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(57)  Sáng chế đề cập đến phương pháp điều chế hợp chất naphtol được ngưng tụ indeno, 
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công thức chung V sau:

     Đối với công thức V, m nằm trong khoảng từ 0 đến 4, và R1 đối với mỗi m, Rg và Rh 
mỗi nhóm có thể độc lập được chọn từ nhóm bao gồm, ví dụ, hydro và hydrocacbyl. Sáng 
chế cũng đề cập đến phương pháp điều chế hợp chất naphtopyran được ngưng tụ indeno 
mà bao gồm việc điều chế hợp chất trung gian axit indanon.



Linh vuc ky thuat dtrqc de cap

Sang chi de cap din phuong phap dieu che cac hap chat naphtol duqc 
ngung tu indeno va cac hap chat co lien quan, nhu cac hqp chat naphtopyran 
duqc ngung tu indeno dii mau theo anh sang, ma bao gom viec tao ra chat 
trung gian axit indanon.

Tinh trang ky thuat cua sang che
Hqp chit naphtol duqc ngung tu indeno, bao gim cac ete va este cua 

hqp chit naphtol duqc ngung tu indeno, co nhieu ling dung, nhu lam hqp chat 
trung gian trong qua trinh ting hqp cac hqp chat va hqp chat doi mau theo anh 
sang, nhu naphtopyran duqc ngung tu indeno. Cac hqp chit dii mau theo anh 
sang, nhu naphtopyran duqc ngung tu indeno, khi phan ling vdi cac budc song 
nhit dinh cua biic xa dien tu: (hoac “biic xa quang hoa”), thubng trai qua su 
chuyin hoa tir mot dang hoac trang thai nay sang dang khac, vdi moi dang co 
quang phi hip thu dac trung hoac rieng biet cua no. Thong thuong, khi tiep 
xuc vdi biic xa quang hoa, nhiiu vat lieu dii mau theo anh sang bi chuyin tir 
dang dong, tuong ling vdi trang thai bit hoat (hoac mit mau, vi du, gin nhu 
khong mau) cua vat lieu dii mau theo anh sang, sang dang md, tuong ling vdi 
trang thai hoat hoa (hoac co mau) cua vat lieu dii mau theo anh sang. Khi 
khong tiep xuc vdi biic xa quang hoa, vat lieu dii mau theo anh sang nay 
chuyen hoa nguqc lai tir trang thai hoat hoa (hoac co mau), vi trang thai bit 
hoat (hoac mit mau). Cac che phim va vat dung, nhu thiu kinh deo mit, chiia 
vat lieu dii mau theo anh sang hoac co vat lieu dii mau theo anh sang duqc sir 
dung trong do (vi du, d dang chi phim phii dii mau theo anh sang) thubng thi 
hien cac trang thai khong mau (vi du, trong suot) va co mau tuong ling vdi cac 
trang thai khong mau va co mau cua vat lieu doi mau theo anh sang duqc chiia 
hoac duqc su: dung trong do.
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Hop chit naphtol dirge ngirng tu indeno thuemg dugc diiu chi bing so 
di tong hgp bao gom phan ling cua benzophenon vai dialkyl suxinat, ma 
thuemg goi la qua trinh phan ling Stobbe. Khi benzophenon khong doi xiing 
dugc su: dung, hon hgp cua cac hgp chat naphtol dugc ngung tu indeno thuemg 
co dugc t£r qua trinh phan ling Stobbe nay. Hon hgp cac naphtol dugc ngung 
tu indeno phai dugc tach de co lap naphtol dugc ngung tu indeno mong muon. 
Naphtol dugc ngung tu indeno dugc co lap sau do co thi dugc sii dung trong 
cac phan ling tiep theo (vi du, trong viec ting hgp naphtopyran dugc ngung tu 
indeno doi mau theo anh sang). Cac buac tach va co lap thuemg lam giam dang 
ki hieu suit tuang ling vai hgp chat naphtol dugc ngung tu indeno mong 
muon.

Mot so vat lieu dii mau theo anh sang, nhu naphtopyran dugc ngung 
tu indeno dii mau theo anh sang co thi dit, va ve mat kinh ti, thuemg mong 
muon giam dugc chi phi lien quan din viec ting hgp cac vat lieu nay.

Tai lieu sang chi s i WO 2004/061047 A2 di cap den thiit bi dien phat 
quang, thiit bi nay bao gim circ anot va catot nim xa nhau; va lap phat ra 
dugc dat nim giu:a cue anot va catot nam xa nhau nay va chiia hgp chit huu ca 
co ciu true floren phiic hgp dugc thi hien bang mot trong so cac cong thiic: 
(I); (II); hoac (III) trong do: XI, X2, X3 va X4 doc lap la giing nhau hoac 
khac nhau va bao gom goc chiia CH hoac N; moi Rl, R2, R3 va R4 la cac 
phin tii thi dgc lap la hydro, hoac alkyl, hoac alkenyl, hoac alkynyl, hoac 
alkoxy co tu: 1 din 40 nguyen tii cacbon; aryl hoac aryl dugc thi co tii 6 din 
60 nguyen tii cacbon; hoac heteroaryl hoac heteroaryl dugc the co tu: 4 den 60 
cacbon; cua F, Cl, hoac Br; hoac nhom xyano; hoac nhom nita; hoac R3 hoac 
R4 hoac ca hai diu cac nhom ma tao thanh vong tham hoac di vong tham 
ngung tu.

Ngoai ra, tai lieu sang chi si US 2008/103301 A1 di cap den hgp chat 
dii mau theo anh sang khac nhau vi ca ban la khong co cac nhom khong no co 
thi polyme hoa, va bao gom: a) indeno[2',3':3,4]naphtho[l,2-b]pyran; va b) 
nhom khong kit hgp khong dien tii lien kit d vi tri 11 cua 
indeno[2',3':3,4]naphtho[l,2-b]pyran. Cac phuang an thay thi bao gom cac
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phan tut the khac nhau a cac vi tri khac cua indeno[2',3':3,4]naphtho[l,2- 
b]pyran. Tai lieu nay cung de cap den cac vat dung dii mau theo anh sang 
chua chit nen va mot trong s6 cac hap chat dii mau theo anh sang neu tren, 
tiep xuc vai mot phan chat nen.

Han nu:a, tai lieu sang che s6 WO 97/48762 A1 di cap den hap chat 
naphthopyran dugc ngung tu indeno dii mau theo anh sang mdi, vi du vi cac 
hap chat naphthopyran co nhom indeno dugc the hoac khong dugc the, vi tri 
2,1 ma ngung tu din mat f cua phan naphtho cua naphthopyran, va co mot s6 
phan tii the a vi tri 3 cua vong pyran. Cac phan tu the nay cung co the a 
nguyen tur cacbon thii 5, 6, 7, 8, 9, 10, 11, 12 hoac 13 cua hap chit. Cac hop 
chit nay co thi dugc the hien bing cong thuc bieu d6 (I). Tai lieu nay cung de 
cap den cac hgp chat vat chu huu ca polyme ma chua hoac dugc phu vai cac 
hgp chat neu tren. Cac vat dung trong suot vi mat quang hoc nhu kinh dung 
cho mat hoac kinh trong suit deo khac dugc kit hgp vai cac hgp chat hoac t i  
hgp cua chung vai cac hgp chat doi mau theo anh sang b i sung, vi du, cac 
naphthopyran khac, cac benzopyran va cac hgp chit loai spiro(indolin) cung 
dugc de cap trong tai lieu nay.

Ton tai nhu ciu phat triin cac phuang phap mod di diiu che hgp chit 
naphtol dugc ngung tu indeno. Ngoai ra, thuang mong muin ring cac phuang 
phap mod phat triin nay se tao ra hieu suit dugc cai thien, va cac hieu qua kinh 
ti  so vai cac phuang phap ting hgp trudc day.

Ban chat ky thuat cua sang che
Muc dich cua sang chi la nhim dap ling nhu ciu neu tren.

Cu thi, sang che de xuat phuang phap dieu che hgp chat naphtol dugc 
ngung tu indeno co cong thiic I sau:

I
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R9

Trong cong thiic I, m va n doc lap dirge chon tvr 0 den 4. Cung trong 
cong thirc I, R1 ddi vdi mdi m, va R2 ddi vdi mdi n, trong tirng trudng hgp doc 
lap dirge chgn tur hydrocacbyl tuy y dirge ng&t mach bdi it nhat mot trong so 
cac nhom -0-, -S-, -C(O)-, -C(0)0-, -S(O)-, -SO2-, -N(Rn’)- trong do R n’ 
dirge chgn tir nhom bao gom hydro, hydrocacbyl hoac hydrocacbyl dugc the, 
va hdn hgp cua hai hoac nhidu nhom nay; hydrocacbyl dugc the tuy y dugc 
ngdt mach bed it nhit mot trong s6 cac nhom -0-, -S-, -C(O)-, -C(0)0-, -S(O)- 
, -SO2-, -N(Rn’)- trong do R11’ dugc chgn tir nhom bao gom hydro, 
hydrocacbyl hoac hydrocacbyl dugc th£, va h6n hgp cua hai hoac nhieu nhom 
nay; halogen; xyano; va -N(Rn’)Ri2’, trong do R n’ va R12’ doe lap dugc chgn 
tir nhom bao gom hydro, hydrocacbyl hoac hydrocacbyl dugc the, hoac Ri 1 ’ va 
R12’ cimg nhau tao thanh cdu true vong beo va/hoac thorn (vi du, cdu true vong 
don, da vong, hoac vong ngung tu) tuy y bao g6m it nhit mot nguyen tit khac 
loai. Cac nhom Rs va Rh cua cong thiic I doe lap dugc chgn tir nhom bao g6m, 
hydro; hydrocacbyl tuy y dugc ngit mach bdi it nhat mot trong s6 cac nhom 
-0-, -S-, -C(O)-, -C(0)0-, -S(O)-, -SO2-, va -N(Rn’)- trong do R n’ dugc chgn 
tir nhom bao g6m hydro, hydrocacbyl hoac hydrocacbyl dugc the; va 
hydrocacbyl dugc th6 tuy y dugc ngdt mach bdi it nhit mot trong s6 cac nhom 
-O-, -S-, -C(O)-, -C(0)0-, -S(O)-, -SO2-, va -N(Rn’)- trong do R n’ dugc chgn 
tir nhom bao g6m hydro, hydrocacbyl hoac hydrocacbyl dugc thS; hoac Rg va 
Rh ciing nhau tao thanh cdu true vong tuy y bao g6m it nhit mot nguyen tir 
khac loai.

Phuong phap dieu chi hgp chit naphtol dugc ngung tu indeno co cong 
thiic I bao gom bude:
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(a) cho alkyl benzen co cong thiic II phan ling voi anhydrite maleic, nhd 
do tao ra hap chat trung gian dugc the bang axit suxinic co cong thiic III:

II
R9

Phuang phap theo sang che con bao gom biroc:

(b) chuyen hoa hap chat trung gian dugc the bang axit suxinic co cong 
thiic III thanh hop chat trung gian dugc the bang anhydrit suxinic co cong thiic IV,

IV

Phuang phap theo sang che con bao gom buac:

(c) chuyln hoa hgp chit trung gian dugc thi bang anhydrit suxinic co 
cong thiic IV thanh hgp chit trung gian axit indanon co cong thiic V:
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V

Phucmg phap theo sang che con bao gom biroc:

(d) cho hop chit trung gian axit indanon co cong thiic V phan ling voi 
chat ai nhan co cong thiic VI de tao ra hop chat trung gian indanon duoc the co it 
nhit mot trong s6 cac cong thiic Vila, Vllb va Vile:

VI
M

trong do M la ion d6i bao g6m kim loai duoc chon tur Mg, Li, Cu va hon hop 
cua chiing:

Vila
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Vllb

Vile

Phirang phap theo sang che, con bao gom them buoc:

(e) chuyin hoa hop chit trung gian indanon dirge thi co It nhit mot trong 
so cac cong thuc Vila, Vllb va Vile thanh hop chat naphtol dirge ngung tu indeno 
co cong thuc I.

Trong cac cong thtre II, III, IV, V, VI, Vila, Vllb, va Vile, m, R1 n, 
R2, Rg, va Rh trong tirng truerng hgp doc lap dugc chgn tir cac tri s6, khoang, 
va nhom nhu dugc mo ta tren day va sau day trong cong thuc I. Theo each 
khac, mot hoac nhieu nhom trong s6 R1, R2, Rg, va Rh co the trong tirng truerng 
hgp doc lap la mgt hoac nhiiu tiin chit cua cac nhom nhu dugc mo ta tren day 
va sau day trong cong thtre I.

Sang che con de xuat phuong phap dieu che hgp chat naphtopyran 
dugc ngung tu indeno co cong thuc sau XI:
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XI
R9

Vdi hap chat naphtopyran duoc ngung tu vdi indeno co cong thuc XI, 

m, R1, n, R2, Rg, va Rh trong tirng truong hap doc lap dirge chon tir cac tri so, 

khoang va nhom nhu duoc mo ta tren day va sau day trong cong thiic I, hoac 

trong tirng triremg hop doc lap la mot hoac nhieu tien chat cua cac nhom nhu 

duoc mo ta tren day va sau day trong cong thirc I.
r

Cac nhom B va B’ cua hop chat naphtopyran duoc ngung tu vdi 

indeno co cong thuc XI doc lap duoc chon tu aryl khong duoc the, aryl duoc 

the, heteroaryl khong duoc the, heteroaryl duoc the, polyalkoxy, va 

polyalkoxy co nhom trung hop duoc. Theo cac khac, B va B ’ cung nhau tao 

thanh cau true vong duoc chon tCr floren-9-yliden khong duoc the, floren-9- 

yliden duoc th6, vong hydrocacbon mot vong xoan no, vong hydrocacbon hai
r r

vong xoan no, va vong hydrocacbon ba vong xoan no.

Phuong phap dieu che hop chat naphtopyran duoc ngung tu voi
> r

indeno co cong thhc XI, bao gom bude tao ra hop chat naphtol duoc ngung tu 

vdi indeno co cong thuc I nhu duoc mo ta tren day, va cho hop ch§t naphtol 

duoc ngung tu vdi indeno co cong thuc I vdi phan ung vdi ruou propargylic co 

cong thuc sau XI:

XII
CH

HO'
\~

•B'
B

Vdi nrou propargylic co cong thde XII, B va B’ moi nhom duoc chon 

tir cac nhom nhu duoc mo ta tren day va sau day trong cong thirc XI, hoac
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trong tung truang hap doc lap la mot hoac nhieu tiin chat cua cac nhom nhir 
dugc mo ta tren day va sau day trong cong thtic XI.

Mo ta chi tiet sang che

Nhu dirge sti dung trong ban mo ta va trong cac yeu cau bao ho, thuat 
ngu “btic xa quang hoa” chi btic xa dien tti co kha nang chuyen hoa hap chat 
quang hoa tu: dang hoac trang thai nay sang dang hoac trang thai khac.

Nhu dugc sti dung trong ban mo ta va cac yeu diu bao ho, thuat ngu: 
“doi mau theo anh sang” viec co chi ph6 hip thu d6i vdi it nhat biic xa nhin 
thay thay d6i khi phan ting vai su hap thu it nhit btic xa quang hoa. Han ntia, 
nhu dugc sti dung trong ban mo ta thuat ngu: “hgp chat doi mau theo anh sang” 
chi chit bit ky dugc lam thich ting di the hien cac tinh chit doi mau theo anh 
sang, ttic la dugc lam thich ting dk co phi hip thu ddi vai vai it nhit btic xa 
nhin thay thay doi khi phan ting vtii su hap thu it nhat btic xa quang hoa, va 
bao gom it nhat mot hgp chat doi mau theo anh sang.

Nhu dugc sti dung trong ban mo ta va cac yeu cau bao ho, tri so trgng 
lugng phan tti cua polyme, nhu trong lugng phan tti trung binh trgng lugng 
(Mw) va trgng lugng phan tti trung binh s6 (Mn), dugc xac dinh bing phuang 
phap sic ky thim qua gel bing each sti dung cac tieu chuin thich hgp, nhu tieu 
chuin polystyren.

Nhu dugc sti dung trong ban mo ta va cac yeu cau bao ho, tri s6 cua 
chi si da phan tan (polydispersity index - PDI) chi ty le gifta trong lugng phan 
tti trung binh trgng lugng (Mw) va trgng lugng phan tti trung binh s6 (Mn) cua 
polyme (ttic la, Mw/Mn).

Nhu dugc sti dung trong ban mo ta va cac yeu cau bao ho, cac nhom 
“mach thing hoac mach nhanh”, nhung alkyl mach thing hoac mach nhanh, 
dugc hiiu la bao gom: nhom metylen hoac nhom metyl; cac nhom mach thing 
nhu cac nhom C 2 -C 2 0  alkyl mach thing; va cac nhom mach nhanh thich hgp 
nhu cac nhom C 3 -C 2 0  alkyl mach nhanh.
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Nhir dirge sir dung trong ban mo ta va cac yeu c&u bao ho, thuat ngu 

“halo” va cac thuat ngu tuong tu, nhung nhom halo, halogen, va nhom halogen 

chi F, Cl, Br va/hoac I, nhu flo, clo, brom va/hoac iot.

Tru khi dugc chi dinh khac, tat ca cac khoang hoac ty le dugc bbc lo 

trong ban mo ta duoc hidu la bao gdm bat ky va tat ca cac khoang nho hoac ty 

le nho trong do. Vi du, khoang hoac ty le "tu: 1 ddn 10" chn dugc xem la bao
\  r  r  \  \ r r

gom bat ky va tat ca cac khoang nho nam giua (va gom ca) tri so nho nhat 1 va 

tri s6 ldn nhit 10; nghTa la, tat ca cac khoang nho hoac ty le nho bat ddu bang
r r r  > r r

tri so nho nhat 1 hoac Ion hon va ket thuc bang tri so Ion nhat 10 hoac nho 

hon, nhu, nhung khong chi gioi han d, tu 1 den 6,1, tu 3,5 den 7,8, va tu 5,5 

d6n 10.

Nhu dugc sir dung trong ban mo ta va cac yeu cdu bao ho, trir khi 

dugc chi dinh khac, ky hieu “A” chi nang lugng nhiet, nhu nhiet dugc dua vao 

va/hoac duy tri trong phan ung hoa hpc.

