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Abstr4ct - The l poxId.tion of 2-Sub.titutOd n.phthoquinon.8 

with t-BuOOH in on .qu.ou. buff.r .olutIon cont#lninp 4 sm.11 

smount (up to 5 X moler .quiv) of bovin. norum l lbumIn (BSAl 

givaD the corresponding 4poxld.m with l n4ntIom4rIc oxcoo 

(0.4.) up to 100 x. Th. .nsntios.l.ctIvIty is v.ry san8itiVO 

to th8 4ddltIon of r4t*r nisciblo or Immi~cibl. coeolvent. 

ana to th. lon$th of tha slkyl chain In position 2. Th. 

mbch4ni.m by which th4 coaolvont. Influonc4 tha . . . . V48 

l tudiod. Corr.latIon. b4twOOn the clrculer dichro1.n .p.Ctr4 

of the BSA-quinono compl~xos on0 th. .toroochomirtry of th. 

.po*idstIon products w.r* found. 

Introduction. Aaymmatric ch.mIcel trennform4tIon. in the pr4sonc4 of prot.in; 

4‘ chirel agont8 .r. 4 ph.nomonon of gon4ral Intmr4ot. According to Br0wat.r 

“the us. of proteins 4. c4tely.t. 1. 4. 4nCiOnt 4s lif. itn4lf. mor*ov.r It is 

4t 4ny rete, 4 h4bIt that tarr88trIel blot4 would find difficult to give up”. I. 

and oth.r. h.v. u..d th. glObul4r protein bovin. ..rum 4lbumln (6SAi) 4. 4 too1 
3 

for c.t.lytlc srynmetric .ynthe.i.. 
0 

fh. r.ectIons 4x;nInod war0 suifoxid.;ion, 

borohydrido reduction OQ katono. or 
koto.:t.r’* 

cl. hydroxylation 4nd 

l poxid. form.tion thf;ough Oerz*n. condonnotlon end W.itr - Sch.ffor Oridbt iOn 

in slhslin~ medium. In psrticuler, w4 he;* r.c.ntly etudfod the 4.ywatrl.c 

l poxidation of substituted nephthoquinon.. by t-butylhydroporoxide In r4tor 

contsfning 86A. A reng. of sub.trste. end the sffact. of v.ristion of pH of the 

equ.our buffor solution, p.roxid.nt and mot.1 ion. *ora l xemlnod. 

In apit. of conoidlrsblo work, th.rn 4ro et111 #.vorel unc.rtslntIom 4bout 

th. mochenicm rorponsiblo for thi. 4nd other .symmotrlc l ynth..... In this p4p.r 

Y. h.vo 8xemin.d th4 fectors which control thm .nentios.l.ctIvlty of th. W.Itz- 

SchmQf.r 4rymm*trIc l ponid4tton promoted by ESA. W. hsv. 41.0 .tudImd the 

dIsst.r.omerIc compl.xst Ion of 2-•lkyl naphthoqulnonfi. wtth SSA by CO 

.p.ctro.copy end found 4 corr.14tlon Qor pr.diCtinp the rtor.ochamlc.1 outcom4 

of th. rosction. 
i 

Result rnd OIsou.sion. Our previous roeult. und.r hot.ropon.ous condition. 

Indic4t.d that t-6uOOH “4. th. mo.t storeo~electiv~ of th. oxldonts tm.ted in 

tha w.itr - SchmQf.r asymmetric l po%Idotion of .ub.tItut*d 1,8-oephthoquinonam 

in th. pr...nc. of BSA. The hIgh..t l . . . “4. obtsinod with P-cycloh.xyl-l,O- 

naphthoquinono (79 X a.m.). Tho Itoroochomirtry of th. proca.. Y.. v.ry 

l on.ItIv. to minor 8tructur.l dffforenco. in the .ubotr4to.. Both th. opt Ical 

purity end th. .b.oluto confIpur.tion of th. r.jor product depended on thr 
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netur4 of th4 l ubstItu4nt 4t pomItio” 2. Prmdlctlng th4 stereochamlcsl outcome 

w.. thmrafora dlffIcult. stmr1c 4ff4ctm w.r. import4nt: 2-t4rt-butyl-1.4- 

n4phthoquInon4 -4. not OXIdIZ4d .“.” aftor 4 long re4ctIon tin*. LOW PH 

Incrm4m4d th4 4n4ntIos414ctIvIty In most Obe4m. 

W4 h4v4 “or Invostlgetmd In more dote11 tha tOlO of 86A in this l poxidstlo”. 

