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Abstract - The acetolyses of n-chloro-ketones la-c. 2r-c. 9a and lla have 
been investigated parallely. Several aspects of the mechanlsns lnvolved in 
chlorine normal and tine substitution have been elucidated. Intramolecular 
trans-acetylation, ultimately leading to fragmentation of acetoxy-ketones 
3b. 4a and 4c, have been postulated to account for the formatiOn of thiol 
ester 6. aldehyde k and ketone k. respectively. 

The acetolysls of J-arylthlo- and (a'-aryloxy-o-chloro-ketones hdS been shown to proceed through 

the enollzatlon-solvolysls mechanism; the different rea,tivlty observed in the two series has been 

essentially ascribed to the dlfferent aptitude of the neighbouring heteroatom to assist ionization 

of the Intennediate enol ally1 chlorides and delocalization of the charge in the cationic species 

Involved in the solvolysis.’ Almlng to throw further light on the role played by the nelghbourlng 

heteroatom, the research has been extended to the acetolysis of substrates 1a.b.c and 2a.b.c taken 

as models for investigating the contrasting lnfluencc of the two ether functions. 

C6H5-0-r-CO-EC-S-C6HS C$S-O-kD-CO-E:-S-C6H5 

la: R:H 
lb: R=CHj 
lc: R=C6n5 

2a: R=D 
2b: R.CHy 
2c: R=C6n5 

RESULTS 

+Chloro-ketones 1a.b.c were prepared by reacting phenyl sulphenyl chloride with I-dldzo-Qhenoxy- 
. 

2-butanone and l-diazo-3-phenoxy-3-phenyI-2-propanone.C respectively. The reaction of the correspon 

ding 2-deuterio-2-phenoxyacetyl chlorides with CH2N2 afforded the above fr-dlazo ketones deuteriated 

at the IZ'-C. which were converted Into the corresponding ,a-chloro-ketones 2a.b.c by reaction with 

sulphenyl chloride. The acetolyses were performed under standard conditions in plain AcW and In the 

presence of AcOK. The reactivity of la was also tested In the AcOHIAc20 system, as well as in the 

presence of LiCl and LiC104. The main results are sunarized In the Tables. 

The acetolysis of la in plain AcOH gave an approxiiwtely 5:1 mixture of the isomerlc acetoxy ketones 

3a and 6, traces of gr.g-unsaturated aldehyde Ba being detected in the crude product by GC/MS analysis. 

As show in Table 1. the solvolysis was moderately depressed in 1:l kWlAc20. but practically inhi- 
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bated in 1:9 AcWAc20; on the other side. 0.02 H concentrations of p-toluenesulfonlc acid or pota? 

slum acetate apparently did not speed up the solvolysis. However lnterestlng differences In product 

dlstributlon were observed In the different medla. Thus. while both the products of normal and clne 

substitution were obtalned In neat AcW as well as In the presence of 0.02 M AcOK. the former was 

the only reactlon in the AcCWAc20 system and the main one In the acid catalyzed solvolysls. along 

with the formatlon of conslderable mounts of aldehyde Sa. 

SAC q 
C6H5-0-~-C04w;S-C6H5 C6H5-0-~-CO-cH2-S-c6H5 C6HS-S-M-E-R 

36: R.H la: R.H k: R.H 
3b: R.CH, 4b: R=CH) 9: R=CH] 
3c: R.C6HS 4c: R.C6HS !ic: R46HS 

The aldehyde was also obtained In the acetolysls of la In the presence of high AcOK concentrations 

(see Table 3). eventually being the only product when the solvolysis was prolonged up to 3 h. In a 

separate experiment It was shown that acetoxy ketone 4a IS the precursor of 5s when heated In the 

AcCWAcOK system. 

The acetolysis of la showed the nonal salt effect pattern In the presence of 1iCl. hhile the spe- 

cial salt effect could be evidenced on addition of LiC104 (see Fig. 1). As for product distribution, 

normal substltutlon was the only reactlon observed with L1C104. while considerable amounts of tine 

substitution were obtained with high LlCl concentrations (see Table 2). 

