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Abstract: Photolysis of methyé-diazo-(2-naphthyl)acetate at 450 nm yields primarily the triplet ground state

of 2-naphthyl(carbomethoxy)carber®CC), which was characterized by its UV/visible, IR, and ESR spectra

as well as by trapping with £and CO. Bleaching of the weak visible bands’RCC (1 > 515 nm) leads to

the disappearance of the triplet ESR spectrum and to a new optical spectrum with broad bands in the near-UV
region. The spectra SNCC can be almost fully recovered in the dark at 12 K. The same process also occurs
upon irradiation at 450 nm, with the exception that the recove@NGIC is accompanied by the formation of

small amounts of 2-naphthyl(methoxy)ketene and 2-(2-naphthyl)propiolactone. The observed optical and IR
spectra of the intermediate that is formed reversibly ffCC are in full accord with quantum chemical
model calculations for the singlet state of the same carBRIGC, butnot with the tricyclic cyclopropene
derivative observed previously for the parent 2-naphthylcarbene or the 1-(2-naphthyl)-2-methoxyoxirene.
Exploration of the potential energy surfaces for singlet and triplet NCC show that a barrier between the two
states is created by a pronounced change in conformation of the carbomethoxy group, which may furthermore
be hindered in a solid matrix environment.

Introduction reagent$:’® The most important application of the Wolff

. rearrangement derives from the useosfliazocarbonyl com-
Thermal and photochemical rearrangementsiafiazocar- 9 y

. > 114
bonyl compounds to ketenes (Wolff rearrangement) have poll\J/lndi|n.c?mpl)lutetrhmr\(;\lljltlf;nlcrofabrlcatléifri . intriai

received considerable attention because of their relevance to_ "V cohanisticaly, the WOl rearrangement raises intriguing
both fundamental sciente® and applied technology: 22 In guestions concerning the intimate details of the transformation

synthetic organic chemistry, the Wolff rearrangement representsILom a-_dlazpciarbor:jyl f[:orr'zﬁotmd to productstat)nd_theInafjure_c?f
the key step in the ArnetEistert sequence for the one-carbon e various intermediates that may or may not be involved (vide
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investigatior?—® The relationship between the conformation of
the a-diazocarbonyl compound-<Eor s-2) and the rate of Wolff

Zhu et al.

carbene-ketocarbene equilibration studi#s?? and neutraliza-
tion of gas-phase radical i08%:5% Claims for the direct

rearrangement led to the suggestion that the rearrangemenbbservation of various oxirene intermedi&fe8® remain criti-

proceeds in a concerted manner from $kE conformer but in
a stepwise manner from treZ conformert’~21 In instances

where the Wolff rearrangement proceeds in a stepwise man-

ner202ldecomposition of the-diazocarbonyl compound affords

cally unsubstantiatet?.6° At the current time, the most persua-
sive case for the experimental observation of an oxirene rests
with dimethyloxirenef1 63

A reason why oxirenes have so far escaped unambiguous

entry into an interesting potential energy surface containing detection is that the potential energy surfaces connecting them
a-carbonyl carbene, oxirene, and ketene intermediates. Each ofto a-carbonylcarbenes are very flat. Recent very reliable ab initio
these intermediates has been the subject of confusion anccalculations led to the conclusion that, for the parent formyl

controversy to experimentalists and theorists alike.

carbene, HC—CHO, which is almost isoenergetic to the parent

o-Carbonylcarbenes generally possess triplet electronic groundoxirene, the surface is so flat that minimums and transition states

states, consistent with ESR detecitni' and computational
predictions®?~36 In several instances, tripletcarbonylcarbenes
have also been observed by 2fR82937.38and UV/visible
spectroscop$e-31:37:39n contrast to the relatively well character-

can no longer be clearly distinguished because inclusion of zero-
point energies changes their energy ordefthd=lectron-
releasing substituents on the carbene center are expected to
stabilize the electron-deficientcarbonylcarbene and destabilize

ized triplet ground state, the lowest singlet state remains thethe electron-rich oxiren#, thus enhancing the likelihood that

subject of uncertainty. Calculations predict that the lowest singlet
state of carbohydroxy carbene,4€—COOH (H-C—-C-0O
dihedral angle~90°), lies~4.7 kcal/mol above the planar triplet
ground staté&®
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under conditions of photolysis or thermoly&dn the gas phase, 107 Torr) and argor®’®Irradiations were performed using a 300-W
sophisticated spectroscopic investigations of the parent ketenehigh-pressure Xe arc lamp. Wavelength control was provided using
by Moore and co-workers provide unprecedented insight into either glass cutoff filtersA(> 534 nm, Corning 3-67) or a Spectral
the detailed photochemistry and molecular dynamics on the ENérgy GM252 high-intensity monochromator (16-nm band-pass
C2H,0 potential energy surfadg. centered on the specified value).

Finally. the issue of vinvicarberesvclopropene intercon- Spectroscopy.Optical spectra were measured on a Perkin-Elmer
Y, y ycloprop Lambda 19 instrument (262000 nm), IR spectra with a Bomem DA3

version pertains to the discussion of our particular substrate, =1 i ierferometer (1584000 cn?), and ESR spectra on a Bruker ESP
2-naphthyl(carbomethoxy)carbene (NCC). Triplet 2-naphthyl- 300E instrument (X-band§:">All UVAvisible and IR spectra are given
carbene (2NC) can be reversibly interconverted by a vinylcar- in absorbance.
Calculations. On the basis of recent gratifying experiences in our
H laboratorie® as well as others that study carbenes computatioffafly,

H
. ) H”' we decided to use the B3LYP hybrid density functional methadth
OO —_ O‘ the 6-31G* basis set throughout, after verifying that the results of such
hv calculations are in good accord with those obtained at highly correlated

2NC BHT coupled cluster levels for the parent carbomethoxycarbereCH
o e} COOCH;.®” Unless otherwise explicitly noted, the geometries of all
H hv M species for which theoretical results are reported in this study were
- ' optimized under no constraints. The nature of all stationary points was
el A by assessed by frequency calculations which were also used in the
ocp BHD assignment of the IR spectra for the stable species. The above

calculations were carried out with the Gaussian 92 and 94 suite of
bene_cyclopropene rearrangement with 2’3_benzobicyc|0[4_llol_ programss.l Electronic S-tructure calculations were eﬁect-ed at the
hepta-2,4,6-triene (BHT) A similar type of interconversion B3LYP/6-31G* g3eometr|es by the INDO/S-CI procediraiith the
had been found earlier for triplet 4-oxo-2,5-cyclohexadi- ZNDO programt:
enylidene (OCD) andH-bicyclo[3.1.0]hexa-3,5-dienen-2-one
(BHD),”273 except that the reconversion of BHD to the triplet
carbene also occurred thermally in this case. This is in contrast Upon photolysis in Ar at 450 nm, the optical spectrum of
to BHT, which is thermally stable. Actually, very little is known  the diazo compound, MDA, (spectrum a in Figure 1) gave way
about the spectroscopic properties of singlet carbenes with tripletto a new one with several new peaks above 350 nm (spectrum
ground states, because the singlets usually cannot be observeld and difference spectrum-b a in Figure 1). Simultaneously,
due to fast intersystem crossing to the ground state. We believethe IR bands of MDA, notably the strong 2100-chdiazo peak,
that we have found an exception to this rule, and this paper diminished significantly and were replaced by distinct new ones
summarizes the evidence we have obtained for this interestingat~2120, 1846, and 1660 crh in addition to a group of intense

