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SUMMARY

SYNTHESIS OF THE RUTHENIUM(I) POLYPYRIDYL COMPLEX
USED AS THE FLUORESCENT PROBE FOR DETECTION OF
BIOMOLECULES

Ruthenium(Il) polypyridyl complex, [Ru(dpq),(bxbg)]Cl, where dpq is dipyrido[3,2-
d:2',3"-f]quinoxaline and bxbg is bis(o-xylene)bipyridine glycoluril, is synthesized.
Intermediates and the final product are confirmed by their melting-point
measurements and 'H-NMR characterizations. Molecular spectral of the complex are
recorded with UV-Vis and time-resolved fluorescent spectroscopy. It shows that
[Ru(dpq).(bxbg)]Cl, complex has a basic electronic transition (MLCT) at Amax = 457
nm, fluorescent lifetime © = 590 ns and Stokes’s shift AL = 163 nm. All analyzed
photophysical properties reveal the synthesized complex is an appropriate design used
as the fluorescent probe for detection of biomolecules.

1. MO PAU ding 1am dau do huynh quang phat hién
Trong khoang 20 nam tr¢ lai day, phuac mdt sd phan tir sinh hoc[5-8]. Pic biét,
chat rutheni(IT) polypyridyl nhan duoc rét phtic chat rutheni(Il) polypryridyl cho

nhiéu sy quan tdm cta cic nha khoa hoc cuong do tin hiéu huynh quang lon, thoi
bdi vi chiing dugc g dung rong rai trong gian phat xa huynh quang “dai” va do dich
cac Iinh vuc quang hoéa hoc[1,2], xtic tac chuyén Stokes 16m nén chung duoc xem 1a

quang hoa[3], pin mit trdi hitu co[4] va Iya chon t6i wu dé thiét ké lam dau do
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quang hoc phat hién phan tu sinh hoc:
amino axit, peptit, protein va AND[9,10].
Phuc tris(bipyridyl)rutheni(Il) chloride —
Ru(bpy);CL tir 1au dwoc xem 13 “chit
chuan” dé so sanh véi céc loai phuic
rutheni(Il) polypyridyl.
chuyén tiép trung tdm Ru?" c¢6 cAu hinh
electron d° & trang thai spin thip tao thanh
phirc bat dién véi ba phdi tir 2,2’-bipyridyl
(bpy). Phéi tir bpy vira ¢6 kha niang cho

Ion kim loai

electron (o-donor) do c6 cap electron tu
do & nguyén tir N, vira c¢6 kha nang nhan
electron (m-acceptor) do orbital © khong
dinh vi & vong thom. Orbital phan lién két
m* cta bpy c6 muirc ning luong thip hon
orbital phan lién két o* cua Ru®’, nén &
trang thai co ban phirc Ru(bpy)sCl, rat d&
hip thu ning luong dé chuyén lén trang
thai kich thich do buéc chuyén doi dién tir
kim loai-phdi tir. Do d6 phtc chat cua
rutheni(Il) c6 kha nang phat xa huynh
quang v6i hiéu suit luong tir huynh quang
16n. Mit khac, phu thudc vao ban chét va
cau hinh dién tr ctia phdi tir, tinh chat
quang héa & quang 1y ctua phuc chit
rutheni(Il) polypyridyl s€ khac nhau.
Ngudi ta chia phicc chit ruteni(Il)
polypyridyl thanh hai loai phu thudc vao
kha ning cho/nhan electron cua phdi tir sir
dung so v&i bpy. Loai A 1a phtrc chira phdi
tir voi o-donor yéu nhung m-acceptor
manh hon bpy, ch'fmg han nhu 2,2’-
bipyrazine; 2,2’-bipyrimidine; va 2,2’-
biquinoline. Nguoc lai, loai B la phuc
chtra phdi tir voi o-donor manh nhung 7-
acceptor yéu hon bpy, chang han nhu 2-
(pyridin-2-yl)-imidazole; 3-(pyridin-2-yl)-
pyrazole; va 3-(pyridin-2-yl)-1,2,4-triazole.
Phirc rutheni(I) polypyridyl v6i phéi tir
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loai A c6 kha nang tuong tac chon loc véi
mot sb phan tur sinh hoc nhu amino axit,
peptit, protein va ADN thong qua phan
tmg cho nhdn electron. Hon nita, bang
cach mang nhitng nhém chic hoat tinh
phu trg 1én phdi tir, phtc rutheni(Il)
polypyridyl dugc thiét ké nhur nhitng chiéc
“kep” gan két & cap do phan tir cho mot s6
phan tir sinh hoc[11].

