Sang ché cling mo ta viéc sir dung hop chét theo vi du 1 hodc mudi dugc dung cia
n6 két hop véi chit tc ché mTOR, nhu AZD2014 (vi du xem tai liéu sang ché sé
W02008/023161); trong san xuét thuc ding dé didu tri bénh ung thu & dong vat méau

néng, nhu nguoi.

Séang ché ciing mo ta viée str dung hop chét theo vi du 1, hodc mudi duge dung cia
n6 két hop véi chét trc ché PI3Ka, nhu chét e ché PI3Ka duge mé ta trong tai li€u sang
ché s6 PCT/GB2014/050163, trong san xuét thuéc ding dé didu tri bénh ung thu & dong
vat mau néng, nhu ngudi, vi du vé mdt chét trc ché PI3Ka tlﬁch hop 1a hop chét theo vi

du 3 dugc mo ta trong tai liéu sang ché s6 PCT/GB2014/050163.

Sang ché ciing mé ta viéc sir dung hop chét theo vi du 1 hodc mubi duge dung cua
n6 két hop véi palbociclib trong san xuét thudc dung dé diéu tri bénh ung thu & dong vat

mau néng, nhu nguoi.

Viéc str dung hop chét ¢co cong thirc (I) hodc mudi dugc dung cta nd, dac biét l1a
hop chét theo vi du 1 hodc mubi dugc dung cua no, két hop véi chét khéng khéi u dugc
chon tir nhém hoat chét (i), hodc chit tc ché mTOR (nhu AZD2014), hogic chét trc ché
PI3K-o. (nhu chit wc ché PI3Ka dwoc méd ta trong tii liéu sing ché sb
PCT/GB2014/050163, dic biét 1a hop chét theo vi du 3) hodc palbociclib, thich hop dé

dung trong san xuét thubc dé didu tri bénh ung thu vi hoic bénh ung thu co quan sinh
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dyc, nhu bénh ung thu v, ndi mac tr cung, budng tring hodc cb tir cung, dac biét 1a

bénh ung thu vii, nhu bénh ung thu v biéu hién thy thé estrogen.

Sang ché ciing mo ta phuong phap diéu tri bénh ung thu & dong vat mau néng,
nhu ngudi, cn didu tri, bao gbm budc cho dong vit ndy st dung luong hitu hidu cia hop
chéit c6 cdng thie (I) hoic mubi dugc dung ctia n6 két hop véi chét khéng‘khéi u duoc

chon tir mot trong s& cac nhém hoat chét tir (i) dén (xi).

Sang ché ciing mo ta phuong phap diéu tri bénh ung thu & dong vt mau néng,
nhu ngudi, cin didu tri, bao gE‘)m budc cho dong vat nay st dung lugng hitu hiéu cia hop
chét theo vi du 1 hodc mubi duge dung ctia n6 Két hop véi chét khéng khéi u duge chon

tir mot trong s6 cac nhém hoat chét tir (i) dén (xi).

Sang ché ciing mé ta phuong phéap didu tri bénh ung thu & dong vat mau noéng,
nhu ngudi, cin didu tri, bao gdm budc cho dong vat nay st dung lugng hitu hi€u ctia hop
chét c6 cong thirc (I) hodic mubi dugc dung ctia n6 két hop véi chat khang hormon bt ky
dugc chon tir nhém hoat chét (i1), vi du chét khéng oestrogen bat ky duoc chon tir nhém

hoat chét (ii), hodc, vi du chit trc ché aromataza duge chon tir nhém hoat chét (ii).

Sang ché ciing mé ta phuong phép diéu tri bénh ung thu & dong vt mau noéng,
nhu ngudi, can diéu tri, bao gdm bude cho dong vat ndy sir dung lugng hitu hi€u ctia hgp
chét theo vi du 1 hodc mubi dugc dung cua né két hop véi chét khang hormon bét ky
duoc chon tir nhém hoat chét (i), vi du chét khang oestrogen bét ky dugc chon tir nhém

hoat chét (ii), hodc, vi du chét Gc ché aromataza dugc chon tir nhém hoat chét (ii).

Séhg ché ciing mo ta phuong phap didu tri bénh ung thu & dong vat mau nong,
nhu ngudi, cdn diéu tri, bao gdm budc cho dong vat nay st dung lugng hitu hiéu cia , vi
du 1 hoic mubi dugc dung cta n6 két hop véi chét tc ché mTOR, nhu AZD2014 (vi du
xem tai liéu sang ché s6 W02008/023161).

Sang ché ciing md ta phuong phép diéu tri bénh ung thur & dong vat mau néng,
nhu ngudi, cin didu tri, bao gdm budc cho dong vat nay st dung lugng hitu hiéu cia hop
chét theo vi du 1, hodc mudi dugc dung cia nd Két hop véi chét trc ché PI3Ka, nhu chét
trc ché PI3Ka duge mé ta trong tai liéu sang ché sé PCT/GB2014/050163, vi du vé mot
chit tic ché PI3Ka thich hop 14 hop chit theo vi du 3 dugc m ta trong tai liéu sang ché
s6 PCT/GB2014/050163.
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Sang ché ciing md ta phuong phép diéu tri bénh ung thu & dong v4t mau néng,
nhu ngudi, can diéu tri, bao gdbm budc cho dong vat nay sir dung lwong hiru hiu cia hop
chit theo vi du 1 hoic mudi dugc dung ciia né két hop véi palbociclib.
Céc phuong phép diéu tri bénh ung thu néu trén 13 cic phuong phap dé didu tri
bénh ung thu vii hodc bénh ung thu co quan sinh duc, nhu bénh ung thu vi, ndi mac tir.
cung, buc‘mg trimg hoic ¢b tir cung, ddc biét 1a bénh ung thu via, nhu bénh ung thu va

biéu hién thu thé estrogen.

Theo mét khia canh khéc, sang ché d& xuit kit chira hop chét c6 cong thire (I) hodc
mudi dugc dung cia n6 két hop véi chét khang khéi u duoc chon tir mdt trong sd cac

nhom hoat chét tir (i) dén (xi).

Theo mot khia canh khéc, sang ché d& xuat kit chtra hop chét c¢6 cong thirc (I) hoic
mudi dugc dung cia n6 két hop véi chit khang khdi u dugc chon tir nhém hoat chét (i)

hodc (ii).
Theo mot khia canh khac, sang ché dé xuét kit chira:

a) hop chét c6 cong thirc (I) hoic mubi dugc dung ctia né duoc bao ché & dang

thudc thir nhét;

b) chét khang khéi u dugc chon tir nhém hoat chét tir (i) dén (xi) dugc bao ché &

dang thudc thir hai; va
c) d6 chira dé chira dang thubc thir nht va dang thudc thir hai.
Theo mot khia canh khéac, sang ché dé xuét kit chira:

a) hop chét c6 cong thirc (I) hodc mudi duge dung ciia n6 duge bao ché & dang

thudc thir nhé;

b) chit khang khéi u dugc chon tir nhém hoat chit (i) dén (ii) dugc bao ché & dang

thubc thir hai; va
¢) d6 chira dé chira dang thudc thir nhit va dang thubc thir hai.

Theo mét khia canh khac, sang ché dé xuét kit chira hop chét theo vi du 1 hoic
mudi dugc dung ctia n6 két hop véi chét khang khéi u duge chon tir mot trong s cac

nhém hoat chét tir (i) dén (xi).
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Theo m¢t khia canh khac, sing ché @ xuét kit chua hop chét theo vi du 1 hoac
mubi duge dung cua né Két hop véi chét khéng khdi u dugc chon tir nhém hoat chét @)

hodc (ii).
Theo mot khia canh khac, sang ché @& xuét kit chira:

a) hop chét theo vi du 1 hodc mudi duge dung ctia né dugc bio ché & dang thude
thir nhét;

b) chét khang khéi u dugc chon tir nhém hoat chét tir (i) dén (xi) duoc bao ché &

dang thuc thi hai; va

¢) b chira dé chira dang thubc thir nhit va dang thubc thir hai.

Theo mgt khia canh khéc, sang ché @& xuét kit chtra:

a) hop chét theo vi du 1 hodc mudi duge dung ctia né dugc bao ché & dang thudc
thir nhit;

b) chét khang khdi u dugc chon tir nhém hoat chét (i) dén (ii) dugc bao ché & dang
thudc thir hai; va

¢) d6 chira dé chira dang thudc thir nhit va dang thudc thir hai.

Theo m¢t khia canh khéc, sang ché dé xuét kit chira:

a) hop chét theo vi du 1 hodc mudi dugc dung ctia né dugce bao ché & dang thude
thir nhit;

b) chit khang khdi u dugc chon tir AZD2014, chit irc ché PI3Ka (nhu cht tic ché
PI3Ka dugc mo ta trong tai liéu sang ché s6 PCT/GB2014/050163) va palbociclib duge

bao ché & dang thubc thi hai; va
c) dd chira dé chira dang thudc thir nhit va dang thudc thi hai.

Trong toan bd cac phuong phép, sir dung néu trén va cac khia canh khac, khi hop
chét theo vi du 1 dugc sir dung, t6t hon néu hop chit nay 1a dang tinh thé B.

Liéu phéap két hop néu trén c6 thé 13 liéu phap duge chét thiét yéu hang ddu dugc
thuc hién theo quy dinh ké don thong thuong.

Mic du hgp chit c6 cong thirc (I) 14 hop chit hiru hiéu dé ding cho dong vat mau
néng (bao gdm ngudi), nhung hop chit nay ciing hiru ich khi cn e ché ER-q.. Do do,
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hop chét nay hiru ich 1am chét chuin @& phat trién cac thir nghiém sinh hoc va duge chét
m&i.
Sang loc d6i tugng bi bénh dé diéu tri bing hop chit theo sang ché

Mot khia canh khéc sang ché 1a dya trén viéc x4c dinh méi lién hé gitra tinh trang
clia gen mi héa ERo. va kha ning nhay cam dé diéu tri bang hop chit c6 cong thic (I).
Cu thé, tinh trang ctia gen ERa. c6 thé cho thdy ddi trong bi bénh ¢6 kha ning dap tng:
thip véi liéu phap hormon hién nay (nhu chit (rc ché aromataza), it nhit mot phén do mot
s6 dot bién ERa dugc cho 12 nguyén nhén phat sinh co ché khang céc phwong phap diéu
tri hién nay. Sau d6, SERD, dic biét 1a SERD ma c6 thé dugc ding theo dudng ubng véi
lidu lrong 16 c6 hoat luc ma khong gdy ra tic dung khong mong mudn qua muc c6 thé
dugc str dung dé diéu tri cho ddi twong bi bénh c6 ddt bién ERa ma c6 thé khang cac liéu
phap khac. Do d6, hoat chit nay tao ra k§ thuat, phuong phép va cong cu dé sang loc d6i
tugng bi bénh dé didu tri bang hop chit c6 cong thirc (I), dic biét 13 ngudi bi bénh ung
thu. Sang ché mé ta phuong phép va cong cu sang loc d6i tuong bi bénh (bao gdm lidu
phap diéu tri theo timg dbi twong). Nguyén Iy sang loc 1a dya trén viée liéu t& bao khdi u
can diéu tri mang gen ERa thé dai hodc gen ERa dot bién. Do do, tinh trang cua gen ERa
c6 thé duge st dung 1am chi thj sinh hoc dé sang loc phuong phap diu tri bang SERD c6
thé c6 loi. D& tranh nghi ngd, hop chit co cong thirc (I) theo séng ché duoc cho 1a c6
cing hoat tinh khéng gen ERa thé dai hodc gen ERa ddt bién, it nhét 1 cac dot bién cia

gen ERa dugc x4c dinh & thoi diém ndp don sang ché nay.

Do d6, cAn ¢6 chi thi sinh hoc d& sang loc dbi tuong bi bénh c6 khéi u s& déap tmg
@& diéu tri bing SERD, nhu hop chét c6 cong thirc (I). Chi thi sinh hoc dé sang loc d6i
tugng bi bénh c6 kha ning d4p tmg v6i mot hoat chit manh hon mét hoat chit khac 1a rét
hiru ich trong diéu tri bénh ung thu, do ching 1am giam tac dung khéng mong muén cia

cac hoat chat ndy & ddi tirgng bj bénh c6 khdi u khong dép tmg didu tri.

Chi thi sinh hoc ¢6 thé dugc x4c dinh 1a “h(_)‘p chit duge dinh luong va danh gia
| duéi dang chét chi thi cho cac qua trinh sinh hoc binh thudng, qué trinh bénh ly, hodc dap
tng duge hoc v6i liéu phap didu tri can thiép”. Chi thi sinh hoc 1a chit ¢6 thé phat hién
va do dugc lién quan dén tinh trang bénh hodc bénh cu thé khi c6 mébi trong quan giira su
c6 mit hodc ham lugng ciia chi thi sinh hoc véi mot s6 ddu hiéu ciia tinh trang bénh hodc

bénh (bao gdém sy c6 mat, mirc dd hodc mirc do thay doi cta loai, giai doan ciia mic do
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nhay cadm véi tinh trang bénh hodc bénh, hodc dap tng véi thubc duoc sir dung dé diéu tri
tinh trang bénh hoic bénh). Méi trong quan nay c6 thé dinh tinh, dinh lrgng, hodc dinh
tinh va dinh lugng ddng thoi. Thong thudng, chi thi sinh hoc 12 hop chit, manh hop chit
hoic nhém hop chét. Cac hop chit nay co thé 1a hop chit bit ky c6 trong hodc dugc tao
ra boi co quan trong co thé, bao gdm protein (va peptit), axit nucleic va cac hop chit
khac.

Chi thi sinh hoc ¢6 thé ¢ hiéu qua du doén, va c6 thé dugc sir dung dé du doan
hodc phat hién sy c6 mat, mirc d9, loai hodc giai doan cua tinh trang bénh hoac bénh cu
thé (bao gém su ¢6 mat hodic ham luong cia vi sinh vét hodc doc tb cy thé), mac d6 nhay
cam (bao gém mirc d§ nhay cam di truyén) v6i tinh trang bénh hodc bénh cu thé, hoic
dap tmg véi phuong phép didu tri cu thé (bao gdbm phuong phép diéu tri bang thubc).
Ngubi ta cho rang chi thi sinh hoc s& d6ng vai trd ngdy cang quan trong trong nghién ctru
va phat trién thudc mdi, bang cach cai thién hidu qua cia chuong trinh nghién ciru va
phat trién. Chi thi sinh hoc c6 duge sir dung 1am hoat chit chén do4n, hoat chit kiém soat
tién trién bénh, hoat chét kiém soat diéu tri va hoat chit du doan két qua 1am sang, vi du
nhiéu nghién ctru vé& chi thij sinh hoc da dugc thuc hién d& tim ra cac chi thi dic hiéu cho -
cic bénh ung thu, bénh tim mach va bénh mién dich thuong gip. Ngudi ta tin ring viéc
phat trién céc chi thi sinh hoc thé hé méi s& 1am giam d4ang ké chi phi chiam séc strc khoe
va phét trién thuc méi ddng thoi cai thién dang ké hiéu qua didu tri nhidu bénh va tinh
trang bénh.

Pé thiét ké t6i uu cac thir nghiém 14m sang va thu dugc cdc thong tin cb gia tri
nhét tir cac thir nghiém nay, thi chi thi sinh hoc c¢6 thé duoc sir dung. Chi thi ndy c6 thé
do dugc trong md khéi u hoic miu thay thé. Tét hon néu, cac chi thi ndy ciing s& twong
quan v&i hi€u qua diéu tri, do d6 cudi cung co thé dugc sir dung dé sang loc dbi tuong bi
bénh. '

Do d6, vn dé k¥ thuat bit cap theo khia canh nay cta sang ché 13 xac dinh cac
phuong phap dé sang loc d6i tuong bi bénh dé diéu tri bing hop chét c6 cong thire (I).
Vén d8& k¥ thuét bit cap nay duoc giai quyét bing cac phuong 4n dugc thé hién & bd yéu

cau bao hg va/hodc phan mo ta cla sang ché.

Khéi u chira gen ERa thé dai dugc cho 1a nhay cam dé diéu tri bang hop chét c6
cong thire (), vi du dudi dang liéu phép diéu trj thir nhét. Cac khéi u ciing c6 thé dap ung
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dé diéu tri bang hop chét c6 cong thirc (I) dudi dang liéu phap diéu tri thir hai, liéu phap
diéu trj thir ba hoc liéu phap diéu tri tiép theo va lidu phap nay c6 thé hiru ich, dac biét
khi khéi u chira gen dot bién ERa va do d6 6 thé khang c4c liéu phép hién nay, nhu lidu
phap didu tri bang thube. Hop chét c6 cong thirc (I) c6 thé dugc st dung véi lidu lwong

cao hon d¢€ diéu tri khoi u khang thuoc so vdi khoi u the dai).

Séng ché mé ta phwong phap xdc dinh d6 nhay cam cua té bao véi hop chit c6
cong thirc (I). Phuong phép nay bao gdm budc xac dinh tinh trang ciia gen ERa & té bao
nay. Té bao dugc xac dinh 13 nhay cam véi hop chét c6 cong thirc (I) khi hop chit nay tc
ché tang s Iugng té bao trong thir nghiém sinh truedng t& bao (thong qua viée e ché tang
sinh té bao va/hoic ting cudng giy chét té bao). Phuong phép theo sang ché 13 hitu ich dé
du doén té bao c6 kha ning dép img manh v6i hop chét ¢ cong thirc (I) bing cach trc ché

sinh trudng.

Thuat ngit “mAu khdi u phan tich” dugc ding trong ban mé ta d& chi mau khébi u
thuc duge phan 1ép, hosic miu d3 duogc xir 1y thém, vi du mAu axit nucleic da khuéch dai
PCR tir mAu khéi u.

Thuét ngit

Thuat ngit “alen” duge ding trong ban md ta dé chi dang cu thé cia locut gen,
khéc biét so vdi cac dang con lai cuia gen & trinh tu nucleotit hodc trinh tur axit amin cu
thé cua no.

Thuét ngit “phan g khuéch dai” duoc ding trong ban mé ta @& chi phan tng cta
axit nucleic tao ra su khuéch dai dic trung cia axit nucleic dich so véi axit nucleic khong
phai 13 dich. Phan tmg chudi polymeraza (PCR) 12 phan tmg khuéch dai d3 biét trong linh
vuc nay.

Thuét ngir “bénh ung thu” dugc ding trong ban mo ta dé chi su phat trién khéi u
4c tinh phat sinh tir qué trinh bién dbi té bao thanh té bio c6 kiéu hinh ung thu. Qué trinh
bién dbi té bao nay thuong lién quan dén dot bién gen.

Thuat ngir “gen” ducjc ding trong ban mb ta dé chi doan ADN chira toan bd thong
tin dé sinh diéu ché ARN, bao gém viung khéi d4u, doan exon, doan intron, va cdc doan
trinh tr khac ma c6 thé ndm & dau 5° hodc 3’ (khéng nim trong doan phién mi cia gen)

de€ ki€ém soat bi€u hién.
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Thuét ngit “tinh trang cia gen” dugc ding trong ban mé ta dé chi gen & trang thai

thé dai hoic khong (tirc 1a dot bién).

Thuét ngit “hop chit danh diu” dugc ding trong ban md ta dé chi hop chit c6 kha
ning tao ra tin hiéu c6 thé phat hién dugc thé hién su c6 mat cua polynucleotit dich trong
mAiu phan tich, vi du v& cic hop chit danh diu thich hop bao gdm ddng vi phong xa,
nucleotit mang mau, enzym, co chit, hop chét phat huynh quang, gbc phat quang hoéa
hoc, hat tir tinh, gbc phét quang sinh hoc, va hop chét trong tr. Hop chét danh déu 13 hop
chit bat ky co6 thé phat hién duoc bing phuong phap quang phd, quang héa, sinh héa, hoa

hoc mién dich, dién hoc, quang hoc hoic héa hoc.

Thuét ngit “bién thé khong tuvong ddng” dugc dung trong ban mé ta dé chi bién
thé & hoic tring lap véi trinh ty ma hoéa cia gen ma tao ra tring tu polypeptit khac biét
(bién dbi). Céc bién thé nay c6 thé anh huéng dén chirc ning cia protein hodc khong va
bao gdm bién thé sai nghia (tao ra dot bién thay thé mot axit amin bing mot axit amin
khac), bién thé v6 nghia (tao ra polypeptit bi dot bién mét doan do bo ba ma héa két thiic

chua hoan thién dugc tao ra) va bién thé chén vao/loai bé.

Thuat ngir “bién thé twong ddng” dwgc ding trong ban mé ta dé chi bién thé &
trinh tu ma héa cua gen ma khong anh huéng dén trinh tu ciia polypeptit duoc ma hoa.
Céc bién thé nay c6 thé anh hudng gian tiép dén chire ning cua protein (vi du bing cach
bién dbi biéu hién gen), nhung khi khong anh huéng dén chirc nang cia protein, thi cac

bién thé ndy dugc xem 1a v hai.

Thuét ngit “axit nucleic” dugc ding trong ban mé ta dé chi phan tir ADN va ARN
s¢i don hoac sg¢i kép bao gém axit nucleic c6 trong ty nhién va/hodc axit nucleic nhan

tao, axit nucleic cai bién c6 khung hodc bazo nito cai bién nhu d3 biét trong linh vuc nay.

Thuat ngit “doan mdi” dugc ding trong ban md ta dé chi trinh twy ADN
oligonucleotit sgi don déng vai trd 1a diém hoat hoa didu ché san phdm kéo dai doan mdi
ma b sung véi soi axit nucleic cin sao chép. Chidu dai va trinh tr cia doan mdi phai
thich hop dé c6 thé hoat héa dugc qua trinh didu ché san phim kéo dai. Théng thudng,
chiéu dai trinh tr doan mdi chira it nhit khoang 7 nucleotit gin nhu bd sung véi trinh tu
dich, t&t hon néu cac doan mdi dai hon duoc sir dung. Thong thuong, cac doan mdi chira
khoang 15-26 nucleotit, t5t hon néu cic doan mdi dai hon hodc ngin hon ciing c6 thé

dugc st dung.
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Thuét ngff “doan da hinh” dugc ding trong ban mé ta dé chi doan nim trong locut

gen & d6 it nhét hai trinh tyr thay thé dugc phat hién & quin thé.

Thuét ngit “dang da hinh” dugc diing trong ban mo ta dé chi bién thé trinh tir quan
sat dugc & ca thé & doan da hinh. Dang da hinh bao gdm dot bién thay thé nucleotit, dot
bién chén thém nucleotit, d6t bién loai bé nucleotit va vi thé kém va c6 thé, nhung khéng
nhét thiét, tao ra sy khac biét c6 thé phét hién dugc vé biéu hién gen hodc chirc nang cia
protein. Khi khéng c6 anh huéng dén bidu hién hodc chic ndng cua protein, cac dang da
hinh théng thudng, bao gdm bién thé khong turong ddng, thi thuat ngit ndy dugc ding dé
chi trinh ty gen thé dai. Dir liéu vé dang da hinh cta ngudi va thong tin li€én quan, bao
gém hiéu luc, tAn xut quan sat dugc, va bénh lién quan, dugce luu gitt béi NCBI (dbSNP:
http://Www.ncbi.nlm.nih.gov/projects/SNP/). Luu y rang thuit ngit “dang da hinh” khi st
dung theo trinh fir gen c¢6 nghia khéc v6i thudt ngir “dang da hinh” khi st dung theo dang
rin clia hop chét, tirc 12 ban chét tinh thé hodc v6 dinh hinh ciia hop chit. Ngudi c6 hiéu

biét trung binh trong linh vuc nay s& hiéu y nghia cta thuét ngt nay.

Thuat ngit “méu do” duge ding trong ban mé ta dé chi trinh tir oligonucleotit soi

don dic hiéu chira trinh tu bd sung chinh x4c véi trinh tu dich cia alen can phat hién.

Thuat ngit “dap tmg” dugc ding trong ban md ta dé chi cac phép do dugc thuc
hién theo tiéu chuin danh gid dép tmg cua khdi u rin (Response Evaluation Criteria in
Solid Tumours - RECIST), bao gdm bu6c phan loai dbi trong bj bénh thanh hai nhém
chinh: nhém c6 dép tng mot phan hoic tinh trang bénh én dinh va nhém c6 diu hiéu tién
trién bénh.

Thuat ngir “diéu kién lai héa nghiém ngit” dugc dung trong ban md ta dé chi qua
trinh G qua dém & nhi¢t @9 42°C trong dung dich chira 50% formamit, SSC 5x (750mM
NaCl, 75mM trinatri xitrat), 50mM natri phosphat (46 pH = 7,6), dung dich Denhardt 5x,
10% dextran sulphat, va 20pg/ml ADN tinh tring c4 hdi mét doan bién tinh, sau d6 rta
mang loc b%lng dung dich SSC 0,1x & nhiét do khoang 65°C.

. Thuat ngit “séng s6t” dugc ding trong ban md ta dé chi kha ning séng s6t toan

dién ctia d6i twgng bi bénh va kha ning séng s6t ma khong tién trién bénh.
Thuat ngit “kha ning séng sét toan dién” duoc ding trong ban mé ta dé chi
khoang thoi gian tir khi bt ddu diing thudc dén giai doan tir vong do nguyén nhén bét ky.

Thuat ngit “kha ning sdng s6t ma khéng tién trién bénh” dugc dung trong ban mo ta dé
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chi khoang thoi gian tir khi bit diu ding thudc dén thoi diém 14n ddu tién xuit hién tinh

trang tién trién bénh hoic giai doan tir vong do nguyén nhén bt ky.

Sang ché cling md ta phuong phép sang loc dbi trgng bi bénh dé didu tri bing hop
chat c6 cong thire (I), phwong phap nay bao gbm tach té bao khéi u tir di twrong bi bénh;
xdc dinh xem gen ERa. & té bao khéi u cita d6i tuong bi bénh 12 thé dai hay thé dot bién;
va sang loc d6i twgng bi bénh d& diéu tri bing hop chit ¢6 cong thire (I).

Phuong phép nay bao gdm hoic khong bao gém budc phan 1ap mAu tir d6i tuong
bi bénh thuc té. Do d6, sang ché ciing mé ta phuong phap sang loc dbi tuong bi bénh dé
diéu tri bang hop chit c6 cﬁng thirc (I), phwong phap nay bao gdm x4c dinh xem gen ERa.
& té bao khdi u dugc phan 1ap trudce tir d6i twong bi bénh 1 thé déi hay thé dot bién; va
sang loc d6i trgng bi bénh d& didu trj bang hop chit c6 cong thirc (I).

Theo mdt phuong 4n, d6i trong bi bénh dwoc sang loc dé didu tri bang hop chit c6
cdng thirc (I) khi ADN cuia té bao khdi u c6 dot bién gen ERa. Theo cac phuong an khac,
déi trong bi bénh c6 ADN té bao khdi u c6 gen ERa thé dai dugce sang loc dé didu tri
bang hop chét c¢6 cong thire (I).

