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Abetruzt. The boron trifluoride-promoted reaction of a series of 3’- and 

4’-substituted benzenesulphenaniiides (1) with various alkenea has been 

investigated aa a potential synthetic route to arylaminoaulphides. The 

benzenesulphenanil ides (1) invcatigated generally . afford arylamincw 

sulphenylation adducts in fair to good yields except for the methoxy- 

substituted anllides (lo and f). which largely lead to decotqwxition 

products under comparable conditions. In all cases examined, the addition 

proceeds with trana-stereospecificity and, with terminal alkenea. leads 

mgioaelectively to the exclusive (or predominant) formation of the 

terminal sulphides. The findings are interpreted by assuming that boxwn 

trifluoride transforms the sluggish benzeneaulphenanilides (1) into 

reactive electmphilic species, which can undergo nucleophilic attack at 

sulphur by an alkene, presumably affording episulphonlum-borate ion-pair 

intermediates, in competition with attack by another sulphenanilide unit. 

Sulphenamides are important intermediates in organic synthesis which have proven useful as 

sulphenyl-transfer reagents in the synthesis of sulphides, 
1 

disulphidea, 
2 

trisulphides, 
2b 

sulphenate esters, 
3 

and aulphenamides. 
4 

Bond polarization effects resulting from the difference in 

electronegativity between aulphur and nitrogen in sulphsnamides activate the S-N bond for attack 

by both nucleophilic and electrophilic species and appear to be essentially responsible for the 

chemistry of these conpounds. 
S-7 

Recently we have shown’ that the 3’- and 4’-substituted benzeneaulphenanilides (la-g) suffer 

from smooth decomposition in benzene in the presence of trifluoroacetic acid or boron trifluorlde 

etherate ln a manner largely dependent on the nature of the N-aryl l ubatituent (and its position). 

The anilides (lb-e) afford, in addition to diphenyl disulphide (3) and aniline6 (ad), phenazlnes 

(8) and/or p-quinone di-imines (9) as the ultimate products resulting from decomposition of 

initially formed N-aryl bis(benzenesulphen)imides [ArN(SPhj2]. arising from nucleophilic attack by 

the sulphenanilide nitrogen at the acid-activated S-N bond of another sulphenanilide unit. The 

3’-methoxybenrenesulphenanilide (lf) leads mainly to products arising from sulphenylation of the 

N-aryl ring. whereas disulphide (3) and aniline (4a.g) an the main producta from the 4’-nit- 

and 3’- nitro-benzenesulphenanilides (la and g). During the course of this study it occurred to us 

that coapounda (1) am capable of adding to alkenes in the presence of boron trifluoride etherate 

to give )-arylaminosulphenylation adducta. These findinga led us to undertake a l tudy of the W,- 
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promoted reactiom of the anilides (la-g) with various l lkenes in order to throw light on the 

mechanism involved and explore the potential utility of these reactions in the synthesis of 

g-arylamlnosulphides. A preliminary account of this study hss been previously reported. 
9 

Regicselective 1,2-difunctionalixation of alkenes with a nitrogen nucleophile and a sulphenyl 

group has received considerable attention recently, 
10 

but at the outset of this work additions of 

sulphenamldes to alkenes were virtually unknown. 
loa 

However. shortly after the publication of our 

preliminary account, a number of N-alkyl- and N,N-dialkyl-benxeneulphenamidw have been reported 

to react with alkenes in the presence of trifluoromethaneaulphonic acid to give moderate yields of 

aminosulphides. 
11 

Treatment of the benzenesulphenanilides (la-f) (0.05 I41 in benxene, containing 2 equiv Of 

cyclohexene. with 1.5 equiv of boron trifluoride etherate at room temperature brcught about smooth 

reaction of the starting anilide (la-f) rlthin a few minutes. After hydrolysis of the reaction 

mixtures and column chromatography, the anllides (la-d) gave the trans-arylaminosulphenylation 

adducts (2m-dl in fair to good yields (Table, entries 1-4) in addition to varying amounts of 

diphenyl diaulphide (318 and the corresponding aniline (4a-dl.6 The adducts (51 and (6) xere also 

obtained in 17% oven11 yield from the anilide (1~1, whereas the 2,7-dimethyl- and 2,7-dichloro- 

phenazine (6s)' and (6Dl6 (9 and 4%) could also be isolated from (Id) and (lb). respectively. 

a 6Ph ArNHSPh 
NH-Ar 

(11 (21 

PhSSPh 
-2 

(3) (41 

Ar=C6H5; d: Ar&CH3C6H4 

g: Ar-3-N02C6H4 

a: Ard-NO C H 
2 6 4' 

* b: Ar=4-ClC6H4; c: 

e:Ar=4-ChOCH 3 6 4; f: Ar=3-CH3CC6H4; 

a; R=Ne b; R-Cl 

RoNeNSPh 

(9) 

SPh 

(6) R-H (71 R=OCH3 

SPh SPh 



The reaction mixtures obtained from (lo and f) wewe rather complex. After chromtography, the 

anilide (lo) gave the diaulphide (3) (68%). e-2- (phenylthio)CyClohOx~ol (10) (2%). e-1.2- 

bia(phsnylthio)cyclohexeme (11) (13X), the e-benxoquinone di-hine (9; R=OCH3) (20x). e_mieidlne 

(c) (23%) together with the vinoaulphide (20) (Sx), contaminated by unchanged anilide (lo). The 

sulphenanilide (lf) gave P~henylthl~5-metho~sniline (12) (14%). the compound (7) (2?x) and 

m-anialdine (41) (34%) 4n addition to a mixture of an unknown and the aminoaulphide (2f) (7%). The 

trane-peometry in the aminoaulphide (2a) YM shown by its proton n.m.r. spectrum at 300 MHz which 

clearly exhibited the trana-diaxial coupling of the 6CHCHN eystem in the cyclohexene ring; -- 

moreover, the trane-geometry in the adducta (28) and (2d) wae eetabliehed by epectral identity 

with samples of (2m and d) independently prepared by treatnwnt of trana-1-chlom2-(phenylthlo)- 
.^ 

cyclohexane with silver tetrafluoroborate followed by the appropriate aniline (4a,d).lL For the 

remaining caaea the trana-configuration in the adducte (2) raa assumed. 

