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NGHIEN CU'U PIEU CHE DENDRITIC PORPHYRIN DUA VAO
PHAN UNG CLICK

SYNTHESIS OF DENDRITIC PORPHYRIN BASED ON CLICK REACTION

Nguyén Tran Nguyén

Truong Pai hoc Sw pham - Pai hoc Pa Nang; ntnguyen@ued.udn.vn

Toém tat - Dendritic zinc(ll)-porphyrin c¢é chira cac don vi carbazole
& bén ngoadi dwoc didu ché dwa vao phan tng click gitra
Zn-porphyrin c6 chira cac nhém azide (—Ns), carbazole c6 chira
nhém alkyne-1 va chat xic tac [Cu(NCCHs),][PFs]. 5,10,15,20-
Tetrakis(3,5-bis(azidomethyl)-2,4,6-trimethylphenyl)porphyrin  dwoc
tbng hop dwa vao phan (ng Lindsey gilva 3,5-bis(azidomethyl)-
2,4,6-trimethylbenzaldehyde va pyrrole trong dung méi CH,Cl, va
chét xuc tac BF5.OEt,. Carbazole cé chtra nhém alkyne-1 dwoc didu
ché dwa vao cac phan (rng alkyl héa Friedel — Crafts, phan (rng
Ullmann va phan (rng Sonogashira. CAu tric cac san phadm hinh
thanh dwoc chirng minh bang cac phwong phap phd MS, 'H NMR,
13C NMR. Phé khdi MALDI — TOF xuét hién peak twong (rng v&i khéi
Iwgng phan tt clia dendrimer cé nhan Zn(l)-porphyrin. Phd *H NMR
xuét hién peak twong trng véi proton clia cac nhém CH, (methylene)
lién két truc tiép v&i nguyén tir N clia vong triazole.

T khoa - dendritic porphyrin; porphyrin; carbazole; phan trng
click; azido porphyrin

1. Pit van dé

Vat liéu chtra porphyrin da va dang nhan duoc sy quan
tam cua cac nha khoa hoc do ching c6 nhitng ung dung
hira hen trong cac nganh khoa hoc vat liéu [1], xuc tac [2],
thiét ké sensor [3], quang tri liéu trong diu tri ung thu
(photodynamic therapy — PDT) [4] va dién tir hitu co [S].
Vi thé, viéc thiét ké va diéu ché cac dendritic porphyrin
(con duoc goi la cac dendrimer c¢6 nhan 1a porphyrin) c6
cAu trac va tinh chat dic biét 1a mot huong nghién ctru tha
vi dé mo rong cac ing dung tiém ning ctia porphyrin [6].
Ngoai ra, viéc lya chon dendron ¢ anh huéng dén cau tric
va tinh chét ctia phan tir dendrimer duoc thiét ké. Cac dan
xuét cta carbazole c6 thé dwoc xem 1a cac phan tir dendron
tiém niang cho cac dendrimer c6 nhan porphyrin [7].
Carbazole 1a mot hop chét chira hé lién hop giau electron,
cac vi tri 3, 6 va 9 1a nhitng vi tri d& tham gia phan (mg the
electrophile [8]. Khi thay thé nguyén tir hydro & vi tri s6 9
clia carbazole bang mot vong thom s& lam giam ning lugng
ciia HOMO [9] va vi vdy, dan xuit cua carbazole co thé
dugc sir dung dé ché tao vat liéu phat quang (light —
emitting device) [10]. Cac nha khoa hoc di tim ra nhiéu
phuong phap dé didu ché cac dendrimer thé hé méi va phan
ung click cling dugc xem 1a mgt cong cu don gidn va hitu
hiéu dé dat dugc muyc tiéu ndy. Phan Gng déng vong cua
azide (—N3) va alkyne-1 str dung xuc tac Cu(I) cé tinh chon
loc 1ap thé cho viéc hinh thanh san phdm 1,2,3-triazole thé
o vitri 1,4 voi hi¢u suét cao [11]. Trong linh vic hoa hoc
porphyrin, mot s6 Zn(Il)porphyrin da dugc két ndi véi
fullerene qua cau triazole va tinh chat quang li cua ching
cling da duoc cong bd [11b,12]. Mot sé dendrimer chira
nhiéu porphyrin da dugc diéu ché dua vao phan tmg click
va ching co thé dugc ding dé ché tao tim pin nang lugng
mit troi [13]. Tuy nhién, cho dén nay chwa ¢ cong trinh
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nao nghién ctru viéc két ndi giita porphyrin va carbazole
dua vao phan tng click. Trong bai bao nay t6i cong bd viée
diéu ché dendrimer c6 nhan porphyrin dira vao phan tng
click gitra azido porphyrin va carbozole chira nhdm alkyne-
1 khi ¢ xuc tdc [Cu(NCCHs3)4][PFe].

