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(54) HOP CHAT VONG NGUNG TU INDENO CO PAC TINH DOI MAU THEO ANH
SANG

(57) Sang ché dé cap dén hop chit dugce ¢6 cac cong thic (I) va (1) sau:

(I

Vong A cta céc hop chat c6 cong thic I va IT ¢6 thé 14, vi du, nhém aryl, va
mdi nhém Q’ va Q’” ¢6 thé doc lap dugc chon tir cic nhém, nhu, halogen, -OH,
-CN, cidc nhom amin, cac nhém amit, cic nhém este clia axit carboxylic, cic
nhom axit carboxylic, cdc nhém alkenyl, cdc nhém alkynyl, cic nhém cacbonat,
cac nhém sulfua, va cdc nhom este cla axit sulfonic. Sing ché ciling dé cap dén
ché€ phdm d6i mau theo dnh sdng va san pham déi mau theo 4nh sdng chita mot
hodc nhiéu hgp chét d6i mau theo dnh sang, nhu dugc thé hién bang hop chat c6

cong thuc II.
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Linh vue ky thuat dwoc dé cap

Sang ché d& cap dén hop chét vong ngung tu indeno, bao gdm hop chit pyran
vong ngung tu indeno, ¢6 thé ddi mau theo anh sang, va ché phim va san phdm chtta hop
chét d6i mau theo 4nh sang nay. |
Tinh trang ky thuat ciia sing ché

Céc hop chét ddi mau theo anh sang thuong cé it nhat hai trang thai, trang thai thir
nhat c¢6 phd hip thu tht nhét va trang thai thir hai c¢6 phd hap thu thtt hai khac véi phd
hép thy thir nhit, va c6 kha ning chuyén ddi gitta hai trang thai nay khi phan tmg vdi it
nhét 1 buc xa quang héa. Hon nita, cac hop chat dbi mau theo anh sang thudng c6 thé
thuén nghich béi nhiét. Ttc 13, cdc hop chit dbi mau theo nh sang c6 kha ning chuyén
d6i giita trang thai thir nhat va trang thi tht hai khi phan Gng v6i it nhét 14 biic xa quang
hoa va chuyén tro lai vé trang thai thtr nhat khi phan ing v6i ndng luong nhiét. Nhu duoc
str dung & day “birc xa quang hoa” cé nghia la bic xa dién tlr, nhw nhung khong chi gidi
han & birc xa ti ngoai va birc xa c6 thé nhin thdy ma c6 thé gy ra phan tmg. Cu thé hon,
céc hop chit ddi mau theo 4nh sang thong thudng c6 thé bi bién ddi khi phan ting véi birc
xa quang hda tir mot cht ddng phan nay sang chat ddng phén khac, voi mdi chét dong
phan ¢6 phd hép thu dic trung, va c6 thé chuyén lai thanh chét dong phan thtr nhat khi
phan Umg vdi nang luong nhiét (tic 1a, ¢6 thé thuan nghich bdi nhiét). Vi du, cac hop chét
d6i mau theo anh sang c6 thé thusn nghich bdi nhiét thong thudong thudng c6 kha ning
chuyén dbi tr trang thai thir nhat, vi du “trang thai trong”, sang trang thai thr hai, vi du
“trang thai mau”, khi phan mg v6i bic xa quang héa va chuyén tré lai vé trang thai
“trong” tuong ing voi ndng lugng nhiét.

Céc hop chit ludng sic 1a cac hop chét c6 kha ning hip thu mot trong hai thanh
phin phan cuc phang truc giao ctia birc xa dugc truyén manh hon thanh phan kia. Vi vay,
cac hop chat ludng sic c6 kha nang phan cyc tuyén tinh btrc xa duoc truyén. Nhu dugc
st dung ¢ day, “phan cuc tuyén tinh” c6 ngth la gilt cdc dao dong cua vecto dién cua
séng 4nh sang theo mot hudng hodc mit phang. Tuy nhién, mic du cac nguyén liéu ludng
sic c6 kha nang hép thu vu tién mot trong hai thanh phin phén cyc phang truc giao cua
bic xa duoc truyén, néu cac phan tir ctia hop chit ludng sdc khong dugc dinh vi hodc

duoc sép xép mot cach thich hop, thi khong dat dugc phan cuc tuyén tinh thuc ctia birc xa
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duogc truyén. Tac 13, do su dinh vi ngiu nhién ctia cac phan tir ctia hgp chét ludng sic, su
hép thu chon loc béi céc phén tir riéng biét s€ triét ti€u nhau sao cho khong dat duoc higu
qua phéan cuc tuyén tinh thuc hoac téng. Vi vay, thuong cAn thiét phai dinh vi hodc sép
xép mdt cach thich hgp cac phan tt cua hop chét ludng sic trong vat liéu khac dé tao
thanh chi tiét phan cuc tuyén tinh thong thudong, nhu bd loc hodc thiu kinh phan cuc
tuyén tinh dung cho kinh chéng ning.

Nguoc lai véi cac hop chét d6i mau theo 4nh sang, thudng khong can dinh vi hoic
sip xép cac phén tir clia cAc hop chat déi mau theo anh séng thong thudng dé tao ra chi
tiét ddi mau theo anh sang thong thudng. Vi vay, vi dy, céc chi tiét d61 mau theo anh sang
thong thuong, nhu céac théu kinh ding trong kinh deo mat d8i mau theo anh sang, c6 thé
duoc tao thanh, vi du, bing cach phu quay dung dich chita hop chit d6i mau theo 4nh
sang thong thuong va vat liéu “chu” 1én trén bé mit cua thau kinh nay, va xtt Iy thich hop
16p pht hodic 16p tao thanh ma khong bé tri hop chét ¢6i mau theo 4nh séng trong dinh
huéng cu thé bat ky. Hon nita, ngay ca néu cac phan tir cia hop chit d6i mau theo anh
sang théng thudng duoc dinh vi hodc dugc sép Xép mot cach thich hgp nhu néu trén so
v6i cac hop chit ddi mau theo 4nh sang, vi cac hgp chit @61 mau theo 4nh sang thong
thuong khong thé hién 16 tinh ludng séc, céc chi tiét duoc 1am tir ching thuong khong
phan cuc tuyén tinh manh.

Mong muén phét trién dugc cac hop chit ddi mau theo anh séng méi cé thé thé
hién cac dic tinh d6i mau theo anh sang va/hodc ludng séc hitu ich & it nhit mét trang
thai, va c6 thé duoc st dung trong cac g dung khac nhau cin cac dic tinh d6i mau theo
4nh sang va/hodc ludng sic.

Ban chit ky thuét cia sang ché

Muc dich cta sang ché nhim dap tmg cdc nhu cau néu trén.

Theo d6, sang ché d& xuat hop chét, nhu hop chét vong ngung tu indeno, c6 cong
thure (I) sau:
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Vong A ctia hop chit c6 cong thirc I, va cac cong thiic lién quan khac duge boc 16
thém & day, duoc chon tir, ngoai nhém (R!)m-, aryl khong dugc thé, aryl duoc thé, aryl
vong ngung tu khong duoc thé, aryl vong ngung tu duge thé, heteroaryl khéng dugc thé,
va heteroaryl duoc thé. Vi mot sé phuong an, vong A duge chon tir aryl, aryl vong
ngung tu, va heteroaryl.

Nhém Q’ ctia hop chét c6 cong thire-I, va cac cong thirc lién quan khac duge boc
16 thém & day, dugc chon tir halogen, -OH, -Nj3, -NRaRa, -N(RHC(O)Q’, Q’°, -CN,
-C(O)OR?, -C=C-R?, -C(RH=C(R?¥(R?), -OC(O)R?, -OC(O)OR? -SR? -OS(O2)R®,
-C(O)NR?*R? va nhém kéo dai L (nhu duge mo ta thém & day). Mbi R2 doc lap duge chon
tir hydro, hydrocarbyl va hydrocarbyl dugc thé, m3i nhém nay tuy y va doc lap duge ngit
quang boi it nhit mot trong s6 cac nhém -O-, -S-, -C(0)-, -C(0)0-, -S(0)-, -S(O2)-, -
N=N-, -N(Ri11’)- trong d6 Ri1” dugc chon tir hydro, hydrocarbyl hodc hydrocarbyl dugc
thé, -Si(OR14)u(R14)v-, trong d6 mdi u va v doc lap dugc chon tir 0 dén 2, véi diéu kién
tdng cta u va v 1a 2, va mdi Ris doc 1ap duge chon tir hydro, hydrocarbyl va hydrocarbyl
duoc thé, va dang két hop bao gém hai hodc nhidu nhém nay. Theo cach khac, hai nhém
R? ¢6 thé ciing v6i —N va ty y mot nguyén tir khac loai bd sung duge chon tir N va O dé
tao thanh heteroxycloalkyl. Nhém R® duoc chon tir perhalohydrocarbyl, va Q> dugc
chon tir halo, -OH, -NR®R?, -C(O)OR?, -SR?, va aryl tiy y dugc thé, trong d6 cac phan tir
thé nay duoc chon tir -OH, -NR?R?, -C(O)OR?, -SR?,

Chi s dudi i ctia hop chét ¢6 cong thirc I duoc chon tir 0 dén 3. Chi sb dudi t clia
hop chat c6 cong thirc I dugc chon tir 0 dén tbng sb cac vi tri ma R? c6 thé duge lien két
véi vong-A, nhu tir 0 dén 10, hogic 0 dén 7, hodic 0 dén 5, hodc 0 dén 4, hodc 0 dén 3. Cac
vi tri vong ma nhém R! khong dugc lién két, thay vao do cé thé c¢6 cac nhém hydro duoc
lién két vao do. Tuong tw, cic vi tri vong A ma nhém R? khong dugc lién Kkét, thay vao
d6 6 thé c6 cac nhém hydro duoc lién két vao d6. D& cap hon nita dén hop chit c6 cong
thue I, R! cho mdi i, va R? cho mdi t, mdi nhém nay doc 1ap duoc chon tur, hydrocarbyl
va hydrocarbyl duoc thé, m3i nhom nay tuy v va doc 1ap duoc ngit quing bdi it nhit mot
trong s& cac nhém -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -S(02)-, -N=N-, -N(R11’)- trong d6
Ri1’ duge chon tir hydro, hydrocarbyl hodc hydrocarbyl duoc thé, -Si(OR14)u(R14)v-,
trong d6 mdi u va v doc 1ap duoc chon tir 0 dén 2 (vi du, 0, 1 hoic 2), véi diéu kién tong
ctia u va v 1 2, va mdi Rus doc 1ap duge chon tir hydro, hydrocarbyl va hydrocarbyl dugc

thé, va dang két hop bao gdm hai hozc nhiéu nhém nay; halogen; xyano; va -N(Ri1”)R12’,
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trong d6 mdi nhém Rii> va Rz’ doc lap duge chon tir hydro, hydrocarbyl hodc
hydrocarbyl duge thé, hogc Ri1” va Ri2’ cling nhau tao thanh cAu triic vong tiy ¥ bao gdbm
it nhit mot nguyén tir khéc loai.

Céc nhom R3 va R* ctia hop chét c6 cong thire I mdi nhom doc 1ap duge chon tu,
hydro; hydrocarbyl va hydrocarbyl dugc thé, mdi nhém nay tuy y va doc lap duge ngét
quang boi it nhit mot trong s6 cac nhém -O-, -S-, -C(0O)-, -C(0)O-, -S(0)-, -S(02)-, -
N=N-, -N(Ri1’)- trong d6 Ri1’ dugc chon tir hydro, hydrocarbyl hodc hydrocarbyl duoc
thé, -Si(OR14)u(Rus)y-, trong d6 mdi u va v ddc 1ap duge chon tir 0 dén 2 (vi du, 0, 1 hoic
2), voi diéu kién tong cta u va v 1a 2, vd mdi Ris doc 1ap duge chon tir hydro,
hydrocarbyl va hydrocarbyl dugc thé, va dang két hop bao gém hai hoic nhiéu nhém
ndy. Theo cach khac, R? va R* ¢6 thé ciing nhau tao thanh cu tric vong tity ¥ bao gdm it
nhit moét nguyén tir khic loai.

Nhom R’ cua hop chét c6 cong thirc I duge chon tir hydro, -C(O)-R" hodc
-S(02)RB trong d6 R™ 14 hydrocarbyl tiry ¥ dugc thé, hodc halohydrocarbyl tuy y duoc
thé.

Theo sang ché, sang ché ciing d& xuit hop chit, nhu hop chét pyran vong ngung tu

indeno, duoc thé hién bang hop chét c6 cong thirc I sau day:

(R);

Céc nhém va chi sé dudi khac nhau ctia hop chat cé cong thirc II, nhu R, R2, R3,
va R%, céc chi s6 duéi i va t, va vong-A, 1a nhu duoc md ta & trén va & day dbi véi hop
chit duoc thé hién béng c6ng thirc I. Nhédm Q’”° cta hop chét c6 cong thirc 11, duogc chon
tr halogen, -OH, -Nj, -NRR? -NR*»C(0)Q”’, Q, -CN, -C(O)OR? -C=C-R%
-C(RH=C(R?)(R?), -OC(O)R?, -OC(O)OR?, -SR?, -OS(02)R® va -C(O)NR*R®. Mbi nhém
R? doc 1ap dugce chon tir hydro, hydrocarbyl va hydrocarbyl duge thé, mdi nhém nay tuy
y va doc lap dugc ngit quing boi it nhét mot trong sé cac nhém -O-, -S-, -C(O)-, -
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C(0)0-, -S(0)-, -S(02)-, -N=N-, -N(Ri1’)- trong dé Ri’ dugc chon tir hydro,
hydrocarbyl hodc hydrocarbyl dugc thé, -Si(OR14)u(Ris)y-, trong d6 mdi u va v doc 1ap
duoc chon tir 0 dén 2, voi diéu kién téng ctiauva v 1a 2, va mdi R4 doc 1ap duoc chon tir
hydro, hydrocarbyl va hydrocarbyl duoc thé, va dang két hop bao gdm hai hoic nhiéu
nh6m nay, hodc hai nhém R® cling véi —N va tiry ¥ mot nguyén tir khac loai bb sung duogc
chon tr N va O d& tao thanh heteroxycloalkyl. Nhém R® dugc chon tir
perhalohydrocarbyl, va Q> dugc chon tir halo, -OH, -NR?R?, -C(O)OR?, -SR?, va aryl
dugc thé.

Céc nhém B va B’ ctia hop chat c6 cong thirc IT mdi nhém doc 1ap duge chon tir
hydro, aryl khong duoc thé, aryl dugc thé, heteroaryl khong dugc thé, heteroaryl dugc
thé, polyalkoxy, va polyalkoxy c6 nhém c6 thé polyme hoa, hoic B va B’ cing nhau tao
thanh cdu tric vong duoc chon tir fluoren-9-yliden khong dugc thé, fluoren-9-yliden
duoc thé, vong hydrocacbon xoan-mot vong no, vong hydrocacbon xo4n-hai vong no, va
vong hydrocacbon xo#n-ba vong.

Sang ché ciing dé xuit ché phim va san phdm d6i mau theo anh sang chita mot
hodc nhiéu hop chét theo sang ché, nhu cic hop chét dugc thé hién bing hop chét ¢6
cong thuec II.

Mo ta van tat hinh vé

Fig. 1 1a d thi bidu dién hai phd hdp thu biét héa trung binh thu dugc dbi véi cac
hop chit d6i mau theo 4nh séng theo cac phuong 4n khong gioi han khac nhau duge boc
10 & day st dung phuong phap CELL METHOD.

M ta chi tiét sang ché

Nhu dugc sir dung & day va trong phdn yéu cau bao hg, thuat ngit “birc xa quang
héa” ¢ nghia 1a btrc xa dién tr c6 kha ning chuyén d6i vat liéu d6i mau theo anh sang tir
mot dang hodc trang thai sang dang hodc trang thai khac.

Nhu duge st dung & ddy va trong phin yéu cu bao ho, thuat ngit “ddi mau theo
anh sang” ¢6 nghia 1a c6 phd hip thu vdi it nhit 12 buc xa kha kién thay dbi twong tmg
voi do hép thu cua it nhat 1 bic xa quang héa. Hon nita, nhu duoc st dung & ddy thuat
ngit “vat liéu dbi mau theo anh sang” c6 nghia la chét bt ky dugce didu chinh dé thé hién

cac dic tinh d4i mau theo anh séng, tirc 13 dugc didu chinh dé c6 phd hép thu véi it nhat



22888

14 btrc xa kha kién thay dbi tuong tmg voi do hép thu cia it nhat 1 birc xa quang hoa, va
bao gdm it nhat mot hop chét dbi mau theo anh sang.

Nhu duge st dung & ddy va trong phan yéu ciu bao hd, cac gia tri trong luong
phan tr ctia cac polyme, nhu trong luong phén tir trung binh trong luong (Mw) va trong
lugng phéan tr trung binh s6 (Mn), duoc x4c dinh boi sic ky thAm thau gel st dung cac
chat chuén thich hop, nhu chét chuin polystyren.

Nhu dugce st dung & ddy va trong phan yéu cau bao hg, céc gia tri chi sd da phan
tan (PDI) biéu dién ty 1& cta trong lugng phan t trung binh trong luong (Mw) so vdi
trong lugng phén tir trung binh s6 (Mn) cia polyme (tirc 1a, Mw/Mn).

Nhu duoc st dung & ddy va trong phan yéu ciu bao hg, thuat ngit “halo” va cac
thuat ngit twong tw, nhu nhoém halo, halogen, va nhém halogen c6 nghia la F, CI, Br
va/hodc I, nhu flo, clo, brom va/hodc iot.

Trr khi ¢6 dinh nghia khéc, tt ca cac khoang hodc céc ty 1& duge boc 10 & day
duoc hidu 12 bao gdm khoang phu hoic ty 1é phu bat ky hodc tat ca cac khoang phu hodc
ty 1& phu dugc phan nhém & ddy. Vi du, khoang hodc ty 1€ duoc néu la "tir 1 dén 10"
duoc xem 1a bao gdm khoang phu bat ky hodc tit ca cac khoang phu gilta (va bao gdm
ca) gié tri t6i thiéu 1a 1 va gia tri t5i da 1a 10; tic 13, tat ca cac khoang phu hodc ty 1& phu
bt dAu tir gid tri t5i thiéu 1a 1 hodc cao hon va két thiic bing gid tri tdi da 1a 10 hodc thip
hon, nhu nhung khéng chi gioi han &, tir 1 dén 6,1, tir 3,5 dén 7,8, va tir 5,5 dén 10.

Ngoai cac vi du thuc hién, hodc trong d6 c6 chi dAn khac, tit ca cac sb thé hién
luong cua céc thanh phén, cac diéu kién phan ung, va tuong tu dugc st dung trong ban
md ta va yéu ciu bao hd nay dugc hidu 1a c6 thé thay ddi trong tit ca cac trudng hop boi
thudt nglt “khoang.”

Nhu duoc sit dung & day va trong phin yéu ciu bao ho, thut ngit “tién chat” va
cac thuat ngtt cé lién quan, nhu “céac tién chat” dung dé chi cac nhom khac nhau, vi duy,
R, R2 R3, R% RS, Q°, Q°°, B, B’, va L, cua cac hop chét va cac chat trung gian dugc md
ta & day, vi du, cdc hop chét vong ngung tu indeno duge thé hién bing hop chét c6 cong
thirc I, cac hop chét pyran vong ngung tu indeno dugce thé hién bing hop chit c6 cong
thte II, ¢6 nghia 13 nhém c6 thé duge chuyén héa trong mét hogdc nhiéu budc thanh nhém
cudi cting hoic nhém mong mudn. V&i muc dich minh hoa khong nhidm gidi han: tién
chat ctia nhém hydroxyl (-OH) bao gém, nhung khong chi gidi han ¢, nhoém este cua axit
carboxylic (-OC(O)R trong d6 R la hydro hodc hydrocarbyl tuy y duoc thé); va tién chat
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clia nhém este cia axit carboxylic (-OC(O)R) bao gdm, nhung khéng chi giéi han o,
nhém hydroxyl (-OH), cé thé duoc phan tng, vi dy, véi halogenua cua axit carboxylic,
nhu clorua axit axetic (hodc axetyl clorua).

Céac nhém khéc nhau cta cac hop chét va cac chat trung gian duge md ta tlr trude
va & day, nhu nhung khéng chi giéi han & nhém R!, R%, R?, R*, R, Q’, Q>°, B, B, va
céc nhém nhém kéo dai L ciia cac hop chét duoc thé hién boi cac hop chat c6 cong thirc T
va II, va cac cong thirc c6 lién quan, trong mdi trudng hop cé thé doc 13p dugc chon tr
hydrocarbyl va hydrocarbyl duoc thé.

Nhu dugce st dung & ddy va trong phan yéu cau bao hd thuat ngit “hydrocarbyl” va
c4c thudt ngft tvong tw, nhu “phén tir thé hydrocarbyl” va “nhém hydrocarbyl” cé nghia
la: C1-Cyo alkyl mach théng hodc phan nhanh (vi du, Ci-Cyo alkyl mach thang hodc phan
nhénh); C2-Cao alkenyl mach thing hodc phan nhanh (vi dy, C2-Cio alkenyl mach théng
hodc phan nhanh); C»-Cao alkynyl mach thing hodc phan nhanh (vi du, C2>-Cio alkynyl
mach thing hodc phin nhanh); C3-Ciz xycloalkyl (vi du, C3-Cio xycloalkyl); Cs3-Ci2
heteroxycloalkyl (c6 it nhit mot nguyén tir khac loai trong vong xyclic); Cs-Cis aryl (bao
gdm céc nhém aryl polyxyclic) (vi du, Cs-Cio aryl); Cs-Cis heteroaryl (c6 it nhit mot
nguyén tir khac loai trong vong thom); va Ce-Cas aralkyl (vi du, Cs-Cio aralkyl).

Céc nhom alkyl dai dién bao gdm nhung khong chi gii 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 gdm nhung khong chi gi6i han & vinyl,
alyl va propenyl. Cac nhém alkynyl dai dién bao gdm nhung khdng chi giéi han & etynyl,
1-propynyl, 2-propynyl, 1-butynyl, va 2-butynyl. Cac nhém xycloalkyl dai dién bao gbm
nhung khong chi giéi han & cac phin tir thé xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, va xyclooctyl. Cac nhom heteroxycloalkyl dai dién bao gbm nhung khong
chi gidi han & tetrahydrofuranyl, tetrahydropyranyl va piperidinyl. Cac nhém aryl dai
dién bao gdbm nhung khong chi gi6i han & phenyl va naphtyl. C4c nhém heteroaryl dai
dién bao gébm nhung khong chi gi6i han & furanyl, pyranyl va pyridinyl. Cac nhom
aralkyl dai dién bao gdm nhung khong chi gi¢i han & benzyl, va phenetyl.

Thuat ngit “hydrocarbyl duoc thé” nhu dugc st dung & ddy va trong phan yéu cau
bao ho c6 nghia 1a nhém hydrocarbyl trong d6 it nhét mét hydro ctia né dugc thé bing
nhém khong phai 1a hydro, nhu, nhung khong chi gi6i han &, cdc nhém halo, cdc nhom

hydroxyl, cdc nhém ete, cac nhdm thiol, cac nhém thio ete, cdc nhom axit carboxylic, cac



22888

nhom este cua axit carboxylic, cac nhém axit phosphoric, cdc nhom este cua axit
phosphoric, cac nhém axit sulfonic, cdc nhom este ctia axit sulfonic, cdc nhém nitro, cac
nhoém xyano, cac nhom hydrocarbyl (vi du, cac nhém alkyl, alkenyl, alkynyl, xycloalkyl,
heteroxycloalkyl, aryl, heteroaryl, va aralkyl), va cdc nhém amin, nhu -N(Ri1’)(Ri2’)
trong d6 mdi nhom Ryi’ va Riz’ doc 1ap duge chon tir hydro, hydrocarbyl va hydrocarbyl
duoc thé, hoic Rir’ va Ri2’ cing nhau tao thanh vong xyclic tily ¥ bao gdm it nhat mot
nguyén tir khac loai (vi du, -O-, -Si- va/hodc -S-).

Thuét ngit “hydrocarbyl duoc thé” bao gdm cac phan tir thé halohydrocarbyl (hodc
halo hydrocarbyl dugc thé). Thuat ngit “halohydrocai*byl” nhu dugc st dung ¢ day va
trong phan yéu cu bao hd, va cac thuat ngit twong tw, nhu halo hydrocarbyl dugc thé, co
nghia 12 it nhat mot nguyén tir hydro ciia hydrocarbyl (vi dy, ctia cdc nhém alkyl, alkenyl,
alkynyl, xycloalkyl, heteroxycloalkyl, aryl, heteroaryl, va aralkyl) dugc thay bang nguyén
tir halogen duoc chon tir clo, brom, flo va iot. Mitc halogen hoa c6 thé nam trong khoang
tir it nhit mot nguyén tir hydro dugc thé bang nguyén tir halogen (vi du, nhém flometyl)
dén halogen hoa toan b (perhalo geﬁ hoa) trong d6 tAt va cic nguyén tir hydro c6 thé thay
thé trén nhém hydrocarbyl dugc thay bang nguyén tir halogen (vi dy, triflometyl hodc
perflometyl). Do d6, thuit ngit “nhém perhalohydrocarbyl” nhu dugc st dung ¢ day va
trong phan yéu cau bao ho cé nghia 1 nhém hydrocarbyl trong d6 tat va céc hydro c6 thé
thay thé duoc thay bang halogen. Céc vi du vé& cac nhom perhalohydrocarbyl bao gom,
nhung khong chi gi¢i han ¢, cac nhom phenyl perhalogen héa va cdc nhém alkyl
perhalogen hoa.

Céc nhém hydrocarbyl va hydrocarbyl dugc thé tir cAc nhém va cac phan tir thé
khac nhau, nhu mdi R, R2, R3, R4, RS, Q’, Q*” va L, c¢6 thé duoc chon tir, trong mdi
trudng hop ¢6 thé doc 1ap va tity y dugc ngét quing bang it nhit mét trong sd cac nhém -
O-, -S-, -C(0)-, -C(0)0-, -S(0)-, -S(02)-, -N=N-, -N(R11’)-, va -Si(OR14)u(Ri4)v-. Nhu
duge st dung & diy va trong phan yéu ciu bao ho, bing cach ngat quing bang it nhit mot
trong s6 cac nhém -O-, -S-, -C(O)-, -C(0)O-, -S(0)-, -S(02)-, -N=N-, -NR11’)-, va
-Si(OR14)y(R14)v-, c6 nghia 1a it nhit mot cacbon ctia, nhung it hon toan bd cacbon cua,
nhém hydrocarbyl hoic nhém hydrocarbyl dugc thé, trong mdi trudng hop duoc thay thé
bing mot trong s6 cic nhom lién két hoa tri hai néu trén. Cac nhém hydrocarbyl va
hydrocarbyl duoc thé c6 thé dugc ngét quing bang hai hodc nhiéu nhém lién két néu trén,

c6 thé lién ké voi nhau hodc duoc tach boi mot hodc nhi€u cacbon.
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Nhu dugce st dung & day va trong phan yéu cau bao ho, trir khi c6 dinh nghia khac,
tir trai sang phai biéu dién cac nhom lién két, nhu cac nhém lién két hoa tri hai, bao gébm
cac dinh hudng thich hop khéc, nhu, cadc dinh hudng tir phai sang trai. V&1 muc dich
minh hoa khéng nhim gi6i han, cach biéu dién tir trdi sang phai ctia nhém lién két héa tri
hai -C(0)O-, bao gdm ca cach biéu dién tir phai sang trai cia né, -O(0)C-.

Nhu dugc st dung & day va trong phin yéu ciu bao hg, phan liét ké cac nhom
“mach thing hodc phan nhanh” hodc “mach thing, phin nhanh hoic vong”, nhu alkyl
mach thang hozc phan nhanh, hoic alkyl mach thing, phan nhanh hoic vong, & diy duoc
hiéu 12 bao gém: nhém metylen hodc nhém metyl; cdic nhém mach thing, nhu cic nhém
C2-Cys alkyl mach théng; cac nhém dugc phan nhanh mot cach thich hop, nhu cdc nhéom
C3-Cas alkyl mach nhanh; va cdc nhom vong thich hgp, nhu cdc nhom Cs-Czs xycloalkyl
(hodc C3-Cas alkyl vong).

Véi mot s6 phuong an theo sang ché dé& xuat hop chat d6i mau theo anh sang c6
thé thuan nghich bdi nhiét c6 nhém Q’ hodc Q*’” & vi tri dugc mo6 ta tir trude va ¢ day, va
tly ¥ mot hodc nhiéu nhém kéo dai L, nhu duge md ta thém dudi day. Céc phuong én
khong gi6i han khac d& xudt hop chit d6i mau theo anh sang dugc didu chinh dé c6 it
nhét 12 trang thai thr nhit va trang thai thi hai, trong d6 hop chét dbi mau theo 4nh sang
6 thé thuan nghich béi nhiét c6 ty 18 hip thu trung binh 16n hon 2,3 trong it nhit mot
trang thai nhu dugc xac dinh theo phuong phdp CELL METHOD, duoc moé ta chi tiét
dudi day. Hon nita, theo cic phuong 4n khong giéi han khac nhau, hop chét d6i mau theo
anh sang c6 thé thuan nghich bdi nhiét c6 ty 1& hap thu trung binh 16n hon 2,3 & trang thai
dugce hoat hdéa nhu dugc xac dinh theo phuong phdp CELL METHOD. Nhu duoc su.
dung & day, thudt ngit “hop chit déi mau theo anh sang” (PC) ding d chi mdt hogc
nhidu hop chét ddi mau theo 4nh sang, bao gdm, nhung khong chi giéi han & cac hop chat
d4i mau theo 4nh séng theo sang ché, nhu dugc thé hién bing hop chét c6 cong thic IL.
Nhu duoc st dung & ddy dbi voi cac hop chit dbi mau theo nh séng, thuét ngit “trang
thai duge hoat héa” ding dé chi hop chit ddi mau theo 4nh sang khi tiép xtc véi bic xa
quang héa thich hgp san Xuét gy ra it nhat 1 mot phan ctia hop chit d6i mau theo anh
sang chuyén trang thai. Hon nita, nhu duoc st dung & day thuét ngit “hop chat” c6 nghia
1 chét duoc tao thanh boi su ddng nhat cia hai hodc nhidu chi tiét, thanh phan, cic thanh

phan, hodc cic phin va bao gom, nhung khong chi giéi han &, cdc phéan tir va cac dai
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phén tr (vi du cac polyme hodc cic oligome) dugc tao thanh béi su dbng nhét ctia hai
hodc nhidu chi tiét, thanh phan, c4c thanh phan, hodc cac phan.

No6i chung, phuong phap CELL METHOD do ty 1¢ hép thu trung binh ctia hop
chit d6i mau theo anh sdng bao gdm bude thu phd hip thu ctia hop chit d6i mau theo dnh
sang, & trang thai hoat héa hoic khong hoat héa, theo mdi hudng trong s6 hai huéng phan
cuc truc giao trong khi hop chit d6i mau theo anh sang it nhét 14 dugc sip thang hang it
nhit mot phin trong maéi trudng tinh thé long dugc sép thing hang chira trong td hop té
bao. Cu thé hon, t hop t& bao nay bao gdbm hai chét nén thay tinh d6i ximg nhau cach
nhau khoang 20 micron +/- 1 micron. Cac chit nén duoc gén doc hai canh d6i dién dé tao
thanh t& bao. B& mit bén trong clia mdi chit nén thiry tinh dugc phu bang 16p phu
polyimit, b&é mit ctia né duoc sip xép trt tu it nhit mot phan bang cach danh béng. Su
sép xép thing hang ctia hop chit d6i mau theo anh sang dat dugc bing cach dwa hop chit
dbi mau theo anh sang va moi trudng tinh thé 1ong vao t6 hop t€ bao ndy va cho phép moéi
trudng tinh thé 16ng sip xép thing hang véi bé mit polyimit duge ddnh béng. Vi hop chat
db1 mau theo anh séng c6 trong mdi trudng tinh thé 16ng, su sip xép thing hang ctia mdi
truong tinh thé 16ng 1am cho hop chét d6i mau theo 4nh sang dugc sap thang hang. Puoc
ngudi co hiéu biét trung binh trong linh vyc k¥ thudt nay danh gia cao la su lya chon moi
truong tinh thé 1éng va nhiét 6 dwoc st dung trong qué trinh thir nghiém c6 thé anh
hudng dén ty 18 hép thu duoc do. Do do, nhu dugce néu chi tiét hon trong cac Vi du, véi
muc dich phwong phap CELL METHOD, phép do ty 1€ hép thu dugc thuc hién ¢ nhiét do
trong phong 22,8°C + 0,3°C (73°F +/- 0,5°F hodc cao hon) va mdi trudng tinh thé long la
Licristal® E7 (duoc thong bao 12 hdn hop gdm cac hop chét tinh thé 1dng xyanobiphenyl
va xyanoterphenyl).

