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Abstreact - The epoxidetion of 2-substituted naphthoquinonas
with t-BuOOH in an aqusous buffer solutfon conteining a small
samount (up to 5 % molar equiv) of bovine sarum albumin (B6A)
gives the corresponding aepoxides with aeanantiomeric axcess
{e.0.) up to 100 X. The enantiosalsctivity is very sesnsitivs
to the addition of weter miscible or immi{scible cosoclvents
angd to the langth of the alkyl chein in position 2. The
mechanism by which the cosolvents influence the e.8. was
studied. Corrwlations bstween the circular dichroism spectra
of the BSA-quinons complexss and the stersochemistry of thea

epoxidation products ware found.

Introduction. Asymmetric chemical trensformations in the presence of proteins
as chiral agants ere & phenomenon of genaral interest. According to Brewster
“the use of proteins as catalysts is as ancient as life itself, morsover it 1is
at any rate, & habit that terrestrisl dbiotsa would find difficult to give up™. We
and others have ussd the globulaer protein bovine serum albumin (BEA) as & tool
for catalytic asymmetric 1ynthnul|,a The reactions axgmlncd were sulfoxidation,
borohydride reduction of hetones or hketoestars, cis hydroxylation and
epoxide formation through Darzens condensetion and Weitz - Scheffer oxidation
in alkaline m.dlum‘e In particuler, we ho:c recsntly studied the asymmetric
spoxidation of substituted nsphthoquinones by t-butylhydroperoxids in water
containing BSA. A range of substrates aond the affacts of variation of pH of the
aqueous buffer solution, peroxidant and metal ions were examined.

In spite of considerable work, thare are still wsaverel uncertainties about
the machanism responsible for this and othar ssymmetric synthesas. In this paper
wa have examined the fsctors which control thes enentiosslectivity of the Weftz-
Scheffer asymmestric epoxidation promotesd by BSA. We have also studied the
dissteresomeric complexation of 2-alhyl naphthoquinones with B6A by co
spectroscopy and found & correlation for predicting the stereochamical outcome
of the reasction.

Rssult and Discuesion. Qur previocus resultes under hatercgensous conditlonl‘
indicated that t-BuOOH was ths most stersoselective of ths oxidants tssted in
the Waitz - Scheffer asymmetric epoxidation of substituted 1 ,4-naphthogquinones
in the presence of BSA. The highast a.e. wos obtained with 2-cyclohexyl-1,4~
naphthoquinone (79 X e.e.). The stereochemistry of the process wes very
sansitive to minor structural differences in the substrates. Both the opticsl
purity and ths absolute configuration of the mejor product depsnded on the
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neture of the substituent at position 2. Predicting the stereochemicel outcome
was therefore difficult. 6Gteric effects were importent: 2-tert-butyl-1,4-
nephthoquinone was not oxidized even after o long reection time. lLow pH
increased the enantioselectivity {n most ceses.

We have now investigeted in more detail the role of BEA in this wepoxidetion.
We first repeated the reactions under homogensous conditions in aqueous buffer
solution at pH 9, with t-BuOOH es oxidant and S X molar equiv (with respect to
the substrate) of 86A under stirring. Naphthoguinones (1) and (3) geve the

corresponding epoxides (2) and (l}), with e.e. equel to or greater than those
formed under heterogeneous conditions (Table I). The oasymmetric induction

therefores must occur 4in the aqueous solution and not at the interfece. However,
in order to perform preparative scale reactions, we preferred to work with

larger amounts of substrate under heterogesneous conditione.

