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ON THE REACTION OF PHOSPHOROUS ACID ESTERS WITH NUCLEOPHILES
IN THE PRESENCE OF CARBON TETRACHLORIDE

LOTHAR RIESEL, ECKHARD HERRMANN AND JORG STEINBACH
Sektion Chemie, Humboldt-Universitédt Berlin und Technische
Universitdt Dresden, G. D. R.

Abstract  Esters of N-Phosphoryl phosphazenes are prepared
by a modified Atherton-Todd reaction from di- and triesters
of phosphorous acid, sodium azide, and carbon tetrachloride
in high yields. The utilization of the two-component system
trialkyl phosphite/ carbon tetrachloride for preparing phos-
phazenes, (R0O),P=NY (Y: PO(OR),, SO,R, COR, CN), and dialko-
xyphosphoryl cdmpounds, (RO),PLOIX °(X: NHR, NR,, OPh, CN, F,
NCO), is presented.

In the presence of bases carbon tetrachloride is able to oxidize

diesters of phosphorous acid (Atherton-Todd reaction) (Eq. (1)),

whereas it reacts with triesters of phosphorous acid according to
the Michaelis—Arbusov reaction| (Eq. (2)).

(RO)QP(O)H + CCl, —®) 5 (RO)_P(0)C1 + CHCL 1)
(RO)BP + CCL, —_— (RO)QP(O)CCIB + RC1 )

In Michaelis—Arbusov reactions as well as in systems consisting of

CCl4

ted quasiphosphonium compounds are formed as reactive intermedia-

and other tricoordirated phosphorus compounds tetracoordina-

tes. Por that reason such two-component systems exhibit a consi-
derably synthetic potential, which has been shown in numerous in-—
stances for the systems PPhB/C014 and P(NMe2)3/0014 by Appel2 and
for the system P4/0014 by Lehmann? Contrary to these systems the
system trialkyl phosphite / carbon tetrachloride has hardly been
used for synthetic purposes. Only its reactions with alcchols,

thicalcohols, and phenol are described.1
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APPLICATION OF THE ATHERTON-TODD REACTION TO THE SYNTHESIS OF
N—PHOSPHORYL PHOSPHAZENES™

Esters of N-phosphoryl phosphazenes, (RO)2P(O)—N=P(OR')3, I, are
biocactive compounds. As their synthesis by the Staudinger reaction
(Eq. (4)) requires manipulations with the highly toxic phosphoryl
azides, (RO)QP(O)NB, we studied possibilities for their in situ
formation by combining the Atherton-Todd reaction with the displa—
cement of C1~ by NB_ and the Staudinger reaction (Eqs. (3)-(5)).

- (b) -
(RO)QP(O)H + CCl, + N3 —_— (RO)gP(O)N3 +Cl + CHC]_3 (3

(RO)QP(O)N3+P(OR')3 — I + N, (4)

(RO),P(OJH + CCL, + Ny~ + P(OR')y ——= L+ 1N, + Cl™ + CHCI 5 ()

3
Reaction (3) only takes place in the presence of a base (e.g. tri-
ethylamine), but even then it is not suited for preparing phospho-—
rylazides on a preparative scale. In the presence of trialkyl phos-
phites, however, I are formed in nearly quantitative yield, even
in the absence of an amine. Only by using phosphites containing
aryl groups a base has to be added. In this way we succeeded in
preparing about 40 different esters (R, R': Me, Et, Pr, n-Bu, i-Bu,
Ph) by a "one-pot! synthesis in high yields.4

In our opinion dialkyl phosphite anions, (RO)QP(O)—, play a
key role in the reaction mechanism. They can be formed either by
the reaction of (RO)QP(O)H with a basic catalyst or with the charge
transfer complex of P(OR)3 with CCl,. The anion reacts as a strong
nucleophile with 0014 via a charge transfer complex to phosphoric
acid ester chloride (Eq. (6)):

3 3
The CT-complex as well as the very basic trichloromethanide anion
should effect the deprotomation of additional dialkyl phosphite.