2. Phwong phap nghién ciru

Azido porphyrin, 5,10,15,20-tetrakis(3,5-
bis(azidomethyl)-2,4,6-trimethylphenyl)porphyrin, duoc diéu
ché dya vao phan ung Lindsey giita 3,5-bis (azidomethyl)-
2,4,6-trimethylbenzaldehyde va pyrrole trong dung méi
CH,Cly, chit xtc tac BFs.OEt,. Zn(II)porphyrin dugc diéu ché
tr phan ung cua 5,10,15,20-tetrakis(3,5-bis(azidomethyl)-
2,4,6-trimethylphenyl)porphyrin  va (CHsCOOQ).Zn trong
dung mdi CHCls. 3,6-Di-tert-butyl-9-(4-ethynylphenyl)-9H-
carbazole dugc didu ché tir carbazole dua vao cac phan ting
alkyl hoéa Friedel — Crafts, phan ing Ullmann va phan (mg
Sonogashira. Dendrimer c6 nhan porphyrin dugc diéu ché dira
vao phan ung click gitta Zn(I)porphyrin va 3,6-di-tert-butyl-
9-(4-ethynylphenyl)-9H-carbazole trong dung moi THF va
chat xuc tac [Cu(N CCHa)4][PFs]. Céc san pham diéu ché duoc
chig minh cu tric bang cac phuong phap phd *H NMR, 13C
NMR, MS. Phd *H NMR, 3C NMR duoc do trén may Bruker
Avance 300 MHz, Bruker AMX 400 MHz hoac Bruker
Avance II* 600 MHz. Phd MS duoc do trén may HP5989A
apparatus (CI va EI, ning luong ion hoa 70 eV). Phd khéi
MALDI-TOF cua dendrimer duoc do trén may Bruker
Daltonics — ultraflex Il & ultraflex 1l TOF/TOF va matrix la
axit 2,5-dihydroxylbenzoic.

3. Két qua nghién ciru va binh luin
3.1. Piéu ché 3,5-bis(azidomethyl)-2,4,6-trimethylbenzaldehyde

Phan ung diéu ché 3,5-bis(azidomethyl)-2,4,6-
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trimethylbenzaldehyde (4) dugc tién hanh twong tu phan
ung didu ché mesitaldehyde khi cho
1,3,5-trimethylbenzene phan tUng voi dichloromethyl
methyl ether khi c6 mat cua xuc tac axit Lewis TiCls [14].
Dichloromethyl methyl ether phan ting véi hgp chat thom
theo co ché phan g alkyl hda Friedel — Crafts, tiép theo
1a phan tng thiy phan dé tao aldehyde thom.

Tuy nhién, phan tng cua 1,3-bis(bromomethyl)-2,4,6-
trimethylbenzene (1) va dichloromethyl methyl ether
(CLLCHOCHs;) tao hdén hop hai san phim
3,5-bis(bromomethyl)-2,4,6-trimethylbenzaldehyde (2) va
3-bromomethyl-5-chloromethyl-2,4,6-
trimethylbenzaldehyde (3). Hai aldehyde 2 va 3 khong thé
tach ra khoi nhau khi di qua sic ki cot. Hon hop hai
aldehyde thom nay dugc cho phan tng véi NaNs trong
dung mdi acetone/H,0 va san pham 3,5-bis(azidomethyl)-
2,4,6-trimethylbenzaldehyde (4) (Hinh 1) thu duoc ¢ dang
tinh khiét sau khi tinh ché bang sic ki cot.

-
Brﬁﬂr

Br/:fjjar Cl,CHOCH; 2 CHO . NaN; g N,
TICl, , CH,Cl, CH,COCH, , H,0
1 Br (¢] CHO
Y 4
3 CHO

Hinh 1. Piéu ché 3,5-his(azidomethyl)-2,4,6-
trimethylbenzaldehyde

Hinh 2. Phé *H NMR ciia 3,5-bis(azidomethyl)-
2,4,6-trimethylbenzaldehyde

Phé 'H NMR cua 3,5-bis(azidomethyl)-2,4,6-
trimethylbenzaldehyde cho thdy su xuit hién ciia peak
tuong tng voi nguyén tir H ctia nhdm —CHO & 10.62 ppm,
peak tuong ung voi 4 nguyén tir H cta hai nhom —CHy—
lién két truc tiép voi hai nhém —N3 & 4.5 ppm va hai peak
tuong Ung voi chin nguyén tor H cua ba nhém —CH3z &
2.54 ppm va 2.49 ppm (Hinh 2).
3.2. Piéu ché  3,6-di-tert-butyl-9-(4-ethynylphenyl)-
9H-carbazole