(.2) mecw, (8.13) mecyny
(2.19) macyng (9,14) R cCyolo-Cghy,
(3.11) mai-ceny (7.18) M n-CqMyy
(612} men-CHy (8.18) men-Cgu,y,
We have noted that, in contrast to our results for the sulfoxidetion
r.action,ab BSA generally is not & chemicel cetelyst in the epoxidation. Ag
shown 1in Table II, the reaction rate increases only for very poorly weter-

soluble substretes (6,8), whose solubility is enhanced by the protein. A retarding
effect 1s observed in the other coses (l,g,ﬁ) and is probably due to hindrance
of the epproech of the oxidant by the protein-substrate complex and to the
increased medium viscosity. Good asymmetric induction requires that & certain
threshold concentration of B8S5A be present. The results in Table Ill show theat
for 2-phanyl-1,4-naphthoquinone Lé) there (s no substential chenge of
sterecselectivity with 0.5 % mol of BSA and the usual 5%, wherees smsller
amounts of BSEA (0.025%) lower the enentioselectivity. It should also be
ment ioned that the equeous solution of the protein recovered from the

epoxidation can be recycled, aégein giving good stereoselectivity ( SO % e.e. in

the case of the cyclo-hexyl derivetive (14)). The process did not ceuse any
denaturation of 8SA. The epoxynephthoquinones are opticelly steble in the
reaction medium; the 2-phenyl derivetive (13) (SO % e.es.) was recoverad

quentitatively after a S day reection time without any eppreciable racemization.

A very 1importent goel in osymmetric synthesis 1s optimization of the
enantiomeric excess. We have used two approeches to obtein this, namely the
selection of an approprieste substroete and the addition of organic cosolvents to
the aquesous medium.

Effects of the Organic Cosolvent. Water-miscible and water-immiscibie
organic cosolvents increase nigaificantly the enanticselectivitiae of pig liver
esterase hydrolyesie of diaesters. Very recentl]y we showed that high e.e. cen be
obt.énod by the same means in Waeitz - Scheffer condensetion in the presence of

BBA . The best ssymmetric induction (90 % e.a.) was obtained with 2-1sobutyl-
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1,4-naphthoquinone (3) and t-BuOOK in @ buffer solution conteining 0.056 moler
squivalents of iecoctane. Larger aemounts (S X v/v) of isooctana or other
cosolvents, such as EtOH or OMSO, only slightly influenced the
enantioselectivity of the process (66-75 X a.e. compared to 77 X e.s. without
organic cosolvents). By contrest, in CCl4 (5 % v/v) the racemic spoxide (1) wes
obtained. The latter result caean be eesily accounted for, eince CCl takes the
substrate aend the oxidant out of the aqueocus phase, 80 thet the reaction takes
place in the organic solvent. Indeed the chemical yield in epoxide (11) was
similar in a blank axperiment cerried out under the same conditions but without
B8A. Lower amounts of CCl4 (0.08 X v/v, {.e., CCl4 completely dissolved in the
aqueous buffer ) had negligible effects on e.e..

The role of organic cosolvents and in particular thaet of isooctane in this
reaction is difficult to wunderstend end there is no current general rule
formulating the effacts of organic cosolvents 1in enzymatic reactions.
Information on this subject was obtained by measuring the binding of 1isobutyl
naphthoquinone (3) and its epoxide (1}) to BSA and by studying the influance of
cosolvents on the binding. Binding studies cerried out with free and lmnobtllz:g
BSA gave practically identical results (Figure 1). The double-reciprocal plot
of th!1b1ndlng of isobutyl naphthoquinone to BSA gave an atlos%ation constant of
10 ™ and that of isobutyl epoxynaphthogquinone of S.5x10 M . In both cases
the intercept with the ordinate indiceted that S moles of ligand/mole of 86A
were bound end that & single class of binding sites was responsible for the
interaction. QOue to the low solubility of both ligands in buffer it was not
possible to coc‘7hothor or not there were binding sites with lower affinity {n
BSA. Scatchard plots geve results identical to those obteined with double-

reciprocal plots.
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Figure 1. Double reciprocal plots of Figure 2. DOouble reciprocal plots of
the binding of 1sobutyl naphthoquinone the binding of isobutyl naphthoquinone
( A ,A) and 1eobutyl epoxynaphtho- to immobilized BSA in the absence ( A )
quinone ( O , @ ) to free (empty sym- and in the presence (@ ) of 1.5:10-4 L]
bols) and immobilized (filled symbols) isobutyl epoxynaphthoquinone.