IO fIrrt rapmated the raectiona under homog4n4oua conditions I” equ4ous buffor 

9olutIon 4t pn 9, with t-BuOOH 48 oxldent end 5 X noler,4quIv (with r44p4Ct to 

th4 l ubmtr4t4) of 86A und4r l tirrlng. N4phthoquInon4r ( 1) 4nd (2, 94”. the 

correapondlng 4poxId4m (2) end (21, with ..4. 4quel to ‘or gr44t4r then thos4 

form4d und4r h4t4rog4n4our conditiona (14bl4 1) Tha 49ynm4trIc Induct Ion 

thir4for4 murt occur In the aqueous l olutson 4nd not et th4 Interfac4. Hor4v4r, 

In ord4r to p4rform pr4p4ratIv4 rcele r44ctIonm, Y. pr4f4rred to work with 

14rg4r emounts of l ubatret4 undmr hot4rog4n4ous conditiona. 

w4 h4v4 not4d th4t, in contramt to our r*aults for th4 sulfoxldetion 
3b 

r44ctIon, BSA g4narelly im not 4 ch4mIc41 cetelyst In th4 4poxIdetIon. As 

shorn In Tebl4 II, tha raactlon rata Incraaaas only for vary poorly *4ter- 

l olubl4 l ubstretem (A,&), whos4 #olubIlIty Is 4nhencad by the protein. A rmterdlng 

l ff4ct Is obs4rv.d In thm oth4r ~4.4. (L,L3,2) 4”d 18 prob4bly du4 to hIndr4nc4 

of th4 eppro4ch of th4 oxldent by th4 prot4In-substreta complex 4”d to th. 

lncr44nmd modlum vlscoalty. Good esymm4trIc induction r4qulres thet 4 c4rtein 

thr4shold conc4ntretion of 05A be preaant. The r4multa In Teble III show the1 

for 2-ph4nyl-1,4-nephthoqulno”. (2, th4r4 lm no sub#te”tlal cllellg. of 

st4r4os414ctIvIty with 0.5 X mol of BEA end the uruel 5%. whmru4m urn41 14r 

4mounts of 8SA (0.025%) lor4r the 4nentioa414ctlvity. It ,hould 41e0 b4 

m4”t Ionod thet the 4quaous l olutlon of the protein recov4rrd from thr 

4poxld4tlon ce” b4 recycled, egeln gIvI”g good l tar4os418ctlvlty ( SO % l . . . In 

th4 ~4.4 of th4 cycle-hexyl dorlv4tIvo (u)). The procees did not C4”I. 4”Y 

d4oeturetlon of BSA. Thm l poxyn4phthoqulno”oe 4r4 optlcelly stebl4 In th4 

r44ct Ion m4dlun; tha 2-ph4”yl d4rlvetlv4 (s) (50 X 4.4.) -4. r4cov4r4d 

qu4ntItetIv4ly sft4r 4 5 d4y reectlon tIm4 rlthout 4ny eppr4clebl4 recomlzetlon. 

A v4ry lmport4nt go41 in 48ymm4trIc l ynthagln 10 optimlzetion of th. 

4nentlom4rlc .X.=4.. . W4 h4v4 us4d two eppro4ch4s t0 obt4ln this, nem4ly th4 

~414ctlon of 4” sppropriet4 substreta end the addition of organic cosolv4nts to 

the 4qu.o”. nmdlum. 

Eff4ctm of th4 OrgsnIc Comolvont. Wster-mIscibl4 and wet4r-Innlsclbl4 

org4nlc co*olvonto Incroeae slg;IfIc4ntly the l nentIoomloctIvltI@a of pig lIv4r 

mateream hydrolyelr of diestorm. V4ry rocontly -4 l how4d that high 4.4. C4” Lam 

obt4ln.d w41tz - Sch4ff4r condonsetlon In thm praam”c4 of 
9 

by th4 .4m. 1~0.4”. In 

BSA. Thm b4st s~ymmotrlc Induction (90 % 4.4.) -4. obtelnad rlth 2-lsobutyl- 



Asymnmx Wdu-ScbxfTer epolidstion promoted by BSA-III 5171 

1,4-nephthoquinona (2) end t-6”OOH i n . buffer solution conteinina 0.06 molar 

l q”Ival~nt* of l~ooctena. Larger amounts (S x v/v) of Isooctana or othmr 

cosolv~ntr, ouch . . EtOH or OYSO, only l llghtly inf1”~nc.d thm 

l nantiowlactivity of the prooaar (66-75 X a... coaparad to 77 X . . . . without 

organic cosolventr). By contraat, In CC1 
4 

(5 X v/v) the racenic l poxido Cm 16. 

obteln~d. Tha Iettor result can ba l eolly accounted for, l incm cc1 takoo thm 
4 

substrata and tha oxlddnt out of the .qu.ou. ph&ao. l 0 that tha raactlon t&k@@ 

plec. in tha organic solvent. Indeed the chomlcal yield In l poxidm CL1) W.. 

similar in a blank l xpmrimant c&rrIad out under the l ama condltlonr but without 

0SA. Lowar amount* of CC1 (0.04 x v/v, I.a.. cc1 
4 

complotoly dIseo1v.d In the 
4 

equoou. buffar ) had na6ligIble l ffocts on . . . . . 

The rola of orgdnlc coaolvmnta and in particular that of Igooctana In thin 

rosctlon la difficult to undmrrtend and thara In no current *anare rule 

formulating 
6 

tha offact* of organic co*olvant* in l nxymatic rmactlonm. 

