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Linh vuc k¥ thuat dwoc de cap

Sang ché dé cap dén hop chét thé hién hoat tinh trc ché proteaza 3CL coronavirut
va dugc phidm bao gdbm hop chit thé hién hoat tinh Grc ché proteaza 3CL coronavirut.
Hon nita, sing ché dé& cap dén tinh thé va ddng tinh thé cia hop chat hodc mudi duge
dung cta no, thé hién hoat tinh rc ché proteaza 3CL, va dugc phém bao g@)m loai nhu

A

vay.
Tinh trang ky thuit cua sang ché

Céc coronavirut, thudc vé bd Nidovirales, ho Coronaviridae, va phan ho
Coronavirinae, 1a cac virut ARN soi don huéng duong c6 kich thuéc hé gen khoang 30
kilobazo va 16n nhét trong s6 cac virut ARN da biét. Céac coronavirut dugc phan loai
thanh bdn gidng, do 1a, gidng Alphacoronavirus, Betacoronavirus, Gammacoronavirus,
va Deltacoronavirus, va tdng cong bay loai coronavirut, bao gbm hai loai thudc gidng
Alphacoronavirus (HCoV-229E va HCoV-NL63) va nam loai thudc gidng
Betacoronavirus (HCoV-HKU1, HCoV-OC43, SARS-CoV, MERS-CoV, va SARS-
CoV-2), dugc biét dén 1a cac coronavirut 14y nhiém sang con nguoi. Trong sb chung,
bbn loai (HCoV-229E, HCoV-NL63, HCoV-HKU1, va HCoV-OC43) la céc tdc nhan
gdy bénh cim lanh thong thudng, trong luc d6 ba loai con lai la coronavirut gay hoi
chimg hd hép clp tinh (severe acute respiratory syndrome coronavirus, SARS-CoV),

coronavirut gdy hoi chimg hd hip Trung Pong (Middle East respiratory syndrome
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coronavirus, MERS-CoV), va loai coronavirut méi (SARS-CoV-2), tht ca déu gdy ra

bénh viém phoi ndng.

Bénh nhiém coronavirut méi (COVID-19) xay ra ¢ Vii Han, Trung Québc, vao
thang 12 ndm 2019, da nhanh chong lay lan ra cong ddng qudc té, va dai dich da dugc
T4 chuc y té thé gigi (WHO) cong bd vao ngay 11 thang 3 nam 2020. S6 lwong nguoi
nhiém d3 duoc xac nhan vao ngay 28 thang 1 nam 2022, 1a trén 360 triéu, va sb lugng
ti vong 1&n dén hon 5,63 triéu (tai lidu phi sang ché 1). Su nhiém bénh qua giot bén,
nhiém bénh qua tiép xtc, va nhiém bénh do sol khi dd dugc bao céo 1a cac con duong
nhiém bénh chinh ciia SARS-CoV-2, va di xdc nhan duogc réng SARS-CoV-2 tiép tuc bi
cubn di trong khong khi cung véi sol khi va duy tri tinh lay nhiém trong khoang 3 gid
(tai liéu phi sang ché 2). Thoi gian u bénh 12 khoang tir 2 dén 14 ngay, va cac triéu ching
giéng cam lanh nhu sbt (87,9%), ho khan (67,7%), khé chiu (38,1%), va dom dai
(33,4%) 1a dién hinh (tai liéu phi sang ché 3). O céc truong hop ndng, tinh trang suy ho
hédp do hdi chiing suy ho hép cép tinh, tén thuong phdi cip tinh, viém phdi mo kg, va
tinh trang twong tu xay ra. Hon nira, tinh trang suy da co quan nhu suy than va suy gan

cling da dugc béo cao.

3 Nhat Béan, nho viée tai dinh vi thude cta cdc thude hién hanh, remdesivir, 1a
thube khang virut, dexametason, la thube chéng viém, va baricitinib, 1a thudc tri bénh
viém khop, da dugc phé duyét lam chat tri liéu chong lai COVID-19, va vao thang 1
ndm 2022, tocilizumab, 1a khang thé thu thé khang IL-6, da dugc nhén phé duyét b
sung. Hon nita, vao thang 7 ndm 2021, ronapreve (casirivimab/imdevimab), 1a mot lidu
phap hén hop khang thé, da duoc phé duyét 1a truong hop phé duyét dac biét, vao thang

9 niam 2021, sotrovimab da dugc phé duyét la truong hop phé duyét déc biét, va vao
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thang 12 nam 2021, molnupiravir d3 duoc phé duyét la truong hop phé duyét dac biét.
Chua thu dugc bing chung diy dt vé hiéu qua va dd an toan cua cac loai thudc nay. Do

6, bit budc phai tao ra cac chét trj liéu chéng lai COVID-19.

Khi nhi®m vio cac té bio, cac coronavirut tong hop hai polyprotein. Trong hai
polyprotein ndy, cic protein cAu trc dé tao ra cac hat virut méi, cac phuc chét sao chép
tao ra hé gen virut, va hai proteaza dugc bao gdm. Cac proteaza dong mot vai tro khong
thé thiéu duoc dé phan cit cac polyprotein dugc tong hop boi cac virut va lam cho moi
protein trong s6 cac protein nay hoat dong. Giita hai proteaza nay, proteaza 3CL

(proteaza chinh) chiu phan 16n su phan cit clia cac polyprotein (tai liéu phi sang ché 4).

Lién quan dén cac chét tri lidu COVID-19 nhdm vao céc proteaza 3CL, dd dugc
cong bd trén Clinical Trials.gov rang cac thit nghiém pha 1b dbi véi Lufotrelvir (PF-
07304814), 1a tién chit cua PF-00835231, di dugc hoan thanh bdi cong ty Pfizer Inc
(NCT04535167). Hon nita, vao thang 3 ndm 2021, Pfizer Inc. da thong bao ring céc thu
nghiém pha 1 dbi voi PF-07321332, mot chét tri ligu chéng lai cac bénh nhiém
coronavirut, s€ dugc bit dau. Cac cong thirc cu tao ctia PF-00835231, Lufotrelvir va
PF-07321332 13 nhu duoc thé hién dudi ddy, va céc cht nay khac biét véi hop chat cua
sang ché v& chu tric héa hoc (céc tai liéu phi sang ché 5, 12 va 13 va cdc tai liéu sing

ché 6 va 7).
PF-00835231:

OMe 0O NH

N o
)
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Lufotrelvir (PF-07304814):

Gdth

PF-07321332:
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N
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Hon nita, vao thang 7 nam 2021, da duoc cong bd trong ClinicalTrials.gov rang
céc thir nghiém pha 2/3 dbi v6i hdn hop gdm PF-07321332 va ritonavir nhim vao cac
bénh nhan COVID-19 ¢6 céc yéu t nguy co cao s& dugc bat dau (NCT04960202). Hon
nita, vao thang 11 nim 2021, dd c6 bao cdo trén website cua Pfizer rang PAXLOVID
(TM) (PF-07321332; ritonavir) 1am gidm nguy co nhap vién hodc tr vong dén khoang
89% & c4c bénh nhan trudng thanh c6 nguy co cao so véi placebo (tai liéu phi sang ché
14). Hon nita, vao thang 12 ndm 2021, PAXLOVID (TM) da dugc phé duyét dé sir dung
trong truong hop khén cdp & My, va vao ngay 10 thang 2 ndm 2022, Paxlovid®PACK
duoc phé duyét 1a truong hop phé duyét dac biét ¢ Nhat Ban.

Cac hop chét ¢6 hoat tinh (rc ché proteaza 3CL dugc boc 10 trong cac tai liéu phi
sang ché 5 dén 8; tuy nhién, cac hop chét lién quan dén sang ché hoic khong dugc md

ta hoac khong duogc dé xuét trong tai liéu bét ky trong sb cac tai liéu nay.
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Céc din xuét triazin va cac din xudt uraxil c6 hoat tinh dbi khang thu thé P2X;
va/hodc P2Xy/3 da duge boc 19 trong cac tai li€u sang ché 1 dén 4 va 8 dén 12; tuy nhién,
hoat tinh tc ché proteaza 3CL va téc dung khang virut khong dugc mé ta hodc khong

duoc dé xuat trong tai liu bat ky trong so cac tai li€u nay.

Céc din xuit triazin c6 cac tac dung khang u da dugc boc 10 trong cac tai liéu phi
sang ché 9 dén 11; tuy nhién, hoat tinh trc ché proteaza 3CL coronavirut va cac tac dung
khéang virut khéng dugc md ta trong tai liéu nao trong sb cac tai lidu ndy, va cac hgp
chét lién quan dén sang ché khong dugc mod ta hodc khong duge dé xuét trong tai liéu

bét ky trong 36 cac tai liéu nay.

Céc din xuit triazin c6 tac dung didu hoa thu thé galanin da dugc bdc 10 trong tai
liéu sang ché 5; tuy nhién, hoat tinh trc ché proteaza 3CL coronavirut va cac tac dung
khang virut khong duge md ta trong tai liu nay, va cac hop chit lién quan dén séng ché

khong duge md ta hosic khong duge dé xuat trong tai ligu nay.
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Ban chét ky thuit ciia sing ché
Vén dé can duoc giai quyét béi sang ché

Muc dich cta sang ché 1a dé xuét hop chét c6 hoat tinh G ché proteaza 3CL
coronavirut. Tét hon 13, sang ché @& xuét hop chit ¢6 hoat tinh khang virut, dac biét 1a
hoat tinh tc ché sao chép coronavirut, va thudc bao gf‘)m hop chét nay. Hon nita, mot
muc dich khéc cta sang ché 1a d& xuit dang tinh thé va dong tinh thé ctia hop chét hodc

mubi duoc dung ciia no, thé hién hoat tinh trc ché proteaza 3CL va thubc chira ching.
Cach thirc d& giai quyét vin dé
Sang ché dé cap dén cac muc sau day.

(1)  Hop chét dugc biéu dién boi cong thire (I):

)

Y)l\N/(CR5aR5b)m—R1

re MK (h

X l}l @)
(?R43R4b)n
RZ

trong do:

Y 1a N, hoic CR7;

R7 1a nguyén t&r hydro, hodc alkyl dugc thé hoic khong dugc thé;

R! 1a di vong thom dugc thé hodc khong dugce thé, di vong khong thom duogc thé

hodc khong duogc thé, carbamoyl duoc thé hoic khong duge thé, hoic amino dugc thé

hoic khong duoc thé;

R2 13 vong cacbon thom dugc thé hogc khong dugc thé (véi didu kién 1a para-

flophenyl, para-clophenyl, va para-metylphenyl dugc loai trir), vong cacbon khong thom
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duoc thé hodic khong duge thé, di vong thom duge thé hoac khong duoc thé, di vong

khéng thom duge thé hodc khong dugc thé, hodc alkyl dugc thé hodc khong dugc the;

R3 1a vong cacbon thom dugc thé hoac khong dugc thé, vong cacbon khong thom
dugc thé hodc khong dugc thé, di vong thom duoc thé hoac khong duoc thé, hoac di

vong khong thom dugc thé hodc khong dugc thé;
_X- 14 -NR®-, -CRRY -, -O-, -S-, hoic lién két don;

mdi RS va R® doc lap 1a nguyén tir hydro, hogc alkyl dugc thé hogc khong duge

thé;
m béng 0, 1, hodc 2;
m3i R doc 14p 12 nguyén tir hydro, hodc alkyl dugc thé hodc khong dugc thé;
mdi R doc 1ap 12 nguyén tir hydro, hogc alkyl dugc thé hogc khong duge thé;
n bf?mg 0, 1, hoac 2;
mdi R* ddc 1ap 1a nguyén tir hydro, hodc alkyl dugc thé hoic khong duge thé;
mdi R* ddc 1ap 1a nguyén tir hydro, hodc alkyl dugc thé hoic khong duoc thé;

v6i diéu kién 1a cac hop chat sau ddy dugc loai trur:
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hodc mudi dugc dung cia no.

(AA1) Hop chét dugc biéu dién boi cong thirc:

/

\ N//_"{N

N QN

o T
I

ﬁ/kN/&O

hodc mudi duoc dung cta no.

(AA1”) Hop chét dugc biéu dién boi cong thic:

10

10/84
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N/)\N/go

F F

hodc mudi dugc dung cua nd.

(AA2)Duogc pham bao gbém hop chét theo muc bat ky trong s6 cac muc (AA1)

hodc (AA1’) néu trén, hodc mudi duge dung cua nod.

(AA3) Chat trc ché proteaza 3CL coronavirut bao gbm hop chét theo muc bét ky
trong s6 cac muc (AA1) hodc (AA1’) néu trén, hodc mudi duge dung cua no.

(AA4) Chat rc ché sao chép coronavirut bao gdm hop chét theo muc bét k¥ trong
s6 cac muc (AA1) hodc (AA1’) néu trén, hodc mudi duoc dung cta no.

(AAS) Chét (rc ché sao chép coronavirut theo muc (AA4) néu trén, trong do

coronavirut 12 alpha coronavirut va/hodc beta coronavirut.

(AA6) Chét tic ché sao chép coronavirut theo muc (AA4) néu trén, trong do

coronavirut 1a SARS-CoV-2.

(AA7)Phuong phap dé didu tri va/hodc phong nglra bénh li€n quan dén cac
proteaza 3CL coronavirut, trong d6 phuong phap nay dugc dic trung boi viee s dung
hop chét theo muc bat ky trong s6 cac muc (AA1) hodc (AA1) néu trén, hodc mudi
dugc dung cua nd.

(AA8) Hop cht theo muc bt ky trong s6 cac muc (AA1) hodc (AAL”) néu trén,
hodc mudi dugc dung cta no, dé st dung dé diéu tri va/hodc phong ngira bénh lién quan

dén cac proteaza 3CL coronavirut.

11
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(1B) Phitc chit bao gdm hop chét duge bicu dién béi cong thie (I-B):

F F

va axit fumaric.

(2B) Phtrc chit theo muc (1B) néu trén, trong d6 hop chat dugc biéu dién boi

cong thac (I-B):

/

\ N

,N\ o NN

N J
N HN/U\N
PPN

F F

va axit fumaric c6 mat theo ty 1€ mol 1:1.
(3B) DPong tinh thé axit fumaric theo muc (1B) hoac (2B) néu trén.

(4B) Pong tinh thé axit fumaric dang I theo muyc (3B) néu trén, thé hién mau
nhiéu xa bot tia X ¢6 cac dinh ¢ cac goc nhiéu xa (20): 9,5+0,2°, 10,9+0,2°, 18,6+0,2°,

23,5+0,2°, va 24,6+0,2°.

(5B) Déng tinh thé axit fumaric dang I theo muc (3B) néu trén, thé hién mau
nhidu xa bot tia X ¢6 cac dinh & cac goc nhidu xa (26): 7,8+0,2°, 9,5+0,2°, 10,1+0,2°,

10,9+0,2°, 13,8+0,2°, 14,7+0,2°, 18,6+0,2°, 22,6+0,2°, 23,5+0,2°, va 24,6+0,2°.

12
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(6B") Pong tinh thé axit fumaric dang I theo muc (3B) néu trén, thé hién phé
Raman c6 céc dinh phd Raman ¢ 676,3cm™ + 2cm™, 748,0cm™ + 2cm™, 1029,3cm™ +
2em™, 1374 4cm + 2cm!, 1515,5cm™ & 2em™, 1665,7cm ™ + 2cm, 1715, 7cm™! £
2eml, va 1739,1cm™ + 2cm™.

