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(57) Sang ché& dé cap dén hop chat lacton cé cac cong thirc I va II sau, va phuong
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Séng ché ciing dé cap dén phuong phép tao ra cac chat liéu khac tir cac hop
chat lacton nay, nhu cdc hop chat indenol vong ngung tu (vi du, naphtol ngung tu
indeno), va cac hop chit indenopyran vong ngung tu (vi du, naphtopyran ngung

tu indeno).
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Linh vyc k¥ thuat dwec dé cap

“Sang ché dé cap dén céc hop chét lacton, nhu cac hop chit lacton vong
ngung tu, phuong phép tao ra cac hop chét lacton, va phwong phap tao ra cic
chit lidu khac, nhu cac hop chit indenol vong ngung tu va cac hop chét

indenopyran vong ngung tu, tir cac hop chét lacton.
Tinh trang ky thuit ctia sdng ché

Céac hop chit indenol vong ngung tu, nhu cac naphtol ngung tu indeno, c6
nhiéu ung dung, nhu lam hop chat trung gian trong téng hop cac hop chét va chit ligu
dbi mau theo anh sang, nhu indenopyran vong ngung tu, bao gbm naphtopyran ngung
tu indeno. Céac chét liéu d6i mau theo anh sang, nhu naphtopyran ngung tu indeno,
khi phan g véi cac bude song nhat dinh ctia bic xa dién tir (hodc “buc xa quang
héa”), thuong trdi qua tu chuyén hoa tir dang hoic trang thai nay sang dang khac, v6i
mdi dang ¢6 quang phd hap thu dic trung hodc riéng biét ciia nd. Thong thudng, khi
tiép xuc véi birc xa quang hoa, nhidu chat liéu dbi mau theo anh sang bi chuyén tir
dang déng, tuong Gng voéi trang thai bét hoat (hodc mat mau, vi dy, gan nhu khong
mau) cta chit lidu d6i mau theo 4nh sdng, sang dang mo, twong Ung véi trang thai
hoat héa (hodc c6 mau) cta chét lidu dbi mau theo dnh sang. Khi khong tiép xtc voi
btrc xa quang hda, chét liéu d6i mau theo 4nh sang nay chuyén nguoc lai tir trang thai
hoat hoa (hoac c6 mau), vé trang thai bét hoat (hoic méAt mau). Cac ché phim va vit
dung, nhu thu kinh deo mt, chita chit liéu doi mau theo 4nh séng hodc c6 chét liéu
ddi mau theo anh sang duoc st dung trong d6 (vi du, & dang ché phdm pht d6i mau
theo anh sang) thuong thé hién cac trang thai khong mau (vi du, trong sudt) va co
mau tuong ung va4i cic trang thai khong mau va c6 mau cta chét liéu d6i mau theo

anh sang chira hodc duoc st dung trong do.

Céc chét lidu naphtol ngung tu indeno thuong dugc diéu ché bang so dd tong
hop bao gdm phan ting ctia benzophenon véi dialkyl suxinat, ma thudng goi 1a duong
phan tng Stobbe. Khi cac benzophenon khong d6i xtmg duoc st dung, hdn hop clia

céc chét liéu naphtol ngung tu indeno thudng c6 dugc tir duong phan tng Stobbe nay.
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Hbn hop cac naphtol ngung tu indeno phai dwoc tich riéng dé phan 1ap naphtol
ngung tu indeno mong mudn. Naphtol ngung tu indeno dugc phén 1ap sau d6 c6 thé
duoc st dung trong céc phan tung tiép theo (vi du, trong viéc tdng hop naphtopyran
ngung tu indeno d6i mau theo anh sdng). Céc budc tich va phan 1ap thuong lam giam
dang ké hiéu suét tuong tng Vi chét lidu naphtol ngung tu indeno mong mubn.
Ngoai ra, dudng phan tGmg Stobbe c6 thé bao gdm hai budc déng vong riéng ré,

thuong duoc tiéng hanh & thoi diém riéng r& va trong cac binh phan ing riéng re.

Mot sb chét liéu d6i mau theo 4nh sang, nhu naphtopyran ngung tu indeno d6i
mau theo anh sang c6 thé dat, va vé mit kinh té, thuong mong mudn giam dugc chi

phi lién quan dén viéc téng hop cic chat liéu nay.

Tdn tai nhu cAu phat trién chét liéu mé&i, nhu céc hop chét trung gian, va cac
phuong phdp mdéi st dung cic chét liéu moi phat trién nay, dé tao ra, vi du, cac
naphtol ngung tu indeno cad céac chét liéu lién quan. Ngoai ra, t6n tai nhu cdu ring
cac chét liéu méi phat trién nay sé& tao duoc nhiing cai tién, nhu hiéu suét cao hon,
giam sb cac budc tdng hop, va gidm chi phi lién quan dén cac phuong phap tong hop

trudc day.

WO 00/14082 d& cap dén cac din xuét diaryl metyliden furan va viéc st dung
cta ching trong viéc chita bénh, dic biét la lam cac thudc c6 céac tinh chét chéng
viém, giam dau va ngin nglra ung thu theo phwong phéap hod hoc.

W02010065393 (A1) boc 16 hop chit dbi mau theo 4nh sang c6 thé 1a pyran,
oxazin, hodc fulgide.

DE 199 02 771 mé ta cac hop chit spiroflorenopyran dbi mau theo 4nh
sang.

Ban chét ky thut ciia sang ché
Muc dich cta sang ché 1a d& xuét hop chét lacton dugc chon tir cac hop

chét lacton c6 it nhat mot trong sb cac hop chét c6 cong thic I va II sau:



Trong cac hop chit c6 cong thic I va II, vong-A va vong-B doc 1ap duoc
chon tir aryl khong dugce thé, aryl dugc thé, aryl vong ngung tu khong duoc thé,
aryl vong ngung tu dugc thé, heteroaryl khong duoc thé, va heteroaryl dugc thé.

Trong hop chét c6 cong thic I va I, m va n doc 1ap duge chon tir 0 dén tri
sé tuong Gng voi sé vi tri 1an lugt trén Vong-A va Vong-B, ma nhom R! hogc
nhém R2 c6 thé duoge lién két vao. Thong thuong, m va n doc 1ap 12 0 dén 4. Cac
vi trf trén Vong-A ma nhém R! khong dugc lién két vao, c6 thé c6 cac nhom
hydro lién két vao d6. Tuong tu, c4c vi tri trén Vong-B ma nhém R? khong duogc
lign két vao, c6 thé c6 cac nhoém hydro lién két vao d6. Ngoai ra, R d61 voi mdi
m, va R? dbi v6i mbi n, trong mdi trudng hop doc 1ap dugc chon tlr: hydrocarbyl
tly ¥ dugce ngit mach boi it nhat mot nhém -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -
SO,-, -N(R11’)- trong d6 Ri1’ duge chon tir nguyén tir hydro, hydrocarbyl hodc

hydrocarbyl dwoc thé, va hdn hop cta hai hodc nhiéu nhém nay; hydrocarbyl
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dugc thé tuy y duogc ngit mach béi it nhdt mot nhém -O-, -S-, -C(O)-, -C(0)O-,
-S(0)-, -SO2-, -N(Ri11’)- trong d6 Ri1’ dugc chon tir nguyén ti hydro,
hydrocarbyl hodc hydrocarbyl dugc thé, va hdn hop cla hai hodc nhiéu nhém
nay; halogen; xyano; va -N(Ri1")R12’, trong d6 Ri1” va Riz2” doc 1ap dugce chon
tr nguyén tr hydro, hydrocarbyl hodc hydrocarbyl duoc thé, hodc Ry’ va R’
cung nhau tao thanh cAu tric vong tiy ¥ bao gdm it nhit mot nguyén tir khéc
loai.

Cac nhém R3 va R* ctia hop chit c¢6 cong thire I va II doc 1ap duge chon
tur: hydro; hydrocarbyl tuy y duogc ngit mach béi it nhit mot nhém -O-, -S-,
-C(0)-, -C(0)0-, -S(0)-, -SO2-, va -N(R11’)- trong d6 Ri11” dugc chon tir nguyén
tr hydro, hydrocarbyl hodc hydrocarbyl duoc thé; va hydrocarbyl duogc thé tuy y
dugc ngit mach boi it nhat mot nhém -O-, -S-, -C(0)-, -C(0)0-, -S(0)-, -SO»-,
va -N(Ri1’)- trong d6 Rii> duge chon tir nguyén t& hydro, hydrocarbyl hoac
hydrocarbyl duoc thé; hoic R va R* ciing nhau tao thanh cdu tric vong tuy y
bao gdm it nhat mot nguyén tir khac loai. Mot hodc nhiéu R, R%, R® va R* trong
tung truong hop c6 thé doc 14p 1a mot hodc nhidu tién chat ciia cac nhom d6 nhu
dugc mo ta trén diy va sau day trong, vi du, céc hop chéit c6 cong thic I va IL

Sang ché ciing d& xuit phuong phép didu ché hop chét indenol vong

ngung tu c6 it nhat mot trong sb cac cong thie III va I11-2 sau:

I

RS

(R"m

(R?), va

OR12
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III-2

R3

al R4
° -

(RDm

(R,

Trong cac hop chit c6 cong thuc IIT va III-2, Vong-A, Vong-B, m, n,
R!, R%, R3 va R* m3i nhém 1a nhu duoc md ta trén ddy véi cac hop chét lacton
¢6 cac cong thirc I va II. Theo cach khéc, mot hodc nhiéu R!, R%, R? va R* trong
ting trudng hop co thé doc 1ap 1a mot hodc nhiéu tién chét cua cac nhém dé nhu
duogc md ta trén ddy va sau day véi, vi du, cac cong thire I va II. Nhom R'? cua
cac cong thirc III va II-2 dugc chon tr nguyén tir hydro, -C(0)-RB va -
S(0)(O)R!3, trong d6 R'3 duge chon tir hydrocarbyl va halohydrocarbyl.

Phuong phéap didu ché hop chit indenol vong ngung tu c6 cac cong thirc
I1I va III-2 bao gdm, budc chuyén héa hop chét lacton dwoc chon tir cac hop
chét lacton c6 it nhat mét trong cac cong thac I va II, thanh hop chét trung gian
axit bao gdm hop chét trung gian axit c6 it nhét mot trong sd cac cong thirc IV

va [V-2:
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I

Phuong phap diéu ché hop chat indenol vong ngung tu ¢6 cdng thirc 111
hodc I11-2, con bao gdm budc chuyén héa hop chit trung gian axit c6 cong thirc
IV hodc IV-2 thanh hop chét vong ngung tu indeno twong tng c6 cong thirc 11
hoéac III-2.
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Sang ché cling dé& xuét phuong phéap diéu ché hop chét lacton c6 it nhéit
mot trong s cac cdng thirc I va I, nhu duge md ta trén day. Phwong phéap nay
bao gdm, budc cho este cua axit c6 it nhat mot trong cac coéng thirc VI va VII
phan Gng véi it nhat mot trong sé (i) chit khir hydrua kim loai, va/hodc (ii) chét
4i nhan c6 it nhit mot trong sb cac cong thire VIII va IX, nhd d6 tao ra hop chét

lacton. Cac hop chét ¢6 cong thirc VI, VII, VIII va IX 14 nhu sau:

VIII IX
R’M! va R¥M2

Trong céc cdng thirc VI, VII, VIII va IX: R!'® dugc chon tir hydrocarbyl
va hydrocarbyl dugc thé; R* 1a nhém 4i nhan cua R® nhu dugc md ta trong céc
hop chit c6 cong thire I va II; R* 12 nhém 4i nhan cua R* nhu dugc md ta trong
cac hop chét c6 cong thic I va II; va M! va M? doc 1ap dugc chon tir Si(R'®)3,

trong d6 mdi R'® doc 1ap duoc chon tir Ci-Cs alkyl, hodc M! va M? mdi nhom
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ddc 18p 1a ion ddi bao gém kim loai dugc chon tr Mg, Li, Mn, Cu, Zn, Al, Ti,
Ln, va hon hop ctia ching.
Sang ché ciing dé xuat, phuong phép tao ra cac hop chit indenopyran

vong ngung tu ¢ cac cong thirc X va X-2 sau:

Trong céc cong thirc X va X-2, Vong-A, Vong-B, m, n, R!, R?, R3 va R*
mdi nhém 13 nhu duge mo ta trén day, vi du, dbi vé6i cac hop chét lacton ¢6 céc
cong thuc I va II. Theo cach khac, mot hodc nhidu R!, R2, R? va R* trong timng
truomg hop c6 thé doc 1ap 13 mot hodc nhiéu tién chét cta cic nhém dé nhu
dugc mo ta trén day va sau day trong, vi du, cac cong thuc I, 11, III va III-2.

Cac nhém B va B’ ¢6 cong thic X va X-2 doc lap dugc chon tir aryl
khong duoc thé, aryl duogc thé, heteroaryl khong dugc thé, heteroaryl duoc thé,
polyalkoxy, va polyalkoxy c6 nhom trung hgp dugc. Theo cach khac, B va B,

ctia cdc cdng thuc X va X-2, cd thé cung nhau tao thanh cau tric vong dugc
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chon tu floren-9-yliden khong duoc thé, floren-9-yliden duoc thé, vong
hydrocarbon don vong xodn no, vong hydrocarbon hai vong xoan no. va vong
hydrocarbon ba vong.

Phuong phap diéu ché hop chit indenopyran vong ngung tu cé cac cong
thre X va X-2 bao gdm budc chuyén hoa hop chét lacton duge chon tir cac hop
chét lacton co it nhat mot trong s6 cac cong thie I va II, thanh hop chat trung
gian axit bao gom hop chat trung gian axit c¢ it nhat mot trong sd cac cong thie
[V va IV-2, nhu duge moé ta trén diy. Phuong phép nay con bao gom budc
chuyén héa hop chét trung gian axit c6 cong thue IV va/hodc IV-2 thanh hop
chit indenol vong ngung tu twong tmg c6 cong thie I va‘hodc I11-2, nhu duoc
md ta trén day.

Phuong phéap diéu ché hop chit c6 cong thire X hodc X-2 con bao gom.
bude cho hop chat indenol vong ngung tu ¢ it nhat mot trong sé céc cong thirc
[I va III-2 phan tng voi rugu propargylic ¢6 cong thire XI sau,

X1

CH
T//

C

\

B
Nho d6 tao ra hop chat c6 cac cong thue X va/hoac X-2. Cac nhém B va B’
cua ruou propargylic ¢6 cong thie XI, dugc mo ta trén day dbi voi hop chét cé
cong thie X hodc X-2. Theo cach khac, mot hodc nhiéu nhém B va B’ ¢6 cong
thie XI, trong tung truong hop cé thé doc 1ap 1a mot hodc nhiéu tién chit cua
cdc nhom do nhu duge mo ta trén day sau day doi voi, vi du, cong thae X hodc

X-2.
M ta chi tiét sang ché

Nhu duoc s dung trong ban mo6 ta va trong cac yéu cau bdo ho, thuat
ngit “buc xa quang hoa” chi buc xa dién tur ¢ kha ndng chuyén chat li¢u doi

mau theo anh sang tir dang hodc trang thai nay sang dang hodc trang thai khac.

-10-
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Nhu dugc st dung trong ban mo ta va trong cac yéu cu bao ho, thuat
ngit “d6i mau theo anh sang” chi viéc ¢6 phd hép thu ddi véi it nhat birc xa nhin
thay thay d6i khi phan ung véi sy hép thu it nhit birc xa quang héa. Hon nita,
nhu dugc st dung trong ban mo ta thudt ngit “chét liéu ddi mau theo anh sang”
chi vat chat bat ky dugc lam thich Gng dé thé hién tinh cac chit ddi mau theo
4nh sang, tirc 1a dugc 1am thich ing dé c6 phd hép thu ddi vai it nhét bic xa
nhin thay thay ddi khi phan tng vé&i sy hdp thu it nhét bic xa quang hoa, va bao
gdm it nhat mot hop chit déi mau theo anh séng.

Nhu duoc st dung trong ban md ta va trong céc yéu cau bao ho, cac
nhém “mach théng hodc mach nhanh”, nhu alkyl mach théng hoac mach nhéanh,
dugc hiéu 12 bao gém: nhém metylen hodc nhém metyl; cdc nhém mach théng,
nhu cidc nhém C»-Cao alkyl mach thing; va cdc nhém dugc phan nhéanh thich
hop, nhu cac nhém C3-Czo mach nhanh.

Nhu dugc st dung trong ban md ta va trong céc yéu cdu bao ho, thuit
nglt “halo” va céc thuat ng®t twong tw, nhu nhém halo, halogen, va nhém
halogen chi F, Cl, Br va/hoédc I, nhu flo, clo, iodo, bromo va/hodc iodo.

Tri khi dugc quy dinh khac, tit ca cac pham vi hodc ty 1€ dugc boc 1
trong ban mé ta dugc hidu 1 bao gdm bt ky va tit ca cac khoang phu va ty 1&
phu gop vao trong dd. Vi dy, khoang hodc ty 1€ "tr 1 dén 10" duogc xem 1a bao
gdm bét k¥ va tit ca cac khoang phu nim gitta (va bao gdm) tri s6 nho nhit 1 va
tri s6 16n nhit 10; tuc 14, tit ca cac khoang phu hoac ty 1€ phu bit dau béng tri
s6 nho nhat 1 hodc 16n hon hon va két thic bang tri sé 16n nhat 10 hozic nho
hon, nhu, nhung khong chi gi6i han &, tir 1 dén 6,1, tir 3,5 dén 7,8, va tir 5,5 dén
10.

Nhu duge st dung trong ban mé ta va trong cac yéu ciu bao hd, céac
mao tr "mot" bao gém c4 sb nhiéu dugc han ché mot cach rd rang & mot.

Khong nhu trong cac vi du thuc hién, hodc khi khong dugc quy dinh
khéc, tit ca cac sb thé hién sb lugng cta cac thanh phén, diéu kién phan Ung,
v.v. ding trong ban mé ta va cic yéu ciu bao hd dugc hiéu trong moi tinh

hudng bang thuit ngit “khoang”

-11-
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Nhiéu nhém khac nhau cia cac hop chit va hop chit trung gian duoc
mé ta trén ddy va sau day, vi du cdc nhom R!, R%, R3 va R* ctia cac hop chét
lacton ¢6 cac cong thuc I va II, trong tirng trudng hop c6 thé doc 14p duoc chon
tir hydrocarbyl va hydrocarbyl dugc thé.

Nhu dugc st dung trong ban md ta va trong cac yéu ciu bao ho thuit
ngit “hydrocarbyl” va cac thuét ngit twong tu, nhu “phan tir thé hydrocarbyl” va
“nhém hydrocarbyl” chi Ci-Cao alkyl mach thing hoic mach.nhénh (vi du,
C1-Cio alkyl mach théng hodc mach nhénh); C2-Cyo alkenyl mach théng hoéc
mach nhanh (vi dy, C;-Cio alkenyl mach théng hodc mach nhéanh); Cz-Cyo
alkynyl mach thing hodc mach nhanh (vi du, C2-Cio alkynyl mach thang hoic
mach nhénh); C3-Ci2 xycloalkyl (vi du, Cs3-Cio xycloalkyl); C3-Ciz
heteroxycloalkyl (cé it nhdt mot nguyén tir khac loai trong vong); Cs-Cis aryl
(bao gdm cac nhém aryl nhiéu vong) (vi du, Cs-Cio aryl); Cs-Cis heteroaryl (c6
it nhat mot nguyén tir khac loai trong vong thom); va Ce-Ca4 aralkyl (vi du,
Ce-Cio aralkyl).

Cac nhom alkyl dai dién bao gdm nhung khong chi giéi han & metyl,
etyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl,
hexyl, heptyl, octyl, nonyl va dexyl. C4c nhém alkenyl dai dién bao gém nhung
khong chi gidi han ¢ vinyl, alyl va propenyl. Cac nhém alkynyl dai dién bao
gdm nhung khong chi gidi han & etynyl, 1-propynyl, 2-propynyl, 1-butynyl, va
2-butynyl. C4c nhém xycloalkyl dai dién bao gdm nhung khong chi giéi han &
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, va céc phan tir thé xyclooctyl.
Cac nhém heteroxycloalkyl dai dién bao gdm nhung khong chi gi¢i han &
tetrahydrofuranyl, tetrahydropyranyl va piperidinyl. Cac nhém aryl dai dién bao
gdm nhung khong chi giéi han & phenyl va naphtyl. Cic nhém heteroaryl dai
dién bao gdébm nhung khéng chi gigi han & furanyl, pyranyl va pyridinyl. Céc
nhém aralkyl dai dién bao gdm nhung khong chi giéi han & benzyl, va phenetyl.

Thuat ngft “hydrocarbyl dugc thé” nhu duge st dung trong ban md ta va
trong cac yéu ciu bao hd chi nhém hydrocarbyl trong d6 it nhéat mot hydro cta
né duogc thé bing nhém khong phai hydro, nhu, nhung khong chi gisi han &, cac

nhém halo, cdc nhém hydroxyl, cdc nhdom ete, cdic nhém thiol, cdc nhom thio

-12-
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ete, cdc nhom axit carboxylic, cdc nhém este ctia axit carboxylic, cdc nhém axit
phosphoric, cic nhém este cla axit phosphorfc, cac nhom axit sulfonic, céc
nhom este clua axit sulfonic, cdc nhém nitro, cac nhém xyano, cdc nhdém
hydrocarbyl (vi du, alkyl, alkenyl, alkynyl, xycloalkyl, heteroxycloalkyl, aryl,
heteroaryl, va cac nhom aralkyl), va cac nhom amin, nhu -N(R11’)(R12”) trong
dé Ri” va Rz’ doc 1ap dugc chon tir nguyén tir hydro, hydrocarbyl va
hydrocarbyl dugc thé, hodc Rii’ va Ri2’ cling nhau tao thanh vong tlly ¥ bao
gdm it nhat mdt nguyén tir khac loai (vi du, -O- va/hoic -S-).

Thuit ngit “hydrocarbyl dugc thé” bao gdm cac phan tir thé
halohydrocarbyl  (hoic halo hydrocarbyl dwgc thé). Thuat ngit
“halohydrocarbyl” nhu duoc sit dung trong ban md ta va trong cc yéu cau bao
hg, va céc thuat nglt tuong tu, nhu halo hydroc'arbyl duoc thé, chi viéc it nhit
mdt nguyén tr hydro cta hydrocarbyl (vi du, cua alkyl, alkenyl, alkynyl,
xycloalkyl, heteroxycloalkyl, aryl, heteroaryl, hodc cac nhém aralkyl) dugc thay
thé bang mot nguyén tir halogen duogc chon tir clo, brom, flo va iot. Bac halogen
hoa c6 thé thay dbi tir it nhat mot nguyén tir hydro dugc thay thé bing mot
nguyén tir halogen (vi duy, nhém flometyl) dén halogen héa hoan toan
(perhalogen héa) trong d6 tt ca cac nguyén tir hydro thay thé duoc trén nhém
hydrocarbyl dugc thay thé biang nguyén tir halogen (vi dy, triflometyl hodc
perflometyl). Tuong tu, thudt ngt “nhém perhalohydrocarbyl” nhu duogc sir
dung trong ban mé ta va trong cac yéu ciu bao hd chi nhém hydrocarbyl trong
d6 tht ca cac hydro thay thé dugc duoc thay thé bang halogen. Vi du vé cac
nhém perhalohydrocarbyl bao gdém, nhung khéng chi gi6i han &, cidc nhém
phenyl dugc perhalogen héa va cac nhom alkyl duoc perhalogen hoa.

Céac nhém hydrocarbyl va hydrocarbyl dugc thé ma tir d6 nhidu nhém
va phdn tr thé khac nhau, nhu R!, R?, R? va R*, c6 thé dugce chon ting nhém
mdt, trong ting trudng hop c6 thé doc 14p va tiy y duge ngit mach bai it nhét
mot nhom -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -SO2-, -N(Ri1’)-. Nhu duoc s
dung trong ban md ta va trong cac yéu cdu bao hd, dugc ngit mach bai it nhit
mdt nhém -O-, -S-, -C(0)-, -C(0)0-, -S(0)-, -SOz-, -N(R11°)-, chi viéc it nhat

mot cacbon cua, nhung it hon tat ca cac cacbon cta, nhém hydrocarbyl hodc
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nhém hydrocarbyl dugc thé, trong timg trudng hop doc 1ap dwoc thay thé bang
mot trong s6 cac nhom lién két hoa tri hai d4 néu. Cac nhém hydrocarbyl va
hydrocarbyl dugc thé cé thé bi ngat boi hai hodc nhiéu nhém lién két da néu
trén day, co6 thé 1a 1ién k& nhau hoic tach riéng boi mot hodc nhiéu cacbon.

