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1,3,2-Dioxanhosnho1ene-Sulfenyl Chloride Condensation. 

ABSTRACI' 

1,2-0iketones react with trivalent phosphorus compou~ds 

to form 1:1 adducts (or substituted 1,3,2-dioxaphospho1en~s). 

These 1,3,2-dioxaphospho1enes undergo facile condensation 

with su1feny1 ch10rides. The na~ure and the number of products 

depend on the structure of 1,3,2-dioxaphospholene. The 1:1 

adcluct from benzi1 and trimethyl pho~phi te, ~ondense,:. \'Ii th a 

wide varie-.:y of sulfeny1 chlorides to forro c:C.-benzoyl- c.(-chlc,r::-, 

benzyl su1:fides and trimethyl phos?hate. In additior., the 1:1 

adduct from benzil and tris(dimethylam~n~)phosDh~ne~ r.cacts 

with p-to1uene sulfenyl chlorid~ afforèing ~-ben7o~1- d~~h:oro 

benzy1-p-tolyl sulfide and hex~~ethyl ?ho~phor~~id~. In 

contrast ~ the adduct from biacetyl and tri.me~ .. hyl?hcs-;:hi te 

condenses t~ith benzene)and ethane scl~~nyl chlor~ùcs to forro 

a I:lixture of 'Oroducts ident ified ~s cC-acetyl- ~-ch loroet l">y 1-

phenyl (or .?"Chy1) suli'ide, trinethyl phosphate, c'.-acetyl- a:..-

phenyl (cr ethyl) th io -ethyl-dimethyl phosphat? ;.n(~ :::et hyl 

chIoride. 

The conè.~nsatjo:l is rd.th):-!~lizerl in ~err~5 01 il ":u!-



Trichlorosilane and tri-n-butylamine dechlorinate 

oC-chloro- ~-ketosulfides to the corresponding p-ketosulfides. 

~-Benzoyl- ~chloro benzyl sulrides react with potassium 

thiocyanate to give 4-thio-substituted-5,5-diphenyl-3-oxazoline-

2(lH)-2-thiones. 

The mass spectra of a variety or ~chloro-p-ketosul­

rides, p-ketosulfides and 4-thio-substituted-S,5-diphenyl-

3-oxazoline-2(lH)-2-thiones are discussed. 
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Chanter l 

Introduction 

(Throughout the text substituted 1,3,2 - dioxaphospho1enes 

are refcrred to as 1:1 dicarbonyl-phosphine adducts for 

clarity. The nomenclature is discussed on pag~ 9.) 



INTRODUCTICN 

Bonding for carbon·can only be described in terms of s 

and p orbitaIs, because the 2s --Jo 3d promot ional energy for 

carbon is too high for effective use of d-orbitals. However, 

for phosphorus the 3s~3d promotional energy is relatively 

lowj consequently a greater contribution of 3d energy levels 

is anticipated in its bonding. This leads to a reduced electro-

negativity and greater polarizability in phosphorus and these 

two properties are ma~nly responsible for the different struc-

tures and reactions of the compounds of phosphorus and those 

of carbon. l ,2 

Considering the structure of phosphorus compounds, 

the ability of phosphorus to form 5 and 6 co-ordinated com­

pounds (for example, 1 3 ,24 , 3 5 , an~ 4 6 ) with central shells of 

la and 12 electrons suggests strongly that at least two 3d 

orbitaIs May be used in their bonds. 

A 
0')p/"'O 

ty;61'OCH 3 
OCH3 

~ -
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Furthermore, the reactions of most phosphorus compounds 

(trivalent ohosphorus compounds in particular) display the 

"amphoteric" or "biphilic" characteristics of phosphorus. 

This phenomenon was first recognized in the coordination 

chemistry of phosphine complexes. 7 The ~-donor and 7\-acceptor 

properties of phosphines in coordination compounds led pearsonB 

to describe them as "biphilic reagents". According to him 

the term "biphilic reagents" refer to ligands which can donate 

electrons to a substrate to form a ~-bond and simultaneously 

accept electrons at the same centre to form a 7'-bond. This 

dual role is attributed to the relatively high polarizability 

of phosphorus which means that the atom can be deformed easily 

by both electroohiles and nucleoohiles. The greater radius 

of phosohorus comoared with that of carbon leads to a con­

siderable reduction in repulsion energy on the approach of a 

nucleophile. 

Some new reactions or trivalent phos?horus comoounds 

demonstrated that the "biphilicity" of phosphorus could also 

he described by the cS"'-donor and 6'-acceptor oropert ies. 

This led Kirby and Warren9 to extend the definition of biphilic 

reagents to include these new reactions. The term "biohilic 

reagents" is no\'l !I1odified to describe compound!; which can don­

ate electrons to a substrate to form a eï-bond and also accept 

them at the same centre to form a second c;- or A bond. The 

f'ollowinq ex:'\r:Jrllf!S illust:rate the various tyPes of binhilic 

r~rlctions of ohnsohorus. 
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o-"'-donor- 7r -acceutor ~vstems. 

(a) Donor-accentor stMaes ~imultaneous. 

Phosphine-carbene reaction.
IO 

+ :CHR' 

Phosphine-azide reaction. ll 

+ + 
+ N=N=NAr --7 R3 P-N-N=NAr --,. R3P=t~-N=NAr 

(b) Donor-accp.ntor staaes ~Quarate. 

R3 P=O 
---~) + 

PhCH=CH2 

C5""-donor- ()-.:\ccp.ntor c:vstC?ms. 

Chlorinc-phosphorus trichloride reaction. 14 

+ 
+ 

Cl
2 

-.,. PCl4 Cl --~) PCI
S 

TrialkylnhosPhite-I,2-diketone reaction. 1S 

R 
'C:::;::::O 

1 + 
C:::::::::O 1/ 

R 

",OR 
:p.-OR 
'oR 

+ R'-CI 
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Reactions of trivalent nhosnhoru~ comnounds \Vith oC-dicarbonvl 

comnound~. 

In 1955, Horner and Klupfel16 found that triphenyl-

phosphine readily reacted with o-benzoquinones to give 1:1 

adducts for which the authors ravoured a phosphonium enolate 

structure 2-. 

> ~~P~h ~6 'Ph 
5 

Later, Schenk et, al. 17 obtained al: 1 adduct by both a 

photochemieal and a thermal reaetion or 9,lO-phenanthrene-

quinone with triohenylphosnhine. They assigned this adduct 

a eyelic structure ~ based on spectroscopie studies. 

> 
0" ft'h 

"'O/'p'P:
h 

.!.. 
18 

In a series of papers starting in 1958, Kukhtin et, al. 

studied the reaction between phosphites and 1,2-diearbonyl 

compounès and nostulated several structures for intermediates 

and final ':)roduets. 

y 
~O 

') severa' produ~:~s 
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About the same time, Birum and Dever19 reported a variety 

oÎ 1:1 adducts from 1,2-dicarbonyl derivatives and trivalent 

phosphorus compounds. They assigned a cyc1ic structure L 

to these adducts based on 31 p nmr studies. 

.z 
In 1960, Ramirez et, a1. 20 started an in depth study of the 

reaction ~etween tria1ky1 phosphites with 1,2-dicarbonyl com-

pounds rtnd the structures oÎ the final oroducts so obtained. 

These workers considered the fol1owing possible structures 

Îor 1:1 adducts. 

R' 0 
T ~ ) R'COC-PlOR 2 

OR 
10 

9 

13 
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For structural studies, the adduct formed between 

biacetyl and trimethylphosphite (ie; R=R'=CH3 :) was consid-

ered in detail. 

Infrared Snectrum: 

The ir spectrum of the biacetyltrimethylphosphite 

adduct s."rnled no absorption due to a carbonyl group. This 

excludes structures ~, ~ and 10 from further consideration. 

The P=O stretching vibration in phosphate esters gives rise 

-1 
to a strong band in the region 7.42-8.00 !L(I350-l250 cm ), 

but the shape and intensity of the bands of the adduct in this 

region are not those of a typical phosphate ester. AIso, 

the P-O-CH3 group of trimethylphosphate absorbs very strongly 

-1 
at 9.55 ~ (1045 cm ). The strongest bands of the adduct 

are at 9.18 (1090) and 9.30 f4(1075 cm-I ) , significantly 

lower than the band of the trimethylphosphate. Structure 11.., 

which is a methylohosphate ester, is inconsistent with the 

inrrared spectrum of the adduct. 

3Ip n~r snectrum: 

The 3Ip nuclear magnetic resonance signal due to the 

adduct is at a higher field (+ 53 ppm) than 85% ohosphoric 

acid, which is used as external reference. This observation 

indicates that ohosnhorus is more shielded in the adduct 

than in ohosohoric acid. The 3Ip nmr signal is split into 

ten Iin~s indicating that ohosohorus is counled to nine 

crotons. ln structures 12 and 13, ~hc nhosohorus nuclpus j5 
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in the environment of nine methoxyl protons which could be 

couoled to phosphorus giving rise to ten.lines. 50, the 

chemical shift becomes the deciding factor to determine the 

structure of the adduct. Even though at present, one cannot 

relate chemical shifts to molecular structure in aIl valence 

states of phosphorus, some comparisons with related compounds 

can be made (see Table 1 on page 8.). From the Table 1, it 

is observed that there is a positive chemical shift as oxygen 

atoms are introduced on phosphorus. The large positive chemica1 

shifts observed in the adducts strongly suggest an oxyphosphor­

ane structure 13 rather than an open dipolar structure la. 

IH nmr snect rum : 

The lH nmr spectrum of the 1:1 adduct showed a doublet 

at 10w field 6.56 ~ (JHP = 13 HZ) and a sing1et at 8.25 'ê . 

The doublet at low field is assigned to the Ot3 0 groups, 

in which the proton signal is s~lit by the phosphorus. There 

is one doublet on1y, therefore the three methoxy1 groups are 

either equivalent or indistinguishab1e. The essential fea­

tures of the spectrum are not altered when the adduct was 

dissolved in carbon tetrachloride. The methoxyl protons of 

trimethylohosohate show the doublet at somewhat Iower field 

6.307{JHP = 13 HZ) that the doublet of the adduct. The 

methoxyl orotons anoear therefore to he more shieided in the 

adduct than in trimethylphosphate. AIso, the position of the 

high field methyl singlet (8.25 ~) in the adduct is very clos~ 

to that of a methyl qrou~ attachcd ta a carbon-carbon double 



Table 1 

3tp nmT Chpmicnl Shifts S31pl of Some Phosphorus Compounds in Different Valence States • 

çomnnund .;3lp t\ ~3l a l"31 a Comoound (.) P Comoound <J> P Comoound s31pa 

(ClI30) 3P -140.0b 
(CH3O)3P=O - 5.2 

b + e 
(CH30) 4 PBF 4 - 1.9C 

b 
+ 1.0d + e 

+24.0
c 

(C2HSO) sP +70.7
e 

(C.)lI r- O) 3P -137.0 (C2HsO)3P=O (C2HSO)4PBF4 .. ;J 

(C61IS0)3P -126.0b 
(C6HSO)3P=O +17.0

d 
(C6HSO) sP +8S.6

e 

(~) The ch~micn1 shifts were reported in ppm using phosphoric acid (85%) as externa1 standard. 

(b) "Topics in Phosphorus Chemistry", Vol. 2., lnterscience Pub1ishers lnc., New York, N. Y. 1967, 
Olo'\ pt cr 5. 

(c) Fin1ey, J.H., Denney, D.Z. and Denney, D.B., J. Amer. Chem. Soc., 2.L 5826 (1969). 

(d) Denney, D.B., and RelIes, H.M., ibid., 8~, 3897 (1964); Denney, D.B., and Gough, S.T.O., ibid., 
81., 138 (1965). 

(e) I~nmir('z, F., Bigler, A.J. and Smith, C.P., J. Amer. Chem. Soc., 2.Q., 3S07 (1968). 

Q) 
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bond. The 1H nmr spectrum oI the adducts is compatible with 

structure 13. The equiva1ency oI methaxyl protons in the 

adduct. could be exp1ained as due to the pseudorotation oI the 

P-Q bonds, by which the methoxyl groups can be interchanged 

without rupture oI P-Q bond.
21 

The possibility oI a rapid 

equilibrium between the oxyphosphorane 13 and very small 

amounts oI a dipolar structure ~whereby the methoxyl groups 

can exchange positions, has also been suggested to account Ior 

the equiva1ency oI the methoxyl protons. 

Other 1: 1 adducts oI oG-diketones and o-quinones 

with tertiary phosphites diso1ayed similar characteristics 

. .. 31 1 20. . 1n the1r 1r, P nmr and H nmr spectra. These s1ID11ar-

ities strongly suggest that aIl the adducts have the sa.~e 

type oI cyclic unsaturated oxyphosphorane structure 13. 

According to the nomenclature, structure 13 is regarded as 

a derivative oI the 2,2-dihydro-l,3,2-dioxaphosPholene 14 

system. For example, the 1:1 biacetyl-trimethylphosphite 

adduct ~ is named as 4,S-dimethyl-2,2,2-trimethoxy-2,2-

dihydro-1,3,2-dioxanhospho1ene. 22 

R)={ 'r==< ChCH3 
0, /0 01 aO =*/ 'p 

RO/l'oR H \'H H CO/' l''OCH 3 3 

OR OCH 3 

13 14 15 



Further confirmation on the cyclic oxyphosphorane 

structure ~ of 1:1 adducts was provided by single crystal 

X-ray diffraction data. Studies on 9,10-phenanthrene-

quinone-triisopropy1phosphite adduct 16 indicated that the 

phospholene ring is in an apical-equatoria1 plane or a 

23 trigonal-bipyramid ~ as shawn below. 

Sorne of these adducts have been synthesised recently 

via a difrerent route which tend to confirm the cyclic 

oxyphosphorane structure~. For examp1e, phosphite 17 

10 

reacts \rith diethy1peroxide to give oxyphosphorane ~, which 

is identica1 to the one obtained rrom 1,2-naothoquinone and 

triethylphosphite. 24 

+(Etok --;> 

"­
Etc?l'OEt 

OEt 

18 

< 

ï ~ 
o .. 0 

Etd'j"oEt 
OEt 



Il 

Exten~ed studies by Ramirez et al,25 on the 1:1 

adducts Îormed Îrom 1,2-dicarbony1 compounds with cyc1ic 

and acyc1ic tris(dia1ky1amino)phosphines indicated that 

(i) the structure of the adduct depends on the steric 

hindrance of the groups attached to the phosphorus of 

the phosphines. 

(ii) the stabi1ity of the adduct depends on both the steric 

hindrance of the groups and the e1ectronegativity of 

the e1ement attached to the phosphorus. 

For examp1e, the compound made Îrom 9,10-phenanthrene-

quinone and tris(dimethy1amino)phosphine 19 is an open 

d o 1 ° 0 b h ° h 1 dOl ° 26 1.po ar 1.on L ot 1.n t e crysta an 1.n so ut1.ons , 

Whereas, the adduct made from the same quinone and the cyc1ic 

aminophosphine 21 has been assigned an oxyphosphorane struc­

ture ~. 27 
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This difrerence in the structures or the adducts 20 and aa 

is attributed to the enhanced steric hindrance or the methy1 

groups in the acyc1ic tris(dimethylamino)phosphine (19) over 

those in the cyclic amino~hosphine 21. 

The tendency or phosphites to give stable oxyphosphor-

anes and the re1uctance or the acyclic triaminophosphines 

to do so, is in part due to the larger steric requirements or 

the dia1ky1amino groups. These effects can be illustrated 

with benzil. The adduct with trimethy1phosphite is a stable 

20 
oxyphos~horane li and the product with the cyclic amino-

28 
phosphinc ~ is a somewhat less stable oÀ~phosphorane 24. 

The compound formed wi th tris (dimethylamino) pho::;ohine Q2.} • hoV/­

ever, can be isolated in two rorms. 28 The metastable one i5 

the open dipolar ion 25a and the stable one is the oxyphos-

phorane 25b. In solutions both forms are in equilibrium. The 

nature or the solvent and dilution arrect the position or the 

equilibrium and hence the value of the 3lp chemical shift. 

S31p = +49.5 pnm 

23 

t""31 p -- +36 9 Z) • r'lpm 

24 
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M
Ph 

:" 

P2- ~Ph 
0>./ " +/ 

Me:zN1"NMe2 M~ \"NMe2 
NMe2 NM~ 

25a 2sb 
S31p = +30.2 pom in 1.0 M hexane. 

6 31p = +13.0 ppm in 1.0 M methylene chloride. 

Sorne Prooerties of 1:1 Adducts. 

The most characteristic property or the adducts is 

their tendency to undergo ring opening with a variety or 

reagents. Some or the reactions are summarized in Scheme I 

on the next page. Wi th water, the adduct li rorros "p -keto­

phosphate 26 and an a1cohol (cr reaction 1.).29 On heating 

the adduct li rearranges to rorm ~alkoxy- ~-ketophosphate 

II (cf react ion 2.).30 Wi th oxygen, the diketone 28, the 

anhydride 29 and the phosphate are rormed (cf reaction 3.).31 

\o1i th diketone 2R, the 1,3, 2-diox?nhospholane 30 is formed 

(cf reaction 4.).32 

The above reactions re?resent the possible side reac-

tions in the preoaration or 1:1 adducts if certain precautions 

are not taken. Water and oxygen are excluded by carrying out 

the reaction in an atmosohere of dry nitrogen. Excess heat 

formed in thcse re;'\ct ions can be regula.ted pither by .... :..tcrnal 

cool ing or by di lut ion w i th a su i t a.ble? sol'Jt:'nt or hot h. 7he 



1 

2 

3 

Schpmp l 

Somp R~i\ction!' of 1:1 Dici\rbonyl-Trii\lkyl Phosn1ll.lr..1!Qç!).lct~. 

ft ~O 
R'COÇO~OR)2 + ROH 

H 

~ 

R' 0 
R'coê~OR) 

OR 2 

U 

~H~ 

RI 

A 

RCOCOR' + R'cOOCOR
I 
+ (RO)3P= 0 ~ ~ 

28 29 - -

i 
1 

OR 

G 

RI RI 

R'cO~ ~COR 
tr 'R/ 

/ RO/b:OR 

R~~I ~ 
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formation of the diadduct can be avoided by adding a mole of 

dicarbony1 compound to slight excess of a mole of phosphite. 

In this way there is no free dicarbonyl compound 1eft in the 

reaction mixture to react with the 1:1 adduct, thus avoiding 

diadduct rormation. However, if the dicarbonyl compound is 

not very reactive, the diadduct is formed either as an impurity 

. 33 or as the ma1n product. 

With carbonyl compounds 31, the condensation has been 

carried out both· thermal1y and photochemical1y (cf reaction 

5.).34,35 In both cases the end product is the same 1,3,2-

dioxaphospholane 32, in spite of significant dirrerences that 

exist between both types or condensations. 