Information on this rubjmct ~a# obtslnmd by moa#urIng thm binding of Inobutyl 

naphthoqulnona (2) and Its l poxldm CJj, to BSA and by l tudylng Cha lnfluenca of 

cosolvants on th. binding. Binding studies cartlad out with frea &nd Immobilized 

BSA 6.v. practically Identical rarults (Flguro 1). 
10 

Tha double-reciprocal plot 

of thm bindIn of inobutyl nephthoqulnona to BSA 6.“. &n ersoclation constant of 
4 -1 3 -1 

10 Y and that of Iaobutyl l poxynephthoquinona of 5.5~10 M . In both C.... 

tha Intercept with tha ordinate Indicated that 5 molea of llg&nd/mola of 6SA 

w* r* bound and that a l inpla cleas of binding mitea -6. reaponrlbla for the 

Intarection. Due to the low l olubIlIty of both liganda In buffer It w.. not 

poaslble to sma,;hethar or not therm w.r. BIndIng altea with lowar affinity In 

BSA. Scatchard plots pewa roeultm Identical to thoaa obtained with doublo- 

raclprocal plots. 

, 

IfREE ISOBUTYL NAPHTHOOUWXE 
.dmr\ 

Flgura 1. Double raclprocsl plots of Figure 2. Ooubla reciprocal plots of 

thm binding of lmobutyl nephthoqulnona Lha binding of ioobutyl nephthoquinona 

( A ,A 1 and Iaobutyl’opoxynaphtho- 

quinono ( 0 , l 1 to frme (empty sym- 

to ImmobIlIx~d BSA In th. l bamnca ‘_+ ) 

end In thm prmsanca ( 0 ) of 1.5~10 Y 

bola) and 1’mmoblliz.d (filled symbolr) Isobutyl l poxynaphthoquinonm. 

BSA. N Indlcetms tha molma of li6Bnd 

bound par mol. of protein. 
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Iaobutyl l poxynaphthoqulnono cmpatltlvaly lnhlblt~d the binding of laobutyl 

naphthoqulnona to SEA (Flgurm 21, l.a., tha l saoclatlon conrt.nt of lsobutyl 

naphthoqulnone warn dacrmeood with no .ff.ct on the nurb.r of aoloculms bound at 

saturation. Tha l osoclatlon constant of lmobutyl l poxynephthoqulnona 
3 -1 YIYd 

from thlm l xporlmmnt Y.. 3.9x10 M , . vslu. clo.. to that (5.5~10 Y ) 

obt&inad by dlroat nmeouramant (Flgurm 1) . This .xp.tlm.nt, th.r.for., 

d.rn0nrtr.t.d that th. two llgendr bind to tha l ame #itma on SSA. 

Tha lnfluanca of EtOH, OYSO) cc1 .nd loooctan. on th. binding of the two 
4 

ligandm to ESA warn lnv~mtlg~t~d with thm lnroblllx~d protaln. EtOH end OYSO (up 

to 9 X v/v) and Ccl4 (up to 0.04 X v/v) did not dlaplaco tha llgandm bound to 

SEA, in l groamant with their negllglblo influmnco on tha l .m.. Iooocteno did not 

lnf lumnca tha binding of i.obutyl nephthoqulnon. but conc.ntretion-d.p.nd.ntly 

dimp1ec.d the bound loobutyl .poxynephthoquinon. from th. prot.ln [Teblo IV). 

Thoraforo, lsooctanm was eblo to lnhlblt sp~ciflcally the binding of thm l poxy- 

darivatlvm to WA. I. c.n l paculata thet the l olvmnt pertlelly occupier the 

binding rltas of tha protein in ruch a way that thay arm only ecceraibla to the 

subatreta end not to the bulkier, non-planar epoxy dorlvetlva. 

Thm binding of methyl n6phthoqulnona (2) and of itm l poxldm CR, to SSA I.‘ 

also l tudlmd. In thlm cam., tha lntoractlon l ppaerod to ba emp*clflc, with . 

l.rg. numb.r of low-effinlty binding l 1t.s. Th... date .r. consimtant with the 

low l nentios.loctlvity obte1n.d with thl. l ubotr.to. 

In concluolon, th. proc... of I.obutyl naphthoqulnona (8) oxidation by t- 

butyl hydroporoxidm can be l chamatlrod am follow.: 

oxidation 
BSA . 6 <---> 0SA - S ---_--_-_-_---_-_, SSA _ P. cm.., SSA + P. (0 

oxidet ion 
S _-_-__-_-_-_____, p (21 

in which P* 1. th. optlcelly ectlvo loobutyl .poxyn.phthoquinon. obt.1n.d from 

thm oxldetlon of 6 bound to th. chlrel binding altar of BSA and P 1s thm 

r.c.m.t. obt.1n.d from th. oxldetlon of unbound S. Th. ret. of form.tlon of P* 

~111 b. proportlonel to the concantretlon of thm complex BSA-S. Ao Cha rmactlon 

progremmas, tha concentration of the complex dacraaaes, not only bacauso of tha 

dacroasa in 6, but .l.o b.csum. of th. eccunuletlon of P* (end PI, which will 

compot. with S for the aamm binding miter on SSA. The product will not, however, 

affect the retm of forn~tlon of th. rec.met. P. At low conc.ntretlonr. 

