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TONG HQP, CHUYEN HOA MQT SO PHUC CHAT Ag(l)
CHUA CACBEN DI VONG NITO CO KHUNG IMIDAZOL

Nguyén Thi Thanh Chi
Khoa Héa hoc, Truong Pai hoc Su pham Ha Ngi

Tém tit. Bang nghién ctu twong tac cua ba mudi imidazolium clorua la 1,3-
dibenzylimidazolium clorua (Bn,-imy-HCI), 1,3-bis(2,6-diisopropylphenyl)imidazolium
clorua (IPr-HCI) va 1,3-bis(2,4 6-trimetylphenyl)imidazolium clorua (Imes-HCI) véi Ag.O
hoic AgNO; di tong hop duoc ba phuc chit [AGCI(Bne-imy)] (1), [AgCI(IPN)] (2),
[AgCI(Imes)] (3) vai hiéu suat 86 - 94%. Viéc sir dung tlen chit AgNO3 (ben Va ré tién hon
Ag,0) khi c6 mat K,CO3 cho phuc chat 1 - 3 véi hidu suat cao hon va diéu kién phan tng
don gian hon. Két qua nghién ctru tuong téc caa phiic chit 1 véi phic chat [PtCI(PrEug)],
d3 tao ra phuc chat [PtCI(PrEug)(Bn,-imy)] (4) ¢6 cau tric thd vi véi hiéu suat rat cao 98%
& diéu kién phong. Ngoai ra di chung to phuc chat Ag(1)-NHC Ia tién chét thich hop dé
t6ng hop phirc chét chira Pt(11)-NHC.

Tir khéa: phirc chat Ag(l), phirc chat Pt(11), phirc chat NHC, imidazolin-2-ylidenes.

1. Mé dau

Phuc chat kim loai chuyén tiép chtra cacben di vong nito (NHC) dwoc biét dén vai nhiéu
g dung trong linh vuc xuc tac, hoa sinh va y hoc [1-4]. Bac biét nhiéu phic chét caa Pd(11)
chtra cacben di vong nito (NHC) c6 ngudn gbc tir imidazol, benzimidazol va triazol thé hién
hoat tinh xdc téc t6t cho phan ing ghép C-C nhu Mizoroki-Heck, Suzuki-Miyaura, Sonogashira
va phan ung t6i wu héa nguyén tir nhu hydro amin hoéa, hydro silic hoa [1]. Bén canh d6, nhiéu
nghién ctru ciing chi ra phtc chat Ag(l)-NHC ¢6 tiém nang Gng dung trong y hoc [5-10]. Tuy
nhién cho dén nay, & Viét Nam chua c6 cong bd vé phirc chat cua Ag chaa phoi tir NHC.

Trong bai b4o nay, ching t6i nghién ctiu su anh huéng cua céc tién chit Ag dén phan tng
t6ng hop phtic chit Ag(l) chira NHC c6 ngudn gbc tir imidazol ciing nhu chuyén hoé phuc chit
Ag(1)-NHC thanh phirc chat Pt(11)-NHC.

2. No¢i dung nghién ciu
2.1. Thuc nghiém

2.1.1. Nghién ctru twong tac ciia mudi imidazolium clorua véi Ag,O va AgNOs
Céac mudi 1,3-dibenzylimidazolium clorua (Bn,-imy-HCI), 1,3-bis(2,6-diisopropylphenyl)
imidazolium clorua (IPr-HCI) va 1,3-bis(2,4,6-trimetylphenyl)imidazolium clorua (Imes-HCI)
dugc tong hop theo phuong phap mé ta trong cac tai liéu [11, 12] vai hiéu suat 70 - 80%.
Tuong tic cua cac mudi imidazolium clorua véi Ag,O va AgNO; (xuat xir tir Sigma-
Aldrich) dugc tién hanh nhu sau:
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Twong tdc véi Ag:0 (tién hanh theo qui trinh chung duoc md ta trong tai liéu [5, 6, 10]):
Khuay hdn hop gdm mudi imidazolium clorua va Ag,O Vi cac ti 16 mol khac nhau trong CHCl,
(10 ml) trong béng tdi ¢ nhiét ¢6 phong trong khoang thoi gian khac nhau (Bang 1). Két thic
mdi thi nghiém, hdn hop phan tmg duoc loc qua Celite sau dé loai bé dung mdi CHCI; bing co
quay chan khdng. Rira chét rin thu dugc bang nudc (3 x 5 ml) thu duoc san phdm 1a chét ran
mau tring. Lam khd san pham thu dwoc trong ta say chan khdng & 50 °C. Két qua phan tich phd
'H NMR cho thdy san pham Ia cac phuc chit cd cong thire [AgCI(NHC)] dwoc ki hiéu 1a1, 2 va 3
v&i NHC 1a Bng-imy, IPr, Imes tuong tng.

