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Tong hop mét sé dan xuat hexahydropyrazin-[1,2b]-isoquinolin
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Abstract

Various hexahydropyrazine[1,2bJisoquinolines were synthesized as simplified saframycin analogues,

this

compound isolated from Streptomyces lavendulae, belong to a family of microbial fermentation products with a
remarkable antiproliferative activity. Construction of this core proceeded through tetrahydroisoquinoline synthesis
followed by acylation/alkylation of the tetrahydroisoquinoline nitrogen and subsequent ring closure using various
aliphatic and aromatic amines. All these compounds can be considered as dimers of structurally less complex
tetrahydroisoquinoline subunits. Synthesis of these kinds of simplified analogues has received little attention as most
work focuses on total synthesis. Therefore, the synthesis of quinone type derivatives under their hydroquinone methyl

ether form was envisaged.
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1. MO PAU

Cac dan  xuat  hexahydropyrazine[1,2b]
isoquinolin ¢6 nhiéu hoat tinh sinh hoc quy nhu
chéng ung thu va khang khuan [1]. Trong do,
saframycin dugc phén lap tir loai Streptomyces
lavendulae c6 hoat tinh ¢ ché manh té bao ung thu
[1], phan ciu tric quan trong cua saframycin 1
khung hexahydropyrazin-[1,2b]-isoquinolin. Tuong
tu, eteinascindein (2) cing 1a din xuit cua
hexahydropyrazin-[1,2b]-isoquinolin c6 hoat tinh
manh véi cac té bao ung thu, duoc phan lap tir sinh
vat bién Ecteinascidia turbinata [2]. Do do
hexahydropyrazine[1,2bJisoquinolin con la céc
synthon quan trong cho tong hop toan phan va ban
tdng hop nhiéu hop chat thién nhién c6 hoat tinh
sinh hoc manh c6 khung cau trac tuong tu
saframycin (1) va eteinascindin (2) [1- 6] Tiép tuc
hudng nghlen cau téng hop cac hop chit theo md
phong ngudn gdc sinh vat bién da cong bd & [7, 8].
Bai béo nay, tap trung nghién ciu tong hop mot sb
hexahydropyrazme[l 2bJisoquinolin, nham tim kiém
cac hop chat c6 cu trac mai va hoat tinh sinh hoc
ly tha.
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Saframycin A (1) Ecteinascidin 743 (2)

2. THUC NGHIEM

Phé cong huong tir proton *H-NMR (500 MHz)
va cacbon ®*C-NMR (125 MHz) dugc do trén may
cOng huong tr hat nhan Avance 500 (Bruker, CHLB
buc). Phd IR duge xac dinh trén may Impact 410-
Nicolet va phé6 MS duogc do trén may Hewlett
Packard Mass Spectrometer 5989 MS. Tat ca cac
thiét bi trén 1a cua Vién Hoa hoc, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

2.1. Téng hgp chit 1,4-dimetoxynaphthalen (4)
Dung dich cia SnCl (13,5 g, 60 mmol) trong HCI

(15 mL) dugc nho tur tir vao dung dich cua ~Chf§1t 3
(2,71 g, 17,15 mmol) trong 20 ml MeOH. Hon hop
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phan mg duoc dun ¢ nhiét d6 hdi luu trong khoang
30 phut. Két thuc phan tmg, hdn hop dugc co dudi
dung méi ¢ ap suét thap thu dwoc hdn hop chét ran.
Hdn hop chét rin dugc hoa tan vao trong nudc, sau
d6 loc thu iy phan chat rin khong tan va dugc ria
lai nhiéu 1an bang nudc. Tiép theo hoa tan cht ran
vao trong dung moi axeton (15 mL) tao thanh dung
dich va duoc lam khan béng Na,SO,. Sau do, loc thu
ly dich axeton va duoc cho thém K,CO; (23,66 g,
171,5 mmol) va (CH;0).S0O; (10,80 g, 85,75 mmol).
Hon hop nay dugc dun hoi lwu & trong thoi gian 1a
4h. Két thic phan tmg, hdn hop duoc ¢o dudi axeton
ap sudt thap, sau d6 cho thém nudc va duoc chiét ba
lan bang EtOAc sau d6, tiép theo dung méi duoc co
dubi & 4p suét thap thu duoc san pham tho. San
phﬁm thdé dugc lam sach trén cot sic ky silica gel voi
hé dung moi rira giai (n-hexan/etyl axetat, 99/1) thu
dugc chét 4 tinh khiét voi hiéu suét (2,96 g, 92 %).

