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TOM TAT

Hai phirc hop mdi ciia oxygen-chelated ruthenium-indenylidene la
I'va 2, ¢o hoat tinh trong phan umg tring hop mo vong, duwoc tong
hop tir cdc chdt nén don gian cia ruthenium: [Ru(PPhs);Cly],
[Ru(p-cymene)Cly], hodc [Ru(p-cymene)(PCy3)Cl; va propargyl
alcohol chi trong m¢t bucc. Ca hai phire hop 1 va 2 dugc danh gia
hoat tinh qua phan wng trung hop mé vong cua endo-
dicyclopentadiene tao thanh polydicyclopentadien.

Tir khéa: Oxygen-chelated ruthenium-indenylidene, tong hop xiic
tac, trung hop mo vong

ABSTRACT

Two new oxygen-chelated ruthenium-indenylidene complexes, 1
and 2, with activity for ring-opening metathesis polymerization
(ROMP), have been synthesized from simple ruthenium complexes,
such as [Ru(PPh3);Cly], [Ru(p-cymene)Cly], or [Ru(p-
cymene)(PCy3)Cl; and propargyl alcohol in one step. Complexes
1 and 2 were evaluated by the ROMP of endo-dicyclopentadiene
to form polydicyclopentadiene.

Keywords: Catalyst synthesis, oxygen-chelated ruthenium-
indenylidene, ring-opening metathesis polymerization

1. GIOI THIEU

Oxygen-chelated ruthenium-indenylidene 1a
phirc hop duge Hoveyda va cac dong nghiép phat
trién vao nam 1998, da chung minh duoc tdc do khoi
mao phan tng va su ting cuong hoat tinh xuc tac -

Hoveyda—Grubbs
1999). Trong phtc hop nay, cac
phdi tir benzylidene c6 mét nhdm ortho-isopropoxy
chelate gan vao vong benzene, chung dugc st dung
lam chét xuc tac trong nhleu phan tng tong hop
olefin, dic biét 1a phan tng tong hop dong vong cua
cac diene théng, diene mach hd, enyne metathesis
va polyme hoa metathesis mé vong cua cycloolefin.

First-generation
(Kingsbury et al.,

Oxygen-chelated ruthenium-indenylidene 1a
dang xuc tac trong hé thdng xuc tac co tén goi chung
1a Hoveyda—Grubbs c6 gia thanh rit cao, dat hon va
thoi gian khoi mao phan tmg cham hon so véi chat
xuc tac Grubbs, nhung chung lai rt phd bién vi do
6n dinh duoc cai thién (Vougioukalakis et al., 2010).
catalyst . ,

biéu nay dugc nhan thay ro rang trong khao sat
phan ng cross-metathesis (CM) ctia methyl oleate
va 2-methyl-2-butene do nhém nghién ctu cia
Grela thudc truong dai hoc Warsaw, Balan thyc hién
nim 2017. Phan ung nay dién ra rat phirc tap c6
nhiéu san pham khong mong mubn tao thanh trong
qua trinh thyc hién vi vay téc d khoi mao phan tmg
1a yéu t6 rét quan trong. dé diéu khién phan tmg theo
huéng mong mudn. Két qua nghién ciru cia nhom

&3



Tap chi Khoa hoc Pai hoc Can Tho

cho thiy sir dung Hov-I cho phan tmg cho ra san
pham mong muon va hiéu suat thu hoi tot hon xic
tac Gr-1I va Ind-I (Kajetanowicz et al., 2017).

Hién nay, ngay cang c6 nhiéu nghién ctru vé xuc
tac cua ruthenium dang chelate indenylindene va
cho thay c6 nhiéu hiéu qua cho chon loc huéng phan
(g ciing nhu ting hiéu suét thu hdi. Tuy nhién, moi
mot ligand (phdi tir) trong phirc mang hiéu qua tét
dbi vai cac loai phan tmg cuia olefin khac nhau nén
viéc mo rong va lam da dang cac hop chat phirc can
rat nhiéu dong gop cua cac nhom nghién ciru.

Trong nghién ctru nay, phéi tir benzylidene dugc
st dung c6 mot nhom methoxy gan vao vong
benzene tai vi tri ortho va dic diém phdi tir c6 ciu
trac d6i xtmg. Bén canh d6, phdi tir phosphine cua
phirc duoc tién hanh thay déi la triphenylphosphine
va tricyclohexylphosphine. Vi vdy, c6 thé so sanh
duoc hoat tinh cua phoc oxygen- chelated
ruthenium-indenylidene v&i 2 loai phdi tir
phosphine khac nhau trong phan ting polymer hoa
dang mé vong cua endo-dicyclopentadiene.