Nhu dugc st dung trong ban mé ta va trong cac yéu cau bao ho, céc
nhém “mach théng hodc mach nhanh” hodc “mach théng, mach nhanh hoac
mach vong”, nhu alkyl mach théng hodc mach nhénh, hodc alkyl mach théng,
mach nhanh hozc mach vong, trong ban md ta nay dugc hiéu 13 bao gdm nhém
metylen, cic nhém mach thing, nhu cdc nhém Cp-Cas alkyl mach thing, céc
nhém dugc phan nhanh thich hgp, nhu cac nhém Cs-Czs alkyl mach nhénh, va
cadc nhom vong thich hop, nhu cdc nhom C3-Cas xycloalkyl (hodc alkyl vong).

Nhu dugc str dung trong ban md ta va trong céc yéu ciu bao ho, thuat
ngit “tién chat” va cac thuét ngit c¢6 lién quan, nhu “céc tién chat” trong nhiéu
nhém khac nhau, vi du, R!, R% R3, R%, B va B’, ctia cac hop chét va cac hop
chét trung gian dugc mé ta trong ban mb ta nay, vi du, cac hop chat vong ngung
tu c6 cac cong thie I va II, va cac hop chit indenol vong ngung tu cé céc cong
thtre III va III-2, chi nhém c6 thé duge chuyén héa trong mot hodc nhidu budc
dén nhém cubdi cung hodc nhém mong mudn. Vi dy, nhung khéng giéi han &,
tién chét ctia nhém hydroxyl (-OH) bao gdm, nhung khong gi6i han &, nhém
este cua axit carboxylic (-OC(O)R trong d6 R 1d nguyén t& hydro hodc
hydrocarbyl dugc thé tiy y; va tién chit cia nhém este ciia axit carboxylic
(-OC(0)R) bao gdm, nhung khéng chi gii han &, nhém hydroxyl (-OH), c6 thé
dugc cho phan tng, vi du, véi halogenua cua axit carboxylic, nhu clorua ctua
axit axetic (hodc axetyl clorua).

Nhu dugce str dung trong ban mo ta va trong céac yéu cdu bao hd, trir khi
duoc quy dinh khac, cach thé hién tir trai sang phai cdc nhém lién két, nhu cac
nhém lién két héa tri hai, bao gdbm cac hudng khac thich hop nhu, cac huéng tir
phai sang trai. Vi du, nhung khong gidi han, cach thé hién tir trai sang phai cta
nhoém lién két hoa tri hai -C(0)O-, bao gdm ca cach thé hién tir phai sang trdi
cua nd, -O(0)C-. |
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Cac nhém va cac phan tir thé ciia cac hop chét lacton (vi du, cé céc cong
thirc T va II), cac hop chat indenol vong ngung tu (vi du, c6 cong thirc III), céc
hop chét indenopyran vong ngung tu (vi du, c¢6 cong thire X), va cac hgp chét va
cac hop chét trung gian dugce st dung trong viéc téng hop ching, duge mo ta
chi tiét dudi day.

Cac nhom Vong-A va Vong-B cia cac hop chat lacton c6 cac cong thiic
[ vaII, c6 thé doc lap dugc chon tur aryl khong duge thé, aryl duoc thé, aryl
vong ngung tu khong dugc thé, aryl vong ngung tu dugc thé, heteroaryl khong
dugc thé, va heteroaryl duoc thé. Céc phan tur thé cua aryl duge thé, aryl vong
ngung tu va cadc nhom heteroaryl cé thé doc lap duoc chon tir cac nhém
hydrocarbyl va cac nhém hydrocarbyl dugc thé, ma timg nhém cé thé tuy y
duoc ngit mach bai it nhat mot nhém -O-, -S-, -C(0)-, -C(0)0-, -S(0)-, -SO2-,
“N(Ri11’)-, nhu dwoc mb ta trén ddy. Vi du vé cac nhém aryl ma tir &6 Vong-A
va Vong-B mdi nhém c6 thé doc 1ap dwgc chon bao gdm, nhung khong chi giéi
han &, phenyl va biphenyl. Vi du vé cic nhém aryl vong ngung tu ma tir d6
Vong-A va Vong-B mdi nhém c6 thé doc 1ap duge chon bao gdm, nhung khong
chi gi6i han &, cac hydrocarbon thom nhiéu vong, nhu naphtyl va anthraxenyl.
Vi du vé& cac nhoém heteroaryl ma tir d6 Vong-A va Vong-B mdi nhém cé thé
doc lap dugce chon bao gém, nhung khong chi giéi han ¢, furanyl, pyranyl,
indolyl, thienyl, benzothienyl, va pyridinyl.

Theo mdt s6 phwong 4n cia sang ché, R! d6i voi timg m, va R? d6i véi
ting n, trong ting trudng hop doc 14p duge chon tir: phin tir thé cé thé phan
ung; phén tir thé twong thich; halogen dugc chon tr iodo, bromo, flo va clo;
C1-Cyo alkyl; C3-Cyo xycloalkyl; phenyl dugc thé hoic khéng duoc thé; hoic
-O-Rio’ hodc -C(0)-Rio’ hodc -C(0)-OR10’, trong d6 Rio’ la nguyén tu hydro,
Ci1-C20 alkyl, phenyl(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl duoc thé mono(Ci-
Cyo)alkyl, phenyl(C1-Cao)alkyl dugc thé mono(C1-Cyo)alkoxy,
(C1-Cao)alkoxy(C2-Cao)alkyl, C3-Cio xycloalkyl, hodac C3-Cio xycloalkyl duoc
thé mono(C1-Cao)alkyl. Cac phdn tir thé phenyl (tic 13, cac phan tu thé cua
phenyl duoc thé) c6 thé dwgc chon tr hydroxyl, halogen, carbonyl, Ci-Czo
alkoxycarbonyl, xyano, halo(C1-Cayo)alkyl, C1-C2§ alkyl hoac C;-Cyo alkoxy.
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Theo mot sé phuong 4n tiép theo, R! d6i v6i mdi m, va R? dbi véi mdi
n, trong tung truong hop doc 1ap va cu thé hon duogc chon tir: C1-Cs alkyl; C3-C7
xycloalkyl; phenyl dugc thé hodc khéng dugc thé; -OR1o> hodc -OC(=O)Rio’,
trong d6 Rio’ 1a nguyén tu hydro, C1-Cs alkyl, phenyl(Ci-Cs)alkyl, phenyl(Ci-
Cs)alkyl dugce thé mono(Ci-Ce)alkyl, phenyl(Ci-Cs)alkyl dugc thé mono(Ci-
Ce)alkoxy, (Ci-Ce)alkoxy(C2-Cs)alkyl, C3-C7 xycloalkyl, hodc C3-C7 xycloalkyl
dugc thé mono(Ci-Cs)alkyl. Cac phéan tir thé phenyl (tic 13, cac phén tir thé cta
phenyl dugc thé) cu thé hon c6 thé duogc chon tir hydroxyl, halogen, carbonyl,
C1-Cs alkoxycarbonyl, xyano, halo(Ci-Cs)alkyl, C1-Cs alkyl hodc C1-Cs alkoxy.

Cac phuong an khac hodc ngoai céc loai va vi du trén day, R! dbi véi
mdi m, va R? d6i v6i mbi n, trong ting trudng hgp b thé d6c lap duoc chon tir,
-N(R11")R12’, trong d6 Ri1’ va Ri2> mdi nhém doc 1ap 1a nguyén t hydro, Ci-
Ca0 alkyl, phenyl, naphtyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, benzopyridyl,
florenyl, Ci-Ca0 alkylaryl, C3-Cio xycloalkyl, Cs4-Cao bixycloalkyl, Cs-Cao
trixycloalkyl hodc Ci-Cao alkoxyalkyl, trong d6 nhém aryl dd néu la phenyl hodc
naphtyl, hodc Rii” va R’ cung véi nguyén ti nito tao ra vong C3-Cao
hetero-bixycloalkyl ring hodc vong C4-Cao hetero-trixycloalkyl.

Céac phuong 4n khic nita hodc ngoai céc loai va vi du trén day, R' dbi
v6&i mdi m, va R? d6i véi mbi n, trong timg trudng hop c6 thé doc 1ap duogc chon
tir, vong chra nito ¢ cong thirc XIIA sau,

XITA
k(Y)m—/

Trong phin tir thé vong nito ¢é cong thic chung XIIA, mdi -Y- doc 1ap dugc
chon cho mdi 14n xuét hién tir -CHa., -CH(R13)-, -C(R13°)2-, -CH(aryl)-, -C(aryl)-, va
-C(R13)(aryl)-, va Z la -Y-, -O-, -S-, -S(0)-, -SO2-, -NH-, -N(R13’)-, hodc -N(aryD)-,
trong d6 mdi Riz’> doc 1ap 1a C1-Cao alkyl (vi du, Ci-Cs alkyl), mdi aryl doc lap la

phenyl hodc naphtyl, m 14 s6 nguyén 1, 2 hodc 3, va p 1a s6 nguyén 0, 1, 2, hogc 3 va
sao chokhipla0,Z1a-Y-.
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Ngoai ra hodc theo cach khac, R! d6i v6i mdi m, va R? ddi véi mdi n,
trong tirng trudong hop ciing cé thé doc lap dugc chon tur phén tir thé vong chira

nito ¢6 céng thirec chung XIIB va/hodc cong thuc chung XIIC:

XIIB XIIC
\ |
N AN Ris N AN
Ris | PR | P
R1g
Ris
Ri7

Déi v6i cac phin tir thé vong chira nito ¢6 cong thirc chung XIIB va XIIC, Ris,
Ris, va R17 mdi nhém doc lap 1a nguyén ti hydro, Ci-Cao alkyl (vi du, Ci-Cs alkyl),
phenyl, ho#c naphtyl, hodc cac nhém Ris va Rie ciing nhau tao thanh vong co tur 5 dén
8 nguyén tir cacbon va mdi RY doc 1ap v6i mdi 1An xuét hién dugc chon tir C1-Cao
alkyl (vi du, Ci-Cs alkyl), Ci-Cao alkoxy (vi du, Ci-Cs alkoxy), flo hodc clo, va Q 1a
sb nguyén 0, 1, 2, hodc 3.
Theo cach khac nita hoic ngoai ra, R! ddi v6i mbi m, va R? ddi véi mdi
n, trong ting trudng hop cling ¢6 thé doc 1ap duge chon tir, amin Cs-Cis X04n
hai vong khong dugc thé, dugc thé mot 1an hodc duge thé hai 1an, hoic amin
C4-C1s xhon ba vong khong duge thé, dugc thé mot 1an hodc duge thé hai lan,
trong d6 cac phan tir thé doc 1ap 1 aryl, C1-Cao alkyl (vi du, Ci-Cs alkyl), Ci-C2o
alkoxy (vi du, Ci-C¢ alkoxy), hodc phenyl(Ci-Cyo)alkyl (vi du,
phenyl(C1-Cg)alkyl).
Theo mdt sd phuwong 4n ciia séng ché, hai nhom R! lién k&, va/hoic hai
nhém R? lién k&, c¢6 thé cing nhau tao thanh nhém c¢é cong thirc chung XIID
hoac cong thitc chung XIIE sau,
XIID

XIIE
T P Ris T Lt
Ris - -
R16>< j‘ :[ j
T Ry¢ ™
Véi cac nhdm cé cdng thire chung XIID va XIIE, T va T* doc 1ap la oxy

hodc nhéom -NRi1-, trong dé Rii, Ris, va Ris doc 1ap nhu dugce xac dinh va mo ta

trén day.
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Céc nhém R? va R4, theo mét s6 phuong 4n cia sang ché, mdi nhom cé
thé doc 1ap dwoc chon tir: phan tir thé ¢6 thé phan tng; phan tir thé twong thich;
hydro; hydroxy; Ci-Cyo alkyl (vi du, Ci-Cs alkyl); C1-Cyo haloalkyl (vi du, Ci-
Cs haloalkyl); C3-Cio xycloalkyl (vi du, C3-C ‘xycloalkyl); alyl; benzyl; hoac
benzyl dugc thé mot 1an. Cac phf?ln tr thé benzyl c6 thé duoc chon tir halogen,
C1-Coo alkyl (vi dy, C1-Cs alkyl) hoac C1-Cao alkoxy (vi du, Ci-Cs alkoxy).

Cac nhém R? va R* theo mdt s6 phuong an khac nita ctia sang ché, mdi
nhém c6 thé doc lap dugc chon tir, nhém khong dugc thé, dugc thé mot 14n hoic
duoc thé hai 14n dugc chon tir phenyl, naphtyl, phenanthryl, pyrenyl, quinolyl,
isoquinolyl, benzofuranyl, thienyl, benzothienyl, dibenzofuranyl,
dibenzothienyl, carbazolyl, hoic indolyl. Cac nhém phan tir thé nhém trong
tung truong hgp cod thé doc lap dugc chon tur halogen, Ci-Cyo alkyl (vi du, Ci-
Cs alkyl) hoac C1-Cyo alkoxy (vi du, C;-Cs alkoxy).

Cac nhom R3 va R* ciing ¢6 thé, theo mot sd phuong 4n cla sang ché,
mdi nhém doc 1ap duoc chon tir phenyl dugc thé mot 1an, trong dé phenyl co
phén tir thé tai vi tri para cia n6, 13 nhém lién két, -(CH2)- hodc -O-(CH2)t-,
duoc nbi v6i nhém aryl 13 thanh phan cta chit lidu ddi mau theo anh sang (hozc
chit liéu dbi mau theo 4anh sang khac), nhu naphtopyran, naphtopyran ngung tu
indeno, hodc benzopyran, va t dugc chon tir cac sb nguyén 1, 2, 3, 4, 5 hodc 6.

Theo cach khéc, cdc nhom R3 va R* mdi nhém c6 thé doc 1ap dwge chon
tr nhom -CH(R!%)G, trong d6 R!? 1a nguyén tr hydro, Ci-Cao alkyl (vi du, C1-Cs
alkyl) hodc cac nhom phenyl hodc naphtyl khong dugc thé, dugc thé aryl mot
14n hodc duoc thé aryl hai l14n, va G 1a -CHpOR!!, trong d6 R'! 1a nguyén tu
hydro, -C(O)R!?, Ci-Cyo alkyl (vi du, C1-Cs alkyl), C1-Cao alkoxy(Ci-Cao)alkyl
(vi du, Ci-C3 alkoxy(Ci-Ce)alkyl), phenyl(Ci-Czo)alkyl (vi du, phenyl(Ci-
Cs)alkyl), phenyl(Ci-Czo)alkyl dugc thé mono(C1-Cao)alkoxy (vi du, phenyl(Ci-
Cs)alkyl dugc thé mono(Ci-Ce)alkoxy), hodc hodc cic nhém phenyl hodc
naphtyl khong dugc thé, duoc thé aryl mot 1an hodc dugc thé aryl hai 1an. Cac
phén tir thé ciia nhém phenyl va naphtyl mdi nhém cé thé doc 1ap duogc chon tir

C1-Cao alkyl (vi du, Ci-Cs alkyl) hodc Ci-Cao alkoxy (vi du, Ci-Cs alkoxy).
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Theo mdt sb phuong an tiép theo cla séng ché, R3 va R* c6 thé clng
nhau tao thanh phﬁn tir thé xodn duoc chon tir vong cacbon xodn dugc thé hoic
khong dugc thé chira tir 3 dén 6 nguyén tir cacbon, di vong dugc thé hoic khong
duoc thé chtra 1 hodc 2 nguyén tir oxy va tir 3 &én 6 nguyén tir cacbon bao gdm
nguyén tir cacbon xodn. Vong cacbon va di vong x04n mdi nhém duogc xen ké
boi 0, 1 hodc 2 vong benzen. Cac phén tir thé cua vong xoan ¢6 thé dugc chon
tir nguyén tr hydro hodc Ci1-Cao alkyl (vi dy, Ci-Cs alkyl).

Theo mot sé phuong an cia sang ché, R! dbi voi mbi m, va R? ddi véi
mdi n, trong ting trudong hop doc 1ap duoc chon tir phenyl khong duoc thé,
phenyl duoc thé, C1-Cs alkyl, C3-C7 xycloalkyl, Ci-Cs haloalkyl, iodo, bromo,
flo, clo, va -O-Rio’. Theo cac phuong 4n tiép theo ciia sang ché, R? va R* doc
lap dugc chon tir nguyén tir hydro, C1-Cs alkyl, Ci-Cs haloalkyl, va C3-Cs
xycloalkyl, hodc R? va R* cing nhau tao thanh phén tir thé xodn dugc chon tir
vong cacbon xodn duge thé hoic khong dugc thé chira tir 3 dén 6 nguyén tu
cacbon.

Theo mdt sb phwong 4n tiép theo, R! d6i v6i mdi m, va R? d6i v6i mdi
n, trong tung truong hop céd thé doc 1ap duogc chon tir nhém cé cdng thue XIII
sau,

X111
—(S1)e-(Q1 —(S2)d)a -(Q2 —(S3)e )er -(Q3 —(S4) )r>—Ss P
Trong nhém ¢6 cong thire XIII, Q1, Q2, va Q3 doc lap duogc chon tlr, nhém
h4o tri hai dugc chon tlr, nhém thom dugc thé hodc khong duoc thé, nhém vong
béo duoc thé hodc khong duge thé, nhém di vong duge thé hodc khong dugc
thé, va hdn hop cta ching.

Cac phén tir thé cia cac nhom thom duge thé, cac nhém vong béo duoc
thé va cac nhém di vong duoc thé ma tir d6 mdi Q1, Q2, va Q3 ¢ thé duge chon,
doc 1ap dugce chon tir: nhom P (nhu s& dwge mo ta chi tiét sau day); cac mesogen
tinh thé long; halogen; poly(Ci-Cis alkoxy); Ci1-Cis alkoxycarbonyl; Ci-Cis
alkylcarbonyl; Ci-Cis alkoxycarbonyloxy; aryloxycarbonyloxy;  perflo(Ci-
Cis)alkoxy; perflo(C1-Cig)alkoxycarbonyl; perflo(Ci-Cis)alkylcarbonyl;
perflo(Ci1-Cis)alkylamino; di-(perflo(Ci-Cis)alkyl)amino; perflo(Ci-
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Cis)alkylthio; Ci-Cig alkylthio; Ci-Cis axetyl; Cs3-Cio xycloalkyl; Cs3-Cio
xycloalkoxy; hodc nhéom C;-Cis alkyl mach thang hodc mach nhanh duoc thé
mot 1in bang xyano, halo, hoic Ci-Cis alkoxy, hodc dugc thé nhiéu 14n bang
halo.

Ngoai ra hodc theo cach khac, cac phén tir thé cta cadc nhém thom duoc
thé, cac nhém vong béo duge thé va cdc nhom di vong duoc thé ma tir d6 c6 thé
chon duoc tung Q1, Q2, va Qs3, con cd thé doc lap dugc chon tir nhém c6 mot
trong sd cac cong thire XIMA va XIIIB sau,

XIIIA XI1B
-M(D)e1) -M(OT)),

Trong cac cong thirc XIIA va XIIIB, M duge chon tir nhom, antimon, tantan,
titan, ziricon va silic, T dugc chon tir cac géc chirc hitu co, cac géc hydrocarbon chtrc
hitu co, cac gbe hydrocarbon béo va céc gbc hydrocarbon thom, va t 1 hoa tri ctia M.

Céc mesogen tinh thé 16ng ma tir d6 c6 thé doc 1ap chon duoc timg Qi,
Q2, va Q3, bao gdm nhung khdng chi giéi han ¢ cac mesogen tinh thé long da
biét trong linh vuc nay. Theo mot sb phuong 4n, cdc mesogen tinh thé long c6
thé duoc chon tir cdc mesogen dugc md ta trong Cong bb don patent M¥ sé US
2009/0323011 A1, xem doan tir [0052] dén [0095] va Bang 1, phan boc 16 duoc
két hop & day bang cach vién dan.

Ciing trong cong thuc XIII, cac chi sd dudi ¢, d, e, va f doc lap duge
chon tir s& nguyén ndm trong khoang tur 1 dén 20, bao gdm ca can trén va cén
duéi (vi du, tir 2 dén 15, hodc tir 3 dén 10).

Cac nhom Si, Sa, S3. S, va Ss cua cong thite XIIT mdi nhom doc 1ap
duoc chon tir nhém dém. Nhoém dém trong ting trudng hop co thé doc lap duoc
chon tir, -(CH2)g-, -(CF2)h-, -Si(CH2)g-, -(Si(CH3)20)n-, trong d6 g doc lap duge
chon dbi v4i mbi 1an xuét hién tir 1 dén 20, va h 1a s6 nguyén tir 1 dén 16, gdm
ca cac can. Theo cach khac, hodc ngoai ra, nhém dém co thé doc lap dugc chon
tir -N(Z)-, -C(Z)=C(Z)-, -C(Z)=N-, -C(Z’)-C(Z’)-, hodc lién két don, trong d6 Z
doc lap duoc chon ddi véi mdi 1an xuét hién ti hydro, Ci-Cis alkyl, C3-Cio
xycloalkyl va aryl, va Z’ doc lap duoc chon ddi voi mdi 14n xuét hién tir C1-Cis

alkyl, C3-Cio xycloalkyl va aryl. Theo cach khéac nita, hodc ngoai ra, nhom dém
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¢6 thé ddc 1ap duoc chon tir -O-, -C(0)-, -C=C-, -N=N-, -S-, -S(0)-, -S(0)(0)-,
-(0)S(0)0O-, -0(0)S(0)0O-, hoac gbc Ci-Cas alkylen mach thing hoic mach
nhanh, gbc Ci1-Cas alkylen niy khong dugc thé, dugc thé mét 1an bing xyano
hodc halo, hodc dugc thé nhidu 1an bang halo.

Trong céng thirc XIII: khi hai nhém dém chtra cac nguyén tir khac loai
duoc lién két véi nhau, cac nhém dém duoc lién két sao cho cac nguyén tr khac
loai khong truc tiép duoc lién két v6i nhau; mdi lién két gitta S1 va Vong-A va
S1 va Vong-B khong chtra hai nguyén tir khéc loai lién két v6i nhau; va lién két
gitta S5 va P khéng chtra hai nguyén tu khac loai lién két véi nhau.

Nhém P cua cdng thirc XIII dugc chon tr, hydroxy, amino, C;-Cis
alkenyl, C2-Cig alkynyl, azido, silyl, siloxy, silylhydrua, (tetrahydro-2H-pyran-
2-yl)oxy, thio, isoxyanato, thioisoxyanato, acryloyloxy, metacryloyloxy,
2-(acryloyloxy)etylcarbamyl,  2-(metacryloyloxy)etylcarbamyl,  aziridinyl,
alyloxycarbonyloxy, epoxy, axit carboxylic, este carboxylic, acryloylamino,
metacryloylamino, aminocarbonyl, Ci1-Cis alkyl aminocarbonyl,
aminocarbonyl(Ci-Cis)alkyl, Ci-Cis alkyloxycarbonyloxy, halocarbonyl, hydro,
aryl, hydroxy(Ci-Cig)alkyl, Ci-Cis alkyl, Ci-Cis alkoxy, amino(Ci-Cis)alkyl,
C1-Cis alkylamino, di-( Ci-Cig)alkylamino, Ci-Cis alkyl(Ci-Cig)alkoxy, Ci-Cis

alkoxy(C1-Cig)alkoxy, nitro, poly(C1-Cis)alkyl ete,
(C1-Cig)alkyl(Ci-Cis)alkoxy(Ci-Cig)alkyl, polyetylenoxy, polypropylenoxy,
etylenyl, acryloyl, acryloyloxy(Ci-Cis)alkyl, metacryloyl,
metacryloyloxy(Ci-Cis)alkyl, 2-cloacryloyl, 2-phenylacryloyl,

acryloyloxyphenyl, 2-cloacryloylamino, 2-phenylacryloylaminocarbonyl,
oxetanyl, glyxidyl, xyano, isoxyanato(Ci-Cis)alkyl, este cua axit itaconic, vinyl
ete, vinyl este, dAn xut styren, cac polyme tinh thé 16ng mach chinh va mach
bén, cac din xuit siloxan, cdc din xuét etylenimin, cac din xuit cta axit maleic,
cac din xuét cua axit fumaric, cac dan xuét cué axit xinamic khéng dugc thé,
cac din xudt cua axit xinamic duoc thé béng it nhit mot nhom metyl, metoxy,
xyano va halogen, hodc cidc nhém héa tri mot hodc héa tri hai khong d61 xtmg
hodc d6i xung duogc thé hoac khong duoc thé dugce chon tir cac gdc steroit, cac

gbe terpenoit, cac gde alkaloit va hdn hgp cta chung. Céc phén tr thé cua céc
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nhém ma tir d6 c¢6 thé chon duogc P doc lap ducjc chon tu C;1-Cis alkyl, Ci1-Cis
alkoxy, amino, C3-Cio xycloalkyl, Ci-Cis alkyl(Ci-Cis)alkoxy, flo(Ci-Cis)alkyl,
xyano, xyano(Ci-Cig)alkyl, xyano(Ci-Cis)alkoxy hodc hén hop cuia ching. Theo
mot sb phuong an, P ¢ thé 1a cdu tric cé tir 2 dén 4 nhém c6 thé phan tng.
Theo c4c phuong 4n tiép theo, P c6 thé 1a tién chét trung hop chuyén vi mo
vong dugc thé hoic khong dugc thé.

