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(57) Sang ché dé cap dén hop chat amin va quy trinh thich hop dé tach raxemic (3R,4S)-3-

axetamido-4-alyl-N-(¢ert-butyl)pyrolidin-3-carboxamit va (3S,4R)-3-axetamido-4-alyl-N-

(tert-butyl)pyrolidin-3-carboxamit bang cach két tinh chon loc bang axit carboxylic khong
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Linh vie ky thuét dwoc dé cip

Sang ché dé cap dén hop chét amin va quy trinh thich hop dé tach raxemic (3R,4S)-
3-axetamido-4-alyl-N-(tert-butyl)pyrolidin-3-carboxamit va (3S,4R)-3-axetamido-4-alyl-
N-(tert-butyl)pyrolidin-3-carboxamit bang cach két tinh chon loc biang axit carboxylic
khong ddi xing.

Tinh trang k¥ thuit ciia sang ché

Céc chét tic ché arginaza trén co s& pyrolidin dugc chirc héa cao da duge md ta
trong Cong bd don patent My sb 2017/0121352. Vi du, Céng bd don patent M§ sb
2017/0121352 mé ta viée tong hop cac chit tic ché arginaza hiéu nghiém nhu axit (3R,4S)-
1-(L-alanyl)-3-amino-4-(3-boronopropyl)pyrolidin-3-carboxylic. Cac chit e ché arginaza
rang budc trong vong ndy c6 tiém ning 16n 1am thudec méi dbi v6i nhiéu loai bénh khac
nhau nhwr bénh ung thu, bénh hen, xo nang, ton thuong tai tudi mau co tim, bénh thiéu mau
héng cau hinh 1iém, réi loan cuong duong, va bénh leishmania. Mo ta vé vai tro cua
arginaza trong cac bénh nay c6 thé duoc tim thiy trong nhiéu bai bo, bai béo tom tit va
patent, bao gém patent My sb 9,200,011 (“Ring constrained analogs as arginase
inhibitors™), Trends Pharmacol. Sci. 2015, 36(6): 395-405 (“Arginase: an old enzyme with
new tricks”), va Clinical and Experimental Immunology 2012, 167: 195-205
(“Immunology in the clinic review series; focus on cancer: tumor-associated macrophages:

undisputed stars of the inflammatory tumor microenvironment”).

Mic du cac chat uc ché arginaza rang budc trong vong nay cé tiém nang 16n lam
thudc mdi doi voi nhi€u loai bénh khac nhau, chiing chira nhi€u tam khdng doi xtg khién
cho chung von phtrc tap va gay kho khéan cho viée dicu che trén quy md thwong mai. Cé

loi néu ¢6 cac phuong phap dugc cai thién dé diéu ché cac hop chét nhu vay.
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Ban chit k§ thuit cia sing ché

Theo mot sé khia canh, sang ché d& xu4t hop chét amin c¢6 cong thirc I:

Ra
I

@

trong d6 cadc nhom bién dugc x4c dinh trong ban mo ta nay. Theo cac khia canh cu thé cua
sang ché, hop chét amin c6 luong du chat ddng phéan ddi anh (ee) 16n hon 75% ee, 16n hon
80% ee, 16n hon 85% ee, 16n hon 90% ee, 16n hon 95% ee, 16n hon 97% ee, 16n hon 98%

ee hodc 16n hon 99% ee.

Theo khia canh khéc, sang ché d¢ xuat mudi ciia hop chat amin c¢6 cong thirc I va

hop chét axit carboxylic, nhu hop chét c6 cong thirc A hodc cong thirc B:

Ra
RCO )é
d,,{]..... RO
N
H @

00
COH HO A
\ Ho [ =
N O 2
A2~ N\’R
o R (A) ©0O0 R (B)

trong d6 cac nhém bién duoc xic dinh trong ban mo ta nay.

Theo mot s6 phuong an nhu vay, sdng ché d& xuéit cac tinh thé cua cac hop chat
amin nhu vy, cac tinh thé mudi cua cac hop chit amin va cac ché phdm bao gdm cac tinh
thé nhu vay, dic biét 1a cac ché phém va céc tinh thé trong d6 mudi duoc 1am gidu mot
chét ddng phan khong d6i quang (tuc 13, mot chét ddng phan dbi anh cta axit lién hop cua
hop chét amin 1a ¢6 mat v6i lugng du so v6i chit ddng phan dbi anh con lai, va bazo lién
hop ctia hop chét axit carboxylic ¢ mjt can ban dudi dang chit ddng phéan dbi anh duy

nhét (vi dy, it nhat 98% ee)).
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Theo mdt s6 khia canh, sang ché d& xut phuong phép didu ché mubi bang cach két
tinh phan doan tr dung dich, vi du, dung dich bao gém hop chit amin (hodc axit lién hop
ctia n6) va chit ddng phan d6i anh ctia n6 (vi dy, trong hdn hop raxemic hodc v6i nhé hon
98% ee hop chit c6 cong thic I) va can ban la chét déng phan d6i anh duy nhét (vi duy, it
nhét 98% ee) clia hop chét axit carboxylic hodc bazo lién hop ciia n6. Theo mot s6 khia
canh, sang ché dé xuét cac phuong phap didu ché cac axit carboxylic khéng dbi xtmg dugc
sir dung trong quy trinh tach va cdc phuong phéap xéc dinh luong du chét ddng phan ddi
anh cua cac san pham da tach bang cach st dung HPLC khong d6i xtmg.

Sang ché ciing d& xuét quy trinh tdng hop st dung cac hop chit amin néu trén dé

diéu ché chat trc ché arginaza c6 cong thirc III:

5 .‘NHZ NH,
NGZ/\/
—o>/' BOH) 117

trong d6 nhom bién G dugc x4c dinh trong ban md ta nay, va trong d6 hop chét c6 cong
thirc I 14 hop chét trung gian trong quy trinh nay. Theo cac phuorhg an cu thé, hop chit co
cdng thiee 111 ¢6 ee 16n hon 75% ee, 16n hon 80% ee, 16n hon 85% ee, 16n hon 90% ee, 16n
hon 95% ee, 16n hon 97% ee, 16n hon 98% ee hodc 16n hon 99% ce.
MO ta vén tit cac hinh vé

FIG. 1 thé hién két qua phan tich HPLC khong ddi xtng d6i véi raxemic (syn)-3-
axetamido-4-alyl-N-(ert-butyl)-pyrolidin-3-carboxamit didu ché dugc trong Vi du 1.

FIG. 2 thé hién két qua phan tich HPLC khong d6i xtg doi voi san phém dang tinh
thé ctia Vi du 8.

FIG. 3 thé hién két qua phan tich HPLC khong dbi xtmg déi v6i san pham dang tinh
thé ctia Vi du 9.

FIG. 4 thé hién két qua phan tich HPLC khong ddi xtng ddi véi sén pham dang tinh
thé ctia Vi du 10. |

FIG. 5 thé hién két qua phan tich HPLC khéng d6i xtmg doi voi san phAm dang tinh
thé ctia Vidu 11. \
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FIG. 6 thé hién két qua phan tich HPLC khong dbi xtng déi v6i san phidm dang
tinh thé ctia Vi du 12.

FIG. 7 thé hién két qua phén tich HPLC khong dbi xtng dbi voi san phdm dang
tinh thé cua Vi du 13.

FIG. 8 thé hién két qua phan tich HPLC khong dbi xtng déi v6i san phim dang
tinh thé cua Vi du 14.

FIG. 9 thé hién két qua phan tich HPLC khong dbi xtng d6i v6i san phdm dang
tinh thé cua Vi dy 15.
M3 ta chi tiét sang ché

Theo mot s6 khia canh, sang ché dé xuit hop chat amin ¢6 cong thic I:

Ra
RC O )é
| b
vy R
N
H @
Trong do:

X 14 0O, S, hodc NRS;
R® 12 H, alkyl thap, hodc xycloalkyl thap;
R® 1a —-CH,CH=CH,, -CH,CH,CH,Z", ((CH,),C(O)H, hoic ((CH,),C0,Z%;

R va R doc 1ap 1 H, alkyl thdp, xycloalkyl thép, silyl, axyl, axyloxy; hodc R®va R,
cling véi nguyén tir N gén véi chiing, tao thanh vong heteroaryl hodc di vong c¢6 3

dén 6 canh tuy y dugce thé;
R® 1a H hoic alkyl thip, nhu metyl;
nla 1 hodc 2;

Z'12 halogen, alkyl sulfonat, aryl sulfonat, hodc alkyl sulfonat tuy ¥ dwoc thé bing mot

hodc nhiéu nguyén tr halogen; va
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72 1a H, alkyl thip, hoidc xycloalkyl thap.

Theo mét s6 phuong 4n, hop chit amin dugc miéu ta c6 cong thic I ¢6 lugng du
chit ddng phan dbi anh 16n hon 70% ee, 80% ee, 90% ee, 95% ee, 96% ee, 97% ee, 98%
ee, 99% ee, hodc 99,5% ee. Theo cac phuong 4n khac, hop chét amin dugc miéu ta co
lugng du chit ddng phéan dbi anh it nhit 90% ee, it nhat 95% ee, hogic thdm chi 98%, 99%,
99,5% hoic ee 16n hon. Theo cac phuong an cu thé, lugng du chét ddng phan d6i anh cua
hop chat c6 cong thirc I duge gidi han bdi bét ky trong s6 hai phuong an néu trén, vi dy, ee
ndm trong khoang tir 70% dén 90%, tir 80% dén 90%, tir 90% dén 95%, tir 80% dén 99,5%,
tir 90% dén 99,5%, tir 95% dén 99,5%, v.v..

Theo mot s6 phuong 4n, R?1a H, Ci4 alkyl, hodc Cs. xycloalkyl. Theo mot s6
phuong an nhu vay, R® 1a H, metyl, etyl, propyl, isopropyl, isobutyl, fert-butyl,
xyclopropyl, hodc xyclobutyl. Theo mdt s6 phuong 4n cu thé, R? 1a tert-butyl.

Theo mot s& phuong 4an, RP 1a alyl, 3-flopropyl, 3-clopropyl, 3-bromopropyl, 3-
iodopropyl, 3-propan metansulfonat, 3-propan triflometansulfonat, 3-propan
benzensulfonat, 3-propan para-tolylsulfonat, axetaldehyt, 3-propionaldehyt, axit axetic, 3-
axit propanoic, metyl axetat, metyl 3-propanat, etyl axetat, hodc etyl 3-propanat. Theo mot

s6 phuong an cy thé, R® 1 alyl.

Theo mot s6 phuong an, R° 1a H, C1.4 alkyl, Cs.4 xycloalkyl. Theo mot s6 phuong
4n nhu vay, R® 1a H, metyl, etyl, propyl, isopropyl, isobutyl, sec-butyl, fert-butyl,
xyclopropyl, hodc xyclobutyl. Theo mdt s6 phuong 4n cu thé, R® 1a H.

Theo mdt s phuong 4n, R 1a nhém silyl, axyl, hodc axyloxy. Theo mot s6 phuong
4n nhu vy, R4 14 trimetylsilyl, trietylsilyl, triisopropylsilyl, ter¢-butyldimetylsilyl, formyl,
axetyl, trifloaxetyl, propionyl, butanoyl, isobutanoyl, terz-butanoyl, xyclopropanoy]l,
xyclobutanoyl, benzoyl, metyloxycacbonyl, etyloxycacbonyl, isopropryloxycacbony]l,
tert-butyloxycacbonyl, benzyloxycacbonyl, alyloxycacbonyl, hodc 9-

floenylmetyloxycacbonyl. Theo mot s6 phuong 4n cu thé, R? 13 axetyl hoic trifloaxetyl.

Theo mot s& phuong 4n, R° va RY, cung véi nguyén tir N gin v6i ching, tao thanh

di vong hoic vong heteroaryl. Theo mot s6 phuong 4n nhu vay, R° va R4, cling v6i nguyén
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tr N gén v6i chiing, tao thanh 2,5-dimetylpyrol, 1H-pyrol-2,5-dion, pyrolidin-2,5-dion,

hodc isoindolin-1,3-dion.
Theo mot s6 phuong 4n, X 1a O hodc S.
Theo mét sb phuong an, X 1a NR®. Theo mot sb phuong 4n cu thé, Re 1a H.

Theo mdt sb phuong 4n cu thé, hop chit amin 12 hop chét c6 cong thie II:

ey

Theo mot s6 phuong 4n, hop chit amin duoc miéu ta c6 cong thirc IT ¢ luong du
chit ddng phan dbi anh 16n hon 70% ee, 80% ee, 90% ee, 95% ee, 96% ee, 97% ee, 98%
ee, 99% ee, hodc 99,5% ee. Theo cac phuong an khac, hop chit amin dugc miéu ta cé
lugng du chét ddng phan dbi anh it nhit 90% ee, it nhit 95% ee, hodc tham chi 98%, 99%,
99,5% hodc ee 16n hon. Theo cac phuong én cu th8, lwong du chét dong phan d6i anh cua
hop chét ¢ cong thire IT duge gidi han boi bét ky trong sb hai phuong an néu trén, vi du,
ee nim trong khoang tir 70% dén 90%, tir 80% dén 90%, tir 90% dén 95%, tir 80% dén
99,5%, tir 90% dén 99,5%, tir 95% dén 99,5%, v.v..

Theo mdt s6 phuong 4n cu thé, hop chét amin 1 hop chét ¢6 cong thirc Ila:

CONH{Bu
AcHN
c %, =

N
H (Ila)

Theo mot sb phuong 4n, hop chit amin dugc miéu ta c6 cong thuc Ila c6 lugng du
chét déng phan ddi anh 16n hon 70% ee, 80% ee, 90% ee, 95% ee, 96% ee, 97% ee, 98%
ee, 99% ee, hodc 99,5% ee. Theo cac phuong an khéc, hop chét amin dugc miéu ta co

lvong du chét ddng phan déi anh it nhét 90% e, it nhat 95% ee, hodc tham chi 98%, 99%,
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99,5% hoic ee 16n hon. Theo cac phuong 4n cu thé, lugng du chit ddng phéan ddi anh cua
hop chét ¢ cong thire ITa duoc gii han boi bat ky trong s6 hai phwong 4n néu trén, vi du,
ee nim trong khoang tir 70% dén 90%, tir 80% dén 90%, tir 90% dén 95%, tir 80% dén
99,5%, tir 90% dén 99,5%, tir 95% dén 99,5%, v.v..

