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Abstract: Photolysis of 3-pyridyldiazomethane in an Ar matrix at 7—10 K gives 3-pyridylcarbene. Further
photolysis causes ring opening to nitrile ylide 26 (formonitrile pent-2-en-4-ynylide) as the major reaction
together with a minor amount of ring expansion to 1-azacyclohepta-1,3,4,6-tetraene, 27. Matrix photolysis
of 3-azidopyridine leads to ring opening to formonitrile N-cyanovinylmethylide, 33.

Introduction agents affords diazepinésand diazepinone&o in excellent
yields? These compounds are difficult to prepare by other

bené 23, 2-pyridylnitrened 5, and phenylcarbenés via ring- means, and consequently their chemical and biological properties

expanded cumulenes are basic reactions in nitrene and carben8'® litle known:®

chemistry. The understanding of carbene and nitrene rearrange- DPuring the last year we have discovered two new and
ments is important for a wide range of subjects, from synthetic fundamental phenomena in carbene and nitrene rearrangement
organic chemistry to chemistry in interstellar clodd$owever, ~ chemistry: (i) a new ring cleavage to open-chain ylide
despite extensive reviewd”and recent theoretical calculatiohs, ~ intermediates such d<, which takes place on matrix photolysis
there is still little understanding of the factors governing these Of pyrazinylnitrenell and 4-pyrimidyinitrenel4,'* and (i) a
rearrangements. Why is it that sometimes ring contraction and

sometimes ring expansion is observed? The question is important

because the ring expansion reaction is a very useful method of N N: ({"“C: NN

synthesis of azepines and diazepines: the solution photolysis [ ]/—’ ( I & P i )

of tetrazolo/azidopyridine8 in the presence of suitable trapping

The interconversions of phenylnitrerieand 2-pyridylcar-

o o 11 12
N2 CH l
X
—_ N —— N=C=NH
\ 7/ P [
1 2 3 N
15
new ring expansion of nitrenes suchX&to seven-membered
@\CSN cyclic nitrile ylide type species (e.gL7). This mode of ring
4 expansion was discovered computatioridllyfor 4-quinolylni-
. trene and the 1- and 2-naphthylnitrenes (6.6).,and subsequent
N3 : experimental evidence for its occurrence in the naphthylnitrenes
AN NN N7 will be published* Both 17 and 18 are calculated energy
= - |
X ! U X
(1) Review: Gritsan, N. P.; Platz, M. &dv. Phys. Org. Chem2001, 36,
5 5' 255

. (2) Review: Karney, W. L.; Borden, W. T. lAdvances in Carbene Chemistry
CH Brinker, U. H., Ed.; JAI Press: Greenwich, CT, 2001; Vol. 3, p 205.
(3) Evans, R. A.; Wong, M. W.; Wentrup, @. Am. Chem. Sod.996 118
4009, and references therein.
- (4) See, e.g.: Geise, C. M.; Hadad, C. M.Org. Chem2002 67, 2532, and
references therein.
(5) Kaiser, R. L.; Aswany, O.; Lee, Y. TPlanet. Space ScR00Q 48, 483.

6 7 (6) (@) Wentrup, C.Top. Curr. Chem.1976 62, 173. (b) Wentrup, C. In
Houben-Weyl: Methoden der Organischen Cheniidieme Verlag:
/R hv J 2R (/ xR Stuttgart, 1989; Vol. E19b, pp 82476
(j\ N ) o )] (7) Platz, M. SAcc. Chem. Red.995 28, 487.
=z Ns~_NH ~ HN_ _NH (8) Kemnitz, C. R.; Karney, W. L.; Borden W. T. Am. Chem. Sod.998
N” "Ng or H20 T \ﬂ/ 120, 3499.
8

