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The kinetics of the aminolysis of some aryl diphenyl-
phosphinates in acetonitrile were investigated. Tn n-butyl-
aminolysis the rate expression fits the equation;

Rate = k, (Amine) (Fster). The tertiary amines 1 ,%-diazabi-
cyclo[2.2.é]octane and 2,6~lutidine do not catalyze the
reaction. A Hammett Plot of log k2 vs (3 gives a rho value
of 7.2. High negative entropies of activation were obtained
with the n-butyl-, isobutyl-, and sec-~butylaminolysis of
p-nitrophenyl diphenylphosphinate. Tert-butylaminolysis
gives a positive value for the entropy of activation. The
results for the first thrce amines mentioned support a
mechanism involving an intermediate with the rate determinin-
step being the formation of the intermediate. The tert-
butylaminolysis may be internreted in terms of a unimolecular

cleavage of the ester.



INTRODUCTION

The present study deals with the aminolysis of aryl
diphenylphosphinates by n-butyl-, sec-butyl-, isobutyl-,

and tert-butylamine in acetonitrile (Equation 1). There

Opfre « Ot e

have been no previous reports of studies of the aminolysis
of phosphinates by primary amines.

This work was undertaken with the hope of attaining
information about: (1) the effect of the leaving group on
reactions of phosphinates with uncharged nucleophiles;

(2) the effect of the size of the nucleophile on the rate of
the reaction; (3) the molecularity of the reaction i.e. is

a second amine molecule involved as a catalyst.



I. Aminolysis of Carboxylic Acid Esters

A number of kinetic studies have been reported on the
aminolysis of esters in non-hydroxylic solvents. The amino-
lysis of p-nitrophenyl acetote (p-NPA) in chlorobenzene and

acetonitrile has been studied in detail by several authorsl_4.

1 found that the reaction is second order in amine and

Menger
first order in the ester and that no catalysis by tertiary
amines was observed. The author considered these facts as

support for a cyclic concerted process (Equation 2) proceeding

via transition state I.
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The absence of catalysis by a tertiary amine, e.g., N-methyl-
piperidine, was considered evidence against a mechanism which

proceeds with general-base catalysis by a second amine molecule

as exemplified in Equation 3.
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Anderson, Su and Watson2

also investigated the aminolysis
of p-NPA in chlorobenzene. They showed that tertiary amino
groups are effective catalysts for the aminolysis of p-MPA in
chlorobenzene, if steric interactions in the amine are
minimized. Thus, the tertiary amine 1,4—diazabicyclo{2.2.é}—
octane, DABCO, although 150 times less basic than n-butylamine
is 1.3 times betterasa catalyst for the n-butylaminolysis of
p-NPA than is a second molecule of n~butylamine. The authors
suggest that the preferred mechanism involves general base
catalysis (Equation 3).

Satchell and Secemski3 carried out the aminolysis of
aryl acetates in diethyl ether. They have found that DABCO is an
effective catalyst in the n-butylaminolysis of esters as is
a second molecule of n-butylamine. They, however, suggested
the following mechanism which involves nucleophilic catalysis

(Equations 4 and 5).
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If k4 >>\k1, then the scheme leads to the observed rcaction
orders.

A unified mechanism was suggested by Menger and Smithq.
The authors prefer a mechanism in which reversible formation
of a tetrahedral intermediate is followed by a rate-determining
collapse of this intermediate, even though a simple direct

displacement with the amine attacking and the alkoxide

leaving is possible. Their view is summarized in Toauation 6.

——k'——3 Products
K
Ester + Amine P e g intermediat (6)
Amine
e *Products

This was in agreement with the observed rate expression:

_ 2
Rate = k'K Eester] LAmine] + k¥R esterl [Amine] (7)

In a very recent paper by Watson and Su5

on the aminolysis
of p-NPA in chlorobenzene the authors report that: (1) a
variety of oxygen and nitrogen bases serve to catalyze the
n-butylaminolysis of p-NPA; (2) that the catalytic abilities

of the oxygen bases are "exceptionally enhanced” relative to



those of the nitrogen bases in this reaction: (3) that the
catalytic abilities of the bases investigated are correlated
with their hydrogen-bonding abhilities rather than with their
agueous basicities. This correlation indicates that there is
10-30% proton transfer to the catalyst in the transition state.
This result is in support of the mechanism as depicted by

Equation 3.

