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Abstract

Several diketopiperazines were. synthesized as (cyclo)tryprostatin analogues. The construction of the skeleton
started with a Pictet-Spengler reaction followed by acylation or alkylation of the piperidine nitrogen, then by
condensation with a primary amine (methyl amine, ethyl amine and n-propyl amine) towards the corresponding

diketopiperazines.

Keywords. Diketopiperazine, p-carboline, indoles, (cyclo)tryprostatin.

1. MO PAU :
" Hop chit thién nhién c6 chia nhén
diketopiperazin nhu tryprostatins, cyclotryprostatms
va fumitremorgin C (1) ... dugc phén 14p tir loai nim
Aspergillus ﬁtmxgatus BM939 c6 hoat tinh tc ché
chu mnh phat trién t6 bao dong vét c6 vii [1,2]. Din
xut tdhg hop cua diketopiperazin 13 tadalafil 2 c6
kha ning c ché enzym phosphodiesterase nén dugc
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1 fumitremorgin C

2. THU'C NGHIEM

Phd c9n§ hudng tir proton '"H-NMR (500 MHz)
va cacbon”PC-NMR (125 MHz) dugc do trén may
cong hudng tir hat nhin Avance 500 (Bruker, CHLB
Pirc) cua Vién Hod hoc - Vién Han 1dm Khoa hoc va
Cong nghg Vigt Nam,

Téng hop chit 5: Dung dich etyl este cua L-
trytophan 3 (29 g, 12,50 mmol) ‘va 4-
metoxybenzandehit 4 (1 70 g, 1,25 mmol) trong 50
mL benzen duge dun hdi lwu trong thoi g1an 24 glb'
Két thiic phan tmg hn hqp duqc cd du01 dung médi,
sau d6 cho thém nwéc va va chlet 3 14n bing EtOAc.
" Dich hitu co dugc rira phidu 14n bing dung dich
NaHCO; sau d6 lam khan bing MgSO; va loai bd
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sir dung 1am thudc trong didu trj rdi loan sinh 1y nam
[3, 4] Do ¢6 hoat tinh sinh hoc Iy thi nén cac hop
chit dlketoplperazm dugc nhleu nha khoa hoc quan
tdm nghxen ciru tong hop [5]. Tiép tuc hu'ong nghlen
ctru tong hop va tim kiém céc hop chit c6 chu triic
méi theo mo phong sinh vt bién va hoat tinh sinh
hoc 1y tha [6, 7], ba1 béo nay nghién ciru tong hop
mot sb din xudt méi cia diketopiperazin.
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dung méi nhén dwgc san phim thd. San phim thd
duge 13m sach trén cot sic ky silica gel véi hé dung
mdi (n-hexan/EtOAc, 4/6) nhan dugc dong phén cis-
isomer 5a (28 %) va trans-isomer Sb (62 %).

"Hop chit 5a 13 chit rin c6 didm chay 136-
138°C. 'H NMR-500 MHz (CDCl,): & 1,34 (3H, t,
J= 1,0 Hz, Me), 3,00 (1H, ddd, J = 2,0, 11,0, 14,5
Hz, H4a), 3,22 (1H, ddd, J= 1,5, 15, 4,4 Hz, H-4b), :
3,78 (3H, s, OMe), 3,95 (1H, dd, J= 11,0, 4,50, H- :
3), 4,24-4,31 (2H, m, OCH,), 5,22 (1H, s, H-1), 6,89
(14, dd, J = 2,0, 8,0 Hz, H4"), 6,94 (1H, s, H-2"), :
6,98 (14, d, J= 7,5 Hz, H-6"), 7,12 (2H, m, H-6,7),
721 (1H, d, J = 8,5 Hz, H-5"), 7,29 (1H, t, J= 8,0 ;
Hz, H-8), 7, 54 (1H,d,J=17,5 Hz, H-S)

Hop chét 5b Li chit rin mau tring c6 dlem 4
chiy 187-188 °C. 'H NMR- 500 MHz (CDCL):
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§126 GH, t, J £

e A Y NN 7T
1,9, 7,0, 8,00 Hz

Hz, H-4b), 3,76
Hz, H-3),4,11-4
1), 6,85 (3H, t, J

7,17 (2H, m, H-6
I

(1H, d, J=8,0, F

Téng hop cl
5a-b (2,5 mmol
(20 ml) va dung
cloaxetyl| clorua
phong trong 30 |
dwoc loai bo & 4f
chit 3 14n bang
14n bang |dung d
voi Na, SOy va |
duoc san phim
trén cot séc ky si
hexan/EtOAc, 3
hiéu suft 85 % vi
Téng hop chit

