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Linh vuc k§ thuit dwoc dé cap

N6i chung, sang ché dé cap dén phuong phap tao ra tai chd hop chat
c6 cong thirc (V) nhu dugc mé ta & day tir axit pipecolic, cu thé 13 tao ra
cdc chit lam mat 2-metyl-1-(2-(5-(p-tolyl)-1H-imidazol-2-yl)piperidin-1-
yl)butan-1-on (bao gém  (25)-2-metyl-1-(2-(5-(p-tolyl)-1H-imidazol-2-
yl)piperidin-1-yl)butan-1-on, hodc hdn hop raxemic), 2-(metylthio)-1-(2-
(5-(p-tolyl)-1H-imidazol-2-yl)piperidin-1-yl)propan-1-on, 2-metyl-2-
(metylthio)-1-(2-(5-(p-tolyl)-1H-imidazol-2-yl)piperidin-1-yl)propan-1-on
va, 2,2-dimetyl-1-(2-(5-(p-tolyl)-1H-imidazol-2-yl)piperidin-1-yl)but-3-en-
1-on. Sang ché con dé cap dén cac hop chét thu duoc bang cach va/hoic cé
thé thu duoc bang phuong phap nay, viée st dung cac hop chét nay trong
ché pham huong liéu, vi du duéi dang chét 1am mét trong ché phdm huong
lidu, viéc str dung ché pham huong liéu ndy trong cc san pham tiéu dung,
ché phdm huong liéu chtra cac hop chét ndy, va cic san pham tiéu dung

chtra ché phadm huong liéu.

Tinh trang ky thuat ctia sang ché

Axit pipecolic ¢6 thé duoc sir dung 1am chét khoi dau dé tao ra céac
hop chét khéac nhau. Cu thé, axit pipecolic co thé duge st dung dudi dang
chét khoi diu d8 tao ra cac hop chét cé cong thirc (V) nhu duge mod ta &
day. Tuy nhién, ndi chung cac phuong phap nay yéu cau nhiéu budc lién
quan dén viéc tach va tinh ché cac hop chit trung gian trude khi budce tiép
theo c6 thé duoc thuc hién. Do do, t5t hon néu c6 cac phuong phép cai tién
hodc thé, ma cé thé, vi du, 1am giam nhu cAu tach va tinh ché cac hop chét

trung gian.
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Ban chét k§ thuit ciia sang ché
Theo khia canh thi nhét, séng ché dé xuét phuong phép tao ra tai chd
hop chét cé cong thue (V) tir axit pipecolic, trong dé phuong phép tai chd
nay dién ra vé6i sy c6 mit ciia dung méi, trong d6 dung mdi 14 dung moi
hitu co c6 didm soi nam trong khoang tir 50°C dén 160°C, nuéc, hodc hén
hop cta chung,
trong d6 phuong phép nay bao gdm céc budc:
(a) phan tmg axit pipecolic véi clorua axit c6 cong thac (Ia)
v&i su ¢6 mit ctia bazo, hodc phan tng axit pipecolic voi anhydrit axit co
cong thirc (Ib), thy ¥ voi sy cb mit cia bazo, dé tao ra hop chét c6 cong
thue (1),
(b) phan ung hop chit c6 cong thuc (II) voi hop chét c6
cbng thic (III) 8 tao ra hop chét c6 cong thuc (IV), va
(c) phan g hop chét ¢ cong thirc (IV) véi ngudn amoni
d8 tao ra hop chét c6 cong thuc (V),
trong d6 cAu tric cua cac hop chét c6 cong thire (Ta), (Ib), (II), (I1I),
(IV) va (V) la nhu sau:
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Cong thuc (IV) Cong thtc (V)

trong do

R;, R, v& R; cling v&i nguyén tir cacbon ma gén véi ching tao ra
nhém hydrocacbon tiy y chira 1€n dén 3 nguyén ti khac loai dgc 1ap duoc
chontir O, S, NvaF;

nhém phenyl cta cic hop chét ¢6 cac cong thie (1), AV) va (V)
duoc thé bing n nhém thé Ry, trong d6 n 12 khong, mot, hai, ba, bbn hoic
nam;

mdi Ry ddc 1ap duoc chon tir halogen, xyano, nitro, C;-Cs alkyl tuy ¥
chira 1én dén 5 nguyén tir halogen, C»-Cs alkenyl, C,-Cg alkoxy tuy y chtra
lén dén 3 nguyén ti halogen, C;-Cs-alkoxy-C;-Cs-alkyl, va Cs-C;
xycloalkyl;

B" 14 cation duoc cip bdi bazo; va

X 1a halogen.

Theo khia canh thtr hai, sang ché d& xut hop chét c6 cong thic (V)
thu duoc boi va’hodc co thé thu duoc boi phuong phap theo khia canh thi
nhét cta sang ché, bao gbém phuong an bét ky ctia nd.

Theo khia canh tht nhét, sang ché dé xut viéc st dung hop chét co
cong thic (V) theo khia canh thit hai cia sang ché, bao gébm phuong 4n bét
ky cua nd, trong ché pham hwong liéu. Vi du, hop chét c6 cong thuc (V) cb

thé duoc sir dung dudi dang chit 1am mat trong ché phim huong liéu.
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Theo khia canh thw tu, sang ché d& xuét ché pham huong liéu chira
hop chét cé cong thuc (V) theo khia canh thir hai cua sang ché, bao gbm
phuong an bét ky ciia nd.

Theo khia canh thr ndm, sang ché @ xuit san phim tiéu dung chira
ché phim huong liéu theo phwong an thi tu cia sang ché, bao gdm phuong
4n bét ky ctia né.

Theo khia canh thtr séu, sang ché @& xuét viéc st dung ché pham
huong liéu theo phuong an thir tu cua sang ché, bao gdm phuong an bét ky
clia n6, trong san pham tiéu dung.

Céc phuong an nhét dinh cta sang ché c6 thé c6 mot hodc nhidu wu
diém sau:

o phuong phap tai chd dé tao ra hop chat c6 cong thic (V)

tlr axit pipecolic;

o giam s bude tinh ché va tach;

o st dyng cing mdt dung mdi tir dhu dén cudi phuong
phap;

J dung moi co thé dugc quay vong khi két thiic phan Ung;

o tinh khong d6i xtmg guong cua nhém hydrocacbon

dugc tao ra bdi Ry, R, va R; khong thay ddi subt qua trinh phan Ung;
o  clorua axit va cic hop chét cé cong thic (III) cé thé
duoc tao ra ndi bo va cod thé duogc st dung tho va trong dung dich,

béi vay giam su tiép xtic v6i cac chat phan Gng nudc mat;

o thiy phan giam clorua axit dudi dang phan ung phu;
e diéu kién phan tng yéu hon;
J luong hoac s6 chét phan tmg yéu cau giam (vi dy axit

carboxylic dugc khir proton trong budc phéan tng th@ nhét vi vay

khong cin bd sung bazo bd sung trong budc phan Ung thir hai);
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® luong ngudn amoni cin thiét cho budc phan ung thir ba
dugc giam (vi du do su bd sung ting phan va/hoic nhiét d6 phan

g va/hodc loai bd nudce);

° san luong chap nhan duoc;
° d6 chon loc chap nhan duoc.

Céc chi tiét, vi du va u tién d& xuét déi voi mot hodc nhiéu khia
canh cu thé bét ky trong s6 cac khia canh d néu cla sang ché s& dugc md
t4 thém & day va 4p dung tuong duong voi tAt ca cac khia canh cua sang
ché. Dang két hop bét ky ctia cac phuong 4n, vi du va uu tién mo ta & day
trong tit ca cc bién thé c6 thé ¢6 ciia né dugc bao gdm boi sang ché trur
khi duoc thé hién theo cach khac & ddy, hoic méau thuan rd rang theo cach

khac bdi pham vi.

MG ta chi tiét sang ché

Séang ché dugc dya trén phat hién bét ngd rang cac hop chét c6 cong
thirc (V) c6 thé duoc tao ra tai chd tir axit pipecolic trudce khi xtr Iy va tach.

Do d6, & day dé xuit phuong phép tao ra tai chd hop chét ¢ cong
thre (V) tir axit pipecolic, trong d6 phuong phép tai chd nay dién ra v6i sy
c6 mit cta dung méi, trong d6 dung méi 12 dung moéi hiru co c6 diém so6i
ndm trong khoang tir 50°C dén 160°C, nudc, hoic hdn hop cua ching,
trong d6 phuong phéap bao gbm:

(a) phan Ung axit pipecolic véi clorua axit c6 cong thirc (Ia) voi su
c6 mit cia bazo, hoic phan Umg axit pipecolic voi anhydrit axit c6 cong
thie (Ib), thy ¥ véi sy ¢ mat cua bazo, dé tao ra hop chét c6 cong thic

(ID),

5/44



53611 S

Cong thuc (Ia) Cong thuc (Ib) Cong thuc (II)

(b) phan tng hop chit ¢ cong thic (II) véi hop chit c6 cong thic
(IIT) & tao ra hop chét c6 cong thic (IV),

O o]
X X Ny © A
| X R R1/§ © | X
- 3\ -
(Ra) ° (R)
n R,
Cong thuc (III) Cong thuc (IV)

(¢) phan tng hop chit c6 cong thic (IV) véi ngudn amoni dé tao ra

hop chét ¢ cong thuc (V),

Cong thie (V)

trong d6
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R,, R, va R; clng véi nguyén tir cacbon ma gin véi ching tao ra
nhém hydrocacbon tuy y chira 1én dén 3 nguyén tir khac loai doc 1ap dugc
chontr O, S, NvaF;

nhém phenyl cia cac hop chat ¢ cac cong thuc (), (IV) va (V)
duoc thé béng n nhém thé R, trong d6 n 1a khéng, mat, hai, ba, bdn hodc
nam;

mdi R, ddc 1ap duge chon tir halogen, xyano, nitro, C;-Cs alkyl tuy ¥
chira 1én dén 5 nguyén tir halogen, C»-Cy alkenyl, C;-Cq alkoxy tuy y chura
lén dén 3 nguyén t&r halogen, C,-Cs-alkoxy-Ci-Cs-alkyl, va Cs-C;
xycloalkyl;

B" 13 cation duoc cip bai bazo; va

X 14 halogen.

Nhu dugc st dung & day cum tlr “tao ra tai chd hop chét c6 cong
thirc (V) tir axit pipecolic” dé cép dén phuong phép trong d6 toan bo phan
tmg dién ra trong mot hdn hop phéan tmg va hop chét trung gian bét ky ma
dugc tao ra (vi du cac hop chét c6 cong thire (IT), va (IV)) khong duge tach
hodc dugc tinh ché trudc khi cac bude tiép theo dugc thuc hién dé tao ra
san phAm cudi (ttc 12 hop chét c6 cong thic (V)). Néi cach khac, su
chuyén hoa axit pipecolic thanh hop chét c6 cong thuc (1), su chuyén hoa
hop chét c6 cong thirc (II) thanh hop chit c6 cong thire (IV), va su chuyén
héa hop chit ¢ cong thuc (IV) thanh hop chét ¢6 cong thic (V) dién ra
trong ciing mdt hon hop phan Gmg ma khong tach hodc tinh ché hop chat co
cong thie (1) hogic hop chét c6 cong thirc (IV). Su tao ra tai chd nay c6 thé
dién ra, vi du, trong quy trinh lién tuc hodc quy trinh gidn doan.

Mic du cac phuong phap duoc mo ta ¢ day la phuong phap tai chd
&8 tao ta hop chét cé cong thuc (V) tir axit pipecolic, sé nhan thiy ring

didu nay 12 khong nht thiét dé thu dugc hop chat c6 cdng thic (V) va mot
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hoac nhiéu buéc tach ho#ic tinh ché co thé duogc thuc hién sau mdi buéde 1,
2 va 3 dugc mo ta & day d8 thu dugc hop chat ¢ cong thuc (V).

Su chuyén héa hop chit c6 cong thirc (1) thanh hop chét c6 cong
thirc (IV) ¢o thé dong thoi véi hodc theo sau su chuyén héa axit pipecolic
thanh hop chét c6 cong thirc (I).

Su chuyén hoéa hop chit c6 cong thirc (IV) thanh hop chét co cong
thirc (V) c6 thé ddng thoi véi hodc theo sau su chuyén hoéa hop chét c6
cong thirc (I1) thanh hop chét ¢ cong thirc (IV).

“Pong thoi véi” nghia la céc chét phan tng d6i v6i mdi bude
chuyén héa dugc bd sung vao hdn hop phan tng ciing mot luc sao cho céc
phan ung chuyén héa dién ra trong hdn hop phan ng cung mdt luc.

