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Linh vuc ky thuit dwoc dé cap

Sang ché dé cép dén quy trinh tdng hop cac hop chit axit va este clia axit
boronic. Cu thé hon, sang ché @& cap dén quy trinh tdng hop & quy md 16n dé san xuét
ché phdm chira cac hop chit axit va este cuia axit boronic bing cach sip xép lai phtic

boron“at” dugc thic ddy bing axit Lewis.
Tinh trang ky thuit cia sing ché

Cac hop chét este va axit boronic thé hién rit nhiu hoat tinh sinh hoc dugc
dung. Shenvi va cac ddng tac gia, patent My sb 4,499,082 (1985), boc 19 ring cac axit
boronic peptit 1a chét (rc ché ciia mot s enzym phan gidi protein. Kettner va Shenvi,
patent My sb 5,187,157 (1993), patent My sb 5,242,904 (1993), va patent M§ s6
5,250,720 (1993), mo td nhom céc axit boronic peptit cé tac dung e ché céc proteaza
tuong tu trypsin. Kleeman va cac ddng tac gia, patent My s6 5,169,841 (1992), boc 19
v& axit boronic peptit dugc cai bién c6 diu N tin cling c6 tac dung G ché hoat dong
ctia renin. Kinder va céc ddng tac gia, patent My s6 5,106,948 (1992), boc 16 rang cic
hop chét axit boronic tripeptit nhét dinh c6 tac dung e ché su phat trién cua céac té bao

ung thu.

Gén déy, cac hop chit axit va este cta axit boronic dugc bdc 1§ c6 kha nang
1am chét wrc ché proteasom, mt proteaza da xdc tac co thé déap ung voi phan 16n lugng
protein ndi bao. Ciechanover, Cell, 79: 13-21 (1994), bdc 10 réng proteasom 1a thanh
phan phan giai protein ctia quy trinh phan giai protein thong qua ubiquitin, trong do
protein 1a dich d8i v6i su phan hiy bing cach két hop vio nhiéu phan tir ubiquitin.
Ciechanover ciing boc 16 ring quy trinh proteasom thong qua ubiquitin déng vai tro

chu chét trong rit nhidu qua trinh sinh 1y quan trong.

Adams va cac ddng tac gia, patent My sb 5,780,454 (1998), patent My sb
6,066,730 (2000), patent My s 6,083,903 (2000), patent My sd 6,297,217 (2001),
patent My sb 6,548,668, va Patent My sb 6,617,317 (2003), dugc dua vao ddy béng
cach vién dan, boc 18 cac hop chit axit va este clia axit boronic peptit hitu dung lam

chét trc ché proteasom. Tai liéu nay cling md ta viéc st dung cac hop chat axit va este
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clia axit boronic dé 1am giam ty 1¢ phan hity protein trong co, lam giam hoat tinh cta
NF-B trong té bio, lam giam ty 1& phan hily cta protein p53 trong té bao, wrc ché su
phén huy xyclin trong té bao, e ché su phat trién cua té bao ung thu, e ché sy bidu
hién cuia khadng nguyén trong té bao, tc ché sy bam dinh cua té bao phu thudc NF-0B,

va trc ché sy sao chép HTV.

Albanell va Adams, Drugs of the Future 27: 1079-1092 (2002), boc 1o rang mot
chit e ché proteasom 1a axit boronic peptit nhu vay, bortezomib (axit N-2-
pyrazincarbonyl-L-phenylalanin-L-leuxinboronic), thé hién hoat tinh khang u dang ké
trong mo hinh ghép ngoai lai u & nguoi va dang dugc danh gid 1dm sang. Richardson
va cac ddng tac gia, New Engl. J. Med, 348:2609 (2003), thong béo cac két qua cia
nghién ctru pha 2 cua bortezomib, chi ra tdc dung ciia n6 trong vigc diéu tri bénh da u
tuy tai phat va khoé chira.

Céc nghién ctru vé chét trc ché proteaza 13 axit boronic dd dat dugc nhitng tién
bd 16n bédi su phat trién cuia nganh hoa hoc dé didu ché céc hop chét axit boronic dugc
tao chuc niang, cu thé 1 axit alpha-halo- va alpha-amin boronic. Matteson va
Majumdar, J.Am.Chem. Soc, 102:7590 (1980), boc 16 phuong phéap diéu ché este
alpha-clo boronic bing céch tao ddng ding este boronic, va Matteson va Ray, J. Am.
Chem. Soc, 102:7591 (1980) thong bao vé céc dbi ching khong dbi ximg clia céc phén
{ing tao ddng déng c6 thé dat dugc bang cach sir dung este pinandiol boronic . Cac ché
phim chira axit alpha-aminboronic va cac hgp chét este tir este alpha-cloboronic twong
ung ciling duge thong bao (Matteson va cac ddng tac gia, J. Am. Chem. Soc, 103:5241
(1981); Shenvi, patent My s6 4,537,773 (1985)).

Matteson va Sadhu, patent M§ s& 4.525.309 (1985), md ta quy trinh tao dong
ding cai tién cla este boronic bang cach sip xép lai phiic boron“at” trung gian véi sy
c6 mat cua chit xuc tac axit Lewis. Axit Lewis dugc thong béo 1a thuc ddy phan tmg
sip xép lai va 1am giam su epime hoa & nguyén tir alpha-carbon. Tuy nhién, sy loai
nuée nghiém ngat va kiém soét cin than hé sd ty luong axit Lewis 13 cin thiét dé ti
wu cac két qua. Cac dic diém nay lam cho phan ng khé thyc hién thanh cong trong
pham vi san xuét, va han ché hiéu luc duge 1y cia cac hop chét axit va este cua axit
boronic quan trong, nhu bortezomib. Vi viy, trong linh vyc nay van c6 nhu cdu vé cac
phuong phép cai tién dé san xuit & quy md 16n cac hop chét axit va este cia axit

boronic.
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Ban chit k§ thuit ciia sang ché

Muc dich ciia sang ché 12 nhdm khic phuc nhitng han ché va dap ung nhing
nhu ciu néu trén. Sang ché d& xuit quy trinh téng hop dé san xuit & quy mé 1én céac
hop chit axit va este ciia axit boronic. Cyu thé, sang ché d& cap dén quy trinh tbng hop

quy md 1én dé tao ra hop chét c¢6 cong thirc (XIV):
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hodc anhydrit ciia axit boronic ciia né, quy trinh nay bao gom céc budc:
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(¢’) két hop mubi cong axit ciia hop chét ¢6 cong thire (XVIII):

e

”l

HNT B
Q<
(XVIII)
v&i hop chét ¢ cong thirc (XIXa):
o]
Ny SN X
E J H 0
N (XIXa)

trong d6 gbc -C(0)X 1a O-(N-hydroxysucxinimit)este, dé tao ra hop chit c6 cong thire
(XXIII):
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Va (f') loai nhém bao vé cia gbe axit boronic dé tao ra hop chét c¢6 cong thirc (XIV)

hodc anhydrit cia axit boronic ctia no.
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Céac quy trinh nay tdng hiéu suét va do tinh khiét, tang lugng chit phan Gng, va
dé& hon so véi cac phuong phap da biét trong linh vuc nay. Pang chti y, quy trinh theo
sang ché thich hop cho quy trinh san xuét theo mé & quy mé 16n nhiéu kilogam ma bi
han ché bai kich thude ciia kha ning san xuét c6 thé. Cac quy trinh theo séng ché 1a
dic biét c6 loi cho su tdng hop céc hop chét axit va este clia axit boronic khong dbi
xing, bao gdm cac hop chit axit va este alpha-amin boronic. Bét ké& pham vi san xuét,
san phém mong mubn dugc san Xuét véi do tinh khiét hoa hoc lap thé va hod hoc rat
cao |
Mo ta chi tiét sang ché

Tai liéu patent va céc tai liu chuyén nganh trong linh vuc khoa hoc dugc dé
cap dén boc 19 cac kién thtrc thong thuong dbi véi cac chuyén gia trong linh vuc nay.
Trir phi c6 quy dinh khéc, tht ca cac thuat ngir k¥ thuat va khoa hoc duge st dung
trong sang ché nay c6 y nghia thong thudng nhu cdc chuyén gia trong linh vuc nay
thuong hiéu. Mic di c6 thé sit dung cac phuong phap va nguyén liéu twong tu hodc
twong duong véi cac nguyén li¢u va phuong phap ma sang ché dé cap, trong thuc hién
hoic thir nghiém sang ché, cac phuong phap va nguyén liéu dugc mo ta trong tai liéu
ndy van vu tién. Céc patent duge cép, don, v céc tai liéu tham khao dugc dua vao day
bang cach vién din véi ndi dung tuong tu ma mdi tai liéu chi dan 01_i thé va riéng biét
dugc dua vao ddy bang cach vién din. Trong truong hop khong ddng nhat, ban mo ta,
bao gdm dinh nghia, s& dugc hudéng din. Ngoai ra, cac nguyén ligu, phuwong phép, va

vi du chi mang tinh minh hoa va khong gi6¢i han pham vi bao ho ctia sang ché.

Thuit ngit "khoang" dugc sir dung trong tai liéu nay nghia Ia, gin ding, trong
pham vi, xAp xi, hodc gan. Khi sir dung thuat ngit "khoang" cung v6i mot khoang sd,
n6 dugc thay ddi trong khoang ndy mé rong bién trén va dudi tri sb dugc dit trude do.
Thong thudng, thuat nglt "khoang" duoc st dung trong tai li€u nay dé 1am thay ddi tri

sO trén hodc duéi tri s0 dugc néu vai khoang bién thién 1a 10%.

Thuat ngit "bao gdbm" dugc st dung trong ddy c6 nghia 1a "bao gbm, nhung

khong chi gidi han ¢".

Thuit ngir "béo", nhu dugce sir dung & day, dé chi hydrocarbon c¢6 tir 1 dén 12
nguyén t& carbon mach thfmg hodc mach nhanh, hodc vong bdo hoa hoan toan hodc

chtra mot hodc nhiéu don vi chua bdo hoa, nhung khdng phai 12 thom. Vi dy, céc
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nhém béo thich hop bao gdm céc nhom alkyl alkenyl, alkynyl mach thing mach nhénh
hodc vong, duoc thé hosic khong thé, va nhém lai cta né, nhu (xycloalkyl)alkyl,
(xycloalkenyl) alkyl hodc (xycloalkyl)alkenyl. Theo cac phuwong an khac nhau, nhém

béo c6 tir 1 dén 12, tir 1 dén 8, tir 1 dén 6, hoic tir 1 dén 4 nguyén it carbon.

Thuét ngit "alkyl", "alkenyl", va "alkynyl", dugc dung riéng r& hodc 12 mot
phén cia mot g 16n, dé chi nhém béo mach thing va mach nhanh c6 tir 1 dén 12
nguyén tir carbon, tuy y dugc thé bdi mot, hai hogc ba nhom thé. Theo muc dich cta
sang ché, thuat ngit "alkyl" dugc st dung khi nguyén tir carbon gin nhém béo véi
phén con lai ciia phén tir 1a nguyén tir carbon bdo hoa. Tuy nhién, nhém alkyl c6 thé
khong bdo hoa & cac nguyén tir carbon khéc. Vi vay, cac nhom alkyl bao gbm, nhung

khong chi giGi han 6, metyl, etyl, propyl, alyl, propargyl, butyl, pentyl va hexyl.

Pébi v6i muc dich cia sang ché, thuat ngit "alkenyl" duoc sir dung khi nguyén
tir carbon gin nhém béo v6i phan con lai ciia phan tir tao thanh mot phan cta lién két
d6i carbon-carbon. Céc nhoém alkenyl bao gém, nhung khéng chi gi¢i han &, vinyl, 1-
propenyl, 1-butenyl, 1-pentenyl va 1-hexenyl. Theo muc dich ctia sang ché, thuét ngit
"alkynyl" dugc str dung khi nguyén tir carbon gén nhém béo véi phan con lai ciia phan
ttr tao mot phan cua lién két ba carbon-carbon. Cac nhém alkynyl bao gbm, nhung

khong chi gidi han &, etylnyl, 1-propynyl, 1-butynyl, 1-pentynyl va 1-hexynyl.

Thuat nglt "xycloalkyl", "vong carbon", "carboxyclyl", "carboxyclo", hodc
"carboxyclic", dugc st dung riéng ré hodc 1a mot phén ctia gbc 16n hon, @& chi hé
vong béo bdo hoa hoic khong bdo hoa mot phan c6 3 dén 14 canh, trong d6 hé vong
béo tuy ¥ duwoc thé. Cac nhom xycloalkyl bao gdm, nhung khéng chi gi6i han o,
xyclopropyl, xyclobutyl, xyclopentyl, xyclopentenyl, xyclohexyl, xyclohexenyl,
xycloheptyl, xycloheptenyl, xyclooctyl, xyclooctenyl va xyclooctadienyl. Theo mot s6
phuong an, xycloalkyl c¢6 3-6 nguyén t& carbon. Thudt ngit "xycloalkyl", "vong
carbon", "carboxyclyl", "carboxyclo", hodc "carboxyclic" cling bao gbm cac vong béo
ngung tu thanh mot hodc nhidu nhan thom hoic khong thom, nhu decahydronaphtyl

hoic tetrahydronaphtyl, trong d6 gbc hodc diém gin vao 1a nim trén vong béo.

Thuat ngit "haloalkyl", "haloalkenyl" va "haloalkoxy" d chi nhém alkyl,
alkenyl hodc alkoxy, nhu trudng hop nay c6 thé, dugc thé boi mdt hoic nhidu nguyén

t&r halogen. Nhu st dung trong day, thudt ngit "halogen" hodc "halo" nghia 14 F, C, Br,
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hodc I. Trir phi c6 hudng dan cu thé khac, thuat ngit "alkyl", "alkenyl”, va "alkoxy"
bao gbm céc nhom haloalkyl, haloalkenyl va haloalkoxy, bao gbm, cu thé, cic nhém

nay c6 1 dén 5 nguyén tt flo.

Thuét ngir "aryl" va "ar-", dung riéng ré hodc la mot phén cua gdc 16n hon, vi
du, "aralkyl", "aralkoxy", hodc "aryloxyalkyl", d8 chi gbc thom c6 tir 6 dén 14 nguyén
tir carbon chira mot dén ba nhan thom, tuy y duoc thé. TSt hon 13, nhém aryl 12 nhém
aryl c6 tir 6 &én 10 nguyén tit carbon. Cac nhém aryl bao gbm, nhung khong chi gisi
han &, phenyl, naphtyl, va anthraxenyl. Thudt ngit "aryl", nhu st dung trong day, ciling
bao gdm céc nhém trong d6 mdt nhan thom dugc ngung tu thanh mot hodc nhiéu nhan
khéng thom, nhu indanyl, phenantridinyl, hodc tetrahydronaphtyl, trong d6 gbc hoic
diém gin vao 13 nim trén nhan thom. Thuat ngit "aryl" c6 thd dugc st dung thay thé

cho thudt ngit "nhan aryl".

Nhom "aralkyl" hodc "arylalkyl" bao gdm mét nhém aryl lién két cong tri véi
nhém alkyl, ca hai doc 1ép tuy y dugc thé. Tét hon 13, nhém aralkyl 13 Ce.oaryl (Ci-
¢)alkyl, bao gdbm, nhung khong chi gi¢i han &, benzyl, phenetyl, va naphtylmetyl.

Thuét ngit "heteroaryl” va "heteroar-", sir dung riéng 1€ hodc la mot phin cta
géc 16n hon, vi du, heteroaralkyl, hodc "heteroaralkoxy", dé chi cac nhém c6 5 dén 14
nguyén tr trong vong, tdt hon 12 5, 6, 9, hodc 10 nguyén ti trong vong; c6 6, 10, hodc
14 electron & chung trong hé vong; va c6 ngoai nguyén tit carbon, tir mot dén bdn di
nguyén tir dugc chon tir nhém bao gdbm N, O, va S. Cac nhém heteroaryl bao gbm,
nhung khong chi gi6i han &, thienyl, furanyl, pyrolyl, imidazolyl, pyrazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, purinyl,
quinolyl, isoquinolyl, xinolinyl, phtalazinyl, quinoxalinyl, naphtyridinyl, pteridinyl,
cacbazolyl, acridinyl va phenazinyl. Thut ngtr "heteroaryl" va "heteroar-", nhu dugc
sir dung trong day, cling bao gdm céc nhém trong d6 nhén di vong thom dugc ngung
tu thanh mdt hodc nhiéu nhan khéng thom, trong d6 géc hodc diém g'fln vao 1a nadm
trén nhan di vong thom. Cac vi du khong giéi han pham vi cla séng ché bao gébm
tetrahydroquinolinyl, tetrahydroisoquinolinyl, va pyrido[3,4-d]pyrimidinyl. Thuat ngit
"heteroaryl” c6 thé dugc sir dung thay thé cho thuat ngit "nhan di vong thom" hodc

thuét ngitt "di vong thom", thuit ngit bét ky trong s6 nhing thuat ngit nay 14 gdm cic
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vong tuy ¥ duoc thé. Thuét ngit "heteroaralkyl” dé chi nhém alkyl duoc thé boi di

vong thom, trong dé céac phén alkyl va di vong thom doc 18p tuy y duge thé.

Nhu st dung trong ddy, thuét ngit "di vong", "nhém di vong", hodc "gbe di
vong" dé chi vong don c6 tir 5 dén 7 canh hodc gbc di vong hai vong cé tir 7 dén 10
canh bén, cac gdc nay hoic bio hoa hodc khong bdo hoa mot phan, va ngoai nguyén tir
carbon, c¢6 mdt hodc nhiéu, tot hon 13 mot dén bdn nguyén tir khac loai dugc chon tir
nhém bao gdm N, O, va S, trong d6 nguyén tir khéc loai nitro va luu huynh tuy y duoc
oxit ho4 va nguyén tir nitro tuy y dugc tao bazo bac bbn. Nhan di vong c6 thé gin véi
nhém dbi xtmg clia né tai nguyén tir khéac loai hodc nguyén tir carbon bét ky tao thanh
cAu tric 6n dinh, va nguyén t trong vong bét ky tuy v c6 thé dugc thé. Vi du vé cac
gbc di vong bdo hoa hodc khong bao hod mot phin bao gdm, nhung khong chi giGi
han &, tetrahydrofuranyl, tetrahydrothienyl, pyrolidinyl, pyrolidonyl, piperidinyl,
pyrolinyl,  tetrahydroquinolinyl, tetrahydroisoquinolinyl,  decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, va
morpholinyl. Thuat ngit "di vong", "nhém di vong", va "gbc di vong", nhu st dung
trong day, cling bao gdm céc nhém trong d6 vong chira nguyén tir khic loai khong
thom dugc ngung tu thanh mot hodc nhiéu nhan thom hoic khong thom, nhu
indolinyl, chromanyl, phenantridinyl, hogc tetrahydroquinolinyl, trong d6 gdc hoic vi
tri gén 13 nim trén vong chira nguyén tir khac loai khoéng thom. Thuét ngt "di vong
thom alkyl" chi nhém alkyl dugc thé boi heteroxyclyl, trong do phan alkyl va
heteroxyclyl ddc lap tuy y dugce thé.

