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Abstract: The photochemical or thermal decomposition of ethyl diazomalonate (1) or ethyl 3,3-diazirinedi-
carboxylate in methanol solutions yields the O—H insertion product 6, while products of the Wolff
rearrangement were not detected in both cases. The analysis of temperature-dependent 3C NMR spectra
and the results of DFT B3LYP/6-311+G(3df,2p) and MP2/aug-cc-pVTZ//B3LYP/6-311+G(3df,2p) calcula-
tions allow us to conclude that diazodiester 1 predominantly exists in the Z,Z-conformation. In contrast,
photolysis of the cyclic isopropylidene diazomalonate (3), which also has a Z,Z-configuration of the
diazodicarbonyl moiety, results in a clean Wolff rearrangement. These observations allow us to conclude
that the direction of the photodecomposition of diazomalonates is not controlled by the ground-state
conformation. The quantum-mechanical analysis of the potential energy surfaces for the dediazotization of
1 and 3 suggests that the formation of a carbene as a discrete intermediate is controlled by the ability of
the latter to adopt a conformation in which carbonyl groups are almost orthogonal to the carbene plane.
The outcome of the photolysis of ethyl diazomalonate depends on the wavelength of irradiation. Irradiation
with 254 nm light results in the loss of nitrogen and the formation of dicarboethoxycarbene (5, ®zs4 =
0.31), while at longer wavelengths, diazirine 2 becomes an important byproduct (®ss0 = 0.09). This
observation suggests that the formation of carbene 5 and isomerization to diazirine proceed from different
electronically excited states of ethyl diazomalonate.

Introduction Scheme 1

Photochemically or thermally induced extrusion of nitrogen RI>=c:
from a-diazocarbonyl compounds usually leads to the formation R'IO R
of products formed by trapping of two different reactive RSN, hvor A
intermediates, that is, ketenes andarbonylcarbenes (Scheme \ Re 0 XH R _O
1). Ketenes react with nucleophiles to produce carboxylic acid T - /v[
derivatives, and this overall process is known as the Wolff R R™ "X
rearrangemenit? a-Carbonylcarbenes, on the other hand, under-
go an G-H or C—H insertion, add ter- bonds, or form ylides. accompanied or even completely suppressed by carbene reac-
The factors that direct the decompositioroetliazocarbonyl ~ tions®°The low-temperature NMR experiments unequivocally
compounds into a ketene or carbene pathway are still not well Proved thati-diazocarbonyl compounds exist as an equilibrium
understood. It has been observed that cyclic diazoketones usually@f two conformations withs-Z and s-E arrangement of diazo
produce high or quantitative yields of ketenes, while in the case and carbonyl group3’ The s-Z isomer usually predominates

of their acyclic analogues, the Wolff rearrangement is often in the equilibrium, unless steric repulsions of substituents R and
R’ destabilize it in favor of the-E form.18

(1) Kirmse, W.Eur. J. Org. Chem2002 2193.

(2) Meier, H.; Zeller, K.-P.Angew. Chem., Int. Ed. Engl975 14, 32. (b) O R' (o) R' o)
Regitz, M.; Maas, GDiazo CompoundsAcademic Press: Orlando, FL, (
1986. (c) Ye, T.; McKervey, A. MChem. Re. 1994 94, 1091. (d) Doyle, N
M. P.; McKervey, M. A; Ye, T.Modern Catalytic Methods for Organic N2 R™ "N N~ R
Synthesis with Diazo Compound¥iley-Intersciences: New York, 1998;
pp 487-534. (e) Zeller, K.-P.; Meier, H.; Muller, ETetrahedron1972 Z-locked Z E
28, 5831.
(3) Toscano, J. P. IlMdvances in Carbene Chemistrgrinker, U. H., Ed.; . . .
JAI Press: Greenwich, CT, 1998; Vol. 2, pp 24845, (b) Jones, M.; Moss, Based on the differences in the reactivity of 3,3,6,6-
R. A CarbenesWiley: New York, 1973, (c) Zollinger, FDiazo chemistry,  tetramethyl-2-diazocyclohexanone, which is locked in stz
2. Aliphatic, inorganic, and organometallic compoun®<CH Publishers: X 4 ! )
New York, 1995; pp 305357. (d) Kirmse, W. Carbenes and the-8 configuration, and 2,2,5,5-tetramethyl-4-diazo-3-hexar¥dhe,

bond. InAdvances in Carbene Chemistrigrinker, U. H., Ed.; JAI Press ; ; ; -
Inc.. Greenwich, CT, 1994: pp-357. (€) Miller, D. 3 Moody, C. J. which is forced to adopt the-E conformation by bulkytert:

Tetrahedron1995 40, 10811. butyl substituents, Kaplan postulated ttsaZ conformers of
10.1021/ja047824r CCC: $27.50 © 2004 American Chemical Society J. AM. CHEM. SOC. 2004, 126, 11293—11302 = 11293
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Figure 1. Conformational energy profile for methyl diazomalonat8 (Ebtained using the relaxed scan of PES at the B3LYP/#&M,p) level. The
geometries of three stable conformations of methyl diazomalodgtar(d the transition states for the rotation around-@M, bonds (*) were optimized
at the B3LYP/6-313G(3df,2p) level of theory.

a-diazocarbonyl compounds undergo a concerted Wolff rear- benes, which do not rearrange due to the low migratory aptitude
rangement to ketenes, whereas $iE form loses nitrogen to of oxygen?2The excitation o¥Z,Z-locked diazo Meldrum'’s acid,
producea-carbonylcarbene. The latter can undergo isomeriza- on the other hand, results in the concerted Wolff rearrangement
tion into ketenes or be trapped by external reagents. While thisthat bypasses the-carbonyl carbene step.
hypothesis has been adopted by other autffofssome o o o
established-E diazo ketones produce ketenes with edse. EtO N=N 0 o N

One of the most impressive examples of the structural control N2 EtOmOEt >< }Nz >< §<,L
of the Wolff rearrangement is found in the family of diazoma- EtO o 0 © 5 o 5
lonic acid esters. Cyclic isopropylidene diazomalonate (diazo 3 4
Meldrum’s acid,3) undergoes an efficient Wolff rearrangement
both thermally? and photochemicallyZ13 while acyclic diaz- We have recently reported experimental and theoretical
omalonates, such a%, produce only carbenic products in evidence supporting the concerted mechanism for the Wolff
solution1415The conventional explanation for this phenomenon rearrangement of the diazo Meldrum’s acid. However, the
is based on the assumption that the irradiation of conforma- correspondinga,a’-dicarbonylcarbene, which is apparently
tionally flexible acyclico-diazoesters produces carbalkoxycar- produced in the photolysis of diazirife smoothly rearranges
to ketene with virtually no activation barrié?.To get a better

1 2

(4) Horner, L.; Korobitsyna, I. K.; Rodina, L. L.; Sushko, T.Zh. Org. Khim.

