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Abstract Condlltons haw been dewsal for the oxtdallon of S-bcnrhydryl IhlocIhcrs wIh Ihmcyanogcn. 

The procedure mvolva the USC of a lnfluorooceltc acid-acctr acd solvcnl. These condllions do nol 

cffcct a dtsullidc bond prcsenr III the subs~ratc. 

IN A previous report.’ the relative reactivity of the S-trityl and S-benzhydryl deriva- 
tives of bound cysteine toward a sulfenylthiocyanate was compared. Treatment of 
ethyl Ncarboberu.oxy-S-trityl-~~ysteinyl-S-~n~ydryl-~~ysteinylglycinate (111) 
with the sulfenylthiocyanate. II, derived from ethyl N~rbobenzoxy-S-benzhydryl-L- 
cysteinyl-t-cysteinylglycinatc (I) provided the unsymmetrical cystine derivative, IV. 
The preparation of IV by this route represents the first stage of a general synthetic 
scheme designed to provide cyclic his-cystine derivatives similar to VI. The second 
aspect of the proposed scheme requires an oxidative method for the conversion of the 
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two S-benzhydryl-tcysteine residues of V to the biscystine derivative, VI. The 
present report describes our initial studies on this aspect of the synthetic problem. 

I I * I 
1-1 I 

SBzh STr SBzh SBh S S 

I I I I 
-Cy*Y*Y*Y*Cy* *cy-Y*Y*Y*Cy* .Cy*Y.Y.Y.ky. 

V VI 

In order to firmly establish the relative reactivity of the S-trityl and S-benzhydryl 
groups. the reaction of these derivatives with a stable. isolable sulfenylthiocyanate 
was studied. When 2-naphthylsulfenylthiocyanate (VII) was allowed to react with 
trityl benzyl sullide, a 969; yield of 2-naphthyl benzyl disullide (VIII) was obtained. 
Treatment of benzhydryl benzyl sullide with VII under the same conditions provided 
approximately 10% of VIII and 2094 of 2-naphthyl disullide. resulting from decom- 
position of VII In view of these results it was apparent that more vigorous conditions 
would be required to affect the removal of the S-benzhydryl group with thiocyanogen. 
A complicating feature was the restrictions imposed by the presence of the disulfide 
bond in V. Since acid catalyzed fission of the S-S bond is well-known, the desired 
conditions should be sufhciently acidic to cleave the S-benzhydryl group and yet mild 
enough to avoid disulfide interchange. 

C,,H,S SCN + TrSCH,C,H, -. C,,H,S-SCH,C,H, 

VII VIII. 960, 

VII + BxhSCH,C,H, - VIII - [C,,H& 

IO”; 209, 

The synthetic route to a suitable model system was availabk from previous studies’ 
on the linear bisdisulfides. In the present experiments. the substrate to be utilized. 
N~2-benzhydrylthioethyl)S-phenyl4.5-dithia~ntanamide (XI). was prepared in 91 “‘, 
yield from 2benzhydrylthioethylamine (X) and 5-phenyl4.5dithiapentanoic acid 
(IX). 

PhS-SCH,CH,CO,H 

IX 

OCC 
+ H,NCH,CH,SBzh- PhS - 

0 

I' 
.SCH,CH,CNHCH,CH,SBzh 

X X1.91”: 

Since the scheme to be tested involved the oxidation of two S atoms. protected 
by the S-benzhydryl group, to a disulfide bond, the formation of the rrisdisullide’. 
N-t3-thiapropyl)S-phenyl4.5dithiapentanamide disulfide, (XII) was studied. The 

’ R. G. Hdcy and D. N. Harpp. J Am. Chem Sot 87.3%5 (1965) 
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results of the experiments designed to determine the optimum conditions for the 
conversion of XI to XII are listed in Table 1. When X1 was dissolved in trifluoroacetic 
acid at temperatures from - 10” to 25’. immediate reaction occurred and benzhydryl 
phenyl sulfide (XIII) precipitated from the reaction mixture in 81”/, yield. Although 

XI’= [C,H,S-SCHICII,CONHCHICH~S]l 

XII 

the mechanism of this reaction has not been established a plausible route involves 
acid-catalyzed cleavage of the S-benzhydryl group, followed by cleavage of the di- 
sulfide bond.6 When XI was dissolved in trifluoroacetic acid which had been diluted 
with acetic acid (4: 1). a 757, yield of XIII was obtained; further dilution (I :4) pro- 
vided noevidcncc of XIII but did afford trace amounts of the desired rris-disulfide. XII. 