Trong cdng thirc XIII, céc chi s§ dudi d’, e’ va > mdi chi sb doc 1ap
duoc chon tr 0, 1, 2, 3, va 4, sao cho téng d’ + ¢’ + £ bang it nhét 1.

Vong-A va Vong-B cua céc hop chit lacton cé cac cong thirc I va II,
theo mot sd phuong 4n, mdi nhém doc 1ap duge chon tir cdc nhém aryl khong
duoc thé va duge thé, nhu cac nhém phenyl khong dugc thé va duge thé. Theo
mot sé phuong 4n cua sang ché, hop chét lacton dwgc chon tir cc hop chit

lacton c6 it nhat mgt trong sO céc cong thirc Ia va Ila sau:

Ia

Trong cac cdng thic Ia va Ila, m, n, R}, R?, R? va R* 1a nhu dugc md ta

trén day.
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Hop chét lacton c6 it nhit mot trong sb cac cong thic I va II, theo mot
s6 phuong 4n, cé thé dwoc tao ra hodc tao thanh bing phuong phéap bao gdm,
budc cho este ciia axit cé it nhAt mot trong sb cac hop chit ¢6 cong thire VI va
VII phan tng véi chat khir hydrua kim loai dugc xac dinh trong ban mé ta nay
bao gém chat khu hydrua kim loai hitu co, hodc chit 4i nhan c6 it nhét mot
trong s6 cac cong thirc VIII va/hodc IX, nhu dwgc md ta trén day. Phan tng tao

ra hop chét lacton c6 thé duge biéu din bang So dd-1 sau.

So do-1

Chét khir RiM! (VIID) Vi
hydrua
kim loai va/hodc
hodic R*M? (IX)

Trong phuong phap c6 thé tao ra hop chit lacton theo sang ché, vi du
nhu dugc thé hién bang So dd-1, chat khir hydrua kim loai thudong duoc st dung
khi R? va R* mdi nhém 1a nguyén tir hydro. Chat khir hydrua kim loai c6 thé,
theo mot sd phwong an, duoc chon tir natri borohydrua va lithi nhém hydrua,
hodc chit khir hydrua kim loai hitu co. Chét khir hydrua kim loai hitu co cé thé

]a mot hodc nhiéu chat khtr di(Ci-Cao alkyl) nhom hydrua, nhw mot hodc nhiéu
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chit khtr di(Ci1-Cs alkyl) nhém hydrua, vi du, dietyl nhém hydrua va diisobutyl
nhom hydrua.

Theo mot sd phuong 4n cia sang ché, M! va M2 ctia cac cong thirc VIII
va IX ciing bao gdm halogen, va c¢6 thé dugc biéu didn bing (M'X)* va (M2X)*,
trong d6 X 1a halogen. M&i M' va M? clia c4c cong thirc VIII va IX mdi nhém
¢6 thé duoc chon tir MgX)*, trong dé6 X dugc chon tir halogen, nhu CI, Br va I
(vi du, MgCl)*, MgBr)" va (MgD)").

Theo mét s& phuong 4n cua sang ché, cac chit 4i nhan c¢é cc cong thirc
VIII va IX mdi nhém 13 chét phan Gng Grignard, va phan @ng duoc thé hién
bang So db-1 14 phan tng Grignard, duoc tié'n.he‘mh trong cac diéu kién phan
tmg Grignard. Phan Gmg dugc thé hién bang So db-1 thudong duoc tién hanh voi
su c6 mat ctia dung moi thich hgp, nhu tetrahydrofuran (THF), va trong céc diéu
kién ap suat méi truong (vi du, khoang 1 atm), trong mdi trudng khi tro (vi du,
trong dong khi nito thdi qua), & nhiét do nhu tir -30°C dén 60°C, hoic tir -20°C
dén 45°C, hoic tir -10°C dén 30°C, va ty y ¢6 hdi luu.

Phén tng clia este axit c6 cac cong thire VI va/hodc VII véi chit 4i nhan
¢ cac codng thire VIII va/hodc IX ¢6 thé, theo mot sb phuong an, duogc tién hanh
voi su ¢6 mit cia mudi kim loai. Vi du v& mudi kim loai ma c6 thé c6 mit bao
gdm, nhung khong chi giéi han &, nhém clorua (AICls), thiéc clorua, kém
clorua, bismut triflat, halogenua kim loai kiém, 'halogenua kim loai kiém khan,
mubi kim loai kiém thd, vi du, halogenua lantanoit, nhu lantan III clorua, va
lantanoit triflat, va hdn hop ctia ching. Vi du vé cac halogenua kim loai kiém c6
thé c¢6 mit bao gém, nhung khong chi gidi han &, natri halogenua va/hodc kali
halogenua, nhu natri clorua (NaCl) va/hodc kali clorua (KCI). Vi du vé cac
halogenua kim loai kiém ma c6 thé c6 mit bao gdm, nhung khong chi giéi han
&, canxi halogenua khan, lithi halogenua khan va/hodc magie halogenua khan,
nhu canxi clorua, lithi clorua va magie clorua. Mudi kim loai thudng cé mit véi
lwong tir 0,1% mol dén 600% mol, hodc tir 1,0 dén 100% mol, hodc tir 10 dén
50% mol, trén 100% mol vat liéu ban dau. Ty 1€ % mol dinh nghia trong ban md

ta nay 1a ty 1& phan tram cua s& mol mudi kim loai trong mét lit chit tan trén
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téng s& mol trong mat lit chét tan cua este axit ¢ cac cong thtrc VI va/hodc VII
va cac chét 4i nhan c6 cac cong thirc VIII va IX trong So db-1.

Khi phuong phap theo sang ché bao gém viéc tao ra cic hop chéit lacton
c6 cac cong thirc Ia va/hodc Ila, este axit dugc thé hién béng cac cdong thuc Via

va VIla sau,

Céc este axit ¢6 cac cong thirc VI va VII c6 thé duogc didu ché bang cac
phuong phap thich hop. Theo mot s phwong an ctia sang ché, cac este co cac
cong thie VI va VII dugc didu ché bang phan ung giita keton Vong-A Vong-B

va dieste cua axit suxinic, va dugc thé hién trén So do-2 sau.
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(VID)

Trong So dd-2, keton Vong-A Vong-B (a) duoc cho phan tng véi dieste
cla axit suxinic (b), trong d6 m&i R'6 13 nhu dwge mo ta trén day (vi du, mdi R
c6 thé 1a etyl), véi su ¢ mit cia bazo manh, nhu alcoxit kim loai kiém, nhu
NaOR!6 (vi du, natri etoxit). Phan ung theo So d6-2 dugc tién hanh trong cac
didu kién thich hop, nhu trong diéu kién hdi luu & nhiét d6 diém soi ctia dung
mdi, trong moi truong khi tro, va véi sy ¢ mat cua dung moi thich hop, nhu
tetrahydrofuran hoic toluen. Viéc tién hanh phan tng dugc mo ta chi tiét trong
cac Vi du.

Sang ché ciing dé& xuit phuong phap didu ché hop chat indenol vong
ngung tu c6 it nhat mot trong sd cac cdng thirc I va III-2, nhu dugc md ta trén
day. Nhu da thao ludn trén ddy, phuong phap nay bao gébm budc chuyén hoa
hop chét lacton dugc chon tir cac hop chét lacton c6 it nhat mét trong sb cac
cong thae I va II, thanh hop chét trung gian bao gdm hop chét trung gian axit c6
it nhAt mét trong sb cac cong thirc IV va IV-2, mdi cdng thirc nhu duge mo ta
trén ddy. Budc chuyén hoéa cta hop chét lacton thudng dugc tién hanh vai su co
mit ctia mot hodc nhidu mudi kim loai bao gém mudi kim loai hitu co. Theo

mot sO phuong an, mudi kim loai dugce chon tu:
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(i) Bi®Y(-0-S0O2-R¥)3, trong dé6 R dugc chon tir hydrocarbyl va
halohydrocarbyl (vi du, perhalohydrocarbyl); va/hodc (ii) BiXs, trong d6 mdi X
doc 1ap duogc chon tir halogen (vi du, F, Cl va Bf). Nhém RIS cua mudi kim loai
hitu co, theo mét sb phuong an, dugc chon tht nhém perhalohydrocarbyl, nhu
nhém perhalo(Ci1-Cao)alkyl, bao gdm, vi du, cdc nhém perflo(Ci-Cs)alkyl, nhu
-CF3, -C3Fs, va -C3F7. Mubi kim loai thuong c6 méat voi lugng, vi duy, tir 0,001%
mol dén 50% mol hodc tir 0,01 dén 30% mol, hodc tir 0,1 dén 20% mol, trén
100% mol chéit liéu ban dau. Trong budc chuyén hoéa céc lacton c6 cong thirc I
va/hodc II thanh hop chét trung gian c6 cong thirc IV va/hodc IV-2, ty 1€ % mol
dugc xac dinh trong ban mo ta nay 1a ty 1& phan tram sd mol mubi kim loai
trong mot 1it chat tan trén tdng s6 mol trong mot lit chat tan cta lacton cé céc
cong thuc I va/hodc I1.

Buéc chuyén hoa hop chit lacton c6 cong thirc I hodc II thanh hop chét
trung gian axit, vi du, v&i sy c6 mét cla mudi kim loai, din dén su tao thanh
hop chét trung gian axit ¢é cong thire IV va/hoidc cong thirc IV-2. Tuy thude vao
cac yéu td, bao gdm nhung khéng chi gi6i han &, cac yéu té ma c6 mat cac hop
chit lacton, va su khac biét trong anh huong khong gian va/hodc mtc do giau
electron gitta Vong-A va Vong-B cua (cac) hop chét lacton dugc thao luan sau
day, viéc chuyén hoa c6 thé dan dén su tao thanh hop chat trung gian axit gdbm
nhiéu (vi du, chu yéu 13) hop chit trung gian axit c6 cong thicc IV hodc IV-2,
hozc hdn hop hodc hdn hop céc hop chét trung gian axit c6 cong thitc IV va
cong thuc IV-2.

Cén luu ¥ riang viéc chuyén héa hop chit lacton trong hdn hop ctia cong
thue I va II, c¢6 thé din dén viéc tao ra hop chit trung gian axit gdm chi yéu 13,
hoac chi gdm, hop chit trung gian axit c6 cong thitc IV hodc cong thirc IV-2,
hodc hdn hop hai hop chét trung gian axit nay.

Tuong tu, viéc chuyén hoa cac hgp chit lacton c6 ca cc cong thic I va
I1, ¢6 thé din dén viét tao ra hdn hop hodc hdn hop hop chét trung gian axit, nhu

dugc thé hién trén So dd-3 sau.
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So d6-3

Bi(0SO,-R15);

(IV-2) awv)

Trong So dd-3, hdn hop hodc hdn hop cac hop chit trung gian axit IV
va IV-2 dugc mo ta la dugce tao ra. Theo mot sd 'phucrng 4n, tmg hop chét trung
gian axit IV va IV-2 ¢é thé dugc phan lap, va mot hodc ca hai hop chat trung
gian axit dwoc phén lap c6 thé duoc chuyén héa tiép thanh dang hop chit vong
ngung tu indeno c6 lién quan. Vi du, viéc tiép tuc chuyén héa hop chét trung
gian axit c6 cong thic IV, din dén sy tao thanh hop chéit cé cong thuc III; va,
tuong tu, viéc chuyén héa hop chét trung gian axit c6 cong thirc IV-2 din dén
su tao thanh hop chéit ¢6 cong thuc I11-2.

I

R3

al R4
° °

(R?),

(R

R12
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I1I-2

R3

(Rz)n I R4

(R")m

OR12

Theo mot s6 phwong an cia sang ché, cac hop chat trung gian axit IV va
IV-2 khong duoc tach riéng hodc phén lap, va viéc chuyén hoéa ching tiép theo
din dén su tao thanh hdn hop hoic hdn hop cac hop chét ¢ cac cong thic III va
III-2. Hdn hop hop chét ¢6 cac cong thuc IIT va II-2 tuy v ¢6 thé duge tach
hodc phan lap khoéi nhau, vi dy, trude khi cadc phan Gng tiép theo duoc thuc hién
bang chung (vi du, viéc tao ra hgp chét pyran vong ngung tu indeno).

Theo sang ché, viéc chuyén héa hdn hop cac hop chét lacton cé cac
cong thtc I va II, co thé dan dén su tao thanh nhiéu (ttc 13, lwvong 16n) mot
trong s6 cac hop chit trung gian axit so vdi cac chét khac, vi dy, nhiéu hop chét
trung gian axit c6 cdng thitc IV hon so véi hop chét trung gian axit c6 cong thirc
IV-2. Vi duy, viéc chuyén hoéa c6 thé din dén su tao thanh it nhat 50% mol, hoic
it nhat 60% mol, hodc it nhit 70% mol, hodc it nhat 75% mol, hodc it nhat 80%
mol hop chét trung gian axit c6 cong thirc IV, trén téng sé mol hop chit trung
gian axit ¢6 cong thirc IV va hop chét trung gian axit c6 cong thire IV-2. Hop
chét trung gian axit c6 cong thic IV cé thé dugc tao ra voi luong nho hon hodc
bang 100% mol, hodc nhé hon hodc bing 95% mol, hoic nhé hon hoic bing
90% mol, trén tdng sé mol hop chét trung gian axit c6 cong thirc IV va hop chét
trung gian axit ¢6 cong thirc IV-2. Lwong hop chit trung gian axit c6 cong thirc
IV duogc tao ra c6 thé thay ddi trong hdn hop bat ky gita can trén va can dudi,
bao gdm ca céc tri s§ duoc néu, vi dy, tir 50 dén 100% mol, hoic tir 60 dén 95%
mol, hodc tir 70 dén 90% mol hop chit trung gian axit c6 cong thirc IV, trén

tdng s6 mol hop chéit trung gian axit ¢6 cong thirc IV va hop chét trung gian axit
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c6 cong thirc IV-2. Theo cuing céach, viéc tao ra nhiéu hop chét trung gian axit c6
cong thitc IV-2 hon so v6i hgp chét trung gian axit ¢6 cong thic IV ¢6 thé xay
ra.

C6 thé Thuc hién viéc chuyén hoéa hop chét lacton bao gém hén hop cac
hop chét lacton c6 céac cong thirc I va II, dé din dén su tao thanh lugng maot
trong hai hop chét trung gian axit c6 cong thirc IV va Formula IV-2 nhiéu hon,
vi du, dua trén su khéac biét trong anh hudng khong gian va/hodc do giau
electron gitta Vong-A va Vong-B cta (cac) hop chit lacton. Viéc chuyén hoa c6
chon loc cling cé thé duoc thuc hién véi sy ¢6 mit cia mudi kim loai duogc
chon, vi du, tir Bi®Y("0-S02-R!%);, va/hoic BiXs, mdi chit nhu dugc mo ta trén
day.

Nhu duoc st dung trong ban md ta va trong cac yéu ciu bao ho, thuat
ngit “anh huong khong gian” chi va ¢ lién quan dén anh huéng 16n hon ciia cdu
hinh khéng gian ctia mot vong so véi vong kia, vi du, Vong-A cta hop chét
lacton so véi Vong-B ctia hop chét lacton, tuy thudc vao ty l¢, ban chit, va
pham vi ctia phén tng. Vi du, kich c& va hinh dang ctia cac nguyén tr va phan
tlr, hinh hoc ctia cac géc lién két va su c6 mit cua cac phan tir thé ¢6 anh huodng
dén qué trinh phan @ng, nhu chuyén gia trong linh vuc nay da biét. Hop chét
lacton c¢6 phén tir thé flo & vi tri 2 cia Vong-B, nhu trong cac Vi du 3 va 6,
duong nhu gép phan vao su can trd khong gian d6i véi Vong-B 1am cho no it ¢6
hon trong phan tng, d4n dén sy tao thanh nhiéu san phdm cé cong thirc IV hon.

Nhu dugc st dung trong ban md ta va trong céc yéu cau bao ho thuat
ngit “dd giau electron” chi va ¢ lién quan dén loai, s6 va vi tri cac nhém cho
electron va’/hoac cac nhém hut electron duoc gén vao Vong-A (nhém hodc céc
nhom R!') va Vong-B (nhoém hodc cdc nhom R?) khi Vong-A va Vong-B 1a nhu
nhau. D6 giau electron c6 thé do duoc bang tri s6 Hammett Sigma lién quan dén
dd manh tuong dbi cua cac nhém cho hodc hut electron. Tri s6 Hammett o 12
phép do tuwong dbi ctia anh hudéng dién tir ciia phan tir thé & vi tri para (o) hodc
meta (om) ctia vong phenyl so véi anh huong dién tir ciia hydro duoc thé & vi tri
para hodc meta. Thong thuong véi cac phan tir thé thom néi chung, tri sb

Hammett ¢ 4m 13 chi thi cia nhém hozic phan tir thé c6 anh hudéng cho electron
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trén hé electron pi (tic 13, nhém cho electron) va tri s6 Hammett o duong 1a chi
thi cua nhom hodc phan tir thé cé anh huéng hit electron trén hé electron pi (tuc
1a, nhém hut electron).

Anh huéng cua do giau electron trén do chon loc cua phan Gng, khong
bi gidi han boi ly thuyét, duoc cho 1a nhu sau: P9 chon loc nhéd hon khi ¢6 su
khac biét nhé hon gilta céc tri s6 Hammett (cp) hodc (om) ctia cdc nhém hut
hoic cho electron trén Vong-A va Vong-B cua lacton va do chon loc 1én hon khi
¢ su khac biét 1én hon gilta céc tri sb nay. P9 chon loc cta phan tng thién vé
phia Vong-A hodc Vong-B dugc thé boi it nhom hut electron hodc nhiéu nhom
cho electron hon tao ra hop chit trung gian axit twong tmg c6 cong thirc IV hodc
IvV-2.

Trong Vi du 1, Vong-A va Vong-B déu 1a vong benzen. Vong-A c6 phép
thé 3,5-dibromo. Tri s6 Hammett (cp) ctia 5-bromo 1a 0,23. Vong-B c¢6 phan tu
thé 4-triflometyl. Tri s6 Hammett (om) cla 4-triflometyl 12 0,43. B4t ké dong
phan nio ciia hop chét c6 cong thirc I hodc cong thirc IT dugc sir dung lam chét
liéu ban dAu, viéc tao ra san phidm c6 cong thirc IV duge wu tién vi Vong-B cé do
giau electron nho hon so véi Vong-A. Trong Vi du 5, Vong-A va Vong-B déu 1a
benzen. Vong-A cé phan tir thé 4-metoxy. Tri s6 Hammett (om) clia 4-metoxy 1a
0,12. Vong-B c6 phép thé 3,5-diclo. Tri s6 Hammett (cp) cta 5-clo 1a 0,23. Viéc
tao thanh san phdm c6 cong thire IV dugc uvu tién vi Vong-A giau electron hon
Vong-B.

KHI Vong-A va Vong-B khac nhau, “dd giau electron” khong chi lién
quan dén phan tir thé gin vao vong, ma con lién quan dén céc tinh chét dién ti
cta vong. Trong Vi du 7, Vong-A 1a vong thiophen trong khi d6 Vong-B la
vong benzen voéi phan tir thé 4-flo. Cap electron doc than trén nguyén tir luu
huynh cua vong thiophen anh hudng dén phan Gng xay ra tai Vong-A dé tao ra
san pham c6 coéng thirc IV duge vu tién.

Danh séch dang bang cua cac hing sb 6 va Om dbi voi nhidu phan tir
thé khac nhau c6 thé xem trong tai liéu Exploring QSAR, Hydrophobic,
Electronic, va Steric Constants, C. Hansch, A. Leo, va D. Hoekman, Eds., dugc

xuat ban bdi The American Chemical Society, Washington, D.C., 1995, dugc
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két hop & day bang cach vién dan. Vi du vé cac chit cho electron bao gdm,
nhung khoéng chi giéi han ¢, amino, monoalkylamino, dialkylamino,
morpholino, etoxy, metoxy, p-aminophenyl, metyl, phenyl, va tolyl. Vi du vé
cdc nhom hut electron bao gdém, nhung khéng chi gi¢i han &, halogen,
perfloalkyl va perfloalkoxy.

Ngoai ra, viéc chuyén hoéa hgp chét trung gian axit, vi du, c6 cong thirc
IV ho#c cong thirc IV-2, thanh hop chét c6 cong thtrc IIT hodc cdng thuc III-2,
trong d6 R'2 1a nguyén tir hydro, c¢6 thé duoc tién hanh theo hai budc. Budc dau
1a tao ra este ciia hop chit trung gian c6 cdng thitc V hodc cdng thirc V-2, ma
sau d6 phan tng véi axit proton dé tao ra hop chit twong tng c6 cdng thire III
hodc cong thie I11-2 trong d6 R'2 1a nguyén t hydro, nhu dugc thé hién trén So

dd-4 va So dd-4-2 sau.

So do-4

@

R3
4
o NOs
O ®) O
O -
(§%) Q OR™ Q
. 11)

(R?),

R3
R4
0R12

(R?), R2=H
Trong So dd-4, nhom R' cta hop chat trung gian este vong ngung tu

indeno c6 cong thirc V dwoc chon tir -C(0)-R" va -S(0)(O)R", trong d6 R

trong tung trudng hop doc 14p duge chon tir hydrocarbyl (vi du, Ci-Cio alkyl) va

halohydrocarbyl (vi du, C1-Cio perhaloalkyl).
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So dd-4-2

(R

(@)

(R?),

® H a
O —

(- - ‘
(V-2)

1 R?=H
(RDm R

OR12

Trong So d6-4-2, nhém R ciia hop chét trung gian cé cong thirc V-2 dugc
chon tir -C(0)-R" va -S(0)(O)R", trong d6 R!3 trong ting trudng hgp ddc 1ap
duoc chon tir hydrocarbyl (vi du, Ci-Cio alkyl) va halohydrocarbyl (vi du,
C1-Cio perhaloalkyl).

Bude diu chuyén héa hodc pha Gng theo budc (a) ciia So d6-4 va So dd
4-2, thong thudong dugc tién hanh véi su ¢6 mit cua chat liéu duoc chon tir
halogenua cuia axit carboxylic, anhydrit cua axit carboxylic, sulfonyl halogenua,
sulfonyl anhydrit, vd hén hop cta ching. Halogenua cua axit carboxylic,
anhydrit cta axit carboxylic, sulfonyl halogenua va/hodc sulfonyl anhydrit
thuong cé mat véi luong mol béng cua hop chét trung gian axit dugc thé c6 mit,
vi du, hop chit trung gian axit c6 cong thitc IV. Cac halogenua cla axit
carboxylic ma c6 tghé dugc sir dung trong buéde -(a), c6 thé dugc thé hién bang
cAu trac, R%-C(0)-X, trong d6 R® duogc chon tir hydrocarbyl hodc hydrocarbyl
duoc thé, va X dugce chon tir halogen (vi du, Cl). Cac sulfonyl halogenua ma c6

thé dugc st dung trong budc-(a), c6 thé dugc thé hién bang coéng thir,
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R%-S(0)(0)-X, trong d6 RY dugc chon tir hydrocarbyl hodc hydrocarbyl duoc
thé, va X duoc chon tir halogen (vi dy, Cl). Cac anhydrit cua axit carboxylic ma
¢6 thé dugc st dung trong budc -(a), cb thé duogc thé hién béng cong thuc, Re-
C(0)-0-C(0O)-Rf, trong dé R® va R doc 1ap dugc chon tir nguyén t hydro,
hydrocarbyl, va hydrocarbyl dugc thé (vi du, halohydrocarbyl, nhu Ci-Cio
perhaloalkyl, vi du, -CF3). Céc sulfonyl anhydrit ma c6 thé dugc st dung trong
bude-(a), ¢6 thé duoc thé hién bang cong thirc Re-S(02)-0-S(02)-RY, trong d6
R va R" doc 1ap duge chon tir hydrocarbyl hodc hydrocarbyl dugc thé.