Thuét ngit “tinh trang gen thé dai” duoc ding trong ban md ta d& chi su biéu hién
binh thuong hodc thich hgp cia gen va chirc nang binh thuong cua protein dugc ma hoa.
- Nguoc lai, “tinh trang dot bién” dugc ding trong ban md ta d& chi sy biéu hién cua
protein c6 chirc ning bi bién ddi, phit hop véi vai trd da biét ciia gen dot bién ERa & bénh
ung thu (theo sang ché), vi du vé cac bién dbi gen hodc gen biéu sinh, bao gém nhung
- khong chi gi6i han & dot bién, khuéch dai, loai bo, sip xép lai gen, hodc bién dbi dang
metyl hoa, c6 thé tao ra tinh trang'dc}t bién. Tuy nhién, khi c4c bién d6i ndy van tao ra su
biéu hién thich hop clia protein binh thudng, hodc bién thé twong duong chiric nédng, thi
tinh trang gen dugc xem 14 thé dai, vi du vé bién thé thong thudng ma khong tao ra tinh
_ trang gen ddt bién chirc ning bao gdm bién thé ma hoa turong dong va céc dang da hinh
thong thudng (twrong ddng hodc khong twong ddng). Nhu dwge thé hién dudi ddy, tinh
trang gen c6 thé duoc dnh gia bing thir nghiém chirc nang, hodc ¢6 thé duge x4c dinh
tir cac khéc biét phat hién dugc v6i trinh tir d6i chiéu.

Theo mdt s phuong 4n, tinh trang thé dai hodc dot bién cua gen ERa dugc xac

dinh theo su c6 mit hodc Va“'tng mit cta bién thé axit nucleic khong tuong déng & gen.
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Bién thé khong twong ddng quan sat dugc tuong ung vdi cac dang da hinh thong thudong

da biét khéng churc nang quan sat dugc khong tao ra tinh trang gen cila dot bién.

Céc tinh trang dot bién khac ciia gen ERa bao gdm bién thé trinh tu ghép nbi ma
1am giam nhén biét sy ghép nbi doan intron va doan exon trong qué trinh xtr Iy tién ARN
thong tin thanh ARN théng tin. Didu ndy c6 thé din dén loai bo doan exon hodc lién hop
trinh ty intron binh thudng & ARN théng tin ghép nédi (giit lai doan intron hoic sir dung
doan ghép nbi thé 13n). N6i cach khac, didu ndy c6 thé tao ra dot bién chén thém va/hoidc
loai bd protein so véi protein binh thudng. Do d6, theo cac phuong 4n khac, gen ¢6 tinh
trang d6t bién khi xut hién bién thé 1am bién ddi trinh ty nhan biét vi tri ghép néi doan

intron va doan exon.

~ Pbi véi ESR1, cac trinh tyr dbi chiéu cua gen nay (M4 truy cdp Ngan hang gen:
NG_008493), ARN thong tin (M4 truy cdp Ngan hang gen: NM_000125), va protein (Ma
truy cdp Ngan hang gen: NP_000116 hodc ma truy cdp Swiss-Prot: P03372). Ngudi co
hiéu biét trinh binh trong linh vuc nay s& d& dang x4c dinh dwoc tinh trang gen ESR1, tic
1a xac dinh xem gen ESR1 cu thé 14 thé dai hay thé d6t bién, bang cach so sanh trinh tyu
ADN hoic trinh ty véi thé dai.

Ngudi ¢6 hiu biét trung binh trong linh vire nay s& hiu ring gen va trinh ty ARN
thong tin clia gen ERa 12 c4c trinh tyr dic trung. & cac c4 thé binh thuong c6 hai ban sao
ctia mdi gen, ban sao clia cha va ban sao clia me, ma c6 thé s& c6 mot sb khac biét vé
trinh ty, hon nita trong mot quén thé s& tdn tai nhiéu bién thé alen cta trinh tur gen. Céc
" trinh tu khéac duge xem 13 thé dai bao gém céc trinh tr ¢6 mot hodc nhiéu cac dot bién
turong dong d6i véi trinh tyr axit nucleic (ma khong 1am bién ddi trinh tyr protein dugc ma
héa), cac dang da hinh khong twong dong thong thuong (vi du dang da hinh dong phoi)
ma 1am bién ddi trinh ty protein nhung khéng anh huéng dén chirc nang cia protein, va
cac dot bién diém khong ghép ndi & doan intron.

Ngudi ¢6 hiéu biét trung binh trong linh vuc nay d& dang biét dén nhidu phuong
phép dé xac dinh tinh trang ctia gen ERa. Tinh trang gen c6 thé duoc x4c dinh bang cach
giai trinh ty axit nucleic. Tinh trang gen c6 thé dugc x4c dinh bing cach giai trinh tu truc
tiép gen c6 chidu dai diy da hodc phan tich vi tri dic trung trong gen, vi du vi tri d6t bién

thong thudng.

M3u thtr nghiém
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M3u bénh phdm dé x4c dinh tinh trang gen c6 thé 12 mo khéi u bat ky hoic t& bao
khéi u chira miu thu dugc tir ca thé. MAu thtr nghiém thich hop 12 miu mau, miu &
miéng, mau sinh thiét, dich khac cta co thé hoic mé thu duge tir ca thé, vi du cu thé bao
gdm: té bao khdi u tudn hoan, ADN tuin hoan trong huyét thanh hozc huyét trong, té bao
dugc phén l4p tir dich ¢b truéng ciia ngudi bi bénh ung thu budng trimg, dom phdi cia
ngudi bi bénh khdi u phdi, dich hut ra tir ngudi bj bénh ung thu vi, nuéce tiéu, mau ngoai

vi, manh t€ bao, nang 16ng, mang da hoic mau khoang miéng

Ngudi c6 hiéu biét trung binh trong linh vure nay s& hidu ring mau thir nghiém déu
c6 thé 1a trinh ty axit nucleic twong ng véi trinh tir trong mau thir nghiém, tirc 13 toan bd
hogc mdt ving trong mAu axit nucleic c6 thé dugc khuéch dai bang ky thﬁat thich hop bét
ky, vi du phan ung chudi polymeaza (PCR), trudc khi phén tich. Axit nucleic ¢6 thé 13
ADN bd gen hodac doan'ADN hoac ARN téng sd ctia té bao. Theo cic phuong 4an cy thé,
ARN 12 ARN tdng sb ciia té bao va sir dung truc tiép lam khudn dé danh ddu ADN bd
sung sgi don bing cach sir dung cic doan mdi hodc nhidu doan mdi nglu nhién. Axit
nucleic hodc protein trong miu thir nghiém c6 thé duge tach chiét tir miu theo cac
phuong phép chudn (xem Green & Sambrook, Eds, Molecular Cloning: A Laboratory
Manual, (2012, 4th edition, Vol. 1-3, ISBN 9781936113422), Cold Spring Harbor
Laboratory Press, Cold Spri_ng Harbor, N.Y.).

Phuong phap chin doan theo sang ché c6 thé dugc thuc hién bing cach sir dung
mau dugc tach chiét trude tir c4 thé hodc dbi trong bi bénh. Cac mAu ndy c6 thé duge bao
quan bang cach d6 khé hoic c¢b dinh va ngam trong formalin-parafin hodc cac moi truong
khéc. Theo cach khac, té bao khéi u tuoi chira mau c6 thé duge thu nhén va sir dung.

Phuong phép theo sang ché c6 thé duoc thuc hién bing cach sir dung té bao tir
khéi u bt ky. Cac khéi u thich hop dé didu tri bang hop chét c6 cong thirc (I) da dugc mé
ta theo sang ché.

Phuong phép phét hién axit nucleic

bot bién cia axit nucleic ERa c6 thé dugc phat hién dé sang loc dugc chét. Do céc
dot bién trong cac gen ndy xuét hién & mirc o ADN, phuong phap theo sang ché c6 thé
dugc thuc hién br:ing cach phat hién cac dot bién hoic bién thé trong ADN b gen, ciling

nhu cic san pham phién mi va proten cia ching. Can kiém ching cac dft bién trong
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ADN b0 gen bang cich phan tich san phdm phién ma va/hodc polypeptit, & dam bao

r%mg cac dot bién phat hién dugc thue sy dugc biéu hién & dbi tuong.

Ngudi c6 hiéu biét trung binh trong linh vuc nay s& hiéu ring ¢ nhidu phuong
phép phan tich cé thé dugc st dung dé phét hién sy c6 mat hodc Véng mit cta bién thé
nucleotit & mot hozc nhiéu vi tri trong gen. Nhin chung, phuong phép phat hién bién thé
alen can c6 k¥ thuat phat hién dot bién, tay y phan tmg khuéch dai (nhu phén tmg chubi
polymeaza) va tity ¥ hé thdng phat tin hiéu. C6 rit nhiéu k§ thuét phat hién dot bién da
biét trong linh vurc nay va cac k§ thuat ndy c6 thé dugc st dung két hop véi rét nhidu hé
théng phat tin hiéu da biét trong linh virc ndy. Céc phuong phap phat hién bién thé alen
‘dugc mo ta trong tai liéu: “Nollau et al, Clin. Chem, 1997, 43, 1114-1120; Anderson SM._ :
Expert Revmol Diagn, 2011, 11, 635-642; Meyerson M. et al, Nat Rev Genet, 2010, 11,
685-696; va cac tai liéu chudn, vi du “Laboratory Protocols for Mutation Detection”,
Ed. by U. Landegren, Oxford University Press, 1996 va “PCR”, 2™ Edition by Newton &
Graham, BIOS Scientific Publishers Limited, 1997.

Nhu lvu y néu trén, sy ¢6 mit hodc véng mit cta bién thé cu thé hodc nhiéu bién
thé & gen ERo & dbi tugng bi bénh ung thur c6 thé dwoc xac dinh theo nhidu phuong
phép. C4c phurong phap nay duoc thuc hién bang cach st dung ADN hodc ARN thu duge
tir cac mau sinh phém, vi du mo sinh thiét, nuéc tiéu, phan, dodm, mau, té bao, manh mo,
dich choc hut tir vii hogc céc vat liéu té€ bao khac, va c6 thé dugc thuc hién bing nhidu
phuong phap bao gom, nhung khéng chi gidi han &, PCR, lai hoa véi mau do dic hiéu
alen, phat hién dot bién bing enzym, phan tach hoa hoc cic bit cip sai léch, khéi phd
hoic giai trinh tr ADN, bao gdm giai trinh tur cac ADN c¢6 kich c& nho.

Céc k¥ thuat phat hién dot bién thich hop bao gdm hé théng dot bién chiu nhiét
khuéch dai (ARMS™), hé théng dot bién chiu nhiét khuéch dai kéo dai tuyén tinh
(ALEX™), hé théng bét cip mdi oligonucleotit canh tranh (COPS), Tagman, mau do
phan tir, phuong phép da hinh chiéu dai cac doan ADN cit nglu nhién (RFLP), va
phuong phép phén tich vi tri giéi han bing PCR va phuong phap chuyén ning luong
cdng hudéng huynh quang.

Theo cic phuong 4n cu thé, phuong phap nay duoc sir dung d& xac dinh cac
nucleotit trong gen chi thi sinh hoc duge chon tir: phuong phap khuéch dai diic hiéu alen
(PCR dic hiéu alen) - nhur hé théng dot bién chiu nhiét khuéch dai (ARMS), giéi trinh tu,
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thir nghiém phan biét alen, phuong phép lai héa, phuong phéap da hinh chiéu dai cac doan
ADN ciét ngiu nhién (RFLP) hoic thir nghiém néi oligonucleotit (OLA).

Theo cic phuong 4n cu thé, lai héa véi mau do dic hiéu alen c6 thé duge thuc
hién bang cach: (1) oligonucleotit dic hiéu alen dugc gin két véi pha rin (vi du mang
thiy tinh, mang silicon, mang riylon} v6i miu duoc danh déu trong dung dich, vi du trong
nhiéu tmg dung chip ADN; hodc (2) mau lién két (thudng 1a ADN tach dong hoic ADN
da khuéch dai PCR) va oligonucleotit durgc danh diu trong dung dich (déc hi¢u alen hoac
mach ngén dé cho phép giai trinh tr bing phuong phap lai héa). Cac phuong phép chén
doan c6 thé gdm bang dir liéu bién thé, thudng gin trén chit mang rén, c6 thé xac dinh
ddng thdi nhidu hon mot bién thé. Cac mAu do lai hoa nay 13 da biét trong linh vuc nay
(vi du xem Green & Sambrook, Eds, Molecular Cloning: A Laboratory Manual, (2012,
4th edition, Vol. 1-3, ISBN 9781936113422), Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.) va c6 thé kéo dai qua hai hodc nhiéu vi tri bién thé.

Do 46, theo mt phwong én, phuong phép phat hién sy c6 mit hodc vang mit cla
it nhit mot dot bién tao ra sy tiép xtic axit nucleic ERa chtra vi tri dot bién gia dinh véi it
nhit mot mAu do axit nucleic. MAu do lai héa dic hidu véi trinh tu axit nucleic bao gdm
vi tri bién thé va chita bazo nucleotit bd sung & vi tri bién thé trong didu kién lai hoa chon
loc. Qua trinh lai héa c6 thé dugc phat hién bang cach sir dung cac hop chit danh diu da
biét trong linh vuc niy, vi du vé cac hop chét danh ddu nay bao gdm, nhung khéng chi
gi6i han & hop chét danh déu phéng xa, hop chit danh diu huynh quang, chit mau, va
enzym.

Theo mot phuong an khic, phuong phap phat hién su c6 mit hodic ving mit cia it
nhit mot dot bién tao ra sy tiép xtic axit nucleic ERa chira vi tri dot bién gia dinh véi it
nhét mot doan mdi axit nucleic. Poan mdi lai héa dic hiéu véi trinh tu axit nucleic bao
gém vi tri bién thé va chira Bazor nucleotit bd sung & vi tri bién thé trong diéu kién lai hoa

chon loc.

Oligonucleotit dugc st dung lam cac doan mbi dé khuéch dai dic hiéu co thé
mang bazo nucleotit b sung v6i d6t bién quan tdm & trung tim clia phan tir (do viy qua
trinh khuéch dai phu thudc vao didu kién lai hoa khac biét; vi du xem Gibbs, et al, 1989.

Nucl. Acids Res, 17, 2437-248) hoic & dau tan cliing 3' cia mdt doan mdi & d6, trong cac
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diéu kién thich hop, bt cap sai 1éch c6 thé ngin ngira hoic 1am giam phan tng kéo dai

polymeaza (vi du xem Prossner, 1993, Tibtech, 11 238).

Theo mdt phuong 4n khac, phuong phép phat hién sy c6 mit hodc vang mit cia it
nhit mo6t dot bién bao gdbm budc giai trinh tir it nhit mét trinh tir axit nucleic va so sanh
trinh ty thu dugc véi trinh tr axit nucleic thé dai d3 biét.

Theo cach khéc, phuong phép phat hién su c6 mit hodc ving mit cla it nhit mot

d6t bién bao gdm budc xac dinh bang khdi phd it nhit mét trinh tir axit nucleic.

Theo mét phuong 4n, phuong phap phét hién sy c6 mit hoic ving mit ciia it nhét
mot bién thé axit nucleic bao gdm budc thuc hién phan (ng chudi polymeaza (PCR).
Trinh ty axit nucleic dich chira bién thé gia dinh duoc khuéch dai va trinh tu nucleotit cia
axit nucleic da khuéch dai dugc x4c dinh. Viéc xac dinh trinh tr nucleotit cia axit nucleic
da khuéch dai bao gdm budc gii trinh tur it nhit mot doan axit nucleic. Theo cach khac,
san phim khuéch dai c6 thé duoc phan tich bing phuong phap bit ky c6 kha ning phan
tach san phdm khuéch dai theo kich c¢& ciia n, bao gdm dién di trén gel tur dong va ban tu

dong, va tuong tu.

Céc dot bién ctia axit nucleic bd gen dugc phat hién dé dang béi cac k§ thuat dwa
trén su thay dbi vé kha ning di dong ctia manh axit nucleic da khuéch dai., vi du Chen et
al, Anal Biochem 1996, 239, 61-9, d& cap dén phuong phép phét hién dot bién diém bazo
nito bang thir nghiém thay dbi kha ning di dong canh tranh. Hon nita, thir nghiém dua
trén k¥ thuat dugc mo ta trong tai liéu Marcelino et al, BioTechniques 1999, 26, 1134-
1148 c6 bén trén thi trudng.

Theo vi duy cu thé, phén tich doan lai X04n kép mao quan co thé dugce sir dung dé
phét hién su c6 mit ciia dot bién dira trén sy thay d6i kha ning di dong cia axit nucleic

xoan kép trong hé mao quan do su c6 mét cla bat cédp sai 1éch.

Axit nucleic thé hé sau dé phan tich tir cic mAu nhin chung cin khuéch dai axit
nucleic. Nhidu phwong phap khuéch dai dya trén phan tmg chudi enzym (niw phan émg
chudi polymeaza, phan tmg chudi ligaza, hodc t4i ban trinh t tur kéo dai) hodc bang cach
tai ban toan by hoac mdt phﬁn vecto trong d6 axit nucleic da dugce tach dong. Tbt hon
néu, qua trinh khuéch dai theo séng ché 1a qué trinh khuéch dai theo cép sb6 nhan, khi

dugc phat hién bing phan tng chudi polymeraza.
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Nhiéu dich va phuong phap khuéch dai tin hidu da dugc mo ta trong cac tai lidu, vi
du Landegren, U. , et al, Science, 1988 242, 229-237 va Lewis, R, Genetic Engineering
News 1990, 10, 54-55. Cac phuong phép khuéch dai nay c6 thé duoc sir dung trong
phuong phép theo sdng ché, va bao gbm phan tng chudi polymeaza (PCR), PCR tai chd,
phan tmg khuéch dai ligaza (LAR), phan tmg lai hoa ligaza, replicaza thyc khuan thé QB,
hé khuéch dai dva trén qué trinh phién ma (TAS), phuong phép khuéch dai gen bang
cach gii trinh ty san phim phién ma (GAWTS), phuong phap khuéch dai dya trén trinh
tur axit nucleic (NASBA) va lai tai chd. Cic doan moi thich hop @ dung trong céc ky
thuat khuéch dai c6 thé dugc thiét ké theo cac phuong phép da biét trong linh vurc nay.

Phén tng chubi polymeaza (PCR) 1a phuong phap khuéch dai axit nucleic dugc
md ta trong Patent M§ s6 4,683,195 va 4,683,202. PCR bao gdm céc chu trinh lip lai cia
phan tmg kéo dai doan mdi dugc tao ra bdi ADN polymeaza. ADN dich dugc bién tinh
nhiét va hai oligonucleotit, danh d4u trinh tir dich trén hai s¢i d6i dién nhau ctia ADN cin
khuéch dai, dugc lai héa. Céc oligonucleotit nay tr¢ thanh ciac doan mbi dé sir dung véi
ADN polymeaza. ADN dugc sao chép bang cach kéo dai doan mdi dé tao ra ban sao thi
hai ciia ca hai soi. Bang céch 13p lai chu trinh bién tinh nhiét, lai héa va kéo dai bing
doan mdi, ADN dich c6 thé dugc khuéch dai triéu 14n hodc cao hon trong 2 dén 4 gio.
PCR 1a cdng cu sinh hoc phan tir, cAn dugc két hop véi ky thuét phat hién dé xac dinh két
qua khuéch dai. Uu diém cia PCR 1a phuong phép ndy lam ting dd nhay bing cé;:h
khuéch dai lugng ADN dich 1 triéu dén 1 ty 14n trong khoang 4 gid. PCR c6 thé dugc st
dung @ khuéch dai axit nucleic da biét bét ky trong chin doan bénh (Mok et al,
Gynaecologic Oncology, 1994, 52: 247-252,).

K§ thuat khuéch dai dic hiéu alen nhu hé théng dot bién chiju nhiét khuéch dai
‘(ARMSTM) (Newton et al, Nucleic Acid Res, 1989, 17, 2503-2516) ciing c6 thé duoc st
dung dé phat hién d6t bién didm bazo nito. Trong cac didu kién khuéch dai PCR thich
hop, bt cip sai léch mdt bazo nito ndm & diu 3' ciia doan mbi 13 du dé khuéch dai dic
~hiéu-alen bat ciip ding (Newton et al, 1989), cho phép phét hién céc loai twong ddng gin.
Nguyén ly ctia hé khuéch dai sir dung cac doan mdi néu trén 13 céc oligonucleotit c6 déu
2' bt cip sai 1éch s& khong dong vai trd 1am cac doan mdi trong PCR trong cac diéu kién
thich hgp. Hé khuéch dai nay cho phép chi tao ra kéu gen bang cach kiém tra hdn hop

phén tng sau khi dién di trén gel agroza.
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San phim khuéch dai c6 thé duoc phén tich bing phuong phép bit ky c¢6 kha ning
phén tach san phim khuéch dai theo kich c& ciia n6, bao gdm dién di trén gel tr dong va

ban tr dong, khéi phd, va trong tyr.

Phuong phép phén lép, khuéch dai va phén tich axit nucleic 13 da biét trong linh
vuc ndy va vi du vé cic phuong phdp nay dugc md ta trong cac tii liéu Green &
Sambrook, Eds, Molecular Cloning: A Laboratory Manual, (2012, 4th edition, Vol. 1-3,

ISBN 9781936113422), Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
' N.Y.), vi du v& céc phuong phép dic biét hitu ich dé sir dung trong khuéch dai PCR Ia
PCR (Basics: From Background to Bench) by M. J. McPherson, S. G. Mailer, R. Beynon,
C. Howe, Springer Verlag; Ist edition (October 15, 2000), ISBN: 0387916008.

Séang ché ciing dé xuét kit chin doan, bao gdm céc doan mdi thoai bién dé khuéch
dai axit nucleic dich trong gen ERa va t& huéng din quy trinh khuéch dai va phan tich
két qua. Theo cach khéc, kit ndy ciing bao gébm dung dich dém, enzym, va dd chua dé
thyc hién quﬁ trinh khuéch dai va phan tich san phdm khuéch dai. Kit nay ciing c6 thé 1a
cdng cu sang loc, hoic kit chdn doan nay con bao gbm cac cong cu khac nhur chip ADN,
hodc cac cong cu hd tro khac. Tét hon néu, kit ndy ciing bao gdbm mot hoic nhiéu khudn
dbi chitng, nhu axit nucleic dugc phan 13p tir miu md binh thudng, vi/hoic mot loat cac

mau chira cac bién thé khéac nhau trong céc gen ddi chicu.

Theo mdt phwong 4n, kit theo sang ché bao gdm hai hoic nhiéu cip doan mdi, mdi
cip c6 kha ning khuéch dai ving khéac nhau cia gen ERa dbi chiéu (mbi ving turong tmg
1a mt vi tri bién thé tidm nang), nhy d6 thu dugc kit c6 thé phan tich biéu hién nhidu
bién thé gen trong mAu sinh pham trong mot phan tmg hodc nhiéu phan tng song song.

Céc doan mdi trong kit c6 thé dwoc danh ddu, vi du danh ddu huynh quang, d& tao
diéu kién thuan 1¢i cho viéc phat hién san phdm khuéch dai va phén tich c4c bién thé axit
nucleic. Kit nay ciing cho phép c6 thé phat hién nhiéu hon mét bién thé trong mot phan
tich. Do d6, kit nay s& bao gdbm cic doan mdi c6 kha ning khuéch dai cdc méanh khéc
nhau cia geri d6i chiéu. Cac¢ doan mdi c6 thé dugc danh du khac biét, vi du b?mg cach sur

dung hop chéit danh diu huynh quang, d& phéan biét gitra cac bién thé nay.

Sang ché ciing mé ta phuong phéap didu tri cho dbi twong bi bénh ung thu, bao

gdm budc xac dinh trang thai d6t bién hodc thé dai ciia gen ERa & dbi tuong c6 té bao_
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khdi u va khi gen ERa bi dot bién, cho dbi twgng bj bénh sir dung lwong hitu hidu cia
hop chét c6 cong thirc (I).

Thu4t ngit “hitu hiéu” va “hitu dung” dugc ding trong ban md ta dé chi ca dic tinh
an toan hiru dung vé mat duoc hoc lﬁnr sinh 1y hoc. Pac tinh an toan hiru dung vé& mit
dugc hoc 1 kha ning diu trj d tao ra tic dung sinh hoc mong muébn & dbi tugng bi
bénh. Dic tinh an toan hitu dung vé mat sinh 1y hoc 1a mirc d6 ddc tinh, hoic cac tac
dung sinh 1y khong mong mudn khac & t& bao, co quan vi/hoic bé mit co quan (thuong
dugc goi 1a tic dung phu) duoc tao ra khi diéu tri. Thuét “khong hitu hiéu” dugc dung
trong ban md ta dé chi két qua diéu tri v& mirc d an toan hiru dung vé mat dugc hoc thép
hon dang k& va/hodc mirc d6 tic dung sinh ly khéng mong mudn cao hon déng ké tic

dung diéu trj.

Séang ché ciing mé ta viée st dung hop chit c6 cong thirc (I) hodc mubi duge dung
clia né dé diéu trj bénh ung thur t& bao khéi u da dwoc xac dinh 1a c6 dot bién gen ERo.

Theo mot phuong 4n hop chit c6 cong thire (I) 13 hop chét theo vi du 1.

Theo mot khia canh khéc, sang ché d& xut hop chét co cong thic (I) hodic mubi
dugc dung ctia né dé diéu tri bénh ung thu c6 té bao khdi u duge xéc dinh 1a c6 dot bién

gen ERo.. Theo mdt phuong 4n hop chét c6 cong thire (I) 1a hop chét theo vi du 1.

Séng cling md ta phuwong phéap diéu tri bénh ung thu c¢6 té bao khdi u dugc xac
dinh 13 c6 d6t bién gen ERa, bao gdbm budc sit dung lugng hitu hiéu ctia hop chit c6 cong
thie (I) hodc mubi duge dung cia né. Theo mot phuong 4n hop chit ¢6 cong thie (I) 1a

hop chit theo vi du 1.

Theo khic phuong 4n khéc, sang ché @ xuit dugc phdm chira hop chét co cong
thirc (I) dé dung trong phong ngira va didu tri bénh ung thu c6 té bao khébi u duge xac
dinh 13 c6 dot bién gen ERa. Theo mot phuong 4n, hop chét c6 cong thirc (I) 1a hop chét

theo vi du 1.

Trong toan bd cic khia canh néu trén, dang d6t bién ciia ERa dugc xac dinh & toan
bd cac vi tri clia gen nay.