(6B) Dugc pham bao gdm ddng tinh thé theo muc bat ky trong s6 cac muc (3B)
dén (5B) va (6B’) néu trén.

(7B) DPong tinh thé axit fumaric dang I theo muc (3B) néu trén, trong d6 dang
nay c6 dit li¢u tinh thé hoc khi duoc do & 298K (25°C) dugc dac trung bai dit liéu tinh
thé hoc sau day:

Nhoém khong gian: P-1

a=8,4A=0,5A

b=11,7A+0,5A

¢ = 15,2A+0,5A
o = 83,8°+0,5°
B =78,9°+0,5°
y=177,1°%0,5°

(8B) Péng tinh thé axit fumaric dang I theo muc (3B) néu trén, trong d6 dang
nay c6 dit liéu tinh thé hoc khi duge do & 298K vé can ban la theo dit liéu tinh thé hoc

sau day:
Nhém khong gian: P-1

a=8,4374A

13
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b=11,6780A
c=15,1612A
o= 83,827°
B=178,868°
y=77,147°

(9B) Pdng tinh thé axit fumaric dang I theo muc (3B) néu trén, dugc dac trung

boi phd (cac phd) va/hodc dudng cong duge chon tir (a) dén (c) sau day:

(a) phd nhiéu xa bot tia X vé co ban 13 tuong tng véi Fig.1;

(b) phd Raman vé co ban la twong tmg va6i Fig.3;

(c) dudng cong do nhiét lugng quét vi sai vé co ban 1a tuong tng voi Fig.4.

(10B) Duoc phém bao gdm ddng tinh thé theo muc bat ky trong sb cac muc (7B)
dén (9B) néu trén.
Tac dung cua sang ché

Hop chét cua sang ché c6 hoat tinh (rc ché chdng lai cac proteaza 3CL coronavirut
va ¢6 thé duoc s dung lam chét tri lidu (diéu tri) va/hodc chéat du phong (ngan ngira)
céc bénh nhiém coronavirut.

Ngoii ra, duge phm bao gdm dong tinh thé axit fumaric cia hop chét (1-0115)
rét hiru hiéu ding 1am chat tri 1iéu d6i voi cac bénh nhiém coronavirut méi (COVID-

19).

14



49592 -

Mo ta van tat cac hinh vé

Fig.1 thé hién mAu nhidu xa bot tia X ctia ddng tinh thé axit fumaric dang I (dang
1) cita hop chat dugc biéu dién bsi cong thire (I-B). Truc hoanh biéu dién 26(°), va truc

tung biéu dién cudng do (s6 dém).

Fig.2 thé hién cAu tric phan ti theo don vi khong dbi xtmg ctia dong tinh thé axit

fumaric dang I (dang I) ctia hop chét duoc biéu dién boi cong thire (I-B).

Fig.3 thé hién phd Raman cta dong tinh thé axit fumaric dang T (dang I) ctia hop
chéit dwoc biéu didn boi cong thire (I-B). Truc hoanh biéu dién do dich chuyén Raman

(cm™!), va truc tung biéu din cuong do dinh.

Fig.4 thé hién cac két qua ctia phép phan tich DSC cua ddng tinh thé axit fumaric
dang I (dang T) ctia hop chét dugc biéu dién boi cong thic (I-B). Truc hoanh biéu dién

nhiét do (°C), va truc tung biéu dién dong nhiét chuén hoa (W/g).

Fig.5 thé hién miu nhiéu xa bot tia X cla dang tinh thé ctia mubi kali dang I
(dang I) ciia hop chét duge biéu dién boi cong thire (I-B). Truc hoanh biéu dién 26(°),
va truc tung biéu dién cudng dd (sb6 dém).

Fig.6 thé hién phd Raman cua dang tinh thé ctia mudi kali dang I (dang I) cla
hop chét dugc biéu dién béi cong thic (I-B). Truc hoanh bidu di2n do dich chuyén
Raman (cm™'), va truc tung biéu dién cuong dd dinh.

Fig.7 thé hién mAu nhidu xa bot tia X cua dong tinh thé axit sucxinic dang I (dang
T) ctia hop chét dugc biéu dién boi cong thire (I-B). Truc hoanh biéu dién 20(°), va truc

tung biéu dién cudong do (so dém).
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Fig.8 thé hién phd Raman ciia ddng tinh thé axit sucxinic dang I (de_ing I) ctia hgp
chét dugc biéu didn boi cong thire (I-B). Truc hoanh biéu dién do dich chuyén Raman

(cm™), va tryc tung biéu dién cudong do dinh.

Fig.9 thé hién mAu nhiéu xa bot tia X clia dang tinh thé ctia anhydrit dang I (dang
) ciia hop chét dugc biéu didn boi cong thire (I-B). Truc hoanh biéu dién 26(°), va tryc

tung biéu dién cudng do (so dém).

Fig.10 thé hién phé Raman cta dang tinh thé ctia anhydrit dang I (dang I) cua
hop chét dugc biéu didn béi cong thic (I-B). Truc hoanh biéu dién do dich chuyén

Raman (cm™), va truc tung biéu dién cuong do dinh.

Fig.11 thé hién mAu nhidu xa bot tia X cla dang tinh thé cta mudi natri dang I
(dang I) ctia hop chét dugc biéu dién boi cong thire (I-B). Truc hoanh biéu dién 26(°),

va truc tung biéu dién cuong do (so dém).

Fig.12 thé hién ph6 Raman cua dang tinh thé ctia mudi natri dang I (dang I) cua
hop chat dugc biéu dién boi cong thie (I-B). Truc hoanh bidu dién do dich chuyén
Raman (cm™!), va truc tung biéu dién cudong do dinh.

Fig.13 thé hién céc két qua cua phép phan tich TG/DTA cua dang tinh thé cua
mudi natri dang I (dang I) ciia hop chit dugc biéu dién béi cong thirc (I-B). Truc tung
bidu didn dong nhiét (uV) hodc sy thay doi trong luong (%), va truc hoanh biéu dién

nhiét d9 (°C). Cel trong biéu d6 c6 nghia la do Xenxiut (°C).
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Mb ta chi tiét sang ché

Sau day, y nghia cua mdi thuat ngit duge st dung trong ban mo ta ndy s& dugc
mo ta. Trir khi c6 quy dinh dac biét khac, mdi thuat ngit dugc st dung theo cung mat

nghia, hodc mdt minh hodc phoi hop v6i cac thuédt nglt khéc.
Thuét ngit “gdm c6” c6 nghia la chi ¢ cdc nguyén t6 cau thanh.

Thuat ngft “bao gdbm” c6 nghia 1a cac nguyén t6 khong bi giGi han & cac nguyén

t6 cAu thanh, va cac nguyén t6 ma khdng duoc mod ta khong bi loai trir.

Sau day, sang ché s& duoc mo ta trong luc do thé hién cac phuong an vi du. Trong
sudt ban md ta nay, nén hiéu r%mg, trir khi duge quy dinh theo cach khéac, mot dién dat
cia dang sd it cling bao gbm khai niém cua dang sé nhidu ciia né. Do d6, cin hiéu rang,
trir khi ¢6 quy dinh dac biét theo cach khéc, dang s it (chdng han, trong trudng hop tir

“mot”, hodc twong tu) cling bao gdm khai ni¢ém cua dang so nhiéu cda no.

Hon nita, cin hiéu rﬁmg, trir khi c¢6 quy dinh dac biét theo cach khac, cac thuat
ngit dugc sit dung trong ban mo ta nay dugc su dung theo céc nghia thong thudng dugce
sir dung trong linh vyc k¥ thuat da duge mo ta & trén. Do do, trir khi dugc xéac dinh theo
cach khac, tit ca cac thuat ngit va thuat ngit khoa hoc va k¥ thuét dugc su dung trong
ban mo ta nay c6 cac y nghia gidng nhu thuong duoc hiéu bai ngudi ¢6 k§ nang trong
linh vuc ma sang ché thudc vé. Trong trudng hop ngugc lai, wu tién duoc duara cho ban

mob ta nay (bao gbm cic dinh nghia).

“Halogen” bao gbm nguyén ti flo, nguyén tir clo, nguyén tir brom, va nguyén tir

iot. Dic biét 13, nguyén ti flo va nguyén t clo la duge uu tién.
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“Alkyl” bao gdm cac nhém hydrocacbon mach thang hoic mach nhanh mdi
nhém c6 tir 1 dén 15 nguyén ti cacbon, t5t hon 1a tir 1 dén 10 nguyén ti cacbon, t5t hon
nita 1a tr 1 dén 6 nguyén tr cacbon, va ngay ca t6t hon nita 12 tir 1 dén 4 nguyén tu
cacbon. Cac vi du bao gdbm metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, isohexyl, n-heptyl, isoheptyl, n-octyl,

isooctyl, n-nonyl, va n-dexyl.

Céac phuong an dugc vu tién cia “alkyl” bao gbm metyl, etyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, va n-pentyl. Cac phuong an dugc wu ti€n hon bao

gdm metyl, etyl, n-propyl, isopropyl, va tert-butyl.

“Vong cacbon thom” c6 nghia la nhém hydrocacbon thom mach vong c6 mot
vong hodc hai hodc nhiéu vong. Cac vi du bao gdm phenyl, naphtyl, antryl, va phenantryl.

Céc vi du vé vong cacbon thom 6 canh bao gbm phenyl.

“Dj vong thom” c6 nghia 1a vong thom c6 mot vong ho#c hai hoac nhiéu vong,
ma c¢6 mdt hodc nhidu di nguyén t giong hodc khac nhau tay y dugc chon tr O, S, va

N trong (céc) vong.

Di vong thom c6 hai hodc nhiéu vong con bao gdm di vong thom c6 mot vong
hodc hai hodc nhidu vong, ma mot vong trong “vong cacbon thom” dugc ngung tu, va
lien két két néi ¢6 thé duoc thuc hién bang vong bét ky trong sb cac vong nay.

Di vong thom c6 mot vong tot hon 1a vong ¢6 tir 5 dén 8 canh, va tdt hon nira 1a
vong 5 canh hogc 6 canh. Céc vi du vé di vong thom 5 canh bao gbm pyrolyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, furyl, thienyl, isoxazolyl, oxazolyl,

oxadiazolyl, isothiazolyl, thiazolyl, va thiadiazolyl.
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Di vong thom c6 hai vong t6t hon 13 vong c6 tir 8 dén 10 canh, va tét hon nita
1a vong 9 canh hodc 10 canh. Cac vi du bao g@)m indolyl, isoindolyl, indazolyl,
indolizinyl, quinolinyl, isoquinolinyl, xinolinyl, phtalazinyl, quinazolinyl,
naphtyridinyl, quinoxalinyl, purinyl, pteridinyl, benzimidazolyl, benzisoxazolyl,
benzoxazolyl, benzoxadiazolyl, benzisothiazolyl, benzothiazolyl, benzothiadiazolyl,
benzofuryl, isobenzofuryl, benzothienyl, benzotriazolyl, imidazopyridyl,
triazolopyridyl, imidazothiazolyl, pyrazinopyridazinyl, oxazolopyridyl, va
thiazolopyridyl. Céc vi du vé di vong thom 9 canh bao gdm indolyl, isoindolyl,
indazolyl, indolizinyl, purinyl, benzimidazolyl, benzisoxazolyl, benzoxazolyl,
benzoxadiazolyl, benzisothiazolyl, benzothiazolyl, benzothiadiazolyl, benzotriazolyl,

benzofuranyl, imidazopyridyl, triazolopyridyl, oxazolopyridyl, va thiazolopyridyl.

Céc vi du vé cac nhom thé cta “di vong thom dugc thé hodc khong dugc the”

trong R! bao gdm:
halogen; xyano; hydroxy;

alkyl duoc thé (cac vi du vé cac nhom thé bao gdm halogen, hydroxy, carbamoyl, vong

cacbon thom, vong cacbon khdng thom); alkyl khong dugc thé;
alkyloxy khong duoc thé;
alkyloxycacbonyl khong dugc thé;

vong cacbon thom khong dugc thé. N6 c6 thé duge thé béng mot hodc nhiéu nhom duge
chon tr cac nhom thé nay.
Cac vi du vé cac nhom thé cua “vong cacbon thom dugc thé hoic khong dugc

e
A

thé&” trong R% bao gom:
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halogen; xyano;
alkyl duogc thé (cac vi du v& cac nhom thé bao gdbm halogen); alkyl khong dugc thé;

alkyloxy dugc thé (cac vi du v& cac nhom thé bao gdbm halogen, vong cacbon thom);
alkyloxy khong duoc thé. N6 co thé duogc thé béng mot hodc nhiéu nhom dugc chon tur

cac nhom the nay.

Cac vi du vé cac nhom thé cua “di vong thom dugc thé hoac khong duogc thé”

trong R3 bao gdm:
halogen; hydroxy;

alkyl dugc thé (cac vi du vé cac nhom thé bao gdm halogen, hydroxy, alkyloxy,
haloalkyloxy, alkylamino, alkylcacbonylamino, alkylcarbamoyl, alkylsulfonyl, vong
cacbon khong thom, di vong khong thom); alkyl khong duge thé. N6 ¢6 thé duogc thé

br:ing mot hoac nhiéu nhém duoc chon tir cac nhom thé nay.

Cic hop chét dugce biéu dién bi cong thire () khong bi gioi han ¢ cac chét dong
phén cu thd, ma con bao gdm tat cA cac chat dong phan co thé (vi du, chét dong phan
keto-enol, cac chit dong phan imin-enamin, cac chit ddng phan khong d6i quang, cic
chét dong phan quang hoc, cic chét ddng phén quay, v.v.), cac raxemat hodc cac hon
hop cia chiing. Chéing han, hop chat ¢6 cong thire (), trong d6 Y la N-va X la NH bao
gdm cac tautome sau day.

O (@]
N/U\N}s’ _— ‘N/U\Nj"‘
R M A ~— Ry

H
N~ ~O N)\N @)

N
- s

Chang han, hop chéit (I-0115) bao gbm cac tautome sau day.
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M@f ho#ic nhidu nguyén tir hydro, cacbon, va/hodc nguyén tir khac cla cac hop
chét dugc biéu dién bai cong thie (I) co thé duoc thé bang (cic) chét ddng vi clia nguyén
ttr hydro, cacbon, va/hodc nguyén tu khac, tuong ung. Céac vidu vé céc chét déng vi nhu
vay bao gdm hydro, cacbon, nito, oxy, phospho, luu huynh, flo, iot, va clo, nhu trong
cac truong hop cua 2H, 3H, ''C, 13C, "C, PN, 180, 170, 31p, 32p, 358, BF, 123], va 3¢C],
tuong Gng. Cac hop chit duogc biéu dién béi cong thirc (I) con bao gdm céac hop chét
duoc thé bang cac chit déng vi nhu vay. Cac hop chét duge thé bang cac chét dong vi
cling co thé dugc st dung lam cac san phérn dugc va bao gém tit ca cac dang dugc danh
d4u phéng xa cua cac hop chit duge biéu dién bsi cong thuc (I). Hon nita, “phuong
phap danh dau phéng xa” dé tao ra “cac dang dugc danh diu phong xa” cling dugc bao
gdm trong sang ché, va “dang dugc danh ddu phong xa” ¢o thé duoc sir dung lam céc
cdng cu cho céac nghién ciru duge dong hoc chuyén hoa, cdc nghién ctiru vé thir nghiém

gan két, va/hodc chan doan.

