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Abr+raot ---- S-Arylldene-I .?-cll~thvlberhlturlc. nclcl derlvatlves. 

wrh as la and lb. effec.tivrly uu~dlzed twth illLane- and benrene- 

thI<)ls to dlrulfldes under neutral condltlon ulth concmltant 

formatIon of the dlhydro compounds (2a) and (26). 

Thlol adducet of the dlhydro compound UHS pr’epnr’@d as a stable 

cawnd and ruccresrfu1ly applied to the syntherrls of unrymmetrIc~I 

disulflde under n(ld c‘onciitlon In excellent ylrld. 

Yechanlsric. c.c>nslderatlon for th#? oxldatlon was also described 

brleflv. 

In-lan 

FormatIcJn and cleavage (,f dIru1fIde bond are r%wnt la1 ly c~cww.rrwtl not only 

In acyl group transfer in energy metaboll%n but alw, In the wc-ondar-v and 

trrt Inr’v structures of p)lypept Ide and protein ln connection with physIoloslco1 

funct Ion In nrgnnlwns. It ts well known that flnvln adrnlw tllnuc-ltwt lde (FAD) 

pltl,s a leddlng role In thaw cnrywtlc redox transformatlonr. 

There have been mny reported wthctis of oxldatlon of thlols Into 

dlaulf Ides.’ Of these. flnvln (1wxi1 loxtrI.inc) und enr~loss itre rharacterlst lr 

oxldantr toward thlc)l?c under certain condItlonr.‘-6 In t.he course of our 

inveat Igat ion for dwelopment r>f more eff lclent , selw-ttvr and simpler mlmlc 

canpounds havlnp redox wutrnt lnl?c. we have prrpnr6-d nncl us,rd 5-aryl idene-I .3- 

dlmethylbarblturlc acrid derlvatlves for the oxIdntIon of alcohols.’ It has 

been found that scae of these model capuunds of coenzymes oxidize allylIc nnd 

benzyllc alcohols to the corresponding cat-bony] ccqxwndn effectively and 

wlec~lvely under neutral condltlon In orwnlc: wlvent. 

Thls article 1~ dedicated to Professor F..C.Tavlor on his 3lnty-fifth birthday. 
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In this paper. we not tfr?ecrltw the c%idatlcm of thiols rtth 5-aryllderte- 

tvrrbtturtc acid derivatives and tts use In the synthesis of unsvmaetrIcai 

d 1 JU 1 f ides .’ In add1 t Icm. mechanist lc conslderetlon of the oxidatton wl I I be 

de+ct Ibed brlnfiy. 

5-A~yIIdene-l.7-dlnethyi~rhtturl~‘ acid preserver inherent 

elw.trrm-def lclent double bond surrounded hy cartxmyl uroups found in scme 

redoy wenzymes. Of there tlt*r 1 vat I vcs. rrrpeclally the c-pounds substltuttd by 

nitro group on the benzene rtns have potential oxidation abllIty toward ~Icohofs.? 

Iherefnrc. we selected these ctmpoundw. Ia and lb. for the oxidetim of thiols. 

ltulta and Dlnian 

The oxldatlcm was rarrled out In a waled tub bcc~uso of the vc~latlllty of 

the sterttng thiol and for kcwpin~ the racttnn rafr frcn air-oxidation. U3lfl8 

the coapound tlr) and npproprlatr thloi In the molar raticj of 1 : 2. the 

IJ : R-NO2 7a : R =NO 
1 

lb:R=H Ib:R=H 

Sohalla 1. oxihtbn of ThioI 

oxtdatton kas undertnken tn dlokanc* nt 120 - 150‘ for two days t Scheme 1 ) . The 

amount ttf diruIfidt* produwd cas dr*tProinrd by *is-liquid chromatoeraphy and 

the* dlsulflde was isolated together rlth the correspondIn drhydro r-oaprwnd. 