(9) Reisinger, A.; Koch, R.; Wentrup, G. Chem. Soc., Perkin Trans1998
2247,
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minima, but the gain in aromatic resonance energy makes the The carbene€3 was generated and observed by photolysis

ylide 17 the most stable isomer. of the diazo compoung2 at1 > 480 nm for 60 h as previously
reportedtS® Further photolysis at > 410 nm produced a new
N: species absorbing at 1930 chin the IR and at 352 nm in the
| ' N ~n UV spectrum (Figures 1 and 2).
OO — O‘ . \ The IR spectrum is complicated due to the fact that two
= species are formed, ylide6 and allene27. Since27 is also
16 ! 17 formed from 4-pyridyldiazomethar2s (see below), its bands
*/\N Scheme 1

Y/ 7
18 1,2,3<— |l > = _
N N
The photochemical interconversion of the pyridylcarbenes has 20 2
never been well understood. While 2-pyridylcarbene and phen-

ylnitrene interconvert, and the 4- and 3-pyridylcarbenes likewise - CHN2 xCH _
interconvert, the connection between the 3- and 2-pyridylcar- U — U == {Ej}}
benes is enigmatit® N N N

22 23 24

N X =Cx =
©_>\/‘_|N/ CH {\CCEZ—(?C_CH‘—=|N\/\

AN
1 2 3 e N:C‘H
25 26 27
N | =\ ~CH CHN, CH
| _ = | _ X A
N N N | — | = |||
bz / —
N N N
We now report that a major new reaction intervenes in this 28 29 30

process, namely, the ring opening of 3-pyridylcarbene to afford

the nitrile ylide 26 can be identified. The allenic absorption is weak and gives rise

to a double band at 1810 and 1800 ¢m3-Deuteriodiazo-
Results methylpyridine22D produces a clearer IR spectrum (Figure 3),
which is almost devoid of the ring-expanded all&#D; that

is, there appears to be a differential kinetic isotope effect
disfavoring the ring expansion reaction. The excellent agreement
with the calculated spectra as well as the deuterium isotope shifts

3-Pyridylcarbene. We will describe the results with respect
to Scheme 1. 3-Pyridyldiazometha®2 was isolated in an Ar
matrix and photolyzedtar K under a variety of conditions.

(10) Le Count, D. JComprehensie Heterocyclic Chemistry ]Elsevier: New in the IR spectrum clearly identify the major species as the
York, 1996; Vol. 9, p 139. i itri i i

(11) Addicott, C.; Wong, M. W.; Wentrup, Cl. Org. Chem2002 67, 8538. acety.lemc nitrile ylldQG (Sch(_ame_ 1)' The very weak acety!emc

(12) Kuhn, A.; Vosswinkel, M.; Wentrup, Cl. Org. Chem2002, 67, 9023. CC triple bond vibration 026 is hidden under the strong diazo

(13) The parent seven-membered ring ylide correspondiig teas described - i i i i it i vigi
computationally by: Karney, W L: Borden. W. T. Am. Chem. Soc. band of 3-pyridyldiazomethane in Figure 1, but it is visible at

1997, 119, 1378, but this system is significantly higher in energy than the 1988 cnt! in the deuterated compour6D. The acetylenic

cyclic ketenimine2. _ . . .
(14) Maltsev, A.; Bally, T.; Kuhn, A.; Vosswinkel, M.; Wentrup, C.; Tsao. M.- C—H strfetchmg vibration mO\_/eS from 33:_'-9 to 2591 ¢hon
L.; Platz, M. S. To be submitted for publication. deuteration (see the Supporting Information).

(15) (a) Chapman, Sheridan, and LeRoux postulated that the link between 3-
and 2-pyridylcarbenes

(\ C=co | ~C=cHp

~CH Z\ N N
U BRI - J. Necg Nsc
N N= N~ CH H
N
19

26D 25D

was the seven-membered ring ylidic cumulet® on the basis of IR CDN (.).D
spectroscopic evidence, in particular an absorption at 1933,@nd the X 2 S
result of a deuterium labeling experiméfitc However, unstrained 2-azaal- | _ — | _
lenium ions have IR stretching frequencies similar to those of allenes, in N N

the 1900 cmi* range!>d Analogy with other strained seven-membered ring

cumulenes suggests a lowering of the frequency to the 27800 cnr?! 22D 23D
range. DFT calculatiodon several ylidic compounds similar i also l
predict cumulenic absorptions in the 1700 @mmange. At the B3LYP/

