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Abstract: Contrary to implications in the literature, the ¢ — p absorptions of alkylchlorocarbenes (RCCI)
are readily acquired by laser flash photolysis with UV—vis detection in solution at ambient temperature.
Examples include RCCI with R = methyl, benzyl, t-butyl, 1-adamantyl, and cyclopropyl. These absorptions
permit direct monitoring of carbene reactions and the formation of carbene—solvent complexes. The kinetics
of the reactions of “free” and complexed MeCCl and PhCH,CCI were directly followed with tetramethyl-
ethylene and 1-hexene. Particularly effective complexation was provided by anisole and 1,3-dimethoxy-
benzene, which modulated the rates of intermolecular carbene additions. Computational studies are
presented, which aid in understanding the carbene absorption spectra and the nature of the solvent
complexes.

Phenylchlorocarbend) was the first singlet carbene whose monitored indirectly by LFPB:* We suspect that the simplicity
intermolecular reactivity and associated fast kinetics were probedof the pyridine ylide method discouraged attempts to observe
by laser flash photolysis (LFP) with UV detectiéA.Strong theo — p transitions oR in solution so thatlirect LFP studies
UV absorption at~310 nm, associated with the transition of of RCCI have gone largely unreported. Indeed, to our knowl-
an electron from a phenyt orbital to the carbene’s vacant p  edge, thexr — p absorption of methylchlorocarbene, the parent
orbital, permitted efficient LFP-UV tracking of the carbene and alkylchlorocarbene, has never been documented.

enabled kinetics studies of its reactions with alkehes. Now we disclose that the — p absorptions of carben@s—
2e, though weak, are readily observable in solution at ambient
P temperature by LFP, making it possible to directly monitor the
e . kinetics of their intra- and intermolecular reacticnslore
o b d importantly, we can spectroscopically elucidate the interactions
C_NQ of RCCI with such solvents as anisole and 1,3-dimethoxyben-
ci zene, phenomena that cannot be readily probed by focusing on
1 2 3 pyridine ylides3.
: 2: ?Beubdng _PP%Z Results and Discussion
e, R = cCgHs

Methylchlorocarbene. LFP at 351 nm of 1.06x 102 M
methylchlorodiaziring” 4a in pentane affords the spectrum
shown in Figure 1a, recorded 50 ns after the laser gulse.

We assign the principal absorption at 544 nm to ¢he> p
transition of MeCClI 2a) on the basis of several arguments.
First, the observed signal agrees well with the calculated lowest

Alkylchlorocarbenes 4, RCCI), which lack thex — p
absorption, have been termed ‘“invisible” carbehesey
examples of these species include methylchlorocarb2ag (
benzylchlorocarben&b), andt-butylchlorocarbeneg) 2 It was
tacitly assumed that the — p electronic transitions oR
afforded absorptions that were simply too weak to be produc-

(4) (a) Jackson, J. E.; Platz, M. B Advances in Carbene Chemistrinker,

tively followed by LFP. U. H., Ed.; JAI Press: Greenwich, CT, 1994; Vol. 1, pp 89 f. (b) Merrer,
. . D. C.; Moss, R. A.lIn Advances in Carbene Chemistrrinker, U. H.,
Accordingly, carbenefa—2c, and RCCI in general, are Ed.; Elsevier: Amsterdam, 2001; Vol. 3, pp 53 f.
usually visualized via their readily formed chromophoric ~(5) Preliminary results were presented at the 18th IUPAC International

R . . X i X Conference on Reactive Intermediates, Warsaw, Poland, August 23, 2006,
pyridinium ylides @), and the kinetics of their reactions are and are contained in a written version of that talk: Moss, R. A.; Tian, J.;
Chu, G.; Sauers, R. R.; Krogh-JespersenPKre Appl. Chem2007, 79,
993. Neither the spectra themselves, nor descriptions of the time-dependent
(1) Turro, N. J.; Butcher, J. A.; Moss, R. A,; Guo, W.; Munjal, R. C, dynamics of the carberesolvent and carberaliazirine reactions, are
Fedorynski, M.J. Am. Chem. So0d.98Q 102 7576. contained in this report.
(2) Review: Moss, R. A.; Turro, N. J. Idinetics and Spectroscopy of Carbenes (6) Graham, W. HJ. Am. Chem. Sod.965 87, 4396.
and Biradicals Platz, M. S., Ed.; Plenum Press: New York, 1990; pp 213 (7) The extinction coefficient (69.6) of diazirinéa was determined from a
f. linear correlation ofA at 358 nm vs the concentration & from 0—0.02
(3) Jackson, J. E.; Soundararajan, N.; Platz, M. S.; Liu, M. Td.i Am. Chem. M as determined byH NMR vs an internal dioxane standard.
S0c.1988 110, 5595. (8) Details of our LFP apparatus appear in the Supporting Information.

10.1021/ja071799i CCC: $37.00 © 2007 American Chemical Society J. AM. CHEM. SOC. 2007, 129, 10019—10028 = 10019
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1a Methylchlorocarbene in pentane
50 ns after laser flash

0.0016
L}
[}
0.0014
[]
0.0012 []
0.0010 [ ] -
0.0008 . .
<
0.0006
[}
L]
0.0004 " .
-
0.0002 - = . .
[]
L ]
0.0000 T T L I |
-0.0002 T T T T T T 1
200 300 400 500 600 700 800
Wavelength, nm
0.0012 1¢c Methylchlorocarbene in pentane
1000 ns after laser flash
L ]
L]
0.0010 []
- L]
0.0008 [ ]
L]
0.0006 [ ]
[}
< [ ]
-
0.0004 -
[]
L
L]
0.0002 []
[} []
L ]
[]
0.0000 (111 EE E m mEm EEE ® N

T T T T T T 1
200 300 400 500 600 700 800

Wavelength, nm

0.0012 4

1b Methylchlorocarbene in pentane
500 ns after laser flash

[
0.0010 [
[]
0.0008 - "u "
[ ]
n [ ]
0.0006
< [ ] . .
0.0004
" .
[]
[
0.0002
[]
[] [] []
0.0000 [T 1] ux = = ma® .I [T |
T T T T T T 1
200 300 400 500 600 700 800
Wavelength, nm
1d Methylchlorocarbene in pentane
0.0014 — 1500 ns after laser flash
0.0012 4 [
-
0.0010
(1]
0.0008 "
"
<C 0.0006
[]
0.0004 [
[ ]
0.0002 [ ]
0.0000 [T 1] EE N ¥ EENENEEEEEEEEE ® W