2. THUC NGHIEM
2.1. Vit liéu va thiét bi

Pho 'H-NMR, *C-NMR va 3'P-NMR dugc ghi
trén may JEOL 300 MHz (d¢ dich chuyén hoéa hoc
8 duoc tinh theo ppm, hang sé ghép cip J tinh bang
Hz). Sic ky 16p mong (TLC) 1a ban nhom silica gel
60 F254 (Merk) trang san, d6 day 0,2 mm. Séc ky
cOt s dung silica gel c& hat 0,040-0,063 mm
(Himedia).

2.2. Téong hop phdi tir chinh 1,1-bis(3-

methoxyphenyl)prop-2-yn-1-ol

2.2.1. Téng hop 3,3 -dinitrobenzophenone

Hon hop cua benzophenone (20,0 g, 109,8
mmol) véi sulfuric acid dac (110 mL) dugc cho vao
cbe 250 mL va dit trong chéu da dé lam lanh dén
khoang 0°C. Tiép theo, timg giot hdn hop ciia nitric
acid dac (12 mL) va sulfuric acid dac (28 mL) trong
phéu nho giot dugc cho tir tir vao hdn hop trén. Hon
hop phan tng sau d6 duoc dun noéng nhe dén 75°C
trong thoi gian 30 phut. Sau d6, hdn hop duoc ha
dén nhiét do phong va cho tir tr nudc da vun vao;
khi ca hdn hop chuyén thanh dang rén thi ngung cho
nuée da. Chat ran duoc vét ra gidy loc va cho thim
b6t nude, sau do nghién thanh bot min va rira lai véoi
nude cat dén khi hét acid du (pH cuia nudc sau khi
rira 1a 7). Sau do6, bot duogc dé tu kho trong khong
khi qua mot ngay va két tinh lai tir acetone (150 mL).
Tinh thé tao thanh sau mot dém (khoang 12h) dugc
rira voi mot it acetone va rua lai thém mot lan véi
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ethanol. 3,3’-Dinitrobenzophenone 14 san phdm cua
qué trinh nay voi khéi luong thé 1a 15,3 g (56,2
mmol, 51%). Nhi¢t d0 nong chay 1a 148,5-150,0°C
twong duong voi két qua phan tich cia Klemm et al.
(1958) 1a 148,0-149,0°C. Két qua kiém tra TLC véi
hé dung moi chloroform/acetone theo ty 1¢ 8:1 co
gia tri R;13 0,8. Pho "H-NMR (300 MHz, CDCl3, 8y
ppm): 8,60 (2H, t, J 1,9 Hz, C2-H va C2’-H), 8,49
(2H, dt,J 2,0 va 8,1 Hz, ArH), 8,12 (2H, d,J 7,7 Hz,
ArH) va 7,75 (2H, t, 1 7,9 Hz, C5-H va C5’-H). Ph
BC-NMR (75 MHz, CDCls, 8¢ ppm): 191,7, 1484,
137,7,135,2, 130,1, 127,5, 124,6.

Tir két qua phan tich pho cho thy chat két tinh
lai ttr“acetone 1a 3,3’-dinitrobenzophenone §ach de
c6 thé thye hién phan ung trong giai doan tiép theo.

2.2.2. Téng hop 3,3 -Dimethoxybenzophenone

Bugc 1: HOon hop gdm  33’-
dinitrobenzophenone (2,0 g, 7,4 mmol),
SnCl,.2H,0 (9,9 g, 44,1 mmol) trong hydrochloric
acid dic (14 mL) trong binh cau ¢b réng 100 mL ¢
chira ca tir va két ndi c6 binh véi éng dan khi qua hé
dau. Pau khi thoat ra dugc dat trong cbe 250 mL co
chtra 100 mL dung dich NaOH 20% dé loai khi HCL.
Binh phan tmg thi dit trong chau dau silicone va gia
nhiét dén 70°C trong 6h khuay lién tuc. Tinh thé cua
benzophenone-3,3’-diammonium  chlorostannate
tao thanh c6 mau vang sam va duoc loc khoi hon
hop sau khi dimg phan tmg véi khéi lwong thu dwoc
12 12,0 g. San pham duoc ding & budc tiép theo ma
khong can lam sach.