Experimental Results

system. peaks around 1200 crh (difference spectrum b- a in Figure
2). Under similar conditions, ESR spectroscopy revealed the
Methods appearance of signals ascribable to two conformational isomers
Synthesis Methyl a-diazo-(2-naphthyl)acetate (MDA) was prepared  Of @ triplet carbene (Figure 3a), one giving rise to higher-field
by the diazo transfer method as modified by Davies &aid purified transitions Q) and the other displaying similar transitions at
by repeated recrystallization to give dark orange crystals. lower field (B).
Matrix Isolation. For the UV/visible and IR experiments, a few Subsequent irradiation a515 nm led to the disappearance

ground crystals of MDA were placed in a U-tube just before the inlet of the newly formed visible peaks (spectrum-cb in Figure
system of the cryostat (Air Products CSW 200). After evacuation, the 1) the IR absorption at 1660 crj and the group near 1200
temperature of the U-tube was kept atin a water bath while the cm1 (spectrum ¢ b in Figure 2), and the triplet ESR signals
parts of the inlet system leading to the cryostat were warmed £&€50 (Figure 3b, note that the conformational isonBedisappears
with a heating tape to prevent condensation. During matrix isolation, more rapidiy than conformeX). During this irradiation, a broad

the temperature of the water bath was adjusted to permit the argon .
(mixed occasionally with some nitrogen to enhance the optical quality "€@-UV absorption at 468450 nm plus a sharper band-a840

of the matrixes) flowing through the U-tube to carry along appropriate "M appeared in the optical spectrum, and peaks at 1590 and

guantities of MDA to form a mgtrix giving reasonaple op.tical densities (75) Seburg, R. A.; McMahon, R. J. Am. Chem. So992 114, 7183.

of precursor and products (which depend on the intensity of the bands (76) Matzinger, S.: Bally, T.; Patterson, E. V.; McMahon, RJJAm.

to be monitored). Deazotation of MDA was effected by irradiation with  chem. Soc1996 118 1535.

the light of an argon plasma lamp (GAT PB 1500) passing through a  (77) Schreiner, P. R.; Karney, W. L.; Schleyer, P. v. R.; Borden, W. T.;
450 + 30 nm interference filter. The lamp was also used with Hamilton, T. P.; Schaefer, H. B. Org. Chem199§ 61, 7030.
appropriate filters for the subsequent photolyses, along with a medium- __ (78) Xie, Y.; Schreiner, P. R.; Schleyer, P. v. R.; Schaefer, H. Am.

. h ! . ‘o Chem. Soc1997 119 1370.
pressure Hg/Xe lamp with a 313-nm interference filter for irradiations (79) Wong, M. W.; Wentrup, CJ. Org. Chem1996 61, 7022.

at that wavelength. (80) For a description of this and other density functional methods
For the ESR experiments, samples of matrix-isolated MDA were implemented in the Gaussian series of programs, see: Johnson, B. G.; Gill,

prepared by vapor-phase co-deposition of MDA (sublimed at@5 P. M. W.; Pople, J. AJ. Chem. Phys1993 98, 5612.

(81) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;

(70) Qiao, G. G.; Meutermans, W.; Wong, M. W.; Ttel, M.; Wentrup, Johnson, B. G.; Robb, M. A,; Cheeseman, J. R.; Keith, T.; Petersson, G.
C.J. Am. Chem. S0d.996 118 3852. A.; Montogomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,

(71) Albrecht, S. W.; McMahon, R. J. Am. Chem. Sod993 115 V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
855. Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;

(72) (a) Sander, W.; Mier, W.; Sustmann, RAngew. Chem., Int. Ed. Wong, M. W.; Andres, J. L.; Repogle, E. S.; Gomperts, R.; Martin, R. L,;
Engl. 1988 27, 572. (b) Sander, W.; Bucher, G.; Reichel, F.; Cremer, D. Fox, D. J.; Binkley, J. S.; DeFrees, D. J.; Baker, J.; Stewart, J. P.; Head-

J. Am. Chem. S0d.99], 113 5311. Gordon, M.; Gonzales, M. C.; Pople, J. A.: Gaussian Program, Gaussian
(73) Sole A.; Qlivella, S.; Bofill, J. M.; Anglada, J. MJ. Phys. Chem. 94, Rev. B1 and D4, Gaussian, Inc.: Pittsburgh, PA, 1995.

1995 99, 5934. (82) Zerner, M. C.; Ridley, J. ETheor. Chim. Actdl973 32, 111.
(74) Davies, H. M.; Clark, T. J.; Smith, H. [3. Org. Chem1991, 56, (83) Zerner, M. C. ZINDO, Quantum Theory Project, University of

3817. Florida, Gainesville, 1985.
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Figure 1. Changes in the optical spectra upon photodeazetation of
the diazo compound MDA (a) by 450-nm irradiation (b and-bn)
and subsequert515-nm bleaching of the corresponding absorptions
(c and c— b). “X5” refers to spectra expanded by a factor of 5.
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Figure 2. Changes in the IR spectra upon photodeazetation of the Figure 3. Triplet ESR spectra in argon at 16 K: (@JCC obtained
diazo compound MDA by 450-nm irradiation (b a) and subsequent  upon photolysis of MDA { = 313 nm; 48 h); (b) bleaching SNCC
>515-nm bleaching of the corresponding absorptions: (g). (A > 534 nm, 11.75 h); (c) reappearance’’fCC upon irradiation{
= 450 nm, 17.5 h); (d) bleaching 8NCC (@ > 534 nm, 7 h); (e)
1625 cm! appeared, along with some changes around 1200 reappearance 8NCC upon standing in the dark (16 K, 48 h).
cm1, in the IR spectrum (cf. spectra€b in Figures 1 and 2).
The 2120-cm! band increased slightly, whereas the intensity corresponding changes are documented in Figures 3 (ESR) and
of the 1846-cm? band remained constant. 5 (optical/IR), and it is readily seen that they are almost identical
This photoconversion effected at515 nm was found to be  to those observed on photolysis at 450 nm (cf. Figure 4). In
reversible under both photochemical and thermal conditions. contrast to the photochemical reaction, however, conforner
Thus, renewed irradiation at 450 nm led to the almost complete appeared more rapidly than confornir(Figure 3e). Again,
reappearance of all the spectroscopic features formed originallythe thermal changes could be reverse®i5-nm irradiation
on photodeazotation of MDA. In fact, the difference spectra (Figure 5, spectrum b).
obtained on 450- and515-nm irradiations show an almost When the above experiments were carried out in matrixes
perfect mirror-image relationship, both in the UV/visible and doped with 0.2% @ a new band withlyax = 420 nm formed
in the IR range (Figure 4), provided that the bleaching of MDA upon photocleavage of MDA. The intensity of this absorption
had been carried to completion in the first photolysis. In the increased considerably on annealing of the matrix to 35 K while
ESR experiment, isom& reappeared more rapidly than isomer the group of sharp bands at 56600 nm and the sharp peak at
A (Figure 3c). 360 nm decreased (spectrum a in Figure 6). Although this band
Interestingly, we found the thermal reaction by coincidence was also readily bleached by 450-nm irradiation (spectrum b),
when we kept a sample that was irradiated &15 nm (Figure the spectroscopic features associated with the first photoproduct
1, spectrum c¢) in the dark overnight at 12 or 16 K. The did not reappear concomitantly, as they did in the absence of
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Figure 4. Changes in the optical spectra (top) and the IR spectra