Nhu dugc sir dung trong ban mo ta va cac yeu cau bao ho, thuat ngu
\  r   ̂ r

“tien chat” va cac thuat ngft co lien quan, nhu “tien chat” cua cac nhom khac 

nhau, vi du, R1, R2, Rg, Rh, B va B’, cua cac hgp ch^t va chat trung gian dugc 

mo ta trong ban mo ta, vi du, hgp chat naphtol dugc ngung tu vdi indeno co 

cong thuc I va hgp chat naphtopyran dugc ngung tu vdi indeno co cong thirc
? ? a r

XI, chi nhom co the chuyen hoa, trong mot hoac nhieu bude thanh nhom cuoi 

cung hoac nhom mong muon. Chi nham muc dich minh hga khong han che, 

tien chit cua nhom hydroxyl (-OH) bao gom, nhung khong chi gidi han d, 

nhom este cua axit cacboxylic (-OC(O)R trong do R la hydro hoac
r \  r

hydrocacbyl tuy y dugc the); va tien chat cua nhom este cua axit cacboxylic 

(- OC(O)R) bao gdm, nhung khong chi gidi han d, nhom hydroxyl (-OH), ma 

co thd dugc cho phan ting, vi du, vdi halogenua cua axit cacboxylic, nhung 

clorua cua axit axetic (hoac axetyl clorua).

Nhu dugc sir dung trong ban mo ta va cac yeu cau bao ho, trti khi 

dugc chi dinh khac, each th l hien tir trai sang phai cac nhom lien kdt, nhu cac 

nhom lien kdt hoa tri hai, bao gdm cac hudng khac thich hgp nhu, cac hudng 

tti phai sang trai. Vi du, nhung khong gidi han, each the hien tti trai sang phai
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cua nhom lien k it hoa tri hai -C(0 )0 -, bao gom ca each th l hi$n ttr phai sang 

trai cua no, -0 (0 )C-.

Nhu dugc sir dung trong ban mo ta va trong cac yeu cau bao ho, cac 

mao ttr "mot" bao g6m ca s6 nhieu trir khi dugc han che mot each ro rang la 

mot.

Khong nhu trong cac vl du thuc hien, hoac khi khong co quy dinh 

khac, tat ca cac sd thl hien so lugng cua cac thanh phan, dieu kien phan ling, 

v.v. dung trong ban mo ta va cac yeu cau bao ho dugc hieu trong moi tinh 

huong bang thuat ngur “khoang” .

Phuong phap theo sang chi bude tao ra hgp chit naphtol dugc ngung 

tu indeno co cong thiic I. Cac nhom R 1, R2, Rg va Rh cua hgp chit naphtol 

dugc ngung tu indeno co cong thiic I, co thl trong tvrng trucmg hgp dugc chon 

tir hydrocacbyl, va hydrocacbyl dugc the.

Nhu dugc siir dung trong ban mo ta va cac yeu c lu  bao ho thuat ngii 

“hydrocacbyl” va cac thuat ngu: tuong tu, nhu “phln ttr the hydrocacbyl,” chi: 

C1-C20 alkyl mach thing hoac mach nhanh (vl du, C1-C10 alkyl mach thing 

hoac mach nhanh); C2-C20 alkenyl mach thing hoac mach nhanh (vi du, C2-C10 

alkenyl mach thing hoac mach nhanh); C2-C20 alkynyl mach thing hoac mach 

nhanh (vi du, C2-C10 alkynyl mach thang hoac mach nhanh); C3-C12 xycloalkyl 

(vi du, C3-C10 xycloalkyl); C3-C12 heteroxycloalkyl (co it nhlt mot nguyen 

tii khac loai trong vong); C5-C18 aryl (bao g6m cac nhom aryl nhilu vong) (vi 

du, C5-C10 aryl); C5-C18 heteroaryl (co it nhlt mot nguyen tur khac loai trong 

vong thorn); va C6-C24 aralkyl (vi du, C6-C10 aralkyl).

Cac nhom alkyl dai dien bao g6m nhung khong chi gioi han o metyl, 

etyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, 

hexyl, heptyl, octyl, nonyl va dexyl. Cac nhom alkenyl dai dien bao gom 

nhung khong chi gioi han cr vinyl, alyl va propenyl. Cac nhom alkynyl dai dien 

bao gom nhung khong chi gioi han a  etynyl, 1-propynyl, 2-propynyl, 1- 

butynyl, va 2-butynyl. Cac nhom xycloalkyl dai dien bao gom nhung khong 

chi gioi han d cac phln tii thl xyclopropyl, xyclobutyl, xyclopentyl,
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xyclohexyl, va xyclooctyl. Cac nhom heteroxycloalkyl dai dien bao gom 
nhung khong chi gidi han a tetrahydrofuranyl, tetrahydropyranyl va 
piperidinyl. Cac nhom aryl dai dien bao g6m nhirng khong chi gidi han d 
phenyl va naphtyl. Cac nhom heteroaryl dai dien bao gom nhung khong chi 
gidi han d furanyl, pyranyl va pyridinyl. Cac nhom aralkyl dai dien bao gom 
nhung khong chi gidi han d benzyl, va phenetyl.

Thuat ngu: “hydrocacbyl dupe thi” nhu dupe sir dung trong ban mo ta 
va cac yeu ciu bao ho chi nhom hydrocacbyl trong do it nhat mot hydro cua no 
duoc the bang nhom khong phai hydro, nhu, nhung khong chi gidi han d, cac 
nhom halo, cac nhom hydroxyl, cac nhom ete, cac nhom thiol, cac nhom thio 
ete, cac nhom axit cacboxylic, cac nhom este cua axit cacboxylic, cac nhom 
axit phosphoric, cac nhom este cda axit phosphoric, cac nhom axit sulfonic, 
cac nhom este cua axit sulfonic, cac nhom nitro, cac nhom xyano, cac nhom 
hydrocacbyl (vi dp, alkyl, alkenyl, alkynyl, xycloalkyl, heteroxycloalkyl, aryl, 
heteroaryl, va cac nhom aralkyl), va cac nhom amin, nhu -N(Rn’)(Ri2’) trong 
do Rn’ va Ri2? doc lap dupe chon tir hydro, hydrocacbyl va hydrocacbyl dupe 
thi.

Thuat ngu: “hydrocacbyl dupe thi” bao gom ca cac phan tir thi 
halohydrocacbyl (hoac hydrocacbyl dupe the halo). Thuat ngu 
“halohydrocacbyl” nhu dupe su: dung trong ban mo ta va cac yeu cau bao ho, 
va cac thuat ngu tuong tu, nhu hydrocacbyl dupe thi halo, chi ring it nhat mot 
nguyen tu: hydro cua hydrocacbyl (vi du, cua cac nhom alkyl, alkenyl, alkynyl, 
xycloalkyl, heteroxycloalkyl, aryl, heteroaryl, va aralkyl) dupe thay the bang 
nguyen tir halogen dupe chon tir clo, brom, flo va iot. Bac halogen hoa co thi 
ndm trong khoang tir it nhit mot nguyen tir hydro dupe thl bing nguyen tu: 
halogen (vi dp, nhom flometyl) den halogen hoa hoan toan (perhalogen hoa) 
trong do tat ca nguyen tir hydro thay the dupe cua nhom hydrocacbyl dupe 
thay thS bing nguyen tir halogen (vi du, triflometyl hoac per flometyl). Theo 
do, thuat ngu: “nhom perhalohydrocacbyl” nhu dupe sir dung trong ban mo ta 
va cac yeu cau bao ho chi nhom hydrocacbyl trong do tit ca cac hydro thay the 
dupe da dupe thay thl bang halogen. Vi du vi ca nhom perhalohydrocacbyl
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bao gdm, nhung khong chi gidi han a, cac nhom phenyl dirge perhalogen hoa 
va cac nhom alkyl dirge perhalogen hoa.

Cac nhom hydrocacbyl va hydrocacbyl dirge the ma tir do co thl chon 
R1, R2, R8, va Rh, co thl trong tirng trudng hgp doe lap va tuy y dirge ngdt 
mach bdi It nhit mot trong s6 cac nhom -O-, -S-, -C(O)-, -C(0)0-, -S(O)-, - 
SO2-, -N(Rn’)-. Nhu dirge sir dung trong ban mo ta va cac yeu clu bao ho, 
dugc ngSt mach bdi It nhlt mot trong so cac nhom -0-, -S-, -C(O)-, -C(0)0-, - 
S(O)-, -SO2-, -N(Rn’)-, chi viec It nhit mot cacbon cua, nhung khong phai tit 
cd cac cacbon cua, nhom hydrocacbyl hoac nhom hydrocacbyl dugc the, trong 
tirng truemg hgp doe lap dugc thay thl bang mot trong so cac nhom lien k6t 
khong chua cacbon hoa tri hai da neu. Cac nhom hydrocacbyl va hydrocacbyl 
dugc th6 co the dugc ngSt mach boi hai hoac nhieu nhom lien k§t neu tren, ma 
co thl lien kS v6i nhau hoac tach rieng bcri mot hoac nhieu cacbon.

Cac nhom cac nhau cua hgp chat naphtol dugc ngung tu indeno, cac 
hgp chat trung gian va naphtopyran dugc ngung tu indeno dugc dieu che va sir 
dung trong cac phuong phap theo sang chS, se dugc mo ta chi tilt han dudi 
day.

Phuong phap dieu chi hoac tong hgp naphtol dugc ngung tu indeno co 
cong thuc I, theo sang chi, bao gdm bude tao ra hgp chit trung gian dugc thl 
bang axit suxinic co cong thuc III, bang each cho alkyl benzen co cong thuc II 
phan ting vdi anhydrit maleic. Phan ung nay thudng dugc tiln hanh vdi su co 
mat cua chit tao glc tu do, nhu peroxit, va trong cac dilu kien thich hgp, nhu 
co hoi luu, nhu dugc thl hien trong So do 1 sau.

Sadd 1

Peroxit trong So dd-l thudng la peroxit bishydrocacbyl co cong thuc, Ra-0- 
0-Rb, trong do cac nhom Ra va Rb tirng nhom co thl doc lap dugc chon tir
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hydrocacbyl va hydrocacbyl dugc th6, nhu C1-C10 alkyl mach thing hoac mach 

nhanh hoac C1-C5 alkyl mach thing hoac mach nhanh (vi du, metyl, etyl, n-propyl, 

iso-propyl, n-butyl, iso-butyl, va tert-butyl). Theo mot sd phuong an cua sang che, 

Ra va Rb cua peroxit trong So do 1 moi nhom dugc chgn tir tert-butyl. Su hdi luu co
7 r  > > r

the dugc tien hanh trong cac dieu kien thich hgp, bao gom, vi du ap suat giam, ap 

suat moi trudng, va/hoac ap suat tang. Thong thuong, su hoi luu ma 0  do tao ra hgp
r r \

chat trung gian dugc the bang axit suxinic co cong thiic III, dugc thuc hien trong 

cac dieu kien ap suat moi trudng (vi du, khoang 1 atm), trong khi quyen tro (vi du, 

trong dong khi nito thdi qua), va nhiet do cao, nhu tu: 50°C den 200°C, hoac tCr 

60°C d6n 180°C, hoac tir 80°C d6n 150°C.

Alkyl benzen co cong thiic II co thl dugc su dung lam ca chat phan 

ling va dung moi trong phan ling dugc the hien tren So do 1, va/hoac co thl 

dung dung moi khong phan ling rieng re. Thong thuong, sau khi hoan thanh
r \  r

phan ling, dung moi va alkyl benzen du, neu co, dugc loai bo bang each cat 

phdn nhe dudi ap suat giam, de lai hgp chat trung gian dugc the bang axit 

suxinic co cong thiic III tho trong binh phan ling. Hgp chat trung gian dugc 

th6 bing axit suxinic co cong thiic III tho co thd dugc phan tach tiep hoac theo 

each khac tinh che blng cac phuong phap da bi6t trong lmh vuc nay, hoac 

dugc sii dung 6 dang tho cua no o bubc tiep theo trong trinh tu tong hgp.

(5 bude tiep theo cua phuong phap theo sang che, hgp chat trung gian 

dugc th l blng axit suxinic co cong thiic III dugc chuyin hoa thanh hgp chat 

trung gian dugc thd bang anhydrit suxinic co cong thiic IV. Budc chuydn hoa 

thudng dugc thuc hien vdi su co mat cua axit Bronsted (hoac axit proton), nhu 

axit sulfonic, va trong cac didu kien thich hgp, nhu vdi hdi luu, nhu dugc thd 

hien tren So d6 2 sau.

So dd-2

III
O

IV
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Theo Sa di-2, axit Br0 nsted (duoc thi hien bang H+) thudng la axit 

manh, nhu axit sulfonic (vi du, axit dodecyl benzen sulfonic, DBSA). Theo 

mot so phuong an, chat xiic tac di th i co the duoc sii dung trong phan ling 

duoc th i hien tren So do-2. Vi du ve cac chat xuc tac di thi bao gim, nhung 

khong chi gidi han d, cac olefin duoc perhalogen hoa chiic axit sulfonic, nhu 

polytetrafloetylen chiic axit sulfonic san co tren thi trudng vdi ten thudng mai 

NAFION H cua E. I. du Pont de Nemours & Co., Inc. Dung moi co th i duoc 

chon tu dung moi thich hop bit ky ma tu do san phim anhydrit IV co thi duoc 

tach ra, nhu xylen. Su hoi luu co th i duoc thuc hien trong cac dieu kien da
r  >

biet trong linh vuc nay, nhu duoc mo ta trong So do-l tren day. Khi phan 

ling/su chuyen hoa dien ra, nude duoc loai bo khoi binh phan ling, va thudng 

duoc thu gom va do. Thong thudng, sau khi ho an thanh phan ling, dung moi 

duoc loai bo bang each cit phan nhe dudi ap suit giam, de lai hop chat trung 

gian duoc th i bang anhydrit suxinic co cong thiic IV tho trong binh phan ling. 

Hofp chat trung gian duoc the bang anhydrit suxinic co cong thiic IV tho co the 

duoc phan tach tiip hoac theo cac khac tinh che theo cac phuong phap da biet 

trong lmh vuc ky thuat nay, hoac duoc sii dung d dang tho cua no trong bude 

tiep theo cua trinh tu tdng hop.

Sau do, hop chit trung gian duoc thi bang anhydrit suxinic co cong 

thiic IV duoc chuyin hoa thanh hop chit trung gian axit indanon co cong thiic
r r  ?

V, trong bude tiep theo cua phuong phap theo sang che, nhu duoc the hien 

tren So do-3.

So di-3

9 r r \

Bude chuyen hoa hop chat trung gian duoc the bang anhydrit suxinic 

co cong thiic IV thanh hop chit trung gian axit indanon co cong thiic V, duoc 

thi hien tr6n So di-3, thudng duoc thuc hien vdi sir co mat cua axit, nhu mot
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hoac nhilu axit Lewis va/hoac mot hoac nhilu axit Bronsted. Vi du ve axit ma 
co thl dugc sir dung trong budc chuyen hoa dugc the hien tren So do-3 bao 
gom, nhung khong chi gioi han d: nhom clorua (AICI3); thiec clorua (SnCL); 
Bi(OTf)3 (bismut tris-triflat); it nhlt mot axit phosphoric, bao gdm nhung 
khong chi gioi han d axit orthophosphoric (H3PO4) va/hoac axit 
polyphosphoric; va hdn hgp cua chung. Theo mot s6 phuong an cua sang che, 
buoc chuyen hoa dugc thl hien tren So do-3 dugc tien hanh vdi su co mat cua 
axit Lewis, nhu nhom clorua (AICI3). Buoc chuyln hoa dugc thl hien tren So 
dd-3 thudng dugc thuc hien vdi su co mat cua dung moi thlch hgp, nhu dung 
moi dugc halogen hoa, ma tvr do co the tach hgp chat trung gian axit indanon 
V. Vi du ve cac dung moi dugc halogen hoa bao gom, nhung khong chi gioi 
han cr cac C1-C6 alkan dugc halogen hoa, nhu diclometan (DCM). Buoc 
chuyln hoa dugc th6 hien tren So d6-3 cung thuemg dugc thuc hien trong cac 
di6u kien ap suat moi truong (vi du, khoang 1 atm), trong khi quyen tro (vi du, 
trong dong khi nito thoi qua), va nhiet do thich hgp, nhu tir -15°C den 50°C, 
hoac tir -10°C d6n 40°C, hoac tir 0°C din 30°C. Budc chuyen hoa hgp chit 
trung gian dugc thl blng anhydrit suxinic co cong thirc IV thanh hgp chit 
trung gian axit indanon co cong thuc V, nhu dugc thi hien tren So d6-3, 
thudng ggi la phan ring Friedel-Crafts noi phan tut.

Budc chuyln hoa dugc the hien tren So do-3 thudng tao ra hon hgp 
cac hgp chit, ma tir do thudng co thl tach dugc hgp chit trung gian axit 
indanon co cong thuc V. Viec tach hgp chit trung gian axit indanon co edng 
thuc V co thl dugc thuc hien theo cac phuong phap da bilt trong linh vuc nay. 
Theo mot s6 phuong an cua sang chi, hgp chat trung gian axit indanon co 
cong thirc V dugc tach bang phuong phap sic ky, theo cac phuong phap da 
bilt trong linh vuc nay.

Trong budc tilp theo phuong phap theo sang chi, hgp chat trung gian 
axit indanon co cong thirc V dugc cho phan ung vdi chit ai nhan co cong thirc 
VI d! tao ra hgp chit trung gian indanon dugc thl cd it nhlt mot trong s i cac 
cong thuc Vila, Vllb va Vile, nhu dugc thl hien tren So do-4 sau.
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Sa do-4

Nhir da thao luan tren day, M cua chit ai nhan co cong thuc VI, la ion doi, va 
cu thi la cation, bao gom kim loai dugc chon tir Mg, Li, Cu, va h6n hop cua hai 
hoac nhieu nhom nay. Thong thudng, ion d6i M cung bao gom halogen, va co thi 
co cong thiic MX+. Theo mot si phucmg an cua sang che, ion doi M bao gim Mg va 
halogen, nhu Cl (vi du, MgCl+).

