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Bruker 500 MH #% i 3L #% 4 (£ |& ) , Finnigan
TSQ Quantum ultra AM Y 5 §% {¢ ( Thermal, USA) ,
By HE IR-435 BRI 21 AP 635 4%, WRS-1B 5 54X (| ¥ A
TR AU A R AR ) 5 3,5-H JE b nE | 4 IR A .
N, N-Z L Bt Jie ( DMF) ke SRR  — S 2 K
(25% ) (R &R A B R BE L NIRRT B %
(NBS) L& L TR55 30 43 #r 4l
2.2 HEFER BRI E K
2.2.1 L&MW1 HER

TE 250 mL = H BRI A 5 mL 3 ,5-= F Bl g
(0.044 moL),75 mL /K, i FEFF M E 62 °C,¥38 g
AR R P (0.22 mol) Zrdit i A, ek EFE 29 15 min
AeAa, I oe Ja R R N 1 b il g, U8 T ER BRI pH
1.5 ~2.0, 87t HETUHE, #ug, 1 100 mL 7K % , 38
PERET 15 6.16 g 3,5-0k g — R A B (Ll K, 0%
4 87% ,m.p. 324 ~326 °C,

"H NMR (DMSO-d,,300 MHz); §: 8.65 (s, 1H,
Ar—H),9.25(s,2H,Ar—H) ,13.71 (brs,2H,—COOH ) ;
IR(KBr)y: 3088 (C—H),2914(O—H),1720(C — O),
1600 (C = C), 1163 (C—0), 775 (C—H) cm™;
MS (ESI) m/z: 165.97(30),121.97(100),

2.2.2 KEWIHER

7E.100 mL = OB b G mA 5 g 2RO 2
kS 1,1 mL DMF,30 mL — 4, FHiE &
78 °C,fHEBEHE 0.25 h 528 Z R & W0, % 4
WL, MA 20 mL ZE B LR, fE KB 554, R
B A 25% 19 Bk BR B2 4 i 30 mL & oK, B A
5 min 753 FL A G, ik, ve, A TR 1K
{5 [E 4 4.85 g, IR ik5%] 98% , m. p. 303 ~305 °C,

"H NMR (DMSO-d,,300 MHz)§: 7.69 (brs,2H,
CONH) ,8.25(brs,2H,CONH) ,8.64(s,TH,Ar—H) ,9.13
(s,2H,Ar—H); IR (KBr)v: 3393(N—H),3045(C—H),
1697 (C=0),1575 (C = C), 1448 (C—N) cm™';
MS (ESI) m/z: 166. 05 (35),148.96 (5),139. 04 (10),
123.03(15),80.07(100)

2.2.3 KEWIHER

B4 mLiRINA 0 °CHy60 mL6 mol - L™ "A %A1k
IR B 20 s 15 50 W O IR IR BR BN W . AE
250 mL =BT 0 ~2 CRANA 4.00 g HrA Rk
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EY 3 TAAACEE W, A S B AT 0 U VR IR
W, B A 10 min 3ok T HEFE 40 min 528 HIE 5SS
W RHEFHREZ 75 °CLORIE 1 h J5 728 IR 8 A sl i 416
W, WA E R, 60 mL G055 IR AW, A IFA
BLZ, ToKGRER AN T4 I 25 T, 19 oK (1 (8 [l 44, 0%
VB R S AN A5 S A B [ A 2,48 g, Il 87.3%
WA I 5 5 99% 5 m.p. 121 ~123 °C,

'"H NMR (DMSO-d,,300 MHz)§: 7.55(s,2H,
Ar—H),6. 31 (s, TH, Ar—H), 3. 89 (brs,4H, NH, ) ;
IR(KBr)v: 3361 (N—H),3014(C—H),1496 (C = C),
1203 (C—N), 873 (C—H) cm™; MS (ESI) m/z.
110.11(100),93.09(95),83(40)

