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B3LYP density functional calculations with the 6-31G* basis set predict that 3-noradamantylcatbene
rearranges to adamante®@and protoadmant-3-eri over barriers of 0.35 and 7.84 kcal/mol, respectively,
after zero-point energy correction. The same level of theory predicts that 1-adamantylcarbamanges to
homoadamanteriel over a barrier of 6.06 kcal/mol after zero-point energy correction. To test these predictions,
the photochemistry of 3-noradamantyldiaziriend 1-adamantyldiaziriné was studied. Photolysis &

and 6 in cyclohexane produces the known dimers of the strained alkenes. 1-Adamantylc@rbanebe
trapped in solution with cyclohexane and piperidine. 1-AdamantylcarBeaa be trapped with pyridine to
form an ylide upon laser flash photolysis (LFP) &f3-Noradamantylcarben&cannot be intercepted with
pyridine in LFP experiments. 3-Noradamantylcarb@rig not trapped with cyclohexane and is trapped with
piperidine in only miniscule yield. The data indicates that 1-adamantylca®ené&rmed more efficiently
from its diazirine precursor than is 3-noradamantylcarb@nand that the solution-phase lifetime of
1l-adamantylcarbengis at least 10 times longer than that of 3-noradamantylcar@ene

I. Introduction successfully modeled by the calculations of Hadad and Sziémies

and their co-workers. Cubylphenylcarbene cannot be chemically

lErapped. Either it rearranges to homocubene too rapidly to permit

efficient bimolecular chemistry or it is not formed efficiently

from its diazo precursd¥? Related rearrangements are known
the parent system and with homocubylcarb&ne.

Chemists have been fascinated with bridgehead alkenes eve
since Bredt promulgated his famous rule in 192@arbene
chemists have attempted to form bridgehead alkenes from
bridgehead carbenes with considerable success, as illustrate
below with 1-norbornylcarben#.? In this case, the unstable
bridgehead alkene rearranges to form a mixture of dideutero hv?
compounds where the labels ultimately reside in two possible
positions. The analogous bridgehead nitrene-to-imine rearrange-

ment has also been studigd. %_‘t hv? %—J\ %/}\ . %
Ph Ph -~
Ph Ph

D
D
D tert-Butylcarbene (TBC) has been studied in great detail. It
Zb —_— ——>  Dimers isomerizes to trimethylethylene and 1,1-dimethylcyclopropane
* A in the gas phase and in solutithRuck and Jones have shown
H/ O

that solvent modulates the ratio of products forrked.
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S D (H) TBC has no known bimolecular chemistry because the
@D anp migration reactions traverse very small barriers and are ex-
4 tremely rapid. Armstrong et al. calculated that the reactions of

TBC surmount barriers of 3.7 and 0.1 kcal/mol to form

Wilt attempted to generate the hydrocarbon variarit fobm trimethylethylene and 1,1-dimethylcyclopropane, respectitfely.
the tosylhydrazone salt precursor but was unable to identify It can be posited that the strain developing in the bridgehead
carbene- or alkene-related produttéirmse et al. prepared the  alkene products might raise the barrier to bridgehead carbene
7,7-dimethyl derivative ol in solution and isolated the dimers  rearrangement relative to TBC, reduce the speed of the
of the strained alkenésThe Jones group preparéet; in the rearrangement, and increase the chances of detecting or trapping
gas phase and isolatded,, which arose by retro-DietsAlder the bridgehead carbenésand 8. This led us to study the
fragmentation of alken@.® This result implies that the short  photochemistry of diazirine§ and 6. These diazirines were
bond of 1 migrates selectively, a result which has been expected to provide entry to carberveand8 which are known
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to rearrange to strained alken@s11.2 Furthermore, diazirine
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precursors are convenient for laser flash photolysis (LFP), mamxdsolvent in vacuo, the crude diazirine (yellow liquid) was purified

isolation, and chemical trapping studies. Herein, we are please
to report our results.

Il. Experimental Section

General Methods.'H NMR and 3C NMR spectra were
recorded on a Bruker AC-200 MHz or on a Bruker DRX-500
MHz spectrometer. Chemical shifts are reported in ppm with
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The mixture was allowed to warm to°C and was then stirred
for an additional 30 min. A solution of freshly prepartsit-
butylhypochlorite (0.45 mL, 4 mmol) itert-butanol (0.5 mL)
was then added via syringe. For small-scale reactitars;,
butylhypochlorite was added in one portion, but for larger-scale
(10 mmol or more) reactions, the addition was performed
dropwise to prevent explosive decomposition of the diazirine.
The solution was stirred at @C for 1 h more, poured over
crushed ice, and then extracted with pentane. The combined
organic solutions were washed several times with water and
brine and then dried over sodium sulfate. After removal of the

by column chromatography on silica gel with pentane as the
eluant. The purification process was monitored by the UV
absorption at 350 nm of the fractions collected. In this manner,
0.29 g (42%) of a colorless liquid, which was pure by GC
MS, was collected. The diazirine was stored in the freezer, in
the dark, and under an argon atmosphéreNMR (CDCly):

0 0.41 (s, 1H), 1.29 (m, 6H), 1.51 (m, 3H), 1.60 (m, 3H), 1.86

tetramethylsilane as an internal standard. Infrared spectra werqm, 3H). 13C NMR (CDCk): ¢ 28.32, 29.79, 31.80, 36.94,
recorded using a Perkin-Elmer 1710 Fourier transform spec- 39 64. |R: 1588 cml. UV (pentane): max 340 and 352 nm.

trometer interfaced with a Perkin-Elmer 3700 data station—UV
vis spectra were recorded on a Milton-Roy Spectronic 3000
diode array spectrophotometer. GIS mass spectral analyses

were performed on a Hewlett-Packard 6890 GC spectrometer

with an HP-1 methylsiloxane capillary column (i.d. 10,
length 40 m, phase film thickness 0.2®n) and a HP 5973

mass selective detector. Three kinds of lasers were used to

perform LFP experiments: a Lambda Physik LPX-100 excimer
laser (308 nm, 120 mJ, 17 ns), a Lumonics TE-861 excimer
laser (351 nm, 60 mJ, 17 ns), and a Continuum PY62C-10 Nd:
YAG laser (355 nm, 30 mJ, 2 ns).