1968 4. 175 Timm. U.. Zelier. K. P.- Meier, HTetrahedron1977, 33 understanding of the structural influence on the reactivity of
453. Tomioka, H.; Okuno, H.; Izawa, \J. Org. Chem198Q 45, 5278. o-diazocarbonyl compounds, we undertook a detailed investiga-
T oy W P e e o Bobiadel. . tion of the photo- and thermal chemistry of conformationally

Phys. Cheml986 90, 2488. Tomioka, H.; Hirai, K.; Tabayashi, K.; Murata,  flexible acyclic ethyl diazomalonatéd) and the corresponding
S.J. Am. Chem. So&99Q 112, 7692. Chiang, Y.; Kresge, A. J.; Pruszynski,

P.. Schepp, N. P.; Wirz, Angew. Chem., Int. Ed. Englo91, 30, 1366. diazirine 2.

Charette, A. B.; Wurz, R. P.; Ollevier, Helv. Chim. Acta2002 85, 4468. ; f

Tippmann, E; Holinga, G.; Platz, M. ®rg. Lett.2003 5, in press. Results and I?ISCUSSIon ) )
(5) Kaplan, F.; Mitchell, M. L.Tetrahedron Lett1979 9, 759. Conformational Analysis. The DFT/MP2 analysis of the
(6) Kaplan, F.; Meloy, G. KTetrahedron Lettl964 2427. Kaplan, F.; Meloy, i .

G. K. J. Am. Chem. Socl966 88, 950. Kessler. H.. Rosenthal, D.  Structure and reactivity of ethyl diazomalonat§ (vas con-

Tetrahedron Lett1973 393. Curci, R.; DiFuria, F.; Lucchini, \Spectrosc. i i .
Lett.1974 7, 211. Lichter, R. L.; Srinivasan, P. R.; Smith, A. B., lll; Dieter, ducted on th? e'xample of methyl.dlazomalonaie Elgur.e l) .
R. K.; Denny, C. T.Chem. Commurl977, 366. Dickert, F. L.; Soliman, Ethyl groups inl’ were replaced with methyl groups to simplify
F. M.; Bestmann, H. JTetrahedron Lett1982 23, 2639. i ini i ifi i

(7) Nikolaev, V. A.; Rodina, L. L.; Korobitsyna, I. KZh. Org. Khim.1974 cfalcg_latlons. .In our 0p|n|0_n, this mOdIfIC&tIOI’] s_hou_ld not
10, 1555. (b) Lauer, W.: Krause, V.; Wengenroth, H.; Meier, Ghem. significantly disturb the relative energies of the species involved
Ber. 1988 121, 465. (c) Nikolaev, V. A.; Popik, V. VZh. Org. Khim. in the transformations of
1989 25, 1014. e . .

(8) Sorriso, S. InThe Chemistry of Diazonium and Diazo Groupstai, S., There are three relatively stable conformations ofutkaiazo-
Ed.; Wiley: Chichester, 1978; pp 98.36. Goodman, J. M.; James, J. J,; i ; f i 7. .
Whiting. A. J. Chem. Soc.. Perkin Trans.1894 100 B.p-dicarbonyl fragment in acyclic diazomalonatedZ; ZE;

(9) Geometry optimization of this diazo compound, that we conducted at the
b3lyp/6-311G(3df,2p) level of theory, produced the plarseE conforma- (13) Nikolaev, V. A.; Khimich, N. N.; Korobitsyna, |. KKhim. Geterotsikl.
tion. Soedin1985 321. Lippert, T.; Koskelo, A.; Stoutland, P. @.Am. Chem.

(10) Tomioka, H.; Okuno, H.; Izawa, Y. Org. Chem198Q 45, 5278. Tomioka, Soc.1996 118 1551. Winnik, M. A.; Wang, F.; Nivaggioli, T.; Hruska,
H.; Kondo, M.; Izawa, Y.J. Org. Chem.1981 46, 1090. Marfisi, C.; Z.; Fukumura, H.; Masuhara, Hl. Am. Chem. Socl991 113 9702.
Verlaque, P.; Davidovics, G.; Pourcin, J.; Pizzala, L.; Aycard, J.-P.; Bodot, Stevens, R. V.; Bisacchi, G. S.; Goldsmith, L.; Strouse, G.Brg. Chem.

H. J. Org. Chem1983 48, 533. Tsuda, M.; Oikawa, S.; Nagayama, K. 198Q 45, 2708. Kammula, S. L.; Tracer, H. L.; Shelvin, P. B.; Jones, M.,
Chem. Pharm. Bull1987 35, 1. Tsuda, M.; Oikawa, SChem. Pharm. Jr.J. Org. Chem1977, 42, 2931.

Bull. 1989 37, 573. Torres, M.; Gosavi, R. K.; Lown, E. M.; Piotrkowski, (14) Wang, J.-L.; Toscano, J. P.; Platz, M. S.; Nikolaev, V.; PopikJ VAm.

E. J.; Kim, B.; Bourdelande, J. L.; Font, J.; Strausz, G5ted. Phys. Theor. Chem. Soc1995 117, 5477. (b) Jones, M., Jr.; Ando, W.; Hendrick, M.
Chem.1992 77, 184. Toscano, J. P.; Platz, M. S.; Nikolaev, V.; Popik, V. E.; Kulczucki, A.; Howley, P. M.; Hummel, K. F.; Malament, D. $.Am.

J. Am. Chem. S0d.994 116, 8146. Chem. Socl1972 94, 7469.

(11) Zeller, K. P.Chem. Ber1979 112 678. Fenwick, J.; Frater, G.; Ogi, K.; (15) In the absence of trapping reagent, for example, in cryogenic matrix or in
Strausz, O. PJ. Am. Chem. Sod973 95, 124. Torres, M.; Ribo, J.; the gas phase, dicarbalkoxycarbene can undergo Wolff rearrangement:
Clement, A.; Strausz, O. Zan. J. Chem1983 61, 996. Visser, P.; Zuhse, R.; Wong, M. W.; Wentrup, LAm. Chem. Sod996

(12) Bogdanova, A.; Popik, V. VJ. Am. Chem. So@003 125, 14153. 118 12598.
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Figure 2. Temperature-dependeHC spectra of diethyl diazomalonate.

Table 1. Relative Energies and Main Geometrical Parameters of the Equilibrium and Transition Structures Obtained at the B3LYP/
6-311+G(3df,2p)//B3LYP/6-311+G(3df,2p) and MP2 (full) aug-cc-pVTZ//B3LYP/6-311+G(3df,2p) (in Parentheses) Levels

1'ZZ 1'ZE v EE ]}ZZ*ZE ]}ZE*'EE 2

Ere? 0.35 0.00 0.55 7.59 7.63 24.17
ZPVE corrected (0.02) (0.82) (8.32) (9.81) (20.73)
(kcal/mol)

C1—NS8 distanc&/A 1.326 1.322 1.318 1.302 1.301 1.506

N&-N7 distance/A 1.110 1.110 1.110 1.120 1.120 1.200

-0C2CiCq/deg 134.5 129.6 124.9 124.7 120.7 124.5

-0c3cic?0*/deg 180.0 180.0 0.0 —87.6 -35 -12.7

-0C2CiCR0%/deg 180.0 0.0 0.0 177.1 —86.4 162.9

aEnergy difference betweeliz e and the corresponding structuféThe numbering of atoms in structuré's 1*, and2' is shown in Figure 1.