Thermal condensation with a variety of carbonyl com-

34 pounds has been reported. Aliphatic acyclic ketones were 

round to be unreactive. Acetone ror example, failed to react 

in 3 months at 200 and rurthermore, butanone gave no product 

in 48 hrs at 800
• The yields rrom this condensation are 

somewhat limited, in some instances by the thermal decompos-

ition or the product 1,3,2-dioxaphosoholane 32. On the other 

hand, the photocondensation of 1:1 biacetyl-trimethylphosohite 

adduct ~with acetone, benzoohenone, and aceto?henone nro­

ceeded in ~ood yieId. 35 Thus, photocondensation seems to he 

more generally aonlicable to ketone~ thrtn the thermal counter-

part. AIso, photocondensrttion can be carried out at r00~ 

tem~crature and its scone is under inv~sti0ation. 
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1 d 36 bd' ',e' Recent y, Bentru e 0 serve a s1gn1L1cant stereo-

chemica1 contrast between thermal and photochemica1 conden-

sations or biacety1 (CH3COCOCH3) and 1:1 biacety1trimethy1-

phosphite adduct (15). The thermal reaction gave 6:1, cis:-

trans mixture of the ~roduct, whereas, in the photochemical 

reaction, the cis:trans ratio increased from 13:1 at 15% 

conversion to 19:1 at 75% conversion. 

These differences indicate tha.t the photo and thermal 

condens3tions proceed via diiferent mechanisms. The suggested 

mechanisms are described on page 17. The formation of oxetane 

intermediate 33 in photocondens~tion of acetone with the aèdu~t 

li has been observed by nmr at 10w temperatures (_750 ) .36 St'.l-

dies appeared to be in progreS5 to gain more information on 

the mechanism of this photocondensation. 

Sorne reactions of 1: 1 biacetvl-trjr.lethv1Dho~nhitp adduct (l..2J. 

The adduct ~was used to ~tudy other synthetical1y 

imnortant reactions or 1:1 adducts. These arc summarized 

in Schem~ lIon page 19. With systems having cumulated double 

bonds, the nature of the condensation seems to depend on the 

type or compound. \vi th ketene, the aèduct li reacted to give 

37 
the 1,3,2-dioxaohospholanc 34 (cf rCr\ction 1.). A concerted 

mechanism (see nage 20) has been suggested for this conden-

sat ion. The adduct li also reactcd with two moles or isocy-

anates (R-r.:=e=O) 't':> form the 5-acet.ylhyd-'\ntoj:1 ~'5_ :md tri-



Mt:>ch?.nis:n of thermrtl c()nriÇ>n~rttion.34 
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methy1phosphate (cr reaction 2.).38 The ravoured mechanism 

is described on page 20. The condensation or ~with carbon 

disu1ride Ied to a substituted 1,2,4,s-tetrathiin 36 (cr 

reaction 3.).39 The mechanistic rationalization ror the rorm­

ation or 36 is described on page 21. With bromine,40 acid 

ch10rides 41 etc., the adduct li condensed to rorm 13-keto­

phosphates 37a and 37b (cr reactions 4 and 5.). Mechanistic­

a11y, the reaction is interpreted as involving a phosphonium 

intermediate 38 which undergoes an Arbusov reaction to give 

the products (see page 21). 

The ability of the adduct li to undergo rree radical 

addition Vias demonstrated by the 1ight induced reaction with 

bromotrich10romethane (cr reaction 6.).42 The major identified 

product 39 was isolated in 83% yield. Nechanistical1y, this 

reaction is also or interest because or the reasonable expIan­

at ion in terms or a novel ring openinq sequence involving a 

phosphoranyl radical intermediate 41. The Most f~voured 

reaction series to explain the formation of the product 39 

is described on page 22. 

Pre!")aration and ?ronerties or Sulfenv1 Chlorides. 

Sulfenyl chlorides are chloro deriv~tives of sulfenic 

acids (RSOH) and are reorescnteo as RSCI. The grou::> R May 

b~ one or a large nurnbPr of alkyl or aryl grou~s or ~orn~ 



~i:h?me Il 

SOM" R('"ctions of 1:1 Bi~c~tyl-Trim~thyl Phosnhite> /\dctuct (12.) 

t 3 CH CH30 

CH,cO~J9 2 
1 ït 1 CH 3COyOP(O Me)2 + CH JBr 4 

~ 
CH2=C=O 

/' 
Br 

~a 
Meo/I'OMe 

OMe 

34 

CHOH3 
CHa 0 --- CH 30 

2 CH,c°1-( ~ RN=C=O ~ RCOCI cH3co6o~OMe)2 T CH 3CI 5 
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15 ~ 0 

35 ï 
h~ , BrCCI3 

CH /S-S, /COCH3 S=C=S 
~ yH~O 

CH aCOCOP~Me1 + CH3Br 6 3 ~=C /c=c '( 1 
CH 3Cb 'S-S 'cH3 ce '3 

36 39 

... 
-0' 
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. 46 
H~ch;:t"i~m of brr)motrichlorom~th;tIle photocondensatJ...on. 
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other moiety such as (RO)2PO- etc. Ever since the first 

fully characterized sulfenyl chloride, trichloromethane 

43 
sulfenyl chloride (CC13 SC1) \'/<'I.S reported by Rathke in 1870, 

the number of definitely known aliphatic sulfenyl chlorides 

has increased steadily. Similarly, the known aromatic examples 

which were first reported by Zincke44 during 1909-1918 have 

also increased manifold. Furthermore, since sulfenyl.chlor-

ides are key synthetic intermediates for the preparation of 

a number of sulfenyl derivatives, the active development of 

their chemistry led to the preparation of a variety of sul-

fenyl chlorides. Another reason for this proliferation or 

sulfenyl chloride chemistry is that the physical and chemic0l 

properties of different members of the snme group vary widely. 

For ex<uuple, chloromethanesulfenyl chloride (ClCH2 SCl) which 

is unstable at room temperature, adds to olefins under ionic 

d ·· 45 con J.. t J..ons, whereas, the stable trichloromethanesulfenyl 

chloride (CC1 3
SCl) adds to olefins undcr free radical con-

d
.. 46 
J.. t J..ons. This makes it desirable to synthesize the differ~nt 

structural types, since varying behaviors May be expected or 

thcm. 

Different methods for the preparation of sulfenyl 

chloridcs hav~ been renorted. 
47-51 

Since a number of r~vicws 

have aopearcd recent ly, only important :\snects of the prep-

aration of sulfç-nyl chlori~~es will be discussed herc. 

ally. sulicnyl chlnrirlps n~y b~ nrpoarcd by th~ nction 
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of chlorine or other chlorinating agents on mercaotans, 

disulfides and certain other comoounds containing diva lent 

sulfure The aromatic sulfenyl chlorides are much more stable 

h h ~. h· b 52 tant e a4Lp at1c mem ers. The high stability of the 

aromatic sulfenyl chlorides have been attributed to the res-

onance stabilization of the aromatic ring and also to the 

absence of hydrogens cGto the sulfur atome 

;===:Ur' - ,,===-/_ 1 <~ 

Aliphatic sulfenyl chlorides ",i th oC hydrogens will react 

with excess ch1orine, especia1ly at higher temperatures to 

give GG-chlorosulfenyl chlorides.(~ as indicated be1ow.
53 

+ --~) RCH2 SC1 3 --) ROISCI 
Cl 
(43) 

+ HCI 

In the case of aromatic sulfenyl chlorides, excess chlorin-

ation leads to the formation of the corresponding su1fur-

trichloride (ArSC1 3 ) without further decomposition to other 

byproducts. The aliphatic su1fenyl ch10rides were round 

to he more stable in solvents of 10\'1 po1arity and at 10\'1 

temneratures. The major decoMoosition ?roducts have been 

shO\:n to be the disulfide and hydrogen chloride. 52 The 

nurity of the sulfcnyl chloridcs c~n he d~ter~ined by thp. 
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:following methods. 

Assay o:f SuI:fenvl Chlorides. 

(i). Gns-liauid nhase chromatoar~nhy (GInc) rnethod. 52 

This technique makes use o:f the f'ollowing rl2action. 

R"SCI + O-~RSNC) + 

~ 

A knmvn amount o:f sul:fenyl chloride is converted to the 

sul:fenyl-morpholide 44 by adding it to a benzene ·solu\'·=i:0n 

o:f excess morpholine containing a knovm concentration o:f an 

internaI standard (dibenzylether or diohenyl sulfide). The 

concentration o:f the sulfenyl chloride is obtained from the 

concentration of the sul:fenyl-corpholide determined by Glpc 

analysis. 

( ii) • Iodo:netric method. 54 

This method 5s based on the oxidation of iodidc ion by the 

sulfenyl chloride "lnd a subsequent t i trat ion of' th e f'ree 

iodine by thiosulf'ate. 

2 RSCI + 2 KI ----') RSSR + 2 KCl + 
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will interrere with the results. 

(iiil. NMR Methode 

In our studies on the chlorinolysis or aliphatic disulrides, 

we observed a signiricant change (0.4-0.51:') in the chemical 

shirt or the protons oC to the sulrur atom as the sulrenyl 

chloride is rormed. This change in the chemical shirt is 

used to assess the amount or sulrenyl chloride rormed during 

chlorinolysis and the technique will be discussed jn detail 

in the next section. 

SulfC?nyl chlorides from mercaT)t;>.n~ (RSH). 

When chlorine is used th~ merca?tan i5 first converted 

into the disulfide which is then chlorinolysed to give the 

If 1 hl . 48 su eny c or1de. The formation or disulride is exotherm~c 

and nearly aIl of the merca~tan is converted into the disulfide 

before the second reaction is initiated. 

2 RSH --~) RSSR + 2 HCI 

RSSR --..:,.; 2 RSCI 

2 RSH --~~ 2 RSCI + 2 HCI 

Hydrogen chloride is formed as a byproduct and ma.y cause 

side reactions. This method works weIl for aromatic sul-

fenyl chlorides. However, for aliphat ic sulfcmyl ch lor id."'s 

extre~~ c~rp ~hould he ta.k~n to prcvent rtny side reactions, 

!">uch ~s oC-chIor in:-.t ion etc. 
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chlorides are prepared at very low temperatures (-200 to -300
) 

in non polar solvents. 

A process for the preparation of sulfenyl chlorides 

by the action of N-chlorosuccinimide and other N-chloro 

compounds on mercaptans has been patented and claims to be 

useful for preparing aromatic, benzylic,carbomethoxymethane, 

and substituted cysteine sulfenyl chlorides. 55 

Sulfuryl chloride has also been used to prepare 

sulfenyl chlorides from mercaptans. For example, trityl 

mercaptan reacts vigourously with sulfuryl chloride ta 

forro the sulfenyl chloride 45 in quantitative yield.
56 

+ S02C1 2 --;, (C6H5 ) 3CSC1 + HCI + S02 

45 

SUlfenvl chlorid~~ rrom disulfides (RSSR). 

Several sulfenyl chlorides have been prepared by the 

chlorinolysi5 or the corresponding disulfides.
48 

RSSR + --~:> 2RSCI 

This is essentially the second step in the preparation of 

sulfenyl chlorides from mercaptans and chlorinc. However, 

hydrogcn chlorid'? which i5 a side product in the chlorin-

ation of mercantans is elioinated in thi5 case. This lc~ds 

to a consid~rably nure sulfenyl chloride if cp.rtain nrcc~utjons 
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are taken. The reaction conditions em~loyed in the chlorin-

olysis de~end on the nature of the disulfide used. The chlor-

inolysis of certain aliphatic disulfides with oC-hydrogens 

must be done at very low temperatures (-200 to -300
) in non 

polar solvents to prevent any oG-chlorination. Whereas, 

in terti.ary alkyl and benzyl disulfides chlorinolysis at low 

temperature leads to cleavage at S-C bond rather than at S-S 

bond. However, at higher temperatures S-S bond cleavage occurs 

giving the sulfenyl chlorides. For tertiary but yI disulfide 

the course of the chlorinolysis at different temperatures are 

as follows. 57 

+ 

+ 

Certain aromatic disulfides, on the other hand require very 

drastic conditions for chlorinolysis. For example, the 

chlorinolysis of di-o-nitrophenyl disulfide was effected 

by passing chlorine into a suspension of the disulfide in 

carbon tetrachloride at 50-600 in the presence of catalytic 

58 
amounts of iodine. 

©Co,l+ CI, 

ï 
----~ 



Sulfuryl chloride has been used for the preparation 

of sulfenyl chlorides from disulfides. This method has an 

advantage in that the amount of sulfuryl chloride can be 

weighed accurately. Benzenesulfenyl chloride is obtained 

in good yield by the action of sulfuryl chloride on phenyl 

disulfide. 59 

+ + 

29 

The other product of the reaction is gaseous sulfur dioxide 

which can be removed very easily. 

Sulfenyl chlo:-ides rro;:'! other div?lent sulfur comnounds. 

Sulrenyl chlorides can be prepared by selective cleav-

age of certain C-S bonds in sulfides by either chlorine or 

sulruryl chloride. Benzyl,60 tertiary buty16l sulfides have 

been cleaved by halogens to fo~ sulfenyl halides. For 

exam~le, benzyl-o-nitrophenyl sulfide undergoes b~nzylic 

cleavage on chlorinolysis to give o-nitrophenylsulrenyl 

chloride and benzyl chloride. 60 



30 

Diva1ent double bonded su1rur compounds have been 

used in the preparation or su1renyl chlorides. 0,0' -Dimethyl-

phos~hory1sulrenyl ch10ride (46) is prepared by the action or 

sulruryl chloride on trimethylphosPhorothionate. 62 

Trichloromethanesulreny1 chloride can be obtained in good 

. Id b h' . . .& h· h 63 y~e y c ~or~nat1on Oi t 100 osgene. 

> CClaSCI 

Sulrur dichloride (SC1 2 > undergoes electrophilic 

substitution reactions with a variety or substrates and 

this property is utilised ror the nreparation or sulrenyl 

chlorides. 
. 64 

In 1961, Klu1ber prepared some previously 

unknown chelate sulrenyl chlorides 47 by the action or 

sulrur dichloridc on Metal chelates. 

HfO R a 
)1 + SCI2 ) CISft-

~O" \-0"'-
~ 

-" " 47 



Chapter II 

Results and Digcugsion. Part l 



Besu1ts and Discussion Part I. 

Reaction or 1:1 dicarbony1-phosohine adducts with su1fenv1 

ch10rides. 

The reactivity of 1:1 dicarbony1-phosphine adducts 

towards e1ectrophi1ic centres is attested by their ready 

d " " h b " 40 b 1 d 34 "d hl con ensat~on w~t rom~ne, car ony compoun s, ac~ c or-

"d 41" 38 d k 37 ~ es, ~socyanates an etene. A1though severa1 e1ectro-

phi1ic substrates have been used, up to date no reaction with 

a su1fur electrophi1e has been reported. This prompted us to 

explore the behaviour of 1:1 dicarbony1-phosphine adducts 

towards ~lectrophi1ic su1fur compounds. We se1ected su1fenyl 

ch10rides in our investigation because these were known to be 

" 1 h " 1 d "d ". SOa very react1ve e ectrop ~ es un er certa~n con ~t~ons. It 

was found that the 1:1 dicarbony1-phosphine adducts condensed 

exothermica11y with a variety of su1feny1 chlorides. Th~ 

nature and the number of final products depend on the type of 

1:1 adduct used. These aspects are discussed in dp.tail in 

the fo11owing section. 

Preoar~tion or 1:1 diketone-nhosohine adducts. 

In this investigation, the ro11owing two diketones 

\'tere used. 

(i). benzi1 (PhCOCO?h), a typica1 aromatic diketone. 

(ii). biacetyl (01 3COCOOI 3 ), a typic~l aliphatic dike!~~~. 
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The fo11ovting two trivalent phosphorus compounds with different 

hetero atoms adjacent to phosphorus were se1ected for adduct 

formation. 

(i). trimethybhosphi te (a-I30 ) 3P: • 

(ii). tris(dimethy1amino)phosphine (Me2N)3P: (19). 

Of the :four possible 1:1 adducts, the fo11owing three were 

20a 28 prepared according to reported procedures. ' 

(i). 1:1 benzi1-trimethy1ph0sphite adduct (23). 

(ii). 1:1 benzi1-tris(dimethy1amino)phosphine adduct (25). 

(iii). 1:1 biacety1-trimethy1phosphite adduct (15). 

Ph .Ph 

A 
0, P 

?,"-.. 
MeO 1 OMe 

OMe 

23_ 



~-----

In our hands the preparation of the 1:1 biacetyl-tris(dimethyl-

amino)phosphine adduct (48) was not successful. A black 

tarry product was obtained. For the preparation of the other 

three 1:1 adducts, the literature procedures were somewhat 

different for each adduct, however, in aIl of these reactions 

oxygen and water were excluded by use of a dry nitrogen atmos-

phere. Benzil-trimethylphosphite adduct (23) was prepared by 

mixing the phosphite with benzil. No cooling \'las necessary 

th h th . h· 20a even oug e react10n was exot erm1C. Whereas, for 

the preparation or the biacetyl-trimcthylphosphite adduct 

(12], external cooling was employed in the initial stages of 

the reaction. Finally, the benzil-tris(dimethylamino)phos-

phine adduct (25) was prepared by adding the a~inophosphine 

~ to benzil dissolved in a suitable solvent (hexane or 

Methylene chlaride) with external cooling. 28 In this case, 

the reaction was moderated considerably by bath dilution and 

cooling. Tris(dimethylrunino)phosphine (19) i5 a very re,:lctive 
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phosphine and adduct formation is complete within a few minutes. 

In addition, this adduct is not very stable at elevated temp-

eratures. Further details of the preparation of these compounds 

are given in the experimental section. 

Preparat;on of. sulfp.nyl chlorjdes. 

A variety of sulfenyl chlorides were used in this study 

and some of them were prepared by modification of reported 

methods. New procedures were developed for others. 

(i). Aromatic sulfenyl chlorides. 

Benzene (49), p-chlorobenzene (50), and p-toluene (51) 

sulfenyl chlorides were prepared by treating the corresponding 

h · 1 . h . . .. . he 55 t 10 s W1t N-chlorosucc1n1m1ce 1n nzene. Succinimide 

was removed by filtration and the sulfenyl chlorides were 

isolated after solvent removal by distillation under reduced 

*-l(­
pressure. The sulfenyl chlorides were obtained in good yield. 

(ii). Alinhatic sulfenyl chlorides. 

The following sulfenyl chlorides were prepared by 

chlorinolysis of their corresponding disulfides. 

(a). ethanesulfenyl chloride (a~3a.12SCl) (52). 

(b). benzylsulfenyl chloride (C
6

H
S

CI2SCl) (53). 

Cc). carbomcthoxymethanesulfenyl chloride (CH3 0 2C012SCl) (,4). 

** See cxperj~~ntal section. 
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Ethanesu1reny1 ch10ride (52) was best prepared by 

passing the theoretica1 amount or ch10rine over neat ethy1 

disu1fide (55) at -30°. The experimenta1 procedure adopted 

65 was simi1ar to that reported by Doug1ass for Methane su1feny1 

ch10ride. The apparatus used ror the ch10rino1ysis of disu1-

fides is described in fig. 1. (on page 36). 

-30° 
~ 2CH3 012 SC1 

Even though benzy1 disulfide (56) undergoes C-S bond 

c1eavage at 10w temperature (_400 ),53 it was round that at 

0
0 

in carbon tetrach10ride on1y S-S c1eavage occurred giving 

benzy1 su1fenyl ch10ride (53). 