Table 1. Acetolysls of b in diffemt rredra.(a) 

Mid Cmwfslal (I) kukts (XI 

3abh 

koi 81 94 16 traoes 
Acovk20 (1:l) E Ia3 
kiw 0 (1:9) 

%i 
8 la0 

k0vl (O.a? H) 81 m 20 
MHfmx (O.a?H) 83 &I 20 trams 

(a) slbstrate anmtratm: 0.2 H. kxthn tmxrabk 
fe: 12Y. birtlmtlm: 2h. 

Table 2. ketdfiis of ld in the cmzsmce dc UC1 ml L1C104. Ia) 

salt Iblalty Gmwxlal (1) Prc4Kts w 

3B 40 

- 64 92 8 
LlCl 0.m 64 92 8 
LICI 0.01 69 91 9 
LlCl O.@ 71 83 17 
LlCl 0.00 78 70 22 
LIC106 0.001 74 96 b 
11CI0, 0.01 25 Hx)tJzes 
LIClO, 0.02 a, loo - 
LiClO, 0.04 88 lal - 

(a) S&strti mrenttatim: 0.2H. &wztlmtqeratwe: EV. 
bxtlcntm: lh. 

Tble 3. A amxvlsn of VP acetolyses of lw s&straws In plain 
kol (A) mY In the ppse7ce of klX W.(a) '& IOn 

(II.") . 

slbstrate &XtlUl kXtlUl canrerslal RTldRs 

ttm 

la 
A 2h 81 3a WV la (16%) 
B 30mln lCI3 b(m) 5a(6W 

b 
A 2.5 h 60 BSlarr) 

1 

B 30run la, 6 (75%) 7 (24) 

k 
A 3h 73 + (lm 
B lh la, 5c(Hxx) 

(a) 
Fi4bstral.e amznvaticn: 0.2M .Mxcmcentratkn: 0.6H. bx- 

tkn tBTpmme: 120". 
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The data reported in Table 3 Illustrate a caparison of the reactlvlty of chloro-ketones la-c In 

the acetolysis in AcOH and in the presence of 3 noles AcOK. The solvolysls of lb and lc in the ab- 

sence of acetate occurred less easily than that of la, both substrates affording exclusively normal 

substltutlon. In the presence of AcOK the reaction folloued a different course: a 3:l nlxture of 

thlol ester 6 and I#,$-unsaturated ketone 7 was obtalned in the acetolysls of lb with no traces of 

ketone Sb. whlle c*.b-unsaturated ketone k was the only product In that of lc. 

As for the deuterlated substrates 2a.b.c. the acetolyses in refluxlnq AcOH afforded exclusively the 

corresponding o-acetoxy-ketones 8a.b.c. with 60-801 converslon after 2-3 h; also, the recovered 

startlnq naterlals were shown to be 100% deuterlated at the 0' 4. In the presence of 0.6 H AcOK. 

the acetolysis of 2a gave lnstead a roughly 1:l mlxture of acetoxy-ketone C (about 95% deuterlated 

at the methlnic carbon) and aldehyde Sa (completely deuterlated at the fonnyl group). 

CH3-CH4;cC0-S-C6nS C6H5-0-C-CO-CH2-S-C6H5 

CH2 

C6H6-0-~D-co-~;S-C6HS 

6 7 8a: R.D 
8b: R.CH 
&: R=C6HS 

Flnally, chloro-ketone 9a. having different but electronically equivalent arylthlo groups. after 

2.5 h refluxlng In AcOti afforded 32% of each of the Isawrlc acetoxy-ketones 9b and 1Ob. along with 

the lswwlc chloro-ketones 9a and 1Oa. also in 1:l ratio. Even the deuteriated chloro-ketone lla 

was shown to undergo exclusively norrndl substitution, affordlng acetoxy-ketone llb, with full reten 

tion of the Isotopic labelllnq. 

p-CH3-C6Ha-S-CH2-CO-CH-S-C6H5 
R 

o-CH3-C6Ha-S-$H-CO-CH2-S-C6HS 
R 

p-CH3-C6H4-S-CD2-CO-$H-S-C6HS 
R 

k: R=CI 1Q: R=CI 
9b: R=OAc lob: R=OAc 

lla: R=CI 
llb: R=OAc 

DlSCUSSlOH 

Different wchanisns are clearly at work In the various acetolyses of cl-chloro-ketone la. In AcOH. 

d solvent of low ionlzlng power, 
3 
I*-acetoxy-ketone 3a very probably forms via intimate ion pair 12a. - 

Instead, preliminary enolizatlon of the substrate to enol allylic chloride 13a is required for the 

formation of the isanerlc cl-acetoxy-ketone 4a, which may OrigInate via ion pair Ma and/or bridged - 

ion pair 1Sa. These views are strongly supported by the acetolysrs of the deuterlated substrate 2a. 

tiich gave no clne substitution at all and afforded 8a In the absence of any D/H exchange. 

