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plete, the acid mixture was added with stirring to 30 g. of 
105% sulfuric acid a t  120-130". The hot acid solution was 
then allowed to stir a t  120" for 10 min. The mixture was 
cooled in an ice bath and neutralized with concentrated 
ammonia at  a temperature of 25" or below. One hundred 
milliliters of chloroform was added to  the neutral mixture. 
After agitation for 10 min., the mixture was filtered and the 
filter cake washed with chloroform. The organic layer was 
separated, the aqueous phase extracted with chloroform, 

and the combined chloroform solution dried. The solvent 
waa removed from the extract by distillation to  leave 18.5 
g. of crude semi-solid e-caprolactam. The crude lactam was 
distilled under vacuum to yield 17 g. (68%) of ecapro- 
lactam (b.p.1, 138'). The infrared spectrum of the product 
wa8 identical with the spectrum of an authentic sample of 
e-caprolact am. 
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The neopentyl type halides in bie(halomethy1)oxetanes are readily displaced by nucleophilic reagents. A number of such 
reactions have been studied, and the products characterized. 

In  comparison to  the tremendous amount of re- 
search which has been devoted to a study of the 
chemistry of ethylene oxides, the chemistry of tri- 
methylene oxides (oxetanes) has been overlooked 
under quite recently. Reviews of certain phases of 
earlier work have appeared' and in the past few 
years, a number of workers, notably Searlesz-8 
have contributed to  the field. I n  this paper some 
work carried out in these laboratories will be pre- 
sented. 

In general, the preparation of trimethylene oxides 
is carried out by removing the elements of HX from 
a l,&halohydrin, or better, a halohydrin acetate by 
treatment with alkali a t  elevated tempera- 
t u r e ~ . ~ ~ ~ - ~ '  The yields may be poor because of 
competing elimination reactions, resulting in the 
formation of open chain, unsaturated derivatives.2 
If the central carbon atom is substituted with 
negative groups, for example with two chloro- 
methyl groups,'2 the ring closure by alkali can be 
carried out a t  low temperatures, thus minimizing 
side reactions. A convenient source of an appro- 
priately substituted trimethylene oxide which has 
- 
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been recognized12 and exploited13-15 recently is 
pentaerythritol. This inexpensive raw material re- 
acts readily in glacial acetic acid with hydrogen 
chloride a t  elevated temperatures (ea. 160") to give 
tris(chloromethy1) ethyl acetate in high yield: 

HOAc 

solvent 
C( CH,OH), + 3HC1 + HOAC -+ (ClCHt)&CH20Ac 

The corresponding bromo derivative may be made 
in the same fashion. 

Ring closure in refluxing methanol with two 
equivalents of alkali yields the trimethylene oxide 
easily, despite the fact that the halogen displaced 
during ring closure is of the neopentyl type.'6 

The product, 3,3-bis(chloromethyl)oxetane, is 
quite stable under normal conditions, although it 
is quite sensitive to acidic reagents, and under 
proper conditions can be converted to  a high mo- 
lecular weight polyether, as reported by several 
~ o r k e r s . ~ ~ ~ ~ ~ ~ ~ ~ , ' ~  We find the halogen atoms are 
surprisingly reactiveIQ considering that they are 
still nominally neopentyl halides. They can be dis- 
placed by a variety of nucleophilic reagents under 
mild conditions. This enhanced reactivity un- 
doubtedly arises from the altered geometry of the 
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quaternary carbon atom, imposed by the four 
membered ring, which should force the halogen 
atoms into a more available position in space, where 
they may he displaced more easily. 2o Despit,e this 
reactivity, it hecomes mow difficult to close a 
second ring onto the first; thus pentaerythritol di- 
chloride*' prepared by the acid hydrolysis of its 
cyclic sulfite,21c yields only small amounts of diox- 
aspiroheptanF under similar conditions. 

0 1  

L--0 

In  the present study, a number of displacements 
have been carried out on bischloromethyloxetane 
without disrupting the oxetane ring. Thus with 
iodide ion, cyanide ion, and liquid ammonia the 
previoJusly reported 3,3-bi~(iodomethyl)oxetane,~~ 
3,3-bi~(cyanomethyl)oxetane,~~ and 3,8-bis(amino- 
methyl)oxetaneZ4 were prepared. The physical 
constants reported in Chemical Abstracts for 3,3- 
bis(aminomethy1)oxetane do not agree with the 
values we have observed, hence, the preparations 
are described in the Experimental Section. The 
diamine was further characterized by the prepara- 
tion of derivatives with benzoyl chloride and 
phenyl isocyanate, and a study of the infrared 
spectra of the compounds. 

