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mechanisms, as the following considerations show. A unimolecular decomposition to give
acylium ion:

CHaCOOPOaCeHs_ — CH3C0+ + CeH50P032—, [3]

is consistent with the volume and entropy of activation, because the polarity is greatly
increased in the transition state. However, the relatively large effect of solvent deuterium
oxide, which seems to require that at least one O—H (O—D in deuterium oxide) bond
be strongly modified in the transition state, and the great stability of benzoyl phenyl
phosphate (9) are difficult to explain by this mechanism. A bimolecular reaction involving
solvent could proceed through transition states I, IT, ITI, or IV, which differ in the position

0] 0- OH* 0-
s+ | 8- | o— | (1=8)— |
H:0...C...0—P—O0CH; HO...C...0 |l|°—OCsH5
éHs 0] (ISHg )

I IT

0 o- 0 OH
o— || @ | 8— g(l—s)— I
Ho...cl...OH—ﬁ—oceHs HO... ...O——lP—OCgHs
CH; 0 éHs 0
111 v

of a proton. Each has, of course, resonating forms. The structures might be further
modified if the incoming group adds rather than substitutes, as has been suggested (10)
for some carboxyl reactions, and if several water molecules are incorporated into the
transition state to aid in proton transfer (1, 11). All of these mechanisms appear to be
consistent with the volume of activation and other (1) data. It is interesting to compare
the experimental data with calculated values for a special case of mechanism IV, according
to reactions [4] and [5]:

fast

CH;COOPO;C¢H;~ + H:0 ——— CH;3;COOPO;HC¢H; + OH- [4]
slow

CH;COOPO;HC¢H; + OH- —— CH;COOH -+ CgH;POH-. (5]

It seems likely that the volume and entropy change and the deuterium isotope effect of
reaction [4] will be similar to those for the reaction

H,PO,~ + H.,O = H;PO, —+ OH—, [6]

and those for reaction [5] will be similar to those for the alkaline hydrolysis of esters, in
which a hydroxide ion also attacks an acetate group:
CH;COOR + OH- — CH;COOH + OR-. [7]
The thermodynamic parameters for reaction [6] can be obtained from those for the
reactions
H;POsy = H.PO,~ + Ht (8]
and
H.O = H* 4+ OH-. [9]
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The data are given in Table II. They are mostly for temperatures near 25° C but this
should not affect the conclusions in any important way. It is clear that the volume and
entropy of activation and the deuterium isotope effect are quantitatively consistent with
the mechanism given in reactions [4] and [5].

TABLE 11

Reaction No. AV/cm3 mole™! AS/cal deg™! mole™? Ku/Kp or ka/kp

8 equil. —-15.1 (12) : —15.6 (15, p. 758; 1.61 (17)
9 equil. —23.4 (13) —18.7 (15, p. 667 5.43 (17-19)

-3.0 3.37
0.75

6 equil. -7.9
7 rate -9 (14) —-27 (16)

4 and 5 rate, } —17 —-30 2.53

expected value
Exptl. value —194~2 (this work) —28.8 (1) 2.5 (1)

Note: Kg/Kp and kg/kp are the ratio of equilibrium and rate constants in HsO and D:0.

(20)

G. D1 SaBato and W. P. JENcks. J. Am. Chem. Soc. 83, 4393, 4400 (1961).
E. WHALLEY. Trans. Faraday Soc. 55, 798 (1959), and latg{)gmpers.
J. KoskikaLLio and E. WHALLEY. Trans. Faraday Soc. 55, (1959). A. R. OsBORrN and E. WHALLEY.
Can. J. Chem. 39, 1094 (1961).
R. BENTLEY. d[ Am. Chem. Soc. 71, 2765 (1949).
. H. Park and D. E. KosaLAND. . Biol. Chem. 233, 986 (1958).
. W. BurcHER and F. H. WESTHEIMER. J. Am. Chem. Soc. 77, 2420 (1955).
J. KuMamoto and F. H. WEsTHEIMER.  J. Am. Chem. Soc. 77, 2515 (1955).
C. A. Bunton, D. R. LLEWELLYN, K. G. OLpHAM, and C. A. VERNON. J. Chem. Soc. 3574 (1958).
H. CHANTRENNE. Biochim. et Biophys. Acta, 2, 286 (1948).
M. L. BENDER. J. Am. Chem. Soc. 73, 1626 (1951).
W. P. Jencks and J. CArRrIvoLO. J. Am. Chem. Soc. 83, 1743 (1961).
. S. D. HAMANN and S. D. LiM. Australian J. Chem. 7, 329 (1954). A. J. ELLis and D. W. ANDERSON.
{3. Chem. Soc. 1765 (1961).
13. B. B. OWEN and S. R. BRINKLEY. Chem. Revs. 29, 461 (1941).
14. K. g LApLER and D. CHEN. Trans. Faraday Soc. 54, 1026 (1958).
15. H.S. H&ml 615n8d B. B. OWEN. Physical chemistry of electrolytic solutions. 3rd ed. Reinhold Publish-
ing Corp. -
16. F. ;l;onﬁnn.;x% é\.gé(zt;wlsm, J. P. Lyvra, K. ANTELL, and S. HEIMO. Ann. Acad. Sci. Fennicae. A,
, No. 1 5
17. G. ScCHWARZENBACH, A. EpPRECHT, and H. ERLENMEYER. Helv, Chim. Acta, 19, 1292 (1936).
18. W. F. K. WyNNE-JoNEs. Trans. Faraday Soc. 32, 1397 (1936).
19. E. ABeL, E. BraTy, and O. RepLicH. Z. physik. Chem. (Leipzig), A, 173, 353 (1935).
20. W. F. K. Wyn~E-JoNES. Chem. Revs. 17, 115 (1935).

i
2.
3.
4.
5.
6.
i
8.
9.
10.
11
12

RECEIVED JANUARY 29, 1962,

GRADUATE DEPARTMENT OF BIOCHEMISTRY,
BRANDEIS UNIVERSITY,

WALTHAM, Mass., U.S.A,,

AND

DivisioN oF APPLIED CHEMISTRY,
NATIONAL RESEARCH COUNCIL,

OT1TAWA, CANADA.