T T T T T T 1
200 300 400 500 600 700 800

Wavelength, nm

Figure 1. UV spectra of methylchlorocarbene in pentane generated by LFP (70 mJ) of didarirfa) 50 ns after laser pulse; (b) 500 ns after laser pulse;
(c) 1000 ns after laser pulse; (d) 1500 ns after laser pulse. The diazirine concentration is 0.0106 M.

ol
5

4 5
a, R =Me;b, R=PhCHy;
¢, R =1tBu; d,R=1-Ad;
e,R=0cCzH;

energy absorption oRa, computed at 556 nm in simulated
heptane { = 0.005) by TD-B3LYP/6-311+G(d) excited-state
calculations at the PBEPBE/6-3+6(d) optimized geometr§.
Examination of the transition amplitudes verifies that the
elementary HOMO— LUMO excitation contributes highly
(80%) to this transition. The HOMO dfa is the carbene lone
pair orbital >95% Co-character), whereas the formally empty

p orbital on the carbene center dominates the LUMO (86% 1 &

C(2p) character, 14% CI(3p) character).
propriate to label this electronic transition and, by extension
analogous transitions in other alkylchlorocarbenew as p.

for the carbene at 544 nm (Figure 1, top left) leads to an
extinction coefficient of~160.

The second lowest transition of MeCCl, a weak CKn)p
transition, is computed at much higher energy~245.7 nm,
f ~ 0.004). This weak absorbance is not detected experimentally.
There is literature precedent for the assignment of the long-
wavelength absorption of MeCCI toaa— p transition. Thus,
Pliego et al. have carefully analyzed the electronic spectrum of
PhCCI, demonstrating that the analogous long-wavelength
absorption in this case also consists predominantly (86%) of
electron promotion from the to p carbenic orbital&®

Direct analysis of the first-order decay of the 544 nm
absorption givekys = 2.0 x 10° s71, which mainly (but not
completely, see below) reflects the 1,2-H shift of MeCCl to
vinyl chloride and is in good agreement with = 1.4—3.0 x
1 for this reaction as determined by the pyridine ylide

It thus appears ap-ethodtiab Further, a linear correlation of the rate constants
' for the decay of MeCCl at 544 nm as a function of the

concentration of an added tetramethylethylene (TME) trap gives

The intensity is weak because only the component of the electric Koga= 1.8 x 10° M1 571 for the addition of MeCCl to TME:

dipole transition moment which is perpendicular to the C(Me)
C—Cl plane differs from zero (assuming effecti@gsymmetry
for 28). A rough experimental estimate of the extinction
coefficient may be made by assuming that LFP of diazidae
leads to~10~> M of MeCCI. Given an absorbance 6f0.0016

(9) See the Supporting Information for references to and details of the
calculations.

10020 J. AM. CHEM. SOC. = VOL. 129, NO. 32, 2007

cf., Figure 2. This value is in reasonable agreement ligh—
1.3 x 10° M~ s71 determined (indirectly) using the pyridine

(10) Pliego, J. R., Jr.; De Almeida, W. B.; Celebi, C., Zhu, Z.; Platz, MJ.S.
Phys. Chem. A999 103 7481; cf., p 7484.

(11) (a) Bonneau, R.; Liu, M. T. H.; Rayez, M. 7. Am. Chem. Sod.989
111, 5973. (b) Dix, E. J.; Herman, M. S.; Goodman, J.JLAm. Chem.
S0c.1993 125 10424. (c) Liu, M. T. H.; Bonneau, R. Am. Chem. Soc.
1989 111, 6873.
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Figure 2. Observed rate constants {§ for the quenching of MeCCl by
TME in pentane, determined at 544 nm; slopel.77 x 10° M~1 s71,
Y-intercept= 1.97 x 10f s7%, r = 0.994.
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Figure 3. Observed rate constants { for the formation of ylide5a vs

[4a] (M), monitored at 268 nm.

ylide methodt'¢ The Y-intercept of the correlation line in Figure
2, 2.0 x 10° s, can also be taken as mainly reporting the
hydride shift that converts MeCCI to vinyl chloride in the
absence of TME. The intercept value is experimentally identical
to the directly measured decay of MeCCl at 544 nm (see above).
Returning to Figure 1a, we assign the minor absorption at
268 nm to carbenediazirine ylide5a, formed by reaction of
MeCCl with diazirine 4a; analogous ylides are reported to
absorb at similar wavelength3In support of this assignment,
a correlation ofkyps for the formation of5a as a function of
diazirine concentratiohis linear; cf., Figure 3. The slope, 5.8
x 10" M~1s™1, is the second-order rate constant for the reaction
of MeCCl with 4a, whereas thé-intercept at 4a] = 0 gives
the “corrected” first-order rate constant for the conversion of
MeCClI to vinyl chloride by 1,2-hydride shifk(). This value,
1.6 x 1P s71, is ~25% less thanky” measured directly from
the decay of MeCCl at 544 nm, because the latter includes
a contribution from the competitive trapping of the carbene
by 4a.
An independent check on this conclusion is available from
Figure 4, a correlation df,ps for the decay of MeCCl at 544

(12) Bonneau, R.; Liu, M. T. HJ. Phys. Chem. R00Q 104, 4115.

[Methylchlorodiazirine], [M]

Figure 4. Observed rate constants {§ for the decay of MeCCl at 544
nm vs @a) (M).

nm with diazirine concentration. The slope (6:3L0° M~1s™1)
andY-intercept (1.5x 10° s71) are in excellent agreement with
those obtained from Figure 3 for the rate constants for ylide
formation and hydride shift, respectively.

Finally, calculations predict the formation of ylide from
reaction of MeCCl andlato be very favorableAG = —51.3
kcal/mol, PBEPBE/6-31tG(d)). Furthermore, an intense-s*
type transition localized in the ylidic€N—N triad is predicted
to occur atA = 264.2 nm  ~ 0.13; TD-B3LYP/6-31%+G(d)
in simulated heptane solvent), in excellent agreement with the
experimentally observed band at 268 nm.

Figure la-d furnishes a set of “snapshots” illustrating the
evolution of MeCCl 50, 500, 1000, and 1500 ns after its
generation from diazirinda by LFP in pentane. We observe
both the decay of MeCCl at 544 nm and the buildup of ylide
5aat 268 nmt3 After 1500 ns, only the absorption of ylida
remains.