All reagents were purchased from commercial sources and

used without purification unless noted otherwise. All reactions
were carried out in flame-dried flasks under an argon atmo-

sphere. 1-Adamantanecarboxylic acid was purchased from

Aldrich. Freon-113 was purified by passage through a neutral
alumina column just prior to use. Diethyl ether, tetrahydrofuran,

and cyclohexane were distilled over sodium and benzophenone

and stored under argon. Methanol was distilled from sodium

Anal. GC-MS: [M™*] calcd for GiHi6N2, 176.1317; found, 1
peak, 176.13040.

Isolation of the Dimers of Homoadamantene (11}8
1-Adamantyldiazirines (250 mg) was dissolved in 15 mL of
cyclohexane. The mixture was photolyzed overnight at 350 nm
in a cold room at £C. A GC—MS study revealed one major
peak for the cyclohexane insertion adduct*(M 232), four
peaks (two intense and two smaller ones) for the dimers of
homoadamantene (V= 296), and other unidentified impurities.
The solution was concentrated in vacuo. The crude mixture was
purified by preparative TLC using U¥Vvis active silica plates
and hexane as the eluant. The top layer of silica was extracted
with hexane. GEMS analysis showed the presence of only
the cyclohexane adduct and the major dimers of homoadaman-
tene. It was possible to obtain a mixture of the two major dimers
by successive recrystallization from 2-propanol, but this mixture
could not be separated further. The dimers did not contain
resonances due to alkenyl carbons or protons.

methoxide. Pyridine was refluxed over potassium hydroxide and ~N-(3-Noradamantyl)piperidine 1¢). 3-Noradamantyl car-

then distilled. It was stored protected from light in a brown bottle
with potassium hydroxide under an atmosphere of dry argon.
Pentane was distilled ovep®s. Dichloromethane was distilled
from CakH and stored protected from bright light in a brown
bottle with Linde type 4 A molecular sieves and under an argon
atmosphere. Piperidine was dried by distillation prior to use.
All distillations were performed under an inert argon atmo-
sphere.

Synthesis.3-Noradamantyldiazirine5)3a ¢ was synthesized
by the method of Likhotvorik et &9 and Tae et al* Methyl
ethersl5and17*> were synthesized and had spectral properties

boxylic acid (104 mg, 0.626 mmol) in 5 mL of dicloromethane
was stirred with 258 mg (2.0 equiv) of dicyclohexylcarbodiimide
(DCC), 10 mg ofp-(dimethylamino)pyridine (DMAP), and 213
mg (4 equiv) of piperidine. The mixture was stirred for 2 h,
and the amide product was purified by column chromatography
(elution with 30% ethyl acetate in hexanes). The amide was
reduced by 24 mg (0.626 mmol) of lithium aluminum hydride
(LAH) in refluxing ether for 2 h, quenched with a 5% aqueous
sodium hydroxide solution, filtered, and concentrated. The
mixture was column chromatographed (elution with 50% EtOAc
in hexanes).The yield of the amine was 9134. NMR (500

consistent with those described in the literature. An authentic MHz, CDCk): 6 2.42 (br s, 6H), 2.16 (s, 2H), 1.97 (m, 1H),

sample of Diels-Alder adduct23 was generously provided by
Professor Jones of Princeton University.
1-Adamantyldiazirine).*® The diazirine was synthesized by
the procedure of Likhotvorik et &P 1-Adamantane carboxal-
dehyde (0.65 g, 4 mmol) was dissolved in 12 mL of anhydrous
THF. The solution was cooled to@ with an ice bath, placed

1.71-1.10 (m, 16H).13C NMR (126 MHz, CDC}): 6 67.2,
55.9, 49.1, 48.5, 43.83, 43.80, 37.4, 35.5, 26.0, 24.2. MS (El)
m/z (rel intensity): 219 (M, 18), 135 (5), 98 (100), 84 (20).
HRMS (El): [M™] calcd for GsHzsN, 219.1987; found,
219.1981.

1-Methoxyadamantanel®).t> 1-Adamantanol (0.15 g, 1

under an argon atmosphere, and protected from direct light with mmol) was mixed with 60% of NaH (0.08 g, 2 mmol) and £H

foil paper. A lithium bis(trimethylsilyl)amide (1 M) solution in
THF (8 mL, 8 mmol) was added dropwise via syringe. The
reaction mixture was stirred for 30 min afG and then cooled
to —30 °C. A solution of hydroxylamines-sulfonic acid (0.48
g, 4 mmol) in dry diglyme (5 mL) was then added dropwise.

