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Fig.1 Chemical structure of pyridine nucleotide coenzyme NAD * and NAD* analogs

2015-11-24 Y§f5 ,2016-02-23 & (0] ,2016-03-09 32257
SETIE R AL PHE ; Tel/Fax:0416-3400302 ; E-mail : housh@ ciac. ac. en; #5771 : G WL



550 I 5533 %

NAD "By, [R5 15 i NAD * SBIPHREE E B A AL A VE B T 5
1S
1.1 (EEFnitF

L HEME AR IR ( ~ 1 mol/L, LAY ACROS 247]) 5 (1R,48) 2- A 3 [2.2. 1 ] Ji-
5-J-3-T ( =98% , L [H Sigma 23 w]) AL BEH W ( ~3 N, E[H Sigma 22 w]) s MK ( =97% , 1[5
ABCR 22 #]) 52,4-HHBE IR (98 % , Bl i T8GR A7 BR2 W1 ) , 48 70750 DU Sk g A EC AR IE ACROS 23
A 5 P A E 280K AR B DRX-400 7R A% i 34 35 X (78 [ Bruker 23 #] ) 5 LC/Q-TOF-MS R AH {4
TE-PUZAT AT I i) R I 3 AN (D2 [ Manchester 23 F]) 5 CHI 600C 78 i Ak 2 {4 A1 H oK 1L Al ( CHI
150) Pt AR (CHI 115) \BERrE iR (CHI 104, ¢ =3 mm) W4T E i RAE{AR 22 7] o
1.2 XWHE
1.2.1 NAD" &y ek HIMEEY C-1.C2, C3 (4 MU UL Scheme 1o fi5 AR I IR RS LA
HRAZHERS LR AR LS 1 25 3CIR19,16-17 | 7k A, 7= 5 0 40.3% .

0
i
? | Xy TNH, R-0-P-0" pyNH- ? ? NNHZ
-p-0O - O R_O-P—O-p- .
HO-P NG BuNH’ R-0-P-0-P-0 N
o- k j > o~ O { }1
AN PPh/(PyS), NH;

OH OH

R=functional group

F.C
NI o

OH OH

OH OH OH OH
C-1 C-2 C-3

Scheme 1 Synthesis of NAD " analogs

HHRETEY) 1(89 mg,0.25 mmol) B ¥ET 5 mL H 7 — HIHEH(DMSO) A1 1 mL N, N-—FI 5
Bk ( DMFE) H, im A JEBR me (415 L, 5.2 mmol ) ,2,2"- " ff ML HE (2,2 -dithiodipyridine, ( PyS), )
(286 mg,0. 93 mmol) % F- 0. 8 mL, DMF 1 PPh, (341 mg, 1.3 mmol) 7% F- 0. 8 mL DMF 1 {&K ¥ A S %
WA Z T, B R HE 15 min, JIABERR Hi55 (0. 7 mmol , 3 - 1. 5 mL DMF) , S5+ 9 h, 7% % 50 mL
BB M 30 mL 0.2 mol/L. Nal PN ¥ W, A TUHE ™ A, B L, YTVE M A 8 mL JK ¥ fi#, CH,CL,
(15 mL x3) 2], We4i7KAH , I8 pH (R 2,33 — 23 L5474 R DEAE #1582 H A5 ™)

C-1 {4 P25 K 21.5% . "H NMR (D, 0,400 MHz) ,8:9.23 (s,1H),9.01(d,J =6.2 Hz,1H) ,
8.72(d.J=8.2 Hz,1H) .8.25(s,1H) ,8.06(dd,J =6.2.8.2Hz,1H),7.71(d,J =7.8 Hz,1H) ,7. 58 ~
7.54(m,1H),7.50 ~7.46(m,2H) ,6.05(d,J =4.8 Hz,1H) ,4.95(ddd,J =8.7,8.7,8.7 Hz,1H) ,4.64
(dd,J=4.9.4.8 Hz,1H) ,4.43(dd, ] =4.8,4.8 Hz,1H) ,4.35 ~4.29 (m,2H) ,4.13 ~4. 04 (m 3H)
4.02~3.96(m,1H) ,3.89 ~3.85(m,1H),2.50(ddd,J =8.7,8.7,13.2 Hz,1H) ,2.27 ~2.25(m, 1H)
2.06 ~2.01(m,1H) ;" C NMR(D,0,100.6 MHz) ,5:165.2,145.5,144.9 ,142.7,133.8,132.4,131.9,
129.4,128.6,127.6,126.5,126.4,125.1,123.3,92.1,84.2(d,J =8.7 Hz),77.1,75.8,74.9,72. 1,
70.4,66.6,65.5,42.9(d,J =8.3 Hz),28.6;” P NMR(D,0,162 MHz),8: - 10.5(d,J =19.3 Hz),
-10.8(d,J =19.3 Hz) ; HRMS (ESI) i} {H ( C,sH, FyN,O,,P,) ™ requires m/z 738. 1195, SZ{{H m/z
738. 1198,

