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Abstract

According to the reports on the N-H alkylation substitution of 7-azaindole in the literature and re-
ferring to its synthetic route, a series of N-alkyl-1H-pyrazolo[3,4-b] pyridine compound were de-
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signed and synthesized, and the reaction conditions of 1H-pyrazolo[3,4-b] pyridine N-H alkyl subs-
titution were optimized and improved. In the experiment, 1H-pyrazo[3,4-b]pyridine was used as
the starting material, N,N-dimethylformamide was used as the solvent, 4-dimethylaminopyridine was
used as the catalyst, and sodium hydride was used as the dehydration agent under ice bath condi-
tions, hydrogen reagent for 30 min, different brominated alkanes were added for substitution at
room temperature for 30 min, under the protection of inert gas. The results showed that the target
product was the best under this condition, and the yield was between 90%~94%. The structure of
the compound has been verified by H NMR, C NMR and mass spectrometry; the method has the cha-
racteristics of simple operation, short reaction time, mild conditions and high yield.
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RN S AT R — M E A S, RamRED I FREMBE A EE g, BA
B ARG E ] HARR SR M &, T IS M B S R A PR DL K e
HIRTAEY BAT I 22 B A B 0 VeI SR AT Z M EAL2] . 2R S R AT R IR I B AN 24
BERT, EBRZ). RZA. RERFEIURAAE A ZHE[3]. 1H-MEME[3,4-b]FFMENE 1 N A1 ) — Fh
Gk, EIbe. WERSSREERIARML, DR FATAE Y B R I A AN 24 A

FI R 178 TH-EE[3,4-b] R LN (1) N-H Ke e U IRIE, 8152 7-% 050 N-H BT, Beit
T %% N-JFedt-1H-IEPE[3,4-b] JF AL E 145 BBR £, I He R AR HEAT DAk . X 7-20% Ml e N-H BUAT
(6 BT VR ARAE [4] [5] [6] [718 % LLEAGEN 9L H X7, DS a1 N N-— FFR: F B A i), 78
i S SR AT, PR HNSEIRS A SR SIN A R, FHEARIRAR . A LA TH-AEE[3,4-b] it
WENERIG IR, 5 p AU TR R, % N-Fedk-1H-IEE[3,4-b]F At g, 5246 DL 1H-IEME[3,4-b]Jf:Hit
WE AR R, N N- R BRI OV, 4- WV SR ENEMSUEAL TR, DK 2 T A B i St
30 min, FIRFAM FIMANFEFEACKEIEHEAT AR 30 min, FEMETEARRS FiktT. &5 —EfRE E
A 1RSI E], U BERIE AR, FRIRERIEGRS, $Em ™5, & R b a4, BARG g
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Figure 1. Synthesis of N-Alkyl-1H-pyrazolo[3,4-b]pyridine
[&] 1. N-JEEE-1H-ALLE[3,4-b] HEAELE & AX
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2. SChy
2.1. (X5

DF-101T & # U E iR il 745 - 25 (L3 Mg B A B R il 1 A TR 22 1) ; RE-2000A Jig# 725 & 45 (48
MR R RS A IRAF); ZF-C =AM AT A (L P i A T A BR AR SHB-N JEHK %
M E A ZCEMACIRR TR AR A A]): LE204E HL-1 R (Hehr -6 0 2 A 3 A R A ®]):  Axima CFR plus
AT IS ) B HE A (] A S A F]): Bruker ACF-300 AUAZREILHRA(TMS bR, 4 E A& 55 A ).

1H-MEPE[3,4-b] ML e (98%, BIE T RHE AR A F); 7-5 495 W (98%, SHEH AEMRHARA A);
SAEN60%, LiEE AR R RA T 4- T F R EMEE(99%, i AR AL R A PR A )
LR OB al, bl iR R AR Al (b al, Fig s e AR BR A A1) N,N-
TR (e, iR SO AR AT BR A D) .

22. &Y ae HERIEZE
12N B IH-IEE PG [3,4-b] ke A sk, 5 — RV @S AT B @ 1] 2 Frs .

¥ : )

N ice-bath N
N + NaH —<2 N —RL_,
E)/\// M omr - L LN+ rer — (T

Figure 2. Synthetic route
2. Bk

# 1.19 g (10 mmol)1H-tE[3,4-b] A E T 50 ml N,N-— FR 3L ez, BN 0.12 g (1 mmol) 4-—
PR FERERE , VKA SR R B % 0°C~5°C, N fR4F 2218 N 0.26 g (11 mmol) NaH, It fE T W 0.5
h &, ZEM2ihn 11 mmol IR, Wnsete, FR=ERBA 05 h. RNTEHE, WOKEK, MALRL
FEAZEL(50 mL x 3), &HANAH, H 5% K,HCO; MR (50 ml x 2), & IL/KEEREE T8 )5 g, I8
IR ZE BRI, 15 bR