With thiocyanate ion, it was found possible to 
isolate from the reaction mixture (preferably in 
acetone) both the mono and the dithiocyano de- 

(20) An alternative mode of displacement would involve 
a cyclic. mechanism, in which-the ring is attacked by the 
entering group, displacing -0, which then eliminates the 
hnlogcn: 

7-1 
R 4- ' CH2Cl --t R- CH2-C-CHzCI - 

I 
CH&l 

t 
CHpC1 

I tT 
new, 

CH2C1 

The net result would be the same. 
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rivatives. The former was a liquid, the latter a 
well-defined crystalline solid. The reaction mixture 
tended to polymerize spontaneously to dark, unde- 
fined solid tars during preparation. 

Sodium thiosulfate reacted rapidly with 3,3-bis- 
(chloroniethy1)oxetane in aqueous ethanol to give a 
good yield of a crystalline, water soluble di-Bunte 
salt (I) which crystallized from 85% ethanol with 
3 molecules of mater of crystallization. 

y$CH&O&Ja 

CH2S203Na ' 3Hz0 

The di-Bunte salt (I) was hydrolyzed under dif- 
ferent conditions and the products isolated. Two 
substances were obtained: The first, a colorless, 
crystalline material, was probably 2,3,4-trithia-8- 
oxaspiro[5,5]nonane1 produced by reaction of the 
intermediate dithio compound with sulfur pro- 
duced in the acid hydrolysis of excess sodium thio- 
sulfateeZ5 The other product, a yellow oil, stable 
in benzene solution, polymerized on distillation to a 
rubbery polymer, probably a linear polymeric di- 
sulfide such as that obtained from trimethylene 
disulfide.26p21 

oq CH2S20,Na 

1- CH2S203Na 

i ,A is' 
S I 

r +  1 

L 

Reaction of 3,3-bis(chloromethyl)oxetane with 
sodium sulfide or thiourea under a variety of condi- 
tions gave 2-oxa-6-thiaspiroheptane, which was 

(25) A stucture such as 

0 K i  s -s 

cannot he ruled out. 

Chem. SOC., 76, 4348 (1954) 
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oxidized with hydrogen peroxide to an unusual cyclic 
sulfone. 

+ HZ01 ---+ '11 
-- so, 

Sodium thiophenolate reacted rapidly with 3,3- 
bis(chloromethy1)oxetane to  give both 3,3-bis- 
(phenylthiomethyl) oxetane (11), and 3-chloro- 
methyl-3-phenylthiomethyloxetane (111). The 
former was oxidized with hydrogen peroxide in 
acetic acid to the crystalline disulfone (IV). 

'a- CH,SC,,Hi O Q  cH,sc,H, ' ~ c H z s o 2 c , , R r ,  
CH&1 CHZSOLC,,R,, CHpSCbHj 

I1 I11 IV 

Similarly, piperidine gave bispiperidinomethyl- 
oxetane VI, which yielded a crystalline dipicrate. 

r+ C H z N 2  

C H 2 - N 3  

VI 

Sodiomalonic ester was allowed to react with 
bischloromethyloxetane under a variety of condi- 
tions. It is interesting to note that even under 
conditions specifically designed to favor mono- 
alkylation, the internal displacement is so favored28 
that the only product isolated was 2,2-biscarhoxy- 
ethyl-5-oxaspiroheptane (VII). 

C02CyH5 
VI1 

It was observed earlierg that trimethylene oxide 
itself reacts explosively with acetyl chloride to give 
gamma-chloropropyl acetate. Similarly, bischloro- 
methyloxetane and bisbromomethyloxetane react 
readily with benzoyl chloride or benzoyl bromide 
to give resp,ectively P,P,p-trischloromethylethyl- 
benzoate and p,P,P-trisbromomethylethylbenzoate. 

7 1  
'+CH&l+ CoHsCOCl - ICICH,),CCH~OCOC~H, 

(28) This is to be expected from the work of Cason and 
Allen, J .  Org. Chem., 14, 1036 (1949), on the reaction of tri- 
methylene dibromide and sodiodiethylmalonate. 

CH&l 

This reaction probably proceeds by a nucleophilic 
attack of the oxide ring on the acid chloride. The 
similarity of this reaction to the reaction of acid 
halides with  aldehyde^^^^^^ and epoxides3' t o  give 
haloestJers is noteworthy. 

POLYMERS FROM OXET.1NES 

Three ways can be visualized for the conversion 
of oxetanes to polymers. In  the first, a Lewis acid 
catalyst opens the trimethylene oxide ring to give 
a linear p ~ l y e t h e r . ' ~  -15 

In  the second, a reactive group R on the oxetane 
nucleus is caused to condense with a second difunc- 
tional molecule X. 

In the third, a diacid chloride is added to a bisoxe- 
tane to give a polyester. 

