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famyl-X-methylacetamide by reaction with potassium cya- 
nate.4h,28 

4-Methyl-1 ,b14,1H-thiadiazine-5,6( dH,6H)-dione-l11- 
dioxzde by thermal decomposition of the pyridinium salt. 
Approximately 0.5 g. of the pyridinium salt obtained by the 
cyclization procedure described p r e v i ~ u s l y , ~ ~  was heated in a 
sublimation block a t  120-125" and 0.2 mni. After several 
minutes the salt decomposed without charring, releasing a 
gas. At the end of the decomposition the fused mass solidi- 
fied and sublimed, leaving no residue. The white sublimate, 
m.p. 124-134' dec. was sublimed again, yielding analyti- 
cally pure product, m.p. 130-131.5' dec., which was identi- 
cal to material obtained in low yield by treatment of a 
niethanolic solution of the pyridinium salt with a cation 
exchange resin. (In aqueous solution complete hydrolysis of 
the pyridinium salt to N-methylsulfamylacetamide took 
place during treatment by the ion exchange resin.) 

6,6-Dimethyl-l,2,4,bH-thiadiazine-3,5-(4 H)-dione-1 ,l- 
dioxide. Compound VIb (0.09 g.) was dissolved in 0.2N 
sodium hydroxide solution and allowed to stand for 45 min. 
The alkaline solution was passed down a column of Dowex- 
50-X4 resin and the strongly acidic eluant was evaporated 
iindcr a current of air. The crude material (0.08 g.) melted 
at  157-165' dec. and showed strong bands a t  1695, 3240, 
3350, and 3470 em.-' A weak band at 1740 cm.-' showed the 
presence of thiadiazine. The ultraviolet spectrum of the 
crude material in O.1N sodium hydroxide contained a peak 
a t  241 mp. Vacuum sublimation (120-138" at 0.35 mm.) 
gave three fractions. The first melted at  152-153" and showed 
greatly increased absorption at  1740 cm.-1 By titration i t  

(28) This synthesis, together with the preparation of both 
isomeric amide ureides of sulfoacetic establishes 
clearly that potassium cyanate attacks the sulfonamide 
group rather than the carboxamide group under these con- 
ditions. 

was shown to contain 2870 of Id. The second fraction melted 
a t  153-154" and contained 50% Id. The third fraction melted 
a t  18&19O0 dec. and showed no peak a t  1740 cm.-l Absorp- 
tion a t  1680, 3340, and 3440 cm.-1 had increased greatly. 
This fraction contained no strongly acidic material and its 
basic solution showed no maximum in the ultraviolet. This 
fraction apparently consisted of a mixture of the hydrolysis 
products, Vb and VIb. 

pK.' Measurements. The apparent pK. values of the sul- 
fonamides and sulfonylureas were determined a t  25" by 
titration, with the aid of a Model G Beckman p H  meter 
equipped with calomel and glass electrodes and standardized 
before use with standard buffer a t  pH 7.00. Two-milliliter 
aliquots of aqueous stock solutions (ca. 1.6 X 10-2M) of 
the compounds were titrated with 0.1020N sodium hv- 
droxide solution. The pKa' was calculated from the pH 
a t  approximately 20y0, 4oYO, and 60% neutralization by 
means of the Henderson equati0n.2~ The pKa values of the 
more acidic thiadiazines (Ia-d) were calculated from the 
pH values of solutions of known concentration (about 0.01M). 
The values reported for the thiadiazines and their pre- 
cursors are the means of at least two determinations. The 
average deviation L 0.06 pK unit, with the exception of Id, 
for which the a.d. - f 0.5. 

For the spectrophotometric determination of pK,' of 
Ia and for determination of all other ultraviolet spectra, the 
following buffers were used: pH 1, 0.1N hydrochloric acid- 
potassium chloride; pH 5, 0.14N acetate; p H  8-10, 0.05M 
borate; pH 10-11.75 ca. 0.05M glycine (and sodium hy- 
droxide). 

IOWA CITY, IOWA 
ST. PETER, MINN. 