Thuét ngit “theo sau” nghia 1a it nhit mét s6 chat phan tng (vi du
clorua axit c6 cong thirc (Ia), anhydrit axit c6 cong thire (Ib), hop chit co
cong thirc (III) va/hodc ngudn amoni) d6i véi budc tiép theo cia phan tng
duoc bd sing vao hdn hop phan umg sau khi budc phan ung tht nhit d3
duoc hoan thanh mot phﬁn hodc hoan toan. Vi du, hop chit c6 cong thirc
(IIT) co thé duoc bd sung vao hdn hop phan tng sau khi chuyén héa hoan
toan hodc khong hoan toan axit pipecolic thanh hop chéit c6 cong thire (II).
Vi du, ngudn amoni c6 thé dwoc bd sung vao hdn hop phan tng sau khi
chuyén héa hoan toan hodc khong hoan toan hop chit c6 cong thire (1)
thanh hop chat c6 cong thuc (IV). Trong d6 su chuyén hoa truge 12 khong
hoan todn, su bd sung cac chit phan tng dbi véi budc tiép theo c6 thé dan
dén khoang thoi gian trong d6 cac phan Gng chuyén hoa dién ra trong hdn
hop phan tng ciing mét Iuc. Tuy nhién, trudce tién cé mot khoang thoi gian
trong do budc chuyén héa trudc dién ra khi khong cé mét budc chuyén héa
tiép theo. Bude chuyén héa tiép theo dién ra trong cung mdt hén hop phan
tmg va su tach hodc tinh ché céc hop chat trung gian khong dién ra, do d6

budc chuyén hoa tiép theo 12 phan Ung tai chd theo sang ché.
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Theo cach khéic, phuong phép tao ra tai chd hop chét co cong thirc
(V) nhu dugc mo ta & trén bao gbm:
(a) phan Gng axit pipecolic voi hop chét c6 cong thic (I1I)

v6i su ¢6 mat cuia bazo dé tao ra hop chét c6 cong thic (VI),

0
N © AN
" |
) /\/
(),
Cong thtrc (VI)
(b) phan ung hop chét c6 cong thirc (VI) voi clorua axit co

cong thir (Ia) hodc anhydrit axit ¢6 cong thirc (Ib) dé tao ra hop chét c6
cdng thuc (IV), va

(c) phan ung hop chét c6 cong thirc (IV) véi ngudn amoni
d8 tao ra hop chét cé cong thirc (V),

trong do cAu trac cta cac hop chét ¢ cong thic (Ta), (Ib), (III), IV)
va (V) 1a nhu néu trén.

Theo phuong phap khac nay, budc phan ing 3 voi ngudn amoni tity
¥ ¢ thé dugc thuc hién trude phan tng véi clorua axit/anhydrit axit.

Tuy nhién, d6i v6i phuong phap khac, axit pipecolic phai dugc bao
vé béi nhém bao vé amin chon loc. Tiép do, nhom bao vé can duoc loai bd
trudc phan Uung tiép theo véi clorua axit cé cong thirc (Ia) hodc anhydrit
axit ¢6 céng thuc (Ib).

Phuong phap tai chd dugc md ta ¢ day dién ra véi su ¢ mat cia
dung moi, trong d6 dung moi 12 dung méi hitu co ¢6 diém s6i nam trong
khoang tir 50°C dén 160°C, hodac trong d6 dung mdi la nude, hodc trong do
dung mbi 14 hon hop cua dung mdi hitu co va nude. N6i cach khéc, tat ca

cac buéc cua phuong phép (bao gdm tat ca cac budc 1,2 va 3 duge mb ta &
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day) dién ra voi sy c6 mit cia dung mdi, trong dé dung moi 1a dung moi
hitu co c6 diém sdi ndm trong khoang tir 50°C dén 160°C, ho#c trong d6
dung mdi 12 nuéc, hodc trong d6 dung moi la hdn hop cia dung moéi hitu co
va nudc. Bét ngd va cé loi néu da thiy rang su lua chon nudc hodc dung
mdi hitu co ¢ diém s6i ndm trong khoang tir 50°C dén 160°C duéi dang
dung mdi lam cho su thay d6i dung moi d6i véi mdi bude tiép theo 12
khong can thiét va boi vay cho phép toan bd phuong phap dugc thuc hién
trong mot binh dudi dang phwong phap tai chd. Su lua chon nudc hodc
dung mo6i hitu co co diém s6i nam trong khoang tir 50°C dén 160°C duéi
dang dung moi cling cd thé tro gitip viéc giam dén murc ti thiéu su tao ra
céc tap chat va cac san pham phu. Theo c4c phuong 4n nhét dinh, dung moi
13 dung mdi hitu co co6 diém s6i nim trong khoang tir 50°C dén 160°C.

Theo cac phuong an nhét dinh, dung méi hitu co co diém s6i bang
hoic 16n hon khoang 60°C hoic bing hodc 16n hon khoang 70°C hodc
bang hozc 16n hon khoang 80°C hodc bang hozc 16n hon khoang 90°C
hodic bang hodc 1én hon khoang 100°C hodc bang hodc 16n hon khoang
110°C.

Theo cac phuong an nhét dinh, dung méi hitu co cé didm s6i bang
hoic nhoé hon khoang 150°C hoac bang hodc nhd hon khoang 140°C hodc
bang hozc nhé hon khoang 130°C hodc béng hosc nhé hon khoang 120°C.

Vi du, dung méi hitu co co thé c6 didm s6i nam trong khoang tir
60°C dén 150°C hosc khoang tir 70°C dén 120°C hoic khoang tir 80°C dén
140°C hoac khoang tu 90°C dén 130°C hoic khoang tir 100°C dén 120°C.

Mot hodc nhidu bude cia phuong phap tai chd duge mé ta & day (vi
du tat ca cac budc 1, 2 va 3 dugc md ta & day hodc tAt ca cac budc clua
phuong phép) co6 thé dién ra & nhiét 46 ma nho hon diém sdi ctia dung moi,
vi du nho hon diém s6i ctia dung méi hitu co c6 didm s6i ndm trong khoang

tr 50°C dén 160°C. Theo cach khac, mét hodc nhiéu budc cia phuong

10
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phap tao ra tai chd dugc mb ta & day (vi du tAt ca cac budc 1, 2 va 3 duoc
mbd ta & diy hodc tit ca cac budc ciia phuong phap) co thé dién ra trong
didu kién duéi hdi luu. Piéu ndy co thé ngan khong cho dung moi bi mét
khoi hdn hop phan tng trong phuong phéap do bay hol.

Mot hoac nhiéu budc cia phuong phap tai chd dugc md ta ¢ day (vi
du tAt ca cac buéc 1, 2 va 3 duge md ta & day hodc tat c cic budc cla
phuong phép) co6 thé didn ra trong cac dng déng kin hodc trong ndi hip dé
ngin khong cho dung moi bi méat khoéi hén hop phan Umg trong qua trinh
phéan Ung. Diéu nay co thé, vi du, cho phép nhiét d6 cao hon nhiét do soi
cua dung moi cin duoc st dung. Do d6, dung mdi ¢ diém s6i twong dbi
thap (vi du MTBE) c6 thé duogc st dung.

Mot hodc nhidu buéc clia phuong phap tai chd duge md ta & day (vi
du tAt ca cac budc 1, 2 va 3 dugc mb ta & ddy hodc tat ca cac budc clia
phuong phap) co thé dién ra & nhiét d6 ma nho hon nhiét d6 tai do cac chét
phan Gng phan huy. Nhiét do cua mdi budc cia phuong phap co thé 1a
gidng hodc khac nhau.

Vi du, c6 thé ¢6 loi néu luya chon dung méi (vi du dung mdi hitu co
c6 didm s6i nam trong khoang tir 50°C dén 160°C) cho phép mdi bude cluia
phuong phép tai chd duoc thuc hién ¢ nhiét do ma t6i da hoa tbc do phan
ung, nhung du thip dé tranh phan huy cac chét phan tmg.

Dung méi hitu co ¢ diém s6i ndm trong khoang tir 50°C dén 160°C
c6 thé 13, vi du, dung modi phan cuc hodc dung moi khong phén cuc. Do
phan cyc ciia dung moi o thé duogc do bang cach xéac dinh hing sb dién
mdi cia dung moi (hing sd dién mdi tuong d6i) & 0°C. Dung mdi c6 héng
s6 dién mdi nho hon 15 ¢ thé dugc xem 13 dung moi khong phén cuc.
Dung mdi co hang sb6 dién moi bang 15 hoic 16n hon c6 thé dugc xem 12

dung md1 phan cyec.

11
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Dung méi hitu co ¢ diém sdi ndm trong khoang tir 50°C dén 160°C
c6 thé, vi du, khong tron 1an duoc véi nuéce (tire la khong thé thuc hién ddi
véi hdn hop ctia dung méi hitu co co didm s6i nam trong khoang tir 50°C
dén 160°C dé tron véi nudce theo tht ca céc ty 18 dé tao ra dung dich ddng
nhét).

Dung méi hitu co ¢ didm sdi nam trong khoang tir 50°C dén 160°C
c6 thé, vi duy, 12 dung mdi thom hodc dung mdi khong thom.

Dung mdi thom cé thd bao gdm mot hodc nhiéu nguyén tr khac loai,
vi du duoc chon tir nito, oxy, luu huynh, va halogen nhu flo. Dung moi
thom c6 thé, vi du, bao gém mot hoac nhidu nhom di thom. Dung mdi
thom c6 thé, vi du, 12 dung méi thom chi bao gdm céc nguyén tlr cacbon va
hydo. Alkylbenzen la vi du vé dung méi thom chi bao gdm cac nguyén tir
cacbon va hydo. Dung moi alkylbenzen ciing 1a vi du vé dung moi khong
phan cuc. Dung moi alkylbenzen chira nhom benzen trong d6 mot hoac
nhidu nguyén tir hydro trén vong benzen duoc thé bang nhém alkyl. Mbi
nhém alkyl c¢6 thé, vi du, doc lap chira tir 1 dén 5 nguyén tir cacbon, vi du
tir 1 dén 3 nguyén tir cacbon, vi du 1 hodc 2 nguyén ttr cacbon. Toluen va
xylen 1a cac vi du vé dung moi alkylbenzen. dung mdi halobenzen (benzen
¢6 mot hodc nhiéu nguyén tir hydro dugc thé bang nguyén tir halogen) nhu
diclobenzen 14 c4c vi du vé dung mdi thom. |

Dung mdi khong thom co thé bao gébm mdt hodc nhiéu nguyén tir
khac loai, vi du dugc chon tlr nito, oxy, luu huynh, va halogen nhu flo.
Dung mdi khong thom ¢6 thé, vi dy, chira mdt hodc nhiéu nhém di vong
khong thom. Metyltetrahydrofuran, vi du 2-metyltetrahydrofuran, la vi du
vé dung méi khong thom chira nhém di vong. Dung mdi khong thom ¢
thé, vi du, 13 ete. Ete metyl tert-butyl (MTBE) 1a mot vi du vé dung mdi ete
khong thom. Dung m6i khong thom c6 thé, vi du, 12 dung mdi khong thom

chi bao gdm cac nguyén tir cacbon va hydo. Dung moi khong thom chi
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chira cac nguyén tur cacbon va hydo co thé 13, vi du, thang (vi du phan
nhanh hoic mach théng) hoic mach vong. Heptan 1a mét vi du vé dung moi
khong thom mach thing tuyén tinh. Dung moi haloalkan (alkan cd mot
hofic nhiéu nguyén t& hydro duoc thé bang nguyén ta halogen) nhu
diclometan 13 cac vi du vé dung mdi khong thom. Cu thé, dung moi
haloalkan c6 thé, vi du, dugc sit dung néu phuong phap dugc thuc hién
trong dng dong kin hodc ndi hap.

Theo cic phuong an nhét dinh, dung méi khong thom ¢ thé bao
gdm mdt hoic nhiéu nguyén t& khac loai dwoc chon tur nito, oxy va luu
huynh.

Cu thé, dung méi hitu co cb didm s6i ndm trong khoang tir 50°C dén
160°C c6 thé 13 dung mdi alkylbenzen. Vi du, dung m6i hitu co c6 diém so6i
ndim trong khoang tir 50°C dén 160°C c6 thé 13 toluen.

Buéc 1 — Chuyén hoa axit pipecolic thanh hop chét c6 cong thirc (I1)

Phuong phép tai chd duge mé ta & day co thé bao gébm budc phan
{mg axit pipecolic vdi (a-i) clorua axit c6 cong thirc (Ia) véi sy c6 mat cua
bazo, hodc (a-ii) anhydrit axit ¢6 cong thirc (Ib), tuy ¥ v6i su cd mat cua
bazo, dé tao ra hop chét c6 cong thire (I). Vi du, phuong phap tai chd duoc
mb ta & day cé thé bao gdm budc phan tmg axit pipecolic v6i clorua axit co
cong thire (Ia) voi su c6 mét cua bazo dé tao ra hop chét c6 cong thire (ID).

Axit pipecolic ¢o thé thu duoc theo cach thuong mai. Axit nay co

cau truc hoa hoc sau:

N CO,H
H .

