HETERQCYCLES, Vol. 14, No. 1O 1980

Azirines as Synthons for Other Heterocycles

Alfred Hassner

Department of Chemistry
State University of New York at Binghamton
Binghamton, New York 13901 U.S.A.

— 1517 —



Azirines (azacyclopropenes}, the smallest of the nitrogen heterocycles,
are a versatile group of reactive small ring molecules. Since the antiaromatic,
dn-electron, 2-azirines are as yet unknown, we shall discuss here solely the
readily availabie T-azirine ring system. These compounds are not only capabhle
of acting as nucleophiles through N and as electrophiles at the C of the (=N,
but they can act as Zw-components or as 4n-components as well. In fact, all

three bonds of the 3-membered ring are capable of cleavage during reaction.

1 i: :
N x+ (;k j//N
EAS DNV” 7\ l /\,
. LA
T-azirine azirines as azirines as vinyl nitrilium
nucleophiles electrophiles nitrene ylid

Thus, formal ring cleavage of the C-N bond leads to a vinyl nitrene, whereas
C-C bond breaking produces a nitriiium ylid. One can, therefore, readily
imagine that reaction of 1-azirines with multiple bonds can lead to a variety
of larger ring heterocycles,

Several syntheses of azirines are now available. The most general one
starts with an olefin, which is converted in three simple, high yield step;
(iodine azide addition, H-I elimination and photciysis or thermolysis) into
an azirine as shown

R-CH=CH-R' + INyg —-  R-CH-CH-R' base, p_cH-c-r’ R R
i l’\l Tsi or A :2

3 3
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Because the structure of the final product depends on the effect of R' on
the highily regjoselective IN3 addition, we have devised an alternate method
starting with readily available a-bremoketoximes. The sequence proceeds via
a-phosphonium ketoximes which in basic medium are present as the stable jsolable

oxazaphospholines 1. The Tlatter are known to undergo thermolysis to l-azirines.

liMe
w oA 1 N’Q‘M<?Me
PhoP |

Since phosphine displacement on a-haloketoximes sometimes leads to side reactions,
it is advantageous to first protect the oxime function as an acetone ketal 2
prior to displacement. This is followed by mild acid hydrolysis (HC]—HZO—MeOH)
and ring closure to 1 with triethylamine. The whole sequence of steps can be
carried out in one pot.2

That the two methods are complementary is illustrated by the synthesis of

3-t-buty? and 2-t-butyl-1-azirine 3 and 4 respectively:

N N
13
t-Bu-CH=CH, — N3 t-Bu-CH-CH, base,, 'y t-Bu—A 3
: N
o AN

i EtoN A . t-Bu
t-Bu-C-CH.Br —pm —pp t-Bu-C-CH,PPh, iy —
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fddition of nucleopniles to the C=N of azirines proceeds readily and
stereospecifically from the least hindered side of the molecule. Even hydride
{ from L1‘A1H4) adds stereospecifically to produce cis-aziridines.3 This permits
a stereospecific synthesis of cis-1,2-di-substituted aziridines 5, starting from

a stereoisomeric mixture of olefins.

N LiAlHg H
\Y
Ph-CH=CH-CHy > / o

N
Y f E )
el Ph@,” ‘\\\\C H3 c1s
cis or trans Ph ‘%H H H

5

A variety of carbanions have been added to azirines. In the case of ketone

enolates, ZH-pyrroles 6 have been isolated by Laurent and coworkers.4

N C-C=0 i

i _— SLX< —_— — N ’
- l_% +o-bg oh

Ph Ph

1on

Trichloromethide anion also adds stereospecifically and the adduct 7 can
be deaminated with retention of configuration, thus providing a stereospecific

synthesis of trisubstituted alkenes from certain 1,2-disubstituted olefins.

H
SR P /" cu, HNO, TP e
Ph-CH=CHCH, ——t — SRk e o #
3 bh
H e, olp '

3

Attempted ring-closure of 7 to an azabicyclobutane lead to isolation of
the 4-membered ring azetine 8. The unique stereochemistry of 8 suggests that

the bicycle 9 may be an intermediate and is rearranged by an intramolecular
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chloride shift.5

H

. base H

\ + LicClz — H Clg —— H CCiz

z

H

: Pe N

L.,
Pr|=-4 Ct H Cl

Oy
oo
|

A bonafide non-chlorinated azabicyclobutane 10 can be obtained by di-

methylsulfonium yTid addition to an azim’ne.6

= N
- + +
e A Me v Me P

R R

10

The spectral properties, especially 13

from those of the 4-membered ring 8.