isoocteno, which .p.clficelly lnhlblt. th. binding of laobutyl 

l poxynephthoqulnona (P* and P) to MA, fevorr the formation of th. SSA-S conplox 

and tharafora tha &mynnmtric reduction. At hlghmr concmntratlonm (5 % v/v), two 

pheoas tire fornod and the rasction partially occur. in the organic phasa, thus 

decraaalng the a.... 

Eff.ct of the Sub.tr.t.. Th. long;;h.ln fatty acids .r. emong th. org.nlc 

ligends th.t bind moot tightly to SSA. Furtharmora, the effinity for the firrt 

2-3 *itam on BSA gmnerelly lncrosams with chain length. For thmaa raemona we 

l xamlnad the l poxldstlon of 2-n-octyl-1,4-naphthoqulnona (&I with SSA under tha 

usual condltlono. The results wara beyond our .xp.ct.tion slnc. th. .poxid. (l&I 

W.. obt.1n.d .n.ntlom.rlcelly pura and in good ch.mlc.1 yi.ld (T.bl. V) Thm 

tot.1 st.r.os.l.ction for th. octyl d.rlvetlv. (a) 1. elmo due to thm n~gligiblm 

vmloclty of thm compotltlv. .poxidetlon of th. 8ubrtr.t. not bound to SSA, which 

would glv. rac.mlc oxirana ( 9). Ind..d, und.r th. a.m. conditions but 

without MA, naphthoqulnona (g) gava l poxidm (10) in l 1ow.r ch.mic.1 yi.Ad th.n 

structurally ra1et.d compound. did (LL._?,k,6), ( T.bl. II). Thm sbsolut. 
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.ttrlbutad to (12) on tha boais of thm Cotton l ffact c.“t=rmd et 

360 nn, I# (*3-(W. 

Thw l hortoning of thm elkyl chain dt C-2 hem dremetic effecta on thm dwgrae 

of thm esymatric Induction (Tablo V), l inom thm . . . . for tha corr**pandIng 

l poxidma ( ?_o,ls) from P-ethyl (2) end 2-o-butyl darivetivm (2) era only S % end 

14 x. A” lnt~rmadiato behavior was found for 2-n-haxyl-1,4-“rphthoqulno”., 

which glvoq orIran= (s) rlth 30 % P... . It 1s lnterastlng that epoxldes (s), 

( 12) and ( 2) all heva thm (+)-(26,3R) eb,oluta confi~uratlo”. Thm induction of 

asymmetry d@PO”dO on the length of the carbon chain also in the borohydrldu 

rsduct 10” of 6-ketoeclds, 6 roectlon ;hlch was reasonably otorooselectlv~ (49% 

0.m.) only for 5-oxoh,xedmca”olc acid. The rasctlon of th8 2-mothyl dmrivetivm 

(9 do** not fit into the trand of 2-,ubstItuted n-elkyl-1,4-“ephthoqulnonos 

(20 X ~.a. end (-)-(ZR.35) absolute configuration for sporldo 2). 

Spactrel Propart lam of tha 66A-Quinonan Conplmxam. The complex*9 f0rm.d 

b,tr,,n BSA end verious 2-elhyl-1,4-“aphthoqulno”~, w.r. studlad 

spectroscopy, l lnca the optical activity that origlnetas 1” the aI 

trensltlona of the quinone chromophorm roflscts its lntsrsctlonr with 

chromophoree 1” th. neighborhood of tha binding l itaa 
We invostlgatod the complerar formed batwee” BSA and meet of thm 2-al 

by CO 

l ctronlc 

protein 

kyl-1,4- 

“ephthoquinonae et various qulnona-06A molar ratios. The l lactronlc bands of the 

1,4-“ephthoquinone chromophoras which are useful hero because they fell outsida 

tha 
-1 

p:otaln ebeorptlonr bra d moderately Intmnao band “aar 335 “m (E 2000-4000 
14-16 

Y cm ) dnd d broader end wmakar Band between 400 and 500 “m. From tha 

lntanelty of the absorption 9poctra above 300 nm et vsrlour qulnonm-6SA rat loo 

1t 1s possible to *stirnate thbt the numbar of qulnone molecules bounu to 6SA 

under buffer saturation conditions verlos from 2.5 to 5, arcapt for the 2-n- 

octyl d*rIvstIve (21, a l ingla molacul~ of which eppsrantly binds to tn. protein 

