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Thermal Rearrangement of 2,2,4,4-Tetramethylthietan-3-one 1 -Oxide ; 
a Reaction related to the Ring Expansion of the Penicillin S-Oxides 

By Richard J.  Bushby, Department of Organic Chemistry, The University, Leeds LS2 9JT 

When the title compound (4) is heated for 13 h in refluxing benzene a mixture of ring-expanded products, (6a) 
(25%) and (7) (67%). is obtained. In acetic anhydride, compound (4) gives the acetate (6b) 77% as the only 
significant product, and in norbornene. dinorbornyl sulphoxide (1 2a) 35% is formed. In the presence of a silylating 
agent the sulphenic acid intermediate (5a) can be trapped as the trimethylsilyl derivative (5b) but this, in turn, under- 
goes a thermal rearrangement to give the enol ether (1 3). 

IT is known that penicillin S-oxides can rearrange by 
opening of the five-membered ring as shown in formula 
(1) .l This generates a sulphenic acid group and a double 
bond, but the initial product (2a) is usually unstable. 
Among other reactions, it may recycIise in one of two 
ways: the sulphenic acid (RSOH) may add back to 
the double bond either in the ' RSO + H ' sense or in the 
' RS + OH ' sense (' RS + OAc ' in the case of the 
Ac,O-catalysed reaction). The first reaction normally 
regenerates a five-membered ring [i.e. (1) is re-formed] 
and requires no catalyst. The second often proceeds 
with ring expansion [to give (3) or a derivative thereof] ; 
it normally requires an acid, a Lewis acid, or acetic 
anhydride as catalyst, and is often formulated as 
involving a thiiranium ion intermediate. 
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During attempts to oxidise 2,2,4,4- tetrame thyl- 
thietan-3-one it was discovered that the sulphoxide (4) 
is thermally unstable and undergoes rearrangements 
very similar to those of the penicillin S -~x ides .~  In this 
case, however, even in the absence of a catalyst, the 
intermediate sulphenic acid (Sa) cyclises both in the 
' RSO + H ' and in the ' RS + OH ' sense, and both 
reactions involve ring expansion. 

When the sulphoxide (4) is heated in refluxing benzene 
for 18 h and the resultant material chromatographed on 
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silica, two major products, (6a) (25%) and (7) * (67%), 
are obtained. The structure of the first of these pro- 
ducts (6a) follows unambiguously from its spectra and 
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those of its acetate (6b). The structure of the second 
product (7) was more difficult to establish. The i.r. 

* G.1.c. or t.1.c. conditions could not be found for separating 
the czs- and trans-isomers of (7), and the spectra did not make it 
clear whether the product was one pure isomer or a mixture of the 
two. 
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spectrum shows the presence of a carbonyl group in 
a five-membered ring and of a sulphoxide grouping, but 
the proton n.m.r. spectrum (in CDC1,) is very complex. 
It consists, in part, of an ABCX, spectrum or two over- 
lapping ABCX, spectra,* and shows one series of many 
sharp peaks at T 6.4-7.5 (total 3 H) and another a t  
T 8.50-8.85 (total 9 H). When, however, the sample in 
the n.m.r. tube is shaken with D,O-potassium carbonate 
the spectrum is greatly simplified. This is a result of 
exchange of the hydrogen 01 to the carbonyl group for 
deuterium giving, eventually, a 3 : 1 mixture of deuterio- 
derivatives (8) and (9). The complex series of peaks in 
the methylene region is then replaced by two overlapping 
AB quartets. The sulphoxide (7) can be oxidised by 
peracetic acid to the sulphone (loa). This also shows a 
complex series of peaks in the methylene region of the 
proton n.m.r. spectrum. The position ct to the carbonyl 
group can be deuteriated in the same manner to give 
(lob), in the spectrum of which the low-field end is 
simplified to a single AB quartet. 