Hon nita, dang tinh thé cta sang ché co thé ciing 12 dang dugc doteri héa. Dang
tinh thé cua séng ché ¢o thé ciing c6 thé duoc danh diu bang cac chét ddng vi phong xa
(ching han, *H, “C, S, va '»°1).

Céc dang dugc danh d4u phong xa ctia cac hop chét duogc biéu dién boi cong thie

(I) ¢6 thé duoc didu ché bing cic phuong phap da biét r3 trong linh vuc thich hop.
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Chéing han, hop chat dugc biéu dién boi cong thirc (I) duge danh dau triti ¢6 thé duoc
didu ché bing cach dua triti vao trong mot hop chét duge biéu dién boi cong thire (I) cu
thé, bang phan tng kh loai halogen xuc tac bang cach st dung triti. Phuong phap nay
bao gdm viéc lam cho céc tidn chét thu duoc bang cach thé thich hop céc hop chéit dugc
biéu dién béi cong thirc (I) bing halogen, phan Gng v6i khi triti v6i sy c6 mét ciia chét
xuc tac thich hop, chéng han, Pd/C va véi sy c6 mat hodc Véng mit cua bazo. Vé céac
phuong phap thich hop khac dé didu ché cac hop chét duge danh d4u triti, “Isotopes in
the Physical and Biomedical Sciences, Vol. 1, Labeled Compounds (Part A), Chapter 6
(1987 ¢6 thé duoc tham khao. Hop chat dugc danh déu MC co thé duogc diéu ché bang

cach st dung nguyén liéu thd c6 cacbon *C.

Céac vi du vé cac mudi dugc dung cua cac hgp chét duoc biéu dién béi cong thirc
(I) bao gém cac mubi ctia cac hop chit dugc biéu dién bdi cong thuce (I) véi cac kim loai
kidm (chéng han, lithi, natri, va kali), céc kim loai kiém th6 (chéng han, canxi va bari),
magie, cac kim loai chuyén tiép (chéng han, k€m va sét), amoniac, cac bazo hitu co
(chéng han, trimetylamin, trietylamin, dixyclohexylamin, etanolamin, dietanolamin,
trietanolamin, meglumin, etylendiamin, pyridin, picolin, va quinolin), va cac axit amin,
hodc cac mudi véi cac axit vo co (chrfmg han, axit clohydric, axit sulfuric, axit nitric, axit
cacbonic, axit bromhydric, axit phosphoric, va axit iodohydric) va céac axit hitu co
(ch?mg han, axit formic, axit axetic, axit propionic, axit trifloaxetic, axit xitric, axit lactic,
axit tartric, axit oxalic, axit maleic, axit fumaric, axit sucxinic, axit mandelic, axit
glutaric, axit malic, axit benzoic, axit phtalic, axit ascorbic, axit benzensulfonic, axit p-
toluensulfonic, axit metansulfonic, axit etansulfonic, va axit trifloaxetic). Céc mubi nay

¢6 thé duge tao ra theo cac phuong phap thuong duoc thuc hién.
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Céc hop chét dugc biéu dién bai cong thue (I) clia sang ché hodc cac mubi dugc
dung cua chung co thé tao ra céac solvat (ching han, cac hydrat), cac hat ddng tinh thé,
va/hoidc cac dang da hinh tinh thé, va sang ché con bao gbm cac solvat, cac hat ddng
tinh thé, va cac dang da hinh tinh thé khac nhau nhu vay. “Céc solvat” ¢6 thé ¢6 cac hop
chéit duoc biéu didn bai cong thire (I) duge phdi tri véi sb luong bat ky cla cac phan
dung moi (chéng han, cac phén t& nude). Hon nita, cac dang da hinh tinh thé c6 thé dugc
tao ra bing cach két tinh lai cac hop cht duoc biéu dién boi cong thire (I) hodc cac mudi

dugce dung cua chung.

“Tinh thé&” nhu dugc st dung trong ban mo ta nay c6 nghia la chét rn trong d6
cac nguyén tlr, cac ion, cic phan tir cAu thanh, va tuong ty dugc sip xép déu dan trong
khong gian ba chiéu, va dugc phan biét voi chit ran vo dinh hinh ma khong cé cAu trac
bén trong déu dan nhu vay. Tinh thé ciia sang ché co thé 1a don tinh thé, song tinh, da

tinh thé, hodc loai twong tu.

Hon nita, “tinh thé” ¢6 thé bao gbm “cac dang da hinh tinh thé” ma c6 cing mot
thanh phan nhung c6 cac cach sip xép khac nhau trong tinh thé, va céc hat tinh thé bao

¢dm céc dang da hinh tinh thé nay dugc goi 1a “céc dang tinh thé”.

Ngoai ra, cac hop chéit dugc biéu dién béi cong thire (I) co thé dugc chuyén hoa
thanh ciac mudi duoc dung cua chung hodc cac solvat dugc dung cia cac hop chit va
cdc mudi nay. Tinh thé ctia sang ché c6 thé 1a loai bat ky trong s6 cac mudi, cac hydrat,
céc solvat, va cac dang da hinh tinh thé, va ngay ca cléc hdn hop cua hai hodc nhiéu loai

dwoc du dinh dé dugc bao gbm trong pham vi cua sang ché.
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Dang tinh thé va do két tinh c6 thé dugc do bang nhiéu cong nghé bao gdm, ching
han, phép do nhiéu xa bot tia X, phé Raman, phé hép thu héng ngoai, phép do hép thu

va giai hap nudc, phép do nhiét luong quét vi sai, va cac dac tinh hoa tan.

“Béng tinh th&” nhu duoc st dung trong ban mod ta nay c6 nghia la, chéng han,
hop chét dugc biéu dién bai cong thire (I-B) va phan tir dbi duoc sép xép déu dan trong
cung mdt mang tinh thé, va c6 thé bao gdm sé luong bit ky ctia cac phén tir déi. Hon
nita, dong tinh thé ngu ¥ ring su twong tac lién phan tir gitra hop chit va phén tr dbi lien
quan dén trong tac hoa hoc khong cong hoa tri va khong ion nhu lién két hydro va lyc
van der Waals. Pong tinh thé dugc phan biét véi mudi tir quan diém 1a hop chét nay gan
nhu khong mang dién hodc trung tinh. Pdng tinh thé dugc phan biét voi hydrat hodc

solvat tir quan diém la phan tir dbi khong phai 1a nude hodc dung moi.

Phtic chét bao gdm hop chit dugc biéu dién boi cong thuc (I-B) clia sang ché bao

gbm, theo nghia rong, mudi, ddng tinh thé va hop chét clathrat, ho#c solvat cta ching.

“§olvat” nhu dugc st dung trong ban md ta nay c6 nghia la, ching han, vé cac
hop chét dugc bidu din boi cong thie (1) va cong thirc (I-B), cac hop chét va s6 luong

bét ky ctia cc phan tir dung moi dwgce bb tri ¢6 tinh déu dan.

Céac vi du vé cac phén tir dung moi bao gém axetonitril, clobenzen, cloroform,
xyclohexan, 1,2-dicloeten, diclometan, 1,2-dimetoxyetan, N,N-dimetylaxetamit, N,N-
dimetylformamit, 1,4-dioxan, 2-etoxyetanol, etylen glycol, formamit, hexan, metanol,
2-metoxyetanol, metyl butyl keton, metylxyclohexan, N-metylpyrolidon, nitrometan,
pyridin, sulfolan, tetralin, toluen, 1,1,2-tricloeten, xylen, axit axetic, anisol, 1-butanol,
2-butanol, n-butyl axetat, t-butyl metyl ete, cumen, dimetyl sulfoxit, etyl axetat, dietyl

ete, etyl format, axit formic, heptan, isobutyl axetat, isopropyl axetat, metyl axetat, 3-
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metyl-l-butanol, metyl etyl keton, metyl isobutyl keton, 2-metyl-1-propanol, pentan, 1-
pentanol, 1-propanol, 2-propanol, propyl axetat, tetrahydrofuran, nude (nghia la, hydrat),
etanol, axeton, 1,1-dietoxypropan, 1,1-dimetoxymetan, 2,2-dimetoxypropan, ‘isooctan,
isopropyl ete, metyl isopropyl keton, metyltetrahydrofuran, ete dau mé, axit tricloaxetic,
va axit trifloaxetic ; tdt hon 12 axit axetic, anisol, 1-butanol, 2-butanol, n-butyl axetat, t-
butyl metyl ete, cumen, dimetyl sulfoxit, etyl axetat, dietyl ete, etyl format, axit formic,
heptan, isobutyl axetat, isopropyl axetat, metyl axetat, 3-metyl-1-butanol, metyl etyl
keton, metyl isobutyl keton, 2-metyl-1-propanol, pentan, 1-pentanol, 1-propanol, 2-
propanol, propyl axetat, tetrahydrofuran, nudc (nghia 13, hydrat), etanol, axeton, 1,1-
dietoxypropan, 1,1-dimetoxymetan, 2,2-dimetoxypropan, isooctan, isopropyl ete, metyl
isopropyl keton, metyltetrahydrofuran, ete dAu mo, axit tricloaxetic, va axit trifloaxetic ;
va tot hon nita 1a nudc (nghia 13, hydrat), etanol, axeton, 1,1-dietoxypropan, 1,1-
dimetoxymetan, 2,2-dimetoxypropan, isooctan, isopropyl ete, metyl isopropyl keton,

metyltetrahydrofuran, ete diu mo, axit tricloaxetic, va axit trifloaxetic.

Hon nita, cac hop chit dugc bidu dién boi cong thirc (1), hodc cac mudi duge
dung, céac hat ddng tinh thé, va cac phirc chét ctia cac hop chit hép thu 4m bing cach dé
yén trong mdi truong khi va c6 thé co nuéc hép thu bam vao d6 hodc co thé tao ra cac

hydrat.

Cac hop chit dugc biéu dién boi cong thie (I) cla sang ché hoic cac mudi duogc
dung ctia chung ¢o6 thé tao ra céc tién chét, va sang ché con bao gdm cac tién chét khac
nhau nhu vay. Tién chét 1a dan xuit ctia hop chét cua sang ché c6 nhom c6 thé bi phan
hiy hoa hoc hodc chuyén héa, va 1a hop chét ma tré thanh hop chit c6 dugc tinh cua

sang ché in vivo nho sy dung moi phan hodc cac diéu kién sinh ly. Céc tién chat bao
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gdm céc hop chét duogc oxy hoa bang enzym, khtr, thuy phan, va twong tu trong cac diéu
kién sinh ly trong co thé sbng va dugc chuyén héa thanh cac hop chét dugc biéu dién
bdi cong thire (I); cac hop chit duoc thiy phan bang axit da day hodc loai twong ty va
duoc chuyén héa thanh cac hop chét dugc biéu dién boi cong thue (I); va twong ty. Cac
phuong phép dé lua chon va san xuét dan xuat tién chét thich hop dugc md ta trong,
chéng han, “Design of Prodrugs, Elsevier, Amsterdam, 1985”. Tién chét c6 thé ty no co

hoat tinh.
Nhiéu xa bot tia X (Powder X-ray diffraction, XRPD)

Nhiéu xa bot tia X (XRPD) la mot trong sb cac phuong phap phan tich ¢ dd
nhay cao nhét dé do dang tinh thé va do két tinh cia chét rin. Khi tia X dugc duge chiéu
vao tinh thé, cac tia dugc phan xa & cic mét phéng mang tinh thé, giao thoa v6i nhau,
va thé hién cac vach nhiéu xa c6 trat ty tdt twong ing v6i chu ky ciia chu truc. Mt khac,
trong chét rén v6 dinh hinh, hién tuong nhiéu xa khong xay ra vi chét rin vo dinh hinh
thuong khong c6 chu ky 1ap lai ¢ trat tu tbt trong cAu tric, va thé hién mau rong XRPD

khong duoc dinh 1o dic diém (con duge goi 12 mau halo).

Céac dang tinh thé ctia hop chat duogc biéu dién boi cong thic (I-B) co thé dugc
nhan biét boi cac mAu nhiéu xa bot tia X va cac dinh nhiéu xa dic trung. Cac dang tinh
thé cia hop chét dugc biéu dién boi cong thire (I-B) co thé dugc phan biét véi cac dang
tinh thé khac bdi su c6 mit cta cac dinh nhiéu xa dac trung.

Céc dinh nhidu xa dic trung dugc st dung trong ban mo ta nay 1a cac dinh duoc
chon tir mau nhiéu xa di quan sat dugc. Cac dinh nhiéu xa dic trung tdt hon 12 duoc
chon tir khoang 10 dinh, t6t hon nita 1a khoang 5 dinh, va thdm chi tdt hon nita 1a khoang

3 dinh, trong mau nhiéu xa.
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Khi phén biét nhidu hat tinh thé, mot dinh duge xac dinh trong tinh thé thich hop
va khong duogc xac dinh trong céc hat tinh thé khac trd thanh dinh dic trung dugc uu
tién dé dinh ro dic diém tinh thé, chir khong phai 1a cuong do cua dinh. V6i cac dinh
dic trung nhu vdy, ngay cd mot hogic hai dinh c6 thé dinh rd dic diem tinh thé. Khi céac
bidu dd thu dugc bang phép do dugc so sanh va cac dinh ddc trung nay dugc phat hién

1a trung khdp, c6 thé ndi rang cac mAu nhiéu xa bot tia X vé co ban 1a trung khop.

No6i chung, vi goc nhiéu xa (20) trong nhiéu xa bot tia X c6 thé gdy ra sai s6 trong
khoang +0,2°, can hiéu réng gia tri ciia goc nhidu xa cta nhiéu xa bt tia X con bao gém
cac gia tri sb nim trong khoang +0,2°. Do d6, khong chi céc hat tinh thé trong d6 cac
gbc nhiéu xa cta dinh trong nhidu xa bot tia X hoan toan trung khdp, ma con cdc hat
tinh thé trong d6 cac goc nhiu xa cta cac dinh trang khép véi sai s6 khoang +0,2°,

duoc bao gdbm trong sang ché.

Noi chung, biét duge rang cuong do cua dinh dugc chi ra trong cac bang va cac
hinh v& sau day co thé dao dong do nhiéu yéu 9, ching han, anh hudng cia sy dinh
hudng c6 chon loc clia cac hat tinh thé ddi v6i chum tia X, anh hudng cta cac hat thé,
d6 tinh khiét ctia chét cAn phan tich, hoge d9 két tinh clia mau. Hon nita, vi tri dinh ¢6
thé ciing bi dich chuyén dua trén sy dao dong cia chiéu cao mau. Ngoai ra, khi vi tri
dinh duoc do béng cach st dung cic bude song khac nhau, cac do dich chuyén khéac
nhau ¢6 thé thu dugc theo phuong trinh Bragg (nA=2dsin6); tuy nhién, cac mau XRPD
khac c6 thé thu duge bang cach st dung cac bude song khac nhur vay con dugc bao gdm

trong pham vi cua sang ché.

