
Tetmhedron Larers, Vol. 3.5. No. 46. pp. 8631-8634. 1994 
Else&r Science Ud 

Printed in Great Britain 
OtMO-4039rM $7.oo+o.00 

Stereochemistry of Asymmetric “(Net) Hydride Transfer” 
in an Intercoenzyme Model Reaction System 

Tetsuji Kawamoto,* Tofu Taga, Kiyoshi Bessho, and Fumio Yoneda* 

k&y of ~aceutical Sciences. Kyoto University, Sakyo-ku Kyoto 60601. Japan 

Jun-ichi HayamP 

c#faduate School of Human and Environmental Studies, Kyoto University, Sakyo-ku Kyoto 60601. Japan 

Abtract: X-ray crystal StNeN?e analysis revealed the absolute configuration of compound 2 and thus proved the absolute 

contiguration of 5dewatlavin (+)-I pos8essing both axi8l and plm chiiity to be (S). Model reactions of “(net) hydride bansfer” 

between 1 and Me2FWFW enanadomen revealed that (S)-(*)-1 oxidixes (4S)-hle2PfWH owe mpidly than itt (4R) isomer and that 

(R&)-l oxidizes (4R)-Me2FWFW mam rapidly then its (4s) isomer. These results strongly suggest the YI cnados&ctivity on 

Me2PNPH by chiral 1 is not solely detemdned by the availability of C(4) hydrogen but by the “(net) hydride donoraceptor” 

interactions involving the intcmclion between the pyrimidine site of S-daxatlavin molecule and the catbamoyl group of the 

NAD(P)H model as the important contributor. 

Flavin and 5-deazaflavinl) are the main coenzymes which play important roles in redox reactions in 

biological systems. Recently, “flavoenzyme model&), flavin derivatives embodied in a chiral environment, 

have been synthesized to investigate the mechanism of asymmetric “(net) hydride transfer” reactions with 

substrates. Shinkai~) synthesized chiral(5-&aza)flavins included in cyclophane struchue and we synthesized 

5-deataflavin 12b*c) possessing both axial and planar chirality. These models revealed that the chit-al flavin 

face8 significantly aff&ct asymmetric “(net) hydride transfer” reactions with NAD(P)H (models). Recently, we 

synthesized a series of S-deazafbvins with axial chirality at pyrimidine ring moiety2dseVf) and observed the 

successful diastereotopic face activation of S-deazaflavin molecule and chiral ncognition with and without 

metal assistance2f) in the intercoenzyrne model reactions. These results suggested that a stereoselective 

interaction between the pyrimidine site of 54eazaflavin molecule and tk carbamoyl group of NmP)H model 

significantly facilitates the asymmetric “(net) hydride transfer” reactions. 

In the present paper, we wish to report the absolute configuration of a flavoenzyme model 1 and 

identify the stexa&emistq of reactive face of each enantiomer of this model compound. The consideration of 
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transition state stereochemistry of this asymmetric “(net) hydride transfer” reaction strongly suggests 

interaction(s) within the “(net) hydride donor-accepter” pair involving the interaction between the pyrimidine 

site of %eazaflavin molecule and the carbamoyl group of an NAD1P)H model as one of the crucial factors. 

The interventignof ternary cot~plex. “dF+Mg2+*NADH ntodel”2Cf) was shown in kinetics studies. 
Compound 2 was synthesized from (+)-1 and (S)-(-)-a-phcnylsthylaminc as described in a previous 

pap&b) without concomitant racemization of (+)-1 and a-phenylethyl moiety. Recrystallization of 2 from 

ethanol gave a pale yellow crystal which was subjected to an X-ray analysis. The structure and crystal data of 

2 were shown in Figure 1. The analysis assigned (S) configuration3) to the (+I-1 moiety in 2 in the light of 

(S) configuration of a-phenylethyl moiety in 2. In other words, for (+)-I, the only face open to the 

interaction with attacking chemical species should be assigned as si face with respect to C(5) position (Scheme 

1.). Similarly, (R) configuration was assigned to (-)-1 and the re face of S-deazailavin (R)-(-1-l opens to 

interact with substrates (Scheme 1.). 

Cryalal Data 
Formula : C38H41 N!502 
M.W. 599.78 
Qrthortlombic 
SpaceGmupP21P21P21 
a I 2o.90~~) A 
b = 19.561(2) A 
c = 7x7(1 ) A 
214 
Dabs - 1.200 g%m-3 
DcahT =1.22Qg%m~ 
V= 3241.2(l) A3 
R -0.042 Figure 1. 

