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(54) HOP CHAT TUONG TU XYCLOSPORIN BUQC CAI BIEN TAI CAC VI TRI
AXIT AMIN 1 VA 3, VA QUY TRINH DIEU CHE HGP CHAT NAY
(57) Sang ché d& cap dén cac hop chat trong tu xyclosporin-A bao gdm sy cai bién cua
cac phan tir thé & cac vi tri axit amin 1 va 3, theo cong thirc sau day. Cac hop chat dugc
boc 16 gdm co cac hop chit co ai lyc dbi véi xyclophlhn A, va 1am giam hoat dong trc ché
mién dich so voi xyclosporin-A va cac chit tuong ty cua nd dugc cai bién chi & vi tri 1.
Ngoai ra, sang ché con dé cap dén quy trinh diéu ché hop chét nay.
R23

Meleu
“N

IR

MelLeu——MelLeu—D-Ala

-Ala——MelLeu—Val

Béng 5
‘ Sir céi bidn Cdu tric A& cdl bldn-1 1 # 3-0-Miehly
Tn he cil . S b chl CyP & | % irechd bl djch | St chil CyP A& | 4 dre ol miln
Y Chu tndc 38 bl bldn-1 4 ta hiju Bt s do wid Cak 54 [ha bl by ik b virl Cal
& bl Sk | wem ol i Y
o
o5 e LET 1,8
I W
N . o
420171 e e T
[ I
s




24694

Linh vy k§ thuit dwoc dé cip

Sang ché dé cap dén chit twong tw ciia phéan tir thudc nhém xyclosporin gdm c6
cac chét twong tu xyclosporin A (xyclosporin A - CsA), va gdm céc chét tuwong tu co
hoat tinh giam hodc khéng trc ché mién dich va gin két véi xyclophilin (xyclophilin -
CyP).

Tinh trang k§ thuit ciia sang ché

Xyclosporin 14 thanh vién thudc nhém polypeptit vong c6 hoat tinh trc ché mién
dich manh. it nhit mot vai hop chét trong s6 cac hop chét nay, vi du xyclosporin A
(CsA), do loai Tolypocladium inflatum san sinh nhu 1a chét chuyén hoa thtr cdp. CsA
12 chét trc ché mién dich manh duoc ching t6 13 tc ché kha ning mién dich thé dich va
cac phan tmg mién dich qua trung gian té bao, vi du nhu su thai bo di ghép, qua man
chim, bénh viém ndo-tdy do di ing thi nghi€ém, bénh viém khdp do t& dugc Freund va
bénh co thé chi chdng lai cic manh ghép. Chit nay dugc ding dé ngin ngira su thai bo
co quan sau khi cdy ghép co quan; dé diéu tri bénh viém khép dang thip; va dé didu tri

bénh vay nén.

Mic di nhidu hop chit ciia nhém xyclosporin da dugc biét, CsA c6 1& 1a hop
chét dugc st dung rong rai nhit trong y hoc. Tac dung e ché mién dich ctia CsA lién
quan dén kha ning @ ché cac chit hoat héa qua trung gian té bao T. Kha ning @rc ché
mién dich ndy c6 dugc nho sy gin két xyclosporin v6i protein ndi bao thudng gip
duoc goi 1a xyclophilin (CyP). V& phin minh, phitrc hop nay e ché hoat tinh serin-
threonin phosphataza phu thudc canxi va calmodulin cua enzym canxinorin. Viéc tc
ché canxinorin ngin ngira sy hoat hoa cua cac yéu td sao chép nhu NFATp/c va NF-
kB, cac yéu t6 nay can thiét dé kich thich cac gen xytokin (IL-2, IFN-y, IL-4, va GM-
CSF) trong qua trinh hoat hoa té bao T.
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T phat hién ban dau vé xyclosporin, rat nhidu xyclosporin ty nhién da duoc
phan l4p va dugc xac dinh. Ngoai ra, rat nhiéu xyclosporin khéng c6 trong tu nhién
khac nira ciing dd duoc didu ché bang cic phuong phap téng hop hodc ban téng hop
hodc bing cac k¥ thuat nuodi ciy té bao cai bién. Nhom xyclosporin hién nay vé co ban
gbm co, vi du, cac xyclosporin tir A dén Z c6 trong tu nhién, cic dan xuét xyclosporin
khong c6 trong tu nhién khac nhau; cdc xyclosporin nhan tao hodc xyclosporin téng
hop gdm c6 céc dihydro- va izo-xyclosporin; cic din xuét xyclosporin (vi du, trong d6
nguyén tir O & vi tri 3’ ctia gbc MeBmt dugc axyl hoa hodc mét phén tir thé khac duoc
dua vao & vi tri nguyén tir cacbon ciia gbe sarcosyl & vi tri 3); cac xyclosporin ¢6 gbe
MeBmt & dang chit ddng phan (vi du, trong d6 cdu hinh & vi tri 6° va 7’ cua gbe
MeBmt & dang cis hon la cdc dang trans); va céc xyclosporin c¢6 cic axit amin khac

nhau dugc dua vao céc vi tri cu thé cia chudi peptit.

Céc chét twong tu xyclosporin chtra céc axit amin duoc cai bién o vi tri 1 da
duoc bde 10 trong WO 99/18120 va WO 03/033527, cac don nay dugce dua vao day
bang cach vién din véi toan bo tinh toan ven cta ching. Céc don ndy mo ta cic din
xuét cta xyclosporin A dugc biét 1a “ISATX247” hodc “ISA247” hodc “ISA”. Chét
tuong ty ndy co cau tric gidng v6i CsA, ngoai trir duoc cai bién & gbe axit amin tai vi
tri 1. Ngudi nop don da phat hién ra ring cac hdn hop nhét dinh ctia chat déng phén cis
va trans ctia “ISA247”, gbm céc hdn hop cha yéu chira trans ISA247, két hop duoc
kha nang (rc ché mién dich cao va doc tinh gidm so véi cac xyclosporin c6 trong tur

nhién va da biét.

Xyclosporin ¢6 ba dich té bao dd dwoc dinh rd; canxinorin, cac isoform CyP
(bao gdbm nhung khong gi6i han & CyP-A, CyP-B va CyP-D), va P-glycoprotein (PgP).
Su gén két ciia xyclosporin véi canxinorin din dén kha niang tc ché mién dich dang ké
va chiu trach nhiém v& su lién quan truyén thng cia nd véi nhirng dau hiéu tu mién

dich va cy ghép.
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Nhom xyclophilin

Céc CyP (Tiéu ban vé& Enzym (Enzyme Commission (EC)) s6 5.1.2.8) thudc
nhom protein c¢6 hoat tinh peptidyl-prolyl cis-trans isomeraza; cdc protein nay dugc
goi chung 13 philin mién dich (immunophilin) va ciing bao gbm protein gin két FK-
506 va parvulin. CyP dugc théy & tht ca cac té bao cua céc sinh vat duoc nghién cuu,
trong cadc nhom Tién hach va sinh v4t c6 nhan dién hinh va duoc bao toan vé cdu trac
trong qua trinh tién hoéa. C6 7 loai CyP chinh & ngudi, cu thé 1a CyP-A, CyP-B, CyP-
C, CyP-D, CyP-E, CyP-40, va CyP-NK (lan dau tién duoc nhan dang tir cac té bao giét
& nguoi), va téng cong cd 16 protein dang chu ¥ (Galat A. Peptidylprolyl cis/trans
isomerases (immunophilins): biological diversity - targets - functions. Curr Top Med
Chem 2003, 3:1315-1347; Waldmeier PC et al. Cyclophilin D as a drug target. Curr
Med Chem 2003, 10:1485-1506).

Thanh vién dau tién cia cac CyP duoc nhan dang & dong vat co va la CyP-A.
CyP-A 1a protein phin bao tan 18-kDa va 1a protein ph6 bién nhat gan két véi CsA.
Udc tinh CyP-A chiém toi 0,6% tong protein phan bao tan (Mikol V et al. X-ray
structure of monmeric cyclophilin A-xycloporin A crystal complex at 2.1 A resolution.
J. Mol.Biol. 1993, 234:1119-1130; Galat A, Metcalfe SM. Peptidylproline cis/trans
isomerases. Prog. Biophys. Mo!l. Biol. 1995, 63:67-118).

Su dinh vi cia xyclophilin trong té bao

Céac CyP c6 thé thdy & hdu hét ngan té bao cua phan 16n cac md va mi hoa cac
chirc nang dang chi y. O dong vat c6 via, CyP-A va CyP-40 la phan bao tan trong khi
CyP-B va CyP-C c6 trinh ty tin hiéu cubi amino, 1am cho chiing 14 dich ctia quy trinh
ché tiét protein thé luéi noi chét (reviewed in Galat, 2003; Dornan J et al.Structures of
immunophilins and their ligand complexes. Curr Top Med Chem 2003, 3:1392-1409).
CyP-D ¢6 chudi tin hiéu didu khién no tdi ty thé (Andreeva L et al. Cyclophilins and
their possible role in the stress response. Int J Exp Pathol, 1999, 80:305-315; Hamilton
GS et al. Immunophilins: beyond immunosuppression. J Med Chem 1998, 41:5119-
5143); CyP-E ¢6 ving gin két ARN dau cudi amino va nim & nhan (Mi H et al. A
nuclear RNA-binding cyclophilin in human T cells. FEBS Lett 1996, 398:201-205) va
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CyP-40 ¢6 cac TPR va c6 & phan bao tan (Kieffer LJ et al. Cyclophilin-40, a protein
with homology to the P59 component of the steroid receptor complex. Cloning of the
cDNA va further characterization. J Biol Chem 1993, 268:12303-12310). CyP-NK &
ngudi 13 CyP 16n nhét, c6 dau cubi cacboxyl 16n, ua nuéc va dwong tinh, va & phan
bao tan (Anderson SK et al. A cyclophilin-related protein involved in the function of
natural Killer cells. Proc Natl Acad Sci USA 1993, 90:542-546; Rinfret A et al.The N-
terminal cyclophilin-homologous domain of a 150-kilodalton tumor recognition
molecule exhibits both peptidylprolyl cis-fransisomerase and chaperone activities.

Biochemistry 1994, 33:1668-1673).

Chtc nang va hoat tinh cua xyclophilin

CyP 1a protein da chirc ning tham gia vao nhidu qua trinh cia té bao. Do CyP
duge bao toan tdt trong qua trinh tién hoa, diéu nay cho thiy vai tro thiét yéu ctia CyP.
Ban diu, nhén thiy raing CyP c6 dic tinh enzym dic hiéu xtc tac qua trinh déng phan
hoéa cis-trans cta cac lién két peptidyl-prolyl (Galat, 1995; Fisher GA et al. A phase I
study of paclitaxel (taxol) (T) in combination with SDZ valspodar, a potent modulator
of multidrug resistance (MDR). Anticancer Drugs. 1994; 5(Suppl 1): 43). Do d6, CyP
dugce goi 1a isomeraza peptidyl-prolyl-cis-trans (PPlase), enzym nay c6 tac dung nhu la
yéu td thuc ddy su gip nép chinh xédc cia protein méi duoc tdong hop, PPlases ciing
tham gia vao qua trinh sira chita cac protein bi ton hai do stress moi truong nhur stress
nhiét, birc xa cuc tim, sy thay doi do pH ctia mdi truong té bao va su xur Iy biang tac
nhan oxi héa. Chirc ning nay duoc biét 12 hoat tinh tao ra chaperon phén ti. (Yao Q et
al. Roles of Cyclophilins in Cancers and Other Organs Systems. World J. Surg. 2005,
29:276-280)

Ngoai ra, gin d4y hoat tinh PPlase ctia CyPs dugc chimg t6 13 ¢6 lién quan dén
céc qud trinh khac nhau ciia té bao, bao gdm qué trinh di chuyén protein noi bao
(Andreeva 1999; Caroni P et al. New member of the cyclophilin family associated with
the secretory pathway. J Biol Chem 1991, 266:10739-42), chiic nang cla ty thé
(Halestrap AP et al. CsA binding to mitochondrial cyclophilin inhibits the permeability
transition pore and protects hearts from ischaemia/reperfusion injury. Mol Cell

Biochem 1997, 174:167-72; Connern CP, Halestrap AP. Recruitment of mitochondrial
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cyclophilin to the mitochondrial inner membrane under conditions of oxidative stress
that enhance the opening of a canxi-sensitive non-specific channel. Biochem J 1994,
302:321-4), qué trinh tién-mRNA (Bourquin JP et al. A serine/argininerich nuclear
matrix cyclophilin interacts with the Cterminal domain of RNA polymerase II. Nucleic
Acids Res 1997, 25:2055-61), va viéc duy tri d6 6n dinh cua phirc hop da protein
(Andreeva, 1999).

Xyclosporin gin két bang 4i luc nanomol véi CyP-A théng qua su tiép xuc
trong tai ky nudc (Colgan J et al. Cyclophilin A-Deficient Mice Are Resistant to
Immunosuppression by Xyclosporin. The Journal of Immunology 2005, 174: 6030—
6038, Mikol, 1993) va tc ché hoat tinh PPlase. Tuy nhién, tdc dung nay duogc cho la
khong lién quan dén kha ning @c ché mién dich. Pung hon, phirc hop ctia CsA va CyP-
A tao ra bé mit composit gin két v6i canxinorin va ngan ngira canxinorin didu chinh
su phién ma gen cytokin (Friedman J et al. Two cytoplasmic candidates for
immunophilin action are revealed by affinity for a new cyclophilin: one at the presence
and one in the absence of CsA. Cell 1991, 66: 799-806; Liu J et al. Canxinorin is a
common target of cyclophilin-CsA va FKBP-FK506 complexes. Cell 1991, 66: 807—
815).

Tinh twong ddng ctia xyclophilin

CyP-A, thanh vién diu tién thudc nhom nay, 1a protein durge bao toan véi mirc
cao & té bao cia dong vat c6 vi (Handschumacher RE et al. Cyclophilin: a specific
cytosolic binding protein for CsA. Science 1984, 226: 544-7). Viéc nghién ctu tinh
turong dong trinh tw ciia CyP-A & ngudi cho thdy n6 c6 tinh twong ddng & mirc cao vdi
CyP-B, CyP-C, va CyP-D & nguoi (Harding MW, Handschumacher RE, Speicher DW.
Isolation and axit amin sequence of cyclophilin. J Bio/ Chem 1986, 261:8547-55). Ti
gin két xyclosporin clia tit ca cac CyPs dugc tao ra do viing dugc bao toan véi mirc
cao cia khoang 109 axit amin. Trong sb cac CyP da biét, CyP-D c6 tinh twong dong
v6i mirc cao nhit véi CyP-A. Thyc té, trong ving ndy tinh twong ddng vé trinh tu gitra
CyP-A va CyP-D la 100% (Waldmeier 2003; Kristal BS et al. The Mitochondrial

Permeability Transition as a Target for Neuroprotection. Journal of Bioenergetics va
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Biomembranes 2004, 36( 4); 309-312). Do 46, i luc CyP-A 13 yéu t6 du béo rét tdt vé
ai luc CyP-D, va nguoc lai (Hansson MJ et al. The Nonimmunosuppressive
Xyclosporin analogues NIM811 and UNIL025 Display Nanomolar Potencies on
Permeability Transition in Brain-Derived Mitochondria. Journal of Bioenergetics va
Biomembranes, 2004, 36(4): 407-413). Mbi lién hé nay da dugc chimg minh nhiéu lin
theo kinh nghiém véi cac chit twong tu xyclosporin (Hansson, 2004; Ptak Rg et al.
Inhibition of Human Immunodeficiency Virus Type 1 Replication in Human Cells by
Debio-025, a Novel Cyclophilin Binding Agent. Antimicrobial Agents and
Chemotherapy 2008: 1302-1317; Millay DP et al. Genetic and pharmacologic
inhibition of mitochondrial dependent necrosis attenuates muscular dystrophy. Nature
Medicine 2008, 14(4): 442-447; Harris R et al. The Discovery of Novel Non-
Immunosuppressive Xyclosporin Ethers and Thioethers With Potent HCV Activity.
Poster # 1915, 59th Annual Meeting of the American Association for the Study of Liver
Diseases (AASLD), 2008). Tinh twong ddng vé trinh tuw ctia CyP goi ¥ ring tit ca cac
CyP 1a dich tiém nang cia cac chit twong tu xyclosporin. Do c6 rit nhiéu qua trinh cda
té bao ma trong d6 CyP tham gia, didu nay con goi ¥ rang cac chit trong tu CsA gifr
duogc su gin két dang ké v6i CyP c6 thé duge sit dung dé didu tri nhidu triéu chung

bénh.
Céc bénh qua trung gian xyclophilin
Virut giy suy giam mién dich & nguoi (HIV):

HIV 12 mét lentivirut thuéc nhom retrovirut va la mot vi du vé su lién quan cua
CyP vio qué trinh lay nhiém va sao chép cta mot sb virut nhit dinh. CyP-A da duoc
x4c 1ap tir hon mat thap nién trudce 1a dich c¢6 hi¢u luc trong hoa hoc tri liéu chéng HIV
(Rosenwirth BA et al. Cyclophilin A as a novel target in anti-HIV-1 chemotherapy.
Int. Antivir. News 1995, 3:62-63). CyP-A thuc hién chirc ning thiét yéu vao giai doan
dau cta chu trinh sao chép HIV-1. N6 dwoc nhan thiy 13 gin két dic hiéu véi
polyprotein HIV-1 Gag (Luban JKL et al. Human immunodeficiency virus type 1 Gag
protein binds to cyclophilins A va B. Cell 1993, 73: 1067-1078). Trinh tu axit amin
duoc x4c dinh quanh G89 va P90 cua capsid protein p24 (CA) dugc xac dinh 1a vi tri
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gin két cia CyP-A (Bukovsky AAA et al. Transfer of the HIV-1 cyclophilin-binding
site to simian immunodeficiency virus from Macaca mulatta can confer both
xyclosporin sensitivity and xyclosporin dependence. Proc. Natl. Acad. Sci. USA 1997,
94:10943-10948; Gamble TRF et al. Crystal structure of human cyclophilin A bound
to the amino-terminal domain of HIV-1 capsid. Cell 1996, 87: 1285-1294). Ai luc cta
CyP-A v6i CA thiic diy su hgp nhit cia CyP-A vao cac hat virion trong qué trinh lap
rdp (Thali MA et al. Functional association of cyclophilin A with HIV-1 virions.
Nature 1994, 372: 363-365). Bang chimg thir nghiém cho thdy su twong tac gitta CyP-
A-CA 1a cin thiét cho qua trinh sao chép cua HIV-1; viéc tc ché su tuong tic nay pha
huy qud trinh sao chép HIV-1 & cac té bao cia ngudi (Hatziioannou TD et al.
Cyclophilin interactions with incoming human immunodeficiency virus type 1 capsids
with opposing effects on infectivity in human cells. J Virol. 2005, 79: 176-183;
Steinkasserer AR et al. Mode of action of SDZ NIM 811, a nonimmunosuppressive
CsA analog with activity against human immunodeficiency virus type 1 (HIV-1):
interference with early and late events in HIV-1 replication. J. Virol 1995, 69: 814—
824). Giai doan ma CyP-A tham gia vao quad trinh sao chép cia virut dugc ching t6 1a
mot khad nang cé thé xay ra sau sy xam nhdp cua hat virut va trudc su két hop cua
ADN soi d6i ctia virut vao bd gen ciia t& bao (Braaten DEK et al. Cyclophilin A is
required for an early step in the life cycle of human immunodeficiency virus type 1
before the initiation of reverse transcription. J. Virol 1996 70: 3551-3560;mLynar ED
et al. The non-immunosuppressive CsA analogue SDZ NIM 811 inhibits cyclophilin A
incorporation into virions and virus replication in human immunodeficiency virus type
l-infected primary and growth-arrested T cells. J. Gen. Virol 1996, 78: 825-835;
Steinkasserer, 1995). Nam 1988, hoat tinh khang HIV-1 cta CsA lan dau tién dugc
bdo cao (Wainberg MA et al. The effect of CsA on infection of susceptible cells by
human immunodeficiency virus type 1. Blood 1998, 72: 1904—1910). Viéc danh gia
CsA va nhiéu din xuét rc ché sy sao chép ciia HIV-1 cho thdy cac chét tuong tu CsA
khong e ché mién dich c6 hoat tinh khang HIV-1 ngang bang hodc thdm chi cao hon
so v6i hoat tinh cua cac cht tuong tu tc ché mién dich (Bartz SRE et al. Inhibition of
human immunodeficiency virus replication by nonimmunosuppressive analogs of CsA.

Proc. Natl. Acad. Sci. USA 1995, 92: 5381-5385; Billich AF et al. Mode of action of
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SDZ NIM 811, a nonimmunosuppressive CsA analog with activity against human
immunodeficiency virus (HIV) type 1: interference with HIV protein-cyclophilin A
interactions. J. Virol 1995, 69: 2451-2461; Ptak, 2008).

Chimng viém

Ching viém trong céc bénh lién quan dén su tan cong cta bach ciu (té bao mau
tréng) vao ving bi nhiém trung. Bach cAu duoc 161 kéo vao vung nay bdi chemokine,
12 nhém chat hit thu hoa hoc. Nghién ciru in vitro da chung té CyP-A ngoai bao 1a
chat hat thu ho4 hoc manh d6i véi t& bao T va bach cau & nguoi (Kamalpreet A et al.
Extracellular cyclophilins contribute to the regulation of inflammatory responses
Journal of Immunology 2005; 175: 517-522; Yurchenko VG et al. Active-site residues
of cyclophilin A are crucial for its signaling activity via CD147. J. Biol. Chem. 2002;
277 22959-22965; Xu QMC et al. Leukocyte chemotactic activity of cyclophilin. J.
Biol. Chem. 1992; 267: 11968-11971; Allain FC et al. Interaction with
glycosaminoglycans is required for cyclophilin B to trigger integrin-mediated adhesion
of peripheral blood T lymphocytes to extracellular matrix. Proc. Natl. Acad. Sci. USA
2002; 99: 2714-2719). Hon nita, CyP-A c6 thé gdy phan tng viém nhanh, dic trung
b&i sw tdn cong cta bach ciu, khi dugc tiém truyén in vivo (Sherry BN et al.
Identification of cyclophilin as a proinflammatory secretory product of
lipopolysaccharide-activated macrophages. Proc. Natl. Acad. Sci. USA 1992; 89:
3511-3515). CyP-A c¢6 mat & khip noi trong té bao, tuy nhién trong sudt qué trinh
phan tng viém, CyP-A dugc giai phéng vao cac khoang tréng ctia md ngoai bao béi ca
céc t& bao sdng va dang chét (Sherry, 1992). Thuc té, ndng do CyP-A gia tang da duoc
b4o c4o & nhiéu bénh viém khac nhau, bao g6m bénh nhiém trung, chung viém khop
thip va bénh té bao co tron ctia mach (Jin ZG et al. Cyclophilin A is a secreted growth
factor induced by oxidative stress. Circ. Res. 2000; 87: 789—796; Teger, 1997; Billich,
1997). Trong trudng hop chimg viém khdp thap, su twong lién truc tiép gitra néng do
CyP-A va sb lugng bach cau trung tinh trong hoat dich cua bénh nhan bi viém khép
thap da duoc bao cao (Billich, 1997).