XI H,’ PhS-SCH,CH,CNHCH,CH,SH PhSCHPh, 

- XIII 

i 
’ I XIV CH2CH2CONHCH2CH2 

The optimum conditions for removal of the S-benzhydryl group with thiocyanogen 
were eventually established as a 1: 1 (vv) mixture of trifluoroacetic acid-acetic acid. 
Under these conditions a 48 ‘4 yield of XII was obtained. Although these data indicate 
that symmetrical disuhides can be prepared from two S-benzhydryl thioethers, the 
synthesis of an unsymmetrical disulfide under these conditions remained to be estab- 
lished. In order IO determine whether acid-catalyzed disulfide interchange would 
preclude the preparation of unsymmetrical disulfides, XI was allowed to react with VII 
under the conditions previously utilized. This reaction provided N-[4_(2-naphthyl)- 
3.4dithiabutyll 5-phenyl_4,5dithiapentanamide (XVIa) in 51% yield. When the 
sulfenylthiocyanates from thiophenol and benzyl mercaptan were generated in siru 

0 

Xl + RS-SCN s 
II 

PhS--SCH,CH,CNHCH,CH,%SR 

XVI a. R = C,,H,. 5l”, 
b. R - Ph. 14”, 
c. R = CH2Ph, 31”; 

’ No evidence 1~ presently avatlabk concerning rh ex~ptcncz d the cychc dlrulfidc, XIV. smcc the in- 

tractabk. polymeric substance which remained after ~bc removal of XIII and cvaporatioo dtbc reac110n 
mixture could not be pur&d. Similar treatment of the corresponding S-tntyl thioc~bcr N42-tritylthio- 
cthy~)5-pheayl4.5d~lhiapeaunamidc’ (Xv) provldal a mixture d IWO cmnpon~~ts which could not 

bc resolved; modif~tions m the procedure AISO faikd to produa imolabk fragment& but none d the 
componmts exhIbIted a mobihty (TLC) similar IO aurhcntr ~ri~yi phcnyl sullidc. Additional expcrimmts 
which arc designed IO substantiate the prcsencc of XIV are currently in progress. 
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and allowad to react with XI, the corresponding unsymmetrical bisdisulfides XVlb, c 
were obtained in 14 and 31“/, yield. respectively. Since acidcatalyzd disulfide inter- 
change of these compounds would be expected to produce phenyl disulfide. samples 
of XII and XVla were subjected to the reaction conditions; no phenyl disulfide could 
bc detected by TLC and starting material recoveries were 52 and 66”s;. respectively. 
When a sample of XII was dissolved in TFA at room temperature and stirred for an 
equal period of time, extensive decomposition was indicated by TLC with one 
component exhibiting a mobility similar to phenyl disulfide. As a check, phenyl 
disultide was subjected to the work-up conditions and 76”; was recovered. These 
experiments indicate that the proposed synthetic scheme for the preparation of VI 
can probably be realized. The synthesis of molecules related to VI will be described 
in a subsequent report. 