In the penicillin series recyclisation of the sulphenic 
acid with cleavage of the sulphur-oxygen bond is cata- 
lysed by acetic anhydride and, among other products, 
(3b) may be formed. It was, therefore, not surprising 
to  find that, when the sulphoxide (4) was heated in 
refluxing acetic anhydride for 1 h, the acetate (6b) was 
the only significant product. 

Also, in the penicillin series, several methods have 
been developed for trapping the sulphenic acid inter- 
mediate (2a).l Barton has shown that, in the presence 
of a suitable olefin, the sulphenic acid (2a) can be induced 
to undergo an intermolecular rather than an intra- 
molecular double-bond addition. In an attempt to 
trap the supposed intermediate (5a) in the rearrange- 
ment of the sulphoxide (4), it was heated in norbornene. 
However, the only product isolated was not the expected 
adduct (1 I )  but dinorbornyl sulphoxide (12a). Pre- 
sumably the initial adduct (11) undergoes an elimination 
reaction as shown, giving norbornanesulphenic acid, 
which then adds to a second molecule of norbornene. 
This double elimination-addition is similar to that 
invoked in order to explain the reaction of di-t-butyl 
sulphoxide with methyl propiolate or with cyclo- 
octa-l,5-diene.' 

An alternative way of trapping the sulphenic acid 
intermediate in these reactions is to use a silylating 
agent ; normally a mixture of trimethylsilyl chloride 
and hexamethyldisi1azane.s The reaction of the sulph- 
oxide (4) with silylating agent is most conveniently 
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followed by n.m.r. spectroscopy. When a mixture of 
(4) and an excess of silylating agent in deuteriochloro- 
form, in a sealed n.m.r. tube, is heated at 100 "C, the 
spectrum of the sulphoxide (singlets a t  T 8.40 and 8.50) 
is rapidly replaced (ca. 5 min) by signals at T 4.22 and 
4.56 (multiplets, each 1 H), 8.14 (broadened singlet, 3 H), 
8.60 (sharp singlet, 6 H), and 9.88 (singlet, 9 H). This 
corresponds to the spectrum expected for the trimethyl- 
silyl derivative (5b). Before the formation of (5b) is 
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complete, however, a second set of signals starts to 
appear: T 6.51 and 6.99 (AB quartet, 2 H), 8.50 (singlet, 
3 H), 8.77 and 8.82 (singlets, each 3 H), and 9.85 (singlet, 
9 H), which eventually (ca. $ h) totally replaces those for 
(5b). These signals are assigned to the enol ether (13). 
The same sequence of reactions (4) + (5b) - (13), 
is observed when benzene is used as solvent instead of 
deuteriochloroform. However, whereas the rate of the 
first step (4) + (5b) appears to be unaltered the second 
step (5b) + (13) is quite a lot slower and, by using 
this solvent, it is possible to stop the reaction at the 
(5b) stage and obtain a sample virtually uncontaminated 
by either (4) or (13). The trimethylsilyl derivative 
(5b) is very unstable and attempts to distil it, even at  
very low pressure, result only in recovery of (13). 
Similarly, an attempt to obtain a mass spectrum of 
(5b) produced one almost identical with the mass spec- 
trum of (13). Presumably, in this case, rearrangement 
was initiated by the heat of the probe. Hydrolysis of 
either (5b) or (13) by shaking a chloroform solution with 
water at room temperature produces mainly (7) and a 
trace of (6a). Hydrolysis of (13) with D,O can be fol- 
lowed by n.m.r. spectroscopy. It gives initially a 1 : 1 
mixture of (8) and (9), which on treatment with D,O- 
potassium carbonate is converted into the equilibrium 
3 :  1 mixture. It was also shown that the enol ether 
(13) can be formed by heating the ring-expanded sul- 
phoxide (7) with silylating agent. The reaction is, 

however, rather slow (H h at 120 "C), and some by- 
products are formed. 