Thus the yields of the resulting adducta (2%f) strongly decreaee with lncreaaing the 

electron-donating character of the N-aryl aubetituent (Table , entries l-6). with concomitant 

?&lo. Arylaminoeulphenyletion products obtained from BF3-promoted decomposition of benzene- 

aulphenanili$?a (1) (0.05 I() In benzene in the presence of various alkenea and in 

cyclohexene. 

b 
Entry Benzene- Alkene Product Yield, (Xl 

eulphenanilide ([Alkone]) 

1 (la) 
2 (lb) 

3 (ICI 
4 (ld) 

5 (10) 

6 (If) 
7 (la) 
8 (lb) 

9 (ld) 
10 (1.1 

11 (lo) 
12 (lf) 

13 (la) 
14 (lb) 
15 (14 
16 (lb) 

17 (la) 
18 (lb) 
19 (la) 

20 (ld) 

21 (10) 
22 (ld) 

23 (14 
24 (18) 
25 (ld) 
26 (ld) 

Cyclohexene (0.1 M) 

Cyclohexene (0.1 N) 

Cyclohexene (0.1 W) 

Cyclohexene (0.1 H) 

Cyclohexene (0.1 M) 

Cyclohexene (0.1 IO 

Cyclohexene (neat) 

Cyclohexene (neat) 

Cyclohexene (neat) 

Cyclohexene (neat) 

Cyclcherene (neatJc 

Cyclohexene (neat) 

trane-But-2-ene (d) 

trana-But-2-ene (d) 

cia-But-2-ene (d) 

x-But-2-one (d) 

Gethylpropene (d) 

2-Methylpropene (d) 

Styrene (0.1 H) 

Styrene (0.1 M) 

Styrene (0.1 M) 

Styrene (0.4 H) 

l-Hexene (0.1 HI0 

l-Hexene (2.5 M) 

l-Hexene (2.5 Mjf 

l-Hexenc (2.5 MI 

(24 
(a) 
(a) 
(26) 
(2.1 
of) 
(24 
G?b) 
(26) 

(2.1 
(20) 

(21) 

(17a) 

(17b) 

(lth) 

(1-b) 

(1-1 

(19b) 

(184 

(l&l) 

(180) 

(lea) 

(2w+(2m 

czom~g 

GOd3+(2Id) 

(206)+(2Id) 

85 

82 

66 

56 

4 

7 

94 

81 

80 

27 

38 

25 

88 

78 

88 

79 

80 

77 

96 

61 

98 

90 

91 (77:23) 

50 

48 (73:27) 
h 

56 

a 
Reaction0 were run at nJom tern 

BF3.Bt20, unlees otherwiee etated. 
Pp 

rature for z 15 Fin. in the pre*ence of 1.5 equiv of 

Rem&ion carrFd out for 18 h in the 

preeence 

for 6 h. 

pf 1.0 equiv of B?3.st 0. 

I$olmted yielde. 

Saturated benxene l olution. Reaction carried out 

Raction carried out T or 2 h in the preeence of 1 equiv of BF 
isomer (!&ml wm also formed, but the yield vae not determined (we exp.). 

detemlned by h.p.1.c.. 
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increaee In the formation of productm primarily aecribable to decappoaition of the anilidee (1) , 

imespecttve of the alksne. In fact, the anillde (lo) gives mainly the diaulphide (3). the 

di-lmine (9; R=OCH3), and panisidlne (40). 
8 

wheream the ieomeric anilide (lf) leade effectively 

to the aulphenylated anilide (15)' ae l uggeated by the occurrence of fairly lergs amounta of the 

aminosulphide (7) and the aniline (12). Under the reaction conditions. the initially formed 

benzenseulphemanilide (15) might reaaonably add to cyclohexene to give the dduct (7) or undergo 

deeulphonylation to give (12). 

These findinge indicate that boron trlfluoride traneforme the benzeneeulphenanilidee (1) into 

reactive electrophilic epeciee, preaumebly PhSNHAr+BF3- (13). which can undergo nucleophillc 

attack at sulphur by the l lkene, likely leading to epieulphonium-borate ion-pair intermediates 

(14) and then to the aminoaulphidee (2) (through a mecheniem related to that generally suggested 

for the sulphenyl chloride addition to alkenee), 
13 

in competition with nucleophllic attack by 

unchanped aulphenenilide. ultimately affording the expected decomposition products (Scheme). 
8 

Evidently the efficiency. by which cyclohexene CM trap the BFS-anilide complex (13) in comparison 

with the unchanged eulphenenilide (11, decreases with increasing the electron-donating character 

of the aubetituent. ae a consequence of an enhancement of the nucleophilic power of the 

benzeneaulphenenilide itself. 

As for the occurrence of the aminoaulphidee (5) and (6) in the decompoeition.of the anilide 

(ICI, their formation is aecribable to aulphenylatfon at the ortho end para positions of the 

aniline ring of the adduct (2~1, occurring to come extent under the reaction conditions. A control 

experiment clearly showed that the aminoaulphide (2~) CM react with (1~) in the presence of boron 

trifluorlde etherate to give (5) and (6) (and aniline 4c) (Scheme). 

(la-f)i AI-&F 
!Ph 

3 

(13m-I) 

I 
ii 

- (3) + (4a) 

- (3) + (8b) + (4b) 

- (3) + (4c) 

- (3) + (6a) + (46) 

- (3) + (9; R=ocH3) + (4e) 

- (15) + (4f) 

:Ph ArtiF 
I iX 

(2c) x_ (5) + (6) + (4c) 

6chae. Reagent6 and conditions: 1, SF .Et 0, benzene; ii, cyclohexene; 

iii. (13e),+(la); iv, (13b),+(lb); v, (l&c).2+(lc); vi, (X+d),+(ld); vii, 

(13e).+(le); viii, (13f).+(lf); ix, +BFg.EtpO, icyclohexene; x, +(13c), 

The decomposition of the eulphenanilidee (lr,b,d,e, and f) wu aleo inveatlpated in neat 

cyclchexene. For anllldee (la and b) this did not lead to substantial change (Table, entries 7-6); 

4'-methylbenaeneaulphenanide (ld) exhibited a considerable increase in the yield of the 
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aminoaulphide CM). at the txpOMt of the by-productt diaulphide (31, milino (4d), tnd 

2.7-dimethylphtnaxint (&I, (Table, entry 9). Under these conditions, alao the 4'- mtthoxybtn- 

zentsulphtnanilidt (lo) led to a marked increase in the yield of the corresponding Minotulphidt 

(2e), which could bt itolattd pure in 27% yield; moreover. substantial increate in the yield of 

trans-l,Z-bia(phtnylthio)cyclohtxans (11) (33%) and, e0 a letter extent, of the cyclohtxanol (10) 

(11%) wat concomitantly observed together with a strong reduction in the disulphidt (3) (13%) and 

suppression of the quinone di-imine (9; R=OCH3). On the basis of these results. it might be 

inferred that in neat cyclohtxtnt the BF3-anilidt complex (130) it trapped rather tfftctlvaly by 

the alktne to give the episulphonium ion intermediate. Thin would bt diverted to a coneiderablt 

extent fmm its subsequent reaction leading to the aminosulphidt (201, by undergoing alternative 

reactions probably with the disulphide (31, eventually affording the bit-sulphidt (111, and with 

water to give the cyclohexanol (10). 

