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We recently discovered that photodecarbonylation of phen- 
ylaminocyclopropenones, 1, in aqueous solution produces ynamines, 
2, as short-lived transient species, eq 1.1 Our work showed 
ynamines to be remarkably weak bases 
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and, provided they had an ionizable N-H bond, i.e., were either 
primary or secondary amines, to be correspondingly strong acids 
as well. In this respect, ynamines resemble their oxygen analogs, 
ynols, where the acetylenic group also exerts a very strong acid- 
strengthening effect.293 In these initial studies we did not 
determine the pK,'s of any of the ynols or ynamines we examined, 
and we consequently could only set lower limits on the acid- 
strengthening effect. We wish to report that we have now found 
that N-(pentafluorophenyl)-2-phenylethynamine, 3, undergoes 
acid dissociation in aqueous solution, eq 2, with pKa = 10.28, and 
that this has allowed 

PhC=CNHC6F5 + H20 PhC=CNC6F[ + H30+ 
(2) 
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us to fix the acidifying effect in this case at  10 pKunits or 14 kcal 
mol-'. 

We generated this ynamine as before' by flash photolysis of 
the corresponding aminocycl~propenone~ and found that its rapid 
hydration to N-(pentafluorophenyl)phenylacetamide, 5, occurs 
through prior isomerization to a ketenimine, 4, eq 3, as is the case 
with other secondary ynamines.' This reaction of 
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PhC=CNHC,F, 4 PhCH=C=NC,Fs PhCH,CNHC,FS (3) 

the ynamine to the ketenimine is catalyzed by both acids and 
bases, and rate measurements made a t  25.0 f 0.1 OC in HC104 
and NaOH solutions as well as HCOzH, C H ~ C O Z H ,  HzP04-, 
NH4+, and HC03- buffers produced the rate profile shown in 
Figure 1.6 

The acid-catalyzed limb of this profile represents rate- 
determining proton transfer from the hydronium ion to the 
@-carbon atom of the ynamine, as evidenced by the kinetic isotope 
effect kH+/kD+ = 3.27 f 0.09; this step is then followed by rapid 
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Figure 1. Rate profile for isomerization of N-(pentafluorophenyl)-2- 
phenylethynamine to the corresponding ketenimine in aqueous solution 
at  25 O C .  

proton loss from nitrogen, eq 4. The basic leg derives from a 
process in which hydroxide 

PhC=CNHC6F, + H30+ - rd 

fast 
PhCH=CNHC,F,+ + H20 - 

PhCH=C=NC,F, + H30+ (4) 

ion first removes the proton from nitrogen in a rapidly established 
preequilibrium, followed by rate-determining reprotonation on 
carbon by a water molecule, eq 5. 

fast 
PhC=CNHC6F, + HO- - 

PhCH=C=NC,F, + HO- ( 5 )  

The break in the rate profile near ~ C H +  = 10 represents a shift 
in the preequilibrium and a change from ynamine plus hydroxide 
ion to yniminium ion (6) plus water as the initial state of the 
reaction. This change in initial state is accompanied by the 
expected increase in solvent isotope effect from k H v / k m  = 4.1 
f 0.2 for the hydroxide-ion catalyzed process to kH20/kD20 = 7.9 
f 0.4 for the "uncatalyzed" reaction. 

It follows from this mechanistic assignment that the break in 
the basic portion of the rate profile corresponds to the acidity 
constant of N-(pentafluorophenyl)-2-phenylethynamine ionizing 
as an acid, eq 2. Least-squares analysis gives the result Ka = 
(5.29 f 0.01) X 10-1' M, pKa = 10.28 f 0.01.' Measurements 
made in D2O solution lead to the isotope effect on this acidity 
constant KFo/KFo = 3.77 f 0.28, which is a reasonable value 
for an acid of this strength.8 

This is a remarkably large acidity constant for an amine ionizing 
as an acid in aqueous solution: most amines take on a proton 
rather than give one up in this medium. The present result may 
be compared with an estimate of the aqueous solution acidity 
constant for pentafluoroaniline, 7, pK, = 20, based upon pKa = 
23.1 determined in DMSO solution9 and the change-of-solvent 
increment 6 pKa = -2.9, obtained from the values for aniline 
itself in DMSO, pKa = 30.6,10 and in H20, pKa = 27.7." That 
puts the acid-strengthening effect of the phenylethynyl group in 
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the present system at 20 - 10.28 = 10 pK units. This result is 
considerably less than the lower limit of 17 pKunits we estimated 
before in a comparison of the parent 

C6F5NH2 PhCECNHz NH3 
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phenylethynylamine, 8, with ammonia, 9, but the reduction can 
be attributed to partial saturation of the phenylethynyl group 

(10) Bordwell, F. G. Acc. Chem. Res. 1988, 21, 456-463. 
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effect in the present case by the already strongly acidifying 
pentafluorophenyl substituent. 
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