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to the results observed in cyclic models 1*2). We have revealed that conformation of the reduced 5-deazatlavin 

affects significantly the reactivity of the diastel-eotopic two protons at C(~9.4) 

In a preceding paper, we described the synthesis and reaction of novel S-deazallavin derivatives (l)- 

(4) (Scheme 1) and (5) possessing 2-substituted phcnyl or I-naphthyl group at N(3) position where one fare 

of the pyrimidine ring is flanked through the hindered rotation about aryl C-N(3) bond. We revealed that the 

pyrimidine ring moiety of flavin ring system gives an important effect on the asymmetric “(net) hydride 

transfer” reaction with NAII(P)H. 1n the above model reaction, there was an intcrcsting tendency. As the 

substituent on phenyl group hcame larger, the degree of chiral recognition ubility of 5-deaznflavin enantiomers 

incrcwcd with the concomitant increase of rate constants. Considering that ihe reaction between Ilavins and 

NAU(P)II occurs in face to face exposition, a diastercol’ace dil’fel-cntiating approach of the NAD(P)H model to 

Cdeazaflavin derivatives may closely be related to chiral recognition ability of the Sdeazaflavin model 

compounds. Compared with former ~nodel cornpuu~~is I J,4), where one face 0r the ring containing reactive 

center of dihydronicotinamide or S-tleu.aflavin molecule is tlanked, the present model compou~u.k have the 

substitucnts on phenyl group at N(3) position giving ster-ic hindrance on one of the py~ imidine faces. However 

the hydride accepting central ring of !he fi-deazaflavin should not be affected directly. 111 the present paper, we 

describe diasteroface differentiaCng “(net) hydride transfer” reactions in hitherto unknown 5-deazaflsvin 

models and the interaction of the pyrimidine ring moiety of flavin ring system with substrates. 

When co~r~pour~Is (,1)-(S) were reduced with sodium horohydride, the two protons at C(S) of the 

products gave a sharp sirlglct peak in IH-NMR at 298K. It is well known that the central ring of reduced 

flavins or Sdeazaflavins adopt (half)boat shape folded along a N(5)- or C(5)-N( IO) line2T4T5)V and the two 

protons at C(5) ocuppy diastereolopic posilions which can be discriminated in I H-NMR when the ring flipping 

of the central ring is prevented zg4). The present result indicates that a fast ring flipping makes the two protons 

magnetically equivalent, In order to detect dizstereofxe diflerentiatirig “(net) hydride transfer” leactious during 

the transformation of dFl(ox) into dFl(red), the two protons should be identified in IH-NMK. Al low 

temperature the singlet peak changed into AB quartet, still not completely resolved at 23X. An addition of 

Eu(fod)3-d27 to CDCIJ solution of the reduced products from (l)-(5) gave acceptable separation of the peaks 

for the two prolon&(Figure 1 (a)), (a) @I 

Hb 1 Ha Hb Ha 
Figure 1. 
‘H-NMR spectra (3OOMHz) at C(5) in 
CDCl3 at 298K in the presence of 
Eu(fod)3 (0.2Oeq) in rhc product of (4) 
reduozd with NaB& (a), and the product of 
dcuteriati (4) reduced wilh BNAH (b). 

5-Deazaflavin derivatives (l)-(5) deuterated at C(5) position (98% isotope purity) were prepared by 

the condensation of o-fluorobenzaldehyde-ol-d and the corresponding 64minouracil derivative and they were 
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reduced with 

I. As Figure I (b) shows, 

“(net) hydride” incorporation occurred mainly at the proton in the higher magnetic field. As the substitucnt on 

phenyl group at N(3) became larger, the intensity of the peak in the higher magnetic field increased and that in 

the lower decreased, From these results the peak in the higher magnetic field can be assigned tu Ha and that in 

the lower to Hb [Scheme 1). In the deuterated (4), the “(net) hydride” incorporation occurred exclusively at 

Ha position, which is the same degree of the diastereoface differentiation as those observed in former models 

where one face of the reactive center is flanked~+2~4j. 

