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Abstract: A convenient and efficient cross-dehydrogenative coupling reaction by using readily
available and inexpensive copper catalyst was reported. Several oxazolone derivatives underwent
dimerization via the formation of Cs3-Csps bond under oxidative conditions in the presence of copper(ll)
acetate as a catalyst, di-tert-butyl peroxide as an oxidant, potassium carbonate as a base, and at high
temperature. The dimerized products containing two quaternary centres were obtained in moderate to
good yields, suggesting an approach to the synthesis of non-proteinogenic amino acids.
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Dimer hoa dan xuit oxazolone bang phan tmg ghép cip
thong qua dehydrogen hda dudi tac dung cua xuc tac dong
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Tém tit: Phuong phép tong hop méi, don gian va hiéu qua, sir dung phan mg ghép cap thong qua
dehydrogen hoéa véi su tham gla clia xic tac kim loai ddng sin co va ré tién duoc phat trién va bao co
trong cong trinh ndy. Trong diéu kién oxi hoa bao gdm: xtc tac dong (II) acetate, chat oxi hoa di-tert-
butyl peroxide va base potassium carbonate ¢ nhiét dd cao, dan xudt oxazolone c6 thé tham gia phan
tng dimer hoa théng qua sy hinh thanh lién két Cyqs-Cyps. Cac san phdm dimer héa chira hai nguyén tir
carbon bac bdn thu duoc v6i hiu suét trung binh t6i cao. Cac san pham c6 thé duoc st dung tién chét
quan trong trong tong hop cac amino acid khong dugce ma hoa trong tyr nhién.

Twr khoa: Oxazolone, azlactone, di vong, phan Umg dimer, xlc tdc copper, phan ung ghép cap

théng qua dehydrogen héa.

1. Mé dau

Trong nhitng nim gin ddy, cac amino acid
non-proteinogenic (la cac amino acid khoéng
dugc ma hoéa tuy nhién hodc khong dugc tim
thdy trong bit cr b gen ndo cua sinh vat) da
thu hut dugc sy quan tam dang ké cta cac nha
khoa hoc trong cac linh vuc hoa téng hop, hoéa
duoc va hoa sinh [1, 2]. Cac amino acid nay,
dac biét 1a cac amino acid bac bon, thé hai lan &
vi tri alpha véi nhdom carbonyl, dugc cho la cuc
ky hitu ich cho viéc tong hop cac peptide moi,
vdi hoat tinh sinh hoc dugc ting Ién dang Kké.
Két qua nay duoc giai thich dwa vao tac dong
cia nhirng amino acid nay tdi phén khung
peptlde lam cho ching han ché quay cau dang,
dong thoi ciing lam ting tinh 6n dinh cia
peptide ddi v6i sy phan hiy lién quan téi qua
trinh sinh héa [3-5]. Chinh vi vay, viéc phat
trién cac chuyén hoa c6 kha nang cung cip thu
vién hoa hoc cla cdc amino acid non-
proteinogenic ngay cang tré nén quan trong.
Dua trén cac muc tiéu d6, azlactone hay

* Tac gia lién hé.
Dia chi email: haminhtu@hus.edu.vn
https://doi.org/10.25073/2588-1140/vnunst.5780

oxazolone (oxazol-5(4H)-ones) véi cdu trac co
chira sin khung amino acid an da dugc chon dé
lam chét dau tiém ning cho viéc tdng hop cac din
xudt amino acid hai lan thé & vi tri alpha [6].

Trén thuc té, cac hop chét oxazolone rat d&
diéu ché [7] va duogc st dung nhu 14 khung chit
co ban rat da ning va bén trong téng hop hitu
co. Pidu nay dugc giai thich do khung chat nay
¢6 nhiéu tdm hoat dong do d6 cho phép chung
tham gia chuyén hoa linh hoat [8]. Nho vao tinh
thom vong oxazole ciia dang enol, cac hop chit
azlactone co tinh axit trong d6i cao. Chlng c6
kha ning chuyén hoa da dang & vi tri C4 khi
phan mg véi cac tac nhan alkyl hoa dé tao san
pham oxazolone hai nhom thé & C4 [9-12]. Tuy
nhién, trong nhiéu trudng hop, san pham
O-alkyl hoa véi ciu triic thom oxazole thuong
uu tién hinh thanh hon (Hinh 1a).

Cac phuong phap tong hop hiru co méi
nhdm hinh thanh lién két C-C dang phat trién
khong ngung va thu hut dugc sy quan tdm cua
nhiéu nhém nghién ctru [13]. Trong dé, phan
ung ghép cdp thong qua dehydrogen hoa (cross-
dehydrogenative coupling, CDC) nbi lén la
phuong phap v cung hiéu qua va Ung dung
rong rdi trong tong hop thudc, hop chat thién
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nhién ciing nhu tién hanh chirc hoa nhim da
dang céu trac cac hop chét trén [14] (Hinh 1b).
Phuong phéap nay khong doi hdi st dung cac tac
nhan véi nhom chire san c6, do dé, lam cho qui
trinh téng hop tré nén ngin gon hon, hiéu qua
hon va da dang hon.

