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Linh vuc k§ thuat duoc dé cap

Sing ch€ dé cap dén phuong phip di€u ché hop chit ¢6 cong thic 1 1a
chat c6 thé dugc ding 1am hop chét trung gian trong san xudt thudc, héa chat
ding trong nong nghiép, vat liéu dién ti, tinh thé 16ng va cic dang tuong tu,

bing phéan tng cong Michael sit dung nudc hodc nhiéu loai axit 1am chét bé tro.

Tinh trang k§ thuat cia sing ché

Hop chat ¢6 cc‘)ng' thitc 1 c6 nhiéu hoat tinh sinh hoc quan trong, va do
d6 n6 duoc dung rong rai 1am hop chat trung gian dé téng hop thudc, héa chat
dung trong nong nghiép, vat liéu dién tir hodc nguyén liéu tinh thé 16ng, v.v..

[Cong thic 1]

Aﬁ
R?{ 4R5 R6 OP,

trong do:

A 1a R1-C(=0)-, nitril, C,-C,, alkylsulfonyl dugc th€ hoac khong duge
thé, hoac C4-C,, arylsulfonyl duge thé hoac khong duge thé, trong d6 R1 duoc
chon tir nhém bao gém hydro; C,-C,, alkyl dugc th€ hoac khong dugc thé;
C;-C,, xycloalkyl duogc thé hoic khong dugc thé; C4-C,, aryl dugc thé hoac
khong dugc thé; heteroaryl c¢6 5 dén 10 canh dugc th€ hoac khong dugc thé; va
C,-C;s alkoxy duogc thé hoac khong duge thé; hoac khi A dugc lién két véi R3,
thi A va R3 cling véi cdc nguyén tlit cacbon ma chiing gén vao tao thanh C4-C,,
xycloalkyl bao hoa hodc khong bao hoa dugc thé bang nhém oxo(=0),

R2, R3 va R4 doc 1ap duoc chon tir nhém bao gém hydro; C;-C,, alkyl
duoc thé€ hoac khong duoc thé; Ci-C,, xycloalkyl duoc thé hoic khong duoc
thé; Ce-C,, aryl duoc thé hodc khong dugc thé; heteroaryl c6 5 dén 10 canh
dugc thé€ hoac khong duoc thé; C,-Cs alkoxy dugc th€ hoac khong dugc thé;
nitril; va C,-C,, alkylsulfonyl duogc thé hodc khong dugc thé,
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R5 va R6 doc 1ap dugc chon tit nhém bao gébm hydro; halogen (tifc 13, F,
Cl, Br, hoic I); va C;-C, alkyl dugc thé hodc khong dugce the,

P, duoc chon tit nhém bao gém benzyl, metyl, etyl, i-propyl va t-butyl.

Hop chit c6 cong thic 1 c6 khung este c6 thé dugc th€ mot cach dé
dang bing cic chat khic va do d6 s& c6 1gi néu sir dung n6 d¢€ téng hop céc hop
chét hitu co khic nhau. Vi vay, phuong phdp diéu ché€ hgp chat ¢ cong thic 1
da dugc nghién ciu rong rdi, va nhiéu phuong phip téng hop khic nhau da
dugc phat trién va dugc cic nha héa hoc hitu co tdng hop bdo céo trong nhiéu
tai liéu.

Trong s6 c4c hop chét c6 cong thic 1, cic hop chét c6 dan xuat flo hitu
co dang dugc nghién ctu mot cich tich cuc, dac biét 1a & nhém Itsumaro
Kumadaki (Dai hoc Setsunan, Nhat Ban). Tuy nhién, vin con nhiéu han ché
trong phuong phap tdng hop céc hop chét c6 dan xuat flo hitu co bing phan Gng
cong Michael. Nguai ta cho ring han ché thit nhat 12 phai sir dung bot dong véi
luong du (6 duong lugng hodc hon), han ché thi hai 1a thoi gian phan ¢ng tuong
doi dai (tix 1 dén 7 gid), va han ché cudi cliing 12 hiéu suét twong doi thap (tlr 20
dén 70%). Do vay, phuong phap téng hop ndy c6 nhugc diém vé chi phi, thoi
gian va cdc yéu t6 tuong tu khi tdng hop trén quy mo 16n bang cich sir dung céc
phan tng thong thudng [Chem. Pharm. Bull. 1999, 47, 1023; Chem. Pharm.
Bull. 2000, 48, 1023; J. Fluorine Chem. 2003, 121, 105; J. Fluorine Chem.
2004, 125, 509].

Mot vi du da biét vé phuong phdp tdng hop hop chét cé cong thic 1 1a
cho hop chét c6 cong thic 2 phan dng véi hop chédt c6 cong thic 3 bang phan

ting cong Michael st dung bot dong.