-t.ARIP 1. <)XtOATtOS 0 ~-(~-~~S~ttY~RYLT~l~~rHYL)-~-PttCSYI.-1.~-I~ITttIAPEHTAVAUII)( (XI) 

WITtt TtIKK’YAUWit~H 

Solvent Calalysr’ Temp Reaction 

C Tlmc. hr 

Rcsul~ 

CH,CI, Hg(OAcl, 

CH,Cl, SKI, 

McCO,f’r 

MCCO,EI ZnCl, 

McCO,EI AICl, 

McCO,Et BF, - El,0 
McCO,H RF, * Et,0 
M&O,H BF, * El,0 

CF,CO,H 

CF,CO,H. McCO,H (4: I) 

CF,CO,H. CH,Cl, (I :5) 

CF,CO,H. McCO,Er (I I) 

CF,COrH. McCOrH (I :4) 

CF,CO,H. McCO*H (3: I) 

CF,(‘O,H. McCO,H 1 I. I) 

--_- .- . 

25 

25 

0 

0 

0 

0 

0 

25 

2s 

0 

25 

25 

0 

-10 

- IO 

I 

I 

1 

IS 

2 

7 

025 

075 
5 

17 

25 
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b-5 

b 

. 

b 

b 

b 

b 

b 

b 

81 ?; XIII 

75”/, XIII 
) 

I 

, 

200, XII 

4X”,, XII 

l One equivalent of catalyst added. 

‘TLC of the reaction mixture indlcarcd cx~ens~ve decomposltton of ~bc starrmg tna~erial. no spot 
corresponding IO authenuc XII was present 

’ TLC mdlcatcd a tracz amount of XII was present 

EXPP.RIMf:h’TAL‘ 

I-Nophrh~lsuljun~lfh~oc~~~fe (VII) was prepared by modifymg the procedure of Lecher and Wlllwcr” 

Thmcyanogen was generated from 47.4 g (O-145 mole) lead thmcyanate and 210 g @I 3 mole) Hr, m 400 ml 

* M ps are uncorrcctai and were obtamal m captllary lubes Elemental analyses were performed by 

Micro-Tech Laboratones. Skoklc, lllinols. Crobaugh Laboratorla Charleston Wcsr Vlrgima; and 

Tnanglc Laboratory. Canboro. North Carohna. TIC was conducted on mlcroxope slides and both 

5 x 20 and 20 x 20 cm Pyrex plaza using uniform coaung of silica gel GF*,, The chromarograms 

were developed with I, vapor and ‘or viewed under UV light. Solvcn~ sysrcnm for TLC were: benzxnc : 
dtoxan acet)c acid (90:25 4 System A); n-buranol accitc aad:wata (4:l .5 System B): chloroform 
ethyl acetate (I I-System C); and chloroform benzene ( 1 : I - System D). 

Commercial reagents were of the highest quality available. Tnfluoroacetic acid and A&H were 

dried over C&O, prior IO use NMR specrra were rccordal on a Varian Associates A-60 spectrometer 

usmg TMS as the internal standard. 

” II LK5cr and W Wirlwer. Brr L)fy~.h (‘him G0 556. 1474 (1922) 
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crher 81 5’. When the characIerisIw color of Br, had dIsappeared, 109 g IO062 mole) 2-naphthyl mcrcapmn 

was added m one portIon and Ihe reaction mIxIure was srirral In rhe dark’ aI @5” for 4 hr. The yellow 

reaaion mixture was liltcrud and the liltrate was washed wiIh cold 0,4n,0 NaHCO,aq unIil the wash solns 

were negarive IO FeCl,aq. The eIher soln was drtcd. filtered. and the solvenI removed VI MCUO. The hghI 

yellow soltd residue was dusolval in hoI n-hexane. IreaIed with activaled charcoal. lilternd, and the hIIrate 

cooled overnight. The product appeared as I 3 4 g (99 “‘, of theory basal on mercapIanl d lloccukm. pale 

yellow solid, mp. 61.5 631)’ LII.’ mp 64.5 65 ; ~‘2 214Ocm-‘. (Found: C. 6097; H, 3-26; h’. 609. 