6-31G* level of theory we were not able to locate an energy minimum for

19. As detailed below, the “1935 crhspecies” 19) should now be replaced \\

by the nitrile ylide26. (b) Chapman, O. L.; Sheridan, R. S.; LeRoux, J. P. I D
J. Am. Chem. S0d.979 101, 3690. (c) Chapman, O. L.; Sheridan, R. S.; N=
LeRoux, J. PJ. Am. Chem. Sod978 100, 6245. (d) Batger, G.; Geisler,

A.; Frohlich, R.; Wirthwein, E.-U.J. Org. Chem1997, 62, 6407. 27D
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Figure 1. (@) Calculated IR spectrum of nitrile ylid#6. (b) IR difference
spectrum after irradiation of 3-pyridyldiazomethafzin Ar at 7 K atA >

480 nm for 60 h followed by, > 410 nm for 15 min; negative peaks due
to carbene?3: 1522, 1457, 991, 985, 784, 684 cinpositive peaks: 3319,
1930, 800, 786 cmt due to nitrile ylide26, and 1810, 1800, 1361, 1248,
892, 844, 722, 698, 593 crh due t027. (c) Calculated IR spectrum for
compound?7. Calculated spectra at the B3LYP/6-31G* level with abscissa
in wavenumbers scaled by 0.9613.

300 400 500 600

Figure 2. UV —vis difference spectrum of product formed on irradiation
of 3-pyridyldiazomethan@2 in Ar at 7 K, first atA > 480 nm (negative
spectrum), at = 480 nm (positive spectrum). The band forming at 352
nm is ascribed to nitrile ylid@6, and the diminishing band at 446 nm to
3-pyridylcarbene23. Heavy bars represent CAPT2 predicted excitations
for ylide 26.

Azacycloheptatetraen27 is the link between the 3- and

4-pyridylcarbeneg9 and23 (Scheme 1), and the same species

27 is also obtained on photolysis of 4-pyridyldiazometh28e

(see the Supporting Information). Moreover, a smaller amount

of the nitrile ylide 26 is also formed fron28. The calculated
IR spectra of the azacycloheptatetrae@8sand 27 are very

similar. It cannot be excluded that a small amount of the

isomeric azacycloheptatetraergd is present, but the IR
spectrum (Figure 1) is in best agreement wath The nitrile

ylide 26 can be bleached selectively with extended irradiation

A © 4

®),

e

(a)

rN"\~

1500 2000 2500

1000

500

Figure 3. (a) IR difference spectrum after irradiation of diazo compound
22Din Ar at 7 K atA > 480 nm. Negative peaks: 2069, 1589, 1485, 1427,
1355, 1340, 795, 705 cr, 22D; positive peaks: 1522, 1457, 1382, 1219,
993, 784, 683 cm' due to formation of carben23D. (b) IR difference
spectrum after subsequent irradiatiord a 410 nm; positive peaks: 2591,
1988 (vw), 1928, 796, 785 cm due to formation of nitrile ylide26D. (c)
Calculated IR spectrum of compou26D (B3LYP/6-31G* with abscissa

in wavenumbers scaled by 0.9613).

involved. The deuterated compoudD underwent analogous
bleaching to afford new bands at 2122 and 1943ascribed
to 25D.

3-Pyridylnitrene. Photolysis of 3-azidopyridin81, matrix
isolated in Ar & 7 K at 222 nm for 5min, resulted in the IR
and UV spectra shown in Figures 4 and 5.

