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SHORT COMMUNICATION
Protonation and Phosphorus-Oxygen
Cleavage of Phosphorus(IIl) Esters
by Hydrogen Chloride

HARRY R. HUDSON, ALOYSIUS KOW and JOHN C. ROBERTS

School of Chemistry, The Polytechnic of North London, Holloway Road,
London N7 8DB

( Received December 19, 1983)

The formation of alkyl chlorides in the reactions of alcohols with phosphorus
trichloride, dichlorophenylphosphine, or chlorodiphenylphosphine involves the
dealkylation of an intermediate phosphorus(III) ester by hydrogen chloride (Scheme
1).17* An analogous dealkylation occurs in the reactions of hydrogen chloride with
triphenyl phosphite-alcohol mixtures (Scheme 2).*

+
Formation of a P-protonated intermediate, (RO);PH X~ (X = Cl or HCl,) has
been confirmed by *'P n.m.r. spectroscopy in the reaction of hydrogen chloride with
trineopentyl phosphite,’ tri-n-butyl phosphite,’ and triethyl phosphite®” at tempera-
tures of —40 to ~70°C. Whereas the less hindered esters yield alkyl chloride rapidly
on raising the temperature, the neopentyl ester is resistant to dealkylation by
hydrogen chloride and a competing process of phosphorus—oxygen cleavage yields

n ROH + Ph PCl s (RO) PPh + nHCl
3~n n n 3-n

ROPXY + HCl =————3= RCl1 + O=PHXY
[X = Ph or RO; ¥ = Ph or RO

SCHEME 1

C
(PhO) P ROH 3  (PhO) ZPOR _l*__l.&. RCL + (PhO)zP(O)H

3

SCHEME 2

BC1 * R
(RO) ,P~O-R sg===2 (RO).P— 0 === (RO} ,.PCl + ROH
2 2 AN 2

cl

SCHEME 3
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TABLE1

N.m.r. data for the reaction products from phosphorus(III) esters and hydrogen chloride?

Reaction products
o — — ;
HCl Temp. P*—H species P—Cl species
Ester® (mol. equiv.) °0) mole % 3p Jou  mole % 8p
Ph,POR (1) 9.6 25 75.8 51.5(s) — 242 80.9¢
-20 97.1 50.9(s) — 2.9 80,94
- 80 98.9 50.4(d) 584 11 79.74
PhP(OR), (2) 7.9 25 96.8 52.6(s) — 32 174.7¢
-20 100 S1.7(s) — 0 —
- 80 100 51.3(d) 684 0 —_
(Ph0),POR (3) 72 27 0 — — 100 159.6¢
-20 0 — — 100 159.6!
-80 0 — — 100 159.0°
PhOP(OR), (4) 78 27 246 28.2(s) — 75.4 165.6%
-20 21.2 23.9(s) — 78.8 165.78
—-80 7.5 24.0(d) 837 92.5 164.78
%a. 10% w/v in Et,0-CD,Cl, (9:1).
bR = MC3CCH2.
“In equilibrium with free ester. Time averaged signal above —40°C.
4Ph,PCL
°PhP(OR)Cl.

{(PhO)RO)PCI (main product, ca. 78%) (t, Jpocu , 6.1 Hz), plus 5-10% each of (PhO), PCl (8 155.3,5),
(RO),PCI (8164.9) and ROPCI, (8 176.4).

(R0),PCl (main product, ca. 85%) (quintet, Jpocy, 6.6 Hz), plus 5-10% each of (PhO)(RO)PCI (8
1592, 1, Jpocw, 6.1 Hz) and ROPCL, (8 176.4 ppm).

an equilibrium concentration of the dialkyl phosphorochloridite, possibly via an
O-protonated species (Scheme 3) although the latter is not detectable.’ The displace-
ment of chloride from phosphorus(III) by alcohol is thus reversible.

We now report the effects of phenyl and of phenoxy substituents at phosphorus
on these processes at temperatures between 25° and —80°C (Table I). In the case of
neopentyl diphenylphosphinite (1) and of dineopentyl phenylphosphonite (2), proto-
nation at phosphorus is the principal reaction, although phosphorus-oxygen cleavage
products are also obtained and are distinguishable at room temperature by 3P n.m.r.
Under these conditions the P-protonated species are in rapid equilibrium with the
free esters (Scheme 4) so that time-averaged n.m.r. signals only are observed. The

H

| -
PhP(OR)X C1 =e===2= PhP(OR)Y + HCl === PhP(Cl)X + ROH
-+

(fast) (slow)

{X = Ph or RO)

SCHEME 4
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ROP(OPh)X + HCl =g===" ROPXCl + PhOH
(X = PhO or RO)

SCHEME §

- Yy
PhOO—PLH €1" === DPho” NPt 1 === PhoH + P—Cl
LN
SCHEME 6

chemical shift in each case is, however, quite close to that of the protonated form if a
large excess of hydrogen chloride is present.