Khi méi trudng tinh thé 16ng va hop chit d6i mau theo anh sing dugc sép thing
hang, t& hop t& bao dugc dit trén dng do ludng quang hoc (dwoc mo ta chi tiét hon trong
céc Vi du). B8 thu duoc ty 16 hip thu trung binh & trang thdi hoat hoa, sw hoat héa hop
chét d8i mau theo 4nh séng dat duoc bing cach boc 16 hop chit d6i mau theo anh séng ra
birc xa UV trong thoi gian thich hop dé dat dugc trangA thai bio hoa hodc gin nhu bdo hoa
(tirc 14, trang thai trong d6 céc tinh chéit hip thu cua hop chit di mau theo 4nh sing
khong thay dbi cin ban trong khoang thoi gian qué trinh do dugc thuc hién). Cac phép do
d6 hap thu dugc thyc hién trong mot khoang thoi gian (thong thuong tir 10 dén 300 gidy)

ngit quing mdi 3 gidy dé anh sang duoc phén cuc tuyén tinh vudng géc véi bng do luong
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quang hoc (duoc goi 1a mit phing hodc huéng phan cyc 0°) va anh sang phan cyc tuyén
tinhd trong mit phing song song véi éng do ludng quang hoc (dugc goi 1a mit phing
hodc hudng phan cuc 90°) theo thi tu sau: 0°, 90°, 90°, 0° v.v.. D9 hép thu ctia anh sdng
duoc phén cuc tuyén tinh bdi cac té bao nay duge do tai mdi thoi diém cho tit ca cac
budc séng duge thir nghiém va do hip thu khong hoat héa (ttc 13, d6 hép thu ctia té bao
v6i vat liéu tinh thé 16ng va hop chat d6i mau theo anh sang khong hoat héa) trong cung
khoang budc séng duge trir di dé thu duoc phd hap thu cho hop chét dbi mau theo anh
séng trong mdi mit phing phan cuc 0° va 90° dé& thu dugc phd hép thu biét héa trung
binh trong m&i mat phing phan cuc ddi véi hop chit 461 mau theo anh sang & trang thai
bdo hoa hoic gan bio hoa.

V6i muc dich minh hoa khong nhdm giéi han va tham khao Fig. 1 - thé hién phd
hép thu biét hoa trung binh (thuong dugc xac dinh 1a 10) trong mot mat phing phén cuc
thu dwoc d6i voi hop chit déi mau theo anh séng theo mot phuong 4n khong gidi han
duge boc 16 & day. Phd hip thu trung binh (thuong dugc xac dinh 14 11) 1a phé hip thu
biét hoa trung binh thu dugc cho ciing hop chat ddi mau theo 4nh séng trong mit phing
phan cuc tryc giao.

Dua trén phd hip thu biét hoa trung binh thu dugc dbi véi hop chét ddi mau theo
4nh sang, ty 18 hép thu trung binh ctia hop chit d6i mau theo 4nh séng thu dugc nhu sau.
Ty 18 hép thu ctia hop cht d6i mau theo anh sang tai mdi budc séng trong khoang budc
séng xac dinh trudc tuong Ung Vi Amaxvis /- 5 nanomet (thuong dugc xac dinh 1a 14
trong Fig. 1), trong d6 Amaxvis 12 budc séng ma tai d6 hop chét d6i mau theo 4nh sang c6
d6 hap thy trung binh cao nhét trong mit phing bat ky, dugc tinh toan theo phuong trinh
sau:

ARyi= Abhi/Abk; Phuong trinh 1
trong d6, ARy 1a ty 16 hip thu & budc séng M, Ablla do hp thu trung binh &
budc séng Ai trong hudng phén cuc (tie 1a, 0° hodc 90°) ¢6 do hép thu cao hon, va Ab%;
1a d6 hép thu trung binh & budc séng Ai trong huéng phén cyc con lai. Nhu dd duge mod
ta tir trude, "ty 18 hip thu" ding d& chi ty 16 cta do hip thu clia birc xa phan cuc tuyén
tinh trong mit phing thir nhit v6i do hip thu clia ciing bude séng biic xa phan cuc tuyén
tinh trong mit phing truc giao véi mit phang thi nhét, trong d6 mit phing thir nhit 1a

mat phéng c6 d6 hap thu cao hon.
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Sau d6 ty 18 hp thu trung binh ("AR") cho hop chit d6i mau theo 4nh séng duoc
tinh to4n bing cach chia trung binh cac ty 1& hdp thu riéng thu dugc voi céc bude song
trong khoang budc séng xac dinh trude (tic 14, Amaxvist/-5 nanomet) theo phuong trinh sau:

AR= (MAR)/ nj Phuong trinh 2
trong d6, AR 1a ty 1& hap thu trung binh ctia hop chét d6i mau theo anh sang, ARy
1a c4c ty 18 hp thu riéng (nhu duoc xac dinh & trén trong phwong trinh 1) véi mdi bude
séng trong khoang budc song xac dinh trude (tuc 14, Amax-vis /- 5 nanomet), va n; la sO
luong ty 18 hip thu duoc tinh trung binh.

Nhu dd duge mé ta trén ddy, cdc hop chit d6i mau theo anh sang c6 thé thuan
nghich béi nhiét thong thuong c6 thé chuyén doi tir trang thai thi nhit sang trang thai thir
hai khi phan tmg véi bic xa quang hda, va quay trd lai trang thai thir nhét khi phan tmg
véi ndng lugng nhiét. Cu thé hon, cac hop chit d6i mau theo anh sang cé thé thuan
nghich boi nhiét théng thuong c6 kha ning chuyén tir mot dang chét ddng phan (vi du va
khong gidi han ¢, dang dong) sang dang chét ddng phan khac (vi du va khong giéi han &,
dang m&) khi phan tng vai brc xa quang hoéa, va tré lai dang dong khi bdc 16 ra ndng
luong nhiét. Tuy nhién, nhu d3 duge md ta tir trude, thuong cac hop chét d6i mau theo
4nh sang c6 thé thuin nghich boi nhiét thuong khong thé hién mot cach rd rang tinh
ludng séc.

Nhu duoc md ta & trén, cac phuong an khong gidi han duge boc 10 & day dé xuit
hop chét ddi mau theo 4nh sang c6 thé thuén nghich boi nhiét ¢6 ty 1€ hép thu trung binh
16n hon 1,5 & it nhit mot trang thii nhu dugc xic dinh theo phuwong phdp CELL
METHOD va/hoic hop chét ddi mau theo 4nh séang ¢6 thé thuin nghich béi nhiét cé thé
duoc st dung lam chét trung gian trong qua trinh san xuét hop éhét d6i mau theo anh
séng 6 ty 18 hip thu 16n hon 1,5. Vi viy, hop chét ddi mau theo anh sang c6 thé thuén
nghich bdi nhiét theo phuong 4n khong gi6i han nay c6 thé thé hién cac dac tinh doi mau
theo anh sang hitu ich va/hodc céc déc tinh d6i mau theo 4nh sang hitu ich va ludng sic.
Ttc 13, hop chat ddi mau theo anh sang c6 thé thuan nghich boi nhiét 6 thé 1a hop chét
c¢6 thé ddi mau theo anh sang va/hodc d6i mau theo nh sang-ludng sdc thuan nghich boi
nhiét. Nhu dugc st dung & ddy véi cac hop chit d6i mau theo anh sang duoc md ta &
day, thuat ngit "dbi mau theo 4nh sang-ludng sic" c6 nghia la thé hién ca hai déc tinh doi
mau theo anh sang va ludng sic dudi cac didu kién nhét dinh, cac dic tinh nay it nhét ¢6

th8 duoc phat hién bdi cac thiét bi.
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Theo cac phuong an khong gidi han khéc, cac hop chét d6i mau theo anh sang c6
thé thuan nghich boi nhiét cé thé 1a cac hop chit d6i mau theo anh sang c6 thé thuan
nghich bdi nhiét ¢6 ty 18 hép thu trung binh nim trong khoang tir 4 dén 20, tir 3 dén 30,
hodc tir 2,0 dén 50 & it nhit mot trang thai nhu duoc xé4c dinh theo phuong phap CELL
METHOD. Puogc ngudi ¢é hiéu biét trung binh trong linh vuc k¥ thut nay danh gia cao
1 ty 18 hép thu trung binh ciia hop chit dbi mau theo anh sing cang 16n thi hop chat déi
mau theo 4nh sang phan cuc tuyén tinh cang 16n. Do d6, theo cdc phuong an khong gidi
han khéc nhau, cac hop cht ddi mau theo 4nh séang c6 thé thuin nghich boi nhiét c6 thé
c6 ty 18 héap thy trung binh bit ky cAn thiét d& dat dwoc mirc phan cuc tuyén tinh mong
mudn.

Phuong 4an khong giéi han khac dé& xuét hop éhét dbi mau theo anh sang co thé
thudn nghich boi nhiét khong chira oxazin va duogc didu chinh @& co it nhit 13 trang thai
thtt nhét va trang thai tht hai, trong d6 hop chit ddi mau theo 4nh sing c6 ty 1& hp thu
trung binh it nhit 13 1,5 trong it nhit mdt trang thai nhu dugc xac dinh theo CELL
METHOD. Hon nita, theo phuong 4n khéng gioi han nay, ty 18 hip thy trung binh c6 thé
nim trong khoang tir 1,5 dén 50 & it nhat mot trang thai nhu duge xac dinh theo CELL
METHOD.

Céc nhém va cac phén tir thé ctia cac hop chét theo sang ché, nhu duoc thé hién
boi cac hop chét c6 cong thirc I va II, va cic hop chét c6 lién quan nhu dugc mod ta chi
tiét hon & day, va cac hop chét va cac chit trung gian duge st dung trong ché pham chta
ching, nhu dugc mé ta chi tiét hon dudi day. |

Vong A ctia cic hop chat theo sang ché, nhu cac hop chit duoc thé hién bang hop
chit ¢6 cong thic I va hop chét ¢ cong thic II, trong mdi trudng hop c6 thé doc lap
duoc chon tir aryl khong duoc thé, aryl dugc thé, aryl vong ngung tu khong dugc thé,
aryl vong ngung tu duoc thé, heteroaryl khong duogc thé, va heteroaryl dugc thé. Thong
thuong, vong-A, ngoai nhém (R')i-, duoc chon tir aryl khong duoc thé, aryl vong ngung
tu khong duogc thé, va heteroaryl khong duoc thé (hoic aryl, aryl vong ngung tu, va
heteroaryl). Cac vi du vé& cac nhém aryl ma tr d6 vong A c6 thé dugc chon bao gdm,
nhung khong chi gidi han &, phenyl va biphenyl. Céc vi du vé cac nhém aryl vong ngung
tu ma tir d6 vong A c6 thé dugc chon bao gdm, nhung khong chi giéi han o, cac

hydrocacbon thom polyxyclic, nhu naphtyl va antraxenyl. Cac vi du vé cic nhém
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heteroaryl ma tir 46 vong A c6 thé dugc chon bao gdm, nhung khong chi gidi han &,
furanyl, pyranyl va pyridinyl.

Theo m6t s6 phuong an, mdi nhém Q’ va Q*** cuia cac hop chét theo sang ché c6
thé doc 1ap dugc chon tir, -N3, -CN, -C(O)OR?, -C=C-R%, -C(R)=CR*)(R?), -OC(O)R?,
-OC(0)OR?, -SR?, -OS(02)R® va -C(O)NRR?, trong d6 mdi R?* doc 1ap duge chon tur
hydro, hydrocarbyl va hydrocarbyl duogc thé, mbi nhom nay tuy y va doc lap duoc ngat
quéng boi cac nhom hoa tri hai nhu dugc md ta tir trude & day. Voi mot sd phuong an,
voi Q° va Q*°, mdi nhém R? ddc 14p duge chon tir hydro, nhom alkyl khong duoc thé
hodc duoc thé c6 tir 1 dén 18 nguyén tr cacbon, nhom aryl khéng duoc thé hoac duoc
thé, nhom alken hoic alkyn khong duoc thé hodc duoc thé, c6 tir 2 dén 18 nguyén tir
cacbon, trong d6 cac phén ttr thé nay dugc chon tir halo va hydroxyl, va R® dugc chon tir
nhém alkyl duogc perflo héa co tir 1 dén 18 nguyén ti cacbon. Cac vi du vé cac nhom
alkyl duoc perflo héa bao gdm, nhung khong chi giéi han &, perflometyl (-CF3),
perfloetyl (-CF2CF3), perflopropy, bao gébm perflo-n-propyl, perflo-iso-propyl,
perflobutyl bao gdém céc chit ddng phan ciia n6, nhu .perﬂo-n-butyl va perflo-t-butyl, va
perflooctyl, bao gdm cac chit dong phan ciia né.

Theo mét s6 phuong 4n khac nita ciia sang ché, dbi véi Q* va Q*”’, mdi nhém R?
doc 1ap duoc chon tir hydro va nhém alkyl c6 tir 1 dén 6 nguyén tir cacbon, va R® duge
chon tir nhém alkyl duoc perflo hoa co tir 1 dén 6 nguyén tir cacbon.

Céac nhom Q’ va Q’”’, theo mét s6 phuong an, mdi nhém c6 thé doc lap dugc chon
tt bromo, flo, clo, -N3, -NR?R? -NRHC(O)Q”’, Q, -C(O)OR? -C=C-R?
-C(RH=C(R(R?), -OC(O)R?, -OC(0)OR?, -SR?, -OS(02)R®, -C(O)NRR?. Q’ ciing c6
thé 12 nhém kéo dai L (nhu duoc mo ta thém & day). M&i nhom R? ¢6 thé doc 1ap duoc
chon tir hydro, nhom alkyl khong duoc thé hodc duoc thé c¢6 tir 1 dén 18 nguyén tir
cacbon, nhém aryl khong dugc thé hodc dwoc thé, nhém alken hogc alkyn khong dugc
thé hoic duoc thé co tir 2 dén 18 nguyén tir cacbon, trong d6 cac phan tir thé nay dugc
chon tir halo va hydroxyl. Theo cach khac hai nhém R? c6 thé ciing v6i -N va mot nguyén
tt khac loai bd sung duoc chon tir N va O dé tao thanh heteroxycloalkyl. Nhém R® c6 thé
duoc chon tir nhém alkyl duge perflo héa c6 tir 1 dén 18 nguyén tir cacbon. Nhom Q™7 ¢6
thé duoc chon tir -OH, -NR®R?, -C(O)OR?, -SR?, va aryl tiy ¥ dugc thé, trong d6 cac
phin tir thé nay dugc chon tir -OH, -NR?R?, -C(O)OR?, -SR®.
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Theo cac phuong an khéc nfita, mdi nhém Q’ va Q*>* ddc 1ap duge chon tir bromo,
clo, -NR?R?, va -C(O)OR® Q’ ciing ¢6 thé 1a nhém kéo dai L. Mbi R? doc 1ap duge chon
tir hydro va nhom alkyl ¢ tir 1 dén 6 nguyén tir cacbon. Theo cach khac, hai nhém R*
ctng v6i -N va nguyén tir N bb sung dé tao thanh heteroxycloalkyl. Nhém R® dugc chon
tr nhom alkyl dugc perflo hda co tur 1 dén 6 nguyén tlr cacbon.

Theo mét sb phuong 4n theo sang ché, Q”>* khong dugc chon tir nhém kéo dai L.

Nhom RS cia cac hop chét vong ngung tu indeno theo sang ché, nhu dugc thé hién
bing hop chat c6 cong thirc I & trén, va hop chét c6 cong thic Ia (nhu s& duge md ta &
day), c6 thé duoc chon tir hydro, -C(0)-R!? hoic -S(02)R', trong d6 R 1a hydrocarbyl,
hodc halohydrocarbyl. Véi mot sé phuong 4n, R® dugc chon tir hydro va —C(O)-R%.
Thong thuong, R'3 ¢6 thé duogce chon tir cidc nhém Ci-Ciz hodc Ci-Cs alkyl hodc cac nhém
perhaloalkyl, nhu cac nhom perfloalky]l.

V6i cac hop chét vong ngung tu indeno, nhu dugc thé hién bang hop chit c¢6 cong
thirc I, va cac hop chit pyran vong ngung tu indeno, nhu dugc thé hién bang hop chat c¢6
cong thirc I, theo sang ché, R' cho méi i, va R? cho méi t, mdi nhom ddc 1dp dugc chon
tir: (a) —C(0)Xas; (b) -OX7 va —N(X7)2; (¢) -SXi1; (d) vong chira nito duge thé hién bang
hop cht c6 cong thic i, nhu dugc md ta chi tiét hon & day; (¢) nhém duoc thé hién bang
hop chét ¢6 cong thirc ii va iii, nhu dwge md ta chi tiét hon & day; (f) hodc cac nhom R!
lién ké truc tiép, va cac nhém R? lién k& truc tiép, trong mdi trudng hop doc 1ap cung
nhau tao thanh nhém dugc thé hién béng hop chét c6 codng thirc vii, viii, hodc ix, nhu
duoc mé ta chi tiét hon & day; (g) nhom kéo dai L dugc thé hién bang hop chat cé cong
thie iii, nhur duoc md ta chi tiét hon & day; va (h) nhém B, nhu duge md ta chi tiét hon &
day.

Theo mot sé phuong 4n, R! cho mdi i, va R? cho mdi t, mdi nhém ddc 1ap duogc
chon tlr, (a) —C(O)Xz4, trong d6 Xa4 duge chon tir nhém kéo dai L (nhu s& dugc md ta ¢
day), hydroxy, C1-Cs alkyl, C1-Cis alkoxy, phenyl khong dugc thé hodc duogc thé mot 1an
bing C1-Cis alkyl hodc Ci-Cis alkoxy, amino khong duoc thé, duoc thé mot hodc hai lan
bing it nhat mot trong s6 C1-Cis alkyl, phenyl, benzyl, va naphtyl.

Theo mét s6 phuong 4n khéc nita, R' cho mdi i, va R? cho mdi t, mdi nhém doc
1ap duoc chon tir, (2) —C(0)X24, trong d6 X4 dugc chon tir nhém kéo dai L (nhu s& dugc
mb ta & day), hydroxy, Ci-Ci2 alkyl, Ci-C12 alkoxy, phenyl khong duge thé hodc dugc thé
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mdt 1an biang Ci-Cs alkyl hodic C1-Cs alkoxy, amino khong duogc thé, duoc thé mot hodc
hai 14n bang it nhit mot trong s6 Ci-Cs alkyl, phenyl, benzyl, va naphtyl.

Theo cic phuong an khéc nita, R' cho mdi i, v R? cho mdi t, mdi nhém doc lap
dugce chon tir, (@) —C(0)Xa4, trong d6 X24 duogc chon tu hydroxy, Ci-Cs alkyl, Ci-Ce
alkoxy, phenyl khong dugc thé hodc dugc thé mét 1an bing Ci-Cs alkyl hogc C1-Cs
alkoxy, amino khong duoc thé, duoc thé mot hodc hai 14n bang it nhét mot trong 56 C1-Cs
alkyl, phenyl, benzyl, va naphtyl.

Theo mot s6 phuong an, R! cho mdi i, va R? cho mdi t, mdi nhém doc lap duge
chon tir, (b) -OX7 va -N(X7)2, trong d6 mdi X7 doc 1ap duge chon tix bdn loai nhém (i),
(i), (iii), va (iv). V6i mot sb phuong an, X7 duge chon tir, (i) hydro, nhém kéo dai L (nhu
s& dugc md ta ¢ day), Ci-Cis alkyl, Ci-Cig axyl, phenyl(Ci-Cis )alkyl, mono(Ci-Cis )alkyl
duoc thé phenyl(Ci-Cis )alkyl, mono(Ci-Cig)alkoxy duoc thé phenyl(Ci-Cis )alkyl; Ci-
Cis alkoxy(Ci-Cis )alkyl, C3-Cio xycloalkyl; mono(Ci-Cis )alkyl duoc thé C3-Cio
xycloalkyl, Ci-Cis haloalkyl, alyl, benzoyl, benzoyl duoc thé mot 1an, naphtoyl hodc
naphtoyl dugc thé mét 14n, trong d6 mdi trong s6 céc phan tir thé benzoyl va naphtoyl
nay doc 1ap duoc chon tr Ci-Cig alkyl, va Ci-Cis alkoxy. Mbi X7 c¢6 thé doc 1ap duge
chon tur, (ii) -CH(X3)Xo, trong d6 Xs dugc chon tir hydro, nhém kéo dai L, hodc Ci-Cis
alkyl, va Xy dugc chon tir nhom kéo dai L, -CN, -CF3, hodc -COOXj, trong d6 Xio dugc
chon tir hydro, nhom kéo dai L (nhu s& dugc mo ta & day), hodc Ci-Cis alkyl. Mbi X7 ¢
thé doc 1ap dugc chon tir, (iii) -C(0)Xs, trong d6 X dugce chon tir it nhéit mot trong s6
céc, hydro, nhom kéo dai L (nhu s& dugc md ta ¢ day), Ci-Cis alkoxy, phenoxy khong
dugc thé, duoc thé mot hodc hai lan bang Ci-Cis alkyl hodc Ci-Cig alkoxy, nhom aryl
khéng duogc thé, duge thé mot hodc hai 1an bang Ci-Cis alkyl hoge Ci-Cis alkoxy, nhom
amino khong dugc thé, duoc thé moét hodc hai 1an bing Ci-Cis alkyl, va nhoém
phenylamino khéng dugc thé, dugc thé mot hodc hai 14n bang C1-Cis alkyl hodc Ci-Cig
alkoxy. Ngoai ra, mdi X7 c6 thé doc 1ap duoc chon tir, (iv) tri(Ci-Cis)alkylsilyl, tri(Ci-
Cis)alkylsilyloxy, tri(Ci-Cig)alkoxysilyl, tri(Ci-Cig)alkoxysilyloxy, di(Ci-Cis)alkyl(Ci-
Cis alkoxy)silyl, di(Ci-Cig)alkyl(C1-C1s alkoxy)silyloxy, di(Ci-Cig)alkoxy(Ci-Cis
alkyl)silyl hodc di(Ci-Cig)alkoxy(Ci-Cis alkyl)silyloxy.

Theo c4c phuong 4n khéc nia theo sang ché, R cho mdi i, va R? cho mdi t, mdi
nhém doc 1ap duge chon tir, (b) -OX7 va -N(X7)2, trong d6 mdi X7 doc 1ap dugc chon ti,
(i) hydro, nhom kéo dai L, Ci-C12 alkyl, C1-Ci2 axyl, phenyl(Ci-Ci2 )alkyl, mono(C1-Ci2
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yalkyl duoc thé phenyl(Ci-Ciz )alkyl, mono(Ci-Ci2 alkoxy dugce thé phenyl(Ci-Ci2 )alkyl;
Ci1-Ci2 alkoxy(Ci-Cr2 )alkyl; C3-C7 xycloalkyl; mono(Ci-Ci2 )alkyl dugc thé C3-Cy
xycloalkyl, Ci-C12 haloalkyl, alyl, benzoyl, benzoyl duoc thé mot 1an, naphtoyl hoic
naphtoyl dugc thé mot 1n, trong d6 mdi trong s6 cic phan tir thé benzoyl va naphtoyl
nay doc 14p dugc chon tir Ci-Cs alkyl, va Ci-Cs alkoxy. M&i X7 cfing c6 thé doc 1ap dugc
chon tir, (ii) -CH(X3)Xo, trong d6 Xs dugc chon tir hydro, nhém kéo dai L, hodc Ci-Ciz
alkyl; va Xo dugc chon tir nhém kéo dai L, -CN, -CF3, hodc -COOX o, trong d6 Xio dugc
chon tr hydro, nhoém kéo dai L, hodc Ci-Ci2 alkyl. M3i X7 ¢6 thé dugc chon thém tur, (iii)
-C(0)Xs, trong d6 X dugc chon tir it nhit mot trong sd cac, hydro, nhém kéo dai L, Ci-
C12 alkoxy, phenoxy khéng dugc thé, duoc thé mot hodc hai 14n bing C;-Ci2 alkyl hodc
C1-Ci2 alkoxy, nhém aryl khong dugc thé, duoc thé mot hodc hai lan bﬁng C1-Cs alkyl
hogc C1-Cs alkoxy, nhom amino khong duoc thé, dugc thé mot hodc hai 1an bing Ci-Cs
alkyl, va nhém phenylamino khong dugc thé, dugc thé mot hodc hai 1an bang Ci-Cs alkyl
hodc Ci-Cs alkoxy.

V6i cac phuong 4n bd sung theo sang ché, R! cho mdi i, va R? cho mdi t, mdi
nhom doc 14p duge chon tir, (b) -OX7 va —N(X7)2, trong do mdi X7 doc 1ap duoc chon ti,
(i) hydro, Ci-Cs alkyl, Ci-Cs axyl, phenyl(Ci-Cs )alkyl, mono(Ci-Ce)alkyl dugc thé
phenyl(Ci-Cs )alkyl, mono(Ci-Cs )alkoxy duoc thé phenyl(C1-Cs )alkyl; Ci-Cg alkoxy(Ci-
Ce)alkyl; C3-Cs xycloalkyl; mono(Ci-Cs )alkyl dugc thé C3-Cs xycloalkyl, Ci-Cs
haloalkyl, alyl, benzoyl, benzoyl dugc thé mot 1an, naphtoyl hozc naphtoyl duoc thé mot
1an, trong d6 mdi trong sd cac phan tir thé benzoyl va naphtoyl nay doc lap duge chon tir
C1-C; alkyl, va Ci-Cs alkoxy. Mdi X7 cling c6 thé duoc chon tir, (i) -CH(Xs)Xo, trong d6
Xs duoc chon tir hydro hodc Ci-Csalkyl; va X9 duogc chon tir —CN, -CF3, hodc -COOXo,
trong d6 Xio dugc chon tir hydro hodc Ci-Cs alkyl. Mbi X7 ciing c6 thé duoc chon thém
tur, (iii) “C(O)Xs, trong d6 Xe dugc chon tir hydro, Ci-Ci2 alkoxy, phenoxy khong dugc
thé, duoc thé mot hodc hai 1an bing Ci-Cs alkyl hodc Ci-Cs alkoxy, nhom aryl khong
duoc thé, dugc thé mot hoic hai 14n bang Ci-C; alkyl hodc Ci-Cs alkoxy, nhom amino
khong dugc thé, duoc thé mot hodc hai lan biang Ci-C; alkyl, va nhém phenylamino
khong dugc thé, duoc thé mot hodc hai lan bang C1-Cs alkyl hogc C1-Cs alkoxy.

Theo mot s6 phuong an, R! cho mdi i, va R? cho mdi t, mdi nhém doc lap duogc
chon tir, (¢) -SXi1, trong d6 X11 duge chon tir hydro, nhém kéo dai L, Ci-Cigalkyl, C1.Cis
haloalkyl, nhém aryl khong dugc thé, hodc dugc thé mot hodc hai lan bang Ci-Cis alkyl,
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Ci1-Cis alkoxy, hoac halogen. Nhom X1 cua —SXi11 cling ¢6 thé duogc chon tir C1.Ce alkyl,
C1-Cs haloalkyl, nhom aryl (nhu nhém phenyl) khong dugc thé, hodc duoc thé mot hoic
hai 1an béng Ci1-Csalkyl, C1.Cs alkoxy, hodc halogen, nhu clo, brom hodéc flo.

Theo mot sé phuong an, R!' cho mdi i, va R? cho mdi t, mdi nhém doc lap dugce

chon tir, (d) vong chira nito dwoc thé hién biang hop chét ¢é cong thic i sau:

D& cap dén hop chét co cong thirc i, mbi -Y- mdi 1an xut hién doc 1ap duge chon
tt -CHa., -CH(R13’)-, -C(R13)2-, -CH(aryl)-, -C(aryl)2-, va -C(Ri3’)(aryl)-, va Z 1a -Y-,
-O-, -S-, -S(0)-, -S01-, -NH-, -N(Ri3’)-, hoic -N(aryl)-, trong d6 mdi Rz’ doc lap la
nhém kéo dai L, hodic Ci-Cyo alkyl (vi du, Ci-Ci2 alkyl hodc C1-Cs alkyl), mdi aryl doc
1ap 12 phenyl hoic naphtyl, m 1a s6 nguyén 1, 2 hodc 3, vap la s6 nguyén 0, 1, 2, hoic 3,

v6i didu kién néup 12 0, thi Z 14 -Y-.
Theo céc phuong an khac nita, R! cho mdi i, va R? cho mdi t, mdi nhém doc lap
duge chon t, (¢) nhém duge thé hién biang hop chéit co cong thic ii hodc hop chét c6

cOng thire iii sau day:

N XN
Xi4 Xa7 " gh Xi7
p A ! p
Xis

X1s ii X1 iii

D& cap dén cac hop chét c6 cong thic ii va iii, X4, Xis, va X1 mdi lin xuét hién
ddc 1ap duoc chon tir hydro, nhém kéo dai L, Ci-Cis alkyl, phenyl hodc naphtyl, hodc Xi4
va Xis cung nhau tao thanh vong c6 tir 5 dén 8 nguyén tir cacbon, p 1a sd nguyén dugc
chon tix 0, 1, hodic 2, va X17 mbi 14n xuét hién doc 1ap duge chon tir nhoém kéo dai L, Ci-
Cis alkyl, Ci-Cig alkoxy, hodc halogen.

Theo cac phuong 4n bd sung, R! cho mdi i, va R? cho mdi t, mdi nhém doc lap
duoc chon tir, nhém dugc thé hién bing hop chét ¢ cong thic ii hodc hop chét c6 cong
thirc iii, nhuw duge thé hién & trén, trong d6 Xia, Xis, va X1 mdi lan xuat hién doc lap
duogc chon tir hydro, nhom kéo dai L, Ci-Ci2 alkyl, phenyl hodc naphtyl, hodc Xi4 va Xis

cung nhau tao thanh vong c6 tir 5 dén 7 nguyén tir cacbon; p 1a s6 nguyén duoc chon tir
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0, 1, hodc 2, va X7 mdi 1an xut hién doc lap duge chon tir nhém kéo dai L, C1-Ci2 alkyl,
C1-C12 alkoxy, hodc halogen.

Theo céc phwong 4n khac nita, R' cho mdi i, va R? cho mdi t, mdi nhém ddc 1ap
duoc chon tir, nhém duge thé hién bing hop chit c6 cong thic ii hodc hop chét c6 cong
thiee iii, nhu duge thé hién & trén, trong do X4, Xis, va Xie mdi 14n xuét hién doc 1ap
duoc chon tir hydro, C1-Cs alkyl, hodc phenyl hodc X14 va Xis cing nhau tao thanh vong
c6 tir 5 dén 7 nguyén tir cacbon; p 1a s6 nguyén duge chon tir 0, 1, hodc 2, va Xi7 mdi lan
xuat hién doc 1ap duoc chon tir Ci-Cs alkyl, Ci-Cs alkoxy, hodc halogen.

Theo mot sd phuong 4n, cac nhém R! lién ké truc tiép, va cic nhém R? lién ké
truc tiép, trong mdi trudong hop doc 1ap ciing nhau tao thanh nhém dugc thé hién béi cac
hop chét c6 cong thire vii, viii, hodc ix sau day:

Xos /W .- X14 Wj,, | N et

PZR
ﬁ;>\\\m, R Xj]:;M e [Mﬂg/ -
vii 15 viii ix

Dé cap dén cac hop chét c6 cong thirc vii va viii, W va W W va W’ mdi 14n xuét
hién doc 14p duoc chon tir -O-, -N(X7)-, -C(X14)-, va -C(X17)-. Cac tham khéo thém vé
cac hop chat c6 cong thite vii, viii, va ix, Xi4 va Xis mdi 1in xuét hién doc 1ap duoc chon
tir hydro, nhém kéo dai L, Ci-Cig alkyl, phenyl hodc naphtyl, hodc Xi4 va Xis cing nhau
tao thanh vong c6 tir 5 dén 8 nguyén tir cacbon; va X7 mdi 1an xuét hién doc 1ap duge
chon tir nhém kéo dai L, C1-Cis alkyl, Ci-Cis alkoxy, hodc halogen. D& cap dén hop chét
cb cong thuc ix, q 1a sb nguyén duoc chontir 0, 1, 2, 3, va 4.

Trong mdt s& phuong an theo sang ché, vong chta nito duoc thé hién bang hop
cht c6 cong thic i, ¢6 thé duoc thé hién theo cach khac bang cac hop chét c6 cong thirc -
(XI) va -(XII) sau day:

Cong thire-(XTI)

Ry Rz
—N Rz
R
R47’ i
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Cong thic-(XII)

R17 R17|
—N O
Riz Ri7

Trong trudong hop ctia cac hop chit c¢6 cong thire-(XI) va -(XII), Ri7 trong mdi vi
du ddc 1ap duoc chon tir hydro hodc alkyl, nhu Ci-Cs alkyl, hodc aryl tuy y duge thé, nhu
phenyl tuy y dugc thé, va do d6, vong chira nito dugc chon tlr piperidenyl dugc thé hosc
khong duge thé (vi du, hop chét ¢6 cong thire-XT), va/hoic morpholinyl duge thé hodc
khéng duoc thé (vi du, hop chét 6 cong thite-XTD).

Theo cac phuong an khéc nita cia sang ché, cac nhom R! lién ké truc tiép, va cac
nhém R? lién k& truc tiép, trong mdi truong hop doc 1ap cuing nhau tao thanh nhém duoc
thé hién bai cac hop chit c6 cong thic vii, viii, hodc ix, nhu dugc thé hién & trén, trong
d6 W va W> mdi 14n xuit hién doc 1ap dugc chon tir -O-, -N(X7)-, -C(X14)-, va —C(X17)-.
Mbi nhém X4 va X5 mdi 14n xuit hién ddc lap duoc chon tir hydro, nhém kéo dai L, Ci-
C12 alkyl, phenyl hodc naphtyl, hodc X4 va Xis cung nhau tao thanh vong ¢ tir 5 dén 7
nguyén tu cacbon; va Xi7 mdi 14n xuét hién doc lap duoc chon tir nhom kéo dai L, Ci-Cia
alkyl, C;-Ci2 alkoxy, hodc halogen. Ngoai ra, q 1a s6 nguyén dugc chon tir 0 dén 3.

Theo cac phuong 4n bd sung khéc nita cua sang ché, cac nhom R! lién ké truc tiép,
va cac nhom R2 lién ké truc tiép, trong mdi trudong ho"p doc 1ap cung nhau tao thanh nhom
duoc thé hién béi cac hop chét c6 cong thie vii, viii, hodc ix, nhu duge thé hién & trén,
trong 46 W va W’ mdi 1in xuat hién doc 1ap dugc chon tir -O-, -N(X7)-, -C(X14)-, va —
C(X17)-. Cc nhém Xi4 va Xis mbi 1an xuat hién doc 1ap duge chon tir hydro, Ci-Cs alkyl,
phenyl hodc naphtyl, hodc Xi4 va Xis cung nhau tao thanh vong c6 tir 5 dén 7 nguyén tit
cacbon; va X17 mdi lan xudt hién doc 1ap duge chon tir C1-Cs alkyl, C1-Cs alkoxy, hodc
halogen. Ngoai ra, q 12 sb nguyén duoc chon tir 0 dén 3.

