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Alkyl cyclic enediol phosphatesl, 2, have been utilized to procbe into the catalysis of the
3

in aprotic solvents. This

phosphorylation of alcohols, 33 by amine52 and by phenoxide ions
type of reaction could provide information on the role of histidine, arginine, lysine and
tyrosine residues in the hydrophobic active sites of the enzymes that catalyze the reactions of
phosphates and pyrophosphatesh, to the extent that those reactions may involve additions of

nucleophiles to tetracoordinate phosphorus. The catalysis of the reaction: 1 + 2-23 has been

explained in terms of intermediates with penta- and hexaccordinate phosphorus2’3°
CH.
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This Communication discloses the effective catalysis of the reaction 1 + 2 —3 by acetate

salts’ (Table 1), which may be regarded as a model for a possible role of aspartic and glutamic
. 3 h,6 . . .
acid residues in enzymatic phosphorylations. New data from a more extensive study of the
catalysis by phenoxide salts are also presented. For comparison, the earlier results2 using
imidazole and tertiary smines as catalysts are gquoted. Since in sprotic solvents the
dissociations: CH,CO0™ - - =
ations: CH;C (02H5)3NH CH3COOH + (c H ) N, and p-NO,.C¢H) O (c ) NH

p-NO,.CcH OH + (C 5)3N must be taken into account, the effect of acetic acid on the reaction
rates is included; p-nitrophenol has no detectable effect under comparsble conditions. The
values in Table 1 are the times at which [CEP-ORl] = [(RlO)(REO)P(O)OCH(CH3)COCH3], from H

nmr spectra, when the reagents and the catalysts are mixed in equimolar amounts.,
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Teble 1. Half-times of the reaction: R-OH + CEP-OR ——~«+(R;O)(REO)P(O)OCH(CHS)COCH

in 0.2 M Solutions &t 25°.
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3

2 2 _ 2 _
R = (CHs)ECHCHg R” = ¢ C5H9 (CH3)20HCH2
1 1 1

Catalyst Solvent R = Oy R = -Cglly - [(CH3)20H]20H

CD013 7.5 hr 28 nr 22 hr
None

CDLCN 12 hr 32 hr 22 hr
CH3coo" 03013 1 hr 4.5 hr 10 hr
(n-Cy H ) N CD,CN 3 min? 20 min® 30 min®

L9/l 3
CH3coo' CDCI3 1.5 hr 7.5 hr 10 hr
(02H5)3NH+ cp,CN 1 hr Y hr 6 hr
p-NOE.C6HhO— CDCI3 15 min 1.5 hr 4.5 nr
(n=Cy H, ) N CD,CN 3 min 20 min 30 min
L9 Y 3

p-NOE.C6HhO— CDCI3 4 min 15 min 25 min
(c2H5)3NH+ CD,CH 4 min 20 min 25 min

CDc£3 3 min 15 min 10 min
Imidazole

CDBCN 25 min 2 hr 2 hr

CDCI3 1.5 hr 30 hr 15 hr
(Catis)s CD.CN 2.5 hr 17 br 12 hr

3 .

CD023 3 min Lo min 20 min
Quinuclidine

CD3CN 6 min 1 nr 35 min

cDC4 20 min 1.5 hr 2.5 hr
CH,COCH 3

3 CD3CN 4 nr 8.5 hr 6 hr

a

Same values in acetone-d6.
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In principle, the reaction 1 + 2-7 3 can give rise to symmetrical as well as unsymmetrical

1 2 2
triesters, as follows: R20H + CEP—ORl — CEP-OR2 + R 0OH, R OH + CEP-OR™ —3

(R20)2P(0)OCH(CH3)COCH3 and ROCH + CEP-ORY ~— (RlO)EP(O)OCH(CHS)COCHB,. The proportion of
unsymmetrical to symmetrical triesters varies with the size of Rl and R2; the systems in Table 1
produce less than 2% of symmetrical triesters in the sbsence or in the presence of catalysts.
However, the reaction, (CH3)ZCHCH20H + CEP-OCH, gives 54:464 unsymmetrical:synmetrical triesters
in the zbsence of catalysts; this proportion changes to: 72:28 [CH3COO—(n-ChH9)uN+] N T9:29
[CH3coo’(02H5)3NH+] ,  T78:22 [p-NOe..CéHuO—(n-ChHg))_‘LN*-] > 84:16 [p-NOQ.C6HhO-(CgH5)3NH+] ,
70130 [Imidazole] » 7525 [(C2H5)3N] . (A1l in 0.2 M CDCQ3 at 25°). Acetic acid hes little
effect on this proportion (57:43). These results are not consistent with a simple general
acid-base catalysis for this reaction. Moreover, although phenoxide is not incorporated inte
the product when it is used as catalyst for the reaction 1 + 2-3, phenylalkyl (l-methylacetonyl)
phosphates are formed in the amine catalyzed reaction ArCH + CEP-CR. Furthermore, imidazole is
a weaker base than triethylemine but is a better catalyst; quinuclidine and triethylamine are
equally basic but the former is a better catalyst; p-nitrophenoxide is a relatively weak base
but an excellent catalyst. For these reasons the present observations are considered to be

2,3

consistent with the hypothesis that the catalysis of the phosphorylation ianvolves

7
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the rate-controlling step. Decomposition of the latter produces the intermediatelé of the
uncatalyzed reaction, The effect of the catalysts on the proportion of unsymmetrical to

symmetrical might result from ring-opening in 5.
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L comparison of the catelytic efficiencies of acetate and phenoxide salts with that of the
>
most effective of the amines so far encountered” leads to the following sequence. (a) in CDCﬁE:

Imidazole A ArORNE' >arO RN >CH3COO_R4N+ >CiH 007 R M . (b) In CD,CN:  CH,CO0 RN~

- + - + -
ArO RN~ ArOTRNE 7Y quinuelidine > CE,C00 Rg.!“H-I—(-.

3
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A comparison of the relative rates in CDC!3 vs CD,CN discloses the following effects.

3
(i) while the efficiency of imidazole is markedly decreased (a factor of ~»8), that of
CH3COO_RL'_N+ is strongly increased (r\118-20), and that of p_N02°C6HhO_RhN+ is increased
moderately (~~5). (ii) The uncatalyzed and the quinuclidine-catalyzed reactions are not
sensitive to the solvent change (slight deceleration ~~2). (iii) The solvent effect on the
triethylamine~catalyzed reacticns is complicated by the circumstance that this amine is
selective for primary (XE secondary) alcchols, RQOH, and that this selectivity is manifested
mainly in CDCI32.

A comparison of relative rates using (n-Cqu)hN+ vs (02H5)3NH+ as the cation of the salt

shows these effects, (iv) In CDC£3, the efficiency of the CH,COO ion is slightly decreased

3
{(~~2), while that of the p-NOQ.CéHuO_ ion is somewhat increased {(~~vL-6)., (v) In CD,CN, the
efficiency of the cnscoo' ion is strongly decreased (~~ 12-20), while that of the p-NOE.C6HhO-

ion is virtually unaffected.
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