2.2.4 &5 HER

TE 250 mL = [ B P Ak im A 50 mL H
15.0 g4l ,4.0 g b &9 3, N-IR AR T 8tk 0 fi
7.8 g, MR 62 CH IR, FHAPHASIMA 3.9 g
N-RART 6B, i B ] [R] B 3 min, 183 52 6
10 min ¥4 g, JE R E 25 T, 58 8 H 50 mL /K%
Gt g, AR 10 mL 48R SWePe i, T 15 H
#5.0 g, Ix#E 91.5% , m.p. 389 ~392 °C,

"H NMR (DMSO-d, ,300 MH)§: 3.69 (s,6H,
2—CH,),8.15(s,TH,Ar—H) ,8.29(s,2H,Ar—H),
9.84(brs,2H,2—NH—); IR(KBr)v: 3339(N—H),
3086(C—H),1736 (C = 0),1253 (C—0),870 (C—H)
cm ™5 MS(ESIYm/z; 226(70),194.00(100),161.99(30)
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DI E: (1) rhok o i B0 76 S A 1R Jed 2 vt 7 2
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Table 1  Effect of oxidation systems on oxidation reaction

oxidation 65% KCr,O, CrO,/

50, KMnO, KMnO,
systems HNO;  (H+)

H,S0, (H*) % (OH™)

yield/% 25 31 32 49 27 87 76

3.1.2 SRBHAEAENZN

PR TR R R P R AR RL L, S5 R LR 2,
H1E 2 I N gy 0 Nammy M1 0 5.5 I SRR &,
o ol TR R 0 A DR O OB AR s R A b i)
fif BEJR LLEAL 1 2 6, )7 B R FEAIR
3.1.3 REXKMHRMm

PLSCRN S S B PR P R BE R FE 1 0 5.5, 0F 98 1 i
JEERS S AR SO R RE W, N2 3 AR SO il BE AR T 55 °C
I, OB FEAT AR AR S BN R, MR E TR 75 °C,
S5 Jil) TR A DA A A 3ok o ) SR ik el b W B ok
BEAAL  WORREAR s IR, iy T 480 Ak S Bz e Bk 4,
Tl P B ) e 3 R e R s 2 T BRI R S T
SR AT B de A SN A s A A R A R
FHF BN it B i e 65 CAida o
3.1.4 pH &3} & B %0

FEP T PR A pH (EAE 3, 5-mbiE — B IR A i 2
FErb UM pH R H R =2, 45 R LK 4. pH
EAR T 2, M BE 25 5 R VA A AE K o, pH B & T 2, 0
3,5-Mb0E R ARESE 0T o LIRS RE], pH (H
FEMRIAE 1.5 ~2, 7758 e it o

T2 AR IR AT A AT R R

Table 2 Effect of the dosage of potassium permanganate on yield

n

raw materials *

1:4 1:451:5 1:551:6 1:651:7
Ngmno,
yield/ % 67 78 86 87 79 68 62
R3O AN A R
Table 3 Effect of temperature on oxidation yield
T/°C 50 55 60 65 70 75 80
yield/% 72 81 87 83 76 67 52
&4 pH E R AR R R
Table 4 Effect of pH value on oxidation yield
pH 3 2.5 2 1.5 1
yield/% 51 65 87 83 72
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3.2 BRBRAL R BIEY NN E R

il 4 3,5-ME e — Wt T 3,5k mE R
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A T 58895 B P P SO BN I S A 3], e
T3, 5-mmE = B R 5 S R T [ - X R BN
HEBE R 5 5 78 HCL S A= A 3 T A HLs
FR B B, 68 A LGP D A e R R AN B R 7], 5 %5 1L
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UL, DMF B A SO, S G, 4 00 S DR DA i A 590 114 k2
R, RN R A B 5 T ARG 5, H DMF fE
ARG RS HEAL TR, 7= i 72 L A 9 Ak B

