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Only recently have heterocyclic analogs of spiropentane been prepa,red.g-S We report herein
the preparation and reactivity of N-substituted derivatives of the parent azaspiropentane ring
system.

Methylenecyclopropane slowly reacts with phenyl azide in methylene chloride solution at 25°
to give a single triazoline, tentatively assigned structure 1, in 68% yield, m.p. 120.5-122.0°%;

nmr (CCls) 8 1.29 (AA'BB', M), 3.62 (s, 2H), T.27 (m, SH); m/e 173.0947. Irradiation of a
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methylene chloride solution of 1lat O° with a pyrex filtered mercury arc gives l-phenyl-1-
azaspiro[2.2Jpentane, 2 (60%), b.p. 50° (0.1 mm); nmr (cc1,) 8 1.0 (AA‘BBY, bH), 2.68 (s, 2H),
6.9 (m, 5H); m/e 1k5.0890.

The N-methoxycarbonyl derivative 2_ of azaspiropentane is available by direct addition of
methoxycarbonylnitrene to methylenecyclopropane. Thus, when a solution of methylazidoformate
in methylenecyclopropane is irradiated at 0° with a mercury arc lamp, the azaspiropentane 2 is
obtained in 35% yield, b.p. k2-44° (1.5 mn); ir (CCl,) 1729 em™%, nmr (CCLy) 6 1.03 (AA ‘BB, bm),
2.57 (s,2H), 3.63 (s, 3H); mfe 127.0635. These reactions provide donvenient, potentially

general methods for the synthesis of l-azaspiropentanes.
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When an analogous nitrene addition to 1,3,3~trimethylcyclopropene was carried out at Oo,

the 2-azabicyclobutane 4 was not observed, but the imine 5 was produced in low yield, nmr (CCl,)

- “
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b, Ry = CHg, Ro=H
6 1.8-2.2, (m, 9H); 3.83 (s, 3H); 9.0k (s, 1H); ir 1730, 1610 em™!; m/e 155.0046. Addition
to 1l-methylecyclopropene proceeds similarly to give EE:G The presumed intermediate 2-azabicyclo-
[1.1.0Tbutane E! appears to be unstable to thermal ring opening to 5 at low tempera.ture.7 In
contrast to this behavior, the azaspiropentanes 2 and 3 are stable above lOO°.8 Neither 2 nor 3
gives a 1:1 adduct with dimethylacetylenedicarboxylate on heating above 100° or on irradiation.
In spite of the fact that spiro[2.2Jpentane and bicyclo[1.1.0Joutane have almost identical strain
energies (ca. 65 kcal/mole),9 they appear to differ markedly in reactivity toward thermal ring
openinglo as a result of differences in orbital overlap and thermochemistry8 for the ring opening
reactions. The analogous 2-oxa.spiropentanes2’3 are remarkably stable thermally, while 2-oxa-
bieyclobutanes are postulated to be unstable at 0° in peracid oxidations of cyclopropenes.S’ll

While 1,2-diphenyl-l-azaspiro[2.2]pentane rearranges to 6 thermally, photochemically or
with acid catalysis? and oxaspiropentanes readily rearrange to cyclobutanones;z’} the azaspiro-
pentanes 2 and 3 are stable in the gas phase at elevated temperature58 and they do not rearrange

to cyclobutanone derivatives with acid catalysts. Instead, they undergo S_2-like openings to

N
cyclopropane derivatives on treatment with strong protic aecids. Like the acid catalyzed ring
N-C_H
N-C H . 7k
D<L65 A, by, orH
CH CH
65 6 65

openings of oxaspiropentane, the ring opening always leads to nucleophilic attack at the less
hindered primary carbon site.3 For example, treatment of 2 with sulfuric aclid in methanol leads
to the amino ether 7 (74%), b.p. 70° (0.01 mm); nmr (CCl,) § O.7T7 (s, bH); 3.25 (s, 3H);

3.62 (s, 2H); 4.30 (s, 1H); 7.0 (m, SH); m/e 177.1155.
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Addition of anhydrous hydrogen chloride to 2 in methylene chloride quantitatively gives the
chloride 8; nmr (CCl,) & 0.95 (m, ‘hn); 3.72 (s, 3H); 7.0 (m, SH); mfe 181.0657. Addition
of hydrogen chloride to 3 likewise gives a quantitative yield of an unrearranged adduct 10,

m.p. 73.0-Th.5% ir (CCl,) 3430, 1735 em™; nmr (CCl,) & 0.92 (broad s, LH), 3.64 (s, 2H),
3.66 (s, 3H), 5.72 (broad s, 1H); m/e 163.0395. Similarly, 3 reacts with methanesulfonic acid

i C
N-CO,CH, HOSO,CH, —_/NHCO,CH,
L :l CH,Cl,, L :cnzosozcn3
9

3

HCl NHCOZCH3
CH2C|2 £ :CHZCI
10
in methylene chloride to produce an adduct 9 (63%), m.p. 90° (dec.); ir (CHCLg) 3430, 1725 em 3
omr (CCl,) 6 0.96 (s, bH), 3.0k (s, 3H), 3.58 (s, 3H), k.27 (s, 2H); 5.42 (broad s, 1H). Both
aziridines 2 and 3 are stable, however, to lithium iodide in refluxing methylene chloride. Oxa-
spiropentanes react readily with sulfonic acids and lithium salts to give cyclobu’ca.no'nes,3 but
with hydrogen chloride in methylene chloride solution they give stable epichlorchydrins analogous
to the azaspiropentane products § and 10,
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