The excellent agreement with the calculated spectra identifies
the new compound as the cyanovinylnitrile yligg(2212, 1961,
and a broad band with maxima at 683, 693, 703, and 718)m
At longer photolysis times a second rotamei38fis observed
with bands at 2216 and 1947 cfand a splitting of the broad
band around~700 cnt!. At the same time, rearrangement of
33 to a compound exhibiting isocyanide and ketenimine
absorptions is observed. This is again ascribed to the 1,7-H

- N3 S I Y

I — -

N/ N” \’3:6
~H

31 32 33

C=NH
|+
NG
34

shift!! to afford the ketenimin&4in two rotameric forms (918,
984, 2029, 2043, 2158, 3279, 3316 Th

atA > 410 nm (see the Supporting Information). The bleaching Discussion

of 26 resulted in new bands in the IR spectrum. Due to their

The spectroscopic evidence clearly identifies the product of

weakness, a rigorous assignment is not possible, but the analogyhotolysis of 3-pyridylcarben@3 as the nitrile ylide26. In

with 3-pyridylnitrene described below and pyrazinylnitrene
described previously makes it likely that a 1,7-hydrogen shift
to afford the allene25 (isocyanide band at 2122 cH) is

particular, the deuteration experiment allowed the identification
of the acetylenic €H (C—D) stretch as well as the very weak
CC triple bond vibration. A minor amount of the ring-expanded

J. AM. CHEM. SOC. = VOL. 125, NO. 30, 2003 9085
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kcal/mol) is higher than those &7 (—16.6 kcal/mol) and?
(—20.1 kcal/mol at the B3LYP/6-31G* level) (Figure 6 and
Table S1). It must be kept in mind that the reactions are
] L (@) photochemical, whereas the calculations are restricted to the

Co lowest singlet state energy surface. For clarity, the ring
expansion reactions are depicted as proceeding via bicyclic
cyclopropene intermediate&l, 24, and 30 in Scheme 1, but
none of these have been observed.

The analogous ring expansién— 7 has been the subject of
extensive theoretical calculatioh¥ and there is general
agreement that the bicyclic cyclopropene resides in a shallow
high-energy well, which makes its detection extremely difficult.
This is also true of the cyclopropen2$, 24, and30 connecting
29, 23, and2 (Figure 6).

The long-wavelength photolysid & 410 nm) of the nitrile
ylide 26 affords the azacycloheptatetraep@!®® This can in
principle take place as a direct cyclization, via the cyclopropene
500 1000 1500 2000 3'(',‘00 3500 24 and/or via reversion to 3-pyridylcarbef8 (see Scheme 1).

) o ) The slow conversion 027 to 2 (absorbing at 1895 cm) at A
Figure 4. (a) Calculated IR spectrum of nitrile ylidg8. (b) IR d'ﬁe_rence > 410 nm is expected to take place via the nonobserved
spectrum after irradiation of 3-azidopyridirsd in Ar at 7 K atA = 222
nm; negative peaks: 2142, 2101, 1482, 1477, 1430, 1311, 1237, 801, 703intermediate®4, 21, and20. The nonobservation of intermedi-
0?51331? pfsitg{g peaks: 2212{ 1961h1575d:d7_tl_ov 6|9_3 é?juet'tongggtiz%n ates is presumably a question of reaction rates. Furthermore,
o 53 (0) % iference Spectin afler adilonsl redalonat 222 the conversion o7 0.3, 2, and 1 appears 10 be a very
formation of ketenimine4. (d) Calculated IR spectrum of compougd. inefficient process, probably because the main reaction channel
Calculated spectra at the B3LYP/6-31G* level with abscissa in wavenumbers |eads to the nitrile ylide26. Although 1 and 3 were observed
scaled by 0.9613. by ESR spectroscopy¢ only a small amount of is obtained
by photolysis of the matrix containing6 and27 at 1 > 410
nm, where isomerization to the open-chain all2bés believed
to take place. Apparently, in the excited state, there is a much
higher probability of 3-pyridylcarben23 undergoing the ring
opening reaction to nitrile ylid26 than rearrangement ®and
2. Ylide 26 can return, in part, to carben23 and hence
eventually to2.

4-Pyridylcarbene29 gives rise to the same nitrile ylid26,
but interestingly with a higher ratio of ring expansion to ring
opening R7:26) than does 3-pyridylcarberiz3. Starting from
4-pyridylcarbene29, the ring-expanded allen27 has to be
formed before26 can form (Scheme 1). This indicates that
cleavage oR7 is not the only route to ylid@6; ring cleavage
of 3-pyridylcarben@3to 26 must also play a role. Furthermore,
the deuterated diazo compou@D gives mostly the nitrile
ylide 26D and very little of the allen@7D. Therefore, again, it
is most likely that the carben@3D is the main species
undergoing ring opening to the nitrile ylide. Computationally,
it is found that both 3-pyridylcarben23 and the seven-
membered ring allen27 can undergo ring opening to ylids.