II. Some Relevant Reactions for Phosphinic Acid Derivatives

The only report on the aminolysis of phosphinate esters
was the study of the attack of trimethylamine on methyl

diphenylphosphinate to give tetramethylammonium diphenyl-

phosphinates.
0 0
(Ph) ,~P-OCH, + (CH,) jN ———XPh) ,~P-0 ﬁ(cn3)4 (3)

This reaction involves attack on carbon and therefore is not

directly analogous to the system studied in Equation 1.

III. Catalyzed Dase Hydrolysis of Phosphorus Esters

Williams and Naylor7 studied the imidazole catalyzed
hydrolysis of aryl diphenylphosphinates. The rho value
obtained for the imidazole catalyzed reaction is 2.88: the

hydroxide reaction has a smaller rho value of 1.55. The ratio



of the rate constants of the -imidazole catalyzed hydrolysis
to that of the W-deuterioimidazole catalyzed hydrolysis is
2.15. These results are considered support for general-base

catalysis by imidazole (Fquation 9).
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Steric crowding of the transition state renders nucleophilic

catalysis inefficient for the diphenylphosphinate ester
although this is the pathway for 4-nitrophenyl dimethyl
phosphate and diphenyl phosphate. The higher sensitivity of
the general base catalyzed hydrolysis of diphenylphosphinates
to substituerts on the leaving group (rho = 2.88) compared with
that of the hydroxide ion hydrolysis (rho = 1.55), reflects the
higher rcactivity of the latter system. The higher selectivity
is due to more P-0 bond formation in the transition state for
the general-base reaction (III-V) than in the hydroxide

reaction (VI).
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Since a good llammett plot is obtained using ¢ values and not
&~ values, a mechanism involving transition state (IV) is
unlikely since a suitable 4-substituent should be able to
stabilize the incipient oxyanion by resonance. The extent of
bonding between the nucleophile or the leaving group with phos-
phorus in the transition state of a concerted mechanism would be
represented by (IV) because phenolate is a stronger base than
water. The good ¢ dependence is thus consistent with the

absence of a concerted displacement in general-base catalysis.



Edwards, Brass and Biallas8 measured the rates of
reactions for a series of amines with p-nitrophenyl
methylphosphonate monoanion in water. The reaction is

second order: first order in both the amine and the phosphonate.

0o 0

== w - " - /.-.;-\
oN~{{ ))=0-P-0" + RN R.N-P-0" + {_ N 0
4 <,\\;)J> ; JNH ——3R,N-P-0" + OH n)/— o, (10)
CHg cH,

The suggested mechanism (10) does fit the kinetic data and
is supported by product analysis. The reaction is a bimolecular

nucleophilic displacement at phosphorus.



EXPERIMENTAL

I. Materials: Acetonitrile was distilled from phosphorus
pentoxide and then from calcium hydride. The fraction

boiling at 81.5°C was collected. n-Butylamine, isobutylamine,
sec-butylamine and tert-butylamine were purified by distillation
from solid sodium hydroxide. They had hoiling points of 78°,

68°, 63° and 46° respectively at atmospheric pressure.

II. Synthesis: The following procedure, given for one particular
ester, p-nitrophenyl diphenyl nhosphinate, is typical for all
the esters prepared and is similar to the procedure of Haake
and Hurstg.

Gaseous oxygen was bubbled through a solution of chloro
diphenylphosphine in benzene to give the phosphinyl chloride
(Equation 11).

1
(CeHg) ,F0L + 5 0,——>(c HJ,P(0)CL (11)

The chloride was treated with a 10% excess of p-nitrophenol

in pyridine solution; a massive precipitate resulted.
Sufficient 10% hydrochloric acid was added to convert all

the pyridine to the hydrochloride and the precipitate was
filtered and washed with 1% hydrochloric acid and water.

Two crystallizations from acetone gave pale yellow translucent

crystals melting at 149-150°C. The melting point of this ester



together with the melting points of other esters agree with
those values reported in the literature (Table I). The
infrared spectrum in CHC1, using a Perkin-Elmer lModel 137
spectrophotometer included absorptions at 1340 and 1520
(NO,) , 1435, 1490, 1585, 1605 (aromatic rings), 1240 (P=0),

1210 cm~t

(P-OAr) .

III. Kinetics: The rate cf the aminolysis was followed spectrophoto-
metrically using a Beckman Model DB-G Spectrophotometer. The following procedure,
given for the particular run ie typical of that used throughout.