Nhu vdy véi muc dich thiét ké phirc
ruteni(I) polypyridyl tng dung lam dau
dod huynh quang cho mot sb phan tir sinh
hoc va tham khdo tai liéu hién co, trong
bai bao nay chung t61 nghién ctru dua ra
quy trinh tong hop phac rutheni(Il)
polypyridyl véi phdi tir loai A gdm
dipyrido[3,2-d:2,3-f]quinoxaline (dpq) va
bis(o—xylene)bipyridine—glycoluril
(bxbg) (phtic bis(heteroleptic)). Pic diém
clia cac san pham trung gian va san pham
cudi cung duoc nghién ctru, chimg minh
bang phuong phap do diém chay va cac
phuong phap phan tich phd hién dai nhu
phd cong huong tir proton (‘H-NMR),
pho hip thu phan tir UV-Vis, phd huynh
quang phan tur.

2. THUC NGHIEM

2.1. Héa chat

Cac hoa chét st dung trong nghién ctu 1a
tinh khiét ciia hing Sigma-Aldrich gom: 1-
10-Phenanthroline, KBr, HNO; 65%,
H,SOs 98%, NaOH, CHCl, MgSOs,,
ethanol, ethylene diamine, methanol, urea,
toluen, trifluoroacetic acid, diethyl ether,
RuCl;.xH,0, LiCl, DMF, acetone, DMSO,
KOH, 1,2-bis(bromomethyl)benzene, NaCl
bao hoa, ethylene glycol.

2.2. Dung cu va thiét bi

Céac loai coe thuy tinh, binh nén, sinh
han, binh cau (1, 2 va 3 ¢), nhiét ké,



bép dién, binh khi Ar, may hat chan
khong, may c6 quay chan khong, tu siy.
Phd cong huong tir hat nhan 1H-NMR
clia cac san pham duoc ghi trong moi
DMSO-ds trén may JEOL 400MHz tai
Truong Pai hoc Bach Khoa Ha Né6i va

may BRUKER 500MHz tai Vién Han
Lam Khoa hoc Viét Nam.

Phd hip thu phan tr UV-Vis ghi trén
may Agilent 8453 va phd huynh quang
phan tir ghi trén hé thiét bi huynh quang
phan giai thoi gian tai Truong Pai hoc
Bach Khoa Ha Noi.

2.3. So dd tong hop phirc chit Rutheni(II) polypyridyl
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Hinh 1: So do tong hop phirc chit Rutheni(Il) polypyridyl - [Ru(dpq)bxbg] Cl,
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2.4. Cach tién hanh tong hop

Giai doan (1), tong hop 1,10-
Phenanthroline-5,6-dione[12]:

Cho 1,10-phenanthroline (2.5792g,
14.3mmol) KBr (2.5348g,
21.3mmol) vao binh 3 ¢b ¢6 gin sinh

va

han dun hdi luvu. Nho tir tir hn hop axit
(25ml HNOs 65% va 25ml H,SO4 98%)
da dugc lam lanh vao binh 3 ¢6. Pun
hén hop ¢ nhiét d6 110°C trong 6h.
Hdn hop duoc lam lanh bang nuéc da
sau d6 duoc trung hoa bai NaOH dén
pH 5. Chiét ldy san pham béng
CHCL, sau d6 1am kho bing MgSO,.
Lam bay hoi dung méi ta thu dugc san

phim hitu co. San pham hitu co sau do
duoc két tinh lai trong ethanol.

Giai doan (2), tong hop bipyridine-
glycoluril (bpg)[13]:

Hon hop 1,10-phenanthroline-5,6-dione
(0.4378g, 2.1mmol) va urea (0.2534g,
4.2mmol) duoc cho vao binh 3 ¢ chira
10ml toluen. Thém tiép 0,7ml
CF;COOH r6i khudy déu va dun soi
hdn hop 16h trong khi quyén Ar. Sau
khi lam nguoi, chit rdn mau nau duoc
loc ra va dun s6i voi 10ml ethanol trong
vong 1h. Sau khi lam lanh, két tua duoc
loc, rira bang ethanol (25ml) va diethyl
ether (25ml), sau d6 sdy kho chéan
khong.

