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nay, la chat diéu bién hiéu nghiém c6 hoat tinh TNFa & nguoi, trong do co 1oi trong viée

diéu tri va/hodc phong ngura cac bénh khac nhau ¢ nguoi, bao gom roi loan viém va r01

loan tu mién, roi loan than kinh va thoai hoa than kinh, rdi loan dau va dau cam thu, r6i

loan nhip tim, réi loan chuyén héa, rdi loan thi giac va réi loan ung thu.
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Linh vye sit dung sang ché

Sang ché nay d& cap dén 16p riéng biét cua céc din xudt imidazol nim vong ngung
tu, va viéc sir dung ching trong didu tri. Cu thé hon, séng ché nay dé cép dén cac din xuit
benzimidazol ndm vong ngung tu thay thé hoat tinh dugc 1y. Céc hop chit niy déng vai trd
13 chét didu bién bao hiéu TNFa, va theo d6 loi ich cia céc tic nhan dugc phim, dic biét 1
trong didu tri cac rbi loan viém bét loi va rdi loan tw mién, r6i loan thén kinh va thoai héa
than kinh, r6i loan dau va dau cam thy va rdi loan nhip tim, rdi loan chuyén héa, rbi loan thi

gidc va cée roi loan ung thu.

Tinh trang k¥ thuit ciia sang ché

TNFa 13 thanh vién nguyén miu cia siéu ho yéu t6 hoai tir khdi u (Tumor Necrosis
Factor ~TNF) ciia protein ¢6 chung chirc niing chinh 13 didu hoa sy séng ciia té bao va té bio
chét. Mot dic didm cAu tric phd bién dbi véi tht ca cac thanh vién da biét cta siéu ho TNF 14
sy hinh thanh cic phirc hop trimeric lién két va kich hoat céc thu thé sidu ho TNF cy thé.
Bz“mg cée vi du, TNFa tdn tai & dang hoa tan va xuyén mang va bao hiu thong qua hai thu
thé, dugc biét dén 1a TNFR1 va TNFR2, véi c4c didm cudi ¢6 chite ning riéng biét.

Cac san phim khac nhau ¢ kha ning didu bién hoat dong TNFa di c6 sin trén thi
trudng. Tét c4 ddu duge chuén y dé didu tri cac rdi loan viém bt loi va rdi loan tir mién nhu
viém khép dang thdp va bénh Crohn. T4t ¢4 céc san phdm hién dang dugc chudn y 13 dai
phén tir va hoat dong bing cach {rc ché sy gin két TNFa & ngudi véi thu thé cta né. Cac chat
tic ché TNFa. dai phan tir dién hinh bao gdm céc khang thé khang TNFa; va céc protein tdng
hop thy thé TNFa hoa tan. Vi du vé cdc khang thé khang TNFa c6 sin trén thi trudng bao
gdm céc khang thé & ngudi nhur adalimumab (Humira®}) va golimumab (Simponi®), cic
khéng thé chimeric nhu Infliximab (Remicade®) va manh Fab’ dugc peg héa nhu
certolizumab pegol (Cimzia®). Vi du vé protein phan tmg tdng hop thu thé TNFa ¢6 sin trén
thi truong 12 etanercept (Enbrel®).

Céc thanh vién siéu ho TNF, bao gom chinh TNFa, ¢6 lién quan dén nhidu chirc néng

sinh Iy va bénh Iy duge cho 13 déng mdt phan quan trong trong mét loat cac diéu kién trong
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y hoc (xem, vi du, M.G. Tansey & D.E. Szymkowski, Drug Discovery Today, 2009, 14,
1082-1088; va F.S. Carneiro va déng tac gid., J. Sexual Medicine, 2010, 7, 3823-3834).

Céc hop chét theo sang ché, 1a chét diéu bién manh cua hoat tinh TNFa. ¢ nguoi, do
d6 ¢6 lgi trong viée diéu tri va/hodc phong ngira cidc bénh khac nhau & nguoi. Chung bao
g0m céc roi loan viém bat loi va ri loan ty mién, réi loan than kinh va thodi hoa than kinh,
roi loan dau va dau cam thu va rdi loan nhip tim, réi loan chuyén héa, rdi loan thi giac va cac
ri loan ung thu. |

Ngoai hoat dong nhu cac chit didu bién manh cua tin hiéu TNFo & nguoi, cac hop
chit theo sang ché ciing c6 nhitng wru diém déng chii y vé& kha ning c6 tac dung phu tim
mach bat loi 14 thap (nhu dugc chimg minh bang hoat dong yéu trong mau thtr nghiém hERG
nhu duoe mo ta dudi day). Cac hop chit ctia sang ché ciing cho thdy do thanh thai trao doi
chit thap va xu hudéng t6i thiéu dé tao ra tuwong tac gitra thude - thude (duoc chimg minh
bang su trc ché yéu cua céc enzym xytochrom P450, bao gdm CYP3A4).

Hon niva, céc hop chét theo sang ché c6 thé c6 loi nhu céc tidu chuin duogc ly duoc su
dung trong viéc phét trién cac xét nghiém sinh hoc méi va trong viéc tim kiém céc téc nhan
duoc ly méi. Do d6, theo mdt phuong 4n, cac hop chét ctia sang ché nay ¢6 thé hitu ich nhu
céc phong xa trong céc xét nghiém dé phat hién cac hop chét ¢ hoat tinh duoc ly. Theo
phuong 4n thay thé, mét sb hop chét cua sang ché nay c6 thé hiru ich dé ghép vdi florophore
dé cung cip lién hop huynh quan.g c6 thé duge sir dung trong cc xét nghiém (vi du nhu xét
nghiém phan cuc tin hiéu huynh quang) dé phat hién cac hop chit ¢6 hoat tinh duoc ly.

Tai liéu WO 2013/186229 dé cap dén céc dan xudt ciia benzimidazol duoc thay thé 1a
céc tac nhan diéu bién tin hidu cia TNFa.

Tai liéu WO 2015/086525 dé cap dén cac dan xuit imidazol ba vong ngung tu 13 cac
tdc nhén diéu bién tin hiéu ciia TNFa.

Tai ligu WO 2016/050975 dé cap dén cac din xudt imidazol ba vong ngung tu 1a cac

tdc nhan di¢u bién tin hiéu cua TNFo.

Ban chit ky thuit ciia sang ché
Sang ché nay d& cap dén hop chit ¢6 cong thue (1), hodc mudi dwoc dung cua hop

chat nay:
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R3

trong do

X 1a N hoic C-F;

R'1a hydro hoac metyl;

R? 12 hydro, metyl hodc triflorometyl; va

R’ 14 hydro, Xyano, hydroxy hodc hydroxymetyl.

Céc hop chit theo sang ché duge bao gdm trong pham vi chung cda Tai liéu WO
2016/050975. Tuy nhién, khong c6 boc 16 cu thé nao vé hop chét c6 cong thire (I) nhw duoc
x4c dinh & trén, hoic mudi duge dung cta hop chét nay.

Sang ché nay ciing d& cap dén hop chit ¢6 cong thirc (I) nhu duge x4c dinh & trén,
hozc mudi dugc dung ctia hop chit ndy, dugc sir dung trong diéu tri.

Sang ché nay ciing dé cap dén mot hop chét c6 cong thirc (I) nhu dugce x4c dinh &
trén, hodic mudi dwoc dung cia hop chit nay, duoc st dung trong diéu tri va/hoic phong
ngtra cac rdi loan, duge chi dinh sir dung tac nhan diéu bién chirc nang TNFa.

Theo khia canh khéc, sang ché nay d& cip dén mot hop chat ¢ cong thic (I) nhu
duge x4c dinh & trén, hodc mudi duoc dung ctia hop chét nay, dé su dung trong diéu tri
va/hoic phong ngira rdi loan viém bat loi va r6i loan ty mién, réi loan than kinh va thoéi héa
than kinh, réi loan dau va dau cam thu va rdi loan nhip tim, réi loan chuyén hoéa, réi loan thi
gidc va céc r6i loan ung thu.

Sang ché ciing d& cap dén viéc sir dung hop chit c6 cong thtre (I) nhu duwoc xac dinh
& trén, hodc mudi dugc dung cta hop chét nay, dé ché tao ra duoc phém dé didu tri va/hodc

phong ngtra cdc bénh réi loan, dugc chi dinh st dung tac nhan diéu bién chirc nang TNFa.
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Theo mét khia canh khéc, sang ché @& cap dén viée st dung hop chét ¢ cong thirc (1)
nhu duoc x4c dinh & trén, hodc mudi duge dung ctia hop chat ndy, dé ché tao ra duogc phém
dé diéu tri va/hodc phong ngira rdi loan viém bét loi va r6i loan ty mién, rdi loan than kinh
va thoai héa than kinh, réi loan dau va dau cam thu va rdi loan nhip tim, réi loan chuyén héa,
roi loan thi gidc va cac rdi loan ung thu.

Sang ché ciing dé xuit Phuong phép diéu tri vi/hodc phong nglra cac rdi loan ma vide
str dung tac nhan didu bién chirc ning TNFa dugc chi dinh trong d6 bao gdm bénh nhén cin
diéu tri mot luong phu hop hop chit ¢6 C(“)ng.thl'rc (I) nhu duge x4c dinh & trén, hoic mubi
dugc dung ctia hop chat nay.

Theo mot khia canh khac, sang ché nay d& xuit Phuong phap didu tri va/hoic phong
ngua r6i loan viém bét loi va rbi loan ty mién, réi loan than kinh va thoai héa thin kinh, réi
loan dau va dau cam thu va rdi loan nhip tim, r6i loan chuyén héa, r6i loan thi gidc va cac rbi
loan ung thu, bao gém str dung bénh nhan cén didu tri mot lugng phu hgp hop chét c6 cdng
thire (I) nhu duge xac dinh & trén, hoic mudi duge dung cda hop chét nay.

Dé st dung trong y hoc, mudi cia cac hop chit c6 cong thic (I) s& 13 mubi duoc
dung. Tuy nhién, cac mubi khac c6 thé hitu ich trong viéc didu ché cac hop chit c6 cong thirc
(I) hodc cac mudi dugc dung. Céc nguyén tic tiéu chuin 1am co s& cho viéc Iwa chon va diéu
ché cac mubi dugc dung di duoc mod té,. vi du, Handbook of Pharmaceutical Salts:
Properties, Selection and Use, ed. P.H. Stahl & C.G. Wermuth, Wiley-VCH, 2002.

Trong trudng hop cac hop chit c6 cong thire (I) ¢6 mot hodc nhidu tim bat d6i xung,
thi chiing c6 thé ton tai theo dang ddi xtmg. Trong trudng hgp céc hop chit theo sang ché ¢6
hai hoic nhidu tim bit dbi xtng, chiing c6 thé t6n tai thém dudi dang diastereome. Séng ché
duoc hiéu 14 mé rong cho viéc st dung tAt ca cac chét déng héa va diastereome nhu viy, va
dé pha tron chung theo bét ky ty 1& ndo, bao gdm tat ca cac chung loai. Cong thte (I) va cac
cong thirc duge mo ta sau day duoc chi dinh thé hién cho tit ca cac dong phan 1ap thé riéng
16 va tat c4 cac hdn hop c6 thé c6 ciia ching, trir khi c6 quy dinh hoiic cich thé hién khéo.

Can phai hiéu ring mdi nguyen ti ri€ng 1€ c6 trong cong thirc (I) hodc trong cic cong
thirc duge mo ta sau ddy, trén thuc t& c6 thé c6 mit dudi dang bat ky ddng vi xuit hién tu
nhién nao, véi déng vi du thira dugc wu tién. Do do, béng vi du, mdi nguyén tr hydro riéng

1¢ ¢6 trong cong thirc (T) hodc trong cdc cong thitc duge mo ta sau ddy, c6 thé c6 mat dudi
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dang nguyén tr 'H, *H (doteri; D) hodic °H (triti; T), tt nhat 1a 'H. Tuong tu, bang céc vi du,
mdi nguyén tir cacbon riéng 1& ¢6 trong cdng thuc (I) hodc trong céc cong thirc duge mo ta
sau day, c6 thé c6 mat dudi dang nguyén tir 12¢, 13C hodc 1, tot nhat 1a 2c,

Theo phuong an tht nhét, X 1a N. Theo phuong an thir hai, X 1a C-F.

Theo phuong 4n dau tién, R' 12 hydro. Theo phuong 4n thir hai, R' 14 metyl.

Theo phuong 4n thir nhit, R 1a hydro. Theo phuong 4n thtr hai, R* 1a metyl. Theo
phuong an thir ba, R? 1a triflorometyl.

Thich hop 13, R* 13 hydro hodc metyl.

Thich hop 13, R* 1a hydro hoic triflorometyl.

Theo phuong an thu nhét, R® 1a hydro. Theo phuwong 4n thir hai, R’ 14 xyano. Theo
phuong an thir ba, R’ 14 hydroxy. Theo phuong 4n thu tu, R’ 1a hydroxymetyl (bao g0m -
CD,0OH)

Thich hop 1a, R? va R® déu 1a hydro.

Thich hop 13, R? 1a metyl, va R’ 1a hydro.

Thich hop 13, R? 1a metyl, va R 1a xyano.

Thich hop 13, R? 1a metyl, va R’ 1 hydroxy.

Thich hop 13, R? 1a metyl, va R® 1a hydroxymetyl (bao gdm -CD,OH).

Thich hop 1a, R? 1a triflorometyl, va R® 14 hydroxy.

Céc phan nhém hop chét cy thé theo sang ché bao gdm céc hop chét ¢6 cong thic

(ITA) va (IIB) va cac mubi duge dung ctia hop chét nay:

(T1A)
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RZ

trong do X, R!, R? va R? nhu duoc x4c dinh & trén.

Céc hop chit méi cu thé theo sang ché bao gdm mdi hop chit chira ché pham duoc
md ta trong cac vi du kém theo va cdc mudi duge dung ctia hop chét nay.

Céc hop chét theo sang ché c6 loi trong viéc diéu tri va/hodc phong ngira cac bénh
khac nhau & ngudi. Ching bao gdm cac rdi loan viém bt lgi va réi loan tw mién, rdi loan
than kinh va thoai hoa thin kinh, rdi loan dau va dau cam thu va rdi loan nhip tim, roi loan
chuyén hoa, r6i loan thi gidc va cac rdi loan ung thu.

R6i loan viém va rdi loan tu mién bao gdm réi loan ty mién hé théng, rdi loan nbi tiét
tu mién va rbi loan ty mién dic trung cho co quan cu thé. Cac rdi loan tu mién hé théng bao
gdm Lupus ban dé hé théng (systemic lupus erythematosus-SLE), bénh vay nén, bénh viém
khép Véy nén, bénh viém mach, bénh suy thoai co (bao gém bénh viém da co, bénh viém bi
co va bénh viém co ngoai bién), bénh xo cing bi, bénh da xo cliing, bénh xo cing bi hé
théng, bénh viém cot sdng dinh khép, bénh thap khép, bénh viém khép khong dic higu, bénh
viém khép tu phat thiéu nién, bénh viém khép ty phat thiéu nién (bao gdm ca dang
oligoarticular va polyarticular), thiéu mau trong bénh man tinh (anaemia of chronic disease -
ACD), bénh Still (¢ tré vi thanh nién va/hodc & nguoi trudng thanh), bénh Behget va bénh
Sjogren. Bénh rdi loan ndi tiét tw mién bao gdm viém tuyén giap. Céc bénh réi loan tw mién
dac hiéu bao gém bénh Addison, bénh thiéu mau ly huyét hodc thiéu méu 4c tinh, bénh én
thuong than cip tinh (acute kidney injury-AKI; bao gdm AKI do cisplatin gy ra), bénh than
dai thao duong (diabetic nephropathy-DN), bénh 1y dudng niéu do tic nghén (bao gdm ca
bénh ly duong niéu do tic nghén do cisplatin gy ra), viém cau than (bao gdm hoi ching
Goodpasture, bénh ly viém cu thin qua trung gian phtic hop mién dich va khang thé khang
bao twong bach ciu da nhén trung tinh (antineutrophil cytoplasmic antibody-ANCA)-va
viém cau than lién quan), Lupus ban d6 (lupus nephritis -LN), bénh thay d6i t6i thiéu, bénh
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cuong giap tu mién (bénh Graves), bénh xuét huyét giam tiéu cau mién dich, bénh viém loét
dai trang (bao gdm bénh viém rudt (bénh Crohn), viém dai trang, viém dai trang khong xac
dinh va bénh viém tai trong), bénh pemfigut, bénh viém da tang di Gtmg, bénh viém gan tu
mién, bénh xo gan & mat nguyén phat, bénh viém phéi ty mién, bénh viém co tim tu mién,
bénh nhugc co, bénh vo sinh nguyén phat, bénh lodng xuong, bénh thiéu xuong, erosive
bone disease, bénh xuong #n mon, bénh viém xwong sun, bénh thoai héa xwong sun va/hoéc
pha huy, r6i loan xo héa (bao gdm céc dang xo héa gan va phdi khac nhau), bénh hen phé
quan, bénh viém miii, bénh phdi tic nghén man tinh (chronic obstructive pulmonary disease-
COPD), hdi ching suy ho hép, bénh nhiém trung huyét, s6t, bénh loan dudng co (bao gdm
bénh loan dudng co Duchenne), tir chdi cay ghép ndi tang (bao gdm tir chdi ghép than), bénh
viém cing mac (bao gdm viém dong mach té bao khéng 16), bénh viém dong mach
Takayasu, bénh viém tuyén md hdi mu, bénh viém da mu hoai thu, bénh u hat, bénh dau da
co do thdp khép va bénh viém cot sdng dinh khép.

R&i loan than kinh va thoai hoa than kinh bao g5n1 bénh Alzheimer, bénh Parkinson,
bénh Huntington, bénh thiéu mau cuc bd, dot quy, xo cling teo co mdt bén, ton thuong tuy
sdng, chan thuong dau, co giat va bénh dong kinh.

R6i loan nhip tim bao gom huyét khéi, bénh co tim phi dai, cao huyét ap, su co bop
khéng déu cia tim (vi du nhu trong khi bi suy tim) va rdi loan tinh duc (bao gém r6i loan
cuong duong va roi loan chire nang tinh duc & phu nir). Téc nhan diéu bién chtic naing TNFa
cling ¢6 thé duoc st dung trong diéu tri va/hoic phong nglra bénh nhdi mau co tim (xem J.J.
Wu va dong tac gia., JAMA, 2013, 309, 2043-2044).

R&i loan chuyén hoa bao gdm bénh dai thdo duong (bao gém dai thao duong phu
thudc insulin va tiéu duong tré vi thanh nién), roi loan m& mau va hoi ching chuyén hoa.

R6i loan thi giac bao gdm bénh vdng mac (bao gém bénh vong mac dai thao dudng,
bénh vdng mac & giai doan tdng sinh, bénh vong mac khong tang sinh va bénh vdng mac ¢
tré sinh non),bénh thoai hoa diém vang do 1do hod (Age-related macular degeneration -
AMD), mach méau (bao gém mach méu giac mac va tan mach), tac tinh mach vOng mac, va
céc dang viém mang bd dao khac nhau (bao gdm cd viém mdng mat) va viém giac mac.

Céc rdi loan ung thu, ¢é thé 1a cép tinh hodc man tinh, bao g@)m céc rdi loan tang sinh,

dac biét 1a ung thu va céc bién ching lién quan dén ung thu (bao gom cac bi€n ching vé
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xuong, suy nhugc co thé va thiu mau). Cac loai ung thu cu thé bao gém bénh ly huyét hoc
ac tinh (bao gb6m ung thu bach cau va ung thur hach) va bénh Iy khong huyét hoc 4c tinh (bao
g6m ung thu khdi u rén, sarcoma, u mang ndo, u nguyén bao than kinh dém, u nguyén bao
than kinh, ung thu héc td, ung thu da day va ung thu biéu md té bao than). Bénh bach cau
man tinh ¢4 thé & dang tuy hodc dang bach huyét. Céac loai bénh bach cau bao gém bénh
bach ciu dong té bao lympho T, bénh bach cau dong tily man tinh (CML), bénh bach cau
lymphocytic/lymphoid man tinh (CLL), bénh bach ciu t8 bao 16ng, bénh bach cdu
lymphoblastic cap tinh (ALL), bénh bach cau lympho cép tinh (ALL), hoi chimg loan sinh
tuy, bénh bach cau dang trung tinh man tinh, bénh bach cAu man tinh dong té bao lympho T,
u trong bao, bénh bach cAu t& bao 16n khuéch tan, bénh bach ciu té bao vo, da u tiy xuong,
bach ciu cép dong mau tiu cdu, bach ciu cép tinh mau tiéu cadu, bénh bach
cau promyelocytic va hdng cau. Céc loai u lympho bao gdm u lympho éc tinh, u lympho
Hodgkin, u lympho khéng Hodgkin, u lympho t& bao T, u lympho Burkitt, u lympho co6
nang, u lympho MALTI va u lympho ving bién. Cac loai bénh 4c tinh khong lién quan dén
huyét hoc bao gbém ung thu tuyén tién liét, phoi, v, truc trang, dai trang, hach bach huyét,
bang quang, thin, tuy, gan, budng trimg, tir cung, ¢d tr cung, ndo, da, xwong, da day va co.
Téc nhan diéu bién chirc ning TNFo cling ¢6 thé dugc sir dung dé tang tinh an toan cua tac
dung chéng ung thu manh cia TNF (xem F.V. Hauwermeiren va dong tac gia, J. Clin.
Invest., 2013, 123, 2590-2603).

Séang ché ciling d& xuht mot duoc phim bao gbém hop chéit ¢ cong thic (I) nhu duoc
xac dinh ¢ trén, hoac mudi duge dung cua hop chét nay, két hop véi mot hodc nhiéu chat
mang dugc dung.

Céc dugc pham theo sang ché c6 thé c6 dang phu hop dé str dung qua dudng miéng,
tiém, miii, tai chd, nhin khoa hodc truc trang, hodc moOt hinh thirc phu hop dé str dung bﬁmg
céch hit hoac tiém.

Péi v6i dudng udng, cac duge pham c6 thé & dang, vi du, vién nén, vién ngdm hodc
vién nang dugc diéu ché bing céc bién phap thong thuong véi cde ta duge duge pham nhu
céc chét gin két (vi du nhu tinh bot ngd da pregelatin hoa, polyvidone hoac xenluloza
hydroxypropyl metyl); chit don (vi du nhu Lactoza, xenluloza két tinh hodc canxi

hydrophotphat); chit boi tron (vi du nhu magié stearate, bot tan hodc silic oxit); phén ra (vi
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du nhu tinh bot khoai tdy hodc natri glycollat); hodc chat lam wét (vi du nhu natri lauryl
sulphat). C4c vién thudc c6 thé duoc pht bang c4c phuong phép k¥ thuat duoc biét dén. Cac
ché pham long dung dé udng c6 thé & dang, vi du, dung dich, xi-ré hodc huyén phu, hogc
ching ¢6 thé duoc lam dudi dang san pham kho dé pha ché véi nude hodc hinh thtrc phu hop
khéc, truge khi sir dung. Céac ché phim l6ng nhu vay c6 thé duoc diéu ché bang cac phuong
phap théng thudng véi cac chit phu gia duoc phdm c6 thé chap nhén duge nhu chét huyén
pht, chat nhii hoa, chat din thudce khong chtra nude hodc chit bao quan. Céc ché pham cling
¢6 thé chta mubi, dung dich dém, chét tao huong vi, chét tao mau hodc chét lam ngot, khi
phu hop.

Céc ché pham st dung qua duong udng cé thé duge dé ra pht hop dé dua ra su giai
phong c6 kiém soét ciia hop chét sir dung.

Déi véi viee st dung qua duong miéng, cac ché phim c6 thé & dang vién nén hoic
vién ngam dugc pha ché theo cach thong thuong.

Cac hop cht c6 cong thire (I) 6 thé dugc didu ché dé tiém ngoai da bing cach tidm,
vi du nhu bang céch tiém tinh mach hodc tiém truyén. Cac cong thirc tiém c6 thé duoc dua ra
duéi dang thanh lidu, vi du nhu trong 6ng thuy tinh hodc hép dung nhiéu lidu, vi du nhu lo
thily tinh. Cac ché pham dé tiém c6 thé c6 cac dang nhu huyén phi, dung dich hoic nhii
tuong trong dau hodc trong nudc, va cé thé chira cdc chit nhu ngung, 6n dinh, gia ¢b, bao
quan va/hodc céc chit phan tan. Ngoai ra, thanh phan hoat chét ¢6 thé & dang bot chira chc
thanh phan v&i chit dan thude phu hop, vi du nhu nude vo trungkhdng ¢ pyrogen, trude khi
st dung.

Ngoai cac cong thire duge mo ta trén ddy, cdc hop chit co cong thirc (1) cling c6 thé
duoc didu ché dudi dang ché phim kho. C4c cong thitc ¢6 nhidu tic dung nhu vay ¢6 thé
dugc st dung bang cach cly ghép hoic tiém bip.