'H-NMR-500 MHz (CDCls), & ppm: 3,97 (6H, s,
OCHa); 6,71 (2H, bs, H-2, H-3); 7,51-7,54 (2H, m,
H-6, H-7): 8,23-8,26 (2H, m, H-5, H-8).

2.2. Téng hop chiat 2 3-bis(bromometyl)-1,4-
dimetoxynaphthalen (5)

Dung dich cta chat 4 (2,9, 15,43 mmol) trong 15
mL HBr 33 % trong axit axetic dugc cho thém
parafocmandehit (11,6, 387 mmol). Hon hop phan
g duoc dun hdi luu trong thoi gian 4 8io. Két thuc
phan tmg, hdn hop duge trung hoa vé moi truong
trung tinh bang NaHCO; 5 %, sau d6 chiét hai lan
bang EtOAc. Dung méi dugc loai bo & 4p suét thip
thu duogc san phém tho, san phém tho duogc lam sach
trén cot sic ky silica gel véi hé dung moéi rira giai (n-
hexan/etyl axetat, 98/2) thu duoc chét 5 tinh khiét
(4,87 g, 85 %).

'H NMR-500 MHz (CDCls), & ppm: 4,06 (6H, s,
OCHy); 5,00 (4H, s, 2CH,Br); 7,54-7,56 (2H, m, H-
5, H-6); 8,07-8,09 (2H, m, H-7, H-8). MS m/z: 189,1
[M+H]".

2.3. Tong hop chat etyl 5,10-dimetoxy-1,2,3,4-
tetrahydrobenzo[g]isoquinolin-3-cacboxylat (7)

Dung dich cta chat 5 (2,0 g, 5,39), chat 6 (1,44
g, 539 mmol) va Bu,NHSO, (5,39 mmol) trong
CH,Cl, khan dugc cho vao dung dich cia KOH 30
% (10 mL). Hon hop phan tng dugc khudy ¢ nhiét
d6 phong trong thoi gian 30 phut. Két thuc phan
tmg, hdn hop dwoc cho thém nudc va chiét voi
EtOAc ba lan, 16p hiru co duge rira voi NaHCO3 va
lam khan bang Na,SO, sau d6 loai bo dung moi
EtOAc & ap suit thap. Hon hop thu duoc duoc cho
thém THF (30 mL), HCI 2N (30 mL) va khudy ¢
nhié¢t d¢ phong trong thoi gian 30 phut sau do trung
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hoa bang Na,CO; 5 % va chiét v6i EtOAc. Dich
chiét duoc rira v6i dung dich NaHCO3 bdo hoa sau
d6 1am kho bang Na,SO, khan, tiép theo dung moi
duogc loai bo ¢ 4p suét thap thu dugc san pham tho.
Séan phém thd duge 1am sach trén cot sic ky, dung
moi ria giai nN-hexan/etyl axetat (3/7) thu duogc san
pham tinh khiét 7 (1,02 g, 60 %).