In fact, trapping of the tpisulphonium ion inttratdiatt by the disulphidt (3) might give the 

thiwulphonium ion (A), fmm which the compound (11) would be ultimately formed by subetquent 

nucleophilic attack at the activated S-S bond. A similar mechanism ham been put forward for the 

sttrsospeeific formation of the bit-tulphidts rteulting from addition of [(C1C6H4S)2SC6H4Cl]+SbCl~ 

to z- and e-l-phtnylpmptnt. 
14 

The tuggttted involvtment of the disulphidt (3) in the formation of (11) ia supported by tht 

results obtained fmm the decomposition of the anilidt (lo) in cyclohtxtne in the present* of 3 

and 1 tquiv of boron trifluoridt etherate. In the former cast the reaction led to the formation of 

larger (Mounts of the his-aulphidt (11) (46x1, at the expense of the adduct (20) (15%) and the 

disulphidt (3) (4%). whereat in the latter cast a significant incrtame in the yield of tit 

tminotulphide (20) (39%) wnm obatrvtd, the aountt of the diaulphidt (3) and the bit-aulphidt (11) 

remaining mughly constant. Apparently, en increase in the concentration of BFg favoum attack by 

the disulphidt (3) at the oxpease of the more basic arylamino nucltophilt. 

In neat cyclohtxtnt, the 3'-mtthoxybtnztnssulphenanilide (lf) in the prsatnct of 1.5 tquiv of 

boron trifluoridt tthtrate led to the isolation of the aminosulphide (21) in moderate yield (25%); 

the adduct (7) (9x1, the btnztntsulphtnanilide (15) (10x), and 2-(phenylthio)cyclohtxanol (10) 

(10%) wtrt alto obtained, in addition to smell amounts of 2-phenylthic-5-mttholglanlline (12). 

Thtst findings suggest that even under such conditions the reaction of the BF3-anilide complex 

(13f) with unchanged anilide (lf) can still occur effectively. Thtst findings pmmpttd ua to carry 

out the decomposition of the compound (lf) in cyclohtxtnt in the prtetnct of t larger txct~~ of 

boron trifluoridt tthtratt (3 tquiv) in the expectation that an increate in the llrsount of tht acid 

would promote the formation of the BF3-anilide complex (13f). thus favouring its reaction with 

cyclohtxtnt. However, thia reaction did not lead to any appreciable change in the yield of the 

aminosulphide (2f); the only remarkable difference waa tit occurrtnce of larger amounts of the 

coapound (7) (19%). tppartntly at the exptntt of the btnxtntsulphtnanilldt (15). and the 

eyclohtxanol (10) (22%). In the light of these results, the samt reaction vat quenched with 

m-wisidint (2 tquiv) and then hydmlysed aa usual; in much east the yield of the aminoaulphidt 

(2f) (39%) r&t significantly enhanced at the expense of the alcohol (lo). 
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In lins with the postulated intermediacy of epiaulphoniw lona in these addition rowtione, the 

deconpaltion of the 4'-nitrcw and 4'-chloro-benrene6ulphenanilide (la and b) in benzene eaturated 

with tie- IX trana-butr2+na led ntereoapecifically to the formation of high yielda of t.ho cor- -- 

or ery~aminoaulphidea. (16a.b) or (17a.b) (Table, entries 13-16). 

UeCTi- CHUe 
I PllsL 

(16) three 

(17) erythro 

(18) 

(19) 

(20) 

(21) 

RlCH- CR2R3 
I I 

PhS NHAr 

PhCHA'H2SPh 
I 

I+-R2-", R3=Ph 

R1-H, R2-R3=Me 

Rl-R2-H, R3=n-C H 

R1-n-C H 
2 jg 

4 9, R -R =H 

Me 

(22) 

The reaction of the anilidea (la). (ld). and (lg) with styrene (2 equiv) in benzene exclusively 

afforded the corresponding adducta (1L)r.d.g) in a highly regioaelective faahion (Table, entries 

19-U). The yields of the aminoeulphidea (19m)r) and (16g) were quantitative. The eminoaulphide 

(l&l) waa obtained in a fairly good yield and wae accompanied by minor amolltlta of the adduct (22). 

likely resulting from aulphenylation of the compound (18d). as supported by a control experiment, 

which shored that (l&l) reacted with the anilide (ld) under analogous conditions to give (22). In 

the presence of a larger exceaa of atyrene (6 equiv). the yield of the eminoaulphide (l&l) could 

be significantly enhanced at the expense of the compound (22) (Table, entry 22). 

The 4'-nitre and 4'-chlorwbenzeneaulphenanilide (la and b) in benzene saturated with 

2-methylpropene led smoothly to the exclusive formation of corresponding adducts (19a and b); 

thua, the addition to 2-methylpropcne is higly regioaelective. analogoualy to that obaerved with 

atyrene (Table. entriee 17-18). 

In a 1-hexsne(2.5 Ill-benzene mixture the anilide (ld) gave an inseparable mixture of the regio- 

iaomera (206) and (216) (46%) in the ratio of 73:27, aa determined by h.p.1.c.; deaulphurisation 

of this mixture with Raney nickel led to a mixture of the ptoluidinea (23) and (241, which were 

shown by g.1.c. to be in s 70:30 ratio. From this reaction, there waa also separated the diaul- 

phide (3) (16X), l,P-bia(phenylthio)hexane (25) (13%). the alcohol (a) (possibly conteminated by 

its regioiaomer), and ptoluidine (46) (26%). When the reaction wae carried out in the presence of 

equivalent amounta of BF 3 a alight increase in the overall yield of the l dducta (206) and (2ld) 

(56%) raa obtained uith concomitant reduction of the alcohol (26) and the bia(phenylthio)hexane 

(26). 

n-C H CR-CR 
491 I2 

M4HgCH-CH 
I 12 

SPh SPh OH SPh 

Ue 

(23) (2.4) (25) (25) 

The reaction of 4'-nitrobenzeneaulphenanilide (la) in l- hexene (O.lM)-benzene smoothly gave 

the minoaulphida (a.1 (70%) and ita regioiaomer (2lr) (21%). In this case, the reaction time wae 

prolonged for 6 h l ince t.1.c. ahowed significant presence of the QlCOhOl (26) when hydrolyaie of 

the reaction mixtuzw was carried out after a ahorter time. 