Theo mot s6 phuong an cua sang chi, chit ai nhan co cong thiic VI la 
chat phan ling Grignard, va phan ling dugc the hien bSng Sa do-4 la phan ling 
Grignard, dugc thuc hien trong cac diiu kien phan ling Grignard. Phan ling 
dugc thi hien bang Sa d6-4 thudng dugc thuc hien vai su co mat cua dung 
moi thich hgp, nhu tetrahydrofuran (THF), va trong cac diiu kien ap suat moi 
trucmg (vi du, khoang 1 atm), trong khi quyen tra (vi dii, trong dong khi nita 
th6i qua), tai nhiet do thich hgp, nhu tir -80°C din 80°C, hoac tir -20°C den 
60°C, hoac tir 0°C din 20°C, va tuy y a nhiet do cao, nhu trong cac diiu kien 
hii luu.

Cung theo Sa d6-4, nhom axit cacboxylic cua hgp chat trung gian axit 
indanon co cong thiic V thudng bat hoat mot duang lugng mol chat ai nhan co 
cong thiic VI. ©i bit hoat dugc, chit ai nhan b i sung co cong thiic VI dugc bi 
sung vao binh phan ling. Theo mot so phuang an, vdi moi mol hgp chat trung 
gian axit indanon co cong thiic V, hai mol chit ai nhan co cong thiic VI dugc 
bo sung vao hoac co trong binh phan ling. Theo cac phuang an tiep theo cua
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sang chi, nhom axit cacboxylic cua hgp chit trung gian axit indanon dugc bao 
ve, vf du dirge chuyin hoa thanh nhom oxazolin, nhir dirge thao luan tiep diroi 
day.

Hgp chit trung gian indanon dugc the co it nhat mot trong so cac cong 
thuc Vila, Vllb va Vile co thi dugc tach theo cac phuong phap da biet trong 
linh vuc nay, hoac sur dung a dang tho trong buoc tiep theo cua phuong phap 
theo sang chi. Hgp chit trung gian indanon dugc thi co it nhit mot trong si 
cac cong thuc Vila, Vllb va Vile thuemg dugc tach va tuy y tinh che tiep (vi 
du, bing cac phuong phap sic ky cot da biet trong linh vuc nay) trude buoc 
tiip theo cua phuong phap tong hgp.

Hgp chit trung gian indanon dugc the co it nhit mot trong si cac cong 
thutc Vila, Vllb va Vile dugc chuyin hoa thanh hgp chit naphtol dugc ngung 
tu indeno co cong thuc I, or buoc tiep theo cua phuong phap theo sang che. 
Viec chuyin hoa nay co thi dugc thuc hien ve co ban trong mot buoc voi su 
co mat cua axit Bronsted, nhu dugc thi hien bing So di-5 sau.
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Sa  <J6-5

Acid

F Axit

Viec chuyin hoa/phan ung dirge th6 hien bing Sa do-5 thudng dirge 
tien hanh trong cac dieu kien nhiet do cao, vi du a nhiet do tu: 20° C d6n 
200°C, hoac tvr 50°C ddn 150°C, hoac tvr 80°C dSn 120°C, trong cac diSu kien 
ap suit moi triremg (vi du, khoang 1 atm), va trong khi quyen tro, nhu trong 
dong khi nitor thoi qua. Vi du vk cac axit Bronsted ma co th6 dugc su: dung 
trong buoc chuySn hoa dugc the hien bang So d6-5 bao g6m, nhung khong chi 
gidi han d, cac axit cacboxylic (vi du, axit axetic, proponoic, va/hoac 
butanoic), cac axit sulfonic (vi du, R-S(0)(0)-0H, trong do R dugc chgn tu 
hydrocacbyl hoac hydrocacbyl dugc thl, nhu perhalohydrocacbyl), cac axit 
phosphoric (vi du, axit orthophosphoric, mot hoac nhieu axit polyphosphoric, 
va/hoac hdn hgp co lien quan cua chung), va hon hgp cua chung. Axit 
Bronsted co the co mat vdi lugng xuc tac, lugng ding mol hoac lugng du, tuy 
thuoc mot phan viec chgn (cac) axit Bronsted, nhu tvr 0,01 d6n 50 mol, dua 
tren tong so mol cua hgp chat trung gian indanon dugc the co it nhat mot trong 
s6 cac cong thuc Vila, Vllb va Vile.

Theo mot so phuong an cua sang che, bude chuyen hoa hgp chat trung 
gian indanon dugc th6 co it nhit mot trong s6 cac cong thuc Vila, Vllb va
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Vile thanh hgp chit naphtol dirge ngirng tu indeno co cong thiic I, dugc thirc 
hien trong hai bude. Ban diu, hgp chat trung gian naphto dugc ngung tu 
indeno co cong thiic X dugc tao ra, hgp chat nay sau do dugc cho phan ling 
vdi axit Bronsted di tao ra hgp chat naphtol dugc ngung tu indeno co cong 
thiic I, nhu dugc thi hien tren So dd-6 sau.

Theo Sa do-6, nhom R14 cua hgp chat trung gian naphto dugc ngung 
tu indeno co cong thiic X dugc chgn tur -C(0)-R15 va -S(0)(0)R15, trong do 
R15 trong tirng trubng hgp doc lap dugc chgn tir hydrocacbyl (vi du, C1-C10 

alkyl) va halohydrocacbyl (vi du, C1-C10 perhaloalkyl).

Budc chuyin hoa hoac phan ling ban dau d budc-(a) cua So do-6, 
thudng dugc tien hanh vdi su co mat cua hgp chat dugc chgn tir halogenua cua 
axit cacboxylic, anhydrite cua axit cacboxylic, sulfonyl halogenua, sulfonyl 
anhydrit va hon hgp cua chiing. Halogenua cua axit cacboxylic, anhydrite cua 
axit cacboxylic, va/hoac sulfonyl halogenua thudng co mat vdi lugng it nhit 
ding mol so vdi hgp chat trung gian indanon dugc the co it nhit mot trong s6 
cac cong thiic Vila, Vllb va Vile. Cac halogenua cua axit cacboxylic ma co 
thi dugc sii dung d budc-(a), co thi co ciu true, Rc-C(0)-X, trong do Rc dugc 
chgn tir hydrocacbyl hoac hydrocacbyl dugc thi, va X dugc chgn tir halogen 
(vi du, Cl). Cac sulfonyl halogenua ma co the dugc sur dung d budc-(a), co thi
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co ciu true, Rc-S(0)(0)-X, trong do Rc duoc chon tir hydrocacbyl hoac 
hydrocacbyl duoc the, va X duoc chon tir halogen (vi du, Cl). Cac sulfonyl 
anhydrit ma co thd duoc sir dung b budc-(a), co thl co cau true, Rd-S(C>2)-0- 
(02)S-Re trong do Rd va Re doc lap duoc chon tir hydro, hydrocacbyl, va 
hydrocacbyl duoc the (vl du, halohydrocacbyl, nhu C1-C10 perhaloalkyl, vi du, 
-CF3). Cac anhydrite cua axit cacboxylic ma co th6 duoc sir dung a buoc-(a), 
co thl co ciu true, Rd-C(0)-0-C(0)-Re, trong do Rd va Re doc lap duoc chon 
tir hydro, hydrocacbyl, va hydrocacbyl duoc the (vi du, halohydrocacbyl, nhu 
C1-C10 perhaloalkyl, vi du, -CF3).

Budc chuyen hoa ban diu hoac phan ung dong vong b budc-(a) cua So 
do-6, theo each khac co the duoc thuc hien vdi su co mat cua chat xuc tac 
thich hop. Theo mot s6 phuong an cua sang ch6, budc-(a) cua So do-6 duoc 
tiSn hanh vdi su co mat cua Bi(S0 3 CF3)3 vdi luong xuc tac, ma co the co mat 
vdi luong nim trong khoang tu: 0,01 den 0,01 mol, tinh theo tong s6 mol hop 
chat trung gian indanon duoc the co it nhat mot trong s6 cac cong thuc Vila, 
Vllb, va Vile.

Hop chat trung gian naphto duoc ngung tu indeno co cong thurc X 
duoc chuyln hoa thanh hop chat naphtol duoc ngung tu indeno co cong thuc I 
d budc (b) cua So dd-6 vdi su co mat cua axit Bronsted. Axit Bronsted co the 
duoc chon tvr cac hydro halogenua (HX, trong do X la halogen) nhu HC1, 
va/hoac cac axit cacboxylic. Axit Bronsted thudng co mat vdi luofng du so vdi 
luong hop chat trung gian naphto duoc ngung tu indeno co cong thuc X. Vi 
du, viec chuyen hoa d budc (b) co the duoc thuc hien vdi su co mat cua axit 
hydro halogenua dac, nhu HC1 dac. Viec chuyen hoa d budc-(b) thudng duoc 
tien hanh vdi sir co mat cua dung moi, nhu metanol, trong cac dieu kien nhiet 
do cao, vi du d nhiet do tir 20°C den 200°C, hoac tir 50°C d6n 150°C, hoac tir 
80°C den 120°C, trong cac dieu kien ap suat moi trudng (vi du, khoang 1 atm), 
va trong khi quyin tro, nhu trong dong khi nito thoi qua.

Tuy thuoc vao vi tri tren vong, loai va so nhom R2 cua hofp chat trung 
gian indanon duoc th6 co it nhit mot trong s6 cac cong thurc Vila, Vllb va 
Vile, co the thu duoc hdn hop hofp chit naphtol duoc ngung tu indeno co cong
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thirc I theo phuang phap theo sang che. Mot hoac nhieu chit ding phan ciu 
true trong hon hop hgp chit naphtol dirge ngung tu indeno co the dugc tach 
bang cac phuang phap da biet trong ltnh vuc nay, nhu cac phuang phap sic 
ky. Theo each khac, hin hap hap chit naphtol dugc ngung tu indeno co thl 
dugc de do chua xir ly.

Vi du minh hga, neu Rg va Rh mii nhom la metyl (-CH3), m la 0, n la 
1, va R2 la nhom metoxy (-OCH3) d vi tri s6 3 tren vong cua hgp chit trung 
gian indanon dugc the co it nhat mot trong so cac cong thuc Vila, Vllb va 
Vile, phuang phap theo sang chi co thi tao ra hai chit ding phan ciu true cua 
hgp chat naphtol dugc ngung tu indeno, nhu cac chat co cong thuc la va lb 
sau.

Ia lb

Hgp chit naphtol dugc ngung tu indeno co cac cong thuc Ia va lb co 
thi co lugng tuang doi thay nim khoang rong. Vi du naphtol dugc ngung tu 
indeno co cong thuc Ia co the co lugng nam trong khoang tir 1 den 99% mol, 
hoac tir 20 din 80% mol, hoac tir 30 din 70% mol, va hgp chit naphtol dugc 
ngung tu indeno co cong thiic lb co lugng nam trong khoang tir 1 den 99% 
mol, hoac tir 20 den 80% mol, hoac tir 30 din 70% mol, trong tirng trudng hgp 
theo ting s i mol cua naphtol dugc ngung tu indeno co cong thirc Ia va lb. 
Theo mot so phuang an, hgp chit naphtol dugc ngung tu indeno co cong thirc 
Ia co the co mat vai lugng nam trong khoang tir 15 den 35% mol (vi dp, 
khoang 30% mol), va hgp chit naphtol dugc ngung tu indeno co cong thirc lb 
co thi co mat vai lugng nim trong khoang tir 65 den 85% mol (vi du, khoang
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70% mol), trong ttrng trudng hap theo tdng s6 mol cua hgp chit naphtol dugc 
ngung tu indeno co cong thuc la va lb.

Phuang phap theo sang chi co thi tao ra hap chat naphtol dugc ngung 
tu indeno co cong thiic I vdi hieu suit thay doi trong khoang rong. VI du 
phuang phap theo sang che co thi tao ra hgp chat naphtol dugc ngung tu 
indeno co cong thuc I vdi hieu suit ndm trong khoang tir 1 din 85% mol, theo 
so mol ly thuyet cua hgp chat naphtol dugc ngung tu indeno ma co the dugc 
tao ra. Thong thudng, phuang phap theo sang chi co thi tao ra hgp chit 
naphtol dugc ngung tu indeno vdi hieu suit nim it nhit la 50% mol, nhu tu 50 
den 85% mol, hoac tir 60 den 75% mol, tinh theo s6 mol ly thuyet cua hgp 
chit naphtol dugc ngung tu indeno ma co thi dugc tao ra.

Theo mot so phuang an cua sang che, nhom axit cacboxylic cua hgp 
chit trung gian axit indanon co cong thuc V, co thi dugc bao ve d& t6i thiiu 
hoa hoac ngan phan ling giua nhom axit cacboxylic dugc bao ve va chit ai 
nhan co cong thiic VI. Theo mot so phuang an, hgp chat trung gian axit 
indanon co cong thiic V dugc chuyln hoa thanh hgp chat trung gian indanon 
oxazolin co cong thiic sau VIII.

VIII

Vdi hgp chit trung gian indanon oxazolin co cong thiic VIII, m, R1, 
R8, va Rh trong ttrng trudng hgp doc lap dugc chgn tir cac tri s6, khoang, va 
nhom nhu dugc mo ta tren day va sau day trong cong thiic I, hoac trong tirng 
trudng hgp doc lap la mot hoac nhiiu tien chat cua cac nhom nhu dugc mo ta 
tren day va sau day trong cong thiic I. Cung trong cong thiic VIII, R4 va R5 
doc lap dugc chgn tir hydro, hydrocacbyl va hydrocacbyl dugc the.

Hgp chat trung gian indanon oxazolin co cong thiic VIII co thi dugc 
tao ra bdng cac phuang phap thich hgp. Theo mot sd phuang an, hgp chit
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trung gian indanon oxazolin co cong thiic VIII co the dirge tao ra bang phan
r

dng cua hap chat trung gian axit indanon co cong there V vdi rugu amino, nhir

2-amino-2-metyl-3-hydroxy propan, nhu dirge the hien bang Sa dd-7 sau.

Sa dd-7

Phan ling dirge minh hoa tren Sa dd-7 thufrng dugc tien hanh vdi sir 

co mat cua dung moi thich hgp, nhu xylen, va trong cac di6u kien h6i luu thich 

hgp.
Hgp chat trung gian indanon oxazolin co cong thiic VIII theo each 

khac co th l dugc tga ra bang sa d6 t6ng hgp nhidu bude bao gom viec tao ra 

hgp chit trung gian halogenua cua axit cacboxylic, nhu dugc th£ hien tren Sa 

do-8 sau.
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So dd-8

C5 budc (a) cua Sa do-8, thionyl clorua (SOCI2) duoc cho phan ling vdi 
hop chat trung gian axit indanon co cong thiic V trong cac diiu kien da biit 
trong linh vuc nay, &k tao ra hop chit trung gian indanon clorua axit co cong 
thiic V-l. Hop chat trung gian indanon clorua axit co cong thiic V-l au do 
duoc cho phan ling d budc (b) vdi ruou amino, nhu 2-amino-2-metyl-3- 
hydroxy propan, de tao ra hofp chit trung gian indanon amit chiic hydroxyl co 
cong thiic V-2. C) budc (c), hop chat trung gian indanon amit chiic hydroxyl co 
cong thiic V-2 duoc dong vong de tao ra hop chit trung gian indanon oxazolin 
co cong thiic VIII vdi su co mat cua thionyl clorua va bazo, nhu natri hydroxit.

Hop chit trung gian indanon oxazolin co cong thiic VIII duoc cho 
phan ling vdi chit ai nhan co cong thiic VI, d! tao ra hop chit trung gian 
indanon oxazolin duoc thi co it nhit mot trong s6 cac cong thiic IXa va IXb 
sau.

IXa IXb

vdi chit ai nhan co cong
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oxazolin dirge thi co it nhat mot trong s6 cac cong thuc IXa va IXb, co thi 
dugc thuc hien theo phin mo ta tren day trong So d6-4. Tuy nhien, thong 
thuong, lugng dir chat ai nhan co cong thuc VI la khong can thiet khi dugc cho 
phan ring vbi hgp chat trung gian indanon oxazolin co cong thuc VIII. Theo 
mot s6 phuong an, lugng chit ai nhan co cong thuc VI gan nhu ding mol dugc 
cho phan ling vai hgp chat trung gian indanon oxazolin co cong thiic VIII.

Hgp chat trung gian indanon oxazolin dugc the co it nhat mot trong s6 
cac cong thiic IXa va IXb sau do dugc chuyen hoa thanh hgp chit trung gian 
indanon dugc the co it nhit mot trong s6 cac cong thiic Vila, Vllb va Vile. Cu 
the hon, nhom oxazolin dugc loai bo tu: hgp chat trung gian indanon oxazolin 
dugc thi co it nhit mot trong s6 cac cong thiic IXa va IXb, do do tao ra hgp 
chat trung gian indanon dugc thi co it nhit mot trong so cac cong thiic Vila, 
Vllb va Vile, nhu dugc thi hien tren So d6-9 sau.
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So d6-9

Theo Sa do-9, viec loai bo nhom oxazolin thucmg duoc tiin hanh vdi 
sir co mat cua axit Bronsted, va cu thi la axit vo co, nhu HC1 dac, va trong cac 
dieu kien hoi luu thich hop. Cac thao tac phu thich hop thucmg duoc tiin hanh 
tren hop chat trung gian indanon duoc thi co it nhit mot trong s6 cac cong 
thiic Vila, Vllb va Vile thu duoc, vi du de loai bo ruou amino va/hoac muoi 
cua no.

Sau khi loai b6 nhom oxazolin nhu duoc thl hien tren So d6-9, va sau 
cac thao tac phu thich hop, hop chat trung gian indanon duoc thl co it nhdt 
mot trong s6 cac cong thiic Vila, Vllb va Vile duoc chuyen hoa thanh hop 
chit naphtol duoc ngung tu indeno co cong thiic I, theo phin mo ta tren day.