bottom) on 450-nm photolysis of the sample giving spectrum c in R
Ezigure i (d— ¢) and 2ubseéuem515-nm pﬁoto?ysisg(e—pd). The stand overnight in the dark at 12 K (a) and upon subsequ&@b-nm

expanded optical spectrum b a is reproduced from Figure 1 for bleaching (b).

reference purpose. Note that the bumps a_t 405 a}nd 435 nm in spectiuMrgpie 1. Relative EnergiesAE), Room-Temperature Enthalpies
e — d are due to absorptions of the species being bleached. (AHa09), Entropies £ASxg), and Free Energies\Gqes) of Different

_ * i
oxygen. When the sample was subjected §1.5-nm photolysis MDA Conformers from B3LYP/6-31G* Calculations

prior to annealing, the growth of the 420-nm band was much e o e
decreased and the 50600-nm bandsncreasedduring the “Me OO °
annealing in this experiment (spectrum c). 0 O e

On annealing matrixes doped with 1% CO, no telling changes
occurred in the optical spectra, apart from the growth of the
500-600-nm band if those had been bleached before. However,

Me Me

| |
the IR spectra showed pronounced changes around 2100 and On° P
1720 cnl, i.e., the ketene and carbonyl stretching regions. This . N,
time, the extent of the spectral changes depended little on OO 2 OO

whether>515-nm photolysis was done before annealing or not.

Z,E MDA Z,Z MDA

E,E MDA E,Z MDA
Theoretical Results and Discussion AE, AHaes ASpon AGoos %
1. Methyl o-Diazo(2-naphthyl)acetate.The ESR experi- conformer kcal/mol kcal/mol cal/mol*K kcal/mol equiP
ments described above indicate very clearly the presence of at(g,E-MDA  (0) 0) ) 0) 62
least two rotamers GNCC which could possibly arise directly ~ (Z,E-MDA  0.33 0.32 +0.06 030 37
from the corresponding rotamers in the diazo precursor, MDA. (E.9-MDA 237 2.37 —0.50 2.52 0.5
2-MDA 2.37 2.37 —-0.50 2.52 0.5

To find out whether the incipient population of the two carbene =’
rotamers could be related to the conformational equilibrium in  2Excluding contributions from (nearly) free internal rotatiGhs.
MDA, this equilibrium was calculated by optimizing the °Equilibrium composition.

structures of the four conformers around the naphtiM, and
the CN.—CO bonds$¥ The resulting energy differences were
converted taAG,gg 0n the basis of the corresponding structures
and vibration$® The results, summarized in Table 1, indicate
that, with regard to the CN-CO bond, the plandE-conforma-
tions are strongly favored over tleconformations where the

Among the more stable GNCO E-conformers, the one
1-position of the naphthyl ring §,E)-MDA) is slightly favored

((Z,B-MDA). However, the energy difference between the two

naphthyl ring is twisted by~50°. (85) The calculation of the entropy contributions is problematic because

of the very low barrier for rotation of the GROOMe group relative to
(84) In each case, the calculation was performed foZtkenformation the naphthyl moiety, which gives rise to very low frequency twisting

about the CG-OCH; bond. Experiments (Blom, C. E.; @thard, Hs. H. vibrations in all four conformers. In calculatinyG,9s we assumed that

Chem. Phys. Letl981, 84, 267) and calculations (Wang, X.; Houk, K. N. this contribution (as well as that of the @group’s rotation) to the relative

J. Am. Chem. S0d988 110 1870-1872. Wiberg, K. B.; Laidig, K. EJ. entropy cancels for the four conformers; i.e., we only took into account

Am. Chem. Socl1988 110 1872-1874) likewise show that the&- ASip for the other vibrations. Note that, due to the small entropy and heat

conformations of esters are more stable tharBteenformations by 510 capacity differences between the different conformas,will not exhibit

kcal/mol, due to unfavorable dipolar interactions in the latter. a strong temperature dependence.

Figure 5. Changes in the optical spectra (top) and the IR spectra
(bottom) upon allowing the sample giving spectrum c in Figure 1 to

where the carbonyl group points toward the hydrogen in the

over the one where it points to the hydrogen in the 3-position
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Figure 6. Changes in the optical spectra on annealing a sample doped
with 0.2% Q (a) after photodeazotation of MDA or (c) after515-

nm bleaching of the resulting sample. Spectra b and d show the result ¢ L — e
of bleaching the broad 420-nm band of spectrum a or c, respectively.
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is too small to be significant, so all one can say is thggf- Figure 7. Graphical representation of the results of INDO/S-CI
and ¢,B)-MDA should be present in similar amounts, whereas calculations on the excited states™CC. Black bars denote calculated
the other two conformations will only be present in minute energies and observed band maximums (cf. Table 2 and Figure 1). The
quantities. If no conformational changes take place on deazo-leftmost column shows the composition of the excited states in terms
tation, a similar ratio should be found in the incipient triplet ©Of one-electron excitations involving the MOs depicted on the right.
carbenes, and the similar intensity within the pairs of ESR peaks(Numbers in parentheses represent the calculated relative oscillator
indicates that this is effectively the case. As will be shown strengths.)

below, the presence of two rotamers manifests itself also in the Taple 2. Excited-State Energie\E) and Oscillator Strengthd)(

IR spectrum ofNCC, albeit not as clearly as in the ESR spectra. of 3NCC? by INDO/S-CP