(2 mL) in tetrahydrofuran (THF). It was stirred overnight. The
mixture was chromatographed (10% ethyl acetate in hexane).
The yield was 99%'H NMR (500 MHz, CDC}): 6 3.20 (s,
3H), 2.12 (s, 3H), 1.71 (s, 6H), 1.62 (d, 3%= 12.2 Hz), 1.57

(d, 3H,J = 12.2 Hz).13C NMR (126 MHz, CDC}): 6 71.8,
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47.7, 40.9, 36.4, 30.4. MS (Ehvz (rel intensity): 166 (M,
42), 135 (9), 109 (100), 94 (9), 79 (10).

3-Noradamantyl Methyl Ether16). 3-Noradamantyl car-
boxylic acid (0.166 g, 1 mmol) was refluxed with LAH (0.15
g, 4 mmol) in THF overnight. It was worked up using a 5%
aqueous sodium hydroxide solution. 3-Noradamanty! alcohol
was isolated by column chromatography (33% ethyl acetate in
hexane). The yield was 99%. The alcohol (0.15 g, 1 mmol)
was mixed with 60% of NaH (0.08 g, 2 mmol) and &H2
mL) in THF. It was stirred overnight. The mixture was
chromatographed (10% ethyl acetate in hexalt¢ NMR (300
MHz, CDCLk): 6 3.37 (s, 2H), 3.36 (s, 3H), 2.20 (s, 2H), 2.12
(t, 1H,J = 6.7 Hz), 1.72 (m, 2H), 1.60 (M, 8HYC NMR (75
MHz, CDCL): 6 79.9, 59.5, 49.8, 46.8, 44.1, 41.4, 37.7, 35.7.
MS (El) m/z (rel intensity): 166 (M, 17), 134 (52), 123 (37),
93 (100), 79 (74). HRMS (El): calcd forgH160, 166.1358;
found, 166.1356.

2-Methoxyadamantanel 7).1> 2-Adamantanone (0.75 g, 5
mmol) was stirred with LAH (0.19 g, 1 mmol) in ether overnight
and quenched with a 5% aqueous sodium hydroxide solution.
2-Adamantyl alcohol was mixed with 60% of NaH (0.3 g, 1.2
equiv) and CHI (2 mL) in THF and stirred overnight. The
mixture was chromatographed (10% EtOAc in hexane). The
yield was 99%1H NMR (500 MHz, CDC}): ¢ 3.33 (s, 3H),
3.32 (s, 1H) 2.01 (m, 4H), 1:91.6 (m, 8H), 1.45 (d, 2HJ =
11.1 Hz).13C NMR (126 MHz, CDC}): ¢ 83.2, 55.2, 37.6,
36.5, 31.4, 31.3, 27.5, 27.4. MS (BWz (rel intensity): 166
(M*, 18), 134 (100), 119 (23), 92 (50), 79 (36).

1-Adamantyl Acetatel@). 1-Adamantanol (0.154 g, 1.01
mmol) was mixed with acetic anhydride (0.144 mL, 1.53 mmol),
pyridine (0.165 mL, 2.04 mmol), and DMAP (20 mg) in 5 mL
of dichloromethane. The mixture was stirred foh and then
was chromatographed (20% ethyl acetate in hexat¢$YMR
(200 MHz, CDC§): ¢ 2.07 (m, 9H), 1.96 (s, 3H), 1.59 (m,
6H). 13C NMR (50 MHz, CDC}): ¢ 169.5, 79.9, 41.1, 36.0,
30.6, 22.4. MS (Elyn/z (rel intensity): 194 (M, 1), 134 (100),
119 (17), 105 (15), 92 (90), 79 (35).

3-Protoadamantyl Alcohol1©).1” Photolysis of 3-norada-
mantyldiazirine5 in neat acetic acid produced almost equal
amounts of adamantyl acetat® and protoadamantyl acetate
21. The mixture was reduced by 2 equiv of LAH and purified
by column chromatography (30% ethyl acetate in hexane). The

Tae et al.

was not degassed. The vial was exposed to 350 nm radiation
for 26 h. The progress of the reaction was monitored by
observing the disappearance of the diazirine absorption at 340
nm. The cyclohexane was evaporated to give a crude orange
mixture. The crude mixture was chromatographed on silica gel
with pentane elution. The solvent was evaporated to yietd 47
61 mg of white crystals. This mixture was sublimed for 1.5 h
at 55°C and 2.3 mmHg. This afforded 9 mg of pure cyclohexane
insertion produck4. GC—MS traces were used to estimate that
an additional 5 mg o24 did not sublime for a total of 14 mg
(11% yield).13C NMR (CDCk): ¢ 2608, 27.1, 2902, 32.6, 33.5,
36.7, 43.4, 53.1*H NMR (CDClg): ¢ 0.86-0.961 (m, 5H),
1.1 (t, 1H,J = 12 Hz), 1.25 (q, 2H,J = 12 Hz), 1.46 (td, 6H,
J=2.2,19.9 Hz), 1.561.68 (m, 11H), 0.90 (t, 3HJ = 20
Hz). MS (El) m/z (rel intensity): 232(5), 135(100), 107(8),
93(14), 79(14). The material which did not sublime also
contained 43 mg of homoadamantene dimers (28%).
1-Adamantylpiperidine25). 1-Adamantyldiaziriné (100 mg,
0.57 mmol) was dissolved in 2.1 mL of piperidine, freshly
distilled over sodium. It was exposed (without degassing) to
350 nm radiation for 26 h to provide a clear solution. The solvent
was evaporated to provide 130 mg of a yellowish oil. Preparative
TLC was performed with MeOH/C}CI, in a ratio of 1/18. The
compounds were extracted from the silica gel and chromato-
graphed again with CiCl,, and the portion of the plate not
absorbing UV-vis light provided 25 mg of the piperidine
insertion product. There was an additional 2 mg present in other
fractions estimated from GEMS for a 21% overall yield. The
major byproducts were 11 mg of homoadamantéheimers
(7%) and a 26-30 mg fraction containing azine (+1.6%).13C
NMR of 25 (CDCly): 6 8.1, 20.9, 23.7, 31.7, 34.7, 41.8, 60.3,
78.2.1H NMR: 6 1.24 (m, 2H), 1.36 (d, 6H] = 2.5 Hz), 1.49
(q, 4H,J = 5.7 Hz), 1.62 (m, 10H), 1.86 (s, 2H), 2.38 (t, 3H,
J=5.0 Hz). MS: [M+ H] calcd, 234.2144; found, 234.2149.
Chemical Trapping Studies. Constant volumes of a stock
solution of diazirine (30QuL) were added to each cuvette.
Varying amounts (6-100uL) of a trapping agent were added,
and the total volume of the solution was brought to %Q0
with the addition of solvent. All of the samples were placed in
Pyrex cuvettes (0.5 mL thin glass cuvette), and the solutions
were degassed for 2 min with a strong argon flow. The solutions
were photolyzed at 350 nm using a Ray-0-net reactor equipped