Hop chat naphtol duoc ngung tu indeno duoc dieu che bang phuong 
phap theo sang chi co thi duoc sii dung trong nhiiu ling dung, nhu lam chit 
phu gia trong cac che pham, hoac lam chat trung gian trong viec ting hop cac 
hop chit khac, nhu cac thuic nhuQm khong dii mau theo anh sang (hoac tinh) 
va cac thuoc nhuom doi mau theo anh sang. Cac phuong an khac cua sang chi 
cung bao gom phuong phap diiu chi naphtopyran duoc ngung tu indeno co 
cong thiic XI, bao g6m buoc tao ra hop chat naphtol duoc ngung tu indeno co 
cong thiic I, nhu duoc mo ta tren day, va sau do cho hop chit naphtol duoc 
ngung tu indeno phan ling vdi ruou propargylic co cong thiic XII. Phan ling
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cua hgp chat naphtol dugc ngirng tu indeno co cong thiic I va rvrgu propargylic 
co cong thiic XII co the the hien tren So do-10 sau.

So do-10

XI

Theo So do-10, hop chat naphtol dugc ngung tu indeno co cong thiic I 
dugc cho phan ling hoac ket hgp voi rugu propargylic co cong thiic XII voi su 
co mat cua axit Bronsted voi lugng xuc tac, nhu axit dodexyl benzen sulfonic 
(DDBSA) hoac axit para-toluen sulfonic (pTSA), trong dung moi thich hgp, 
nhu haloalkan (vi du, triclometan), trong khi quyin tro (vi du, trong dong khi 
nito thoi qua), va d nhiet do thich hgp, vi du, tu 0°C den 150°C, hoac tu: 10°C 
den 100°C, hoac tu: 20°C den 80°C.

Cac nhom va phdn tu: thl ciia hgp chat naphtol dugc ngung tu indeno 
co cong thiic I, naphtopyran dugc ngung tu indeno co cong thiic XI, va cac 
hgp chit va hgp chit trung gian dugc sii dung trong diiu che chiing, dugc mo 
ta chi tilt horn duoi day. Theo mot so phuong an cua sang che, R1 doi voi m6i 
m, va R2 d6i voi m6i n, trong tiing trudng hgp doc lap dugc chgn ttr: phin ter 
thi phan ling; phin tii the tuong thich; hydro; flo; clo; C 1 -C 6  alkyl; C 3 -C 7  

xycloalkyl; phenyl dugc thi hoac khong dugc the; -ORio’ hoac -OC(=0)Rio’,
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trong do Rio’ la hydro, C1-C6 alkyl, phenyl(Ci-C3)alkyl, phenyl(Ci-C3)alkyl 
duoc thl mono(Ci-C6)alkyl, phenyl(Ci-C3)alkyl duoc the mono(Ci-C6)alkoxy, 
(Ci-C6)alkoxy(C2-C4)alkyl, C3-C7 xycloalkyl, hoac C3-C7 xycloalkyl duoc thi 
mono(Ci-C4)alkyl. Cac phan tir thl cua phenyl (tire la, cac phian tir the cua 
phenyl duoc the) co thi duoc chon tu: hydroxyl, halogen, cacbonyl, C1-C6 

alkoxycacbonyl, xyano, halo(Ci-C6)alkyl, C1-C6 alkyl hoac C1-C6 alkoxy.
Theo cac khac hoac ngoai cac loai va vidu neu tren, R 1 doi voi m6i m, 

va R2 d6i voi moi n, trong tirng truong hop doc lap duoc chon tir: 
-N (Rn’)Ri2’ , trong do R11’ va R n ’ m6i nhom doc lap la hydro, Ci-Cs alkyl, 
phenyl, naphtyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl, 
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, 
benzopyridyl, florenyl, Ci-Cs alkylaryl, C 3-C 2 0  xycloalkyl, C 4-C 20  

bixycloalkyl, C 5-C 2 0  trixycloalkyl hoac C 1-C 2 0  alkoxyalkyl, trong do nhom 
aryl la phenyl hoac naphtyl, hoac R n ’ va R n ’ ciing voi nguyen tu: nito tao 
thanh vong C 3-C 20  hetero-bixycloalkyl hoac vong C 4-C 20  hetero-trixycloalkyl.

Theo each khac nua hoac ngoai cac loai va vi du neu tren, R 1 d6i voi 
m§i m, va R2 doi voi m6i n, co thl trong tirng truong hop doc lap duoc chon 
tir, phdn tir thl vong chua nito co cong thuc chung XIIIA sau:

XIIIA

Voi pMn tir thS vong chua nito co cong thirc chung XIIIA, m6i -Y- doc lap duoc 
chon cho m§i lan xuat hien tir -CH2-, -CH(Ri3’)-> -C(Ri3’)2-» -CH(aryl)-, -C(aryl)2-, 
va -C(Ri3’)(aryl)-, va Z la -Y-, -0-, -S-, -S(O)-, -SO2-, -NH-, -N(Ri3’)-, hoac - 
N(aryl)-, trong do m6i R13’ doc lap la C1-C6 alkyl, moi aryl doc lap la phenyl hoac 
naphtyl, m la s6 nguyen 1, 2 hoac 3, va p la s6 nguyen 0, 1, 2, hoac 3, sao cho niu p 
la 0, Z la -Y-.

Ngoai ra hoac theo each khac, R1 d6i v6i m6i m, va R2 d6i voi m6i n, 
co th6 trong tirng truemg hop doc lap duoc chon tir phan tir the vong chua nito 
co cong thuc chung XIIIB va/hoac cong thuc chung XIIIC:
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XHIB x m c

~i (R%

Doi vai cac ph4n tir th§ vong cMa nita co cac cong thuc chung XIIIB va XIIIC, 

R15, Ri6, va R17 doc lap dirge chon tir hydro, C1-C6 alkyl, phenyl, hoac naphtyl, hoac 

cac nhom R15 va Ri6 cung nhau tao thanh vong chua tur 5 den 8 nguyen tu cacbon va 

m6i Rd doc lap doi vai m§i l&n xuat hien dugc chon tu C1-C6 alkyl, C1-C6 alkoxy, 

flo hoac clo, va Q la s6 nguyen 0, 1, 2, hoac 3.

Theo cac khac nda hoac ngoai ra, R1 doi vcri moi m, va R2 d6i vdi m6i 
n, cung co the trong tirng trudng hap doc lap dugc chgn tir nhom bao g6m 
amin hai vong xoan C 4-C 18  khong dugc the, dugc the mot lan hoac dugc the 
hai ldn, amin ba vong xodn C 4-C 18  khong dugc th6, dugc th6 mot lan hoac 
dugc the hai lan. Cac phan tur the cua amin hai vong xoan va amin ba vong 
xodn co thd trong tirng truemg hgp doc lap dugc chgn tir nhom bao gom aryl, 
C 1 -C 6  alkyl, C 1 -C 6  alkoxy, hoac phenyl(Ci-C6)alkyl.

Theo mot s6 phuang an ciia sang ch6, hai nhom R1 lien k6, va/hoac hai 
nhom R2 lien ke, co thS cung nhau tao thanh nhom co cong thuc chung XIIID 
hoac cong thiic chung XIIIE sau:

XIIID XIIIE
Ris -T' -.*** ^  "

Rl6

Doi vdi cac nhom co cac cong thirc chung XIIID va XIIIE, T va T’ m6i nhom doc 
lap la oxy hoac nhom -N R 1 1 -, trong do R11, R15, va Ri6 moi nhom la nhu dugc xac 
dinh va mo ta tren day.

Cac nhom Rg va Rh theo mot so phuang an cua sang che, moi nhom co 
th6 doc lap dugc chgn tir nhom bao gom: phan tir the phan ung; phan tu: thl 
tuong thlch; hydro; hydroxy; C 1 -C 6  alkyl; hydroxy(Ci-C6 )alkyl; C 3 -C 7  

xycloalkyl; alyl; phenyl dugc th6 hoac khong dugc thl; benzyl dugc the hoac
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khong dugc the; clo; flo; nhom -C(=0 )W ’ , trong do W ’ la hydro, hydroxy, 

C1-C6 alkyl, C1-C6 alkoxy, cac nhom aryl phenyl hoac naphtyl khong dugc the, 

dugc the mot lan hoac dugc the hai lan, phenoxy, phenoxy dugc the mono- 

hoac di-(Ci-C6)alkoxy, phenoxy dugc the mono- hoac di-(Ci-C6)alkoxy, 

amino, mono(Ci-C6)alkylamino, di(Ci-C6)alkylamino, phenylamino, 

phenylamino dugc the mono- hoac di-( Ci-C6)alkyl hoac phenylamino dugc 

the mono- hoac di-( C i-C 6)alkoxy. Cac phan ttr the cua nhom phenyl, benzyl, 

hoac aryl (vi du, cac phan ttr the cua cac nhom phenyl dugc the, benzyl dugc 

the va aryl dugc the) doc lap dugc chgn tur C1-C6 alkyl hoac C1-C6 alkoxy.

Cac nhom Rg va Rh theo mot s6 phuong an cua sang chi, moi nhom 

cung co the doc lap dugc chgn ttr nhom khong dugc the, dugc the mot lan, 

dugc the hai lan hoac dugc thl ba lan dugc chgn tut nhom bao gom phenyl, 

naphtyl, phenanthryl, pyrenyl, quinolyl, isoquinolyl, benzofuranyl, thienyl, 

benzothienyl, dibenzofuranyl, dibenzothienyl, cacbazolyl hoac indolyl; moi 

phln ttr the trong s i  cac phin ttr th l nhom nay (ii) doc lap dugc chgn cho moi 

lan xuat hien ttr clo, flo, C1-C6 alkyl hoac C1-C6 alkoxy.

Cac nhom R8 va Rh cung co thl, theo mot s i  phuong an cua sang chi, 

m li nhom doc lap dugc chgn ttr phenyl dugc thl mot lln, trong do phenyl co 

phan ttr the cr vi tri para cua no, ma la nhom lien ket, -(CH2) f  hoac 

-0 -(CH2)f» dugc n li vdi nhom aryl la thanh phan cua hgp chit d li mau theo 

anh sang (hoac hgp chat d li mau theo anh sang khac), nhu naphtopyran hoac 

benzopyran, va t dugc chgn ttr cac s i  nguyen 1, 2 , 3, 4 , 5 hoac 6 .

Theo each khac, cac nhom Rg va Rh moi nhom co the doc lap dugc 

chgn ttr -CH(R10)G, trong do nhom R10 dugc chgn ttr nhom bao gom hydro, 

C1-C6 alkyl hoac nhom aryl khong dugc thl, dugc the mot lln  hoac dugc thl 

hai lan, nhu phenyl hoac naphtyl, va G dugc chgn ttr -CH2OR11, trong do R11 
dugc chgn ttr nhom bao glm  hydro, -C(0 )R10, C1-C6 alkyl, C1-C3 alkoxy(Ci- 

C6)alkyl, phenyl(Ci-C3)alkyl, phenyl(Ci-C3)alkyl dugc thl mono(Ci- 

C6)alkoxy, hoac nhom aryl khong dugc the, dugc the mot lan hoac dugc the 

hai lan, nhu phenyl hoac naphtyl, moi phan ttr thl cua nhom aryl (vi du, cua
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phenyl va cac phan tir thl nhom naphtyl) doc lap dugc chon tut C1-C6 alkyl 
hoac C1-C6 alkoxy.

Cung theo cac khac, theo mot si phuong an cua sang chi, Rg va Rh 
cung nhau tao thanh phan tir the xodn dirge chgn tir nhom bao glm vong 
cacbon xodn dirge thl hoac khong dirge thl chua tut 3 din 6 nguyen tu cacbon, 
di vong xoan dugc the hoac khong dugc the chua 1 hoac 2 nguyen tu oxy va tu: 
3 den 6 nguyen tir cacbon bao gom nguyen tu: cacbon xodn, vong cacbon xoin 
va di vong xodn dugc xen ke bang 0, 1 hoac 2 vong benzen. Cac pMn tir thl 
cua cac loai phan tu: the xoan da neu co thl dugc chgn tu:, vi du, hydro hoac
C1-C20 alkyl.

Theo mot s i phuong an cua sang chi, R1 dli vdi m§i m, va R2 dli vdi 
moi n, trong ttrng truemg hgp doc lap dugc chgn tu: nhom bao glm phenyl 
khong dugc thl, phenyl dugc thl, C1-C6 alkyl, C3-C7 xycloalkyl, Ci-Cs 
haloalkyl, flo, clo, va -O-Rio’. Theo cac phuong an tiep theo cua sang chi, R3 
dugc chgn tu: nhom bao glm hydro, Ci-Cs alkyl, Ci-Cs haloalkyl, va C3-C7 

xycloalkyl.
Cac nhom B va B’ cua naphtopyran dugc ngung tu indeno co cong 

thuc XI, va/hoac rugu propargylic co cong thuc XII moi nhom co thl doc lap 
dugc chgn tir nhom bao glm aryl khong dugc thl, aryl dugc thl, heteroaryl 
khong dugc the, heteroaryl dugc the, polyalkoxy, va polyalkoxy co nhom 
trimg hgp dugc. Theo each khac, B va B’ cung nhau tao thanh clu true vong 
dugc chgn tir nhom bao glm floren-9-yliden khong dugc thl, floren-9-yliden 
dugc the, vong hydrocacbon mot vong xoan no, vong hydrocacbon hai vong 
xoan no, va vong hydrocacbon ba vong xo&n no.

Cu thl han, B va B’ mli nhom co thl doc lap dugc chgn tir nhom bao 
glm: nhom aryl dugc thl mot lln bang phln tir thl phan ling hoac phln tut thl 
tuong thich; phenyl dugc thl; aryl dugc thl; 9-julolindinyl dugc thl; nhom vi 
vong thorn dugc thl dugc chgn tir nhom bao gom pyridyl, furanyl, benzofuran- 
2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl, benzothien-3-yl, 
dibenzofuranyl, dibenzothienyl, cacbazoyl, benzopyridyl, indolinyl, va 
florenyl, trong do phan tir thl cua phenyl, aryl, 9-julolindinyl, hoac di
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vong thorn la phdn tur the phan ling R; nhom phenyl hoac aryl khong dugc thl, 
dirge th£ mot l&n, dugc the hai lan hoac dugc th6 ba ldn; 9-julolidinyl; hoac 
nhom di vong thorn khong dugc th<§, dugc thS mot ldn hoac dugc th6 hai ldn 
dugc chgn tir nhom bao gom pyridyl, furanyl, benzofuran-2-yl, benzofuran-3- 
yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, 
cacbazoyl, benzopyridyl, indolinyl, va florenyl.

Cac phdn tii thl cua phenyl, aryl va di vong thorn (tiic la, cac ph&n tii 

the cua cac nhom phenyl, aryl va di vong thorn dugc the) cua cac nhom B va 

B’ m6i nhom cung co th6 doc lap dugc chgn tir nhom bao g6m: hydroxyl, 

nhom -C(=0 )R2i, trong do R21 la -OR22, -N(R23)R24, piperidino, hoac 

morpholino, trong do R22 la alyl, C1-C6 alkyl, phenyl, phenyl dugc th l 

mono(Ci-C6)alkyl, phenyl dugc th8 mono(Ci-C6)alkoxy, phenyl(Ci-C3)alkyl, 

phenyl(Ci-C3)alkyl dugc thS mono(Ci-C6)alkyl, phenyl(Ci-C3)alkyl dugc th6 

mono(Ci-C6)alkoxy, C1-C6 alkoxy(C2-C4)alkyl hoac C1-C6 haloalkyl, R23 va 

R24 m6i nhom doc lap la C1-C6 alkyl, C5-C7 xycloalkyl, phenyl hoac phenyl 

dugc the, cac phan tii th6 cua phenyl la C1-C6 alkyl hoac C1-C6 alkoxy, va 

phan tu: th6 halo la clo hoac flo, aryl, mono(Ci-Ci2)alkoxyaryl, di(Ci- 

Ci2)alkoxyaryl, mono(Ci-Ci2)alkylaryl, di(Ci-Ci2)alkylaryl, haloaryl, C3-C7 

xycloalkylaryl, C3-C7 xycloalkyl, C3-C7 xycloalkyloxy, C3-C7 

xycloalkyloxy(Ci-Ci2)alkyl, C3-C7 xycloalkyloxy(Ci-Ci2)alkoxy, aryl(Ci- 

Ci2)alkyl, aryl(Ci-Ci2)alkoxy, aryloxy, aryloxy(Ci-Ci2)alkyl, aryloxy(Ci- 

Ci2)alkoxy, mono- hoac di(Ci-Ci2)alkylaryl(Ci-Ci2)alkyl, mono- hoac di-(Ci- 

Ci2)alkoxyaryl(Ci-Ci2)alkyl, mono- hoac di-(Ci-Ci2)alkylaryl(Ci-Ci2)alkoxy, 

mono- hoac di-(Ci-Ci2)alkoxyaryl(Ci-Ci2)alkoxy, amino, mono- hoac di-(Ci- 

Ci2)alkylamino, diarylamino, piperazino, iV-(Ci-Ci2)alkylpiperazino, 

iV-arylpiperazino, aziridino, indolino, piperidino, morpholino, thiomorpholino, 

tetrahydroquinolino, tetrahydroisoquinolino, pyrolidyl, C1-C12 alkyl, C1-C12 

haloalkyl, C1-C12 alkoxy, mono(Ci-Ci2 )alkoxy(Ci-Ci2 )alkyl, acryloxy, 

metacryloxy, hoac halogen.

Cac nhom B va B’ moi nhom cung co th6 doc lap la nhom khong dugc 
the hoac dugc the mot ldn dugc chgn tir nhom bao gom pyrazolyl, imidazolyl,
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pyrazolinyl, imidazolinyl, pyrolinyl, phenothiazinyl, phenoxazinyl, 
phenazinyl, va acridinyl. Cac phan tur the cua cac nhom dugc the mot lan doc 
lap dugc chgn tir nhom bao gom C1-C12 alkyl, C1-C12 alkoxy, phenyl, hoac 
halogen.

Ngoai ra, cac nhom B va B’ moi nhom cung co the doc lap dugc chgn 
tur nhom co cac cong thuc chung XIVA hoac XIVB sau:

XIVA XIVB

Y ^ r V 26
r2?

R 25 „ hoac
Doc lap doi voi m6i cong thuc chung X IV A  va XIVB, K la -CH2- 

hoac -0-, va O la -O- hoac nito dugc the, sao cho neu <I> la nito dugc the, K la 
-CH2-. Cac phdn tir thd cua nito dugc the la hydro, C1-C12 alkyl, hoac C1-C12 

axyl. M6i R25 doc lap dugc chgn cho m6i lan xuit hien tir C1-C12 alkyl, C1-C12 

alkoxy, hydroxy, va halogen, va moi u d6c lap la so nguyen nam trong khoang 
tir 0 den 2. Cac nhom R26 va R27 m6i nhom dgc lap la hydro hoac C1-C12 alkyl. 