Phosphorus—oxygen cleavage appears to be more favoured by the diphenylphos-
phinite although for both esters the equilibria move towards protonation of phos-
phorus as the temperature is lowered. At —80°C the protonated esters account for
99-100% of the phosphorus species present and are characterised by sharp doublets
in the 3P n.m.r. spectra with coupling constants (Jpy 584 Hz for 1 and 684 Hz for
2) which reflect the increasing electron density at phosphorus as alkoxy groups are
replaced by phenyl.®

Phosphorus—oxygen fission is predominant in the reactions of the phenyl esters (3
and 4) with hydrogen chloride (Scheme 5), the phosphorochioridite, plus minor
amounts of products resulting from disproportionation and/or further cleavage,
being the only detectable products from neopentyl diphenyl phosphite (3) at
temperatures from 25 to —80°C. A protonated form of dineopentyl phenyl phos-
phite (4) was, however, detectable as a minor component (ca. 7.5 mole %) at —80°C.
The preference for phosphorus—-oxygen cleavage as opposed to P-protonation in
these cases (and in the case of triphenyl phosphite®) may be correlated with lower
electron density at phosphorus and with the leaving ability of the phenoxide group.
Preferred cleavage of P—O also occurs in the case of tri-2-chloroethyl phosphite.’
Triphenyl phosphite has been shown to give a P-protonated species in 100%
sulphuric acid® and in super-acid media'® in which effective nucleophiles are absent.
Cleavage by hydrogen chloride could therefore occur by nucleophilic attack of
chloride ion on the phosphonium intermediate with displacement of phenoxide
(Scheme 6), as an alternative to O-protonation as suggested above for the alkyl
esters.

EXPERIMENTAL

The esters were prepared as described previously.!! A weighed quantity of each (0.7-0.8 g) was dissolved
in sodium-dried ether (4-5 g) in a gas absorption apparatus and hydrogen chloride (Matheson Co.,
cylinder), dried successively by conc. H,SO, and anhydrous CaCl,, was passed in at room temperature to
give the desired increase in weight (ca. 30 min.). A sample of each solution was transferred to a >'P n.m.r.
tube in a dry nitrogen atmosphere and CD,Cl, was added as a deuterium lock. Variable temperature 3P
n.m.r. data were recorded on a Bruker HFX-90 spectrometer operating at 36.4 MHz. Chemical shifts are
given relative to 85% H;PO, (downfield positive).



09: 56 30 January 2011

Downl oaded At:

378 H. R. HUDSON, A KOW AND J. C. ROBERTS
ACKNOWLEDGMENT

We thank the University of London Intercollegiate Research Service for P n.m.r. facilities at Kings
College, London.

REFERENCES
1. C. J. Coulson, W. Gerrard and H. R. Hudson, J. Chem. Soc., 1965, 2364.
2. H. R. Hudson, Synthesis, 1969, 112.
3. H. R. Hudson, A. R. Qureshi and D. Ragoonanan, J. Chem. Soc., Perkin Trans. 1, 1972, 1595.
4. S. R. Landauver and H. N. Rydon, J. Chem. Soc., 1953, 2224.
5. H. R. Hudson and J. C. Roberts, J. Chem. Soc., Perkin Trans. 2, 1974, 1575.
6. T. Kh. Gazizov, V. A. Kharmalov, A. P. Pashinkin and A. N. Pudovik, Zh. Obshch. Khim., 47, 1234

(1977).
. A. N. Pudovik, T. Kh. Gazizov, V. A. Kharmalov, A. P. Pashinkin and E. I. Gol’dfarb, Dok!. Akad.
Nauk SSSR, 227, 376 (1976).
8. W. McFarlane and R. F. M. White, J. Chem. Soc., Chem. Commun., 1969, 744.
9. 1. S. Akhmetzhanov, Zh. Obshch. Khim., 44, 1452 (1974).
10. G. A. Olah and C. W. McFarland, J. Org. Chem., 36, 1374-(1971).
11. H. R. Hudson, A. Kow, and J. C. Roberts, J. Chem. Soc., Perkin Trans. 2, 1983, 1363.

~J