Hop chat 7 Ia chat ran mau trang co diém chay
137-138 °C. 'H-NMR-500 MHz (CDCls), & ppm:
1,33 (3H,t,J=7,0 Hz, Me) ; 3,02 (1H, dd, J = 10,0,
17,0, H-4a), 3,40 (1H, dd, J = 5,0, 17,0 Hz, H-4b),
3,74 (1H, dd, J = 5,0, 10,0 Hz, H-3), 3,88 (3H, s,
OMe), 3,90 (3H, s, OMe), 4,15 (1H,d , J = 16,5
H-1a), 4,24-4,29 (2H, m, OCH,), 4,50 (1H, d, J =
16,5, H-1b), 7,45-7,49 (2H, m, H-7, H-8), 8,00-8,06
(2H, m, H-6, H-9). *C NMR-125 MHz (CDCly), &
ppm: 14,2 (Me), 26,7 (C-4), 55,6 (C-3), 61,2
(OCH,), 61,2 (2xOMe), 121,9 va 122,0 (C-6, C-9),
123,4 va 1245 (C-5a, C-10a), 125,6 va 125,6 (C-7,
C-8), 127,0 (Cquar), 127,6 (Cquar), 147,9 (=C-OMe),
149,7 (=C-OMe), 172,8 (C=0).

2.4. Tong hep chat etyl 2-(2-cloroaxetyl)-5,10-
dimetoxy-1,2,3,4-tetrahydrobenzo[g] isoquinolin-
3-cacboxylat (8)

Hon hop cua 7 (1,26 mg; 4,0 mmol) va
chloroaxetyl clorua (528 mg; 4,4 mmol) trong
CH.Cl, (10 mL) va Etz;N (445 mg; 4,4 mmol) duoc
khudy & nhiét do phong cho 2 gid. Hon hop sau
phan tng dugc cho thém nude, sau do chiét ba lan
bang EtOAc, dich hitu co duoc rira bang NaHCO;
bdo hoa, lam kho bing Na,SO, tiép theo dung moi
dugc c6 dudi & &p suit thap thu duoc san pham thd.
San pham thé dugc lam sach bang sic ky cot silica
gel véi hé dung moi (n-hexan/EtOAc, 95/5) thu
duoc chat 8 tinh khiét (1,09 g, 70 %).

2.5. Tong hep cac din xuat
hexahydropyrazin[1,2b]-isoquinolin (9)

Hon hop cua mot dwong lwong chat 8 va nam
duong lugng amin bac 1 trong dung méi EtOH (10
mL) dugc khudy & nhiét ¢ phong trong khoang 24
gio. Hon hop sau phan ung dugc cho thém nudc va
chiét ba lan bang EtOAc, dich hitu co duogc rira ba
Ian bang nudc sau d6 1am khan bang Na,SO, va loai
bo dung mdi ¢ &p suat thap thu duoc san pham tho.
San pham thé dwoc 1am sach bang sic ky cot véi hé
dung méi rira giai n-hexan/EtOAc thu dwocC cac san
pham 9a-d véi hiéu suat twong ng 1a 89 %, 85 %,
70 % va 75 %.

Hop chat 9a. 'H-NMR-500 MHz (CDCls): &
1,21 (3H,t,J =75 Hz, CH3), 2,96 (1H, dd, J = 12,0,
16,5, H-13a), 3,52 (2H, m, CH,), 3,84 (1H, dd, J =
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4,0, 16,5 Hz, H-13b), 3,89 (3H, s, OMe), 3,93 (3H,
s, OMe), 4,05 (2H, s, H-3), 4,17 (1H, dd, J = 12,0,
4,0 Hz, H-14), 4,48 (1H, d, J = 17,5 Hz, H-6a), 5,50
(1H, d, J = 17,5 Hz, H-6b), 7,48-7,51 (2H, m, H-9,
H-10), 8,02-8,05 (2H, m, H-8, H-11). *C NMR-
125MHz (CDCls): & 11,7 (Me), 28,2 (C-13), 39,9
(C-6), 41,0 (C-1°), 49,0 (C-3), 55,5 (C-14), 61,6
(OMe), 61,7 (OMe), 121,4 (Cqu), 122,0 (C-8),
122,2 (C-11), 122,4 (Cqua), 126,1 (C-9), 126,2 (C-
10), 127,4 (Cqua), 127,6 (Cquar), 148,5 (=C-OMe),
149,7 (=C-OMe), 162,6 (C=0), 164,7 (C=0). MS
m/z: 355,2 [M+H]".