Buée 2: Tat ca san pham & bude 1 duge cho vao
binh ciu 2 cb rong (100 mL), thém hydrochloric
acid dic (14 mL) va ca tir. Hon hop duoc 1am lanh
trong chau da dén 0°Cva cho khudy & toc do 400
vong/phut. Sau d6, dung dich cua sodium nitrite (1,0
g, 14,5 mmol) trong 4 mL nudc cit trong phéu nho
giot dugc cho tumg giot vao hén hop trong binh cau,
mot ¢6 khéac cua binh cau duoc két ndi dudng dan
khi qua dung dich NaOH 20% nhu giai doan 1. Sau
khi hoan thanh, hdn hop dugc tiép tuc khudy thém
1h & 0°C. San pham tao thanh 1a chat ran mau vang
duoc loc nhanh khi dang lanh, ké dén chuyén tat ca
chit ran sau khi loc vao cdc chiu nhiét 100 mL rdi
dat trong chiu da gilr lanh; cho timg luong nho chat
rén nay vao coc 100 mL ¢6 chira 40 mL sulfuric acid
1 N dang dugc dun soi; khi hoan tat tiép tuc giir soi
hén hop thém vai phut, dung dich ¢6 mau do sam.
Mau cta dung dich dugc khir bang cach cho thém
2,0 g than hoat tinh vao, khudy déu hén hop dang
nong cé chira than bang diia thuy tinh va loc ngay
khi dung dich con néng dé tranh san pham két tinh.
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Dung dich sau khi loc dwoc ha nhiét do tir tir trong
khong khi dén nhiét d6 phong. Tinh thé duoc tao
thanh trong qua trinh 1am ngudi va ¢ mau vang. Khi
dung dich nguoi hoan toan, tinh thé dwoc thu gom
qua phéu loc va rira v6i nude cit 3 lan dé loai acid
de (dén pH = 7). San phim 1la 3,3’-
dihydroxybenzophenone dugc lam kho trong khong
khi qua mot ngay c6 khdi luong 1,0 g (4,7 mmol,
43% sau 2 budc). Nhiét do nong chay la 161,5—
163,0°C tuong dwong véi két qua phéan tich cua
nhom nghién ctru Hejaz (2004) 1a 161,0-163,0°C.

Buéc 3: Hon hop cia  33-
dihydroxybenzophenone (1,0 g, 4,7 mmol),
potassium carbonate (2,6 g, 18,7 mmol) trong 80
mL acetone dugc chtra trong binh cau 250 mL c¢6 2
cb rong co ca tir: mot b két ndi hé hoan luu; va mot
¢b dat phéu nho giot co chira dimethyl sulfate (1,8
mL, 2,4 g, 18,7 mmol). Binh dugc dat trong chau
dau silicone va thuc hién khudy tir gia nhiét trong
lac cho tir tir dimethyl sulfate tir phéu xudng binh.
Khi hoan tit va nhiét d6 dat 60°C thi binh phan tmg
dugc giit trong diéu kién nay trong 16h. Sau d6, hdn
hop dugc dé ngudi dén nhiét 6 phong 13 loc bo chét
ran, rira véi acetone (3x10 mL). Nudc loc duoc thu
gom va dudi dung moi bang hé théng co quay. Dich
chat con lai dwoc 1am sach bang phuong phép sic ky
cOt (SiO») véi dung moi rira gidi 1a ethyl acetate/n-
hexane. Chat ddu mau vang  3,3’-
dimethoxybenzophenone c6 khdi lugng 1 946,0 mg
sau khi 1am sach va dudi dung méi hoan toan véi
hiéu suat ctia budc nay 1a 94%. Pho "H-NMR (300
MHz, CDCls, 8u ppm): 7,31-7,38 (6H, m), 7,09—
7,13 (2H, m), 3,84 (6H, s). Ph6 '*C NMR (75 MHz,
CDCls, 8¢ ppm): 196,2, 159,6, 138,9, 129,2, 122.8,
118,8, 114,3, 55,5.

2.2.3. Tong hop 1,1-bis(3-methoxyphenyl)prop-
2-yn-1-o0l

Buwdre 1: Dung dich cua trimethylsilylacetylene
(244,0 mg, 2,5 mmol) trong 15 mL tetrahydrofuran
(THF) chtra trong binh cau 100 mL c6 cé tir duoc
niém chit bang niit septum va c6 gin bong chira khi
N; khd. Binh phan tmg duoc ha nhiét do dén -78°C
va khudy 200 vong/phiit trong 15 phat dé nhiét do
binh duoc 6n dinh & nhiét 46 nay. Ké dén, n-BuLi
(2,38 M, 1,05 mL, 2,5 mmol) dugc cho ting giot
bang bng tiém thuy tinh; sau do6 tiép tuc khudy hdn
hop trong 1h & cung diéu kién. Tiép theo, dung dich
3,3’-dimethoxybenzophenone (500,0 mg, 2,1
mmol) trong THF (10 mL) duoc bom tir tir vao binh
phan tmg qua dng tiém, sau khi hoan thanh bom chat
thi binh phan tng dugc ldy ra va lam 4m tir tir dén
nhiét d6 phong trong khong khi. Sau d6, hdn hop giit
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& nhiét d6 phong va khudy lién tuc trong 16h. Dimg
phan tmg bang cach cho tir tir dung dich bio hoa
NH,4CI (10 mL), sau d6 chuyén tat ca qua binh chiét
250 mL va rira binh phan tmg véi ethyl acetate nhiéu
lan véi thé tich bang thé tich dung dich. Thuc hién
chiét véi ethyl acetate: 16p dung méi dugc cho vao
binh tam giac 250 mL, 16p nudc bén dudi tiép tuc
chiét véi ethyl acetate thém 2 1dn (20 mLx2). Lép
dung méi chiét c6 chira chét can thu dugc gom lai
va chiét mot 1an véi dung dich bdo hoa NaCl (10
mL), sau d6 1am kho dung dich chiét bing Na;SO4
khan. Loc bo 16p mubi va rira v6i ethyl acetate (5
mLx2), sau d6 dubi dung méi bang phuong phap co
quay thi thu duoc chit dau mau vang (844,0 mg).

