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carbon tetrachloride. Infrared and nmr spectral data 
in conjunction with elemental analysis conclusively 
demonstrated the structure of the unknown material 
to be methyl 2-isocyanato-Sbutenethiolate (1, R = 
( 3 3 3 ) .  
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When an identical reaction was carried out using 
ethionine in place of methionine, distillation at reduced 
pressure afforded two materials. These were identified 
as the expected a-isocyanato acid chloride 2 and the 
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corresponding rearrangement product 1 (R = C2H,). 
While no mechanistic studies of this rearrangement 
have been undertaken, i t  is quite likely that in intra- 
molecular rearrangement occurs via a sulfonium ion in- 
termediate. A possible mechanism is shown below-. 
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An investigation of the intermolecular interaction 
between acyl chlorides and sulfur has been shown to 
form thiolactones and alkyl halides via an acyl sulfonium 
salt.2 Thus, 4-(n-propylthio)butyryl chloride pro- 
vides y-thiobutyrolactone and n-propyl chloride. I n  
contrast, the present study reveals that formation of 
the 2-isocyanatoacylsulfonium chloride undergoes loss 
of hydrogen chloride to form an unsaturated 2-isocy- 
anatot hiol ester . 

Experimental Section 

Infrared and nuclear magnetic resonance spectra were deter- 
mined on a Beckman IR-5 spectrophotometer and a Varian 
Model A-60 spectrometer, respectively. 

Preparation of Methyl 2-Isocyanato-2-butenethiolate.--Methi- 
onine (50 g) was suspended in 500 ml of dry dioxane; phosgene 
was then passed through the mixture a t  45' for 4 hr. The solu- 
tion was cooled to  0' and dry hydrogen chloride passed through 
the mixture for 2 hr; the resultant mixture was allowed to stand 
overnight. The solution was then heated to 50' and phosgene 
was passed through for 4 hr,  and then the solution was allowed to 
stand for 2 days. The solvent was removed in uacm and the 
residue was distilled at  70-80' (ca. 1 mm). Prior t o  the distilla- 
tion temperature, evolution of hydrogen chloride occurred. The 
product (10.2 g, 217,) was identified as the title compound by 
its infrared and nmr spectra in conjunction with elemental 
analvsis . 

(2) W. E. Truoe and D. J. Abraham, J .  Org.  Chsm., 28, 964 (1963). 

Anal. Calcd for C~H~NOZS:  C, 45.84; H, 4.49; S, 20.40. 
Found: 

When the reaction was carried out in an identical fashion using 
ethionine, distillation at  70-75' (0.45 mm) provided 20 g of a 3: 2 
mixture of compounds 2 and 1 (R = CzHs). Further distillation 
at  77" (0.35 mm) provided 9.7 g (187,) of pure 1 (R = CtHfi). 
The nmr spectrum of the latter had proton resonances centered 
at  1.3 (t, 3 H) ,  1.9 (d, 3 H), 2.93 (9, 2 H), and 6.4 ppm (9, 1 
H).  

CzHb), 31600-84-7; 2,31600-85-8. 

C,45.62; H,  4.51; S, 20.18. 