(29) S. Glasstone, The Electrochemistry of Solutions, 
Methuen and Co., Ltd., London, 1930, p. 207. 
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A number of unsymmetrically substituted thiiranes, 2-alkoxymethylthiiranes, 2-thioalkylmethylthiiranes, and Z-diethi 1- 
aminoethylthiirane, have been prepared. The reaction of triethyl phosphite with the 2-alkoxymethylthiiranes as well as 
with several known thiiranes has been investigated and found to result, in all cases, in the desulfurization of the thiirane \\-it11 
the formation of triethyl thionophosphate and an olefinic compound corresponding to the thiirane. Desulfurization of the 
2-alkoxymethylthiiranes was also noted in their reactions with phenyllithium, butyllithium and with methyl iodide, yield- 
ing again an olefinic compound corresponding to the thiirane. 

Recently* it was reported, from these labora- 
tories, that  heating an equimolar mixture of triethyl 
phosphite and a thiirane a t  its reflux temperature, 
for a short period, results in the formation of tri- 
ethyl thionophosphate with the simultaneous con- 
version of the thiirane to its corresponding un- 
saturated compound. 

(1) Abstracted in part from the doctoral thesis of R. L; 

( 2 )  R. D. Schuetz and R.  L. Jacobs, J .  Org. Chem., 23, 
Jacobs. 

1790 (1958). 

S 
A 

R-CH-CHz + (C2HsO)ZP + 
R-CH=CHZ + (C2H50)rPS 

R CHa, ClCHz, CHaOCHz 

Davis,a a t  the same time, described the forma- 
tion of cyclohexene and triethyl thionophosphate 
from the reaction of 2,3-tetramethylenethiirane 
and triethyl phosphite in ether. 

This paper reports on further investigations of 
this desulfurization reaction with the thiiranes, 

(3) R .  E. Davis, J .  Org. Chem., 23, 1767 (1958). 
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TABLE I 
2-ALEOXYMETHYLTHIIRANES 

S 
/ \  

ROCH2CH-CHa 

Carbon, 70 Hydrogen, yo Sulfur, %~ 
R Formula B.P. Mni. n';" Yield, yo Calcd. Found Calcd. Found- Calcd. Found 

CH, CdHsOS 60-61 16-17 1.4791 92.5'1d;85.5b1d 46.15 46.30 7.69 7 .94  30.77 30.56 
CzH, CsHioOS 50 11 1.4725 90'; 83b 50.84 51.05 8 .47  8 . 7 6  27.12 27.32 
n-CaH7 CsHizOS 63 11 1.4691 59'; 90b 54.54 54.21 9 .09  9 .01  24.24 23.95 
i-CsH7 CsHlzOS 54 11 1.4651 38'; 8Ib 54.54 54.49 9 .09  8 .96  24.24 2 4 . 0 i  
n-C4HS C7H1,0S 80 I1 1.4679 40'; SOb 56.70 56.90 9 .46  9 .56  21.70 21.90 
CsHj CsHioOS 106 1 1.5735 61'; Oc 65.11 65.16 6 .07  6.26 19.31 19.33 

a Potassium thiocyanate procedure. Thiourea and acid procedure. Thiouronium salt formed but it failed to hydrolyze. 
Average yield for two preparations. 

2-phenylthiirane, 2,2-diethoxymethylthiirane, and 
a series of 2-alkoxymethylthiiranes: R = C2H, 

CeHSOCH2. In  addition, two other desulfurization 
reactions of these thiiranes are described as well as 
the synthesis of the 2-alkoxymethylthiirtnes. 

Convenient laboratory methods for the synthesis 
of thiiranes* involve the transformation of an ep- 
oxide into its corresponding thiirane, by reaction 
with aqueous alkali thiocyanates or thiourea. 

Advantage was taken of these procedures for the 
3ynthesis of the 2-alkoxymethylthiiranes, described 
here for the first time. The l-alkoxy-2-hydroxy-3- 
chloropropanes, ROCHzCHOHCH&l (I), -were oh- 
tained, in excellent yields, by the acid catalyzed in- 
teraction of a four molar excess of the alcohol to 
epichlorohydrin. Glycidyl ethers were isolated in 
high yields, by the dehydrohalogeiiatioii of the 1- 
alkoxy-2-hydroxy-3-chloropropanes(I) with finely 
powdered sodium hydroside, a t  O", i n  anhydrous 
ether. The interaction of the glycidyl ethers with 
either aqueous potassium thiocyanate, or t h i o ~ r e a , ~  
a t  room temperature gave the desired thiiraiieq. 
In general, the thiocyanate procedure gave higher 
yields of the 2-methoxymethyl- and "ethoxy- 
methylthiirane whereas the thiourea procedure gave 
better results with the other members of the series. 
The physical properties, yields, and aiialysia of the 
2-alkoxymethylthiiranes are summarized in Table 
I. These thiiranes are stablr for long periods of 
time, a t  room temperature. Within the sories, the 
2-alkoxymethylthiiraiies were more st nblc thiiii 
2-phenoxymethylt hiirane. 

