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Dialkyl t-butyl phosphates (1, R = Me, Et, ¢-Pr) are produced in low yield by ihe reaction of the corresponding
dialkyl {-butylperoxy phosphates (2) with triphenylphosphine (4), and by the reaction of the corresponding di-

alkyl phosphorochloridites (8) with ¢-butyl hydroperoxide (7) in the presence of pyridine.

Esters 1 (R = Me,

Et, n-Pr, 1-Pr, n-Bu, ¢-Bu, Ph, PhCHa) are produced in high yield by the reaction of the corresponding dialkyl
phosphorochloridates (6) with potassium t-butoxide at 8-10° under anhydrous conditions.

Although alkoxy derivatives of phosphorus are, in
general, quite stable, t-butoxy derivatives are usually
unstable and their preparation has often presented
difficulty.? A survey of the literature reveals that the
majority of the work reported on t-butoxy derivatives
of phosphorus deals with di- and tri-t-butoxy phos-
phorus compounds,2—h3

As part of another investigation, it was of interest to
develop a general method for the preparation of dialkyl
I-butyl phosphates (1, R = alkyl). The literature
survey showed that only two compounds of this type
(1, R = Me, Et) have been prepared,? the rest of the

(RO):P(0)OCMe;
1

reported mono-t-butoxy phosphorus compounds being
either derivatives of trivalent phosphorus®* or other
derivatives of pentavalent phosphorus,8h—k.42.6

(1) (a) This investigation was supported in part by a grant from the Pub~
lic Health Service, U. 8. Department of Health, Education, and Welfare
(GM 14932-01), and in part by a grant from the Graduate School of the
University of Wisconsin. One of us (K. D. 8.) was supported by a National
Science Foundation Undergraduate Research Participation Grant (GY-
4399) during the summer of 1968, (b) The results were presented in part in
preliminary communications in Chem. Commun., 14, 453 (1966), and Syn.,
Int. J. Methods Syn. Org. Chem., 38 (1969), and in part in a talk at the
International Symposium on the Chemistry of Organic Peroxides in Berlin,
DDR, Sept 1987, (c¢) Part IX: G. Sosnovsky and D. J. Rawlinson, J.
Org. Chem., 84, 3469 (1969). (d) This paper is dedicated to Dr. Eugen
Miiller, Profesor of chemistry, University of Tiibingen, in honor of the
occasion of his 65th birthday, June 21, 1970.
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(d) R. L. Nath and I. Das, Bull. Calcutta School Trop. Med., 12, 60 (1964);
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C, Saunders and B. P. Stark, Tetrakedron, 4, 197 (1958); (g) R. W. Young,
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Paris, 247, 1014 (1958); (b) J. F. Allen, S. K. Reed, O. H. Johnson, and
N. J. Brunsvold, J. Amer. Chem. Soc., T8, 3715 (1956).
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During our investigation of the decomposition of
di-n-butyl f-butylperoxy phosphate (2, R = n-Bu), a
product was suggested to be 1 (R = n-Bu).” It was
of interest, therefore, to synthesize this compound for
verification of its structure.

(RO):P(0)O0CMey
2

The reduction of peroxy esters of carboxylic acids (3)
to the corresponding esters by triphenylphosphine (4)
has been deseribed.®

RC(0)OOCR's + PhsP ~—> RC(0)OCR/'s + Ph;P(0)
3 4 5

R = alkyl, aryl, aralkyl; R’ = alkyl

As part of a general investigation of the chemistry of 2,
an attempt was made to prepare 1 (R = n-Bu) by the
reaction of the corresponding peroxy phosphate (2, R =
n-Bu) with 4. However, sinee our previous experience
had shown that, in homologous series of dialkyl phos-
phorochloridates, dialkyl phosphates, tetraalkyl pyro-
phosphates, and dialkyl t-butylperoxy phosphates, the
di-n-butyl member of the series is usually the most
difficult to handle, the investigation was commenced on
other peroxy phosphates which had proved to be more
stable. Thus, the reaction of 2 (R = Me, Et, +-Pr)
with an ethereal solution of 4 gives 5 and the correspond-
ing dialkyl t-butyl phosphate 1 in 9 to 369, yields.

(RO).P(0)O0CMe; + 4 —> (RO)P(0)OCMe; + 5
2 1

R = Me, Et, i-Pr

Removal of 5 and unreacted 4 from the reaction mixture
presents difficulty. Filtration and column chromatog-
raphy on neutral alumina remove only a portion of 4 and
5. In the cases of 1 (R = Me, Et, i-Pr) the esters are
stable enough so that distillation in the presence of 4
and 5 is possible. When esters 1 (R = #n-Bu, ¢-Bu)
are distilled in the presence of 4 and 5 the esters decom-
pose and intractable residues are obtained. Thus, it
appears that although 1 (R = Me, Et, +-Pr) can be
prepared in low yield by the reduction of the corre-
sponding 2 with 4, esters 1 (R = n-Bu, 4-Bu) cannot be
prepared by this method.