2. Triplet 2-Naphthyl(carbomethoxy)carbene ENCC). exptl AE, eV
From the experiments described in the Experimental Results excited state calcdE, eV f (Amax NM)
section and past experience from similar cases, we can easily — yspn 208 0.0001 2.10 (590)
assign the primary product of the photodeazotation of MDA to 33" 3.21 0.0003 2.85 (435)
the triplet state ofNCC: it shows the ESR signals of a triplet, 43A" 3.29 0.0021 3.06 (405)
has the sharp visible bands typical of aromatic triplet car- 5§A:: 3.57 0.0072 3.42(362)
benes®Lis trapped very efficiently by @to form a carbonyl (7532,, g;é 8'822‘31

oxide (max = 420 nm) which can readily be photodecom-
posed®986and reacts somewhat less efficiently with CO to give ~ *Atthe B3LYP/6-31G* geometry (see Figure 9)including singly
a ketoketene which is identified by its 1720- and 2100-em  and doubly excited configurations.
band82.6'30'87'88

INDO/S-CI calculations orfNCC reproduce the observed
bands at 590 (weak) and 360 nm (strong) reasonably well (Table
2, Figure 7) and predict additional weak transitions which may
be responsible for the weak features observed at 430 and 41
nm (Figure 1, spectrum b). (These weak features are obscure
in the difference spectrum due to the strong increase of the
photoproduct absorptions in this region.) Also, the IR spectrum
calculated for®NCC is in good agreement with the observed
one. We will return to the issue of the IR spectrum after the
conformational question discussed below is settled. At this point,
it suffices to note that the “leading” IR band 8¥CC is that at
1660 cnt! (see Figures 2, 4, and 5), which vanishes and e N~
reappears entirely in concert with the sharp bands in the visible. (0-493, 0.471 cm) because of the additional delocalization

The aforementioned ESR spectra reveal the presence of tWOprov_ided _by_the carbomethoxy substituen?MCC._ A similar
major conformational isomers 8KCC (Figure 3). On the basis relationship is observed between t&alues of (4-nitrophenyl)-

8,93 _Ni -
of the differential behavior of these isomers under thermal and carbomethoxycarbene (0.453 chjf® and (4-nitrophenyl)

photochemical conditions, the ESR transitions can be assigned ™ 9o wasserman, E.; Snyder, L. C.; Yager, W.JAChem. PhysL964
for each conforméP and the zero-field splitting parameters can 41, 1763.

(91) Trozzolo, A. M.; Wasserman, E.; Yager, W. A.Am. Chem. Soc.
(86) Sander, W.; Kirschfeld, A.; Kappert, W.; Muthusamy, S.; Kiselew- 1965 87, 129.

be computed using the best fit of the observed ESR transitions
to the spin Hamiltoniaf In principle,3NCC might be expected

to display eight low-energy conformations arising from restricted
dotation about bonds a, b, and ¢ in low-temperature matrixes
Chart 1)% In triplet carbenes with structural similarities to
NCC, conformational isomers associated with restricted rotation
about bonds of types a and b, but not typ& tiave been
characterized by ESR spectroscopy. The model compounds
2NC 25719194 4-nitrophenyl)carbomethoxycarbeffél and car-
bomethoxycarbene (CM&)25provide a framework for discuss-

ing the triplet ESR spectra 8NCC. As expected, thB values
of 3NCC (0.437, 0.415 cmi) are smaller than those é2NC

sky, M. J. Am. Chem. Sod.996 118 6508. (92) Senthilnathan, V. P.; Platz, M. 8. Am. Chem. Sod 981 103
(87) Toung, R. L.; Wentrup, CTetrahedron1992 48, 7641. 5503.
(88) Clemens, R. J.; Witzeman, J.B5Am. Chem. S04989 111, 2191. (93) The D value of the minor rotamer of triplet (4-nitrophenyl)-
(89) ConformeA ((Z,2-3NCC): |D/hc| = 0.437 cnl, |[E/hg = 0.0357 carbomethoxycarbene is not well determined. OnlyXhandY- transitions
cm1; Z; 1208 G, X, 4487 G,Y, 5915 G, andZ; 8074 G. ConformeB of the minor rotamer were detected. To estimateDhalue for this species,
((E,2-3NCC): |D/hc| = 0.415 cm%, |E/hd = 0.0397 cm%; Z; 954 G, X2 the authors assumed that theandZ, transitions were coincident with the

4296 G,Y, 5867 G, andZ, 7839 G.; microwave frequency 9.510 GHz. corresponding transitions of the major rotamer
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Chart 1. ESR Parameters of Different Carbene Conformers

“ o
2-Naphthyl/><\ﬂ/> “CHy

T

[0}
SOl

a bc

E-2NC
D=0471cm’
Major conformer

. o
H/Y
OCH3

E-CMC
D=0617cm’
Major conformer

:

Z-2NC
D=0.493 cm’”
Minor conformer

2 OCH
H/\[( 3
[0}

Z-CMC
D=0.663cm’
Minor conformer

Chart 2. Assignment of the ESR Spectra in Figure 3 to

Two Rotamers oBNCC

°N
Me
0]

E,Z-NCC (I
compound B
D=0.415cm™’
E =0.0397 cm”

(o}

I\IAe
(o}

7,Z-NCC (IV)
compound A
D=0.437 cm™
E =0.0357 cm’’

carbene (0.486 cm).% The observed difference ib values
between the two conformational isomers$hfCC (AD = 0.022
cm™1) is similar to that observed for the isomers3@NC (AD
= 0.022 cn1Y), but smaller than that observed for isomers of
SCMC (AD = 0.046 cn1t).25

Assuming that the effects of the naphthyl and carbomethoxy
substituents on the carbebevalues can be assessed indepen-
dently, one can predict the relative magnitudes ofidhealues
for the four conformational isomers 8NCC that arise from
restricted rotation about bonds a and b (Schem®& This
analysis reveals three pairs of isomers that displ®yvalues
that are consistent with experimem[d ~0.02 cnTl): con-
formers| andll, conformersll andlll , and conformerdll
and IV. (In Scheme 1, equilibrium arrows represent the

elementary conformational processes that relate the various

isomers. Horizontal or vertical arrows represent rotation about
one C-C bond; diagonal arrows represent inversion at the
carbene center.)

To distinguish between these three possible cases, we note

that conformergll andIV correspond to the two lowest energy
conformers computed for the starting diazo compouBgE)¢

and ¢,B)-MDA; see Table 1), as well as for the carbenes
themselves @,2)- and E,2-3NCC)®¢ Thus, we tentatively
assign the higher field set of transitions #4)-3NCC (A) and

the lower-field set of transitions t&(2)-3NCC (B).%” Inspection

of the ESR spectra (Figure 3) reveals additional weak, in some
cases overlapping, transitions that reproducibly appear in all

(94) Trozzolo, A. M.; Wasserman, E. in: ref 5, Vol. Il, pp 18806.

(95) Quantitative estimates for the zero-field splitting parameters of
individual conformational isomers of triplet carbenes can often be obtained
using a point spin mod@P. This simple model, unfortunately, is not suitable
for quantitative assessment of carbalkoxycarb@h&nce the point spin
model is not appropriate to analyze the NCC isomers, the assumption of
treating the effects of the substituents onEhealues as additive represents
an oversimplification.