Déi véi vide st dung bang miii hoic bing dudng ho hap, cac hop chit theo séang ché
c¢6 thé duoc thé hién pht hop dudi dang phun khi rung, ddi v6i cac bd didu ap hodc 6ng
phun, véi viée st dung chét déy phut hop vi du nhu diclorodiflorometan, florotriclorometan,

diclorotetrafloroetan, cacbon dioxit hoic khi thich hop hoic hon hop khi khéc.
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Céac ché phém ¢6 thé, néu mudn, dwoc trinh bay trong mdt géi hodc thiét bi éng theo
dinh lugng c6 thé chra mot hodc nhiéu dang khdi bao ché co chira thanh ph§11 hoat chat. Goi
hodc thiét bi dng c6 thé duoc kém theo hudng din st dung.

Déi véi viee st dung tai chd, cdc hop chit s dung trong sang ché c6 thé duoc diéu
ché thuan loi trong mot loai thuéec m& phu hop c6 chira thanh phan hoat chét huyén phu hoic
hoa tan trong mot hodc nhiéu mudi duge dung. Céc chat mang dic biét bao gém, vi du, dau
khoang, khi héa long, propylen glycol, polyoxyetylen, polyoxypropylen, sap nhil hoa va
nude. Ngoai ra, cac hop chat s dung trong séng ché ¢6 thé duge didu ché trong mot loai
kem dudng da phu hop ¢é chira thanh phan hoat chat huyén phu hodc hoa tan trong mot hodc
nhidu mudi duoc dung. Cac chdt mang dic biét bao gém, vi du, dau khoang, sorbitan
monostearate, polysorbate 60, sap cetyl este, ruou cetearyl, ruou benzyl, 2-octyldodecanol va
nudc.

D&i v6i nhén khoa, cac hop chét str dung trong sang ché ¢6 thé duogc tao thanh mot
cach thuan loi du6i dang huyén phi vi md trong dong vi, nudce mubdi vé tring duoce diéu
chinh pH, c6 hoac khong co chit bao quan nhu chét diét khuin hodc diét ndm, vi du nitrat
phenylmercuric, benzylalkonium clorua hodc chlorhexidine axetat. Ngoai ra, d6i voi cac hop
chit ding cho nhan khoa c6 thé duge diéu ché trong mot loai thuée m& nhu dau khoang.

Péi véi truc trang, cac hop chat str dung trong sang ché ¢ thé duoc tao thanh mot
cach thuén loi nhu thude dan. Ching c6 thé duoc didu ché bang cach tron thanh phén hoat
tinh vdi ta duoe khong gay kich tng thich hop & dang rén & nhiét d6 phong nhung chat long
& nhiét do truc trang va do do s€ tan chay trong truc trang dé giai phong thanh phan hoat
dong. Nhitng vét liéu nay bao gom, vi du, bo ca cao, sap ong va polyetylen glycol.

S6 lwong hop chit sir dung trong séng ché cin thiét d& didu tri du phong hodc diéu tri
mot tinh trang cu thé s& khac nhau tuy thudc vao hop chét duoc chon va tinh trang cua bénh
nhan duoc didu tri. Tuy nhién, néi chung, lidu lvong hang ngay c6 thé dao dong tir khoang
10 ng/kg dén 1000 mg/kg, thuong la tir 100 ng/kg dén 100 mg/kg, vi du nhu khoang 0,01
mg/kg dén 4 mg/kg trong lugng co thé, ddi véi duong ubng hodc duong miéng, tir khoang 10
ng/kg dén 50 mg/kg trong lugng co thé khi tiém, va tir khoang 0,05 mg dén khoang 1000 mg,
vi du nhu tir khoang 0,5 mg dén khoang 1000 mg, dung cho duong miii hodc s dung bang

cach xo6ng hodc hit vao.
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Néu mudn, hop chét theo sang ché ¢ thé dugc dung chung véi chit hoat tinh dugc

phim khac, vi du nhu phén tir chdng viém.

M6 ta chi tiét cac phwong 4n thuye hién sang ché
Cac hop chit ¢6 cong thire (I) & trén c6 thé duge didu ché bing mot qué trinh bao gdm

phan Gng hop chét ¢6 cong thire (II) véi hop chit c6 cong thire (IV):

Q)

trong do X, R!, R? va R® nhu duoc x4c dinh & trén, L' thé hién cho mét nhém roi di thich
hop, M' thé hién cho mdt loai axit boric -B(OH), hoic mdt este mach vong duge tao thanh
v6i mét diol hitu co, vi du nhu pinacol, 1,3-propane-diol hodc neopentyl glycol va RP thé
hién cho nhém bao vé N; vé6i su ¢6 mat cia chit xuc tac kim loai chuyén tiép; tiép theo, khi
can thiét, bang cach loai bé nhom bao vé N RP.

Nhom roi di L' thuong 1a mot nguyén tir halogen, vi du nhu bromo.

Nhom bao vé N RP phu hop dai dién cho tert-butoxycarbonyl (BOC). Ngoai ra, nhém
bao vé N R” ¢6 thé dai dién thich hop cho tert-butylsulfinyl.

Chat xuc tac kim loai chuyén tiép sir dung trong phan tmg gitra cac hop chat (III) va
(IV) 1a  tris(dibenzylideneaxeton)dipaladi(0), hodc  [I,1’-bis(diphenylphosphino)-
ferrocene]dicloropaladi(Il), hodc cloro(2-dixyclohexylphosphino-2',4",6'-triisopropyl-1,1'-
biphenyl)[2-(2"-amino-1,1"-biphenyl)]paladi(Il) (XPhos Pd G2). Chéat xuc tic kim loai
chuyén tiép thuong co thé dwoc st dung cung véi2-dixyclohexylphosphino-2',4',6'-
triisopropylbiphenyl (XPhos) hodc trixyclohexylphotphoni tetrafloroborat. Phan trng duoc

thuc hién thich hop vadi s c6 mat cua kali photphat hodc kali cacbonat. Phan img dugc thuc
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hién thuan loi & nhiét dd cao trong dung moi thich hop, vi du nhu mdt ete tuan hoan nhu 1,4-
dioxane, tiy y tron 1an véi nudc.

Trong d6 nhém bao vé N RP 1a BOC hodc tert-butylsulfinyl, viéc loai bd tiép theo c6
thé duge thuc hién mot cach thudn loi bing cach xir Iy bang axit, vi du nhu mot loai axit
khoang nhu axit hydrochloric hodc axit hitu co nhu axit trifloroaxetic.

Céc chét trung gian c¢6 cong thirc (IV) & trén trong dé M' thé hién cho mot este mach
vong cua mot axit boronic B(OH), duoc tao thanh vai pinacol co thé duoc diéu ché bing

cach phan tng bis-(pinacolato)diboron v&i mot hop chét ¢6 cong thie (V):

N 1
A\ R
,,,”N/
L? N

Trong doé L? thé hién cho nhom rdi di thich hop; v6i su c6 mit cla chat xuc tac kim loai
chuyén tiép.

Nhom roi di L? thudong 1a mot nguyén tir halogen, vi du nhur cloro

Chét xtc tac kim loai chuyén tiép str dung trong phan tmg giita bis(pinacolato)diboron
va hop chét (V) 1a tris(dibenzylideneaxeton)dipaladi(0), c6 thé duoc sir dung két hop véi 2-
dixyclohexylphosphino-2',4",6'-triisopropylbiphenyl (XPhos) hodc trixyclohexylphotphoni
tetrafloroborat. Phan tng dugc thuc hién thich hop vdi sy c6 mit cua kali axetat. Phan Gng
dugce thuc hién thuan lgi & nhiét do cao trong dung mdi thich hop, vi du nhu mot ete tuan
hoan nhu 1,4-dioxane.

Céc chit trung gian c6 cong thirc (V) & trén trong d6 R' 1a metyl c6 thé dugc didu ché
tir hop chét tuong tng cua cong thirc (V) trong d6 R' 1a hydro biang phan g v6i halogenua
metyl, vi du nhu i6t. Phan ung metyl hoa thuong duoc thue hién voi sy ¢ mat cia mot bazo,

vi du nhu mot bazo silylamit nhu kali bis(trimetylsilyl)amit. Phan tmg c6 thé duoc thuc hién

-13-



35812

thuan loi trong mdt dung moi thich hop, vi dy nhu mot dung mdi ete tudn hoan nhu
tetrahydrofuran.

Céc chat trung gian cua cong thire (V) & trén trong do6 R' 12 hydro va R' thé hién cho
cloro duoc boc 16 cu thé trong Tai lidu WO 2016/050975, cling 1a chét trung gian cua cong
thire (IV) & trén trong d6 R' 1a hydro va M' thé hién cho 4,4,5,5-tetrametyl-1,3,2-dioxa-
borolan-2-yl.

Trong truong hop ching khong c6 sén trén thi trudng, cac nguyén li¢u ban dau cla
cong thue (1) co thé dugc didu ché bang cac phuong phép tuong tu nhu cac phuong phap
dugc md ta trong cac vi du kem theo, hodc béng cac phwong phép tiéu chudn da duoc biét 1o
trong linh vuc k¥ thuat nay.

Khi hdn hop céc san pham thu duogc tr bét ky quy trinh ndo dwgc md ta trén déy aé
diu ché cac hop chét theo sang ché, san phidm mong mudn ¢ thé duoc tach ra tir mot giai
doan thich hop bang cac phuong phap thong thuong nhu HPLC chuan bi; hodc sic ky cot str
dung, vi du, silic didxit va/hodc alumin két hop v6i mét hé dung mdi thich hop.

Khi cdc qué trinh duge mo ta trén ddy tao ra hdn hop cac ddng phan 1ap thé, cac dong
phin nay co thé duoc phan tach bang cac k§ thuat thong thuong. Pac biét, trong truong hop
mong mudn ¢6 duge mot ddng phan cu thé, didu nay c6 thé duoc tao ra tir mot hon hop céc
chit ddng phén twong tmg bang cach sir dung bat ky quy trinh thong thuong phi hgp nao dé
phan giai cac dong phan. Do d6, vi du nhu cac dAn xuét diastereomeric, vi du nhu cac mudi,
¢6 thé duoc tao ra boi phan tmg ctia hon hop céac chét ddng phén, vi du. Raxemat va mdt hop
chat tri liéu thich hop, vi du nhu axit chirus hodc bazo. Cac ddng phéan phi d6i hinh sau d6 ¢o
thé duoc phan tach bang bat ky phwong tién thun tién nao, vi du nhu béng qua trinh két tinh
va dong phén d6i hinh mong mudn dugc phuc hdi, vi du nhu bang cach xir ly véi axit trong
trudong hop ddng phan phi dbi hinh 1a mudi. Theo mot giai phap khac, raxemat ¢6 thé duoc
tach ra bang cach str dung HPLC chirus. Ngoai ra, néu mudn, ¢6 thé thu duoc mot ddng phan
tor cu thé bang cach st dung mot chit trung gian d6i xtng thich hop theo mdt trong cac quy
trinh dwoc md ta trén day. Ngoai ra, mot dong phan cu thé ¢6 thé thu duoc bing cach thuc
hién bién ddi sinh hoc enzym dic hiéu ciia dong phan, vi du qua trinh thuy phan este bang
cach str dung esterase, va sau d6 chi tinh ché axit thiy phan tinh khiét tu nhién tir cac phan

img este hoa. Sic ky, két tinh lai va cdc quy trinh tach thong thudng khéac ciing c6 thé duoc
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sir dung khi mudn c¢6 dugc mét ddng phan hinh hoc cu thé. Ngoai ra, cic dong phan khong
mong mubn c6 thé duoc phén loai thanh ddng phan mong mudn, véi sy ¢6 mit cia axit hoc
bazo, theo cdc phuong phép dugc biét dén boi nguoi co trinh d§ k¥ thuét, hoac theo cac
phuong phap duge mo ta theo cac vi du di kém.

Trong bét ky trinh tu tng hop nao & trén, c6 thé cin thiét va/hoic mong mubn bao vé
cac nhom bi 4nh hudng hodc do phan tng trén bat ky phan tir ndo ¢6 lién quan. Didu nay co
thé dat dugc bz“mg cac nhom bdo vé thong thuong, nhu cac nhém duge mé ta trong tai liéu
Protective Groups in Organic Chemistry, bién tdp boi J.F.W. McOmie, Plenum Press, 1973;
va T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley &
Sons, t4i ban 1an 3, 1999. Cac nhém bao vé c6 thé duge loai bo & bit ky giai doan nao tidp
dua theo st dung céc phuong phép k§ thuat dugc biét dén.

Céc hop chit theo sang ché c6 kha ndng vO hiéu hoa hoat dong cua TNFa trong dong
té bao c6 ngudn gbc HEK-293 ¢6 sin trén thi truong duoc goi la HEK-Blue ™ CD40L. Day
1a dong t€ bao HEK-293 4n dinh bidu hién SEAP (photphat kiém duoc tiét ra) dudi sy kiém
soat ctia chat xtc tac t6i thiéu IFNP ngung tu v6i ndm vi tri gin két NF-xB. Su didu tiét cta
SEAP bdi céc té bao ndy duge kich thich theo cach phu thudc vao lidu lugng boi TNFa. Khi
dugc thtr nghiém trong sinh hoc HEK-293, dugc goi & ddy 1a xét nghiém gen chi thi, cac
hop chit clia sang ché thé hién gia tri ICs, 12 10 nM hodc t8t hon (ngudi c6 trinh d6 k¥ thudt
s& dénh gia cao rang con s6 ICs, thap hon biéu thi mot hop chét c6 hiéu qua hon).

Céc hop chat theo sang ché cho thdy hoat dong yéu khi duoc thir nghiém trong xét
nghiém hERG dwoc mo ta trong tai lidu ndy (d6 1a dau hiéu ciia kha ning bi cac tac dung
phu tim mach bt lgi). That vay, khi dugc th nghiém trong xét nghiém d6, cac hop chit cia
sang ché thé hién gid tri ICs, it nhat 1a 5 uM (ngudi c6 trinh d6 k§ thuat s& danh gi cao
rang, trong thi nghiém hERG, mét con s6 ICs, cao hon biéu thi mot hop chit vu viét, nghia

1a hop chét it ¢6 kha ning bi tic dung phu tim mach bAt loi).

Xét nghiém gen chi thi

Uc ché su kich hoat NF-xB do TNFa gy ra
Kich thich cac t& bao HEK-293 bing TNFo din dén kich hoat con dudng NF-«B.
Dong té bao chi thi duge st dung dé xac dinh hoat dong TNFo da duge cung cép tir
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InvivoGen. HEK-Blue™ CD40L 12 12 dong té bao dwoc chuyén héa HEK-293 6n dinh biéu
hién SEAP (photphat kidm dugc tiét ra) dudi su kiém soat cta chét xic tac t6i thidu IFN
ngung tu v&i nam vi tri gin két NF-xB. Sy tiét SEAP ctia céc té bao nay duoc kich thich
theo cach phu thude vao lidu lugng boi TNF(x, véi EC50 1a 0,5 ng/mL d6i véi TNFo &
ngudi. Cac hop chét duwoc pha lodng tir 10 mM ngudn du trit DMSO (ndng dd xét nghiém
cudi cing 0,3% DMSO) dé tao ra bidu dd pha lodng ndi tiép 10 diém 3 14n (vi du nhu ndng
d6 cubdi ciing 30.000 nM dén 2 nM). Hop cht pha lodng di duoc u trude voi TNFa trong 60
phut truée khi thém vao mot tAim microtitre 384 giéng va duge 0 trong 18 gid. Nong do
TNFo, cudi cung trong ban thir nghiém 1a 0,5 n/mL. Hoat dong SEAP dugc xéc dinh trong
phan ndi phia trén bing cach sir dung chit nén do mau, vi du nhu ting giita huyét quan phat
hién QUANTI-Blue ™ hoac HEK-Blue ™ (InvivoGen). Su trc ché ty 1€ ph?ln tram ddi voi
pha lodng hop chit duoc tinh toan gitra kiém soat DMSO va tc ché tdi da (bing hop chit
kiém sodt du thira) va gi tri IC5o0 dugc tinh todn bang XLfit ™ (mo hinh logistic 4 tham
s0) trong ActivityBase.

Khi dugc thir nghiém trong xét nghiém gen chi thi, cac hop chit cia cac vi du di kém
déu dugc tim thy gia tri ICs, dugce thé hién tir 10 nM trd 1én.

Khi duoc thir nghiém trong xét nghiém gen chi thi, cac hop chét cua cac vi du di kém

thé hién gia tri ICs, thuong trong khoang 0,01 nM dén 10 nM.

Xét nghiém hERG

Hoat tinh dugc ly cta cac hop chét tai cac kénh cuong do tim (Kv11.1) dugc danh
gia chirc ning bang cach st dung dién sinh 1y kep tu dong. Cac t& bao CHO bidu hién én
dinh cac kénh hERG & ngudi da dugce phat trién dudi d6 nén khong ddi cua cac khang sinh
chon loc phit hop theo thong s6 k¥ thuat ctia nha san xuit (hRERG-Duo cells, B’SYS GmbH,
Switzerland). Cac té bao thu duogc dudi 80% hoi luu, huyén phi trong moéi trudng khéng c6
huyét thanh va dwgc phan phat tr déng vio cac dia ghi nhiéu riéng cho céc ban ghi kep dién
ap toan té bao trén Tram lam viéc Tai liéu QPatch HTX (Sophion, BiolinSellectific AB, Dan
Mach). Thanh phﬁn dém ngoai bao (trong mM): NaCl, 150; KCl, 4; CaCl,, 2; MgCl,, 1;
HEPES, 10; va glucozo, 10; diéu chinh pH 7.4 br:ng NaOH. Dém néi bao chira (trong mM):
KCl, 120; CaCl,, 5; MgCl,, 2; EGTA, 10; HEPES, 10; va Mg-ATP, 4; didu chinh pH 7.2
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bang KOH. Giao thtc dién ap dugc sir dung dé kich hoat dong herg bao gdm budc chéng
phén cyc du tién tir dién thé gifr -80 mV dén +20 mV trong 5 gidy sau do 1 bude t4i phan
cuc thr hai dén -50 mV. Thoi gian chu ky 1a 15 gidy, cac ban ghi duge thuc hién & nhiét do
phong va hiéu tmg thuc duge ddnh gia trén dong dién cuc dai dugc goi ra boi bude tai
phan cuc thi hai. Ddi véi dugc ly, cac dung dich c6 sin ciia cic bai thir nghiém & mac 10
mM di duoc diéu ché trong DMSO. Pham Vi néng d6 diém 6 da duoc diéu ché trong céc
tAm polypropylen d6 chuén cuc nhé bing cach pha loing huyét thanh dau tién10 mM = 1: 3
trong DMSO va sau d6 pha lodng mét trong s6 6 dung dich phu 1:333 trong moi truong ghi
ngoai bao chira 0,06% Pluronic F-68 (Gibco/Thermofischer, Phéap). Nong d6 cubi cung cua
cac bai thir nghiém (vi dy nhu 0,12 uM, 0,37 uM, 1,1 uM, 3,3 pM, 10 uM va 30 uM) duoc
ap dung tich liiy cho c4c 6 theo thtt ty ting dan. M6t didu khién tich cuc (terfenadin, 10 uM)
da dwoc thém vao cudi mdi chudi ghi. Dong thoi gian cla bién d§ dong doan dudi herg di
duoc phan tich ngoai tuyén theo co ché hién tai r0 i thy chon va dugc bu trir khi can thiét.
Nong d6 trc ché t5i da mét nira (ICsp) thu duoc bing cach didu chinh bién do dong dién do
duoc vao cubi mdi giai doan phoi nhiém va dwgc chudn hoéa theo duong co s& truge khi
dung thudc bang dang thic sigmoi bdn thong 56.

Khi dugc thir nghigém trong xét nghiém hERG, cic hop chit cia cac vi du di kém déu
duoc tim thdy gié trj ICso thé hién it nht 1a 5 uM. Cu thé, hop chét & vi du 6 thé hién gia tri
ICs 12 xép xi 8 uM; hop chit ¢ vi du 9 thé hién gia tri ICsy khoang 20 uM; va céc hop chit
& cac vidu 1-5,7, 8 va 10-16 déu thé hién gi4 tri ICsp> pM.

Céac vi dy duéi ddy minh hoa viéc diéu ché cac hop chit theo sang ché.

Vi du thye hién sang ché

Céc tir viét tat
DCM: diclorometan EtOAc: Etyl axetat
MeOH: metanol THF: Tetrahydréfuran
DMSO: dimetyl sulfoxit DMEF: N,N-dimetylfocmamit

TBAF: tetra-n-butylamoni florua LDA: lithi diisopropylamit
Dess-Martin periodinane: 1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol-3 -(1H)-

one
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XPhos: 2-dixyclohexylphosphino-2',4',6'-triisopropylbiphenyl

XPhos Pd G2: cloro(2-dixyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-
(2'-amino-1,1'-biphenyl)]paladi(II)

r.t..  nhiét d phong , h: gio

M:  khéi lugng RT: thoi gian duy tri

HPLC: Sic ky 16ng hiéu ning cao

LCMS: Sic ky long khéi phé (Liquid Chromatography Mass Spectrometry- LCMS)

ES+: Ion hoa duong tia dién (Electrospray Positive lonization)

Diéu kién phan tich
Tét ca cac phd NMR thu duge ¢ 250 MHz, 300 MHz, 400 MHz hogc 500 MHz.
Tét ca cac phan g lidn quan dén khong khi - hodic thude thir nhay cam véi do 4m

duoc thuc hién trong moi trudong khi nito st dung dung moi kho va dung cu thuy tinh.

Xac dinh dir lieu LCMS

Phuong phap 1

Cot: Céc khéi nude C18 cau X 2,1 x 20 mm, cot 2,5 pm

Pha dong A: 10 mM Amoni focmat trong nuéc + dung dich amoniac 0,1%

Pha dong B: axetonitril + 5% nudc + dung dich amoniac 0,1%

Chuong trinh Gradien: Téc do dong chay bom 1: 1 mL/phat; Téc do dong chay bom 2:
0,5 mL/phut

Bom I: Bom 2:

Thoi gian A% B% Thoi gian A% B%
0,00 95,10 4,90 0,10 5,00 95,00
4,00 5,00 95,00 1,00 5,00 95,00
5,00 5,00 95,00 1,10 95,00 5,00

5,10 95,10 4,90

Phuong phap 2
Cot: Céc khéi nude C18 cau 2,1 x 20 mm, ¢dt 2,5 pm
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Pha dong A: 10 mM Amoni focmat trong nude + Axit fomic 0,1%

Pha dong B: axetonitril + 5% nudc + Axit fomic 0,1%

Chuong trinh Gradien: Téc do dong chay bom 1: 1 mL/phut; Téc do dong chay bom 2:
0,5 mL/phut

Bom 1: Bom 2:

Thoigian A% B% Thoigian A% B%
0,00 95,00 5,00 0,10 5,00 95,00
4,00 5,00 95,00 1,00 5,00 95,00
5,00 5,00 95,00 1,10 95,00 5,00

5,10 95,00 5,00

Phuong phap 3
Cot: Céc khéi nuée C18 cdu 2,1 x 20 mm, cdt 2,5 pm
Pha dong A: 10 mM Amoni focmat trong nude + dung dich amoniac 0,1%
Pha dong B: axetonitril + 5% nudc + dung dich amoniac 0,1%
Chuong trinh Gradien: ~ Téc d6 dong 1 mL/phut
Thoigian A% B%
0,00 96,00 4,00
1,50 5,00 95,00
2,25 5,00 95,00
2,50 96,00 4,00

Phuong phap 4
Cot: Cac khéi nude C18 cau 2,1 x 20 mm, cdt 2,5 um
Pha dong A: 10 mM Amoni focmat trong nuée + dung dich amoniac 0,1%
Pha dong B: axetonitril + 5% nuéc + dung dich amoniac 0,1%
Chuong trinh Gradien: ~ Tdc d6 dong 1 mL/phit
Thoigian A% B%
0,00 96,00 4,00
4,00 5,00 95,00
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5.00 5,00 95,00
5,10 96,00 4,00

Phuong phap 5
Cot: Céc khéi nuée C18 cau 2,1 x 20 mm, ¢dt 2,5 pm
Pha dong A: 10 mM Amoni focmat trong nuéce + dung dich amoniac 0,1%
Pha dong B: axetonitril + 5% nudc + dung dich amoniac 0,1%
Chuong trinh Gradien: Tbc d6 dong 1 mL/phut
Thoi gian A% B%
0,00 94,00 6,00
1,50 5,00 95,00
2,25 5,00 95,00
2,50 94,00 6,00

Phuong phéap 6

Thiét bi séc ky 1ong Agilent Technologies 1260 Infinity
b6 phén Mo hinh
L.C/MSD G6130B

Thiét bi khtr khi G4225A
BinPumb G1312B

HiP ALS (B0 ldy mau tu dong) G1367E
Van truyén dong GI1170A

TCC G1316A

DAD VL G1315D

Giao dién 5900E

Thiét bi

Agilent 1260 Bin. Bom: G1312B, Thiét bi khir khi; by ldy mau ty dong, ColCom. DAD:
Agilent G1315D, 220-320 nm. MSD: Agilent LC/MSD G6130B ESI, pos/neg 100-800,
ELSD Alltech 3300.
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Luu lwong khi: 1.5 mL/phut; Nhiét do khi.: 40°C; Cot: Waters XSelect ™ C18, 30 x 2,1 mm,
3,5um; Nhiét do: 35°C; Tde @6 dong: 1 mL/phut; Gradient: ty = 5% A, t 6phat = 98% A,
t3.0phat = 98% A; Thoi gian tiép sau: 1,3 phut; Rira giai A: Axit fomic 0,1% trong axetonitril;

Rira giai B: Axit fomic 0,1% trong nude.