Nghién ctru va phat trién phan tng ghép cip
thong qua dehydrogen héa (CDC) méi, véi co
ché khac biét so vdi cac phan tng alkyl c¢d dién,
nhiam tao ra san pham oxazolone hai nhom thé
& C4, c6 y nghia thyc tién quan trong. Theo
huéng tiép can nay, chung t6i dd phat trién
phan ung ghép cip thong qua dehydrogen hoa
cua cac dan xuét oxazolone nhim tao ra cac dan
xudt dimer cua chung biang viéc st dung xuc tac
ddng ré tién va sin c6. Cac dan xuét dimer cua
oxazolone véi hai nguyén tir carbon Csps bac
bdn, ¢6 thé thu duoc véi hiéu suét cao khi dun
nong chiing ¢ 80 °C, trong sw c6 mat cua xac
tac copper(ll) acetate, base nhu potassium
carbonate va chit oxi hoa di-tert-butyl peroxide
(DTBP) (Hinh Ic). Nghién ctru nay 1a tién
dé mo ra cach tiép can méi cho tdng hop cac
non-proteinogenic amino acid.

(a) phan irng alkyl hoa oxazolone thdng thudmg
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Hinh 1. Phuong phép tong hop céc dan xuit
oxazolone hai nhém thé ¢ C4.

2. Thiét bi va phwong phap
2.1. Piéu kién thyc nghiém chung

T4t ca cac phan mg duoc thuc hién trong
phong thi nghiem Hoa dugc - Khoa Hoéa hoc,
Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Qudc gia Ha Noi. Cac héa chat va dung moi
déu duoc nhap tir cac cong ty hoa chat, khi lam
phan @ng khong can tinh ché lai, ngoai trur
n-hexane va ethyl acetate dung cho TLC da
duoc cét lai trudc khi sir dung sic ki cot. Pho *H
NMR va phé *C NMR duoc do bing may
NMR Ascend co6 tan s6 500 MHz trong dung
moi CDClI; tai Khoa Hoa hoc, Truong Dai hoc
Khoa hoc Tu nhién, Pai hoc Qubc gia Ha Noi.
Phé khdi ESI-MS dwoc do bang may Agilent
6530 Accurate-Mas Q-TOF LC/MS tai vién Han
lam Khoa hoc Viét Nam. Phan rng duoc theo
ddi biang TLC (TLC: n-hexane/EtOAc), duoc
quan sat bang anh dén cé budc song 254 nm
hoac 356 nm.

2.2. Quy trinh tong hop

2.2.1. Téng hop 2-benzamidoalkanoic acid

Quy trinh chung: hén hop cua amino acid
(10.0 mmol), NaOH (4.0 eq., 40.0 mmol) trong
hé dung méi MeCN/H20 (0.5 M, ti ¢ thé tich
1 :3) duoc lam lanh & 0 °C va khuay déu.
Benzoyl chloride (1.2 eq., 12 mmol) dugc nho
giot tir tir vao hdn hop trén ¢ 0 °C. Phan ung
sau d6 duoc khudy & nhiét do phong trong vong
12 h. Hon hop sau phan ung dugc ¢d quay bot
dung mdi, roi acid hoa toi pH 1 - 2. Két taa
dugc loc, ria bang nudc lanh va lam khd. San
pham thu duoc khdng can tinh ché ma cé thé sur
dung truc tiép & budc tiép theo.

2.2.2. Tong hop dan xuat 4-alkyl-2-
phenyloxazol-5(4H)-one

Quy trinh chung: 2-benzamidobutanoic acid
(5.0 mmol) duoc hoa tan trong dung moi
dichloromethane khan (0.1 M, 50 mL), va lam
lanh d&én 0 °C. DCC hoic EDC (1.2 eq.,
6.0 mmol) duoc thém tir tir vao hon hop trén.
Hon hop sau d6 duoc tiép tuc khudy & 0 °C
trong vong 3 h. HAn hop sau phan tng duoc
chiét voi EtOAc. Pha hitu co dugc 1am khan
bang Na;SO,, dugc cd quay loai bo dung méi.
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San pham thé duoc tinh ché bang sic ki cot, voi
hé dung mdi EtOAc/n-hexane.

2.2.3. Khao sat cac diéu kién phan tng

Quy trinh chung: HAn hop cua 4-ethyl-2-
phenyloxazol-5(4H)-one (1a) (0.2 mmol),
mudi ddng (20% mol, 0.04 mmol), base (2.0 -
3.0 eq.), chat oxi hoa (3.0 - 4.0 eq.), duoc
khudy trong dung mdi thich hop (0.1 M, 2 mL)
& 80 - 140 °C trong 18 h. Hon hop sau phan
tng duoc chiét voi EtOAc, lam khan pha hitu
co bang Na;SO.. Sau khi loai dung méi, hiéu
suit san phdm duoc xac dinh dya trén phd
NMR va chat chuan.