Céac hop chét trung gian c6 cong thirc V va cdng thitc V-2 dugc chuyén
héa thanh cac hop chit tvong ting cé cdng thirc III va cdng thic I11-2 (trong d6
R!2 13 nguyén tir hydro) & budc-(b) 1in luot ciia So d6-4 va So dd 4-2, bang
cach thily phan v&i su ¢6 mit cia axit hodc bazo proton. Axit proton c6 thé
dugce chon tir cdc hydro halogenua (HX, trong d6 X la halogen) nhu HCI, axit
sulfonic, axit phosphoric, va/hodc axit carboxylic. Vi du vé céc axit sulfonic bao
gdm, nhung khéng chi gigi han & axit para-toluen sulfonic va axit dodexyl
benzen sulfonic. Vi du v& céc axit phosphoric bao gém, nhung khong chi giéi
han & axit phosphoric. Vi du vé cac axit carboxylic bao gdm, nhung khong chi
gi6i han & axit oxalic va axit axetic. Bazo c6 thé duogc chon tir natri hydroxit va

kali hydroxit.

Axit hodc bazo proton thudng c6 mit vdi lugng du so voi luong hop
chét trung gian cé cdng thirc, vi du, céng thitc V. Vi dy, viée chuyén héa & budc
-(b) ¢6 thé duoc tién hanh véi sy ¢ mit cia axit hydro halogenua dic, nhu HCI
dic, bazo, nhu natri hydroxit. Viéc chuyén héa & budc-(b) thuong dugc tién
hanh véi su ¢é mat ciia dung méi (vi du, metanol hodc hdn hop metanol/nuéde),
trong cac didu kién hdi luu, vi du & nhiét do tir 20°C dén nhiét dd hdi luu cia
dung méi hodc tir 25°C dén 90°C, hoic tir 30°C dén 55°C, trong céac diéu kién
ap suit moi truong (vi du, khoang 1 atm), va trong mdi trudng khi tro, nhu
trong dong khi nito thdi qua.

Viéc chuyén hoéa hop chét trung gian axit, vi du, cé cong thic IV, thanh
hop chét c6 cong thie III (trong d6 R'2 1 nguyén tir hydro) c6 thé, dugc tién

hanh trong gén nhu mdt bude, v4i su ¢d mat cia axit proton. Axit proton co thé
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dugc chon tir cac axit carboxylic, cac axit sulfonic, cac axit phosphoric, mdi axit
c6 thé dugc chon tir céc lai d6 va cac vi du nhu duge mo ta trén day.

Trong phuong phéap didu ché hop chit c6 cong thirc IIT va cong thire
II1-2, v&i céc hop chét va hop chét trung gian dugc st dung va/hodc tao thanh
bang phuong phap nay, vi du vé cac hop chét lacton c6 céc cong thire I va I, va
cac hop chét trung gian axit ¢ cdc cong thic IV va IV-2, cac nhom va chi sb
dudi khac nhau c6 lién quan, nhu n, m, R}, R?, R? va R* doc 14p nhu duge md ta
trén day. Theo mot s& phwong 4n, vi dy, R' d6i véi mdi m, va R? d6i v6i mdi n,
trong ting trudng hop doc 14p dugc chon tir Ci-Ce alkyl, C3-C7 xycloalkyl,
C1-Cs haloalkyl, flo, iodo, bromo, clo, va -O-Rio’. Theo c4ac phuong an tiép
theo, R® va R* doc lap duoc chon tir nguyén tir hydro, Ci-Cs alkyl, Ci-Cs
haloalkyl, va C3-C7 xycloalkyl, hodc R® va R* cung nhau tao thanh phén tir thé
xodn dugc chon tir vong cacbon xodn khong duge thé hodc duoc thé chira tir 3
dén 6 nguyén tir cacbon.

Trong phuong phép diéu ché hop chét c6 cong thic III va cong thuc
I11-2 theo mdt s& phuong 4n cta sang ché, Vong-A va Vong-B mdi nhém cé thé
1a vong phenyl. Vi du, hop chét c6 cong thire III, ¢ thé duogc thé hién béng
cong thuc Ila sau, va hop chét ¢ cong thuc III-2 c6 thé dugc thé hién béng
cong thuc III-2a sau,

[ITa II1-2a

RS

Ry~ .
B / R

OR'? OR™

=

(R"m

Theo cac phuong 4n cua sang ché trong d6 hop chit c¢6 cong thirc Illa

va/hodc cong thic III-2a, hop chét lacton c¢é cac cong thitc Ia va Ila, nhu dugc
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md ta trén day, va hop chit trung gian axit c6 thé dugc thé hién bang cong thirc

IVa va cong thirc IV-2a sau,

IVa IV-2a

o

Sang ché ciing dé& xuit phuong phép didu ché hop chét indenopyran
vong ngung tu cé cong thic X va cdng thirc X-2, nhu dugc mo ta trén day.
Phuong phap nay bao gdm budc chuyén héa hop chét lacton dwgc chon tr cac
hop chét lacton c6 cac cdng thitc I va/hodc I, thanh hop chét trung gian axit bao
gém hop chét trung gian axit c6 cdng thirc IV va cdng thirc IV-2, theo mdt hoac
nhiéu phuong 4n nhu dugc md ta trén day. Hop chét trung gian axit c6 cong
thire IV va cong thuc IV-2 duoc chuyén héa thanh hop chét indenol vong ngung
tu c6 cong thirc ITI va cdng thic III-2, theo mot hodc nhiéu phuong 4n nhu dugc
mo ta trén day. Hop chat indenol vong ngung tu c¢6 cdng thic III, sau dé dugc
cho phéan ung véi rugu propargylic ¢ cdng thie XI, nhu duge md ta trén day.

Phan tng nay dugc thé hién bing So d6-5 sau.
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So db-5

R"m

]
arm O + HO/C\\ B
B

)2

(€8]

Trong So d6-5, hop chit c6 cong thire III duge cho phan tng hodc két hop
v4i rugu propargylic ¢é cong thuc XI voi sw ¢ miat cia lugng xdc tac axit
proton, nhu axit dodexyl benzen sulfonic (DBSA) hodc axit para-toluen sulfonic
(pTSA), trong dung moi thich hgp, nhu haloalkyl (vi du, triclometan), trong moi
truong khi tro (vi du, trong dong khi nito thdi qua), va & nhiét do nim trong

khoang tu 0°C dén diém s6i cua dung moéi, vi duy, tir 0°C dén 55°C, hoic tu

10°C dén 45°C, hodc tix 20°C dén 25°C.

Phan trng tuong tu ciia hop chit c¢6 cong thirc I1I-2 v6i rugu propargylic

(XI) din dén su tao thanh hop chét indenopyran vong ngung tu c¢6 cong thire X-

X-2
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Cac chi sb du6i va nhom khac nhau, nhu m, n, R!, R%, R3, R* Bva B’
¢ lién quan dén cac coéng thie III, XI, X va X-2 l1a nhu dugc md ta trén day.
Cac nhom B va B’, vi du ctia cong thirc X, X-2 va XI, dugc mo ta chi tiét duoi
day. Cu thé hon, B va B’ mdi nhém c6 thé doc lap dugc chon tir: nhoém aryl
dugc thé mot 1an bing phin tir thé ¢ thé phan tGng hoic phan tir thé tuong
thich; phenyl duoc thé; aryl dugc thé; 9-julolindinyl dugc thé; nhém di vong
thom duogc thé dugc chon tir pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl,
thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl,
carbazoyl, benzopyridyl, indolinyl, va florenyl. C4c phan tir thé phenyl, aryl,
9-julolindinyl, hodc di vong thom dugc chon tur: phén tir thé c6 kha ning phan
ung R; nhém phenyl hodc aryl khong dugc thé, dugc thé mot 1an, duoc thé hai
14n hodc dugc thé ba lan; 9-julolidinyl; hodc nhém di vong thom khong dugc
thé, dugc thé mot 1dn hodc duoc thé hai 1an duoc chon tir pyridyl, furanyl,
benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl, benzothien-3-yl,
dibenzofuranyl, dibenzothienyl, carbazoyl, benzopyridyl, indolinyl, va florenyl.

Céac phan tir thé phenyl, aryl va di vong thom (ttc 13, céc phan tir thé
cta cac nhoém phenyl, aryl va di vong thom dugc thé) ctia cdc nhém B va B’ mbi
nhom c6 thé doc 1ap duoc chon tir: hydroxyl, nhém -C(=O)Ra1, trong d6 Ra1 12
-OR22, -N(R23)Ra24, piperidino, hodc morpholino, trong dé Rz, 1a alyl, C;-Cxo
alkyl, phenyl, phenyl dugc thé mono(C1-Cao)alkyl, phenyl dugc thé
mono(C1-Cao)alkoxy, phenyl(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl duoc thé
mono(C1-Cao)alkyl, phenyl(Ci-Cao)alkyl duoc thé mono(C1-Cao)alkoxy, Ci-Cao
alkoxy(C2-Cao)alkyl hodc C1-Cao haloalkyl, Ra3 va Ras mdi nhém ddc 1ap 1a
C1-Cyo alkyl, Cs-Cio xycloalkyl, phenyl hodc phenyl duoc thé, cac phén tir thé
phenyl 1a Ci-Cao alkyl hodc Ci-Cao alkoxy, va phan tir thé halo d& néu la clo,
iodo, bromo hoic flo, aryl, mono(Ci-Cyo)alkoxyaryl, di(Ci-Czo)alkoxyaryl,
mono(Ci-Cao)alkylaryl, di(Ci-Cao)alkylaryl, haloaryl, C3-Cio xycloalkylaryl,
C3-Cio xycloalkyl, C3-Cio xycloalkyloxy, C3-Cio xycloalkyloxy(Ci-Cao)alkyl,
C3-Cio xycloalkyloxy(Ci-Cao)alkoxy, aryl(Ci-Cao)alkyl, aryl(Ci-Cazo)alkoxy,
aryloxy, aryloxy(Ci-Cao)alkyl, aryloxy(Ci-Czo)alkoxy, mono- hodc
di(C1-Cao)alkylaryl(Ci-Cao)alkyl, mono- hodc |
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di-(C1-Cao)alkoxyaryl(Ci-Cao)alkyl, mono- hodc
di-(C1-Cyo)alkylaryl(Ci-Cao)alkoxy, mono- hodc
di-(C1-Cyo)alkoxyaryl(Ci1-Czo)alkoxy, amino, mono- hodc
di-(C1-Cyo)alkylamino, diarylamino, piperazino, N-(C1-Cao)alkylpiperazino,
N-arylpiperazino, aziridino, indolino, piperidino, morpholino, thiomorpholino,
tetrahydroquinolino, tetrahydroisoquinolino, pyrolidyl, Ci-Cao alkyl, C1-Cao
haloalkyl, C;-Czo alkoxy, mono(Ci-Cag)alkoxy(Ci-Cao)alkyl, acryloxy,
metacryloxy, hodc halogen.

Cac phan tir thé phenyl, aryl va di vong thom (tic 13, cac phan tir thé
clia cac nhém phenyl, aryl va di vong thom dugc thé) cia cac nhém B va B’ ¢6
thé, theo mot sb phuong 4n, mdi nhém ddc l1ap va cu thé hon duoc chon tur:
hydroxyl, nhém -C(=0)Ra21, trong d6 Ra1 1a -ORz22, -N(R23)R24, piperidino, hodc
morpholino, trong dé Rz la alyl, Ci-C¢ alkyl, phenyl, mono(Ci-Cs)alkyl
substituted phenyl, phenyl duoc thé mono(Ci-Cs)alkoxy, phenyl(Ci-Cs)alkyl,
phenyl(C1-C3)alkyl duoc thé mono(Ci-Cs)alkyl, phenyl(Ci-Cs)alkyl duogc thé
mono(Ci-Ce)alkoxy, Ci-Cs alkoxy(Cz-Cs)alkyl hodc Ci1-Cs haloalkyl, Raz3 va Rog
mdi nhém doc 1ap 1a Ci1-Cs alkyl, Cs-C7 xycloalkyl, phenyl hoic phenyl dugc
thé, cac phin tir thé phenyl 1a Ci1-Cs alkyl hodc Ci-Cs alkoxy, va phin tir thé
halo d3 néu substituent 1a clo, iodo, bromo hodc flo, aryl,
mono(Ci-Cyz)alkoxyaryl, di(Ci-Cyp)alkoxyaryl, mono(Ci-Ciz)alkylaryl,
di(C1-Cr2)alkylaryl, haloaryl, Cs3-C; xycloalkylaryl, Cs3-C; xycloalkyl, C3-Cs
xycloalkyloxy, Cs-C7 xycloalkyloxy-(C1-Ci2)alkyl, Cs-Cy
xycloalkyloxy(Ci-Ciz)alkoxy, aryl(Ci-Ciz)alkyl, aryl(Ci-Ciz2)alkoxy, aryloxy,
aryloxy(Ci-Crz)alkyl, aryloxy(Ci1-Ciz)alkoxy, mono- hodc
di(Ci1-Crz)alkylaryl(Ci-Ci2)alkyl, mono- hodac  di-(Ci-Ciz)alkoxyaryl(Ci-
Ci2)alkyl, mono- hoac di-(Ci-Ciz)alkylaryl(Ci-Ci2)alkoxy, mono- hodc di-(Ci-
Ciz2)alkoxyaryl(Ci1-Ci2)alkoxy, amino, mono- hodc di-(Ci-Ciz2)alkylamino,
diarylamino, piperazino, N-(Ci-Ci2)alkylpiperazino, N-arylpiperazino, aziridino,
indolino, piperidino, morpholino, thiomorpholino, tetrahydroquinolino,
tetrahydroisoquinolino, pyrolidyl, Ci-Ci2 alkyl, Ci-Ci2 haloalkyl, Ci1-Ci2 alkoxy,
mono(Ci-C12 )alkoxy(Ci-Ci2 )alkyl, acryloxy, metacryloxy, hodc halogen.
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Céc nhém B va B’ mdi nhém ciing c6 thé doc 1ap la nhém khong dugc
thé hodc duoc thé mot lan dugc chon tir pyrazolyl, imidazolyl, pyrazolinyl,
imidazolinyl, pyrolinyl, phenothiazinyl, phenoxazinyl, phenazinyl, va acridinyl,
mdi phan tir thé di néu 1a C1-Cao alkyl (vi du, Ci-Ci2 alkyl), Ci1-Cao alkoxy (vi
duy, C1-Cy2 alkoxy), phenyl, hodc halogen.

Ngoai ra, cac nhéom B va B’ m&i nhém c6 thé doc lap duogc chon tir

nhém cé cong thirc chung XIVA hoac XIVB sau:

XIVA - XIVB

Z | K><R26 7 | KIR%
A M Ry [ /[/\ M
R
[ 25|y v Rys u

DPoc 1ap véi mdi cong thirc chung XIVA va XIVB, K 1a -CHz- hoac -O-, va
M 1 -O- hoic nito dugc thé, véi diéu kién néu M 1a nito duge thé, K la -CHa-,
cac phan tr thé nito duoc thé 1a nguyén tir hydro, Ci-Czo alkyl, hodc C1-Cao
axyl, mdi Ras doc 1ap dwoc chon ddi v6i mbi 1an xudt hién tir C1-Cao alkyl, Ci-
Cao alkoxy, hydroxy, va halogen, Ras va Ry7 mdi nhém ddc 1ap 1a nguyén tir
hydro hodc Ci-Cao alkyl, va u 12 s§ nguyén nim trong khoang tir 0 dén 2.

M3i nhém B va B’ ¢6 thé doc 1ap 1a nhém cé cong thitc chung XV sau:
XV

Ne o
AN

Ryg Ry

V6i nhém c6 cdng thire chung XV, Rag 1a nguyén tir hydro hodc Ci-Ciz
alkyl, va Rao 12 nhém khong duge thé, dwgc thé mot 1an hoic dugc thé hai lan
dugc chon tUr naphtyl, phenyl, furanyl, va thienyl. Cac phan tir thé cia cac
naphtyl, phenyl, furanyl, va thienyl dwgc thé mot 14n hodc duoc thé hai lan,
trong ting trudng hgp doéc 1ap dugce chon tir Ci-Ciz alkyl, Ci-Ci2 alkoxy, hodc
halogen.

Céc nhém B va B’ ¢6 thé cung nhau tao thanh thanh phﬁn duoc chon tur,
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floren-9-yliden, floren-9-yliden dugc thé mot 1an, hoic floren-9-yliden dugc thé
hai 1an. Cac phan tir thé cua floren-9-yliden dugc thé mét 14n, va floren-9-yliden
duge thé hai lan trong ting trudng hop c6 thé doc 1ap dwoc chon tir Ci-Cag alkyl
(vi dy, C1-Cy2 alkyl), C1-Cyo alkoxy (vi dy, C1-Ci2 alkoxy), hodc halogen.

Theo mot s& phuong 4n cua sang ché, va tiép theo v4i pyran vong
ngung tu indeno cé cong thie X: R! d6i voi mdi m, va R? d6i v6i mdi n, trong
tung trudng hop ddc lap duge chon tr Ci-Cs alkyl, C3-C7 xycloalkyl, Ci1-Cs
haloalkyl, flo, clo, iodo, bromo va -O-Rio’; R? va R* doc 1ap duge chon tu
nguyén tir hydro, C;-Cs alkyl, C1-Cg haloalkyl, va C3-C7 xycloalkyl, hodc cung
nhau tao thanh phén tir thé xodn duoc chon tur vong cacbon x04n dugc thé hodc
khong dugc thé chua tir 3 dén 6 nguyén tir cacbon; va B va B’ doc lap dugc
chon tir aryl duoc thé bing Ci-Cs alkoxy, va aryl duoc thé bang morpholino.

Vong-A va Vong-B mdi nhém c6 thé 1a vong phenyl, theo mot sb
phuong 4an cua sang ché, trong d6 indenopyran 'Véng ngung tu c6 cong thuc X
c6 thé duoc thé hién bang cong thic Xa sau, va indenopyran vong ngung tu cd

cong thirc X-2 ¢6 thé dugc thé hién bang cong thirc X-2a sau:

Theo mot sé phuwong 4n cua sang ché, B va B> mdi nhém c6 thé doc 1ap
dugce chon tir polyalkoxy, va polyalkoxy cé nhém trung hop dugce. Polyalkoxy
va polyalkoxy cé nhém trung hgp dugc ma tir d6 c6 thé doc lap chon dugce B va
B’ ¢6 thé c6 cac cong thirc XXV va XX VI sau.

XXV
-Z[(OC2H4)x (OC3He)y (OC4H3)|Z
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XXVI
-[(OC2Hy)x (OC3Hg)y (OC4Hg)Z]Z”

Véi céc cong thie XXV va XXV, -Z duge chon tir -C(O)- hodc -CHz-, Z' dugc
chon tir C1-C3 alkoxy hodc nhém trung hop duoc. Nhu duoc st dung trong ban mo ta
va trong cac yéu cau bao ho, thuat ngit “nhém tring hop dugc” chi nhém chirc bat ky
c6 kha nang tham gia vao phan ting trung hop.

Theo mdt sé phuong an, viéc tring hop naphtopyran ngung tu indeno
trung hop duoc c6 thé xay ra theo co ché dwogc mo ta trong dinh nghia “trung
hop” trong tai liéu Hawley’s Condensed Chemical Dictionary, Thirteenth
Edition, 1997, John Wiley & Sons, trang 901-902. Cac co ché nay bao gdm:
bang cach “bd sung” trong d6 cac gdc tu do 1a cac chit khoi mao phan ung véi
lién két d6i khong no etylen cia monome bang cach bd sung vao d6 & mot phia
cung luc tao ra electron tuy do m&i & phia con lai; bang cach “ngung tu,” bao
gdm tach ra mot thanh phin, cac phan tr nudc, boi hai monome phan tng; va
bang céach goi 1a “két hop oxi héa.”

Vi du v& cac nhém tring hop duge bao gdm, nhung khdng chi giéi han
&, hydroxy, thiol, cac nhom isoxyanat, cAc nhém oxiran (vi dy, oxiranylmetyl),
cac nhom khong no etylen trung hop gbc dugc, cdc nhém alyl, (met)acryloxy,
va 2-(metacryloxy)etylcarbamyl. Khi ¢ hai 2 hodc nhiéu nhém trang hop dugc
trén naphtopyran, ching cé thé giéng nhau hozc khac nhau.

Theo mét sd phuong an va véi cac céng thirc XXV va XXVI: nhém -
(OCoHy)x-, c6 thé 1a poly(etylen oxit); nhém -(OC3Hg)y-, co thé 1a
poly(propylen oxit); va nhéom -(OC4qHg),-, cé thé 1a poly(butylen oxit). Khi
duoc st dung két hop, cidc nhém poly(etylen oxit), poly(propylen oxit) va
poly(butylen oxit) ctia cong thirc XXV va XXVI ¢6 thé theo trat tu ngiu nhién
hoic khéi trong gdc polyalkoxy. Cac chit cai chi s& dudi x, y va z cia XXV va
XXVI mbi chir doc 1ap 1a mot s6 ndm trong khoang tir 0 dén 50, va téng clia x, y
va z nim trong khoang tir 2 dén 50. Téng cla X, y va z c6 thé 1a s6 bat ky nam
trong khoang tir 2 dén 50 (vi du, 2, 3, 4 ... 50). Téng nay ciing c6 thé thay ddi tir
sb nho hon bit ky dén sb 16n hon bét ky trong khoang tir 2 dén 50 (vi du, tr 6
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dén 50, tr 31 dén 50). Cac sd cho x, y, va z 1a céc gia tri trung binh va cé thé 1a
s6 thap phan (vi dy, 9,5).

Nhu da thao luén trén day, mot sd nhom cua céac hop chat va cac hop
chéit trung gian khac nhau dugc mo ta trong ban mo ta ndy, nhu ting nhém R!,
R2, R3, R4, B va B, ¢6 thé doc 14p dugc chon tir hodc bao gém it nhit mot phan
ttr thé c¢6 kha nang phan tng va/hodc phan tir thé tuong thich. Néu cac hop chit
va/hodc céac hop chét trung gian khac nhau dugc mo ta trén day, nhu hop chat
vong ngung tu indeno cé cong thuc III, va/hodc hop chét pyran vong ngung tu
indeno ¢6 cong thirc X, bao gébm nhiéu phan tir thé c6 kha ning phan tung
va/hodc nhidu phan tir thé twong thich, mdi phan tir thé c6 kha ning phan tng va
mdi phan tir thé twong thich c6 thé doc 1ap duge chon.

Phan tir thé c6 kha niang phan tng va phén tlr thé twvong thich mdi nhom

c6 thé doc 14p trong ting trudng hop c6 mot trong sb cac cong thic:

-A’-D-B-G-J (XVI); -G-E-G-J (XIX); _D-E-G-J (XXII);
_A’-D-J (XVID); -D-G-J (XX); -D-J (XXIII);
-A’-G-J (XVIII); -G-J (XXI); va -A’-J (XXIV).

Déi v6i cac cong thic tir (XVI) dén (XXIV), vi du khong han ché vé
cac nhom -A’- theo cac phuong an khéng han ché khac nhau dugc boc 1§ trong
ban md ta nay bao gdm -O-, -C(=0)-, -CH;-, -OC(=0)- va -NHC(=0)-, v6i diéu
kién néu -A’- 13 -O-, -A’- tao ra it nhat mot lién két -J.

Vi du khéng han ché v& cac nhém -D- theo cac phuong 4n khong gisi
han khac nhau bao gdm gbc diamin hodc din xuét cfia né, trong d6 nito amin
du tién coa gbc diamin nay cé thé tao ra lién.két v6i -A’-, hodc phin tir thé
hodc vi tri sdn c6 trén hop chat (nhu naphtol ngung tu indeno hodc naphtopyran
ngung tu indeno), va nito amin thi hai cta gbc diamin c6 thé tao ra lién két voi
-E-, -G- hodc -J; va géc rugu amino hodc din xuét ciia no, trong d6 nito amin
dAu tién cta gbc rugu amino nay co thé tao ra lién két véi -A’-, hodc phén tir thé
hodc vi tri san c6 trén hop chét (nhu naphtol ngung tu indeno hodc naphtopyran
ngung tu indeno), va oxy rugu cua gbc ruou amino c6 thé tao ra lién két v6i -E-,
-G- hoidc -J. Theo cach khac, theo cac phuong an khong giéi han khic nhau

duoc boc 16 trong ban mo ta nito amit clia gdc rugu amino c6 the tao ra lién ket
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v6i -E-, -G- hodc -J, va oxy ruou cia gbc ruou amino cé thé tao lién két vai
-A’-, hodc phan tir thé hodc vi tri sin c6 cua hop chét (nhu hgp chét vong ngung
tu indeno hozc hop chat pyran ngung tu indeno).