Registry No.-1 (R = CH,), 31600-83-6; 1 (R = 
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Cyclic ethers such as ethylene oxide (EO) and tetra- 
hydrofuran (THF) are readily opened by acids to the 
corresponding adducts;'I2 for example, acetic acid con- 
denses rapidly with EO to give 2-acetoxyethanol. Re- 
cently, on attempting a trifluoroacetylation with tri- 
fluoroacetic anhydride (TFAA) in THF,  we obtained 
mainly the products resulting from addition of TFAA 
to THF and an o l ig~mer .~  This reaction is definitely 
acid catalyzed since higher yields at  lower reaction 
temperature result by addition of a catalytic amount of 
trifluoroacetic acid. In  the series of cyclic ethers the 
relative yields of oligomer vs. 1 : 1 adduct vary with the 
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size of the ring. Relative concentration and possibly 
temperature are also important, but insufficient data 
have been collected to  establish any quantitative con- 
clusions. The reaction was run under autogenous pres- 
sure in a sealed autoclave in order to attain tempera- 
tures over 100" that appeared to  be required for reason- 
able reaction rate. No significant yield of product was 
found in refluxing THF at atmospheric pressure. For 
ethylene oxide (m = 2 ) ,  products with n = 1, 2,  3 ,  4, 
and greater are isolated. For tetramethylene oxide 
(m = 3 )  and T H F  (m = 4), both 1: 1 and 2 :  1 adducts 
are obtained. For tetrahydropyran, only the 1: 1 ad- 
duct was found. The product yields are given in Table 
I and physical and analytical data on all new com- 
pounds are listed in Table 11. 

(1) A.  Rosoivski in "Heterocyclic Compounds with Three- and Four- 
Membered Rings," Par t  I ,  A.  Weissherger, Ed., Interscience, New York, 
N. Y., 1964, p 349. 

(2) R .  C. Elderfield, Heterocycl.  Compounds, i, 175 (1950). 
(3) The  ring opening addltion of acetic anhydride t o  THF has been re- 

ported Netherlands Patent .lpphcation 6,516,827 (Farwerke I-Ioechst 
A.-G., July 1966) [Chem. Abstr., 66, 2194h (196711; R. M. Ispiryan, 
L. I. Belen'kii, Ya. I. Gol'frtrb, IZIJ. Akad .  Nauk Kaz. SSR ,  Ser. Khzm.., 11, 
513 (1967) [Chena. Abstr., 69, 66866t (1968)l. 
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TABLE I 
REACTION OF CYCLIC ETHERS WITH TRIFLUOROACETIC ANHYDRIDE (TFAA) 

-Yield---- 
% based 

Ether g (mol) g (mol) Conditions Product n g onether  TFAAa 
Amount, TFAA,a Yo based on 

0 0 
I I  

2 17.6 59 29.5 
Ethylene oxide 8 . 9  (0.20) 42 (0.20) 50 ml of CCLF solvent, CFaC(OCHzCHz),O CF3 1 11.6 22.8 22.8 

44.5 (1.0) 42 (0.20) 120°, 20 hr 1 9 . 3  3 .7  18.3 
2 23.2 15.6 40.0 
3 12.8 11.1 18.5 

(4)b 7 . 7  8 . 2  (10.0) 

120°, 20 hr 

0 0 
/ I  I /  

Trimethylene oxide 11.6 (0.20) 42 (0.20) 50 ml of CCl3F solvent, CF3C[O(CHz)sInOCCFa 1 14.0 25.6 25.6 
120°, 18 hr 2 18.1  55.4 27.7 

1 . 9  3 . 4  3.4 
0 . 3  0.9 0 .5  2 

14.4 (0.20) 42 (0.20) 180°, 18 hr 1 41.7 73.9 73.9 
2 6 .2  17.5 8 . 7  
1 6.6  2 . 3  11.7 72 (1.0) 42 (0.20) 120°, 18 hr 
2 5 . 0  2 .8  7.0 

72 (I. 0) 42 (0.20) 1 . 0  g of CFaCOzH, 1 14.6 5 . 2  25.9 
120°, 18 hr 2 26.5 15.0 37.4 

0 0 

Tetrahydrofuran 14.4 (0.20) 42 (0.20) 120°, 18 hr CFsC I /  [O(CHz)rl n o  A CF3 1 

0 0 0 
E 0 

/I 
Tetrahydropyran 17.2 (0.2) 42 (0.20) 200°, 18 hr CF~C[O(CH~)E]~O CF3 1 45.3 76.5 76.5 

17.2 (0.2) 42 (0.20) 120°, 18 hr 
a TFAA = trifluoroacetic anhydride. The fraction of bp 112' (0.225 mm) appeared to  be primarily oligomer with n = 4. 