Theo mot so khia canh, sang ché dé xuit mudi ciia hop chat amin c6 cong thic I va

hop chét axit carboxylic c6 cong thirc A hodc B:

W)

s ¥sliachy

3w

trong do:

X 1a 0, S, hodgc NR®;

R 14 H, alkyl thap, hoic xycloalkyl thap;

R® 13 ~CH,CH=CHa, ~(CH2)sCH>Z!, (CH2),C(O)H, hodc ~(CH2),CO2Z%;

RevaR? doc 1ap 1a H, alkyl thdp, xycloalkyl thp, silyl, axyl, axyloxy; hodc R°vaR¢, cting
v6i nguyén tir N gén véi ching, tao thanh vong heteroaryl hogc di vong ¢6 3 dén 6

canh tuy y dugc thé;
Re 12 H hoic alkyl thép, nhu metyl;
nla 1 hoac 2;

Z! 1a halogen, alkyl sulfonat, aryl sulfonat, hodc alkyl sulfonat tuy y dugc thé bang mot

hodc nhiéu nguyén tir halogen;
72 1a H, alkyl thap, hoic xycloalkyl thip;

A 12 phenyl hodc heteroaryl c6 5-6 canh, va tuy y dugc thé bang 1én dén 4 R%;
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A? 1a phenyl hodc heteroaryl c6 5-6 canh, va tuy y dugc thé bang 1én dén 4 R>;
R! 12 alky] thép hodc xycloalkyl thap;

R2 va R? doc 1ap 1a H, alkyl thép, hoic xycloalkyl thip; hodc R? va R®, cing v6i nguyén tir
N gén véi chiing, tao thanh di vong no ¢6 3 dén 6 canh thy y duogc thé tiy ¥ chira 1

hodc 2 nguyén tir khac loai bd sung duoc chon tr S va O; va
R* va R3 doc 1ap 1a halogen, hydroxyl, nitro, alkyl thap, hodc xycloalkyl thap.

Theo mdt sé phwong 4n, mudi cin ban 1a chét ddng phan ddi anh duy nhét cta chét
dong phan khong d6i quang duy nhét. Theo mot s6 phuong 4n, hop chét amin trong mudi
12 gidu chét ddng phan ddi anh trong chit dong phan déi anh dugc miéu ta, nhu 16n hon
70% ee, 80% ee, 90% ee, 95% ee, 96% ee, 97% ee, 98% ee, 99% ee, hodc it nhét 99,5%

€cC.

Theo mét sé phuong 4n, R*1a H, Ci.4 alkyl, hodc Cs.4 xycloalkyl. Theo mdt sd
phwong 4n nhu vidy, R® 1a H, metyl, etyl, propyl, isopropyl, isobutyl, fert-butyl,
xyclopropyl, hodc xyclobutyl. Theo mot sd phuong 4n cu thé, R? 14 tert-butyl.

Theo mot sd phuong 4n, RP 14 alyl, 3-flopropyl, 3-clopropyl, 3-bromopropyl, 3-
iodopropyl, 3-propan metansulfonat, 3-propan triflometansulfonat, ~3-propan
benzensulfonat, 3-propan para-tolylsulfonat, axetaldehyt, 3-propionaldehyt, axit axetic,
axit 3-propanoic, metyl axetat, metyl 3-propanat, etyl axetat, hodc etyl 3-propanat. Theo

mdt sb phuong 4n cu thé, R® 1a alyl.

- Theo mdt $b phuong an, R° 1a H, Ci4 alkyl, hodc Cs4 xycloalkyl. Theo mot sb
phwong 4n nhu vay, R° 1a H, metyl, etyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
xyclopropyl, hodc xyclobutyl. Theo mot sd phuong 4n cu thé, R® 1a H.

Theo mdt s6 phwong 4n, R¢ 1a nhém silyl, axyl, hodc axyloxy. Theo mot sb phuong
an nhu vy, R¢ 1a trimetylsilyl, trietylsilyl, triisopropylsilyl, tert-butyldimetylsilyl, formyl,
axetyl, trifloaxetyl, propionyl, butanoyl, isobutanoyl, fert-butanoyl, xyclopropanoyl,
xyclobutanoyl, benzoyl, metyloxycacbonyl, etyloxycacbonyl, isopropryloxycacbony]l,
tert-butyloxycacbonyl, benzyloxycacbonyl, alyloxycacbonyl, hodc 9-

floenylmetyloxycacbonyl. Theo mot s6 phuong 4n cu thé, RY 13 axetyl hodc trifloaxetyl.
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Theo mét sd phuwong 4n, R® va RY, cung v6i nguyén tir N gén véi ching, tao thanh
di vong hodc vong heteroaryl. Theo mdt s6 phuong 4n nhu vy, R° va R, cung véi nguyén
tir N gén véi ching, tao thanh 2,5-dimetylpyrol, 1H-pyrol-2,5-dion, pyrolidin-2,5-dion,
hodc isoindolin-1,3-dion.

Theo mot sb phuong 4n, X 1a O hoic S.

Theo mot sb phuong 4n, X 12 NR®. Theo mot s6 phwong 4n cu thé, Re 1a H.

Theo mdt sé khia canh, sang ché dé xuit mudi ciia hop chat amin c6 cong thire 11 va

hop chét axit carboxylic c6 cong thirc A hodc B:

IRa
Rco X
R N
g %’
(@) N
H 8y

Jow

oFo B

Al 1a phenyl hoic heteroaryl c6 5-6 canh, va tiry y dugc thé bang 1én dén 4 RY;

trong do:

A? 12 phenyl hodc heteroaryl ¢6 5-6 canh, va tuy y dugc thé bang lén dén 4 R3;
X1a O, S, hodac NR%;

R?, R°, va Rf doc lap 1a H, alkyl thp, hodc xyéloalkyl thap;

R® 12 H hodc alkyl thap, nhu metyl;

R! 12 alkyl thip hodc xycloalkyl thap;

R2 va R? 14 H, alkyl thép, hoac xycloalkyl thép; hodc R? va R?, cling v6i nguyén tir N gin
vé6i ching, tao thanh di vong no ¢6 3 dén 6 canh tiy y dugc thé tiy y chira 1 hogc 2

nguyén ti khac loai bd sung dugc chon tr S va O; va

R*va R’ doc 1ap 1a halogen, hydroxyl, nitro, alkyl thap, hodc xycloalkyl thap.

-10-
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Theo mot sb phuong 4n, R?1a H, Ci.4 alkyl, hodc Cs.4 xycloalkyl. Theo mot s6
phuong 4n nhu vay, R? 1a H, metyl, etyl, propyl, isopropyl, isobutyl, sec-butyl, zer¢-butyl,
xyclopropyl, hodc xyclobutyl. Theo mot sd phuong 4n cu thé, R? 14 fert-butyl.

Theo mot sb phuong 4n, R® 1a H, Ci.4 alkyl, hodc Cs.4 xycloalkyl. Theo mot s&
phwong an nhu vay, R® 1a H, metyl, etyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
xyclopropyl, hodc xyclobutyl. Theo mot s6 phuong 4n cu thé, R°1a H.

Theo mét sé phuong 4n, R® 1a H, Ci4 alkyl, hodc Cs.4 xycloalkyl. Theo mot s6
phuong 4n nhu vay, Rf 1a H, metyl, etyl, propyl, isopropyl, isobutyl, seé-butyl, tert-butyl,
xyclopropyl, hodc xyclobutyl. Theo mot s6 phuong 4n cu thé, R 1a metyl.

Theo mét sé phuong an, X 12 O hogc S.
Theo mdt s6 phuong 4n, X 1a NRY. Theo mot s6 phuong 4n cu thé, RY 1a H.
Theo mét s& phuong an cu thé, phan amin cla mudi 14 hop chét c6 cong thire (I1a).

Theo mdt s6 phuong 4n, mubi can ban 1a chat ddng phan ddi anh duy nhit ctia chét
ddng phan khong d6i quang duy nhit. Theo mot sé phuong an, hop chét amin trong mudi
I gidu cht ddng phan dbi anh trong chit ddng phan ddi anh dugc miéu ta, nhu 16n hon
70% ee, 80% ee, 90% ee, 95% ee, 96% ee, 97% ce, 98% ee, 99% ee, hodc it nhét 99,5%
ee. Theo mot s6 phuong 4n, hop chét axit carboxylic trong mudi 1a gidu chit ddng phan
d6i anh trong cht ddng phan déi anh dugc miéu ta, nhu it nhat 90% ee, it nhit 95% ee,
hodc tham chi 98%, 99% hoac ee 16n hon.

Theo mot s6 phuong 4n, A! 1 phenyl. Theo mot s6 phuong an, A! 13 heteroaryl co
5-6 canh, nhu thiophenyl, furanyl, thiazolyl, isothiazolyl, indazolyl, oxazolyl, isoxazolyl,
pyridazinyl, pyrimidyl, pyrazinyl, 1,2,4-triazinyl, 1,2,3-triazinyl, hodc 1,3,5-triazinyl.

Theo mdt sb phuong 4n, A? 1 phenyl. Theo mot sé phuong an, A 1a heteroaryl c6
5-6 canh, nhu thiophenyl, furanyl, thiazolyl, isothiazolyl, indazolyl, oxazolyl, isoxazolyl,
pyridazinyl, pyrimidyl, pyrazinyl, 1,2,4-triazinyl, 1,2,3-triazinyl, hodc 1,3,5-triazinyl.

Theo mot s6 phuong 4n, A va A? 1a giéng nhau. Theo mét s6 phuong 4n, A! va A?

l1a khac nhau.

-11-
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Theo mdt sé phuong 4n, A! va A% déu 1a phenyl.

Theo mét sb phuong an, A! dugc thé béng mot R*, vi du tai vi tri 2, 3, 4 hodc 5 so

v6i diém gan vao phan con lai cia cong thic B.

Theo mot ) phuong 4n, A% dugc thé bﬁng mdt R>, vi du tai vi tri 2, 3, 4 hodc 5 so

v4i diém gan vao phan con lai cta cong thic B.

Theo mot ) phuong 4n, A! dugc thé béng hai R%, vi du tai cac vi tri 1,2; 2,3; 1,3;

1,4; 1,5 hodc 2,4 so véi diém gin vao phan con lai cua cong thire B.

Theo mot ) phuong 4n, A? duoc thé b?mg hai R>, vi du tai cac vi tri 1,2; 2,3; 1,3;

1,4; 1,5 hodc 2,4 so v6i diém gan vao phan con lai cuia cong thuc B.

Theo mot s phuong an, A! va A2 1a dugc thé giéng nhau. Theo mét s6 phuong 4n,

Al va A? 1a duoc thé khéac nhau.

Theo mét sé phwong 4n, hop chét axit carboxylic 1 ¢6 cong thitc A hodc cong thirc

00 )
COH HO @‘R
¥ o
N o _R?
R5—©—< N\
0O R (A) 00 R®

Theo mot s& phuong 4n, hop chét axit carboxylic 1 c6 cong thirc A. Theo mot sd

B-I:

(B-I).

phuong an, R!1a H, C14 alkyl, hodc Cs.4 xycloalkyl. Theo mot sd phuong 4n, R! 1a metyl,
etyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, xyclopropyl, hodc xyclobutyl. Theo
mot s6 phuong 4n cu thé, R! 1a metyl.

Theo mdt sb phuong an, hop chét axit carboxylic 1a ¢6 cdng thirc B. Theo mot s6
phuong an cu thé, hop chét axit carboxylic 12 ¢6 cong thirc B-L.

Theo mot sd phuong an, R? va R? doc 1ap 1a H, Ci-4 alkyl, hodc Cs.4 xycloalkyl; hodc

R? va R?, cung v6i nguyén t¢ N gin v6i chiing, tao thanh di vong no ¢6 3 dén 6 canh gin
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nguyén t N. Theo mot s6 phuong 4n cu thé, R? va R3 doc 14p 1a metyl, etyl, hodc isopropyl;

hodc R2 va R3, ciing v&i nguyén tir N gén véi ching, tac thanh pyrolidinyl.

Theo mot s6 phuong an, R*1a C1.4 alkyl, hodc Cs.4 xycloalkyl. Theo mot sd phuong
4n, R* 1a metyl, etyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, xyclopropyl, hodc
xyclobutyl. Theo mot s§ phuong 4n cu thé, R* 1a metyl. Theo cac phuong 4n khéc, R* 1a
halogen, hydroxyl, hodc nitro. Theo mdt s6 phuong 4n cu thé, R* va RS 1a giéng nhau.

Theo mot s6 phuong an, R’1a C1.4 alkyl, hodc Cs.4 xycloalkyl. Theo mot s6 phuong
an, RS1a H, metyl, etyl, propyl, isopropyl, isobutyl, sec-butyl, zert-butyl, xyclopropyl, hodc
xyclobutyl. Theo mdt s phwong én cu thé, R® lametyl. Theo cac phuong an khic, R* 1a
halogen, hydroxyl, hodc nitro.

Theo mdt s6 phuong an cu thé, hop chét axit carboxylic 1a:

O O O ’ : 0 O. —
CO HO HO
/ O O Va
N
@ OLHC O5ro
0 Q 00
f® iaVa
o

0 O )—  hoic 00
Theo mdt sb khia canh, sang ché d& xuit phwong phép didu ché mudi duge dé xuit
trong ban mo ta nay bang cach két tinh phéan doan tr dung dich, bao gbm: diéu ché dung
dich két tinh bao gdm hop chit amin, cén ban la chit dong phan ddi anh duy nhat ctia hop
chét axit carboxylic, va dung mdi; va két tinh tir dung dich két tinh mudi cta hgp chit amin

va hop chit axit carboxylic.

Theo mot s& phuong 4n, dung mdi bao gdm nuéc, metanol, etanol, isopropanol, etyl
axetat, hogc axetonitril hoic hon hop gdm chét bét ky trong s6 cac chat nay. Theo mdt s&
phuong 4n, dung moi 1a isopropanol. Theo mot s6 phuong 4n, dung mdi 1a etyl axetat. Theo
mot sd phuong 4n, dung moi 1a axetonitril. Theo mot s phuong 4n, dung mdi 1a hdn hop
gbdm metanol va etyl axetat, nhu 5-35% metanol/etyl axetat, t6t hon 14 15-25% metanol/etyl

axetat. Theo mot s phuong 4n, dung méi 1a hdn hop gdm metanol va isopropanol, nhu 5-
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35% metanol/isopropanol, t6t hon 14 5-25% metanol/isopropanol. Theo mot s6 phuong 4n,

dung mdi 1a metanol.

Theo mét s6 phuong 4n, dung dich két tinh bao gébm hop chat amin va chét dong
phéan d6i anh ctia n6. Theo mot sb phuong an, dung dich két tinh bao gdbm hSﬁ hop raxemic
ctia hop chit amin va chit ddng phan ddi anh cua no. Theo mot sd phuong 4n, dungndich
két tinh bao gdm luong du chit ddng phén ddi anh cua hop chit amin so v6i chit dong
phan ddi anh ctia n6. Theo mot s6 phuong 4n nhu vay, hop chét amin trbng dung dich két
tinh c6 mit & nho hon 5% ee, nhd hon 10% ee, nho hon 15% ee, nho hon 26% ee, nho honl
25% ee, nhdé hon 30% ee, nhé hon 40% ee, nhé hon 50% ee, nho hon 60% ee, nho hon
70% ee, nhé hon 80% ee, nhé hon 90% ee, nhdé hon 95% ee, it nhét 96% ee, it nhit 97%
ee, it nhét 98% ee, it nhit 99% ee, hoic it nhét 99,5% ee. Theo mot s6 phuong an, chét
ddng phan d6i anh cta hop chit amin la gidu mot chét ddng phan dbi anh. Theo mot s6
phuong an nhu vay, chét ddng phan dbi anh cua hop chit amin trong dung dich két tinh c6
it nhét 5% ee, it nhit 10% ee, it nhit 15% ee, it nhét 20% ee, it nhit 25% ee, it nhat 30%
ee, it nhét 40% ee, it nhét 50% ee, it nhét 60% ee, it nhat 70% ee, it nhét 80% ee, it nhét
90% ce, it nhit 95% ee, it nhat 96% ee, it nhét 97% ee, it nht 98% ee, it nhat 99% ee, hogc
it nhit 99,5% ee.