+ 

Simi1ar1y, carbomethoxymethyl disulride (57) gave the 

sulfcnyl ch10ride ~on ch10rinolysis in carbon tetrachloride 

0° 
+ C1 2 ----> 20I3 0 2 CCH2 SCl 

~ 
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The chlorinolysis of the disulfides were followed by 

nmr at different intervals. This technique was also used to 

assess the purity of sulfenyl chlorides. As the sulfenyl 

chloride was formed a significant change (0.4 - 0.5~) was 

observed in the chemical shift of protons ci: to the sulfur 

atome In the case of ethyl disulfide (55), as the Methylene 

quartet of the disulfide at 7.30 ~ disappeared, a quartet at 

6.90~ due to the Methylene protons of ethane sulfenyl chloride 

(~appeared. The complete disappearance of the quartet at 

7.30'(;' indicated the completion of chlorinolysis. Similar 

downfield shift (with respect to external TMS) in the chemical 

shifts of the ~-methylene protons in benzyl (56) and carbo­

methoxymethyl (57) disulfides were observed. These are sum­

marized in table 2 on page 38. The sequence of nmr runs at 

different stages during the chlorinolysis of carbomethoxy­

methyl disulfide (57) is illustrated in fig. 2 on page 39. 

This method has several advantages over the other methods 

(see page 25) used to assay sulfenyl chlorides. 

(a). the assay of sulfenyl chlorides is rapid and convenient. 

(b). the sample is not destroyed whereas in the other two 

chemical methods no rccovery is possible. 

(c). very labile sulfcnyl chlorides (eg. aliphatic sulfenyl 

chloridcs) can he analysed by use of a low ternpcrature 

runr spectrllr.l. 



Table 2 

Chemicnl shifts of methylene protons aCto suflur in some d~lfides and 

sulfenvl chlorides, 

Disulf~ Chemical shift (Z') Sulfenyl chloride Chemical shift (1;') 

(0013012S12' a 7.30 

(C
6

HSCH
2

ST
2

, ~ 6.50 

(GI302CCHZSTZ' 21.. 6.33 

œ3Œ12SCl, ~ 

C6H5CH2SCl, 2.1 

œ 302cCH2SCl, ~ 

6.90 

5.73 

5.97 

li) 
Q) 
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(iii). 2-Benzothiazolcsulrenyl chloride (58). 

The sulrenyl chloride ~was prepared by the action 

or sulfuryl chloride on 2,2 1 -dithiobis(benzothiazole) (59) 

in methylene chloride at room temperature. 

In our hands, the chlorinolysis or the ab ove disulfide (59) 

failed to produce pure sulfenyl chloride 58, although this 

66 
process has been claimed in patents. 

Benzil-trinc>thvlnhosnhite adduct-!";u1fenvl chloride condt:>nsation. 

Benzil-trirnethylphosphite adduct (23) reacted with a 

variety of sulfenyl chlorides to give aG-chloro- J3 -ketosulfides 

** 
~ and trimethylphosphate according to the following equation. 

) 

60 

** A prclL-:linary account or this \'1ork has bccn publishcd: 
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The yie1ds, me1ting points and nmr data of the cC-ch1oro- J3-

ketosulfides 60 are summarized in table 3 on page 42. The 

adduct ~was prepared in situ and disso1ved in a suitable 

solvent(carbon tetrach1oride, benzene or methylene ch1oride). 

A stoichiometric amount of su1fenyl chloride was added slowly 

to the ccoled solution of~. As the addition continued, the 

deep red colour of the su1fenyl chloride disappeared with 

evolution or heat. At the end of the addition only a slight 

tinge or red co1our remained. This colour change was used 

to follow aIl the reactions studied. The progress or the 

reaction can also be monitored by nmr if carbon tetrachloride 

is used as a so1vent. In the nmr, as the addition or sulfeny1 

chloride progressed, the doublet at 6.3S~ (J
HP 

= 13HZ) due 

to the methoxyl protons of the adduct ~ diminished in inten-

sity as the doublet at 6.30~ (JHP = 13HZ) due to the protons 

in trimethyl phosphate appeared \'Iith increasing intensity. 

Once the addition of sulfenyl chloriè'2 l'laS over, the doublet 

at 6.3S;Z- had disappeared completely. The trimethyl phosphate 

was identified by gas chromatography (see e>:perimental section) 

with an authentic commercial saople. The formation of products 

appeared to he quantitative, although the isolated yields 

\vere so:newhat lower. 

The infrared spectra of the cC-chloro- fi -ketosul :fides 

-1 
2Q. showed the carbon}'l band near 168S cm • The m3.~~:'; .... !""~..:~r~ 

generally revealcd a wcak parent ion M+, alon~ with (~I-Cl)~ 
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+ + 
C

6
H

5
CO and R"S as the major peaks. The fragmentation 

patterns or the chloro ketosulfides illlwill be discussed in 

detail on page 70. The methylene protons cC,. to the sulrur 

b d b d " . 67 h h h are 0 serve to e 1astereomer1C even t oug t ey are 

separated rrom the asymmetric centre by a sulfur atome 

Table 3 

Physical and nmr data of <"C-br:mzoyl- :.C-chlorobenzyl sulfid(~s (60). 

Rif in §Q 

CH3-@ 21.. 

@-g 
Cl-@ g 

Ph 

+ R"-S-Cl ~ Ph-Ç-t-S-R" + (Me
3

0) 3 P =O 
l) èl 

mi' of 60 
(OC) 

118-120 

113-115 

122-124 

oil 

65-67 

135-136 

yield 
% 

80 

82 

83 

80 

60 

75 

93 

NMR DATA 

2.10-3.20(14H,m), 7.72(3H,s) 

2.10-3.00{m) 

2.10-3.00(m) 

2.0-3.0(15H,m),6.15(2H,AB, 
J = 12HZ) 

1.80-3.10{10H,m),7.30-7.90 
(2H,m),8.60-9.20(3H,m) 

1.90-2.65(10H,m),6.34(3H,s), 
6.53{2H,AB, J = 16I~) 

1.80-2.90(m) 

a 
Satisfactory elemental analyses were obtained foz 1h-:·'~.? 

compounds. 

b 
Analysn~ were pcrforrned on the corres~onding bcnzyloxy-k~tc-
sul ficks. 



A Ph H 
Phcœ-st-R 

Cl RB 
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The methylene protons of ~-chloro- ~-ketosulfide ~ rrom the 

ethanesulfenyl chloride (52) condensation showed a complex 

multiplet instead or a quartet, thus indicating ABX3 rather 

than an AZX3 splitting. In the case or benzyl (64) and carbo-

methox~lmethyl (66) chloro ketosulrides, AB quartets with coup-

ling constants 12 and 16 HZ respectively were observed. The 

values or the coup1ing constants indicated that the AB quartet 

was derived through vicinal coup1ing.
68 

The chloro-ketosulrides (21., 62, ~ and 67) from 

aromatic and 2-benzothiazolesulrenyJ. chlorides were round 

to be reasonably stable. They can be stoTPd at 0 0 without 

any appreciable decomposition for several months. The benzyl 

(64) and carbomethoxymethyl (66) analogs showed signs of de-

composition arter two weeks at 0 0
• The chloro-ketosulfide 

65 rrom ethanesulrenyl chloride is an oil and it can be stored 

in dry ice for one day without any decomposition (checked by 

nmr). Satisfactory analyses \Vere obtained for the stable 

(aromatic and 2-benzothiazole)chloro-ketosulfides whereas the 

aliphatic members were characterized as their benzyloxy-keto-

sulride derivatives. 

Ben:;: i l-t T.' i!'; (d i ~(> thvl éI;n ino) nho~;nh i nr> ~drluc't -sul fr>nvl ch] OT.' io0. 

C('l~ ~~n ~:>. t ion, 

Renzil-tris(dil!lcthyl;>JJlino)nhosphinc éldduct (~~'j} \n'~ 
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prepared in situ in Methylene chloride28 and a stoichio-

metric amount or p-toluenesulfenyl chloride (51) was added. 

An exothermic reaction occurred and gas chromatographie anal-

ysis or the reaction mixture indicated the presence of hexa-

methyl phosphoramide (69) and oC.-benzoyl- cC-chlorobenzyl-p-

tolylsul::"ide (61) (checked l'li th the retention times of authent ic 

samp1es). In addition, the chloro-ketosulfide Q1was isolated 

and l'las shm'm to he identical wi th an authentic sample (pre-

pared rrom the adduct 23 and 51) by mixed melting point and 

ire Thus, the condensation can be represented as follows. 

Biacetyl-trimethy1nhosDhite adduct-sulrenyl chloridp- condcnsati.on. 

Biacetyl-trimethy1phosphite adduct (15) reacted with 

su1renyl chlorides to give the ~-chloro- p-ketosulrides 

70, trimethyl?hosphate, ,a-ketophosphates 11.. and methyl chlor-

ide according to the fol1owing equation. 
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15 + R"SC1 ~ QI C~~" 
3 C:1 

ÇH3 
+ CH COCSR" 

3 P 

2Q.. 
O=~-OCH3 

Of3 

li 

(CH3O)3P=O + CH3C1 

The reaction was carried out in carbon tetrach10ride with 

benzene and ethanesu1feny1 ch1orides. The reaction mixture 

was ana1ysed by nmr and the resu1ts are tabu1ated beloW'. 

Table 4 

Yi~lds or .~-~hloro- ~-ketosulfide (70) and ~-k~to~hosnh~te 
1 , 

(71) in thQ 1: 1 biM.c~tyl-tri.m~thv1T)hosnhi te adduct -~u1fenvl-

chlorid~ cond~nsM.tio~. 

Su1feny1 chloride Yield (%) 

93 li 71.1. 

72 li 28 li 
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The changes in nmr spectra berore and arter the addi-

tion or benzene and ethanesulrenyl chlorides are illustred in 

rigs. 3 & 4 respectively in the rollowing pages. In both 

cases, t!1e singlet at 7.00'2' was identified as the methyl 

signal or methyl chloride (reported value 6.95~). 68 On 

evaporation or the solvent at room temperature this singlet 

disappeared showing that it was probably due to a volatile 

product. The doublet at 6.301: (J = 12HZ) was due to tri­
PH 

methyl phosphate by comparison with an authentic sample. 

Also, addition or rew drops or trimethylphosphate to the 

reaction mixture increased the intcnsity or this doublet with 

respect to other peaks. 

Considcring the reaction between benzenesulfenyl chlor-

ide (49) and the 1:1 biacetyl-trL~ethylphosphite adduct (15) 

in detail (cf rig. 3), the singlets at 8.32 and 7.63~ are 

due to the CH3 - and CH3 CO- protons or the cC-chloro- f3 -keto-

sulfide la. by comparison \'Ii th an authentic sample (prepared 

rrom azibutanone and benzenesulrenyl chloride as indicated 

below). 

+ ----> + 
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(~) 

(c) 
The 

li 
:\èèuc t 
+ S". 

( h) Ethanp~ulfrnyl chlorirl0 
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The singlet s a t 7.80 and 7.67 'l: and the doublet a t 6.22 "ê 

(JpH = 12HZ) are assigned to the 013 -, CH3 CO- and -0013 protons 

o:f the J3 -ketophosphate li. AlI attempts towards the unequiv­

ocal synthesis o:f the p--ketophosPhate liwere unsuccess:ful. 

The :following synthetic schemes were tried. 

Scheme III 

Attemnted synthesis o:f d-acetyl- ~-phenylthioethvl-dimethyl-

phosphate(73). Method I. 

+ > 

0I3 
CH3CotSC6HS 6H 

This scheme is based on the reaction betwecn thiols 

and carbonyl compounds. It has been shown that thiols react 

with carbon)!l co:npounds to form an eC)uilibrium mixture cont.:l.in­

ing nainly ~-hydroxy sulîides. ïO In thi5 ca~e, th~ r~dctio~ 

wa s cxt c:1d('~i t 0 "::'-d i kcton~s. Bi;;,c0tyl rc-;\ct cd C:.:othCTl'l i (';.:..11y 
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with benzenethiol to rorm an equilibrium mixture containing 

80% of the c;{,-hydroxy- r -ketosulfide Zil.. (analysed by nmr). 

When dimethylphosphorochloridate was added to this mixture 

at room temperature, no reaction was observed arter 2 days. 

On heating, extensive decomposition occurred. In another 

attenpt, the above procedure was repeated in the presence or 

pyridine as hydrogen chloride scavenger. The analysis or the 

reaction mixture by nmr indicated the presence or biacetyl as 

the main product. Thus, pyridine seems to shirt the equil-

ibrium towards biacetyl by removing the acidic benzenethiol as 

a pyridinjum salt. 

Scheme IV 

Attennt'2d svnthesis or oC-acp-tyl- <::<:o-nhenvl th ioethvl .,.... dimgthyl-

phosnhate (73). ro1ethod II. 

+ 

o 
-O-~cx::H3 

3 

:'1+ = Ag + or H2N=ÇSCH3 
NH 2 
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In this sCheme, the nuc1eophi1ic displacement oi chlor-

ine in 72 with the dimethylphosphate anion was attempted in 

acetonitrile. The anticipated ~-ketophosphate Liwas not 

obtained; instead a complex mixture OI intractable decompos-

ition products was observed. 

Owing to the 10\'1 stability OI the products of the 

sulfenyl chloride condensation separation of the ~-keto-

phosphate 73 by either Iractional distillation or by pre-

parative vpc l'las not achieved. However, the mass spectrum o:f 

the reaction mi:>,ture revea1ed a l,';eak molecular ion CI 73 at 

m/e 304 and two other ions OI medium intensity at m/e 126 

and 127. Whi1e the molecular ion at m/e 304 is too weak for 

an exact maSs measurement, ion fragments at m/e 126 and 127 

were carried out. The exact masses, chemica1 forrnulae and the 

probable structures of ions are summarized in Table 5. 

Table 5 

. f::fass sr.>cctra data on ions at rn/Ç> 126 and 127. 

Exact f.tass Chemical Possible 
Calculated Found fonnula structure 

126.0a82 126.0083 C2H7 0 4 P 51 
(013°) 2PŒI 

127.0160 127.0164 C~I804P (CH 3 0) 2P ( al) 2 

--------------------------------------------------------------------------------_. 
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These ions were not present in the mass spectra of 

pure s<lIllples of the d.-ch1oro- f'> -ketosulfide II or trimethyl 

phosphate. Thus, they appeared to be derived from the ~-keto-

phosphate~. The mass spectra of several organic phosphates 

has been studied in sorne detai1. 71 A distinct difference in 

fragmentation patterns Vias observed between phosphates with 

and without o-hydrogens with respect to phosphorus. For 

example, the presence of ions at mie 126 and 127 in triethyl 

phosphate (77a) and their absence in tr~ethyl phosphate (77b) 

could be attributed to the availability of 1r-hydrogens in 

77a. 

(CH3 ŒI2 0) 3 P =O 
-,r .p .N 

Here, the essential difference between trine~hyl phos-

phate (77h) :md the j3-ketophosphate li is that the latter hi.S 
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three ~-hydrog~ns. Therefore, it is reasonab1e to suggest 

that these o-hydrogens are invo1ved in the formation of ions 

at ~/e 126 and 127 in the r-ketonhosphate~. The ion (mie 126) 

is probab1y formed by a McLafferty rearrangement or the mo1-

('!cu1ar ion 73a as described be1ow. Also, the rormation or ion 

(mie 127) cou1d be rationa1:i.zed as ro11m'1s. The ion nl2.. rormed 

by 
72 

oC-carbony1 c1p.avage, probably undergoes two hydrogen 

shifts with e1imination of pheny1thioacety1ene to forro the 

ion at mie 127. A weak mo1ecu1ar ion indicates that the sug-

gested processes for the formation of ions mie 126 and 127 

are high1y ravourab1e. This has been the case with the mass 

spectra or certain reported phosPhates. 73 

mie 126 
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+ • 

[ ]
+ -(HC=CSC6HS) 

(CH 30) 2P ( OH) 2 ~(---_..:.-..-

mIe 127 

On mechanistic grounds (see next section), the f'o11owing 

products cou1d also be expected from the sulfenyl chloride 

condensation. 

~ œ3c~i 15 + C
6

HSSCI , + , 
(ŒI

3
O)3P=0 

0:/-00{3 
+ Ca-i3 

C6HSSCH3 
12-

Z§.. 

The nmr signaIs associated with trimethyl phosphate 

and the ~-chloro- p -ketosulfide li have been identified. 

The absence of products Bi and Z2was conclusivcly demon-

stratcd b~,. cOr:Jryaring the nmr spectrum o:f the reaction rnixturp 
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with those of the authentic samples of 78 and~. The sing1et 

at 7.7~due to the methyl protons of (commercially available) 

methyl-phenyl sulfide ~ did not correspond with any of the 

peaks in the nmr spectrum of the reaction mixture. Furthermore, 

addition of a :fe", drops of za to the reaction mixture produced 

a new singlet at 7.73" Authentic ct-chloro- fl-ketophosphate 

12was prepared according to a reported procedure40 by the 

action of chlorine on the 1:1 biacetyl-trimethylphosphite adduct 

(15). 

+ ---.;.,. 12. + 

Again, the singlets associated with 0I3 - (7.93~) and 

Œ 3 CO- (7.59 'C.') of 79 did not correspond wi th those of the 

reaction mixture. This was further checked by addition of 

12 to the reaction mixture. 

Before cntering upon a detailed consideration of the 

mechanism of these sulfenyl chloride condensations, it would 

be useful to sunmarize the findings sa far. The 1:1 benzil­

trimethyl phosphite adduct (23) reacts with a varicty of sul­

fenyl chloridcs to give substituted ~-bcnzoyl-~-chlorob~nzyl 

sul:fidcs 60 and trinet:hyl phosphate. The 1:1 benzil-tris(di­

methylamine)phosphine adduct (25) reacts with p-toluene sul­

fenyl chloride (51) ta 'Jive "-benzoyl-~-chlorobenzyl-p-
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to1y1 su1fide (61) and hexamethy1 phosphoramide (22). The 

1:1-biacety1-trimethy1phosphite adduct (15), with ethane (52) 

and benzene (49) su1feny1 ch10rides gives ~-acety1-c(-chloro­

ethyl-ethy1 (or pheny1) su1fide 70, c:G-acetyl-d:'-thioethy1 (or 

phenyl) ethy1-dimethy1phosphate 71, methy1 chloride and tri­

methy1phosphate. 

~1echanis:n of 1:1 dicarbonyl-ohosohine adduct-su1feny1 chloride 

condensation. 

Severa1 mechanisms can be advanced for the 1:1 di­

carbonyl-phosphine adduct-sulfenyl ch10ride condensation based 

on the chemistry of both 1:1 dicarbonyl-phosphine adducts and 

sulfeny1 ch10rides. These are discussed in detai1 be10w. 

(a) Free r~dical mechanism. 