mixture of adamantanol and protoadamantanol was separatedvith 16 RPR-3500 bulbs. The experiment was performed

using MPLC.'H NMR (300 MHz, CDC}): 6 2.50-2.30 (m,
2H), 2.10-1.5 (m, 14H).13C NMR (75 MHz, CDC}): 6 79.9,
48.2,44.6,40.1, 39.4, 36.4, 33.4, 32.4, 27.8, 27.7. MSI{i&l)
(rel intensity): 191 (M, 1), 155 (2), 131 (3), 108 (100), 55
(29).*H NMR (300 MHz, CDC}): 6 2.24-2.15 (m, 2H), 2.07
1.27 (m, 14H)C NMR (75 MHz, CDC}): 6 79.6, 48.0, 44.4,
39.8, 39.2, 36.2, 33.2, 32.1, 27.6, 27.5.
3-Protoadamantyl-p-nitrobenzoate2(@). 3-Protoadamantyl
alcohol (30 mg) was mixed with 0.2 mL of pyridine, 50 mg of
DMAP, and 100 mg ofp-nitrobenzoyl chloride in 2 mL of
dichloromethane. The mixture was refluxed foh and then

overnight in a cold chamber at 4. The temperature inside
the reactor was approximately 16. The yields of the products
obtained upon decomposition of the precursors were measured
by integration of the peaks obtained in the GC spectra. The
compounds were identified by comparing their mass spectral
fragmentation patterns and NMR spectra with data from the
literature or from authentic samples. In a typical experiment, a
stock solution of diazirine in cyclohexane was prepared with
an optical density of 1.8 at 355 nm. The stock solution of
diazirine (10QuL) was placed into several cuvettes. A different
volume of the same trapping agent was added to each cuvette

chromatographed (10% ethyl acetate in hexane). The yield wasand the total volume adjusted to 200 with solvent (cyclo-

72%. Mp: 182-184°C.H NMR (300 MHz, CDC}): ¢ 8.25
(d, 2H,Jag = 8.7 Hz), 8.16 (d, 2HJag = 8.7 Hz), 2.55-1.35
(series of m, 1H). 13C NMR (75 MHz, CDC}): 6 164.2, 150.5,

hexane).

LFP Experiments. The LFP spectrometer has been de-
scribed!® In all of the LFP experiments, the sample cells were

137.5,130.7, 123.6,91.5, 46.2, 41.7, 39.8, 39.1, 35.8, 33.1, 27.6 fitted with a rubber septum, and the solutions were deoxygenated

27.4,26.7. HRMS (EI): calcd for £H19NOy4, 301.1314; found,
301.1315.

1-Adamantylcyclohexan@4). 1-Adamantyldiazirine (100
mg, 0.57 mmol) was dissolved in 2.1 mL of cyclohexane
(freshly distilled over sodiumhia 3 mLglass vial. The solvent

by passing a stream of argon through the sample for 2 min.
The diazirine solutions utilized in LFP studies were contained
in quartz cells for excitation at 308 or 351 nm. The cells were
fabricated from square tubing purchased from VitroDynamics.
Excitation with the Nd:YAG laser required Suprasil quartz
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fluorescence-free static cells purchased from Scientific products.
An almost perfectly flat surface as in this type of quartz cell
results in the minimum scattering of laser light. Low-temperature 8
LFP experiments were performed using a fluorescence-free cell  _
in a variable-temperature sample holder and a NESLAB RTE-
110 proportional temperature controller to regulate the temper-
ature. )
Stock solutions of diazirines were prepared just prior to the ,
LFP experiments. For experiments with the Nd:YAG laser, the I
different samples prepared had an absorbance close to 1.5 at™ 7]
355 nm. For those experiments performed with the excimer -4 -
lasers, the absorbance of the samples was close t600/5at
308 or 351 nm. The pyridine trapping agent was purified by
distillation and stored over KOH pellets in a dark-brown bottle. -8~
Constant volumes (356L) of stock solutions of diazirine were -40 -
placed into each cuvette. Varying amounts-{®0 uL) of
pyridine were added. The total volume of the solution was
maintained constant at 50 with the addition of solvent. 4=
Matrix Isolation Spectroscopy. The colorless adamantyl-
diazirine 6 was placed in a U-shaped tube submerged in an
acetone bath kept at25°C. The tube was connected to a closed Figure 1. Relative energies of singlet 3-noradamantylcarb@ne
cryogenic system cooled by helium (purchased from Air adamanten®, and protoadamant-3-ed® and the barriers to carbene
Products). Argon gas was flowed over the sample, and the rearrangement calculated at the B3LYP/6-31G* level.
resulting gaseous mixture of diazirine and argon was deposited