1E R AR 2 E, BL1.19 g (10 mmol) 1H-IEME[3,4-b]FF ik e A FEmb JFORE, 3T 50 mI N, N-— 1 %
Wt S, N 10% mmol 4- — FIEFEitie, #EATI AT G700 T 5 ok, AR, AT
Ft, AR LT, BACRAE IR FEAT IR, MUK K, ZBROBEEEEL, 5% K,HCO; ¥
WG, TKIRREET 1, IR E1974) a-e.
2.3. LAYIREEHISRIE

€

L HE-1H-IE M [3,4-D] P BE () : B8 E il RIBAA, 7258 94.4% . "HNMR (500 MHz, DMSO-d6) &: 8.55 (dd,
J=451.6Hz, 1H,),8.23(dd, J=8.0, 1.6 Hz, 1 H,), 8.15 (s, 1H,), 7.21 (dd, J = 8.0, 4.4 Hz, 1H,), 450 (q, J =
7.2 Hz, 2H,), 1.42 (t, J = 7.2 Hz, 3 H,); *CNMR (500 MHz, DMSO) &: 149.71, 148.97, 132.28, 130.83, 117.24,
115.54, 41.83, 15.22.GC-MS, m/z: 147.08 [M + H]".

1-FR TR JE-TH-HE R SR [3,4-D] e E (b): YR B iR A, 7% 93.2%. 'HNMR (500 MHz, DMSO-d6) &
8.53 (dd, J = 4.5, 1.6 Hz, 1 H), 8.25 (dd, J = 8.0, 1.6 Hz, 1 H), 8.16 (s, 1H), 7.20 (dd, J = 8.0, 4.5 Hz, 1 H), 2.42
(p, = 7.0 Hz, 1 H), 0.84~0.73 (m, 2 H), 0.54 (tt, J = 7.1, 4.3 Hz, 2 H); *CNMR (500 MHz, DMSO0) &: 162.77,
152.14, 149.14, 133.62, 130.44, 117.14, 114.85, 36.23, 31.23. GC-MS, m/z: 159.08 [M + H]".
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1-3R T FE-1H-IE MR FE3, 4-b]MERE (c): 3% (I MR, 725 92.5%. "HNMR (500 MHz, DMSO-d6) 5:
8.55 (dd, J = 4.5, 1.6 Hz, 1 H), 8.25 (dd, J = 8.0, 1.6 Hz, 1 H), 8.21 (s, 1 H), 7.23 (dd, J = 8.0, 4.5 Hz, 1 H), 5.50
(p, J = 8.4 Hz, 1 H), 2.72 (dddd, J = 19.0, 10.1, 9.0, 2.7 Hz, 2 H), 2.49~2.39 (m, 2 H), 1.90 (tt, J = 10.7, 6.2 Hz,
2 H); ®*CNMR (500 MHz, DMSO) &: 149.69, 148.93, 132.62, 130.93, 117.52, 115.81, 50.38, 30.04 (2C), 14.92.
GC-MS, m/z: 173.10 [M + H]".

1-FR R FE-1H-IH eI [3, 4-DIFHERE (d): F B ieRIBAA, 725 92.1%. "HNMR (500 MHz, DMSO-d6) &: 8.55
(dd, J= 4.5, 1.6 Hz, 1 H), 8.24 (dd, J = 8.0, 1.6 Hz, 1 H), 8.16 (s, 1 H), 7.22 (dd, J = 8.0, 4.5 Hz, 1 H), 5.47~5.34
(m, 1 H), 2.19~2.08 (m, 2 H), 2.08~1.99 (m, 2 H), 1.96~1.85 (m, 2 H), 1.72 (dtd, J = 11.6, 7.4, 7.0, 3.4 Hz, 2H).
BCNMR (500 MHz, DMSO) §: 149.87, 148.79, 132.17, 130.81, 117.31, 115.72, 57.22, 32.39 (2C), 24.72 (2C).
GC-MS, m/z: 187.11 [M + HJ".

1-6HE-TH-IE eI [3, 4-bitkng . 20 (iR itk (e), 73 92.2%. 'HNMR (500 MHz, DMSO-d6) & 8.59
(dd, J = 4.5, 1.6 Hz, 1 H), 8.28 (dd, J = 8.0, 1.6 Hz, 1 H), 8.21 (s, 1 H), 7.35~7.21 (m, 6 H), 5.70 (s, 2 H):
BCNMR (500 MHz, DMSO) §: 150.22, 149.41, 137.97, 133.06, 131.07, 128.97, 127.94, 117.57, 115.60, 50.39.
GC-MS, m/z: 209.10 [M +H]".

