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1-(1-C F-1H-5-M5| R B )-2- 7K £ -1,2- —BLE & A%
1,24-ZBEE U EVIR M

BB e

(PR AETEZ e B 610041)

R H

"' M X B

FE BT R 1-(1- L5 1 H-5-WWRHE)-2- 58 51,2 5 S AU R S b 40 & A2 BRCELN R SR AR R A 1,2,4-
SRR, FEEIEIE R HARE A RO A, BT 1,2- R RIR AN R BRI R I R B R, R
PSR 40%~81%, HMANIHR 1,2- WK F IR EERT, FoA e R 2 A4k 6-(1- £ 551 H-5-W5| Wi dik)-5- 2K K-
3-HHE-1,2,4- = (2a)F 5-(1- L FE-1H-5-M5| W JE)-6- 2 363 -5 55-1,2,4- =i (da) LLAFI D 40 & 60; Z43R3R U NI B
THEEE, 6-(1-2. -1 H-5-5] W3 )-5-(4-Fl 3 R FE)-3- = FE-1,2,4- =R (2b) 1 5-(1- 2. FE- 1 H-5-M5| W 3 )-6-(4- il 2 55)-3-
F-1,2,4-=W(4b) LU BN 63 1 37; MZRIN FHUAREE e IR, ZEORHRAY A 2 RAIFBILER.

REE it AXER 1,2- 28 B2 SRk 1,2,4-=8

Condensation of 1-(1-Ethyl-1H-indol-5-yl)-2-phenylethane-
1,2-dione to 1,2,4-Triazines

Liu, Jiangong Li, Xiaolong Cheng, Xu Hao, Wenmei Hai, Li Wu, Yong*

(West China School of Pharmacy, Sichuan University, Chengdu 610041)

Abstract This paper reports the selective condensation of aminoguanidine with 1-(1-ethyl-1H-indol-5-yl)-2-phenylethane-
1,2-dione to afford 1,2,4-triazines. The constituents and relative proportion of these condensation products are identified by the
methods of target-oriented synthesis and nuclear magnetic resonance. And the influences on the relative proportion by different
substituents are described. When the phenyl is substituted with the electron-withdrawing group, the ratio of the isomers
6-(1-ethyl-1H-indol-5-yl)-5-phenyl-1,2,4-triazin-3-amine/5-(1-ethyl-1H-indol-5-y1)-6-phenyl-1,2,4-triazin-3-amine  [n(2a) -
n(4a)] is 40 : 60; when without the substituent, the ratio of the isomers 6-(1-ethyl-1H-indol-5-yl)-5-(4-nitrophenyl)-
1,2,4-triazin-3-amine/5-(1-ethyl-1H-indol-5-y1)-6-(4-nitrophenyl)-1,2,4-triazin-3-amine [n(2b) : n(4b)] is 63 : 37; when sub-

stituted with the electron-donating group, the type of the major products was 2.

Keywords condensation; unsymmetrical 1,2-diketone; isomer; 1,2,4-triazine
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W, VENIRTER Ao ZARTEDUH. B, A B EPRE T
—RWMEEB RSN, g 2,4,5- =K
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Figure 1 Structure of compound 1 and general structure of
1,2,4-triazine derivatives 2
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1,2,4- =R 5 WE 53 A R ITERZ 1,2-2H5
FIENE— DA G153, (LR TR FC IR Xt
FR_EAL A, ZEDSCHR, RIUMESRT Mallikarjuna %51
RIE T ARG O T S B =R SR N s — e &, H
BARCEE ) H P 205 S % 4 5 7 [l T s il HLAE, 48 23T,
YT AR TAEFRANHR TS, RN R~
HEWANAF GGG =AY 2 14 (Eq. 1). B, &
AT 1-(1- £ 25- 1 H-5-M5] e dik)-2- 2R k- 1,2- — i 5 2 BT
RGN BEAT TR IR R, B HAEAN I
PERNL R T, PN [R5 A AR A R e ], DA R i &
MR

N N

R Q p HZNJLN/NHZ N Y
H NS
X | +
" P
2 0 H,N" N | >
=

S )
N A (1)