Solvent Interactions. Our newfound ability to track MeCCl
by its ¢ — p absorption enables us to directly monitor carbene
solvent interactions, an important general problem in carbene
chemistry which is difficult to resolve by indirect monitoring
of carbene-pyridine ylides. For example, attempts to investigate
interactions between phenylchlorocarbene, phenylbromocarbene,
or p-nitrophenylchlorocarbene with, e.g., THF or MeCN, by
LFP-UV tracking of the rates of carbene addition to TME,
monitored via the carbergyridine ylides, were not definitive
and could not detect possible weakly bound carbesmdvent
complexes? Similar difficulties attended a search for dichlo-
rocarbene-ether interaction$® Better results were obtained
when carbenesolvent interactions were followed by LFP with
time-resolved IR monitoringf but it seems clear that LFP-UV
detection of carbenesolvent complexes will be optimized by
direct observation of the carbene, rather than a derived ylide.

(13) The decay of ylidéa should provide an azine [MeCN—N=CCIMe].
This product (in addition to vinyl chloride) was detected by-@@S after
350 nm photolysis of diazirinda in pentane. We have not kinetically
monitored the decay of ylida

(14) Celebi, S.; Tsao, M.-L.; Platz, M. 8. Phys. Chem. 2001, 105 1158.

(15) Preslowski, S. I.; Zorba, A.; Thamattoor, D. M.; Tippmann, E. M.; Platz,
M. S. Tetrahedron Lett2004 45, 485.

(16) (a) Tsao, M.-L.; Zhu, Z.; Platz, M. S. Phys. Chem. 2001, 105 8413.
(b) Sun, Y.; Tippmann, E. M.; Platz, M. ®rg. Lett.2003 5, 1305. (c)
Tippmann, E. M.; Platz, M. S.; Svir, |. B.; Klymenko, O. V. Am. Chem.
So0c.2004 126, 5750.
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5a Methylchlorocarbene in anisole
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Figure 5. LFP-UV—vis spectra of MeCCIl from diazirindéa in anisole: (a) 50 ns after the laser pulse; (b) 500 ns after the laser pulse; (c) 1500 ns after the
laser pulse. The diazirine concentration is 0.0106 M, and the laser power is 70 mJ.

In this regard, we recall our previous calculations which 3—5 kcal/mol larger (less favorable). DFT calculations with the
suggested the formation of weak and ylidic complexes B3LYP functionals result in very small complexation energies
between MeCCI and anisolé Snapshots of the LFP-Uis (Supporting Information).
spectra of MeCCl in anisole appear in Figure 5. There are three  Regardless of the actual computational method applied, our
important differences between the MeCCl spectra in anisole andsearches reveal many weakly bound complexes corresponding
in pentane (cf., Figure 1). (1) Even at our shortest observation to 6; five representative structures are shown in Figure 6 as
time (50 ns, Figure 5a), the MeCCl absorption at 544 nm in 6a—6e
pentane has shifted to 520 nm in anisole. We consider this  complexation energies, enthalpies, and free energies from
species to be an anisole-solvated carbene and calculate-its  pgEPBE/6-313G(d) calculations (gas phase and simulated
p absorption at 539 nnfi,= 0.005, in simulated THF (represent-  sojvent) are summarized in Table 1; corresponding MP2 and
ing anisole). (2) A new absorption appears at 368 nm in anisole. g3| YpP results (gas phase only) appear as Table S-1 in the
Over time, as illustrated in snapshots-#athe solvated carbene  sypporting Information.
absorption at 520 nm disappears in favor of the signal at 368 Complexes6a and 6b are of then-type, where the key

nm. [rldeeq, the latter absorptlon.grows n V‘ms = 3.7 x interaction involves electron donation from the aromatisys-

10° 577, while the 520 nm absorption decays with Fhe €OMPa- tam to the formally empty carbenic p orbital. The carbene center
rable rate constankops = 3_'2 x 10° Si_l' (3) In anl_sol_e_, as is located above an ortho &4) or a para C§b) atom, and the
opposed to _pentane, there is no formanon of carbelezirine carbene’s Me group points toward the center of the phenyl ring,
ylide 53 viz. the absence Of absc_nrptlon below: 300 NM. " suggesting the presence of additional stabilizingHG-+x-
Presgmabl_y, MeCCI reacts with anlso]e _s_olvent, bypassing (aromatic) interaction&? Complex6cis bothz-type and ylidic
reaction with the much less prevalent diazirine. in nature. The carbene center is approximately equidistant to

We at'gribute these spectroscopic phgnomena, in patrticular,[he ipso C and O atoms, and the Me group is oriented toward
observations (2) and (3), to the formation of weak Me€Cl 0 center of the phenyl ring. Relativego, the ylidic O*++-C~

anisole complexes, generically representedsa$ We have iaraction is strengthened i6d, but the z-interaction has

diminished. The O atom is approximately?syybridized in6d
(the fourth site is occupied by a lone pair), and the Cl atom
points toward the phenyl cent&r Finally, in 6e the carbene

employed first-principles electronic structure techniques (MP2 €ngages in primary H-bonding from its Me group to the anisole
and DFT with 6-313-G(d) basis sets) in an exhaustive search O atom. There is also secondary H-bonding interaction between
for such complexes. The DFT calculations have been carried@n H atom of the anisole Me group and the empty carbenic p
out using both B3LYP and PBEPBE exchange-correlation Orbital. Trial geometries for a “meta-complex” collapsed to
functionals. Low binding energies of selected MeCCl/benzene Para or orthor-complexes upon energy minimization, in accord
and MeCCI/PhOMe complexes were obtained at the MP2/6- With the anisole methoxy group being stronglyp electron
311+G(d,p)//IMP2/6-31G(d) level in our prior study.These donating.

complexes arose from weak electrostatic and dispersion forces. As shown in Table 1, the computed binding energies of
Traditionally, accurate representation of the weak, long-range anisole complexe$a—6e (in the idealized gas phase and in
electrostatic and dispersion interactions that hold such complexessimulated solvent) are small; complexation will be weak.
together present difficulties for computational methods, even
in small systems. We now find that DFT with the PBEPBE
functionals produces a satisfactory compromise between ac-
curacy and speeld.The complexation energies obtained with
PBEPBE are qualitatively similar to those from MP2 calcula-
tions (see the Supporting Information), but they are typically

MeCCIéPhOMe

(19) We would expect the MP2 method to produce the more accurate interaction
energies because dispersion interactions are included in this method.
However, MP2 calculations scale poorly with molecular size and are
cumbersome to use in exhaustive studies of potential energy surfaces for
larger molecular systems. DFT, on the other hand, scales favorably with
system size but does not generally include dispersion interactions in the
functionals employed. That the PBEPBE functionals tend to err on the side
of overbinding, whereas the B3LYP functionals underbind, particularly for
weak interactions, probably works in our favor here.

(20) Nishio, M.; Hirota, M.; Umezawa, YThe CH-x Interaction: Evidence,
Nature, and Consequence#&/iley: New York, 1998.