O D R G O  +/C-R"C o s  

CI 'Cl 

- J X  

In  the first category, the most interesting example 
is the polymer from 3,3-bis(chloromethyl)oxetane, 
described in detail in the recent literature by 
Farthing and R e y n ~ l d s ~ ~ t ' ~  and by Boardman.16 
Polymers of this type which have not been described 
in the literature previously have been prepared, in 
the hope of finding some other useful and unique 
polymers. Thus 3,3-bis(bromomethyl) oxetane gave 
a polymer with a melting point in the range of 220°, 
while 3,3-bis(iodomethyl)oxetane gave a polymer 
stable up to its melting point (290") which was 
unusual in that it was 75.2% by weight iodine. 
In  addition, Z-oxa-5-thiaspiro-C3,3)heptane-5,5- 
dioxide and 3,S-tis(phenylthiomethyl) oxetane di- 

(29) R. Adams and E. H. Volweiler, J .  Am. Chem. SOC., 

(30) H. E. French and R. Adams. J. Am. Chem. Soc.. 
40, 1732 (1918). 

43, 657 (1921). 
(31) E. i. Gustus and P. G. Stevens, J .  Am. Chem. Soc., 

55,374 (1933). 
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sulfone galre polymers by ring-opening polymeriza- 
tion and Z15-dioxaspiroheptaiie gave an infusible, 
cross-linked polymeric powder. 

Copolymers of 3,3-tiis(chloromethyl)oxetane and 
3,3-bis(iodomethyl)oxetane were prepared. These 
showed a minimum melting point a t  a composition 
corresponding to  about 85 mole % of 3,3-bis- 
(chloromethyl) oxetane. 

Polymers which were presumably of the second 
type were obtained as by-products of the reaction 
of 3,3-bis(chloromethyl)oxetane and sodium sulfide : 

CH&1 + Na2S ------f (-S-CH2-C-CH2-)z + NaCl 
04 CHiCl <O> 

They were viscous oils which cross-linked when 
treated with boron fluoride etherate. ,4 similar, low- 
molecular weight oil was obtained from 3,3-bis- 
(chloromethy1)oxetane and bis(mercaptoethy1)- 
ether: 

P? 

i 

Polymers of the third type were investigated 
only briefly. Thus terephthaloyl chloride and 3,3- 
bis(chloromethyl)oxet>ane gave a polymer pre- 
sumed to he 

It was, however, cross-linked, and contained less 
than the calculated amount of chlorine. 

IKFRARED SPECTRA OF OXETANES 

All of the compounds described in this article as 
being oxetane derivatives have been examined in 
the infrared. The position of the characteristic 
bands are shown in Table 1. Previous workers32 
have observed bands characteristic of oxetanes a t  
about 8.1 and 10.2 p. The intense 10.2 p band 
showed up consistently as might he expected from 
its assignment as an antisymmetric stretching 
vibration, h splitting of this band niay be observed 
with KR:. pellet spectra. There was also usually a 

(32) G 51. Rarron and S Searles, J .  Am. Chem SOC., 75, 
117;5(1963, 

weaker, less definite band a t  10.5-10.6 p. The 8.1 p 
band, which has been assigned t o  a methylene wag- 
ging motion32 seems rather variable, and was a t  
times obscured. It is therefore not considered to be 
a reliable criterion of structure. 

EXPERIMENTAL 

Preparation of S ,S -b i s ( ch lorome lhy I )~xe~une .~~- '~  This com- 
pound was made by the action of alkali in refluxing methn- 
no1 on pentaerythritol trichlorohydrin acetate, which was 
obtained by the action of gaseous hydrogen chloride on 
pentaerythritol in acetic acid a t  100'. Bis(chloromethy1)- 
oxetane boiled a t  101°/27 mm., 65"/5 mm. 

Thi.: sub- 
stance was made in the same way as the bischloro compound. 
It boiled at  125"/23 mm. 

Anal. Calcd. for CSH80Br2: C, 24.62; H, 3.30. Found: 
C, 24.67, 24.85; H, 3.28, 3.58. 

Bis( bromomethy1)oxetane was polymerized in a manncr 
similar to that described in the literature for the bischloro 
compound.'3-" The product was a solid melting at about 
220°. 

Preparation of 3,S'-bis( bromoniethyZ)orelane. 

Anal. Calcd. for (CsHgOBrz),: C, 24.62; H, 3.30. Found: 
C, 24.98, 25.04; H,  3.28, 3.58. 

.Preparation o f  S,S-bis(iodomethyl)oxetane.l* A mixturc of 
15.5 g. of 3,3-bis(chloromethyl)oxetane, 150 cc. of mrth?l 
ethyl ketone and 35 g. of dry sodium iodide was refluxed for 
24 hr. The solution was cooled, filtered, and the solvent 
partially removed by distillation. The residue solidified on 
standing and waa recrystallized from cyclohexane. The 
yield was 30 g. (89%) of coarse, colorless, very dense crys- 
tals with a melting point of 50'. 

Anal. Calcd. for C,H%OIz: C, 17.75; H,  2.37. Found: C, 
17.97, 18.09; H, 2.41, 2.40. 