Bénh ung thu
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Gén day, CyP-A dugc ching to 1a bidu hién qua muc & nhidu dong té bao va
mo ung thu, bao gdm nhung khong chi gidi han & bénh ung thu phéi té bao khong nho,
ung thu bang quang, ung thu t€ bao gan, ung thu tuyén tuy va ung thu vua (Li, 2006;
Yang H et al. Cyclophilin A is upregulated in small cell lung cancer and activates
ERK1/2 signal. Biochemical and Biophysical Research Communications 2007; 361:
763-767; Campa, 2003). Trong truong hgp CyP-A ngoai sinh dwgc cung cép, ching
duge ching té 13 kich thich sy tang truéng cua té bao ung thu (Li, 2006; Yang, 2007)
trong khi CsA 1am ngung sy ting truéng (Campa, 2003). Gan ddy nhét, CyP (A va B)
dd duogc chung to la tham gia mot cach phtc tap vao qué trinh sinh hod lam ting
trudng té bao ung thu vii & ngudi va cac thir nghiém bét hoat CyP da lam gidm su tang
trudng, sy ting sinh va kha ning van dong cua té bao ung thu (Fang F et al. The
expression of Cyclophilin B is Associated with Malignant Progression and Regulation
of Genes Implicated in the Pathogenesis of Breast Cancer. The American Journal of
Pathology 2009; 174(1): 297-308; Zheng J et al. Prolyl Isomerase Cyclophilin A
Regulation of Janus-Activated Kinase 2 and the Progression of Human Breast Cancer.
Cancer Research 2008; 68 (19): 7769-7778). Thu vi nhit 13, viéc xir ly CsA cho chudt
dugc di ghép véi té bao ung thu v da gy ra su chét hoai khéi u va e ché hoan toan
su di can (Zheng, 2008). Cac nha nghién ctru két luan rang “hoat tinh cua xyclophilin
B c6 thé gép phan 16n vao sy phat sinh bénh ung thu vi & ngudi” va “su tc ché
xyclophilin c6 thé 12 mot chién luge diéu tri méi dé didu tri bénh ung thu vi & nguoi”

(Fang, 2009; Zheng, 2008).
Bénh viém gan C

Virut viém gan C (Hepatitis C Virus (HCV)) 12 bénh gan phd bién nhit trén thé
gi6i va duge T6 chirc Y t& Thé gidi xem 12 mot bénh dich. Do HCV ¢6 thé 1ay nhidm
cho bénh nhén hang thip nién truéc khi dugc phat hién, bénh nay thuong duoc goi la
bénh dich “thdm ling”. C4c nghién ciru cho ring hon 200 triéu ngudi trén thé givi bi
nhiém HCV, tong ty 1 mac bénh chiém khoang 3,3% dan sb thé gigi. Chi riéng & My,
gﬁn 4 triéu ngudi bi hodc bi nhiém HCV va trong sb nay 2,7 triéu nguoi dang bi nhiém
bénh man tinh. T4t ca nhiing ngudi bi nhifm HCV ¢6 nguy co phat trién bénh gan

nghiém trong de doa dén cudc séng. Liéu phap chudn hién thoi didu tri viém gan C
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man tinh 13 két hop interferon pegyl hoa phéi hop v&i ribavirin, ca hai chat nay déu la
chit khang virut tdng quat (Craxi A et al. Clinical trial results of peginterferons in
combination with ribavirin. Semin Liver Dis 2003; 23(Suppl 1): 35-46). Ty 1¢ khong
chita dugc 1a khoang 50 % (Molino BF. Strategic Research Institute: 3™ annual viral
hepatitis in drug discovery and development world summit 2007. AMRI Technical
Reports; 12(1)).

Méi day, CyP-B dugc chimg t6 1a can thiét cho qua trinh sao chép bd gen HCV
mot cach hi€u qua (Watashi K et al. Cyclophilin B is a Functional Regulator of
Hepatitis C Virus RNA Polymerase. Molecular Cell 2005, 19: 111-122). C4c virut nay
phu thudc vao cac yéu td cta chi thé nhu CyP-B cho qua trinh sao chép bd gen cia
ching mét cach hiéu qua. CyP-B tuwong tac véi HCV RNA polymeraza NS5B dé kich
thich truc tiép hoat tinh gin két ARN cta né. Ca su giam biéu hién CyP-B qua trung
gian nhiéu ARN (ARNi) va sy mét cdm tng gin két NS5B v6i CyP-B déu lam giam
mirc d6 sao chép ctia HCV. Do d6, CyP-B hoat dong nhu 13 yéu t§ didu chinh kich
thich NS5B trong by may sao chép ctia HCV. Co ché diéu chinh qua trinh sao chép

nay xac dinh CyP-B nhu 1a dich cta céc chién luge diéu trj khang virut.

Khong giéng nhu cac liéu phap diéu tri HCV khac, su wrc ché CyP khong tac
dong truc tiép dén virut HCV. Do d6 dugce cho ring kha ning khang thubc gin két CyP
s& dién ra chdm hon so véi thude diéu tri HCV hién nay (Manns MP, et al. The way
forward in HCV treatment- finding the right path. Nature Reviews Drug Discovery
2007; 6: 991-1000). Ngoai ra, bang cach can thiép vao mirc do tuong tac virut-chd thé,
viéc tic ché CyP c6 thé mo dudng cho phwong phap méi diéu tri khang HCV, phuong
phap nay c6 thé bd sung, khong chi cho viéc didu tri bang interferon, ma con cho cac
lidu phap diéu tri tic dong truc tiép dén enzym sao chép HCV nhu cic chét uc ché, vi
du, proteaza va polymeraza trong twong lai (Flisiak R, Dumont JM, Crabbé R.
Cyclophilin inhibitors in hepatitis C viral infection. Expert Opinion on Investigational
Drugs 2007, 16(9): 1345-1354). Sy phat trién c4c thude khang HCV méi tac dong dén
su sao chép ctia virut HCV d3 bj can tro nhiéu do khong ¢6 md hinh HCV phu hop cho
phong thi nghiém. Tr& ngai nay chi méi duoc khic phuc gan day nho sy phat trién cia

nhiéu md hinh nudi cdy té bao phit hop (cac hé théng sao chép bd gen phu HCV —
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(Subgenomic I_{CV Replicon Systems)) va mo hinh chuét chta té bao gan ngudi (Goto
K, et al. Evaluation of the anti-hepatitis C virus effects of cyclophilin inhibitors, CsA,
and NIMS811. Biochem Biophys Res Comm 2006; 343: 879—884; Mercer DF, et al.
Hepatitis C virus replication in mice with chimeric human livers. Nat Med 2001; 7:
927-933). Méi day, xyclosporin dugc ching to 1a c6 hoat tinh khang HCV & cac mo
hinh sang loc va & céac thir nghiém lam sang nhé (Watashi K, et al. CsA suppresses
replication of hepatitis C virus genome in cultured hepatocytes. Hepatology 2003;
38:1282-1288; Inoue K, Yoshiba M. Interferon combined with cyclosporin treatment
as an effective countermeasure against hepatitis C virus recurrence in liver transplant
patients with end-stage hepatitis C virus related disease. Tranmsplant Proc 2005;

37:1233-1234).
Céc rdi loan thoai hoa co

CyP-D 12 phan khong thé thiéu cta 15 chuyén tiép tinh thim cua ty thé
(mitochondrial permeability transition pore (MTP)) & tit ca céc té bao. Chirc ning cla
16 MTP 14 tao ra su cén béng ndi tai canxi trong té bao. Trong diéu kién binh thuong
qua trinh m& va dong ciia 16 MTP 13 qua trinh thuan nghich. Trong diéu kién bénh ly
lién quan dén dong canxi vao té bao qua mirc, lam cho ty thé qua tai va lam cho 13
MPT m¢& khong dong lai duoc, dan dén viéc té bao bi chét hoic su tw chét duoc dinh
trude cia té bao. CsA duoc bao cdo 1a didu chinh su rbi loan chite nang cua ty thé va
su tu chét duoc dinh trude cua té bao co & bénh nhan bi loan dudng co bam sinh
Ullrich va bénh co Bethlam [(Merlini L et al. CsA corrects mitochondrial dysfunction
and muscle apoptosis in patients with collagen VI myopathies. PNAS 2008; 105(13):
5225-5229]. CsA duoc ching to in vitro 13 (rc ché qua trinh m& MTP phy thudc lidu &
ty thé & tim dugc phén l4p, do d6 ngin nglra su tu chét dugc dinh trude va tao ra cho té
bao thoi gian quy gia dé sira chita (Gomez L et al. Inhibition of mitochondrial
permeability transition improves functional recovery and reduces mortality following
acute mmmmyocardial infarction in mice Am J Physiol Heart Circ Physiol 2007, 293:
H1654-H1661). M6t nghiém ctru 14m sang trén 58 bénh nhan bi nhdi mau co tim cip
tinh cho thdy viéc sit dung CsA vao thoi diém tai tuéi mau c6 lién quan dén chimg

nhdi mau nhé hon 13 duge nhan théy voi gid duge (Piot C et al. Effect of Cyclosporin
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on Reperfusion Injury in Acute Myocardial Infarction. New England Journal of
Medicine 2008; 395(5): 474-481)).

Céc bénh thoai héa than kinh man tinh

CsA c6 thé tac dung nhu 14 chét bao vé than kinh trong cac truong hop tén
thwong va thiéu méu cuc bd & ndo cip tinh, nhu 12 hau qua cia chin thuong déu (Keep
M, et al. Intrathecal xyclosporin prolongs survival of late-stage ALS mice. Brain
Research 2001; 894: 327-331). Pong vat dugc xir Iy véi CsA cho thiy co ty 1& séng
sot cao 80% so véi ty 1& sdng s6t chi bang 10% khi khong duge xir ly. V& sau da xdc
1ap duoc ring didu nay chii yéu 1a do két qua cua su gin két cia CsA véi CyP-D ty thé.
Theo d6, da xac lap dugc réng vi€c sir dung CsA mé& rong dén qua trinh thoai héa than
kinh man tinh, nhu duwoc chimg té trén md hinh chudt bi bénh Lou Gerhig (US Patent
No. 5,972,924), trong d6 viéc diéu tri bing CsA lam gia ting hon gip d6i tudi tho con
lai. Gan day, cling nhin théy réng su bat hoat CyP-D & chudt bi bt hoat CyP-D béo vé
c4c soi truc than kinh & bénh viém ndo va day cot séng tu mién thtr nghiém, mé hinh
bénh xo cling rai rdc cia dong vat (Forte M et al. Cyclophilin D inactivation protects
axons in experimental autoimmune encephalomyelitis, an animal model of multiple
sclerosis. PNAS 2007; 104(18): 7558-7563). Trén mo hinh chudt bi bénh Alzheimer,
su suy giam CyP-D cai thién co ban kha nang hoc hoi va tri nhé va chirc niang cua si
ndp (Du H et al. Cyclophilin D deficiency attenuates mitochondrial and neuronal
perturbation and ameliorates learning and memory in Alzheimer’s disease Nature
Medicine 2008, 14(10): 1097-1105). Ngoai ra, CsA dugc ching to ¢ hiéu luc trén mo
hinh chudt bi bénh Huntington (Leventhal L et al. CsA protects striatal neurons in vitro
and in vivo from 3-nitropropionic acid toxicity. Journal of Comparative Neurology
2000, 425(4): 471-478), va c6 hiéu luc mot ph?m trén mo hinh chudt bi bénh Parkinson
(Matsuura K et al. CsA attenuates degeneration of dopaminrgic neurons induced by 6-
hydroxydopamin in the mouse brain. Brain Research 1996, 733(1): 101-104). Do do,
su chét hoai phu thudc ty thé thé hién co ché bénh nbi bat - g0l y r?fmg viéc e ché
CyP-D c6 thé tao ra chién lugc diéu tri duoc ly méi dé diéu tri cac bénh nay (Du,

2008).
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Ton thuong t€ bao, md va co quan do mat ndi cAn bing ion canxi (Ca®") té bao

Ca®" tham gia vao nhiéu qué trinh sinh Iy & mirc té bao, bao gdm chirc nang ty
thé lanh manh. Trong cac diéu kién bénh 1y nao do, vi du ching nhdi mau co tim, dot
quy, tinh doc hai gan cép tinh, & mat, va ton thuong trit/tai tudi mau & co quan céy
ghép, ty thé mat kha niang didu chinh ndng do canxi, va su tich lily canxi qud mirc
trong co chat ty thé din dén sy mé cac 16 16n trong ndi mang ty thé (Rasola A. et al.
The mitochondrial permeability transition pore and its involvement in cell death and in
disease pathogenesis. Apoptosis 2007, 12: 815-833.). Do dan khong chon loc cua ion
va phan tlr cho dén 1,5 kilodalton qua 19, 13 qué trinh dugc goi la chuyén tiép tinh thAm
ty thé, din dén sw truong ty thé va cac qua trinh khac, cuc didm dan dén su chét cua té
bao, ké ca viéc giy ra su chét duge dinh trude cia té bao. Mot trong sb céc thanh phﬁn
ciia MTP 1a CyP-D. CyP-D Ia phan t& philin mién dich ma hoat tinh isomeraza cia n6
diéu chinh qué trinh m& MPTP, va su tc ché hoat tinh isomeraza b&i CsA hoic chét

tuong tu CsA s€ Uc ché su tao thanh MPTP, va do d6 ngan ngtra su chét cua té bao.
Céc chét trc ché xyclophilin twong tu xyclosporin khong tc ché mién dich

Mic du c6 céc tac dung co6 loi clia CsA trong céac chi din néu trén, cic tac dung
trc ché mién dich ddng thdi han ché viée st dung CsA 1am chat trc ché CyP trong thuc
tién 1am sang. Hién nay, chi c6 mot vai chét tuong tu CsA dugce ching to ¢6 hoat tinh
trc ché mién dich giam hoic khong déng ké (c6 nghia 12 <10% hoat luc (rc ché mién
dich cuia CsA) va van duy tri i luc gin két véi CyP (co nghia 12 >10% kha ning gin
két véi CyP so véi CsA).

NIM 811 (Melle*-xyclosporin)

NIM 811 13 san phdm 1én men cua T olypocladium niveum, dugc cai bién tai axit
amin 4 va khong thé hién hoat tinh trc ché mién dich (do khong gin két véi
canxinorin) song van duy tri 4i luc gén két véi CyP-A (Rosenwirth BA et al. Inhibition
of human immunodeficiency virus type 1 replication by SDZ NIM 811, a
nonimmunosuppressive Xyclosporin Analogue. Antimicrob Agents Chemother 1994,

38: 1763-1772).
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DEBIO 025 (MeAZajEtVaﬂ-Xchosporin)

DEBIO 025 1a su cai bién hoa hoc kép cia CsA tai cac axit amin 3 va 4. DEBIO
025 ciing khong biéu hién hoat tinh e ché min dich song van duy tri ai luc gin két

vo1 hoat tinh cia CyP-A PPlaza (Kristal, 2004).
SCY-635 (Dimelylaminoet)/lz‘hioSar3-hydroxyLeu4-Xyclosporin)

SCY-635 1a sy cai bién hoa hoc kép ctia CsA tai cac axit amin 3 va 4. SCY-635
cling khong biéu hién hoat tinh trc ché mién dich song van duy tri 4i luc gén két véi

hoat tinh ctia CyP-A PPIaza (Cong bd don quéc t& s6 W02006/039668).

Nhin chung, cac hop chét nay tao ra su cai bién bé mat cia CsA, chiu trach
nhiém gin két canxinorin, va thuong can su cai bién tai cac axit amin 3 va 4. Quy trinh
cai bién cia cac axit amin 3 va 4 kho khan va phtic tap, do quy trinh nay thuong lién
quan dén viéc m& vong xyclosporin, thay thé va/hodc cai bién cac axit amin nay va sau

dé dong vong deé tao ra xyclosporin cai bién.

Nguoc lai, quy trinh cai bién mach nhanh cta axit amin 1 khong cin mé vong
xyclosporin. Tuy nhién, axit amin 1 lién quan dén sy gan két voi CyP (trai v6i su gan
két véi xyclosporin) va dugc cai bién dé 1am tiang hiéu qua trc ché mién dich ctia CsA.
Vi du, patent M¥ s6 6,605,593 boc 16 mot quy trinh cai bién axit amin 1 duy nhét d4n

dén su tao thanh chét twong tu CsA c6 hiéu luc tc ché mién dich gia tang.

Do d6, viéc ¢6 dugc phén tir clia chét twong tu xyclosporin (“CAM?”) d& dang
tong hop va c¢6 hiéu qua diéu tri cac bénh qua trung gian CyP 1a duoc mong mudn.
Ngudi ta cling mong muén dua ra mot chit tuong tu CsA cung cdp it nhit mot vai
chirc ning cia CsA ty nhién, nhung né s& hitu céc tinh chét, tac dung va chirc ning

dugc cai thién hodc bo sung so vdi CsA tu nhién.

Ban chit k§ thuit ciia sang ché

Theo mdt khia canh, cic hop chit ctia sang ché bao gdm cac chat tuong tu
xyclosporin-A khéng trc ché mién dich theo dinh nghia trong tai liéu nay. Theo mot

khia canh khéc, cac hop chit c6 4i luc véi xyclophilin, bao gdm ca xyclophilin-A.
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Theo nhitng khia canh khac, cac hop chit cta sang ché bao gbm cac chét tuong tu
xyclosporin-A hitu dung d6i v6i bénh hodc tinh trang bénh qua trung gian xyclophilin

va phat trién cac liéu phap c6 lién quan toi cdc bénh va tinh trang bénh nay.

Theo mot khia canh, sang ché d& xuét hop chét c6 cong thirc L:

R1—R2

R'O

O R23
H
MeVal ~ N MeLeu
N
0] 0]

MeLeu——MeLeu——~D-Ala Ala——MelLeu—Val
Coéng thirc L

=z

trong do
a. R’1a H hodc axetyl;
b. R1 la mach cacbon béo, théng hodc nhanh, bao hoa hodc khong bao hoa,
chira tir 2 dén 15 nguyén tir cacbon; va
c¢. R2 duge chon tir nhém gdm:
H H
(ii))  amit khong dugc thé, dugc thé N, hodc duge thé hai 1An N,N;
(iii)  amin dugc bao vé axyl, thé N hodc khong dugc thé;
(iv)  axit cacboxylic;
(v)  amin thé N hodc khong dugc thé;
(vi)  nitril;
(vii) este;
(viii)  keton;
(ix)  hydroxy, dihydroxy, trihydroxy, hodc polyhydroxy alkyl; va
(x) aryl duoc thé hoic khong duoc thé;
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(xi) mach béo thing hoic nhanh, bdo hoa hoic khéng bio hoa tuy y
chtra mot phﬁn tir thé dugc chon tir nhém gém c6 hydro, keton,
hydroxyl, nitril, axit cacboxylic, este, 1,3-dioxolan, halogen, va
0X0;

(xii) nhém thom chira mdt phan tr thé duoc chon tir nhém gdm c6
halogenua, este va nitro; va

(xiii)  hdn hop ciia mach béo thang hodc nhanh, bdo hoa hodc khong bao

hoa & muc (xi) va nhém thom & muc (xii); va

d. R23 1a mach cacbon béo duoc thé tuy v, théng hoac nhanh, bdo hoa hoac
khong bio hoa.

Trong mot khia canh, phén tir thé R1 - R2 dugc chon tir nhom g@)m co:

i. < COOH;
i  ~~COOH.
° 9
iii. Z ""COOH:
9
iv. 7 (CH2)3COOH.
. 9

v ~"(CH,)3COOH.
° 9

vi. 7 N"N"CooH
vii. A ""COOoH
viii.  Z""COO0H:
0
ix. MOH;

xi. 7 (CHy)eCOOH.

° 9
xii. %2 (CH2)sCOOH :
xiii. ~ (CHp)gCOOH :

R /\
Xiv. (CH2)6COOH
0]

MOH;

XV.
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XVI.

XVii.

XViii.

XiX.

XX.

XXI.

xxiil.
XX1V.
XXV.

XXVI.

XXVIl.

XXViii.

XXIX.

XXX.

XXXI.

XXXii.

XXXI1i.

XXX1V.

XXXV.

XXXVI.

XXXVII.

24694

7 N(CHy)g “NMe; -
(@]

7 N(CHa)g NMe, -
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XXXViil.

XXXIX.

xl.

xli.
xlii.

xliii.

xliv.

xlv.

xlvi.
xlvii.
xlviii.
xlix.
L.

li.

lii.
liii.
liv.
lv.
lvi.

lvii.

lviii.

lix.
Ix.

Ixi.

Ixii.

24694

0O

ZNCHz)s “NH;

OEt;

i

2

L Ll

=z O/\/OH ;
Z7(CH4)gCOOEt.
77 (CH,)sCOOEt.

b

—~Q

COOMe

/\g/\'
/\g/,

3

3

b

Z(CHz)6CHs ;

i

b

Z(CHp)4CHs ;

Y

MNHZ.
9
/\/\/\/\NHZ'
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o)
pd N)k
Ixiii. H ;
H
/\/\/N\{(\/
Ixiv. o) .
0]
Ixv. H ;
(0]
/\/\N)k
Ixvi. H ;
Ixvii. NHBOC ;

Ixviii. ’//_Q

Ixix.

Ixx. f@_F X
Ixxi. /_Q—F X

Ixxii.

Ixxiii. COOMe

Trong mot khia canh khac, R2 dugc chon tir nhém g6m cod

H
a. O
0
b. )LNMe2;
o)
c. )LNHz,
N/_\O
\n’\__/
d O ;
0
e )LNEtz
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) /N‘g/ R5

g. /NHBOC;
0

h. /u\OEt;
0
/U\OY

1 Fos
o)

j- /JLO’\\/OH’

R5

k. \g/ ;

1 /pH.
OH

n OH ;
0 COOMe ;
W/
p- ;
g- COOH;
///\\V//«\
1. COOH: va

trong do:
i.  R5 la mach cacbon béo, théng hodc nhanh, bao hoa hoic khong bdo hoa,

chua tir 1 dén 10 nguyén tir cacbon; va
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ii. R6 la mach cacbon béo chira tir 1 dén 10 nguyén tir cacbon, thing hodc
nhanh, bdo hoa hodc khong bdo hoa, dugc monohydroxyl hda,

dihydroxyl hoéa, trihydroxyl hoa hodc polyhydroxyl hoa.

