
272 Journal of the American Chemical Society / 101:1 / January 3, 1979 

quoted are accurate to ±10-15%. 
(11) After reaction times of more than 6 h, 1 is gradually decomposed with an 

accompanying loss of activity for Ph3P oxidation, After 48 h, when 1 is 
completely decomposed, oxidation of Ph3P in the presence of O2 is not 
observed. 

(12) L. G. Marzllll, P. A. Marzllll, and J. Halpern, J. Am. Chem. Soc, 93, 1374 
(1971). 

(13) Co(saloph)-PPh3-N02 is prepared in manner similar to the preparation of 
1: VNO2 1305, 1225,810 cm-1 . 

(14) R. Barral, C. Bocard, I. S. de Roch, and L. Sajus, Tetrahedron Lett., 17, 1693 
(1972); P. C. H. Mitchell and R. D. Searle, J. Chem. Soc, Dalton Trans., 
2552 (1975); G. J. J. Chen, J. W. McDonald, and W. E. Newton, lnorg. 
Chem., 15, 2612(1976). 

(15) This sytem may be compared with the recently reported oxidation of PPh3 
to OPPh3 by a Ru-NO2 complex.16 The oxidant [Ru"'(bpy)2N02CI]+ is 
generated electrochemically from [Ru"(bpy)2(N0)Ci]2+ in the presence 
of water and a base. In this system, oxidizing equivalents are provided 
electrochemically instead of by O2, and 1 mol of hydroxide is needed for 
every mole of OPPh3 produced. 

(16) F. R. Keene, D. J. Salmon, and T. J. Meyer, J. Am. Chem. Soc. 99, 4821 
(1977). 

(17) NOTE ADDED IN PROOF. Recently H. Mimoun and co-workers (J. Am. Chem. 
Soc, 100, 5437 (1978)) described the specific oxidation of terminal olefins 
to 2-alkanones employing Rh-based catalysts in which terminal olefins are 
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Experimental Determination of the Acidity and 
Basicity of Glycine in the Gas Phase 

Sir: 

For many years it has been known that the most stable 
structure of a-amino acids in aqueous solution and in the 
crystalline state is best written as a dipolar ion, or zwitterion. 
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^COj 

Typically these compounds are appreciably soluble only in 
water , and as solids they do not melt until they decompose at 
almost 300 0 C These physical properties are consistent with 
the "sa l t - l ike" dipolar ion s t ruc ture . There are two ionizable 
groups in aqueous solution having p^Ta values of 2 and 9. 
Taking glycine as an example, the first pA^a at 2.3 is what one 
expects for ionization of a carbonyl group (reaction 1). This 

H3NCH2COOH = H + H3NCH2COO AG0 = 3 .1 kcal/mol (H 

pKa value is consistent with that of acetic acid {pKa = 4,8) and 
the presence of a strong electron-withdrawing effect of the 
positive ammonium group which stabilizes the glycine dipolar 
ion.1 The second acid dissociation for glycine has a p/Ca of 9.6 
and corresponds to reaction 2. This is similar to e thaneam-

H2NCH2COO A G° = 13 kcal/mol (2) 

monium ion having a pKa of 10.7. Thus , in aqueous solution 
the basicity of glycine (reaction 1) is similar to that of acetate 
ion, and the acidity of glycine (reaction 2) is similar to that of 
an a lky lammonium ion. 

Very little is known about the propert ies of a -amino acids 
in the gas phase owing to their extremely low volatility and 
tendency to decompose at elevated tempera tures . Electron 
impact mass spectrometry on glycine produces a base peak at 
m/e 30, H 2 N C H 2 + , corresponding to loss of C O O H from the 
neutral molecule.2 Chemical ionization mass spectrometry 
using methane , 3 i sobutane, 4 and hydrogen 5 as reagent gases 
has been performed to e labora te the fragmentat ion mecha
nisms. However, there are no data in the literature which allow 
the acidity and basicity of the a -amino acids in the gas phase 
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Figure 1. The basicity of the a-amino acid glycine in the gas phase relative 
to several reference bases previously studied by the equilibrium pulsed ICR 
technique. Each number listed is the result of a separate determination 
of AG3820 (kilocalories/mole) for proton transfer reactions such as AH + 

+ B = BH+ + A. The strongest base in this series is CH3NH2. 

to be compared with the energetics of their ionization in 
aqueous solution. 

In this communication we report for the first time mea
surements of the gas-phase acidity and basicity of glycine. The 
experiments were performed with a specially constructed 
pulsed ion cyclotron resonance (ICR) spectrometer having a 
heated analyzer system. The procedures used to study the 
gaseous positive and negative ions of glycine were identical with 
those previously described in detail,6 with the exception that 
the analyzer system was heated and the glycine sample was 
admitted to the spectrometer via a direct insertion probe. Each 
glycine sample was thoroughly dried to remove water. Electron 
impact ionization at 20 eV confirmed the presence of the base 
peak for glycine at m/e 30 and the absence of water. Under 
typical operating conditions of 109 0C, the pressure of glycine 
in the ICR analyzer cell was 1 X 1O-6 Torr as measured by a 
Bayard-Alpert ionization gage. 