Tuwong tdc véi AgNOs: Khudy hdn hop gébm mudi imidazolium clorua (0,5 mmol) va
AgNO; (0,5 mmol, 85 mg) trong CHCI3 (10 ml) & nhiét d6 phong. Sau 5 phat, K,CO3 vai cac
luong khac nhau duoc thém vao hdn hop phan tng, tiép tuc khuay ¢ céc khoang thoi gian khac
nhau (Bang 1). Két thic mdi thi nghiém, hdn hop phan tmg duoc loc qua Celite sau d6 loai bo
dung mdi CHCI; bang c6 quay chan khong. Rira chat ran thu dugc bang nuéc (3 x 5 ml) thu
duoc san pham 14 chat rdn mau trang. Lam khd san pham thu duoc trong ta say chan khdng ¢ 50 °C.
Két qua phan tich phd *H NMR cho thay san pham la cac phic chét c6 cong thicc [AgCI(NHC)]
(1, 2 va 3) tuong ty nhu khi tuong tac voi Ag20.

2.1.2. Nghién ctru twong tac cia [AgCI(Bn,-imy)] véi [PtCI(PrEug)];

Phirc chét [PtCI('PrEug)], (PrEugH: isopropyl eugenoxyaxetat) dwoc tong hop theo phuwong
phap ma ta trong tai liéu [13] vai higu suat 70%.

Khudy hdn hop gdm [AgCI(Bn-imy)] (1,0 mmol, 390 mg) va [PtCI(‘PrEug)]. (0,5 mmol,
500 mg) trong axeton (10 ml) ¢ nhiét ¢ phong. Sau 1 gio phan ng, loc qua Celite dé loai bo
AgCl thu dugc dung dich mau vang nhat. Loai bo dung mdi axeton trong dung dich thu dwoc
bang c¢6 quay chan khong thu dugc san pham dang bot mau vang nhat. Két qua phan tich phd
'H NMR cho thay san pham thu duoc 1 phic chat [PtCI(PrEug)(Bn-imy)]. Hiéu suit phan tng 98%.
2.1.3. Phuong tién nghién céu

Ph6 *H NMR cua cac phuc chat duoc do trén may Bruker AVANCE (500 MHz) trong
dung mdi CDCl; ¢ nhiét d6 phong vai chét chuén 1a tetrametylsilan tai Vién Hoa hoc, Vién Han
I&m Khoa hoc va Cong nghé Viét Nam.

2.2. Két qua va thao luin

Theo [5, 6, 10], phuc chat Ag(1)-NHC c6 thé duoc tong hop bing hai phwong phép, do 1a
cho NHC tu do phan ¢ng véi mubi bac hoic dé proton mudi azolium halogenua bang cac tién
chat c6 tinh bazo cua bac nhu Ag,0, Ag,COs, Ag(OOCCH;). Trong d6 phuong phap dé proton
mudi azolium thuong dwoc sir dung do mubi azolium d& téng hop va bén hon nhiéu so véi NHC
tw do. Khi st dung Ag,O hoic Ag,CO5 déu cho san pham la phtc chat dang [AgX(NHC)]
nhung khi sir dung Ag(OOCCHs) xay ra tiép phan ung thé phol tir X trong san pham trung gian
[AgX(NHC)] bang CHsCOO  va cho san pham cudi ciung la phic chat dang
[Ag(OOCCHj3)(NHC)].