Phuong phap 7
Agilent Technologies 1260 Infinity

B0 phan MO hinh
LC/MSD G6130B

Thiét bi khtr khi G4225A
BinPumb G1312B

HiP ALS (Bo 1dy mdu tu dong)  G1367E
Van truyén dong G1170A

TCC G1316A

DAD VL G1315D

Giao dién 5900E

Thiét bi

Agilent 1260 Bin. Bom: G1312B, Thiét bi khir khi; bo ldy mau tw dong, ColCom. DAD:
Agilent G1315D, 220-320 nm. MSD: Agilent LC/MSD G6130B ESI, pos/neg 100-800,
ELSD Alltech 3300.

Luu lrong khi 1,5 mL/phtt; Nhiét do khi.: 40°C; Cot: Waters XSelect ™ C18, 50 x 2,1 mm,
3,5um; Nhiét do: 35°C; Téc @6 dong: 0,8 mL/phut; Gradient: ty = 5% A, t3spnae = 98% A,
to.ophat = 98% A; Thoi gian tiép sau: 2,0 phat; Rira giai A: Axit fomic 0,1% trong axetonitril;

Rira giai B: Axit fomic 0,1% trong nudc.
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Phuong phap 8

Cot: Kinetex Core-Shell C18, 50 x 2.1 mm, 5 um C&t dugc bao vé boi
cOt ‘Bao v¢é An toan’ Phenomenex
Pha dong A: Axit fomic 0,1% trong nudce
Pha dong B: Axit fomic 0,1% trong axetonitril

Chuong trinh Gradien: Téc d6 dong 1,2 mL/phut

Nhiét do Cot: 40°C
Thoigian A% B%
0,00 95 5
1,20 0 100
1,30 0 100
1,31 95 5

Phuong phéap 9

Cot: Phenomenex Kinetex Core-Shell C8, 50 x 2.1 mm, 5 pm Cot
duoc bao v€ bai cot ‘Bao vé An toan” Phenomenex
Pha dong A: Axit fomic 0,1% trong nudce
Pha dong B: Axit fomic 0,1% trong axetonitril

Chuong trinh Gradien: Tdc d6 dong 1,2 mL/phut

Nhiét do Cot: 40°C
Thoigian A% B%
0,00 95 5
1,83 0 100
225 0 100
2,26 95 5

Phuong phap 10

Cot: Phenomenex Gemini C18, 2.0 mm x 50 mm, c6t 3 pm
Pha dong A: 2 mM ammoni bicarbonat, pH 10
Pha dong B: axetonitril
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Chuong trinh Gradien: Téc d¢ dong 1,0 mL/phut

Nhiét do Cot: 60°C
Thoi gian A% B%
0,00 99 1

1,80 0 100
2,10 0 100
2,30 99 1

Phuong phap 11

Cot: Phenomenex Kinetex-XB C18, 2,1 mm x 100 mm, ¢4t 1,7 um
Pha dong A: Axit fomic 0,1% trong nudce
Pha dong B: Axit fomic 0,1% trong axetonitril

Chuong trinh Gradien: Téc d6 dong 0,6 mL/phut

Nhiét d6 Cot: 40°C
Thoigian A% B%

0,00 95 0

530 0 100

5,80 0 100

582 95 5
Xac dinh dit lieu GCMS
Phuong phap 12
Agilent Technologies
B phan M5 hinh
5973 MSD G2577A
b6 ldy mau tur dong G2614A
b6 phun 7683B G2913A
hé thong 6890N GC G1530N
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Dung cu: GC: Agilent 6890N, FID: Nhiét do phat hién: 300°C va MS: 5973 MSD, EI-
duong, Nhiét d¢ phat hién.: 280°C; Pham vi khéi lwvong: 50-550; Cot: RXi-SMS 20 m, ID
180 pm, df 0,18 pm; Van téc trung binh: 50 cm/s; Pau phun vol.: 1 pL; Nhiét d6 diu phun.:
250°C; Ti 18 chia: 20/1; Khi mang: He; Nhiét do ban dau: 100°C; Thoi gian ban dau: 1,5
phat; D6 tré dung méi: 1,3 phut; Tée do: 75°C/phut; Nhidt do cudi.: 250°C; Thoi gian cubi:
2,5 phut.

CHAT TRUNG GIAN 1

N\\/ , 5‘,‘3 <—

(R)-N-(3-Xyano-3-metylxyclobutyliden)-2-metylpropane-2-sulfinamit

Dé 1-metyl-3-oxoxyclobutancarbonitril (532 mg, 4,63 mmol) hoa tan trong THF (35
mL) da duge thém vao (R)-(+)-2-metyl-2-propanesulfinamit (570 mg, 4,61 mmol), sau d6 1a
titan(IV) etoxit (1,8 mL, 8,7 mmol). Hon hop phan tmg dugc lam néng ¢ 75°C dudi nito
qua dém bang cach khudy, sau d6 dugc lam lanh dén nhiét d6 phong.Dung dich natri
bicacbonat bdo hoa (50 mL) da dugc thém vao. Hon hop phan tng dugc loc qua celite, rira
bang EtOAc. Lép hitu co duge tach va rira tuan tu bang nude (50 mL), sau d6 1a nude mudi
(50 mL). Lép hitu co duge tach ra va loc qua thiét bi tach pha, sau d6 16p hitu co dugc co
dac trong chan khong. Dau mau cam thu duge duoc tinh ché bing phép sdc ky cot nhanh
trén silic dioxit (rira giai gradient voi isohexan 100% dén EtOAc 100%). Dau mau rom thu
duoc duge hoa rén khi két thiic phan tng dé thu duge hop chét tiéu dé (863 mg, 88%) dudi
dang chét rén mau tring nhat. 8H (300 MHz, DMSO0-d6) 3,95-3,59 (m, 2H), 3,60-3,36 (m,
1H), 3,25 (ddt, J 17,6, 9.8, 3,3 Hz, 1H), 1,58 (d, J 1,4 Hz, 3H), 1,16 (d,J 1,2 Hz, 9H).
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CHAT TRUNG GIAN 2

Br

z

N

I
_N
H
N
p— \S
N= g —é—

(R)-N-[1-(5-Bromopyrimidin-2-yl)-3-xyano-3-metylxyclobutyl]-2-metylpropane-2-

sulfinamit

Dé hai hdn hop riéng biét 5-bromo-2-iodopyrimidin (1,6 g, 5,62 mmol) dugc hoa tan
trong DCM (50 mL) va DCM (100 mL). Cac hon hop phéan (g riéng biét dugc 1am lanh
dén -78°C dudi nito, sau dé n-butyllithi 2,5M (2,26 mL, 5,65 mmol) dugc thém vao mdi
hén hop phan tng ting giot trén 5 phit. Hon hop phan tmg duge khudy & -78°C trong nito
trong 2 phut, trude khi thém tir tir Chat trung gian 1 (1 g, 4,71 mmol) hoa tan trong DCM (5
mL) thong qua 6ng tiém dén tung hdn hop phan Gng. Hon hop phan tmg dugc khudy & -
78°C trong 2 gid. Hon hop 16n hon (100 mL) duge khudy trong bé nudc dé trong 3 gio,
trong khi hdn hop nhoé hon (50 mL) duge khudy trong bé cardice/axeton trong 3 gid. Hon
hop phan tng dugce két hop va 1am ngudi bang dung dich amoni clorua bido hoa (50 mL),
sau d6 16p hitu co duoc tach ra, loc qua thiét bi tach pha va ¢ dic trong chén khong, Dau
thé mau vang thu duoc dugce tinh ché bang phép sdc ky cot nhanh trén silic didxit (rira giai
gradient v6i isohexan 100% dén EtOAc 100%) dé thu duge hop chat tiéu dé (530 mg, 14%)
(ti 16 hdn hop 60:40 cua céc ddng phan trans: cis) dudi dang cht gobm mau vang. LCMS
(ES+) [M+H]" 371,0, RT 1,66 va 1,69 phut, d6 tinh khiét 68,1% (Phwong phap 4).
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CHAT TRUNG GIAN 3

(7R,14R)-11-Cloro-1-(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metano-
benzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-one

bé dung dich (7R,14R)- 11-cloro-1 -(difloromethoxy)-6,7-dihydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-one(Tai liéu WO 2016/050975, Vi
du 11) (10 g, 26,6 mmol) trong THF kho (135 mL), duoc 1am lanh dén -78°C dudi nito,
duge thém kali bis(trimetylsilyl)amit (1M trong THF, 30 mL, 30 mmol) timg giot trén 15
phut. Hon hop thu dugce dugc khuéy 0 -78°C trong 1 gio trude khi thém iodometan (2,5 mL,
40 mmol) tirng giot trén 5 phut. Hon hop thu duge dugc khudy & -78°C trong 1 gio, sau do
dwoc dé Am tir tir dén nhiét 46 moi treong xung quanh qua dém. Hén hop phan tmg duge dé
vao dung dich amoni clorua bdo hoa (600 mL) va duge chiét bang EtOAc (2x 800 mL). Cac
chét chiét xuat hitu co duoc lam khé (Na,SO,), duge loc va ¢b diic trong chan khéng. Tinh
ché bing phép sic ky cot nhanh trén silic didxit (ria gidi voi MeOH/DCM 5% ) thu duge
hop chit tiéu d& (9,12 g, 88%) dudi dang chit rén mau be. 8u (300 MHz, DMSO-dg) 8,33-
8,21 (m, 1H), 7,87-7,33 (m, 5H), 7,22 (dd, J 8,7, 2,1 Hz, 1H), 6,23 (d, J 7.1 Hz, 1H), 5,22
(d, J 7,1 Hz, 1H), 3,55-3,41 (m, 1H), 3,33 (s, 3H), 2,81 (d, J 13,8 Hz, 1H). LCMS (ES+)
[M+H]" 390,0, RT 1,10 phiit (Phuong phap 3).

CHAT TRUNG GIAN 4
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(7R,14R)-1-(Difloromethoxy)-6-metyl-11-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
y1)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b] [2,5]benzodiazoxin-5(14H)-one

Chét trung gian 3 (4 g, 10,3 mmol) trong 1,4-dioxan (42 mL) dugc xir ly bang bis-
(pinacolato)diboron (3,9 g, 15 mmol) va kali axetat (3 g, 30,6 mmol). Hon hop phan g
dugc khir khi va rira sach bing nito. Tris(dibenzylideneaxeton)-dipaladi(0) (484 mg, 0,51
mmol) va trixyclohexylphotphoni tetrafloroborat (390 mg, 1,03 mmol) dugc thém vao, sau
d6 hon hop phan tng duge khit khi va rira sach bing nito, trude khi duge dun néng qua dém
& 140°C. Tiép tuc bis(pinacolato)diboron (2,6 g, 10,3 mmol) dugc thém vao. Hon hop phan
Ung dugc lam néng & 140°C trong 24 gid, sau d6 dugc phén chia gitra EtOAc va nude mudi.
Pha hitu co dugce tach va 6 dic trong chian khong, sau d6 duoc tinh ché bang phép séc ky
cOt nhanh trén silic di6xit (rira gidi gradient véi EtOAc/MeOH 0-10%), dé thu dugc hop
chit tiéu d& (2,5 g, 50%) dudi dang chét rin mau tring. LCMS (ES+) [M+H]" 482,2, RT
2,40 phut (Phuong phap 4).

CHAT TRUNG GIAN 5
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(R)-N-(3-Xyano-1-{5-[(7R,14R)-1-(difloromethoxy)-6-metyl-5-0x0-5,6,7,14-
tetrahydro-7,14-metanokkbenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl] pyrimidin-2-yl}-3-
metylxyclobutyl)-2-metylpropane-2-sulfinamit

Dé kali photphat héa tri ba (171 mg, 0,80 mmol), trixyclohexylphotphoni
tetrafloroborat (18,8 mg, 0,050 mmol), tris(dibenzylideneaxeton)dipaladi(0) (16,7 mg, 0,018
mmol) va Chit trung gian 4 (126 mg, 0,263 mmol) dugc thém viao Chat trung gian 2(83 mg,
0,225 mmol) hoa tan trong 1,4-dioxan (1,5 mL) duoc khir khi. Nuée dugce khir khi (0,04
mL) d4 dugc thém vao va hdn hop phan tmg duge khir khi theo ba vong chan khong va nito,
sau d6 dugc chuyén vao éng kin va dat trong thiét bi duge lam nong trudec & 110°C trong 3
gid. Hon hop phan tng dugce 1am mét dén nhiét d moi trudong, sau d6 dugc pha loang véi
EtOAc (20 mL) va nuée (20 mL). Lép hitu co duge tich ra va 16p dung dich nuée duge
chiét xuit véi EtOAc bd sung (20 mL). Cac 16p hitu co dwge két hop va ria bang nudc
mubi (20 mL), sau do séy kho (NaySO,) va loc. Cac dung médi dugc loai bod trong chan
khéng. Diu mau nau thu duoc duoc tinh ché bing phép séc ky cot nhanh trén silic didxit
(rra gidi gradient voi isohexan 100% dén EtOAc 100%, tiép theo 1a DCM 100% dén
MeOH/DCM 25%) dé thu dugc hop chat tiéu d& (178 mg, 92%) (hdn hop ciia cc chét ddng
phén trans va cis) duéi dang dau mau niu. LCMS (ES +) [M + H] + 646,2, RT 1,11 phut
(Phuong phap 3).

CHAT TRUNG GIAN 6
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(R)-N-(3-Xyano-1-{5-[(7R,14R)-1-(difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7, 14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]pyrimidin-2-yl}-3-metyl-xyclobutyl)-
2-metylpropane-2-sulfinamit

Pé hdn hop kali photphat hoa tri ba (80 mg, 0,377 mmol), Chét trung gian 2 (50 mg,
0,121 mmol) va (7R,14R)-1-(diﬂoromethoxy)—l1-(4,4,5,5—tetrametyl-1,3,2~dioxab0rolan-2—
y1)-6,7-dihydro-7,14-metanobenzimidazo[ 1,2-b] [2,5]benzodiazoxin-5(14H)-one(Tai licu
WO 2016/050975, Chét trung gian 171) (60 mg, 0,128 mmol) dudi nito duge thém vao
trixyclohexylphotphoni  tetrafloroborat (5  mg, 0,013 mmol)  va  tris-
(dibenzylideneaxeton)dipaladi(0) (6 mg, 0,0064 mmol). Cac thudc thtr duge hoa tan trong
1,4-dioxan (3 mL) va nudge (0,2 mL)duge thém vao, sau do hdn hop phan tmg dugce khir khi
trong chan khong va nito, trude khi duge dun nong dé hdi luu qua dém. Hon hop phan Gmg
duoc pha lodng véi EtOAc (20 mL) va nude (20 mL). Lép hitu co duge tach ra va 16p dung
dich nudc dugc chiét xuét v6i EtOAc (20 mL). L6p hitu co dugce tach va loc qua thiét bi
tach pha, sau d6 cd dic trong chan khong. Dau mau nau thd thu duoc duoc tinh ché bing
phép sic ky cot nhanh trén silic dioxit (rira giai gradient véi DCM/EtOAc 0-1 00%, sau do la
MeOH/EtOAc 1-10%) dé thu duge hop chét tiéu dé (51 mg, 57%) dudi dang chat rin mau
vang. LCMS (ES+) [M+H]" 632,0, RT 1,85 phit (Phuong phép 1). LCMS (ES+) [M+H]"
632.1, RT 1,81 phut (Phuong phap 2).
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CHAT TRUNG GIAN 7
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(R)-N-[trans-1-(5 -Bromo-3-floropyridin-2-yl)-3-xyano-3 -metylxyclobutyl]-2-metyl-

o

propane-2-sulfinamit

2,5-Dibromo-3-floropyridin (536 mg, 2.11 mmol) dwoc hoa tan trong DCM (100
mL) va duogc lam lanh dudi nito dén -78°C. n-Butyllithi (2,5M, 0,9 mL, 2 mmol) dugc thém
vao timg giot, va hon hop phan Gmg dugc khudy ¢ -78°C duéi nito trong 5 pht, trude khi
thém tir tir vao ChAt trung gian 1 (390 mg, 1,84 mmol) hoa tan trong DCM (10 mL) thong
qua 6ng tiém. Hoén hop phan tng dugc khudy & -78°C trong 1 gio, sau d6 trong 2 gio trong
bé nude da. Hon hop phan tng dugce lam ngudi bing dung dich amoni clorua bao hoa (50
mL), sau d6 16p hiru co duoc tach ra va rira bang nudc mudi (50 mL). Lép hitu co dugce tach
va loc qua thiét bi tach pha, sau d6 dung méi duge loai bo trong chan khong. Dau thé mau
d6 sdm/nau thu duoc duoc tinh ché bang phép sic ky cot nhanh trén silic dioxit (rva giai
gradient v6i isohexan 100% dén EtOAc 100%) dé thu duoc hop chét tiéu dé (220 mg, 28%).
LCMS (ES+) [M+H]" 388,0/390,0, RT 0,961 phut (Phwong phap 3).

CHAT TRUNG GIAN 8

(R)—N—(cis-3—Xyano—l-{5-[(7R,14R)-1-(diﬂoromethoxy)—6~mety1—5—oxo—5,6,7,14-
tetrahydro-7,14-metanobenzimidazo[1,2-b] [2,5]benzodiazoxin-11 -yl]-3-floropyridin-2-yl}-
3-metylxyclobutyl)-2-metylpropane-2-sulfinamit

Dé hdn hop Chét trung gian 4 (113 mg, 0,241 mmol) va kali photphat héa tri ba (167
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mg, 0,773 mmol) dugc thém vao dung dich Chét trung gian 7 (75 mg, 0,193 mmol) trong
l.4-dioxan (3 mL). Hon hop phan tng dugc khu khi va rta sach bing nito.
Tris(dibenzylideneaxeton)dipaladi(0) (9,1 mg, 0,0097 mmol) va trixyclohexylphotphoni
tetrafloroborat (8,8 mg, 0,023 mmol) trong 1,4-dioxan duge thém véi vai giot nude. Hon
hop phan rng duoc dun néng dudi bic xa vi song trong 4 gid & 120°C, sau dé dugc tach ra
gifta EtOAc va nuée mudi. Lép hitu co duoc loc qua thiét bi tach pha va pha hitu co dugc
¢d ddc trong chan khéng. Phan can thé duge tinh ché bang phép sic ky cot nhanh trén silic
dioxit (rua giai gradient vGi isohexan 100% dén EtOAc 100%, tiép theo 1a MeOH/DCM 1-
15%) dé thu dugc hop chit tiéu d& (102 mg, 81%) du6i dang chét rin mau tring. LCMS
(ES+) [M+H]" 663, RT 1,32 phut (Phuong phap 5).

CHAT TRUNG GIAN 9

7N
;S{ H q ~ &t;] 0
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(R)-N-(cis-3-Xyano-1-{5-[(7R,14R)-1-(difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-
7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-3-floropyridin-2-yl}-3-metyl-
xyclobutyl)-2-metylpropane-2-sulfinamit

(7R,14R)-1-(Difloromethoxy)-11-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-6,7-
dihydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-one
(Tai lieu WO 2016/050975, Chét trung gian 171) (297 mg, 0,636 mmol) duoc xur li véi kali
photphat hoa tri ba (441 mg, 2,04 mmol), sau d6 Chéat trung gian 7 (220 mg, 0,510 mmol) da
duoc thém vao, tiép theo 14 1,4-dioxan (3 mL). Hon hop phan tng dugce khir khi va rira sach
bang  nito. Tris(dibenzylideneaxeton)dipaladi(0) (24 mg, 0,025 mmol) va
trixyclohexylphotphoni tetrafloroborat (23 mg, 0,061 mmol) duge thém vao, cling véi vai
giot nuée. Hon hop duge dun néng dudi bic xa vi song ¢ 120°C trong 4 gio. EtOAc va
nude mudi duoc thém vao hdn hop phan tng, dugc khudy trude khi loc qua thiét bi tach

pha. Pha hiru co duge ¢6 dic trong chan khong. Phan cin thd dugc tinh ché bang phép sic
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ky cot nhanh trén silic dioxit (rira giai gradient isohexan 100% dén EtOAc 100%, tiép theo
la MeOH 1-15% trong DCM) dé thu dugc hop chét tiéu dé (189 mg, 54%) dudi dang chat
rén mau tring nhat. LCMS (ES+) [M+H]" 649,2, RT 1,32 phiit (Phuong phap 5).

CHAT TRUNG GIAN 10

\Ef -

(S)-2-Metyl-N-(2-metylxyclobutyliden)propane-2-sulfinamit

2-Metylxyclobutan-1-one (1,00 g, 11,3 mmol) dugc hoa tan trong THF (30 mL) va
(S)-2-metyl-2-propanesulfinamit (1,20 g, 9,60 mmol) dugc thém vao, tiép theo Ia titan(IV)
etoxit (4,0 mL, 19 mmol). Hon hgp phan tng duge khudy & nhiét do phong trong 48 gio.
Nude (5 mlL) duge thém vao va hdn hop duge khudy, sau d6 EtOAc (100 mL) duoc thém
vio, tiép theo 1a Na,SO, (10 g). Sau 15 phit, hdn hop duge loc va chit ran duge rira bang
EtOAc (3 x 15 mL). Céc 16p hitu co két hop dugc c6 dac trong chan khong. Phan can tho
duoc tinh ché bang phép séc ky ¢t nhanh trén silic dioxit (rra giai gradient véi EtOAc 0-
40% trong isohexan) dé thu duogc hop chét tiéu dé (1,55 g, 86%) dudi dang dau khong mau.
LCMS (ES+) [M+H]" 188,2, RT 1,37 phut va 1,41 phut (Phwong phap 4).

CHAT TRUNG GIAN 11

N-[(1S,2R)-1 -(5-Bromo-3-floropyridin-2-yl)-2-metylxyclobutyl]-2-metylpropane-2-
sulfinamit hodc N-[(1R,2S)-1~(5-Bromo-3-floropyridin-2-yl)-2-metylxyclobutyl]-2-
metylpropane-2-sulfinamit

2,5-Dibromo-3-floropyridin (2.34 g, 8,81 mmol) dugc hoa tan trong DCM (30 mL)
va duoc lam lanh dén -78°C duéi nito, sau d6 N-butyllithi (2,5M, 3,5 mL, 8,8 mmol) dugc
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thém vao. Hon hop phan tmg duge khudy trong trong 10 phit truge khi thém dung dich
Chét trung gian 10 (1,50 g, 8,01 mmol) trong DCM (3 mL). Hdn hop dugc khudy & -78°C
trong 2 gio, sau d6 duoc lam lanh bang dung dich amoni clorua bio hoa (30 mL) va khudy
trong 5 phut. Lép hitu co dugce tach va lam khé (Na,SOy), sau d6 duge loc va c6 dac trong
chan khong. Phan can thd thu duoc duoc tinh ché bing phép sic ky cot nhanh trén silic
dioxit (rtra giai gradient voi BtOAc 0-45% trong isohexan) dé thu dugce hop cht tiéu dé&(800
mg, 27%; dong phan cis), cong véi ti 1& 3: 1 hdn hop chu yéu 1a ddng phan trans véi cac
ddng phan cis khac (650 mg, 22%).

Hop chét tidu dé&: 8H (300 MHz, CDCI3) 8,49-8,39 (m, 1H), 7,54 (dd, J 9,9, 1,9 Hz,
1H), 3.87 (s, 1H), 2,92 (dtt, J 12,3, 9,0, 1,6 Hz, 1H), 2,71 (h, J 7.4 Hz, 1H), 2,45-2,32 (m,
1H), 2,11-1,97 (m, 1H), 1,86-1,69 (m, 1H), 1,28-1,23 (m, 12H). LCMS (ES+) [M+H]+
363,0 va 365,0, RT 2,28 phut (Phuong phép 4).

