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AWrac~: tab initio Cakulatiuns showed that the fuss of carbou dioxide from cyclic 
dioxocarbene % can proceed via a synchronous process with activation energy: AG’ = 
cu. 7.1 kcal/mol (MFW6-31G**). The corresponding unsaturated analog 2 was 
calculated to be more stable: AG* = cu. 25 kcal/mol (MP2/6-31G**) aud its aromatic 
character was probed. 

Deoxygenation of derivatives of 1 _I&glycols by extrusion of carbon dioxide and other molecules from 

thiocarbonates, orthoestors, and amide acetals provides a versatile method for formation of carbon:carbon 

double bonds.*~2 For example, alkene formation has been shown to proceed with retention of stereochemistry 

under miid conditions.*~ * s+j Relatively few details of the mechanisms of these reactions are known, but most 
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authors have proposed cyclic dioxacarbenes (see below) as probable intermediates. Independent evidence for 

carbene formation has been pmsented in related reactions of orthoesters.~ 

An important question concerning these reactions is whether loss of Ct& is in fact a viable reaction 

pathway from carbene intermediates (eq. 1). To answer this question, we carried out ab initi molecular orbital 

calcdations4 the objective of which was to charscteriz.e the transition structure l-TX and evaluate the activation 
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energy for the decomposition of 1. The reaction pathway was treat& as a synchronous cheletropic process 

with Czv symmetry.5 The calculations led to reasonable structures of 1 and 1-TS (Figure 1). and the latter 

structure was characterized as a flit-order saddle point by a normal coordinate analysis calculation that gave rise 

to one imaginary frequency corresponding to one negative eigenvalue. The changes in bond lengths and angles 

in the evolution of structure 1 to l-TS are consistent with expectation as CR breaks away. 
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FIGURE I. Geometry of I and l-TS: MP2&31G** 

The calculations (Table 1) also demonstrate that the structure and energy of 1 and l-TS are sensitive to 

size of the basis sets invoked and the extent of electron correlation. but the results suggest that AE* is in the 

range lW1 kcal/mol. The free energy of activation for loss of Ct& was calculated from thermodynamic data 

obtained by vibrational analyses of 1 and l-TS at the MP2/6-31G** level: AGf = 6.3 + 0.0026T = 7.1 

kcal/mol at 298.150.6 This finding is consistent with mechanisms that involve facile thermal breakdown of 

carbene intermediates in these reactions since substituents at carbon 4 and 5 positions would not be expected to 

significantly influence the magnitude of the barrier. 7 In addition, these results suggest that attempts to trap 

carbene 1 at ambient temperatures will be problematic. 

TABLE 1. Activation Energies for Eq. 1 and 2 and Structural Parameters for l-TS. 

Computational Method l-->l-TS 

a#a c,,...ob ozxsb oz’x 1’..03” 

2-->2-TS 

AEfa 

HF / 3-21G 
HF / 6-31G** 
MP2 / 6-31G** 
hW3//MP2/631G** 
MPLyDQ) // MP2 / 6-3 lG* * 
MP4(SDQ) // MP2 / 6-3 lG** 
MF’4(SDTQ) // MP2 / 6-3 lG** 
QCISD(T) /I MP2 I 6-3 lG** 

34.4 1.23 
43.5 1.21 

1.26 
178.: - 
17:8 - 
15.4 - 

9.7 - 
11.3 - 

1.90 126.5 
1.87 126.2 
1.72 119.4 

63.5 
27.3 
37.3 
38.0 
35.2 
27.9 
30.1 

a EIectronic activation energy differences in kcaUmol. b Bond distance in A. c Bond angle in degrees. 
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It was of interest to compare the calculated activation energy for the related reaction of the dioxolene 

system 2 with that for the saturated analog since the un~tu~ carbene is a Hilckel aromatic system with 6-x 
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electrons in a cyclic array. To the extent that this resuIts in stabi~i~tion one expects a corresponding increase in 

activation energy. The computed structures for 2 and 2-TS (Figure 2) reveal minor differences from those of 

FIGURE 2. GeomeBy of 2 and 2-l& MP%B+1G* 

saturated analogs, the most interesting of which is the near identity of the ring bonds in 2. The calculatede 

activation energy for eq.2 (MPNi-31G**) is considerably larger than that for the saturated analog: 25.0 

kcalfmol, and it is tempting to attribute at least part of this difference to loss of aromatic&y in 2 as the transition 

structure evolves. As a test for aromaticity, we calculated the change in enthalpy for the isodesmic reaction 

described in eq. 3. The result,8 -13.3 kcaUmo1, is consistent with enhanced stability for 2. Other data also lend 
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support to the idea of delocalization in 2. For example, calculated Mulliken charges on Cl and 0 are almost 

identical for the two carbenes (Table Z), but more reliable routines lead to dramatic decreases in the amount of 

negative charge on 02.3 and C4.5 and smaller increases on Cl that are consistent with delocaliiation in 2.9v*o 

TABLE 2. Calculated Charge Distributions for 1 and 2. 

Atom Numberlsl 1 2 

Cl 
02.3 
c4.5 
H 

Mulliiena 
449 

-576 
.042 
.I54 

M-K/SC Mulliiena 
-.262 .449 
-.185 -546 
S32 .118 

-.I07 .203 

a Ref. 4. bRef. 10. c Ref. II. 
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In the more general context of carhene chemistry, the properties of 1 and 2 are consistent with those of 

open chain analogs in terms of expected carbene philicity.7 The calculated HOMO-LUMO gaps for 1 and 2 am 

15.4 eV and 14.8 eV, respectively, and compare favorably with that of the all-cis- dimethoxycarbene (15.0 

eV).7 It is of interest to note that the HOMO’s of 1 and 2 are of different symmetry, however, the former being 

associated with the in-plane lone pair (Al) while the latter is associated with a cyclic rc-system above and below 

the molecular plane (B 1). This difference will affect the detailed correlation diagrams for decarboxylation and 

this aspect of these reactions will be reported subsequently. 
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