Trong toan bd céc khia canh néu trén, khi sir dung khdiu ung thu vu, thi dang dot
bién cy thé ctia ERa duge x4c dinh & cac vi tri Serd463Pro, Val543Glu, Leu536Arg,
Tyr537Ser, Tyr537Asn va Asp538Gly.
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Vi du thye hién sang ché
Sang ché s& dugc mo ta chi tiét hon thong qua cac vi du dudi ddy, trong do:

(i) c4c phan tng dugc thuc hién & nhiét 6 méi trudng, tirc 12 nim trong khoang tir

17°C dén 25°C va trong diu kién khi tro nhu nito trir khi ¢6 quy dinh khac;

(ii) cong doan bay hoi dugc thuc hién bang méy bay hoi quay; thiét bi Genevac
ho#ic may bay hoi Biotage v10 trong diéu kién chan khéng va cic quy trinh ndy duoc

thuc hién sau khi loai bd cén ran bang cach loc;

(iii) céng doan tinh ché bang phuong phap sic ky nhanh dwoc thyc hién trén thiét
bi ty dong Teledyne Isco CombiFlash® Rf hodc Teledyne Isco CombiFlash®
Companion® st dung ct silica RediSep Rf Gold™ di nhdi sén (hat silica hinh cau c6
kich ¢& nim trong khoang tir 20 pm dn 40pm), cot GraceResolvIM (Davisil® silica)
hodc cdt Silicycle (40 - 63 um).

(iv) cong doan sic ky diu ché dugc thuc hién trén thiét bi Gilson prep HPLC phat
hién bing tia UV;

(v) cong doan sic ky diéu ché phan tach dong phan quang hoc dugc thuc hién trén
thiét bi Gilson phat hién bang tia UV (b6 thu phén doan/tiém méu 233, bom 333 & 334,
detecto 155 UV) hoic thiét bi Varian Prep Star (bom 2 x SD1, detecto 325 UV, bd thu
phan doan 701), bom chay B?mg bd tiém mau Gilson 305;

(vi) hiéu suét, khi dugc tinh toan, khong nhét thiét 13 hidu suét tbi da;

(vii) cong thire cdu tao ciia hop chét c6 cong thirc I dwoc x4c dinh bing phd cdng
hudng tir hat nhan (NMR); hé sé dich chuyén héa hoc NMR dugc do theo thang delta
[phd cong hudng tir proton dwgc xac dinh bang thiét bi Bruker Avance 500 (500 MHz)
or Bruker Avance 400 (400 MHz)]; cac phép do duogc thuc hién & nhiét o moi trudng,
trir khi ¢6 quy dinh khéc; cac ky hiéu viét tit sau dugc sir dung: s: mdt vach; d: hai vach;
t: ba vach; q: bon vach; m: nhidu vach; dd: hai vach ddi; ddd: bbn vach dbi; dt: hai vach
ba; bs: vach rong.

(viii) cong thic cdu tao ctia hop chét c6 cong thirc I ciing duge xac dinh bang
phuong phép sic ky 1ong ghép khéi phé (LCMS hoic UPLC); UPLC dugc thuc hién
béng hé théng Waters UPLC dugc trang bi may khd phé Waters SQ (nhiét do cot: 40°C,
UV = 220-300nm, Khéi phd = ESI véi kiéu duong/dm) & téc d6 dong bang 1mL/phut st
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dung hé¢ dung méi chira 97% A + 3% B dén 3% A dén 97% B trong 1,50 phiit (téng thoi
gian chay miu cdng véi thoi gian hiéu chinh diéu kién ban ddu khoang 1,70 phut, trong
dé A = dung dich nudc chira 0,1% axit formic (dé phén tich axit) hodc dung dich nudc
chira 0,1% amoniac (dé phan tich bazo); B = axetonitril. pé phan tich axit, ¢t dugc st
dung 14 Waters Acquity HSS T3 1,8um 2,1 x 50 mm, dé phan tich bazo, cot dugc sir
dung 1& Waters Acquity BEH 1,7um 2,1x 50mm; LCMS dugc thuc hién bing hé théng
Waters Alliance HT (2795) dugc trang bi méay khbi phd Waters ZQ ESCi va cot
Phenomenex Gemini -NX (50 x 2,1mm x 5um) & tdc d6 dong bing 1,1mL/phut 95% A
dén 95% B trong 4 phit v6i thoi gian gitr mAu bang 0,5 phut. Pha dong dugc duy tri
khong d6i & 5% C (50:50 axetonitrilnudc 0,1% axit formic) hodc D (50:50
axetonitril:nuéce 0,1% amoni hydroxit (0,88 SG) phu thudc vao phuong phap cé tinh axit

hoéc bazo.

(ix) cong doan tinh ché trao dbi dugc thyuc hién bang cot SCX-2 (Biotage, silica
lién hop axit propylsulfonic dugc san xuét bang silan ba chirc khong chira dau dugc chup

mil).

(x) d6 tinh khiét ctia c4c hop chit trung gian dugc danh gi4 bang phwong phap séc
ky 16p méng, khdi phd, HPLC (sic ky 16ng hiéu ning cao) va/hoic NMR;

(xi) dé phéan tich mAu nhiéu xa bdt tia X ctia hop chét theo vi du 7, cac miu duge
dat vio miéng ban dén silic da hiéu chinh vé 0 va phén tich bang nhifu xa ké PANalytical
CubiX Pro (1 = 1,5418A). C4c miu dugc quay dé cai thién dir liéu théng ké. Dir lidu
dugc thu theo géc nhiu xa 2 theta ndm trong khoang tir 2° dén 40° 2-theta véi thoi gian
tiép xtc bang 25 gidy tinh trén d6 ting goc nhifu xa bing 0,025067°. Tia X duge tao ra
bing éng dong dai c6 d6 hdi tu cao dwgc van hanh & dién thé 45kV va dong dién 40mA.
Ngudi c6 hidu biét trung binh trong linh vyce nay s& hidu ring cudng d6 twong ddi cia cac
dinh c6 thé bj anh huéng bédi, vi du céc hat c6 kich ¢ trén 30pum va ty 1€ hinh dang hat
khong ddng nhat c6 thé anh hudng dén két qua phan tich miu. Ngudi ¢ hidu biét trung
binh trong linh virc ndy ciing s& hiéu ring vi tri phan xa c¢6 thé bj anh hudéng béi chidu
cao chinh x4c ctia mAu nim trong nhifu xa ké va két qua hidu chinh v& 0 ctia nhidu xa ké.
Do phing ciia bé mit miu c6 thé ciing anh hudng it dén vi tri phan xa. Do d6, di liéu

mau nhiéu xa khong phai 13 trj s tuyét dbi;
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(xii) dé phén tich miu nhidu xa bot tia X ctia hop chét theo vi du 1, miu hop chéit
tinh thé duoc dat vao miéng ban din don tinh thé silic do Panalytical san xuét va dan miu
thanh 16p moéng bang phién kinh hién vi. Mu duoc quay & tbc d6 30 vong/phut (dé cai
thién dir liéu thdng ké) va chiéu tia X dugc tao ra b%mg éng df”)ng dai c6 do hdi tu cao
dugc véan hanh & 45kV va 40mA & budce song béng 1,5418A. Tia X dugc chiéu vao khe
day 0,04rad, sau d6 chiéu vao khe phan ky tu dong c6 chiéu dai 20mm va cudi cing 1a
chiéu vao man chin tia c6 chidu dai 20mm. Tia phan xa dugc thu truc tiép vao khe chéng
phan xa c6 chiéu dai 20mm va khe day 0,04rad. Mau dugc tiép xuc trong 1,905 gidy tinh
trén d6 ting goc nhifu xa bang 0,0025067° 2-theta (kidu quét lién tuc) nim trong khoang
tir 2° dén 40°. Thoi gian chay méu 13 3 phut va 36 gidy. Thiét bi nay duoc trang b detecto
X-Celerator. Dit liéu dugc kiém soat va thu nhén béng thiét bi Dell Pentium 4HT dugc

trang bi phin mém X’Pert.

(xiii) thiét bj do nhiét lwong quét vi sai: thiét bi TA Q1000 DSC. Thong thuodng,
khoang 5mg hop chit chira trong dia nhom chuin dugc trang bi nip dugc gia nhiét &
nhiét d6 nidm trong khoang tir 25Error! Reference source not found.C dén 300Error!
Reference source not found.C & tbc do gia nhiét khong ddi bingl0Error! Reference

source not found.C/phut. H¢ théng duge suc khi nito - tbe d6 dong 50mL/phut.

(xiv) thiét bj phan tich nhiét trong: thiét bi TA Q5000 TGA. Théng thudng,
khoang 10mg hgp chét dugc dit vao dia platin c6 dung tich 100pL va gia nhiét & nhiét 4o
nim trong khoang tir 30Error! Reference source not found.C dén 150Error!
Reference source not found.C & tdc do gia nhiét khong ddi bangl0Error! Reference

source not found.C/phnt.

(xv) cac ky hi€u viet tat sau dugc st dung:

aq. nudc
CDCl; doteri-cloform
Conc. cd
DCM diclometan
DMA N, N-dimetylaxetamit
DMSO dimetyl sulphoxit
DSC do nhiét lugng quét vi sai
EtOH etanol
EtO axetyl axetat
IPA/iPrOH ruQu isopropylic
MeCN axetonitril
MTBE metyltertbutyl ete
/RT nhiét 46 phong
sat. bao hoa
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sol dung dich
THF tetrahydrofuran
TFA axit trifloaxetic
TGA phén tich nhiét trong

Vi du 1: axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic

Céc quy trinh sau can dugc thuc hién trong diéu kién khi nito va tranh 4nh séng do
san phdm phén huy [(R,E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-
3H-pyrido[3,4-b]indol-2-ium-1-yl)phenyl)acrylat] c6 thé duoc tao ra.

(E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (350g, 766,69mmol) dugc nap vao
binh kin dung tich 5L. Ruogu isopropylic (2,80L) dugc bd sung vao binh nay. Natri
hydroxit (5M, 460mL, 2,30mol) dugc bd sung mét phan vao va hdn hop nay duge khudy
& nhiét @6 21°C trong 16 gid. Dung dich sim mau dugc loc qua mang loc dé loai bod cac
chit két tia. Dich loc dugc nap tré lai vao binh phan tmg. Binh thu dich loc va mang loc
dugc rira bang isopropanol (700mL) va dich rira duge bd sung vao binh phéan tmg. Hon
hop phan tmg dugc khudy va nuée (1,75L) duge bd sung vao. Axit hydrocloric dic (37%
khéi luqng/khéi luong, 165mL, 1,92mol) dugce nap vao binh phan Gng. Axit hydrocloric
(21,5mL) duge bd sung thém vao binh nay dé diéu chinh d6 pH dén tri sb nim trong
khoang tir 4,0 dén 4,5. Dung dich nay dugc gia nhiét dén nhiét do 50°C. Nudc (1,92L)
dugc bd sung vao binh phén tng trong 1 gitr duy tri nhiét do khbi phén Ung bén trong
nim trong khoang tir 50°C dén 53°C. Nhiét d6 v6 binh dugc nang dén 70°C dé duy tri
nhiét ¢ binh phan g nim trong khoang nay trong khi bd sung. Trong vong 10 phut bd
sung hoan toan nudc, hdn hop nay duoc ti tao mam va bit ddu két tinh. Han hop nay
dugc gitr & nhiét 49 nim trong khoang 50°C dén 52°C trong 1,5 gid (nhiét do vo binh
b%mg 58°C). Hdn dich mau vang thu duoc dugc 1am lanh dén nhiét d6 5°C (nhiét 3¢ vo
binh) trong 6 gid. Hon dich dic nay duge giit & nhiét 46 5°C (nhiét d6 v6 binh) trong 11
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gid. Loc thu 14y chit rin mau vang thu dugc. Banh loc duge nén bing thia dé ngan ngira
v banh loc. Binh phan tng dugc ria béng nudc (1,05L). Dich rira dugce st dung dé rira
banh loc. Banh loc duge hit kho trong khong khi, sau d6 1am khd trong diéu kién chan
khong dén khéi lugng khong dbi trong 4 ngay (nhiét d6 10 = 30°C) & thu dugc axit (E)-
3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1 H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic duéi dang tinh thé rin, “Dang B (319,45g, 94%).
"H NMR (500 MHz, DMSO, 27°C) 1,05 (3H, d), 1,08 - 1,28 (6H, m), 2,35 (1H, dd), 2,58
(1H, dd), 2,8 - 2,97 (2H, m), 3,47 - 3,57 (1H, m), 5,22 (1H, s), 6,67 (1H, d), 6,91 - 7,06
(2H, m), 7,19 (1H, d), 7,41 (1H, d), 7,46 (2H, d), 7,54 (1H, d), 10,58 (1H, s), 12,62 (1H,
S).

Phuong phap khéac dé diéu ché hop chit theo vi du 1 & dang tinh thé B nhu sau:

Céc quy trinh sau cin dugc thuc hién trong diéu kién khi nito va tranh 4nh sang do

san phdm phén hiy (nhu néu trén) c6 thé dugc tao ra.

(E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (50,0g; 109,53mmol) dugc khudy
trong rugu isopropylic (450mL). Natri hydroxit (68,34g, 65,72mL, 328,58mmol) dugc bd
sung fncf)t phén vao va hdn hop nay dugc khudy & nhiét do 20°C trong 16 gid. Hon hop
phan ng dwoc pha lodng véi nuée (250mL), 6 pH dugc didu chinh dén pH = 4 bing
axit hydrocloric dac (27,28ml, 317,63mmol) va hdn hop nay duoc gia nhiét dén nhiét do
50°C. Nuéc (225mL) duoc bd sung thém vao trong 30 phut, duy tri nhiét d6 cao hon
45°C. Trong qué trinh bd sung, hop chit bat d4u két tinh. Hon hop nay duoc 1am lanh tir
50°C dén 5°C trong 5 gidy, sau d6 hdn dich nay dugc gitt & nhiét dd 0°C trong 11 gio nita.
Loc thu léy chit rin mau vang. Bénh loc dugc rira béng nudc (100mL), 1am kho trén
mang loc thém 20 phut, sau d6 1am khé trong 16 chén khong trong 16 gid dén khdi lugng
khong dbi (30°C, hut khong khi) dé thu dugc hop chit mong mudn (46,52g) dudi dang
tinh thé rin (Dang B).

'H NMR (500 MHz, DMSO, 27°C) 1,02 - 1,09 (3H, m), 1,17 (6H, dd), 2,37 (1H,
dd), 2,59 (1H, dd), 2,8 - 2,98 (2H, m), 3,47 - 3,58 (1H, m), 5,24 (1H, s), 6,68 (1H, d), 6,9
- 7,06 (2H, m), 7,20 (1H, d), 7,38 - 7,51 (3H, m), 7,55 (1H, d), 10,59 (1H, s), 12,60 (1H,
br).
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Dang tinh thé B c6 thé duoc phan 1ap tir hdn hop etanol/nuéc va hdn hop
etano/MTBE.

Theo mot khia canh khéc, sang ché @& xuit hop chét dang tinh thé B theo vi du 1,
duoc phan 1ap tir hdn hop isopropanol/nude.

Theo khia canh khéc, sang ché d& xuét quy trinh phan 13p dang tinh thé B ciia hop
chét theo vi du 1, bao gdm buéc thiy phan (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat trong
rugu isopropylic va bazo, sau d6 axit héa va phan lap dang tinh thé tir dung dich nuéc

isopropanol.

Dang tinh thé B ctia hop chét theo vi du 1 ¢6 it nhit mot trong s cac dinh & cac
goc 20 do dugce bang birc xa CuKa 1a 8,4° va 10,9°. Dang tinh thé B cia hop chét theo vi
du 1 c6 miu nhiéu xa bdt tia X dugc thé hién trén Fig.2. Mudi cuc dai nhifu xa bdt tia X
dugc thé hién trong Bang A.

Bang A

Mudi cuc dai nhiéu xa bot tia X clia dang tinh thé B ciia hop chét theo vi du 1

Goc 2-theta (20) Cudng 6%
8,4 100
10,9 88,5
18,3 84,5
24,0 78,5
14,0 66,4
19,0 55,9
14,4 54,3
13,0 45
15,3 44,7
20,6 44,2

Do nhiét lugng quét vi sai ciia dang tinh thé B ctia hop chét theo vi du 1 cho thdy
dang tinh thé nay c6 nhiét do néng chay cao va bt diu néng chay két hop thu nhiét &
nhiét 46 188,6°C (Fig.3). Hop chét theo vi du 1 bi phan huy trong qué trinh néng chay
din dn sai léch vé nhiét d9 néng chay, do d6 tri s6 188,6°C khong phai 12 tri sé chinh
xac tuyét ddi.

Hai dang solvat ctia hop chét theo vi du 1 ciing dugc quan sét thiy.

Dang A 1a metyl tertiary butyl ete mono-solvat. Mau nhiéu xa bdt tia X dugc thé
hién trén Fig.4. TGA thé hién khbi lvong mét 1a 14,7% khbi lugng/khdi Iugng & nhiét do
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nim trong khoéang tir 55°C dén 150°C (Fig.5). Khéi lugng mét 1y thuyét ciia mono metyl
tertiary butyl ete solvat do dugc 1a 16,6%.

Dang C la axeton mono-solvat, mau nhiéu xa bot tia X dugc thé hién trén Fig.6.
TGA thé hién khdi luong mét 1a 10,0% khéi luong/khdi luong & nhiét do nim trong
khoang tir 55°C dén. (Fig.7). Khéi lwong mét ly thuyét ctia mono-axeton solvat do dugc
- 1a11,0%.

(E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-bJindol-1-yl)phenyl)acrylat dugc sir dung 1am nguyén liéu ban

dau dugc diéu ché nhu sau:

Quy trinh diéu ché 2-flo-2-metylpropyl triflometansulfonat

F

F
Fx //O
//S\o
F

Trong diéu kién khi nito, 2-ﬂo-2-metyl-propan-1-ol (1000g, 10,86mol) dugc nap
vao binh phan tng dung tich 20L. DCM (8,5L) dugc bd sung vao binh nay. Hn hop nay
duge khudy va 1am lanh dén nhiét d6 1°C. 2,6-Lutidin (1395g, 13,02mol) dwoc bd sung
vao hdn hop ndy. Dung dich chira triflometansulfonic anhydrit (3220g; 11,41mol) trong
DCM (1L) dugc bd sung vao trong 1 gidy duy tri nhiét d6 ctia hdn hop phan tmg nhé hon
5°C (nhiét d6 vo binh dugc ha xudng dén -20°C trong qua trinh bd sung). Binh bd sung
va dudng dng bd sung duoc rira bing DCM (0,5L) va dich rira duge bd sung vao binh
phan @ng trong mdt phan. Hén hop nay duge khudy & nhiét d6 0°C trong 1 gio dé thu

dugc dung dich mau do.

Dung dich chtra axit hydrocloric dic (1,23L; 37% khéi luong/khbi luong,
16,3mol) dugc bd sung vao nuéc (7L). Dung dich axit hydrocloric lodng dugc bd sung
vao dung dich mau do6 va dung dich di duoc khqu duoc 1am 4m dén nhiét d6 25°C. Cac
16p duge dé phan tach va 16p nuée phia trén duge loai bé. Lép hitu co dugc rira bang
aude (2 x 5L). Dung dich hitu co duge cd trong diéu kién ap sudt giam dé thu dugc dau
mau d6. Diu mau dé dugc tinh ché bang cach chung cit bing thiét bj bay hoi kiéu mang
mong (4,5 mbar, nhiét 6 vé binh 50°C, nhiét d6 bd phan ngung tu 4°C) dé thu dwgc 2-
flo-2-metylpropyl triflometansulfonat {1,69kg, 69%) dudi dang ddu mau d6 nhat. 'H
NMR (500 MHz, DMSO-d6, 27°C) 6 1,40 (6H, d), 4,79 (2H, d).
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Quy trinh diéu ché (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-
amin
N

/

H
N}
F

(2R)-1-(1H-indol-3-yl)propan-2-amin (3,81kg, 21,21mol) dugc bd sung vao binh
* trang thiy tinh dung tich 100L c6 vo bao vé trong diéu kién khi nito. 1,4-dioxan (23L)

e

dugc bd sung vao, va may khqu dugc bat. Piisopropyletylamin (5,55L; 31,82mol) dugc
bb sung vao hén dich da dugc khudy, sau d6 (2-flo-2-metyi-propyl)triflometansulfonat
(5,55kg, 23,77mol). 1,4-dioxan (4L) dugc bd sung vao binh nay, va hdn hop nay duoc
gia nhiét dén nhiét d6 75°C. Qua trinh gia nhiét dugc ti_ép tuc trong 24 gid trudce khi lam
ngudi hdn hop nay dén nhiét d6 25°C. Nude (30,5L) duoc bd sung vao binh nay, sau d6
bd sung toluen vao (30,5L). Sau 40 phut may khudy dugc tit va cic 16p duge dé phan
tach. Lép nude dugce loai bdé va nude (30,5L) duoc bd sung vao dung dich hiru co. Hén
h()‘p ndy dugc khudy trong 15 phut truée khi phan tach cac 16p. Lép hitu co dugce tach ra
khoi binh phan tmg. Dung dich hitu co dugc cd bang cich cét chan khong (nhiét do vo
binh 65°C, 4p suét 110mbar) cho dén khi 27L dich cét da duoc tach ra. Dung dich con lai
trong binh phan tmg dugc 1am ngudi dé thu duoc (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-
2-flo-2-metylpropan-1-amin duéi dang dung dich trong toluen (33% khdi lwong/khdi
lugng) (15,4kg, 97%). 'H NMR (500 MHz, DMSO, 27°C) 0,98 (3H, d), 1,26 (3H, d),
1,30 (3H, d), 2,57 - 2,75 (3H, m), 2,81 (lH,' dd), 2,84 - 2,92 (1H, m), 6,97 (1H, t), 7,06
(1H, t), 7,11 - 7,22 (1H, nhiéu vach bj che khuét bai céc tin hiéu toluen), 7,34 (1H, d),
7,52 (1H, d), 10,80 (1H, s).

Quy trinh didu ché natri {2,6-diflo-4-[(1E)-3-metoxy-3-oxoprop-1-en-1-
yl]phenyl}(hydroxy)metansulfonat -

o)
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2,6-diflo-4-brombenzaldehyt (1000g, 4,39mol) va 1,1-bis(di-tert-
butylphosphino)ferocen paladi diclorua (57,2g; 87,76mmol) dugc nap vao binh phan g
dung tich 20L. Tetra-n-butylamoni clorua (122g, 438,97mmol) dugc bd sung vio, sau d6
b6 sung dimetylaxetamit vao (SL). Binh phan tmg dugc suc dong khi nito.
Diisdpropyletylamin (1,5L; 8,78mol) dugc bd sung vao binh nay, sau d6 bd sung metyl
acrylat vao (0,435L; 4,82mol). Hén hop nay dugc khudy va gia nhiét dén nhiét do 60°C.
Hbn hop nay duoc gitt & nhiét d6 nhiét d6 nay trong 20 gio. Etyl axetat (10L) dugc bd
sung vao hdn hop nay va dimg gia nhiét. Nudc (5L) duoc bd sung vao binh nay. Hdn hop
da dugc khudy duoc 1am ngudi dén nhiét do 25°C va tiép tuc khudy trong 10 phit. Dimg
khudy va céc 16p dugc dé phén tach. Lép nude duge hit va 1oai bo. Lop hitu co dugce rira
14n hrot bing axit hydrocloric (2,2M, 6L) va nuéc (5L). Chat hip thu phosphonic SPM32
(1050g, 1050mol) duoc bd sung vao binh ndy va hdn hop ndy dugc khudy trong 3 ngay &
nhiét d6 25°C. Loc phan tach chét rin. Banh loc duoc rira bang etanol (5L) va dich loc
thu gom dugc duge cb trong didu kién 4p sult giam dé thu dugc chét rin. Chét rin nay
duogc hoa tan trong etanol (9L) va dung dich dugc khudy in binh phan tmg dung tich 20L.
Dung dich nay dugc gia nhiét dén nhiét d6 50°C. Dung dich chira natri bisulfit (460g,
4,42mol) trong nuéce (2,5L) duoc bd sung vao trong 30 phut. Hon dich dic thu duoc dugc
khuéy trong 4 gi & nhiét d6 50°C. Hdn dich dic nay dugc 1am ngudi dén nhiét d6 20°C
trong 2 gio. Loc phan tach chét rin va binh phan g va banh loc duoc rira bing MTBE
(2 x 3L). Chét rdn thu dugc dugc 1am khd trong diéu kién chan khong dé thu duoc natri
{2,6-diflo-4-[(1E)-3-metoxy-3-oxoprop-1-en-1-yl]phenyl} (hydroxy)metansulfonat
(1035g, 71%) duéi dang chit rin mau niu nhat. '"H NMR (500 MHz, DMSO, 27°C) &
3,73 (3H, s), 5,32 (1H, d), 5,94 (1H, d), 6,76 (1H, d), 7,40 (2H, d), 7,60 (1H, d).

Quy trinh didu ché (E)-metyl 3-(3,5-diflo-4-formylphenyl)acrylat

~ O/lk/ F
H
F O
Trong diéu kién khi nito, natri {2,6-diflo-4-[(1E)-3-metoxy-3-oxoprop-1-en-1-
yl]phenyl} (hydroxy)metansulfonat (1,211kg, 3,52mol) dugc bd sung vao binh phan tng

dung tich 100L, sau d6 bd sung kali carbonat vao (0,974kg, 7,05mol). Nuée (9,1L) duge
bd sung vao va may khudy dugc bat. Etyl axetat (9,1L) dugc bd sung vao. Hdn hop nay
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dugc khudy & nhiét do 25°C trong 5 gi&r. May khudy duoc tit va hdn hop nay dugce dé
yén trong 14 gid & nhiét d§ 25°C. Pha nudc bén dudi dugc hit va loai bo. Pha hiru co bén
trén dugc co trong diéu kién ap sudt gidm dé thu dugc chét rin mau ndu nhat. Chét rin
nay dugc lam kho trong diéu kién chin khong dé thu dwgc (E)-metyl 3-(3,5-diflo-4-
formylphenyl)acrylat dudi dang chét rin mau nau (608g, 76%). 'H NMR (500 MHz,
DMSO, 27°C) $3,77 (3H, s), 6,94 (1H, d), 7,66 (1H, d), 7,71 (2H, d), 10,20 (1H, s).

Quy trinh didu ché (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-
metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat

Trong diéu kién khi nito, (E)-metyl 3-(3,5-diflo-4-formylphenyl)acrylat (0,606kg,
2,65mol) va (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-amin (33%
khdi luc,mg/khéi lugng solution trong toluen, 2,0kg, 2,65mol) dugc nap vao binh phan
umg dung tich 20L, sau d6 bd sung toluen vao (4,22L). Axit axetic (304mL, 5,31mol)
dugc bd sung vao binh nay. Hén hop nay dugc khudy va gia nhiét dén nhiét do 80°C.
Hén hop nay dugc khudy & nhiét d6 80°C qua dém trude khi 1am ngudi dén nhiét do
20°C. Dung dich chtra kali carbonat (0,916kg, 6,63mol) trong nudc (3,3L) duoc bd sung
vao hén hop niy. Hon hop nay dugc khudy trong 10 phit trude khi may khudy dugc tit
va céc 16p duge ¢ phan tach. Lép nude duge hit va loai bo. Nude (3,3L) duge nap vao
' bmh phan tmg. Hon hop nay duge khudy trong 10 phut, sau d6 dé yén trong 10 phut. Pha
nuéc bén dudi dugc loai bo va 16p hitu co dugc dé yén & nhiét d6 phong qua dém. L6 nay
dugc gia nhiét dén nhiét d6 80°C. Heptan (4,61L) dwoc bd sung vao dung dich hét trong
35 phiit. Hon hop da dugc khudy dugc gitr & nhiét d6 khoang 80°C trong 1 gid. Hon hop
nay dugc 1am ngudi dén nhiét d6 30°C trong 2 gid trong thoi gian nay xuét hién tinh thé
hop chét. Hon dich dic ndy dugc khudy & nhiét dd 30°C trong 2,5 gidr. Loc phén tach
chit ran. Thanh binh phan ng duogc rira bing heptan va dich rira dugc st dung dé rira

banh loc. Chét rin ndy dugc 1am kho trong diéu kién chén khong dé thu dugc (E)-metyl
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3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat duéi dang chit rin mau hdng (0,763kg, 61%). 'H
NMR (400 MHz, DMSO, 27°C) §1,06 (3H, d), 1,13 (3H, d), 1,21 3H, d), 2,35 (1H, dd),
2,58 (1H, dd), 2,8 - 2,98 (2H, m), 3,44 - 3,61 (1H, m), 3,74 (3H, s), 5,24 (1H, s), 6,80
(1H, d), 6,9 - 7,05 (2H, m), 7,19 (1H, d), 7,41 (1H, d), 7,50 (2H, d), 7,63 (1H, d), 10,58
(1H, s). m/z: ES* [M+H]" 457.