Nhu st dung trong day, thudt ngit "khong bdo hoa mot phin" @é chi gbc vong
bao gbm it nhat mot lién két d6i hoic ba giita cidc nguyén tir cia vong. Thuét ngit
"khéng bdo hoa mot phan" dé chi vong hoan chinh ¢c6 mot hodc nhiéu vi tri khong bio
hoa, nhung khong nham chi cac gbc aryl hodc heteroaryl, nhu trong tai liéu nay dinh
nghia.

Thuat ngit "thé", nhu sir dung trong day, c6 nghia 1a mot hogc nhiéu nguyén tir
hydro ciia gbc chi dinh duge thay thé, voi didu kién 1a sy thay thé nay tao ra hop chét
n dinh hodc c6 hiéu lyc hoa hoc. Hop chét 6n dinh hodc c¢6 hi¢u lyc hoa hoc 1a mot
chét trong d6 cAu tric hoa hoc vé cin ban khong thay dbi khi dugc bao quan & nhiét do
40°C hoic thép hon, khong ¢6 hoi 4m hoic trong cac diéu kién cho cac phan ting hoa

hoc, trong it nhat mot tudn, hodc hop chét nay duy tri sy nguyén ven cia né du lau dé
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hitu dung cho quy trinh theo séng ché. Cum tr "mdt hodc nhiéu nhém thé", nhu sir
dung trong day, dé chi mot s6 nhém thé twong duong tir mot dén sb 16n nhét ciia nhom
thé c6 thé tinh trén sb vi tri lién két c6 thé, duoc @& xult 1a dap Gng céc didu kién trén

vé su 0n dinh va kha ndng ho4 hoc.

Nhoém aryl (bao gdbm gdc aryl trong aralkyl, aralkoxy, aryloxyalkyl va cac nhém
teong ty) hodc heteroaryl (bao gdbm gbc heteroaryl trong heteroaralkyl va
heteroarylalkoxy va cdc nhém tuong tu) ¢ thé chira mot hogic nhidu nhém thé. Vi du
thich hop vé& cac nhém thé trén nguyén tir carbon chua bdo hoa ciia nhém aryl hogc
heteroaryl bao gdm -halo, -NO,, -CN, -R*, -OR*, -SR’, -N(R*)2, -NR*C(O)R*, -
NR*C(O)N(R"),, -NR*CO2R", -O-COzR*, -OC(O)R* -CO2R*, -C(O)R*, -C(O)N(R"),
-OC(O)N(R")2 -S(0)2R?, -SO2N(R™)2, -S(O)R", va -NR*SO:N(R*). Poc lap, mdi R
duogc chon tir nhém bao gém R*, -C(O)R*, -CO2R*, va -SO2R*, hodc hai géc R* trén
cung nguyén ti nitro, gin vao nguyén tir nitro, tao vong thom hogc khong thom co tir
5 dén 8 canh, ngoai nguyén ti nitro, c6 tir 0 dén 2 nguyén tir khac loai trong vong
duogc chon tir N, O, va S. Mdi R* doc 1ap 1a hydro hoic nhom béo, aryl, heteroaryl,
hodc heteroxyclyl duge thé tuy y. Mbi R® ddc 14p 1a nhom béo hodc aryl tuy y duge
the.

Nhom béo ciing c6 thé dugc thé véi mdt hoge nhiéu cadc nhom the. Vi du thich
hop vé cac nhém thé trén carbon bdo hoa ctia nhém béo hodc cia nhan di vong khong
thom bao gém, nhung khong chi giéi han &, cac nhom néu trén d6i voi carbon khong

bao hoa ctia nhom aryl hodc heteroaryl.

Céc nha séang ché da phat hién ring c6 thé tranh dugc cac dodi hoi vé thiét bi khd
hoan toan, dung moi, dung moi, va chét phan tung dic trung clia cc quy trinh da dugc
md ta trudc day dé sip xép lai hoat ho4 axit Lewis ciia phirc boron“at” bang céach st
dt,ing dung méi ete co tinh d& trdn 1An véi nude thap. Pang chu y, st dung dung méi
nay cho phép phan Uing xay ra & quy md nhiéu kilogam ma khong lam giam hiéu ning
hodc dd tinh khiét. V& co ban, pham vi clia phan g chi giéi han & quy md cua kha

nang san xuat c6 thé.

Do d6, theo mdt phuong 4n, sang ché @& xuét quy trinh & quy md 16n dé diéu

ché hop chét este boronic c¢6 cong thirc (I):
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§

OR? 1)
trong do:

R! 12 nhém béo, thom hodc di vong thom tuy y duoc thé;

R? 14 hydro, nhém cho proton, hodc nhom béo, thom hodc di vong thom tuy y
duge thé;

R3 12 nhém cho proton hodc nhém béo, thom hodc di vong thom tuy y dugc thé;
va

mdi R* va RS, doc lap, 1a nhém béo, thom, hodc di vong thom tuy ¥ dugce thé,
hodic R* va R5, gin vao nguyén tir oxy va bo & giita, tao ra vong c6 5 dén 10 canh tuy y
dugc thé co6 tir 0 dén 2 nguyén tir khac loai trong vong cong dugce chon tir N, O, hodc
S.

Quy trinh nay bao gdm cic budc:

(a) tao it nhét 5 mol phirc boron“at” ¢ cong thire (11):

rR2Y R!
S v oR¢
YOOBTT
OR® (I
trong d6
Y 12 nhém cho proton;

M* 1a cation; va
mdi R; dén Rs nhu duoc x4c dinh trén day; va

(b) cho phtrc boron“at” c6 cong thirc (II) tiép xtic voi axit Lewis trong diéu kién
cho phép hop chét este boronic ¢ cong thirc (I), cac budce tiép xtic nay duoc tién hanh

trong hdn hop phan tmg bao gdm:

(i) dung moi ete phéi tri c¢6 tinh d& tron 13n véi nuée thép; hodc
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(ii) dung moi ete co tinh dé tron 14n véi nudce thip va mot ddng dung méi phdi
tri, v6i didu kién 1a ddng dung méi phdi tri chiém khéng qua 20% thé tich/thé

tich ctia hdn hop phan tng;

trong d6 do hoa tan ctia nudc trong dung mdi ete ciia (i) hodc (ii) c6 tinh dé tron 1an

v6i nude thap 12 nho hon 5% khébi lugng/khbi lugng, va

trong d6 dung moi ete cta (i) hodc (ii) c6 tinh dé tron 14n véi nude thip chiém it nhét

12 70% thé tich/thé tich hdn hop phan tng.

Céac quy trinh da thong bao trudc day vé su sép xép lai phirc boron“at”duoc
thuc déy béi axit Lewis sir dung tetrahydrofuran, dung mdi ete tron 14n hoan toan véi
nuée. Nhimng thét bai khi st dung céc thiét bi sdy kho hoan toan, dung mdi, va chit
phén tng trong cdc quy trinh dan dén su giam dang ké ty 16 chit déng phan khong d6i
quang. Cu thé, axit Lewis hut 4m, dic biét, c6 dic trung phai dugc lam kho trén Ita
truge khi st dung trong phan tng. Mac du céc ky thuét dé thuc hién cic phan tng
nhay cam véi 4o 4m 13 tuong tu nhu céc k§ thudt ma cac chuyén gia trong linh vuc
ndy da biét va thuong dugc thuc hanh trong pham vi phong thi nghiém, cac phan tmg

ndy van ton kém va khé d€ 4p dung rong hon.

Hon nita, cac nd luc dé 4p dung rong rii quy trinh trong linh vuc nay trude day
din dén sy giam manh ty 1& chit déng phan khong d6i quang trong khi tién hanh va
tach san phdm hop chét este boronic. Matteson va Erdiik, Organometallics, 2:1083
(1983), bdo cdo vé su tiép xuc ctia cac san phdm este alpha-haloboronic véi ion
halogenua ty do din dén su epime hod & trung tAm alpha-carbon. Khong mong mudn
bi gi6i han boi ly thuyét, cac nha sang ché tin ring sy epime ho4 1 dic biét khong 13
rang trong cac budc phan tng va/hodc cac budce tiép theo. Vi du, su epime hod dugc
tin ring s& xay ra trong khi ¢6 hdn hop phan tng dé loai b6 dung méi tetrahydrofuran
va trao dbi n6 véi dung moi khong trén 13n véi nuée. Viéc khong thé loai b hoan toan
tetrahydrofuran cfing tic dong 1am giam dén ty 1& chit ddng phan khong dbi quang
trong qué trinh rira bang nudc sau d6. Su tiép xic cla sin phidm véi ion halogenua
trong cac budc nay 1a kho tranh khdi, ddc biét khi phan tmg dugc tién hanh véi quy
md 16n.

Céc nha phat minh phat hién ra ring su sip xép lai cua phirc boron“at” dugc

tién hanh thuén loi trong dung méi ete c6 tinh dé tron 1an véi nuée thép. Viéc st dung
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dung mdi nay s€ tranh su can thiét trao ddi dung moéi trudc khi rira nuéce, va san phim
tan duoc trong dung méi hitu co duge bao v¢ hi€u qua khdi céc ion halogenua trong
nuéGe trong khi rira bing nudc, tham chi 1a khi tién hanh trong pham vi 16n. Tét hon 13,
d6 hoa tan ctiia nude trong dung mdi ete 1a nhé hon khoang 5% khéi luong/khdi luong,
t6t hon nita 12 nhd hon khoang 2% khéi lwong/khdi lwgng. Theo cdc phuong én khac
nhau, dung méi ete c6 tinh d& tron 14n v6i nude thip chiém it nhit 70%, it nhat 80%, it

nhit 85%, it nhat 90%, hodc it nhit 95% thé tich/thé tich hén hop phén tng.

Tét hon 13, dung moi ete 1a mot dung mdi thich hgp cho sir dung théng thudong
trong viéc san xuét & quy mo 16n. Nhu st dung trong ddy, thudt ngit "quy mo 16n" dé
chi phan Gng st dung it nhét khoang 5 mol cua it nhit mot nguyén liéu ban dau. THt
hon 13, quy trinh & quy md 16n sur dung it nhét khoang 10, 20, 50, hodc 100 mol cta it

nhét mot nguyén liéu ban dau.

Theo muc dich cta sang ché, thuat ngit "ete" @& chi bt ky nhém céc hop chét
ho4 hoc ¢6 dic diém 1a c6 mot nguyén tr oxy gén v6i hai nguyén t& carbon. Mot
"dung mdi ete" 1a hop chét ete tdn tai & dang 1éng & nhiét dd phan (mg yéu cdu va c6
thé hoa tan (c4c) nguyén liéu ban diu va/hogc (céc) san phdm ciia phan {tmg. Vi du
khong gidi han pham vi cua sang ché ctia dung mdi ete thich hop dé str dung trong quy
“trinh theo sang ché bao gdm ete tert-butyl metyl, ete tert-butyl etyl, ete tert-amyl

metyl, va ete isopropyl.

Theo mot phuong 4n, hdn hgp phan ing con chira thém ddng dung mbi phébi tri.
Theo phuong an khéc, dung madi ete c6 tinh d& tron 14n v6i nudce thip lién két phéi tri
vira dd sao cho ddng dung moi phdi tri 13 khong cAn thiét. Theo muc dich cla sdng
ché, thuat ngit "ddng dung moi phéi tri" va "dung moi phéi tri" chi dung méi c6 thé
phéi tri v6i axit Lewis va solvat hoa cac thanh phén ion ctia phan Gtng. Dung mdi ete
gdy can trd, nhu ete tert-butyl metyl, kém phéi tri va tét hon 13 duge st dung trong
ddng dung mdi phéi tri. Cac vi du khong giéi han pham vi clia séng ché cua ddng dung
mdi phdi tri thich hop d st dung trong thyc hanh theo sang ché bao gbm

tetrahydrofuran, dioxan, nuéc, va hdn hop ctia chiing.

Theo mot s phuong 4n, hdn hop phan tmg chira it nhit 5% hoic it nhit 10%
thé tich/thé tich ciia ddng dung méi phéi tri. Tét hon 13, luong ddng dung mdi phdi tri

c6 thé tron 13n v6i nude ¢ mit trong hdn hop phan tmg 1a khdng qua nhiéu dé can trd
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su tach pha trong phan ting hoc khi dién ra phén tmg. Theo cac phuong an khéc nhau,
ddng dung modi phéi tri chiém khong qua 20%, 15%, hodc 10% thé tich/thé tich cla
hdn hop phan tng.

Nhu str dung trong day, thudt ngit "cho proton” dé chi nhoém bét ky c6 thé chiu
dugc sy dich chuyén 4i nhan trong diéu kién sap xép lai cia quy trinh theo sang ché.
Céc nhém cho proton nhu thé da dugc biét trong linh vuc nay. Tt hon 13, nhém cho
proton la halogen, t&t hon nira 13 clo hodc brom. Trong thoi gian clia phan Gng sip xép
lai & chuyén phic boron“at” c6 cong thirc (IT) vao hop chét este boronic c6 cong thirc
(I), nhém cho proton Y giadi phong ra Y. Vi du, khi Y 1a clo, ion clorua dugc giai
phoéng & buée (b).

M ¢6 thé thay dbi 1a dbi cation bat ky dé nguyén tir bo ho4 trji bon dién tich 4m
trong phirc boron“at” c6 cong thirc (II). Theo mot s6 phuong 4n wu tién, M* duge chon
tir nhém bao gdm Li*, Na*, va K*. Cac chuyén gia trong linh vurc nay nhén ra ring cac

mudi M"Y dugc tao thanh 13 san phdm phu trong phan tng sap xép lai & budc (b).

Tét hon, R! ¢6 thé thay ddi 1a nhém c6 kha ning chuyén vi tét. Theo mot sb
phuong an, R!1a nhom béo c6 tir 1 dén 8 nguyén tir carbon, aryl c6 tir 6 dén 10 nguyén
tir carbon, hodic (aryl c6 tir 6 dén 10 nguyén tir carbon)(nhém béo ¢6 tir 1 dén 6 nguyén
tt carbon), cac nhom bat ky nay tuy ¥ duoc thé. Theo c4c phuong 4n nhét dinh, Ry 12

nhém béo ¢6 tir 1 dén 4 nguyén tir carbon, cu thé 13 isobutyl.

Tét hon, R? ¢6 thé thay dbi 1a hydro, nhém cho proton, hodc nhém béo co tir 1
dén 8 nguyén tir carbon, aryl c6 tir 6 dén 10 nguyén tir carbon, hoic (aryl c6 tr 6 dén
10 nguyén tr carbon) (nhém béo ¢o tir 1 dén 6 nguyén tir carbon) tuy y dugc thé. T6t
hon, R3 ¢6 thé thay d6i 1a nhom cho proton ho#ic nhém béo ¢ tir 1 dén 8 nguyén tir
carbon, aryl c6 tir 6 dén 10 nguyén tir carbon, hodc (aryl c6 tir 6 dén 10 nguyén tr
carbon) (nhém béo c6 tir 1 dén 6 nguyén tir carbon) tuy y dugc thé. Cac chuyén gia
trong linh vuc nay nhan thiy cdc nhém thé chirc ning c6 thé nim trén nhém R, R?, |
hodic R3 bit ky, v6i diéu kién 13 nhém thé chirc ning khong gy can trd cho viéc cung

cAp phirc boron“at” c6 cdng thirc (II).

Mot phuong 4n theo sang ché dé cap dén quy trinh @& diéu ché hop chit este
boronic ¢6 cong thirc (I), trong d6 R3 1a nhom cho proton. Cac hgp chét nay hiru dung

1a chét trung gian dé tdng hop este boronic va cac hop chét axit thé & vi tri alpha, bao
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gbm cac hop chét axit va este alpha-aminboronic, nhu duge md ta du6i day. Theo cic

phuong 4n nhét dinh, R? 1a nhém cho proton va R? 13 hydro.

Géc R* va RS bién dbi c6 thé gibng hodc khac nhau. Theo mdt s& phuong 4n, R*
va RS 1a lién két truc tiép, vi thé R* va RS, lién két cling véi nguyén ti oxy va bo &
gifta, tao ra vong c6 tir 5 dén 10 canh tuy y dugc thé, ¢6 thé thém tir 0 dén 2 nguyén tir
khéc loai trong vong dugc chon tir N, O, hodc S. Theo mdt sd phuong an, vong nay 1a

vong ¢6 5 hodc 6 canh, t5t hon 1 vong ¢ 5 canh.

Sang ché dic biét thuan loi cho sy sip xép lai phtrc boron“at” c6 cong thirc (IT)
duoc thic ddy bing axit Lewis, trong d6 R* va R® duoc lién két truc tiép va cung 1a
gbc khong d6i xting. Mot phuong én theo sang ché @ cap dén su sép xép lai cac phirc
boron“at” khong d6i xtng dé tao ra hop chét este boronic c6 cong thirc (I) trong dé
nguyén tir carbon mang R!, R2, va R® 1a tam khong d6i ximg. Tét hon 13, phan tng sép
xép lai tién hanh vé6i d6 hudng lap thé cao boi cac gbe khong ddi ximg R*-R’ dé tao ra
hop chéit este boronic ¢ cong thirc (I) ¢6 ty 18 chit ddng phan khéng ddi quang &
nguyén tir carbon mang R!, R, va R3 1 it nhit 96:4 so v6i tim khong dbi ximg trong
gbc khong dbi ximg R*-R5. Tét hon 13, ty 1¢ chit ddng phan khong d6i quang it nhit 12
97:3.

Thuat ngir "ddng phén lap th8", "ddng phan i anh", "ddng phan khong d6i

nn

quang", "epime", va “tdm khong dbi xtng", dugc ding trong tai liéu ndy véi mdi y
nghia dugc dua ra theo sit dung thong thuong clia cdc chuyén gia trong linh vuc nay.
Do d6, ddng phan 1ap thé 13 cac hop chét c6 cung lién két nguyén tir, nhung khac nhau
v& su sép xép khong gian clia nguyén tit. Cac ddng phan dbi anh 1a ddng phan lap thé
c6 mdi quan hé anh qua guong, d6 13, cAu hinh ho4 hoc 1ap thé & tht ca tAm khong a6i
xtng twong tng 1a d6i nhau. Péng phan khong d6i quang 14 dong phan lap thé ¢
nhiéu hon mot tim khong d6i xtng, khic véi tim khong dbi xtng khac trong d6 cdu
hinh ho4 hoc 1ap thé cua it nhit mot, nhung khong phai tit ca, tim khong déi xtng
twong tng 12 d6i nhau. Epime 14 ddng phan khong d6i quang khac biét vé cdu hinh hoé

hoc 1ap thé chi & mét tdm khong déi ximng.

Nhu st dung trong day, thuat ngit "ty 1€ chét ddng phan khong ddi quang" 1a dé
chi ty 18 gifra cic ddng phan khéng dbi quang khac nhau vé cAu hinh hoa hoc lap thé &

 mdt tim khong di xing, trong Gmg v6i tim khong d6i xtng thtr hai trong cting mot
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phan tr. Vi du, mét cdu tric hoa hoc v&i hai tim khong d6i xtng s& c6 thé c6 bdn
déng phén 1ap thé: R*R, R*S, S*R, va S*S, trong d6 d4u hoa thi biéu thi tdim khong
d6i xting tuong ting trong mdi ddng phan lap thé. Ty 1é chit ddng phan khong dbi
quang d6i v6i hdn hop ddng phan 1ap th8 nhu vay 13 ty 16 cia mot ddng phan khong
d6i quang va ddng phan ddi anh ctia n6 véi dbng phan khéng dbi quang khac va ddng
phan ddi anh ctia n6 = (R*R + S$*S) : (R*S + S*R).

