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this case would represent the largest value for K. In this case the 
distance would be 2l/2r. Thus interelectron distance would vary 
between 21^r and Ir. If repulsion within an orbital is inversely 
proportional to r, i.e., AA <* \/r, then approximate limits for K 
are 0.71 > K > 0.5 (i.e., 1/21/2 > K > 1/2). 

The value K = 0.67 falls within these bounds and when sub­
stituted into the repulsion term gives AA(l - 0.335Aj). This yields 

1. Introduction 

The discovery of the diazirines1,2 in 1960/61 concluded the 
discussion about the open or cyclic structure of diazo compounds.3 

The interest in the research in this field of heterocycles is undi­
minished even today.4,5 There are still controversies about the 
photolytic and thermolytic reaction mechanisms of diazirines.4,6'7 

It is known that the cyclic compounds are experimentally more 
easily accessible and thermodynamically more stable that their 
linear isomers. 

The difficulties with the interpretation of reaction pathways 
may be discussed in a few examples. Amrich and Bell8 obtained 
20% diazomethane in the photolysis of diazirine in the gas phase. 
In the photolysis of diazirine in a 15N2 matrix, Moore and Pi-
mentel9 found diazomethane, which originates from the reaction 
of methylene with the 15N2 matrix, as secondary product. Frey10 

concludes that the diazomethane generated in the gas phase must 
appear through intersystem crossing (ISC) in its first triplet state. 

3-Chloro-3-methoxydiazirineu and 3,3-dimethyldiazirine12 

decompose thermally in first-order reactions into nitrogen and the 
corresponding carbenes and their conversion products. It is not 
clear whether the ring bonds are cleaved in a synchronous or 
sequential homolytic or heterolytic fashion and whether transition 
states or intermediates have diradical or zwitterionic character. 

(1) S. R. Paulsen, Angew. Chem. 72, 781 (1960). 
(2) E. Schmitz and R. Ohme, Chem. Ber., 94, 2166 (1961). 
(3) E. Schmitz, Angew. Chem., 76, 197 (1964). 
(4) M. T. H. Liu, Chem. Soc. Rev., 11, 127 (1982). 
(5) D. P. Cox, R. A. Moss, and J. T. Terpinski, J. Am. Chem. Soc, 105, 

6513 (1983). 
(6) W. Kirmse, "Carbene Chemistry", Vol. I, 2nd ed., Academic Press, 

New York and London, 1971. 
(7) M. Nastasi and J. Streith in "Rearrangements in Ground and Excited 

States", Vol. 3, P. de Mayo, Ed., Academic Press, New York, 1980. 
(8) M. J. Amrich and J. A. Bell, J. Am. Chem. Soc, 86, 292 (1964). 
(9) C. B. Moore and G. C. Pimentel, J. Chem. Phys., 41, 3504 (1964). 
(10) M. H. Frey, Adv. Photochem., 4, 225 (1966). 
(11) N. P. Smith and I. D. R. Stevens, J. Chem. Soc, Perkin Trans. 2, 

213 (1979). 
(12) H. M. Frey and I. D. R. Stevens, J. Chem. Soc. Ill, 3865 (1962). 

eq 2 when combined with (14) and the relations of paper 1. The 
good correlation with other schemes and the simplicity of (2) 
suggest that the value is reasonable. Further correlations will be 
necessary to verify this estimate. 

(15) Sanderson, R. T. "Chemical Bonds and Bond Energy", 2nd ed.; Ac­
ademic Press: New York, 1976; p 41. 

High preexponential factors would suggest acyclic diradical 
transition states. It is an open question why linear diazo com­
pounds are not found as products. 

Schmitz3 states that the diazirine is destabilized by an a-keto 
group compared to the alkyl-substituted compound. Thus a-
ketopentamethylenediazirine loses nitrogen already at 40 0C 
whereas pentamethylenediazirine requires 160 0C for the anal­
ogous reaction. Liu4 postulates very generally ionic transition 
states for the decomposition of diazirines. 

An interesting, but mechanistically not clarified topic is the 
chemistry of a-diazoamides. They are representatives of those 
linear diazo compounds which are known to lead photolytically 
to a moderate yield of ring closure. Voigt and Meier13 report in 
this context an interesting equilibrium in the photochromic system 

N2 ^ N 

R R 

3-diazo-2-oxoindoline/2-oxospiro[diazirine-3,3'-indoline]. The 
linear diazo compound can be converted to the cyclic form by 
irradiation, and the latter thermally reverts to the former after 
a short time. 

Theoretical investigations of diazirines are scarce. Among them 
are studies on the vertical excitation energies of diazirine, dia­
zomethane,14"18 and 3,3-difluorodiazirine.15,16 Hoffmann18 ex­
amined the photochemical behavior of diazirine with the extended 
Huckel method. Later Devaquet17 studied the same molecule by 

(13) E. Voigt and H. Meier, Chem. Ber., 108, 3326 (1975). 
(14) S. P. Walch and W. A. Goddard III, / . Am. Chem. Soc. 97, 5319 

(1975). 
(15) M. B. Robin, H. Basch, N. A. Kuebler, K. B. Wiberg, and G. B. 

Ellison, J. Chem. Phys., 51, 45 (1969). 
(16) K. Vasuvedan and W. E. Kammer, Chem. Phys., 15, 103 (1978). 
(17) B. Bigot, R. Ponec, A. Sevin, and A. Devaquet, J. Am. Chem. Soc, 

100, 6575 (1978). 
(18) R. Hoffmann, Tetrahedron, 22, 539 (1966). 
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Figure 1. Photochemically relevant MO's of diazirine, diazomethane, and 
intermediate I1'. 

an ab initio procedure. No geometry optimization was attempted. 
To our knowledge no further theoretical studies on substituted 
diazirines and diazomethanes have been made. 

In the present work, the energy hypersurfaces of excited states 
of diazirine, 3,3-dimethyldiazirine, and 3-formyldiazirine are 
investigated to obtain information about the photochemical re­
action behavior of these molecules. For comparison, the thermal 
mechanisms on the ground-state surface are considered. 

2. Description of the Method of Calculation 
For the calculations the semiempirical molecular orbital (MO) 

method SINDOl" is used together with configuration interaction 
(CI). SINDOl has been tested for a representative number of 
molecules with first-row atoms and found superior to MINDO/3 
and MNDO.20 The average errors of binding energies are 8-9 
kcal/mol, of bond lengths 0.028 A, and of bond angles 2.5°. 
Starting from the equilibrium geometry of the diazirines and 
diazomethanes in the ground state, we consider first all vertical 
single excitations from the two highest occupied to the three lowest 
unoccupied MO's and the double excitation from the highest 
occupied MO (HOMO) to the lowest unoccupied MO (LUMO) 
plus further excitations into higher virtual orbitals if necessary. 
The calculation of extrema on the potential energy surface (PES) 
was performed with the Newton-Raphson method. Details of 
the procedure are published elsewhere.21,22 For the excited triplet 
and singlet states which result from the above vertical excitations, 
the minima in the Franck-Condon region were calculated with 
optimization of all internal coordinates. A reaction pathway on 
an excited surface was investigated in such a way that the energy 
of the selected state was minimized along a representative co­
ordinate, which shows a significant geometry change between 
reactant and product, with respect to all other internal coordinates. 
Parallel to this selected state, the vertical energies of the next 
higher and all lower states of the same spin multiplicity were 
calculated. The corresponding states of complementary spin, i.e., 
singlet for triplet and vice versa, were also calculated. All 
equilibria and transition states considered in the following were 
fully optimized. 