Attempts were made to extend the general 
types of reactions, described, to thr preparation of 
2-thioalkylmethylthiiraiies 

OCHz, n = CSH7OCH2, i-C3H?OCHZ, TL-C~HSCH~, 

7\ 
R-S-CH2-CH-CH1( 11) 

(4) A. Schonberg, Houben-WeJ-1, Methoden der Orguni- 
schen Chemie, Vol. ZX, Verlag, Stuttgart, 1955, pp. 148-169. 

(5) F. G. Bordwell and H. A I .  Andersen, J .  dm. C h m .  
S O C . ,  75,4959 (1953) * 

and 2-dialkylaminomethylthiiranes 

A 
RpN-CH2-CH-CH2(III) 

The l-thioalkyl-2-hydroxy-3-chloropropanes, RSC- 
H2-CHOHCH&1(IFT) obtained readily from the acid 
catalyzed reaction of mercaptans with epichloro- 
hydrin gave good yields, on basic dehydrohalo- 
gelxition, of the glycidyl thioethers, 

RYCHz c"\ 'H-CHz( V) 

The latter thioethers (V) were also readily obtained 
from the interaction of sodium mercaptans and 
epichlorohydrins. However, while the 2-thioalkyl- 
inethyl thiiraiies (11) were obtained, by reactions 
of the glycidyl thioethers (V) with either potassium 
thiocyanate or thiourea, they were quite unstable, 
rapidly polynierizing on atteniptcd purification by 
vacuum distillation, and could not be isolated as 
chemically pure compounds. 

Only a single member of the Z-dialkylamino- 
niethylthiiranes(III), (R = C2Hs) was prepared. 
It was obtained by the interaction of diethylamine 
with epichlorohydrin to yield 3-diethylamino-1,2- 
epoxypropane 

/\ 
(C2Hs) iNCH&H-CH? 

and reaction of the latter with potassiuin tliiocya- 
nate. While the aminothiirane(II1) was isolat,ed 
as the mononier (60%), it polymerized in a few 
days in dark storage at room temperature. 

As only the 2-alkoxymethylthiiranes were rea- 
sonably stable, they were used in the studies of the 
reactions of the thiiraiies with nucleophilic reagents. 

In  a previous paper2 the desulfurization of 2- 
methyl-, 2-chloromethyl-, and 2-methoxymethpl- 
thiiranes with the nucleophilic reagent triethyl 
phosphite mas described with a few comments oil 

thc niechanism of this desulfurization renctioii. 
Thr. rrwlts 01,tnincd by the intrractioii of this 
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reagent and several additional thiiranes are sum- 
marized in Table 11. The lowest yields of the un- 
saturated products were obtained in these desul- 
furization reactions when the thiirane contained a 
phenyl or phenoxy group. This decrease in yield 
parallels the lower stability of the 2-phenylthiirane 
and 2-phenoxymethylthiirane as compared with 
2-alkyl- or 2-alkoxyme t hylt hiiranes. 

TABLE I1 
I ~ S U L F U R I Z A T I O N  OF THIIRANES BY TRIETHYL  PHOSPHITE^ 

S 
/ \  

KCH-CHR’ + (C2HaO)J’ + 
VI 

R C H z C H R ’  + (C2HbO)iPS 
VI1 VI11 

Yiclds y‘, Product 
Thiirane VI1 VI11 

Thiiranem 
Methylt!iiranen 
2,3-TetramethylenethiiraneO 
Phenylthiiranep 
2-Chl~romethylthiirane~ 
2-Methoxymethylthiirane’ 
2-Ethoxymethylthiirane 
2-n-Propoxymethylthiirane 
2-Isopropoxymethylthiirane 
2-n-Butoxymethylt hiirane 
2-Phen~xymethylthiirane~ 
2,2-Diethoxymethylthiirarie* 

94 
99 
91 
60 

I00 
!lA 
9 8 
9 i 
95 

100 

93 
? m  
i I  

Identified by the physical properties of the dibromide of 
VIII. a I .  Heilbron, Dictionary of Organic C‘ompounds, 
Vol. 11, Oxford University Press, New York, 1953, p. 502. 