Trong mdt khia canh, R1-R2 bao gém mach cacbon béo chua tir 2 dén 5 nguyén
ttr cacbon, thang hodc nhanh, bdo hoa hodc khong bdo hoa, duge thé tly y bang mot
ph?m ttr thé dugc chon tir nhém gi‘)m c6 hydro, keton, hydroxyl, nitril, halogen, oxo,

axit cacboxylic, este va 1,3-dioxolan;

Trong mot khia canh, R23 duogc chon tir nhém g61n co:

i —CHj
. —CH,CH,
. —CH,CHCH,
. —CHyCH,CHyl
v. —(CHy)sCHyl
vi.  —(CH2)3N"(CHa)s
vii, —CH,CCH
viii.  —CH2CO,(t-Bu)
ix. —CHPh
«  —CH,OH
«i. —CH(OH)CH;
i —CH(OH)(t-Bu)
<iii,. ~—CH(OH)Ph
xiv. —COOH
xv. TSCHs
i, —S(p-Tol)

Trong mot khia canh, R23 bao gém mot alkyl dugc thé tuy y, bao gém cd alkyl
C1-C3 duge thé tuy y. Alkyl nay c6 thé duge thé bang nhom amin va c6 thé bao gdm
C1-C3-Ala trong d6 hop chit nay bao gdm D-epime. Trong phuong 4n nay, R23 c6 thé
la MeAla.
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Trong mot khia canh, & cong thirc L néu trén,
RTR2

RO
dugc chon tr nhém goém coé:

_OH

/\A/\/\COOH

H

/A\I//\\//\\“/N\COOH

pilil'e)

O
T

/Y\//'\/\/\IrNMez
0

H

-nnllo

WCHZF
-23-



24694

va

Trong mot khia canh, R23 1a mach cacbon béo, théng hoac nhanh, chtra tir 1

dén 6,1 dén 5, 1 dén 4, 1 dén 3 hoic 2 nguyén tir cacbon.

Trong mdt khia canh, sang ché dé cép dén phuong phép diéu tri hodc phong
ngira bénh qua trung gian xyclophilin & dong vat c6 vii bao gdm viéce cho dong vat co
vii diing hop chit nhu duge mo ta trong tai lidu ndy du6i cac didu kién d& diéu tri bénh
hoic ton thuong qua trung gian xyclophilin, hodc st dung hop chat hodc thanh phan
néi trén dé diéu tri bénh hoac ton thuong ndi trén, hoac st dung hop chit dé diéu ché
thudc dé st dung hodc didu tri nhu da n6i trén. Bénh hodc tén thuong néi trén c6 thé
dugc trung gian bdi su biéu hién qua murc cua xyclophilin hodc bénh nay la mét biéu
hién qui mtc bdm sinh ciia xyclophillin. Bénh hodc tdn thuong qua trung gian

xyclophilin néi trén ¢6 thé dugc chon tir nhém gém co:

bénh nhiém trung do virut

IS

bénh viém;

ung thu;

& ©

ro1 loan co;

roi loan hé than kinh; va

o

)

ton thuong lién quan dén ching thi€éu mau cuc bd, su tai tudi
mau, mat ndi cdn bang canxi t€ bao, mat can bang ion ndi mdi,
giai tdng san xuat cac goc tu do, hodc cac ddc to gay roi loan chire

nang ty lap thé;
trong d6 nhiém trung do virut thy ¥ duoc giy ra boi virut duoc chon tir

nhom gém c6 virut suy gidm mién dich & nguoi, viém gan A, viém gan

B, viém gan C, viém gan D, viém gan E, SARS-CoV, hCoV-NL63,
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hCoV-HKU-1, hCoV-OC43, hCOV-229E, coronavirus, virut viém phtc

mac ldy nhiém tir meo, va virut viém da day rudt c6 thé truyén nhiém;

trong d6 bénh viém nhiém tuy y duoc chon tir nhém gém c6 bénh hen,
bénh tu mién dich, bénh viém man tinh, bénh viém tuyén tién liét man
tinh, bénh viém than tidu cu, bénh tang cam, bénh viém dudng rudt,
bénh nhiém khuin huyét, bénh té bao co tron cua thanh mach, bénh
phinh mach, bénh viém vung chau, tdn thuong tai tudi mau, bénh viém

da kh6p dang thip, chtng thai bd méanh ghép, va chuing viém mach;

trong d6 bénh ung thu tiy ¥ dugc chon tir nhém gdm ¢6 ung thu phoi té
bao nhé va khong phai té bao nho, ung thu bang quang, ung thu té bao
gan, ung thr tuyén tuy, ung thu vi, u nguyén bao dém, ung thu két trang,

ung thu biéu mo té bao vay, u 4c tinh, va ung thu tuyén tién liét;

trong d6 r6i loan co biap duge chon tir nhém gdm c6 tdn thuong tai tudi
mau co tim, chirg loan dudng co (bénh teo co), cac bénh co lién quan
dén collagen VI, hoi chimg sau ngung tim (PCAS), suy tim, xo vita d0ng

mach, va phinh dong mach chi bung;

trong d6 rbi loan hé than kinh tiy ¥ duoc chon tir nhém gdém c6 bénh
Alzheimer, bénh Parkinson, bénh Huntington, teo nhiéu hé théng, bénh
da xo cing, liét ndo, dong kinh, dt quy, bénh than kinh dai thao dudng,
X0 cing teo co cot bén (bénh Lou Gehrig), r6i loan ludng cuc, tdn
thuong do exitotoxin, bénh nfo do gan, ha dudng huyét, nhiém déc
mangan, thiéu hut dich té bao than kinh, cic axit béo doc hai nhu Ia axit
arachadonic, ton thwong thdn kinh co, tén thuong tiy sbng, va ton

thuong ndo; va
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trong d6 ton thuong li€n quan dén sy mat ndi can bang canxi t€ bao tuy y
dugc chon tir nhom gém c¢6 nhoi mau co tim, dot quy, nhiém doc gan cap

tinh, o mét, va ton thuong luu trit/tai tudi mau cua cic co quan ciy ghép.

Trong mot khia canh, sang ché dé xudt quy trinh dé diéu ché hop chét co cong

thire L & trén, bao gdm cac bude:
1) cho phén Ung xyclosporin-A (CsA) vdi mot lithi alkylamit ¢6 tinh bazo, voi
su ¢6 mit ctia mot dung moi thich hop, sau d6 bing phan tmg v6i mot chit ai

dién tir (electrophil) phil hop dé tao ra hop chét ¢6 cong thie 1:

HO
O R23

Z T

MeVal _MelLeu

MelLeu——Meleu D-Ala Ala MeLeu—-Val
Cong thirc 1

2) cho phan tng hop chét c6 cong thire 1 véi AC,0 véi su ¢ mit cia mot

dung mai thich hop dé tao thanh hop chit c¢6 cong thirc 2A:
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AcO

(RZ-Sar3-CsA” Y\/\CH
3

CH,

Cong thirc 2A

3) cho phan tmg hop chit c¢6 cong thirc 2A v6i mot chit oxy hoa dé tao thanh

hop chét c6 cong thirc 3A:

AcC_)
: o)
[R®-Sar’-CsA” W
CH,
Cong thirc 3A

4) cho phan tng hop chét c6 cong thirc 3A v6i mot chat ai dién tir dé tao thanh

hop chét ¢ cong thirc 4A:

AcO

3 R2
[R23-Sar]3-CsA/ Y\?/
CH,

Coéng thirc 4A

5) tiy y loai axyl hop chét c6 cong thirc 4A.
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Trong mot khia canh, quy trinh diéu ché hop chit c6 cong thirc L & trén bao
gbm viéc bd sung mét luong du LiCl trong dung moi néi trén dé tao thanh chu yéu la
L-epime cua cong thic L, hodc quy trinh didu hop chét ¢6 cong thic L nay duoc thuc
hién trong sy ving mit cta LiCl dé tao thanh chu yéu 12 D-epime cia cong thuc L.

Lithi alkylamit ¢ tinh bazo néi trén c6 thé 14 lithi diispropylamit.

Trong mot khia canh, chat i dién tir néi trén duge chon tir nhom duge xac dinh

trong bang sau day, dé tao ra R23 tuong tmg dugc néu trong bang nay:

Chat 4i dién tr R23

metyl iodua —CHjs

etyl iodua —CH,CH;

allyl bromua —CH,CHCH,
1,3-diiodopropan —CH,CH,CH,l
1,4-diiodobutan —(CH,)3CHJl
trimetylamonium-3-iodopropan —(CH,)3N"(CHs)3
hexaflophosphat

propargyl bromua —CH,CCH

tert-butyl bromoaxetat

—CH,CO,(t-Bu)

benzyl bromua —CH,Ph 2
formaldehyt —CH,0OH
axetaldehyt —CH(OH)CH;
pivalaldehyt —CH(OH)(t-Bu) >
benzaldehyt —CH(OH)Ph
cacbon dioxit —COOH

dimetyl disulfit —SCH;

p-tolyl disulfit —S(p-Tol) 4

Trong mot khia canh, séng ché d& cap dén phuong phap didu ché cong thuc L

nhu dugce xac dinh nhu trén bao gom céc budc:
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1) cho phan ting hop chét c¢6 cong thirc 1A véi dimetylaminopridin trong mét

dung méi thich hop, dé tao thanh hop chit c6 cong thirc 2:

Ac,O, DMAP OAc
pyridine =
RZSarP-CsA  ——=  [RE-SarPP-CsA” > 2\

1A 2

tiép theo bdi su tao thanh tuy y aldehyt c6 cong thire 3:

OAc Os0y4,NalO,4 Ac
= H,O/dioxane

> 5 o)
[RZ-Sar’-CsA 7 . [R23-Sar]3-CsA/\‘/v

2 3

li[@]

sau do6 tuy y béi phan ing Wittig dé tao thanh cac hop chét co cong thuc L,

trong d6 R23 dugc chon tir nhém gdm cd

i, ~CHs ;

i,  —CHoCHs.

i, —CHCHCH,.

iv.  ~CHCH,CH,l.

v.  —(CHy)CHl.

vii  —(CH2)3N"(CHj), :
vii, —CH2CCH.
viii. —CHaCO(t-Bu).

i —CHPh%

x. —CH,OH.

xi. ~CH(OH)CHs,
i, —CH(OH)(t-Bu) *;
xiii, —CH(OH)Ph,
xiv. —COOH;
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XV. _SCH3; va

xvi.  —S(p-Tol),

Trong mot khia canh, sang ché d& cap dén quy trinh diéu ché hop chit ¢6 cong
thitrc L nhu duge x4c dinh trong tai lidu ndy bao gém cdc bude: cho phan tng hop chét
c6 codng thire 5 v6i mot lithi alkylamit ¢6 tinh bazo, tity ¥ bao gdm lithi diispropylamit,
v6i sy c6 mit ciia mot chét ai dién tu thich hgp trong dung méi thich hgp dé tao thanh

hop chit c6 cong thic L, trong d6 R23 bao gdm nhém C1-C3 alkyl duoc thé tiy .

R1—R2

HO
O
H
MeVal . N /\ﬂ/MeLeu
N N
! o

MelLeu——Meleu D-Ala Ala MelLeu——Val
Cong thirc 5

N6i chung, ddi véi tat ca cac cong thire hda hoe duoc boe 10 trong tai liéu nay:
“Axit cacboxylic” bao gdm nhém trong d6 gdc axit cacboxylic dugc gin véi
mot trong cac phin tir thé sau:

1. alkyl c6 thé dugc thé (vi du, alkyl chira tir 2 dén 15 nguyén tr cacbon);
2. alkenyl c6 thé dugc thé (vi du, alkenyl chira tir 2 dén 15 nguyén tir cacbon); va

3. alkynyl c6 thé dugc thé (vi du, alkynyl chua tir 2 dén 15 nguyén tir cacbon);

Phén tir thé cua nhém dugc mo ta & trén c6 thé gom halogen (vi du, flo, clo,

brom, iot, flo.) nitro, xyano, hydroxy, thiol cé thé dugc thé (vi du, thiol, C1-4
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alkylthio, flo.), amino c6 thé dugc thé (vi du, amino, mono-C1-4 alkylamino, di-C1-4
alkylamino, amino vong c6 tir 5 dén 6 canh vi du tetrahydropyrol, piperazin, piperidin,
morpholin, thiomorpholin, pyrol, imidazol, v.v.), C1-4 alkoxy cé thé dugc halogen héa
(vi du, metoxy, etoxy, propoxy, butoxy, triflometoxy, trifloetoxy, v.v.), C1-4 alkoxy-
Cl1-4 alkoxy c6 thé dugc halogen hoéa (vi du, metoxymetoxy, metoxyetoxy,
etoxyetoxy, triflometoxyetoxy, trifloetoxyetoxy, v.v.), formyl, C2-4 alkanoyl (vi du,
axetyl, propionyl, v.v.), C1-4 alkylsulfonyl (vi du, metansulfonyl, etansulfonyl, v.v.),

va cac chét twong tur, va tdt hon 12 sb lwong ctia cac phan tir thé 1a tir 1 dén 3.

Ngoai ra, ph?m tr thé cta "amino c6 thé duoc thé" c6 thé lién két véi nhau dé
tao thanh nhém amino vong (vi du, géc dugc tao ra béng cach loai mét nguyén tur
hydro ra khéi nguyén tir nito cdu tao thanh vong cta vong c6 tir 5 dén 6 canh nhu
tetrahydropyrol, piperazin, piperidin, morpholin, thiomorpholin, pyrol, imidazol, v.v.
sao cho phan tir thé c6 thé dugce gin vdi nguyén tir nito, hodc nguyén tir tuong tu).
Nhom amino vong cé thé dugc thé va vi du ciia phan tir thé bao gdm halogen (vi du,
flo, clo, brom, iot, v.v.), nitro, xyano, hydroxy, thiol cé thé duoc thé (vi du, thiol, C1-4
alkylthio, v.v.), amino c6 thé dugc thé (vi du, amino, mono-C.sub.1-4 alkylamino, di-
Cl1-4 alkylamino, amino vong cé tir 5 dén 6 canh nhu tetrahydropyrol, piperazin,
piperidin, morpholin, thiomorpholin, pyrol, imidazol, v.v.), cacboxyl c6 thé duoc este
héa hodc amit hoa (vi du, cacboxyl, C1-4 alkoxy-cacbonyl, cacbamoyl, mono-C1-4
alkyl-cacbamoyl, di-C1-4 alkyl-cacbamoyl, v.v.), C1-4 alkoxy c6 thé duoc halogen
héa (vi du, metoxy, etoxy, propoxy, butoxy, triflometoxy, trifloetoxy, v.v.), Cl1-4
alkoxy-C.sub.1-4 alkoxy c6 thé dwoc halogen héa (vi du, metoxymetoxy,
metoxyetoxy, etoxyetoxy, triflometoxyetoxy, trifloetoxyetoxy, v.v.), formyl, C2-4
alkanoyl (vi du, axetyl, propionyl, v.v.), C1-4 alkylsulfonyl (vi du, metansulfonyl,
etansulfonyl), va cdc nhom tuong tu, va t6t hon 1a s lugng cda céc phén tr thé 1a tir 1

dén 3.

“Amin” bao gdm nhém c6 thé khong dwoc thé hodc trong d6 gbc amin 1 dugc
thé N hodc dugc thé hai 1an N.N ¢6 mot hodc hai phén ttr thé co thé doc 1ap dugc chon
tur:

1. alkyl co thé duogc thé (vi du, alkyl chira tir 2 dén 15 nguyén ti cacbon);
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2. alkenyl c6 thé dugc thé (vi du, alkenyl chira tir 2 dén 15 nguyén tir cacbon);

3. alkynyl ¢6 thé duoc thé (vi dy, alkynyl chta tir 2 dén 15 nguyén tir cacbon);

4. formyl hoic axyl c6 thé dugc thé (vi du, alkanoyl chira tir 2 dén 4 nguyén tir
cacbon (vi du, axetyl, propionyl, butyryl, isobutyryl, v.v.), alkylsulfonyl chira tir
1 dén 4 nguyén tir cacbon (vi du, metansulfonyl, etansulfonyl, v.v.) va cc
nhém tuong tu);

5. arylco thé dugc thé (vi du, phenyl, naphtyl, v.v.); va cac nhém tuong tu;

va gén két v6i phan tr thé doc 18p duoc chon tir phan tir thé nhu dwoc xé4c dinh cho

“axit cacboxylic” néu trén.

“Amit” bao gdm hop chit trong d6 nhom cacboxylic ciia gbc amit gin két véi
phﬁn tt thé doc 1ap dugc chon tir phﬁn tir thé nhu duoc xac dinh cho “axit cacboxylic”
néu trén, duoc gén két v6i nhém amino cia géc amit duoc thé N hodc duge thé hai lan

N,N ¢6 1an luot mot hoac hai ph?m tir thé, co thé doc lap dugc chon tu:

1. alkyl c6 thé duoc thé (vi du, alkyl chira tir 2 dén 15 nguyén tir cacbon);

2. alkenyl c¢6 thé dugc thé (vi du, alkenyl chira tir 2 dén 15 nguyén ttr cacbon);

3. alkynyl c6 thé duoc thé (vi dy, alkynyl chira tir 2 dén 15 nguyén ttr cacbon);

4. formyl hodc axyl c6 thé duogc thé (vi du, alkanoyl chtra tur 2 dén 4 nguyén tir
cacbon (vi du, axetyl, propionyl, butyryl, isobutyryl, v.v.), alkylsulfonyl chira tir
1 dén 4 nguyén tr cacbon (vi du, metansulfonyl, etansulfonyl, v.v.) va cac
nhom tuong tu);

5. arylcod thé duoc thé (vi du, phenyl, naphtyl, v.v.); va cadc nhom tuong tu.

“Aryl” c6 thé 1a nhém hydrocacbon thom nhiéu vong hodc mot vong, va vi du,
nhém aryl chira tir 6 dén 14 nguyén tir cacbon nhu 1a phenyl, naphtyl, antryl,
phenantryl hodc axenaphtylenyl, va cidc nhém twong tu 1a dugc vu ti€n, véi phenyl
duoc wu tién. Aryl ndy c6 thé dugc thé bang mot hodc nhiéu phan tir thé, vi du alkoxy
thap (vi du, C1-6 alkoxy nhu metoxy, etoxy hodc propoxy, v.v.), nguyén tir halogen (vi
du, flo, clo, brom, iot, v.v.), alkyl thép (vi dy, C1-6 alkyl nhu metyl, etyl hodc propyl,
v.v.), alkenyl thap (vi du, C2-6 alkenyl nhu vinyl hodc allyl, v.v.), alkynyl thdp (vi du,
C2-6 alkynyl nhu etynyl hodc propargyl, v.v.), amino c6 thé dugc thé, hydroxyl c6 thé

duoc thé, xyano, amidino c6 thé dugc thé, cacboxyl, alkoxycacbonyl thap (vi du, C1-6
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alkoxycacbonyl nhu metoxycacbonyl hodc etoxycacbonyl, v.v.), cacbamoyl c6 thé
duoc thé (vi dy, cacbamoyl c6 thé duoc thé béng C1-6 alkyl hodc axyl (vi dy, formyl,
C2-6 alkanoyl, benzoyl, C1-6 alkoxycacbonyl c6 thé dwgc halogen héa, C1-6
alkylsulfonyl c¢6 thé dugc halogen héa, benzenesulfonyl, v.v.) ¢6 thé dugc thé bing
vong di vong don vong co6 tu 5 dén 6 canh (vi duy, pyridinyl, v.v.), 1-
azetidinylcacbonyl, 1-pyrolidinylcacbonyl, piperidincacbonyl, morpholincacbonyl,
thiomorpholincacbonyl (nguyén t Iuu huynh c6 thé dugec oxi hoéa), 1-
piperazinylcacbonyl, v.v.), hodc cic gbc twong tu. Phan tir bat ky trong sé cac phén tir

thé nay co thé doc lap duoc thé tai tir 1 dén 3 céc vi tri thé duoc.

“Keton” bao gdbm hop chit trong d6 nhém cacbonyl cta gbc keton gan két véi
mot hodc hai phﬁn ttr thé doc 18p duoc chon tir phén ttr thé nhu dugc xac dinh trén day

cho “axit cacboxylic”.

“Este” bao gém este cacboxylic hodc este hydroxy trong d6 gbc este chira mot
hoic hai phan tir thé doc 1ap dugc chon tir phin tir thé nhu dugc xac dinh cho “axit

cacboxylic” hodc “aryl”.

“Alkyl”, trir phi khong dugc dinh nghia khéc, tot hon 14 alkyl chira tir 1 dén 15

nguyeén tir cacbon.

“Gbc thom” ¢6 thé 1a aryl nhu duoc x4c dinh trén day, hoac vong di vong don
vong thom chtra tir 5 dén 6 canh nhu furyl, thienyl, pyrolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,3,4-oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
triazinyl hodc gbc twong tu; va vong di vong ngung tu thom chira tir 8 dén 16 canh (6t

hon 13 chira tir 10 dén 12 canh).

“Tinh khong (rc ché mién dich” 4m chi kha ning ctia hop chét c6 mirc Grc ché hé
thong mién dich gidm co ban so v6i CsA, nhu dugc x4c dinh bang kha niang cua hop
chat trc ché sy tdng sinh cua t€ bao lympho & ngudi trong nudi cay té bao va tot hon 1a

duoc xac dinh bing phwong phap dugc trinh bay trong vi du 19 duéi day.

-33-



24694

“Chét twong tu” ¢ nghia 13 chét tuong tu cu tric ctia CsA, khac voi CsA vé

mot hodc nhidu nhém chire. Tét hon 13, cac chét twong tw nay bao toan it nhit mot

phan 16n kha ning ctia CsA gin két voi CyP.

Céc hop chit c6 cong thic I duge wu tién 1a hop chét trong d6 R’ 1a H, R1 1a

alkyl bdo hoa hoic khong bdo hoa, chira tir 2 dén 15 nguyén tir cacbon va R2 duoc

chon tur:

1.
2.

axit cacboxylic chira gdc cacboxyl;
amit thé N hogc thé hai 1an N,N trong d6 phén tir thé doc 1ap dugc chon tir H,
alkyl chtra tir 1 dén 7 nguyén tr cacbon, hodc phan tir thé nay tao thanh vong di

vong, trong do di tb dugc chon tir O, N hoac S;

. este chira tir 1 dén 7 nguyén tir cacbon;
alkyl dugc monohydroxyl héa, hodc dihydroxyl héa chira tir 1 dén 7 nguyén tir
cacbon;

. amin dugc bao vé axyl khong dugc thé hodc thé N chira tir 1 dén 7 nguyén tr
cacbon;
nitril;

. keton trong d6 gbc cacboxylic cuia keton gan két véi R1 va mach alkyl bao hoa

hozic khong bio hoa chua tir 1 dén 7 nguyén tir cacbon;

. phenyl, tuy y duoc thé béng mot hoic nhiéu phén tir thé doc 1ap dugc chon tur

nito dioxit, flo, amin, este hodc goc cacboxyl.

