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at a refluxing temperature if a small amount of aqueous fluo-
roboric acid was added. 

The infrared data of the hydrazone type complexes obtained 
are given in Table I. The c(C=N) band of the complex derived 
from benzaldehyde is considerably lower than those of the 
complexes derived from acetone and propionaldehyde. This 
is explained by the resonance effect of the phenyl group. We 
are presently investigating the reactivities of these hydrazone 
type complexes, especially their reduction to hydrazine de
rivatives. 
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Azetidin-2-oxo-4-thiones. Novel Thermolytic 
Products of /3-Lactam Sulfoxides 

Sir: 

The thermal rearrangement of penicillin sulfoxides to dea-
cetoxycephalosporin,1 as well as that of similar /3-lactam sul
foxides, provides a useful tool for the chemical interconversion 
of/3-lactam antibiotics.2 This rearrangement involves the in-
termediacy of sulfenic acids. As part'of our studies on /3-lac-
tams related to penicillins and cephalosporins3 we have in
vestigated the thermolysis of the /3-lactam sulfoxides 7 and 8. 
We report herein an unusual rearrangement of these sulfoxides 
to the corresponding azetidin-2-oxo-4-thiones 11 and 12 which 
are thiomalonic acid imides, a hitherto unreported class of 
compounds. 

SR1 

I 
HC=N-R2 

1, R1 = Me; R2 = C(CO2Me)=CMe2 

2, R1 = CH2CH2CO2Me; R2 = C(CO2Me)=CMe2 

3, R1 = Me; R2 = CH(C02-t-Bu)CH20-£-Bu 
4, R1 = CH2CH2CO2Me; R2 = CH(CO2-S-Bu)CH2Ck-Bu 

Treatment of the thioformimidate 2, obtained by warming 
the thioformimidate I4 and methyl 3-mercaptopropionate, with 
phthaloylglycyl chloride gave the trans /3-lactam 5 (mp 92-93 
0C, 56%).5 Similarly, 3, prepared by S-methylation (MeI, 
NaH in toluene) of 0-?er/-butyl-7V-thioformyl-rf,/-serine 
tert-butyl ester, was converted through 4 into the ,S-lactam'6 
which consisted of a 1:1 mixture of two trans diastereoisomers.5 

Oxidation of the 4-carbomethoxyethylthio-/3-lactam 5 with 
w-chloroperbenzoic acid in CHCI3 at —35 0C gave the cor
responding sulfoxide 7 (mp 156-157 0C, 98%): NMR 5 
(CDCl3) 2.10 (s, Me), 2.31 (s, Me), 2.7-3.0 (m, 
SCH2CH2CO), 3.65 (s, OMe), 3.87 (s, OMe), 5.4 (d, J = 2.5 
Hz, azetidinone 4-H), 6.05 (d, J = 2.5 Hz, azetidinone 3-H), 
and 7.7-8.0 (m, aromatic H); ymax (film), 1790, 1775, 1735, 
and 1725 cm"1. A similar oxidation of 6 (CH2Cl2, -40 0C) 
afforded the sulfoxide 8 (79%) as a mixture of the two trans 
isomers separated by chromatography. NMR of one isomer: 
5 (CDCl3) 1.21 (s, O-f-Bu), 1.54 (s, O-r-Bu), 2.86 (m, 
SCH2CH2CO2), 3.62 (s, OMe), 3.6-3.9 (m, CHCH2O-I-Bu), 
4.76 (t, NCTZCO2), 5.49 (d, J = 2.5 Hz, azetidinone 4-H), 
6.02 (d, J = 2.5 Hz, azetidinone 3-H), and 7.8 br (m, aro
matic); NMR of the other isomer, 5 (CDCl3) 1.21 (s, 0-?-Bu), 
1.53 (s, O-r-Bu), 2.87 (m, SCH2CH2CO2), 3.60 (s, OMe), 
4.10 (d, CHC//20-r-Bu), 4.79 (t, NCHCO2), 5.30 (d, J = 2 
Hz, azetidinone 4-H), 6.15 (d, J = 2 Hz, azetidinone 3-H), and 
7.9 br (m, aromatic). 

Sulfoxides bearing a hydrogen substituent at a /3-carbon 
atom are thermolyzed to olefins and sulfenic acids.6 This 
process which involves a C to O hydrogen shift is facilitated 
when the migrating hydrogen atom is made more acidic.7'8 It 
was therefore anticipated that thermolysis of the unsymme-
trical sulfoxide 7 should give the corresponding /3-lactam 4-
sulfenic acids 9 and methyl acrylate. This prediction was 
corroborated by trapping the sulfenic acid with dihydropyran 
according to Barton's procedure.9 Thus, heating (80-85 0C, 
sealed tube) 7 in dihydropyran with AlBr3 as catalyst for 20 
h gave the dihydropyranyl derivative 10 (71%); NMR 5 
(CDCl3) 1.5-2.0 (m, dihydropyran =CCH2CH2-), 2.08 (s, 
Me), 2.30 (s, Me), 3.8-4.1 (m, dihydropyran OCH2), 3.83 (s, 
OMe), 5.40 (d, J = 3 Hz, azetidinone H), 5.51 (d, J = 3 Hz, 
azetidinone H), 6.75 br (s, dihydropyran vinylic H), and 
7.8-8.0 (m, aromatic); i w (CHCl3) 1785, 1765, 1730, and 
1720 cm-1. 

