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I)eg:rn to separate in a few minutes. After the mixturc had 
stood at  room temperature for about 20 hr. with occasional 
aeration, filtration afforded 0.30 g. (937, yield from 2- 
mcthylthio-2-thiazoline) of fine white crystals, m.p. 144- 
145.5'. Ilccrystallization from 1 : 1 aqueous ethanol gave 
glistening plates, m.p. 145-146.5'. The infrared spectra of 
this product and of the disulhde from the rearrangement 
were identical; there was no mixed melting point depression. 

The dihydroiodide of the disulfide, m.p. 244.5-246', wm 
isolated from an attcmptcd preparation of the mercaptan 
(111) from 2-methylthio-2-thiazoline hydroiodide' and 2- 
mercaptoethylamine in refluxing methanol. The same com- 
pound waa obtained from IV and hydrogen iodide. 

Anal. Calcd. for CloHm12N4S4: C, 20.76; H, 3.49; S, 22.17. 
Found: C, 20.88; H, 3.57; S, 22.41. 

Acknowledgment. The authors are indebted to 
Mr. C. DiPietro and Mr. W. A. Sassaman for the 
microanalyses and to Mr. F. H. Bissett for the 
infrared spectra. 
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Only a few s'imple derivatives of the six-membered 
dioxaborinane ring (I) have been reported in the 
l i t e r a t u r ~ , ~ - ~  and none of the materials described 

Ia. R=CI- 
I b. R = n-C4H,O- 

I 

has been characterized by molecular weight de- 
terminations. 2-Chloro-l,3,2-dioxaborinaiie (Ia) was 
prepared from equivalent amounts of trimethylene 
glycol and boron trichloride. Conklin and Morris2 
originally described this reaction but did not char- 
acterize the chloro compound. Finch, ei aL.,3 who 
have prepared Ia  independently by a similar 
method, described it as a viscous liquid, whereas 
the product obtained in the present work was not 
a viscous material a t  room temperature. Reaction 
of l a  with n-butyl alcohol gave 2-n-butoxy-1,3,2- 
dioxaborinane (Ib), a reaction which was also 
noted by Finch. The experimental molecular 
weights of these borinsnes given in Table I show 
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that they are monomeric in benzene solution in the 
concentration range studied. 

A number of related organoboron compound8 
containing the five-membered dioxaborolane ring 
(11) have been reported in the literature, and their 
physical properties have been described in some 
detail. Although they have generally been assumed 
to be monomeric in the liquid state, the only simpIe 
dioxaborolane for which an experimental molecular 
weight has been reported is 2-n-butoxy-1,3,2- 
dioxaborolane (IIc), which was found to be mono- 
meric in cyclohexane solution.6 The concentration 
used in this molecular weight determination was 
not specified. 

IIa. R = C1- 
IIb. R t CiHs 0- 
IIc. R a ~z-CIHI 0- 
IId.  R =i (CH& N- 

o - R  

I1 

Recently 2-chloro- (Ira): 2-n-butoxy-(IIc), and 
2-dimethylamino-l,3,2-dioxaborolanes (IId) have 
been prepared in this laboratory, and their physical 
properties agreed with those reported by previous 
~vorke r s .~~6~~  It was noted, however, that the chloro- 
borolane, IIa, is an extremely viscous compound 
with a boiling point which suggests a high degree 
of association in the liquid state. For example, 
chlorodimethoxyborane, (CHaO)ZBCl, which has a 
molecular weight of 108.3 compared to 106.3 for 
IIa, has a vapor pressure of 1 mm. a t  -47'8 
while IIa boiled a t  74" a t  1 mm. Cryoscopic molecu- 
lar weights of the borolanes, IIa, IIc and IId, were 
determined in benzene solution, and the results 
are shQwn in Table I. 

The chloro compound (IIa) apparently exists 
in the dimeric form in benzene solutions in the con- 
centration range studied. The only other examples 
of alkoxyhaloboranes which were reported to be 
strongly associated in the liquid state are di- 
f l u o r o m e t h o ~ y b o r a n e ~ ~ ~ ~ ~ ~  l 3  and n-butoxydifluoro- 
borane'* which were originally reported to be di- 
meric. Latcr M ~ C u s k e r ' ~  suggested that these 
compounds were complexes having the general 
formula, (RO)aB.2BFz. However, recent studies 
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TABLE I 
MOLECULAR WEIGHTS OF SOME DIOXABORINANES AND DIOXABOROLANES 

Decree of Molecular Weight 

ComDound 
Calcd. PoYymer- 

Moles/L.u Sxptl. Monomer Dimer ization 

( Ia )  2-Chloro-l,3,2-dioxaborinane 0.27 124.8 120.8 241.6 1.03 

( IIa) 2-Chloro-l,3,2-dioxaborolane 0.36 208.9 106.8 212.6 1.06 
( IIc) 2-n-Butoxy-1,3,2-dioxaborolanc 0.17 182.4 143.8 287.6 1.27 