Table I. 0xidatton”of Thiola with Compound (la) 

Thiol & Additive I Isolated Yield ( 8 1 of Diiulfida 

Ph-SH 43 ( 70 lb) 
PhCH2 -SH 31 

n-Bu-S&i 39 

t-Bu-SH 18 

sx SH 

tic- 
97 

n-BU-SH + EtjN 88 

Ph-SH + PhjP 99 

At In every run, 0.1 - lo \ yield of disulfida was observed 

when the oxidation van performad without la. 

b) Oxidation was carriad out with refluxing z dtoxana. 
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~-(~‘.r’-dlnlt.robenzy1)-1.l-di~thyIbarb1turic acid 12-t. and then adentlfted. 

These rewlts are Ilsted in Table I. Contrery to the reported fact that 

alkanethiois are slowly oxldlzed and benzenethiol IS not oxldlzed by fievlns 

under amblent condl ttc.ms. It ts worthy to note that in our procedure 

twsnzenethlol 1s much more easily oxidized than slkancthlols. In addltlon. lf 

ttlrthvlamine (0.1 eqi or triphenylphosphine (0.1-1.0 egt ~8s added into the 

re4w.t ton mbxture. txlth the rcltc and yjald of the reaction were Increased to il 

grwt extent. Thus. even e-nttrobenzylldene derlvetbve (lb) displayed a strong 

oxtdir.rnR ability ttmard benzenethlol tn the presence of triphcnylphwwhinr to 

give the cc>rresyc,ndlnr; dlwlfid@* In 88 Z yrcnld. whereas the cllsulf~dc* URN 

t,htnlned tn only 5 7 ylc*ld bl thclut ths* additive. 

Hext . WC’ tried tn deduce a rx>s~~lbic~ mechanlsr r>f thr oxldittlon. First UP 

exirmlned the oxldatlvn In the prrsence of frtre rodlcul. gnlvvnnoxyl. and found 

IXX) inf luent.c* upon twth tht* rate and y;rld of the reaction. So .we left the 

radical mechnnlsn out of c:onsId*~rRtlon. In the ;onlc mechnlsr . there mlsht 

he tw yc~sslbllltler. one of them 1s the mechanlsa Involving thlol addltron on 

u-twnzvl -t te rtf 5-nryf ldctne-I. 7-tlIlt4thylberttlturtc- acid slnllar to that of 

f lavln.’ and the uther 15 hydride shift es observed in the oxiclntrc)n <>f 

alcohol51 rfqwrtrtl previcasly.7 

In order tr> clarifb the* l ethantsr. w first synthesized ccapound tabt tls a 

tvntat ively prop>aed intermedletc in a stable cryatalllne form, and let It 

0 SPh 

Pit - SLI 
Ib - r.t. 76 t 

3b 
Mel = 

‘I K2C03 54 8 

R - SH 

(pyridine) A 
no rcwtbn 

react wlth a second thlol under the same conditions dewrtbed above. The 

yrafurts thus obtelned were a rlnture of three kinds of diauiftdea. This nlRht 

CCYIC? fru ellmlnatlon of thlol group froa the adduct under the mndltlons 

erpl eyed . Consequent I y . the cwmpound (-1. an analorruc of 2b except for 

ix>ssesslns -thy1 prow nt 5 positlon of bsrbtturlc acid. was synthesized to 
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escape from the equllrbrlum. However. the capound (ab) ~8s tm atablt* to 

react blth any t hlols under the same condltlons renalnina intact (Scheme 2). 

Frtr these rerul ts. It seems unlikely that addltlon of the thlol at o-benzyl 

posltlon of 5-aryltdene-bsrblturlc sc:~d dorlvatlves 1s rruclal step In oxldatlon. 

On the other hand. the observed facts that the resctlon IS accelerated bv 

the addition of trlphenylphosphlne and trlethylamlne and that nxldatlon of 

dlhydro llpoic ester In lntramoleculnr fashion 1s verb facile pt-tx:ess. suggest 

thr trensltlon state lnvolvlng hydride transfer In each case as described In Flg. 

2. One of the thlol groups of dlhydro llpolc ester light act as Intramolecular 

Pig. 1 

nucleophlllc cstalysls and the lone pair electrons on the sulfur and phosphorus 

atocl purtlclpate to drlve thr hydrlde transfer as lnteralecular general base 

catalysis. 