[Cong thiuc 2] .
-A R2
!
"R3” R4
[Cong thitc 3]
(@)
P,0 X
R5 R6

Trong céc cong thic néu trén, A, R2 dén R6 va P, la giéng nhu duge
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x4c dinh trong Cong thitc 1, va X 1a halogen (ttc 13, F, Cl, Br, hoac I).
Tuy nhién, phan tng cong Michael thong thuong bang cich skt dung bot
déng c6 nhuoc diém 1a cin thdi gian phan ng twong doi dai va khé dat dugce

hiéu sudt cao do sinh ra céc tap chat.

Ban chat k§ thuat cia sang ché

Muc dich ctia sing ché 1a dé xudt phuong phdp méi d€ diéu ché hop
chét c6 cong thitc 1 v6i hiéu suét cao.

Do vay, séng ché dé xuét phuong phap di€u ché€ hop chat c6 cong thic 1.
Theo phuong phap niy, nudc hodc axit hoic hén hop clia ching dugc bd sung
vao hén hop phéan tng dé thu duge hgp chét c6 cong thic 1 bing phén l’mg cong
Michael giita hop chét c6 cong thitc 2 va hop chét ¢é cong thic 3 véi sy c6 mat
cta bot dong:

[Cong thic 1]

: A~ R2,
R?R 4R5 R60P1
[Cong thitc 2]
-A R2
"R3" R4
[Cong thitc 3]
O
P,0 X
R5 R6
trong do:

A 12 R1-C(=0)-, nitril, C;-C,, alkylsulfonyl dugc thé hodc khong dugc
thé, hoic Cs-C,, arylsulfonyl dugc thé hodc khong duogc thé, trong d6 R1 dugce
chon tir nhém bao gém hydro; C;-C;, alkyl dugc th€ hodc khong dugc the;
C,-Cy xycloalkyl dugc thé hodc khong dugc thé; Cs-Cyo aryl dugc th€ hodc
khong duoc thé; heteroaryl c6 5 dén 10 canh dugc thé hoic khong dugc the; va
C,-Cs alkoxy dugc thé hodc khong dugc thé; hodc khi A dugc lién két véi R3,

thi A va R3 cling v6i cic nguyén tir cacbon ma ching gan vao tao thanh Cs-C,,
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xycloalkyl bao hoa hodc khong bao hoa dugc thé bang nhém oxo(=0),

R2, R3 va R4 doc 1ap duoc chon tir nhém bao gom hydro; C,-C,, alkyl
dugc thé hoiac khong duge thé; C;-C,, xycloalkyl duge th€ hoac khong duge
thé; Cs-C, aryl dugc th€ hoac khong dugc thé; heteroaryl c6 5 dé€n 10 canh
dugc thé hoiac khong duge thé; C,-Cs alkoxy dugc thé hoic khong duoc thé;
nitril; va C;-C,, alkylsulfonyl duoc th€ hoac khong dugc thé,

R5 va R6 doc 1ap dugc chon tir nhém bao gébm hydro; halogen (tic 13, F,
Cl, Br, hoic I); va C;-C, alkyl duoc thé hoac khong dugc thé,:

P, dugc chon tir nhém bao gdom benzyl, metyl, etyl, i-propyl va t-butyl,

X 1a halogen,

trong d6, khi A va R1 dén R6 1a cic nhém dugc thé, ching dugc thé
bing mot hodc nhiéu phén tir thé dugc chon tir nhém bao gém clo, iodo, brom,
metyl, etyl, n-propyl, isopropyl, butyl, metoxy, etoxy, propoxy, butoxy, va
axetyl.

MO0 ta chi tiét sang ché

Khi duoc sit dung trong bin mo ta nay, ‘alkyl’ ding dé€ chi mach
cacbon mach thing hoic mach nhénh c¢6 1 dén 10 (hodc 1 dén 4) nguyén tir
cacbon. Dic biét, né c6 thé bao gébm metyl, etyl, n-propyl, i-propyl, n-butyl, i-
butyl, sec-butyl, t-butyl, pentyl, neo-pentyl, hexyl, isohexyl va cic hgp chit
tuong tu.

Khi dugc sit dung trong ban mo ta ndy, ‘xycloalkyl’ ding dé chi cdu
tric nhan mot vong hodc nhi€u vong cacbon bao hoa hoac khong bao hoa mot
phdn c6 3 dén 10 nguyén tit cacbon vong. Dic biét, n6 c6 thé bao gém
xyclopentyl, xyclopentenyl, xyclohexyl, xyclohexenyl, xycloheptyl va cic hop
chat tuong tu.