Budre 2: Chuyén toan b chit thu dugc cho vao
binh cau 50 mL c¢6 ¢ rong chira c4 tir. Rira binh
chira chat v6i methanol (MeOH) nhiéu lan va gom
chung vao binh phan tmg dén thé tich 25 mL. Sau
do, K,COs (570,0 mg, 4,1 mmol) dugc thém vao
binh phan tng, rdi ¢6 binh két ndi véi bong khi N>.
Hdn hop duoc khudy & nhiét do phong vai toe do
400 vong/phut. Sau khi phan tmg két thuc sau 4h thi
ngimg phan tmg bang cach cho dung dich bio hoa
NH,CI (5 mL), sau d6 chuyén tat ca qua binh chiét
250 mL va rira binh phan Gng véi dichloromethane
nhiéu 1an véi thé tich bang thé tich dung dich. Thuc
hién chiét v6i dichloromethane: 16p dung méi dugc
cho vao binh tam giac 250 mL, 16p nudc bén trén
tiép tuc chiét véi dichloromethane thém 2 lan (10
mLx2). Lop dung méi chiét co chira chat can thu
duoc gom lai va chiét mot 1an voi dung dich bao hoa
NaCl (10 mL), sau d6 lam kho dung dich chiét bang
Na,SO; khan. Loc bé 16p mudi va raa véi
dichloromethane (5 mLx2), sau d6 dudi dung moi
bang phuong phéap ¢6 quay thi thu dugc chat dau
mau vang. Dich chét con lai dugc 1am sach bang
phuong phap séc ky ¢ot (Si02) voi dung mdi rira giai
1a ethyl acetate/n-hexane ty 1¢ 1:15. Chat dau mau
vang 1,1-bis(3-methoxyphenyl)prop-2-yn-1-ol co
khéi luwong 1a 423,0 mg sau khi lam sach va dudi
dung méi hoan toan véi higu sut 1a 76% ca 2 budc.
Phd 'H-NMR (300 MHz, CDCls, 8y ppm): 7,19—
7,29 (6H, m), 6,81-6,85 (2H, m), 3,81 (6H, s), 3,01
(1H, s), 2,88 (1H, s). Pho '*C-NMR (75 MHz,
CDCls, 6c ppm): 159,5, 1459, 129,3, 118,4, 113,2,
111,8, 86,3, 75,3, 74,1, 55,2.

2.3. Tong hgp xic tic oxygen-chelated
ruthenium-indenylidene
2.3.1. Oxygen-chelated ruthenium indenylidene
triphenylphosphine (1)
Cho vao binh ciu cé rong co ca tur da duoc khu
khong khi va 1am kho bang cach nap N, vao; sau d6
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cho nhanh 50,0 mg [RuClx(PPhs);] (0,052 mmol),
thém THF (14,5 mL) va 16,7 mg phbi tir chinh 1,1-
bis(3-methoxyphenyl)prop-2-yn-1-ol (0,062
mmol) va day binh phan tng bang nut septum c6
gan bong khi N,. Binh phan g duoc dat trong chau
dau silicone va dun hoan luu c6 khudy tir gia nhiét
dén 60°C. Phan tng duoc thuc hién trong 3,5h &
nhiét d6 nay, dung dich phan tng c6 mau do sim.
Tiép theo, binh phan tng dugc dé nguodi dén nhiét
d6 phong. Khi phan tung két thuc, dudi dung moi
bang phuong phap c6 quay va lam kho duéi ap sudt
thip. Khi lvong san pham thé thu dwoc 14 66,7 mg.
San pham thd dugce st dung dé thyc hién phan Gng
trong giai doan tiép theo. San pham dwoc lam sach
dé phan tich phd cong hudng tir bang cach sau: Binh
phan ing dugc nap N va thém 205,9 mg CuCl (2,1
mmol) cing v6i 5 mL dichloromethane khan dé loai
b6 PPhs. Hon hop trong binh dugc khudy & nhiét do
phong khoang 3h. Pudi dung mdi bang phuong
phap c6 quay thu duge mot hdn hop ran hoi sét, ké
tiép thém 5 mL hdn hop dung méi toluene/n-hexane
c6 ty 18 4/1 vao hdn hop nay dé loai bé CuCIxPPhs
polymer hinh thanh trong phan tmg. Sau do, loc bo
phan ran cua polymer va thu dung dich loc. Tiép tuc,
hon hop dung méi trén dugce thém vao dung dich loc
dé loai bo polymer (thuc hién 2 1an nira); ké tiép
dudi dung mdi va lam kho dudi ap suét thap thi thu
dugc chat rin co khdi lwgng 1a 10,9 mg (0,016
mmol, 31%). Két qua phén tich cac phé cho thay day
la  oxygen-chelated ruthenium indenylidene
triphenylphosphine (1). Phd 'H-NMR (300 MHz,
CDCls, 0y ppm): 7,70-7,67 (6H, m), 7,56 (3H, s),
7,51-7,42 (7TH, m), 7,24-7,22 (2H, m), 7,16 (1H, s),
7,06 (2H, d, J 4,35 Hz), 6,95 (1H, s), 6,70 (1H, d, J
4,4 Hz), 6,03 (1H, s), 3,87 (6H, d). Phd *C-NMR
(75 MHz, CDCl;, 8¢ ppm): 195,34 (s, Ru=C),
163,53 (s), 160,11, 159,48, 146,11, 134,13, 133,83,
131,77, 131,62, 129,68, 128,25, 128,08, 124,53,
124,33, 124,13, 119,33, 115,43, 112,48, 110,74,
110,02, 55,69, 55,20. Phd 3'P-NMR (75 MHz,
CDCls, rel. ext. H3PO4, 8p ppm): 30,6 ppm.