S. 2946 Calc. for C,,H,NSx: C. m8O; tl. 3.25; N. 6.45; S. 2Y.51 00) 

T&y/ knzyl sulfide was preparal by rclluxlng 24 8g (0095 mole) IrIIyl carbInoL 12.4g I@lOmokl 

benzyl mercapran, @I g p-toluenesullonc acid. and I IO ml henrene under a Dean- Stark apparaIus for 2 hr 

The benrene soln was washed wIIh 200 ml dIsIilkd waIcr. dried. and the solvenr removed in t~cw IO ylcld 

a viscous 011. The 011 was dlswlved m a muumum amounI of 30 60 per. c&r. filtered and cooled The 

producl appeared as 32.4 g (840,) of whIIe solid. m.p Y@S 91 5 LII ” m p. 92 -93‘ A mIxIure m p with 

an auIhmIIc sampk was noI depressed. 

Benzhydryl knzyl a~&& was prepared by rhe procedure used for IrIIyl benzyl sullide Aher recrysIalli- 

;raIton from 3&60 per. cIha Ihc yield was 95 5 ‘G. m.p. 70 71 LII ” m p. 7@5 

?-Nuphrhyl benzyldiruljidt (Vllll was prepared by dissolvmg lo9 g l@OOS mole) of VII m 5Oml Ctt,CI, 

aI 0 5 In rhe absence of IIghI To Ihls slured yellow soln was added a soln of l83g @OOS mole) trIIyl 

henry1 sullide In 5Oml Ctt,CI, The addmon rcquiral 2OmIn and rhe reacrlon mIxIurc was sIIrred lor 

XI addItIonal mm. Ihcn allowed IO warm slowly IO room Iemp whIk sIIrrIng for 1 hr.” The yellow soln 

was concenIraIed IO IO ml m I’(ICYO and apphed IO a 2.5 x 80 cm column d tlorIsIl (I 50 g IO0 -Ml mesh) 

The product was cluted from the column with 90 IO0 peI. cIhcr and rhe appropriate fracIIons wcrc cvapor. 

aIed in LU-IKJ IO yield a whrtc solid residue. RecrysIalluaIIon from 3060. per c~hcr gave l35g (961,) 

producI. m.p. 57 58”. This materIs was homogeneous on TLC (Sys~cms A. C. and D) and mIropru.ssIdc 

ncganvc unIil alcohohc NaCN soln was applied. Y_, “‘3050.1575.1485.8I0.740.694cm~‘~r242(71 ll,ml. 

2 X5 (5.2 H.s). 6 I6 (20 H.s) (Found. C 7260; Ii. 5 12; S. 22% C,.H,,Sr rcquwcs. C. 72 30; H. 500. 

S. 22.71 “a ) 

An analogous reachon In which the order of addmon was reversal yielded l24g l88-,) of IdenIIcal 

producl 

Arrrmpred prepururion oj VIII from VII and henzhydryl benryl sul/ide The prcvlous procedure was 

followed excepr rhaf I 45 g lOa mole1 benxbydryl benryl sullide was useel. Column chromarography 

afforded a mtxIurc of 2-naphrhyl dtsulfide and VI11 Fractional crysIallIzaIIon from 30 M peg ether gave 

20”, and IO”, yields of 2-naphthyl dlsullidc. m.p 139 140’. and VIII. rapecIively (averages d several 

allcmpls) 

2-B4nzhydr~lrhiorrhylommoruw chloride was prepared by mocbfymg Ihc procedure of Hlskey and 

Adams ” A soln of I I 5 g (0 I mole) 2mercapIoeIhylammonIum chloruk was allowed IO react with I9 3 g 

IO I05 mole) benxhydrol and I4 ml BF,-EI,O (0-l I mole d BF,) m 100 ml glacial A&H. The yellow-brown 

soln was healed at 8GYO for I5 mm with occasional sIIrrIng and then allowed IO cool IO room Iemp 

The crude producr was precIpIIaIed by the addIIIon of I 2 I. ofether The whIIc sohd was recoveral and Ihc 

excess A&It was removed tn twcuo over NaOH pellc~s. The dry solid was dI.s.solval In hoc ErOtt. lilIcred. 

and the lilrrarc evaporated m cucuo IO yield 22 5 g I8O00) of white solid. m.p I66 167’ This maIcrIal was 

homogeneous on TLC (Sysrem BL gave a ~CXIIIVC ninhydrm 1es1. buI a ncgar~ve nuroprussuk ICSI Re- 

crysIallIraIron from Ac<)t.~ ratsed lhe m.p IO 167-168 , Y_ *& 280&3200 (broad). ISYO. 1480. 1440. 745. 