Céac nhom khac nhau cta cic hop chit vong ngung tu indeno va cac hop chat
pyran vong ngung tu indeno theo sang ché, bao gdbm, nhung khong chi gi6i han ¢, R! cho
mdi i, R2 cho mdi t, mdi Q’, va Q’”’, ¢6 thé ddc 1ap bao gdbm hoic dugc chon tir, nhom
kéo dai L duoc thé hién bing hop chat c6 cong thuc I11 sau day:

I1I
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—(S1)e ~(Q1 —(S2)a ) «(Q2 —(S3)e )e <(Q3 —(S4)¢ )r* —Ss P

Nhu duogc st dung ¢ day va yéu cAu bao ho thuat ngit “nhém kéo dai L” va céc
thut ngit trong tw, nhu chat kéo dai va nhém kéo dai, c6 nghia 1a trong mdi trudng hop,
nhom déc 1ap duoc chon tir nhém duoc thé hién bang hop chét c6 cong thire III nhu duoc
thé hién & trén, va nhu duoc md ta chi tiét hon dudi day.

Nhu dugc st dung ¢ day, thuat ngl “gén” c6 nghia la dugc lién két truc tiép voi
hodc dugce lién két khong truc tiép v6i qua nhém khac. Vi vay, vi dy, theo cdc phuong an
khoéng gidi han khac nhau duge boc 10 & day, L co thé duoc lién két truc tiép véi cac hop
chét theo séng ché 1am phAn tir thé trén hop chit nay, hoic L c6 thé 1a phan tir thé trén
nhém khac (nhu nhém duoc thé hién boi RY) dugc lign két truc tiép v6i hop chét nay (tic
13, L duoc lién két khong truc tiép v6i hop chit nay). mic du khong gidi han ¢ day, theo
cac phuong an khong gi6i han khéc nhau, L ¢6 thé dugc gén vao hop chét nay sao cho
mé rong hoic kéo dai hop chit & trang thai dugc hoat héa sao cho ty 1& hép thu ctia hop
chit duoc mé rong (vi du, hop chit d6i mau theo anh sang) duoc gia ting nhu duoc so
sanh v6i hop chit khong c6 chét kéo dai. Mic du khong gisi han & ddy, theo cac phuong
an khong gidi han khac nhau, vi tri gén L trén hop chét c6 thé duoc chon sao cho L kéo
dai hop chét trong it nhit mot hudng song song véi hogc hudng vudng gdc véi momen
ludng cuc chuyén tiép ly thuyét ctia dang hoat hoa ctia hop chét nay. Xem xét vi tri clia
L, sau d6 né c6 thé duoc gén vao hop chét tai vi trf cia nhém Q’ hodc Q’*°. Céac hgp chét
theo sang ché c6 thé c6 it nhit mot nhém Q’ hodc Q*° & cac vi tri duoge xac dinh, va tuy
y mdt hodc nhiéu nhém L. Nhu dugc st dung & day thuat nglt “ momen ludng cuc
chuyén tiép ly thuyét” ding d& chi sw phan cuc ludng cuc chuyén tiép duoc tao ra boi
tuong tic cta bl xa dién tir véi phén tir ndy. Xem, vi du, [UPAC Compendium of
Chemical Technology, 2" Ed., International Union of Pure and Applied Chemistry
(1997). ‘

Véi mét sb phuong 4n, mbi Q1, Qz, va Qs clia hop chét c6 cong thic III mdi 1an
xuét hién doc 1ap duoc chon tir, nhém hoa tri hai duge chon tlr, nhém thom khdng duoc
thé hodc dugc thé, nhom vong béo khong duge thé hodc dugc thé, nhom di vong khong
duoc thé hodc duge thé, va hdn hop gdm ching. Céc phin tir thé Qi, Qz, va Qs ¢6 the
dugc chon tr, nhoém dugc thé hién boi P, mesogen tinh thé 1ong, halogen, poly(Ci-Cis
alkoxy), Ci-Cis alkoxycacbonyl, Ci-Cis alkylcacbonyl, Ci-Cis alkoxycacbonyloxy,
aryloxycacbonyloxy, perflo(Ci-Cig)alkoxy, perflo(Ci-Cis)alkoxycacbonyl, perflo(Ci-

-22-



22888

Cis)alkylcacbonyl, perflo(Ci-Cig)alkylamino, di-(perflo(Ci-Cis)alkyl)amino, perflo(Ci-
Cis)alkylthio, Ci-Cis alkylthio, Ci-Cig axetyl, C3-Cio xycloalkyl, C3-Cio xycloalkoxy,
nhém Ci-Cis alkyl mach thing hodc mach nhanh dugc thé mot 1an bang xyano, halo, hodc
Ci1-Cis alkoxy, hodc dugc thé nhiéu lan béng halo, va nhém bao g6m mot trong sb cac
hop chét c6 cong thiic sau: -M(T)e1y va -M(OT)1), trong d6 M dugc chon tir nhom,
antimon, tantali, titan, ziricon va silicon, T dugc chon tir cac géc chirc hitu co, cac géc
hydrocacbon chirc hitu co, cic gbe hydrocacbon béo va cac gbc hydrocacbon thom, va t
1a héa tri cua M.

MB&i chi sé dudi ¢, d, e, va f cia hop chit c6 cong thirc-IIT doc 1ap 1a s6 nguyén
dugc chon tir 0 dén 20, bao gdm cac gia tri néu trén. M>3i nhém S1, S2, S3, S4, va Ss cua
hop chét c6 cong thic-IIT mbi 1an xuét hién ddc lap 1a don vi dém duoc chon tir céc loai
(1), 2) va (3) dudi day. Céc don vi dém loai (1) bao gdm, -(CHa)g-, -(CFh-, -
Si(Z*)2(CHa)g-, -(Si(CH3)20)h-, trong d6 mdi Z’ ddc 1ap dugc chon tir hydro, C1-Cig alkyl,
C3-Cio xycloalkyl va aryl; g mdi lan xuét hién doc 1ap duge chon tir 1 dén 20; h 1a s6
nguyén bao gdm tir 1 dén 16. Cac don vi dém loai (2) bao gdém, -N(Z)-, -C(Z)=C(Z)-, -
C(Z)=N-, -C(Z*)-C(Z’)- hoic lién két don, trong d6 Z mdi lan xuit hién doc lap duoge
chon tir hydro, Ci-Cyg alkyl, C3-Cyo xycloalkyl va aryl, va Z’ mdi 1an xuat hién doc lap
dugc chon tir Ci-Cis alkyl, C3-Cio xycloalkyl va aryl. Cac don vi dém loai (3) bao gbm, -
O-, -C(0)-, -C=C-, -N=N-, -S-, -S(0)-, -S(0)(0)-, -(0)S(0)-, -(0)S(0)0O-, -O(0)S(0)0O-,
hoic gbc Ci-Cas alkylen mach thing hoic mach nhanh, gbc C1-Ca4 alkylen nay 1a khong
duogc thé, duoc thé mot 1an boi xyano hodac halo, hodc dugc thé nhiéu 14n boi halo. Lién
quan dén cac don vi d&m ma tir d6 S1, Sa, S3, S4, va Ss 6 thé duoc chon, véi diu kién 1a
néu hai don vi dém bao gém cac nguyén tir khéac loai duoc lién két v6i nhau thi cac don
vi dém dugc lién két sao cho cic nguyén tir khac loai khong lién két truc tiép v4i nhau.
Lién quan dén cac don vi dém ma tir d6 Si, S, S3, S4, va Ss ¢6 thé duge chon, véi diéu
kién nita 1a néu S; dugc lién két voi hop chit theo sang ché, nhu hop chét c6 cong thirc 1,
va Ss duoc lién két v6i P, thi S va Ss trong mdi truong hop dugc lién két sao cho hai
nguyén ti khac loai khong lién két truc tiép véi nhau.

pé cédp hon nita dén hop chit ¢c6 cong thirc-III, P dugce chon tir: hydroxy, amino,
- C2-Cis alkenyl, C2-Cis alkynyl, azido, silyl, siloxy, silylhydrua, (tetrahydro-2H-pyran-2-
yDoxy, thio, isoxyanato, thioisoxyanato, acryloyloxy, metacryloyloxy, 2-

(acryloyloxy)etylcarbamyl, 2-(metacryloyloxy)etylcarbamyl, aziridinyl,
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alyloxycacbonyloxy, epoxy, axit carboxylic, este carboxylic, acryloylamino,
metacryloylamino, aminocacbonyl, C;-Cis alkylaminocacbonyl, aminocacbonyl(C;-
Cig)alkyl, Ci-Cis alkyloxycacbonyloxy, halocacbonyl, hydro, aryl, hydroxy(Ci-Cis)alkyl,
Ci-Cis alkyl, C;-Cis alkoxy, amino(Ci-Cig)alkyl, Ci-Cis alkylamino, di-(Ci-
Cig)alkylamino, Ci-Cys alkyl(Ci-Cig)alkoxy, Ci-Cis alkoxy(Ci-Cig)alkoxy, nitro, poly(Ci-
Cig)alkyl ete, (C1-Cig)alkyl(Ci-Cig)alkoxy(Ci-Cig)alkyl, polyetylenoxy,
polypropyleneoxy, etylenyl, acryloyl, acryloyloxy(Ci-Cig)alkyl,  metacryloyl,
acryloyloxy(Ci-Cig)alkyl, 2-cloacryloyl, 2-phenylacryloyl, acryloyloxyphenyl, 2-
cloacryloylamino,  2-phenylacryloylaminocacbonyl, oxetanyl, glyxidil, xyano,
isoxyanato(C1-Cis)alkyl, este axit itaconic, vinyl ete, vinyl este, din Xuét styren, céc
polyme tinh thé 16ng mach thing va mach nhanh, cic din xuat siloxan, cic din xut
etylenimin, cac din xuit axit maleic, cac din xudt axit fumaric, cac din xuit axit xinamic
khéng duogc thé, cac din xuét axit xinamic duoc thé béng it nhat mot trong s6 metyl,
metoxy, Xyano va halogen, hodc cac nhém hoa tri mdt hodc hoa tri hai dbi anh hoic
khéng-déi anh duogc thé hoic khong duoc thé duoc chon tir cac géc steroit, cac gbc
terpenoit, cac gbc alkaloit va hdn hop gdm chung, trong d6 cc phan tir thé nay doc lap
duogc chon tir Ci-Cis alkyl, Ci-Cis alkoxy, amino, C3-Cio xycloalkyl, Ci-Cis alkyl(Ci-
Cig)alkoxy, flo(C1-Cis)alkyl, xyano, xyano(C1-Cis)alkyl, xyano(Ci-Cis)alkoxy hosic hdn
hop gdm ching, hodc P 1a cu triic c6 tir 2 dén 4 nhém phan tmg, hoic P 13 tién chat
polyme héa hoan vi mé vong khéng duoc thé hoic duogc thé, hoic P 1a hop chit d6i mau
theo anh sang duogc thé hoic khong dugc thé.

M3i chi sb dusi d’, e’ va £ coa hop chét c6 cong thirc-1I1I c6 thé doc 18p dugc chon
tr 0, 1, 2, 3, va 4, v6i didu kién téng ciia d’ + e’ + £ it nhét 1a mot trong mot sb phuong
4n, hodc it nhét 1a 2 trong mot s6 phuong 4n khéc, hodc it nhit 14 3 trong mot s6 phuong
4n bd sung.

Theo céc phuong 4n khong gioi han khac nhau duoc boc 16 & day, néu p 1a nhom
¢6 thé polyme hoa, thi nhém c6 thé polyme hoa nay co thé 1a nhom chire bat ky thich hop
dé tham gia vao phan ung polyme hoéa. Céc vi du khong giéi han vé cac phan tmg polyme
hoéa bao gdm céc phan timg duoc mo ta trong dinh nghia vé “polyme héa” trong Hawley’s
Condensed Chemical Dictionary Thirteenth Edition, 1997, John Wiley & Sons, cic trang

901-902, dugc két hop & day dé tham khao. Vi du, mic du khong lam giéi han trong ban

md ta ndy, cac phan tng polyme hoa bao gdm: “polyme hoéa cong,” trong d6 cac gbc tu
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do 14 cac chét ban du phan tng véi lién két d6i ctia mot monome bang cach bd sung vao
n6 & mot phia déng thoi tao thanh dién tir ty do méi bén phia con lai; “polyme héa ngung
tu,” trong d6 hai phén tir phan tng két hop dé tao thanh phan tir 1én hon c6 loai bd phan
tr nho, nhu phén tir nude; va “polyme hoda ghép doi oxy hoéa.” Hon nita, cdc vi du khong
giéi han vé cac nhém c6 kha ning polyme héa bao gbm hydroxy, acryloxy, metacryloxy,
2-(acryloxy)etylcarbamyl, 2-(metacryloxy)etylcarbamyl, isoxyanat, aziridin,
alylcacbonat, va epoxy, vi du, oxiranylmetyl.

Theo phwong 4n khong gidi han khéc nita, P c6 thé dugc chon tir polyme tinh thé
long mach chin hodc mach bén va mesogen tinh thé 1ong. Nhu duoc str dung & ddy, thuat
ngit “mesogen” tinh thé 1éng c6 nghia 14 cdc phan tl tinh thé 16ng gidng nhu que ctng
hoic giéng hinh dia. Hon nita, nhu dugc st dung & day thuét ngit “polyme tinh thé long
mach thing” dung dé chi polyme c6 mesogen tinh thé 1éng trong ciu tric khung chinh
(tirc 13, mach thing) ctia polyme. Nhu duoc sir dung & day thuat ngt “polyme tinh thé
1éng mach bén” ding & chi polyme c6 mesogen tinh thé 1ong gin vao polyme & céc
mach nhanh. Mic du khong 1am gidi han trong ban mo ta nay, néi chung, cdc mesogen
duoc tao thanh tir hai hodc nhidu vong thom lam han ché su chuyén dong ctia polyme
tinh thé 16ng. Céc vi du v& mesogen tinh thé long hinh que thich hop bao gdm nhung
khéng chi giéi han &: cac este thom duoc thé hoic khong duoc thé, cac hop chit thom
tuyén tinh dugc thé hoc khong dugc thé, va terphenyl. duogc thé hodc khong duoc thé.

Theo phuong 4n khéng gidi han khac, P c6 thé duoc chon tir gbc steroit, vi du
nhung khong chi giéi han &, hop chat cholesteolic.

Theo mot sb phuong an ctia sang ché, R! cho mdi i, v R? cho mdi t, mdi nhém
doc 1ap duoc chon tir nhom B. Véi mot sb phuong 4n, nhém B cé thé duoc chon tir (i)
hydro, Ci-Cis alkyl, C2-Cis alkyliden, C2-Cis alkylidyn, vinyl, C3-Cio xycloalkyl, Ci-Cis
haloalkyl, alyl, halogen, va benzyl khong dugc thé hodc dugc thé mot 1an bang it nhét
mdt trong s6 C1-Cis alkyl va C;-Cig alkoxy. Theo cdc phuong én khéc nita, nhom B ¢6 thé
duogc chon tir (i) Ci-Ciz alkyl, C3-C7 xycloalkyl, C1-C12 haloalkyl va benzyl khong duoc
thé hodc duoc thé mot 1an béng it nhat mot trong s6 C1-Cs alkyl va Ci-Cg alkoxy. Theo
cac phuong an khac nita, nhdm B c6 thé duoc chon tir (i) Ci-Cs alkyl, C3-Cs xycloalkyl,
C1-Cs haloalkyl va benzyl khong duoc thé hodc duoc thé mot 14n bing it nhét mét trong
s6 C1-Cs alkyl va Ci-Cs alkoxy.
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Theo cac phuong 4n theo sang ché, nhom B c6 thé duoc chon tir (ii) phenyl duoc
thé mot 14n & vi tri para véi it nhat mot phén tr thé duoc chon tir: C1-Cis alkoxy, Ci-Cao
alkylen mach thing hodc phan nhanh, Ci-Cs polyoxyalkylen mach thang hoic phan
nhanh, C3-Co alkylen vong, phenylen, naphtylen, Ci-Cis alkyl dugc thé phenylen, mono-
hodc poly-uretan(Ci-Cao)alkylen, mono- hodc poly-este(Ci-Cao)alkylen, mono- hodc
poly-cacbonat(Ci-Cao)alkylen, polysilanylen, polysiloxanylen va hén hop gbém chung,
trong d6 it nhét mot phdn tr thé dugc lién két v6i nhém aryl ciia vat liéu doi mau theo
anh sang.

Theo m6t sb phuong 4n khac nita, nhém B ¢ thé duoc chon tir (iii) -CH(CN), va
~CH(COOX )2, trong d6 X; dugc chon tir it nhit mét trong s6 hydro, nhém kéo dai L,
C1-Cis alkyl khong dugc thé hodc dugc thé mot 1an bang phenyl, phenyl(Ci-Cis)alkyl
duoc thé mot 1an bang Ci-Cis alkyl, Ci-Cis haloalkyl hodc Ci-Cis alkoxy, va nhom aryl
khong duoc thé, dugc thé mot hoc hai 14n, trong d6 mdi phan tir thé aryl doc lap dugc
chon tir C1-C1s alkyl v C1-Cig alkoxy, va nhom kéo dai L. V&i mot sb phuong én bd
sung, nhém B co thé dugc chon tir -CH(CN), va ~CH(COOX )2, trong d6 X1 duoc chon
tir it nh&t mot trong sb hydro, nhém kéo dai L, Ci-Cr2 alkyl khong duge thé hodc dugc thé
mot 14n bing phenyl, phenyl(Ci-Cs)alkyl dugc thé mot 1an bing Ci-Cs alkyl hodic Ci-Cs
alkoxy, va nhém aryl khong dugc thé, dugc thé mot hoic hai l4n, trong d6 mdi phﬁn tr
thé aryl doc 1ap dugc chon tir C1-Cs alkyl va Ci-Cs alkoxy; va nhom kéo dai L. Theo cac
phuong 4n khac, nhém B ¢6 thé duoc chon tir -CH(CN), va —CH(COOXj),, trong dé X
duoc chon tir hydro, C1-Cs alkyl khong duoc thé hoic dugc thé mot lan béng phenyl,
phenyl(Ci-Cs)alkyl dugc thé mdt 1an bang Ci-Cs alkyl hodc Ci-Cs alkoxy, va nhom aryl
khong duoc thé, duoc thé mot hodc hai 1n, trong d6 mdi phan tir thé aryl doc 1ap duoc
chon tir C1-Cs alkyl va C;-Cs alkoxy; va nhom kéo dai L.

Theo mdt sb phuong 4n, nhém B c6 thé duogc chon tir (iv) -CH(X2)(X3). Nhém X
c6 thé duoc chon tir it nhit mot trong s6 hydro, nhém kéo dai L, Ci-Cis alkyl, va nhém
aryl khong duogc thé, duoc thé mot hodc hai l4n, trong d6 mdi phﬁn ttr thé aryl doc lap
duoc chon tir C;-Cis alkyl va Ci-Cig alkoxy. Nhém X3 ¢6 thé duogc chon tir it nhit mot
trong s -CO0X;, -COX;, -COX4, va —CH,OXs, trong d6, X4 duge chon tir it nhit mot
trong s& morpholino, piperidino, amino khong dugc thé, duge thé mot hoic hai 14n bang
C1-Cis alkyl, va nhém dugc chon tir phenylamino va diphenylamino khong duoc thé,

duoc thé mot hodc hai lan, trong d6 mdi phﬁn tr thé doc 1ap duogc chon tir C1-Cis alkyl
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hodc Ci-Cis alkoxy; va Xs dugce chon tir hydro, nhém kéo dai L, -C(O0)X2, Ci-Cis alkyl
khong dugc thé hoic dugc thé mot lan bang (Ci-Cis)alkoxy hodc phenyl, phenyl(Ci-
Cig)alkyl dugc thé mot 1an bing (Ci-Cis)alkoxy, va nhém aryl khong dugc thé, duoc thé
mdt hodc hai 14n, trong d6 mdi phan tir thé aryl doc 1ap duoc chon tir C1-Cis alkyl va Ci-
Cis alkoxy.

Theo mdt s phuong an khéc nita, nhém B c6 thé duoc chon tir -CH(X2)(Xs).
Nhém Xa ¢6 thé duoc chon tir it nhit mét trong sé nhém kéo dai L, Ci-Ci2 alkyl, va nhom
aryl khong dugc thé, duoc thé mot hodc hai 1an, trong d6 mdi phﬁn ttr thé aryl doc lap
duoc chon tir C1-Ce alkyl va Ci-Cg alkoxy. Nhém X3 c6 thé duoc chon tir it nhat mot
trong s —CO0Xj, -COXi, -COX4, va —CH,O0Xs, trong d6: Xs duogc chon tir it nhét mot
trong s& morpholino, piperidino, amino khdng dugc thé, duoc thé mot hodc hai 1an bang
C1-Cs alkyl, va nhom duge chon tir phenylamino va diphenylamino khong dugc thé, duoc
thé mot hodc hai 14n, trong d6 mdi phan tir thé doc 1ap duge chon tir C1-Cs alkyl hodc Ci-
Cs alkoxy; va Xs dugce chon tir hydro, nhom kéo dai L, -C(O)Xz, Ci-Ci2 alkyl khdng duge
thé hodc duoc thé mot 14n bing (Ci-Crz)alkoxy hodc phenyl, phenyl(Ci-Ciz)alkyl duoc
thé mot 14n bing (C1-Ciz)alkoxy, va nhém aryl khong duge thé, duge thé mot hodc hai
14n, trong d6 mdi phan tir thé aryl doc 1ap duge chon tir Ci-Csalkyl va Ci-Cs alkoxy.

Theo mdt sd phuong an bd sung khac nfta, nhém B co thé duoc chon tir
-CH(X2)(X3). Nhém X ¢6 thé duogc chon tir it nhit mot trong s6 nhém kéo dai L, Ci-Cs
alkyl, va nhém aryl khéng duge thé, dugc thé mét hoic hai lan, trong d6 mdi phan tir thé
aryl doc 1ap dugc chon tir C1-Cs alkyl va Ci-Cs alkoxy. Nhém X3 dugce chon tur it nhét
mdt trong s6 —CO0X}, -COX;, -COX4, va —CH,0Xs, trong d6: nhom X c6 thé duoc
chon tir it nhét mot trong sb morpholino, piperidino, amino khong duoc thé, duoc thé fnc}t
hodc hai 14n bing Ci-Cs alkyl, va nhém duoc chon tir phenylamino va diphenylamino
khong duoc thé, duoc thé mot hodc hai lin, trong d6 m&i phan tir thé doc 1ap duoc chon
tir C1-C;3 alkyl hodc C;-Cs alkoxy; va Xs dugc chon tir hydro, nhém kéo dai L, -C(O0)Xo,
C1-Cs alkyl khong dugc thé hodc duoc thé mot 1an biang (Ci-Ce)alkoxy hodc phenyl,
phenyl(C1-C2)alkyl duoc thé mot 14n bing (Ci-Ce)alkoxy, va nhom aryl khong duoc thé,
dugc thé mdt hodc hai 1An, trong d6 mdi phin tir thé aryl doc 1ap duoc chon tir C1-Cs
alkyl va C;-Cs alkoxy.

Theo mdt s6 phuong 4n, nhém B ¢ thé dugc chon tir (v) nhém aryl khong duge

thé, dugc thé mot, hai hodc ba 1an; 9-julolidinyl; hoic nhém di vong thom khéng dugc
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thé, duoc thé mot hodc hai lan duoc chon tir pyridyl, furanyl, benzofuran-2-yl,
benzofuran-3-yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl,
dibenzothienyl, carbazoyl, benzopyridyl, indolinyl, hodc fluorenyl. M&i phén tir thé aryl
va vong thom di vong c6 thé mi 14n xuét hién doc 1ap duoc chon tir: (1) nhém kéo dai L; (2)
-COOX; hoidc -C(0)Xs; (3) aryl, halogen, haloaryl, C3-Cio xycloalkylaryl, va nhém aryl
duoc thé mot hoic hai 1an bang Ci-Cis alkyl hodc Ci-Cis alkoxy; (4) Ci-Cis alkyl, C3-Cio
xycloalkyl, C3-Cio xycloalkyloxy(Ci-Cig)alkyl, aryl(Ci-Cis)alkyl, aryloxy(Ci-Cis)alkyl,
mono- hodc di- (Ci-Cig)alkylaryl(Ci-Cig)alkyl, mono- hodc di- (Ci-Cis)alkoxyaryl(Ci-
Cig)alkyl, Ci-Cis haloalkyl, va mono(Ci-Cis)alkoxy(Ci-Cig)alkyl; (5) Ci-Cis alkoxy, C3-Cio
xycloalkoxy, xycloalkyloxy(Ci-Cig)alkoxy, aryl(Ci-Cis)alkoxy, aryloxy(Ci-Cis)alkoxy,
mono- hodc di- (Ci-Cis)alkylaryl(Ci-Cig)alkoxy, va mono- hodc di- (Ci-
Cig)alkoxyaryl(Ci-Cig)alkoxy; (6) aminocacbonyl, aminocacbonyl(Ci-Cis)alkylen,
amino, mono- hoic di-alkylamino, diarylamino, piperazino, N-(Ci-Cis)alkyl-piperazino, N-
arylpiperazino,  aziridino, indolino,  piperidino, = morpholino,  thiomorpholino,
tetrahydroquinolino, tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy, metacryloxy,
va halogen; (7) -OX7 hodc —-N(X7)2; (8) -SXi11; (9) vong chira nito duge thé hién bang hop
chit c6 cong thic i; (10) nhém duoc thé hién bang hop chét c6 cong thirc ii hoic iii; va
(11) nhém khong duoc thé hodc duoc thé mdt 1an duge chon tir pyrazolyl, imidazolyl,
pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl, phenoxazinyl, phenazinyl, hodc
acridinyl, trong d6 mdi phan tir thé doc lap duoc chon tir nhoém kéo dai L, Ci-Cis alkyl,
C1-Ci3 alkoxy, phenyl, hydroxy, amino hodc halogen. . _

MB&i phén tir thé aryl va vong thom di vong c6 thé duge chon bd sung va doc 1ap

mdi 1in xut hién tir, (12) nhém duoc thé hién bing hop chit c6 cong thirc iv hodc cong

s V'\ X18 / VA X8
o
[Xz/o]\k V/\Xm [Xz g ; | Vji X1g

D1 voi cac cong thic iv va v: (I) V’ doc 1ap duge chon d61 voi mdi cong thirc nay
tlr -O-, -CH-, C1-Cs alkylen, va C3-Cio xycloalkylen; (II) V doc 14p duoc chon ddi véi
mdi cong thirc nay tir -O- hodc -N(Xa1)-, trong d6 X1 1a hydro, nhom kéo dai L, Ci-Cis
alkyl, va C»-Cis axyl, véi didu kién néu V 1a -N(X21)Q, thi V’ 1a -CHa-; (IIT) mbi Xis va

thac v,

iv \%
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X19 ddc 1ap dugce chon tr hydro, nhom kéo dai L, va C1-Cys alkyl; va (IV) k dugc chon tr
0, 1, va 2, va mdi X0 mbi lan xuit hién doc lap duge chon tir nhém kéo dai L, Ci-Cis
alkyl, Ci-Cis alkoxy, hydroxy va halogen.

Mbi phﬁn tr thé aryl va vong thom di vong c6 thé duoc chon bd sung va doc lap

mdi 14n xudt hién tir, (13) nhém duoc thé hién bing hop chét c6 cong thic vi,

H
\C = C/
Xzz/ \Xza vi

Déi v6i hop chét c6 cong thire vi: (T) X2z duge chon tir hydro, nhém kéo dai L, va
C1-Cis alkyl; va (IT) X23 duoc chon tir nhém kéo dai L va nhém khdng duoc thé, duoc thé
mdt hodc hai 1dn dwoc chon tir naphtyl, phenyl, furanyl va thienyl, trong d6 mdi phan tir
thé mdi 1an xuét hién doc lap dugc chon tir Ci-Cig alkyl, Ci-Cis alkoxy, va halogen.

Theo mot sb phuong an khac nita, nhém B cé thé dugc chon tir nhém aryl khong
duoc thé, dugce thé mot, hai hodc ba lan; 9-julolidinyl; hodc nhém di vong thom khéng
duoc thé, duoc thé mot hodc hai 1an duge chon tir pyridyl, furanyl, benzofuran-2-yl,
benzofuran-3-yl,  thienyl, = benzothien-2-yl, bénzothien—3-yl, dibenzofuranyl,
dibenzothienyl, carbazoyl, benzopyridyl, indolinyl, hodc fluorenyl. M&i phan tir thé aryl
va vong thom di vong mdi 14n xuét hién doc lap duoc chon tir: (1) nhém kéo dai L; (2) -
COOX; hoic -C(0)Xs; (3) aryl, haloaryl, C3-C7 xycloalkylaryl, va nhém aryl dugc thé
mdt hoic hai 14n bing Ci1-Ci2 alkyl hodc Ci-Cr2 alkoxy; (4) Ci-Ciz alkyl, C3-C7
xycloalkyl, C3-C7 xycloalkyloxy(Ci-Ci2)alkyl, aryl(Ci-Ci2)alkyl, aryloxy(Ci-Ciz)alkyl,
mono- hodc di- (Ci-Cyz)alkyl-aryl(Ci-Ciz2)alkyl, mono- hodc di- (Ci-Ciz)alkoxyaryl(Ci-
Ci2)alkyl, haloalkyl, va mono(C;-Ci2)alkoxy(Ci-Crz)alkyl; (5) Ci-Ci2 alkoxy, Cs3-C7
xycloalkoxy, xycloalkyloxy(Ci-Ciz)alkoxy, aryl(Ci-Ciz)alkoxy, aryloxy(Ci-Ciz)alkoxy,
mono- hodc di- (Ci-Cipalkylaryl(Ci-Ciz2)alkoxy, va mono- hodc di- (Ci-
Ciz)alkoxyaryl(Ci-Ciz)alkoxy; (6) amido, amino, mono- hodc di-alkylamino,
diarylamino, piperazino, N-(C;-Cig)alkylpiperazino, N-arylpiperazino, aziridino,
indolino, piperidino, morpholino, thiomorpholino, tetrahydroquinolino,
tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy, metacryloxy, va halogen; (7) -OX7
hodc —N(X7)2; (8) nhém khong duoc thé hodc duge thé mot 1an duge chon tir pyrazolyl,

imidazolyl, pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl, phenoxazinyl,
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phenazinyl, hodc acridinyl, trong do mdi phén ttr thé doc lap dugc chon tir nhom kéo dai
L, C1-Cs alkyl, C1-Cs alkoxy, phenyl, hydroxy, amino hodc halogen.

Theo mot sb phuong an khac nita, nhém B cé thé dugc chon tir nhém aryl khong
duoc thé, dugc thé mot, hai hoic ba 1an; 9-julolidinyl; hodc nhém di vong thom khong duoc
thé, duoc thé mot hoidc hai 14n duogc chon tir pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-
yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,
benzopyridyl, indolinyl, hodc fluorenyl.

MB&i phin tir thé c6 thé mdi 1an xuit hién doc 1ap dugc chon tir: (1) nhém kéo dai
L; (2) -C(0)Xs; (3) aryl, haloaryl, C3-C7 xycloalkylaryl, va nhém aryl dugc thé mét hoic
hai 14n bing C;-Ci2 alkyl hodc Ci-Ci2 alkoxy; (4) Ci-Cs alkyl, C3-Cs xycloalkyl, C3-Cs
xycloalkyloxy(C1-Ce)alkyl, aryl(Ci-Ce)alkyl, aryloxy(Ci-Ce)alkyl, mono- hodc di- (Ci-
Ce)alkylaryl(Ci-Ce)alkyl, mono- hodc di- (Ci-Cs)alkoxyaryl(Ci-Ce)alkyl, haloalkyl, va
mono(C1-Ce)alkoxy(Ci-Ce)alkyl;  (5)  Ci-Ce¢  alkoxy, C3-Cs  xycloalkoxy,
xycloalkyloxy(Ci-Cs)alkoxy, aryl(Ci-Ce)alkoxy, aryloxy(Ci-Ce)alkoxy, mono- hodc di-
(C1-Ce)alkylaryl(Ci-Cs)alkoxy, va mono- hodc di- (Ci-Ce)alkoxyaryl(Ci-Ce)alkoxy; (6)
aminocacbonyl, aminocacbonyl(C;-Cig)alkylen, amino, mono- hodc di-alkylamino,
diarylamino, piperazino, N-(Ci-Cis)alkylpiperazino, N-arylpiperazino, aziridino,
indolino, piperidino, morpholino, thiomorpholino, tetrahydroquinolino,
tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy, metacryloxy, va halogen; (7) -OX7
hosic —N(X7)2; va (8) nhém khong duoc thé hoic duge thé mot lan duge chon tir
pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl,
phenoxazinyl, phenazinyl, hodc acridinyl, trong d6 mdi phan tir thé doc 1ap duoc chon tur
nhém kéo dai L, Ci-Cs alkyl, Ci-C3 alkoxy, phenyl, hydroxy, amino hodc halogen.