Attempts to epoxidize azirines have failed so far to produce oxazabicyclo-
butanes i1. When t-butylhydroperoxide is employed, the acylimine 12 or its
alcchol addition product 13 can be isolated. It is possible, though not

necessary, that 11 is an intermediate in the reaction.’
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+HBu

A $BuOOH IJ/ N %CH

CH
Ph 3 Ph H3 3
l b
? H +BUOH i
Ph-&-N—CHCH 3 é———  PhC—N=CHCH3
13 Ot-Bu 12

The basicity of the nitrogen in 1-azirines is much weaker than that in correspond-
ing ppen chain imines. For instance, most azirines are insoluble in 5% HC1 but
dissclve in conc. HC1. Similarly, ndo reaction occurs with methyl {odide or

benzyl chloride and ]3C-H coupling in azirines suggest a high degree of s-
character for the exocyclic bonds and thus for the unshared electron pair on
nitrogen. Yet, reaction occurs with a variety of acidic reagents, presumably

via azirinium jon species. Thus, anhydrous perchleoric acid in acetone leads

via ring opening to oxazoline 15,8 Better nucleophiles {even C17) are able to

N § 0 H3i><fH3
Z E CH3 + HCI10g — /i +,CH3 .._.\?2._-__-;H G¢-C-ChH3 HR‘\ 2
CHz oh CH3z Hz
PR CHz
14

add to the primarily formed azirinium ion, so that adducts such as 15 can be
isolated from reaction of acid chlorides with azirines® In polar solvents 15

ring opens by sclvolysis thus leading to cleavage of the original C=N with
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Ph O Ph

l
// +-PhCC —_— f E CI
CH3 |

Ph H

Ph
Ph

Ph A
A\ OAN — PM\\NCH
0 N — ¥ F 3
\ ] Phi%__{LCH3
o H ¢ H

16 PR CH3

formation of oxazole 16. Note that the regiochemistry of 15 and 16 are opposite

because a different reaction pathway is followed.
The formation of 15 appears to be reversible because it reacts fast with

azide jons te produce a sterecisomeric mixture of azidoaziridine 17. The latter

1
readily rearranges in polar medium to azideooxazoline 18. 0
Bh Ph
OaCc~ U e ’,fph "/L\\
| | 07 T
R Ph R Fh ; é
Ph: Z ! :
C1 R N R N3 R’
15 17 18

1-Azirines also form very stable square planar complexes 19 with Pd or Pt

salts. The slightly shortened Pd-N bond (x-rays) suggests metal backbonding from

Pd to N

c
N
//E + Pdclp (PheN), — PNJH‘N/
R |
R Cl
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Apparently azirines are sufficiently nucleophilic to react with diphenylcyclo-

propenone (see dipolar structure 20). The formation of 4-pyridones 22 in good

yield can be interpreted as shcwn bemw:12

0
0
ol R
" g *y R
h~
/:\n —> ~¢r
Ph
v Ph
R R
P
X Ph ] N h
sl | —
N NH Nty N Ph
PR Ph
Ph 22 PR 2 Ph
When R:CHg the product isolated is the geminally substituted pyridone 21.
Ketenes are also attacked by azirines but in this case 2:1 adducts 23 are
formed.]3
Ph Ph Ph Ph

N

- x
N 0 N
+ Ph2C=C=O - (E S ketens Ph
Ph Ph 0
o Ph
"oz

Photolysis of 1-azirines produces nitrilium ylid intermediates 24 which
can be trapped by varicus dipolarophiles to form five-membered ring heterocycles

499,25)m

R N
v, \ C=C-00 Et
Cﬂﬁz U S

24 25
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The C=N of azirines is capable of serving as the Zw-component in 2 + 4 cyclo-

additions. Reaction with 1,3-dipoles occurs readily as shown in the example below:!5

CHaPh CHPh CH2Ph
' n AN :
Ph Ph Ph
! Vi }N
Ph—CH  CH—Ph Ph v N
Ph Ph

With cyclopentadienones 26 a clean thermal reaction takes place leading to

16

3H-azepines 29 with expulsion of CO. The structure of 29, ~ based largely on nmr

and mass spectra, indicates cleavage of the C=N in the azirine and suggests a

Diels-Alder addition to the cyclopentadienones 26. Although the logical inter-

mediates 27 could not be isolated, reaction of 26 with 30, the carbocyclic

Me




analogue of azirines lead to guantitative formation of tricyclic ketone 31.