EXPERIMENTAL 

2,2,4,4-TetrametJ~ylthietan-3-one 1-Oxide (4) .-Peracetic 
acid (40% w/v; 0.92 cm3, 4 .8  mmol) was added to a stirred, 
cooled solution of 2,2,4,4-tetramethylthietan-3-one (1.32 
g, 9.1 mmol) in benzene (25 cm3). The mixture was allowed 
to warm to room temperature. After 20 h ether was 
added and the solution was washed with aqueous sodium 
carbonate, dried, and evaporated a t  room temperature 
under reduced pressure. The residue was chromatographed 
on silica (elution with ether) to yield first unchanged 
thietanone (493 mg) and then the sulphoxide (630 mg, 
69% based on thietanone consumed) as white crystals; 
m.p. 106-109 "C (decomp.), unchanged by low temperature 
recrystallisation from ether (Found: C, 52.7; H, 7.6; S ,  
19.9. C,H,,SO, requires C, 52.5; H, 7.6;  S, 20.0yo), 
vmaK (CHC1,) 1 765 (GO)  and 1 070 cm-l (SO), T (CDCl,) 
8.40 and 8.51 (each 6 H, s, cis- and trans-Me). The sul- 
phoxide could be stored unchanged a t  0 "C for several days 
but eventually became sticky and contaminated with re- 
arrangement products. 

TJLernaaZ Rearrangement of the Sulphoxide (4) in Benzene.- 
A solution of the sulphoxide (600 mg) in benzene (25 cm3) 
was refluxed for 1$ h, then evaporated, and the residue was 
chromatographed on silica (elution with ether and then 10% 
methanol-ether) to yield in elution order, 4-hydroxy-2,2,4- 
trimetlzylthiolan-3-one (6a) (148 mg, 25%) as a semi-solid, 
giving, after further chromatography and bulb distillation, 
white crystals, m.p. 48-49.5 "C (Found: C, 52.7; H, 7.3; 
S, 20.0. C,H,,SO, requires C, 52.5; H, 7.6;  S, 20.00/,), 
v,,,. (film) 3 450 (OH) and 1 750 cm-l ( G O ) ,  T (CDC1,) 
6.97 and 7.03 ( 2  H, AB q, J 11.5 Hz, CH,), 7.12 (1  H, s, 
removed by exchange with D20, OH), and 8.49, 8.52, and 
8.53 ( 3  x 3 H, 3 Me); and 2,2,4-trii.nethyZthioZan-3-o.lze 1- 
oxide (7) (404 mg, 67y0), as white needles, m.p. 57-62 "C 
(from petroleum) (Found: C, 52.2; H, 7.6; S, 20.2%; 
iW+, 142.045 4. C,H,,SO, requires C, 52.5; H, 7.6; S, 
20.0%; M ,  142.045 2), vmX. (CHCl,) 1 740 (GO) and 1 0 7 0  
cm-l (SO), T (CDCl,) 6.4-7.5 (3  H, m, CH2*CH) and 8.5- 
8.85 (9  H, m, 3 Me), T (CDCl,; after sha,king with D20- 
K,CO,) 6.53 and 7.32, also 6.47 and 7.19 (2 H, two over- 
lapping AR quartets, J 13.5 Hz, CH,), 8.52, 8.70, and 8.80 
( 3  x 3 H, s, 3 Me) (the centre signal is broadened and shows 
some fine structure, presumably the result of deuterium 
coupling), 6~ (from Me,Si) 15.0, 17.0, and 20.0 (methyls), 
38.4 (CH), 49.5 (CH,), 67.0 (CMe,), and 214.6 (GO) .  