Phan tich cAu trac don tinh thé
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Theo mot trong s cac phuong phép dé xéc dinh dac diém tinh thé, cac thong sd
tinh thé hoc ddi véi tinh thé c6 lién quan, cling nhu cac toa do nguyén tir (céc gié tri thé
hién méi quan hé vi tri trong khong gian cua mdi nguyén tir) va mo hinh cAu tric ba
chidu co6 thé thu‘ duge. Xem “Guidance on X-ray Structural Analysis”, tac gia Toshio
Sakurai, xuat ban bodi Shokabo Co., Ltd. (1983); X-Ray Structure Determination: A
Practical Guide, tac gia Stout & Jensen, Macmillan Co, New York (1968); va tai liéu
trong tu. Khi céac cAu trac tinh thé cta phirc chat, mudi, chit déng phan quang hoc,
tautome, va chét déng phén hinh hoc nhu sang ché dugc xé4c dinh, viéc phan tich cAu

tric don tinh thé 13 ¢6 loi.
Phd Raman

Phé Raman thé hién cac dic tinh dao dong ctia hé phan tir hodc hdn hop. Ngudn
gdc ciand nam & cac va cham khong dan hdi gifta cac phan tir va cac photon, la cac hat
anh sang bao gdm ca cc tia sang. Cac va cham gitra cac phén tr va cc photon dan dén
su thay ddi nang lugng, ma dan dén sy thay ddi nang lugng, va do d6 budc song cua cac
photon thay ddi. Nghia 1a, vi phé Raman la vach phé cO cac budc song rat hep, duogc
phat ra khi cac photon t&i phan tir quan tam, laze va loai twong tu dugc sir dung lam cac
ngudn sang. Budc song cia mdi vach Raman dugc biéu thi bang su dich chuyén buéc
song so véi anh sang téi, va day la su khéc biét gitta vach Raman va gia tri nghich dao
cia bude song cua anh sang téi. Phé Raman 1a dé do trang thai dao dong ctia cac phan

ttr, va diéu nay dugc xac dinh bai clu trac phén tir ctia chung.

N6i chung, vi cac dinh phd Raman (cm™) c6 thé ghy ra cac sai sO trong khoang
+2¢m!, can hiéu ring céc gia tri cua cic dinh phd Raman da néu ¢ trén con bao gdom

céc gia tri s trong khoang +2cm. Do d6, khong chi cac tinh thé ma c6 cac dinh phd
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Raman trong phd Raman hoan toan tring khép, ma con cac tinh thé c6 cac dinh phd

Raman trung khdp véi céc sai s6 khoang +£2cm’!, dugc bao gOm trong sang ché.
Phép do nhiét lugng quét vi sai (Differential scanning calorimetry, DSC)

DSC 1a mdt trong sb cac phuong phap do quan trong dé phan tich nhiét va la
phuong phap do cac dac tinh nhiét cua mot chét dudi dang mot tdp hop cla cac nguyén
tlr va cac phan tur.

Puong cong do nhiét luong quét vi sai thu dugc béng cach do su thay ddi nhiét
tri lién quan dén nhiét d¢ hodc lién quan dén thoi gian cua thanh phan c6 dugc tinh bang
DSC va vé s6 liéu thu duoc so v6i nhiét do hodc thoi gian. T dudng cong do nhiét
lwong quét vi sai, thong tin vé nhiét do khoi dau o thoi diém néng chay cia thanh phan
duoc tinh, gié tri 16n nhét cua dudng cong dinh thu nhiét lién quan dén su nong chay, va

entalpy co thé thu dugc.

V& DSC, biét réng nhiét do can dugc quan sat co thé phu thudc vao tbc d6 thay
dbi nhiét do ciing nhu ky thuat chudn bi mau va thiét bi cu thé dugc st dung. Do do,
“diém nong chay” trong DSC dung dé chi nhiét do khoi dau khong c6 kha nang bi anh
huéng béi ky thuat chudn bi mAu. Khoang sai s doi voi nhiét do khoi dAu c6 thé thu
dwoc tir duong cong do nhiét lugng quét vi sai la khoang £2°C. Pbi v6i su nhan biét
danh tinh cta cac tinh thé, khong chi diém néng chay ma con ca mo hinh téng thé déu

quan trong, va co thé c6 mot sb thay dbi phu thudc vao cac diéu kién do va thiét bi do.

Phan tich nhiét vi sai va phan tich nhiét trong ddng thoi (differential thermal analysis va

thermogravimetric analysis, TG/DTA)
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TG/DTA 1a mot trong s cic phuong phap do quan trong dé phan tich nhiét va la
phuong phap do trong lugng va c4c dac tinh nhiét cua mot chit du6i dang mot tap hop

ciia cac nguyén tr va cac phén tu.

TG/DTA la phuong phap do su thay dbi trong luong va nhiét tri lién quan dén
nhiét do hodc lién quan dén thoi gian cta thanh phan duge tinh, va dudng cong TG
(thermogravimetric) va DTA (differential thermal) thu duoc bang cach v& dir liéu thu
duoc so v6i nhiét d hogc thoi gian. T duong cong TG/DTA, thong tin vé sy thay dbi
trong lugng va nhiét tri lién quan dén su suy giam, khir nude, oxy hoéa, kht, thang hoa,

va bay hoi ctia thanh phan duoc tinh c6 thé thu dugec.

V& TG/DTA, biét rang nhiét do can dugc quan sat va mirc thay d6i trong luong
¢6 thé phu thudc vao toc do thay doi nhiét do cling nhu k thuat chudn bi mAu va thiét
bi cu thé duge st dung. Do do, “diém nong chay” trong TG/DTA dung dé chi nhiét do
khoi dau c6 kha nang khong bi anh hudng bdi k¥ thuat chuén bi miu. D& nhan biét do
ddng nhét ctia cdc hat tinh thé, khong chi diém néng chay ma con ca toan bd mau déu

quan trong, va co thé co mot $6 thay dbi phu thudc vao cac diéu kién do va thiét bi do.

Vihgp chét theo sang ché c6 hoat tinh rc ché proteaza 3CL coronavirut, hop chét
nay co thé duoc st dung lam chét tri liéu va/hodc du phong bénh lién quan dén cac
proteaza 3CL coronavirut. Khi thuat ngir “chét tri liéu va/hodc du phong” dugc st dung
trong sang ché, diéu nay con bao gbém chét cai thién triéu ching. Bénh li€n quan dén céac

proteaza 3CL coronavirut ¢6 thé 1a cac bénh nhiém virut, va tot hon la céac bénh nhiém

coronavirut.
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Theo mdt khia canh, coronavirut ¢ thé 1a loai coronavirut 14y nhiém cho con
nguoi. Coronavirut l1ay nhiém cho con nguoi c6 thé 1a HCoV-229E, HCoV-NL63,

HCoV-HKU1, HCoV-OC43, SARS-CoV, MERS-CoV, va/hodc SARS-CoV-2.

Theo mot khia canh, coronavirut ¢6 thé 14 Alphacoronavirus va/hoac

Betacoronavirus, va tot hon nita 1a Betacoronavirus.

Theo mot khia canh, Alphacoronavirus ¢ thé 12 HCoV-229E va HCoV-NL63.

Pic biét 1a tdt hon 13, Alphacoronavirus c6 thé 1a HCoV-229E.

Theo mot khia canh, Betacoronavirus co thé 1a HCoV-HKU1, HCoV-OC43,
SARS-CoV, MERS-CoV, va/hodac SARS-CoV-2. Betacoronavirus ¢ thé 1a HCoV-

0C43 hoic SARS-CoV-2, va dac biét 1a t6t hon 1a SARS-CoV-2.

Theo mot khia canh, Betacoronavirus co thé 12 Betacoronavirus dong A (B-
coronavirut dong A), Betacoronavirus dong B (B-coronavirut dong B), va
Betacoronavirus dong C (B-coronavirut dong C). Betacoronavirus ¢6 thé tot hon nita 1a
Betacoronavirus dong A (B-coronavirut dong A) va Betacoronavirus dong B (B-
coronavirut dong B) va déc biét 1a t4t hon 1a Betacoronavirus dong B (B-coronavirut
dong B).

Theo mot khia canh, Betacoronavirus c6 thé 12 Betacoronavirus clia giong phu

Sarbecovirut.

Cac vi du v& Betacoronavirus dong A (B-coronavirut dong A) bao gdm HCoV-
HKU1 va HCoV-OC43, va tt hon 1a HCoV-OC43. Céc vi du vé Betacoronavirus dong
B (B-coronavirut dong B) bao gdbm SARS-CoV va SARS-CoV-2, va t5t hon 12 SARS-

CoV-2. Betacoronavirus dong C (B-coronavirut dong C) ¢6 thé 1a MERS-CoV.
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Theo mot khia canh, coronavirut co thé 12 HCoV-229E, HCoV-OC43, va/hoac

SARS-CoV-2, va dac biét 1a tdt hon 12 SARS-CoV-2.

Céc bénh nhiém coronavirut co thé 13 cac bénh nhiém giy ra boi HCoV-229E,
HCoV-NL63, HCoV-OC43, HCoV-HKU1, SARS-CoV, MERS-CoV, va/hodc SARS-
CoV-2. Tét hon 1, cdc bénh nhidm coronavirut c6 thé 1 cac bénh nhiém gy ra bdi
HCoV-229E, HCoV-OC43, va/hoic SARS-CoV-2, va ddc biét 1a t5t hon 14 bénh nhiém
gy ra boi SARS-CoV-2.

Céc bénh nhiém coronavirut co thé dic biét 1a tbt hon 1a cac bénh nhiém
coronavirut méi (COVID-19).

Phuong phép @8 tao ra hop chat clia sing ché

Cac hop chét dugc biéu dién boi cong thire (I) theo sang ché c6 thé duge san xut
bing, ching han, phuong phéap tdng hop chung duge md ta dudi day. Déi véi vie chiét,
tinh ché, va tuong tu, cac bién phap xur ly dugc thuc hién trong cac thi nghiém héa hoc
hitu co thong thudng co6 thé duoc thuc hién.

Céc hop chét ctia sang ché c6 thé dugc san xuét dua vao cac k¥ thuat da biét
trong linh vuc nay. Chéng han, cac hop chét c6 thé dugc san xuat dua vao
WO02010092966, W02012020749, WO2013089212, W02014200078,

W02012020742, va WO2013118855.

Phuong phéap A: Khi Y 1a N, va X 1a NR® hogc O
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trong do Alk 1a C1-C3 alkyl; Lg' 1a nhom roi chuyén; va cac ky hi¢u tham chiéu
khac v6i cac ky hiéu c6 cung cac ¥ nghia nhur duge mo ta 6 trén.
Budc thir nhat

Hop chét (a-1), hodc hydroclorua hodc bromat cia n6 dugc phan ing voi
isoxyanat (a-2) hodc 1-carbamoylimidazol (a-2") trong dung moi nhu N,N-
dimetylformamit, N,N-dimetylaxetamit, N,N’-dimetylimidazolidinon, dimetyl sulfoxit,
hodc THEF, véi su ¢6 mit cua bazo nhu DBU, trietylamin, N,N-diisopropyletylamin,
hodc pyridin (tét hon 13, DBU), & nhiét do nam trong khoang tir -20°C dén 50°C, va
5t hon 14 tir -10°C dén didu kién 1am ngudi bing nudc da. Sau dé, hop chét (a-3) co

thé duoc san xuét bang céch cho hdn hop phan tng phan (g v6i chét cacbonyl hoa
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nhu 1,1°-cacbonyldiimidazol, phosgen, hodc triphosgen, va bazo nhu DBU,
trietylamin, N,N-diisopropyletylamin, hodc pyridin (t6t hon 13, DBU), ¢ nhiét do nim
trong khoang tir -20°C dén 50°C, va tét hon 1a tir -10°C dén diéu kién lam ngudi bang

nudc da.
Budc thr hai

Hop chit (a-5) ¢6 thé duoc san xuit bang cach cho hop chét (a-3) phan tng voi
hop chét (a-4) trong dung modi nhu axetonitril, axeton, DMEF, hodc DMSO, v6i su ¢6 mat
ctia bazo nhu kali cacbonat, natri cacbonat, hodc N,N-diisopropyletylamin, O nhiét do
ndm trong khoang tr 50°C dén didu kién gom gia nhiét trong diéu kién hdi luu, va tbt
hon Ia trong didu kién gdm gia nhiét trong diéu kién hoi luu.

Céc vi du vé nhom rdi chuyén bao gbm halogen va -OSO2(CiFa+1), trong do t 1a
sb nguyén nam trong khoang tir 1 dén 4. Halogen tdt hon 1a clo, iot, va brom, va nhom

-0SO,(CiFae1) tot hon 1a nhém -OTf (este cua axit triflometansulfonic).
Budc thr ba

Hop chét duge biéu didn boi hop chit (I-a) ¢6 thé duge san xuét bang cach cho
hop chét (a-5) phan ung v6i hop chét (a-6) hodc hop chét (a-6”) trong dung moi nhu
NMP, DMF, DMA, DMSO, tert-butanol, hodc 2-metyl-2-butanol, véi sw c6 mat hodc
Véng mit cia cta axit nhu axit axetic, & nhiét do nam trong khoang tir 60°C dén 150°C,

va tét hon 1a tir 80°C dén 120°C.

Vi hop chét clia sang ché ¢6 hoat tinh e ché proteaza 3CL coronavirut, hop chét

nay co thé duoc st dung 1am chét tri liéu va/hodc du phong cac bénh nhiém coronavirut.
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Hon ntta, hop chét cta séng ché ¢co cong dung nhu mot loai thubc, va tdt hon 13,

hop chét cua sang ché co bét ky mot hodc nhiéu d4u hiéu vuot trdi sau day.

a) Hoat tinh rc ché chéng lai cac enzym CYP (chéng han, CYP1A2, CYP2C9,

CYP2C19, CYP2D6, va CYP3A4) la yéu.

b) Thé hién dugce dong hoc thoa dang nhu do sinh kha dung cao va d¢ thanh thai

thich hop.

¢) P9 on dinh chuyén hoa cao.

d) Khong thé hién hoat tinh tc ché khong thuan nghich d6i v6i cac enzym CYP
(chang han, CYP3A4) trong khoang ndng do cuia cac diéu kién do dugc mo ta trong ban
mo ta nay.

e) Khong thé hién tinh gay dot bién.

f) Nguy co tim mach thép.

g) Thé hién d6 hoa tan cao.

h) Ty 1¢ khong gén két vai protein (gia tri fu) cao.

1) Thé hién d chon loc proteaza 3CL coronavirut cao.

1) Thé hién hoat tinh (rc ché sao chép coronavirut cao. Chéng han, thé hién hoat

tinh wc ché sao chép coronavirut cao khi huyét thanh nguoi (human blood serum, HS)
hodc albumin huyét thanh ngudi (human serum albumin, HSA) duogc bd sung.

V& chét trc ché sao chép coronavirut, chrfmg han, mot khia canh trong d6 theo tac
dong CPE (SARS-CoV-2) s€ dugc mo ta dudi day, chéng han, ECso nho hon hodc béng
10pum, tét hon 1a nhd hon hogc bing 1pm, va tot hon nita 1a nhé hon hodc bang 100nM,
c6 thé duoc dé cap dén
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Hon nita, mubi, dang tinh thé, hdn hop, va dong tinh thé cta hop chét theo sang
ché ¢6 cong dung dudi dang thube, va tét hon 13, chiing ¢6 mot hodc nhiéu diu hiéu vuot

trdi sau day.

bb) Thé hién duogc dong hoc thoa dang nhu do sinh kha dung cao, do thanh thai

thich hop, AUC cao, va nf”)ng do tdi da trong mau cao.
gg) Thé hién do6 hoa tan cao, do dn dinh héa hoc cao, va cac dac tinh hat Am thép.

Dugc pham ctia séng ché co6 thé duoc st dung bang hodc phuong phap qua duong
miéng hodc phuong phap ngoai duong tiéu hoa. Cac vi du vé phuong phap st dung
ngoai duong tiéu hoa bao gdm sir dung qua da, dudi da, trong tinh mach, trong dong
mach, trong co, trong mang bung, qua niém mac, x0ng hit, qua duong miii, nho mét,

nho tai, va trong am dao.