2.3.2. Oxygen-chelated ruthenium indenylidene
tricyclohexylphosphine (2)

Phuwong phéap A: cho vao binh ciu ¢b rong c6
cé tir da dugc khir khong khi va lam khé bang cach
nap N; vao; sau d6 cho nhanh 22,9 mg [RuCly(5%-p-
cymene)], (0,038 mmol), thém THF (2 mL) va 20,1
mg phdi tir chinh 1,1-bis(3-methoxyphenyl)prop-
2-yn-1-0l (0,075 mmol), 21,1 mg
tricyclohexylphosphine (0,075 mmol) va ddy binh
phan tig bang nit septum ¢ gin bong khi N»; binh
phan tng dugc dit trong chau dau silicone va dun
hoan luu c¢6 khudy tir gia nhiét dén 60°C. Phan tmg
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duoc thuc hién trong 16h & nhiét do nay, dung dich
phan tmg ¢6 mau d6 sim; binh phan tng dugc dé
ngudi dén nhiét d6 phong. Khi phan tng két thuc,
dudi dung moi bang phuong phéap co quay va lam
kho dudi ap suat thap. Khoi luong san pham thé thu
duoc la 51 mg. Sén phém thd dugc st dung dé thuc
hién phan tng trong giai doan tiép theo. San phim
duogc lam sach dé phén tich phd cong hudng tir bang
phuong phép séc ky cot (SiO2) véi dung méi rira giai
1a dichloromethane. Bang tAn mau do trén cot sic ky
dugc thu va sau d6 dudi dung méi bang cach co
quay. Khéi luong san pham 2 1a 17,4 mg (0,024
mmol, 33%).

Phuwong phap B: cho vio binh cau ¢ rong co
cé tir da dugc khir khong khi va 1am kho bang cach
nap N> vao; sau d6 cho nhanh 44 mg RuCl(p-
cymene)(PCys3) (0,075 mmol), thém THF (2 mL) va
20,1 mg phdi tdr chinh  1,1-bis(3-
methoxyphenyl)prop-2-yn-1-o0l (0,075 mmol) va
déy binh phan (mg bang nit septum ¢ gin bong khi
N,. Thyuc hién phan Gng va lam sach tuong tu
phuong phap A. Khéi luong san phim 2 14 30,6 mg
(0,0435 mmol, 58%).

Két qua phan tich phd cua san pham 2 cho thiy
ca 2 phuong phap déu cho cing mot chit (2). Phd
'H-NMR (300 MHz, CDCl;, 8y ppm): 7,52-7,37
(2H, m), 7,28-7,11 (4H, m), 7,03-6,73 (5H, m),
6,48 (0,5H, s), 3,87-3,73 (10H, m), 2,33-2,21 (3H,
m), 1,95-1,86 (11H, m), 1,78-1,55 (9H, m), 1,544—
1,13 (14H, m). Phd *C-NMR (75 MHz, CDCl;, 3¢
ppm): 285,6 (d, Jru-c 10,4 Hz, Ru=C), 160,3, 159,7,
159,2, 145,3, 143,1, 138,8, 136,6, 134,8, 129,9,
129,3, 128,9, 127,4, 121,1, 120,4, 119,4, 1157,
114,3, 114,0, 111,9, 111,0, 107,9, 55,5, 35,9, 35,5,
29,6, 27,5, 27,3, 26,0. Phd 3'P-NMR (75 MHz,
CDCls, rel. ext. H3PO4, 6y ppm): 51,7 ppm.