4- ethyl -2- phenyloxazol 5(4H)-one (1a).

Chét rin mau tring, nhiét d néng chay 45-46 °C.

'H NMR (500 MHz, CDCls) & (ppm) 8.01
(2H, d, J = 7.5 Hz), 7.63 — 7.55 (1H, m), 7.49
(2H, t, J = 7.5 Hz), 439 (1H, t, J = 6.1 Hz),
2.16 — 2.01(1H, m), 1.99 — 1.88 (1H, m), 1.05
(3H, t, J= 7.4 Hz).

¥C NMR (126 MHz, CDCls) & (ppm)
178.38, 161.73, 132.72, 128.80, 127.90, 126.93,
66.40, 24.90, 9.49.

4- methyl -2- phenyloxazol 5(4H)-one (1b).

Chit rin mau tring, nhiét d0 nong chay
68-69 °C.

'H NMR (500 MHz, CDCls) & (ppm) 8.02
(2H, d, J = 7.5 Hz), 7.56 (1H, t, J = 7.5), 7.44
(2H, t, J = 7.5 Hz), 4.46 (1H, q, J = 7.6 H2),
1.57 (3H, d, J= 7.6 Hz).

BC NMR (126 MHz, CDCls) & (ppm)
178.78, 161.77, 132.86, 128.83, 127.90, 125.72,
66.88, 16.81.

4-propyl-2-phenyloxazol-5(4H)-one (1c).

Chat rin mau tring, nhiét d0 nong chay
72-74°C.

'H NMR (500 MHz, CDCls) & (ppm) 8.01
(2H, d, J = 7.5 Hz), 7.53 (1H, t, J = 7.5), 7.49
(2H, t, J = 7.5 Hz), 4.30 (1H, t, J = 6.1 H2),
2.52 — 2.46 (1H, m), 2.11 — 2.07 (1H, m), 1.32
—1.17 (1H, m), 1.12 — 1.04 (1H, m), 0.96 (3H,
t, J= 7.2 Hz).

%C NMR (126 MHz, CDCls) & (ppm)
178.22, 161.77, 132.70, 128.95, 127.93, 126.63,
66.67, 31.12, 18.16, 12.08.

4-benzyl-2-phenyloxazol-5(4H)-one (1d).

Chit rin mau tring, nhi¢t do néng chay
96-98 °C.

'"H NMR (500 MHz, CDCl3) § (ppm) 7.91
(2H, d, J = 7.4 Hz), 7.54 (1H, t, J = 7.4 Hz),
7.43 (2H,t, J=7.4 Hz), 7.26 — 7.17 (5H, m),
4.69 (1H, dd, J = 6.5 va 5.1 Hz), 3.37 (1H, dd,
J =140 va 5.1 Hz), 3.18 (1H, dd, J= 14.0 va
6.5 Hz).

BC NMR (126 MHz, CDCls) & (ppm)
177.44, 161.75, 135.25, 132.78, 129.61, 128.77,
128.45, 127.91, 127.23, 125.74, 66.50, 37.32.

Dimer cua 4-ethyl-2-phenyloxazol-5(4H)-
one (2a).

Pong phan diastereoisomer thir nhat
(2a-dial).

Chat 1ong khong mau.

'H NMR (500 MHz, CDCls) & (ppm) 8.01
(2H, d, J = 7.3 Hz), 7.63 — 7.55 (1H, m), 7.46
(2H, t, J=7.3 Hz), 2.46 — 2.39 (1H, m), 2.36 —
2.29 (1H, m), 0.81 (3H, t, J = 7.3 Hz).

BC NMR (126 MHz, CDCls) & (ppm)
177.17, 162.14, 133.12, 128.77, 128.38, 125.25,
77.97, 24.39, 7.81.

ESI-MS: m/z [M+H]" 377.1 tuwong rng véi
C22H2‘1N204+.

Pong phan diastereoisomer thir hai (2a-dia2)

Chét 16ng khong mau.

'H NMR (500 MHz, CDCls) & (ppm) 7.84
(2H, d, J = 7.3 Hz), 7.47 — 7.44 (1H, m), 7.33
(2H, t, J=7.3 Hz), 2.63 — 2.46 (1H, m), 2.23 —
2.16 (1H, m), 0.81 (3H, t, J= 7.3 Hz).

BC NMR (126 MHz, CDCls) & (ppm)
176.50, 162.46, 132.90, 128.62, 128.01, 125.02,
76.78, 23.11, 8.26.

ESI-MS: m/z [M+H]" 377.1 twong (ng v&i
C2H21N204".