A free radical mechanism has been proposed for the 

reaction of 1:1 biacety1-trimethy1phosphite adduct (15) 'vith 

bro~otrich10romethane42 (see page 22). By ana10gy, one May 

postu1ate a simi1ar mechanism (see ScheIDe V) for the su1f0~y1 

ch10ride condensation. The 1:1 benzi1-triaethy1phosphite 

aclduct-p-to1uenesu1:feny1 ch10ride condensation was u sed to 

~cst this mcchanism. The condensation proceeded in the d~rk 



Schcmc V 

Free radic~l mcchanism. 

il + RUsel 

RI 
RICOCSRa 

57 

->.! cf + RUS· 

Ra l'OR 
OR 

~ 

~ 1 R' 
R'COCSR" + RCOCSR" 

CI 0 
(RO)2P =O 
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and in the presence of a free radical inhibitor (1,3,S-trinitro-

benzene) with no appreciable change in the rate. Furthermore, 

gas chromatographie analysis (see experimental section on page12~ 

of the reaction mixture revealed the absence of p-tolyl disul-

fide, indicating that formation of the p-tolylthiyl (p-CH3C6H4S·) 

radical is not important. In other free radical reactions' 

involving thiylradicals, disulfide is formed as a byproduct. 74 

These observations make such a mechanism unlikely. 

(b) Carbene mechanism. 

A carbene mechanism has been suggested for the form-

ation of oC-chloro- f3 -ketosulfides g by the action of sul:fenyl 

chlorides on ~-diazoketones.7S 

R' 
R'cob-l2 ---i- (R'COCR') 

R"sel R' 
-----~) R'C~SR" 

Cl 

Also, the 1:1 biacctyl-trimethylphosphite adduct (120, 

when irradiatcd in cyclohexane, gave trimethylphosphate, 

76 
trL~ethylphosphite and biacetyl as products. The formation 

of trimethylphosphate indicates that a ketocarbcne 86 might 

have becn generated on photolysis. Tne mcchanistic dct~iJs 
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or this reaction have not yet been published. 

+ + 

Ft.1rthermore, mechanisms involving "carbene" (87,88) 

by elimination or a phosphate group77 or a thiophosphate group78 

have been suggested ror several reactions. nvo examples are 

given below. 

(i) Phthalic anhydride-triethylohosohite reaction. 77 

+ 

dimer 

( .. ) . . h . h l h h· . 78 11. Tn10nocar onate-tr1et v 0 osn 1te react1on. 

V 
-------J>.). " + CO2 

C 
/ \., 
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From these studies, it is thererore reasonab1e to 

propose a carbene mechanism for the suIreny1 chIoride con-

densation. The mechanism proposed is described in Scheme VI. 

Severa1 experiments (see Scheme VII on page62) were designed 

to demonstrate the va1idity or this mechanism. Benzoy1-

phenyI carbene (90) obtained rrom benzoy1pheny1diazomethane 

(91) reacted with p-to1uenesu1feny1 ch10ride (51) to give 

the cC-ch1oro- ~ -ketosu1fide 61 in good yie1d (93%). AIso, 

the ketocarbene 2Q has been trapped by styrene to give the 

cyc1obutanone 92. 79 In this case, ketocarbene 90 rearranged 

to dipheny1ketene (Ph2 C=C=O)80 before addition to styrene. 

The assignment of the structure 92 for the cyc1obutanone "'· ... as 

confirmed by ir, nmr spectra (see experimenta1 section on 

pageI25). However, under identical conditions, the adduct 

II did not give 2,2,3-tripheny1cyc1obutanone (W when treated 

with styrene. Thus, the possibi1ity of a carbene mechanism 

seems remote for the 1:1 dicarbonyl-phosphine adduct-sulfeny1 

chloride condensation. 

(c). Ionie mechanism. 

Any ionic mechanisrn for the sulfenyl chloride conden-

sation should take into account the two possible modes of 

polarization of sulf'enyl chlorides, namely, 
+ 

(i) "sulfeniu::l chloridc" mode R"S-CI 



Schcme VI 

R't, /~R __ _ 

p 
Ro/I"OR 

OR 

~ 

.. 

!§ • ( R01p=o ~ 

CI/." '(n 
RV~ ( 
1 . -:---.. "/ 

RCOC-'-,.,P~R ) 

R"O R 

RlcoëRI 

E!§ 

.. 

RI ~ 
RIC~-oR 

OR 

!! 

RI 
RICOCSRa 

• Rel 
6 

(RO)2P=O 

~ 

61 



Sch('>Ir!C' VII 

EXDp.rim~nt5 on c~rbp.ne nechnni~m. 

/R 
-\ 

) 

~"OMe ~-'3 
MeO Me ":I~ 

23 . - '" / 

.'7 

(R'coëR') 
Y.9 

RI 
R

I
COCN2 

2! 

./ 

/ 

,// 
/ 

R=C~H5 

/7 /R'SCI 
RI 

R1COCSR'1 
CI 
60 

R H 
'-1 
HI} .. 

~I~~_{ 
0

7 9~ Q\ 
1\1 



( ii) 
+ 

"chloronium mercaptide" mode R'S 'CI 
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Even though, sulfenium chloride polarization has been 

ravoured in most of the reactions or sulfenyl chlorides,81 

the chloroni~ mercaptide dissociation has been shovm to occur 

in seme reactions of strongly electrophilic sulfenyl chlorides 

(eg, p-nitrobenzenesulfenyl chloride). The reaction or ethane 

and benzenesulfenyl chlorides with trialkylphosPhites82 illus-

trate the sulfenium chloride polarization. 

+ R"SCI 
o 

---:> R"sf!(OR) 2 + RCl 

Nechanistically, this reaction is analogous to the 

Arbu50v reaction l2 and the phosphite attacks the electrophilic 

sulfur to form the phosnhonium intermediate 93. The chloridr.> 

ion is sufficiently nucleophilic to dealkylate the phosphonium 

intermcdiate 93 by preferential attack on rtn alkoxy carbon 

to forro the energeticrtlly favoured p=o bond. 

(RO)3P : + 
of­

RUSCl --~ (RO) 3PSR" 
Ç? 

Cl --.. (RO) )~SR" + f?Cl 

An altprné\tivp. r.l(>chanisrn would involvC? an initi.ïl a.tt.·:c1~ 
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of the phosphite on the halogen similar to that observed with 

t-butylh~~ochlorite.83 

~ ~ +~ + 
R"S~1 ~ + !P(OR) 3 --~ (R0)361 R"S --7 (RO) 3 PSR" Cl 

+ RCI 

In this case, the attack on the halogen seems less 

likely, because the thiolate ion (R"S-) would itself be 

strongly thiophilic and Vlould be expected to react further 

with the sulfenyl chloride. This chloronium mercaptide pol-

arization of sulfenyl chlorides, has been observed in the reac­

tion of p-nitrobenzcnesulfcnyl chloride with triphenylphosphitc. 84 

+ 
p-N02 -C6 H4 S-Cl + :P(OPh) 3 ----;;. ... (PhO)3P - CI S-C

6
H4 -N02 -p 

P-N02 -C6H4 S + p-NO -C6H S-CI . 2 4 ~ (p-N02 -C6H4 S T2 + Cl 

2.1. 
+ 

(PhO)3P -CI + Cl ;;;. (PhO)3 P (CI)2 

2.'i. 

p-Nitro;:>hcnyl disulfidc (q4) and the dichloro;:>hosphorus com-

pound 95 tl/cre isolated in good yield. 
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Based on the se analogies, the foll"owing mechanisms can 

be proposed for the 1:1 dicarbony1-phosphine adduct-benzene-

su1feny1 ch10ride condensation (see Schemes VIII and IX· on 

pages 67&68). These two mechanisms can be distinguished by 

product ana1ysis. In the 1:1 biacetyl-trimethylphosphite 

adduct-su1fenyl chlorièe condensation (R=R'=CH3 and R"=C6HS ), 

the fol1owing set of products would be expected by the t'..'!O 

proposed mechanisrns. 

The exnected orodu.s:ts from "sulfenium chloride" mechanism. 

The e:>.."p<?cted nroducts fr0n "chloronium Til~rc<1.ntirle" T"lcch~nism. 

It h:\s hf>f",n sho ..... n c;>:-l icr (sC'c p~gcs 44-55) that ~hc 



products formed in the condensation corresponded to those 

predicted by the "sulfenium chloride" mechanism. Thus, it 

appears that the condensation in this case proceeds in this 

manner. The absence of phenyl disulfide in the reaction 

66 

mixture (gas chromatography) makes the chloronium mercaptide 

mechanislü unlikely, because the strong thiophilic nature of 

the mercaptide ion (C6HSS ) should lead to at least some 

disulfide formation. 

In the 1:1 benzil-trimethylphosphite adduct-sulfenyl 

chloride condensation (R'=Ph and R=al3 ), the only products 

formed are the o<,-chloro- }3-keto5ulfide and trimethyl phos­

phate. Although, these products can be accounted by both 

mechanisms, the sulfenium chloride pathway is preferred becausc 

there is no disulfide formation. It seems that in this case, 

path L is preferred exclusively to path~. This could he 

rationalized as follows. In path ~ the tertiary carbon 

undergoing nucleophilic attack is not only benzylic but also oC 

to the carbonyl group and to sulfure AlI these characteristics 

accelerate the substitution at the carbon. 8S Morcover, addi­

tional driving force is introduced into path i by the elimin­

ation of the very stable tricethylphosphate through energeti-

calI).' favoured p=o bond formation. In ?ath ii, even though 

thcrc are three primary carbons which C;.1n undcrgo nuclc:ophillc 

at.tack, the only driv'ing force av~ilable is p=o bond rorm-

ation. In the biac~tyl-trim0thyl?hos?hitc adduct-sulf0nyl 
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Th(' "~->ulf'C'niuM c:hloridc-!" rl"'chanism. 
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~.,chcml? IX 

Th~ "chloroninm mp.rcantiop." mechanism. 

r(i={R' 
-\ 

0, /0 " P. 
Ra/" t'OR 

OR 
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,/ 
1 ~ 

RCOCSR" 
1 

CI 

2 

• 

RI/RI 

, l \ 
-0 0 
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OR 

RUse. ~a 

~ 
~ R' 

R'COCCJ 
6 
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!! 

• 
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Scheme X 

Suan0<;tt=!d me-ch;\nigm for br-mzil-tr:ig(d:im~t·hylamino)nh()snhine 

adduct-gu]f0nvl rhlorid~ condensation. 

~a 

~' 
R'COCSR" 

CI 
~ 

v 



chloride condensation (R'=R=CH
3
), which iacks the benzylic 

group path ii competes with path i to a significant extent 

(see Table 4). 

The condensation of sulfenyl ch10rides with 1:1 benzi1-

tris(dirncthylamino)phosphine adduct (25) can also be ration­

a1ized on the basis of sulfenium chloride mechanism. This 

condensation is similar to that of 1:1 benzil-trimethylphos­

phite adduct and sulfenyl ch1orides, except that path ii is 

eliminated. The mechanism is described in Sc he me X on page 69 • 

AlI attempts to trap the intermediate 82 (see Scheme 

VIII) as 2,4,6-trinitrobenzene sulfonate (TNBS-) 100 and 

hexachloro antirnonate (SbC1 6 -) ~ to obtain additional evi­

dence for the "sulfenium chloride" mechanism, were not 

successful. 

In summary, aIl the 1:1 dicarbonyl-phosphine adduct­

sulfeny1 ch10ride condensations studied, appear to follow the 

sulfeni~~ chloride mechanism. 

Nass S710ctrn of -:;(.-ch10ro- R -ketosnlfides. 

The ~-ch1or.o- F -ketosulfides showed certain similari tics 

in their :fragmentation Datterns in spite of the structural 

differences in them. The 10110\'1jng fragmentations se~r.1S to 
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be common for aIl. the ~-chloro- r -ketosulfides studied so 

far. 

+ 
R 'C;O "'E"(:.----

Like other carbonyl derivatives,71 the chloroketosul.-

fides 83 undergo cC-carbonyl cleavage to give R'C:O+. The 

ion R r C;aS+ has been sho .. vn to occur in the mass spectra of 

some sulfides. 86 When RI = C6HS' the ion C6HSCO+ undergoes 

furthe r fragmentation to C6HS + ar.d then to C4 H 3 + • These 

processes are substantiated by the metastable peaks at mie 

S6.5 and 33.8 respectively. 

~56.S 
----) 

( i) . 

Considering the ~-benzoyl-~-chlorobenzyl sulfides 

(60), th~ir Dode of fragmentation appears to depend on the 

nature of R". tYhen R" does not have hydrogens 0:, to sulfur 

for~ation of various ions can be rationa157.ed accorGing to 

Sche-:1C XI on th,;. fol 1"":. in'] page. 
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rl~: M-dn (r",,:nn!.~t:ion '")~th·.,·,\v of '-<+:'~l!.0vl- ..,{-chloro1"'1C'D.::J:1..3111fi!l.':?.5-!.. 

rêJ + " ~C=SR 
/ 

CI 

60a* 

rro 
'-./' 

/".... 

IlQ 
- 60d ~ mie 194 

H 

"~', ~'+ 5J r' -,l' ,') 
l .. <.: ~ \._; 

.ç 138-1 
(-----

60 h -; mle16S 
.. 1 

© 
©-CO~c~~SR' 

CI 

60* 

~~ + 

W;=SRII 

+ 
:' 

------) 

~~ ~ 

rfY-;(© , ~ 
~J- 5 <:.~ 172'4 

(;og "r' / _.___ me 197 

R"S+ 

60b* 

rêJ + Il ~C=SR 

©Y 
60e* 

©/CJIQ\ 
"S~~ 

60f t mie 225 

...:J 
l\) 
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The ions 60a~ 60b*and 60c*are rormed by benzy1ic c1eav-

age or a, b and c bonds respective1y. The ion '* 2.llii at mie 194, 

is assigned as diphenylketene ion and this is conrirmed by 

exact mass measurements (see Table 6). When R" = C6H5' the 

rormation or ion 60e~rrom 60c*is substantiated both by a 

metastable peak at mie 249.5 and by exact mass measurements. 

The ions 60f~ 60a"* and 60h~ seemed to be rormed rrom 60c* as 

indicated in Scheme XI and these are substantiated by botb 

metastable peaks and by exact mass measurements. These data 

are summ~rizcd in Table 6. 

Table 6 

Exact m2..~S rl;>.t;"l on oC-benzovl- oC-chlnrobemo:vl-ohc-nvl e;nlfièl? (62). 

Exact mass 

ion Chenica1 rormula ca1culatcd round 

2QQ. C 14H10O 194.0729 194.0732 

~ C
19

H15S 275.0896 275.0894 

2.QL C14H9 OS 225.0372 225.0374 

60a C13H9 S 197.0420 197.0425 

f2Qh. C13H9 
165.0706 165.0704 

\ .. 'hcn Rit has hydrogcns ex, to su1fur (whcn R" = C6H50IZ-
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and Me02CCH2-), the fragmentation patterns are somewhat dif-

ferent. The main difrerence being the elimination or HCl 

instead of Cl from the molecular ion 681 This process seemed 

to be so favourable that the molecular ion 68~is absent in 

these chloroketosulfides. The ion at mIe 226 is rormed most 

* probably from ion 68rt but this cannot be conrirmed by 

metastable peaks. 

C
6

H
S

C=O+ <:---­

mIe 105 mIe 121 

\llhen R" = p-OI3 C6H4 - or C6 HS0I2 -, the ion at mIe 91 due to 

C7 H 7 + (tropyliuo ion) is also obscrved. This breaks down 

rurther to give CSHS + at mIe 65 (netastable at mIe 46.4). 

------) 

(ii) 
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In these chloroketosulfides the molecular ion is much 

more intense than in the case of ~-benzoyl- ~-chlorobenzyl 

sulfides. Not only Cl but also HCl is eliminated from the 

molecular ion 70:f.to give ions 70d and 70e. The ion R"S+ 

is formed by c&thio cleavage. The t2limination or ketene 

(CH2CO) \'lhich is characteristic or some acetyl (Œ
3

CO) 

71 groups, occurs in the molecular ion as weIl as in other ions 

containing the group. The ketene elimination May proceed 

via a four centre m echanism as follows. 

:) 

70* 

H CH3 
~ \ + 

H C C=S-R" 

2~7 

[ ~3 H-C-SR" 
Cl 

70a* 

'ÇH3+ 
H-è=s-R" 

r 

\oJhen RU = 013 -CH2 -, ethylen~ elimination is observed from 

ions con1...ining ethyl group.72 For eX<:lr.lplc, the ion at 

mie = 123 eliminates ethylcne to give fragment mie = 95. 



This is substantiated by the presence of a metastable peak 

at mie = 73.3. 

mie 123 

~C=~-H rel 
mIe 95 

The aromatic ring participates vlhen R" = C
6

HS1 the 

:follovring fragmentation leading to the ion at mie = 110. 

+ .. 
Hh sV 

m/e 110 

+ o 

77 

A four centre fragmentation can also be advanced to rationalizc 

the formation of the fragQent at mie = 110. 

mie 110 

The six centre fragmentation is prcferrcd to the four centre 

process althou']h definitive experiI!lentation is lacking. 72 
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Re~ults and Discussion (Part II). 



Results and Discussion P~rt II 

Reactions of oC-chloro- A -ketosulfides. 
) 

The versatility of ~-chloro- ~-ketosul:fides as use:ful 

intermediate is illustratedby their conversion to ~-hydroxy 

ac ids, oC-ketoa Idehydes, ci.-hydroxyaldehydes, methylketones, 

87 88 aldoses and a variety of heterocyclic compounds.' Besides 

the 1:1 dicarbonyl-phosphine adduct-sul:fenyl chloride conden-

sation, there are two ·other methods available for the prepar-

ation o:f i:-chloro- f -ketosul:fides. 

The decom~osition of c;(,-diazoketones with sulfenyl chlorides. 75 

+ R"SCI ) 

R' 
RCoCSR" 

Cl 
+ 

The action o:f thionyl chloride on p-ketosulfoxides.
88 

Rcoa-l2~aI3 + SOC1 2 + + HCl 

In these octhods, the reactants ( ~-diazoketones or 

f-kcto~ulfoxirtps) must be prepared scparntely. However, in 

the 1:1 dic:l.rbonyl-phos9hine adduct:-sulfcnyl chloric!~ conden-

satio", the chloro !~~to::;ulfides can be gcner<1.tcè in one stc"!) 

fro~ readily av~ilablc co~?ound~. 

tlr:l:1 yiclds il ncw ~crics of oC.-chloro- f'-k~ ... o:-.ull·id('c:, in wh~:.:.-. 
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carbon bearing the chlorine is tertiary. 

One would expect that the chlorine atom in the o(,-chloro-

r-ketosulfides should be very reactive, due to the sulfur 

participation (as sho,'m). 

This can be substantiated by fact that oG-benzoyl- oC-chloro-

benzyl-p-tolyl sulfide (61) was converted within few minutes to 

gC-benzoyl- c1:'-rnethoxybenzyl-p-tolyl sulfide (102) in good 

yield (80%) by heating with methanol arrl silver carbonate. 

+ 

In this study, some ne\'! reactions of oC.-chloro- f-keto-

sul fides wer e invest igated. 

R~~.ct1.C!1 or ~{.-ehloro- !i-k~tosulfidAs wit~ tj"ichlorosjl;,n~-
i 

tri-n-hutvln~in~. 