CHAT TRUNG GIAN 12

hoac
N-[(1S,2R)-1-{5-[(7R, 14R)- 1-(Difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-3-floropyridin-2-yl}-2-metyl-
xyclobutyl]-2-metylpropane-2-sulfinamit hodc N-[(1R,2S)-1-{5-[(7R,14R)-1-
(Difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-11-yl]-3-floropyridin-2-yl}-2-metylxyclobutyl]-2-metylpropane-2-sulfinamit
Pé Chit trung gian 11 (187 mg, 0,51 mmol), (7R,14R)-1-(difloromethoxy)-11-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-y1)-6,7-dihydro-7,14-metanobenzimidazo[1,2-
b][2,5]benzodiazoxin-5(14H)-one (Tai licu WO 2016/050975, Chat trung gian 171) (200
mg, 0,43 mmol), trixyclohexylphotphoni tetrafloroborat (16 mg, 0,042 mmol) va tris-
(dibenzylideneaxeton)dipaladi(0) (20 mg, 0,021 mmol) trong 1,4-dioxan (5 mL) dudi nito
da duoc thém kali photphat héa tri ba (278 mg, 1,28 mmol) trong nu6c (1 mL). Hoén hop
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phan tmg duge khtr khi dudi nito, sau d6 duoc bit kin trong dng ap suét va duoc lam nong &
105°C trong 3 gio. Hon hop phan tmg duoc lam lanh dén nhiét do phong, sau d6 dugc phan
chia gitta DCM va nuée. Lép hitu co duge tach va lam kho (Na,SOy), sau d6 dugce loc va ¢o
dac trong chan khong. Phan can thd dugc tinh ché bing phép sdc ky cot nhanh trén silic
dioxit (rira giai gradient MeOH 0-10% trong DCM) dé thu dwoc hop chét tidu dé (145 mg,
54%) dudi dang chit rin mau vang. LCMS (ES+) [M+H]" 624,2, RT 2,44 phut (Phuong
phap 4).

CHAT TRUNG GIAN 13

v

7 %

N—(Xyclobutyliden)—2-mety1pr0pane-2—sulﬁnamit

Dung dich ctia xyclobutanone (100 g, 1,43 mol) trong THF (722 mL) duoc lam lanh
dén 15-20°C. 2-Metyl-2-propanesulfinamit (144 g, 1,19 mol), dwoc 1am lanh dén 15-20°C,
dugc thém vao, tiép theo Ia titan (IV) isopropoxit (847 g, 2,98 mol). Hon hop phéan Gng
duoc 1lam nong & 60°C trong 16 gio, sau d6 duogce co dac trong chan khong. Phan cin thd
duoc tinh ché bang phép sdc ky cot nhanh trén silic didxit (rtra giai gradient, EtOAc/ete dau
mo 0-20%) dé thu duoc hop chat tiéu dé& (hiéu suit két hop tir 19 16: 2,14 ke, 55%) dudi
dang diu mau vang. 8y (400 MHz, DMSO-dg) 3,37-3,17 (m, 1H), 3,14-3,07 (m, 3H), 2,06-
1,99 (m, 2H), 1,14 (s, 9H).
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CHAT TRUNG GIAN 14

YA

0=5.
N H/N

N-[1-(5-Bromopyrimidin-2-yl)xyclobutyl]-2-metylpropane-2-sulfinamit

5-Bromo-2-iodopyrimidin (345 g, 1,21 mol) dugc lam lanh dén 15-20°C va duoc hoa
tan trong DCM khan (6 L). Hon hop phéan Gng duoc lam lanh dén khoang tir -60°C dén -
70°C, trong d6 n-butyllithi 2,5M (450 mL, 1,13 mol) dugc thém vao tung giot. Hdn hop
phan tmg dugc khudy trong trong 2 gid ¢ nhiét do tir -60°C dén -70°C, sau @6 dung dich
Chét trung gian 13 (150 g, 866 mmol) trong DCM khan (150 mL) dugc thém vao. Nhi€t do
duoc duy tri trong khoang tir -60°C dén -70°C trong 2 gidr v6i khudy, trude khi lam am dén
15-20°C. Hon hop phan tmg dugc khudy trong trong 12 gid nita, sau d6 sau dé lam ngudi
bing nude (100 mL). Mudi mot 16 da duge két hop va chiét véi DCM (2 x 3330 mL). Lép
hitu co duge rira bang nude mudi (1650 mL), duoge tach va lam khd (Na,SOy), sau do dugce
loc va cb dic trong chan khong. Phan cin tho dugc tinh ché bang phép sic ky cot nhanh trén
silic dioxit (rra giai gradient voi ti 1€ 1:0:10 dén 1:1:3 BtOAc/DCM/ete ddu mo) dé thu
duge hop chét tiéu d& (hidu sut két hop tir 11 16: 1,38 kg, 44%) dudi dang chat rdn mau
vang. 8y (400 MHz, DMSO-dg) 9,00 (s, 2H), 2,65-2,45 (m, 2H), 2,44-2,42 (m, 2H), 1,99-
1,94 (m, 1H), 1,73-1,70 (m, 1H), 1,07 (s, 9H).

CHAT TRUNG GIAN 15
oy
|
q/‘\N
+
NH3 -

1-(5-Bromopyrimidin-2-yl)xyclobutanamin hydroclorua
Dé s4u 16 riéng biét Chat trung gian 14 (302 g, 909 mmol) duoc hoa tan trong MeOH
(1,2 L) & 15-20°C. Hdn hop duge cho thém MeOH/axit clohidric (600 mL), va hdn hop

-35-



35812

phan timg dugc khudy trong & 15-20°C trong 2 gio. Sau 16 da duge két hop va cb dic. Phan
cin tho duge thém ete isopropyl (9 L) va MeOH (1 L). Hon hop duge khudy trong 1 git &
15-20°C. Chét ran duoc loc, rira béng DCM (3 L) vaduge lam kho, dé thu duoc hop chét
tieu dé (1,21 kg, 84%) dudi dang chat rin mau vang. 5y(400 MHz, CD;0D) 9,02 (s, 2H),
2,84-2,82 (m, 2H), 2,81-2,78 (m, 2H), 2,60-2,27 (m,2H).

CHAT TRUNG GIAN 16

NéjBr
Q/K |
N

HN_ O

K

tert-Butyl N-[1-(5-bromopyrimidin-2—yl)xyclobutyl]carbamat

Dé huyén phu cta Chét trung gian 15 (202 g, 764 mmol) trong THF (400 mL), dugc
lam lanh trén bé nude da, duoc thém di-tert-butyl dicarbonat (183 g, 832 mmol) va
triethylamine(154 g, 212 mL, 1,51 mol). Hon hop duoc khudy ¢ 0-5°C trong 30 phut, sau d6
nuée da duoc loai bo va hdn hop phan tng duge dé dén nhiét do moi truong. Hdn hop phin
tng duoc phén chia gitta EtOAc (1000 mL) va nuée (600 mL). Pha nuge duoce tach ra, sau
d6 pha hitu co duge rra tudn tu bang nude (600 mL) va nude mudi (2 x 200 mL). Pha hitu
co duoc 1am kho (Na,SOy), dugc loc va cd dac trong chan khong. Chét rén thu dugce duoc
lam khé dé qua dém trong chan khong & 50°C dé thu duge hop chét tidu dé (254 g, dinh
lwong) dudi dang chét rin mau trang nhat. LCMS (ES+) [M+Na]™ 350,0, RT 2,20 phut
(Phuong phép 4).
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CHAT TRUNG GIAN 17

tert-Butyl (1-{5-[(7R,14R)—1-(diﬂoromethoxy)—6-metyl-5—0x0-5,6,7,14-tetrahydro—
7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-1 1-yl]pyrimidin-2-yl}xyclobutyl)-
carbamat

Binh sdy kho dudi nito duoc gin véi binh ngung hdi luu duoc nap Chat trung gian 3
(13,3 g, 34,0 mmol), tris(dibenzylideneaxeton)dipaladi(0) (1,61 g, 1,71 mmol), XPhos (1,63
g, 3,43 mmol), bis(pinacolato)diboron (9,85 g, 38,8 mmol) va kali axetat (8,5 g, 87 mmol),
sau do6 1,4-dioxan (136 mL) dugc thém vao. Hon hop thu duogc duoc khudy & 100°C trong
22 gi¢ trude khi Chét trung gian 16 (12,3 g, 37,4 mmol) va dung dich nudce kali photphat
héa tri ba(1,27 mol/L, 40 mL, 50,8 mmol) dugc thém vao. Hon hop phan ung duge lam
nong  dudi hdi  lwu  trong 3 gid  trude khi dwge nap  thém
tris(dibenzylideneaxeton)dipaladi(0)(500 mg, 0,53 mmol), XPhos (510 mg, 1,07 mmol) va
dung dich nudc kali photphat hoa tri ba (1,27 mol/L, 20 mL, 25,4 mmol). Hoén hop duoc
khudy trong 1 gio, sau d6 dugc lam lanh dén nhiét do phong, pha loang véi DCM (600 mL)
va rira bang nudce mudi (400 mL). Pha nude duge chiét bang DCM (500 mL), sau do6 céac
chit chiét xudt hiru co két hop dugc dua qua thiét bi tach pha va co dic trong chan khong.
Tinh ché bing phép séc ky cot nhanh trén silic dioxit (rtra giai bing MeOH/DCM 0-5%) thu
duoc hop chit tidu dé (18,0 g, 88%) dudi dang chét rén mau tring nhat. 8y (400 MHz,
CDCl5) 8,93 (s, 2H), 8,49 (dd, J 8,2, 1.3 Hz, 1H), 7,84 (dd, J 8,5, 0,7 Hz, 1H), 7,74-7,63 (m,
1H), 7,48-7,38 (m, 2H), 7,34-7,29 (m, 1H), 6,84 (t, J 72,8 Hz, 1H), 6,31 (d,J 7,2 Hz, 1H),
5,92 (s, 1H), 5,01 (d, J 7,1 Hz, 1H), 3,53 (s, 3H), 3,51-3,43 (m, 1H), 2,90 (d, J 13,6 Hz, 1H),
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2,84-2,57 (m, 3H), 2,22-2,07 (m, 3H), 1,43 (s, 9H). LCMS (ES+) [M+H]" 603,2, RT 1,25
phut (Phuwong phap 3).

CHAT TRUNG GIAN 18
OH

@Aﬂ-

3-Benzyloxy-1-metylxyclobutanol

Metylmagié iodua dugc diéu ché bing cich bd sung tir tir iodometan (42,6 mL, 681
mmol) vao hon hop magie (20,7 g, 851 mmol) trong dietyl ete (500 mL). Hn hop duoc lam
néng trén bon nuée 4m trong 30 phit. Dung dich metyl-magié iodua duoc 1am lanh trong bé
nudc da kho/axeton dén nhiét d6 cudi 14 -25°C, sau do dung dich cua 3-
benzyloxyxyclobutan-1-one (94 mL, 567 mmol) trong dietyl ete (100 mL) dugc thém tir tir,
duy tri nhiét d6 cudi dudi -10°C. Sau khi hoan tat bd sung, hdn hop dwoc khudy & -10°C,
1am 4m 1én dén 15°C trong 30 phat. Hon hop phéan Gng duge 1am lanh dén 0°C, sau dé pha
lodng v6i dietyl ete va dugc 1am ngudi bang dung dich amoni clorua bdo hoa. Lép hitu co
dugc tach va 16p dung dich nuée dugce chiét bang dietyl ete (2 x 300 mL). Cac 16p hitu co
két hop dugce loc va ria b'flng dung dich amoni clorua b3o hoa, sau d6 duoc lam kho
(N2,S0,), duge loc va ¢b dic trong chian khong, dé thu duge hop chét tidu dé (109 g, 100%)
(ti 1€ ~3:1 hdn hop céc chat dong phan 1ap thé) dudi dang diu mau vang. GCMS: chét ddng
phan chinh RT 3,664 (74,6%), [M-C;H;]" 101, [M-CsHyO,]" 91; chit dong phan phu RT
3,630 (25,4%), [M-C;H;]" 101, [M-CsHy0,]" 91 (Phuong phép 12).
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CHAT TRUNG GIAN 19

©/\o

(3-Benzyloxy- 1--metylxyclobutoxy)-tert—butyl(dimetyl)silane

OTBS

Imidazol (190 g, 2,79 mol) dugc thém vao dung dich cua Chét trung gian 18 (107 g,
558 mmol) trong DMF (1 L). tert-Butyl(cloro)dimetylsilane (252 g, 1,67 mmol) dugce thém
vao. Hon hop phan tmg duoc khudy qua dém & nhiét do phong, sau do dugc d6 vao nude da.
Pha nuée duoc chiét bang dietyl ete (3 x 500 mL). Lop hitu co duoc két hop va rua sach
béng nuée, sau d6 duge lam khd (Na,SOy), duge loc va cd dac trong chan khong. Dau tho
mau vang thu duge (291 g) duge tinh ché bang phép sdc ky cot nhanh trén silic dioxit
(heptan, tiép theo 12 EtOAc 2% trong heptan) dé thu duoc hop chat tiéu dé (121 g, 46%) (ti
16 ~3:1 hdn hop cac cht ddng phan 1ap thé). Chit dong phan chinh: 8y (400 MHz, CDCl3)
7,38-7,24 (m, 5H), 4,40 (s, 2H), 3,70-3,62 (m, 1H), 2,41-2,33 (m, 2H), 2,18-2,09 (m, 2H),
1,28 (s, 3H), 0,87 (s, 9H), 0,07 (s, 6H).

CHAT TRUNG GIAN 20

OTBS

HO

3-[tert-Butyl(dimetyl)silyl]Joxy-3 -metylxyclobutanol

Hén hop Chét trung gian 19 (121 g, 257 mmol) trong etanol (500 mL) da dugc xu li
bang Norit (hodc than hoat tinh) (13 g) va khudy trong 1 gio. Hon hop duge loc qua khoang
chét kizengua va rira bang etanol (500 mL). Dich loc duge chuyén sang binh cau day tron 3
¢b (4 L) va hon hop duoc giai toa va d6 day lai ba 1An v6i agon. Hon hop paladi trén than
hoat tinh (10%, 6,1 g, 5,73 mmol) trong nuge dugc thém vao va hon hop dugc giai toa va
d6 ddy lai voi agon. Hon hop dugc giai toa va db ddy lai ba lAn v&i hydro, sau d6 duge
khudy qua dém ¢ nhiét do phong. Hon hop duge loc qua khoang chéit kizengua dudi dong
nito lvu dong, sau d6 duoc rtra béng etanol. Dich loc dugc ¢ dac trong chan khong. Phan

cin tho (68 g) dugce két hop véi cac 16 bd sung (62 g va 63 g), sau d6 dugce tinh ché bang
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phép sic ky cot nhanh trén silic dioxit (gradient rira giai bang EtOAc 10-20% trong heptan),
dé thu duoc hop chét ticu d& (164 g, 85%) (ti 18 ~8:2 hdn hop céc ddng phan) duéi dang dau
khong mau. 8y (400 MHz, CDCly) 4,52-4,43 (m, 0,2H), 3,98-3,87 (m, 0,8H), 2,50-2,40 (m,
2H), 2,10-2,02 (m, 1,6H), 1,98-1,91 (m, 0,4H), 1,64-1,58 (m, 0,8H), 1,58-1,52 (m, 0,2H),
1,44 (s, 0,6H), 1,28 (s, 2,4H), 0,88 (s, 7H), 0,87 (s, 2H), 0,07 (s, 6H).

CHAT TRUNG GIAN 21

OTBS

0

3-[tert-Butyl(dimetyl)silyl]oxy-3-metylxyclobutanone

Dé dung dich cta Chét trung gian 20 (192 g, 887 mmol) trong DCM (2 L) ¢ 5°C
dugc thém vao Dess-Martin periodinane (452 g, 1,07 mmol). Huyén phu duoc khudy &
10°C trong 1 gio, sau d6 dugce lam 4m dén nhiét do phong hon 1 gid. Hon hop phan tng
dugc dbd vao dung dich natri hydro cacbonat bdo hoa (~1 L) va duoc khudy cho dén khi
khong con khi thoat ra. Dung dich nudce sodium thiosulfat(10%) duge thém vao, va hdn hop
duoc khudy trong 1 gid. Cac 16p duge tach ra va pha nuée duge chiét bang DCM. Céc lop
hitu co duoc két hop va duoc lam khé (Na,SO,), sau dé duge loc va ¢d dac trong chan
khéng. Dau thdé mau vang thu dugc duge tinh ché bang phép sic ky cot nhanh trén silic
dioxit (gradient rira giai bing EtOAc 0-20% trong heptan) dé thu duge hop chét tiéu de (186
g, 98%) dudi dang dau khong mau. 8y (400 MHz, CDCls) 3,25-3,13 (m, 2H), 3,03-2,90 (m,
2H), 1,59 (s, 3H), 0,89 (s, 9H), 0,11 (s, 6H).

CHAT TRUNG GIAN 22
oTBS

0

il

S

S

Z\\m

(S)-N-{3-[tert-Butyl(dimetyl)silylJoxy-3-metylxyclobutyliden } -2-metylpropane-2-
sulfinamit
Dé dung dich cta Chat trung gian 21 (186 g, 0,87 mol) trong THF (2 L) dwgc thém vao (S)-
(-)-tert-butylsulfinamit (126 g, 1,04 mol), tiép theo 1a titan(IV) etoxit (367 mL, 1,74 mol).
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Hon hop phan tng dugc khudy qua dém & nhiét d§ phong, sau d6 duge cd déc trong chan
khong. Phan du dugce pha lodng v6i axetonitril. Nude (47 mL) duge thém vao va hén hop
phan tng dugc khudy trong 10 phut, sau d6 dugc loc qua khodng chét kizengua va dugc rira
bang axetonitril. Dich loc dugc c6 dic trong chan khong. Dau thé mau vang thu duge (264
g) duoc tinh ché bang phép sic ky ¢t nhanh trén silic didxit (10% EtOAc trong heptan) dé
thu duge hop chat tiéu dé (223 g, 81%) (ti 1¢ ~1:1 hdn hop cac ddng phan) dudi dang dau
khong mau. 8 (400 MHz, CDCls) 3,59-3,41 (m, 1H), 3,34-3,11 (m, 2H), 3,05-2,92 (m, 1H),
1,52-1,41 (m, 3H), 1,21 (s, 9H), 0,85 (s, 9H), 0,06 (s, 6H). LCMS [M+H]" 318, RT 2,34
phut (Phuong phap 6).

CHAT TRUNG GIAN 23

Br

z

Y

O. =T <=

=Sie

(S)—N-{cis—1~(5—Bromo-3-ﬂoropyridin—2-yl)-3—[tert—butyl(dimetyl)silyl]oxy—3—
metylxyclobutyl}-2-metylpropane-2-sulfinamit

Binh day tron ba ¢d (2 L) duoc nap véi 2,5-dibromo-3-floropyridin (26,9 g, 106
mmol) va DCM (750 mL). Dung dich thu duge duge lam lanh bing dé kho/isopropanol dén
-70°C, sau d6 n-butyllithi (2,5M trong hexan; 46 mL, 115 mmol) dugc thém vao ting giot,
dé thu duoc dung dich sdm mau & -50°C. Nhiét d6 duoc ha thép xuéng dén -66°C va dung
dich ctia Chét trung gian 22 (30,5 g, 96 mmol) trong DCM (150 mL) duogc thém vao tung
giot. Sau d6, hdn hop dugce khudy trong 1,5 gid, khi do nhi¢t do da tang Ién dén -30°C. Hon
hop phan ung dugc lam ngudi bang dung dich amoni clorua bdo hoa, va nuéc duge thém
vao dé hoa tan cdc mudi két tua. Cac 16p duge tach ra va 16p dung dich nude dugce chiét
bang DCM. Céc 16p hitu co két hop rira bing nuéce mudi va duoc lam kho (Na,SOy), sau do
duoc loc va cd dic trong chan khong. Déau thd mau nau sam thu duoc (49,7 g) dugce tinh ché

bing phép séc ky cot nhanh trén silic didxit (gradient rira giai bing EtOAc 10-60% trong
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heptan) dé thu dugc hop chét tigu d& (9,71 g, 21%). 8y (400 MHz, CDCL;) 8,47-8.41 (m,
1H)., 7,56 (dd, J 9,9, 1,9 Hz, 1H), 3,91 (s, 1H), 3,35 (dd, J 12,6, 3,6 Hz, 1H), 2,97-2,87 (m,
1H), 2,73 (d, J 12,6 Hz, 1H), 2,54 (d, J 12,6 Hz, 1H), 1,15 (s, 9H), 1,11 (s, 3H), 0,90 (s, 9H),
0,10 (s, 6H). LCMS [M+H]" 493/495 (Br-pattern), RT 2,50 phut (Phuong phép 6).

CHAT TRUNG GIAN 24

(S)—N—(cis—3-[tert-Butyl(dimetyl)silyl]oxy-1-{5—[(7R,14R)-1-(diﬂoromethoxy)-6-
metyl-5-0x0-5,6,7,1 4—tetrahydro-7, 14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-
3-ﬂoropyridin—2-yl}-3-metylxyclobutyl)—2-metylpropane-Z-sulﬁnamit

Binh day tron ba ¢ (2 L) duge nap véi Chét trung gian 3 (25,6 g, 65,7 mmol), kali
axetat (16,1 g, 164 mmol), bis(pinacolato)diboron (20,0 g, 79 mmol) va 1,4-dioxan khan
(400 mL). Hon hop phan ung dugc giai toa va d6 day lai ba lan v&i agon.
Tris(dibenzylideneaxeton)dipaladi(0) (5 mol %, 3,01 g, 3,28 mmol) va XPhos (10 mol %,
3,13 g, 6,57 mmol) duge thém vao. Dung cu dugc giai toa va db dﬁy lai hai lan véi agon,
sau do do dugc dat trong bé diu da duogc dun néng so bd ¢ 110°C trong 2,5 gio. Hon hop
phan Ung dugce lam lanh dén nhiét do phong va Chét trung gian 23 (32,4 g, 65,7 mmol),
duoc hoa tan trong 1,4-dioxan (400 mL), duoc thém vao. Trikali photphat(20,9 g, 99 mmol)
va nudc (200 mL) dugc thém vao, tiép theo 1a [1,1"-bis(diphenylphosphino)-
ferrocene]dicloropaladi(I) (5 mol %, 2,40 g, 3,28 mmol). Hon hop phan ung dugc giai toa
va d6 day lai hai lan vé6i agon, sau do dat trong bé diu da dugc dun nong so by & 115°C
trong 1 gid. Hon hop phan Gng duge lam lanh dén nhiét do phong, sau do axit
trithiocyanuric (5,24 g, 29,6 mmol) va than hoat tinh (12 g) dugc thém vao. Hon hop duge
khudy qua dém, sau d6 duoc loc qua miéng chira khoang chét kizengua. Miéng loc duge rira
bing EtOAc va MeOH. Dich loc pha lodng v6i nude (600 mL) va céc 16p duge tich ra. Lop
dung dich nudc duge chiét bing EtOAc (2 x 400 mL). Cac 16p hitu co két hop rua bang
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nude mudi va duoc 1am kho (Na,SOy), sau d6 duoc loc va co dic trong chan khong. Chét
ban rin sdm mau thu dwoc(~130 g) duoc tinh ché bing phép sdc ky cot nhanh trén silic
dioxit (gradient rira giai bing MeOH 0-20% trong EtOAc), tiép theo 1a tii tinh ché bang
phép séc ky cot nhanh trén silic dioxit (MeOH 0-10% trong EtOAc), dé thu dugc hop chét
tiéu dé (44,6 g, 88%). &y (400 MHz, CDCls) 8,63 (t, J 1,5 Hz, 1H), 8,52-8,48 (m, 1H), 7,79
(d, J 8,5 Hz, 1H), 7,69 (d, J 1,3 Hz, 1H), 7,56 (dd, J 11,9, 1,7 Hz, 1H), 7,46 (dd, J 8.5, 1,7
Hz, 1H), 7,43 (t,J 8,2 Hz, 1H), 7,35 (d, J 8,1 Hz, 1H), 6,88 (t, J 72,7 Hz, 1H), 6,28 (d, ] 7,2
Hz, 1H), 4,98 (d, J 7,1 Hz, 1H), 4,00 (s, 1H), 3,52 (s, 3H), 3,51-3,40 (m, 1H), 3,07-2,99 (m,
1H), 2,89 (d, J 13,6 Hz, 1H), 2,78 (d, J 12,5 Hz, 1H), 2,62 (d, J 12,6 Hz, 1H), 1,63 (s, 1H),
1,17 (s, 9H), 1,16 (s, 3H), 0,92 (s, 9H), 0,12 (s, 6H) LCMS [M+H]" 768, RT 2, 44 phut
(Phuong phép 6).