andE,E. The DFT optimized geometry of these conformers, as  Similar changes are observed in the methylene region of the
well as the geometries of the transition states4gt — ZE spectrum, where splitting of the signal is observed betord

and Z,E — E,E interconversions, are shown in Figure 1. The °C. The coalescence temperature for the carbonyl sighgls,
electronic energies and representative structural parameters of= —60 °C, and for methylene signal$g¢.a = —70 °C, allows
these structures, as well as those of dimethyl 3,3-diazirinedi- us to evaluate the barrier for the conformational interconversion.
carboxylate 2'), are summarized in Table 1. Energies shown For both temperatures, we have obtained identical values of
in the text and in the figures correspond to B3LYP/ activation energyAG*y13x = AG¥03k = 9.3 kcal/mol, which
6-311+G(3df,2p) calculations, while values in parentheses were are in a good agreement with DFT/MP2 results (Table 1). From
obtained using the MP2(full)/aug-cc-pVTZ//B3LYP/6-32G- the shape of the NMR signals observed at conditions of slow
(3df,2p) method. It is interesting to note that all three conformers exchange (Figure 2), we can conclude that diethyl diazomalonate
were calculated to be perfectly planar, which indicates the exists in solution as a rapid equilibrium of two conformations.
absence of substantial steric interactions. Hje-conformer The major conformer, ca. 85%, should be a symmetrical one
is predicted to be the least stable one, wiil& andZ,E have as it has only one set of signals in tH€ spectrum. Quantum-
similar energies. The preference for tharrangement of diazo  mechanical calculation (vide supra), as well as the known
and carbonyl functionalities is usually explained by the Cou- predominance of the,Z-conformer in sterically unhindered
lombic attraction between the positively charged nitrogen of 2-diazo-1,3-diketonesallows us to assigd,Z-structure to this
the diazo group and the negatively charged carbonyl oxygen conformer. The alternative symmetrical conformati&k, is
atom?® The barrier for the interconversion between conforma- predicted to be higher in energy thahZ and ZE by all
tions was predicted to be in the range of-79%8 kcal/mol (Table guantum-mechanical models, from semiempirical AM1 to
1). In the transition state from,Z to Z,E, as well as for the,E density functional b3lyp and to correlative MP2. In fact, the
to E,E transformation, the carbonyl group that has the same E,E-conformer was observed only as a minor component of the
arrangement in both conformers stays virtually coplanar with equilibrium mixture in diazodicarbonyl compounds with bulky
the diazo group, while the other carbonyl fragment is almost substituentg:1” Additional support for this assignment comes
orthogonal to the &N, plane!® The conformational energy  from the fact that the carbonyl signal of teé& carbonyl group
profile shown in Figure 1 was obtained by conducting a relaxed in diazodicarbonyl compounds is usually observed at lower

scan of the potential energy surface starting from Zhie- fields than thesZ signal’7'” The assignment of a minor
conformer and following the dihedral angle between diazo and component is more difficult. The signal at 163.25 ppm can
one of the carbonyl groups. represent both carbonyl groups of a symmetri€&conforma-

Low-temperature NMR experiments allowed us to observe tion or E-fragment of theZ,E-conformer, while signals of the
the conformational equilibrium of ethyl diazomalonate in Z-part overlap with an intense peak of the mafgz-form. On
solutions. At room temperature, th& spectrum ofl contains the basis of the experimental and theoretical results discussed
only one set of signals for all carbons. At ea30 °C, the signal above, we favoiZ,E-assignment.
of the carbonyl group becomes broad and splits in two below In the diazirine2, the central carbon atonC{) is formally
—60 °C (Figure 2). sp? hybridized, and rotation of the carbonyl fragments around

(16) The optimized geometries for the species discussed in the paper are provided17) Nikolaev, V. A.; Popik, V. V.; Korobitsyna, I. KZh. Org. Khim.1991,
in the Supporting Information. 27, 505.

J. AM. CHEM. SOC. = VOL. 126, NO. 36, 2004 11295
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C(=0)—C* should be virtually free. In fact, DFT calculations
predict the barrier for such a rotation2hto be in the order of

2 kcal/mol. The conformational analysis found three relatively
stable rotamers, which are very close in energhyAE° values

are 0 and 1.1 kcal/mol correspondingly. The geometrical
parameters for the rotamer with the lowest energy are shown
in Table 116 In other words, irradiation o2 should result in

the excitation of a broad spectrum of ground-state conforma-
tions.

Thermal Reactions of the Ethyl Diazomalonate (1) and
Ethyl 3,3-Diazirinedicarboxylate (2). DiazomalonateX) is a
relatively stable compound; for example, virtually no decom-
position was observed in agueous or methanolic solutions at
80°C for 24 h. Due to the high stability of this diazo compound,
little is known about products resulting from its thermal
decomposition. We found that heating ethyl diazomalonBte (
at 150 °C in neat methanol fo6 h results in quantitative
formation of ethyl 2-methoxymalonat6)( the apparent product
of carbenés insertion into the G-H bond of a solvent (Scheme
2). The latter was independently prepared by rhodium-catalyzed
decomposition of ethyl diazomalonate in the presence of
methanol (see Experimental Section). Formation of the insertion
product in the thermolysis of is in sharp contrast with the
thermolysis of cyclic analogu8, which produces only Wolff
rearrangement products.

Scheme 2
N2 OMe
0 o A | 95220 | MeOH ~_o0 o
> —_—
0 0oL N [NO O~ o 6 o
1 5

The isomeric diethyl 3,3-diazirinedicarboxylat®),(on the
other hand, is rather labile and undergoes slow decomposition
even at room temperature wikgsc = (3.74 0.3)*10°s1in
methanol. Mild heating of in a methanol solution results in
the rapid decomposition and formation of the-B insertion
product6. The isomerization into the diazo compound, which
is the only process observed in the case of cyclic diaz#ite
produced only trace amounts (ca. 2%) of ethyl diazomalonate
(1, Scheme 3).

Scheme 3

NEN A, MeOH
\/O\[%(ov —> 6 + 1
(0] o
2 40 1

Rates of the decomposition of diaziri@evere measured in

6.0x10° 1
5.0x10'3—-
4.0x10'3—.
3.0x10'3-

2.0x10° A

Observed Rate / s

1.0x10° 1

0.0+

30 40 50 60 70
Temperature °C

Figure 3. Temperature rate profiles for the decomposition of diaziéine

in aqueous (circles) and dioxane (hexagons) solutions. The lines shown
were drawn using parameters obtained by least-squares fitting of the Eyring
equation.

1.5-
Q 1.0
C
©
Ke]
—
(e}
8 054 x 100
< o
o)
0.0 T T r
200 250 300 350 400
A/ nm

Figure 4. UV spectra of ca. 0.00015 M solutions of ethyl diazomalonate
(1, —) and of ca. 0.003 M solutions of ethyH3diazirine-3,3-dicarboxylate
(2, - - -) in methanol.