Theo mét s6 phuong an, mudi ctia hop chit amin véi axit carboxylic tao thanh tur
bude két tinh cin ban 1a chit ddng phan déi anh duy nhit ctia chit ddng phan khong aéi
quang duy nhit. Theo mét s& phuong 4n, mubi c6 mit & it nhat 5% ee, it nhét 10% ee, it
nhét 15% ee, it nhat 20% ee, it nhit 25% ee, it nhét 30% ee, it nhat 40% ee, it nhét 50% ee,
it nhét 60% ee, it nhit 70% ee, it nhat 80% ee, it nhét 90% ee, it nhat 95% ee, it nhat 96%
e, it nhét 97% ee, it nhat 98% ee, it nhit 9% ee, hodc it nht 99,5% ee.

Theo mot sé phuong 4an, trude khi hop chit amin mong muén dugc két tinh, chét
ddng phan ddi anh khong mong mudn duge két tinh trudce bing cach st dung chit dong
phan d6i 4nh ctia mot trong s6 hop chét axit carboxylic. Bing cach thuc hién bude két tinh
truGe nay, dung dich két tinh duoc tao ra dudi dang dich ndi, va nho d6 giau hop chit amin
mong mudn so véi dung dich ban dau. Do d6, theo mot ) phuong an, viéc diéu ché dung

dich két tinh bao gdm didu ché dung dich tién chét bao gdm hop chét amin, chét dong phan
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dbi anh thtr hai, khong mong muén, ctia hop chit amin, va chit ddng phan déi anh tht hai
ctia hop chit axit carboxylic. Ttc 13, dung dich tién chit bao gdbm cac amin ddng phan ddi
anh c6 cong thic II va II’, va axit carboxylic c6 cong thic A’, B’, hodc B-I’ (tic 1a, axit
carboxylic ndy 1a chat ddng phan dbi anh dbi 1ap véi chat dong phan ddi anh ¢6 cong thirc

A, B, hoic B-I):

R? R?
1 )
RCO X $CO\>/X
R N Z Rl N "N\ F
<
o) O N
H (I1) H (I1°)

CO,H >‘
COiLO o '
/N ' O||- ,R2
. : ~< - R5‘®—< 7N
0 R (A”) oo R (B) o0  R® - (B-D)

Cac nhom bién trong cac céng thirc I I’, A’, vaB’ ¢co thé duogc Chon rihu 'duo’c ).<écb dinh
trén day lién quan dén cac cong thirc 11, A, va B. Theo cac phuong 4n nay, chét ddng phan
abi anh thir hai ctia hop chét axit carboxylic (ttc 13, chit ddng phan d6i anh dugc miéu ta
trong cdng thicc A’, B’, hodc B-I") duoc chon d8 két tinh v6i chit ddng phan d6i anh khong
mong mudn ctia hop chét amin (ttrc 13, chit dbng phan d6i anh dugc miéu ta trong cong
thtre I1). Tiép theo, mudi ctia cht ddng phan dbi anh thir hai ciia hop chit amin voi chét
ddng phan dbi anh tht hai ctia hop chét axit carboxylic dugc két tinh tir dung dich tién
chit, nho d6 tao ra dung dich két tinh dudi dang dich nbi. Khong can thiét ring axit
carboxylic dugc st dung trong budc két tinh trude (tic 13, chét d(‘A)ng phéan d6i anh duogc
miéu ta trong cong thic A’, B>, hodc B-I') la chit ddng phan dbi anh dbi 1ap cua axit
carboxylic dugc st dung trong bude két tinh (tirc 13, chit dong phén d6i anh dugc miéu ta
trong cdng thic A, B, hodc B-I). Théo mot sb phuong 4n, axit carboxylic duoc sir dung
trong bude két tinh trude 1a chét ddng phan dbi anh dbi 1ap cua axit carboxylic dugc sir
dung trong budc két tinh. Theo mot s6 phwong 4n, axit carboxylic dugc sir dung trong bude
két tinh trude khong phai 1a chét déng phan 1ap thé cua axit carboxylic dugc st dung trong
budc két tinh. |
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Su két tinh chit ddng phan dbi anh khong mong mubn theo cach nay co6 thé din dén
dung dich két tinh trong d6 hop chit amin mong muén c6 m3t & it nhét 5% ee, it nhét 10%
ee, it nhat 15% ece, it nhit 20% ee, it nhit 25% ee, it nhit 30% ee, it nhat 40% ee, it nhét
50% ee, it nhit 60% ee, it nhit 70% ee, it nhit 80% e, it nhét 90% ee, it nhat 95% ee, it
nhat 96% ce, it nhit 97% ee, it nhit 98% ee, it nhat 99% ee, hogc it nhdt 99,5% ee. Tiép

theo, mudi mong mubn co thé dugc két tinh tir dung dich két tinh nhu dugc mo ta trén day.

Theo mdt s6 phuong 4n, sing ché dé& xuét phuong phéap tach hdn hop gdm (3R,4S)-
3-axetamido-4-alyl-N-(tert-butyl)pyrolidin-3-carboxamit ITa va (3S,4R)-3-axetamido-4-
alyl-N-(zert-butyl)pyrolidin-3-carboxamit ITb cin ban thanh cdc chét dong phan d6i anh
duy nhét bang cach két tinh chon loc bing axit carboxylic khong d6i xtmg theo cong thirc
A hodc B. Céc axit carboxylic nhu vy 1a ¢6 ban trén thi truong hodc c6 thé dwoc diéu ché
bang mot hodc hai budc tdng hop tir anhydrit phtalic va axit tartaric dugc diaxyl hoa hodc
anhydrit ciia n6, nhu axit (+)-2,3-dibenzoyl-D-tartaric, axit (-)-2,3-dibenzoyl-L-tartaric,
axit (+)-0,0’-di-p-toluoyl-D-tartaric hogc axit (-)-O,0’-di-p-toluoyl-L-tartaric.

Trong quy trinh dién hinh, hop chit amin nhu (3R,4S)-3-axetamido-4-alyl-N-(tert-
butyl)pyrolidin-3-carboxamit Ila va chét ddng phan dbi anh ctia n6 (3S,4R)-3-axetamido-
4-alyl-N-(tert-butyl)pyrolidin-3-carboxamit ITb dwgc hoa tan trong dung mdi thich hgp
hodc hdn hop dung mdi va duge két hop vé6i dung dich thtr hai chira cin ban la chét dong
phan ddi anh duy nhét cla axit carboxylic di chon c6 cong thitc A hodc cong thie B. Hop
chét amin ITa c6 thé c6 mat duéi dang hdn hop raxemic v6i chét ddng phan d6i anh ctia nd
IIb, n6 co thé duogc lam giau so véi IIb, hodc IIb thé duoc lam giau so vdi [la. Theo mot sb
phucng an, ITa dugc lam giau dén 5% ee, 10% ee, 15% ee, 20% ee, 25% ee, 30% ee, 40%
ee, 50% ee, 60% ee, 70% ee, 80% ee, 90% ee, hodc tham chi 95% hodc ee 16n hon. Theo
mot sb phuong an, IIb dugc lam giau dén 5% ee, 10% ee, 15% ee, 20% ee, 25% ee, 30%
ee, 40% ee, 50% ee, 60% ee, 70% ee, 80% ee, 90% ee, hodc tham chi 95% hoac ee 16n
hon. Dung moi c6 thé duoc st dung mot minh hodc két hop duéi dang hdn hop dung moi
bao gdm, nhung khong gidi han &, nudce, metanol, etanol, ruou isopropylic, axetonitril va
etyl axetat. Trong mot sb trudng hop, c6 thé cAn 1am 4m mot hodc ca hai dung dich dé hoa

tan hoan toan amin hodc axit carboxylic. Khi cac dung dich nay dugc két hop, dung dich
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thu duge dugce dé yén cho dén khi mubi tao thanh tir axit carboxylic khong d6i xmg va cin

ban mot trong sb cac chit ddng phan d6i anh amin tao két tia, két tinh chon loc.

Thoi gian ¢an cho qué trinh két tinh nay s& phu thudc vao axit carboxylic, dung moi,
néng dd va nhiét do cu thé. Trong mot ) truong hop, két tha s& tao thanh trong vai pht,
trong cac truong hop khac ¢ thé can vai gid hodc tham chi vai ngay. N6i chung, qué trinh
chiam hon s& cho tinh chon loc chét déng phéan dbi &anh t6t hon. Do d6, trong mot sb trudng
hop, cac didu kién két tinh dem lai qué trinh cham hon duge wu tién. Céc diéu kién nay bao
gém cac dung mdi phan cyc hon, cac dung dich déc it hon va nhiét dd cao hon hoac tdc do

lam ngudi cham.

Khi c4c phuong phap dugc md ta trong ban mo ta nay st dung céc axit carboxylic
khong ddi xtmg sin c6 (c6 ban trén thi trudng hodc bang mot vai budc tbng hop) & mot
trong hai dang chit ddng phan ddi anh, mot trong hai chit ddng phan ddi anh ciia amin c6
thé thu duoc chi don gian bang cach sir dung chat ddng phan d6i anh thich hop cla axit

carboxylic.

Trong mdt s6 trudng hop, hiéu sut va/hodc luong du chit ddng phan d6i anh cao
hon ¢6 thé thu dwoc bing cach sir dung hai qué trinh két tinh lién tiép — qué trinh két tinh
thtr nhét voi mot chit dong phan d4i anh cta axit carboxylic dé loai bd phan dang ké amin
khong mong mudn (chat ddng phan ddi anh khong mong mudn) duéi dang mudi két tia,
tiép theo qud trinh két tinh thtr hai v6i chit ddng phan ddi anh tht hai cua axit carboxylic
thu dugc amin mong mudn duéi dang mubi két tia.

Mic di nhidu axit carboxylic ¢6 cong thirc A va cong thirc B ¢6 thé duoc sir dung
nhu dugce ban ludn trong ban mo ta nay, mot sb axit carboxylic cu thé bao gém cac axit

carboxylic dugc minh hoa va dit tén dudi day la cac hop chét 3-8 trong Bang 1.

Hop chét CAu trac Tén

COH
3 @:WHYO Axit (R)-2-((1-
phenyletyl)carbamoyl)benzoic

0
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HO }—@
S Axit (28,35)-2,3-bis(benzoyloxy)-4-

4 @{’ N (dimetylamino)-4-oxobutanoic
e
0Q
HO
5 o o Axit (2S,35)-2,3-bis(benzoyloxy)-4-
©—§ N (dietylamino)-4-oxobutanoic
00 —

Axit (28,35)-2,3-bis(benzoyloxy)-4-oxo-

6 Q—{ 'S 4-(pyrolidin-1-yl)butanoic
OO0

7 o Axit (2S,35)-2,3-bis(benzoyloxy)-4-
©—§ NH (isopropylamino)-4-oxobutanoic
0 0 S

00
Hoj%;oj C Axit (3S,4S)-5-(isopropylamino)-3,4-

8 C ;O bis((4-metylbenzoyl)oxy)-2,5-
0 0 N)H— dioxopentanoic

Céc nguyén li€u va thudc thir duge st dung trong diéu ché cac hop chit theo séng
ché 1a sin co tir cac nha cung cip thuong mai nhu Sigma-Aldrich (St. Louis, MO) hodc
Fisher Scientific (Hampton, NH) hodc duoc diéu ché bing cac phuong phap dugc nguoi
¢6 hiéu biét trung binh trong linh vuc nay biét 13 theo quy trinh néu trong cc téﬁ liéu tham
khao nhu Fieser and Fieser’s Reagents for Organic Synthesis, Volumes 1-17 (John Wiley
va Sons, 1991), Organic Reactions, Volumes 1-40 (John Wiley va Sons, 1991), va March’s
Advanced Organic Chemistry (John Wiley va Sons, 4% Edition). Cac so d& duoc d& xuét
trong ban mo ta nay chi nhim minh hoa mét s cac hop chét theo sang ché c6 thé dugc
tdng hop, va céc cai bién khac nhau ctia cac phuong phap nay c6 thé duoc tao ra va ggi y
bdi nguoi co hiéu biét trung binh trong linh vyc nay sau khi tham chiéu dén bém mo ta nay.

Céc nguyén liéu, cac hop chat trung gian, va cac san pham cudi ctia phan tng c6 the dugc
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tach va tinh ché bang cach sir dung cac k¥ thuét thong thuong, bao gbm, nhung khong gi6i

han & loc, cit, két tinh, sic ky va dang tuong tu.

Sang ché ciing d& xuét quy trinh tdng hop dé didu ché chit (rc ché arginaza c6 cong

thie I1:

NHz  NH, |
G “COH -
N
—O>7- O‘\‘/\/B(OH)2 (IH)
trong d6 G cta chét &rc ché arginaza III 12 mach bén axit amin, nhiI hydro (glyxin),lme‘tyl
(alanin), isopropyl (valin), sec-butyl (isoloxin), -CH>CH(CHs): (loxin), benzyl
(phenylalanin), p-hydroxybenzyl (tyrosin), -CHOH (serin), -CH(OH)CH (treonin), -
CHz-3-indoyl  (tryptophan), -CH,COOH (axit aspartic), -CH>CHCOOH (axit
glutamic), -CH,C(O)NH, (asparagin), -CH>CH>C(O)NH: (glutamin), -CH2SH

(cystein), -CH,CH>SCH3 (methionin), -(CH2)sNH2> (lysin), -
(CH2);NHC(=NH)NH; (arginin) hodc -CH»-3-imidazoy] (histidin).

Theo cac phuong én cu thé, G 1a metyl. Theo c4c phuong 4n cu thé khéc, G 1a hydro.
Theo cac phuong 4n cu thé khac, G 1a -CH,OH.

Theo cac phuong an cu thé, hop chét c6 cong thire 1T thu dugce bang cac quy trinh
duge md ta & day o6 luong du chét ddng phan déi anh 16n hon 80%, 90% ee, 95% ee, 96%
ee, 97% ee, 98% ee, 99% ee, hodc tham chi 16n hon 99,5% ee.

Theo séng ché, chét e ché arginaza c6 cong thitc chung III ¢6 thé duogc diéu ché
bang cach sir dung hop chét c6 cong thirc I, cong thire IT hodc cong thire ITa dudi dang hop
chét trung gian. So dd chung dé tong hop hop chét c6 cong thtc III tir hop chét c6 cong
thirc I duoc miéu ta trong So dd A. Trong So dd A, da miii tén thé hién nhiéu budc téng

hop, ma s& duge mo ta chi tiét dusi day.

So dd A
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Ra
o ]
Ry X ., N2 NH,
d’NI’H“ Rb - G_>7N - COzH
R ' ' § ~_B(OH),
H
@ (1I)

Theo mdt s khia canh, chét tc ché arginaza c6 cong thirc chung III ¢co thé dugc

diéu ché nhu duoc minh hoa va duoc mo ta trong so d6 chung B duéi day.