6YOcm ’ It’ound.C.64~6;l(.6.2l;h’.4-87;S. II-97 C,,tI,,h’SCIryulres.C,6438;fl.648;N.5~)1; 

s. 11~46”,.) 
2.&n:hydrylrhuwrhy~~i~ (X) was prepared by dIssolvmg rhe hydrochlorldc salr In warm waler. 

adJusling the ptt IO 10. and exlraclmg continuously with crher for I? hr. The ether was removal in CQCYO 

AlIhough rhe sulknylIhIocyanaIc LS srabk for several monIhs aI lU In the dark. II rapidly decomposes 

aI rocm Iemp. especially when solns are allowed IO srand in b&I IighI. The major produa d IhIs 

decomposinon has been shown IO be 2naphIhyl dioullidc. 

R. G. Hiskey and W. P Tucker. I Am Chem SK M, 4794 (1962) 

A Schonberg 0. Schulz. and J. PeIer. JJer. Drwh. Chem.Ges.62B 1663 (1929) 

In order IO arabI& lhat cleavage orrurred prior IO the work-up, Ihe reaction was ronuored by TLC 

(SysIem C); aher I hr no VII was present and only VIII was observed. 

R G Hiskcy and J B Adams. Jr. I Ory Chcm R. 1340(1965) 
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and ~bc residue was extracted with n-hexanc overnight m a Soxhkt apparatus. The solvent was moved 

and the solid residue was rccry-stalhxcd from hot AcOEI. Filtration yielded a white crystalline product. 

m.p. 74 75” (ylclds averaged 60”, based on pure hydrochloride); homogmeocu on TLC (Systan B); 

positive nmhydrin MI. but ncgatlve nitroprussldc teat; v= 3320. 1585. 1480. 100@1120 (broad). 740. 
69Ocm ‘; r 2.80 (100 H. m). 490 (I0H.s). 757 (3.9H.m). 906 (20 H.s) (Found: C. 74 12; H. 7.15; 

N, 5.83: S 13.15. CI,H,:KS rcquira: C. 7403; H. 704; N. 576; S. 13.l7g,.) 

S-Phmy/4.S-dirhiopcnronoL acid (IX) was prepared according to the procedure of HIskey and Harm 

m yields averaging 80”; m.p 57 .S8 , Ltt. m.p. 57. 58’ 

S_(2-~n.-h~dr~lrhlorth~l) S-phPn~l-Q.S-dlrhicrprnraMmidP (Xl) was prepared at - IO’ by adding a soln 

of 23.1 g (0 I 12 mole) N.N’dicyclohcxykarbodiimidc in 65 ml CH,CI, to a stirred soln of 236 g (@I I mole) 
of IX and 32.3 g (0.133 mole) 0(X m 175 ml CH,CI, The reacilon nuxturc was stIrred for 3 hr and allowed 

to warm IO room tamp The mixture was filtered and rhc tiltrate was wasbcd with 100 ml porttons d IN 

HCl 5”, NaHCO,aq. dlsMkd water. and sai KaClaq. The drtcd soln was filtered and rhc CH,Cl, was 

removed in ~WIKJ to glvc a yellow-whltc sold residue The solid was rccrystalhzd from A&Et-n-hexanc 

to yield 44Qg (91”;) of crystalhnc. white product. m.p. 84 85”; homogeneous on TLC (System A); 

vKL 3270. 1635.I525.737.698 cm ’ , r 2.75(15 H. m).490(10 H. sb. 690(50 H,m). 750140 H. m).(Found: 

CT5.299; H, 5.76; N. 3 2s; S. 21%. CI,Hz,NOS, requires: C. 65.56; H. 5.73; N. 3.19; S. 21.88>0,.) 