Moi nhom B va B ’ cung co the doc lap la nhom co cong thuc chung
X V  sau:

X V

\  / Hc = c/  \
R28^ R 29

Voi nhom co cong thuc chung XV, R28 la hydro hoac C1-C12 alkyl, va R29 la 
nhom khong dugc thd, dugc thl mot ldn hoac dugc th6 hai ldn dugc chgn tir 
nhom bao g6m naphtyl, phenyl, furanyl, va thienyl. Cac phan tir the cua 
naphtyl, phenyl, furanyl, va thienyl dugc the mot lan hoac dugc the hai lan, 
trong ttrng trucmg hgp doc lap dugc chgn tir nhom bao gom C1-C12 alkyl, Ci- 
C12 alkoxy, hoac halogen.

Cac nhom B va B ’ co thd cung nhau tao thanh thanh phdn dugc chgn 

tir nhom bao g6m:

floren-9-yliden, floren-9-yliden dugc the mgt lan, hoac floren-9-yliden dugc 
the hai ldn. Cac phdn tu: th6 cua floren-9-yliden dugc the mot ldn, va floren-9-
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yliden duoc thl hai lan co thl trong tvrng trudng hap doc lap duoc chon ttr 

nhom bao gdm C1-C12 alkyl, C1-C12 alkoxy, hoac halogen.

Theo mot so phuong an cua sang che, B va B’ d$c lap duoc chon tu 
nhom bao gdm aryl duoc thd bang C1-C6 alkoxy, va aryl (vi du, phenyl) duoc 
the bang morpholino.

Theo mot so phuong an cua sang che, B va B’ mdi nhom co thl doc 
lap duoc chon tir nhom bao g6m polyalkoxy, va polyalkoxy co nhom trung 
hop duoc. Polyalkoxy, va polyalkoxy co nhom trung hop duoc ma tur do B va 
B’ mdi nhom co the doc lap duoc chon co the co cong thuc XXV va XXVI 
sau:

XXV
-Z [(O C2H4)x (OC3H6)y (O Q H tfzlZ '

XXVI
-[(OC2H4)x (OC3H6)y (OC4H8)z]Z’

Vdi cac cong thuc XXV va XXVI, -Z duoc chon ttr nhom bao gdm -C(O)- hoac - 
CH2-, Z' duoc chon ttr C1-C3 alkoxy hoac nhom trung hop duoc. Nhu duoc su dung 
trong ban mo ta va cac yeu cau bao ho, thuat ngu “nhom trung hop duoc” chi nh6m 
chiic bat ky co kha nang tham gia phan ling polymer hoa.

Theo mot so phuong an, phan ling polymer h6a cua naphtopyran duoc 
ngung tu indeno trung hop duoc co thd xay ra theo cac co che duoc mo ta ve 
dinh nghia “trung hop” trong tai lieu: “Hawley’s Condensed Chemical 
Dictionary, Thirteenth Edition, 1997, John Wiley & Sons, pages 901-902”. 
Cac co che nay bao gom: bang each “b6 sung,” trong do cac goc tu do la cac 
tac nhan ban dau phan ling vdi lien ket doi khong bao hoa etylen cua monome 
blng each b6 sung vao do d mot phia d6ng thoi tao ra electron tu do moi d 
phia con lai; bang each “trung ngung,” bao g6m viec tach thanh phdn, nhu cac 
phan ttr nude, bdi hai monomer phan ling; va bang each goi la “kit hop oxy 
hoa.”

Vi du ve cac nhom trung hop duoc bao gom, nhung khong chi gidi han 
d, hydroxy, thiol, cac nhom isoxyanat, cac nhom oxiran (vi du, oxiranylmetyl),
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cac nhom khong no etylen trung hgp goc dugc, cac nhom alyl, (met)acryloxy, 
va 2-(metacryloxy)etylcacbamyl. Khi co hai hoac nhilu nhom trung hop dugc 
tren naphtopyran, chiing co the giong hoac khac nhau.

Theo mot s6 phuang an va cung trong cong thiic XXV va XXVI: 
nhom -(OC2H4)x-, co thl la poly(etylen oxit); nhom -(OC3H6)y- co the la 
poly(propylen oxit); va nhom -(OC4H8)z- co thl la poly(butylen oxit). Khi 
dugc su: dung ket hgp, cac nhom poly(etylen oxit), poly(propylen oxit) va 
poly(butylen oxit) co cac cong thiic XXV va XXVI co the co trat tu nglu 
nhien hoac trat tu khoi trong goc polyalkoxy. Cac chir cai chi so dudi x, y va z 
cua cac cong thiic XXV va XXVI mli chu doc lap la mot s6 nlm trong khoang 
tir 0 den 50, va tong cua x, y va z nam trong khoang tvr 2 den 50. ting cua x, y 
va z co the la s i bit ky nlm trong khoang ttr 2 din 50 (vi du, 2, 3, 4 ... 50). 
Ting nay cung co thl nam trong khoang tir s6 nho han din s i Ian han bit ky 
thuoc khoang tir 2 din 50 (vi du, tir 6 den 50, tir 31 din 50). Cac so x, y, va z 
la cac tri so trung binh va co thl la sd thap phan (vi du, 9,5).

Nhu da thdo luan tren day, mli nhom Rl, R2, R3, B va B’ co thl doc 
lap dugc chgn tir hoac bao glm it nhat mot trong s i phan tir the phan ling 
va/hoac phln tii thl tuang thich. Nlu cac hgp chat va/hoac hgp chit trung gian 
khac nhau dugc mo ta tren day, nhu naphtol dugc ngung tu indeno co cong 
thiic I, va/hoac naphtopyran dugc ngung tu indeno co cong thiic XI, bao g6m 
nhieu phan tir the phan ling va/hoac nhieu phan tir the tuang thich, mli phan tii 
the phan ling va mli phan tir the tuang thich co the doc lap dugc chgn.

Phan tir the phan ling va phan tii the tuang thich moi phan tii thl co 
the doc lap trong tirng trudng hgp la mot trong so:

-A’-D-E-G-J (XVI); -G-E-G-J (XIX); -D-E-G-J (XXII);
-A’-D-J (XVII); -D-G-J (XX); -D-J (XXIII);
-A’-G-J (XVIII); -G-J (XXI); va -A’-J

(XXIV).
Vai cac cong thiic tir (XVI) din (XXIV), vi du khong han chi vl cac 

nhom -A’- theo cac phuang an khong han chi khac nhau dugc boc 16 trong
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ban mo ta bao gom -0-, -C(=0)-, -CH2-, -0C(=0)- va -NHC(=0)-, sao cho 
neu -A’- la -0-, -A’- tao ra it nhat mot lien ket v6i -J.

Vi du khong han che vl cac nhom -D- theo cac phuong an khong han 
che khac nhau dirge boc 16 trong ban mo ta bao gom goc diamin hoac dan xuat 
cua no, trong do nito amin thu nhat cua goc diamin nay co thl tao ra lien kit 
voi -A’-, hoac ph&n tu the hoac vi tri chd tren hap chit (nhu naphtol duoc 
ngung tu indeno hoac naphtopyran duoc ngirng tu indeno), va nito amin thu 
hai eda goc diamin nay co th6 tao ra lien kit voi -E-, -G- hoac -J; va g6c rugu 
amino hoac dan xuat cua no, trong do nito amin cua goc rugu amino co the tao 
ra lien ket voi -A’-, hoac phin tir thl hoac vi tri cha tren hgp chit (nhu naphtol 
dugc ngung tu indeno hoac naphtopyran dugc ngung tu indeno), va oxy rugu 
cua g6c rugu amino nay co thl tao ra lien ket voi -E-, -G- hoac -J. Theo each 
khac, theo cac phuong an khong han che khac nhau dugc boc 16 trong ban mo 
ta, nito amin cua goc rugu amino co thl tao ra lien ket voi -E-, -G- hoac -J, va 
oxy rugu cua goc rugu amino nay co thl tao ra lien ket voi -A’-, hoac phln td 
the hoac vi tri chd tren hgp chit (nhu naphtol dugc ngung tu indeno hoac 
naphtopyran dugc ngung tu indeno).

Vi du khong han chi vl cac g6c diamin thich hgp -D- bao g6m g6c 
diamin beo, g6c diamin vong beo, g6c diazaxycloalkan, goc amin beo 
azaxyclo, goc ete diazacrown, va goc diamine thorn. Cac vi du khong han chi 
cu thl ve cac goc diamin ma co thl dugc sd dung trong cac phuong an khong 
han che khac nhau dugc boc 16 trong ban mo ta bao gom cac glc sau:
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Vi du khong han che ve cac g6c ruou amino thich hop -D- bao gom 
goc ruou amino beo, goc ruou amino vong beo, goc ruou beo azaxyclo, goc 
ruou beo diazaxyclo va g6c ruou amino thorn. Cac vi du khong han ch6 cu th6

\  r  9

ve cac goc ruou amino ma co the duoc sir dung trong cac phuong an khong 
han ch6 duoc boc 16 trong ban mo ta bao gom cac gdc sau:

Cung trong cac cong thiic tvr (XVI) d6n (XXIV) tren day, theo cac 
phuong an khong han che khac nhau duoc boc 16 trong ban mo ta, -E- co th6 la 
goc axit dicacboxylic hoac dan xuat cua no, trong do nhom cacbonyl thu nhat 
cda goc axit dicacboxylic co th6 tao ra lien ket voi -G- hoac -D-, va nhom 
cacbonyl thur hai cua g6c axit dicacboxylic co th6 tao ra lien ket voi -G-. Vi du 
khong han che ve cac goc axit dicacboxylic thich hop -E- bao gom g6c axit 
dicacboxylic beo, goc axit dicacboxylic vong beo va goc axit dicacboxylic 
thorn. Vi dy khong han che cu th6 v6 cac goc axit dicacboxylic ma co the duoc 
su: dung theo cac phuong an khong han ch6 khac nhau duoc boc 16 trong ban 
mo ta bao gom cac goc sau:

9 0. J k  J.<cR»2)r
i = tvr 1 <J6n 4 
R* = H ho$c alkyl
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Theo cac phuang an khong han chi khac nhau dugc boc 16 trong ban 
mo ta, -G- co thl la nhom -[(0C2H4)x(0C3H6)y(0C4H8)z]-0-, trong do x, y 
va z m6i chi so doc lap dugc chon va ndm trong khoang tvr 0 den 50, va tong 
cua x, y, va z nam trong khoang tir 1 den 50; goc rugu polyhydric hoac dan 
xuat cua no, trong do oxy rugu polyhydric thu nhlt cua goc rugu polyhydric 
co thl tao ra lien ket vai -A’-, -D-, -E-, hoac phln tur thl hoac vi tri cha tren 
naphtopyran dugc ngung tu indeno, va oxy rugu polyhydric thu: hai cua rugu 
polyhydric co the tao ra lien ket voi -E- hoac -J; hoac hon hgp cua chung, 
trong do oxy rugu polyhydric thvr nhlt cua goc rugu polyhydric tao ra lien kit 
voi nhom -[(OC2H4)x(OC3H6)y(OC4H8)z]- (tore la, tao ra nhom - 
[(OC2H4)x(OC3H6)y (0C4H8)z]-0-), va oxy rugu polyhydric thu hai tao ra 
lien ket voi -E- hoac -J. Vi du khong han chi ve cac goc rugu polyhydric thich 
hgp -G- bao gom goc rugu polyhydric beo, goc rugu polyhydric vong beo va 
g6c rugu polyhydric thorn.

Cu the han, vi du minh hoa khong han chi v! cac rugu polyhydric ma 
tvr do cac glc rugu polyhydric -G- co thl dugc tao ra theo cac phuang an 
khong han chi khac nhau dugc boc 16 trong ban mo ta bao gom: (a) cac rugu 
polyhydric co trgng lugng phan tut thap co trgng lugng phan tvr trung binh nho 
han 500, nhu, nhung khong chi gicri han 6, cac rugu polyhydric dugc mo ta 
trong patent My s i 6555028 cot 4, dong 48-50, va tvr cot 4, dong 55 din cot 6, 
dong 5, dugc ket hgp 6 day bang each vien dan; (b) cac polyeste cua rugu 
polyhydric, nhu, nhung khong chi gi6i han 6, cac polyeste cua rugu 
polyhydric dugc mo ta trong patent My si 6555028 6 cot 5, dong 7-33, dugc 
ket hgp d day bang each vien din; (c) cac polyete cua rugu polyhydric, nhu 
nhung khong chi giai han 6 cac polyete cua rugu polyhydric dugc mo ta trong 
patent My so 6555028 6 cot 5, dong 34-50, dugc kit hgp 6 day bang each vien 
dan; (d) cac rugu polyhydric chvra amit, nhu, nhung khong chi giai han d, cac 
rugu polyhydric chvra amit dugc mo ta trong patent My s i 6555028 6 cot 5, 
dong 51-62, dugc kit hgp 6 day bang each vien din; (e) cac epoxy cua rugu 
polyhydric, nhu, nhung khong chi gioi han 6, cac epoxy cua rugu polyhydric 
dugc mo ta trong patent My si 6555028 6 cot 5 dong 63 din cot 6, dong 3,
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dugc ket hgp 6 day bang each vien dan; (f) cac rugu polyvinyl polyhydric, 
nhu, nhung khong chi giai han or, cac rugu polyhydric polyvinyl dugc mo ta 
trong patent My so 6555028 a cot 6, dong 4-12, dugc ket hgp a day bang each 
vien din dugc kit hgp a day blng each vien din; (g) cac uretan cua rugu 
polyhydric, nhu, nhung khong chi giai han a cac uretan cua rugu polyhydric 
dugc mo ta trong patent My so 6555028 or cot 6, dong 13-43, dugc kit hgp 6 
day bang each vien dan; (h) cac polyacrylic cua rugu polyhydric, nhu, nhung 
khong chi giai han 6 cac polyacrylic cua rugu polyhydric dugc mo ta trong 
patent My so 6555028 6 cot 6, dong 43 din cot 7, dong 40, dugc ket hgp d day 
bang each vien dan; (i) cac polycacbonat cua rugu polyhydric, nhu, nhung 
khong chi gi6i han 6, cac polyacrylic cua rugu polyhydric dugc m6 ta trong 
patent My s6 6555028 or cot 7, dong 41-55, dugc ket hgp or day blng each vien 
din; va (j) h6n hgp cua cac rugu polyhydric nay.

Cung trong cac cong thuc tir (XVI) den (XXIV), theo cac phuang an 
khong han che khac nhau dugc boc 16 trong ban mo ta, -J co thl la nhom -K, 
trong do -K la nhom nhu, nhung khong chi giori han 6, -CH2COOH, 
-CH(CH3)COOH, -C(0)(CH2)wCOOH, -C6H4S03H, -C5H10SO3H, 
C4H8S03H, -C3H6S03H, -C2H4S03H va -S03H, trong do “w” nlm trong 
khoang tvr 1 din 18. Theo cac phuang an khong han chi khac -J co thl la 
hydro ma tao lien kit vai oxy hoac nita cua nhom lien ket dl tao ra glc phan 
ling nhu -OH hoac -NH. Vi du, theo cac phuang an khong han chi khac nhau 
dugc boc 16 trong ban mo ta, -J co thl la hydro, sao cho neu -J la hydro, -J 
dugc lien ket v6i oxy cua -D- hoac -G-, hoac nita cua -D-.

Theo cac phuang an khong han che khac, -J co thl la nhom -L hoac 
goc cua no, trong do -L co thl la nhom phan \ing. Vi dp, theo cac phuang an 
khong han che khac nhau dugc boc 16 trong ban mo ta -L co the la nhom nhu, 
nhung khong chi giori han 6, acryl, metacryl, crotyl, 2- 
(metacryloxy)etylcacbamyl, 2-(metacryloxy)etoxycacbonyl, 4-
vinylphenyl, vinyl, 1-clovinyl hoac epoxy. Nhu dugc sii dung trong ban mo ta, 
cac thuat ngu acryl, metacryl, crotyl, 2-
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Theo cac phuang an khong han che khac, -J co the la nhom -L hoac
r ?

goc cua no, trong do -L co the la nhom phan urng. VI du, theo cac phirang an 

khong han chi khac nhau dugc hoc 16 trong ban mo ta -L co th l la nhom nhir, 

nhung khong chi gidi han a, acryl, metacryl, crotyl, 2-

(metacryloxy)etylcacbamyl, 2-(metacryloxy)etoxycacbonyl, 4-

vinylphenyl, vinyl, 1-clovinyl hoac epoxy. Nhir dugc sir dung trong ban mo ta, 

cac thuat ngu acryl, metacryl, crotyl, 2-

(metacryloxy)etylcacbamyl, 2-(metacryloxy)etoxycacbonyl, 4-vinylphenyl, 

vinyl, 1-clovinyl, va epoxy chi cac cau true sau:

u  .. u i

> < < Jo
vinyl 1-clovinyl epoxy

X = NH: 2-(metacryloxy)etylcacbamyl
X = O: 2-(metacryloxy)etoxycacbonyl

Nhu da thao luan tren day, -G- co the la goc cua rugu polyhydric, 

dugc xac dinh trong ban mo ta bao g6m cac cacbohydrat chua hydroxy, nhu
r

cacbohydrate chiia hydroxy dugc mo ta trong patent My so 6555028 6 cot 7, 

dong 56 den cot 8, dong 17, dugc k it hgp 6 day bang each vien dan. G6c rugu 

polyhydric co th l dugc tao ra, vi du va khong chi giai han, bang phan ung cua 

mot hoac nhilu nhom hydroxyl cua vdi tiln  chat cua - A’-, nhu axit cacboxylic 

hoac metylen halogenua, tiln chit cua nhom dugc polyalkoxy hoa, nhu 

polyalkylen glycol, hoac phln tu th l hydroxyl cua naphtopyran dugc ngung tu 

vdi indeno. Rugu polyhydric co th l co cong thiic g-(OH)a va g lc s cua rugu 

polyhydric co th l co cong thiic -0-g-(0H )a-i, trong do q la khung hoac mach 

chinh cua hgp chit polyhydroxy va “a” it nhlt la 2.