Céac chuyén gia trong linh vuc nay s€ nhén ra rang c6 thé c6 thém cac ddng
phan 14p thé xay ra khi phén ti ¢6 nhidu hon hai tim khong déi xémg. Véi myc dich
theo sang ché, thuét ngir "ty 1é chit ddng phan khong d6i quang" c6 nghia giéng nhu
nhau & cac hop chét c6 nhidu tim khéng d6i xtng ciing nhu cac hop chét c6 hai tim
khong d6i xtmg. Vi viy, thuat ngit "ty 1& chit ddng phan khong dbi quang" chi ty 1&
ctia tht ca cac hop chat c6 cdu hinh R*R hodc $*S & tam khong dbi xting cu thé véi tat
ca cac hop chit c6 cAu hinh R*S hodc S*R & cac tim khong dbi xung cu thé. M6t cach
thuln tién, trong tai li€u nay, ty 1¢ nay la @8 chi ty 18 chat ddng phan khong d6i quang

& carbon danh du hoa thi, so v6i tim khong déi xing cu thé thtr hai.

| Ty 1& chit ddng phan khong d6i quang c6 thé do duge bang phwong phap phan
tich thich hop bt ky dé phéan biét gitta cac hop chit ddng phan khéng dbi quang c6
chu hinh ho4 hoc 14p thé lién quan khéc & tdm khong d6i xtng cu thé. Cac phuong
phap nay bao gém, nhung khong chi gi6i han &, cac phuong phap cong hudng tir hat
nhan (NMR - nuclear magnetic resonance), séc ky khi (GC - gas chromatography), va
sic ky 16ng hiéu ning cao (HPLC - high performance liquid chromatography).

Nhu ban luén trén, mot phuong 4n theo sang ché @& cap dén quy trinh san xuét
hop chét este boronic c6 cc‘)hg thirc (I) c6 ty 18 chit dong phan khéng dbi quang &
nguyén t carbon mang R!, R2, va R3 14 it nhét khoang 96:4 so v6i tim khong dbi xtng
trong gbc khong ddi xting R*-R>. Cé4c chuyén gia trong linh vuc nay s& biét 15 ring ban
than gbc khong @i xting R-R® ¢6 thé chira nhidu hon mot t4m khong ddi xing. Khi
- R4R5 ¢6 nhiéu hon mot tim khong dbi ximg, t6t hon 13, n6 c¢6 b tinh khiét ddng phan
khong di quang cao, va ty 1& chéat ddng phan khong d6i quang & nguyén tir carbon

mang R!, R2, va R3 ¢6 thé do dugc so v6i mot tim khong ddi xtimg bét ki trong R*-R®.

Trong céc quy trinh theo sing ché, gdc khong d6i xtmg R*-R5 t6t hon 14 ¢6 d6
tinh khiét ddng phan ddi anh cao. Vi muc dich theo sang ché, thuat ngit "dd tinh khiét
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ddng phan ddi anh" dugc sir dung c6 nghia 1a "do du ddng phan d6i anh", 1a lugng
ddng phén d6i anh chinh vuot trdi hon déng phan dbi anh phuy, thé hién dang phan
trdm cua téng. Tt hon 13, gbc khong dbi xting R*-R’ c¢6 db tinh khiét dong phan dbi
anh 13 it nhét khoang 98%, t6t hon 12 nita 13 it nhit khoang 99%, tét hon nita 1a it nhét
khoang 99,5%, va t6t nhat 13 it nhat khoang 99,9%.

Khi gbc khong dbi xting R*-R’ c¢6 d6 tinh khiét ddng phan dbi anh rét cao, ty 1¢
ddng phan khong dbi quang & nguyén tir carbon mang R, R%, R? x4p xi ty 1¢ epime &
trung tAm, nghia 13, ty 1& chit ddng phan khong ddi quang = (R*R):(S*R) hoic
(R*S):(S*S) = (R*):(S*). Nhu str dung trong day, thuat ngit "ty 1€ epime" dé chi ty 18
ctia san pham c6 m@t. céu hinh hod hoc 1ap thé tuyét dbi & tim khong d6i xtmg voi san
phdm c6 céu hinh hod hoc 1ap thé tuyét dbi nguoc nhau & tim khong dbi xtng twong
tng. T6t hon 13, san phdm c6 céu hinh hoé hoc 1ap thé gidng nhau & tit ca cac tAm
khong dbi xtng tuong tng khac. Do vay, theo mdt phuong 4n, séng ché @& cap dén sy
sip xép lai phirc boron“at” khong @i xtmg c6 cong thire (IT) dé tao ra hop chét este
boronic ¢6 cong thirc (I) trong d6 ty 16 epime & nguyén tir carbon mang R!, R%, vaR3 1a

it nhit 96:4, tbt hon nita 12 it nhét 97:3.

Axit Lewis thich hop dé sit dung trong thuc hanh theo sing ché 13 cac axit
Lewis c6 kha ning tao phirc véi nhém cho proton @& thuc diy sy thay thé né khi
chuyén vi R. Tét hon 13, axit Lewis con c6 kha ning phéi tri véi mot nguyén tir oxy
gin v6i boron. Cac vi du khong giéi han pham vi ciia sang ché vé axit Lewis thich hgp
bao gém kém bromua, k&m clorua, sit bromua, va sit clorua. Theo cic phuong 4n wu

tién, axit Lewis 1a kém clorua.

Tét hon 13, budce tiép xic dugc tién hanh & nhiét d6 thip, nhung c6 thé duge
tién hanh & nhiét d6 méi trudng hodc nhiét dd cao hon. Su lva chon nhiét do phan tng
thich hop s& phu thudc phan 16n vao axit Lewis st dung, ciing nhu kha ning chuyén vi
cta gbc RL. Céc chuyén gia trong linh vuc ndy c6 thé chon nhiét do thich hop trong
pham vi cta diéu kién phan tmg dwoc sir dung.

Theo mét sé phuong 4an, bude tiép xuc duge tién hanh & nhiét do phan tng it
nhit 12 khoang -100°C, -78°C, hodc -60°C. Theo mét sd phuong 4n, budc tiép xic
duoc tién hanh & nhiét d6 phan ng khong cao hon khoang 80°C, 40°C, hodc 30°C.
Khoéang nhiét d6 bat ki tir nhiét dd cao t6i thip bao gdm trong pham vi clia séng ché.
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Tét hon 13, bude tiép xic duge tién hanh & nhiét do phéan Gng nim trong khoéang tir -
100°C dén 80°C, ndm trong khoang tir -70°C dén 40°C, nim trong khoang tir -60°C
dén 30°C, hodc nim trong khoang tir 50°C dén 30°C. Theo cac phuong én duge wu tién
nhét dinh, buéc tiép xuc bit ddu & nhiét do thép, tot hon 14 ndm trong khoang tir -70°C
dén -30°C, va sau d6 hdn hop phan ung dugc lam 4m, t6t hon 1 dén nhiét d6 moi

truong.

Ngac nhién, quy trinh theo séang ché khong yéu cau su than trong dic biét aé
tranh sy ¢6 mit cua nudc trong chinh phén tng sip xép lai. Theo mot s6 phuong 4n,
axit Lewis 4&m duoc sit dung, véi su giam thiéu v& ty 18 chit ddng phan khong d6i
quang. Khi st dung trong tai liéu nay, nhic t6i axit Lewis, thut ngit "4m" nghia la
lwong nuéc cia axit Lewis 12 cao hon khoang 100, 200, 500, hodc 1.000 ppm. Dang
ké, axit Lewis tham chi c6 thé dugc bd sung vao hdn hgp phan tmg & dang dung dich

nuée ma khong anh hudng bét loi dén ty 16 chit ddng phan khong ddi quang.
Vi vay, theo mot s6 phuong 4n, quy trinh theo sang ché bao gdm céc bude:
(a) tao ra dung dich chira phitc boron“at” c6 cong thirc (II) va
(i) dung mdi ete phdi tri c6 tinh d& tron 1an véi nude thap; hoic
(ii) dung moi ete c6 tinh d& tron 13n véi nude thap va mot ddng dung moi
phéi tri; v6i didu kién 14 ddng dung mdi phdi tri chiém khong qué 20% thé
tich/thé tich ciia hdn hop phan tng;
trong d6 do hoa tan ctia nudc trong dung mdi ete cta (i) hodc (ii) c6 tinh dé tron 13n

vé6i nude thap 12 nhd hon 5% khéi lugng/khdi lugng, va
trong d6 dung moi ete cua (i) hodc (ii) c6 tinh d& tron 14n v6i nuée thip chiém it nhit
13 70% thé tich/thé tich hdn hgp phan tng.

(b) b sung vio dung dich & buéc (a) dung dich chira axit Lewis gdm nudc va
mot axit Lewis.

Theo mdt sé phuong 4n khic, dung dich axit Lewis chtra tetrahydrofuran va
axit Lewis.

Do d6, khong giéng cac quy trinh thuc hanh truée day, quy trinh theo sang ché
c6 thé d& dang 4p dung dé san xuit quy mé 16n. Theo céc phuong an khac nhau, it nhét

khoang 5, 10, 20, 50, 100, 500, hodc 1000 mol phirc boron“at” ¢6 cong thirc (IT) dugc
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tiép xuc véi axit Lewis trong cac diéu kién dé thu duoc hop chét este boronic c6 cong
thirc (I). Sang ché con @& xuét ché phim chira hop chét este boronic c6 cong thirc (I),
nhu duge md ta trong tai liéu nay, va dung moi ete c6 tinh d& tron 13n véi nude thép.
Tét hon 13, ché phadm nay chta it nhit khoang 5, 10, 20, 50, 100, 500, hodc 1000 mol
hop chét este boronic ¢ cong thirc (I). Theo cic phuong 4n nhét dinh, R* va R® cing
1a gbc khong dbi xtng, va hop chét c6 cong thirc (I) ¢6 mit trong ché pham nay c6 ty
16 chit ddng phan khong dbi quang 12 96:4 & nguyén tir carbon mang R', R?, va R3,

turong tng voi tAm khong di xtng trong gdc khong ddi xing R*-R.

Tét hon 13, su tién hanh phan Gng bao gém viéc rira hdn hop phan Ung bing
dung dich nu6c va ¢ hdn hop phan ting bing céach loai bé dung méi dé thu duge phan
cin chira hop chit este boronic ¢6 cong thic (I). T6t hon 13, phan cin chia it nhit
khoang 5, 10, 20, 50, 100, 500, hodc 1000 mol hop chét este boronic ¢6 cong thuc (I).
Theo c4c phuong 4n trong d6 R*-R5 14 gbc khong ddi ximg, hop chét este boronic ¢6
cong thirc (I) c6 trong phan cin, tot hon 13 ¢6 ty 18 chit ddng phan khéng ddi quang it
nhét 12 96:4 & nguyén tir carbon mang R!, R2 va R? so véi tdm khong dbi xting trong
gbc khong dbi xtmg R*-R5. Tt hon nita 13, ty 1& chit dong phan khong dbi quang 1a it
nhit khoang 97:3.

Phtrc boron“at” c¢6 cong thirc (II) ¢6 thé diu ché dugc bing cac phuwong phép
bét ky da biét, nhung t6t hon 13 duge diéu ché bang phan Gmg ciia este boronic ¢ cong
thire (I11):

) 4
R \B‘OR

ORS ()

v6i chit phan tmg c6 cong thirc (IV):

M (Iv)

trong &6 mdi M*, Y, va R! d&n R’ dugc x4c dinh nhu trén d6i véi phirc boron“at” ¢

cong thirc (IT). Theo mot s& phuong 4n, phan tmg duoc tién hanh & nhiét do phan tng
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1a it nhat khoang -100°C, -78°C, hogic -60°C. Theo mét s& phuong 4n, phan {mg dugc
tién hanh & nhiét do phan ing khong quéa khoang 0°C, -20°C hoic -40°C. Khoang nhiét
dd bt ky tir nhiét do cao va nhiét do thép nam trong pham vi clia sdng ché. Tét hon 13,
phan tmg dugc tién hanh & nhiét d6 phan ng nim trong khoang tir -100°C dén 0°C,
ndm trong khoang tir -78°C dén -20°C, hodc nim trong khoang tlr -60°C dén -40°C.
Theo mdt sb phuong 4n, phirc boron“at” ¢ cong thirc (II) duge bao ché trong mot
dung dich chira dung mdi ete c6 tinh d& tron 13n véi nuée thap, va hdn hop phan tng
duoc xt ly truc tiép vé6i axit Lewis dé sép xép lai hi€u qua thanh hop chét este boronic

c6 cong thire (I).

Theo mot sb phuong an, chit phan tng cé cong thirc (IV) duge tao ra in situ.

Céc phuong an nay bao gom cac budc:

(i) tao ra dung dich chira este boronic c6 cdng thure (III), 1a nhu xac dinh & trén,

va hop chét c6 cong thire (V):

R2__RS
TH
Y V)

trong d6 R? va R® 1a nhu xé4c dinh & trén véi chét phan tng c6 cong thic (IV); va

(ii) xtr Iy dung dich nay vé6i bazo manh, can tré v& mit 1ap thé dé cung cap phirc

boron“at” c6 cong thue (II).

Theo mdt s phuong 4n, bazo can tré vé mit 1ap thé nay 1a bazo kim loai kiém
dialkylamit c6 cong thirc M2N(R*),, trong d6 M? 1a Li, Na, hodc K, va mdi R¥, doc 1ap
12 nhém béo ¢6 tir 3 dén 6 guyén tir carbon vong hodc nhanh. Su tao ra in situ chit
phan g c6 cong thic (IV) 1a dac biét thudn lgi trong cdc phuong &n trong do Y 1a

nhém cho proton, do su khong 6n dinh ctia chit phan tmg ¢ cong thirc (IV).

Este boronic ¢ cong thirc (III) c¢6 thé duoc diéu ché bing phuong phap bat ky
da bibt, nhung dic trung duoc didu ché bang phan tng este hod hop chit axit boronic
tuong tmg, vi dy, bing cac phuong phap dugc md ta trong Brown va céc ddng tac gia,
Organometallics, 2: 1311-1316 (1983). Tét hon 13, céc este boronic vong c6 cong thirc
(1) dugc bao ché bing cach: |
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(a) tao ra dung dich chtra:
(i) hop chit axit boronic c6 cong thitc R!-B(OH);

(i) hop chit ¢6 cong thirc HO-R*-R3-OH, trong d6 R* va R’, gin véi
nhau, va tuy ¥ duoc thé mach lién két gdm 2-5 nguyén tir carbon va 0-2 nguyén
tir khac loai dugc chon tir nhém gém O,N,vaS;va

(iii) dung méi hitu co tao hdn hop ddng s6i v&i nudc; va
(b) dun néng dén hdi luu dung dich véi su loai nude ddng sbi.

Khi nhic dén R* va RS, thuat ngit "mach lién két" @& chi mach thang ngin nhét
cua nguyén ti nbi céc nguyén tir oxy véi nguyén tir ma R* va R’ gén vao. Mach lién
két nay tuy y dugc thé & nguyén tir bt ky trong mach, va mot hogc nhiéu nguyén tir
thudc mach ciing 1a mot phﬁn cua hé vong tao x04n Vi, ngung tu vé1, hodc tao clu v6i
mach lién két mach thdng. Theo mot sé phuong én, vi du, nhung khong gioi han 6,

hop chat c6 cong thirc HO-R*R3-OH 14 pinandiol, ¢6 cau trac:

HO
HO

G

Theo phuong 4n niy, mach lién két R*R> chira hai nguyén tir carbon, cling
nhau tao ra mdt canh ctia hé vong bixyclo[3.1.1]heptan, va mot trong hai nguyén tur

carbon nay dugc thé tiép bang nhém metyl.

Theo mdt sé phuong 4n, hop chét c6 cong thire HO-R*-R3-OH 14 diol khong déi
xtng, t6t hon 13 diol nay c6 dbng phéan khong d6i quang va do tinh khiét ddng phéan
dbi anh cao. Céc chuyén gia trong linh vuc ndy s& danh gia trong phuong én nay, hop
chét c¢6 coéng thirc HO-R*-R*-OH dugc sit dung lam chét b trg khong dbi xing huéng
vao cAu hinh hoa hoc 1ap thd & carbon mang R!, R, va R®. Diol khong dbi xtmg hitu
dung 14 céc chit b trg khong d6i ximg trong tdng hop hitu co da duge biét 15 trong
linh vuc nay. Cac vi du khong gi6i han pham vi cia sing ché bao gdm 2,3-butandiol,

tbt hon 1a (2R,3R)-(-)-2,3- butandiol hodic (28,3S)-(+)-2,3-butandiol; pinandiol, tt
hon 13 (1R,2R,3R,5S)-(-)-pinandiol hodc (18S,25,3S,5R)-(+)-pinandiol; 1,2-
xyclopentandiol, ot hon 1a (18,2S)-(+)-trans-1,2- xyclopentandiol hodc (1R,2R)-(-)-
trans-1,2-xyclopentandiol; 2,5-hexandiol, tdt hon 1a (2S,5S)-2,5-hexandiol hodc
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(2R,5R)-2,5-hexandiol; 1,2-dixyclohexyl-l,2-etandiol, tot hon 1a (1R,2R)-1,2-
dixyclohexyl-1,2-etandiol hodc (1S,2S)-1,2-dixyclohexyl-1,2-etandiol; hydrobenzoin,
tbt hon 1a (S,S)-(-)-hydrobenzoin hoic (R,R)-(+)-hydrobenzoin; 2,4-pentandiol, tbt
hon 1a (R,R)-(-)-2,4-pentandiol hodc (S,S,)-(+)-2,4-pentandiol; erytronic y-lacton, tbt
hon 1a D-erytronic 6-lacton. Carbohydrat, vi du manitol dugc bao vé & vi tri 1,2,5,6-

doi xing, ciing cd thé dugc st dung 12 diol khong doi xing.

Céc vi du khong gi6i han pham vi ciia sang ché v& dung mdi hiru co thich hop
dé sir dung trong phén mg este hoa bao gdm axetonitril, toluen, hexan, heptan, va hdn
hop cia ching. Theo mot s6 phuong 4an, dung moi hitu co 12 dung moi ete, t6t hon 1a
dung méi ete c6 tinh dé tron 1An véi nude thip. Theo cac phuong 4n uu tién nhét dinh,
phan tng este hoa dugc tién hanh trong dung méi ete c6 tinh dé tron 13n véi nude thip,
va dung dich san phim chtra este boronic c¢6 cong thirc (III) dwgc sir dung truc tiép

trong budc tiép theo, khdng can tach este boronic.