C2 WA : 7%k 38.6% , 'H NMR(D,0,400 MHz) ,5:8.94(s,1H),8.71(d,J =6.0 Hz,1H) ,
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8.50(s,1H),8.34(d,J=8.9 Hz,1H),7.99(m,1H),7.82 ~7.80(m,2H) ,7.74 ~7.70(m,1H) ,7.57 ~
7.55(m,1H),7.45 ~7.41(m,3H) ,6.15(d,J =4.9 Hz,1H) ,4.74(ddd, ] =8.7,8.7,8.7 Hz,1H) ,4.65
(dd,J=4.9,4.9 Hz,1H) ,4.48(dd,J =4.9,4.9 Hz,1H) ,4.35 ~4.33(m,1H) ,4.19 ~4.16(m,1H) ,
4.12~4.08(m,2H),3.95 ~3.90(m,2H) ,3.80 ~3.78(m,1H) ,2.22 ~2.15(m,2H) ,1.86 ~ 1. 80 (m,
1H);”C NMR(D,0,100.6 MHz),5:164.5,146.4,144.8144.2,142.0,133.2,132.9,129.8,129. 4,
128.5,128.0,127.6,127.2,126.5,126.1,125.6,124.6,122.9,92.2,84.3(d,J =9.2 Hz),76.9,75. 4,
75.0,71.8,70.6,66.5,65.5,43.0(d,J =7.9Hz),28.1;”' P NMR(D,0,162 MHz) ,8: - 11.2(d,J =
20.4 Hz), —10.8(d,J =20.4 Hz) ; HRMS (ESI) 12 {H ( C,oH;,N;O P, ) ™ requires m/z 720. 1477 , 523
i m/z 720. 1459,

C-3 A 7% H 36.0% , "H NMR(D,0,400 MHz) ,8:9.26(s,1H),9.04(d,J =6.2 Hz,1H) ,
8.82(d,J=8.1Hz,1H),8.13(dd,J=6.2,8.1 Hz,1H),7.86(d,J=6.4 Hz,1H) ,5.71(d,J =3.9 He,
1H),4.97(ddd,J=9.4,9.4,9.4 Hz,1H) ,4.38(dd,J =5.6,9.4 Hz,1H) ,4.16 ~4.00(m,7H) ,3.99 ~
3.89(m,1H),2.60(ddd,J=9.4,9.4,13.3 Hz,1H) ,2.32 ~2.30(m,1H) ,2.05 ~2.02(m,1H) ; "C NMR
(D,0,100.6 MHz),§:165.4,158.2 (d,J =14.9 Hz), 155.6,145.5,145.0,142.9,138.6 (d, J =
243.4 Hz),133.9,128.7,125.7(d,J =32.9 Hz),89.6,82.6(d,J =8.5 Hz),76.8,75.7,74.1,71.9,
69.1,66.6,64.7,43.1(d,J =8.0 Hz),28.8;” P NMR(D,0,162 MHz),5: - 10.5(d,J =19.4 Hz),
-11.0(d, J = 19.4 Hz);” F NMR ( D,0, 376.5 MHz), §: — 161.7; HRMS ( ESI) i} & {4
(C, H,,FN,0,,P,) ~ requires m/z 654. 1019 , ZiM{E m/z 654. 1009 ,
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Fig.2  The stability of NAD " and NAD " analogs
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Synthesis and Properties of Novel Nicotinamide
Adenine Dinucluotide (NAD ") Analogs

HOU Shuhua™ , QU Zhongguo, ZHONG Keli, BIAN Yanjiang, TANG Lijun
( Department of Chemistry , Bohai University , Jinzhou , Liaoning 121013 , China)

Abstract  Three novel stable nicotinamide adenine dinucleotide (NAD ™ ) analogs were synthesized and
characterized by '"H NMR, "C NMR, *'P NMR and HRMS. The NAD" analogs show good stability after
heating at 80 °C for 24 h. Cyclic voltammetry (CV) measurement of the electrochemical properties of NAD*
analogs shows that they remain good redox activities.
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