Hop chét theo sang ché c6 thé & dang hop chit quang hoat. Sang ché bao ham

tat ca cac chat dong phan dbi anh cta hop chit quang hoat trong pham vi cta cong

thirc néu trén, ca cic raxemat riéng ré€ va trong cac hon hgp. Sang ché ciing bao gbm

céc tién chit thudc ctia cac hop chét duge dinh nghia & day.

Theo mdt khia canh khac, hop chét theo sang ché c6 thé duge si dung dé diéu

tri hodc phong ngira hodc nghién ciru bénh qua trung gian CyP & dong vat c6 vi, tdt

hon 13 & nguoi. Bénh nay thudng qua trung gian béi biéu hién qua muc CyP, vi du

biéu hién qua mirc CyP bam sinh.
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Céc bénh qua trung gian CyP c6 thé dugc diéu tri bang hop chét theo sang ché

gom co:

a. bénh nhiém trung do virut;

b. bénh viém;

c. ung thu;

d. rbi loan thoai héa co;

e. rdi loan thoai hoa than kinh; va

f. ton thuong lién quan dén mat ndi can bang canxi té bao.

Bénh nhiém trung do virut ¢ thé do virut dugc chon tir nhém gbm virut suy
giam mién dich ngudi, viém gan A, viém gan B, viém gan C, viém gan D, va viém gan
E gy ra. Bénh viém dugc chon tir nhom gém bénh hen, bénh tu mién dich, bénh viém
man tinh, bénh viém tuyén tién liét man tinh, bénh viém thén tiéu cAu, bénh tiang cam,
bénh viém rudt, bénh nhiém trung, bénh té bao co tron cua thanh mach, ching phinh
mach, bénh viém khung xuong chau, ton thuong tai tw6i mau, bénh viém da khép dang
thip, chung thai bé manh ghép, va chiing viém mach. Bénh ung thu ¢6 thé duge chon
tir nhém gdém bénh ung thu té bao phdi nhé va khong nhd, ung thu bang quang, ung
thur t€ bao gan, ung thu tuyén tuy va ung thu vi. Réi loan thoai hoa co c6 thé dugc
chon tir nhém gdm t6n thuong tai twdi mau & co tim, chung loan dudng co, va bénh co
collagen VI. Réi loan thoai hoa thin kinh c¢6 thé duoc chon tir nhém gébm bénh
Alzheimer, bénh Parkinson, bénh Huntington, ching teo da hé, bénh xo cing rai rac,
ching liét ndo, bénh dot quy, bénh than kinh dai thao duong, bénh xo cuing cft bén teo
co (bénh Lou Gehrig), ton thuong day cot sdng, va ton thwong ndo. Toén thuong lién
quan dén sy mét ndi can béng canxi t& bao c6 thé duge chon tir nhém gdm chung nhdi
méu co tim, bénh dot quy, tinh ddc hai gan cdp tinh, & mat, va triv/tdn thwong tai tusi

méu & co quan cay ghép.
Mo ta van tat cac hinh vé

Fig. 1A, 1B va 1C: thé hién su trc ché xyclophilin A va su trc ché mién dich cua cac

chét twong tu CsA dugce cai bién tai vitri 1 vatai vitri 1 va 3 theo sang ché.
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M5 ta chi tiét sang ché

Theo mot khia canh, hop chét theo sang ché co thé duogc sir dung nguyén chit
hodc pha véi chit mang duoc dung cho dong vt mau ndng cén sir dung. Chit mang
dugc dung c6 thé & dang rén hoic 16ng. Hop chéit nay c6 thé dugc st dung qua duong
miéng, bang cach rit, ngoai dudng tidu hoa, bing cach phun x0ng hodc qua truc trang &
dang cac ché phdm don vi lidu chua ta dugc 16ng, ta duoc va chit mang duoc dung,
khong doc thong thuong. Thult ngit ngoai duong tiéu hoa, khi dugc st dung ¢ day,
bao gbém céc k¥ thuat tiém dué6i da, tiém trong tinh mach, tiém trong co, tiém mong

hogc truyén.

Duogc phim chira cac hdn hop theo séng ché c6 thé & dang phu hop dé dung qua
duong miéng, vi du, vién nén, vién ngdm, vién ngdm duéi ludi, hdn dich dang nude
hozc dau, bot hodc hat phan tan dugc, nhil twong, viéng nang ctimg hodc mém, hodc xi
10 hodc cdn ngot. Cac ché phidm dé ding qua dudong miéng c6 thé duoc didu ché bang
c4c phuong phap da biét trong linh vuc k§ thuat bao ché dugc phidm va céc ché phim
nay co thé chira mot hodc nhidu chit dugc chon tir nhom gdém chit tao ngot, huong
lidu, chét tao mau va chit bao quan dé 1am cho ché phdm chép nhan duge va tinh khiét
vé dugc. Cac vién nén chta hoat chét trong hén hop v6i céc ta duge duge dung khong
doc ciing c6 thé duge bao ché bang cac phwong phap da biét. Cac ta duge duge st
dung c6 thé 1a, vi duy, (1) chét pha loadng tro nhu canxi cacbonat, lactoza, canxi
phosphat hoic natri phosphat; (2) chét tao hat va chét 1am ra nhu tinh bdt ngd hodc axit
alginic; (3) chét lién két nhu tinh bot, gelatin hodic gém acacia, va (4) chét lam tron
nhu magie stearat, axit stearic hodc bot tan. Vién nén co thé khong dugc bao hodc
duoc bao bang cac k§ thuat da biét dé 1am cham qué trinh phan ra hodc hap thu trong
dudng da day-rudt va nh¢d d6 tao ra tac dung duy tri trong thoi gian dai hon. Vi du,
nguyén li€u lam cham thoi gian nhu glyxeryl monostearat hodc glyxeryl distearat co
thé duoc st dung. Vién nén cling c6 thé duoc bao béng cac k¥ thuat duge mo ta trong
cac patent M§ s6 4,256,108; 4,160,452; va 4,265,874 dé tao thanh vién nén thAm loc

dung dé giai phong c6 kiém soat.
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Trong mot vai truong hop, cac ché phim dé dung qua duong miéng co thé &
dang vién nang gelatin cing trong d6 hoat chit dugc tron 1an voi chat pha lodng tro
dang rin, vi du, canxi cacbonat, canxi phosphat hoac kaolin. Cac ché phim nay ciing
co thé & dang vién gelatin mém trong do6 hoat chit dugc tron 1an voi nude hoic dau, vi

du, dau lac, parafin 16ng hoic dau dliu.

Céc hdn dich chtra nudc thudng chira hoat chit trong hdn hop v6i ta duge phu
hop dé bao ché hdn dich chira nude. Cac ta duge nay c6 thé gém: (1) cac chit lo ling
nhu natri cacboxymetylxenluloza, metylxenluloza, hydroxypropylmetylxenluloza,
natri alginat, polyvinylpyrolidon, gdbm tragacan va gdm acacia; hodc (2) cac chét phin
tan hodc 1am 4m c6 thé 1a phosphatit c6 trong ty nhién nhu lexitin, sin phim ngung tu
cta alkylen oxit v6i axit béo, vi du, polyoxyetylen stearat, san phidm ngung tu cua
etylen oxit v6i rugu béo mach dai, vi du, heptadecaetylenoxyxetanol, san phflm ngung
tu clia etylen oxit véi este khong hoan toan din xudt tir axit béo va hexitol vi du nhu
polyoxyetylen sorbitol monooleat, hodc san phim ngung tu cia etylen oxit véi este
khong hoan toan din xuét tir axit béo va hexitol anhydrit, vi du polyoxyetylen sorbitan

monooleat.

Céc hon dich chira nudc cling co thé chira mot hodc nhidu chét bao quén, vi du,
etyl hodc n-propyl p-hydroxybenzoat; mot hodc nhiéu chét tao mau; mot hodc nhiéu

huong liéu; va mot hodc nhicu chat tao ngot nhu sucroza, aspartam hoic sacarin.

Cac hén dich dang dau c6 thé dugc didu ché béng cach treo lo lrng hoat chét
trong dau thue vat, vi du, dau lac, dau ooliu, ddu vung hodc du dira, dau ca chua axit
béo omega 3, hodc dau khoang nhu parafin 16ng. Hn dich dang dau co thé chira chét
lam dic, vi du sap ong, parafin rin va ruou xetyl. Chét tao ngot va huong lidu c6 thé
duoc cho thém vao d tao ra ché phdm ngon d& ding qua dudng miéng. Cac ché phdm

ndy c6 thé dugc bao quan bang cach cho thém chit chéng oxi hoa nhu axit ascorbic.

Céc bot va hat phéan tdn dugc 1a phu hop dé bao ché hdn dich chira nuéc. Chiing
tao ra hoat chét trong hon hop véi chét phén tan hoac chat lam 4m, chét lam treo lo
limg va mdt hodc nhiéu chét bao quan. Cac chit phan tan hodc lam 4m va lam treo lo

limg phtt hop dugce minh hoa bing cac chit da duoc néu trén. Céc ta duoc thém vao
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khéc, vi du céc chét tao ngot, huong liéu va chét tao mau da dugc md ta trén day ciling

c6 thé dugce st dung.

Dugc phdm chtra hén hop theo sang ché ciing co thé & dang nhii twong diu-
trong-nugc. Pha dau c6 thé 1a dau thuc vat nhu dau 6liu hodc dau lac, hoic dau khoang
nhu parafin 16ng hogc hon hgp clia chiing. Cac chat nhii hoa phu hop c6 thé 1a (1) gom
¢ trong tur nhién nhu gdm acacia va gom tragacan, (2) phosphatit c6 trong tu nhién
nhu diu tuong va lexitin, (3) este hodc este khong hoan toan 30 dan xudt tir axit béo va
hexitol anhydrit, vi du sorbitan monooleat, (4) cac san phdm ngung tu cia cc este
khong hoan toan nay véi etylen oxit, vi dy, polyoxyetylen sorbitan monooleat. Cdc nhii

tuong ciing c6 thé chira chit tao ngot va huong liéu.

Céc xi r6 va con ngot co thé dugc diéu ché véi chét tao ngot, vi du glyxerol,
propylen glycol, sorbitol, aspartam hozc sucroza. Cac ché phidm nay ciing c6 thé chua

thudc lam diu chiing viém, chat bdo quan, va huong liéu va chat tao mau.

Dugc phim c6 thé & dang hdn dich chira diu hodc nudc vo trung tiém dugec.
Hon dich nay c6 thé dugc didu ché bang cac phwong phép da biét sir dung cac chit
phan tdn hozc 1am 4m va cac chét 1am treo lo ltng phu hop da néu trén. Cac ché phdm
v tring tiém dugc cling c6 thé 14 dung dich v6 tring tiém duoc hodc hdn dich trong
chit pha logng hodc dung moi khong doc dung dugc qua duong ngoai duong tiéu hoa,
vi dy nhu dung dich trong 1,3-butandiol. Trong sb cac ta duoc 16ng va dung moi chép
nhan dugc co thé duoc st dung 13 nuéce, dung dich Ringer va dung dich natri clorua
ding truong. Ngoai ra, cac ddu khong bay hoi, vo trung, dugc st dung thong thuong
1am dung méi hoic méi trudng 1am treo lo limg. P& cho muc dich nay, dau khong bay
hoi khong mui vi bt ky c6 thé dugc sir dung gdm c6 mono hoic diglyxerit tong hop.

Ngoai ra, cac axit béo nhu axit oleic cling dugc sir dung trong ché pham tiém duoc.

Hop chit theo sang ché cling c6 thé duoc dung ¢ dang thudc vién dan dé dung
qua duong truc trang. Céac ché phdm thich hop c6 thé dugc didu ché bang céach tron
hop chét vai ta duge khong gay kich tmg phti hop, & dang rin & nhiét d6 binh thuong
tuy nhién s€ & dang 16ng khi & nhiét do cla truc trang va do d6 s& tan chay trong truc

trang dé giai phong thudc. Cac nguyén liéu nay 13 bo cacao va polyetylen glycol.
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bé dung ngoai da, cac dang kem, md, gel, dung dich hoic hdn dich, v.v. phu

hop, thudng duge st dung véi xyclosporin c6 thé dugc st dung.

Trong phuong 4n dugc uu tién dic biét, dung dich 1ong chira chit hoat hoa bé
mit, etanol, dung mdi wa chit béo va/hoic amphiphil 1am thanh phan khong hoat hoa
dugc str dung. Cu thé, ché phim da nhii trong dé dung qua duong miéng chira hdn hop
chit twong tu déng phan va cac thanh phan khong dung d& chita bénh sau: d-alpha
Tocopheryl polyetylen glycol 1000 suxinat (vitamin E TPGS), dau triglyxerit mach
trung binh (medium chain triglyceride (MCT)), Tween 40, va etanol duge sir dung. Tot
hon 1 vién nang gelatin mém (chua gelatin, glyxerin, nuéc, va sorbitol) chtra hop chét
va cac thanh phan khéng ding d& chita bénh gidng nhu vy lam dung dich dung qua

dudng miéng cling c6 thé dugc sir dung.

Tuy nhién, dugc hiéu réng néng d6 lidu cu thé cho bénh nhan cu thé bat ky sé&
phu thudc vao nhiéu yéu t6 bao gﬁ‘)m hoat d§ cta hop chét cu thé dugc st dung, lra
tudi, thé trong, sirc khoe tdng quat, gidi tinh, ché do an, thoi gian ding thudc, duong
ding, ty 1¢ thanh thai, sw phéi hop thudc va ban chit va mtc do trAm trong cua bénh

hodc tinh trang cu thé khi duoc diéu tri.

Phuong phap luén

Céc phéan tmg dugc trinh bay dudi day, 1a cac vi du tdng quat ciia cac phan ung
héa hoc ¢6 kha ning tdng hop cac hop chit mong mudn duoc cai bién tai phén axit

amin 1 (AA1) va phan axit amin 3 (AA3) ciia CsA; Su céi bién AA1 duoc mb ta 1a

OH

|
NN
CsA ’ CHs

va su cai bién AA3 dugc mo ta la:
OH

| —
[DIL-SART- csp” |~ CHs
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ca hai sy cai bién AA1 va AA3 sir dung céc chat phan (g c6 céc tinh chit héa hoc
can thiét, va duoc ngudi c6 trinh do trung binh trong linh vuc k§ thuat hiéu rang viéc

thay thé mot sé chét phan tng nhét dinh 1a c6 thé.

Viéc nhan dang va dd tinh khiét cua cac hop chét duoc didu ché noi chung dugc
x4c 1ap bang cac phuong phap gdm c6 phd khéi, sic ky 1ong hiéu ning cao (HPLC) va
phd cong hudng tir hat nhan (NMR). Phé khéi (ESI-MS) dugc do bing hé théng
Hewlett Packard 1100 MSD. Phé NMR dugc do bing phd ké Varian MercuryPlus 400
MHz trong dung moi d4 doteri hoa (DMSO cho mudi phospho, benzen cho tat cac hop
chét khac). HPLC pha dao diéu ché va phan tich dugc tién hanh bang hé Agilent 1100

Series.

Téng hop cac hop chit mudi phospho

Mudi phospho dugc diéu ché bing phan ung cua triphenylphosphin hodc
phosphin phit hop khac bat ky véi alkyl halogenua (R-X; X = Cl, Br, hoic I). Céc alkyl
halogenua phu hop 1a cac halogenua béo bac nht hoic bac hai bit ky c6 dd dai mach
bat ky hodc trong lugng phén tir bét ky. Cac alkyl halogenua nay c6 thé c6 hodc khong

c6 mach nhénh, bdo hoa hodc khong bao hoa.

Néu phan @ng dugc tién hanh trong toluen (Phan tmg 1), san pham két tia truc
tiép tir dung dich phan tmg. Tuy nhién, cac chét tac dung khong phéan {mg can dung
dung méi phén cuc hon nhu dimetylformamit (DMF) (Phan g 2) dé rut ngan thoi
gian phan tmg va thu dugc hidu suat théa dang.

Phan Umg 1:

toluen
R10—X + PPh; R10—PPh;" X

Céng thirc V
Khi X 1 halogenua (bao gbm nhung khong gi6i han & Cl, Br, va I), va R10 1a mach
béo, thing hoic nhanh, bdo hoa hoic khong bao hoa, tity y chira phan tir thé dugc chon

tr nhom gém keton, hydroxyl, nitril, axit cacboxylic, este va 1,3-dioxolan; géc thom,

tity ¥ chira phan tir thé duoc chon tir nhém gdm halogenua, este va nitro; hogc hon hop
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gdém mach béo, thang hodc nhanh, bdo hoa hodc khong bio hoa néu trén va cic goc

thom néu trén.

Vi du thwe hién sang ché

Vi du 1: Quy trinh tdng hop 404-15
0 o)

+ PPh, toluen .
Cl —_—> PPh;" CI

Pé 1am vi du minh hoa, triphenylphosphin (13mmol) dugc hoa tan trong 50ml
toluen va cloaxeton (10mmol) duge cho thém vio dé tao thanh dung dich trong sudt.
Phéan Ung duoc khuéy & nhiét d6 hdi luu qua dém. Chét rin khoéng mau dugce loc, duoc

rira bang toluen va hexan va dugc lam kho trong chan khong.

Sir dung phan ting 1, cic hop chit sau ddy 13 cac vi du khéc nita cta hop chit

ma c6 thé dugc tong hop.
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Hop chat Chit phan tmg (R10- Piéu kién
X)
404-08 benzyl bromua 4 git ¢ nhiét do hoi luu

metyl iodua

4-nitrobenzyl bromua

cloaxeton

4-flobenzyl bromua

metyl 3-

bromometylbenzoat

¢ nhiét 46 phong qua dém

6 gio & nhiét do hoi luu

& nhiét do hoi luu qua dém

& nhiét d6 hoi lvu qua dém

6 gid & nhiét do hdi luu
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404-87 3-nitrobenzyl bromua 6 gid & nhiét do hdi luu
404-161 1-bromo-2-butanon 0 nhi€t do phong qua dém

404-170 4-bromobutyronitril & nhiét do hdi luu qua dém

Br
+

%MN

Theo cach khac, mudi phospho phil hop ¢6 thé duoc tong hop bang Phan tmg 2
nhu dugc minh hoa duéi day:
Phén ing 2:

R11—X +  PPhs DMF R11—PPhs* X
Cong thuc VI

¢ day X la halogenua (bao g(‘A)m nhung khong gidi han ¢ Cl, Br, va I), va R10 1a mach
béo, thfmg ho#ic nhanh, bdo hoa hodc khong bo hoa, tiiy y chira phan tir thé duge chon
tr nhom gém keton, hydroxyl, nitril, axit cacboxylic, este va 1,3-dioxolan; nhém

thom, tity y chira phan tir thé duoc chon tir nhém gdm halogenua, este va nitro; hoic
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hén hop gdm mach béo, thing hoic nhanh, bdo hoa hoic khong bdo hoa néu trén va

goc thom néu trén.

Vi du 2: Quy trinh tong hop 404-51

+ PPh, DMF

HOOC\/\/BF e HOOC\/\//PPh3+ Br

Pé 1am vi du minh hoa, triphenylphosphin (11mmol) dugc hoa tan trong 10ml
DMF va axit 4-bromobutyric (10mmol) dugc cho thém vao. Phan tng dugc khudy 7
gid ¢ nhiét do 110°C va tiép d6 dugc dé ngudi qua dém. 50ml toluen duwgc cho thém
vao va chét rin dang tinh thé khong mau dugc gom bing cach loc. San phim dugc rira

bang toluen va hexan va duoc lam kho trong chan khong qua dém.

Néu qué trinh két tinh khong bt ddu sau khi xu 1y véi toluen, san phim duge
tach bang 20ml MeOH/H,O (hdn hop c6 ty 16 1:1). Pha nuéc duoc rira bang toluen va

hexan va dugc lam kho.

Phan cin duoc khudy vé6i 50ml etyl axetat (EtOAc) & nhiét d6 hoi luu trong 20-
30 phut. Néu thu dwoc chét rén tinh thé, san phim duogc gom bang cach loc, ria bang
EtOAc va hexan va dugc 1am khé. Trong truong hop san pham thu dugce & dang diu

hodc gdm, EtOAc dugc gan va san phérn con lai dugce lam kho trong chan khong,.

St dung phén tmg 2, cac hop chét sau 13 cac vi du thém nita cia hop chit c6 thé

duoc tong hop.
Hop chét Chat phan tng (R11-X) Piéu kién
404-14 1-bromobutan 6,5 gid & nhiét do
| N g 120°C

404-29 2-bromometyl-1,3-dioxolan 120°C qua dém
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404-78

I N Br
F
+

404-116
Br
O

5

416-01

COOH

OF e
s

1-bromooctan

axit S-bromovaleric

6-bromohexanol

Axit 4-bromobutyric

1-bromohexan

110°C qua dém

8 giv & nhiét do

120°C

110°C qua dém

7 giv & nhiét do
110°C

110°C qua dém
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419-136

e

P___(CH,)sOH

axit 6-bromohexanoic

7-bromoheptanenitril

6-clo-2-hexanon

9-bromo-1-nonanol

metyl 7-bromohexanoat

110°C qua dém

110°C qua dém

110°C qua dém

110°C qua dém

110°C qua dém
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420-78 axit 11-bromoundecanoic 110°C qua dém

G

P___(CH,)gCOOH
@
AN

420-80 3-bromopropionitril 110°C qua dém

420-82 axit 8-bromooctanoic 110°C qua dém

Br

@—P‘L\/(CHZ)SCOOH

420-90 6-bromohexannitril 110°C qua dém

420-94 5-clo-2-pentanon 110°C qua dém

Phéan tng Wittig

Phan tmg Wittig dugc st dung rong rdi cho nhidu cht nén va chit phan ung.

Mach bén, dugc tao ra cho chit nén trong phéan g c6 thé dai dién cho sb luong hop
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chit béo, bdo hoa va khong bdo hoa, mach théng hoic mach nhanh bét ky c6 do dai

thay d6i (R”) va c6 thé chira nhiéu nhém chic.

Trong phan g Wittig, bazo, nhu Kali tert-butoxit (KOtBu) duge dung dé tao
ra ylid tir mubi phospho. Ylid phan ting v6i gbe cacbonyl cta chit nén, CsA-aldehyt,
dé tao thanh alken. Mubi phospho chira mach bén cuia axit cacboxylic can it nhit hai

duong lrong bazo dé tao ra ylid.