A solution of freshly distilled n-butylamine in freshly

distilled acetonitrile was added to a 50 ml volumetric

flask so that the final concentration was 0.12 M. A volume

of solution of p-nitrophenyl diphenyl phosphinate in freshly
distilled acetonitrile was added so that the final concentra-
tion of the ester was 10_4 M. Acetonitrile was added to top

up the flask. The change in absorbance was measured as a
function of time at a wavelength of 423 nm. The choice of

the wavelength depended upon the phenolic product obtained.
Wavelengths at which the corresponding ester showed no absorption
were chosen. (When X = p=Cl, A = 290 nm; and when X = m=NO, ,

A =330 nm). In all runs the omine was in large excess

so that pseudo-fist order conditions prevail. Beer's law
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Takle I

llelting Points of a Series of Aryl Diphenylphosphinates

Aryl Melting Point Literature Melting Points

. Oc Pc

a b

p-NO, 149-150 149-1502, 156
p-Cl 114-115 113-116%, 116-117°
p-H 132-134 135-136%, 136-138°
P~C-CH, 109-111 113-115°

0

b

P-OCH, 92-93 96-98
p-—CGH5 142-145 Unreported
m-NO, 120-123 124°
a) P. Haake and G. Hurst, J. Amer. Chen. 3oc., 88, 2544 (1966) .
b) A. Williams and R.A. Naylor, J. Chem. Soc., (B), 1967 (1971).

¢) G. Tomachewski and D. Zanke, 2. Chem., 10, 117 (1970).

d) K.D. Berlin, T.H. Austin, and M. Hagabushanam, J. Org.

30, 1267 (1965).
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was found to be obeyed within the concentration and the
wavelength range used. The infinity point was checked by
preparing a solution of p-nitrophenol in 0.12 't amine in
acetonitrile, such that the concentration of p-nitrophenol
was the same as that of the ester at the beginning of the
reaction. Only a 2% difference in absorbance at that
wavelength was observed.

For reactions carried out at temperatures higher than
31.6°C, the reaction was quenched in an ice bath as soon as
the aliquot was taken.

By plotting 1og10 (0D, - OD) versus time a straight
line was obtained. The rate constant kobs is given by the

equations:

_ =2.303 x slope -1
obs t x €0 sec

k

where t = time in minutes.
2 1 i 1ite
By plotting log10 kobs Versus gz s where T is the absolute
temperature, a straight line was obtained. The energy of
activation is given by the equation: Ea = 2,303 x slope x R,

ct
where R = universal gas constant.

IV. Isclation of the Products

N-Butvldiphenylphosphinamide and H-tert-bhutyldiphenyl-

phosphinamide were isolated from the aminolysis reaction.
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The isolation was accomplished by filtering the salt obtained
at the end of the reaction and evaporating the acetonitrile
and excess amine until a solicd residue was left. A 5%
solution of sodium hydroxide was added to dissolve all the
phenol and the remaining solid was filtered and crystallized
from hexane-benzene solution (phosphinamides are quite

10

unreactive in alkaline solution™ ). The melting point of

the n-butylamide is 84-37°C. The reported value was 93~950011.

The melting point of the tert~butylamide is 134-137°C and the

literature value is 136-138°cl2,

V. Preparation of the Authentic Amides

Because of the difference in melting points, the authentic
amides were prepared so that they could be compared to the
isolated products. This preparation was accomplished as
follow312: A solution of 23.6 grams (0.0l mole) of diphenyl
phosphinyl chloride in 30 mls of dry benzene was added
gradually over a period of 20 minutes to a chilled (5-10°7)
solution of 18.3 grams, (0.25 mole), of the amine in 100 mls of
dry benzene. Anhydrous ethyl ether (100 mls) was added to
the solution to precipitate the amine hydrochloride. The
mixture was filtered and the solid washed twice with ethyl
ether. The combined filtrate and washings were stripped

of solvent leaving a solid residue. The n~butyl amide gave long
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thick needles when recrystallized from a hexane-benzene
solution. TIts infrared spectrum showed bands at 3250, 3200,
1590, 1475, 1440, 1355, 1180, 1110, 1065, 1000, 925, 855,

1

750, 720, and 700 cn The t-butyl amide was also recrys-

tallize” from a hexane-~benzene solution.