In our pmlinlnuy report of thin work ue clalmed that the decapositlon of the enilide (ti), 

carried out in 1-hexene (2.5 W)-benxene for 15 min, led t.a the excluelve formation Of the 

minoeulphide (2Om) in 51% yield; no mention of foxnation of the rOgiOieoWr t-1 M given nince 

t,hie coapound had not been~identified at that time. Our eubeequent reinvestigation of this 

reaction. led ue to the separation of the alcohol (26) (24%). the aminoeulphide (2Om) (50%). the 

aniline (4a) (30%) in l ddltlon to a mixture of two Inseparable products, made up of actually the 

compound (2la) and an unknown. 

In all caeee that we have exunined, the addition of the benxeneoulphenanilidee (1) to terainal 

alkenee hae been found to proceed regioeelectively to give exclusive (or predominant) formation of 

terminal eulphidee (Warkownlkoff-type adducts); thue, the regioselectivity exhibited by these 

addition reactions is coneietent with the intermediacy of epleulphonium ions, 
13b 

in line with the 

evidence provided by the trane-eterecepecificity observed. 

In the light of all our findinge obtained from the preeent study, it may be inferred that the 

benzeneeulphenanilidee (1) can generally react with alkenee in the presence of 1.5 equiv of boron 

trifluoride etherate to give @wylamminoeulphldee. However, the extent to which these reactions 

can lead to the desired adducte depends upon the nature of the N-aryl eubetltuent. Benzeneeulphen- 

enllidee carrying an electron-attracting group appear to give excellent to good yields of 

arylemlnoeulphidee ln the preeence of even a slight exceee of alkene. With anilidee carrying an 

electron-releasing group there is e serious limitation represented by the fact that such anllidee 

are effective nuclwphilic species and thus can effectively cmete with the alkene preeent for 

attack at the S-N bond of another eulphenanilide unit. A further limitation lo that under the 

reaction conditions the resulting arylaminoeulphidee can undergo eulphenylation at the electron- 

rich arylemino ring. Thus, with anilides carrying an electron-donating eubetituent practicable 

yields of erylaminoeulphenylation edducta can be achieved by using a suitably lerge exceee of 

alkene and e proper amount of boron trifluoride etherate. 

8 
The benreneeulphenanilidee (la-g) were prepared M previously reported.8 Reaction producta, 

such aa the anilinee8(4a-g).dlphenyl dleulphide (3), the henasinea (8a,b), 
P5 

the @enxoquinone 

di-imine (9; R=OtH3). 2'-phenylthio-fi'-methoxybenxeneeul- 

ph-ilide 

hexme (11) 
16 

2-phenylthio-5-methoxyaniline (1211,6 

15) t _ Wane-2-(phenylthio)cyclohexanol (101, and trane- 1.2-bia(phenylthio)cyclo- 

were each identified by spectral comparieon with authentic specimen independently 

prepared or commercially available. Column chromatography wae carried out m Merck silica gel 

(0.040-0.~3 particle eiae) by gradual elutlon rlth light petroleum (b.p. 40-70*C)-dlethyl ether 

(20:80). H4.m.r. spectra were generally recorded at 60 MHz on a Varian T60 instrument for 

aolutiona in CDCl with Me Si as internal standard. C.1.c. analyeee were performed on a Varian 

3700 instrument u&g a 5% % P 2250 Supelcoport czfumn. IR spectra were recorded on a Perkin Elmer 

257 spectrometer. The absorption6 ere given in cm . 

Raetim ofmlides (1) in the plwcwu af~.0eneamlPrwa&nw.-Toa 

eolution of the appropriate benxeneaulphe~ilide (la-g) (5-l) in 100 ml of cyclohexene or a 

mixture of benzene and the appropriate alkene wae added boron trlfluoride etherate. ca 47% BF 

(0.95 ml, 7.5 ranol). under vigorous stirring at rmm temperature. After being etirredfor ~a. 12 
min the reaction mixture wae treated with 10% aqueous potaeaium carbonate; the organic layer wae 

then eeparated, the excbee solvent removed and the reeidue chromatogrephed, unleee stated other- 
vies. 

neactial of mm Anilidem (la-f) in oyd.obuaw (o.lH)-.- (a) 4'-Nltrobenzeneeulphen- 
anilide (lm) gave (i) trane-2-(phenylthio)cyclohexanol (10) (0.30 mol. 6%); (ii) tru~-l- 
(ph~ylthio)-2-(4~it.roph~l~ino)~ClOhOx~O (a) (4.25 mol. 85%). U a yellow thick oG_ 

(ccl ) 3430 br, 1600, and 1330; m/z 328 CM'), 218, and 176; 6(300 MHz, CDCl ) 1.2-2.2 (8H,m), 3.0 

(~H,&,J~ 4 end Jt 9.3 Hz), 3.25 (1H.m). 4.0 (lH,br a), 6.4 (lH,d,J 9Hz), 7-g-7.4 (W,m), and 8.04 
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(lH,d,J 9Hz). (Found: C. 66.1; H, 6.05: N. 6.45; S. 9.9. C 8H20N20 S 
6.15; N, 8.55; S, 9.75%); this compound (2a) was identical in al reepec e to the one obtained in ? z 

requiree C, 65.8; H. 

45% yield by treatment of trMe-l-chlor+P-(phenylthio)cyclohexane (2.1 nmol) in NeNO (10 ml) 

with w4 (5 _) 

of a known procedure; 

fj O*C Ged by eddition of 4-nitroaniline (4a) (2 mmol). by an &apt&ion 

and (iii) 4-nitroaniline (4a) (0.7 prmol, 14%). 

(b) 4'-ChlorobenzeneeulphenMillde (lb) gave (i) an unknown product (50 mg); (ii) trans-l- 

(phenylthioj-2-(4-chlorwphenylemino)cyclohexane (2b) (4.10 nwol, 82%) M a thick oil; v-xl 1 

3420 br (NH), 1605 and 150; m/z 317(N+), 208 and 166; b 1.2-2.4 (8H.m), 2.7-3.33 (2H,n), 349 

(lH,br 6). 6.4 (W.d,J 9Hz), and 7.0-7.57 (7H,m). (Fomd: C, 68.3; H. 6.4: Cl, 11.0; N, 4.3; S, 

10.0. C18H ClNS requires C, 68.0; H. 6.35; Cl, 11.15; N, 4.4; S, 10.1%); (iii) 2,7-dl- 

chlorwphenasne (8b) (0.10 smol, 4%); and (iv) 4-chloroaniline (4b) (0.20 rmol, 4%). 