.“.” whm” .XC*.* submtrete in present. Thle result mey provide a clum For 

u”darste”di”g thm Origin Of the stmr*Osp.Clficity observed 1” th. epoxidetion of 

CO spectra of repressntetlva qulnbna-BSA complexes are shorn in Figure 3. In 

general, the lncroeem in the number of qulnone molecules bound to 66A lr 

eccompenled by a roughly parallel lncrasse In lntenalty of tha vsrloua CO bend,, 

lnalcetlng that when #mvoral binding sitme arm present they must have l lmilar 

binding constants, as UJ. hdvo foun0 for (3) by equlllbrium dielysla erpmrlmmnt 

(sea Figure 1) 

Flguro 3. Circular dlchrolsm 

spectra of rapresentetlva 1:l 6SA- 

qulnone complexes ln dq”.OU. 

buffer solution et pn 9: ( 0) 

R’isobutyl; (b) R’cyclohexyl; (c) 

R-haxyl; (d) R-n-octyl 
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Although it im obvloumly difficult to undmrtmhm l dmtmilmd l nmlymim l t thim 

tirro, the CD l pmctrm l xhibit mom. rmgularitimm thmt l rm worth nmntloning. In 

partioulor, therm im an apparent tmletionmhlp bmtwmmn the CD pettmrn 04 thm 

quinono-BSA coclplaxam l nd thm l tmrwxhe~imtry (Tablm V) of thm l poxido for-d in 

tha l ubmmqumnt l porldetlon rmection. The l mrimm of corploxom formod by thm 2-R 

1,4-nbphthoquinonmm with R-n-butyl (3, n-hoxyl (3 and n-octyl (2) hmvm CD 

l pmctra with . woahor pomitlvm bmnd bmtwmmn 400 l nd SO0 nm and m proninmnt 

nm6ativa b4nd bmtweon 300 and 400 nm. All thmmm n-•lhyl chain submtratmm 

prafmrmntlally or l xclumivmly yimld thm l poxidm with (+I-(?$. 3R) configuration. 

6Y contramt, tha 86A corplmxmm formmd by quinonmm with brmnchmd elkyl chainm, 

RLimobutyl (2) l nd cyclohmxyl (_6), hmvm l pmctrm with pomltlvm CD activity within 

the donlnmnt l lmctronic bendm l nd prmfmrmntielly produce l poridmm with (-I- 

(ZR. conflguretion. Thm CO l pmctrum of 66A conplmxmm of thm quinonm with 

R-•thyl (21 im l onmwhmt intmrrmdiatm bmtwmmn thomm of thm two main cl6mmmm but 

thm l poridetion rmection atill prmfmrmntielly producmr thm (*)-(a. JR) imommr, 

em for thm othmr n-•lhyl-1,4-nmphthoquinlnmm, l lbmit with rodmmt l .m.. Finally, 

thm CO l pmctrm of 66A cosplmxmm of thm quinonm with A-lmthyl (L) arm l ntirmly 

dlffmrmnt fror all thm othmrr. In particular, thmmm l ymtmcam cmnnot bm inoludmd 

in thm clmsm of 86A complmrmn of n-•lhyl chain nsphthoquinonmm end, in foot, thm 

l poxldm producmd (2) hmm thm oppomitm confipurmtion. 

Thm incrmemm in l .m. for thm (+)-(26. 3R) l poxidm am thm n-elhyl chain im 

lmngthmnmd ( Tmblm V) su66mmtm thmt thmmm l ubmtrmtmm progrmmrivmly tmnd to 

occupy, or bmconm norm lm~oblllxod in, thm binding l itm for thm n-octyl 

dmrivmtivm. Thm CD l pmctrum of thm 66A-1 coaplmx im, in feet, morm lntmnmm thmn 

thm othmrm. Such l binding l itm may bm inaccmmmiblm to thm nmphthoquinonmm with 

brenchmd l idm cheinm. but thmy probmbly l hmrm l nothmr l itm of rmlativmly hiOh 

ianobilirmtion. Support for thim intmrprmtmtion co-mm from thm obmmrvetlon that 

l ddition of thm oaidant domm not dimplecm thm rubmtretmm from thm binding mitmm, 

i.m., thm rmmction occurm at thm bindinp l itmm. 

Thm rmlmtionmhip bmtrmmn CO l pmctrm of thm BSA-•ubmtretm complmxmm snd 

rtmrmochmmistry of thm product provldmm l l lnpllfimd vimw of thm l tmric courmm 

of thm rmection. Since thm l nmntioamlmctivity numt originetm in m 

dlffmrmntiatlon of thm two fecmm of thm quinonm rmridur, thm CO fmmturmm of thm 

SSA-quinonm conplmxmm may cherectmrirm thm facm of thm mubmtrmtm et which thm 

ettach of thm oxidmnt prmfmrmntl4lly occurm: thm a fecm et c-2 for 

nmphthoqulnonmr with nornml l lkyl chminm end thm m fecm at C-2 for thomm with 

brmnchmd alhyl chminm. Thm l tmroommlmction in thmmm l poxidmtionm would thum bm 

dmtmrarinmd by thm rmletivm eccmmslbllity of thm two fmcmm of thm nmphthoquinonm 

rmmldum to thm oxidant, difformnt binding l itmm having diffmrmnt rmlatlvm 

eccosslblllty. 