Therefore it may be concluded that c.he aechanlsa lnvolvrng hydride transfer 

In the transltton sttcte appears to be reasonable In the oxldatlon of thlolr as 

well A? alcohols ulth 5-arylldene-1.3-dlmethvlbarblturlc ticld.7 

Cross coupling reactlon of the two dlfferent thlols belongs to cuw of the 

basic and important synthetic trnnsformstlon. Dewlte much effort toCard this 

SubJrrt .’ there stems to reaaln room for further laprov~ment. A% deocrl &d by 

Brurce In 1975.9 the postulated inseparable lntermedlates. such as N(5)-addurt 

and S(ca I-nddurt. ure Involved *n the reduction of flnvin b) thlol (Flu. 1 ). 

0 S-R OS-R 

N (5) -rdduct 

FQ. 1 

C(&)-sdduct 

therefore 11 1s expected that If thls type of thlol adduct Lntermedlate could 

be lwoIated.suboequent attack of u second thlol on the adduct ulll result In 

the formatlon of an unsyuetrlcal dlsulfide. 

Thus. addltlon of llthlua l ercsptlde to the compound (lb) afforded the 



lb,c U_ 

5b.C 
-C 

b : R = NO3, R’ = Ph, c:R=OMu,R’ =Ph. d:R=OMe,R’= 

it N&i4 , MeOH , r.trmp.,-IOOI ; ii) &Xl , CH3CI3 , r.temp.. 
. . 

Jl-B&J 

-100s ; 

iii) NCS , CH3Cf2 .r.temp.,-100s ; iv) R’SH , Et,N a CH3CI3 , r.trmp., TO-901 . 

Scheme 3. Oxidatbn of Thiol and SynUwL of llntymmetrical Dirulftdc 

.Iddttct (3bt, uhtch corresponds tr> the NISt-addwt of flabIn tn @tti vIeId 8s a 

stable crystal i lne c:wpound. As mentioned shove. hcuever. the wactlon of this 

adduct f3bt with a second dlfferent thtol mve a mixture of three kinds of 

dlsulfldes unselectively. A retto-Michael type, reactton of the adduct under 

the c-ondttion empioved may cause this nondiscrlnlnat~on ( vtde wpra I. timely. 

the rcgrneratrvi cxxnDound f3br oxidizes the two kinds of Itberated thlol 

existIn rn the media unseit*ctiveIy to irfford a mixture of dlsulftdes. 

We next tr!c*d to synthesize another type of compound (41 correswndtng to 

the Cfaa)-addut.t of flavfn. The dihydro tompwnd (2) formed tn the thiol 

oxidation uns also drrlved frnr 1 quantitatively by reduction h!th sod;uo 

lnxohyrirlde (Scheme 3 I. 

Trnnsformatton of the dlhydro crxnpound (2) into the thiol adduct (41 was 

sucwsrfully ochrevcd by tm ~(1~9. direct and lndtrect methods. Treatment with 

alkvf or arvi suffcnvl chloride gave the addurt (4) directly in & yfeid, 

uhrle chlortnation with ?Lzhlnrosucc!nirlde furnlshed the chloride (St. which 

was then converted Into the thicll ndduct (4) h> wbst ttutlon vlth H thlol in 

the prenc*ncp of trlethYidfnlnf? tn 70 - 80 Z overall yield. The rhiol adduct in 

hand YUI rmr-Ied ulth a scrtwd dlfforent thiot in the presence of weak base 

(triethylantne or pyrldlne) at rocnm temperature to give desired unsysxsetrtcal 

dtsulftde tn htph yield (80 - 4921 and with high seircttvtty. These resu 1 ts 

are vummartzed ln Tahlc II. In this reaction, the resenerated rry*talltne 
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Tab10 II. Isolated Yiold8 of UnsyPmtrical Disulfides 

@b,c R 

Thiol: It1 n-Bu Ph Ph 

Thiol: R2 p<:1C61i, PhCH2 Ph p-Cl-C6M, PhCH2 n-au p-C1C6tl, PhCH2 n-Bu 

Rl-S-S-R2 91 97 99 89 94 80 86 80 89. 
(t 1 

( Fll-s 1; 
( 8 1 I 0 0 0 3 5 6 

( R2-s (8 1 ,; 0 1 0 10 0 10 0 3 

9) det~rmiaod by g.1.c. 

d1hydro c-pound (21 can be edsilv l.iuleted and repeatedly used for the ncvt 

cycle. 