3. Spectral Transitions 
To analyze the optical spectrum of a chromophore, it is nec­

essary to know the topology of the MO's responsible for the 
spectral transitions. We want to describe these MO's now briefly. 
In Figures 1-3 the highest occupied and lowest unoccupied orbitals 

(19) D. N. Nanda and K. Jug, Theor. CUm. Acta, 57, 95, 107, 131 (1980). 
(20) K. Jug and D. N. Nanda, Theor. Chim. Acta, 57, 107, 131 (1980). 
(21) K. Jug and G. Hahn, J. Comput. Chem., 4, 410 (1983). 
(22) P. L. Miiller-Remmers, P. C. Mishra, and K. Jug, J. Am. Chem. Soc, 

106,2538 (1984). 
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Figure 2. Photochemically relevant MO's of 3,3-dimethyldiazirine, di-
methylcarbene, and transition region TR. 
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Figure 3. Photochemically relevant MO's of 3-formyldiazirine, 2-dia-
zoacetaldehyde, and intermediate I1. 

of the molecules considered in this work are presented. We find 
only a shallow minimum for ground-state 2-diazopropane and do 
not present it here. We will discuss this point further below. 

3.1. Description of the Molecular Orbitals. The HOMO of 
diazirine (DI) and 3,3-dimethyldiazirine (DDI) is nonbonding and 
is denoted by n_.17 In 3-formyldiazirine (FDI) the HOMO is 
concentrated at the oxygen atom. We denote it by n0. Here the 
next lower one is a nN(n_). In all three cases, the next lower one 
than n_ is a ir MO in the NN bond with some trc0 character in 
FDI. It should be mentioned at this point that the n_ and ir MO's 
in DDI are destabilized compared to DI by nonbonding contri­
butions from the methyl substituents. In FDI the CO substituent 
lowers the ir MO and raises the nN MO. The LUMO is a ir* in 
DI. The next higher one is a a* localized primarily at the ring 
carbon. The third virtual MO is of Walsh type (W*). In DDI, 
a* and ir* are exchanged because the methyl groups stabilize the 
(T*. In FDI the substituent changes the topology of the -K MO's. 
They contain contributions from the NN and CO bond. The 
LUMO is (j* in the CC bond. Then a TT*NN,CO follows with a 
major atomic orbital (AO) coefficient at both N atoms and small 
coefficients at C and O. Finally there is a ir*C0,NN f°r which the 
weighting of the AO coefficients is reversed. In diazomethane 
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Table I. Calculated Relative Energies (eV) of Excited States of Diazirine, Diazomethane, and Methylene-1 

R0 
3 R 1 ( 3n_77*) 

R 1 (1H-TT*) 

3 R 2 (3TTTT*) 

3R3 ( V a * ) 

3R4 (3n_W*) 

R2('n_cr*) 

vertical 

1A1 
3B2 

1B2 

3B1 

3B1 

3A1 

1B1 

diazirine 

0.0 
4.25 (3 .19 / 

3.54^) 
4.59 (3.84," 

4.17ff) 
5.20 (5.03,g 

5.10h) 
5.35 

5.56 

6.75 (6.2,6 

7.7h) 

FC minima 

3R1 4.12 

R1 4.45 

3R2 1.64 

intermediates 

I1 

I1' 

TR' 

TR 

3I1 ' 

4.51 

4.25 

4.31 

4.60 

2.26 

Po' 
3P1 ' (3nc*) 

3P2 ' (3nn*) 

P 1 ' ( ' no* ) 

3P3 ' (3mr*) 

P2' ('nrr*) 

3 P 4 ' ( 3 no*) 
P3 ' ('nn*) 

P4 ' {'no*} 

Ep 
r 0 

diazomethane 

vertical 

1A1 
3B1 

3A1 

1B1 

3A2 

'A2 

3B1 
1A1 

1B1 

'-ER = 

0.0 
1.74 

2.45 

2.81 (2.74c) 

3.29 (2.84,' 
2.72h) 

3 49(3.14,d 

3.23') 
4.93 
5.75 (5.70,p 

5.90') 
5.91 

1.84 (1.30f) 

minima 

2.66 

3.13 

methylene 
vertical 

3P0 0.0 
'P0 1.19 

1P1 2.40 

^ 3 P 0 + ^N2 " 

^R0 = 2.46 

a_/Exptl: a Reference 23. b Reference 18. c Reference 28. d Reference 27. e Reference 29. f Reference 26. g'' Calcd: s Reference 
15. Reference 16. ' Reference 14. J The energies are relative to the corresponding ground state R0, P0', 3P0 with experimental and other 
calculated values in parentheses. 

Table II. Calculated Relative Energies (eV) of Excited States of 3,3-Dimethyldiazirine and Dimethylcarbene" 

vertical 

R0
 1A1 

3R1 (3n_7r*) 3B1 
3R2 ( W ) 3B2 

R1 (>n_**) 1B, 
R2 ( W ) 1B2 
3R3 (3nJW*) 3A, 

3,3-dimethyldiazirine 

0.0 
3.99 
4.06 
4.24 
5.27 
5.97 

FC minima 

3R1 3.79 

R1 4.03 

intermediates 

TS0 0.90 
TR 2.70 
R3 3.83 

vertical 

Po 1A1 
3P1 (3npr)

 3B2 

P, Cnp>) 1B2 

dimethylcarbene 

0.40 
1.74 
2.88 

FC minima 

3P1 1.24 
P1 2.17 

intermediates 

TS0' 1.50 

propene 
P0' -1.22 

" Relative energies for product states P are given as: A£ = £p + £Nj - 1 

(DM) the HOMO is nonbonding (n), the next lower one a -K MO 
with a nodal plane perpendicular to the molecular plane. The 
virtual MO's appear in increasing sequence as <x*x, IT*, n*, and 
<r*2. In 2-diazoacetaldehyde we find the following MO situation. 
The two highest occupied MO's are nonbonding. The lower one 
of the two is a n0 localized at oxygen. The HOMO (n) has its 
largest density at the a carbon. The LUMO is of a* type and 
corresponds to the one of DM. Two antibonding ir* MO's follow 
which are concentrated in the NN bond. We denote the one 
perpendicular to the molecular plane by ir*x, the other one by ir*y. 
The next virtual MO a*2 has a topology similar to the LUMO. 
Therefore we have deleted it from Figure 3. 

3.2. Analysis of the Optical Spectra. Now we want to analyze 
the optical spectra in the framework of the preceding consider­
ations. The calculated excitation energies are presented in Tables 
I—III. The following notation is used. On the ground-state hy-
persurface S0, singlet states are denoted by R0 for the reactants, 
P0 (P0', etc.) for the products and TS0 (TS0', etc.) for the transition 
states. On the excited singlet hypersurfaces S1, S2,..., the reactants 
are denoted by R1, R2, ..., the product by P1, P2, ..., the inter­
mediates by I1 ,12 , ..., and transitions to the R0 surface, which are 
not originating from intermediates, by TR. The triplet states are 
denoted correspondingly by 3R1,

 3R2, ..., 3P1, ..., 3I1, .... 