2.4. Thir hoat tinh trén phan ing trung hop

T nam 1950, phan ung trung hgp md vong
(Ring opening metathesis polymerization — ROMP)
da duoc ap dung dé dleu ché nhiéu loai polymer
khéc nhau va tao ra mot sb vat liéu quan trong trong
cong nghiép. Vi du, gel polydicyclopentadiene
(PDCPD) - mét loai polymer khong hoa tan, cé lién
két ngang cao, duoc diéu ché thong qua phan tmg
ROMP cua dicyclopentadiene — DCPD (Lepine,
2007; Leitgeb, 2010; Leimgruber, 2015) da thu hat
nhiéu sy cht ¥ do dé ché tao, chi phi vat liéu thap,
kha ning xir Iy va kha ning sira doi sau polymer hoa
trén cac olefin con lai (Perring, 2010). Cac dac tinh
vat Iy va hoa hoc thuén lgi cia PDCPD (Chen et al.,
2016) bao gdm md dun cao, d9 bén tuyét voi va kha
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nang khang hoa chét, di tao dong luc dé ap dung vat
liéu nay trong céc linh vuc khac nhau.
=
1% [Ru]
—_—
50°C n
Dicyclopentadiene

Hinh 1. Phan rng trung hgp mé vong cia
dicyclopentadiene

Phan ung ROMP cua dicyclopentadiene (Hinh
1) dugc thuc hién véi hai xtc tac dugce téng hop (1
va 2) so sanh vdi kha nang xtc tdc cua Hoveyda-
Grubbs M700 (Hinh 2) trong phan tmg nay. Mot
gram DCPD dugc chira trong 6ng nghiém c6 nép da
dudi oxygen bang khi Ny, tiép tuc cho thém 10,0 mg
xuc tac [Ru] (trong 0,1 mL dichloromethane) va
khuéy nhe hon hgp nhanh tay. Phan tmg dugc thyc
hién & 50°C, trang thai polymer hoa dya vao tinh
trang dong cung sau thoi gian phan ung.

~o0 ~o0

PCy;

PPhg O PCys, O
cl,

o f ' o f‘ C:/ib
\ \

1 2 Hoveyda-Grubbs M700

Hinh 2. CAu tric cia cic phirc hop 1,2 va
Hoveyda-Grubbs M700

3. KET QUA VA THAO LUAN

Trong thiét ké nay, propargyl alcohol dugc chon
lam phdi tir chinh dé diéu ché phuc hop oxygen-
chelated ruthenium indenylidene. Benzophenone,
mot chit thuong mai re tién voi cau trac 2 vong
benzene ndi v6i nhau bang nhom carbonyl 1a mot

(0]

HNO; 504, HySO408%)

0°C; 75°C, 30 min
51%
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khung sudn tot cho viée thiét ké phdi tir chinh (Hinh
3). Theo quy trinh cia nhém nghién ctru Hejaz
(2004), viéc téng hop 3,3’-dihydroxybenzophenone
tor benzophenone dugc thyc hién qua 4 buéc ma
khong can lam sach: budc dau tién nitro hoa vai hiéu
suit 51% sau khi két tinh trong acetone va dugc
kiém ching ciu trac bang phd 'H va C-NMR;
bude tiép theo khir nhom nitro véi SnCl,.2H,0
trong HCI dic, sau d6 tiép tuc chuyén hoa thanh
diazonium bang hdn hop NaNOy/HCI dic; budc
cudi cung hydroxylation véi dung dich H,SO4 lodng
dun s6i. Hiéu suét tong hop & 3 bude nay dat 43%
va san pham dugc kiém chimg bang nhiét d6 nong
chay 1a 161,5-163,0°C twong duong véi két qua
phén tich cia nhoém nghién ctu Hejaz (2004) 1a
161,0-163,0°C.

Tiép theo 13 qua trinh methylation véi
dimethylsulfide (Me,SO4) va potassium carbonate
trong acetone v6i hiéu suat 1én dén 94% sau khi lam
sach. Hop chat dugc kiém ching ciu tric qua phd
proton va carbon. Cudi ciing, nhém acetylene dugc
thém vao céu trac bang phan ung véi lithium
trimethylsilylacetylide/THF duoc chuan bi ¢
-78°C, sau d6 phan tmg dugc tiép dién tai nhiét do
phong. Nhom trimethylsilyl bi loai bo bang K,CO3
trong methanol va tao thanh propargyl alcohol.
Tdng hiéu sut phan tng & ca 2 bude dat dén 76%;
va san pham duoc x4c dinh cdu trac qua phén tich
phd cong huong tir hat nhan. Tir phd proton trong
dung mo6i CDCl; cho thay cong hudng dic trung cia
nhom alcohol (mii don, 2,88 ppm) va nhom
acetylenic (mili don, 3,01 ppm), trong khi d6 sy
cong huong cua cac proton cua nhom methoxy Xudt
hién du6i dang miii don ¢ 3,81 ppm. Pho BC-NMR
clia san pham c6 tong cong 10 miii trong d6 c¢6 hai
mii don & 86,3 va 75,3 ppm tuong ung vdi cac
nguyén tu carbon acetylenic.