In suaw3ry. It IS not4 thaet 5-arylldenc-I .3-dlmethy1barbIturIc ac:ld 

fulfills not c,nly nlcotlnamlde adenlne dlnucleotlde (NAD)-like function of 

oxldat ion of alcohol but also FAD-llke function of thlnl oxldatlon as 

described here. 

Furthermow. it 1s wrthy to note that cross c:oupllnR reActton of thlolr 

proceeds conveniently and srlecttvcly under mild condltlonr slvln8 

unTymmetrlca1 dlaulfldes rn excellent yields. Ye cwnsldrr the present study on 

oxrdatlon of thlols possesses a synthetic utlltty as well as some sueeestlve 

lnformatlon ntuut the enzymtlc redox rwctlon mec.hanlsm. 

MeltIns points were determlncld on a Yanaglmoto meltlnn point apparatus and 

*re uncorrected. Infrared spectra (IH) were recorded on a Shlmadzu IR-400 

spertrophotoaeter. The proton nuclear mgne1lc resonance (‘H-NM? 1 spectra were 

obtaIned In chloroform-d at 200 MHz on a JEOL FI( 200 Instrument vlth chealcal 

ghlfts beins reported ln U units frola tetramethyl%ilane as an internal standard 

and couplings In hertz. Mass spectra (M’S) were taken In a JELL. JMS OlSC-2 

Instrument by direct Insertion at 75 eV. Gas-lluuld chruatography (SIC) was 

tnken on Shlmadzu GC-7AC rlth capillary column (FQ type. OV-101. 2% x O.‘Lal. 

Preparative thin-layer rhrou,tography (p-TLC) was run on 20 x 2Occ plntes 

coated with A 0. I-1 .k layer of Merck 91 1lc.a eel PF,, and/or GF,, 



OxidAtioa of Ihiol and 1plkm of uarymmcviul dilulhdc 

General method for oxldatlon of thlol 

4 mixture of cupound (1) (1.0 aM). thlol (2.0 mM) nnd dlourne (8 ~1) was 

heated nt 120-150’ In a sealed tuba C+lO x 300 I) for 2 days. Quantltatlvr 

analysis was carried out by gas-liquid chrmtosraphy uslnR authentic standard 

of dlsulflde. After u>ncentratlon of the reaction rlxture. followed by 

addltlon of methanol. dlhydro cc-pound (2) was separated In crvstalllne forr 

and Isolation of the dlsulflde was undertaken by p-TLC of the mother 1 rqucw 

ui th n-heuane. 

A soltrtlon of llthlua phenylmerc-aptide in benzene (I.54 Y solution. 31 mll. 

pr~~yw~rtd frtm n-butyl Ilthlum and benzenethlol ln benzene at 25’ for 2 hr. was 

ndded dropwIse tn a stirred rolutlon of lb (4.0 x. 14 mH1 in 50 ml of 

tetrahydrofuran. The olxture was stirred for 3 hr at 25’ under argon. 4queous 

sc,lutlon 157) of hydrtrhlorlc acid (50 ml 1 wns added to the nlxture. bhlch wa* 

c:*.tr’ncted with chloroform. lhe chloroform layer was dried over YgW. end 

concentrated under reduced pressure to leave the residue which WRS crystallized 

from ben7me (5.528. 76Z. prlsmsl. mp 125-128’. IR v-cm”: 1685. 1520. 1380. 

1350.‘H-NHR 6: 2.19(3H.s,. 2.22t-lH.s). 4.09(1H.d.J=3~. 4.2:(lH.d..l=3). ?.25(5H. 

m). 7.62(2H.d.J=9). 8.1?(2H.d.J=Y). (Found: C 57.42, H 4.22. ti 10.47. CAIC for 

C,.H,,NU,S: (‘ 57. I-3, H 4.29. Y 10.52 XI. 