1 &HR510R

PAZEIR_ETCHUACHY 1-(1- 205 - 1 H-5-15] 3 )-2- F J -
1,2- i (3a) 5 & U R A Eh AR AL e B, R T 1%
R AR G SFAR R D). B TR BIER ik, H
ORI, 6 160 C R B HAE R (&
1, Entry 3); i ZBEsk E T BEAEE A, £ 8 R
WA, /BREMHERNSS, HOEEREE G |1,
Entries 1, 2), #U&E SRR NEA]. BT R T
it ARE B, WO A ZE DN, B RN EE IR
BHE. HM 'H NMR &K AT S5 3a 456577
Yo AIdE 6 7.871 5 7.768 Ab(WIWRIR 4 £ Ar-H &)L J
5.629 5 5.578 Ab(IiF 5 NH,-H U6, /K354 5 i %) H B
PaZHE. 2R, PRGN AR E LG 60 @ 40, H
R — TR, HILRIGIE TR HEN——X A
MR I 4, R BIAT BE 2 = AR AN AN [F] 46 6 7
Y. [EiE, % SCRRIS1I 5%, ERIA R T 2a (Scheme
1), #iE T 67.768 ATkt R[4 2a, HILH E IR G
o1 n(2a) © n(4a)=40 : 60 (% 1, Entry 1)

HET, AR R L AT T, 45 AR,
S RREEE (78 CH)MILL, ¥R B ¥ 2 I vi
W PR, LU B X6 7= o P 2 R L )t A — 52 R R
{RPEIR BE R I, X PRSI/, IR, PR 2a
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K1 B4 =R EWAFATRITRIL

Table 1 Study of reaction conditions for the synthesis of

1,2,4-triazines

N b
s O qge
D
.
O o) HzN)l\N/ O
2a

3a

\“/ X
N‘N/ l
4a
Entry Solvent  Temp./C Time/h Yield”/% n(2a) : n(4a)

1 EtOH 78 5 71 40 : 60
2 n-Butanol 117 5 25 41 159
3 Cyclohexanol 160 5 Trace —
4 EtOH 20 24 Trace —
5 EtOH 50 10 27 24 176
6 EtOH 120 5 39 42 158

© 2016 Chinese Chemical Society & SIOC, CAS

“ 3a (2 mmol), aminoguanidine (2.5 mmol), solvent (3 mL). ® The whole yield
of 2a and 4a after column chromatography. ¢ 'H NMR analysis. ¢ The reaction
was performed in a sealed tube.

() L5 1K (36 1, Entries 4~6), {HZ56 B R A 73,
BT 230 F CWEIRNRL R 2 A AR A B S L 2% At

oo, W T RIF 2 % B NS RR A L
LR AR RS PRI LR 2). BRRURIN, BRI N
W HL TR SE AR, S SR ICRIE ] 81%, 4i AT
n(2b) : n(4b)=63 : 37(% 2, Entry 1). & NEAMAE,
YIRS R URET, 45672 & R 2
77 (3 2, Entries 2~7). dEH K2, £ HRMEE
WIBEVHWTA B R 38006 R A T A AR TE R B, 2R B
Nt B A S T B D, ik, ARER LR AT 1R
BTN A RS 2.

% N A BERINLEE LN Scheme 2. M NJEYIN 3a
W, IR C(), CQIMIFRE, BEk—0 7
H,0, &%k 1 FEELL 2, TERR T a0 B From 1) ) 44 A Rl
B, HHA TN — 1 HO, FERFAN TR 43 S b 4
HITREY. HHATSCH B AR g mE s ik, BTG T
Hodr—AN i, FEfE T ARG RS, ARG R ik
[KIELH n(2a) © n(4a)=40 : 60.

B )5, 12 Schodinger 2013-1 {411 Jaguar £ 1)
e B AL AT I B pE, SR B3LYP/6-311G+(d,p)ffIit
7%, 13308 HIEmR ) Mulliken Charge( FELfir 434
), Wi 2.
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Reagents and conditions: (a) CHsl, EtOH, reflux, 81%; (b) K.COs, AcOH, THF/H,O (V : V=1 : 1), r.t., 52%; (c) m-CPBA, CH.Cly, r.t., 72%; (d)

NH3eH,0, r.t., 65%; () NBS, DMF, —20 °C, 64%; (f) n-BuLi, triisopropyl borate, THF, —78 °C, 69%; (g) Pd(PPhs),, K,COs3, 1,4-dioxane/H,0,
150 °C, 86%.