So do B
0 OH 0
alkyl hoa : oxy hoa
O/\/ - > —
N
) N N
Boc Boc Boc’
11 12 13
Keton nhiéu thanh AcHN CONHtBu
phén 1. Khtt bao Vé AcHN CONHtBu
- = — =
Chtrc héa BOC/N 2. Tach . HN—/
14 (1Ia)
AcHN_ CONHBu 1. Khir bo v¢ NH
1. Bao v¢ 2. Amit héa 2 NH,
\ - N0 _ G‘>/_N Z<CO,H
2. Hydroboran hoa N i 3. Khur bao vé 3 B(OH),
Pg O
15 (I

Epoxit 11 co thé duoc thu tir ngudn thuong mai hodc dugc didu ché bér_lg cach epoxy
héa tert-butyl 2,5-dihydro-1H-pyrol-1-carboxylat, vi du tir phan ung véi nudc N-
bromosucxinimit hodc axit meta-cloperoxybenzoic. Alyl hoa epoxit 11 tao ra rugu raxemic
12 ¢6 thé duge thuc hién bang cach st dung chét 4i nhan alyl kim loai thich hgp, nhu thube
thit aly! lithi, thubc thir alyl magie, thubc thit alyl kem, thude thir alyl ddng, hoge céc thude
thir bao gdm cac hdn hop cua céc kim loai ndy. Viéc m& vong epoxit cling c6 thé dugc hd
tro boi axit Lewis hoac kim loai chuyén tiép. Dung moi c6 thé bao gdm dung moi bét ky
thich hop dé thém chat 4i nhan, nhu nhung khong gi6i han ¢ dietyl ete, tetrahydrofuran, 2-

metyltetrahydrofuran, va dang twong tw. Rugu raxemic 12 ¢6 thé tiép theo dugc oxy hoa
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thanh keton 13 bing cach st dung cdc phuong phép duge ngudi co hiéu biét trung binh
trong linh vuc nay biét r5 ddi vdi cac rugu bac hai, nhu nhung khong giGi han &, oxy hoa
Swern, oxy hoa Parikh-Doering, oxy héa Corey-Kim, oxy hoa bang céach sir dung iot siéu
hoéa tri, va dang tuong tu. Keton 13 cé thé tiép theo dugc bién ddi trong phén g nhidu
thanh phin thanh din xuét axit amin raxemic 14. Cac phan tng nhiéu thanh phan nhu véy
c6 thé bao gdm, nhung khong gi¢i han &, phan ung Ugi, phan tng Strecker, va c4c bién thé
cua ching. Céc bién thé cla dung mﬁi,vthl’r tur thém, va chét phu gia cling ¢6 thé duoc st
dung trong cac phan Gng nay, vi dy, phan tng Ugi ¢c6 thé duoc thuc hién trbng pham vi
dung moi nhu, nhung khong gidi han &, trifloetanol, metanol, nuéc, axetonifril, diclometan,
tetrahydrofuran, va cac hdn hgp cia ching, va bao gbm chét phu gia nhu amoni hydroxit.
Dan xuét axit amin raxemic 14 c6 thé tiép theo duoc khir bao vé trong cac diéu kién hién
cd (vi du, loai bd Boc béng TFA, HCL, hodc axit Lewis), xtr ly béng nhya hydroxit
DOWEX-550 hodc tao huyén phu dic trong dung moi thich hop (vi du, metyl fert-butyl
ete) va loc, thu dugc amin raxemic (chit ddng phan déi anh Ila va chét ddng phan d6i anh
IIb). Tiép theo, amin raxemic (Ila va IIb) c6 thé duogc tach bang cac phuwong phép theo sang
ché dé thu dugc amin khong d6i xung Ila. Theo mot s6 khia canh, viéc trung hoa mubi tao
thanh, vi du, bang cach sir dung bazo nhu natri bicacbonat, natri cacbonat, kali bicacbonat,
natri metoxit, v.v., c6 thé giai phéng amin ty do ra khoi mudi dé cho phép tach amin khong
d6i xtng Ia. Viéc bao vé amin khong d6i xtmg ITa va tiép theo hydroboran héa c6 thé tao
ra pinacol borat 15. Trong hop chét 15, Pg 12 nhom bao vé, nhu duoc xac dinh dudi day.
Theo céc khia canh khéc, trude khi hydroboran hoa, viéc trung hoa va bao vé co thé dugc
thuc hién theo mot budc béng cach st dung nudc natri bicacbonat va di-fert-butyl
dicacbonat. Amin khong dbi xtmg dugc bao vé co thé tiép tuc qua cac budc lam giau chat
ddng phén dbi anh, nhu béng huyén phu dic 4m trong cac hon hop etyl axetat va n-heptan
va loc sau khi ngudi. Hydroboran hoa ¢ thé dugc thuc hién bz‘ing cach str dung cac phuong
phép dugc nguoi co hiéu biét trung binh trong linh vyc nay biét rd, nhu bang cach st dung
pinacol boran hodc bis(pinacolato)dibo v6i sy c6 mat cia chét xuc tac iridi hodc rodi thich
hop. Thir ty khir bao vé/amit hoéa chon loc tiép sau tiép theo 14 khir bao v€ toan b ¢co thé

tao ra chit (rc ché arginaza c6 cong thuc I11.

-21-



32767

Theo mdt sb khia canh, cac hop chét theo sang ché c6 thé dugc diéu ché bang cach
st dung cac phuong phép dugc minh hoa trong So dd C va D dudi day, va bang cac quy
trinh chi tiét dugc mé ta trong phan vi du thuc hién sang ché. Raxemic tert-butyl-trans-3-
alyl-4-hydroxypyrolidin-1-carboxylat (Ila va IIb) duoc diéu ché tir epoxit 11 ¢6 ban trén
thi truong theo bdn budc nhur dugce phéc hoa trong So dd C. Viéc thém alyl magie bromua
vao dietyl ete & 0 °C thu dugc ruou raxemic 12, ma sau khi oxy hoa bing phirc chit luu
huynh trioxit pyridin va DMSO thu duoc keton twong ang 13. Bude xir Iy tiép sau bing
amoni axetat va tert-butyl isoxyanua trong metanol ¢ 0 °C thu duoc dan xuit axit amin
raxemic 14 du6i dang hdn hop gém céc chit ddng phan syn va anti ma duge tach bang
cach két tinh. Viéc khir bao vé tert-butyl carbamat (nhém Boc) bang cach st dung axit
trifloaxetic trong diclometan tiép theo la xir Iy bang nhua hydroxit DOWEX-550 thu dugc

amin raxemic (ITa va IIb) dudi dang bazo tu do.

Sodd C
OH SO;-pyridin 0
0 = 3-py
(j/ N ghr : DMSO é/\/
_ _ - - /
N Dietyl ete @/\/ i-ProNEt N
Boc 0 OC BOC/ DCM BOC/
11 12 0-10°C 13
tBUNC AcHN CONHtBu
NH4OAc 1) TFA/DCM AcHN CONHtBu
= 0°C
MeOH N . =
/ HN
0°C Boc 2) DOWEX 550
14 (IIa va IIb)

Phuong phép tich amin raxemic (ITa va IIb) thanh céc chét dong phan dbi anh duy
nhét can ban bang cach st dung axit carboxylic khong d6i xtmg theo séng ché dugc minh
hoa trong So dd D. Trong vi du ndy, raxemic (syn)-3-axetamido-4-alyl-N-(tert-
butyl)pyrolidin-3-carboxamit (Ila va IIb) va axit (R)-2-((1-phenyletyl)carbamoyl)benzoic
3 dugc hoa tan trong metanol (15%) va etyl axetat (85%) c6 lam néng. Khi dung dich tro
nén trong, né dugc lam ngudi va két tia tir tir tao thanh. Két tia nay, 13 mudi tao thanh tir

axit 3, va amin Ila, dugc tach bang cach loc. Mudi nay c6 thé trd thanh bazo ty do bing
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cach str dung céc phuong phép chudn hodc duoc sir dung truc tiép cho budc tbng hop tiép

theo.
So d6 D
- N
CO‘_le AcHN CONHIBU t-BUHNOG, NHAc
N + < é/\/ % >
o HN NH
~ Raxemat (IIa va Hb) <
Coz AcHN, CONHtBu
é/\/ Khong tan trong dung mdi két
HN tinh (két taa)
Mubi A B ) '
COZH t-BuHNOC, NHAc Tan trong dung mdi két tinh
% (khong két tiia)
Mubi B NH

Céc phuong phép dugc bdc 1§ trong ban mod ta nay c6 thé dugc thuc 'hién bdi nguodi
¢ trinh dd trung binh trong linh vyuc tdng hop hitu co bing cach sir dung cdc phuong phép
thir nghiém chi tiét dugc cung cAp trong ban md ta nay. Luu y rang qué trinh két tinh chon
loc phu thude vao nhiéu yéu t6 bao gdm lua chon (céc) dung mdi, nhiét do, ndng do va
lugng axit carboxylic khong d6i xtmg c6 mit. Viéc lya chon cu thé cac bién nay s& quyét
dinh két qua két tinh va c6 thé dugc thay ddi tity theo két qua mong muén (hiéu suit, lugng
du chat ddng phan déi anh, ndng dé, thoi gian, chi phi). Vi du, dung dich két tinh loAng
hon thuong s€ tao diéu kién thuan loi cho viéc két tinh chdm hon, thuong cai thién tinh
chon loc chét ddng phan d6i anh, nhung v6i mic thu hdi thip hon; trong khi dung dich dac
hon thudng sé thuc ddy qua trinh két tinh, mang lai hiéu suét cao hon nhung v6i lugng du
chit ddng phan déi anh thap hon nhat dinh. Mam két tinh cta chat moﬁg mudn ciing thudng

s€ tao diéu kién thuan lgi cho qu4 trinh két tinh.
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Céc dinh nghia

Thuét ngit “axyl” da dugc biét rd trong linh vire ndy va chi nhém c6 cdng thirc chung

hydrocarbylC(O)-, t6t hon 12 alkylC(O)-.

Thuat ngft “axylamino” da dugc biét rd trong linh vuc ndy va chi nhom amino dugc

thé bang nhém axyl va cé thé duoc dai dién, vi du, bang cong thirc hydrocarbylC(O)NH-.

Thuét ngit “axyloxy” da dugc biét 13 trong linh vurc nay va chi nhém c6 cdng thire

chung hydrocarbylC(O)O-, t6t hon 14 alkylC(O)O-.

Thuit ngit “alkoxy” chi nhém alkyl, t6t hon 1a nhom alkyl thap, c6 nguyén ti oxy
gin vao. Cc nhém alkoxy dai dién bao gdm metoxy, triflometoxy, etoxy, propoxy, tert-

butoxy va dang tuong tu.

Thuét ngit “alkoxyalkyl” chi nhém alkyl dugc thé bang nhém alkoxy va ¢ thé ¢6
cong thirc chung alkyl-O-alkyl.

Thuét ngit “alkenyl”, nhu dugc sit dung trong ban mo ta néy, chi nhom béo chura it
nhat mot lién két doi va duge du tinh bao gém ca "alkenyl khong dugc thé" va "alkenyl
duoc thé", alkenyl dugc thé chi cdc nhém alkenyl ¢ cac phan tir thé thay thé hydro trén
mot hodc nhiéu cacbon ctia nhém alkenyl. Cac phén tt thé nhu vay co6 thé c6 mat trén mot
hogc nhiéu cacbon ma duge bao gdm hoic khdng dugce bao gdm trong mot hogc nhiéu lién
két d6i. Ngoai ra, cac phan tir thé nhu vay bao gbm tat ca cac phan tir thé dugc bao ham
dbi v6i cac nhom alkyl, nhu duge ban luin dudi day, ngoai trir khi do bén bi can tré. Vi
du, su thé cac nhom alkenyl bﬁng mot hodc nhiéu nhém alkyl, carboxyclyl, aryl,

heteroxyclyl, hodc heteroaryl dugc bao ham.

Nhém “alkyl” hodc “alkan” 12 hydrocacbon khong thom mach thang hoic mach
nhanh ma no hoan toan. Pién hinh 13, nhém alkyl mach théng hodc mach nhanh cé tir 1
dén 20 nguyén tir cacbon, tdt hon 1a tir 1 dén 10, t6t hon nita 12 tir 1 dén 6, trir khi c6 quy
dinh khéc. Cac vi du vé& cdc nhoém alkyl mach thang va mach nhanh bao gbm metyl, etyl,
n-propyl, iso-propyl, n-butyl, sec-butyl, rert-butyl, pentyl, hexyl, pentyl va octyl. Nhém
alkyl mach thang hozc mach nhanh Ci-Cs con dugc goi la nhom "alkyl thip".
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7

Ngoai ra, thuét ngit "alkyl" (hodc "alkyl thap") nhu dugc st dung trong khép ban
mo ta, cac vi du, va yéu ciu bao hd dugc du tinh bao g%)m ca "alkyl khong duoc thé" va
"alkyl duoc thé", alkyl dugc thé chi cac nhom alkyl c6 céc phan tir thé thay thé hydro trén
mot hodic nhiéu cacbon ctia khung chinh hydrocacbon. Céc phn tir thé nhu vay, trir khi c6
quy dinh khéc, c6 thé bao gém, vi du, halogen (vi dy, flo), hydroxyl, alkoxy, xyano, nitro,
azido, sulfhydryl, alkylthio, heteroxyclyl, aralkyl, hodc nhém thom hogc nhom thom khéc
loai. Theo cac phuwong an cu thé, cac phﬁn tlr thé trén alkyl duogc thé duge chon tir Cig
alkyl, Cs.6 xycloalkyl, halogen, xyano, hodc hydroxyl. Theo cac phuong an cu thé hon, cac
phéan tir thé trén cic alkyl duge thé duoc chon tir flo, xyano, hoic hydroxyl. Nguoi ¢b hiéu
biét trung binh trong linh vyc nay hiéu ring chinh cic nhém dugc thé trén mach
hydrocacbon c6 thé duoc thé, néu thich hop. Vi du, cac phé.n ttr thé cua alkyl duoc thé c6
thé bao gém cac dang dugc thé va khong dugc thé cua azido, imino, cling nhu ete, alkylthio,
-CF3, -CN va dang tuong tu. Céc alkyl dugce thé dugc 1iy 1am vi du s& dugc md ta dudi
day. Cac xycloalkyl c6 thé dugc thé tiép bang alkyl, alkenyl, alkoxy, alkylthio, -CFs, -CN,

va dang tuong tu.

Thuat ngit “Cxy” khi dugc st dung cung véi nhom hoa hoc, nhu, axyl, axyloxy,
alkyl, alkenyl, alkynyl, hodc alkoxy c6 nghTa. a bao gdm céc nhém chira tir x dén y cacbon
trong mach. Vi du, thuét ngit “Cxy alkyl” chi cic nhém hydrocacbon no dugc thé hoic
khong duoc thé, bao gbm cac nhom alkyl mach thing va alkylv mach nhanh chira tir x dén
y cacbon trong mach, bao gdm céc nhém haloalkyl. Cac nhom haloalkyl cu thé bao gbm
triflometyl, diflometyl, 2,2,2-trifloetyl, va pentafloetyl. Co alkyl chi hydro khi nhém nay 4}
vi tri tdn cung, lién két néu & bén trong. Cé4c thuat ngit “Ca.y alkenyl” va “C.y alkynyl” chi
cac nhom béo khdng no duoc thé hodc khong dugc thé twong tu vé chiéu dai va kha ning
thé céc alkyl duge md ta trén day, nhung 1an luot chira it nhét mot lién két doi hogc lién

két ba.