Nhém R3 va R* clia cac hop chét vong ngung tu indeno, vi du dugc thé hién bing
hop chét c6 cong thirc I, va céc hop chat pyran vong ngung tu indeno, vi du dugc thé hién
béng hop chét c6 cong thuec II, theo sang ché m3i nhém c6 thé doc 1ap duogc chon tu: (i)
hydro, Ci-Cao alkyl, C1-Czo haloalkyl, C3-Cio xycloalkyl, alyl, benzyl, hodc benzyl dugc
thé mot 1an, cac phan tir thé benzyl nay dugc chon tir halogen, C1-Cao alkyl hodc Ci-Cao
alkoxy; (i) nhém khong dugc thé, duoc thé mét, hai hodc ba 1an duoc chon tir phenyl,
naphtyl, phenantryl, pyrenyl, quinolyl, isoquinolyl, benzofuranyl, thienyl, benzothienyl,
dibenzofuranyl, dibenzothienyl, carbazolyl, hodc indolyl, cac phan tir thé nay trong mdi

truong hop doc 1ap duge chon tir halogen, Ci-Cao alkyl hodc Ci-Cao alkoxy; (iii) phenyl
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dugc thé mot 1an, phan tir thé ndy ndm & vi tri para 1a -(CHz)t- hode -O-(CHa)-, trong d6
t 1a s6 nguyén 1, 2, 3, 4, 5 hoic 6, phan tir thé nay dugc lién két voi nhém aryl 13 thanh
vién cta chit liéu dbi mau theo 4nh séng; (iv) nhém -CH(R!®)G, trong d6 R 1a hydro,
C1-Cyo alkyl hodc cac nhém aryl khdng duoc thé, duoc thé mot hodc hai lan, phenyl hodc
naphtyl, va G 13 -CHpOR!,, trong d6 R!! 12 hydro, -C(O)R', Ci-Cao alkyl, Ci-Cao
alkoxy(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl, mono(Ci-Cao)alkoxy dugc thé phenyl(Ci-
Cao)alkyl, hodc cdc nhém aryl khong dugc thé, duge thé mot hogc hai 1an, phenyl hodc
naphtyl, m3i trong sd céc phan tir thé phenyl va naphtyl nay 1a Ci-Czo alkyl hodc Ci-Cao
alkoxy.

Theo c4c phuong 4n khéc, (v) R® va R* ¢6 thé cuing nhau tao ra phan tir thé spiro
duoc chon tir vong spiro-carboxylic duge thé hoic khong dugc thé chra tir 3 dén 6
nguyén tr cacbon, vong spiro-heteroxylic duoc thé hodc khong dugc thé chira 1 hodc 2
nguyén tlr oxy va tir 3 dén 6 nguyén tir cacbon bao gdm nguyén tir spirocacbon. Mdi
vong spiro-carboxylic va spiro-heteroxylic dugc phén cach bang 0, 1 hoic 2 vong
benzen. Céc phn tir thé ciia vong spiro c6 thé dugc chon tir hydro hodc C1-Cao alkyl (vi
du, C1-Cs alkyl).

Theo cac phuong 4n khic nita theo sing ché, mbi nhom R3 va R* doc 1ap duogc
chon tir hydro, C1-Cs alkyl, Ci-Cs haloalkyl, va C3-C7 xycloalkyl. Theo cach khac, R? va
R* ¢6 thé cing nhau tao thanh phan tir thé spiro dugc chon tir vong spiro-carboxylic dugc
thé hodc khong dugc thé chira tir 3 d&én 6 nguyén tir cacbon.

Céac nhom B va B’ ctia cac hop chit pyran vong ngung tu indeno theo sang ché, vi
du duoc thé hién béng hop chét c6 cong thic II, mdi nhém nay c6 thé doc 1ap duoc chon
tlr cac 1op, cadc nhom va céce vi du nhu duge mo ta tir trude & day dung dé chi nhém B.

Theo cach khac, véi mot sb phuong 4n B va B’ c6 thé cling nhau tao thanh
fluoren-9-yliden, fluoren-9-yliden dugc thé mot hodc hai 14n, hodc vong hydrocacbon
x0in-mdt vong Cs3-Ci2 no, vong hydrocacbon xo&n-hai vong C7-Ci2 no, vong
hydrocacbon xoén-ba vong C7-Ci2 no; va cac phin tir thé fluoren-9-yliden nay dugc chon
tlr nhém bao gdm Ci-Cs alkyl, Ci-Cs alkoxy, brom, flo va clo.

Theo cach khéc nita, véi mot sb phuong 4n B va B’ ¢6 thé cling nhau tao thanh
fluoren-9-yliden, fluoren-9-yliden duogc thé mot hodc hai 14n, hoic vong hydrocacbon

xo0dn-mot vong C3-Cg no, cac vong hydrocacbon spiro-vong ddi C7-Cio no, cac vong
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hydrocacbon xofn-ba vong C7-Ciono, cic phan tir thé fluoren-9-yliden nay dugc chon tir
nhém bao gdm Ci-Cs alkyl, Ci-Cs alkoxy, flo va clo.

V&i mot sb phuong an, B va B’ cung nhau tao thanh fluoren-9-yliden,
adamantyliden, bornyliden, norbornyliden hodc bixyclo(3.3.1)nonan-9-yliden.
V6i mot s phuong an theo sang ché, hop chit vong ngung tu indeno dugc thé hién bang

hop chét c6 cong thirc Ta sau day:

Ia
(R1)i\ R
/ \ R4
Q =
‘ OR®
=
(Rz)t/

Lién quan dén hop chét c6 cong thic Ia, chi s6 dudi (t) duge chon tir 0 dén 4, va
cac nhém R!, R2 R3, R4, RS, va Q’, va chi s6 duéi (i) nhu duge mo ta & trén & day.

Theo céac phuong an khac nita, Q* cta hop chit vong ngung tu indeno dugc thé
hién bing hop chit co cong thic Ia duge chon tr -CN, -C(O)OR? -C=C-R?
-C(RH=C(R?)(R?), -OC(O)R?, -OC(O)OR?, -SR?, -OS(02)R® va -C(O)NRR?, trong d6
mdi R? va RP doc 1ap 13 nhu duge md ta tir trude & day.

Theo mot sb phuong 4n theo sang ché, hop chat pyran vong ngung tu indeno dugc
thé hién bing hop chét c6 cong thirc Ila sau day:

ITa

R

R3
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Lién quan dén hop'chat ¢6 cong thirc ITa, chi s6 dudi (t) duge chon tir 0 dén 4, va
cdc nhém R!, R, R3, R4, Q’”, B va B’, va chi sé dudi (i) nhu duge mo ta & trén & day.
Céc sb trong cAu tric vong ciia cong thirc Ila chi cic vi tri ma cac nhém khac nhau c6 thé
duoc lién két vao d6. Vi du, mdi B va B’ duoc lién két vao vi tri-3, mdi R? va R* duoc
lien két vao Vi tri-13, va Q>>* duoc lién két vao Vi tri-10. (Cac) nhém R! c6 thé dugc lién
két vio céc Vi tri-9, 11, va 12, va (cac) nhom R2 c6 thé duoc lién két vao cac Vi tri-5, 6,
7, va 8.

Theo céc phuong an khéc nita, vi tri-12 ctia hop chit pyran vong ngung tu indeno
duoc thé hién bing hop chit c¢6 cong thire ITa, ¢6 hydro duoc lién két vao d6, va Q** 1a
-CN.

Theo cic phuong 4n bd sung, va tham khao thém hop chat pyran vong ngung tu
indeno duoc thé hién bé‘mg hop chét c6 cong thuc Ila, i it nhét 12 1, Vi tri-12 c¢6 R! duge
lién két vao d6, va Q’’ dugc chon tir -N3, -C(O)OR?, -C=C-R? -C(RH)=C(R*(R?),
-OC(O)R?, -OC(O)OR?, -SR?, va -OS(02)R®. |

Theo cac phuong 4n khéc nita theo sang ché, mdi nhém kéo dai L ctia cac hop
chét vong ngung tu indeno va cac hop chét pyran vong ngung tu indeno theo sang ché, c6

thé doc 1ap duge chon tir cic hop chat dudi day.

(D) 4-[4-(4-butyl-xyclohexyl)-phenyl]- | (2)  4"-butyl-[1,1';4',1"]terxyclohexan-4-
xyclohexyloxy yloxy
aSalaag A OO~
3) 4-[4-(4-butyl-phenyl)-xyclohexyl- | (4)  4'-(4-butyl-benzoyloxy)-biphenyl-4-
oxycacbonyl]-phenoxy cacbonyloxy
0 0
A [Ty
(0)
(5) 4-(4-pentyl-phenylazo)-phenyl- | (6) 4-(4-dimetylamino-phenylazo)-
carbamoyl phenylcarbamoy]l
0 N o) /
ALNO.« O - )LN@_N,,N{ }N\
N {4-[5-(4-propyl-benzoyloxy)- | (8) {4-[2-(4'-metyl-biphenyl-4-
pyrimidin-2-yl]-phenyl} este cacbonyloxy)-1,2-diphenyl-
etoxycacbonyl]-phenyl} este
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A O o

;
Ao/@—/<

9) [4-(1,2-diphenyl-2-{3-[4-(4-propyl-

benzoyloxy)-phenyl]-acryloyloxy} -
etoxycacbonyl)-phenyl] este

i{w
0

(10) 4-[4-(4-{4-[3-(6-{4-[4-(4-nonyl
benzoyloxy)-phenoxycacbonyl]-
phenoxy }-hexyloxycacbonyl)-
propionyloxy]-benzoyloxy }-benzoyloxy)-
phenyl]-piperazin-1-yl

o °7K©/°M°'\’\/\/c o .

(11) {4-[4-(4-{4-[4-(4-nonyl-benzoyl-

oxy)-benzoyloxy]-benzoyloxy} -
benzoyloxy)-phenyl]-piperazin-1-yl}

(12)  4-(4'-propyl-biphenyl-4-yletynyl)-
phenyl

(13) 4-(4-flo-phenoxycacbonyloxy)-

piperidin-1-yl

|
A ol S

(14) 2-[17-(1,5-dimetyl-hexyl)-10,13-
dimetyl-2,3,4,7,8,9,10,11,12,13,14,15,
16,17-tetradecahydro-1H-xyclopenta-

[a]phenantren-3-yloxy]-indan-5-yl

(15) 4-[17-(1,5-dimetyl-hexyl)-10,13-

dimetyl-2,3,4,7,8,9,10,11,12,13,14,15,
16,17-tetradecahydro-1H-
xyclopenta[a]phenantren-3-

yloxycacbonyloxy]-piperidin-1-yl

(16) 4-(biphenyl-4-cacbonyloxy)-
piperidin-1-yl

OO

17) 4-(naphtalen-2-cacbonyloxy)-

(18) 4-hydroxy-piperidin-1-yl

-34-



piperidin-1-yl

[0}
O

(19
carbamoyl)-piperidin-1-yl

AL

4-(4-phenylcarbamoyl-phenyl-

(20) 4-(4-(4-phenylpiperidin-1-yl)-

benzoyloxy)-piperidin-1-yl

-ON-O-O

(21) 4-butyl-[1,1°;4°,1’ Jterphenyl-4-yl

(22)
phenylcarbamoyl)-benzyloxy

Oy

(0]

4-(4-pentadecafloheptyloxy-

~

NH .
F
OFFF
F
FFF FF
F

(23)
piperidin-1-yl

4-(3-piperidin-4-yl-propyl)-

(24) 4-(4-{4-[17-(1,5-dimetyl-hexyl)-
10,13-dimetyl-2,3,4,7,8,9,10,11,12,13,
14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenantren-3-

yloxycacbonyloxy]-benzoyloxy } -

phenoxycacbonyl)-phenoxymetyl

(25)
carbamoyl)-benzyloxy]-piperidin-1-yl

_ND_ONQTNH ©\©

4-[4-(4-xyclohexyl-phenyl-

(26) 4-[4-(4-xyclohexyl-phenyl-

carbamoyl)-benzoyloxy]-piperidin-1-yl

0AO, o

27 N-{4-[(4-pentyl-benzyliden)-

amino|phenyl}-axetamidyl

(28) 4-(3-piperidin-4-yl-propyl)-piperidin-
I-yl
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(29) 4-(4-hexyloxy-benzoyloxy)- | (30)4-(4'-hexyloxy-biphenyl-4-
piperidin-1-yl] cacbonyloxy)-piperidin-1-yl

o 0
31 4-(4-butyl-phenylcarbamoyl)- | (32) bis-[1-Tén ctia nhém PC]-piperidin-
piperidin-1-yl 4-yl] este cua axit biphenyl-4,4’-

dicarboxylic
e L e T S S
AO-ONO
(33) 4-(4-(9-(4-butylphenyl)-2,4,8,10- | (34)  4-(6-(4-butylphenyl)cacbonyloxy-
tetraoxaspiro[5.5]undec-3- (4,8-dioxabixyclo[3.3.0]oct-2-

yl)phenyl)piperazin-1-yl yl))oxycacbonyl)pheny
/\ o] Q
AN < > <0:><O>—®—\_\ °@W

(35) 1-{4-[5-(4-butyl-phenyl)-[1,3]dioxan-2-/(36) 4-(7-(4-propylphenylcacbonyloxy)-
y1]-phenyl}-4-metyl-piperazin-1-yl bixyclo[3.3.0]oct-2-yl)oxycacbonyl)-phenyl

COO—o Lot on

37 4-[17-(1,5-dimetyl-hexyl)-10,13-
dimetyl-2,3,4,7,8,9,10,11,12,13,14,15,

16,17-tetradecahydro-1H-xyclopenta-

[a]phenantren-3-yloxycacbonyloxy

Céc hop chit pyran vong ngung tu indeno theo sang ché, nhu duogc thé hién boi
cac hop chét c6 cong thic IT va Ila, c6 thé duoc sir dung dé thé hién ché phém va/hoac
san phdm ddi mau theo 4nh séng. Céc vi du vé san phim c6 thé ddi mau theo énh sang

béng céc hop chit pyran vong ngung tu indeno theo sang ché bao gém, nhung khong chi
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gidi han 0, céc chi tiét quang hoc, man hinh, ctra s6 (hoic cac vat trong subt), guong, va
thanh phin hodc cac chi tiét cua t& bao tinh thé long. Nhu dugc st dung & day thudt ngit
“quang hoc” c6 nghia la c6 lién quan dén hodc duoc két hop véi anh sang va/hodc thi
gidc. Céc vi du v& cac chi tiét quang hoc c6 thé di mau theo dnh séng bao gdm, nhung
khong chi giéi han &, cac chi tiét lién quan dén mét, cac chi tiét hién thi, ctra sb, guong,
va céc chi tiét té bao tinh thé 1ong. Nhu duoc st dung & ddy thuat ngit “lién quan dén
mét” c6 nghia 14 ¢6 lién quan dén hodc duogc két hop véi mit va thi gidc. Cac vi du khong
gi6i han v& cac chi tiét lién quan dén mit bao gdm céc thiu kinh didu chinh va khong
diéu chinh, bao gém cac thdu kinh tAm nhin don hodc da tAm nhin, c6 thé 1a cac thau kinh
da tAm nhin phan khtc hoic khong phan khic (nhu, nhung khong chi gi6i han o, thiu
kinh hai trong, céc thau kinh ba trong va cac thau kihh lily tién), cling nhu cac chi tiét
khéc duoc st dung dé diu chinh, bao v, hodc cai thién (thAm m¥ hodc khéc) thi gidc,
bao gém nhung khong chi gidgi han &, cac kinh lup, cac thau kinh bao vé, kinh che mat,
kinh bao ho, ciing nhw, cac thiu kinh cho céc thiét bi quang hoc (vi du, mdy anh va kinh
thién vin). Nhu duoc st dung & ddy thut ngir “hién thi” c6 nghia 13 sy thé hién cac
thong tin c6 thé nhin théy hodc c6 thé doc duoc béng may dudi dang tir ngit, cac s, cac
biéu tuong, céc thiét ké hodc hinh v&. Cac vi du khong giéi han vé céc chi tiét hién thi
bao gém man hinh, chi tiét diéu khién, va cac chi tiét an ninh, nhu tem bao dam. Nhu
duoc st dung & day thuat ngit “cira s6” c¢6 nghia la do m& phu hop @& cho phép truyén
buc xa qua. Cac vi du khong gioi han vé cira s6 bao gdm cac vat trong subt trong may
bay va 6 t6, kinh chén gio, cac bd loc, ctra chdp, va thiét bi chuyén mach quang hoc. Nhu
duoc sir dung ¢ day thudt nglt “guong” c6 nghia la bé mit phan chiéu phan 16n 4nh sing
t6i. Nhu dugc st dung & day thuat ngit “té bao tinh thé 16ng” dung d& chi cdu tric chia
vt liéu tinh thé 16ng c6 kha ning duge sip xép. mot vi du khong nhim gi6i han vé chi
tiét té bao tinh thé 16ng 1a man hinh tinh thé long.

San phim c6 thé ddi mau theo anh sang bing cac hop chét pyran vong ngung tu
indeno theo sang ché bing c4c phuong phép bao gdm, nhung khong chi gisi han @, cac
phuong phép thdm hut, cdc phuong phap duc tai chd, cac phuong phap phu, cac phuong
phap phu duc trong, cic phuong phéap duc trén, va cadc phuong phép tao 16p. Déi voi cac
phuong phap thdm hut, hop chét pyran vong ngung tu indeno thudng duoc khuéch tan
vao vat liéu polyme cua san phim duoc tao thanh hodc dugc ché tao trudc do, nhu chét

nén hoic 16p phil hoic mang dugc phu tir truge. Budce thAm hut c¢6 thé duge tao thanh

-37-



22888

béng cach nhung vét liéu polyme cta san phém duoc tao thanh hodc dugc ché tao trude
d6 trong dung dich chita hop chat pyran vong ngung tu indeno, c6 hodc khong gia nhiét.
Sau d6, mic du khong duoc yéu cau, hop chét pyran vong ngung tu indeno c6 thé duogc
lién két véi vat lieu polyme (vi dy, ctia chéit nén hoic 16p phi).

Dbi v&i cac phuong phép duc tai chd, hop chét pyran vong ngung tu indeno c6 thé
dugce tron voi: ché phdm polyme va/hoidc oligome trong dung dich hodc dang nong chay;
hoic ché phdm monome & dang 16ng, sao cho tao thanh ché pham d6i mau theo anh sdng
c6 thé dtic dugc. Sau d6 ché phim dbi mau theo anh séng c6 thé dic dugc thudng duge
dua vao khoang ctia khuén duc (vi du, khudn duc thau kinh). Ché phdm d6i mau theo dnh
sang ¢ thé dic dugc sau d6 dugc héa cing (vi dy, luu hoa) trong khubn sao cho tao
thanh san phim dbi mau theo 4nh sang.

D6i v6i san phdm bao gdm chat nén, cac hop chit pyran vong ngung tu indeno
theo sang ché c6 thé dugc lién két véi it nhit mot phdn cia chét nén lam mot phan ctia
16p pht duge két ni véi it nhit 1a mot phin ciia chit nén niy. Chat nén nay c6 thé 1a chét
nén polyme hoidc chét nén vo co (nhu, nhung khong chi giéi han ¢, chét nén thuy tinh).
Hop chét pyran vong ngung tu indeno theo sang ché ¢6 thé duoc két hop vao it nhat mot
phén cta ché phdm pht trudce khi phi ché phdm phi 1én nén. Theo cach khac, ché pham
phu c6 thé dugc phi 1én nén, it nhit 12 héa cing mot phin, va sau d6 hop chét pyran
vong ngung tu indeno theo sdng ché ¢ thé duge thdm vao it nhét 14 mot phan cua 16p
pht. Nhu duogc st dung & diy, cac thuat ngit “hdéa cting” va “su héa cung” bao gbm,
nhung khong chi giéi han &, luu héa, polyme hoa, tao lién két ngang, 1am lanh, va lam
kho.

San phim ddi mau theo anh sang c6 thé duoc san xudt stir dung cac hop chit pyran
vong ngung tu indeno theo sang ché bing cac phuong phép phu trong khuén da biét trong
linh vuc k¥ thuét ndy (hodc duc trong khuoén). Véi cac phuong phap phu duc trong, ché
phdm phu d6i mau theo dnh sang bao gdm hop chit pyran vong ngung tu indeno theo
sang ché, c6 thé 1a ché phdm phu long hodc ché phim phu bdt, duge phi 1én it nhat la
mdt phin ctia bé mit bén trong cua khudn, va sau d6 it nhét 13 héa ctimg mot phan. Sau
d6, dung dich hodc dang néng chay polyme, hodc dung dich hoac hdn hop oligome hodc
monome duoc duc hodc duc trong khoang ciia khuén va tiép xtic véi ché phdm phu dbi
mau theo 4nh séng d4 phi trude d6, va it nht 1a héa cimg mét phan. Sau d6 sin phim

d6i mau theo anh sang tao thanh dugc 14y ra khoi khudn dic. Céc vi du khong gioi han vé
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céc 16p pha bot trong d6 cac hop chat pyran vong ngung tu indeno theo cdc phuong an
khéng gidi han khac nhau dugc boc 10 & day cod thé duoc st dung nhu duge néu trong
Patent M§ s6 6,068,797 & cot 7, dong 50 dén cot 19, dong 42, dwoc dua ra diy dé tham
khao.

San phdm ddi mau theo 4nh sing dugc san xuét sir dung céc hop chit pyran vong
ngung tu indeno theo sang ché ciing c6 thé dugc tao thanh bdi cdc phuong phép dic trén
d3 biét trong linh vuc k¥ thuat nay. Cac phwong phép duc trén thudng lién quan dén viéc
tao thanh chat nén trong khudn dtc, va sau d6 tao khong gian bén trong gitta chét nén va
bé mit bén trong ctia khudn, ma sau d6 ché pham phi d6i mau theo anh sang duoc dua
vao d6 (vi du, dugc bom vao) va sau d6 hoa cing (vi dy, luu hoa). Theo cach khac, cac
phuong phap duc trén c6 thé lién quan dén viéc dua chat nén da dugc tao thanh tir trude
vao khuodn, sao cho khong gian bén trong dugc xac dinh gitta chit nén va bé mit bén
trong khuon, va sau do ché phém phu ddi mau theo anh sang duoc dua vao (vi dy, duge
tiém) vao khdng gian bén trong.

San phdm ddi mau theo 4nh sang, dugc san xuét st dung cac hop chat pyran vong
ngung tu indeno theo sang ché, ciing c6 thé dugc tao thanh bing cac phuong phap tao 16p
da biét trong linh vue k¥ thuat nay. Ddi véi cac phuong phép tao 16p, mang bao gdm céc
hop chit pyran vong ngung tu indeno theo sang ché c6 thé duogc gén vao hodc két nbi véi
mot phén ctia chét nén, c¢6 hic khong co chét két dinh va/hodc dung nhiét va ap sult. Sau
d6, néu mubn, chit nén tht hai c6 thé duoc pht lén trén chit nén tht nhét va hai chit nén
nay c6 thé duoc tao 16p v&i nhau (vi du, béng cach dung nhiét va ap sudt) dé tao thanh chi
tiét trong d6 mang bao gdm hop chét pyran vong ngung tu indeno duoc dat gitra hai chat
nén nay. Cac phuong phép tao mang chira vat liéu d6i mau theo nh séng c6 thé bao gdm
vi du va nhung khong chi giéi han &, phuong phap két hop vat lidu d6i mau theo anh
sdng v6i dung dich polyme hodc dung dich hogc hdn hop oligome, dic hodc ép dun mang
tr d6, va, néu can thiét, it nhit 1 mang héa cimng mot phén. Ngoai ra hodc theo cach
khéc, mang c6 thé duoc tao thanh (c6 hic khong c6 vat ligu doi mau theo 4nh sang) va
dugc thAm bang vat liéu d6i mau theo 4nh séng.

Cac hop chét pyran vong ngung tu indeno theo sang ché, c6 thé duogc st dung
riéng r& hodc két hop voi cac chat ddi mau theo 4nh sang khac. Cac nhom chat d6i mau
theo 4anh sang c6 thé dugc st dung trong ché phdm (vi du, trong hén hop) véi cac hop

chét pyran vong ngung tu indeno theo sang ché bao gdm, nhung khong giéi han 6: cac
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spiro(indolin)naphtoxazin va spiro(indolin)benzoxazin, vi du nhu dugc mod ta trong céac
patent My sb6 3,562,172, 3,578,602, 4,215,010, 4,342,668, 5,405,958, 4,637,698,
4,931,219, 4,816,584, 4,880,667, va 4,818,096, cac benzopyran, vi du nhu dugc mo ta
trong cac patent My sb6 3,567,605, 4,826,977, 5,066,818, 4,826,977, 5,066,818,
5,466,398, 5,384,077, 5,238,931, va 5,274,132; c4c dithizonat kim loai hitu co' d6i mau
theo 4nh sang, nhu, (arylazo)-thioformic arylhydrazidat, vi du, thity ngan dithizonat duoc
md ta trong, vi dy, patent My s6 3,361,706; va cac fulgit va fulgimit, vi dy, 3-furyl va 3-
thienyl fulgit va fulgimit dwoc mé ta trong patent M§ sb 4,931,220 & cot 20, dong 5 dén
cot 21, dong 38.

Sang ché ciing @& cap dén ché phidm d6i mau theo anh sang chia: (a) hop chat
pyran vong ngung tu indeno theo sang ché; va (b) vat liu hitu co dugc chon tir polyme,
oligome, monome, va dang két hop bao gém hai hogc nhiéu trong s6 nhém nay. Polyme
ctia ché phdm ddi mau theo anh sing c6 thé dugc chon tlr polycacbonat, polyamit,
polyimit, poly(met)acrylat, polyxyclic  alken, | polyuretan,  poly(urea)uretan,
polythiouretan, polythio(urea)uretan, polyol(alyl cacbonat), xenluloza axetat, xenluloza
diaxetat, xenluloza triaxetat, xenluloza axetat propionat, xenluloza axetat butyrat,
polyalken, polyalkylen-vinyl axetat, poly(vinylaxetat), poly(vinyl alcohol), poly(vinyl
clorua), poly(vinylformal), poly(vinylaxetal), poly(vinyliden clorua), poly(etylen
terephtalat), polyeste, polysulfon, polyolefin, cac copolyme cta no, va céc két hop cua
chung.

Ché phdm dbi mau theo 4nh séng theo sang ché c6 thé tiry ¥ con chira, it nhit mot
chét phu gia duoc chon tir céc thube nhudm, céc chit thic ddy vige sdp xép lien két, cac
chit mao quang hoa, cac chit mao do nhiét, cac chét trc ché polyme hoa, cac dung moi,
céc chét 6n dinh anh sang, cac chét 6n dinh nhiét, cac chit tach khudn, cac chét kiém soat
d6 luu bién, cac chit can bing, cac chét loai bo tw do, va céc chat cai thién do bam dinh.

Sang ché ciing d& cap dén ché phim phi d6i mau chira: (a) hop chat pyran vong
ngung tu indeno theo sang ché; (b) hdn hop tao mang duge chon tr hdn hop nhya dong
rén duoc, hdn hop nhua déo nhiét, va cac dang két hop ctia ching; va (c) hdn hop dung
moi tuy y.

Sang ché ciing d& cap dén san phim d6i mau theo 4nh sang chita hop chét pyran
vong ngung tu indeno theo sang ché. Cac vi du v& san phim ddi mau theo 4nh sang theo

sang ché bao gdm, nhung khong chi gi6i han &, cc chi tiét quang hoc duoc chon tir it nhat
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mot trong sb céc, chi tiét lién quan dén mét, chi tiét hién thi, ctra sd, guong, vat ligu bao
g6i, chi tiét t& bao tinh thé 16ng hoat tinh, va chi tiét té bao tinh thé 16ng thu dong.

Nhu duoc sit dung & day thuat ngir “té bao tinh thé 1ong” ding dé chi cdu tric
chira vat liéu tinh thé 10ng c6 kha ning duoc sép xép. Té bao tinh thé 16ng hoat tinh 1a cac
té bao trong d6 vat liéu tinh thé long c6 kha ning chuyén dbi gilta céc trang thai trat tu va
rdi loai hodc gitta hai trang thai trat tu bang cach 4p dung luc tir bén ngoai, nhu dién
truong hodc t truong. Té bao tinh thé long thu dong 1a cac t€ bao trong d6 vat lidu tinh
thé 1ong duy tri trang thai trat t. Mot vi du khong nhim gii han v& chi tiét hogc thiét bi
chura t bao tinh thé 1ong hoat tinh 1a man hinh tinh thé 1ong.

Céc vi du vé cac chi tiét d6i mau theo 4nh sang lién quan dén mét theo sang ché
bao gdm, nhung khong chi gii han &, cac thiu kinh diéu chinh, cac thau kinh khong diéu
chinh, cac thdu kinh tiép xtc, cac thiu kinh trong mit, cac kinh lap, cac thau kinh bao v&,
va kinh che mat. Cac vi du vé cac chi tiét hién thi bao gém, nhung khong chi giéi han ¢,
man hinh, chi tiét didu khién, va c4c chi tiét an ninh.

Hon nita, cac hop chat d6i mau theo anh séng theo cac phuong 4n khong giéi han
khéc nhau theo sang ché c6 thé c6 ty 18 hip thu trung binh it nhat 13 1,5 & trang thai duoc
hoat héa nhu duge x4c dinh theo phuong phap CELL METHOD. Theo cac phuong an
khéng gi¢i han khéc, hop chit dbi mau theo dnh sang c6 thé c6 ty 1 hép thy trung binh
nim trong khoang tir 4 dén 20, 3 dn 30, hoic 2,5 dén 50 & trang thai duoc hoat héa nhu
duoc xac dinh theo phuwong phdp CELL METHOD. Theo cac phuong 4n khong gidi han
khac nita, cac hop chit d6i mau theo 4nh sang c6 thé c6 ty 18 hip thu trung binh nim
trong khoang tur 1,5 dén 50 & trang thai duoc hoat héa nhu dugc x4c dinh theo phwong
phap CELL METHOD.

Céc trinh tw phan tmg dé tao thanh cac hop chit d6i mau theo anh sang theo cac
phuong an khong giéi han khac theo sang ché c6 nhém L dugce boc 16 trong céc trinh tu
phan ing A qua J, K, M, N, P, Q, T trong patent My s6 7,342,112, dugc dua ra day dé
tham khao.

Nhu dugce bde 19 trong cac so dd duogc néu dudi day, hop chat 105 1a mot trong s6
cac hop chét vong ngung tu indeno dwgc mo ta & day. Do ciing ding lam co s6 dé didu
ché cac hop chét vong ngung tu indeno khac duoc md ta & day. Vi du, chét nay cé thé
duoc didu ché nhu duoc thé hién trong céc so dd 1, 2, 3, 4 va 5. Khi dugc diéu ché, chirc

hydroxy cta hop chat 105 c¢6 thé duge sir dung dé tao pyran va halogen ctia 105 hodc mot
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trong sb céc tién chit 408 cila n6 c6 thé duoc sir dung dé chuyén héa thanh Q’. TAt ca céc
cAu tric tir So dd 6 13 cac hop chit vong ngung tu indeno dugc md ta & day.

Cac phéan tng hoa hoc duoc mé ta chi tiét c6 thé duoc st dung dé chuyén héa hop
chét 105 thanh 604 c6 thé thiy trong So db 7, 8 va 9. C4c phan tmg héa hoc duoc md ta
chi tiét @& chuyén héa thudc nhudém pyran 606 thanh 605 c6 thé thiy trong So d 10.

Trong tAt ca cac so dd, X ¢6 thé duoc chon tir halogen, vi dy, F, Br, Cl va L. MBJi t
va i 1a s nguyén dugc chon tir 0 dén tng s6 ac vi tri c6 thé. Tir So dd 1 dén So dd 6, R!
cho mdi 14n xuét hién, c6 thé doc 1ap dugc chon tir hydro, halogen va cac nhém khong
d6i anh hodc dbi anh tuy y dugc thé duge chon tr alkyl, perfloalkyl, alkenyl, alkynyl,
xycloalkyl, aryl, heteroaryl, alkoxy, perfloalkoxy, heteroalkyl, heteroxycloalkyl,
alkylthiol, arylthiol, amino aminocacbonyl, aryloxycacbonyl, alkyloxycacbonyl,
aminocacbonyloxy, alkoxycacbonylamino,: aryloxycacbonylamino,
xycloalkoxycacbonylamino, heteroxycloalkyloxycacbonyl-amino va

heteroaryloxycacbonylamino. R? dugc chon tr R'.

Sodo 1
Ngung tu 9
H o H : N OTHP OH
Stobbe o ~o
/ 1+
Woae JTCV S
(R2), R 2 A
X 107 R 106 (R
X=8r, 1, CI

101 1 CHsl, K2CO3

1) anhydrua 2) Metanol,

axeton
axetlc 12N HCl H
RY—— | )
o OTHP
~
RY—i— © Al
(R2)( 108 (R%

R3MgBr,
R4MgBr H

Ra

Rs OH
OH
H*, toluen AN
RY—— P A
RY—— (R
X

(Rz)t

105
So d6 1 thé hién mdt phuong phap dleu ché hop chit 105. Rs va Ry c6 thé duoc chon tir
céc nhém khong ddi anh hodc dbi anh tiy y duoc thé nhu heteroalkyl, alkyl, perfloalkyl,
alkenyl, alkynyl, aryl, heteroaryl, xycloalkyl, va heteroxycloalkyl.
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Aryl keton 101 c6 thé dugc mua hoic dugc diéu ché bing cac phwong phap
Friedel-Crafts hodic cac phuong phap Grignard hodc Cuperate da biét trong linh vuc k¥
thuat nay. Vi du, Xem cong b6 Friedel-Crafts and Related Reactions, George A. Olah,

Interscience Publishers, 1964, Vol. 3, Chapter XXXI (Aromatic Ketone Synthesis);
“Regioselective Friedel-Crafts Acylation of 1,2,3,4-Tetrahydroquinoline and Related
Nitrogen Heterocycles: Effect on NH Protective Groups and Ring Size” boi Ishihara,
Yugi va cac ddng tac gia, J. Chem. Soc., Perkin Trans. 1, c4c trang 3401 dén 3406, 1992;
“Addition of Grignard Reagents to Aryl Acid Chlorides: An efficient synthesis of aryl
ketones” bdi Wang, Xiao-jun va cic ddng tac gia, Organic Letters, Vol. 7, No. 25, 5593-
5595, 2005, va cac tham khao dugc dua ra & ddy, lién quan dén cac phuong phép tong
hop néu trén dugc dua toan bo ra day dé tham khao. Phan ting Stobbe ctia aryl keton 101
véi dimetyl sucxinat voi sy c¢d mét cta kali t-butoxit thu dugc san pham ngung tu cua
hop chit 102, dugc dua vao phan tmg déng vong trong anhydrit axetic sau d6 metanol
phan dé tao thanh san phim ctia hop chit 103.

