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On the basis of density functional calculations, the isomerization of skipped azaenediynes (C-alkynyl-N-propargylimines) to azaenyne allenes
and subsequent rapid aza-Myers—Saito cyclization to a,5-didehydro-3-picoline were predicted. We prepared the N-propargylimine of 1-phenyl-
3-tri(isopropyl)silylprop-2-yn-1-one, which undergoes proto-desilylation and isomerization to an azaenyne allene when treated with
tetrabutylammonium fluoride. In the presence of 1,4-cyclohexadiene, this azaenyne allene affords 6-phenyl-3-picoline and other products

corresponding to the trapping of an a,5-didehydro-3-picoline diradical.

The thermal cycloaromatization reactions of enediyaesl

on facility of the cyclization and the nature and reactivity of

enyne allenésare of particular importance as a result of both the intermediates involvedlAll of the heteroatom-substituted
the involvement of these cyclizations in the DNA cleavage enyne allene analogues examined to date (Scheme 1) involve

mechanism of a large group of nat$rahd designeticyto-

heteroatom substitution on the allene or yne termini of the

toxic compounds and the potential synthetic usefulness of system, including enyne ketefi¢s, X = CH, Y = O), enyne
these cyclizations, particularly when coupled to free radical ketenimine% (1, X = N, Y = CR'R"), and enyne carbodi-

cyclization cascadesAn aza-variant of the cycloaromati-

imides (1, X =N, Y = NR'), which undergo cyclizations

zation of enediynes has been reported, which involves aza-analogous to the Myers—Saito or Schmittel cyclizations of
substitution of the internal ene double bond of the enediyne. enyne allenes 3@) to generate diradical or zwitterion

In this case heteroatom substitution has a profound impact
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Scheme 1. Previously Reported Heteroenyne Allenes and
Azaenyne Allenes Derived from Skipped Azaenediynes
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intermediates (Scheme 1), and 2,4,5-hexatrienenitfles,
which do not undergo intramolecular thermal cyclization.
The ability of diradical-generating heteroenyne allenes to
participate in DNA cleavage chemist?yor cascade cycliza-
tion reaction%°1%3provides an impetus to study previously
unexplored members of this class of compounds.

stable than the corresponding skipped azaened®ngdy
12.0 and 7.3 kcal/mol, respectively, supporting the proposed
isomerization. There is only a small predicted energy dif-
ference between the less stabfg-{mine isomers3b,c and

the correspondingg)-isomers (0.1 kcal/mol). Even for the
aldimines3b,c (X = N, R' = H), the (2)-isomers required
for cyclization should be thermodynamically accessible, and
in the case of ketimine8 (X = N, R' = H, e.g.,3d), the
reactive imine isomers (corresponding #©)-3b,c) should
predominate.

The results of (U)B3LYP/6-31G* calculations (Table 1)
indicate that the proposed aza-Myers—Saito cyclization of
azaenyne allengb has a slightly lower predicted barrier and
is slightly more exothermic than the MyerSaito cyclization
of 3a. In both cases, the resulting singlet diradi¢=l® is
much lower in energy than the closed-shell singlet zwitterion
4+ A non-C-symmetric closed-shell singlé& lower in
energy thard+ was found for both the MyersSaito case,
as had been previously noted by Squifesd Carpentet®
and the aza-MyersSaito casé® These results lead to the
prediction of a facile aza-MyetsSaito cyclization of aza-
enyne allenes that may afford products derived from both
diradical and ionic reaction pathways. The aza-Schmittel
cyclization of 3b is predicted to be much more facile than
the Schmittel cyclization 08a, and although the aza-Myers
Saito cyclization is predicted to be favored over aza-Schmittel
cyclization of3b, the difference between the two pathways
is much smaller than in the enyne allene c#se. accord
with previous computational studies of the Mye&aitd®2+23
and SchmittéP-2%-23¢cyclizations, the transition statdS1b
and TS2b have little diradical character, indicating that
crossing to an open-shell surface occurs after these transition
states.
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Here we report our computational and experimental studies

of the thermal rearrangements of azaenyne alléesd

derived from rearrangement of skipped azaenediynes

2b—d. We present evidence for an intermediet&-dide-
hydro-3-picoline diradical 4d*) derived from 3d and
computational studies that support the observed facility of
this aza-Myers—Saito cyclization and shed further light on
the effect of aza-substitution in this system.
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Table 1. Calculated Energies for MyersSaito and Schmittel Cyclizations 8a,b?

series TS1 s4b t4ec 444 5 TS2 S6*P t6c
a 26.3¢ (23.3 £ 0.5)f —11.6 (—13.5 £ 4)9 —10.2 20.9 0.1 34.58 13.1 10.5
b 23.2¢ =154 —14.0 16.5¢ —2.6 27.7¢ 7.3 5.2

a(U)B3LYP/6-31G* energies with zero-point correction relative to the lowest ensrggins conformer of £)-3 in kcal/mol.? Open-shell singlet Triplet
diradical.® Closed-shell singlet witiCs-symmetry enforcect One imaginary frequency Experimental data from ref 28 Experimental data from ref 18.