Quy trinh khac dé diéu ché hop chét theo vi du 1: axit (E)-3-(3,5-diflo-4-((1R,3R)-
2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic

Natri hydroxit 7,5M (32,9mL, 247,10mmol) dugc bd sung vao dung dich chia
(E)-metyl  3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (11,28g, 24,71mmol) trong THF (143mL) va
metanol (71,4mL). Phan tmg dugc khudy & nhiét d6 phong trong 4 gio. Dung dich nuéc
nay dugc diéu chinh dén d6 pH bing khoang 6,5 bing dung dich axit HCI 2N, sau d6
dung dich nay duoc chiét bing dietyl ete (3 x 150mL). Lép hitu co thu gom dugc duoc
1am khé bang Na,SO,4 va cd. Hop chét thé duoc tinh ché bing phuong phép séc ky silica
nhanh, gradien rira giai ndm trong khoang tir 0% dén 20% metanol trong DCM dé thu
dugc chat rdn mau vang. Khong thé nghién duoc chét rén ndy vdi axeton/heptan do do
hoa tan cao hon du kién. Dung mdi duge loai bé dé thu duge chit rin mau vang duogc
nghién trong isohexan (50mL) va véi giot dietyl ete, chit rin thu dugc duge loc ra va 1am
kho @ thu dugc hop chit thé (11,14g) dudi dang bot mau vang. Chét rin nay duge hoa
tan trong etanol ‘(IOOmL), trong diéu kién khi nito va trong béng tdi. Sau d6, dung dich
ndy dugc 1am bay hoi dén SmBar bing bom chén khéng & nhiét d6 62°C trong bong tbi.
Quy trinh nay duogc ldp lai hai 14n va chét rin mau vang dang thiy tinh thu dugc dugc

cao b?mg thia thanh b4t min va dua vao ap sut SmBar béng bom chan khong & nhiét do
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62°C trong 60 pht, dé thu dugc bdt mau vang. Sau dd, bot nay duge dé trong 10 chéan
khong trén P,Os & nhiét d6 62°C & 4p suit 300mBar qua dém dé thu duoc hop chit mong
mubn (9,77g, 89%) dudi dang chit rin mau vang nhat. 'H NMR (400 MHz, DMSO,
27°C) 6 1,07 - 1,16 (3H, m), 1,18 - 1,29 (6H, m), 2,39 (1H, dd), 2,62 (1H, dd), 2,92 (2H,
dd), 3,56 (1H, d), 5,26 (1H, s), 6,70 (1H, d), 7,02 (2H, dd), 7,22 (1H, d), 7,47 (3H, dd),
7,58 (1H, d), 10,60 (1H, s), 12,60 (1H, s). m/z: ES+ (Tia dién+) [M+H]+ 443.

(E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat dugc st dung 1am nguyén liéu ban

dau dugc di€u ché nhu sau:

Quy trinh diéu ché 2-flo-2-metylpropan-1-ol

HO/Y
F

Lithi nhom hydrit (3,37g, 88,56mmol) dugc bd sung nho giot trong 15 phat vao
dung dich da lam lanh chia etyl 2-flo-2-metylpropanoat (9,9g, 73,80mmol) trong dietyl
ete (184mL) & nhiét d¢ 0°C. Phan g dugc khue‘iy trong 1 gid, sau d6 nudce (3,3mL), sau
d6 dung dich NaOH 15% (3,3mL) va nuéc (6,7mL) dugc bd sung 1an luot vao. Hon dich
nay dugc khudy trong 15 phut, sau d6 loc va chét rin dugc ria bang dietyl ete. Dich loc
dugc 1am bay hoi dé thu dugc 2-flo-2-metylpropan-1-ol (5,90g, 87%) dudi dang dau
khong mau. |

'H NMR (400 MHz, CDCl;, 27°C) & 1,37 (6H, d), 3,56 (2H, d), OH khong quan
sat théy.

Quy trinh khac dé diéu ché 2-flo-2-metylpropyl triflometansulfonat

Triflometansulfonic anhydrit (12,06mL, 71,24mmol), sau d6 2,6-lutidin (11,42mL,
81,42mmol) dugc bd sung {léo dung dich chtta 2-flo-2-metylpropan-1-ol (6,25g,
67,85mmol) trong DCM (146mL) & nhiét d -10°C. Phan tmg duoc khudy trong 1 gio,
sau d6 rira bang HC1 2N (2 x 100mL) va dung dich natri bicarbonat bo hoa (2 x 100mL).
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Sau d6, pha hitu co dugc 1am khd bing Na,SO,4 va ¢d dé thu dugc 2-flo-2-metylpropyl
triflometansulfonat (12,89, 85%) dudi dang dau mau do.

1H NMR (400 MHz, CDCl;, 27°C) & 1,46 (6H, d), 4,41 (2H, d).

Hop chét trung gian nay c6 thé dugc tinh ché bing cach c4t chan khong. Do nhiét
lwong quét vi sai cho thiy hop chit nay c6 kha ning tir néng chay. Vi Iy do an toan, nén
t6t hon néu thiét bi bay hoi kiéu mang méng hoic thiét bi twong tir c6 thé dugc sir dung
dé chung cét hang loat.

Quy trinh khic dé didu ché (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-

metylpropan-1-amin

(1L

s

2-ﬂo—2—metylpropy1 triflometansulfonat (8,04g,” 35,87mmol) dugc bd sung vio
dung dich. chira (R)-1-(1H-indol-3-yl)propan-2-amin (5,00g, 28,70mmol) va N-etyl-N-
isopropylpropan-2-amin (7,44mL, 43,04mmol) trong dioxan (50mL). Phan mg dugc gia
nhiét dén nhiét d6 90°C trong 3 gid. Sau khi 1am ngudi dén nhiét do phong, phan tmg
dugc pha lodng véi EtOAc (200mL) va rira bang dung dich natribicarbonat bo hoa (2 x
-100mL). Pha nuéc dugc chiét bing EtOAc (150mL), sau d6 16p hiru co thu gom duoc
dugc 1am kho bing MgSO, va cb. Hop chét tho dugc tinh ché bang phuong phap sic ky
silica nhanh, gradien rira gi4i bang 100% EtOAc. Céc phan doan tinh khiét dugc 1am bay
hoi dén kho dé thu duoc (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-
amin (6,49g, 91%) dudi dang ddu mau nau. '"H NMR (400 MHz, CDCl, 27°C) & 1,14
(3H, d), 1,31 (3H, d), 1,37 (3H, d), 1,94 (1H, s), 2,63 - 2,87 (3H, m), 2,92 (1H, dd), 3,07
(1H, h), 7,07 (1H, d), 7,08 - 7,15 (1H, m), 7,16 --7,24 (1H, m), 7,37 (1H, d), 7,62 (1H, d),
8,04 (1H, s). m/z: ES™ [M+H]" 249

Quy trinh khac @€ diéu ché (E)-metyl 3-(3,5-diflo-4-formylphenyl)acrylat
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4-brom-2,6-diflobenzaldehyt (9,99g, 45,20mmol) va metyl acrylat (6,14mL,
67,81mmol) duge bd sung vao DMA duoc dubi khi k§ (100mL) va tri-o-tolylphosphin
(1,376g, 4,52mmol), paladi(Il) axetat (0,507g, 2,26mmol) va trietylamin (12,60mL,
90,41mmol) dugc bd sung vio. Phéan Ung dugc khudy va gia nhiét dén nhiét 46 80°C
trong 6 gid. Hon hop phéan tmg dugc 1am ngudi va loc qua dém xelit, va rira bing metanol
(50mL). Hop chét thd dugc hip thu trude vao silica va tinh ché bing phuong phép séc ky
hép thu rira giai bing dietyl ete/diclometan & gradien ndng d6 nim trong khoang tir 0%
dén 10%. Cac phan doan chira hop chit mong mudn dugc 1am bay hoi va nghién véi
dietyl ete (50mL) dé thu duoc chét rin mau vang duoc nghién véi nuée (50mL) va lam
kho trong diéu kién chan khong cao & nhiét 6 50°C dé thu dwoc (E)-metyl 3-(3,5-diflo-
4-formylphenyl)acrylat (8,85g, 87%) dudi dang chét rin mau vang. 'H NMR (400 MHz,
DMSO, 27°C) 6 3,75 (3H, s), 6,93 (1H, d), 7,52 - 7,81 (3H, m), 10,18 (1H, s). Khong
quan sat thiy khdi phd ion trén LCMS.

Quy trinh khic & diéu ché (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat

(E)-metyl 3-(3,5-diflo-4-formylphenyl)acrylat (6,58g, 29,09mmol) duoc bd sung
vao hdn dich chia (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-amin
(6,02g, 24,24mmol) trong toluen (51,ImL) va axit axetic (2,78mL, 48,48mmol). Phan
tng dugc gia nhiét dén nhiét 49 80°C trong 5 gid. Hon hop phan ting dugc tinh ché bing
phuong phép séc ky trao dbi ion, st dung cot SCX-2. Hop chit mong mubn dugc rira giai

khéi cot bang NH; 7M /metanol va cdc phan doan tinh khiét dugc lam bay hoi dén kho dé
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thu duge chit rin mau néu. Hop chét tho dugc tinh ché bing phwong phap séc ky silica
nhanh, gradien rira giai nim trong khoang tir 0% dén 30% EtOAc trong heptan. Céc phén
doan tinh khiét dugc 1am bay hoi dén kho dé thu dugc hop chét mong mudn (7,52g,
68,0%) dudi dang chét rin mau vang. '"H NMR (400 MHz, DMSO, 100°C) & 1,10 (3H,
d), 1,12 - 1,31 (6H, m), 2,28 - 2,72 (2H, m), 2,84 - 3,09 (2H, m), 3,52 - 3,69 (1H, m),
3,76 (3H, s), 5,30 (1H, s), 6,64 (1H, d), 6,9 - 7,11 (2H, m), 7,21 (1H, d), 7,32 (2H, d),
7,42 (1H, d), 7,58 (1H, d), 10,14 (1H, s). m/z: ES" [M+H]" 457

Vi du 2: axit (E)-3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-bJindol-1-yl)phenyl)acrylic

Dung dich natri hydroxit 7,5M (0,983mL, 7,37mmol) dugc bd sung vao dung dich
chita (E)-metyl 3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat (310mg, 0,74mmol) trong metanol (SmL). Hdn
hop nay duge khudy & nhiét d6 20°C trong 2 gidr. Hon hop phan tmg duge tinh ché bang
phuong phép sic ky trao dbi ion, sir dung cot SCX-2. Cac phén doan chira hop chét mong
mubn duoc rira giai khoi cot Bﬁng amoniac 7M/metanol va cac phan doan tinh khiét duoc
1am bay hoi dén kho dé thu dugc chét rin mau vang. Hop chit thd dugc tinh ché bing
phuong phap HPLC diéu ché (c6t Waters SunFire, silica Spm, dudng kinh 50mm, chiéu
dai 100mm), bing dung moéi rira giai 1a dung dich nuéc phan cuc giam dan chira 0,1%
axit formic) va MeCN. Cac ph4n doan chira hop chit mong muén dugc 1am bay hoi dén
khé, sau d6 nap vao cot SCX-2 va rira giai bing amoniac 7N trong metanol dé thu dugc
hop chit mong mudn (63,0mg, 21,02%) duéi dang chét rdn mau vang. 'H NMR (400
MHz, DMSO, 30°C) 6 1,06 (3H, d), 1,30 (3H, d), 1,47 (3H, d), 2,53 - 2,64 (2H, m), 2,79
(2H, s), 3,10 (1H, d), 5,08 (1H, s), 6,47 (1H, d), 6,98 (1H, t), 7,06 (1H, t), 7,19 - 7,37
(3H, m), 7,44 (1H, d), 7,56 (1H, d), 7,63 (2H, d), 10,81 (1H, s), 12,30 (1H, s). m/z: ES+
[M+H]+ 407.
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(E)-metyl 3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat duoc sir dung 1am nguyén liéu ban dau duoc diéu

ché nhu sau:

Quy trinh diéu ché (E)-metyl 3-(4-formylphenyl)acrylat

0]

0]

4-brombenzaldehyt (30g, 162,15mmol) va metyl acrylat (20,94g, 243,22mmol)
duge bd sung vao DMA duge dudi khi k§ (300mL) va xir Iy bing tri-o-tolylphosphin
(4,94g, 16,21mmol), paladi(I) axetat (1,820g, 8,11mmol) va trietylamin (45,2mL,
324,29mmol) va gia nhiét dén nhiét 6 110°C trong 16 gidr. Phan tmg két thiic hoan toan
sau khoang thoi gian nay. H6n hop phan tmg dugc rét vao nude (4L) va chét két thaa thu
dugc duge loc va 1am kho. Chét rin nay dugc tinh ché bing phuong phap sic ky silica,
rira giai bing 100% heptan dén 30% EtOAc trong heptan. Cc phin doan chtra hop chit
mong mudn dugc thu gom va 1am bay hoi dén khoé @& thu dugc chét rin mau vang
product dugc nghién véi heptan, loc va rira bang heptan lanh. Chét rin nay dugc lam khd
dé thu duoc (E)-metyl 3-(4-formylphenyl)acrylat (25,6g, 83%) duoi dang tinh thé mau
vang. "H NMR (400 MHz, DMSO, 30°C) § 3,75 (3H, s), 6,79 (1H, d), 7,72 (1H, d), 7,93
(4H, s), 10,03 (1H, s). Khéng quan sat thiy khéi phd ion trén LCMS.

Quy trinh didu ché (E)-metyl 3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat

(R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-amin (duogc diéu ché
nhu trong vi du 1, quy trinh diéu ché nguyén liéu ban dau) (450mg, 1,81mmol) va (E)-
metyl 3-(4-formylphenyl)acrylat (345mg, 1,81mmol) dugc hoa tan trong toluen (15mL),
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axit axetic (5mL) va chét rdy phan tir duoc bd sung vao. Phan tng duge khudy & nhiét do
110°C trong 16 gid trong diéu kién khi nito, sau d6 1am ngudi dén nhiét d6 phong. Hop
chét thd duoc tinh ché bang phwong phép sic ky trao dbi ion, sir dung c6t SCX-2. Hop
chét mong mubn dugc rira giai khéi cot bang amoniac 7M/metanol va cic phan doan tinh
khiét dugc 1am bay hoi dén kho dé thu dugce hop chét tho. Hop chit thd dugc tinh ché
bing phuong phap sic ky silica nhanh, gradien rira giai nim trong khoang tir 0% dén
30% EtOAc trong heptan. Cc phén doan tinh khiét dugc 1am bay hoi dén kho dé thu
dugc (E)-metyl 3-(4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-bJindol-1-yl)phenyl)acrylat (317mg, 41,6%) dudi dang chit rin mau vang. 'H
NMR (400 MHz, CDCl;, 30°C) 6 1,09 (3H, d), 1,30 (3H, d), 1,47 (3H, d), 2,48 - 2,78
(4H, m), 3,30 (1H, m), 3,79 (3H, s), 5,09 (1H, s), 6,40 (1H, d), 7,12 (1H, td), 7,17 (1H,
td), 7,29 (1H, d), 7,34 (2H, d), 7,43 (2H, d), 7,54 (1H, d), 7,66 (2H, m). m/z: ES+
[M+H]+ 421.

Vi du 3: axit (E)-3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic

Dung dich natri hydroxit 2M (3,0mL, 6,00mmol) dugc bd sung vao dung dich
chita (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (275mg, 0,60mmol) trong THF
(1,5mL)/metanol (1,5mL). Phan tmg dugc khudy & nhiét 46 phong trong 3 gio. EtOAc
(15mL) va nude (15mL) duge bd sung vao, sau d6 dung dich nuéc nay dugc diéu chinh
dén d6 pH bing khoang 7 bing HCI 2N. Cac 16p dugc phéan tach va 16p nuée duge chiét
bing EtOAc (15mL). Lép hitu co thu gom duge duge lam kho bang Na,SO, va ¢b. Hop
chét thd dugc tinh ché bing phuong phép séc ky silica nhanh, gradien rira giai nim trong
khoéng tir 0% dén 10% metanol trong DCM. Cac phan doan tinh khiét dugc 1am bay hoi

dén kho dé thu dugc hop chit mong mudn (250mg, 94%) dudi dang chit rin mau vang
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nhat. "H NMR (400 MHz, DMSO, 30°C) § 0,77 (3H, d), 1,06 (3H, d), 1,93 (1H, m), 2,18
(1H, dd), 2,58 (1H, dd), 2,65 (1H, dd), 2,84 (1H, dd), 3,35 (1H, dd), 4,32 (1H, d), 4,44
(1H, d), 5,16 (1H, s), 6,67 (1H, d), 6,93 - 7,04 (2H, m), 7,21 (1H, d), 7,42 (1H, d), 7,46
(2H, m), 7,54 (1H, d), 10,57 (1H, s), 12,51 (1H, s). m/z: ES+ [M+H]+ 443.

(E)-metyl  3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat dugc sir dung lam nguyén liéu ban

dau dugce di€u ché nhu sau:

Quy trinh diéu ché (S)-3-flo-2-metylpropan-1-ol

HO/Y\F

N,N-dietyl-1,1,2,3,3,3-hexaflopropan-1-amin (18,25mL, 100,57mmol) dugc bd
sung nhd giot vao dung dich chira (R)-metyl 3-hydroxy-2-metylpropanoat (9,25mL,
83,81mmol) trong DCM (77mL) (nhiét d6 phan tng ting 1én khoang 40 °C). Phan {mg
dugc khudy trong 1 gior & nhiét d6 phong, sau d6 gia nhiét dén nhiét d6 hdi luu trong 4
gid, trude khi 1am ngudi dén nhiét d6 phong qua dém. Hdn hop phan tng duoc rét vao
nudce da, va cac 16p duge phan tach. Lop nude duoc chiét bﬁng DCM (2 x 150mL), sau
~ d6 16p hitu co thu gom durge durge 1am khé va ¢b tir tir. Phin cén dugc hoa tan trong THF
(200mL) va lam lanh trong bé nuéc d4. Lithi nhom hydrit (6,45g, 167,61mmol) dugc bd
sung nho giot vao trong 15 phut. Phan tmg dwoc khudy & nhiét d6 0°C trong 1 gidr va gia
nhiét dén nhiét do phong trong 1 gid nira. Sau khi 1am lanh trong bé nuéc d4, phan tng
dugc dimg bang nuée (7mL), sau d6 NaOH 15% (7mL), va cubi cﬁng nuée (21mL).
MgSO, dugc bd sung vao cho dén khi tao ra chit rin dang hat. Chét rén nay dugc loc qua
dém xelit va chit rin thu dugc dugc rira bing dietyl ete (50mL). Dich loc dugc rira bing
HCI 2N (2 x 100mL), sau d6 pha hitu co dugc lam khé bing Na,SO, va ¢b. Hop chét thd
dugc tinh ché bang phurong phép séc ky silica nhanh, gradien rira giai ndm trong khoéng
tir 0% dén 10% EtOAc trong DCM. Cac phan doan tinh khiét dugc 1am bay hoi dén kho
dé thu dugc (S)-3-flo-2-metylpropan-1-ol (6,42g, 83%) dudi dang diu mau vang rom. 'H
NMR (400 MHz, CDCl3, 30°C) 6 0,97 (3H, dd), 1,96 - 2,14 (1H, m), 3,64 (2H, d), 4,3 -
4,42 (1H, m), 4,42 - 4,54 (1H, m), OH khong quan sat théy.

Quy trinh diéu ché (S)-37ﬂo-2-metylpropyl triflometansulfonat
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F

0]
Fi\/fsll\o/\ F
SO

B4 sung nhé giot triflometansulfonic anhydrit (17,31mL, 102,92mmol) vao dung
dich dugc khudy chira (S)-3-flo-2-metylpropan-1-ol (7,9g, 85,77mmol) trong DCM
(140mL) & nhiét d§ 0°C, sau d6 bd sung nhod giot 2,6-dimetylpyridin vao (11,95mlL,
102,92mmol). Hon hgp phan tmg dugc khuéy & nhi¢t d§ 0°C trong 45 phit va nhiét do
phong trong 30 phit. Hon hop phan tmg duge pha lodng véi DCM (60mL), va bd sung
14n lwot HC1 1M (3 x 100mL), dung dich natri bicarbonat bdo hoa (100mL) va nuéc mudi
béo hoa (50mL) vao. Lép hitu co dugc 1am kho bing Na,SO;, loc va 1am bay hoi dén gin
khé. Dung dich nay dugc loc qua dém silica va rira bing DCM (50mL) va 1am bay hoi dé
thu duoc (S)-3-flo-2-metylpropyl triflometansulfonat (14,38g, 74,8%) duéi dang diu mau
niu. '"H NMR (400 MHz, CDCls, 27°C) § 1,09 (3H, dd), 2,24 - 2,44 (1H, m), 4,30 (0,5H,
dd), 4,37 - 4,46 (1H, m), 4,52 (2,5H, tt).

Quy trinh diéu ché  (S)-N-((R)-1-(1H-indol-3-yl)propan-2-yl)-3-flo-2-

metylpropan-1-amin

(S)-3-flo-2-metylpropyl triflometansulfonat (666mg, 2,97mmol) duoc bb sung vao
dung dich chtra (R)-1-(1H-indol-3-yl)propan-2-amin (470mg, 2,7mmol) va N-etyl-N-
isopropylpropan-2-amin (0,700mL, 4,05mmol) trong 1,4-dioxan (6,05mL). Phan {ng
dugc khudy & nhiét d6 phong trong 1 gid. Hdn hop phén g dugc pha lodng véi EtOAc
(20mL) va rira bang nudc (20mL). Lép nude duge chiét bing EtOAc (2 x 20mL), sau d6
16p hitu co thu gom duge duge 1am kho (MgS0,4) va cd. Hop chét thd dugce tinh ché bang
phuong phép sic ky silica nhanh, gradien rtra giai ndm trong khoang tir 0% dén 10%
metanol trong DCM. Cac phan doan tinh khiét dugc 1am bay hoi dén kho dé thu dugc
(S)-N-((R)-1-(1H-indol-3-yl)propan-2-yl)-3-flo-2-metylpropan-1-amin  (590mg, 88%)
dudi dang ddu mau nau. "H NMR (400 MHz, CDCLs, 30°C) § 0,86 (3H, dd), 1,20 (3H, d),
1,94 - 2,11 (1H, m), 2,64-2,74 (2H, m), 2,85 - 2,98 (2H, m), 3,05 - 3,15 (1H, m), 4,13 -
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4,39 (2H, m), 7,09 (1H, d), 7,12 (2H, ddd), 7,20 (1H, ddd), 7,33 - 7,41 (1H, m), 7,56 -
7,65 (1H, m), 8,10 (1H, s). m/z: ES+ [M+H]+ 249
Quy trinh diéu ché (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-
3-metyl-2,3,4,9-tetrahy dro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat

Axit axetic (2,0mL) dugc bd sung vao dung dich chira (S)-N-((R)-1-(1H-indol-3-
yl)propan-2-yl)-3-flo-2-metylpropan-1-amin (273mg, 1,10mmol) va (E)-metyl 3-(3,5-
diflo-4-formylphenyl)acrylat (dugc didu ché nhu trong vi du 1, quy trinh diéu ché nguyén
liéu ban d4u) (226mg, 1mmol) trong toluen (8,0mL). Phan Gng duoc gia nhiét dén nhiét
d6 95°C trong 2,5 gid Céc chét bay hoi duoc loai bd trong diéu kién chan khong, sau d6
ph?m cin duogc nap qua cdt SCX-2. Sau d6, cdt ndy dugc ria giai b%mg amoniac
7M/metanol @ thu dugc hop chét thd. Dich loc dugc ¢ va hop chit thé dugc tinh ché
bang phuong phap sic ky silica nhanh, gradien rira giai ndm trong khoang tir 0% dén
10% metanol trong DCM. Cac phan doan tinh khiét dugc 1am bay hoi dén kho dé thu
dugc (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H—pyrido[3,4-b]indol—l-yl)phenyl)acrylat (282mg, 61,8%) duéi dang chét rin
méu vang nhat. "H NMR (400 MHz, CDCl;, 30°C)s 0,82 (3H, d), 1,12 (3H, d), 1,81 -
1,99 (1H, m), 2,24 (1H, ddd), 2,64 (1H, ddd), 2,71 (1H, dd), 2,93 - 3,01 (1H, ddd), 3,42
(1H, dq), 3,81 (3H, s), 4,25 - 4,39 (1H, m), 4,38 - 4,53 (1H, m), 5,20 (1H, s), 6,39 (1H,
d), 6,99 (2H, m), 7,06 - 7,16 (2H, m), 7,21 - 7,25 (1H, m), 7,52 (3H, m). m/z: ES+
[M+H]+ 457.