The melting point of n-butylphosphinamide was g4 -35°¢
and the melting point of the tert-butylphosphinamide was

135-138°cC.



RESULTS

Rate data for the reaction of p-nitrophenyl diphenylphos-
phinate at different concentrations of n~butylamine are
given in Table II.

Tables III and IV contain the kinetic results of the
reaction of the p-il0, ester with different amines and

of the effect of temperature on the rates of reaction.

Rate data for p-Cl and m-NO, ester are given in Table V.

Table VI contains the results of experiments using tertiary

amines as catalysts.

Activation parameters are given in Table VII.

Data for a Bronsted plot are given in Table VIII.

= 18 w
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Table IT

Rate cdata for the Reaction of p-Nitrophenyl Diphenylphos-

phinate with n-Butylanine at 31.6°C; (Ester) = 1077 .

3

(Anine) | M | ko X 10? gec™? k, = E%%%T;E;g sec’t ut

0.06 0.92 + 0.03% 1.53

0.08 1.42 + 0.03% 1.77

0.10 1.70 + 0.08% 1.70

0.11 1.93° 1.75

0.12 2.12 + 0.06° 1.76 :
|

a) Average and deviation of 2 runs.
b) One run only.

c) Average and deviation of 3 runs.
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Table III

Rate Data for the Reaction of p-Nitrophenyl Biphcnylphos-

-A .
phinate at 31.6°C; (Ester) | = 107" M, (Anine) = 0.12 M.

A - i
Amine kobsx 10" sec 1 kz X 103 sec 4 Ml
n~Putyl 2.12 + 0.067 1.76
Isobutyl 1.08 + 0.00° 0.90
sec-Butyl 0.24 + 0.01° 0.20
tert-Butyl | 0.0236 + 0.0007° 0.0196

a) Average and deviation of 3 runs.

b) Average and deviation of 2 runs.




- 18 -

Table IV

Rate Data for the Reaction of p-Nitrophenyl Dipheny lphos-

phinate with Butylamines at Different Temperatures:

(Bster) = 107" ™, (imine)_ = 0.12 M.
i
Temperature| n-Butylamine |Iscbutylamine |sec-iutylamine | tert-Putylamine
o 4 -1 4 4 N
C kbbsxlo sec kbbs x 10 kobs x 10 kobs x 10
1
31.6 2.12 + 0.06® [1.08 + 0.00° [0.24 + 0.00° | 2.36 + 0.07"
34.9 2.58 + 0.10° [1.32 + 0.03® [0.38 + 0.02° [4.38 +0.12"° |
|
!
39.7 3.41 + 0.096°2.24 + 0.08° - 105 + 0.6° |
42.1 - - 0.78° . !

a) Average and deviation of 3 runs.

b) Average and deviation of 2 runs.

c) One run only.
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Table V

Rate Data for the Rcactions of m-Nitro- and p-Chlorophenyl

Diphenylphosphinate with n-Putylamine at 31.6°¢;

(m-Nitro EB‘ber)o = 10

-4

p (0] » !

- L =

;Ph-l:-o-<( _jl I{Am:.ne) 5
Ph ‘

M, (p-Cl Bster)o = 10

-3

M

1- , M-
Eisa 10 sec s X 10" sec 1
|
X=p-C1 10.36 4.86 + 0.17% 1.35 '
f
X=p-C1 10.48 5.75 + 0.21° 1.20
X=p-C1 !o.so 3.71 + 0.147 0.61
|
X=m-NO,, 10,12 1430 + 20° 1190
1 | |
a) Average and deviation of 2 runs,
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Table VI

Rate Constants of the Reaction of n-Butylamine with
p-Nitrophenyl Diphenylphosphinate in the Presence of
Tertiary Amines at 34,9%:; (Ester)o = 1('.'“4 M,

(n-—Butylamine)o = 0.12 M, (Tertiary kmine)o = 0,12 1.

Tertiary amine Ko X 107%  sec”t
Dabco 2.98
2,6-Lutidine 1.65
n-Rutylamine” 2.12

a) Rate constant with no tert-amine present; the calculated rate

constant for [;Abutylamine‘ 2 0.2 M is Kops = 388 x 10'h sec™L,
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Tal:le VIX

Activation Parameters of the Reaction of p-Nitrophenyl

Diphenylphosphinate with Butylamines at 31.6°C.