Hop chét 103 ciing ¢6 thé dugc diéu ché tir phan tng thé thom 4i nhan qua trung
gian este bit dau tir hop chit 106 bing cac phuong phap dé duoc nguoi c6 hiéu biét trung
binh trong linh vuc k§ thuat nay biét o, vi du, nhu dugc mé ta thém trong Synthesis,
January 1995, céac trang 41-43; Tap chi Chemistry Society Perkin Transaction 1, 1995,
cac trang 235-241 va Patent M¥ s6 7,557,208 B2, c4c boc 10 nay & cap dén cac phuong
phép téng hop dugc dua toan bo ra diy dé tham khao.

Hop chét 103 c6 thé duoc chuyén hoa hon nita thanh san phim ngung tu indeno
ctia hop chét 105 véi cac phan tir thé khic nhau trén cAu cacbon qua cac phan tmg nhiéu
bude c6 thé thiy trong cac patent My sb 5,645,767; 5,869,658; 5,698,141; 5,723,072;
5,961,892; 6,113,814; 5,955,520, 6,555,028; 6,296,785; 6,555,028; 6,683,709; 6,660,727,
6,736,998; 7,008,568; 7,166,357; 7,262,295; 7,320,826 va 7,557,208, cic boc 10 nay dé
cap dén cac phﬁn tr thé trén cdu cacbon dugc dua toan bd ra day dé tham khao. So dd 1
minh hoa hop chét 103 phan tng véi chat phan ting Gfignard sau d6 phan tng dong vong
dé tao thanh hop chét 105.

So db 2
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DBSA, nhiét

105

So dd 2 minh hoa phuong phap tht hai chuyén hoa hop chét 103 thanh hop chit
105. Sau khi thity phan hop chit 103 sau d6 phan Gmg déng vong, thu duge hop chat 202.
Nhém cacbonyl cta hop chit 202 ¢6 thé phan tng véi chét 4i nhan, giéng chit phan tmg
Grignard, chit phan tmg lithi hitu co, hoic perfloalkyl trimetylsilan dé tao thanh hop chét
203. R? ¢6 thé duoc chon tir cac nhém khong dbi anh hodc ddi anh tiy y dugc thé nhu
heteroalkyl, alkyl, perfloalkyl, alkenyl, alkynyl, "aryl, heteroaryl, xycloalkyl va
heteroxycloalkyl. Nhém hydroxyl ciia hop chét 203 c¢6 thé dugc chuyén hoéa thanh R*, c6
thé duogc chon tir halogen va cdc nhém khong dbi anh hodc ddi anh tuy y dugc thé nhu
alkoxy, silanoxy, heteroaryloxy va aryloxy.

So dd 3
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OH  Khi Wolff-

Kishner

105

So d 3 minh hoa phuong phép thir ba chuyén héa hop chit 103 thanh hop chét
105. Hop chét 202 ctia So dd 2 ¢6 thé dugc khir thanh 301 st dung phan tng khir Wolff-
Kishner hoac phién ban cai bién ctia n6. Cac vi du c6 thé duoc tim théy trong tai li¢u:
"Practical procedures for the preparation of N-tert-butyldimetylsilylhydrozones and their
use in modified Wolff-Kishner reductions and in the synthesis of vinyl halogenua and
gem-dihalogenua" boi Furrow, MLE., va cac ddng tac gia, J Am Chem Soc: 126(17):
5438-45, May 5 2004, va céc tham khao & ddy, boc 16 nay dé cap dén phan tmg khir
Wolff-Kishner duoc dua ra ddy dé tham khao. Sau khi bao vé hydroxy, hop chét 302 c6
gem-cacbon rat ai nhan khi dugc deproton héa béi bazo nhu LDA hoac chét phan tmg
metyl Grignard. Theo nguoi cé hiéu biét trung binh trong linh vuc k§ thuat nay, hop chét
duoc deproton héa 302 c6 thé duge chuyén hoa thanh hop chét duoc thé R? va R* bang
cach cho phan tmg véi chét i dién tir nhu cac dén xut alkyl halogenua, cacbon dioxit,
céc axit clorua, nitril va cloformat. Két qua 13, hop chét 105 c6 thé duoc di€u ché véi R®
va R* duoc chon tir hydro, cdc nhém khong dbi anh hodc ddi anh tiy y dugc thé duogc
chon tur heteroalkyl, alkyl, xycloalkyl, carboxy, alkylcacbonyl, alkoxycacbonyl,

alkylcacbonyl, alkoxycacbonyl, aminocacbonyl, arylcacbonyl. aryloxycacbonyl, hodc R?
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va R* ¢6 thé cing véi cac nguyén tit & gitta bét ky dé tao thanh nhém duge chon tir oxo,
xycloalkyl tuy y duoc thé, va heteroxycloalkyl tuy ¥ duoc thé.
Céc So dd 4 va 5 tém tt hai phuong phép méi dé diéu ché hop chét 105, dugc cho

1a chua ting duge mo ta.

So d6 4
RY; R R,
! 1) Ngung tu Stobbe ’ Re ’ Ry :
R —=|= —|=
X@ 3 2) NaOH X \ / \ o DBSA X \ / \ 0 AICI3
\ °© H OH  Toluen H
H o)
OH
X=Br, 1, Cl o] 403 ©
401 402 H
BrMg \/
R, RY) K#)
=~ Rs R ==\ R R
x—\ ' / 1,4-cdng X\ / R4 406
OH OH
° 5 ° g
404 405
R
_l_ Ra
R
Anhydrit axetic XN\ A ¢ Metanol. HCI
o)
()"
(R?), (R,
408 ' 105

So dd 4 bat diu tir aryl keton 401. R3 c6 thé duge chon tir hydro, cac nhom khong .
dbi anh hodc ddi anh tiy y duoc thé nhu heteroalkyl, alkyl, perfloalkyl, alkenyl, alkynyl,
aryl, heteroaryl, xycloatkyl va heteroxycloalkyl.

Sau phan tng Stobbe véi dimetyl sucxinat, hop chét 402 duoc chuyén héa thanh
anhydrit 403. Anhydrit nay cé th8 duoc chuyén thanh indenon axit 404 c6 sir dung nhom
clorua. Phan tmg 1,4-cong c6 thé dugc thuc hién st dung cac chét 4i nhan nhw chét phan
g kim loai hitu co, amin, rugu va thiol. Phan tmg nay tao thanh indano axit 405. Rs ¢c6
thé duoc chon tir hydro, cdc nhém khong d6i anh hodc ddi anh tuy y duoc thé nhu
heteroalkyl, alkyl, alkenyl, alkynyl, aryl, heteroaryl, xycloalkyl, heteroxycloalkyl, amino,
alkoxy, va thiol. Hop chét 405 c6 thé phan img véi chit phan tmg Grignard 406 dé tao
thanh hop chét 407 sau khi kiém tra d6 axit. Hop chat 407 dugc lam phan tng déng vong

trong anhydrit axetic sau d6 metanol phén @ tao thanh san phim 408, c6 thé duogc s
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dung truc tiép trong So dd 6 hodc duoc chuyén héa thanh hop chét 105 bing cach thiy

phéan:
So dd 5
R3MgBr
R4MgBr
501
R4 R
R 0 (0] 4 OH
1. Bi(OTf)s, toluen 3 \f Rs
Metanol, HCI
1y \ ,
2. Anhydrit axetic G A RY—— A
R? (R2);
X (R x
408 ' 105

So dd 5 bit dAu tir san phim Stobbe 102, phan tmg véi chat phan tmg Grignard dé
tao thanh hop chét 501. Rs va Rs c6 thd dugc chon tir cac nhém khong déi anh hodc déi
anh tiy ¥ duoc thé nhu heteroalkyl, alkyl, perfloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
xycloalkyl va heteroxycloalkyl. Sau khi xtr Iy bang bismut triflat trong toluen va sau d6 1a
anhydrit axetic, hai phan tng déng vong xuét hién 1an luot trong cling mot binh. Phan

tmg tao thanh hop chit 408, c6 thé dugc chuyén héa thanh hop chat 105.

So dd 6
R Je
| Re Q-8
. R
QN4 4 601
Q;/ OH  Két doi [Pd]
(R 105 hodc 408 606
602 l
R R,
|- R3 _I_ R3
L=\ / R4 Q—\ / Ry
(”_‘;j OH(Ac) Qf./ OH(AC)
(R?, (R?),
603 604
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So dd 6 minh hoa céc phuong phap chuyén hoa cac hop chat 105 (v6i -OH) hoic
408 (voi axetat) vao cac cac hop chit vong ngung tu indeno khac. Nhém hydroxy cua
105 ¢6 thé duogc st dung trong héa hoc dé tao thanh thudc nhuém pyran 606, halogen
clia n6 c6 thé dwoc chuyén héa thanh Q**’ nhu dugc quan sat So dd 10. Halogen X ciia
105 ¢6 thé duge chuyén hoa thanh Q* véi sy tao thanh hop chat 604. Chi tiét duge boc
16 trong céc so dd 7-9. Hop chit 604 c6 thé phan tmg véi propargyl alchohol dé tao
thanh thudc nhudém pyran 605. Q’ cia 604 ciing c6 thé dugc chuyén héa thanh Q’ khac
duoc thé hién boi nhom kéo dai L. Neus phan tmg Suzuki dugc st dung, thi Q*>” va A”
ctia din xudt cua axit boronic 601, cing nhau tao thanh Q’ trén 602. Cac phuong phap
dé téng hop din xudt cia axit boronic c6 thé duge tim thdy trong tai liéu:
“Palladium(0)-Catalyzed Cross-Coupling Reaction of Alkoxydiboron with Haloarenes:
A Direct Procedure for Arylboronic Estes, J. Org. Chem. 60, trang 7508-7519, 1995~
bdi Miyaura, Norio va cac ddng tic gia va cac tham khio & ddy, céc tai liéu boc 1§ nay
d& cap dén cac phuong phép tdng hop duge dua day dé tham khao. Nhu duge mé ta &
day, G c6 thé 1a -OH hoic —O-Alkyl; A’* c¢6 thé duge chon tir aryl, alkenyl, alkynyl va
heteroaryl; Q" c6 thé dugc chon tir halogen, -OH, -N3, -NRR?, -N(R*)C(O)Q*’, Q’, -
CN, -C(O)OR?, -C=C-R?, -C(R®)=C(R?)(R?), -OC(O)R?, -OC(0O)OR?, -SR?, -OS(02)R®,
C(O)NR?R? va nhom kéo dai L. Cac nhém Q’*’’ va A” cung nhau tao thanh nhém Q’.
M3i B va B’ c6 thé doc 14p duoc chon tir L, hydro, halogen, va cdc nhém khong dbi anh
hodc dbi anh tiy y dugc thé nhu metallocenyl, alkyl hodc perfloalkyl, alkenyl, alkynyl,
heteroalkyl, alkoxy, perfloalkoxy, aryl, heteroaryl, heteroxycloalkyl, va xycloalkyl, hodc
trong d6 B va B’ cling vdi nguyén tir Xen gifta dé tao thanh nhém nhu xycloalkyl tuy y
duoc thé va heteroxycloalkyl tity v dugc thé.

Nhém Q’ ¢c6 thé dugc chon tir halogen, -OH, -N3, -NR?R?, -N(R*)C(0)Q”’, Q”’, -
CN, -C(O)OR?, -C=C-R?, -C(R?)=C(R?)(R?), -OC(O)R?, -OC(O)OR?, -SR?, -OS(02)R®,
C(O)NR*R? va nhom kéo dai L. Nhém Q" cé thé duoc chon tir halogen, -OH, -Ns, -
NR?R?, -N(RHC(0)Q”’, Q°, -CN, -C(O)OR?, -C=C-R?, -C(RH)=C(RH)(R?), -OC(O)R?,
-OC(O)OR?, -SR?, -OS(02)R?, va C(O)NR*R?.

Céc So dd 7, 8 va 9 minh hoa chi tiét quy trinh.chuyén hda halogen thanh Q’. Cac
phan ting héa hoc dugc thuc hién & giai doan hydroxy bét dAu tir hop chit 105, duoc thé
hién dudi dang hop chét 701 bidu didn naphtol trong céc so @5 7 va 8. San pham ctia so

dd 8, dugc thé hién boi hop chét 801 duoc sir dung trong So d6 9 1am nguyén liéu ban
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dAu dé tao thanh cac hop chit duoc thé hién. Mi san phdm hydroxy ctia cic hop chit
702, 706, 708, 709, 710, 802, 803, 807, 809, 810, 811, 812, 901, 903, 904 vi 906 c6 thé
duoc chuyén hoa thanh cic hop chdt d6i mau theo anh séng pyran st dung rugu

propargylic nhu dugc thé hién trong So d6 6.

So do 7
. KF, metanol, nudc
t
Rl/
°© 706
! DCC, DMAP
R'R"NH
O
Fac S O Sx
B . S ¥
t-butanol, nuéc, KMnOa, Y
N o-— s|—< O—Si—<
trletvlamm S 708 /k
~B X

0. /B R'OH
O DCC, DMAP
THEF, nuéc, .
KF, NaN3 ‘ | Y
- o0Ng OH
0.
700 R O—Si‘<
‘ © /K
X OH e 707

\

OH J KF, metanol, nudc
R
Pd(PPh3):Cla, -

Cul, PPhs,
diisopropvlamin }
R © OH

o
708

Sodd 8
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trietylamin RSNa®

Q Y or 1. Mg/THF
F;C—ﬁ—O—Si——< § SRUguf
. R'Br
| © )\ } Y 4.KF ’
X OH X O—Si—< RS
OH
701 )\
801 802
Zn(CN)y,
Zn(OAc),,
Zn, DMF,

water, '
dppf, 1 TBAF ‘
Pd,(dba)s o N O\SC< - . R./N\ oH
—Si
H /l\
/@\ 808 809

RINH,

g R
1. FaC— I ;s-k{ [ N)ko oH

810

mCPBA O\ -R ‘
O Si R
b ~ )ko oH

1. R'OCOCI

2.DIBAL

2. KF, methanol 811
K3CO;,
methanol
1. (70,0, TEA 1. R'COCI o
ﬁ? f); l Y 2.TBAF )J\ i
F::C—E 0 2.KF, methanol 4, O—Si—< R SO OH
)\ 812
A
Sodo 9
. Me
| Me Me
ek g | Cl
\,\'l OH R'\N/U\N OH Me P(t-Bu),
R Ho R iPr iPr
U IR 903 ‘
r-NRe
| 907
Pd(OAc),, BINAP, 1) R-N=C=0 ) iPr
NatOBu, dioxan: 2) TBAF Ligand
2) TBAF
1) R'OCOCI o I |
R— j
NH, o |y, 2 e L, o
o s| Pd(OAc),, BINAP, N Oji\—< o
NatOBu, dioxan
! 904
902
X
. 0 |
HNT TR TBAF P
j O S| R u
Pdx(dba),, Phoi tr, K3POg, 7
905

So dd 10 thé hién cac phan tmg hda hoc c6 thé duoc thuc hién trén thudc nhuém
d6i mau theo 4nh sang ludng séc. A" 1a cach thé hién don gian ctia 606 tir So dd 6. So' dd
10 chiing minh céch thic dé chuyén hoa -X thanh -Q’>> cac nhém nhu xyano, aldehyt,
axit carboxylic, va cdc nhém khong dbi anh hodc dbi anh tlly ¥ duoc thé dugc chon tir
imin, alkoxycacbonyl, aminocacbonyl va aryloxycacbonyl tai vi tri duoc mé ta. Cac

phuong phép xyanat héa va oxy hoéa da dugc md td trong cong bb patent M§ sb
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2009/0309076A1, trong d6 cac phuong phap xyanat héa va oxy héa dugc dua day aé
tham khao.

So dd 10

Zn(CN)y, Zn(OAC),, Zn, DMF,
X = CN
Nudce, dppf, Pdx(dba)s
| DIBAL

0
NaClO,, H,0,
OR" DCC, DMAP (o] t-BuOH, HOACc, (0]
or R’OH hoic OH i
: 1,4-dioxan, H
O R’CON(R*)(R")H resorxinol
NR'R' l R'NH,

N-R'
4
H

Sang ché dugc mé ta cu thé hon trong cac vi du dusi dy, nhung chi ding d€ minh

hoa sdng ché, vi mot s cai bién va thay dbi & day 1a rd rang v6i ngudi ¢ hiéu biét trung
binh trong linh vyc k¥ thut nay. Trur khi c¢6 chi dinh khéc, tht ca cac phan va tit ca cac
phén trim 1 tinh theo trong luong.
Vi du thwe hién sang ché

Phan 1 mé ta quy trinh didu ché hop chat ctia cac Vi du tir 1 dn 1-18 twong tmg
véi cac naphtol va cac vi du 1A-5A, 9A, 10A va 13A-18A tuong Ung véi
indenonaphtopyran. Phin 2 md ta thir nghiém céc dic tinh d6i mau theo anh sang ctia hop
chét trong cac Vidu 2A-5A, 10A, 13A va 18A.

Trong céac vi du dudi day, cac chiv viét tht dudi day c6 ¥ nghia nhu sau. Néu cac

chit viét tit khéng duoc dinh nghia, thi thuong nd c6 nghia duoc chip nhan theo cach

thong thuong.
BINAP = 2,2'-bis(diphenylphosphino)-1,1'-binaphtyl
Bi(OTf)3 = bismut triflat
Cul = ddng iodua
DHP = 3,4-dihydro-2H-pyran
DCC = dixyclohexylcarbodiimit
DCM = diclometan
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DIBAL
DMAP
DME
DMF
DMSO
Dppf
EtMgBr
Et,O

HPLC
(iPr):NH
HOAc
LDA
KMnO4

mCPBA
MelLi

mg

min

mL
mmol
mM
NatOBu
N

ng

nm

nM

NMP
NMR
Pd(OAc)
Pdy(dba)s
PPh;
PPTS
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axit dodexylbenzensulfonic
diisobutylalumini hydrua
4-dimetylaminopyridin
dimetyl ete
N,N-dimetylformamit
dimetylsulfoxit
1,1'-bis(diphenylphosphino)feroxen
etyl magie bromua
dietylete

gam

gio

sdc ky léng hiéu ning cao
diisopropyl amin

axit axetic

lithi diisopropylamit

kali permanganat

mol (molity)

axit meta-cloperoxybenzoic
metyl lithi

milligam

phut

mililit

millimol

millimol

natri tert-butoxit

binh thuong (su binh thudng)
nanogam

nanomet

nanomol

N-metyl pyrolidon

cdng hudng tir hat nhan
paladi axetat
tris(dibenzylidenaxeton)dipaladi(0)
triphenyl phosphin

pyridin p-toluensulfonat
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pTSA = axit p-toluensulfonic
PdCly(PPhs), = bis(triphenylphosphin)paladi(I) clorua
PBS = nuée mudi dém phosphat
TBAF = Tetra-n-butylamoni florua
THF = tetrahyrdofuran
TLC = sdc ky 16p mong
t-BuOH = t-butanol
(TH)0 = anhydrit axit triflometansulfonic
pL = microlit
uM = micromol
Zn(OAc), = ké&m axetat
Zn(CN)2 = Kém xyanua

Phén 1 — Céac vi du diéu ché

Vidy 1

By O.
O OH
(.

CF;

Bude 1

Hbn hop gdm 4-bromoaxetophenon (148 g), dimetyl este clia axit sucxinic (130 g)
va toluen (2,5 L) duoc khudy co hoc trong binh phan tmg thich hop. Kali t-butoxit (100
g) duoc bd sung trong mot phén va chét két tha dugc tao thanh. Sau khi tron mot gio,
nuée (1 L) duge bd sung. Lép nude thu hdi duoc rira bing toluen (200 ml) hai lan va axit
héa biang dung dich HCI 12 N dén d6 pH 2. San phim nay duoc chiét bang etyl axetat va
sau d6 duoc tai két tinh tir hdn hop gdm etyl ete/hexan (1/1). Thu dugc cac tinh thé mau
tring (170 g). Phan tich NMR xéc dinh ring san phdm ndy c6 ciu tric phit hop véi axit
(E)-4-(4-bromophenyl)-3-(metoxycacbonyl)pent-3-enoic.

Budce 2

San pham thu dugc tlr bude 1 (160 g) duge tron véi dung dich nudce natri hydroxit
50 % trong luong (200 g) va nude (4 lit) trong cbe 4 lit. Hon hop nay duoc gia nhiét dén

s61 va mot gidr sau d6 pH ciia dung dich dugc diéu chinh dén khoang 2 str dung dung dich
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HCI 12 N. Két tua tao thanh duoc thu gom bfmg cach loc. Thu duoc cac tinh thé mau
trang duc (152 gam). NMR xdac dinh ring san pham nay ¢ cu tric phit hop véi axit (E)-
2-(1-(4-bromophenyl)etyliden)sucxinic.

Buéc 3

Hdn hop gbdbm san phdm thu duoc tir bude 2 (152 g), DBSA (5 g) va toluen (1 L)
duoc bd sung vao binh phan tmg va gia nhiét dén hoéi luu bing cach loai nudc sir dung
bay Dean-Stark, trong hai gid. Hdn hop tao thanh duoc chuyén qua cot nhdi silicagel va
rira giai khoi cot nhdi nay bang etyl axetat/hexan ty 1& 2/8 (thé tich/thé tich), va c6. Loai
silicagel duoc st dung trong vi du nay va cac vi du khac 13 Grade 60, c& 16 230-400. B6
sung hexan (1 L) vao ddu tao thanh. San phim nay duoc két tinh va dugc thu gom bang
cach loc va lam kho trong chan khong. Thu duoc cac tinh thé mau tréng duc (130 gam).
NMR x4c dinh ring san phdm nay c6 cdu tric phu hop véi (E)-3-(1-(4-
bromophenyl)etyliden)dihydrofuran-2,5-dion.

Budc 4

B4 sung vao hén hop c6 khudy gdbm nhom clorua (130 g) va metylen clorua (1 L),
san phim thu duoc tir bude 3 (125 g) trong ba phan cach nhau mdi 5 phut. Sau khi khudy
& nhiét d6 trong phong trong 2 gid, HPLC thé hién ring phan ting dugc hoan thanh véi su
tao thanh hai san phdm. Hn hop phan ting duoc rét chdm vao nudce (2 L). Khéi tao thanh
dugc quan sat. Mot lugng 16n chit rin mau vang dugc tao thanh. THF (1 L) dugc bd
sung vao hdn hop nay dé hoa tan chét rin mau vang. Lép nudc duge lam bdo hoa bang
NaCl rén va sau d6 duogc loai bé bing phéu tach. Lép hitu co dugce thu hdi duge 1am khan
trén magie sulat va cd. Etyl axetat (200 mL) duoc bd sung va céc tinh thé mau vang duge
tao thanh duoc thu gom va lam khé (50 gam). NMR xéc dinh ring san phiam nay c6 cAu
trac phtt hop véi axit 2-(6-bromo-3-metyl-1-oxo-1H-inden-2-yl)axetic.

Budce 5

Binh phan tng chitra hn hop gém mangan clorua (7,46 g) va lithi clorua (5 g)
duoc 1am kho & nhiét do 200 °C trong 10 chan khong trong mdt gio. Dudi su bao vé cua
nito, THF duoc bd sung (200 mL). Sau 30 phit, bd sung ddng (I) clorua (0,59 g) va san
phdm thu duoc tir bude 4 (19,4 g). Hon hop nay dugc khudy dén trong va duge lam lanh
dén nhiét d6 0°C. BS sung vao hdn hop tao thanh, dung dich butyl magie bromua (99
mL) 2M trong THF duogc bd sung nho giot trong 2 gid. Sau khi bd sung, hdn hop duge
khudy & nhiét d6 0 °C trong 2 gid va nude (200 mL) duge bd sung. P pH ctia hdn hop
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dugc diéu chinh dén ~2 sir dung dung dich HCI 12 N. Etyl axetat (200 mL) dugc bd
sung. Phin hitu co thu hdi dugc lam khan, va cb. San phdm nay dugc tinh ché bing
CombiFlash®Rf ctia Teledyne ISCO. Thu duoc dau (4 g) lam san pham. NMR xac dinh
ring san phim nay cé ciu tric phi hop véi axit 2-(5-bromo-1-butyl-1-metyl-3-0x0-2,3-
dihydro-1H-inden-2-yl) axetic.

Buéce 6

Magie rén (1,5 g) duoc cho vao binh phan tmg duoc trang bi phéu nho giot va lam
khé trong 16. THF (60 mL) va 1-bromo-4-triflometylbenzen (15,3 g) duoc bd sung. Bit
dau tir giot 1,2-dibromoetan déu tién, chat phén Ung Grignard bét d4u duoc tao thanh. Bé
nude da duoc st dung dé kiém soat nhiét do khoang nhiét d6 trong phong. Sau hai git
dung dich san pham thu duoc tir bude 5 (4,2 g) trong THF khan (20 mL) dugc dua vao
ph&u nho giot va duoc bd sung vao hdn hop phan tmg cach nhau mdi 10 phit. Sau khi bd
sung, hdn hop duoc khudy & nhiét d6 trong phong trong 2 gi® va nude (100 mL) duge bo
sung. D6 pH duge diéu chinh dén khoang 2 st dung dung dich HCI 12 N. Etyl axetat
(100 mL) duoc bd sung va pha hitu co tao thanh duoc thu gom bang phéu tach, duoc ria
béng NaCl/nuée, duge lam khan trén magie sulfat va co. Dau thu dugce dugce tai hoa tan
trong toluen (100 mL) trong binh phan mg. Anhydrit axetic (10 gam) va bismut triflat
(0,5 g) duoc bd sung. Hon hop duoc hdi luu trong 1 gidr va dugc lam lanh dén nhiét do
trong phong. Metanol (100 mL) va dung dich HCI 12N (1 mL) duoc bd sung. Hén hop
nay duoc hdi luu trong 12 gid. Toan bd dung mdi dugc loai bd. Tach bang cot nhdi
silicagel dwoc 4p dung cho san phim tho. Thu dugc dau (3 g) lam san phim. NMR x4c
dinh ring san phdm niy c6 cdu trac phu hop véi 10-bromo-7-butyl-7-metyl-3-
(triflometyl)-7H-benzo|[c]fluoren-5-ol.
Vidu 1A

. S 3

‘O A

CF;

(o]

F

San pham thu duoc tir budc 6 (3 g) ctia Vi du 1 dwoc cho vao binh phan tmg. B6
sung vao binh nay 1-(4-flophenyl)-1-(4-(N-morpholino)phenyl)prop-2-yn-1-ol (2,1 g),
1,2-dicloetan (30 mL) va axit p-toluensulfonic (70 mg). Hon hop dugc héi luu trong 4

git. Toan bd dung méi duge loai bo. Cot nhdi silicagel duge sir dung dé tinh ché san
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phdm nay. Thu dugc dau mau nau nhe (2 gam) 1am san phidm. NMR xéc dinh ring san
phdm ndy c6 cdu tric phit hop véi 3-(4-flophenyl)-3-(4-(N-morpholino)phenyl)-10-
bromo-6-triflometyl-13-metyl-13-butyl-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-
b]pyran.

Vidu 2

Br O.
O OH
®

O\CF3

Céc quy trinh tir Vi du 1 duge tuén theo ngoai trir la: trong budc 5, dung dich
metyl magie bromua 1,4 M trong THF dugc st dung thay cho butyl magie bromua; va
trong budc 6, 1-bromo-4-triflometoxybenzen du’gé st dung thay cho 1-bromo-4-
triflometylbenzen. NMR xac dinh ring sin phdm nay cé ciu tric phit hop véi 10-bromo-
7,7-dimetyl-3-(triflometoxy)-7H-benzo[c]fluoren-5-ol.

Vidu 2A

Br o
CO K
D

O~cr, 0
/

Céac quy trinh tir Vi du 1A duoc tuén theo ngoai trr 1a: 10-bromo-7,7-dimetyl-3-
(triflometoxy)-7H-benzo[c]fluoren-5-ol tir Vi du 2 duoc st dung thay cho 10-bromo-7-
butyl-7-metyl-3-(triflometyl)-7H-benzo[c]fluoren-5-ol; 1,1-bis(4-metoxy-phenyl)prop-2-
yn-1-ol duoc sir dung thay cho 1-(4-flophenyl)-1-(4-(N-morpholino)phenyl)prop-2-yn-1-
ol. NMR x4c dinh ring san phim nay c¢6 cAu triic phit hop véi 3,3-bis(4-metoxyphenyl)-
10-bromo-6-triflometoxy-13,13-dimetyl-3,13-dihydro-indeno[2',3":3,4 Inaphto[1,2-
b]pyran.

Vidu3
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o O.

o

F

Céc quy trinh tir Vi du 1 dugc tudn theo ngoai trir 1a trong budc 6, 1-bromo-4-
flobenzen dugc st dung thay cho 1-bromo-4-triﬂomefylbenzen. NMR xéc dinh ring san
pham nay c6 cAu trac phit hop véi 10-bromo-7-butyl-3-flo-7-metyl-7H-benzo[c]fluoren-
5-ol.
Vidu 3A

Br O
O
gD

F 0

/

Céc quy trinh tir Vi du 1A duoc tuan theo ngoai trir 1a: 10-bromo-7-butyl-3-flo-7-
metyl-7H-benzo[c]fluoren-5-ol tir Vi du 3 duoc sir dung thay cho 10-bromo-7-butyl-7-
metyl-3-(triflometyl)-7H-benzo[c]fluoren-5-0l; 1,1-bis(4-metoxyphenyl)-prop-2-yn-1-ol
duoc st dung thay cho 1-(4-flophenyl)-1-(4-(N-morpholino)phenyl)prop-2-yn-1-ol.
NMR xéc dinh ring san phdm nay c6 cAu tric phi hop véi 3,3-bis(4-metoxyphenyl)-10-
bromo-6-flo-13-metyl-13-butyl-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran.

Vidu 4

Br O
L
F F

Cac quy trinh tir Vi du 1 dugc tudn theo ngoai trir la trong budc 6, 1-bromo-3,5-
diflobenzen duoc st dung thay cho 1-bromo-4-triflometylbenzen. NMR xac dinh rang
san phim nay co cdu tric phu hop vé&i 10-bromo-7-butyl-2,4-diflo-7-metyl-7H-

benzo[c]fluoren-5-ol.
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Vi du 4A

Br O
CO
Le
ALTD

/O

Céc quy trinh tr Vi du 1A dugc tudn theo ngoai trir la: 10-bromo-7-butyl-2,4-
diflo-7-metyl-7H-benzo[c]fluoren-5-ol tir Vi du 4 dugc sit dung thay cho 10-bromo-7-
butyl-7-metyl-3-(triflometyl)-7H-benzo[c]fluoren-5-ol; 1,1-bis(4-metoxyphenyl)-prop-2-
yn-1-ol dugc str dung thay cho 1-(4-flophenyl)-1-(4-(N-morpholino)phenyl)prop-2-yn-1-
ol. NMR xéac dinh ring san phim nay c6 ciu triic phi hop véi 3,3-bis(4-metoxyphenyl)-
10-bromo-5,7-diflo-13-metyl-13-butyl-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran.
Vidu5

Br

)

e

CF,

Bude 1

Binh 2 L chita tribromobenzen (100 g) va que khudy tir dugc lam kho trong 10
chan khong & nhiét d6 80 °C trong 4 gio. THF khan (500 ml) duoc bd sung. Hon hop tao
thanh dugc cho vao bé nudc d4 bio hoa NaCl. Dung dich isopropyl magie clorua 3M
(160 ml) dugc bd sung nho giot vao dung dich nay véi ty 1€ sao cho nhiét d6 bén trong
duoc kidm soat dén nhiét do tir -20 dén 0°C. Viéc bd sung két thic trong khoang tir 30
phut dén 1 gid. HOn hop dugc khudy trong nira gi ¢ cing nhiét d6 va bis[2-(N,N-
dimetylamino)etyl]ete (61 g) duoc bd sung chim cach nhau mdi 5 phit va mot lugng 16n
chét két tiia duoc tao thanh. H3n hop tao thanh dwoc khudy trong 20 phit nita va hdn hop
gdm 4-triflometylbenzoyl clorua (73 g) va THF (100 ml) duoc bd sung cach nhau mdi 5
phut. Hdn hop tao thanh dugc khudy qua dém. Nude (100 ml) duoc bd sung chim va do
pH duoc didu chinh dén 2 bang dung dich HCI 3N. Lép hitu co dugc thu gom bang phéu
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tach, duoc rua b%mg 5% NaOH/nuéc va NaCl/nude, lam khd va c6. B sung vao dau thu
hdi, metanol (300 ml) duoc bd sung va san phidm nay dugc két tinh. San pham nay dugc
thu gom béng cach loc. NMR thé hién ring céc tinh thé mau tring thu dugc (87 g) ¢6 cu
trac phu hop véi 3,5-dibromo-4’-triflometylbenzophenon.

Budc 2

Hdn hop gbém 3,5-dibromo-4’-triflometylbenzophenon (75 g) tir bude 1, dimetyl
este clia axit sucxinic (32,2 g) va toluen (800 ml) dugc cho vao binh 5 L ba c¢b dugce trang
bi méay khudy co hoc. Chit rén kali t-butoxit (22,6 g) dugc bd sung timg mé cach nhau
mdi 30 phit. Phan tng téa nhiét cing voi sy tao thanh mot lugng 16n chit két tia dugc
quan sat. Sau hai gio, nuéc (500 ml) dugc bd sung va thu duge hdn hop dang sita. DO pH
cua hdn hop dugc didu chinh dén ~2 st dung dung dich HCI 3 N. Sau khi khudy & nhiét
dd trong phong trong 10 phut, 16p hitu co duge thu gom, dugc rira bang NaCl/HCI, lam
khan trén MgSQa4. Sau khi c6, hexan dugc bd sung va cic tinh thé mau tring duge tao
thanh. Céc tinh thé duoc thu gom bing cach loc. NMR thé hién ring san phdm thu dugc
(62 gam) c6 cau triic phit hop véi axit (E)-4-(3,5-dibromophenyl)-3-(metoxycacbonyl)-4-
(4-(triflometyl)phenyl)but-3-enoic.