Khi duoc st dung trong ban mo ta ndy, ‘aryl’ ding dé chi cau tric nhan
thom mot vong hodc nhiéu vong cacbon c6 6 dén 10 nguyén tir cacbon vong.
Dac biét, né c6 thé bao gédm phenyl, naphtalenyl va cac hgp chét tuong tu.

Khi duoc sit dung trong bian mo ta nay, ‘heteroaryl’ ding dé chi céu

triic vong thom c6 5 dén 10 nguyén tl vong bao gébm 1 hoac 2 nguyén tir oxy,
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nito hodc Ivu huynh 1am nguyén tir khéic loai. Dic biét, n6 c6 thé bao gém furan,
pyran, isobenzofuran, cromen va cic hgp chét tuong tu.

Khi dugc sit dung trong bin mo ti nay, ‘alkoxy’ ding dé chi mach
cacbon mach théng hodc mach nhénh c6 1 dén 5 nguyén tit cacbon ma nguyén
tr oxy dau tan dugc lién két. Dic biét, n6 c6 thé bao gébm metoxy, etoxy, n-
propoxy, i-propoxy, n-butoxy, i-butoxy, sec-butoxy, t-butoxy, pentoxy, neo-
pentoxy va cac hop chat tuong tu.

Theo sing ché, khi A va R1 dén R6 1a cdc nhém duge thé, cé nghia 1a
ching dugc th€ bang mot hodc nhiéu phan tir thé dugc chon tir nhém bao gém
clo, iodo, brom, metyl, etyl, n-propyl, isopropyl, butyl, metoxy, etoxy, propoxy,
butoxy, va axetyl.

Theo phuong 4n clia sdng ché, trong cdc cong thic 1 va 2 néu trén, A
doc lap 1a R1-C(=0)-, nitril, C;-C,, alkylsulfonyl dugc thé hoic khong duoc thé,
hodc C¢-C, arylsulfonyl duoc th€ hoac khong dugc thé, trong d6 t6t hon 1a R1
dugc chon tir nhém bao gém hydro; C,-Cs alkyl dugc th€ hodc khong dugc thé;
C;-Cs xycloalkyl dugc th€ hoac khong duogc thé; Ce-Cg aryl duoc thé hoic
khong dugc the; heteroaryl c6 5 dén 8 canh dugc thé€ hodc khong duogc thé; va
C,-C; alkoxy dugc thé hoac khong dugc thé; hodc khi A dugc lién két véi R3,
thi A va R3 cuing véi cdc nguyén tir cacbon ma chiing gan vao tao thanh Cs-C,
xycloalkyl bao hoa hoidc khong bao hoa dugc thé bing nhém oxo(=0),

tot hon nita 12 R2, R3 va R4 doc 1ap dugc chon tir nhém bao gém hydro;
C,-C;s alkyl duogc th€ hoac khong dugc thé; C;-Cg xycloalkyl dugc thé hoic
khong dugc the; Cy-C; aryl duge thé hodc khong duge thé; heteroaryl ¢6 5 dén 8
canh dugc th€ hoac khong duge thé; C,-Cs alkoxy dugc thé hodc khong duge
thé&; nitril; va C;-C,, alkylsulfonyl dugc thé hoiac khong dugc thé, va

trong d6, khi A va R1 dén R6 1a cic nhém dugc thé, ching dugc thé
bang mot hodc nhiéu phéin tir th€ dugc chon tir nhém bao gém clo, iodo, brom,
metyl, etyl, n-propyl, isopropyl, butyl, metoxy, etoxy, propoxy, butoxy, va
axetyl.

Phuong phép di€u ché& hgp chét c6 cong thic 1 theo sing ché, khic biét
& chd, st dung nudc hoac nhiéu loai axit 1am chét bd tro bang phan ting cong

Michael gita hgp chét c6 cong thitc 2 va hop chat c6 cong thitc 3 véi su c6 miit
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cia bot dong. Theo phuong dn ciia sing ché, vi du, hgp chét c6 cong thitc 1 c6
thé dugc diéu ché theo So dd phan tng 1 sau.
[So d6 phan tng 1]

A R . 9 a AR,
1 T OP,.
"R37 R4 RS R6 R?’“Rs R6

Trong So d6 phén ing 1,

a 12 bot dong, chat bd trg (nudc hodc nhiéu loai axit), hop chat amin va
dung moi, va

A, R2,R3, R4, R5, R6, P, va X 1a nhu dugc xac dinh trén day.

Theo phuong phdp diéu ché€ hop chét c¢6 cong thic 1 theo sdng ché,
lugng bot dong dugc st dung khong bi gidi han cu thé. Xem xét mot s6 diéu
kién, t6t hon 1a né dugc st dung véi lugng nam trong khoang tir 1,0 dén 6,0
duong lugng, t6t hon nita 1a 2,0 duong lugng hoac cao hon tinh theo 1 mol hop
chat c6 cong thic 2.