10 — E, Kcal/mol

4 —

2| s
—

onto the surface of a Csl window. The argon matrix was 8
maintained at 14 K during the entire experiment. Ray-o-net I P
lamps (254 and 350 nm) were used to photolyze the sample in TS
the argon matrix. After exposure to light for a specified period 47 i ;
of time, both the IR and UVvis spectra were recorded. The 2 .
UV —vis spectrum was measured with a Lambda 6-tNé 0o —
spectrophotometer and the IR spectrum with an FTIR 2000 T singletd
Perkin-Elmer spectrometer with 2 ciresolution. 7 i

Calculations. All calculations were performed using the 347 S \J;,
Gaussian94 suite of progratfisvailable on four workstations 36~ S =
in the Chemistry Department computer room. Other software, £,

such as Spartan and Molecule, were also used during this study. T 0\?’.’ ‘i'@:s ®
The geometries of the carbenes and olefinic products were ™~ ! ¢
fully optimized at the density functional level of theory B3L%P -42 -
using the 6-31G* basis séf; symmetry was maintained during -
the optimizations. All of the stationary points were confirmed
by harmonic-frequency calculations. The transition state in-
volved in the rearrangement of the bridgehead carbene to theFigure 2. Relative energies of singlet 1-adamantylcarb@and
alkene product was found to have one imaginary frequency. homoadamantenktl and the barrier to their interconversion calculated
For the modeling of the electronic spectra obtained during matrix at the B3LYP/6-31G* level.
experiments, the geometries optimized with the B3LYP/6-31G*
level were employed. The IR analysis was based on the B3LYP/
6-31G* level of theory. Modeling of the electronic spectra
obtained in matrix isolation experiments was based on the
INDO/S method of the ZINDO progra#.

-46 =

level calculations of Armstrong et al. [QCISD(T)/6-8G-
(2d,p))/IMP2/6-31G(d)-ZPC calculations? indicate that the
singlet and triplet states of TBC are very close in energy, with
the triplet state of TBC believed to be favored by 2 kcal/
mol. We make no prediction of the ground-state multiplicities

Ill. Results of 7 and8 but expect that the singletriplet gap will be small

I1l.1. Computational Chemistry. Calculations were per- in these carbenes and that rearrangements will proceed via the
formed at the density functional B3LYP/6-31G* levels of theory singlet states of carben&sand 8.
(DFT). We optimized the geometries of carberfeand 8 in DFT calculations indicate that the energy barrier to rear-

their closed-shell singlet states and the geometries of therangement of singlet 1-adamantylcarbehes 6.06 kcal/mol.
transition states that correspond to the rearrangements of thes@hus, theory predicts that the singlet state of this carbene should
carbenes to the requisite strained alkenes. The stationary pointde sufficently long-lived to be detectable by LFP experiments.
were verified by harmonic-frequency calculations. This dem- The only bridgehead alkene formed upon ring expansion of
onstrated that all minima had positive frequencies and that the 1-adamantylcarber(homoadamant-3-erfel) contains drans
transition states had only one imaginary frequency. The resultscycloheptene ring structure. 3-Noradamantylcarbéoentains
are summarized in Figures 1 and 2. two carbon-carbon bonds which can migrate to the carbenic
This level of theory (B3LYP/6-31G*) does a poor job of center. Calculations predict that the kinetic product is adaman-
computing the singlettriplet separations of carberféand thus tene9 formed over a 0.35 kcal/mol barrier. Protoadamant-3-
was not used to study the triplet states’adnd8. The higher- ene 10 is 11 kcal/mol more stable than adamanténeThe
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SCHEME 1 SCHEME 2

350 nm 254 nm 350 nm «
@% 14K 14K NyN N,/N
=N N, N, 5 / S'l
6 2 1
H oo N
H fast piperidine
thermodynamic product of rearrangement of 3-noradamantyl- @ * @ B @\/ e @\/
14

carbene’ (protoadamant-3-en0) is formed over a barrier of ,
7.84 kcal/mol. Thus, theory predicts that the short bond will

migrate, in good agreement with previously reported experi- l % m
mental and computational work on related bridgehead car-

benes.” Calculations predict that 3-noradamantylcarb@riike

TBC,*2 will be too short-lived to be detected by LFP experi- Dimers e\
ments. Carbocations behave in exactly the same way as the
carbenes of this work, because it is the short bridge that migrates

when there is a choic®. _ performed additional CIS and CISD calculations on the ground
Th.e IR and UV-vis spectra _of thg strained alkengs Were  state of homoadamanterd using SCF MOs by the INDO/S
predicted by theory as described in the next section. The method with the ZINDO prograr The strong absorption band
corresponding matrix spectroscopic data for adamarferel observed at 277 nm is due to electron promotion fronvthe
protoadament-3-enk0 have been reported previousfy. the z* orbitals of the G=C bond of homoadamant-3-ene with
I11.2. Matrix Isolanpn Spectroscopy. 1—Adalmantyld|.a2|r|ne an oscillator strength of 0.241. Thus, the changes in the UV
6 was evaporated directly onto a cold Csl window with a large  spectrum induced by photolysis of 1-adamantyldiazomethane
excess of argon. The 14 K matrix spectra exhibited IR and-UV' 12 iy argon are also consistent with the formation of homoada-