Dimer cua 4-methyl-2-phenyloxazol-5(4H)-
one (2b).

Déng phan diastereoisomer thtr nhat (2b-dial).

Chat 1ong khong mau.

'H NMR (500 MHz, CDCls) & (ppm) 7.83
(2H, d, J = 7.3 Hz), 7.47 — 7.42 (1H, m), 7.33
(2H,t, J=7.3Hz), 1.81 (3H, s).

BC NMR (126 MHz, CDCls) & (ppm)
176.81, 162.43, 133.10, 128.77, 128.15, 125.19,
71.83,17.48.

ESI-MS: m/z [M+H]" 349.1 twong (ng vdi
Con1?N204+.

Dong phén diastereoisomer thir hai (2b-dia2).

Chat 1ong khong mau.



P. T. H. Hai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 3 (2025) 77-85 81

'H NMR (500 MHz, CDCls) & (ppm)
7.98 (2H, d, J = 7.3 Hz), 7.60 — 7.55 (1H, m),
7.47 (2H,t, J=7.3 Hz), 1.79 (3H, s).

C NMR (126 MHz, CDCls) & (ppm)
177.69, 162.09, 133.30, 128.91, 128.48, 125.50,
72.85, 18.73.

ESI-MS: m/z [M+H]" 349.1 twong tng voi
C20H17N204".

Dimer cua 4-propyl-2-phenyloxazol-5(4H)-
one (2c).

Dong phén diastereoisomer thir nht (2c-dial).

Chit 16ng khong mau.

'H NMR (500 MHz, CDCls) & (ppm)
7.82 (2H, d, J = 7.5 Hz), 7.46 — 7.43 (1H, m),
7.32 (2H, t, J = 7.5 Hz), 2.54 — 2.48 (1H, m),
2.13 — 2.07 (1H, m), 1.30 — 1.19 (1H, m),
1.10 — 1.05 (1H, m), 0.95 (3H, t, J = 7.2 Hz).

¥C NMR (126 MHz, CDCls) & (ppm)
176.78, 162.47, 133.01, 128.74, 128.12, 125.16,
76.34, 31.92, 17.69, 13.95.

ESI-MS: m/z [M+H]" 405.2 twong (tng véi
C24H2§N204+.

Pong phin  diastereoisomer  thr  hai
(2c-dia2).
Chét 16ng khong mau.

'H NMR (500 MHz, CDCls) & (ppm) 7.98
(2H, d, J = 7.5 Hz), 7.60 — 7.56 (1H, m), 7.47
(2H, t, J=75Hz), 2.37-2.24 (2H, m), 1.24 —
1.18 (1H, m), 1.12 — 1.02 (1H, m), 0.94 (3H,
t,J=7.2Hz).

BC NMR (126 MHz, CDCls) & (ppm)
176.68, 162.07, 133.11, 128.77, 128.36, 124.98,
77.87, 33.05, 16.98, 13.09.

ESI-MS: m/z [M+H]" 405.2 twong ng voi
C2aH25N204".

Dimer cua 4-benzyl-2-phenyloxazol-5(4H)-
one (2d). )

bong phan diastereoisomer thu nhat
(2d-dial).

Chat 1ong khong mau.

'H NMR (500 MHz, CDCls) & (ppm) 7.61
(2H, d, J = 7.3 Hz), 7.39 — 7.36 (1H, m), 7.24
(2H, t, J=7.3Hz),7.22-7.20 (2H, m), 7.17 -
7.11 (3H, m), 4.02 (1H, d, J = 13.1 Hz), 3.57
(1H, d, J = 13.1 Hz).

¥C NMR (126 MHz, CDCls) & (ppm)
176.78, 162.47, 136.44, 133.01, 130.91, 129.36,
128.74, 128.12, 125.13, 76.14, 42.32.

ESI-MS: m/z [M+H]" 501.2 twong Gng voi
Cs2H2sN204".

Pong phan diastereoisomer thir hai
(2d-dia2).

Chat 1ong khong mau.

'H NMR (500 MHz, CDCls) & (ppm) 7.80
(2H, d, J = 7.3 Hz), 7.54 — 7.50 (1H, m), 7.39
(2H,t, J=7.3 Hz), 7.20 — 7.12 (5H, m), 3.79
(1H, d, J=13.2 Hz), 3.70 (1H, d, J = 13.2 Hz).

BC NMR (126 MHz, CDCls) & (ppm)
176.34, 162.52, 136.68, 133.04, 131.21, 129.87,
128.26, 128.24, 125.55, 76.74, 42.81.

ESI-MS: m/z [M+H]* 501.2 tuwong (g v&i
Ca2H2sN204™.