Roczniki Chem., 88, 97 (1962); (f) G. M. Blackburn, J. 8. Cohen, and A. R’
Todd, J. Chem. Soc., C, 239 (1966); (g) F. Cramer, German Patent 1179551
(1964); (h) F. Cramer, S. Rittner, W. Reinhard, and P. Desai, Chem. Ber.,
99, 2252 (1966); (i) T. Tanaka, Yukugaku Zasshi, 79, 437 (1959); (j) G.
Olah and A. Oswald, J. Org. Chem., 26, 603 (1963); (k) F. Cramer, G.
Schneider, and J. Tennigkeit, Angew. Chem., T4, 387 (1962).

(7) G. Sosnovsky and E. H. Zaret, Chem. Ind. (London), 628 (1966).
(8) L, Horner and W. Jurgeleit, Ann. Chem., 591, 138 (1955).
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In order to circumvent the purification difficulties
encountered in the reactions with 4, other reducing
agents for peroxides were investigated. Although
several methods for the reduction of various types of
carbon peroxides have been developed,® little is known
about the reduction of organometallic and organometal-
loid peroxides.’® For example, reduction of trimethyl-
(t-butylperoxy)silane'* and unsymmetrical tin per-
oxides!? with sodium sulfite have been reported. Reac-
tion of 2 (R = ¢-Pr) with anhydrous sodium sulfite at
35° for 24 hr does not proceed, and the peroxy phos-
phate is recovered in high yield. The reaction of 2
(R = 7-Pr) with sodium bisulfite in refluxing carbon
tetrachloride for 2 hr produces 1 (R = -Pr) only in
trace amounts. Prolonged reaction times and elevated
temperatures effect no improvement in yield. Thus,
this reduction method is not applicable to this type of
phosphorus peroxide.

The preparation of dialkyl ¢-butylperoxy phosphates
(2) by the reaction of the corresponding dialkyl phos-
phorochloridates (6) with ¢-butyl hydroperoxide (7)
in the presence of pyridine has been described.!?

-
(RO)XP(0)Cl + Me;COOH M;
6 7

(RO),P(0)YOOCMe; + Py-HCl
2
R = alkyl, Ph, PhCH,

However, the analogous reaction of dialkyl phosphoro-
chloridites (8, R = Me, Et, ¢-Pr) with 7 in the presence
of pyridine produces the corresponding dialkyl #-butyl
phosphate (1) and tetraalkyl pyrophosphate (9) instead
of the trivalent peroxide (10).

(RO),PC!
8 v
4 Bridine Py P(O)YOCMe; + (RO)P(O)YOP(O)OR),
7 1 9
(RO),POOCMe,
10
R=Me, Et, i-Pr

Similarly, the reaction of diphenylehlorophosphine
(11) with 7 gives diphenyl t-butyl phosphinate (12)
and diphenylphosphinic acid (13).

pyridine
Ph,PCl + 7 ———> PhyP(0)OCMe; -+ Ph,P(O)OH
11 12 13

Further attempts to prepare peroxide 10 (R = Et)
by the reaction of diethyl phosphorochloridite with so-

9) E. G. E, Hawkins, “Organic Peroxides,” D. Van Nostrand Co., Ine.,
Princeton, N. J., 1961, and references contained therein.

(10) G. Sosnovsky and J. H. Brown, Chem. Rev., 66, 529 (1966).

(11) A. G. Davies and E. Buncel, Chem. Ind. (London), 1052 (1956);
(b) Y. A, Ol'dekop, M. M. Azanovskaya, and A. N. Kharitonovich, Akad.
Nauk Bdorussk. SSR, Sb. Nauchn. Robot. Inst. Fiz-Org. Khim., 8%, (1960);
Chem. Abstr., 85, 22233%h (1961), ’

(12) A. Rieche and T. Bertz, Angew, Chem., 70, 507 (1958).

(18) (a) A. Rieche, G. Hilgetag, and G. Schramm, Chem. Ber., 98, 381
(1962); (b) G. Sospovsky and E, H. Zaret, J. Org. Chem,, 84, 968 (1969).
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dium {-butyl peroxide were unsucecessful and produced
triethyl phosphate (14, R = Et) as the only isolable

(RO).PCl + NaOOCMes —> (RO )»P(0)
8 14

R = Et

product. 'This result seems to exclude the possibility of
formation of 1 via the rearrangement of 10 under the
present experimental conditions.

On the basis of these results, the following reaction
scheme for the formation of 1 is proposed. Reduction
of 7 by 8 probably proceeds via the intermediate shown!4
to produce dialkyl phosphorochloridate (6) and ¢-

(RO),PCl + Me,COOH ~—»
8 7
+ —
[(RO)P—> 0-----0:CMe;] —>
Cl H

(RO),P(0)Cl
6

+ Me,COH

butyl aleohol. Reaction of 6 with #-butyl alcohol
in the presence of pyridine produces 1, whereas the
reaction of 6 with i-butyl aleohol at room temperature
in the absence of pyridine is reported! not to proceed.

pyridine
6 + Me;COH ———> (RO):P(0)OCMes
1

Simultaneously, 6 reacts with 7 in the presence of
pyridine to produce perester 2. Under the experi-
mental conditions it is not possible to isolate 2, since
we have found”® that 2 undergoes a facile decomposi-
tion to give the corresponding dialkyl phosphate 15,
trialkyl phosphate (14), and tetraalkyl pyrophos-
phate (9).

