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Reaction Using [Cu(CHsCN)4]PFs as Catalyst
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Abstract: In this paper, [Cu(CH3sCN)4]PFs was used as a catalyst for the synthesis of 1-benzyl-4-
phenyl-1H-1,2,3-triazole from phenylacetylene and benzyl azide via click reaction. 1-Phenyl-2-
(trimethylsilyl)acetylene was synthesized via Sonogashira reaction, then the protecting group
trimethylsilyl (—Si(CHa)s) was removed to obtain phenylacetylene. The structure of the obtained
products was approved by modern spectroscopic methods like HRMS, FTIR, NMR.

Keywords: 1,4-disubstituted 1,2,3-triazole, click reaction, 1,2,3-triazole

* Corresponding author.
Email address: ntnguyen@ued.udn.vn

https://doi.org/10.25073/2588-1140/vnunst.5050
42



V.V. Dai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 4 (2020) 42-50 43

Nghién ctu tong hop 1-benzyl-4-phenyl-1H-1,2,3-triazole dya
vao phan trng Click str dung xudc tac [Cu(CHsCN)4]PFs
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Tom tit: Nhidu hop chét chtra di vong 1,2,3-triazole ¢ hoat tinh sinh hoc hip dan va cé thé dugc
sir dung trong cong nghiép dugc pham. Vi vay, viéc nghién ciru tong hop cac hop chét chira vong
triazole 1a mot huéng nghién ctu can dwoc quan tim hon nita. Trong bai bao nay, [Cu(CH3CN)4]PFs
dugc sir dung lam chit xdc tac cho phan g déng vong tao 1-benzyl-4-phenyl-1H-1,2,3-triazole tir
phenylacetylene va benzyl azide dua vao phan tng Click. 1-Phenyl-2-(trimethylsilyl)acetylene duoc
tong hop dua vao phan tng Sonogashira, sau d6 nhom bao vé trimethylsilyl (—~Si(CHs)s) s& dugc
loai bo dé thu duoc phenylacetylene. Cau triic cua san pham duoc khing dinh dwa vao cac phuong

phap phé HRMS, FTIR, NMR.

Tur khoa: 1,4-disubstituted 1,2,3-triazole, Click reaction, 12,3-triazole.

1. Mé dau

Triazole 1a nhitng hop chét di vong nam canh
chtra ba nguyén tir N va hai nguyén ti C trong
cong thirc cau tao. Nam 1964, Huisgen va cong
su da thuc hién phan #ng tao di vong 1,2,3-
triazole tir alkyne-1 va azide [1]. Tuy nhién, phan
ung dong vong khong sir dung xuc tac kim loai
cua Huisgen xay ra cham, doi hoi phai tién hanh
& nhiét do cao va tao hdn hop hai dong phan
1,2,3-triazole thé & vi tri 1,4 va vi tri 1,5. Nam
2002, nhém nghién cuu caa K. B. Sharpless da
str dung xuc tac Cu(l) cho phan tng dong vong
gitra azide va alkyne-1. Khi c6 mat cua xuc tac
Cu(l) tbc @6 phan ung tao vong 1,2,3-triazole
tang 1én 107 lan va chi tao san pham 1,2,3-
triazole thé vi tri 1,4 [2]. Phan ung xay ra &
khoang nhiét d6 rong, cé thé phan (g hoan toan
& nhiét d6 phong va it bi anh hwong boi pH
(khoang 4-12), cd thé thyc hién trong méi truong
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nuéc va nhiéu loai dung mdi hiru co. Cac nhom
chuc ciia hop chat phan tmg tuong ddi bén voi
diéu kién phan ang va san pham tao ra dé dang
tach ra khoi hon hop sau phan g dudi dang tinh
khiét [3]. Trong céc loai xic tac Cu(l),
[Cu(CH3CN)4]PFs hién da dugc thuong mai hda
boi céc hang hoa chat 16n va duogc st dung phd
bién nhét cho phan ting tao vong 1,2,3-triazole
thé & vi tri 1,4. Trong phtc [Cu(CH3CN)4]PFs,
ion Cu* lién két phdi tri véi bén phdi tir
acetonitrile (CH3CN) trong mot m6 hinh tir dién
déu. Dic biét, cac phdi tir ndy s& bao vé ion Cu*
khong bi oxi héa thanh ion Cu?* va vi vay, day
la ngudn xuc tac Cu(l) hitu ich trong tong hop
hitu co [4,5].

