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Figure 1.-(a) 60-M~ nmr spectrum of ezcmorbornane- 
2-carboxylic acid from deuterioformylated norbornene. (b) 60- 
Mc nmr spectrum of authentic sample of 1, 30% by weight in 
DCCls; TMS reference. 

Stoichiometric Reaction of DCo(CO), with Norbornene.-Nor- 
bornene (2.42 g, 24.8 mmol) was dissolved in 50 ml of hexane 
and a small amount of some insoluble impurity was removed by 
filtration. About 75 ml of a hexane solution’ of DCo(CO), 
WBS injected in 10-ml portions over a period of 6 hr into the hexane 
solution of norbornene. The reaction was carried out in a serum 
stoppered flask connected to a gas buret, under an atmosphere 
of carbon monoxide and at  room temperature. A total of 57.1 
mmol of DCo(CO), was used, and about 13 mmol of carbon mon- 
oxide was absorbed slowly. The reaction mixture was stirred for 
24 hr, and 25 ml of dimethylformamide was added to destroy 
the dicobaltooctacarbonyl. About 50 ml of water was then added 
and the mixture was extracted with ether. The ether solution 
was dried with magnesium sulfate and evaporated to dryness 
on a rotary evaporator. The light pink viscous oil was vacuum 
distilled a t  3 mm to give 0.65 g of clear distillate: bp 42-52’, 
20% yield. The infrared spectrum of the distillate showed C-D 
stretching bands at 2163 and 2048 cm-’ and the C = O  stretching 
band a t  1713 cm-l. The nmr (DCCla solution, TMS reference) 
showed a multiplet from T 7.23-7.83 (2.9 H) assigned to protons a t  
positions 1, 2, and 4 and a multiplet from 8.08-8.97 (7.1 H) 
assigned to the protons a t  positions 3, 5, 6,  and 7. An unsym- 
metrical doublet (J  = 1 cps) at T 0.36 due to the aldehydic pro- 
ton indicated that about 7% of the product had no deuterium 
on the carbonyl carbon. 

The aldehyde was oxidized with potassium permanganate to 
yield 0.13 g of the acid 1 (mp 52.0-53.5’, mmp with authentic 
sample, 53-54’). The nmr spectrum of the acid w&s taken in 
DCCla (-30% by weight) and is shown in Figure 1. The car- 
boxyl proton absorbed at  T -1.5; the carboxyl to norbornyl 
proton ratio waa 1.0: 10.0. 

Registry No. -Norbornenel 498-66-8 ; deuterated 
exo-norbornane-2-carboxaldehyde, 20238-57-7. 

Acknowledgment.-The authors are grateful to the 
donors of the Petroleum Research Fund administered 

(7) L. Row and M. Orchin, J .  Amer. Chem. SOC., 87, 5502 (1965). 

by the American Chemical Society for partial support 
of this work. The authors are especially grateful to 
Drs. C. W. Bird and John Hudec for supplying us with 
an authentic sample of the deuterated exo-Znorbor- 
nanecarboxylic acid. 

Use of N,N-Dimethylvinylamine in an Improved 
Synthesis of Derivatives of Thietane and Thiete‘ 

PETER L.-F. CHANG AND DONALD C. DITTMER 

Department of Chemistry, Bowne Hall, 
Syracuse University, Syracuse, New York 13910 

Received March 6, 1969 

The original synthesis of thiete (thiacyclobutene) in- 
volved a long, multistep sequence starting with epi- 
chlorohydrin, and the over-all yield was relatively low.2 
Because large quantities of thiete were desired in order 
to study its chemical and physical properties, a new 
synthesis was devised utilizing the addition of “sulfene” 
to N,N-dimethylvinylamine, which was obtained con- 
veniently and in high yield by dehydrohalogenation of 
N,N-dimethyl-N-/?-chloroethylamine.a The addition 
of sulfenes to enamines is an efficient method of prepara- 
tion of P-aminothietane sulfones.* 

Both N,N-dimethyl- and N,N-diethylvinylamines 
were obtained by the dehydrohalogenatibn procedure in 
84-87% yields as colorless liquids, stable below -20”. 
They are sensitive to air and become brown and resinous 
at  room temperature. The nmr spectrum shows clearly 
the vinyl protons at  7 6.35-6.65 (CHF) and 3.95-4.10 
(>C=C-H). The infrared spectrum shows absorp- 
tion at  1630-1640 cm-’ attributed to the carbon-carbon 
double bond. 