Clorua axit c6 cong thirc (Ta) c6 cau truc hoa hoc sau,
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R
R Cl
Ry Cong thirc (Ia)

trong d6 R;, R, va R; cing véi nguyén tir cacbon ma gin véi chiing
tao ra nhdm hydrocacbon tuy y chira 1én dén 3 nguyén tir khac loai doc 1ap
duoc chon tir O, S, Nva F.

Clorua axit c¢6 cong thuc (Ia) co thé, vi du, thu dugc theo cach
thuong mai hodc cd thé, vi du, duogc tao ra boi nhiéu dudng tbng hop nhu
bing cach phan ung axit carboxylic véi thionyl clorua (SOCl,), oxalyl
clorua (COCl,), phospho triclorua (PCls) hodc phospho pentaclorua (PCls),
hodc bing céch phan tmg axit thiolactic voi dimetylsulfat tiép theo 1a clo
hoa, vi du bang thionyl clorua (SOCL).

Anhydrit axit ¢6 cdng thire (Ib) co cAu tric héa hoc sau,

Ra R2 Cong thtc (Ib)

trong d6 Ry, R, va R3 la nhu dugc xac dinh d6i véi clorua axit ¢6
cbng thirc (Ia).

Anhydrit axit co thé, vi duy, thu dugc theo cach thuong mai hodc co
thé, vi du, duoc tao ra bdi nhidu dudng téng hop nhu bang cach phan Gng
clorua axit ¢6 cong thirc (Ia) véi axit carboxylic twong Gng, hodc sau doé véi
anhydrit axetic.

Thuét ngit “nhém hydrocacbon tiry y chira 1€n dén 3 nguyén tt khac
loai dugc chon tir O, S, N va F” dé cap dén nhém chi chtra cac nguyén tir
cacbon va hydo va tiy ¥ nguyén tir oxy, luu huynh, nito va flo. S6 t6i da

ctia tdng nguyén tir oxy, luu huynh, nito va flo 1a ba.
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R,, R, va R; cung v6i nguyén tir cacbon ma gin véi ching ¢d thé, vi
du, tao ra nhém hydrocacbon tuy y chira 1€n dén 3 nguyén t khac loai
dugc chon tir O, S va F. Ry, R, va Rs cung v6i nguyén tr cacbon ma gén
v6i chung c6 thé, vi dy, tao ra nhém hydrocacbon tiry y chua 1én dén 3
nguyén tir khac loai ma Ia S.

R,, R, va R; cling v6i nguyén tir cacbon ma gin v6i ching c6 thé, vi
du, tao ra nhém hydrocacbon khéng chira nguyén tir khéac loai (tuc la tao ra
nhém hydrocacbon chi chira cac nguyén tir cacbon va hydo).

Ry, R2‘ va R; cung véi nguyén tir cacbon ma gén véi ching ¢o thé, vi
du, tao ra nhom hydrocacbon chita cac nguyén tir cacbon va hydo voi mot
hodc hai nguyén tir khac loai doc lap duoc chon tir O,S,NvaF. R, R, va
R; cung véi nguyén tir cacbon ma gin v&i chung c6 thé, vi dy, tao ra nhém
hydrocacbon chtta cac nguyén tir cacbon va hydo v&1 mot hbéc hai nguyén
tr khac loai doc 1ap duoc chon tir O, S va F.

Nguyén tr cacbon v6i do Ry, R, va R; duge gén c6 thé, vi du, 13 tAm
khong d6i xing. Theo cac phuong an nhét dinh, nguyén tir cacbon ma R,
R, va R; duoc gin véi d6 1a tAm khong d6i xtmg va tinh khong a6i .x1’mg
guong van khong thay d6i sudt qua trinh phan tng.

“Nhém hydrocacbon tuy y chtra 1€n dén 3 nguyén t khac loai duoc
chon tir O, S, N va F” ¢6 thé, vi dy, chtra tir 1 dén 15 nguyén tir cacbon. Vi
du, “nhém hydrocacbon tuy y chtra 1én dén 3 nguyén tir khac loai duoc
chon tir O, S, N va F” ¢6 thé chira tir 2 dén 15 nguyén tir cacbon. Vi dy,
“nhém hydrocacbon tly ¥ chira 1én dén 3 nguyén ti khac loai duoc chon tur
0,S,NvaF’cothéchta l,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14 hoac 15
nguyén tr cacbon.

R,, R, va R cling vé&i nguyén tr cacbon ma gén voi ching c6 thé, vi
du, tao ra nhoém hydrocacbon duoc chon tir 3-thiabut-2-yl, 2-metyl-3-
thiabut-2-yl, 3-thiapent-2-yl, 4-thiapent-2-yl, 2-thiaprop-1-yl, 2-metyl-3-
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thiapent-2-yl, 3-ox0-3-thiabut-2-yl, 3-0x0-2-metyl-3-thiabut-2-yl, 3-0x0-3-
thiapent-2-yl, 4-oxo-4-thiapent-2-yl, 2-0x0-2-thiaprop-1-yl, 3-oxo-2-metyl-
3-thiapent-2-yl, but-2-yl, pent-2-yl, but-3-en-2-yl, pent-3-en-2-yl, but-2-en-
2-yl, pent-2-en-2-yl, but-1-en-2-yl, pent-1-en-2-yl, 2-metylbut-2-yl, 2-
metylpent-2-yl, 2-metylbut-3-en-2-yl, 3-metylbut-2-yl, 3-metylbut-3-en-2-
yl, 3-metylbut-2-en-2-yl, 2.3-dimetylbut-2-yl, 2,3-dimetylpent-2-yl, 2,3-
dimetylbut-3-en-2-yl, 2,3-dimetylpent-3-en-2-yl, 2-metylpent-3-en-2-yl,
prop-2-yl, prop-1-yl, etyl, xyclopropyl, 1,1-dimetylxycloprop-2-yl, 1-
metylxycloprop-2-yl, 1-metylxycloprop-1-yl, 3-thiahex-5-en-2-yl, 2-metyl-
3-thiahex-5-en-2-yl,  1-mercaptoet-1-yl, 2-mercaptoprop-2-yl,  3,3,3-
trifloprop-2-yl, 2-metyl-3,3,3-trifloprop-2-yl, 1-(2-furyl)et-1-yl, 1-(5-
metylfur-2-yl)et-1-yl, ~ 2-(2-furyl)prop-2-yl, 1-(3-furyl)et-1-yl,  1-(5-
metylfur-3-yl)et-1-yl, 2-(3-furyl)prop-2-yl, 1-(2-tetrahydrofuryl)et-1-yl, 2-
(2-tetrahydrofuryl)prop-2-yl, 1-(3-tetrahydrofuryl)et-1-yl, 2-(3-
tetrahydrofuryl)prop-2-yl, 1-xyclopropylet-1-yl, 2-xyclopropylprop-2-yl, 1-
xyclobutylet-1-yl, 2-xyclobutylprop-2-yl, xyclobutyl, xyclopentyl, pent-2-
en-3-yl, 1-metoxyprop-1-yl, 1-metoxyet-1-yl, 1,1,1-triflobut-3-yl, 3-
thiaxyclobut-1-yl, 1-(N-metylamino)et-1-yl, va 1-(N,N-dimetylamino)et-1-
yl.

Mabi Ry, R, va Rz ¢b thé, vi dy, doc 1ap dugc chon tir hydro, alkyl
(bao gébm nhém alkyl thing (mach thing va mach nhanh) vad nhém
xycloalkyl), alkenyl, alkoxy, alkyl-C(O)-, alkyl-S-, alkyl-S-alkyl (vi du
alkyl-S-CH,-), alkenyl-S-, alkyl-S(O)-, alkyl-S(0),-, alkenyl-S(O)-,
alkenyl-S(O),-, -SH, CF3S-, furyl (vi du 2-furyl hodc 3-furyl) tuy y duoc
thé bing alkyl (vi du furyl tiy y dugc thé bang metyl) va flo-alkyl.

MB&di Ry, Ry va R3 ¢6 thé, vi du, doc 1ap dugc chon tir hydro, C-Cy4-
alkyl thing, Cs-C4-xycloalkyl, C,-Cs alkenyl chira mot hoac hai lién Kkét
doi, C,-Cs-alkoxy, C;-Cs-alkyl-C(O)-, C,-Cs-alkyl-S-, Ci-Cy-
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alkyl-S-C;-Cy-alkyl (vi du C,-C4-alkyl-S-CH;-), C,-Cy4-alkenyl-S, C;-Cy-
alkyl-S(0)-, C;-Cgs-alkyl-S(O)s-, C,-C4-alkenyl-S(0)-, C;-Cy4-alkenyl-
S(O),-, -SH, CFsS-, furyl (vi du 2-furyl hodc 3-furyl) tiry y dugc thé bang
C,-Cy-alkyl (vi du furyl ty ¥ dugc thé bing metyl) va Ci-Ce-flo-alkyl (Vi
du diflometyl, triflometyl, 2,2,2-trifloetyl hoac difloetyl).

R, ¢6 thé, vi dy, dugc chon tir hydro va C,-Cy-alkyl. Vi dy, R; ¢ thé
duoc chon tir hydro va metyl.

R, c6 thé, vi du, duoc chon tir hydro, C;-C4-alkyl, va Cy-Cs-alkenyl
chira mot hodc hai lién két d6i. Vi du, R, ¢ thé duoc chon tir hydro, C;-Cs-
alkyl, va C,-Cs-alkenyl. Vi dy, R, co thé 13 metyl.

JRER) thé, vi du, dugc chon tir C;-Cy4 alkyl, C,-Cs alkenyl chira mot
hosc hai lién két doi, C;-Cs alkoxy, C;-Cy-alkyl-C(O)-, C,-Cy4-alkyl-S-, C;-
C,-alkyl-SCH,-, C,-C4-alkenyl-S-, C;-C4-alkyl-S(O)-, C,-Cy4-alkyl-S(O),-,
C,-C4-alkenyl-S(O)-, C,-Cs-alkenyl-S(O),-, -SH, CF3S-, xyclopropyl,
xyclobutyl, furyl (vi du 2-furyl hodc 3-furyl) tuy y dugc thé bang metyl, va
C,-Ce-flo-alkyl (vi du diflometyl, triflometyl, 2,2 2-trifloetyl hodc
difloetyl). Vi du, R3 c6 thé duoc chon tir C;-Cy alkyl, C,-Cs alkenyl chtra
mot hodc hai lién két doi, va C;-Cs-alkyl-S-. Vi du, R; c6 thé dugc chon tur
C;-C, alkyl, C,-C; alkenyl chira mét lién két doi, va C;-C,-alkyl-S-. Vi du,
R; co thé duoc chon tir etyl, etenyl, va —SCHs.

Vi du, R; ¢ thé duoc chon tir hydro va C;-Cy-alkyl, Ry c6 thé dugc
chon tir hydro, C;-C4-alkyl, va C,-Cs-alkenyl chira mot hodc hai lién Két
doéi, va R; ¢co thé duoc chon tir C;-C4 alkyl, C,-Cs alkenyl chira mot hodc
hai lién két doi, C,-C; alkoxy, C;-C4-alkyl-C(O)-, C,-Cs-alkyl-S-, Cy-Cy-
alkyl-SCH,-, C;-C4-alkenyl-S-, C,-C4-alkyl-S(0)-, C;-Cy-alkyl-S(O),-, Ci-
C,-alkenyl-S(0)-, C;-Cy-alkenyl-S(O)-, -SH, CF5S-, xyclopropyl,
xyclobutyl, furyl (vi du 2-furyl hoac 3-furyl) tuy ¥ duoc thé bang metyl, va
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C;-Ce-flo-alkyl (vi du diflometyl, triflometyl, 2,2,2-trifloetyl hodc
difloetyl).

Vi duy, Ry cé thé dugc chon tir hydro va metyl, Ry c6 thé duogc chon
tr hydro, C,-Cy-alkyl, va C,-Cs-alkenyl, va R3 co thé dugc chon tir C,-Cy
alkyl, C,-Cs alkenyl chtra mot hoac hai lién két d6i, C;-C; alkoxy, C;-Cs-
alkyl-C(O)-, C;-Cy4-alkyl-S-, C,-C4-alkyl-SCH,-, C,-Cs-alkenyl-S-, C,-Cy4-
alkyl-S(0)-, C;-C4-alkyl-S(O),-, C,-Cs-alkenyl-S(0)-, C,-C4-alkenyl-
S(0),-, -SH, CF;S-, xyclopropyl, xyclobutyl, furyl (vi du 2-furyl hodc 3-
furyl) tuy y duoc thé béng metyl, va C;-Cg-flo-alkyl (vi du diflometyl,
triflometyl, 2,2,2-trifloetyl hodc difloetyl).