(21) Attempts to reorient the carbene Me grougdftoward the phenyl center
resulted (upon structural reoptimization) in rotation of the carbene back to
its original position or in migration to comple&c.

(17) Krogh-Jespersen, K.; Yan, S.; Moss, R.JAAM. Chem. S0d.999 121,
6269.

(18) The LFP-UV spectrum of MeCCl in anisole is identical under air or
nitrogen, excluding the intervention of a carbemeygen ylide (carbonyl
oxide).

10022 J. AM. CHEM. SOC. = VOL. 129, NO. 32, 2007
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Figure 6. PBEPBE/6-313%G(d) computed structures of MeCCIl/PhOMe complex6a; ortho 7-complex;6b, paras-complex;6c, ipsosr-complex;6d,
ylidic complex; 6e, H-bonded complex.

Table 1. Complexation Energies (PBEiBE/6-311+G(d)) for 6b, the energy differences between such “rotamers” are of the
MeCCl + Solvent — 1:1 MeCCl/Solvent order of 0.5-1.0 kcal/mol. Figuratively, the potential energy
gas phase solution surface is pocketed with many shallow indentations (“craters”)
complex AE AH AGC AE AH  AG in horizontal planes c&8 A above (or below) the anisole ring,
MeCCl/PhOMefa —4.67 —3.35 5.13 —-3.03 -1.88 573 where MeCCIl/PhOMe complex formation may take place. In
MeCCl/PhOMegb —2.81 —-1.53 539 —-3.15 —-1.91 5.09 each crater, the carbene species enjoys considerable rotational
MeCCl/PhOMe6c ~ —3.88 —2.64 3.89 -243 -191 574 freedom and presumably samples a wide swath of angular
MeCCl/PhOMe6d —3.18 —1.79 6.36 —2.47 —1.10 6.58 entati | antl ticipate that a th | iib
MeCClIPhOMefe —354 -2.35 4.01 —259 -1.98 5.99 orientations. Importantly, we anticipate that a thermal equilio-
MeCCl/benzene  —2.49 —1.29 512 —-1.89 -0.73 5.70 rium population is established among all of these binding sites.
MeCCITHF —740 -4.73 526 -9.44 726 472 Nevertheless, despite the small binding energies, sufficient

MeCCl/dioxane -559 —-381 6.17 588 —3.70 7.26 . . : : .
complex is present in anisole to provide a spectroscopic

a Energies are in kcal/mol, relative to the energies of separated reactantsSignature at 368 nm, an absorption that is considerably more
gc?frfle MeCCl plus one Sol\t/egturgﬂecglrégffefeﬁgg-?ﬁ gm;”::% rl‘]rce:n?rr;%?g intense than the anisole-solvated carbene signal at 520 nm, and
fc|>rZr:cnhC(se;evc\:lieerspcz;)r?cri)gaiing in t%e reaction, @nd 298.15 K.9 General UItlmfitely SFJpp'ar?tS 't;, cf., Elgure 5. We find tha,lt t.he B3LYP
solvent effects were incorporated via the CPCM model (see the Supporting functionals in conjunction with the PBEPBE optimized geom-
Information). etries provide a near optimal mix of computational conditions
in TD-DFT calculations of6. Predicted electronic transition
wavelengths and intensities (oscillator strengfh&D-B3LYP/
6-311+G(d)//PBEPBE/6-311G(d)) appear in Table 2.

The calculations reveal three electronic transitions above 300
nm for complexe®a—6e The two transitions of lower energy
» Span wide spectral ranges because they represent spectroscopic
signatures of the carben@nisole interactions. The lowest

nergy transition, which spans an approximate rangé of

05-565 nm, is the perturbed, but still well-localized, carbene
o — p excitation in the MeCCtanisole complex. Due to the
low concentration of complex, these transitions probably
contribute to the broadness of the 520 nm band (Figure 5), but
they do not form a distinct absorption band. The higher energy
transition, which spans an approximate rangé of 380-445
nm, is ax(anisole, HOMO) — p(carbene) charge-transfer
transition. The computed intensity of this charge-transfer
transition varies dramatically among the complexes, reflecting
the magnitude of the overlap between the donor and acceptor

(22) Consideration of the gas-phase MP2/6-8GLd) and B3LYP/6-31+G- orbitals, but the intensity is particularly large for two com-
(d) energies (Supporting Information) does not alter this conclusion. plexes: 6b and 6d. In these two complexes, the primary

Moreover, the Gibbs free energies of complexation are positive
so that even in pure anisole the equilibrium between free and
complexed MeCCI will favor the “free” carbene. The spread in
complexation energies is-B kcal/mol with no individual
complex emerging as distinctly favored in either the “gas phase
or “solvent” calculations. An energy rank order of the structures
6a—6ecannot be established on the basis of these computationa
results??

Structures6a—6e in Figure 6 illustrate well-characterized
minima on the potential energy surface, but additional minima
surely exist. For exampl&a represents the Me group located
above the phenyk-system, but there is an analogous species,
which is also a minimum, where the Cl atom is above the phenyl
m-system. A similar situation holds fdb, and the two ortho
positions in anisole are in fact not fully equivalent so that slightly
different “ortho” isomers exist as well. In the caseséafand
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Figure 7. PBEPBE/6-311+G(d) computed structures of MeCCl/1,3-DMB complex&s, 7- complex;7b, ylidic complex.

Table 2. Absorption Wavelengths and Oscillator Strengths (f) of 1:1 MeCCl/Solvent Complexes#?

species solvent ¢ M fi Ao f, As fi exp/solvent?
MeCCI heptane 556.2 0.005 245.7 0.004 213.7 0.011 544/pentane
MeCCI THF 538.7 0.005 246.1 0.004 211.3 0.008 520/anisole
MeCClI benzene 554.8 0.005 245.9 0.004 213.4 0.011 544/benzene
MeCCI/PhOMega THF 564.0 0.023 417.5 0.034 330.6 0.078
MeCCI/PhOMegb THF 533.1 0.029 390.9 0.132 332.6 0.003 520,368/anisole
MeCCIl/PhOMegc THF 544.6 0.004 444.6 0.012 337.8 0.011
MeCCIl/PhOMegd THF 506.5 0.017 380.0 0.087 310.8 0.002 520,368/anisole
MeCCI/PhOMe e THF 535.7 0.008 426.0 0.002 326.3 0.0001
MeCCl/benzene benzene 546.0 0.010 336.5 0.001 332.0 0.068 not observed
MeCCI/THF THF 306.5 0.044 252.1 0.089 250.1 0.004 not observed
MeCCl/dioxane THF 370.5 0.028 235.3 0.075 227.8 0.110 not observed

aTD-B3LYP/6-31H-G(d)//PBEPBE/6-311G(d) with simulated experimental conditions (CPCM solvation model). Gas-phase geometries were used.
b Wavelengths in nmS Solvent used for computational purposes. THF parameters were used to represent the experimental solvents anisole, THF, and dioxane.
Heptane parameters were used to simulate pent®eavent used in experimertMeCCl-benzene complex.