TABLE I1 
PHYSICAL AND ANALYTICAL DATA ON ETHER-TFAA ADDUCTS 

Registry 
n Compd no. BP, 'C ("1 nz6D 

7-4, %-- --H, %-- r-F,  9%-- 
Formula Calcd Found Calcd Found Calcd Found 

0 0 

1.3275 CsHaFsOi" 
I1 

CF~C(OCHZCH~),O&CF~ 1 2613-44-7 47 (6.5) 
2 31580-02-6 71 (1.5) 1.3516 CsHsFeOs 32.2 32.1 2.70 2.88 38.2 37.1 
3 31528-86-6 61 (0.02) 1.3696 CioHlzOeFs 35.1 35.8 3.54 3.77 33.3 32.4 

2 31528-88-8 134 (30) 1.3604 CioHlzF60s 36.8 37.1 3.71 3.76 35.0 34.9 
CFlC[O(CHz)3],0 CF3 1 7647-95-2 95.5 (30) 1.3388 CTHsO4Fe 31.4 31.2 2.26 2.24 42.5 42.3 B 0 

/ I  

0 0 
II 

2 31528-90-2 70-75 (0.1) 1.3709 ClzHlsFeO; 40.9 40.0 4.55 4.65 32.2 32.5 
CF3 e [O(CHz)JnOCCFs 1 31528-89-9 43-44 (0.1) 1.3459 CsHsF604 34.1 33.8 2.85 2.86 40.4 40.5 

0 0 

I! 453-44-1 SO(0.25) 1.3538 CgHloFeOc 36.5 36.5 3.41 3 . 5  38.5 37.5 
II 

CFiC[O(CHz)61nO CF3 1 
a Lit. bp 151-153', n% 1.3286 (at least 967, pure): S. D. Ross and M. Finkelstein, J .  Org. Chem., 22,847 (1957). Preparation was 

from a large excess of trifluoroacetic anhydride and ethylene glycol. 

The reaction no doubt goes by ring-opening protons- 
tion of the ether since trifluoroacetic acid was shown to  
be a catalyst. To attempt to determine whether poly- 
mer was derivable under the reaction conditions using a 
larger THF-anhydride ratio, ratios of 10 : 1-100 : 1 
(molar) were used. Under the latter conditions, con- 
version was low to give predominantly the adduct with 
two T H F  units. 

75.8-75.9 ppm relative t o  CC13F (internal standard and solvent, 
5% concentration)* 

Registry No. -Trifluoroacetic anhydride, 407-25-0. 
- 

Reaction of Nitronium Fluoroborate 
with Olefins in Acetonitrile 

Experimental Section 

The typical procedure for reaction was to charge the reactants 
into a 240-ml stainless steel pressure vessel and heat at autogenous 
pressure, a t  temperature and time given in Table I. The reaction 
mixture was distilled. 

No significant reaction occurred when THF and TFAA con- 
taining a catalytic amount of trifluoroacetic acid were refluxed 
for 24 hr at atmospheric pressure. 

The physical and analytical data on all new compounds are 
in Table 11. The ir and nmr (proton and 1QF) spectra were in 
agreement with the proposed structure. In the ir, the trifluoro- 
acetate carbonyl had a strong absorption at  1740 cm-l. The 
lSF nmr for the CF3 group was a sharp singlet in the range of 
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The Ritter reaction2 is a convenient method of pre- 
paring amines or amides by reaction of olefins in acidic 

(1) To whom inquiries should be directed: Department of Chemistry, 
East Tennessee State University, Johnson City, Tenn. 

(2) (a) J. J. Ritter and P. P. Minieri, J .  Amer. Chem. SOC., 70, 4045 
(1948); (b) T. Clark, J. Devine, and D. W. Dioker, J .  Amer. Oil Chem. 
SOC., 41, 78 (1964). 
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