Theo phuong phdp di€u ché hop chit c6 cong thitc 1 theo sing ché,
nudc hodc nhiéu loai axit hodc hdn hgp clia ching duoc dung 1am chét b tro
dic biét cho phén ting. C4c axit c¢6 thé dugc ding theo sdng ché€ c6 thé bao gébm
axit vd co dugc chon tir axit clohydric, axit sulfuric, axit nitric, axit phosphoric
va cic axit twong tu; hodc axit hitu co dugc chon tir axit formic, axit axetic, axit
tartric va c4c axit twong tu, va axit c6 thé duoc sir dung riéng ré hoic két hop
clia hai hodc nhiéu axit. Dic biét, duéi géc do do 6n dinh phén ng, su thuin
tién, v.v.., t6t hon 13 st dung nu6c hodc axit axetic 1am chét bé trg. Theo sing
ché, t6t hon 1a nuéc hodc axit dugc st dung vdi luong nam trong khoang tix 0,1
dén 6,0 duong lugng, t6t hon nita 1a tir 0,1 dén 1 duong lugng, tinh theo 1 mol
hop chit c6 cong thic 2.

Phuong phdp diéu ché hop chét c6 cong thic 1 theo sdng ché co thé
dugc thuc hién véi sy ¢c6 mat cta hgp chit amin. Trong truong hop nay, hop
chat amin nhu N,N,N’,N’-tetrametyletylendiamin (TMEDA), N,N,N’,N’-
tetrametyl-1,3-propandiamin (TMPDA), N,N,N’,N’,N’-pentametyldietylen-
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triamin (PMDTA), 2-(dimetylamino)etyl ete, N,N-dimetyl-2-(4-metyl-1-1-
piperazylyl)etanamin va céc hgp chdt tuong tu c6 thé dugc st dung, nhung
khong chi giéi han & d6. T6t hon 13, hop chét amin dugc st dung véi luong nam
trong khoang tix 0,1 dén 6,0 duong lugng, t6t hon nifa 1a tir 0,1 dén 1 duong
lugng, tinh theo 1 mol hop chét c6 cong thitc 2. Theo mot phuong 4n cia séng
ch&, TMEDA dugc st dung 1am dai dién.

Dung méi dugc sir dung trong phuong phap di€u ché hop chit c6 cong
thitc 1 theo sdng ch€ 1a dung moi hitu co thong thudong, va dung moi nhu
axetonitril, nitril béo, hydrocacbon béo dugc halogen héa (vi du, diclometan,
dicloetan, v.v..) va ete vong (vi du, tetrahydrofuran, 1,4-dioxan, v.v..) c6 thé
dugc sit dung, nhung khong chi gi6i han & d6. Theo mot phuong 4n ciia sdng
ché, tetrahydrofuran dugc st dung lam dai dién.

Phan dng cong Michael giita hgp chat c6 cong thitc 2 va hop chat ¢
cong thitc 3 c6 thé dugc thuc hién & nhiét do bat ky ndm trong khoang tir 15°C
dén nhiét do hoi luu.

Mic di thoi gian phan tGng theo sdng ch& c6 thé thay ddi theo cic chat
phén ing, loai va lugng dung moi, hoic cic yéu t6 twong ty, phuong phap theo
séng ch€ c6 thé rit ngén thoi gian phan tng so véi cic phuong phép thong
thudng trong cing diéu kién. Phan dng dugc két thic sau khi xdc nhan duogc
ring toan bo hop chit c6 cong thic 2, nguyén liéu ban ddu, dugc tiéu thu bang
TLC, '"H NMR, HPLC, GC, v.v.. Néu phan tng dugc két thiic, dung moi duge
chung cat trong diéu kién 4p sudt giam, va ti€p theo 1a hop chit c6 cong thic 1
c6 thé duoc tich va tinh ché bing cdc phuong phap thong thudng nhu sic ky cot,

V.V..

Hiéu qua cé loi

Theo sang ché&, hop chét c6 cong thic 1 c6 thé dugc diéu ché bang cich
st dung nuéc hoac nhiéu loai axit hoac hdn hop chia ching 1am chat bé trg, viéc
stt dung nay vin chua dugc thlr nghiém cho dén nay, va thoi gian phan ing c6
thé dwoc rit ngin va hiéu sudt c6 thé dugc cai thien mot cach déng ké so véi
céc phuong phip thong thudng. Do vay, hop chdt c6 cong thic 1, ¢6 thé 1am

hop chét trung gian cta thudc, héa chét ding trong nong nghiép, vat liéu dién
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tlr, tinh thé 16ng va cdc dang tuong tu, c6 thé duoc tao ra trén quy mo thuong

mai.