BR 1 6-(1-4F-1H-5-W5|WeE)-5- 28 H-3- 5 25 1,2,4- =R 2a) I A 1
Scheme 1 Synthesis of 6-(1-ethyl-1H-indol-5-yl)-5-phenyl-1,2,4-triazin-3-amine (2a)
K2 AFBUCHAXFR —H 3 5ZIEMAILE & VB ¢

Table 2 Condensation of various 1,2-diketones 3 with aminoguanidine under the optimized conditions

I N "
0 N HNT N2 N Y HaN N /
/ H )NI\ S . i
AN
o o, - I~ N Z
R+ P o) EtOH, 78°C,3~8h HoN N \_ N | \—R
I R =~
3

N
IS

Entry Substrate Time/h Product Yield®/% n(2) . n(4)°

w

We
1 O )I\ _ ?\T ) 81 63 37
HN™ "N N
ol | >, T
NO,
2b

2~

OMe O N N O
2 Y, 4 )"1\ A 55 100 : 0
—
(7 Y
3¢ MeO
2c
49
NS /
3 5 I 43 93:7
HZN*N/ O
OMe
OMe
2d
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Yield”/%  n(2) : n(4)°
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Entry Substrate Time/h

R
N Y
5 )N\j{) 49 100 : 0
H,N” N O
N
o
5 HZN/QN/ O 51 100 : 0

46 100 : 0

4.5

~
_'
(2]
I
b4
O
o
-
T
N
p-4
=2
z =z
Y,
z /!\ IZ\/
@

“ Reaction condition: 2 mmol of 1,2-diketones and 2.5 mmol of aminoguanidine in ethanol at 78 °C.° The whole yield of 2 and 4 after column chromatography. ¢ 'H

D,
2
cyclization =
cyelizaion % N™ "NH; Route 1
-H,O N
O O N\ NH,
C(2) cyclization | BN
- . N
h,0 J O Route 2
N

B2 N ATRERIHLEL

Scheme 2 The possible mechanism of the reaction

NMR analysis.
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C(2) / C(2) Y
O O0(1) O OC(1)

3a C(1): +0.141e 3b C(1): +0.140e
C(2): +0.167¢e C(2): +0.171e

0 N
2) Y

C(1)
o

~o

:

3¢ C(1): +0.158¢
C(2): +0.144e

B2 {58 Jaguar JAE5H ¥ C(1)FT C(2)H) Mulliken Charge
Figure 2 The calculated Mulliken Charge of C(1) and C(2) by
the Jaguar

ML R LR, SEYR 3a B, CQQ)IMHIE
PELE C() K, H+0.026e HIHLf 2, B HEFISEAZ R
Oy RAEAE CQNLIERIE, 4R PA Route 1 7= fh 4a N
HITR A Y [n(4a) © n(2a)=60 : 40]. 44 NI H T 3
RERI 30 B, BT AEEE R R, 15 CQ)MIE
HLPESE R, EERIREURS CQ)FIIEREAR 0.004e 3
K, HC)E+0.031e By 2%, #A5IHLL Route 1 ™~
i 4b AN, HIEHIBISH 2 i [n(4b) & n(2b)=63 :
37], FEfWZE 3G K RT RE S P b B AR AR B R AR O, (H
JERA AR FAA R B 3¢ B, BT RS R
TAEH, #153 CQIMIE MR KIFHEE] 0.144e, THHLLHT
THEH COHMIE M TR 2] 0.158e, BLE CQYMIKT C(1)
(P IE L, MO S BRI 5 K AETE C(DAE, A
% LA Route 2 HIFE N 2¢ AT, LIRSS ER, 46610
R 2¢, T CQ2)H C)HIHLATZN—0.014e,
Xl LA 22 O RR G, P RER S EUE R — 1 2 R
EADRR AL W SR HEN, ORI b R Ot e
B, AZRbL 2 RPN =, B2 R IUVER 2 &
FII = i