There are two tautomeric isomers proposed for the 5-deazaflavin derivatives substituted by amino 

groups at C(5) posit&#; one is 5-a&10 form 3, and the other is S-imino,fonn 4 (Scheme 2) and there have 

been controversies of this problem. The X-ray analysis showed that WArnine)-C(5). C(5)-C(4a). C(4a)- 

C( lOa>, and C( lOa)-N( 1) distances are between that of single and double carbon-nitrogen bond or carbon- 

carbon bonds), implying that the compound 2 takes a structure between 3 and 4. However, the refinement 

showed that a hydrogen atom r&ides on the nitrogen atom attached at C(5) posit@ (Figure 1), suggesting that 

the compound 2 takes amino fobs 3, rather than imino form 4 that depicted in out previous paper*b). In 2 as 

well as 3, the hydrogen atom on nitrogen atom attached at C(5) position forms a hydrogen bonding with 
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oxygen atom of the carbonyl group at C(4) position and the hydrogen bonding will fix the conformation of the 

chiral a-phenylethyl group and may give a significant effect on the chromatographic separation of 2 finm the 

other diastereomer composed of (R)+)-1 and (S)-(-)-a-phenylethylamine as was reported previously 2b). 

Scheme 2. 

To investigate the unequivocal stereochemistry of the asymmetric “(net) hydride transfer” reactions 

between fiavoenzyme model 1 and an NAD(P)H model, and to have a clue on the flavoenzyme reactions, 

oxidation reactions by 1 of MezPNPH6) enantiomen were carried auf Me2PNPH enantiomers were oxidized 

by racemic 1 in acetonitrile in the dark under argon in the presence or in the absence of magnesium perchlorate 

and the ratios of the reduction products from 1 were measured by an HPLC method on a chiral stationary phase 

(CHIRALCEL OD) (Table 1.). Table 1 shows that magnesium ion enhances both the rate‘ and cbiral 

recognition of the asymmetric “(net) hydride transfer” reactions7). There is a tendency that (4S,9S)-Me2PNPH 

is oxidized by (S)-(+)-1 more rapidly than (RI-(-)-l. vindicating that the 5-deazaflavin molecule (S)-(+)- 

1 reacts on its si face with the NAD(P)H face possessing Pro-R hydrogen at C(4) position8). 

Table 1. Oxidation reaction of MezPNPH by racemic 1 

Run MezPNPH Mg(Clo4)2* Reaction Reduced Product Reduced Product kyrWkyo9) 

Time(hr)*+ of W-(+)-l (95) of (a)-(-)-1 (%) 

1 (4S.W 0 5 65 35 1.9 

2 (4S,9S) 25 1 76 24 3.2 

3 (4WS) 100 0.5 >98 <2 >507) 

4 (4R,9R) 0 5 33 67 11 2.0 

5 (4R.W 25 1 28 72 l/ 2.6 

6 (4R.9R) 100 0.5 <2 >98 <l/SO’) 
* equivalent to [M&PNPH]. C(f)-11 = 1.5 x 10-Z (M). [MeZPNPH] = 7.5 x 10-4 (M) 
** it 298K. Complete disppamna of Me2PNPH was observed by TLC. 

Considering these results and that the (4R) isomer of Me2PNPH reacts more sluggishly with (S)-(+I- 

1, even when the (4R)-H was disposed potentially available for the reaction, the maj& transition state of this 

“(net) hydride transfer” reaction could be postulated as depicted in Figure 2. Inspection of the Table 1 and the 

Figure 2 strongly suggests that all the following 3 factors am crucial in the”@@ hydride transfer” reactions 

between (5deaza)flavin models and NAD(P)H models. 1) The interaction betwtin the pyrimidine site of (5- 

deaza)flavin model and the carbamoyl group of NAD(P)H model, the interaction that is operating to bring 

reacting partners in close proximity and to secure the subsequent interactions. 2) Availability of the C(4)-H of 

NAD(P)H model in the proximity of the C(5) position of (5deaza)flavin. 3)’ Interaction between the rings of 

two coenzyme models that seem face to face spacial arrangement’of the reacting partners. 
Only for the combination of (S)-(+)-1 and (4S)-Me2PNPH and that of (R)-(-)-1 and (4R)- 

MezPNPH, these 3 factors are substantiated concomitantly. ‘For the combination of (S)-(+)-1 and (4R)- 

MezPNPH and that of (R)-(-)-1 and (4S)-Me2PNPH. only single or two factors can be sufficed simulta- 
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Figure. 2. 

Postulated Molecular Arranpmmt of @)-(+)-I 

and (4S,9S)-Me2PNPH in the Transition State of 

Asymmenic”(Nat) Hydride Transfer” Reaaior~‘~) 

neously. These mismatching conditions seem to 

afford much diminished reactivities as are 

examplified in the run 3 and the run 6 in Table 1. 

Interestingly enough, the spatial 

arrangement of the two coenzyme models in the 

transition state proposed (Figure 2) is similar to that 

between NADPH and FAD observed at the active 

site of glutathione reductase reported by Paill). 

This similarity strongly implies that similar 

stereoselective interactions are operative between the 

two coenzyme models as well as those in enzymatic 

systems. The enhanced enantiosdlectivity observed 

in the present study suggests that the interactions 

would be strengthened by an intervention of 

magnesium ion in the model systemslo) and 

magnesium ion plays a crucial role in an asymmetric 

“(net) hydride transfer” reaction in flavoenzyme 

models. 

We are grateful to Professor A. Ohno of Kytoto University for the discussion for the preparation of 

Me2PNPH. 
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