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Atropisomeric Flavoenzyme M odels with a M odified
Pyrimidine Ring

Atsuyoshi Ohno, Jun Kunitomo, and Yasushi Kawai

Abstract:  Optically active 5-deazaflavin derivatives (3-aryl-10-(4-tert-butylphenyl)pyrimido[4,5-b]quinoline-
24(3H,10H)-dione) with an axia chirdlity a the pyrimidine ring have been synthesized, and the physica properties of
these compounds have been invedtigated.  In addition, (net) hydride-transfer reactions with NAD(P)H andogs have been
caried out to ducidate the sereochemistry a the trangtion state of the reactions.

Keywords:

Havoenzymes are the enzymes that require flavin coenzymes
such asflavin adenine dinudeatide (FAD) or flavin mononudeatide
(FMN) and cadyze redox reetionsin biologicd sysems At the
adtive site of flavoenzymes, flavin coenzymes are covdently bound
or tightly held to apoprotains to form chird environments and polar
functiond groups of gooprateins in proximity to a flavin coenzyme
have a significant influence on stereochemistry in the reections
between the flavin coenzyme and asubdrate. Thus we synthesized
atropisomeric flavoenzyme models 101 8 and investigated the
phydca propertiesand stereochemicd reedtivitiesof thesemodds.

We have studied the therma enantiomerization of 100 6
kingticdly in order to estimate the conformationa stability (1).
Although the free energy of adtivation for thermad enantiomerization
decresssinthe order R=Bu >> CF, > P > Bt > Me=CH,OH due
to deic dfect, the entropy term does nat contribute meaningfully to
theenergy barier.  Furthermore, the difference in the energy barrier
between 100 3 is smdl in spite of the difference in size of the
Ubdituent of the aryl group a the N(3) podtion.  This s prabebly
because the benzylic protons of the aryl group face toward the flavin
skdetonin order to minimize the seric repulsion, which is supported

flavin/ axial chirality/ NAD(P)H analog/ (net) hydride transfer/ stereochemistry

by theresuits of X-ray crydalogrgphic andyses of these compounds
2.

By comparing the geometry of aflavin maleculeinthe arystd of
3 with tha in the arystd of 3ureaethanadl that indudes hydrogen
bonds to the pyrimidine ring of 3, we have smulated geometricd
change observed when an oxidized flavin coenzyme is activated
through hydrogen bonding with gpoproteins (3).  The reult has
reveded thet when hydrogen bonds to the pyrimidine ring of the
flavin are formed, both bond lengths of N(1)00 C(10a) and
C(4a0 C(5) (which are represented formdly by a double bond)

: R = CH,OH
:R= CH3

: R = CHoCHg
:R= CH(CH3)2
‘R = C(CHag)3
:R= CF3

:R= COQH

: R = CH,OTBDM:

0O NG HWN =

Bu!

BIOORGANIC CHEMISTRY 0O Bioorganic Reaction Theory

Scope of research
Biochemical reactions are studied from the viewpoint of physical organic chemistry. Namely, the reaction

mechanism and stereochemistry of NAD-dependent oxidoreductases are exploed.

Stereospecific redox

transformations mediated by certain biocatalists such as microbes, enzymes, cultured tissues are also
studied. The results will be applied to develop new organic reactions.
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becomelonger by 0.023 A, wheressthet of C(108)0] C(4a) (whichis
represented formélly by a single bond) becomes shorter by 0021 A
then those in free 1, reppectivdly.  This indicates that the hydrogen
bonding & the pyrimidine ring affects the dectronic structure of the
flavin greatly: the redectronsin the conjugated system are shifted to
the N(2) podition through hydrogen bonding with urea so that the
geometry of the oxidized flavin can gpproach to thet of its reduced
form and thet the dectron density & the C(5) position is expected to
becomelow.