Hoat tinh sinh hoc cua nhiéu hop chat chira
di vong 1,2,3-triazole da duoc nghién ciru nhu
kha ning khang vi-rut HIV [6-8], khang khuan
[9,10], khang nam [11,12], khing ung thu
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[13,14]. Nhu vay, cac hop chét chua di vong
1,2,3-triazole c6 nhiéu tiém nang ung dung to
[6n trong linh vye dugc pham va cin dugc quan
tam dau tu nghién ctru hon nira. Trong bai bao
nay, cac két qua nghién cau téng hop 1-benzyl-
4-phenyl-1H-1,2,3-triazole dya vao phan wng
Click sir dung xuc tac [Cu(CH3CN)4]PFs sé dugc
trinh bay. Phan tng Click la mét thuat ngir duoc
dua ra boi K. B. Sharpless nham mé ta nhing
phan ing c6 chat ban dau don gian hozc sin co,
phan tng dién ra trong dleu kién dé dang, hiéu
Suit cao va cd chon loc vé san pham.

2. Thuc nghiém
2.1. Héa chdt va cdc phwong phdp nghién ciru

Céc héa chit cia hing Merck (Puc) hoic
ACROS (Hoa Ky) duoc s dung bao gom
sodium azide (NaNs), copper (I) iodide (Cul),
bis(triphenylphosphine)palladium(ll)dichloride
([(CeHs)3P].PdCly), triphenylphosphine
((CgHs)3P), tetrahydrofuran (THF),
triethylamine ((C2Hs)sN), iodobenzene (CeHsl),
trimethylsilyacetylene ((CH3)sSiC=CH),
tetrakis(acetonitrile)copper(l)
hexafluorophosphate (JCu(CH3CN)4]PFe).

Phé 'H NMR, C NMR duoc ghi trén may
Ascend Bruker 500 MHz tai khoa Hoa, Pai hoc
Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Nai.
Phé khéi duoc ghi trén may LC-MSD-TRAP-SL
hoac may X500 QTOF tai Vién han 1am Khoa
hoc va Cong nghé Viét Nam. Pho héng ngoai
duogc ghi trén may 1S-FTIR Shimadzu tai khoa
Héa, Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc
gia Ha Noi.

2.2. Quy trinh tong hop
Téng hop benzyl azide

Cho vao binh ciu day tron cac hoa chat
sodium azide (4.6 g, 70 mmol), nudc céat (20
mL), acetone (60 mL), hdn hop duoc khudy &
nhiét do phong trong 5 phat. Sau do, benzyl
bromide (4.2 mL, 35 mmol) dugc cho vao binh
cau va phan tmg dugc tién hanh ¢ 65°C trong 24
gio. Sau khi 1am nguoi dén nhiét do phong, hon

hop phan ung dwoc chiét hai lan voi
dichloromethane (CH.Cl.), rira lai 3 1an véi nudc
cat va lam khan bang sodium sulfate (Na,SOs).
Pudi dung moi bang phuong phap cét quay dudi
ap suat thap. San pham thé dwoc tinh ché bang
sac ki cot véi pha tinh 1a silicagel va pha dong la
dung mdi n-hexane.

Tong hop 1-phenyl-2-(trimethylsilyl)acetylene

Cho vao binh cau céc hoéa chét copper(l)
iodide (0.06 g, 0.32 mmol), bis(triphenyl-
phosphine)palladium(ll) dichloride (0.096 g,
0.14 mmol) va triphenylphosphine (0.081 g, 0.3
mmol). Sau do, tetrahydrofuran (THF) (6 mL),
triethylamine (6 mL), iodobenzene (0.69 mL, 6.2
mmol) va trimethylsilyacetylene (1.8 mL, 12.4
mmol) duoc thém vao bang bom tiém (syringe).
Khudy hdn hop trén biang may khudy tir, gia
nhiét & 65°C trong 24 gio. San pham tho dugc
tinh ché bang sac ki cot véi pha tinh 1a silicagel
va pha dong la dung méi n-hexane.