(96) Note that, by virtue of the substituent priorities in the Calmgold—
Prelog rules, there is a “reversal” in tli&Z-nomeclature in going from
MDA to NCC. Thus, E,E)-MDA yields (Z,2-NCC and E,2)-MDA gives
(Z,B)-NCC (and vice versa).

J. Am. Chem. Soc., Vol. 121, No. 1228899

Scheme 1.Differences inD Values and Relative Energies
(B3LYP/6-31G*, Including ZPE Differences) of the Four
Conformers ofNCC?

l\llle

(@) (o]
. o
AD =0.022cm'!
[N —_—
Me
E,E-NCC () Z,E-NCC ()
smallest D small D

(AEq = 3.24 kcal/mol) (AEq = 3.20 kcal/mol)

1

4 AD =0.046 cm”
AD =0.046 cm
hllle
(o) (o]
. o. .
ﬂ/ Me AD=0.022cm
[e] - —
E,Z - NCC (Il Z,Z-NCC (IV)

large D largest D

(AEQ = 0.04 kcal/mol) (most stable conformer)

aFor total energies and Cartesian coordinates, see Supporting
Information.

spectra. One may reasonably attribute these signals to small
amounts of theE,E- and Z,E-conformers ofNCC. Definitive
assignments, however, are not possible.

3. Benzobicyclo[4.1.0]heptatrienes and Benzocyclohep-
tatetraenes. The assignment of the product that arises on
bleaching ofNCC and that almost completely reforfsCC,
thermally at 12 K or by 450-nm irradiation, is less straightfor-
ward. In view of the closely analogous case of 2-naphthylcar-
bené! or other similar example®;%8 one is tempted to assign
the second product to the carbomethoxy derivative of 2,3-
benzobicyclo[4.1.0]hepta-2,4,6-triene (BHT-COOMe). How-
ever, as will be shown below, several reasons speak against
bicyclo[4.1.0]heptatriene or cycloheptatetraene intermediates in
the photolysis ofNCC.

The observedhermal reversibility of the3SNCC photore-
arrangement at 12 K implies that this process occurs with a
very low activation barrier and/or via quantum mechanical
tunneling, in a manner directly analogous to the BHFOCD
rearrangemen&® The thermal ring-opening reaction of BHD
— OCD occurs via tunneling & < 20 K (experimentak, =
2.6+ 0.2 kcal/mol??° computedAE* = 6.7 kcal/mol3). Recent
high-level computational studies, however, reveal a significantly
higher barrier of 15 kcal/mol for the closely related reversal of
parent bicyclo[4.1.0]hepta-2,4,6-triene to singlet phenyl car-
bene’® " There is no apparent reason this barrier should be much
decreased by 2,3-benzannelation. (Benzannelation also protects
BHT from ring opening to a cycloheptatetraene derivative,
which prevails in the parent systefrhecause this process leads
to a loss of resonance energy due to the formation of an
o-quinoid structure®) Unfortunately, the barrier for BHT~
2NC was not addressed in an otherwise comprehensive study
of various naphthylcarbene isoméfsso we calculated the
(singlet) potential energy surfaces for the 2NBHT rearrange-
ment, both for the parent and the COOMe derivative (Figure
8).99 The results show that cyclization, which is exothermic by
6.6 kcal/mol in 2-naphthylcarbene, becomes nearly thermoneu-

(97) The relative population of carbene conformers depends on the matrix
material and temperature. This dependence is thought to arise by the
influence of these factors on the conformational populations of the ground-
state diazo precursé?.

(98) See, e.g.: Albers, R.; Sander, W.; Ottoson, C.-H.; Cremezhem.

Eur. J.1996 2, 967.
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AE / kealmol ! ——R=H =— R=COOMe Table 3. Excited-State EnergieAE) and Oscillator Strengths)(
of BHT, BHT-COOMe, and BBT-COOMeby INDO/S-CP

COOMe
""H

10|

I 1 °-5i‘=.,: BHT-COOMe BBT-COOMe
I BHT BHT-COOMe  BBT-COOMe
5r L excited state AE,eV f AE eV f AEeV f
; L 839 21A 460 001 447 004 316 0.03
ol ==/ singlet 3IA 468 012 452 019 352 017
i 0 41A 4.99 0.10 4.86 0.14 4.36 0.14
b ‘ e 51A 5.55 0.05 5.35 0.03 4.65 0.03
5[ m}mp,e, (. 895 a At the B3LYP/6-31G* geometries.Including singly and doubly
— excited configurations.
-6.93 A
1o C\R R BHT-COOMe as the photoproduct 8KCC. In contrast, the
O‘j spectroscopic evidence provided below for excluding BHT-
5L | Nce BCH COOMe (and other possible photoproducts) is compelling.

i | R BHT First, the reversible interconversion wiiNCC involves no
| BET detectable change in the IR spectrum between 16#QC
-18.50 stretching frequency ofNCC) and 2120 cmt (C=C=0O
R stretching frequency of 2-naphthylmethoxyketene). The distinc-

tive C=C stretching vibration of parent BHT occurs around
BCT 1750 cntl,’t and according to B3LYP/6-31G* frequency

Figure 8. Schematic B3LYP/6-31G* potential energy surfaces for the calculations on BHT and its COOMe derivati¥ecarbomethoxy
rearrangement of 2-naphthylcarbene and its carbomethoxy derivative, substitution shifts this band by40 cnm? to higherenergy, (i.e.,
NCC, by cyclization to the tricyclic cyclopropenes, BHT and BBT, it would be expected at~1800 cnt! in BHT-COOMe).
and the subsequent ring opening to the bicyclic allenes, BCH and BCT. However, the first noticeable change in the IR spectrum occurs
All energies are relative tq the singlet statgs of the carber_1es and |n_cludeat 1660 cm?, i.e., some 90 cmi belowthe occurrence of the
é‘fg’"'i?:ﬂi&?i;ggr‘;og\?;ﬁfgz Eftghgzg:gf; ﬁ?grﬁg?igf]')an coordinates—c stretching vibration in BHT. This would imply a complete
' failure of the B3LYP/6-31G* model for calculating vibrational

tral in the COOMe derivative. Concomitantly, the calculated spectra, which would be very surprising in view of the many
thermal barrier for the reverse reaction decreases from 16 kcal/successes that have recently been repdft&d.
mol for BHT — 12NC to 11.3 kcal/mol for BHT-COOMe~ Second, BHT shows no optical absorptions at longer wave-
INCC. lengths than 350 nrfi, in accord with expectations for its