10 9

5

vis bands characteristic of 1-adamantyldiazirte mantenell in the matrix.
_ The IR spectrum of 1-adamantyldiazirirge contained an We have previously reported that the photolysis of 3-norada-
intense band at 1588 crh assigned to the ®N bond. mantyldiazirine5 in argon at 14 K produces adamantéhes

1-Adamantyldiazirine6 also had two maxima in the UV jgentified by IR and U\-vis spectroscopy and upon comparison
spectrum at 342 and 350 nm. Photolysis of 1-adamantyldiazirine o5 oy spectra with the literatudé. The strained alkenes
6 at 350 nm led to a decrease in the intensity of these bands,;qamantens and protoadamant-3-eri® can be photochemi-
which were replaced by a set of new absorption bands. We c4|ly interconverted in argon at 14 ¥.Much earlier studies
observed the appearance of a broad band at 250 nm in the UV},54 previously demonstrated that adaman®ii formed by
spectrum and a band at 2100 chin the IR spectrum. These rearrangement of 3-noradamantylcarb@me®

bands were assigned to diazo compoti&¢Scheme 1), formed l1.3. LFP Studies. LFP of 3-noradamantyldiaziring in

by isomerization of the cyclic diazirine to its linear isomer. pentane or benzene produces adamar@eigax = 325 nm)L4
Subsequent photolysis of the diazirine at 350 nm led to an | Fp of 3-noradamantyldiaziring in the presence of pyridine
increased yield of the diazo compound and the complete g5 to produce the transient spectrum of a carbemgidine
disappearance of the bands characteristic of the diazirine moietyy"de_ Either the carbene is not formed efficiently upon
in both the IR and the UV spectra. Continuous irradiation of photolysis of 3-noradamantyldiazirir or it rearranges too

the diazo compound with 254 nm light generated a new band rapidly (- < 10 ps) for capture by pyridine (Scheme 2).
at 1630 cn! in the IR spectrum and a band at 260 nm in the

UV spectrum. The spectra are given in the Supporting Informa- H
tion. Martella et af* have reported that strained alketie(also
formed by the rearrangement of 1-adamantylcarl®res an s v, oN T @
IR transition at 1610 cmt. Density functional theory predicts N N,
that homoadamanterl will have a carbor-carbon double ¢ \ ) 9

bond stretch at 1644 cri. Thus, IR spectroscopy supports the \

formation of homoadamanteril upon photolysis of 1-ada- . H NN
mantyldiazomethan#&2 in argon, in accord with our expecta- g—/ - @
tions based on literature repoftslt was not possible to )

confidently assign other vibrational bands of homoadamantene 7
11in the matrix because of low signal to noise.

There was no IR evidence for the presence of persistentbi
1-adamantylcarbertin argon. Yao et af> were able to detect
adamantylchlorocarbene and its rearranged product chloro-
homoadamant-3-ene upon photolysis of the appropriate diazirine
precursor. The chloro substituent stabilizes the carbene which
allows its direct detection in an argon matrix.

Rearrangement ob* (or a related diazirine ring-opened
radical) to adamanten@in concert with nitrogen extrusion
would not be surprising. We have come to similar conclusions
with cyclopropy?” and homocubyldiazirinek.

LFP of 1-adamantyldiaziriné in pentane fails to produce a
UV —vis active transient. In the presence of pyridine, however,
LFP of 1-adamantyldiaziriné produces the transient spectrum

a shown in Figure 3.
@_f‘\ o @—/ . ﬁ “ The transient is formed faster than the resolution of the
=N Argon. 10K spectrometer (Figure 4). The yield of the ylide is not influenced
by the presence of oxygen. The yieldy) of ylide 13 is

Excited-state calculations were performed with the B3LYP/ dependent on the concentration of pyridine (Figure 4). A plot
6-31G* geometries in an effort to provide a picture of the of 1/A, versus 1/[pyr] is roughly linear (Supporting Information).
excited-state electronic structure of the strained alkene. We alsoDivision of the intercept by the slope of this plot givies/rr,
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Figure 3. Transient spectrum of the pyridine ylide produced by LFP
of 1-adamantyldiazirin@® in pentane at ambient temperature.
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Figure 4. Optical yield of the pyridine ylide formed upon LFP of
1l-adamantyldiaziriné as a function of pyridine concentration.

wherert is the lifetime of 1-adamantylcarbe®an the absence
of pyridine andkevr is the absolute rate constant of the reaction
of 1-adamantylcarben@ with pyridine. If keyr = 1.0 x 10°
M~1s71 asis commonly observédone can deduce lifetimes

of 1-adamantylcarbene of 1.5 ns in cyclohexane and 2.5 ns in

cyclohexaned;,. These results demonstrate that the lifetime of
1l-adamantylcarbengin the alkane solvent is limited, at least

in part, by reaction with the solvent. This conclusion will be
confirmed by product analysis (vide infra).

The ylide yield can be reduced in the presence of typical

carbene quenchers such as methanol. A St€oimer analysis

of the quenching of the ylide can be used to obtain the rate 10
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The other product was neithet6 nor 17, established by
comparison with authentic samples.

OCH,
CH,
OCH,

15 16 17

Carbenes react rapidly with alcohols to form ethers. Thus,
the absence of6 in the product mixture is consistent with an
extremely rapid carbene rearrangement or direct formation of
adamanten® from the excited 3-noradamantyldiazirine precur-
sor 6*; Scheme 2).