Conclumionm. Vitmnin K l nd, morm gmnmrelly, l ubmtltutmd 1,4-naphthoquinonmm 

l nd thmir l poxidmm mrm of conridmrmblm inportanco ln rmtabollc procmmmmm. Thm 

l mymmtrlc Wmitz-Schmffmr l poxidmtion in dqumoum buffmr 8olutlon promotmd by 66A 

conpmtmm favorably with thm rmmction pmrfornmd undmr phamm trmnmfmr conditionm 
138 

end rmprmmmntm m l ignificmnt inprovmnmnt in tmrclm of l nmntiommlmctivity. Thm 

l nmntlmmlactivity im favourmd by high 66A concmntrmtion, long chein elkyl 6roupm 

at C-2 of thm l ubmtretm l nd rmducmd compmtitlvm inhibition by P* (mquetion 1) 

with irooctenm. lhm oxidation of frmm l ubmtrmtm l ccording to l qumtion 2 lm 

rmterdmd by high l olution vimcomity, bulky mubmtltumnt proupm at C-2 end poorly 

l olublm l ubmtratmm. lhm bindlnp l tudimm indicetm that l l inglm clemm of binding 

l itmm im rmmponmiblm for thm lntmrection of lmobutyl nmphthoquinonm end itm 
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l p0ltid. with BSA .nd .kpl.Inr th. rol. p1.y.d by th. prot.In .s . chir.1 

.urIli.ry In th. pm..“.. OC Io0oct.n. . . . cosolvont. Study of the rpectr.1 

propmrtl.. of the MA-quinon. camp1ax.s provider . ..ti.f.ctory r.tion.1. for 

the .t.r.o..lsctIon of th.#. .poxld.tIons. 

Exp.rlmnt.1 S.ctIon 

Materials and Eon.r.1 Iothods. 8SA w.. th. fraction V Fluke commorcI.1 

product; t-BuOOH (70 X In wetsr) and th. equ.0”. buff.r solution. .r. 

comm.rcIelly eveilebl.. S.ph.ro.. CL-40 Y.. obte1n.d from Ph.rm:cI. end th. 

dialysis tubing (0.6 cm dIam.t.r, c.llulo.. n.mbren.) from Sigre. H NW? .poctr. 

w.rs r.cordsd I; COCl on . Varien 390 Inrtrumont. EnentIom.rIc .xos.s.. wsr. 

d.t.rnIn.d by H NYA3YIth th. .Id of Eu(hfc) or Eu[ dcm) a. chirel shift 
3 3 

roegonts, uring e Verien XL 200 In.trum.nt. El.ctronIc l p.ctra w.rs r.cord.d on 

. P.rkIn Elmor Lambda 5 .psctrophotom.t.r and CO .poctr. on 8 J.oco J-600 c 

dichrogreph. Y.ltIng point. ers uncorr.ctod. El.nontel an.1ys.s wsr. p.rf0rm.d 

with . Porkin-E1n.r 240 Instrunsnt. 

Starting Quln0n.s. 2-Yothyl-1,4-nephthoquinono (2) was . C;=m.rcIsl product. 

Compound. 2-2 w.r. pr.par.d he. d..crIb.d In th. litoreturs. P-n-O~:il-1,4- 

nephthoquinon. (g), In 50 x 
7 

I.ld, Y.S prsper.d by the rem. method from 

nonsnoic acid ; mp E10-52~C; H NYR [ COCl ) 6 0.65 ( w,t )) l-l.75 ( lZH,m )) 

2.3-2.7 ( 2H,m ), 6.7 ( IH,. ), 7.5-7.736 ( 2H,n ), 7.8-8.1 ( 2H,m ). Anal. 

Calcd. for C H 0 : C, 79.95; H. 6.22. Found: C, 79.69; H. 6.25. 
16 22 2 

Epoxld.tion of 2-Sub.tItut.d-1,4-Nephthoqu1non.s. Oonor.1 Proa.dur.. TO A 

megnsticelly stirrsd solution of 0.05 mmol of 86A (3.3 g) in 12.5 mL of buff.r 

solution, 1 mm01 of quinon. was 0dd.d. Th. nixtur. w.. st1rr.d for 15-20 min, 

thsn 2 mm01 of th. oxidant wsrs 0d;l.d. The r.ectIon we. stirrsd at room 

t.mp.retur. for th. rocommondod tim.., than .xtrsct.d with 6x80 mL of diothyl- 

sthsr end th. organic 1.y.r. drlsd (UgSO ) .nd c0nc.ntret.d und.r “~C”“I. lh. 
4 

.qu.ou. phes. w.. 9tIrr.d ovsrnight with 300 mL of CHCl end fIlt.rsd 0v.r a 
3 

C.k. of cslit.; th. filtret. was drisd ovsr enhydrou. msgnssiun sulfet. snd th. 

solv.“t rsmovsd undsr r.duc.d prsssur.. Ths crud. combI”.d rs.1du.s w.rs 

purifisd by .IlIce g.1 column chromatography (light p.trolsun-diothyl sthsr 96:5 

v/v 6s .lu.nt). 