Vi du thuc hién sang ché
Sang ché s& dugc mo ta chi tiét hon dua vao cic vi du sau duoc dua ra
nhim gidp hiéu sdng ch& dé dang hon. Tuy nhién, cdn hiéu ring pham vi cla

sang ch& khong bi giGi han & d6 theo cach bat ky.

Vi du 1: Téng hop dietyl 2,2-diflopentandioat

Bot dong (700 mg) va tetrahydrofuran (5,8mL) dugc dua vao binh phan
ting va dugc khudy & 50°C, va etyl acrylat (0,50g) va etyl bromodifloaxetat
(2,53g) dugc bd sung vao d6, va ti€p theo 1a TMEDA (0,29g) va axit axetic
(0,27g) dugc bd sung timg giot vao d6 theo trinh ty ndy. Phan dng dugc ti€n
hanh trong 0,5 giv va tiép theo dugc két thic. H6n hop thu duoc duoc bb sung
dung dich nuéc chita amoni clorua 10%, va hén hgp thu dugc dugce loc bang
cich st dung ting xelit dé loai bo cin dong, va dugc chiét bang metyl t-butyl
ete dé thu dugc dietyl 2,2-diflopentandioat(1,09g, hiéu suét: 97,4%).

Ngoai ra, chi khéc 1a nuée (0,10g) duge st dung thay vi axit axetic, ti€n
hanh phuong phap nhu néu trén dé thu duge dietyl 2,2-diflopentandioat (1,08g,
hiéu suét: 96,4%).

'"H NMR (400 MHz, CDCl;) ¢ 1,26 (t, J=7,2 Hz, 3H), 1,37 (t, J=7,2
Hz, 3H), 2,37 — 2,49 (m, 2H), 2,55 (t, J=7,2 Hz, 2H), 4,16 (q, J=7,2 Hz, 2H),
4,29 (q, J=7,2 Hz, 2H).

Vi du 2: Téng hop etyl 2,2-diflo-2-(3-oxoxyclohexyl)axetat



]c;-cozrst

Bot dong (1,65g) va tetrahydrofuran (7,60mL) dugc dua vao binh phéan
ting va dugc khudy trong di€u kién héi luu, 2-xyclohexen-1-on (0,50g) va etyl
bromodifloaxetat (2,64g) duoc bé sung vao dé, va ti€p theo 1a TMEDA (0,30g)
va axit axetic (0,28g) dugc bd sung timg giot vao d6 theo trinh t nay. Phan tng
duoc ti€n hanh trong 4 gi® va tiép theo duoc két thic. Hén hop thu duge duge
bd sung dung dich nuGc chita amoni clorua 10%, va hén hgp thu dugc duoc loc
bing cich sit dung ting xelit dé loai bod can dong, va dugc chiét bang metyl t-
butyl ete dé thu dugc etyl 2,2-diflo-2-(3-oxoxyclohexyl)axetat (1,12g, hiéu
sudt: 97,8%).

'H NMR (400 MHz, CDCl,) ¢ 4,35 (q, J=7,0 Hz, 2H), 2,70 — 1,66 (m,
9H), 1,37 (t, J=7,0 Hz, 3H)

Vi du 3: Téng hop etyl 2,2-diflo-3-metyl-5-oxoheptanoat

0

g, PR

e OF CO,E

Bot dong (1,94g) va tetrahydrofuran (7,4mL) dugc dua vao binh phan
ing va dugc khudy trong diéu kién hoéi luu, 4-hexen-3-on (0,50g) va etyl
bromodifloaxetat (2,59g) dugc bd sung vao dé, va ti€p theo 1a TMEDA (0,30g)
va axit axetic (0,28g) dugc b sung ting giot vao d6 theo trinh tu nay. Phan Gng
duoc tién hanh trong 1 gid va tiép theo dugc két thic. Hon hgp thu duge duoc
bd sung dung dich nudc chita amoni clorua 10%, va hén hop thu duge duge loc
bing c4ch st dung tang xelit dé loai bd cin déng, va dugc chiét bang metyl t-
butyl ete dé thu dugc etyl 2,2-diflo-3-metyl-5-oxoheptanoat (1,04g, hiéu suit:
91,9%).

'"H NMR (400 MHz, CDCl;) ¢ 4,32 (q, J=7,0 Hz, 2H), 2,97 — 2,84 (m,

1H), 2,77 (dd, J=17,7, 4,0 Hz, 1H), 2,48 — 2,38 (m, 3H), 1,36 (t, /=7,0 Hz, 3H),

-10-
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1,07 (t, J/=7,3 Hz, 3H), 1,01 (d, J/=7,0 Hz, 3H)
Vi du 4: Téng hop etyl-2,2-diflo-5-oxohexanoat

-
M.