Trong nghién ctu nay, ching tdi sir dung ba mudi azolium clorua 1a Bn,-imy-HCI,
IPr-HCI, Imes-HCI d¢ nghién ctru tuong tac vdi Ag;0 hodc AgNOs. Céc phan @ng xay ra theo
so dd ¢ Hinh 1, mot s thi nghiém nghién ctu duoc liét ké trong Bang 1.
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[AgCI(NHC)] (1-3)
Hinh 1. Phdn #ng ciza muéi imidazolium clorua véi Ag,O hogc AgNO;

Bdng 1. Mét sé thi nghiém nghién ciru twong tdc cia muai imidazolium clorua véi Ag,O
hoac AgNOg; trong cdc dieu Kién phdn @eng khac nhau

. Ti I mol muéi: Ag,O [Thoigian| San |Hiéu suat
Stt) Mudl ) Bazo e mudi : AGNO; g bazy (hE)J phim | (%)
1 | Bng-imy-HCI - 2:1 8 1 50
2 | Bny-imy-HCI - 2:1 14 1 75
3 | Bny-imy-HCI - 2:12 20 1 82
4 |Bny-imy-HCI - 2:14 24 1 89
5 | Bny-imy-HCI - 2:16 28 1 89
6 |Bn,-imy-HCI - 2:1:0 24 - 0
7 | Bny-imy-HCI | K,CO3 2:1:2 8 1 88
8 | Bnz-imy-HCI | K,CO3 2:1:2 4 1 90
9 |Bny-imy-HCI| K,CO3 2:1:4 2 1 94
10 | Bny-imy-HCI | K,COs 2:1:4 1 1 85
11 | Bny-imy-HCI | K,COs 2:1:6 2 1 94
12 IPr-HCI - 2:14 24 2 86
13 IPr-HCI K,CO3 2:1:4 4 2 90
14 | Imes-HCI - 2:14 24 3 88
15| Imes-HCI K,CO3 2:1:4 4 3 92

Tat ca cac thi nghiém 1 - 15 déu duoc thyc hién trong dung méi clorofom & nhiét do
phong. O thi nghiém 1 - 11 chdng tdi ¢ dinh mudi Bn,-imy-HClI, thay d6i tién chat bac va cac
diéu kién phan ung. Tt thi nghiém 1 - 5, Bny-imy-HCI va Ag,O duoc lay véi céc ti 16 khéc
nhau (Bang 1) d¢ng thoi thoi gian phan tmg duogc thay ddi tir 8-24 gio. Két qua cho thiy san
pham thu dugc 1 phic chat [AgCI(Bn,-imy)] (1) véi hiéu suat 50 - 89%. Khi thoi gian phan
tmg tang thi hiéu suat phan ung ting, nhung Ag,O kém bén c6 thé bi phan hiy lam giam hiéu
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suat nén viéc sir dung Ag,O du va thuc hién phan tng trong béng tdi 1a can thiét. Qua khao sat
cho thay diéu kién tdi uu cho phan ung ctua Bny-imy-HCI véi Ag,O la thi nghiém 4 véi hiéu suat
dat 89%. O cac thi nghiém 6 - 11, ching t6i sir dung tién chat AgNO3z bén hon va gia thanh ré
hon Ag,0. O thi nghiém 6 khi khdng c6 tac nhan bazo, Bn,-imy-HCI phan tng véi AgNO; chi
thu duoc két taa 1a AgCl ma khong thu dugc phiac Ag-NHC. Tur thi nghiém 7 - 11, luong du
K,CO; dugc thém vao phan tmg nhu mot tic nhan bazo xuc tién cho qua trinh dé proton cua
mudi azolium. Két qua rat bat ngo khi thu duoc phic chéat 1 véi higu suat cao nhat chi sau
2 glor phan ung (thi nghiém 9). Két qua khao sat con cho thay thoi gian phan ung va ti 16 mol
mudi azolium clorua : AgNO; : bazo déu anh hudng dén hiéu suat phan tmg, trong d6 viéc dung
du K,CO3 va thoi gian phan ung khdng kéo dai cho hiéu suit cao. Nguyén nhan c6 thé do
K,CO; vira Xuc tién cho qua trinh dé proton caa mudi azolium dong thoi phan tng véi AgNO;
tao thanh Ag,CO3 kém bén, d& phan huy thanh Ag khi kéo dai thoi gian. Ap dung diéu kién tdi
uwu cua phan ung gitra Bn,-imy-HCI véi Ago0 (thi nghiém 4) va véi AgNO; (thi nghiém 9)
khi thay thé Bn,-imy-HCI bang IPr-HCI (thi nghiém 12, 13) va Imes-HCI (thi nghiém 14, 15)
thu duoc cac phirc chat [AgCI(IPr)] (2) va [AgCI(Imes)] (3) véi hiéu suat twong tng 1a va 86 va
88% twong dwong véi cac cong bd trudc [10] khi sir dung Ag,0 va 90 va 92% khi sir dung
AgNO;.