M. 5.  Kharasch, J .  C. McNab, and M. C. McNab, J .  
Am. Chem. SOC., 57, 2463 (1935). Identified by the physical 
properties of VIII. B. A. Karanokii and S.  F. Glushnev, 
J .  Gen. Chem., U.S.S.R., 8 ,  (1938). I. Heilbron, Diclionary 
of Organic Compounds, irol. IV, Oxford University Press, 
Sew York, 1953, p. 379. e C. A. Vernon, J .  Chem. Sor., 4462 
(1952). ’S. C. Irvine, J. A. hfacDonald, and C. IT. Sautnr, 
.I. Chem. SOC., 107, 3 3 i  (1915). S. iT. I h h l ,  Ann, 200, 178 
(1880); LL  ‘r. Rogers and M. B. Panish, J .  Am. Chem. SOC., 
77, 4230 (1955). D. S .  Kursanov aiid D. RI. Shemyakiria, 
Doklady Akad.  S a u k .  C7.S.S.R., 62, 341 (1948). I. Heil- 
bron, Dictionary of Organic Compounds, 5’01. 111, Oxford 
University Press, Sew York, 1953, p. 108. j IC. A. T~illy, 
A. S. Hunter, and E. Zanovsky, J .  Am. Cheni. Soc., 73, 
3528 (1951). D. S. Tarbell, Org. Reactions, F‘ol. 11, 26, 
1944. I). I .  Weisblat>t, B. ,J. hlagerlein, D. R. Me>.crs, A. R. 
Ham, E. I .  F:LirI)iirri, :tnd 8. T. Rolfsuni, J .  -1m. C‘hem. 
Sor., 75, 580:3 (1953). Thiirancs ol)taiIied b), inethods de- 
scribed in the litrrature. (+. I. Brarlz, J .  Gen. (‘hettt., 
T/’.S.S.K., 21, 757 i l951).  I?. C;. Bordwell nnd If. 31. 

VanTamleu, Orq. Synthesis, 32, 3!J i l!)52). C. 0. Guss arid 
L). L. Chamberlain, Jr., J .  Am. Chem. Soc., 74, 1342 (1952). 

J. B. Wright, J .  AWL Chem. Soc., 79, 1691 (1957). Desul- 
furimttion of thiiranes with XI11 previously reported. 
~ ‘ 1 ~ ’  R. D. Schiietz and R. I,. Jacol~s, J .  Org. Chem., 23, 179!) 
(1958). It. E. I)avis, J .  Orq. C h ~ m . ,  23, 1767 (1958). 
‘ Product I S  ideiit.ified by its ph!,sir:il propc,rticss. C. Walling 
and R. lt:il)inowitz, J .  A m ,  Cheni. So(.., 79, 53% (1957). 
’ Polymeric Liilfide also formed. ” Molar ratio of thiiranes 
to VI was 1 : 1 in all cases and the reaction conditions were 
distillation of the rcnrt:tnts at atmospheric prcssiirr, wit11 
the exception of 2-phrrio~yineth\-lthiirn1ie wherc the dip- 
t,illation wns done a t  20 mm. 

i\lltlrrsc.ll, J .  A1m. C‘hetlL. S O P . ,  75, 4:)59 (3953). I’ 15; .  1,:. 

As reported previously2 the failure of epoxides to 
undergo deoxygenation when treated with triethyl 
phosphite under the same conditions as the thiir- 
anes undergo desulfurization was further substan- 
tiated by the observation that epichlorohydrin, 
methyl glycidyl ether, and n-butyl glycidyl ether 
were recovered quantitatively on distillation from 
an equal molar quantity of triethyl phosphite. 

In the present investigation, a study was made 
of the reaction of methyl iodide with the 2-alkoxy- 
methylthiiranes. In  general, a ten-fold excess of 
methyl iodide was employed and the reactants were 
<et aside, a t  room temperature, for periods varying 
from one to two weeks. In  every instance, tri- 
methylsulfonium iodide was the only product ob- 
tained. All efforts to isolate the l-alkoxy-2,3-di- 
iodopropanes, a presumed intermediateI6 in this 
reaction were without success. Little or no polymer 
formation was detrcted and the yields of trimethyl- 
sulfonium iodide were in the range of 65-70%. 
When an excess of methyl iodide was not employed, 
the average yields of the trimethylsulfonium iodide 
decreased to 17-23c7,, (Table 111). These results are 
in agreement with previous investigators.6-8 

The desulfurization of 2-alkoxymethylthiira~es 
with organolithium compounds was investigated. 