I.3.5-Tr1methyI-5-~4’-nItrophenyl~pheny1thlooethyIhtlrblturlr acid (-1. -_ 

A l lature of compound (Jb)(blll l s).methYl rodtde (3 ml). potaoslum carbonarc 

(700 m81 and 50 al of acetone was ref luxed for 1 hr. The mixture was mured 

into water (100 ml 1 and abstracted hlth chloroform. and the layer (If c-hloroforn 

was concentrated to y~vc* an oily residue. which was purlflwl by short column 

chrowtogrephy on SI 1 ica we\ (heunne : chlorof<lrm = I : I It0 Rive O&B (340 l g. 

54:). mp 79-82 (fi-hevRne. pruder). IR c ,x0": 1685. 1520. 1380. 1348. 1290. 

‘H-PiMR 6: I .hRl7H..i). 7.2013H.~).7.27(7H.~). C.?‘f.(lH.sl. 7.21t5H.s). 7.49f2H.d. 

.J=O). ~.11(2H.tf.J=9). ?(S (Found: C 58.10. H 4.63. S 10.16. (hlc for C:JI,,NrO&: C 

58.28, H 5.03. N 9.7Y -1. m/s: 413 I W 1. 244. - 

I ,3-Dl~thyl-C,-(4’-ru~thoxy~nzyl )burblturlc acid (do). - 

Sodium turohydrlde II.0 R.Zb &I) was added portionwIse to a stirred solution 

of lo (4.0 a.15 mM) In ncthnnol (50al) ~JXI the nlxture uasstlrred for 10 mln 

at rooa temperature. Water t100 ml ) was added to the nlxture and the atyture 

was washed WI th c-hlorrjform. After acidlficat ion c>f the aqueou~( layer bitt1 5 1. 

hydrtrhlorlc uc.ld. the layer has extracted blth chloroform. The 

chloroform extract was dried over M8SO. and then concentrated to ulve 

crystal I ine realdue. uhlrh was recr’ystal Ilz.ed from rethanol. Thr vleld was 4.I-l 

8 (99X). mp 90-92’ (V&H. prisms). IR ti -cm”: 1695. 1510. 1440. 13130. ‘H-NYR 

6: ‘I.IC(~H.?:). 3.41(2H.d.J=51. 3.72(lH.t.J=5). ?.76(3H.s). 6.75(2H.d.J=9). h. 

Y412H.d.J=9). (Ftwnd: C 60.74. H 5.84. N 10.14. Cnlc for C,.H,S;,O.: C b0.86. H 5. 

EC. Y IO.14 1). 
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1.3-Dl~t.thyl-5-~4’-nltro~ntyl~-5-phenykthioberblturlc acid (4). 

Phenylsulfenyl chloride (3.0 e. 21 ti# was added to a solution of 2b (4.0 8. 
14 aMI In 40 al of dlchloroaethsne at 25‘ and the mixture was stirred for 12 hr 
at the same temperature. Concentration of the mixture uaw a resldue uhlch was 
then crystallized from a slxture of benzene and ether to furnish 3.0 g of 4b. 
Concentration of the aother liquor save another crop of crystal ft.0 8). The 
yield Is 4.0 8 (73 xl. A further crop of the product (Ir) was obtained by 
column chromatography of the rother liquor on silica gel. top 217-218”(benzene 
and ether. plate%), IR u..,cm~‘: 1680. 1520. 1375. 1345. ‘H-NMR (t: 2.99(6H.s). 3. 
7512H.r). ?.42(7H.n). 8.0612H,d.J=9!. (Found: C 56.96. H 4.11. N 10.36. Calc 
for C,Ji,,?(x)cS: C 57.13. H 4.29. 3 10.52 2). 

S-Chloro-~.3-dloethyl-5-l4’-oetboxybentyl)tnrblturlc actd (600). 