Amine Ea Xcals on® geals £G* keals ns® e
ole Mole Mole

n-Butyl 10.711 10.108 22.858 —11.855‘

Isobutyl 18.216 17.613 23.302 -18,703

sec-Butyl 19.590 18.987 24,119 ~=13.565

tert-Butyl | 32.020 31.417 25.562 159.222

!
|
|




Table VIII

Data for a Pronsted Plot

B E—

Amine pra l log kobs x 10
n-Butylamine 3.3188 2.3263
Isobutylamine 3.529 2.00
sec~Butylamine 3.3979 1.3979
tert-Butylamine 3.3010 0.3729

a) These values are taken from: R.T. Morrison and R.N. Boyd,
"Organic Chemistry” 3rd edition, Allyn and Bacon Inc.,

Boston 1973.
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i fl) n-butylamine
2.25
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1 6 I
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Figure 4. Bronsted Correlation of log h%ys Py, of Amines.



DISCUSSION

I. Summary of the Results

The aminolysis of p-nitrophenyl diphenylphosphinate in
acetonitrile under pseudo-first order conditions obeys the

rate: v = kl rAmine][ﬁsteél. The plot of k /[}miné] vs

obs
l@miné’ is not linear, but approximates a slope of zero
and therefore the reaction is first order in amine. Ilo
catalysis is observed with tertiary amines such as DAFCO or

2,6-1lutidine. A Hammett olot of log k, vs o gave a rho

2
value of 7.2. A Pronsted plot gives a non-linear slope.
The activation energies ranged from 10-32 ¥cals/mole and
the activation entropies for the reactions of the p~P0, cster

with n-butyl-, isobutyl-, sec-butyl-, and tert-butylaminc

were respectively -42, -19, -14, and +19 Gibbs.

II. Leaving Group Effects

The large positive valuc of the Hammett rho reflects
that the reaction is highly sensitive to substitutents on
the leaving group; the reaction is accelerated by electron-
withdrawing substituents e.g. the rate ratio of p-N02/9~71
is 1.3 x 10%,

Table IX gives the results of Hammett plots of the data

for some similar reactions. It could be argued that in the

case of the aminolysis reaction the P-O0 bond is nearly bhroken

-~ 27 =
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Table IX

Results of Hammett and Taft Treatments of Some Relevant Reactions

Systen | Reaction A Values used rho
(Ph) ,PO,Ar Aminolysis g 7.2°7
0
111
Ar-C=-O-Ar’ Aminolysis o1 (4—6)b
(Ph)ZPOZAr Inidazole- &
catalyzed hydrolysis 1 2.88
(Ph) PO Ar Alkaline hydrolysis g 1.55°
(Ph) ,PO,Ax Alkaline hydrolysis & 2,29
- % -~
(CH4CH,) ,PO,R | Alkaline hydrolysis 5’ Ch
*
CH,CO,R Alkaline hydrolysis 5 1.34%
i

a) This work.

b) Reference 4.

c) Reference 7.

d) P. Haake, D.R. McCoy, W. Okamura, S.R. Alpha, S.Y. Vong,
D.A. Tyssee, J.P. Mclleal, and R.D. Cook, Tetrahedron
Letters, 5243 (1968).

e) Reference 13.

f) C.X. Hancock, P.J. Yager, C.P, Falls, and J.0. Schreck,

J. Amer. Chen. Soc., 85, 1297 (1963).
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Table II

Results of Hammett and Taft Treatments of Some Relevant Reactions

Systen Reactlon 4 Values used I rho O
(Ph) ,PO,Ar Aminolysis g | “ 7ﬂiéu
0

Ar-C-O-Ar’ Aminolysis -1 (4-6)"

(Ph)zPOZAr é;t;iizég_hydroly51s S 2.88°

(Ph) ,PO AT Alkaline hydrolysis -1 1.55°

(Ph) PO, AT Alkaline hydrolysis s 2.2°

(CH4CH,) ,PO,R Alkaline hydrolysis d'* ' 8"

CH3C02R Alkalinc hydrolysis Cf* l 1.33.f i
N

a) This work.

b) Reference 4.

c) Reference 7.

d) P. Haake, D.R. McCoy, W. Okamura, S.R. Alpha, S.Y. VWong,
D.A. Tyssee, J.P. Mcleal, and R.D. Cook, Tetrahedron
Letters, 5243 (1968).