Vi duy, Ry ¢o thé duoc chon tir hydro va metyl, Ry co thé 13 C,-C,-
alkyl va R3 co thé dugc chon tir C,-C4 alkyl, C,-Cs alkenyl chra mot hodc
hai lién két d6i, va C;-Cs-alkyl—S—.

Vi duy, R; c6 thé duoc chon tr hydro va metyl, R, co thé 12 metyl, va
R, c6 thé 13 etyl, etenyl hodc —SCHj,

Clorua axit ¢ cong thirc (Ia) hodc anhydrit axit c6 cong thirc (Ib) cé
thé, vi du, dugc bd sung vao hdn hop phan tng nguyén chét hodc duéi
dang dung dich trong dung moi, vi du dudi dang dung dich trong dung md1
hitu co c6 diém s6i nim trong khoang tir 50°C dén 160°C.

Hop chét c6 cong thirc (III) c6 thé, vi du, duoc bb sung vao hdn hop
phan Ung nguyén chét hoic dudi dang dung dich trong dung méi (vi du
dung mo6i hitu co ¢ diém sdi ndm trong khoang tir 50°C dén 160°C). Piéu
nay c6 thé, vi dy, trg gidp viéc giam tiép xtc véi cac hop chét kich thich.

T4t hon néu phan tmg cua axit pipecolic voi clorua axit c6 cong thuc
(Ta) hodc anhydrit axit c¢6 cong thic (Ib) c6 thé dién ra véi sy c6 mét cua
bazo. Bazo loai proton axit carboxylic cua axit pipecolic. Do do, bazo bét
ky thich hop dé loai proton axit pipecolic c6 thé duogc st dung. Bazo c6 thé,

vi du, 12 bazo vd co hodc hitu co.
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Vi du vé bazo v6 co bao gém kim loai phosphat, kim loai hydroxit,
kim loai cacbonat, kim loai bicacbonat va cac hon hop cta ching.

Vi du v& bazo hitu co bao gdm alkylamin nhu tributylamin va
alkanolamin nhu trietanolamin, va cac hdn hgp cia ching.

Bazo c6 thé, vi dy, 13 kim loai phosphat, kim loai hydroxit, kim loai
cacbonat, kim loai bicacbonat hodc hdn hop cta ching. Kim loai ¢6 thé, vi
du, 12 kim loai kidm hodc kim loai kiém tho. B" c6 cong thirc (II) c6 thé, vi
du, 13 cation kim loai cta kim loai phosphat, kim loai hydroxit hodc kim
loai cacbonat.

Cu thé, bazo co thé 13 kim loai hydroxit, vi du dugc chon tur natri
hydroxit va kali hydroxit.

Hon nita, bazo ciing c6 thé trung hoa axit béat ky duoc tao ra do phan
g cua axit pipecolic voi hop chét c6 cong thire (Ta), hodc (Ib), vi du bazo
¢6 thé trung hoa HCI dugce tao ra do phan tng cla axit pipecolic véi clorua
axit ¢6 cong thuc (Ia). Do do, it nhét khoang hai duong lugng ctia bazo voi
clorua axit cé cong thuc (Ia) cd thé dugc st dung (mot duong lugng dé loai
proton axit pipecolic va mot duong luong dé trung hoa axit duoc tao ra (vi
du HCI duoc tao ra khi axit pipecolic dugc phan Ung v6i clorua axit co
cong thuc (Ia)). Vi du khoang tlr hai duong lugng dén bén duong lugng
hoic khoang tir hai duong luong dén ba duong luong cua bazo véi clorua
axit c6 cong thirc (Ia) co thé duogc sir dung.

ft nhat khoang mot duong lugng cua clorua axit c6 cong thuc (la)
hodc anhydrit axit c6 cong thirc (Ib) véi axit pipecolic c6 thé, vi du, dugc
st dung.

Hop chét cé ncéng thae (I1) co cAu trac héa hoc sau:
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N co,B*

Rz Cong thtrc (II)

trong d6 Ry, R, va Ry 1a nhur dugc xac dinh ddi véi clorua axit ¢
cong thire (Ta) va anhydrit axit c6 cong thirc (Ib), va B" 1a cation dugc cap
bdi bazo. Vi du, B* c6 thé 1a Na" hogc K khi natri hydroxit hogc kali
hydroxit 1an luot duoc sir dung dudi dang bazo.

Phan Ung cua axit pipecolic véi clorua axit cd cong thirc (Ia) hodc
anhydrit axit ¢6 cong thirc (Ib) ¢d thé, vi du, dién ra v&i sy c6 mét cia chét
xuc tac chuyén pha. Cu thé, phan tng cua axit pipecolic vdi clorua axit co
cong thic (Ia) hodc anhydrit axit c6 cong thirc (Ib) dé tao ra hop chét c6
cdng thac (II) co thé dién ra véi su c6 mat cia chat xtc tac chuyén pha khi
dung méi (vi du dung mdi hitu co ¢o didm s6i ndm trong khoang tir 50°C
dén 160°C) 1a dung moi khdng phan cuc, hodc khi dung m6i 13 hdn hop cta
dung moi hiru co va nuée. Viéc su dung chit xtic tac chuyén pha cd thé, vi
du, tdc dong dé tang hiéu suit cia phan Gng va/hodc giam sy thuy phan
clorua axit c6 cong thirc (Ia) hodc anhydrit axit c6 cong thic (Ib).

“Chét xtic tac chuyén pha” dé cap dén chit ma tao diéu kién thuén
loi cho su di chuyén chét tir pha ndy thanh pha khéc. Chét xtc tac chuyén
pha co thé, vi du, tac dong dé tao diéu kién thuén lgi cho su di chuyén
clorua axit c6 cong thic (Ia) hodc anhydrit axit c6 cong thirc (Ib) vao pha
nuée trong d6 né phan tmg vdi axit pipecolic, cu thé 13 trong d6 dung moi
(vi du dung mdi hitu co c6 diém sdi ndm trong khoang tir 50°C dén 160°C)
14 dung moi khdng phén cuc.

Céc dung moi hodc bazo nhét dinh st dung trong phan Ung tai chd

c6 thé, vi du, cling tac dung dudi dang chét xtc tac chuyén pha. Vi du,
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dung mdi tan trong nudc mot phan nhu metyl-tetrahydrofuran (Me-THF)
6 thé tac dung duédi dang chét xtic tc chuyén pha. Kim loai phosphat hogc
kim loai cacbonat co thé, vi duy, tac dung dudi dang chit xtc tac chuyén
pha. Trong d6 dung mdi hodc bazo su dung trong phan ung tai chd tac
dung dudi dang chét xtic tac chuyén pha, c6 thé 14 khéng can thiét dé su
dung chét xtc tac chuyén pha bd sung. Do d6, trong d6 kim loai phosphat
hodc kim loai cacbonat dugc sir dung lam bazo, it ¢6 thé khong nhét thiét
stt dung chét xtc tac chuyén pha bb sung.

Chét xtic tac chuyén pha co thé, vi du, 13 kim loai halogenua (vi du
kali iodua ho#c natri iodua).

Chét xic tac chuyén pha c6 thé, vi du, muédi amoni thé bdn 1an (NRy"
trong d6 R 132 nhom alkyl hodc aryl) hodc mubi phosphoni hitu co (PR,
trong d6 R 13 hydro, alkyl, aryl hodc halogenua). '

Vi du v& mudi amoni thé bén 14n ma cb thé duoc str dung dudi dang
chét xtc tac chuyén pha bao gbdm céc mudi benzyltrietylamoni (vi du
benzyltrietylamoni clorua), cac mubi metyl-tricaprylamoni  (vi du
metyltricaprylamoni clorua), cac mubi  metyltributylamoni  (vi du
metyltributylamoni clorua), cac mubi metyltrioctylamoni (vi du metyl-
trioctylamoni clorua), va cac mudi tetra-n-butylamoni. Vi du vé mubi
phosphoni ma c6 thé duoc st dung dudi dang chit xdc tac chuyén pha 1a
mubi hexadexyltributyl phosphoni (vi du hexadexyltributylphosphohi
bromua).

Vi du, chét xuc tac chuyén pha co thé 13 mudi tetra-n-butylamoni, vi
du tetra-n-butylamoni halogenua, vi du tetra-n-butylamoni bromua
(TBAB).

Phan Gng cta axit pipecolic véi clorua axit c6 cong thirc (Ia) hodc
anhydrit axit c6 cong thic (Ib) d& tao ra hop chét c6 cdng thirc (IT) c6 thé
dién ra & d6 pH thich hop bt ky, vi du do pH nam trong khoang tir 7,0 dén
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15,0 hodic khoang tir 8,0 dén 14,0 hodc khoang tix 9,0 dén 14,0 hogc khoang
tir 10,0 dén 15,0.

Phén tmg cia axit pipecolic véi clorua axit ¢ cong thirc (Ia) hodc
anhydrit axit c6 cong thirc (Ib) d8 tao ra hop chit c6 cong thirc (II) c6 thé,
vi du, dién ra & 40 pH it nhét khoang 12,5. Vi dy, phan tng cua axit
pipecolic véi clorua axit c6 cong thic (Ia) hodc anhydrit axit c6 cong thirc
(Ib) co thé dién ra & 46 pH it nhét khoang 13,0. Phan tng cla axit pipecolic
v6i clorua axit c6 cong thirc (Ia) hoic anhydrit axit c6 cong thire (Ib) dé tao
ra hop chét c6 cong thic (IT) c6 thé, vi dy, dién ra & d6 pH 1én dén 14,5. Vi
du, phan mg cla axit pipecolic vdi clorua axit c6 cong thirc (Ia) hoac
anhydrit axit c6 cong thic (Ib) dé tao ra hop chét c6 cong thuc (IT) co thé,
vi du, di®n ra & d6 pH 1én dén 14,0 hodc 1én dén 13,5. Vi dy, phan tmg cta
axit pipecolic véi clorua axit c6 cong thirc (Ia) hodc anhydrit axit c6 cong
thirc (Ib) d& tao ra hop chét c6 cong thirc (II) c6 thé, vi du, diénra & do pH
n3m trong khoang tir 12,5 dén 14,5 hoic khoang tir 12,5 dén 13,5. P pH
ctia hdn hop phan tmg c6 thé, vi du, dugc duy tri sudt qué trinh phan (mg
ciia axit pipecolic véi clorua axit ¢6 cong thic (la) hodc anhydrit axit co
cdng thuc (Ib) d8 tao ra hop chat c6 cong thirc (II). DO pH cua hon hop
phan trng co thé, vi du, duoc duy tri bang cach kiém soat thoi gian va luong
bazo duoc bd sung vao hon hop phén Gng. Diéu nay co thé, vi du, bao gém
viéc theo ddi lién tuc do pH cua hdn hop phén tng béng cach sir dung dién
cuc do d6 pH. Viéc kidm so4t do pH ctia hdn hop phan tmg trong phan Gng
ciia axit pipecolic véi clorua axit c6 cong thire (Ia) hodc anhydrit axit co
coéng thuc (Ib) co6 thé, vi du, gitip giam dén muc tbi thidu sy thiy phén cua
clorua axit hodc anhydrit axit.

Phén mg ctia axit pipecolic véi clorua axit ¢o cong thirc (Ia) hodc
anhydrit axit ¢6 cong thirc (Ib) 8 tao ra hop chét c6 cdng thuc (II) c6 thé,

vi du, dién ra & nhiét d¢ it nhét khoang -10°C. Vi du, phan tng cia axit
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pipecolic véi clorua axit c6 cong thirc (Ia) hodc anhydrit axit c6 cong thirc
(Ib) d& tao ra hop cht c6 cong thie (IT) ¢6 thé dién ra & nhiét do it nhét
khoang -5°C hodc it nhét khoang 0°C. Vi dy, phan umg cua axit pipecolic
v6i clorua axit ¢6 cong thirc (Ia) hodc anhydrit axit c6 cong thirc (Ib) dé tao
ra hop chét c6 cong thirc (I) c6 thé dién ra & nhiét d6 lén dén 40°C hoic
lén dén 35°C hodc 18n dén 30°C hodc 1én dén 25°C hoac 1én dén 20°C hodc
lén dén 15°C hoic 1én dén 10°C. Vi dy, phan Umg cua axit pipecolic véi
clorua axit c6 cong thirc (Ia) hodc anhydrit axit c6 cong thic (Ib) dé tao ra
hop chét c¢6 cong thie (IT) c6 thé didn ra & nhiét d6 nim trong khoéang tir -
10°C dén 40°C hodc khoang tir -5°C d&n 30°C hoic khoang tir 0°C dén
20°C hoiic khoang tir 0°C dn 15°C hodc khoang tir 0°C dén 5°C.

Phan tng cua axit pipecolic véi clorua axit c6 cong thirc (Ta) hodc
anhydrit axit c6 cong thic (Ib) d8 tao ra hop chit c6 cong thirc (I) c6 thé,
vi du, dién ra & nhiét do thép hon nhiét do tai d6 axit pipecolic va/hodc
clorua axit c6 cong thirc (Ia) hodc anhydrit axit c6 cong thic (Ib) phéan huy.