(Ib) 2-n-Butoxy-1,3,2-dioxaborinane 0.14 162.7 158.0 316.0 1.03 

(IId)  2-Dimcthylamino-1,3,2-dioxaborol~~c 0.33 113.6 114.8 229.6 1.01 
~~ 

Moles/l. in benzene solution, moles bmed on monomer. 

by Landesman and Williamsl4 have proven that all 
boron atoms present in these compounds are 
equivalent and have postulated a cyclic trimeric 
structure with coordinate boron-oxygen' bonds for 
these materials. The related aminohaloborane 
dimers with the empirical formula R2NBX2 have 
been assigned Structure (111) with coordinate 
boron-nitrogen bonds. 15-17 A comparable structure 
for the dimer, IIa,  is represented by (IV) but on 
the basis of present evidence it is only possible 
to speculate on the structures of this dimeric 
derivative. 

I11 IV 

2-Dirnethylamino-l,3,Zdioxuborolane, IId, was 
found to be monomeric in the liquid state. How- 
ever, 2-n-butoxy-1,3,2-dioxaborolane, IIc, which 
was previously reported6 to be monomeric in 
cyclohexane solution, has now been found to have 
an intermediate degree of association in benzene 
at least in the concentration range indicated. The 
molecular weight of 2-ethoxy-1,3,2-borolane (IIb) 
was not determined, but on the basis of its reported 
boiling point6 it is probably dimeric or highly 
associated also. 

The striking differences in the molecular weights 
of these five and six-ring derivatives are difficult to 
explain, and more information is needed concerning 
both the nature and the absolute configurations of 
the five and six-membered boron-oxygen-carbon 
ring systems. 
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EXPERIMENTAL 

Uorolanes. The preparations of 2-chloro-1,3,2-dioxiboro- 
1ane2,6 and 2-dimethylamino-1,3,2-dioxaborolane2 were as 
described in the literature. 2-n-Butoxy-1,3,2-dioxoborolanc 
was prepared by Letsinger's method? from ethylene glycol 
and n-butyl borate and also by the reaction of 2-chloro- 
1,3,2-dioxaborolane with n-butyl alcohol as described by 
Gerrard and Lappert.6 The products from both methods 
exhibited identical physical properties and molecular wights. 

2-~hloro-l,3,Z-dioxaborinane. Boron trichloride (71.70 g., 
0.613 mole) was added slowly to a solution of 46.64 g. (0.613 
mole) of trimethylene glycol in 200 ml. of pentane at  - 10" 
in a dry-nitrogen atmosphere. The reaction mixture was 
warmed to room temperature, the hydrogen chloride and 
pentane removed by distillation at  reduced pressure, and 
the residue distilled to give 55.0 g. (74.370 yield) of 2- 
chloro-1,3,2-dioxaborinane, b.p. 28-31'/0.5 mm., 7tg 

1.4361. 
Anal. Calcd. for C ~ H ~ O Q C ~ B :  C, 29.83; H, 5.01; C1, 29.4; 

B, 8.97. Found: C, 29.90; H, 5.40; C1, 29.04; B, 8.84. 
d-n-Butoxy-1,3,2-d~oxabor~nane. A solution of 3.77 g. 

(0.051 mole) of n-butyl alcohol in 10 ml. of pentane was 
added slowly to 6.14 g. (0.051 mole) of 2-chloro-1,3,2- 
dioxaborinanc in 15 ml. of pentane a t  25' in a dry-nitrogen 
atmosphere. The solution was stirred for 3 hr. a t  this tem- 
perature, the pentane removed under vacuum, and the 
residue distilled to give 6.34 g. (7970 yield) of 2-n-butoxy- 
1,3,2-dioxaborinanc, b.p. 75-80"/1-2 mm., n2b5 1.4270. 

Anal. Calcd. for CiHlbOaB: C, 53.21; H, 9.57; B, 6.84. 
Found: C, 53.80; H, 9.59; B, 6.95. 

Molecular weight determinations. Molecular weights 
(Table I )  were obtained in benzene using samples of about 
0.5 g. in ca. 20 ml. of solvent (concentrations given in Table 
I) and standard cryoscopic techniques. The samples wcre 
handled and the determinations made in an atmosphere of 
dry, oxygen-free nitrogen. Molecular weight measurements 
were reproduciblc within 2-3y0 and the values given are the 
averages of two to four separate determinations in each 
case. 
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During the course of work on the chemical 
properties and hydrolytic stability of organic 