Hop chat 9b. 'H NMR-500 MHz (CDCly): &
0,97 (3H, t, J = 7,0 Hz, 2x H-3"), 1,58-1,72 (2H, m,
2x H-2°), 2.97 (1H, dd, J = 12,0, 16,5 Hz, H-13a),
3,44 (2H, 1, J = 7,0 Hz, 2x H-1"), 3,56 (1H, dd, J =
4,0, 16,5 Hz, H-13b), 3,91 (3H, s, OMe), 3,94 (3H,
s, OMe), 4,07 (2H, s, H-3a, H-3b), 4,20 (1H, dd, J =
12,0, 3,96 Hz, H-14), 4,50 (1H, d, J = 17,5 Hz, H-
6a), 5,50 (1H, d, J = 17,5 Hz, H-6b), 7,48-7,54 (2H,
m, H-9, H-10), 8,02-8,10 (2H, m, H-8, H-11). ©*C
NMR-125 MHz (CDCls): & 11,1 (Me), 19,9 (C-2"),
28,2 (C-13), 39,5 (C-6), 47,7 (C-1), 49,6 (C-3), 55,5
(C-14), 61,6 (OMe), 61,6 (OMe), 121,3 (C-7a),
122,0 va 122,2 (C-8, C-11), 122,4 (C-12a), 126,1 va
126,2 (C-9, C-10), 127,3 (Cquar), 127,6 (Cquar), 148,5
(=C-OMe), 149,6 (=C-OMe), 162,7 (C=0), 165,0
(C=0). MS m/z: 369,2 [M+H]".

Hop chét 9c. 183,5-184 °C. 'H NMR-500 MHz
(CDCl5): & 3,00 (1H, dd, J = 12,2, 16,5 Hz, H-13a),
3,91 (1H, dd, J = 3,63, 16,5 Hz, H-13b), 3,92 (3H, s,
OMe), 3,93 (3H, s, OMe), 3.97 (2H, s, H-3), 4,27
(1H, dd, J = 12,2, 3,6, H-14), 4,46 (1H, d, J = 17,8,
H-6a), 4,62 (1H, d, J = 14,5, H-1"a), 4,71 (1H, d, J =
14,5, H-1'b), 5,52 (1H, d, J = 17,8 Hz, H-6b), 7,28-
7,39 (5H, m, 5x =CH), 7,49-7,54 (2H, m, H-9, H-
10), 8,02-8,09 (2H, m, H-8, H-11). °C NMR-128
MHz (CDCly), 6 ppm: 28,5 (C-13), 40,0 (C-6), 48,9
(C-3), 49,4 (C-17), 55,5 (C-14), 61,5 (OMe), 61,6

O
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(OMe), 121,2 (C-7a), 122,0 va 122,2 (C-8, C-11),
122,3 (C-12a), 126,1 va 126,1 (C-9, C-10), 127,3
(Cquat), 127,6 (Cqua), 128,1 (=CH), 128,6 (2x =CH),
128,9 (2x =CH), 134,9 (Cqux), 148,5 (=C-OMe),
149,6 (=C-OMe), 162,4 (C=0), 165,0 (C=0). MS
m/z: 417,1 [M+H]".

Hop chat 9d. *H NMR-500 MHz (CDCl5): & 2,98
(1H, dd, J = 12,0, 16,0 Hz, H-13a), 3,89 (1H, dd, J =
4,9, 16,0 Hz, H-13b), 3,82 (3H, s, OMe), 3,92 (3H,
s, OMe), 3,93 (3H, s, OMe), 3,94 (2H, s, H-3a, H-
3b), 4,26 (1H, dd, J = 12,0, 4,0 Hz, H-14), 4,45 (1H,
d, J = 17,5 Hz, H-6a), 4,55 (1H, d, J = 14,5 Hz, H-
1'a), 4,65 (1H, d, J = 14,5 Hz, H-1"b), 5,49 (1H, d, J
= 17,5 Hz, H-6b), 6,89 (2H, d, J = 8,5 Hz, H-4", H-
6), 7,24 (2H, d, J = 8,5 Hz, H-3", H-7"), 7,49-7,52
(2H, m, H-9, H-10), 8,03-8,08 (2H, m, H-8, H-11).
3C NMR-125 MHz (CDCly): & 28,6 (C-13), 40,1
(C-6), 48,8 (C-1"), 48,9 (C-3), 55,3 (C-14), 55,9
(OCH;) 61,6 (OMe), 61,7 (OMe), 114,4 (C-2’, C-
6"), 121,3 (Cquar), 122,1 (C-8), 122,3 (C-11), 122,4
(Cquar), 126,1 (C-9), 126,2 (C-10), 127,0 (Couar),
1274 (Cquar), 130,0 (C-3°, C-7"), 133,0 (Cquar), 148,6
(=C-OMe), 150,0 (=C-OMe), 159,6 (=C-OMe),
162,5 (C=0), 165,0 (C=0). MS m/z: 447,1 [M+H]".