3. Két qua va thao luan
3.1. Khdo sét diéu kién phan ing

Phan Gng ghép cap thong qua dehydrogen
héa thuong dwoc tién hanh dudi tac dung cua
c4c hop chat kim loai chuyén tiép. Trong
nghién cau nay, chung toi tap trung vao cac
mudi kim loai chuyén tiép phé bién trong téng
hop hitu co va hod dwgc nhu palladium va
ddng. Ngoai ra, tac nhan base ciing 1a yeu t6
guan trong cho su thanh coéng cua chuyen hoa.
Su hinh tach loai proton & vi tri C4 12 can thiét
cho su hinh thanh enolate véi ciu tric vong
oxazole - trung gian quan trong cho phan tng
ghép cap sau do. Két qua khao sat so bo cho
phan tng dimer hod dan xuat oxazolone dwgc
tom tat trong Bang 1 dudi day.

Su két hop pho bién trong cac phan ing
ghép cap giita mudi palladium va mudi dong
dugc chdng t6i khao sat trude tién (Thi nghiém 1,
Bang 1) va cho san phiam dimer hoa 2a thu
duoc vai hiéu suat khiém tén. Khi loai bo su c6
mat caa palladium(ll) acetate ra khoi diéu kién
phan ung, chuyén hoé van dién ra, tham chi voi
két qua kha quan hon. Nhu vay, phan ang ghép
cap la trong truong ndy chi dugc thuc hién
dudi thc dung caa mudi copper(l1) acetate.

Céc tac nhan khac bao gém base (K.COs,
KsPOs, KOAC), dung mobi (dioxane, toluene,
MeCN va DMF) lan luot dugc khao st khi su
dung 2.0 eg. Cu(OAc); (Thi nghiém 2 - 7). Theo
do, diéu kién phan ttng gém Cu(OAC),, K:COs,
va toluene (Thi nghiém 5) cho két qua tét nhit va
duoc sir dung cho cac khao st tiép theo.
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Bang 1. Khao sat so bo diéu kién phan tng dimer hoé cua oxazolone 1a

palladium salt

copper salt

base 2.0 eq.
" Et | c; O'?/Ph solvent, 120 o~ O)/Ph
+ — N N
ph/<o (o) Et Ph/<0 OEt
1a 1a 2a
STT Mudi palladium Mudi Bdng Base Dung Hiéu suét
(eq.) (eq.) (eq.) moi (%)
Pd(OAC)z CU(OAC)z K2COs3 .
1 2
(0.5¢q.) (2.0¢q.) (2.0eq) | J1OXane 0
CU(OAC)z K2CO3 .
2 2
(2.0eq.) (2.0eq.) dioxane S
CU(OAC)z K3PO4 .
24
3 (2.0eq.) (2.0eq.) dioxane
Cu(OAc):, KOACc .
4 (2.0 eq.) (2.0 eq.) dioxane 24
Cu(OAc); K2CO3
5 (2.0 q.) (2.0eq) toluene 33
Cu(OAc); K2CO3
6 (2.0 eq.) (2.0eq.) MeCN 20
Cu(OAc); K2CO3
7 (2.0eq) (2.0¢eq) DMF trace

Viéc sir dung lugng xuc tac kim loai trong
cac phan tng ghép ciap trong hoa dwoc va tong
hop hiru co khong nhitng gilp giam chi phi
tong hop, giam luong chat thai kim loai va ting
tinh kha thi caa cac phan tng nay trong linh
vuc tong hop thudc - hoa duge (doi hoi ham
lwong kim loai ning trong san pham gan nhu
khong dang ké). Do d6, viéc tiép tuc téi wu hoa
diéu kién phan ung khi c6 mat mot luong xic
tac mudi déng s& co tinh thuc tién cao hon. Véi
dinh huéng d6, mot luong xdc tac mubi dong
duoc sir dung két hop voi chat oxi hod thich
hop (di-tert-butyl peroxide DTBP, Ag.CO; va
oxygen khong khi) nhim hoan thién chu trinh
xUc tac. Bang 2 dudi day trinh bay két qua tdi
uu hoa chung t6i thu dugc.

Bang 2. Téi wu hoa diéu kién phan ung
dimer hoa cua oxazolone la véi su c6 mit cua

xtc tac dong.

copper salt 20 mol%

oxidant 3 - 4 eq.
RO ¢ el I
+ - N N
ph/(;/t\o Et F’h/< OEt
1a 1a oZa
Mudi Chat . Hiéu
STT béng oxi hoé Ngéet Sut
(eq.) (eq.) ' (%)
Cu(OAc), Ag,CO3 o
! (0.2eq.) (3.0eq.) 100°C 5
Cu(OAc), DTBP o
2 (0.2eq.) (4.0eq.) 100°C 55
Cu(OAc), . o
3 (0.2 eq.) air 100°C | trace
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. C((L)j,(zo;f.))z (EOTSE) 100°C | trace
5 (5 ngf.) (E OTSE.) T ®
6 (0%J EL;.) (EOTS;) el
/ (ogljalq.) (E gsg-) el ®
| om) | @om |720| v
0 | ‘oo | @oeqy | ®C | 72