Vi du khong han ché vé cac gbc diamin thich hop -D- bao gdm gbe
diamin béo, gbc diamin vong béo, gbc diazaxycloalkan, gbc amin azaxyclo béo,
géc ete diazacrown, va géc diamin thom. Céc vi du khong gidi han cu thé vé cac
gbc diamin ma c6 thé dugc sir dung trong cac phuong 4n khong gidi han khéc

nhau bao gdm céc goc sau:

R
o T\
0 OO
' / R*=H hodc alkyl

Vi du khéng han ché vé cac géc rugu amino -D- bao gém géc ruou
amino béo, gdc rugu amino vong béo, gbc rugu azaxyclo béo, gbc ruou
diazaxyclo béo va gbc rugu amin thom. Vi du khéng gidi han cu thé vé& cac gbc
rugu amino c6 thé duoc st dung theo cic phuong an khong gidi han khac nhau

dugc bdc 10 trong ban mo ta bao gém:

* .
R R o R*
N~ O-. 0" - O\
. O~
Ko} NN
N o-.. N N7 ' o
Y 3 -
O N N—/\_-O H,C CH,
N N (0] H.C
' \ 3 N~
---0O OH OH OH 0 R*
| | | | HO OH
OH NR*- - no  *RN-- R*= H, alkyl
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Trong céc cdng thic tir (XVI) dén (XXIV) trén day, theo cac phuong an
khong giéi han khac nhau duoc boc 16 trong ban mé ta, -E- c6 thé 1a gbc axit
dicarboxylic hodc din xuit cta né, trong dé6 nhém carbonyl thir nhat cia gdc
axit dicarboxylic c6 thé tao lién két v4i -G- hodc -D-, va nhém carbonyl thir hai
ctia gdc axit dicarboxylic ¢6 thé tao lién két voi -G-. Vi du khong han ché vé céc
gbc axit dicarboxylic -E- thich hop bao gdm gbc axit dicarboxylic béo, gbe axit
dicarboxylic vong béo va gbc axit dicarboxylic thom. Vi du khong han ché cu
thé vé cac gbc axit dicarboxylic cé thé duoc st dung theo cic phuong an khong

gi01 han khac nhau duoc bdc 10 trong badn md ta bao gdm céc goc sau:

rlcoiieaioe] SO

R*=H hogc alkyl

Theo céc phuong an khong gidgi han khac nhau dugc bdc 1§ trong ban
mo ta, -G- ¢ thé 1a nhém -[(OC2H4)x(OC3He)y(OCsHs),]-O-, trong d6 X, y va z
mdi tri sb doc lap duoc chon va nim trong khoang tur 0 dén 50, va téng cua x, v,
va z ndm trong khoang tir 1 dén 50; gbc ruou polyhydric hodc din xuét cta né,
trong d6 oxy rugu polyhydric thit nhét ciia gbc rugu polyhydric ¢6 thé tao lién
két voi -A’-, -D-, -E-, hodc phan tir thé hodc vi tri sin c6 trén naphtopyran
ngung tu indeno, va oxy ruou polyhydric thtr hai ctia rwgu polyhydric nay c6 thé
tao lién két véi -E- hodc -J; hodc hdn hgp cia chung, trong d6 oxy rugu
polyhydric thu nhit cia gbc rugu polyhydric tao lién két v6i nhom
-[(OC2H4)x(OC3Hg)y(OC4Hs),]- (tic 13, tao ra nhém -[(OC2H4)x(OCsHs)y
(OC4Hy),]-0-), va oxy ruou polyhydric tht hai tao lién két v6i -E- hodc -J. Vi
du khong han ché v& cac gbec rugu polyhydric -G- thich hop bao gdm gbc rugu
polyhydric béo, gbc ruou polyhydric vong béo va gbc rugu polyhydric thom.

Cu thé hon, vi du minh hoa khong han ché vé céac rugu polyhydric ma ti
d6 c6 thé co cac gde rugu polyhydric -G- c6 thé duoc tao ra theo cac phwong 4n

khong gidi han khac nhau dugce boc 1§ trong ban mo ta bao gém: (a) céc rugu
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polyhydric trong Iwgng phéan tir thip c6 trong luong phan tir trung binh nho hon
500, nhu, nhung khdng chi gidi han ¢, cac rugu polyhydric duoc boc 10 trong
Patent M§ sé 6555028 & cot 4, dong 48-50, va cot 4, dong 55 dén cot 6, dong 5,
dugc két hop & day bang cach vién dan; (b) céc polyeste clia rugu polyhydric,
nhu, nhung khong chi gi¢i han ¢, cac chit duoc néu trén Patent M¥ s6 6555028
o cdt 5, dong 7-33, duoc két hop & day b?mg cach vién din; (c) céc polyete cua
rugu polyhydric, nhu nhung khong chi giéi han & cac chit dugc néu trong
Patent M§ sb 6555028 & cot 5, dong 34-50, duoc két hop & day bang cach vién
dan; (d) cac ruou polyhydric chita amit, nhu, nhung khong chi gidi han ¢, céc
chét dugc néu trong Patent My s6 6555028 & cot 5, dong 51-62, duge két hop &
day bang cach vién dan; (e) cc epoxy cua rugu polyhydric, nhu, nhung khong
chi gi6i han &, cac chét néu trong Patent My s6 6555028 & cot 5 dong 63 dén cot
6, dong 3, duoc két hop & day bang cach vién dan; (f) cac ruou polyhydric
polyvinyl, nhu, nhung khong chi giéi han ¢, cac chit néu trong Patent M§ s
6555028 & cot 6, dong 4-12, duge két hop & day bang cach vién dan; (g) céc
uretan cta rugu polyhydric, nhu, nhung khong chi giéi han ¢, cac chét néu trong
Patent M§ sb 6555028 & cot 6, dong 13-43, dugc két hop & day bang céch vién
dan; (h) céac polyacrylic cta rugu polyhydric, nhu, nhung khong chi giéi han ¢
céc chit néu trong Patent M§ sb 6555028 & cot 6, dong 43 dén cot 7, dong 40,
dugc két hop & diy bang cach vién dan; (i) cdc polycarbonat cua rugu
polyhydric, nhu, nhung khong chi giéi han 6, cac chit néu trong Patent M§ s6
6555028 & cot 7, dong 41-55, duge két hop & ddy bing cach vién dan; va (j) hdn
hop cua céc rugu polyhydric do.

Trong cong thuc tir (XVI) dén (XXIV), theo cac phuong an khong gidi
han khac nhau dugc bdc 10 trong badn mo6 ta, -J co thé 12 nhém -K, trong d6 -K 1a
nhém nhu, nhung khong chi giéi han ¢, -CH.COOH, -CH(CH3)COOH,
-C(O)(CH2)wCOOH, -CsHsSO3H, -CsH10SOs3H, -C4HsSOs3H, -C3HeSOsH, -
C,H4SOsH va -SOsH, trong do6 “w” nam trong khoang tur 1 dén 18. Theo cac
phuong an khong giéi han khéc, -J c6 thé 14 nguyén tir hydro ma tao lién két vai
oxy hodc nito ciia nhém lién két dé tao ra gdc phan ting nhu -OH hodc -NH. Vi

du, theo c4c phuong 4an khong giéi han khac nhau duoc boc 10 trong ban mb ta, -
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J ¢6 thé 1a nguyén tir hydro, v&i diéu kién néu -J 12 nguyén tir hydro, -J duogc
lién két voi oxy cua -D- hodc -G-, hodc nito cua -D-.

Theo cac phuong an khong giéi han khéac nira, -J ¢ thé 12 nhém -L hodc
gbc cua no, trong d6 -L c6 thé 1a nhém phan tGng. Vi du, theo cac phuwong an
khong gidi han khac nhau dugc boc 1§ trong ban mo ta -L co thé 1a nhém nhu,
nhung khong chi gi6i han ¢, acryl, metacryl, crotyl, 2-
(metacryloxy)etylcarbamyl,  2-(metacryloxy)etoxycarbonyl,  4-vinylphenyl,
vinyl, 1-clovinyl hodc epoxy. Nhu dugc st dung trong ban moé ta, cac thuét ngi
acryl, metacryl, crotyl, _ 2-(metacryloxy)etylcarbamyl,
2-(metacryloxy)etoxycarbonyl, 4-vinylphenyl, vinyl, 1-clovinyl, va epoxy chi

c4c cau truc sau:

ol aji AT

acryl methacryl crotyl 4-vinylphenyl
(e} Cl
0 (o)
0O

vinyl 1-chlorovinyl €poxy
X =NH: 2-(methacryloxy)ethylcarbamyl
X=0: 2-(methacryloxy)ethoxycarbonyl

Nhu d4 thao luan trén day, -G- c6 thé 13 gbc rugu polyhydric, dugc xac
dinh & day bao gdm cac carbohydrat chia hydroxy, nhu cac chét néu trong
Patent M§ s6 6555028 & cot 7, dong 56 dén cot 8, dong 17, dugc két hop & day
bang cach vién din. Gdc ruou polyhydric c6 thé duoc tao ra, vi du va khong
gi¢i han trong ban mod ta nay, bang phan tmg ctia mot hodc nhiéu nhém
hydroxyl ciia rugu polyhydric véi tién chit cta -A’-, nhu axit carboxylic hodc
metylen halogenua, tién chét cia nhém dugce polyalkoxyl héa, nhu polyalkylen
glycol, hodc phan tir thé hydroxyl ctia naphtopyran ngung tu indeno. Ruou
polyhydric cé thé c6 dang g-(OH)a va gbc cua rwgu polyhydric ¢c6 thé c6 cong
thite -O-g-(OH)a1, trong dé ¢ la khung hoic mach chinh cta hop chét
polyhydroxy va “a” it nhét 13 2.

Hon nita, nhu d3 thdo luidn trén day, mot hodc nhidu oxy ruou

polyhydric cta -G- ¢6 thé tao lién két véi -J (tc 13, tao ra nhém -G-J). Vi duy, du
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khong gi6i han trong ban mé ta nay, trong d6 phin tir thé phan ting va/hoic
tuong thich bao gdm nhém -G-J, néu -G- 1a gdc ruou polyhydric va -J 1a nhém
K chtta nhém tén cung carboxyl, -G-J c¢6 thé duoc tao ra bang phan Umg cua
mot hodic nhiéu nhém hydroxyl ctia rugu polyhydric dé tao ra nhém -K (vi du,
nhu duoc thao luan dbi véi cac phan tmg B va C & cot 13, dong 22 dén cot 16,
dong 15 cua Patent M§ s 6555028, dugc két hop & day bang cach vién din) dé
tao ra gbc ruou polyhydric duge carboxyl héa. Theo céach khac, néu -J 12 nhém
-K chura sulfo hodc nhém tin cung sulfono, du khong gidi han trong ban mo ta
nay, -G-J ¢ thé duoc tao ra bang phéan Ung ngung tu axit ciia mdt hodc nhiéu
nhom hydroxyl cla ruou polyhydric lan  lwot véi HOCeH4SO3H;
HOCsH10SOsH; HOC4HsSO3 H; HOC3HsSO3H; HOC2H4SOsH; hodc HzSOs.
Hon nita, du khong giéi han trong ban mé tad nay, néu -G- 1a gbc ruou
polyhydric va -J 1la nhém -L dugc chon tir acryl, metacryl,
2-(metacryloxy)etylcarbamyl va epoxy, -L ¢6 thé dugc thém vao bing phan tng
ngung tu ctia gbc rugu polyhydric véi acryloyl clorua, metacryloyl clorua, 2-
isoxyanatoetyl metacrylat hodc epiclohydrin.

Cac hop chit pyran vong ngung tu indeno, nhu naphtopyran ngung tu
indeno, dugc didu ché bing phwong phap theo sang ché, c6 thé duoc st dung dé
lam cho ché phém va/hodc van dung d8i mau theo anh sang. Vi du vé cac vat
dung ma c6 thé duge lam dbi mau theo 4nh sang bang cic hop chét pyran vong
ngung tu indeno theo sang ché bao gdm, nhung khong chi giéi han &, cac phan
ti quang hoc, man hinh, ctra sb (hodc kinh chén), guong, va céc thanh phé‘m
hoac phﬁn tir cta té bao tinh thé léng. Nhu dugc st dung trong ban md ta thuat
ngtt “quang hoc” chi viéc gan lién véi hodc c6 lién quan dén anh sang va/hoic
tam nhin. Vi du vé& cac phan tir quang hoc ma ¢ thé duoc lam d6i mau theo anh
sang bao gdm, nhung khong gi6i han 6, cic cac phan ti lién quan dén mét, phan
tir hién thi, ctra sd, gwong, va cic phan tit té bao tinh thé long. Nhu dugc st
dung trong ban md ta thuét nglt “lién quan dén mét” chi viéc gan lién véi hodc
c6 lién quan dén mét va tAm nhin. Vi du khong han ché vé cac phén tir lién quan
dén mét bao gdm théu kinh hiéu chinh thiu kinh khéng hiéu chinh, bao gdm

thAu kinh mét tdm nhin va nhiéu tdm nhin, ma c6 thé 1a thau kinh nhi€u tdm
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nhin phan doan ho#c khdng phan doan (nhu, nhung khoéng chi giéi han &, thiu
kinh hai tiéu cu, thdu kinh ba tiéu cu va thiu kinh ting dan), ciing ngu cic phan
tr khac duogc st dung dé hiéu chinh, bao vé, hoic ting cudng (thAm m$ hoic
nhitng th@t khac) tim nhin, bao gdm nhung khong gisi han &, thdu kinh phéng
dai, thdu kinh bao vé, tAm chin ning, kinh bao ho, ciing nhu, cic thau kinh dung
cho dung cu quang hoc (vi du, may anh va kinh vién vong). Nhu dugc su dung
trong ban mo ta thuat ngit “hidn thi” chi viéc trinh chiéu théy duoc hodc doc
duogc bang may thong tin dang tr ngi, s6, biéu twong, thiét ké hodc hinh v&. Vi
du khong han ché vé phén tir hién thi bao gém man chin, man hinh, va cac phﬁn
t&r an ninh, nhu mit na an ninh. Nhu duge st dung trong ban md ta thuat ngit
“ctra s6” chi chd md dugce tao ra dé cho phép birc xa truyén qua d6. Vi du khong
han ché vé ctra sb bao gém kinh 6 t6 va may bay, kinh chin gid, kinh loc, cura
chép, va cac bd chuyén ddi quang hoc. Nhu duge st dung trong ban md ta thuét
ngit “guong” chi bé mit ma cé thé phan chiéu phan 16n 4nh séng t&i. Nhu duoc
st dung trong ban mb ta thuét ngit “té bao tinh thé 1ong” chi ciu tric chia vat
liéu tinh thé 16ng c6 kha ning duoc sdp xép theo trat tu. Vi du khong han ché vé
phan tir té bao tinh thé 16ng 12 man hinh hién thi tinh thé 1ong.

Céac vat dung c6 thé duge lam d6i mau theo anh sang bang hop chét
pyran vong ngung tu indeno theo sang ché bing cac phuong phép bao gdm,
nhung khoéng chi gidi han &, cac phuong phap tdm, cac phuong phéap duc tai
chd, cac phuong phap phu, cac phuong phap phu trong khudn, phuong phap dic
bao ngoai nén tao truéc (over-mold), va phuong phdp dat mong. Véi phuong
phap tdm, hop chit pyran vong ngung tu indeno thudong duoc khuéch tan cao
chét liéu polyme clia vat dung dugc tao hodc lép ghép trudc, nhu nén hoic 16p
phu hoic mang dugc phu trudc. Viéc tAm c6 thé dugce thuc hién béng cach
nhing chét liéu polyme cta vat dung dyoc tao hodc ldp ghép trudc trong dung
dich chtra hop chat pyran vong ngung tu indeno, c6 hoac khong gia nhiét. Sau
d6, du khong yéu cau, hop chét pyran vong ngung tu indeno ¢6 thé dugc lién két
vGi chét lidu polyme (vi du, cuia nén hoic 16p phu).

Trong phuong phép dc tai chd, hop chit pyran vong ngung tu indeno

c6 thé duoc tron voi: ché pham polyme va/hodc oligome dang dung dich hodc
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dang noéng chay; hodc ché phdm monome & dang long, dé tao ra ché pham ddi
mau theo anh sang dac duoc. Ché phém ddi mau theo 4nh sang dic dugc sau do
thudng dugc dua vao khoang cta khuén duc (vi dy, vi du khuon dac thu kinh).
Sau d6, ché phdm d6i mau theo 4nh sang dugc dinh hinh (vi dy, héa rén) trong
khuon d8 tao ra vat dung ddi mau theo anh sang.

Trong cac vat dung bao gdm nén, cac hop chét indenopyran vong ngung
tu theo sang ché c6 thé dugc ndi voi it nhat mot phﬁn cta nén dudi dang mot
phan cta 16p phu dugc ndi v6i it nhit mot phan cta nén. Nén c6 thé 1a nén
polyme hodc nén vo co (nhu, nhung khong chi giéi han 6, nén kinh). Hop chét
vong ngung tu indenopyran theo sang ché ¢6 th8 dugce két hop vao it nhat mot
phan cta ché pham phu truéc khi st dung ché phdm phu trén nén. Theo cach
khac, ché phém phu cé thé duoc stir dung trén nén, it nhit dinh hinh tiung phr?ln,
va sau d6 hop chit indenopyran vong ngung tu.theo sang ché c6 thé dugc tAm
vao it nhat mo6t phan ctia 16p phi. Nhu duge s dung trong ban mo ta, thudt ngit
“dinh hinh” va “viéc dinh hinh” bao gdm, nhung khong giéi han ¢, dong ran,
polyme hoa, lién két ngang, 1am lanh, va lam kho.

Cac vat dung ddi mau theo anh sang co thé duoc ché tao béng cach su
dung cac hop chét indenopyran vong ngung tu theo sang ché bang cac phuong
phép phu trong khudn di biét (hodc duc trong khudn). Trong céc phuong phép
phu trong khudn, ché phim phu dbi mau theo anh sang bao gdm hop chét
indenopyran vong ngung tu theo sang ché, c6 thé 1a ché phdm phu 1ong hoidc ché
phém phu bot, duoc st dung trén it nhit mot phé‘m ctia bé& mit trong cta khudn,
va sau d6 dugc dinh hinh it nhét timg phﬁn. Sau d6, dung dich polyme hodc
néng chay, hodc dung dich oligome hodc monome hoéc hén hop duge duc hodc
dd khuon trong khoang duc va tiép xtc véi ché phdm phu ddi mau theo &nh sang
duoc phu trude, va dinh hinh it nhét mot phan. Sau d6, vat dung doi mau theo
anh sang thu duoc dugc 1y ra khoi khudn. Vi du khdng han ché vé céc 16p phu
bot trong d6 hop chét pyran vong ngung tu indeno theo cidc phuong 4n khong
gi6i han khac nhau dugc boc 10 trong ban mo ta cé thé duoc str dung 1a nhu néu
trong Patent My s6 6068797 & cot 7, dong 50 dén cot 19, dong 42, duoc két hop

& day bang cach vién dan.
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Cac vat dung dbi mau theo anh sang duogc ché tao béng cach sir dung
cac hop chét indenopyran vong ngung tu theo séng ché ciing c6 thé dugc tao ra
bang cac phuong phap dic bao ngoai nén tao trudc da biét. Cac phuong phap
duc bao ngoai nén tao trude thudng bao gdm budc tao nén trong khudn, va sau
do6 tao ra khoang khong bén trong gilta nén va bé mit trong ctia khudn, sau dé
dua ché pham phu d6i mau theo 4nh sang vao d6 (vi duy, tiém) va sau d6 dinh
hinh (vi du, déng ran). Theo cach khéc, phuong phép dic bao ngoai nén tao
trude co6 thé bao gém budc dua nén di duoc tao trudc vao khuodn, sao cho
khoang khong bén trong duogc tao ra gilta nén va mat trong ctia khuon, va sau d6
dua ché phdm phu ddi mau theo anh sang vao (vi du, tiém vao) khoang khong
bén trong nay.

Cac vat dung dbi mau theo anh sang, duoc ché tao bang cach sir dung
cac hop chit indenopyran vong ngung tu dugc ché tao bang cac phuong phéap
theo sang ché, ciing c6 thé dugc tao ra bang cach phuong phap dat mong da biét.
Trong cac phuong phap dat mong, mang chita cac hop chit indenopyran vong
ngung tu theo sang ché c6 thé dugc gin hoic theo cach khéc nbi véi mot phan
cta nén, c6 hoic khéng st dung chét két dinh va/hoic nhiét va 4p sult. Sau do,
néu mudn, nén tht hai cé thé duoc phu lén nén thit nhit va hai nén c6 thé duogc
dat mong ciing nhau (vi dy, bing cach sir dung nhiét va 4p sudt) ¢ tao ra phan
tt trong d6 mang chira hop chét indenopyran vong ngung tu dugc dat gitra hai
mang. Cac phuong phap tao mang chira chét 1iéu d6i mau theo 4nh sang cé thé
bao gdm vi du va khong gi6i han &, phwong phap két hop chét lidu ddi mau theo
4nh sang v6i dung dich polyme hodc dung dich oligome solution hoéc hdn hop,
dac hoac ép dun mang tu do, va, néu cén, dinh hinh it nhat mot phﬁn mang.
Ngoai ra hodc theo céch khac, mang c6 thé duoc tao ra (c6 hoic khong c6 chét
liéu ddi mau theo anh sang) va dugc tAm chét liéu d6i mau theo anh sang.