(RO)P(0)O0CMe; —>
2

(RO)XP(0)OH + (RO)%P(0) + (RO)P(0)OP(0)(OR),
15 14 9

Heating of ester 1 (R = 7-Pr) at 50° and 0.1 mm for
7 hr in the presence of pyridine produced no change in
composition. The reaction of 6 (R = Et) with pyridine
under anhydrous conditions at room temperature also
did not proceed. Thus, it seems that 9, 14, and 15 are
not derived from ester 1 or peroxide 10. It appears,
therefore, that oxidation of 8 occurs as the first step in
its reaction with 7 and that the products are derived
from the subsequent reaction of oxidation product 6
with either t-butyl alecohol or t-butyl hydroperoxide.

On the basis of these results, it is evident that neither
the reduction of 2 with triphenylphosphine nor the
reaction of 8 with ¢-butyl hydroperoxide is a general
method for the preparation of 1.

The kinetics of the reaction of 6 (R = Ph) with po-
tassium {-butoxide have been described; however, no
isolation of 1 (R = Ph) has been reported.” In

(14) R. F. Hudson, ‘‘Structure and Mechanism in Organo-Phosphorus
Chemistry,” Academic Press Inec., New York, N, Y.,'1965, pp 168-171.

(15) T. Mukaiyama and T. Fujisawa, Bull. Che‘m.‘ 8oe. Jap., 84, 812
(1961).

(16) Q. Sosnovsky and E. H. Zaret, paper in preparation.

(17) B, Miller, J. Amer. Chem. Soc., 83, 3294 (1960).
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contrast, the reaction of 6 (R = Me) with sodium #-
butoxide yields®* 1 (R = Me), and the reaction of 6
(R = Et) with a mixture of sodium and boiling -butyl
alcohol yields** 1 (R = Et).

Since sodium #-butoxide is not a readily available
starting material, and reaction of 6 (R = 7-Pr) with
sodium in refluxing #-butyl alecohol did not produce the
desired product, the reactions of 6 (R = Me, Et, n-Pr,
i-Pr, n-Bu, ¢-Bu, Ph, PhCH,) with commerically
available potassium t-butoxide were investigated.

(RO)%P(0)CI + KOCMe; —— (RO),P(0)OCMe;
6 1

R = Me, Et, n-Pr, -Pr, n-Bu, ~-Bu, Ph, PhCH,

The reaction proceeds smoothly in all cases at 10° to
produce 1 in good to excellent yield. It has been found,
however, that it is necessary to maintain strictly anhy-
drous conditions during the reaction.

Esters 1 (R = Me, Et, n-Pr, i-Pr) are moderately
stable and can be readily distilled under vacuum.
However, esters 1 (R = n-Bu, 7-Bu) can be distilled
only in small quantities through a short-path distilla-
tion head and can be stored for only a few hours at
—20°. Esters 1 (R = Ph, PhCH,) are unstable at
~20° and cannot be distilled; they have been identified
by nmr.

Comparison of the physical constants and speetral
characteristics (ir, nmr) of 1 (R = n-Bu) with those of
the material which we have previously” reported to be
1 (R = n-Bu) indicates that these materials are not
identical. We have now identified this material’ to be
tri-n-butyl phosphate 14 (R = n-Bu). This result is
more compatible with other data of our investigation
on the decomposition of dialkyl #butylperoxy phos-
phates (2). The results of that study will be described
at a later date.'®

Experimental Section

Boiling points and melting points are uncorrected. Nmr
spectra were obtained on a Varian HA-100 spectrometer on 109,
(v/v) samples in carbon tetrachloride using an internal TMS
standard. Elemental analyses were performed by Micro-Tech
Laboratories, Skokie, Ill., and by Mr. W. Saschek. Molecular
weight determinations were performed cryoscopically in benzene.

t-Butyl hydroperoxide (Lucidol Division, Wallace and Tiernan,
Inc.) was concentrated by discarding the fraction up to bp 40°
(40 mm). Pyridine was distilled under nitrogen and stored over
sodium hydroxide. Triethy! phosphate was obtained from East-
man Kodak and was purified by distillation before use. All other
materials were best commercial grade used without further puri-
fication. The petroleum ether used had bp 20-40°.

Dialky! phosphorochloridates (6) and dialkyl i-butylperoxy
phosphates (2) were prepared by the methods described in an
earlier paper.1%

Tetraethyl pyrophosphate (9, R = Et), bp 104° (0.1 mm),
n%¥D 1.4166, was prepared as described in an earlier paper” from
diethyl ¢-butylperoxy phosphate (2, R = Et).

Anal. Caled for CsHyO:P;: C, 33.00; H, 6.93. Found:
C, 32.96; H, 6.84.

Tetraisopropyl pyrophosphate (9, R = 7-Pr), bp 110° (0.1 mm),
n%*p 1.4163, was prepared as above from diisopropyl {-butyl-
peroxy phosphate (2, R = ¢-Pr).