Nhu chu y trén, quy trinh theo sang ché 14n dAu tién cho phép tién hanh phan
tng quy md 16n ma khong lam gidm dang ké ty 1& chit ddng phan khong dbi quang. Vi
thé, theo khia canh khéc, séng ché dé xuét ché phém chira it nhét khoang 5, 10, 20, 50,
100, 500, hodic 1000 mol hop chit este boronic c6 cong thirc (I):

OR® (0

trong do:
R! 1a nhém béo, thom, hodc di vong thom tuy ¥ dugc thé;

R? 1a hydro, nhém cho proton, hodc nhém béo, thom, hodc di vong thom tuy y
dugc thé;

R3 12 nhém cho proton hodc nhém béo, thom, hodc di vong thom tuy y duge
thé; va

R* va RS, cing gin vao nguyén tir oxy va bo & giita, tao vong khong ddi xtng
¢6 5 dén 10 canh tuy y duge thé c6 tir 0 dén 2 nguyén tir khac loai trong vong thém

duoc chon tir N, O, hoac S;
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trong d6 nguyén tir carbon ma RY, R2, va R? gén vao 1a tim khong dbi xtng, ¢6
t 18 chét ddng phan khong ddi quang 1 it nhat 96:4, tét hon la it nhat 97:3, so v6i tim
khong dbi xtmg trong gbc khong déi xing R*-R°.

Gia tri uu tién dbi voi R! dén R? dugc mo ta trén day. Tét hon 13, dung mdi
chta ché phidm theo khia canh ndy cla sing ché v6i luong it hon 30% khéi lwong/khdi
luong, 20% khdi lwong/khdi lwong, 10% khéi lwong/khdi luong, hodc 5% khdi
lugng/khdi lwgng. Theo mdt s6 phuong 4n, hop chét este boronic c6 cong thuc (I)
chita ché phim véi luong it nhat 70% khéi lugng/khéi lugng, 80% khéi luong/khéi
luong, 90% khéi luong/khdi lwong, hodc 95% khéi lwgng/khdi luong.

Mot phuong 4n d& cép ché phim dugc mo ta trén, trong do6 c6 it nhat mot trong

cac dic di€m sau:
(a) R? 1a clo;

(b) hop chét este boronic () 1a

1
R? r2R

2

::3* oo S R3*B'O,'

6L < X,
hodc !

(c) R? 1a hydro; va
(d) R! 1 gbc béo c6 tir 1 dén 4 nguyén tir carbon.

Tét ca hop chét este boronic c¢6 cong thirc (I) c6 mit trong ché phdm nay c6 thé
dugc san xuét theo quy trinh mot mé. V&i muc dich theo séng ché, thuat ngit "quy
trinh mot mé" dé chi sy thuc hién quy trinh tdng hop, trong d6 mdi budc cia quy trinh
duoc tién hanh chi mot 14n. Tét hon 13, hop chét este boronic c6 cong thirc (I) ¢6 trong
ché pham dugc bao ché trong quy trinh mot mé theo quy trinh & khia canh dAu tién clia
sang ché. Cac chuyén gia trong linh vyc ndy s& danh gia luong sin xuét dua ra clia sin
phim bing quy trinh mdt mé theo quy trinh & quy mo 16n 1a hi¢u suit hon va tao ra
san phém ddng nhét hon san xuét véi luong clia sin phém do su thuc hién 1ap di lap lai

cta quy trinh quy mo nho.
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Céc hop chét este boronic ¢ cong thire (I) trong d6 R* 1a nhém cho proton hitu
dung 1a chét trung gian dé tong hop céc hop chit este alpha-aminboronic. Vi thé, theo
khia canh khéc, sang ché dé xuét quy trinh & quy md 16n dé didu ché este alpha-

aminboronic, tdt hon 1a theo quy trinh bao gdm cac buéc:

(a) tao ra phirc boron“at” c¢6 cong thirc (II):

R2 R3 1
AR or
Y ? - M
ORS (I
trong d6
Y 13 nhém cho proton;

M 1a cation;

R! 14 nhém béo, thom hodc di vong thom tuy y duoc thé;
R? 13 hydro;

R3 12 nhém cho proton; va

mdi R* va R?, doc 14p, 1a nhém béo, thom hodc di vong thom tuy y dugc thé,
hodic R* va RS, ciing gén vao nguyén tir oxy va bo & giita, tao ra vong ¢ tir
5 dén 10 canh tuy y duoc thé c6 tir 0 dén 2 nguyén tir khéc loai thém trong
vong dugc chon tir duge chon tir N, O, hoéc S;

(b) cho phirc boron“at” ¢ cong thurc (II) tiép xtic v6i axit Lewis trong diéu kién

d8 thu dwoc hop chit este boronic c¢6 cong thirc (I):

8
OR® i)

trong d6 mdi nhém R! dén R® 14 nhu x4c dinh & trén, budc tiép xtc ndy dugc

tién hanh trong hdn hop phén ng bao gbm:

(i) dung méi ete phdi tri c6 tinh d& tron 13n véi nuée thap; hoic
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(ii) dung mdi ete co tinh d& tron 14n v6i nude thip va ddng dung mébi
phéi tri; v6i didu kién 12 ddng dung méi phdi tri chiém khéng qua 20% thé

tich/thé tich ctia hdn hop phan tng; va

trong d6 d6 hoa tan ctia nudc trong dung mdi ete clia (i) hodc (i) c6 tinh dé tron 1an

véi nuée thap 1a nhé hon 5% khdi lugng/khdi luong, va

trong d6 dung moéi ete ctia (i) hodc (ii) ¢6 tinh d& trén 14n vé&i nude thap chiém it nhét

12 70% thé tich/thé tich hdn hop phan tmg.

(c) xir Iy hop chét este boronic cé cong thirc (I) véi chét phan tng c6 cong thirc
M!N(G),, trong d6 M! 1a kim loai kiém va mdi nhém G riéng r& hosc ciing nhau 14
nhém bao vé nhém amin dé tao san phim phu c6 cong thirc M!-R? va hop chét c6 cong
thire (VIII):

R1

A._.oR?

(GN" "B
ORS (VIII)

trong d6 mdi nhém G va R! d@én R 1a nhu x4c dinh & trén; va

(d) loai bo cac nhém G dé tao ra hop chit c6 cong thirc (VII):

R1
...OR®

HN" B
]
OR (VID)

hodc muodi cOng axit ciia nd.

Theo mdt sb phwong 4n, & budc (c), hop chét este boronic c6 cong thirc (I)
duge xtr Iy voi chét phan wng c6 cong thire M!-N(Si(R%)3), trong d6 M! 1a kim loai
kiém va mdi R® doc 1ap duogc chon tir nhdm bao gc‘Sm alkyl, aralkyl, va aryl, trong d6

phén aryl hodc aryl cua aralkyl tuy y duoc thé.

Tét hon 13, phan tng ctia hop chét este boronic ¢6 cong thirc (I) v6i cht phan
g ¢6 cdng thirc M!-N(G), dwoc tién hanh & nhiét d6 phan img nim trong khoang tir -

100°C t6i 50°C, t6t hon 13 ndm trong khoang tir -50°C dén 25°C, va t6t hon nita 1a nim
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trong khoang tir -30°C dén 0°C. Theo mét s6 phuong 4n, R? 13 halogen, tt hon 14 clo,
va M! 1a Li. D& tach thuan loi san phdm c6 cong thire (VIII), tdt hon 12 hdn hop phan
ting chira dung méi hitu co trong d6 san phim phu M!-R3 ¢6 @6 hoa tan thép. Céc vi du
khong gigi han pham vi cia sang ché v& dung moéi hiru co thich hop bao gbém
metylxyclohexan, xyclohexan, heptan, hexan, va toluen. Theo mot sb phuong an, buéce
(c) bao gdm thém viéc loc hdn hop phan tng dé loai M'-R3 va tao mét dich loc chira
hop chét c6 cong thire (VIID). Tét hon 13, dich loc ndy dugce sit dung truc tiép & bude
(d).

Theo cac phuong 4n trong d6 hdn hop phan tmg chita dung méi hiru co trong
d6 san phidm phu M!-R3 c6 d6 hoa tan thép, hdn hop phan tmg c6 thé chtra thém mot
dung moi trong d6 san phdm phu M!-R3 c6 do hoa tan cao. Trong trudng hop nay, tbt
hon 13 dung mdi ma san phdm phu M!-R? c6 db hoa tan cao trong d6 dugc loai bd
trude khi loc hdn hgp phan ung. Vi dy, theo mot s& phuong 4n, chit phan Gmg c6 cong
thirc M!-N(Si(R)s3)2 dugc bd sung vao hdn hgp phan Gng dang dung dich gbm
tetrahydrofuran. Theo cac phuong 4n nay, tdt hon 1a budce (c) bao gdm thém viéc loai

bd tetrahydrofuran truée khi loc hdn hop phéan tmg.

Céac chuyén gia trong linh vuc nay da biét cac phuong phap khic nhau cé thé
dugc st dung dé loai cac nhém G bao vé trong hop chét c6 cong thirc (VIII), bao gom,
vi du, thuy phin nudc hoac xir ly véi axit. San phim este alpha-aminboronic c6 cong
thirc (VIII) c6 @6 6n dinh thap va t6t hon nén 1 dan xuét trung gian (Matteson va céc
ddng téc gia, J. Am. Chem. Soc, 103:5241 (1981)) hodc dugc tich ra 13 mudi cong
axit. Theo mot s& phuong 4an, buée (d) bao gbm viée xtr 1y hop chét c6 cong thirc
(VIID) véi mot axit va tach hop chat c6 cong thie (VII) dang mudi cdng axit. Theo
phueng 4n wu tién nhit dinh, axit nay 13 axit trifloaxetic, va hop chét c6 cong thirc
(VII) dugc tach ra 1a mubi cong axit trifloaxetic.

Nhu ban luén trén, cdc quy trinh theo sang ché 1a dic biét thich hop dé bao ché
cac h(_yp' chét este alpha-aminboronic c6 cong thirc (VII), trong @6 carbon alpha 13 tdm
khong d6i xtimg. Do d6, mét phuong 4n theo sang ché dé cap quy trinh & quy md 16n

dé diéu ché hop chét este alpha-aminboronic c6 cong thirc (VIIa) hoic (VIIb):
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R! R!

A OR? _A___OR?
HN B

HN" B
OR® (VIIa) OR® (VIIb)

hodc mot mudi cdng axit cda no, trong do:
R!1a nhém béo, thom hodc di vong thom tuy ¥ duge thé; va

R*va R>, ciing gin vao nguyén tir oxy va bo & gifta, tao ra este boronic vong

khéng @i xtng tuy y duoc thé;
quy trinh trén bao gdm:

(a) tao ra phirc boron“at” c¢6 cdng thirc (I1a) hodc (IIb):

R2 Bs R! R2 R3R1
S " OR* Y'/’k é,()R‘1
Y ? - 5 M + 1 5 M+
OR (ITa) OR (1Y)
trong do
Y 12 nhém cho proton;

M* 14 cation;

R? 13 hydro;

R? 12 nhém cho proton; va

R* va R’ 12 nhu x4c dinh & trén;

(b) cho phirc boron“at” cé cdng thirc (Ila) hodc (IIb) tiép xuc voi axit Lewis

trong céc diéu kién dé thu dwoc hop chit este boronic c6 cong thirc (Ia) hodc (Ib):

B
OR® (Ia) OR® (Ib)
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trong d6 mbi R! dén R? 1a nhu x4c dinh & trén, budc tiép xuc nay dugc tién hanh
trong hdn hop phéan g bao gém:

(i) dung mdi ete phéi tri c6 tinh d& tron 1dn véi nude thip; hodc

(ii) dung mdi ete c6 tinh d& tron 14n véi nudce thdp va ddng dung moi

phéi tri; v6i diéu kién 1a dbng dung mdi phdi tri chiém khong qua 20% thé

tich/thé tich ctia hdn hop phan ting; va
trong d6 dd hoda tan clia nudc trong dung moi ete cua (i) hodc (ii) co tinh dé tron 1an
vé6i nude thip 1a nhé hon 5% khédi lugng/khdi lugng, va
trong d6 dung méi ete cia (i) hodc (ii) c6 tinh d€ tron 13n v6i nude thép chiém it nhit
12 70% thé tich/thé tich hdn hop phan tng.

() xt Iy hop chit este boronic c6 cong thitc (Ia) hogc (Ib) voi chét phan tng c6
cdng thirc M!-N(G)y, trong d6 M! 1a kim loai ki®m va G 1a gbc bao vé nhém amin, aé

tao ra hop chét c6 cong thire (VIIla) hogc (VIIIb):

R R!
4 = 4
(G)ZN)\g,OR (G)ZN/\QIOR
OR® (VIIIa) OR® (VIIIb)

trong d6 mdi G va R! dén R’ 14 nhu xé4c dinh & trén; va

(d) loai bd cac nhom G d& dé tao ra hop chét c6 cong thire (VIIa) hodc (VIIb):

R! R!

) - 4
/'\ LOR? HZNAB'OR

HNTTB .
ORS® (VIIa) ORS (VIIb)

hodc mubi cdng axit cua no.

Céac gié tri uvu tién dbi véi Y, M, R! dén R5, va G nhu dugc mo ta trén. Hop
chét c6 cong thuc (VIIa) hodc (VIIb) t6t hon 1a c6 ty 18 chit ddng phan khéng dbi
quang & carbon alpha 1a it nhit khoang 96:4, tét hon nita 14 it nhit khoang 97:3, so véi

tam khong d6i xing trong gbc khong ddi ximg R*-R>.
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Céc hop chét este alpha-aminboronic c¢6 cong thirc (VII) 1a chit trung gian téng
hop hitu dung dé bao ché cac hop chit este peptidyl boronic. Vi thé, theo mdt sb
phuong 4n, quy trinh theo khia canh nay cua sang ché con bao gdm viée két hop hop
chit c6 cong thirc (VII) véi hop chét c6 cong thirc (IX):

R7
PN
H o

(LX)

trong do:
P! 14 gbc khoa nhém amin;
R’ dugc chon tir nhém bao gdm hydro, gbc béo co tir 1 dén 10 nguyén tir

carbon, aryl c6 tir 6 dén 10 nguyén tir carbon tuy y duoc thé, hodc gbc béo c6 tir 1 dén

6 nguyén tir carbon-R?; va

R8 duoc chon tir nhém bao gdm céc nhém alkoxy, alkylthio, aryl tuy y dugc
thé, heteroaryl, va heteroxyclyl, va cdc nhém amin tuy y dugc bao vé, hydroxy, va
guanidin; va |

X 14 OH hodc nhém rdi chuyén;

@8 tao ra hop chét c6 cong thirc (X):

o R (X)

trong d6 mdi nhém P!, R!, R* R, va R71a nhu x4c dinh & trén.

Nhém roi chuyén X 12 nhém bt ky c¢6 thé dich chuyén 4i nhan béi nhém alpha-
amin cta hop chét c6 cong thirc (VII). Theo mot s6 phuong én, gbc - C(0)-X 1a este
hoat dong, nhu este O-(N-hydroxysucxinimit). Theo mét sé phwong 4n, este hoat dong
duoc sinh ra in situ bing cach cho hop chét c6 cong thirc (IX), trong d6 X 1a OH, tiép
xtc v6i chit phan tmg dé két hop peptit. Vi du vé& chét phan tng dé két hop peptit
thich hop bao gdm, nhung khong chi gi6i han &, chit phan ng carbodiimit, vi du,
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dixyclohexylcarbodiimit (DCC) hodc 1-(3-dimetylaminpropyl)-3-etylcarbodiimit
(EDC); chit phéan ung phosphoni, vi du, benzotriazol-1-
yloxytris(dimetylamino)phosphoni hexaflophosphat (chdt phan tmg BOP); va chét
phan ung wuroni, vi duy, O-(1H-benzotriazol-l-yl)- N,N,N',N'-tetrametyluroni
tetrafloborat (TBTU).

Céac chuyén gia trong linh vuc nay biét rd v& cac quy trinh cho phép két hop
truc tiép amin duoc bao vé bang silyl, ma khong c6 budc loai nhém béo vé trude do.
Theo céc quy trinh nay, cdc nhom silyl dugc loai in situ trong diéu kién phan tmg két
hop. Vi thé, theo mot sé phurong 4n ciia sang ché, hgp chét c6 cong thire (VIII) duoc
tiép xtic voi hop chét ¢ cong thirc (IX) trong diéu kién dé loai bd cac nhom (R®);Si in

situ va tao hop chét ¢ cong thirc (X).

Déi v6i muc dich cta sang ché, thuat ngit "gdc khod nhém amin" dé chi nhém
bét ky dung dé tao din xuit nhom amin, dic biét 1 nhém amin ¢ N tén cing cua peptit
hodc axit amin. Thuat ngit "gbc khod nhém amin" bao gdm, nhung khéng gi¢i han &,
nhom bao vé thuong duge st dung trong tbng hop hitu co, dic biét 1a tdng hop peptit.
Xem, vi du, Gross va Mienhoffer, eds., The Peptits, Vol.3, Academic Press, New
York, 1981, trang 3-88; Green va Wuts, Protective Groups in Organic Synthesis, 3rd
edition, John Wiley va Sons, Inc., New York, 1999. Tuy nhién, trir khi ¢6 huéng din
cu thé khéc, khong can thiét gbc khoa nhém amin c6 thé tach ra d& dang. Cac gbc khoa
nhém amin bao gdm, vi du, gbc alkyl, axyl, alkoxycarbonyl, amincarbonyl, va
sulfonyl. Theo mét sd phwong 4n, gbc khoa nhém amin 12 gbc axyl ngudn gbc axit axit

amin hoic peptit, hosic mot din xut hoic chét twong tu clia no.

Nhu st dung trong ddy, thuét ngit "axit amin" bao gdm ca axit amin ty nhién
hodc khong ty nhién. Véi muc dich theo sang ché, "dan xuit" cta axit amin hoic peptit
12 din xuét trong d6 nhém chic ning, vi du, nhém hydroxy, amin, carboxy, hodc
guanidin & N tan hoc trén chudi bén, dugc thay dbi bing nhém khoa. Nhu sir dung
trong ddy, mdt "chit twong tu" clia axit amin hodc peptit 12 mot chit trong d6 bao gdm
mdt chudi bén hodc khung co ban duge bién dbi. Thuat ngir "chét tuong tu peptit" 1a
chi bao gdm peptit trong 6 mot hoic nhiéu trung tam 1ap thé duoc ddo nguoc va mot

hodc nhidu lién két peptit duge thay thé bing déng céu dién tir peptit.
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Theo mdt sb phuong an, P! 1a nhém bao vé ¢6 thé tach ra. Vi du vé cac nhom
bao vé c6 thé tach ra bao gém, nhung khong chi gidi han &, cdc nhém bao vé axyl, vi
du, cic nhom bao vé formyl, axetyl (Ac), suxinyl (Suc), hodc metoxysuxinyl
(MeOSuc), va uretan, vi dy, tert-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz),

ho#c fluorenylmetoxycarbonyl (Fmoc).

Theo mét sé phuong 4n nhur vay, quy trinh theo khia canh nay cta sang ché con

bao gom céc budc:

(f) loai bd nhém bao vé P! dé tao ra hop chét c6 cong thire (XI):

R7 R4

g
HgN"\n’ “ORS

o K (x1)

hodc mubi cong axit ciia nd, trong d6 mdi nhém R!, R*, R3, va R7 1a nhu x4c dinh &
trén; va

(g) két hop hop chit c6 cong thirc (XI) v6i chit phan tng c6 cong thic P2-X,
trong d6 P? 1a gbc khoa nh6m amin bét ky, dwgc mo ta trén, va X 1 nhém rdi chuyén,

dé tao ra hop chit c6 cong thire (XII):

O R (XIn

trong d6 mdi nhém P, R', R, R%, va R7 1a nhu x4c dinh & trén. Céc chuyén gia trong
linh vuc ndy s& nhan ra trong cic phuong an trong d6 P? 12 nhom axyl, bao gbm, vi duy,
gbc axyl ngudn gbc axit amin hodc peptit, hoic chit twong tuy hodc din xuét cla né,
nhom rdi chuyén X c6 thé tao ra in situ, nhu da ban lugn trén véi hop chit c6 cong

thirc (IX).