CHAT TRUNG GIAN 25

(S)-N-(cis-3-[tert-Butyl(dimetyl)silyl]oxy-1-{5-[(7R,14R)-1-(difloromethoxy)-5-
0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-3-
floropyridin-2-yl}-3-metylxyclobutyl)-2-metylpropane-2-sulfinamit

(7R,14R)-1-(Difloromethoxy)-11-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl1)-6,7-
dihydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-one (Tai litu WO
2016/050975, Chat trung gian 171) (1,3 g, 2,78 mmol), Chét trung gian 23 (900 mg, 1,82
mmol) va kali photphat héa tri ba (1,58 g, 7,29 mmol) lo ling trong hdn hop 1,4-dioxan (22
mL) va nuée (2 mL). Hon hop phan tmg duge khir khi ba lan bang nito, sau dé
tris(dibenzylideneaxeton)dipaladi(0) (90 mg, 0,095 mmol) dugc thém vao. Hén hop phan
tng tiép tuc khir khi bang nitrogen va duge 1am néng & 120°C trong 2,5 gio. Hon hop pha
lodng v6i nude va duge chiét hai 1an bang EtOAc. Cac pha hitu co duge két hop va lam kho

(natri sunfat), sau d6 duoc loc va cd ddc trong chan khong. Phén can thd duoc tinh ché bé’mg
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phép séc ky cot nhanh trén silic dioxit (gradient rira giai bing EtOAc/hexan 0-100%, tiép
theo 1a MeOH/DCM 0-10%) dé thu dugc hop chét tiéu dé (930 mg, 65%). LCMS (ES+)
[M+H]" 754,2, RT 3,26 phut (Phuong phép 4).

CHAT TRUNG GIAN 26

o

/
Ij—o
O

O

Metyl 3 3-dimethoxyxyclobutancarboxylat

Metyl 3-oxoxyclobutancarboxylat (45 g, 394 mmol), trimetyl orthofocmat (259 mL,
2,37 mol) va p-axit toluensulfonic monohydrat (7,50 g, 39,4 mmol) duoc két hop trong
MeOH (500 mL). Dung dich dugc khudy & hdi luu trong 2 gio, sau do duogc lam lanh dén
nhiét d6 phong va cd dic trong chan khong. Phéan du duoc hoa tan trong dietyl ete (500 mL)
va duge rira bang dung dich natri hydro cacbonat bdo hoa (500 mL). Pha nu6e duge chiét
bing dietyl ete (500 mL). Céc 16p hitu co két hop rira bang nuée mudi va duge lam kho
(Na,S0y), sau do duoc loc va cd dic trong chan khong, dé thu duoc hop chét tieu dé (74,4
g). & (400 MHz, CDCl3) 3,70 (s, 3H), 3,17 (s, 3H), 3,15 (s, 3H), 2,94-2,83 (m, 1H), 2,48-
2,34 (m, 4H).

CHAT TRUNG GIAN 27

~N
.

Sy

O

Metyl 3,3-dimethoxy-1 -metylxyclobutancarboxylat

n-Butyllithi trong hexan (2.5M, 133 mL, 332 mmol) dugc thém vao dung dich lanh
diisopropylamin (56 mL, 398 mmol) trong THF (1 L) ¢ -78°C. Hon hop duge khudy trong
15 phit truée khi cho thém timg giot Chét trung gian 26 (68 g, 332 mmol) trong THF (50
mL). Hon hop phan Umg dugc khudy trong trong 30 phut truge khi cho thém ting giot

iodometan (41 mL, 664 mmol), khién nhiét do cudi tang 1én -60°C. Hon hop phan tmg duoc
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khudy & -78°C trong 30 phut, sau d6 dwgc lam 4m dén nhiét d6 méi truong. Hon hop phan
mg duoc db vao dung dich amoni clorua bdo hoa (1 L) va duogc chiét bang dietyl ete (2 x
500 mL). Céac 16p hitu co két hop rira bang nuwée mudi va duoc 1am khé (Na,SOy), sau dé
duoc loc va ¢ dic trong chan khong. Phan cin thé (64,7 g) dugc tinh ché bing phép sic ky
cot nhanh trén silic di6xit (gradient rira giai bang EtOAc 10-40% trong heptan) dé thu dwoc
hop chat tiéu dé (52,5 g). 8y (400 MHz, CDCL) 3,71 (s, 3H), 3,16 (s, 3H), 3,13 (s, 3H),
2,67-2,58 (m, 2H), 2,10-2,01 (m, 2H), 1,44 (s, 3H).

CHAT TRUNG GIAN 28

~N
0
/
—0

OH

(3,3-Dimethoxy-1-metylxyclobutyl)metanol

Dé dung dich ctia Chat trung gian 27 (42 g, 224 mmol) trong THF (800 mL), duoc
lam lanh trong bé nuée d4, dugc thém vao 2,4M dung dich lithi nhém hydrua trong THF (94
mL, 235 mmol). Hén hop phan tmg dugc khuéy ¢ nhiét do phong trong 60 phut. Nudc (8
mL) dugc thém vio timg giot, tiép theo 1a 10% dung dich nudc natri hydroxit (8 mL). Pé
huyén phi thém vao nuée (24 mL) va hdn hop duge khudy. Natri sunfat duge thém vao va
huyén phu hat duoc loc. Dich loc dugc rira béng dietyl ete, va dich loc két hop dugc c6 dac
trong chan khong, dé thu dugc hop chét tiéu dé (38 g, 15%) dudi dang diu nhat mau. &y
(400 MHz, CDCl;) 3,50 (d, J 5,6 Hz, 2H), 3,15 (s, 3H), 3,14 (s, 3H), 2,11 (d, J 13,2 Hz, 2H),
1,94-1,82 (m, 2H), 1,19 (s, 3H). GCMS [M-CH;0]" 129, RT 2,325 (90,2%) (Phuong phap
12).
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CHAT TRUNG GIAN 29
0]

<,

3-(Hydroxymetyl)-3-metylxyclobutanone

Dé dung dich Chét trung gian 28 (44,8 g, 280 mmol) dugc khudy trong axeton (600
mL) va nuéc (200 mL) dugc thém vao p-axit toluensulfonic monohydrat (53,2 g, 280
mmol). Hon hop phan tng dugc 1am néng & 65°C trong 1 giv, sau d6 dugc lam lanh dén
nhiét do phong. Axeton dugc loai bd bdi c6 can trong chan khong. Hon hop thu duge duoc
pha lodng v6i DCM va duge rira bing dung dich natri hydro cacbonat bdo hoa. Lép dung
dich nudc duge chiét lai ba 14n v6i DCM. Cic 16p hitu co két hop duge 1am khd (MgSO,),
sau d6 dugc loc va cd dac trong chan khong, dé thu dugc hop chét tidu dé (30,8 g, 78%). oy
(400 MHz, CDCl) 3,69 (d, J 5,1 Hz, 2H), 3,09-2,97 (m, 2H), 2,76-2,64 (m, 2H), 1,36 (s,
3H).

CHAT TRUNG GIAN 30

3-({[tert-Butyl(dimetyl)silyl]Joxy } metyl)-3-metylxyclobutanone

Imidazol (0,63 g, 9,29 mmol) duoc thém vao dung dich cta Chét trung gian 29 (10,6
g, 55,0 mmol) trong DMF (150 mL), sau d6 tert-butyl(cloro)dimetylsilane (24,9 g, 165
mmol) dwoc thém vio. Hon hop phan Gng dugc khudy qua dém & nhiét d6 phong. Dietyl ete
dugc thém vao, tiép theo 13 nudc mubi. Lép hitu co duge tach va dugce rira ba lan bﬁng nudc
mubi. Cac 16p hitu co duge 1am kho va cd dic trong chan khong. Phan cin thd (62 g) duoc
tinh ché bang phép sic ky cot nhanh trén silic didxit (gradient rira giai bang EtOAc 0-10%
trong heptan) dé thu dwgc hop chét tidu d& (59,5 g) dudi dang ddu mau vang. &y (400 MHz,

-46-



35812

CDCly) 3,59 (s, 2H), 3,08-2,98 (m, 2H), 2,66-2,56 (m, 2H), 1,30 (s, 3H), 0,89 (s, 9H), 0,06
(s, 6H).

CHAT TRUNG GIAN 31

X S=N
\sio

A\

(S)-N-[3-({[tert-Butyl(dimetyl)silyl]oxy} metyl)-3-metylxyclobutyliden]-2-metyl-
propane-2-sulfinamit

Dé dung dich cua Chét trung gian 30 (54,5 g, 205 mmol) trong THF (500 mL) duoc
thém vao (S)-2-metylpropane-2-sulfinamit (29,8 g, 246 mmol) va titan(IV) etoxit (87 mL,
410 mmol). Hon hop phan tng duge khudy qua dém & nhiét d6 phong, sau d6 dugc cd dac
trong chan khong. Phan du duoc pha lodng v6i axetonitril, sau d6 nudce (47 mL) dugce thém
vao. Hdn hop duoc khudy trong 10 phut, sau d6 duoc loc qua khoang chét kizengua va dugc
roa béng axetonitril. Dich loc dugc c6 dac trong chan khong. Dau thd mau vang thu duge
(71,5 ¢) duoc tinh ché bang phép sic ky cdt nhanh trén silic didxit (gradient rira giai bang
FtOAc 0-20% trong heptan) dé thu dugc hop chét tiéu dé (66,9 g, 98%) dudi dang dau mau
vang ( ti 1& ~1:1 hdn hop cic ddng phan). 8y (400 MHz, CDCl;) 3,50 (d, J 1,6 Hz, 2H),
3,46-3,38 (m, 0,5H), 3,24-3,00 (m, 2H), 2,92-2,82 (m, 0,5H), 2,71-2,55 (m, 1H), 1,29-1,19
(m, 12H), 0,90-0,88 (m, 9H), 0,05 (s, 6H).
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CHAT TRUNG GIAN 32

(S)-N-[cis-1-(5-Bromopyrimidin-2-y1)-3-({ [tert-butyl(dimetyl)silylJoxy} metyl)-3-
metylxyclobutyl]-2-metylpropane-2-sulfinamit

Dung dich cta 5-bromo-2-iodopyrimidin (58,6 g, 206 mmol) trong DCM (500 mL)
duoc lam lanh dén -78°C. n-Butyllithi (2,5M trong hexan, 90 mL, 226 mmol) duoc thém
vao tung giot trén 10 phut, thu duge huyén phu dic. Hon hop dugc khudy trong 40 phut ¢ -
78°C. Dung dich cua Chét trung gian 31 (56,8 g, 171 mmol) trong DCM (500 mL) dugc
thém vao ting giot. Hon hop phan ing duge khudy trong trong 2,5 git ¢ -78°C, sau do dugc
lam Am dén nhiét do phong va khudy trong 1 gid. Hon hop duoc db vao dung dich amoni
clorua bio hoa va duoc khudy trong 5 phut. Sau khi pha lodng voi nudc, cac 16p duge tach
ra. L6p dung dich nuéce duge chiét hai 1an v6i DCM. Céc 16p hitu co duogc két hop, rira bang
nude mudi va duge lam kho (Na,SOy), sau do duge loc va c¢o dic trong chan khong. Phan
cin tho duoc tinh ché bing phép sic ky cot nhanh trén silic dioxit (gradient rua giai bang ti
16 1:1 dén 0:1 heptan:EtOAc), tiép theo 1a tinh ché thém bang phép sic ky cot nhanh trén
silic dioxit (gradient rira giai bing EtOAc 20-80% trong heptan), dé thu duoc hop chat tiu
d& (16 g, 17%). 8y (400 MHz, CDCl;) 8,76 (s, 2H), 4,40 (s, 1H), 3,58 (d, 7 9,6 Hz, 1H), 3,52
(d, 1 9,5 Hz, 1H), 2,84 (d, J 12,7 Hz, 1H), 2,54-2,38 (m, 2H), 2,30 (d, J 12,3 Hz, 1H), 1,20
(s, 9H), 1,04 (s, 3H), 0,91 (s, 9H), 0,07 (s, 6H). LCMS [M+H]" 490/492 (Br-pattern), RT
2,49 phut (Phuong phap 6).
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CHAT TRUNG GIAN 33

(S)-N-[cis-3-({[tert-Butyl(dimetyl)silylJoxy} metyl)-1-{5-[(7R,14R)-1-(difloro-
methoxy)-6-metyl-5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-11-yl|pyrimidin-2-yl}-3-metylxyclobutyl]-2-metylpropane-2-sulfinamit

Binh déy tron (2 L) duoc nap véi Chat trung gian 3 (11,1 g, 28,4 mmol), kali axetat
(6,97 g, 71,0 mmol), bis(pinacolato)diboron (8,65 g, 34,1 mmol) va 1,4-dioxan (170 mL).
Dung cu duoc rira ba 1an véi agon, sau d6 tris-(dibenzylideneaxeton)dipaladi(0) (1,30 g,
1,42 mmol) va XPhos (1,35 g, 2,84 mmol) duoc thém vao. Dung cu dwoc giai toa va db day
lai hai 1an véi agon, sau dé duoc lam néng & 115°C trong 3 gio. Hon hop phan tng duge
Jam lanh dén nhiét d6 phong. Chét trung gian 32 (16,2 g, 28,4 mmol) dugc hoa tan trong
1,4-dioxan (170 mL) dugc thém vao, tiép theo 1a nude (70 mL) va kali photphat hoa tri ba
khan (9,04 g, 42,6 mmol). Dung cu lai dugc khtr khi hai lan véi agon, sau do [1,1'-
bis(diphenylphosphino)ferrocene]dicloro-paladi(Il) (1,04 g, 1,42 mmol) dugc thém vao.
Hdn hop phéan Gng duoc 1am néng & 115°C trong 5 gid, sau d6 duoc khudy qua dém & nhiét
do phong. Axit trithiocyanuric (2,27 g, 12,78 mmol) va than hoat tinh (5,19 g) dugc thém
vao. Hon hop duoc khudy qua dém ¢ nhiét do phong, sau d6 pha lodng véi nudc va EtOAc
va duoc loc, rira chit rin bing EtOAc. Céac 16p duoge tach ra va 16p dung dich nuée duge
chiét hai 1dn bang EtOAc. Cac 1ép hitu co duge két hop va rira bang nudc mudi, sau dé
duge lam khé (Na,SO,), duoc loc va duoc khudy qua dém. Céc 16p hiru co duge co dac
trong chan khong,vaphan du duoc tinh ché bing phép sic ky cot nhanh trén silic didxit
(gradient rira giai bang MeOH 0-10% trong EtOAc) dé thu dwge hop chat tidu dé (17,5 g,
81%). LCMS [M+H]" 765, RT 2,46 phut (Phuong phip 6)
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CHAT TRUNG GIAN 34

(S)-N-[cis-1-(5-Bromo-3-floropyridin-2-yl)-3 -({[tert-butyl(dimetyl)silyl]oxy} metyl)-
3-metylxyclobutyl]-2-metylpropane-2-sulfinamit

2,5-Dibromo-3-floropyridin (2,4 g, 9,23 mmol) dugc hoa tan trong DCM (120 mL)
va hdn hop phan tng dugc lam lanh dén -65°C trong bé nudc da kho-axeton. n-Butyl-lithi
(2,5M trong hexan, 3,8 mL, 9,5 mmol) dugc thém vao timg giot va hén hop duge khuéy o -
65°C trong 15 phut. Chét trung gian 31 (2,4 g, 7,2 mmol) trong DCM (20 mL) dugc thém
vao. H3n hop phan tng duge khudy ¢ -65°C trong 1 giv, sau do dugc lam 4m dén nhiét do
phong va dugc khudy trong 2 gio. Hon hop phan tng dugc lam ngudi bing dung dich nude
amoni clorua ¢ 0°C va duoc chiét hai 1an v6i DCM. Céc pha hitu co duoc két hop va co dac
trong chan khong, sau d6 dugc tinh ché bang phép sic ky cot nhanh trén silic dioxit
(gradient rira giai bang EtOAc/hexan 0-50%) 8 thu duoc hop chit tiéu deé (1,15 g, 31%). dy
(300 MHz, CDCly) 8,47 (dd, J 1,9, 1,2 Hz, 1H), 7,56 (dd, 19,9, 1,9 Hz, 1H), 3,85 (s, 1H),
3,60-3,46 (m, 2H), 2,87-2,73 (m, 1H), 2,54-2,47 (m, 2H), 2,47-2,38 (m, 1H), 1,16 (s, 9H),
0,96 (s, 3H), 0,94 (s, 9H), 0,09 (s, 6H).
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CHAT TRUNG GIAN 35

N,
\
N N JNH
£ 0
HE P
F
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(S)-N-[cis-3-({[tert-Butyl(dimetyl)silyl]oxy} metyl)-1-{5-[(7R,]1 4R)-1-(difloro-
methoxy)-5-0x0-5,6,7,14-tetrahydro-7,1 4-metanobenzimidazo[1,2-b][2,5]-benzodiazoxin-
11-y1]-3-floropyridin-2-yl}-3 -metylxyclobutyl]-2-metylpropane-2-sulfinamit

(7R,14R)-1-(Difloromethoxy)-1 1-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-6,7-
dihydro-7,14-metanobenzimidazo[1,2-b] [2,5]benzodiazoxin-5(14H)-one (Tai liéu WO
2016/050975, Chét trung gian 171) (405 mg, 0,87 mmol), Chét trung gian 34 (400 mg, 0,79
mmol), kali photphat héa tri ba (734 mg, 3.39 mmol) va trixyclohexyl-photphoni
tetrafloroborat (40 mg, 0,11 mmol) lo ling trong hdn hop 1,4-dioxan (10 mL) va nuéc (1
mL). Hén hop duge khu khi ba ldin  bang nito  truéc  khi cho thém
tris(dibenzylideneaxeton)dipaladi(0) (40 mg, 0,042 mmol). Hon hop tiép tuc duge khir khi
bang nito va duge 1am noéng ¢ 110°C trong 2,5 gio. Hon hop phan (mg dugc pha lodng véi
nuée va duoc chiét hai 14n bang EtOAc. Cac pha hitu co két hop duoc 1am khd (Na,SO,),
duoc loc va ¢d dac trong chan khong. Phén cin thé duoc tinh ché bing phép sic ky cot
nhanh trén silic dioxit (gradient rira gidi bing EtOAc/hexan 0-100%, tiép theo Ia
MeOH/DCM 0-10%) dé thu duoc hop chét tiéu d& (280 mg, 46%). LCMS (ES+) [M+H]"
768.2, RT 3,42 phuat (Phuong phap 4).
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CHAT TRUNG GIAN 36

©

(0

3-(Benzyloxy)-1-(triflorometyl)xyclobutan-1-ol

TBAF trong THF (1M, 2.84 mL) dugc thém vao timg giot vao dung dich dugc khudy
3-(benzyloxy)xyclobutan-1-one (5 g, 28,4 mmol) va trimetyl(triflorometyl)silane (5,03 mL,
34,1 mmol) trong THF (50 mL) & 0°C (nhiét do bén ngoai). Hon hop thu duge duge khuéy
& 0°C trong 2 gidy, sau d6 1a qua dém & nhiét do phong. Thém TBAF trong THF (25,5 mL)
vao va hdn hop duoc khudy & nhiét d6 phong trong 2 gio. Nude (50 mL) duoc thém vao va
hdn hop duoc db vao nuée mudi (50 mL). Phin du duge chiét bing EtOAc (3 x 75 mL).
Céc pha hitu co két hop rira bang nude mudi (25 mL) va dwoc lam kho (MgSO4), sau do
duoc loc va ¢6 dac trong chan khong. Diu thé mau cam thu duoc duge tinh ché bang phép
sic ky cot nhanh trén silic dioxit (gradient rira giai bing EtOAc 0-100% trong heptan) dé
thu duge hop chét tieu d& (6,5 g, 92%) dudi dang dau mau cam nhat. 3y (250 MHz, CDCL)
7,42-727 (m, SH), 4,44 (s, 2H), 3,88 (p, J 6,7 Hz, 1H), 2,91-2,74 (m, 2H), 2,56 (s, 1H),
2,32-2,15 (m, 2H).

CHAT TRUNG GIAN 37

&

S~ _0
i
FiF .

[3-(Benzyloxy)-1-(triflorometyl)xyclobutoxy](tert-butyl)dimetylsilane
tert-Butyldimetylsilyl triflorometansulfonat (6,16 mL, 30 mmol) dugc thém vao ting
giot vao dung dich dugc khudy Chét trung gian 36 (6 g, 24,4 mmol) va 2,6-dimetyl-pyridin
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(8,16 mL, 70 mmol) trong DCM (60 mL) ¢ -78°C. Hon hop duge khudy ¢ -78°C trong 30
phit, sau d6 duge lam dm tir tir dén nhiét do phong d¢ qua dém. Hdn hop da duge xir i bang
dung dich natri hydro cacbonat bdo hoa (60 mL) va cac 16p dugce tach ra. Pha nuéce dugc
chiét thém bing DCM (60 mL). Pha hitu co két hop duoc lam khd (MgSO,), duge loc va ¢d
dac trong chan khong. Phin du dugc tinh ché bang phép sic ky cot nhanh trén silic dioxit
(gradient rtra giai bang EtOAc 0-100% trong heptan) dé thu duoc hop chét tiéu dé (8,14 g,
93%) duéi dang dau mau vang nhat. 8y (250 MHz, CDCls) 7,45-7,27 (m, 5H), 4,43 (s, 2H),
3,82 (p, J 6,8 Hz, 1H), 2,92-2,74 (m, 2H), 2,35-2,17 (m, 2H), 0,90 (s, 9H), 0,14 (s, 6H).

CHAT TRUNG GIAN 38

3-{[tert-Butyl(dimetyl)silylJoxy}-3-(triflorometyl)xyclobutan-1 -ol

Khudy hén hop Chét trung gian 37 (8,14 g, 22,6 mmol) va 10% paladitrén cacbon
(50% trong nude, 2,41 g, 11,3 mmol) trong etanol (163 mL) duoc dit trong moi truong khi
hydro. Hon hop phan tng dugc khudy & nhiét 6 phong trong 24 gio, sau d6 duge loc qua
celite. Dich loc dong banh dugc rua bang MeOH (3 x 50 mL). Dich loc duge ¢6 dac trong
chan khong. Phin cin sam mau thu duge dugce loc qua celite va dich loc dong banh duoc
rira bing MeOH (3 x 50 mL). Dich loc dugc ¢6 ddc trong chan khéng dé thu dugc hop chit
tidu dé (6,2 g, 98%) dudi dang sap mau Vvémg nhat. & (250 MHz, CDCls) 4,21-4,01 (m, 1H),
2,99-2,84 (m, 2H), 2,34-2,14 (m, 2H), 1,89 (s, 1H), 0,90 (s, 9H), 0,14 (s, 6H).
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CHAT TRUNG GIAN 39

3-{[tert-Butyl(dimetyl)silylJoxy}-3-(triflorometyl)xyclobutan-1-one

Dess-Martin periodinane (11,3 g, 26,9 mmol) dugc thém vao dung dich dugc khuay
Chét trung gian 38 (6,2 g, 22,2 mmol) trong DCM (175 mL) ¢ nhiét 6 phong. Hon hop
duoc khudy qua dém & nhiét d§ phong, sau do pha loang véi DCM (50 mL) va duge loc qua
miéng celite. Dich loc dong banh dugc rira thém béng DCM (25 mL), va dich loc duoc )
vao dung dich natri hydro cacbonat bdo hoa (100 mL). Céc 16p duoc tach ra, va pha nudc
duoc chiét thém bang DCM (50 mL). Céc pha hiru co két hop duge lam kho (MgSOy), duge
loc va ¢d dac trong chan khong. Chét rén dang sap két tinh thu dwge duoc tinh ché bing
phép sdc ky cot nhanh trén silic dioxit (gradient rira gidi bang EtOAc 0-100% trong heptan)
dé thu duoc hop chét tiéu d& (5,71 g, 86%) dudi dang dau mau vang nhat. 8y (250 MHz,
CDCly) 3,61-3,40 (m, 2H), 3,31-3,15 (m, 2H), 0,91 (s, 9H), 0,20-0,13 (m, 6H).

CHAT TRUNG GIAN 40
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(R)-N-(3-{[tert-Butyl(dimetyl)silylJoxy}-3 ~(triflorometyl)xyclobutyliden)-2-metyl-
propane-2-sulfinamit

Titan(IV) etoxit (24,4 mL, 38,1 mmol) dugc thém vao dung dich dugc khudy Chét
trung gian 39 (5 g, 18,6 mmol) trong THEF (100 mL) ¢ nhiét do phong dudi nito. Hoén hop
duoc khudy trong 10 phut, sau d6 (R)-2-metylpropane-2-sulfinamit (4,52 g, 37,3 mmol)

dwoc thém vao. Hon hop duge lam néng ¢ 65°C trong 1,5 gio, sau d6 dugce lam lanh dén
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nhiét do phong. Hon hop pha loang v6i nude mudi (70 mL), BtOAc (200 mL) va nudce (35
mL), sau d6 dugc khudy manh mé& trong 15 phut. Lép hitu co duge chét va nhii twong con
lai dugc loc qua giéy loc. Dich loc duoc chiét thém bang EtOAc (100 mL). Cac pha hitu co
két hop rira bang nude mudi (50 mL) va duge 1am khd (MgSOy), sau d6 dugce loc va co dac
trong chan khong. Siro thd mau vang thu dugc duge tinh ché bang phép sic ky cot nhanh
trén silic dioxit (gradient rira giai bang EtOAc 0-50% trong heptan) dé thu dugc hop chét
tiéu d& (5,5 g 80%) du6i dang diu mau vang nhat. 8y (250 MHz, CDCL) 4,18-3,11 (m,
4H), 1,29-1,20 (m, 9H), 0,90 (s, 9H), 0,15 (s, 6H). LCMS (ESI) [M+H]" 372,15, RT 1,52
phut (Phuong phap 8).