Dung dich cu
duong lugng am
propyl amin) tron
nhiét d6 phong t1
hop dugce cho thé
Dich hitu co dug
bﬁng Na,SO,4 va
san phim thd. S3
sic ky silica g
hexan/EtOAc, 6/4
va 9a v6i hiéu suj
Téng hop chit 7

Céc hop chit
tu nhu cac hop
axyl 6b v6i amin
propyl amin) v&i

Hop chit 7
2,95 (3H, CHs-N
H-12a), 3,62 (1H
(3H, s, OCHa), 3
(1H, dd, J=1,5, 1
11,50 Hz, H-13
J=2,5, 8,0 Hz, H;
9, H-10),/ 6,97-7,
(1H, d, J=8,0 Hj
11). *C NMR-1
334 (Chﬁ 3-N); 5
105,3 (C-12); 11
10); 118,0 (C-9)
(Coums 125:5 (€
136,0 (Ci1°); 13
4", 166,4 (CO);

R

2

mdbi EtOAc (20 ml) duge cho thém

o S = Y

ey A 54
3H, s, OMe), 3,97 (1H, t, J = 6,5
22 (2H, m, OCH,), 5,39 (1H, s, H-
= 7,5 Hz, H-2, H-4', H-6"), 7,10-
), 7,24 (2H, m, H-5", H-8), 7,55
5).

Wit 6: Hon hop phan (mg cla chit

dung dich bdo hoa ctia NaHCO;

3,0 mmol) va khudy & nhiét do

phat. Két thiic phan tmg, dung méi

suat thap sau do cho thém nudce va

CH,Cl,. Dich hitu co dugce rira ba
c

h NaHCO; 5 %, sau d6 lam khan

bai bd dung mdi & ap suét thip thu
tho. San pham thé dugc lam sach

ica gel vai hé dung méi rira giai (n-

i
7) nhan dugc chit 6a-b sach véi

03 % tuong Ung.
Ta, 8a, 9a

A/ mot duong luwgng chit 6a va nam
iin bdc 1 (metyl amin, etyl amin,
g EtOH khan (10 ml) dugc khudy &
ong 24 gid. Két thiic phan tmg hén
m nuéc va chiét ba 14n bing EtOAc.
yo rira bang nudc, sau d6 1am khan

ugc ioai bo dung méi nhin duge
pham thé dugce 1am sach trén ¢t
v6i hé dung mbi rra giai (n-

—

t nhan dugc chét tinh khiét 7a, 8a
it trong Umg 1a 75, 82 va 87 %.
b, 8b, 8b

#

/b, 8b va 9b dugc téng hop twong

chét 7a, 8a, 9a nhd phan i@mg cia

bac 1 (r,netyl amin, etyl amin va n-
i€u suat 70 %, 72 % va 88 %.

3,10 (1H, dd, J= 11,5, 16,0 Hz,

h
al '"H NMR-500 MHz (CDCL): &
)

dd, /=4,5, 16,0 Hz, H-12b), 3,63
3 (1H, d, J=16,0 Hz, H-3a), 4,03

5
610 Hz, H-3b), 423 (1H, dd, J=4,0,

6,11 (14, s, H-6), 6,60 (1H, dd,

4), 6,79 (2H, dd, /=1,5, 7,0 Hz, H-
07 (3H, m, H-2°, H-5, H-6"), 7,19

H-8), 7,45 (1H, d, /=8,0 Hz, H-

25 MHz (CDCL): & 23,8 (C-12);
1,8 (C-3); 56,1 (C-6); 56,7 (C-13);
1,1 (C-8); 112,1 (C-11); 112,7 (C-

118,6 (C-4); 119,3 (C-6"); 121,7
5%); 1294 (C-2);

' 12b), 3,71 (3H, s, OCH), 3,95 (1H

130,6 (C-3°);
615 (Cqua); 143,1 (C-82); 159, 4 (c-;
66,8 (CO). - , "
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Hop chdt 7b. 'H NMR-500 MHz

