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N 1- (Nicotinoyl)-N2-4 - (2,2,6,6-tetramethyl-4-hydroxypiperidine-l-oxyl)hydraxine was obtained 
by condensation of nicotinoyl hydrazide with 2,2,6,6-tetramethyl-4-oxopiperidine 1-oxyl. Acyla- 
tion of 2,2,6,6-tetramethyl-4-hydroxypiperidine 1-oxyl with nicotinoyl chloride gives nicotinic 
acid 2,2,6,6-tetraznethyl-l-oxyl 4-piperidyl ester .  A spin-labeled analog of nicotinamide was 
obtained by condensation of nicotinoyl azide with 4-amino-2,2,6,6-tetramethylpiperidine 1-oxyl. 
The synthesis of l -N-  ( fl -D-ribofur anoside)- 3'-N [4- (2,2,6,6-tetr amethylpiperidine- 1-oxyl) ]pyri- 
dinecarboxamide from 2,2,6,6-tetramethyl-4-nicotinoylaminopiperidine 1-oxyl and 2,3,5-tr i-O- 
benzoyl-fl-D-ribofuranosyl bromide proceeds without damage to the iminoxyl radical.  The prep- 
aration of the corresponding spin-labeled nucleotide is hindered by destruction of the iminoxyl 
radical during ion-exchange chromatography. 

A number of authors has shown the possibility of the synthesis of various compounds containing a stable 
iminoxyl radical [1]. The synthesis of spin-labeled derivatives of a biologically active substance such as nico- 
tinic acid seems of undoubted interest.  Compounds II and IV were synthesized by traditional methods in 33 and 
64.5% yields, respectively. 
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The starting compound for the synthesis of IV is 2,2,6,6-tetramethyl-4-aminopiperidine 1-oxyl (V),which 
is obtained by the method in [2]. Replacement of the steam-distillation step in the isolation of 2,2,6,6-tetra- 
methyl-4-aminopiperidine by extraction with ether f rom a saturated alkaline solution made it possible to con- 
siderably shorten the synthesis time and ra ise  the yield of the product from 29% to 70%. 
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T A B L E  1. P r o p e r t i e s  of  S p i n - L a b e l e d  Compounds  

[IV spectrum, Rf 
No. Compound IR spectrum, cm-t s " 10-s (system) 

(k, am; solvent) 

II Nicotinox1 
hydramde 

IV Nicotinic acid 
e s t e r  

VI Nicotinamide 

Riboside VIII 

1510 (--CONH) 
1690 (--CONH) 
3350--3400 

(--NH--NH--) 
3600 (--OH) 
1280 (o--co--) 
1350--1370 (CHs--) 
1720 (CO) 
1590 (--C=C--) 
1550 (--CONH) 
1670 (CONH) 
1350 () CH=) 
3050 (u 

12,6 (262; water) 
9,05 (270; 0,I N 

NaOH) 

5,6 (262: water) 
5,6 (270; 0,1 N 

NaOH) 

6.0 (262;water) 

0,30 (a) 

0,65 (a) 

0,58 (a) 

0,40 (b) 

rap, "C 

162 

123--124 

144--1461 

116--1171 

Y i e l d ,  

7o 

33 

T A B L E  2. I n h i b i t o r y  P r o p e r t i e s  of  S p i n - L a b e l e d  (SL) N i c o t i n i c  
A c i d  D e r i v a t i v e s  in t he  L a c t a t e  D e h y d r o g e n a s e - C a t a l y z e d  Ox ida -  
t i on  of L a c t a t e  

No. Compound  Ki �9 10 -3 M 

N i c o t i n a m i d e  
S L - N i c o t i n a m i d e  (VI) 
Nico t inoy l  h y d r a z i d e  
S L - N i c o t i n o y l  h y d r a z i d e  (II) 
SL--Ribos ide  (VII) 

3.2 
1.07 
6.0 
0.46 
5.0 

1 
2 
3 
4 
5 

64,5 

81 

39 

~o o~ 

Fig .  1. 
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ESR s p e c t r u m  of VIII in w a t e r .  

,/~ min/pM 
0,240 

0~180. 

0,120, 

0,060 

2 

I/[NAD]'IO s M 
_ _ ~ ~ ~ ~ 

F ig .  2. Dependence  of the  l a c t a t e  d e h y d r o g e n a s e - M 4 - c a t a l y z e d  r e d u c -  
t ion  of  NAD on the  NAD c o n c e n t r a t i o n  in the  p r e s e n c e  of  s o d i u m  l a c t a t e  
and  l - N -  (/3 - D - r i b o f t t r a n o s  i d e ) - 3 - N -  [4- ( 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n e -  
1 - o x y l } ] p y r i d i n e c a r b o x a m i d e  (VIII). The  NAD c o n c e n t r a t i o n  was  v a r i e d  
f r o m  8 �9 10 -4 to 2 �9 10 -4 M, the s o d i u m  l a c t a t e  c o n c e n t r a t i o n  was  4 . 1 0  -~ M, 
and the  l a c t a t e  d e h y d r o g e n a s e  c o n c e n t r a t i o n  was  1 . 4 . 1 0  -8 M: 1} wi thout  
an i nh ib i t o r ;  2) in the  p r e s e n c e  of 3.2 �9 10 -3 M inh ib i t o r  (VII1). 
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The acylat ion of amine  V with nicotinoyl chloride gives the product  in low yield (10%) because  of con-  
s iderable  decomposi t ion of a m i n e  V during the reac t ion .  We the re fo re  developed a method for  the azide 
condensation of nicotinic acid with amine  V, 