Trong trudng hop st dung qua duong miéng, duoc phim c6 thé dugc didu ché
thanh dang liéu dung bét ky thuong duge st dung, nhu ché phim ran dé dung trong
(chéng han, vién nén, ché phém bét, ché phém hat, vién nang, vién tron, hoéc ché phém
mang), hodc ché phdm léng dé dung trong (ching han, hdn dich, nhil tuong, cdn ngot,
xi r0, nudc chanh, ché phém ruou thubc, ché phém nudc thom, phﬁn chiét, thude séc,
hodc con thuéc) va duoc st dung. Vién nén co thé 12 vién bao dudng, vién nén bao mang,
vién nén bao tan trong rudt, vién nén giai phong duy tri, vién ngam det, vién nén ngam
duéi ludi, vién nén dung trong khoang miéng, vién nén nhai dugc, hodc vién nén phin
rd qua duong miéng; ché pham bot va ché pham hat c6 thé 1a céc loai xi ro khan; va vién

nang c6 thé 1a vién nang mém, vi nang, hodc vién nang giai phong duy tri.

Trong truong hop st dung ngoai duong tiéu hoa, duge pham c6 thé thich hop

dugc str dung ¢ dang lidu dung bat ky thudng dugc st dung, nhu ché pham tiém dugc,
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loai ding dé tiém truyén, hoic ché phéfn dung ngoai (ching han, thudc nho mét, thude
nho miii, thudc nhé tai, khi dung, thudc xong hit, thudc xtc, thude tAm, dau xoa bop,
chét xtic miéng, thudc thut, thudc m& thude cao, jel, kem, miéng thudc cao, thube dép,
ché phdm bot dé dung ngoai, hoic thudc dan). Ché pham tiém dugc c6 thé 12 nhii twong
loai dau trong nudce (oil/water, O/W), nude trong diu (W/0), du trong nudc trong dau

(O/W/0), hodc nudc trong dau trong nudc (W/O/W), hodc loai tuong tu.

Duoc pham c6 thé thu duoc bang cach tron lwgng hitu hi¢u ctia hop chét ctia séng
ché véi cac chat phu gia dung trong duoc pham thich hop d6i v6i dang liéu dung, nhu
ta duoc, chat két dinh, chét 1am ré, va chét lam tron, néu can. Hon nita, dugc phém co
thé duogc bao ché thanh duoc phém dé str dung cho tré em, nguoi gia, bénh nhan méc
bénh nang, hoac phﬁu thuat, b%mg cach thay ddi mdt cach thich hgp luong hitu higu cia
hop chét cua sang ché, dang liéu dung, va/hodc cac chét phu gia dung trong dugc pham.
Chéng han, dugc phém dé st dung cho tré em c6 thé dugc str dung cho tré so sinh (dudi
4 tudn sau khi sinh), tré 3m ngtra (tir 4 tudn sau khi sinh dén dudi 1 ndm tudi), tré em
fruée khi dén truomg (tir 1 tudi dén dudi 7 tudi), tré em (tir 7 tudi dén dudi 15 tudi), hodc
bénh nhan tr 15 tudi dén 18 tudi. Chéng han, dugc phém cho nguoi gia cd thé duoc st

dung cho bénh nhén 65 tudi hodc gia hon.

Mong mudn dit lugng st dung cua duge pham clia séng ché (ching han, dugc
phim bao gdm ddng tinh thé axit fumaric dang I cua hop chét dugc biéu dién béi cong
thirc (I-B)), sau khi xem x¢t tudi va trong lugng co thé caa bénh nhan, loai va mirc do
ctia bénh, dudng st dung, va tuong tu; tuy nhién, trong truong hop st dung qua duong
miéng, lugng st dung thuong nam trong khoang tur 0,05 dén 200mg/kg/ngay va t6t hon

1a trong khoang tr 0,1 dén 100mg/kg/ngay. Trong trudong hop st dung ngoai dudng tiéu
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hoa, lugng st dung co thé thay do6i nhiéu phu thudc vao dudng sir dung; tuy nhién, luong
st dung thuong nam trong khoang tur 0,005 dén 200mg/kg/ngay va tbt hon 1a trong
khoang tir 0,01 dén 100mg/kg/ngay. Lugng nay co thé duoc st dung mot 1An mot ngay

hodc vai lan mot ngay.

Hop chat clia sang ché c6 thé duge st dung phdi hop voi, chang han, mot chét tri
lidu khac déi véi cac bénh nhiém coronavirut méi (COVID-19) (chét tri liéu bao gdm
thudc da dugc chép thuin va thudc dang dugc phat trién hodc s& duoc phat trién trong
tuong lai) (sau day, duoc goi la thudc dong hanh), cho muc dich tang cudng tac dung
cua hgp cht, giam lugng st dung cta hop chit, hoic muc dich tuong tu. G thoi diém
nay, viéc xac dinh thoi gian st dung hop chit cua sang ché va thudc ddng hanh khong
bi giéi han, va chung c6 thé dugc st dung déng thoi cho muc tiéu st dung hodc ¢d thé
dugc st dung voi su khac bi€t vé thoi gian. Hon nita, hop chét clia sang ché va thude
ddng hanh c6 thé duge st dung dudi dang hai hodc nhidu loai ché phAm, mdi ché phim
bao gdm cac hoat chét, hodc c6 thé duge st dung dudi dang mot ché phdm duy nhét bao

gdm céc hoat chét nay.

Luogng su dung cua thudc d@)ng hanh c6 thé dugc chon thich hop dya trén lidu
lugng dugc st dung trong 14m sang. Hon nira, ty 1€ pha tron ctia hop chit ctia sang ché
va thudc ddng hanh ¢6 thé dugc chon thich hop theo dich sir dung, duong st dung, bénh
dich, céc triéu chung, sy phéi hop, va tuong tu. Chéng han, khi dich st dung la con
nguoi, thi co thé st dung thude ddng hanh véi lugng nam trong khoang tir 0,01 dén 100

phan trong lugng so véi 1 phan trong lugng cua hop chét cta sang ché.
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Vi du thye hién sang ché

Sau day, sang ché s& dugc md ta chi tiet hon nho cac vi du, cac vi du tham chiéu,
va céc vi du thr nghiém; tuy nhién, sang che khong duoc du dinh bi gidi han boi cac vi

du nay.

Hon nita, cac chit viét tit dugc sit dung trong ban mo ta nay ¢ cac y nghia sau

day.
Boc: tert-butoxycacbonyl
DBU: 1,8-diazabixyclo[5.4.0]-7-undexen
DMA: N,N-dimetylaxetamit
DMF: N,N-dimetylformamit
DMSO: dimetyl sulfoxit
DTT: dithiothreitol
EDC: 1-etyl-3-(3-dimetylaminopropyl)carb odiimit
EDT: 1,2-etandithiol
EDTA: axit etylendiamintetraaxetic
FBS: huyét thanh bao thai bo
HOBT: 1-hydroxybenzotriazol
LHMDS: lithi bis(trimetylsilyl)amit
MEM: M6i truong co ban ti thiéu Eagle (Eagle’s Minimum Essential Medium)

NMP: N-metylpyrolidon
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TFA: axit trifloaxetic
THEF: tetrahydrofuran
mM: mmol/l
uM: pmol/l
nM: nmol/l

Phuong phéap xac dinh hop chit

Phan tich NMR thu dugc trong mdi vi du dugc thuc hién & 400MHz, va phép do
nay duogc thuc hién bﬁng cach str dung DMSO-ds va CDCls. Hon nita, khi dir liéu NMR

duoc thé hién, co céac truong hop trong do tht ca cac dinh do dugc khong duge mo ta.

Thuat ngit RT (retention time) trong ban m6 ta nay cho biét thoi gian luu trong
phén tich sic ky long/phd khdi (liquid chromatography mass spectrography), va thoi

gian luu dugc do trong cac didu kién sau day.
Céac diéu kién do 1

Cot: ACQUITY UPLC (nhan hiéu da dang ky) BEH C18 (1,7um duong kinh
trong 2,1 x 50 mm) (Waters)

Tbc do dong: 0,8ml/phut

Budc song phat hién UV: 254nm

Pha dong: [A] 12 dung dich nudc chira 0,1% axit formic, va [B] la dung dich

axetonitril chra 0,1% axit formic.

Gradien: Gradien tuyén tinh tir 5% dén 100% dung moi [B] dugc thuc hién trong

3,5 phut, va sau d6 100% dung moéi [B] dugc duy tri trong 0,5 phut.
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NgAu nhién 13, trong ban mé ta nay, phan m6 ta MS (m/z) cho biét gia tri duoc

quan sat bang cach phan tich khéi lwong.
DPo mAu nhiéu xa bot tia X

Nhiéu xa bot tia X do cac hat tinh thé thu duoc trong mdi vi du duogc thuc hién
theo phuong phap do nhiéu xa bot tia X dugc mo ta trong phan Céc phuong phéap thir
nghiém chung ctia Duogc dién Nhat Ban (Japanese Pharmacopoeia). Cac diéu kién do

duoc thé hién dudi day.
Thiét bi
SmartLab dugc san xuat by Rigaku Corporation
Phuong phap hoat dong
Phuong phép do: phuong phép phan xa
Budc song duge st dung: birc xa CuKa
Dong qua 6ng: 200mA
Dién ap 6ng: 45kV
Pfia dung miu: nhom
Goc téi cua cac tia X: 2,5°
Do rong liy mau: 0,02°
Bo phat hién: HyPix-3000 (phuong thirc phat hién hai chiéu)
Phuong phép do va phan tich dé phan tich cAu trac don tinh thé
Céc didu kién do va phuong phap phan tich dé phan tich céu tric don tinh thé s&
dugc mé ta dudi day.
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Thiét bi

XtaLAB P200 MMO007 duoc san xuét by Rigaku Corporation
Cac didu kién do

Nhiét d do: 25°C

Budc song duge st dung: birc xa CuKa (A= 1,5418A)

Phin mém: CrysAlisPro 1.171.39.46e (Rigaku Oxford Diffraction, 2018)
X ly dit liu

Phan mém: CrysAlisPro 1.171.39.46e (Rigaku Oxford Diffraction, 2018)

Dit lidu dugc xtt Iy Lorentz va hiéu chinh phén cuc va hiéu chinh hép thu.
Phan tich cdu tric tinh thé

Viéc xé4c dinh pha dugc thuc hién bang cach st dung chuong trinh phuong phép
truc tiép, ShelXT (Sheldrick, G.M., 2015), va lién quan dén viéc sang loc, phuong phéap
binh phuong téi thiéu toan ma trin duge thyc hién bang cach sir dung ShelXL (Sheldrick,
G.M., 2015). Cac yéu t6 nhiét do cta cac nguyén tir khong phai la hydro déu dugc sang
loc bang tinh di hudng. Cac nguyén t hydro dugc dua vao theo cach tinh toan bang
cach st dung cac tham s6 mic dinh ctia ShelXL va dugc coi la cac nguyén tu bi han ché.

T4t ca cac nguyén ti hydro dugc sang loc bang céc tham s6 dang huéng.

Pé xay dung Fig.2 va Fig.4, PLUTON (Spek, 1991)/ORTEP (Johnson, 1976)

dugc st dung.

Do Raman phd

42



49592 -

Viéc do phé Raman cua cac hat tinh thé thu dugc trong mdi vi du duoc thuc hién.

Céc didu kién do duoc thé hién duéi day.

Thiét bi do: RAMANTouch Vis2-NIR-SNU (duge san xudt by Nanophoton

Corporation)
Phuong phap do: phd ké Raman laze hién vi
Budc song laze: 671nm
Ludi nhiu xa: 600 khe/mm
B0 phat hién: bd phat hién CCD
Vat kinh: 50 x (NA 0,80)
S6 luong tich liy: 3 dén 10 lan
Thoi gian phoi sang: 1 dén 10 giay
Do nhiét lugng quét vi sai (DSC)

Khoang 3mg mau thu dugc trong mdi vi du duoc cin trong dia nhom udn mép,
va viéc do DSC duoc thye hién. Céc diéu kién do dugc thé hién dudi day. Ngau nhién
1a, trong phép do nay dugc thuc hién bang phép do nhiét lugng quét vi sai (DSC), sai s6

¢6 thé xuét hién trong khoang +2°C.
Thiét bi: TA Instrument Q1000/TA Instrument
Khoang nhiét do do: 0°C dén 295°C
Téc d6 tang nhiét do: 10°C/phut
MBoi truong khi: Na 50ml/phit

Do dit liéu TG/DTA
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Khoang 3mg hat tinh thé thu dugc trong mdi vi du duge can va cho vao trong dia

nhdm, va phép do dugc thuc hién trong hé théng hé. Cac diéu kién do 1a nhu sau.
Cac diéu kién do 1

Thiét bi: Hitachi High-Technologies TG/DTA STA7200RV

Khoang nhiét do do: Nhiét do trong phong dén 400°C

Téc d6 tang nhiét do: 10°C/phat
Vidul

Tdng hop hop chat (1-0115)

Br

| N=/

> N)\NAO
ca M F
10115 F F

Buéc 1: Téng hop hop chat 18
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Hop chéit 4 (926mg, 4,04mmol), axetonitril (7,41ml), kali cacbonat (726mg,
5.25mmol) va 2,4,5-triflobenzyl bromua (1000mg, 4.44mmol) dugc tron. Dung dich
phan tmg dugc khudy & 80°C trong 40 phut, dé ngudi, va sau d6 lam loang bang etyl
axetat. Sau khi loc cht khong tan, phan loc dugc co 8 tao ra san pham tho cua hop chit

18 (1,51g, 4,04mmol, hi¢u suét: dinh lugng)
LC/MS (ESI): m/z=374, RT=2,54 phut, diéu kién do LC/MS 1
Bude 2: Téng hop hop chét 19

Hop chit 18 (1,51g, 4,04mmol) va TFA (3,02ml) dugce tron. Dung dich phan tng
duoc khudy & nhiét d6 trong phong trong 4 gio va dé yén qua dém. TFA dugc chung cht
dudi ap sudt giam, va sau do toluen dugc bd sung vao phan ba va dugc tao hdn hop dong
soi. Isopropyl ete dugc bd sung vao phan ba, huyén phu héa, va thu hdi bang céach loc

dé tao ra hop chit 19 (1,22g, 3,84mmol, hiéu suét: 95%)
LC/MS (ESI): m/z=318, RT=1,68 phut, diéu kién do LC/MS 1
Bude 3: tong hop hop chét 20

Hop chit 19 (200mg, 0,63mmol), DMF (1,8ml), kali cacbonat (26 Img,
1,89mmol) va 3-(clometyl)-1-metyl-1H-1,2,4-triazol hydroclorua (159mg,
0,946mmol) dugc tron. Dung dich phén tng dugc khudy trong 2 git & 60°C, va dung
dich amoni clorua bdo hoa trong nudc duge bd sung. Lép nude dugce chiét bang etyl
axetat va 16p hitu co duoc rira bang nuée mudi. Lép hitu co duge lam kho bing magie
sulfat, loc va co. Phan ba duge huyén pht héa trong dung moi hén hop gbm isopropyl
ete, hexan, etyl axetat va cloroform va thu hoi bf?mg cach loc. Phan b3, DMF (1,8ml),

kali cacbonat (261mg, 1,89mmol) va 3-(clometyl)-1-metyl-1H-1,2,4-triazol
hydroclorua (159mg, 0,946mmol) dugc tron. Dung dich phan ung dugc khudy & 60°C
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trong 6 gid, va dung dich amoni clorua bdo hoa trong nude duge bd sung. Lép nude
duoc chiét bing etyl axetat va 16p hitu co dugc ria bang nudc mubi. Lép hitu co dugce
Jam khé bang magie sulfat, loc va cb. Phén ba dugc huyén phi héa trong dung moi
hén hop gdm isopropyl ete, hexan, etyl axetat va cloroform va thu hdi bang cach loc

dé tao ra hop chét 20 (116mg, 0,28 1mmol, hiéu suat 45% )
LC/MS (ESI): m/z=413, RT=1,84 phut, diéu kién do LC/MS: 1
Buéc 4: Téng hop hop chit (1-0115)

Hop chét 20 (115mg, 0,279mmol), THF (2,30ml) va 6-clo-2-metyl-2H-indazol-
5-amin (60,8mg, 0,335mmol) dugc tron. Hon hop phan ung nay duoc bd sung nhé giot
LHMDS (558uM, 0,558mmol) ¢ 0°C. Hon hop phan tmg nay duoc khudy ¢ 0°C trong
2,5 gio va khudy & nhiét do trong phong trong 40 phit, sau do dung dich amoni clorua
bdo hoa dugc bd sung vao hdn hop phan Gmg nay. Hon hgp phéan ung nay duogc chiét
bang cloroform va 16p hitu co dugc co. Phan bi dugc tinh ché bang phép sdc ky cot trén
silicagel (cloroform/metanol) dé tao ra hop chét (I-0115) (61,8mg, 0,116mmol, hi¢u suét

42%).