Anal. Caled for CnstO'/PzI
C,41.93; H, 8.37.

Sodium ¢-butyl peroxide was prepared by the method of Bart-
lett and McBride.® Thus, 90 g (1.0 mol) of {-butyl hydroperoxide
was added at room temperature to a slurry of 24 g (0.5 mol) of
sodium hydride (509, dispersion in oil). The mixture was

C, 41.67; H, 8.20. Found:

(18) P. D. Bartlett and J. M. McBride, J. Amer. Chem. Soc., 87, 1727
(1965).
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stirred at room temperature for 24 hr and filtered. The precipi-
tate was dried at room temperature (10 mm) for 24 hr.

Anal. Caled for C.H;0.Na: active oxygen, 14.3; equiv wt,
112. Found: active oxygen, 13.9; equiv wt, 108.

Dialkyl Phosphorochloridites. A General Procedure.!*—To 87
ml (1.0 mol) of phosphorus trichloride in 750 ml of benzene was
added at —5 to 0° 80 ml (1.0 mol) of pyridine. The mixture was
stirred at 0° for 15 min and then a solution of 160 ml (1.0 mol) of
N,N-diethylaniline and 1.0 mol of the required alcohol was added
at 0-5°. The mixture was stirred at 0-5° for 15 min and another
1.0 mol of alcohol was added at 0-5°. The mixture was stirred
at 10-15° for 1.5 hr and filtered. The filtrate was concentrated
[80-40° (30 mm )] and distilled giving dialkyl phosphorochloridite
(8), Table I.

TasLe I
Di1ALKYL PHOSPHOROCHLORIDITES (8)

R Bp, °C (mm) n¥p Yield, % Lit.t?bp, °C (mm)
Et 55-57 (25) 1.4365 28 54 (25)
+Pr 58-60 (12) 1.4260 40 62-64 (12)
n-Pr 69-71 (8) 1.4385 19 80 (17)

Reduction of Dialkyl i-Butylperoxy Phosphate. A. Reaction
of Dimethy! :-Butylperoxy Phosphate (2, R = CH;) with Tri-
phenylphosphine (4).—To a solution of 26.2 g (0.1 mol) of tri-
phenylphosphine in 200 ml of ether was added at 35° a solution
of 19.8 g (0.1 mol) of dimethyl i-butylperoxy phosphate in 50 ml
of ether. After the addition was complete, the mixture was
stirred and refluxed for 2 hr and filtered. The filtrate was con-
centrated and distilled giving 2 g (119%) of dimethyl ¢-butyl
phosphate (1, R = CH;): bp 53-55° (0.2 mm); n¥Dp 1.4074 [lit.t
bp 60° (0.07 mm)}; nmr 5 1.44 [s, 9, (CH;);CO], 3.61 [d, J =
11 Hz, (CH;0),P(0)].

B. Reaction of Diethyl :-Butylperoxy Phosphate (2, R = Et)
with Triphenylphosphine (4).—To a refluxing solution of 13.1 g
(0.05 mol) of triphenylphosphine in 125 ml of ether was added
dropwise over 30 min a solution of 11.3 g (0.05 mol) of diethyl
t-butylperoxy phosphate in 50 ml of ether. The mixture was
refluxed for 3.5 hr after the addition was completed and was
treated as above giving 1.45 g (9.19%,) of diethyl t-butyl phosphate
(1, R = Et): bp 48-50° (0.02 mm); n%¥p 1.4002 [lit.** bp 63-66°
(1 mm); n%p 1.4042].

Angl. Caled for CsHOP: C, 45.71; H, 9.11; mol wt, 210.
Found: C, 45.98; H, 9.19; mol wt, 204.

C. Reaction of Diisopropyl i-Butylperoxy Phosphate (2, R =
i-Pr) with Triphenylphosphine (4).—To a solution of 13.1 g
(0.05 mol) of triphenylphosphine in 100 ml of ether was added at
25° a solution of 12.7 g (0.05 mol) of diisopropyl ¢-butylperoxy
phosphate in 100 ml of ether. After the addition was completed,
the mixture was stirred at ambient temperature for 4 hr and was
treated as above giving 4.28 g (369%,) of diisopropyl t-butyl phos-
phate (1, R = ¢-Pr): bp 53-55° (0.1 mm); n®Dp 1.4079.

Anal. Caled for C,)H»nOP: C, 50.41; H, 9.73; mol wt,
238. Found: C,50.23; H, 9.77; mol wt, 225.

D. Reaction of Di-n-butyl i-Butylperoxy Phosphate (2, R =
n-Bu) with Triphenylphosphine (4).—To a solution of 2.62 g
(0.01 mol) of triphenylphosphine in 100 ml of ether was added at
room temperature a solution of 2.82 g (0.01 mol) of di-n-butyl ¢-
butylperoxy phosphate in 50 ml of absolute ether. After the
addition was complete, the mixture was stirred at ambient tem-
perature for 15 hr and was treated as above, giving 2.63 g of an
unresolvable mixture of triphenylphosphine oxide (5), di-n-butyl
phosphate (15, R = n-Bu), and tetra-n-butyl pyrophosphate (9,
R = n-Bu), which were identified by tlc on silica gel G.