Thus, the reaction proceeds automatically, if the equilibria are

(RO)EPO_ + CCl4 a=3'(RO)2(O)P..Cl..CC1 T e (RO)2P(O)CI + CC1

continuously disturbed by removing the reaction products. Such con—

ditions are given in the system according to Eq. (5).
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SYNTHESES WITH THE TWO-COMPONENT SYSTEM TRIALKYL PHOSPHITE / CAR-
BON TETRACHLORIDE

The two—component system trialkyl phosphite / CClq reacts with va-
rious nucleophiles containing protons. The type of reaction taking
place depends on the number of protons and their acidity.

Amides of acids and cyanamide react with (RO)3P/CCl4 in the
presence of bases forming phosphazenes (Eq. (7)).

(RO),P + H.NY + CC1 __llllﬂ, (RO)P=N-Y + CHCL., + HCL n
3 2 4 3 3

(¥: (RO),P(0), PnSO,, PhSO,, PhCO, NC)

In the case of cyanamide good yields (75 %) can only be achieved
by using NalNHCN. On heating rearrangement of (EtO)3P=NCN occurs to
give (EtO)QP(O)—NEt~CN. The preparation of (EtO)3P=NC(O)Ph requires
the presence of an excess of amine as HCl-acceptor since HCL cata-
lyzes its decomposition into PhCN and (EtO)BPO.

For preparing I instead of (RO)2P(O)NH2 mixtures of di- and
trialkyl phosphites and ammonia can be used (Egs. (8) and (9)).

(RO)EP(O)H + (RO)3P + 2 CCl4 + 3 NH3 —» 1 +2 CHCL3 + 2 NHqu (8)

2 (RO)JP + 2 CCl, + 2 NHy —=1I + 2 CHCLy + RC1 + NH,C1 (9

However, in both cases phosphorylamides, (RO)EP(O)NHQ, are formed
as main products. I is only obtained in a 20 % yield.

Because of their higher basicity aliphatic amines react with
the two—component system under the elimination of alkyl chloride

formning phosphoryl amides in about 80 % yield (Eq. (10)).

(RO)3P + HgNR' + CClq>———"(RO)2P(O)NHR' + RC1 + CHC13 (10)
(R: Et, Bu; R': n-Pr, n-Bu, PhCH,, Ph)
2

Caused by ligand exchange reactions diamides (RO)P(O)(NHR')2 are
formed, too. The formation of phosphazenes (10 %) according to Eq.
(7) could only be observed in the case of aniline. But in spite of
its medium NH-acidity NEt3 has to be added as HCl-acceptor. Other—
wise only dialkoxyphosphoryl anilides (90 %) are obtained for the
phosphazene is easily dealkylated by anilinium chloride (Eq. (11)).
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PhN=P(OR)3 + PhNHBCl —> PhNH—P(O)(OR)2 + PhNH2 +RC1 (1)

In the case of sterically hindered amines the Hichaelis—Arbu-
sov reaction is favoured. So, secondary amines yield (RO)2P(O)NRé
only to an extent of about 10 %. The main products are ClBCPO(OR)2
=15 %) (Ga. (2)) and its dealiylation product C1,C-P(0)(OR)O
NRSRH" @0 %),

Weak acids possessing only one proton react with P(OR>3/0014
in the presence of catalytic amounts of NEt3 forming acyl deriva—

tives of phosphoric acid esters (Eq. (12)).

(RO)P + X + CCL, —b) o0 (RO) PO + CHCIB + RC1 (12)
X = OPh (yield: 51 %; cf31 =7.1 ppm) CN (73 %; —21.7 ppm);
NCO (25 %; ~13.1 ppm); F (44 % — 13.3 ppm))

In all these reactions, initially, the formation of a CT-com—
plex (RO) P..Cl. CCl3 and its conversion into the guasiphosphonium
salt (RO) PCl CCl3 can be supposed. Both compounds react with
substances containing protons under the formmation of chloroform
and the displacement of chloride leading to the guasiphosphonium
salts (RO)BPY+ Cl™. On this stage ligand exchange reactions are
possible. The route of stabilization of this intermediate depends
on the electrophilic properties of the atoms and groups in the mo-
lecule. If the acidity of further Hwatoms of Y is too smll or in
cases that no further H-atom exists alkyl chloride is eliminated
yvielding dialkoxyphosphoryl compounds. In the presence of acid H-
atoms at Y, especially in basic medium, HCl-elimination takes pla-

ce resulting in the formation of phosphazenes.
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