Silicon hydridcs I03 rec!uc!'! a nu;r.bpr of or'Janic func-

tiona! grou~s, nrpsum,"lbly bcc::.us·? of the hydrir.l:'c nature uf th~ 
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d d -1- 89 hy rogen attache to S1 1con. 

ie, 

Their use as synthetic reagents is on the increase 

because of their ready é'..vai1ability and ef"f"icient mode of" 

react ion. 90 Trichlorosilane (105) f"or example, has been sho'wn 

to be superior to lithium-a1uminum hydride in the reduction 

of" phosphine oxides to Phosphines.
91 

+ 2HSiC13 ---> :;r: + + 

d - .e - - d 9 2 d I.e . d 9 3 - . hl Re uct10ns o~ am1ne OX1 es an su ~OX1 es uS1ng tr1c oro-

silane have also been reported. 

The ef"fectiveness of" organic bases as catalysts for 

the addition of trichlorosi1ane to acrylonitrile94 and 

95 
phenyl:\C~etylene has addcd another dimension to the rapidly 

exp~~ding field of organosilicon chemistry. Recently Benkeser 

96 
et .'\,1 found that in '"t!1e presence of" 'terti;1ry.amines t'richJoro-

silan~ (J05) et't'ected dchalogenation with a variety of organic 

h;"l.liàcs. Th~ nroducts 50 obtained, were considered to be 

significant from both synth~tic and t:lech:lnistic stanf'!:->oints. 



81 

For examp1e, 1,1,1-trich1oro-2-propanone (106) gave 1,1-

dich1oro-2-propanone (107) in high yie1d (80%) when treated 

with trich1orosi1ane (105) and tri-n-buty1amine (108). 

+ + 

+ 

+ 

(n-C4 H9 ) 3 N : 

.!Qli 

SiC1
4 

Physica1 evidence which substantiates the existence of' the 

trich1orosi1y1 anion (109) in the reaction has been reported. 97 

This anion has been ShO\'ffi to be rormed by tœ fo11owing 

mechanism. 

+ HSiC1
3 

.!Q2 

+ 
-====:> R N--SiCl 
" 3 / 3 

H 

II 
fR r:i-----SiC1 ] 

3 ,,:' 3 , , 

H -
7 

The trichlorosilyl anion (J0c) offers a striking parallcl to 

phosphines in view of the isoelectronic relationshi? b,-,t~'/een 

theo. The isolation of 1.1-dichlo~o-2-trichlorosilyloxy-

propcne (l.1..!2) frc::: the l, l , I-tr ieh 10ro-2 -prop,-:.no:1e> (l2:i) and 
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trichlorosilane-tri-isopropylamine reaction and subsequent 

hydrolysis of ~ to the product ~ illustrates its close 

similarity to ~ in the triphcnylphosphinechloral reaction. 98 

+ 

-1-

+ ----) 

Cl /OP(Ph) 3 _ 
"C=C Cl 

cl' ~ 

.li!. 

Prompted by the clean ;)Jld selective dehalogenation 

96 
work of Eenkeser, the trichlorosilane-tertiaryamine 

cor.tbination \'las used to dehalogenate cC-chloro- j1-ketosulf jclGS 

83. For exan:->le, oC -benzoyl- oC-chlorobcmzyl-p-tolyl sul:f:: è..? 

(61) was reduc~d to ~-b~~zoylbenzyl-p-tolyl sulfide (112) 

in quantitative yield (by nmr). 

(j) HSiC1 3 , (n-C4H 9) 3~: 

--------------------------> 
(ii) NaOH 

In a series cf ex?priments, the ~-chloro- {1-ketosulfidcs 
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adduct-sulfenyl chloride condensation and dehalogenated using 

trich1orosilane (105) and tri-n-butylamine (108). The results 

are sUI:L'1larized in Table 7 on the follO".'Jing page. In the 

aliphatic series, the cf... -chloro- ~ -ketosu1fides 70 were a1so 

generated in situ by the 1:1 biacetyl-trimethylphosphite 

adduct-sulfenyl ~,loride condensation and dehalogented by 

trichlorosilane (105) and tri-n-butylamine (108). The dehalo-

genation proceeded in good yield (61%) with ~-acetyl-cG-

chloroethyl-phenyl sulfide (72). ~ving to its low the=maL 

stability the dehalogenation of ~acetyl- ~-chloroethyl-

ethyl sulfide (74) 1ed to extensive decomposition. When a 

pure sample of ~ (prepared from azibutanone and benzenè-

sulfenyl chlor ide, see page 12q was used, cG-acetylethyl-

phenyl sulfide (118) was obtained in higher yield (80%). 

However, ~-acetylethy1-ethyl sulfide (119) cannot be obtained 

frcm pure Z!t owing to the low thermal stabili ty of li. 

AlI dehalogenation reactions were carried out in dry 

1,2-dirnpthoxyethane. The workup was initially alkaline in 

order to eliminate any side reactions arising from the hydrol-

ysis oI the probable intcrm0diate ~. 

R' 
R'COCSR" 

èl 
+ SiCl --)R'C=C~' + 

3 6 'SR" 
'SiC1 3 
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Table 7 

Physieal a~d spectroscopie d~ta of f\-ketosulfides. 

+ 

R" in .!..l2.. 

+ 

R" in 1.l.§. 

(i) HSiC13 , (n-C4 H9 ) 3N: 
R"SCl ~ 

(ii)NaOH 

Ph 
j 

PhCOCSR" 
j 

H 

. M.P.(o) Yield (%) ir (CO) 
band in cm- l 

nmr data (1:"') 

94-6 80 1670 

70-2 60 1670 

78-80 62 1670 

(i)HSiC13' (n-C4H 9 )3N : 
R"SC1 ~ 

(ii)NaŒI 

78-80/0.003 

èpc cm po s ed 

Yield 
( ;';) 

61 

ir (CO) 
b~r.. in 

1720 

1.80-3.10(14H,m), 
4.12(H,S)7.73 
(3H,S). 

2.10-2.80(15H,m), 
4.62(H,S)6.33 
(2H,AB)J=14HZ. 

1.80-2.90(10II,ra), 
4.37(H,S)7.S0 
(2H, Split AB , 
J=7HZ)8.83 (3H,t, 
J=7HZ) • 

ÇH3 
œ COCSR" 3 1 

-1 en 

H 

nmr data ("C) 

2 • 30 - 2. 8:; ( .sIl ,~) , 
6.20(H,'l,J=7:iZ) , 
7.80 ( "3; i , S), 8.63 
( 311 , cl , J = 71 r/..) • 
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This intermediate 120 is not on1y an eno1 ether but also an 

eno1 thioether. Consequently, acidic hydrolysis wou1d lead 

to the cleavage or both these groups. 

R' 1 

" ,.....R 
c=C + H20 cf' 'SR" 

'SiCI3 

---~ 
~ - L 

R'coCSR"-;-R"SH+R'COCOR'+fsiO'}.-, 
~ •. Jn 

+ Hel 
.12!) 

Basic hydro1ysis however, wou1d on1y 1ead to eno1 ether 

c1eavage giving the P -ketosu1fide 121 as shat'm be1ow. 

Hbt-H 
RI >~I 
'c (C 

cfJ 'sR" 
~iC13 

N~OH 

> 
RI 

R'CO"J:"SR"+ N CI N _c::." C • a + a:z--E03 
J1t 

The ir and nmr data or these p-ketosu1fides 121 are 

summarized in Table 7 • 

. ~tél.S5 srx'ctra of ~ -ketosulfjdes. 

In the mass spectra, aIl 

the rnolc-cular 

f3 -ketosulf ides 1 ~l showc>d 

l~)H';~ R'C=S+ 121. .... ~ l!C::::j+ 

XIII on tœ follo·,'/ing 



S" l~ .. ~ ~2_~Ill 

I:v'_.!2.-~ . .h (1' ~!2::11 t '1 t i n"l :-), t hw' 'J s • .-Q! r-1-:r't n r..111 f i n~':.!. 

1 + 
RC=S 

21a* "", 

1_ '" 

R'CO~SR' • 
[ 

1]1-

/ 121* 

/ 
+ 

HC=S 
121d Of 

+ 
RIe = 0 

/.., 121b t: 

/ 

-[RICO'] 

~ RI + 1\ 

"C=SR / 

H 
121C:f co 

Q\ 
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undergoes further fragmentation to C6HS + mie 77 and then to 

C4H3 + mie 51. These latter pathways are substantiated by the 

presence of metastab1e peaks at mie 56.5 and 33.8 respectively.72 

-0+ C6HSC= 

mie 105 mie 77 

.~ 33.8 
> 

When R" = C6HSOI2 - or p-Œ3C6H4-' an intense peak ~t mie 91 

due to C7H 7 + (tropyli~~ ion) was observed. This ion frag­

mented further to CSHS + mie 65, which was conrirmed by the 

presence or a metastable peak at mie 46.4. 

:-t.: 46.4 
-'-'--------;; 

\Vhen R' = C 6HS' the peak at mie 121 l'las assiçmed to C6 H S C:::S+. 

Similar ions (RC::S+) have been observed in the mass spectra 

. 86 ox other sulfur co~ryounds. Sinilar1y, the peak at mie 59, 

- + when R' = 0i3 .. ':as assigneà to CH3C=S. \Ilhen R = C6HS and 

-_ • , ??-:F t 1 R" C6H S0-I2- or 0i3CH2 -, the 10n =- a m e 196 appears to 

bc ror:7!C'd by do ~·Ic L."\x!"er ty 99 rearrangPMcnt as shawn in Schenc 

XIV on npxt: paCJP. The xact that ion 122:t=is not xorr.<?d from 

11='*S:.t'}~:'5ts th.:\t one of the hydro-:-;.:-ns of the mcthylcp.C? group ç{. 

to su1fur ?articj~ates in ~hc re~rr~ngenpnt. Certain pe>aks 



C") 

:x: 
J:/U 

(/)-(.) 

+_._-------. , 

/ 
---------, 

zrt» 
Cf)-C,) 

©-~\ 'X./:.:...J (À • ' u :t: 
__ J ,~~ 

u=o 
/ 

@ 

+G- ---- -------- -) 

L---____________ _ 



89 

observed in the mass spectra of sorne ~-ketosu1fides. The 

* mo1ecular ion 113 undergoes a benzylic cleavage and a possible 

rearrangement to give the ion l13e~at mie 227. 

fh 
PhCCXiS î-Œ 2 Ph 

H 

l13~ mie 318 l13e~ mie 227 

Also, the ion l14ct at mie 151 undergoes further fragmentation 

with elimination of ethylene to give an ion 114e*at mie 123. 

Similar olerin eliminations have been observed in the mass 

spectra or other alkyl sulfides Vii th P -hydrogens. 86 

Ph Hj,cH2 
-..; ,...1 

":C =S':'CH li + 2 

114C=F mje 151 

Ph ~ 
'c=S-H 

H 
114èi= mie 123 

This olefin elimination was further confirrned by the nresence 

of a f!le-tél.stnb1e peak at mie 100.1. The ion 118* undergoes 

frél.'.]r:lcntation to the ion at mie 110 presurnably because of the 

proxL~ity of the phenyl and methy1 groups. Several analogi~s 

to this ty:")c of rearrange~ent have baen renortcd. 72 
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4- + 
CI' .. 

118* mie 180 mie 110 

A four centre fragnentation mechanism can be proposed for the 

formation of the ion at mie 110. The six centre fragmentation 

:i..s preferred in most or the reported systems, although defin-

. . . .. 1 k· 72 
~t~ve exper~mentat~on ~s ac ~ng. 

+ 

l ~C-H-O-· I~~ 1 ---~) 
CHFO~-"-S ~ 

118 =1= mie IB~ mie no 

Re:1.ction or d,-chloro- p -kAtosulfides "d'th 'Dot;,ssium thi.()cv."'.n''''~J'. 

The reactions or rnetal thiocyanates with a number of 

organic substrates have been wide1y used for the preparation 

100 of various heterocyclic cornpounds. Recent rcscarch with 

rneta1 thiocy:1.nates has been concerncd not only "'li th cxtendin(J 

thcir ao?lications, but also with ~robIcns oi structurp cf 

h cl 
... . . 101 t e ?~O ucts an~: react10n mechan1sms. In most org~nic rc-

action~, sodium, potassiu.:n êl.!''ld am:ncnium thiocyanatc \':0re u5cd 

bcc.-,usr. of thcir hitJh 501uoi1itic5 in poL .... r org;mic ~(jlvcnt.,. 
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The effective agent, thiocyanate ion, exhibits "ambident" 

character since the ncgative charge is àelocalized over 

sulfur and ni trogen as shown be 10'1.'1. 

S-C==N S=C=N 

The thiocyanate ion is regarded as a resonsance hybrid of 

~ and 124, where the disposition of charge over the ion 

varies with its environment in a crystal, a solvent, a stable 

complex or a transition state complex of a chemical reaction. 

For example, the infrared absorption and X ray dif1raction 

data for solid potassiurr. thiocyanate have been int~rpretcd 

in terms of a resonance structure to which :form 123 contrib-

102 utes about 70 percent. Considering the mctal complexes 

which contain thiocyanatc ligands, metal-sul:fur bonàs have 

been .round in sorne and metal-nitrogcn bonds in others. l03 

Furth~rmore, the im?ortant feature of the rc~ctions o:f in-

.organic thio::y .• né\tes with an organic substr.:\te is th;J.t the 

product is :frcquently an isothiocy~nate (R-i-i=C=S), instead 

.e t th . h th . t ( R -S-~="') 104 Th h OL, or 0']0. er Wl.t a l.ocyan.~ c '-_., • e ncc -

anistic dp.tails or thcse reactions arc co:n;:>licated by the 

rollew:in<] f .... c'".:ors. 

(a) • the struc turc of the organ ic cOr:lpoun:j. e. g. w!lcthe-r th;> 
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reaction occurs on a primary, secondary or tertiary 

carbon a tom. 

(b) • the structure of the reagent. 

(c) • the interolay or structural and environmental ractors 

in the formation of a transition-state complexe 

(d) • th8 inherent thermal instability of sorne thiocyanates 

or the effects of catalysts on them leading to their 

isomerization. 

In the reaction of r:/.. -haloketones 125 wi th potassicm -- -

thiocyan~te, the thiocyanoketone 126 is formed. 105 

+ KSCN ---;> + 

In contrast, o(,-chloro- J3 -ketosulfidp 127 wi th potassium 

h · . d· 1 h· 106 
t 10cyanate 1S report8 to g1ve the oxazo ot 10ne-2 128. 

Iji 
R-C--C-SC H 

Il 1 2 5 

o CI 
127 

KSCN > 

128 

Thesc contrasts in thp bQhavio~r of thiocyan~te ion 

h,l.ve œ0n :r~ticnaliz('d as follcI"::s.107 In th:? Ô .. -chloro!-r.\ t'-,T.':-
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thiocyanate reaction, the carbon atom undergoing nucleophilic 

attack is primary and the reaction has been suggested to rol­

low an SN2 mechanism. HO\ .... ever, in the cl-chloro- jB-ketosul:fide­

thiocyanatt? reaction the carbon is secondary. l'vloreover, the 

cdrbon-chlorine bond is much more loosened by the influence 

of' cf,-sulfur (see page 79). These ractors would be expected 

to favour an SNI mechanism. In an SNI reaction, the incol1ling 

nucleophile attacks the carbonium ion intermediate Iargely 

because of the gain in electrostatic stability resulting rrom 

the neutralization or charge. So in an a~bident nucleophile, 

the approach or the atom having the highest concentration or 

negative charge would be favoured on encrgetic grounds. For 

the thiocyanate ion, nitrogen being more electronegativc than 

sulrur, would have the greatest electron densi ty. Thus, in the 

~-chloro- ~-ketosulfide-thiocyanate reaction, the thiocyanate 

ion would attack the carbonium ion centre through nitrogen 

forming an i~othiocyanate 130. This isothiocyanate ~ likely 

cyclized to give ~he oxazolothione-2 ~ as dcscribed in path 

~ on Sche~~ xv. Thcs~ ration~lizations should be considered 

cr i t ically, b ('Cause the isoth iocyana te 13CJ could also be 

foroed via path b (sec $chen':! XV) by iso~t?rizatjon of thio-

cy;~natc Dl- Such il possibi1ity has not yct bccn ruled out. 

In this investigation, the rcaction of thiocyanatc 



'ii 
R-C-C-SC2 H s 

\1 1 

a 

o CI 

127 

1 
1 

1 
! 

KSCN :b 

1 
1 
i 

V Iji 
R-C·-C-SC H Il 1 2 5 

o SCN 

131 

H Ij! . 
R- c-t-SC2 H s -:f-... R- c- C -SC 2 H s Il -+- Il 

o _ 0 
CI 

1 
V 

129 

f;f 
__ b_--7'7 R-C-C-SC

2
H s Il ' o 1 

cl 
s'l 

j..-

R,C c/SC2Hs 

/ \ 
o /NH 
"c 

Il 
S 



ion \'/ith a mimber of c.{-ch1oro- '(3-ketosu1fides (72, 74, 61 

and 64) having a tertiary carbon. adjacent to sulfur was 

stuàied. 

CH3 
OI3CoÇSPh 

Cl 

ŒI3 
CH3CoÇSC2Hs 

Cl 

rh 
PhCOCSCH2 Ph ca 

95 

The chloro ketosu1fides la. and 74 reacted with potassium thio-

cyanate 'Out tr..e products from the reaction deconposed during 

worh.-up in spite of severa1 attempts (by distillation under 

reduced pressure, column chromatography etc.) to isolate thf!m. 

However, two other chloro ketosul:fides tl and 64 reacted 

with P(yt:lss~.t:.m thiocyané\.tc a:fforcling '-:'-substj-tuted-S,S-di-

phenyl-3-oxazolinc-2( IH) -2-thicn·~s 132. 

Ph 
1 Il 

Ph-C--C-SR + KSCN 
Il 1 
o CI 

13 :2 



96 

When potassium thiocyanate \Vas added to the solution 

of the ci-}l,oro ketosulfide 60 in anhydrous acetone, it dissolved 

completely and potassium chloride precipitated out as a 

white solid within a few minutes. Workup and column chroma-

tography provided a syrup which gave satisfactory elemental 

analysis and was hornogeneous on tIc (thin layer chromatography). 

The yield, uv and nmr dat? are sUI:1Dlarized on Table 8 on page 

97. The ir spectrum pf the products ~ h?d no carbonyl, 

thiocyanate or isothiocyanate bands. 

On mechanistic grounds, the structure 135 can also be 

assigned to the product of this reaction. 

The structure 1~5 for th~ product was ruled out by the follow-

ing reason i ng. Tht? two possi bIc structures when R" = C6HsCH;.!-

1 1
, . . (-,7 

In ] 34, t'le benzy ~c protons are enant~omerJ,C 

.:ln';! th8re:for~ Vlould he eXDPcted to give Cl singlet (2H) in the 

nmr • 1l()~·'C?V{'r, ln 1"36 the benzyl ie oroton s ar l~ d iaster'?omer ic 67 

bpcau!",c of thpir p:-ç,xj~jt.y to the il~;y:-l.ïletric centre. In 



Table 8 

fhy~;i c.'), nnd !'pectt"oscopic dat" of 5, 5-di.oh(myl-4-benzy1 (;md p-tolyl) thio-3-

r.::~1~.in~-2( Ill) -2-thiones 132. 