IH-NMR(CDCl3)8: 7,96 (s, 1H), 7,82 (d, J = 2,5Hz, 2H), 7,48 (br s, 1H), 7,45-
7,37 (m, 1H), 7,08 (s, 1H), 6,97-6,88 (m, 1H), 5,35 (s, 2H), 5,17 (s, 2H), 4,21 (s, 3H),
3,89 (s, 3H).

LC/MS(ESI): m/z=532, RT=1,70 phut, Phuong phap do LC/MS 1

Céc hop chit sau day dugc tdng hop theo phuwong phap tbng hop chung néu trén
va phuong phap dugc mo ta trong céc vi du. CAu truc va cac dac tinh vat ly (dit liu

LC/MS) duoc thé hién trong bang dudi day.
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Hop chat duge md ta béi cau trac amino:

imino:

va hop chat dugc bicu dién boi cau tric imino cling ¢6 thé ¢6 cau tric amino.

Nghia 13, ngay ca v6i cing mot hop chét, co cac truong hop trong do no ¢ cau
tric imino hodc cdu trac amino, phu thudc vao cac didu kién két tinh va tuong tu. Ngay
ca khi tao ra mubdi hodc phurc chét ctia n6, mudi hodc phuc chét nay c6 thé c6 céu tric
amino hodc cau tric imino. Ngay ¢ v6i cing mot phén t d6i ctia mudi hodc phirc chét,
ching co thé ¢6 chu tric amino hodc céu tric imino phu thudc vao cac diéu kién két tinh
va tuong tu. No cling ¢o thé 1a hdn hop cta hop chét ¢6 cAu tric imino, mudi ciia no

hodc phitc chat cua n6, va hgp chét ¢6 ciu trac amino, mudi hodc phirc chat cua nd.
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Bang 1
H Cu tric biéu Thoi £
g kiendo | gianh | miz | G
chat so LCMS | “(phut) hinh

0115 HJ'\N/&O N=/ 1 1,70 | 532

Vidu?2

Hop chét (1I-0115, 1170mg) duoc bd sung axit fumaric (278mg, 1,1 duong luong)
va etyl axetat (5,85ml). Hon hop nay dugc khudy & nhiét do trong phong trong 45 phut.
ChAt rén tao ra dugc thu hoi béng cach loc va lam kho détaora dé)ng tinh thé axit fumaric
dang I cita hop chat dugc biéu dién béi cong thue (I-B) (1369,4mg, 94.,6%).

Céac két qua cia phan tich cAu triic don tinh thé ciia dong tinh thé axit fumaric
dang T ctia hop chét duge biéu dién boi cong thire (I-B) duge thé hién dudi day.

R1 (I> 2,00s (1)) bang 0,0470, va tir Fourier chénh 1éch cudi ciing xéc nhan dugc

réng khong co sy thiéu hut mat do dién ti hodc vi tri bt thuong cua dién ti.

Dit liéu tinh thé hoc dugc thé hién trong bang 2.
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Bang 2
Nhom khong gian P-1
a (A) 8,4374(2)
b (A) 11,6780(3)
c(A) 15,1612(4)
o (°) 83,827(2)
B () 78,868(2)
Y (°) 77,147(2)
Thé tich (A3) 1425,77(6)
Z 2
Khdi luong riéng (gia tri tinh duoc) 1,509
(g/cm?)
Nhiét do do (K) 298

49/84

Trong d6 thé tich cho biét thé tich mang tinh thé, Z cho biét s6 lwong don vi hoa

hoc trén moi 6 don vi.

Ngoai ra, cac toa d nguyén tir ctia cic nguyén tu khong phai dugc thé hién trong

céc bang tir 3 dén 4. O day, U(eq) ¢6 nghia 1a hé s6 nhiét 4o ding huéng tuong duong.
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Bang 3

Nguyén tir |X y z U(eq)
CI36 8115,3(9) |[8341,6(8) [5010,7(5) [79,9(3)
F32 8958,5(19) |7981,3(17) |307.5(9)  |78,5(5)
035 7267(2) 5961,4(16) 11399,9(10) |56,3(5)
034 5322(3) 4254,8(16) 14098,2(11) |63,3(5)
038 3536(2) 9367,5(19) 18936,3(12) |64,2(5)
N12 6506(2) 7056,8(18) |2611,0(12) |44,2(5)
F33 13870(2)  |7642(2) 1402,1(13) {100,3(7)
N16 5475(2) 6174,4(18) 13988,1(12) |48,2(5)
N14 6120(3) 5115,3(18) |2713,0(12) |47,3(5)
N9 2815(3) 8924(2) 7397,8(13) |55,4(6)
N10 5772(3) 8146(2) 3856,1(13) |55,1(6)
N1 1276(3) 8864(2) 7324,6(14) 160,2(6)
F31 12197(3)  |7751(3) 3084,6(13) 124,9(9)
N23 3644(3) 4434(2) 1818,7(15) |64.5(6)
N20 3122(3) 4249(2) 1061,4(15) |64,9(6)
C11 6673(3) 6043(2) 2193,8(15) |44,7(6)
C9 5879(3) 7178(2) 3527,6(15) |44,2(6)
C10 5619(3) 5119(2) 3639,3(15) |48,4(6)
N22 5784(3) 3621(2) 814,1(15) |67,8(7)
039 6151(3) 8893(3) 8285,8(15) [109,2(10)
C12 6985(3) 8068(2) 2049, 4(15) |47,2(6)
C20 5248(3) 4044(2) 1633,9(16) |50,7(6)
C7 5022(3) 8298(2) 4770,9(15) |50,8(6)
C4 3693(3) 8762(2) 6554,3(16) |49,4(6)
C13 8823(3) 7976(2) 1872,6(16) |48,8(6)
C5 5385(3) 8700(2) 6267,8(17) 156,4(7)
C19 6380(3) 4009(2) 2279,5(17) |54,5(7)
C14 9741(3) 7934(2) 1013,2(16) |54,7(7)
C3 2685(3) 8593(2) 5965,2(17) |54,4(7)
C6 6015(3) 8469(2) 5392,0(16) |54,3(7)
C23 5121(4) 9287(3) 8898,3(18) 162,1(7)
041 1842(3) 4874(3) 3529,1(18) 119,8(10)
C8 3370(3) 8376(2) 5054,8(17) |57,4(7)
C24 5542(3) 9730(3) 9679,7(17) |61,9(7)
C18 9684(4) 7917(3) 2570,7(18) |67.1(8)
C15 11431(3) |7827(3) 831,3(19) |67,8(8)
C16 12217(3)  |7760(3) 1541(2) 67,9(8)
C2 1134(4) 8667(3) 6497,1(18) |67.4(8)
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Bang 4
Nguyén tir |X y z Uleq)
C17 11360(4) |7806(3) 2405(2) 75,0(9)
c21 4400(4) 3767(3) 485,7(19) |70,6(8)
043 464(4) 4618(4) 3203,2(19) |154,2(15)
C1 9(4) 8943(3) 8139(2) 81,7(10)
C26 307(4) 4766(4) 3745(2) 93,6(12)
C25 -384(4) 4909(4) 4700(2) 92,1(11)
C22 1397(4) 4562(4) 963(3) 102,7(13)

51/84

Tiép theo, cac toa dd nguyén tir ctia nguyén tir hydro dugc thé hién trong bang 5.

O day, U(iso) c6 nghia 1a hé sb nhiét do déng hudéng. Ngoai ra, $6 luong cla cac nguyén

tr hydro trong bang 5 dugc quy dinh lién quan dén s6 luong clia cac nguyén tir khong

phai 1a hydro dugc lién két.
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Bang 5

Nguyén tir |X y z U(iso)
H38 3370.9 9206,88 |8452,86 |96
H16 5092,25 |6215,65 |[4554,71 |58
H12A 6452,59 |8783,45 |2347,49 |b7
H12B 6603,63 8119,01 |1479,7 57
Hb5 6053,99 |8811,71 |6658,45 |08
H19A 6229,72 1338157 |2741,61 |65
H19B 7509,94 |382457 196258 |65
H41 2202,36 |4700,41 |3007,94 (180
H3 2702,01 |8287,11 |4656.27 |69
H24 6652,83 (961942 |9719,44 |74
H18 9115,24 |7953,15 |3160.4 81
H15 12010,7 |7800,84 |24355 81
H2 176,44 8593,16 16310,0 81
H21 A344.44 13553,57 |-79,01 85
H1A 260,69 8258,79 18539,89 |122
H1B -1049,48 [8985,26 |7978,29 |122
H1C -14,15 0635,67 |8433,78 |122
H25 -1486,76 |4863,66 |4886,06 |110
HZ22A 719,4 437573 |1521,91 |154
H22B 122591 |4127,33 499 154
H22C 1105,77 [5390,24 801,98 154
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Hon nita, chiéu dai lién nguyén t&r (don vi: angstrom) duoc thé hién trong bang
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Bang 6
Nguyén ti |Nguyén tir [Chiéu dai/A Nguyén tir [Nguyén tir [Chidu dai/A
cI36 |c6 17333 | [N22 . [c20 . [1.3453) |
F32 C14 1,352(3) N22 c21 1,326(4)
035 C11 1,216(3) 039 C23 1,196(3)
034 C10 1,208(3) C12 C13 1,503(3)
038 C23 1,310(3) C20 C19 1,485(4)
N12 C11 1,369(3) C7 C6 1,431(4)
N12 C9 1,398(3) C7 C8 1,362(4)
N12 C12 1,465(3) C4 C5 1,398(4)
F33 C16 1,347(3) C4 C3 1,402(3)
N16 C9 1,373(3) C13 C14 1,381(3)
N16 C10 1,365(3) C13 C18 1,383(4)
N14 C11 1,382(3) C5 C6 1,364(3)
N14 C10 1,386(3) C14 C15 1,379(4)
N14 C19 1,466(3) C3 C8 1,416(3)
N9 N1 1,342(3) C3 C2 1,388(4)
N9 C4 1,358(3) C23 C24 1,475(4)
N10 C9 1,262(3) 041 C26 1,304(4)
N10 C7 1,421(3) C24 C24! 1,307(5)
N1 C2 1,332(3) C18 C17 1,367(4)
N1 C1 1,466(3) C15 C16 1,355(4)
F31 C17 1,345(3) Cl6 C17 1,370(4)
N23 N20 1,360(3) 043 C26 1,189(4)
N23 C20 1,313(3) C26 C25 1,466(5)
N20 c21 1,309(4) C25 C25° 1,273(7)
N20 C22 1,453(4)

53/84

Trong ddng tinh thé axit fumaric dang I ctia hgp chat duoc biéu dién boi cong

thitre (I-B), mot phén ti ctia hop chit duge biéu didn boi cong thire (I-B) duge thé hién

trong don vi khéng ddi xtng. CAu trac cua dong tinh thé axit fumaric dang I ctia hop
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chét duoc biéu dién bdi cong thuac (I-B) trong don vi khong dbi xtmg dugc thé hién trén
Fig.2.

Sb lwong cua cac nguyén tir khong phai 1a hydro trong cac bang 3 dén 4 va 6
twong Gng voi cac sb luong duogc thé hién trén Fig.2, tuong Gng.

Nhu duoc thé hién trong bang 6, chidu dai lién két N10-C9 bing khoang 1,26A,
va chidu dai lién két N16-C9 bang khoang 1,37A.

Vi chidu dai lién két N10-C9 (khoang 1,26A) ngén hon chiéu dai lién két N16-
C9 (khoang 1,37A), ddng tinh thé axit fumaric dang I ctia hop chét dugc biéu dién bdi

cdng thire (I-B) dugc xdc dinh 1a cAu tric imino:

/
. N
N o NN
N J
N HN)LN

N NAO

F F
Ngoai ra, két qua ctia nhiéu xa bot tia X clia ddng tinh thé axit fumaric dang I cta

hop chét dugc biéu dién boi cong thirc (I-B) duge thé hién.

Trong mau nhiéu xa bot tia X, cdc dinh duoc quan sat & goc nhidu xa (20):
7.840,2°, 9,5+0,2°, 10,120,2°, 10,9+0,2°, 13,8+0,2°, 14,7+0,2°, 18,6+0,2°, 22,6+0,2°,

23,5+0,2° va 24,6+0,2°.

Trong mAu nhiéu xa bot tia X, cac dinh ciia goc nhiéu xa (26): 9,5+0,2°, 10,9+0,2°,
18,640,2°, 23,5+0,2°v4 24,6+0,2 6 dac diém dgc biét nhu la dong tinh thé axit fumaric

dang I cia hop chit duoc biéu dién boi cong thire (I-B).
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Két qua cua ph6 Raman cua ddng tinh thé axit fumaric dang I ctia hop chét duoc

bidu dién béi cong thire (I-B) dugc thé hién trén Fig 3.

Céc dinh phd Raman chinh dugc quan sat 6 637,3cm'+2cm™, 676,3cm™+2cm
1 688,8cm'+2cm!, 748,0cm’+2em™, 758, lem ' +£2em™, 1029,3cm™'+2cm™, 1114,4cm”
12em!, 1281,3cm™+2em, 1332, 1cm™+2em™, 1374 4cm™'+2cm?, 1456,0cm™+2cm,
1515,5cm +2em™, 1636,0cm™'+2em™, 1665,7cm™'+2¢m’, 1715,7cm™'+2cm™,

1739,1cm'+2cm’}, 2951,2cm™+2em™, 3068,3cm+2cm™ va 3 126,2cm™'+2cm.

Theo mdt phuong an, ddng tinh thé axit fumaric dang I ctia hop chét dugc biéu
dién boi cong thire (I-B) c6 cac dinh phd Raman & 676,3cm™+2cm’, 748,0cm '+2cm,
1029,3cm™+2em’!, 1374,4cm™+2em’™, 1515,5cm™+2em™, 1665,7cm™'+2cm™,
1715,7cm ' +2cm™! va 1739,1em ' +2cm™.