Phth. ,SCH2CH2CO2Me Phth, 

O S -N1 N R 
5,R = C(CO2Me)=CMe2 

6,R= CH(C02-f-Bu)CH26-f-Bu 

O 
t 

Phth. ,SCH,CH„CO,Me 

h \ ,,SR 
Me 

J' *—V 
0 \ 

CO2Me 

9, R - OH 
10, R = 

Phth. ,S 
\ / 

O S -N. 
\ T O • -N 

V 
R " 'R 

7,R = C(CO2Me)=CMe2 11,R = C(CO2Me)=CMe2 

8,R= CH(CCyt-Bu)CH20-f-Bu 12,R= CH(CCy«-Bu)CH,6-f-Bu 

Phth = phthalimido 

However, in the absence of a trapping agent, the sulfenic 
acid 9, formed by the thermolysis of the sulfoxide 7 (sealed 
tube; 80-100 0C in C6H6, CCl4, or CHCl3), gave the azeti-
din-2-oxo-4-thione 11 (mp 164-167 0C >80%): NMR 6 
(CDCl3) 2.20 (s, Me), 2.44 (s, Me), 3.80 (s, OMe), 5.97 (s, 
azetidine H), and 7.8-8.0 (m, aromatic); ymax (CHCl3) 1830, 
1780,1740, and 1730 cm-1; mass spectrum m/e (M+ 358, 330, 
299, 203, and 187). A similar thermolysis (105 0C for 24 h) 
of 8 afforded the azetidin-2-oxo-4-thione, 12, NMR 5 (CDCl3) 
1.18 (s, 0-/-Bu), 1.51 (s, O-r-Bu), 4.0 br (m, CZf2O-Z-Bu), 
4.85, br (m, RCHCO2), 5.90 (s, azetidine H), 7.88 (m, aro-
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Scheme I 
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matic); i/max (CHCl3) 1830, 1785, and 1730 cm"1; mass 
spectrum m/e (M+ 446, 390, 334, 203, and 187). Presumably, 
the formation of these azetidin-2-oxo-4-thiones involves the 
sequence shown in Scheme I.10 Methyl acrylate is eliminated 
from the carbomethoxyethyl sulfoxide A with concomitant 
formation of the sulfenic acid B which undergoes self-con
densation to the thiolsulfinate ester C. Fragmentation of C 
results in the formation of the azetidin-2-oxo-4-thione D and 
the sulfenic acid B which is recycled. 

Like in the penicillins and in the cephalosporins, the strained 
four-membered ring in 11 and in 12 is highly substituted by 
heteroatoms, and as judged from its high C=O stretching 
frequency, the amide bond lacks the normal amide resonance 
stabilization to an even more pronounced degree than in the 
bicyclic /3-lactam antibiotics." These structural features are 
expected to impart to the azetidin-2-oxo-4-thiones a high and 
versatile chemical activity which is now being investigated. 
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Extensive Redistribution of Fluorine and Hydrogen 
in the Reaction of CF3

+ with SiH4
1 

Sir: 

In a study of the reaction of CF3+ with SiH4 in the gas 
phase, we have observed a very extensive redistribution of 
fluorine and hydrogen between carbon and silicon centers 
which must occur within a single collision complex. 

CF3
+ ions were formed from either CF4 or CF3Cl in an 

electron-impact ion-source, separated from the other ions, that 
were simultaneously produced, by a quadrupole mass filter, 
and injected at barycentric energies of 0.3-10 eV into a colli
sion cell containing SiH4 at a pressure of 1.0 X 10-3Torr. In 
related experiments SiH3

+ ions were formed by electron im
pact on SiH4 and reacted with CF3H in the collision chamber. 
The ions produced by the collisions were mass analyzed by a 
second quadrupole mass filter and detected by an electron 
multiplier. The details of the apparatus have been described 
previously.2 

28Si monoisotopic mass spectra for several relative kinetic 
energies of reactants are shown in Table I, the intensities of all 
ions having been corrected for contributions due to the natu
rally occurring 29Si(4.7%) and 30Si(3.1%) isotopes. Identifi
cation of the product ions was confirmed by observation of the 
mass shifts, if any, that resulted when SiH4 was replaced by 
SiD4. 

At all three relative kinetic energies of the reactants the 
predominant product ion is SiH3

+. On the basis of available 
thermochemical data3-5 the only electrically neutral product 
that is energetically feasible at 1.3 eV is CF3H and hence the 
predominant reaction must be written as in eq 1. 

CF3
+ + S i H 4 - CF3H + SiH3 

Table I. 28Si Monoisotopic Mass Spectra of CF3
+ + SiH4 

Reaction 

(D 

m/e 

12 
13 
14 
15 
29 
30 
31 
33 
47 
49 
50 
51 
67 

Ion 

C + 

C H + 

CH 2
+ 

CH 3
+ 

SiH + 

SiH 2
+ 

SiH 3
+ 

CFH 2
+ 

SiF+ 

SiH 2 F + 

C F 2
+ 

CF2H + 

SiHF 2
+ 

Relative 

1.3 eV 

_ 
— 
— 

18 
11 
15 

1000 
17 
6 

69 
40 

283 
b 

intensity at 
energy 
3.2 eV 

_ 
0.5 
0.5 

17 
24 
49 

1000 
a 
12 

262 
54 

307 
b 

barycentric 

9.5 eV 

3 
14 
3 
3 

215 
150 

1000 
a 
135 
438 
244 
250 
b 

" Definitely present but obscured by isotopic contribution of 
30SiH3

+. * Definitely present but not measurable quantitatively due 
to proximity of CF3+ reactant ion. 
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