A chemical proof of the structure of N,N-dimethyl- 
vinylamine consists of its addition to sulfene to give 
3-(N,N-dimethylamino) thietane 1,1-dioxide in 86% 
yield. The adduct can be converted either to thiete by 
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procedures previoutily published2s5 or to thiete 1,l-diox- 
ide. 

Experimental Section 

N, N-Dimethylvinylamine .-N ,N-Dimethyl-N-P-chloroethyl- 
amine hydrochloride (70.0 g, 0.485 mol) was converted to the 
free amine in crude form (45 g, 0.42 mol, 87%) by treatment with 
aqueous potassium hydroxide.6 Pure amine can be obtained in 
62y0 yield after distillation. The crude amine was added to a 
stirred solution of potassium t-butoxide (70.0 g, 0.625 mol) in 500 
ml of purified N,N-dimethylformamide in a nitrogen atmosphere 
a t  -20'. After 15 min, the mixture was distilled (room tem- 
perature, 2 mm) until ca. 100 ml of liquid was collected in a re- 
eeiver cooled in a bath a t  -78'. Fractional distillation of this 
liquid a t  20 mm into R receiver in a bath a t  -78' gave N,N- 
dimethylvinylamine (215.0 g, 0.352 mol, 72,6y0 over-all). 

The amine had the following properties: nmr (N,N-dimethyl- 
formamide, 60 MHz, TMS) T 3.95 (m, =CH), 6.35-6.65 (m, 
=CHZ), and 7.45 ppm (s, 6 H,  CH3); ir (CCL) 3100 (w), 2900 
(m), 1730 (w), 1690 (w), 1640 ( s ) ,  1550 (w), 1430 (m), 1335 (m), 
1240 (w), 1090 (m), 1050 (w), 1000 (w), 965 (m), 940 (w), 910 
(w) cni-l; m w  spectrum (20 eV) m / e  71 (parent ion), 58, 56 
(parent --Ha), 45 (parent - CH=zCH), 44,43 (parent - HIC= 
CHz). 

N,N-Diethylviny1amine.-By the above procedure, N,N-di- 
ethyl-N-8-chloroethylamine hydrochloride (17.2 g, 0.1 mol) was 
neutralized to the crude amine (11.0 g, 0.08 mol, 81%), which in 
turn was converted to N,N-diethylvinylamine (7.05 g, 0.071 
mol, 71% overall). 

This compound had the following properties: nrnr (cyclohex- 
ane, 60 MHx, TMS) T 4.10 (m, =CH), 6.30-7.60 (m 6 H, 
=CHz, -CHI-), and 8.75-9.15 ppm (2 t, 6 H, CH3); ir (CClr) 
2900 ( s ) ,  1720 (m), 1690 ( s ) ,  1630 ( s ) ,  1440 ( s ) ,  1370 (s), 1240 
(w), 1200 (w), 1120 (s), 965 (w), 940 (w) cm-l; mesa spectrum (20 
eV) m / e  99 (parent ion), 84 (parent - CHa), 74, 73 (parent - H C z C H ) ,  71 (parent - HzC=CH,), 59, 58, 56, 45, 44, 31, 
30. 

3-(N,N-Dimethylamino)thietane 1,l-Dioxide.-Methanesul- 
fonyl chloride (40.0 g, 0.352 mol) in 100 ml of dry ether was added 
dropwise to a stirred sjolution of pure N,N-dimethylvinylamine 
(25.0 g, 0.352 mol) and purified triethylamine (50.5 g, 0.500 
mol) in 700 ml of dry (ether a t  -20'. After 5 hr a t  -20°,  tri- 
ethylamine hydrochloride was removed by filtration and washed 
with dry ether. Ether and excess triethylamine were removed 
on a rotary evaporator a t  about 40'. The light yellow syrup 
obtained was recrystallized from dry ether to yield white crystals, 
mp 23-25' (45.5 g, 0.306 mol, 86.7%). 