3. KET QUA VA THAO LUAN

Cac hop chat  hexahydropyrazin-[1,2b]-
isoquinolin dugc sir dung lam khung cacbon chinh
cho tong hop toan phan céc hop chat thién ¢ hoat
tinh sinh  hoc manh nhu saframicin [1] va
ecteinascidin [2]. Do d6 dwoc nhiéu nha khoa hoc
quan tam nghién ctu [6]. Tiép tuc huéng nghién ciu
t6ng hop cac hop chét cé hoat tinh sinh hoc theo mé
phong sinh vat bién. Cac dan xuat hexahydropyrazin-
[1,2b]-isoquinolin 9a-d dugc téng hop qua nim budc
phan g tir nguyén liéu dau naphthalen-1,4-dion (3),
etyl 2-(diphenylmetyleneamino) axetat (6) va cac
amin bac mot (so d6 1 va 2).
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Pau tién, thuc hién phan ung kha hoa
naphthalen-1,4-dion (3) dugc nhd tac nhan khir thiéc
(I) clorua trong axit clohydric trong dung méi
metanol. Tiép theo san pham kha dugc metyl hoa
nho tdc nhan dimetyl sunfat c6 mat cua tac nhéan
kiém K,CO, trong dung mdi axeton nhan duoc 1,4-
dimetylnaphthalen (4). Cau truc cua hop chét 4 dugc
chang minh bang pho cong huong tir hat nhan nho
Xuat hién tin hiéu cia cac nhom metoxi tai 3,97 ppm
va tin hiéu cua vong napthalen thé 1,4. Hop chit 4
dugc metylenbrom héa tai vi tri 2,3 nho phan tng
véi para-focmandehit va HBr 33 % trong axit axetic
& 70 °C nhan dwoc hop chét 5. Cau tric cua hop 5
dugc chirng minh bang pho *H-NMR. Trén pho xuat
hién thém tin hiéu caa hai nhém metylenbrom tai
5,00 ppm dong thoi mat di tin hiéu cua 2 proton
thom & vi tri 2,3 ctia nhan naphthalen so véi chat 4.
Hop chiat 5 phan tng voi etyl 2-(diphenyl-
metyleneamino)axetat (6) trong sy c6 mat cua
Bus;NHSO, c6 mat cua dung dich KOH 30 %, ¢
nhiét d6 phong nhan dugc hop chit chia khoa
tetrahydrobenzo[g]isoquinolin 7. Cau tric cua 7
dugc ching minh bang phd *H-NMR va *C-NMR.
Trén pho 'H-NMR cuaa 7 xuat hién day du cac tin
hiéu cong huong cua cac proton c6 mat trong phan