Trong mdi cac hop chat (X) va (XII), gbc axit boronic dugc bao vé 1a este
boronic. Néu mudn, gbc axit boronic c¢6 thé dugc loai nhém bao vé bang phuong phép
- bat ky da biét trong linh vuc nay. Tt hon 13, gbe axit boronic dugc loai nhém bao vé
bang phan tmg chuyén este hoa trong hdn hop hai pha. Tt hon nira 13, budc loai bd

nhom bao v€ axit boronic bao gébm céc budc:
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(i) tao ra hdn hgp hai pha chita hop chét este boronic ¢6 coéng thirc (X) hodc
(XII), chit nhan axit boronic hitu co, alkanol thip hon, dung mdi hydrocarbon c6 tir 5

dén 8 nguyén tir carbon, va dung dich axit vo co;

(ii) khudy hdn hop hai pha nay dé thu dwoc hop chit axit boronic dugc bao vé
twong ing c6 cong thirc (Xa) hodc (XIII):
7 R7
P™-N Y TOH P-N" Y Y TOH

"o A (¥Xa) "o w (xamy,

(iii) dé phan 16p céac 16p dung modi; va
(iv) chiét hop chét c6 cong thirc (Xa), (XIII), hogc anhydrit cia axit boronic clia

nd, vao trong mot dung moi hiru co.

Chét nhén axit boronic hitu co & buéde (i) t6t hon 13 béo, aryl, hodc axit boronic
thom (béo). Theo mot s6 phuong 4n, chit nhan axit boronic dugc chon tr nhém bao
gbm axit phenylboronic, axit benzylboronic, axit butylboronic, axit pentylboronic, axit
hexylboronic, va axit xyclohexylboronic. Theo ciac phwong an nhit dinh, chit nhan
axit boronic 13 axit isobutylboronic. Theo mdt s& phuong 4n, chit nhan axit boronic
dugc chon sao cho hop chét este boronic ¢ cong thirc (IIT) dugc tao thanh 1a san phém
phu cda phan Gng loai bé nhém bao vé. Hop chét este boronic c6 cong thirc (IIT) sau
d6 co thé dugc sir dung trong quy trinh mé khac ctia quy trinh dugc mo ta trén. Theo
céc phuong an nhu vay, gbc R4-R5 dugc quay vong hiéu qua, diéu nay c6 thé dic biét

¢6 loi néu R*-R5 1a goc khong do6i xting dat tién.

Pé tang d6 tinh khiét ctia san phdm, 16p nudce chira hop chét c6 cong thirc (Xa)
hodc (XIII) t6t hon 13 nén dugc rira dé loai cac tap chét hitu co trung tinh trude budc

chiét (iv). Theo cic phuong 4n nhu vy, budce (iii) t6t hon 14 bao gdém céc budc:
(1) @ phén 16p céac 16p dung moi;
(2) didu chinh 16p nuéc dén d6 pH kiém;
(3) rira 16p nudc bang mot dung mdi hitu co; va

(4) diéu chinh 16p nu6c dén d6 pH khoang nhé hon 6.
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Theo mot s6 phuong 4n, sing c_hé dé cap quy trinh cai tién dé san xuét
bortezomib chét &tc ché proteasom. Do d6, theo mot phuong 4n, sang ché dé xuit quy

trinh & quy mo 16n dé tao ra hop chét c6 cong thire (XIV):

(XIv)
ho#c anhydrit cia axit boronic ctia nd. Quy trinh nay bao gdm cac budc:

(a) cung cip phirc boron“at” cé cdng thirc (XV):

(xV)

trong do:
R3 12 nhém cho proton;
Y 12 nhém cho proton; va
M* 14 kim loai kiém;

(b)  cho phtrc boron“at” c6 cong thirc (XV) tiép xtc voi axit Lewis trong cdc

didu kién dé thu duogc hop chét este boronic c6 cong thire (XVI):

PN

RO
\
LK

budc tiép xtic nay dugc thuc hién trong hdn hgp phan tng chtra:

(XVvI)

(i) dung mbi ete phdi tri 6 tinh dé tron 1an véi nude thap; hoic
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(i) dung méi ete c6 tinh dé tron 14n véi nude thip va ddng dung méi
phéi tri; v6i didu kién 13 ddng dung méi phdi tri chiém khong qua 20% thé

tich/thé tich ctia hdn hop phan tng;

trong d6 d6 hoa tan ciia nudc trong dung moéi ete ctia (i) hodc (i) ¢6 tinh d& tron lan

v6i nuée thip 12 nho hon 5% khéi lugng/khbi lugng, va

trong d6 dung mai ete cta (i) hodc (ii) c6 tinh dé tron 14n véi nude thip chiém it nhét

12 70% thé tich/thé tich hdn hop phan tmg.

(c) xtr Iy hop chét este boronic c6 cong thirc (XVI) véi chét phan tmg c6 cong
thirc M!-N(G), trong d6 M! 12 kim loai kiém va mdi G riéng r& hodc cung 1a nhém

bao vé& nhém amin, dé tao ra hop chét c6 cong thirc (XVII):

(XVID)

(d) loai b cac nhém G dé tao ra hop chit c6 cong thirc (XVIII):

OF
®< (XVIII)

ho#dc muoi cdng axit cia no;

@

H,N

OI

(e) két hop hop chit c6 cong thire (XVIII) véi hop chit c6 cong thire (XIX);

(XIX)

trong do:

P! 14 goc bao v& nhom amin c6 thé tach ra; va
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X 12 OH hogc nhém roi chuyén;

dé tao ra hop chét c6 cong thie (XX):

trong d6 P! 1a nhu xé4c dinh & trén;

(XX)

(f) loai bd nhoém bao vé P! @& tao ra hop chit c6 cong thirc (XXI):

hodc mdt mudi cdng axit cia nod;

(XXT)

(g) két hop hop chit c6 cong thirc (XXI) v6i chit phan tmg c6 cong thire (XXII)

N
G
O

(XX10)

trong d6 X la nhom OH hodc nhém roi chuyén, dé tao ra hop chéit ¢6 cong thuc

(XXIID):
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(h) loai nhém bao vé gbc axit boronic dé tao ra hop chét c¢6 cong thirc (XIV)

hodc anhydrit ctia axit boronic ctia nd.

Theo mot sb phuong 4n, quy trinh dic trung béi it nhat mdt trong céc dic diém
tir (1) dén (5) sau dy. Theo cac phuong 4n wu tién nhit dinh, quy trinh dugc dic trung

béi tt ca nam dac diém tir (1) dén (5) sau day.
(1) Trong phirc boron“at” ¢6 cong thitrc (XV), R va 'Y déu 1a clo.
(2) Budce két hop (e) bao gdm céc bude:

(i) két hop hop chit c6 cong thirc (XVIII) véi hop chat ¢6 cong thirc
(XIX) trong d6 X 1a nhom OH trong sy c6 mit 2-(IH-benzotriazol-1-yl)-1,1,3,3-

tetrametyluroni tetrafloborat (TBTU) va amin béc ba trong diclometan;

(ii) tién hanh viéc trao dbi dung moi dé thay thé diclometan bing etyl

axetat; va
(iii) tién hanh rira bing nudc dung dich etyl axetat.

(3) Budc loai bé nhém bao vé (f) bao gdm cac budc:
(i) xir Iy hop chét c6 cong thirc (XX) véi HCL trong etyl axetat;
(ii) bd sung heptan vao hdn hop phan ting; va

(i) tach bang cach két tinh hop chét c6 cong thirc (XXI) 12 mudi cong

HCI cuaa no.
(4) Bude két hop (g) bao gdm cac budc:

(i) két hop hop chét c6 cong thire (XXI) v6i axit 2-pyrazincarboxylic

trong sy c6 mat cia TBTU va amin béc ba trong diclometan;

(i) tién hanh viéc tién hanh viéc trao dbi dung modi dé thay thé

diclometan bang etyl axetat; va
(iii) tién hanh rira bang nudc dung dich etyl axetat.
(5) Budc loai nhém béao vé axit boronic (h) bao gdm cac bude:

(i) tao hdn hop hai pha chira hop chét c6 cong thire (XXIII), chit nhan
axit boronic hitu co, alkanol thdp hon, dung méi hydrocarbon c6 tir 5 dén 8

nguyén tr carbon, va dung dich axit vo co;
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(ii) khudy hdn hop hai pha dé thu dugc hop chit c6 cong thirc (XIV);

(iii) dé phan 16p céc 16p dung moi; va

(iv) chiét hop chét c6 cong thirc (XIV), hodc anhydrit clia axit boronic

cua nd, vao trong mot dung mdi hitu co.
T6t hon 13, bude (h)(iii) bao g(‘A)m cac budc:
(1) @ phan 16p céc 16p dung moi;

(2) didu chinh 16p nuéc dén d6 pH kiém;

(3) rira 16p nudce bing dung mdi hitu co; va

(4) diéu chinh 16p nuéc dén d6 pH nhé hon khoang 6;

Theo phuong an khac, sang ché dé xuit quy trinh st dung it nhét 5 mol cta it

nhit mot nguyén liéu ban du dé tao ra hop chét c6 cong thic (XIV)

hodc anhydrit cta axit boronic ciia nd, bao gom céc budc:

(aa) két hop hop chét ¢ cong thire (XVIII):

HzNJ\/l‘:) s
L O<

(xvi

hodc mubi cong axit ctia n6, véi hop chét ¢ cong thirc (XIX):
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trong do:
P! 1a goc bao vé nhom amin tach ra duoc; va
X 12 nhém OH ho#c nhém rdi chuyén;

@& tao ra hop chit c6 cong thire (XX):

(XX)

trong d6 P! 12 nhu xé4c dinh & trén, két hop budc nay (aa) bao gdbm cac budc:

(i) két hop hop chit c6 cong thirc (XVIII) véi hop chét c6 cong thirc
(XIX) trong d6 X 13 nhém OH trong su ¢ mit cua 2-(IH-benzotriazol-l-yl)-

1,1,3,3-tetrametyluroni tetrafloborat (TBTU) va amin bac ba trong diclometan;

(i) tién hanh viéc trao dbi dung moi dé thay thé diclometan véi etyl

axetat; va
(iii) tién hanh rira bing nu6c dung dich etyl axetat;

(bb) loai bd nhém bao vé P! dé tao ra hop chét ¢6 cong thirc (XXI):

(XXT)

hodic mudi cong axit ciia n6, budc loai bé nhém bao vé (bb) bao gdm cac bude:
(i) xtr Iy hop chéit c6 cong thire (XX) véi HCI trong etyl axetat;
(ii) bd sung heptan vao hdn hgp phan tng; va

(iii) tach bing cach két tinh hop chét c¢6 cong thire (XXI) 13 mubi cong

HCI cua no;
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(cc) két hop hop chét c6 cong thirc (XXT) véi chét phan g c6 cong thirc

(XXII)
E/N
|
NLH,X
(@)

trong d6 X 12 OH hodc nhém roi chuyén, @& tao ra hop chit c6 cong thire (XXIII):

| O H 9&
Ne A AN Na B
EN/ H o

(XX10)

- "0

T ooam,

bude két hop (cc) bao gdbm céc budc:

(i) két hop hop chét c6 cong thire (XXI) véi axit 2-pyrazincarboxylic
trong sy c¢6 mit cua trong sy c6 mit cia TBTU va amin bic ba trong

diclometan;

(ii) tién hanh viéc trao dbi dung moi dé thay thé diclometan véi etyl

axetat; va
(iii) tién hanh rira dung dich etyl axetat bang nudc; va

(dd) loai nhém bao vé gde axit boronic dé tao ra hop chét c6 cong thic (XIV)
hodc anhydrit cia axit boronic ciia nd, loai nhém bao v¢ buéc nay (dd) bao gbm cac

budc:

(i) tao ra hdn hop hai pha chira hgp chét c6 cong thire (XXIII), chit nhan
axit boronic hitu co, alkanol thdp hon, dung mdi hydrocarbon c6 tir 5 dén 8

nguyén tr carbon, va dung dich axit v0 co;
(ii) khudy hdn hop hai pha dé thu duoc hop chit c6 cong thirc (XIV);

(iii) dé phén 16p cac 16p dung moi; va
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(iv) chiét hop chét c6 cong thirc (XTV), hodc anhydrit clia axit boronic

cua no, vao trong mdt dung moi hiru co.

Tbt hon 13, bude (dd)(iii) bao gdm céc budc:

(1) dé phan 16p cac 16p dung mbi;

(2) diéu chinh 16p nuéc dén d6 pH kiém;

(3) rira 16p nuée bang dung mdi hiru co; va

(4) diéu chinh 16p nuéc dén dd pH nho hon khoang 6;

Hiéu suét ciia cac quy trinh dugc md ta trén dugc ting 1én bang cach rat ngin
céc bude, vi du, bing cach dua hdn hop phan tng hodc dung dich san phdm dang xay
ra tir mOt phan @ng vao truc tiép phan tng tiép theo, khong can tach san phim trung
gian. Vi du, theo mot s6 phuong 4n, budc (e)(iii) hodc (aa)(iii) thu duge dung dich etyl
axetat chtra hop chét c6 cong thirc (XX), va dung dich etyl axetat dugc tic ddng truc
tiép & bude (f) hodc (bb) dén diéu kién hidu qua dé loai bé nhém bao vé P!. Theo mdt
sb phuong 4n nhu vdy, nhom béo vé P! 12 nhém bao vé axit khong bén, vi du, tert-
butoxycarbonyl (Boc), va dung dich etyl axetat tir bude (e)(iii) hodc (aa)(iii) duoc xir
ly véi axit. Theo cac phuong an uu tién nhét dinh, dung dich etyl axetat tir buéc (e)

(iii) hodc (aa)(iii) dwoc 1am kho theo cach ddng soi va sau d6 xit ly v6i khi HCI.

Khi budc loai nhém bao vé (f) hodc (bb) duge tién hanh trong cic diéu kién
khan, nhu dwoc mé ta trén, san phdm c6 cong thirc (XXI) c6 thé tach bing cach két
tinh tir hdn hop phan tmg mudi cong HCI ctia no. Két tinh mudi san phidm duge thic
dy bang cach bd sung dung mdi hydrocarbon nhu n-heptan. Theo mot sb phuong an,
hén hop phan tng duge ¢d mot phan trude khi thém dung méi hydrocarbon. Céc nha
sang ché da phat hién ra ring viéc két tinh hop chét c6 cong thirc (XXI) theo cach niy
loai bo hiéu qué tap chét tripeptit bat ky c6 thé tao thanh trong budc két hop (e) hodc

(aa). Cac tap chit nay kho loai bé & cac bude sau clia quy trinh tong hop.

C6 thé rut ngin hon nita cia quy trinh 1 bing cach dua hdn hop san pham tir
bude két hop (g) hoidc (cc) truc tiép vao bude loai nhém bao vé gde axit boronic (h)
hodc (dd). Tét hon 13, dung mdi hiru co tir phan ng két hop duoc thay thé bang etyl
axetat nhdm tao diéu kién cho viéc rira sach bang nuée. Chuyén dung méi thir hai vao

trong dung méi hydrocarbon sau d6 dé dung dich san phdm tir bude (g) hoic (cc) duge
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st dung truc tiép trong budc loai nhém bao vé axit boronic hai pha (h) hodc (dd),
khong cin tach hop chat c6 cong thire (XXIII).

Mot cach thay thé, phuwong phap rit ngén hon c6 thé dugc chip nhan dé tong
hop hop chét c6 cong thire (XIV). Do d6, theo phuong 4n khac nita, séng ché @ xuét
quy trinh & quy mo 16n dé tao ra hop chét c6 cong thirc (XIV)

o I on
EN\j)Ln AN
N ©

h oy

hoic anhydrit clia axit boronic cta nd. Quy trinh nay bao gom céc budc:

(a) tao ra phirc boron“at” c¢6 cong thirc (XV):

R37/0
H 4
;)-- 0

Mt

&

(XV)
trong do:
R3 12 nhém cho proton;
Y 1a nhém cho proton; va
M 14 kim loai kiém;

(b) cho phirc boron“at” ¢ cdng thic (XV) tiép xtc voi axit Lewis trong cic

didu kién dé thu duoc hop chét este boronic ¢6 cong thic (XVI):

(XVI)
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budc tiép xuc nay duoc tién hanh trong hdn hop phan tng chira:
(i) dung moi ete phéi tri c6 tinh d& tron 14n v6i nude thép; hodc

(ii) dung mdi ete c6 tinh d& tron 13n véi nude thip va dong dung modi
phéi tri; v6i didu kién 1a ddng dung moéi phdi tri chiém khéng qua 20% thé
tich/thé tich ciia hdn hop phan tng;

trong d6 do tan cta nude trong dung mdi ete theo muc (i) hodc (i) ¢6 tinh d& tron 1in

v6i nude thp 1a nhd hon 5% khéi lwong/khdi luong, va

trong d6 dung mdi ete cta (i) hodc (ii) c6 tinh d& tron 1in v6i nuée thip chiém it nhét

12 70% thé tich/thé tich hdn hop phan tng.

(c) xtr Iy hop chét este boronic c6 cdng thirc (XVI) véi chét phan tmg c6 cong
thite MI-N(Si(R%)3)2 trong d6 M! 1a kim loai kiém va mdi R® doc 1ap dwoc chon tir
nhém bao gdm alkyl, aralkyl, va aryl, trong d6 phan aryl hoic aryl ciia aralkyl tuy y
duogc thé, dé tao ra hop chét ¢ cong thirc (XVII):

((R")ssozN’d;
L <
(XVII)

(d) loai bd cac nhém (R6)3Si dé tao ra hop chét c6 cong thire (XVIII):

HN7 870N
o~ <
(XVIII)

hodc mudi cdng axit ciia no;

O

(]

(¢") két hop hop chit c6 cong thire (XVIII) véi hop chét c6 cong thirc (XIXa):

& J*ﬂf]

(XIXa)
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trong d6 X 12 nhém OH hodc nhém roi chuyén, d& tao ra hop chit c6 cong thirc
(XXIID):

(Xxa1I) ;

va

(£) loai nhém bao vé gde axit boronic dé tao ra hop chit co cong thirc (XIV)

ho#c anhydrit cta axit boronic cia no.

Theo mdt s6 phwong 4n, quy trinh dugc dic trung boi it nhét mot trong céc dic
diém tir (1) dén (3) sau day. Theo cac phuong 4n uu tién nhét dinh, quy trinh dugc dic
trung boi tht ca ba dic diém tir (I) dén (3) sau day.