OH OH. 
PH 

C6HS-0-CH-CO-EH-S-C6HS 
R Cl- 

C6H5-0-;=C-;;-S-C6H5 C6HS-O-;=C-$S-C6HS _ c6ti5-0-c *EQ_CH-S-C~H~ 

R Cl 

12r: R.H lh: R.H Ma: R=H 1%: R=H 

::i ;::",n, 
13b: R=CNI Mb: R=CH, 1%: R=CHJ 
13~: R=C6H5 MC: R=C6H5 

cl-Chloro esters were already shown to undergo solvolysis through a $1 mechanlsm.4 The possiblllty 

that dissociated carbonlun ions might be involved in the fomatlon of h is ruled out by the exper- 

laents with added k20, uhlch showed a slow dew of the acetolysls with mixtures of AcW/Ac20 of 

decreaslng lonlzing power and increasIng dlssociatlng ability.5 The same conclusion can be argued 

from the salt effects observed In the acetolysts of la In the presence of LlCl and LIClOa. while In 

the foraer the external chloride may be Involved in a SN2' reaction leadlng to the Isometric chlot-o- 

ketone Ma, ultimately responstble for the formatIon of 4a. the total absence of chlorine clne-sub- 
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stitution In the presence of LICIOa may be explalned in terms of the occurrence of a new type of 

ion pairs. no more fitted for 1Somerlzatlon of the substrate. 

Indeed. chlorine clne substitution may occur through different pathways. Thus. in A&OH ion pair Ma 

may be in equlllbrlum with non-classlcal bridged ion pair 15a,6 which may collapse to the Isonerlc 

+chloro-ketone 16.s. or directly undergo solvolysls to acetoxy-ketone 4e. In the presence of aceta- 

te, and particularly with high salt concentrations. 13a and/or Ma may undergo nucleophilic attack 

at the mOre electrophlllc carbon, possibly through a $2' mechanism. 

As for the possibility that 1% may really be involved In the acetolysis of la. one may recall that 

reversible isomerlzatlon has bc=n proved in several acetolyses of o'-arylthlo-o-chloro-ketcnes.7 

but In no case with (I'-ary1oxy.n chloro-ketones.' Clearly, the presence of an addItIona ether 

group may well detennlne a different reactivity. However. the acetolysls of o-chloro-ketone k did 

not lead exclusively to nonal substitution. as it might be expected due to the hlgh reactlvlty of 

the +chloro thloether function: Indeed. the yield of practically equal amounts of acetoxy-ketone 

9b and lab on one side and of the Isomerlc chloro-ketone %s 

ports the view that the acetolysls of 9a proceeds, at least 

of the substrate, bridged ion pair 17 being responsible for 

for nonal and tine substitution. 

and 1Oa on the other side strongly sup- 

partly, through prellmlnary enolization 

reverslble Isomerization. as well as 

P 
&.l\ 

p-CH3-C6Hq-S-CH C1‘:CH-S-C6HS 

Ma: R.H 17 
16b: R=CHs 
16c: R.C6HS 

Accordingly, the acetolysls of the deuterlated chloro-ketone lla gave exclusively normal substltut- 

ion. The above results, however, leave open the questlon whether 1a.b.c lsomerize during solvolysls, 

or whether 16a.b.c do form in the AcWAcOK system, but are so reactive as to make their identlfica 

tiOn imposslble. 

As for aldehyde 5a. obtalned in the acetolysls of la in the presence of p-toluenesulfonlc acid or 

high acetate concentrations, the followlng mechanism accounts for its formation fron acetoxy-ketone 

6. 