OMe

1,5 duong luong CICH,COCI,

Nguyén Vin Tuyén va céng sw

ta. Tin hiéu cong huong vung truong thap cua 3
proton triplet tai 1,33 ppm va tin hiéu multiplet tai
4,24 ppm la dac trung ctia nhom etoxy. Cap tin hiéu
doublet-doublet tai 3,02 ppm va 3,40 ppm véi cac
cap tuong tac twong ung la J = 10,0, 17,0 Hz va 5,0
va 17,0 Hz dugc qui gan cho cho hai proton cua vi
tri H-4. Proton H-3 la tin hiéu doublet-doublet tai
3,74 ppm ¢6 hang sé tuwong tac J = 5,0 va 10,0 Hz.
Hai proton H-1 duoc thé hién dudi hai cap tin hiéu
doublet tai 4,15 ppm va 4,50 ppm véi cling mét hang
s6 tuong tac J = 16,6 Hz. Pho *C-NMR cuia 7 xuat
hién day du tin hiéu cong huong cua 18 nguyén tur
cachon. Céc dit liéu pho trén cho phép khang dinh
cau tric cua tetrahydrobenzo[glisoquinolin 7. Tiép
theo, tetrahydrobenzo[g]isoquinolin 7 phan tng véi
2-cloaxetyl clorua trong sy c6 mat cua trietylamin
trong dung mdi diclometan & nhiét @6 phong nhan
dugc din xuat axetyl hoa 8. Cudi cung hop chit 8
dugc vong hoa véi nam duong lugng cua cac amin
bac nhit trong dung méi etanol nhan dugc cac dan
xuat hexahydropyrazin-[1,2b]-isoquinolin 9a-d véi
hiéu suat cao tir 75-85 % (so do 2). Céu trlc cua cac
san pham dwoc ching minh bang cac phuong phap
cong huong hat nhan.

OMe

CO,Et 1,5 duong lugng Et;N, CO,Et
g ‘ NH CH,Cl,, t° phong, 2 h g ‘ Nj(\m
OMe OMe 0

8 (70%)

|

5.0 duong lugng R>NH,
EtOH, t° phong, 24 h

» OMe (0]
12 13 p 2 2
1SS EHA
N 3
9 4
8 7 6 STH
OMe o}
9a R? = Et 89%
9b R?=Pr 85%
9c R? = benzyl 70%

9d R? = metoxybenzyl  75%

So do 2

Pho 'H-NMR cua hop chat 9a xuat hién day du
cac tin hiéu cong huong. Tin hiéu cong hudng cua
proton nhém N-etyl thé hién ¢ 3,52 (2H, m) va 1,21
ppm (3H, t). Tin hiéu cong huong dang doublet-
doublet tai 2,96 ppm véi hang sb twong tac 12,0 va
16,5 Hz dugc gan cho vi tri H-13a. Vi tri H-13b la
tin hiéu doublet-doublet tai 3,84 ppm véi hang sé
tuwong tac 4,0 va 16,5 Hz. Tin hiéu cua hai nhom
metoxy cdng huong tai 3,89 va 3,93 ppm. Tin hiéu
singlet cua hai proton tai 4,05 ppm la déc trung cta
nhom metylen (H-3). Vi tri proton H-14 cong huong
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tai 4,17 ppm, 4 tin hiéu doublet-doublet véi hang sb
tuong tac 4,0 va 12,0 Hz. Hai tin hiéu doublet tai
4,48 ppm va 5,50 ppm déu c6 hing sé twong tac 17,5
Hz dugc qui gan cho vi tri H-6a va H-6b. Ngoai ra,
ving truong thap caa 'H-NMR thé hién day du tin
hiéu cong huong ctia 4 proton thom c¢6 mat trong
phan ti. Phd *C-NMR thé hién day tin hiéu cong
hudng caa 20 nguyén tir cabon cé mat trong phan tir.
Cac dir liéu pho trén cho phép khang dinh cau tric
cua hop chat 9a. Céc hop chit 9b-d ciing dugc
ching minh twong tu bang cac phuong phap phd
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cong huong tir hat nhan.

4. KET LUAN

Pa tong hop thanh cbng bdén dian xuat

hexahydropyrazin-[1,2b]-isoquinolin 9a-d vai hiéu
suit cao tir nguyén liéu dau la naphthalen-1,4-dion
va etyl 2-(diphenyl metyleneamino) axetat. Cau trdc
cua san pham va céc hop chat trung gian duoc ching
minh bang phuong phap phd cong huong tir hat
nhan.
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