(1) Trong phirc boron“at” ¢ cong thirc (XV), caR*vaY déu 1 clo.
(2) Budc két hop (¢’) bao gbm cac budc:

(i) k&t hop hop chit c6 cong thue (XVIII) véi hop chét cé cong thic
(XIXa) trong d6 X 1a nhém OH trong sy c6 mit ciia 2-(IH-benzotriazol-1-yl)-

1,1,3,3-tetrametyluroni tetrafloborat (TBTU) va amin bac ba trong diclometan;

(ii) tién hanh viéc trao d6i dung moi dé thay thé diclometan bang etyl

axetat; va
(iii) tién hanh rira bing nudc dung dich etyl axetat.
(3) Budc loai nhém bao vé axit boronic (f7) bao gbm céc budc:

(i) tao hdn hop hai pha chira hop chét c6 cong thire (XXIII), chit nhan
axit boronic hitu co, alkanol thip hon, dung mdi hydrocarbon ¢ tir 5 dén 8

nguyén tr carbon, va dung dich axit vo co;

- (ii) khudy hdn hop hai pha nay dé thu dugc hop chét c6 cong thirc
(XIV);

(iii) dé phan 16p céc 16p dung mbi; va
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(iv) chiét hop chit c6 cong thirc (XIV), hodc anhydrit ctia axit boronic
cua nd, vao trong mot dung moi hiru co.
Tét hon 13, bude (£)(iii) bao gdm céc budc:
(1) dé phan 16p cac 16p dung mdi;
(2) diéu chinh 16p nuéc dén d6 pH kiém;
(3) rira 16p nuée bing dung mdi hitu co; va
(4) diéu chinh 16p nuéc dén do pH nho hon khoang 6;

O bude (h)(iv), (dd)(iv), hodc (£)(iv) cla cac quy trinh dwgec mo ta trén, hop
chét c6 cong thirc (XIV), hodc anhydrit ciia axit boronic ciia no, t6t hon 1a dugc chiét
vao trong etyl axetat va két tinh bing cach bd sung hexan hogc heptan. Theo mot sd
phuong 4n, quy trinh bao gdm thém viéc tich anhydrit ctia axit boronic ctia hgp chét

c6 cong thirc (XIV), tot hon 14 anhydrit ctia axit boronic trime c¢6 cong thire (XXIV):

0 H Qi.

N N._B
Ej/u\"g o Y s
~N \r -

Céc quy trinh theo sang ché cho phép san xuét quy md 16n bortezomib véi do
tinh khiét hoa hoc va ho4 hoc 14p thé rit cao. Cac quy trinh trong linh vuc niy trude
day han ché vé& quy mé va thu duoc san phim véi d6 tinh khiét tbng thé thip hon. Vi
thé, theo khia canh khéc nita, sang ché dé xuit ché pham chua it nhit mot kilogam hop
chét c6 cong thire (XXIV):

(XXTV)

Hop chét c6 cong thirc (XXIV) ¢6 thé duoc didu ché theo quy trinh dugc mo ta

& trén, va c6 thé chiém it nhit 99% khéi lugng/khdi lugng ctia san phém.
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Vi du thue hién sang ché

Cac tir viét tit
BOC tert-butoxycarbonyl
D.L duoc khit ion
DMF N,N-dimetylformamit
GC sdc ky khi
GC-MS sc ky khi - phd khdi lwong
h gio
HDDPE polyetylen ty trong cao
HPLC sic ky 16ng hiéu ning cao
| LDA lithi diisopropylamit
LOD hao hut do sdy
min phut
MTBE ete t-bufyl metyl
RP-HPLC sic ky 16ng hiéu ning cao pha déao
RPM vong trén phut
TBTU O-benzotriazol-1-yl-N,N,N'-N’tetrametyluroni tetrafloborat
THF tetrahydrofuran

Vi du 1: Quy trinh san xuit (1R)-(S)-pinandiol 1-amoni trifloaxetat-3-

metylbutan-1-boronat

(1S)-(S)-pinandiol 1-clo-3-metylbutan-1-boronat

1. (S)-pinandiol-2-metylpropan-1-boronat (12,0kg, 50,8mol) duwoc nap vao binh phan
g duge duge duy tri trong moi trudng khi nito.

2. Ete tert-butyl metyl (53kg) va diclometan (22,5kg) dugc nap vao va hdn hop thu
duoc duoc lam lanh xuéng dén nhiét d6 -57°C c6 khuéy.
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3. Diisopropylamin, (6,7kg) dugc nap vao mot binh phan tng khac dugc duy tri trong
mdi truong khi nito.
4. Ete tert-butyl metyl (27kg) dugc nap vao diisopropylamin va hdn hop thu dugc
duoc 1am lanh xubng dén nhiét d6 -10°C c6 khudy.

5. n-hexyllithi trong hexan (33,2% khdi lugng dung dich) (17,6kg) duge bd sung vao
hdn hop diisopropylamin trong thdi gian 57 phut, trong khi nhiét 4o phan Ung
duogc duy tri & nhiét do tir -10°C dén -7°C

6. H3n hop nay (hdn hop LDA) dugc khudy trong 33 phiit & nhiét do tir -9°C dén -7°C

trude khi n6 dugce st dung.

7. K&m clorua, (12,1kg) dugc nap vao binh phan Umng tht 3 dugc duy tri trong mdi

truong khi nito.

8. Ete tert-butyl metyl (16kg) dugc nap vao kém clorua va hdn hop thu duge duge lam
4m 1én dén nhiét d6 30°C va khudy.

9. Tetrahydrofuran (53kg) dugc bd sung vao huyén phii kém clorua trong thoi gian 18
phut, trong khi nhiét 46 phan ng duoc duy tri & nhi€t do tir 35°C dén 40°C.

10. H8n hop nay (hdn hop ZnCly) dugc khudy trong 4 gio va 28 phit & nhiét do tr
38°C dén 39°C dén khi n6 duge sir dung. |

11. Hon hop LDA (tr #3 - 6) duoc bd sung vao binh phan tng chita (S)-pinandiol-2-
“metylpropan-1-boronat trong thdi gian 60 phut, trong khi nhiét d6 phan tng duoc
duy tri & nbiét d tir -60°C dén -55°C. ‘

12. Dung dich rtra ete tert-butyl metyl (10kg) dugc sir dung d& hoan thanh viéc bd

sung.
13. H3n hop phan tng dugc khudy thém 20 phit & nhiét do tir -59°C dén -55°C.
14. Hdn hop phan tmg dugc lam 4m 1én dén nhiét do -50°C trong thoi gian 12 11 phit.

15. Hon hop ZnCl, (tii #7- 10) duge bd sung vao trong thoi. gian 48 phut vao binh
phan ung chira (S)-pinandiol-2-metylpropan-1-boronat va hdén hop LDA, trong
khi nhiét dd phan Gmg dugc duy tri & nhiét do tir -50°C dén -45°C

16. Dung dich ete tert-butyl metyl (10kg) duoc sir dung dé hoan thanh viéc bd sung.
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17. Hon hop phan tmg dugc khudy thém 30 phat & nhiét do tr -45°C dén -40°C va sau
d6 duogc 1am 4m 1én dén nhiét d6 10°C trong thoi gian 81 phit.

18. Dung dich axit sulfuric 10% (72kg) dugc bb sung vao binh phin tng trong thoi
gian 40 phut, trong khi nhiét d6 phan Gng dugc duy tri & nhiét do tir 10°C dén
21°C.

19. H8n hop phan tmg dugc khudy trong 16 phit & nhiét do méi trudng, trudce khi pha

nudc duge tach.

20. Pha hitu co duge rira 1an luot bing nude da khir ion (D.1.) (32kg), va dung dich
natri clorua 10% (26,7kg), mdi 1an rira cin khudy manh trong thdi gian tir 15 dén
17 phut & nhiét 6 mdi truong.

21. Hdn hop phan tmg dugce cd trong diéu kién &p suét gidm (pmin = 81.10%Pa), duy tri
nhiét d0 bén ngoai (40/bé) tir 50°C dén 55°C, tao ra phan cin dugc hoa tan trong
metylxyclohexan (56kg).

22. Hén hop phan tmg duoc hdi luu (trong binh ngung kiéu Dean-Stark dé tach nudc)
trong diéu kién 4p sudt giam (Pmin ~67.102Pa), duy tri nhiét dd bén ngoai (40/bé)
tir 50°C dén 55°C trong 2 gir va 7 phut, dén khi khong con nuéc dugc tach.

23. Khoang 35L dung mdi dugc chung c4t trong diéu kién 4p sudt giam (Pmin ~
81.10?Pa), duy tri nhiét d0 bén ngoai (4o giam nhiét/bé) tir 50°C dén 55°C

24. Hon hgp metylxyclohexan khd thu dugc chua (1S)-(S)-pinandiol 1-clo-3-
metylbutan-1-boronat dugc lam lanh xuéng dén nhiét d614°C.

(1R)-(S)-pinandiol 1-bis(trimetylsilyl)amin-3-metylbutan-1-boronat

1. Lithi bis(trimetylsilyl)amit trong tetrahydrofuran (19,4% khdi lugng dung dich),
(41,8kg) dugc nap vao binh phan tng dugc duy tri trong mdi truong khi nito va
dwoc 1am lanh xubng dén nhiét d -19°C bing cach khudy.

2. Hon hop metylxyclohexan chira (1S)-(S)-pinandiol 1-clo-3-metylbutan-1-boronat
duoc bd sung vio trong thoi gian 55 phut, trong khi nhiét d§ phan tmg duoc duy
tri & nhiét d tir -19°C dén -13°C.,

3. Dung dich rita metylxyclohexan (5kg) dugc sir dung dé hoan thanh qua trinh bd

sung.
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4. Hdn hop phén img dugc khudy thém trong 65 phut & nhiét @9 tir -13°C dén -12°C va

sau d6 duge 1am 4m 1én dén nhiét 46 25°C trong thoi gian 25 phut.

5. Huyén phu chtra Celite (2,5kg) trong metylxyclohexan (22kg) dugc bd sung vao
hdn hgp phan fng.

6. H3n hop phan tmg dugc cb trong didu kién &p suit gidm (pmin ~ 25.10?Pa), duy tri
nhiét do bén ngoai (40/b8) & nhiét do tir 45°C dén 50°C, tao ra phan cin dugc hoa

tan trong metylxyclohexan (36kg).
7. Sau d6 14y mau dé thir nghiém ham lugng tetrahydrofuran trong quy trinh bang GC.
8. Thir nghiém ham lugng tetrahydrofuran 14 0,58%.
9. Chét rin duoc loai b%mg cach loc, dich loc dugce loc qua nut Silica Gel (2,0kg).
10. Ca hai don vi loc dugc rira bang ete isopropyl (30kg).

11. Hén hgp metylxyclohexan/ete isopropyl thu dugc chira (1R)-(S)-pinandiol 1-
bis(trimetylsilyl)amin-3-metylbutan-1-boronat dugc bao quan trong binh chta &

nhiét d6 moi truong cho dén khi duoc st dung trong budc tiép theo.

(1R)-(S)-pinandiol l-amonitrifloaxetat-3-metylbutan-1-boronat

1. Axit trifloaxetic, (12kg) dugc nap vao binh phan tng khac dugc duy tri trong moi
truong khi nito.

2. Ete isopropyl (78 kg) dugc nap vao axit trifloaxetic va hdn hop thu duge dugc 1am
lanh xubng dén nhiét d6 -10°C bing cach khudy.

3. H6n hop metylxyclohexan/ete isopropyl chta (1R)-(S)-pinandiol 1-
bis(trimetylsilyl)amin-3-metylbutan-1-boronat dugc bd sung vao trong thoi gian
53 phut gy két tia san pham, trong khi nhiét d6 phan (mg dugc duy tri & nhiét do
tlr -10°C dén -5°C.

4. Dung dich rtra ete iéopropyl (5kg) dugc st dung dé hoan thanh viéc bd sung.

5. Hdn hop phan tng dugc khudy thém trong 8 gid va 20 phut & nhiét dd tir -9°C dén -
7°C.
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6. Chét rin dugc thu bang cach loc, dugc rira bang ete isopropyl (70kg) 1am hai phan,
va 1am kho trong didu kién 4p suét gidm (pmin ~ 56.10?Pa) & nhiét do tir 41°C dén
42°C trong 2 gid va 15 phut.

7. Chét rén duogc khudy v6i nude D.I. (60kg) trong 24 phit & nhiét dd moi trudng, sau

d6 nude D.I. dugc loc bo.
8. Chét rdn duoc rira bang nuée D 1. (12kg).

9. Chét rén nay sau d6 duoc 1am khd trong méi trudng chan khong (pmin ~ 4.10°Pa) &
nhiét d6 tir 40°C dén 44°C trong 9 gid va 22 phut, sau thoi gian nay do hao hut do
sdy 12 0,51%, dap tng yéu cau 14 < 1%.

10. Chét trung gian, (1R)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-boronat,
tho, sau d6 dugc dong gbi vao céc tii polyetylen riéng trong cac bng polypropylen

va dugc dan nhan. Hi¢u sut 1a 72%.

Két tinh lai (I-R)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-boronat, tho

1. (1R)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-boronat, tho, (13kg) dugc
nap vao binh phan g dugc duy tri trong moi trudng khi nito.
2. Axit trifloaxetic (31kg) dugc nap vao binh phin ing va hén hop thu dugc duoc lam

lanh xudng dén nhiét do 40°C véi khudy.

3. Tét c4 chét rin duoc hoa tan mdt 14n dé tao ra hdn hop duc nhe, ete isopropyl (29kg)
duge bd sung vao trong thdi gian 57 phut, trong khi nhiét do phan ung duge duy
tri & nhiét d¢ tir 2°C dén 3°C.

4. Sau khi hoan thanh viéc bd sung, hdn hop nay dugc loc qua phéu loc vao binh nhan
duoc duy tri trong moi truong khi nito.

5. Binh phan tng va phéu dugc rira bing hdn hop axit trifloaxetic (3,8kg) va ete
isopropyl (5kg). Dung dich rira dugc bd sung vao dich loc.

6. Ete isopropyl (126kg) dugc bd sung vao trong thoi gian 15 phut gy két tia san
phm, trong khi nhiét do phan tmg dugc duy tri & nhiét do tir 16°C dén 18°C.
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7. Hén hop nay duoc khudy & nhiét do tir 16°C dén 18°C trong 15 phut, sau d6 dugc
lam lanh xudng dén nhiét d6 -50°C trong thoi gian 67 phit, va khudy & nhiét do
tir-30°C dén -5°C trong méi trudong khi nito trong 89 phut.

8. Sau d6, chét rin dugc tach ra bing cach loc, rira bang ete isopropyl (48kg) thanh hai
phn, va lam khé trong diéu kién chan khong (pmin = 2.10%Pa) & nhiét do tir 34°C
dén 40°C trong 2 gio va 55 phut, sau thoi gian nay d6 hao huyt do sdy 1a 0,32%,
dép tng yéu cau 13 <0,5%.

9. San pham, (1R)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-boronat, sau d6
duoc dong gobi trong thi polyetylen hai lan trong 6ng bang soi va dugc dén nhan.
Hi¢u suét 12 86%.

Vi du 2: Quy trinh sin xuit anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-

leuxin boronic
(1S,28,3R,5 S)-pinandiol N-BOC-L-phenylalanin-L-leuxin boronat

1. Trong ti hat khoéi, binh phan Ung bang thuy tinh ba c¢d duoc trang bi véi nhiét ké

dAu Claisen va mot may khudy co dugc rira bang nito.

2. (1IR)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-boronat (2,0kg), dugc nap
vao binh.

3. BOC-L-phenylalanin (1,398 kg) duoc nap vao binh.

4. 2-(IH-benzotriazol-1-yl)-1/1,3,3-tetrametyl uroni tetrafloborat, TBTU (1,864kg) dugc

nap vao binh.
5. Diclometan (15,8L) dugc nap vao binh.
6. Dong co khudy dugc chinh dé khudy & 260 toc do RPM.

7. Sir dung bé 1am lanh chtra d4/nuéc, hdn hop phan tng dugce 1am lanh xudng dén
nhiét 6 1,0°C, dugc duy tri trong mdi trudng khi nito.

8. N,N-diisopropyletylamin (2,778L) dugc nap vao binh thuy tinh va truyén vao hdn

" hogp phan Ung trong thoi gian 117 phuat bang céch sir dung tiém nhu dong duy tri
nhiét d0 phéan ung nam trong khodang tir 0,7°C - 2,1°C. Téc d6 bd sung tbng thé 1a
23,7mL/phtt.
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9. Dung dich rtra diclometan (0,2L) cta binh vao hdn hop phan tng duge st dung dé

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

hoan thanh viéc bd sung nay.

Han hop phan tng duoc khudy thém trong 35 phit. Nhiét do khi bat dau khudy 1a
1,8°C, va 2,5°C khi két thiic khudy.

LAy mAu dé thir nghiém trong quy trinh bang sic ky long hidu ning cao pha dao
(RP-HPLC). Phdn tram chuyén dbi dugc x4c dinh 12 99,3%.

Hon hgp phan tmg dugc chuyén thanh hai nira xép xi bang nhau vao hai binh bbe
hoi kiéu quay. Hon hop phan tng dugc cd trong didu kién 4p suét giam bing cach

st dung thiét bi béc hoi kiéu quay, duy tri nhiét d6 bén ngoai 1a tir 29 dén 30°C.

Etyl axetat (4,0L) dugc chia thanh hai phan xAp xi bing nhau va nap vao hai binh

bbc hoi kiéu quay.

Hdn hop trong mdi binh duge ¢d trd lai trong didu kién &p suét giam ding thiét bi

béc hoi kiéu quay, duy tri duy tri nhiét d6 bén ngoai bé 1a 29-30°C.

Sau d6, phan cin trong mdi binh béc hoi kidu quay dwoc chuyén tré lai binh phén

{ng bang cach ding etyl axetat (13,34L).

Trong binh thuy tinh dugc trang bi may khudy, dung dich axit phosphoric 1%
trong nudc dugc bao ché bang cach phdi hop nuéc DI. (13,18L) va axit
phosphoric (0,160kg).

Trong binh thuy tinh trang bi may khudy, dung dich kali carbonat 2% trong nugc
(12,0L) duogc bao ché bing cach tron nuéc D.I (11,76L) va kali carbonat
(0,24kg).

Trong binh thuy tinh dugc trang bi may khudy, dung dich natri clorua 10% trong
nuée (13,34L) duoc bao ché bang cach tron nude D.I. (13,34L) va natri clorua
(1,334kg).

Nuée D.I. (13,34L) duge nap vao binh phan tng chira dung dich etyl axetat va hdn
hop nay dugc khudy véi téc do 380 RPM trong 7 phut. Céc 16p dugc dé phan 16p
va pha nuédc (16p dudi) duoc chuyén vao binh thich hgp trong didu kién chan

khong va dugc loai bo.
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20. Liap lai, nuéc D.I. (13,34 L) dugc nap vao binh phdn tng chira dung dich etyl
axetat va hdn hop nay duogc khudy véi tdc dd 385 RPM trong 7 phut. Cac 16p
duogc dé cho phan 16p va pha nuéc (16p dudi) duge chuyén vao binh thich hop

trong di€u kién chan khong va loai bé.

21. Dung dich axit phosphoric 1% pha ché & buéc 16 dugc nap vao binh phan tng
chtra dung dich etyl axetat va hdn hop nay dugc khudy véi téc d6 365 RPM trong
7 phit. Cac 16p duge dé cho phan 16p va pha nuéc axit (16p dudi) duge chuyén
vao binh thich hgp va loai bo.

22. Dung dich kali carbonat 2% pha ché trong bude 17 dwoc nap vao binh phén Gng
chira dung dich etyl axetat va hdn hop nay dugc khudy véi tbc dd 367 RPM trong
7 phit. Céc 16p dugc dé cho phan 16p va pha nude kidm (16p duéi) duge chuyén
vao binh thich hgp va loai bo.