E. Reaction of Diisopropyl ¢-Butylperoxy Phosphate (2,
R = 4-Pr) with Sodium Bisulfite. 1.—A solution of 12.7 g
(0.05 mol) of diisopropyl t-butylperoxy phosphate, 50 ml of ether,
10.4 g (0.1 mol) of sodium bisulfite, and 50 ml of water was stirred
at 30° for 25 hr. The aqueous layer was separated and extracted
with ether (two 50-ml portions). The combined organic solu~
tions were concentrated and distilled giving 8.5 g (67%) of diiso-
propyl t-butylperoxy phosphate [bp 63-66° (0.05 mm); n*Dp
1.4135] and traces of diisopropyl {-butyl phosphate, which was
identified by tlc on silica gel G.

2.—A slurry of 10.4 g (0.10 mol) of sodium bisulfite and 12.7
g (0.05 mol) of diisopropyl t-butylperoxy phosphate was stirred

(19) J. Michalski, T. Modro, and A, Zwierzak, J. Chem. Soc., 4904
(1961).
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for 168 hr at room temperature and distilled giving 6.2 g (49%)
of diisopropyl t-butylperoxy phosphate.

3.—A mixture of 10.4 g (0.1 mol) of sodium bisulfite, 25 ml
of water, 12.7 g (0.05 mol) of diisopropyl {-butylperoxy phos-
phate, and 50 ml of carbon tetrachloride was refluxed for 2 hr.
The aqueous layer was separated and extracted with ether (two
50-ml portions). The combined organic solutions were concen-
trated and distilled giving 9.7 g (76%) of diisopropyl ¢-butyl-
peroxy phosphate.

F. Reaction of Diisopropyl {-Butylperoxy Phosphate (2, R =
3-Pr) with Sodium Sulfite.—A mixture of 25.2 g (0.2 mol) of
sodium sulfite, 12.7 g (0.05 mol) of diisopropyl t-butylperoxy
phosphate, and 25 ml of ether was refluxed for 24 hr and filtered.
The filtrate was concentrated and distilled giving 10 g (79%) of
diisopropyl t-butylperoxy phosphate.

Reaction of Dimethyl Phosphorochloridite (8, R = Me) with
t-Butyl Hydroperoxide (7) and Pyridine.—The reaction flask
was charged with 12.8 g (0.01 mol) of dimethyl phosphorochlori-
dite and 250 ml of petroleum ether (bp 20~40°) in a nitrogen-filled
glove box and was then removed and rapidly fitted with ther-
mometer, dropping funnel, stirrer, and condenser. A slow
stream of nitrogen was started and a solution of 9.0 g (0.10 mol)
of t-butyl hydroperoxide and 7.9 g (0.10 mol) of pyridine was
added dropwise at 8-12°. The mixture was warmed to room
temperature over 1 hr and filtered. The filtrate was concentrated
and fractionated through a 10-em Vigreux column giving 3.42 g
(19%) of dimethyl t-butyl phosphate (1, R = CH,): bp 44-48°
(0.1 mm); n%p 1.4075. ‘

Reaction of Diethyl Phosphorochloridite (8, R = Et) with ¢-
Butyl Hydroperoxide (7) and Pyridine., 1.—To a solution of
15.6 g (0.10 mol) of diethyl phosphorochloridite and 100 ml of
pentane was added under nitrogen at —15° a solution of 10 g

(0.11 mol) of ¢-butyl hydroperoxide and 10 ml (0.12 mol) of pyri-

dine. The mixture was stirred at —5 to 5° for 2 hr and then
filtered. The filtrate was concentrated and an ethereal solution
of the residual oil was washed with 109, (v/v) aqueous sodium
bicarbonate, dried (Na,SO,), concentrated, and distilled giving
3.5 g (189,) of diethyl ¢-butyl phosphate (1, R = Et): bp 48-
51° (0.14 mm); n%p 1.4095.

2.—To a solution of freshly distilled diethyl phosphorochlori-
dite (11.7 g, 0.075 mol) in 100 ml of petroleum ether was added
at —20 to —15° a solution of 7.20 g (0.08 mol) of {-butyl hy-
droperoxide in 5.92 g (0.075 mol) of pyridine. The reaction was
carried out in a nitrogen filled glove box and a slow stream of dried
(H:80,) nitrogen was passed through the reaction vessel during
the addition. The mixture was warmed to room temperature
over 3 hr and was filtered in the glove box. The filtrate was
concentrated and distilled giving 2 g (17%) of tetraethyl pyro-
phosphate (9, R = Et) {bp 119-121° (0.2 mm); #%p 1.4223]
and 7.0 g (44%,) diethyl ¢-butyl phosphate (1, R = Et) [bp 53—
55° (0.3 mm); n*p 1.4109].