Although the above predictions could be in error by (at most) phenylbutadiene chromophore. To place an estimate on the
a few kilocalories per mole, we note that the calculated barrier influence of the COOMe group, we carried out INDO/S-CI
for the BHT-COOMe— NCC rearrangement is6 kcal/mol excited-state calculations (Table 3) which actually predict
higher than that calculated for the analogous BHDOCD hypsochromicshifts of the first two electronic transitions on
rearrangemenrt® Both rearrangements take place with similar carbomethoxy substitution. (Note that INDO/S-CI predicts the
half-lives in Ar10% an observation that is inconsistent with the position of the first UV band of BHT at 270 nth(4.6 eV)
B3LYP prediction for the relative rates of thihermally quite accurately.)
activated rearrangements. However, the possibility that the  Third, we can exclude formation of the other possible
BHT-COOMe — NCC rearrangement occurs by quantum vinylcarbene-cyclopropene rearrangement product, i.e., the
mechanical tunneling cannot be excluded, although this would COOMe derivative of 3,4-benzobicyclo[4.1.0]hepta-2,4,6-triene
seem to be rather unlikely in view of the large motion that the (BBT-COOMe). This species would be expected to show the
atoms of the COOMe group have to undergo in this process. strong 356-400-nm (3.1-3.5 eV) absorptions that are typical
(In a tunneling process, the reaction rate is more sensitive tofor o-quinoid chromophore¥?3 in accord with INDO/S-CI
barrier width than to barrier height.) Nevertheless, the thermal calculations (see last columns of Table 3). Parent BBT has been
reactivity of the intermediate does not unequivocally rule out ruled out on the same grounds in the recent study of the

(99) Our calculations revealed a discrepancy in the earlier computational photorearrangement of 2-naphthylcarbéhé\p_art fr(.)m that,
study by Xie et a8 Our value ofAE(BCH—BHT) = 3.0 kcal/imol disagrees ~ BBT-COOMe is calculated to lie-17 kcal/mol higher in energy
with the value of 1.4 kcal/mol which can be gathered from Table 2 of ref than BHT-COOMe; hence its formation cannot compete with
ésc |(-|b(()§% ?r?/tﬁgl_\(rg\//?c;ﬁii:u%ﬁ?tf;; lfgrg?f?gfggé;";? Begslg:gli/smtglasv‘;osr that of the latter isomer due to loss of aromaticity. The absence
subtracted instegd of added tz the energy difference to friplet 2-naphthyl- of ab_sorptlo_ns that are typical fOFqUI_nOI_d chromophores also
carbene. The B3LYP/6-31G* entry fdi6 should be 3.4 kcal/mol instead = provides evidence to exclude thequinoid cycloheptatetraene
of 1.8 kcal/mol. ) ) derivative BCH-COOMe (Figure 8) as the photoproduct of

(100) To validate the B3LYP/6-31G* procedure for this type of applica- 3. Finally, BCT-COOMe is excluded as the photoproduct

tion, we calculated the barrier for the BHEDCD rearrangemenit. After
ZPE correction, this turned out to be 5 kcal/mol at 0 K, 1.7 kcal/mol lower Of *NCC because the rearrangement of BCT-COOM&ICC

than a recent CASSCF/CASPT?2 calculatidnf compared to the experi- is calculated to be substantially endothermic (Figure 8).
mental E; of 2.6 kcal/mol for the BHB-OCD rearrangemerit? even
B3LYP appears to overestimate the barriers for such reactions. (102) Rauhut, G.; Pulay, B. Phys. Chem1995 99, 3093.

(101) Sander et al. reported a half-life of 16530 h at 9 K72°we found (103) McMahon, R. J.; Chapman, O. I. Am. Chem. S0d.987, 109,

~48 h at 12 K. 683.
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In sum, the combined evidence from IR and UV spectroscopy Table 4. Excited-State Energies\E) and Oscillator Strengthg)(
and the different quantum chemical calculations presented in ©f *NMC? by INDO/S-CP

this section force us to conclude that BHT-COOMe, BBT- excited state AE, eV Amax NM f
COOMe, BCH-COOMe, and BCT-COOMe are not viable 217 372 333 0.0016
candidates for the photoproduct tCC. Therefore, we have 31A 3.99 311 0.0091
to turn to other hypotheses. 41A 4.44 274 0.1471
4. 1-(2-Naphthyl)-2-methoxyoxirene (NMO) and 2-Naph- 5°A 5.49 226 1.9078

thoyl(methoxy)carbene (NMC). Whenever carbonylcarbenes aAt the B3LYP/6-31G* geometry of H)-INMC (see Figure 9).
are involved in chemical reactions, consideration of the corre- ® Including singly and doubly excited configurations.

sponding oxirenes and the isomeric carbonylcarbenes as possible
reactive intermediates imposes itself. In the present case, the
relevant species are NMO and NMC. As mentioned in the
Introduction, electron-releasing substituents are expected to
stabilize the electron-deficient singlet carbene relative to the
electron-rich oxirene and thus lead to the disappearance of the

[0}
" /< O o)
N —_— = — =
P oMe NpAOMe N OMe

Nce NMO NMC
. . . . . C(9)-C(1)-C(2)- 1°
tiny barrier separating the two species in parent formylcarbéne. Cg;gg;ggigg; 1_2‘3'130
Indeed, all attempts to locate a minimum corresponding to NMO E-'NCcC

converged either tdNCC or to INMC (except at the rather
unreliable HF/3-21G level where NMO resides in a very shallow
minimum). In contrast, a transition-state search revealed a saddle
point corresponding to NMO whose imaginary normal mode

was found to correspond to the expected reaction vector for the G
- i i 1419 g5
INCC — INMC interconversiort® : 1.649

At the B3LYP/6-31G* level, théNCC — INMC rearrange- NMO (TS)
ment is nearly thermoneutrabhEy = +0.8 kcal/mol). If we
assume that the substituent on the other side of ta®@roup
does not influence the thermochemistry, this implies that the
naphthyl and the methoxy substituents stabilize the singlet
carbonylcarbene relative to the oxirene by similar amounts. In
contrast, the oxirene appears to be doubly penalized by the two
electron-releasing substituents, in that the energy difference

between NMO andNCC is calculated to be 31.3 kcal/mol (30.0  Figure 9. Geometries of &,2-°NCC, INCC, NMO, and*NMC by
kcal/mol including the ZPE differencé}s B3LYP/6-31G* (for total energies and Cartesian coordinates of all

carbene conformers, see Supporting Information).