Phan ting 3: Quy trinh téng hop chét trung gian cia chat twong tu xyclosporin dugc

axetyl hoa bang cach sir dung hop chat mubi phospho thong qua phan trng Wittig

Ph Ph Ph
|+ x  KotBu |+ |
Ph—Pj > | Ph P -~ Ph—P:—:\
I R12 | R12 I R12
Ph Ph Ph
Céng thee VI
OAc
O
CsA =
Y
OAC Coéng thire IX
CsA 4
Cong thire X

& day X 1a halogenua (bao gdbm nhung khéng gi6i han & Cl, Br, va I), va R12 la mach
béo, thing hodc nhanh, bdo hoa hoic khong bdo hoa, tity y chira phan tir thé duoc chon
tr nhom gém keton, hydroxyl, nitril, axit cacboxylic, este va 1,3-dioxolan; nhém
thom, tuy y chira ph?m tir thé duogc chon tir nhém gém halogenua, este va nitro; hodc
hén hop gdm mach béo, thing hodc nhanh, bdo hoa hoic khong bdo hoa néu trén va

nhom thom néu trén.
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Vi du 3: Quy trinh tong hop hop chét 404-20 sir dung hop chit mubi phospho thong

qua phan rng Wittig:
Ph B ]
|+ Br Ph Ph

Ph—P KOtBu | + - I
N R e NN e
Ph éh Ph

OAc

OAc
@)
Cs AJ\’/\/
/
/

CsA

Dé 1am vi du minh hoa, binh thét ¢ dung tich 250ml d& duge lam kho, dugc
nap, trong moi trudng argon, triphenylbutylphospho bromua (6,0mmol) va 40ml
tetrahydrofuran khan (THF). Huyén phil dugc 1am lanh dén nhiét do 0°C va kali tert-
butoxit (6,0mmol) dugc cho thém vao dé c6 mau cam. Phan ung duoc khqu ¢ nhiét
dd moi trudng trong thoi gian tir 1-2 gio, tiép d6 CsA-aldehyt (2,0mmol, d4 hoa tan
trong 20ml THF khan) dugc cho thém vao. Khudy tiép tuc trong 3 gio & nhiét do
phong. Phan tmg dugc dap tit bang 10ml NH,CI bdo hoa va 20ml nudc da. Cac 16p
duge tach va pha nuéc duoc chiét bﬁng EtOAc. Céc 16p hitu co dugc gom, duge rira
béng nude mudi va dugc lam kho béng NaSOy4. Dung moi dugce loai bo va san phém

tho dugce tinh ché bang silica gel (hexan/axeton 3: 1).

St dung phan (g 3, cic hop chat sau day 14 cac vi du khéc nita clia cac hop

chét c6 thé dugc téng hop.
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Hop chit Nguyén liéu ban dau MS Chuy
(Na")
404-16 404-09 1252,9
OAc :
CsA 7 ©
+
OF
404-19 404-08 1328,9
OAc
Br
D A F
+
Oy
404-20 404-14 1294.9
OAc
Br
CSAJY\/\/\ ©
5/\/
404-30 404-12 1373,9 khuéy ¢ nhiét
OAc do 60°C qua
CSA)\‘/\/\O\ Br dém
r
+
@%@
404-31 o 1324,9 khudy & nhiét
Qhc f do 60°C trong
o O
CSAM _ T 2 ngay
0 OEt
404-33 404-29 1325,0
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OAc
Br
o\) @*F’L\y/o
404-40 404-34 1351,2

OAc
Br
CsA Z" “N(CHy)eCH3
i : +
P
@WVV

404-43 404-15 1295,1 khudy & nhiét

Dhe or do hdi luu
CSAM P:/i)\ rong 10 ngay

404-59 404-51 1338,9 2 duong lugng

OAc B KOtBu
e _ COOF
O+

404-65 404-64 1347,1
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404-79 404-77 1386,9
OAc i
CsAWCOOMé © Br
@—PRQ/COOMe
404-89 404-87 1374,1
OAc )
i
PUNOZ
404-134 404-116 1325,0

OAc

Br
CsA 7 COOH
@—P'F\/\/COOH

404-163 404-161

OAc

CSAW
o)

1308,8

khudy & nhiét
dd phong qua

dém

khudy & nhiét
do phong trong
2 ngay

2 duong lugng
KOtBu; khudy
¢ nhiét do
phong trong 2
ngay

khudy & nhiét
d0 hdi luu

trong 15 ngay
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404-187 404-170 1305,9 khuady & nhiét
O A By
Ac . B do phong qua
CsA ~ ~ f dém
QPMN

416-04 416-02 1353,0 2 duong lugng

OAc By KOtBu
CSAWCOOH
{ }5/\/\/:00}

416-09 416-01 1323,1

OAc
Br
CsA 7
O

420-40 420-32 1381,0 khuéy & nhiét
OAc R ‘
CsA NN CO0Me Br d6 phong qua
+ dém

420-85 420-78 1423,1 2 duong lugng

OAc Br KOtBu
CsA)Y\/\(CHZ)QCOOH
@—P*-\/(CHZ)QCOOH
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420-89 420-80 1291,9

OAc
Br
CSAJ\[/MN Q
O

420-92 420-82 1381,1

OAc
Br
CsA 7" (CH,)sCOOH
+
QPV(CHZ)GCOOH

420-96 404-78 13389

OAc
Br
OH
Cs AWV ©
(O

420-101 419-132 1347,9

2 duong lugng

KOtBu

Khir axetyl hoa

Phén ting 4: Khtr axetyl ctia chat twong tu xyclosporin dwoc axetyl hoa

CsA

OAc

Cong thire X

OH
Me4NOH
e
= R12 ———» CsA /\/\\Rm

Céng thire XI
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& day R12 12 mach béo, thiang hodc nhanh, bdo hoa hoic khong bdo hoa, tuy y chira
phén ttr thé duge chon tir nhém gém keton, hydroxyl, nitril, axit cacboxylic, este, amit,
amin dugc bdo vé axyl va 1,3-dioxolan; nhom thom, tuy y chira phén tir thé duge chon
tir nhém gdm halogenua, este, amin v nitro; hoic hdn hop gébm mach béo, thing hodc

nhanh, bdo hoa hodc khong bado hoa néu trén va nhém thom néu trén.

Vi du 4: Quy trinh tdng hop hop chét 404-90 bang khir axetyl

OAc OH
ME4NOH

CsA = — A NN

DPé 1am vi du minh hoa, dung dich cta 404-20 (0,16mmol) trong 10ml MeOH
duoc két hop véi dung dich cia tetrametylammonihydroxit pentahydrat (0,47mmol)
trong 2ml H,O. Hon hop d fkhuaasy & nhiét d6 phong trong 2 ngay. Phan ung dwoc co
trong chan khong va 5ml H,O dugc cho thém vao. Phan tmg duge chiét bing EtOAc,
phe‘in chiét duoc rira béng nude mudi, duoc 1am kho béng Na,SO4 va duogc ¢d dén khd.

San phim thd dugc tinh ché bang HPLC diéu ché pha dao.

Quy trinh tinh ché hop chit dugc khir axetyl thuong dwoc thuc hién bing silica
gel (hexan/axeton 2:1) hodc bang HPLC diéu ché. Trong trdng hop clia cac hop chét
404-60, 404-137, 416-08, 420-98 va 420-100 (céc axit cacboxylic), phan ing dugc axit
hoa dén s d6 pH 2-3 bang HCI 1M trudc khi chiét.

St dung phan tng 4, cac hop chit sau dy 1a cac vi du khéc nita cda céc hop

chit c6 thé duoc téng hop.
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Hop chat Nguyén liéu ban dau MS (Na")

404-22 404-16 1210,9
OH OAc

cSAW CSAJW

404-25 404-19 1287,0
OH OAc

CsA = | \ CSA/H/\/\Q

-

404-36 404-33 1283,0
OH OAc

CsAJY%—o CSAJM—O

&) o)

404-44 404-40 1309,1
OH OAc

CSAW(CH2)60H3 CSAW\(CHz)GCHa

404-58 404-57 1257,1
OH j)AC

OEt
CsAJW\COOH CsA
M

404-60 404-59 1297,1
OH OAc

CsAW(CHz)aCOOH CsAW COOH

404-61 404-56 1255,1
OH OAc

CsA

i
{

Cs
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404-66

OH

CsA

J
J

404-81-1

OH

COOH
CsA

!
:

404-81-2
OH
ook _ [ ««_-COOMe
/
404-85
OH 0
CsA)\r\/\)‘\NEtg

404-90
OH

Cs

i
i

404-96-1

OH

COOH
Cs

:
y

404-96-2

OH

COOMe
Cs!

:
:

404-97
OH

CsA

<__—>§

404-125

404-65

OAc

CsA

404-79-1

OAc

COOMe
Cs

404-79-1
OAc

COOMe
CsA

d

404-83

OAc

O

Cs NEt;

;

404-20

OAc

Cs.

404-94

OAc

COOMe
Cs

404-94

OAc

COOMe
CsA

404-89

OAc

NO
CsA 2

]

404-120

1305,1

1331,1

1345,1

1326,2

1253,0

1333,0

1347,0

1331,9

1304,0
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OH

NH
Cs! 2

;
;

404-130

o
s

0
\
(@] £=O
=z
I
5

Cs

404-132

O
T

Cs NMe,

i

404-137

OH

CsA COOH

]
;

404-154

OH

NMe;
CsA

E
|

404-157

OH

NMe,
CsA

|
|

404-173
OH

CsA

§
;

404-194

)
T

CsA

‘\g
\\
4\?
\\

OAc

NH
Cs 2

404-128

OAc o
cmsz
404-129

OAc O
CsAwNMez
404-134

OAc

Cs COOH

404-150

OAc

NMe;
CsA

404-155

OAc

NMey
CsA

404-172

OAc

CsA

404-187
OAc

CsA

1270,1

1298,0

1283,0

1338,1

1310,0

12689

1263,9
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416-08
OH

416-13
OH

C SAJ\|/\/W\

420-17
OH

NHBOC
CSAW

420-30-1

OH
H

CsA \//\\//N\l//

420-43

OH

CSAJ\W//\\%¢?\»//\\//\\,/COOH

OH

CsA/KI/\/\(CHz)QCOOH

420-100
OH

CsA NN (CHo)6COOH

420-102

OH

CSKJ\T//\\/f\\//\\//\\“/OH

420-108

416-04

OAc
CSAJY\/W\COOH
416-09

OAc

Cs

|

420-08-1
OAc

NHBOC
Cs.

|

420-27

OAc

Cs

=

420-40

OAc

COOMe
CsA

?

420-46

OAc

COOMe
CsA

|

420-85

OAc
CSAW(CHZ)gCOOH
420-92

OAc
CsAJY\/\(CHZ)GCOOH
420-96

OAc

OH
Cs

?

420-101

1311,0

1281,1

1368,0

1312,0

13249

1327,0

1381,1

1339,1

1297,0

1305,9
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OH
CSAWN
420-117

OH o)
CSAJW/\/\/\/\/\N)}\

H
420-120

OH
CsAJ\\(/«\v%4\\¢/ﬁ\\//“\v//\\NHBoc
420-122

OH 9y

N
CsA
/L\r/\\/”\\/”\v/ \E/“\//
420-124

OH o)

CsA/H/\/\/\/\AN)k
H
420-125

OH
CsKJ\1//\\V/A\\//\\V/A\\//\\NHBOC
420-126

OH y
CsA 7 N

)\r\/\/v \ﬂo/\/
420-131

OH (0]

CSA)W/\/\/\NJK
H
420-132

OH

0
CsK Z (CHQ)Z\NJ\/\
H

OAc

Cs A)\’/\/\/MN

420-109-1

OAc

(o}
CSAWEJ\

420-110-1

OAc

CsAJ\\f/A\Y¢¢\\//N\v//\\//\\NHBOC

420-107-2

OA
¢ H
N
CSAW Y\/
(0]

420-109-2

OAc 0]

CSAW H/U\

420-110-2

OAc

csAJ\\(/N\V/ﬁ\\//\\v/ﬁ\\//\\NHBoc

420-107-1

OAc
H
N
CSA/H/\/\/\/ W
(0]

420-130

OAc O
CsA NJ\
H

420-128-1

OAc

0
CsA Z (CHZE\NM
H

1352,1

1410,0

1340,0

1354,0

1412,0

1337,9

1297,9

1380,0
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Hydro héa lién két doi

Lién két doi c6 thé duge hydro hoa & ap suét khong khi dé tao ra mach bén bdo
hoa. Cac nhém chire nhu hydroxyl, cacbonyl va cacboxyl 6n dinh & diéu kién nhu vay
va khéng cin bio vé. R’ 1a gbc axetyl hodc hydro. Trong truong hop ciia hop chét
cacbonyl khéng bdo hoa a,B, lién két d6i phai dugc khir trude khi khir axetyl hoa dé

tranh két tinh bang cach cho thém nhém hydroxy tu do ai nhan vao lién két d6i da hoat

hoa.
Phén Gng 5:
OR'’ OR'
H,, Pd/C
CsA)Y\/\Ru - = CSAJ\K\/\RQ

Céng thure XII Cdng thre Xl

¢ day R12 1a mach béo, théng hodc nhanh, bao hoa hodc khong bao hoa, tuy y chia
phén tir thé duoc chon tir nhém gém keton, hydroxyl, nitril, axit cacboxylic, este, amit,
amin dugc bdo v¢ axyl va 1,3-dioxolan; nhém thom, tuy y chira phén ttr thé duogc chon
tir nhom gém halogenua, este, amin va nitro; hoic hon hop cida mach béo, théng hodc
nhanh, bdo hoa hoic khong bao hda néu trén va nhom thom néu trén, va R* 1a H hoic

gdc axetyl.

Vi du 5: Quy trinh téng hop 404-56:

OAc OAc
H,, Pd/C
' ~
o )\‘/ /\/\”/ . CsA)\r\/\n/
0] (0]

Pé 1am vi du minh hoa, 404-43 (0,34mmol) dugc hoa tan trong 40ml EtOH
khan va 43mg Pd/C (10%) va 0,2ml axit axetic dugc cho thém vao. Hon hop dugc

khudy trong mdi trudng hydro & ap sudt khi quyén trong 2 ngay. Phan tmg duoc loc
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bang Celite va dugc cd trong chin khong. San pham thé dugc tinh ché bang HPLC

diéu ché.

Str dung phan ung 5, cac hop chit sau ddy 1a cac vi du khac nira cia cac hop

chit c6 thé duoc téng hop.

24694

Hop chat Nguyén liéu ban dau MS
(Na")

404-50 404-25 1289,1
OH OH

CSAJ\’/\/\Q CsAW

404-56 404-43 1297,0
OAc OAc

CsA)\r\/\“/ CsAJY\/\H/

0 o

404-57 404-31 1327,1
OAc OAc

CsAMOEt CsAMOEt

o 0

404-63 404-60 1299,1
OH OH

CsAW(CHMCOOH CsAJY\/\(CHz)chOH

404-74 404-66 1307,1
OH OH

CsAm CsAm

F F
404-92 404-90 1255,1
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OH

Cs A/H/\/\//\

404-94

OAc

WCOOMe
CsA

404-168

OAc

CsAJY\/\/\COOH

404-172

OAc

C“(L\r/\\//\jr/\\
(0]

420-106
OH

CsAW(CHZ)QCOOH

420-111

OH
CsA)W/\/\(CHz)sCOOH

420-112

OH

Cs

404-79
OAc

Cs.

404-134

OAc

Cs

404-163

OAc

Cs

416-08

OH

Cs

420-40
OAc

CsA

420-134
OAc

Cs.

420-98

OH
CSKJ\\(/A\\?¢\\
420-100

OH

Cs =

{

420-102

i

i

i

_.COOMe

COOH

:\§_

COOH

COOMe

COOH

(CH2)gCOOH

(CH,)sCOOH

1388,9

1326,8

1310,9

1313,0

1383,1

1326,9

1383,1

1341,0

1298,9
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OH OH

CsAWOH CsAWOH
420-130 420-123 1340,0
OAc (o] OAc (0]

cSAJY\/\/\m/L cSAJ\r\/A/\EJ\

Khir nhém nitril

Quy trinh khtr nhém nitril cho amin bic mét twong tng cé thé thuc hién béng
niken borua dugc tao ra in situ tir natri bohydrua (NaBH,) va niken(Il)clorua (NiCL).
Viéc cho thém tac nhdn bdy phu hop din dén amin bic mét dugc bao vé axyl
(cacbamat hoic amit, 14n luot) va ngin ngtra sy hinh thanh amin bac hai nhu 1a phan
tng phu khong mong mudn. Lién két d6i dugc khir mot phan trong diu kién da cho va
thu dwoc hdn hop san phim. Ca hai hop chit amin duoc bao vé bdo hoa va khong bdo
hoa duoc phan tich va tinh ché. Déi voi Phan tmg 420-123, hén hop khong dugc phan
tach. Thay vi d6, hdn hop dugc hydro hoa c6 xtc tic dé tao thanh hop chét bao hoa

hoan toan.

Phan Umg 6:
OAc OAc
c==N NaBH4/NiCl,
Pz : - —~ /NHAcyI
CsA R1 Tac nhan axyl héa CsA R1
Céng thire XV Céng thire XVI

khi axyl 12 gbc bét ky ctia BOC, axetyl, hodc butyryl, tAc nhan axyl héa 14 tac nhan bat
ky trong sb di-tert-butyldicacbonat, anhydrit axetic, va anhydrit butyric va R1 1a gbc
béo, mach théng hodc mach nhénh, bdo hoa hodc khong bido hoa. Nguoi ¢6 trinh dod
trung binh trong linh vuc k¥ thuat can hiéu rang tac nhan axyl hoa dugc mo ta trén day
c6 thé dugc thay thé bang nhiéu loai tac nhan axyl hoa dé tao ra nhidu loai amin dugc

bao v¢€ axyl tuong tu.

Vi du 6: Quy trinh tong hop 420-08
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OAc NaBH,4/NiCl, OAc
(BOC),0
N NHBOC
CSAJW —— (CsA =
420-08-1
+
OAc

CsA)\[/\/\/\/NHBOC
420-08-2
DPé 1am vi du minh hoa, 404-187 (0,257mmol) dugc hoa tan trong 15ml metanol
va dugc lam mét dén nhiét do 0°C. Di-tert-butyldicacbonat (0,514mmol) va
niken(I)clorua (0,025mmol) dugc cho thém vao dé tao thanh dung dich trong subt.
Natribohydrua (3.85mmol) dugc cho thém thanh timng phan vao trong thoi gian 1 gio.
Hoén hop duogc tao ra duoc khuéy ¢ nhiét d0 moi truong qua dém. Natribohydrua
(1,95mmol) duge cho thém vao & nhiét do 0°C va khudy tiép tuc trong 3 gid' & nhiét do
phong. HPLC cho thdy hdn hop cia 420-08-1 (hop chat cacbamat) va 420-08-2 (hop
chit cacbamat c6 lién két d6i dugc khir). Phan tng duoc khudy trong 30 phut véi
dietylentriamin (0,257mmol) va sau d6 duoc ¢ trong chan khéng. Phan cin dugc gom
trong 75ml EtOAc, dwgc rira bang 20ml dung dich NaHCO; bdo hoa va duge lam kho
bang Na,SO,4. Dung méi dugce loai bé trong chén khong. San pham thd dugc tinh ché
bang HPLC diéu ché.

Str dung phan ting 6, cic hop chét sau ddy 1a cac vi du khac nita clia cac hop

chat c6 thé dugc téng hop.

Hop chét Nguyén liéu ban dau Tac nhan bao MS (Na¥)
\
420-08-1 404-197 di-tert- 1410,0

OAc OAc

butyldicacbo
N
CSAWNHBOC Cs AW nat
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420-08-2

OAc

NHBOC
CsA

420-107-1

OAc

H
CsA 7= N~
J\r\/\/\/\!or

420-107-2

OAc
H

CsK ~ \/\/NW/\/
o)

420-109-1

OAc

(0]
CsKl\1//\\%¢f\\//\\v/ﬁ\\//\\N/ﬂ\\
H
420-109-2
OAc (o}
CSA/H/\/\//\//\/\N)J\
H

420-110-1

OAc
CsAj\r\/\/ ~>"NHBoC

420-110-2

OAc

CSAWNfiBOC

24694

404-197

OAc
CSA/L\T//\\\fﬁﬁ\\//A\\ézN
404-197

OAc
Cy(L\T/”\y/f\\//\\ééN
404-197

OAc
CSA/L\W//A\\47¢\\V//\\“ZZN
420-101

OAc
CsA/L\T//A\\4¢;\\v//\\\//A\\//A§§N
420-101

OAc
CsA/L\W//A\\4¢;\\v//\\\//A\\¢/AS§N
420-101

OAc
CsA/L\T//«\\445\\v//\\\//A\\//AS§N
420-101

di-tert-
butyldi-
cacbonat
anhydrit
butyric

anhydrit
butyric

anhydrit

axetic

anhydrit

axetic

di-tert-
butyldi-

cacbonat

di-tert-
butyldicacbo

nat

1412,1

1379,9

1382,1

1394,1

1396,1

1452,1

1454,1
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420-123 1 420-89 anhydrit 1337,9/13
OAc Q OAc axetic 39,9

CsA/H/\/\A”/U\ CSAMN

420-128-1 420-101 anhydrit 14221
OAc (0] OAc butyric

CSAJY\/(\CHZE\SJJ\/\ CSAWN

420-128-2 420-101 anhydrit 1424,1

Qhc j’k/\ OAc butyric
CsAWHz)g\N CsAJ\[/\/\/MN
H

" hdn hop khong duoc phén tach

Khir nhém chirc bao vé amin
Amin duge bdo v¢ BOC (cacbamat) co thé dugc chuyén hoéa thanh amin tu do
bing cach thiiy phan axit diing axit trifloaxetic (TFA).

Phén tng 7:
OR' OR'

NHBOC TFA _NH,
CsA R1/ —> CsA R1

Cong thirec XX Cong thire XX

khi R1 1a mach béo, théng hodc nhénh, bdo hoa hoac khong bio hoa, va R’ 1a H hoic

gbc axetyl.
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Vi du 7: Quy trinh tong hop 420-23

OH OH

TFA
NHBOC NH
CSA/H/\/\/\/ - CSAW 2

Pé lam vi du minh hoa, 420-17 (0,026mmol) dugc hoa tan trong 4ml DCM
khan va 2ml axit trifloaxetic dugc cho thém vao & nhiét dd 0°C. Phan tng duoc khuéy
¢ nhiét do phong trong 3 gid. 20ml diclometan duoc bd sung vao. Han hop phan tng
dugc rira béng H,0 va dung dich NaHCO; bdo hoa va duogc lam kho béng Na,SO;,.

Dung mdi dugc loai bo va san pham tho duge tinh ché bing HPLC diéu ché.

St dung phan tmg 7, cic hop chit sau day 1a cac vi du khic nita cia céc hop

chét c6 thé dugce téng hop.