Phén (mg cla axit pipecolic véi clorua axit c6 cong thirc (Ia) hodc
anhydrit axit c6 cong thic (Ib) 8 tao ra hop chat c6 cong thuc (IT) 6 thé,
vi du, dién ra trong khoang thoi gian nadm trong khoang tir 30 gidy dén 5
gid. Vi du, phan Umg cua axit pipecolic v6i clorua axit c6 cong thtc (Ia)
hogic anhydrit axit c6 cong thirc (Ib) dé tao ra hop chét c6 cong thire (II) c6
thé, vi du, dién ra trong khoang thoi gian nam trong khoang tir 30 gidy dén
1 gio hodc khoang tur 1 phut dén 30 phit hodc khoang tir 1 phut dén 15 phut
hodc khoang tur 1 phut dén 5 phut. Phan tng cua axit pipecolic vdi clorua
axit c6 cong thirc (Ia) hodc anhydrit axit c6 cong thirc (Ib) dé tao ra hop
chét c6 cong thirc (II) c6 thé, vi dy, dién ra dén khi phan mg hoan thanh.

Buéc 2 — Chuyén héa hop chét c6 céng thire (II) thanh hop chét c6
cong thiuc (IV)
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Phuong phép tao ra tai chd dugc md ta & day co thd con bao gébm
budc phan ung hop chét c6 cong thirc (II) nhw duwgc md ta & day voi hop
chét c6 cong thuc (1) dé tao ra hop chét c6 cong thuc (IV).

Hop chét c6 cong thuc (III) c6 cAu trac hoa hoc sau:

0
X
1 AN
o)
n Cong thue (11I),

trong d6 nhoém phenyl ctia hgp chét c6 cong thuc (III) dugc thé bang
n nhém thé Ry, trong d6 n 1a khoéng, mat, hai, ba, béﬁ hodc nam,

mdi nhém thé Ry (néu c6 mit) doc 14p duoc chon tir halogen (vidu
F, Cl hodc Br), xyano (C=N), nitro (-NO,), C;-Cs-alkyl théng (mach thing
hodc phan nhanh) tuy y chira 1€n dén 5 nguyén tr halogen (vi du Ién dén 5
nguyén t F) (vi du CHj, CF; hodc CHF,), C,-C¢-alkenyl (vi du chira mét
hoic hai lién két d6i) (vi du —-CH=CH,), C;-Ces-alkoxy tuy y chua 1én dén 3
nguyén ti halogen (vi du lén dén 3 nguyén tit F) (vi du -OCHj, -OCF3, -
OCHF,, -OCH,F), C;-Cs-alkoxy-C,-Cs-alkyl (vi du 2-metoxy-etyl), va Cs-
C,-xycloalkyl (vi du xyclopropyl hogc xyclobutyl), va X la halogen.

Hop chét c6 cong thirc (III) co thé, vi du, thu dugc theo cach thuong
mai hodc cb thé, vi du, duoc tao ra boi sy axyl hoa Friedel-Crafts d6i véi
benzen hoac benzen dugc thé bang cach st dung cloroaxetyl clorua voi
chét xtc tac nhom clorua, hodc biang cach clo hda axetophenon tuong Ung
voi sulfuryl clorua (SO,Cly) hodc 1,3-diclo-5,5-dimetylhydantoin hodc N-
closucxinimit. '

Vi du, Ry 6 thé 1a C;-Cg-alkyl théng (mach thdng hodc phan nhanh)
tuy y chira 1én dén 5 nguyén ti halogen (vi du 1én dén 5 nguyén tt F) (vi du

CHs, CF; hoic CHF,). Vi du, Ry ¢6 thé 1a metyl.
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Vi duy, nhém phenyl cta hop chét c6 cong thire (III) cb thé duogc thé
bang mot hozic hai nhom thé R4, Vi dy, nhém phenyl ctia hop chét c6 cong
thirc (IID) co thé duoc thé bang mot nhém thé R, ma 12 metyl.

Vi du, nhém phenyl cta hop chét c6 cong thirc (IIT) cb thé dugc thé
bang ndm nhém thé Ry, Vi dy, nhém phenyl ctia hop chét c6 cong thirc (III)
6 thé duogc thé béng nam R4 nhom thé, tAt ca chung 12 metyl.

Vi dy, X c6 thé 12 clo, brom hogc iot. Vi du, X c6 thé 1a clo.

Hop chét ¢ cong thirc (III) c6 thé, vi du, dugc bd sung vao hén hop
phan Ung nguyén chét hoiic duéi dang dung dich trong dung méi (vi du
dung moi hitu co ¢ didm s61 ndm trong khoang tir 50°C dén 160°C). Piéu
nay c6 thé, vi du, tro gitip viéc duy tri hén hop co thé khudy sudt qua trinh
phéan tng cia hop chét c6 cong thirc (1) v6i hop chét c6 cong thirc (I11) dé
tao ra hop chét c6 cong thic (IV). Viée st dung co thé, vi du, trg gitip su
giam tiép xtic véi cac hop chat kich thich.

Vi du, phan Gng ctia hop chét c6 cong thire (IT) véi hop chét c6 cong
thac (IIT) c6 thé duogc thuc hién & nhiét do nam trong khoang tir 50°C dén
160°C, vi du khoang tir 60°C dén 150°C, vi du khoang tir 80°C dén 130°C,
vi du khoang tir 90°C dén 120°C, vi du khoang tir 100°C dén 110°C.

Hop chét c6 cdng thirc (IV) c6 c4u trac héa hoc sau:

O

(o]
~ A

Cong thtc (IV),
trong d6 Ry, R, va R 1a nhu duoc xac dinh & day doi voi hop chét c6
cong thic (Ia), (Ib) va (II), va Ry va n 1a nhu duoc x4c dinh & day doi voi

hop chét ¢ cong thic (I1I).
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Phan Umg cta hop chit c6 cong thic (IT) voi hop chét c6 cong thirc
(IIT) & tao ra hop chét c6 cong thirc (IV) c6 thé, vi du, dién ra véi sy c6
mat ciia chat xtic tac chuyén pha. Cuy thé, phan tmg cua hop chét c6 cong
thae (II) with hop chét c6 cong thire (111 d8 tao ra hop chét c6 cong thire
(IV) co thé dién ra véi su c6 mit cia chét xtic tac chuyén pha khi dung mo1
(vi du dung moi hitu co ¢ didm s6i nm trong khoang tir 50°C dén 160°C)
14 dung méi khdng phén cuc.

Chét xtc tac chuyén pha c6 thé di c6 mat trong hon hop phan Umg
trong d6 phan tmg cta axit pipecolic véi clorua axit c6 cong thic (Ia) hodc
anhydrit axit c6 cong thirc (Ib) dé tao ra hop chét c6 cong thirc (I1) dién ra
vl su ¢ mat cua chit xuc tac chuyén pha. Do dd, co thé khong nhét thiét
bd sung thém chét xuc tac chuyén pha vao hdn hop phan tmg d6i v6i phan
trng cua hop chét c¢6 cong thic (I1) voi hop chét c6 cong thic (111) dé tao ra
hop chét cé cong thice (IV).

Chét xuc tac chuyén pha co thé, vi duy, tao diéu kién thuan lgi cho
cho su di chuyén hop chit c¢6 cong thirc (III) vao pha nudc trong d6 hop
chét nay phan tng véi hop chét c¢6 cong thic (11) dé tao ra hop chét c6 cong
thire (IV). Tiép d6, hop chét c6 cong thic (IV) c6 thé c6 thé di chuyén vao
16p hitu co (vi du dung méi hitu co ¢6 didm s6i ndm trong khoang tir 50°C
dén 160°C).

Chét xtic tac chuyén pha c6 thé, vi du, 12 nhu duge x4c dinh doi véi
budc 1 & day. Vi duy, chét xuc tac chuyén pha c6 th8 12 mudi amoni nhu
tetra-n-butylamoni bromua (TBAB).

C6 thé, vi du, khéng nhat thiét bd sung bazo khéc bét ky vao hdn hop
phan Ung trong phan Gng cta hop chit c6 cong thic (II) véi hop chét c6
cong thire (I11) dé tao ra hop chit ¢6 cdng thirc (IV). Pieu ndy ¢6 thé, vi du,

1 vi axit carboxylic cua hop chét c6 cong thirc (1) d3 duoc loai proton.

26

26/44



53611

Phan Ung cda hop chit c6 cong thuc (II) véi hop chit c6 cong thirc
(III) c6 thé, vi du, duoc thuc hién & nhigt do va ap suit dé thu dugc dong
hdi luu ctia hdn hop phan Gng. Nhiét do hoi luu cia hon hop phén ing c6
thé, vi du, khac véi (vi du thAp hon) nhiét 4 hoi luu ciia dung moi (vi du
dung moi hitu co cod didm s6i nam trong khoang tir 50°C dén 160°C) do su
c6 mit cua cac thanh phén khac trong hdn hop nhu nuéce, ma c6 thé, vi du,
dan dén su tao ra hdn hop dang phi.

Phan Umg cua hop chit c6 cong thirc (IT) voi hop chét c6 cong thirc
(1) ¢6 thé, vi du, dugc thyc hién & nhiét do thAp hon nhiét do tai d6 hop
chét c6 cong thuc (I1) va/hodc hop chét c6 cong thic (IIT) phéan huy.

Vi du, phan tng ctua hop chét c6 cong thire (II) v6i hop chét c6 cong
thirc (III) co thé duoc thuc hién & nhiét do bang hoic 16n hon khoang 50°C,
vi du bang hodc 16n hon khoang 60°C, vi du bang hodc 16n hon khoang
70°C, vi du bing hoic 16n hon khoang 80°C.

Vi du, phan tng ctua hop chét c6 cong thire (II) v6i hop chét c6 cong
thire (III) cd thé duoc thuc hién ¢ nhiét do bang hozc nhé hon khoang
160°C, vi du bing hodc nhé hon khoang 150°C, vi du bang hodc nhé hon
khoang 140°C, vi du bang hodc nhé hon khoang 130°C, vi du bing hoic
nhdé hon khoang 120°C, vi du bing hoic nho hon khoang 110°C, vi du
béng hozc nhé hon khoang 100°C.

Vi du, phan tng cta hop chét c6 cong thirc (IT) voi hop chét c6 cong
thirc (IIT) ¢6 thé duoc thuc hién & nhiét do nam trong khoang tir 50°C dén
160°C, vi du khoang tir 60°C dén 120°C, vi du khoang tir 70°C dén 100°C.

Phén (g cia hop chat cé cong thic (II) véi hop chat c cong thirc
(IIT) co thé, vi du, dugc thuc hién & do pH thich hop bat ky mién 13 axit
carboxylic dugc loai proton, vi du do pH b:?lng hodc 16n hon khoang 7,0
hodc bing hoic 16n hon khoang 8,0 hodc béng hodc 16n hon khoang 9,0
hoac béng hodc 16n hon khoang 10,0.
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Phan Ung cua hop chét c¢6 cong thirc (IT) v6i hop chét c6 cong thirc
(IIT) co thé, vi du, duoc thuc hién & d6 pH bﬁng hoic 16n hon khoang 12,0,
vi du bing hoac 16n hon khoang 12,5. Phan tmg cla hop chat c6 cong thic
(I) véi hop chét c6 cong thirc (IIT) co thé, vi du, duoc thyc hién ¢ d6 pH
bing hoic nhd hon khoang 14,0, vi du bang hodc nhé hon khoang 13,5. Vi
du, phan tmg ciia hop chét c6 cong thirc (IT) v6i hop chét c cong thirc (IIT)
c6 thé duoc thuc hién & do pH nam trong khoang tir 12,0 dén 14,0 hoac
khoang tur 12,5 dén 13,5.

Phan ng cta hop chit c¢6 cong thic (IT) v6i hop chét c6 cong thuc
(IT) dé tao ra hop chét c6 cong thic (IV) c6 thé, vi du, dién ra trong
khoang thoi gian nam trong khoang tir 30 gidy dén 5 gio. Vi duy, phan tng
ctia hop chat ¢ cong thire (II) v6i hop chét c6 cong thirc (I11) dé tao ra hop
chéat c6 cong thirc (IV) cb thé dién ra trong khoang thoi gian ndm trong
khoang tir 30 gidy dén 1 gio hodc khoang tir 1 phut dén 30 phit hodc
khoang tir 1 phiit dén 15 phit hodc khoang tir 1 phit dén 5 phut. Phan tmg
ctia hop chat cé cong thire (II) véi hop chét c6 cong thure (I11) dé tao ra hop
chit ¢6 cong thitc (IV) ¢6 thé, vi dy, dién ra dén khi phan Gmg hoan thanh.
Pidu ndy c6 thé, vi du, dugc xac dinh bing phan tich séc ky khi.