(c) BenzenemulphenMilide (1~) gave (1) dlphenyl disulphide (3) (0.21 amol, 9%): (ii) an 

unidentified product (30 mg): (ill) ~-l-~phe~lthlo~-2-[2-~phenylthio~phenylanino]cyciohex~e 

(6) (0.20 nmol, 8%). ae a thick oil; wnax (CS 1 3390 br (NH), 750, 740, and 695; m/z 391(N+), 
282, 240, 201, 191, 110, and 109; dl.0-2.652(8H,m), 2.83-3.6 (W,m), 5.27 (lH,br d,J 7Hz). 

6.37-6.86 (W,m), 6.95-7.73 (lW,m). (Found: C, 74.0; H. 6.5; N, 3.5; S, 16.25. C H NS re- 

quires c. 73.6; H, 6.45; N. 3.6; S, 16.4 X); (iv) trane-1-(phenylthlol-2-(phenylamino& ?he&ne f 

(2~) (3.3 anal, 66%) ae a thick oil; wax (CC1 1 3415 br (?6iw), 1605, 1505 end 1320; m/z 283 (I('), 
174, 132, and 109; 61.02-2.65 (6H,m). 2.83-3.47 (W.m), 3.95 (lH,br e), 6.4-6.9 (3H.m). and 

7.0-7.65 (7H,m). (Found: C, 75.9; H, 7.35; N. 5.0; S, 11.5. C H NS requires C, 76.3; H, 7.45: N, 

4.95; S. 11.3%); (v) trane-l-(phenylthio)-2-[4-(phe~lthio)ph~6& &ino]cyclohexane (5) (0.22 smol, 1 

9%) ee a thick oil; tmex (CS 1 3405 br (NH), 820, 740, and 695; m/z 391 (N'), 283, 201, 200, 191. 
174, and 132; 61.0-2.7 (@H,m ?, 2.9-3.43 (W.m), 4.13 (lH,br e), 6.43 (2H,d,J 9Hz). 6.94-7.6 (12 

H.m). (Found: C. 74.1; H, 6.4, N. 3.55; S. 16.3%): Md (vi) aniline (4o) (0.46 mmol, 9%). 

(d) 4'-Nethylbenzeneeulphenenilide (ld) gave (i) dlphenyl disulphlde (3) (0.56.nmo.l. 23%); (ii) 

M unidentified product (80 rag); (iii) trMs-l-(phenylthio)-2-(4-methylphenylaino)cyclohexane 

(2d) (2.9 mnol, 58%), as e thick oil:rmex (CC1 1 3400 br(NH); m/r 297 (N+). 191, 188, 146, end 
109; 61.2-2.3 (8H,m), 2.2 (3H.s), 2.7-3.5 (W,:), 3.8 (lH,br 6). 6.33 (W,d,J 9Ht), 6.93 (W.d,J 

9Hz) Md 7.13-7.5 (5H,m). (Found: C, 77.1; H, 7.9; N, 4.6; 11.0. C H NS requires C, 76.7; H. 

7.8; N, 4.7; S, 10.8%). Compound (26) wan Identical in all respects v l9 T&l that prepared in 48% 

yield frw e-1-chloro-2-(phenylt.hio)cyclohexane by a procedure analogous to that employed for 

the corresponding preparation of (2a); (iv) 2,7-dimethylphenazine (8a) (0.23 mmol, 9%); Md (v) 
e-toluidine (4d) (0.93 mmol, 19%). 

(e) 4'-NethoxybenzenesulphenMilide (10) gave (i) diphenyl dieulphide (3) (1.45 nmol, 58%); 

(ii) 1,2_bie(phenylthio)cyclohexane (11) (0.32 mol, 13%); (iii) 100 mg of a mixture of products 

made up of unreacted anilide (1s) and trane-lfphenylthio)-2-(4-methoxyphenylamino)cyclohexene 

(20). C.1.c. analysis of this mixture carried out‘by using pure (20) independently obtained (vide 

infra) ae reference showed that the yield of (20) wae 2. 4%; (iv) trane-2-(phenylthio)cyclo- 

hexenol (10) (2%); (v) N-(4-methoxyphenyl)-N'-phenylthio-e-benzoquinone di-imine (9: R=OCH3) (0.5 

mmol, 20%); end (vi) E-enisidine (4e) (1.15 mmol, 23%). 

(f) 3'-Nethoxybenzeneeulphenanillde (lf) gave (i) e-1-(phenylthiol-2-[2-(phenylthio)-E- 

methoxyphenylemino]cyclohexane (7) (0.68 nmol. 27x), ae a thick oil; vmax (CS ) 3380 br (NH). 

2840, 755, 740, and 695; m/z 421 (M'), 312. 270, 191, and 160: 6 1.03-2.5 &H.m). 2.83-3.57 

(2H,m). 3.77 (3H,e), 5.3 (lH,br e), 6.07-6.43 (W,m), 7.1-7.6 (llH, ml. (Found: C. 71.0: H, 6.35; 

N, 3.4: S. 15.0. C 5H27NOS requires C, 71.2; H, 6.45: N, 3.3; S, 15.2%); (ii) an inseparable 

mixture of trane-1-(p enylth o)-2-(3-methoxyphenylamino)cyclohexane _._st (2f) end M unknown (350 mg); 

the yield of (21) wee found to be 5. 7% by quantitative g.1.c. analysis of thie mixture carried 

out by using purw (2f) independently obtained (vide infra) ae reference; (iii) 2-phenylthic-5- 

methoxymiline (12) (0.68 mmol, 14%); (iv) an unknown product (40 mg); and (VI m-Mlsidine (4f) 

(1.67 mnol, 34%). 

Reaction of the &till&m (la.b,c.d,e and f) in Cyclahexene. (a) 41-Nitrobenzeneeulphenani1ide 

(la) gave (i) trace amount6 of diphenyl dieulphide (3) and (Ii) the adduct (2m) (4.7 mnol, 94%). 

(b) 4'-Chlorobsnzeneeulphenanilide (lb) gave (1) diphenyl dieulphlde (3) (0.25 mmol, 10%); (ii) 

the adduct (2b) (0.41 lnnol, 81%); and (iii) e-ohloroaniline (4b) (0.4 mmol. 8%). 

