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Summaw: The MINX)/3 calculations on the title carbenes suggest that the nonclassical, 

closed structures are favored in gas phase or under externally unperturbed conditions. 

Most carbenes possessing an ~~e~~n-~thdra~~ or co~u~at~e s~sti~ent~s} have 

triplet ground state and display radical-type reactivities. 
1 

However, chemistry of carb- 

alkoxycarbenes, 
2 

formed by photo&tic ox thermal decomposition of diazoacetates has not yet 
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been ftily clarified. Recent EPR study on these carbenes in frozen solutions or in vacuum- 

deposited, rigid matrices indicated triplet ground states. 3 But the chemical behavior is in- 

terpreted by assuming that the reactinp carbenes are in a singlet manifold. (1) Carbenes of 

this type cycloadd across olefinic double bonds, producing oyclapropane adducts, in a stereo- 

specific cis manner (Skellts criterion 4 ). 5 (2) Aliphatic C-H bonds are susceptible to the 

carbene insertion reaction; the stereochemical outcome (retention of configuration)6 and 

relative reactivities (tert:sec:& = 3. f-2.9:2.3:1.0)” -- are compatible with the singlet 

reaction. (3) Carbalkoxycarbenes react with dialkyl sulfides* OF ethers’ in an electrophilic 

manner to give stable S-ylides and unstable O-yffdes, respectivelyt (4) Even in inert solvents 

these carbenes do not suffer decay to the triplet. 
10 

(5) In fluid solution, only sensitized 

photelysis of the diazo precursors allows efficient generation of triplet carbalkoxycarbenea 

which exhibit radical reactivities . 11.12 
Such intriguing features have prompted us to examine 

the electronic structures of carbomethoxycarbene 0) and dicarboxycarbene (10 by molecular 

orbital (MO) calculations with full geometrical optimization. 
13 
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Molecular geometry of singlet carbomethoxycarbene was determLned by the MINDO/S 

method. 
14 

This calculation suggests the classical open form Ia ip not species of a local e-r 

minimun, but the geometry optimization led, without activation energy, to the closed structu 

Ib. The detailed structure is given in Figure 1. The Computed ground-state structure rb is 

be distinguiehed from the regular oxirene structure. 
15 

The C(1) atom (carbenic center) has 

pyramidal configuratioh with a nonbonding electron pair; the C(l)-H(6) bond is bent up by the 

angle of 64’ from the C(l)-C(2)--o(3) plane. The C(2) atom has a trigonal, nearly planar 

structure. The C(l)-&(2) bond distance of 1.391 A is intermediate between an oxirane C-C 

bond (1,470 All6 and a& oxirene C=C bond Il.245 A). I7 The C(l)--o(3) bond of 1.507 A is 

longer than an oxirane C-0 bond (1.435 A) and shorter than an oxirene C-0 bond (1.550 

A). 
IS,17 

The distances of the C(2)-O(3) bond possessing substantial double bond character, 

1.306 A, is shorter than aseociatsd with ofirane C-O single bonds. The C(2)--o(4) bond 

(1.281 A) has even higher bond order (cf. standard ester C-0, 1.245 A; C-O, 1.312 A}. 

Figure 1. Bond lengths and bond angles of singlet fi (AHf = -24.5 kcatimol). 
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Figure 2. Selected MO8 of Ib. 



The sin&et state Ib Ls calculated to lie 8-9 kcai/moI below the triplet having an 

equilibrated open geometry. 
14 

Thus the stabilization of singlet I is not due to co~u~a~on 

between the nonbonding electron pair of the p2 carbene and the electron-~thdra~~ ester 

substituent as has been postulated earlier, 
2b 

Rather this is mainiy a result of supply of a non- 

bonding electron pair from the carkonyl oxygen into the vacant pz orbital of the (F’ carbene. 

Synergistic electron back-donation from C( 1) to C(2) also contribute to the stabilization to some 

extent. The C( 1) atom in Ib has charge density of -0.085, whereas C(Z) is positively charged. 

In principle carbenes are ambiphilic . Figure 2 shows the shapes of some selected MOe 

of Ib which control the reactivity. In going from the hypothetical open form Ia to the closed 

structure lb, electrophiiicity of the carbenic carbon is decreased because of the electron 

release from the carbonyl oxygen. The shape of the HOMO predicts the possible nucleopbiiic 

reaction at C(l), although such behavior has not yet been recognized by experiments. The 

electrophilic reaction of Ib takes place by use of the next LUMO in which C(l)-_0(3f is anti- 

bonding in nature. ~ucleop~les such as silfides, ethers, alkenes, would attack the C(l) atom 

from the side opposite the leaving o(3) atom to give the addition products, Thie mechanism 

is reminiscent of the hydrolytic behavior of chirnl ru-bromopropionate which gives lactate with 

StereochemicaI retention; the Lu-tactone intermediate is structurally closely related to lb, 

Thus the semi-empirical MO calculations favor the nonclassical, closed structure for 

the carbene I in gas phase or under externally unpe~rbed conditions, accounting for the great 

Figure 38 Bond lengths and angles of IIb 

(Ak+ = - 147.2 kcal/mol) . 

Figure 4. IJond lengths and angles 

of ffa IA13f = -132.7 kcaI/mol). 
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stability of the singlet manifold. In solution, however, the classical open forms may also 

exist as a result of stabilization by solvatian with surrounding molecules. 18,19 

The MIND013 calculation of dicarboxycarbene led to the cyclic form IIb as the optimizer 

ground- state structure, The structural parameters are given in Figure 3. This singlet 

molecule, unlike Ib, has nearly planar oxirene-type structure. Here the C(1) atom does no 

longer have a nonbonding electron pair. The singlet-triplet energy separation was calculate< 

to be 7.6 kcaI/mol. In addition, we found severdl open structures with different carboxyl 

conformation as local eherg-y minima. A typical example is the o2 singlet carbene IEa bearin 

two equivalent carboxyl groups (Figure 41, which lies 14.5 kcal/mol above IIb. 
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