Trong trudng hop ma dung méi hitu co dugc sir dung, nude b thé,
vi du, duoc loai ra khoi hdn hop phan tng sau phan Ung cua hop chét co
cong thirc (I1) v6i hop chét c6 cong thire (III) dé tao ra hop chét c6 cong
thitec (IV) va trude phan ung cua hop chit c6 cong thuc (IV) véi ngudn
amoni d& tao ra hop chit c6 cong thire (V). Mot uu diém cua viéc loai bd
nuéc 13 ting nhiét do phan ng ma tang tbc phan tng. Vi dy, nudc co thé
duoc loai ra khoi hdn hop phan tmg sau khi phén tmg cta hop chét c6 cong
thirc (IT) v6i hop chét c6 cong thirc (IIT) dé tao ra hop chét ¢6 cdng thirc
(IV) hoan thanh va truéc phan Umg cia hop chit c¢6 cong thuc (IV) véi

ngudn amoni dé tao ra hop chat ¢ cong thire (V). Nudce co thé, vi du, dugc
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loai b6 bing phuong phép thich hop bat k. Vi du, nuéc c6 thé dugc loai
b6 bing cach chung dang phi. San phdm ctia phan tmg (hop chét c6 cong
thic (IV)) co thd van trong 16p hiru co (vi du chia dung moi hitu co' co
didm s6i ndm trong khoang tir 50°C dén 160°C). C6 lgi néu didu ndy cé
thé, vi du, cho phép budc 3 dugc thyc hién & nhiét do cao hon, vi du béng
cach thuc hién su hoi lvu & nhiét d6 cao hon.

Buéc 3 — Chuyén héa hop chit c6 cong thuc (IV) thanh hop chét c6
cdng thuac (V)

Phuong phap tai chd duge md ta & day con bao gbm budc phan g
hop chét c6 cong thire (IV) nhu duge md ta & day voi ngudn amoni dé tao
ra hop chét ¢ cong thire (V).

Hop chét c6 cong thic (V) ¢6 cAu tric héa hoc sau:

w7 ),

R,

Cong thuc (V),

trong d6 Ry, Ry, R, R4 va n 1a nhu duge xac dinh dbi voi cac hop
chit c6 cong thic (Ia), (Ib), (IT), (111), va (IV) & day.

Hop chét ¢6 cong thie (V) c6 thé, vi du, 13 2-metyl-1-(2-(5-(p-tolyl)-
1H-imidazol-2-yl)piperidin-1-yl)butan-1-on (bao gdm  (25)-2-metyl-1-(2-
(5-(p-tolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-on, hodc hdn hop
raxemic), 2-(metylthio)-1-(2-(5-(p-tolyl)-1 H-imidazol-2-yl)piperidin-1-
yl)propan-1-on, 2-metyl-2-(metylthio)-1-(2-(5-(p-tolyl)- 1 H-imidazol-2-
yl)piperidin-1-yl)propan-1-on,  hodc 2,2-dimetyl-1-(2-(5-(p-tolyl)-1H-
imidazol-2-yl)piperidin-1-yl)but-3-en-1-on.
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Ngudn amoni c6 thé, vi dy, 12 ngudn amoni b4t ky thich hop dé
chuyén héa hop chat c6 cong thirc (IV) thanh hop chat ¢ cong thuc (V).

Ngudn amoni c6 thé, vi du, 12 amoni carboxylat nhu amoni axetat
hodc amoni format. Nguén amoni c6 thé, vi du, 13 hdn hop cla amoniac va
axit carboxylic (RCO,H trong d6 R 13 hydro hodc nhom alkyl). Vi du,
ngudn amoni ¢ thé 12 amoni axetat hoic hdn hop clia amoniac va axit
axetic.

Ngudn amoni thich hgp nhu amoni axetat la ¢6 ban trén tri truong.

Ngudn amoni c¢6 thé, vi du, duoc bd sung vao hdn hop phéan mg
dudi dang dung dich trong nude. Dung dich co6 thé, vi du, duoc gia nhiét
truéc khi bd sung vao hon hgp phéan Umg dé gitr ngudn amoni hoa tan &
ndéng d6 cao. Viéc bd sung ngudn amoni trong dung dich véi nudce cb thé,
vi du, gitip ngan chan su tich tu ngudn amoni khdng dugc phan tng.

Bang hodc nho hon khoang nam duong luong cua ngudn amoni véi
hop chét c6 cong thic (IV) ¢6 thé, vi du, duoc st dung. Vi du, bang hoic
nhé hon khoang bén duong lugng hodc bang hozc nhé hon khoang ba
duong lugng cua ngudn amoni véi hop chét c6 cong thic (IV) ¢6 thé duogc
sit dung. Vi du, bang hodc 1én hon khoang mét duong Iugng hodc bang
hodc 16n hon khoang hai dwong lugng cua ngudn amoni véi hop chét c6
cbng thuc (IV) cé thé duogc sir dung.

Ngudn amoni c6 thd, vi du, dugc bd sung vao hdn hop phéan Gmg
trong dung dich nudc hodc ¢é thd duoc bd sung vao hon hop phan tng &
dang tu nhién ctia né (tic 1a khong trong dung dich), vi du duéi dang ran.
Theo cac phuong an nhit dinh, ngudn amoni c6 thé duoc bd sung vao hdn
hop phan tng & dang ty nhién cta no, vi du dudi dang rén, ma cé thé, vi
du, c6 loi bai vi n6 giam dén murc t8i thiéu lwong nude ma dugc dua vao

phén Umg.
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Ngudn amoni c6 thé, vi du, duoc bd sung vao hon hop phan ting theo
timg phan (tic 1a theo cac mé riéng biét trai véi tAt ca trong mot). Piéu nay
¢6 thé, vi du, tro gitp viéc lam cho phan tng hiéu qua hon, vi duvity 1&
ctia nuéc trong hdn hop phan tng do su ¢6 mit clia nudce trong dung dich
ctia ngudn amoni dugc giam dén murc t6i thidu. Vi dy, ngudén amoni c6 thé
dugc bd sung vao hdn hgp phan Gng trong it nhét hai hogic ba hozc bén
phan. Vi du, trong d6 ngudn amoni dugc bd sung vao hdn hop phan tng, ¢6
thé dugc bd sung trong it nhét hai hoic it nhat ba phén, vi du tir hai dén sau
phan hoic tr ba dén s4u phan hodc tir hai dén bdn phan hoic tir ba dén bbn
phan. Vi dy, trong d6 ngudn amoni dugc bd sung vao hdn hop phan tng
trong dung dich nudce, c6 thé duoc bd sung theo kiéu nho giot.

Phan g cua hop chét c6 cong thirc (IV) véi ngudn amoni dé tao ra
hop chét c6 cong thic (V) c6 thé, vi du, dugc thyc hién ¢ nhiét do va ap
suat @ thu duoc su héi luu cla hdn hop phan Ung. Nhiét do hoi Iuu cia
h3n hop phan tmg c6 thé, vi du, 12 khac véi (vi du thip hon) nhiét do hdi
luu cia dung mdi (vi dy dung méi hitu co co didm s6i ndm trong khoang tir
50°C dén 160°C) do su c6 mit cta cac thanh phan khac trong hdn hop nhu
nudc, ma co thé, vi du, dan dén su tao ra hon hop déng phi.

Phén (mg ctia hop chit c6 cong thuc (IV) véi ngudn amoni dé tao ra
hop chét c6 cong thic (V) co thé, vi du, duoc thuc hién ¢ nhiét do thap hon
nhiét do tai d6 hop chat cé cong thirc (IV) va/hodc ngudn amoni phan huy.

Vi duy, phan mg cia hop chét c6 cong thic (IV) véi ngudn amoni dé
tao ra hop chit c6 cong thic (V) ¢ thé duoc thuc hién & nhiét do br?mg
ho#c 16n hon khoang 50°C, vi du bang hodc 16n hon khoang 60°C, vi du
bang hoic 16n hon khoang 70°C, vi du bang hoic 16n hon khoang 80°C, vi
du bing hodc 16n hon khoang 90°C, vi du bang hodc 16n hon khoang
100°C.
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Vi du, phan tng cua hgp chét c6 cong thirc (IV) v6i ngudn amoni dé
tao ra hop chat c6 cong thuc (V) ¢ thé duogc thuc hién & nhiét do bang
ho#c nho hon khoang 160°C, vi du béng ho#c nhé hon khoang 150°C, vi du
béng hodc nhd hon khoang 140°C, vi du bé’mg hoic nhé hon khoang 130°C,
vi du bang hodc nhé hon khoang 120°C, vi du bang hozc nhé hon khoang
110°C.

Phén mg ctia hop chat c¢6 cong thuc (IV) véi ngudn amoni dé tao ra
hop chét c6 cong thic (V) c6 thé, vi du, dugc thuc hién & d6 pH bang hoic
16n hon khoang 1,0, vi du b%tng hozc 16n hon khoang 2,0. Phan tng cta
hop chat c6 cong thue (IV) véi ngudn amoni dé tao ra hop chét ¢ cong
thirc (V) cé thé, vi du, dugc thuc hién & d6 pH béng hozc nho hon khoang
14,0, vi du bang hodc nhé hon khoang 12,0 hodc bang hodc nhé hon
khoang 10.0 hodc béng hodc nhé hon khoang 8,0 hodc béng hodc nho hon
khoang 7,0 hoac béng hoic nhé hon khoang 6,0. Vi dy, phan tmg cta hop
chéat ¢ cong thic (IV) véi ngudn amoni d8 tao ra hop chat c6 cong thirc
(V) ¢6 thé dugc thuc hién ¢ d6 pH nam trong khoang ttr 1,0 dén 14,0 hozic
khoang tur 1,0 dén 8,0 hoac khoang tir 1,0 dén 7,0 hoic khoang tur 2,0 dén
6,0. Piéu nay co thé, vi du, 13 do su tich tu cua axit (vi du axit axetic) dugc
tao ra trong budc 3 cua phan Ung.

Phan tng cda hop chét ¢ cong thirc (IV) véi ngudn amoni dé tao ra
hop chat c6 cong thirc (V) c6 thé, vi du, dién ra trong khoang thoi gian niam
trong khoang tir 30 phut dén 10 gio. Vi dy, phan Gmg cia hop chét c6 cong
thac (IV) vl ngudn amoni d8 tao ra hop chét c6 cong thic (V) ¢6 thé dién
ra trong khoang thoi gian nam trong khoang tir 1 gio dén 8 gio hoidc khoang
tir 2 gitv dén 7 gio. Phan Gng cla hop chét c6 cong thuc (IV) véi ngudn
amoni dé tao ra hop chit c6 cong thirc (V) cb thé, vi du, dién ra dén khi
phéan g hoan thanh. Didu nay c6 thé, vi dy, dugc xéac dinh bang phan tich

sac ky khi.
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Trong truong hop ma dung mdi hitu co duge sir dung, nuée ¢ thé,
vi du, duoc loai ra khéi hon hop phan ung trong phan tng ctia hop chét c6
cong thuc (IV) véi ngudn amoni dé tao ra hop chét ¢ cong thic (V). Vi
du, nude c6 thé dugc loai bo lién tuc ra khoi hdn hop phan ung trong phan
g cua hop chét c6 cong thuc (IV) voi ngudn amoni dé tao ra hop chét ¢
cong thire (V). Nuée c6 thé, vi du, duoc loai bé bang cach sir dung bé tach
nuée Dean-Stark. San phim ctia phan ung (hop chit c6 cong thire (V)) co
thé con lai trong 16p hitu co (vi du chira dung méi hitu co ¢6 didm s6i nam
trong khoang tir 50°C dén 160°C).

Céac budc khac

Phan tng cta hop chét c6 cong thic (IV) voi ngudn amoni dé tao ra
hop chit ¢ cong thic (V) cb thé, vi du, duogc néi tiép béi viéc trung hoa
16p chira hop chét c¢6 cong thic (V) (vi du 16p hitu co ma 6 thé chtra dung
méi hitu co c6 didm sbi nim trong khoang tir 50°C dén 160°C) va/hodc
béng cach rira béng nudc. Viéc rira béng nuéce ¢6 thé, vi dy, dién ra sau khi
16p chia hop chét c6 cong thuc (V) (vi du 16p hitu co) duge trung hoa.

Hop chit c¢6 cong thire (V) cb thé, vi du, duogc tach (vi du dugc tach
khéi 16p hitu co ma co thé chira dung méi hitu co co diém s6i nam trong
khoang tir 50°C dén 160°C) bing phuong phép thich hop bat ky, vi du bang
cich két tinh. Vi du, hop chét c6 cong thire (V) c6 thé duoc két tinh truc
tiép tir dung mdi (vi du, toluen, hodc Me-THF), ma cé thé duoc st dung
dudi dang dung mo1 sudt qué trinh tdng hop, béi vay tao ra uu diém khong
cAn thay d6i dung moi sudt toan bd qué trinh tdng hop va céc budc két tinh.
hodic hop chét c6 cong thirc (V) c6 thé duoc két tinh bang céch thay d6i
dung méi. Tiép do, hop chit co cong thic (V) co thé dugc cho qua céc
buée tinh ché khéc nita.