- C6HSO- + Sa 

The mechanism is conslstent with the findlng that the aldehyde obtained from the acetolysls of 2a 

was selectively deuterlated at the fonyl group. 

The acetolyses of lb and lc must also involve different mechanisms in the different nedla. In the 

pure solvent. as In the case of la, normal substitution 1s likely to occur via the corresponding - 

ion pair 1Zb.c rather than enol allyllc son pair 14b.c; this IS in line with the acetolyses of 2b.C 

which were shown to occur as easily as those of the undeuterlated substrates, affording the Corre- 

sponding acetoxy-ketones 8b.c with full retention of the isotopic labelling. The enol allyllc chlo- 

ride 13b and/or the corresponding Ion pairs 14&, 1% may instead be involved In the acetolysls Of 

lb in the presence of acetate, undergoing HCI ellmlnatlon to give 7, possibly through a concertated 

mechanism assisted by the acetate. The possibility that 7 might originate from acetoxy-ketone 4. 

through AcW ellmlnation. seems a rather remote one, on the basis of previous work deallng with the 

formation of 3-phenoxy-3-buten-2-one in the acetolysls of 1-chloro-3-phenoxy-2-butanone.' 

As for thlol ester 6. the main product obtalned in the acetolysls of lb in the AcOWAcOK system, 
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the following mechanism accounts for Its formation from acetoxy-ketone 3b. 

3713 

3b- - C6H50 t 6 

Both this mechanlsn and the one proposed for the formatIon of aldehyde 5a. Involve an Intramolecu- 

lar transacetylation. ultimately resulting In phenoxy anlon elimlnatlon. Simple tran.+acetylations 

leadlng to thlol esters have already been encountered In the acetolysis of l-acetoxy-l-phenylthlo- 

2-propanone8 and l-acetoxy-4.4-dimethyl-l-phenylthLo-2-pentanone.g 

Finally, the formation of ~~.~-unsaturated ketone k. the only product obtained in the acetolysis 

of lc in the presence of acetate, may also be interpreted with the mechanism proposed for the for- 

mation of aldehyde 5a; however. the potential precursor Ic was not identified in the reactlon mix- 

ture. 

Ic- 

Notice that all the mechanisms proposed for the fonnatlon of aldehyde 5a. ketone k and thlol 

ester 6 require enolization of the corresponding precursor through a prototroplc shift Involv- 

C6H5_0\ 
5% 
CI 

~~CW6H5 
0 

- C6H50 + k 

/Cao 
cH3 

ing the C6H5-S-$H-CO- rather than the C6H5-O-CH-CO- grouping; this is In line with the stronger 

acldlty of the former proton. 
10 

EXPERIMENTAL 

WR spectra were recorded on a Varian 160 spectrometer using tetramethylsllane as the internal 
standard. The mass spectral data were obtalned on a Perkln Elller 270 spectrmter. 
Materials. Anhydrous AcOH uds prepared by refluxlng (4 h) 99.8% A& (Merck) with the calculated 
amount of AC 0 (Merck). 
The solution 5 of AcOK and LiCl in glacial AcOH. prepared from Carlo Erba RPE salts dried at 120°C 
in vdcuo until constant weight. Anhydrous solution of 0.02 kl p-toluenesulphonic acid in AcOH wds 
prepared by adding the calculated dnount of Ac 0 to the solution of the p-toluenesulphonlc acid 
monohydrate (Carlo Erba) In glacial AcOH. LlCls solutions were prepared by treating the calculat- 
ed amount of the trihydrate salt (Fluka) in anhjdrous AcOH with a small AC 0 excess. 
Substrates . Chloro-ketones la-c and 2a-c were prepared by reacting at r & tenperature,,ynder nl- 
trogen. the corresponding dlazo-ketone with a slight excess of phenyl sulphenyl chloride. in 

ether, in the presence of K CO . 
ketones In 90-95'1 yield. Th$ p&d 

After stirring for 15 min the usual *ark-up afforded the chloro- 
UC t s were purified by colum chromatography. The deuteriated dia- 

zo-ketones eq~loyed in the synthesls of 2a-c were prepared through the Clibbens-Nierenstein react- 
ion starting from the corresponding I*-deuteriopnenoxy acetylchlorides. 
l-Chloro-3-phenoxy-I-phenylthlo-2-propanone la. prepared from l-diazo-3-phenoxy-2-propanone.2 Vel- 
low orl. WR (CCl4)n : 7.66-6.66 (10H.n); 5.80 (1H.s); 4.76 (2H.s). 