Nicotinoyl azide [3] was added gradual ly  to an aqueous solution of amine  V while maintaining the pH 
of the solution at ~.10. The condensation product was eas i ly  isola ted in pure  f o r m  in 84% yield.  
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In the synthes is  of nicot inamide mononucleotide [4], nicot inamide is condensed with 2 , 3 , 5 - t r i - O - b e n -  
zoy l - f l -D- r ibo fu ranosy l  chlor ide ,  but condensation with the chlor ide does not take place in the case  of sp in-  
labeled nicot inamide VI. However,  the cor responding  b romide  does r eac t  with nicotinoyl iminoxyl VI to 
give sp in - labe led  r ibos ide  VIL The debenzoylation of r ibos ide  VII by the action of ammonia  in dry methanol  
proceeds  in s tepwise fashion. According to the r e su l t s  of th in- layer  ch romatography  (TLC) on cel lulose,  
5-10 h af ter  the s t a r t  of the p roces s  the reac t ion  mix ture  contains four r eac t ion  products .  A study of the 
debenzoylation p ro ce s s  made it poss ib le  to find the op t imum reac t ion  t ime  (36 h at 0 ~ C) and to obtain chro-  
matographica l ly  homogeneous 1-N-  (fl - D - r i b o f u r a n o s y l ) - 3 ' - N -  [4- (2,2,6,6-tetr  ame thy l -4 -aminop ipe r id ine -1 -  
oxyl) ]pyr idinecarboxamide (VIII). Compound VIII gives a cha r ac t e r i s t i c  t r ip le t  in its ESR s p e c t r u m  (Fig. 1). 

The abili ty of the synthes ized  sp in- labe led  nicotinic acid der iva t ives  to inhibit the catalyzed [by swine 
musc le  lacta te  dehydrogenase  (LDG-M4)] oxidation of lactate  was studied. Compet i t ive  [with r e spec t  to n icot in-  
amide  adenine dinucleotide (NAD)] c h a r a c t e r  of the inhibition was detected during an invest igat ion of the depen-  
dence of the initial r eac t ion  r a t e  on the NAD concentrat ion at  constant  inhibitor concentrat ion.  The K i 
values de te rmined  by the L i n e w e a v e r - B u r k m e t h o d a r e  p resen ted  in Table  2. 

As seen f r o m  Table  2, the sp in- labe led  compounds a re  t ied up approx imate ly  just  as effect ively a~s 
nicot inamide,  and this makes  it poss ib le  to conclude that there  a r e  no unfavorable  in teract ions  o f  the p ip e r -  
idine iminoxyl res idue  in the bonding port ion of LDG-M 4. Inhibition by e s t e r  IV and benzoylated r ibos ide  
VII was not studied because  of the low solubi l i t ies  of these  Compounds in wate r .  

E X P E R I M E N T A L  

The IR s p e c t r a  of mine ra l  oil suspensions  of the sp in- labe led  nicotinic acid der iva t ives  we re  r e -  
cordedwi th  a UR-10 s p e c t r o m e t e r .  Th in- layer  ch romatography  (TLC) was c a r r i e d  out on cel lulose and on 
Silufol p la tes  in the following s y s t e m s :  a) w a t e r - s a t u r a t e d  butanol; b) bu tano l -25% ammonium hydroxide 
(10 : 1); c) butanol - a c e t i c  a c i d - w a t e r  (5 : 2 : 3); d) c h l o r o f o r m - m e t h a n o l  (15 : 1). The kinetic exper imen t s  
were  c a r r i e d  out with an 8600-A LKB r e a c t i o n - r a t e  ana lyzer  (Sweden) at 35 ~ C o m m e r c i a l  NAD-H and 
swine musc le  lac ta te  dehydrogenase  f r o m  the Reanal  company (Hungary) we re  used in the exper iments .  
The azide condensation was c a r r i e d  out with a TTT-11  t i t r a to r  (Radiometer ,  Denmark).  

N l-  (Nicotinoyl)-N2-4 - (2 ~2 ,6 ,6- te t ramethyl -4-hydroxypiper  id ine - l -oxy l )hydraz ine  (ID : A solution of 
0.4 g (2.32 mmole)  of n ico t inoylhydraz ide  and 0.5 g (2.82 mmole)  of keto r ad ica l  I in 11 m! of methanol  was 
ref luxed for 7 h, a f t e rwhich  it was evapora ted  to d ryness  with a r o t a r y  evapora to r .  The oily res idue  was 
t r e a t ed  with ch lo roform,  and the insoluble port ion was r e m o v e d  by f i l t rat ion.  The f i l t ra te  was washed with 
wa te r  and dr ied over  CaC1 z. The solvent  was evapora ted ,  and the r e su l t ing  c rys ta l l ine  res idue  was c r y s -  
ta l l ized  f r o m  methanol  to give 0.3 g of hydraz ine  tI with mp 162 ~ and Rf 0.3 ( sys tem a}. Found: C 59.3; 
H 7.2; N 17.9%. CjsH~N403. Calculated: C 58.6; H 7.3; N 18.0%. 