TABLE I11 
YIELDS O F  TRIYETHYLSULFOSIVM IODIDE FROM THE R m r -  
TION O F  2-ALXOXYMETHYLTHIIRASES WITH METHYL I O D I D E  

S 
/ \  

R--O-CH,-CH-CH, + 3 C H J  + 
IX 

I 1  
I 1  

R-O-CHz-CH-CH2 + (CH$)?SI 
X X I  

Reaction 
Mole Ratio Time Yield, 9; 

Reaction R IXa/Thiiraneb Weeks XI 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I:! 
13 

3 . 5  
30.0 
30 .0  
3 . 0  
3 . 5  

30.0 
30.0 
3 . 5  

30. 0 
3 . 5  

30.0 
3 . 5  

30.0 

2 
2 
1 
2 
1 
2 
1 
1 

1 
2 
2 
2 

2 

23 
71 
57 
18 
22 
7% 
5 A 
22 
66 
20 
0 f 
18 
05 

a Moles of I X  = 1.50 or 0.1 i 5 .  Moles of tliiiranes = 0.05. 

(6) C. G. J. Culvenor, W. navies, and N. S. Heath, J .  

( 7 )  11. Iklepine and P. Jafferes, C‘ovipf. wnd. ,  172, 158 

(8) 11. Delepine and S. Eschenl)renner, Bull. Sor. Chin,. 

(9) 1”. G. Rordwellj H.  AI. Anderson, and ’13. hl. 15th 

( 1 0 )  A .  Schnnbcry, Ann., 454, 37 ( 1 9 2 i ) .  

Chrln. Sor., 282 (1949). 

(1921). 

France .  33, 703 (1923). 

.I.  -4  m. Chon. SOC., 76, 1082 (1954). 



VOL. 26 3470 SCHUETZ AND JACOBS 

I t  was observed that both phenyllithium and butyl- 
lithium caused a sulfur elimination reaction to oc- 
cur, giving rise to alkyl allyl ethers and lithium mer- 
captides. The yields of the allyl ethers varied from 
45 to 75% and those of the mercaptanes from 70-85 
yo. These results are in agreement with Bordwellg 
and others.1° 

EXPERIMENTAL 

Materials. Epichlorohydrin, phenol, alcohols, and mercap- 
tans were obtained from commercial sources and were used 
as received. Triethyl phosphite was obtained from the 
Virginia-Carolina Chemical Corporation and purified prior 
to use by distillation from metallic sodium. Methyl iodide 
was obtained from Eastman Organic Chemicals and redis- 
tilled just prior to use. 

The hslohy- 
drins were prepared by the interaction of an alcohol with 
epichlorohydrin, under acid-catalyzed conditions, employing 
modifications of the method of Flores-Gallardo and Pollard.11 
In general, 15 to 20y0 higher yields were obtained by eni- 
ploying longer reaction periods, lower reaction temperatures 
and a higher mole ratio of alcohol to epichlorohydrin. 

1,2-Epoxg-.Y-alkosypropanes. The methyl, ethyl, n-propyl, 
isopropyl, and n-butyl glycidyl ethers were prepared by the 
dehydrohalogenation of the corresponding 1-alkoxy-2-hy- 
droxy-3-chloropropaiies with sodium hydroxide, using the 
procedure of Flores-Gallardo and Pollard,lI except that longer 
reaction periods were employed, resulting in a 10 to 15% in- 
crease in yields. 

1,2-Eposy-S-phenoxypropane. This epoxy aryl ether was 
synthesized, in a 56% yield, according to the method of 
VanZyl and his collaborators.12 

2-Alkoxymethylthiiranes. A series of 2-alkoxymethyl thiir- 
anes were prepared, for the first time, and their properties 
are summarized in Table I. The methods of their preparation 
are similar, and the experimental procedures for obtaining 2- 
methoxymethylthiirane are given as representative of these 
syntheses. 