Ttr thi nghiém 1-3 (Bang 2) cho thay, phan
ung khi st dung lugng xuc tac Cu(OAcC), Véi
chat oxi hoa nhu Ag,COz va DTBP cho hiéu
suit tuong dwong nhau (55%) va cao hon dang
ké so voi phan ung khi st dung 2.0 eq. mubi
dong (¢ Thi nghiém 5, Bang 1). V&i sy c6 mat
cua oxygen trong khong khi, phan ng gan nhu
khong dién ra. Két qua nay co thé duoc giai
thich thong qua co ché dé& xuit s& duoc thao
luan & muc 2.3. Dua trén tinh tién loi khi thuc
hién phan ung ciing nhu tinh kinh té DTBP
duoc lya chon 1am chét oxi hoa cho cac khao
sét tiép theo.

Anh huéng cua mot sé mubi ddng (bao gdm
ca mudi ddng 1 va mudi dong 1) cho phan ung
ghép cdp thdong qua dehydrogen hda cling dugc
nghién ctu (Thi nghiém 2, 4 - 7). Trong do,
Cu(OTf), duwoc chirng minh la khéng phu hop
véi hé phan ng. Trong khi Cul, CuBr va CuCl;
cho hoat tinh xtc tac twong tu nhau va thip hon
so véi Cu(OAc), khi san pham dimer tao thanh
Véi hiéu suat 42 - 46%.

Anh huéng caa nhiét do toi hiéu suat cua
phan ng duoc khao sat tr 80 - 140 °C
(Thi nghiém 2, 8, 9). O nhiét do trén 120 °C, chi
moét lugng nho san pham dimer duoc hinh
thanh. Diéu nay cé thé giai thich cho sy phan
huy manh DTPB tao cac goc ty do trung gian
(ty2 = 1 h & 140 °C), dan tai sy hinh thanh céc
san pham khac. Biéu kién tbi wu thu duoc khi
tién hanh phan tng & 80 °C, trong su c6 mat
20 mol% cua xUc tac Cu(OAC),, 4 eq. cua chat
oxi hoda DTBP va 3.0 eq. cua base KyCOs
(Thi nghiém 9). San pham dimer thu duoc V6i
hiéu suat 72%.

3.2. Khao sét phan #ng dimer hoa cuia cac dan
xuat oxazolone khéc

Véi diéu kién téi uu thu dugc & muc 2.2,
chung téi khao sat tinh kha thi cta phan ung voi
mot s6 oxazolone khac theo so d6 phan @ng
chung dudi day.

Cu(OAc), 20 mol%

o DTBP 4.0 eq.
R 0 YPh K,COj4 3.0 eq. Ph
I
H o+ Hj» _ PhMe,80°C %7/
Ph/k R oL
1a-d 1a-d 2a d

R =-Et (a), -Me (b), -n-Pr (c), -Bn (d) R =-Et (a), -Me (b), -n-Pr (c), -Bn (d)

Hinh 2. Phan ung dimer hoa céc dan xuat oxazolone.

Khi thay ddi nhém thé R & vi tri C4, cac
oxazolone déu tham gia phan ung dimer hoé
voi hiéu suat dang ké tir 55-72%. San phim
dimer thu dugc gdm hai ddng phan dia véi ti 18
dao dong tir 1.0 : 1.2 d&én 1.0 : 1.5 (duva trén dit
kién phd 1H-NMR cua san pham thd). Khi ting
dan kich thuéc nhém thé R, hiéu suit phan ung
giam dan. Két qua nay phan nao giai thich do
tuong tac 1ap thé gilta cac nhém thé l6n trong
viéc hinh thanh ciu trac tuong d6i cong kénh
gdm hai trung tam carbon béac bén.

oA
N o NMe N o N Ph
s o B g
N\ ) NQ o N\ 5 Ph N o
Ph Ph Ph>/ Ph
2a (72%) 2b (70%) 2c (69%) 2d (55%)

Hinh 3. Mot s6 dimer cua oxazolone
da tong hop duoc.

CAu trac cla cac san pham di dugc xéic
nhén bang pho cdng hudng tir hat nhan (NMR).

1"0 OY@
/

2 3NN

3' 'y 5
2
4 o o
6' 1
5
2a-dia1

Hinh 4. CAu tao ciia san pham 2a-dial va danh sb
nguyén tir cho hop chét nay trong phan tich cAu triic
biang phd NMR.
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Trén phé H-NMR cua 2a-dial, tin hiéu
proton ciia CHy- (¢ vi tri C;») phan tach hai cum
tin hiéu multiplet & ving dw 2,46 - 2,39 ppm VA OH
2,36 - 2,29 ppm do lién ké tam bat dbi cua
carbon bac bbén (C4); tin hiéu proton cua
CHa- (6 vi tri C>») xudt hién & dn 0,81 ppm (3H,
t, J = 7,3 Hz). Tin hiéu ciia ndm proton & vong
thom lan lwot xuat hién ¢ oy 7,46 ppm
(H-C5- va H-Cs), on 7,63 - 7,55 ppm (H-Cs) va
on 8,01 ppm (H-C,- va H-Cs).

