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Acid-Catalyzed Hydration of Di-tert-butylketene 

Sir: 

We report new evidence relevant to the mechanism of ketene 
hydration. Specifically di-tert-butylketene (1) undergoes 
hydration to the acid 2 in 50% water-acetonitrile with general 
acid catalysis and a solvent isotope effect /CH+AD+ of 2.8. 
These facts indicate that the reaction occurs by rate-limiting 
proton transfer. 

H+ 

t.-Bu2C=C=0 + H2O — 2 - * ~ t-Bu2CHC0„H 

A 2 
The reaction mechanisms of ketenes1 are of interest because 

of their widespread use in acylations,1 cycloadditions,2 and 
other synthetic procedures.3 Ketenes are also implicated as 
intermediates in reactions of various acyl derivatives with 
nucleophiles,4 including reactions of biologically important 
molecules.40 

There has been intense recent interest in the protonation and 
hydration of ketenes. Studies on ketene itself include four in
dependent measurements of the gas-phase proton affinity,5 

determination of gas-phase hydration kinetics,63 and a mo
lecular orbital study of the site of protonation.6b The kinetics 
of hydration of dimethylketene in solution have been exam
ined,7 and the hydration of arylketenes in water have been 
studied.8 

There was agreement on a value of the proton affinity of 
ketene of 194 ± 1 kcal/mol,5 almost identical with that of 
isobutene (193.5 kcal/mol).5b There was some difference of 
opinion as to the site of protonation (eq 1): two groups favored 

CH =C=0 „ H - CH C-=O or CH2=COH (1) 

C protonation,5a'b another reported that the position of pro
tonation depended on the acidity of the proton donor,50 and one 
group favored O protonation.5d 

In the studies of dimethylketene hydration in organic media, 
acid catalysis was observed7 and a concerted addition of water 
involving the cyclic transition state 3 was proposed, where H-A 
represents the catalyzing acid. In the investigation of aryl-

M e 2 C ~ C = 0 

H OH 3 

V-H7 

ketenes the substrates were generated in situ by photochemical 
Wolff rearrangement and the rates of hydration were followed 
by the change in conductivity of the photolyzed solution (eq 
2).8 

Il , HO 
ArCCHN2

 n v »• ArCH=C=O —^-*- ArCH2CO2H (2) 

In the latter study high rates of reaction were reported 
(first-order rate constants of 4 X 103 and 5 X 104 s~l for p-
tolyl- and p-nitrophenylketenes, respectively).8 The reactions 
were reported to be independent of pH in the range 4-10.8, 
with solvent isotope effects &H2Q/&D2O

 = 1-8-2.0, and the rates 
were correlated with <7p

n constants with p = 1.19. 
We have been able to correlate rates of alkene hydrations 

with considerable success.9 In view of the interest in ketene 
hydration, and the indecisive nature of the previous studies of 
this reaction, further study appeared desirable. 

Di-rerf-butylketene (I)10 offers great advantages for the 
study of mechanism of ketene hydration, in that it is stable to 
dimerization and to reaction with air and has both ultraviolet 
and visible chromophores which permit reliable spectral 
measurement of its rate of hydration. Rates of hydration of 1 
were conveniently observed by monitoring the disappearance 
of its UV absorption maximum at 227 nm. In solutions of 50% 
aqueous acetonitrile at 25 0C in HCChH-HCChNa buffers 
at ionic strength 0.05 (NaCl) and a pH of 4.09, the rate law 
fcobsd = fcH+[H+] + ^HA[HCChH] was closely followed, with 
kH+ = 4.43 M-1 s-1 and kHA = 2.38 X 10"2 M"1 s"1. These 
rate constants gave a good fit to other rate data obtained for 
the pH range 3.67-4.50. At the pH value of 7.7 no reaction was 
discernible; so &H2O must be <10~6 M - 1 s -1 . 

General acid catalysis was also observed at pH 3.30 using 
a HCl-KH2PO4 buffer in the same medium. The fit of the data 
was not so precise as in formic acid but gave values of ^ H + = 

3.6 M-1 S-1 and kH\' = 0.90 M - 1 s_1. 
Acid catalyzed hydration was also observed for H2SO4 in 

the range of 1.7 X 10~3 to 2.9 X 10~4 M H2SO4 in 50% 
water-acetonitrile. The acidity function of this medium has 
not been determined but kn+ = 3.2 M - 1 s_1 could be esti
mated,10 and a solvent isotope effect of kn+fk^+ = 2.8 at 9.00 
X 1O-4 M sulfuric acid was found. The observed values of ^H + 

in the three acid systems are thus in reasonable agreement, 
with that in the formate buffers being the most reliable. 

The observed general acid catalysis and the large solvent 
isotope effect unequivocally establish that 1 undergoes hy
dration by rate-limiting protonation. Carbon protonation to 
give the acylium ion is one likely path (eq 3), but protonation 
on oxygen (eq 4) is also possible. 

H+ + 
t.-Bu2C=C=0 *- t.-Bu2CHC=0 (3) 

H+ + 
_t-Bu C=C=O — — * - t.-Bu C=COH (4) 
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The low reactivity of 1 relative to the arylketenes is an item 
of some interest. The change in medium accounts for only a 
small portion of the difference,12a and geminal di-tert-butyl 
groups do not cause a steric barrier to protonation.12b Gener
ation of the arylketenes in an excited state by eq 2 could lead 
to enhanced reaction rates in these cases.12c In any event these 
ketenes are all quite reactive in solution relative to alkenes such 
as isobutene (fcH+ = 3.71 X 10~4 s_ 1 at 25 0 C ) , ^ even though 
the proton affinities of ketene and isobutene are the same in 
the gas phase. 

The relative stability of 1 to neutral and basic hydrolysis may 
reflect a steric barrier to nucleophilic attack. Quantitative 
reactivity comparisons of 1 and less hindered ketenes will be 
illuminating in this regard. 
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odological advances and important discoveries in biochemistry and 
biophysics". 

Volume I contains nine chapters. The articles are vastly different 
in their content and emphasis; they vary from a chapter on photo
synthesis to one on clinical aspects of genetic disease. Obviously no 
attempt was made by the editors to localize emphasis in each volume. 
Perhaps this is good; there are chapters to interest people in vastly 
different areas. This book tends to remind one of Chemical Reviews. 
This varied emphasis along with the modest price of the paperback 
version may interest many in entering subscriptions. 

The articles themselves are generally well written and well ref
erenced. They are largely free of typographical errors, and most are 
of high quality both in scientific content and literary style. Most are 
excellent reviews of present knowledge and contain indications of areas 
where research is still needed. 

On picking up the book the first thing that strikes one's eye is the 
fact that it is reproduced from a typewritten manuscript rather than 
from set type. The resulting uneven right margins make one feel like 
one is reading a preliminary draft rather than a book, which detracts 
from the quality of the volume. 

All things considered, this volume is a good addition to most sci
entific bookshelves. 

Robert R. Pavlis, College of the Virgin Islands 
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original isolation of the prostaglandins. A short discussion of their 
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