Cac hop chét indenopyran vong ngung tu duoc didu ché biang céc
phuong phép theo sdng ché, c6 thé dugc st dung mdt minh hodc két hop véi
chét liéu di mau theo anh séng khac. Loai chat liéu d6i mau theo 4nh sang ma
c6 thé dugc st dung két hop (vi du, trong hén hgp) véi cac hop chét

indenopyran vong ngung tu theo sang ché bao gdm, nhung khong chi giéi han ¢:
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cac (indolin)naphtoxazin x04n va (indolin)benzoxazin xoan, vi du nhu duge md
ta trong cac Patent My sd 3562172, 3578602, 4215010, 4342668, 5405958,
4637698, 4931219, 4816584, 4880667, va 4818096; cac benzopyran, vi du nhu
duoc md ta trong cac patent M§ sb 3567605, 4826977, 5066818, 4826977,
5066818, 5466398, 5384077, 5238931, va 5274132; cac dithizonat co kim loai
d6i mau theo anh sang, nhu, (arylazo)-thioformic arylhydrazidat, vi dy, thuy
ngin dithizonat dugc mo ta trong, vi du, Patent My sb 3361706; va fulgit va
fulgimit, vi dy, 3-furyl va 3-thienyl fulgit va fulgimit dugc mé ta trong Patent

M¥ s& 4931220 & cot 20, dong 5 dén cdt 21, dong 38.
Vi du thue hién sang ché

O phén 1 cua cac Vi du, quy trinh tong hop duge st dung dé tao ra céc lacton
theo Vi du 1-8, naphtol theo Vi du 7B va chét liéu ddi mau theo 4nh sang theo cac Vi
du tir 1A dén 6A. Phin 2 mé ta thir nghiém dbi mau theo 4nh sang va két qua cta cac
hop chéat d6i mau theo 4nh sang theo Vi du 1A-6A.
Phén 1: Téng hop Lacton theo céc Vi du 1-8, Naphtol theo Vi du 7B va hop chét doi
mau theo anh sang theo cac Vi du 1A-6A
Vidul

0]

O
Br o
Bude 1

Binh phén tng 2 L chta tribromobenzen (100g) va thanh khudy tir dugc lam
kho trong 10 chan khong & 80°C trong 4 gio. B6 sung THF khan (500mL). Hon hop
thu duge duge dit trong bé nudc dd bio hoa NaCl. 3M isopropyl magie clorua
(160mL) duoc ) sung tung giot vao dung dich & tdc d6 sao cho nhiét dd bén trong
duoc kiém soat tir -20 dén 0°C. Viéc bd sung hoan thanh trong khoang 30 phit dén 1
gid. HOn hop nay dugc khudy trong nura gi¢ & cung nhiét do va bis[2-(N,N-
dimetylamino)etyl]ete (61g) dugc bd sung vao tir tir trong khoang thoi gian 5 phut va
lwong 16n két tiia duge tao ra. Hon hop thu duge dugc khudy trong 20 phut va hdn
hop chira 4-triflometylbenzoyl clorua (73g) va THF (100mL) duge bd sung vao trong
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khoang thoi gian 5 phit. Hon hop thu dwoc dugc khudy qua dém. Nudc (100mL)
duoc bd sung vao tir tir va do pH duoc chinh dén 2 bang dung dich HC1 3N. Lép hitu
co thu duoc duge gom bing phéu riéng, rira bang 5% NaOH/nude va NaCl/nuée, lam
kho va c6 dic. Metanol (300mL) dwoc bd sung vao dau duge thu hdi va san phdm
dwoc két tinh. San phdm duoc gom bing cach loc chan khong. NMR cho thdy ring
tinh thé mau tring thu dwoc (87g) co cau tric 6n dinh véi 3,5-dibromo-4’-
triflometylbenzophenon.
Budc 2

Hbn hop san phim ctia Budc 1 (75g), este dimetyl cia axit suxinic (32,2g) va
toluen (800mL) dugc cho vao binh ba cb dung tich 5L dugc trang bi bo khudy co khi.
Kali t-butoxit (22,6g) duoc bd sung timg mé trong khoang thdi gian 30 phut. Quan sat
thdy phan Gng toa nhiét va sy tao thanh luong 16n chit két tia. Sau hai gio, nudc
(500mL) duoc bd sung vao. D6 pH ctia hdn hop nay duge diéu chinh dén ~2 bang
cach st dung dung dich axit HCI 3N. Sau khi khudy & nhiét d6 trong phong trong 10
phiit, 16p hitu co thu dwoc thu gom, rira bing NaCl/nudce, 1am khd bang MgSO4. Sau
khi ¢6 dic, hexan dugc bd sung va céc tinh thé mau tréng duoc tao ra. Cac tinh thé
nay duge thu gom bing cach loc chan khong. NMR cho thy ring san pham thu dugc
(62g) 6 cau trac thdng nhat véi axit (E)-4-(3,5-dibromophenyl)-3-(metoxycarbonyl)-
4-(4-(triflomety])phenyl)but-3-enoic. Budc nay duoc lap lai dé tao ra nhiéu sin phdm
hon cho budc ké tiép.
Bude 3

Lantan (IIT) clorua khan ran (100g) duoc nghién thanh bt rt min va sau d6
trdn v6i lithi clorua (52g) va THF khan (1 L) trong binh ba c¢b dung tich 5 lit duoc
trang bi may khudy co hoc va phdu nho giot. Hon hop nay dugc hdi luu trong vai gid
dén khi hoa tan. San phdm ctia Budc 2 dugce hoa tan trong hdn hop nay. Hon hop nay
sau d6 duoc lam mat dén -15°C. Dung dich chira 3M metyl magie clorua (238mL)
duoc dit trong phéu nho giot. 30% du tién ctia Grignard dugc bd sung tir tir vao hdn
hop nay. Quan sat théy hién tugng bot khi va ting nhiét do hdn hop. Sau khi nhiét do
tr& lai -15°C, phan con lai ctia Grignard duge b sung vao hdn hop nay trong 2 pht.
Sau 30 phut, nudce (1 L) duge bd sung tir tir vao hdn hop nay va d6 pH duoc chinh

dén axit bang cach sit dung axit axetic. Hon hop nay chuyén sang trong subt v tao

-53-



228389

thanh hai 16p. Lép nude duoc thao bo. Lép hitu co thu hdi duoc dugce rira bang
NaCl/nuée bdn 14n va sau d6 ¢ dic dén khd. Chét rdn mau vang dugc thu hdi va hoa
tan trong toluen. Dung dich duoc loc bang cach st dung cot tram silica gel va dung
dich trong thu dugc dugc c6 dic dén kho. Thu duoc san phdm rin mau tring va si
dung trong bude tiép theo ma khéng cin tinh ché tiép. Mot phin cta san phim dugc
két tinh lai tir metanol va phép phan tich NMR cho thay rang cac tinh thé dugc tinh
ché ¢6 chu tric thdng nhét véi
(E)-(beta-((3,5-dibromophenyl)(4-(triflometyl)phenyl)metylen))-gamma,gamma-
dimetyl-gamma-butyrolacton. NMR cfing cho thiy ring san phdm rin mau tring

khéng duoc tinh ché ¢6 hdn hop déng phan E/Z ctia beta-((3,5-dibromophenyl)(4-

(triflometyl)phenyl)metylen)-gamma,gamma-dimetyl-gamma-butyrolacton.
Vidu 1A

Bude 1

Hbn hop san phdm tir Vi du 1, toluen (500mL), bismut triflat (20g) va axit
axetic (0,24g) duoc khudy & trang thai hdi luu trong 1 gio. Sau khi 1am mat dén nhiét
d6 trong phong, anhydrit axetic (100mL) dugc bd sung vao. Hon hop nay lai duoc
dun néng dén hdi lwu. Sau mot gid, hdn hop ndy dwgc lam maét dén nhiét d6 trong
phong va loc qua cot bit silica gel va giai hip bang toluen. Dung dich trong sudt thu
duoc duge cb dic. Axeton (50mL) duoc bd sung vao va thu dugce huyén phii. B6 sung
vao hén hop huyén phi nay metanol (250mL) va hén hop nay dugc lam mat trong bé
nude da. Cac tinh thé mau tring duge thu gom va lam kho dé tao ra 58g san phim.
NMR cho thiy ring san phim c6 ciu triic thong nhét v&i 8,10-dibromo-7,7-dimetyl-
3-(triflometyl)-7H-benzo[c]floren-5-yl axetat.
Budc 2

B6 sung vao binh phan tmg chtra san phim ctia Budc 1 (2,42g) metanol (20mL)
va tetrahydrofuran (10mL). Axit clohydric (ImL) duge bd sung vao va dung dich

duoc dun néng dén hoi luu trong 4 gio. Dung mdi dwocj loai bod trong chan khéng va
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phin cin duoc tinh ché bang cach cho qua van silica gel, bang cach st dung hdn hop
hexan/etyl axetat ty 1& 4:1 lam chit rtra giai. Céc phan doan chira chét liéu mong
mudn dugc gop lai va c6 dic dé tao ra chit ran mau kem (1,63g). Phép phan tich
NMR cia chét rin mau kem cho thdy cdu triic t_héng nhét véi 8,10-dibromo-7,7-

dimetyl-3-(triflometyl)-7 H-benzo[c]floren-5-ol.

Budc 3

B4 sung vao dung dich dicloetan (100mL) chta san phidm ciia Budc 2 1-(4-
metoxyphenyl)-1-phenylprop-2-yn-1-ol (4g) va axit p-toluensulfonic (32 mg). Dung
dich dugc dun néng dén hdi luu trong 2 gi. Hon hop phan tng dugc o dic dudi ap
suAt giam. San pham duoc tinh ché bing phuong phép tach bing cot bit silica gel tiép
theo 1a két tinh lai tir axeton/metanol. Céc tinh thé mau xam duge thu gom b%mg cach
loc chén khong (7,6g). Phép phan tich NMR cua san phdm cho thdy céu tric théng
nhit véi 3-(4-metoxyphenyl)-3-phenyl-10,12-dibromo-6-triflometyl-13,13-dimetyl-
3H,13H-indeno[2',3":3,4]naphto[1,2-b]pyran.

Vidu2

0O
0

BrlllF

Br F

Quy trinh tor Bude 1 dén Budc 3 cua Vi du 1 dugc tudn theo trir viée
3,5-diflobenzoyl clorua dugc st dung thay cho 4-triflometylbenzoyl clorua. Thu duge
céc chit rén mau tring 1am san phdm. NMR cho thdy rdng san phim co chu tric
théng nhit véi hdn hop dong phan E/Z ciia beta-((3,5-dibromophenyl)(3,5-

diflophenyl)metylen)-gamma,gamma-dimetyl-gamma-butyrolacton.

Vidu2A
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Quy trinh tir Budc 1 dén Budce 3 cta Vi du 1A dwocj tudn theo trir viéc: trong
Budc 1, san phém cua Vi du 2 dugc st dung thay cho san phém cua Vidu 1; & Bude
2, san phém mong mudn 8,10-dibromo-2,4-diflo-7,7-dimetyl-7H-benzo[c]floren-5-ol
duoc két tinh lai bing cach sir dung etyl axetat 1am dung moi; & Budc 3, 1-(4-
flophenyl)-1-(4-(N-morpholino)phenyl)prop-2-yn-1-ol duoc str dung thay cho 1-(4-
metoxyphenyl)-1-phenylprop-2-yn-1-ol. NMR khéng dinh rang san pham cudi c6 cau
tric théng nhét voi 3-(4-flophenyl)-3-(4-morpholinophenyl)-10,12-dibromo-5,7-
diflo-13,13-dimetyl-3H,13 H-indeno[2',3":3,4naphto[1,2-b]pyran.

Quy trinh tr Budc 1 dén Buéc 3 cua Vi du 1 dugc tudn theo trir viéc
2,4-diflobenzoyl clorua dugc st dung thay cho 4-triflometylbenzoyl clorua & Budec 1.
thu duoc cac chét rén mau tring du6i dang san phim. NMR cho thiy ring sin phim
c6 chu trac théng nhdt voi hdn hop ddng phin E/Z cua beta-((3,5-
dibromophenyl)(2,4-diflophenyl)metylen)-gamma,gamma-dimetyl-gamma-
butyrolacton.

Vidu3A
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The quy trinh tir Buéc 1 &&n Budce 3 ctia Vi du 1A dugc tuan theo trir viée: &
Budce 1, san phém cua Vi du 3 dugc stir dung thay cho san phém cua Vidu 1; & Budc
3, 1,1-bis(4-metoxyphenyl)prop-2-yn-1-ol dugc st dung thay cho
1-(4-metoxyphenyl)-1-phenylprop-2-yn-1-ol. Phép phéan tich NMR ctia c4c tinh thé
mau tring nhd cho thdy ciu tric thdng nhit véi 3,3-bis(4-metoxyphenyl)-10,
12-dibromo-6,8-difluoro-13,13-dimetyl-3 4,1 3H—inden0 [2',3":3,4]naphto[ 1,2-b]pyran.

Quy trinh tir Budc 1 dén Budc 3 ctia Vi du 1 duoc tudn theo trir viée
3,5-diflobromobenzen va 2-metoxybenzoyl clorua dugc st dung thay cho
tribromobenzen va 4-triflometylbenzoyl clorua & Budc 1 va san phim tir Budc 2
duoc tinh ché bing phuong phap tach bang cot. Thu dugc ddu mau vang dudi dang
san phdm. NMR cho thiy ring sin phdm c6 cu tric théng nhét v6i hdn hop dong
phin E/Z cua beta-((3,5-diflophenyl)(2-metoxyphenyl)metylen)-gamma,gamma-

dimetyl-gamma-butyrolacton.

Vidu4A
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Theoquy trinh tir Budc 1 dén Budc 3 cua Vi du 1A duge tuan theo trir viée: &
Budc 1, san phém cua Vi du 4 dugc st dung thay cho san phém cua Vi du 1; cling
trong Budc 1 trudc khi bd sung anhydrit axetic, dung dich toluen dugc rira bing
nudc, lam kho béng magie va loc qua b trg loc CELITE® dé loai bod bismut triflat; &
Budce 3, 1,1-bis(4-metoxyphenyl)prop-2-yn-1-ol dugc st dung thay cho 1-(4-
metoxyphenyl)-1-phenylprop-2-yn-1-ol. NMR khang dinh rang san pham dang tinh
thé tring nho c6 cdu tric théng nhit véi 3,3-bis(4-metoxyphenyl)-9-metoxy-5,7-
diflo-13,13-dimetyl-3H,13 H-indeno[2',3":3,4naphto[1,2-b]pyran.

Vidu$

0O
0]

| Cl
SOAs
Cl
Quy trinh tr Buéc 1 dén Budc 3 cua Vi du 1 dugc tuidn theo trir viéc
3,5-diclobromobenzen va 4-metoxybenzoyl clorua dugc st dung thay cho
tribromobenzen va 4-triflometylbenzoyl clorua & Budc 1. Thu duoc chét rin mau
tréng dudi dang san phdm. NMR cho thy ring san phim c6 cu trac thong nhat véi

hdn hop dbng phan E/Z cua beta-((3,5-diclophenyl)(4-metoxyphenyl)metylen)-

gamma,gamma-dimetyl-gamma-butyrolacton.

Vidu5A
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Buoce 1

Quy trinh tr Budce 1 cua Vi du 1A dugc tuan theo trir viéc san phém cua Vidu5
dugce sir dung thay cho san phdm ctia Vi du 1. Thu dugc chét rin mau tring nho dudi
dang san phdm. NMR cho thiy ring san phdm cé ciu tric théng nhit véi
2,4-dichloro-9-metoxy-7,7-dimetyl-7H-benzo[c]floren-5-yl axetat.
Budc 2

Hon hop san phidm cia Budc 1 (5g), N-bromosuxinimit (2,7g) va DMF
(100mL) dugc khudy trong binh phan tng va dun' néng & 90°C trong hai gid. Hon
hop phan tmg duge rét vao nude (400mL) va chiét bing etyl axetat/THF ty 1& 1/1
(200mL). Lép hitu co duoc thu gom, rira bang dung dich nudc natri bisulfit ba lan,
lam kho va co dic. Bb sung vao san phdm thd, metanol (100mL). Sau khi loc, thu
duoc chit rin mau tring nho (4,4g) dudi dang san pham. NMR cho thdy ring san
phim c6 ciu tric thdng nhét véi 10-bromo-2,4-dichloro-9-metoxy-7,7-dimetyl-7H-
benzo[c]floren-5-yl axetat.
Budce 3

Hdn hop san pham ctia Budc 2 (4,3g), 4’-(4-trans-pentylxyclohexyl)-N-(4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)-[1,1’-biphenyl]-4-carboxamit
(4,94g), natri carbonat (4g), THF (200mL), nuéc (20mL) va
tetrakis(triphenylphosphin)paladi(0) (1g) dugc cho vao binh phdn tng va loai khi
bang cach suc bong béng nito qua hdn hgp nay trong 10 phit. Hon hop nay sau dé
duoc dun néng dén hdi luu trong 17 gid. Sau d6 bd sung vao hdn hop phan tmg, kali
carbonat (5g) va etanol (50mL). Sau khi hdi luu trong 8 gitr tiép theo, THF (200mL)
va nude bio hoa natri clorua (200mL) duoc bd sung vao. Lép hitu co thu duoc duge
thu gom, rira bang 100 ml HCI 1N ba lan, rira bing 100mL dung dich nudc natri sulfit
1N mot 14n, rira bing nudc bio hoa natri clorua mot 1an, 1am kho bing magie sulfat
va ¢d dic. Phan cin thu duoc duge hoa tan trong toluen/THF ty 1€ 10/1 (200mL) va
sau d6 cho qua cot bit silica gel va giai hap bang toluen/THF ty 1¢ 10/1. Dung dich
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trong thu duoc duoc c6 dic va khudy trong metanol trong nira gio. Chét rin thu duoc
dwoc gom lai va 1am khé. Thu dugc chit rin mau tring nhe (7,5g) dudi dang sén
phidm. NMR cho thdy ring san phdm c6 ciu tréc théng nhét véi N-(4-(2,4-diclo-5-
hydroxy-9-metoxy-7,7-dimetyl-7H-benzo[c]floren-10-yl)phenyl)-4'-(4-trans-
pentylxyclohexyl)-[1,1'-biphenyl]-4-carboxamit.
Budc 4

San phim cta Budce 3 (3g), 1-(4-butoxyphenyl)-1-(4-metoxyphenyl)prop-2-yn-
1-ol (1,8g), axit p-toluensulfonic (73 mg) va dicloetan (50mL) duoc cho vao binh
phan tmg. Hon hop nay dugc khudy va héi luu trong 4 gid. Toan by dung méi duge
loai bo. San phdm dugc tinh ché bang CombiFlash® Rf tir Teledyne ISCO. Thu dugc
chét rén mau den (2g) dudi dang san phdm. NMR cho thdy ring cAu tric thong nhit
v6i 3-(4-butoxyphenyl)-3-(4-metoxyphenyl)-10-[4-(4-(4-(4-trans-
pentylxyclohexyl)phenyl) benzamido)phenyl]-5,7-diclo-11-metoxy-13,13-dimetyl-
3H,13H-indeno[2',3":3,4] naphto[1,2-b]pyran.

Vidué

Quy trinh tr Bude 1 dén Bude 3 cta Vi du 1 dugc tuin theo trir viéc
2,5-diflobenzoyl clorua dugc st dung thay cho 4-triflometylbenzoyl clorua ¢ Bude 1.
Thu duge chat rén mau tring dudi dang san pham. NMR cho thiy ring san phim c6
chu trac thdng nhit v6i hdn hop dong phan E/Z cua beta-((3,5-dibromophenyl)(2,5-

diflophenyl)metylen)-gamma,gamma-dimetyl-gamma-butyrolacton.

Vidu6A
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Budc 1

Str dung san phém tlr Vi du 6, quy trinh tir Budc 1 ctia Vi du 1A duogc tuén theo.
Thu dugc cac tinh thé mau tring dudi dang san phdm. NMR cho thdy ring san phdm
¢6 chu trac théng nhit véi 8,10-dibromo-1,4-diflo-7,7-dimetyl-7H-benzo[c]floren-5-
yl axetat.

Budc 2 :

B6 sung vao dung dich dugc loai khi chira toluen (40mL) va etanol (40mL),
triphenylphosphin (0,32g) va paladi axetat (0,1g). San pham cta Buéc 1 (2,00g) va
4’-(4-trans-pentylxyclohexyl)-N-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)-[1,1’-biphenyl]-4-carboxamit (2,22¢g) dugc bd sung vao va dung dich dugc
loai khi trong 10 phit. Kali carbonat (1,67g) dugc b6 sung vao va hén hop thu duge
duge dun néng dén hdi luu trong 6 gior. Hon hop phan tmg dugc 1am mat dén nhiét do
trong phong va pha lodng bang etyl axetat (200mL). Hén hop nay dugce loc qua tang
trg loc CELITE® va dich loc duge thu gom va c6 déc dé tao ra cin. Phén cin dugc
tinh ché bang phuwong phdp tach bing cot silica gel béng cach st dung toluen/etyl
axetat ty 1€ 19/1 lam chét rira giai. B6 sung toluen vao phan cin mau kem thu dugc dé
két tua san phém. Chét két tua thu duoc duge thu gom béng céach loc chan khong va
]am kho d8 tao ra chét rin mau kem (0,6g).

Budce 3

Quy trinh tir Budc 3 cta Vi du 1A duogc tudn theo trir vi€e 1-(4-butoxyphenyl)-
1-(4-flophenyl)prop-2-yn-1-ol va san pham ctia Bude 2 dugc st dung thay cho 1-(4-
metoxyphenyl)-1-phenylprop-2-yn-1-ol va san phim ctia Bude 2 cua Vidu 1A. Phép
phén tich NMR cua chét rin thu dugc cho thdy cdu tric thong nhét véi 3-(4-
butoxyphenyl)-3-(4-flophenyl)-10-[4-(4-(4-(4-trans-pentylxyclohexyl)
phenyl)benzamido)phenyl]-5,8-diflo-13,13-dimetyl-3H,13 H-
indeno[2',3":3,4]naphto[1,2-b]pyran.
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Quy trinh tir Budc 2 dén Budc 3 ctia Vi du 1 duoc tudn theo trlr viée
(4-flophenyl) (thien-2-yl) keton duwgc st dung thay cho 3,5-dibromo-4’-
triflometylbenzophenon & Bude 2. Thu dugc diu duéi dang san phim. NMR cho thdy
ring san phdm c6 cdu tric thdng nhit v6i hdn hop ddng phan E/Z cua beta-((4-
flophenyl)(thiophen-2-yl)metylen)-gamma,gamma-dimetyl-gamma-butyrolacton.

Vidu 7B

Str dung san phim ciia Vi du 7, quy trinh tr bude 1 va 2 cta Vi du 1A duoc

tuan theo. NMR cho thdy ring san phim rin mau den thu duge c6 chu trac théng nhat

véi 1-(3-flo-5-hydroxy-7,7-dimetyl-7H-benzo[6,7]indeno[ 1,2-b]thiophen-9-
yl)etanon.
Vidu8
O
0O
o
\ |
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Quy trinh tr Budc 2 dén Budce 3 cua Vi du 1 duge tuan theo trir viée furan-2-
yl(phenyl)metanon, dugc didu ché sau quy trinh ly thuyét co st dung phan tng
Friedel-Crafts (Sarvari, M. H.; Sharghi, H. J. Org. Chem. 2004, 69, 6953-6956), duoc
st dung thay cho 3,5-dibromo-4’-triflometylbenzophenon & Budc 2. Thu dugc dau
dudi dang san phdm. NMR cho thiy ring sin phdm c6 cAu tric théng nhét véi hdn
hop dong phan E/Z cla beta-(phenyl(furan-2-yl)metylen)-gamma,gamma-dimetyl-

gamma-butyrolacton.

Phén 2: Thr nghiém tinh ning d6i mau theo 4nh séng va Két qua

Tinh ning ddi mau theo anh sang ctia chat lidu d6i mau theo 4nh sang ctia cic
Vi du 1A-6A duoc thtt nghi€ém nhu sau. Luong chét liéu d6i mau theo anh séng can
thr nghiém, dugc tinh toan dé tao ra dung dich 103 M 1,5 x, duoc bd sung vao binh
chtra 50g hdn hgp monome chtra 4 phan bisphenol A dimetacrylat dugc etoxy hoa
(BPA 2EO DMA), 1 phén poly(etylen glycol) 600 dimetacrylat, va 0,033% trong
luong 2,2'-azobis(2-metyl propionitril) (AIBN). Chét liéu d6i mau theo 4nh sang
duoc hoa tan vao hdn hop monome bing cich khudy va dun néng nhe néu can. Sau
khi thu duoc dung dich trong, dung dich nay duoc loai khi trong chan khong trude
khi rét vao khudn tao tim phang cé kich thuéc bén trong 2,2mm x 15,24cm (6 in) x
15,24cm (6 in). Khudn duoc han kin va dat trong. dong khi ngang, 10 cai dit duogc
duoc dat chuong trinh tang nhiét d6 tir 40°C dén 95°C trong khoang thoi gian 5 gio,
gilt nhiét d6 ¢ 95°C trong 3 gio¢ va sau d6 giam nhiét do xubng 60°C trong khoang
thoi gian 2 gio. Sau khi khudn dugc ma, tAm polyme dugc cit bang cach st dung dao
chuyén dung d& khic lén bé mit va tach thanh nhitng mau thtr nghiém vudng 5,1 cm
(2 in).

Céac mAu thir nghiém vudng d6i mau theo anh séng dugce chudn bi nhu dwgc mod
ta trén ddy duoc thir nghiém dép Gng d6i mau theo 4nh séng trén bé quang hoc. trudc
khi thir nghiém trén bé quang hoc, céc miéng vudng thir nghiém ddi mau theo anh
sang duoc phoi ra anh sang cuc tim 365 nm trong khoang 15 phut @& 1am cho chit
lieu d6i mau theo anh sang chuyén tir dang-trang thai nén sang dang-trang thai hoat
héa, va sau d6 dat trong 10 75°C trong khoang 15 phut dé cho phép chét liéu dbi mau

theo 4nh sang chuyén nguoc lai sang dang-trang thai nén. Nhitng miu thir nghiém
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vuéng nay sau d6 duge lam mat dén nhiét d6 trong phong, cho tiép xtic véi anh sang
huynh quang trong it nht 2 gio, va sau dé boc kin (tic 13, trong méi trudng t61) trong
it nhét 2 gid trude khi thir nghiém trén bé quang hoc duoc gitt & 23°C (73°F).

Bé quang hoc duoc lip b loc dai théng qua Schott 3mm KG-2, (cac) bd loc mat
d6 trung tinh va dén hd quang Newport Model# 67005 300-wat véi ngudn dién
Model# 69911 két hop véi bo dém thoi gian phoi k§ thuat s Newport Model 689456
duoc sir dung dé diéu khién cuong do cua tia xa dugc st dung dé hoat hoa miu. Cira
trap diéu khién bang may tinh téc d6 cao Uniblitz model# CS25S3ZMO (v&i b didu
khién model# VMM-D3), thau kinh tu quang bang d4 silic néng chay ding dé chuin
truc tia ctia dén hoat héa qua bé nude thiy tinh thach anh dén khoang chira mau.

