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Radical cations formed vier one electron oxidations play as
uscful chemical reaction intermediates in subsequent reac-
tions.” One of radical cation (1) formed from trialkylphos-
phites ofien generated clectrochemically or photochemically,
undergo a varicty of substitution or addition reactions with
nucleophiles or intramolecular Arbuzovs reaction.”

(ROYP: — (ROYPF + e (0
1
[f not teapped 1 react {urther with (ROXP to give the o
phosphorany] radical cation 2. as shown by ESR measure-
ments.™*
[(RO):P-P(OR:]F (RORPCH:C(Bu-t):  (RO)PN—CR’
2 3 4

[n the presence of --BuxC=CH: or RCN, | is intercepted to
generate 3 or 4% Preparatively useful phosphorylations

result from oxidation of trialkylphosphites in the presence of

aromatics, the first step of which is most likely process A in
Fg. (2).f

1 - X-C¢Hs T) (ROY:P-Ph* — (RO:)P(O)Ph 2)
Furthermore, Ph:Pi undergoes reaction with a nucleo-
phile.’

We report here evidence that 1, generated in the presence
of the chloride ion, undergoes two competing reactions,
combination with chloride ion to form a phosphoranyl radi-
cal 5, and cleavage to phosphonyl radical 6 and a carboca-
tion.

CIP(OR); « | — (RORP=0 + R* (3)
s A B 6

Process B in Eq. (3) has no precedent for 1 to our knowl-
edge. Recently, Yasuda and coworker suggested the possible
carbocation formation from the radical cation formed in the
photochemical electron transfer reaction of phosphonation.
The formation of neutral phosphoranyl radicals by combina-
tion of ions has received little attention, especially under
chemical oxidation conditions.

Evidence for the competition between steps A and B in
Eq. (3) can be explained by the product ratio obtained from
one electron oxidation of a series of ROP(OEt) in CH-Cl..
The tris(»-bromophenyl)aminium hexachloroantimonate.
(p-BrCeH1)sNSbCls (7+) served as an oxidant.' A weighed
amount of phosphite, ROP(OEt), was added vic a septum to

Table 1._Products yield (%) of the reaction of phosphite” with (p-

Breol LahNSbCly

phosphites 1t 10 11710 ather products

(1MORPOCIIPh 66 0 100/0 PhCH-CI{68%). PhCIT-OTL
(PhCH2)0

(FIORPOABu 83 4 9515 f-BuCl =

(FIORPOFBY 18 59 2377 j-BuCL . oy . =

(I1ORPOLt o 75 04100

“in CH:Cls. * by GC (capillary column. 30 m. SE-30. FID detector) with

sensitivity calibrated internal standard based on the amount of added

posphite. ¢ trace amount was obscrved.

25 mL of an argon (lushed 0.01 M CII-Cls solution of 7+
stirred in an ice bath (o give a solution cquimolar in both
phosphite and 7. Partial (ading of bluc colour of 7* occurs
almost instantancously.

Produets were identified by *'P NMR and GLC (FID detcc-
tor) analysis and quantitatively determined by GLC methods
with internal standard calibration. Yiclds of the phosphorus-
containing products (E10):P(O)CI. 10. and (E1OQ):P(O) L. 11,
arc recorded in the Table 1 along with RCT and other prod-
ucts. Reduction product {(p-BrCel1,):N was isolated from the
rcactions {GLC identilication).

The distribution of products 10 and 11 and formation of
RCl is interpreted via the Scheme 1. Conversion of radical
cation 8 10 phosphoranyl radical 9 is analogous to the pro-
posed reaction of PhsP+ by C1 10 yicld Ph:PCI which was
supported by the formation of halophosphorane.” Process B
competes with A in Scheme 1 according to the carbocation
stability order for R': PhCI1,' > +-Bu’ > sec-Bu' > Et'.
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Scheme 1
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Once formed. phosphorany ] radical 9 undergocs 8 scission
in the expected manner to yvicld the more stable radical. i.e. -
Bu- or sec-Bu- rather than Et-, Significantly. the competition
between paths A and B of the Scheme 1 docs not follow rad-
ical R- stability but instcad is dctermined by the relative
energics of the various carbocation R', Although the yield of
11 in R = CH-Ph is less than the casc of the R = #-Bu. the
competition rcaction ratio can be casily reccognized by the
ratio of the product 11/10. That is. the competition ratio of
the reaction is totally dependent on the stability of the car-
bocations on the basis of the product ratio (11/10) in the
Table 1. Also consistence with the Scheme 1 is the ability of
McOH (McOH/PhCH-QP(OEL): = 10/1) 1o intercept PhCH-'
1o give McOCH:Ph. With ~BuOP(OE1): ¢vidence for £-Bu'
formation came from the GLC identification ol isobutylene.
Although the formation of the alky] chloride compounds and
isobutylenc could be explained by the Si2 tvpe reaction and
climination process between the radical cation and chloride
ion. the appearance of the 1-bulene. cis-. and rrans-2-butenc
formed from the R = i-Bu can only be ¢xplained by the lor-
mation of the carbocation in the course of the reaction. Oxi-
dation of PhCH-OP(QE()- in CDCl; gave deulcrium NMR
cvidence for the fermation of (EIORP(O)D (along with
(E10):-P(O)H) as is consislent with the process (EIO)-P(O) +
CDCl; — (E1O)-P(O)D + -CCl;.

In an carlicr study of this cathodic oxidation of trialky]
phosphites. rcaction (4) was suggesied (R = Et. n-Bu. i-Pr).!!

. -2e ,

(RO);P: ENDSE (RO):-P(O)F + RF ey
Yiclds and relative amounts of the two products were nol
reported. [t was proposed that (RO);P- is trapped by [uoride
jon. Indeed. (ROYPF should vicld (RO):P(O)F on J scis-
sion. In the absence of quantitative data. 1t can not be ascer-
taincd whether RF could have resulied cven in part from
scission of (RO):P*. From the reporied two-clectron nature
of (he oxidation a likely source of RF 1s the process of the
rcaction (3).
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EtN"BFy~ was reported a less cffective source of fluoride
since its use in place of (Et:NH)-SiF, led to reduced vields.

The above results show that the reaction of phosphite with
aminium antimonaic radical cation could rcsult in the car-
bocation and the cfficiency of the result depend on the stabil-
ity of the produced carbocation. This approach thus appcars
to be quitec complementary to the other carbocation gencra-
tion methods.

A further study in pursuit ol'applications ol this rcaction is
in progress.
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