The polyether, prepared as described under the hisbromo 
derivative, melted at  290" with decomposition. However, i t  
was stable up to this temperature. 

Anal. Calcd. for (C&8012),,: C, 17.75; H, 2.37. Found: 
C, 17.87, 17.84; H, 2.24, 2.28. 

Copolymers of 3,s-bis(iodomelhy1)oxelane and S,S-bas- 
(chZoromelhyZ)ozelane. A series of copolymers of these t w o  
monomers, prepared in quantitative yields by polymerizing 
various mixtures of the monomers as in preceding experi- 
ments, is described in Table 11. 

TABLE I1 
COPOLYMERS OF BIS( IODOMETHYL)OXETANE 

A N D  BIS(CHL~R~METHYL)OXETANE 
hlolar 
Itat io 

C12 .4nslysis C:tlctl. 
on Basii of monomer -__ Observed 

monomer M P C H C H  
Analvsis Monomw Ratio I* 

3 05 163' 29 (14 4 12 30 0 4 0 
1 00 30 39 4 05 
1 02 240" 21 81 2 92 21 7 2 9 
2 00 21 90 2 90 
2 00 185" 28 1 1  3 88 27 8 3 'i 
1 00 28 18 3 .98  
1 08 210" 24 88 3 .57  24 8 7 s 

25 00 3 66 1 00 

__ 

- 

- 

__. 

- ._- 

Preparation o j  $3-bis(cyanomrthyl)oxetane. A niixtiire d 
10 g. of 3,3-bis(chloromethyl)oxetane, 7 g. of sodlurn cya 
nide, and 25 ml. of 95% ethanol was refluxed for 24 hr. Thr  
dark brown mixture was filtered hot and the filtrate was then 
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rooled ip ice. The crystalline product was filtered, dried, 
and recrystallized from benzene. The pure 3,3-bis(cyano- 
methy1)oxetane melted a t  76.5' and was obtained in about 
40% yield. 3,3-Bis(cyanomethyl)oxetane is soluble in water, 
insoluble in ether and petroleum ether, soluble in hot ben- 
zene and cold methylene chloride. 

Anal .  Calcd. for C7HsONz: C, 61.76; H, 5.92; N, 20.51. 
Found: C, 62.01, 62.33; H, 6.08, 5.99; N, 20.31, 20.19. 

It was polymerized to low molecular weight oils by ionic 
catalysts. 

Reaction of sodiomalonic ester with 3,S-bis(chloromethyl)- 
ozetane. Sodiomalonic ester was prepared from 53 g. of 
malonic ester, 7.6 g. of sodium, and 200 ml. of ethyl alcohol. 
This mixture was added dropwise with stirring and refluxing 
to  50 g. of 3,3-bis(chloromethyl)oxetane mixed with 100 g. 
of excess malonic ester and 100 ml. of ethyl alcohol. The 
reaction mixture was worked up as above and distilled from 
a simple Claisen Flask rapidly to minimize thermal decom- 
positiorr: The desired product was obtained a t  about 120" 
a t  3 mm. This temperature is probably not reliable, how- 
ever, because the distillation was carried out quite rapidly. 
The distillate weighed 63 g. and consisted of the tailings of 
malonic ester as well as the spiro condensation product. 
This material was fractionated through a spinning band 
column to give 31 g. of product, boiling point 105-107°/1.1 
mm. 

Anal .  Calcd. for C12H1800: C ,  58.47; H,  7.49; Cl, 0.0. 
Found: C, 58.9, 58.9; H, 7.16, 7.03; C1, 0.0, 0.0. 

Reaction of 3,3-bis(chloromethyl)oxetane with liquid am- 
monia.12 Fifty grams of 3,3-bis(chloromethyl)oxetane was 
mixed with 250 ml. of liquid ammonia in a stainless steel 
bomb and heated at 80" for 8 hr. The bomb was cooled to 
t oom temperature, the excess ammonia was carefully 
vented, and the solid product was removed from the reaction 
vessel. The white crystalline solid consisted of a mixture of 
ammonium chloride and the mono-hydrochloride of 3,3- 
bis(aminomethy1)oxetane. The mixture was dissolved in 
50y0 aqueous methanol and sufficient hydrogen chloride was 
added to convert the diamine monohydrochloride to the di- 
hydrochloride. The solution was cooled and the solid crystal- 
line product was filtered. It was then recrystallized twice 
from aqueous methanol. The product, 3,3-bis(aminomethyl)- 
oxetane dihydrochloride, was obtained in large, coarse, 
non-hygroscopic crystals, stable up to the melting point of 
249' The yields ran from 55 to 75%. 

Anal.  Calcd. for C6H,zON2.2HC1: C, 31.75; H,  7.46; N, 
14.71. Found: C, 31.77, 31.47; H, 7.10, 7.45; N, 14.73, 14.87. 