Trén phd ®H-NMR cua 2a-dial, tin hiéu
dic trung cia C=0 ¢ Cs xuit hién & Jc
177,17 ppm, tin hiéu C=N & C, xuat hién & Jc
162,14 ppm. Cac nguyén tor Csp2 cia phenyl
dugc quy két cho bén tin hiéu ¢ ving dc 125,25
- 133,12 ppm. Tin hiéu Csps bac bdn (& Ca) duoc
tim thdy & dc 77,97 ppm. Céc tin hiéu carbon bio
hoa ctia nhom ethyl- 1an luot xuét hién & dc 24.39
ppm (Cy~) va oc 7,81 ppm (Cz-).

Trén dir kién pho khoi ESI-MS cua 2a-dial
xuit hién peak ion [M+H]" twong ung véi
C2H21N204" phu hgp vé6i cong thirc phin tir
theo 1i thuyét cua 2a-dial 1a CaHzoNOs.

3.3. Co ché dé xudt cho phdn ing dimer hod
oxazolone dudi tac dung Ciia xuc tac dong

Dua trén quan sat két qua thu duoc trong
qua trinh khao sat va nghién ctru cac cong trinh
tuong ty, chung t6i dé xuit phan tmg dimer hoé
oxazolone xay ra theo co ché goc tu do nhu
Hinh 5.

DTBP

o o® cul cul) O O/\<

O dimerisation o

Foal S

Hinh 5. Co ché d& xuat cho phan tng
dimer hda oxazolone.

O budc dau tién, base tham gia tach loai
proton linh dong & vi tri C4 cua vong oxazolone
dé tao enolate bén A. Xtc tic copper(Il) sau do
oxi hoa trung gian enolate nay thanh mudi
copper(l) va gdc tu do hoat dong B véi electron
doc than khong lién két nim & Cs4 clia vong
oxazolone. Trong diéu kién phan g thich hop,

gbe tu do l}oat d6ng B nay dimer ho4 bang cach
tao lién két Cspa-Csp3 dé tao thanh sin pham
tuong ng. Mubi copper(I) bi oxi hoa bai
DTBP d tai tao lai xuc tac copper(Il) va xtic
tac duoc tai tao tiép tuc tham gia vao chu trinh
phan tmg tiép theo.

Sy hinh thanh gbc ty do ciing gii thich cho
viéc oxygen khéng khi (oxygen triplet) khdng
phu hop 1am tac nhan oxi hoa cho phan trng xuc
tac déng trén. Sy tao thanh mot sd géc tr do
trung gian khac khi tién hanh phan ting ¢ nhiét
d6 cao (trén 120 °C) so su phan hay nhiét cua
DTBP, do d6, cling anh hudng tai sy hinh thanh
san pham dimer.

4. Két luan

Chung t6i di phat trién phuong phap ghép
cdp thong qua dehydrogen hoa moi dé téng hop
mot sO dan xuat dimer ciia oxazolone. Phan g
tién hanh thuan loi khi dun néng cac dan Xudt
oxazolone ¢ 80 °C, trong su c6 mat cua xuc tac
copper(ll) acetate, base potassium carbonate,
chat oxi hod DTBP va trong dung mdi toluene.
San phim thu dwogc 13 cac din xuit oxazolone
¢4 hai nhém thé & C4 chira hai tAm carbon béc
bbn twong dbi cong kénh. Phan tng duoc dé
XUAt xay ra theo co ché géc tu do, theo do6, xtlc
tac copper(Il) dong vai tro quan trong trong qua
trinh oxi hoa trung gian enolate thanh gde tu do.
Sy dimer hoa goc ty do trung gian hinh thanh
lién két Cqps-Csps va tao san pham mong mubn.

Ket qua trong nghién ctru nay c6 thé mo ra
Cach tiép can mai trong viée tong hop cac dan
xudt oxazolone chira carbon bac bdn. Cac goc
tu do oxazolone trung gian c6 thé bi biy bdi cac
tac nhan thich hop, tir d6 tao san phdm méi da
dang hoa hon, phong phti hon va c6 tinh ung
dung cao hon. Huéng nghién ctru nay s€ duogc
chang t6i tién hanh trong thoi gian toi va két
qua cua ching s€ dugc bao cdo trong cac cong
trinh tiép sau.

Loi cam on
Nghién ctru nay duogc tai trg bdi Quy Phat
trién Khoa hoc va Cong nghé¢ Qudc gia Viét

Nam (NAFOSTED) theo tai tro s6 104.01-
2019.330.