Data for the equilibrium relative basicity of glycine in the 
gas phase are shown in Figure 1. Multiple determinations were 
made using four reference bases to ensure the reliability of the 
measurements. Glycine is found to be slightly less basic than 
methylamine. Based upon a value of 207.0 kcal/mol for the 
proton affinity of ammonia (A//2980 for N H 4

+ = NH 3 + H + ) , 
the energetics for the gas-phase protonation reactions are as 
shown in reactions 3-5.7 It is obvious from comparison of re-

AG332 =205.8 kcal/mol (3) 

AG382 =207.3 kcal/mol (4) 

H3NCH2COOH 

CH3NH3
 + 

.OH 

CH, c : ' + 

= H + glycine 

= H+ + CH3NH2 

= H+ + CH3COOH AG: 382 1184.3 kcal/mol (5) 

action 1 and reaction 3 that the basicity of glycine in the gas 
phase is enormously greater than in aqueous solution. This is 
primarily due to the high solvation energy of the proton. Of 
greater interest, however, is the finding that the gas-phase 
basicity of glycine is more similar to that of methylamine than 
acetic acid. We conclude from these data that in the gas phase 
glycine protonates on the a-amino group to produce the ionic 
structure shown in reaction 3. 

It has also been possible to measure the gas-phase acidity 
of glycine, and these data are shown in Figure 2. Glycine is a 
stronger acid than both acetic and formic acid in the gas phase. 
Based upon a value of 329.6 kcal/mol for the acidity of benzoic 
acid at 385 K, the energetics of the gas-phase deprotonation 
reactions are as shown in reactions 6-8.8 It is apparent from 
reaction 6 that heterolytic bond dissociation, AH = H + + A - , 
is a far more endothermic process in the gas phase than in 
aqueous solution (reaction 2). These data also show that gly-
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Figure 2. The acidity of glycine in the gas phase realtive to several reference 
acids. Each number listed is At7385° (kilocalories/mole) for proton transfer 
reactions such as A - + BH = B - + AH. The strongest acid in this series 
is benzoic acid. 

glycine 

CH3COOH 

CH3NH2 

H + H2NCH„COO 

H + CH3COO 

CH3NH 

AG385 =332.5 kcal/mol (6) 

AG° =339.0 kcal/mol (7) 

4G°g5 = 393.5 kcal/mol (8) 

cine in the gas phase has a deprotonation energy more similar 
to acetic acid than methylamine. Thus, we conclude that the 
(M - H ) " ion of glycine is due to loss of a proton from the 
carbonyl group to give the ionic structure shown in reaction 
6. 

The site of protonation and the site of deprotonation of 
glycine in the gas phase are established by the comparisons 
made above. Furthermore, glycine in the gas phase behaves 
in its acid/base chemistry like a nonionic «-aminocarboxylic 
acid rather than a zwitterion. Matrix isolation studies9 and 
recent theoretical calculations10 also indicate that the nonionic 
form is more stable than the dipolar form. We are currently 
investigating this problem in more detail by studying the effects 
of substituents on the gas-phase acidity and basicity of a-amino 
acids. 
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Photoactivation of Cluster Catalysis: 
a Comparison of 1-Pentene Isomerization by 
Tetracarbonyl(triphenylphosphine)ruthenium 
and 1,1,1,2,2,2,3,3,3-Nonacarbonyl-
1,2,3-tris(tripheny lphosphine)- friangu/o-triruthenium 

Sir: 

In this communication we register two potential advantages 
of cluster precursors to photochemically generated catalysts. 
We present preliminary results demonstrating that (1) lower 
energy irradiation can be used to activate catalysis by irra
diation of a cluster compared with an appropriate mononuclear 
analogue and (2) the active species generated from the cluster 
can operate on the substrate to give a substantially different 
ratio of products. The latter result bears on the question of 
whether cluster species can do unique chemistry relative to 
their mononuclear fragments. We report a comparison of the 
photocatalyzed 1-pentene isomerization by Ru3(CO)9(PPh3)3 

and Ru(CO)4(PPh3).1 

Before detailing the results concerning the 1-pentene 
isomerization, we will delineate some of the essential photo
chemical and spectral properties of the two catalyst precursors. 
Both complexes are thermally inert at 298 K, but each is 
photosensitive. The absorption spectra of the two complexes 
are included in Figure 1; Ru(CO)4(PPh3) is a pale yellow 
substance with only tail absorption at wavelengths longer than 
300 nm, while Ru3(COMPPh3)? exhibits an intense visible 
absorption maximum at 506 nm («~14 000). The ultraviolet 
absorption of the C3,- Ru(CO)4(PPh3) is logically a ligand field 
transition which terminates in the d,2 orbital which is strongly 
a antibonding.2 Near-UV, 355 nm, irradiation in the presence 
of added 0.1 M PPh3 in benzene yields Ru(CO)3(PPh3), («co 
1895 cm - 1 ) , 3 and irradiation in the presence of 0.1 M 
P(OMe)3 in benzene apparently yields Ru(CO)3(PPh3)-
[P(OMe)3] (//co 1905 cm"1) and not Ru(CO)4[P(OMe)3]. 
These results allow the conclusion that loss of CO is the prin
cipal result of near-UV irradiation of Ru(CO)4(PPh3) (eq 1). 

R u ( C O ) 4 ( P P h 3 ) 355 nm 
= 0 .32+0 .02 

Ru(CO) H) 

When CO is purged from the solution, 1 -pentene can scavenge 
Ru(CO)3(PPh3) to yield a very substitution labile 1-pentene 
complex, but, in hermetically sealed samples of benzene so
lutions of 1.76 M 1-pentene, Ru(CO)4PPh3 undergoes little 
net reaction even at long irradiation times. Note that the 
coordinatively unsaturated species generated has the same 
empirical formula as Ru3(CO)9(PPh3)3 . This fact is an im
portant feature of the system under study, since we find that 
visible irradiation of Ru3(CO)9(PPh3)3 in the presence of L 
yields Ru(CO)3PPh3L, (eq 2). Based on this photochemistry 

1 a, 5 wj 
Ru3(CO)9(PPh3J3 L,'-| - , ' '- > 3Ru(CO)3PPh3L (2) 
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