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ABSTRACT

1. The following new organic boron-nitrogen compounds were
synthesised:
O-phenylene t-butylaminoboronate
O-phenylene ethylaminoboronate R’
O-phenylene isopropylaminoboronate g
o-phenylene phenylaminoboronate

o-phenylene dimethylaminoboronate |

The last four compounds were all obtained as hydrolytically
stable dimers.,

The problem of monomer = dimer, equilibrium and the influence
thereon of substituents on the nitrogen atom has been studied
qualitatively.

2. A preliminary study of the novel classes - acylamino-

sulphonylamino~ boron compounds has been undertaken. Among the
compounds characterised are

Bis( o-phenylenedioxyboron) sulphamide [::]:::)}-Nu}a50

415



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display a currently valid OMB control number.

1. REPORT DATE
1962

2. REPORT TYPE

3. DATES COVERED
00-00-1962 to 00-00-1962

4. TITLEAND SUBTITLE

Resear cheson Model Compounds Relevant to Linear Boron-Nitrogen

Polymers

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Paul V. Galvin Library,35W. 33rd Street,Chicago,| L ,60616

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR’'S REPORT

NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Thefollowing new organic boron-nitrogen compounds wer e synthesised ~-phenylene t-butylaminobor onate
~-phenylene ethylaminobor onate o-phenylene isopr opylaminobor onate ~-phenylene phenylaminobor onate
o-phenylene dimethylaminobor onate Thelast four compounds wer e all obtained as hydrolytically stable
dimers. The problem of monomer ~d1mer, equilibrium and the influence ther eon of substituentson the
nitrogen atom has been studied qualitatively. novel classes - acylamino- and has been undertaken. Among
the[~1So. 2. A preliminary study of the sulphonylamino- boron compounds compounds characterised are

Bis(~-phenylenedioxyboron)sulphamide

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a REPORT
unclassified

b. ABSTRACT
unclassified

c. THISPAGE
unclassified

17. LIMITATION OF
ABSTRACT

Same as
Report (SAR)

18. NUMBER
OF PAGES

9

19a. NAME OF
RESPONSIBLE PERSON

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



h(CH_,)) h
and the amides thB'i and -
OCH3 OCH

Stabilisation by chelation or autocomplexing is eXpected

S

(s0)

. Oxygen-bridging is being investigated and mcdel compounds

z:::B B(::i are being examined.

4. Attempts to prepare organic boron sulphates were unsuccessful.
DISCUSSION

1. BORON SULPHATES

The initial programme was concentrated on the organo-boron
sulphates (II), which were (and are) unknown.

>——O—%—O—< (I1)

It was hoped that such compounds might be stabilized,
particularly towards hydrolyticggttack by elﬁher 1ntra—(chelat10n)
0

or inter-molecular donation (0= e > ). Such
chelation has previously been démonstrated to occeur in the acyloxy
boron compounds.

The synthetic routes so far investigated, all of which yielded
negative results as far as boron sulphate formatlon wag concerned,
were (i) - (v).

(i) The interaction of a boron halogen compound (o-phenylene
chloro- or bromo-boronates, dibutyl chloroboronates or
phenyldichloroborane) with dry silver sulphate in the
absence or presence of various solvents {benzene, ether,
acetonitrile, methylene dichloride or chloroform’ under
reflux.

(ii) Potassium sulphate with o-phenylene chloroboronate in the
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presence of ligquid sulphur dioxide, under reflux.

(iidi) frihenylene chloroboronate and dimethyl sulphate at 60° for
our.

(iv) o-Phenylene ethyl borate and sulphuryl chloride under reflux.

(v)  o-Phenylene isocyanatoboronate and mercuric sulphate in the
presence of benzene under reflux.

A possible explanation for the lack of formation of organo-
boron sulphates may be due %o the considerable electron
attracting capacity of the sulphonyl group. Thus a sulphonyl
group and a boron atom would in a boron sulphate be in competition
for the electrons of the oxygen atom. In a recently published
batent there is claimed the synthesis of organcboron sulphates, by
refluxing dialkyl sulphates with dialgy}boron chlorides, using an
initiagl reflux temperature 100° = 150Y;5 it was stated that these
compounds are highly reactive and decompose above the upper reflux
limit. It is proposed to repeat these experiments at a later date.