2,35 {(1H, ddd, J =
(1H, dd, J = 4,5, 15,50 Hz, H-12),
OCH), 4,F9 (IH, d, J = 14,0 Hz, H-3a
dd, J= 4,00, 11,5 Hz. H-13), 4,75 (1H,
Hz, H-3b), 6,79 (1H, d, J = 7,0 Hz, H-6
d,J=7,0 Hz, H-2”, H-6”), 6,86 (2H, m,
6,97 (1H, s, H-6), 7,13-7,22 (SH, m, H-
3”, H-5", H-
(1H, d, J = 8,0 Hz, H-11). "C NMI
(CDCly): ? 3,8 (C-12); 33,5 (CH;-N);
56,1 (C-6); 56,5 (C-13); 105,9 (C-12a);
118,3 (C-11); 119,6 (C-10); 122,2 (C-9);
3°); 125,2 (C-6"); 126,0 (C-11b); 129,9 (
(C-4); 1306 (C-2°); 132,0 (c-l’)L
143,8 (Cqua);| 166,4 (CO); 166,8 (CO).

Hop chit 8a. 'H NMR-500 MHz
1,18 BH, t, J = 7,0 Hz, CH3), 3,17 (1H,
16,0 Hz, H-12a), 3,36 va 3,65 (2H, sx
CH, Et), # 7 (1H, dd, J = 4.5, 1
3,71 (3H,F CHs), 3,88 (1H, d, J =

4,09 (1H, dd, J= 1,5, 16,0 Hz, H-3bw
J=40, 11,5 Hz, H-13), 6,21 (1H, s, H-4
dd, J=2,5, 8,0 Hz, H-4"), 6,87 (2H, dd,

Hz, H-9, t{ 0), 7,05-7,15 (3H, m, Hz
6), 727(J , d, J= 8,0 Hz, H-8), 7,5
8,0 Hz, H-11). “C NMR-125 MHz (CDC
(CHy), 23,8 (C-12); 41,1 (CH,CH;); ,8
(C-6); 56?( 13); 1059(cqw),‘1 1
(C-11); 1125 (C-10); 118,5 (C- 9) 1]
121,6 (C-6")] 125,7 (Couar); 129 5%
2°); 136,4/(0-17); 1430(Cqm) 93 (€
(CO); 167,1 (CO).

Hop chit 8b. 'H NMR-sod
1,17 GH, t, J = 7,0 Hz, CHj), 2,9 (1
1,0, 12,0,13,0 Hz, H-12a), 335va353
7,0 Hz, CH, Et), 3,55 (1H, dd, J =

H-3a), 4,11 (1H, dd, J = 4,0, 11

,86 (ZH, m, H-4’, H-S ) 7 0

CHi( 3),520((:3),527 .
108,9 (Cou)] 111,1 (C-8); 13,9 (CL11:
10); 118,3 (C-9); 119,9 (C-3°); 1209 (C
(Cqu); 126,2 (C-57); 129,8 (C2")
139,7 (Cqus| 159,9 (C-4°); 161,9 (CO); 1
Hop chit %a. 'H NMR-500 MHz
086 GH, 4 /= 7,0 Hz, CH), .
CH,CHs), 3,15/ (1H, dd, J = 11,5, 1 o
3,27 va 3,46 (2H, st 70Hz,‘C » Ef

dd, J=4,5, 16 Hz, H-12b), 366(3 s,

),.7,27 (14, d, J = 8,q HA,

(CDCLy): &

1,0, 12,0, 13,0 Hz, Hi-12a), 3,57
3,79 (3H, s,

, 4,40 (1H,
d J=145
), 6,82 (2H,
H-4’, H-5"),
9, H-10, H-
H-8), 7,54
R-125 MHz
51,8 (C-3);
111,2 (C-8);
: 122,3 (C-
£.5%); 130,1

136,6 (Cqua);

d,J=11,5,
J= 7,0 Hz,
{z, H-12b),
,0 Hz, H-3a),
29 (1H, dd,
), 6,60 (1H,
J=1,5,7,0
’, H-5°, H-
(IH, d, J=

13): 8 11,6
(C-3); 56,1
C-8); 1123
9,2 (C-3%);