Tong hop phenylacetylene

Cho vao binh ciu day tron 1-phenyl-2-
(trimethylsilyl)acetylene (6.2 mmol), sodium
carbonate (1.97 g, 18.6 mmol), methanol (30
mL) va dichloromethane (15 mL). Phan ung
duoc tién hanh & nhiét do phong trong 12 gio.
Han hop sau phan tng dugc ria bang nudc ct
va dichloromethane trong phéu chiét 3 lan. Loai
bo dung moi bang phuong phap cit quay dudi ap
suit thap. Kiém tra san pham bang céch thir sic
ki ban mong véi dung méi la n-hexane.

Tong hop 1-benzyl-4-phenyl-1H-1,2,3-triazole

Benzyl azide (0.3g, 2 mmol) va phenylacetylene
(0.403 g, 4 mmol) dugc cho vao binh cau day
tron dung tich 10 mL. Sau 46, tetrakis
(acetonitrile) copper(l) hexafluorophosphate
(0.15 g, 0.4 mmol), trimethylamine (0.5 mL) va
tetrahydrofuran (5 mL) dwoc thém vao binh cau.
Hon hop phan ung duogc dun néng & 65°C trong
6 gio. San pham thé duoc tinh ché bang sac ki
cot véi pha tinh 1a silicagel va pha dong la hé
dung moi CH,Cly/ethyl acetate (99:1). Pudi
dung mdi bang phuong phap cit quay dudi ap
suat thap dé thu san pham tinh khiét.
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3. Két qua va thio luin

Phan tng tong hop benzyl azide tir benzyl
bromide va sodium azide (NaNs) xay ra theo co
ché phan tng thé ai nhan ludng phan tir Sn2. Tac
nhan nucleophile 1a anion N3 tan cbng vao
nguyén tir carbon lién két truc tiép vai halogen
(Br). Benzyl azide & dang long, khéng mau, hiéu
suit phan ung dat 65%. 'H NMR (CDCls, 500
MHz) §7.42 — 7.32 (m, 5H, benzene), 4.35 (s,
2H, CHo). 3C NMR (CDCls, 125 MHz) &
135.53, 128.97, 128.44, 128.35, 54.97. ESI-MS:
m/z 132.8 [M — H]*, 106.0 [M + H — 28]*, 90.9
[M — 42 — H]".

Trong phd khéi cua hop chét azide, sau khi
hinh thanh nén ion phan tir, sy phan cat lién két
gitta hai nguyén to N thuoéc nhom azide (—Ns)
dan dén loai bo mot phan tir N, s& chiém vu thé
[15]. Vi vay, trong phd khéi ctia hop chat benzyl
azide xuét hién peak c6 m/z = 106 twong ng Voi
viéc tach loai phan tir N tir ion phan tir va peak
cua ion phén tir tng vai m/z = 132.8 ¢ cuong
d6 rét thap. Ngoai ra, lién két giira C-N ciing bi
phan cét va vi vay, xuat hién peak c6 m/z = 90.9
va day chinh 1a peak co c& trong phd khdi cua
hop chat nay (Hinh 1).

i *T" ']J.r
CH,—N=isN=N' ——= CH=NH"" + N,

m/z = 106

. + -F .
@CHzfifN:N:N—‘ — @CHZ* + Nj

m/z =90.9

Hinh 1. Qué trinh phan manh trong phé khéi cua
benzyl azide.