CHAT TRUNG GIAN 41

(R)-N-[1-(5-Bromo-3-floropyridin-2-yl)-3-{ [tert-butyl(dimetyl)silyl]oxy }-3-(trifloro-
metyl)xyclobutyl]-2-metylpropane-2-sulfinamit

n-Butyllithi trong hexan (2,5M, 3,47 mL, 8,66 mmol) dugc thém vao timg giot vao
dung dich dugc khudy 2,5-dibromo-3-floropyridin (2,17 g, 8,51 mmol) trong DCM (140
mL) & -70°C (nhiét dd bén ngoai). Sau khi khudy trong 15 phut, dung dich cua Chét trung
gian 40 (2,75 g, 7,4 mmol) trong DCM (14 mL) dugc thém vao tirng giot. Qua trinh khudy
duogc duy tri & -70°C trong 2 gio. Hon hgp duoc 1am 4m tur tir dén nhiét @6 phong trong
khoang 1,5 gio, sau d6 dugce lam lanh lai dén 0°C. Dung dich amoni clorua bao hoa (100
mL) dugc thém vao va hdn hop duge khudy manh mé trong 10 phut. Cac 16p dugc tach ra
va pha nuée dugce chiét thém bing DCM (2 x 100 mL). Céc pha hitu co két hop duge lam
kho (MgS0,), duge loc va cd déc trong chan khong. Phan cin tho duoc tinh ché bang phép
sdc ky cot nhanh trén silic dioxit (gradient rira giai bang 0-50% EtOAc trong heptan) dé thu
duoc hop chét tiéu dé (1,68 g, 42%) dudi dang chat gébm mau cam nhat. & (250 MHz,
CDCly) 8,46 (d, ] 6,7 Hz, 1H), 7,65-7,50 (m, 1H), 3,86 (s, 1H), 3,50-3,33 (m, 1H), 3:,13-2,89
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(m, 2H), 2,88-2,59 (m, 1H), 1,19-1,11 (m, 9H), 0,95-0,69 (m, 9H), 0,24 t6i -0,07 (m, 6H).
LCMS (ESI) [M+H]" 547,2, RT 1,91 phat (Phuong phép 9).

CHAT TRUNG GIAN 42

(R)-N-[3-{[tert-Butyl(dimetyl)silyl]oxy }-1-{5-[(7R,14R)-1-(difloromethoxy)-6-
metyl-5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[ 1,2-b][2,5]benzodiazoxin-11-yl]-
3-floropyridin-2-yl}-3-(triflorometyl)xyclobutyl]-2-metylpropane-2-sulfinamit

Chét trung gian 4 (886 mg, 1,84 mmol) dugc thém vao dung dich dugce khqu Chit
trung gian 41 (840 mg, 1,53 mmol) trong 1,4-dioxan (10 mL) tai nhiét d6 phong trong binh
ap suét c6 thé bit kin. Hon hop da dugc xir Ii bing 2M dung dich nuée kali cacbonat (2,3
mL) va dugc 1am sach bang nito trong 15 phat. XPhos (73 mg, 0.15 mmol) va XPhos Pd G2
(121 mg, 0,15 mmol) dugc thém vao va binh duge bit kin. Hon hop dugc khuéy & 100°C
trong 4 gid, sau d6 dugc 1am lanh dén nhiét d6 phong. Hon hop sim mau dwoc pha loang
v6i EtOAc (30 mL) va duge db vao nude mudi (50 mL). Cac 16p dwoc tach ra va pha nude
duoc chiét thém bang EtOAc (2 x 25 mL). Pha hitu co két hop dugce rira bang nude mubi
(25 mL) va dugce lam khd (MgSO,), sau d6 dugc loc va co dic trong chan khong. Phan cin
sim mau thu duge dugce tinh ché bing phép sic ky cot nhanh trén silic dioxit (gradient rtra
giai bing MeOH 0-10% trong DCM). Bot mau nau nhat thu duge duge tinh ché thém bing
phép sic ky c6t nhanh trén silic dioxit (gradieht rira giai bing EtOAc 0-100% trong heptan)
dé thu duoc hop chét tiéu dé (1,00 g, 76%) dudi dang bot mau tréng nhat. dy (250 MHz,
CDCl3) 8,64 (dd, J 3,4, 1,7 Hz, 1H), 8,49 (d, J 8,1 Hz, 1H), 7,82-7,30 (m, 6H), 7,19-6,53 (m,
1H), 6,35-6,21 (m, 1H), 5,04-4,94 (m, 1H), 3,94 (s, 1H), 3,53 (s, 3H), 3,49-3,39 (m, 1H),
3,17-2,67 (m, 4H), 1,30-1,22 (m, 1H), 1,22-1,12 (m, 9H), 1,00-0,63 (m, 9H), 0,25 to -0,05
(m, 6H). LCMS (ESI) [M+H]" 822,4, RT 2,22/2,26 phit (Phuong phép 10).
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CHAT TRUNG GIAN 43

(R)-N-[1-{5-[(7R,14R)-1 -(Difloromethoxy)-6-metyl-5-0x0-5,6,7,1 4-tetrahydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-y1]-3 ~floropyridin-2-yl}-3-hydroxy-3-
(triflorometyl)xyclobutyl]-2-metylpropane-2-sulfinamit

TBAF trong THF (1M, 2,33 mL, 2,32 mmol) dugc thém vao dung dich dugc khuéy
Chét trung gian 42 (1 g, 1,16 mmol) trong THF (15 mL) ¢ nhiét d6 phong. Hon hop duge
lam 4m va dwoc khudy & 35°C trong 2 gid. Sau khi 1am lanh dén nhigt do phong, hon hop
duoc d6 vao nude (25 mL) va chiét bang EtOAc (3 x 25 mL). Pha hitu co két hop duoc ria
bang nudc mudi (30 mL) va dugc lam kho (MgSOy), sau do dugc loc va ¢d dac trong chan
khong. Chét rén mau tring nhat thu duge (0,9 g) lo ling trong DMSO-MeOH (ti 1€ 1:1; 6
mL). H bot dic thu duoc dugce cd dic trong chan khong dé thu dwoc hop chét tiéu dé dang
tho (0,82 g) dudi dang chét rén mau tring, dugc st dung ma khong can tinh ché thém.

LCMS (EST) [M+I1]" 708,4, RT 3,11 phut (Phuong phap 11).

CHAT TRUNG GIAN 44

(R)-N-[1-(5-Bromopyrimidin-2-yl)-3-{ [tert-butyl(dimetyl)silyl]oxy }-3-(trifloro-
metyl)xyclobutyl]-2-metylpropane-2-sulfinamit

n-Butyllithi trong hexan (2,5M, 5,09 mL, 12,7 mmol) duoc thém vao timg giot vao
dung dich dugc khudy 5-bromo-2-iodopyrimidin (3,56 g, 12,51 mmol) trong DCM (230
mL) & -70°C (nhiét d§ bén ngoai). Sau khi khudy trong 15 phut, dung dich Chét trung gian
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40 (4,04 g, 10,9 mmol) trong DCM (20 mL) dugc thém vao tirng giot. Qua trinh khuéy duoc
duy tri & -70°C trong 2 gid. Trong khi & nhiét do nay, hdn hop duoc lam ngudi bing dung
dich amoni clorua bio hoa (150 mL) va hd xi-mang thu dugc dwoc 1am 4m tir tir dén nhiét
d6 phong. Céc 16p duoc tach ra va pha nu6e duge chiét thém bang DCM (100 mL). Pha hitu
co két hop duoc 1am kho (MgSOy,), duge loc va co dic trong chan khong. Déu/chat rin mau
pau sam thu duge duoc tinh ché bang phép sdc ky cot nhanh trén silic dioxit (gradient rira
gidi bing EtOAc 0-100% trong heptan). Tinh ché thém dau vang tinh khiét mot phan thu
duoc bang phuong phép séc ky cot nhanh trén silic didxit pha dao (gradient rira giai bing
10-100% axetonitril trong nuwdc dugc pha vai axit fomic 0,1%) thu duwogc hop chat tiéu dé
(0,51 g, 9%) dudi dang dau mau cam nhat. 8y (250 MHz, CDCls) 8,81-8,74 (m, 2H), 4,48
(d, J 33,1 Hz, 1H), 3,90-2,64 (m, 4H), 1,23-1,15 (m, 9H), 0,97-0,70 (m, 9H), 0,22 to -0,05
(m, 6H). LCMS (ESI) [M+H]" 530/532, RT 1,53 phut (Phuong phap 8).

CHAT TRUNG GIAN 45
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(R)-N-[3-{[tert-Butyl(dimetyl)silyl]oxy}-1-{5-[(7R,14R)-1-(difloromethoxy)-6-
metyl-5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-
pyrimidin-2-yl}-3-(triflorometyl)xyclobutyl]-2-metylpropane-2-sulfinamit

Chét trung gian 4 (552 mg, 1,15 mmol) dugc thém vao dung dich duge khudy Chat
trung gian 44 (507 mg, 0,96 mmol) trong 1,4-dioxan (7 mL) tai nhiét d0 phong trong binh
ap sudt c6 thé bit kin. Hon hop da duoc xtr 1i bang 2M dung dich nuéc kali cacbonat (1,44
mL) va hén hop duge lam sach bang nito trong 15 phut. XPhos (46 mg, 0,1 mmol) va
XPhos Pd G2 (75 mg, 0,1 mmol) dugc thém vao va binh dugc bit kin. Hon hop duoc khuéy
& 100°C trong 4 gio, sau d6 duge lam lanh dén nhiét do phong. Hon hgp sdm mau dugc pha
loang véi EtOAc (30 mL) va dugce d6 vao nude mudi (50 mL). Céc 16p duoc tach ra va pha

nuée duge chiét thém bing EtOAc (2 x 25 mL). Céc pha hitu co két hop ria bing nuéce
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mudi (25 mL) va duge lam kho (MgSOy), sau d6 dugce loc va ¢o dic trong chéan khong. Phan
can sam mau thu duge (1,18 g) duoc tinh ché bang phép séc ky cot nhanh trén silic dioxit
(gradient rua giai bang EtOAc 0-100% trong heptan). Bot thd mau cam nhat thu dugc tinh
ché thém bing phép sfc ky ot trén silic didxit pha dao (gradient rira gidi bang 10-100%
axetonitril trong nudc duge pha véi axit fomic 0,1%) dé thu duogc hop chét tiéu dé (0,61 g,
79%) dudi dang chat nén thiy tinh mau tring nhat. 8y (250 MHz, CDCL) 9,04-8,87 (m,
2H), 8,50 (d, J 8,1 Hz, 1H), 7,92-7,79 (m, 1H), 7,71 (s, 1H), 7,56-7,31 (m, 3H), 6,89 (t, J
72,7 Hz, 1H), 6,31 (d, ] 7.2 Hz, 1H), 5,04 (d, ] 7,2 Hz, 1H), 4,66-4,40 (m, 1H), 3,64 (d, J
14,8 Hz, 1H), 3,52 (s, 3H), 3,20-2,70 (m, 5H), 1,36-1,14 (m, 9H), 1,02-0,66 (m, 9H), 0,26 to
-0,11 (m, 6H). LCMS (ESI) [M+H]" 805,4, RT 1,54 phat (Phuong phép 8).

CHAT TRUNG GIAN 46
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(R)—N-[l—{5—[(7R,14R)-1-(Diﬂoromethoxy)-6-mety1—5-oxo—S,6,7,14-tetrahydro—7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]pyrimidin-2-y1} -3-hydroxy-3-
(triflorometyl)xyclobutyl]-2-metylpropane-2-sulfinamit

TBAF trong THF (1M, 1,52 mL) d& dugc thém vao dung dich duge khudy cua Chét
trung gian 45 (0,61 g, 0,76 mmol) trong THF (10 mL) & nhiét d§ phong. Hon hop duogc
khudy ¢ nhiét do phong qua dém, sau do6 d6 vao nudce (35 mL). Phan cin duge chiét bang
EtOAc (3 x 35 mL). Cac pha hitru co két hop duge ria bang nude (30 mL) va nude mubi (30
mL), sau d6 dugc séy khé (MgSQy), duge loc va duoc cb déc trong chan khong, dé tao ra
hop chét tiéu d& (0,474 g, 90%) dudi dang chét ran mau tring nhat. 8,; (250 MHz, CD;0D)
9.14-9,04 (m, 2H), 8,47-8,35 (m, 1H), 7,96-7,89 (m, 1H), 7.82 (d, J 8,5 Hz, 1H), 7,65 (dd, J
8,6, 1,7 Hz, 1H), 7,63-7,03 (m, 3H), 6,49 (d, J 7,1 Hz, 1H), 5,26 (d, ] 7.1 Hz, 1H), 4,59 (s,
1H), 3,73-3,57 (m, 1H), 3,52 (s, 3H), 3,43-3,36 (m, 1H), 3,10-2,87 (m, 3H), 2,75 (d, J 14,4
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Hz, 1H), 1,33-1,19 (m, 9H). LCMS (ESI) [M+H]" 691,25, RT 1,10 & 1,13 phut (Phuong
phap 8).

CHAT TRUNG GIAN 47
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(R)-N-[3-{[tert-Butyl(dimetyl)silyl]oxy }-1-{5-[(7R,14R)-1-(difloromethoxy)-5-0xo-
5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl] -3-floro-
pyridin-2-yl}-3-(triflorometyl)xyclobutyl]-2-metylpropane-2-sulfinamit

Dé dung dich duoc khudy ctia Chat trung gian 41 (400 mg, 0,73 mmol) va (7R,14R)-
1-(difloromethoxy)-11-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-yl)-6,7-dihydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-one (Tai liéu WO 2016/050975, Chat
trung gian 171) (383 mg, 0,8 mmol) trong 1,4-dioxan (10 mL) d& dugc thém vao dung dich
kali cacbonat 2M (1,1 mL). Hon hop phan tng duge khir khi bang nito, sau d6 XPhos (35
mg, 0,07 mmol) va XPhos Pd G2 (57 mg, 0,07 mmol) dugc thém vao. Hon hop phén tmg
duoc dun nong trong 6ng kin & 100°C trong 2,5 gio. Hon hop phan tmg duoc 1am mat, sau
d6 pha lodng véi EtOAc (50 mL) va rira bing nuée mudi (2 x 25 mL). Lép hitu co duoc sdy
kho (Na,SO,), duge loc va ¢6 déc trong chin khong. Phén cin thd duge tinh ché bang phép
sic Ly cot nhanh trén silic dioxit (rira giai gradient bing EtOAc/heptan 0-100% tiép theo d6
14 0-20% MeOH/EtOAc), sau d6 bang sic ky cot trén silic dioxit pha dao (rira giai gradient
Vi axetonitril/nude 10-100% + axit fomic0,1%), dé thu duge hop chét tiéu dé& (469 mg,
72%) (ti 1& 4:5 hdon hop cua ddng phan cis/trans) dudi dang chét rin mau tring. &y (500
MHz, CDCly) 8,62 (dd, J 7,2, 1,6 Hz, 1H), 8,42 (dt, J 7,9, 1,8 Hz, 1H), 7,79 (dd, J 8,3, 6,6
Hz, 1H), 7,66 (dd, J 5,3, 1,4 Hz, 1H), 7,61-7,52 (m, 1H), 7,49-7,36 (m, 3H), 7,09 (t, J 5,9
Hz, 1H), 6,87 (t, J 72,6 Hz, 1H), 6,37 (dd, T 7.2, 4,2 Hz, 1H), 4,99-4,87 (m, 1H), 3,94 (s,
1H), 3,91-3,83 (m, 0,56H, chinh), 3,55-3,48 (m, 2H), 3,14-3,05 (m, 1H), 3,03-2,99 (m,
0,44H, phu), 2,90-2,86 (m, 1H), 2,86-2,69 (m, 1H), 1,18 (s, 4H, phu), 1,17 (s, SH, chinh),
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0,94 (s, 4H, phu), 0,70 (s, SH, chinh), 0,19 (d, J 11,3 Hz, 2,67H, phu), -0,01 (d, J 11,3 Hz,
3,33H, chinh).

CHAT TRUNG GIAN 48

(R)-N-[1-{5-[(7R,14R)-1-(Difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-metano-
benzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-3-floropyridin-2-yl}-3-hydroxy-3-
(triflorometyl)xyclobutyl]-2-metylpropane-2-sulfinamit

Pé dung dich cua Chét trung gian 47 (469 mg, 0,56 mmol) trong THF (6 mL) da
duge thém TBAF trong THF (1M, 1,11 mL). Hon hop phan tmg duge khudy & 35°C trong 2
gio, sau d6 duoge lam lanh, pha lodng v6i nude mudi (50 mL) va duge chiét bang EtOAc (2
x 50 mL). Cac 16p hitu co két hop duge rira bang nude mudi (3 x 50 mL) va say kho
(Na,S0,), sau d6 duge loc va ¢d dic trong chan khong, dé thu dugc hop chit tiéu dé tho
(440 mg, dinh lugng) dudi dang bdt mau tréng nhat, dugc sir dung ma khong can tinh ché
thém. oy (500 MHz, CDCly) 8,49 (d, J 23,5 Hz, 1H), 8,41-8,28 (m, 1H), 7,67 (dd, J 31,2, 8,5
Hz, 1H), 7,57 (dd, J 13,3, 1,4 Hz, 1H), 7,47 (ddd, J 12,0, 6,2, 1,8 Hz, 1H), 7,39-7,26 (m,
3H), 7,10-7,00 (m, 1H), 6,78 (td, J 72,7, 4,2 Hz, 1H), 6,28 (d, J 7,2 Hz, 1H), 4,86 (t, J 6.5
Hz, 1H), 4,43-4,04 (m, 1H), 3,52-3,33 (m, 3H), 3,06-2,55 (m, 4H), 1,11 (d, J4,1 Hz, 9H).
LCMS (ESI) [M+H]" 694,3, RT 1,35 va 1,40 phut (Phuong phap 9).
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CHAT TRUNG GIAN 49
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Metyl 3,3-dimethoxyxyclobutancarboxylat

Ethyl 3-oxoxyclobutancarboxylat (53 g, 372,8 mmol), trimetyl orthofocmat (200 mL,
1830 mmol) va 4-axit metylbenzenesulfonic hydrat (1:1) (7,09 g, 37,3 mmol) dugc két hop
trong metanol (500 mL) va dugc dun néng dudi hdi luu, khudy, trong 1 gid. Hon hop phéan
mg dugc lam lanh dén nhiét do phong va c6 dac dudi ap suat giam. Phan can duoc hoa tan
trong dietyl ete (500 mL) va rua bang dung dich NaHCOj; béo hoa (400 mL). Pha nuéc
duoc chiét bang dietyl ete (500 mL). Céc pha hitu co két hop duge sdy kho (MgSOy), duge
loc va c¢O ddc trong chan khong. Phin cin duoc hdn hop dang phi v6i heptan, dé loai bo
trimetyl orthofocmat con lai, d& thu dugc hop chat tiéu dé (71,5 g, 99%) dwéi dang dau mau
be nhat. & (500 MHz, CDCls) 3,69 (s, 3H), 3,17 (s, 3H), 3,15 (s, 3H), 2,88 (m, 1H), 2,48-
2,32 (m, 4H).

CHAT TRUNG GIAN 50
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Metyl 3,3-dimethoxy-1-metylxyclobutancarboxylat

Trong mdi trudong khi nito, dung dich LDA 2M (108,5 mL, 217 mmol trong THF) da
duoc thém vao THF (300 mL) ¢ -78°C. Dung dich Chét trung gian 49 (90%, 35 g, 180.8
mmol) trong THF (50 mL) dd dugc thém vao tung giot trong 25 phut, duy tri nhiét do bén
trong ¢ -78°C. Sau khi bd sung hoan toan, hdn hop nay dugc khudy trong 30 phut, sau do
iodometan (15 mL, 241 mmol) dugc thém vao tung giot. Hon hop duoc khudy tai -78°C
trong 30 phut, sau do lam Am dén nhiét d6 phong trong hon 1 gio. Hon hop nay dugc d6 vao
dung dich NH,CI bdo hoa (300 mL) va dugc chiét bang dietyl ete (2 x 500 mL). Cac pha

hitu co két hop dugc rira bﬁmg nude mudi va séy khdé (Na,SOy), sau d6 duge loc va bay hoi
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dén kho. Phan du duoc tinh ché bang phép sic ky cot nhanh (EtOAc 40% trong heptan) dé
thu duoc hop chit tidu d& (23 g, 57%) dusi dang ddu mau vang nhat (23 g, 57%). oy (250
MHz, CDCl5) 3,70 (s, 3H), 3,16 (s, 3H), 3,13 (s, 3H), 2,68-2,55 (m, 2H), 2,13-1,99 (m, 2H),
1,43 (s, 3H).

CHAT TRUNG GIAN 51

OH

Dideuterio(3,3-dimethoxy-1-metylxyclobutyl)metanol

Trong moi trwong khi nito, huyén phu LiAID4 (5 g, 119 mmol) trong THF (400 mL)
& 0°C (bé nudc da) duge thém tung giot vao dung dich cua Chét trung gian 50 (27,2 g,
118,5 mmol) trong THF (100 mL). Khi bé sung hoan tit, hdn hop phan tmg dugce khudy tai
nhiét d§ phong dé qua dém, sau d6 lam lanh trong bon nude da. Nude (5 mL) duoce thém
vao timg giot khi khudy. Huyén pht hinh thanh duoc pha lodng véi THF (150 mL), sau d6
b6 sung dung dich NaOH 15% (5 mL) va nuée (15 mL). D& huyén phu thu duge duge thém
Na,SO, (40 g), va hdn hop nay duoc khuéy trong 30 phut. Huyén phu dang hat dugc loc va
rira bang dietyl ete, sau d6 cac mang loc két hop duge ¢ dic dudi ap sudt giam, dé tao ra
hop chét tiéu dé (23,8 g, 99%) dudi dang dau mau vang nhat (23,8 g, 99%). 3y (250 MHz,
CDCLy) 3,22-3,07 (m, 6H), 2,17-2,03 (m, 2H), 1,93-1,78 (m, 2H), 1,18 (s, 3H).

CHAT TRUNG GIAN 52
0

D
D

OH

3-[Dideuterio(hydroxy)metyl]-3-metylxyclobutanone
Dé dung dich Chat trung gian 51 (23,8 g, 117,3 mmol) trong axeton (240 mL) va
nude (80 mL) duge thém 4-axit metylbenzenesulfonic hydrat (1:1) (5 g, 26,3 mmol). Hon

hop phan tmg dugce 1am néng & 65°C trong 2 gio, sau d6 duge phép gilt nguyén & nhiét do
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phong dé qua dém. Cac axeton di dugc loai bo dudi ap sudt giam. Hon hop thu duge duoc
didu ché bing NaHCO; rin dén pH 8 va dugc chiét bing DCM (5 x 130 mL). Céc 16p hiru
co két hop duge lam khd trén Na,SO, va duoc loc qua phéu, sau d6 c¢6 dac dudi ap suét
giam, dé thu duoc hop chat tiéu dé (16 g, 94%) dudi dang dau mau nau nhat. 5y (250 MHz,
CDCl;) 3,12-2,92 (m, 2H), 2,79-2,57 (m, 2H), 1,69 (s, 1H), 1,36 (s, 3H).