60 + KSCN ) ill + KC1 

R" in 112 Yie1d (%) * ( G ) nmr data (t') UV max m 

n-toly1-lli 82 232 (2920) 2.10-2.90(14H,m) 

295 (1543) 7.60 (3H,s). 

benzyl-134 90 228 (3483) 2.10-2.90(15H,m) 

296 (1711) 5.77 (2H,s). 

* ether was used as solvent. 

\0 
'-l 
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AB pattern in the nmr spectrum. (see page42 for other examples 

of di~stereomeric protons.). The product from the thiocyanate 

reaction showcd a sing1et (2H) for the benzylic protons. 

Th8refore, the structure 134 is favoured for the product. 

The UV spectra of the products froIn the reaction of potassium 

thiocyanilte ... ·li th 61 and ü:l arc simi1ar. Since, 134 is the 

is the favoured structure for the product from 64, therefore 

a similar structure 133 is assigncd to the product from 6J .• 

The i11aSS spectra of 133 and 134 are discussed in detai1 in 

the next section. 

Mechanistically, the reaction can be considered to 

follm'J' the pathway as shown in Scheme XVI on page 99. The 

isor.Jcrization of tertiary thiocYé<nate 140 to isothiocyanate 

1.39 under the reaction conditions can reasonably be expected 

to occur. Similar isomerizations of tertiary thiocyanates 

h b d 
101 ave een reporte • The isothiocyanate ~ can cyclize 

to the product ~ with concomitêlnt phemyl migration. The 

possibility of sulfur oigration (path b ) was ruled out on 

the basis of the structure of the ~roduct (nmr analysis). 

This mechanisr:l invo1ved a nucleophilic push, e1ectro~hilic 

pull in~ulving pnenyl Migration to give the cyclizcd product 

13:>. 

A SÎlnilar mC!ch.î.:1isn has b-:-cn suq:;F'<;tcd lor th0 rc?ct iO:1 

f l . b . d . l 1:: • l 10ï. o O-to yl:-t,"1:]:1VS1Um rO::ll P Wlt 1 )("?nzl. • 
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l'{SCN KSCN 

©Vl9 
"c-C-SRII 

Il 1 
o SCr-·~ 

140 

135 

a 
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CH 3 ~ cg 
~-M9B,+ 0c-c- 0 lVJ Il Il 

o 0 

© CH31~© 

>©I~! 
~ 1 

CH3~© 
~II . l8J 0 OMg3r 

142 

It is like1y that this rearrangement is facilitated by chel-

ation with magnesium atom as in !±.l., \':hich increases the 

electrophilic character of the carbony1 group. The phenyl 

group migrates te give the rearranged d. -hydroxy ket:one 1.::,2. 

m::-.?:olin~-~( IfI) -?'-thiones. 

The main :fra~entation nathways in the m;).ss s?cctra oî 

13'1 and 1:1(· are illustrated on S=h(>;":1~ XvII on the following 

p:lge. Th~sc mass spectra are v,~ry s i:ni lar. The nolecul~r .. 
ion 11~"" ;o1/C! 375 :-'P?p.é'..rs to unè::-rgo an ci-thio c1cavagc ;mc..l 

"] h l t....- •• 1-:>...,4: l '"'52 a pOSS1.) e ? eny Sdllt to ~pvc 10n ~ me,. • Th i 5 i~; 



rnA;~ lOS 
1 

1 

1 .... 
+ C,J-f s 

m,ie 77 

-------."> 

mIe 51 
1 

_ .... C ...... l __ )-

101 

R"S+ 

132~ m.~ 123 __ 1 

'/ + 
C5Hs 

mie 65 
1 
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confirmed by exact mass measurements (see Table 9). The ion 

132e~ mie 123 is also rormed by the above process. The ion 

at mie 193 can be obtained by two pathways. The mo1ecular 

ion 132;: may lose bcnzophenone to give l32c~ or it can eliminate 

COS and n"s t'Tith hydrogen transrer to give the ion l32b.* 

vlhen R" = PhCH2 -, the two path ... /ays are as sho:',m below. 

[ s=<JSCH2C6H5 

132 c:f: 

* "* Formation of 1~2b and not 13?c is 2stablishcd by exact mass 

measure~~nts (SC2 Table 9). In the case of 132c=t: the cal-

culated 2..nd found exact mé\sses are not in a'Jree:nent. I·lolccuL: .. r 

~ * ion 13~r cn.n aI 50 :live the ion 132r-l by ring oponing \'li th a 

phenyl shift (this proccss occurs in other ~nalogous syste:ns 

1 0 If 0 ) 109 ego cyc J.C su l'tes. This ion 13/.'1 can undergo f"ur'thcr 

f"rag~en:~tion to ions at cie 121~ 105, 01, 77, 65 and 51 as 



Lillle 9 

Ex"\,rt ma ss cl;'\ta on 5. 5-di nhS'nyl-4-b(m~~yl (v-toI vI) thio-3-o)é:\?-ol in:?-2 UH) -2-thioncUE_~ 

EX<l.ct r-Iass 

Ion CJ.lculated Found for 133 Found for 134 Chemical formula 

U'l* 375.0752 375.0726 375.0739 C22H17NOS2 

l~~1.t- 252.0483 252.0463 252.0504 C15H10NOS 

lJ~h~ 193.0891 193.0874 193.0913 C14H11N 

* ll'lr;. 193.0020 193.0874 193.0913 C9H7NS 2 

J-I 
o 
w 
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in the previous section on the mass spectra of cC-chloro-oJ3-

kctosulfidcs (see pages 70-74 ) • 

Thl?nnally !;t;;.ble oC-ch10ro- -r -ketosu1fiàes §..~ are 

convcrtcd J~o th~ corresponding f-ketosu1fides 121 by tri-

chlorosi1a.""1e (105) and tri-n-butylamine (108). This reaction 

cal1. be carried out in one step by generating the chloro keto-

su1fide in situ (from readi1y available compounds), and thus, 

provides a convenient method for the preparation of 

sulfides. 

1l-keto-
1 

c;(.-Benzoy1- cl-chloro benzy1 sulfides 60 H-;Ict wi th 

potassium thiocyanate to give 4-thio-substituted-5,S-diphenyl-

3-oxazo1ine-2(lH}-2-thiones 132 in high yie1d. The ready 

availabi1i t;; or d-ch1oro- 'p. -ketosu1fic1es 83 and t.!"le c1ean 

rcact ion ~':i th potassium thiocyanate, provides a CCtnven ient 

synthctic route to this ne\'! h0tcrocyclic systc:n L:.;_" 

f'.!cchnn ist ic rat iona1izat ions of these rC'.:~c t ions .::md 

th("~ I1lass SDectra of fJ -ketosu1fic1'2s 121 and 4-thi(")-subst itutcd-

5,5-di?h0nyl-3-oxazo1inc-2(11i)-;;-thion8s 112 an- discusspd. 
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Exner-imental 

1. Melting points werc obtained on a Gallenkamp melting 

point apparatus and are correctcd. 

2. Infrared spectra werE! recorded on a Perkin-Elmer (Node1 

257 or Modal 337) Grating Infrared spectrophotometer. 

5pcctra of solids were obtained using potassium bromide 

pellets and a film technique was used for liquid samples. 

-1 
5pec"tra l'lere ca1ibrated with the 1601.4 cm band of a 

polystyrene film reference. 

3. Ultraviolet spectra VIere recordad on a Unicam 51"-800 

ul tr3.violet sDectroü:10tometer. 

4. Nuc1ear ma~netic resonance snectra werA recorded on 

Vari~n AS50cjates A-nO or T-60 sDectromet~rs. AlI pro-

ton spec"tra ;:.re re~or1:ed in tP-.\.l ("C) units relél.tive to 

tetraf'lr~thyl silane (T'·iS). Abbrcviations used in rpportin0 

n~r s~ectra are: s, singlet; d, doublet; t, triplet; q, 

quartpt and n, nultiplet. Unless other'.'iise statpè,deutero-

chloroforo w~s used as a solvent. 

5. :-!.îSS s;-x·ctr;·, were rccorèed on :1n .".:::r -;-15-Ç02 FlilSS C.:)<2ctro-
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6. Gas chrœnatogranhic (VPC) analyses were performed on an 

F and N (Nodel 5750) Research chromatograoh. Two 6' x 

1/8" stainless steel columns were used: 10% silicone gum 

rubbcr UC-W98 on Diatoport-S (UC-W98 column) and 10% 

Apie;;on - L on chromasorb W/A\']-~1CDS. (Apiezon - 1- column). 

7. Organic nicroanalyses were performed by Scandanavian 

Microanz11ytical Laboratories, Her lev, Denmark, and 

Organic Hicroanalyses (Dr. C. Daessle), Montreal, ::anada. 

8. Trimethyl phosphite (Aldrich Chemical Co. Ltd.) was 

purified by prolonged treatment 'wi th molecu1ar sieves 

"Linde" Type 3A(1/16") followed by fractional distillation. 

Tris(dimethylamino)nhosDhine (Eastman Kodak :::h~mical Co. 

Ltd.) was used without furth2r purification. Carbonyl 

compounds (benzil, biacetyl etc.) were freshly distilled 

or recryst~llized fro~ aprotic solvents. The solvents 

wprc purified according to the procedures descril~d in 

"Labor;:.tory Techniques in Organic Che;nistry", by K.B. 

~'Jibcrg, ~:cGré~w-Hill Book Co. Inc., N(",'1 Yorl~ (1960), Pf>. 

240-252. 

f . r- l 55 oh. ':.M,-- c. 
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funnel and a reflux condenser carrying a drying tube, was 

placed N-chloro succinimide (0.2 mole, 26.7 g). Benzene 

(120 ml) was added and the contents of the flask were stirred 

magnetically to fo~m a slurry. A solution of the aromatic 

thiol (0.2 mole) in benzene (50 ml) was àdded dropwise wi th 

the flask being cooled by ice 'watcr (temperature about 10°). 

An orange-red colour developed after 5 min. and it deepcned 

as the addition continued. After the addition was complete, 

the reaction mixture was stirred f.or 24 hrs. at room temp-

erature. The white solid (succinimide) was removed by fil-

tration and thq deep red filtrate was concentrated under re-

duced pressure. Carbon tetrachloride (30 ml) was added to the 

red ail to precinitate the last traces of succinimid~. After 

filtration the fi1trate was concentrated and the resjdual red 

oil wns distilled under r~duccd pressure. The yield and boil-

ing points are tabulated below. 

Sul.fcnyl chloride 

QI3 &SSl 51 

Cl -{?=>-SC l 22. 

0-:-_C1 :!.2. 

T.,bIe 10 

Yield un 

70 

86 

73 

44/0.3 

90/0.4 

T~cf.>()rtcd B. P. 
( O/m;!'} ) 

77.S-78.5/2.5n 

73 -75/9. r/'. 

'1(' • • '1-) .. (j',""!:-;). (~,') C~ ':')·t'!("r-j,"11:1'· 

• ~ l , ~J :.' /'. ') (J 0' 1 ;.~:-) • 
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R'?<'.ct:ion of ftromatic SuIf'?!n'.'I chl"")rjdes with the l:l.-hrn7.il­

~~ti1"'!J "'"">ho_~1)h i te addl.lct (21.). 

In a 50 ml three neckcd round bottom flask fi tted w'i1:h 

a dropning funnel, gas inlet tube and a condenser connectcd 

to a Mercury trap, was placed ben7.il (2.10 9, 0.01 mole). The 

f'J.a~~};: ,'tas flu shed wi th dry ni tro~::!TI for 15 min. Trimethyl 

phosnhite (1.24 9, 0.01 mole) was added; an exothermic reaction 

occurred immediately and the pale yellow viscous liquid was 

stirred for one hour. Ben7.ene (10 ml) l'las added ta dissolve 

the syrun. This WélS followed by the aromatic sulfenyl chlorid·~ 

(0.01 mole) in benzene (10 ml). As the addition continu2d, 

the d'2eo red colour of the sulfenyl chloride chang:?d to pale 

yel10w. Onc~ the addition Vias cOffi:)lete, th:? reaction mixturc~ 

was stirred for one hour at room temp2raturc. The solvent 

was r0mov~d on a flash ev~ryorator and n-hnxane (J5 ml) was 

added ta the residue. 1\. wh i te crystall in.! ~.,ol id separa ted 0:1 

coolinq and was filtcred and recrystalli7.pd t'rom n-hexanc-

The melting noints, yiplds, and analytical data nE 

the é\rcY'1a1.ic chlora ketosulfidr>s ~r0. surnm.:..rized in Table 1). 

The r0."lct i on l"'1ixture s!1owed the nresen·,:0. of trim('thyl nhosJ")h."1t(~ 



*.)1-
Té\ble 11 

Phyc; Ïr.:\ l nno :\n.'"\l vtic"l dé\té\ of cC-b0.nzoyl- oG-ch lorob0.nzvl sulfict<?s 60. 

23 + R"SCI 

H" in QQ ~I. P. Oc Yield(%) 

C113-0-- 61 118-20 80 

<'V- 62 113-15 82 

C1-@- 6.l 122.24 83 

-II··li· 

C 

Ph 
1 

-.... rhco~iRII 

60 

+ (ClI..,O) ~r=o 
.::> .;) 

Analytical data 
Calculated Found 

H S Cl C H S Cl 

71.47 4.86 9.09 10.05 71.32 4.86 9.04 9.82 

70.88 4.46 9.46 10.46 70.94 4.52 9.35 10.02 

64.34 3.78 8.59 18.99 64.31 3.86 8.57 19.04 

S('0, Table 3 on pnge 42 for nmr data. 

.... 
o 
1[) 
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Reaction of b~nzvlsuJ.fp.nyl chlorine (53) 'with l:l-benzil-

trim~thyl nhosnhite adduct (23). 

The adduct 23 l'las generated from benzil (2.10 g, 0.01 

mole) and trimethyl phosphite (1.25 g, r-JO.Ol mole) as des-

cribed p~eviously. Benzylsulfenyl chloride (53) was obtained 

by the chlorinolysis of benzyldisulfide (55) and the progress 

f h . . d 1 
O' t e rcnct10n was mon1tore by H nmr. As the chlorinolysis 

progresszd, the benzylic proton singlct at 6.50~ (due ta 

benzyldisulfide) (55) disappeared and a singlet (due ta the 

benzylic protons of benzylsulfenyl chloride) (53) appeared at 

5.73 'C:' • Benzyldisulfide (55) (1.23 g, 0.005 mole) in carbon 

tetrachloride (10 ml) was cooled to 0-50 and chlorine (0.36 g, 

""'0.005 mole) was bubbled through tœ solution. The resulting 

yellowish red solution \'las stirred for 20 min. at 100 and addcd 

dropwise to adduct 23 in carbon tetrachloride (10 ml). The 

ycl10wish rcd colour was discharged as the addition progressed. 

After one hour at room ter.-lp2rature, the solvent was removcd 

on a flash evaporator under reduced pressure; last traces 

were removpd using a vacuum pump. The resultin'] white d..-ch1oro-

Yi~ld 2.8 9 (80~). rn.p.:- 109-110°. ir, 
-1 

1685 en (CO) ; 

nmr, 2.08-3.00 (l::-,H, n); 6.15 (21l, An, J :: 12 HZ). 0\':5 ng to 

the lm'; ~;t:."\hility of th", cl-chloro- r-1:~tosulfièr.> ()4, it W<.lS 
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analysis. To the reaction mixture obtained by adding benzyl-

sulfenyl chloride (53) (0.01 mole) to adduct ~3 (0.01 mole) 

in benzene (10 ml) was added benzyl alcohol (1.10 g, 0.01 mole) 

and silver carbonate (1.50 g). The mixture VIas stirred over-

nig~ît at roor.l temp(~rature. Silver sa1ts were removed by fil-

tration "nd the f'iltrate wa~ concentrated. The oG-benzyloxy-

p-ketosulfide so formed, was recrystallized from methùnol. 

Yield o . -1 3.0 9 (71%), m.p.:- 99-100 ; 1r, 1685 cm (CO); 

nmr, 1.74-2.84 (20H, Ill), 5.34 (2H,AB, J = Il HZ), 6.60 (2H, 

AB, J = 12.0 HZ). 

Anrtlvtic;,l data 

Calculatecl for C281I2402S: C, 79.21; H, 5.70; S, 7.55; 

Found: C, 79.19; H, 5.76; S, 7.53. 

Rprl.ction ':)f eth;-..np su1fenvl r::hIor:i-::~fO!(5?h:ith 1:1-brmzil-

trim~1:hvl nho~ohit:e :1dàuct (23). 

The .:ldduct :-~3 was generatcd frcu ben;.;il (2.10 9, 0.01 

mole) a~d trinethyl phosnhite (1.25 1], 0.01 mole) as dc?cribcd 

previously. Ethan~ sulienyl cÎ,loridi? (52) W;\S obtained by 

the chlorinolysis of ethyl disulfid0 (55) ;\t -20°. Th j ::; 

rc~ctio~ was monitored by n~r. As th~ chlo~inolysis nro-
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The disapncarance of the quartet at 7.30 ~ indicated the 

comoletion or the chlorinolysis. Chlorine (0.40 g) was allowed 

ta evaporate into ethyl disulfide (55) (0.61 g, 0.005 mole) 

at -20°. The reaction mixture was stirred ta dissolve the 

precipitated ethanesulfur trichloride. The resulting homo-

geneous red solution was added dropwise to l:l-benzil-trimethyl 

phosphite adduct in methylene chloride (10 ml) with external 

coo1ing. As the addition progressed, the dcep red eolour of 

ethane s'lllfeny1 ch10ride (52) disappeared. Once the addition 

was complete, the reaction mixture was stirred for 30 min. The 

solvent and trimethyl phosphate \'lare removAd under redueed 

pressure. The crude d,-chloro-p -ketosu1fide li was obtained 

as an oil. It was Durifi~d to some extcnt by repcated extrac-

tion with n-hexane and concentration of the n-hexane extraets. 

-1 Yie1d 1.72 9 (60%). ir, 1685 cm (CO); nmr, 1.80-3.10 (101l, ru), 

7.30-7.90 (2H, m), 8.60-9.20 (3H, m). For ana1ysis, thp-

d,-chloro- r-:-ketosulfide 65 \'las convcrted te the .:C-benzyloxy-

~-keto~ulfide. To the reactien mixture obtained by adding 

ethi.U1p. sulfenyl chloride (S~) ta the adduct n, W::l.$ "dded 

bcnzyl alcohol (1.20 g) .:~d si1ver cé>.rbonat.e (1.50 g). Th("~ 

rC:l.ct iO!l nix turr. was st i rr!"'-d overn ir:h t. \·;nTl-::u!:>.1.s belon::. 

gave the oC-bcn;:yloxy-r -k0tasuliïd0 'i.'lhich (')r; rc:-:cr;.'st.,lli-

. l,ne: -1 (CO) , -r) ') -,- ('-TI ) Ir, . ..1 4.) ~ C r:1 ; n n r, ..... I·~ - .. ., • 1 ;, -..:.J.,:-!, 
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J = Il.StlZ), 7.37-8.27 (2H, m), 1.00 (3H, t, J = 8 HZ). 