Ph6 *H NMR cua benzyl azide xuat hién cac
peak tuong tng vai cac nguyén tir H trong cong
thirc cau tao caa no. Singlet ¢ 4.35 ppm tuong
ung voi hai nguyén tir H nhdm methylene (CH,)
lién két truc tiép voi nhém azide (-Ns). Peak
dang multiplet trong khoang d6 chuyén dich hoa
hoc 7.42-7.32 ppm dac trung cho ndm nguyén tir
H cua vong benzene mono thé. Ngoai ra, phd 3C
NMR cua benzyl azide xuat hién peak ¢ 54.97
ppm thudc nguyén ti carbon nhdm CH,. Hai
peak co cudong do cao & do chuyén dich héa hoc
128.97 ppm va 128.35 ppm thudc cac nguyén ti

carbon & vi tri 2,6 va vi tri 3,5 caa vong benzene.
Nguyén tir carbon nhém —CH vi tri s6 4 twong
ung voi peak 128.44 ppm va peak ¢ 135.53 ppm
thuoc nguyén tir carbon vi tri s6 1 (Hinh 2).
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Hinh 2. Phé 3C NMR cua benzyl azide.

1-Phenyl-2-(trimethylsilyl)acetylene ~ dugc
tong hop dua vao phan tng Sonogashira tur
iodobenzene va trimethylsilyl acetylene.
Bis(triphenyl-phosphine)palladium(l1)
dichloride duoc sir dung lam chét xdc tac cho
phan wng hinh thanh lién két gita carbon lai hoa
sp? va carbon lai hoa sp. Sau d6, 1-phenyl-2-
(trimethylsilyl)acetylene bi loai b6 nhém bao vé
trimethylsilyl (—=Si(CHs)s) khi cho phan tng voi
Na,COj3 trong hé dung mdi CH3OH va CH.Cl,
(Hinh 3) [16,17]. Thong thwong, phan ung loai
bo nhém bao vé trimethylsilyl rat d& xay ra véi
hiéu suét tir 95% trd 18n va hop chat chira nhom
bao vé con lai rat it sau phan ¢ng [18]. Tuy nhién,
vét san pham phenylacetylene va vét cua 1-
phenyl-2-(trimethylsilyl)acetylene con lai qua
gan nhau va khéng thé tach ra khoi nhau dwa vao
sac ki cot. Vi vay, hdn hop sau phan tng duoc
loai Na,CO; khi chiét v6i H,0/CH,Cly, loai bo
dung méi dudi &p suat thap va sir dung truc tiép
cho phan urng tao vong triazole.

CHy  (PPhy,Pacy, = CH;
(e H=srcH, ( —=—SiCH,  H
CH, Cul.PPhy, EGN, THF CH,
@ B gHéH Na,COs =\ _
\ 7/ — C‘IH3 5 ocHoHIcHC, N4

Hinh 3. Phan tmg diéu ché 1-phenyl-2-
(trimethylsilyl)acetylene va phenylacetylene.
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Hop chat tetrakis(acetonitrile)copper(l)
hexafluorophosphate dugc st dung lam chat xuc
tdc cho phan wng tao 1-benzyl-4-phenyl-1H-
1,2,3-triazole tr benzyl azide va phenylacetylene
(Hinh 4). San pham thu dugc 13 chat rin mau
tring duc, hiéu suat phan tng dat 90% tinh theo
benzyl azide. *H NMR (CDCls, 500 MHz): ¢
7.81-7.79 (dd, J = 1.2 Hz, J = 8.1 Hz, 2H,
benzene), 7.66 (s, 1H, triazole), 7.40-7.37 (m,
5H, benzene), 7.32—7.30 (m, 3H, benzene), 5.57
(s, 2H, CH,). C NMR (CDCls, 125 MHz): ¢
148.37, 134.83, 130.69, 129.28, 128.92, 128.90,
128.28, 128.18, 125.84, 119.61, 54.36.
ESI-HRMS: CisH13N3 m/z 236.1182 [M + H]".
FTIR cm™: 3122.75, 3061.03, 2918.30, 2918.30,
1606.70, 1494.83, 1462.04, 1442.75.

@—c . [CU(CHCN)PFs NN
<:> (CoHg)sN, THFE Nf\@

Hinh 4. Phan tmg diéu ché 1-benzyl-4-phenyl-1H-
1,2,3-triazole.