BSA. N indicates the moles of ligend

bound per mole of protein.
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Isobutyl epoxynephthoquinone competitively inhibited the binding of isobutyl
naphthoquinone to 8BA (Figure 2), 1.s., the essocistion constant of {sobutyl
nephthoquinone wae dacresased with no effect on the number of molecules bound at
saturation. The aessociation conntans of isobutyl epaoxynaphthoquinone ogtnlg:d
from this experiment was 3.9x10 M , a value close to that (S5.5x10 N )
obtained by direct messurement (Figure 1). This experiment, therefore,
demonstrated thet the two ligands bind to the seme sites on B6A.

The {influence of EtOH, DME0, CCI4 and isooctane on the dbinding of the two
ligends to BSA was investigetad with the immobilized protein. EtOH and OME0 (up
to 9 % v/v) and CCIA (up to 0.04 % v/v) did not displece the ligends bound to
8SA, in egreement with their negligible influence on the e.s.. Iscoctane dig not
influence the binding of isobutyl naphthoquinone but concentretion-dependently
displaced the bound isobutyl epoxynephthoquinone from the protein (Table 1IV).
Therefore, {sococtans was able to inhibit specificelly the binding of the epoxy-
derivative to B8SA. We cen speculete that the solvent pertially occupies the
binding sites of the protein in such & way thet they are only accessibla to the
substrate and not to the bulkhier, non-plenar epoxy derivetive.

The binding of methyl naphthoquinone gl) and of {ts epoxide (9) to BSA wes
also studied. In thie cese, the interection eppeared to be aspecific, with a
large number of low-affinity binding sites. Thase data are consistent with the
low anantioselectivity obtained with this substrate.

In conclusion, the process of isobutyl naphthoquinone {8) oxidation by ¢t-
butyl hydroperoxide can be schematized as follows:

BEA ¢+ § <===> BEA - § _813925392_, BEA - P® <caema> BSA + P* (@]

oxidation

----------- > P (2)
in which P*®* {s the opticelly active isobutyl epoxynaphthoquinone obtained from
the oxideation of § bound to the chirel binding sites of BSA and P 1is the
racemate obtained from the oxidetion of unbound S. The rate of formation of P*®
will be proportionel to the concentration of the complex BSA-§5. As the rsection
progressas, the concentration of the complex decreases, not only becauss of the
decreese in §, but also because of the accumulation of P* (end P), which will
compete with S for the same binding eites on BSA. The product will not, however,
affect the rate of formetion of the racemate P. At low concentrations,
isooctane, which specificeally inhibits the binding of {sobutyl
eapoxynaphthoquinone (P* and P) to BSA, favors the formation of the BSA-5 complex
and tharefore the asymmetric reduction. At higher concentrations (S % v/v), two
phases are formed and the reaction partislly occurs in the organic phese, thus

decreasing the e.0e..

Effect of the Subetrate. The long;chaln fatty acids are samong the organic
ligands thet bind most tightly to BSA. Furthermors, the affinity for the firet
2-3 sites on BSA generolly increeses with chain length. For these reasone we

exeamined the epoxidation of 2-n-octyl-1,4-naphthoquinone (8) with BSA under the
ususl conditions. The results were beyond our expectetion since the epoxide ( 18)
was obtained enantiomericelly pure end in good chamical yield (Teble V). The
total stereosslection for the octyl derivetive (£) {s also due to the nagligible
velocity of the competitive epaxidation of tha substraete not bound to BSA, which
would give reacemic oxirane (1§). Indeesd, under the same coﬁditionl but
without BSA, naphthoquinone (8) geve epoxide { 1§) in e lower chamical yield than
structurally releated compounds didg (l,g.é,g), (Teble II). The absolute
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configuration attributed to (16) on the basis of the Cotton effect centered ot
360 nm, is (+)-(28.3R).

