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ORGANOBORON COMPOUNDS
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Summary

The preparation and properties of some new boron heterocycles of formula
CH,—O__ (X =-Ph, SR, NR, and NHR) are described.

&,—s—B—X

Organocboron heterocyclic derivatives of ethane-1,2-diol and ethane-1,2-dithiol
have been fully investigated [2]. In contrast heterocyclic derivatives of 2-mer-
captoethanol have been ignored. Mixed oxygen—boron—sulphur heterocycles
have been mentioned in a review [3], in the patent literature [4] and in a gas
chromatographic study of heterocyclic organoboranes [5]. Recently we reported
the results of a study on the synthesis and properties of oxathiaborinans [6]and
now describe our recent work on heterocyclic derivatives of 1,3,2-oxathiaboro-
lans. 2-Phenyl-1,3,2-oxathiaborolan was obtained in high yield from the inter-

_ action of 2-mercaptoethanol and bis(ethanethio)phenylborane.

CHZ——OH CHZ——O\
+ PhB(SEt), - | _B—Ph + 2EtSH
CH,—SH CH,—S

2-Phenyl-1,3,2-oxathiaborolan was also obtained, but in lower yield, from the
interaction of dichlorophenylborane with 2-mercaptoethanol.

One general procedure in studying the chemistry of a heterocyclic organo-
borane is to study the substitution reactions of the corresponding chloroborane.
All our attempts to prepare 2-chloro-1,3,2-oxathiaborolan from trichloroborane
and 2-mercaptoethanol were unsuccessful. However its instability did not pre-
vent our investigation of the derivatives of this system since the 2-mercapto com-

* For part XI see vef. 1.
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pound, which’ was obta.med from the mteractlon of tns(etha.nethm)borane and
2-me"captoethanol was thermally stable. : . ..

" CH,—OH = CH,—O__ _
- 2EtSH+ | = B—SEt
(EtS);B + CH,—SH CH,—S

Hydrogen chloride reacted with the Z-mercapto derivative but mstead of the 2-
chloro compound, a polymeric material was formed.

Compounds containing boron—sulphur bonds react very readily with amines,
and the interaction of diethylamine with the 2-ethanethio compound gave the
corresponding 2-diethylamino-1,3,2-oxathiaborolan in high yield. An alternative
method for its synthesis involved the interaction of 2-mercaptoethanol and tris-
(diethylamino)borane.

CH,—O__ Et CH,—O CH,—OH

2NH ~
| /B—SEt ~EisH I B—NEt, Z2Et,NH | + (Et,N);B
CHz—S ) CHz—S i CHZ—S H

Transamination, between a primary amine and 2-diethylamino-1,3,2-oxathia-
borolan, gave the corresponding 2-alkylamino-1,3,2-oxathiaborolans. The alkyl-
amino and dialkylamino compounds are further examples of thermally stable
unsymmetrical organoboranes having three different groups attached to boron.

CH,—O__ CH,—O__
| /B—NEtz + RNH, - | /B—NHR
CH.—S CH,—S

R = n-Bu + t-Bu

In the case of the two alkylamino compounds a band in the infrared spectrum
in the region 3400—3360 cm™, due to N—H stretching frequency was observed
in the region characteristic for a monomeric alkylaminoborane [7].

Infrared spectra :

The infrared spectra of the 1,3,2-oxathiaborolans were found to be complex,
and except for those due tc the N—H stretching frequency it is difficult to as-
sign bands with any certainty. The infrared spectra were consistent with the for-

- mulation of the compounds and infrared bands in the regions 1515—1470,

TABLE 1
MAIN IONS OF INTEREST IN THE MASS SPECTRA OF 2-SUBSTITUTED-1,3,2-OXATHIABOROLANS

Substituent Parent ion Base peak Parent jon —substituent
m/le % mfe mfe - %
Ph 164 93 74 .87 <1
NEt, - 159 23 144 87 1.1
'NHBu-n 159 18.8 116 87 - <1
NHBu-t 159 15 i4a4 87 - 1.3

SEt 148 91.3 136 87 17.3
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~1330—1295 and 1035—970 em™ are tentatively assigned to B—N, B—O and
- B—S stretching frequency bands.

Mass spectra

The mass spectra of this new series of compounds have been studied and
Table 1 lists the main ions of interest in the mass spectra of 1,3,2-oxathiaborolans.
Full details of the mass spectrum of 2-phenyl-1,3,2-oxathiaborolan have been
previously published [8].