Thuét ngit “alkylamino”, nhu dwgc st dung trong ban m6 ta nay, chi nhom amino

duoc thé bang it nhit mot nhém alkyl.

Thuét ngit “alkylthio”, nhu duc_rc-sir dung trong ban mo ta nay, chi nhém thiol dugc

thé bang nhom alkyl va c6 thé c6 cong thirc chung alkylS-.
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Thuat ngit “alkynyl”, nhu duge st dung trong ban md ta nay, chi nhém béo chura it
nhat mot lién két ba va dugc du tinh bao gdm ca "alkynyl khong dugc thé" va "alkynyl
duoc thé", alkynyl duoc thé chi cac nhém alkynyl c6 cac phan tir thé thay thé hydro trén
mot hodc nhiéu cacbon ctia nhém alkynyl. Cac phén tir thé nhu vay c6 thé c6 mat trén mot
hodc nhiéu cacbon duoc bao gbm hoic khong duge bao g@)m trong mot hodc nhiéu lién két
ba. Ngoai ra, cac phan tir thé hhu Vfly bao gdm tit ca cac phéan tir thé dugc bao ham dbi véi
cac nhom alkyl, nhu dugc ban luén trén day, ngoai trir khi d6 bén bi can tré. Vi du, su thé
c4c nhéom alkynyl bang mot hodc nhiéu nhém alkyl, carboxyclyl, aryl, heterokj/clyl, hodc

heteroaryl dugc bao ham.
Thuét ngit “amit”, nhu dugc st dung trong ban mo ta ndy, chi nhom
I
RA
BN

\RA
trong d6 mdi R* doc 1ap 1a hydro hodc nhém hydrocarbyl, hodc hai RA dugc két hop cling
v6i nguyén t¢ N ma ching gin vao tao thanh di vong ¢ tir 4 dén 8 nguyén tir trong chu
truc vong.

Céc thuat ngit “amin” va “amino” dd duoc biét rd trong linh vuc nay va chi ca hai

amin dugc thé va khong dugc thé va cdc muodi cua chung, vi du, nhém ma c6 thé ¢ cong

thirc
RA
RA /
g—N’ hodc g-N*‘—RA
N\
RA \RA

trong d6 mdi RA doc lap 1a hydro hodc nhém hydrocarbyl, hodc hai R* dugc két hop cing
v6i nguyén t¢ N ma chung gin vao tao thanh di vong c6 tir 4 dén 8 nguyén tir trong chu
truc vong.

Thuat ngit “aminoalkyl”, nhu dugc st dung trong ban md ta nay, chi nhom alkyl

duoc thé bang nhém amino.
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Thuét ngit “aralkyl”, nhu dugc sir dung trong ban mo ta nay, chi nhém alkyl dugc

thé bang nhom aryl.

Thuét ngt “aryl” nhu dugce st dung trdng ban md ta ndy bao gdm cac nhém thom
don vong duge thé hodc khong duoc thé trong d6 mdi nguyén tr ctia vong 1a cacbon. Tét
hon 12 vong nay la vong cé 6 hodc 10 canh, tdt hon nita 1a vong 6 canh. Thuét ngit “aryl”
ciing bao gdm céac hé vong da vong c6 hai hodc nhiéu vong trong d6 hai hoic nhiéu cacbon
la chung cho hai vong lién k& trong d6 it nhat mot trong s6 cac vong la thom, vi dy, céc
vong con lai c6 thé 1a xycloalkyl, xycloalkenyl, xycloalkynyl, aryl, heteroaryl, va/hodc
heteroxyclyl. Cac nhém aryl bao gdm benzen, naphtalen, phenantren, phenol, anilin, va

dang tuong tu.
Thuét ngit “carbamat” d3 dugc biét rd trong linh vuc nay va chi nhém

0 0
- RA L o RA
55? o/u\ N: hodc 55? NJ\O/
RA |
RA

trong d6 mbi R* doc 1ap 1a hydro hogc nhoém hydrocarbyl, nhw nhém alkyl, hodc ca hai RA
duoc két hop ciing v6i (c4c) nguyén ti xen vao tao thanh di vong c6 tir 4 dén 8 nguyén tir

trong cau tric vong.

Céc thudt ngit “vong cacbon”, va “carboxyclic”, nhu dugc sir dung trong ban mo ta
nay, chi vong no hoac khong no trong do6 mdi nguyén ti cua vong 1a cacbon. Thuét ngit
vong cacbon bao gbm ca vong cacbon thom va vong cacbon khong thom. Vong cacbon
khong thom bao gdm ca vong xycloalkan, trong d6 tht ca cac nguyén tir cacbon déu no, va
vong xycloalken, ma chura it nhét mot lién két doi. “Vong cacbon” bao gdm vong mot vong
¢6 3-8 canh va vong hai vong c6 8-12 canh. Mbi vong ctia vong cacbon hai vong c6 thé
duoc chon tr cac vong no, khong no va thom. Vong cacbon bao gdm céc phan t hai vong
trong d6 mot, hai hodc ba hoac nhidu hon nguyén ti 1a chung gitra hai vong. Thuat ngft
“yong cacbon dung hop” chi vong cacbon hai vong trong do mdi vong c6 chung hai nguyén
tit lién k& vai vong con lai. Mdi vong clia vong cacbon dung hop c6 thé dugc chon tir cac

vong no, khong no va thom. Theo phuong an dugc 14y 1am vi du, vong thom, vi du, phenyl,
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c6 thé duge dung hop véi vong no hodc khong no, vi du, xyclohexan, xyclopentan, hogc
xyclohexen. Dang két hop bat ky clia cac vong hai vong no, khong no va thom, khi héa tri
cho phép, déu dugc bao gdm trong dinh nghia vé carboxyclic. “Vong cacbon” dugc 14y
lam vi du bao gém xyclopentan, xyclohexan, bixyclo[2.2.1]Theptan, 1,5-xyclooctadien,
1,2,3,4—tetrahydrdnaphtalen, bixyclo[4.2.0]ocf-3-en, naphtalen va adamantan. Céc vong
cacbon dung hop duwoc ldy lam vi du bao gdbm decalin, naphtalen, 1,2,3,4-
tetrahydronaphtalen, bixyclo[4.2.0]octan, 4,5,6,7-tetrahydro-1H-inden va
bixyclo[4.1.0]hept-3-en. “Vong cacbon” c6 thé duge thé tai bat ky mot hodc nhidu vi tri ¢6

kha ndng mang nguyén ti hydro.

Nhém “xycloalkyl” 1a hydrocacbon vong ma no hoan toan. “Xycloalkyl” bao gbm
vong mdt vong hodc hai vong. Dién hinh 13, nhém xycloalkyl mot vong co tir 3 dén 10
nguyén tir cacbon, dién hinh hon tir 3 dén 8 nguyén tir cacbon trir khi ¢6 quy dinh khac.
Vong thu hai cta xycloalkyl hai vong c6 thd duge chon tir vong no, khong no va thom.
Xycloalkyl bao gém cac phan tir hai vong trong d6 mot, hai hodc ba hodc nhiéu hon nguyén
ttr 1a chung giita hai vong. Thuét ngit “xycloalkyl dung hop” chi xycloalkyl hai vong tréng
d6 mdi vong c6 chung hai nguyén tir lién ké voi vong con lai. Vc‘mg thi hai cia xycloalkyl
hai vong dung hop c6 thé dugc chon tir vong no, khong no va thom. Nhém “xycloalkenyl”

1a hydrocacbon vong chira mot hodc nhiéu lién két doi.

Thuét ngit “carboxyclylalkyl”, nhu duoc st dung trong ban mo ta nay, chi nhom

alkyl duoc thé bang nhom vong cacbon.

Thuat ngir “cacbonat” da dugc biét o trong linh vuc nay va chi nhom -OCO2-RA,

trong d6 R 12 nhoém hydrocarbyl.

Thuét ngit “carboxy”, nhu dugc sit dung trong ban md ta nay, chi nhom c6 cong

thtic -CO2H.

Thuat ngit “este”, nhu dugc st dung trong ban md ta nay, chi nhom -C(O)ORA trong

d6 R* 1a nhoém hydrocarbyl.

Thuét ngit “ete”, nhu duge sit dung trong ban mo td nay, chi nhom hydrocarbyl dugc

lién két qua nguyén tir oxy v6i nhém hydrocarbyl khéc. Do do, phan tir thé ete cia nhém
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hydrocarbyl c6 thé 1a hydrocarbyl-O-. Ete c6 thé 1a déi xtng hodc khong ddi xtng. Céc vi
du v ete bao gdbm, nhung khong gidi han &, di vong-O-di vong va aryl-O-di vong. Ete bao

gdm cac nhom “alkoxyalkyl”, ma ¢ thé ¢ cong thirc chung alkyl-O-alkyl.

Céc thuat ngit “halo” va “halogen” nhu dugc sir dung trong ban mo ta nay c6 nghia

14 halogen va bao gom clo, flo, bromo, va iodo.

Céc thuat ngit “hetaralkyl” va “heteroaralkyl”, nhu dugc st dung trong ban md ta

nay, chi nhém alkyl duoc thé bang nhom hetaryl.

Thuat ngit "heteroalkyl", nhu duge st dung trong ban mo ta nay, chi mach no hodc
khéng no gdm cic nguyén tir cacbon va it nh4t mot nguyén tir khic loai, trong d6 khong

¢6 hai nguyén tir khac loai lién ké.

Céc thuat ngir “heteroaryl” va “hetaryl” bao gbm céc ciu truc vong don thom dugc
thé hodc khong dugc thé, t5t hon 12 vong ¢6 5 dén 7 canh, t6t hon nira 1a vong ¢6 5 dén 6
canh, ma céac ciu tric vong clia chiing bao gbm it nhit mot nguyén ti khéc loai, t6t hon 1a
1 dén 4 nguyén tir khac loai, tdt hon nita 12 mot hodc hai nguyén tir khac loai. Céc thuat
ngtt “heteroaryl” va “hetaryl” cling bao gdm cac hé vong da vong c6 hai hodc nhiéu vong
trong dé hai hodc nhiéu cacbon 14 chung cho hai vong lién k& trong d6 it nhat mot trong sd
cac vong la thom khéc loai, vi du, cdc vong con lai co thé 1a xycloalkyl, xycloalkenyl,
xycloalkynyl, aryl, heteroaryl, va/hodc heteroxyclyl. Cac nhom heteroaryl bao gdm, vi du,
pyrol, furan, thiophen, imidazol, oxazol, thiazol, pyrazol, pyridin, pyrazin, pyridazin, va

pyrimidin, va dang tuong tu.

Thuét ngit “nguyén ti khic loai” nhu dugce sir dung trong bin mo ta nay co nghia la
nguyén tir cia nguyén t6 bat ky khong phai cacbon hodc hydro. Cac nguyén tir khac loai

cu thé 12 nito, oxy, va luu huynh.

Céc thuét ngit “heteroxyclyl”, “di vong”, va “di vong” chi cac cAu tric vong khong
thom dugc thé hoic khong duge thé, tot hon 1 vong c6 3 dén 10 canh, t6t hon nita 1a vong
¢6 3 dén 7 canh, ma cac ciu tric vong clia ching bao gbm it nhat mot nguyén t khac loai,
t5t hon 12 1 dén 4 nguyén tir khéc loai, tdt hon nita 12 mot hodc hai nguyén tir khac loai.

Céac thuat ngit “heteroxyclyl” va “di vong” cling bao gbm céc hé vong da vong c6 hai hodc
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nhiéu vong trong d6 hai hoic nhiéu cacbon 1a chung cho hai vong lién k& trong d6 it nhét
mdt trong sb cic vong nay la di vong, vi du, cic vong con lai c6 thé 13 xycloalkyl,
xycloalkenyl, xycloalkynyl, aryl, heteroaryl, va/hodc heteroxyclyl. Cdc nhom heteroxyclyl
bao gém, vi duy, piperidin, piperazin, pyrolidin, tetrahydropyran, tetrahydrofuran,

morpholin, lacton, lactam, va dang twong tu.

Thuat ngit “heteroxyclylalkyl”, nhu dugc sir dung trong ban mo ta nay, chi nhém

alkyl duoc thé bang nhém di vong.

Thuét ngft “hydrocarbyl”, nhu dugc st dung trong ban mo ta nay, chi nhom duoc
lién két qua nguyén tir cacbon khong ¢6 phéan tir thé =0 hoic =S, va dién hinh 14 ¢6 it nhét
mot lién két cacbon-hydro va khung chinh cacbon so cip, nhung c6 thé tuy y bao gébm céc
nguyén tir khic loai. Do d6, cdc nhom nhu metyl, etoxyetyl, 2-pyridyl, va triflometyl dugc
coi la hydrocarbyl nhim muc dich cta sang ché, nhung cac phéan tir thé nhu axetyl (c6 phan
tir thé O trén cacbon lién két) va etoxy (duoc lién két qua oxy, ma khong pha1 cacbon) la
khong c6. Cac nhom hydrocarbyl bao gdm, nhung khong gidi han G aryl, heteroary1 Vong
cacbon, heteroxyclyl,_alkyl, alkenyl, alkynyl, va cac dang két hop cua ching.

Thuét ngit “hydroxyalkyl”, nhu dugc st dung trong ban mo ta nay, chi nhom alkyl
duogc thé bing nhom hydroxy.

Thuét ngit “thdp” khi dugc st dung cing v6i nhém hoa hoc, nhu, axyl, axyloxy,
alkyl, alkenyl, alkynyl, alkoxy, hodc xycloalkyl c6 nghia 12 bao gbm cac nhém c6 mudi
nguyén tir khong phai hydro hodc it hon trong phan tir thé, t6t hon 14 sau hodc it hon. Vi
du, “alkyl thip” chi nhém alkyl chita mudi nguyén tir cacbon hodc it hon, t6t hon 13 sau
hoic it hon. Theo mdt sd phurong 4n, céc phén tr thé axyl, axyloxy, alkyl, alkenyl, alkynyl,
hoic alkoxy dugc xac dinh trong ban mo ta nay 1an luot 12 axyl thip, axyloxy thép, aﬂkyl
thap, alkenyl thap, alkynyl thip, hoic alkoxy thip, bit ké ching xuét hién mot minh hodc
két hop v6i cac phan tﬁ thé khac, nhu trong cac nhom hydroxyalkyl va aralkyl (trong truong
hop nay, vi dy, cic nguyén tir bén trong nhém aryl khéng. dugc tinh khi tinh s nguyén tir
cacbon trong phan tir thé alkyl).
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Céac thuat ngit “polyxyclyl”, “da vong”, va “polyxyclic” chi hai hodc nhiéu vong (vi
du, xycloalkyl, xycloalkenyl, xycloalkynyl, aryl, heteroaryl, va/hodc heteroxyclyl) trong
d6 hai hodc nhidu hon nguyén ti 12 chung cho hai vong lién k&, vi dy, cac vong la “vong
dung hop”. Mdi vong cua da vong c6 thé dugc thé hodc khong duge thé. Theo mot sd
phuong 4n, mdi vong ctia da vong chira tir 3 dén 10 nguyén tir trong vong, tot hon 1a tir 5

dén 7.
Thuét ngit “silyl” chi gbc silic véi ba gbc hydrocarbyl gin vao.