It is necessary to determine the absolute configurations of these
flavoenzyme moddsto dudidate the sterenchemidry a thetransition
datein the reections of the;e modds  Thus we synthesized 9 thet
was expected to maintain its conformation for a long time and
confirmed that the (O )-enantiomer had the Scorfiguration from the
X-ray cryddlographic andyss by means of anomaous disperson
effect of thebromineatoms(2). Next, (9-(-)-9 was debrominated by
cataytic hydrogenation, and the resuitant 2 was subjected to HPLC
fromwhich its conformation was determined to be (R-(+).  Findly,
the (+)-1 was convated into 2, and the resultant 2 was subjected to
HPLC, which confirmed that the compound was the (O )-
enantiomer (1).  Consequently, the absolute configuration of (+)-1
hesbenassgned s S Furthemore, dl absolute configurations of
30 8 have been detlermined on the basis of circular dichroism spectra
of land2

Bu!

In order to investigete the sdedtivity of the facesinwhich a(net)
hydride is trandfarred, reductions of severd flavoenzyme modds (2,
2, 6, and 8) with 1-benzyl-1,4-dihydronicatinamide (BNAH) were
sudied (14). Inthepresenceof Mg, the (net) hydridetransfer from
BNAH to 2, 6, or 8 takes place predominantly in the anti face,
wheress the sHedtivity obsarved in the reection of 1 isthe opposite of
thet of 2, 6, or 8. Furthermore, in the absence of Mg, the syrvant
sdectivity is reversed from that observed under the Lewis acid
(Mg?)-catdyzed reaction.  Theassodiaion condant of 1withMg? is
about twice as large as that of 2, which predicts that the
hydroxymethyl group of 1inthe presence of Mg playsadgnificant
role in coordinating onto Mg?* to form a ternary complex with
BNAH rigidly in the syn face. On the other hand, the
hydroxymethyl group in the absence of Mg is nat different from
other substituents such as methyl, trifluoromethyl, and [(tert-
butyldimethylsilyl)oxy]methyl groups in terms of interaction with
BNAH inthesensethat it isnathing but agtericaly interfering group.
Consequently, these substituents result in the deactivetive anti
preferencerather than asyn facereection.

In addition, we studied asymmetric (net) hydride-transfer
reections between chird 1 and chird 1,4-dihydro-24-dimethyl-N-(a-
methylbenzyl)-1-propylnicatinamide (Me,PNPH) to ducidate the
intermolecular arangement between 1 and an NAD(PH andog &
thetrandition Sate of (nef) hydride-trandfer reections (1).  Theresuits

anti- attack

syn-attack

. J :magnesium ion
Ar : 4-tert-butylphenyl

Figure 1. Most predominant intermolecular arrangements between
(9-(+)-1 and an NAD(P)H andog at the transition states of (net)
hydride-transfer reactions in the presence (syn face) and absence (anti
face) of magnesium ion, respectively.  The conformation of the side-
chain carbamoyl group of NAD(P)H andog is drawn arbitrarily.

reveded that the mogt sLitableintermalecular arrangement betwean 1
and NAD(P)H andog a the trandtion date of (net) hydride-transfer
reections is the one in which two molecules are arranged with
meaximum overlgp of their maecular planes and the pyrimidine ring
of Lisstinfront of the cabamoyl group of the andog, regardless of
the presence or absence of M@ (Figure 1).  The intermolecular
arangemantt is smiler to that reported for FAD and NADPH in the
active dte of glutathione reductase: the flavin moiety of FAD is
stacked onto the nicotinamide ring of NADPH and the pyrimidine
ring of the flavin and the carbamoy! group of the nicatinemide face
eechothe. Itisof greet interest thet the intermolecular arangement
can be seen in amodd system even though no seric compulsion
exigstoarangetheminthisorder.

The presant result strongly indicates not only a possibility thet
there might exigt sahilizing effects due to the overlgp of maecular
planes of aflavin and an NAD(P)H coenzymes but dso apossibility
that functiona groups in an gpoprotein in proximity to a flavin
coenzyme in the active site of a flavoenzyme have significant
influence on the gerensdedtiveinteraction with asubdrate
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