Giai doan (3), tong hop phoi tir
bis(o—xylene)bipyridine—glycoluril
(bxbg)[13]:

Suc khi Ar vao 10ml DMSO trong binh
3 ¢b trong vong 30 phat, thém tiép
KOH (300mg, 5.3mmol) rin va khudy
déu trong vong 30 phut, thém tiép bpg
(300mg, 1,2-

Immol) va
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bis(bromomethyl) benzene (540mg,
2mmol) ddng thoi gitt hdn hop phan
tmg & nhiét do 15°C. Hon hop dugc
khudy déu trong vong 16h & nhiét do
phong. Rot hon hop vao 150ml NaCl
bio hoa, sau do chiét véi CH,Cl
(2x200ml), phan hitu co sau do duogc
rira bang dung dich NaCl bdo hoa
(150ml), nudce (150ml) va 1am kho bang
MgSO,4 khan. Lam bay hoi dung moi
16i két tinh san pham trong methanol.
Giai doan (4), tong hop phoi tir
dipyrido[3,2-d:2,3-f]quinoxaline
(dpg)[14]:

Cho 1,10-phenanthroline-5,6-dione
(0.5050g, 2.4mmol) va ethylene
diamine (0.2325g, 3.9mmol) vao binh 3
cb chira ethanol (175ml). Pun hdn hop
trong vong 2h & 50°C. Lam bay hoi
dung moi thu dugc san phadm dé qua
dém. San phim dpq tinh khiét duoc két
tinh tr hon hop methanol/nudc (ti 1&
1:9), sau d6 két tinh lai bang methanol.
Giai doan (5), tong hop tién phirc chdt
Ru(dpq)>Cly[11]:

Cho RuCl;.xH,O (0.1761g) va LiCl
(0.2015g) vao binh 3 cb chira DMF
(10ml). Hon hop phan tng dugc dun
noéng trong vong 20 phat ¢ 80°C trong
khi quyén Ar. Thém tiép phdi tir dpq
(0.3248g) 10i dun tiép hdn hop trong
vong 14h. Lam lanh hon hop téi nhiét
dd phong, sau doé rot vao binh dung
acetone (50ml) giit & -4°C qua dém. Két
tha duogc loc va rira béng acetone
(20ml) va nude cat dén khi nude loc tre
nén khoéng mau, thu duoc san pham co
mau den tim dem sy kho.



Giai doan (6), tong hop phirc chit
[Ru(dpq):bxbg]Cl>[11]:

Cho Ru(dpq),CL, (0.1464g) va phdi tir
bxbg (0.1083g) vao binh 3 ¢b chia
ethylene glycol (50ml). Hon hop duogc
dun s61 trong vong 8h, khi d6 dung dich
chuyén tir mau den sang d6 thAm. Loc
néng hdn hop sau phan tng, phan nudc

loc dugc lam ngudi dén nhiét do phong.
Lam bay hoi dung méi thu dugc chit
ran mau doé. San pham duoc tinh ché
bang ky (alumina,
acetone/methanol theo ti I€ 1:1).

3. KET QUA VA THAO LUAN

3.1. Pic diém vat Iy cia cac chat da
tong hop

sac cot

Bang 1: Pdc diém vit Iy ciia cdc chdt da tong hop

] ] Khbi lrgng Hioy | Vhiétdd
Hop chat Dang bé ngoai san pham Sudt % nong chay
(mg) (Mp-"C)
1,10-Phenanthroline-5,6-dione | Chit rin mau vang 20669 70 271
Bipyridine glycoluril (bpg) | Chat rin mau vang 320,6 60 > 400
Bis(o—xylene)bipyridine Chét rén mau vang 108,3 31 354
glycoluril (bxbg)
Dipyrido[3,2-d:2,3- .
ipyrido[3,2-d:2, Chét rén mau kem 429,5 70 331
flquinoxaline (dpq)
Ru(dpq)-.CL, Chét rdn mau den tim 292,5 62 -
[Ru(dpq),bxbg]Cl, Chit ran mau do d6 90,25 55% -