3.2.1. Spectra of Diazirine and Diazomethane. First we com­
pare the UV absorption of diazirine with our calculated excitation 
energies (Table I). The calculated heat of reaction of 1.84 eV 
from diazirine to diazomethane compares with the experimental 
value of 1.30 eV.26 This molecule shows a structured long wave 
absorption band with a first vibronic transition at 320 nm (3.88 
eV) and a stronger band below 220 nm (6.2 eV). In agreement 
with experiment23"25 and ab initio studies,14-17 we find a 'n_7r* 
(1B1) transition at 4.59 eV. In the strong absorption region at 
200 nm mentioned by Hoffmann18 and Kirmse,6 we find a 'n_cr* 

(23) J. A. Merrit, Can, J. Phys., 40, 1683 (1962). 
(24) W. H. Graham, J. Am. Chem. Soc, 84, 1063 (1962). 
(25) A. Lau, Spectrochim. Acta, 20, 97 (1964). 

(1B2) transition at 6.75 eV. Below the 1B2 state, there exist another 
four triplet states in the sequence 3n_7r* (3B1),

 37T7T* (3B2),
 3n_<r* 

(3B2), and 3n_W* (3A1) (see Table I). 
In the following we want to compare the spectral transitions 

of diazomethane obtained in this work with the values from ab­
sorption spectra. DM shows absorption between 460 and 320 nm, 
260 and 200 nm, and from 190 nm.27"29 The SINDOl calcu­
lations yield a first 'no-*! (1B2) transition at 2.81 eV and a second 
forbidden 'mr* (1A2) transition at 3.49 eV. These two states 
correspond with the maxima at 452.5 nm (2.74 eV) and 395 nm 
(3.14 eV). Other calculations14"17 did not investigate the ex­
perimentally assigned shoulder at 2.74 eV. For the second ab­
sorption region, Herzberg30 assigns a maximum at 217.5 nm (5.7 
eV). Here we find two excitations close together. The first is 
at 5.75 eV and mainly due to a 2W*! double excitation with a 
small 10% 'nn* admixture. Goddard14 assigns this 1A1 state at 
5.9 eV. The second excitation appears at 5.91 eV. This 1B1 state 
is generated by a ' no*2 excitation. In this region there are also 
four triplet states in the sequence 3n<7*, (3B2) < 3nn* (3A1) < 3n-Tr* 
(3A2) < 3n<r*2 (

3B2). The region at 190 nm is mainly determined 
by Rydberg states as shown by Goddard. Such transitions cannot 
be investigated by minimal basis sets, and we exclude them from 
further consideration. This has no unfavorable consequences since 
the photochemistry of the studied molecules is initiated under 
conservation of the main quantum number as we shall show below. 

3.2.2. Spectrum of 3,3-Dimethyldiazirine and 2-Diazopropane. 
We now consider the vertical spectrum of 3,3-dimethyldiazirine. 
The first absorption region appears between 290 and 360 nm 

(26) H. M. Rosenstock, B. B. Draxel, B. W. Steiner, and H. A. Herron, 
J. Phys. Chem. Ref. Data, 6, Suppl. 1, 86, 250 (1977). 

(27) F. W. Kirkbride and R. G. W. Norrish, J. Chem. Soc, 1, 119(1933). 
(28) J. N. Bradley, G. W. Cowell, and A. Ledwith, J. Chem. Soc, 353 

(1964). 
(29) A. 
(30) G. 

. J. Merer, Can. J. Phys., 42, 1242 (1964). 
Herzberg, "Molecular Spectra and Molecular Structures. 

Electronic Spectra and Electronic Structure of Polyatomic Molecules", 
Nostrand, Princeton, N.J., 1966, p 530. 

III. 
Van 
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Table III. Calculated Relative Energies (eV) of Excited States of 3-Formyldiazirine and 2-Diazoacetaldehyde" 

vertical 

R0 

3R, (3n07rco*, 3n07rNN*) 
Ri ('no^co*. 'n0TNN*) 
3R2 (3nN7rNN*, 3nNirco*) 
3R3 (3nN**) 
R2 ('nNxNN*, ^ N TTC 0 *) 
3R4 (

3n0<r*) 
3R5 (3nNirC0*, 3nN7rNN*) 
R3 ( ' n N 0 

3 

1A' 
3A" 
1A" 
3A' 
3A" 
1A' 
3A' 
3A' 
1A" 

-formyldiazirine 

0.0 
4.21 
4.71 
4.78 
4.84 
5.17 
5.41 
6.41 
6.43 

FC minima 

3R1 (3A") 
R1 (1A") 

R2 (1A) 

4.16 
4.45 

4.75 

intermediates 

TS0 
3I, 
I, 

1.59 
2.57 
3.79 

Po 
3P1 (W1*) 
P1 (W,*) 
3P2 (W,*) 
3P3 ( 3 nV) 
P2 ( W / ) 
3P4 (

3n0<r,*) 
3P5 (W2*) 
P3 ('nTr/, V 1 
3 P 6 (3HTCO*) 

P4 Cn1TJ*) 
P5 Cn0(T1*, W* 

2-diazoacetaldehyde 

vertical 
1A' 
3A" 
1A" 
3A' 
3A" 
1A" 
3A' 
3A" 

*) 1A' 
3A' 
1A" 

*) 1A' 

0.0 
1.67 
3.14 (3.45) 
3.96 
4.61 
4.75 
5.08 
5.09 
5.41 (4.56) 
5.65 
5.89 (5.0) 
6.83 (>6.2) 

FC minima 

3P1 (3A) 1.15 
3P2 (3A) 3.25 
P2 (1A) 4.09 

"Ep0 - ERo = 1.24 eV. Energies are relative to the corresponding ground state R0, P0 with experimental values in parentheses. 

(4.28-3.45 eV) with numerous bands. The next maximum is below 
190 nm (6.53 eV).31-32 Our calculations yield two singlet tran­
sitions (see Table II) 1.03 eV apart. The first is a 'n.x* (1Bi) 
transition, the second a ln_a* (1B2) transition. These two allowed 
transitions can be assigned to the absorption between 290 and 360 
nm. Below 6 eV there are also the three triplet states 3n_7r* (3B1), 
3n_<j* (3B2), and 3n_W* (3A1). There are no further singlet 
transitions below the calculated ionization potential (IP) of 8.87 
eV. We assume therefore that the 190 nm band is generated by 
Rydberg excitations. We see that this spectrum shows significant 
differences to the one of diazirine. In the dimethyl-substituted 
three-membered ring, the vertical 1,3n_<7* states are lowered by 
more than 1 eV. We see also a red shift, but less pronounced, 
for the n.7r* excitations. The 3TTTT* (3B2) state appears only at 
6.67 eV. 

2-Diazopropane shows an absorption at Xmax = 500 nm (e « 
2)33'34 with a half-life of about 3 h at 273 K in ether solution. 
Heilbronner and Martin35 discuss the photoelectron spectrum of 
the molecule under the assumption of C21. symmetry and determine 
the first ionization potential at 7.88 eV. From our calculations 
we conclude that the free molecule is metastable in this geometry. 
The SINDOl results yield an ionization potential of 6.82 eV and 
a first long wave 'no-* transition at 1.97 eV (612 nm). These values 
are comparable with the experimental ones in polar solvents. The 
next measurable absorption should be in the UV region. We 
obtain there a 'mr* transition at 3.92 eV (308 nm). We find a 
shallow minimum of a few kcal/mol in Cs symmetry in a trans 
arrangement. The ionization potential is 7.72 eV. 