The adduct had the following properties: nmr (benzene, 60 
MHz, TMS) T 3.88 (2 H), 3.77 (2 H), 2.85 (1 H), and 1.95 ppm 
(s, 6 H, CHs); ir (KBr) 3000 (m), 2860 (m), 2800 (m), 1460 (m), 
1395 (m), 1315 (s), 12:20 (s), 1175 (m), 1140 ( s ) ,  1050 ( s ) ,  975 
(w), 915 (m), 850 (w), 785 (m), 765 (m), 705 (w) cm-l. These 
spectra are identical with those of an authentic sample of 3- 
(N,N-dimethy1amino)thietane 1,l-dioxide prepared from 3- 
chlorothietane l,l-dioxide.6a 

N,N ,N-Trimethyl-N-i: l,l-dioxo-3-thietanyl)ammonium Iodide. 
-Methyl iodide (1.5 g, 11 mmol) was added to a solution of 3- 
(N,N-dimethy1amino)thietane 1,l-dioxide (1.49 g, 10.0 mmol) 
in 25 ml of methyl ethyl ketone. After 5 hr a t  room temperature, 
the white flakes of product were removed by filtration and re- 
crystallized from 95% ethanol to yield N,N,N-trimethyl-N-(l,l- 
dioxo-3-thietany1)ammonium iodide, mp 188-190' dec (lit?' 
mp 188-190') (2.60 g, 13.93 mmol, 89.3%) which had the follow- 
ing ir spectrum (KBr): 2970 (m), 2890 (m), 1460 ( s ) ,  1418 (w), 
1320 (w), 1215 (s), 1140 ( s ) ,  1008 (w), 985 (w), 940 (m), 870 
(w), 780 (m), 751 (w) cm-l. The melting point and the infared 
spectrum are identical with that of the mcthiodide prepared from 
an authentic sample of 3-(N,N-dimethylamino)thietane 1,l- 
dioxide.6a 

Thiete l,l-Dioxide.--Silver oxide (1.59 g, 6.88 mmol) was 
mixed with N,N,N-trimethyl-N-(l,l-dioxo-3-thietanyl)ammo- 
nium iodide (1.0 g, 3.4 m o l )  in 25 ml of water. The suspension 
was stirred for 5 min and the precipitate was removed by filtra- 
tion. The aqueous filtrate was extracted three times with 25-ml 
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portions of methylene chloride. The combined extract was dried 
with Drierite and evaporated to dryness on a rotary evaporator. 
The solids obtained were recrystallized from ether-ethanol to 
give thiete 1,l-dioxide (0.42 g, 2.73 mmol, 79.3%), mp 49.5- 
50.0' (lit.' mp 52-54'). When this compound was compared 
with an authentic sample,' no depression was observed in the mix- 
ture melting point, and their infrared spectra were identical. 

Registry No.-N,N-Dimethylvinylamine, 5763-87-1 ; 
N,N-diethylvinylamine, 6053-97-0; 3-(N1N-dimethyl- 
amino) thietane 1,l-dioxide, 20440-18-0; N,N,N-tri- 
methyl-N-(l,l-dioxo-3-thietanyl)ammonium iodide, 
20440-19-1. 
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Recently, Turner and Sedan2 reported the reaction of 
dichloroketene with indene to give small amounts (12%) 
of a compound, tentatively designated as cis-2,2-di- 
chloro-l,2,2a,7a-tetrahydro-7H-cyclobut [alinden-1-one, 
mainly on the basis of its nmr spectrum. This paper 
describes the synthesis and proof of structure of this 
compound. 

The reaction of indene (1) with di~hloroketene~*~ fur- 
nished 48% yield of cis-2,2-dichloro-l,2,2a,7a-tetrahy- 
dro-7H-cyclobut [alinden-1-one, which could have the 
structure 2a or 2b, assuming that the initial cycloaddi- 
tion occurs cis. 

+ fl~fUfP1 - 
1 0 Et3N -el H 

2a 

B 61 
2b 

The compound was found to be homogenous by thin- 
layer and vapor-phase chromatographic analyses, and 
its physical constants were in agreement with those re- 
ported by the previous workers.2 The study of nuclear 
magnetic resonance, infrared, and ultraviolet spectra 
did not prove to be of much help in distinguishing be- 
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