Nhom tert-butyl dugc gin vao vi tri 3 va 6 cua
carbazole thong qua phan ung alkyl hoéa Friedel — Crafts
gilra carbazole (5) va tert-butyl chloride trong dung moi
CH.Cl, dé thu dugc san pham 3,6-di-tert-butyl-9H-
carbazole (6) [15]. Sau d6, phan tng Ullmann giira hop
chét 6 va 1,4-diiodobenzene khi c6 mat cta chat xuc tic
Cul va K,COs, san pham cuia phan tng 1a 3,6-di-tert-butyl-
9-(4-iodophenyl)-9H-carbazole (7). Hop chét 8 dugc tong
hop vai hiéu sut 85% dua vao phan ung Sonogashira gitra

hop chat 7 va (trimethylsilyl)acetylene trong hdn hop dung
mdi THF va Et;N (ti 1 1:1), va hon hop xtic tic Cul va
[PPh3]2PdCl,. Sau d6 hop chét 8 dwoc dua vé dang alkyne-
1 (9) véi hiéu suat 98% [16] (Hinh 3).
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Hinh 3. (a) AICIs, CH2Cl, nhiét do phong, 3-4 gio;

(b) Cul, K2COs, DMF, 170°C, dé qua dém; (c) [PPh3]2PdCl,
Cul, THF, EtsN, 60°C, 8 gio; (d) TBAF (1 M in THF), THF,
nhiét d¢ phong, 10 phut
3.3. Téng hop 5,10,15,20-tetrakis(3,5-bis(azidomethyl)-

2,4,6-trimethylphenyl)porphyrin

Diéu kién phan tmg diéu ché porphyrin theo phuong phéap
Lindsey da duoc toi uu hoa. Hi€u suat san phim porphyrin thu
duoc phu thudc vao ndng do cac chat tham gia phan tmg trong
dung méi CH,Cl, khan va lugng xuc tic BFs.OEt, sir dung. O
nong d6 10 mM cua céc chat tham gia phan tmg (aldehyde
thom va pyrrole theo ti 1¢ 1 mmol/1 mmol) trong dung moi
CH:Cl2 va 0,3 mmol BF5.OEt;, hi¢u suat san pham porphyrin
thu dugc trong khoang tir 30 dén 40% [17].

Ap dung diéu kién da duogc tdi uu hoéa vao phan tng
diéu ché 5.,10,15,20-tetrakis(3,5-bis(azidomethyl)-2,4,6-
trimethylphenyl)porphyrin, tuy nhién san pham phan tng
khong xuat hién. Khi ting thoi gian phan tng va tang luong
xic tac BF3.OEt, ciing khong thu dugc san phim mong
mudn. Ngoai ra, axit trifluoroacetic (TFA) ciing dugc sir
dung thay thé cho BF3.0Et,, tuy nhién porphyrin mong
mubn ciing khong hinh thanh.

Niam 1989, Lindsey va Wagner da cong bd phan tmg
diéu ché tetramesitylporphyrin (12). Phan tng cia
mesitaldehyde (11) va pyrrole (10) trong dung méi CHCl,
chat xuc tac BF3.OEt; hodc TFA khong thu dwoc san pham
tetramesitylporphyrin. Tuy nhién, tetramesitylporphyrin
thu duge vé6i hi¢u sudt tir 29 dén 32% khi thém 0,75%
ethanol tuyét d6i vao dung moi CH,Cl, khan [18] (Hinh 4).
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Hinh 4. (1) BFs.0Et2 (0,3 mmol), 0,75% CszOH trong CHCl>,
nhiét do phong, 1 gio; (2) p-chloranil, 40°C, 1 gio
Khi ding 0,3 mmol BF3.0Et, va ndng d¢ ciia cac chat
phan g 4 va 10 1a 10 mM trong dung méi CH,Cl, chtra
0,75% ethanol tinh khiét, san phém thu duoc 1a 5,10,15-
tris(3,5-bis(azidomethyl)-2,4,6-trimethylphenyl)corrole
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(13) v6i higu suat 10% va khong co porphyrin nio xuét
hién (Hinh 5).

N N (1)
Iy /IiT'

N

|

H CHO
10 4

13 (10%)
Hinh 5. (1) BFs.OEt2 (0.3 mmol), 0.75% C2HsOH trong CH2Cl,
nhiét dé phong, 1 gio; (2) p-chloranil, 40°C, I gio
Khi ting lwong chét xtc tac BF3.OEt, Ién 0,8 mmol thi
thu duoc san  pham 5,10,15,20-tetrakis(3,5-
bis(azidomethyl)-2,4,6-trimethylphenyl)porphyrin ~ (14)
nhung v6i hiéu suét thdp 9% (Hinh 6).