(c) 41-Nethylbenzenesulphenanilide (ld) gave (i) diphenyl dieulphide (3) (0.26 mmol, 10%): (ii) 

the adduct (2~) (4.0 nmol. Box); and (iii) E-toluidine (44) (0.45 mnol, 9%). 

(d) 4'-NethoxybensenesulphenMilide (lo) gave (1) dieulphide (3); (ii) 1,2-bie(phenylthio)- 

cyclohexane (11); (iii) trM~-2-_(phOnylthio)CyClohOxMOl (10); (iv) e-anieidine (4e); and (v) 

trane-l-_(phenylthio)-2-(4-methoxyphenylamino)cyclohexMe (20) (1.35 naol, 27%). 

-vmex (CC14) 3390 br (NH) Md 2840; m/z 313 (II'). 204, and 162; 

ae a thick 

oil; ~ d1.2-2.45 (M,m), 3.0-3.3 

(W,m), 3.6 (lH.br 01, 3.77 (3H,e), 6.57 (2H,d,J 9Hs), 6.87 (W,d.J 9Hz). and 7.23-7.67 (5H.m). 
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(Found: C, 72.5; H, 7.25; I, 4.5; S, 10.46. C19H 3NOS NXIUiM: C. 72.8; H, 7.4; N, 4.45; S, 

10.25%). puantititive g.1.c. ~alysis of an aliquo Z of the reaction mixture gave (3) (13%). (20) 

(27%). (10) (11%). and (11) (33%). 
The reaction of the anilide (lo) in the presence of 1 equiv of SF .Et 0 was carried Out for 18 

h. After hydrolysis, quantitative g.1.c. determination of the reactjon $wducts gave (3) (11%). 

(20) (38%). (10) (5X), and (11) (38%). 
The reaction of the anilide (lo) in the presence of 3 equiv Of SF .Et20 gave (3) (4x), (20) 

(15%). (10) (7%), and (11) (46%) as determined by quantitetive g.1.c: analysie of the reaction 

mixture. 

(e) 3'-Wethoxybentenesulphsnanilide (lf) gave (i) 2'-phenylthic+5'-methoxybenzsnesulphenanilide 

(15); (ii) the adduct (7). (iii) trans-l-(phenylthio)-2-(3-methoxyphenylamlno)cyclohexane (2f) 

(1.25 nmol, 25X), as a thick oil; rmax (CCL 1 3410 br (NH) and 2840; m/z 313 (M'), 204. 162, and 
109; d 1.2-2.5 (8H,m), 2.93-3.23 (2H,m), 3.4 (3H,s), 4.0 (lH,br s), 6.0-6.37 (3H,m) and 6.87-7.6 
(6H.m). (Found: C, 72.1; H, 7.3; N, 4.35; S, 10.4%); (iv) 2-phenylthio-5-methoxysniline (12); and 

(v) m-anisidine (41) (1.15 mnol, 23%). 

Quantitative g.1.c. analysis of an aliquot of the reaction mixture gave (2f) (27%), (7) (9x), 

(15) (10%). (10) (10x), (11) (3%). and (12) (3%). 
The reaction of (If) in the presence of 3 equiv of BF3.Et20 gave (2f) (28%), (7) (18%). (10) 

(22x), and (11) (3%) as determined by quantitative g.1.c. analysis. When the sams reaction was 

quenched with m-anisidine (2 mmol) after ~8. 10 min. and then hydrolyasd, g.1.c. analysis gave 

(2f) (39X), (7) (13X), (15) (8x), (10) (3X), and (11) (4%). 

Reaction of theAnili&m (lamdb) in tie ad tra1u-But-241~+ saturated &nurw. (a) With 

cis-but-2-ene the 4'-nitrobsnzenesulphenanllide (la) gave _ 

phenylamino)butane (16a) (4.40 nmol, 

three-2-(phenylthio)-3-(4-nitro- 

68%). m.p. 94-%OC: vmax (CC14) 3440 and 3420 sh (NH), 1610 

and 1335; m/z 302 (MI), 165, 138, and 119; 61.3 (bH,d,J 6Hz). 3.2-3.9 (2H.m). 5.0 (lH,d,J 8Hz), 

6.28 (2H.d.J 9Hz), 7.2-7.5 (5H,m), and 8.0 (W,d,J 9Hz). (Found: C, 63.0; H. 6.1; N, 9.3: S. 

10.45. C16H18N202S requires C, 63.55; H. 6.0; N, 9.25; S, 10.6%). 

(b) with m-but-2+ne the anilide (la) gave erythro-2-(phenylthio)-3-(4_nitrophenylamino)- 

butane (17a) (4.40 mnol, 88%). as a yellow thick oil; vmax (CC1 ) 3420 br (NH), 1600. and 1330; 
m/z 302 (a'), 165. 138, 119 and 109: 61.31 (JH,d,J 6Hn), 1.42 (jH,d,J 6Hz), 3.2-4.0 (2H.m), 4.97 

(lH,d,J 8Hz), 6.4 (2H.d.J 9Hz), 7.2-7.5 (5H,m), and 8.1 (2H,d.J 9Hz). (Found: C, 62.65; H, 5.95; 

N, 9.35; S, 10.7%). 

(c) With a-but-24ne the 4'-chlorobsnzenesulphenanilide (lb) gave (1) diphenyl disulphide (3) 
(0.25 nmol. 10%); (ii) threo-2-(phenylthio)-3-(4-chlo+rophenylamlno)butane (Mb) (3.95 mol, 79x), 

m.p. 53-5doc: rmnx (CC14) 3450 br (NH); m/z 291 (M ), 154 and 138; 61.2 (BH,d.J 7Hz), 3.3-3.8 

(3H,m; 2H,m, after D20 shake), 6.27 (ZH.d,J 9Hz), 7.03 (ZH,d,J 9Hz), and 7.1-7.55 (5H,m). (Found: 

C. 65.2; H, 6.25; Cl, 12.05; N, 4.9: S, 10.85. C H ClNS requires C, 65.85: H, 6.2; Cl, 12.15; N. 

4.8; S, ll.C%): and (iii) O-chloroaniline (4b) (b!5381mnol, 11%). 