Han nua, nhu da tao luan tren day, mot hoac nhilu oxy rugu 

polyhydric cua - G- co th l tao lien k it vdi - J (tdc la, tao ra nhom - G-J). Cac vi 

du, du khong gidi han, trong do phan tu: thl phan ung va/hoac phln tu thl
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nhom nay, -G-J co the dugc tao ra blng each ngung tu axit mot hoac nhilu 

nhom hydroxyl cua rugu polyhydric lln  lugt voi HOC6H4SO3H; 

HOC5H 10SO3H; H 0C 4H8S 0 3 H; H 0C 3H6S 0 3H; HOC2H4SO3H; hoac H2S 04. 

Hon ntta, du khong gioi han , n lu  -G- la goc ruou polyhydric va -J la nhom -L 

dirge chon ttr nhom bao glm  acryl, metacryl, 2-(metacryloxy)etylcacbamyl va 

epoxy, -L co th l dugc ket hgp vao bang each ngung tu g6c rugu polyhydric lln  

lugt voi acryloyl clorua, metacryloyl clorua, 2-isoxyanatoetyl metacrylat 

hoac epiclohydrin.

Hgp chat naphtopyran dugc ngung tu indeno dugc dieu chi bang 

phuong phap theo sang chi, co the dugc sir dung d l lam cho chi phlm  va/hoac 

vat dung doi mau theo anh sang. Vi du ve cac vat dung co th l dugc lam cho 

d li mau theo anh sang bang hgp chit naphtopyran dugc ngung tu indeno theo 

sang che bao gom, nhung khong chi gioi han 0 , phan tir quang hgc, man hinh, 

cua s6 (hoac kinh trong), guong, va cac thanh phan hoac phan tir cua cac t l  

bao tinh the 16ng. Nhu dugc sir dung trong ban mo ta thuat ngu “quang hgc” 

chi su gdn lien hoac co lien quan den anh sang va/hoac tarn nhin. Vi du v l  cac 

phln tvr quang hgc ma co th l dugc lam dli mau theo anh sang bao gom, nhwg 

khong chi gioi han cr, cac phln tu lien quan den m lt, cac phln tir h iln  thi, cira 

so, guong, va cac phan tir te bao tinh thl long. Nhu dugc sir dung trong ban 

mo ta thuat ngu: “lien quan den mat” chi su gan lien hoac co lien quan den mat 

va tarn nhin. Vi du khong han che ve cac phan tir lien quan den mat bao gom 

cac thau kinh hieu chinh va khong hieu chinh, bao gom cac thau kinh mot tarn 

nhin hoac nhieu tarn nhin, co th l la thau kinh nhieu tarn nhin phan doan hoac 

khong phan doan (nhu, nhung khong chi gibi han cr, thau kinh hai tieu cu, thau 

kinh ba tieu cu va th lu  kinh tang din), cung nhu cac phln tir khac dugc sir 

dung d l hieu chinh, bao ve, hoac tang cucmg (vl mat thlm  my hoac mat khac) 

tlm  nhin, bao glm  nhung khong chi gioi han cr, thlu kinh phong dai, thlu kinh 

bao ve, kinh chin nlng, kinh bao ho, cung nhu, cac thau kinh dung cho cac 

thilt bi quang hgc (vi du, may anh va kinh viln  vgng). Nhu dugc sir dung 

trong ban mo ta thuat ngu: “hiln thi” chi viec trinh chilu th ly  dugc hoac dgc 

dugc blng may thong tin dang tir ngu:, si, b ilu  tugng, thiet k l hoac hinh ve. Vi
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du khong han che ve phan tir hien thi bao gom man chan, man hinh, va cac 
phin tii an ninh, nhu mat na an ninh. Nhu dugc sir dung trong ban mo ta thuat 
ngu “cira s6” chi ch6 mo dugc tao ra di cho phep buc xa truyin qua do. Vi du 
khong han che ve ciia si bao gom kinh 6 to va may bay, kinh chan gio, kinh 
lgc, ciia chop, va cac bo chuyin dii quang hgc. Nhu dugc sii dung trong ban 
mo ta thuat ngu: “guong” chi be mat ma co the phan chieu phan Ion anh sang 
tori. Nhu dugc sd dung trong ban mo ta thuat ngu: “ti bao tinh thi long” chi ciu 
true chua vat lieu tinh thi long co kha nang dugc sip xip theo trat tu. Vi du 
khong han chi ve phin tu: ti  bao tinh thi long la man hinh hiin thi tinh thi 
long.

Cac vat dung co thi dugc lam doi mau theo anh sang vdi hgp chat 
naphtopyran dugc ngung tu indeno theo sang chi bang cac phuong phap bao 
gim, nhung khong chi gioi han a, cac phuong phap tim, cac phuong phap due 
tai chi, cac phuong phap phu, cac phuong phap phu trong khuon, phuong 
phap due bao ngoai nen tao trude (over-mold), va phuong phap dat mong. Vdi 
phuong phap tim, hgp chat naphtopyran dugc ngung tu indeno thudng dugc 
khuech tan vao vat lieu polyme cua vat dung dugc tao hoac lap ghep trude, 
nhu nen hoac lop phu hoac mang dugc phu trude. Viec tim co the dugc thuc 
hien bang each nhung vat lieu polyme cua vat dung duoc tao hoac lip ghep 
trude trong dung dich chua hgp chat naphtopyran dugc ngung tu indeno, co 
hoac khong gia nhiet. Sau do, du khong yeu ciu, hgp chat pyran vong dugc 
ngung tu indeno co the dugc lien kit vdi vat lieu polyme (vi du, cua nen hoac 
ldp phu).

Trong phuong phap due tai chd, hgp chit naphtopyran dugc ngung tu 
indeno co the dugc tron vdi: che pham polyme va/hoac oligome dang dung 
dich hoac dang nong chay; hoac che pham monome d dang long, di tao ra che 
pham dii mau theo anh sang due dugc. Chi phim doi mau theo anh sang due 
dugc sau do thudng dugc dua vao khoang cua khuon due (vi du, vi du khuon 
due thau kinh). Sau do, che phim dii mau theo anh sang due dugc dugc dinh 
hinh (vi du, hoa ran) trong khuon di tao ra vat dung doi mau theo anh sang.
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Trong cac vat dung bao gom nen, cac hap chat naphtopyran dugc 
ngung tu indeno theo sang che co thl dugc noi vdi it nhat mot phan cua nen 
dudi dang mot phan cua lop phu dugc n6i vdi it nhat mot phln cua nen. Nln 
co thl la nen polyme hoac nen vo co (nhu, nhung khong chi gidi han d, nen 
kinh). Hgp chat naphtopyran dugc ngung tu indeno theo sang che co the dugc 
ket hgp vao it nhat mot phan cua che pham phu trudc khi sir dung che pham 
phu tren nen. Theo each khac, che phim phu co the dugc su: dung tren nln, it 
nhat dinh hinh tung phln, va sau do hgp chit naphtopyran dugc ngung tu 
indeno theo sang che co thl dugc tarn vao it nhit mot phln cua lop phu. Nhu 
dugc sir dung trong ban mo ta, thuat ngu “dinh hinh” va “viec dinh hinh” bao 
gom, nhung khong gioi han d, dong ran, polyme hoa, lien ket ngang, lam lanh, 
va lam kho.

Cac vat dung ddi mau theo anh sang co the dugc ch6 tao bang each su 
dung cac hgp chat naphtopyran dugc ngung tu indeno theo sang che bang cac 
phuong phap phu trong khuon (hoac due trong khuon) da bilt trong lmh vuc 
nay. Trong cac phuong phap phu trong khuon, che phim phu d6i mau theo anh 
sang bao g6m hgp chat indeno-naphtopyran theo sang che, co the la che phdm 
phd long hoac chi phim phu bot, dugc su: dung tren it nhit mot phln cua be 
mat trong cua khuon, va sau do dugc dinh hinh it nhat tung phan. Sau do, dung 
dich polyme hoac nong chay, hoac dung dich oligome hoac monome hoac hon 
hgp dugc due hoac d! khuon trong khoang due va tilp xuc vdi chi phim phu 
dli mau theo anh sang da dugc phu trudc, va dinh hinh it nhat mot phan. Sau 
do, vat dung doi mau theo anh sang thu dugc dugc lay ra khoi khuon. Vi dp 
khong han che ve cac ldp phu bot trong do cac hgp chat indeno-naphtopyran 
theo cac phuong an khong gidi han khac nhau dugc boc 16 trong ban mo ta co 
thl dugc su" dung la nhu neu trong patent My si 6068797 d cot 7, dong 50 din 
cot 19, dong 42, dugc kit hgp d day bing each vien din.

Cac vat dung doi mau theo anh sang dugc che tao bang each sir dung 
cac hgp chit naphtopyran dugc ngung tu indeno theo sang che cung co thl 
dugc tao ra bang cac phuong phap due bao ngoai nen tao trudc da biet trong 
lmh vuc nay. Cac phuong phap due bao ngoai nln tao trudc thudng bao gdm
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budc tao nen trong khuon, va sau do tao ra khoang khong ben trong giua nin 
va be mat trong cua khuon, sau do dua che pham phu ddi mau theo anh sang 
vao do (vi du, tiem) va sau do dinh hinh (vi du, dong rin). Theo each khac, 
phuong phap due bao ngoai nen tao trade co thi bao gom bude dua nen da 
dugc tao trade vao khuon, sao cho khoang khong ben trong dugc tao ra giua

\  r  9 ?

nen va mat trong cua khuon, va sau do dua che pham phu doi mau theo anh 
sang vao (vi du, tiem vao) khoang khong ben trong nay.

Cac vat dung ddi mau theo anh sang, dugc che tao bang each sir dung 
cac hgp chat naphtopyran dugc ngung tu indeno theo sang che, cung co the 
dugc tao ra bang each phuong phap dat mong da biet trong linh vuc nay. 
Trong cac phuong phap dat mong, mang chira hgp chit naphtopyran dugc 
ngung tu indeno theo sang che co the dugc gan hoac theo each khac noi vdi 
mot phan cua nen, co hoac khong su: dung chat ket dinh va/hoac nhiet va ap 
suat. Sau do, neu muon, nen thu hai co thi dugc phu len nen thu nhit va hai 
nen co the dugc dat mong cung nhau (vi du, bang each sti dung nhiet va ap 
suat) de tao ra phan tu: trong do mang chua hgp chat naphtopyran dugc ngung 
tu indeno dugc dat giua hai nen. Cac phuong phap tao mang chua vat lieu d6i 
mau theo anh sang co the bao gom vi du va khong gioi han o, phuong phap kit 
hgp vat lieu doi mau theo anh sang vdi dung dich polyme hoac dung dich 
oligome hoac hon hgp, due hoac ep dim mang tvr do, va, neu can, dinh hinh it 
nhit mgt phin mang. Ngoai ra hoac theo each khac, mang co the dugc tao ra 
(co hoac khong co vat lieu ddi mau theo anh sang) va dugc tim vat lieu doi 
mau theo anh sang.

Cac hgp chat naphtopyran dugc ngung tu indeno dugc dieu che bang 
cac phuong phap theo sang chi, co thi dugc sir dung mot minh hoac kit hgp 
vdi cac vat lieu doi mau theo anh sang khac. Loai vat lieu ddi mau theo anh 
sang ma co thi dugc sd dung ket hgp (vi du, trong hdn hgp) vdi cac hgp chit 
naphtopyran dugc ngung tu indeno theo sang che bao gom, nhung khong chi 
gidi han d: cac (indolin)naphtoxazin xoin va (indolin)benzoxazin xoin, vi du 
cac hgp chit dugc mb ta trong cac patent My sd 3562172, 3578602, 4215010, 
4342668, 5405958, 4637698, 4931219, 4816584, 4880667, va 4818096; cac
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benzopyran, vf du nhu dugc mo ta trong cac patent My s6 3567605, 4826977, 
5066818, 4826977, 5066818, 5466398, 5384077, 5238931, va 5274132; cac 
dithizonat co kim loai doi mau theo anh sang, nhu, (arylazo)-thioformic 
arylhydrazidat, vi du, thuy ngan dithizonat dugc mo ta trong, vi du, patent My 
s6 3361706; va fulgit va fulgimit, vi du, 3-furyl va 3-thienyl fulgit va fulgimit 
dugc mo ta trong patent My s6 4931220 a cot 20, dong 5 din cot 21, dong 38.

Sang che dugc mo ta cu thl hon trong cac vi du sau, chi nhdm muc 
dich minh hga, vi nhieu cai bien va thay ddi tir do la ro rang d6i vdi ngufri co 
hiiu biet trung binh trong llnh vuc nay. Trir khi dugc chi dinh khac, tit ca cac 
phin va phin tram la theo trong lugng.

Vi du thuc hien sang che

Cl phan cua muc Vi du thurc hien sang che, cac quy trinh tong hgp dugc sir 
dung de tao ra cac naphtol theo Vi du 1-3, va cac vat lieu d6i mau theo anh sang 
theo Vi du 1A va 3A dugc mo ta. Phan 2 mo ta viec thu nghiem tinh nang doi mau 
theo anh sang va ket qua cua cac hgp chat d6i mau theo anh sang theo Vi du 1A va 
3A.

Phan 1: T6ng hgp hgp chat naphtol theo cac Vi du 1-3 va cac hgp chat doi mau theo 
anh sang theo cac Vi du 1A va 3A 
Vidul  
Buoc 1

Anhydrit maleic ran (1 lOg) dugc hoa tan trong cumen (400mL) trong binh 
mot c6 dung tich 1L, tiep theo bo sung 'butyl peroxit (llmL). H6n hgp thu dugc 
dugc dun nong trong di6u kien hoi liru trong 20 gio. Dung moi dugc loai bo duoi ap 
suat giam. Thu dugc san pham duai dang dau mau nau nhot (260g). San pham thu 
h6i dugc chua axit 2-(2-phenylpropan-2-yl)suxinic dugc su dung trong buoc tiip 
theo ma khong can tinh chi tiep.
Budc 2

San pham tir Budc 1 (260g) dugc hoa tan trong xylen (500mL) trong binh 
mot co dung tich 1L dugc trang bi ong chu U Dean-Stark va bo ngung tu nude, tiep
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theo bo sung axit dodexyl benzen sulfonic (18g). Hon hop thu dugc dugc dun nong 
trong dieu kien hoi luu trong 4 gid. Dung mbi dugc loai bo dudi ap suat giam. Thu 
dugc san pham duoi dang dau mau nau nhdt (280g). San phdm chua 3-(2- 
phenylpropan-2-yl)dihydrofuran-2,5-dion dugc su dung trong budc tilp theo ma 
khdng din tinh chi tiep.
Buoc 3

San phlm tur Buoc 2, (280g), dugc hoa tan trong diclometan (1,4 L) trong 
binh mot cl dung tich 2L. HOn hgp thu dugc dugc lam mat din nhiet do 0-10°C 
bang hdn hgp nude muoi-nude da. Nhom clorua khan (330g) dugc bd sung vao hdn 
hgp nay ttr tir qua pheu bo sung chat rdn. Khi hydrochloric dugc tao ra ttr phan ung 
hap thu bang dung dich kali hydroxit trong nude. Be lam mat dugc loai bo 1 gid sau 
khi bd sung. Sau 1 gid nu:a, phan ung dugc lam lanh bang each rot vao nude da (2L) 
va axit hoa bang axit clohydric (12N, 800mL). San pham dugc chiet bang etyl 
axetat (2 x 1L). Nhu tuong nay dugc pha vd bSng each bd sung nude mudi (1L). 
Cac ldp huu co dugc thu hdi, ket hgp, lam kho qua natri sulfat khan va co dac dudi 
ap suat giam de tao ra san pham (360g). San phim thu hdi dugc dugc tinh che bang 
sac ky silica gel bang each su dung hdn hgp etyl axetat/hexan lam chat rita giai de 
tao ra san phim mong muon (150g). NMR the hien rang san phdm co cau true thong 
nhat vdi axit 2-(l,l-dimetyl-3-oxo-2,3-dihydro-lH-inden-2-yl)axetic 
Budc 4

San pham (lOg) tvr Budc 3 va 2-amino-2-metylpropanol (5g) dugc hoa tan 
trong xylen (45mL) trong binh day tron mot co dung tich 250mL (RB) co dng chu 
U Dean-Stark va bo ngung tu nude trong N2 tro. Hdn hgp thu dugc dugc dun nong 
trong dieu kien hdi luu trong 20 gid. Sau do, hdn hgp nay dugc lam mat va tinh chi 
bdng phuong phap sSc ky silica gel bdng each su dung hdn hgp etyl axetat/hexan 
lam chat run giai d! tao ra mot san pham dang dau chinh (6g). NMR thl hien ring 
san phlm co clu true thing nhit vdi 2-((4,4-dimetyl-4,5-dihydrooxazol-2-yl)metyl)- 
3,3-dimetyl-2,3-dihydro- lH-inden- 1-on.
Budc 5

San phlm dang dlu tir Budc 4 dugc hoa tan trong tetrahydrofiiran khan 
(40mL) trong binh day tron mot co dung tich 250ml trong N2 tro. Magie bromua
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(4g) dirge bo sung vao binh nay. Binh dugc dat trong be nude da. Dung dich chua
3-metoxyphenyl magie bromua trong tetrahydrofuran (40mL, 1M) dugc bd sung 
vao hdn hgp qua pheu bd sung trong vong 10 phut. Be nude da dugc loai bo khi bd 
sung. Hon hgp thu dugc dugc khuay trong 1 gib va sau do dugc rot vao nude da. 
Huydn phu dugc axit hoa bing dung dich axit clohydric 10% va chidt bang dietyl 
ete. Ldp tren cung dugc co dac de tao ra phan can dang diu. Phan can nay dugc hoa 
tan trong hdn hgp chua dioxan va dung dich axit clohydric 3N (50/50mL) va hdn 
hgp thu dugc dugc dun nong trong cac dieu kien hdi lutu trong 3 gib. Hdn hgp dugc 
lam mat va chidt bang etyl axetat. Ldp tren cung thu hdi dugc dugc lam kho qua 
natri sulfat va co dac dd tao ra phan can dang diu. Phan can nay dugc tinh chd bing 
phuang phap sac ky silica gel bang each sir dung hon hgp etyl axetat/hexane la chit 
rua giai dd tao ra san phim dang diu (6g) chua axit 2-(3-(2-metoxyphenyl)-l,l- 
dimetyl-lH-inden-2-yl)axetic dugc su dung trong bude tidp theo ma khong cin tinh 
chd tidp.
Budc 6