Vi du 4: axit (E)-3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetréhydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic
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Dung dich natri hydroxit 7,5M (0,904mL, 6,78mmol) dugc bd sung vao dung dich
chita (E)-metyl 3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (285mg, 0,68mmol) trong metanol (3mL).
Hdn hop nay duoc khudy & nhiét do 20°C trong 2 gid. Hdn hop phan tng dugc tinh ché
bang phuong phap sic ky trao ddi ion, str dung c6t SCX-2. Cac phan doan chira hop chét
mong mudn dugc rira giai khéi cot bing amoniac 7M/metanol va cdc phan doan tinh
khiét dugc 1am bay hoi dén khé dé thu duoc chét rin mau vang. Hop chit thd duoc tinh
ché bing phuong phap LCMS diéu ché (cot Phenomenex Gemini-NX axia Prep C18
OBD, silica Spm, dudng kinh 50mm, chiéu dai 100mm), bang dung mdi rira giai 1a dung
dich nu6c phan cuc giam din chtra 1% NH;) va MeCN. Cac phan doan chtra hop chit
mong mudn dugc 1am bay hoi dén khé dé thu dugc hop chit mong mubn (80mg, 29,0%)
dudi dang chit rin mau vang. '"H NMR (500 MHz, DMSO, 33°C) & 0,87 (3H, d), 1,04 .
(3H, d), 1,91 - 2,27 (2H, m), 2,50 (1H, p), 2,57 - 2,75 (2H, m), 3,13 (1H, s), 4,51 (2H,
dd), 4,86 (1H, s), 6,47 (1H, d), 6,92 - 6,99 (1H, m), 7 - 7,09 (1H, m), 7,15 - 7,35 (3H, m),
7,35 - 7,5 (2H, m), 7,57 (2H, d), 10,64 (1H, d), CO,H khéng quan sat thdy. m/z: ES+
[M+H]+ 407. ‘

(E)-metyl 3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat dugc sir dung 1am nguyén liéu ban dau dugc

di€u ché nhu sau:

Quy trinh diéu ché (E)-metyl 3-(4-((1S,3R)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat
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(E)-metyl 3-(4-formylphenyl)acrylat (dugc diéu ché nhu trong vi duy 2, quy trinh
didu ché nguyén lidu ban dau) (18,56g, 97,57mmol) duogc bd sung vao dung dich dugc
khudy chia (R)-1-(1H-indol-3-yl)propan-2-amin (17g, 97,57mmol) trong axit axetic
(250mL) & nhiét @ 23°C trong diéu kién khi nito. Dung dich thu dwoc dugc khudy &
nhiét @9 80°C trong 2 gid. Hon hop phan tng duoc 1am bay hoi dén kho va hoa tan lai
trong DCM (500mL), va bd sung 14n lugt dung dich natri bicarbonat bdo hoa (300mL x
2), dung dich nu¢c NaOH 2M (300mL), nude (300mL), va nuée mudi bao hoa (300mL)
vao. Lép hitu co duge 1am kho b%mg MgSO,, loc va 1am bay hoi dé thu dugc hop chét
thd. Hop chit thd dugce tinh ché bang phuong phép sic ky silica nhanh, gradien rira giai
nim trong khoéng tir 1 dén 7% metanol trong DCM. Céac phén ddan tinh khiét dugc lam
bay hoi dén khé & thu dugc (E)-metyl 3-(4-((1S,3R)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat (25,1g, 74,3%) duéi dang bot mau be. Hop chét
nay chu yéu 1a chit ddng phan cis, chira khoang 12% chét déng phan trans ma khong thé
phan tach. '"H NMR (400 MHz, DMSO, 30°C) § 1,25 (3H, d), 2,37 - 2,48 (1H, m), 2,74
(1H, d), 3,12 (1H, s), 3,73 (3H, s), 5,18 (1H, s), 6,64 (1H, d), 6,97 (2H, dd), 7,19 (1H, d),
7,36 - 7,46 (3H, m), 7,64 - 7,75 (3H, m), 10,19 (1H, s), khong quan sat thdy NH. m/z:
ES+ [M+H]+ 347.

Quy trinh diéu ché (E)-metyl 3-(4-((18,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat
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(E)-metyl 3-(4-((1S,3R)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-b]indol-1-
yl)phenyl)acrylat (35g, 101,03mmol), 3-bromprop-1-en (9,62mL, 111,14mmol) va N-
etyl-N-isopropylpropan-2-amin (19,36mL, 111,14mmol) dugc tao hdn dich trong
axetonitril (160mL), khi nito dugc thbi vao trong 5 phut, sau d6 hén hop nay duge db vao
bng vi song kin. Phan tmg dugc gia nhiét dén nhiét o 140°C trong 3,5 gidr trong thiét b
phan tmg vi séng va 1am ngudi dén nhiét do phong.

Hdn hgp phan tng dugc 1am bay hoi dén khé va hoa tan lai trong DCM (100mL),
va bb sung l1an luot axit xitric IM (100mL), nudc (100mL), vé nuée mudi bdo hoa
(100mL) vao. Lép hiru co duge 1am kho bang MgSO,, loc va 1am bay hoi dé thu dugc
hop chét tho. Hop chit tho dugc tinh ché bang phuong phap sic ky silica nhanh, gradien
rira giai nim trong khoang tir 0% dén 20% EtOAc trong heptan. C4c phan doan tinh khiét
duge 1am bay hoi dén kho dé thu dugc hén hop theo & 18 50:50 chira (E)-metyl 3-(4-
((1R,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat
(E)-metyl 3-(4-((1S,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-b]indol-1-
yDphenyl)acrylat (10,00g, 25,6%) dudi dang chét rin mau vang nhat. m/z: ES+ [M+H]+
387.

Quy trinh diéu ché (E)-metyl 3-(4-((1R,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido|[3,4-b]indol-1-yl)phenyl)acrylat

e

Axit trifloaxetic (5,59mL, 75,29mmol) dugc bd sung vio (E)-metyl 3-(4-((1S,3R)-
2-allyl-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat 9.,7g,
25,10mmol) trong DCM (100mL) & nhiét do 20°C trong diéu kién khi nito. Dung_dich
thu dugc dugc khudy & nhiét do 20°C trong 3 ngay. Hdn hop phan tmg dugc pha loang tir
tir bing dung dich natri bicarbonat bao hoa (250mL), va 16p DCM duoc rira 1dn luot bing
nuée (250mL) va nude mubi bio hoa (250mL). Lép hitu co duge 1lam kho bﬁng MgSO,,
loc va 1am bay hoi dé thu dugc hop chét tho. Hop chét tho dugc tinh ché bing phuwong
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phap sdc ky silica nhanh, gradien rira gii ndm trong khoang tir 10% dén 20% EtOAc
trong heptan. Cac phan doan dugc 1am bay hoi dén khé dé thu duogc hén hop theo ty 16
65:35 chta (E)-metyl 3-(4-((1R,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindol-1-yl)phenyl)acrylat: (E)-metyl 3-(4-((1S,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (7,99g, 82%) dudi dang chit rin mau ving
nhat. m/z: ES* [M+H]" 387

Quy trinh didu ché (E)-metyl 3-(4-((1R,3R)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat

A s
(0]
\
¢ )

H
N
(L

NH

e

7 L6 riéng biét chira hdn hop theo ty 1& 65:35 chira (E)-metyl 3-(4-((1R,3R)-2-
allyl-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-b]indol-1-yl)phenyl)acrylat: (E)-metyl 3-
(4-((1S,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat
(2,00g, 5,17mmol) duge diéu ché nhu sau.

(E)-metyl 3-(4-((1R,3R)-2-allyl-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-
blindol-1-yl)phenyl)acrylat (2,00g, 5,17mmol) va clotris(triphenylphosphin)rodi(I) (chét
xuc tac Wilkinson) (2,346g, 2,54mmol) dugc tao hdn dich trong axetonitril (12mL) va |
nuée (2,4mL) va khi nito duge thdi vao trong 5 phut truée khi db vao bng vi séng kin.
Phan Ung dugc gia nhiét dén nhiét 46 100°C trong 60 phiit trong thiét bj phan tng vi
séng va 1am ngudi dén nhiét 46 phong. Hon hop phan tng dugc thu gom va 1am bay hoi
dén kho va hoa tan lai trong DCM (200mL) va dung dich natri bicarbonat bdo hoa
(200mL) dugc bd sung vao. Lép hitu co duoc rira 1an heot bing nude (200mL) va nudc
mudi bao hoa (200mL) trude khi 1am kho bing MgSO,, loc va 1am bay hoi dé thu dugc
hop chét tho. Hop chét thd dugc tinh ché bang phuong phap sic ky silica nhanh, gradien
rira giai 0 dén 5% metanol trong DCM. Céc phan doan tinh khiét dugc 1am bay hoi dén
khd dé thu dugc (E)-metyl 3-(4-((1R,3R)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindol-1-yl)phenyl)acrylat (7,02g, 55,9%) duéi dang chét rin mau vang nhat. "H NMR
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(400 MHz, DMSO, 30°C) & 1,14 (3H, d), 2,27 - 2,4 (1H, m), 2,81 (1H, dd), 2,94 - 3,05
(1H, m), 3,72 3H, s), 5,19 (1H, s), 6,60 (1H, d), 6,94 - 7 (1H, m), 7,01 - 7,09 (1H, m),
7,26 (3H, d), 7,43 (1H, d), 7,59 - 7,68 (3H, m), 10,70 (1H, s), NH khong quan sat thiy.
m/z: ES+ [M+H]+ 347

Quy trinh diéu ché (E)-metyl 3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat

(S)-3-flo-2-metylpropyl triflometansulfonat (dugc diéu ché nhu trong vi du 3, quy
trinh diéu ché nguyén li€u ban dﬁu) (291mg, 1,30mmol) dugc bd sung vao dung dich
chita (E)-metyl  3-(4-((1R,3R)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylat (300mg, 0,87mmol) va N,N-diisopropyletylamin (0,226mL, 1,30minol)
trong 1,4-dioxan (SmL). Hon hop nay duoc khudy & nhiét d6 90°C trong 1 gidy, sau d6
hén hop nay duge 1am bay hoi dén khé va phin cin duge phan 16p gitra DCM (30mL) va
nuée (30mL). Lép nude duge chiét bing DCM (30mL) va dich chiét duge két hop véi
16p hitu co. Dich chiét thu gom dugc duoc loc qua gidy loc va 1am bay hoi. Phin cén
dugc tinh ché biang phuong phap sic ky silica nhanh, dung méi rira giai EtOAc 15%
trong heptan. Cac phan doan tinh khiét duoc 1am ‘bay hoi dén kho d thu duoc (E)-metyl
3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-
blindol-1-yl)phenyl)acrylat (314mg, 86%) dudi dang chit rin mau tring nhat. "H NMR
- (400 MHz, DMSO, 30°C) 6 0,87 (3H, d), 1,06 (3H, d), 1,9 - 2,28 (2H, m), 2,55 - 2,8 (3H,
m), 2,97 - 3,21 (1H, m), 3,72 (3H, s), 4,31 - 4,69 (2H, m), 4,88 (1H, s), 6,60 (1H, dd),
6,98 (1H, t), 7,04 (1H, t), 7,17 - 7,35 (3H, m), 7,44 (1H, d), 7,55 - 7,76 (3H, m), 10,65
(1H, s). m/z: ES+ [M+H]+ 421.

Vi du 5: axit (E)-3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3- dlmetyl 2,3,4,9-
tetrahydro—lH—pyndo[3 4-blindol-1-yl)phenyl)acrylic (chit ddng phan 1)*
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Natri hydroxit (184mg, 4,61mmol) dugc bd sung vio (E)-metyl 3-(3,5-diflo-4-(2-
((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3 ;4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylat (chit déng phan 1) (217mg, 0,46mmol) trong THF (1mL)/metanol
(1mL). Dung dich thu dugc dugce khudy & nhiét d6 20°C trong 16 gi0. Phan Gng duogc
pha lodng véi nuéc (10mL) va diéu chinh dén d6 pH = 7 bing HCI 2N. Dung dich nay
dugc chiét bing EtOAc (2 x 20mL). Lép hitu co thu gom dugc duge 1am kho bing
Na,SO, v ¢6. Hop chét thé dugc tinh ché bing phwong phap séc ky silica nhanh, gradien
rira giai nim trong khoang tir 0% dén 50% EtOAc trong heptan. Cac phan doan tinh khiét
dugc 1am bay hoi dé thu dugc hop chét thd. Hop chét thd dugc nghién bing hén hop
dietyl ete/isohexan dé thu dugc hop chit mong mudn (53,0mg, 25,2%) duéi dang chét
rin mau vang. '"H NMR (400 MHz, DMSO, 27°C) § 0,54 (3H, d), 1,06 (3H, s), 1,34 (3H,
s), 2,14 (1H, dd), 2,66 (1H, d), 2,83 (1H, d), 3,03 (1H, dd), 4,21 (1H, t), 4,33 (1H, t), 5,12
(1H, s), 6,73 (1H, d), 7,01 (2H, dtd), 7,14 - 7,28 (1H, m), 7,43 (1H, d), 7,54 (2H, s), 7,59
(1H, d), 10,50 (1H, s), 12,61 (1H, s),CO2H khong quan st thdy. m/z: ES+ [M+H]+ 457

*Héa 1ap thé duoc suy luan 1a (R) & tm khong xdc dinh béi do twong ddng voi
céc hop chét theo cac vi du khac, tirc 12 hop chit dugc suy luan 1a: axit (E)-3-(3,5-diflo-
4-(1R)-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindol-1-yl)phenyl)acrylic

3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahy dro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit ddng phan 1) duoc sir dung 1am nguyén liéu
ban dau duge didu ché nhu sau:

Quy trinh diéu ché (E)-metyl 3-(4~(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindol-1-yl)-3,5-diflophenyl)acrylat
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1-(1H-indol-3-yl)-2-metylpropan-2-amin (807mg, 4,29mmol) va (E)-metyl 3-(3,5-
diflo-4-formylphenyl)acrylat (dugc diéu ché nhu trong vi du 1, quy trinh diéu ché nguyén
lidu ban d4u) (970mg, 4,29mmol) dwoc thu gom trong axit axetic (15mL) va hdn hop nay
dugc gia nhiét dén nhiét do 80°C trong 2 gid. Hon hop phan tng dugc tinh ché bing
phuong phép séc ky trao ddi ion, str dung c6t SCX-2. Hop chit mong muébn dugc rira giai
khoi cot bang amoniac 2M trong metanol va cic phén doan chira hop chit mong mudn
dugc lam bay hoi dén kho dé thu duge (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-y1)-3,5-diflophenyl)acrylat (1610mg, 95%) duédi dang bot mau
vang. "H NMR (500 MHz, DMSO, 20°C) & 1,15 (3H, s), 1,27 (3H, s), 2,23 (1H, s), 2,61
(2H, s), 3,75 (3H, s), 5,46 (1H, s), 6,84 (1H, d), 6,97 (2H, dtd), 7,18 (1H, d), 7,39 (1H, d),
7,58 (2H, s), 7,67 (1H, d), 10,60 (1H, s). m/z: ES" [M-H] 395.

Quy trinh didu ché (E)-metyl 3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-
dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit ddng phan 1)

(S)-3-flo-2-metylpropyl triflometansulfonat (duoc didu ché nhu trong vi du 3, quy
trinh diéu ché nguyén liéu ban déu) (O,339g,- 1,51mmol) dugc bd sung vao dung dich
chta (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)-3,5-
diflophenyl)acrylat (0,3g, 0,76mmol) va N-etyl-N-isopropylpropan-2-amin (0,458mL,

2,65mmol) trong 1,4-dioxan (2mL). Qua trinh khudy duoc tiép tuc trong 24 gid, sau d6
" céc chit bay hoi dugc loai bé trong didu kién chan khong va hop chét tho dugce tinh ché
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bang phuong phéap sic ky silica nhanh, gradien rira giai nim trong khoang tir 0% dén
25% EtOAc trong heptan. Cac phan doan tinh khiét dugc 1am bay hoi dén kho dé thu
duoc (E)-metyl 3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (0,202g, 36%) dudi dang chét rin
mau tring. Hop chét nay dugc két hop véi mot 16 hop chit khac (0,36g) va tinh ché bang
phuong phap HPLC diéu ché (cot Chiralpak IA, silica 20pm, dudng kinh 20mm, chiéu
dai 250mm), Heptan:IPA 70:30 & téc d6 dong bang 80mL/phut (4 1dn tiém mau). Céc
phén doan chira hop chit mong mudn dugc 1am bay hoi dé thu duoc (E)-metyl 3-(3,5-
diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
b]indol-l-yl)phenyl)acrylat (chét ddng phan 1, dwoc rira giai trude, 217mg) va (E)-metyl
3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-y1)phenyl)acry1at (chit ddng phéan 2, dwgc rira giai sau, 165mg).
Phan tich dugc thuc hién trén cot Chiralpak IA, silica Spm, dudng kinh 4,6mm, chiéu dai
50mm, Heptan:IPA 70:30 & téc d6 dong 2mL/phit.

'H NMR (400 MHz, DMSO, 30°C) & 0,50 (3H, d), 1,02 (3H, s), 1,30 (3H, s), 2,11
(1H, dd), 2,62 (2H, d), 2,80 (1H, d), 2,99 (1H, dd), 3,74 (3H, s), 4,09 - 4,23 (1H, m), 4,29
(1H, d), 5,09 (1H, s), 6,81 (1H, d), 6,97 (2H, dt), 7,16 (1H, d), 7,39 (1H, d), 7,53 (2H, d),
7,64 (1H, d), 10,44 (1H, 5). m/z: ES' [M+H]" 471.

Vi du 6: axit (E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic (chit ddng phan 1)*

Dung dich natri hydroxit 2M (1,6mL, 3,20mmol) dugc bd sung vao dung dich
chira (E)-metyl 3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit déng phan 1) (148mg, 0,3 1mmol) trong
THF (0,8mL)/metanol (0,8mL). Phan tmg duoc khudy & nhiét do phong trong 3 gid.
EtOAc (lérr;L) va nuéc (15mL) duge bd sung vao, va dung dich nudc nay duge diéu
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chinh dén @6 pH bang khoang 7 bang HCI 2N. C4c 16p duoc phan tach, va 16p nude duogc
chiét bing EtOAc (15mL). Lép hitu co thu gom duge duge 1am kho bang Na,SO, va cb.
Hop chit thé dugc tinh ché bing phuong phap séc ky silica nhanh, gradien rira giai nim
trong khoang tir 25% dén 100% EtOAc trong heptan. C4c phan doan tinh khiét duoc 1am
bay hoi dén khd dé thu dugc hop chit mong mudn (chit ddng phan 1) (124mg, 86%)
dudi dang chét rin mau vang nhat. '"H NMR (400 MHz, CDCls, 30°C) § 1,03 (3H, d),
1,08 (3H, s), 1,16 (3H, d), 1,35 (3H, s), 2,56 (1H, dd), 2,66 (1H, d), 3,02 (1H, d), 3,17
(1H, dd), 5,24 (1H, s), 6,39 (1H, d), 7,00 (2H, d), 7,05 - 7,16 (2H, m), 7,20 (1H, dd), 7,28
(1H, s), 7,49 (1H, dd), 7,61 (1H, d), CO,H khong quan sat théy. m/z: ES™ [M+H]" 457.

* Hoa lap thé duogc suy luin 1a (R) & tam khong x4c dinh béi d6 twong ddng véi .
cac hop chét theo cac vi du khéc. '

(E)-metyl 3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindol- 1-yl)phenyl)acrylat (chit déng phan 1) duoc sir dung 1am nguyén
liéu ban dAu dugc didu ché nhu sau:

Quy trinh didu ché (E)-metyl 3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit ddng phan 1)

2-flo-2-metylpropyl triflometansulfonat (dugc diéu ché nhu trong vi du 1, quy
~ trinh diéu ché nguyén liéu ban ddu) (679mg, 3,03mmol) dwoc bd sung vao dung dich
chra (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindol-1-yl)-3,5-
diflophenyl)acrylat (dugc diéu ché nhur trong vi du 5, quy trinh diéu ché nguyén liéu ban
déu) (600mg, 1,51mmol) va N-etyl-N-isopropylpropan-2-amin (0,915mL, 5,30mmol)
trong 1,4-dioxan (2,5mL). Phan tmg dugc khudy & nhiét 46 phong trong 1 gidr. Sau d6
phan g nay dugc gia nhiét dén nhiét 46 105°C trong 88 gid. Cac chit bay hoi dugce loai
bd trong diéu kién chan khdng va hop chit thd duoc tinh ché bang phuong phép sic ky
silica nhanh, gradien rira giai ndm trong khoang tir 0% dén 50% EtOAc trong heptan. Cac
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phan doan tinh khiét dugc lam bay hoi dén khé @ thu duoc (E)-metyl 3-(3,5-diflo-4-(2-
(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-b]indol-1-
yl)phenyl)acrylat (430mg, 60,4%) dudi dang chit rin mau tring. Hop chét raxemic nay
dugc tinh ché bing phuong phap HPLC diéu ché (cot Chiralpak AD, silica 20pm, dudng
kinh 50mm, chiéu dai 250mm), Heptan:Etanol 90:10 & téc d6 dong bing 90 mL/phut.
Céac phan doan chira hop chit mong muén dugc 1am bay hoi dén kho dé thu dugc (E)-
metyl 3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit déng phan 1, dugc rira gidi true, 149meg,
34,6%) va (E)-metyl 3-(3,5-diﬂo-4-(2-(2-ﬂo-2-mety1propyl)-3,3-dim.etyl-2,3,4,9-

tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit ddng phan 2, dugc rira gidi
sau, 143mg, 33,3%) duéi dang chit rin mau kem. "H NMR (400 MHz, CDCl;, 30°C) &
1,01 (3H, d), 1,08 (3H, s), 1,15 (3H, d), 1,34 (3H, s), 2,55 (1H, dd), 2,66 (1H, d), 2,98 -
3,06 (1H, m), 3,17 (1H, dd), 3,80 (3H, s), 5,23 (1H, s), 6,38 (1H, d), 6,97 (2H, d), 7,07 -
7,12 (2H, m), 7,17 - 7,22 (1H, m), 7,32 (1H, s), 7,46 - 7,5 (1H, m), 7,52 (14, d). m/z ES"
[M-H] 469.

Vi du 7: axit (E)-3-(4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic (chit ddng phan 1)*

Dung dich natri hydroxit 2M (20,42mL, 40,85mmol) dugc bd sung vao dung dich
chita (E)-metyl 3-(4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit ddng phan 1) (3,55g, 8,17mmol) trong
metanol (100mL), THF (100mL) va nuéc (75mL). Hén hop ndy dugc gia nhiét & nhiét do
40°C trong 16 gid. Hon hop nay dugc pha lodng véi nude (100mL) va cd dén thé tich sao
cho dung mdi hitu co @3 dugc tach ra. Dung dich nudc thu dugc duge axit héa dén do pH
= 6 bang HCI 2M. Hén dich nudc thu duge duge chiét bing DCM (500mL) (bd sung

nude mubi dé giup phén tich nhii tuong dugc tao ra), loc qua giéy loc, 1am kho b%mg
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MgSO,, sau d6 loc qua dém xelit va 1am bay hoi dé thu dugc khoang 3,5g chét rin mau
vang be. Hop chit tho dugc xit Iy vé6i dietyl ete/DCM (1:1, 150mL) va siéu 4am. Hén dich
min thu dugc duogc loc qua dém silica (khoang 100g) va silica duoc rira giai béng dietyl
ete (khoang 2L). Céc phén doan chita hop chit mong muén dugc thu gom, lam bay hoi
va 1am kho trong diéu kién chan khong & nhiét 6 50°C dé thu dugc hop chit mong muén
(2,305, 64,5%) duéi dang chit rin mau be. '"H NMR (400 MHz, DMSO, 30°C) § 0,52
(3H, d), 1,03 (3H, s), 1,05 - 1,16 (1H, m), 1,23 (3H, s), 2,21 (1H, dd), 2,65 (1H, d), 2,84
(1H, d), 2,89 (1H, dd), 4,19 (1H, ddd), 4,31 (1H, ddd), 4,66 (1H, s), 6,50 (1H, d), 6,93
(IH, ddd), 6,98 (1H, ddd), 7,18 (1H, d), 7,38 (2H, d), 7,40 (1H, d), 7,58 (1H, d), 7,63
(2H, d), 10,18'(1H, s), 12,30 (1H, s). m/z: ES* [M+H]" 421.

* Hoéa 1ap thé dugc suy luan 1a (R) & tdm khong x4c dinh bdi do twong ddng véi
cac hop chét theo cac vi du khic.

Hop chét nay (9,0g, 21,40mmol) dugc tao hén dich dic trong axetonitril (150mL)
trong diéu kién khi nito trong bong t6i trong 1 gior trong binh ddy tron dung tich 250mL
dugc day nap. Hon hop nay dugc khudy trong 1 tudn & nhiét do phong, sau d6 loc va rnra
bang axetonitril lanh (60mL) dé thu dugc chit rin mau tring duoc 1am khd trong diéu
kién chan khong cao & nhiét do 40°C trong 5 gitr dé thu dugc dang tinh thd A cia hop
chit mong muén (7,81g, 87%).

Mau nhi€u xa bt tia X clia dang tinh thé A bao gbém cic cuc dai sau va thé hién

trén Fig.1.

2-Theta® %
4,48 100
10,76 42,2
9,88 21,4
6,13 20,8
13,41 18,9
14,01 18,2
14,31 14,7
18,46 13,2
7,92 12,2
4,76 9,3

(E)-metyl  3-(4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit ddng phan 1) dwoc sir dung lam nguyén liéu

ban dau dugc diéu ché nhu sau:
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Quy trinh diéu ché (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
bJindol-1-yl)phenyl)acrylat (raxemat)

e

v,

N
o,
NH

(E)-metyl 3-(4-formylphenyl)acrylat (41,8g, 219,62mmol) (dugc diéu ché nhu

trong vi du 2, quy trinh diéu ché nguyén liéu ban diu) dugc bd sung mot phén vao 1-(1H-
indol-3-yl)-2-metylpropan-2-amin (43,8g, 219,62mmol) trong axit axetic (314mL) trong
diéu kién khi nito. Dung dich thu dugc dugc khudy & nhiét d6 80°C trong 5 git. Hon hop
phan tng dugc cb trong didu kién chan khéng. Toluen (200mL) dugc bd sung vao va

phén cén duogc 1am bay hoi dén kho.

Xir 1y hdn hop ding phi duge 1ap lai nhidu hon hai 14n d& thu dugc chéit rin mau
nau. Hop chét ndy dugc khudy trong EtOAc/heptan theo ty 16 1:1 (500mL) trong 30 phut
truée khi loc va rira bing EtOAc/heptan theo ty 16 1:1. Hop chit duoc 1am khd trong
khong khi @ thu duoc chét rin mau tring. Hop chit thé nay dugc tao hdn dich trong 2-
metyl tetrahydrofuran (750mL), va dung dich natri bicarbonat bdo hoa dugc bd sung vao
trong 10 phut to hdn hgp di duge khudy (sii bot), hdn hop nay dugc khudy cho dén khi
hop chét hoa tan va pha nuéc van c6 tinh bazo. Cac pha dugc phén tach va pha hiru co
dugc rira bing nudc mudi, 1am kho bing MgSO,, loc va cd trong diéu kién chén khong
dé thu dugc bot mau vang nhat (khoang 78g). Hop chit nay dugc hoa tan trong dietyl ete
(200mL) va c6 dén khé (lap lai hai 14n). Trong I4n bd sung thtr hai, thu duge chét rin
thich hop. Hop chét nay dugc khudy trong dietyl ete va lam bay hoi dén kho d8 thu dugc
(E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat
(raxemat) (73,6g, 89%). 'H NMR (400 MHz, CDCl;, 30°C) § 1,26 (3H, s), 1,35 (3H, s),
1,42 (1H, br s), 2,69 - 2,82 (2H, m), 3.80 (3H, s), 5,12 (1H, s), 6,41 (1H, d), 7,06 - 7,16
(2H, m), 7,21 (1H, dd), 7,37 (2H, d), 7,46 - 7,54 (4H, m), 7,67 (1H, d). m/z: ES+
[M+H]+ 361.
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Quy trinh diéu ché (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
bJindol-1-yl)phenyl)acrylat (chat ddng phén 1)

(E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro- 1H-pyrido[ 3,4-b]indol-1-
yl)phenyl)acrylat (raxemat) (65g) dugc tinh ché trong bdy lan tiém nhu sau.
Hop chit raxemic nay duoc tinh ché bing phuong phap HPLC diéu ché (cot Chiralpak
OD, silica 20um, dudng kinh 100mm, chidu dai 250mm), Heptan:IPA 50:50. Cac phan
doan chtra hgp chit mong muén dugc 1dm bay hoi dén kho dé thu dwoc (E)-metyl 3-(4-
(3,3-dimetyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chdt ddng
phén 1, duoc rtra gidi truée, 30,3g, 93%) va (E)-metyl 3-(4~(3,3-dimetyl-2,3,4,9-
tetrahydro- 1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit dong phén 2, dwoc rira giai
sau, 28,2g, 86%). '"H NMR (400 MHz, CDCls, 30°C) & 1,27 (3H, s), 1,36 (3H, s), 2,69 -
2,82 (2H, m), 3,80 (3H, s), 5,14 (1H, s), 6,43 (1H, d), 7,12 (2H, pd), 7,2 - 7,24 (1H, m),
7,39 (3H, d), 7,51 (3H, d), 7,68 (1H, d), NH khéng quan sat thiy. m/z: ES+ [M+H]+ 361.