The skipped azaenediyifevas prepared by the condensa- which aldehyde3 could be isolated (ca. 2% yield). Solutions
tion of 1-phenyl-3-(triisopropylsilyl)-propynofewith excess of 3d in 1,4-cyclohexadiene (1,4-chd) were allowed to stand
propargylamine in the presence of titanium(IV) ethoxide at4°C for 8 h (TLC monitoring) to afford a complex mixture
(Scheme 2). When desilylation @fto 2d was carried out  of products that included 6-phenyl-3-picolife(20%) and
a mixture of cyclohexadiene adduda,b(17%,~1:1 ratio),
which were characterized as the reduced proddct

Scheme 2 The formation of8, 9, and10a,b are all commensurate
CHO with the intermediacy of the previously unreportegh-
Q J\@/ didehydro-3-picoline diradicald™. Rapid cyclization of3d
Ph)\ PR NS to diradical4d (compare Myers cyclization @a with ty/,
- TIPS 8 P of 20.5 h at 39°C) 22 followed by hydrogen atom abstraction
i(OEt), o cDCl Ph . . .
THF H2N/—— 7o °03 9 frpm 1,4-chd affords a radical pair that can recombine _to
70 °C 12h + give 10a,bor undergo subsequent hydrogen atom abstraction
1.5h ‘ to afford9. Aldehyde8 presumably arises from interception
@ of adventitious oxygen by diradicdtd. Further support for
Ph™ S THFE 3d 4° the intermediacy of4d* was obtained from analysis of
N TIPS 78°C 8h | solutions of3d in ds-THF, which afforded dideuterate®i?®
5min MeOH Ph When solutions oB3d in methanol were stored at T,
0°C 10a,b 5-methoxymethyl-2-phenylpyridined 2, 20%) was isolated.
A similar methanol addition product has been observed in
thermolyses oBa, in methanol, and this has been attributed
to a partitioning between diradical and ionic reaction
Ph pathwayg21° Despite the overall similarity in trapping
12 NS products from the thermal rearrangement3a&nd3d, there
ph are differences between these two systems. In general, the
1 isolated yields of trapped products fradd are lower than
those reported foBa. It may be that a competing aza-
Schmittel pathway in the case 88 leads to more complex
by treatment with TBAF at-78 °C for 5 min, concomitant  reaction mixtures and lower isolated yields. Also in contrast
isomerization occurred affording azaenyne all@we Al- to the case 08a, which upon thermolysis in methanol gives
though the instability oBd prevented its chromatographic  yise to mixtures of products derived from hydrogen atom
purification, its structure was confirmed by NMR and MS  gpstraction and methanol addition, we failed to isolate any
analysis of the reaction mixture after aqueous workufhe hydrogen atom abstraction produét from methanolic
'H NMR of 3d contains distinctive resonances for the allene gg|utions of 3d. This observation may be related to the
moiety: a methylene doublet at 5.36 ppm that couples with modest isolated yields of trapping products from reaction of
a methine triplet at 7.60 ppnd = 6.0 Hz). The downfield  the diradicakd™ with 1,4-chd. Perhap4d- is less reactive
shift of the later is commensurate with the favorég-¢- as a hydrogen atom abstraction agent toward 1,4-chd and
trans conformation of3d, in which the allene methine is  methanol when compared #&~. Alternatively, the meth-
proximal to and in the deshielding region of the alkyne triple oxymethyl pyridinel2 may arise from a different mechanism
bond. The®*C NMR spectra of3d contains the expected  inyolving methanol addition to the aminoallene functionality
resonance for the allene sp carbon [212 ppm], and MS of 3¢, followed by cyclization of the resulting azadienyie.
analysis confirms the loss of the triisopropylsilyl group. In conclusion, the formation af,5-didehydro-3-picoline

Solutions of azaenyne allergel in CDCl; are unstable,  gjradical intermediates from skipped azaenediynes via isomer-
even when refrigerated, and afford complex mixtures from

r\f/\t TBAF

_

(25)) The 9 that was isolated (~2% yield) consisted 6f33%
(24) Data for3d, isolated as a yellow oilR; 0.45 (ethyl acetate/hexanes,  dideuterated material byH NMR and MS analysis. Similarly low yields

1:9); 'H NMR (CDClg) ¢ 3.82 (s, 1H), 5.36 (d, 2H] = 6.0 Hz), 7.38- of 9 were obtained from reactions in THF, which is apparently a poor
7.41 (m, 3H), 7.60 (t, 1HJ = 6.0 Hz), 8.07 (dd, 2H) = 7.6, 2.0 Hz);3C hydrogen atom donor towardsi.

NMR (CDCl) 6 75.35, 81.06, 89.72, 110.11, 127.99, 128.54, 131.12, (26) We thank one of the reviewers for bringing this possibility to our
136.72, 147.10, 213.72; CIM®/z168 (MH"). attention.
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ization to azaenyne allenes and aza-My€3aito cyclization has been observed for the related aza-Bergman cyclization-
has been predicted on the basis of DFT calculations. Skippedderived 2,5-didehydropyridine diradical.

azaenediynes are easily prepared, and their facile aza-Myers

cyclization provides a route to the previously unreported  Acknowledgment. We thank Dr. Shuhua Ma from
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diynes?” The potential modifications of azaenyne allenes

such as3d by, for example, nitrogen atom protonation, are  Supporting Information Available: Coordinates and

of particular interest, and we are currently investigating the energies of (U)B3LYP/6-31G* calculations and experimental
potential of nitrogen atom protonation as a means to increasedata for compoundd, 3d, 8, 9, 10a,b, 11, and12. This

the reactivity of thea,5-didehydro-3-picoline diradical, as  material is available free of charge via the Internet at
http://pubs.acs.org.
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