. — The barriers for these two processes are virtually identical

200 300 400 500 600 (Figure 6).

Figure 5. (a) UV—vis spectrum of 3-azidopyridindl in Ar at 7 K. (b) ; ;
Product formed on irradiation &1 at A = 222 nm; formation of nitrile It should be noted that there is nothing to prevent a

ylide 33 with absorption band at 360 nm. (c) Additional irradiatior a photochemical process from giving a product that is of higher
222 nm; formation of34 and disappearance 88. Heavy bars represent  energy than the starting material, e.g., in this case ring opening
CASPT2 predicted excitations for specis of 3-pyridylcarbene to ylid&6, which is of higher calculated
cumulene27is also formed, and this is identical to the product energy than both the carbene and its potential ring expansion
formed from 4-pyridyldiazomethan28. The alternate ring- products27 and 20 (Scheme 1 and Figure 6). Such a process
expanded cumuler0 either has not been observed or is present
only as a minor component. The simplest explanation for this (16) Matzinger, S.; Bally, T.; Patterson, E. V.; McMahon, RJ.JAm. Chem.
nonobservation is that the stationary concentratior2@fis Soc.1996 118 1535. Wong, M. W.. Wentrup, Gl. Org. Chem1996 61

X ) 7022. Schreiner, P. R.; Karney, W. L.; Schleyer, P. v. R.; Bordon, W. T.;
simply not high enough. The calculated energy26f(—12.5 Hamilton, T. P.; Schaefer, H. F., l0. Org. Chem1996 61, 7030.

9086 J. AM. CHEM. SOC. = VOL. 125, NO. 30, 2003
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Figure 6. Potential energy diagram for the pyridylcarbene isomers, including transition states, at the B3LYP/6-31G* level of theory. Energies in kcal/mol
normalized to closed shell 1Ainglet carbene.

occurs in the ring opening reaction of pyridine in its Sate is protected from rearrangement by high energy barriers. The

by C—N bond scission to form a diradical on photolysis at 267 barrier to form the ylide from the nitrene (18.6 kcal/mol) is

nm.1’ also smaller than the barrier for the analogous 3-pyridylcarbene
The calculated energy profile of 3-pyridylcarbene and its ring opening (37.5 kcal/mol; Figure 6), in agreement with the

isomers (Figure 6) pertain to the carbe2fin it closed shell experimental observation th&8 is very easily formed. It is

singlet stateA’). At our best computational level (CASPT2// likely that the unobserved cyclic ketenimi@® can also undergo

CAS(8,8)/cc-pVDZ) the triplet ground state carbersA’() is ring opening to ylide33.

12.5 kcal/mol below and the open shell singlét'() is 8.8 kcal/ Ring expansion to diazacycloheptatetra8fer 41 (Figure

mol above the closed shell singlet. For phenylnitrene the lowest 7) was not observed in the matrix photolyses of 3-pyridyl azide

singlet is known to be open shelly"), which lies ca. 18 kcal/ 31 However, such species have been trapped by methoxide ion

mol above the ground state triplét\(').2 Similarly for 3-py- in solution® This is a further example to demonstrate that the
ridylnitrene, the lowest singlet is the open sh2l which is
the reference point in Figure 7. It lies 19.4 kcal/mol above the OMe
ground state triplet and 17.8 kcal/mol below the closed shell SN RoH N N N OMe
singlet {A") at the CASPT2//CAS(8,8)/cc-pVDZ level of theory \ J (I—» ( R
(see Tables S1 and S2 in the Supporting Information for details N N" R =N
of CAS(8,8), CASPT2, CCSD(T), and B3LYP calculations). 36 35 37
In the case of 3-pyridylnitren82, the only primary reaction
observed is the ring opening to the nitrile ylicR8. The same intermediates are not necessarily observed in matrix and

calculated energy profile (Figure 7 and Table S2) suggests thatsolution photolyse¥? The preferred formation &6in solution
here the nitrile ylide is of lower energy than the nitrene, and it trapping is in agreement with the lower calculated energy of