Table 1. Diastcreolace DifTcrcntiating “(Net) Hydride Transfer” IU the S-I)eutclntcd-S-UeaLallavins 

Deuterated BNAti* NaBH4** 

~ Ha(%) 5-Deairaflavin tlb(%) Time(h) Ha(%) Hb(%j 

(1) 66 34 3 50 50 

(2) 76 24 2 so 50 

(3) 80 20 2 50 50 

(4) 99 1 I 50 50 

(5) 60 40 3 5u 50 

*[5~Deaeaftavin] = 4.0 x 1W2(M), tUNAHI = 2.0 Y IO-l(,M), IMg(C104)21 = 2.0 x ll.F1(~) 

**[S-Deazaflavinl = 4.0 x 1W2(M). [NaBI = 2:O x 10‘i(M), ‘I’ht: reactiurrs were instantaneous. 

In the transition state of the “(net) hydride transl’er” reaction, there could be two kinds ol orientation of 

the carbamoyl group of BNAH on an approach to a 5-deazaflavin face; one is that the carbamoyl group resides 

over the benzene ring of the 5-deazaflavin face, and the other is that it resides over the pyrimidine ring. The 

former pathway allows a less hindered approach to a reaction center, least at’fected by rembutyl group w 

phenyl group at N(3). However the present results imply that this reaction proceeds through the latter pathway 

where the carbamonyl group of BNAH attracts the pyrimidine ring moiety of S-deazaflnvins most probably 

intervened by magnesium ion. Sodium borottydride was also employed to reduce the dcutcrated 5-deazaflavin 

derivatives (l)-(5) in ethanol at 298K. As Table 1 shows, no differentiation was observed even in the 

deuterated (4) possessing ~rr~butyl group on phenyl group. These results suggest that a hydride attack by 

sodium borohydride proceeds essentially with no perturbation from the pyrimidine Iring moiety. 

It is also important to investigate diastereoface differentiating “(net) hydride transfer” reactions from 

flavins to other “(net) hydride” acceptors, since flavins serve as mediators of electron transport in biological 

systems.Two diastereomers, Ha, Db, and Da, Hb7) al C(5) in the reduced form of (4), were oxidized with 

the following three “(net) hydride” acceptors, [I] 3-tlletllyl-10.ethylflavin (MEF), [2] 2,3-dichloro-5,6- 

dicyano-p-benzoquinonc (DUQ), and [3] CuC12 respectively and the contents of the proton at C(5) was 

measured in IH-NMR. 

As Table 2 shows, in the oxidation with MEF, Ha is about four times more susceptible to “(nctj 

hydride transfer” than Hb. In the reactions with DDQ and CuCl2, no discrimination ol the two protons at C(5) 

was observed, however significant primary isotope effect*) was observed. The results indicate that the 

oxidation reaction with quinoncs or cupric ion proceeds with no participation of pyrimidine ring moiety, 
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Reagent Solvent Time ktIa/‘kHb 

MEFb) CHCl3 72 
Ha(%) 

90 
lib(%) 

IO 
Da(%) 

66 
Hb(Ya) 

34 

Dnqcj Benzene 0.5 83 I? 17 83 I.0 

CuCl?d) Acetic acid 12 75 25 2x 72 1 .o 

a) All the reaction was carried oui under argon a1 ZYXK, [reduced (4)j = 2.5 1! IUe2(M) 

b)[MEFj = 1.25 x 1U-1(M) cf[DDQl= 1.25 x 10-‘(M) d)LCuCI21 =5.0x 10-l{M) 

The oxidation reaction with quit-tones or cupric ion ycocccds with no participation of pyi imidine ring moiety. 

The diastereofacc differentiating “(net) hydride” abstraction observed with MEF seems lo be due to the steric 

hindrance by the bulky oxidizing muleculc. It is reported that at C(4) of dihydronicotinamide or at C(5) of a 

reduced Sdeazaflavin of cyclic models, the proton on the “open face” (Ha) is about eight times as reactive as 

that on the “hindered face” (Hb) lav2), where Ha occupies the reactive, axial position and Hb occupies the 

retarded, equatorial position, In the present model, a rapid intcrcunversion in the positions of the IWO protons 

(Ha and Hb) will take place between the axial and the equatorial positions, leading to give a smaller 

discrimination of the two protons in comparison with those observed in cyclic models, 

The result% in the present paper and the preceding paper reveal that the pyrimidine ring moiety of flavin 

ring system interacts with the carbamoyl group of nicotinamide moiety of NAD(P)H and its models in the 

transition state of “(net) hydride transfer” reactions, thus significantly affecting asymmetric reactions between 

flavins and NAU(P)H in biological systems. 
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As the relative reactivity of the IWO diastereomers (Hn.Ub/Ua,Hb) proved the absence of quantum mcchanicrl 
hmneling effect, 
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