San phim tir Budc 5 (6g) dugc hoa tan trong anhydrit axetic (30mL) trong 
binh day tron mot cd dung tich 250ml trong N2 tra. Dung dich thu dugc dugc dun 
nong trong dieu kien hdi luu trong 1,5 gib. Chat xuc tac Bismut(IH) 
triflometansulfonat (0,lg) dugc bd sung vao hdn hgp nong nay. Su hdi luu dugc 
tidp tuc trong 2 gib. Hon hgp phan ung dugc lam mat va do pH giam 6-7 bdng kali 
hydroxit va natri bicacbonat. San pham dugc chiet bang etyl axetat va dung dich 
dugc lam kho qua natri sulfat. Dung moi dugc cat phan nhe dudi ap suat giam. San 
phim thu dugc chua 2-metoxy-7,7-dimetyl-7H-benzo[c]floren-5-yl axetat dugc lam 
kho trong chan khong de tao ra san phim (6g) dugc su: dung b budc tidp theo ma 
khong cin tinh chd tidp.
Budc 7

San phim tir Budc 6 (6g) dugc hoa tan trong metanol khan (50mL) trong 
binh day tron mot cd dung tich 250ml trong N2 tra. Axit clohydric dac (lmL) dugc 
bd sung vao binh. Dung dich thu dugc dugc dun nong trong didu kien hdi luu trong 
2 gib. Hdn hgp phan ung dugc ngung tu va phan can dugc tinh chd bang phuang 
phap sic ky silica gel bing each sir dung hdn hgp etyl axetat/hexan lam chit rua
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giai de tao ra san pham mong muon (l,4g). Phep phan tich NMR cho thay san phdm
r r r

co cau true thong nhat voi 2-metoxy-7,7-dimetyl-7H-benzo[c]floren-5-ol nhu duoc 
thl hien bang cong thiic sau:

Vi du 1A
San phim ttr Vi du 1 (l,5g), duoc hoa tan trong diclometan (20mL) trong 

binh mot c6 dung tich lOOmL, tilp theo b6 sung axit dodexyl benzen sulfonic 
(0,02g). 1, l-Bis(4-metoxyphenyl)-2-propyn-l-ol (0.7g) duoc b6 sung vao hon hop
phan ung. H6n hop nay duoc khuay 6 nhiet do trong phong va kilm tra bSng phep 
phan tich TLC. Khi hoan thanh phan ling, san pham duoc tinh che bang phuong 
phap sac ky silica gel bang each sii dung hon hop etyl axetat/hexan lam chat nia 
giai. Sau do, san pham chinh duoc ket tinh lai de tao ra san pham mong muon (lg). 
NMR th<§ hien rang san phim co cau true thong nhat voi 3,3-bis(4-metoxyphenyl)- 
7-metoxy-13,13-dimetyl-3H,13H-indeno[2’,3’:3,4]naphto[l,2-b]pyran nhu duoc th6 
hien bdng cong thiic sau.

Vi du2 
Buoc 1

4- Metoxyphenyl magie bromua trong tetrahydrofuran (200mL, 1M) dugc 
nap vao binh day tron mot c6 dung tich 1L qua phlu b6 sung trong N2 tra. San
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pMm tir Budc 3 cua Vi du 1, axit 2-(l,l-dimetyl-3-oxo-2,3-dihydro-lH-inden-2- 
yl)axetic (9g) trong dung dich tetrahydrofuran khan (60mL) dugc b6 sung nho giot 
vao dung dich Grignard trong 30 phut. Hon hop phan ling dugc khudy d nhiet do 
trong phong trong 20 gid. Hon hgp nay dugc rot vao nude da va huyen phu thu 
dugc dugc axit hoa bang each b6 sung dung dich axit clohydric 10% (200mL). H6n 
hgp nay dugc chiet bang etyl axetat. Lap tren cung thu hdi dugc dugc co dac dl tao 
ra san pham chinh (24g). San pham thu hdi dugc va pyridinium p-toluensulfonat 
(lg) dugc hoa tan trong toluen (150mL) trong binh day tron mot c6 dung tich 
500mL co ong cu U Dean-Stark va bo ngung tu nude. Hon hgp nay dugc dun nong 
trong dieu kien hoi luu trong 3 gid. H6n hgp phan ling dugc ngung tu dd tao ra san 
phdm chinh (24g). Phin can dugc lgc qua cot silica gel bang each sii dung hdn hgp 
etyl axetat/hexan lam chat nia giai dd thu dugc san phdm chinh (13g). San pham thu 
hoi dugc chiia axit 2-(3-(3-metoxyphenyl)-l,l-dimetyl-lH-inden-2-yl)axetic dugc 
sii dung trong bude tiep theo ma khong cm tinh chi tilp.
Budc 2

San pham tir Budc 1 (20g) dugc hoa tan trong axetic khan (50mL) trong binh 
day trong mot c6 dung tich 500mL dugc trang bi bo ngung tu nude trong N2 tra. 
Chat xiic tac Bismut(III) triflometansulfonat (0,lg) dugc bo sung vao hon hgp nay. 
H6n hgp dugc dun nong trong dilu kien hoi luu trong 6 gid. H6n hgp dugc co dac 
va san phim thu hdi dugc chiia 3-metoxy-7,7-dimetyl-7H-benzo[c]floren-5-yl 
axetat dugc sii dung d budc tiep theo ma khong can tinh che tiep.
Budc 3

Tuan theo quy trinh d Budc 7 cua Vi du 1 trir viec san phim tir Budc 2 tren 
day dugc sir dung thay cho 3-metoxy-7,7-dimetyl-7H-benzo[c]floren-5-yl axetat d! 
tao ra san phlm mong mu6n. Phep phd khdi cho thay san pham co trpng lugng phan 
tir la 290 thing nMt vdi cau true cua 3-metoxy-7,7-dimetyl-7H-benzo[c]floren-5-ol 
dugc thl hien trong cong thiic sau:
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Vidu3 
Budc 1

3,5-diflophenylmagie bromua trong dung dich dietyl ete (0,8M, 350mL) 
dugc nap vao bonh day tron mot co dung tich 2L trong N2 tra. San phim t£r Budc 3 
cua Vi du 1, axit 2-(l,l-dimetyl-3-oxo-2,3-dihydro-lH-inden-2-yl)axetic (8g) trong 
dung dich tetrahydrofuran khan (60mL) dugc bd sung tung gigt vao dung dich 
Grignard trong 30 phut. Hon hgp phan ling dugc khuay d nhiet do trong phong 
trong 20 gib. Hon hgp nay dugc rot vao nude da va huydn phu thu dugc axit hoa 
bang dung dich axit clohydric 10% (300mL). Hdn hgp dugc chidt b&ng etyl axetat. 
Lap tren cung thu hdi dugc dugc co dac de tao ra san phim (24g). San pham va 
pyridinium p-toluensulfonat (lg) dugc hoa tan trong toluen (lOOmL) trong binh day 
tron mot c6 dung tich 500ml voi ong cu U Dean-Stark va bo ngung tu nude. H6n 
hgp dugc dim nong trong dieu kien hoi luu trong 3 gid. Sau do, hSn hgp phan ung 
dugc co dac de tao ra san phim chinh (20g). San phim thu hdi dugc chiia axit 2-(3- 
(2,4-diflophenyl)-l,l-dimetyl-lH-inden-2-yl)axetic dugc sir dung d budc tidp theo 
ma khong can tinh che tiep.
Budc 2

San phim t£r Budc 1 (20g) dugc hoa tan trong axetic khan (50mL) trong binh 
day tron mot cd dung tich 500ml dugc trang bi bo ngung tu nude trong N2 tro. Chit 
xiic tac Bismut(III) triflometansulfonat (0,lg) dugc bd sung vao hdn hgp. Hdn hgp 
dugc dun nong trong didu kien hoi luu trong 6 gid. Hdn hgp thu dugc dugc ngung 
tu va san pham dang ddu thu hdi dugc chiia 2,4-diflo-7,7-dimetyl-7H- 
benzo[c]floren-5-yl axetat dugc sii dung d budc tiep theo ma khong can tinh che 
tiep.
Budc 3
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San phim tir Buac 2 (20g), duac hoa tan trong metanol (lOOmL) trong binh 
day tron mot co dung tich 250mL, tilp do b6 sung dung dich axit clohydric dac 
(37%, 0,5mL). Hon hop nay dirge dun nong trong dieu kien hoi luu trong 3 gia. 
Dung moi duac loai bo duai ap suat giam de tao ra san phim chinh (18g). San 
ph4m chinh duac tinh chS bdng phuang phap sdc ky silica gel d£ tao ra san phlm 
mong muon (lOg). Pho UV cho thay san pham co tinh chat thong nhat vdi cau true 
cua 2,4-diflo-7,7-dimetyl-7H-benzo[c]floren-5-ol duac the hien trong cong thuc 
sau:

Vi du 3A
Tuan theo quy trinh cua Vi du 1A trir viec san phim cua Vi du 3 duac 

su: dung thay cho san phim cua Vi du 1 va axit p-toluensulfonic monohydrat (0,lg) 
duac su: dung thay cho axit dodexyl benzen sulfonic (1 giot). NMR cho thay san 
pham co c&u true th6ng nhat vai 3,3-bis(4-metoxyphenyl)-5,7-diflo-13,13-dimetyl- 
3H,13H-indeno[2’,3’:3,4]naphto[l,2-b]pyran nhu duac thS hien bSng cong thuc 
sau:

PMn 2: Thu nghiem tinh nang d6i mau theo anh sang va kit qua
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Tinh nang doi mau theo anh sang cua cac vat lieu doi mau theo anh sang cua 
cac Vi du 1A va 3A dugc thir nghiem nhu sau. Luang vat lieu d6i mau theo anh 
sang dugc thu: nghiem, duoc tinh toan de tao ra dung dich 1,5 x 10’3 M, dugc bo 
sung vao binh chira 50g hon hgp monome chua 4 phin bisphenol A dimetacrylat 
dugc etoxy hoa (BPA 2EO DMA), 1 pMn poly(etylen glycol) 600 dimetacrylat, va 
0,033% trgng lugng 2,2'-azobis(2-metyl propionitril) (AIBN). Vat lieu d6i mau theo 
anh sang material dugc hoa tan vao hon hgp monomebang each khuay va dun nong 
nhe n6u can. Sau khi thu dugc dung dich trong, dimg dich nay dugc loai khi trong 
chan khong truoc khi rot vao khuon tao tarn phlng co klch thuoc ben trong 2,2 mm 
x 15,24 cm (6 in) x 15,24 cm (6 in). Khuon dugc han kin va dat trong dong khi 
ngang, 16 cai dat dugc dugc dat chuong trinh tang nhiet do tir 40°C den 95°C trong 
khoang thai gian 5 gio, gitr nhiet do 6 95°C trong 3 gi6 va sau do giam nhiet do 
xu6ng 60°C trong khoang thoi gian 2 gi6. Sau khi khuon dugc mo, tim polyme 
dugc cSt bang each su dung dao chuyen dimg d6 khac len be mat va tach thanh 
nhung mi6ng vuong thu nghiem 5,1 cm (2 in).

Cac mieng vuong thu: nghiem doi mau theo anh sang dugc chuin bi nhu dugc 
mo ta tren day dugc thu nghiem dap ling d6i mau theo anh sang tren be quang hgc. 
Truoc khi thir nghiem tren be quang hgc, cac mi6ng vuong thir nghiem doi mau 
theo anh sang dugc phoi ra anh sang cue tim 365nm trong khoang 15 phut d6 lam 
cho vat lieu doi mau theo anh sang chuyln tir dang-trang thai nSn sang dang-trang 
thai hoat hoa, va sau do dat trong 16 75°C trong khoang 15 phut d6 cho phep vat lieu 
doi mau theo anh sang chuy<§n ngugc lai sang dang-trang thai n6n. Nhimg mieng 
vuong thir nghiem nay sau do dugc lam mat den nhiet do trong phong, cho tiep xuc 
voi anh sang huynh quang trong it nhlt 2 gi6, va sau do bpc kin (tire la, trong moi 
truong toi) trong it nhat 2 gio truoc khi thir nghiem tren be quang hgc dugc giu 6 
23°C (73°F).

Be quang hgc dugc lip bo lgc bang thong Schott 3mm KG-2, (cac) bo lpc 
mat do trung tinh va den h6 quang Newport Model# 67005 300-wat voi ngu6n dien 
Model# 69911 kdt hgp voi bo dem thoi gian phoi sang ky thuat s6 Newport Model 
689456 dugc su: dimg dk dieu khi6n cuong do cua tia xa dung de hoat hoa mlu. Cira 
trap di6u khiln bang may tinh t6c do cao Uniblitz model# CS25S3ZM0 (voi bo di6u
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khien model# VMM-D3), thau kinh tu quang bang da silic nong chay dung dd 
chuan true tia cua den hoat hoa qua be nude thuy tinh thach anh den khoang chua 
mlu.

Ngudn sang dai rong dugc tao ra tuy y dd kiem tra so do dap ung duoc dinh 
hudng xuyen qua mau sao cho goc givra nguon hoat hoa va tia kiem tra la 30 do vdi 
mau duoc b6 tri vuong goc vdi tia kidm tra nay. Nguon sang tia rong thu duoc bang 
each gop va kdt hop anh sang duoc loc rieng re tir den halogen vonfram 100-Wat 
(duoc didu khidn bang ngudn dien co hieu dien the khong ddi Lambda UP60-14) 
vdi cap quang soi hai nhanh dau che d6 tang cudng do anh sang bude song ngfin. 
Sau khi di qua mau, anh sang kiem tra nay duoc tap trung lai vao khdi cau hoi tu 
5,08cm (2 in) va di vao quang phd k6 Ocean Optics S2000 bang cap soi quang hoc. 
Phan m§m doc quy6n Ocean Optics SpectraSuite va PPG duoc su dung d! do dap 
ung va dieu khi6n viec van hanh be quang hoc.

^-max-vis la bude song trong pho nhin thay ma d do xay ra su hap thu toi da cua 
dang-trang thai hoat hoa cua hop chat ddi mau theo anh sang trong mlu thvr nghiem 
vuong. Bude song ^max-vis duoc xac dinh bang each thur nghiem cac mau thvr nghiem 
vuong ddi mau theo anh sang trong quang phd kd Varian Cary 4000 UV-Visible.

Do thay ddi cua mat do quang d muc bao hoa ddi vdi moi mlu thvr nghiem 
duoc xac dinh bang each md cua trap tvr den xenon va do do truyen qua sau khi cho 
chip thvr nghiem phoi ra bvre xa UVA 3W/m2 trong 30 phut. Do thay ddi mat do 

quang d muc bao hoa duoc tinh Mng cong thuc: AOD = log (%Tb/%Ta), trong do 
%Tb la ty le phdn tram truydn qua d trang thai mlt mau, %Ta la ty le phan tram 
truydn qua d trang thai hoat hoa va ddu d bude song ^max-vis va phep logarit co co so
10. Chu ky ban md dau tien (“T1/2”) hoac toe do mat mau la khoang thdi gian tinh 
bang giay dd do hip thu cua trang thai hoat hoa cua vat lieu doi mau theo anh sang 
trong mlu thu nghiem vuong dat duoc mot nvra AOD d tri sd bao hoa d nhiet do 
trong phong (23 °C), sau khi loai bo ngudn sang hoat hoa. Do nhay (AOD/phut) la sd 
do toe do tdi di cua mlu va duoc tinh bang phuong trinh: AODsen = AODsmin x 12. 
Kdt qua duoc liet ke trong Bang 1.

Bang 1 -  Kdt qua thu nghiem tinh nang ddi mau theo anh sang
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Vidu# ^-max-vis Do nhay AOD d muc TY2
(nm) (AOD/phut) bao hoa (giay)

1A 546 0,56 1,16 217

3A 551 0,55 0,64 73

Sang che dugc mo ta co vien dan nhieu chi tiet cu thS trong cac 
phuang an cu the cua no. Cac chi tilt nay khong nen dugc xem la gidi han 
pham vi cua sang che trtr khi chung dugc bao gom trong cac yeu cau bao ho 
kem theo.
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YEU CAU BAO HQ
1. Phuong phap dilu chi hop chit naphtolpyran dugc ngung tu indeno co cong 
thuc XI:

XI

trong d6, mvan doc lap dirge chgntu 0 din 4,
R1 dli voi m6i m la halogen hoac Rio’, trong do Rio’ la hydro,
R2 doi voi moi n la hydrocacbyl doe lap tuy y dugc ngit mach voi It nhlt 

mot trong so cac nhom -0-, hoac -S-, va hon hgp cua chung; hydrocacbyl dugc thl 
dugc ngat mach vai It nhat mot trong si cac nhom -0-, hoac -S-, va h6n hgp cua 
chung; halogen; -O-Rio’, trong do m6i Rio’ dugc doe lap chgn tu nhom bao gom 
hydro, hydrocacbyl hoac hydrocacbyl dugc thl,

Rg va Rh d6c lap dugc chgn tu: nhom bao gom hydro; hydrocacbyl, va 
moi B va B’ dgc lap dugc chgn tir nhom bao g6m aryl khong dugc thl, aryl 

dugc the, heteroaryl khong dugc the, heteroaryl dugc the, B va B’ cung nhau tao 
thanh cau true vong dugc chgn tut nhom bao gim floren-9-yliden khong dugc thl, 
floren-9-yliden dugc the, vong hydrocacbon mot vong xoan no, vong hydrocacbon 
hai vong xoln no va vong hydrocacbon ba vong xoin no, 

phucxng phap nay bao gom bude:
(a) cho alkyl benzen co cong thuc II phan ung voi anhyrit maleic voi su 

co mat cua peroxit bishydrocacbyl co cong thuc Ra-0-0-Rb, trong do m6i Ra va Rb 
doc lap la hydrocacbyl hoac hydrocacbyl dugc thl,

nhd do tao ra hgp chat trung gian dugc thl axit suxinic co cong thuc III:
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II
R9

Rh

HI

(b) chuyen hoa hop chat trung gian duoc the axit suxinic co cong thiic III 
thanh hap chat trung gian dugc thS anhydrit suxinic co cong thiic IV:

IV

(c) chuyln hoa hop chit trung gian duoc thi anhydrit suxinic co cong 
thiic IV thanh hop chat trung gian axit indanon co cong thiic V:

V

(d) cho hop chit trung gian axit indanon co cong thiic V phan ling voi 
chat ai nhan co cong thiic VI d<§ tao ra hop chit trung gian indanon duoc the co it 
nhit mot trong s6 cac cong thiic Vila, Vllb va Vile:
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VI
M

trong do M la ion d6i bao gom kim loai dupe chon tir nhom bao gom Mg, Li, 
Cu va hon hop cua chung:

Vila

Vllb

Vile
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(e) chuyen hoa hop chit trung gian indanon dugc th6 co it nhdt mot trong 
so cac cong thuc Vila, Vllb va Vile nay thanh hop chat naphtol dugc ngung tu 
indeno co cong thuc I:

I
Rs

va
(f) cho hgp chat naphtol dugc ngung tu indeno co cong thuc I phan ting 

voi rugu propargyl co cong thuc XII, nhor do tao ra hgp chit naphthopyran dugc 
ngung til indeno co cong thuc XI:

XII
.CH

HO' •B'
B

2. Phuong phap theo diem 1, trong do buoc cho alkyl benzen co cong thuc II 
phan ung voi anhydrit maleic, dugc tien hanh voi su co mat cua chat tao goc tu do 
chiia peroxit bishydrocacbyl co cong thuc Ra-0-0-Rb, trong do m6i Ra va Rb doc 
lap la Ci den Cio alkyl mach thing hoac mach nhanh.