CHAT TRUNG GIAN 53
0
D
D

0]
7%3'/\

3-{[tert-Butyl(dimetyl)silyl]oxy(dideuterio)metyl } -3-metylxyclobutanone

Pé dung dich ctia Chét trung gian 52 (16 g, 110 mmol) trong DMF (100 mL) duoc
thém 1H-imidazol (15 g, 220 mmol) va tert-butyl(cloro)dimetylsilane (22 g, 146 mmol).
Hdn hop duoc khudy tai nhiét d6 phong qua dém, sau d6 pha loang véi dietyl ete (250 mL)
va nude (200 mL). Céc 16p dugc tach ra, sau d6 16p dung dich nude duge chiét bang dietyl
ete (250 mL). Cac pha hitu co két hop dwoc rira bang nude mudi (3 x 80 mL) va lam kho
trén MgSOy, sau dé dugc loc va ¢6 dac trong chan khong, dé thu duoc hop chét tiéu dé (30
g, 97%) dudi dang dau mau nau nhat. 8y (250 MHz, CDCl;) 3,13-2,94 (m, 2H), 2,70-2,51
(m, 2H), 1,29 (s, 3H), 0,89 (s, 9H), 0,06 (s, 6H).
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CHAT TRUNG GIAN 54

O“S’Q
4

N\

N-(3-{[tert-Butyl(dimetyl)silyl]oxy(dideuterio)metyl}-3-metylxyclobutyliden)-2-
metylpropane-2-sulfinamit

DPé dung dich cia Chét trung gian 53 (30 g, 107 mmol) trong THF khan (250 mL)
trong mdi truong nito duge thém vao (R)-2-metylpropane-2-sulfinamit (15,53 g, 128,1
mmol), tiép theo 1a titan(IV) etoxit (50 mL, 202,7 mmol). H3n hop dwoc khudy tai nhiét do
phong trong 24 gio. Cac phan khac cta (R)-2-metylpropane-2-sulfinamit (2,8 g, 23,1 mmol)
va titan(IV) etoxit (5 mL, 20,27 mmol) dd dugc thém vao hon hop phan Gng, sau d6 duge
khudy & 65°C trong 4 gio. Hon hop phan (mg dugc lam lanh dén nhiét do phong va nudce
(13 mL) da duoc thém vao, tiép theo 1a EtOAc (200 mL). Hon hop phan tmg dugce loc qua
celite va chét ran duogc rira k§ bing EtOAc. Dich loc duge lam khd trén Na,SO,, sau do
duoc loc va bay hoi trong chan khong. Phén cin thd duogce tinh ché bang phép sdc ky cot (5-
20% BtOAc trong heptan) dé thu duogc hop chét tidu d& (31,5 g, 84%) dudi dang dau mau
vang. & (500 MHz, CDCl;) 3,47-3,16 (m, 1H), 3,13-2,83 (m, 2H), 2,71-2,55 (m, 1H), 1,25-
1,21 (m, 12H), 0,91-0,87 (m, 9H), 0,05 (s, 6H) (ti ¢ 1: 1 hdn hop cua céc d6ng phan E/Z)
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CHAT TRUNG GIAN 55

oy
D>I\\0)§N
D NH
Jo !
—Si 053:

N-[1-(5-Bromopyrimidin-2-yl)-3-{ [tert-butyl(dimetyl)silylJoxy(dideuterio)metyl}-3-
metylxyclobutyl]-2-metylpropane-2-sulfinamit

Trong méi trudong khi nito, dung dich cua 5-bromo-2-iodopyrimidin (71,2 g, 250
mmol) trong DCM khan (1,25 L) duoc 1am lanh dén -78°C. Pé dung dich duge thém vao
dung dich butyllithi 2,5M (100 mL, 250 mmol trong hexan) qua 6ng thong, duy tri nhiét do
bén trong dudi -68°C. Huyén phu dam dic duge khudy trong 20 phut & -78°C. Dung dich
Chét trung gian 54 (24 g, 68,3 mmol) trong DCM khan (100 mL) da dugc thém vao, duy tri
nhiét do bén trong dudi -68°C. Sau do, hdn hop nay dugc khuéy trong 10 phut, sau do dung
dich NH,CI bio hoa (400 mL) va nude (100 mL) duge thém vao. Hon hop duge lam 4m dén
nhiét do phong, sau d6 pha hitu co dugc tach ra va pha nude duoc chiét bang DCM (2 x 300
mL). Céac pha hitu co két hop duge 1am khé trén Na,SOy, sau d6 dugc loc va bay hoi trong
chan khong. Phan can thd duge tinh ché bing phép séc ky cot nhanh (20-100% EtOAc trong
heptan), sau d6 dugc két tinh lai tir heptan. Phan du dugc tinh loc thém béng phép sc ky cot
nhanh (20 - 35% BtOAc trong heptan) dé thu duoc hop chit tiéu d& (0,93 g) dudi dang chit
rén mau tring. 8y (500 MHz, CDCly) 8,70 (s, 2H), 4,34 (s, 1H), 2,80-2,74 (m, 1H), 2,44-
2,35 (m, 2H), 2,26-2,20 (m, 1H), 1,13 (s, 9H), 0.97 (s, 3H), 0,86-0,83 (m, 9H), 0,00 (s, 6H).

-66-



35812

CHAT TRUNG GIAN 56

NZ
D D
D N
o NH

N-(cis-3-{[tert-Butyl(dimetyl)silylJoxy(dideutero)metyl }-1-{5-[(7R,14R)-1-(difloro-
methoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2, 5]-benzodiazoxin-
11-yl]pyrimidin-2-y1}-3-metylxyclobutyl)-2-metylpropane-2-sulfinamit

Dung dich Chét trung gian 55 (1,36 g, 2,51 mmol), (7R,14R)-1-(difloro-methoxy)-
11-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-6,7-dihydro-7,1 4-metano-benzimidazo[1,2-
b][2,5]benzodiazoxin-5(14H)-one (Tai liéu WO 2016/050975, Chat trung gian 171) (1,32 g,
2,51 mmol) va kali photphat hoa tri ba (2,13 g, 10 mmol) trong 1,4 dioxan (5 mL) va nudc
(1,5 mL) dugc khtr khi bing nito, sau d6 tris(dibenzylideneaxeton)-dipaladi(0) (0,12 g, 0,13
mmol) va trixyclohexylphotphoni tetrafloroborat (0,11 g, 0,3 mmol) da dugc thém vao. Hon
hop phan tmg dwgc dun néng & 100°C trong 16 gio, sau d6 pha lodng vo6i nude (5 mL) va
duoc chiét bang EtOAc (3 x 15 mL). Cac pha hitu co dugc két hop, ria bing nude mudi béo
hoa (10 mL) va lam kho trén Na,SO,, sau do duge loc va bay hoi trong chén khéng. Dau
mau nau thu duogc dugc tinh ché béng phép séc ky cot st dung cot KP-NH 55 g (50-100%
EtOAc trong heptan, tiép theo 1a 0-15% MeOH trong EtOAc) dé tao ra hop chit tiéu dé
(1,68 g, 94%) dudi dang bot mau vang. & (500 MHz, DMSO-dg) 9,15 (d, J 6,8 Hz, 1H),
9,08 (s, 2H), 8,23 (dd, J 7,7, 1,6 Hz, 1H), 7,84-7,67 (m, 3H), 7,64 (dd, J 8,6, 1,7 Hz, 1H),
7,55-7,47 (m, 2H), 6,37 (d, J 7,1 Hz, 1H), 5,64 (s, 1H), 4,90 (t, ] 6,8 Hz, 1H), 3,54-3,45 (m,
1H), 2,75 (d, J 13,3 Hz, 1H), 2,70 (d, J 12,3 Hz, 1H), 2,46-2,40 (m, 3H), 1,07 (s, 9H), 0,94
(s, 3H), 0,89 (s, 9H), 0,07 (d, J 0,8 Hz, 6H). LCMS (ESI+) [M+H]" 753,4, RT 1,87 phut
(Phuong phép 1).
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CHAT TRUNG GIAN 57

N-[cis-3-({[tert-Butyl(dimetyl)silylJoxy}metyl)-1-{5-[(7R,14R)-1 -(difloromethoxy)-
5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11 -yl]-
pyrimidin-2-yl}-3-metylxyclobutyl]-2-metylpropane-2-sulfinamit

Puge didu ché tr Chét trung gian 32 va (7R,14R)-1-(difloromethoxy)-11-(4.4.5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-6,7-dihydro-7,1 4-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-5(14H)-one (Tai ligu WO 2016/050975, Chét trung gian 171) theo quy trinh
dwoc md ta cho Chét trung gian 56. LCMS (ESI+) [M+H]" 751,2, RT 3,20 phut (Phuong

phép 1).

CHAT TRUNG GIAN 58

N-[1-(5-Bromo-3-floropyridin-2-yl)-3-{[tert-butyl(dimetyl)silyl]oxy(dideuterio)-
metyl}-3-metylxyclobutyl]-2-metylpropane-2-sulfinamit

Duoc didu ché tir Chit trung gian 54 va 2.5-dibromo-3-floropyridin theo quy trinh
dugc mo ta cho Chét trung gian 55. 8y (500 MHz, CDCls) 8,41-8,35 (m, 1H), 7.47 (dd, J
9.9, 1,9 Hz, 1H), 3,76 (s, 1H), 2,70 (d, J 12,9 Hz, 1H), 2,48-2,38 (m, 2H), 2,37-2,30 (m,
1H), 1,07 (s, 9H), 0,87 (s, 3H), 0,85 (s, 9H), 0,00 (s, 6H). LCMS (ESI+) [M+H]" 509,05,
RT 1,67 phtt (Phuong phéap 1).
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CHAT TRUNG GIAN 59
| D..H
N/ | "y
D
D N “

N—(cis-3-{[tert-Butyl(dimetyl)silyl]oxy(dideutero)metyl}-1-{5-[(7R,14R)-1-(diﬂ0ro-
methoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-metanobenzimidazo[1,2-b][2, 5]-benzodiazoxin-
11-yl}-3-floropyridin-2-yl1} -3-metylxyclobutyl)-2-metylpropane-2-sulfinamit

Pugc didu ché tir Chét trung gian 58 va (7R,14R)-1-(difloromethoxy)-11-(4.,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-6,7-dihydro-7,1 4-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-5(14H)-one (Tai liéu WO 2016/050975, Chét trung gian 171) theo quy trinh
duge mo ta cho Chét trung gian 56. 8 (500 MHz, DMSO-de) 9,14 (d, J 6,8 Hz, 1H), 8,73-
8,62 (m, 1H), 8,23 (dd, J 7,8, 1,5 Hz, 1H), 7,89 (dd, J 12,2, 1,8 Hz, 1H), 7,86-7,54 (m, 4H),
7,54-7.47 (m, 2H), 6,36 (d, T 7,1 Hz, 1H), 5,46 (s, 1H), 4,89 (t, J 6,8 Hz, 1H), 3,49 (dt, ]
13,4, 6,9 Hz, 1H), 2,74 (d, J 13,3 Hz, 1H), 2,68-2,57 (m, 2H), 2,48-2,41 (m, 2H), 1,04 (s,
9H), 0,90 (s, 9H), 0,87 (s, 3H), 0,07 (d, J 1,2 Hz, 6H). LCMS (ESI+) [M+H]" 770,3, RT
1,60 phiit (Phwong phép 1). |

ViDU 1

cis-3-Amino-3-{5-[(7R,14R)-1-(difloromethoxy)-6-metyl-5-0x0-5,6,7,1 4-tetrahydro-
7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]pyrimidin-2-yl}-1-metyl-
xyclobutancarbonitril

Pé chét trung gian 5 (178 mg, 0,24 mmol) hoa tan trong MeOH (5 mL) d& dugc thém
axit clohydric 4M trong 1,4-dioxan (0,31 mL). Hon hop phan tng duge khudy tai nhiét do
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phong trong 90 phut, sau d6 dung méi dugc loai bo trong chan khéng. Chit nén thuy tinh
mau niu thu duge dugc tinh ché bang phép sic ky cot nhanh trén silic dioxit (rda giai
gradient v6i DCM 100% dén MeOH/DCM25%). Hdn hop thu dugce cia cac dong phan cis
va trans duge tinh ché bing HPLC duge chuin bi sin dé thu duogc hop chat tidu d& (9 mg,
7%) dudi dang cht rin mau tring. 35(300 MHz, DMSO-dg) 9.07 (s, 2H), 8,32-8,20 (m,
1H), 7,96-7.40 (m, 6H), 6,31 (d, J7,1 Hz, 1H), 5,26 (d, J7,1 Hz, 1H), 3,52 (dt, J14,1, 7,4 Hz,
1H), 3,36 (s, 3H), 2,88-2,75 (m, 3H), 2,64-2,57 (m, 2H), 1,46 (s, 3H). LCMS (ES+) [M+H]"
542,0, RT 1,766 phut (Phuong phapl). LCMS (ES+) [M+H]" 542,2, RT 1,43 phut (Phuong
phép 2).

ViDU 2
2 AII\/ '
""'~ SN
/< >.-\“ N
NZ NH,

cis-3-Amino-3-{5-[(7R,14R)-1-(diﬂoromethoxy)-S-oxo-5,6,7,14-tetrahydr0-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11 -yl]pyrimidin-2-yl1}-1-metyl-
xyclobutancarbonitril

Dé chit trung gian 6 (50 mg, 0,079 mmol) hoa tan trong 1,4-dioxan (5 mL) d3 dugc
thém axit clohydric 4M trong 1,4-dioxan (5 mL). Hon hop phan g dugc khudy tai nhiét do
phong trong 1 gid, sau d6 tach ra gitta EtOAc (10 mL) va dung dich axit clohydric 0,5M (10
mL). Lép dung dich nuée duge rira bang DCM (2 x 10 mL), sau d6 dugce ria bang dung
dich natri cacbonat va chiét vao DCM. Lép hitu co duge c6 dic trong chan khong. Chét réin
thé mau tring (hdn hop ctia ddng phén cis va trans) duoc tinh ché bing HPLC da dugc
chuan bj sin dé thu duge hop chét tiéu d& (12 mg, 29%). & (300 MHz, DMSO-dg) 9,15 (d, J
6,8 Hz, 1H), 9,07 (s, 2H), 8,23 (dd, J 5,7, 3,7 Hz, 1H), 7,97-7,43 (m, 6H), 6,36 (d, J 6,9 Hz,
1H), 4,90 (t, J 6,8 Hz, 1H), 3,59-3,39 (m, 1H), 2,85-2,68 (m, 3H), 2,65-2,57 (m, 2H), 1,46
(s, 3H). LCMS (ES+) [M+H]" 528,0, RT 1,69 phut (Phuong phap 1).
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VviDU 3

0
H—CI F,(F

cis-3-Amino-3-{5-[(7R,14R)-1-(difloromethoxy)-6-metyl-5-0x0-5,6,7,1 4-tetrahydro-
7.14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-3-floropyridin-2-yl}-1-
metylxyclobutancarbonitril

Chat trung gian 8 (120 mg, 0,181 mmol) dugc hoa tan trong axit clohydric 4M trong
1,4-dioxan (5 mL). Hon hop phan tng dugc khudy trong 1 gid. Dietyl ete da duoc thém vao,
va két tua duoc loc, dé thu dugc hop chét tiéu d& (82 mg, 81%) dudi dang chét ran mau
tring (chtra 7% dOng phén trans). 8y (300 MHz, DMSO-dg) 8,99 (s, 3H), 8,84 (t, J 1.8 Hz,
1H), 8,28 (p, J 4,3 Hz, 1H), 8,20 (dd, J 12,3, 1,8 Hz, 1H), 7,95-7,43 (m, 6H), 6,31 (d, 17,1
Hz, 1H), 5,28 (d, I 7,0 Hz, 1H), 3,61-3,49 (m, 1H), 3,36 (s, 3H), 3,33-3,13 (m, 4H), 2,86 (d,
J 13,8 Hz, 1H), 1,29 (s, 3H). LCMS (ES+) [M+H]" 559,0, RT 1,93 phuat (Phuong phap 1).
LCMS (ES+) [M+H]" 559,0, 1,71 phat (Phwong phép 2). ‘

ViDU 4

“cis-3-Amino-3-{5-[(7R,14R)-1 ~(difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-
metanobenzimidazo[ 1,2-b][2,5]benzodiazoxin-11-yl1]-3-floropyridin-2-yl}-1-metyl-
xyclobutancarbonitril 7

Chat trung gian 9 (102 mg, 0,177 mmol) dugc hoa tan trong 1,4-dioxan (5 mL) va
duoc xtr Iy bang axit clohydric 4M trong 1,4-dioxan (5 mL). Hon hop phan tmg duoc khudy
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trong 1 gid. Dietyl ete da dugc thém vao, va két tha duoc hinh thanh da dugce loc. Phan cin
thé (hén hop cta ddng phan cis va trans, 81 mg) duge tinh ché bang HPLC dugc chuén bi
sin dé thu duoc hop chét tiéu dé (11 mg, 13%). 8y (300 MHz, DMSO-de) 9,15 (d, J 6.9 Hz,
1H), 8,62 (t, J 1,8 Hz, 1H), 8,23 (dd, J 6,4, 3,0 Hz, 1H), 7,99-7,44 (m, 7H), 6,35 (d, J 7.1
Hz, 1H), 4,89 (t, ] 6,7 Hz, 1H), 3,49 (dt, J 13,4, 7.2 Hz, 1H), 2,85-2,71 (m, 3H), 2,68-2,59
(m, 2H), 2,38 (s, 2H), 1,35 (s, 3H). LCMS (ES+) [M+H]" 545,0, RT 1,79 phut (Phuong
phép 1). LCMS (ES+) [M+H]" 545,2, RT 1,38 phut (Phuong phap 2).

VviDU s

hodc

(7R,14R)-11-{6-[(1S,2R)-1 -Amino-2-metylxyclobutyl]-5-floropyridin-3-yl}-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b] [2,5]benzodiazoxin-5(14H)-
one hodc (7R,14R)-1 1-{6-[(1R,2S)-1-Amino-2-metylxyclobutyl]-5-floropyridin-3-yl}-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b] [2,5]-benzodiazoxin-5(14H)-
one

Dé Chét trung gian 12 (135 mg, 0,22 mmol) hoa tan trong axetonitril (10 mL) duogc
thém vao dung dich axit clohydric 2M (10 mL). Hon hop phan g dugc ¢d dédc trong chan
khong va duge xtr 1y bang dung dich natri hydroxit 2M (30 mL). Hbn hop duge chiét bing
DCM (3 x 20 mL). Céac 16p hitu co duge két hop va co dic trong chén khong. Phén cin tho
duoc tinh ché bing phép séc ky cot nhanh trén silic dioxit (rra giai gradient véi MeOH 0-
20% trong DCM) dé thu duge hop chét tiéu dé (112 mg, 100%) duéi dang chit rén mau
tring. 8y (300 MHz, DMSO-ds) 9,15 (d, J 6,8 Hz, 1H), 8,60 (t, J 1.9 Hz, 1H), 8,23 (dd, J
6.5, 3,0 Hz, 1H), 7,95-7,42 (m, 7TH), 6,36 (d, J 7,1 Hz, 1H), 4.89 (t, J 6,8 Hz, 1H), 3,48 (dq,
713.9, 7,0 Hz, 1H), 2,83-2,67 (m, 2H), 2,61-2,52 (m, 1H), 2,01-1,82 (m, 4H), 1,80-1,63 (m,
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1H), 1,14 (d, J 6,8 Hz, 3H). LCMS (ES+) [M+H]" 520,0, RT 1,68 phat (Phuong phap 1).
LCMS (ES+) [M+H]" 520,2, RT 1,45 phut (Phuong phap 2).

ViDU 6

(7R,14R)-11-[2-(1-Aminoxyclobutyl)pyrimidin-5-y1]-1 -(difloromethoxy)-6-metyl-
6,7-dihydro-7,14-metanobenzimidazo[1,2-b] [2,5]benzodiazoxin-5(14H)-one

Pé dung dich cta Chét trung gian 17 (18,0 g, 29,9 mmol) trong 1,4-dioxan (25 mL)
d3a duoc thém axit clohydric 4M trong 1,4-dioxan (40 mL). Hon hop thu duge dugce khudy &
nhiét d6 phong trong 1 gid, sau d6 c¢d dic trong chan khong. Phan cin dugc hoa tan trong
nude (500 mL) va duge rira bang EtOAc (2 x 300 mL). Lép dung dich nuge duge didu
chinh dén pH 9 bang dung dich nude natri hydroxit 2N, din dén két tua cua chit rin. EtOAc
(500 mL) d& dugc thém vao va hdn hop duge khudy cho dén khi tit ca cac chit rin hoa tan.
Phan cin dugc phan chia, sau d6 16p dung dich nuéc duogc chiét thém bang EtOAc (500
mL). Céac 16p hitu co Kkét hop duge 1am kho trén Na,SO, va duoc loc, sau d6 ¢ ddc trong
chan khong va sy kho qua dém trong diéu kién chan khong cao. Du lugng bot bi lo ling
trong hon hop dietyl ete va hexan (150 mL), sau d6 khudy va lic manh, true khi duge cd
dac trong chan khong, d& thu dugc hop chét tiéu d& (12,4 g, 83%) dudi dang cht rén vo
dinh hinh mau tring. 8y (400 MHz, DMSO-dg) 9,05 (s, 2H), 8,32-8,22 (m, 1H), 7,91-7,66
(m, 3H), 7,62 (dd, J 8,5, 1.8 Hz, 1H), 7,53-7,46 (m, 2H), 6,31 (d, J 7,1 Hz, 1H), 5,26 (d, J
7.2 Hz, 1H), 3,52 (dt, J 14,2, 7,3 Hz, 1H), 3,36 (s, 3H), 2,84 (d, J 13,8 Hz, 1H), 2,63 (dtd, J
11,5, 5,6, 2,5 Hz, 2H), 2,38 (s, 2H), 2,16-2,05 (m, 2H), 2,04-1,91 (m, 1H), 1,87-1,73 (m,
1H). LCMS (ES+APCI) [M-NH,] 486,0, RT 1,66 phut (Phuong phip 2). LCMS (ES+)
[M+H]" 503,0, RT 1,71 phut (Phuong phép 1).
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(7R,14R)-11-[6-(cis-1-Amino-3-hydroxy-3-metylxyclobutyl)-5-floropyridin-3-yl]-1-
(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metanobenzimidazo[1,2-b] [2,5]-benzodiazoxin-
5(14H)-one

Axit clohydric trong 1,4-dioxan (4,0M, 100 mL, 400 mmol) da dugc thém vao dung
dich dwoc khudy cua Chét trung gian 24 (44,6 g, 58,1 mmol) trong MeOH (290 mL). Hon
hop phan tmg dugc khudy tai nhiét do phong trong 3 gid, sau d6 dugc pha loang bang DCM
(400 mL). Nu6e (400 mL) di dugc thém vao, sau d6 cac 16p dugc tach ra. Lép hitu co duge
chiét bang dung dich axit clohydric 2N (2 x 200 mL). Cac chét chiét két hop nude duogc rira
hai 1an bang DCM. Lép dung dich nude duge kidm hoa bang kali cacbonat rin, va thém
nude. Huyén phit nuée duge chiét ba lan véi hdn hgp DCM/MeOH ( ti 1¢ ~ 1: 1). Cac chat
chiét hiru co két hop duoc séy kho (Na,SQ,), duge loc va co dac trong chin khéﬁg. Phén
cin thd duge nghién nho bang dietyl ete va hdn hop nay duge khudy trong 60 gid. Céc chat
ran mau be duoc thu thap béng cach loc, sau do duogc rua béng dietyl ete va séy kho trong
ludng khong khi, dé thu duge hop chit tiéu d& (26,5 g, 83%). i (400 MHz, DMSO-dg) 8,62
(s, 1H), 8,31-8,23 (m, 1H), 7,92-7,86 (m, 1H), 7,77-7,72 (m, 2H), 7,70 (t, J 71,9 Hz, 1H),
7,60 (d, J 9,3 Hz, 1H), 7,52-7,48 (m, 2H), 6,30 (d,J 7,1 Hz, 1H), 5,25 (d, J 7,1 Hz, 1H), 5,01
(s, 1H), 3,56-3,47 (m, 1H), 3,36 (s, 3H), 2,86 (t, J 13,3 Hz, 3H), 2,26-2,18 (m, 4H), 1,00 (s,
3H). LCMS [M+H]" 550, RT 2,37 phut (Phwong phép 7).
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(7R,14R)-11-[6-(cis-1-Amino-3-hydroxy-3-metylxyclobutyl)-5-floropyridin-3-yl]-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(1 4H)-
one

Chat trung gian 25 (930 mg, 1,23 mmol) dugc hoa tan trong etanol (20 mL) va axit
hydrochloric 4M trong 1,4-dioxan (5 mL) duoc thém vao ¢ 0°C. Hon hop phan tmg duge
lam Am dén nhiét do phong va khudy qua dém, sau d6 ¢ dic trong chan khong. Phan cin
duoc hoa tan 1an nita trong dung dich axit clohydric IM va rira hai lan bang DCM. Lép
dung dich nuéce duoc didu chinh dén pH 10 bang dung dich natri hydroxit 2M va duoc chiét
bang ba phan DCM. Céc pha hitu co duge két hop va duge cd dic trong chan khong. Phén
can thd duoe tinh ché bing phép sdc ky ¢t nhanh trén silic didxit (rira giai gradient bang 0-
100% EtOAc/hexan, tiép theo 1a 0-20% MeOH/[10% 7N ammoniac trong MeOH/DCM]) aé
thu duge hop chét tiéu d& (580 mg , 88%). Sy (300 MHz, DMSO-dg) 9,15 (d, J 6,8 Hz, 1H),
8,62 (d, J 2,3 Hz, 1H), 8,23 (dd, J 6,7, 2,8 Hz, 1H), 7,98-7,80 (m, 1H), 7,79-7,65 (m, 3H),
7,64-7,38 (m, 3H), 6,36 (d, J 7,0 Hz, 1H), 5,00 (s, 1H), 4,89 (t, J 6,7 Hz, 1H), 3,49 (dt, J
13,4, 7,1 Hz, 1H), 2,87 (d, J 11,7 Hz, 2H), 2,75 (d, J 13,3 Hz, 1H), 2,22 (t, ] 6,0 Hz, 4H),
1,00 (s, 3H). LCMS (ES+) [M+H]" 536,0, RT 1,52 phut (Phuong phap 1). LCMS (ES+)
[M+H]" 536,2, RT 1,26 phit (Phuong phap 2).
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(7R,14R)-11-{2-[cis-1-Amino-3-(hydroxymetyl)-3 -metylxyclobutyl]pyrimidin-5-yl}-
1-(difloromethoxy)-6-metyl-6,7-dihydro-7,1 4-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-5(14H)-one