I-Chloro-3-phenoxy-1-phenylthlo-2-butanone lb, prepared from l-diazo-3-phenoxy-2-butanone.2 Yellow 
011. Mf (nlxture of dlastereoners) (CC14)a : 7.66-6.66 (1OH.m); 6.03.5.96 (lH.s.CHCI); S-03.4.92 
(lH.o.J=6Hz.CH-CH3); 1.60 (3H,t,J=6Hz.CH3). 

phenyl-l-phenylthlo-2-propanone. lc. prepared frown I-dlazo-3-phenoxy-3-phenyl 
Yellow oil. WtR (mixture of diasterechners) (CCl4)b: 7.66-6.66 (15H.m); 5.97 (1H.s. 

CHCI); 5.80.5.73 (lH.m.CHPh). 

General procedure for the acetolyses. Acetolyses were performed on l-2 -1, both in neat AcOH and 
in the presence of AcOK. under standard conditions. The crude mixture was quenched and treated 
twice with H 0 
evaporated. ? 

(10 ml) and CC14) (20 ml). After shaking. the CC14 solns. were dried over HgSO4 and 
he residues were subitted to HI\ and CC/MS analyses. Purification of the products 

was obtained by chromatography over silica gel. Klnetlc experiments were run up to 65-85X convers- 
ion. The results are reported In Tables 1 and 2. 

1-Acetoxy-3-phenoxy-1-phenylthio-2-propanone, 3a. (011 b.p. 97-8' 0.5 rmHg). WR (Ccl )a: 7.67- 
6.67 (lW.m); 6.37 (1H.s); 4.78 (2H.s); 2.22 (W.s). MS. m/z: 316(H*); 207 (n - PhS);4180 (I4 - PhO 
- CH3CO); 165 (H - PhS - CH2.CO); 164 (H - PhS - CH3CO). 
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1-Acetoxy-1-phenoxy-3-phenylthio-2-propdnone, la. (Oil 95-6' 0.5 Mig). WR (CC14)b: 7.50-6.66 (lo 
H.m); 6.53 (1H.s); 3.88 (2H,AB); 2.10 (3H.s). 

2-Acetoxy-3-phenylthio-2-propenale. k. (011 58-W" at I rmd+g). HIR (Ccl )6: 9.03 (1H.s); 7.66- 
7.26 (Wc.m); 7.13 (1H.s); 2.23 (M,s). MS. m/r: 222 (H*); 180 (H - CH2=C8); 151 (M - CH2=C0 - CHO). 

1-Acetoxy-3-phenoxy-I-phenylthlo-2-butanone, 3b. Oil. MR (mixture of dlastereomers) (Ccl )A: 7.50 
-6.66 (11% n)* 6.66.6.38 (lH,s.CHOAc); 4.92,4.85 (lH.q.J=6Hz. CHCH ); 2.13.2.03 (W.s.OAcf; 1.50 
(3H,t,J&tl;. CH3). MS. m/r: 330 (H*); 209 (M - PhOCHCH3); 181 (PhS&OAc); 121 (PhOCHCH3). 

Benzenethlol-2-acetoxy-2-butenoate. 6. (Oil 80-2' at 0.5 mnHg). HR (Ccl )A: 7.50-6.83 (5H.m); 
6.57 (lH.q..Ja6+fz); 2.25 (3H.s); 1.73 (3H.d.J=6Hz). MS, m/z: 236 (H'); 197 (RSCO); 127 (H - PhS); 
99 (H - PhSCO). 