anisole-carbene interaction site matches the atoms where theshould be more complexes formed in anisole than in THF or
mr(anisole HOMO) has its largest electron density: the oxygen dioxane, even though the stability of any given complex may
and para carbon sites. The two compleXds and 6d also be similar to theD-ylides possible with THF and dioxane. Table
possess the highest energy charge-transfer transitions, and we indicates that the MeCCI/THF or dioxane ylidic complexes
believe they are the principal species responsible for the should absorb af ~ 230-250 nm with good intensities.
absorption observed at 368 nm (Figure 5). Even tho6igh However, in keeping with their failure to perturb the spectrum
and6d may not be the energetically most favored complexes of MeCCl, we note (see below) that THF and dioxane also exert
(Table 1), all the anisole complexes are in thermodynamic smaller effects than anisole on the reactivity of MeCClI.
equilibrium, and thesb and 6d complexes “light up” prefer- We also studied MeCCl in 1,3-dimethoxybenzene (DMB),
entially (largef) to dominate the observed spectrum. The third ith results similar to those obtained in anisole. There is a small
transition tabulated is also&(anisole)— p(carbene) charge-  additional blue shift of the MeCCI absorption in DMB to 512
transfer transition, but it involves an anisole donor orbital which nm (520 nm in aniso|e, 544 nm in pentane)_ Furthermore, a
does not interact very directly with the carbene p orbital. Hence, MeCCI/DMB complex grows in at 375 nm: snapshots of the
its energy is not so variable among the complexes and its | Fp-UV spectra at 50, 500, and 1500 ns after the laser pulse
predicted intensity is generally low. Thus, these transitions likely appear in the Supporting Information (Figure S1), clearly
contribute to the overall broadness of the band in Figure 5 but demonstrating the decay of MeCCl at 512 nm in favor of the
do not constitute a separate spectroscopic feature. new species at 375 nm.

Table 1 also presents computational results for complexes p computational study of the MeCCI/DMB complex affords
of MeCCl with benzene, THF, and dioxane. The benzene resyits similar to those described above for MeCCl/PhOMe.
complex is necessarily of the-type, whereas the THF and  Ajthough our calculations of the MeCCI/DMB potential energy
dioxane complexes a@-ylides. A troublesome mystery is the  gyrface were less extensive, several local minima around the
absence of spectroscopic signatures for MeCCI/THF or MeCCl/ perimeter of the phenyl ring were easily located; ylide-type
dioxane ylidic complexes. Experimentally, the spectrum of stryctures could be located as well. The binding energies for
MeCCl in pentaneimax at 544 nm) is unchanged in benzene, the MeCCI/DMB complexes (Table S-3 in the Supporting
THF, or 1,4-dioxane down to 26220 nm. The complexation  |nformation) are only slightly more favorable-{ kcal/mol)
energies presented in Table 1 indicate that these complexeshan those presented above for MeCCI/PhOMe. The energy
should be comparable in stability to anisole complegés differences between the various well-characterized structures
Perhaps interaction with the anisotesystem is very important  are again so small that a thermal population distribution of
for complex formation. Also, given the many potential binding  complexes should be established in solution. We find that two
sites available to the carbene when anisole is the solvent, therecomp|exes, shown in Figure 7 &g and 7b, are most likely
responsible for the spectral feature observed at 375 nm in DMB.
(23) MP2 and B3LYP results (Supporting Information) indicate that the THF 74 g a-complex with the carbene positioned above C-4, a

and dioxane ylides could be less favorable than aniSefde 6d; however, . : o
the relative destabilization is not large. highly electron-rich carbon atom because it is para to one
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Table 3. Rate Constants for Additions of MeCCl to Alkenes? its 1,2-H shift leading to vinyl chloride. Two effects of solvent
solvent Kre (M1 sy Koo (M1 571 7 (ns)? need to be considered here: a coordinating solvent should
pentane 1.8% 109 3.2x 107 312 stabilize MeCCl's singlet ground state and extend its lifetime,
anisolé 44%x 108 7.1x 106 306 whereas a polar solvent will stabilize the polar transition state
1'4-?0)(3”9 7.6x 18: 2.1x 10; 113 for the 1,2-H shift, accelerate this reaction, and decrease the
I’HZI_:DMBf,g i:?i 108 %:gi igﬁ 22?) carbene’s lifetimé&® One interpretation of the data in Table 3
1.3-DMBN 46% 107 23% 10P 637 is that abalanceof these solvent effects controls the lifetime.

Thus, dioxane and THF predominantly stabilize the transition
@At 25 °C; errors in rate constants atel0—15%." Rate constants for  state so that the MeCCl lifetime is shorter in these solvents than
additions to tetramethylethyleneRate constants for additions to 1-hexene. . t Anisol d 1.2-DMB stabilize both th d and
d Lifetime of MeCCl determined from the inverse of tientercept of the In per'1.ane. nisole and 1,2- Stabilize bo h € groun an
correlation ofkobs for the disappearance of MeCCl vs [alken@MeCCl transition states to comparable degrees, affording little change
monitored at 544 nri.MeCCl monitored at 520 nn?.1,2-Dimethoxyben- i 7, whereas 1,3-DMB preferentially stabilizes the ground state

zene." MeCCl monitored at 512 nm.1,3-Dimethoxybenzene. . . o .
y leading to a doubling of the lifetime relative to pentane.

methoxy group and ortho to the other. Charge-transfer transitions Bénzylchlorocarbene Studies of benzylchlorocarben2h)
are predicted (TD-B3LYP/6-31G(d)/PBEPBE/6-313G(d) are central to our understanding of alkylhalocarbenes. Issues

in simulated THF) foi7aatA = 391.2 nm ¢ = 0.11) andl = involving the existence of carbene/alkene complexes, the
362.8 nm ¢ = 0.09)24 7b is an ylidic complex predicted to ~ occurrence of excited diazirine rearrangements, and the inter-
absorb atl = 377.8 nm ¢ = 0.05) and afl = 357.3 nm ¢ = vention of quantum mechanical tunneling have been addressed
0.06). through this carben®.250.26