We have not identified the second methyl ether but speculate
that it is the product of the trapping of protoadamant-3-&be
based on our work with acetic acid (vide infra).

Alkene dimers are observed upon photolysis of 3-norada-
mantyldiazirine5 in methanol. Methanol is obviously only a
moderately effective trap of adamantehe{on = 8.4 x 10*
M~1s71).14 Acetic acid traps adamanteBever 150-fold faster
than does methanolkdn.coon = 1.4 x 10/ M~1 s71)14
Photolysis of 3-noradamantyldiaziriben neat acetic acid yields
two isomeric adducts. No alkene dimers were formed in the
more reactive solvent. One product was quickly identified as
acetatel8, the product expected from trapping adamant@ne

N -
\N 350nm Acetic acid ﬁ) + isomer
OCCH,
H
5 9 18

The mixture of acetates formed on photolysis of 3-norada-
mantyldiazirine5 was reduced with LAH, and the resulting
mixture of alcohols was separated by chromatography.

NO,
OoH
o]
19 20

The NMR spectrum of one of the alcohols was identical with
that reported for 3-protoadamantari®l.'® A crystal structure
of the p-nitrobenzoyl derivative20 confirmed the structure
(Supporting Information).
From these results, one can posit that protoadamant-3-ene
is formed along with adamanterfe upon photolysis of

constant for the reaction of adamantylcarbene with methanol. 3-noradamantyldiaziring in acetic acid and is trapped to give

A plot of Aj¥Ay versus [CHOH] is predicted and found to be
linear with a slope okg/kevr[pyr] (Supporting Information).
Assuming agaiff thatkeyris 1 x 10> M~1 s~ and with constant
[pyr] = 2.47 M, 1-adamantylcarber2was found to have a
rate constant of reaction with methatgl=6 x 1° M~1s,
111.4. Chemical Trapping Experiments. 1-Noradamantyl-
carbene. Photolysis of 3-noradamantyldiaziring in either

21

% Acetic acid %OCCH:;
21

10

If the calculations are even approximately correct that relaxed

cyclohexane or benzene leads to products which have propertiegy_noradamantylcarberfehas a strong kinetic preference for the
consistent with the previously described dimers of strained fqgrmation of adamanteng (AAE. ~ 7.5 kcal/mol), then the

alkenes® and10 (Scheme 2%:524The dimers lack vinylic proton
resonances in their NMR spectra and have the expedted

result in acetic acid indicates either that protoadamant-3-ene
10 is formed from a rearrangement in the excited state of

ratios and fragmentation patterns of strained alkene dimers.3_noradamantyldiaziriné or that adamanter@and protoada-

Carbene-benzene and carbeneyclohexane adducts, if formed,
were produced in no more than trace quantities.

Photolysis of 3-noradamantyldiazirire in neat methanol
produced two methyl ethers, one of which was positively
identified as 1-methoxyadamantalf a product expected from

mant-3-en€el0 interconvert in the presence of an acid catalyst.
Acetate22, which would arise from trapping 3-noradaman-

tylcarbene?7, was not observed. This is further evidence for

either a very short lifetime of 3-noradamantylcarb@ra that

it is simply not formed upon photolysis of 3-noradamantyldiaz-

trapping adamantene, by comparison with an authentic sample.rine 5. These conclusions are tempered by the possibility of
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SCHEME 3 of piperidine reduces the yield of both homoadamantehe
. dimers and carbenecyclohexane addu@4 (Supporting Infor-
@—_Q mation), as predicted by Scheme 3.
A \// The absolute yield of the piperidine adduct derived from

trapping 1l-adamantylcarber@eis at least 10-fold larger than
the yield of piperidine adduct derived from trapping 3-norada-
mantylcarbend.

H . .
H
350 @_/ . / o i IV. Discussion
N.,N =

" On the basis of numerous previous reports, we were confident

6 8 \kpip that photolysis of diazirine$ and 6 would produce strained
/ bridgehead alkené’s?26 Again, given so much experimental
@—CHZ_m CHN—\ and theoretical precedent, we expected that the 3-noradaman-
tylcarbene7 would prefer to migrate the short€C bridge bond
24 25 to form adamantene rather than to migrate a long bridge to form

protoadamant-3-enk0.2- 726 B3LYP density functional theory
calculations indicated that the preference is substantial. The
calculated barriers to rearrangement of 1-noradamantylcarbene
7 to adamanten® and protoadamant-3-ed@ are 0.35 and 7.84

protonation of 3-noradamantylcarbenéor of the diazo isomer
of 5) followed by fast cationic rearrangement.

O
%cwo—c{cﬁ} kcal/mol, respectively. The low barrier of 3-noradamantylcar-
bene7 rearrangement to form adamantehes reminiscent of
2 the low barrier (0.1 kcal/mol) to rearrangement of TBQ he

thermodynamic product of carbene rearrangement (protoada-
mant-3-enel0) is not the kinetic product of rearrangement
(adamanten®). 1-Adamantylcarben8, on the other hand, is
predicted to surmount a barrier of 6.06 kcal/mol to form
homoadamantenkLl The key question of this work is whether
3-noradamantylcarberreor 1-adamantylcarber& unlike TBC,
is sufficiently long-lived to be detected by chemical trapping
or by LFP methods.