It is interesting to note that the activation parameters for the
decomposition of bis-carboethoxydiaziring (n dioxane are
almost identical to the values reported for the cyclic diazirino
Meldrum’s acid 4, AH* = 22.2 kcal Mt andAS' = —10.2+

2.4 cal Mt K71).12 In aqueous solution, the situation is
drastically different: enthalpy of activation for the decomposi-
tion of acyclic diazirine2 is very close to the dioxane value,
while cyclic diazirine4 decays in water with a substantially
lower AH* = 12.6 kcal ML, This difference can be explained
by the different polarity of transition states for the reactions of
2 and 4. The latter undergoes isomerization from nonpolar
diazirine to a very polar diazodicarbonyl compouBdThe
transition state for this process is, therefore, more polar than
reagent and is better stabilized by a polar solvent. Ethyl 3,3-
diazirinedicarboxylate?), on the other hand, loses nitrogen to

aqueous and dioxane solutions in the temperature range fromproduce carbenB, which has a polarity similar to the starting

30 to 70°C. The progress of the reaction was followed by the
decrease in absorbance »ft 291 nm. The data so obtained
are summarized in Tables S$2 and are displayed as a
temperature rate profile in Figure 3.

The decomposition d? is 2—4 times faster in water than in

dioxane, and this rate difference increases with temperature,

indicating a substantial difference in the entropy of activation.
In fact, least-squares fitting of the data gives the following
activation parametersAH* = 24.9+ 0.6 kcal Mt andASF =
2.8+ 1.6 cal Mt K~1in aqueous solutions; amiH* = 22.2
+ 0.6 kcal M andAS = —7.4+ 1.8 cal M1 K~1in dioxane.

11296 J. AM. CHEM. SOC. = VOL. 126, NO. 36, 2004

material. Thus, the dipole moment of the most stable rotamer
of diazirine2' is 2.34 D, which is exactly the same as the dipole
moment predicted for the most stable conformer of singlet
carbenés (vide infra). The changes in polarity of the substrate
along the reaction coordinate are small, and the enthalpy of
activation should be less dependent on solvent polarity.

Photochemistry of Ethyl Diazomalonate(1) and Diethyl
3,3-Diazirinedicarboxylate (2).The UV spectrum of diazoma-
lonatel has a strong absorbance at 251 nm and a much weaker
band at 344 nm (Figure 4). No fluorescence or phosphorescence
was detected at room temperature in solutiong aking 254
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Scheme 4 Scheme 5
N OMe N=N OMe N2
OWO MEtOWOEMEtOMOEt SO YR N=N hv. MeOH Eto OEt , O o
O O -
~O O~ 0.0 0.0 ~-© O ) OEt OEt
1 6 2 7 1
O 2 (o] 6
Table 2. Results of Low Conversion Photolyses of Ethyl
Diazomalonate (1) in Methanol at Different Wavelengths Table 3. Results of Low Conversion Photolyses of Ethyl
wavelength of rradiation 2 (nm) 3H-3,3-Diazirinedicarboxylate (2) in Methanol at Different
Wavelengths
roduct 254 300 350 3552 sens®
P wavelength of irradiation (nm)
fraction in reaction mixture
090 0.83 0.08 067 o product 254 300 350

6 . . . .

2 0.10 0.17 0.32 0.33 0 fraction in product mixture

7 >0.01 >0.01 >0.01 >0.01 1 6 0.99 0.81 0.99

quantum 0.31 0.09 1 0.01 0.19 0.01

yield

aMonochromatic irradiation using the frequency up-converted output
of the Nd:YAG laser? Sensitized photolysis was conducted at 254 nm in
2-propanol using a 10-fold excess of benzophenone as a sensitizer.

and 350 nm excitation light, indicating fast nonradiative
depopulation of excited states. The UV spectrum of isomeric
diazirine2 is very different: it shows a weak band at 291 nm

and a shoulder on the tail of the short-wavelength band at ca.
244 nm (Figure 4). The spectral characteristics of compounds

1 and2 are very close to their cyclic counterpaisand 4.12
Direct photolysis of the methanol solution of ethyl diazoma-
lonate () results in the formation of two major products: ethyl
2-methoxymalonats, the product of the ©H insertion reaction
of dicarbethoxycarbene5), and diazirine2, the product of

isomerization of the starting diazo compound (Scheme 4). Trace

amounts of ethyl malonat&)were also detected in the reaction
mixtures. As was mentioned in the Introduction, the photo-
chemical behavior of the cyclic diazomalonatis very different

as it produces mostly Wolff rearrangement products under
similar conditions.

The triplet sensitized photolysis @fin methanol results in a
guantitative formation of the malonic ester).( The triplet
reactivity of the diazomalonaté, therefore, is similar to that
of diazo Meldrum’s acid3) and is in line with the accepted
mechanism of the photochemical reductioroediazocarbonyl
compounds through a triplet carbonylcarbene intermedizite.

The product ratio of direct photolysis depends on the
wavelength of irradiation: shorter wavelengths favor the forma-
tion of the O-H insertion product, while isomerization to
diazirine2 becomes a prominent procesd.at> 300 nm. Table
2 shows the relative yield of compoungs6, and7 formed in
photolysis of ethyl diazomalonaté)(at different wavelengths.

of diazomalonatel should be very fast, in the order of %0
s1, to compete with the internal conversion. The much higher
guantum vyield of photolysis at 254 nm than that at 350 nm
provides an argument against the formation of a carbene from
“hot” S; molecules.

Irradiation into a weak long-wavelength band of ethyl
diazomalonate results in a higher fraction of molecules populat-
ing the lowest excited-statg. S his state undergoes an efficient
thermal deactivation to the ground state, which is evident from
a low guantum yield 350 = 0.09) of phototransformation of
1 at 350 nm, as well as the absence of fluorescence or
phosphorescence of. A small fraction of § population
undergoes isomerization into diaziri2e

Benzophenone-sensitized photolysis apparently populates the
lowest triplet excited state df which loses nitrogen to produce
a triplet carbenés”. The latter undergoes a double hydrogen
abstraction to give ethyl malonaté) (Traces of7 found in direct
photolyses are apparently due to the low efficiency intersystem
crossing, which yields a triplet excited stateloft is interesting
to note that the product of singlet carbesfensertion into the
O—H bond of methanol, ethyl 2-methoxymalona®, fvas not
detected in the triplet-sensitized photolyses of ethyl diazoma-
lonate in methanol. This observation indicates that the abstrac-
tion of hydrogen from the solvent by the triplet state of
dicarboethoxycarbené&Y) is much faster than the intersystem
crossing to a singlet state.

The photochemical behavior of ethyl 3,3-diazirinedicarboxy-
late @) is similar to that of its diazo isomer: UV irradiation of
2 results in the formation ethyl 2-methoxymalona®®) &c-
companied by minor diazirine to diazo isomerization (Scheme
5).