Experimental

Dichlorophenylborane [9], bis(ethanethio)phenylborane [10], tris(ethane-
thio)borane [11] and tris(diethylamino)borane [12] were prepared by methods
established in the literature. All the compounds prepared readily hydrolysed and
gave off an unpleasant odour, consequentially the usual precautions were taken for
handling air sensitive materials and contact with the atmosphere was kept to a
minimum. The molecular weight determinations and mass spectra were obtained
using an AEI MS902 mass spectrometer at 70 ev., infrared spectra were recorded
using a PE 457 spectrometer and the !B NMR spectra were recorded using a
PER 10 spectrometer. Chemical shifts are quoted with respect to trimethoxy-
borane as an external standard.

Preparation of 2-phenyl-1,3,2-oxathiaborolan

2-Mercaptoethanol (0.52 g, 0.006 mol) was slowly added from a syringe into
bis(ethanethio)phenylborane (1.38 g, 0.006 mol) at —78°C. The mixture was
allowed to reach room temperature and the ethane thiol was removed under
vacuum to leave a residue which on distillation afforded 2-phenyl-1,3,2-oxa-
thioaborolan (0.83 g, 77%), b.p. 81—84°C/1.5 mmHg, n§ 1.5764, ''B NMR
—31 ppm. (Found: C, 58.66; H, 5.62; Mol.wt., 164. CgHyOSB caled.: C, 58.51;
H, 5.52%; Mol.wt., 164).

The reaction was repeated using dichlorophenylborane, and 2-phenyl-1,3,2-
oxathiaborolan (55%) was obtained.

Preparation of 2-ethanethio-1,3,2-oxathiaborolan

2-mercaptoethanol (1.21 g, 0.016 mol) was added to tris(ethanethio)borane
(2.99 g, 0.0166 mol) at —78°C. The reaction mixture was allowed to attain room
temperature and after removal of ethane thiol under vacuum the residue on dis-
tillation afforded 2-ethanethio-1,3,2-oxathiaborolan (1.94 g, 84%) b.p. 73°C/
4.2 mmHg, n¥’ 1.5403, ''B NMR —32 ppm (Found: C, 32.04; H, 6.16%; Mol.wt.,
148. C;H,0S,B caled.: C, 31.81; H, 6.11%; Mol. wt., 148).

Preparation of 2-diethylamino-1,3,2-oxathiaborolan

Diethylamine (0.47 g, 0.006 mol) was added to 2-ethanethio-1,3,2-oxathia-
borolan (0.94 g, 0.006 mol) at —20°C. The mixture was allowed to attain room
temperature and after removal of ethane thiol under vacuum the residue on
distillation afforded 2-diethylamino-1,3,2-oxathiaborolan (0.86 g, 76%), b.p.
58—60°C/4 mmHg, n¥ 1.4810, !B NMR —16 ppm, (Found: C, 44.82; H, 8.76;
N, 9.08%, Mol.wt., 159. C;H,;NOSB caled.: C, 45.41; H, 8.81; N, 8.81%, Mol.
wt , 159).
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: 2-D1ethylammo-1 3 2-oxath1aborolan was a.lso obta.lned from the mteractlon
’of tns(dlethylammo)borane and Z-mercaptoethanol EELLS

,Preparatzon o, 2—n-butylammo 1 3 2—oxathzaborolan - '
' n-Butylamine (2.2 g, 0.03 mol) and 2-d1ethylam1no—1 3, 2-oxath1aborolan -
(2.15 g, 0.014 mol) were refluxed in benzene for 4 h. After removal of the d1- :
ethylamine and benzene under reduced pressure the residue on distillation af-
forded 2-n-buty1ammo-1 3, 2-oxath1aborolan (1.32 ¢, 61. 4%,, b.p. 42—45°C/ -
0.15 mmHg, (Found: C, 44.158; H, 8.73; N, 8.46%; Mol.wi., 159 CGHMNOSB :
calcd.: C, 45.41; H, 8.81; N, 8.81%; Mol.wt., 159). :
2-t-Butylamino- 1 3, 2-oxath1aborolan (65%) b.p. 36—38° C/O 1 mmHg, (Found.
C,45.92; H, 9.11; N, 8.93%, Mol.wt., 159. C¢H,,NOSB calced.: C, 45.41; H, 8.81;
N, 8.81%; Mol.wt., 159) was also obtamed from the interaction of t-butylamine
and 2- chethylammo-l 3,2-oxathiaborolan. ,

Attempted synthesis of 2-chloro-1,3, 2-oxathlaborolan

(a) 2-Ethanethio-1,3,2- oxathiaborolan was dissolved in petroleum ether and
the mixture cooled to 0°C. Hydrogen chloride, from a cylinder, was bubbled
through the solution for 30 min. The solvent, ethane thiol and excess hydrogen
chloride were removed under vacuum and a white intractable solid remained.

(b) A 10% molar excess of trichloroborane was distilled into 2-mercapto-
ethanol at —80°. On warming a vigorous reaction occurred resulting in the for-
mation of a white unidentified solid.
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