Trong phd hong ngoai cua san pham, su hinh
thanh vong 1,2,3-triazole dwgc khing dinh boi
su xuét hién cua peak ¢ s6 s6ng 3122.75 cmt dic
trung cho dao dong hoa tri cua lién két=C—H cua
di vong nay. Ngoai ra, dao dong hoa tri cta lién
két N=N vong triazole dwoc thé hién boi peak ¢
s6 s6ng 1606.70 cm™ (Xem phan Phy lyc).

Phé 'H NMR cua hop chat 1-benzyl-4-
phenyl-1H-1,2,3-triazole xuat hién cac peak
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tuong tng voi 13 nguyén tir H. Hai nguyén ti H
nhom CH; lién két véi N vong triazole twong ting
véi peak dang singlet & do chuyén dich héa hoc
8 5.57 ppm. Ngoai ra, do anh hudng cua hiéu tng
bat dang hudng, nguyén tir H lién két véi carbon
vi tri s6 5 cua vong triazole nam trong viing phan
chédn va dugc dic trung boi peak dang singlet &
7.66 ppm. Vi vay, peak nay Ia minh ching quan
trong khang dinh sy c6 mat cua vong 1,2,3-
trizole trong cdng thic cu tao cua san pham.
Peak dang doublet of doublet (dd) trong khoang
d6 chuyén dich hoa hoc 7.81 — 7.79 ppm thudc
hai nguyén tr H vong benzene mono thé.
Multiplet ¢ 7.40 — 7.37 ppm va multiplet ¢ 7.32
—7.30 ppm twong tng va&i tam nguyén tir H cua
hai vong benzene (Hinh 5).

Pho 13C NMR xuat hién 11 peak tuong ting
vé6i 15 nguyén tir carbon trong cdng thic cau tao
cua san pham triazole. Peak & d6 chuyén dich
hdéa hoc 54.36 ppm thudc nguyén tir carbon
nhom CH,. Bon peak co cuong do cao & 125.84
ppm, 128.18 ppm, 128.92 ppm, 129.28 ppm
thuoc tam nguyén tir carbon ddi xing theo ting
cap cua hai vong benzene mono thé (Xem phan
Phu luc). Ngoai ra, phé khdi phan giai cao cua
san pham xuat hién peak c6 ti s6 m/z = 236.1182
(C1sH13Ns) tuong tng véi khdi lwong phan tir
cua 1-benzyl-4-phenyl-1H-1,2,3-triazole (Xem
phan Phuy lyc).
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Hinh 5. Phé *H NMR cua 1-benzyl-4-phenyl-1H-1,2,3-triazole.
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4. Két luan

Pa tong hop dugc 1-benzyl-4-phenyl-1H-
1,2,3-triazole dua vao phan tng Click tir alkyne-
1 la phenylacetylene, benzyl azide va st dung
xuc tac Cu(l) la tetrakis(acetonitrile)copper(l)
hexafluorophosphate. Sy hinh thanh san pham
chtra vong 1,2,3-triazole thé & vi tri 1,4 duoc thé
hién boi peak o s6 song 3122.75 cm' twong g
véi lién két =C—H cua vong thom nay. Trong
pho 'H NMR xuét hién cac peak twong ung voi
13 nguyén tir H trong cong thirc cau tao cua hop
chat can diéu ché, dic biét peak dang singlet
tuong tng véi mot nguyén tir H & d6 chuyén dich
héa hoc 7.66 ppm khing dinh su c6 mat cua vong
1,2,3-triazole. Ngoai ra, phd khéi phan giai cao
ctia san pham ciing xuat hién peak c6 ti s6 m/z
chinh 1a khéi lugng phan tr cua hop chat can
tong hop.

Loi cam on

Tat ca cac phan tmg trong bai bao dugc thuc
hién tai phong thi nghiém Téng hop hitu co —
Héa dugc cua Truong Pai hoc Su pham, Pai hoc
Da Néng. Xin chan thanh cam on PGS.TS Mac
binh Hung, Truong Pai hoc Khoa hoc Ty nhién,
Dai hoc Quéc gia Ha Noi di thyc hién cac phép
do phé hdng ngoai va phd cong huong tir hat
nhan.
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