3.2.3. Spectrum of 3-Formyldiazirine and of 2-Diazoacet­
aldehyde. Finally we analyze the vertical transitions of 3-
formyldiazirine and of 2-diazoacetaldehyde. Experimental values 
for the latter are given by Arnold et al.36 We present the calculated 
energies in Table III. We see that the CO substituent influences 
the type of excitation through the topology of the MO's. The first 
two singlet transitions in FDI are no longer due to local excitations. 
They are mixtures of two different n i* transitions. R1 lies at 4.71 
eV and the corresponding R2 at 5.17 eV. The two highest occupied 
MO's are therefore almost equally involved in this absorption 
region. The next singlet R3 at 6.43 eV is of local nature and results 
from a 'nNo-* transition. It corresponds also energetically to the 
R2 of diazirine. The five triplet states below R3 have either local 
no-* or mixed nonlocal mr* character. Apart from the accumu­
lation of states between 4.2 and 6.4 eV due to the CO group, this 
spectrum is comparable to the one of diazirine. It can be separated 
into two absorption regions. The first appears below 5.2 eV, the 
second at 6.4 eV. The accumulation of states just mentioned 
results in considerably more complicated photophysical and 
photochemical processes. 

(31) H. M. Frey and I. D. R. Stevens, J. Chem. Soc, 3514 (1963). 
(32) A. Lau, E. Schmitz, and R. Ohme, Z. Phys. Chem., 223, 417 (1963). 
(33) A. C. Day, P. Raymond, R. M. Southam, and M. C. Whiting, J. 

Chem. Soc. C, 467 (1966). 
(34) M. Regitz, "Diazoalkane", Georg Thieme Verlag, Stuttgart, 1977. 
(35) E. Heilbronner and H.-D. Martin, Chem. Ber., 106, 3376 (1973). 

The UV spectrum of 2-diazoacetaldehyde obtained in polar 
solvents shows absorption at 3.45 eV (360 nm), 4.56 (272), 5.0 
(248), and below 200.36 We calculate a W*, transition at 3.14 
eV analogous to the lna*x (2.81 eV) of diazomethane which can 
be attributed to the absorption at 3.45 eV. In addition we find 
two absorptions, W * 2 at 5.89 eV and a mixed ('n7r*x, 'noff*]) 
at 5.41 eV, which correspond to the maxima at 272 and 248 nm. 
An additional transition lnw*y appears at 4.75 eV with an oscillator 
strength by three orders of magnitude smaller than for the other 
excitations. Because of this small oscillator strength we cannot 
extract this transition from the experimental UV spectrum.36 

Finally we find a mixed ('nir*x, 'noo*]) excitation at 6.83 eV in 
the absorption region below 200 nm. Below the 'no*2 transition 
there exist six vertical triplet states (see Table III). It is re­
markable that the first three singlets in the aldehyde are of local 
nature, different from the situation in the cyclic isomer. 

4. Equilibrium Geometries 

Before the discussion of the reaction of the diazirines, we 
consider first the equilibrium geometries. The most important 
internal coordinates are given in Table IV-VI. In addition we 
have collected the ionization potentials (IP), dipole moments (/*), 
and the relevant bond orders.37-38 

4.1. Diazirine and Its Products. We find Clv symmetry for 
diazirine with an NN bond length of 1.174 A and NC bond lengths 
of 1.440 A (see Table IV). The Franck-Condon (FC) minima 
R1 and 3R1 are also of C20 symmetry and differ only slightly in 
their geometry. Compared to R0, their NN bond is expanded by 
0.019 and 0.02 A, respectively, and their NC bond by 0.034 and 
0.038 A, respectively. The dipole moments are increased by 3.25 
and 3.22 D, respectively. This corresponds to the expected in­
fluence nir* excitation on the geometry of the molecule. Outside 
of the FC zone there is a minimum 3R2 which originates from 
a vertical wir* transition above the ground state. 

There are two intermediates I1' and 3I1 ' with NNC angles of 
115.9 and 120.0° on the singlet and triplet hypersurfaces, re­
spectively, which are passed during the isomerization. 3I1 ' is 
located in a diradical region. For such a diradical the ground state 
and the triplet state are almost degenerate. States are zwitterionic 
if the ionic components dominate in the wave function. Details 
of this definition were given previously.39"41 In agreement with 
experiment30 we find the product diazomethane (P0') in C2„ 
symmetry. In the FC zone there is also the planar minimum P2' 
which has a NN bond expanded by 0.052 A and NC bond con­
tracted by 0.065 A compared to DM. Methylene is obtained as 
a dissociative product. We find a CH bond length of 1.059 A 
and an HCH angle of 135.1° for the triplet ground state 3P0; the 

(36) J. Kucera, Z. Janousek, and Z. Arnold, Collect. Czech. Chem. Com-
mun.,35, 3618 (1970). 

(37) K. Jug, J. Am. Chem. Soc, 99, 7800 (1977). 
(38) K. Jug, Theor. Chim. Acta, 51, 331 (1979). 
(39) L. Salem and C. Rowland, Angew. Chem., 84, 86 (1972). 
(40) K. Jug and P. L. Mailer, Theor. Chim. Acta, 59, 365 (1981). 
(41) K. Jug and R. Iffert, Theor. Chim. Acta, 62, 183 (1982). 
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Table IV. Calculated Bond Orders, Bond Lengths (A), Bond and Dihedral Angles (deg), Ionization Potentials IP (eV), and Dipole Moments M 
(Debye) of Ground and Excited States of Diazirine and Diazomethane 

H 

Ni 

C 3 - H ' 

-N2 

Ro 

Ri 
3R. 
3R2 
TR 
I1' 
3I1 ' 
Po' 

P2 ' 
" Reference 

bond order 

NN 

2.28 

2.00 
2.00 
1.64 
2.96 
2.65 
2.47 
2.60 

2.07 

26. 

N1C 

1.25 

1.01 
1.02 
1.27 
0.22 

-0.42 
0.19 

N2C 

1.25 

1.01 
1.02 
1.27 
0.22 
1.16 
1.22 
1.63 

1.84 

rNN 

1.174 

1.193 
1.194 
1.289 
1.090 
1.110 
1.136 
1.128 

1.180 

rNC 

1.440 

1.474 
1.468 
1.446 
2.300 
1.458 
1.385 
1.345 

1.280 

0N1N2C3 

65.9 

66.9 
66.0 
63.7 
76.3 

115.9 
120.0 
180.0 

180.0 

geometry 

0HCH 

114.6 

113.5 
113.5 
117.8 
131.5 
124.6 
113.3 
126.0 

118.8 

0NNCH 

-105.0 

-105.0 
-105.0 

-95.0 
-113.5 
-90.0 

-103.0 
-90.0 

-90.0 

0NNCH' 

105.0 

105.0 
105.0 
115.0 
113.5 
89.4 

103.5 
90.0 

90.0 

IP 

10.62 
(10.18°) 

8.15 
(9.00°) 

M 

0.47 

3.72 
3.69 
3.50 
1.55 
1.66 
1.87 
0.38 

3.59 

Table V. Calculated Bond Orders, Bond Lengths (A), Bond and Dihedral Angles (degrees), Ionization Potentials IP (eV), and Dipole Moments 
Ii (Debye) of Ground and Excited States of 3,3-Dimethyldiazirine, 2-Diazopropane, and Dimethylcarbene 

CH3 

3 Jc 3 V^ ' " ' 
^ V O C H 3 

8 = < ( N , N 2 C 3 C ) 

S'= < (N1N2C3C) 

He Jrf VC2^2 

H5 

'4= C 2 H 5 

r = < ( C 3 C 2 C , H 4 

a ""C(C3C2C i H 5 

8' --< (C3C2C, H6: 