The results of low conversion photolyses (ca. 10%, Table 3)

Product ratios were measured at a low conversion (ca. 10%) toof diazirine 2 allow us to conclude that the -€H insertion
ensure that these values were not affected by secondaryproduct6 is formed directly from diaziring, rather than from

photochemistry.

initially formed diazodiesterl. The molar absorptivity of

The wavelength dependences of the dediazotization to dicarboethoxydiazirine2j at 300 nm ézgpo= 86 M1 cm™1) is

isomerization product ratio and of the quantum yield are similar
to the photochemical behavior of cyclic diazodiest#?

more than 6 times higher than that of ethyl diazomalonte (
€300 = 13 M~1 cm™1). Low conversion photolysis of diazirine

although they are less pronounced. The short-wavelength2 at this wavelength should not result in the decomposition of
irradiation of 1 apparently populates the higher excited state. the diazo compound formed by isomerization of the starting
About one-third of the molecules at this level lose nitrogen to material. At 254 and 350 nm, the situation is reversed, and a
give carbené. The rest of the molecules undergo an internal low yield of ethyl diazomalonate is apparently due to secondary
conversion to § the participation of which is evident from the  photochemistry.

formation of small amounts of diaziring and then onto the Theoretical Analysis of the Decomposition of Ethyl Dia-
ground-state surface. The loss of nitrogen from the excited statezomalonate (1).The geometries of the structures discussed
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Figure 5. B3LYP/6-311-G(3df,2p) optimized geometries s§r+(5°) andantl-(5SE) conformers of the singlet carbene, & rotamer of a triplet carbene
(5"ee), transition states for the dediazotization B%Z-methyl diazomalonatel{zz), and for the Wolff rearrangement of trenti-(5%) and syn(5%)
dicarbomethoxycarbene.

Table 4. Relative Energies and Main Geometrical Parameters of the Equilibrium and Transition Structures Obtained at the B3LYP/
6-311+G(3df,2p)//B3LYP/6-311+G(3df,2p) and MP2 (full) aug-cc-pVTZ//B3LYP/6-311+G(3df,2p) (in Parentheses) Levels

Tz T¥e T 5% 55, 5% 5% 575° 575t 5Teet
EeP 38.8 36.1 35.5 29.5 31.75 37.6 36.7 34.0 32.1 31.0
ZPVE corrected (46.0) (48.3)  (52.1) (49.7)  (50.4) (49.1) (48.7)
(kcal/mol)
C!—NS distance/A 2.280 2.200 2.190
N6—N7 distance/A 1.090 1.090 1.090
-0C2C'C3/deg 122.8 125.4 125.1 122.6 123.9 124.0 127.3 143.9 137.0 133.9
-0C8CC20%deg 100.5 74.4 65.57 94.9 80.3 82.2 79.8 149.2 125 —-31.2
-0C2C1C30%deg —100.5 115.9 —65.57 94.9 —80.3 90.8 —90.0 149.1 —130.8 —-31.2

aEnergy difference betweelize and the corresponding structufeEnergies of various forms of carbeBeand transition stateS® are corrected by the
addition of energy of a free nitrogen molecute1(09.5176551+109.3936875); ZPVE= 3.513 kcal/mol). Conformations of the triplet dicarbomethoxym-
ethylene are labeled as the conformerd'ofiaving similar arrangements of carbon and oxygen atoms in the molecule.

below were preoptimized at the B3LYP/6-8G(d,p) level and thesz-system of the carbonyl groups. All three relatively stable
then reoptimized using the extended triglé-311+G(3df,2p) rotamers of a triplet dicarbomethoxymethyleBE)( on the other
basis set. The energies of the resulting structures were alsochand, are predicted to be closer to planarity. Similar differences
calculated at the full MP2 level using a correlation-consistent in geometry were reported for the cyclic analoguesg? and
Dunning basis set aug-cc-pVT2.The quantum-mechanical for acyclic a-carbonylcarbene¥. It is interesting to note that
analysis of the mechanism of diazomalonate decomposition isboth the DFT and the MP2 calculations predict the singlet state
complicated by the presence of several conformations of the (55 of the dicarbomethoxycarbene to be lower in energy than
species involved® The conformational structure of methyl the triplet 67), although the energy gap is relatively small (Table
diazomalonatd' and diazirine?' is discussed above (Figure 1, 4).

Table 1). The electronic energies and representative structural The extrusion of nitrogen from three conformations of diazo-
parameters for thanti-(55%) and syn(55;) conformers of the malonatel’ proceeds through three different transition states

singlet carbene and three rotamers of a triplet carb8hg ( (1¥zz, 1¥ze, and1*gg) and leads to the formation of a singlet

5Tze, 5"ee), as well as the transition states for deazotization of carbenesS (Table 4, Figure 6). The geometry of the transition

three conformers of methyl diazomalonaféz¢, 1*ze, 1*) state corresponding to the loss of nitrogen from ®&-

and the Wolff rearrangement of thenti-(5°) and syn(5;) conformer of methyl diazomalonaté*(;) is shown in Figure

dicarbomethoxycarbene, are summarized in Table 4. Thes. It is interesting to note that the!€N® bond in1*;z is very

B3LYP/6-31H-G(3fd,2p) optimized geometries &, 5%, long (2.28 A) and the geometry resembles carb&heith a

5Tee, 1%7z, 5%, and5*; are also shown in Figure 5. central atom (&) located above the plane of the carbonyl groups.
The loss of nitrogen from the methyl diazomalonaté) ( The transition state for the decomposition of thgE-

results in the formation of a singlet dicarbomethoxycarb&fe ( conformer of methyl diazomalonafé has the lowest potential

which exists in two relatively stable conformations withti- energy. This observation suggests that products produced in the

(5%) andsyn(5%;) orientations of the carbonyl groups (Figure thermal decomposition of acyclic diazomalonates are mostly
5). Theanti-isomer is predicted to be 2.3 kcal/mol lower in  formed from theE,E-conformer. It is interesting to note that
energy, and the barrier for th&% to 55; interconversion is the loss of nitrogen from th&,E- and Z,Z-conformers ofl'
12.5-13.2 (8.7-9.5) kcal/mol. These results indicate that the results in the formation ofyn-dicarbomethoxycarben&%),
rotation of the carbonyl fragment in the singlet dicarbomethoxy- while the Z,E-conformation produces thanti-form of 5.
carbenes® is apparently slower than its reaction with methanol, In contrast with the cyclic diazomalona8g? we were unable
which is known to be a diffusion-controlled procé4sBoth to locate saddle points on the potential energy surface that
carbonyl groups irbS: and 5%, are almost orthogonal to the  connectsl’ with the corresponding ketene, that is, the transition
plane of the carbene f€C'—C3, Figure 5). In our opinion,  state for the concerted Wolff rearrangement of methyl diaz-
such geometry provides a better overlap of the orbital containing omalonate. The rearrangementsyh{5S;) or anti-(5%) dicar-

an unshared pair of electrons localized on the carbene atom withhomethoxymethylene to form a ketene, on the other hand, is a