N
H CHO
10 4

14 (9%)
Hinh 6. (1) BF3.0OEt2 (0.8 mmol), 0.75% C2HsOH trong CH2Clz,
nhiét dé phong, 1 gio; (2) p-chloranil, 40°C, I gio

ngpsp

Hinh 7. Phé *H NMR ciia 5,10,15,20-tetrakis(3,5-
bis(azidomethyl)-2,4,6-trimethylphenyl)porphyrin

Phd6 H NMR cua 5,10,15,20-tetrakis(3,5-
bis(azidomethyl)-2,4,6-trimethylphenyl)porphyrin cho
thay sy xuét hién ciia cac peak: peak & 8.56 ppm twong img
v6i tam nguyén tir H ctia bén vong pyrrole trong porphyrin,
peak ¢ 4.72 ppm tuong ung vdi 16 nguyén to H cua tdm
nhoém —CH,— (nhom methylene) lién két véi nhom —Ns,
peak 6 2.78 ppm tuong ng v&i muoi hai nguyén ta H cua
bdn nhoém CH3 twong duong, peak & 1.93 ppm twong tmg
v6i hai bon nguyén tir H ciia tam nhém CHj tuong dwong.
Ngoai ra con xuét hién peak & - 2.38 ppm twong tng voi
hai nguyén tir H lién két v6i N cuia vong pyrrole (Hinh 7).
3.4. Diéu ché dendrimer cé nhén porphyrin

Phan ung déng vong gitra azide (—N3) va alkyne-1 st
dung xtic tdc Cu(l), con dugc goi 1a phan ing CuAAC hay
phan tng click, c6 thé tién hanh trong nhiéu loai dung moéi

khac nhau va cac ngudn xuc tac Cu(I) khac nhau. Phan tmg
giira 5,10,15,20-tetrakis(3,5-bis(azidomethyl)-2,4,6-
trimethylphenyl)porphyrin (14) va 3,6-di-tert-butyl-9-(4-
ethynylphenyl)-carbazole (9) dwoc tién hanh trong dung
moéi THF va xdc tdc [Cu(NCCHa)4][PFs]. Tuy nhién, san
pham phan ung 1a dendrimer c¢6 nhan Cu(II)porphyrin, day
1a hop chat khong phat huynh quang. Dé tranh viéc hinh
thanh Cu(ll)porphyrin, porphyrin 14 dugc cho phéan ng
véi (CH3COO),Zn trong dung mdi CHCl; dé tao
Zn(Iporphyrin 15 va porphyrin nay duge cho phan tng
v6i carbazole 9 dé tao sin pham dendrimer c6 nhan
Zn(I)porphyrin 16 véi hiéu suat 30% (Hinh 8).

Hinh 8. (l) 1 mmol Zn(Il)porphyrin, 4 mmol carbazole,
2 giot Et3N va 0,2 mmol [Cu(NCCH?3)4][PFe], 60°C, 4 gio
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Hinh 9. Phé khéi MALDI — TOF ciia dendrimer 16

S

Hinh 10. Phé *H NMR ciia dendrimer ¢é nhéin Zn(Il)porphyrin

Su hinh thanh dendrimer ¢6 nhan Zn(II)porphyrin 16
dugc ching minh bang phd khéi MALDI — TOF (Hinh 9)
va ph6 'H NMR. Pho 'H NMR (Hinh 10) ctia dendrimer 16
cho thdy peak twong tmg v&i proton ctia nhém —CH,N3 ctia
Zn(I)porphyrin 15 & 4.7 ppm bién mat hoan toan va xuat
hién peak ¢ 5,8 ppm la proton cia nhém methylene (CHz)
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mai tuong Gng voi su hinh thanh vong triazole trong san
pham dendrimer.

4. Két luan

P diéu ché dugc dendrimer ¢ nhan Zn(11)porphyrin
dya vao phan ung dong vong click gitra Zn(II)porphyrin
¢6 nhom azide (—N3) va carbazole c6 nhom alkyne-1.
Phan tng dugc tién hanh trong dung moi THF, chat xtic
tac [Cu(NCCH3)4][PFs] va hiéu suit phan tmg dat 30%.
Pho khéi MALDI — TOF xuit hién peak c6 ti so khdi
lugng trén dién tich m/z = 1628,632 [M*], day chinh la
khdi lwgng phén tir ciia dendrimer san pham. Ngoai ra,
ph6 'H NMR ctia san pham dendrimer cho thiy su bién
mét cuia peak twong (mg véi proton ctia nhém methylene
(CH>) lién két véi nhom azide (—N3) trong porphyrin 15
va sy xuét hién ctia peak twong (mg vdi proton ciia nhom
methylene (CH>) lién két v6i vong triazole & san pham
dendrimer tong hop duoc.
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