Although overlap of signals makes a definite assignment 
difficult the solvent effect for the proton n.m.r. of the 
deuterium-exchanged material suggests that the major 
component of the mixture is the trans-isomer (8).  In 
particular, on changing the solvent from CCI, to C6H6, two 
of its methyl resonances are shifted markedly to high field. 
According to Strom's model for solvation of sulphoxides 
this implies that both methyl groups are trans to the sul- 
phur-oxygen bond. The tentative assignments of signals 
are: for the major isomer (8) (assignment, 7 in CCl,, T in 
C,H,, difference), (MeA 8.62, 8.68, 0.06),  (MeR 8.73, 9.18, 
0.45, broadened, probably by deuterium coupling), and 
(M% 8.85, 9.39, 0 .54);  for the minor isomer (9) (Me* 8.62, 

9 E. T. Strom, B. S. Snowden, and P. A. Toldan, Chem. 
Comm., 1969, 50. 
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8.68, 0.06), (MeB 8.75, 8.87, 0.15, broadened, probably by 
deuterium coupling), and (Me0 8.85, 9.35, 0.50).* 

A cetylation of the Tlziolanone (6a) .-The thiolanone 
(140 mg) was treated with acetic anhydride (3 cm3) and 
pyridine (3 cm3). After 3 days the mixture was poured 
into water (100 cm3), and extracted with ether. The 
extracts were washed with 2~-sulphuric acid and aqueous 
sodium carbonate, dried, and evaporated under reduced 
pressure to  yield the acetate (6b) (166 mg, 83% crude), 
which was purified by chromatography on silica (elution 
with ether-petroleum and then ether) and bulb distillation 
(bath 80 "C; 15 mmHg), after which it solidified to give 
white needles, m.p. 56-59 "C (Found: C, 53.3; H, 7.2%; 
M+, 202.066 3. C,H,,SO, requires C, 53.4; H, 7.0; M ,  
202.066 4), vmaX (film) 1 745 cm-1 (GO) ,  T (CDC1,) 6.37 and 
7.24 (2 H,  ABq, J 11 Hz, CH,), 7.93 (3 H, s, Ac), 8.37 
(6 H, s, Me,C), and 8.57 (3 H, s, Me), wz/e 202 (&I+, l%), 
143 (21), 142 (Mi- - CH3C0,H, 21), 115 (22), 74 (? Me@+, 
36), 71 (%4), 59 ( ?  MeCS+, 27), 43 (?  MeC0+, loo), and 41 

Oxidation of the Sulphoxide (7) .-The sulphoxide ( 112 mg, 
0.8 mmol) in benzene (5 cm3) was treated with peracetic 
acid (40YA w/v; 0.2 cm3, 1 mmol). After 7 days the mixture 
was poured into ether. The ethereal solution was washed 
with aqueous sodium carbonate, dried, and evaporated 
under reduced pressure to  yield the sulphone (10a) (73 mg, 
58%), which was purified by chromatography on silica 
(elution with chloroform) and recrystallisation from 
chloroform-petroleum, giving white needles, m.p. 45-49 "C 
(Found: C, 47.5; H, 6.8; S, 18.2. C,H,,SO, requires 
C, 47.7; H, 6.9; S, 18.2y0), vmx. (CHC1,) 1755 (CEO), 
1 128 (SO, sym.), and 1 325 (SO, asym.), T (CDCl,) 6.0-7.0 
(3 H, m, CH,*CH) and 8.5-8.75 (9 H, m, 3 Me), T (CDCl,; 
after shaking with D,O-K,CO,) 6.29 and 6.83 (2 H, ABq, 
J 13 Hz, CH,), 8.59 and 8.60 (2 x 3 H, s, 2 Me), and 8.64br 
(3 H, probably CDCH,). 

Thermal Rearrangement of the Sulphoxide (4) in Acetic 
Anhydride.-A solution of the sulphoxide (385 mg) in 
acetic anhydride (3 cm3) was refluxed for 1 h, poured into 
water, and extracted with ether. The extract was washed 
with aqueous sodium hydrogen carbonate, dried, and 
evaporated under reduced pressure. The n.m.r. spectrum 
of the crude product (387 mg, 77%) showed only peaks 
attributable to 3,5,5-trimethyl-4-oxothiolan-3-yl acetate 
(6b), and after purification the product (226 mg) was 
shown to be identical with the material obtained previously 
(m.p., i.r. and n.m.r. spectra, and t.1.c.). 