(18) Kendall, R. A.; Dunning, T. H., Jr.; Harrison, R.1.Chem. Phys1992 (19) Scott, A. P.; Platz, M. S.; Radom, 0. Am. Chem. So001, 123 6069
96, 6796. and references therein.
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Figure 6. Schematic potential energy profiles for the decomposition of three conformers of methyl diazoméalonate
feasible process, proceeding via transition st&fesand 5 C'- N’ distance (A)
correspondingly (Figure 5, Table 4). While a cyclic dicar- 14 16 18 20 22 24 26 28
balkoxycarbene rearranges to ketene with virtually no activation o F
barrier!? the rearrangement of carbefiehas a sizable barrier, _ O>—C‘0
which is higher for theanti-conformer (8.1 (6.1) kcal/mol) than % N
for the synconformer (5.0 (1.4) kcal/mol). These results agree §
well with experimental observations on the photochemical 2
reactivity of the ethyl diazomalonate as the photolysid af ©
methanol solution produces only carbene trapping products. The o
irradiation of1' isolated in a cryogenic matrix, where carbene -
has nothing to react with, was reported to result in the Wolff o ' - / o
rearrangemeri It is also interesting to note that barriers for “o?4 MR / L o4,
the Wolff rearrangement 085, and 55 are lower than the ié‘”z 24 S oo P%
activation barrier for theyn-to anti-interconversions. In other  / ‘? 2
words, the rearrangement or intramolecular reactlpns of dicar- LCiC'ciot 1800 1426 1193 1005 502 803
bomethoxycarbengs are faster than the conformational inter- /,C'C07/° 1131 1102 1087  108.3 1156  116.0
conversion. Figure 7. Contour plot of the potential energy surface for the extrusion of
The Structural Control of the Diazomalonate Reactivity. nitrogen from theZ,Z-conformer of methyl diazomalonaté Values shown

The photochemically or thermally induced deazotization of the g?t:]heeggfcfgg'g;ﬁz(;faﬁfaeselné ;?13 fteh'gltgfoengf‘;rrg?éigf'iﬁz'/g?i?gophf Vrﬁ(‘)'ll:es
diazo Me!drum’s ac'c! 9, which is locked in theZ,Z-. are shown for representativ% points on the reacgtion trajectory. V9ot
conformation, results in a clean Wolff rearrangement via a
concerted pathwal? The photolysis of the diazirine isomdr C'-N distance (A)
apparently produces the corresponding-dicarbonylcarbene L4 e 18 20 22 24 26 28 o
carbene, which rearranges to the ketene faster than it reacts witf '
the solvent. The photolysis of ethyl diazomalonatg (hich
also exists predominantly in th&Z-form, results in the
formation of carbenés and gives no Wolff rearrangement
products. The loss of nitrogen from the excited staté f so
fast k ~ 1012 s71) that it does not allow enough time for the
conformational changes after the excitation event. The same
product 6) is formed in the thermal decomposition hfwhich
we believe proceeds mostly through th&-conformation (vide 02
supra). These observations apparently contradict the notion of LN, I 0
the conformational control of the reactivity of this class of 2 O:_l\ ! __j’
diazocarbonyl compounds. scc'c’o’s? 1640 1376 1295 1252 1224 1165
To analyze the effect of structural factors on the thermal sc'cio’/® 1120 1085 1070 1088 1081 1074
decomposition of cyclic and acyclic diazomalonates, we have figure 8. Contour plot of the PES for the Wolff rearrangement of the
conducted the 2-D relaxed potential energy surface (PES) scansliazo Meldrum’s acid3). Values shown on the isoergic lines represent the
for the decomposition of methyl diazomalonaté) @nd diazo relative energy in kcal/mol. The values of théG2C?0* dihedral angle
Meldrum’s acid 8). These scans were conducted at the B3LYP/ and the bond angle of the carbonyl groups are shown for representative
points on the reaction trajectory.

6-314+G(d,p) level of theory in terms of '&-N¢ and G—08
(atom migrating in Wolff rearrangement) distances (Figures 7 |eads to the formation of the carbert bottom-right corner),
and 8). The bottom-left corner on the contour plots corresponds while the elongation of the €-N¢ bond accompanied by the
to the energy of the starting diazo compound. The extension of shortening of the &-08 distance leads to a ketene (upper-right
the C—N¢& bond without explicitly changing the'& 08 distance corner).
(20) Visser, P.: Zuhse, R.; Wong, M. W.; Wentrup,CAm. Chem. S04996 The PES plot for the decomposition Bf shown in the Figure

118 12598. McCluskey, A.; Dunkin, I. RAust. J. Chem1995 48, 1107. 7, allows us to conclude that the concerted Wolff rearrangement

c' - 0° distance (A)

(=]
s
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is an unfavorable process for this substrate as the synchronous relatively deep energy well for these species (ca. 7 kcatol

cleavage of the €N bond and the migration of the methoxy Table 4). The elongation of thel€N bond beyond 2.3 A in

group result in a steep rise in energy. The valley on the PES methyl diazomalonatel’ is, therefore, accompanied by an

follows the elongation of the &-N° bond, eventually reaching increase of the dihedral angle between tR€XC? plane and

the energy plateau at ca. 2.3 A. At this point, there is a the planes of the carbonyl group and results in an energy

substantial downhill gradient leading the system toward the reduction, leading the system to the formation of a carbene

formation of a carben®®, while the migration of the substituent  (Figure 7).

is still an uphill process. This shape of PES explains our failure |, the case of a cyclic diazomalonag this orthogonal

to locate the transition state for the concerted Wolff rearrange- geometry and resulting stabilization cannot be achieved, and

ment of 1' using various algorithms. the energy well corresponding to the cyclic dicarbalkoxycarbene
The elongation of the €N bond is accompanied by s very shallow €1 kcal/mol)1? As a result, the elongation of

substantial changes in the geometry of the molecule, as thethe G—N bond beyond 2.45 A requires additional energy, while

carbon atom of diazo group {omoves out of the plane of two  the migration of a substituent from that point on PES is an

carbonyl groups. These changes are illustrated in Figure 7 byexoergic process. In other words, diazo Meldrum’s agjdig

the CC!C?0* dihedral angles for several representative struc- predicted to undergo a concerted Wolff rearrangement.

tures along the reaction path. The highest point of this path g\ gjet—Triplet Equilibrium of Dicarboethoxycarbene 5.

c?rres;ponds .to the tranS|t|oq stat; (Figure 5). The €~ The thermolysis or direct photolyses of ethyl diazomalonates
C'—C" plane in this structure is almost orthogonal to the plane (2) and diazirine2 produce no, or minor traces of, ethyl malonate

of carbonyl groups, resembling the geometry of the singlet (7). The tri - . - .
. . The triplet-sensitized irradiation of ethyl diazomalondie (
S
carbené>®; (Table 4, Figure 5). The bond angle of the carbonyl on the other hand, results in a quantitative formatioi. dthese

groups is also _gettmg smaller W'th the m_creaseel Cms_,tanpe observations indicate that a singlétiplet equilibration of
(l_:lgure 7). This change results in a slight shortening in the dicarbomethoxycarben& is substantially slower than the
distance between'Gnd the oxygen atoms of methoxy gro:Jps. intermolecular reactions of the respective states. The singlet
The carbonyl bond angle, however, relaxes back to ca? 116 S . 111 148