(d) With e+ut-2-ene the anllide (lb) gave (i) diphenyl dlsulphide (3) (0.3 mmol, 12%); 

(ii) erythro-2-(phenylthio)-3-(4-chlorophenylamino)butane (17b) (3.9 mnol. 78%), as a thick oil; 

rmax (CC1 ) 3400 br (NH); m/z 291 (M+), 154, and 138; 61.22 (3H,d.J 7Hz), 1.34 (JH,d,J 7Hz) 

3.2-4.0 (&m; 2H,m, after D 0 shake), 6.33 (2H.d.J 9Hz). 7.07 (PH,d,J 9Hz), and 7.17-7.33 (5H,m) 

(Found: C, 65.35: H, 6.15; $1, 12.05; N, 4.85; S, 11.1 X); and (iii) 4-chloroaniline (4b) (0.6 

lmlol. 12%). 

The threo- and erythro-compounds (16m,b) and (17a.b) were identical with those prepared in 
35-45X yield from threo- and erythro-2-chlom3-(phen.ylthio)but.ane, respectively. by the same 

method as described above for the preparation of (2a) from l-zhloro-2-(phenylthio)cyclohexane. 

Reaction of t&s Anilidw (la and b) in 2-llathylp1wpew- utrartad Benrene. (a) 4'-Nitro- 
benzsnesulphenanilide (la) gave (i) a mixture of disulphide (3) and an unknown (60 me); (ii) 

l-(phsnylthio)-2-(4-nitrophenylamino)-2-methylpropane (19a) (4.00 mmol, 80x), as a yellow thick 
oil; vmax (CS ) 3430 (NH), 1330, 835, 740, and 695; m/e 302 (M'), 179. 133, 124, and 123;61.5 
(6H,s), 3.33 hH,s), 4.9 (lH,br a), 6.55 (ZH,d,J 9Hz), 7.05-7.55 (5H,m), and 8.05 (W,d,J 9Hz) 

(Farnd: C, 63.85: H, 6.05; N, 9.1; S. 10.65. C H N 0 S requires C, 63.55: H, 6.0; N, 9.25; S, 

10.6%); and (iii) 4-nitroaniline (4a) (0.45 mnol. 169#?.2 2 

(b) 4'-Chlorobenzenssulphenanilide (lb) gave (i) a mixture of unidentified pl-oducts (20 mg); 
(ii) l-(phenylthio)-2-(4-chlorophenylamino)-2-methylpmpans (19b) (3.85 mnol, 77%), as a thick 

oil; *mx (IX 1 3430 (NH), 840, 740, and 695; m/z 291 (U*). 168, 133, 132, and 123; 61.4 
(bH,s), 3.17 (&,s), 3.70 (lH,br s), 5.27 (W.d,J 9Hz). and 5.6-6.13 (7H.m) (Found: C, 65.4; H, 

6.15; Cl, 12.1; N, 4.85; S, 11.1. C16H1 ClNS raquires C. 65.85; H, 6.2; Cl, 12.15; N. 4.8; S, 
11.0%); and (ill) a mixture of 4-chloro.m line (4b) and, probably. B 

pan01 (110 
1-(phenylthio)-2-mfthyl-2-pm- 

7): umx(CS2~ 3550 (OH), and 3495 and 3400 (MHz); m/z 182 (C10H140S ), 129 and 

127 K6H6ClN 1, 124, 123, and 59. 
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&mctlm of me Anflldaa (la.& ad g) In Sm (0.1 Ill-Bansaw. (al 4'-NItrobenxane- 
sulphenanIlIde (la) pave l-phsnyl-l-~4nItmphenylamino~-2-~pher\ylo~eth~e (l&l (4.9 mol. 

98%). m.p. 113-115ec; xmax (CHCl31 3420 br (NH), 1605, and 1320; m/x 350 (I( 1. 227. 181, and 124; 

63.0-3.6 (2H.m). 4.5 (lH,n, collapsing to dd,J 4.8 Md 8.8Hz, upon D 0 exchange), 5.6 (lH.d,J 5Hz, 

removed upoh D20 oxchapel, 6.42 (2H.d.J 9Hx1, 7.3-7.5 (10H.m). and 8.03 (W, d,J 9Hr.l. (Found: C, 

68.1; H, 5.15; N, 8.05; S. 9.2. C20H18N202S requires C, 68.55; H, 5.2; N, 8.0; S, 9.15%). 

(bl 3'-NitrobenxenesulphenMIlIde (lgl gave l-phenyl-1-(3-nitrophenylamino)-2-(phenylthlol- 

ethsle (1-j (4.9 mnol, 98x1, m.p. 94-96OC; vmax (CHCl ) 

(N+l, 227, 181, a 

3420 br (NH). 1625, and 1345; m/x 350 

and 124; 62.87-3.67 (W,ml, 4.47 (1H. d,J 5 and 8.5 Hz). 4.6 (lH,s), 6.9-7.67 

(14H.m). (Powid: C. 68.3; H. 5.25; N, 7.95; S, 9.1 Xl. 

(cl 4'-NethylbenzenesulphenMilIde (la) gave (11 diphenyl disulphide (31 (0.45 Sol, 18%); (ii) 

l-phenyl-l-~2-(phe~lthio~-4-met~lphenylamino]-2-~pheny1thlo~ethane (221 (0.5 mmol, 20%1, as a 

thick oil; rmax (Ccl41 3400 br (NH); m/x 427 (N+l, 304, 218, 109, and 105; 62.17 (3H.61, 2.9-3.3 

(2H.m); 4.03-4.5 (lH,ml, 5.6 (lH,d.J 5Hs), 6.13 (lH,d,J 9Hx1, 6.95 (lH.dd.J 2.5 and 9 Hz). and 
6.97-7.47 (16H,ml. (Found: C. 75.3; H, 5.9; N, 3.25: S, 14.85. C 7H25NS 

5.9; N. 3.3; S, 15.0%); (iii) 1-phenyl- 1-(4-methylphenylaminol-2- phenyl T 

requires C, 75.85; H. 

2thio1ethane (led) (3.05 

Mel, 61%). m.p. 73-74OC; xmax (CC1 ) 
(3H,s). 2.83-3.4 (W,ml, 4.1 (lH,sP, 

3420 and 3380; m/z 319 in+), 196, 195, and 194; b(CC1 1 2.1 
4.21 (1H.dd.J 4.6 and 8.8 Hz), 6.23 (2H.d.J 8.5Hxl: 6.77 

(PH,d.J, 8.5Hx1, and 7-7.4 (10H.m). (Found: C, 78.7; H, 6.6; N, 4.35; S. 10.1. C21H21NS requires C, 

78.95: H. 6.65; N, 4.4: S, 10.05%); (Iv) e-toluidlne (46) (1.4 Mel, 28%). 

Reaction of the Anlllda (la) In sm (0.w1-ElMsanl. This reactIon gave l-phenyl-l-(4- 

methylphenylaminol-2-(phenylthiolethane (l&l) (4.5 Mol. 90%) in addition to small Mounta of 

disulphlde (31 and ptoluidlne (4dl (2 and 4% respectively). 