Liberation of free 3,s-bis(aminomethy1)oxetane f rom its dihy- 
drochloride. The free diamine was prepared by treating the 
dihydrochloride with saturated potassium carbonate solu- 
tion. The mixture was then separated and distilled rapidly. 
The diamine was obtained as a thick liquid, b.p. 97-99'/2 
mm.; 71"/0.5 mm., 90"/1.5 mm. Redistillation through a 
*pinning band column gave constant boiling material, b.p. 
75.5/0.5 mm. 

Anal.  Calcd. for C6H1?ON2: C, 51.64; H, 10.41. Found: 
C, 51.46, 51.49; H, 10.20, 10.31. 

S,PI-Bis( benzamidomethy1)ozetane. The diamine n as di- 
benzoylsted by the usual Schotten-Bauman procedure. 
The solid product was filtered, washed, and dried. The 
solid was nearly pure as shown by its analysis. The dibenz- 
amide was difficult to recrystallize, since i t  came out of most 
solvents as a gum. It was finally dissolved in ethyl acetate, 
treated with Norite, and filtered. The filtrate was placed in 
the refrigerator a t  -20" for one week. The crystals were 
filtered and dried, m.p. 168-169". 

Anal. Calcd. for C I S H ~ ~ O ~ N ~ :  C, 70.34; H, 6.21. Found: 
C ,  70.03, 70.05; €1, 6.47, 6.40. 

Reaction of 3,s-bzs(aminomethy1)oxetane with phenylaso- 
thiocyanate. One gram of the diamine in dimethyl formamide 
(15 ml.) was mixed with 2 g. of phenylisothiocyanate in 15 
ml. of the same solvent. The mixture became warm. After 
one hour it was poured into water and the solid was filtered. 
The solid was recrystallized from ethanol, m.p. 164-165". 

Anal .  Calcd. for C l~H220S2N~:  C, 59.07; H, 5.73. Found: 
C, 59.25, 59.09; H, 6.11, 6.36. 

8,6-Dioza~piro[S,S]heptane.~~ Dichloropentaerythritola' 
was made in over-all yields of above 80% by the conversion 
of pentaerythritol to the dichlorocyclic sulfitea2 followed by 
acid hydrolysis in aqueous methanol. A mixture of 50 g. of 
pentaerythritol dichloride, 48 g. of potassium hydroxide, 
and 200 ml. of 95% ethanol was refluxed 6 hr. and then 
allowed to stand a t  room temperature overnight. The mix- 
ture was brought to pH 7 with dilute hydrochloric acid and 
filtered. The filtrate was distilled through a spinning band 
column a t  atmospheric pressure. In this manner 10 g. of 2,6- 
dioxaspiro[3,3] heptane was obtained as a crystalline solid 
boiling a t  170-172'. It was recrystallized twice from hexane 
to  give a white crystalline solid melting sharply a t  90". 

Anal .  Calcd. for CsHsOg: C, 60.06; H, 8.06. Found: C, 
60.02, 59.85; H, 8.22, 8.26. 

Polymerization with boron fluoride etherate gave a white, 
infusible, insoluble cross-linked polyether. 

Reaction of 3,3-bis(chloromethyl)oxetane with sodium thio- 
sulfate. A mixture of 99 g. (0.4 mole) of sodium thiosulfate 
pentahydrate in 100 ml. of water and 31 g. (0.2 mole) of 
bis(chloromethy1)oxetane in 150 ml. of ethanol was refluxed 
with stirring overnight. Two. liquid phases of about equal 
volume were prevent initially, but merged to one after about 
1-2 hr. refluxing, indicating that the reaction was probably 
complete. The reaction mixture was diluted with an equal 
volume of alcohol, and allowed to  stand overnight again. 
The fine needle-like crystals were filtered and dried. The 
solid was boiled with 85% ethanol, which dissolved most of 
the product. The hot solution was filtered, and allowed to 
cool. After several hours, the needle-like crystals were 
filtered, recrystallized once more from the minimum amount 
of 85% ethanol and dried a t  room temperature. The yield 
was 57 g. 

Anal .  Calcd. for CsHsOaSaNaz.3H~O: C, 15.32; H, 3.5; 
S, 32.5. Found: C, 15.61, 15.58; H, 3.1, 3.0; S, 31.1, 31.1. 

In another experiment 15.5 g. of 3,3-bis(chloromethyl)- 
oxetane was dissolved in 150 ml. of ethanol and 49.6 g. of 
sodium thiosulfate pentahydrate in 30 ml. of hot water was 
added. This two-phase mixture was heated gently until the 
two layers became one. The mixture was then refluxed for 
an additional 48 hr. in the presence of a trace of dilute acid. 
Water was added and the oily precipitate was extracted into 
chloroform. Distillation of the chloroform gave about equal 
amounts of 3,3-bis(chloromethyl)oxetane, b.p., 6.52" a t  2.5 
mm. and a yellowish crystalline compound, b.p. 115-120" 
a t  2.5 mm. This latter material was recrystallized twice 
from methylene chloride-hexane mixture. The product was 
a colorless crystalline compound melting a t  90-91 '. 