Thuat nglt “duoc thé” chi cac gbe (nhém) 6 cac phan tir thé thay thé hydro trén mot
hodc nhiéu cacbon ciia khung chinh. Luu y rang “thé” hodc “dugc thé bang” bao ham didu
kién su thé nhu vay 1a theo hoa tri cho phép cta nguyén ti duge thé va phén tir thé, va su
thé nay tao ra hop chit én dinh, vi du, khong tu phat trai qua qua trinh bién d6i nhu béi su
tai sip xép, dong vong, loai bo, v.v.. Nhu dugc st dung trong ban moé ta nay, thuat nglt
“dugc thé” dugc bao ham bao gdm tat ca cic phin tir thé cho phép cua cac hop chét hiru
co. Theo khia canh rong, cac phan tir thé cho phép bao gdm cac phan tir thé khong vong va
vong, mach nhanh va khong mach nhanh, carboxyclic va di vong, thom va khong thom cua
cac hop chat hitu co. Cac phén tir thé cho phép c6 thé 1a mdt hogc nhidu va gidng hodc
khac nhau d6i v6i cac hop chét hitu co thich hop. Nhim muc dich ciia sang ché, cac nguyén
tir khac loai nhu nito ¢6 thé ¢6 cac phéan tr thé hydro va/hoic cac phén tir thé cho phép bt
ky cua céc hop chit hitu co dugc mod ta trong ban md ta ndy ma théa man hoéa tri cla cac
nguyén tir khac loai. Cac phan tir thé ¢6 thé bao gdm céc phan tir thé bat ky dugc md ta
trong ban md ta nay, vi dy, halogen, hydroxyl, alkoxy, xyano, nitro, azido, sulfhydryl,
alkylthio, heteroxyclyl, aralkyl, hodc gdc thom hodc thom khéc loai. Theo cdc phuong an
cu thé, cac phan tir thé trén céac alkyl dugc thé duogc chon tir Ci.6 alkyl, Cs.6 xycloalkyl,
halogen, xyano, hodc hydroxyl. Theo cdc phuong an cu thé hon, cac phan tir thé trén cac
alkyl dugc thé dugc chon tir flo, xyano, hodc hydroxyl. Nguoi co hiéu biét trung binh trong
linh vuc nay hiéu ring chinh céc phin tir thé c6 thé dugc thé, néu thich hop. Tru khi duge
chi o 12 “khong duge thé,” tham chiéu dén cac nhém hoa hoc trong ban mo ta nay dugc
hidu 14 bao gbm cac bién thé duoc thé. Vi du, tham chiéu dén nhom hoic gbc “aryl” bao

ham cé hai bién thé dugc thé va khong dugc thé.

-31-



32767

Thuat nglt “sulfat” da dugc biét o trong linh vuc nay va chi nhém -OSO3H, hodc

muoi dugce dung ctia chung.

Thuat ngtt “sulfonamit” da duoc biét 15 trong linh vuc nay va chi nhém c6 cdng

thirc chung

§ R R
25-N,  hodc RAS-N
I RA 1] ;{

trong do mdi R* doc 1ap 1a hydro hodc hydrocarbyl, nhu alkyl, hodc ca hai RA dugc két
hop cling véi (cac) nguyén tir xen vao tao thanh di vong c6 tir 4 dén 8 nguyén tir trong chu

truc vong.

Thuét ngtt “sulfoxit” da duoc biét rd trong linh vuc ndy va chi nhém -S(O)-R4, trong

do6 R 1a hydrocarbyl.

Thuat ngit “sulfonat” da dugc biét rd trong linh vue nay va chi nhom SOsH, hodc

mudi dugc dung cua ching.

Thuét ngit “sulfon” da dugc biét rd trong linh vire ndy va chi nhém -S(0)-R4, trong

d6 RA 1a hydrocarbyl.

Thuét ngit “thioalkyl”, nhu dugc st dung trong ban md ta nay, chi nhom alkyl dugce
thé bang nhom thiol.

Thuat ngit “thioeste”, nhu dugc sir dung trong ban md ta nay, chi nhém -C(O)SRA
hoic -SC(O)RA trong d6 RA 1a hydrocarbyl.

Thuét ngit “thioete”, nhu duge st dung trong ban mo ta nay, la tuong duong voi

ete, trong d6 oxy dugc thay bang luu huynh.

Thuét nglt “ure” da dugc biét rd trong linh vuc nay va ¢ thé c6 cong thirc chung

A
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trong d6 mdi RA doc 1ap 1a hydro hodc hydrocarbyl, nhu alkyl, hodc sy c6 mit bat ky cia
RA dugc két hop cing véi nhau va (cac) nguyén ti xen vao tao thanh di vong co tir 4 dén

8 nguyén tr trong cu tric vong.

“Nhom bao v&” (“Pg”) chi nhém nguyén tir ma, khi dugc gin vao nhom chirc phan
ung trong phan tir, che khuét, 1am giam hodc ngin ngira kha néing phan img ctia nhém chte.
Dién hinh 13, nhém bao vé ¢6 thé duge loai bd chon loc khi can trong qua trinh tdng hop.
Céc vi du v& nhém bao vé c6 thé duge tim thiy trong Greene and Wuts, Protective Groups
in Organic Chemistry, 3™ Ed., 1999, John Wiley & Sons, NY va Harrison et al.,
Compendium of Synthetic Organic Methods, Vols. 1-8, 1971-1996, John Wiley & Sons,
NY. Nhém bao vé (Pg) nito dai dién bao gém, nhung khong gidi han &, formyl, axetyl,
trifloaxetyl, benzyl, metoxymetyl (“MOM”), benzyloxycacbonyl (“CBZ”), iert-
butoxycacbonyl (“Boc”), trimetylsilyl (“TMS”), 2-trimetylsilyl-etansulfonyl (“2-TES”),
trietylsilyl (“TES”), triisopropylsilyl (“TIPS”), z‘ert—butyldlmetylsllyltrltyl (“TBDMS”) va
nhém trltylduorc the alyloxycacbonyl, 9- ﬂoenylmetyloxycacbonyl (“FMOC”), nitro-
veratryloxycacbonyl (“NVOC”) va dang tuong tu. Nhém bao v¢ hydroxyl dai dién bao
gbm, nhung khong gi6i han &, cdc nhém bao vé trong d6 nhém hydroxyl dugc axyl hoa
(este hoa) hodc alkyl héa nhu benzyl va trityl ete, ciing nhw alkyl ete, tetrahydropyrany!
ete, trialkylsilyl ete (vi dy, cdc nhém TMS hodc TIPS), glycol ete, nhu cac dan xuét etylen
glycol va propylen glycol va alyl ete.

Thuét nglt “cdn ban la chét ddng phan ddi anh duy nhat” chi hop chét c6 mit & 16n
hon 90% lugng du chit ddng phan ddi anh, nhu 16n hon 95%, 16n hon 96% ee, 16n hon
97% ee, 16n hon 98% ee, hodc 16n hon 99% ee. ‘

Vi du thwe hién sang ché

Sau day, sang ché s& duge mo ta chung, s& dé dang hleu d‘uoc bang cach tham c‘neu
dén cac vi du sau ma dugc bao gdm chi nhim minh hoa mdt ) khla canh va phuong én

ctia sang ché, va khong du tinh 1am gi6i han pham vi cta sang ché.

‘ Dbi véi cac vi du duge cung cép dudi day, luong du chét déng phan dbi anh duoc
x4c dinh sau khi amin co ban, (syn)-3-axetamido-4-alyl-N-(ferz-butyl)pyrolidin-3-

carboxamit tir mudi két tinh dugc tao dan xuit dudi dang tert-butyl carbamat clia n6 hodc
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nhém Boc. San pham nay duoc phan tich bang HPLC khong d6i xtmg bang cach st dung
¢ot Chiralpak IB Spm (4,6 mm x 250 mm). Céc chi tiét dé didu ché dén xuét Boc va phan
tich HPLC duoc cung cép' duéi day 1an luot dudi dang cac vidu 16 va 17.
Vi du 1: (syn)-3-axetamido-4-alyl-N-(zerz-butyl)pyrolidin-3-carboxamit (Ila va IIb).
OH
Boc/N

Buéc 1: Téng hop raxemic tert-butyl-trans-3-alyl-4-hydroxypyrolidin-1-
carboxylat: Alyl magie bromua (1,037 mL, 713 mmol, 0,69 M trong dietyl ete) dugc lam
lanh dén 0°C va duoc xt Iy cAn than bang fert-butyl 6-oxa-3-azabixyclo[3.1.0]hexan-3-
carboxylat (11, 60 g, 323,9 mmol) trong dietyl ete khan (324 mL, 1 M). Sau khi két thuc
thém, hon hop phéan tng dugc khudy trong 15 phut, duge dap t4t tir tir bang nudc bao hoa
amoni clorua (500 mL), dugc chiét bang dietyl ete (2 x 400 mL), duoc sdy kho trén MgSOsa,
dugc loc, va dugce ¢d. Tinh ché bang sic ky cot nhanh (20-40% etyl axetat trong heptan)
thu duoc tert-butyl-trans-3-alyl-4-hydroxypyrolidin-1-carboxylat (12, 64,33 g, hiéu suét
87%) dudi dang diu mau vang nhat. 'H-NMR (CDCls, 400 MHz): 6 5,80 (lH, m), 5,06
(2H, m), 4,07 (1H, m), 3,57 (2H, m), 3,22 (1H, m), 3,08 (1H, m), 2,26-2,10 (2H, m) va
1,45 (9H, s).

Buée 2: Téng hop raxemic tert-Butyl-3-alyl-4-oxopyrolidin-1-carboxylat: Trong
mdi truong khi nito kho, dung dich da lam lanh bang d4 chia rert-butyl-trans-3-alyl-4-
hydroxypyrolidin-1-carboxylat (12, 60 g, 264 mmol) va diisopropyletylamin (132,2 mL,
799,8 mmol) trong diclometan (750 mL, 0,35 M) dugc xu ly bang cach nhé giot dung dich
chira phtrc chat luu huynh trioxit pyridin (94,95 g, 596,6 mmol) trong DMSO khan (750
mL) & ty 1& duy tri hdn hop phan ng thap hon 10 °C. Sau khi két thuc thém, hdn hop duge
khudy & 3 °C trong 15 phit, dép tit bang nuéc (380 mL) va duoc chiét bing etyl axetat
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(500 mL, tiép theo 2 x 300 mL). Dung dich hitu co da két hop dugc rira hai 1an bing nudce
(200 mL), mét 1an bang nudc bio hoa natri clorua (200 mL), duge sdy kho (MgSOs) va
dwoc ¢o. Dau tho thu dugc duge cit & 105 °C (0,4 mm Hg) thu dugc raxemic tert-butyl 3-
alyl-4-oxopyrolidin-1-carboxylat (13, 58 g, hiéu sut 83%) dudi dang dau khong mau. 'H-
NMR (CDCls, 400 MHz): 8u: 5,74 (1H, m), 5,09 (2H, m), 4,02 (1H, m), 3,88 (1H, d,J =
19,4 Hz), 3,68 (1H, d, J = 19,4 Hz), 3,31 (1H, dd, J = 9.4, 8,3 Hz), 2,65 (1H, m), 2,54 (1H,
m), 2,18 (1H, m) va 1,45 (9H, s).

AcHN CONHtBu

—

/N
Boc

Buéc 3: Tong hop raxemic (syn) tert-butyl-3-axetamido-4-alyl-3-(tert-
butylcarbamoyl)pyrolidin-1-carboxylat: Trong mdi trudng khi nito kho, dung dich chira
keton (13, 79,3 g, 352 mmol) va amoni axetat (135,7 g, 1,759 mmol) trong metanol (200
mL) dugc lam lanh dén 0°C va duoc xir 137 bang tert-butyl isoxyanua (80,2 mL, 704 mol)
va dugc khudy & nhiét d trong phong trong 48 gio. Huyén phu dic thu duge duge cd, dugce
pha lofing bang hdn hop 1:2 etyl axetat va nude (300 mL). Sau khi khudy trong 1 gio, két
tia duoc loc va duge rira bang nuée (100 mL) \&‘1 ete da 1am lanh bang bang (2 x 50 mL)
va dugc sdy kho bang khong khi. San pham thd, chu yéu 14 chéat ddng phan syn (khoang
10:1), dliqc phabloéng bang etyl axetat (400 mL), rugu isopropylic (400 mL) va etanol (2
mL), tip theo dugc lam 4m dén 70°C. Sau khi khudy trong trong 2 gid nita, dung dich
duoc 1am ngudi dén nhiét do trong phong trong khi khudy lién tuc qua dém, dugc loc va
dugc rira bang ete da 1am lanh bang bang (2 x 50 mL) va dugc sdy kho trong 10 & 60°C qua
dém thu duogc raxemic (syn) tert-butyl-3-axetamido-4-alyl-3-(tert-
butylcarbamoyl)pyrolidin-1-carboxylat (14, 82,1 g, hi¢u suét 63%.) dudi dang bdt mau
tréng. '

AcHN CONHtBu

=
HN
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Buéc 4: Tong hop raxemic (syn)-3-axetamido-4-alyl-N-(tert-butyl)pyrolidin-3-

carboxamit:

Dung dich chira raxemic  (syn)-fert-butyl-3-axetamido-4-alyl-3-(fert-
butylcarbamoyl)pyrolidin-1-carboxylat (14, 20,0 g, 54,4 mmol) trong diclometan (400 mL)
duge 1am lanh dén 0 °C va duoc xtt Iy bang axit trifloaxetic (80 mL, 19,8 mmol) nho giot
qua phéu thém. Dung dich dugc lam Am dén nhiét d6 trong phong va duoc khudy cho dén
khi, khong con nguyén liéu nhu dugc chi ra bang TLC (khoang 1 gi%). Dung dich dugc co,
hoa tan lai trong toluen (50 mL) va duoc cd (3 x) nhdm dam bao loai bd lugng du axit
trifloaxetic. Chét rdn mau tréng thu dugc dugce hoa tan trong metanol (300 mL) va dugce xu
Iy bang nhua DOWEX 550A-OH (xdp xi 120 g dugc rira so bd bang nuGc va metanol).
Sau khi khqu dung dich nhya (pH 8,5) trong 2 gio, hdn hop duge loc va dugce ¢d, hoa tan
lai trong diclometan va dugc c6 thu dugc raxemic (syn)-3-axetamido-4-alyl-N-(tert-
butyl)pyrolidin-3-carboxamit (Ila va IIb, 14,4 g, 99%) dudi dang bot mau tring. "H NMR
(400MHz, ds MeOH) & 5,82-5,71 (m, 1H) 5,10-5,01 (m, 2H) 3,76 (d, J=11,9 Hz, 1H) 3,16
(dd, J=11,3,7,6 Hz,1H) 2,97 (d, J=11,9 Hz, 1H) 2,70 (dd, J=11,3,7,1 Hz, 1H) 2,40-2,35
(m, 1H) 2,32-2,24 (m, 1H) 1,98 (s, 3H) 1,92-1,84 (m, 1H) 1,33 (s, 9H). FIG. 1 thé hién (Ila
va IIb) bang HPLC khong d6i xtng.