RIS
Axima CFR plus B4 A7 i 8] i WA (H 2 B A &) Bruker ACF-300 B A% B LR (TMS A AR, 5
EAE 7 A HE]),

3. &R5iT1ie
3.1. RRIEEmtii

AT JaLh IH-IEME[3,4-b] ik nE 5IR Z b SRR BRI S, $RE T 12 RS R N A AR
P PL b S2Bimyg, 1H-MEME3,4-b) R mEmE N IERE, N N- L RO, UKIBA1E T RE-H, =R &1
TNERALE R, AR PR AR . X S IS e B R R HE VAR . RIS IA) . RIRE . RTRH
AT R EAAE VT AT S, SCILSEE 90%~94%.
3.1.1. EFIX RN

DML &Y 1H-IEE[3,4-D]FFRERE ST 5T, E5 T NN-ZHEERBEZ . 5. DUERkm. —&H
B DURRIATFIN P2 3R (32 1), S55RERMT, LA N N- 2 F 3 FA B e R 8 711 el B A P2 S e

Table 1. The effect of different solvents on the yield
F 1. FEIBFIR = RAF0

¥ A 7R %
1 DMF 94
2 CH4CN 92
3 NS 91
4 CH.Cl, 80

3.1.2. RRIRTEIRE = ER AR N

BT LR AL, DLNN-Z I R BN TE ], VKIS AE R H 30 min, 58255 b i i ] X
SIS IR 2). SERFM, K8 D IRBIE IR HILE 30 min PEEREGE, IR R R S 4
PR A, PERANER R, B AR PR .
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Table 2. Effect of reaction time on yield

2. R RIEFE)R R R YRR

Fe 5

a A~ W N P

FiJ ] /min
10
20
30
40
50

=%
75
88
94
94
93

3.13. KRR =REIFE

LA NGN-Z P FR RO ), KIS 264 N H 30 min, 25 5858 0 s Wit FBE X SR8 7= R 5 (42 3),
ZERRW], TR PEFERIAE 25°CHEAT BRI B AR 7= 3w, DI AR AE T AR R AR AL, (AT

e E L C T > S

Table 3. Product yields at different temperatures

3. FRIRE T F=/~=%

5 RE/C P
1 0 93
2 15 92
3 25 94
4 35 93
5 45 92

3.14. EAFIFBR TR SFRIFR =R

E

B LA, BT TRAN

R E DL R BRUTRIT S R AT I R A

Table 4. Oxygen conditions and the effect of catalyst addition on product yield

® 4. ARFMHESREMANELTIX == 70

5% S8 P2 ARSI (5 4) . Z5 R, ZEIIN 10% mmol 4-

Fg AL
1 =
2 P
3 %
4 i

=

N,
0;
N,
0,

S

FEERY

94
91
90
88

3.2. RMIR¥MNIER

FEMRAL R 2R b, 2D IRR T BUREEA S B R E R (1] 3). FEMRALZEMF Tl E M T 10

AFEBACHTEY), BRI TRV A7 B RN AR BRI RE b 407 2 (R 5

EL i 6] — R R 5 A R R S SR, 23 -1H-ME M FE[3,4-b],  1-3A T4 JE-1H-AE M 5 [3,4-b], 1-3F
TR IH-RE R [3,4-b] Rk BE , 1-FR L -1H-IE M IE[3,4-b g, 1-FSFE-TH-RE PRI [3,4-b] Ak iE , 720 il
94.4%. 93.2%. 92.5%. 92.1%. 92.2%. K HTHAIELTRIMEAE, F=Yr=a#m; WRAR
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JEEW) 2. FE-1H-ME - [3,4-D] R E . 1- 2, FE-1H-IHE 8 I [2,3-b] Rt e 72 43 il 2 94.4%. 93.1%, H1T-W HiL 13K
N, A4S TH-IE P FE[3,4-0] M mE N-H 5525 5) i 25, P25 BT @1 (7 5). ML H0E 7T LAE H 1H-IE 4 [3,4-b]

FF e S AT AEY S AN R U RIE S T AAE DL AL 26 AR IR EEAT 257 mT DABUAS R 7™ 2

R4
N K N
N
RN \ N
| R+ RX NaH | R
I~ DMF N,
Figure3. Reactive substrate extended synthetic routes
3. REIEMIY RARKML
Table 5. Reaction substrate expansion
5 REEIY R
A=) R R1 g F=E (%
1 N —CH,CH;, NareN, 94.4
[
= /
2 N %I No N, 93.2
[_In
= /
3 N {> Ne N 925
N \
E;E//N
4 N —O NN 92.1
(L
5 N —Bn ] 92.2
NN
N N
P,
6 H —CH,CHs | NN 93.1
P
7 H {] NN 92.8
PV,
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Continued
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Figure 4. Possible reaction mechanism

& 4. mrRER MANIE

4. #hig

ARICARIE T LH-MEME[3,4-0] itk e A HATAED) 518 £ e 2 2 R S BRI BE, I35 12 5 i B 2% A1
BT SRIEEE R EIR, LUET 10 mol% DMAP JfELLF, LL DMF 1R, No (R F, IR R
7E O°CHEAT ML H 30 min, 25°CEEATHUAR 30 min (1254, AT AR A& 2E [ S, 3K 45 B kR4 1- 2. 3%-1H-
M 3 [3,4-b] itk e Kz FLATAEWD 1- 2 8- 1H-MEN& F[3,4-b] itk i, 70 20 7= R f i il ik 94%. 7EM&IE T, &R
TARFEBARIEE R, LI RHIZIA AT 1H-IEME[3,4-b] M ne K HATAEY AT 5 2 R B RIE 31T B
SN, NP R R EAE 91%~94% 2 [] .
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