Anal .  Calcd. for CbHsOS3: C, 33.30; H, 4.47; S, 53.36. 
Found: C, 33.52, 33.62; H, 4.55, 4.79; S, 53.9, 54.0. 

The recrystallized di-Bunte salt was hydrolyzed by re- 
fluxing with dilute hydrochloric acid. The bright yellow 
product was extracted into dichloromethane and distilled. 
The distillate was a bright yellow liquid, b.p. 100-110°/2.5 
mm. However, it  could not be isolated since i t  polymerized 
rapidly in the receiving vessel to a rubbery polymer. 

Reaction of 3,$-bis(chloromethyl)oxetane with sodium thio- 
cyanate. A mixture of 20 g. of sodium thiocyanate and 250 
ml. of acetone was heated to boiling to givc a homogeneous 
solution. To this solution was added 31 g. of bis(ch1oro- 
methy1)oxetane in an additional 100 ml. of acetone. The mix- 
ture rapidly assumed a yellow color which did not change 
with time. The mixture was refluxed over the weekend after 
which the precipitated sodium chloride was filtered. The 
filtrate was distilled to yield two compounds, after removal 
of the residual solvent and unreacted bis(chloromethy1)oxe- 
tane. The first (5.9 g.) b.p. 115'/1.5 mm., n,y 1.5298 was 3- 
chloromethyl-3-thiocyanonieth~loxetane. 

Anal.  Calcd. for CeHd3SKCl: PI', 7.88. Found: S, 7.60, 
7.65. 

The second, a solid (2.5 g.) pot residue, was recrystallized 
twice from absolute ethanol, using decolorizing carborn. 
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The vroduct was obtained readilv in the form of fine nee- 
dles, Tm.p. 81.8-82.1.' 

Anal .  Calcd. for C~HROS&%: C, 42.0: H. 4.0: S. 14.0. 
I ,  

Found: C, 42.0, 42.0; H,  4.013.9; i, 13.8,' 13.9. 
Using a higher ratio of thiocyanate to oxetane, 6.3 g. of 

pure dithiocyano compound was obtained from 15.5 g. of 
3,3-bis(chloromethyl)oxetane. Attempts to distil the dithio- 
cyanate caused i t  to polymerize spontaneously to a dark tar. 
This tar also formed occasionally during the initia! reaction 
with sodium thiocyanate in acetone, for no apparent reason, 
usually with such vigor as to eject the contents of the flask 
through the condenser. 

Reaction of S,S-bis( chloromethy1)ozetane with sodium thio- 
phenoxide. A mixture of 31 g. of 3,3-bis(chloromethyl)oxe- 
tane, 200 ml. of absolute ethanol, and 3 1 g. of thiophenol was 
treated with a solution of 2.3 g. of sodium in 50 ml. of ethyl 
alcohol. The mixture was refluxed and stirred for 3 hr. at, 
which time the solution was neutral. The precipitated so- 
dium chloride was filtered and the filtrate was distilled. 
After a forerun of about 11 g. consisting of unreact,ed bis- 
(chloromethyl)oxetane, the main product, 3-chloromethyl- 
3-ohenvlthiomethivloxetane wa.s obtained. b.o. 144"/1.3 
mm. The yield M& 23 g. 

Anal. Calcd. for CtIHIqOSC1: C .  57.6: PI. 5.68. Found: , I  

C, 58.0, 57.8; H, 5.6, i.?.-- 
(pheny1thiomethyl)oxetane. 

The undistillable pot residue appeared to be 3,3-bis- 

Anal. Calcd. for C ~ T H ~ ~ O S ~ :  6, 21.2. 
Found: 8 ,  21.08, 21.56, 21.30. 
In another experiment employing a different ratio of re- 

actants, 15.5 g. of bis(chloromethy1)oxetane was allowed to 
react with 22 g. of thiophenol in the presence of 4.6 g. of 
rodium in a manner described above. After 3 hr. the mixture 
was filtered and volatile materials removed. The pot residue 
which was a light straw-colored, viscous liquid was taken 
into 100 nil. of acetic acid and the mixture was filtered. 
Fifty ml. of 30yG hydrogen peroxide was added to the acetic 
acid solution and the exothermic reaction was controlled by 
external cooling. After 3 hr. at room temperature the mix- 
ture was heated for an addit'ional 2 hr. on a steam bath, then 
poured into water. The hea,vy oil which precipitated soon 
crystallized. The solid was filtered and dried. It was re- 
cryst,allized from boiling ethyl alcohol to give 19.5 g. of prod- 
uct melting at  154-157". An additional 8.5 g. of product 
melting a t  140-147' was obtained from the filtrate by con- 
cent,ration. This product had a mixed melting point with 
the first fraction of 144--150". Recrystallization of the first 
fraction from absolute etbniiol gave a product melting a t  

Anal. Calcd. for CITEII@&: C, 55.8; H, 4.91; S, 17.46. 
Found: C, 56.2, 56.5; H, 4.9, 5.0; H, 17.47, 17.41. 