2. SULPHAMIDES OF BORON

Due to the possibility that the electron-acceptor strength of
the sulphonyl group prevents sulphate formation, it was thought
that if a stronger electron-donor group was attached to the sulphur,
it would be possible to effect bridging of two boron atoms by a
substituent containing a sulphonyl group. As sulphamic acid had
previously been tried,4 but without success, it was decided to
attempt to synthesise boron-substituted-sulphamides. In
sulphamide, the diamide of sulphuric acid, it was considered that
the nitrogen atoms would satisfy the requirewments, and this lead
to two approaches to the synthesis of boron sulphamides.

(i) By direct metathesis of chloroboronates with sulphamide or
gsubstituted-sulphamides: thus on refluxing o-phenylene
chloroboronate with sulphamide in benzene, hydrogen chloride
was evolved, leaving a white benzene-insoluble solid, which
?nalysed as the N,N'bis(o-phenylenedioxyboron) sulphamide

IIT

so2(NH2)2 + 206H402301 -

(II1)

Coupound {(III) was not very stable to hydrolysis.
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(ii) The second approach was to react alkylaminoboronates with
sulphuryl chloride.

0
i

2R1RZBNHR'-+ 802012 —> R1R2B-T-R-T-BR281

R'0 R!

This second approach hag not up to the present time been
investigated, since synthesis of the o-phenylene alkylamino-
-boronates, which are the required precursors has Jead %o
other interesting chemistry (see Section 3).

3. o-PHENYLENE ALKYL— OR ARYL-— AMINOBORONATES

Investigation of o-phenylene alkylaminoboronates was under-
taken partly in order to provide starting materials for
borosulphamides and partly as a means of producing new boron
compounds with boron-nitrogen-boron linkages. The latter problem
was envisgged as involving the following alternative reaction
sequences.

(i) By analogy with the pyrolysis of tris{alkylamino)boraves,
which eliginate amine to produce boron-nitrogen-boron
linkagesj;” thus, it was intended to pyrolyse the o-phenylene
alkylaminoboronates to give the required compounds.

2 CgH,O,BNHR - 06H402B—N(R)-302H406 + RNH,

(1i) By direct metathesis between o-phenylene alkylaminoboronates
and o-phenylene chloroboronates.

06H4OZBCl + RHN30206H4

A number of o-phenylene alkylaminoboronates were synthesised,
and two methods of preparation were used. The first method was
by the reaction of o-phenylene chloroboronate and the appropriate
amines in the presence of benzene or light petroleum, and
subsequent removal by filtration of the amine hydrochloride.

- C6H402B-N(R)—BO2H406

-+ —
C6H4OQBCI + 2 RNH2 -+ C6H4O2BNHR + RNH3 cl
The second method of synthesis was by transaminating o-phenylene
diethylaminoboronate, by the use of the appropriate amine in the
presence of light petroleum. This wethod was preferred due to

the speed and efficiency of reaction. The o-phenylene phenyl-,
isopropyl-, ethyl-, and t-butyl-aminoboronates were prepared by
the methods outlined. Some of the properties of the above amino-
boronates are summarised in Table 1.
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TABLE 1.

Ref. D ML D Normal state .
Compound No. | (5/mm.) (6§ of Miscellaneous
Aggregation

06H402BNHBut Iv | 68/0-3 Monomer |Readily sttacked
by moist air

06H4023NHPr1 v | 54/0-2 Monomer Slowly attacked

2 Dimer by moist air

06H4OEBNHEt Vi 265-75 Dimer |Stable but slowly
attacked by cold
water

C6H402BNHPh VII 266-8 Dimer Stable and very
slowly attacked
by cold water

Structurally, compounds (V) - (VII) are considered to be dimers
(VIII), due to their low reactivity, moleculare weights, infrared
spectra (see below) and gteric requirements.

(Vv1iII)
Compound (IV) is considered to be monomeric from similar evidence.

Infrared spectra of compounds (V) - (VII)+show brpoad bands
attributed to BN stretching frequencies at 920- 1Ocm.”™  which is
in accord with previous observations for the BN strgtching

frequencies of the other similar dimer (MeZNBCl ) The monomeric

grphenylenelt—butyl-aminoboronate has a BN stre%cﬁing frequency at
1535 2cm.™, which is in goodTa reement with BN stretching 6
frequencies in other borazens, including monomeric Me2NBCl2)

419



The spectra of all of the dimeric compoun?s gshow rather low NH
stretching frequencies at 3225 - 3125cm.”—, this may be compared
with the NH stretching frequency of the monoTeric o-phenylene
t-butylaminoboronate located at 3472 £ 2cm.