Method .4. To a vigorously stirred soiution, held at  20- 
30', and containing 97 g. (1.0 mole) of potassium thioc:. an- 
ate dissolved in 100 ml. of water, was added dropwise 88 g. 
(1.0 mole) of 1,2-epoxy-3-methoxypropane, during 1.75 hr. 
The turbid reaction solution was stirred for 2 hr. following 
the addition of the epoxide and set aside overnight. The 
water layer was separated, set aside, and the organic layer 
was treated with a second aqueous solution of potassium 
thiocyanate (50.0 g. of salt in 100 ml. of water) as described, 
for an additional 5 hr. The aqueous layer was separated, 
combined with the first aqueous phase and these were ex- 
tracted with three 25-ml. portions of ether. The ether extracts 
and organic phase were combined, dried over anhydrous cal- 
cium chloride and the ether was removed. The crude product 
was vacuum distilled (1 X 40 cm. Fenske-type column 
packed with 3/16" glass helices). The 2-methosymrthyl- 
thiirane boiled at 60.5-61" ( 1 G  mm.), nzg 1.4791. Yields 
from three preparations averaged 92y0 based on the 1,2- 
epoxy-3-methoxypropane. 

Method B. A 1-1. three-necked flask was charged with 76 
g. (1.0 mole) of thiourea and 30 ml. of a sulfuric acid solution 
(1.0 eq. of acid in 350 ml. of water). The vigorously stirred 
reaction mixture was cooled to 5-10' and held in this tem- 
perature range whlle 88 g. (1.0 mole) of 1,2-epoxy-3-meth- 
oxypropane was added dropwise during 2 hr. After the 
epoxide had been added the reaction mixture mas stirred for 
0.25 hr., warmed to room temperature and hydrolyzed with 

(11) H. Flores-Gallardo and C. B. Pollard, J .  Org. Chem., 

1 -Alkoxy - 2-  h ytlroxy - 3- chloropropanes. 

12; 831 (1947). 

Kromann, J .  Am. Chem. SOC., 75, 5002 (1953). 
(12) G. VanZyl, G. D. Ziuden, J. F. Zack, Jr., and P. B. 

106 g. (1.0 mole) of sodium carbonate dissolved in 450 ml. of 
water. The aqueous phase was separated and extracted with 
two 25-ml. portions of ether. After being set aside for several 
hours, additional oily material had separated from the 
aqueous phase and the ether extraction was repeated. The 
ether extracts were combined with the organic layer, dried 
over anhydrous sodium sulfate, and the ether was removed. 
The residue wits vacuum distilled (1 x 40 cm. column 
packed with 3/16" glass helices). An 87% yield of 2-meth- 
oxymethyl thiirane, distilling at  60' (16 mm.), n'," 1.4791, 
mas obtained. A second preparation of this thiirane gave 
similar results. 

1-Thioethyl-3-chloropropanol-2. This compound was pre- 
pared in a 66.3% yield, essentially as described by Todscn, 
Pollard, and Rietz.I3 

l-n-Thioalky-2,3-epoxypropanes. A modification of the 
procedure of Nenitzescu and Scarlatescu14 was used to ob- 
t'ain these materials. The n-thiopropyl and thioethyl-2,3- 
epoxypropanes were obtained in increased yields of 10-15y0 
by using lower reaction temperat,ures and longer reaction 
periods. 

1,2-Epoxy-S-diethylanzinopropane. This epoxy amine was 
prepared, in a 67.0% yield, using procedures described in the 
literature. 

2-L)icthylamino~lethylthiirane. A 500-ml. three necked 
flask was charged with 42 g. (0.55 mole) of thiourea and 140 
1111. of methanol. The stirred solution of thiourea and alcohol 
was cooled to 0-5", and 65 g. (0.50 mole) of 1,2-epoxy-3- 
3-diethylaminopropane was added dropwise during 1.5 hr. 
The reaction mixture mas stirred, a t  5 O ,  for an additional 0.5 
hr., warmed to room temperature, and poured into 300 ml. of 
water. The crude product was extracted with four 50-ml. 
portions of chloroform; these were combined, dried over 
anhydrous sodium sulfate, and the chloroform was removed. 
The liquid residue was vacuum distilled. (1 X 30 cm. column 
packed with 3/16" glass helices). The pure product, ob- 
tained in a 60% yield, distilled at  75" (11 mm.), n'd 1.4832. 