2 #ig

IE T — P fai s A A LA 1-(1- £ 3 -1 H-5- 5] Wk
F)-2- K FE-1,2- NI A R 1,2,4- =R 1 7. 4550
SR, ANTR BT 2 B 2 SN 46 A 7 A PR S e
e ORI TCHUAR B i AT BT A5 7= O PR 4
FEVINR G2 Al 4), HENIT B BT AR A S A5
WCHL P, T R 2 R R ] R I it T R
AR, BT80N R 2 MG, 1%
K 1,24-=FWEMEYE RS EERAT R, K
T A 2 B R E .
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3 SRS
3.1 X5

K3 4R A Varian INOVA-400 B 4R 72,
PASTAR &L BTAR — S AR A7), DY R et Joe
(TMS) NN br; i HEm R A Agilent 1946B i B A
JE; MR YRT-3 B0 sl e Al e, I R IE; Bt
R A b2l A 3 $ I8 SCHR[ 1] 77V 4%
32 ZWHE
321 12,4-Z"R8945m

4 1,2-1(0.256 mmol)iE T 2 mL L%, IIAZE:
TR R A 25 (43 mg, 0.32 mmol)JE IR 2, RAMIEEY)
I a1, TLC A R R B 58 4 5, A5 2=, 25%
IR TR AW pH £ 8, FH M ZERE, &
HAENIZE, TKIBRN TR, R4, HERS 1,24-=
I,

6-(1- £ F- 1 H-5-W5| Wt L )-5-(2- FF 48 ok 2 0k )-3- S 2k -
1,2,4-=W(2¢): #AIHCIRY. "TH NMR (400 MHz, CDCl5)
5: 7.83 (s, 1H), 7.58 (d, J=7.2 Hz, 1H), 7.37~7.42 (m,
2H), 7.21 (d, J=8.4 Hz, 1H), 7.11~7.14 (m, 2H), 6.73 (d,
J=8.4 Hz, 1H), 6.42 (d, J=2.8 Hz, 1H), 6.18 (brs, 1H),
4.14 (dd, J=17.6, 6.8 Hz, 2H), 3.19 (s, 3H), 1.44 (t, J=7.6
Hz, 3H); °C NMR (100 MHz, DMSO-d;) 6: 161.8, 157.8,
155.5, 148.8, 137.6, 136.3, 135.2, 132.7, 131.5, 129.6,
128.4, 128.0, 127.2, 122.6, 121.5, 109.7, 101.9, 60.4, 40.7,
15.7; IR (KBr) v: 3308.43, 3185.32, 2976.87, 2934.15,
1618.56, 1518.73, 1462.52, 1384.67, 1340.58, 1219.89,
1109.36, 1042.54, 803.14, 763.68 cm '; HRMS calcd for
CaoHoNsO [M+H]" 346.1662, found 346.1669.

6-(1- 2.3 - 1 H-5-M5| e 3E)-5-(3,4- — FH A JE IR 3E)-3- 7
$E-1,2,4- =W (2d): FEJRY. '"H NMR (400 MHz,
DMSO-dy) d: 7.59 (s, 1H), 7.41~7.46 (m, 2H), 7.18 (s,
2H), 7.06 (dd, J=8.4, 1.6 Hz, 2H), 6.97 (d, J=2.0 Hz,
1H), 6.87 (d, J=8.2 Hz, 1H), 6.42 (d, J=3.2 Hz, 1H), 4.21
(q, J=7.6 Hz, 2H), 3.72 (s, 3H), 3.36 (s, 3H), 2.50 (s, 3H),
1.33 (t, J=7.6 Hz, 3H); °C NMR (100 MHz, DMSO-d;)
5: 161.8, 157.8, 152.4, 139.2, 136.3, 132.7, 131.5, 129.6,
128.4, 128.0, 127.2, 122.7, 122.6, 121.5, 109.7, 107.5,
101.3, 60.4, 55.7, 40.7, 15.7; IR (KBr) v: 3308.27,
3185.56, 2977.09, 2933.85, 1617.72, 1517.37, 1462.64,
1384.64, 1340.46, 1220.21, 1109.33, 1042.62, 887.93,
837.52 ¢cm™'; HRMS caled for CyHyNsO, [M+H]"
376.1768, found 376.1764.