Hop chét Nguyén liéu ban dau MS (M+1)
420-23 420-17 1246,0

OH OH
CsAjﬁ/\/\/VNH2 CsAJﬁ/\/\/vNHBOC
420-25 420-13 1290,0

OAc OAc

/H/\/\/\/NHZ WNHBOC
CsA CsA
420-129 420-120 1288.0

OH

OH
CsAW(CHz)sNHz CSAJY\/\/\/\/\NHBOC

Béo vé nhom amino

Chirc amino ty do c6 thé dugc bdo vé bang cach ding nhiéu loai nhém bao vé

st dung cdc phuong phap da dugc xac 1ap. Nhidu tic nhan bao vé sin co so voi quy
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trinh khir bt dau tir nitril. Cac phén rmg 7 va 8 cung v6i nhau tao ra quy trinh thay thé

phan tng 6 dé didu ché cac hop chit amino dugc bao vé axyl.

Phén tng 8:
OH OH
NH, Tac nhan axyl hoa NHAcy!
Cong thire XXI Céng thire XIV

Khi axyl 1a gbc bét ky cua BOC, axetyl hodc butyryl, tdc nhan axyl hoa la tic
nhan bit ky cua di-tert-butyldicacbonat, anhydrit axetic, anhydrit butyric, nguoi cé
trinh d9 trung binh trong linh vuc k¥ thuat hiéu rang nhiéu loai tic nhan axyl héa bao
gbm, dicacbonat, anhydrit va axyl halogenua c6 thé dugc st dung dé didu ché nhiéu
amin dugc bao v€ axyl, va R1 la géc béo, mach théng hodc mach nhanh, bdo hoa hoac

khong béo hoa.

Vi du 8: Quy trinh tong hop 420-27

OAc OAc
ACZO H

NH2 /N
CsA — > CsA M \ﬂ/
O

Pé lam vi du minh hoa, 420-25 (0,039mmol) dugc hoa tan trong 3ml pyridin
khan trong méi truong nito. Phan tmg dugce 1am mat dén nhiét do 0°C va anhydrit
axetic (0,59mmol) dugc cho thém vao. Hon hop duoc khqu ¢ nhiét d0 moi trudong
qua dém. Dung mdi dugc loai bé trong chin khong va phan cin dugc gom trong 25ml
EtOAc. Phan tng dugc rira béng 2 x 10ml HCI 1M, 2 x 10ml dung dich NaHCOj; bdo
hoa va 10m! nuéc mudi va duge 1am khod béng Na,SO4. Dung moéi dugc loai bé trong

chan khong d¢ tao ra san pham & dang chat ran khéng mau.
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Khtr nhém chire bao vé aldehyt

Géc 1,3-dioxolan dugc chuyén hoa thanh chuc aldehyt bing quy trinh thay

phan axit.

Phén tng 9 va vi du 9: Quy trinh téng hop 404-47

he HCO,H QAc .
CA Y Q. —— CsAJY\/\é
O
Céng thire XVIII Céng thire XIX

Pé lam vi du minh hoa, dung dich ctia 404-33 (0,246mmol) trong 20ml axit
formic dugc khudy & nhiét do phong trong 45 phut. 100ml nuéc da va 200ml dung
dich NaHCOj3 bdo hoa dugc cho thém tir tir vao phéan tng (tao bot nhiéu). Phan tng
dugc tach chiét bang 2 x 150ml EtOAc. Cac phan chiét két hop duoc rua bing dung
dich NaHCO; béo hoa, nue va nuée mubdi va duge lam kho bing Na,SO,. Dung méi

duoc loai bd va san phim duoc lam kho trong chan khong.

Khitr nh6m nitro

Hop chét nitro thom dugc khir thanh anilin bang quy trinh hydro hoa xtc tac.

Phén tmg dan dén su khir lién két doi.

Phén ng 10 va vi du 10: Quy trinh tdng hop 404-120

OAc OAc
Ho/RaNi
CsA = . CsA | X
=
NO, NH,
Céng thire XXII Cong thare XXIII

DPé lam vi du minh hoa, 404-89 (0,13mmol) dugc hoa tan trong 2ml etanol va
niken Raney (0,18 g, 50% trong H,0, dwoc rira 3 1an bing etanol, tiép do duogc tao
huyén pht trong 2ml etanol) va 0,1ml axit axetic dugc cho thém vio. Phan ung duoc

khudy & nhiét do phong trong 2 ngay. Phan tng duoc loc bang Celite va banh loc duge
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rua béng metanol. Phan loc duoc lam kho. Phan can dugc gom trong EtOAc, duoc rira
b%mg dung dich NaHCO; va nudc mudi va duge 1am kho béng Na,SOy4. Dung moi
duogc loai bé trong chan khong. San phdm thd dugc tinh ché bang silica gel

(hexan/axeton 2:1).

Téng hop amit

Amit duge diéu ché tir axit cacboxylic bing phan ng ctia amin véi axit clorua
tuong ung (Phén tng 11). Quy trinh tong hop ciing ¢ thé duoc thuc hién truc tiép tir
axit bang cach sir dung chét phan tmg ngiu hop phu hop, vi du nhu DCC va HOBt
(Phéan tng 12).

Phéan ting 11:
OAc /[(1 SOC!Z OAc O
CsA R1 OH CsA R1)J\CI
Céng thirc XXV Céng thirc XXVI
R15R16NH

Cong thire XXVII

OAc

o)
CsA R1/“\NR15R16

Céng thire XXVIII

khi R1 14 mach béo, théng hodc nhanh, bao hoa hodac khong bio hoa, R15 va R16 doc
1ap 14 hydro hodc mach béo, théng hodc nhanh, bdo hoa hodac khong bdo hoa, hodc khi
NR15R16 cling nhau tao thanh gbc morpholinyl.
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Vi du 11: Quy trinh téng hop 404-85

OAc @)

OAc O
socl, J\
CsA OH —> CsA N cl

OAc O
Et,NH

———>  CsA NEt,

Pé 1am vi du minh hoa, 365-73 (0,04mmol) va thionylclorua (68mmol) duoc
két hop trong moi truong nito va duge dun néng dén nhiét d6 hdi luu trong 2 gid. Phan
tng dugc dé ngudi va dugc co dén kho. 20ml toluen duge cho thém vao va phén tng
lai duge co dén kho (2 lén). Phan cin dugc gom trong 5ml toluen khan va dietylamin
(0,48mmol) dugc cho thém vao. Phan ting dugce khudy & nhiét do phong qua dém. Sml
H,0 dugc cho thém vao va hdn hop duge chiét béng 20ml EtOAc. Phén chiét dugc rira
bﬁng nude mudi va duoc 1lam khod bz:ing Na,SOy4. Dung moi duoc loai bo trong chin

khong va san phdm tho dugc tinh ché bang silica gel (hexan/axeton 3: 1).

St dung phan tng 11, cc hop chat sau déy 1a cac vi du khéc nita cia cac hop

chit c6 thé dugc téng hop.
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Hop chét Nguyén liéubanddu ~ MS (Na’) Amin
404-83 365-73 1368,2 dietylamin
OAc o) OAc
JW//\/\)k JW/\/\/COOH
CsA NEt, CsA
404-128 404-124 1311,9 ammoniac
OAc - o] OAc khan !
WCOOH
CsA NH, CsA
404-129 404-124 1340,1 dimetyl-amin
OAc O OAc
COOH

CsA NMe, CsA

i

"trai qua phan tng trong 10 phat & nhiét d6 0°C; * dung dich 2M trong THF

Phéan Umg 12:
OAc 0 OAc O
)k DCC/HOBt N )‘\
CsA R1 OH R15R16NH CsAJ\(\m NR15R16
Cong thire XXVII
Cong thire XXV Cong thire XXVIII

khi R1 1a mach béo, théng hodc nhanh, bdo hoa hodc khong bdo hoa, R15 va R16 doc
12p 1a hydro hodc mach béo, théng hodc nhanh, bdo hoa hoac khong bao hoa, hodc khi

NR15R16 ciing nhau tao thanh gbc morpholinyl.
Vi dy 12: Quy trinh tong hop 420-104

OH DCC/HOBt OH

Me,NH ?
CsA ZNCHp)COOH —_»  CsA Z(CH,)g-C-NMe,

Pé lam vi du minh hoa, 420-98 (0,078 mmol) dugc hoa tan trong 10ml DCM

khan trong mdi truong nito. Dixyclohexylcacbodiimit (DCC, 0,117mmol) va 1-
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hydroxybenzotriazol hydrat (HOBt, 0,078mmol) dugc cho thém vao & nhiét do 0°C va

hdn hop dugc khudy trong 15 phut. Dimetylamin (0,78mmol) dugc cho thém vao dé

tao thanh dung dich trong sudt khong mau. Bé 1am ngudi duoc liy ra sau 15 phut va

tiép tuc khudy & nhiét do moi truong trong 5 ngdy. Phan ing dugc chuyén sang phéu

tach va 20ml DCM va 10ml HC1 0,5M dugc cho thém vao. Lép hitu co dugce thu léy,

dugc lam kho béng Na,SO, va dugc c¢d dén khod. Phan can dugc gom trong 10ml

axetonitril. Chat khong hoa tan dugc loc ra va phén loc dugc cd trong chan khéng. San

phim tho duge tinh ché bing HPLC didu ché.

St dung phan tng 12, cdc hop chét sau ddy 1a cac vi du khéc nita ctia cac hop

chét c6 thé duoc tbng hop.

Hop chit Nguyén liéu ban dau MS (Na")  Amin
404-150 416-04 1380,1 Dimetyl-
OAc OAc amin 2

CSAJ\K\/\/\/Y ez CsAJY\/\/\ACOOH
o)
404-155 404-134 1352,1 Dimetyl-
OAc OAc amin 2
CsAJW/\/\/\'(NMez CSAWACOOH
o
404-156 404-60 1324,1 Dimetyl-
OH 0 OH amin 2
CSAWNMez cSAJY\/\(CHmCOOH
404-162 416-08 1379,9 Morpholin
OH e OH
cSAW\W \/ CsAJY\/\/\/\COOH
(0]
404-164 416-08 1309,8 amoniac
khan !
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404-178 404-137 1323,9 Propylamin
OH OH

CsA)\r\/\/\WNH\/\ CSA)\[/\/\/\COOH

(0]

420-104 420-98 1408,1 Dimetyl-
OH o OH amin >

CsA/H/\/\(CHg)g 4 -NMe, CsAW(CHz )gCOOH

420-114 420-100 1366,0 Dimetyl-
OH OH amin >

CsAJW(CHg)G L -NMe, CsA)W/\/\(CHz J6COOH

420-121 420-100 1338,0 amoniac
OH OH khan !

CSAW(CHZ)G & -NH, CsAJW/\/\(CHZ)SCOOH

" trai qua phan Gng trong 10 phiit & nhiét d 0 °C; * dung dich 2M trong THF

Este hoa

Este cua axit cacboxylic duoc diéu ché tir axit cacboxylic twong ng va rugu
bang cach st dung xuc tac axit (Phan g 13) hodc cc tac nhan ngiu hop (DCC va
DMAP, phén tng 14).

Phan ung 13:
OH 0O
7 R170HH" o )J\
CsA R1~~ SOH Céngthic XXXI  CsA R1 OR17
Cdng thire XXIV Coéng thire XXXII

khi R1 1a mach béo, théng hodc nhanh, bdo hoa hodc khong bdo hoa, va R17 12 mach
béo, thing hodc nhanh, bdo hoa hodc khong bdo hoa, tiy y chtra halogen hoc phan tir
thé hydroxyl.

-75-



24694

Vi du 13: Quy trinh tdng hop 404-171

OH O OH O

EtOH/H* \)J\
CsA Z OH — 5 CsA =z OEt

Pé lam vi du minh hoa, hdn hop cta 404-60 (0,059mmol), 4ml EtOH va 2ul
H,S0,4 ddm didc dugc dun noéng dén nhiét d6 hdi luu trong 4 gi¢. Dung méi dugc lam
bay hoi va phan cin dugc gom trong axetonitril. San pham tho duoc tinh ché bing
HPLC diéu ché.

St dung phan ting 13, cic hop chét sau ddy 1a cac vi du khac nita clia cac hop

chat c6 thé duoc téng hop.

Hop chit Nguyén liéu ban dau MS (Na')  Téac nhan
phén ting
404-171 404-60 1368,2 etanol
OH o) OH
CsAWOEt CsA)\r\/A(CHZ)acOOH
404-182 404-60 1311,9 etylen

OH (o) OH

lycol !
F /\/OH g ) c0
CsA ° CsA ZN(CH,)3COOH
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420-103 420-98 1409,1 etanol
OH OH

CsAW(CHZ)QCOOEt CSAW(CHZ)QCOOH

420-113 420-100 1366,9 etanol

OH

OH
CSAJW/\///\(CHz)eCOOEt CsAW(CHz>GCOOH

' 3 g & nhiét d 90°C; san phim duoc chiét tach bang EtOAc

Phén tng 14:

OH o) OH @)
)J\ DCC/DMAP )J\
R1 OH ——» CsA R1 OR17
R170H
Caéng thire XXIV Cong thire XXXI Cbdng thire XXXII

khi R1 1a mach béo, thfmg hodc nhanh, bdo hoa hodc khong bdo hoa, va R17 1a mach
béo, thing hodc nhanh, bdo hoa hoic khong bao hoa, tily y chira halogen hoic phén tir
thé hydroxyl.

Vidu 14: 420-24

OH O
DCC/DMAP
)\‘/\/\/\/u\ © >  CsA = /\/lko/ﬁ/

Pé 1am vi dy minh hoa, 404-60 (0,053mmol) dugc hoa tan trong 4ml DCM
khan va dugc lam ngudi dén 0°C trong mdi truong nito. Dimetylaminopyridin
(DMAP, 0,005mmol), 2-flopropanol (0,27mmol) va dixyclohexylcacbodiimit (DCC,
0,058mmol) dugc cho thém vao va phan tng dwoc khudy trong 15 phut & nhiét d6 0°C.

Bé 1am lanh dugc 14y ra va tiép tuc khudly qua dém & nhiét d6 méi truong. 20ml DCM
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duoc cho thém vao, tiép d6 phan tmg duoc rira bing H,O va duge 1am bay hoi dén
khé. Phan cin dugc gom trong 10ml axetonitril va dugc loc. Phan loc dugc cd trong

chén khong. San phim tho dugc tinh ché bing HPLC didu ché.

Ruou

Ngoai quy trinh téng hop truc tiép trong phan ung Wittig, cac ruou thu duogc
bang nhiéu phan tng. Khir gbc cacbonyl bang natri bohydrua din dén rugu bac 1 (bit

du tir aldehyt) hoc rugu bac hai (bt diu tir keton), 14n luot.

Oxy héa lién két doi bang phuong phap tao hitu co-boran c6 thé dan dén hén
hop cia céc chit déng phan. Phan tmg tién hanh chu yéu theo huéng nguoc-
Markovnikov. Trong trudong hop cua olefin cudi mach, ruou bac mot 1a san pham
chinh.

Olefin c6 thé dugc chuyén hoa thanh diol bing quy trinh oxy hoa bang hydro

peroxit.

Phén ting ctia hop chat cacbonyl véi cht phan tmg Grignard din dén ruou bac
hai (bat dau tir aldehyt) va rugu béc ba (bét dau tir keton). Phuong phép nay cho phép

kéo dai mach cacbon.

Phén tng 15:

OR' ‘
NaBH, OR
CsA RA R20
~ — CSAJW/\W\ 20
O OH
Coéng thire XXXV Céng thire XXXVI

khi R’ 1a H hodc axetyl, R1 1a mach béo, théng hodc nhénh, bdo hoa hoic khong bio
hoa, va R20 1a mach béo, théng hodc nhanh, bao hoa hodc khong bao hoa.
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Vi dy 15: Quy trinh tdng hop 404-98
OH OH

NaBH,
CsA —_— CsA)Y\/\/
O OH

Pé 1am vi du minh hoa, 404-61 (0,0365mmol) duoc hoa tan trong 4,5ml EtOH
khan trong moi truong nito. Natri bohydrua (0,15mmol, dugc tao huyén phu trong
0,5ml EtOH khan) dugc cho thém vao & nhiét do 0°C va hdn hop tao thanh dugc
khudy & nhiét do moi truong qua dém. Natri bohydrua (0,08mmol) bd sung dugc cho
thém vao va tiép tuc khuiy qua dém. Phén tng duge dap tit bang 5ml HCl IM trong
diéu kién 1am lanh béng bé nudc da va dugc chiét bang EtOAc. Phan chiét duoc rira
béng nude mudi, dugc lam kho béng Na,SO, va dugc ¢6 dén khd. San phém tho duoc

tinh ché bang HPLC diéu ché.

St dung phéan Gng 15, cac hop chat sau ddy 1a cac vi du khac nita cia cac hop

chét ma c6 thé duoc tbng hop.

Hop chét Nguyén lidu ban dau MS (Na*)
404-98 404-61 1256,9
OH OH
CSAJYW CSAJY\/\'(
OH O
404-195 404-173 1271,0
OH OH
CSAW CSAW
OH (0]
404-198 404-172 1313,0

CsA

OAc
CSAW
(0]

O

>

o
C:g
I
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420-09 404-56 1298.9
OAc OAc
CSAW CSA/H/\/\H/
OH o)
Phén tng 16:
1.) BH3 THF Y
OH 2.) H,O, Q
CsAJ\r\R1——CH=CH2 — CsAJ\[/\R1/\OH
Coéng thire XXVIII Céng thire XXIX

khi R1 1a mach béo, théng hodc nhénh, bdo hoa hoic khong bio hoa.

Vi du 16: Quy trinh tdng hop 420-28-1
OH 1.) BH3 THF OH

2.) H,0,
CSAJ\[/\/ —_— CsA)\‘/\/\OH

DPé lam vi du minh hoa, 404-16 (0,08 1mmol) dugc hoa tan trong moéi truong

nito trong 4ml THF khan. Phan tmg dugc dé ngudi dén 0°C va BH; THF (dung dich

IM trong THF, 0,06mmol) dugc cho thém vao. Phan Ung dugc khuéy ¢ nhiét do

phong qua dém. HPLC cho thdy phan tmg khéng hoan toan. BH; THF (0,5mmol)

thém dugc cho thém vao va khudy tiép tuc trong 4 gid & nhiét d6 phong. Phan ung

duoc @ ngudi dén 0°C va 1,0ml NaOH 1M va 0,30ml dung dich hydro peroxit 30%

dugc cho thém vao. Hén hop duoc khudy & nhiét ¢ phong qua dém. Phan tmg dwoc

chiét tich bang 25ml EtOAc. Phan chiét dwoc rira bang nude mudi, duge lam kho bing

Na,S0, va duge cb dén kho. San phém duoc tinh ché b%mg HPLC diéu ché.

Phan tng 17:
OAc ~.MgCl OR' OH
Céng thire XLI Cong thire XLIII
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khi R1 1a mach béo, théng hodc nhénh, bdo hoa hodc khong bdo hoa, R’ 1a H hogc géc
axetyl.

Vi du 17: Quy trinh téng hop 420-49
OAc _~_MgCl OR'

CSAM —_— CSAJ\M/\/
O OH

Pé lam vi du minh hoa, 420-49 (0,037mmol) dugc hoa tan trong Sml THF khan
trong moi trudng argon. Phan tmg duge 1am lanh dén nhiét do -70°C va allylmagie
clorua (IM dung dich trong THF, 0,22mmol) dugc cho thém vao. Phan tmg duoc
khudy trong 15 phut & nhiét do -70°C va tiép d6 duoc dé dén nhiét do phong. Sau 90
phit phan tng duoc dip tit bing dung dich NH,CI bdo hoa. Phan ng duoc chiét tich
béng 25ml EtOAc. Phan chiét duogc rira béng nude mudi, duge 1am khod bi‘mg Na,SO,
va dugc c6 dén kho. San phim duge tinh ché bing HPLC diéu ché. Thu duoc hén hop

ctia hop chét dugc axetyl hoa va khir axetyl hoa.

Phén tng 18:

1.) H,O,/HCO,H
OA 22 2 OH
¢ 2.) NaOH OH
A e CsA R1
OH
Céng thire XLV Céng thire XLVI

khi R1 1a mach béo, théng hodc nhanh, bdo hoa hoac khong bdo hoa, va R23 1a mach

béo, théng hodc nhénh, bao hoa hodc khong bio hoa.

Vi du 18: Quy trinh téng hop 404-126
OAc 1.) HyO,/HCO,H OH

2.) NaOH
CsAJY\/ —_— CSAJYY\OH
OH

Pé lam vi du minh hoa, 404-16 (0,054mmol) dugc hoa tan trong Iml axit

formic va hydro peroxit (dung dich 30%, 0,52mmol) dugc cho thém vao. Phan {ing
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dugc khudy & nhiét do phong qua dém va sau d6 dugc c¢d dén kho. Phin cin duoc hoa
tan trong 25mL EtOAc, duge rira bang dung dich NaHCO; bao hoa va duge lam kho
bang Na,SO,. Dung mdi duge loai bd trong chan khong. Phan tng dugc gom trong
9ml THF va 3ml NaOH 1M, va dugc khudy trong 4 gid & nhiét do phong. Dung mdi
duoc loai bd va phén can duoc phan tach gitta 25ml EtOAc va 5ml H,O. Lép hitu co
duoc ria béng nude mudi va dugc lam kho brflng Na,S0O,4. Dung moéi dugc lam bay hoi

va san pham thé dugc tinh ché bang HPLC diéu ché.

Vi du 19: Cai bién axit amin 3

CsA trai qua su thé trén AA3 nhu dugc trinh bay dudi day. Phan ing vdi lugng
du LDA (lithi diisopropylamit) dAn dén mot din xuét hexalithio chira bén thanh phan
lithi azaenolat cling nhu 14 mot thanh phan lithi alkoxit trén mach bén cta axit amin 1
va mot thanh phan lithi enolat trén AA3, tuong tmg. Phan ting tiép theo voi mot chét 4i
dién tt thich hop tao ra cic san phdm thé trén phin AA3 (sarcosin). Cac chit ai dién tr
thich hgp, vi du nhu céc alkyl halogenua, aldehyt, cacbon dioxit va alkyl disulfit (Bang
1). C6 thé thu dugc ca hai epime D va L, véi ti 1é trong tmg phu thudc vao cac diéu
kién phan ung. Con dudng A (xem duéi ddy) tao ra chit yéu san phdm D, trong khi con

duong B (thém luong du LiCl) tao ra hdn hop ca hai epime.