Vidu 2: Didu ché axit (R)-2-((1-phenyletyl)carbamoyl)benzoic (3).

CO,H
H
[ :[ N

@)

Téng hop axit (R)-2-((1-phenyletyl)carbamoyl)benzoic (3). Huyén phu chta
anhydrit phtalic (50 g, 337,6 mmol) trong EtOAc (200 mL) va THF (200 mL) dugc lam
lanh dén 5-10 °C c6 khudy va duoc xur ly cén than bing (R)-(+)-1-phenyletylamin (47,37
mL, 371,3 mmol). Sau khi két thuc thém hdn hop phén Gng trd nén trong, bé da dugc loai
bd va dung dich duoc khudy trong 15 gio. Hon hop phan tng dugc pha lodng bing etyl
axetat (200 mL), dugc ria béng HCI 2N, nuéc bdo hoa natri clorua va nude, duoc séy kho
trén natri sulfat, duoc loc, va dugce cd trong diéu kién ap suit giam. San phém tho duogc tai

két tinh tir MTBE va hexan thu duge axit (R)-2-((1-phenyletyl)carbamoyl)benzoic (3, 64,6
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g, 71%) dudi dang bdt mau tring. NMR (400MHz,DMSO) & 8,67 (d, J=8,2 Hz, 1H) 7,72
(dd, J=7.6, 1,3Hz, 1H) 7,53 (td, J=7,6, 1,4 Hz, 1H) 7,45 (td, J=7,6, 1,4 Hz, 1H) 7,38-7,35
(m, 3H) 7,27 (t, J=7.6 Hz, 2H) 7,20-7,09 (m, 1H) 5,09-5,02 (m, 1H) 1,37 (d, /=7.0 Hz,
3H).

Vi du 3: Didu ché axit (25,3S)-2,3-bis(benzoyloxy)-4-(dimetylamino)-4-oxobutanoic (4)

Bude 1: Tong hop (3S,4S)-2,5-dioxotetrahydrofuran-3,4-diyl dibenzoat. Huyén phi
chua axit (+)-2,3-dibenzoyl-D-tartaric (300 g, 358,3 mmol) trong anhydrit axetic (600 mL)
dwoc lam 4m dén 85°C ¢6 khudy. Sau 2 gid, dung dich dugc 1am lanh trong bé da va huyén
phu thu duge duge loc, dugc rira bang 1:1 hexan / dietyl ete (500 mL) va duoc sdy kho
trong chan khong thu duge (3S,4S)-2,5-dioxotetrahydrofuran-3,4-diyl dibenzoat (239 g,
hiéu suét 84%) dué6i dang chit rén tinh thé mau trang. NMR (400MHz, CDCl3) & 8,08-8,06
(m, 4H) 7,67-7,63 (m, 2H) 7,51-7,47 (m, 4H) 5,98 (s, 2H).

0 0
o434
o
O /
O
oo

Buée 2: Tong hop axit (2S,35)-2,3-bis(benzoyloxy)-4-(dimetylamino)-4-
oxobutanoic. Dung dich chira (38,4S)-2,5-dioxotetrahydrofuran-3,4-diyl dibenzoat (90 g,
264,5 mmol) trong etyl axetat (150 mL) dugc lam lanh dén 0 °C va dugc xtt Iy cén than
béng 2M dimetylamin trong THF (158,7 mL, 317,4 mmol). Khi két thiic thém, bé da dugc
loai bo va dung dich dugc khudy trong 2 gio nita, tiép theo 1an lugt dugc rira bang HCI1 2
N, nudc bdo hoa natri clorua, dugce séy kho trén natri sulfat, dugce loc va dugce cd. San phém
tho dugc tai két tinh tir MTBE va hexan thu dugc axit (25,3 S)-2,3-bis(benzoyloxy)-4-
(dimetylamino)-4-oxobutanoic (4, 81 g, hi¢u sult 79%) dudi dang bt mau tring. NMR
(400MHz, CDCls) & 8,04-8,00 (m, 4H) 7,56-7,52 (m, 2H) 7,42-7,37 (m, 4H) 6,22 (d, J=6,0
Hz, 1H) 5,95 (d, J=6,0 Hz, 1H) 3,18 (s, 3H) 2,97 (s, 3H).
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Vi du 4: Diéu ché axit (28,3S)-2,3-bis(benzoyloxy)-4-(dietylamino)-4-oxobutanoic (5)

0o O

o230
(0]
o=
O

Trong méi trudong khi nito, huyén phti chita (3S, 4S)-2,5-dioxotetrahydrofuran-3,4-
diyl dibenzoat (1,021g, 3,0mmol) trong THF khan (15 mL) dugc lam lanh trong bé da, va
dugce xt ly béng dietylamin (0,6 mL, 5,8 mmol). Khi két thiic thém, hdn hop dugce 1am Am
dén nhiét do trong phong trong 1 gid, trong khi khudy lién tuc trong 16 gid. Dung dich
duoc xtt Iy bang nhua axit DOWEX 50W-X8 (3 g, duoc rira so bo bang metanol), khudy
vai phut, dugce loc va phan loc dugc co. Dau cin dugc hoa tan trong etyl axetat (10 mL) va
hexan (20 mL) ¢6 khudy. Sau khi khudy trong 15 phut, huyén phti thu duge dugce lam lanh
trong bé da trong 15 phut, duoc loc va dugc rira bang 3:1 hexan/etyl axetat. Chét rin dugc
sdy khd thu dugc axit (25,3 S)-2,3-bis(benzoyloxy)-4-(dietylamino)-4-oxobutanoic (5, 896
mg, hiéu suit 72%) du6i dang bot mau tring. NMR (400MHz, CDCls) & 8,04-7,99 (in, 4H)
7,55-7,50 (m, 2H) 7,40-7,36 (m, 4H) 6,19 (d, J=5,9 Hz, 1H) 5,95 (d, J=5,9 Hz, 1H) 3,55-
3,44 (m, 3H) 3,27-3,18 (m, 1H) 1,23 (t, /<7,1 Hz, 3H) 1,05 (t, /<7,1 Hz, 3H).

Vi du 5: Diéu ché axit (28,3S)-2,3-bis(benzoyloxy)-4-oxo-4-(pyrolidin-1-yl)butanoic (6)

Trong moi truong khi nito, huyén phi chira (35, 4S)-2,5-dioxotetrahydrofuran-3,4-
diyl dibenzoat (2,04 g, 6,0 mmol) trong THF khan (30 mL) dugc lam lanh trong bé da, va
duoc xit Iy bing pyrolidin (0,96 mL, 11,7 mmol). Khi két thic thém, hdn hop duge lam
4m dén nhiét d6 trong phong trong 1 'gify, tfong khi khliéy lién tuc trong .16 gio. ‘D'ung dlCh
duoc xtt Iy bang nhua axit DOWEX 50W-X8 (6 g, dugc rira so bd bang metanol); khudy
vai phut, dugc loc va phén loc duogc co. Dau cin dugc hoa tan trong diclometan va dugc

nap 1én cot silicagel (~100cc) va duge giai hép theo thir tur bang etyl axetat, 10% metanol

-38-



32767

trong etyl axetat, va 88:12:2 etyl axetat/metanol/axit axetic thu dugc axit (2S,35)-2,3-
bis(benzoyloxy)-4-oxo-4-(pyrolidin-1-yl)butanoic (6, 1,94 g, hi¢u suit 79%) duéi dang bot
mau tring. NMR (400MHz, CDCI3) § 8,05-8,00 (m, 4H) 7,57-7,53 (m, 2H) 7,42-7,38 (m,
4H) 6,06 (dd, J=6.4 Hz, 1H) 5,94 (dd, J=6,3 Hz, 1H) 3,82-3,76 (m, 1H) 3,57-3,51 (m, 2H)
3.46-3,40 (m, 1H) 1,97-1,72 (m, 4H). |

Vi du 6: Didu ché axit (25,3 S)-2,3-bis(benzoyloxy)-4-(isopropylamino)-4-oxobutanoic (7)
0O O C

Dung dich chira (3S,45)-2,5-dioxotetrahydrofuran-3,4-diyl dibenzoat (88 g, 258,6
mmol) trong etyl axetat (132 mL) va THF (132 mL) dugc lam lanh dén 0 °C va dugc xtr 1y
cAn than bang 2-aminopropan (26,6 mL, 310,3 mmol). Khi két thiic thém, bé da duoc loai
b6 va dung dich dugc khudy trong 2 gi¢ nita, tiép theo duoc ria 1An luot bang HCI 2N,
nudce bao hoa natri clorua, duge séy kho trén natri sulfat, dugc loc va dugce cd. San phém
tho duoc tai két tinh tir MTBE va hexan thu dugc axit (28,3 S)-2,3-bis(benzoyloxy)-4-
(isopropylamino)-4-oxobutanoic (7, 97,4 g, hi€u suit 94%) dudi dang bot mau tring. NMR
(400MHz, CDCl3) & 8,05-8,01 (m, 4H) 7,67-7,51 (m, 2H) 7,48-7,40 (m, 4H) 6,02 (d, /=34
Hz, 1H) 5,98 (d, /=3,4 Hz, 1H) 4,12-4,04 (m, 1H) 1,09 (d, J=6,6 Hz, 3H) 1,06 (d, J=6,6
Hz, 3H).

Vi du 7: Didu ché axit (3S,4S)-5-(isopropylamino)-3,4-bis((4-metylbenzoyl)oxy)-2,5-

dioxopentanoic (8)

‘Buéc 1: Tong hop (3S,4S)-2,5-dioxotetrahydrofuran-3,4-diyl bis(4-metylbenzoat).
Huyén phu chtra axit (+)-2,3-di-O-toluoyl-D-tartaric (15,0 g, 38,82 mmol ) trong anhydrit
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axetic (45 mL) dugc lam 4m dén 85°C c6 khudy. Sau 2 gid, dung dich dugc 1am lanh trong
bé d4 va huyén phu thu dugc duge loc, duge rira bang 1:1 hexan/dietyl ete (100 mL) va
dugc sdy kho trong chan khong thu dugc (3S,4S)-2,5-dioxotetrahydrofuran-3,4-diyl bis(4-~
metylbenzoat) (10,85g, 76%) du6i dang chét rin tinh thé mau tring. NMR (400MHz,
CDCls) § 7,95 (d, J=8,3 Hz, 4H) 7,28 (d, J=8,3 Hz, 4H) 5,92 (s, 2H) 2,42 (s, 6H).

HO
O
0]

Buéc 2: Tong hop axit (3S,4S)-5-(isopropylamino)-3,4-bis((4-metylbenzoyl)oxy)-
2,5-dioxopentanoic. Huyén phu chtra (3S,45)-2,5-dioxotetrahydrofuran-3,4-diyl bis(4-
metylbenzoat) (5,0g, 13,57 mmol) trong etyl axetat (20mL) va THF (20 mL) duoc lam lanh
dén 0 °C va duge xur Iy béng 2-aminopropan (1,40 mL, 16,29 mmol). Sau khi thém,hu'yén
phi tré nén dic. Bé d4 dugc loai bd va tiéﬁ tuc khudy trong 1 gi(‘f niia. Diclorhetém (100
mL) duogc thém va dung dich tiéi) theo duoc rfra b%mg HCI 2N, nuéc bao héa _natri c‘lqn'la‘,
duoc séy kho trén natri sulfat, dugce loc, va dugc cd. San phém ihé duoc tai két tiﬁh tr
MTBE va hexan thu dugc axit (3S,4S)-5-(isopropylamino)-3,4-bis((4-metylbenzoyl)oxy)-
2,5-dioxopentanoic (8, 5,62g, 97%) dudi dang bot mau tréng. NMR (400MHz, CDCls) 6
7.94-7,90 (m, 4H) 7,25 (d, J/=7,8 Hz, 2H) 7,21 (d, J=8,0 Hz, 2H) 5,99 (d, /=3.5 Hz, 1H)
5,95 (d, J=3,5 Hz, 1H) 4,12-4,03 (m, 1H) 2,41 (s, 3H) 2,39 (s, 3H) 1,08 (d, J=6,6 Hz, 3H)
1,06 (d, /=6,5 Hz, 3H).

Vi du 8: Két tinh chon loc raxemic (syn)¥3-axetamido-4-alyl-N—(tert—butyl)pyrolidin-3-
carboxamit (Ila va IIb) bang axit (R)-2-((1-phenyletyl)carbamoyl)benzoic 3) ‘

Dung dich chl’ra raxemic (syn)e3-axetamid0-4—alyl-N—(z‘ert—butyl)pyrplidin-3-
carboxamit (150 mg, 0,5 mmol), axit (R)-2-((1-phenyletyl)carbamoyl)benzoiq (83 mg,
0,55 eq) va axit axetic (17 mg, 0,5 eci) trong 25% metanol/étyl axetat (18 ij dugce lam
4m cho dén khi dung dich tr& nén trong. Sau khi dung dich dugc lam ngudi dén nhiét do
mdi trudng, mudi tir tr két tinh tur dung dich. Sau khoang 48 gio, qhét két.j;_ir_lh thu duqc

duoc loc, dugc rira béng dung dich da lam lanh bﬁng Adé chtra 25% metanol/etyl axetat va
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duge sdy kh thu duoc mubi da 1am gidu (hiéu sudt 34%, 99,7% ee). FIG. 2 thé hién mudi

cua Vi du 8 bang HPLC khong di ximg.

Vi du 9: Két tinh chon loc raxemic (syn)-3-axetamido-4-alyl-N-(ferz-butyl)pyrolidin-3-
carboxamit (ITa va IIb) bang axit (R)-2-((1-phenyletyl)carbamoyl)benzoic (3)

Dung dich chita raxemic (syn)-3-axetamido-4-alyl-N-(terz-butyl)pyrolidin-3-
carboxamit (75 mg, 0,28 mmol) va axit (R)-2-((1-phenyletyl)carbamoyl)benzoic (76 mg,
0,28 eq) trong 15% metanol/etyl axetat (4 mL) dugc lam 4m cho dén khi dung dich trd nén
trong. Sau khi dung dich dugc lam ngudi dén nhiét do moi trudong, mudi tir tir két tinh tir
dung dich. Sau khoang 24 gio chét két tinh thu duoc dugc loc, dugc rira bing dung dich da
lam lanh bing d4 chira 15% metanol/etyl axetat va dugc sdy kho thu dugc mubi da 1am
gidu (hiéu suit 66%, 84,8% ce). FIG. 3 thé hién mudi ctia Vi du 9 bing HPLC khong dbi

xung.

Vi du 10: Két tinh chon loc raxemic (syn)-3-axetamido-4-alyl-N-(ferz-butyl)pyrolidin-3-
carboxamit (Ila va IIb) bang axit (2S,3S)-2,3-bis(benzoyloxy)-4-(dimetylamino)-4-

oxobutanoic (4)

Dung dich chtta raxemic (syn)-3-axetamido-4-alyl-N-(terz-butyl)pyrolidin-3-
carboxamit (1,65 g, 6,17 mmol) trong metanol (9 mL) dugc xu ly bang dung dich tht hai
chia axit (28,3S)-2,3-bis(benzoyloxy)-4-(dimetylamino)-4-oxobutanoic (2,37 g, 6,17
mmol) trong isopropanol 4m (41 mL). Sau khi dung dich dugc két hop va duogc 1am ngudi
dén nhiét do moi truong, mudi tir tir két tinh tir dung dich (48-72 gid). Chat két tinh thu
dugc nay dugc loc, dugc rua bang dung dich di lam lanh biang da chiaa 33%
metanol/isopropanol va dugc sdy kho thu dugc mudi d3 lam giau (higu sudt 77%, 99,5%

ee). FIG. 4 thé hién mudi ctia Vi du 10 bang HPLC khong d6i xtmg.