,~-Oxa-6-lhiaspiro[Y.Y] heptane. d mixture of 38 g. of 3,3- 
bis(bromomethyl)oxetane, 38 g. of Na.&9H20, and 100 ml. 
oi 95% ethanol was refluxed for 24 hr. and then cooled. 
Several grams of white solid which was incomplet,ely soluble 
ir, ivater was filtered. This product was insoluble in alcohol, 
acrtonc:, and ether but was soluble in chloroform. It was 
conridered to  be mainly 

159--.159.5 O .  

of unknown chain length and end groups. 
.inal. Found: C, 45.33, 45.37; R, 6.23, G.23; S, 21.3, 21.4,. 

21.2. 
?;one of the c,icsired spiro[3,3]heptane could be obtained 

from the nonpolymeric fraction. 
Metallic sodium (11.5 g . )   vas added under nitrogen to  

500 cc. of sbsolute etharioi. Hydrogen sulfide was passed 
into this solution until no more was absorbed. At this point 
anothcr 11.5 g. of sodium  as added. To  the resulting solu- 
tion of sodium sulfide wa,s added 77.5 g. of bis(chloro- 

methy1)oxetane and the mixture was refluxed for 24 hr. The 
reaction was stopped and the precipitate was filtered. The 
precipitate was washed repeatedly with ether and the com- 
bined filtrates were distilled, giving 10.3 g. (20y0) of 2- 
oxa-6-thiaspiro[3.3]heptane, b.p. 60°/3 mm. 

Anal .  Calcd. for c&OS: S, 27.5. Found: S, 26.9, 26.3. 
The filter cake, which was similar to that obtained above, 

was leached with water and dried a t  90" at 1 mm. The 
solid polymer was broken up and extracted in a Soxhlet ex- 
tractor with methylene chloride. The undissolved portions, 
consisting of approximately half of the total, was organic 
since it burned completely. However, i t  was infusible a t  
3.50". The methylene chloride extract was evaporated to re- 
move the solvent and was dried a t  1 mm. The product was a 
very viscous oil which on standing became a wax. Solutions 
in methylene chloride on treatment with boron trifluoride 
etherate immediately gave insoluble, infusible polymer. 

Anal .  Found: C, 45.15, 45.27; H ,  6.69, 6.81; S, 25.9, 
25.9, 26.2. 

2-Oxa-6-thiaspiro [S.S] heptane-6,6-dioxide. A sample of 
oxathiaspiroheptane, weighing 7.5 g., was treated with a mix- 
ture of 12.5 g. of 30% hydrogen peroxide and 12 ml. of 
glacial acetic acid. An exothermic reaction occurred which 
was moderated with ice water. When the reaction was corn- 
plete, the residue was evaporated to dryness, recrystallized 
twice from methanol, and once from toluene. The product 
was obtained in a yield of 4.7 g. with a melting point of 161- 
162". 

Anal .  Calcd. for C&,03S: C, 40.54; H, 5.44. Found: 
C, 40.32, 46.62; H, 5.37, 5.46. 

Polymerization o j  'b-Oxa-6-thiaspiro[S.S] heptane-6,6-di- 
oxide. A sample of monomer weighing 1..90 g. was dissolved 
in about 5 ml. liquid sulfur dioxide a t  -50". The solution 
was treated with a trace of BF, catalyst and allowed to 
stand overnight without external cooling. Next day the 
solid polymer was ground with alcohol and dried. The 
polymer melted a t  about 220'. 

Anal. Calcd. for (C&o,S),: C, 40.54; H,  5.40; S, 21.6. 
Found: C, 39.56, 39.60; H,  5.42, 5.40; S, 20.9, 20.8, 21.1. 

The rather poor analyses reported above were probably 
the result of unknown end groups. The polymer was not of 
very high molecular weight. 

Condensation of 3,S-bis(chloromethyl)oxetane and p,p'- 
dirnercaptodiethyl ether. Ten grams of the dithiol and 11.2 
grams of 3,3-bis(chloromethyl)oxetane were mixed with 25 
ml. of 80% ethyl alcohol, treated with excess alkali, and 
refluxed under Nz. After 3 hr., the mixture was diluted 
with cold water and extracted with methylene chloride. 
This was in turn extracted with water, then dried and evap- 
orated. The gummy residue was rubbed wit'h methanol 
and the met,hanol extract was discarded. This procedure was 
repeated twice and the methanol-insoluble residue was dried 
in a high vacuum over P205. 

