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P,B-CONTAINING HETEROCYCLES

B.A.ARBUZOV, G.N.NIKONOV, [0.A.ERASTOV], S.N.IGNATYEVA,
A.S.BALUEVA, A.A.KARASIK

Arbuzov Institute of Organic and Physical Chemistry,
USSR Academy of Sciences, Kazan, USSR

Abstract Synthetic methods and principal chemical
properties of boroxyalkyl derivatives of phosphines
are presented.

The synthesis of boroxyalkylphosphines appears to be
extremely effective in the borylation of o-oxyalkylphos-
phines and their derivatives by ethers of boric acid with
or without extra reagents. Mono-, bis- and tris-a-oxyalkyl-
phosphines as well as their oxides, sulfides or selenides
can be used as initial reagents. Borylation can be carried
out by boric acid or its ethers and by ethers or anhydrides
of diphenyl- and phenylboric acids. Depending on the number
of oxyalkyl groups in a phosphine and the type of boric
acid - acyclic, cyclic or bicyclic boryloxyalkylphosphines
can be obtained.

Ph(R)PCHROH + Ph,BOBu -——— Ph(R)PCHROBPh
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R= H, Alk, Ar, CCl3
In boryloxyalkylphosphines phosphorus and boron atoms are
in the three~coordinated state. At the same time their more
stable state is known to be with the coordination number 4.
By introducing extra reagents capable of reacting with
three-coordinated phosphorus and boron atoms into the
reaction of oxyalkylphosphines borylation it appears

possible to obtain derivatives of boryloxyalkylphosphines
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with different valence state ©f vhosphorus and boron atoms.

R
e
Ph}T(CHROH)2 + Ph.BOBu + A —— PhP H-A(or M)

B

1 2 (or ROM) Q\R—o/ \ph
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Ammonium 1,3,2,5-dioxaborataphosphorinanes and their bi-
cyclic analogues possess ionic-complex tautomerism and

can be in two isomeric forms in solution.

PO 4  CHR-OH
PhP BPh ———»  PhP
Nepp-0" 2 - }'{\crm-onyhz

T
Comparable conditions for the synthesis of initial a-oxy-

alkylphosphines and the reaction of borylation enabled us
to combine the stages of formation of a-oxyalkylphosphines
and boron acid derivatives omitting the stages of isolation
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and purification of phosphoric alcohols. This essentially
simplifies the methods of obtaining boroxyalkylphosphines.
The reaction of bis (a-oxyalkyl)phosphines with functional
substituents of carbon atoms opens new possibilites for

synthesizing heterocycles.

CgH,OH \BPh HNEt
Ph,BOBu, NEt

3
PhP(CHOH) . PhP

2
O -

OH

PhP >BPh HNEY \B<-Py
of

3 |

/I 0

N

Heterocycles with a boroxyalkyl fragment can be obtained
in the course of the interaction of 1-borate-4-phosphonia-
cyclobutane-2 with aldehydes,and six-membered betaines are

formed in this case.

Ph Bu
Ph u D
\ /B + RCHO ———m C==C\-
Ph, P’ \BBu Ph, 14 1o »BBu,
R= Alk, Ar, RCH=CH- g

The synthesis of boroxyalkylphosphines can be performed
with aminomethylphosphines.

- /,/H\ :IPr-i
Ph, Bt \CH Ph Ph
VPCHNE$, ————s — )pcH.0B”
2T, Ph CH o » FCH,0B
€ ) \ 2 n,Ph Me Ph
Ph2BOBu-1 -MeNEt
UH \Ph 2
CH,0 -i-PrCHO

Not only boric acid ethers but also borohydrides can
be used as borylation agents which makes it possible to
synthesize new P,B-heterocycles. Hydroborylation of amino-
methyl derivatives of phosphines results in the formation

of the complexes of phosphines the structure of which is



18: 05 29 January 2011

Downl oaded At:

274 B.A,ARBUZOV, G.N.NIKONOV ET AL.

determined by the type of the cyclic phosphine and by the
radicals of phosphorus and nitrogen atoms. Boron in
hydrides is coordinated either in accordance with the phos-
phorus atom or with nitrogen atoms. Borylation of acyclic
aminomethylphosphines by boranes produces new heterocycles
containing borylaminomethylphosphine fragment.

HyB R R ®
CH,N, CH NCHQ CH
mp{ 2 o, PhE{ SpPn PhP\ B-H
| NoH N | “oH,NoH] \ CH, N’
H3BHBB R HyB 2L 2 BH, H3B

Interaction of bis(a-oxyalkyl)phosphines with catecholbo-
ranes gives spiro acids which react with metallic sodium

yielding corresponding salts.

JCHR=0, ~,0
PhP(CHROH), + H-B\O:© LI PhP{ B N
“orr-0"

Bis (oxymethyl) phenylphosphine reacts with N-Ph-a-iminoal-
kyldibutylboranes as a protonodonor causing the migration
of the butyl group from the boron atom to the neighbouring
carbon atom. However the reaction does not stop and the
migration of one more butyl group proceeds in the same

conditions.
CH 0]

PhP(CH,OH), + Bu,BC=NR — PhP 2 \B CBu
2 2 gk; \CH 0 3
( oy 2
Bu3B + CSNR

The procedures developed for the synthesis of P,B-con-
taining heterocycles are simple enough, they are based on
available raw materials and are of preparative character.
Involvement of great variety of phosphorus and boron
derivatives in these reactions makes the research area

promising.