1) LDA/THF/(LICI)
2) n-BulLi
;;\ N\)J\ 3) electrophlle ;;\j\"/ j)k

Xyclosporin A
(doan axit amin 3)

5 SN NVKN £
R23

Hoo 0
Vi du 19: Phan ung thé tai AA3 cta Xyclosporin A. Thu dugc cac chit déng phén lap
théDval.
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Con dudng A: [D-MeSar]*-CsA

Mot binh thét c¢b di siy kho trong 10 dugc nap 160mL THF khan va
diisopropylamin (2,07mL, 14,8mmol) trong méi truong argon. Dung dich nay duoc
1am lanh dén -78 °C va n-butyl lithi (2,5M trong hexan, 5,4mL, 13,5mmol) duogc bd
sung vao. Sau khi khudy trong 30 phut, CsA (2,40g, 2,0mmol, dugc hoa tan trong
40mL THF khan) dugc bd sung vao. Phan ing dugc khudy trong 1 gid & -78°C. n-
butyl lithi bd sung (3,2mL, 8,0mmol) dugc thém vao, sau dé bd sung metyl iodua
(1,25mL, 20,0mmol). Tiép tuc khudy & -78 °C trong 1,5 gio, va sau d6 phan tng duoc
lam 4m 1én dén nhiét d6 phong trong 1,5 gi¢ nita. 20mL H,O dwoc thém vao va THF
duoc loai bo trong chan khéng. 50mL H,O nita dugc bd sung va thuc hién chiét hdn
hop bang 150mL EtOAc. Phin chiét duoc rira v6i nude mubi va dugc siy khé trén
Na,SO,. Dung mdi dugc loai bé trong chan khong va san pham thd duoc tinh ché trén

silica gel (hexan/axeton 3:1). Hiéu suét: 0,74g (0,61mmol, 30 %).

Con dudng B: [MeSar]*-CsA

Mot binh thét ¢ khé 100mL duoc nap 7,5mL THF khan va diisopropylamin
(0,46mL, 3,3mmol) trong mdi trudng argon. Dung dich nay duogc lam lanh dén 0°C va
n-butyl lithi (1,32mL, dung dich 2,5M trong hexan, 3,3mmol) duoc thém vao. Phan
ting duogc khudy trong 20 phut & 0°C va sau d6 duge lam lanh dén -78°C. Dung dich
chira CsA (601mg, 0,5mmol) va lithi clorua (636mg, 15mmol) trong 12mL THF khan
dwgc chuin bi va 1am lanh dén -78°C trong moi truong argon. Dung dich LDA sau d6
duogc chuyén vao hdn hop nay nhd mot 6ng thong. Phan tmg nay duoc khudy & -78°C
trong 2 gid. n-butyl lithi bd sung (1,20mL, 3,0mmol) duoc thém vao, sau d6 1a metyl
iodua (0,62mL, 10mmol). Hon hop dugc 1am am lén -20°C va dugc khudy & nhiét do
ndy trong 3 gid. Phan tng dugc 1am dm dén nhiét d6 phong, duoc dap tat bang dung
dich NH,C1 béo hoa, dugc chiét béng EtOAc (2 x 20mL), dugc rira v6i nude mudi va
duoc sdy kh trén Na,SO,. Dung mdi duoc loai bo trong chan khong va san phdm thod
dwoc tinh ché trén silica gel (hexan/axeton 3:1). Hiéu suét: [L-MeAla®]-CsA: 302mg
(0,25mmol, 50%). [D-MeAla3]-CsA: 76mg (0,06mmol, 12%).
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Chét 4i dién tir R23' Con  Ghi chu
dudng

metyl iodua —CHs AB -

etyl iodua —CH,CHj3 AB -

allyl bromua —CH,CHCH, B -

1,3-diiodopropan —CH,CH,CHyl B -

1,4-diiodobutan —(CH,)3CH,l B -

trimetylamonium-3- —(CH2)3N"(CH3)3 B -

iodopropan

hexaflophosphat

propargyl bromua —CH,CCH A 10 duong luwong chit ai dién
tt; dwoc khudy & nhiét do
phong trong 1 gi¢ sau khi thém
chét 4i dién tir

tert-butyl —CH,COy(t-Bu) A 5 dwong lugng chét &i dién tu;

bromoaxetat duoc khudy & nhiét do phong
trong 1 gio sau khi thém chét
ai dién tr

benzyl bromua —CH,Ph 2 A 15 duong lugng LDA va 30
duong luong chét ai dién tur;
duoc khudy trong 6 givr & -75
°C va 10 gio & nhiét d6 phong
sau khi thém chat 4i dién ti

formaldehyt —CH,0OH A formaldehyt dwgc chuén bi tir
paraformaldehyt & 170°C trudce
khi thém

axetaldehyt —CH(OH)CHj, B duoc khudy trong 2.5 gid & -

78°C sau khi thém chét 4i dién

tur

-84-



24694

pivalaldehyt —CH(OH)(t-Bu) > B duoc khqu trong 70 phut & -
78°C sau khi thém chét 4i dién
tr

benzaldehyt —CH(OH)Ph B dugc khudy trong 2.5 gio & -
78°C sau khi thém chét 4i dién
tur

cacbon dioxit —COOH A khi CO, gas di qua phan ung
trong 15 phut & -78°C; dugce
khudy trong 1 gid & -78°C sau
khi thém chét 4i dién tir

dimetyl disulfit —SCH; B dugc khudy trong 18 gid & 0°C
sau khi thém chét 4i dién t

p-tolyl disulfit —S(p-Tol) 4 B duoc khuéy trong 18 gid & 0°C

sau khi thém chit 4i dién tir

" theo vi du 19; > Ph = phenyl; ° t-Bu = tert-butyl; * Tol = tolyl.

Céc vi du 20 va 21, dugc trinh bay dudi déy, Ia cac vi du chung vé cac phan
ttng héa hoc c6 thé dé tong hop céc hop chit mong mudn duoc cai bién tai axit amin 1
va 3 cua CsA béng cach str dung cac thudc thir ¢6 cac tinh chit hoa hoc can thiét, va n6
s& duoc hiéu boi ngudi 6 trinh d6 trung binh trong linh vuc ky thuét rang su thay thé

cua mQt sO chét phan ting c6 the duogc thuc hién.

Vi du 20: Su ci bién AA1 CsA dugc alkyl héa

Vi du 20 cung cip mot con dudng téng hop dé dua cac phan tir thé véao vi trf 3
ctia CsA truéc khi cai bién mach bén AAL. Sau sy alkyl héa & vi tri 3 (3-alkylation),
quy trinh buédc 2 tao ra aldehyt dugc axetyl hoa (hop chat 3 trong vi du dudi ddy), chat
nay 14 mot chat nén thich hop d& cai bién & vi tri 1 qua phan trng Wittig. Phuong phép
nay cho phép dua cic phin vao mach bén AAI ¢6 su én dinh han ché theo céc didu
kién phan tmg duoc st dung trong cac bude 1-3, ching han bazo manh hoic céc chét

oxy hoa.
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Céc vi du tiép theo vé& cac hop chit duoc didu ché bang cach sir dung trinh tu

nay dugc tom tit trong Bang 2.

Budce 1: Alkyl héa mach bén AA3

LDA/Mel
CsA ——=  [D-MeSar]>-CsA + [L-MeSar]>-CsA

1A 1B
Qua trinh téng hop dugc thue hién theo con dudng A hoic B, twong ung, nhu dugc mod

ta & trén.

Budce 2: Axetyl héa nhém hydroxy trén mach bén AA1

Ac,O, DMAP
pyridin (—:)AC
[D-MeSar]®-CsA —— [D-MeSar]3—CsA/\‘/\/\
1A 2

Mot binh thét cd da lam kho trong 10 duogc nap, trong méi trudng nito, [D-
MeSar]’-CsA (1,84g, 1,51mmol), N,N-dimetylaminopyridin (19mg, 0,15mmol) va
20mL pyridin khan, sau d6 1a anhydrit axetic (10mL, 0,1mol). Phan tmg dugc khudy &
nhiét o6 méi trudng qua dém. Hon hop duogc rét vao 100mL nuée da va duge khudy
cho dén khi tit ca dé tan ra. Chét rin duogc thu hdi béng cach loc va dugce lam kho
trong khong khi. Chat rin duge hoa tan trong 50mL EtOAc va dugc rira bang HCI 1M
(2 14n), dung dich NaHCO; bdo hoa va nuéc mudi. Pha hitu co duge sdy kho trén
Na,SO4 va dwge lam bay hoi. San phdm thoé dugc tinh ché trén silica gel
(hexan/EtOAc/MeOH 10:10:0,5).
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Budc 3: Sy tao thanh aldehyt

OSO4, NaIO4
%)AC H,O/dioxan '(;:-)AC o
[D-MeSar]s—CsA/Y\/\ - [D-MeSar]3-CsA/\‘/\4
2 3

Binh thot ¢6 chita hop chét 2 (800mg, 0,636mmol) dugc bd sung 10mL dioxan
va 10mL H,O. NalO, (544mg, 2,54mmol) va OsO, (dung dich 7,9mM trong
nuéc/dioxan 1:1, 4,05mL, 32mmol) duge bd sung vao va phan ung ndy duge khudy &
nhiét do phong qua dém. 75SmL H,0 dugc thém vao va phin mg duge chiét bang 3 x
25mL EtOAc. Cac ph?m chiét dugc rira voi nuoc, dung dich NaHCO; bao hoa, nuée va
nude mudi (mdi loai 25mL) va duogc sy kho trén MgSO4. Dung méi duoc loai bod

trong chan khong va san phdm thé duge tinh ché silica gel (hexan/EtOAc 3:1).

Budc 4: Phan mg Wittig

OAc OAc
z _0O KOBU/THF =

[D-MeSar]>-CsA —_— [D-MeSar]3-CsAWCOOH

5 PhsP*~"~"COOH .

Mot binh thét c¢6 da sdy khod trong 10 duoc nap axit triphenyl-6-hexanoic
phosphoni bromua (90mg, 0,195mmol) va SmL THF khan trong mdi truong argon.
Kali t-butoxit (dung dich 1M trong THF, 0,39mL, 0,39mmol) dugc thém vao & 0°C va
dung dich duogc khudy trong 30 phit dé tao ra dung dich mau cam sang. Hop chét 3
(81mg, 0,065mmol, dugc hoa tan trong ImL THF khan) dugc thém tirng giot vao phan
tmg va tiép tuc khudy & nhiét do phong qua dém. Phéan tmg dugc dap tit bing dung
dich NH,Cl bao hoa va duge chiét bang EtOAc. Phén chiét dugc rira bing nuéc mudi
va dugc lam kho trén Na;SO,. Dung méi duge loai bé trong chin khéng va san phém

th6 dugc tinh ché trén silica gel (toluen/axeton 3:1).
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Buéc 5: Loai axetyl

OAc Me,NOH OH

[D-MeSar]S-CsA/_Y\WCOOH — [D-MeSarf-CsA/\‘/\WCOOH

4 5

Hop chét 4 (30mg, 0,022mmol) dugc hoa tan trong 2mL metanol va 0,5mL
nude va tetrametylamoni hydroxit pentahydrat (12mg, 0,066mmol) duoc thém vio.
Phén mg nay dugc khudy & nhiét do phong trong vai ngay cho dén khi HPLC x4c dinh
ring su loai nhém bao vé 1a hoan toan. Phan ting ndy dugc axit héa dén pH 2 bing
HCI IM va dugc c6 dic trong chin khong. Phan cin duoc hép thu vao EtOAc, dugce
rira v6i nude va sy kho trén Na,SOy. Dung méi duoc lam bay hoi va san phdm thod

dugc tinh ché bang HPLC diéu ché.

R23

MelLeu

) L-isome

Mel.,eu——MeLeu——D-Ala Ala MeLeu—-Val

MeLeu MelLeu D-Ala Ala MeLeu——Va
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So dd bicu dién cac din xuit Xyclosporin dugc cai bién 1,3.

Bing cach sir dung phuong phép & vi du 20, cac hop chit sau 1a cac vi du tiép
theo vé cac hop chit c6 thé dugc téng hop (X va Y ¢6 lién quan t6i so dd biéu dién &

trén; va su tham chiéu R trong X 14 dé chi ra su gin ciu tric vao AAIL cla CsA).

Hop chit | X R23 DPong MS
phén (Na")
431-13 R\/\/\COOH -CH; L 1296,8
414-64 R\/\/\/\COOH -CHj; D 1325,0
431-19 R\/\/\/\COOH -CH; L 1324,8
431-40 R\/\/\/\COOH -CH,CH; | D 1338,8

440-02 RW -CH; D 1327,1
COOH

431-20 R\/\/\/\ -CH; L 1326,9
COOH

440-13 R o~ CILCH, | D 1341.1
S~ COOH 2

431-21 R \/\/\CN -CH; D 1277,9

431-44 R \/\/\CN -CH,CH; | L 1291,9

440-14 R \/\\/\CN -CH,CH; | D 1292.,0

431-136 R\/\”/\ -CH;, L 1283,1
@)

440-24 R\/\”/\ -CH; D 1283,1
O

440-10-1 R\/\COOH -CHj; D 1270,9
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440-22-1 R \/\COOH -CH,CH; | D 1285,0

44020 | R CH D 13972
" N(CH,)sCOOH ’

Alkyl héa cac hop chit duoc cai bién AA1

Phéan (g 21 dua cac phan tir thé vao phin AA3 ciia cac hop chit da duoc cai
bién trudc diy trén mach bén AAL. Ngoai cac nhém c¢6 sén thdng qua phan tng 19,
con dudng ndy cho phép dua cic phéan tir thé & AA3 khong bén dudi cac didu kién
phan tmg duoc st dung trong phén tng 20, vi du phan thiometyl c6 thé trai qua su OXy

héa trong sudt qua trinh tao thanh aldehyt trong buéc 3 ctia phuong phép nay.

Vi dy 21
OH LDA/Mel OH _
CsAW\A/F [MeSar]3-CsA/\‘/\/W F
404-76 420-176

Mot binh phéan ang kho 25mL dugc nap 1,5mL THF khan va diisopropylamin
(87uL, 0,62mmol) trong mdi trudong argon. Dung dich duoc 1am lanh dén 0°C va n-
butyl lithi (2,5M trong hexan, 0,25mL, 0,62mmol) dugc thém vao. Hon hop nay dugc
khudy trong 20 phiit & 0°C va sau d6 duoc lam lanh dén -70°C. Dung dich trong sudt
LDA duoc chuyén vao dung dich chtra hop chit 404-76 (118mg, 0,095mmol) va lithi
clorua (120mg, 2,84mmol) trong 1,5mL THF khan & -70°C. Tiép tuc khudy hdn hop
trong 2 git & -70°C. Luong n-butyl lithi bd sung (0,23mL, 0,5 8mmol) dugc thém vao,
sau d6 la metyl iodua (118uL, 1,89mmol). Phan tng dugc lam 4m 1én -20°C va duoc
giit & nhiét do nay qua dém. Phan ting duoc dap tit bang dung dich NH,CI b4o hoa va
duge chiét bing EtOAc. Phin chiét dwoc rira bang nudc mudi, duoc sdy kho trén
Na,S0, va dugce 1am bay hoi dén kho. San phém thd dugc tinh ché trén silica gel

(hexan/axeton 3:1 — 2:1).
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Bang 3: Vi du vé cac hop chét dugc didu ché bang phuong phap 21 (X va Y theo Fig.

3; va sy tham chiéu R trong X d& chi ra su gin céu triic vao AA1 cua CsA).

Hop chit | X R23 Péng MS (Na*)
phéan
420-176-1 R\/\/\/F -CH; D 1284.9
420-176-2 R\/\/\/F -CH; L 1284.9
420-177-1 R\/\/\COOH -CH; D 1298.8
420-177-2 R\//\/\COOH -CH; L 1298.8
420-180-1 -CH; D 1302.8
R/\/©
420-182-1 | R~ 1/ -CH; D 1270.8
OH
420-182-2 RW -CH; L 1270.8
OH
420-186 | R -CH,CH L 1409.0
N N(CH,)sCOOH 2

1 ‘
431-42 R\/\/\COOH -SCH; D/L 1328.8
440-03 Re"~_"~_-F |[-SCH; D 1319.1
440-78 R\/\/\COOH -(CHp);N"(CH3); | DL 1359.9 %
440-34-3 O D 1416.2

R\/\)J\ -CHZ
NEt,

440-36 R\/\/ -CH; D 1251.1

' cac dong phan khong bi tach ra; * tin hidu m".
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Nhitng su cai bién bd sung cac nhém chirc tai phan AAI (hoic AA3, tuong
tng) c6 thé duge thuc hién dé thu duoc cac hop chét d4n xuét khic nhau, nhu 14 c4c
este, amit, ruou, v.v. Cac hop chét bdo hoa c6 thé thu duoc béng cach giam lién két doi

duoc tao thanh trong phan ting Wittig.

Vi du 22: Sy tao thanh amit tir axit Cacboxylic— Téng hop hop chét 440-08

OH OH
= Me,NH = NMe
[D-MeSar]3-Cs/YV\MCOOH [D-MeSar]S-CsAA‘/\/\/\/\"/ 2
A DCC/HOBt o)
440-02 440-08

Hop chét 440-02 (48mg, 0,037mmol) dugc hoa tan trong mdi trudng nito trong
5mL DCM khan va duge 1am lanh dén 0°C. bixyclohexylcacbodiimit (DCC, 11,6mg,
0,056mmol) va 1-hydroxybenzotriazol (HOBt, 5,0mg, 0,037mmol) dugc thém vao va
hén hop dugc khudy trong 15 phut & 0°C. Dimetylamin (dung dich 2M trong THF,
0,19mL, 0,38mmol) duge thém vao va tiép tuc khuéy hdn hop & nhiét do phong trong
3 ngdy. Phan (mg dugc pha lodng bang 20mL DCM va dugc rira v6i 15mL HC1 0,5 M.
Pha hitu co dugc lam khé trén Na,SO, va sau d6 dugce lam khd. Hon hop thdé dugc tinh
ché bang HPLC diéu ché.

Vi du 23: Su tao thanh este — Tong hop hop chat 440-31

oH EtOH/H’ OH
[D-MeSar]3-CsA/\‘/\/\(CH2)gCOOH [D-MeSar]3—CsA/\‘/\/\(CHz)gCOOEt
440-20 440-31

Hop chit 440-20 (30mg, 0,022mmol) dugc hoa tan trong 4ml. EtOH khan va
2pL H,S0, dic. Phéan Gng dugc gia nhiét dén diéu kién hdi luu trong 3 giv va sau d6
dugce lam ngudi dén nhiét do phong. Phan tng dugc dem lam khé. San phém tho duoc

tinh ché bang HPLC diéu ché.
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Vi du 24: Sy tao thanh amit tir hop chét nitril (Amit nghich dao) — Téng hop hop chét
440-15

OAc OAc H

3 = ACZO 3 /T\ N
[D-EtSar] -CsA/\‘/\/\/\CN — [D-EtSar]>-CsA \‘/\/\/\/ Y
NiCly/NaBH, O

440-09 440-15

Binh thét ¢6 50mL dugc nap hop chét 440-09 (80mg, 0,061mmol) va SmL
MeOH trong mdi truong nito. Phan tmg dugc lam lanh dén 0°C va Ni(II)Cl,-6H,0
(1,4mg, 0,006mmol) va anhydrit axetic (19uL, 0,20mmol) dugc thém vao. Natri
bohydrua (104mg, 2,75mmol) dwoc bd sung theo 2 mé trong 2 gio. Sau d6 phan Gng
duoc lam 4m dén nhiét do phong va dugc khudy qua dém. Sau khi phan Ung hoan
thanh, 7mL HC1 1M dugc thém vao. Dung dich duoc co dic trong chan khong dén thé
tich xdp xi mét nira thé tich ban diu ctia n6. Hon hop thu dugc duge chiét bing
EtOAc, phén chiét duoc rra véi dung dich NaHCO; bdo hoa va nude mudi va duoc
lam kho trén Na;SO,. Dung mdi duoc loai bo trong chin khéng. San pham, chira mot
s6 hop chit bao hoa, duge sir dung trong buéc tiép theo ma khdn cén tinh ché thém

nira.

Vi du 25: Téng hop hop chét 440-25

OAc H OAc H

= N H,/Pd\C , = N
[D-EtSar]3-CSA/Y\/\A/ ?3'/ — [D-EtSar] -CSA/\‘/\/\/\/ \C[)I/

440-15 440-25

Hop chét 440-15 (83mg, 0,061mmol) duge hoa tan trong 10mL EtOH khan.
Paladi (10% trong lugng trén Cacbon, 8mg) va 3-4 giot axit axetic dugc thém vao.
Phén tng dugc hydro héa duéi 4p suat khong khi & nhiét do phong trong vai ngay cho
dén khi phan tmg hoan toan bdi HPLC. Phan ung duoc loc qua Celite va nude loc
dugc 1am bay hoi dén kho. San phdm tho duge tinh ché bang HPLC diéu ché va sau d6

dugc dua vao budc loai axetyl.
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Vi du 26: Tong hop hop chat 440-32

OAc H OH H
2 Con” Ny e pets P-Coa” AN
[D-EtSar]’-Cs A‘/\/\/\/ — > [D-EtSar]-Cs
440-25 440-32

Hop chit 440-25 (41mg, 0,03mmol) dugc hoa tan trong 4mL MeOH va
tetrametylamoni hydroxit pentahydrat (16mg, 0,09mmol, dwgc hoa tan trong 1mL
H,0) duogc thém vao. Phan ung duoc khudy & nhiét do phong trong 2 ngay. Phan (g
duoc cb dic trong chan khong. Bé sung SmL H,0 vao va phén ung duoc chiét bing
EtOAc. Phén chiét duoc rira véi nude mudi, duoc lam kho trén Na,SO, va duoc bay
hoi dén khé. San phdm thé dugc tinh ché bing HPLC didu ché.

Béng 4: Vi du vé cc dan xuit cua céc hop chét Xyclosporin dugc cai bién 1,3 thu
duoc bang cach giam lién két doi dugc tao thanh trong phan g Wittig (X va Y theo

Fig. 3; va sy tham chiéu R trong X dé chi ra su gin ciu tric AA1 cia CsA).