Anal. Found: S ,  28.0, 28.0, 27.9; Mol. wt. 1200 (ebullio- 
,scopic in benzene). 

Reaction of piperidine with J,S-bis(chloromethy1)oxetane. A 
mixture of 15.5 g. of 3,3-bis(chloromethyl)oxetane and 34 
g. of pip-ridine was heated on a stcam bath without solvent 
for 20 hr. The crystalline mush so obtained was treated 
with alkali a,nd the liberated amines were taken into ben- 
zene. The benzene layer was washcd with wat,er, dried, and 
distilled. After considerable forerun the desired product,, 
3,3-bis(piperidinomethyl)oxetane was obtained in a yield of 
8 g. with a b.p. 145"/3 mm. 

Anal .  Calcd. for ClbHP80N2: C, 71.30; H, 11.18; S, 11.09. 
Found: C, 71.49, 71.72; 13, 10.81, 11.42; K, 10.50, 10.81. 

A dipicrate, m.p. 180-185°, was prepared by mixing 
aicoholic solutions of picric acid and the diamine. 

Anal. Calcd. for C2i.H,4015N8: N, 15.6. Found: K5 15.45, 
15.90. 

Reaction qf S,S-bis(chloromeihy1)oxeiane with be7~ZOyl chlo- 
r ide .  A mixture of 0.5 g. of 3,3-bis(chloromethyl)oxetane and 
0.45 g. of benzoyl chloride was warmed a t  110' for 16 
!ir. in a stoppered tube. The product, which solidified on 
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cooling, was recrystallized from aqueous methanol, then 
from hexane. The yield was 0.86 g. of fine needles, melting 
point 77". 

Anal. Calcd. for C12H1302Cls: C, 48.76; H, 4.43. Found: 
C, 49.08, 48.83; H, 4.34, 4.45. 

An authentic specimen of P,p,@-tris( chloromethy1)ethyl 
benzoate was prepared by benzoylating pentaerythritol 
trichloride with benzoyl chloride and pyridine. The product 
was recrystallized from hexane and had a melting point of 
77' which was not depressed by a mixture of the reaction 
product of benzoyl chloride with 3,3-bis(chloromethyl)oxe- 
tane. 

Reaction of bis( bromomethy1)oxetane with benzoyl bromide. 
Benzoyl bromide (3.70 g.) was added to 4.88 g. of 3,3-bis- 
(bromomethy1)oxetane. Reaction was rapid and exothermic 
in contrast to the slow reaction of benzoyl chloride reported 
above. P,fl,fl-Tris(bromomethy1)ethyl benzoate was ob- 
tained in a vield of 77% after recrvstallization from hexanc, . "  
m.p. 99.5-1b0'. 

Anal.  Calcd. for C1PHIxOIBrs: C. 33.58: H. 3.05. Found: , ,  .- .- . - , 
C, 33.77, 33.73; H, 3.10, 3.12. 

Condensation of terephthaloyl chloride with d,6-dioxaspiro 
heptane. Equivalent amounts of terephthaloyl chloride (0.2 

TABLE I 
INFRARED BAND CHARACTERISTIC OF OXETANE RING 

St,ructure Position of 
Assigned to Characteristic 
Compound Band, p Remarks 

10.15 
10.48 CH&l 

CHzC1 

(broad) 
CHzCl I '  -CHZ-C- CHZ-0- 

10.20 
10.57 

10.20 
10.60 
10.20 
10.42 
10.60 

P l  10.05 

pl CHlI 

CH,I 

"i? 
SO, 

0 1  

10.30 
10,65 

10.22 
10.42 

t 
0 7  

CHzCl 
CHZSCN 

OQ CHzCl 
CHZSCeHs 

10.31 
10.88 

10.28 
10.57 

10.45 
10.68 

10.18 

10.50 

10.2 
10,53 

Ester band a t  5.8 + 
8.0 p. 

Nothing in 8 p re- 
gion. 

Intense split band at  

Band a t  8.16. 
4.65-4.75 (-SCX). 

Bands assigned to 
mono substituted 
benzene rings pres- 
ent. These over- 
lap and make un- 
certain presence of 
C-C1 band. 

Band a t  8.1 p. 

Shows also character- 
istic --CN band at 
4 48 11 

The samr rraction was carried out in nitrobenzenr solu- 
tion a t  150'. The solution rapidly became thick and finally 

r. set to a stiff gel in approximately 0.5 hr. The polymer was 
wa,shed free of solvent and unreacted monomer as in the 
preceding experiment. Sharp bands at 2A5- 

'.17 p.  Indicate C, 52.60, 52.52; H, 4.12, 4.26. water of crystalliza- 
Anal .  Calcd. for (ClaH1,OaClz)n: C, 51.5; H, 3.96. Found: 

tion. b$71LMINGTOX, DEL 