Quy trinh diéu ché (E)-metyl 3-(4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindol-1-yl)phenyl)acrylat (ch4t ddng phan 1)

0

—

{ )
of

F

H
N
(I

(S)-3-flo-2-metylpropyl triflometansulfonat (dugc diéu ché nhu trong vi du 3, quy
trinh diéu ché nguyén liéu ban diu) (5,32g, 21,36mmol) dugc bd sung vao dung dich
chira (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
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yl)phenyl)acrylat (chit déng phan 1) (3,5g, 9,71mmol) va N-etyl-N-isopropylpropan-2-
amin (6,34mL, 36,41mmol) trong 1,4-dioxan (17,5mL). H6n hop nay dugc khudy &
nhiét 4 22°C trong 3 ngay. Hodn hop nay dugc 1am bay hoi va p_hz“m cin duoc phan 16p
gitta DCM (150mL) va nuéce (150mL). Lép nuée duge chiét bing DCM (50mL) va dich
chiét duoc két hop véi 16p hitu co. Dich chiét thu gom dugc duge loc qua gidy loc va lam
bay hoi. Phin cén dugc tinh ché bing phuong phap sic ky silica nhanh, dung moi rra
giai EtOAc 15% trong heptan. C4c phan doan chira luong déng k& hop chit bit ddu
chuyén sang dang tinh thé; cic binh phan tmg dugc khudy dé tiép tuc két tinh. Loc thu
nhén c4c tinh thé va rira bing lugng nhé EtOAc 15% trong heptan dé thu dugc (E)-metyl
3-(4-(2-((S)—3-ﬂo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-
1-yl)phenyl)acrylat (chét déng phan 1) (2,91g, 69,0%) duéi dang tinh thé rin mau tring.
Dich két tinh va cic phan doan khéc chira hop chit mong muén duge thu gom va lam bay
hoi. Phin cén dugc téi két tinh tir EtOAc/heptan dé thu dugc nhidu hon 3-(4-(2-((S)-3-
flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yDphenyl)acrylat (chit ddng phéan 1) duéi dang tinh thé rin mau tring (635mg, 15,1%).
"H NMR (400 MHz, CDCls, 30°C) 6 0,53 (3H, d), 0,95 - 1,07 (1H, m), 1,09 (3H, s), 1,32
(3H, s), 2,16 (1H, dd), 2,66 (1H, d), 2,94 (1H, d), 2,97 (1H, d), 3,80 (3H, s), 4,14 (1H,
ddd), 4,31 (1H, ddd), 4,59 (1H, s), 6,42 (1H, d), 7,05 - 7,11 (2H, m), 7,13 (1H, s), 7,17
(lyH, dd), 7,35 (2H, d), 7,45 (2H, d), 7,50 (1H, dd), 7,67 (1H, d). m/z: ES+ [M+H]+ 435.

Vi du 8: axit (E)-3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro- 1 H-
pyrido[3,4-blindol-1-yl)phenyl)acrylic (chit ddng phén 1)*

Dung dich natri hydroxit 2M (0,782mL, 1,56mmol) dugc bd sung vao dung dich
chira (E)-metyl  3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit dong phan 1) (68mg, 0,16mmol) trong
metanol (5mL), THF (5,00mL) va nuéc (5,00mL) va hén hop nay dugc khudy trong 40
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gio & nhiét @6 22°C. Hon hop nay dugc cd dén thé tich sao cho toan bd dung méi hitu co
da dugc tach ra va axit hoa dén pH = 6 bang HCI 2M. Dung dich nu6c amoniac dic 2
giot) dugc bd sung vio, sau d6 metanol (khoang 2mL) duoc bd sung vao dé thu duge
dung dich mau ving nhat. Hop chét thd duge tinh ché bing phuong phap HPLC didu ché
(cot Waters XBridge Prep C18 OBD, silica Sum, dudong kinh 50mm, chiéu dai 100mm),
bang dung moéi rira giai 13 dung dich nuéc phan cyc giam din chita 1% NH;) va MeCN.
Céc phéan doan chita hgp chit mong mubn dugc 1am bay hoi dén kho dé thu duge hop
chit mong mudn (chét dong phan 1) (50,0mg, 76%) dudi dang chit rin mau vang. 'H
NMR (500 MHz, DMSO, 30°C) é 0,93 (3H, s), 1,19 (3H, d), 1,23 (3H, s), 1,51 (3H, d),
2,56 - 2,64'(2H, m), 2,75 (1H, d), 3,04 (1H, dd), 5,06 (1H, s), 6,40 (1H, d), 7,03 (1H,
ddd), 7,09 - 7,15 (2H, m), 7,35 (1H, dd), 7,44 - 7,51 (5H, m), 10,87 (1H, s), CO,H khong
quan sat thdy. m/z: ES+ [M+H]+ 421.

*Hoa 14p thé dugc suy ludn 1a (R) & tim khong x4c dinh béi d6 tuong ddng véi

cac hop chét theo cac vi du khac.

(E)-metyl 3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat (ch4t ddng phén 1) dugc sir dung 1am nguyén li€u

ban dau dugc di€u ché nhu sau:

Quy trinh diéu ché (E)-metyl 3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit dong phén 1)

2-flo-2-metylpropyl triflometansulfonat (dugc diéu ché nhu trong vi du 1, quy
trinh didu ché nguyén liéu ban ddu) (389mg, 1,73mmol) duge bd sung vao dung dich
chira (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylat (raxemat) (dugc diéu ché nhu trong vi du 7, quy trinh diéu ché nguyén
liéu ban dau) (250mg, 0,69mmol) va N,N-diisopropyletylamin (0,453mL, 2,60mmol)
trong 1,4-dioxan (1,25mL). Hn hop nay dugc khudy & nhiét d6 95°C trong 64 gio, sau
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d6 phan 16p gitta DCM (30mL) va nuéc (30mL). Lép nuéc duge chiét bing DCM
(20mL) va dich chiét duoc két hop véi 16p hitu co. Dich chiét thu gom dugc dugc loc qua
gidy loc va 1am bay hoi. Phén cin dugc tinh ché bang phuong phap sic ky silica nhanh,
dung mdi rira giai EtOAc 15% trong heptan. C4c phan doan tinh khiét duoc 1am bay hoi
dén kho @& thu dugc (E)-metyl 3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (raxemat) (178mg, 59,1%) dudi
dang chit rin mau be. Hop chét raxemic ndy dugc tinh ché bing phwong phap HPLC
diéu ché (cot Chiralpak AD, silica 20pm, duong kinh 50mm, chidu dai 250mm),
Heptan:Etanol: 80:20. C4c phan doan chira hgp chit mong mubn dugc 1am bay hoi dén
kho dé thu dugc (E)-metyl 3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chat déng phan 1, dugc rira giai trudc, 70mg)
va (E)-metyl 3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit ddng phan 2, dwoc rira giai sau, 66mg). 'H
NMR (400 MHz, CDCl;, 30°C) 6 1,00 (3H, s), 1,13 (3H, d), 1,20 (3H, s), 1,44 (3H, d),
2,57 - 2,78 (3H, m), 2,93 (1H, dd), 3,80 (3H, s), 5,05 (1H, s), 6,41 (1H, d), 7,13 (1H,
ddd), 7,18 (1H, ddd), 7,32 (1H, d), 7,43 (2H, d), 7,51 (2H, d), 7,54 (1H, d), 7,64 (1H, s),
7,67 (1H, d).m/z: ES+ [M+H]+ 435. |

Vi du 9: axit (E)-3-(3-flo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylic (chit ddng phan 1)*

Dung dich natri hydroxit 2M (3,31mL, 6,63mmol) dugc bd sung vao dung dich
chira (E)-metyl 3-(3-flo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat (600mg, 1,33mmol) (hdn hop chit déng phan
khong d6i quang) trong metanol (SmL), and THF (20mL) va hén hop nay dugc khudy &
nhiét d¢ moi trudng trong 4 gio. H_5r_1 hop nay dugc cd dén thé tich sao cho toan bd dung

mdi hitu co d4 dugce tach ra, pha lodng bang nuéc (50mL), axit hoa bing HCI loang dén
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pH = 6 va chiét bing etyl axetat (2 x 50mL). Dich chi_ét dugce thu gom va 1am bay hoi
trong diéu kién &p suit giam. Phén cin dugc tinh ché bing phuong phap HPLC diéu ché
(cot Chiralpak IA, silica 20um, duong kinh 20mm, chiéu dai 250mm), Heptan:IPA
90:10, 0,2% axit axetic & toc dd dong bang 80mL/phit. Cac phan doan chira hop chét
mong mudn dugc thu gom va phan tich d& thu dugc axit (E)-3-(3-flo-4-(2-((S)-3-flo-2-
metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro- 1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic
(chét ddng phan 1, dugc rira giai trude, 130mg, 22,36%) va axit (E)-3-(3-flo-4-(2-((S)-3-
flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[ 3,4-b]indol-1-
yl)phenyl)acrylic (chat ddng phén 2, duge rira giai sau, 30,0mg, 5,16%). "H NMR (500
MHz, DMSO, 30°C) & 0,49 (37H, d), 1,03 (3H, s), 1,14 - 1,21 (1H, m), 1,28 (3H, s), 2,17
(1H, dd), 2,59 - 2,71 (1H, m), 2,8 - 2,99 (2H, m), 4,09 - 4,34 (2H, m), 4,99 (1H, s), 6,59
(1H, d), 6,86 - 7,07 (2H, m), 7,1 - 7,19 (1H, m), 7,18 - 7,29 (1H, m), 7,36 - 7,49 (2H, m),
7,49 - 7,66 (2H, m), 10,31 (1H, s), CO,H khong quan sat théy. m/z: ES+ [M+H]+ 439.

*Hoba 1ap thé duge suy luan 12 (R) & tim khéng x4c dinh boi do trong ddng véi

céc hop chét theo cac vi du khéc.

(E)-metyl 3-(3-flo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat (hn hgp chit dong phan khéng dbi quang)

dugc st dung 1am nguyén li€u ban d4u dugc didu ché nhu sau:
Quy trinh didu ché (E)-metyl 3-(3-flo-4-formylphenyl)acrylat

o)

o)

4-brom-2-flobenzaldehyt (20,88g, 102,87mmol) va metyl acrylat (13,98mL,
154,30mmol) duge bd sung vao DMA duge dudi khi k§ (150mL) va tri-o-tolylphosphin
(3,13g, 10,29mmol), paladi(Il) axetat (1,155g, 5,14mmol) va trietylamin (28,7mL,
205,74mmol) duge bd sung vao. Phan img dugc khudy va gia nhiét dén nhiét do 100°C
trong 16 gio. Tri-o-tolylphosphin (3,13g, 10,29mmol) va paladi(Il) axetat (1,155g,
5,14mmol) dugc bd sung thém vao va hdn hop phan tng dugc gia nhiét dén nhiét do
110°C trong 2 gi& nita. Nuéc (1L) duge bd sung vao va hén hop phan tmg duge chiét
bang DCM (2 x 500mL). Céc 16p hiru co thu gom duge duge lam kho (MgSO0y,), loc va
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1am bay hoi dé thu durgc chit rin mau nau. Hop chét tho duoc tinh ché bang phuong phap
sic ky silica nhanh, gradien rira giai nim trong khoang tir 0% dén 25% EtOAc trong
heptan. C4c phan doan tinh khiét dugc 1am bay hoi dén khé d& thu dugc (E)-metyl 3-(3-
flo-4-formylphenyl)acrylat (15,20g, 71,0%) duéi dang chét rin mau vang.

'H NMR (400 MHz, CDCl;, 30°C) & 3,83 (3H, s), 6,53 (1H, d), 7,31 (1H, dd),
7,41 (1H, d), 7,65 (1H, d), 7,79 - 8 (1H, m), 10,25 - 10,41 (1H, m). Khong quan sét thiy
khdi phé ion trén LCMS.

Quy trinh diéu ché (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
‘blindol-1-yl)-3-flophenyl)acrylat (raxemat)
(0]
(0]
\

\
| P
(2
N F

1-(1H-indol-3-yl)-2-metylpropan-2-amin (1g, 5,31mmol) va (E)-metyl 3-(3-flo-4-
formylphenyl)acrylat (1,106, 5,31mmol) trong axit axetic (15mL) dugc khudy & nhiét
d6 80°C trong 2 gi&r trong diéu kién khi nito. Hop chét thd dugc tinh ché bing phwong
phap sic ky trao dbi ion, sir dung c(f)t. SCX-2. Hop chit mong mudn dugc rira giai khoi
cot bang amoniac 7M/metanol va c4c phan doan tinh khiét dugc 1am bay hoi dén kho @8
thu duoc (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)-3-
flophenyl)acrylat (raxemat) (2,000g, 99%) . 'H NMR (400 MHz, DMSO, 30°C) 6 1,14
(3H, s), 1,27 (3H, s), 2,52 - 2,74 (2H, m), 3,74 (3H, s), 5,12 (1H, s), 6,69 (1H, d), 6,86 -
7,05 (2H, m), 7,20 (1H, d), 7,25 - 7,33 (2H, m), 7,39 (1H, d), 7,73 (1H, d), 7,85 (1H, t),

10,29 (1H, s), NH khong quan sét thdy. m/z: ES+ [M+H]+ 379.

Quy trinh diéu ché (E)-metyl 3-(3-flo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat (hdn hop chit ddng phan
khéng d6i quang)
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(S)-3-flo-2-metylpropyl triflometansulfonat (dugc diéu ché nhu trong vi du 3, quy
trinh diéu ché nguyén lidu ban dau) (1,259g, 5,62mmol) duge bd sung vio dung dich
chta (E)-metyl 3-(4-(3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)-3-
flophenyl)acrylat (raxemat) (850mg, 2,25mmol) va N-etyl-N-isopropylpropan-2-amin
(1,467mL, 8,42mmol) trong 1,4-dioxan (SmL). Hdn hop ndy duogc gia nhiét & nhiét do
60°C trong 4 gid, sau d6 dugc khudy & nhiét do moi truong trong 12 gio. Hon hop nay
dugc phan 16p giita etyl axetat (25mL) va nuéc (25mL). Lép nuée duge chiét bang etyl
axetat (2 x 25mL) va dich chiét dugc két hop véi 16p hitu co. Dich chiét thu gom dugc
dugc 1am bay hoi trong diéu kién chén khong. Phén cin dugc tinh ché bang phuong phap
sic ky silica nhanh, dung méi rira gidi 10% EtOAc trong heptan. Cac phan doan tinh
khiét dugc 1am bay hoi dén khé & thu dugc (E)-metyl 3-(3-flo-4-(2-((S)-3-flo-2-
metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1 -yl)phenyl)acrylaf
(hdn hop chit déng phan khéng dbi quang) (600mg, 59,0%). m/z: ES+ [M+H]+ 453.

Vi du 10: axit (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-propyl)-3-metyl-4,9-
dihydro-3H-pyrido[3,4-b]indol-1-yl]-3,5-diﬂo-phenyl]prop-z-enoic

Metyl  (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-propyl)-3-metyl-4,9-dihydro-
3H-pyrido[3,4-b]indol-1-yl]-3,5-diflo-phenyl]prop-2-enoat (4,70g, 10,27mmol) dugc hoa
tan trong iPrOH (42,8mL) va dung dich natri hydroxit SM (6,16mL, 30,82mmol) &uqc bd
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sung vao trong mot phan, sau d6 phan tmg nay dugc khudy & nhiét do phong trong 4 gio.
Nudc duge bd sung vao (100mL) va d6 pH dugc diéu chinh dén pH bing khoang 5 bing
HCI 2N. Dung dich niy dugc chiét bing EtOAc (x2) va 16p hiru co thu gom dugc dugc
lam khé (MgS0O,) va co trong diéu kién chéan khong. Phén cén dugc nap qua dém silica,
rira giai ban diu bang DCM, sau d6 1én dén 5% MeOH trong DCM. Céc phén doan chira
hop chét mong muén dugc 1am bay hoi dé thu dugce chit rin mau vang (khoang 4,2g).
Phin cin (4,2¢g) dugc hoa tan trong EtOH (20mL) va gia nhiét dén nhiét d@6 35°C. Nude
(30mL) dugc bd sung vao tir tir trong khoang 40 phut. Sau d6, hdn hop nay dugc khudy
trong 30 phut nita, sau d6 lam ngudi tir tir &n nhiét d6 phong. Nnu6e (30mL) dugce bd
sung thém vao, sau d6 phan tng nay dugc lam lanh dén nhiét ¢ 0°C. Hon hop nay ducjc
loc va chét rin dugc rira bing nuéce trude khi lam khé trong didu kién chan khong & nhiét
d6 35°C qua dém dé thu dugc axit (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-propyl)-3-
metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-1-yl]-3,5-diflo-phenyl]prop-2-enoic (3,34g,
73,3%) dudi dang chét rin mau vang nhat. "H NMR (400 MHz, CDClLs, 30°C) 1,12 (3H,
d), 1,19 (3H, d), 1,26 (3H, d), 2,43 (1H, dd), 2,63 (1H, dd), 2,87 (1H, dd), 3,07 (1H, dd),
3,65 (1H, q), 6,41 (1H, d), 7,02 (2H, d), 7,06 - 7,16 (2H, m), 7,19 - 7,25 (1H, m), 7,41
(1H, s), 7,48 - 7,57 (1H, m), 7,63 (1H, d), CO,H khong quan sat tha"ly. m/z: ES+ [M+H]+
444,

Hop chét nay c6 thé c6 danh phép khac i axit (E)-3¥[4'-[(1R,3R)-1-doteri-2-(2-ﬂo-
2-metyl-propyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-1-yl]-3,5-diflo-
phenyl]acrylic.

Quy trinh didu ché (4-brom-2,6-diflo-phenyl)-didoteri-metanol

Br

F F

HO D
D

Lithi bodoterua (0,497g, 17,25mmol) duge bd sung timg giot vao dung dich chira
metyl 4-brom-2,6-diflobenzoate (2,89g, 11,5mmol) trong THF (46,0mL). Phan tng duoc
gia nhiét dén nhiét d6 50°C trong 2 gid. Sau khi 1am nguéi, (30mL) HCI 2N dugc bd
sung tir tir vao. Céc 16p duoc phan tach, va 16p nude dugc chiét bang EtOAc (2x50mL).
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Lép hitu co thu gom duge duge rira bing nude mudi, 1am khd (MgSO,) va c6 dé thu
duge (4-brom-2,6-diflo-phenyl)-didoteri-metanol (2,250g, 87%) dudi dang chit rin mau
tring. "H NMR (400 MHz, CDCl;, 30°C) 1,96 (1H, s), 7,07 - 7,13 (2H, m).

Quy trinh diéu ché 4-brom-2,6-diflo-1-doteribenzaldehyt

Br

D o

Chét phan tng Dess-Martin (4,98g, 11,73mmol) dugc bd sung vao (4-brom-2,6-
diflo-phenyl)-didoteri-metanol (2,20g, 9,78mmol) trong DCM (39,1mL) & nhiét d6
phong. Phan tmg dugc khudy trong 1 gid, sau d6 duoc dimg bing (50mL) dung dich natri
bicarbonat bdo hoa chira 10% natri thiosulfat. Cac pha dugc phéan tach va pha nugc dirqc
chiét bang DCM (2x50mL). Pha hitu co dugc 1am khdé (MgSO,) va ¢d, sau d6 hop chét
thd dugc tinh ché bang phuong phép sic ky silica nhanh, gradien rira gidi ndm trong
khoang tir 0% dén 25% EtOAc trong heptan. Cac phan doan tinh khiét dugc lam bay hoi
dén kho dé thu duge 4-brom-2,6-diflo-1-doteribenzaldehyt (2,040g, 94%) duéi dang chét
rin mau tring. "H NMR (400 MHz, CDCls, 30°C) 7,18 - 7,25 (2H, m). Khong quan sat
thdy phé khdi ion.

Quy trinh diéu ché metyl (E)-3-(4-dotericarbonyl-3,5 -diflo-phenyl)prop-2-enoat

4-b§0m-2,6-diﬂo-I-do“[eribenzaldehyt (3,33g, 15,0mmol), trietylamin (4,18mL,
30,00mmol), paladi (II) axetat (0,168g, 0,75mmol) va tritolylphosphin (0,457g,
1,50mmol) dugc hoa tan trong DMF d dugc dudi khi (36,6mL). Sau dd, metyl acrylat
(2,026mL, 22,50mmol) dugc bd sung vao va phan tmg dugc gia nhiét dén nhiét d6 80°C
trong 4 gio. Sau khi 1am ngudi, hdn hop nay duge bd sung vao nuéc (150mL) va chiét
bing EtOAc (2 x 150mL). L6p hitu co thu gom dwoc duge rira bing HCI 2N (100mL),
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sau d6 nudc mudi (100mL), sau d6 1am kho (MgSO4) va cd. Hop chit thd duge tinh ché
bang phuong phap sic ky silica nhanh, gradien rira giai ndm trong khoang tir 0% dén
40% EtOAc trong heptan. Cac phin doan tinh khiét dugc lam bay hoi dén kho dé thu
duoc metyl (E)-3-(4-dotericarbonyl-3,5-diflo-phenyl)prop-2-enoat (2,93g, 86%) duéi
dang chit rin mau vang. 1H NMR (400 MHz, CDCI3, 30°C) 3,83 (3H, d), 6,51 (1H, d),
7,12 (2H, m), 7,57 (1H, d). m/z (ES"), [M+H]" = 228.

(R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-amin

H
N
/

H
N

e

%

(2R)-1-(1H-ihdol-3-yl)propan-2-amin (3,81kg, 21,21mol) dugc bd sung vao binh
trang thity tinh dung tich 100L c6 vo bao vé trong diéu kién khi nito. 1,4-dioxan (23L)
dugc bd sung vao, va may khudy duoc bat. Diisopropyletylamin (5,55L; 31,82mol) duoc
bb sung vao hén dich da dwoc khudy, sau d6 (2-flo-2-metyl-propyl)triflometansulfonat
(5,55kg, 23,77mol). 1,4-dioxan (4L) duogc bd sung vao binh ndy, va hén hop nay dugc
gia nhiét dén nhiét d6 75°C. Qua trinh gia nhiét duoc tiép tuc trong 24 gi&y trude khi 1am
ngudi hdn hop nay dén nhiét d6 25°C. Nudc (30,5L) duoc bd sung vao binh nay, sau d6
bd sung toluen vao (30,5L). Sau 40 phat may khudy duogc tit va cac 16p duge dé phan
tach. Lop nude duge loai bo va nuéde (30,5L) duoc bd sung vao dung dich hitu co. Hon
hop nay duge khudy trong 15 phut trude khi phén téch céc 16p. Ldp hitu co dugc tach ra
khéi binh phan tmg. Dung dich hitu co dugc cb bang cach ct chan khong (nhiét do vo
binh 65°C, 4p sut 110mbar) cho dén khi 27L dich cit da dwoc tach ra. Dung dich con lai
trong binh phan tng dugc 1am ngudi dé thu duge (R)-N-(1-(1H-indol-3-yl)propan-2-yl)-
2-flo-2-metylpropan-1-amin duéi dang dung dich trong toluen (33% khéi lugng/khbi
lugng) (15,4kg, 97%). 1H NMR (500 MHz, DMSO, 27°C) 0,98 (3H, d), 1,26 (3H, d),
1,30 3H, d), 2,57 - 2,75 (3H, m), 2,81 (1H, dd), 2,84 - 2,92 (1H, m), 6,97 (1H, t), 7,06
(1H, t), 7,11 - 7,22 (1H, nhiéu vach bi che khuét béi céc tin hi€u toluen), 7,34 (1H, d),
7,52 (1H, d), 10,80 (1H, s).

Quy trinh diéu ché metyl (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-propyl)-3-
metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-1-yl]-3,5-diflo-phenyl]prop-2-enoat

-111-



21098

(R)-N-(1-(1H-indol-3-yl)propan-2-yl)-2-flo-2-metylpropan-1-amin  [33% khéi
lu:qng/khéi lugng trong toluen] (11,26g, 14,97mmol) va (E)-3-(4-dotericarbonyl-3,5-
diﬂo-phényl)prop-2-enoat (3,40g, 14,97mmol) dugc gia nhiét trong toluen (55,6mL)/axit
axetic (4,28mL, 74,83mmol) & nhiét d¢ 80°C trong 5 gid. Sau khi 1am ngudi, cac chét
bay hoi dugc loai bé trong diéu kién chén khong. Phin cén dugc bd sung vao DCM
(200mL) va rira bang dung dich natri bicarbonat bdo hoa (200mL). Pha nuéc duge chiét
bang DCM (100mL), sau d6 16p hitu co thu gom duge dugce rira bang nude mubdi, 1am
khd va ¢b trong didu kién chan khong. Hop chét thd duoc nap vao cot SCX-2, rira gidi
bang metanol dé loai b aldehyt khong phan tng. Sau d6, cot nay dugc rira giai bing
amoniac 7M-MeOH d¢ thu dugc hop chét thd. Dich rira gii c6 tinh kidm dwoc lam bay
hoi va hop chét thé dugc tinh ché bang phuong phép séc ky silica nhanh, gradien rira giai
nam trong khoang tir 0% dén 40% EtOAc trong heptan. Céc phan doan tinh khiét dugc
lam bay hoi dén kho dé thu dugc metyl (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-
propyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-1-yl]-3,5-diflo-phenyl]prop-2-enoat
(4,70g, 68,6%) duéi dang chit rdn mau vang nhat. '"H NMR (400 MHz, CDCls, 30°C)
1,11 (3H, d), 1,19 (3H, d), 1,25 (3H, d), 2,42 (1H, dd), 2,62 (1H, dd), 2,87 (1H, dd), 3,07
(1H, dd), 3,65 (1H, q), 3,81 (3H, s), 6,39 (1H, d), 6,99 (2H, d), 7,06 - 7,17 (2H, m), 7,23
(1H, dd), 7,45 (1H, s), 7,49 - 7,6 (2H, m). m/z: ES* [M+H]" 458.