Reaction of Diisopropyl Phosphorochloridite (8, R = ¢-Pr)
with #-Butyl Hydroperoxide (7) and Pyridine.—To a solution of
18.5 g (0.10 mol) of diisopropyl phosphorochloridite in 100 ml of
petroleum ether was added under nitrogen at —15 to —10° a
solution of 10 g (0.11 mol) of ¢-butyl hydroperoxide and 10 ml of
(0.12 mol) pyridine in 25 ml of petroleum ether. The mixture
was stirred for 0.75 hr at 0° and filtered. The filtrate was washed
with aqueous sodium bicarbonate (4:1, v/v, 25 ml) and then
with 25 ml of water. The organic layer was dried (Na.SO4),
concentrated, and distilled giving 8.0 g (13%) of diisopropyl ¢-
butyl phosphate (1, R = ¢Pr) [bp 45-46° (0.15 mm), n¥*D
1.4092] and 2.9 g (17%) of tetraisopropyl pyrophosphate (9,
R = ¢-Pr) [bp 114° (0.25 mm), n%Dp 1.4196].

Reaction of Diethyl Phosphorochloridite (8, R = Et) with
Sodium ¢-Butyl Peroxide.—The reaction vessel was charged with
12.3 g (0.11 mol) of sodium ¢-butyl peroxide and 350 ml of petro-
leum ether in a nitrogen-filled glove box. The flask was fitted
rapidly with dropping funnel, stirrer, thermometer, and con-
denser. A slow stream of nitrogen was maintained in the system
during the reaction. Diethyl phosphorochloridite (15.6 g, 0.10
mol) was added over 0.5 hr at 6-10°. The cooling bath was
removed and the mixture was stirred for 0.75 hr and then filtered.
The filtrate was concentrated (25°) and distilled giving 2.3 g
(256%,) of triethyl phosphate (14, R = Et): bp 48-51° (0.15
mm); n®p 1.4041; nmr (CClL)51.34 (1, 3,J = 6 Hz, CH;CH,0),
4.02 (m, 2, CH;CH,0); ir 1280 (P==0).

Reaction of Diisopropyl -Butyl Phosphate (1, R = 4-Pr) with
Pyridine.—A solution of 11.9 g (0.05 mol) of diisopropyl ¢-butyl
phosphate and 3.95 g (0.05 mol) of pyridine was heated at 50°
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(0.1 mm) for 7 hr and distilled giving 10.6 g (89%) of diisopropyl
t-butyl phosphate (1, R = ¢-Pr): bp 54-56° (0.25 mm); n®p
1.4078. :

Reaction of Diethyl Phosphorochloridate (6, R = Et) with
Pyridine.—A solution of 17.25 g (0.10 mol) of diethyl phosphoro-
chloridate, 8.69 g (0.11 mol) of pyridine, and 50 ml of petroleum
ether was stirred under nitrogen at room temperature for 3 hr and
distilled yielding 16.5 g (96%,) of diethyl phosphorochloridate
(6, R = Et), bp 48-50° (0.8 mm) [lit.}% bp 42° (0.2 mm)].

Reaction of Diphenylchlorophosphine (11) with {-Butyl Hy-
droperoxide (7) and Pyridine. 1.—To a solution of 22.1 g
(0.1 mol) of diphenylchlorophosphine in 100 ml of petroleum
ether was added at —15 to —5° a solution of 10 g (0.11 mol) of
t-butyl hydroperox1de and 10 ml (0.12 mol) of pyridine. The
mixture was filtered giving 22 g of a white solid which was washed
with water and recrystallized from methanol-benzene giving 12 g
(55%,) of diphenyl phosphinic acid (13), mp 193.5-194°.

Anal. Caled for CpHuOP: C, 66.05; H, 5.08. Found.
C, 65.50; H, 5.23.

The filtrate was evaporated to dryness (0.15 mm) leaving 5 g
(189%,) of diphenyl-t-butyl phosphinate (12), mp 111.5-112°
(MeOH-H,0).

Anal. Caled for CysHyOP: C, 70.07; H, 6.98; mol wt,
275. Found: C,70.22; H,7.07; mol wt, 265.

2.—An analogous reaction of 19 ml (0.1 mol) of diphenyl-
chlorophosphine, 10 g (0.11 mol) of &-butyl hydroperoxide and
100 ml of petroleum ether gave 20.5 g (94%) of diphenylphos-
phinic acid (13).

3.—A similar reaction of 19 ml (0.1 mol) of diphenylchloro-
phosphme, 10 ml (0.12 mol) of pyridine, and 100 ml of petroleum
ether gave 1.2 g of an unidentified polymeric material, 8 g of
pyridinjum hydrochloride, and 9.4 g (499%) of unchanged di-
phenyl chlorophosphine (11): bp 108-110° (0.3 mm); n%p
1.5888.