Th. spoxynephthoquinonom ‘Z- 12) ars know” I” th. optically ectiv. form 

and th. physical prop.rt:;: of our spoc1m.n. wsr. In agr..m.nt with t ho.. 

roportsd In ths litoretur.. 2-“-Octyl-1,4-“ephthoquino”..2,3-;yoxId. (s, wa. 

obteinsd In optically purs form In 66 % yisld; mp 64-66-C; [a] l 01 (c-0.65, 

m ), 
436 

n, 2.15-2.35 ( 1 H, m ), 3.85 ( 1 n, s 1, 7.66-7.78 ( 2 n, m 1, 7.66- 

6.06 ( 2 n, m 1. An.1 Celcd. for c n 0: c, 
18 22 3 

75.46; n, 7.76. 

Found : C, 74.90; n, 7.79. 

Waltz-Schaffar Epoxldetion under Horog.n.ous Conditions. To . solution of 

0.05 -01 of SSA (3.3 g) In 12.5 mL of pH 9 buffor solutio”, 0.15 mm01 of snon. 

and 0.3 mm01 of oxidizing sgsnt (70 X equ.ou. t-euoon) w.r. eddsd. Th. 

r.SultI”g Cl.er .OlutiO” we. st1rr.d et room tsnporeturs for th. C1n.s Ind1cat.d 

In Tebl. I end tno usual work-up gevs th. crud. l poxidss, which w.r. puriflod 

by silica go1 chrom.togrephy (light potrolsum-diothyl other 95:5 V/V as .lu.“t). 

RaC.miC Epoxid... G.n.r.1 Procodur.. 10 . negn.tIcelly stlrr.4 nirtur. of 

12.5 nL of pH 11 buff.r solution .nd 1 mm01 of quinon., 2 ma01 of oxidant (70 % 

equ.our t -GuOOH) w.rs .dd.d . Aft.r th. l ppropriet. reectlon times ( . . . Tebl. 

II), the nixturo w.m .rtr.ct.d with 5x60 nL of disthyl .th.r, th. org.nIc 1.y.r 

dr1.d ov.r Up60 
4 

end, eftor r.nov.1 of the solvsnt, ths rs.Idu. was purIfI.d a. 

U.U.1. 
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Oal Flltrbtion oV Uaad MA. SSA l mployad in the l poxldatlon of lrobutyl 

naphthoqulnona Y.. l xtractmd with diathyl l thar, rotomvaporatod and dllutod with 

0.02s Y potastilum phoaphata buffar, PM 7, containing 0.1 Y NaCl. to . final 

concmntratlon of 0.2 x. Tha l olutlon, which did not cont4in insoluble 

aggragataa, “.. gal flltarod (0.9 ml_) on a Sio-Cal A-0.5 m (200-400 mm*h) column 

(1 cm I 100 cm) at a flow rata of 5 mL/h. Tha l lutlon proflla rho-ad a l lngla 

protein POak with .n slut ion voluma, i.e., protein hydrodynamic VOlUrn~, 

coincident with that of natlvm MA. Therofora, ualng the SSA in the l poildatlon 

procaaa did not caua. l ggragatlon or unfolding of tha protaln. 

Iuoblllzatlon of 0SA onto Sopharorm CL-48. Sopharoaa CL-40 was activetad at 

PH 10.5 wit:7100 mg CNBr/rL of l attlod gal, following the mathod daacribad by 

Axan at al. The coupling of BSA (400 mg) to the l ctlvatad matrix (20 mL) waa 

cartlad out in 0.013 Y l odium borate, PH 9, under gentla atlrrlng at O°C, 

overnight. Tha unraactad groupa on tha matrix wara blockad by traetlng tha gal 

with 0.1 Y l thanolamlna, PH 9, for 3 h. The l upmrnatant was withdrawn and tha 

lmmoblllrad protein waahad with tha buffer. Tha amount of lmmobillzod BSA, which 

was detmrmlnad by amino acid l nalyala of known volumes of gal after hydrolyala 

with 6 Y HCl for 24 h at llO°C, was of 16 mg/mL of metrlx. A refaranca 

Sepharoaa CL-OS was praparad In tha mama way but without the l ddltlon of SSA. 

Binding of Iaobutyl Naphthoqulnona and Iaobutyl Epoxynaphtho-qulnona to SSA. 