Ngudn sang dai rong duoc tao ra tuy y dé kiém tra sé do d4p tmg duoc dinh
huéng xuyén qua miu sao cho goc gitta ngudn hoat héa va tia kiém tra 1a 30 d6 voi
méu duogc b tri vudng goc véi tia kiém tra ndy. Ngudn séng tia rong thu duoc bing
cach goép va két hop anh sang duoc loc riéng ré tu dén halogen vonfram 100-Wat
(duoc diéu khién bang ngudn dién c6 hiéu dién thé khong d6i Lambda UP60-14) véi
cap quang soi hai nhanh diu ché dé ting cudng d6 4nh sang budc séng ngin. sau khi
di qua mau, anh sang kiém tra nay duogc tap trung lai vao khéi cdu hoi tu 5,1cm (2-in)
va di vao quang phd ké Ocean Optics S2000 bang cap s¢i quang hoc. Phan mém doc
quyén Ocean Optics SpectraSuite va PPG duoc sir dung dé do dép tmg va diéu khién
vi€c véan hanh bé quang hoc.

Amax-vis 13 budc song trong phd nhin thiy ma & d6 xay ra su hdp thu téi da cta
dang-trang thai hoat héa ctia hop chit ddi mau theo anh séng trong miu thir nghiém
vudng. Budc séng Amaxvis duge xac dinh bang cach kiém tra cac mau thir nghiém
vudng d6i mau theo anh sang trong quang phd ké Varian Cary 4000 UV-Visible.

Do thay ddi ctia mét d6 quang & muc bio hoa ddi vi mdi mau thir nghiém duoc
xé4c dinh bang cach md cira trap tir dén xenon va do d6 truyén qua sau khi cho chip
thir nghiém phoi ra birc xa UVA 3W/m2 trong 30 phiit. Do thay ddi mat d6 quang &
murc bdo hoa duoc tinh bang cong thitc: AOD = log (%Tb/%Ta), trong d6 %Tb 1a ty
1& phén tram truyén qua & trang thai mat mau, %Ta 14 ty 1& phan trim truyén qua &
trang thai hoat héa va déu & budc s6ng Amaxvis va phép logarit ¢6 co sb 10. Chu ky

ban mo diu tién (“T1x”) hodic tdc d6 mét mau 1a khoang thoi gian tinh bing gidy dé
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do hép thu cua trang thai hoat hda ctia chét liéu d6i mau theo anh sang trong mau thir
nghiém vudng dat duoc mdt nira AOD & gia tri bdo hoa & nhiét d trong phong
(23°C), sau khi bd ngudn sang hoat héa. D6 nhay (AOD/phut) 14 s& do tdc do t6i di
ctia mau va duge tinh qua phwong trinh AODsen = AODsmin X 12.

Bang 1 — Két qua thir nghiém tinh ning d6i mau theo 4nh séng

Vidu# Amacyis | DO nhay trél?g],)ﬂ;i T 5 (gidy)
(nm) (AOD/phut) bio hoa
1A 554 0,39 0,22 28
24 579 0,38 0,22 30
3A 562 0,28 0,10 14
4A 551 0,65 0,76 79
5A 580 0,77 0,7 82
6A 547 0,75 0,85 9

Sang ché duoc mo ta c6 vién din nhiéu chi ti€t cu the trong cac phuong
an cu thé cla no6. Cac chi tiét nay khong nén dugc xem la gidi han pham vi cua

sang ché trix khi chung dwoc bao gdm trong cic yéu cau bao ho kém theo.
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YEU CAU BAO HQ
1. Hop chét lacton dwoc chon tir cac hop chét lacton c6 it nhat mot trong s6 cong thirc

I va cong thirc II sau:

trong d6 vong-A va vong-B doc lap duoc chon tir aryl va heteroaryl,

m va n doc 1ap dugc chon tir 0 dén 4,

R! d6i v6i mdi m, va R? dbi voi mdi n, trong timg trudong hop ddc lap dugce
chon tir halogen dugc chon tir tir flo, iodo, bromo va clo;

C7-Cyo alkyl;

C3-Cyo xycloalkyl;

phenyl dugc thé hoic khong dugc thé, cac phﬁn tlr thé phenyl dugc chon tir
hydroxyl, halogen, carbonyl, C1-Cao alkoxycarbonyl, xyano, halo(Ci-Cao)alkyl, Ci-
Ca alkyl hodc Ci-Cy alkoxy;

-O-Ry0’ hodc -C(0)-Rio> hodc -C(0)-ORy0’, trong dé Rio’ 1a nguyén tir hydro,
C1-Cao alkyl, phenyl(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl dugc thé mono(Ci-Cao)alkyl,
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phenyl(Ci-Cao)alkyl dugc thé mono(Ci-Cao)alkoxy, (Ci1-Cao)alkoxy(Ca-Cao)alkyl,
C3-C1o xycloalkyl, hoic C3-Co xycloalkyl duoc thé mono(Ci-Cao)alkyl;

-N(Ri11")R12’, trong d6 Ri1’ va Rz’ mdi nhém doc 1ap 1a nguyén tir hydro, Ci-
Cyo alkyl, phenyl, naphtyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, benzopyridyl,
florenyl, Ci-Cao alkylaryl, C3-Cio xycloalkyl, C4-Cao bixycloalkyl, Cs- Cao
trixycloalkyl hodc Ci- Cyo alkoxyalkyl, trong dé nhom aryl da néu la phenyl hoac
naphtyl, hodc Ri1” va Ri2” ciing véi nguyén tir nito tao thanh vong Cs3-Cao hetero-
bixycloalkyl hodc vong Cs-Cyp hetero-trixycloalkyl;

vong chira nito ¢6 cong thue XITA sau,

trong d6 mdi -Y- dugc lap duoc chon d6i v6i mdi 1an xuit hién tir -CHa.,
-CH(R13°)-, -C(R13’)2-, -CH(aryl)-, -C(aryl)z-, va -C(R13’)(aryl)-, va Z 12 -Y~, -O-, -S-,
-S(0)-, -SO»-, -NH-, -N(R13’)-, hoic -N(aryl)-, trong d6 mdi Ri3’ ddc lap 1a  C1-Cao

alkyl, mdi aryl doc 1ap 1a phenyl hodc naphtyl, m 1 s6 nguyén 1, 2 hozc 3, va p 13 sb
nguyén 0, 1, 2, hodc 3 va véi diéu kién néu p 12 0, Z 12 -Y-; nhém cé mét trong 36 cac

cong thie XI1IB hodc XIIC sau,

XIIB XIIC
N AN Ris N AN
R15 ‘ _(Rd)Q ‘ _(Rd)Q
= 7
Rig
R1s
R17

trong d6 Ris, Rig, va Ri7 mdi nhém ddc 1ap 1a nguyén tir hydro, Ci-Cao alkyl,
phenyl, hoac naphtyl, hodc cac nhém Risva Rie cing nhau tao thanh vong chira tir 5
dén 8 nguyén tir cacbon va mdi RYdoc 1ap ddi voi mdi 1an xudt hién duge chon tir Ci-
Cyo alkyl, Ci-Cy alkoxy, flo hodc clo, va Q la s6 nguyén 0, 1, 2, hodc 3; va amin hai

vong x0dn C4-Cig khong dugc thé, duoc thé mot 1an va dugce thé hai 1an hodc amin ba
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vong xo0an Cs-Cig khong duoc thé, duoc thé mot 1an va duge thé hai 1an, trong do6 cac
phin tir thé d4 néu doc lap 1a aryl, Ci-Cao alkyl, C1-Cao alkoxy, hodc phenyl(Ci-
Cao)alkyl; hodc

hai nhém R! 1ién k&, hodc hai nhém R? 1ién k&, doc 1ap cting nhau tao thanh
nhém c6 mot trong s6 cac cong thire XIID va XIIE:

XIID XIIE
Rys T s I~
> X

T Ri¢ T

trong d6 T va T” doc 14p 1a oxy hodc nhom -NRy;1’-, trong d6 Ri1’, Ris, va Rie
nhu dugce xac dinh trén day; va _

R3 va R* doc 1ap duge chon tir hydrocarbyl tuy y duogc ngét mach boi it nhét
mdt trong s6 cic nhém -O-, -S-, -C(0)-, -C(0)0-, -S(O)-, -SO2-, va -N(R11’)- trong
do6 Ri1” duge chon tir nguyén tir hydro, hydrocarbyl hodc hydrocarbyl dugc thé; va
hydrocarbyl dugc thé tuy y duogc ngét mach boi it nhat mot trong sb cac nhém -O-, -
S-, -C(0)-, -C(0)0-, -S(0)-, -SO2-, va -N(Ri11’)- trong d6 Ri1” dugc chon tr nguyén
ttr hydro, hydrocarbyl hogc hydrocarbyl dugc thé; hoic R? va R* cling nhau tao thanh

cAu trac vong tlly ¥ bao gdm it nhat mot nguyén tir khéc loai.

2. Hop chét lacton theo diém 1, trong d6:

vong-A va vong-B doc 1ap dugc chon tir aryl khong duoc thé va aryl dugc thé;
R3 va R* doc 1ap duoc chon tir: ' |

(1) C1-Cyo alkyl, Ci-Cyo haloalkyl, C3-C1o xycloalkyl, alyl, benzyl,
hodc benzyl dugc thé mot 1an, cac phén tir thé benzyl nay dugc chon tir halogen,
C1-Cyo alkyl hodc Ci-Cayo alkoxy;

(i)  nhom khong duoc thé, dugc thé mot 1an, duoc thé hai 1an hodc
duoc thé ba 1an dugc chon tir phenyl, naphtyl, phenanthryl, pyrenyl, quinolyl,
isoquinolyl, benzofuranyl, thienyl, benzothienyl, dibenzofuranyl, dibenzothienyl,
carbazolyl, hoic indolyl, cic phan tir thé nhém nay trong ting trudng hop doc 1ap
duoc chon tir halogen, Ci-Cao alkyl hodc Ci-Cao alkoxy; hodc
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(iii)  phenyl dwoc thé mot 1an, phan tir thé & vi tri para nay 1a -(CHz)s-
hodc -O-(CHy)t-, trong do t la ) nguyeén 1, 2, 3, 4, 5 hoac 6, phén tir thé nay dugc ndi
v6i nhém aryl 14 thanh phan cta chat liéu d6i mau theo 4nh séng;

(iv) nhém -CH(R'"))G, trong d6 R'? 1a nguyén tir hydro, C;-Cy alkyl
ho#ic céc nhom aryl khong duoc thé, duoc thé mot 1An hodc duoc thé hai 1An, va G 1a
-CHpOR!, trong d6 R!' la nguyén t& hydro, -C(O)R!, C;-Cz alkyl, Ci-Cao
alkoxy(Ci-Cao)alkyl,  phenyl(Ci-Cao)alkyl,  phenyl(Ci-Cao)alkyl  duwoc  thé
mono(Ci-Cao)alkoxy, hodc cac nhém aryl khdong duoc thé, duoc thé mot 14n hoic
duoc thé hai 14n; hodc

(v)  R3 va R?* cing nhau tao thanh phan tir thé xoén duoc chon tir
vong cacbon xo0dn duoc thé hodc khong duoc thé chtra tir 3 dén 6 nguyén tir cacbon,
di vong x04n duoc thé hoic khong duogc thé chia 1 hodc 2 nguyén tr oxy va tir 3 dén
6 nguyén tir cacbon bao gdm nguyén tir cacbon xoén, vong cacbon xoin va di vong
xoin dugc xen k& bai 0, 1 hodc 2 vong benzen, cic phan tir thé 1a nguyén tir hydro
hoac C;-Cyo alkyl. |

3. Hop chét lacton theo diém 1, trong d6 R! d6i v&i m&i m, va R? d6i voi mbi n, trong
tung truong hop doc 1ap duogc chon tir C3-C7 xycloalkyl, Ci-Cs haloalkyl, flo, iodo,

bromo, clo, va -O-Rio’.

4. Hop chét lacton theo diém 3, trong d6 R? va R* doc lap duogc chon tir Ci-Cs alkyl,
C1-Cs haloalkyl, va C3-C7 xycloalkyl, hosic R? va R* cling nhau tao thanh phan tir thé
xodn dugc chon tir vong cacbon dugc thé hoac khong dugc thé chira tir 3 dn 6

nguyén tr cacbon.

5. Hop chét lacton theo diém 1, trong d6 hop chét lacton nay dugc chon tir cic hop

chét lacton c6 it nhat mot trong s6 cac cong thirc Ia va Ila sau:
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6. Hop chét lacton theo diém 1, trong d6 vong-A va vong-B doc 1ap duoc chon tir aryl

vong ngung tu.

7. Hop chét lacton theo diém 2, trong d6 nhém aryl trong (vi) dugc chon tir phenyl
hodc naphtyl, mdi phan tir thé ctia nhém phenyl va naphtyl ndy 1a Ci-Cao alkyl hodc
C1-Cy alkoxy.

8. Phuong phép diéu ché hop chét indenol vong ngung tu ¢6 it nhit mot trong s cac

cong thue 11T va II1-2:
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I

R3
R ‘ill" R

(R?), va

11-2

R3

OR12

(Rz)n l R4

R

trong d6 vong-A va vong-B ddc 1ap dugc chon tir aryl va heteroaryl,

m va n doc 1ap dugc chon tir 0 dén 4,

R! dbi v6i mdi m, va R? dbi véi mdi n, trong timg trudng hop ddc 1ap dugce
chon tir halogen dugc chon tir tir flo, iodo, bromo va clo;

C7-Cyo alkyl,

C3-Cyo xycloalkyl;

phenyl dugc thé hoic khong duoc thé, cac phﬁn ttr thé phenyl dugc chon tir
hydroxyl, halogen, carbonyl, C1-Cao alkoxycarbonyi, xyano, halo(Ci-Cao)alkyl, Ci-
Cao alkyl hoac Ci-Cyo alkoxy;

-O-Ry0’ hoic -C(0O)-Rio’ hoic -C(0)-OR10’, trong d6 Rio’ 12 nguyén tlr hydro,
C1-Cyo alkyl, phenyl(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl dugc thé mono(C1-Cao)alkyl,
phenyl(Ci-Cao)alkyl duge thé mono(Ci-Cao)alkoxy, (Ci-Cao)alkoxy(Ca-Cao)alkyl,
C3-Cio xycloalkyl, hodc Cs-Cio xycloalkyl duge thé mono(Ci-Cao)alkyl;

-N(R11")Ry2’, trong d6 Ri1” va Ri2” mdi nhém ddc 14p 1a nguyén tir hydro, Ci-
Cy0 alkyl, phenyl, naphtyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
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benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, benzopyridyl,
florenyl, C1-Cao alkylaryl, C3-Cio xycloalkyl, C4-Cao bixycloalkyl, Cs- C2o
trixycloalkyl hodc Ci- Cyo alkoxyalkyl, trong d6 nhém aryl d& néu la phenyl hodc
naphtyl, hodac Ri1” va Ri2’ cling véi nguyén tir nito tao thanh vong C3-Cao hetero-
bixycloalkyl hodc vong Cs-Cao hetero-trixycloalkyl;

vong chtra nito ¢6 cdng thirc XITA sau,

trong d6 mdi -Y- duoc 1ap duge chon dbi v&i mdi 1an xuét hién tir -CHa.,
-CH(R13’)-, -C(R13’)2-, -CH(aryl)-, -C(aryl)z-, va -C(R13’)(aryl)-, va Z 1a -Y-, -O-, -S-,
-$(0)-, -SOz-, -NH-, -N(R13°)-, hoic -N(aryl)-, trong d6 mbi Rz’ doc lap [a  Ci-Cao
alkyl, mdi aryl doc 1ap la phenyl hogc naphtyl, m 1a s6 nguyén 1, 2 hoic 3, vap la 5O

nguyén 0, 1, 2, hodc 3 va voi didu kién néu pla0,Z1a-Y-;

nhém cé mdt trong s6 cac cong thire XIIB hodc XIIC sau:

XI1IB XIIC
Ris ‘ —R%q ’ —RYq
7 7
Rig
Rie
Ri7

trong d6 Ris, Ris, va Ri7 mdi nhém doc 1ap 1a nguyén tit hydro, C1-Cao alkyl,
phenyl, hodc naphtyl, hodc cac nhém Risva Ris cung nhau tao thanh vong chia tir 5
dén 8 nguyén tir cacbon va mdi RYdoc 14p dbi voi mbi 1an xuat hién duge chon tir Ci-
Cao alkyl, Ci-Cy alkoxy, flo hodc clo, va Q la s6 nguyén 0, 1, 2, hodc 3; va amin hai
vong xo#n Cq-Cis khdng duoc thé, duoc thé mot 1an va duoc thé hai 14n hodc amin ba
vong x04n Cq-Cis khong duoe thé, duoc thé mot 1an va duge thé hai lan, trong d6 cac
phén tir thé da néu doc 1ap 1a aryl, Ci-Cao alkyl, C1-Cao alkoxy, hodc phenyl(Ci-
Cao)alkyl; hoac
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hai nhém R! lién k&, hodc hai nhém R? lién k&, doc lap ciing nhau tao thanh
nhém c6 mdt trong sé cac cong thire XIID va XIIE: '
XIID XIIE
R15><T s I~
Rue Tj RIGITI*\
trong d6 T va T” doc 1ap 1a oxy hodc nhdm -NR1’-, trong do Ri1’, Ris, va Ry
nhu duoc xéac dinh trén day; va
R? va R* doc 1ap duoc chon tir hydrocarbyl tuy y duge ngét mach bdi it nhat mot
trong s6 cac nhém -O-, -S-, -C(O)-, -C(0)O-, -S(0)-, -SO»-, va -N(Ri1’)- trong d6
Ri’ duge chon tir nguyén tr hydro, hydrocarbyl hodc hydrocarbyl dugc thé; va
hydrocarbyl duoc thé tiy ¥ dugce ngit mach bdi it nhat mot trong sé cac nhém -O-, -
S-, -C(0)-, -C(0)0O-, -S(0)-, -SO»-, va -N(R11°)- trong d6 Ri1” dugc chon tir nguyén
t&r hydro, hydrocarbyl hodc hydrocarbyl duoc thé; hoic R? va R* cling nhau tao thanh
chu tric vong tiry ¥ bao gdm it nhat mot nguyén tir khac loai, va
R!? duoc chon tir nguyén tir hydro, -C(0)-R" va -S(O)(O)R*, trong d6 R
dugc chon tir hydrocarbyl va halohydrocarbyl,
phuong phép nay bao gdm budc:
(a)  chuyén hoa hop chét lacton dugc chon tir cac hop chét lacton c6 it nhat
mdt trong s6 cac cong thirc I va II, thanh hop chit trung gian axit bao gdbm hop chat

trung gian axit c6 it nhat mot trong s6 cac cong thirc IV va IV-2:
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(b)  chuyén hoa hop chit trung gian axit c6 it nhat mét trong sb cac cong
thirc IV va IV-2 nay thanh hop chét indenol vong ngung tu c6 it nhdt mot trong sé cac
cong thue III va III-2.

9. Phuong phép theo diém 8, trong d6 vong-A va vong-B ddc 1ap duoc chon tir aryl

vong ngung tu.
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10. Phuong phép theo diém 8, trong d6 viéc chuyén hoa hop chit lacton duoc tién
hanh véi sw ¢6 mit cia chét xuc tac duoc chon tir mdt hodc nhiéu axit Lewis, va

viéc chuyén hoa hop chat trung gian axit ¢6 it nhit mot trong sb cac cong thirc
IV va IV-2 thanh hop chét c6 it nhat mot trong sb cac cong thie III va II1-2, duoc tién
hanh v&i sy c6 mat cua chat litu duge chon tur halogenua cua axit carboxylic
halogenua, anhyrit cta axit carboxylic, sulfonyl halogenua, anhydrit cta sulfonyl va
hén hop cta chung, bing cich nay tao ra hop chét trung gian c6 it nhat mot trong s6

cac cong thirc V va V-2 sau:

\Y
RS
(R a Ré
O
(R, va
V-2
R3
Oaw
(R?), O

OR14

(R

trong d6 R'* duoc chon tir -C(0)-R" va -S(O)(O)R', trong d6 R!* dugc chon
tir hydrocarbyl va halohydrocarby]l,

tiy ¥ tiép tuc thuy phan hop chét trung gian c6 it nhat mot trong sd cac cong

thtc V va V-2 v6i su ¢6 mit cia axit hodc bazo proton, nho d6 tao ra hop chét
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indenol vong ngung tu cé it nhit mot trong s6 cac cong thic III va II1-2, trong d6 R'2

la nguyén tir hydro.

11. Phuong phap theo diém 10, trong d6 vong-A cia hop chit lacton c6 d6 giau
electron 16n hon d6 giau electron ciia vong-B ciia hop chit lacton, va axit Lewis duoc
chon tir it nhit moét trong sé Bi®Y(0-SO2-R!%)s, trong d¢6 R'° duoc chon tir
hydrocarbyl va halohydrocarbyl, va BiXs, trong d6 mdi X doc 1ap duoc chon tur

halogen.
12. Phuong phap theo diém 11, trong d6 R!S 1a CF;.

13. Phuong phap theo diém 8, trong d6 viéc chuyén héa hop chit lacton dugc tién

hanh v6i su ¢d mat ciia chat xtc tac dugce chon tir mdt hodc nhi€u axit Lewis, va

viéc chuyén héa hop chit trung gian axit co cong thirc IV thanh hop chét
indenol vong ngung tu c6 cong thuc III, dugc tién hanh voi sy c6 mit cia axit proton,

trong d6 R'2 a nguyén tir hydro.

14. Phuong phép theo diém 13, trong d6 axit proton dugc chon tir axit carboxylic,

axit sulfonic, axit phosphoric, va hdn hgp ctia chiing.

15. Phuong phap theo diém 8, trong dé:

vong-A va vong-B ddc 1ap dugc chon tir aryl khong duoc thé va aryl dugc thé;
R3 va R* doc 1ap duoc chon tir,

(1) C1-Cy alkyl, Ci-Cyp haloalkyl, C3-Cio xycloalkyl, alyl, benzyl,
hodc benzyl dugc thé mot 14n, cac phﬁn tir thé benzyl nay duoc chon tir halogen,
C1-Cyo alkyl hoac Ci-Cao alkoxy;

(i)  nhom khong duoc thé, dugc thé mot 1an, duge thé hai 1an hoic
dugc thé ba lan dugc chon tir phenyl, naphtyl, phenélnthryl, pyrenyl, quinolyl,
isoquinolyl, benzofuranyl, thienyl, benzothienyl, dibenzofuranyl, dibenzothienyl,
carbazolyl, hoic indolyl, cac phan tir thé nhom nay trong timg trudng hop doc 1ap
dugc chon tir halogen, C1-Cao alkyl hodc C1-Cpo alkoxy; hodc
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(ili)  phenyl dugc thé mot 1an, phan tir thé & vi tri para nay 1a -(CHa)-
hogc -O-(CHy)y-, trong d6 t 1a s6 nguyén 1, 2, 3, 4, 5 hodc 6, phan tir thé niy dugc nbi
v6i nhém aryl 14 thanh phan cua cht liéu d6i mau theo 4nh séng;

(iv) nhém -CH(R!'9)G, trong d6 R'° 1a nguyén tit hydro, Ci-Cao alkyl
hodc cac nhém aryl khéng duogc thé, dugc thé mot 1an hodc dugce thé hai lan, va G 14
-CHpOR!, trong d6 R!! 1a nguyén tt hydro, -C(O)R!, Ci-Cz alkyl, Ci-C2o
alkoxy(Ci-Cao)alkyl,  phenyl(Ci-Cay)alkyl,  phenyl(Ci-Cao)alkyl  dugc thé
mono(Ci-Cao)alkoxy, hoac cac nhém aryl khdng duoc thé, duoc thé mot 1an hoic
duoc thé hai lan; hodc

(v)  R3va R cing nhau tao thanh phén tir thé xoin duoc chon tir
vong cacbon xodn dugc thé hodc khong duoc thé chira tir 3 dén 6 nguyén tir cacbon,
di vong xo04n duoc thé hodc khong dugc thé chira 1 hoic 2 nguyeén tr oxy va tu 3 dén
6 nguyén tir cacbon bao gdm nguyén tir cacbon xo#n, vong cacbon xoin va di vong
xodn duoc xen k& boi 0, 1 hodc 2 vong benzen, cac phan tir thé 1a nguyén tir hydro

hodc Ci-Cyo alkyl.