Kinetics of MeCCIl Additions to Alkenes. Given that MeCCl LFP of benzylchlorodiazirinetb®2”:28in pentane, at 50 ns

forms spectroscopically active complexes with anisole and after the laser pulse, reveals the— p absorption of PhCi
DMB, does the complexation affect the carbene’s reactivity? CCl at 576 nm, as well as a carberdiazirine ylide gb) band
We used LFP to determine the absolute rate constants for MeCClat 276-280 nm, superimposed with a second carbene absorp-
additions to TME and 1-hexene in several solvents; the resultstion?” at ~304 nm; cf., Figure 8. An expansion of the 250
appear in Table 3. 350 nm region (Supporting Information Figure S4) shows the
In anisole, the absorptions at 520 nm (for MeCCl) and at asymmetry of the 276325 nm composite absorption due to
368 nm (for complex6) are both quenched by TME with  the overlap of the latter two signals.
comparable rate constants: 4«410° and 5.1x 10®° M1 s, Parallel to the spectroscopy of MeCClI (see above, Figure 1),
respectively; cf., Figures S2 and S3 in the Supporting Informa- LFP snapshots of PhGBCI at several intervals after the laser
tion. We take this ak,qqfor the addition of MeCCl to TME in pulse demonstrate the decay of the carbene and the rise of the
anisole; it represents about a 3.8-fold decrease relatikgy§o carbene-diazirine ylide; the process is complete within 1000
in pentane. With the 1-hexene substrate, there is a correspondingis. The decay o2b monitored at 576 nm givelgps = 3.0 x
4.5-fold decrease. 10’ s71, mainly reflecting the 1,2-H shift of PhGIECI to
Interestingly, dioxane and THF generate smaller rate diminu- 3-chlorostyrene, and in reasonable agreement Witk 4.9—
tions than anisole: the decreases in dioxane (relative to pentane.7 x 107 s~! determined by the pyridine ylide meth&¥.27.29.30
are factors of 2.5 and 1.5 with TME and 1-hexene, respectively, These rate constants are not corrected for carbene loss due to
whereas with THF the corresponding factors are only 1.8 and carbene-diazirine ylide formation.
1.2. Possibly, the diminished ability of dioxane and THF to We also obtainettagqg= 4.1 x 108 M~1 s71 for the addition
modulatekaqq for the additions of MeCCl to alkenes is related of 2b to TME (Supporting Information Figure S5), in good
to the absence of spectroscopically detectable complexes of theagreement wittikagq= 6.2 x 108 M~ 5L, previously reported’
carbene with these solvents. When such complexes are observed\ote that theY-intercept of the correlation line in Figure S5 is
as with anisole, greater diminutions kayg are also seen. 2.9 x 10" s71, which again represents an approximbtefor
Larger kinetic effects are induced by 1,3-DMB, where we the 1,2-H shift of carben2b and is in excellent agreement with
observekaqg decreases by factors of 39 and 14 with TME and k,ps= 3.0 x 107 s~1 determined directly from the decay 2b
1-hexene, relative to the analogous MeCCl additions in pentane.at 576 nm.
Note that enhanced kinetic modulation does not occur with 1,2-  \ye are able to use the newly observee- p transition of

DMB, which is very similar to anisole in both spectroscopic phCcH,CCI to study its interactions with solvents. LFP of
andkaqq effects. diazirine4b in anisole leads to the spectra 26 presented in

The observed decreaseskiug evoked by anisole and 13- Figure 9. The spectrum obtained 50 ns after the laser pulse

DMB could be a consequence of the reversible formation of
MeCCI—soI\_/ent_ complexes. Alternatively, the r(_etardations might (25) (a) Sugiyama, M. H.; Celebi, S.; Platz, M. 5. Am. Chem. Sod992
reflect the kinetic advantage of a free carbene in pentane relative 114 966. (b) Merrer, D. C.; Moss, R. A; Liu, M. T. H.; Banks, J. T.;
" . . Ingold, K. U.J. Org. Chem1998 63, 3010.
to a specifically solvated and encumbered carbene in anisole(e) (a) Liu, M. T. H. Acc. Chem. Resl994 27, 287. (b) Platz, M. S. In
or 1,3-DMB. Analogous rate effects were observed for addition é?rva{‘ggeg "\‘/Clafzbene f;;;n'sﬂﬁ’““kefv U.H., Ed.; JAI Press: Stamford,
. . S , ; Vol. 2, .

reactions of halocarbene amides to TME in dioxane and THF (27) Liu, M. T. H.: Bon%%au, RJ. Am. Chem. Sod.99Q 112 3915.

i inati - (28) The extinction coefficient of diazirindb was determined as 45.4 from a
relative to noncoordmatmg Freon _1_1@'_ . i linear correlation ofA at 356 nm vs4b] from 0—0.04 M. The concentration

Another aspect of MeCCl reactivity included in Table 3 is of 4b was determined byH NMR vs an internal dioxane standard.
e lifati inh i i (29) Jackson, J. E.; Soundararajan, N.; White, W.; Liu, M. T. H.; Bonneau, R.;

the carbene’s lifetime, which is mainly governed by the rate of Platz, M. S.J. Am. Chemn. Saci989 111 6874.
(30) ky can also be determined by monitoring the decagloft 310 nm (ref
(24) The “local”o — p MeCCl transition is computed at 574.3 nrh=€ 0.04) 27), but products-chlorostyrene absorbs in the 29800 nm region.

in 7aand at 498.6 nmf(= 0.04)in7b. Following the 576 nmy — p absorption is simpler.
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Figure 8. UV —vis spectra of benzylchlorocarbene in pentane generated by LFP (at 70 mJ) of 0.012 M di#zing0, 100, and 1000 ns after the laser
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Figure 9. UV —vis spectra of carben2b in anisole, generated by LFP of 0.012 M diaziriie, at 50, 200, and 1500 ns after the 70 mJ laser pulse.

reveals that the PhCGIECI absorption has moved from 576 nm
(in pentane) to 496 nm in anisole, suggesting the formation of
a 2b—anisole complex represented generically8a#\s time

elapses, a shoulder visible at 37890 nm grows into an
absorbance at 380 nm (cf., the 200 ns snapshot in Figure 9). In

PhCH,CCI/PhOMe

8

Table 4. Rate Constants for Additions of PhCH,CCI to Alkenes?

solvent kwe (M~ s71)2 Knex (M~1s571)° 7 (ns)?
pentané 4.1x 108 6.9 x 107 33
anisolé 1.4x 108 1.2x 107 595
1,2-DMB 1.1x 10°%9 4.8 x 10°9 6419
1.1x 108h 6.1x 1080 3210

1,3-DMB' 2.3x 107 2.2x 1P 625

aAt 25 °C; errors in rate constants atel0—15%. ° Rate constants for
additions to tetramethylethyleneRate constants for additions to 1-hexene.
d Lifetime of PACHCCI determined from the inverse of tieintercept of

analogy to our results with MeCCl, we assign the 380 nm signal the correlation ofkoss for the disappearance of Ph@ELCI vs [alkene].

to a2b—anisole complex. After 1500 ns, the carbene disappears

in favor of the 380 nm species.
Analogous behavior attends the generation of P@EH in

1,3-DMB or 1,2-DMB. LFP snapshots of the 1,3-DMB experi-

e PhCHCCI monitored at 576 nni.PhCHCCI monitored at 496 nm.
9 PhCHCCI monitored at 464 nnft PhCHCCI monitored at 572 nm.

i PhCH,CCI monitored at 472 nm.