132,6 (C-
-4’); 166,3

z|[(CDCls): &
H, ddd, J =
2H, sx, J =
5 ,50 Hz, H-
= 14,0 Hz,
H-13), 4,32
d,|J = 8,0 Hz,
0 (1H, s, H-
7 ,29 (1H, d,
7, H-11). BC
)7 12y
55,2 (C-13);
114,7 (C-
—6’); 122,6
136,3 (C-1°);
64,9 (CO).
(CDCly): 8
.36 (2H,. m,
Hz, H-12a),
;. 3,62 (1H,
QCHy), 3,87

va cong su.
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(1H, d, J = 16,0 Hz, H-3a), 4,05 (1H, dd, J = 1,5,
16,0 Hz, H-3b), 4,25 (1H, dd, J = 4,0, 11,50 Hz, H-
13), 6,17 (1H, s, H-6), 6,63 (1H, dd, J= 2,5, 8,0 Hz,
H-4"), 6,81 (2H, dd, J = 1,5, 7,0 Hz, H-9, H-10),
7,05-7,10 (3H, m, H-2’, H-5°, H-6"), 7,22 (1H, d, J =
8,0 Hz, H-8), 7,54 (1H, d, J = 8,0 Hz, H-11). *C
NMR-125 MHz (CDCL): & 10,8 (CHs), 20,0
(CH,CHs), 23,2 (C-12); 50,1 (CH,CH3); 54,9 (C-3);
56,1 (C-6); 56,4 (C-13); 105,4 (Cqu); 111,1 (C-8);

112,3 (C-11); 112,5 (C-10); 118,1 (C-9); 118,5 (C-.

3%); 119,4 (C-6°); 121,5 (Cquar); 125,8 (C-5%); 129,5
(C'2’); 132:6 (C-l,); 136’5 (Cquat); 143’0 (Cqua():
159,3 (C-4°); 166,9 (CO); 167,2 (CO).

Hop chét 9b. 'H NMR-500 MHz (CDCl): &
0,92 (3H, t, J=7,0 Hz, CH3), 1,60 (2H, m, CH,CH,),
2,93 (1H, ddd, J = 1,0, 12,0, 13,0 Hz, H-12a), 3,17
va 3,52 (2H, sx, J = 7,0 Hz, N-CH,CH,), 3,55 (1H,
dd, = 4,5, 15,5 Hz, H-12b), 3,71 (3H, s, OCH),
3,95 (1H, d, J = 14,0 Hz, H-3a), 4,12 (1H, dd, J =
4,0, 11,5 Hz, H-13), 4,33 (1H, d, J=14,5 Hz, H-3b),
6,79-6,86 (3H, m, H-4’, H-5", H-6"), 7,00 (1H, s, H-
6), 7,13-7,21 (3H, m, H-9, H-10, H-2?), 7,29 (1H, d,
J=8,0 Hz, H-8), 7,53 (1H, d, J = 8,0Hz, H-11). *C
NMR-125 MHz (CDCL): & 1131 (CHs), 19,7
(CH,CHs), 27,6 (C-12); 47,6 (CH,CH,); 49,4, 52,0
(C-3); 52,8 (C-6); 55,3 (C-13); 109,0 (Cqua); 111,1

Téng hop mét s6 dén xudt méi...

(C-8); 114,0 (C-11); 114,7 (C-10); 1183 (C9);
119,9 (C-3°); 120,9 (C-6"); 122,6 (Cqua); 126,2 (C-
5°); 129,6 (C-2°); 129,8 (Cquar), 136,3 (C-1°); 139,7
(Cqu); 159,9 (C-4°); 162,0 (CO); 165,2 (CO).

3.KET QUA VA THAO LUAN

Céc hgp chét diketopiperazin dugc téng hop qua
ba buéc phin tmg theo so db 1, 2 va 3. Piu tién,
thirc hi¢n phan ng Pictet-Spengler tir hai nguyén
liéu ddu I3 etyl este cia L-tryptophan 3 va 3-
metoxybenzaldehyhit 4 nhin duwgc hai chét chia
khéa 12 5a va 5b 13 ddng phan cip ddng phén cis-
trans vé6i higu sudt tuong img 13 28 va 62%. Hai
dbng phén 5a va 5b dugc tich riéng biét nho sic ky
cot [6]. Céu tric va céu hinh cis ctia 5a va trans clia
5b da duge chimg minh bang cic phwrong phap phd
cong hudng tir hat nhin va d9 quay cuc trong cong
trinh cong bé trudc day [8]. Trén phd "H-NMR cia 5
thé hién ddy du cac tin higu proton c6 mit trong
phén tir nhu nhém Et, OCHj;, nhdn indol va khung
4,5-dehydropiperidin. '

Tiép theo, hop chit 5a-b durgc axyl héa nhd phan
img véi 1,2 duong lugng cloaxetyl clorua, c6 mat
clia tic nhan kiém NaHCO; trong dung méi etyl
axetat, nhin dwoc céc din xuit axyl 6a va 6b tuong
{mg véi higu suit 85 % va 93 % (so dd 2).