EINMC  C(9)-C(1)-C(2)-0(3) 106.9°

The above findings would seem to rule out both the oxirene
(NMO) and the rearranged carbeANNIC) as viable candidates

for the photoproduct ofNCC: NMO is not a stable intermedi- .
ate. and the calculated barrier for tHéMC — INCC reversal will be shown below that the observed IR spectrum also speaks

is too high to account for the observed thermal reversal of the agains_t an assignment tIMC.
photoproduct to®NCC. In addition, INDO/S-CI calculations 5. Singlet 2-Naphthyl(carbomethoxy)carbene NCC). In

predict the first two transitions in the electronic absorption View Of the conclusions in the preceding two sgections, the
spectrum oftNMC to be very weak and to occur in the Uy~ fémaining logical candidate for the photop_roduct_NCQ is
(Table 4), in very poor agreement with the observed spectrum the singlet state of the same carbeNCC. This species differs

of the transient species formed uper515-nm photolysis of in an important way fromiINCC in th_at the carbomethoxy group
assumes aerpendicularconformation to the naphthylcarbene

(104) Proof that this is indeed the transition state fortf€C to NMC plane (Figure 9) to avoid destabilization of the empty carbenic

interconversion could be obtained by an intrinsic reaction coordinate (IRC) . . . .
calculationi% As this was too expensive to perform for the naphthyl system, 2P &tomic orbital by the electron-withdrawing carbony! group.

we resorted to the corresponding phenyl derivative, which shows a saddle This feature of carbonylcarbenes was realized more than 20
point of very similar structure associated with a similar activation energy years agé—34107and was later confirmed, computationally, to
relative to the (carbomethoxy)carbene (30.2 kcal/mol). An IRC calculation prevail in carbohydroxycarbené’é?ﬁ

starting from 1-phenyl-2-methoxyoxirene did indeed show a smooth descent . .
to phenyl(carbomethoxy)carbene in one direction and to benzoyl(methoxy- To find out whether this geometry change could create a
)carbene in the other direction. We can see no reason this should be differentbarrier for the relaxation of the singlet to the triplet ground state

in t(q%sn)aGpgTZya'qutg”?'Schlegel H. B. Chem. Phys1989 90, 2154 of NCC, we calculated the potential energy surfaces for both

(106) We have carried out model calculations to probe the effect of a States as a function of the dihedral angle betwegn the COOMe
single electron-releasing substituent on the energetics of the singlet and the naphthylcarbene planes and as a function of the bond

carbonylcarbene rearrangement. At the B3LYP/6-31G* level, the barrier i i i

for the H-C—COOMe— HCO—C—OMe reaction (which is exothermic an%le at ﬂ:je C.arbgn.IclgarbonioThehrer?UIkt]S of thr:s ComﬁUta.tloTal
by 9.2 kcal/mol) via methoxyoxirene is 24.3 kcal/mol, in accord with study are ep'Ct? In 'gL_"e » which shows that, at the S_Ing et
expectations. In contrast, the 6—COPh— HCO—C—Ph rearrangement  geometry 3NCC is an excited state and that the lowest point of
(AEp = —6.0 kcal/mol) takes on a two-step course via a shallow oxirene
minimum of much lower relative energy. A more in-depth study of this (107) Strausz, O. P.; Gosavi, R. K.; Denes, A. S.; Czismadia, 0.G.
phenomenon is in progress (Matzinger, S.; Bally, T., to be published). =~ Am. Chem. Sod 976 98, 4784.

SNCC (cf. Figure 4, strong absorption @400 nm). Finally, it
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200 Table 5. Excited-State Energies\€) and Oscillator Strengths)(

C OMe
of INCC? by INDO/S-CP
180+ or . exptl AE, eV

excited state calcdE, eV f (Amax nmM)
triplet state
~ 21A 2.66 0.0382 ~3.0 (410)
1607 31A 3.80 0.0442 ~3.8 (325)
T singlet state 41A 4.44 0.1262
53A 4.58 0.1670

1404

aAt the B3LYP/6-31G* geometry of B)-'INCC (see Figure 9).

1204 b Including singly and doubly excited configurations.
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Figure 10. Potential energy surfaces f&NCC (dashed) andNCC
(solid lines) as a function of the angleat the carbenic carbon and the
dihedral angler between the COOMe group and the naphthylcarbene
plane (equidistance of contour lines is 0.5 kcal/mol). The filled circles
denote points of intersection of the two surfaces; the open circle is the
lowest point on the line of intersection,2 kcal/mol aboveéNCC. The
dashed line joining the minimums (squares) represents the minimum
energy pathway. The surfaces were calculated on the basis of a grid of
points in 8 increments ofx and 10 increments ofr (geometries not
optimized).
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Figure 12. IR spectra computed for BHT-COOMe (&NMC (b),

INCC (c, d), and3NCC (e, f), juxtaposed with the (inverted)
experimental difference spectrum {cb) of Figure 2 (g). B3LYP/6-
Configurations = -------- States ------- Orbitals 31G* frequencies scaled by 0.97.

Figure 11. Graphical representation of the results of INDO/S-CI

calculations on the excited states'NCC. Black bars denote calculated nm) where the experimental spectrum indeed shows also a band
energies and observed band maximums (Cf Table 5 and Figure 1) The(Table 5, Figure ll) ThUS, INDO/S-CI Supports the assignment
leftmost column shows the composition of the excited states in terms of INCC as the photoproduct 8NCC.

of one-electron excitations involving the MOs depicted on the right.
(Numbers in parentheses represent the calculated relative oscillator
strengths).

IR spectra also support the assignment'NiCC as the
photoproduct of SNCC. Figure 12 depicts the difference
spectrum (11081900 cn1?) for the re-formation 0fNCC from

intersection between the two surfaces lies indeed 2 kcal/mol the photoproduct. This experimental spectrum is compared with
above the!NCC minimum. As it was impossible to carry out spectra computed (B3LYP/6-31G*) foZ £)- and €,2-NCC
full geometry optimizations at every/t grid point which was (the two conformers that had been identified from the ESR
used in the construction of the surfaces in Figure 10, this numberspectra), E)- and £)-'NCC, and spectra computed for alterna-
should be taken with a grain of salt. Apart from that, it is unclear tive photoproducts ofNCC ((NMC, BHT-COOMe). Clearly,
how this value relates to the thermochemical activation param- the main features of the IR spectrum of the photoproduct (peaks
eters for theINCC — 3NCC relaxation process, but it is  pointing downward in spectrum g of Figure 12) agree reasonably
nevertheless compatible with a postulated assignment of thewell with the predictions fofFNCC (Figure 12, spectra ¢ and
3NCC photoproduct t8NCC, an assignment that we shall try d). Although some of the smaller features between 1300 and
to substantiate below. 1500 cnt! are lost because they coincide in part with stronger
One of the distinct features of the photoproducBNEC is peaks ofNCC, the important triad of peaks at 1591, 1626, and
its broad absorption around 420 nm. As INDO/S-CI provided 1641 cnt*and the group of bands around 1200 ¢rare well
a rather reasonable description of the electronic structure ofreproduced by B3LYP.
SNCC, we applied the same method#¢CC. Indeed, INDO/ In contrast, the experimental spectrum is entirely incompatible
S-Cl predicts a rather strong transition in this region, aléit3 with the predictions for the tricyclic cyclopropene, BHT-
eV too low, plus another one of similar intensity at 3.8 eV (325 COOMe (spectrum a; note in particular the absence of any peaks
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between 1700 and 1850 ci). In the case ofNMC (spectrum Neither peak changes appreciably ®515-nm photolysis of
b), the differences are more subtle, but the complete absence®NCC, but both peaks increase slightly in intensity on 450-nm
of the rather intense €0 stretch predicted at+1350 cnt? photolysis ofINCC. The peak at 2120 crh can readily be
indicates, in addition to the evidence provided in the previous assigned to 2-naphthyl(methoxy)ketene (NMK) resulting from
section, that the experimental spectrum is incompatible with Wolff rearrangement. NMK may be formed initially from the
INMC. minor conformers of MDA Z,Z and E,E), perhaps via a
We take this occasion to return briefly #CC, whose IR concerted Wolff rearrangement, and as one of several minor
spectrum is also very satisfactorily reproduced by B3LYP photochemical products in subsequent bleachings of the (per-
(Figure 12, spectra e and f) perhaps with the exception of the pendicular)X™NCC. NMK is distinct from 2-naphthyl(carbo-
relative intensities of some of the smaller peaks that do not agree

optimally with those in the experimental spectrum. A closer Nce
inspection reveals that many of the peaks are split into pairs in & o o
accord with the predictions for the two conformers3biCC ‘i / \ I