2 ,2 ,6~6 -Te t r ame thy l - l - oxy l -4 -p ipe r idy l  Nicotinate (IV). A 2.36-g (13.3 mmole)  s ample  of alcohol 
r ad ica l  III  was dissolved in 21 ml  of absolute pyridine,  and 3.81 g (21.4 mmole)  of nicotinoyl chloride was 
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added in portions with s t i r r ing.  The mixture was then s t i r r ed  at 25 ~ for 16 h, after  which it was evaporated 
with a r o t a r y  evaporator .  Traces  of pyridine were  removed  by repeated evaporation with toluene. The oily 
res idue  was dissolved in 30 ml of water ,  and the solution was extracted with four 20-ml  port ions of chloro-  
form.  The ch loroform ext rac t  was washed success ive ly  with 1070 NaHCO 3 solution (two 10-ml portions) 
and water ,  dried over MgSO4, and evaporated.  The crysta l l ine  res idue  was rec rys ta l l i zed  f rom methanol 
to give 2.45 g of es ter  IV with mp 123-124 ~ and Rf 0.65 (system a). Found: C 64.8; H 7.7; N 10.4%. 
C15H21N203. Calculated: C 65.0; H7.6; N 10.570. 

N-(2 ,2 ,6 ,6-Tetramethyl-4-piper idyl )nicot inamide 1-Oxyl (VI). A solution of 1.93 g (11 mmole) of 
amine V in 52 ml of a 0.1 N solution of NaOH was placed in the potentiometric  cell of a t i t r a to r ,  and 2 g 
(13.5 mmole) of nicotinoyl azide was added in portions. The solution was s t i r red  at 25 ~ for 2 h while main-  
taining the pH of the react ion mixture at 10 during the entire react ion by automatic addition of a saturated 
Na~CO 3 solution. The react ion was complete when consumption of the t i t rant  ceased. The precipitated VI 
was removed  by fi l tration, and the f i l t rate was washed with ch loroform and dried over Na2SO 4. The sol -  
vent was removed by distillation, and the oily res idue was c rys ta l l ized  f rom cyclohexane to give a cer tain 
additional amount of VI. The total yield of VI, with mp 144-146 ~ (from water) and Rf 0.58 (system d), was 
2 .6g.  Found: C 65.2; H 7.8; N 15.0%. C15H22N302. Calculated: C 65.2; H 8.0; N 15.2~c. 

l - N -  (fl - D-R ibofur anosi dyl)- 3- N- [4- (2,2,6,6-tetr amethylpiper  idine-1-  oxyl)]pyr i dineearboxamide 
(VIII). A solution of 1.1 g (4 mmole) of nicotinoylaminooxyl VI in 10 ml of acetonitr i le  was added dropwise 
to a cooled ( t o -5  ~ solution of 1 - b r o m o - 2 - 3 - 5 - t r i - O - b e n z o y l - f l - D - r i b o f u r a n o s e  (VII), obtained f rom 1.5 g 
(3 mmole) of 1 -ace ty l -2 ,3 ,5 - t r i -O-benzoy l - f l -D- r ibo fu ranose  by the method in [5], in 10 ml of absolute 
acetonitr i le .  The mixture was then s t i r r ed  at 0 ~ for 96 h. The resul t ing precipi tate  was removed  by f i l t ra-  
tion, and the fi l trate was evaporated with a r o t a r y  evaporator .  The res idue  was t reated with 10 ml of water 
and 10 ml of chloroform,  and the ch lo roform extract  was washed with three 3-ml portions of water ,  dried 
over Na2SO4, and evaporated to a volume of 2 ml. The concentrated solution was added dropwise to 50 ml 
of absolute ether,  and the mixture was allowed to stand at 0 ~ for 12 h. The resul t ing  precipi tate  was r e -  
moved by fil tration, washed with ether,  and dissolved in 24 ml of absolute methanol. The solution was satu-  
ra ted  with ammonia and allowed to stand at 0 ~ for 40 h. The solvent was then removed  by distillation, and 
the oily res idue  was dissolved in 1 ml of methanol. The solution was added dropwise to 50 ml of ethyl ace-  
tate,  and the resul t ing  precipi tate  was separated by centrifugation at 1800 rpm and - 5  ~ It was then dried 
in a vacuum des iccator  over P20~ at 0 ~ to give 1.8 g of VIII with mp 116-117 ~ and Rf 0.75 (system c). 
Found: C 46.7; H 6.9; N 7.9%. C20H31BrN306. Calculated: C 46.2; H 6.4; N 7.6%. 
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