Preparation of Dialkyl {-Butyl Phosphates (1) by the Reaction
of Dialkyl Phosphorochloridates (6) with Potassium {-Butoxide.
Dimethyl ¢-Butyl Phosphate (1, R = Me).—The reaction flask
was charged with a mixture of 12.1 g (0.11 mol) of potassium
t-butoxide and 250 ml of petroleum ether in a nitrogen-filled glove
box. The flask was removed and rapidly fitted with thermom-
eter, stirrer, condenser, and dropping funnel. A stream of dry
nitrogen was maintained during the reaction. Dimethyl phos-
phorochloridate (14.4 g, 0.10 mol) was added at 5-8°, The mix-
ture was stirred for 15 min and filtered. The filtrate was con-
centrated and distilled giving 7.9 g (43%) of dimethyl t-butyl
phosphate (1, R = Me): bp 40-42° (0.15mm); n?p 1.4073.

Anal. Caled for CeHis0P: C,39.56; H, 8.30. Found: C,
39.60; H, 8.29.

Diethyl #-Butyl Phosphate (1, R = Et).—As above, 17.25 g
(0.1 mol) of diethyl phosphorochloridate, 12.32 g (0.11 mol) of
potassium t-butox1de, and 250 ml of petroleum ether were al-
lowed to react, giving 15 g (71%) of diethyl--butyl phosphate
(1, R = Et): bp 53-55° (0.05 mm); n¥p 1.4028; nmr 5§ 1.32
(t, 6, CH,CH;0), 1.44 [s, 9, (CH;):CO], 3.98 (m, 4, CH;CH;0).

Di-n-propyl {-Butyl Phosphate (1, R = n-Pr).—As above, 20.0

g (0.10 mol) of di-n-propyl phosphorochloridate, 12.1 g (0. 11
mol) of potassium ¢-butoxide, and 250 ml.of petroleum ether were
allowed to react, giving 18.8 g (79%) of di-n-propyl t-butyl phos-
phate (1, R = n-Pr): bp 66-67° (0.1 mm); n®p 1.4156; nmr
§0.96 [t, 6, J = 8 Hz, (CH;CH,;0),P(0)], 1.45 [s, 9, (CHs)s-
CO0l, 1.65 [m, 4, (CH,CH,CH,0),P(0)], 3.86 [m, 4, J = 8 Ha,
(CH;CH,CH-0),P(0)].

Anal.  Caled for CioHOP: C,
C, 50.41; H, 9.73.

Diisopropy! t-Butyl Phosphate (1, R = 7-Pr).—As above, 20.05
g (0.1 mol) of diisopropyl phosphorochloridate, 12.32 g (0.11
mol) of potassium f-butoxide, and 250 ml of petroleum ether were
allowed to react, giving 17.1 g (729,) of diisopropyl ¢-butyl phos-
phate (1, R = 4-Pr): bp 51-52° (0.2 mm); n%p 1.4070; nmr 3
1.29 [d, 12, J = 6 Hz, [(CH,),CHO].P(0)], 1.46 [s, 9, (CH,3)%CO],
4.50 [m, 2, (>CHO).P(0)].

Di-n-butyl t-Butyl Phosphate (1, R = n-Bu).—As above 22.85
g (0.10 mol) of di-n-butyl phosphorochlioridate, 12.32 g (0.11
mol) of potassium {-butoxide, and 250 ml of petroleum ether were
allowed to react, giving after distillation in small batches 22 g
(849%) of di-n-butyl ¢-butyl phosphate (1, R = n-Bu): bp 97-
99° (0.2 mm); «¥*p 1.4212; nmr & 0.96 [t, 6, (CH;CH,CH,-
CH,0).P(0)], 1.48 [s, 9, (CH;%COl, 1.60 [m, 8, (CH;CH,CHs-
OHzO)zP(O)] ) 3.91 [m, 4, (CHsCHgCHzCHzO)zP(O)] .

50.33; H, 9.73. Found:



340 Hing, YEH, AND SCHMALSTIEG

Anal. Caled for CHoOP: C, 54.12; H, 10.22. Found:
C, 53.42; H, 10.16.

Diisobutyl #-Butyl Phosphate (1, R = {-Bu).—As above, 22.85
g (0.1 mol) of diisobutyl phosphorochloridate, 12.32 g (0.11
mol) of potassium #-butoxide, and 250 ml of petroleum ether
were allowed to react, giving after distillation in small batches
18.2 g (69%,) of diisobutyl ¢-butyl phosphate (1, R = 7-Bu):
bp 87-89° (0.3 mm); n¥%p 1.4171; nmr 6 0.97 {d, 12, J = 6 Haz,
[(CH,).CHCH:0],P(0)]}, 1.46 [s, 9, (CH;),CO], 1.91 [m, 2,
(>CHCH,0),P(0)], 8.75 [m, 4, (>CHCH,0),P(0)].

Anal. Caled for CHyOP: C, 54.12; H, 10.22. Found:
C, 53.63; H, 10.09.

Diphenyl {-Butyl Phosphate (1, R = Ph).—As above, 21.3 g
(0.08 mol) of diphenyl phosphorochloridate,® 9.8 g (0.09 mol)
of potassium -butoxide, and 250 ml of petroleum ether were al-
lowed to react. The filtrate was concentrated at —20° (0.1 mm)
leaving 23.1 g (95%) of diphenyl ¢-butyl phosphate (1, R = Ph)
identified by nmr: nmr §1.46 [s, 9, (CH,)CO], 6.82 {s, 10, (CsHs-
0)P(0)1.