Céc phuc chat 1 - 3 duoc kiém tra ciu tric bang phé *H NMR trong dung mdi CDCl3. Dya
vao do chuyén dich hda hoc, cudng do van phd va twong tac spin-spin di qui két duoc tin hiéu
'H NMR ciia 1 - 3 nhu duoc chi ra trong Bang 2. Hinh 3 dan ra phé "H NMR caa phiic chat
[AgCI(IPr)] (2) da dugc qui két lam vi du.

T = R O s R 2S94 2ogos Ie0EY 22 238
[T B S - L M o~ o NN — — ) uy IO OO NN N oo ~ -
~ o~~~ P S = PN NI NI PPN P S S oo
T R VAR NN NN \/
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.l_l
NﬁJ/N
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ol
Ar-H, Himy
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Ar-H ﬂ
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Hinh 2. Phé *H NMR cuia phic chdt [AgCI(IPr)] (2) do trong CDCls di dwoc qui két
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Bdng 2. Tin hiéu *H NMR cia cac phec chdt 1-3, 6 (ppm), J (Hz)

NN __ [—\
\r [\ NN
NN
Ag \( \(
Ag
& Ag
by &i
Himy 7,21d,%1,5;7,12 ov 7,128
734-7.270v 7.48 0v: 7,30 d, 31 8,0
ov,
Ar-H 7,19 - 7,17 ov : PO 2 6,99
' 713d. 38,0 >
CH - 2,54/2,25 m -
CH, 6,85 - R
CH; - 1,28/1,22/1,06/0,77 d 31 7,0 2,35/2,07 s

Bang 2 cho thay xuét hién day du tin hiéu cac proton trong phuc chat 1 - 3 dong thoi tin
hiéu ciia ching déu thay ddi so véi tién chat mudi azolium clorua [11, 12]. Bac biét, tin hiéu
proton cia nhém NCHN ¢ mudi azolium thé hién 1a mot van don & khoang 8,74 - 10,94 ppm
nhung trén phd *H NMR ciia 1 - 3 khong c6. Diéu ndy cho thay cac mubi azolium clorua da bi
tach nguyén tir H-NCHN dé phai tri véi Ag(l) qua nguyén tu cacbon cachen. Cac két qua nay
ciing phut hop véi cong bé trude day vé phic chat caa Ag(l)-NHC [5, 6, 10].

Trong [14, 15], ching t6i da cong b6 viéc tong hop diy phtc chit dang
[PtCI(PrEug)(NHC)] ¢c6 cau trac rat thd vi Vvéi ba trung tam tao phuc cacbon: Caryi, Cnie Va
C=Coefin. Céc phuc chat nay trong d6 c6 [PtCI(" PrEug)(an-lmy)] (4) duoc tong hop bing cach
cho mudi azolium clorua phan ng véi phtic chét khep vong hai nhan [PtCI('PrEug)], trong su
c6 mit cua bac oxit (phan tng (1) trong Hinh 3). Bé xem xét vai tro cua Ag,O trong phan tng
ndy, ching toi lva chon phuc chat [AgCI(Bn,-imy)] dé tiép tuc nghién ciu tuong tic véi
[PtCI(’ PrEug)]. (phan tng (I1) Hinh 3). Két qua cho thay chi sau 1 gio phan tng trong dung moi
axeton ¢ diéu kién thuong thu duoc san pham rin mau vang véi hiéu suit rat cao 98%. Tinh
chat vat ly ciing nhu phén tich phé *H NMR cua san pham nay cho thay né chinh 1a phirc chat 4
véi cau trac di duoc xac dinh nhu trong Hinh 3 bang cac phuong phap phan tich nguyén t6, phd
ESI-MS, IR va NMR trong [14]. O d6, phdi tir Bn,-imy & vi tri trans so véi nhom allyl, trong
khi & cac phiic chat [PtCI('PrEug)(amin)] phdi tir amin chiém vi tri cis so véi nhanh allyl cua
'PrEug [16].