Anal. Calcd. for C7HlsNS: C, 57.93; H, 10.34; N, 10.00; 
S, 22.07. Found: C, 57.14; H, 10.45; N, 9.89; S, 21.96. 

Reaction of 2-alkoxymethyl- and alkylthiiranes with triethyl 
phosphite. The experimental procedure employed was es- 
sentially that described previously,2 and involved the dis- 
t,illation of an equimolar mixture of triethyl phosphite and 
the alkoxymethyl- or alkylthiirane. The results are sum- 
marized in Table 11. The unsaturated products, resulting 
from these desulfurization reactions, were in all cases known 
compounds which were identified by their physical proper- 
ties. In two cases of low boiling olefinic products they were 
converted to their dibromide derivative and identified as 
such. 

Reaction of 2-alkoxymethylthiiranes with methyl iodide. 
The best results were obtained using the following experi- 
mental procedures. In a 300-ml. one-necked flask, equipped 
with a reflux condenser and calcium chloride drying tube, 
mere placed 0.05 mole of the 2-alkoxymethyl thiirane and 
1.5 moles of freshly distilled methyl iodide. The reaction 
mixture was set aside, with occasional stirring, for 2 weeks, 
filtered, and the recovered solid was washed several times 
with acetone. After recrystallization from absolute ethanol, 
the trimethylsulfonium iodide melted a t  215" (lit.6 m.p. 
215'). Isolation of the 1,2-diiodo-3-alkoxypropanc, pre- 
sumably the other product of this reaction, was unsuccessful. 
In each case, after removal of the excess methyl iodide, 
vacuum distillation of the residual liquid resulted in its 
rapid and extensive decomposition. Variations in the yields 
of the trimethylsulfonium iodide isolated due to changes, in 
the mole ratio of methyl iodide to  alkoxymethylthiirane, 

(13) T. K. Todsen, C. B. Pollard, and E. G. Rietz, J .  Alpn.. 
Chem. Soc., 72, 4000 (1950). 

(14) C. D. Nenitzescu and N. Scarlatescu, Ber., 68, 
587 (1935). 

(15) H. Gilman and I,. Fullhart, J .  Am. Chem. SOC., 71, 
1478 ( I  949). 
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interacting, their time of interaction, and structural altera- 
tions in the thiirane, are summarized in Table 111. 

Reaction of i?-al]coxymethylthiiranes with organolithiurn com- 
pounds. The experimental procedures employed in these 
reactions were modified from those described by Bordwell, 
Anderson, and PitLg The reaction of 2-butoxymethylthiirane 
with butyllithium is given as representative of these reac- 
tions. To an ether solution of butyllithium, prepared by the 
method of Gilinari et aL1G from 60.0 g. (0.44 illole) of rb-butyl 
bromide and 8.6 g. (1.23 g-atom) of lithium, was added, dur- 
ing 0.75 hr., to 26.28 g. (0.18 mole) of 2-butoxymethyl thiirane 
dissolved in 30 ml. of anhydrous ether. Following the addi- 
tion of the thiirane the reaction mixture was stirred for 3.0 
hr., set aside overnight and then it was poured into an equal 
volume of ice water. The ether layer wm separated, washed 
twice with 50-ml. portions of 2N sodium hydroxide solution 
and the washings were combined with the aqueous phase. 
The ether phase was washed, till neutral, with small portions 
of water, dried over Drierite and the ether waa removed in 
vacuo. The residual liquid was fractionated (1 X 30 cm. 
Fenske-type column packed with 3/16" glass helices). 
Butyl allyl ether was obtained in a 770/0 yield, b.p. 114-116" 
(741 mm.), n y  1.4053 b.p. 117.8-118' (763 mm.), 
n'z 1.4057). 

The aqueous phase was acidified with concentrated hydro- 
chloric acid to precipitate 1-butancthiol as an oil, which was 
separated. The aqueous phase was extracted with three 25- 
ml. portions of pentane. The oil and pentane extracts were 
combined and dried over Drierite. Distillation of the residual 
oil, after removal of the pentane, through an 18"-Vigreux 
column afforded an 81 % yield of 1-butanethiol, boiling a t  
94-96' (747 mm). The mercaptan was characterized as n- 
butyl-2,4-dinitrophenyl sulfidc, m.p. 66-67.5" (lit.,Q b.p. 
95-97' (760 mm.), m.p. of 2,4-dinitro derivative 66-68"). 