V" 
H 

) 
) 
I 

bond order 

NN 

R0 2.32 
R1 2.00 
3R1 2.00 
TR 2.96 
TS0 2.89 
DIP(C20) 2.74 
DIP(C5) 2.89 

C1C2 

P0 1-42 
p, 1.55 
3P1 1.53 
TS0' 1.76 

N1C3 

1.16 
0.95 
0.96 
0.25 
0.48 

C2C3 

1.42 
1.55 
1.53 
1.29 

N2C3 

1.16 
0.95 
0.96 
0.25 
0.48 
1.34 
0.79 

C1H5 

0.97 
0.95 
0.95 
0.52 

^i 

1.166 
1.189 
1.192 
1.091 
1.098 
1.114 
1.103 

r\ 
1.453 
1.452 
1.465 
1.357 

' 2 

1.488 
1.535 
1.527 
2.20 
2.0 
1.432 
1.594 

1-2 

1.453 
1.452 
1.465 
1.497 

>•} 

1.561 
1.538 
1.541 
1.461 
1.508 
1.520 
1.520 

' 3 

1.094 
1.086 
1.083 
1.459 

1"A 

1.561 
1.538 
1.541 
1.461 
1.508 
1.520 
1.520 

n 
2.071 
2.025 
2.068 
1.227 

a 

66.9 
67.2 
67.0 
75.6 
74.1 

180.0 
159.5 

a 

124.5 
146.6 
141.4 
127.7 

geometry 

/3 

116.9 
116.7 
116.7 
112.0 
111.2 
112.8 
107.1 

/3 

119.8 
109.3 
110.1 
126.2 

0' 
116.9 
116.7 
116.7 
112.0 
111.2 
112.8 
107.1 

/3' 

104.3 
108.5 
107.6 
51.5 

7 
121.3 
121.3 
121.1 
134.6 
117.9 
134.4 
118.6 

7 
0.0 

-5.3 
-3.6 
-4.3 

<5 

-102.2 
-103.1 
-103.9 

-95.7 
-67.0 
-90.0 
-61.5 

<5 

122.1 
114.8 
116.4 
113.4 

S' 

102.2 
102.2 
101.9 
95.7 
66.5 
90.0 
61.5 

5' 

-122.1 
-125.3 
-123.6 
-172.6 

IP 

8.87 

6.82 
7.72 

IP 

8.79 

M 

0.59 
5.03 
4.96 
0.40 
2.17 
0.60 
2.21 

M 

1.81 
1.37 
1.40 
2.38 

respective values for the singlet state 1P0 are 1.089 A and 112°. 
4.2. 3,3-Dimethyldiazirine and Its Products. The geometrical 

data are collected in Table V. DDI has C10 symmetry in its 
ground-state equilibrium R0. The NN bond length is insignifi­
cantly reduced by 0.008 A by the substitution compared to dia­
zirine, but the NC bond length is expanded by 0.048 A. The 
ionization potential is reduced by 1.75 eV; the dipole moment is 
slightly increased by 0.12 D. 

The FC minima R1 and 3R, on the rnr* surfaces show NN and 
NC bonds with expansions of the same magnitude as in diazirine 
as well as a dipole moment increased by about 4.4 D. The dis­
sociation on the lowest excited singlet surface passes through a 
region of C, symmetry which includes a point TR with NC bond 
lengths of 2.2 A and other coordinates fully optimized. The 
significance of TR is discussed below. Here the bond orders are 
reduced to 0.25 and the dipole moment is 0.4 D. 

The product is dimethylcarbene with CC bond lengths of 1.453 
A and a CCC angle of 124.5°. The minimum 3P1 of the first 
triplet state of C(CH3)2 has the corresponding values of 1.465 
A and 141.4°, but in C2 symmetry. We find also a P1 minimum 
with internal coordinates rcc = 1.452 A and $ c c c = 146.6° in 
C2 symmetry. 

The first thermal transition state TS0 appears at NC distances 
of 2.0 A with bond orders of 0.48 and a dipole moment of 2.17 
D. The methyl groups are turned by 35° out of the symmetry 
plane, which was originally orthogonal to the NNC ring. The 
rearrangement of singlet carbene (P0) to propene (P0') by hydrogen 
migration takes place thermally via the transition state TS0' with 
a nonsymmetrical CHC arrangement. The CH lengths are 1.459 
and 1.227 A. Both transition states are fully optimized and 
characterized by one negative root of the force constant matrix. 

4.3. 3-Formyldiazirine and Its Products. The data of 3-
formyldiazirine are collected in Table VI. We see that the CO 
substitution significantly increases the number of states compared 
with those of the previous three-membered rings. FDI has Cs 

symmetry. The CO group points in the direction of the ring. The 
FC minima R1 and 3R1 have almost identical geometry. The 
dominating n07r*co excitation expands the CO bond as expected, 
by 0.04 A. The remaining structure and the dipole moment are 
almost unchanged compared to R0. The additional excitation 
io7r*NN contracts the NN and NC bonds. Outside of the FC zone 
there is another minimum R2 without a corresponding state on 
the triplet surfaces. The dominating excitation here is nN7r*NN 

which gives rise to a NN bond expansion by 0.042 A. Simulta-
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Table VI. Calculated Bond Orders, Bond Lengths (A), Bond and Dihedral Angles (degrees), Ionization Potentials IP (eV), and Dipole Moments 
p. (Debye) of Ground and Excited States of 3-Formyldiazirine and 2-Diazoacetaldehyde 

h 

8=<(N,N2C3C4) 
8'^(N1N2C3C4) 

- N 2 - C 3 
/ 

C 4 - H 

Ro 
R. 
R2 
3R1 
3I, 
I. 
TS0 

Po 
P2 
3P, 
3P2 

N1N2 

2.35 
2.19 
2.03 
2.19 
2.62 
2.63 
2.86 
2.77 
2.25 
2.87 
2.31 

bond order 

N1C3 

1.17 
1.22 
0.76 
1.22 
0.01 
0.13 
0.14 
0.0 
0.0 
0.0 
0.0 

/ 

7 

6 

5 

U 

3 

2 

1 

0 

N2C3 

1.17 
1.22 
1.15 
1.22 
1.14 
1.05 
0.68 
1.30 
1.62 
0.74 
1.30 

\E[eV] 

3 R X 

3 R 1 V * 

R0 / 

i 

C3C4 

1.28 
1.24 
1.35 
1.24 
1.38 
1.43 
1.39 
1.46 
1.34 
1.38 
1.50 

I 

' i 

1.163 
1.156 
1.205 
1.156 
1.108 
1.115 
1.102 
1.110 
1.147 
1.094 
1.158 

I I 

1-2 

1.477 
1.456 
1.465 
1.456 
1.437 
1.450 
1.63 
1.424 
1.329 
1.66 
1.356 

I 

'3 

1.526 
1.533 
1.515 
1.533 
1.513 
1.481 
1.463 
1.466 
1.508 
1.501 
1.470 

TR 

I 

r* 

1.215 
1.255 
1.197 
1.255 
1.207 
1.212 
1.219 
1.220 
1.206 
1.201 
1.211 

I 

a 

66.8 
66.6 
74.1 
66.6 

141.9 
136.1 
115.9 
180.0 
179.5 
179.5 
171.0 

I 

J 

geometry 

/3 

121.7 
119.7 
122.4 
119.7 
127.0 
122.7 
110.0 
119.2 
125.4 
124.9 
122.5 

i I 

y 

127.5 
125.0 
126.0 
125.0 
124.3 
126.3 
131.6 
131.0 
127.7 
126.7 
125.9 

I 

5 

-105.8 
-104.4 
-104.0 
-104.4 

132.8 
128.0 
117.7 
180.0 
180.0 
175.6 
174.0 

I 

5' 

102.1 
103.2 
99.4 

103.2 
-54.4 
-48.2 
-10.0 

0.0 
0.0 

-5.1 
-8.3 

VF? 