Bude 3

Chét rén lanthan (III) clorua (100 g) khan dwoc nghién thanh bot rat min va sau d6
duoc tron vai lithi clorua (52 g) va THF khan (1 lit) trong binh ba c¢d dung tich 5 lit dugc
trang bi may khudy co hoc va ph&u nho giot. Hon hop dugc hdi luu trong vai gior cho dén
khi hoa tan. Chat rin axit (E)-4-(3,5-dibromophenyl)-3-(metoxycacbonyl)-4-(4-
(triflometyl)phenyl)but-3-enoic (106 g) tir budc 2 dugce hoa tan trong hdn hop niy. Sau
d6 hdn hop nay duoc 1am lanh dén nhiét do -15 °C. Dung dich metyl magie clorua 3M
(238 ml) duoc cho vao phéu nho giot. 30% dAu tién cta Grignard duoc bd sung chim vao
hén hop. Su tao thanh bot khi dugc quan sat. Sau khi nhiét 46 trd vé -15 °C, Grignard con
lai duoc bd sung vao hdn hop niy trong 2 phit. Sau 30 phut, nude (1 L) duoc bb sung
cham vao hén hop va d pH dugc didu chinh dén axit st dung axit axetic. Hon hop nay
tré nén trong sudt va tao thanh hai 1¢p. Lép nude duge xa bo. Lop hitu co duoc rira bang
NaCl/nuée bén 1an va sau d6 c6 dén kho. Chat rin mau vang nhat duge thu hdi va duge
hoa tan trong toluen. Dung dich nay dugc loc str dung cot nhdi silicagel va dung dich
trong thu hdi duoc c6 dén kho. Thu dugc san phdm rin mau tring va duoc st dung trong

budc tiép theo ma khong cin tinh ché thém. Mot phin cta sin phim nay duoc téi két tinh
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tir metanol va phan tich NMR thé hién ring cac tinh thé dugc tinh ché ¢ ciu tric phu

hop voi (E)-4-((3,5-dibromophenyl)(4-(triflometyl)phenyl)metylen)-5,5-
dimetyldihydrofuran-2(3H)-on.
Buéce 4

B6 sung vao binh phan tng san pham thu dugc tir bude 3, toluen (500 ml), bismut
triflat (20 g) va axit axetic (0,24 g). Hdn hop tao thanh duoc khudy & nhiét d6 hdi luu
trong 1 gid. Sau khi dwoc 1am lanh dén nhiét do trong phong, anhydrit axetic (100 ml)
duoc bd sung. Hon hop duoc gia nhiét lai dén nhiét d6 hoi lwu va sau mot gid, hdn hop
duoc lam mat dén nhiét do trong phong va dugc loc qua cot nhdi silicagel. Dung dich thu
gom duoc cd dén kho. Axeton (50 ml) duoc bb sung vao chét rin thu dugc dé tao thanh
bot nhéo va metanol (250 ml) sau d6 dugc bd sung. Hon hop tao thanh dugc 1am lanh dé
tao thanh cac tinh thé. Cac tinh thé mau tring thu hdi (58 g) dugc phan tich bing NMR thé
hién ring san phim nay c6 cAu triac phi hop véi 8,10-dibromo-7,7-dimetyl-3-(triflometyl)-
7TH-benzo[c]fluoren-5-yl axetat.

Bude 5

B6 sung metanol (20 mL) va tetrahydrofuran (10 mL) vao binh chta 8,10-
dibromo-7,7-dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-5-yl axetat (2,42 g) tir budc 4.
Axit clohydric dam dic (1 mL) dugc b sung va dung dich dugc gia nhiét dén hoi luu
trong 4 gi¢. Dung méi dugc loai bo trong chan khong va cén nay duoc tinh ché bing cach
loc qua cot nhoi silicagel, sir dung hdn hgp hexan/etyl axetat ty 1€ 4:1 1am dung moi rira
gidi. Cac phan doan chira nguyén li€éu mong mudn dliqc gom lai va c6 dé tao thanh chit
rén mau kem (1,63 g). Phan tich NMR cuia chat ran mau kem duoc xac dinh cAu trac phu
hop véi 8,10-dibromo-7,7-dimetyl-3-(triflometyl)-7H-benzo[c]fluoren-5-ol.

Vidu 5A

OMe

B sung 1-(4-but0xyphenyl)-1-(4-metoxyphenyl)prop-Z-yn-1-01 (28.00 g) va 4-
axit dodexylbenzensulfonic (2.40 g) vao dung dich clorofom (100 mL) chira san phim
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thu duoc tir bude 5 cua Vidu 5, (36,24 g). Dung dich duoc gia nhiét dén hdi luu trong 8
git. Hon hop phan tng dwoc ¢6 dudi ap sudt giam dé tao thanh cin dang dau. Can nay
dugc tinh ché bang sic ky cot sit dung hdn hop hexan etyl axetat ty 1€ 9:1 1am dung moi
rira giai. Cac phan doan chtra nguyén liéu mong mudn duge gom lai va c¢6 dén cin dang
dAu. Can nay duoc tai két tinh tir diclometan va metanol. Cac tinh thé dugc thu gom bing
cach loc trong chan khéng va 1am kho dé tao thanh chét rin mau x4m (20,00 g). Phan tich
NMR ctia chit rén mau x4m nay duge xac dinh cAu tric phit hop véi 3-(4-butoxyphenyl)-
3-(4-metoxyphenyl)-10,12-dibromo-6-triflometyl-13,13-dimetyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran.

Vidu 6

" O O
© ;O OH

CF3

8,10-Dibromo-7,7-dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-5-yl axetat (53,88
g) tlr budc 4 ctia Vi du 5 va 4’~(4-trans-pentylxyclohexyl)-N-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)-[1,1’-biphenyl]-4-carboxamit (56,27 g) dugc hoa tan trong
binh phan tng chtta hdn hop gdm toluen (1000 mL) va etanol (1000 mL) v6i ty 1¢ 1:1.
B sung kali cacbonat (42,26 g) va triphenylphosphin (8,02 g) va dung dich dwoc khir khi
bang cach suc nito trong 20 phat. B sung paladi axetat (2,29 g) va hdn hop nay dugc gia
nhiét dén hdi luu trong 3 gid. Hon hop phan tmg dugc 1am lanh dén nhiét d6 trong phong
va huyén phu duoc khir khi chira bis(triphenylphosphin)paladi(IT) clorua (7,15 g) trong
toluen (100 mL) va etanol (100 mL) dugc bd sung. Hon hop phan tng duoc gia nhiét dén
hdi Iuu trong 16 gid. Hdn hop phan tmg duge lam lanh dén nhiét do trong phong va duoc
pha lodng bing etyl axetat (500 mL). Hon hop nay dugc loc qua b loc CELIT® va dich
loc duoc thu gom va cd trong chan khong dé tao thanh cin. Cin nay duoc tinh ché béng
sic ky cot sir dung hdn hop toluen va etyl axetat ty 1€ 19:1 lam dung mdi rta giai. Cac
phan doan chtra san phim mong muén dugc gom lai va cd trong chin khong dé tao thanh
can mau kem. Toluen dugc bd sung vao cin dé Kkét tua san phém nay. K&t tha tao thanh
duoc thu gom bang cach loc trong chan khong va 1am kho @8 tao thanh chat rin mau kem

(32 g). Phan tich NMR ctia chit rdn mau kem dugc xac dinh cAu trac pht hop véi 7,7-
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dimetyl-3-triflometyl-10-[4-(4-(4-(4-trans-pentylxyclohexyl)phenyl)benzamido)phenyl]-
7H-benzo[c]fluoren-5-ol.
Vidu7

/
o O’O O
oI
Cl O Cl

Budc 1 dén Budc 4

Céac quy trinh tb Bude 1 dén Budc 4 cta Vi du 5 duge tuin theo ngoai trir 13 trong
budc 1, 3,5-diclobromobenzen va 4-metoxybenzoyl clorua dugc st dung thay cho
tribromobenzen va 4-triflometylbenzoyl clorua. Thu duogc chét rin mau trang duc 1am san
phdm. NMR xéc dinh ring san phim nay c¢é ciu tric phu hop véi 2,4-diclo-9-metoxy-
7,7-dimetyl-7H-benzo|[c]fluoren-5-yl axetat.

Budce 5

Hbn hop gdm san phim thu dugc tir bude 4 (5 g), NBS (2,7 g) va DMF (100 mL)
dugc khudy trong binh phan tmg va gia nhiét dén nhiét d6 90°C. Hai gid sau, hdn hop
phan tng dugc rét vao nudc (400 mL) va dugc chiét bang 1/1 etyl axetat/THF (200 mL).
Lép hitu co dugce thu gom, dugc rira béng dung dich nudc natri bisulfit ba lan, lam kho
va ¢6. B6 sung metanol (100 mL) vao san pham thu hdi. Sau khi loc, thu duoc chét rin
mau tréng duc (4,4 g) lam san pham. NMR xac dinh rang san phim niy co cAu trac phu
hop véi 10-bromo-2,4-diclo-9-metoxy-7,7-dimetyl-7H-benzo[c]fluoren-5-yl axetat.
Vidu 8

H\N O O
00 ;O )

Hén hop gbm san phim cta Vi du 7, 10-bromo-2,4-diclo-9-metoxy-7,7-dimetyl-
7H-benzo[c]fluoren-5-yl axetat (4,3 g), 4’-(4-trans-pentylxyclohexyl)-N-(4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)-[1,1’-biphenyl]-4-carboxamit (4,94 g), natri
cacbonat (4 g), THF (200 mL), nuéc (20 mL) va Tetrakis(triphenylphosphin)paladi(0) (1
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g) dugc cho vao binh phan ung va duoc khir khi bing cach suc nito qua hén hop nay
trong 10 phut. Hon hop nay duoc gia nhiét dén hoi luu trong 17 gio. Kali cacbonat (5 g)
va etanol (50 mL) dugc bd sung va hdn hop tao thanh duoc hdi luu trong 8 gid, duoc
chiét str dung THF va nudc bdo hoa natri clorua. LGp hitu co tao thanh dugc thu gom,
duge rira bang 100 mL 1 N HCI ba lan, dwoc rtra bang 100 mL dung dich nudc natri
sulfit 1 N mét 14n, dugc rira bing nudc bdo hoa natri clorua mot 14n, duoc 1am khan trén
magie sulfat va c6. Can thu hdi dugc hoa tan trong toluen/THF ty 1& 10/1 (thé tich/thé
tich) (200 mL) va duoc chuyén qua cot nhdi silicagel dd dugc rira sit dung toluen/THF ty
1&n 10/1 @ thu hdi san phim nay. Dung dich trong tao thanh dugc ¢ va duge bd sung
vao metanol va dugc khudy trong nira gid. Chat ran tao thanh duge thu gom va lam kho
d8 tao thanh chit rin mau tring duc (7,5 g) 1am san phim. NMR x4c dinh rdng san phdm
ndy c6 cdu trac phi hop véi N-(4-(2,4-diclo-5-hydroxy-9-metoxy-7,7-dimetyl-7H-
benzo[c]fluoren-1 0-yl)phény1)-4'-(4-trans-pentylxyclohexyl)- [1,1'-biphenyl]-4-
carboxamit. |
Vidu9

Br

Br O
L™
F F

Céac quy trinh tr Vi du 5 dugc tudn theo ngoai trr 1a trong budc 1, 3,5-
diflobenzoyl clorua dugc st dung thay cho 4-triflometylbenzoyl clorua dé diéu ché trong
bude 5, san phim mong mubn duoc tai két tinh st dung etyl axetat lam dung mdi. NMR
xac dinh rdng san phim nay cé ciu tric phit hop v6i 8,10-dibromo-2,4-diflo-7,7-dimetyl-
7H-benzo[c]fluoren-5-ol.

Vidu 9A
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Céc quy trinh tr Vi du 1A dugc tuln theo ngoai trir 1a: 8,10-dibromo-2,4-diflo-
7,7-dimetyl-7H-benzo[c]fluoren-5-ol tr Vi du 9 dugc sir dung thay cho 10-bromo-7-
butyl-7-metyl-3-(triflometyl)-7H-benzo[c]fluoren-5-01 ~ va  1-(4-flophenyl)-1-(4-(N-
piperidinyl)phenyl)prop-2-yn-1-ol dugc st dung thay cho 1-(4-flophenyl)-1-(4-(N-
morpholino)phenyl)prop-2-yn-1-ol. NMR thé hién ring sin phim niy c6 ciu tric phu
hop véi  3-(4-flophenyl)-3-(4-(N-piperidinyl)phenyl)-10,12-dibromo-5,7-diflo-13,13-
dimetyl-butyl-3,13-dihydro-indeno[2',3":3,4|naphto[1,2-b]pyran.

Vidu 10
Br

Br O
g
F

Céac quy trinh tr Vi du 5 duge tuadn theo ngoai trir la trong bude 1, 2,4-
diflobenzoyl clorua dugc s dung thay cho 4-triflometylbenzoyl clorua. Phan tich NMR
duoc xac dinh rdng san phim nay c6 cdu trac phit hop véi 8,10-dibromo-1,3-diflo-7,7-
dimetyl-7H-benzo[c]fluoren-5-ol.

Vi du 10A

Céc quy trinh tir Vi du 1A duoc tuén theo ngoai trir 1a 8,10-dibromo-1,3-diflo-7,7-
dimetyl-7H-benzo[c]fluoren-5-ol dugc st dung thay cho 10-bromo-7-butyl-7-metyl-3-
(triflometyl)-7H-benzo[c]fluoren-5-ol va 1,1-bis(4-metoxyphenyl)prop-2-yn-1-ol dugc st
dung thay cho 1-(4-flophenyl)-1-(4-(N-morpholino)phenyl)prop-2-yn-1-ol. NMR thé
hién ring san phidm nay c6 chu tric phu hop voi 3,3-bis(4-metoxyphenyl)-10,12-
dibromo-6,8-diflo-13,13-dimetyl-3,13-dihydro-indeno[2',3":3,4naphto[1,2-b]pyran.
Vidu 11
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Céc quy trinh tir bude 1 dén bude 4 ctia Vi du 5 duge tudn theo ngoai trir 1a trong

B
F

budce 1, 2,5-diflobenzoyl clorua dugce st dung thay cho 4-triflometylbenzoyl clorua. Phan
tich NMR duge x4c dinh that san phdm nay c6 cAu tric phtt hop véi 8,10-dibromo-1,4-
diflo-7,7-dimetyl-7H-benzo[c]fluoren-5-yl axetat.

Vidu 12

Céc quy trinh Vi du 6 duge tuén theo ngoai trr la 8,10-dibromo-1,4-diflo-7,7-
dimetyl-7H-benzo[c]fluoren-5-yl axetat dugc si dung thay cho 8,10-Dibromo-7,7-
dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-5-yl axetat. Phan tich NMR cua chét rin nay
duoc xac dinh cdu trac phu hop voi 7,7-dimetyl-1,4-diflo-10-[4-(4-(4-(4-trans-
pentylxyclohexyl)phenyl)benzamido)phenyl]-7 H-benzo[c]fluoren-5-ol.

Vidu 13

Bude 1

Magie (3,9 g) va THF (50 mL) dugc cho vao binh kho dugc trang bi phéu nho
giot, chita THF (800mL) dung dich chira 2,4,6-tribromotoluen (53 g). Mot phan mudi
dung dich THF trong phéu nhé giot dugc bd sung vao binh nay va binh phan tng bit dau
s61. Binh phan tmg dugc cho vao bé nudc dé va hdn hop phan tmg dugc duy tri & nhiét
d6 0°C va phén con lai cta dung dich trong phéu nho giot dugc bd sung nhd giot trong
nira gidr. Sau khi khudy 1,5 gio, bis[2-(N,N-dimetylamino)etyl]ete (28,4 g) dugc bd sung.
Sau khi khudy trong mot gio, 3,4-dimetoxybenzoyl clorua (35,5 g) duoc bb sung mot
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phén. Hn hop tao thanh dwoc khudy qua dém, nude (500 mL) dugce bd sung vao hdn hop
ndy va dung dich HCI 12N dugc sit dung dé didu chinh d6 pH dén ~ 2. DCM dugc bd
sung vao hén hop nay (500 mL) va 16p hitu co tao thanh duge thu gom, dugc rira bang
nude mot 14n, duge rira mot lan béng natri bicacbonat, dugc lam khan trén magie sulfat
va ¢6. Thu duoc diu mau vang (65 g). Dau nay duoc sir dung truc tiép trong bude tiép
theo.

Budce 2

San phdm thu duoc tlr bude 1 (65 g), dimetyl sucxinat (30 g) va toluen (500 mL)
duge bd sung vao binh phan img dugc trang bi may khudy co hoc, phéu nhé giot va tAm
pht nito. Hon hop nay duoc khudy & nhiét do trong phong cho dén khi cac chét rin duoc
hoa tan. Dung dich toluen chira kali t-pentoxit (25 % trong luong, 87,4 g) duogc b6 sung
qua ph&u nho giot va hdn hop nay dugc khudy & nhiét do trong phong trong 2 gid. Hon
hop phéan tng tao thanh dugc rét vao 1 L nudce va 16p nudc, chira san pham nay, dugc thu
gom. Lop toluen duogc chiét bing 200 mL nuéc. Dich chiét nuéc két hop duge rira bing
toluen. HCI (12 N) duoc bd sung vao dich chiét nuéc cho dén khi d6 pH dugc didu chinh
dén 5. DAu mau vang duogc két tia. Hon hop tao thanh duoc chiét bﬁng etyl axetat, duoc
lam khan trén magie sulfat, ¢6 va 1am kho trong chan khong. Thu duoc dAu trong vit mau
vang (35 g) lam san phim. Chét nay dugc st dung truc tip trong budc tiép theo.

Budc 3

Hdn hop gdm cac san phim axit Stobbe thu dugc tir bude 2 (35 g), bismut triflat
(2,1 g), diclometan (200 mL) va anhydrit axetic (27 g) duoc trén va dugc khudy & nhiét
do trong phong trong binh phan tmg trong mot gid. Hon hop tao thanh duogc co bang cach
1am bay hoi trong chan khong va metanol (500 mL) va HCI (12 N, 2 mL) duge bb sung.
H3n hop tao thanh dugc hdi lwu trong 4 gi va 6 dé tao thanh dAu. Dau nay duoc chuyén
sang tach bang cot nhdi silicagel sau d6 tai két tinh tir etyl axetat/hexan véi ty 18 2/8 (thé
tich/thé tich). Thu duoc céc tinh thé mau trang (5 g) lam san phim. NMR x4c dinh rang
san phim nay c6 cAu tric phit hop v6i metyl 1-(3,5-dibromo-4-metylphenyl)-4-hydroxy-
6,7-dimetoxy-2-naphtoat.

Buéc 4

San phdm thu dugc tir budce 3 (1,5 g) dugc hoa tan trong 30 mL THF khan trong
binh 1am khd duoc trang bi phdu nho giot va que khudy tir. H3n hop nay dugc khudy &
nhiét do trong phong, va 7 mL dung dich THF 3 M chita metyl magie bromua duoc b
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sung nho giot. Sau khi bb sung, hdn hop duge khuéy & nhiét do trong phong trong qua
dém. Sau d6 hdn hop phan tmg duoc rét vao vao 100 mL nuéce. Gid tri ¢ pH cua hdn
hop duge diéu chinh dén ~5 sir dung HCI (12 N). Etyl axetat (100 mL) dugc b sung.
L6p hitu co tao thanh duge tach, duge 1am khan trén magie sulfat, ¢d va lam kho trong
chan khong. Chit rin mau tring thu héi (1,5 g) duoc st dung truc tiép trong budc tiép
theo.

Buéce 5

San phim thu dugc tir bude 4 (1,5 g), toluen (100 mL) va bismut triflat (0,04 g)
dugc bd sung vao binh phan tmg dugc trang bi que khudy tir. Hn hop tao thanh dugc hdi
luu trong 4 git. Hén hop phan tmg duge chuyén qua cot nhdi silicagel. Sau khi c6, thu
dugc chit rin mau tring (0,8 g). NMR x4c dinh rdng chét rin mau tring ndy c6 ciu tric
pht hop v6i 8,10-dibromo-2,3-dimetoxy-7,7,9-trimetyl-7H-benzo[c]fluoren-5-ol.
Vidu 13A

B& sung vao binh phan tmg chtta dung dich toluen (20 ml) chira san phim tir Vi du
13 (0,8 g), 1,1-bis(4-metoxyphenyl)prop-2-yn-1-ol (0,8 g) va vai tinh thé axit p-toluen
sulfonic dugc bd sung. Sau khi khudy trong mot gid & nhiét dd trong phong, toan bd dung
mdi duge 1am bay hoi. San phdm thu hdi duge tinh ché bang CombiFlash®Rf sau d6 tai
két tinh tir ete ete. Thu dugc céc tinh thé mau tring (0,95 g) lam san phim. NMR xéc
dinh rdng san phidm nay c6 cAu trac phu hop véi 3,3-bis(4-metoxyphenyl)-10,12-
dibromo-6,7-dimetoxy-11,13,13-trimetyl-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-
b]pyran.
Vidu 14A
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Bude 1

Bb sung 2,2’-bis(diphenylphosphino)-1,1°-binaphtyl (1,20 g) va paladi (II) axetat
(0,30 g) vao hdn hop gdm dioxan (100 mL) va toluen (100 mL) duoc khir khi trong binh
phdn Ung. San phém thu duoc tir budc 4 cua Vi du 5, 8,10-dibromo-7,7-dimetyl-3-
(triflometyl)-7H-benzo[c]fluoren-5-yl axetat (5,10 g) sau d6 1a 1-formylpiperazin (2,80 g)
duge bd sung dudi dong khi nito. Natri zers-butoxit (2,80 g) duoc bd sung va dung dich
duoc gia nhiét dén hdi luu trong 22 giv. Hdn hop phan tng dugc lam lanh dén nhiét do
trong phong va dugc pha lodng béang tetrahydrofuran. Dung dich duoc loc qua nén bo loc
CELIT® va dich loc dugc ¢ trong chin khéng. Cén nay dugc tinh ché bang séc ky cot st
dung hdn hop metylen clorua va etyl axetat voi ty 1& 1:4 (thé tich:thé tich) lam dung moi
rira giai. Cac phan doan chira nguyén liéu mong mudn duge gom lai va cd. Can nay (1,25
g) dugc sir dung truc tiép trong budc tiép theo. Phan tich NMR cua cin ndy duoc xac
dinh cdu trac phu hop véi 4-(8-bromo-5-hydroxy-7,7-dimetyl-3-(triflometyl)-7H-
benzo[c]fluoren-10-yl)piperazin-1-carbaldehyt.

Budec 2

San phdm cta buédce 1, (0,69 g) va 1-(4-butoxyphenyl)-1-(4-flophenyl)prop-2-yn-
1-0l (0,60 g) dugc hoa tan trong 1,2-dicloetan (20 mL) trong binh phan tng. B6 sung axit
p-toluensulfonic (0,1 g) va dung dich dugc gia nhiét dén hdi luu trong 18 gid. Hon hop
phan tng duoc lam lanh dén nhiét d trong phong va dung mdi dugc loai bo trong chan
khong. Cin nay duoc tinh ché bing sic ky cot stt dung hdn hop hexan va diclometan voi
ty 1& 1:1 lam dung mo6i rira giai. Cac phan doan chira nguyén li¢u mong mudn dugc gom
lai va ¢o. Can nay (0,75 g) dugc st dung truc tiép trong budc tiép theo.

Budce 3

San pham cta bude 2 (2,00 g) duoc hoa tan trong dioxan (30 mL) trong binh phan
tmg, Nude HCI 10% (5 mL) duoc bd sung va dung dich duoc gia nhiét dén hdi luu trong
2 gid. Hon hop phéan tng dugc lam lanh dén nhiét do trong phong va dugc rét vao dung
dich nuéc natri bicacbonat bdo hoa (300 mL). Lép nude thu hdi dugc chiét bing etyl
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axetat (300 mL). Dung dich etyl axetat dugc lam khan bang natri sulfat khan, dugc loc va
¢d dé tao thanh cin. Cin nay duoc tinh ché bing sic ky cot st dung hdn hop etyl axetat
va metanol v6i ty 18 1:1 (thé tich:thé tich) 1am dung méi rira gidi. Cac phan doan chira
nguyén liéu mong mudn duoc gom lai va c¢d. Cin nay duoc thu gom lam san phim. NMR
x4c dinh ring cdu tric ndy phu hop véi 3-(4-flophenyl)-3-(4-butoxyphenyl)-10-
(piperazin-1-yl)-6-triflometyl-13,13-dimetyl-3,13-dihydro-indeno[2',3":3,4 Jnaphto[1,2-
b]pyran.

Vidu 15A

Budce 1

Quy trinh tr Vi du 5A dugc tudn theo ngoai trir 1a 1-(4-flophenyl)-1-(4-
butoxyphenyl)prop-2-yn-1-ol dugc st dung thay cho 1-(4-butoxyphenyl)-1-(4-
metoxyphenyl)prop-2-yn-1-ol. Phan tich NMR cua san phdm mau tim dugc x4c dinh chu
trac phit hop véi 3-(4-butoxyphenyl)-3-(4-flophenyl)-10,12-dibromo-6-triflometyl-13,13-
dimetyl-indeno[2',3":3,4]naphto[1,2-b]pyran. |

Budce 2

B sung vao hdn hop gdm san pham cta bude 1 (2,00 g) va 4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)phenol (0,57 g) trong hdn hop gébm THF (25 mL) va nudc (25
mL) v6i ty 16 1:1 trong binh phan tmg dugc b sung kali florua (1,5 g). Dung dich duoc
khir khi bing cach suc nito trong 10 phut. B sung bis(triphenylphosphin) paladi(IT)
clorua (0,25 g) vao dung dich dugc khir khi nay. Dung dich dugc gia nhiét dén hdi luu
trong 8 gid. Hon hop phan tng dugce 1am lanh dén nhiét dd trong phong va duoc pha
loang bing etyl axetat. Sau d6 hdn hop nay dugc loc qua nén cta B loc CELIT® va dich
loc dugc phéan chia béng etyl axetat va nudc. Dich chiét etyl axetat dugc thu gom, lam
khan bing natri sulfat khan va cd dé tao thanh cn dang dAu. Cn nay dugc tinh ché bing
séc ky cot st dung hdn hop hexan va etyl axetat v6i ty 1& 9:1 (thé tich:thé tich) lam dung

moi rira giai. Cac phan doan chira san phdm mong mudn dugc gom lai va c6 trong chan
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khong dé tao thanh cin dang dau. DAu nay dugc hoa tan trong luong tdi thiéu diclometan
va dugc nho giot vao dung dich chira metanol dugc khudy manh. Két tha tao thanh dugc
thu gom bang cach loc trong chan khong va lam kho dé tao thanh chét rin (1,00 g). Phan
tich NMR cta chét rén nay duoc xdc dinh cdu tric phu hop véi 3-(flophenyl)-3-(4-
butoxyphenyl)-10-(4-hydroxyphenyl)-6-triflometyl-12-bromo-13,13-dimetyl-3,13-
dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran.

Vidu 16

o) Br
HO/®)<H O.
°h

CF;

B6 sung bis(dibenzylidenaxeton)paladi(0) (0,55 g), 2-di-tert-butylphosphino-
3,4,5,6-tetrametyl-2°,4’,6’-triisopropyl-1,1°-biphenyl (1,14 g), kali phosphat nghién (8,72
g), 8,10-dibromo-7,7-dimetyl-3-(triflometyl)-7H-benzo[c]fluoren-5-yl axetat tir budc 4
ctia Vi du 5 (5,00 g) va 4-hydroxybenzamit (2,15 g) vao binh day tron ba ¢ (100 mL).
Binh nay duoc rit ra va duwoc nap bing nito. B sung fert-butanol dugc khir khi (30 mL)
va hdn hop duge gia nhiét dén hdi luu trong 6 giv. Hn hop phan tmg duoc 1am lanh dén
nhiét d6 trong phong va dugc pha lodng béng EtOAc. Dung dich dugc loc qua nén Bo loc
CELIT® va dich loc duge thu gom. Dich loc duge ¢6 va cén nay dugc tinh ché béng sdc
ky cot str dung hdn hop etyl axetat va hexan véi ty 18 4:1 (thé tich:thé tich) 1am dung mdi
rira giai. Cac phan doan chtra nguyén liéu mong mudn dugc gom lai va c6 dé tao thanh
diu. Diu nay duoc bd sung vao lugng t6i thidu etyl axetat va hexan dugc bd sung, va
binh nay dugc co dé tao thanh céc tinh thé. Céc tinh thé duoc thu gom bang céach loc
trong chan khong va 1am kho @& tao thanh chat rin mau tring (4,27g). Phan tich NMR
ctia chit rin mau tring nay duoc xac dinh cAu trac phit hop v6i N-(8-bromo-5-hydroxy-
7,7-dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-10-yl)-4-hydroxybenzamit.

Vi du 16A
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o Br
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A
o8 Q) O
CFy ilm

F
Quy trinh tr Vi du 5A dugc tuln theo ngoai trir 1a 1-(4-flophenyl)-1-(4-
butoxyphenyl)prop-2-yn-1-ol dugc st dung thay cho 1-(4-butoxyphenyl)-1-(4-
metoxyphenyl)prop-2-yn-1-ol va san phdm nay tr Vi du 16A dugc st dung thay cho
8,10-dibromo-7,7-dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-5-ol. Phan tich NMR cua
chét rin mau kem dugc xac dinh cAu tric phi hop véi 3-(flophenyl)-3-(4-butoxyphenyl)-
10-(4-hydroxybenzamit)-6-triflometyl-12-bromo-13,13-dimetyl-3,13-dihydro-
indeno[2’,3":3,4]naphto[1,2-b]pyran.
Vidu 17

Ho*l::i7/l<ﬁ ‘Qilh!i.n
u!! OH

CF;

B6 sung N-(8-bromo-5-hydroxy-7,7-dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-
10-yl)-4-hydroxybenzamit (5,00 g) tir Vi du 16A, kali cacbonat (5,10 g), 2-butanol (50
mL) va metanol (50 mL) vao binh ddy tron va dugc khit khi trong 10 phut.
Tetrakistriphenylphosphin paladi (0) (0,55 g) dugc b sung va gia nhiét dén hdi luu trong
nito trong 2 gid. Hon hop phan tmg dugc lam lanh dén nhiét d6 trong phong va dugc loc
qua nén cta Bo loc CELIT®. Dich loc dugc ¢d va cin nay duoc tinh ché bang sic ky cot
stt dung hdn hop etyl axetat va hexan vdi ty 1€ 4:1 (thé tich:thé tich) lam dung moi rira
giai. Cac phan doan chira nguyén li€éu mong mubn dugc gom lai va cd d tao thanh dang
bot (4,00 g). Phan tich NMR cutia bot ndy dugc xdc dinh ciu tric phi hop v6i 4-hydroxy-
N-(5-hydroxy-7,7-dimetyl-3-(triflomety1)-7 H-benzo[c]fluoren-10-yl)benzamit.

Vidu 17A
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Quy trinh tr Vi du 5A dugc tudn theo ngoai trur 1a 1-(4-flophenyl)-1-(4-
butoxyphenyl)prop-2-yn-1-ol dugc st dung thay cho 1-(4-butoxyphenyl)-1-(4-
metoxyphenyl)prop-2-yn-1-ol va san phim tir Vi du 17A duge st dung thay cho 8,10-
dibromo-7,7-dimetyl-3-(triflometyl)-7 H-benzo[c]fluoren-5-ol. Phan tich NMR cua chat
rin mau kem duoc xac dinh ciu tric phi hop véi 3-(flophenyl)-3-(4-butoxyphenyl)-10-
(4-hydroxybenzamit)-6-triflometyl-13,13-dimetyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran.

Vidu 18
o]
o~
ol

Budce 1

Magie (5,38 g) va THF (50 mL) duoc cho vao binh kho dugc trang bi phéu nhd
giot chita hdn hop gém 1-bromo-3,5-diclobenzen (50 g) va THF (300 mL). B& sung 30
mL dung dich trong phdu nhé giot dugc bd sung vao binh nay. Vai giot dibromoetan
cling duoc bd sung vao binh nay va vai phut sau, dung mdi trong binh phan tng bat dau
s6i. Phan con lai ciia dung dich trong phdu nho giot dugc bd sung ting giot. Nudc da
duoc sir dung timg lic dé gitip cho hdn hop phan ng gilt & khoang nhiét do trong phong.
Sau khi bd sung, hdn hop ndy dugc khudy & nhiét do trong phong trong hai gio.
Benzonitril (22,82 g) duoc bd sung vao hdn hop phan tmg va hdn hop duge hdi luu trong
2 ngay. Dung dich HCI 3 N (300 mL) dugc bd sung va hdn hop dugc khudy trong 4 gid
va sau d6 duoc chiét sir dung etyl axetat. L6p hiru co duge thu gom va sau d6 ¢d. Dau thu
hdi (49 g) duoc st dung trong budc tiép theo ma khong can tinh ché thém.

Budc 2

San pham thu dugc tir bude 1 (47 g), dimetyl sucxinat (36 g) va toluen (500 mL)

duge bd sung vao binh phan tng duoc trang bi may khuiy co hoc, phéu b sung chit ran
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va tAm phu nito. Hon hop nay dwoc khudy & nhiét do trong phong cho dén khi cac chit
rn duge hoa tan. Kali t-butoxit rén (23,1 g) dugc bd sung qua phdu bd sung chét ran va
hén hop nay duoc khudy & nhiét d trong phong trong 4 gid. Hon hop phan tmg tao thanh
duoc rot vao 1 L nudc va 16p nude, chira san phém nay, dugc thu gom. Lop toluen duge
chiét bing 200 mL nudc. Dung dich nudc két hop duge rira bang toluen. HC1 (3 N') duoc
bd sung vao dung dich nuéc nay dé diéu chinh d6 pH dén 5. Hon hop tao thanh duoc
chiét bang etyl axetat, duoc 1am khan trén magie sulfat, c6 va lam khd trong chan khong.
Thu duge diu 1am san phdm (65 g). Dau nay duoc sir dung truc tiép trong budc tiép theo.

