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Summary: The enthaipies of reaction for complexation of methyl- and phenyichiorocarbene with substituted
pyridines are determined by photoacoustic calorimetry. The enthalples are similar for the two carbenes and can be
related to the pKg's of the pyridines. Steric interactions between the carbenes and several substituted pyridines
result in an apparent decrease in the reaction enthalpy from that predicted by the pyridine pKy's,

Electrophilic carbenes can react as Lewis acids and form ylides with compounds containing non-bonding
electrons pairs, such as carbonyis, nitriles, sthers and alcohols.! The reaction with pyridine to form pyridinium ylides
has been extensively used in several recent laser flash photolysis studies to study the kinetics of “invisibie” carbene
reactions.2 For example, the substituted carbenes, 2a,b, photogenerated from diazirine precursors, 1a,b, form
pyridinium ylides, 3a,b, whoss kinetics are monitored by transient absorption spectroscopy.

Although the kinstics for formation of these yiides are known (X=H),2 no thermodynamic data are currently available.
In this regard, we wish to now report on the thermodynamics of ylide formation between substituted pyridines and
methyl- and phenyichlorocarbene by phatoacoustic calorimetry (PAC)3# These studies examine both slectronic
and steric effects on the thermodynamics of yiide formation, and comment on the generality of the pyridinium probe
technique for the study of carbene kinetics.

The heats of reaction for ylide formation between carbenes 2a,b and substituted pyridines are determined
by photoacoustic calorimetry (PAC).5 irradiation of 1a,b in heptans results in a single heat deposition, reflecting
formation of the carbens 2a,b, AH{1-+2). Imadiation of 1a,b in heptane with added pyridine (0.1 M) aiso results in &
single heat deposition, reflecting initial carbene formation, 2a,b, and subsequent ylide formation, 3a,b, AH(1-+3).
The difference in these valuss, AHy, yields the heat of reaction for yiide formation, AH(2 — 3).8 Alternatively, the two
heat depositions, AH{1—2) and AH(2—3), can be time-resolved separately at lower pyridine concentrations.3 The
bimolecular rate constants for the formation of pyridinium ylides 3a.b (X=H),7 as determined by PAC, are in good
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agresment with those measured for ylide formation by nanosecond flash photolysis.2 The AH; values obtained by
PAC are given in Table 1, in addition to the pyridines’ pKq and gas-phase proton (PA) affinity values. Plots of AH,
versus the pKy of the substituted pyridines are given in Figurse 1.

Table 1. Experimental Heats of Reaction for Ylide Formation Between Substituted Pyridines and 2a,b2.?

Pyridine pKa® PA? AHy{2a)®d AH{2b)
2F -0.44 2118 -79[3.7] -2.812.6]
2Cl 0.49 214.8 -14.7 [1.1) -7.3[2.1]
H 5.25 220.4 -21.1 [2.9] -19.6 [1.0]

2-CHj 594 223.7 -16.0 [1.8] -18.6 {2.0]
4CHs .. 6.03 223.7 -25.1 [1.4] -21.6 [1.0]
2,6CH3 6.60 227.1 -10.3 [2.3] -4.1[0.2]

2 |n heptane, 295 K, sse ref. 5. D Average of at least 5 measurements. € Vaiues inwater, ref. 9. ¢ Ref. 11
@ |n kcal/mol. ?Errors in parentheses are +10. 9 Values corrected for quantum yield for formation of 2a , @ = 0.67,
see ref. 6.

Figure 1. Heat of Reaction for Ylide Formation, AHy, versus pKy of Substituted Pyridines; (a) 2a, (b) 2b. Open
squares represent 2-methyl- and 2,4-dimethyipyridine.

The data reveal several interesting trends. First, the above plots show reasonable linear correlations
between the PAC AH, values and the pKg's of the pyridines (2a: c.c .= 0.94, 2b: c.c .= 0.99, excluding 2-methyl-
and 2.6-dirmﬂrylpyrldlm).‘ The AH, valuss and the gas-phase proton affinities of the pyridines are also linearly
correlated (2a: c.c .= 0.8, 2b: ¢.c .~ 0.97, excluding 2-methyl- and 2,6-dimethyipyridine).!! This suggests that the
strength of the newly formed bond is directly related to the electron donating ability of the pyridine. The reversibility.
of ylide formation under the reaction conditions should in part be determined by the magnitude of AH,.12 For
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example, the predicted “ireversible” formation of pyridinium ylides 3a,b (X=H) is supported by flash photolysis
studies in which the ylides are found to be sxtremely long-lived ( >100 us for 3b) under conditions where the
carbenes should not be.2 However, the weakly coordinated pyridinium yiides, i.e. with electron withdrawing groups
on the pyridine, may indeed be formed “reversibly”. Product and flash photolysis studies are currently in progress to
test this prediction.

Second, the reaction enthalples for 2a are slightly greater than those for 2b, l.e. 2a is a stronger Lewis acid
towards the pyridines than 2b. The small difference in the “stability” of carbenes 2a and 2b pelative to their
respective yiides 3a and 3b may potentially account for their different ratas of complexation with the pyridines.?.10
However, steric sffects aiso nesd to be considered. Although AH, for pyridinium ylide formation should decreass as
the “stability” of the carbene increasss, the results indicate that carbenes which are significantly mors “stable” than v
2b may also form pyridinium ylides.'3 Third, the changes in AH, with varying pyridine pK, for the two carbenes are
similar (2a: slope = -2.3, 2b: slope = -2.8), l.e. the slope is independent of carbene substitution, R = CH3 or CgHs. At
present, it is unclear whether substitution on the carbene will greatly affect its sensitivity to the electronic effects of
the pyridines.

Fourth, the AH,values for carbene compiexation with 2-methyl- and 2,6-dimethyipyridine are significantly
less that those predicted from the pyridine pK, values. The poor correlation indicates that the carbsnes are more
sensitive to steric interactions with the pyridines than is a proton.

The carbene acidities towards the substituted pyridines can bs compared to other Lewis acids.4 For
example, the enthalpies of complexation of BH3 and B(CH3)3 with pyridine, 17.9 and 21.3 kcai/mol, are quite similar
to those of carbenes 2a and 2b.15 in addition, the steric effects observed in the complexation of the ortho
methylated pyridines with the carbenes 2a and 2b are aiso observed with the bulky B(CH3)3, but not with BHz.

Future studies will investigats both the kinetics and thermodynamics of “slectrophilic” carbenes with other
neutral and lonic nucleophiles as a function of carbene substitution, solvent polarity, and temperature.
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