^ 1 P L 

IP 

9.87 

8.33 

M 

2.12 
2.33 
4.50 
2.33 
2.65 
2.65 
3.21 
3.08 
4.09 
1.24 
3.49 

U 1.6 1.8 20 2.2 2 L 2 6 2 8 3.0 3.2 2.U 3.6 
RNCIA] 

Figure 4. Potential curves for the synchronous ring opening of diazirine on the R2 and 3R3 surfaces: • , points of optimized geometry. 

neously a NNC angle is increased to 74.1°, which causes a re­
duction of the bond order to 0.76 from 1.17 in R0. The dipole 
moment is increased to 4.5 D by the nN7r*NN excitation. The 
admixed nNTr*Co excitation enforces in addition a small contraction 
of the CO bond by 0.018 A. During the isomerization the minima 
I1 and 3I1 appear on the lowest singlet and triplet surfaces at ring 
opening angles of 4>NNC = 136.1 and 141.9°. The intermediate 
3I1 is not a diradical. Geometries, dipole moments, and bond orders 
are of comparable magnitude in both states. At (/>NNC

 = 115.9° 
we find the thermal transition state TS0 with a further weakened 
NC bond compared to I1 and 3I1. The NC bond orders are 0.14 
and 0.68. Also all bond lengths and angles are different, but the 
arrangement of the atoms in space is comparable to the one in 
I1 and 3I1. The last three states have C1 symmetry. 

We find planar 2-diazoacetaldehyde in Cs symmetry as the main 
product P0. Above P0 there appears the minimum P2 in the FC 
zone caused by a n7r* excitation. It is slightly nonlinear; the NN 
bond is expanded to 1.147 A by the excitation. Also in the FC 
zone is the minimum 3P2 with a NN bond length of 1.158 A and 

a NN angle of 171°. The first triplet surfaces of P0 has a 3P1 

minimum with a NC bond expanded to 1.66 A. 

5. Potential Hypersurfaces and Reaction Mechanisms 

5.1. Diazirine. Experiments show that methylene as well as 
diazomethane appear in the photolysis of diazirine. There are 
doubts about DM as the primary product.4-6 

We take Figure 4 as a starting point for a discussion of this 
question. It shows a two-dimensional cut through the hyper­
surfaces which describe the reaction diazirine (hi>) —* ''3CH2 + 
N2. Above the ground state of diazirine there are two minima 
3R1 and R1 in the FC zone. For technical reasons, we could not 
include the third minimum 3R2 (3ir7r*) in the figure because it 
is located outside of the FC zone with an expanded NN bond. 

The excitation from the nonbonding HOMO into the virtual 
a* MO weakens both NC bonds. This leads to the repulsive singlet 
state R2. On its surface spontaneous dissociation under conser­
vation of C2v symmetry takes place. During this process a sym­
metry-allowed crossing with the R1CmT*) surface occurs. The 
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Figure 5. Potential curves for the photochemical isomerization of diazirine to diazomethane: • . points of optimized geometry. 

crossing point of 1B2 and 1B1 appears at 5.65 eV. The R2 state 
passes through a rather flat minimum I1 at a N1C3, N2C3 distance 
between 2.5 and 3.0 A. Vertically below TR at 2.35 A the R0 

surface appears with an energy of 4.25 eV. The calculated distance 
between both surfaces is here minimal (0.35 eV). This enforces 
a radiationless transition which leads to 1CH2(1A1) + N2(1Sg+). 
We address ourselves to this transition again at the end of this 
section. The R2 surface ends in the geometry 1P1 of the first 
excited singlet methylene state 1CH2(1B2) plus N2( '2g

+) . 
The excitation into the R1 state may not lead immediately to 

a photochemical process. Only a further thermal excitation by 
less than 1 eV would enable the reaction under conservation of 
spin multiplicity. This process should circumvent the conical 
intersection. The symmetry must be lower than Cs and should 
involve a rotation of the methylene group together with the 
breaking of one CN bond. Difficulties with the topology of the 
wave function near the conical intersection have prevented us from 
locating a transition structure as a first-order saddle point on the 
first excited singlet surface. However, intersystem crossing (ISC) 
to the triplet states 3R1,

 3R2, and 3R3 which appear close to the 
low-lying vibrational modes seems more probable for low-energy 
excitation under the assumption that the barrier between R1 and 
R2 is close to the conical intersection. The process R1 ***—»• 3R2 

is least likely since it requires an intrashell -K -> n_ excitation. The 
process R1 *~—• 3R1 should be favorable since the spin flip can 
be compensated by a spatial reorientation of the excited electron 
by 90°. The transition R1 ™-— 3R3 should be most favorable since 
both electrons of equal spin have maximum separation. The 
3R3(

3n_<T*) surface is repulsive as expected and enables dissociation 
under conservation of C2v symmetry to methylene in its ground-
state 3CH2. 

At this point we wish to insert the following consideration. In 
the region in which we expect the radiationless transition from 
the singly excited singlet R2 to R0, there appears the HOMO-
LUMO crossing required by the Woodward-Hoffmann (WH) 
rules42 for this dissociation. Here the ground state correlates with 
a doubly excited state which is higher by about 2 eV. We have 
designated the position, where the R2 and R0 surfaces are close, 
with TR. This means transition region. Here the radiationless 
transition from a singly excited singlet to the ground state can 
be initiated due to HOMO-LUMO degeneracy. This process is 
essentially different from the notion of conical intersection. In 

(42) R. B. Woodward and R. Hoffmann, "The Conservation of Orbital 
Symmetry", Verlag Chemie, Weinheim, 1971. 

the latter case there is symmetry-allowed crossing of, e.g., a doubly 
excited singlet and the ground state or two singly excited energy 
hypersurfaces. We shall discuss this process of radiationless 
transition later for the case of dissociation of 3,3-dimethyldiazirine. 
Finally we have to clarify the question how diazomethane can be 
obtained photolytically. Our calculations show on one hand that 
the free molecule diazirine dissociates on the no-* surfaces R2 or 
3R3 under conservation of C2v symmetry and on the other hand 
that the n i* states are primarily photochemically irrelevant. In 
consequence DM can only be generated if the symmetry is lowered 
during the dissociative process by activation of nontotally sym­
metric vibrations. To simulate these processes we have subjected 
those energy hypersurfaces to energy variations, which result from 
an expansion of only one NC bond. The results are presented 
in Figure 5. The R2 (

1O-(T*) surface shows the very flat minimum 
I1' at NC angles between 115 and 150° under the restriction of 
asymmetric ring opening. At 115.9° there is a symmetry-con­
ditioned avoided HOMO-LUMO crossing. We have designated 
the significant point in the region, where the transition from R2 

to R0 can occur, by TR'. By this transition diazomethane can 
be obtained in its ground state P0'. 

Similar to the R2 surface, the 3n_<r* state 3R3 passes at 0NNc 
= 120° through the diradicaloid minimum 3I1'. By definition37"39 

we should not call this stationary state a diradical. But Figure 
5 shows that the singlet crosses the triplet at $NNc = 100 and 140° 
and the maximum separation is only 0.3 eV. We therefore call 
this region diradicaloid. Intersystem crossing from 3I1 ' to R0 

furnishes also the product P0'. It is now clear that excitations of 
diazirine in the short wave absorption region generate primarily 
singlet methylene. By long wave absorption triplet methylene is 
generated as primary product. Diazomethane can only be in its 
ground state obtained from R1 by opening of one CN bond and 
reduction to C1 symmetry. 