P. T. H. Hai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 3 (2025) 77-85 85

Tai ligu tham khao

(1]

(2]

(3]

(4]

[5]

(6]

[7]

(8]

J. Venkatraman, S. C. Shankaramma, P. Balaram,
Design of Folded Peptide, Chem. Rev, Vol. 101,
2001, pp. 3131.

C. Toniolo, M. Crisna, F. Formaggio, C. Peggion,
Control of Peptide Conformation by the Thorpe-
Ingold Effect (C  Alpha-tetrasubstitution),
Biopolymers, Vol. 60, 2001, pp. 396.

S. Gilead, E. Gazit, Inhibition of Amyloid Fibril
Formation by Peptide Analogues Modified with
a-Aminoisobutyric Acid, Angew. Chem. Int. Ed.,
Vol. 43, 2004, pp. 4041.

Y. Ohfune, T. Shinada, Synthesis of a,a-Diaryl-o-
amino Acid Precursors by Reaction of
Isocyanoacetate Esters with O-Quinone Diimides,
Eur. J. Org. Chem, 2005, pp. 5127.

D. Obrecht, M. Altorfer, C. Lehmann,
P. Schonholzer, K. Muller, General Synthesis of
a-Acetoxy Ethers from Esters by DIBALH
Reduction and Acetylation J. Org. Chem, Vol. 61,
1996, pp. 4080.

J. S. Fisk, R. A. Mosey, J. J. Tepe, The Diverse
Chemistry of Oxazol-5-(4H)-ones, Chem. Soc.
Rev, Vol. 36, 2007, pp. 1432.

M. Weber, W. Frey, R. Peters, Catalytic
Asymmetric ~ Synthesis  of  Functionalized
a,o-Disubstituted a-Amino Acid Derivatives from
Racemic Unprotected a-Amino Acids via in-situ
Generated Azlactones, Adv. Synth. Catal,
Vol. 354, 2012, pp. 1443.

N. Hewlett, C. Hupp, J. Tepe, Reactivity of
Oxazol-5-(4H)-ones and Their Application toward

9]

[10]

[11]

[12]

[13]

[14]

Natural Product Synthesis, Synthesis, Vol. 17,
2009, pp. 2825-2839.

J. M. Martinez, S. Reboredo, M. lzquierdo,
V. Marcos, J. L. Lépez, S. Filippone, N. Martin,
Enantioselective Cycloaddition of Mdinchnones
onto Fullerene: Organocatalysis Versus Metal
Catalysis, J. Am. Chem. Soc, Vol. 136, 2014,
pp. 2897.

Z. Zhang, W. Sun, G. Zhu, J. Yang, M. Zhang,
L. Hong, R. Wang, Chiral Phosphoric Acid
Catalyzed Enantioselective 1,3-dipolar
Cycloaddition Reaction of Azlactones, Chem.
Commun, Vol. 52, 2016, pp. 1377.

W. Sun, G. Zhu, C. Wu, G. Li, L. Hong, R. Wang,
Organocatalytic Diastereo- and Enantioselective
1,3-dipolar Cycloaddition of Azlactones and
Methyleneindolinones, Angew. Chem. Int. Ed,
Vol. 52, 2013, pp. 8633.

A. D. Melhado, M. Luparia, F. D. Toste, Au(l)-
Catalyzed Enantioselective 1,3-Dipolar
Cycloadditions of Minchnones with Electron-
Deficient Alkenes, J. Am. Chem. Soc, Vol. 129,
2007, pp. 12638.

X. Chen, K. M. Engle, D. H. Wang, J. Q. Yi,
Palladium(Il)-Catalyzed C. H Activation/C-C
Cross-Coupling  Reactions:  Versatility and
Practicality, Angew. Chem. Int. Ed., Vol. 48,
No. 28, 2009, pp. 5049.

C. J. Li, Cross-Dehydrogenative Coupling (CDC):
Exploring C—-C Bond Formations beyond
Functional Group Transformations, Accounts of
Chemical Research, Vol. 42, No. 2, 2009,
pp. 335-344.



	Pham Thi Hong Hai, Le Duc Anh, Ha Minh Tu*
	VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam
	Phạm Thị Hồng Hải, Lê Đức Anh, Hà Minh Tú*

	Nhận ngày 20 tháng 8 năm 2024  Chỉnh sửa ngày 21 tháng 3 năm 2025; Chấp nhận đăng ngày 04 tháng 4 năm 2025
	2.1. Điều kiện thực nghiệm chung
	2.2. Quy trình tổng hợp
	3.1. Khảo sát điều kiện phản ứng
	3.2. Khảo sát phản ứng dimer hoá của các dẫn xuất oxazolone khác
	3.3. Cơ chế đề xuất cho phản ứng dimer hoá oxazolone dưới tác dụng của xúc tác đồng