The shortening of the alkyl chain at C-2 hae drematic affects on the degree
of the asymmetric induction (Table V), since the e.0. for the —corresponding
epoxides (19,13) from 2-ethyl (jp and 2-n-butyl derivetive (4) are only S % end
14 %. An 1intermaediate behavior was found for 2-n-hexyl-1,4-nephthoquinone,
which glves oxireane (lg) with 30 %X e . @. . It is {nteresting that epoxides (lg).
(18) eno (16) 6ll have the (+)-(2§,3R) ebsolute configuration. The induction of
asymmaetry depende on the length of the cerbon chain also in the borohydride
reduction of 6-hetoecids, a reaction which wes reasonebly steresosslective (49%
e.e.) only for S-oxohexadecanoic aciad. The reaction of the 2-mathyl]l derivetive
(D) does not fit into the trend of 2-substituted n-alkyl-1,4-naphthoquinones
(20 % e.e. and (-)-(2R,3S) ebsolute configuretion for epoxide Q).

Spectrel Properties of the 868A-Quinones Complexes. The complexes formed
between BSA and verious 2-alkyl-1,4-naphthoquinones wers studied by co
spectroscopy, sinca the optical activity that originates in the electronic
transitions of the Quinone chromophore reflects {te interactions with protein
chromophores in the naighborhood of the binding sites.

We {nvestigated the complexes formed between BSA and most of the 2-alkyl-1,4-
naphthoquinonas at various quinone-BSA molar retios. The eslectronic bands of the
{,4-naphthoquinone chromophoras which are useful here because they fell outside
l?: e:ototn absorptions are a moderately intense bend near 335 ?m_(é 2000-4000
M cm ) and & broeder and waaher band between 400 sng S00 nm. From the
intensity of the absorption epectrsa above 300 nm at verious quinone-BSA retios
it 13 possible to estimate that the number of quinone molecules bound to BSA
under buffer saturation conditions veries from 2.5 to S, except for the 2-n-
octyl derivative ﬁﬂ)' o single molecule of which epperently binds to the protein
even when excess substrote is present. This result mey provide o6 clue for
understanding the origin of the stereospecificity observed in the epoxidetion of
(E)-

CO spectres of representative Qquinbne-BSA complexes are shown in Figure 3. In
general, the {ncreasse 1in the number of quinone molecules bound to BSA (s
accompanied by a roughly parallel increase in intensity of the various CD bends,
indicating that when several binding sites aere present they must have similar
binding constants, as we have found for &3) by equilibrium dielysis experiment

(see Figure 1).
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Although 1t is obviously difficult to undertake e detailed enelysis et this
time, the CD spectre exhibit some regulerities that are worth mentioning. In
perticuler, thers 1is en apperent relationship between the CD pattern of the
quinone-BEA complexas and the stereochemistry (Teble V) of the epoxide formed {(n
the subsequent epoxidetion reaction. The series of complexes formed by the 2-R
1,4-naphthoquinones with MRA=n-butyl (4), n-hexyl (’2) and n-octyl (.9._) have CO
spectre with e weasher positive band between 400 eand SO0 nm aend & prominent
negetive band between 300 and 400 nm. All these n-alkyl chain substrates
preferentielly or exclusively yisld the epoxide with (+)-(28, 3R) configuration.
By contrast, the B8S5A complexes formed by quinonee with brenched elkyl chains,
A=isobutyl (3) end cyclohexyl (6), heve spectra with positive CD activity within
the dominant alectronic bends and prefarentially produce epoxides with (-)-
(2R, 36) configuration. The CO spectrum of BSA complexes of the quinone with
A=athyl (2) 1is somewhat intermsdiste betwsen those of the two main classes but
the spoxidation reaction still preferentielly produces the (+)-(285, 3R) 1somer,
as for the othar n-alkyl-1,4-naphthoquinines, albeit with modest e.e.. Finally,
the CD spectra of BEA complexes of the quinone with Remethyl Ll) srs entirely
different from all the others. In particulear, thess systems cannot be included
in the class of BEA complexes of n-alkyl chain naphthoquinones and, in fact, the
epoxide produced (9) has the opposite configuration.

The increase in e.e. for the (+)-(25, 3R) epoxide as the n-alkyl chein {s
lengthened (Table V) suggests that thess substretee progreseively tend to
occupy, or become more immobilized in, the binding site for the n-octyl
derivetive. The CO spectrum of the BSAig complex is, in fect, more intense then
the others. Such & binding site may be inaccessible to the nephthoquinones with
branched side cheins, but they probebly share enother site of relatively high
immobilizetion. Support for this interpretation comes from the observation that
addition of the oxidant does not displace the substretes from the binding sites,
i.ea., the reaection occurs at the binding sites.