Bmzhydryl phenyl at/J& (XIII) was prepared by the procedure used for ~riryl bcntyl SUI~IC After 

recrystallization from AcOEt n- hcxanc the yield was 91 O_, m p. 77..78 . Lit.” m.p 78’ 

Rearrungcmcnt of XI in rrifluorooceric ucld. A soln of 20 g (OW45 mole) of Xl in IO ml tnfluoroaattc 

acid was srirrcd at room temp for 2 3 min before a flocculent wlnte ppt (onned. Surmg ws conrInd 

for IS nun and the reacilon was quenched at that mx by rhc additlon or200 ml dlstilkd water. The ppt 

was recovered by liltrarlon and washed thoroughly wcth dlstllkd water The dried wlute powder. li)~ g 

(81 “J, was homogeneous on TLC (System A) and melted at 74-75 5’ A mixture m p with an authcntlc 

sample of XIII was not deprcsscd Recrystalhzatlon from A&Et-n..hexanc failed to ra~fc the m.p. 

ldentlcal sampla ol XIII could also be obtained when tntluoroaccrlc-glacml acctK: acid mIxturn (I : I) 
wcrc used at 0 and at - IO . however. the yields wcrc somewhat lower 

h’i3-7hiapropJ0 5-phenyl-4.5~dithlapenrunomide disulfide (XII) was prepared by dissolvmg 0 88 g 

(WI02 mole) of Xl In IO ml tnfluoroaccrlc acid and 10 ml glacial AcOH at - lo’ The soln was added m 

small pmons to a .soln ofthlocyanogcn which had been generated from 0.5 g (tMO15 mole) lead thiocyanate 

and 017g (000106 mole) Br, In A&IQ at - IO’ The addltlon required IOmin and the reaction mixture 

was maintamod at - 10 ( + 2 ) wluk srurmg for 6 hr The cold soln was pari,ally ncutrahzai by the 

ad&ion ol sohd NaHCO, (pit z 51 tiltcrcd. and rhc Mtrate was diluted with IO0 ml AcOEt The soln 

was ncutrahzal with 5”; NaHCO,aq. washed wcth water and sat NaClaq. and drzd. The solvent was 

rcmovad VI cocuo to y~cld an oily rcslduc which was dlssolval in a nmumum amount of bcnrme and 

apphcd IO a I.5 x SO cm column d sihclc acid (40 g. 100 mesh). The eflluent was momtorai by TLC and 

the dcstrcd material was elu~cd (ram the column with bcnzcncAc0f.t (I :I). Recrystallization (ram 

AcOEt-n-hcxanc gave 026 g (48”.) ol solid. m p 96 98’ ; homogeneous on TLC (Systems A and C). 

One additIonal recrystalhzai~on raised the m.p to 109-I IO’. Lit.’ m.p 1105. 111.5” A mixture m p 

wtth an authentic sample was not depressed 

N-[442-Saphrhyl) 3.4dithrobutyfl 5-phenyM5-dlthiopentunurmde (XVla R - 2-.Vophrhyl) 

General procedure/or thp preparation of unsymmerrical hlsdisulfiies from S-benrhydrylth~oerherrs. A soln 

010 44 g(OW1 mole) of XI In 25 ml trlfluoroacyric acid and 2S ml glacial AcOH at - 10’ wry stirred for I hr 

and then &lured by the addluon of 200 ml AcOI:t After allowing the reacilon mixture to cod to - 10‘. 