5 AL IR X I AL SN A S

Table 5 Effect of catalyzer on acylchlorination reaction

reaction
time/h

reaction

catalyzer .
YZ€T ime /h

yield/% || catayst yield/%

NO 7 80 N, N-dimethyl aniline 4 86

Py 4 82 DMF 0.5 98

3.2.2 SR

FA A TEH T A UK, B ) 20 HL R
Az R R MR, 25 5 o 0 DK 1 S, L B SR K i
J 7 I T R v T D S e o R RS A U 7
ZH R, B R RO AR B 15 % Tk SK % 72 3,5 -0l
TR YR B AR I AE 2 CC LR B SR B K
TR o I LAESEAE UK 450 S A 25 % 14 ik IR B 1
MEK AT WA FEIE: (1) B2 65 5h R L
AR THAEEAL S R AR (2) B PR B2 40 i W
PRREREAR R N AR R PR . I 2K G 75 5 min,
A TR A TR R T SR N R I e R ol e AR
S0 TR 5 2 3 o, AR R 5 42 o
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FER S HHE RN RIS, B e R
PR TR A o R 5 S TR R /K i i B0 2R A I e i — 4
ik, T HERLIBRPAZATZTELANE T2
5, A SRR B AR E , 5 5 A U e & AR i R
S0 A JRRAE B IR S AR A W, PR e R R
T B SN ) S P E
3.3.1 WHAEXRKENZIG

[ EAL Y 3 (3 g) 5 YRR 94 1Y ) o 1Y 5 b
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Table 6 Effect of molar ratio on productivity of 3,5-diamin-

opyridine

n N

NaOH 8:1 9:1 10:1 11:1 12:1 13:1 14:1
Niaw materials

yield/% 69 73 79 81 84 78 72
3.3.2 BEXNEMHZIN

W A DO B 7 A IR R G R ANEL T BTR
AT T AT, 2 S R B R 2 3 CC N, 7 R IT 4 R R
i JRE B 7 AT R PR DAl B T v R A 1k
TR B 23 A o 25 ST 3 e, O A E) 75 °C
ZEATRCRE 1 N, S TR TR 52 4 N A O i, SO I [R] SE
Ko, Bl B30 7 AR A

90
B
o 80- /l//‘.//- \l
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Fig.1 Effect of temperature on yield of 3,5-diaminopyridine

3.4 HIE3S5-“HERESEME(S)NEZMERE
3.4.1 ¥RbE 3 R B =R

R4 22 5% 2 I i AL B, HH A b R K, NBS $2
BEISATE Ay 2 Ha ) JoT 0 O i, i LA NBS 5 HH s 4 1) o
ERHE W K R, H T NBS 7 W EE R T2 K
MeOCOCH,CH,CONNaBr, fif L il A i NBS 2 3}
o LI T RO Y NBS 5 BN W] 5 EE OR LE kT
PR AR AR 7, MR T TR, R .
NBS 5 HBEAN Y SRV BHIC Lol 2 0 5 0 22,
3.4.2  fnAdiE RE X R R P ER B &2

Tk ] B s 2 52 00 52 e DR, IURE A [a) 2 g, R
St (R TR T ] AR AR 2 18 & AR IS 2R G BN Y HE
) 5 Sk sk ] fe) B Ao 4, 55— 20 SO - i ] 3 7 [ B
By, AR ™ 28 AN TR) B fin ek 1] B i SE e 25 SR WLk 8 il
8 ALAL, AR MR A FE Ry 3 ming
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Table 7 Effects of different feed stock ratios on yields
entry feed stock ratio yield/%
1 2:3:18 63
2 1:2:9 79
3 2:5:18 82
4 1:3:9 81
5 2:5:22 85
6 2:5:26 80

R 8 NBS [ IR ] B X 7 5 ) 5

Table 8 Effect of intervals of feeding NBS on yields
time/min 1 2 3 4
yield/% 77.7 82 91.5 90.2

4 £ it

(1) A 3,5-ZHEm e 5Ok}, 20 i i A AL
LA 2R S A T 3,5- A R WE A 3,5- 1
RS IR M IE | BRI B K 70% F1 72% L L.