Reaction of the Sulphoxide (4) with Noybornene.-A 

* The a-methyl group trans to  the S-0 bond is assigned the 

(61)- 

signal at higher field; cf. refs. 9 and 10. 

stirred solution of the sulphoxide (300 mg) in norbornene 
(3 g) was heated at 115 "C for 1 h. The mixture was 
chromatographed on silica (elution first with 257; ether- 
petroleum and then with ether) to yield di-(Z-novbornyl) 
sulphoxide (12a) (173 mg, 35y0), which was recrystallised 
from petroleum to give white plates, m.p. 101-102 "C 
(Found: C, 70.7; H, 8.9; S, 13.5%; iM+, 238.139 1. 
C,,H,,SOrequiresC, 71.1; H, 8.5; S, 13.5%; M ,  238.138 5), 
vmx. (CHC1,) 1030 cm-1 (SO), T (CDC1,) 7.2-9.0 (m, 
CH, and CH), m/e 238 (M+, 7%), 222 (Mi- - 0, 7), 127 (57), 
95 (norbornyl, loo), and 67 (62). The product (100 mg, 
0.42 mmol) in benzene ( 5  om3) was treated with peracetic 
acid (40% w/v; 0.5 cm3, 2.5 mmol); after 15 h, work-up 
and chromatography as before gave the sulphone (12b) 
(100 mg, 94%) as stout white needles, m.p. 85-91 "C 
(Found: C, 66.5; H, 8.5; S, 12.3%; M+, 254.133 8. 
C,,H,,SO, requires C, 66.1; H, 8.7; S, 12.6%; M ,  
254.1340), vmx- (CHC1,) 1 140 and 1314 cm-1 (SO,), T 

(CDCl,) 7.2-9.0 (m, CH, and CH), mfe 254 (M+, < l%) ,  
95 (norbornyl, loo), and 67 (22). 

Reaction of the Sulphoxide (4) with Trimethylsilyl Chloride- 
Hexamethy1disiZazane.-The sulphoxide ( 160 mg) , trimethyl- 
silyl chloride (306 mg) , and hexamethyldisilazane (1 76 mg) 
in benzene (10 cm3) were heated under reflux for la  h under 
dry nitrogen. The solvent was removed under reduced 
pressure; the yellow oil which remained (260 mg) was 
mainly 2,4-dimethyl-4- (trimethylsilylsulphinyl) pent- 1 -en- 3- 
one (5b), contaminated with ca. 10% of the normal sulph- 
oxide rearrangement products; vmaX (film) 1 695 cm-1 
(ap-unsaturated G O ) ,  't (CDC1,) 4.22 and 4.56 (2 H, multi- 
plets, C=CH,), 8.14 (3 H, m, allylic coupling, CH,*C%), 
8.60 (6 H, s, CMe,), and 9.88 (9 H, s, SiMe,). If this product 
was bulb distilled (bath 80 "C; 10-3 mmHg) or the reaction 
time was increased to several hours, then 2,2,4-triulzathyl-3- 
(trimethylsilyloxy) -A3-thiolen 1-oxide (13) was obtained as a 
water-white liquid (Found: Mi-, 232.095 7. C,,H,,,SSiO, 
requires M ,  232.0953), v,,, (film), 1 070 (SO) and 1 698 cm-1 
(C=C); l1 T (CDCI,) 6.51 and 6.99 (2 H, ABq, J 15 Hz, 
CH,), 8.50 (3 H, s, CH3C=C), 8.77 and 8.82 (2 x 3 H, s, 
CMe,), and 9.85 (9 H, s, SiMe,), m/e  232 (M+, 14%), 216 

75 (60), and 73 (100). 
(M+ - 0, 5 ) ,  201 (17), 184 (Mi- - SO, 53), 169 (24), 
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