Rem&Ion of the AnllIdem (la and d) In l%xene18(2.SE1-B~. (al A'-NItrobenxene- 

sulphenanIlIde (la) gave (I1 1-(phenylthiol-2-hexMo1 (26) (1.2 mmol, 24X1, as M 0il;VMx (CS ) 
3550 br (OH), 740, and 695; m/x 210 (M+l, 124, 123, 110, and 109; dO.7-1.87 (9H,m), 2.4-3.5 

(3H,ml, 3.67 (lH,br 61, and 6.83-7.57 (5H. br 6); (ii) an Inseparable mixture of the compound 
(21s) (see later) and an unknown (330 mg); (ill) 1-(phenylthiol-2-(4-nItrophenylamino)hexane (2Oal 

(2.5 nmol, 50%1, as a yellow thick oil; rmsx (CS ) 3420 and 3400 sh (NH), 1330, 840, 745, and 
695; m/x 330 (M'l, 207, 161, 151, 124, and 1 3; H 60.9-1.7 (9H,m), 3.03 (W,d), 3.4-3.8 

(lH,m), 4.93 (lH,d,J 8Hx1, 6.3 (W,d,J 9Hx). 7.1-7.33 (5H,m), and 7.95 (2H.d.J 9Hz). (Found: C, 

65.0; H, 6.75; N, 8.6; S. 9.75. C H N 0 S requires C, 

Y222 4-nitroanillne (4al (1.5 mnol, 30% 

65.4; H, 6.7; N, 8.5: S, 9.7%); Md (iv) 

(b) 4'-MethylbenxenesulphenanllIde (Id) gave (I) diphenyl disulphide (3) (0.4 M01, 16%); (II1 

1,2-bla(phenylthIo1hexMe (251 (0.33 mnol. 13%). as M oil; wmax (CS 1 750, 740, and 695; m/x 302 
(Hi), 193, 179, 123. 110, and 109; 60.7-2.1 (9H.m). 2.73-3.43 (&,m), Md 7.1-7.43 (lOH.m). 

(Found: C, 71.6; H, 7.3; S, 21.35. C H S requires C. 71.5; H, 7.35: S, 21.2%); (Ii11 an 

unidentified oily product (140 mg, 0.34 MO , l8 P ?4%); rmax (Ccl41 3400 br (NH); m/z 407 (C25H NS 1 

298, 284, 215, 119 and 117; (Iv) a mixture of 1-(phenylthiol-2-(4-methylphenyle.mlno1hexane 2920& 

and 2-(phenylthiol-1-(4-methylphenylaminolhexMe (216) (2.4 mnol, 48%); rmex (CC1 1 3420 and 

3390 sh (NH); m/z 299 (N'), 189, 176, 123, 120. and 110;60.7-2.0 (9H,ml, 2.23 (3H,sfl, 2.73-3.83 

(4H,m), 6.33-7.67 (9H,m). (Found: C, 76.45; H, 8.35; N, 4.75; S, 10.8. ClgH 5NS requires C, 76.2; 

H. 8.4; N, 4.7; S, 10.7%). H.p.1.c. analysis on a Cl8 ErbasIl column us ng acetcnitrile-water T 

(70:X1 v/v) as eluant showed the two components to be In :$27 ratio. 

Treatment of this mixture (450 mgl with Raney nickel (3 gl in absolute ethanol (30 ml) at 

room temperature for 24 h gave a mixture of N-(2-howl)- and N-(l-hexyll-e-toluldlne (23) and (2Al 

in 80% yield; ~max (CC14) 3440; m/z 191 (H*l. The two isomeric g-toluidines (231 and (24) were 

present in ~a. 70:30 ratio, 8s indicated by g.1.c. 
g 

alysis by comparison of their retention times 

with those of authentic compounds (231 and (241 prepared In z. 50-60% yield by refluxing 

P-bmmo- or 1-bmmo-hexane (10 mm011 and ptoluidine (10 rrmoll In 95% ethanol (30 ml) containlnp 

potassium hydroxide (10 mnoll. The hltherto unknown ptoluidine (23) was an oil: 1max (CC1 1 3440 

(NH); m/x 191 (We), 176. 134, 119, 118, 117, 106. Md 91; b 0.73-1.8 (12H,ml, 2.27 ?JH.sl, 

3.13-3.7 (W,m), 6.6 (2H,d,9Hzl, and 7.1 (2H,d,9Hxl. iv1 1-(phenylthlol-2-hexMo1 (261 (0.4 mol. 

8%); and (vi) ptoluidine (4dl (26%). 

The same reaction. carried out for 2 h in the presence of 1 equiv of BF .Et 0, gave (I) 

diphenyl disulphlde (31 (0.35 nmol. 14%); (ii) 1,2-bIs(phenylthiolhexane (251 ?O.& maol. 2%): 

(ill) an unidentified oily product which was Identical to pmduct (III) obtained from the 

corresponding reaction In the presence of 1.5 equiv of BP .Et 0 (200 lag, 0.50 u!tnOl, 20%); (iv) a 

mixture of the IsomerIc adducta (206) and (216) (2.8 Mel, &l< (v) l-(pheiwlthIo)-2-hexanol (261 

(0.2 rrmol, 4%); and (vi) g-toluidine (4dl. 

Reaction of the Mllde (la) in l-Hexene (0.1 rbBeMaIe. This reactibn WUI carried out for s. 

6 h. After usual work-up, chromatography gave (I1 diphenyl disulphide (31 (0.05 Mel, 2%); (II) 
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2-(phenylthlo)-1-(4+itrophenylamlno)hexmO (21d (I.05 mol. 21x1, M a yellw oil: VQU (a ) 

3440 and 3400 sh (NH), 1340, 835, 750. and 695; m/z 330 (M+). 220, 180, 179, 177, and 15 f; 

60.7-1.73 (9H.m). 3.13-3.37 (3H.m), 5.15 (lH,br t), 6.45 (2H,d,J 9Hz). 7.2-7.6 (5H.m). ad 8.05 
(W,d,J 9Hz). (Found: C, 65.65; H, 6.65; N. 8.4; S, 9.65. Cts"22"20~~yu;;y; ;,;~.4;$.',6~; 
N, 8.5; S, 9.7%); (iii) I-(phenylthio)-2-(4~itx-ephenyl~ino eXMe 

(iv) 4-nitromnlline (4a) (0.25 naol, 5%). 
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