(2) #5 3,5-MehE — HIEIE 5 N-IRAT e i £
P4 14 P 0 S oL B o 15 2 B AR 4 i A A
Yy 3,5- SRR R E |3 ,5 - — A A0 i A BE L g 11y
P PEBRAR A A2 , ELOR 37 45 P 7 5 E 19 2% 5 R 5 1
B, ol 3,5- T a R E TSR B T BAF B TS AR A o

(3) MR TBABALRN N R, RG BRI
LA« SR B e PP R A R B O AR R A
I BETE 65 CZidy, BORNLI AL, 7™ 2w, EL&l ™= 4 —
AR, T RLRISORI A 5 il B A O CAady, e
3,5- T S E (Y 7 A AR A HUBPE AR 2t
IA AT AR T e %, R AAT 2 3, 5- T AU
LA EMENE 7 AIRE] 91.5% .

SEHk:

[1] Pagoria P F,Lee G S, Mitchel A R,et al. A review of energetic
materials synthesis[ )]. Thermochimica Acta,2002(384) . 187 —
204.

[2] Agrawal ) P. Recent trends in high-energy materials[ J]. Prog En-
ergy Combust 5ci, 1998 ,24: 1 —30.

[3] Chambers R D,Hall C W, Hutchinson J, et al. Fluorinated nitro-
gen heterocycles with unusual substitution patterns|[J]. Chem
Soc Perkin Trans 1,1998: 1705 -1713.

[4] Tamura T, Kiyomine A, Tanaka. Dye composition for keratino
fibers: US 005082467A[P]. 1992.

[5] Ritter H, Licht H H. Synthesis and reactions of dinitrated amino
and diamino-pyridines[ )]. HeterocyclLic Chem,1995,32 . 585.

[6] Licht H H, Ritter H. 2,4, 6-Trinitropyridine and related com-

pounds, synthesisand characterization [ J ]. Propellants, Ex-

At

WWWw. energetic-materials. org. cn



— Bl iR 55 A 3,5 - B R ML E B 5 ¥ 517

ploives, Pyrotechnics,1988,13; 25. tors as amino-glycoside mimetics[J]. Bioorg Med Chem Lett,2007 ,
(7] Zd il B 25 W0, 06 100, 55 25 A it v JH 4 4k 4 1 e 1 3 17:1204.

WWM)]. S ReEMRF,2004 (5 T)) . 576. [9] Maier-Bode H. Darstellung von 3-amino-pyridin und 3,5-diami-

LI Jin-shan ,HUANG Yi-gang, DONG Hai-shan,et al. Theoretical no-pyridin[J]. Ber Deut Chem, Ges,1934,49 . 1533.

prediction of properties of polynitropyridines and their N-oxides [10] BIRE, RAAT. BAEAILG RPN AL, LR, 1998,

[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) , 10: 63 -67.

2004 (Supplement) ; 576. TAN Zhao-hai,CHEN Fu-heng. Ultrasonic application in organic
[8] Zhou Y F,Gregor V E,Ayida B K, et al. Synthesis and SAR of 3,5-di- synthesis[ J]. Chin Chemical Processing,1998 ,10: 63 —67.

aminopiperidine derivatives: Novel antibacterial translation inhibi-

A Simple Method for Preparing 3 ,5-Diaminopyridine

LIANG Chang-yu, HU Bing-cheng, DAI Hong-sheng, SUN Cheng-guo, XU Shi-chao
(School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: 3,5-Diaminopyridine (DAP) and 3,5-dimethoxycarbonylaminopyridine (DMAP) were synthesized from 3 ,5-dimethylpyridine
via a three-step reaction(oxidation,ammoniation and Hofmann degradation) with the yields of 70% (for DAP) and 72% (for DMAP).
This procedure possesses advantages of mild conditions,easy operation,high yield and environmentally-friendly. A number of influencing
factors for each step were investigated and discussed. The intermediates and target compounds structures were characterized by
"H NMR,MS/MS IR and elemental analysis.

Key words: organic chemistry; 3,5-dimethylpyridine; 3 ,5-diaminopyridine; Hofmann degradation; 3 ,5-dimethoxycarbonylamin-
opyridine
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