(see in particular the region around 1200 éjnso that the oMe
presence of these two species which had become evident from OO OMe OO
the ESR spectra can also be detected by IR. o

We do not claim that the above spectroscopic evidence NMK NCK
represents a structural proof, but at least it is in good accord
with our proposed assignment 8NCC to the metastable  methoxy)ketene (NCK), which is formed in the course of the
photoproduct oFNCC. On the basis of the available experi- CO trapping studies. (The ketene stretching vibration of NCK
mental results, and their concord with the theoretical findings, appears to coincide with, and thus be largely masked by, the
we propose that this is indeed the first example of a reversible strong 2100-cm! band of the diazo precursor.) Neither ketene

interconversion between a triplet ground-state carbene with its appears to manifest itself detectably in the optical spectrum
metastable singlet counterpart. This behavior is made possibleahove 300 nm.

by virtue of the carbomethoxy group’s preference for &  The other peak at 1846 cthis more enigmatic because
perpendicular conformation in the singlet state. several species could conceivably be responsible for it, notably
A very similar phenomenon was reqently reportgd by Berson ihe valence isomers BHT- and BBT-COOMe as well as the
and co-workers, who found that the singlet and triplet states of ¢ycjic allenes that result from ring opening of the former (Figure
dimethylenepyrrole diradicals can be stabilized separaf@hy® 8). However, all of these compounds have, in addition to the
Berson conjectured that the energetic ordering of spin stateéScyclopropene (BHT/BBT) or the cyclic allene stretch (BCH/
depends critically on the conformation of the tosyl substituent BCT), an associated carbonyl stretching frequency around 1750
at the pyrrole nitrogen atom. Hence, intersystem crossing is cm-1 from the COOMe group which should rise in concert with
coupled to the conformational isomerization of this substituent, e former. However, the difference spectra for photolysis of
a process that may be quite slow in solid matrixes. In contrast pj\pa show no such peaks and the calculated spectra for the

to the case of the dimethylenepyrrole diradicals, where both apove four compounds are generally incompatible with that of
spin states were found to be thermally stable up to 90 K, the the species associated with the 1846-Epeak.

S/T gap in NCC makes for a sufficient thermochemical driving
force to permit observation of slow-S T conversion even at
12 K110

Finally, we briefly address the question of why the decay of
the diazo precursor, MDA, which occurs presumably from the
singlet excited state, leads almost exclusively to the triplet
carbene (cf. Figure 1). The reason for this may be that the
predominant conformers of ground-state MDA are entirely
planar. If excitation does not result in any conformational
changé'!! the incipient carbene will also arise in a planar
conformation where the singlet is much less stable than the
triplet (on enforcing planarity ilNCC, the S/T splitting is~17
kcal/mol by B3LYP/6-31G*). If intersystem crossing is more
rapid than decay along a singlet pathway to & @®isted
geometry (which may furthermore be impeded considerably in
an argon matrix), then the first stable product of the MDA ™ (111) Full geometry optimizations of MDA in its lowest excited sing-
photolysis will be the triplet carbene, as observed. let state (by CIS or CASSCF) turned out to be computationally too de-

6. Other Photoproducts. Along with the formation ofNCC, manding. However, we note that the HOMO of MDA asantibonding

- . S along the naphthytCN, bond whereas the LUMO is slightly bonding.
photolysis of the diazo precursor, MDA, produces two distinct pence excitation should lead to an increase instteond order along

IR peaks, a double-humped one at 1846 trand another
closely spaced group at 2120 ch{Figure 2, spectrum b- a). Igl&\ﬁ j;l,g:é\{\(

(108) Bush, L. C.; Heath, R. B.; Feng, X. W.; Wang, P. A.; Maksimovic,

The probable identity of this product revealed itself on 313-
nm photolysis which led to the complete bleaching of the 1846-
cm! peak in the IR along with a few others at lower energies
of which one at 1105 cmt was most prominent. More
importantly, the bleaching of this species led to a strong increase
of the IR absorption of C@ which indicates that the species
under investigation must be able to lose this fragment. One
compound that fulfills this role is 2-(2-naphthyl)propiolactone
(NPL). Thep-lactone structure would be expected to display a
high-frequency carbonyl stretch, in good accord with the
experimentally observed value of 1846 Thd12NPL represents
a logical photoproduct ofNCC, arising as a result of formal
insertion of the carbene center into a8 bond of the methoxy
group!® This S-lactone would be expected to suffer photo-

L.; Song, A. I.; Chung, W.-S.; Berinstain, A. B.; Scaiano, J. C.; Berson, J. HOMO LuMO

A. J. Am. Chem. S0d.997 119 1406. this bond which makes it very probable that the planar conformation of the
(109) Bush, L. C.; Maksimovic, L.; Feng, X. W.; Lu, H. S. M.; Berson,  naphthy-CN, moiety is preserved in the first excited state.

J. A.J. Am. Chem. S0d.997, 119 1416. (112) Socrates, Gnfrared Characteristic Group Frequencie®Viley-
(110) Berson's diradicals were designed to have nearly degenerate singletinterscience: Chichester, 1980.

and triplet state$?8-109Consequently, they lack a thermochemical driving (113)3-Lactone formation has been observed previously on thermolysis

force for S— T or T — S conversion which could be part of the reason it  of diazo esters: Richardson, D. C.; Hendrick, M. E.; Jones].Mm. Chem.
is not observed. Soc.1971, 93, 3790.
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chemical loss of C@to give 2-vinylnaphthalene (VN), which  assumes a perpendicular conformation ICC to avoid
destabilization of the formally vacant carbenic 2p atomic orbital
5 CH, by the electron-withdrawing carbonyl group. A very similar case
H, hy of “conformational control of the spin state” has recently been
OO Yy —— H found in dimethylenenepyrrole diradicaf. However, to our
002 best knowledge, the example of 2-naphthyl(carbomethoxy)car-
NPL N bene is the first case in which a metastable singlet state and its
slow thermal conversion to the triplet ground state have been
unfortunately has no IR absorptions with an intensity com- observed spectroscopically.
mensurate with that of €0 stretches, and hence it is not Acknowledgment. This work is part of Project 2028-
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