Axit clohydric trong 1,4-dioxan (4,0M, 34,3 mL, 137 mmol) da dugc thém vao dung
dich dugc khudy ctia Chét trung gian 33 (17,5 g, 22,9 mmol) trong MeOH (114 mL). Hon
hgp phan ung dugc khudy tai nhiét do phong trong 2 gio, sau d6 DCM (200 mL) va nuéc
(200 mL) da dugc thém vao. Céc 16p duoc tach ra va 16p hitu co duoc chiét bang dung dich
axit clohydric 2N (2 x 100 mL). Céc pha nuéc két hop duge rira bing DCM (2 x 100 mL),
sau d6 duoc kiém hoa bing kali cacbonat rdn. Dich huyén phu duge chiét bang hdn hop
DCM/MeOH ( ti 18 ~ 1: 1; 4 x 150 mL). Céc chdt chiét hitu co két hop duge sdy kho
(Na,S0O,), dugc loc va co dic trong chén khong. Phén cin thd duoc nghién nhé bing dietyl
ete va khudy qua dém. Huyén phu duge loc va sdy kho trong khong khi dé thu duoc hop
chét tidu d& (11,3 g, 90%) dudi dang chat rdn mau be nhat. 8y (400 MHz, DMSO-de) 9,06
(s, 2H), 8,30-8,25 (m, 1H), 7,78 (d, J 8,5 Hz, 1H), 7,75 (s, 1H), 7,69 (t, J 73,3 Hz, 1H), 7,63
(d, 78,5 Hz, 1H), 7,50 (d, J 5,7 Hz, 2H), 6,31 (d, ] 7,1 Hz, 1H), 5,26 (d, J 7,1 Hz, 1H), 3,57-
3,48 (m, 1H), 3,45 (s, 2H), 3,36 (s, 3H), 2,84 (d, J 13,8 Hz, 1H), 2,46 (d, J 12,6 Hz, 2H),
2,09 (d, J 12,8 Hz, 2H), 1,07 (s, 3H). LCMS [M+H]" 547, RT 2,45 phat (Phuong phéap 7).
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VviDU 10

(7R,14R)-11-{6-[cis-1-Amino-3-(hydroxymetyl)-3-metylxyclobutyl]-5-floropyridin-
3-yl}-1-(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]-benzodiazoxin-
5(14H)-one

Chét trung gian 35 (347 mg, 0,45 mmol) dugc hoa tan trong etanol (10 mL) va axit
hydrochloric 4M trong 1,4-dioxan (2,5 mL) dugc thém vao ¢ 0°C. Hon hop phan (mg duoc
lam 4m dén nhiét d6 phong va khudy qua dém. Hon hop phan tmg dugc ¢ dac trong chan
khong, hoa tan lan nita trong dung dich axit clohydric 1M va rtra hai lan bang DCM. Lé6p
dung dich nudc duoc didu chinh dén pH 10 bang dung dich natri hydroxit 2M va dugc chiét
bing ba phan DCM. Céc pha hitu co duge két hop va duge cd dic trong chan khong. Phén
cin thd duoc tinh loc trén silic didxit (rra giai gradient bang EtOAc/hexan 0-100%, sau do
DCM 0-50% /[ammoniac 7N 10% trong MeOH]) dé thu dugc hop chét tidu dé (194 mg,
78%). &y (300 MHz, DMSO-dg) 9,15 (d, J 6,8 Hz, 1H), 8,62 (t, J 1,8 Hz, 1H), 8,23 (dd, J
6,5, 2,8 Hz, 1H), 7,96-7,39 (m, 7H), 6,36 (d, J 7,1 Hz, 1H), 4,89 (t, J 6,8 Hz, 1H), 3,57-3,45
(m, 1H), 3,43 (s, 2H), 2,75 (d, J 13,2 Hz, 1H), 2,49-2,43 (m, 2H), 2,14 (d, J 12,6 Hz, 2H),
0,94 (s, 3H). LCMS (ES+) [M+H]" 550,0, RT 1,68 phut (Phuong phap 1). LCMS (ES+)
[M+H]" 550,2, RT 1,46 phtt (Phuong phép 2).
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(7R,14R)-11-{6-[cis-1-Amino-3-hydroxy-3 ~(triflorometyl)xyclobutyl]-5-
floropyridin-3-yl}-1 -(difloromethoxy)-6-metyl-6,7-dihydro-7,1 4-metanobenzimidazo[1,2-
b][2,5]-benzodiazoxin-5(14H)-one

Hydro clorua trong 1,4-dioxan (4M, 8,72 mL) da dugc thém vao dung dich dugc
khudy cua Chét trung gian 43 (823 mg, 1,16 mmol) trong 1.4-dioxan (15 mL) & nhiét do
phong. Hon hop duge khudy trong 0,5 gio, sau d6 ¢ dac trong chan khong. Chét ran mau
trang thu dugc duge hoa tan trong MeOH (10 mL) va dugc nap vao hop trao d6i ion (SCX-
2), dugc rura bang MeOH (2 x 15 mL). Hop chéat duogc rira giai bang amoniac 2,0M trong
MeOH (3 x 15 mL). Dich loc dugc c6 dac trong chan khong. Séc ky cot nhanh cua phén can
thé (hon hop céc ddng phén trans va cis, 642 mg) trén silic dioxit pha dao (rtra giai gradient
v6i 10-23% axetonitril trong nuée duge pha véi axit fomic 0,1%) tao thanh thanh phan ria
giai dau tién (ddng phan trans, 295 mg) dudi dang gdbm mau duc, bi lo limg trong
axetonitril-nude (4 mL) ti 1€ 1: 1 va duoc xu ly bing dung dich axit clohydric 1M (538 pL).
Dung dich thu duge duge lam dong kho dé thu dugc ddng phan trans (298 mg, 42%) dudi
dang chét ran khong mau. Phén rira gidi tht hai (ddng phan cis) duoc ¢6 dac trong chan
khong va dugc tinh ché lai thong qua HPLC dugc chudn bi san (tach rta véi 0-100%
axetonitril trong nuéc duge pha véi axit fomic 0,1%). Chéit rén mau tring (mubi mono-
focmat) duge hoa tan trong MeOH (15 mL) va duge nap vao cdt trao ddi ion (SCX-2). Hop
chat duoc rira bang MeOH (2 x 15 mL) va rira gial bang amoniac 2,0M trong MeOH (3 x 15
mL). Dich loc dugc ¢6 dic trong chan khong. ChAt nén thiy tinh mau dyc thu dugc (bazo tu
do, 147 mg) bi lo ling trong axetonitril-nude (4 mL) ti 16 1: 1 va dugc xur ly bang dung dich
axit clohydric 1M (268 uL). Dung dich thu dugc duoc lam dong kho dé thu duoc hop chat
fieu d& (ddng phan cis, 144 mg, 21%) dudi dang chét ran khéng mau. 3y (500 MHz,
CD,0D) 8,84 (d, T 1,5 Hz, 1H), 8,46-8,39 (m, 1H), 8,07 (dd, J 12,1, 1,8 Hz, 1H), 8,04 (d, J
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1,3 Hz, 1H), 7,90 (d, J 8,6 Hz, 1H), 7,83 (dd, J 8,6, 1,6 Hz, 1H), 7,57-7,52 (m, 2H), 7,51-
7,21 (m, 1H), 6,64 (d, J 7.2 Hz, 1H), 5,48 (d, J 7.2 Hz, 1H), 3,75-3,65 (m, 1H), 3,58 (d, J
15,1 Hz, 2H), 3,51 (s, 3H), 3,05 (d, J 13,9 Hz, 1H), 2,76 (d, J 15,3 Hz, 2H). LCMS (ESI)
[M+H]" 604,2, RT 2,04 phut (Phuong phép 11).

VviDU 12

(7R,14R)-11-{2-[cis-1-Amino-3-hydroxy-3-(triflorometyl)xyclobutyl]pyrimidin-5-
yl}-1-(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-5(14H)-one

Hydro cloruatrong 1,4-dioxan (4M, 5,15 mL) dd dugc thém vao dung dich dugc
khudy cua Chat trung gian 46 (474 mg, 0,69 mmol) trong 1,4-dioxan (10 mL) & nhiét do
mdi truong. Hon hop dwoc khudy trong 2 gio, sau d6 c¢o dic trong chén khong. Chét rén
mau trang thu duge duoc hoa tan trong MeOH (10 mL) va duge nap vao cdt trao dbi ion
(SCX-2), duge rira baing MeOH (2 x 25 mL). Hop chit duoc rira giai bang amoniac 2,0M
trong MeOH (3 x 15 mL). Dich loc dugc ¢6 dac trong chan khong. Tinh ché cin thd (hdn
hop cac dong phan trans va cis, 396 mg) bing HPLC duoc chuén bi sin (rira giai bang axit
fomic 0-100% trong axetonitril) thu dugc phén rira giai d4u tién (ddng phén trans), duge co
dic trong chan khong, sau d6 dugc hoa tan trong MeOH (5 mL) va duoc nap vao cdt trao
dbi ion (SCX-2). Cot duge rra bing MeOH (2 x 15 mL) va hop chét dugc rira bing
amoniac 2,0M trong MeOH (3 x 15 mL). Dich loc dugc c6 ddc trong chan khong. Chét nén
thiy tinh mau duc thu duge (bazo tw do, 215 mg) bi lo ling trong axetonitril- nudce (4 mL) ti
18 1: 1 va duoc xur Iy bang dung dich axit clohydric 1M (400 pL). Dung dich thu dugc dugc
lam dong kho dé tao ra ddng phan trans (203 mg, 47%) dudi dang chét rén khong mau. Phan
rira giai thir hai (dong phan cis) dugc ¢ dic trong chan khong, sau d6 hoa tan trong MeOH

(5 mL) va duoc nap vao cot trao dbi ion (SCX-2). Cot duge rira bang MeOH (2 x 15 mL) va
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hop chat duoc rira bang amoniac 2,0M trong MeOH (3 x 15 mL). Dich loc duoc cb dic
trong chan khong. ChAt nén thuy tinh mau duc thu dugc (bazo tu do, 118 mg) bi lo lung
trong axetonitril - nuée (2 mL) ti 1€ 1: 1 va duoc xu ly bang dung dich axit clohydric 1M
(222 pL). Dung dich thu duge duge lam dong kho dé tao ra hop chét tiéu dé (dong phan cis,
118 mg, 24%) dudi dang chét rin khong mau. 8y (500 MHz, CD;0D) 9,19 (s, 2H), 8,44-
8,36 (m, 1H), 8,00 (d, J 1,2 Hz, 1H), 7,89 (d, J 8,6 Hz, 1H), 7,81-7,72 (m, 1H), 7;54-7,49
(m, 2H), 7,49-7,21 (m, 1H), 6,59 (d, J 7.1 Hz, 1H), 5,42 (d, J 7,2 Hz, 1H), 3,72-3,64 (m,
1H), 3,58-3,53 (m, 2H), 3,51 (s, 3H), 3,01 (d, J 13,9 Hz, 1H), 2,67-2,59 (m, 2H). LCMS
(ESI) [M+H]" 5872, RT 1,95 phtit (Phuong phap 11).
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(7R,14R)-11-{6-[cis-1 -Amino-3-hydroxy-3-(triflorometyl)xyclobutyl]-5-

floropyridin-3-yl}-1 -(difloromethoxy)-6,7-dihydro-7, 14-metanobenzimidazo[1,2-b][2,5]-

benzodiazoxin-5(14H)-one

Dbé dung dich Chét trung gian 48 (440 mg, 0,55 mmol) trong 1,4-dioxan (8 mL) duoc
thém hydro clorua4M trong 1,4-dioxan (4,14 mL). Hon hop phan Gng dugc khudy tai nhiét
do phong trong 1 gio, sau do cd déc trong chan khong. Phan can tho dugce nap vao cot trao
ddi ion (SCX-2) trong DCM/MeOH. Cét dugo rira bang MeOH (50 mL) va san pham dugc
rira bang amoniac 2M trong MeOH (50 mL). Hop chét tho (hdn hop cac dong phan trans va
cis, 350 mg) dugc tinh ché bang HPLC duge chuén bi san. Phan chia déng phan cis bi lo
ling trong axetonitril-nude (4 mL) ti 18 1:1 va duoc xu ly bang hydro clorua 4M trong 1,4-
dioxan (300 pL). Dung dich dugc ddng khé dé thu duge hop chét tiéu d& (mubi hydroclorua,
132 mg, 38%) dudi dang bot mau tring. 8y (500 MHz, CD;0D) 8,82 (t, J 1,6 Hz, er), 8,36
(dd, J 7,2, 2,2 Hz, 1H), 8,04 (dd, J 12,2, 1,8 Hz, 1H), 7,95 (d, J 1,3 Hz, 1H), 7,82 (d, J 8.5
Hz, 1H), 7,70 (dd, J 8.6, 1,7 Hz, 1H), 7,58-7,17 (m, 3H), 6,60 (d, J 7,1 Hz, 1H), 5,15-5,05
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(m, 1H), 3,66-3,53 (m, 3H), 2,93 (d, J 13,5 Hz, 1H), 2,79-2,71 (m, 2H). LCMS (ESI)
[M+H]" 590,1, RT 1,65 phit (Phuong phap 11).

ViDU 14
NZ |
D
OH NH,

(7R,14R)-11-(2-{cis-1-Amino-3- [hydroxy(dideutero)metyl]-3-metylxyclobutyl}-
pyrimidin-5-yl)-1-(difloromethoxy)-6,7-dihydro-7,1 4-metanobenzimidazo[1,2-b] [2,5]—
benzodiazoxin-5(14H)-one

Dé dung dich dugc khudy ctia Chét trung gian 56 (500 mg, 0,66 mmol) trong 1,4-
dioxan (5 mL) dugc thém 4M hydro clorua trong 1,4-dioxan (0,66 mL). Hon hop phan tmg
duoc khudy tai nhiét do phong trong 18 gio, sau d6 co ddc dudi ap suat giam. Chat rdn mau
trang thu duge duge tinh ché bang cach st dung hop muc SCX-2 20 g (rua gial bang
amoniac 2M trong metanol). Chét ran mau tring thu dugce duge tinh ché thém bang phép sic
ky cot pha dao (axetonitril10-60% trong nude (+axit fomic 0,1%0)). Céc thanh phan co lién
quan duge két hop va dung mdi duoc loai bo dudi ap sut giam. Chat gom khong mau thu
duoc bi lo lng trong axetonitril:nuée ti 1€ 1: 1va HCI 1M (1,3 duong luong) da dugc thém
vao. Dung dich thu dugc duoc dong kho dé thu duoc hop chét tieu d&, mudi hydroclorua
(199 mg) dudi dang bot mau trang. 8y (500 MHz, DMSO-dg) 9,22 (s, 2H), 9,19 (d, J 6,9 Hz,
1H), 8,77 (s, 3H), 8,26-8,20 (m, 1H), 7,87-7,54 (m, 4H), 7,55-7,49 (m, 2H), 6,40 (d, J 7,1
Hz, 1H), 4,96 (t, J 6,9 Hz, 1H), 3,54-3,48 (m, 1H), 2,78 (d, J 13,3 Hz, 1H), 2,62 (d, J 14,0
Hz, 2H), 2,53-2,51 (m, 2H), 1,21 (s, 3H). LCMS (ESI+) [M+H]" 535,3, RT 2,25 phit
(Phuong phép 1).
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(7R,14R)-11-{2-[cis-1 _Amino-3-(hydroxymetyl)-3-metylxyclobutyl]pyrimidin-5-y1}-
1-(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[ 1 ,2-b][2,5]benzodiazoxin-
5(14H)-one

Pé dung dich Chét trung gian 57 (180 mg, 0,24 mmol) trong etanol (12 mL) & 0°C
duoc thém axit clohydric 4M trong 1,4-dioxan (2,5 mL, 10 mmol). Hon hop phan (mg dugc
lam 4m dén nhiét do phong va khudy qua dém, sau d6 cd dac trong chan khong. Phan cin
dwoc hoa tan 1an nira trong dung dich HCI 1M va duge rira bang DCM (2 x 2,5 mL). Lép
dung dich nudc dugce didu chinh dén pH 10 bang dung dich NaOH 2M va dugc chiét bang
DCM (2 x 2,5 mL). Céc pha hitu co dugc két hop va tap trung trong chén khong. Phan cin
thd duoc tinh ché bing phép shc ky cot (0-100% EtOAc trong hexan, tiép theo 1a MeOH 0-
20% va amoniac 10% 7N trong DCM) dé tao ra hop chét tiéu dé (62 mg, 49%) dudi dang
chét rén mau tring. 8y (300 MHz, DMSO-dg) 9,15 (d, T 6,8 Hz, 1H), 9,05 (s, 2H), 8,23 (dd,
75,9, 3,6 Hz, 1H), 7,81-7,66 (m, 2H), 7,77 (t, J 48 Hz, 1H), 7,61 (dd, J 8.5, 1,8 Hz, 1H),
7,55-7,41 (m, 2H), 6,37 (d, J 7,1 Hz, 1H), 5,50 (br s, 1H), 4,90 (t, J 6,7 Hz, 1H), 3,50 (dd, J
13.6, 6.9 Hz, 1H), 3,45 (s, 2H), 2,75 (d, J 13,5 Hz, 1H), 2,44 (d, J 12,9 Hz, 2H), 2,09 (d,J
12,9 Hz, 2H), 1,07 (s, 3H). LCMS (ESI+) [M+H]" 533, RT 1,51 phut (Phuong phap 1).
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ViDU 16

(7R,14R)-11-(6-{cis-1-Amino-3-[hydroxy(dideutero)metyl]-3-metylxyclobutyl}-5-
floropyridin-3-yl)-1-(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo| 1 ,2-b]-
[2,5]benzodiazoxin-5(14H)-one

Chét trung gian 59 (130 mg, 0,17 mmol) da duoc hoa tan trong 1,4-dioxan (3 mL) va
axit clohydric 4M trong 1,4-dioxan (0,9 mL) da duoc thém vao. Hon hop duoc khudy trong
10 phut, sau d6 pha loadng v6i metanol (3 mL) va khudy trong 2 gio. Hon hop duge c6 dic
trong chén khong va phan cin dugc tinh loc trén hop myc SCX 10 g (rira giai bang amoniac
2M trong metanol). Phén cin duoc hoa tan trong axetonitril: nude (~ 5 mL) ti I¢ 1: 1, sau do
dwoc xtt Iy bing dung dich HCI (1,2 duong lwong) va lam déng khd, dé thu duge hop chat
tiéu dé, mudi hydroclorua (80 mg, 79%) dudi dang chét rén mau tring nhat. 8, (500 MHz,
DMSO-dg) 9,16 (d, J 6,9 Hz, 1H), 8,85-8,77 (m, 1H), 8,67 (s, 3H), 8,24 (dd, J 6,3, 3,1 Hz,
1H), 8,15 (dd, T 12,7, 1,8 Hz, 1H), 7,87-7,54 (m, 4H), 7,54-7,48 (m, 2H), 6,37 (d, J 7,1Hz,
1H), 4,93 (t, ] 6,8 Hz, 1H), 3,53-3,48 (m, 1H), 2,77 (d, J 13,3 Hz, 1H), 2,75-2,69 (m, 2H),
2,57 (d, J 13,5 Hz, 2H), 1,08 (s, 3H). LCMS (ESI+) [M-+H]" 552,5, RT 1,99 phit (Phu’cmg
phap 1).
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Yéu cau bao ho

1. Hop chat c6 cong thire (I), hodc mudi dugc dung cia hop chat nay:

trong do
X 1a N hoac C-F;
R!1a hydro hodc metyl;
R? 13 hydro, metyl hodc triflorometyl; va
R? 14 hydro, xyano, hydroxy hodc hydroxymetyl.

2. Hop chit theo diém 1 ¢6 cong thirc (ITA), hodc mudi duoce dung ctia hop chit nay:

S é
RB
Ay {

trong d6 X, R', R? va R? nhu duoc xac dinh theo diém 1.

3. Hop chat theo diém 1 ¢6 cong thire (IIB), hodc mudi duoc dung ctia hop chit nay:
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~N

(IIB)

trong do X, R', R? va R? nhu dugc xéac dinh theo diém 1.

4. Hop chat theo diém 1, trong d6 hop chit nay duge chon tir cac hop chét sau:
cis-3-amino-3-{5-[(7R,14R)-1-(difloromethoxy)-6-metyl-5-0x0-5,6,7,14-tetrahydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]pyrimidin-2-y1}-1-metyl-
xyclobutancarbonitril;
cis-3-amino-3-{5-[(7R,14R)-1-(difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]pyrimidin-2-y1}-1-metyl-
xyclobutancarbonitril;
cis-3-amino-3-{5-[(7R,14R)-1-(difloromethoxy)-6-metyl-5-0x0-5.,6,7,14-tetrahydro-7,14-
metanobenzimidazo[1,2-b][2,5]benzodiazoxin-11-yl]-3-floropyridin-2-y1}-1-
metylxyclobutancarbonitril;
cis-3-amino-3-{5-[(7R,14R)-1-(difloromethoxy)-5-0x0-5,6,7,14-tetrahydro-7,14-
metanobenzimidazol[1,2-b][2,5]benzodiazoxin-11-yl]-3-floropyridin-2-yl}-1-metyl-
xyclobutancarbonitril;
(7R,14R)-11-{6-[(1S,2R)-1-amino-2-metylxyclobutyl]-5-floropyridin-3-yl}-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-
one;

(7R,14R)-11-{6-[(1R,2S)-1-amino-2-metylxyclobutyl]-5-floropyridin-3-yi}-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]-benzodiazoxin-5(14H)-
one;
(7R,14R)-11-[2-(1-aminoxyclobutyl)pyrimidin-5-yl]-1-(difloromethoxy)-6-metyl-6,7-
dihydro-7,14-metanobenzimidazo[1,2-b][2,5]benzodiazoxin-5(14H)-one;
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(7R,14R)-11-[6-(cis-1-amino-3-hydroxy-3-metylxyclobutyl)-5-floropyridin-3-yl]-1-
(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]-benzodiazoxin-
S(14H)-one;

(7R, 14R)-11-[6-(cis-1-amino-3-hydroxy-3-metylxyclobutyl)-5-floropyridin-3-yl]-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo|1,2-b][2,5]benzodiazoxin-5(14H)-
one;

(7R, 14R)-11-{2-[cis-1-amino-3-(hydroxymetyl)-3-metylxyclobutyl|pyrimidin-5-y1}-1-
(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metanobenzimidazo[1.2-b][2.5]-benzodiazoxin-
5(14H)-one;
(7R,14R)-11-{6-[cis-1-amino-3-(hydroxymetyl)-3-metylxyclobutyl]-5-floropyridin-3-y1}-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo|1,2-b][2.5]-benzodiazoxin-5(14H)-
one;

(7R, 14R)-11-{6-[cis-1~-amino-3-hydroxy-3-(triflorometyl)xyclobutyl]-5-floropyridin-3-yl}-
1-(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]-
benzodiazoxin-5(14H)-one;
(7R,14R)-11-{2-[cis-1-amino-3-hydroxy-3-(triflorometyl)xyclobutyl]pyrimidin-5-yl }-~1-
(difloromethoxy)-6-metyl-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2.5]-benzodiazoxin-
S(14H)-one;
(7R,14R)-11-{6-[cis-1-amino-3-hydroxy-3-(triflorometyl)xyclobutyl]-5-floropyridin-3-yl} -
1-(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo| 1,2-b][2,5]-benzodiazoxin-
5(14H)-one;
(7R,14R)-11-(2-{cis-1-amino-3-[hydroxy(dideutero)metyl]-3-metylxyclobutyl}-pyrimidin-
5-yl)-1-(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5]-benzodiazoxin-
S(14H)-one;
(7R,14R)-11-{2-[cis-1-amino-3-(hydroxymetyl)-3-metylxyclobutyl|pyrimidin-5-yl}-1-
(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b][2,5|benzodiazoxin-5(14H)-
one; va

(7R, 14R)-11-(6-{cis-1-amino-3-[hydroxy(dideutero)metyl]-3-metylxyclobutyl}-5-
floropyridin-3-yl)-1-(difloromethoxy)-6,7-dihydro-7,14-metanobenzimidazo[1,2-b]-
[2,5]benzodiazoxin-5(14H)-one.
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S. Dugc pham chira hop chét co cong thire (I) theo diém 1, hodc mudi dugce dung cua hop
chat nay, két hop vé6i chat mang dugc dung.
6. Dugc pham theo diém 5, trong dé duoc phdm nay chtra thém hoat chat dwoc pham bo

sung,.
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