Compound (V), when freshly prepared and prior to dlstlllation,
was a ligquid and had the BN stretching frequency at 1543% 2cm.”
and the NH frequency at 3425% 2cm.” After distillation it
solidified and although both these peaks still persisted to a small
degree in a spectrum of the solid, the dimer peaks were very much
more predominant. There thus appears to be an equilibrium between

the monomeric and dimeric states for compound (V). The significant
spectroscopic data are summarised in Table 2.
TAEBLE 2.
. t* i¥ i
R in 06H4023NHR Ba Et Pr Pr Ph
NH (cm™) 3472%2 | 3174%2 | 3425%2 | 319532 | 3125%2
BN (cut) 1535%2 | 915%t10] 1543%2 | 922%f10 918%10

* monomers

The reason for dimerisation is clearly due to the

thermodynamic preference for existence in this state, but may be
prevented if the steric effects of the substituent groups introduce
a high entropy term. The low steric requirement of the o-phenylene
dioxyboron ring enables the thermodynamic factor for dimerisation to
be greatly enhanced. This is instanced by the fact that even
o-phenylene isopropylaminoboronate is dimeric, despite the presence
of the bulky isopropyl group.

4. o-PHENYLENE DTALKYLAMINOBORONATES

In the light of the discovery of the dimeric o-phenylene-—
dioxyborons described in Section 3, it was decided to investigate
the dialkylamino series also. The o-phenylene diethyl- and
di-n-butyl-aminoboronates had p eviously been prepared and were
monomeric high boili liquids, which were very susceptible to
hydrolytic attack. herefore any possibility of isolating a dimer
in this series, was only likely with the lowest homologue, namely
o-phenylene dimethylaminoboronate. This compound was synthesised
by direct transamination of o-phenylene diethylaminoboronate with
dimethylamine, using light petroleum as solvent. Distillation
afforded a crystalline solid, which from molecular weight, its
hydrolytic stability and molecular model consideration was assigned
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the dimeric structure (IX). Na Ma

Infrared data alsc indicated the dimeric structure, sinci the BN
stretching frequency was considered to be at 946% 10cm.™ (broad),
which is wuch lower than the 1354% 2cm.”t assigned to the SN
stretching in the other o-phenylene dialkylaminoboronates.

Isolation of dimeric o-phenylene dimethylaminoboronate was of
further interest, since i& provides the first example of a dimeric
tetrasubstituted borazen, 0" $hus also confirming our view
regarding the low steric requirements of the planar fused
o-phenylenedioxyboron ring.

5. AMIDOBORON COMPOUNDS
These compounds have the functional group (X).

>3-1lI-E—R

(X)
The idealised synthetic routes (i) to (v) have been explored.

(1)@432 + HQNECHB = NHCOCH; + R,fH
R = Et, PI‘l
(2)@41 + PhNHCOCH, - ICOCH3 + HCL
h

(II)

(3 Cl + [PhNCOCH, |"Na* - (II) + ©NaCl

0
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(4) [:::[j::}pc1 + PNHCOCH; + Et;¥ - (II) + Btyil,HOL
B .
(5) [:::I:z::ﬁ—i—Bu + CH,COCL + CgH .M o
- . "+."1—
[::J:Z::Bi;gocﬂ3 + LC5H5NHJ o1

Routes (3) and (4) appear promising, but the others less so.
Using method (3), the amides (XI) and (XII) have been made. Their
properties are being investigated.

:: :z: N<::Zh P::::B_Ei::Zh(CHs)
OCH3 P OCH3
(X1) (XI1)

6. OXYGEN-BRIDGING

A major purpose of our research is the synthesis of model
compounds for polymers, having two boron atoms attached through
a ovridging group. In the present case, bridging through an
oXygen atom was explored.

Compounds of the type §>8-0-3<§ although known are very

limited in number.  Examples are where B = AcO, Bu, Ph and

X = AcO, Bu, Ph or halogen. A survey of the literature of these
compounds was carried out in order to find methods to extend the
series. It is proposed also to use these compounds to attempt
the preparation of novel ring systems, e.g. tetrameric boroxoles.

The synthesis of [Ph(BuO)B]ZO, (XIII), from n-butoxychloro-
phenylborane was attempted.

Two reaction schemes were carried out (see below), but in
neither case was (XIII) isolated. It may have been an unstable
intermediate, however, in reactions (6) and (7)

P
(6) 2 h;:3—01 + HgO - %(Ph}ao)3 + PhB(OBu)2 + HgCl

Bu 2
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(7)

2.
3.
4.

P
- 1
2Bu2>3_01 + [(CH3)331J2O - §(Ph130)3 + PhB(OBu)2 +
2(CH3)38101.
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