(17) Lobastov, V. A,; Srinivasen, R.; Goodson, B. M.; Ruan, C.-Y.; Feenstra, (18) Sawanishi, H.; Tajima, K.; Tsuchiya, Them. Pharm. Bull1987, 35,
J. S.; Zewall, A. HJ. Phys. Chem. 2001, 105 11159. 4101.

J. AM. CHEM. SOC. = VOL. 125, NO. 30, 2003 9087
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18.6
TS1

39

Figure 7. Potential energy diagram for the pyridylnitrene isomers, including
transition states, at the B3LYP/6-31G* level of theory. Energy values are
referenced to the open shell 1A&inglet nitrene32.

39 (Figure 7). Presumably, under matrix photolysis conditions
the equilibrium concentration 39 is too low to permit its
observation; but under solution photolysis conditions the
concentration is high enough to allow its trapping, and hence
drive the whole reaction in the direction 86 or, when the
2-position in nitrene35 is blocked,37.

The outcomes of thermal reactions of the pyridylcarbenes and
-nitrenes are quite different. Under flash vacuum thermolysis
(FVT) conditions, all the pyridylcarbenes rearrange efficiently
to phenylnitrene and then to cyanocyclopentadi@rigmilarly,

FVT of both 4- and 3-azidopyridine and tetrazolo[&]pyridine
affords mixtures of 2- and 3-cyanopyrrofés.

Conclusion

Computational Details

The energies of the relevant molecules were calculated at the B3LYP/
6-31G* and CASPT2//CAS(8,8)/cc-pVDZ levels of theory using the
Gaussian 98 suite of prograthsnd MOLCAS?* Additionally CCSD-
(T)/cc-pVDZ single-point energies were calculated for CASSCF(8,8)/
cc-pVDZ optimized geometries. The full data are presented in the
Supporting Information. The B3LYP energies of the open shell singlet
carbene23 and nitrene32 were estimated using a method described
by Cramer® The calculated energy profiles for all the pyridylcarbene
isomers in Scheme 1 and the corresponding 3-pyridylnitrene isomers
are presented in Figures 6 and 7.

The CASSCEF calculations used an eight-electron/eight-orbital (8,8)
active space to calculate all species of interestCirsymmetry the
active space was composed of'lahd 3A’ occupied and 4A virtual
orbitals. Dynamic correlation of electrons was determined by single-
point CASPT2 energies at CASCF(8,8)/cc-pVDZ optimized geometries.
Dunning'’s correlation-consistent valence basis set cc-pVDZ was used.
Excited state calculations were performed using the same active space,
and to ensure orthogonality, the CASSCF wave functions were averaged
over all excited states of the same symmetry. The CASPT2 wave
functions are described to 650% by the CASSCF wave function for
all excited states. Transition moments were calculated on the basis of
these wave functions, using CASPT2 energy differences in the
denominator.

IR spectra were calculated at the B3LYP/6-31G* level, and a scaling
factor of 0.9613 was used for frequenctés.

Experimental Section

The starting material22,2” 28,2 and 31?8 were prepared according
to the literature. 3-(Deuteriodiazomethyl)pyridi@@D was prepared
by exchange o22 with a 100-fold excess of D in the presence of a
catalytic amount of NaOM&?P The apparatus and procedure for matrix
isolation were as previously describ®d 1000 W high-pressure Xe/
Hg lamp equipped with a monochromator and appropriate filters and
an excimer lamp operating at 222 nm (25 mW#:mere used for the
photolyses.