LFP of 1-adamantyldiazirin® in the presence of pyridine
m produces a carbergyridine ylide; LFP of 3-noradamantyl-
diazirine 5 under the same conditions does not. LFP of
3-noradamantyldiazirin® produces adamantene as the only

Photolysis of 3-noradamantyldiazirien piperidine, where ~ Species detectable in LFP experimetitStraightforward analy-
cation formation is unlikely, leads to the formation of adduct Sis of the pyridine ylide data yields a lifetime for 1-adaman-

To avoid cationic rearrangements, 3-noradamantyldiazirine
5 was photolyzed in the presence of butadiene. Photolysis of
3-noradamantyldiaziring in benzene containing 1,3-butadiene
(273 K) produced five adducts. The major add@8t formed
by a Diels—-Alder reaction of adamanter® was identified by
comparison with an authentic sample kindly provided by
Professor Jones of Princeton University.

23

14 (Scheme 2) in only trace quantities 1%). tylcarbene8 of 1.5 ns (cyclohexane, ambient temperature),

1-AdamantylcarbenePhotolysis of 1-adamantyldiaziring assuming that the absolute rate constant of the reaction of
in cyclohexane leads to the formation of carbeselvent adduct ~ carbene with pyridine is & 10° M~ s™%. This is a longer
24in 11% yield and dimers of homoadamantelie(Scheme lifetime than that of perdeuteriomethylcarbene (0.5 ns) but a
3) in 28% yield. This confirms that 1-adamantylcarbeéhis shorter lifetime than that of &rt-butylcyclopropylcarbene (15
produced upon photolysis of 1-adamantyldiaziréehat it is ns) under similar conditior®.

sufficiently long-lived to undergo bimolecular chemistry (in ~ Continuous photolysis of diazirinégsand6 in cyclohexane
contrast to TBC), and that its lifetime of 1.5 ns in cyclohexane produces the dimers of adamant@end homoadamantens,
is, in part, limited by reaction with solvent. respectively. An adduct of 1-adamantylcarbeéhand cyclo-

The mass spectra of all isomers of the dimers have base peak$iexane is formed in addition to the alkene dimers. This indicates
atm/z 296 (M*) and strong peaks a/'z = 239 and 135 with that the lifetime of 1l-adamantylcarbei®ein cyclohexane is
different intensity ratios for different isomers. The mixture of controlled, at least in part, by reaction with the solvent.
dimers, isolated as a white solid by successive recrystallization The yield of cyclohexane adduct and the yield of homoada-
with 2-propanol, yielded two major products. The dimers did mantene dimers decrease in the presence of piperidine, which
not have vinylic resonances in their proton or carbon NMR traps the 1-adamantylcarbeBegenerated upon photolysis of
spectra. Our results with the dimers of homoadamantene mimic1-adamantyldiaziriné. A plot of the yield of the 1-adaman-
those of earlier workerg>17 tylcarbene-piperidine adduct/homoadamanteb# dimers is

1-Adamantyldiazirines was photolyzed in a 1/1 mixture of linear. This indicates that some homoadamantene is formed by
cyclohexane/cyclohexarsh,. The ratio of cyclohexane to  rearrangement of the trappable carbene and not exclusively from
cyclohexaned, adduct is equal to 1.3 by GEMS. The C-H/ the excited state of diazirine precurgdr
C-D insertion ratio is very similar to the isotope effect on Continuous photolysis of 3-noradamantyldiaziriben cy-
carbene lifetimes measured during the LFP experiments usingclohexane, methanol, or acetic acid fails to produce an adduct
pyridine as a kinetic probe. of 3-noradamantylcarbeng although in every solvent, evidence

Photolysis of 1-adamantyldiazirin€é in neat piperidine for the presence of adamantene can be obtained. Photolysis of
produced the insertion addu2b (Scheme 3) in 21% isolated  3-noradamantyldiaziring in piperidine forms an adduct in very
yield. As expected from Scheme 3, the yield of add@bt low yield (<1%). Either 3-noradamantylcarbenés not formed
increases with increasing concentration of piperidine in cyclo- upon the photolysis of 3-noradamantyldiazirier it rearranges
hexane (Supporting Information). Increasing the concentration very rapidly ¢ < 50 ps). The deduced lifetimes of 3-norada-
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mantylcarben& and 1-adamantylcarbeeare consistent with

J. Phys. Chem. A, Vol. 105, No. 44, 20010153

is much longer lived than either TBC or 3-noradamantylcarbene

the rearrangement barriers predicted by DFT calculations. We 7, neither of which can be trapped with pyridine in LFP

propose that substantial amounts of adamangar formed

experiments. 3-Noradamantylcarberiecan be trapped with

by a rearrangement in the excited state of the 3-noradamantyl-piperidine but in only trace quantities. The data indicates that

diazirine precursor%t).
H A H
S — T e
N7 N=N
5" .major 7

. i
A

3-noradamantylcarberiehas a lifetime in cyclohexane that is
less than 50 ps. The data also indicates that 3-noradamantyl-
carbene? is formed very inefficiently from 3-noradamantyl-
diazirine 5. The data is consistent with the rearrangement in
the excited state of 3-noradamantyldiazirkyeoncurrent with

the loss of nitrogen to efficiently form adamante®ewithout

the intermediacy of 3-noradamantylcarbehe

Supporting Information Available: Computational chem-
istry data, UV~vis, IR, and mass spectra for the carbenes. This
material is available free of charge via the Internet at http://
pubs.acs.org.

Several diazirine excited-state rearrangements have been

recently postulate®?* The most relevant and convincing
precedent can be found with homocubyldiazirffrn€hen et al.
demonstrated that photolysis 26 leads to homocuberZ? and

not homocubyliden®8 as the first trappable intermediate. In
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