The reletionship between CD spectrs of the BEA-substrate complexes and
stersochemistry of the product provides a simplified vi;u of the steric course
of the reaction. 6ince the enentioselectivity must originate in e
differentietion of the two faces of the quinone residue, the CO fesatures of the
86A-quinone complexes may characterize the face of thes substrate ot which the
attack of the oxident preferentially occurs: the 84 foce ot C-2 for
naphthoquinones with normal alhyl cheins and the re face at C-2 for those with
branched alkyl chains. The stersoselection in these epoxidetions would thus be
determined by the relative accessibility of the two feces of the nephthoqQuinone
residue to the oxidant, different dbinding sites having different relative
accessibility.

Conclusions. Vitemin K and, more genersally, substituted 1,4-nephthoquinones
and their epoxides are of consideraeble importance in metebolic processes. The
asymmetric Weitz-Scheffer epoxidetion in aqueous buffer solution promoted by BEBA
?g:potot favorebly with the reection performed under phase transfer conditions

and represents e significent improvement in tarms of enantioselsctivity. The
eneantisslectivity is favoured by high BSA concentration, long chain alkyl groups
at C-2 of the substrate end reduced compestitive inhibition by P* (equation 1)
with 1isococtene. The oxidation of free substrete according to equetion 2 1is
retarded by high solutfion visecosity, Dbulky substituent groups at C-2 and poorly
soluble substrates. The binding studies indicate thaet e single class of binding

sites is responeible for the interaction of 1sodbutyl naphthoquinone and {ts
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epoxide with BSA and explaine the role played by the protein as a chirel
auxiliery 1in the presance of {scoctane es & cosolvent. Study of the spectral
properties of the BSA-quinone complexes provides a setisfactory retionsle for

the stereoselection of thase epoxidations.

Experimental Bection

Meterials and General MNethods. BGA was the fraction V Fluke commercial
product; t-BuDOKH (70 % in weter) end the aqueous buffer solutions ore
commercially available. Sepherose CL-48 was obtained from Pharmacie and the
dialysis tubing (0.6 cm diameter, cellulose membrane) from Sigma. H NMR spectre
were recorded in COC1l on e Varien 390 instrument. Enentiomeric excesses were
determined by H NNMR with the aid of Eu(hfc) or Eu(dcm)3 as chiral shift
reagents, using & Varian XL 200 instrument. Electronic spectre were recorded on
a Perkhin Elmer Lembde S spectrophotometer and CO spectre on & Jasco J-500 C
dichrograph. Melting points ere uncorrected. Elemental enelyses were performed
with & Perkin-Elmer 240 instrument.

Etarting Quinones. 2-Methyl-1,4-naphthoquinone (1) was o ?gmmorctol product.
N

Compounds 2-7 were prepared has described in the literature. 2-n-0$§y1-1,4-
P~ a

naphthoquinone (8), in SO % {1.16, wes prepared by the same method from

nonanoic acid ; mp 50-52°C; W NMR ( COC1 } 6 0.85 ( 3M,t )}, 1-1.28 ( 12H,m },

2.3-2.7 ((2H,m ), 6.7 ( H,s ), 7.5-2.76 ( 2H,m ), 72.8-8.1 ( 2H,m ). Aneal.
Calcd. for C H 0O : C, 79.95; H, 8.22. Found: C, 79.89; H, 8.25.

Epoxidotién 2§l 2-Substituted-1,4-Naephthoquinones. Genersl Procedure. TO A
magneticelly stirred solution of 0.05 mmol of B6A (3.3 g) in 12.5 mL of buffer

solution, 1 mmol of Qquinone was added. The mixture wes stirred for 15-20 min,
then 2 mmol of the oxidant were added. The reaction woes stirred at room
temperature for the recommended times, then extracted with 5x80 mL of diethyl-
sther end the organic leyers dried (03804) end concentrated under vacuum. The
aqueous phase was stirred overnight with 300 mL of CHC]l and filtered over e
cake of celite; the filtrate was dried over enhydrous magnoliun sulfate and the
solvent removed under reduced pressure. The crude combined residues weres

purified by silice gel column chrometogrephy (light petroleum-diethyl ether 95:5
v/v as eluent).