Vi du 11: Quy trinh didu ché (IR,3R)-1-{4-[(E)-2-carboxyetenyl]-2,6-
diflophenyl}-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-beta-carbolin-2-ium

maleat
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Dung dich chira axit maleic (1,31g, 11,29mmol) trong axeton (15mL) dugc khudy
trong diéu kién khi nito. Dung dich chura axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylic ~ (vi
du 1) (5,00g, 11,3mmol) trong axeton (25mL) dugc bd sung vao dung dich axit maleic
ndy dé thu dugc dung dich mau vang. Binh phan ng dugc boc trong gidy bac dé tranh
énh séng va suc dong khi nito qua dém cho dén khi dung méi bay hoi hét. Chét rén thu
dugc duge 1am khd trong diéu kién chan khong trong 2 gir dé thu duoc hop chit mong
mudn duéi dang chit rin mau kem (6,23g, 98%). 'H NMR (500 MHz, DMSO, 27°C)
0,95 - 1,34 (9H, m), 2,24 - 2,45 (1H, m), 2,54 - 2,66 (1H, m), 2,8 - 2,99 (2H, m), 3,52
(1H, s), 5,22 (1H, s), 6,26 (2H, s), 6,67 (1H, d), 6,89 - 7,07 (2H, m), 7,19 (1H, d), 7,39 -
7,51 (3H, m), 7,55 (1H, d), 10,59 (1H, s).

M3iu nhiéu xa bot tia X cia mudi maleat nay dugc thé hién trén Fig.8 va Kkét qua

do nhiét lrgng quét vi sai duoc thé hién trén Fig.9.
Vi dy 12

Dugc pham chira hop chét theo vi du 1 dugc bao ché & luqng bang 75g bing quy
trinh tao hat uét. Hoat chét, manitol, xenluloza vi tinh thé va natri tinh bot glycolat dugc
can véi lugng dugc thé hién trong béng duéi day va chuyén vao may tao hat két hop tron
Diosna P1-6 va tron (két hop nghién) & tbc d6 bing 600 vong/phut trong 6 phﬁt.'f)éi v6i
dugce phim A, qué trinh tron duge tiép tuc ddng thoi 30mL nude duoc bd sung hai 1in
vao & tbc d6 bang khoang 1mL/gidy, tam dimg tron gitta hai 14n b sung, trong khi d6 dbi
v6i duge phdm B, dung dich duge didu ché bang cach khudy luong cin thiét cia EDTA
va axit ascorbic véi 20mL nuéc ¢ nhiét 49 50°C trong 20 phit (bdo vé€ tranh 4nh sing)
dugc bd sung vao bing quy trinh trong ty, trong trudng hop nay dung dich thi hai dugce
bb sung vao chira khoang 10mL dich rira. Qua trinh tron w6t dugc tiép tuc trong tong

cdng 1,5 phit. C4c hat w6t duge riy qua ray co kich c& mit riy bang 1,5mm, sau d6 lam
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khd trong diéu kién chan khong & nhiét d6 ndm trong khoang tir 50°C dén 60°C dén ham
lwong 4m nhé hon 2% khéi lwong/khéi lugng. Céc hat thu duge duge nghién bang riy c6
kich c& mét ray béng Imm, sau d6 tron véi td dugc tron trong 5 phit & tde do b::ing 32
V(‘)ng/phﬁt bang may tf(f)n Turbula.' Vién nén chita 10mg hoat chit dugc bao ché bing
cach dép céc hat nay dén khéi lugng dap tiéu chuén bing 100mg bing méy dap vién Riva

Mini dugc trang bj cdi tiéu chuin c6 duong kinh bing 6mm.

Dugc phim A Duogc pham B
X 3 s % khoi % khoi
Thanh phan Vai tro luong/kh 5 Ll(rq)ng luong/kh 6 Lt(rq)ng
luong & i lugng &
Dang tinh thé B cua £
hop chét theo vi du 1 Hoat chat 10,0 7,50 10,0 7,50
EDTA Chat tao phire Khéng c6 mit 0,1 0,075
chelat
Axit ascorbic Chat chng oxy hoéa Khoéng c6 mit 0,5 0,375
Manitol Té dugc pha lodng 68,0 51,00 67,4 50,55
Xenluloza vi tinh thé | T4 dugc pha loadng 15,0 11,25 15,0 11,25
Natri tinh bt glycolat Ta duoc rd 5,0 3,75 5,0 3,75
A)fit stearic Ta duoc tron 2,0 1,50 2,0 1,50
Tong cong 100 75,00 100 75,00

Po b6n dinh cua duogc phém A va duoc phém B theo tiéu chuin hinh thanh san
phim phan hay (trong d6 “san phim phan huy” 1a (R,E)-3-(3,5-diflo-4-(2-(2-flo-2-
metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium- l-yl)phenyl)acrylat)
dugc danh gia dbi véi vién nén duge dong goi trong lo HDPE han kin ¢6 dung tich bing
75mL hoic tiép xtc véi khong khi trén dia petri, bao quan trong béng tdi, trong diéu kién
c6 kiém so4t nhiét do va o6 4m nhu duoc thé hién trong bang dudi day. Két qué déanh gia
d6 6n dinh cho thiy dugc phim B, ma chira ca chét tao phitc chelat 13n chit chéng oxy

héa ¢6 d6 6n dinh héa hoc cao hon dugc pham A - 14 vién nén quy udc.

Db 6n dinh ctia dugc phim theo tiéu chun hinh thanh san phdm phan hiy (%).

Sau 4 tuan (diéu kién bao quan)

Thoi 6, (25°C/d6 Am (25°C/d6 Am (40°C/d6 Am
Dugcphdm | 7 | dénggéi | twongdéi60%, | tuongddi60%, | tuong dbi 75%,
dgﬂ trong lo | dong gdi trong lo tiép xtic v6i tiép xac vé6i
HDPE) HDPE) khong khi) khong khi)
Dugc phdam A | 0,05 0,06 0,08 0,27 0,28
Dugc phim B | ND <0,05 <0,05 0,05 0,11
ND: Khéng phit hién duge (<0,02% khoi hrong/khdi hrong)

Vi du 13: (E)-3-[3,5-diflo-4-[(3R)-2-(2-flo-2-metyl-propyl)-3-metyl-4,9-dihydro-
3H-pyrido[3,4-b]indol-2-ium-1-yl]phenyl]prop-2-enoat
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Axit '(E)-3-(3,'5-diﬂ0-4-((1R,3R)-2-(2-ﬂo—2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic (200mg, 0,45mmol) duge bd sung
vao dung dich chira xeri amoni nitrat (248mg, 0,45mmol) trong axetonitril (6mL)/nudc
(1,500mL) & nhiét d6 phong. Phan tmg dugc khudy trong 2 gid va xeri amoni nitrat
(248mg, 0,45mmol) dugc bd sung thém vao. Dung dich nay duoc khudy & nhiét d 25°C
trong 15 phut nita. Hon hop phan tmg dugc axit héa bing HC1 2M (3mL) va chiét bing
DCM (2x10mL). Sau 6, pha hitu co duge cd trong diéu kién chin khong va hop chét thd
dugc tinh ché bang phwong phap HPLC didu ché (cot Waters SunFire, silica 5 pum, duong
kinh 50mm, chiéu dai 100mm), bang dung moéi rira gii la dung dich nuée phan cuc giam
dan chtra 0,1% axit formic va MeCN. Cac phan doan chira hop chit mong muébn dugc
1am bay hoi dén kho dé thu dugc (R.E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3-metyl-
4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium-1-yl)phenyl)acrylat (35,0mg, 17,58%) duéi
dang thiy tinh mau cam. "H NMR (500 MHz, DMSO, 30°C) 1,27 (3H, d), 1,43 - 1,55
(6H, m), 3,51 (1H, d), 3,72 (1H, dd), 3,96 (1H, dd), 4,18 - 4,32 (1H, m), 4,67 (1H, s),
6,59 (1H, s), 7,09 - 7,3 (2H, m), 7,42 (1H, t), 7,52 - 7,73 (3H, m), 7,78 (1H, d), NH
khong quan sat théy. HRMS (ESI): [M+H]", dinh luong 441,17831, Cy3HpFoN,O, ly
thuyét 441,17844.

Quy trinh didu ché  (E)-3-[3,5-diflo-4-[2-(2-flo-2-metyl-propyl)-3-metyl-9H-
pyrido[3,4-b]indol-2-ium-1-yl]phenyl]prop-2-enoat
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Axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylic (0,500g, 1,13mmol) duoc hoa tan
trong DMSO (10mL) va gia nhiét dén nhiét 6 120°C trong khong khi va diéu kién anh
sang trong 16 gid. Sau d6 phan Gng nay duogc gia nhiét dén nhiét d6 180°C trong 2,5 gi¢
Hén hop phéan tmg dugc 1dm ngudi va tinh ché bang phuong phap HPLC didu ché (cot
Waters XBridge Prep C18 OBD, silica 5pm, duong kinh 50mm, chiéu dai 100mm), bing
dung mdi rira giai 1a dung dich nu6c phan cuc giam din chira 1% amoniac va MeCN.
Cac phén doan chira hop chit mong mudn duge 1am bay hoi dén kho @ thu dugc (E)-3-
[3,5-diflo-4-[2-(2-flo-2-metyl-propyl)-3-metyl-9H-pyrido[3,4-b]indol-2-ium-1-
yl]phenyl]prop-2-enoat (0,047g, 9,40%) duéi dang diu mau cam. 1H NMR (400 MHz,
DMSO, 27°C) 1,27 (3H, s), 1,33 (3H, d), 3,09 (3H, s), 4,59 - 4,8 (1H, m), 5,14 - 5,37
(1H, m), 6,54 (1H, d), 7,19 (1H, d), 7,39 (1H, t), 7,63 (2H, d), 7,74 (1H, t), 7,91 (1H, d),
8,45 (1H, d), 8,88 (1H, s), 10,79 (1H, s). m/z: ES+ [M+H]+ 439.

Vi du 14A: Quy trinh diéu ché axit (E)-3-[3,5-diflo-4-[(1R,3R)-2-(2-flo-3-
- hydroxy-2-metyl-propyl)-3-metyl-1,3,4,9-tetrahydropyrido[3,4-b]indol-1-yl]phenyl]prop-
~ 2-enoic (chét dong phan 1)
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a= c?iu hinh tuyét ddi chwa biét
Chat dong phén 1

Dung dich natri hydroxit 2M (1,27mL, 2,54mmol) dugc bd sung vao dung dich
chta (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-hydroxy-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat - Chit ddng phan 1
(120mg, 0,25mmol) trong THF (0,635mL)/metanol (0,635mL). Phan tmg dugc khudy &
nhiét do phong trong 1 gid, sau d6 pha lodng bang EtOAc va nudc. Pha nuée dugc didu
chinh dén d¢ pH = 6 bang HCI 2M, va c4c 16p dugc phén tach. Lép nuée dugc chiét bing
EtOAc, sau d6 16p hiru co thu gom duge duge 1am khé (MgSOy) va ¢b trong diéu kién
“chan khong. Hop chit thd dugce tinh ché bang phuong phép sic ky silica nhanh, gradien
rira giai nam trong khoang tir 0% dén 10% MeOH trong DCM. C4c phan doan tinh khiét
dugc lam bay hoi dén kho @ thu dugc axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-
hydroxy-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic - Ch4t ddng phan 1 (85mg, 72,9%) duéi dang chét rin mau be. 1H
NMR (400 MHz, DMSO, 27°C) 0,97 (3H, d), 1,05 (3H, d), 2,32 - 2,4 (1H, m), 2,44 -
2,54 (1H, m), 2,73 - 2,93 (3H, m), 3 - 3,14 (2H, m), 3,32 - 3,49 (2H, m), 4,73 (1H, s),
5,14 (1H, s), 6,58 (1H, d), 6,82 - 6,96 (2H, m), 7,10 (1H, d), 7,33 (1H, d), 7,36 (1H, d),
7,45 (1H, d), 10,49 (1H, s). m/z (ES"), [M+H]" = 459.

Vi du 14B: Quy trinh didu ché axit (E)-3-[3,5-diflo-4-[(1R,3R)-2-(2-flo-3-
hydroxy-2-metyl-propyl)-3-metyl-1,3,4,9-tetrahydropyrido[3,4-b]indol-1-yl]phenyl]prop-
2-enoic (chit ddng phan 2)
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a = céu hinh tuyét d6i chwa biét
Chat dong phéan 2

Dung dich natri hydroxit 2M (1,27mL, 2,54mmol) dugc bd sung vao dung dich
chira (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-hydroxy-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat - Chit ddng phén 2
(110mg, 0,23mmol) trong THF (0,529mL)/metanol (0,529mL). Phan tng duoc khudy &
nhiét d6 phong trong 1 gio, sau d6 pha lodng bang EtOAc va nudc. Pha nuée duge didu
chinh dén d6 pH = 6 bang HCI 2M, va céc 16p dugc phan tach. Lép nude duoce chiét bang
EtOAc, sau d6 16p hitu co thu gom dugc dugc 1am kho (MgSO4) va cb frong diéu kién
chan khong. Hop chit thé dugc tinh ché bing phuong phép séc ky silica nhanh, gradien
rira gidi ndm trong khoang tir 0% dén 10% MeOH trong DCM. Céc phéan doan tinh khiét
dugc 1am bay hoi dén kho  dé thu duge axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-
hydroxy-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)phenyl)acrylic - Chit ddng phéan 2 (81mg, 76%) dudi dang chéit rén mau be. 1H NMR
(400 MHz, DMSO, 27°C) 1,02 (2H, s), 1,05 (3H, d), 1,23 (1H, s), 1,90 (3H, s), 2,28 -
2,46 (1H, m), 2,53 - 2,7 (1H, m), 2,86 - 3,03 (2H, m), 3,56 (1H, d), 4,83 (1H, s), 5,17
(1H, s), 6,66 (1H, d), 6,86 - 7,08 (2H, m), 7,17 (1H, d), 7,40 (1H, d), 7,44 (2H, d), 7,53
(1H, d), 10,54 (1H, s). m/z (ES"), [M+H]" = 459.

(E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-hydroxy-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit dong phan 1 va chét

déng phan 2) duoc sir dung 1am nguyén lidu ban diu duge didu ché nhu sau:

2-flo-2-metylpropan-1,3-diol
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HO/>(\OH
F

LiAlH, (0,741g, 19,25mmol) dugc bd sung timg giot vao dung dich d3 1am lanh
chira dietyl 2-flo-2-metylmalonat (1,345g, 7,00mmol) trong THF (35,0mL). Phan tng
dugce dé 4m dén nhiét d6 phong trong 1 gid. Sau khi lam lanh dén nhiét dd 0°C, phan g
dugc ding bﬁng nude (0,75mL), NaOH 15% (0,75mL), sau @ nuéc (1,5mL). Hon dich
nay dugc khudy trong 30 phut, sau d6 loc va chét rén duoc rira bang THF. Dich loc dugc
lam bay hoi dé thu dugc 2-flo-2-metylpropan-1,3-diol (0,745g, 98%) dué6i dang diu
khéng mau. "H NMR (400 MHz, CDCI3, 27°C) 1,34 (3H, d), 2,12 - 2,27 (2H, m), 3,75
(4H, d).

3-(((R)-1-(1H-indol-3-yl)propan-2-yl)amino)-2-flo-2-metylpropan-1-ol

N
/ F

Triflometansulfonic anhydrit (1,151mL, 6,80mmol) dugc bd sung vao dung dich
chira 2-flo-2-metylpropan-1,3-diol (0,70g, 6,47mmol) trong DCM (17,85mL) & nhiét do
0°C, sau d6 2,6-lutidin (0,908mL, 7,77mmol). Phan tmg dugc dé 4m dén nhiét do phong
trong 30 phut, sau d6 duoc rira b%mg HCI 2M. Pha hitu co dugc nap qua cdt phan tach

pha va cb trong diéu kién chan khong. Phan cin dugc hoa tan trong dioxan (12mL), sau
do (R)-1-(1H-indol-3-yl)propan-2-amin (1,128g, 6,47nimol) va DIPEA (1,678mlL,
9,71mmol) duge bd sung vio va phan g dugc gia nhiét dén nhiét d6 90 °C trong 2 h.
Sau khi 1am nguéi, phén mg dugc pha lodng véi DCM va rira bang nuée. Lép nude dugce
chiét bing DCM, sau d6 pha hitu co duge cd trong diéu kién chén khong. Hop chéit thd
dugc tinh ché bang phuong phép sic ky silica nhanh, gfadien rira gidi nim trong khoang
tir 0% dén 10% MeOH trong DCM. Céc phén doan tinh khiét dugc 1am bay hoi dén kho
dé thu duoc 3-(((R)-1-(1H-indol-3-yl)propan-2-yl)amino)-2-flo-2-metylpropan-1-ol
(0,815g, 47,6%) dudi dang chit gdbm mau ndu. m/z (ESY), [M+H]" = 265.

(E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-hydroxy-2-metylpropyl)-3-metyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylat (chit ddng phan 1 va chit
ddng phan 2)
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Chit déng phan d6i anh AND

a = cau hinh tuyét d5i chwra biét
Chat dong phén 1 va chat dong phén 2

(E)-metyl 3-(3,5-diflo-4-formylphenyl)acrylat (565mg, 2,50mmol) dugc bd sung
vao hén dich chia 3-(((R)-1-(1H-indol-3-yl)propan-2-yl)amino)-2-flo-2-metylpropan-1-
ol (661mg, 2,50mmol) trong toluen (11,3mL)/axit axetic (1;25mL). Phan ung dugc gia
nhiét dén nhiét d6 90°C trong 5 git Sau khi lam ngudi, cac chat bay hoi dugc loai bo
trong diéu klén chan khong, sau d6 phan cin dugc nap qua cdt SCX-2, rira giai bang
metanol dé loai bd aldehyt khong phan (mg. Sau d6, cot ndy dugc ria gidi bing
NH3/MeOH dé thu dugc hop chét thd. Dich rira gidi c6 tinh kiém dwoc 1am bay hoi, sau
d6 hop chit thd dugc tinh ché bang phuong phép sic ky silica nhanh, gradien rira giai
nim trong khoang tir 0% dén 50% EtOAc trong heptan. Cac phén doan tinh khiét duoc
1am bay hoi dén kho d thu dugc (E)-metyl 3-(3,5-diflo-4-((1R,3R)-2-(2-flo-3-hydroxy-
2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylat
(chit ddng phan 1 - 122mg, 10,3%) du6i dang chét rin mau vang va (E)-metyl 3-(3,5-
diflo-4-((1R,3R)-2-(2-flo-3-hydroxy-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-1-yl)phenyl)acrylat (chit déng phan 2 - 129mg, 11% dudi dang chét
rin mau vang cam. Chét ddng phan 1 - 'H NMR (400 MHz, CDCI3, 27°C) 1,10 (3H, d),
1,14 (3H, d), 2,54 (1H, dd), 2,62 - 2,73 (1H, m), 3,06 - 3,3 (2H, m), 3,40 (1H, dd), 3,56
(1H, t), 3,80 (3H, s), 3,87 - 4,08 (1H, m), 4,27 (1H, s), 5,16 (1H, s), 6,37 (1H, d), 7,01
(2H, d), 7,07 - 7,15 (2H, m), 7,14 - 7,24 (1H, m), 7,42 - 7,56 (2H, m), 7,71 (1H, s). m/z
(ES"), [M+H]" = 473. Chét ddng phan 2 - 'TH NMR (400 MHz, CDCI3, 27°C) 1,15 (3H,
d), 1,20 (3H, d), 2,65 (1H, dd), 2,79 (1H, 1), 2,93 - 3,09 (2H, m), 3,57 (1H, dt), 3,70 (1H,
dd), 3,78 (3H, s), 4,2 - 4,67 (1H, m), 5,42 (1H, s), 6,32 (1H, d), 6,94 (2H, d), 7,06 - 7,15
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(2H, m), 7,19 - 7,27 (2H, m), 7,42 (1H, s), 7,51 (1H, dd), 8,02 (1H, s). m/z (ES),
[M+H]* = 473.

Vi du déi chiéu 1: 1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-
2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-yl)-3-hydroxypropan-1-on

0 /N\N/\ o*?L
T
HO SN | NH,

Pyridin 4-metylbenzensulfonat (11,62g, 46,24mmol) dugc bd sung vio hdn dich
chtra 1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-
1,2,4-triazol-3-yl)piperidin-1-yl)-3-(tetrahydro-2H-pyran-2-yloxy)propan-1-on ~ (128g,
231,19mmol) trong metanol (1L) trong diéu kién khi nito. Hn hop nay dugc khudy .c’r
nhiét 46 60°C trong 1,5 gid. Hn hop nay hoa tan sau 5 phit. Hén hop nay dugc gitt &
nhiét d§ 50°C qua dém trong thdi gian nay két tia duge tao ra. Loc thu liy chét rin nay
va rira bang nudc va axetonitril. Hop chit nay van chira luong nho tap chét tr cong doan
trurée va can tinh ché thém. Hop chit nay dugc hoa tan trong diclometan va tinh ché bang
phuong phép sic ky nhanh trén silica gel (0% metanol/DCM dén 10% metanol/DCM) dé
thu dugc hop chét mong mudn, 1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-
yDpyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-yl)-3-hydroxypropan-1-on (Vi
du déi chiéu 1) (92g, 85%) dudi dang chét rin mau kem (Dang A): 'H NMR: (DMSO-dq)
1,4 - 1,51 (12H, m), 1,51 - 1,78 (2H, m), 1,89 - 2,05 (2H, m), 2,72 - 2,86 (1H, m), 2,91 -
3,05 (1H, m), 3,12 - 3,24 (1H, m), 3,64 (2H, q), 3,83 - 4,01 (1H, m), 4,29 - 4,41 (1H, m),
4,47 (1H, t), 4,58 (2H, q), 8,26 (2H, s), 8,85 (1H, s); [M+H]" = 470.

1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-
1,2,4-triazol-3-yl)piperidin-1-yl)-3-(tetrahydro-2H-pyran-2-yloxy)propan-1-on dugc diéu

ché nhu sau:

1,8-diazabixyclo[5,4,0Jundec-7-en (76mL, 511,14mmol) dugc bd sung vao hén

~dich chira tert-butyl 4-(5-(5-amino-6-(5-tert-butyl-1 ,3,4-oxadiazol-2-yl)pyrazin-2-yl)- 1H-
1,2,4-triazol-3-yl)piperidin-1-carboxylat (150g, 319,46mmol) trong 2-metylTHF (1,2L).
Iotetan (46mL, 575,03mmol) dugc bd sung vao va hdn hop nay dugc khudy trong 16 gio
¢ nhiét d6 35°C. Iotetan (46mL, 575,03mmol) va 1,8-diazabixyclo[5,4,0Jundec-7-en
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(76mL, 511,14mmol) dugc bd sung thém vao va tiép tuc khudy trong 24 gir & nhiét do
35°C. Hdn hop ndy dugc rét vao nuéce va loc thu 1dy chit rén khong tan, rira bing nuée
va MTBE va lam kho trong diéu kién chan khong dé thu dugc tert-butyl 4-(5-(5-amino-6-
(5-tert-butyl-1,3,4-0xadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2 4-triazol-3-yl)piperidin-1-
carboxylat (116g, 73,0%) dudi dang chét rin mau vang. Dich loc dugc chiét bfmg DCM
va dung dich hitu co dugc 1am khd bing magie sulfat, loc, va co trong diéu kién &p suét
giam. Phin cin dugc tinh ché bing phuong phap sic ky cOt nhanh trén silica bing
gradien rira gidi (30% MTBE/heptan dén 100% MTBE) dé thu dugc mé hop chit mong
mudn thi hai (12g, 24,12mmol, 7,55%) duéi dang chét rén mau vang, sau d6 tron v4i mé
hop chét mong muén thtr nhit: '"H NMR: (DMSO-dg) 1,41 (9H, s), 1,44 (9H, s), 1,48
(BH, 1), 1,52 - 1,69 (2H, m), 1,87 - 2,04 (2H, m), 2,79 - 3,03 (3H, m), 3,86 - 4,03 (2H, m),
4,59 (2H, q), 7,89 (2H, s), 8,85 (1H, s); [M+H]" = 498.

Hén dich chira tert-butyl 4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-
yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-carboxylat (3009,5g, 6,05mol)
trong DCM (9L) dugc lam lanh dén nhiét d6 nim trong khoang tir 5°C dén 10°C trong
diéu kién khi nito, TFA (9L) dugc bd sung timg giot vao hdn dich nay ddng thoi duy tri
nhiét 46 nho hon 30°C. Hén hop phan ting dugc khudy & nhiét d6 phong trong 1 giy. Hdn
hop nay dugc ¢, phan cin thu dugce dugc hoa tan trong nude (30L) va bd sung tir tir vao
dung dich nuéc amoniac 35% (12L) & nhiét d6 nim trong khoang tir 0°C dén 5°C. Han
dich nay dugc khudy trong 30 phut, sau d6 hop chit dugc loc ra va rira bing nudc (2 x
6L). Hop chat ndy dugc lam kho & nhiét do 50°C trong diéu kién chan khong trong 2
ngdy dé thu dugc 3-(5-tert-butyl-1,3,4-oxadiazol-2-yl)-5-(1-etyl-3-(piperidin-4-yl)-1H-
1,2,4-triazol-5-yl)pyrazin-2-amin ((2496g): 'H NMR: (DMSO-dg) 1,4 - 1,52 (12H, m),
1,57 - 1,73 (2H, m), 1,83 - 1,93 (2H, m), 2,57 - 2,7 (2H, m), 2,71 - 2,84 (1H, m), 2,96 -
3,09 (2H, m), 4,58 (2H, q), 8,06 (2H, s), 8,84 (1H, s); [M+H]" = 398.