23. Dung dich natri clorua 10% pha ché trong budc 18 duge nap vao binh phan tng
chtra dung dich etyl axetat va hdn hop nay dugc khudy véi tbe d6 373 RPM trong
6 phit. Cac 16p dugc dé cho phan 16p va pha nuée (16p dudi) duge chuyén vao
binh thich hop va loai bé.

24. Dung dich etyl axetat duoc chuyén vao binh bbc hoi kiéu quay va co trong didu
kién ap suét giam bang thiét bi bdc hoi kidu quay, duy tri nhiét d6 bé tir 29 dén
30°C, dé thu phén can.

25. Phin cin dugc hoa tan lai trong etyl axetat (4,68L).

26. Dung dich nay dugc cd trong didu kién chan khong bang thiét bi béc hoi kiéu
quay, duy tri nhiét do bé 1a tir 29 dén 30°C, dé tao phén can mot lan nira.

27. Lap lai, phin cin nay dugc hoan tan lai trong etyl axetat (4,68L) va 14y hai mau dé
xadc dinh ham luong nuédc bﬁng cach st dung chuin d6 Karl Fisher. Hdim luong
nude cua hai mau nay duge x4c dinh 14 0,216% va 0,207%.

28. St dung thém mdt lugng etyl axetat (12,66L), hdn hop nay dugc chuyén tr binh
bdc hoi kiéu quay vao binh phan ing kho dugc trang bi nhiét ké, may khudy co,

va Ong phan tan khi néng chay, va dugc lam sach bang khi nito.
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(1S,2S,3R,5S)-pinandiol L-phenylalanin-L-leuxin boronat, mubi HCI

1. Dung dich etyl axetat chuta (IS,2S,3R,5S)-pinandiol N-BOC-L-phenylalanin-L-
leuxin boronat dwgc 1am lanh bing bé d4/nude 1am lanh xudng dén nhiét do -
0,9°C.

2. Khi hydro clorua (1,115kg) duge suc vao hdn hgp phan Gng trong thoi gian 1,48
gio. Nhiét do khi bt dau suc 12 -0,9°C, va khi két thic 1a 6,8°C.

3. Phan ting dugc dé cho Am 1én dén nhiét @6 14,4°C trong vong 50 phit, trong khi

duoc duy tri trong moi trudng khi nito.

4. Liy mot mau dé kiém tra trong quy trinh bang RP-HPLC. Phén trim chuyén dbi 1a
68,9% (% bé mit).

5. Phan tmg dugc khudy trong 35 phut. Nhiét do khi bat dau 1a 14°C, va 1a 14,8°C vao
khi két thic.

6. Ly mot miu dé kiém tra trong quy trinh bing RP-HPLC. Phén tram chuyén ddi 1a
94,7% (% bé mit).

7. Phan tmg duoc khudy thém trong khoang 50 phut, duy tri nhiét d6 1a 10°C + 5°C.

8. LAy mdt méu dé kiém tra trong quy trinh bang RP-HPLC. Phén tram chuyén ddi 1a
97,3%.

9. Phan tng dugc khudy thém trong khoang 50 phit, duy tri nhiét d¢ 1a 10°C + 5°C.
Nhiét d6 cubi cing 13 14,6°C.

10. Liy mét miu dé kiém tra trong quy trinh bing RP-HPLC. Téng cong thoi gian
phan tng sau khi suc khi hydro clorua la bdn (4) giov.

11. Phin tram chuyén dbi 1 99%.
12. Quan sét théy mot chét sén sét.
13. n-heptan (8,8L) dugc nap vao hdn hgp phan ung.

14. Chit sén sét nay dugc khudy trong 2 gid. Nhiét do khi bit dau khudy 1a 12,7°C, va
1a 15,3°C khi két thic.

15. Chéit rdn duogc tach bang cach loc trén phéu Buchner nbi v6i miéng loc bing

polypropylen.
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16. Chét rén dugc rira bing n-heptan (4,68L).

17. Trong ti hét, chét rin duoc chuyén vao ba khay sdy khong diy qua 1" va siy bang

khong khi trong 1 gio.

18. Sau d6, chét rin dugc 1am kho & nhiét dd <35°C trong diéu kién chan khong la
27"Hg trong 16 gid 28 phut trong 16 chan khong dugc trang bi chan khong ké va
nhiét ké.

19. LAy mAu chét rén tir mdi khay sdy dé xac dinh % hao hut khi sdy (Loss on Drying-
LOD). Gia tri LOD duogc xac dinh 14 0%, 0,02%, va 0,02% trén ba mAiu léy ra.

20. Sau d6 (1S,2S,3R,5S)-pinandiol L-phenylalanin-L-leuxin boronat, mudi HCI duoc

dong goi trong hai 1an tdi trong cdc ong bang soi va dan nhén, va lay mau.

21. Hiéu suét tach 1a 1,87kg, 79,1%. Chét trung gian nay duogc bao quan & nhiét do tr
2 dén 8°C cho dén khi san xuét tiép.

(18,2S,3R,5S)-pinandiol N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronat

1. Trong ti hat khoéi, binh phan ung ba c¢b bing thuy tinh dwgc ndi véi dau Claisen,

nhiét ké va may khudy co duoc xit bang khi nito.

2. (18,28,3R,5S)-pinandiol L-phenylalanin-L-leuxin boronat, mudi HCI (1,85kg) duge

nap vao binh.
3. Axit 2-pyrazincarboxylic (0,564kg) dugc nap vao binh.

4. 2-(H-benzotriazol-1-yl)-1,1,3,3-tetrametyl uroni tetrafloborat, TBTU (1,460 kg)

dugc nap vao binh.
5. Diclometan (18,13 L) dugc nap vao binh.
6. Pong co khudy duoc diéu chinh dén tbc do 272 RPM.
7. St dung bé 1am lanh, hdn hop phan tmg dugc 1am lanh xudng dén nhiét d6 -1,2°C.

8. N,N-diisopropylemylamin (1,865kg) dugc nap vao binh thuy tinh va chuyén vao
phan ng trong thoi gian 50 phit bing tiém nhu dong duy tri nhiét dd phan tng
nim trong khoang -1,2°C dén 2,8°C.
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9. Dung dich rira diclometan (0,37L) ciia binh trong hdn hgp phan ng dugc st dung

dé hoan thanh viéc bd sung.
10. Hn hop phan tmg dé cho 4m 1én va khudy thém trong 81 phit.
11. Nhiét do khi bt ddu thoi gian khudy 1a 15°C, va 24,9°C khi két thc.

12. Ly méot mAu dé kiém tra trong quy trinh bing RP-HPLC. Phin trim chuyén doi
duogc xac dinh 1a 99,9%.

13. Hn hop phan tmg dugc chuyén thanh hai nira bing nhau vio hai binh béc hoi kiéu
quay. Hdn hop phan g duge co trong didu kién 4p suét giam bing hai thiét bi

bbc hoi kiéu quay, duy tri nhiét d6 bé bén ngoai 1a 33-34°C.

14. Etyl axetat (12,95L) dugc chia thanh hai phén gin bing nhau va nap vao hai binh

bbc hoi kiéu quay.

15. Sau do, h6n hop trong mdi binh duogc cb trong didu kién ap suit giam bang may

bdc hoi kidu quay, duy tri nhiét 4o bé bén ngoai 1a 33-34°C.

16. Sau d6, phan cin trong mdi binh bbc hoi kiéu quay duoc chuyén tré lai binh phan

ng bang cach dung etyl axetat (12,95L).

17. Trong binh thuy tinh trang bi may khudy, dung dich axit phosphoric 1% trong
nuée (12,34 L) dugc pha ché bang cach tron nuée D.I. (12,19L) va axit
phosphoric (0,148 kg).

18. Trong binh thuy tinh dugc trang bi may khudy, dung dich kali carbonat 2% trong
nuée (12,34L) duge didu ché bang cach tron nuwde D.I. (12,09L) va kali carbonat

(0,247kg).

19. Trong binh thuy tinh dugc trang bi may khudy, dung dich natri clorua 10% trong
nude (12,34L) duge didu ché bing cach phdi hop nuée D.I (12,34L) va natri
clorua (1,234 kg).

20. Nude DI (12,34L) duge nap vao binh phan tng chtra dung dich etyl axetat va hdn
hop nay duogc khudy véi téc do 382 RPM trong 7 phut. Céc 16p duge dé cho phan
16p va pha nuée (16p dudi) duge chuyén vao binh thich hop va loai bé.

21. Lip lai, nuéc D.I. (12,34 L) dugc nap vao binh phdn ing chira dung dich etyl
axetat va hdn hop nay dugc khudy véi tc dd 398 RPM trong 7 phut. Céc 16p
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“duge dé cho phan 16p va pha nuéc (16p duéi) dugc chuyén vao binh thich hop va

loai bd.

22. Dung dich axit phosphoric 1% pha ché trong budc 17 dugc nap vao binh phan Gng
chira dung dich etyl axetat va hdn hop nay duoc khudy véi tbe d6 364 RPM trong
8 phut. Cac 16p dugc dé cho phéan 16p va pha nude axit (I6p dudi) duge chuyén
vao binh thich hop va loai bé.

23. Dung dich kali carbonat 2% pha ché trong budc 18 duge nap vao binh phan ung
chira dung dich etyl axetat va hén hop nay dugce khudy véi tbc d6 367 RPM trong
8 phit. Céc 16p dugc dé cho phan 16p va pha nuéc kidm (16p duéi) duge chuyén
vao binh thich hop va loai bé.

24. Dung dich natri clorua 10% pha ché trong buéc 19 dugc nap vao binh phan tng
chira dung dich etyl axetat va hon hgp nay dugc khudy véi tbc d6 374 RPM trong
8 phit. Céc 16p dugc dé cho phén 16p va pha nuée (16p dudi) duge chuyén vao
binh thich hgp va loai bé.

25. Dung dich etyl axetat dugc chuyén thanh hai nira gdn bing nhau vao hai binh bbe
hoi kidu quay trong diéu kién chan khong va co trong didu kién 4p suét gaim bang

thiét bi bdc hoi kidu quay, duy tri nhiét d6 bé bén ngoai 14 34°C.

26. n-heptan (14,8L) dugc chia thanh hai phén x4p xi bing nhau va nap vao hai binh
bbc hoi kiéu quay. Sau d6, hdn hop trong mdi binh dugc cd trong diéu kién 4p

sudt giam bang thiét bi béc hoi kiéu quay, duy tri nhiét do bé bén ngoai 1a 34°C.

Anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic, thd

1. Trong binh thuy tinh dugc trang bi may khudy, dung dich axit clohydric 1N (22,2L)
dugc didu ché bang cach tron nuée D.I. (20,36L) va axit clohydric (1,84kg).

2. Trong binh thuy tinh dugc trang bi may khudy, dung dich natri hydroxit 2N
(12,03L) dugc didu ché bang cach tréon nuée D.I. (12,03L) va natri hydroxit
(0,962kg).

3. Sau d6, phin cin chua (2S,2S,3R,5S)-pinandiol N-(2-pyrazincarbonyl)-L-

phenylalanin-L-leuxin boronat trong mdi binh bbc hoi kiéu quay dugc chuyén
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sang binh phan tng thuy tinh ba cb trang bi ciing nhiét ké va may khudy co, ding
n-heptan (14,8L) va metanol (14,8L).

4. Ddng co khudy dugc diéu chinh dén téc do 284 RPM.

5. Axit 2-metylpropanboronic (0,672kg) dugc nap vao binh.

6. Axit clohydric 1N pha ché trong budc 1 (11,2L) dwogc nap vao binh.

7. Pong co khudy duoc chinh dén téc d6 khudy 1a 326 RPM.

8. Hon hop phan tng dugc khudy trong 16,38 gid. Nhiét do mé bat dau la 28,6°C, va
nhiét 49 két thiic cia mé 1a 21,6°C.

9. LAy mAu dé thir nghiém trong quy trinh bang RP-HPLC.

10. Phin trdm chuyén ddi duoc xac dinh 1a 100%.

11. Dirng khudy va hdn hop hai pha dugc dé cho tach.

12. L6p n-heptan (16p trén) dugc chuyén vao binh thich hgp va loai bé.

13. n-heptan (5,37L) duoc nap vao binh phan tng va hén hop nay duoc khudy véi tbe
do 381 RPM trong 6 phut. Cac 16p duogc dé cho phan 16p va pha n-heptan (16p

trén) duge chuyén vao binh thich hop va loai bé.

14. Lap lai, n-heptan (5,37L) dugc nap vao binh phan Gng va hdn hop nay duoc khuéy
v6i toe d6 340 RPM trong 6 phiit. Céc 16p dugc dé cho phan 16p va pha n-heptan
(16p trén) dugc chuyén vao binh thich hgp va loai bd.

15. Dung dich metanol trong nudc dugce chuyén thanh hai ntra x4p xi bang nhau vao
hai binh bdc hoi kidu quay va cd trong didu kién 4p suét giam bing thiét bi bdc
hoi kiéu quay, duy tri nhiét do bé bén ngoai 1 33-34°C. 15L metanol dugc thu lai.

16. Diclometan (5,37L) dugc st dung dé chuyén phan cin tir binh bbe hoi kidu quay
trd lai vao binh phén ung.

17. Natri hydroxit 2N (11,2L) diéu ché trong buéc 2 duge nap vao binh.

18. L6p diclometan (16p duéi) duoc chuyén vao binh thich hgp va loai bé.

19. Diclometan (5,37L) dugc nap vao binh va hdn hgp nay dugc khﬁéy véi tbe @6 374
RPM trong 6 phut. Cac pha duogc dé cho tach va 16p diclometan (I6p duéi) duge
chuyén vao binh thich hgp va loai bo.
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Lap lai, diclometan, (5,37L) duoc nap vao binh va hdn hop nay duge khuéy voi toe
d6 368 RPM trong 8 phuit. Cac pha dugc dé cho tach va 16p diclometan (16p duéi)
dugc chuyén vao binh thich hgp va loai bo.

Diclometan {5,37L) dugc nap vao binh.

Axit clohydric 1N (10,7L) dugc nap vao binh va khudy. P9 pH cua pha nuéc dugce
xac dinh 13 6.

Dirng khudy va cac pha dugc dé cho téch.

Pha diclometan (16p duéi) dugce chuyén vao binh nhén bang thuy tinh trong didu

kién chan khong.

Diclometan (5,37L) dugc nap vao binh va hén hop nay dugc khuéy v6i tde do
330RPM trong 6 phut. Pha diclometan va 16p diclometan (16p dudi) dugc chuyén
vao binh nhén bing thuy tinh.

Lip lai, diclometan, (5,37L) dugc nap vao binh va hdn hop nay dugc khudy véi tde
d6 335 RPM trong 6 phit. Pha diclometan va 16p diclometan (16p dudi) dugc
chuyén vao binh nhan bing thuy tinh.

Dich chiét diclometan dugc két hop lai va chuyén thanh hai nira xép xi bing nhau
vao hai binh béc hoi kiéu quay va co trong didu kién 4p sudt giam bing thiét bi

bbc hoi kidu quay, duy tri nhiét d6 bé bén ngoai 1a tir 33 dén 34°C.

Etyl axetat (12,95L) duoc chia thanh hai phén xép xi bing nhau va chuyén vao hai
binh bbc hoi kidu quay. Sau d6, hdn hop trong mdi binh duge cb trong diéu kién
ap suét giam bang thiét bi bdc hoi kiéu quay, duy tri nhiét 0 bé bén ngoai 1 tir 45
dén 46°C.

Lap lai, etyl axetat (12.95 L) dugc chia thanh hai phén x4p xi bing nhau va chuyén
vao hai binh bdc hoi kiéu quay. Hbn hop trong mdi binh sau d6 dugc cb trong
didu kién &p sudt giam bing thiét bi bdc hoi kiéu quay, duy tri nhiét do bé bén

ngoai 1a tir 45 dén 46°C, cho dén khi con lai xAp xi 10% thé tich ban dau.

n-heptan (10,2L) dugc chia thanh hai phén x4p xi bang nhau va chuyén vao hai
binh béc hoi kiéu quay, va khudy chét sén sét trong moi trudng khi nito trong 2,67

gidr & nhiét do tir 22 dén 23°C.
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31. Chét rin duoc tach ra bing cach loc trén phéu Buchner, nbi v6i miéng loc 1am
bing polypropylen.

32. Chét rén dugc rira sach bing n-heptan (2,96L).

33. Trong ti hét, chit rén dugc chuyén vao bbn khay sdy va lam khd trong khong khi
trong 1,25 gio.

34. Chét rin sau d6 duoc 1am kho dén dén nhiét 6 dén 36 dén 50°C trong chan khong
la 27" Hg trong 18 gid 27 phut trong 10 sdy chan khong dugc trang bi chan khong
ké va nhiét ké.

35. Chit rén duoc 14y mAu tir mdi khay dé xac dinh % hao hut do sdy (Loss on Drying-
LOD). LOD dugc xac dinh 1a 0,38%, 0,62%, 0,71%, va 0,63% trén bdn mau thu

dugec.

36. Anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic, tho dugc dong

g6i trong hai chai miéng rong 5L, HDPE, tranh x40 tron va dan nhan.

37. Hiéu suét tach 1 1,314kg, 83%.

Két tinh lai anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic, tho

1. Trong ti hét, binh phan tng thuy tinh trang bi may khudy co, binh ngung hdi luu va
nhiét ké dugc lam sach bing khi nito.

2. Etyl axetat (21L) dugc nap vao binh.

3. Etyl axetat dugc lam néng dén nhiét 6 66,8°C trong mdi truong khi nito, st dung
bé nuéc/hoi nude néng.

4. Anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic, tho (1,311kg)
duge chuyén tir tir vao binh phan ng. Viéc chuyén nay dién ra trong thoi gian 1a
3 phat.

5. Hon hop dugc khudy trong 1 phiit cho dén khi tit ca chit rin dugc hoa tan. Nhiét do
ctia dung dich nay la 64°C.

6. Ngudn nhiét dugc bo di va hdn hop nay dugc lam lanh tir tir dén 60°C bang bé lam
lanh.
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7. Dung dich etyl axetat nong dugc chuyén vao trong binh nhan qua nhiéu dng va nang
loc polypropylen bing tiém nhu dong.

8. Hdn hop nay dugc dé cho lanh dén 2,72°C, va dé yén trong mdi trudng khi nito ma
khong khudy, trong 17,75 gid. Nhiét d6 cudi cting dugce ghi lai 1a 20,5°C.

9. H3n hop nay dugc 1am lanh bing bé da/nude va khudy trong 2,33 gio. Nhiét do khi
bt dau khudy 1a 3,8°C, va -2,8°C khi két thc. |

10. Chét rin duoc tach bing cach loc trén phéu Buchner ndi v6i miéng loc bing

polypropylen. Dich loc dugc tap trung vao binh thu.

11. Chét rdn dwgc rira bang etyl axetat (2,62L), lam lanh xubng dén nhiét do 4,7°C.

12. Trong tu hét, chit ran dugc chuyén vao hai khay sdy.

13. Chét rén sau d6 duoc sy & nhiét dd tir 51 dén 65°C trong mdi trudng chian khong
27"Hg trong 19 gid 10 phut trong 10 chén khong trang bi cung chan khong ké va
nhiét ké.