3-Diazomethylpyridine 22 was deposited with Ar (ca 1:1000) at
22 K. IR (Ar, 7 K): 2070, 1591, 1483, 1437, 1389, 1379, 1249, 1219,
1185, 1123, 1021, 1017, 796, 767, 671, 661, 553'cm

Photolysis o22 at1 > 480 nm for 60 h produced 3-pyridylcarbene
23 with the following characteristic bands: IR (Ar, 7K): 1522, 1457,
991, 985, 784, 684 cm; UV (Ar, 7 K) Amax 446, 431, 414 nm.

Heteroarylcarbenes and -nitrenes having a substitution pattern Further photolysis at > 410 nm for 15 min produced two new

as in 3-pyridylcarbene and 3-pyridylnitrene undergo photo-
chemical ring opening to nitrile ylides. This is now seen to be
a general process, also taking place in pyrazinylnitréhes,
3-quinolylnitrene?® and 2-quinoxalylnitrené! The ring cleavage
reaction may take place in either the carbene or nitrene or in
the seven-membered ring cumulene intermediate, which is not
always observed. A different type of ring opening of het-

Yo X Yo Yo
(J—C > —(
P ! .

N b SN

NzcH NscH

X, Y=CHorN

eroarylnitrenes to vinylnitrenes takes place when structural
constraints prevent the formation of the nitrile ylidés.

(19) Wentrup, C.; Winter, H.-WJ. Am. Chem. S0d.98Q 102, 6159. Burgard,
R.; Wentrup, C. Unpublished results, The University of Queensland, 2003.

(20) Mitschke, U.; Wentrup, C. Unpublished results, The University of Queen-
sland, 2000.

(21) Vosswinkel, M. Ph.D. Thesis, The Universities of Queensland, Australia,
and Bochum, Germany, 2003.
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species:26: IR (Ar, 7 K) 3319, 1930, 800, 786 cmi UV (Ar, 7 K)

(22) Addicott, C.; Reisinger, A.; Wentrup, @. Org. Chem?2003 68, 1470.

(23) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M.

A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; Stratmann,

R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin,

K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi,

R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.;

Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K;

Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz,
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Amax 352 Nm.27: IR (Ar, 7 K) 1810, 1800, 1361, 1248, 892, 844, 722,
698, 593cm™.

Further photolysis at 410 nmifd h resulted in selective destruction
of 26 with formation of new band at 2122 crh

3-Deuteriodiazomethylpyridine 22Dwas deposited and photolyzed
analogously.

IR (22D, Ar, 7 K): 2069, 1589, 1485, 1427, 1355, 1340, 795, 705
cm,

IR (23D, Ar 7 K): 1522, 1457, 1382, 1219, 993, 784, 683 ¢m

IR (26D, Ar, 7 K): 2591, 1988 (vw), 1928, 796, 785 cfm

IR (27D, Ar, 7 K): 1802, 1795 cm'.

Bleaching of26D at 410 nm for 80 min resulted in new bands at
2122 and 1943 cnt ascribed ta25D.

4-Pyridyldiazomethane 28was deposited with Ar as above. IR (Ar,
7 K): 2076, 2070, 1596, 1386, 1222, 1206, 988, 809, 644'cm
Photolysis at 480 nm for 48 h followed by 410 nm for 3 min produced
26 and 27 with IR absorptions identical with those described above,
but with a larger proportion oR27. A spectrum is shown in the
Supporting Information.

3-Azidopyridine 31 was deposited with Ar (ca 1:1000): IR (Ar, 7
K) 2142, 2101, 1482, 1477, 1430, 1311, 1237, 801, 703'ctdV
(Ar, 7 K) Amax 245 nm with sidebands at 278, 294. Photolysis at 222
nm for 5 min afforded cyanovinylnitrile ylid83: IR (Ar, 7 K) 2212,
1961, 683, 693, 703, and 710 cHy UV (Ar, 7 K) Amax 360 nm. At
longer photolysis times a second rotameB8fappears with bands at
2216 and 1947 crt and a splitting of the broad band around00

cm L At the same time33 rearranges to a compound exhibiting
isocyanide and ketenimine absorptions attributed to the rotamers of
ketenimine34: IR (Ar, 7 K) 918, 984, 2029, 2043, 2158, 3279, 3316
cm Y UV (Ar, 7 K) Amax 332 nm.
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