O-22 g (0001 mole) of VII wa\ added tn small portions over a period of 2 hr The tcmp was maintained at 

- 10 for 2 hr. then allowed IO warm slowly IO 5 wtuk stirring for 3 hr. The yellow sola was neutrahzed 

with 5 O., h’aHC0, aq. washed with disrlllal water. sat NaCl aq. and dried The filtered soln wm cvaporatai 

VI M-W IO yield a small amount c4 oil which was dlrrolvcd m a minimum amount of benzerz and applied 

to a 1-S x 54l cm column of Flonsil (40 g. IO@ 200 mesh) The hlsdisulfidc was clutcd from the column 

usmg AcOEr benz.cne (1 : 3) and appcarcd as a VISEOU otl The 011 was dissolved in A&Et. dccolonzal 

with acrlvatcd charcoal. and crystalhral by the addition of n-hcxanc to the cloud pomt. The prcduct 

appeared as 022g (51”.) of wlute sold. m.p. 94 95’. homogeneous on TLC (Systems A and C); vz 

321K). 3tM0. 1635. 1535. 815. 735. 68Ocm-‘. (Found: C. 5821: H. 509; N. 393; S. 3008 CzHI,NOS, 

requires: C S8.43; H. 490; N. 3.24; S. 29.71 “..) 

S~J-phen!/-3.4dtfhlahut~fl S-pheny/45d~fhlopenrcnumtde (XVlb. R = phenyl) wm prepared by the 

gcncr.11 proczdurc pre\1ou4) dexrhcd Phcnylsullenylth~oyanate wan generated by the addtrron of a 
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soln of @I 5 8 lOGOI mole) Ihiophmd m 40 ml A&Et IO Oool mole Ihmcyanogcn in 30 ml AcOEi. The 
addirton rcqutral40 min and the reaction rcmp was mamiamal aI 0 5” After stirring for I hr. the phcnyl- 

sulknyl1hiocyanaIe soln was added IO a soln ol XI as prcv~ously dcscnbcd. Chromatographic scparallon 

and purdicarlon under rhc same condi1ions yielded OtMg (14’,,,) while solid. m.p. 6364”. homogeneous on 

TLC (Sys~cm C); YE 3345. 3040. 1635. 1530. 1435. 730. 680 cm-‘. (Found: C 53.76; H, 5.38; N. 3.97; 

S. 33.14. C,,H,eNOS, requires: C. 53 51; H, 502; N. 3.67; S. 33.61 O;) 

N_(5-phenyl-3.4diOtiqmty~ 5-phenyl4.5dirhiupenmnumide (XVlc R = brnryf) was prepared in the 

same manner as XVIC. ScparaIIon and purilication rcqulrcd rhc sa~mc condirions and yxldcd Ol2g 

131 so) whIIc crystals. m p 57 Sg”; homogeneous on TLC (System C); vz 3330.3050,2910. 1635.1535.735. 

695cm ’ (Found. C 54.80; H, 5.29; N. 3.78; S 32.63 C,,Hl,NOS, rqulrcs C. 54.65. H, 5.35; h’. 354. 

S. 32.41 00) 

Treahvnr oj XV wrh rr@mm.ceric acid Addlrlon of I-l 7 g fOQO23 mole) of XV’ IO 5 ml srirrcd In- 

fluoroacctlc aad a1 room temp produced a yellow soln which bccamc deep ral m abour 5 mm The reactIon 

was quenched afIa I5 min by addttion IO 100 ml dtstillod waler. The rcsulrmg oil was tnturaral wcth addi- 

uonal waler and with n-hcxane. and ulrimarcly dlssolvcd m boiling n-bcxane. Alla srandtng overnigh a1 

0.. rhe oil which scparalcd was exammed by TLC (Sysrcms A and D). The soln conlamed IWO componcnis. 
one of which exhlbltcd a R, value similar IO rhar of XII; nelrher componenI had a R, value comparable 

IO IhaI of ~ri~yl phcnyl sulfide 

A slmllar expcnmcnr mvolving 5.168 (001 mole) of XV dissolved In 2Oml tnfluoroacerlc acrd was 

quenched afrer I5 mm by addlrlon lo KaHCO,aq The producis wcrc exrracial in10 AcOEI and IhIs 

soln was Ireared as in the general procedure for XVla The solvenI was removed tn MCY) and the raulImg 