Bot dong (0,48g) va tetrahydrofuran (5,21mL) dugc dwa vao binh phéan
ing va dugc khudly & nhiét d6 trong phong, metyl vinyl keton (0,25g) va etyl
bromodifloaxetat (1,14mL) dugc bd sung vao d6, va tiép theo 13 TMEDA
(0,21g) va axit axetic (0,19g) dugc b sung titng giot vao d6 theo trinh tir nay.
Phan ng duoc ti€n hanh trong 1 gid va tiép theo dugc két thic. Hén hop thu
duoc dugc bd sung dung dich nuéc chita amoni clorua 10%, va hén hop thu
duoc dugc loc bang céch sir dung tdng xelit dé loai bd can déng, va dugc chiét
bing metyl t-butyl ete dé thu duogc etyl-2,2-diflo-5-oxohexanoat (0,63g, hi¢u
sudt: 91,0%).

'H NMR (400 MHz, CDCl;) § 4,32 (q, J=7,0 Hz, 2H), 2,69 (t, J=7.9
Hz, 2H), 2,43 - 2,31 (m, 2H), 2,19 (s, 3H), 1,35 (t, J=7,0 Hz, 3H) |

Vi du 5: Téng hop etyl-4-xyano-2,2-diflobutanoat

no e CRRCOEL

Bot dong (1,26g) va tetrahydrofuran (13,8mL) dugc dua vao binh phan
Ung va dugc khudy & nhiét do trong phong, acrylonitril (0,50g) va etyl
bromodifloaxetat (4,78g) dugc bd sung ting giot vio d6, va tiép theo 1A
TMEDA (0,55g) va axit axetic (0,51g) dugc bd sung vao d6 theo trinh tu nay.
Phan ng dugc ti€n hanh trong 1 gid va tiép theo dugc két thic. Hén hop thu
duoc duge bd Sung dung dich nuéc chita amoni clorua 10%, va hdn hop thu
dugc dugc loc bang cdch sir dung tdng xelit dé loai bd can déng, va dugc chiét

bang metyl t-butyl ete dé thu dugc etyl-4-xyano-2,2-diflobutanoat (1,52g, hiéu
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suét: 91,1%).

Ngoai ra, chi khic 1a nudc (0,17g) duogc sit dung thay vi axit axetic, ti€n
hanh phuong phdp nhu néu trén dé thu dugc etyl-4-xyano-2,2-diflobutanoat
(1,48g, hiéu suit: 88,7%).

'H NMR (400 MHz, CDCl;) ¢ 4,37 (q, J=7,0 Hz, 2H), 2,62 (t, J=7,6
Hz, 2H), 2,48 (m, 2H), 1,38 (t, J/=7,0 Hz, 3H)

Vi du 6: Téng hop etyl 2,2-diflo-3-metyl-5-oxopentanoat

H /,c“”wx_'»v\_,,‘«“-" \CFZC?E!:

Bot dong (1,81g) va tetrahydrofuran (10,40mL) dugc dua vao binh phin
tng va dugc khudy trong didu kién héi lwu, crotonaldehyt (0,50g) va etyl
bromodifloaxetat (3,62g) duoc bd sung tiung giot vao d6, va ti€p theo 1a
TMEDA (0,41g) va axit axetic (0,39g) dugc b8 sung vao d6 theo trinh ty nay.
Phan @ng duoc tién hanh trong 1 gid va tiép theo dugc két thic. Hon hop thu
dugc dugc bd sung dung dich nudc chia amoni clorua 10%, va hén hop thu
dﬁqc duoc loc bing céch sir dung ting xelit dé loai bd cén déng, va dugc chiét
bing metyl t-butyl ete dé thu dugc etyl 2.2-diflo-3-metyl-5-oxopentanoat
(0,79g, hiéu suit: 57,0%).

'H NMR (400 MHz, CDCl;) ¢ 9,77 (s, 1H), 4,34 (1, J=7,0 Hz, 2H),
3,02 — 2,87 (m, 1H), 2,84 (dd, J=18,0. 4,0 Hz, 1H), 2,46 (ddd, J=18,0, 8,8, 2,6
Hz, 1H), 1,36 (t, J=7,0 Hz, 3H), 1,08 (d, J=7,0 Hz, 3H)

Trong vi du nay, dat dugc muc cai ti€n hiéu sudt 12 34% va thoi gian

phan tng rit ngdn dugc 2 gid so v6i hiéu sudt (23%) va thdi gian phan dng (3
gi®) clia tinh trang k§ thuat (J. Fluorine Chem. 2003, 121, 105).