Vi du 11: Két tinh chon loc raxemic (syn)-3-axetamido-4-alyl-N-(zert-butyl)pyrolidin-3-
carboxamit (ITa va IIb) bang axit (2S,3S)-2,3-bis(benzoyloxy)-4-(dietylamino)-4-

oxobutanoic (5)

Dung dich chta raxemic (syn)-3-axetamido-4-alyl-N-(ter#-butyl)pyrolidin-3-
carboxamit (75 mg, 0,28 mmol) va axit (28,3 S)-2,3-bis(benzoyloxy)-4-(dietylamino)-4-
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oxobutanoic (116 mg, 0,28 mmol) trong etyl axetat (3 mL) dugc [am 4m cho dén khi dung
dich tré nén trong. Sau khi dung dich dugc lam ngudi dén nhiét do moi truong, mudi tir tir
két tinh tir dung dich. Sau khoang 24 gid, chét két tinh thu duoc duoc loc, duoc rira béng
etyl axetat da lam lanh bing bang va dugc sdy kho thu duge mudi da 1am gidu (hiéu suét

84%, 45% ee). FIG. 5 thé hién mudi cua Vi du 11 bang HPLC khong déi ximg.

Vi du 12: Két tinh chon loc raxemic (syn)—3-axétamido—4-alyl-N-(tert-butyl)pyrolidin-3-
carboxamit (Ila va IIb) bang axit (25,3S)-2,3-bis(benzoyloxy)-4-oxo-4-(pyrolidin-1-
yl)butanoic (6)

Dung dich chra raxemic (syn)-3-axetamido-4-alyl-N-(fer¢-butyl)pyrolidin-3-
carboxamit (75 mg, 0,28 mmol) va axit (25,3S)-2,3-bis(benzoyloxy)-4-oxo-4-(pyrolidin-
1-yDbutanoic (115 mg, 0,28 mmol) trong 15% metanol/etyl axetat (4 mL) dugc lam 4m
cho dén khi dung dich tré nén trong. Sau khi dung dich dugc lam ngudi dén nhiét d6 mdi
trubng,' mudi tir tir két tinh tir dung dich. Sau khoang 24 gié, chét két tinh thu duoc dugc
loc, dugce rﬁ'a bang dung dich da lam lanh bang d4 chira 15% metanol/etyl axetat va duogc
shy kho thu duge muéi da lam giau (hidu sudt 73%, 95,4% ee). FIG. 6 the hién mudi cua

Vi du 12 bing HPLC khong ddi xtmg.

Vi du 13: Két tinh chon loc raxemic (syn)-3-axetamido-4-alyl-N-(tert-butyl)pyrolidin-3-
carboxamit (Ila va IIb) bing axit (28,3S)-2,3-bis(benzoyloxy)-4-(isopropylamino)-4-

oxobutanoic (7)

Dung dich chra raxemic (syn)-3-axetamido-4-alyl-N-(tert-butyl)pyrolidin-3-
carboxamit (1,65 g, 6,17 mmol) trong isopropanol (20 mL) dugc xir Iy bang dung dich tht
hai chira axit (2S,3S)-2,3-bis(benzoyloxy)-4-(isopropylamino)-4-oxobutanoic (2,46 g,
6,17 mmol) trong 55% metanol/isopropanol 4m (30 mL). Sau khi cac dung dich dugc két
hop va dugc 1am ngudi dén nhiét do moi truong, mudi mong mubn tir tir két tinh tir dung
dich. Sau khi khoéng 48, gid chit két tinh thu dugc dugc loc, duge rira bang dung dich da
lam lanh bang d4 chtra 33% metanol/isopropanol va dugc sdy kho thu dugc mudi da 1am
giau (hiéu sudt 77%, 99,7% ee). FIG. 7 thé hién mudi ciia Vi du 13 bing HPLC khong dbi

xung.
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Vi du 14: Két tinh chon loc raxemic (syn)-3-axetamido-4-alyl-N-(ferz-butyl)pyrolidin-3-
carboxamit (Ila va IIb) bang axit (2S,3S)-2,3-bis(benzoyloxy)-4-(isopropylamino)-4-

oxobutanoic (7)

Dung dich da khudy chtta raxemic (syn)-3-axetamido-4-alyl-N-(tert-
butyl)pyrolidin-3-Carboxafnit (0,83 g 3,10 mmol) trong isopropanol (10 mL) dugc xt ly
bing dung dich thr hai chira axit (2S,3S)-2,3-bis(benzoyloxy)-4-(isopropylamino)-4-
oxobutanoic (1,24 g, 3,10 mmol) trong 55% metanol/isopropanol 4m (15 mL). Trong khi
khudy Iién tuc, cac dung dich dugc két hop va duge 1am ngudi dén nhiét d6 mdi trudong.
Sau khoang 24 gitr chit két tinh thu dugc dugc loc, duge rira bing dung dich da lam lanh
bang d4 chira 33% metanol/isopropanol va dugc sdy kho thu dugc mubi d3 1am giau (hiéu

sut 81%, 97.8% ee). FIG. 8 thé hién mubi ctia Vi du 14 bang HPLC khong dbi xtmg.

Vi du 15: Két tinh chon loc raxemic (syn)-3—axetamido-4-al.yl—N-(tert-butyl)pyrolidin—3-
carboxamit (Ila va IIb) bang  axit (3S,4S)-S-(isoprépylamino)-3,45bis((4—
metylbenzoyl)oxy)-2,5-dioxopentanoic (8) |

Dung dich chia raxemic (syn)-3-axetamido-4-alyl-N-(terz-butyl)pyrolidin-3-
carboxamit (75 mg, 0,28 mmol) va axit (3S,4S)-5-(isopropylamino)-3,4-bis((4-
metylbenzoyl)oxy)-2,5-dioxopentanoic (120 mg, 0,28 mmoi) troﬁg axetonitril (1 mL) duge
lam 4m cho dén khi dung dich tré nén trong. Sau khi dung dich dwoc lam ngudi dén nhiét
do mdi trudng, mudi mong mudn tir tir két tinh tir dung dich. Sau khoang 24 gio, chat két
tinh thu duoc dugc loc, dugce rua bé“lng axetonitril bang va dugc séy kho thu duwoc mudi da
lam giau (hiéu sudt 46%, 96,4% ee). FIG. 9 thé hién mudi ctia Vi du 15 bang HPLC khong
d6i xtmg.

Vi du 16: Phuong phép chung dé diéu ché (syn) tert-butyl-3-axetamido-4-alyl-3-(tert-
butylcarbamoyl)pyrolidin-1-carboxylat kh(‘)ngdéi ximg tir két tinh chon .ch (cac vi du 8-

15)

Dung dich chua mudi d3 két tinh chon loc (100 mg) trong etyl axetat (1 mL) va
nude bao hoa NaHCOs (1 mL) duge xir ly bing di-tert-butyl dicacbonat (1,5duong lugng).

Sau khi khudy trong 16-24 gid, 16p hitu co duge tach, duge loc qua dém ngan silicagel giai
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hép bang 30% etyl axetat/hexan tiép theo 100% etyl axetat va dugc c¢d thu duoc (syn) zers-
butyl-3-axetamido-4-alyl-3-(terz-butylcarbamoyl)pyrolidin-1-carboxylat dudi dang chét

rin mau tring ma s& dugc phan tich bang HPLC khong d6i xtmg.

Vi du 17: Phuong phap HPLC khong d6i xtmg dé xac dinh lugng du chat ddng phan dbi
anh coa  (syn) fert-butyl-3-axetamido-4-alyl-3-(tert-butylcarbamoyl)pyrolidin-1-
carboxylat (Ila)

Cé4c mAu dugce phan tich bang HPLC bang cach sir dung Gilson 215 Liquid Handler
¢6 trang bi bd do PrepELS II Detector, cot Daicel Corporation Chiralpak IB Spm (4,6 mm
x 250 mm) bing cach st dung 10% etanol/ hexan, dang dong trong 12 phit véi luu luong

1 mL/min.
Vién dan
Tt ca cac cong bd va patent néu trong ban md ta nay déu duge dua vao theo cach vién dan

r3 rang va cu thé. Trong truong hop xung dot, ban mo ta nay s€ kiem soat dugc bang cac

dinh nghia bét ky trong do.
Céac phuong an twong duong

Mic du cac phuong an cu thé cia sang ché da dugc ban luan, ban mo ta trén day chi
1a minh hoa va khong giéi han. Nhidu bién ddi ctia cac phuong an nay s& trd nén rd rang
dbi v6i nguoi c6 hiéu biét trung binh trong linh vyc ndy khi xem xét ban mo ta nay va yéu
cAu bao ho dudi day. Pham vi diy dii cia sang ché cAn dugc xac dinh bing céch tham chiéu
dén yéu cau bao ho, cuing v6i pham vi day du clia cac phuong an tuong duong, va ban md

ta, cung voi cac bién doi nhu vay.
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YEU CAU BAO HO
L. Hop chat amin c¢6 cong thirc I:

trong do:

X 1a O, S, hodc NR";

R® 12 H, alkyl thap, hoic xycloalkyl thip;

R’ 1a -CH,CH=CH,, —CH,CH,CH,Z', |(CH,),C(O)H, hoic «(CH,),CO,Z*

R¢va R%doc 1ap 1a H, alkyl thép, xycloalkyl thip, silyl, axyl, axyloxy; hodc R®va R,
cing v6i nguyén tir N gén véi chiing, tao thanh vong heteroaryl hodc di vong ¢6 3

dén 6 canh tuy y dugce thé;
R® 1a H hoic alkyl thap;
nla 1 hodc 2;

Z' 1a halogen, alkyl sulfonat, aryl sulfonat, hodc alkyl sulfonat tuy y dugc thé bang mot

hodc nhiéu halogen; va
Z*1a H, alkyl thp, hoic xycloalkyl thép;
trong d6 hop chit amin ¢6 lwong du chit déng phan ddi anh 16n hon 75% ee.
2. Hop chét amin theo diém 1, trong d6 R* 13 fert-butyl.
3. Hop chit amin theo diém 1, trong do R°1a —CH,CH=CH,.
4, Hop chit amin theo diém 1, trong d6 R® 12 H.
5. Hop chit amin theo diém 1, trong d6 R%la axetyl hodc trifloaxetyl.
6. Hop chat amin theo diém 1, trong d6 X 1a NH.

7. Hop chét amin theo diém 1, trong d6 X 14 O.
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8. Hop chit amin theo diém 1, trong d6 hop chét amin 1a:

RCO )é )
RfT[{lnw 4
@) N
H .

trong d6 RY 1a H, alkyl thip, hodc xycloalkyl thép.

5

9. Hop chét amin theo diém 1, trong d6 hop chit amin c6 lwong du chét ddng phan
d4i anh ndm trong khoang tir 90% dén 99,5% ee.
10.  Hop chét amin theo diém 1, trong d6 hop chét amin a:

AcH N, CONHT{tBu
’, /

N
H
11.  Hop chét amin theo diém 1, trong d6 hop cht amin ¢6 luong du chét ddng phan ddi

anh 16n hon 97% ee.

12.  Hop chét amin theo diém 8, trong d6 hop chit amin ¢6 lugng du chit ddng phéan ddi

anh nam trong khoang tr 90% dén 99,5% ee.

13.  Hop chét amin theo diém 8, trong d6 hop chit amin c6 lugng du chit ddng phén ddi

anh 16n hon 97% ee.

14.  Hop chét amin theo diém 8, trong d6 hop chit amin ¢6 luong du chat ddng phan d6i

anh 16n hon 99% ee.

15.  Hop chit amin theo diém 10, trong d6 hop chit amin c6 lugng du chét dong phan
dbi anh ndm trong khoang tir 90% dén 99,5% ee.

16.  Hop chat amin theo diém 10, trong d6 hop chit amin c6 lugng du chit ddng phan

ddi anh 16n hon 97% ee.

17.  Hop chit amin theo didm 10, trong d6 hop chét amin c6 lugng du chét ddong phan

ddi anh 16n hon 99% ee.
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18.  Quy trinh sir dung hop chat amin theo diém 10 dé didu ché chét trc ché arginaza c6

cong thue I1:

G ~\NH2 NH2
== CO,H
ety

trong d6 G 1a H, metyl, isopropyl, sec-butyl, -CH2CH(CHzs),, benzyl, p-hydroxybenzyl,
-CH,OH, -CH(OH)CH3, -CH»-3-indoyl, -CH,COOH, -CH,CH>COOH, -
CH,C(O)NHz, -CH>CH,C(O)NH_, -CH2SH, -CH2CH2SCH3, -(CH2)sNH>, -
(CH2)sNHC(=NH)NH2, hoac -CH-3-imidazoy];

quy trinh nay bao gdm:
(a) taorahgp chét amin theo diém 10:

CONHtBu
AcHN
“, =

N
H
trong d6 hop chét amin c6 lugng du chét ddng phan ddi anh 16n hon 80% ee;

(b)  thém nhém bao v€ vao amin bac hai cia hop chét amin tao ra trong budc (a) dé thu

dwoc hop chét sau:

AcHN CONHtBu

—

N
Pg

>

trong d6 nhém bao vé 1a formyl, axetyl, trifloaxetyl, benzyl, benzyloxycacbonyl, rert-
butoxycacbonyl,  trimetylsilyl,  2-trimetylsilyl-etansulfonyl,  metoxymetyl,
trietylsilyl, triisopropylsilyl, fert-butyldimetylsilyltrityl, trityl, alyloxycacbonyl, 9-

floenylmetyloxycacbonyl, hodc nitro-veratryloxycacbonyl;
(c) dathop chét amin diéu ché dugc trong budc (b) trong diéu kién hydroboran hoa;

(d)  loai b6 nhom bao vé amin béc hai ra khoi hop chét diéu ché dugc trong budce (¢);
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(¢)  cho amin bac hai ctia hop chit didu ché dugc trong bude (d) tham gia vao phan Gng
amit hoéa; va
() dat hop chit didu ché dugc trong budc (e) trong diéu kién du dé tao ra hop chit c6

cong thuc I1I;

trong d6 hop chét c6 cong thire 111 diéu ché dugc bang quy trinh nay c6 lugng du chat dong

phan dbi anh 16n hon 80% ee.

19.  Quy trinh theo diém 18, trong d6 hop chit amin tao ra trong budc (a) c6 lugng du
chét déng phan ddi anh 16n hon 90% ee.

20.  Quy trinh theo didm 18, trong d6 hop chét c6 cong thire 11 didu ché dugc bang quy

trinh nay c¢6 lugng du chét ddng phéan d6i anh 16n hon 90% ee.
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Phan tich HPLC khong d6i xtng dbi voi raxemic(syn)-3-
axetamido-4-alyl-N-(tert-bytyl)pyrolidin-3-carboxamit
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