14. Chét rin duoc 14y mau dé x4c dinh % hao hut do sdy (Loss on Drying-LOD). LOD
duoc xac dinh 1 0,65% va 0,62% trén hai mau thu duge.

15. Anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic dugc dong goi
vao bén chai rong miéng Amber 1L, Kiéu 3, v6i niit han bang Teflon va dén nhén.

16. Hiéu sudt tach 1a 1,132kg, 86,3%.

17. Anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic dugc bdo quan &
nhiét d6 tir -25 dén -15°C.

Vi du 3: Quy trinh téng hgp rut ngin anhydrit N-(2-pyrazincarbony)-L-
phenylalanin-L-leuxin boronic
(18,28,3R,5S)-pinandiol N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronat

Dung dich chita (1R)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-
boronat (13,97g) va N-hydroxysuxinimit (6,23g) trong 66mL DMF dugc lam lanh
xubng dén nhiét do -5°C, sau d6 thém dixyclohexylcarbodiimit (10,83g). Huyén phi
thu dugc dugce khudy trong mot gior & nhiét do -5 dén 0°C. V6i dung dich chira N-(2-
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pyrazincarbonyl)-L-phenylalanin (19,52g; diéu ché bing cach két hop este suxinimit
cla axit pyrazincarboxylic tao thanh truéc d6 véi L-phenylalanin trong dioxan-nudc
trong 62mL DMF duogc bd sung vao N-metylmorpholin (5,7mL) & nhiét dd 0°C, va
dung dich thu dugc dugc bd sung vao huyén phil nay. Hu_yén phil nay duogc diéu chinh
dén d(f) pH= 7 bang cach b sung thém 5,7mL N-metylmorpholin va khudy qua dém,
tang nhiét 4o tu tu dén 21°C. Sau khi loc, banh loc dugc rira hai 14n béng MTBE va
dich loc gbp duoc pha lodng bing 950mL MTBE. Lép hitu co dugc ria bang axit
xitric 20% trong nude (3 x 150mL), NaHCO3; 20% trong nuéc (3 x 150mL), va nuéc
mudi (2 lﬁn). Lép hitu co duge lam kho qua NaxSOs, loc, va ¢d, hi€u sut 25,5g
(95,5%) ctia hop chét trong tiéu d& 13 dang bot. Nhur chi dinh bai tlc, nguyén li€u nay

chtra mot sb tap chit phu, bao gdbm gin 2% 1a xyclohexyl ure.

Anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic

Dung dich cha (1S,2S,3R,5S)-pinandiol =~ N-(2-pyrazincarbonyl)-L-
phenylalanin-L-leuxin boronat (25,2g) trong 207mL MeOH va 190mL hexan dugc
lam lanh xubng dén nhiét do 15°C, va 109,4 mL HCI IN dugc bd sung timg phan vao,
gilt nhiét do trong khoang 15 va 25°C. Sau d6, 2-metylpropanaxit boronic (8,67g)
dugc bd sung vao trong didu kién khudy manh, va tiép tuc khudy hdn hop hai pha nay
qua dém. Sau khi loc hai pha, 16p duéi dugc chiét mot 1an bing 75mL hexan. Sau do,
16p dudi nay dugc co trong didu kién chan khong cho dén khi né van duc, sau d6 thém
109,4mL NaOH 2N va 100mL Et,O. Hai pha nay dugc tach 16p, 16p dudi duge chiét
bing Et20 (4 x 100mL), va sau d6 chinh d6 pH dén 6,0 bang cach bd sung 109mL HCl
IN. Sau khi chiét bing 100mL etyl axetat, 16p dudi dugc diéu chinh dén do pH bing
6,0 bang HCI IN va chiét mot 1an nira bing 75mL etyl axetat. Lép etyl axetat két hop
dugc rira bing nude mubi bio hoa mot nira (2 x 25mL) va nudce mudi (2 x 25mL), 1am
khoé trén NaSOs4, loc, va c¢b dé thu dugc 153 g (81,8%) anhydrit N-(2-
pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic thd dang bot. Nguyén li¢u thd nay
duogc hoa tan trong 150mL etyl axetat va cd trong chén khong thanh huyén phu, sau d6
thém 150mL MTBE. Huyén phu nay dugc bao quan & nhiét do tir 2 dén 8°C qua dém,

loc, rira hai 14n bang MTBE, va lam kho trong diéu kién chan khong cao, hidu sut 1a
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10,69g (57,2%) anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic la

chat rdn mau trang.

Vi du 4: Dinh lu’(_rng ty 16 chat ddng phin khéng d6i quang cia (IR)-
(1S,2S,3R,58)-pinandiol-1- amonitrifloaxetat-3-metylbutan-1-boronat

Do tinh khiét khong ddi quang cta (1R)-(1S,2S,3R,5S)-pinandiol-1-
amonitrifloaxetat-3-metylbutan-1-boronat (hop chat 1) duoc xé4c dinh bing séc ky khi
(gas chromatography-GC) khong bét dbi.

Hoa4 chét: Axetonitril (cia Bruker hodc tuong duong)
Tetradecan (chét chuén noi) (Fluka puriss. hoic tuong duong)

Anhydrit trifloaxetic (TFAA) (ctia hdng Merck hodc tuong

duong)
Thiét bi: Hé théng Trace-GC 2000 hoic twong duong
Pha dong: H»

Dung mdi A Gén 300mg tetradecan dugc can voi d chinh xac 0,1mg trong

(v6i chit chudn binh thé tich 100mL. Thém 1,5mL TFAA v binh dugc diéu

ndi) chinh t6i thé tich bing axetonitril.
Piéu ché miu: Khoang 150mg miu dugce can chinh xéc (trong 0,1mg) vao

trong binh dung tich 10mL. Binh duoc chinh téi thé tich bang
Dung méi A. Dung dich dugc bao quan trong 15 phut trude khi

bom.
Céc thong sb GC:
C(f)t: Rtx-200; dudong kinh bén trong 105m x 0,25mm x phim
0,25um
Pha dong: H>

Nhiét do cua chuong trinh: 130°C (0,5 phut); 0,5°C/phut dén 200°C (0 phut);
30°C/phut dén 300°C (2 phit)
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Dong: 0,9mL/phit (hang sd, tbc do dong)
Nhiét do bom: 250°C
Nhiét dd tach: 250°0C (FID)
Db dich chuyén: 1:50
Cot bom: ine
Hop chét

Hop chat 1 (1R)-(1S,28,3R,5S)-pinandiol-l-amomitrifloaxetat-3- metylbutan-

1-boronat
0
YYB‘O
NHz F,C-COOH
Hop chdt2  (1S)-(1S,2S/3R,5S)-pinandiol-1-amonitrifloaxetat-3-metylbutan-1-
boronat
0~
\r\z/Bso
NHz F,c-COOH

Do én dinh cta dung dich

Dung dich bdo quan chtra hop chét 1 duge didu ché bing cach can 150,13mg
hop chét 1 vao trong binh dung tich 10mL va chinh né téi thé tich trong Dung mdi A.
Do én dinh cua dung dich nay dugc kiém tra & nhiét dd moi trudng sau 48 gid. Dung
dich bao quan dugc nap diy trong 6 éng GC riéng r&. Tién hanh tiém Ién trén hé GC tir
cac dng nay sau 0, 12, 24, 48, va 72 gid (tiém hai 14n mdi 6ng). Dién tich% cua hop
chét 1 va hop chét 2 duge x4c dinh. Khong quan sat thdy c6 su thay doi v& % dién tich,

chi ra ring dung dich 1a 6n dinh trong 72 gi® & nhiét do mdi trudng.
Pinh dic trung
Xép xi 150 mg mAu chira hop chét 1 va hop chit 2 dugc hoa tan trong dung moi

A va tiém vao hé sic ky GC. Dinh ciia hop chét 1 dugc tach hin véi dinh clia hop chét
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2. Kiém tra dinh tinh khiét bing GC- MS chi ra ring khong c6 thanh phin nao khéc
duoc tach cing v6i hop chét 1 hodc hop chat 2.

Giéi han phat hién

Gié6i han phat hién (LOD-limit of detection) dwgc dinh nghia la ndng d6 ma tai
d6 tin hi€u ctia hgp chét 1 chi ra ty 1é tin hiéu v6i d6 nhiéu it nhét 13 3:1. Phép do mau
tréng trude d6 tién hanh chi ra rang khong dinh ndo khac giy can tré. Ty 1€ tin hiéu

cho d6 nhiéu duge tinh theo phuong trinh:

H (tin hiéu)
H (méc co s6)
S/N = ty 1& cho tin hiéu nhiéu

S/N =

H(tin hiéu) = chiéu cao cua tin hi¢u cia hgp chat 1 [mm]
H(moc co s&) = chiéu cao cta tin hiéu moc co s¢ [mm]

Nong dd méu 0,05% cta ndng d6 miu thir chudn dugc bom va chi ra ty 1¢ cho

tin hiéu nhiéu 14 4,3. Vi thé, giGi han phat hién 1a 0,0075 mg/mL.
Gi6i han dinh lugng

Gié6i han dinh lugng (LOQ) dugc dinh nghia la néng d9 tai d6 tin hi€u cia hop
chét 1 biéu hién ty 1¢ cho tin hiéu nhidu it nhét 1a 10:1. T¥ 1¢ cho tin hiéu nhiéu dugc
tinh toan nhu mo ta trén. Néng d6 maiu béng 0,1% nf‘mg dd miu chuin duoc tiém va

chi ty 1€ cho tinh hiéu nhidu 12 10,1. Vi thé, gidi han dinh lugng 1a 0,015mg/mL.

Vi du 5: Thir nghiém d¢ tinh khiét ddi v6i anhydrit N-(2-pyrazincarbonyl)-L-

phenylalanin-L-leuxin boronic

Do tinh khiét cia anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin
boronic (hop chét 3) dugc thir nghiém bing HPLC pha déo.

Chét phan tmg: Nuéc, loai danh cho HPLC
Axetonitril, loai danh cho HPLC
Axit formic, loai ACS, d¢ tinh khiét > 98%
Hydro peroxit 3%, mirc ACS hodc tuong duoﬁg

Dung cu
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Séc ky long hiéu ning Bom 20-uL phéan chia c6 thé 14y miu ty dong va duy tri

cao

Piéu ché mau:

Céc thong s6 HPLC:

Pha dong A:

Pha dong B:

Téc d6 dong:
Thiét bi do:
Thé tich bom:
Nhiét do cot:

Nhiét d6 khay mau:

nhiét d¢ 1a 50°C

Bom c6 thé bom theo gradien 1,0 mL/phut

Thiét bi phat hién UV c6 thé kiém so4t nhanh & budc song
270nm

Cot sic ky Symmetry C18, duong kinh bén trong 250mm x
4,6mm, 5-um, Nudc, cat# WAT054275.

Xép xi 50mg hop chit 3 duogc can chinh x4c vao trong binh
dung tich 50mL. Pha dong B (SmL) dugc bd sung vio va
hdn hop nay dugc ding séng siéu am dé hoa tan hop chat 3
(gAn 30-60 gidy). Dung dich dugc dé dén nhiét do phong,
pha lodng dén thé tich bang Pha dong A, va tron k§. Mbi
mau dugc didu ché thanh hai mAu giéng nhau va c6 thé bn
dinh trong 7 ngay khi bao quan & nhiét d¢ tir 2 dén 8°C trénh
anh sang.

Axetonitril/nuéc/axit formic, 30:70:0,1 (thé tich/thé tich/thé
tich), loai khi

Axetonitril/nuéc/axit formic, 80:20:0,1 (thé tich/thé tich/thé
tich), loai khi

1,0mL/phtt

UV 6 buéce séong 270nm
20pL

MBbi trudong

50°C
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Chucng trinh gradien:

Hop chét

Hop chiét 3:

Hop chét 4:

Hop chét 5:

24903

Thoi gian %A %B

0 100 O

15 100 O
30 0 100
45 0 100
47 100 O
55 100 O

Anhydrit  N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin

boronic

* H ¢
Emj)LH N._B ]
N/ o \r

Anhydrit  N-(2-pyrazincarbonyl)-L-phenylalanin-D-leuxin

boronic
n L AN Ei
A N -
¢y Y
N

_.<

Anhydrit  N-(2-pyrazincarbonyl)-L-phenylalanin-D-leuxin

boronic
< N
ENJ)LH O \g/ 3
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Thoi gian luu ctia hop chit 3 dic trung 14 tir 10 dén 14 phat khi st dung hé

HPLC vdi thé tich dimng 1 1,3 phat. Céac hgp chit 4 va 5 cing duoc rira giai voi thoi

gian luu 1au hon, v6i hé s6 tach > 2,0.

Do luu tuong dbi ciia hop chit 3 trong phd séc ky ciia miu véi phé sic ky trong

phd séc ky chuén dugc tinh theo phuong trinh sau:

Trong do:
Rr = d6 Iyu twong d6i
tsam = thoi gian luu cua dinh hop chit 3 trong phd sic ky mau, phut

tsa = thoi gian luu cia dinh dugc chit trong phd sic ky chuén gin nhit ding

trude, phut

dung

Két qua thir nghiém dugc tinh cho mdi miu theo phuwong trinh sau:

% thir nehid Asam % Wsta X P v 1
(1] n m=
B At Wiam (100-—M )

%100

100

Trong do:
Asam = dién tich dinh d4p g ctia hop chét 3 trong ché phdm mau

Asd = dién tich dinh dp (ng trung binh cua hop chét 3 trong chit chudn sir

Wiia = khdi lvgng ctia chat chuin, mg

P = d0 tinh khiét quy dinh ctia chét chun (dang thap phan)
Wsam = khéi lugng miu, mg

M = ham 4m ctia mau, %

100 = chuyén sang phén trim

-66-



24903

Do luu trong dbi va mirc tap chét trong m&i mau duge tinh theo phwong trinh

sau:

ti
Rr —_—

Lds
trong do:
R= d0 luu tuong dbi,
t; = thoi gian luu cia tap chét cu thé
tgs = thoi gian luu cta dinh hop chét 3

AiXWsa X PX DF X RF; x
Astd 1% X Wiam

%I =

100

trong do:

Li=tap chét cu thé

A= dién tich dinh d4p tng cia tap chit cu thé trong ché phim miu

Astd, 1% = dién tich dinh trung binh dép tmg cta hop chét 3 trong chét chuan 1%
Wit = khdi lwong ctia chét chuin, mg

Wsam = khéi lugng ciia miu, mg

P = d6 tinh khiét quy dinh ctia cht chuén (dang thap phan)

DF = 36 pha lodng, 1/100

RF; = hé sb dap ung tuong dbi cuia tap chit cy thé

100 = chuyén thanh hé sb phan trim

Khi thtt nghiém bing phuong phép nay, anhydrit N-(2-pyrazincarbonyl)-L-
phenylalanin-L-leuxinboronic thu dugc tir vi du 2 thé hién mirc tap chét téng cong la

nho hon 1%.
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1. Quy trinh téng hop quy mé 16n d& tao ra hop chét c6 cong thire (XIV):

(|)H
B

PR RSS
N/ 0] \|/

hodc anhydrit ciia axit boronic cua n6, quy trinh nay bao gom cac budc:

(XIV)

(e”) két hop mudi cong axit ciia hop chét c6 cong thire (XVIII):

e

'l,

HoNT B
~{<
(XVII)
v6i hop chét c6 cong thirc (XIXa):
O
N\ N X
E J H 0
N (XIXa)

trong d6 gbc -C(0)X 13 O-(N-hydroxysucxinimit)este, dé tao ra hop chit c6 cong thirc
(XXIII):

N
Y (XXTII); va

(f)) loai nhém bao vé cia gbe axit boronic dé tao ra hop chét c6 cong thirc (XIV) hoic

anhydrit cda axit boronic cua no.

2. Quy trinh theo diém 1, trong d6 hop chét c6 cong thirc (XIXa) duoc tao ra in situ
bang cach cho N-(2-pyrazincarbonyl)-L-phenylalanin tiép xtic v6i chit phan tng két

hop carbodiimit peptit va N-hydroxysucxinimit.
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3. Quy trinh theo diém 1, trong d6 chit phan tmg két hop carbodiimit peptit 12

dixyclohexylcarbodiimit.

4. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 budce loai nhém

bao vé cla axit boronic (f') bao gdom céc budec:

(i)  tao ra hdn hop hai pha bao gdm hop chit c6 cong thirc (XXIII), chat
nhén axit boronic hitu co, alkanol thép, dung méi Cs.g hydrocarbon, va dung

dich nudéc axit vo co;

(i)  khudy hdn hop hai pha nay dé thu dugc hop chét c6 cong thirc (XIV);
(iii)  tach cac 16p dung mdi; va

(iv)  chiét hop chét c6 cong thire (XIV), hodc anhydrit cia axit boronic cuia

nd, vao dung mdi hitu co.

5. Quy trinh theo diém 4, trong d6 budc (')(iii) bao gbm cac buéc:
(1)  tach céc 16p dung mdi;
(2)  diéu chinh 16p nuéc dén d6 pH bazo;
(3) rtralép nude bang dung moi hitu co; va

(4)  didu chinh 16p nuéc dén d pH nho hon 8.

6. Quy trinh theo diém 5, trong d6 trong budc (£)(iii)(4), 16p nude duge diéu chinh
dén d6 pH nhd hon 6.

7. Quy trinh theo diém 4, trong d6 trong budc (f)(iv), hop chét ¢6 cong thirc (XIV),
hodc anhydrit cta axit boronic clia n6, dugc chiét vao etyl axetat, va hop chét ¢6 cong
thire (XIV), hodc anhydrit cia axit boronic cua nd, dugc két tinh bing cach bd sung

hexan hodc heptan.

8.Quy trinh theo diém 1, trong d6 quy trinh nay 1a dé tao ra anhydrit N-(2-

pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic,
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trong d6 budc (e’) két hgp mudi cong axit clia hop chét c6 cong thize (XVIII), véi hop
chét ¢6 cong thirc (XIXa) bao gbm:

(i) tao ra dung dich chita (1R)-(S)-pinandiol 1-amoni trifloaxetat-3-metylbutan-1-
boronat va N-hydroxysucxinimit trong DMF, sau d6 bd sung dixyclohexylcarbodiimit

dé tao ra huyén phu;

(ii) tao ra dung dich chira N-(2-pyrazincarbonyl)-L-phenylalanin trong DMF va bd

sung N-metylmorpholin vao do;

(iii)  bd sung dung dich thu dugc tir budc (i) vao huyén phi thu duge tir bude (i) va
didu chinh huyén phu thu duoc dén d6 pH=7 bing cach bd sung N-metylmorpholin,

loc Luyén phu, rira dich loc bang ete tert-butylmetyl va cd dich loc;
va trong d6 budc loai nhom bao vé cla axit boronic (f°) bao gbm cac buéc:

(i) tao ra hon hop hai pha chita hop chét c6 cong thirc (XXIII), metanol, hexan va

axit clohydric va bd sung axit 2-metylpropan boronic vao do;
(i) khudy hdn hop hai pha;
(iii) tach céc 16p dung moi; va

(iv) chiét anhydrit N-(2-pyrazincarbonyl)-L-phenylalanin-L-leuxin boronic vao etyl
axetat, sau d6 két tinh bing cach bd sung ete tert-butylmetyl.
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