31 (1-hexene). All three solvents provid€0-fold extensions

ments appear in Supporting Information Figure S6. Complexed of PhCHCCI lifetime, from ~30 ns in pentane te-600 ns.
carbene appears at 472 nm 50 ns after the laser pulse. OveRAnisole and (especially) 1,3-DMB appear to stabilize ground
time, this signal disappears in favor of a new species, presum-state PhCHCCI by complexation and moderate its reactivity

ably an ylidic variant of8, which grows in at 392 nm. After

toward alkenes.

1500 ns the process is complete, and only the latter species is Other Carbenes. We include preliminary studies of three
Information Figure S7 additional carbenes, which demonstrate that their—> p
reveals three species 50 ns after the laser pulse: uncomplexedbsorptions can be readily acquired in solution by LFP. This

seen.

carbene at 572 nm, a Ph@ECI—1,2-DMB complex at 464

In 1,2-DMB, Supporting

will permit examination of their interactions with various

nm, and a probable ylidic complex represented by a shoulder solvents. LFP ot-butylchlorodiazirine4c®31in pentane gave
at 376 nm. With time, the two longer wavelength species decay t-butylchlorocarben@c, which displayed iter — p absorbance

in favor of the 376 nm complex, which is the only survivor
after 1500 ns.

Just as with MeCClI, the complexation of Ph{G€Cl in
anisole, 1,2-DMB, and 1,3-DMB has kinetic consequences for nitrogen matrix at 11 K3

at 544 nm; a carbenrdaliazirine ylide 6c) was also observed at

280 nm; cf., Supporting Information Figure $8Theo — p

absorbance oRc was previously observed at 570 nm in a

carbene additions to TME and 1-hexene. The results are We followed the addition of-BuCCI to TME via decay of
collected in Table 4, where we find that, relative to pentane, the 544 nm absorption as a function of the alkene concentration

anisole slows additions of PhGECI to TME and 1-hexene by

(31) Moss, R. A.; Munjal, R. CChem. Commuril978 775.

factors of 2.9 and 5.8, respectively. Somewhat larger decelera-(32) This figure shows a “composite” of the carbene- p absorbance at 50

tions of 3.7 and 1114 are provided by 1,2-DMB, while 1,3-

ns after the laser pulse and the carbediazirine ylide at greater elapsed
time (1000 ns) so that the intensities of both signals are maximized.

DMB evokes the largest retardations, factors of 18 (TME) and (33) Zuev, P. S.; Sheridan, R. $. Am. Chem. S0d.994 116, 4123.
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in pentane. From a correlation kj,sversus [TME] (Supporting the formation of carbenesolvent complexes. The kinetics of
Information Figure S9), we obtaindgyg= 3.0 x 1 M~1s! the reactions of “free” carbenes and carbene complexes can be
and, from theY-intercept at [TME]= 0, kins = 3.3 x 10° s71 directly followed; examples of the latter are provided for MeCCl
for the 1,3-CH insertion ofc to 1,1-dimethyl-2-chlorocyclo- and PhCHCCI. Particularly effective complexation is provided

propane. The latter value is not corrected for carbatiazirine by anisole and 1,3-DMB, which modulate the rates of inter-
ylide formation but is in reasonable accord wikhs = 9.3 x molecular additions of MeCCl and Ph@ECI to TME and

10° s ! obtained by analysis of pyridine ylide deéXaNote that 1-hexene. Computational studies aid in understanding the
the addition ot-BuCCl to TME in pentane is-600 timesslower carbene absorption spectra and the nature of the carisehesnt

than the corresponding addition of MeCCI (see above). Presum-complexes.
ably, the difference in reactivity is due to steric hindrance to Experimental Section

addition originating at thd,tbutyl. grlolup O3f52C" Diazirines. Diazirines4a—4ewere prepared by Graham oxidatfon
LFP of 1-adamantylchlorodiazirindd™ in pentane gave ot amidines, RGENH;)NH2HCI. Acetamidine hydrochloride (R Me)
1-adamantylchlorocarbergs which displayed iiv — p absor- was purchased from Aldrich. Amidines with R benzyl, t-butyl,
bance at 545 nm, accompanied by carbediazirine ylide5d 1-adamantyl, and cyclopropyl were prepared from the commercially
absorbing at 280 nm; cf., Supporting Information Figure $10. available nitriles (RCN) by the Garigipati proced@@he experimental
The carbene signal has been observed at 540 nm in an argomrocedure is described in detail for 1-adamantyl amidine hydrochloride
matrix at 10 K5 but not previously in solution. Correlation of  in ref 39b, and the other amidines are cited in the literatire.
kowsfor the decay of the 545 nm absorption as a function of the MthyIchIorodiazirine (4a). Acetamidini_um chloride (1.5 g) and 3
concentration of TME in pentane gakg= 1.4 x 10’ M1 g of LiCl were ad_ded to 20 mIT of DMSO in a 500 mL rour_ld-bottom
s for the addition of2d to TME; cf., Supporting Information ~ f1ask, and the mixture was sirred magnet")ca”y for 20 min &
Figure S11. This isv5 times faster than the corresponding Then, 200 mL of commercial bleach (12% by weight of agueous

" . o NaOCI, saturated with NaCl, and cooled to°G) was added with
addition oft-BUCCI but~130 times slower than the addition stirring over 30 min from an addition funnel. The reaction vessel was
of MeCCl to TME3¢

connected to a series of two traps; the first trap was cooleeB®°C;

The Y-intercept at [TME]= 0 of the correlation in Figure  the second trap was cooled to 77 K by liquid nitrogen. The reaction
S11 givesk = 4.0 x 1P s for decay of the carbene in the vessel was allowed to warm to ambient temperature as the system was
absence of TME. Product studies reveal the decay product toevacuated to 1 mm of Hg for 30 min. Most of the diazirida

be azine9, derived from reaction oRd with diazirine 4d, condensed in the second trap. The vacuum was relieved; the diazirine
was diluted with pentane or other solvent, and the diazirine solution
1-Ad-C(Cl=N—N=C(Cl)-1-Ad was warmed to 0°C. Caution. Diazirines should be considered

explosie, and preparatie operations must be conducted behind shields.
Diazirine solutionsseem to be safe.