Theo mot phuong an, ddng tinh thé axit fumaric dang I cta hop chét dugc bidu
di®n boi cong thirc (I-B) ¢6 dinh phd Raman ¢ 676,3cm™'+2cm’™.

Theo mot phuong an, dong tinh thé axit fumaric dang I cta hop chit duoc bidu
didn béi cong thie (I-B) c6 dinh phd Raman & 748,0cm™'+2cm’.

Theo mot phuong an, ddng tinh thé axit fumaric dang I ctia hop chét dugc biéu
di&n béi cong thie (I-B) ¢6 dinh phd Raman & 1029,3 cm'+2ecm !

Theo mot phuong 4n, ddng tinh thé axit fumaric dang I cia hop chét dugc biéu
dién béi cong thire (I-B) c¢6 dinh ph6 Raman & 1374,4cm™ ' +2cm™.

Theo mot phuong an, ddng tinh thé axit fumaric dang I cua hop chét dugc biéu

di%n boi cong thite (I-B) ¢6 dinh phd Raman & 1515,5cm'+2em ™.

55



49592 oo

Theo mot phuong an, déng tinh thé axit fumaric dang I cta hop chét duoc biéu

didn boi cong thire (I-B) ¢6 dinh phd Raman ¢ 1665,7cm™'+2cm™.

Theo mdt phuong an, déng tinh thé axit fumaric dang I cta hop chét duoc biéu

dién bdi cong thire (I-B) c¢6 dinh phé Raman ¢ 1715,7cm ' +2cm™.

Theo mot phuong an, dong tinh thé axit fumaric dang I cta hop chét duoc biéu

didn bai cong thirc (I-B) ¢6 dinh phd Raman ¢ 1739,1cm™'=2em™.

Theo mdt phuong an, ddng tinh thé axit fumaric dang I cta hop chit dugc biéu
dién boi cong thirc (I-B) c6 mot hoac nhiéu dinh phé Raman dugc chon tr nhom gém
¢6: dinh phd Raman & 676,3cm™+2cm’, dinh phd Raman & 748,0cm'+2cm, dinh phd
Raman & 1029,3cm™'+=2cm™!, dinh phd Raman & 1374, 4cm™+2cm’!, dinh phd Raman &
1515,5cm!+2¢m, dinh phd Raman & 1665,7cm™'+2cm, dinh pho Raman & 1715,7cm®

1+2cm! va dinh phd Raman & 1739,1cm™+2cm™.

Két qua phan tich DSC ctia ddng tinh thé axit fumaric dang I ctia hop chét duoc
biéu didn béi cong thic (I-B) duge thé hién trén Fig 4. Nhiét do khoi dau (dinh thu nhiét)

bang khoang 272°C.
Vidu3

200mg hop chét (1-0115), 395ul (1,05 duong luong) dung dich kali hydroxit
trong nudc 1mol/l va 2ml axetonitril dugc bd sung, va dung mdi dugc lam bay hoi dén
kho. 1ml etyl axetat dugc bd sung vao d6, va hdn hop nay duge khudy & 60°C trong 10
phut va sau do khudy qua dém & 25°C. Céc chit rén duoc thu hdi bang cach loc va lam
kho dé thu duoc dang tinh thé ciia mudi kali dang I cta hop chét dugc bieu dién boi
cong thire (I-B). V& dang tinh thé ctia mudi kali dang T ciia hop chét dugc biéu dién boi
cbng thire (I-B), cAu tric phan tir (dang amino/dang imino) khong dugc xac dinh.
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Céc két qua cia nhifu xa bot tia X clia dang tinh thé cia mubi kali dang I cta

hop chét dugc biu dién béi cong thie (I-B) dugc thé hién trén Fig.5.

Trong mau nhiéu xa bt tia X, cdc dinh dugc quan sat & cac goc nhiéu xa (20):
7,7+0,2°, 8,140,2°, 12,6+0,2°, 16,7+0,2°, 18,5+0,2°, 19.,4+0,2°, 20,7+0,2°, 22,0+0,2°,

23,7+0,2°, va 25,3+0,2°.

V& cac dinh nhiéu xa bdt tia X, cdc dinh & cdc goc nhiéu xa (20): 8,1+0,2°,
16,7+0,2°, 20,7+0,2°, 22,0+0,2°, 25,3+0,2° ¢ dic diém dic biét nhu la dang tinh thé

ctia mudi kali dang T ciia hop chit dugce biéu dién bai cong thire (I-B).

Céc két qua cla Phd Raman cua tinh thé ciia mudi kali dang I ctia hop chét dugc

bidu didn béi cong thirc (I-B) duge thé hién trén Fig.6.

Céc dinh phé Raman chinh dugc quan st ¢ 63 8.4cm+2cm™, 676,3cm ' +2cm”
1724, 1cm +2cm!, 749,1cm'+2em™, 876,9cm ' +2cm™!, 1008,7cm ' +2¢m, 1105,9cm”
L4oem ™, 1294,8cm+2em™, 1363, 1cm ' +2em™, 1409 2cm+2cm™?, 1457,0cm™+2cm™,
1506,4cm +2cm™, 1526,5cm ' +2em™, 1577 4cm™+2cm™, 1624,1cm™+2cem™,
1688,3cm ' +2cm™, 2952,0cm™+2em ™, 2980,5cm ' +2¢m™!, 3073,7cm ' +2¢m™, va

3121,6cm™'+2cml.

Theo mt phuong 4n, dang tinh thé ctia mudi kali dang I ctia hop chit dugc biéu
dién bai cong thire (I-B) c6 cac dinh phé Raman & 749,1cm™+2cm, 1008, 7cm ' +2cm

11363,lcm™'+2cm’!, 1506,4cm™'+2cm™, 1577 4cm'+2cm™, va 1624,1cm™'+2cm™.
Vidu4

190mg hop chit (I-0115) dugc bd sung 46,4mg (1,1 duong lugng) axit sucxinic

va 3,8ml axetonitril, va hdn hop nay dugc khudy & nhiét do trong phong trong 1 gio.

57



49592 58/84

Céc chét rin dugc thu hdi bing cach loc va lam khd dé thu dugc ddng tinh thé axit
sucxinic dang I ctia hop chét dugce bidu didn boi cong thire (I-B). V& dong tinh thé axit
sucxinic dang I ctia hop chét dwoc biéu dién bsi cong thire (I-B), cu tric phan tir (dang

amino/dang imino) khéng dugc xac dinh.

Céc két qua ctia nhiéu xa bot tia X cia ddng tinh thé axit sucxinic dang I cua hop

chat dugc bidu dién boi cong thirc (I-B) duge thé hién trén Fig.7.

Trong mAu nhiéu xa bot tia X, cac dinh dugc quan sat & cac goc nhiéu xa (20):
9,5+0,2°, 10,9+0,2°, 11,3+0,2°, 13,4+0,2°, 14,4+0,2°, 18,7+0,2°, 19,4+0,2°, 22,6+0,2°,

23,4+0,2°, va 24,4+0,2°.

V& cac dinh nhidu xa bot tia X, cc dinh & cac goc nhifu xa (20): 10,9+0,2°,
18,7+0,2°, 22,620,2°, 23,4+0,2°, va 24,4+0,2° ¢6 dic diém dic biét nhu 1a dong tinh thé

axit sucxinic dang I cua hop chét dugc biéu dién boi cong thuce (I-B).

Céac két qua cta Phd Raman cta dong tinh thé axit sucxinic dang I ctia hop chét

dugc biéu dién béi cong thuce (I-B) duge thé hién trén Fig.8.

Céc dinh phé Raman chinh dugc quan sat & 63 1,6cm™'+2cm!, 676,4cm ! +2cm”
1748, 1cm+2cm, 812,3cm'+2cm™, 1025,2cm ' +2¢cm?, 1114,6cm™+2cm™,

1229 2¢cm™'+2cm’!, 1331,3cm'+2em!, 1374,6cm™'+2¢m™, 1515,7cm™'+2cm™,
1636,3cm™+2cm’!, 1665,0cm+2cm, 1712, 1cm™+2cm’, 1737,5cm™'+2cm™,
2953,3cm2cm?, 2982,6cm ' +2ecm’, 3069,5cm ' +2cm!, va 3127,5cm ' +2em™.

Theo mdt phuong an lay lam vi du, dbng tinh thé axit sucxinic dang I cua hop
chét duoc biéu dién béi cong thirc (I-B) ¢6 céc dinh phd Raman & 676,4cm™'+2cm™,
748, lcm+2em™, 1025, 2cm+2em™,  1374,6cm'+2em, 1515,7cm™'+2cm!,  va
1665,0cm™'+2cm.
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Vidu5

750ul etyl axetat duogc bd sung vao 150mg hop chét (I-0115), va hdn hop nay
duoc khudy qua dém & 60°C. Céc chét rén duoc thu hdi bang cach loc va 1am kho dé
thu duoc dang tinh thé cla anhydrit dang I clia hop chat dugc biéu dién boi cong thirc
(I-B). V& dang tinh thé cta anhydrit dang I ctia hop chét duoc biéu dién boi cong thire

(I-B), cAu trac phan tit (dang amino/dang imino) khong dugc xac dinh.

Céc két qua ciia nhidu xa bt tia X cta dang tinh thé cta anhydrit dang I cia hop

chét duoc bidu dién boi cong thire (I-B) dugc thé hién trén Fig.9.

Trong mau nhidu xa bot tia X, cac dinh duge quan sat & cac goc nhiéu xa (20):
6,6+0,2°, 9,6+0,2°, 12,240,2°, 13,2+0,2°, 16,2+0,2°, 17,5+0,2°, 19,8+0,2°, 23,3+0,2°,

24,5+0,2°, va 26,1+0,2°.

V& cac dinh nhidu xa bot tia X, cac dinh & cac goc nhiéu xa (20): 6,6+0,2°,
9,6+0,2°, 13,2+0,2°, 17,5+0,2°, va 19,8+0,2° c6 ddc diém dic biét nhu la anhydrit dang

I cia hop chit dugc biéu dién bdi cong thirc (I-B).

Cac két qua cua Phd Raman cia tinh thé ciia anhydrit dang I ctia hop chét dugc

bidu didn boi cong thire (I-B) dugce thé hién trén Fig.10.

Céc dinh phd Raman chinh dugc quan séat & 630,4cm'+2cm™, 672,8cm™+2em”
1 744 6cm +2cm™, 805,4cm+2em™, 997,8cm ' +2cm’!, 1020,7cm +2em!, 1297,9cm”
42em, 1335,2cm+2em’!, 1362,0cm ' +2em™, 1461,0cm™+2cm™, 1505,4cm™'+2cm’,
1527, 5cm 1 +2em, 1629, 1lcm'+2em™, 1645,9cm+2cm™, 1755,7cm+2em™,
2943 3cm +2cm™, 2982, lem ' +2em™, 3060,5cm ' +2cm™?, 3104,7cm ' +2em™, va

3123,2cm™'+2cm’.
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Theo mot phuong an ldy lam vi dy, tinh thé cta anhydrit dang I cta hop chét
duoc biu dién béi cong thuc (I-B) ¢ céc dinh phd Raman & 63 0,4cm™'+2cm’!, 744,6cm
Loem !, 997,8cm™+2em!, 1362,0cm ' +2cm’, 1461,0cm+2cm™, 1505,4cm™+2cm™,

va 1755, 7cm ' +2em™!.
Vidub6

95mg hop chét (1-0115) duoc bd sung 187ul (1,05 duong lugng) dung dich natri
hydroxit trong nudc 1mol/l va 1ml axetonitril, va dung moi dugc 1am bay hoi dén kho.
100ul axetonitril dugc bd sung vao Smg chét rén thu duoc, va hdn hop nay duge khudy
qua dém & 25°C. Céc chat rén dugc thu hoi bing cach loc va lam kho dé thu dugc tinh
thé ctia mudi natri dang I ctia hgp chét duge biéu dién boi cong thie (I-B). V& tinh thé
ctia mudi natri dang I cua hop chét duoc biéu dién béi cong thire (I-B), cAu trac phan ti
(dang amino/dang imino) khong dugc xac dinh.

Céc két qua ciia nhiéu xa bot tia X cla tinh thé ctia mudi natri dang I ctia hop
chét dugc bidu dién boi cong thirc (I-B) duge thé hién trén Fig.11.

Trong mau nhiéu xa bot tia X, cac dinh dugc quan sat & cac goc nhiéu xa (20):
6,6+0,2°, 8,1+0,2°, 10,9+0,2°, 11,6+0,2°, 13,240,2°, 16,0+0,2°, 22,1+0,2°, 23,440,2°,
26,6+0,2°, va 28,9+0,2°.

V& cac dinh nhidu xa bot tia X, cac dinh & cac goc nhidu xa (20): 8,1+0,2°,
10,9+0,2°, 13,2+0,2°, 23,4+0,2°, va 26,6+0,2° c6 diac diém dic biét nhu 1a tinh thé cta
mudi natri dang I ctia hop chét duge biu dién boi cong thire (I-B).

Cac két qua cta Phd Raman cta tinh thé ciia mudi natri dang I ctia hop chét duoc

bidu didn bai cong thirc (I-B) duge thé hién trén Fig.12.
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Céc dinh phd Raman chinh duoc quan st ¢ 63 8 4cm+2cm™, 675, 1cm ' +2cm
1. 746,8cm™+2cm™, 1013,0cm™+2cm™, 1106,9cm™+2cm’!, 1126,2cm'+2em™,
1299,0cm+2cm™?, 1367,2cm™+2cm™, 1407,1cm +2cm™!, 1457,0cm™+2cm’,
1504, 4cm '+2cm™, 1526,5cm ' +2em™, 1581,3cm™+2cm™!, 1629,1cm™+2cm’,

1711,8cm ' +2cm!, 2959, lem ' +2em™, 3062,0cm ' +2cm™!, va 3125,5cm™+2cm™.

Theo mdt phuong an 14y 1am vi dy, tinh thé ctia mudi natri dang I ciia hop chat
duoc biéu dién béi cong thire (I-B) c6 céc dinh pho Raman 6 746,8cm™'+2cm,
1013,0cm™+2cm™, 1367,2cm™+2cm™, 1504, 4cm™+2cm™!, 1526,5cm™+2cm™!, va

1581,3cm™+=2cm™.

Céc két qua cua phép phan tich nhiét vi sai va phan tich nhiét trong (TG/DTA)
ddng thdi cta tinh thé ciia mudi natri dang I cia hop chét duoc bidu dién béi cong thirc
(I-B) dugc thé hién trén Fig.13. Két qué la, mtrc hao hut trong hiqng 8,1% di kem vai
dinh thu nhiét dugc x4c nhan & nhiét do khoang 72°C dén khoang 105°C.

Tir céc két qua do dd néu ¢ trén, mong doi rang tinh thé ctiia mudi natri dang I
ctia hop chat dugc biéu dién boi cong thire (I-B) la tinh thé bao gdm nuéce véi luong tir
2,5 dén 3 duong lugng nudc.

Céc vi du thir nghiém sinh hoc d6i v6i cac hop chét cua sang ché s& dugc md ta
dudi day.