Anéllvtjcal data 

Foun d: C, 76.06; H, 6. 12; S, 8.90. 

1:1-hcnzil-trir:;pthvl nh05Dhit~ adduct (23). 

Th~ adduct 23 was prepared from benzil (2.10 g, 0.01 

mole) and trimethyl phosphite (1.25 g, rvO.Ol mole) as des-

cribed previously. CarboIi1ethyoxy-wethanesulfenyl chloride (2!~J 

was g?ner::\.ted by chlorinolysis of carboID2thoxymethyl disulfidc 

As befor~. this reaction was monitored by runr. rl.s 

chlorinolysis progres5cd the singlet at 6.33 ~ due to th~ 

m~thylenc> protons of the disulfidc II decreased in intensity 

whilc the singlet at 5.97" due to the methylene protons in 

the sul:[(myl chloride 54· inCrea5(~d in intensity. Cnrbometho::y-

methyl disulfide (57) (l.OS 9, O.COS mole) W::l.S dissolvcd in 

carbon tctrachloride (10 r:11) dIld thp solution \'Jas coolcd to 

l 
0 . 

0-.0 by an ~C0 bath. Chlorinp. (0.80 Cl) \'I;-.s bubblcd into the 

sO]tl~ion. 1\<; chlorinolysis proc(!(~ded, t.he solut:icD turncd 

OrZl.DJC· Zl.nd tj~0 colour der>pencd. 
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The decp oran9c colour was discharged as the addition contin-

ued. At the end of the addition, the reaction mixture was 

st irrcd for 30 min. Then, solvent was re.'1loved under reduced 

pressure and n-hexane (la ml) \'ias added to filtrate. On 

cooling ovcrnight, -the ç{,-chloro- 'P-ketosulfide 66 crystallized 

out. (Sometimes scratching was necessary to induce crystal-

lization). Yield 2.5 9 (75%), m.p.:- 65-70
• ir, 1685 c~-l 

(CO); nmr, 1.90-2.65 (lOH, m), 6.53 (2H, AB, J = 16 HZ), 

6.34 (3H, s). For analysis, the d:-chloro- p-ketosulfide M 

was converted to the QC-benzylox~r- P -ketosulfide by trcat ing 

the above reaction mixture with benzyl alcohol (1.20 g) and 

silver carbon.?l.tc? (1.50 g). \'Jorkup as before and recrystal­

lization fron methé'..I101 yielded pure oC-benzyloxy- p-ketosul­

fide. Yield 2.5 9, (6070). rn.p.:- 106-8°. ir, 1685 cm-1 (CO); 

nrnr, 1.70-2.80 (15H, ml, 7.03 (2H, s), 6.55 (3H, s), 5.32 

(2H, AB, J = Il HZ). 

An ct 1 vt j r. al r:.l!.:2. 

Calculatnd for C24H2204S: C, 70.91; H, 5.46; 5, 7.88. 

Found: C, 70.76; H, 5.57; S, 7.86. 
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by the action of sulfuryl chloride on 2,2'-dithiobis(benzo-

thiazolc) (59). To a suspension of freshly recrystallized 

2,2 1 -dithiobis(benzothiazole) (59) (1.65 g, 0.005 mole) in 

methyl-:m.e chloridc (20 ml) at room tewperature was added sul-

furyl chloride (0.68 g, 0.005 mole). As the reaction pro-

gres;;.:?d;o the suspended disulfide .22.. dissolved and the solution 

turned üeep red. After l hr at room temperature, it was 

added ote the adduct II prepared as before.from ben::.:iJ. (2.10 9, 

0.01 mole) and trimethy1nhosphite (1.25 g, 0.01 mole) in 

ben%cne {IO ml). As the addition progressed the dee~ red 

colour of 2-benzothiazolesulfenyl chloric1e (58) changed to 

pale ye] 10w. Once the addition l'las complete the reaction 

mixture \"lélS stirred at room temperature for 1 hr. The sol-

vent \Vas removcd under reduced pressure and the resulting pale 

yelle,,: solid W<l.S recrysta11ized from methylene chloride-n-hcx-

an€'. The d. -chloro-lA -ketosulfide 2Z. crystallized out as 

white plates. Yield 3.7 9 (93%). m.p.:- 135.6°. ir, 1680 

-1 cm (CO); nmr, 1.80-2.90 (m). 

l\ n ~ 1 Y ~_ i c =\1 ri."\ ~o ;; 

s, I(,.::':); Cl, 8.96. Fot.:nd: C, 63.36; H, 3.::;(,; N, 3.37; 5, 16.31; 

Cl, 9.!j7. 
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Reaction oT n-toluenesulfenvl chlor:id~ .(51) \'"ith l:l-brnzil­

tris(di~~thy]~mjno) Dho~nhin~ adduct (25). 

In a 50 ml, three necked round bottom flask fitted 

with a dropping funnel, gas inlet tube and a condenser con­

nected ta mercury trap was placed benzil (1.05 g, 0.005 mole). 

Dry m~thylenc chloride (10 ml) v:as added to dissolve the ben-

zil and the solution was cooled to 5°. The reaction.system 

was flushed with dry nitrogen for 15 min. Tris(dimethylatnino) 

phosphine (0.8 g, ,"",,0.005 mole) Vias added drop· .... ise with stir-

ring. The yellow colour of the solution turned deep red and 

stirring was continued for 30 min. at 5°, arter the addition 

was complete. p-Toluenesulfenyl chloride (51) (0.8 g, 0.005 

mole) in roethylene chloride (10 ml) w~s added to the adduct 

25. Af"tcr one hour at roora tem·peraturc, the solvent ·l.'1i1S re­

moved undcr reduced pressure and n -hcxane (IO ml) Vias added 

to th~ n?sidue. On cooling, a yellowish white solid precipi-

tated ou t. . Vie Id 0.8 9 (45~c). Recrystallization frc~ n-

hexan~ g~ve white needles melting at 117-180
• This product 

was sho;.n ta be i~<"?nt ical ta the o{-chloro- p -keto5ul f ide 

61 obtained îro~ the l:l-benzil-tri~ethyl~hosphite ~dduct-

p-toll:C'n~~ul [("'nyl c:h] 0Y iC0 re:-.. c t ::'on by n i>:ed îlr~ l t in . ., -:-JO j nt ;cncl 

ire Chror:lil.togri1:î;lic <'Ina.lysis 01 the nothpr 1:qu0r, u:~~;-,rJ i1.:1 

Api~;>;îln 1. co l ~~n r<:vc:-.l ('c! t he '.:)rr!s;.~nc:.c> of th0. j~ -ch] (",ro - fi -/-;r. t r-,-
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fide was detectcd. 

Pren<lratjon of l:J-biacptyl-tri!11ethvlnhosnhite adduct (15). 

This adduct li was prepared according to a reportp.d 

20 
procedure. Biacetyl (14.U g) 'was added drop,'!ise to tri-

mcthylpho.s~Jhite (27.0 g) under dry nitrogen, with stirring 

and cxt,,:rnal cooling. The mixture was then kept at 600 for 

15 min. and submitted to fracticnal distillation. The col-

ourless l:l-biacetyl-trimethylphosphite adduct (15) \'Jas 

collected at 46%.6 mm. RCDort'?d b.p., 45-47% .5 mm. 

Yield 33.5 9 (86::~). 

Rç:,>:=>c t i011 of bÇ>n?E'.v~sulfr-:!1vl ch loride (49) wi th l: I-b:i ;l.c'-'-::.yl-

Biacetyl-tr ir,1e thylphosrJhi te adduct (15) (2.10 g, 0.01 

mole) w~s dissolved in carbon tetrachloridc (10 ml) und~r dry 

nitroCle:î. Benzenc ~.;ulîc~nyl 

chlorLcl,~ (~2) (1.'-;5 <J. 0.01 mole) :in carbon tetra~hlorjde 

(~ ml) wns added drnnwis~. An exoth~rDic reaction occurr0rt 

with a disan~~ar~nc~ of the red co1our of sulfanyl chloride 

±2 . 
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mixture ShOHCd the follm'Jing; 2.30-2.90 (SH,m), 6.30 (3H, cl, 

J = 12 HZ), 6.22 (3H, d, J.= 12 HZ), 7.00 (3H, s), 7.63 (3H, s), 

7.67 (3H, s), 7.80 (3H, 5), 8.32 (3H, s). 

R0."'lCt. j on 0·( ~thane s1J.lfenvl chlorir!E' (52) wi th 1: I-hi M.CA~:'Ll.. .. :'" 

The above procedure was repeated using eth~ne sulfenyl 

chloride (52) (0.01 mole) instead of benzene sulfenyl chlorid~ 

(49). The nmr spectrum of the reaction mixture showed th8 

following:- 6.30 (3H, d, J = 12 HZ), 6.24 (3H, cl, J = 12 HZ), 

7.00 (3II, s), 7.62 (3H, s), 7.67 (3H, s), 7.82 (3H, s), 8.07 

(3H, s), 7.10-7.90 (21I, m), 8.40-8.93 (Ji-I, m). 

The reported nrocedurc for the nreparation of biac~~yl 

. 110 
monohydr~2one has been modified as rollows. A solution of 

bië\cetyl (la nI) in r;0r1ZCnC (10 r.ll) \·;;\S cooled in <:In ice 

ba~h and ."'lnhydrous hydrazinp (3.87 g) wns added droDwise wi~h 

stirrinq. Abo~t ten ~inutcs aftcr the ~Jdition w~s c0nDlrt~, 
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out. Yield ' 7.5 g (65%). m.p.:-

Pre~~rat5Qn of a~ibut~none. 

T\'Jo p~o::::edures WGre used to prepare azibutanone from 

biac~tyl mcnchydrazone. 

Biacetyl monohydrazone (6.0 g) in methylene .J~hloride 

(20 ml) was added to vigorously stirred suspension of silver 

oxide (20 g) 2.nd anhydrous sodjum sul:fate (20 g) in methy18ne 

chloride (BO ml). After the initial reaction had subsided, 

the mixture was stirr.~d at room tempcrature for 24 hrs. The 

inorganic salts were removed by filtration. The residue wa~. 

washed with several portions of m8thylene chloride until th0 

washings wcre devoid of yellow colour. The washings were 

co~bined and concentrated on a flash evaporator. The residuêtl 

ree; oi l :'::'.5 d ist illed und'.?r redu~cd pressure u sing a watcr 

nsnirato~. The product boiling at 32°/7 mm wns col1ecte~. 

Yi"ld 3.0 CI (51~). 

1 1'--" -1 
.}.:J'J cm (CO), 

R -> • 4r: o /1') 1 Ilf) 
,Guorte.; n.p. :J ~- 3 Mm. ir, 

~~), 8. 2:2 ( 3H ,. ) • 
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(50 ml) was added to a vigourously stirred suspension of 

yellow l'lercuric oxide (22 g) and anhydrous sodium sulfate 

(30 g) in methylene chloride (150 ml) containing two drops 

of alcoho1ic sodium hydroxide. After ~he initial reaction 

had subsided, the mixture \';;::'5 stirred for 24 hrs. Azibuta..none 

was isola.ted by a similar workup as in Procedure 1. Yield 

9.0 9 (90%).b.p. 320 /7mm. 

Pren~rat iÇ>n 0-[ .,( -ëlcetyl- ch -r.hlor()~thvl-Dhenvl Sl.! 1 :fid~ (72). 

B('nzenesulfenyl chloride (49) (1.45 g, 0.01 moh~) in 

carbon tetrachloride (la ml) ~'HS added dropwise to a solut ion 

of azibut~none (0.08 9, 0.01 mole) in carbon tctrachloride 

(10 ml) at -10°. As the addition continued, the deep red 

colour of the sulf~nyl chloride 49 and the orûnge colour of 

azibutan0!12 turned light:er with vi!]ourous evolution of nit:ro-

A~ the. end of addition, a light yellow co]our was ob-

t;l,j n<?d. The solvcp.t was re;-;:oved û.nd 'Lnf-, resich:·,l oil di.stillcd 

1. 7 Ç1 

( 80:0) • ire 
-1 

17~5 cm (CO); n::lT, 2.2·)-2.7:} (St!, m), 7.ô2 
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Prr?T)<l.J.'él.tion ·of (1, -.::I.cet'll- -chJ()y,..,(:~thyl-cthvl sulfid<"? (7·t). 

Ethyl disu1fide (55) (2.44 9, 0.02 mole) was xeacted 

~t -300 with chlorine (1.42 g, 0.02 mole). The deep red 

etllanesulf0.nyl chloride (52) i.'lél.S added dl.·opwise to élZ ibutanone 

(3.95 g, 0.04 mole) in crlrbon tetrachloride (30 ml) at -20°. 

As the addition continued, the co10ur of the reaction mixture 

becar.le lighter and \'las accompanied by the evolut ion of ni tro-

gen. After the addition W<lS con:plete, the solvent w."ts removed 

On a :flash e'vaporator and the residue yellow oil was distil1ed 

under reduced pressure. The ci-ch loro- 'P -k(-!tosul fi d0. li 

distil1p.d at 44 0
/0.1 mm as a pale ye1low oil. Yicld 5.6 9 

(84~) • o.'ling to its 10\'1 sta.bili ty at r08nl tempE:raturc, i:h'2 

product was stored in dry ice. ir, 1730 crn-
l 

(CO); nmr, 

7.30 (2H, AB, J = 7 HZ), 7.59 (3iI, s), 8.03 (3H, s), 8.75 

(3!1, sn li t t, J = 7 HZ) • E~~act mass dat;l: Calcula ted for 

Fm.md, 166.0204. 

Trim-cthyl phos7)r.ite (7.4 g) in bC!12(~n(' (15 nl) ... ::,s 

coolc~:l in ;1.:1 icI"! b;lth. 

soluti~)n lmti1 it turn{>ù r):\ln ::cllo·.·.'. 
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residue was disti11ed under reduced pressure. Yie1d 

(85%), B.P.:- 66°/10 mm. Reported b.p. 75-80°/20-25 

7.2 9 

111 
nun • 

Prl?Ddxnt ion of S-methvl isothiuronium dimethyl pho::;phi'l.t~. 

This compound was prepared by a modification of the 

112 
reported procedure. In a 150 ml flask, fitted with a reflux 

condenser c~·.rrying a drying tube, vias plac<?d trimethyl phosphate 

(14.0 g), thiourea (7.6 g) and acetonitrile (35 ml). The 

reaction mixture was stirred and refluxed. The thiourea dis-

solved on wo.rming and after 1 1/2 hrs a v/hite solid precipi-

tated ou~, fro:n the clear solut ion and refluxing was cont inued 

for another 2 hrs. The reaction mixture was cooled and white 

crystals of S-methy1 isothiouronium dimcthylphosphate were 

filtcred out. Yield 

m.p. 1360. 112 
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was added and the reaction mixture was stirred for 2 dnys at 

room tempcrature. Ana.lysis of the reaction mixture by nmr 

indicated no reaction. On heating, extensive decomposition 

occurred, 

Tc> th0. mixture of benzenethiol (1.10 g, 0.01 mole) and 

biac~tyl (0.86 g, 0.01 mOle) nreoared as in Procedure l, was 

added d~:~thyl ohosohorochloridate (1.45 CJ, 0.01 mole) and 

pyridine (0.80 g, 0.01 mole). The reaction mixture was 

stirred at roo~ temperature for 2 d~ys. Analysis of the re-

action mixture by nmr indic2..ted the presence of biacetyl ilS 

th0 major product. Extensive d~com?osition occurrcd on h0ating. 

,!.-Acetyl- .i,.-ch loro ethyl.- nhenyl sulficlC? (72) (2.15 CJ, 

0.01 mole) w~s dissolved in acetonitrilc (10 ml). S-r-iethyl 

isotl:.iot1roniu;71 dincthyl ohosn!1i!tc (2.1() g, 0.01 1;]o1C?) vias 

ad(1pd ;"\nd th\? r0act iGn mixture w"s warmed to 6,)° Jor 2-3 hr~;. 

The mixtuT'(? w;;s coolcc1 ;tnn filt0T<'?d. /.rt(!r reInov.-:\l of ac~·tG-

nitrile>, .-:!. black t:).rry nrod'.!ct \"l7lS oht.-,ir1r~d. tm~lysi!; or 
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Procedure IV: using silver dim0thvl nhosphate. 

Silver dinethyl phospha"te was pre;-Jared according to the 

rep::>rted procedurc. 113 Silver dimethyl phosphate (2.33 g, 

0.01 mole) WilS uscd inst0.ad of S-;nethyl isothiouronium dimethyl 

phosph~.I't:c in Procedure III. 

tian prùducts w~s obtained. 

A cOillplex mixture of decomposi-

Reaction of D-to]1.lp.n(? sulfcmvl chloride (51) with l:l-b'c'n~il­

tr:imethyl nhos:>hite rl.dd1.lct (23) in i:he Dr~5~mce of L_3,5-:... 

trin i 1: r()~)pnz(?nC' as Tree r2dica.l inh ihi tor. 

The adduct II was generated as descr ibed previously îrom 

benzil (2.10 g, 0.01 mole) and trim~thylphosphit(? (1.25 g, 

0.01 mole). It was dissolved in b2Tlzene (10 ml) and 1,3,5-

trinitroop.nzenc (0.2 g) W<:l.S addcd. The colour changcd to 

deep red. p-Toluenesulfcnyl chloridc (51) (1.53 9, 0.01 mole) 

in b~nzene (5 ml) was added drop~isc. At the end of the addi-

t ion, A.:h~· yellow react ion m ixture w;~ s st irrccl for an addi J,: ionzl.1. 

·10 l'lin. 

tur'? YirJd 2.8 9 (8:-Y:). Thjs nrnrluc:t 
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Gas chromatographie analysis of the mother liquor on Apiezon-L 

column showed the presence of trimethyl phosphate and d-chloro­

J3 -ketosulfide 61. 

In a 50 ml erlenmeyer flask equipped with a magnctic 

stirrer \'l;.~S ~laced dry monoglyme (10 ml). Azibenzil (91) 

(2.22 g, 0.01 mole) was added with stirring and the resulting 

orange G01ution was co01ed in an ice bath. p-Toluene suJ.fenyl 

chloridc (51) (1.59 g, 0.01 mole) was addcd dropwise to the 

azibenzil solution. As the addition progressed, the orange 

colour of the azibenzil solution became lighter with evolution 

or nit r og en. Once the addition was conp1ete, the pale ycllow 

solution was stirred ror 10 min. at roc:n tempe-.::n.turl? The 

solvent was removed and the residue was recrystalliz~d ~rom 

n-hexane-wethylcne chloride. The yic1d of white crystalJ.ine 

praduct ~~s 3.2 9 (03~). M • p. : - 120 -1 :~2 a • This praduct \'ms 

shawn t'J be ic("nt ie .-.1 \'li th d'-bG:1:-:oyJ - ,;C-ch larobcnzyl-p-

toI yI suli"idc (61) by mixed Melting Doint and ir spr~ct!:G: .• 
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Wé\S hC2..ted under reflux for 41 hrs. At the end of the reflux 

period, the solvent was rcmoved under reduced pressure and 

the r«.=!sidual or.::t...îge viscous oil was dissolved in acetic acid 

and cooJ.ed. The yellow crystals were separated by filtration 

and rl?c;:ystallized from ethanol. Pale yellow crystals (3.1 g, 

52%) of 2,2,3-triohenyl cyclobutanone (92) melting at 136-8
0 

were ob"'cained. This product on further recrystallization from 

n-he):ëmc-methylene chloride yield~d white crystals melting at 

Reported rn.p. 132_6°.79 -1 
ir, 1775 cm (CO); nmr, 

2.20-3.20 (15H, m), 5.47 (2H, split t, J = 9 HZ), 6.50 (2H, 

d, J = 9 HZ). 