3.3. Diic diém phd cong huwéng tir proton "H-NMR ciia cac chit da tong hop duoc

Badng 2: P chuyén dich héa hoc (9 - ppm) ciia phéi tir dipyrido[3,2-d.:2, 3-
flquinoxaline (dpq) va tién phirc chdt Ru(dpq),Cl;

TN A A
Chat 2.3? ) \32 4{4&1\;&}
N N= &N F» = N=
dipyrido[3,2-d:2,3-
'H - NMR flquinoxaline Ru(dpq).ClL, —sp 4
(dpq —sp2)
HI, HI” 9.45 +9,41 9.48 +9.47
H3, H3’ 9.22+9.19 9.23
H4, H4’ 9.14 9.19
H2, H2’ 7.94 +7.90 7.97
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Phdn tich phé céng huong tir proton (dang singlet) cuong do 16m voi 6 =9.14
cua  dipyrido[3,2-d:2,3-f|quinoxaline ppm duoc quy két cho proton H4 va
(dpg) va phirc chat Ru(dpq),Cly: H4’. Tin hiéu xuAt hién tai 6 = 7.94 +
Trén phd 'H-NMR cua dpq xuit hién . .

) 7.90 ppm dang dd v6iJ=7.8 HzvaJ =
tin hiéu v61 do chuyén dich hoa hoc 6 =
9.45 + 9.41 ppm téach thanh 2 nhom 2
vach (dang doublet doublet — dd) véi

4.6 Hz dugc quy két cho proton H2 va
H2.

Phé 'H-NMR cua phirc tao thanh giita
’ ruteni(IT) va phoi tir dpq (Ru(dpq).Cl,)
Hz duoc quy két cho proton HI va H1". c6 céc tin hi¢u dac trung voi do chuyén
Proton H3 va H3’ ¢6 tin hi¢u trng véi o dich hoa hoc giong nhu cua phdi tir dpq
=9.22 +9.19 ppm (dd) véi J=1.8 Hz (Bang 2).

hing sb tuong tac J=1.8 HzvaJ = 7.8

va J = 4.6 Hz. Tin hiéu phd mot vach

Bing 3: D6 chuyén dich héa hoc (9 - ppm) ciia bipyridine glycoluril (bpg) va phoi tir
bis(o—xylene)bipyridine glycoluril (bxbg)

00 b
H\ JL,,I/H a
H-NN" TN ON-H oo
Chat NN N H
2! 2
\1' . "
1 . NMR bipyridine glycoluril | Bis(o—xylene)bipyridineglycoluril
(bpg —sp3) (bxbg — sp3)
HI1, HI’ 8.70 +~ 8.67 8.90
H3, H3’ 8.04 +~ 8.02 8.75
H2, H2’ 7.53 +7.48 7.55
H(N) 8.27 -
Ha - 7.35
Hb - 7.20
H(NCH:Ar) - 5.07;4.96; 4.70; 4.52
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Phdn tich phé cng huong tir proton cia
bipyridine glycoluril (bpg) va phoi tir
bis(o—xylene)bipyridine glycoluril (bxbg):

Trén phd 'H-NMR cua bpg xuit hién
tin hiéu v6i d6 chuyén dich hoa hoc =
8.70 + 8.67 ppm dang dd v&i hang sb
tuong tac J = 1.8 Hz va J = 4.6 Hz duogc
quy két cho proton H1 va H1’. Tin hiéu
phé mdt vach cuong do 16n véi o = 8.27
ppm dugc quy két cho proton lién két
v6i N. Proton H3 va H3” ¢6 tin hi¢u ing
véi 0 = 8.04 + 8.02 ppm (d) voi J = 7.8
Hz. Tin hi¢u xuét hién tai 6 = 7.53 +
7.48 ppm dang dd v6iJ=4.6 HzvaJ =
7.8 Hz duoc quy két cho proton H2 va
H2.

Phé 'H-NMR ciia phdi tir bxbg ciing xuét
hién nhimg tin hiéu véi d6 chuyén dich
héa hoc tuong tu cho cac proton
H1&H1’, H2&H2’, H3&H3’ (Bang 3).
Mit khéc, trén phd "H-NMR cia bxbg
khong con thdy xuat hién tin hiéu tai § ~
8.27 ppm, diéu nay phu hop do khong
con proton lién két voi N. Bén canh do,
tin hiéu dang phd chan rong (broad-br)
xuét hién tai d = 7.35 ppm dugc quy két
cho proton Ha. Proton Hb c6 tin hi€u ung
voi 0 = 7.20 ppm (br). Ngoai ra, cac tin
hiéu xuét hién tai 6 = 5.07 (br); 4.96 (d);
4.70 (d); 4.52 (d) ppm voi1J ~ 16 Hz duoc
quy két cho cac proton ctia nhém —CH,

lién két v6i vong thom va N.