Budce 3

Hbn hop gdm san pham (65 g) tir budc 2 va anhydrit axetic (200 mL) dugc tron va
tai héi luu trong binh phan mg dugc trang bi binh ngung. Sau mdt gid, anhydrit axetic
duoc loai bd bang cach lam bay hoi trong chan khong va dau thu duoc (67 g) duoc st
dung truc tiép trong budc tiép theo.

Buéc 4

B& sung metanol (500 mL) va HCI (12 N, 1 mL) vao binh phan tng chira san
phdm cua bude 3 (67 g). Hon hop nay duge hoi luu trong hai gid. Metanol dugc loai bo
bing cach lam bay hoi trong chan khong. Déu thu hdi dugc hoa tan trong metylen clorua,
duogc rira bing nude bio hoa natri bicacbonat, duge lam khan trén magie sulfat, ¢ va lam
kho trong chan khong. Thu dugc diu trong (48 g). Etyl axetat/hexan (1/9) ((thé tich/thé
tich) duoc st dung dé két tinh san phim nay. thu dugc cac tinh thé mau trang (12 g) dudi
dang chét ddng phan ving khong mong mudn. Nuéc cai dugce c6. Thu dugce dau (31 g).
NMR x4c dinh ring phin chinh ctia san phim trong dau nay (80%) c6 cAu tric phu hop
véi metyl 1-(3,5-diclophenyl)-4-hydroxy-2-naphtoat.

Bude 5

San phdm (31 g) tir budc 4 dugc hoa tan trong THF khan (500 ml) trong binh lam
kho duoc trang bi phdu nhé giot va que khudy tir. Hon hop nay dugc khudy & nhiét do
trong phong, va dung dich chita metyl magie bromua (160 ml) trong toluen/THF (1:1) 1,6
M duogc bd sung nho giot. Sau khi bd sung, hdn hop dugc khudy & nhiét do trong phong
trong khoang 16 gio. Sau d6 hdn hop phan img dugc rét vao vao 2 L nudce da. Gia tri do
pH ctia hdn hop dugc diéu chinh dén ~2 st dung HCI (12 N). Etyl axetat (500 mL) duoc

bd sung. Lép hitu co tao thanh dugc tach, duge lam khan trén magie sulfat, c6 va lam kho
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trong chan khong. San phadm thu hdi (30 g dau) duoc st dung truc tiép trong budc tiép
theo.
Budc 6
San phim thu dugc tir bude 5 (30 g) va xylen (300 mL) dugc bd sung vao binh
phan tmg duoc trang bi que khudy tir. B sung axit p-toluensulfonic (1 g) va hén hop tao
thanh dugc hdi luu trong tam gid. Xylen duoc loai b bang cach 1am bay hoi trong chan
khong va san phdm dang dau tao thanh duoc hoa tan trong etyl axetat, dugc rira béng
nudc, duoe 1am khan trén magie sulfat va ¢6. Thu dugc san phim tho dudi dang dau (20
g). Mot phan nho san phidm nay (1,8 g) duoc tinh ché sitr dung CombiFlash Rf clia
Teledyne ISCO. Sau khi tach, thu dugc hai thanh phan. Phan tich NMR thé hién thanh
phan chinh ¢6 cAu trac phi hop véi: 8,10-diclo-7,7-dimetyl-7H-benzo[c]fluoren-5-ol.
Vidu 18A
cl
I
g O

O
/

San phim thé thu dugc tir bude 6 cia Vi du 18 (18 g) duoc cho vao binh phan
tmg. B6 sung vao binh nay 1,1-bis(4-metoxyphenyl)prop-2-yn-1-ol (20 g), vai tinh thé
axit p-toluensulfonic va metylen clorua (300 ml). Hon hop nay dugc khudy & nhiét do
trong phong trong mot gid. San phidm duoc tinh c_hé st dung CombiFlash® Rf cua
Teledyne ISCO sau d¢ tai két tinh tir etyl ete. Thu duoc chat rin mau xam (10 g) lam san
phim. Phén tich NMR xac dinh ring san phim nay c6 ciu triic phit hop véi 3,3-bis(4-
metoxyphenyl)-10,12-diclo-13,13-trimetyl-3,13-dihydro-indeno[2’,3":3,4naphto[1,2-
b]pyran.

Phén 2 — Thir nghiém dic tinh d6i mau theo anh sang
Phén 2A — Chuén bi trinh tur thir nghiém

Thir nghiém duoc tién hanh véi cac hop chét duge md ta trong cac Vi du 2A-5A,
10A, 13A va 18A theo cach dudi day. Luong hop chét duoc tinh toan dé thu duoc dung
dich 1,5x107 mol duoc bd sung vao binh chira 50 gam hdn hop monome gém 4 phin
bisphenol A dimetacrylat etoxyl hoa (BPA 2EO DMA), 1 phan poly(etylen glycol) 600
dimetacrylat, va 0,033 phan trdm trong luong 2,2'-azlobis(2-metyl propionitril) (AIBN).
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M3i hop chét duoc hoa tan vao hén hgp monome bing cach khudy va gia nhiét nhe, néu
cAn thiét. Sau khi thu duoc dung dich trong, mau dugc khir khi trong 10 chan khong trong
5-10 phit & 25 torr. St dung bom tiém, mAu nay duge rét vao khudn phang c6 kich thudce
bén trong 13 2,2 mm+/-0,3 mm x 6 inch (15,24 cm) x 6 inch (15,24 cm). Khu6n dugc han
kin va dugc dua vao dong khi thdi ngang, 10 ¢6 thé dugc lap trinh dé didu chinh nhiét do
tir 40°C dén 95°C ngit quang 5 gid, giit nhiét d6 & 95°C, trong 3 gid, diéu chinh xudng
60°C ngét quing 2 gid va sau d6 gilt nhiét d§ & 60° C, trong 16 gid. Sau khi luu hoa,
khudén dugc mé, va tAim polyme dugc cit thanh nhiing mAu thir nghiém hinh vudng 2
inch (5,1 cm) st dung ludi cua kim cuong.

Phén 2B — Thir nghiém d4p ting

Trudce khi thir nghiém dép g trén dng do ludng quang hoc, cic mau thir nghiém
trong Phin 2A duoc xit Iy bing cach cho ching tiép xtc véi 4nh séng tir ngoai 365 nm
trong 10 phut & khoang cach khoang 14 cm so v6i ngudn séng dé hoat héa truéce cac hop
chit di mau theo anh sang trong cac mau thir. Chiéu tia UVA vao bé mit miu duoc do
bing phd birc xa ké Licor Model Li-1800 va dwoc phat hién 1a 22,2 Wat mdi mét vudng.
Sau d6 cac mau nay duoc dit dudi dén halogen (500 ' W, 120V) trong khoang 10 phut &
khoang céch khoang 36 cm so voi dén dé tdy tring, hodc lam bét hoat cac hop chét doi
mau theo anh sang trong cic miu nay. P9 roi & mau ndy dugc do bing phd birc xa ké
Licor va dugc phat hién 1a 21,9 Klux. Sau d6 céac mau niy duogc gitt trong moi trudng
béng t4i trong it nhat 1a 1 gid trude khi thir nghiém dé 1am lanh va tiép tuc phai mau vé
trang thai nén.

Ong do ludng quang hoc dugc trang bi dén hd quang Newport Model #67005 300-
watt Xenon, va bd cip dién Model 69911, khe duoc kim soat bang may tinh tbc do cao
Vincent Associates (kiéu VS25S2ZMOR3 c6 b diéu khién VMM-D4), bd loc Schott 3
mm KG-2 band-pass, trong d6 buc xa budc song ngén duoc loai bod, (cac) bd loc mat do
trung binh d& lam giam 4nh séng tir dén xeno, théu kinh ngung tu silic oxit niu chay dé
chuén tryc chum tia, va chit mang té bao/mAu nudce oxit silic ndu chay dé duy tri nhiét do
mau trong d6 mau thir nghiém dé thir nghiém duge chén vao. Nhiét do trong t€ bao nudc
duoc kiém soét bang hé thdng tuin hoan nudc bom trong d6 nude di qua cudn diy dong
duoc dat trong hd chira cia chi tiét 1am lanh. Khoang nudc nay duoc sir dung dé gitt cac
mAu thir nghiém chira cac tAm oxit silic niu chay & mit trude va quay mit lai dé loai bo

su thay ddi quang phé khi hoat hoa hodc kiém soat chim 4nh sdng. Nudc duge loc
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chuyén qua té bao nudc nay dugc duy tri & nhiét d6 72° F +£2° (22°C+1°) d thir nghiém
dap Gng dbi mau theo 4nh sang. Pdng hd hen gid Newport Model 689456 Digital
Exposure dugc sit dung dé kiém soat cuong do cia dén hd quang xenon trong qua trinh
hoat hoa mau.

Ngudn 4nh sdng bang thong rong dé kiém soat cac két qua do dap ing dugc dinh
vi theo cach vudng géc véi bé mat cua td hop t€ bao. Cac tin hiéu duoc gia ting cla cac
budce séng kha kién ngén hon thu dugc bang cich thu gom va két hop 4nh séng duoc loc
riéng & tir dén halogen tungsten 100-Wat (dwoc kiém soat béi bd cap dién dién ap 6n
dinh Lambda UP60-14) v&i soi cap quang diu tach, 2 nhanh. Anh sang tir mot phia cua
dén halogen vonfram duoc loc béng bd loc Schott KG1 dé hép thu nhiét va bo loc Hoya
B-440 dé cho phép cac budc séng ngin hon di qua. Phia bén kia ctia dén dugc loc béang
bd loc Schott KG1 hodc khéng duoc loc. Anh séng dugc thu gom béng cach tép trung
anh sang tir mdi phia ctia dén trén dau riéng r& cia sgi cdp quang dAu tach, 2 nhanh, va
sau d6 duoc két hop vao mot ngudn sang phat sinh tir ddu don cua soi cap. Ong 4nh sang
4” duge gin vao dau don ciia soi cap dé dam bao hoa tron thich hop. Sau khi di qua mau,
anh sang duoc tap trung lai vao qua cAu tich hop kich thuéc 2 inch (5,08cm) va nap vao
phd bic xa k& Ocean Optics S2000 bang céc sgi cap quang. Phin mém ddc quyén Ocean
Optics SpectraSuite va PPG dugc str dung d do d4p tng va kiém soat hoat dong ctia dng
do ludong quang hoc nay.

Btic xa cho thtr nghiém d4p tmg ctia cac miu trong 6ng do ludng quang hoc dugc
thiét lap & bé mit miu st dung thiét bi do bic xa International Light Research
Radiometer, Model TL-1700 c¢6 hé théng phat hién chira thiét bi Model SED033, bd loc B
va thiét bi khuéch tan. Hién thi dAu ra cta thiét bi do birc xa duoc hiéu chinh (dat cac gia
tri hé s8) dua trén thiét bi dinh ¢& Licor 1800-02 Optical Calibration Calibrator d¢ hién
thi cac gié tri biéu din bing Wat v6i mdi mét vudng UVA. Bic xa tai diém mAu cho thir
nghiém dép tng ban dau duoc dit & 3,0 Wat v6i mdi mét vudng UVA va xép xi 8,6 Klux
5 roi. Trong qué trinh thir nghiém dap tmg mAu, néu mau bi t5i mau ngoai gidi han kha
nang phat hién chép nhéan duoc, thi bic xa duge gidm xubng dén 1,0 Wat voi mbi mét
vudng UVA hoidc miu dugc lam lai v&i ndng d6 trong copolyme gidm con mot nira.

Piéu chinh diu ra cta dén hd quang xenon duoc loc duge thuc hién bang cach gia
tang hodc giam dong dién qua dén bang chi tiét diéu khién va/hodc bing cach bd sung

hoiic loai bd bd loc mat dd trung binh trong duong anh sang. Cac mau thir nghiém dugc
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boc 16 ra 4nh sang hoat hoa & 31° binh thuong t6i bé mit ctia n6 trong khi vudng géc véi
4nh sang kiém tra.

Cac mau dugc hoat hoa trong trong khoang chita nudc duge kiém soat nhiét do
73°F (22,8°C) trong 30 phut, sau d6 dé phai mau trong diéu kién 4nh sang trong phong
cho dén khi sy thay dbi mat do quang hoc ctia miu duogc hoat héa phai mau dén 1/4 cua
trang thai t61 mau nhat (bdo hoa) hoic trong t6i da 30 phut phai mau.

Su thay ddi mat do quang hoc (AOD) tir trang thai tring dén trang théi t6i mau
duoc xac dinh bang cach thiét 14p d6 truyén qua ban d4u, mo khe cia dén xeno dé thu
duogc bic xa tir ngoai lam thay dbi cac thau kinh thir nghiém tir trang théi tréng sang trang
thai dugc hoat hoa (tac 1a t81 mau). Dit liéu duoc thu thap & cac quéng thoi gian da chon,
do d6 truyén qua & trang thai hoat héa, va tinh toan sy thay d6i mat d6 quang hoc theo
cdng thic: AOD=log(% Tb/% Ta), trong d6 % Tb la phin trim truyén qua & trang théi
tréng, % Ta la phan trdm truyén qua & trang thai hoat héa va logarit 1a 10.

Amaxwvis trong khoang anh sang kha kién 13 budc séng trong phd kha kién ma tai d6
do hép thu tdi da ctia dang dugc hoat hoéa ctia hop chét ddi mau theo 4nh sang xuét hién.
Amaxvis duoc xac dinh bang cach thir nghiém dién tich thir nghiém dbi mau theo 4nh sang
trong phd buic xa ké Varian Cary 4000 UV-VISION hoic thiét bi twong duong.

AOD/Min, biéu dién do nhay ctia dap tng ciia cac hop chét d6i mau theo 4nh sang
v6i anh séng UV, dugc do trong 5 gidy dAu tién tiép xtc véi UV, sau d6 duge thé hién
trén co s& moi phit. Mat do quang hoc bdo hoa (AOD & diém bdo hoa) dugc thuc hién
trong céac diéu kién giéng nhau ngoai trir 1a boc 16 ra UV duoc kéo dai lién tuc trong tong
cdng 30 phut. Nira thoi gian phai mau la thoi gian ngét quing tinh bing gidy d&é AOD cta
dang dugc hoat hda cuia hop chit dbi mau theo 4nh sang trong dién tich thir nghiém dat
duoc mdt nira AOD duge do sau ba muoi phut, hodc sau khi dat duoc bdo hoa hodc gén
bdo hoa, & nhiét d6 trong phong sau khi loai bo nguén sang hoat hoa, vi du, béng cach
dong khe. Cac két qua duoc liét ké trong Bang L.

Béang 1 — K&t quéa thir nghiém tién hanh dbi mau theo 4nh sdng

Vidu# | Amacvis (nm) Donhay | AOD &bdo | T1/2 (gidy)
(AOD/pht) hoa
2A 572 0,44 0,27 35
3A 564 0,46 0,34 44
4A 551 0,65 0,44 35
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S5A 565 0,23 0,09 14
9A 603 0,33 0,18 28
10A 562 0,28 0,10 14
13A 572 0,26 0,26 93
18A 550 0,49 0,36 39

Sang ché dugc md ta véi viée dé cép dén cac ndi dung chi tiet cu thé vé cac
phuong 4n cu thé cua nd. Cac ndi dung nay khong dugc du dinh lam gidi han pham Vi

ctia sang ché ngoai trir dugc cac ndi dung duge bao gom trong yéu cau bao hd.
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YEU CAUBAO HQ

1. Hop chét vong ngung tu indeno c6 cong thirc (I) sau:

(R
trong do:

(A) vong A dugc chon tur aryl khong dugc thé, aryl duoc thé, aryl vong ngung
tu khong duge thé, aryl vong ngung tu duoc thé, heteroaryl khong dugc thé, va heteroaryl
duoc thé,

(B) Q’ dugc chon tir halogen, -OH, -N3, -NR*R?, -N(R*)C(O)Q”’, Q’, -CN,
-C(O)OR?, -C=C-R?, -C(RH=C(RH(R?), -OC(O)R? -OC(O)OR? -SR? -OS(O2)R",
-C(O)NR®R* va nhom kéo dai L, trong do6 mdi R® doc lap dugc chon tr hydro,
hydrocarbyl va hydrocarbyl dugc thé mdi nhém nay tuy ¥ va doc 1ap duoc ngit quing
b&i it nhdt mot trong sd cac nhém -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -S(02)-, -N=N-,
-N(Ri1’)- trong d6 Rii’ dugc chon tir hydro, hydrocarbyl hodc hydrocarbyl duoc thé,
_Si(OR14)u(R14)y-, trong d6 mbi u va v doc lap dugc chon tir 0 dén 2, véi diéu kién tong
clia u va v 1a 2, va mdi Rys doc 1ap duoc chon tir hydro, hydrocarbyl va hydrocarbyl dugc
thé, va dang két hop gdm hai hodc nhiéu nhom niy, hogc hai nhom R? cung véi —N va tily
y m{t nguyén tir khac loai bd sung duge chon tir N va O dé tao thanh heteroxycloalkyl,
va R dugce chon tir perhalohydrocarbyl, va Q’’ dugc chon tir halo, -OH, -NRR?, -
C(O)OR?, -SR?, va aryl dugc thé, trong d6 cac phan t thé nay dugc chon tir -OH, -
NR?R?, -C(O)OR?, -SR?, trong d6 nhém kéo dai L néu trén dugc thé hién bang cong thuc
sau:

—(S1)e—~(Q1 —(S2)a )¢ «(Q2 —(S3)e ) «(Q3 —(Sa)r)s* =S5 —P

trong do:

) mdi Q1, Qa, va Q3 mdi 14n xuit hién doc 1ap dugc chon tlr, nhém hoa
tri hai dugc chon tir nhém thom khong duoc thé hodc duge thé, nhom vong béo

khong dugc thé hoic duoc thé, nhém di vong khong dugc thé hodc duoc thé, va
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dang két hop cta chung, trong dé cac phan tir thé duoc chon tir nhém duge thé
hién boi P, mesogen tinh thé long, halogen, poly(Ci-Cis alkoxy), Ci-Cig
alkoxycacbonyl, Ci-Cis alkylcacbonyl, Ci-Cig3  alkoxycacbonyloxy,
aryloxycacbonyloxy, perflo(C1-Cig)alkoxy, perflo(Ci-Cig)alkoxycacbonyl,
perflo(Ci-Cig)alkylcacbonyl, perflo(Ci-Cis)alkylamino, di-(perflo(C:-
Cig)alkyl)amino, perflo(Ci-Cis)alkylthio, Ci-Cig alkylthio, Ci-Cis axetyl, C3-Cio
xycloalkyl, C3-Cio xycloalkoxy, nhém C;-Cis alkyl mach thing hodc mach nhanh
duoc thé mot lan béng xyano, halo, hodc Ci-Cig alkoxy, hodc dugc thé nhiéu 1an
bang halo, va nhém bao gdm mot trong s6 cac nhém c6 cong thire sau: -M(T)-1)
va -M(OT)(1), trong d6 M dugc chon tir nhdm, antimon, tantali, titan, ziricon va
silicon, T dugc chon tir cac géc chirc hitu co, cac géc hydrocacbon chirc hitu co,
céc gbe hydrocacbon béo va cac gbe hydrocacbon thom, va t 1a hoa tri cia M,

(i) mdi c, d, e, va f doc lap duge chon tir s6 nguyén nam trong khoang
tir 0 dén 20; va mdi S1, S2, S3, Sa, va Ss mdi 14n xuét hién doc 1ap duoc chon tir don
vi dém duogc chon tu:

€y «(CH)g-, -(CF2)h-, -Si(Z*)2(CHa)g-, ~(Si(CH3)20)1-, trong d6 mdi Z’
doc 1ap dugce chon tir hydro, C1-Cis alkyl, C3-Cio xycloalkyl, va aryl; g mdi 1an xuét
hién ddc lap dugc chon tur 1 dén 20; h 1a s6 nguyén bao gém tir 1 dén 16;

2) N(Z)-, -C(Z)=C(Z)-, -C(Z)=N-, -C(Z’)-C(Z’)- hoic lién két don,
trong d6 Z mdi lan xuit hién ddc 1ap dugc chon tir hydro, Ci-Cis alkyl, C3-Cio
xycloalkyl va aryl, va Z° mdi 14n xuét hién doc lap duge chon tir Ci-Cis alkyl, Cs-
Cioxycloalkyl va aryl; va

3) -0-, -C(0)-, -C=C-, -N=N-, -S-, -S(0)-, -S(0)(O)-, -(0)S(O)-,
-(0)S(0)0-, -0(0)S(0)0O-, hoic gbc Ci-Ca4 alkylen mach thing hodc mach nhanh,
géc Ci1-Ca4 alkylen nay 1a khong dugc thé, duoc thé mot 1an boi xyano hodc halo,
hoic dugc thé nhiéu 14n béi halo,

v6i diéu kién néu hai don vi dém bao gém cac nguyén tir khac loai dugc lién két
voi cac don vi dém s& duge lign két sao cho cac nguyén tir khéc loai khong lién két truc
tiép voi nhau, va
v6i diéu kién néu S; va Ss 1an lugt duoc lién két voi hop chit c6 cong thic I va P,
chung duoc lién két sao cho hai nguyén tir khac loai khong lién két truc tiép voi nhau;
(iii) P duogc chon tir: hydroxy, amino, C2-Cis alkenyl, C2-Cig alkynyl,
azido, silyl, siloxy, silylhydrua, (tetrahydro-2H-pyran-2-yl)oxy, thio, isoxyanato,
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thioisoxyanato, acryloyloxy, metacryloyloxy, 2-(acryloyloxy)etylcarbamyl, 2-

(metacryloyloxy)etylcarbamyl, aziridinyl, aiyloxycacbonyloxy, epoxy, axit

carboxylic, este carboxylic, acryloylamino, metacryloylamino, aminocacbonyl,

Ci1-Cis alkyl aminocacbonyl, aminocacbonyl(C;-Cig)alkyl, Ci-Cis

alkyloxycacbonyloxy, halocacbonyl, hydro, aryl, hydroxy(Ci-Cis)alkyl, Ci-Cis

alkyl, Ci-Cis alkoxy, amino(Ci-Cig)alkyl, Ci-Cis alkylamino, di-(Ci-

Cig)alkylamino, Ci-Cis alkyl(Ci-Cig)alkoxy, Ci-Cis alkoxy(Ci-Cis)alkoxy, nitro,

poly(Ci-Cig)alkyl ete, (Ci-Cis)alkyl(Ci-Cis)alkoxy(Ci-Cis)alkyl, polyetylenoxy,

polypropyleneoxy, etylenyl, acryloyl, acryloyloxy(Ci-Cis)alkyl, metacryloyl,
metacryloyloxy(Ci-Cig)alkyl, 2-cloacryloyl, 2-phenylacryloyl, acryloyloxyphenyl,
2-cloacryloylamino, 2-phenylacryloylaminocacbonyl, oxetanyl, glyxidil, xyano,
isoxyanato(Ci-Cg)alkyl, este axit itaconic, vinyl ete, vinyl este, dAn xuit styren,
cac polyme tinh thé long mach thing va mach nhénh, cic dan xuét siloxan, cic
dan xuit etylenimin, céc dAn xuét axit maleic, cac din xuét axit fumaric, cdc din
xuét axit xinamic khong dugc thé, cac dan xuét axit xinamic duoc thé bang it nhét
mot trong ) metyl, metoxy, xyano va halogen, hodc cidc nhém hda tri mét hodc
hoa tri hai d6i anh hodc khong-déi anh duoc thé hodc khong duge thé dugc chon
tir cac gbc steroit, cac gde terpenoit, cac gbc alkaloit va hdn hgp gdm ching, trong
d6 cac phan tir thé nay doc 1ap duogce chon tir Ci-Cis alkyl, C1-Cis alkoxy, amino,

C3-Cio xycloalkyl, Ci-Cis alkyl(C1-Cis)alkoxy, flo(Ci-Cis)alkyl, xyano, xyano(Ci-

Cig)alkyl, xyano(Ci-Cis)alkoxy hogc hdn hop gbm chung, hogc P 1a cAu tric co tir

2 dén 4 nhém phan tng hoic P 1a tién chét polyme héa hoan vi mé vong khong

duoc thé hoac dugc thé; va

(iv) mdid’, e vaf ddc 1ap duge chon tir 0, 1, 2, 3, va 4, véi diéu kién

tdng cia d’ + ¢’ + £ itnhit 1a 1;

(C) i dugc chon tir 0 dén 3, t dugc chon tir 0 dén tdng s6 cac vi tri ma R? ¢4 thé
duoc lign két vao do, va R! cho mdi i, va R? cho mdi t, mdi nhém ddc 1ap dugc chon tir,
hydrocarbyl va hydrocarbyl dugc thé, mdi nhém ndy tuy y va doc lap duoc ngit quing
béi it nhit mot trong sb cac nhém -O-, -S-, -C(O)-, -C(0)O-, -S(0)-, -S(O2)-, -N=N-,
-N(Ri1’)- trong d6 Rii> dwoc chon tir hydro, hydrocarbyl hodc hydrocarbyl duoc thé,
-Si(OR14)u(R14)v-, trong d6 mdi u va v doc 1ap dugc chon tir 0 dén 2, véi didu kién tong
clia u va v 13 2, va mdi Ris dc 1ap duge chon tir hydro, hydrocarbyl va hydrocarbyl dugc

thé, va dang két hop bao gbm hai hoc nhiéu nhém nay; halogen; xyano; va -N(Ri1")R12’,
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trong d6 Ri1> va Ri2> mdi nhém doc 1ap duge chon tir hydro, hydrocarbyl hodc
hydrocarbyl duoc thé, hodc Ri1’ va Ri2’ cling nhau tao thanh cu tric vong tity y bao gdm
it nhat mot nguyén tir khac loai,

(D) mdi nhém R?® va R* doc lap duoc chon tir, hydro; hydrocarbyl va
hydrocarbyl dugc thé, m3i nhém nay tuy y va doc lap duogce ngét quing boi it nhat mot
trong s6 cac nhém -O-, -S-, -C(0)-, -C(0)O-, -S(0)-, -S(02)-, -N=N-, -N(R1:’)- trong d6
Ri1’ dugc chon tir hydro, hydrocarbyl hodc hydrocarbyl dugc thé, -Si(OR14)u(R14)v-, trong
d6 mdi u va v ddoc 1ap duoc chon tir 0 dén 2, véi didu kién téng ciauvavla?2, vamdiRis
doc 1ap dugce chon tr hydro, hydrocarbyl va hydrocarbyl duoc thé, va dang két hop bao
gdm hai hodc nhidu nhém nay; hodc R® va R* ciing nhau tao thanh cAu tric vong tuy y
bao gdm it nhit mot nguyén tir khéc loai, va

(E) R’ dugc chon tir hydro, -C(0)-R* hoic -S(O2)R!® trong d6 R la
hydrocarbyl, hodc halohydrocarbyl.

2. Hop chét vong ngung tu indeno theo diém 1, trong do,

(A) vong A dugc chon tur aryl khdng dugc thé va aryl duoc thé;

(B) Q dugc chon tir bromo, flo, clo, -N3, -NR*R? -N(R*)C(0)Q’, Q”,
-C(O)OR?, -C=C-R?, -C(RH=C(R(R?), -OC(O)R? -OC(O)OR? -SR? -OS(O2)R’
-C(O)NR®R?, va nhém kéo dai L néu trén, trong d6 mdi R* doc lap duoc chon tir hydro,
nhém alkyl khong dugc thé hoic duoc thé c6 tir 1 dén 18 nguyén tir cacbon, nhém aryl
khong dugc thé hogc duoc thé, nhom alken hoic alkyn khong duge thé hogc duoc thé c6
tir 2 dén 18 nguyén tir cacbon, trong d6 cic phan tir thé nay dugc chon tir halo va
hydroxyl, hodc hai nhém R? cling véi -N va nguyén tir khac loai bd sung dugc chon tir N
va O d& tao thanh heteroxycloalkyl va R® dugc chon tir nhém alkyl duge perflo hoéa co tir
1 dén 18 nguyén tir cacbon, va Q> dugc chon tir -OH, -NR*R?, -C(O)OR?, -SR?, va aryl
duoc thé trong d6 céc phﬁn ttr thé nay dugc chon tir -OH, -NR?R?, -C(O)OR?, -SR?, va voi
nhoém kéo dai L, mbi d’, e’ va £ doc 1ap duoc chon tir 0, 1, 2, 3, va 4, voi didu kién téng cua
&’ +e’ +f itnhitla2; |

(C) R!cho mdi i, va R? cho mdi t, mdi nhém doc 18p duge chon tir,

(@) —C(O)Xas, trong d6 Xas4 dugc chon tir nhém kéo dai L néu trén,
hydroxy, Ci-Cis alkyl, Ci-Cis alkoxy, phenyl khong duoc thé hodc duge thé mot
14n bang C1-Ciz alkyl hodc Ci-Cis alkoxy, amino khéng duge thé, dugc thé mot
hodc hai 14n bing it nhat mot trong sb6 C1-Cis alkyl, phenyl, benzyl, va naphtyl,

(b) -OX7va-N(X7)2; trong d6 X7 dugc chon tir:
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(i)  hydro, nhém kéo dai L, Ci-Cis alkyl, Ci-Cis axyl, phenyl(Ci-Cis
Yalkyl, mono(Ci-Cis )alkyl dugc thé phenyl(Ci-Cis )alkyl, mono(Ci-Cig)alkoxy
duge thé phenyl(C1-Cis )alkyl; C1-Cis alkoxy(Ci-Cis )alkyl; C3-Cio xycloalkyl;
mono(C1-Cis )alkyl dugc thé C3-Cio xycloalkyl, Ci-Cis haloalkyl, alyl, benzoyl,
benzoyl dugc thé mot 1an, naphtoyl hodc naphtoyl duoc thé mot 14n, trong d6 mdi
trong s6 céc phan tir thé benzoyl va naphtoyl nay ddc lap duoc chon tir C1-Cig
alkyl, va C;-Cys alkoxy,

(i) -CH(Xs)Xo, trong d6 Xg dugc chon tir hydro, nhém kéo dai L, hodc
Ci-Cis alkyl, va Xo duogc chon tir nhom kéo dai L, -CN, -CFs3, hodc -COOXo,
trong d6 X0 dugc chon tlr hydro, nhdm kéo dai L, hodc C;-Cis alkyl,

(iii) —C(0)Xs, trong d6 Xs dugc chon tir it nht mot trong sb céc, hydro,
nhém kéo dai L, C;-Cis alkoxy, phenoxy khong dugc thé, duoc thé mot hodc hai
1an bing Ci-Cis alkyl hodc Ci-Cis alkoxy, nhém aryl khong duoc thé, duoc thé
mdt hoic hai 14n béng Ci-Cis alkyl hodc Ci-Cis alkoxy, nhém amino khong duoc
thé, duoc thé mot hodc hai 14n bang Ci-Cis alkyl, va nhém phenylamino khong
duoc thé, dugc thé mot hodic hai 1an biang C1-Cis alkyl hodc Ci-Cis alkoxy, hodc

(iv)  tri(Ci-Cig)alkylsilyl, tri(Ci-Cis)alkylsilyloxy, tri(Ci-Cis)alkoxysilyl,
tri(C1-Cis)alkoxysilyloxy, di(Ci-Cis)alkyl(Ci-Cis alkoxy)silyl, di(Ci-Cis)alkyl(Ci-
Cis alkoxy)silyloxy, di(Ci-Cisg)alkoxy(Ci-Cig alkyl)silyl hodc di(Ci-Cis)alkoxy(Ci-
Cisalkyl)silyloxy;

(¢)  -SXii, trong d6 Xi1 duge chon tr hydro, nhém kéo dai L, Ci-Cis
alkyl, C1.Cis haloalkyl, nhém aryl khong duoc thé, hodc duoc thé mot hoidc hai 1an
bang Ci-Cisalkyl, C1-Cigalkoxy, hodc halogen;

(d)  vong chia nito dugc thé hién bang hop chét c6 cong thuc i:

trong do, mdi -Y- mdi 14n xuét hién doc 1ap dugc chon tir -CHa-, -CH(R13°)-,
-C(R13")2-, -CH(aryl)-, -C(aryl)2-, va -C(R13’)(aryl)-, va Z 1a -Y-, -O-, -S-, -S(O)-, -SOz-,
-NH-, -N(R13”)-, hodc -N(aryl)-, trong do6 mdi Ri3’ ddc lap 1a nhém kéo dai L, hodc

C1-Cao alkyl, mdi aryl doc 1ap 1a phenyl hodc naphtyl, m 13 s6 nguyén 1, 2 hodc 3, vap la
s6 nguyén 0, 1, 2, hodc 3, voi didu kién néu p 12 0, thi Z 1a -Y-;
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(¢)  nhom dugc thé hién bang hop chit c6 cong thirc ii hodc iii,

\ |
X15
i SE | iii
trong d6 X4, Xi1s, va Xie mdi 14n xuit hién doc lap dugc chon tir hydro, nhém kéo
dai L, C;-Cis alkyl, phenyl hodc naphtyl, hodc Xi4 va Xi5 cing nhau tao thanh vong co tur
5 dén 8 nguyén tir cacbon, p 1 sé nguyén dugc chon tir 0, 1, hodc 2, va Xi7 mdi lan Xuat
hién ddc 14p dugce chon tir nhém kéo dai L, Ci-Cis alkyl, Ci-Cis alkoxy, hodc halogen;
(D  cac nhém R! 1ién k& tryc tiép, va cac nhém R2 lién ké truc tiép, trong
mdi trudng hop doc 1ap ciing nhau tao thanh nhém dugc thé hién béng hop chét c6 cong
thire vii, viii, hodc ix,
W . X4 W - X’
ST, XL
e w i ok W [X"L‘/ ix
trong do,

(i) W va W’ mdi lan xuét hién doc 1ap dugc chon tir -O-, -N(X7)-,
-C(X14)-, va -C(X17)-,

(i)  trong dé Xis va Xis mdi 14n xudt hién doc 1ap dugc chon tir hydro,
nhém kéo dai L, C;-Cis alkyl, phenyl hodc naphtyl, hodc X14 va X5 cing nhau tao
thanh vong c6 tu 5 dén 8 nguyén tir cacbon; va Xi7 mdi 14n xuét hién doc lap duogc
chon tir nhom kéo dai L, C;-Cis alkyl, C1-Cig alkoxy, hodc halogen, va

(iii)  qla s6 nguyén duoc chon tir 0, 1, 2, 3, va 4;

(g) nhémkéodaiL;

(h)  nhém B dugc chon tu, .