6-(1- 2,3 -1 H-5-W5| Wt 3£)-5-(3,4,5- = F 8 L 2 3t )-3-
RHIHE-1,2,4- = (2e): EEOMRY). 'H NMR (400 MHz,

Chin. J. Org. Chem. 2016, 36, 370~376
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CDCLy) d: 7.77 (s, 1H), 7.25~7.31 (m, 3H), 7.13~7.19
(m, 2H), 6.70 (s, 1H), 7.47~7.49 (m, 1H), 5.51 (s, 1H),
4.18 (q, J=17.6 Hz, 2H), 3.86 (s, 3H), 3.52 (s, 6H), 1.44 (t,
J=17.6 Hz, 3H); *C NMR (100 MHz, DMSO-d;) d: 161.8,
157.8, 152.7, 148.8, 137.6, 136.3, 132.7, 131.5, 129.1,
128.4, 127.1, 122.6, 121.5, 109.7, 101.9, 60.4, 55.9, 55.7,
40.7, 15.7; IR (KBr) v: 3308.71, 3183.97, 2977.58,
2933.49, 1619.61, 1519.26, 1461.53, 1384.75, 1340.57,
1220.43, 1109.22, 1040.89, 846.42 cm™'; HRMS calcd for
C2Hp3NsO5 [M+H]" 406.1874, found 406.1865.

N-{3-[3-F F£-6-(1- 3k 1 H-5-W5| e 3)-1,2,4- = =-5-
BRI 2z 20): B EAHRY). '"H NMR (400 MHz,
DMSO-ds) d: 10.0 (s, 1H), 7.88 (s, 1H), 7.58~7.59 (m,
1H), 7.38~7.40 (m, 1H), 7.26 (s, 1H), 7.12 (d, J=7.6 Hz,
1H), 7.04 (dd, J=1.6, 8.2 Hz, 1H), 6.83 (d, J=3.6 Hz,
1H), 6.40 (d, J=3.2 Hz, 1H), 4.18 (q, J=7.6 Hz, 2H), 2.01
(s, 3H), 1.35 (t, J=7.6 Hz, 3H); °C NMR (100 MHz,
DMSO-dy) d: 168.7, 161.6, 148.9, 139.6, 138.1, 136.5,
135.3, 129.5, 128.6, 127.9, 126.8, 124.1, 122.8, 122.7,
120.3, 119.2, 109.5, 101.9, 40.5, 24.2, 15.7; IR (KBr) v:
3378.15, 3310.31, 3185.45, 2978.42, 2933.87, 1618.53,
1518.37, 1460.56, 1384.94, 1342.62, 1220.21, 1109.51,
1043.76, 775.81, 694.96 cm™'; HRMS calcd for CpyHaoNe-
O [M~+H]" 373.1771, found 373.1773.

N-{3-[3-F F£-6-(1- 31 H-5-W5| W 3E)-1,2,4- = =-5-
FE PRI }-4- FE BRI I i (2g): B A TEAA, mp. 170~
172 °C; '"H NMR (400 MHz, DMSO-dg) : 10.26 (s, 1H),
7.57~7.65 (m, 3H), 7.44 (d, J=3.2 Hz, 1H), 7.29~7.34
(m, 5H), 7.00~7.08 (m, 3H), 6.81~6.82 (m, 1H), 6.38 (d,
J=3.2Hz, 1H), 4.19 (t, J=7.6 Hz, 2H), 2.32 (s, 3H), 1.34
(t, J=7.6 Hz, 3H); “C NMR (100 MHz, DMSO-d;) o:
161.9, 157.3, 148.6, 143.5, 138.7, 138.7, 136.7, 136.4,
129.9, 129.5, 129.1, 127.9, 127.0, 126.7, 124.9, 122.8,
122.6, 120.4, 119.3, 109.5, 101.9, 40.7, 21.2, 15.7; IR
(KBr) v: 3370.18, 3309.88, 3187.65, 2977.58, 2934.78,
1620.15, 1520.76, 1461.28, 1384.55, 1340.81, 1220.78,
1109.57, 1042.09, 768.64, 712.32 cm™'; HRMS calcd for
CaHp4NGO,S [M+H]" 485.1754, found 485.1760.