Vi du 7: Téng hop etyl 2,2-diflo-5-exo0-3-phenylhexanoat
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Ph” G CO.EL

Bot dong (0,32g) va tetrahydrofuran (10,4mL) dugc dwa vao binh phan
ting va dugc khufy trong di€u kién hdi luu, chalcon (0,50g) va etyl
bromodifloaxetat (1,22g) dugc bd sung ting giot vao d6, va ti€p theo 1a
TMEDA (0,14g) va axit axetic (0,13g) dugc bd sung vao d6 theo trinh tu nay.
Phan tng dugc tién hanh trong 1 gid va ti€p theo duge két thic. Hén hgp thu
dugc dugc bd sung dung dich nuéc chia amoni clorua 10%, va hén hop thu
duoc dugc loc bang cach sir dung ting xelit dé loai bd cin déng, va duoc chiét
bing metyl t-butyl ete dé thu dugc etyl 2,2-diflo-5-ex0-3-phenylhexanoat (833
mg, hiéu suit: 34,8%).

'H NMR (400 MHz, CDCl;) ¢ 7,94 — 7,92 (m, 2H), 7,57 — 7,53 (m,
1H), 7,46 — 7,43 (m, 2H), 7,37 — 7,35 (m, 2H), 7,29 — 7,23 (m, 2H), 4,36 — 4,24
(m, 1H), 4,14 (q, /=7,0 Hz, 2H), 3,67 (s, 1H), 3,65 (d, /=2,4 Hz, 1H), 1,14 (t,
J=7,0 Hz, 3H) |

Trong vi du nay, dat dugc miic cai tién hiéu suét 1a 11,8% so véi hiéu
suit (23%) cua tinh trang ky thuat (J. Fluorine Chem. 2003, 121, 105). Thoi
gian phan tng cta vi du nay (1 gio) 1a gidng nhu thoi gian phan dng cta tinh
trang k§ thuat. Tuy nhién, quy trinh cla tinh trang k§ thuat can bugc khudy cac
chit phan tng trong 1 gid va ti€p theo 1a bd sung TMEDA vao d6, trong khi
quy trinh theo sdng ch& khong cin budc nay, va do dé tdng thdi gian phan ing

vé co ban c¢6 thé dugc rit ngén nita.

Vi du 8: Téng hop etyl 2,2-diflo-4-(phenylsulfonyl)butanoat

Ph~8~~
Bot dong (0,40g) va tetrahydrofuran (4,40mL) dugc dua vao binh phan
ting va duogc khudy & 50°C, phenyl vinyl sulfon (0,50g) va etyl bromodifloaxetat
(1,51g) dugc b sung timg giot vao do, va ti€p theo 1a TMEDA (0,17g) va axit
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axetic (0,16g) dugc bd sung vao d6 theo trinh tu nay. Phan #ng dugc ti€n hanh
trong 1 gio va tiép theo duoc két thiic. Hén hop thu dugc dugc bd sung dung
dich nudc chita amoni clorua 10%, va hén hop thu dugc dugc loc bang céch sir
dung ting xelit d€ loai bd can déng, va dugc chiét bang metyl t-butyl ete dé thu
dugc etyl 2,2-diflo-4-(phenylsulfonyl)butanoat (0,74g, hiéu suat: 85,2%).

'H NMR (400 MHz, DMSO) ¢ 7,98 — 9,96 (m, 2H), 7,80 (tt, J=7,4,
1,2 Hz, 1H), 7,72 — 7,65 (m, 2H), 4,27 (q, J=7,0 Hz, 2H), 3,57 — 3,48 (m, 2H),
2,50 — 2,40 (m, 2H), 1,24 (t, J=7,0 Hz, 3H)
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YEU CAU BAO HO

1. Phuong phép diéu ché€ hop chat c6 cong thic 1, trong d6 nudc hoic axit hoic
hdn hgp clia ching dugc bé sung vao hén hgp phan tng dé tao ra hop chét c6
cong thic 1 bang phan dng cong Michael giita hgp chdt c¢6 cong thitc 2 va hop
chit c6 cong thic 3 vé6i sy c6 mat ciia bot dong:

[Cong thuc 1]

A R2,
R?:M‘Rs R6OP1
[Cong thitc 2]
A R2
"R3° R4
[Cong thirc 3]
. o
R5 R6
trong do:

A 1a R1-C(=0)-, nitril, C,-C,, alkylsulfonyl dugc th€ hoac khong dugc
thé, hodc C4-C,, arylsulfonyl dugc thé hoac khong dugc thé, trong dé6 R1 duge
chon tir nhém bao gém hydro; C,-C,, alkyl duoc thé hoic khong duoc thé;
C;-C,o xycloalkyl dugc th€ hoac khong dugc thé; Ce-C,, aryl dugc thé hoic
khong dugc thé; heteroaryl c6 5 dén 10 canh dugc th€ hoac khong dugc thé; va
C,-Cs alkoxy dugc th€ hoac khong dugc thé; hodc khi A dugce lién két véi R3,
thi A va R3 cling véi cdc nguyén tlit cacbon ma chiing gin vao tao thanh C¢-Cyq
xycloalkyl bdo hoa hodc khong bao hoa dugc thé bing nhém oxo (=0),