(o]
Y L Ky o W ®

2. HCl 55, NaNOy, 0°C, 1h;

3. 1N H,S0,, 90°C, 30 min 43 %
H

1. Trimethylsilylacetylene, n-BuLi, //

. Ay

- 0 .
cho3 Me,SO, O I i I  THF.-78°C;RT 16
acetone, 60°c 16 h

2.K,CO3, MeOH, RT, 4 h

94 %

76%

Hinh 3. T(;)ng hop ph(")i tir chinh 1,1-bis(3-methoxyphenyl)prop-2-yn-1-ol tir benzophenone

RT: nhiét d6 phong.
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Cho dén nay thi cac thiét ké xitic tac véi phdi tir
indenylidene van rit dugc chii trong trong céc
nghién ctru vé phan tng cross-metathesis (Holtcamp
etal., 2011, 2012; Jimenez et al., 2012; Kabro et al.,
2010, 2012; Yu et al.,, 2015). Lay cam hung tir cac
chat xtic tic Hoveyda véi cdu trac aryl-ether-
chelated, phirc ruthenium méi 2 (So dd 2) mang
phéi tir bidentate (k20,C)-methoxy indenylidene da
dugc tong hop. Propargyl alcohol phan tng véi
RuCly(PPhs); trong THF khi hoan luu (70°C) va két
qua 1a phtre 1 dugc hinh thanh (Hinh 3). Trong qua
trinh tong hop nay, Cu(I)Cl dugc sir dung lam chat
loai bo phosphine, no con dong vai tro 1a chat xtic
tac dé tao ra lién két chelate cia Ru—O. Vi hiéu sut
1a 31% sau khi dugc lam sach, san phém dugc phan
tich phé carbon trong CDCl; va cho thdy tin higu ciia
lién két Ru=C 1a mot miii don (8 = 195,34 ppm) va
d6 dich chuyén trén pho phosphor 1a 30,6 ppm.

o
O S Ph
+ CI\JZu/ o

~o0

PPhg O
CuCl, THF Cly, J
70°c,350 ¥ i @

\ \
1
Hinh 4. Tong hop oxygen-chelated ruthenium
indenylidene triphenylphosphine 1

Phirc hop 2 ¢6 cdu trac gan giéng nhu 1 nhung
phdi tir phosphine dugc thay doi, vi vay chat nén cho
phan tmg tong hop 2 duoc dung 1a [RuCly(n®-p-
cymene)], va RuCly(p-cymene)(PCys) véi diéu kién
dung mai, nhiét ¢ va thoi gian phan ing nhu nhau
(So dd 2). Tuy nhién, két qua cho thay khi sir dung
RuCly(p-cymene)(PCys) lai cho hi¢u suét tong hop
kha tbt, cao hon dung [RuCly(;%-p-cymene)], lan
Iuot 1a 58% va 33% sau khi lam sach.

~o0

Cly, | O Sy, " O
av” f _ c?” i _
\ VLT

=285,6 Igpm, J=10,4 Hz = 287,03ppm, J=112Hz

Ru=C: & Ru=C: d
Hinh 5. So sanh dd dich chuyén héa hoc *C-
NMR cia 2va3

Két qua phan tich >'P-NMR cta méu thé 2 cho 2
tin hi€u & 51,7 va 53,2 ppm vdi ti 1€ tich phan la
1,0:0,8. Khi tién hanh lam sach bang phuong phap
sdc ky cot chi thu dwoc méu sach c6 tin hiéu 3'P-
NMR la 51,7 ppm. Phitc hgp 2 dugc phan tich 1*C-
NMR cho thidy mét mili doi c6 hing sé ghép 10,4
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Hz tai vi tri 285,6 ppm. So sanh két qua nay véi dir
lidu phén tich ciu trac cia 3 (Jimenez et al., 2012)
cho thdy c6 su twong dong (Hinh 4), ching t6 ¢6 su
hinh thanh lién két Ru=C va Ru-O.