011 was dissolved m CHCl, and applied IO a 2-5 x 110 cm column of silica gel (I 50 g. aO54l.2 mm). TLC 

of rhe effleunr mdicarcd a1 leas1 10 componcnrs, but none with a moblliry slmllar IO tnIyl phcnyl sulfide 

A repcar of Ihls IaIIer proccdurc using a I mm reacllon lime raulIcd m a complex mixlure from which 

only slarlmg marcrial could be obIamcd Chromatography under the same condillons allordcd 2.2 8 

l43”,) of XV. m p 97-99’ A mIx1urc m.p. wi1h an au1hcnIr sample was no1 dcprcsscd 

In anoIher cxpcrlmcnr. 20 ml 1nfluoroacxtK acd was cooled IO - I@ and 0 52 8 (I mmolc) of XV was 

added The yellow-orange soln whtch rcsulIed was stirred a1 - IO‘ IO - IS’ for I5 mla Ihen quenched 

and worked up as above TLC (System A) mdlcarcd a1 leas1 4 componcntr bur only srartmg material could 

bc tdcnrlficd and isolated Column chromatography gave Ol6g f31”,) of XV, m.p 99 101’ A mixrure 

m p was no1 depressed 

Tnfyf phenyl sad/de was prepared by rhe procedure used for rnryl bcnryl sullide Afrcr recrysrall~zar~on 

from n-hcxane. the yield was X6-5”.,. m.p IO5 106 LII I4 m p IO6 

S~ohrfrfy o/h-duuljides m rr~fl~or~a~~f~ ocld uceftc ocrd tat - IO 

a To a srtrred mixture of 2 ml 1nfluoroaccIic acid and 2 ml AcOH a1 - lo” was added 54 5 mg (0 I mmok) 

of XII The soln was srlrred a1 IhIs Iemp ( f 3 I for 6 hr. then add4 IO a siirral mIxlure of 200 ml disrilkd 

waler and 100 ml AcOEI and ncurralt?td by adding solid NaHCO, (pH -6). The mlxturc was rransferred 

IO a scpararory funnel and the orgamc layer wM washed with 5”, NaHCO,aq, water, and sar NaClaq 

The AcOKI soln was dried and evaporared tn (‘MY) IO rccovcr 2R 2 mg (52”,,) sIarImg ma1enal. m p IO7 

IO9 and homogeneous on TLC (Sysrcm C) A mixfurt m.p was no1 depressed 

h When 43 2 mg (0 1 mmok) of XVla was Irca1cd tn rhc same manner. 2X-5 mg (66”6) sIarImg marenal 

was rcco\crcd. m p 93 95 and homogeneous on TLC A mixture m.p was no1 depressed 

Truofmenr o/XII rub ~r~jluorwctric acrd A soln of 54 5 mg (0.1 mmolc) of XII in 2 ml Inlluoroaocitc acid 

was sltrrcd a1 room Iemp for 6 hr NcuIrahza1ion and washing as above gave an AcOEr soln which con- 

ramcd 5 componenfs as cvldcnced by TLC (System C) One componcnr had a moblhry corrapondmg IO 

phenyl dtsulfide and a second appeared IO be similar IO sIarImg maienal 

Recowy o/phmy/ dmljide under wwlogous condirions A mlxiurc of 0 5 g (2.3 mmolc) phcnyl dlsulfide 

and 5Oml waler was stIrred a1 room 1emp for I hr and solid NaHCO, was added unIil a sai soln was 

lamed I.III~C. II any. solid had dissolved A clear soln was ohlamed by addmg 10 ml Ac0F.i. ‘The mtx1ure 

was Iransferrcd IO a scparatory funnel where rhe organic layer was washed as tn the previous cxpcrtmenrs. 

The dry A&El soln w&s evaporarad in ~0~0 IO yield a whl1e solid ratdue which waz rccrystalltzrd from 

n-hcxanc IO give 0 3X g 176”..). m p 5960 A mtxiure m p was not deprnsed 

” D. C. Gregg_ ii. A. Iddks. and P. W Srearns, Jr.. J. Org. Chem 16. 246 (1951) 