. . . . carbenes® reacts with methanol at 1.5 10° s~ M~1.142This
after passing the saddle point. This observation apparently . . L
- - value allows us to estimate the lower limit for the activation
indicates that the oxygen atoms of methoxy groups, while not energy of5S— 5T intersystem crossing (ISC) at kcal/mol

migrating themselves, still provide some level of anchimeric ) /
g 9 P The rate of the hydrogen abstraction by triplet carbenes from

i for th i f ni .
as&;*,talncz or the tfaxtrusmn © m;r_oge; drurm's a@id methanol is usually in the order of-b x 10° M~1 s™%, which
.T € landscape o P.ES surrounding diazo _Me rum's &id ( puts the barrier for the reverse ISE' (— 5°) in the range of at
Figure 8) is very similar to that of methyl diazomalonalg ( least 6-7 keal/mol

Figure 7). In fact, the synchronous cleavage of theNCbond h b ial heiaht of th barri f b
as well as the migration of the substituent is still an unfavorable '€ Substantial height of the ISC barriers 5fcan be
process as it is characterized by a sharp uphill energy gradient €XPlained by the necessity for geometrical changes accompany-

The extrusion of nitrogen frond initially proceeds by the ing_the singlet_to triplet intercon_versions. Carbonyl groups in
elongation of the €N bond, while the €&—OF distance remains ~ Maor rotameric forms of the triplet carbeng') are aimost
virtually unchanged. This process is also accompanied by the cOPlanar with the carbene {C'C* fragment), while the singlet
shift of the carbon atom of the diazogroupl@p from the carbene 9 ha_s orthogonal geometry (vide sqpra). We scanned
plane of carbonyl groups. The energy plateau is reached at at® conformational energy surface®fand5™ in a search for
Cl—N distance of ca. 2.45 A. The structure corresponding to the intersection. This was done by stepwise changing the
this point is very close to the one calculated previously for the 9eometry of the singlet carbe€; from orthogonal to planar
concerted Wolff rearrangement transition state3oénd re-  and by rotating the carbonyl fragments5hee and5ze to the
sembles the boat-shaped geometry of the singlet cafBdie orthogonal geometry of a singlet carbene. The dihedral angles
gradients felt by the system on this energy plateau, however, Petween carbonyl groups and the carbene plane were fixed in
are very different from the methyl diazomalonat® ¢ase. The steps, while the other degrees of freedom were fully optimized
further elongation of the &N bond leading to the carbene at the B3LYP/6-33%G(d,p) level. The results of these scans
formation is still an uphill process. The migration of the oxygen are presented in Figure 9.

atom O8 on the other hand, has a negative energy gradient, The energy of the triplet dicarbomethoxycarbene (triangles
and the system collapses to ketene without formation of a for 5gg and hexagons fds"z, Figure 9) is substantially less

carbene intermediate. dependent on the geometry than the energy of the singlet carbene
Comparison of the PES plots for the dediazotization of methyl (circles, Figure 9). The intersections between singlet and triplet
diazomalonate(, Figure 7) and diazo Meldrum’s3( Figure surfaces are, therefore, located much closer to the stable

8) allows us to suggest an explanation for the difference in the conformation of the singlet carbe®g; than to its triplet form.
reactivity of these two compounds. Both processes start by theThe analysis of the data represented in Figure 9 allows us to
extension of the &N bond accompanied by the out-of-plane estimate the activation energy of ISC for thgconformer of

shift of C until the system reaches the energy plateau dd\C ~ the singlet carbenest;) at ca. 3 kcal/mol and slightly higher,
distance in the range of 222.45 A. The direction of further ~ and at ca. 4 kcal/mol for thenti-conformer5%. The activation
transformation, the formation of a carbene versus concertedbarrier for the reverse ISG( — 59) is ca. 4.5-5 kcal/mol. In
Wolff rearrangement, depends on the relative stability of the fact, these estimates of ISC activation barriers should be
corresponding dicarbalkoxycarbene. The acyclic carb&nean increased somewhat as we did not take into account another
adopt the favorable orthogonal conformation, which results in structural parameter, which is different for t6& and 5", the
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methanol results in the solvent trapping of dicarboethoxycarbene
(5). The major conformer of ethyl diazomalonatg fas the
sameZ,Z-geometry as its cyclic analogue, diazo Meldrum'’s acid
(3). Despite this structural similarity, cyclic diazomalon&e
shows a very different reactivity, producing Wolff rearrangement
products on photolysis in methanol. This observation suggests
that ground-state conformation is not the major factor controlling
the direction of the decomposition of diazomalonates. DFT
analysis of the PES for the loss of nitrogen from cycBg&nd
acyclic (I') diazomalonates allows us to conclude that the
mechanism of the Wolff rearrangement is controlled by the
relative stability of the corresponding carbene, which in turn
Figure 9. The dependence of the potential energy of the singfet{rcles) depends on the rigidity of _the_ mo'?cme' Acyclic Carbonyl_
and triplet 67ee, hexagons; an8Tez, triangles) carbenes on the dihedral  carbenes adopt a conformation in which the carbonyl group is
angle between the plane of the carbene and carbonyl groups (The energy iorthogonal to the carbene plane. This geometry helps reduce
plotted versus the averaged value for t€&'C* and GC°C'C?angles.)  the energy of the singlet carbene by conjugative stabilization
of its unshared pair. The carbonyl carbene incorporated into a
six-membered or a smaller cycle cannot achieve such geometry
and is, therefore, unstable directing the Wolff rearrangement
into a concerted pathway.

The wavelength dependence of the ethyl diazomalonate
photochemistry, as well as the wavelength dependence of the
guantum yield, allows us to conclude that the isomerization of
diazoesterl to diazirine2 takes place from the lowest singlet
excited state, while the loss of nitrogen originates from the
higher excited state. The rate of the diazo groupNCbond
cleavage in the latter should be in the order o¥219! to be
able to compete with internal conversion.

: i i : i i i . - : The singlet dicarbomethoxycarbert)(exists in two rela-
115 120 125 130 135 140 145 150 155 160 165 tively stable conformations witlsyn or anti-arrangement of
Dihedral angle between carbene and carbonyl groups (°) the carbonyl groups. The interconversion between these forms

Figure 10. The dependence of the relative energy of the singlet (circles) is predicted to be slower than the intermolecular reactiorts of
and triplet (triangles) states of carbefien the dihedral angle between the
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carbene and carbonyl planes. Experimental Section
bond angle at the carbene carbort)(Qt is well-known that
this angle is larger in a triplet carbefé® General ProceduresNMR spectra were recorded on a Varian Unity

The direct and sensitized photolysis of a cyclic diazomalonate + 400 MHz or a Varian Gemini 200 MHz spectrometer. All NMR
3 and its diazirine isome# in methanol also did not produce ~ SPectra were recorded in CDCAnd referenced to TMS. The low-
any evidence of the ISC between the triplet and singlet temperature NMR experiments were carried out in carbon disulfide
dicarbalkoxycarben8 (Figure 10)? Thus, the barrier for the containing 20% viv of CDGI FT-IR spectra were recorded on a

. . ) . ThermoNicolet IR200 spectrometer. UWis spectra were obtained on
triplet to singlet conversion can be estimated af7&cal/mol. a Cary-300 Bio spectrophotometer. Melting points are uncorrected.