@

PCy;
THF 70°C, 16h  Cly,
—_—

A
i %

B. /Q:: \2

-~
Cl \PCy3

2
“

Hinh 6. Tong hgp oxygen-chelated ruthenium
indenylidene tricyclohexylphosphine (2) (A -
33%, B —58%)

Hai phirc hop 1 va 2 dugc tong hop o cau tric
kha gan voi Hoveyda-Grubbs thé hé thir nhat
(Hoveyda-Grubbs M700), do d6 du doan kha nang
hoat dong ciing kha twong dong. Diéu nay dugc thiy
rd trong phan tng ROMP cua DCPD (Hinh 1) véi
diu kién phan tmg nhu nhau cho két qua khao sat
nhu Bang 1.

Bang 1. Khio sat phan itng ROMP ciia DCPD

.. 3IP-NMR  Thoi gian phéan

Xue tac b n

(ppm) ing — trang thai

Hoveyda- .

Grubbs M700  90° 6h — rat cling
. 30,5 6h — kha cimg
Miuth62  532:51,7  6h-khicing
2 51,7 6 h —rat cing

Trang thai ctia polymer cho biét mirc d6 polymer
hoa dién ra t6t hay khong: khong co phan tmg hoic
phan tmg rat cham néu hon hop sau d6 & dang long
hodc gel; hon hop rét cimg cho thiy phan tng dién
ra gan nhu hoan toan. Xuc tic cho phan tng dugc
kiém ching phd 3'P-NMR trudc khi sir dung khao
sat phan tmg ROMP. D9 dich chuyén hoa hoc ciia
cac xuc tac trong CDCI; tuwong tng 1a 60,6 ppm -
Hoveyda-Grubbs M700 (Sauvage, 2009), 30,5 ppm
—phtc hop 1, 51,7 ppm — phirc hop 2.

Bang 1 cho thdy 1 va 2 ¢6 hoat tinh cho phan tmg
ROMP ctia DCPD kha t6t sau thoi gian 6h so véi
Hoveyda-Grubbs M700. Phitrc hop 2 khi chua lam
sach (mau tho) tao dang polymer khong hoan toan
trong 6h. Va sau khi 1am sach tach chit c6 ham
lwong cao hon véi do dich chuyén hoa hoc trong phd
3IP-NMR & 51,7 ppm thi cho téc d6 phan timg nhanh
hon, polymer hoa hoan toan sau 6h (rat ctng).
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Vi Iy do nay nén phirc hop 2 dugc tiép tuc khao
sat hoat tinh dya trén phan tng ROMP véi DCPD
theo ham lwong xtc tac (Bang 2). Cung ham lugng
clia 2 nhu Bang 1 nhung khi dé phan tmg & nhiét do
phong (25°C) thi thoi gian phan tng nhu nhau (6h)
nhung kha nang polymer héa rat kém. Tuy nhién,
toc do phan tng tring hop tang 1én khi ting ham
luong chat 2 1én 2% (50°C, 2,5h) va giam manh khi
chi con 0,5% va 0,25% (lan lugt 1a 20h va 144h).
Viéc tdi uru hoa thém qua trinh tring hop 1 can thiét
dé cai thién higu suét polymer héa. Phirc hop 2 da
thé hién céac tinh nang chinh cta chét xuc tc tiém
4n cho qué trinh tring hop, nghia la hoat tinh rat thip
6 nhiét d6 phong dugc phuc hdi khi kich hoat nhiét
va téc do phan tng dién ra nhanh hon khi ting ham
lugng cua 2.

Béang 2. Khao sat hoat tinh cta 2 theo ham lugng

Thoi gian phan @ng —

Ham lwgng Nhiét do trang théi

1% 25°C 6h — gel long

2% 50°C 2,5h — rat cimg
0,5% 50°C 20h — gel 16ng
0,25% 50°C 144h — gel rit long
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4. KET LUAN

Céc chét xuc tac thay thé phdi tir phosphine véi
cung ciu trac phdi tir indenylidene chelate hoa
oxygen la mot trong nhiing nghién ciru gan day dé
lam da dang thiét ké cic chat xuc tic oxygen-
chelated ruthenium trong tuwong lai. Ngoai ra, viéc
bién doi propargyl alcohol (can thiét dé tao ra
indenylidene) cé thé cai thién hoat tinh xtc tac.
Nghién ctru sdu hon c6 thé tap trung vao: thir nhat la
chelate hoa oxygen c6 thé duoc thay thé bang nhom
N, S,...; thir 2 1a kiém soat hon nita toc d6 khoi dau
thong qua hoat hoa nhiét, cam ing quang hoc hoac
hoa hoc; vi chét xuc tac ruthenium dugce chelate hoa
bang oxygen cho thay tdc d6 khoi ddu twong ddi gan
v&i Hoveyda-Grubbs M700.

Chat xuc tac indenylidene duoc chelate hoa bang
oxygen cho thdy kha ning trung hop kha tt dbi véi
DCPD. C6 thé tién hanh nghién ciru sau hon dé so
sanh voi cdu trac khong c6 oxygen-chelate va so
sanh hoat tinh trong cac phan ung cross-metathesis
cua olefin.
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