R2, R3 va R4 doc 1ap dugc chon tir nhém bao gdm hydro; C,-C,, alkyl
dugc th€ hodc khong duge thé; C,;-C,, xycloalkyl dugc thé hoac khong duoc
the; Cy-C,o aryl dugc th€ hoac khong dugc thé; heteroaryl c6 5 dén 10 canh
dugc th€ hoac khong dugce thé; C,-Cs alkoxy dugc thé hoiac khong duoc thé;
nitril; va C;-C,, alkylsulfonyl dugc thé hodc khong dugc thé,

R5 va R6 doc 1ap dugc chon tir nhém bao goém hydro; halogen (tiic 13, F,
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Cl, Br, hoic I); va C,-C, alkyl duoc thé hodc khong duoc thé,
P, dugc chon tir nhém bao gom benzyl, metyl, etyl, i-propyl va t-butyl,

X 1a halogen.

trong do, khi A va R1 dén R6 1a cdc nhém duoc thé, ching duoc thé
bang mot hodc nhiéu phan tir th€ dugc chon tir nhém bao gém clo, iodo, brom,
metyl, etyl, n-propyl, isopropyl, butyl, metoxy, etoxy, propoxy, butoxy, va
axetyl. |

2. Phuong phép theo diém 1, trong d6:

A la R1-C(=0)-, nitril, C;-C,, alkylsulfonyl dugc th& hodc khong duoc
th€, hodc Cs-C,, arylsulfonyl dugc th€ hodc khong duoc thé, trong d6 R1 duoc
chon tt nphém bao gém hydro; C,-Cs alkyl dugc thé hoic khong dugc the; C,-Cg
xycloalkyl dugc the hodc khong dugc thé; Cs-Cg aryl dugc thé hoac khong duoc
thé; heteroaryl c6 5 d&n 8 canh dugc th€ hodc khong dugc thé; va C;-C; alkoxy
dugc th€ hoac khong dugc thé; hodc khi A duoc lién két véi R3, thi A va R3
cing v6i cic nguyén tlf cacbon ma chiing gin vao tao thanh C4-C,, xycloalkyl
bao hoa hodc khong bao hoa dugc thé bang nhém oxo (=0),

R2, R3 va R4 doc 1ap dugc chon tir nhém bao gébm hydro; C,-C; alkyl
dugc thé hoac khong dugc thé; C;-Cy xycloalkyl duge thé hodc khong dugc thé;
Cs-Cs aryl dugc th€ hoac khong dugc thé; heteroaryl c6 5 dén 8 canh dugc thé
hodc khong dugc the; C;-Cs alkoxy dugc thé hodc khong dugc thé; nitril; va
C,-C, alkylsulfonyl dugc thé€ hoic khong dugc thé, va

trong do, khi A va R1 dén R4 la cdc nhém dugc thé, ching dugc thé
bang mot hodc nhiéu phan ti th€ dugc chon tir nhém bao gém clo, iodo, brom,
metyl, etyl, n-propyl, isopropyl, butyl, metoxy, etoxy, propoxy, butoxy, va
axetyl.

3. Phuong phép theo diém 1, trong d6 bot déng dugc sit dung véi lugng nim
trong khoang tir 1,0 d€n 6,0 dwong lugng trén 1 mol hop chat c6 cong thic 2.

4. Phuong phdp theo diém 1, trong d6 axit 13 axit vo co dugc chon tir axit
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clohydric, axit sulfuric, axit nitric va axit phosphoric; axit hitu co dugc chon tix

axit formic, axit axetic va axit tartric; hodc hén hgp cta ching.

5. Phuong phép theo diém 1, trong d6 nudc hodc axit dugc sit dung véi luong

nam trong khoang tix 0,1 dén 6 dwong lugng trén 1 mol hgp chit c6 cong thic 2.

6. Phuong phép theo diém bét ky trong s6 cdc diém tir 1 dén 5, trong d6 hop
chit amin dugc b8 sung tiép vio hdn hop phan tng trong qué trinh phan ing
giita hop chét c6 cong thiic 2 va hop chét ¢6 cong thite 3.

7. Phuong phéap fheo diém 6, trong d6 tetrametyletylendiamin dugc st dung véi

lugng ndm trong khoang tix 0,1 dén 6 duong luong trén 1 mol hop chat c6 cong
thic 2.
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