The quantum-mechanical analysis of this system, in contrast to pyrification of products by column chromatography was performed

the dicarbomethoxycarbeng){ predicts that the ground state  using 46-63 um silica gel. Tetrahydrofuran was distilled from sodium/

of the carbene8 is a triplet. The relaxed scan of the PES benzophenone ketyl; dioxane, ether, and hexanes were distilled from

following the dihedral angle between the carbene plane and thesodium. Ethoxyamine as a free base was obtained by distillation of the

plane of the carbonyl groups in singlet and triplet state® isf corresponding hydrochloride over solid potassium hydroxide 4065

shown in Figure 10. Other reagents were obtained from Aldrich and were used as received
The intersection between the triplet and singlet energy Uniess otherwise noted.

surfaces is located very close to the most stable conformation ~Photolytic Experiments. Analytical photolyses were performed by

of a singlet carben8, and there is virtually no barrier for ISC th_e irradiation of ca. 104_M solutions of diazo compountior diz_azirine

to a triplet state (Figure 10). Therefore, the absence of a triplet 2! @ 1 cmquartz cell using a RMR-600 Rayonet photochemical reactor

carbene-derived product in the direct photolysi3qirovides equipped with a carousel and three sets of eight lampsAiivalues

dditi |  for th ted hani fthe phot of emission at 254, 300, or 350 nm. Monochromatic irradiations at
an acditional supportfor the concerted mechanism o the photo- 355 5y \were conducted using a frequency tripled output of a

Wolff reaction of diazo Meldrum’s acid3j. The reverse triplet  _qyjitched Nd:YAG laser. Reaction mixtures were analyzed by HPLC.
to singlet interconversion is predicted to require ca. 7 kcaf ™ol pyre samples df, 2, 6, and ethyl malonate7j were used as references
of activation energy. This value agrees well with experimental and for calibration of the HPLC detector. Preparative photolyses were
estimated? conducted by the irradiation of methanolic solutions of ca. 100 mg of
substrates using a 16 lamp (wWitlmission= 254 or 350 nm) Rayonet
photochemical reactor and a quartz vessel equipped with an immersible
The photochemical or thermal decomposition of ethyl diaz- cooling finger. The consumption of starting material was followed by
omalonate 1) and ethyl 3,3-diazirinedicarboxylate2)( in TLC. Determination of a quantum vyield was performed using a

Conclusions
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ferrioxalate chemical actiniomet&rThe triplet sensitized photolyses  to ethyl malonate!H NMR (200 MHz, CDC}, d6/ppm): 1.31 (3H, t,
of 1 were conducted using benzophenone as a sensitizer in thoroughlyd = 7.4 Hz), 4.31 (2H, gJ = 7.4 Hz).*3*C NMR (100 MHz, CDC},
degassed 2-propanol solutions. The concentration of benzophenone was/ppm): 14.29, 61.67, 161.04. IR (neat, ¢ 2984 (m), 2123 (s),
adjusted to achieve a 10 times higher absorbance of the sensitizer tharl758 (s), 1732 (vs). MS/DIP (relative intensity, %): 186 (Mi5),
that of the substrate at 254 nm. 141 (40), 69 (100). UV (MeOHZmax, NM/loge): 251/3.9, 344/1.34
Kinetics. Rate measurements were performed using a Carry-300 Bio (lit. ).
UV—vis spectrometer equipped with a thermostatable cell holder.  Ethyl Diazirine-3,3-dicarboxylate (2)2” Ethoxyamine (0.4 mL, 5.7
Substrate concentrations in the reacting solutions were cAMOand mmol) was added dropwise to a stirred solution of etbytbsylisoni-
the temperature of these solutions was controlled with ®Xaccuracy. trosomalonaf (660 mg, 1.9 mmol) in 3 mL of acetonitrile under argon
Reactions were monitored by following the changes in absorbance of at —10 °C over 30 min. Afte 3 h atthis temperature, the reaction
ethyl 3H-3,3-diazirinedicarboxylate?f at 291 nm. Observed first-order  mixture was left overnight at 4C. The reaction mixture was diluted
rate constants were calculated by least-squares fitting of a single-with 10 mL of ether, and the resulting white crystals were removed.
exponential function. The solvent was removed in a vacuum, and the residue was redissolved
Theoretical Procedures.Quantum-mechanical calculations were in 2 mL of methanol. The colorless crystals ®fprecipitated from
carried out using the Gaussian 98 progrénThe levels of theory methanolic solution at- 78 °C and were immediately sublimed at room
examined ranged from hybrid B3LY®P density functional theory temperature to give 140 mg (40%) of the desired prodittNMR
calculations with the 6-3HtG(3df,2pf* basis sets to the high level (200 MHz, CDC}, 6/ppm): 1.30 (3H, tJ = 7.2 Hz), 4.26 (4H, q) =
composite procedure MP2(full)/aug-cc-pVTZ//B3LYP/6-313(3df,2p). 7.4 Hz). 3C NMR (100 MHz, benzenes, 6/ppm): 14.28, 63.16,
For all of the density functional theory calculations, zero-point 163.80. IR (neat, crm): 2986 (m), 1755 (s), 1730 (vs). UV (MeOH,
vibrational energy (ZPVE) corrections, required to correct the raw Ama, nm/loge): 291/1.94.
relative energies to 0 K, were obtained from B3LYP/6+&i(d,p) Ethyl 2-Methoxymalonate (4). Rhodium tetraacetate (3 mg) was
method. Analytical second derivatives were computed to confirm each added to a solution df (0.372 g, 2 mmol) in 5 mL of dichloromethane,
stationary point to be a minimum by yielding zero imaginary vibrational  followed by 0.41 mL (10 mmol) of methanol. The reaction mixture
frequencies for the intermediates and one imaginary vibrational was stirred at 50C under an argon atmosphere for 12 h. The solvent
frequency for each transition state. These frequency analyses are knowiwas removed, and the reaction mixture was separated on the silica gel
to overestimate the magnitude of the vibrational frequencies. Therefore, column (hexanes:ether, 25:1), giving 370 mg (98%% af a colorless
we scaled the corresponding ZPVE by 0.9772nitial geometry oil. 'H NMR (200 MHz, CDC}, 6/ppm): 1.31 (6H, tJ = 7.4 Hz),
optimization, IRC calculations for transition states, and relaxed scans 3,51 (3H, s), 4.31 (4H, q] = 7.4 Hz), 4.41 (1H, s)13C (100 MHz,
of potential energy surfaces were conducted at the B3LYP/6,p) CDCls, o/ppm): 13.98, 58.58, 61.98, 80.45, 166.25. IR (neat,¢m
level. In the PES scans, thé-@08 and G—NE& coordinates were fixed 1739 (vs). MS/DIP (relative intensity, %): 132 (14), 117 (48), 90 (55),
in steps, while the other degrees of freedom were fully optimized. Each 72 (22), 61 (100) (li€9).
of the two potential energy surfaces consisted of about 160 points
corresponding to different values of-€08 and G—N® distances. Acknowledgment. We are grateful to the National Institutes
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