The epoxynaphthoquinones QS-LQ) ere known {n the optically ective form
and the physicel proport%g: of our specimens were in egreement with those
reported in the litereture. 2-n-Octyl-1,4-naphthoquinone+2,3-epoxide (16) was
obtained in optically pure form In 66 %X yield; mp 64-66°C; [01‘360 8% (c=0.65,
H, m), 2.16-2.35 ( 1 H, m), 3.85 ( tH, ), 72.68-2.78 ( 2 H, m ), 7.88-
8.06 ( 2 H, L Anal . Celcd. for [ C, 75.48; H, 7.76.
Found: C, 74.90; H, 72.79.

H 0 :
18 22 3
Weitz-Scheffer Epoxidation wunder Homogeneous Conditions. To @ solution of
0.05 mmol of BSA (3.3 g) 4in 12.5 mL of pH 9 buffer solution, O0.15 mmol of encne
and 0.3 wmmol of oxidizing agent (70 X aqueous t-8u00H) were added. The
resulting clear solution was stirred at room tempereture for the times indiceted
in Table I and tne usual work-up gave the crude epoxides, which were purified
by silica gel chrometography (light petroleum-diethyl ether 95:5 v/v as eluant).
Recemic Epoxides. General Procedure. To a magneticaelly stirred mixture of
12.5 mL of pH 11 buffer solution and 1 mmol of quinone, 2 mmol of oxidant (70 %
aqueous t-BuOOH) were edded. After the eppropriate reaction times (see Table
I11), the mixture wes extrected with Sx80 mL of diethyl ether, the organic layer

dried over IgSOa and, efter removal of the solvent, the residue was purified as

vsual.
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Gal Filtration of Used BSA. BSA employed in the epoxidation of 1sobutyl
naphthoquinone was extracted with diethyl ether, rotoevaporated and diluted with
0.025 M potassium phosphate buffer, pH 7, containing 0.1 M NaCl, to a finel
concentretion of 0.2 X. The solution, which did not contein {nsoludble
aggregates, was gel filteared (0.5 mL) on & Bio-Gel A-0.5 m (200-400 mesh) calumn
(1 em x 100 cm) at & flow rate of S mL/h. The elution profile showed o single
protein peeakh with an elution volume, {.e., protein hydrodynemic volume,
coincident with that of native BSA. Therefore, using the BSA in the cpokiaotion
process did not cause aggregetion or unfolding of the protein.

Immobilization of BSA onto Gepharose CL-4B. Sepharose CL-4B waes activated ot
pH 10.S wit?7100 mg CNBr/aL of settled gel, following the method described by
Axen at al. The coupling of BSA (400 mg) to the ectivated maetrix (20 mL) was
cerried out in 0.013 M sodium boraste, pH 9, wunder gentle stirring at 4°C,
overnight. The unreacted groups on the matrix were bloched by treating ths gel
with 0.1 M ethanolamine, pH 9, for 3 h. The supernatant was withdrawn and the
immobilized protein waeshed with the buffer. The amount of immobilized BSA, which
was determined by amino acid analysis of khnown volumes of gel after hydrolysis
with 6 M HC1 for 24 nh at 110°C, was of 16 mg/mL of matrix. A reference
Sepharose CL-48 was prepared in the same way but without the addition of BSA.