3. Phuong phap theo diem 1, trong do buoc chuyen hoa hgp chat trung gian 
dugc the anhydrit suxinic co cong thiic IV thanh hgp chat trung gian axit indanon 
co cong thiic V, dugc tien hanh voi su co mat cua axit Lewis.

4. Phuong phap theo dilm 3, trong do axit Lewis la AICb.
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5. Phuong phap theo dilm 1, trong do budc chuyln hoa hop cMt trung gian 
indanon co it nhat mot trong s6 cac cong thiic Vila, Vllb va Vile thanh hop chit 
naphtol dirge ngimg tu indeno co cong thiic I dirge tiin hanh vdi sir co mat cua hgp 
chat dirge chon tir nhom bao gom halogenua cua axit cacboxylic, anhydrit cua axit 
cacboxylic, sulfonyl halogenua va hon hgp cua chung, nho do tao ra hgp chit trung 
gian naphto dugc ngung tu indeno co cong thiic X sau:

X
R9

trong do R14 dugc chon tir nhom bao gdm -C(0)-R15 va -S(0)(0)R15, trong 
do R15 dugc chgn tir nhom bao g6m hydrocacbyl va halohydrocacbyl, va

cho hgp chat trung gian naphto dugc ngung tu indeno co cong thiic X phan 
ling vdi axit Bronsted, nho do tao ra hgp chat naphtol dugc ngung tu indeno co 
cong thiic I.

6. Phuong phap theo diem 1, trong do bude chuyen hoa hgp chat trung gian 
indanon co it nhat mot trong so cac cong thiic Vila, Vllb va Vile thanh hgp chat 
naphtol dugc ngung tu indeno co cong thiic I, dugc tiin hanh vdi su co mat cua axit 
Bronsted.

7. Phuong phap theo diem 6, trong do axit Bronsted dugc chgn tir nhom bao 
gom axit cacboxylic, axit sulfonic, axit phosphoric, va hon hop cua chung.

8. Phuong phap theo dilm 1, trong do:
R2 ddi vdi mdi n doc lap la halogen dugc chgn tir nhom bao gom flo va clo; 

Ci-C6 alkyl;
C3-C7 xycloalkyl;
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phenyl dirge the hoac khong dirge the, cac phan tii the cua phenyl 

dugc chon ttr nhom bao g6m halogen, halo(Ci-C6)alkyl, C1-C6 alkyl 

hoac C1-C6 alkoxy;

-O-R10’ , trong do Rio’ la C1-C6 alkyl, phenyl(Ci-C3)alkyl, phenyl(Ci- 

C3)alkyl dugc th6 mono(Ci-C6)alkyl, phenyl(Ci-C3)alkyl dugc the 

mono(Ci-C6)alkoxy, (Ci-C6)alkoxy(C2-C4)alkyl, C3-C7 xycloalkyl, 

hoac C3-C7 xycloalkyl dugc th6  mono(Ci-C4)alkyl; 

hoac

hai nhom R2 lien ke, doc lap cung nhau tao thanh nhom co mot trong 
s6 cac cong thiic XIIID va XIIIE:

XHID XIIIE

trong do m6i T va T’ doc lap la oxy, trong do R15 va Ri6 nhu dugc xac 
dinh tren day; 

m6i B va B’ doc lap la:
nhom aryl dugc the mgt lan bang phan tii the phan ling hoac 

phan tii the tuong thlch; phenyl dugc the; aryl dugc the; 9-julolindinyl 
dugc thl; nhom di vong thorn dugc th6 dugc chon tu: nhom bao g6m 
pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl, 
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, 
cacbazoyl, benzopyridyl, indolinyl, va florenyl, trong do phan tii the 
cua phenyl, aryl, 9-julolindinyl, hoac di vong thorn la phan tii the 
phan ling R; nhom phenyl hoac aryl khong dugc the, dugc the mot 
lan, dugc the hai lan hoac dugc the ba lan; 9-julolidinyl; hoac nhom di 
vong khong dugc th6, dugc thS mot lin hoac dugc thS hai lin dugc 
chgn tii nhom bao g6m pyridyl, furanyl, benzofuran-2-yl, benzofuran- 
3-yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, 
dibenzothienyl, cacbazoyl, benzopyridyl, indolinyl, va florenyl, trong 
do m6i phin tii the cua phenyl, aryl va di vong thorn doc lap la:
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hydroxyl, nhom -C(=0 )R2i, trong do R21 la -OR22, -N(R23)R24, 

piperidino, hoac morpholino, trong do R22 la alyl, C1-C6 alkyl, 

phenyl, phenyl dirge th§ mono(Ci-C6)alkyl, phenyl dugc thl 

mono(Ci-C6)alkoxy, phenyl(Ci-C3)alkyl, phenyl(Ci-C3)alkyl 

dugc th§ mono(Ci-C6)alkyl, phenyl(Ci-C3)alkyl dugc the 

mono(Ci-C6)alkoxy, C1-C6 alkoxy(C2-C4)alkyl hoac C1-C6 

haloalkyl, R23 va R24 moi nhom doc lap la C1-C6 alkyl, C5-C7 

xycloalkyl, phenyl hoac phenyl dugc the, cac phan tu th6 cua 

phenyl la C1-C6 alkyl hoac C1-C6 alkoxy, va cac phan tu: th6 

halo la clo hoac flo, aryl, mono(Ci-Ci2)alkoxyaryl, di(Ci- 

Ci2)alkoxyaryl, mono(Ci-Ci2)alkylaryl, di(Ci-Ci2)alkylaryl, 

haloaryl, C3-C7 xycloalkylaryl, C3-C7 xycloalkyl, C3-C7 

xycloalkyloxy, C3-C7 xycloalkyloxy(Ci-Ci2)alkyl, C3-C7 

xycloalkyloxy(Ci-Ci2)alkoxy, aryl(Ci-Ci2)alkyl, aryl(Ci- 

Ci2)alkoxy, aryloxy, aryloxy(Ci-Ci2)alkyl, aryloxy(Ci- 

Ci2)alkoxy, mono- hoac di(Ci-Ci2)alkylaryl(Ci-Ci2)alkyl, 

mono- hoac di-(Ci-Ci2)alkoxyaryl(Ci-Ci2)alkyl, mono- hoac 

di-(Ci-Ci2)alkylaryl(Ci-Ci2)alkoxy, mono- hoac di-(Ci- 

Ci2)alkoxyaryl(Ci-Ci2)alkoxy, amino, mono- hoac di-(Ci- 

Ci2)alkylamino, diarylamino, piperazino, N-( Ci-

Ci2)alkylpiperazino, JV-arylpiperazino, aziridino, indolino, 

piperidino, morpholino, thiomorpholino, tetrahydroquinolino, 

tetrahydroisoquinolino, pyrolidyl, C1-C12 alkyl, C1-C12 

haloalkyl, C1-C12 alkoxy, mono(Ci-Ci2 )alkoxy(Ci-Ci2 )alkyl, 

acryloxy, metacryloxy, hoac halogen;

nhom khong dugc the hoac dugc the mot lan dugc chgn 

tu: nhom bao g6m pyrazolyl, imidazolyl, pyrazolinyl, 

imidazolinyl, pyrolinyl, phenothiazinyl, phenoxazinyl, 

phenazinyl, va acridinyl, moi phan tu: the la C1-C12 alkyl, Ci- 

C12 alkoxy, phenyl, hoac halogen; 

nhom co mot trong so cac cong thuc:

62
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/R26

R
R27

/ ^26

25 va

trong do K  la -CH2- hoac -0 -, va <D la -O- hoac nito dugc thl, miln la 

neu <D la nito dirge th6, K  la -CH2-, cac phln tCr th6 cua nito dirge th§ 

la hydro, C1-C12 alkyl, hoac C1-C12 axyl, moi R25 doc lap dugc chon 

cho moi lan xuat hien tCr nhom bao gom C1-C12 alkyl, C1-C12 alkoxy, 

hydroxy, va halogen, m6i R26 va R27 doc lap la hydro hoac C1-C12 

alkyl, va u la s6 nguyen nam trong khoang tir 0 den 2; hoac 

nhom co cong thuc:

\  / H
/ c = c \

K-28 R29
trong do R28 la hydro hoac C1-C12 alkyl, va R29 la nhom khong dugc 

th6, dugc the mot lin  hoac dugc th6 hai lin dugc chon tvr nhom bao 

g6m naphtyl, phenyl, furanyl, va thienyl, trong do cac phan tir thl la 

C1-C12 alkyl, C1-C12 alkoxy, hoac halogen; hoac

B va B ’ cung nhau tao thanh mot trong so cac nhom floren-9- 

yliden, floren-9-yliden dugc the mot lan hoac hai lan, m6i ph^n tur th6 

cua floren-9-yliden doc lap dugc chon tvr nhom bao gom C1-C12 alkyl, 

C1-C12 alkoxy, va halogen.

9. Phucmg phap theo diem 8, trong do:

R2 doi voi moi n doc lap dugc chon tir nhom bao gom phenyl khong 

dugc thS, phenyl dugc the, C1-C6 alkyl, C3-C7 xycloalkyl, Ci-Cs haloalkyl, flo, clo, 

va -O-Rio’ ,

va

m6i B va B ’ doc lap dugc chon tir nhom bao g6m aryl dugc th6 bang 

C1-C6 alkoxy va aryl dugc the bang morpholino.

10. Phuong phap di6u che hgp chat naphtol dugc ngung tu indeno co cong thuc

I:
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I

trong do, m v a n  doc lap duoc chontir0 dSn4,

R1 doi voi m6i m la halogen hoac Rio’ , trong do Rio’ la hydro,

R2 doi voi moi n la hydrocacbyl doc lap tuy y duoc ngdt mach voi it nMt 

mot trong so cac nhom -0 -, hoac -S-, va hon hop cua chung; hydrocacbyl duoc th6 

duoc ngat mach voi it nhat mot trong so cac nhom -0 -, hoac -S-, va h6n hop cua 

chung; va halogen, va

moi Rs va Rh doc lap la hydro hoac hydrocacbyl, 

phuong phap nay bao gom buoc:

(a) cho alkyl benzen co cong thuc II phan ling voi anhyrit maleic voi su 

co mat cua peroxit bishydrocacbyl co cong thuc Ra-0 -0 -Rb, trong do 

m6i Ra va Rb doc lap la hydrocacbyl hoac hydrocacbyl duoc th6, 

nhb do tao ra hop chat trung gian duoc the axit suxinic co cong thuc
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Ill

(b) chuyen hoa hop chat trung gian dugc thi axit suxinic co cong thiic TIT 

thanh hop chat trung gian dugc thi anhydrit suxinic co cong thiic IV:

IV

(c) chuyen hoa hgp chat trung gian dugc thi anhydrit suxinic co cong 

thiic IV thanh hgp chit trung gian axit indanon co cong thiic V :

V

(d) cho hgp chit trung gian axit indanon co cong thiic V  phan ling vbi 

chat ai nhan co cong thiic VI di tao ra hgp chit trung gian indanon dugc thS co it 

nhit mot trong s6 cac cong thiic Vila, V llb va Vile:

VI
M

trong do M la ion doi bao gom kim loai dugc chon tvr nhom bao gom Mg, Li, 

Cu va hon hgp cua chung:

V ila
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va

(e) chuyin hoa hop chit trung gian indanon dugc the co ft nhit mot trong 

s6 cac cong there Vila, V llb va Vile nay thanh hop chat naphtol dugc ngung tu 

indeno co cong there I.

11. Phuong phap theo diim 10, trong do phuong phap nay con bao gom buoc:

chuyen hoa hgp chit trung gian axit indanon co cong there V  thanh hgp chat 

treing gian indanon oxazolin co cong there VIII:
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VIII

trong do moi R4 va R5 doc lap dugc chon tir nhom bao gom hydro, 

hydrocacbyl va hydrocacbyl dugc thi,

cho hgp chat trung gian indanon oxazolin co cong thiic VIII phan ung voi 

chit ai nhan co cong thiic VI de tao ra hgp chit trung gian indanon oxazolin dugc 

the co it nhit mot trong s6 cac cong thiic IXa va IXb:

IXa

IXb

trong so cac cong thiic IXa va IXb thanh hgp chat trung gian indanon dugc thl co it 

nhit mot trong s6 cac cong thiic Vila, Vllb va Vile, va

chuyen hoa hgp chat trung gian indanon dugc the co it nhat mot trong so cac 

cong thiic Vila, Vllb va V ile thanh hgp chit naphtol dugc ngung tu indeno co cong 

thiic I.
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12. Phuong phap theo diem 10, trong do bude cho alkyl benzen co cong thuc II 
phan umg vdi anhydrit maleic, dirge tidn hanh vdi su co mat chat tao goc tu do chiia 
peroxit bishydrocacbyl co cong thuc Ra-0-0-Rb, trong do moi Ra va Rb doc lap la 
Ci den Cio alkyl mach thang hoac mach nhanh.

13. Phuong phap theo diem 10, trong do bude chuydn hoa hop chat trung gian 
duoc the bang anhydrit suxinic co cong thuc IV thanh hop chat trung gian axit 
indanon co cong thuc V, duoc tien hanh vdi su co mat cua axit.

14. Phuong phap theo diem 13, trong do axit duoc chon tu nhom bao g6m nhom 
clorua, thiec clorua, bismut tris-triflat, mot hoac nhieu axit phosphoric, va hon hop 
cua chung.

15. Phuong phap theo diem 10, trong do bude chuyln hoa hop chat trung gian 
indanon co it nhat mot trong so cac cong thuc Vila, Vllb va Vile thanh hop chit 
naphtol duoc ngung tu indeno co cong thuc I duoc thuc hien vdi su co mat cua hop 
chit duoc chon tir nhom bao gdm halogenua cua axit cacboxylic, anhydrit cua axit 
cacboxylic, sulfonyl halogenua va hon hop cua chung, nhd do tao ra hop chat trung 
gian naphto duoc ngung tu indeno co cong thuc X sau:

X
R9

trong do R14 duoc chon tu: nhom bao gdm -C(0)-R15 va -S(0)(0)R15, trong 
do R15 duoc chon tu nhom bao gdm hydrocacbyl va halohydrocacbyl, va
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cho hop chat trung gian naphto dirge ngung tu indeno co cong thtic X phan 
ting vtii axit Bronsted, nho do tao ra hop chat naphtol dirge ngirng tu indeno co 
cong thtic I.

16. Phuong phap theo diem 10, trong do butic chuyin htia hgp chat trung gian 
indanon co it nhit mot trong s6 cac cong thtic Vila, Vllb va Vile thanh hgp chit 
naphtol dugc ngung tu indeno co cong thtic I dugc tien hanh voi sir co mat cua axit 
Bronsted.

17. Phuong phap theo diem 16, trong do axit Bronsted dugc chgn tu nhtim bao 
gom axit cacboxylic, axit sulfonic, axit phosphoric, va htin hgp cua chting.

18. Phuong phap theo diim 10, trong do d6i vtii hgp chit naphtol dugc ngung tu 
indeno co cong thtic I:

R2 dtii vtii moi n doc lap la:
halogen dugc chgn tir nhom bao gom flo va clo;
Ci-C6 alkyl;
C3-C7 xycloalkyl;

phenyl dugc the hoac khong dugc the, cac phan tti the cua phenyl 
dugc chgn tti nhtim bao gom halogen, halo(Ci-C6)alkyl, C1-C6 alkyl 
hoac C1-C6 alkoxy;
-O-R10’ trong do Rio’ la C1-C6 alkyl, phenyl(Ci-C3)alkyl, phenyl(Ci- 

C3)alkyl dugc thi mono(Ci-C6)alkyl, phenyl(Ci-C3)alkyl dugc thi 

mono(Ci-C6)alkoxy, (Ci-C6)alkoxy(C2-C4)alkyl, C3-C7 xycloalkyl, 

hoac C3-C7 xycloalkyl dugc the mono(C 1 -Chalky 1;

hoac
hai nhtim lien ki R2, doc lap cung nhau tao thanh nhtim co mot trong 

s6 cac cong thtic XIIID va XIIIE:
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XIIID XIIIE

trong do moi T va T ’ la oxy, trong do R15, va Ri6 nhu duoc xac dinh 

tren day.

19. Phuxmg phap theo di6m 18, trong do:

R2 doi voi moi n doc lap duoc chon tir nhom bao g6m phenyl khong duoc 

the, phenyl duoc the, C1-C6 alkyl, C3-C7 xycloalkyl, Ci-Cs haloalkyl, flo, clo, va -O- 

R10’ .
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