The binding l tudlma w.r* carrlad out with BSA in dlalyala tublnga or with 

Sapharoae CL-OS lmmoblllzad SSA. With tha flrat mathod, SSA ( 16 mg), diaaolvmd 

1” 1 mL of 0.013 Y eodlum borate buffer. PW 9, was put lnaida tha tubing and 

l qulllbratmd (about 2 h) under gant la l tlrrlng, at 2S~C, with I lgand 

solutiona (ln 10 mL of l odium borate, pH 9) of varloue concentratione. The 

concantratlon of from llgend was dotarmlnmd by apactrophotomatrlc mmaauramant of 

tha l olutlon outside tha tubing et 336 nm (laobutyl naphthoquinona) or 272 nm 

(leobutyl l poxynaphthoquinons). Tha amount of bound llgana waa calculated by 

l ubtractlng the free llgand from the total amount of added llgand. Wlth the 

emcond method, 1 mL of lmmoblllxad SSA (16 mg of proc*lnl was l qulllbratad 

(about 20 mln) under gantlm l tlrrlng with llgand l olutlona (2 mL) of various 

concmntratlona. Tha concontratlon of frae 1 lgand was daternlnmd by 

l pactrophotomotrlc moaaurement of the l upernatant after centrlfugatlon for 3 mln 

at 1,500 g. Rofaranca Sapharoaa CL-48, traatad analogously, did not bind tha 

llganda. 

Proparatlon of tha Solutions of BSA-Qulnona Coaplaxea for tha UV-Via and CO 

Gpoctra. SSA (0.05 mmol) was dlaaolvad into 10 mL of buffer eolutlon at pH 9 

with l tlrrlng. Than 1 protein l qulv of the qulnone was added to the rolutlo” 

under an lnart atmoaphare. Solution of the qulnone was cornplate l ftar 2-15 h 

of atirrlng. A 1 mL aample of thm l olutlon was withdrawn and than dllutad to S 

mL with buffer bsfora recording the l pmctrum. Praparatlon of a 2:1 l olutlon of 

qulnona-BSA complax wba carrlad out by adding tha approprlata amount of the 

qulnona to tha remaining l olutlon of 1:l complax under nitrogen. Excapt for _6, 

l olutlon of tha aubatratm was again complete l ftar 2-15 h of l tirrlng. Tha 

conplmxea with higher qulnona to SSA molar ratloa wara praparmd aa l bova ; a”Y 

undlaaolvad qulnone in tha mlxturm l ftar 15 h l tlrrlng was centrlfugad out 

prior to dilution and l pactral rmcordlng. For l valuating the number of qulnona 
-3 

molmculaa in tha cornplan, dlffarancm apactra egainat 10 Y BSA in the rang. 

260-600 nm wara uaad. 
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Table I. EpOXidatiQ” in HOmOga”mOUS CO”ditiO”0 

b 
substrata reaction tlmm l poxlda yimld 

0. 
. . . (: 2%) 

(deys) (XL) 

1 3 20 

i 

( 27 1 47 ( 36 1 

2 35 ( 53 1 76 ( 75 1 

. 
All the reactions wara performed using a 3:l qulnona-BSA molar 

b 
ratio ( s.. Experlmantel ) . Tha date reletiva to tha 

l P0xid.s obtained in hetarogenaous conditions 8re given in 

breckmts. 

Teblm II. Eporidetion with or without BSA 

substratm reaction time l poxida yl*ld ( x ) 

( daya 1 without BSA with BSA 

5177 

2 3 74 34 

3 2 04 62 

!i 7 93 46 

6 7 51 64 

e_ 7 15 66 



Tbblo III. Epoxldatlon of Z-PhonyI-1,4-Naphthoquinon. (2) with 

Olffar~nt Amounta of B6A 

66A reaction tine l poxld* ylmlcl . . . . (f,OX) 

(X mol) (day*) ( %I 

5 

0.S 

0.02s 

8 

8 

a 

46 

58 

90 

50 

40 

18 

Table IV. Effect of Imooctdnm on 0indlng of Llpdndm to 

Immobilizmd 06Aa 

looocteno 
conc~ntr~tlon 

( y, v/v 1 

frar ligand ( p,Y ) 

iaobutyl imobutyl 

nephthoquinona l porynephthoquinona 

0 37 60 

0.01 37 56 

0.03 37 66 

0.05 37 77 

0.07 37 62 

. 
Immobilizmd 66A (1 mL) -a. l quilibretod with 2rnL of 

buffar containing laobutyl naphthoquinona (2) (0.02 ~m0i) 0r 

imobutyl l poxynmphthoquinonm (l_l!, (0.39 ymol). Than, lrooctanm 

w.. bddmd up to tha indicated concentrationa and the frea 

ligsnd mpmctrophotommtricelly dmtmrminmd eftmr l qullibretlon. 

Table V. Influence of tha 61dm - Chain on En~ntlor~lectlvlty 

subatreto raactlon Limo l poxid. ylald ebrolut. . . . . 
. 

(days) (%I configuration ( r2%) 

1 3 30 (-1 (2R.W 20 

2 2 aa (*I (j?S.3R) S 

3 2 62 (-1 (2R.W 77 

5 2 35 [ l I (2S.m) Ia 

6 7 60 c-1 (?R.3&1 70 

; 2.s 29 (*I (@.3R) 30 

8 7 66 ( *I (26.3R) 100 

6 
Sam rmf. 13; (*) and (-1 rotor to thm sign of thm Cotton 

atfact at 360 nm. 