(.(>3) w1lh ~tvrt:>ne. 

The adduct â ',.'laS gr-merated as described previo~lsly 

fro!i1 hcnzil (2.10 g, 0.01 mole) and trirnethylphosphite (1.25 <], 

0.01 woll?). It was dissolvec1 in dry ethr;r (10 ml) and st y-

rc~c (1.05 9, 0.01 mole) contalnjng a few crystals of 1,3,5-

trinitrCib~nZ0np w~rc> -'\ddp(:. The rr-.-,ct:ion mixture w.-.'.: r(![']u:·:('rl 
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Pr(-~"aT<:\.tion of ~,4,6-tri"itrob0n~~0np snlfonic acid. 

The reported procedure l14 \'las slightly modified for the 

preparation of this sulfonic acid. To picryl chloride (10 9, 

0.04 mole) in absolute ethanol (100 ml) was added anhydrous 

sodiu~ metabisulfite (10 g, 0.05~ mole). The mixture was 

heated under reflux with vigorous stirring for 3 hrs and then 

o 
cooled ta below 5 and filtered. The crude sodium salt was 

washed v'ith sz:~veral portions of cold absolutc ethanol until 

the wash solution was colourless. After the solid was air 

dried for 15 min., it was mixed with reagent grade acetone 

(30 ml) • Then concentrated hydrochloric acjd (la ml) was 

added with swirling over a 5 minute periode The precipitatcd 

sodium chlorid0 was removed by filtration ~nd washed with 

acetone (10 ml). The acetone solv.:=nt and 0xcess \Vater \'1f:re 

renoved at rer.uc(~d pressure with g'"!ntle hC.-J.tillg on a ";atc:!r 

bath. The 1ight yellow nroduct 50 formed w~s recrystallized 

rrOr.l "cr-t.on;:> -chloToform. The sulfunic ;;cid -.. :;~-:; dried rOl' 

YieIe! 10.6 9 (90%). m.D. 189-93°. ].
(,-:>_<;0 114 
.... J _ • 

.f (~ r t 11 (~ -):- .~ ':') .-;. ~ ; \ t : ~ ) 71 () -[ .... h :i~, ~ i l t: . . : ~; .-, ] t • f\ : (; 1 t: t. -: ( ..... - :: il'," ;' 

, , i ) ,-".' : , ~( . 
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in one portion to 2,4,6-trinitrobenzen~ sulfonic acid (8.8 9, 

0.03 mole) in warm water (20 ml). The mixture was cooled 

and the product w~s collected by filtration. The silver salt 

\Vas wêJshed with cold ethanol (25 ml) and ether (25 ml), then 

dricd over ohosphorus pentoxide at 800 and at l mm pressure 

overnjght. Yield 9.4 9 (78%). 

triTl1~thf'):-:y nhosnhon iun.,,- 2,4,6 -trin i trobenzene sul Inn? t~ (lOa). 

~;ilver 2,4,6-trinitrobenzenc sulfonate (4.00 0, 0.01 

mole) "n::; dissolved in acetoni tr ile (10 ml), and the solut ion 

was cooled to 0°. p-Toluenesulf2nyl chloride (51) (1.58 g, 

0.01 mole) in acetonitrile (10 ml) VIas adde:d dropwise. An 

exothermic reaction occurred at once and silver chlorirle was 

precipitated as n white solide Once the :-lddition VJ;)S complete::, 

the renction mixture wns stirred for 10 min. at 0 0 
élnd silve·r 

chlorid0 was ~iltered out. Th(> filtrate W2.S é'\f.1d0c1 droD~'lise 

nren;-,rcd .fro~ bcnzil (2.10 g, 0.01 mole) an(! trir1~·.:i1yl nhos-

!\cr:tO;-'l i t r: Ir:! 

:~:;1r .-...!!;~l~/si~ ()( t.hr~ r(~: ... -
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Attf>T'1nted nrn.D;lrat ion o'r . .i'-henzoyl-oC. -p-tolvl th iobenz.v.'.D;,,-:v·r 

t:r.inr:thoxy ohosnhoniu'll h(~x?c;hlorn antimon~.te (101). 

p-Toluene sulfenyl chloride (51) (1.58 g, 0.01 mole) 

in r.1'2thylcr:'2 chloride (10 ml) "las added dropwisc to a solution 

of nntimony nentachloridc (2.99 9, 0.01 m(12) in recthylene 

chloride (10 nI) at 0 0 under nitrogen. tu.,. exothermic reé-,-ct üm 

set in and the solution turned gre2n. This solution was ad~~i 

dro~wise to a solution of l:l-benzil-trimethylphosphite adduct 

(23) generated from benzil (2.10 g, 0.01 mole) and trim.eJchyl 

phosphite (1.2::i g, 0.01 mole) under nitrog~n in mcthylcn~ 

chlor id .... : (10 ml) at 0
0

• Th0 colour of the reaction mixtv.re 

turned :Crom grcén to dr1rk red. ;\t the end of the é:ddition, 

thc r~action mixture was stirred for 10 min. at 00. Methylcm'2 

chlorici(~ was T0.iTiovcd and the re::;iduc showcd él. complcx mi>:~cure 

by nmr • 

• "\n~i ti1~ r(~,""'..ct)():1 mjxtl!r2 \': .. ~s 1·:0--")"'.: .:\t f.,)0 1-()r ii\1<? rlnut(~c.. 

T:1" fi] 1. ;:-;", t...-' or, 
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eva.norat ion yielded r.C-benzoyl- cC-methox~lbenzyl-p-tolyl su]-

fide (102). Yie1d 0.4 9, (80%). 
o 

m.p.:- 107-9 after re-

crystal1ization from methano1. 
-1 

ir, 1675 cm (CO); nmr, 1.93-

3.13 (14. H, m), 6.43 (3H, s), 7.75 (3H, s). 

Annl vt ica Id:>, t ;\ 

C, 75.83; H, 5.79; S, 9.20. 

Found: C, 75.86; H, 5.89; S, 9.25. 

Re2ction of .-{.-bAnzovl- ~-chlorohcnzv1-:J-i-oly1 su1:f-jde (61) 

with trl.chl()rosilan~ (105) and tri-n-butvlari'i_ne (108). 

In a 50 ml flask, fitted with a condenser carrying a 

drying tube and ~ dropping funne1, was rlisso1ved ~-benzoyl-

ol-ch1orobcnzy1 sulfide (21.) (0.70 9, 0.02 mole) in dry 1,2-

diI'1cthoxycthanc (10 In 1). Tr i -n -butylamino (1m3) (0.37 g, 

0.02 mole) was é'ldded, followed by ·trichlorosilane(105) (0.36 g, 

0.026 mole). Th8 reaction mixture was rrfluxed for 2-3 hrs. 

At the ~nd of th~ reflux ncriod, it wns c~olcd and poure~ into 

a cold solution of 2~ sodium hydroxi(:..""> ...... ith stjrrin'J. The 

soèiur.l bydrexidc solut ion W:l.S cxtr.!.cted wi th scvc~r.,1 por1' io!~ s 

of rncth~lenc chloridc. 

co;,:bin("'d and washcd suc<":cssively wi~h w.-::.",<-or, r!ilutr- "cid hnd 
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solid r~crystalljzed from ethanol (95%)~ Yield 0.62 0, 

(9R%) • m.D.:- 91-3°. See Tables 7 and 12 for spectroscopie 

Rr.:;lct~CJ·! ()~~ .:(. -'-"~n.%ovl- d.l-chl()ro:)~n;·~vJ. sulfi(~'? 60 !2L:.1?FJ.1."cd 

in sitl]_ ···'_!l:L..1.:.;c'-:..l...çrry:;ilr:.D:l (105) ,"\:10 tri-n-b1.1tvl'tmi.T]..Q.. (108). 

1: I-Benz il-trimethylphosphi te adduct (;]3) was' Ç}cn<:>ratcll 

as described beforc from benzil (2.10 g, 0.01 mole) and tri-

methyl phosphite (1.25 g, 0.01 mole). Dry l, 2-dimethoxyethél.nc· 

(la ml) was added, followed by sulfenyl chloride (0.01 mole) 

in the s~me solvent (la ml). The pale yellow solution was 

stirred for 15 min. Tri-n-butyl2...':1ine (108.) (1.85 g, 0.01 molr-') 

and trir:hlorosil.~i.ne (105) (1.80 g) vIere .él.ddcd. The rCé'.c1. ion 

mixture w~s refluxed with stirring for 2-3 hrs. The r~action 

mixture was workHd un as in the previous eX?2rinent. The 

oroduct cr),r~t."\lJized out froin eth~cnol (95;:-';). The yield, m.p., 



** Tf\hlc> 12 

Phvsic:f\l i\ncl ;'\nf\lvticf\1 data of 1?-!Œtosulf~d!?s. 

(i) R"SCI ~h 

~J.. -------4) PhCOC-SR" 
(ii) I1SiC13 ,(nBu)3N: 1\ 

Ils 

nI! in ll'j m.p. (0) Yi(~ Id (S"â) -_:-

+ 

Calculatcd 
C H 

CII 3 ---@- J12 94-6 80 79.21 5.70 

0)-C~I:~- 111 70-2 60 79.21 5.70 

CIJÇ;I~_ 11·~ 7~-BO 62 74.96 6.29 

~ ..;". 

~":' T:\blc> 7 (m n"'\<J1? fq for ir and nmr data. 

(01 3°) 3P=0 + SiC14 

I\n.:\lysis data 
Found 

S C H S 

10.07 79.16 5.72 9.98 

10.07 79.02 5.75 1 9.97 

12.51 74.85 6.33 12.43 

1-' 
lI) 
0.) 
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oC-acetyl- oG-chloro':=!thy1-nhenyl su1fid'2 (D2J (1.20 g) in 1,2-

dirnetho::cyc1:hane (10 ml). Tri-n-butylamine (l..Q.ê..) (1 .. ·10 g) and 

trich1orosilane (lO.Sj (1.40 g) were added and the reaction 

mixture was refluxed overnight with stirring. Then, the cooled 

react ior~ Ri:·:ture W2.S poured into 2N sodium hydroxide solution 

and extracted with methylene chloride. The extract was w~shed 

success::"v01y ,':ith water, dilut'3 acid and water, èried OVE.r 

anhydrous sodium sulfate. The solvent was removcd on a flash 

ev<'porat:or and the residual oil distill~cl under reduceè pres-

sure. d-J\cetyl ethyl-phenyl sulfid~ (118) disti11ed ov("c!r 

at 78-80° at 0.003 mu. Yield 0.80 9 (80~). ir, 
-1 

1720 cm 

(CO); nr.lr, 2.30-2.35 (SH, m), 6.29 (H, q, J :: 7 HZ), 7.80 

(3H, s)! 3.63 (3H, d, J ::: 7 HZ). Exact mass data: Calcul'..I.ted 

for C l olI 12 0S,180.0()D9; Found, 1BO.060H. 

!\n;·llvtic:1.J. (>t:1 

f.'o\.lnd: S, 17.85. 
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(103) (1.U5 g). A black tarry 1?roduct VlaS obtained, probably 

due to dccomnosi tion of the? start ing ma"tcrial. 

} n s i:'~2. ~·::.i_~.0 t1~ -i cl: lo:.() ~~i 1" Tl <-> (1 () -']J ;me! t:L i -n -b~l tyl ê:.r.1 inl~ (108). 

BenzenesulJ;<::'!nyl chloride ("'),9) (1.45 g, 0.01 molA) '\,'lrtS 

added te a solution of l:l-biacetyl-trimethyl~losphite adduct 

(15) (2.10 g, 0.01 mole) in 1,Z-dimethoxyeth?.ne (10 ml) uncier 

nitr.ogen. Q1ce the exothernic reaction was ov~r, tr5chloro-

silane (li)5) (1.80 g) and tri-n-butylamine (lOB) (1.85 g) 

were ;:\dd<~d :.lnd the rcact ion mix'curc w".s reÎluxed overnight. 

The coo~cd roaction mixture was Doured into cold 2N sodium 

hydro~id~ solution and Axtractcd with ncthylene chloride. 

The cxtrnct vas washcd w5th water, dilute ncid and thon wnter, 

Aftcr th~ removaJ of 

solvcn t un d~r r cdu::cd pre~; sure, the resid:.la 1 oi l w._~s chr r ;:'1tl.-

togra;;n-::>d 0:1 florisil usine; m(>thyl~!v.! chloridc. 

eth:ll-')i1:.~r.yl sulfièe (118) ',l;'l.S obt;:1.incd aÎtc:r c')nccntr:,tinç:j 

orpv': <"lU C, 1)'. 
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FOTr;Jatj on of ~5-dinh~!}.y1-4-n-

tolvl (or bcnzvl) thio 

Potassium -Lhiocyanate (0.50 g) ,'las added to a solution 

of ,i.-bcnzoyl- ,jJ-chlorooenzyl sulfïde 60 (0.05 mole) in an-

hydrous é'l.cetone (10 ml) at roon temnerature. After fP.\'1 min-

utes the Dotassium thiocyanate completely dissolved and the 

solution turned cloudy. A white solid appeared on the walls 

of the :(las1c and the reaction mixture was stirred overnight. 

The whi-t:e solid (notassium chlorid2) was filtered and w"-shed 

with several portions of dry acetone. The acetone washings 

were conbined a""ld conccntrated und"r reduc(~d pressure. The 

resultinÇf dark red oily residuc "Irl.S dissolvcd in ether and 

the ether solution was filtered to remove any inor'Janic salts. 

The or;~nçe oily rc:sidue obtain2d rl.J:tro>T re:novinq the ctl-J.'-:!r 

was purified by column chromato~ra~hy on florisil using 1:1-

hexanc--r:1cthylenc chlorid,~ as ell~cnt. The yellow ail obtaincd 

arter con~~ntrat ing the fr.-<ct ion S \'l;~S h08o::J('n~;Gus on tl~ 

(solvcn J

_: l:l-hr~xél.ne-r'l~thyJ.c;ne chlor~cic). 

analytic~l drl.ta arc susDarized jn T~bl~ 13. 

n ") t .-, ':;:~ ~ t: :-, -:: h -: ,-' -:- . -., .. '. ~ ... ---_. _." .. _-_._-_._----
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used instead of Y(-benzoy1- .i.-chlorobenzy1 sul:fide 60 and 

the same procedure was reneated. The erude product obtained 

after i'lürkup decomposed en attemp"ted purification by eolumn 

chro::la1:ography and on dist il1ation under reduced pre ssure. 



T:\~le 13 

~/ '"; "Le."\ L~.L .. :2 __ n;). j vtj .. c ,\ l d.1. t;). cf .'),5 -Qi njwnyl -4 -cenz vJ. (.~l1Q_.J2.:.t.0..lJ~lLtl' i_ 0 -.3-

-1:--\(-

CŒ.~:..~5 n'>-~ u.-'lL::~ .. :.!h.i.()D';:~ 

Ph 
1 

Ph Cl'::: S i\ " + KSCN 
l~l 

~() 

1\" in .1]::> Yield (~q 

----------

Ph .' SR" 

__ ) Ph-l-1/ 
6-./1 + KCI 

C 

~ 

132 

Analytical data 
Calculated 

H N S C 

Found 
H N s 

Ci 1 ~> -0 .L'l.l s:; 70.37 4.56 3.73 17.08 70.24 4.61 3.63 16.94 

/(~-Ci: :J - l'?J_ \._...1 " 90 ;0.37 

-r-,-
S'"'f' T."\blc él on n:\ge 96for nmr and uv dat, ..... 

4.56 3.73 17.00 70.34 4.70 3.70 17.02 

1-1 
L') 
-..J 
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It has been dAr.onstr~terl that 1,3,2-dioxaphosnholenes 

und~~go f~ci]c condens~tion with sulfenyl ch1orides. The 

nature ~nd the nurnber of PToducts de pend on the structure or 

th0 1 ,3.2-diox~~hos~hol~nes. Th~ 1:1 adduct frorn b~n2i1 and 

tr i:'t<'"!thyl 0hos~h j te çondo-::n ses ,ori th .0\ ",ide v-"\riety of sulf8nVl 

chlOT'idos to Of()rr.1 cC-bcnzoyl- cC-chlorobenzyl sulfio8s ;'\,nd 

In addition, ~-=he l:1 <\dduct [rom benzil 

and tris (dimethylé\IDino) DhosTJhine, reacts wi th p-to luen~~ 

sulfenyl chloride nffording ~-b0n~oyl- ~-ch1orobGnzyl-~-

In contré\st., 

th? 1: 1 adduct from bi;'\cp-tyl ano trilTlethyl nhosphi ~:2 con-

doé"il ~«s wi th b(:nzc;ne i\l1d ethane su 1 :fcnyl ch loride s ta fnrm é\ 

"rrl(~r"I;t 11.~/ st ,-.. hl l' 

\.~. ") r ~ ;' .. ! t, J 't ll~'" ~ 'J r r (', '., ....... ,; : ": l r: "! ;: ... -' :. ~ ~ r) l'" • : 1 r ~ . ~. 
1 

b~· t-··1(-j'!1,~r{,· ;~,:-1f'" ·l:-.l! t:-:-:)-r)~~L.·'1::·!':r.,-· 

0" 0'- - t ,,, _o. 

.: n ,~o,';o' 00':' 01 ,! 

-. i'~ r ': - .. ,0 _ 11 

. r':;:'.':~. 1~,."~.'_,_ 
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5ul-fidC":s jn situ. 

o(-Be>l1zoyl- d-çhlorob~n:c~yl sulfir]r.>s were shown to react 

with ryot~s~iurn thio~y~nat~ to give 4-thjosubstitutcd-S.5-

ct:i');-,:-~nyl-3-c::~_zol inp. -~ (] H) -2-thj n;-:~s in high yield. Th'? 

syn~h0tjc rcutc ta the new heter0cyc1ic sys~em. 

sulfic18s, ?,-kctasulfir18s and 4- r.hi:::>subst i tuted-5, 5-cliT)h~nyl-

3-(lx::-,201:inc-;~(lH) -2-thiones are rliscusscd. Sev.?ral f:::._g-

m~j"lti\tion T)c.tl1\\'."ys élre suggested é\nd r;-:>tirJnal:izcd by C:~.'lr:::t 

Th0 uSP. of nmr ta ass~v th~ purity o~ 
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ir spcctru.'11 of a-benzoyl-o:-chlorohenzy!-carhomethoxymethyl sulfide, (66). 
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ir spectl"'..l:n of a-benzoyl-a-chlorobenzyl-2-benzothiazoyl sulfide, (.§I). 
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ir spectrum of a-benzoy1benzy1-p-to1y1 su1fide, (112). 
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