Bing 4: D6 chuyén dich héa hoc (0 -
ppm) ctia phire chat [Ru(dpq)bxbg]Cl,

Phirc chit
[Ru(dpq);bxbg]**

"H-NMR

HI

9.54 (d)

8.31 (d)

H4

9.39 (br)

7.92 (br)

H3

8.31 (d)

7.86 (br)

H2

7.92 (br)

7.27 (br)

7.20 (br)

4,61 (d);
4.01 (s)

H(NCH,ATr)
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Phé 'H-NMR cua phirc tao thanh giita
ruteni(I) v6i hai phéi tir dpq va bxbg
([Ru(dpq).bxbg]Cly) c¢6 cac dac trung
phé (Bang 4) 1a su két hop cua phdi tir
dpgq (Bang 2) va bxbg (Bang 3). Tuy
nhién phd phirc tap va co su giam do
chuyén dich hoa hoc cua hau hét cac
proton do su tao thanh lién két giira kim
loai-phéi tir.

3.4. Pho hap thu phan tir UV-Vis ciia
phirc Ru(dpq),CL va|Ru(dpq):bxbg]|ChL
Phé hip thu phan tr cua phic
Ru(dpq).Cl, [Ru(dpq),bxbg]Cl,
dugcchi ra ¢ Hinh 2. Budc chuyén doi

va

dién tir m-* ctia phdi tir dpq va bxbg tai
budc soéng A = 258 nm. Budc chuyén
doi dién tir ddc trung kim loai-phdi tur
(MLCT) ctia phirc chit quan sét thdy tai




457 nm voi [Ru(dpq).bxbg]Cl,
nhung khong 1o rang voi Ru(dpq),Cl,.

0.8+

0.6

Absorbance

0.4 [Ru(dpq),bxbg]Cl,

0.2 Ru(dpq),Cl,

0.0+

T T T T T T )
100 200 300 400 500 600 700 800
wavelength / nm

Hinh 2: Phé hdp thu phdn tir ciia phire
Ru(dpq),Cl; va [Ru(dpq),bxbg]Cl,
trong nuoc
3.5. Phé huynh quang phan tir cia

phiic chét [Ru(dpq);bxbg|ClL,

Pho phét xa huynh quang phan giai thoi
gian cua [Ru(dpq),bxbg]CL, dugc chi ra &
Hinh 3. Phirc chit c6 thoi gian phat xa
huynh quang (lifetime) 1 twong d6i “dai”, t
=590 ns va do dich chuyén Stokes Ion, AL
= 163 nm. Phic [Ru(dpq),bxbg]Cl tong
hop duoc pht hop cho g dung lam dau
do huynh quang.

0.004

0.002

Intensity / V

0.000 <

6.0x10°  8.0x10°  1.0x10°

Time/s

T
2.0x10°  4.0x10°

Hinh 3: Phé huynh quang phdn tir ciia
phite [Ru(dpq),bxbg]Cl; trong nudc. Aex
=460 nm; Aops = 620 nm.
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4. KET LUAN

Thuc hién quy trinh gdm 6 giai doan
tong hop thanh cbéng phicc chat
[Ru(dpq),bxbg]Cl, nhim tng dung cho
nghién ctu 1am dau do huynh quang
phat hién mot ) phan tu sinh hoc. Pac
diém cua cac san phdm trung gian va
san pham cudi cung duoc nghién ciru,
chung minh dya trén nhi¢t d0 nong
chay, dic trung phd cong hudng tir
proton 'H-NMR va phd hip thu phan ti
UV-Vis. Phuc [Ru(dpq),bxbg]Cl, cé
budc chuyén doi dién tr kim loai-phdi
tad (MLCT) tai Apax = 457 nm, thoi gian
phat xa huynh quang t = 590 ns va do
dich chuyén Stokes AL = 163 nm.
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