3-Phenoxy-1-phenylthlo-3-buten-t-one. 7. (011 b.p. 90-2” at 0.5 mrrHg). H(R (CC14)6: 7.53-6.83 (IoH, 

m); 5.03 (2H.d.J=2Hz); 4.00 (2H.s). 

l-Acetoxy-3-phenoxy-3-phenyl-l-phenylthlo-2-propanone. 3c. 011. H(R (mixture of dlastereomers) 
(CC14)a: 7.50-6.66 (15H.n); 6.76.6.50 (lH,s.CHOAc); 5.72.5.63 (lH.m.CHPh); 2.06 (Bi,s.OAc). MS. 
m/z: 299 (H - PhO); 283 (H - PhS); 256 (H - PhO - CH CO); 241 (H - PhS - CH2=CO); 240 (M - PhS - 
CH3CO); 189 (M - PhS - PhOH); 183 (PhOCHPh); 118 (Ph?HCO). 

2-Acetoxy-I-phenyl-3-phenylthio-2-propen-l-one, k. (011 b.p. 92-3' at 0.5 mr)(g). H(R (CC14)b: 
7.87-7.13 (1W.m); 6.97 (1H.s); 2.22 (3,s). MS. m/z: 298 (M*); 256 (H - CH2=CO); 146 (H - CH3C0 - 
PM); 105 (PhCO). 

Acetolysls of 2a. The reactIon In plain AcW after 2 h at 120' afforded: 8OS acetoxy-ketone 8a and 
20X starting chloro-ketone. The acetolysls In the presence of AcOK (0.6 M) after 30' at 120' gave 
the following product cocnposltlon: 46X la (about 95X deuteriated at the methlnic carbon) and 54'1 
k (fully deuteriated at the formyl group). 

Acetolysis of 2b. The reaction was run only In plain A&ii for 2.5 h at 120'. WR analysis show the 
formation of 59% 8b and 41X 2b. 

Acetolysis of 2vz. After 3 h reacting In AcOH at 120'. H(R analysis afforded the following cocrposlt 
ion of the crude reactlon mixture: 74% 8c and 26% aC. 

1-Chloro-l-phenylthlo-3-p-tolylthlo-2-propanone. k. The reaction of p-tolylthlo acetylchlorlde 
with an ethereal solution of CH N afforded l-diazo-3-p-tolylthio-2-propanone. Yellow Crystals. m. 
p. 36-7'=. WtR (COCI )6: 7.M-6.~32(4H.m); 5.63 (1H.s); 3.50 (2H.s); 2.30 (W,s). 
The latter was subm tted ? to action of phenyl sulphenyl chloride. Chloro-ketone 9a was obtalned as 
an oil. WR (CC14)b: 7.50-6.83 (9H.n); 5.75 (1H.s); 3.72 (2H.s); 2.27 (3h,s). 

l-Chloro-3.3-d~d~terlo-l-phenylthio-3-p-tolylthlo-2-propanone, 114 was prepared through the Cllb- 
bens-Nierenstein reaction starting ftom 2.2-dideuterlo-p-tolylthlo acetyl chloride. 

1-Chloro-1-p-tolylthio-3-phenylthio-2-propanone, 1Oa prepared from 1-diazo-3-phenylthio-2WoPano- 

ne'2 by reaction with p-tolyl sulphenyl chloride.13 Yellow oil. WR (CC14)A: 7.33-6.75 (9H.m); 
5.66 (1H.s); 3.78 (2H.s); 2.32 (3,s). 

Acetolysis of 9a. After 2.5 refluxing in plain AcOH. H(R analysis afforded the following composlt- 
Ion of the crude reaction mixture: 17% (9.a); 16s (lOa); 32% (9b); 35X (lob). 

l-Acetoxy-l-phenylthio-3-p-tolylthio-2-propanone. 9b. 011. 
s); 3.77 (2H. A9 system); 2.33 (3H.s); 2.13 (3H,s). 

HIR (CC14)d: 7.50-6.83 (9H,m); 6.50 (1H. 

3-Acetoxy-l-phenylthlo-3-p-tolylthlo-2-propanone. lob. 011. WR (CC14)d: 7.50-6.83 (9H.m); 
6.40 (IH.s); 3.70 (2~. AB system); 2.33 (3H.s); 2.13 (3H.s). 

Acetolysls of lla. After 2.5 h at 120" In plain AcW. the reaction mixture had the following com- 
posltlon: 34% llr and 66% llb. The latter was purified by colurm chromatography. NMR (CC14)": 7.50 
-6.83 (9H.m); 6.50 (1H.s); 2.33 (3H.s); 2.13 (3H,s). 
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