This information cannot be derived from the ab initio calcu­
lations by Devaquet et al.17 since these authors did not investigate 
the photochemically dominating ncr* excitations. Also we em­
phasize that it is necessary for the explanation of photochemical 
reaction mechanisms to optimize the geometry of excited states 
according to the energy variation principle for all relevant co­
ordinates. 

5.2. 3,3-Dimethyldiazirine. In the photolysis of 3,3-di­
methyldiazirine studied by Frey and Stevens31 in 1963 in the gas 
phase, propene is found as the main product. 2-Diazopropane 
(DIP) is not observed. The results agree with those found in the 
thermal decomposition of the ring.12 Before we address ourselves 
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Figure 6. Potential curves for the photochemical dissociation of 3,3-dimethyldiazirine: • , points of optimized geometry. 

to the photochemistry of the three-membered ring we want to 
check the existence of the linear molecule by our calculations. The 
geometry of the planar DIP of C20 symmetry is presented in Table 
V (line DIP). The calculated planar arrangement corresponds 
to a transition state on the energy hypersurface with the tendency 
to turn the methyl groups symmetrically out of the molecular plane 
and the outer N in the trans position. A shallow minimum of Cs 

symmetry appears at 0NNCC = 61.5 and -61.5° with a bond length 
RNC = 1.6 A. The NC bond order is reduced from 1.34 in the 
planar ground state to 0.79. The related energy is 0.4 eV higher 
than that of the ring and 0.89 eV lower than that of the transition 
state. From this minimum a small barrier of a few kcal/mol leads 
to the completely dissociated product dimethylcarbene plus N2. 
On the other hand, as experiments show,33 2-diazopropane exists 
in ether solution with a half-life of 3 h. From this measurement 
one would expect a deeper well depth. Yet the calculated small 
barrier makes it more understandable that only carbene and its 
rearrangement product can be generated in both photolysis and 
thermolysis of 3,3-dimethyldiazirine. 

In the following we are concerned with the photochemistry of 
DDI with the help of Figure 6. As the diagram shows the 
photodissociation occurs qualitatively in analogy to that of diazirine 
(Figure 4). But we want to point out two essential differences. 
The repulsive R2 ('ntr*) state appears in DDI already at 5.27 eV. 
The R1, R2 crossing point is only 0.42 eV above the 'n7r* minimum 
R1 and 0.2 eV above the first vertical excitation. Therefore a 
reaction can be initiated already by excitation of the lowest R1 

vibrational modes by IC. ISC processes are negligible so that 
triplet carbene should not be observed. 

Contrary to diazirine the W * surface shows no intermediate. 
We find the first minimum in the system N2 plus C(CH3)2 (P1) 
in its first singlet state. When the point TR is reached at a NC 
distance of 2.2 A, there is a minimal separation of 0.56 eV between 
the R2 and R0 surfaces. If a radiationless transition occurs from 
the R2 state at this point, the additional energy of 2 eV suffices 
to form a variety of products. This is confirmed by the experi­
mental work of Frey and Stevens.31 

We have also investigated the thermal reaction. The transition 
state TS0 for the ring cleavage again occurs symmetrically at NC 
distances of 2.1 A with an activation energy £ a = 0.9 eV (see 
Figure 7). The carbene formed afterwards has to supply an 
additional 1.10 eV to enable the hydrogen migration and to surpass 
the transition state TS0'. A similar barrier of 1.17 eV was found 
by Csizmadi43 for the methylcarbene —* ethylene reaction. 

(43) J. A. Altmann, I. G. Csizmadia, and K. Yates, J. Am. Chem. Soc, 
97, 5217 (1975). 

AEIeV] 
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Figure 7. Potential curve for the thermal reaction of 3,3-dimethyl­
diazirine to propene. 

However, Schaefer44 suggests a barrier of 0.35 eV for such a 
rearrangement to obtain consistency with experimental findings. 
We feel that extensive configuration interaction is necessary to 
achieve this. We obtain propene as product. The total barrier 
is 1.5 eV which agrees well with the experimental result of 1.44 
eV.12 

In our perception, neither diradicals or zwitterions appear as 
transition states or intermediates in the thermally or photochem-
ically induced dissociation of 3,3-dimethyldiazirine. In this 
conclusion we differ from Liu.4 Finally we want to consider TR 
and TS0 in light of the Woodward-Hoffmann rules with the help 
of Figure 8. From the left part of the diagram we conclude that 
the totally symmetrical dissociation of dimethyldiazirine under 
conservation of orbital and molecular symmetry is forbidden. The 
n_ MO of diazirine correlates with the LUMO of the carbene, 
and the LUMO of the three-membered ring with the HOMO of 
the carbene. The crossing of the MO's occurs at TR. However, 
if the motion of the C3 fragment during the dissociation reduces 
the molecular symmetry to Cs, then the HOMO of diazirine 
correlates directly with the HOMO of the carbene. There is a 
corresponding correlation of the LUMO's. Consequently this 
pathway is symmetry allowed. Exactly this mechanism is un­
derlying the thermal dissociation which passes through the 
transition state TS0 according to our calculations. 

5.3. 3-FormyIdiazirine. We present the potential surfaces of 
the reaction of 3-formyldiazirine to 2-diazoacetaldehyde in Figure 
9. They were optimized with the same accuracy as the previous 
cases. There is a strikingly complicated structure of the excited 
hypersurfaces above the ground state of the three-membered ring. 

(44) H. F. Schaefer III, Ace Chem. Res., 12, 288 (1979). 
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Figure 8. MO correlation diagram for the symmetry-allowed and forbidden thermal dissociation of 3,3-dimethyldiazirine. 

<t>NNC 

Figure 9. Potential curves for the photochemical isomerization of 3-formyldiazirine to 2-diazoacetaldehyde: • , points of optimized geometry. 

An excitation into the R3(1IINO-*) state will lead first to a sym­
metrical ring opening in analogy to the previously investigated 
diazirines. During this process there is an avoided crossing with 
the R1 surface. Here the symmetry of R3 is reduced to C1. At 
an angle 0NNc = 73°, both surfaces have minimal energy sepa­
ration. If a radiationless transition occurs at this point, a part 
of the molecules will be allowed to move to the R1 minimum. The 
rest will be confronted with a second avoided crossing at </>NNC 
= 95° with further ring opening. Here the original R2 state hinders 
spontaneous isomerization. From this point both the R2 minimum 
I2 and the intermediate I1 at <£NNC = 136° can be reached. The 
radiationless transition from the I1 minimum to the R0 surface 
can lead to ground state of the linear or of the cyclic molecule, 
as well as to the dissociated product N2 + carbene with the 
additional energy. 

If the excitation occurs in the first absorption region of 3-
formyldiazirine, both the R1 and the R2 state can be occupied. 
From the second singlet, radiationless transitions may lead to the 
R1 minimum under conservation of C1 symmetry. If the symmetry 
is reduced by a distortion of the ring, the I2 minimum can be 

reached in part through the region of an avoided crossing between 
R1 and R2. From R1 a barrier of 0.5 eV leads to I2. From there 
an additional 0.65 eV is necessary to make isomerization possible. 