o . . . 1H NMR (400 MHz, CDC}, 8): 1.66 (s, 3H)13C NMR (100 MHz,
probably via intermediate ylidéd. Photolysis of carben2d CDC, 0): 24.58, 45.21. UV (pentane, nm): 325, 331, 348, 358 (max).

in an argon matrix gives (‘fhloroho.moada.mantene by ring t-Butylchlorodiazirine (4c) was prepared in the same manner

expansiorf? but a thermal version of this reaction does not seem except that methanol was substituted for the DMI®NMR (400

to compete with diazirine capture @fi in pentane solution at  mHz, CDCh, 6): 0.99 (s, 12 H).23C NMR (100 MHz, CDC}, 9):

25°C. 27.03, 37.45, 50.89. UV (pentane, nm): 326, 332, 341, 348, 359 (max).
LFP of cyclopropylchlorodiaziringé€® in pentane at 23C Cyclopropylchlorodiazirine (4e) was prepared in the same manner

provided cyclopropylchlorocarbene, featuringra— p absor- as4a 'H NMR (400 MHz, CDC}, 6): 0.41-0.42 (m, 2H), 0.64

bance at 488 nm, a carbendiazirine ylide 6€) absorbing at ~ 0.66 (m, 2H), 1.58 (m, 1H):3C NMR (100 MHz, CDC4, 9): 5.13,

270 nm, and a5 — oc_c carbene signal at 248 nm; cf., i;.?54, 25.89, 49.70. UV (pentane, nm): 340, 345, 355 (all equal, max),

g;‘:}g?srtwgrlen;?;n\:gti?y%g:reeriesdlii aan:i tfjeﬁen:gf[)rif(ae:?%ge}(_ Benzylchlorodiazirine (4b). Benzylamidinium hydrochloride (2 g)

and 4 g ofLiCl were added to 40 mL of DMSO, and the mixture was
1 ,
Decay of the 488 nm absorbance gdve= 1.4 x 10° s™* for stirred magnetically for 20 min at €. Then, 50 mL of pentane was

the 1,2-C ring expansion o2e to 1-chlorocyclobutene, in 5qged. Next, 300 mL of commercial bleach (12% by weight of aqueous
reasonable agreement wig= 9 x 1(°s™, derived fromdecay  NaOCI, saturated with NaCl, and cooled t¢'0) was slowly added
of the 248 nm signai® and 6x 10° or 1.5 x 1(f s obtained with stirring over 30 min. Stirring was continued for an additional 30
by the pyridine ylide metho#f-38 min at room temperature. Then, the pentane layer was separated and
Conclusions.Contrary to implications in the literatufethe the aqueous phase was extracted twice with 50 mL portions of pentane.
o — p absorptions of alkylchlorocarbenes are readily acquired The combined pentane fractions were washed with 200 mL of ice water,
by LFP with UV—vis detection in solution at ambient temper- dried over MgS@, and concentrated on the rotary evaporator-to
ature. Specific examples include RCCI where=Rmethy/, mL. The reS|dL_Je was purified by chromatography over a short S|I|_ca
benzyl, t-butyl, 1-adamantyl, and cyclopropyl. The — p gel column, with pentane as the eluent, to give a pentane solution

. o o . of 4b.
absorptions permit direct monitoring of carbene reactions and 1, R (400 MHz, CDC4, 8): 3.33 (s, 2H): 7.27.7.29 (m, 2H)

7.37-7.41 (m, 3H).13C NMR (100 MHz, CDC}, 9): 43.74, 48.60,

(34) (a) Moss, R. A.; Ho, G.-II. Am. Chem. S0d.99Q 112, 5642. (b) Moss,

R.A. Liu, W. Chem. Commuri993 1597. 127.91, 129.03, 129.76, 132.98. UV (pentane, nm): 341 (max), 349,
(35) Yao, G.; Rempala, P.; Bashore, C.; Sheridan, ReSahedron Lett1999 356.
40, 17.
(36) The steric substituent constantstdfutyl and 1-adamantyl are compa- (39) (a) Garigipati, R. STetrahedron Lett199Q 31, 1969. (b) Moss, R. A.;
rable: Hellmann, G.; Beckhaus, H.-D.; &hardt, CChem. Ber1979 112, Ma, W.; Merrer, D. C.; Xue, STetrahedron Lett1995 36, 8761.
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1-Adamantylchlorodiazirine (4d) was prepared in the same manner identical under normal or nitrogen atmospheres. A description of the
as 4b except that methanol replaced DMS& NMR (400 MHz, laser system appears in the Supporting Information.

CDCl,, 0): 1.51 (d,J = 2.8 Hz, 6H), 1.57, 1.60, 1.65, 1.68 (3 AB Acknowledgment. We are grateful to the National Science
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361 (max).

Azine 9. A solution of diazirine4d (Ass1 = 2.0) in 50 mL of pentane Supporting Information Available: Description of the LFP
was irradiated at 350 nm in a Rayonet reactorZch at 25°C. The installation, Figures S1S13, details of the computational
reaction mixture was concentrated to 10 mL and allowed to stand for studies including optimized geometries and absolute energies
12 h. Colorless prisms of azirgeprecipitated, mp 198191 °C. GC- for complexes6a—6e (PBEPBE/6-311G(d)), complexation

MS (m/e): 392 (M"), 357, 135!H NMR (400 MHz, CDC}, 0): 1.70— energies foil6a—6e (MP2/6-31H-G(d) and B3LYP/6-31+G-

1.77 (m, 12 H), 1.981.99 (m, 12H), 2.08 (s, 6H}:*C NMR (100 (d)), electronic transition energies at the B3LYP/6-31y1d)

MHz, CDCL, 0): 28.36, 36.67, 40.33, 43.40, 151.23. level for 6a—6e at MP2/6-313G(d) geometries, and complex-
LFP Studies. All LFP experiments were conducted at 25 on 2 ation energies foi7 (PBEPBE/6-313G(d)). This material is

mL of diazirine solutions in quartz cglls. The diazirine gbsorptions Were oy ailable free of charge via the Internet at http://pubs.acs.org.
0.8 atAmax (Se€ above). Carbene signals were monitored from 50 to

2000 ns after the laser pulse. Results with MeCCl and BRCHwere JA071799I
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