Dibenzyl i-Butyl Phosphate (1, R = PhCH,).—As above 28.33
g (0.096 mol) of dibenzyl phosphorochloridate,® 12.32 g (0.11
mol) of potassium ¢-butoxide, and 250 ml of petroleum ether
were allowed to react. The filtrate was concentrated at —20°

The Journal of Organic Chemistry

(0.1 mm) giving 22 g (68%,) of dibenzyl t-butyl phosphate (1,
R—=PhCH,) identified by nmr: nmr § 1.47 [s, 9, (CH;):CO], 4.71
[d, 4, (CsH;CH,0),P(0)], 6.87 [s, 10, (CsH;CH,0).P(0)].

Registry No.—1 (R = Me), 13232-07-0; 1 (
Et), 13232-08-1; 1 (R = Pr), 22433-79-0; 1 (
= 1
1

j=sR=s)

AR

-Pr), 13232-09-2; 1 (R = Bu), 22433-81-4; 1 (
+-Bu), 22433-82-5; 1 (R = Ph), 22433-83-6; 1 (
PhCH,), 22433-84-7; 9 (R = Et), 107-49-3; 9 (R
¢-Pr), 5836-28-2; 12, 1706-92-9; 13, 1707-03-5;
(R = Et), 78-40-0; diisopropy! #-butylperoxy phos-
phate, 10160-46-0.
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The following dimensionless equilibrium constants for the formation of imines and water from isobutyraldehyde
and primary amines were determined in aqueous solution at 35°: MeO(CH.):NH;, 3600; PhCH,NH,, 2500;
MeOCH,CH,NH;, 2060; Me.NCH.CH:NH,, 1700; HC=CCH.NH,, 1400; (MeO),CHCH,;NH., 1380; H.N-
CH;CONH,, 621; H.NCH:CN, 548; CF;CH,NH,, 238. The equilibrium constants decrease with increasing

electron-withdrawing power of the substituents.

A plot of log K vs. the pK, values of the conjugate acids of the

amines gives a satisfactory straight line for amines of the type RNH; where R contains an sp3-hybridized g-carbon
atom. Deviations from this line in the cases of the imines derived from aminoacetonitrile and propargylamine
are attributed to the particular stability of a conformer in which the carbon-nitrogen double bond of the imine is
eclipsed by a cyano or ethynyl group. This conclusion is supported by nmr data.

We have previously described methods for determin-
ing equilibrium constants for the formation of imines
from isobutyraldehyde and primary amines by uv
measurements at the aldehyde maximum or at the imine

maximum or by measurements of the effect of added

aldehyde on the pH of amine buffer solutions.? Equi-
librium constants were reported for methyl-, ethyl-,
isopropyl-, t-butyl-, n-propyl-, and n-butylamine, and
the conformational equilibria of the resultant imines
were discussed on the basis of their nmr spectra. In
these compounds, where polar effects were held rela-
tively constant, differences in ease of formation and in
conformational preferences were attributed almost
entirely to steric effects. We have now determined the
equilibrium constants for the formation of imines from
isobutyraldehyde and primary amines of the type
RCH,NH,, in which steric effects are kept fairly con-
stant and polar effects varied widely.

Results

The equilibrium constant for imine formation is that
defined previously?
K =IW/AB 1

(1) (a) This investigation was supported in part by Grant DA-ARO-D-
31-124-Gi648 from the U. 8. Army Research Office (Durham) and by Public
Health Service Grant AM10378 from the National Institute of Arthritis
and Metabolic Diseases. (b) Abstracted in part from the Ph.D. thesis of
C. Y. Yeh, The Ohio State University, 1968.

where I, W, B, and 4 are the equilibrium concentrations
of imine, water, amine, and aldehyde (including both
free aldehyde and aldehyde hydrate), respectively. For
the ultraviolet method of determining K, eq 2 was used
when measurements were made at the imine maximum.

Ao/[D — Apes — (B — B')en] =
{1/(exr — ea = e8)} + {W/IKB(er — ea — en)]} (2)

e1, €a, and ep are the extinction coefficients of the imine,
aldehyde, and amine at the wavelength used, A, and
By are the initial concentrations (before imine forma-
tion) of aldehyde and amine, B’ is the concentration of
amine in the reference cell, and D is the absorbance. In
order to calculate the real concentrations of amines
present (that is, to correct for the amounts present in
the protonated forms), it was necessary to know their
ionization constants at the ionic strengths and tem-
peratures used. This knowledge was vital in cases
where equilibrium constants were determined by pH
measurements. The ion-product constant of water was
calculated as described previously.? The ionization
constants of 2-methoxyethylamine, 3-methoxypropyl-
amine, 2,2-dimethoxyethylamine, 2,2,2-trifluoro-
ethylamine, benzylamine, propargylamine, and 2-
dimethylaminoethylamine were determined at 35°.
Literature values at 25° were corrected to 35° by the

(2) J, Hine and C. Y. Yeh, J. Amer. Chem, Soc., 89, 2669 (1067).