(i) hydro, Ci-Cis alkyl, C>-Cis alkyliden, C>-Cs alkylidyn, vinyl, C3-Cio
xycloalkyl, Ci-Cis haloalkyl, alyl, halogen, va benzyl khong duoc thé hoic duoc
thé mot 14n bing it nhit mot trong s6 C1-Cis alkyl va Ci1-Cis alkoxy;

(ii)  phenyl duoc thé mot 1an & vi tri para véi it nhit mot phan tir thé
duoc chon tir: Ci-Cig alkoxy, mach Ci-Cao alkylen mach théang hoic phan nhénh,
mach Ci-Cs polyoxyalkylen mach thing hodc phan nhanh, C3-Cao alkylen vong,
phenylen, naphtylen, C;-Cis alkyl duoc thé phenylen, mono- hodc poly-uretan(Ci-
Cao)alkylen, mono- hodc poly-este(Ci-Cao)alkylen, mono- hodc poly-cacbonat(Ci-
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Cao)alkylen, polysilanylen, polysiloxanylen va hén hop gdém chung, trong do it
nh4t mot phan ttr thé duoc lién két v6i nhom aryl cua vat lieu déi mau theo anh
sang,

(iii) -CH(CN), va —CH(COOXj),, trong d6 X1 dugc chon tir it nhét mot
trong s6 hydro, nhém kéo dai L, Ci-Cis alkyl khong duoc thé hodc dugc thé mot
14n bing phenyl, phenyl(C1-Cis)alkyl duoc thé mot 1an bing Ci-Cis alkyl, C1-Cis
haloalkyl hodc Ci-Cis alkoxy, va nhom aryl khong duoc thé, dugc thé mot hoic
hai 14n, trong d6 mdi phén tir thé aryl doc 1ap duoc chon tir C1-Cis alkyl va Ci-Cis
alkoxy, va nhém kéo dai L,

(iv) -CH(X2)(X3), trong do,

(1) Xz dugc chon tir it nhit mot trong s6 hydro, nhém kéo dai L, Ci-Cis
alkyl, va nhém aryl khong duoc thé, duoc thé mot hodc hai lan, trong d6 mdi phén
tir thé aryl doc lap duoc chon tir Ci-Cisalkyl va Ci-Cig alkoxy; va

(2) X3 dugc chon tir it nhdt mét trong s6 ~CO0Xj, -COX|, -COX4, va —
CH,0Xs, trong d6, Xa duoc chon tir it nhit mot trong s6 morpholino, piperidino,
amino khong dugc thé, dugc thé mot hoic hai lan béng Ci-Cis alkyl, va nhém
khong duoc thé, duoc thé mot hodc hai 14n duogc chon tir phenylamino va
diphenylamino, trong d6 mdi phan tir thé ddc 1ap dugc chon tir Ci-Cis alkyl hogc
C1-Cis alkoxy; va Xs dugc chon tir hydro, nhém kéo dai L, -C(0)Xa, Ci1-Cis alkyl
khéng duoc thé hodc duoc thé mot lan b%xng (Ci-Cig)alkoxy hodc phenyl,
phenyl(Ci-Cis)alkyl dugc thé mot 14n bang (Ci-Cis)alkoxy, va nhém aryl khong
duoc thé, duge thé mot hodc hai lan, trong d6 mdi phﬁn ttr thé aryl doc 1ap duoc
chon tir Ci-Cig alkyl va C;-Cis alkoxy;

(v) nhém aryl khong dugc thé, dugc thé mot, hai hoic ba lan; 9-
julolidinyl; hodc nhém di vong thom khong dugc thé, duoc thé mét hodc hai lan
dugc chon tir pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,
benzopyridyl, indolinyl, hoic fluorenyl; trong d6 mdi phan tir thé aryl va vong
thom di vong mdi 14n xut hién doc 1ap duoc chon tir:

(1) nhém kéo dai L;

(2) -COOXi hodc -C(O)Xe;

(3)  aryl, halogen, haloaryl, C3-Cio xycloalkylaryl, va nhom aryl duoc
thé mot hodc hai 1an bang C1-Cis alkyl hodc C1-Cig alkoxy;
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(4)  Ci-Cis alkyl, C3-Cio xycloalkyl, C3-Cio xycloalkyloxy(Ci-Cis)alkyl,
aryl(Ci-Cig)alkyl, aryloxy(Ci-Cis)alkyl, mono- hodc di- (Ci-Cis)alkylaryl(Ci-
Cig)alkyl, mono- hodc di- (Ci-Cig)alkoxyaryl(Ci-Cis)alkyl, Ci-Cis haloalkyl, va
mono(Ci-Cis)alkoxy(Ci-Cig)alkyl; |

(5) Ci-Cis alkoxy, C3-Cio xycloalkoxy, xycloalkyloxy(Ci-Cis)alkoxy,
aryl(Ci-Cig)alkoxy, aryloxy(Ci-Cig)alkoxy, mono- hodc di- (Ci-Cis)alkylaryl(Ci-
Cis)alkoxy, va mono- hodc di- (Ci-Cig)alkoxyaryl(Ci-Cis)alkoxy;

(6) aminocacbonyl, aminocacbonyl(Ci-Cis)alkylen, amino, mono- hodc
di-alkylamino, diarylamino, piperazino, N-(C;-Cis)alkylpiperazino,  N-
arylpiperazino, aziridino, indolino, piperidino, morpholino, thiomorpholino,
tetrahydroquinolino, tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy,
metacryloxy, va halogen;

(7)  -OXj7hodc —N(X7)2;

®) -SXu;

(9)  vong chira nito dugc thé hién bing hop chét ¢6 cong thic i;

(10) nhém duoc thé hién bing hop chét c6 cong thic ii hogc iii;

(11) nhém khong duoc thé hoic dwoc thé mot lan dugc chon tur
pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl,
phenoxazinyl, phenazinyl, hodc acridinyl, trong d6 mi phan tir thé doc 1ap duogc
chon tr nhém kéo dai L, Ci-Cis alkyl, Ci-Cis alkoxy, phenyl, hydroxy, amino
hodc halogen;

(12) nhém duogc thé hién bing hop chit c6 cong thic iv hoic v:

I Y
oL \ | |

v X19 / TV X19
[xzo] . - [Xzo « v
trong do,

(D) 'V’ doc 1ap dugc chon ddi véi mdi cong thie nay tix -O-, -CH-, C1-Cs
alkylen, va C3-Cio xycloalkylen,

) V doc lap dugc chon dbi voi mdi cong thic nay tir -O- hodc
-N(X21)-, trong d6 X211 hydro, nhom kéo dai L, C1-Cis alkyl, va C2-Cis axyl, v6i
didu kién néu V 1a -N(X21)-, thi V’ 1a -CHa-,
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(I mdi Xis va Xio ddc 1ap duoc chon tir hydro, nhom kéo dai L, va Ci-
Cig alkyl, va

(IV) k duoc chon tir 0, 1, va 2, va mdi Xao mbi lan xudt hién doc lap duogc
chon tir nhom kéo dai L, C1-Cis alkyl, C1-Cis alkoxy, hydroxy va halogen, va

(13) nhém duogc thé hién bing hop chét c6 cong thire vi:

H
AN /
/TN
X22 X23 vi
trong dé

(I) X2 dugc chon tir hydro, nhom kéo dai L, va C1-Cs alkyl, va

(ID X3 duoc chon tir nhém kéo dai L va nhém khong duge thé, duge thé
mdt hodc hai 14n dwoc chon tir naphtyl, phenyl, furanyl va thienyl, trong d6 mdi
phan tir thé mbi 1in xuét hién doc 1ap duoc chon tir C1-Cig alkyl, C1-Cis alkoxy, va
halogen;

(D) mdinhém R3 va R* ddc 1ap duge chon tur,

(1) hydro, Ci-Cyo alkyl, Ci-Czo haloalkyl, C3-Cio xycloalkyl, alyl,
benzyl, hodc benzyl dugc thé mot 14n, cac phén ttr thé trén benzyl nay duogc chon
tlr halogen, Ci-Cyo alkyl hodc Ci-Cao alkoxy;

(i)  nhom khong duoc thé, dugc thé mot, hai hodc ba lan dugc chon tir
phenyl, naphtyl, phenantryl, pyrenyl, quinolyl, isoquinolyl, benzofuranyl, thienyl,
benzothienyl, dibenzofuranyl, dibenzothienyl, carbazolyl, hodc indolyl, cac phén
ttr thé nay trong mdi trudng hop doc 1ap duge chon tir halogen, Ci-Cao alkyl hodc
C1-Cyo alkoxy;

(ili) phenyl duoc thé mot lan, phan tir thé nay nim & vi tri para 1a -
(CHa)t- hoac -O-(CHa)t-, trong d6 t 1a sb nguyén 1, 2, 3, 4, 5 hoic 6, phan tir thé
nay dugc lién két véi nhém aryl 1a nhém chirc ctia vat lidu d6i mau theo 4nh séng;

(iv) nhém -CH(R!'9)G, trong d6 R 14 hydro, C;-Cao alkyl hodc cac nhom
aryl khong dugc thé, duoc thé mot hoic hai 14n, phenyl hodc naphtyl, va G la
_CHyOR, trong d6 R' Ia hydro, -C(O)RY, Ci-Co alkyl, Ci-Cao
alkoxy(Ci-Cao)alkyl, phenyl(Ci-Cao)alkyl, mono(Ci-Cz)alkoxy duoc thé
phenyl(C1-Cao)alkyl, hodic cac nhom aryl khong duge thé, dugc thé mot hodc hai
14n phenyl hoic naphtyl, mdi trong s& cac phan tir thé ctia nhém phenyl va naphtyl
nay 1a C1-Cyo alkyl hodc C1-Cao alkoxy; hodc

-87-



22888

(V) R3 va R* cung nhau tao thanh phéan tir thé spiro dugc chon tir vong
spiro-carboxylic duoc thé hodc khong duoc thé chira tir 3 dén 6 nguyén tir cacbon,
vong spiro-heteroxylic dugc thé hoic khong dugc thé chira 1 hodc 2 nguyén tir
oxy va tir 3 dén 6 nguyén tir cacbon bao gdm nguyén ti spirocacbon, vong spiro-
carboxylic va vong spiro-heteroxylic nay dugc phan cach bang 0, 1 hodc 2 vong
benzen, cic phin tir thé nay 14 hydro hoic Ci-Cao alkyl; va
(E) R’ duoc chon tir hydro va -C(O)-R5.

3. Hop chat vong ngung tu indeno theo diém 1, trong do,

(A) vong A dugc chon tir aryl khong dugc thé va aryl duoc thé;

(B) Q’ dugc chon tir bromo, clo, -NR*R?, -C(O)OR?, Q*’ va nhém kéo dai L,
trong d6 mdi R* doc 1ap duoc chon tir hydro va nhom alkyl c6 tir 1 dén 6 nguyén tir
cacbon, hodc hai nhom R? cung véi -N va nguyén to N bd sung dé tao thanh
heteroxycloalkyl va R® duge chon tir nhém alkyl duqc.perﬂo héa c6 tir 1 dén 6 nguyén tir
cacbon, va v&i nhom kéo dai L, mdi d’, e va > doc 1ap duge chon tr 0, 1, 2, 3, va 4, vai
didu kién téng ctia d’ + ¢’ + ° it nhat 1a 3;

(C) R!cho médi i, va R? cho mdi t, mdi nhém dc 1ap dugce chon ti,

(@ —C(0)Xa4, trong d6 Xa4 dugc chon tir nhém kéo dai L, hydroxy, Ci-Ciz
alkyl, C1-C12 alkoxy, phenyl khong dugc thé hodc dugc thé mot lan bang Ci-Cs alkyl
hogc Ci-Cs alkoxy, amino khong dugc thé, dugc thé moét hogc hai 1an bang it nhit mot
trong s6 C1-Cs alkyl, phenyl, benzyl, va naphtyl;

(b) -OX7va-N(Xy7); trong d6 X7 dugc chon tir,

1) hydro, nhém kéo dai L, Ci-Cy2 alkyl, Ci-Ci2 axyl, phenyl(Ci-Ci2
)alkyl, mono(Ci-Cy2 )alkyl dugc thé phenyl(Ci-Ci2 )alkyl, mono(Ci-Ci2 )alkoxy
dugc thé phenyl(Ci-Ciz )alkyl; Ci-Ciz alkoxy(Ci-Cia )alkyl; C3-C7 xycloalkyl;
mono(C1-Ci2 )alkyl duge thé Cs3-C7 xycloalkyl, Ci-Ci2 haloalkyl, alyl, benzoyl,
benzoyl duoc thé mot 1an, naphtoyl hodc naphtoyl duoc thé mot 1an, trong d6 mdi
trong sd cac phan tir thé benzoyl va naphtoyl nay doc 1ap dugc chon tir C1-Cs alkyl,
va Ci-Cs alkoxy;

(ii) -CH(X;s)Xo, trong d6 Xs dugc chon tir hydro, nhém kéo dai L, hodc
Ci-C12 alkyl; va Xo duge chon tir nhom kéo dai L, -CN, -CF3, hodc -COOX o, trong
do6 X0 dugc chon tir hydro, nhom kéo dai L, hodc Ci1-Ciz alkyl;

(ii))  -C(O)Xe, trong d6 X¢ dugc chon tir it nhit mot trong s cac, hydro,
nhém kéo dai L, Ci-C12 alkoxy, phenoxy khong dugc thé, dugc thé mot hogc hai 1an
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bing Ci-Ci2 alkyl hodc Ci-Ciz alkoxy, nhém aryl khong duge thé, duoc thé mot
hodc hai 14n bing Ci-Cs alkyl hodc Ci-Cs alkoxy, nhém amino khéng duoc thé,
dugc thé mot hodc hai 1an bing C1-Cs alkyl, va nhém phenylamino khéng dugc thé,
dugc thé mot hodc hai 14n bang Ci-Cs alkyl hoic Ci-Cs alkoxy;

(c)  vong chira nito dugc thé hién bang hop chét ¢ cong thic i;
\—w )m—/

trong d6, mdi -Y- mbi l4n xuit hién doc 1ap duogc chon tir -CHa-, -CH(R13%)-,
-C(R13")2-, -CH(aryl)-, -C(aryl)2-, va -C(R13”)(aryl)-, va Z 1a -Y-, -O-, -S-, -S(0)-, -SO»-,
-NH-, -N(R13’)-, hodc -N(aryl)-, trong do mdi Rys’ ddc 1ap 1a nhém kéo dai L, hodc
C1-Cao alkyl, mdi aryl doc 14p 1a phenyl hodc naphtyl, m 1a s6 nguyén 1, 2 hogc 3, vap la

s6 nguyén 0, 1, 2, hoic 3, véi didukién néu p 14 0, thi Z 1a -Y-;
(d)  nhoém duge thé hién bing hop chét c6 cong thic ii hogc ii;

\ |
X1s
X1s ii X6 iii

trong d6 X4, Xi1s, va X16mbi 1an xut hién doc 18p dugc chon tir hydro, nhom kéo
dai L, Ci-C12 alkyl, phenyl ho#c naphtyl, hodc X14 va Xjs5 cung nhau tao thanh vong co tr
5dn7 nguyén tu cacbon; p la s6 nguyén dugc chon tir 0, 1, hodc 2, va Xi7 mdi 14n xuit
hién ddc 1ap duoc chon tir nhdm kéo dai L, Ci-Ciz alkyl, Ci-Ciz alkoxy, hodc halogen;

(¢)  cac nhom R! 1ién ké tryc tiép, va cac nhom R? lién k& truc tiép, trong mdi
trudng hop doc 14p cing nhau tao thinh nhém duoc thé hién bing hop chat c6 cong thirc
vii, viii, hoac ix,

w Y Y

XTI L e

s w i T W T [X” a ix

trong do,

(i) W va W’ mdi lan xuit hién doc 1ap dugc chon tir -O-, -N(X7)-,

-C(X14)-, va —C(X17)-,
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(ii)  trong d6 Xi4 va Xis mbi 1an xudt hién doc 1ap dugc chon tir hydro,
nhém kéo dai L, Ci-Ci2 alkyl, phenyl hodc naphtyl, hodc X14 va X15 cung nhau tao
thanh vong c6 tir 5 dn 7 nguyén tir cacbon; va X7 mdi 14n xuét hién doc lap duoc
chon ttr nhém kéo dai L, C1-C12 alkyl, Ci-Cy2 alkoxy, hodc halogen, va

(iii)  qla sd nguyén dwoc chon tir 0 dén 3;

(f) nhém kéo dai L,
(g nhom B duogc chon tur,

6)) Ci-Cr2 alkyl, C3-C7 xycloalkyl, Ci-Ci2 haloalkyl va benzyl khong
duoc thé hoic duge thé mot 1an béng it nhat mot trong s6 C1-Cs alkyl va C;-Cs
alkoxy;

(i) -CH(CN); va —CH(COOX),, trong d6 X; dugc chon tir it nhat mot
trong sb hydro, nhom kéo dai L, C;-Ci2 alkyl khéng dugce thé hodc dugc thé mot
14n bing phenyl, phenyl(Ci-Cs)alkyl dugc thé mot 1an bang Ci-Cs alkyl hodc Ci-
Cs alkoxy, va nhom aryl khong dugce thé, duoc thé mdt hoic hai 1an, trong d6 mdi
phan tir thé aryl doc 1ap duge chon tlir C1-Cs alkyl va C1-Cs alkoxy; va nhém kéo
daiL;

(i) -CH(X2)(X3), trong do,

(1)  Xa duoc chon tir it nhit mot trong s6 nhém kéo dai L, Ci-Cr2 alkyl,
va nhém aryl khong duogc thé, duoc thé mot hodc hai lan, trong d6 mdi phan tir thé
aryl doc 1ap duoc chon tir Ci-Ce alkyl va Cy-Cs alkoxy; va

(2) X3 duogc chon tir it nhit mét trong s6 ~COOX|, -COXi, -COXq, va —
CH20Xs, trong do: X4 dugce chon tir it nhét mét trong sb morpholino, piperidino,
amino khong duoc thé, duoc thé mot hodc hai 1an bang Ci-Cs alkyl, va nhém dugce
chon tir phenylamino va diphenylamino khong duoc thé, duoc thé mot hodc hai
14n, trong d6 mdi phan tir thé doc 1ap duoc chon tir C1-Ce alkyl hodc Ci-Cs alkoxy;
va Xs duoc chon tir hydro, nhém kéo dai L, -C(O)Xz, Ci-Ciz alkyl khong dugc thé
hodc dugc thé mot 14n bing (Ci-Ciz)alkoxy hodc phenyl, phenyl(Ci-Ciz)alkyl
dugc thé mot 1an bang (Ci-Cr2)alkoxy, va nhém aryl khong duge thé, duoc thé
mdt hodc hai 1an, trong d6 mbi phﬁn ttr thé aryl doc 1ap duoc chon tir C1-Cs alkyl
va C1-Cs alkoxy;

(iv) nhém aryl khong dugc thé, duoc thé mét, hai hoic ba lan; 9-
julolidinyl; hodc nhém di vong thom khong duoc thé, duoc thé mot hodc hai 1an

dugc chon tur pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
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benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,

benzopyridyl, indolinyl, hodc fluorenyl; trong dé mdi phan tir thé aryl va vong

thom di vong mdi 1an xut hién doc 1ap duoc chon tir:

(1) nhom kéo dai L;

(2) -COOX hodc -C(0)Xe;

(3) aryl, haloaryl, C3-C7 xycloalkylaryl, va nhém aryl duoc thé mot hozc
hai 14n bang Ci-Ci2 alkyl hodc Ci-Ci2 alkoxy;

(4) Ci-Ci2 alkyl, C3-C7 xycloalkyl, C3-C7 xycloalkyloxy(Ci-Ci2)alkyl,
aryl(C1-Cr2)alkyl, aryloxy(Ci-Cr2)alkyl, mono- hodc di- (Ci-Ciz)alkylaryl(Ci-
Cr)alkyl, mono- hodc di- (Ci-Ciz)alkoxyaryl(Ci-Ciz)alkyl, haloalkyl, va
mono(Ci-Ci2)alkoxy(Ci-Crz)alkyl;

(5) Ci-Ciz2 alkoxy, C3-C7 xycloalkoxy, xycloalkyloxy(Ci-Ciz)alkoxy,
aryl(Ci-Ciz)alkoxy, aryloxy(Ci-Cr2)alkoxy, mono- hodc di- (Ci-Ciz)alkylaryl(Ci-
Ciz)alkoxy, va mono- hodc di- (C1-Ciz)alkoxyaryl(Ci-Ciz2)alkoxy;

(6) amido, amino, mono- hodc di-alkylamino, diarylamino, piperazino,
N-(C1-Cis)alkylpiperazino, N-arylpiperazino, aziridino, indolino, piperidino,
morpholino,  thiomorpholino,  tetrahydroquinolino,  tetrahydroisoquinolino,
pyrolidyl, hydroxy, acryloxy, metacryloxy, va halogen;

(7)  -OX7hodc -N(X7)2;

(8) nhém khéng duoc thé hodc dugc thé mot lAn dugc chon tir
pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl,
phenoxazinyl, phenazinyl, hodc acridinyl, trong do6 mdi phén tir thé doc 1ap dugc
chon tir nhém kéo dai L, Ci1-Cs alkyl, C1-Cs alkoxy, phenyl, hydroxy, amino hodc
halogen;

(D) mdi nhém R® va R* doc 1ap duge chon tir hydro, Ci-Cs alkyl, Ci-Cg
haloalkyl, va C3-C7 xycloalkyl, hoic R? va R* ciing nhau tao thanh phan tir thé spiro dugc
chon tir vong spiro-carboxylic dugc thé hodc khong dugce thé chira tir 3 dén 6 nguyén tir
cacbon; va

(E) R’ dugce chon tr hydro va -C(O)-Rb.

4. Hop chét vong ngung tu indeno theo diém 1, trong do,
(A) vong A dugc chon tir aryl khong dugc thé va aryl dugc thé;
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(B)  dbi v6i Q°, mdi R* doc 1ap duoc chon tir hydro va nhém alkyl c6 tir 1 dén 6
nguyén tir cacbon, va R® dugc chon tr nhém alkyl duge perflo hoa c6 tir 1 dén 6 nguyén
tr cacbon;

(C) R!cho mdii, va R? cho mdi t, mdi nhém ddc 1ap duoc chon ti,

(@) —C(0)Xas, trong d6 Xa4 duge chon tir hydroxy, Ci-Cs alkyl, Ci-Cs alkoxy,
phenyl khong dugc thé hodc dugc thé mot 1an bang C1-Cs alkyl hodc Ci-Ce alkoxy, amino
khong dugc thé, duoc thé mot hodc hai 1an béng it nhat mot trong sb6 C1-Cs alkyl, phenyl,
benzyl, va naphtyl;

(b) -OX7va-N(X7)2; trong d6 X7 dugc chon tir,

(1) hydro, Ci-Cs alkyl, C1—C§ axyl, phenyl(Ci-C¢ )alkyl,
mono(C1-Ce)alkyl dugc thé phenyl(Ci1-Cs )alkyl, mono(Ci-Cs )alkoxy dugc thé
phenyl(Ci-Cs )alkyl, Ci-Cs alkoxy(Ci-Ce)alkyl; Cs3-Cs xycloalkyl; mono(Ci-Ce
Yalkyl dugc thé C3-Cs xycloalkyl, C1-Ce haloalkyl, alyl, benzoyl, benzoyl dugc thé
mot 1an, naphtoyl hodc naphtoyl duoc thé mot 1an, trong d6 mdi trong s6 cac phan
ttr thé benzoyl va naphtoyl nay doc 1ap duge chon tir C1-Cs alkyl, va Ci-Cs alkoxy,

(i) -CH(Xs)Xo, trong d6 Xg dugc chon tir hydro hodc Ci-Ce alkyl; va Xo
duge chon tir —CN, -CF3, hoic -COOXio, trong d6 Xio dugc chon tir hydro hoac
Ci-Cs alkyl, va

(ili) —C(0)Xs, trong d6 X dugc chon tir hydro, Ci-Ci2 alkoxy, phenoxy
khong dugc thé, duoc thé mot hodc hai lan bé‘ng C1-C¢ alkyl hoac Ci-Cs alkoxy,
nhém aryl khong dwoc thé, dugc thé mot hodc hai lan bang Ci1-Cs alkyl hodc Ci-Cs
alkoxy, nhém amino khong dugc thé, duoc thé mot hogc hai 1an bang Ci-Cs alkyl,
va nhém phenylamino khong dugc thé, dugc thé mot hodc hai lan béng Ci-Cs3
alkyl hoac Ci-Cs alkoxy;

(©) vong chira nito duge thé hién bing hop chit c6 cong thic i,
/_ Y )p‘\
\—(Y )m—/

trong d6, mdi -Y- mdi 14n xuit hién doc 1ap duoc chon tir -CHa-, -CH(R13)-,
-C(R13°)2-, -CH(aryl)-, -C(aryl)2-, va -C(R13’)(aryl)-, va Z 1a -Y-, -O-, -S-, -5(0)-, -SO»-,
-NH-, -N(Ri3)-, hoic -N(aryl)-, trong d6 mdi Ri3’ doc 14p 1a nhom kéo dai L, hodc
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C1-Cao alkyl, mdi aryl ddc 1ap 1a phenyl hodc naphtyl, m 1a s6 nguyén 1, 2 hoic 3, vap la
sb nguyén 0, 1, 2, hodc 3, véi diéu kién néu pla0,thiZla-Y-;

(d) nhém dugc thé hién bé‘mg hop chét c6 cong thire ii hodc iii,

\ |
Xoe N i I'_'{X”]p a

_ : X”]p
X1s5 \
X1s ii X1 iii

trong dé Xis, Xis, va Xie mdi 14n xut hién doc lap duoc chon tir hydro, Ci-Cs
alkyl, hodc phenyl hodc Xi4 va Xis cing nhau tao thanh vong c6 tu 5 dén 7 nguyén tir
cacbon; p 1a sb nguyén duoc chon tir 0, 1, hodc 2, va X7 mdi 14n xuét hién doc 1ap duoc
chon tir C1-Cs alkyl, C1-Cs alkoxy, hodc halogen;

(¢)  céc nhém R' lién k& truc tiép, va cac nhém R? lién k& truc tiép, trong mdi
truong hop doc 14p cung nhau tao thanh nhém duoc thé hién bing hop chét ¢ cong thirc
vii, viii, hoac ix,

W . X14 W - X’

XX, T

1 N vi  x” owT T i [ ix

trong do,

() W va W mdi ldn xuit hién doc lap dugc chon tir -O-, -N(X7)-,
-C(X14)-, va -C(X17)-,

(ii)  trong d6 Xis va Xis mdi 14n xuét hién doc 14p duoc chon tir hydro,
C1-Cs alkyl, phenyl hodc naphtyl, hodc Xi4 va Xis5 cing nhau tao thanh vong co tu
5 dn 7 nguyén tir cacbon; va X7 mdi lan xuit hién doc 1ap duoc chon tir Ci-C
alkyl, Ci-Cs alkoxy, hodc halogen, va _

(iii)  q la sb nguyén duoc chon tir 0 dén 3;

(f) nhomkéodaiL,

(g) nhom B dugc chon tir,

6 C1-Cs alkyl, C3-Cs xycloalkyl, Ci-Cs haloalkyl va benzyl khong
duoc thé hoac duoc thé mot l4n bing it nhét mot trong s6 C1-C; alkyl va Ci-Cs
alkoxy;

(i) -CH(CN), va -CH(COOX1),, trong d6 Xi dugc chon tir hydro, Ci-
Cs alkyl khong dugc thé hoic duge thé mot 1an bang phenyl, phenyl(Ci-Cs)alkyl
dugc thé mot 1an bz"mg C1-C; alkyl hodc Ci-C; alkoxy, va nhém aryl khong duge
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thé, duoc thé mot hodc hai lan, trong d6 mdi phﬁn tir thé aryl doc 1ap dugc chon tir
C1-Csz alkyl va Ci-Cs alkoxy; va nhom kéo dai L;

(iv) -CH(X2)(X3), trong do,

(1) X, duogc chon tir it nhat mot trong s6 nhém kéo dai L, C1-Ce alkyl, va
nhém aryl khong duogc thé, duoc thé mot hodc hai lan, trong d6 mdi phan tir thé
aryl doc 1ap dugc chon tir C;-Cs alkyl va C;-Cs alkoxy; va

(2) X3 duoc chon tir it nhat mét trong s6 —CO0X;, -COX;, -COX4, v —
CH,OXs, trong d6: X4 dugc chon tir it nhit mot trong s6 morpholino, piperidino,
amino khoéng duoc thé, duoc thé mot hodc hai lan béng Ci-C3 alkyl, va nhom duoc
chon tir phenylamino va diphenylamino khong duoc thé, duoc thé mot hodc hai
1an, trong d6 mbi phan tir thé doc lap duoc chon tir C1-Cs alkyl hodc C1-Cs alkoxy;
va Xs dugc chon tir hydro, nhom kéo dai L, -C(O)X», Ci-Cs alkyl khong duoc thé
hodic dugc thé mot 1an bang (C1-Cs)alkoxy hodc phenyl, phenyl(Ci-Ci2)alkyl duge
thé mét 1an biang (C1-Ce)alkoxy, va nhém aryl khéng duge thé, duoc thé mot hoic
hai 14n, trong d6 mdi phan tir thé aryl doc lap duoce chon tir C1-Cs alkyl va Ci-Cs
alkoxy;

(v) nhém aryl khong dugc thé, duoc thé mot, hai hoic ba lan; 9-
julolidinyl; hodic nhém di vong thom khéng dugc thé, dugc thé mot hodc hai lan
dugc chon tur pyridyl, furanyl, benzofurén—Z-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,
benzopyridyl, indolinyl, hodc fluorenyl; trong d6 mdi phan t&r thé mbi 14n xuét
hién doc 1ap dugc chon tir,

(1) nhém kéo dai L;

2) -C(O)Xs;

(3)  aryl, haloaryl, C3-C7 xycloalkylaryl, va nhém aryl duoc thé mot hodc
hai 14n bing C;-C12 alkyl hoic Ci-C2 alkoxy;

(4) Ci-Cs alkyl, C3-Cs xycloalkyl, C3-Cs xycloalkyloxy(Ci-Ce)alkyl,
aryl(Ci-Ce)alkyl, aryloxy(Ci-Ce)alkyl, mono- hodc di- (Ci-Ce)alkylaryl(Ci-
Ce)alkyl, mono- hodc di- (Ci-Cs)alkoxyaryl(Ci-Cs)alkyl, haloalkyl, va mono(Ci-
Ce)alkoxy(Ci-Ce)alkyl;

(5) Ci-C¢ alkoxy, Cs-Cs xycloalkoxy, xycloalkyloxy(Ci-Ce)alkoxy,
aryl(Ci-Ce)alkoxy, aryloxy(Ci-Ce)alkoxy, mono- hodc di- (Ci-Ce)alkylaryl(Ci-
Ce)alkoxy, va mono- hodc di- (C1-Cs)alkoxyaryl(Ci-Ce)alkoxy;
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(6)  aminocacbonyl, aminocacbonyl(Ci-Cig)alkylen, amino, mono- hodc
di-alkylamino,  diarylamino,  piperazino, ~ N-(Ci-Cig)alkylpiperazino, ~ N-
arylpiperazino, aziridino, indolino, piperidino, morpholino, thiomorpholino,
tetrahydroquinolino, tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy,
metacryloxy, va halogen;

(7)  -OXj7hodac —N(X7)2, va

(8) nhém khéng dugc thé hoic duoc thé mot ldn duge chon tir
pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl,
phenoxazinyl, phenazinyl, hodc acridinyl, trong d6 mdi phan tir thé doc 1ap dugc
chon tir nhém kéo dai L, C1-Cs alkyl, Ci-Cs alkoxy, phenyl, hydroxy, amino hodc
halogen;

(D) mdi nhém R? va R* doc lap duge chon tir hydro, Ci-Cs alkyl, Ci-Cs

haloalkyl, va C3-C7 xycloalkyl, hoic R? va R* ciing nhau tao thanh phan tir thé spiro duoc

chon tir vong spiro-carboxylic duoc thé hoic khong duogc thé chira tir 3 dén 6 nguyén tur

cacbon; va

(E) R’ duoc chon tr hydro va -C(O)-R".

5. Hop chét vong ngung tu indeno theo diém 4, trong d6 hop chét vong ngung tu indeno

nay duoc thé hién bang hop chit c6 cong thic Ia sau:

Ia

ORS

Z
<R2)t/

trong d6 t dugc chon tir 0 dén 4.

6. Hop chit vong ngung tu indeno theo diém 5, trong d6 Q’ duoc chon tir -CN, -
C(O)OR?, -C=C-R?, -C(R®)=C(R?»(R?), -OC(O)R?, -OC(O)OR?, -SR? -OS(O2)R® va -
C(O)NRR®.
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