Mong mudn rang cac hop chét dugc biéu dién bai cong thic (I) theo sang ché 1a
cac hop chét c6 hoat tinh Grc ché proteaza 3CL coronavirut va irc ché cac proteaza 3CL

coronavirut.
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Cu thé 13, theo phwong phéap danh gia dugc mo ta dudi day, ICso t5t hon 1a nhé
hon hodc bang 50um, t6t hon nita 1a nhé hon hodc bang 1um, va tham chi tbt hon nita
14 nhé hon hodc bang 100nM.

Vi du thr nghiém 1

Hoat tinh @rc ché tic dong gdy bénh té bao (cytopathic effect, CPE) & cac té bao VeroE6
biéu hién TMPRSS2 ngudi (cac té bao VeroE6/TMPRSS2)

Quy trinh hoat dong

- Lam loang va phéan phat mAu can duoc thir nghiém

MAu cin dugce thir nghiém dugce 1am lodng trude dén ndng do thich hop bang
DMSO, va cac loat mau pha lodng hang hoat tur 2 dén 5 lan duoc chuén bi va sau do
duoc phan phat vao trong cac dia 384 16.

- Lam lodng va phan phat céc té bao va SARS-CoV-2

Céc té bao VeroE6/TMPRSS2 (JCRB1819, 5x10° té bao/16) va SARS-CoV-2
(100-300 TCIDso/1d) duge trdn trong mdi truong (MEM, 2% FBS, penixilin-
streptomyxin), hdn hop nay dugce phén phat vao trong cac 15 trong d6 mau can dugc thu
nghiém da dugc dua vao, va sau do6 cac té bao dugc nudi cdy trong 3 ngay trong ti ap
COa.

- Phan phat CellTiter-Glo (nhan hi¢u da dang ky) 2.0 va do céc tin hiéu phat
quang

Pia da duoc nudi ciy trong 3 ngdy duoc dua trd lai nhiét do trong phong, sau do

CellTiter-Glo (nhan hiéu di ding ky) 2.0 dugc phan phat vao trong mdi 16, va dia dugc
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tron bang cach sit dung may tron dia. Dia dugc dé yén trong mot khoang thoi gian nhét

dinh, va sau d6 cac tin hiéu phat quang (Lum) dugc do bang may doc dia.
Tinh mdi gia tri muc do ludng
- Tinh ndng do e ché lam chét 50% té bao bi nhiém SARS-CoV-2 (ECso)

Khi x 1a gi4 tri logarit cia ndng do hop chét va y 1a % hiéu luc, duong cong e
ché dugc tinh gan ding bing phuong trinh hdi quy Logistic sau ddy, va gia tri ciia x khi

y =50 (%) dugc nhédp vao dugc tinh 1a ECso.
y = min + (max - min)/{1 + (X50/x) ~Hill}

% hidu luc = {(MAu — dbi chimg virut)/(ddi chimg € bao - dbi chung virut)} *

100%
d6i chimg té bao: gia tri trung binh ctia Lum cac 15 dbi chimg té bao
dbi chimg virut: gia tri trung binh cua Lum cac 16 dbi chtng virut

min: gia tri gi¢i han dudi cia tryc y, max: gia tri giéi han trén cua trucy, X50:

toa do x ctia diém uon, Hill: do nghiéng cia duong cong & diém gitta min va max

Vé co ban, cac hop chat cta sang che da dugc thir nghiém nhu dugc mo ta & trén.

Céc két qua dugce thé hién trong phan sau day.
Hop chit 1-0115: 0,328um
Vi du tham khéo 1

Veé co ban, cac hop chat 1-0679, 1-0683, 1-0685 va I-1603 cua WO20 12/020749A
(tai liéu sang ché 1), va cac hop chét 1-575 va I-580 cia WO2013/089212A (tai li€u sang

ché 2), va hop chét I-066 cia WO2010/099266A (tai li¢u sang ché 3) dugc thir nghiém
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nhu dugc mo ta trong vi du thir nghiém 1. Cac két qua duoc thé hién trong cac bang

duai day.

Béang 7

Tai liéu séng ché 3
Hop chat 1-066

Tai lidu sang ché 1
Hop chat I-1603

Tai liéu s;’mg ché 1
Hop chat I-0683

Tai liéu sang ché 1
Hop chat 1-0685

CAu triic

L ALCC,
i Ao

Resteaslastans
Q. O,

Apetags;
|\©\d

EC50 [uM] >50,0 >50,0 >50,0 >50,0
Bang 8
Tai liéu sang ché 1 Tai lidu sang ché 2 Tai lidu sang ché 2
Hop chét I-0679 Hop chét I-580 Hop chét I-575
Oy OH Oy -OH
: LR % e %7 X
Cau trac Y°\©\ HN N’\“’N‘N \@ N N7 N \@ HN NQ
N/)\Nko N~ N’kNJ% NAN’R‘O
ﬁ\ﬂ I\©\| 1
EC50 [pM] >50,0 >50,0 >50,0

Céc hop chét 1-0679, 1-0683, 1-0685 va 1-1603 cua WO2012/020749A (tai li€u

sang ché 1), va céc hop chat I-575 va 1-580 cia WO2013/089212A (tai li¢u sang ché 2),

va hop chét I-066 cia WO2010/099266A (tai liéu sang ché 3) khong thé hién hoat tinh

trc ché sao chép coronavirut & cac nong do 1én dén S0pm.

Vi du thr nghiém 2

Thit nghiém hoat tinh Gc ché chéng lai cac proteaza 3CL clia SARS-CoV-2

Nguyén liéu

- proteaza 3CL SARS-CoV-2 téi t6 hop hién co trén thi trudong
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- peptit co chét hién c6 trén thi truong

Dabcyl-Lys-Thr—Ser-Ala—Val-Leu—Gln-Ser—Gly-Phe-Arg-Lys—Met—Glu(Edans)-

NH2 (SEQ ID NO: 1)
- chudn ndi peptit
Dabcyl-Lys—Thr-Ser—Ala-Val-Leu(13C6,15N)-Gln (SEQ ID NO: 2)

Dabeyl-Lys-Thr-Ser-Ala-Val-Leu(13C6,15N)-Gln ¢6 thé dugc tdng hop dwa vao
cac tai liéu (Atherton, E.; Sheppard, R. C., “In Solid Phase Peptide Synthesis, A Practical
Approach”, IRL Press at Oxford University Pres, 1989.; Bioorg. Med. Chem., Vol. 5,

No. 9, 1997, pp. 1883-1891; va twong tu). Mot vi du s€ duge thé hién dudi day.

H-Lys-Thr-Ser-Ala-Val-Leu(13Co6, 15N)-Glu(nhya)-OaOtBu  (mach bén Lys
dugc bao vé bang Boc, mach bén Thr dugc bdo vé bing nhom tert-butyl, mach bén Ser
duoc bao vé bang nhém tert-butyl, OH & dau tan cung C cia Glu dugc bao vé bing
nhom tert-butyl, va axit carboxylic ctia mach bén Glu dugc ngung tu vao trong nhua)
dugce tong hop bang phuong phap tong hop ra rin Fmoc bang cach st dung nhua amit
Rink. V& viéc cai bién nhém Dabeyl ddu tan ciing N, axit 4-dimetylaminoazobenzen-4"-
carboxylic (Dabcyl-OH) duoc ngung tu trén nhua bang cach st dung EDC/HOBT. Viéc
Khir nhém bao vé cudi cling va tach ra khoi nhua duge thyc hién bang cach xir ly bing

TEA/EDT = 95: 5. Sau d6, viéc tinh ché duge thuc hién bang HPLC pha déo.
- RapidFire Cartridge C4 loai A
Quy trinh hoat dong

. Piéu ché dung dich dém tht nghiém
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Trong thir nghiém nay, dung dich dém thir nghiém duoc tao nén bai Tris-HCI
20mM, natri clorua 100mM, EDTA 1mM, DTT 10mM, va BSA 0,01% dugc sir dung.
Dbi véi hop chét ¢6 ICso nhd hon hodc béng 10nM, dung dich dém thir nghiém dugc tao

nén béi Tris-HCI 20mM, EDTA 1mM, DTT 10mM, va BSA 0,01% duogc sir dung.
- Lam loang va phan phat mAu can dugc thir nghiém

MaAu cin duoc thtr nghiém dugc 1am lodng trude dén ndng do thich hop bang
DMSO, va cac loat mau pha lodng hang hoat tr 2 dén 5 1an duoc chuén bi va sau do

dugc phan phat vao trong céac dia 384 16..
- B sung enzym va co chét, va phan (mg enzym

Dé chuén bi dia hop chét, 8um co chat, va dung dich enzym 6 hogc 0,6nM duoc
bd sung, va viéc u dugc thuc hién trong tir 3 dén 5 gi & nhiét do trong phong. Sau do,
dung dich lam dung phan tmg (0,067pm chuin noi, axit formic 0,1%, va axetonitril 10%

hodc 25% ) duoc bd sung dé dimg phan ng enzym.
- Po san phdm phan tng

Dia trong d6 phan (mg dd dugc hoan thanh duoc do bang cach st dung hé
RapidFire System 360 va thiét b phan tich khéi lugng (Agilent, 6550 iFunnel Q-TOF),
hoiic hé RapidFire System 365 va thiét bi phan tich khoi luong (Agilent, 6495C Triple
Quadrupole). Dung dich A (isopropanol 75%, axetonitril 15%, amoni format SmM) va
dung dich B (axit trifloaxetic 0,01%, axit formic 0,09% ) duoc st dung lam pha dong

khi do.

San pham phan tmg dugc phat hién béi thiét bi phan tich khéi lugng dugc tinh

bang cach st dung chuong trinh RapidFire Integrator hoic chuwong trinh twong duong
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¢6 kha nang phan tich va dugc lay 1a gia tri dién tich san pham. Hon nita, chuan ndi ma
da duoc phat hién ¢ cung mot thoi diém cling dugc tinh va goi 1a gia tri dién tich chuin
ndi.

Tinh mdi gi4 tri muc do

- Tinh P/IS

Céc gia tri dién tich thu dugc trong cac muc nén trén dugc tinh bing cong thirc

sau day, va P/IS duogc tinh.
P/IS = gi4 tri dién tich san phim/gia trj dién tich chuan ndi
. Tinh ndng d6 tc ché 50% proteaza 3CL SARS-CoV-2 (ICs0)

Khi x 12 gi tri logarit ctia ndng do hop chat va y 1a % e ché, duong cong trc ché
duoc tinh gin ding bang phuong trinh hdi quy Logistic sau déy, va gid tri cua X khiy =

50 (%) dugc nhap vao duoc tinh 1a ICso.
y = min + (max - min)/{1 + (X50/x) ~Hill}

% trc ché = {(Miu — d6i chimg virut)/(d6i chimg té bao - dbi chung virut)} *

100%

déi chung (-): gia tri trung binh cla P/IS cua cac 15 didu kién dugc tc ché boi

enzym
dbi chimg (+): gid tri trung binh cta P/IS cua cac 16 dbi chimg DMSO

min: gia tri giéi han dudi cla tryc y, max: gi4 tri gidi han trén cua truc'y, X50:

toa d6 x cia diém uon, Hill: do nghiéng ctia dudng cong & diém gifta min va max
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VEé co ban, cac hop chat cua sang ché da dugc thir nghiém nhu duge mo ta ¢ trén.

Céc két qua duoc thé hién trong phan sau day.
Hop chat I-0115: 0,010um

Céc vi du didu ché duge thé hién dudi day chi nhiam muc dich minh hoa va khong

nham muc dich gidi han pham vi ctia sang che.

Hop chét cta sang ché c6 thé duge str dung dudi dang duge phim bing dudng
thong thudng bét ky, dic biét 1a trong rudt, ching han, qua dudng miéng, ching han, &
dang vién nén hodc vién nang; ngoai duong ti€u hda, ching han, & dang ché phim tiém
duoc hodc hon dich; va khu tru, chéng han, & dang thude xuc, gel, thudc m& hoac kem
hodc duéi dang duoc pham ding qua dwdng mili hodc dang thudc dan. Dugc phdm bao
gdm hop chat clia sang ché & dang tu do hodc & dang mubi dugc dung cing vdi it nhat
mot chat mang hodc chat 1am lodng dugc dung c6 thé dugc san xuét bang phuong phép
trdn, tao hat hoic bao theo cach thong thuong. Chéng han, ché phdm dung qua dudng
mi¢ng coO thé 1a vién nén, ché phém hat, hoac vién nang, mdi loai chira ta dugc, chét [am
ra, chit két dinh, chét 1am tron, va tuong ty, cling nhu hoat chét va tuong tu. Hon nira,
ché phém tiém truyén c6 thé dugc diéu ché dudi dang dung dich hodc hdn dich, c6 thé

duoc diét khudn, va c6 thé chira chét bao quan, chit 1am 6n dinh, chit dém, va tuong tu.
Kha ning ap dung cong nghiép

Hop chit theo séng ché ¢6 hoat tinh e ché proteaza 3CL coronavirut, va dugc
cho 14 hop chat c6 thé duge st dung lam chét tri liéu va/hodc chat diéu tri du phong ddi

v6i bénh hoic tinh trang bénh di kém véi cac proteaza 3CL coronavirut.
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1. Hop chét duge biéu dién boi cong thac:

hodc mudi dugc dung cta no.

2. Dugc phdm dé diéu tri va/hodc phong nglra bénh lién quan dén cac proteaza 3CL

coronavirut chira hop chit theo diém 1 hodc mudi dugc dung cta no.

3. Phitc chét bao gdm hop chit duge biéu dién bdi cong thirc (I-B):

va axit fumaric.

4. Phitc chét theo diém 3, trong d6 hop chét duge bicu dién boi cong thire (I-B):
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. N
N o NN
N LT
HN N
P (-8
N N (@]

va axit fumaric c6 mat theo ty 1& mol 1:1.

5. Ddng tinh thé ctia hop chét duge biéu dién boi cong thire (I-B):

/
\ NFNN
N 0 "\
N LT
HN N
P (-8)
N N (@)

v&i axit fumaric.

6. Ddng tinh thé theo diém 5 trong d6 hop chat dugc biéu dién béi cong thire (I-B):

/
\ ;N
N o NN
N
N7 N/J*o
F F

va axit fumaric c6 mat theo ty 1¢ mol 1:1.
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7. Pdng tinh thé theo diém 6, trong d6 ddng tinh thé nay 1a dong tinh thé axit fumaric
dang [ thé hién mau nhiéu xa bot tia X c6 cac dinh & cac goc nhiéu xa (20): 9,5 £+ 0,2°,

10,9 + 0,2°, 18,6 = 0,2°, 23,5+ 0,2° va 24,6 + 0,2°.

8. Dong tinh thé theo diém 6, trong d6 dong tinh thé nay 1a dong tinh thé axit fumaric
dang I thé hién mau nhiéu xa bot tia X c6 cac dinh & cac goc nhiéu xa (20): 7,8 £ 0,2°,
9,5+ 0,2°, 10,1 £ 0,2°, 10,9 + 0,2°, 13,8 &= 0,2°, 14,7 + 0,2°, 18,6 = 0,2°, 22,6 + 0,2°,
23,5+ 0,2° va 24,6 +0,2°.

9. Ddng tinh thé theo diém 6, trong d6 dong tinh thé nay 1a dong tinh thé axit fumaric
dang I thé hién phé Raman c6 cac dinh phd Raman: 676,3cm™ + 2cm™, 748,0cm™ +
2em™, 1029,3cm! + 2em’, 1374, 4cm + 2em™, 1515,5cm™ + 2em’™, 1665, 7cm™ +

2emt, 1715, 7cm ! + 2em™ va 1739,1em™ + 2em™.
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