From the two lower lying singlet states, additional transitions 
to the triplet surfaces 3R1,

 3R2, and 3R3 are possible. If the C1 

symmetry is retained here after the ISC process, then the 3R1 state 
is finally populated. However, through distortion of the ring some 
molecules will reach the triplet intermediate 3I1 at an angle $NNC 
= 142° via avoided crossings and the thereby enforced internal 
conversion. 

From our investigations we may conclude that electronically 
excited 3-formyldiazirine returns primarily by fluorescence or 
phosphorescence to the ground state. Only a small percentage 
of the excited molecules will form 2-diazoacetaldehyde. The 
behavior of the linear molecules in their excited states is more 
clearly describable as we see from the right part of Figure 9. After 
an excitation from P0 to P1, the I1 minimum can be reached 
spontaneously under ring closure. The P2 and 3P2 surfaces show 
pronounced minima. The 3P1 state appears as transition state for 
the dissociation from the 3I1 intermediate. Another minimum 3I1 
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appears at dissociation with a NC distance of 1.66 A. 
The following conclusion is now possible. The rearrangement 

of 2-diazoacetaldehyde to 3-formyldiazirine should occur photo-
lytically more easily than the retro reaction. This agrees with the 
experimental results on the system 3-diazo-2-oxoindoline/2'-
oxospiro[diazirine-3,3'-indoline].13 However, contrary to these 
results we find the thermal isomerization also favored from the 
linear to the cyclic compound. 

6. Summary and Outlook 
In this work we have clarified the photochemical reaction 

mechanisms of the molecules diazirine, 3,3-dimethyldiazirine, and 
3-formyldiazirine. It can be shown that the step which primarily 
leads to the reaction stems from the excitation to a W * state, 
'nir* states will be relevant only after further thermal excitation 
via internal conversion. Nonnegligible intersystem crossing to 
repulsive 3n<r* surfaces can also lead to reaction. 

In agreement with experiment our investigations show that 
methylene and dimethylcarbene (or propene) appear as the main 
products of photolysis of diazirine and 3,3-dimethyldiazirine. 
Diazomethane can appear as a by-product. We further determine 
that an equilibrium will be formed in the system 3-formyl-

The first report of the reduction of benzophenone by lithium 
dialkylamides was made by Wittig1 in 1962. The reaction was 
originally concluded to proceed via a concerted 0-hydride transfer 
from the base to the ketone. A single electron-transfer mechanism 
has more recently been proposed2 based on the observation of 
various coupling products. It now appears3 that the original 
interpretation was correct and that the products from radical 
precusors are formed from secondary reactions. The following 
study was undertaken to determine the energetics of a concerted 

(1) (a) Wittig, G.; Reiff, H. Angew. Chem., Int. Ed. Engl. 1968, 7, 7-14. 
(b) Wittig, G.; Schmidt, H-J.; Renner, H. Chem. Ber. 1962, 95, 2377-2383. 

(2) (a) Scott, L. T.; Carlin, K. J.; Schultz, T. H. Tetrahedron Lett. 1978, 
4637-4638. (b) Ashby, E. C; Goel, A. B.; DePriest, R. N. Tetrahedron Lett. 
1981,4355-4538. 

(3) (a) Newcomb, M.; Burchill, M. T. J. Am. Chem. Soc. 1984, 106, 
8276-8282. (b) Newcomb, M.; Williams, W. G. Tetrahedron Lett. 1984, 
2723-2726. (c) Newcomb, M.; Burchill, M. T. J. Am. Chem. Soc. 1984,106, 
2450-2451. 

diazirine/2-diazoacetaldehyde which should be both photochem-
ically and thermally on the side of the ring if the linear molecule 
does not dissociate irreversibly. Diradicals and zwitterions are 
not found in the three reactions studied. 

For the synchronous thermal reaction of 3,3-dimethyldiazirine 
we determine a symmetry-allowed pathway. We may generalize 
that such symmetry allowed mechanisms should occur in sym­
metrically substituted diazirines. a-Ketodiazirines should be 
particularly prone to isomerization. 

For a full clarification of photochemical reaction mechanisms 
of diazirines, other molecules with different substituent groups 
should be theoretically investigated. Among them are spiro 
compounds of the type of pentamethylenediazirine as well as 
a-diazoamides and halogen-substituted diazirines. 

Acknowledgment. We thank Deutsche Forschungsgemeinschaft 
for partial support of this work. The calculations were performed 
with a CYBER76 at Universitat Hannover. 

Registry No. Diazirine, 157-22-2; 3,3-dimethyldiazirine, 5161-49-9; 
3-formyldiazirine, 98875-86-6; diazomethane, 334-88-3; 2-diazopropane, 
2684-60-8; dimethylcarbene, 40852-89-9; 2-diazoacetaldehyde, 6832-
13-9. 

hydride shift mechanism in the gas phase. 

Method 
Calculations were carried out at the restricted Hartree-Fock level by 

using MNDO4 and the GAUSSIAN 82 program series.5 Full optimizations 
using a multiparameter search routine6 were carried out for all geometries 

(4) (a) Dewar, M. J. S.; Thiel, W. J. Am. Chem. Soc. 1977, 99, 
4899-4907, 4907-4917. (b) Lithium parameterization: Thiel, W.; Clark, T., 
unpublished results. 

(5) (a) Davidon, W. C. Comput. J. 1968,10, 406. (b) Fletcher, R.; Powell, 
M. J. D. Comput. J. 1963, 6, 163. 

(6) References to basis sets used are collected here. The program package 
GAUSSIAN 82 was used throughout: Carnegie-Mellon University, Binkley, J. 
S.; Frisch, M.; Raghavachari, K.; Fluder, E.; Seeger, R.; Pople, J. A.; 3-21G 
basis; Binkley, J. S.; Pople, J. A.; Hehre, W. J. J. Am. Chem. Soc. 1980,102, 
939. 6-3IG* basis: Hariharan, P. C; Pople, J. A. Theoret. Chim Acta 1973, 
28, 213. Gordon, M. S. Chem. Phys. Lett. 1980, 7, 163. Francl, M. M.; 
Pietro, W. J.; Hehre, W. J.; Binkley, J. S.; Gordon, M. S.; DeFrees, D. J.; 
Pople, J. A. J. Chem. Phys. 1977, 77, 3654. 
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Abstract: Theoretical methods were used to study the reduction of formaldehyde to methanol by lithium methylamide (LiNHCH3) 
as a model for the reduction of ketones to alcohols by lithium dialkylamides. The proposed mechanism involves the formation 
of a reactant complex composed of a dimer model (LiNH2:LiNHCH3) coordinated to formaldehyde through one lithium. A 
hydrogen /3 to nitrogen is transferred to the carbon of formaldehyde, forming methoxide which is stabilized by lithium complexation. 
The reactant complex is predicted to be in a potential minimum 14.1 kcal/mol deep with respect to the complex LiNH2:LiNHCH3 
plus H2C=O while the transition structure is 30.6 kcal/mol higher than the reactant complex. The thermodynamic driving 
force for the lithium-mediated reduction is the formation of the product complex which is 28.8 kcal/mol more stable than 
the reactant complex. A transition structure was found for nucleophilic addition of the methoxide ion to the C=N bond of 
the product complex, which would form aminomethoxymethane upon hydrolysis. However, the product complex is favored 
thermodynamically, and little condensation product is expected under equilibrium conditions. An alternative mechanism was 
considered in which the reactant complex consisted of the lithium methylamide monomer (rather than dimer) complexed to 
formaldehyde. The hydride transfer then occurs through a distorted six-membered cyclic transition structure. From a comparison 
of the two mechanisms, the effect of aggregation is discussed. All predictions refer to the gas phase. 
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