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REDUCTION BY A MODEL OF NAD(P)H. XXVI. REDUCTION OF C=C BOND IN 1,3,5-TRINITRO- 

BENZENE 

Atsuyoshi OHNO, Hiroyuki YAMAMOTO, and Shinzaburo OKA 

Institute for Chemical Research, Kyoto University, Vji, Kyoto 611, JAPAN 

Summary : A model of NAD(P)H reduces the aromatic ring in 1,3,5-trinitro- 
benzene. Kinetic isotope effects for the reduction and re-oxidation of 
the product have been studied. 

It is known that 1,4_dihydropyridine derivatives, models for NAD(P)H, reduce 

a variety of functional groups such as carbonyl and thiocarbonyl groups, olefinic 

double bonds, imines, ammonium and sulfonium salts, inorganic ions, and so on. 
1 

Oxygenated nitrogen functions have also been subjected to the reduction. Namely, 

nitrobenzene is reduced to aniline, phenylhydroxylamine, and hydrazobenzene at 

elevated temperatures. 
2 

In this communication, we wish to report a new-type reduction of electron- 

deficient aromatic compounds by l-propyl-1,4-dihydronicotinamide (PNAH). When 

1,3,5_trinitrobenzene (1) was reacted with an equivalent amount of PNAH in dry 

acetonitrile at a room temperature under an atmosphere of argon in the dark, the 

reaction mixture turned red and PNAH was oxidized to l-propyl-3-carbamoyl- 

pyridinium (PNA+) quantitatively, whereas 1 was recovered quantitatively after - 

the work-up. The UV-visible spectrum of the reaction mixture showed new absorp- 

tions with maxima at 482 and 590 nm. The increase in the intensities of the new 

absorptions corresponded to the decrease in the intensity of original absorption 

(A max 
= 345 nm, PNAH) with an isosbestic point at 390 nm (Figure 1). When the 

reaction mixture in deuterated acetonitrile was monitored on an NMR spectrometer, 

the original singlet at 6 TMS 9.30 (3H) disappeared completely and new singlets at 

&TMS 
8.30 (2H) and 3.85 (2H) were recognized. The reduction of 1 was also - 

carried out with PNAH-4-d and mass spectral analysis of the recovered 1 confirmed - 
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that 11.4% excess deuterium was incorporated 

The above results clearly indicate that 

into 1 during the reaction. - 

the aromatic ring, instead of a 

nitro group, in J_ is reduced by PNAH quite easily, but an intermediate anion, 2, 

is re-oxidized to 1_ during the work-up. The reduction was retarded by the 

presence of magnesium perchlorate. 

H H 

02N N02 CONH2 

+ 

at room temp. 
, 

in CH3CN 

PNAH 

H H 

N02 CONH2 

+ 

-H- 
+ 

1 - 

3,5-Dinitro-a,a,a-trifluoroacetophenone behaved similarly, but the reac- 

tivity of this compound was much less than that of 1. 

Kinetics for the reduction of 1. at 50.0 + 0.05OC was followed spectro- 

photometrically by observing the increase in the intensities at 482 and 590 run. 

As summarized in Table 1, the reduction was first-order in 1 and in PNAH. From 

the second-order rate constants, k2, 
H D 

the kinetic deuterium isotope effect, k2/k2, 

was calculated to be 7.02 f 0.02.3 On the other hand, the kinetic deuterium 

isotope effect for the oxidation of 2, kgx/kEx, can be calculated by Eq. 1. 

kH 
H D 

ox (k2/k2) + 1 
-= 
kD (YH/YD) 

H D 
ox - (k2/k2) 

(1) 
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Time interval = 1.0 min 

Figure 1. W-visible spectra of 

in acetonitrile at 50°C; [PNAHI = 

560 
Wavelength ( nm ) 

600 

a mixture of PNAH and 1,3,5_trinitrobenzene, I, 

3.58 x lO-5 M, 
-3 

rll = 8.15 x 10 M 

Table 1. Kinetics for the Reduction of 1,3,5-Trinitrobenzene, 1, at 50°C 

Model 105[Model] ,M 102[&l ,M 102[Mg++] ,M 10kobsd,min-' k2' 
M-'min -1 

PNAH 2.51 0.516 0 0.9155 

PNAH 2.51 0.759 0 1.309 

PNAH 2.51 1.012 0 1.798 

PNAH 2.51 1.495 0 2.690 

PNAH 2.51 2.006 0 3.474 

PNAH 2.55 2.508 0 4.584 

PNAH 2.55 0.997 1.051 0.1618 

PNAH 2.55 0.748 1.029 0.1625 

PNAH-4-d 2.51 0.759 0 0.7691 

PNAH-4-d 2.51 1.012 0 1.011 

PNAH-4 -d 2.51 1.495 0 1.527 

PNAH-4-d 2.51 2.006 0 1.973 

PNAH-4-d 2.51 2.508 0 2.603 

17.89 

17.24 

17.77 17.70 

17.99 f 0.310 

17.32 

18.01 , 

1.623 I 1.624 

1.625 + 0.001 

10.13 ' 

9.987 
10.11 

10.21 
-I 0.187 

9.385 

10.38 , 
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H D 
I where Y /Y is the ratio of contents of protiated and deuterated molecules in 

the recovered 1. Since YH/YD - = 7.8 from the mass spectral data, kEx/kEx was 

calculated to be 10. Thus, both the reduction of 1 and oxidation of 2 are - 

associated by extraordinally large kinetic isotope effects. 4,5 This fact seems 

to suggest that the "hydride" undergoing the migration is relatively free at the 

transition states. Since free hydride is not expected to be stable, the system 

of free hydride and trinitrobenzene should be stabilized by a charge-transfer 

type interaction. 

NO2 N02 
+ 

or e--sink f H 

In other words, the "hydride" may be better represented by a hydrogen atom or a 

proton. This conclusion agrees with the previously proposed mechanism for the 

reduction by an NAD(P)H-model; the oxidation of a 1,4_dihydropyridine ring 

proceeds through simultaneous electron-proton-electron transfer processes. 
6 

Finally, we would like to emphasize that this is the first report on the 

reduction of an unsubstituted position of a benzene-ring by an NAD(P)H-model.' 
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