CO,Et
CHO ‘ CO,Et
NH
e 7] CgHs, 24h . | s
+
N OCH i
" . ]
3 4 OCHs
cis 5a (28%) trans 5b (62%)
Sodo 1 '
Oy
I 1,2 duong hrgng CICH,COC

” NH

I OMe
Sa

I
NH
n ;

NaHCO,, E10Ac, 0°C

1,2 duong lugng CICH,COQ

6a (85%)

CO,Et

H NaHCO;, EtOAc, 0°C

5 N,

5b

_ |
N ; N\é(\m

QL.

6b (93%)

So dé 2

Cudi cling, c4c din xuft axyl 6a-b dugc déng
vong f-cacbolin nhé phéan tmg véi 5 duong lugng
amin béc I (metyl amin, etyl amin, n-propyl amin),
trong dung moi EtOH ¢ nhiét 46 Phbng trong thoi
gian 24 gi0 nhan dugc cac dan xuat diketopiperazin

7a-b, 8a-b v 9a-b (so dd 3) v6i hiéu suét cao tir 75-
87%. Céu tric cia cic hop chit diketopiperazin
duge chimg minh bing cic phuong phap phd cong
huéng tir hat nhan '"H-NMR va ®C-NMR. -
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5 duong lugng RNH,

7\ CO,Et
Ny e
= | Y
X oe
6a

L, R e
BiUn, i puong, 24 1

5 duong lugng RNH,

OhAe

7a R= Me (75%)
8a R=Et (82%)
9a R=n-Pr (87%)

Trén phd 'H-NMR ctia hop chét 7a xuét hién ddy

du cac tin hiéu ¢
phén tr. Tin higy

tai 2,95 ppm la dgc

cdng huong doub
11,5 va 16,0 Hz [t
H-12a. Tin hiéu
3,62 ppm vé&i ha
Proton & vi tri H-
tai 3,83 ppm va 4,

doublet tgu 4 23
11,5 Hz. Proton
6,11 ppm. Ngoai

BC.NM
cla 22 nguyén
hai tin higu cia
cho phép khing
chit 7b ¢6 phd
va cac tin hiéu
dich vé ph:a trudr
cac hgp k:hat 8a

d

ng hudng cla proton c6 mit trén
cong hudng singlet ciia ba proton
trung cia nhém N-CHj. Tin higu
et-doublet véi hing s tuong tac
i 3,10 ppm duge gan cho proton
Ong hudng ciia proton H-12b tai
g sé tuong tac 4,5 va 16,0 Hz.

vi tri H-6 1a tin hiéu smglet tai
a, trén ving trudng thip trén 'H-
t 7a thé hién tin hiéu cong hudng
, tin hiéu cfng huc’mg cua nhom

m. B dich chuyen héa hoc va céc
ac phi hop voi cau trac cia hop chit

cdng bd trong tai liéu [7,8]. Phd

thé hién day du cac tin hi¢u cong hudng

cacbon ciia chit 7a, trong d6 c6

nhém cacbonyl. Phén tich phd trén

nh cu tric ciia hop chét 7a. Hop

H-NMR tuong tu nhu h0'p chét 7a
cong hudng ciia proton cb chuyén

g cao hon. Tuong tu cAu tric ctia

b va 9a-b, ciing dugc khing dinh

bing cac| phuong phéap cdng hudng tir hat nhén.

e 2| ‘
Loi cdm on. Cad

nghién ciru khoa|
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EtOH, t ° phong, 24 h

Sodé 3

<
OMe
7b R= Me (70%)

8bR=Et (72%)
9b R=n-Pr (88%)

DT.NCCB-PHUD.2011-G/07 dé thiu'c
nay.
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