The reaction of 23.76 g. (0.18 mole) of 2-isopropoxymethyl- 
thiirane with butyllithium (0.44 mole), gave a 58% yield of 
isopropyl allyl ether, b.p. 80-82' (741 mm), (lit.,lS 82-83' 
(731 mm.). The 1-butanethiol, was obtained in a 7470 yield. 
A 6770 yield of n-propyl allyl ether, b.p. 90-91 ' (743 mm.), 
n'," 1.3917, and a 78% yield of 1-butanethiol were obtained 
from the reaction of 23.76 g. (0.18 mole) of 2-propoxymethyl 
thiirane with n-butyllithium (0.44 mole), (lit.,Ig values for 
n-propyl allyl ether, b.p. 90-92' (760 mm.), n'," 1.3919). 

(16) H. Gilman, J. .4. Beel, C .  G. Brannen, M. W. 
Bullock, G. E. Dunn, and L. 8. Miller, J .  Am. Chem. Soe., 
71, 1499 (1949). 

(17) E. A. Talley, A. S. Hunter, and E. Yanousky, J .  
Ani.  Chem. SOC., 73, 3528 (1951). 

(18) I. Heilbron, Dictionary of Organic Compounds, Vol. 
IZZ, Oxford University Press, New York, 1953, p. 108. 

The reaction of 21.24 g. (0.18 mole) of Zethoxymethyl- 
thiirane with butyllithium (0.44 mole) afforded ethyl allyl 
ether, b.p. 66-67" (747 mm.), ny 1.3892, in a 47% yield 
(lit. b.p. 66-67' (743 mm.),20 ny 1.3892*1). The l-butane- 
thiol was obtained in an 84% yield. 
-4 70% yield of 1-butanethiol resulted from the reaction of 

20.8 g. (0.20 mole) of 2-methoxymethyl thiirane with an 
ether solution of butyllithium (0.44 mole). Because of the 
low Loiillig point ol the methyl allyl ether, only a small 
quantity of this ether was isolated, b.p. 42' (746.5 mm.), 
n*z 1.3786 (lit.,22 b.p. 42.543' (757 mm.), n y  1.3778- 
1.3803). The reaction of 2-alkoxymethylthiiranes with 
phenyllithium waa carried out using the experimental pro- 
cedures described above for the reaction of butyllithium 
with 2-butoxymethylthiirane, except that 40.0 g. (0.25 mole) 
of bromobenzene and 3.5 g. (0.50 g-atom) of lithium were 
used to prepare the phenyllithium.9 

The reaction of 26.28 g. (0.18 mole) of Zbutoxymethyl- 
thiirane with phenyllithium (0.25 mole) gave a 740/, yield of 
butyl allyl ether," b.p. 114-116' (741 mm.), n y  1.4054. 
The other product of this reaction, thiophenol, was obtained 
in an 83% yield, b.p. 70-73" (33 mm.), and was characterized 
as its 2,4dinitrophenyl phenyl sulfide, m.p. 119-121' (lit.,Q 
m.p. 119-121'). 

The reaction of 23.76 g. (0.18 mole) 2-propoxymethyl- 
thiirane with phenyllithium (0.25 mole) in ether solution, 
resulted in a 53% yield of isopropyl allyl ether and a 71'% 
yield of thiophenol. The isopropyl allyl ether distilled at 
82-84' (741 mm.).l8 

The reaction of 23.76 g. (0.18 mole) 2-propoxymethyl- 
thiirane with phenyllithium (0.25 mole) gave a 70% yield of 
n-propyl allyl ether, b.p. 89-91' (737 mm.), ny 1.392020and 
an 8670 yield of thiophenol. The interaction of 21.24 g. 
(0.18 mole) 2-ethoxymethylthiirane with phenyllithium 
(0.25 mole) produced ethyl allyl ether, b.p. 66-67' (745.3 
mm.)?o,21 in 42% yield, and thiophenol in an 81 % yield. 

The reaction of 20.8 g. (0.20 mole) of Zmethoxymethyl- 
thiirane with an ether solution of phenyllithium (0.25 mole) 
gave a 7470 yield of thiophenol. Because of the high vola- 
tility of methyl allyl ether,22 it was not actually isolated. 
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