N-{4-[3-F F£-6-(1- L FE-1 H-5-W5| e 3E)-1,2,4- = =-5-
FEPRIE -4 F BRI WE A (2h): S AE R, mp. 210~
212 °C; 'H NMR (400 MHz, DMSO-d) : 10.28 (s, 1H),
7.61~7.64 (m, 3H), 7.45 (d, J=2.8 Hz, 1H), 7.33~7.36
(m, 3H), 7.10 (dd, J=1.6, 8.4 Hz, 1H), 7.01 (d, J=2.8 Hz,
2H), 6.36 (d, J=3.2 Hz, 1H), 4.19 (q, J=7.2 Hz, 2H), 2.35
(s, 3H), 1.35 (t, J=7.6 Hz, 3H); °C NMR (100 MHz,

C Chin. J. Org. Chem. 2016, 36, 370~376
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DMSO-dg) d: 161.8, 157.1, 148.5, 143.6, 137.6, 136.7,
136.3, 133.2, 130.0, 129.9, 129.4, 127.8, 126.9, 126.8,
122.8, 122.7, 119.7, 109.4, 101.8, 40.6, 21.2, 15.6; IR
(KBr) v: 3369.64, 3310.31, 3188.57, 2977.64, 2934.51,
1619.72, 1519.42, 1461.63, 1384.34, 1341.12, 1219.83,
1108.96, 1041.46, 825.77 cm ~'; HRMS caled for
CaH24NO,S [M+H]" 485.1754, found 485.1751.

322 6-(1-T H-1H-5-73 % & )-5- K £ -3- R K -1,2,4-
ZrR(22)89 2 ) A A%

5- TR HE-3-F I -6-TR-1,2,4- =R (9) I A S 5 STk
[8, 12]#fE, BEMPIRY), W 13% (M JERHRARZ L Ik
FFUATHED). 'TH NMR (400 MHz, DMSO-d;) d: 7.73~7.75
(m, 2H), 7.47~7.56 (m, 5H).

(1- & F=-1H-5-15 W ) Bl B2 (10) 1 & B 2 2% SRR [9]
BeAE, EOMRY, WE 69%. 'H NMR (400 MHz,
DMSO-dy) d: 8.05 (s, 1H), 7.77 (s, 2H), 7.59 (d, J=8.0
Hz, 1H), 7.41 (d, J=8.0 Hz, 1H), 7.35 (d, J=2.8 Hz, 1H),
6.43 (d, J=2.4 Hz, 1H), 4.20 (q, J=6.8 Hz, 2H), 1.36 (t,
J=17.2 Hz, 3H).

FHHEHH 9 (20 mg, 0.08 mmol)iE T 1,4- 4 /AN
(2.0 mL)H, MK 10 (18.1 mg, 0.096 mmol), K,COs
(33.12 mg, 0.24 mmol), H,O (1.0 mL)}% Pd(PPh;), (4.6
mg, 0.004 mmol), EEHE, T 150 CHiHE 18 h J5, ¥
SN IRA A, TN 10 mL KRR, 28R LBEREHL,
GIFANZE, KRBT IRIG, WAk, HENT
aifl [V EH ) © V(B =100 : 1], 139 2 A 4
21.6 mg, W& 86%. m.p. 176~178 “C; 'H NMR (400
MHz, CDCLy) o: 7.77 (s, 1H), 7.50 (d, J=7.2 Hz, 2H),
7.35~7.39 (m, 1H), 7.27 (dd, J=8.4, 6.4 Hz, 3H), 7.17 (d,
J=8.0 Hz, 1H), 7.13 (d, J=3.2 Hz, 1H), 6.46 (d, J=2.8
Hz, 1H), 4.16 (dd, J=7.2, 7.2 Hz, 2H), 1.46 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, DMSO-dy) J: 161.8, 155.5,
152.4, 148.8, 139.2, 136.3, 132.7, 131.5, 129.6, 128.1,
127.1, 122.6, 121.5, 109.5, 101.9, 40.7, 15.7; IR (KBr) v:
3307.38, 3184.45, 2977.18, 2933.05, 1619.08, 1519.93,
1461.73, 1384.85, 1340.36, 1220.34, 1109.43, 1045.34,
768.28, 725.96, 699.98 cm '; HRMS caled for CioH;7Ns
[M+H]" 316.1557, found 316.1549.

4 Bh A4 &l (Supporting Information) 3% B {4 & fAIf
A L&Y B X SRR AT B S 3 AR T R b
(http://sioc-journal.cn/) L. N #k.
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