Heating of the latter produced 32 the carbocyclic analcgue of 29,

Ph G
H Ph

The two most Tikely pathways from 27 to 29 involve thermal loss of CO either
{a) with concomitant involvement of the double bond or {b) with opening of the
three-membered ring. In systems such as 33 and 35 where double hond migration is
unfavorable because of the presence of the aromatic rings, pathway {b) is foliowed
and ZH-azepines 34 and 36 (normally such are unstable azepine isomers) are isolated.
Of the latter, ZH-azepine 36 rearranges by a thermally allowed 1,5-H shift to the

3H-azepine 37. This indicates that pathway (b), namely 27 - 28 - 29 is involved

in these transformationss.]6
0
R
R N
33 Ph
R
—_—
Fh
R
35 36 37

— 15626 —




HETEROCYCLES, Vol 14, No

10.

An endo attack by the azirine is suggested,leading to endo 33 which undergoes
an allowed concerted disrotatory ring opening with loss of CO, Evidence for such
a process is provided by the isolation of a thermally stable exo adduct in the

carbocyclic series related to 33. Apparently an exo adduct 38 is also isolated

from the isobenzofuran ana]og.17

Ph

—
—

e_.t

Ph

A Diels-Alder reaction followed by loss of No» instead of CO, is alsc in-
volved in the formation for triazepines 42 from reaction of tetrazines 39 with

azirines. 40 and 41 are logical intermediates. Further thermolysis of 42 leads

R
R Y R
N=N R
,/l\\ ~N N'/%::~N ’/l:::N
N N N 2 HN
L O l‘ll + — /I . —_— I
N p N /

N N R R o X
~ Ph . Pn & Ph

R

39 40 41 42

to a variety of other heterocycles, including pyrimidines, triazoles, pyrazoles.
The possible pathways of these reactions will be discussed.
Acknowledgment: Support of this research by Grant CA19203 from the National

Cancer Institute DHEW is gratefully acknowledged.

— 1527 —

1o,

1980



References

10.
1.
12.
13.
4.

15.
16.

17.
18.

A. Hassner and F.W. Fowler, J. Am. Chem. Sec., 90, 2869 (19568).

A. Hassner and V. Alexanian, J. Org. Chem., 44, 3861 (1979).

. Hassner and F.W. Fowler, Tetrahedron Letters, 1545 (1967).

A
A. Laurent, P. Mison, A. Nafti and M. Pellissier, Tetrahedron Letters, 3955
(1979}.

A. Hassner, J.D. Currie, A.S. Steinfeld and F.R. Atkinson, J. Am. Chem.
Soc., 95, 2982 {1973).

A.G. Hortmann and D.A. Robertson, J. Am, Chem. Soc., 94, 2758 {1972).

A. Hassner and A.J. Steinfeld, unpublished results.

N.J. Leonard B. Zwanenburg, J. Am. Chem. Soc., 89, 4456 (1967).

. Hassner and F.W. Fowler, J. Am. Chem. Soc., 90, 2875 (1968).

. Hassner, and $.S. Burke and J. I, J. Am. Chem. Soc., 97, 4692 (1975).

. Hassner, C.A. Bunnell and K. Haltiwanger, J. Org. Chem., 43, 57 {1978).

. Hassner, A.S. Miller and M.J. Haddadin, Tetrahedron Letters, 1353 (1972).

. Padwa, M. DOharan, J. SmoTancff, and S.I. Wetmore, J. Am. Chem. Soc.,
5, 1954 (1973).

K. Matsumotc and K. Maruyama, Chem. Lett., 759 (1973).

A
A
A
A. Hassner and A. Kascheres, J. Org. Chem., 37, 2328 {1972}.
A
A
9

(a) A. Hassner and D.J. Anderson, J. Org. Chem., 39, 3070, 3079 (1974).
(b} D.J. Anderscn and A. Hassner, J. Org. Chem., 38, 2565 (1973).

D.J. Anderson and A. Hassner, J. Org. Chem., 39, 2031 (1974).

D.J. Anderson and A. Hassner, . Chem. Soc. Chem. Commun., 45 (1974).

-~ 1528 —