B8inding of Isobutyl Nephthoquinone and Ieobutyl Epoxynsphtho-quinone to BSA.
The binding sestudies were coarried out with BSA in dialyesis tubings or with
Sepharose CL-4B immobilizeod BSA. With the first method, BSA (16 mg), dissolved
in 1 mL of 0.013 M sodium borete buffer, pH 9, was put inside the tubing andg
equilibrated (about 2 Hh) wunder gentle stirring, at 25°C, with ligend
solutions (in 10 mL of sodium borate, pH 9) of wvarious concentrationse. The
concaentration of free ligand was determined by spectrophotomeatri{ic measurement of
the solution outside the tubing at 338 nm (isobutyl naphthoquinone) or 272 nm
(isobutyl epoxynaphthoquinone). The amount of bound ligand wase calculated by
subtracting the free ligend from the total amount of added ligand. With the
second method, 1 mL of immobilized BSA (16 mg of protein) was equilibrated
(about 20 min) under gentle stirring with li{gand solutions (2 mL) of wvarious
concentrations. The concentration of free ligend was determined by
spectrophotometric measurement of the supernatant after centrifugation for 3 min
at 1,500 g. Refsrence Sepharose CL-48, treated analogously, did not bind the
ligands.

Prepereation of the Solutions of BSA-Quinone Complexes for the UV-Vie and CO
Epectra. BSA (0.05 mmol) was dissolved into 10 mL of buffer solution at pH 9
with stirring. Than 1 protein equiv of the quinone was added to the solution
under en inart atmosphere. Solution of the quinone was complete after 2-1S h
of stirring. A 1 mL sample of the solution waes withdreawn and than diluted to §
mL with buffer before raecording the spectrum. Pr.p.rotibn of @ 2:1 solution of

quinone-BSA complex was carried out by adding the appropriste amount of the

quinone to the remaining solution of 1:1 complex under nitrogen. Except for 8,
solution of tha substrate wes again complete after 2-15 h of stirring. The
complaxes with higher quinone to BSA molaer ratios were prepared as above; any

undissolved quinone {n the mixture efter 1S h stirring wes centrifuged out
prior to dilution end spectral recording. For evaluating the number of quinone
molecules {(n the complex, difference spectrae against 10- M BSA in the range
280-600 nm wers used.
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Table I. Epoxidation {n Homogeneous Conditions

a,b b
substrete reaction time epoxide yield e.0 (2 2%)
(deys) (%)
1 20 ( 272) 472 ( 36 )
3 3s ( 83) 78 ( 725 )
a

All the reactions were performed using & 3:1 quinone-BSA moler

ratio ( see Experimental ). The dats relative to the

epoxides obteined 1in heterogenesous conditions are given in

brachets.

Table II. Epoxidation with or without BSA

substrate reaction time epoxide yfeld ( %)
( days ) without 88A with BSA

1 3 74 3

3 2 84 62

E ? 93 a6

g ? 51 64

8 ? 15 66
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Teble III. Epoxidation of 2-Phenyl-1,4-Naphthoquinone (§) with
Different Amounts of BSA

B6A reaction time epoxide yield ea.0. (£-2%)
(% mol) (days) (%)
) 8 46 S0
0.5 8 88 40
0.025 4 90 18

Teble IV. Effect of Isooctene on B8inding of Ligends to
L]
Immobilized 8saA

isooctene free ligand ( pM )
caoncentretion

(%, v/v) isobutyl isobutyl

naphthoquinone epoxynaphthoquinone

[} 3?7 s0
0.0¢ 37 56
0.03 32 68
0.05 37 77
0.07 32 82

.Immobtlizad BSA (1 mL) was equilibreted with 2 mL of
buffer containing isobutyl naphthoquinone (3) (0.42 pmol) or
isobutyl epoxynaphthoquinone (11) (0.39 pmol). Then, isococtane
was added up to the Indiceted concentretions and the free

ligand spectrophotometricelly determined after equilibration.

Teble V. Influance of the S§ide - Chain on Enantioselectivity

substrate reaction time epoxide yield absolute e.0.
(days) ( %) conftgurotlon. (22%)

1 3 34 (-) (2R, 39 20

2 2 a4 (+) (28.3R) S

3 2 62 (-) (2R,39%) 27

4 2 3s (+) (28.3R) 14

6 ? 64 (-) (2R,38) 70

2 2.5 29 (+) (28,3R) 3o

8 ? 66 (*) (28,3R) 100

0
See ref. 13; (+) and (-) refer to the sign of the Cotton
aeffect at 360 nm.