Hop chdt |X R23 Péng MS
phéan (Na")
- . M - g
431-23 R\/\/\”/N e, CH; L 1323,8
@)
431-29 / \ |-CH; L 1393,9
R N O
\/\/\/W \ /
@)
440-08 R\/\/\/\H/NMG2 -CH; D 1354,1
O
440-27 R NMe, | - D 1368,1
\/\/\/\”/ o
O
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44023 0 _CH; D 14242
R S
STNCHYE e,
431-32 R H -CH; D 1325,9
O
431-53 H - L 1339,9
RV\/\/N\”/ CH,CH
2 3
O
440-32 . H - D 1340,1
\//\/\/ \H/ CH,CH
2 3
O
440-10-2 R\/\COOM -CH; D 1285,0
e
440222 | R - D 1299,1
" Ncoome
CH,CH;
440-31 R -CH D 1425,2
" \(CH,),COOE ’

Thi nghiém trc ché isomeraza ciia Xyclophilin A

Mot thi nghiém vé enzym dugc sir dung dé do su uc ché do hoat dong CyP-A
boi cac chit twong trr 1,3 CsA cua sang ché, theo quy trinh thi nghiém dugc mo ta
trong tai liéu chuyén nganh khoa hoc véi nhitng thay d6i nhé. Thi nghiém dua trén kha
ning cua CyP-A xic tac su thay ddi ciu hinh trong céac peptit chira prolin tir cu hinh
ddng phan cis dén trans. Noi ngin gon, chit nén peptit bao gdm nira phan tir nitroanilit
dugc dua vao hdn hop phan tmg chita CyP-A, hop chét thir nghiém (cht tuong tu
CsA, CsA, hodc dung moi dimetylsulfoxit), va enzym tht hai, alpha-chymotrypsin.
MB&i hop chét thi nghiém duoc thi nghiém & 10 ndng do trong ba lan hodc bdn 14n.
Peptit dugc chuyén hoa tir cdu hinh cis sang cdu hinh trans bing c4 hai quy trinh
khong xuc tac va cé xic tic CyP. Pong phan trans cia peptit, nhung khong bao gdm
ddng phan cis, 1a mot chét nén cho alpha-chymotrypsin. Alpha-chymotrypsin ngay 1ap

tirc dwgc tach nitroanilit ra khoi phan con lai cta peptit, va nitroanilit tu do dugc tich
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liy véi tbe do ti 16 vai su d6ng phén héa cis-trans. Vi nitroalinit tu do 1a mot san phém
c6 mau, su tich lliy cia né dugc dinh luong béng cach do su hép thu ctia no béng mot
quang phd ké. Sy tich liiy nitroalinit duoc do trong 6 phut, va hing s téc do bac mot
d6i voi mdi phan ing dugc tinh todn bing cach st dung phan mém Graphpad Prism.
Hing s6 toc do xuc tac CyP-A ctia mdi phan tng dugc xac dinh bang cach trir hing s
tbc do khong xic tac (dugc suy ra tir phan ung khong c6 CyP-A) ra khéi hing sb toc
do cuia toan bd phan trng. Céc so dd vé héng sb toc dd xuc tac dudi dang mot ham cua
cac néng dd chét tc ché da chi ra hi€u luc ctia cac hop chét, dugc xac dinh béng cac

gia tri ICsy ctia no.

Quy trinh thi nghiém chi tiét
A. Peptit

Peptit dugc thi nghiém la N-sucxinyl-alanin-alanin-prolin-phenylalanin-p-
nitroalinit. N6 duoc hoa tan t6i néng d6 3mM trong dung dich chura trifloetanolamin
va lithi clorua (TFE/LiCl). TFE/LiCl dugc chudn bi méi mdi ngdy bang cach hoa tan
lithi clorua trong trifloetanolamin ti ndng d6 17mg/ml. Su hoa tan tiép theo ctia LiCl,
ham lwong nuéc cia dung dich TFE/LiCl dwgc giam bing cach thém cac rdy phéan tur
duoc séy kho béng nhiét va trdn nhe dung dich trong it nhit 30 phut. Sau d6, peptit
duoc hoa tan trong TFE/LiCl, va dung dich dugc 1am lanh dén 4°C — 8°C trudc khi thi
nhiém. Sy hoa tan peptit trong TFE/LiCl kho da thic ddy nhidu peptit ton tai & cAu
hinh cis khi bat dau méi phan tmg thi nghiém. Sw phén tich dit liéu d4 chi ra ring c6
xap xi 60% peptit trong céc thi nghiém nay bat dau & dang ddng phan cis, phu hgp véi
dir liéu duge bdo cdo trong tai liéu chuyén nganh khoa hoc. Trong cac phan tng
enzym, peptit dugc pha loang lién tiép 20 1an dén ndng do thi nghiém cudi cung biang

150pM.

B. Céc hop chit thir nghiém

Cic hop chit thtr nghiém gdm c6 CsA, cac chét tuong tu CsA, hoidc
dimetylsulfoxit (DMSO). Cac dung dich dy trit cia CsA va cac chat twong tu CsA
duogc ché tao bang cach pha loéng trong DMSO dén ndng d610mg/ml trong cac 6ng ly
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tdm ¢6 nho vo trang. Cac dung dich dy trit duge bao quan & -20°C khi khong st dung.
Su pha lodng tiép cac hop chét thi nghiém duoc thuc hién vao mdi ngly lam thi
nghiém. DMSO va CsA dugc thir nghiém trong mdi thi nghiém dé dung lam dung moi
dbi ching va hop chét tham khao, tuong Ung.

Céac dung dich du trit 10mg/ml ctia CsA va céc chat twong tu CsA dugc pha
lodng bang DMSO dén 50uM trong cac dng ly tAm c& nho, dwa trén trong luong phan
tt ctia cac hop chét. Chin su pha lodng lién tiép 3 1an cia mdi hop chét trong DMSO
sau d6 dugc thuc hién trong mot tim polystyren gdm 96 bng thir nghiém nho. Mot
phan phan udc cua dung dich DMSO hoac mdt minh dung méi DMSO dugc pha lodng
50 1an trong dung dich dém cua phan ng (xem cach pha ché dué6i day) dé tao ra cac
ndng do cubdi cing ctia CsA hoic céc chét twong tw CSA bing 1000, 333, 111, 37, 12,
4,1, 1,4, 0,46, 0,15, va 0,05nM. Cac dung dich dém cia phan ung dugc bao quan &
4°C - 8°C trong it nhit mot gid trude khi thi nghiém.

C. Dung dich dém cta phan trng

Dung dich ban dau (dung dich dém muéi) dbi vei dung dich dém cua phan Gng
gdm c6 Hepes 50mM, natri clorua 100mM, va albumin huyét thanh & nguoi Img/ml,
duoc diéu chinh dén pH 8,0 bing natri hydroxit. Dung dich dém mudi dwoc bao quan &
4°C khi khong st dung. Vao mdi ngdy thi nghiém, alpha-chymotrypsin ¢ bo dugc hoa
tan trong mot thé tich dung dich dém mudi dén néng d6 lmg/ml. Mot phan phén uéce
clia dung dich alpha-chymotrypsin dugc loai bé dé ding lam dung dich dém cho phan
ting d6i ching khong xtc tac. Dang tai td hop & nguoi CyP-A dugc thém vao phan con
lai cia dung dich chymotrypsin dén noéng d6 5nM. Dung dich chia alpha-
chymotrypsin va CyP-A dugc chi dinh la dung dich dém phan tng va dugc st dung dé

diéu ché cac dung dich phén Ung.
D. Céch thirc tién hanh phan ung

TAt ca cac phéan tng thi nghiém dugc tién hanh trong mot phong lanh trong
khoang nhiét do tir 4°C — 8°C. Tét ca cdc dung dich va thiét bi dugc bao quan trong

phong lanh trong it nhét 1 gio trude khi lam thi nghiém. Nhiét d6 thap 1a cén thiét cho

c4c phan ing dugce tién hanh véi tde do dit chdm dé do duge bing thiét bi sin c6. Thit
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bi do luong 1a mot may doc khay vi thé BMG Polarstar duoc tao cAu hinh dé doc do
hép thy & mat do quang (OD=optical density) 405nm. Cac phan Gng duoc thuc hién
trong cc tAm thi nghiém bang polystyren, c6 day phing, gdm 96 6ng thir nghiém nh.
MB&i lan chay thi nghiém gdm c6 12 phan mg riéng biét trong mot hang ctia tAm. Peptit
dugc chia phin phén udc thanh 5 ul mdi éng thir nghiém bang pipet mot kénh trong
mdt hang cia tm, sau d6 tAm duoc dit trong mot gia d& dang tAm ctia may doc khay
vi thé. Céc phan g duoc bit dau bing cach phan phbi 95p1 dung dich dém cta phan
g vao mdi dng thir nghiém chira peptit st dung pipet 12 kénh va tron mdi phan tmg
mot cach hoan hao bing cach 1ap lai viéc 14y 1én pipet dé dam bao peptit dugc hoa tan

dong déu. 12 phan tng trong mdi 14n chay thi nghiém duoc trinh bay dudi day:

a) 10 phan tng, dai dién mot lan l3p lai cho mbi mot trong 10 néng do cta hop chét
thtr nghiém (CyP-A trong dung dich dém cua phan tng)

b) 1 phén tng v6i 5pl dung méi DMSO (CyP-A trong dung dich dém ctia phan ung)

c¢) 1 phan tng véi 5pl dung mdéi DMSO (CyP-A A ving mit dung dich dém ctia phéan
ung)

Viéc ghi sy hép thu dugc bat dau ngay lap tirc sau khi tron. Khoang 15 gidy troi
qua tir lac thém dung dich dém cia phan Ung dén su ghi nhan ODyys dau tién do thoi
gian trdn va cai dit thiét bi. Cac lan ghi tiép theo dugc thuc hién tai cac khoang thoi
gian 6 gidy di v6i 60 1an ghi trong 360 gidy. Ba hodc bén lan chay phéan ng duoc

thye hién doi v6i mdi hop chét thir nghiém dé cung cAp céc sé licu Lip lai.

E. Sy phan tich di licu

Dit liéu tho gém o su gia ting OD4gs phu thudc thoi gian. Véi su c6 mit clia
CyP-A va ving mit ctia chét tc ché, peptit duge chuyén héa hoan toan thanh dong
phén #rans trong khoang 150 gidy nhu duge chimg minh boi s 6n dinh ciia ODygs. Dit
liéu ODygs so v6i thoi gian duge véE d6 thi bing phan mém Graphpad Prism va thich
hop v6i mot phuong trinh pha mii dé suy ra hing s tdc do bac mot K cho mdi phan
ting. Trong cac phan ng khong c6 CyP-A, hing s tbc d6 hoan toan dai dién cho su
ddng phan hoa cis dén trans do nhiét, tw phat khong xic tac cua peptit va duoc dinh

nghia 13 hing sb téc do khong xuc tic K. Trong cic phan ung c6 chira CyP-A, su
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dong phan héa xay ra bang cé hai qu4 trinh khong xuc tac va cé xuc tac enzym. Do d6,
hing sb téc d6 K trong cac phén tng chira CyP-A 14 tong ciia hing sb tdc do khong
xuc tac Ky va hr?lng sb toc do c6 xuc tac K, Ky dugce tinh béng cach trir K, (thu duoc
tir phan tng khong c6 CyP-A) ra khoi héng sb tbe do téng cong K. K, thuong cao hon
3 1an so voi K, trong cac phan tng v6i 5SnM CyP-A, 150uM chét nén peptit, va khong

c6 chat trc ché.

Céc dd thi cta Ky ddi voi ndng d6 chat wc ché ph hop v6i nhiing hdi quy
khong tuyén tinh liéu lwgng-phan tng xichma dé ching minh hiéu luc cta chét tc ché.
Céc gia tri ECsy dugc tinh todn bing phin mém la nhitng ndng do cua hop chét thir
nghiém ¢ ché K, béng 50%. Dé tiéu chudn hoa su bién ddi gilra cac thi nghiém trong
cac diéu kién thi nghiém, CsA dugc hoat dong trong mbi thi nghiém nhu mot chét
tham khao, va hiéu luc cia cac chit tuong tu CsA duoc biéu dién dudi dang s6 1an
hiéu lyc so véi CsA dya trén cac gia tri ECsy. Vi du, ECs, ctia chét tuong tu CsA ma
béng Y ctia CsA biéu thi hiéu luc cao 2 1in so véi CsA, trong khi ICs, cua chét tuong

tu CsA ma cao hon 5 1an CsA biéu thi hiéu Iyc 0,2 14n so v&i CsA.

Bang 5, dugc chi ra trong hinh kém theo, cho thiy su tc ché xyclophilin A va sy rc
ché mién dich cia cac chét twong tw CsA dugc cai bién tai vi tri 1 va taivitri 1 va 3

theo sang ché.
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1. Hop chit ¢6 cong thire L:

YEU CAUBAO HO
R1—R2
R'O
AN
R23
H
MeVal . N MelLeu
N
O O
MeLeu——NMeleu D-Ala Ala MelLeu—Val
Cong thirc L

trong do:

a.
b.

ii.

iii.

iv.

R’ 1a H hoac axetyl;

R1 - R2 duogc chon tir nhom gém co:

H
/\/\/NTI/

o ;
ANNHBOC .
/\/\/\/\NHBOC;

(0]
7 N/[K
H

9
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H
/\/\/N\{(\/
v O ;
0
N)k
Vi. H ;
H
/\/\/N\[(\/
Vii. o) ;
o]
/(\CHz)/s\Nk/\
Viii. H ;
0
/\/\N)J\
ix. H ;va
X. NHBOC ;
va
C. R23 13 mach cacbon béo dugc thé tuy y, mach théng hodc mach nhanh,

no hodc khong no.

2. Hop chit theo diém 1, trong d6 R1-R2 13

H
N\’NTI/

3. Hop chét theo diém 1 hoic diém 2, trong d6 R’ 1a H.

4. Hop chét theo diém bat ky trong sb cac diém tir 1 dén 3, trong d6 R23 dugc chon tir

nhom gém c6:

-101-



24694

i —CH,CHCH,
. —CH,CH,CH,|
v. —(CH3)3CH,l
vi. —(CH2)N"(CHy)s
vii., —CH.CCH
viii,  —CH,CO,(t-Bu)
. —CH,Ph
. —CH,OH
i —CH(OH)CH;
i, —CH(OH)(t-Bu)
i, —CH(OH)Ph
xiv. —COOH
XV. —SCH3, va
i —S(p-Tol)

5. Hop chat theo diém 4, trong d6 R23 1a ~CH; hodc —CH,CH;.
6. Hop chét theo diém 4, trong d6 R23 13 —CHs.

7. Hop chit theo diém bit ky trong sé cac didm tir 1 dén 4, trong d6 R23:
(2) bao gdbm C1-C3 alkyl dugc thé tuy y;
(b) dugce thé voi mot nhém amin;
(¢) 1a C1-C3-Ala va hop chit nay chua D-epime;
(d) 1a MeAla; va/hodc
(e) 1a mach cacbon béo, théng hodc nhénh, chira tir 1 dén 6, 1 dén 5, 1 dén 4,

1 dén 3 hodc 2 nguyén tir cacbon.

8. Hop chét theo diém bét ky trong s cac didm tir 1 dén 7, trong do:
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RT  R2

R'O

trong cong thirc L la:

OH H
= N

/Y\/\/\/\(r)(

9. Hop chit theo diém bét ky trong sé cac diém tir 1 dén 6, trong d6 R’, R1 - R2 va

R23 va ddng phan cua chiing dugce chon nhu sau:

R’ R1-R2 R23 Poéng phan
H
H SN TI/ —CHj, D
@)
H
H /\/\/N~n/ —CH,CHj5 L
o)
H
H AASNSN Tl/ —CH,CHj, D
0]

10. Duoc phém chtra hop chét theo diém bét ky trong sd cc diém tir 1 dén 9 va mot

hodc nhiéu t4 dugc duge dung.

11. Quy trinh didu ché hop chét c6 cong thirc L nhu duge xac dinh theo diém bt ky

trong sb cac diém tir 1 dén 9, bao gdm cac budc:
1) cho xyclosporin-A (CsA) phan tng véi lithi alkylamit c6 tinh bazo, v6i su

c6 mit ciia mdt dung méi thich hop, tiép theo bang phan tmg v6i mot chét 4i dién to

thich hop d tao ra hop chét c6 cong thirc 1:
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HO
O R23

MeVal\ N MelLeu

MeLeu——Meleu D-Ala Ala MelLeu—-Val

Cong thirc 1

2) cho hop chit ¢6 cong thire 1 phan tng véi AC,0 véi su ¢6 mit ctia mot

dung méi thich hgp dé tao thanh hop chit c6 cong thirc 2A:

AcQ
Re3-SarP-Csn” N N oH,

CHy

Cong thirc 2A

3) cho hop chét co cong thirc 2A phan Gng véi mot chit oxy hoa dé tao
thanh hop chat c6 cong thire 3A:
AcO
f R 0
[R23-SarfP-Con” T N
CHg

Cong thirc 3A
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4) cho phan tng hop chét ¢6 cong thitc 3A véi mot chét ai dién ti dé tao

thanh hop chét c6 cong thirc 4A:

Cong thirc 4A

5) khir axyl tiy ¥ hop chét c6 cong thic 4A.

12. Quy trinh theo diém 11, trong d6 viéc didu ché cong thirc L néi trén bao gém bude
thém mot lwgng du LiCl vao dung moi thich hgp néi trén trong bude 1) dé tao thanh
chii yéu L-epime ciia hop chét ¢6 cong thirc L, hoic viée diéu ché cong thirc L néi trén
duoc thuc hién khong c6 mit ciia LiCl dé tao thanh chii yéu D-epime ctia hop chit c¢6

cong thurc L.

13. Quy trinh theo mot trong s6 cac diém tir 11 dén 12, trong d6 lithi alkylamit c¢6 tinh

bazo ndi trén 1a lithi diispropylamit.

14. Quy trinh theo mot trong s§ cac diém tir 11 dén 13, trong d6 chét 4i dién ttr noi
trén dugc chon tir nhém dugce xac dinh trong bang sau, dé tao thanh R23 tuong ung

dugc trinh bay trong bang nay:

Chat 4i dién tir R23

metyl iodua —CH;

etyl iodua —CH,CH;
allyl bromua —CH,CHCH,
1,3-diiodopropan —CH,CH,CH,l
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1,4-diiodobutan

trimetylamoni-3-iodopropan hexaflophosphat
propargyl bromua

tert-butyl bromoaxetat

benzyl bromua

formaldehyt
axetaldehyt
pivalaldehyt
benzaldehyt
cacbon dioxit
dimetyl disulfit
p-tolyl disulfit

—(CHy)sCH,l
—(CHy)3N"(CH3)
—CH,CCH
—CH,CO,(t-Bu)

3

—CH,Ph *
—CH,0H
—CH(OH)CH;
—CH(OH)(t-Bu) °
—CH(OH)Ph
~COOH
—SCHs,
—S(p-Tol)

15. Quy trinh diéu ché hop chét c6 cong thie L nhu dugc xac dinh theo diém 1 bao
gbm cac bude:
1) cho hop chét ¢6 cong thirc 1A phan tmg véi dimetylaminopridin véi su ¢

mit ciia dung moi thich hop, dé tao thanh hop chét c6 cong thuc 2:

Ac,0, DMAP OAc

pyridin : )
- [R23-Sarf-CsA” Y\«%’”’”\

14 2

[R23-Sar]*~CsA —

3

tiép theo tlty y bdi su tao thanh aldehyt c6 cong thuc 3:

OAc 0s0,, NalO, Qhc
E.v ~ Hzo/dioxan . '?\ L Q
{RZS-S&QQ“‘CSA’;Y\\/\ T — [R23~Sai’]3“C$A/“ T/\\’;/; ‘
2 3
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tiép theo tiry y béi phan ting Wittig dé tao ra cac hop chét c6 cong thic L,

trong d6 R23 dugc chon tir nhém gdm c6:

i, —CHs,
ii. —CHCH,
iii. —CH2CHCH2;
iv. ~CH2CHCH,l.
v.  —(CH)CHyl.
vi. —(CHy)N"(CHz), :
Vii. _CHZCCH;
viii. =~ ~CH2CO,(t-Bu).
i —CHPh%
x. ~CHOH.
xi. —CH(OH)CHj :
xii. ~CH(OH)(tBu)
xiii. ~—CH(OH)Ph,
xiv. —COOH;
XV. _SCHs; va
xvi.  —S(p-Tol).

16. Quy trinh diéu ché hop chit c6 cong thire L nhu duoc x4c dinh theo diém 1, bao
gdm céc bude: cho hop chét c6 cong thire 5, trong d6 R1-R2 nhu dugce xac dinh theo
diém bt ky trong s cc didm 1-9, phan (g v&i lithi alkylamit c6 tinh bazo, v6i sur c6
mit cia mot chét 4i dién t& thich hop trong mot dung mai thich hop dé tao thanh hop

chét c6 cdng thire L, trong d6 R23 bao gdm C1-C3 alkyl dugc thé tuy y.
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R1—R2
HO
@)
H
MeVal N MelLeu
N Tﬁf

MelL,eu——MelLeu——D-Ala Ala MelLeu—Val
Cong thic 5

17. Quy trinh theo diém 16, trong do lithi alkylamit c¢6 tinh bazo néi trén 14 lithi
diispropylamit.

-108-



24694

9z ST 5‘ 2’ 8610
3 €T 1> L€ Iooo/\/\/\/\ﬁum 80-9TY
HO
v'e 5% 1> Ls xooo/\/\/\/\ﬂlxm 61-02
HO
1 s
1> L8 €7 rooo/\</\</m\< ° TL1-02Y
HO
1> €1 1> 910 :ooo/\)/\HJWm 85-40b
HO
) VS 1N Us _ VSO 1A
VsD oA 0S Yip adi| nd1y ug] 0 VSO IOA 0S os odi| nd1y uej 0 L-UgIq 1B Bp 9NJ) NBY | - uglq
UQIW 9Y2 3 % | v dAD 9Yo 20 Mg | Yoip UIW Y2 o % v dAD 9yd 9 dg e T 1892 9/y uel
BIVOA-G-E + T J-ugiq 12 ep onJ) ngo ugliq 1ed Ng
G Bueg

vl 614

-109-



24694

g1 614

T 'y Z 19°0 Y6T-0Y
HO
L6 8z szt 590 “_.fo/\/\/\ﬁuxm 9440V
HO
o)
y 6 97 ' AT €LT-40V
HO
eQy Oeq BQY OBq 6
y “moooﬁmzorf&\f/\\H/<wmo
1 6T ot 610 1 £0T-0CY
HO
@]
7> L1t 1> ‘s \Fz\/\)(\/\ﬂK¢ 1-0£-02¥
H HO
S o S \—Or\/\/\/%\
76 - 2 86'0 2SN z nvm ¥ST-v0Y

-110-



24694

oE!

6% 4 4 190 ¥6T-v0b
HO
o)
17 6'8 1> £‘s &rzx/\/\/\ﬂwm 1-0£-0Zt
H HO
S ce e an_/\/\/\/\ﬁ\
4 '
HO
€7 v > L€ Iooo/\)/\/\)/\m/,wm 61-0Z
HO
1> 950 > 910 :oooxxx/(\ﬂdwm 85-10t
HO
R VSO 1OA Vs ON
VVSJ 1OA 0S YJIP | os o nd1y ue| 9g VSI 1A OS UIIP | og 24| nd1y ug| 08 L-ugiq 1es ep oni} neH b- uglq
ugIW 9yd 94 % | v dhD 9yo o g Ul 9Yd oM % ! v 4ho ays on Mg } : 182 3/y ual

JBS13-g-€ + T

J-ugiq 189 Ep dNJ3 NeD

-111-