Phu thudc vao dung moi dung cho phan mg, su thay dbi dung moi

c6 thé 1a ¢ loi d& thu duoc chat lugng tinh khiét theo khiu gidc va/hodc
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téc d6 thu hdi hop chét c6 cong thic (V) cao hon. Cac dung mdi thich hop
dé két tinh c6 thé dugc chon tir nhung khong chi giéi han & etyl axetat,
butyl axetat, isopropyl axetat, isobutyl axetat, metyl isobutyl keton, va
isopropanol, va cac hdn hop nhu heptan/isopropanol; heptan/etanol, hodc
ete metyl tert-butyl/etyl axetat.

Str dung cac hop chit c6 cong thuc (V)

Con duoc d& xuit & ddy 14 cac hop chét ¢6 cong thie (V) c6 the, vi
du, thu dugc bai hodc co thé thu dugc bai cac phuong phap dugc mo ta ¢
day.

Cc hop chét c6 cong thirc (V) c6 the, vi du, dugc st dung trong ché
phim huong liéu. Cu thd, cac hop chét c6 cong thuc (V) cb thé duoc st
dung dudi dang chét 1am mét trong ché phdm huong liéu.

Do do, ciing duoc dé xuét ¢ day 1a ché pham huong liéu chia hop
chét c6 cong thirc (V) nhu dugc moé ta & day.

Ché phim huong lidu dugc md ta & day c6 thé, vi du, duge két hop
trong san pham tiéu dung bét ky ma tiép xic véi mang nhay. Vi dy, san
phim tiéu dung c6 thé 13 thuc phdm, d6 udng, keo cao su, san phim thubc
14 soi, san pham thay thé thudc 14 soi, san phidm chim sdéc rang, san phim
chim séc cé nhan (bao gdm san phim chdm s6¢ mdi), hodc sin phim chim
séc strc khoe sinh san va san pham vé sinh.

Do @6, ¢ day cling dé xuét san pham tiéu dung chira ché phdm huong
liéu nhu dugc mo ta & day.

Phuong phép dugc md ta thém dudi ddy dua vao cac vi du khong

giéi han sau ma mod ta cac phuong an cy thé.

Vi du thwc hién sdng ché
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Vi du 1: Phuong phap mét binh @& diéu ché 2-metyl-1-(2-(5-(p-
tolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-on (hop chat co cong thirc
V)

Binh phan tmg 10 1 duoc phun rira bang nito va dugc nap ¢ nhiét do
phong véi axit pipecolic (axit DL-pipecolinic, Xiamen Synress Import va
Export Co., Ltd, (800 g, 6,2 mol)) va tetrabutylamoni bromua (100 g, 0.3
mol). Nué6c (1630 g), toluen (1127 g) va natri hydroxit (32%, 1664 g, 13,3
mol) duoc bd sung lién tiép vao dung dich da khudy (102 vong/phit). Téc
do khuéy duoc gia ting (186 vong/phut) va hdn hop dugc lam ngudi dén
5°C (T;: -15°C). 2-Metylbutanoyl clorua (747 g, 6,2 mol) duoc bd sung nhé
giot qua khoang thoi gian 2 gio, gilt nhiét do cua hén hop phéan ung trong
khoang tur 3°C dén 5°C. Sau khi bd sung, hdn hop duge khudy trong mot
gior trude khi nhiét do duoc nang dén 45°C va 2-clo-1-(p-tolyl)etan-1-on
ran (1077 g, 6,3 mol) duoc bd sung theo timg phén trong 15 phit. Tiép 4o,
hdn hop duoc gia nhiét dén 90°C (T;: 110°C) trong 1 gio va 15 phut, sau dé
su phan tich GC dbi v6i hén hop thé hién sy chuyén hoa hoan toan axit 1-
(2-metylbutanoyl)piperidin-2-carboxylic thanh 2-0x0-2-(p-tolyl)etyl 1-(2-
metylbutanoyl)piperidin-2-carboxylat. Tiép @6, hdn hop phan ung dugc
lam ngudi dén 50°C (T;: 50°C), viée khudy dugce dimg va 16p nudc duoc
loai ra khoi 1ép hiru co mau cam duc qua van day. Toluen (607 g) dugc bd
sung vao hdn hop con lai trong binh phan tng. Dung dich duoc khudy (160
vong/phut) va duoc gia nhiét dén nhiét d6 hoéi luu (89-114°C, Tj: 145°C)
trong khi loai bé nudc theo cach déng phi. Sau khi toan bo nudc dugc loai
b6 va nhiét d6 hdi luu di dat dén nhiét do cubi (114°C), phan thit nhét cua
amoni axetat (477 g, 6,2 mol) duoc bd sung. Hon hop phéan tmg dugc
khudy voi hoi luu trong 45 phit va nuée tao ra boi phan ung dugc loai bo
theo cach dang phi. Mot phan khéc ctia amoni axetat (477 g, 6,2 mol) dugc

bd sung va cudi cling sau thdi gian phan tng 3 gio, phan cudi amoni axetat
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duoc bd sung (477 g, 6,2 mol) va viéc khudy voi hodi luu duogce tiép tuc
trong 70 phut dén khi su phan tich bing GC thé hién su chuyén héa hoan
toan. Hon hop phan ing dugc lam ngudi dén 50°C va nuéc (500 g) va natri
hydroxit (2M, 1000 g) duoc bd sung vao hon hop duge khudy. Tiép 46, do
pH cta hdn hop duge didu chinh dén do pH =7 bing cach bd sung natri
hydroxit (2M, 2700 g). Dung dich san phim duogc gia nhiét dén nhiét do
hdi Iwu lai dé sdy déng phi dung dich (Tj: 145°C) va tiép d6 dung dich
duoc 1am ngudi dén xdp xi 0°C (Tj: 0°C) va viéc khudy (70 vong/phut)
duoc tiép tuc trong 24 gid. Tinh thé nhé tao ra trong hon hgp d6 duoc loai
b6 bang cach loc khéi qua phéu Buchner 41 va tiép d6 dugc rira hai l4n
bing ete metyl-t-butyl (4°C, 1000 ml).

San pham rén dugc sdy trong chan khong dé tao ra 2-metyl-1-(2-(5-
(p-tolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-on (838 g, 2,5 mol, 40%
yield) dudi dang chét rin mau tring. M.p. (diém néng chay): 156,3°C.
GC/MS (ED): m/z (%): 325 (10) [M+], 268 (2), 240 (100), 224 (3), 185
(10), 159 (2), 142 (1), 84 (2), 57 (4). '"H NMR (500 MHz, DMSO-d6,
413K, hdn hop ciia cic chat ddng phan 1ap thé va tautome) & = 11,32 (br s,
1H), 7,61(br m, 2H), 7,28 (br s, 1H), 7,14 (br m, 2H), 5,63 (br m, 1H), 4,06
(br m, 1H), 3,29 (br m, 1H), 2,76 (m, 1H), 2,31 (s, 3H), 2,23 (br m, 1H),
1,83 — 1,60 (m, 5H), 1,49 — 1,33 (m, 2H), 1,09 - 1,05 (2d, J = 6,8 Hz, 3H),
0.91 — 0.85 (2t, J = 7,4 Hz, 3H) ppm. B3C NMR (125 MHz, DMSO-d6,
413K, hdn hop cua céac chit dong phan 1ap thé va céc tautome, do chénh
1&ch thu duoc tr cac tht nghiém HSQC & HMBC) 8 174,4 (s), 146,8 (s),
139,6 (s), 134,3 (s), 132,1 (s), 128,1 (2d), 123,7 (2d), 110,9 (d), 47,5 (d),
40,1 (1), 35,6 (d), 27,6 (1), 26,0 (1), 24,7 (1), 19,8 (@), 19,0 (1), 16,3 (q), 10,5
(q) ppm.

Dang tinh thé cua 2-metyl-1-(2-(5-(p-tolyl)-1H-imidazol-2-
yl)piperidin-1-yl)butan-1-on khac biét bsi cac dinh chinh theo mau nhiéu
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xa bot tia X cia nd thu duoc béng cach st dung déng K-beta, blrc xa & 2-
theta (d0) 8,93, 9,59, 11,66, 12,44, 12,95, 14,53, 15,91, 17,13, 17,89, 18,43,
19,21, 19,51, 19,90, 20,76, 22,59, 25,06, 27,03, 27,77, 28,81, 29,79, 32,08.

Vi du 2: (28)-2—metyl-1-(2-(5-(p-t01y1)—1H-imidazol-2-y1)piperidin—
1-yl)butan-1-on

Puoc diéu ché tir (S)-metylbutanoyl clorua bang phuong phap da md
ta. [a]3% +0,162 (c 1,114, EtOH). Dit liéu quang phé 1a gidng véi dit li¢u
quang phé ctia san pham raxemic trong Vi du 1.

Vi du 3: 2-(metylthio)-1—(2-(5-(p-tolyl)-1H-imidazo1-2-y1)piperidin-
1-yl)propan-1-on

Puoc didu ché tir 2-(metylthio)propanoyl clorua bang phuong phap
da mo ta.

GC/MS (EL): m/z (%): 357 (5) [M'], 342(7), 268 (11), 240 (100), 185
(11), 159 (5), 117 (4), 89 (10). '"H NMR (500 MHz, DMSO-d;, 413K, hdn
hop ctia cac chat ddng phan 1ap thé va céc tautome) J 11,56 — 11,06 (br m,
1H), 7,69 — 7,43 (br m, 2H), 7,34 — 7,24 (br m, 1H), 7,23 - 7,07 (br m, 2H),
5,69 & 5,58 (2 br m, 1H), 4,04 (br m, 1H), 3,91 — 3,87 (br m, 1H), 3,51 -
3,13 (br m, 1H), 2,37 — 2,27 (br m, 1H), 2,32 (br s, 3H), 2,09 & 2,08 (2 br
s, 3H), 1,91 — 1,41 (br m, 5H), 1,44 & 1,42 (2 br d, J = 6,7 Hz, 3H) ppm.
3C NMR (125 MHz, DMSO-ds, T = 413K, hén hop ciia cac chat dong
phan 1ap thd va cac tautome, do chénh léch thu dugc tir thir nghiém HSQC
& HMBC) 6 169,7 (s), 146,4 (s), 137,7 (s), 134,2 (s), 131,4 (s), 128,0 (24d),
123,7 (2d), 110,9 (d), 47,5 (d), 40,8 (1), 37,7 (d), 27,4 (1), 24,3 (t), 19,7 (q),
18,8 (1), 17,0 (q), 11,0 (q)ppm.

Vi du 4: Phuong phép mét binh dé diéu ché 2-metyl-1-(2-(5-(p-
tolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-on (hop chéat c6 cong thic
(V)
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Binh phan tng 5 1 dugc phun rira béng nito va dugc nap & nhiét d6
phong véi axit pipecolic (DL-pipecolinic, Xiamen Synress Import va
Export Co., Ltd, (400 g, 3,1 mol)), kali phosphat (98%, 738 g, 3,4 mol) va
kali hydroxit (85%, 184 g, 2,8 mol). Nudc (1280 g) va 2-
metyltetrahydrofuran (547 g) duoc bb sung lién tiép va hdn hop dugc 1am
ngudi dén 4°C. 2-Metylbutanoyl clorua (373 g, 3,1 mol) dugc bd sung nhé
giot trong khoang thoi gian 1 gio, gift nhiét d cua hon hop phan ung dudi
15°C. Sau khi b sung, hdn hop duge khudy trong mdt gio trude khi nhiét
d6 dugc nang dén 45°C va hdn hop cua 2-clo-1-(p-tolyl)etan-1-on rin
(97%, 571 g, 3,3 mol) va tetrabutylamoni bromua (9,98 g, 0,03 mol) dugc
bb sung theo timg phan trong 15 phit. Tiép @6, hdn hop duge gia nhiét dén
76°C (T;: 95°C) trong mot gio va 30 phut, sau do phén tich GC véi hdn hop
thé hién su chuyén hoéa hoan toan cla axit 1-(2-metylbutanoyl)piperidin-2-
carboxylic thanh 2-oxo-2-(p-tolyl)etyl 1-(2-metylbutanoyl)piperidin-2-
carboxylat. Tiép @6, hdn hop phéan ung duoc lam ngudi dén 60°C, viéc
khudy duoc dimg va 16p nudc duogc loai bé ra khoi 16p hitu co mau cam
nhat duc qua van day. 2-metyltetrahydrofuran (1025 g) duoc bd sung vao
hdn hop con lai trong binh phan tng. Dung dich dugc khudy (160
vong/phut) va duoc gia nhiét dén nhiét o hoi luu (85°C, Tj: 110°C) va
amoni axetat (1462 g, 18,6 mol, 98%) dugc bd sung timg phan trong khi
loai bd nuéc theo cach ding phi.} Hon hop phéan tmg dugc khudy véi hoi
luu qua dém dén khi sy phan tich bing GC thé hién su chuyén hoéa hoan
toan va nudc tao ra boi phan timg dugc loai bo theo cach déng phi. Hon hop
phan rng dugc lam nguoi dén 60°C va duoc rira mot lan béng nudce (1000
g) va ba 14n bing natri hydroxit (2M, 1000 g) va bdn 14n bang nudc (1000
g) dé dat dén d6 pH = 7. Dung dich san pham lai dugc gia nhiét dén nhiét
d6 hdi luu d8 shy kho ding phi dung dich (Tj: 115°C) va tiép d6 dung dich
duoc 1am ngudi dén 0°C (Tj: 0°C) va khudy (50 vong/phut) dugc tiép tuc
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trong 24 gio. Cac tinh thé nhé ma duoc tao ra trong hon hop mau cam duoc
loai bo bang cach loc khéi nay qua phéu Biichner va tiép d6 duoc ria hai
14n bang ete metyl-t-butyl lanh (4°C, 400 ml).