(1)
+ Bn,-imy-HCI, Ag,O
axeton

- AgCl, - H,0

(1
+ [AgCI(Bn,-imy)]/axeton

R: CH,COOCH(CHs),

OCHs - AgCl

RO
[PtCI(PrEug)], [PtCI(PrEug)(Bny-imy)] (4)

Hinh 3. Phdn ing ciia [PtCI('PrEug)], véi mét sé tac nhan
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Két qua nay hoan toan phi hop véi tinh axit “mém” hon caa Pt(11) so véi Ag(l) vi NHC la
mot phdi tir “mém” d& dang tao phuc chat Pt(11)-NHC bén hon phuc chat Ag(1)-NHC. Nhu vay
c6 thé sir dung phirc chit Ag(l)-NHC nhu 14 tién chat dé tong hop phirc chat chia NHC cua ion
kim loai mém hon Ag(I). Hon nita két qua nay cung cho thay trong phan ung (1), Ag20 khong
chi dong vai tro 1a tc nhén bazo xtc tién cho qua trinh tach H* & mudi imidazolium clorua ma
con la tién chat tao ra san pham trung gian [AgCI(Bn-imy)].

3. Kétluan

Téc gia da nghién cau anh huong cuaa tién chit bac 12 Ag,O va AgNO; dén phan ung cua
chdng véi Bny-imy: HCI, IPr-HCI, Imes-HCI. Qua d6 khéng nhiing téng hop duoc ba phic chit
[AgCI(Bn,-imy)] (1), [AgCI(IPr)] (2), [AgCI(Imes)] (3) vai hiéu suat 86-94% ma con cho thay,
phic chat 1 - 3 dugc tao ra voi hiéu suat cao hon va trong diéu Kién don gian hon khi ding
AgNO;, mét tién chét bén va ré hon Ag,O. Két qua nghién Ciu tuong tic cia 1 VOi
[PtCI( PrEug)], da tao ra phac chét [PtCI( Preug)(Bn,-imy)] (4) co cau tric tha vi voi hiéu suat
rat cao 98% ¢ diéu kién phong, dong thoi cho thay Ag,O khdng chi dong vai tro nhu mot tac
nhan bazo ma con la tién chat tao ra san pham trung gian (phuc chat 1) cua phan ung tao ra 4 di
tir [PtCI('PrEug)], va Bn,-imy-HCI trong su ¢6 mit Ag,O. Trong thoi gian téi ching toi s& tiép
tuc nghién ctru tuong tac ciia phuc chat 1 - 3 voi cac phac chat hai nhan khép vong cua Pt(11)
chira arylolefin khéc nhau.
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ABSTRACT

Synthesis and transformation of some Ag(l) complexes bearing
N-heterocyclic carbene derived from imidazole

Nguyen Thi Thanh Chi
Faculty of Chemistry, Hanoi National University of Education

The reactions of 1,3-dibenzylimidazolium chloride (Bng-imy-HCI), 1,3-bis(2,6-
diisopropylphenyl)imidazolium  chloride  (IPr-HCI) and  1,3-bis(2,4,6-trimetylphenyl)
imidazolium chloride with either Ag,O or AgNO; afforded three Ag(l)-NHC complexes,
namely [AgCI(Bn,-imy)] (1), [AgCI(IPr)] (2) and [AgCI(Imes)] (3), with the high yield (86 +
94%). The usage of AgNOj; in the presence of K,CO3 gave complexes 1-3 with a higher yield
and more simple reaction conditions than using Ag,O. The interaction between 1 and complex
[PtCI('PrEug)], formed interesting complex [PtCI('PrEug)(Bn,-imy)] (4) with very high
efficiency (98%) at ambient conditions. Moreover, this result showed that Ag(l)-NHC
complexes are suitable precursors for synthesizing Pt(I11)-NHC complexes.

Keywords: Ag(l) complexes, Pt(11) complexes, NHC complexes, imidazolin-2-ylidenes.
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