A rlxture of 20 (4.0 8.14.5 Mt. !j-chlomsucrinlnldet2.5 g. t8.6 dro and 
dlchloromethane (80 ml) wss stlrrti for 4 hr at room temperature and then the 
mixture wa* washed with water (50 al*31. The layer of dichloraethane was dried 
over M&O,and concentrated under reduced pressure. The resldue was crystnlllzed 
from M&H to afford C.5 D (99 X) of 8~. MP 78-79’fMeOH. prisms). 1 R YI.Clm“ : 
1695. 15~0.14ZO. 1380. ‘H-NM b: 3.20(6H,s). 3.6812H.r). 3.77(3H.sl. 6.75t2H.d. 
.J=Qt. 7.OOfZH.d.J=9). (Found: f 54.02. H 4.77. y 9.06. Calc for C,.H,&,O,CI: C 54. 
11, H 4.87. h 9.02 2). 

5-Chloro-1.3-dlmethyl-5-~4’-nitrobenzyI~barblturlc arid I6b) -_ 

Thls compound was svntheslzed ln the ?uue manner (IS that of 60 In 9Y’; yteld. 
cp 171-172’(WOH. needles). IR u,.cm”: 1695, 1510. 1440. 1380. ‘Ii-NMR 6: 3.27(6H. 
YJ, 3.8qt2H.s). 7.40(2H.d.J=9). 8.10(2H.d.J=9). (Found: C 47.75. H 3.50. N 12. 
82.Calc For C’,,iLNX),Cl: C 47.94. H 3.71. X 12.90 T:t. 

1.3-Dimethyl-S-(4 ‘-methouybenzyl t-5-phcnylthiobarblturlc acid f&i. 

Trlethylamtne (0.90 8.8.91 mHl was added to a wlutlon of bb(2.78 y. 8.91On1 
and benzenethiol(0.98 13.8.91 aMj tn 50 al of dichloronethene at rm 
temperature for 12h. and then poured into 5 ? hydrochloric acid (50 ml ). 
Extracttw with chloroform. drylnp over MsSO.. fol loving evaporet ion of 

chloroform gave a rerldue. Crystalllzatlon fron ether and column 
chromatography of the mother liquor furnished 2.4 g 171 Z,of crystaliine b. PP 
112-113-C: (benzene and ether. pouder). IR ~/,,cn”: 16RO. 1610. 1375. ‘H-SMR 8: 2. 
9616H.s). 3.58(2H.s3. 3.7217H.s). 6.72t2H.d.Ja8.5). 7.1212H.d.J=8.5,. 7.40(5H.a). 
(Found: C 62.23. H 5.02. N 7.ll. Cnlc for C,sluNP.S: C 62.48. H 5.24. N 7.2’) XB. 

5-~n-Butylthiof-t.3-dlwthyl-5-~4’-ar?thoxybenzyli~rb!turIc acid far. 

This crmpound was prepared In the same manner as & above. The yield was 74 ‘z. 
IR u,cm”: 1685, 1510. 1440. 1380. ‘H-NW 8: 0.91(3H.t.J=BJ. 1.48(4H.r). 2.74IZH. 

t.J=7.5). 3.23t6H.s). 3.5lfZH.al. 3.74(7H.s). 6.;3(ZH.d.J=9). 7.06(2H.d.J=9). 
MS n’z : 364(W). 121. - 

General method for synthesis of unayumetrtcal dlsutflde 
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Trlethvlamlne (1 .O cln. In the case of alknnethlol I or pyrldlne (1 .O IBM. 

ln the case of benrenethlol b was added to a solutlon of ccapound (4)( 1 .O 64) 

and a thlol (I.0 30 ln 50 al of dlchloraethane and the solutlon was stirred 

for 2-C hr at roa temperature under aruon. Concentration of the mluture gave 

the dlhydro capound (2) as a crystal and the nether liquor was subjected to 

p-TLC ulth n-henene to yield the nlwture of dlsulfldes. Ouant 1 tatlve an8lvrIs 

of the mlxture was carried out by &as-llquld chromatography uslns *tandnrd 

sample of symmptrlctll dlsulfldes. I f necessnry . the unrymwtrlcnl dlrulflde 

was lsolated by p-TLC. 
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