San phdm rn duoc sdy trong chan khong dé tao ra 2-metyl-1-(2-(5-
(p-tolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-on (390 g, 1,2 mol, hiéu
suit 39%) dudi dang chét rén mau tring. M.p.: 156,3°C. GC/MS (EI): m/z
(%): 325 (10) [M+], 268 (2), 240 (100), 224 (3), 185 (10), 159 (2), 142 (1),
84 (2), 57 (4). "H NMR (500 MHz, DMSO-d6, 413K, hén hop cuia cac chat
ddng phan 1ap thé va cac tautome) & = 11,32 (br s, 1H), 7,61(br m, 2H),
728 (br's, 1H), 7,14 (br m, 2H), 5,63 (br m, 1H), 4,06 (br m, 1H), 3,29 (br
m, 1H), 2,76 (m, 1H), 2,31 (s, 3H), 2,23 (br m, 1H), 1,83 — 1,60 (m, 5H),
1,49 — 1,33 (m, 2H), 1,09 - 1,05 (2d, J = 6,8 Hz, 3H), 0,91 - 0,85 (2t, J =
7.4 Hz, 3H) ppm. *C NMR (125 MHz, DMSO-d6, 413K, hon hop clia cac
chét ddng phan 1ap thé va cac tautome, d6 chénh 1éch thu dugc tir cac thur
nghiém HSQC & HMBC) § 174,4 (s), 146,8 (s), 139,6 (s), 134,3 (s), 132,1
(s), 128,1 (2d), 123,7 (2d), 110,9 (d), 47,5 ( d), 40,1 (1), 35,6 (d), 27,6 (t),
26,0 (1), 24,7 (t), 19,8 (@), 19,0 (t), 16,3 (q), 10,5 (q) ppm.

Phan néu trén md ta rong cic phuong an nhét dinh cta sang ché
khong cé sy gidi han. Céc thay dbi va cai bién s& duoc nhan thdy d& dang
véi nguol ¢ hiéu biét trung binh trong linh vuc k¥ thuat nay duge dy tinh
ndm trong pham vi clia sang ché nhu dugc xac dinh trong va boi yéu cau

bao hd kém theo.
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Yéu ciu bio ho

1. Phuong phép tao ra tai chd hop chit c6 cong thirc (V) tir axit
pipecolic, trong d6 phuong phap tai chd nay dién ra véi sy c6 mét clia dung
moi, trong d6 dung mdi 12 dung méi hitu co ¢d diém s6i nim trong khoang
t&r 50°C dén 160°C, nudc, hodc hdn hop clia ching, trong d6 phuong phap
nay bao gdm céc budc:

(a) phan tng axit pipecolic véi clorua axit c6 cong thirc (Ia) voi
sw ¢6 mit clia bazo, hodc phan tng axit pipecolic v6i anhydrit axit c6 cong
thire (Ib), thy ¥ véi sy co mat cua bazo, & tao ra hop chét c6 cong thic

(D),

Cong thuce (Ia) Cong thtc (Ib) Cong thuc (II)
(b) phan tmg hop cht c6 cong thirc (II) véi hop chét ¢ cong thic
(I11) d& tao ra hop chat c6 cong thuc (IV),
0] 0

. 5
X SN AN

’ “ R R;‘% O ’ &
2 N X

(Re),

Cong thtrc (III) Cong thuc (IV)
(c) phan tng hop chét c6 cong thirc (IV) véi ngudn amoni dé tao ra

hop chét c6 cong thue (V),
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Cong thuc (V)

trong do

R;, R, va R; cung véi nguyén tir cacbon ma gén v6i chung tao ra
nhém hydrocacbon tuy y chira 1én dén 3 nguyén tir khac loai doc 1dp duoc
chontir O, S, NvaF;

nhém phenyl cua cac hop chit c6 cac cong thuc (IID), (IV) va (V)
duoc thé bing n nhém thé R, trong d6 n 13 khong, mét, hai, ba, bdn, hoic
nam;

mdi R4 d6c 1ap duoc chon tir halogen, xyano, nitro, C;-Ce alkyl tuy ¥
chira 1én dén 5 nguyén tir halogen, C,-Cs alkenyl, C;-Cs alkoxy tuy y chira
lén dén 3 nguyén ti halogen, C;-Cs-alkoxy-C;-Cs-alkyl, va Cs-C;
| xycloalkyl;

B 14 cation duogc cip bsi bazo; va

X 1a halogen.

2. Phuong phép theo diém 1, trong d6 bazo 1a kim loai phosphat, kim
loai hydroxit, kim loai cacbonat, kim loai bicacbonat, hodc hdn hop cua

ching.

3. Phuong phép theo diém 1 hoic 2, trong d6 bazo la natri hydroxit

hodc kali hydroxit.

4. Phuong phép theo diém bat ky trong s6 cac diém néu trén, trong

d6 it nhét hai dwong luong ctia bazo véi clorua axit ¢6 cong thire (Ia) hodc
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anhydrit axit ¢6 cong thirc (Ib) hodc hop chit c6 cong thire (III) duge sur
dung.

5. Phuong phép theo diém bat ky trong s6 cac diém néu trén, trong
d6 phan tng cia axit pipecolic véi clorua axit c6 cong thic (Ia) hodc
anhydrit axit c6 cong thirc (Ib) 8 tao ra hop chét c6 cong thic (II), va/hodc
phan g ciia hop chat c6 cong thitc (II) véi hop chét c6 cong thirc (IIT) dé
tao ra hop chit c6 cong thuc (IV), dién ra vé&i su ¢4 mit clia chét xuc tac

chuyén pha.

6. Phuong phép theo diém 5, trong do6 chét xtc tac chuyén pha 1a
tetrabutylamoni bromua (TBAB).

7. Phuong phép theo diém bt ky trong sé cac diém néu trén, trong

d6 dung mbi 13 dung moi thom, vi du dung méi alkylbenzen nhu toluen.

8. Phuong phép theo diém bét ky trong s6 cac diém tir 1 dén 6, trong
d6 dung mdi 1a dung m6i khéng thom, vi du 2-metyltetrahydrofuran.

9. Phuong phap theo diém bét ky trong sb céc diém néu trén, trong
do6 phan tng cua hop chét c6 cong thuc (IT) voi hop chét c6 cong thuc (I1D)
d2 tao ra hop chét cé cong thirc (IV) din ra & nhiét d6 ndm trong khoang
tir 50°C dén 120°C.

10. Phuong phap theo diém bt ky trong s6 cac diém néu trén, t'rohg

d6 ngudn amoni 12 amoni axetat hodc hon hop cta amoniac va axit axetic.

11. Phuong phap theo diém bt ky trong s6 cac diém néu trén, trong
do6 phan ung cia hop chét c6 cong thirc (IV) voi ngudn amoni dé tao ra hop
chét c6 cong thic (V) dién ra & nhiét d6 nam trong khoang tir 90°C dén
120°C.
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12. Phuong phép theo diém bét ky trong s6 cc diém néu trén, trong
d6 nguyén tr cacbon ma R,, R, va Rs duogc gén véi d6 1a tAm khong dbi
xung va tinh khong déi xtimg guong van khong thay dbi sudt qua trinh phan

ung.

13. Phuong phap theo diém bt ky trong sb cac diém néu trén, trong
do:

R, dugc chon tir hydro va metyl; va/hodc

R, duoc chon tlr hydro, C;-C, alkyl va C,-Cs alkenyl; va/hodc

R; duoc chon tu C;-C; alkyl, C,-Cs alkenyl chira mot hodc hai lién
két d6i, C,-C; alkoxy, C;-C4 alkyl-C(O)-, C;-C4 alkyl-S-, C;-Cq alkyl-
SCH,-, C;-C,4 alkenyl-S-, C;-C,4 alkyl-S(O)-, C;-C4 alkyl-S(O),-, C;-C4
alkenyl-S(0)-, C;-C, alkenyl-S(O),-, -SH, CF3S-, xyclopropyl, xyclobutyl,
furyl thy y duoc thé bang metyl, va C;-Cq flo-alkyl.

14. Phuong phap theo diém bét ky trong s6 cac diém néu trén, trong
dé Ry, R, va R3 cing véi nguyén tir cacbon ma gén véi ching tao ra nhém
hydrocacbon dugc chon tir 3-thiabut-2-yl, 2-metyl-3-thiabut-2-yl, 3-
thiapent-2-yl, 4-thiapent-2-yl, 2-thiaprop-1-yl, 2-metyl-3-thiapent-2-yl, 3-
o0x0-3-thiabut-2-yl, 3-oxo-2-metyl-3-thiabut-2-yl, 3-oxo0-3-thiapent-2-yl, 4-
ox0-4-thiapent-2-yl, 2-oxo-2-thiaprop-1-yl, 3-0x0-2-metyl-3-thiapent-2-yl,
but-2-yl, pent-2-yl, but-3-en-2-yl, pent-3-en-2-yl, but-2-en-2-yl, pent-2-en-
2-yl, but-1-en-2-yl, pent-1-en-2-yl, 2-metylbut-2-yl, 2-metylpent-2-yl, 2-
metylbut-3-en-2-yl, 3-metylbut-2-yl, 3-metylbut-3-en-2-yl, 3-metylbut-2-
en-2-yl, 2,3-dimetylbut-2-yl, 2,3-dimetylpent-2-yl, 2,3-dimetylbut-3-en-2-
yl, 2,3-dimetylpent-3-en-2-yl, 2-metylpent-3-en-2-yl, prop-2-yl, prop-1-yl,
etyl, xyclopropyl, 1,1-dimetylxycloprop-2-yl, 1-metylxycloprop-2-yl, 1-
metylxycloprop-1-yl, 3-thiahex-5-en-2-yl, 2-metyl-3-thiahex-5-en-2-yl, 1-
mercaptoet-1-yl, 2-mercaptoprop-2-yl, 3,3,3-trifloprop-2-yl, 2-metyl-3,3,3-
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trifloprop-2-yl,  1-Q2-furyl)et-1-yl,  1-(5 -metylfur-2-yl)et-1-yl,  2-(2-
furylprop-2-yl,  1-(3-furyl)et-1-yl,  1-(5-metylfur-3 -yDet-1-yl,  2-(3-
furyl)prop-2-yl, 1-(2-tetrahydrofuryl)et-1-yl, 2-(2-tetrahydrofuryl)prop-2-
yl,  1-(3-tetrahydrofuryl)et-1-yl, 2-(3-tetrahydrofuryl)prop-2-yl,  1-
xyclopropylet-1-yl,  2-xyclopropylprop-2-yl, 1 -xyclobutylet-1-yl,  2-
xyclobutylprop-2-yl, ~ xyclobutyl,  xyclopentyl, pent-2-en-3-yl,  1-
metoxyprop-1-yl, 1-metoxyet-1-yl, 1,1,1-triflobut-3-yl, va 3 -thiaxyclobut-
1-yl.

- 15. Phuong phap theo diém bat ky trong s cac diém néu trén, trong
d6 hop chit c6 cong thuc (V) 1a 2-metyl-1-(2-(5-(p-tolyl)- 1 H-imidazol-2-
yl)piperidin-1-yl)butan-1-on, 2-(metylthio)-1 -(2-(5-(p-tolyl)-1H-imidazol-
2-yl)piperidin-1-yl)propan-1-on, 2-metyl-2-(metylthio)-1-(2-(5-(p-tolyl)-
1 H-imidazol-2-yl)piperidin-1-yl)propan-1-on, hodc 2,2-dimetyl-1 -(2-(5-(p-
tolyl)-1H-imidazol-2-yl)piperidin-1-yl)but-3-en-1-on.
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