BS sung timg giot O-(7—azabenzotriazo‘1-1-yl)-N,N,N',N'-tetrametyluroni
hexaflophosphat (115,73g, 0,3051mol) vao dung dich chtra axit 3-(tetrahydro-2H-pyran-
2-yloxy) propanoic (HATU, 48,80 g 0,2774mol) va N-etyl-N-isopropylpropan-2-amin
(86,96mL, 0,4993mol) trong THF (552mL) & nhiét 46 phong trong diéu kién khi nito.
Hén hop thu duge dugc khudy trong 20 phit, sau d6 3-(5-tert-butyl-1,3,4-oxadiazol-2-
y1)-5-(1-etyl-3-(piperidin-4-yl)-1H-1,2,4-triazol-5-yl)pyrazin-2-amin (122,5 g (110,25g
hoat chit), 0,2774mol) dugc bd sung tirng giot vao trong 1 gid. Sau 3,5 git, hdn hop nay

-122-



21098

dugc c6 va phan cén duoc tao hdn dich dic trong MeCN (275mL) trong 15 phit & nhiét
do phong. Hop chét dugc loc ra, rira bing MeCN (3 x 110mL) va 1am kho qua dém &
nhiét 46 50°C trong diéu kién chan khong dé thu duge 1-(4-(5-(5-amino-6-(5-tert-butyl-
1,3,4-oxadiazol-2-yl)pyrazin-2-yl)- 1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-y1)-3-
(tetrahydro-2H-pyran-2-yloxy)propan-1-on (131,9g, 96%). '"H NMR: (DMSO-d6) 1,29 -
1,48 (16H, m), 1,48 - 1,75 (4H, m), 1,83 - 1,99 (2H, m), 2,48 - 2,68 (2H, m), 2,68 - 2,79
(1H, m), 2,87 - 2,99 (1H, m), 3,07 - 3,19 (1H, m), 3,32 - 3,42 (1H, m), 3,47 - 3,6 (1H, m),
3,64 - 3,75 (1H, m), 3,75 - 3,84 (1H, m), 3,84 - 3,95 (1H, m), 4,24 - 4,39 (1H, m), 4,47 -
4,6 (3H, m), 7,84 (2H, s), 8,79 (1H, s): [M+Na]* = 577.

Quy trinh khac dé diéu ché hop chét theo vi du ddi chiéu 1

B& sung pyridin p-toluensulfonat (1 1,97g, 47,7mmol) vao hdn dich chira 1-(4-(5-
(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-
yDpiperidin-1-yl)-3-(tetrahydro-2H-pyran-2-yloxy)propan-1-on  (131,9g, 0,2382mol)
trong metanol (1045mL) trong didu kién khi nito. Hn hop phan tmg duoc khudy & nhiét
dd 60°C trong 5,5 gid, sau d6 & nhiét d§ 50°C qua dém. Hon hop phan tmg dugc 1am
lanh dén nhiét 6 0°C va chét rin dugc loc ra. Hop chét nay dugc tao hdn dich dic trong
nuge (250mL) trong 20 phut & nhiét d6 phong, loc ra, rira bing nudc (3x40mL) va lam
khd & nhiét d6 50°C trong diéu kién chan khong dé thu dugc 1-(4-(5-(5-amino-6-(5-tert-
butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-yl)-3-
hydroxypropan-1-on (2 1,4g) dudi dang tinh thé A.

" Dung dich metanol néu trén duogc c6 va chit rin thu duge duge tao hén dich dic
trong nude (0,6L) trong 20 phit & nhiét do phong. Loc phan tach chét rén va rira bing
nudc (3x100mL). Banh loc dugc tao hdn dich dic 14n thir hai trong nudce (0,5L) thém 20
phut. Loc thu 14y hop chét niy, rira bing nudce (100mL) va 1am khé & nhiét d6 50°C trong
diéu kién chan khong dé thu duoc 81,9 g 1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-
oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-y1)-3-
hydroxypropan-1-on (81,9g) duéi dang tinh thé A.

Ca hai mé dugc thu gom (103,3g), tao mam bang dang tinh thé B (16,68g) va tao
hén dich d3c trong MeCN (826mL) & nhiét 6 phong qua dém dé thu dugc 117,4 gof1-
- (4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-
3-yl)piperidin-1-yl)-3-hydroxypropan-1-on dudi dang chét rin mau vang nhat (117,4g),
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Dang B. Hop chét nay tiép tuc dugc tinh ché br?lng cach tao hdn dich dic trong heptan
(7,5 phén thé tich) trong 1 gid. Hon hop nay dugc loc, hut kho trén mang loc, va 1am kho
& nhiét d6 50°C trong 16 chin khong qua dém dé thu dugc 1-(4-(5-(5-amino-6-(5-tert-
butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-yl)-3-
hydroxypropan-1-on (102,5g) duéi dang tinh thé B.

Dang tinh thé B ciing ¢6 thé dugc diéu ché bing cach tao hdn dich dic dang tinh
thé A trong MeCN ma khong cin tao mam.

Dang tinh thé A hoic dang tinh thé B ciing c6 thé dwoc bién dbi thanh dang tinh
thé C nhu sau:

Hon dich chtta 1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-
yl)-l-etyl-1H-1,2,4-triazol—3—yl)piperidin-1-yl)-3-hydroxypropan—l-on (vi du dang tinh
thé B dugc didu ché bang quy trinh néu trén) trong IPA (12 phin thé tich) dugc gia nhiét
& nhiét d6 hdi luu cho dén khi chit rén hoa tan. Dung dich nay dugc loc néng, sau d6 1am
ngudi dén nhiét d6 phong dé thu duoc 1-(4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-
2-yl)pyrazin-2-yl)-1-etyl-1H-1,2,4-triazol-3-yl)piperidin-1-yl)-3-hydroxypropan-1-on
duéi dang chat rin mau vang nhat (99,3g, 97%) du6i dang tinh thé C.

Dang tinh thé C ciing c6 thé dugc bién dbi thanh dang tinh thé B nhu sau:

Trong binh phan tmg dung tich 10L, dang tinh thé C (377,8g, phin 1) trong MIBK
(7900mL) dugc gia nhiét dén nhiét d6 ndm trong khoang tir 110°C dén 115°C dé thu
duge dung dich. Dung dich nay duoc dé ngudi dén nhiét d6 nim trong khoéng tir 97°C
dén 103°C va loc trong ngay vao binh dung tich 50L chira hat dang tinh thé B (0,8g)
trong axetonitril (8220mL) két hop khudy & nhiét d6 -15°C. Trong qua trinh bd sung,
nhiét do trong binh dung tich S0L dugc duy tri ndm trong khoang tir -15°C va 25°C bing
cach 1am lanh vé vinh. Ba phin hop chit & dang tinh thé C dugc hoa tan trong MIBK
dugc bd sung thém vio bang ciing phwong phap. Bb sung hat dang tinh thé B (0,8g) vao
hén dich dic thu dugc, sau d6 hdn hop nay dugc khudy & nhiét d6 nim trong khoang tir
10°C dén 20°C qua dém. Két qua phén tich trong quy trinh diéu ché cho thiy dang tinh
thé mong muén B dugc tao ra va khong quan sat thdy dang tinh thé C hodc dang v6 dinh
hinh. H6n hop ndy dugc loc va rira biang axetonitril (3340mL). Chét rin nay duge lam
kho trong 10 trong 2 ngay (chit rin bi ph4 v trong qua trinh 1am kho dé thu dugc bot va
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hdn hop cac hat nhé c6 kich ¢& nim trong khoang tir Imm dén 3-4mm) dén khéi lugng

khéng d6i. Hiéu sudt =1532,8 g (93,5%)
Axit 3-(tetrahydro-2H-pyran-2-yloxy)propanoic dugc didu ché nhu sau:

B sung timg giot beta-propiolacton (175mL, 2,78mol) vao dung dich duoc khudy
- chira metanol (2,4L) va axit sulfuric dic (44,4mL, 832,61mmol) & nhiét do 0°C trong
diéu kién khi nito. Dung dich ndy dugc khudy & nhiét d6 phong trong 2 ngay. Hén hop
phéan tmg dugc 1am ngudi dén 10°C trude khi bd sung tung giot natri bicarbonat vao
(145g, 1,72mol), hdn dich thu duge dugc khudy & nhiét d6 phong trong 75 phut. Dung
dich nay duogc loc, banh loc duoc rira bﬁng metanol (800mL). Dich loc dugc 1am bay hoi
dé thu duge dau, sau d6 dugc hoa tan lai trong diclometan (1,2L) va khudy trong 60 phut
truge khi loc lai. Dung dich nay dugc loc truée khi 1am bay hoi dé thu duoc metyl 3-
hydroxypropanoat (219g, 76%) duéi dang ddu. "H NMR: (CDCl;) 2,50 (2H, t), 3,63 (3H,
s), 3,78 (2H, t).

Pyridin p-toluensulfonat (7,65g, 30,45mmol) dugc bd sung vio dung dich trong
sudt chira metyl 3-hydroxypropanoat (63,4g, 609,00mmol) va 3,4-dihydro-2H-pyran
(78mL, 852,60mmol) trong diclometan (650mL) & nhiét d6 phong trong diéu kién khi
nito dé thu dugc dung dich duc. Dung dich nay dugc khudy & nhiét d6 phong qua dém.
Hdn hop phan tng dugc rira bang nudce (250mL) va nuéc mudi (250mL) trude khi 1am
kho (MgSOy) va 1am bay hoi dé thu dugc ddu. Hop chét thé nay dugc tinh ché bing
phuong phap sic ky silica nhanh, gradien rira gi4i ndm trong khoang tir 15% dén 30%
EtOAc trong heptan. Céc phan doan tinh khiét dugc 1am bay hoi dén kho dé thu duoc
metyl 3-(tetrahydro-2H-pyran-2-yloxy)propanoat (67,7g, 59,0%) duéi dang dau khong
mau: '"H NMR: (CDCl;) 1,47 (4H, dddd), 1,55 - 1,84 (2H, m), 2,55 (2H, t), 3,33 - 3,53
(1H, m), 3,53 - 3,7 (4H, m), 3,78 (1H, ddd), 3,93 (1H, dt), 4,42 - 4,72 (1H, m); [M+H]" =
189.

Natri hydroxit (2M, 349mL, 697,58mmol) dugc bd sung vao dung dich chtra
metyl 3-(tetrahydro-2H-pyran-2-yloxy)propanoat (67,682, 359,58mmol) trong THF
(680mL) & nhiét do phong. Hon hop phan tmg duogc khudy & nhiét do phong trong 3 gio.
THF dugc loai bé trong diéu kién chan khong, sau d6 pha nuéc duge rira bing etyl axetat
(260mL), truéc khi 1am lanh dén nhiét d 0°C va axit hoa tir tir dén d6 pH = 5 bing axit
hydrocloric (2M). Hop chét dugc chiét bing etyl axetat (3 x 250mL) truéc khi 1am khd
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(MgS0Oy) va lam bay hoi dé thu dugc axit 3-(tetrahydro-2H-pyran-2-yloxy)propanoic
(57,0g, 91%) duéi dang dau trong subt. Hop chét nay duoc hoa tan trong etyl axetat
(750mL), sau d6 rira bang nuéc (3 x 250mL) va nuéc mudi (250mL) d loai béd axit
axetic con du. Dung dich hitu co dugc 1am khd (MgSO,) va 1am bay hoi dé thu dugc axit
3-(tetrahydro-2H-pyran-2-yloxy)propanoic (45,67g, 72,9%) duéi dang dau khong mau:
'H NMR: 'H NMR (CDCls) 1,43 - 1,67 (4H, m), 1,65 - 1,95 (2H, m), 2,68 (2H, t), 3,48 -
3,58 (1H, m), 3,73 (1H, dt), 3,88 (1H, ddd), 4,02 (1H, dt), 4,59 - 4,7 (1H, m); [M-H] =
173.

tert-butyl  4-(5-(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1H-
1,2,4-triazol-3-yl)piperidin-1-carboxylat dugc diéu ché nhu sau:

Hydrazin hydrat (23,59mL, 480,75mmol) dugc bd sung nhd giot vao hdn hop
dugc khudy chira metyl 3-amino-6-brompyrazin-2-carboxylat (100g, 418,04mmol) trong
EtOH (2L). Hdn hop nay dugc gia nhiét & nhiét do 50°C trong didu kién khi nito. Hén
dich dic thu duge dugc khudy & nhiét do 50°C trong 16 gi. Hydrazin (2,5mL) dugc bd
sung thém vao va hén dich nay dugc khudy & nhiét d6 50°C trong 24 gi¢ nira. Etanol
(500mL) dugc bd sung vao hdn hop phan tng dic va hdn hop ndy duge dé ngudi dén
nhiét ¢6 phong. Hon dich thu duge duge loc va chit rén rira bang etanol (1L) va 1am kho
trong diéu kién chan khong dé thu dugc 3-amino-6-brompyrazin-2-carbohydrazit (98¢,
dinh lugng) duéi dang chét rin mau kem: 'H NMR; (DMSO-dg) 4,52 (2H, s), 7,59 (2H,
s), 8,30 (1H, s), 9,74 (1H, s); [M+H]" = 232.

Pivalic anhydrit (165mL, 815,38mmol) dudc bd sung vao hon hop dugc khuéy
chira 3-amino-6-brompyrazin-2-carbohydrazit (172g, 741,26mmol) trong axetonitril
(1,8L) va hén hop niy duoc gia nhiét & nhiét do 80°C trong 1 gid. Phan tng dugc khudy
trong 16 gio. Loc thu 14y chét rin mau vang mong muén. Dich loc dugc phéan 16p giita
EtOAc (2L) va dung dich nudc natri bicarbonat (2L). Lép hitu co dugc rira bang nudc
mudi bao hoa va 1am kho b%lng MgSO,. Dung dich nay dugc loc va c¢6 dé thu dugc chét
rin dinh mau vang dugc nghién véi MTBE (250mL). Loc thu 14y chét rin mau vang
khong tan va hop chét niy 13 gidng nhu chét rén thu duge & mé tha nhit. Céc chét rén thu
gom dugc dugc lam kho trong 10 chin khong & nhiét ¢ 50°C trong 3 ngiy dé thu dugc
3-amino-6-brom-N'-pivaloylpyrazin-2-carbohydrazit (224g, 96%) du6i dang chit rin
mau vz‘m"gf 'H NMR: (DMSO-d¢) 1,17 (9H, s), 7,62 (2H, s), 8,37 (1H, s), 9,42 - 9,56 (1H,
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m), 10,09 - 10,23 (1H, m); [M+H]" =318.

B6 sung timg giot DIPEA (3,044L; 17,48mol) va p-toluensulfonyl clorua (1665g,
-8,73mol) (khoéﬁg 280g x 6) vao 3-amino-6-brom-N'-pivaloylpyrazin-2-carbohydrazit
(2301g, 7,28mol) trong MeCN (10,8L) & nhiét 46 50°C trong 30 phut. Nhiét do phan ting
dugc duy tri ndm trong khoang tir 65°C dén 70°C bang cach kiém soét tdc d(f)vbc:) sung.
Sau khi bd sung hoan toan, hdn hop phén tmg dugc khudy & nhiét do 70°C trong 1 gio.
Hon hop ndy dugc 1am ngudi dén nhiét d6 phong va dimg bang dung dich nudc NaHCO,
5% (24,2L). Hon dich thu dugc dugc khuéy trong 30 phut, sau d6 loc. Hop chét duoc rira
bang nudc (14,8L), hut khé va lam khd & nhiét do 50°C trong 16 gi. Hop chét dugc hoa
tan trong DCM (12L) va céc pha dugc phan tach. Pha hiru co dugc nap vao cot silica
(6kg) va hop chit dugc rira gidi bang 20% EtOAc/DCM (8 x 10L). Tinh ché cac phan
doan chtra hop chit mong muén bang HPLC dé thu dugc 1987 g 5-br01h-3-(5-tert-butyl-
1,3,4-oxadiazol-z-yl)pyrazin-z-amin (hiéu suét 92%) véi do tinh khiét bing 99,8% (36g,
17%): "H NMR: (DMSO-dg) 1,43 (9H, s), 7,70 (2H, s), 8,39 (1H, s); [M+H]" = 298.

Dong khi nito dugc suc vao dung dich chta 5-brom-3-(5-tert-butyl-1,3,4-
oxadiazol-2-yl)pyrazin-2-amin (89,35g, 239,75mmol) trong DMA (1,2L) trong 20 phut.
Dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin (11,43g, 23,98mmol),
tris(dibenzylidenaxeton)dipaladi(0) (5,49g, 5,99mmol), k&m (1,568g, 23,98mmol) va
kém dixyano (16,89g, 143,85mmol) dugc b sung 1an lugt vao hén hop da duge khudy.
Hén hop nay dugc gia nhiét dén nhiét ¢ 100°C va khudy trong 1 gi. Hon hop nay dugc
lam ngudi va phan 16p giita DCM (3L) va nu6e (1L). Hén hgp mau den duogc loc qua
dém xelit va 16p hitu co dugc phan tach. Dung dich nay du'qc rira bing nuéc, sau d6 béng
nuée mudi. Dung dich nay duoc 1am kho bing magie sulfat va cd trong diéu kién ap suét
giam. Phin cén dugc nghién véi MTBE va loc, rira bang MTBE. Banh loc dugc lam kho
trong diéu kién chan khong dé thu dugc 5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-
yl)pyrazin-2-carbonitril (55,7g, 95%) duéi dang ddu mau cam nhat: 'H NMR: (DMSO-
ds) 1,46 (9H, s), 6,02 (.lH, s), 8,38 (2H, s); [M-H] = 242.

Hydrazin hydrat (82mL, 1,69mol) dugc bd sung vao 5-amino-6-(5-tert-butyl-
1,3,4-oxadiazol-2-yl)pyrazin-2-carbonitril (55g, 225,18mmol) trong IPA (200mL) va hén
hop nay dugc gia nhiét & nhiét d6 50°C trong diéu kién khi nito trong -16 gio. Hon hop
nay dugc 1am ngudi trong bé nuéc da. Loc thu 14y chit két tna mong mudn, rira bang IPA
va dietyl ete va 1am kho dén khdi luong khong dbi dé thu duge (Z)-S-amino-6-(5-tert—
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butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-carbohydrazonamit (49,2g, 79%) dudi dang chét
rin mau vang: 'H NMR: (DMSO-dg) 1,45 (9H, s), 5,26 (2H, s), 5,58 (2H, s), 7,56 (2H, s),
8,75 (1H, s); [M+H] = 277.

O-(7-Azabenzotriézol-1-yl)-N,N,N',N'-tetrametyluroni hexaflophosphat (74,3g,
195,44mmol) dugc bd sung vao dung dich chta axit N-Boc-isonipecotic (41,1g,
179,15mmol) va 4-metylmorpholin (35,9mL, 325,74mmol) trong DMA (800mL). Hon
hop nay dugc khudy trong 10 phut, sau d6 (Z)-5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-
yl)pyrazin-2-carbohydrazonamit (45g, 162,87mmol) dugc bd sung vao dung dich nay
trong mdt phin (quan sat théy_ nhiét tda ra tir 22°C dén 27°C). Sau vai phut, hop chit
dugc két tinh tir hdn hop phan tng. Hon hop phén tmg dugc loai bo khéi binh phan tng
va loc qua may ling. DMA dugc bd sung thém vao dé rira hop chit tir phia céc thanh
binh phan ung (150mL) va dung dich nay dugc rét vao banh lgc. Isopropanol (600mL)
duge bd sung vao binh ndy va hop chit con du trong binh phan tmg dugc tao hdn dich
trong dung moéi nﬁyl bang cach khudy manh. Hn dich isopropanol ndy dugc sir dung dé
rira lanh loc ngay khi DMA da dugc hut ra. Banh loc duge hiit khd, sau d6 rira bing
MTBE va hit khd mot 1an nita. Banh loc dugc 1am khé trong didu kién chan khong dé
thu  duwgc  (Z)-tert-butyl  4-(2-(amino(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-
yl)pyrazin-2-yl)metylen)hydrazincarbonyl)piperidinil-carboxylat (76g, 95%) duédi dang
chit rin mau vang: "H NMR: (DMSO-dg) 1,40 (9H, s), 1,46 (9H, s), 1,63 - 1,9 (2H, m),
2,33 - 2,6 (2H, m, bi che khuét béi tin hiéu DMSO), 2,63 - 3,03 (2H, m), 3,18 - 3,48 (4H,
m, bi che khuét bdi tin hidu nudc), 3,88 - 4,11 (2H, m), 6,43 (2H, s), 7,76 (2H, br), 8,84
(0,5H, s), 8,87 (0,5H, s), 9,85 (1H, s); [M{rH]+ =488

Theo cach khéc, axit N-Boc-isonipecotic ¢6 thé dugce diéu ché tai chd nhu sau:

Axit isonipecotic (858g, 3,74mol) dugc hoa tan trong DMA (25,3L) va 4-
metylmorpholin (393mL, 3,74mol) dugc bd sung vao. Pugc khudy trong 5 phat va
isobutyl cloformat (489mL, 3,74mol) dugc bd sung vio. Hdn hop phan img dugc khudy
& nhiét 9 25°C trong 2 gi& va 1am ngudi dén 15°C trude khi (Z)-5-amino-6-(5-tert-butyl-
1,3,4-oxadiazol-2-yl)pyrazin-2-carbohydrazonamit (940g, 3,4mol) dugc bd sung timg
giot vao trong 10 phut. Hon hop phan ttng dugc khudy trong 1 dén 2 giv & nhiét do 15°C.
Nude (20,5L) duge bd sung timg giot vao trong 1 gidr va khudy trong 1 gid nira trudc khi
loc. Sau d6, banh loc dugc rira béng nude (4 x 4L) va hat kho trén mang loc trude khi
1am kho trong 16 chan khéng & nhiét do 50°C dén kho dé thu duogc hop chit mong muén.
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Axit axetic (200mL) duge bd sung vao dioxan (500mL) trong binh phén Ung hai
vé dung tich 3L va dung dich nay dugc gia nhiét dén nhiét 46 70°C trong diéu kién khi
nito. (Z)-tert-butyl 4-(2-(amino(5-amino-6-(5-tert-butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-
yl)metylen)hydrazincarbonyl)-piperidin-1-carboxylat (74,5g, 152,80mmol) dugc bd sung
timg giot vao hdn hop néng niy. Sau 10 phit nhiét d6 ting dén 100°C (hoi trao nhe).
Hén hop phén tng dugc khudy & nhiét d6 100°C trong 1,5 gis (hdn dich), sau d6 gift &
nhiét d6 80°C qua dém (dung dich dugc tao ra sau khi giit qua dém). Dung dich thu dugc
dugc co trong diéu kién 4p suét giam, sau d6 pha loéing bing toluen, 1am bay hoi dén kho,
b sung vao toluen va ¢ mot 14n nita. Cin diu dugce tron véi luong nhd etyl axetat va cd
dén khd. Chit ran dugc két tinh tir dung dich dugc nghién véi MTBE (200mL) va loc.
Banh loc dugc rira béng nuéc va MTBE dé thu dugc tert-butyl 4-(5-(5-amino-6-(5-tert-
butyl-1,3,4-oxadiazol-2-yl)pyrazin-2-yl)-1H-1,2 4-triazol-3-yl)piperidin-1-carboxylat

(50g, 70%) dudi dang chét rin mau x4m.

Dich loc dugc co trong diéu kién 4p suét giam dé thu dugc chit rin mau vang.
Hop chét nay duoc nghién v6i MTBE va loc. Banh loc duge rira bing etyl axetat, sau d6
bang MTBE d thu dugc mé hop chét thir du6i dang chét rin mau vang nhat (4,93g, 7%).
Hop chit nay 14 giéng nhu hop chét thu dugc & mé thir nhit: '"H NMR: (DMSO-d) 1,17
(94, s), 1,22 (94, s), 1,29 - 1,47 (2H, m), 1,67 - 1,78 (2H, m), 2,57 ; 2,87 (3H, m), 3,57 -
3,92 (2H, m), 7,56 (2H, br), 8,56 (1H, s), 13,47 (2H, br s); [M+H]" = 470.
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YEU CAUBAO HQ
1. Hop chét c¢6 cong thirc (I):

trong do:

R' va R? doc 1ap 1a H hoic F;
R? 12 H hodc metyl; va

hoiac:

a) R*1a Hva R’ 1a F; hoic
b)R*1aFvaR’ 13 H;

hodc mudi duge dung ctia né.

2. Hop chét theo diém 1, hodc mubi dugc dung ciia né, trong d6 hop chit nay 13 hop chét
c6 cong thac (IA):

(IA).

3. Hop chét theo diém 1 hoic 2, hodc mubi dugc dung cda no, trong do R31a hydro.

4. Hop chét theo diém 1 hoic 2, hodc mubi duge dung cia no, trong doR 12 metyl.
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5. Hop chét theo diém bit ky trong s cac diém néu trén, hodc mubdi dugc dung ctia no,
trong d6 R* 1a hydro va R’ 1a flo.
6. Hop chit theo diém bét k¥ trong sb cac diém tir 1 dén 4, hodic mudi dugc dung cida no,
trong d6 R 13 hydro va R* 1a flo.
7. Hop chét theo diém 1 hoic mudi duge dung cia nd, trong d6 hop chit nay dugc chon
tr:

axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(4-((lR,3R)-2-(2-ﬂo-2-metylpropyl)-3-metyl-2,3,4,9-tefrahydr0-1H—
pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(3,5-diflo-4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol- 1-yl)phenyl)acrylic;

axit (E)-3-(4-((1R,3R)-2-((S)-3-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(3,5-diflo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit  (E)-3-(3,5-diflo-4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit (E)-3-(4-(2-(2-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-1-yl)phenyl)acrylic;

axit  (E)-3-(3-flo-4-(2-((S)-3-flo-2-metylpropyl)-3,3-dimetyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic; va

axit (E)-3-[4-[(1R,3R)-1-doteri-2-(2-flo-2-metyl-propyl)-3-metyl-4,9-dihydro-3H-
pyrido[3,4-b]indol-1-yl]-3,5-diflo-phenyl]prop-2-enoic.

8. Hop chét theo diém 7, trong d6 hop chét nay 14 axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-
flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro- 1H-pyrido[ 3,4-b]indol-1-

yl)phenyl)acrylic, hoic mudi dugc dung ctia né.
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9. Hop chit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-bJindol-1-yl)phenyl)acrylic.

10. Hop chit axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-blindol-1-yl)phenyl)acrylic & dang tinh thé c6 miu nhifu xa
bot tia X nhu dugce thé hién trén Fig.2.

11. Duoc phém, chira hop chét co6 cong thic (I) hodc mubi duge dung ctia n6 theo diém

bét ky trong sb cac diém tir 1 dén 10, va ta duoc pha lodng hoic chit mang duoc dung.

12. Dugc phdm theo diém 11, chira axit (E)-3-(3,5-diflo-4-((1R,3R)-2-(2-flo-2-
metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrylic, hodc
- mubi dugc dung ctia no, va it nhét mot t4 duge pha lodng hodc chét mang dugc dung,
trong d6 duge phdm nay chira it hon 5% khdi lwong/khdi lrong (R,E)-3-(3,5-diflo-4-(2-
(2-flo-2-metylpropyl)-3-metyl-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium-1-
yl)phenyl)acrylat.

13. Dugc phim theo diém 12, trong d6 duoc phim nay con chira chit chéng oxy héa va
tily y con chira chit tao phirc chelat véi kim loai.

14. Ché phim két hop thich hop ding dé diéu tri bénh ung thu, chira hop chét c6 cong
thirc (I) theo diém bét ky trong sé cac diém tir 1 dén 10 hodic mubi dugc dung cta no6 va
palbociclib.

15. Ché pham két hop theo diém 14, trong d6 hop chét c6 cong thirc (I) 12 axit (E)-3-(3,5-
diflo-4-((1R,3R)-2-(2-flo-2-metylpropyl)-3-metyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-

b]indol-1-y1)phenyl)acrylic, hoic mubi dugc dung cia né.
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