16. Phuong phap theo diém 15, trong d6 nhém aryl trong (vi) dugc chon tir phenyl
hoic naphtyl, m&i phan tir thé cia nhém phenyl va naphtyl nay 1a Ci-Cao alkyl hodc
C1-Coo alkoxy.

17. Phuong phép theo diém 15, trong d6 R! dbi voi mbi m, va R? dbi voi mdi n,
trong ting trudng hop doc 1ap duge chon tir C3-C7 xycloalkyl, Ci-Cs haloalkyl, flo,

iodo, brom, clo, va -O-Ri¢’.

18. Phuong phap theo diém 17, trong d6 R? va R* doc lap dugc chon tir Ci-Cs alkyl,
C1-Cs haloalkyl, va C3-C7 xycloalkyl, hoic R® va R* cling nhau tao thanh phan tir thé
x0&n duogc chon tir vong cacbon xo0dn dugc thé hoic khong dugc thé chtra tir 3 dn 6

nguyén tlr cacbon.

19. Phuong phép theo diém 8, trong d6 hop chét indenol vong ngung tu c¢6 cdng thirc

11T duoc thé hién biang cong thirc Ila sau:
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hop chét lacton c6 it nhit mot trong sb cac cong thirc Ia va Ila sau:

Ia

hop chét trung gian axit ¢6 cong thirc IV ¢ cong thic Iva sau:

IVa
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20. Phuong phép didu ché hop chét chit lacton duoc chon tir cac hop chét lacton c6 it

nhit mot trong sb cac cong thire I va II sau:

trong dé vong-A va vong-B doc 1ap duge chon tir aryl va heteroaryl,

m va n doc 1ap dugc chon tir 0 dén 4,

R! dbi véi mdi m, va R? dbi véi mdi n, trong timg trudng hop doc lap dugce
chon tir halogen dugc chon tir tir flo, iodo, bromo va clo;

C1-Cyo alkyl;

C3-Cio xycloalkyl;

phenyl dugc thé hoic khong duoc thé, cac phén ttr thé phenyl dugc chon ti
hydroxyl, halogen, carbonyl, Ci-Cpo alkoxycarbonyl, xyano, halo(Ci-Cao)alkyl, Ci-
Ca0 alkyl hodc C1-Cyo alkoxy;

-O-R10’ hodc -C(0)-Rio’ hoic -C(0)-OR10’, trong dé Rio’ 1a nguyén tir hydro,
C1-Cyo alkyl, phenyl(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl dugc thé mono(C1-Cao)alkyl,
phenyl(Ci-Cao)alkyl duoc thé mono(C1-Cao)alkoxy, (Ci-Cao)alkoxy(C2-Cao)alkyl,
C3-Cio xycloalkyl, hodc C3-Cio xycloalkyl dugc thé mono(C1-Cao)alkyl;
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-N(R11")R12’, trong d6 Ri1> va Ri2’ mdi nhém doc 14p 1a nguyén tir hydro, Ci-
Cao alkyl, phenyl, naphtyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, benzopyridyl,
florenyl, Ci-Cao alkylaryl, C3-Cio xycloalkyl, C4-Cao bixycloalkyl, Cs- Cao
trixycloalkyl hodc Ci- Cyo alkoxyalkyl, trong d6 nhém aryl dd néu la phenyl hodc
naphtyl, hodc Ri1” va Ri2” cling voi nguyén tir nito tao thanh vong C3-Cao hetero-
bixycloalkyl hodc vong C4-Cao hetero-trixycloalkyl;

vong chira nito ¢6 cong thure XIIA sau:

trong dé mdi -Y- duge lap duoc chon d6i v6i mdi 14n xuit hién tir -CHa.,
-CH(R13’)-, -C(R13)2-, -CH(aryl)-, -C(aryl)z-, va -C(R13’)(aryl)-, va Z 1a -Y-, -O-, -S-,
-S(0)-, -SO»-, -NH-, -N(R13’)-, hodc -N(aryl)-, trong do mdi Riz* doc 1ap 1a  Ci-Cao

alkyl, mdi aryl dc 1ap la phenyl hodc naphtyl, m 1a s6 nguyén 1, 2 hogc 3, vap 1a sO
nguyén 0, 1, 2, hodc 3 va voi diéu kién néu pla0,Z1a-Y-;

nhém c6 mot trong s6 cac cong thire XIIB hodc XIIC sau:

XIIB X1IC
N \ R15 N \
Ris ' — (R ’ ——(R%q
Z G
R1s
Rie :
17

trong d6 Ris, Ris, va Ri7 mi nhém doc 1ap 1a nguyén tir hydro, Ci-Cyo alkyl,
phenyl, hodc naphtyl, hodc cac nhém Ris va Rie cling nhau tao thanh vong chura tir 5
dén 8 nguyén ttr cacbon va mdi RY doc 14p d6i véi mdi 1an xuét hién duoc chon tir Ci-
Cyo alkyl, Ci-Cyo alkoxy, flo hodc clo, va Q 1a ) nguyén 0, 1, 2, hodc 3; va amin hai
vong xo04n C4-Ci13 khdng duoc thé, duoc thé mot 1an va duoc thé hai 14n hoic amin ba

vong x0dn C4-Cis khong duge thé, duoc thé mot 1in va duoc thé hai lan, trong do cac
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phéan tir thé da néu doc 1ap 1a aryl, C1-Cao alkyl, Ci-Cao alkoxy, hodc phenyl(Ci-
Cao0)alkyl; hodc .
hai nhém R! lién k&, hodc hai nhém R2 1ién ké, doc 1ap cling nhau tao thanh
nhém c6 mot trong sd cac cong thire XIID va XIIE:
XIID

XIIE
R15><T:["/ RlsITj,m
B} R, o
trong d6 T va T” ddc 14p la oxy hodc nhém -NRi1’-, trong d6 Rii’, Ris, va Rie

nhu dugc xac dinh trén day; va

R3 va R* doc lap duoc chon tir hydrocarbyl tity y duoc ngat mach boi it nhét mot
trong sd cac nhém -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -SO2-, va -N(R11’)- trong d6
Ri1’ duge chon tr nguyén t hydro, hydrocarbyl hodc hydrocarbyl duoc thé; va
hydrocarbyl dugc thé tuy y duoc ngat mach bdi it nhit mot trong sb cac nhém -O-, -
S-, -C(0O)-, -C(0)0-, -S(0)-, -S0»-, va -N(Ri1’)- trong d6 Ri1’ dugc chon tir nguyén
tir hydro, hydrocarbyl hodc hydrocarbyl duoc thé; hodc R3 va R* cling nhau tao thanh
cAu trac vong tiy ¥ bao gdm it nhat mot nguyén ti khéc loai,

phuong phép nay bao gdm, budc cho este clia axit co it nhit mot trong s cac
cdng thie VI va VII phan tmg voi it nhit mot trong sd cac chit khit hydrua kim loai,

va chét 4i nhan c¢6 it nhit mot trong s6 cac cong thire VIII va IX, bang cach niy tao ra

hop chét lacton,
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R’M! va R*M?

trong d6 R!¢ duoc chon tir hydrocarbyl va hydrocarbyl duge thé, m, n, R!, R?,
vong-A va vong-B clia cong thitc VI va cong thitc VII doc 1ap duge mo ta trong cong
thtrc I va cong thite II, R? 1a nhém 4i nhin R® duge mé ta trong cac cong thic I va II,
R* 1a nhém 4i nhan R* duoc mb ta trong cac cdng thirc I va II, va M! va M? doc 1ap
duoc chon tir Si(R'®)3, trong d6 mdi R'® doc 1ap duge chon tir Ci-Cg alkyl, hoac M!
va M? mdi nhém dde 1ap 1a ion ddi bao gém kim loai dugc chon tir Mg, Li, Mn, Cu,

Zn, Al, Ti, Ln, va hdn hop cua chiing.

21. Phuong phap theo diém 20, trong d6 vong-A va vong-B doc lap duge chon tir aryl

vong ngung tu.

22. Phuong phap theo diém 20, trong d6 hop chat lacton c6 it nhét mét trong sb cac

cOng thuc Ia va Ila sau:
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23. Phuong phap didu ché hop chét indenopyran vong ngung tu ¢ it nhit mot trong

s0 cac cong thire X va X-2 sau:
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trong d6 vong-A va vong-B ddc lap dugc chon tir aryl va heteroaryl,
m va n doc 1ap dugc chon tir 0 dén 4,
R! dbi v&i mdi m, va R? @i v6i mdi n, trong timg trudng hop doc 14p duge chon
tir halogen dugc chon tir tir flo, iodo, bromo va clo;

C1-Cyo alkyl;

C3-Cyo xycloalkyl;

phenyl duoc thé hodc khong duoc thé, cac phan tir thé phenyl dugc chon tir
hydroxyl, halogen, carbonyl, Ci-Czo alkoxycarbonyl, xyano, halo(Ci-Cao)alkyl, Ci-
Cao alkyl hoac Ci-Cyo alkoxy;

-O-Ri0’ hodc -C(O)-Rio’ hodc -C(O)-OR1o’, trong d6 Rio’ 1a nguyén tir hydro,
C1-Cao alkyl, phenyl(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl dugc thé mono(Ci-Cao)alkyl,
phenyl(C1-Cao)alkyl dugc thé mono(C1-Cao)alkoxy, (Ci-Cao)alkoxy(Ca-Cao)alkyl,
C3-Cio xycloalkyl, hoic C3-Cio xycloalkyl duoc thé mono(Ci-Cao)alkyl;

-N(Ri1")R12’, trong d6 Ri1* va Ri2” mdi nhém dde 1ap 1a nguyén tir hydro, Ci-
Cao alkyl, phenyl, naphtyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, benzopyridyl,
florenyl, C1-Cao alkylaryl, C3-Cio xycloalkyl, Cs-Cao bixycloalkyl, Cs- Czo
trixycloalkyl hoac Ci- Co alkoxyalkyl, trong d6 nhém aryl dd néu la phenyl hoac
naphtyl, hodc Ri1’ va Ri2’ cing véi nguyén tir nito tao thanh vong C3-Cao hetero-
bixycloalkyl hoac vong Cs-Cao hetero-trixycloalkyl;

vong chira nito ¢6 cong thue XIIA sau:
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\\\\~—%Y);—"///

trong d6 mdi -Y- duge lap dugc chon dbi v6i mdi 1an xuit hién tir -CHa.,
-CH(R13°)-, -C(R13”)2-, -CH(aryl)-, -C(aryl)2-, va -C(R13’)(aryl)-, va Z 1a -Y-, -O-, -S-,
-S(0)-, -SOs-, -NH-, -N(R13°)-, hoic -N(aryl)-, trong d6 mdi Ri3> doc 1ap 1a  Ci-Cao
alkyl, mdi aryl doc 1ap 1a phenyl hodc naphtyl, m 1a s6 nguyén 1, 2 hodc 3, vap la sb
nguyén 0, 1, 2, hodc 3 va voi diéu kién néu pla0,Zl1a-Y-;

nhom c6 mdt trong sd cac cong thire XIIB hogc XIIC sau:

XIIB XIIC
N X Ris N AN
Ris ‘ (R%q 1 —(R%q
Z 7
Rig
Rie i
17

trong d6 Ris, Rie, va Ri7 mdi nhém doc 14p 1a nguyén tir hydro, Ci-Cao alkyl,
phenyl, hodc naphtyl, hodc cdc nhém Risva Ris cing nhau tao thanh vong chia tir 5
dén 8 nguyén tir cacbon va mdi R¢ doc 1ap dbi voi mdi 1an xuat hién dugce chon tir Ci-
Cyo alkyl, Ci-Cyo alkoxy, flo hodc clo, va Q 1a s6 nguyén 0, 1, 2, hodc 3; va amin hai
vong x0&n C4-Cis khong duoc thé, dugc thé mot 14n va duoc thé hai 14n hoic amin ba
vong x0én C4-Cis khong duoc thé, duoc thé mot 14n va duogc thé hai 14n, trong d6 cac
phﬁn ttr thé da néu doc 1ap 1a aryl, C1-Cao alkyl, C1-Cao alkoxy, hodc phenyl(Ci-
Cao)alkyl; hoac

hai nhém R! lién k&, hodc hai nhém R? lién ké, doc 18p cling nhau tao thanh
nhom c6 mot trong s6 cac cong thire XIID va XIIE:

XIID

T LT Ris T
R15>< .
Ryg ' . ..

T T Rig ™ ™
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trong d6 T va T” doc 14p la oxy hodc nhom -NRi1’-, trong d6 Ri1’, Ris, va Rie
nhu dugc xac dinh trén day; va
R3 va R* doc 14p duoc chon tir nguyén tir hydrocarbyl tiry ¥ dwgc ngéat mach boi
it nhat mét trong s6 cac nhém -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -SOz-, va -N(R11’)-
trong d6 Ri1”> dugc chon tir nguyén tir hydro, hydrocarbyl hodc hydrocarbyl dugc thé;
va hydrocarbyl dugc thé tiy ¥ duoc ngit mach béi it nhit mét trong sb cac nhom -O-,
-S-, -C(0)-, -C(0)0-, -S(0)-, -SO2-, va -N(R11’)- trong d6 Ri1” dugc chon tir nguyén
tt hydro, hydrocarbyl hodc hydrocarbyl dwoc thé; hodc R? va R* cliing nhau tao thanh
chu trac vong tly ¥ bao gém it nhit mot nguyén tir khac loai, va
B va B’ doc 1ap duoc chon tir aryl khong dugce thé, aryl duoc thé, heteroaryl
khong dugc thé, heteroaryl dugc thé, polyalkoxy, va polyalkoxy c6 nhom triung hop
duoc, hodc B va B’ cung nhau tao thanh cdu trac vong duoc chon tir floren-9-yliden
khong dugc thé, floren-9-yliden duoc thé, vong mdt vong X04n no, vong hydrocarbon
hai vong xo4n no, va vong hydrocarbon ba vong X04n no,
phuong phap nay bao gdm budec:
(@  chuyén hoa hop chét lacton dugc chon tir cac hop chét lacton c6 it nhét
mdt trong sb cac cong thirc I va II, thanh hop chét trung gian axit bao gdm hop chét

trung gian axit c6 it nhit mot trong s6 cac cong thic IV va IV-2:

R3
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HO

R

(b) chuyén hoa hop chét trung gian axit c6 it nhit mot trong sb céc cong
thirc IV va IV-2 thanh hop chit indenol vong ngung tu ¢ it nhit mot trong sd cac
cong thue III va III-2:

11T

3

R
R4

(RYm i

(R?n ,va
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III-2

R3
(Rz)n I R4
° OR12

(R

trong d6 R'? duge chon tir nguyén tir hydro, -C(0)-R!3 va -S(O)(O)R, trong d6
R!* duge chon tir nguyén tir hydrocarbyl va halohydrocarbyl, va trong dé m, n, R,
R?, R3,R*, vong-A va vong-B ctia cong thire 11T va cdng thire III-2 doc 1ap duoc mo ta
trong cong thurc X va cong thie X-2, va
()  cho hop chit indenol vong ngung tu ¢ it nhit mét trong sé cac cong
thtrc 111 va III-2 phan Umg véi rugu propargylic ¢6 cong thie X1,

XI
CH

A

|
Ho— S—p

\

B
bang cach nay tao ra hop chit indenopyran vong ngung tu cé it nhit

mot trong sd cac cong thire X va X-2.

24. Phuong phép theo diém 23, trong d6 vong-A va vong-B doc 1ap duge chon tir aryl

vong ngung tu.

25. Phuong phép theo diém 23, trong do:
vong-A va vong-B ddc 1ap dugc chon tir aryl;
R? va R* doc 1ap dugce chon tir,
(1) C1-Cyo alkyl, Ci-Cao haloalkyl, C3-Cio xycloalkyl, alyl, benzyl,
hodc benzyl dugc thé mot 1an, cac phén tlr thé benzyl nay dugc chon tir halogen,

C1-Cao alkyl hodc Ci-Cao alkoxy;
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(i)  nhém khong dugc thé, duoc thé mot 1an, duge thé hai 1dn hodc
duoc thé ba 1dn dugc chon tir phenyl, naphtyl, phenanthryl, pyrenyl, quinolyl,
isoquinolyl, benzofuranyl, thienyl, benzothienyl, dibenzofuranyl, dibenzothienyl,
carbazolyl, hoic indolyl, cdc phan tir thé nhém nay trong timg truong hop ddce lap
duoc chon tr halogen, Ci-Cao alkyl hodc Ci-Cyo alkoxy; hoic

(iii) phenyl dugc thé mot 1an, phan tir thé & vi tri para nay 1a -(CHa)-
hoic -O-(CH,)y-, trong d6 t 12 sé nguyén 1, 2, 3, 4, 5 hodc 6, phan tir thé nay dwoc ndi
v6i nhém aryl 14 thanh phan ctia chat liéu d8i mau theo 4nh sang;

(iv) nhoém -CHR!?)G, trong d6 R 1a nguyén tir hydro, Ci-Cy alkyl
hodc céc nhém aryl khong dugc thé, duoc thé mét 14n hodc duoc thé hai 1an, va G 1a
-CHpOR!", trong d6 R! Ia nguyén t& hydro, -C(O)R', C;-Cz alkyl, Ci-Cao
alkoxy(Ci-Cao)alkyl,  phenyl(Ci-Cao)alkyl,  phenyl(Ci-Cao)alkyl  dugc  thé
mono(C1-Cao)alkoxy, hoic cdc nhém aryl khéng duogc thé, dugc thé mot 14n hodc
duoc thé hai lan; hogc

W) R? va R* cling nhau tao thanh phan tir thé xoin dugc chon tir
vdng cacbon xodn dugc thé hoic khong dwoc thé chira tir 3 dén 6 nguyén tir cacbon,
di vong xodn dugc thé hoidc khong duoc thé chtra 1 hodc 2 nguyén tir oxy va tir 3 dén
6 nguyén tir cacbon bao gdm nguyén tir cacbon xodn, vong cacbon xoén va di vong
xoin duoc xen k& boi 0, 1 hoic 2 vong benzen, cac phan tir thé 13 nguyén tir hydro
hodc Ci-Cy alkyl; va

B va B’ mdi nhém dbc lap la:

phenyl dugc thé; aryl dugc thé; 9-julolindinyl dugc thé; nhém di vong thom
duoc thé duoc chon ti pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,
benzopyridyl, indolinyl, va florenyl, trong d6 phenyl, aryl, 9-julolindinyl, hodc di
vong thom 13 nhém aryl khong duoc thé, duoc thé mot 1an, duge thé hai 14n, hodc
duoc thé ba lan; 9-julolidinyl; hodc nhém di vong thom khéng dugc thé, duoc thé
mot 14n hodc duoc thé hai 1in duoc chon tir pyridyl, furanyl, benzofuran-2-yl,
benzofuran-3-yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl,
dibenzothienyl, carbazoyl, benzopyridyl, indolinyl, va florenyl, trong d6 mdi aryl va

di vong thom ddc 1ap la:
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hydroxyl, nhém -C(=O)Ra1, trong d6 Rai la -OR22, -N(R23)R24, piperidino, hodc
morpholino, trong d6 Rx 1a alyl, Ci-Czo alkyl, phenyl, phenyl dugc thé mono(C;-
Cao)alkyl, phenyl dugc thé mono(Ci-Cao)alkoxy, phenyl(Ci-Cao)alkyl, phenyl(Ci-
Cao)alkyl duge thé mono(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl dugc thé mono(Ci-
Cao)alkoxy, Ci-Czo alkoxy(Ca-Cao)alkyl hozic Ci1-Cao haloalkyl, R23 va Ras mdi nhém
doc 1ap la Ci-Cao alkyl, Cs-Cio xycloalkyl, phenyl hodc phenyl dugc thé, phan tir thé
clia phenyl 1a Ci-Cyo alkyl hoic Ci1-Cao alkoxy, va phan tir thé halo 1a clo, iodo,
bromo hodc flo, aryl, mono(Ci-Cao)alkoxyaryl, di(Ci-Cao)alkoxyaryl, mono(Ci-
Cao)alkylaryl, di(Ci-Cao)alkylaryl, haloaryl, C3-Cio xycloalkylaryl, C3-Cio xycloalkyl,
C3-Cio xycloalkyloxy, Cs3-Cio xycloalkyloxy(Ci-Cao)alkyl, C3-Cio xycloalkyloxy(Ci-
Cao)alkoxy, aryl(Ci-Cao)alkyl, aryl(Ci-Cao)alkoxy, aryloxy, aryloxy(Ci-Cao)alkyl,
aryloxy(Ci-Cao)alkoxy, mono- hodc di(Ci-Cao)alkylaryl(Ci-Cao)alkyl, mono- hodc
di-(C1-Cao)alkoxyaryl(Ci-Cag)alkyl, mono- hodc di-(Ci-Cao)alkylaryl(Ci-Cao)alkoxy,
mono- hodc di-(Ci-Cao)alkoxyaryl(Ci-Cao)alkoxy, amino, mono- hodc di-(Ci-
Cao)alkylamino,  diarylamino, piperazind, N-(C1-Cao)alkylpiperazino,  N-
arylpiperazino, aziridino, indolino, piperidino, morpholino, thiomorpholino,
tetrahydroquinolino, tetrahydroisoquinolino, pyrolidyl, Ci-Cao alkyl, Ci-Cao
haloalkyl, Ci-Czo alkoxy, mono(Ci-Cyo)alkoxy(Ci-Cao)alkyl, acryloxy, metacryloxy,
hodc halogen;

nhom khéng duogc thé hoic dugc thé mot 1an dugce chon tir pyrazolyl,

imidazolyl, pyrazolinyl, imidazolinyl, pyrolinyl, phenothiazinyl, phenoxazinyl,
phenazinyl, va acridinyl, mai phén tir thé 13 C1-Cao élkyl, C1-Cyo alkoxy, phenyl, hodc
halogen;

nhom c6 mot trong so cac cong thirc:

= I K><R26 =z | K IR%
A M Ry A M R
= e g

va
trong d6 K 1a -CHz- hoac -O-, va M 1a -O- hodc nito dugc thé, voi diéu kién néu
M 4 nito duge thé, K 13 -CHa-, phin tir thé cta nito duge thé 13 nguyén tir hydro, Ci-

Cao alkyl, hodic C1-Cao axyl, mdi Ras doc 1ap dwoc chon dbi voi mdi 14n xudt hién tir
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Ci1-Cy alkyl, Ci-Cyo alkoxy, hydroxy, va halogen, Ras va Ra7 doc 1ap 1a nguyén tr
hydro hodc Ci-Cao alkyl, va u 14 s6 nguyén nim trong khoang tir 0 dén 2; hoic nhém

c6 cong thuc:

trong d6 Rog 1a nguyén tr hydro hodc Ci-Cyo alkyl, va Ry9 nhém khéng dugc
thé, dugc thé mot 14n hodc duoc thé hai 1An duoc chon tir naphtyl, phenyl, furanyl, va
thienyl, trong d6 céc phan ti thé 1a C1-Cyo alkyl, C1-Cao alkoxy, hoic halogen; hodc

B va B’ clng nhau tao thanh mét trong sb cic nhém floren-9-yliden, floren-9-
yliden duogc thé mot 14n hodc duoc thé hai 1an, mbi phﬁn ttr thé cua floren-9-yliden

doc 1ap dugc chon tir Ci1-Cyo alkyl, Ci-Cop alkoxy, va halogen.

26. Phuong phap theo diém 25, trong d6 nhom aryl trong (vi) dugc chon tir phenyl
hodc naphtyl, mdi phan tir thé ctia nhém phenyl va naphtyl nay 1a Ci-Cao alkyl hoic
C1-Cyo alkoxy.

27. Phuong phap theo diém 25, trong dé:

R! d6i v6i mbi m, va R? d6i véi mdi n, trong timg trudng hop doc lap duoc
chon tir C3-C7 xycloalkyl, Ci-Cg haloalkyl, flo, clo, va -O-Rio’,

R?® va R* doc 1ap dugc chon tir Ci-Cg alkyl, Ci-Cs haloalkyl, va C3-Cy
xycloalkyl, hodc cliing nhau tao thanh phan tir thé xodn dugc chon tir vong cacbon
x0&n dugc thé hodc khong dugc thé chira tir 3 dén 6 nguyén tir cacbon, va

B va B’ ddc lap dugc chon tir aryl duoc thé béng Ci-Cs alkoxy, va aryl dugc
thé bang morpholino.

28. Phuong phép theo diém 25, trong d6 aryl 1a aryl dugc thé mot 14n, duoc thé hai

14n hodc duoc thé ba lan 1a phenyl.

29. Phuong phap theo diém 23, trong d6 hop chit indenopyran vong ngung tu cé

cong thure Xa sau:

-91-



-02-