e) R.D. Cook, C.E. Diebert, W. Schwarz, P.C. Turley, and
P. Haake, J. Amer. Chem. Soc., 95, 8088 (1973).

f) C.X. Hancock, N.J. Yager, C.P, Falls, and J.0. Schreck,

J. Amer. Chem. Soc., 85, 1297 (1963) .



in the T.S. and therefore one would expect a large rho value
however the Hammett plot is not linear when (5 1is used.
An alternate explanation can be given in terms of a resonance

contribution as in VII . Such a contribution would lowver

0

1 ~
P NO,
, Q)"

(VII)

N
=
»

the reactivity of the ester and would be unfavored in the case
of the p-ﬂo2 groun. An analogy for this kind of interaction
has been found in the basic hydrolysis of alkyl diphenyl-
phosphinates where the f9* value for alkyl substituents was

1113,

III. Effect of the Amine on the Rate of the Aminolyses

The rate of the reaction is clearly dependent on the size
of the alkyl group attached to the amine nitrogen (Table III).

The non-linear Bronsted plot of log k, . vs pk, is most likely due
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to the steric effects of the amines. The four parameter
Taft equation can be applied to the results in order to
separate the steric and polar contributions of the alkyl

groups (Equation 12)

* ¢
log = [} +AE (12)
kX h-butamine 5 |

IV. Activation Parameters

The values of the activation energy increases as crowding
increases on the C atom carrying the amino group. The activa-
tion energy for the reaction with n-butylamine is 10.7 Xcal/mole,
while it is 32 Zcal/mole with tert-butylamine indicating
again that the reaction is subject to steric effects. The
high negative values of the entropies of activation. except
with tert-butylamine, reflect the bimolecular nature of the
reaction. The value of +19 e.u. for tert-butylaminolysis
may be related to one of two factors:

1) The temperature range for the activation energy plot is
too small and therefore there is error in the E_.
However all Ea's were calculated from data obtained from the same
temperature range and although the range is less than desirable
the result for the tert-butyl reaction is unlikely to be due to

experimental error.
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2) A change in mechanism is taking place with the tert-

butylaminolysis (see next section).

V. Mechanistic Possibilities

There are two possible mechanisms for the n-butyl-,
isobutyl- and sec-butylaminolysis of p-nitrophenyl diphenyl-
phosphinate. The first mechanism involves a direct displace-
ment on phosphorus by the amine through a transition state

which is similar to that of an SN2 reaction (VIII).

O
NGOy

(VIII)



The second mechanism involves the formation of an intermediate

(IX).

RNH + (CSI

5 P (0) OC K, =10, ~P

‘5) 2

(Ix)
0
(Csﬂs)z-;-NHR + HOCH, KO,-P
The intermediate is drawn in its neutral form although it
could be drawn in a dipolar form. There are two possibilities
for the rate determining step cither formation of the
intermediate or the breakdown of the intermediate. Of the
two mechznisms the second seems to be favored on two counts:
(1) the rates correlate with ¢ and not ¢ and (2) there is
much evidence for the existence of intermediates in the reactions
of phosphinate esterslh. The correlation of the rates with
also favors formation of the intermediate as the rate determining

step. In the case of the alkaline hydrolysis of phosphinates

the rate determining step has been shown to he the brecakdown
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of the intermedi~te however with the less nucleophilic
neutral amine it is reasonable that the formation of the
intermediate should be rate limiting.

A general-base catalyzed reaction has not been considerecd
because no catalysis was observed with tertiary amines.

The reaction with tert-butylamine cannot follow the mechanis-
as proposed for the other three amines because nf the largce
positive entropy of activation. A possible explanation for
this is that the mechanism changes to a unimolecular cleavage

of the ester (Equations 13-14).

0 0
M _H.... 7. - _S]._CE_ ( ¥ _..‘: = -
(Cgilg) ~~P~OC 17,70, ~P p— > (TgEg) P®+ OCM,NO, ~P (1.3)
3 1
0 0 i
] 11 1]
1 = b P i e Pt en o S t14)
(CgHe) P@+ Hyl=CyRg=t ——>(C H) o ~P-11-C Fg-t 1

There are cvamples for such a uni-molecular cleavage in the

15

the hydrolysis of di-tert-butylphosphinyl chloridelé. This

acid-catalyzed hydrolysis of some phosphinanilides™™ and

possibility can be checked by a variety of means such as

variation of the concentration of the amine, solvent effect, etc.
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