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We find that reaction of six gem-dibromocyclopropan-
imines with methyl-lithium at temperatures between 0
and 25 °C leads to specifically substituted pyrroles.®

The report of the preparation of a pyrrole by a
carbene-carbene rearrangement by Arct and Skattebgl?
earlier this year prompts us to communicate the results
of our efforts directed towards the application and
extension of carbene—carbene rearrangements with
1,3-carbon migration of the type (1)—>(2) (X = CH,,
CHR).3 While this type of rearrangement has often been
utilized for the synthesis of carbocyclic five-membered
rings, its application to the construction of the corre-
sponding heterocyclic systems is unknown.
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Compared with the vinylcyclopropane-cyclopentene
rearrangement* which requires temperatures generally
above 300 °C, the vinylcyclopropylidene—cyclopent-3-
en-1-ylidene rearrangement (1)— (2) (X = CH,)
proceeds below 0 °C. The conversion of cyclopropan-
imines into 2-pyrrolines with the addition of acid catalysts
generally takes place at temperatures above 110 °C.’
The corresponding rearrangement involving carbenes
(1) = (2) (X = NR), however, is unknown.

Initial efforts were made to synthesize the necessary
2,2-dibromocyclopropanimines by  dibromocarbene
addition to the corresponding substituted 1-azabuta-
1,3-dienes.” However, while 6,6-dimethyl-5-azahepta-
2,4-diene could be prepared from crotonaldehyde and
t-butylamine in 76% yield, the subsequent dibromo-
carbene addition (CHBr;, NaOH, TEBA) gave only
minimal amounts of (4).!° An alternative strategy was
therefore adopted in which dibromocarbene adducts
would be made by the condensation of substituted 2,2-
dibromocyclopropanecarbaldehydes ~ with  primary
amines. In this way 2,2-dibromo-3-methylcyclopropane-
carbaldehyde (3)!° was prepared by a reaction sequence
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starting from crotyl alcohol. The reaction of (3) with
t-butyl-, isopropyl-, and phenyl-amine gave the corres-
ponding imines (4), (5), and (6).1° Likewise, beginning
with 2-methylbut-2-enal'! the synthesis of dimethyl-
substituted cyclopropanimines (8), (9), and (10)!9 was
accomplished via cyclopropanecarbaldehyde (7).1012
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If an ethereal solution of the t-butyl 2,2-dibromo-3-
methycyclopropanimine (4) was added to an ethereal
solution of methyl-lithium!* (inverse addition)'%!
3-methyl-1-t-butylpyrrole (11)?>!Y was formed in
17% yield.!19-22 At lower temperatures (—20 °C), in
addition to the pyrrole (11), two isomeric 2-bromo-3-
methylcyclopropanimines (14)!° were found; (14) were
the only compounds formed at —78 °C [ratio 1:1,
(v.p.c. analysis)]. The iminoallene (15; R!= Me,
R?=H, R3>= Bu'), the product expected from the
cyclopropylidene—allene  rearrangement?® of the
intermediate  cyclopropylidene (or corresponding
carbenoid), has so far not been detected in the reaction
mixture by i.r. spectroscopy. Pyrroles (12) and (13)!°
were formed from the imines (5) and (6) in 7 and 1%
yields!®® respectively.

Compared with the reaction conditions used for (4),
(5), and (6), longer reaction times (4-16 h) and some-
what higher temperatures had to be used in order to
decompose the imines (8), (9), and (10). This might be
attributed to the steric influence of the additional methyl
group at C-1. The yields of the pyrroles (16), (17), and
(18)!° from the imines (8), (9), and (10) were 4, 6, and
3% respectively.!”19%21  Additional products were
formed which remained unidentified.

The generation of the iminocyclopropylidenes from
the corresponding dibromocyclopropanimines (4)-(6)
and (8)-(10) with methyl-lithium requires markedly
higher temperatures compared to those at which gem-
dibromovinylcyclopropanes decompose to vinylcyclo-
propylidenes (=78 °C). An intramolecular stabilization
of the intermediate organolithium compounds with the
nitrogen of the C—N r-bond might be responsible for
this. The substitution patterns found in the six pyrroles
are in accord with a mechanism by which the correspond-
ing iminocyclopropylidenes undergo a carbene-
carbene rearrangement to 2-azacyclopent-3-en-1-
ylidenes which give pyrroles by subsequent 1,2-hydrogen
migration.
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Our results extend the range of known carbene—
carbene rearrangements with 1,3-carbon migration
which were previously restricted to carbocyclic systems
and suggest a further application for the synthesis of
heterocyclic compounds.
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(a) Experimental details are as follows. 2,2-Dibromo-3-
methylcyclopropanecarbaldehyde (3) (1g, 4.0 mmol) [2,2-
dibromo-1,3-dimethylcyclopropanecarbaldehyde  (7) (3.9
/mmol)] and t-butylamine (0.3 g, 4 mmol) were covered with
NaOH pellets. After 16 h at —20 °C [5 h at 0 °C, followed by
16 h at —20 °C] cyclopropanimine (4) [(8)] was extracted with
ether and distilled (b.p. 58-60 °C at 0.05 Torr [58-62 °C at

0.05 Torr]). Cyclopropanimines (5) and (6) [(9) and (10)] were
prepared similarly. Reaction with methyl-lithium. Cyclopropan-
imine (4) (1 g, 3.4 mmol) [ (3.2 mmol) (8)] was added dropwise
at 0°C 525 °C] to an ethereal solution (1.45 M) of methyl-
lithium.'* The reaction mixture was stirred at 0 °C [25 °C] for
1 h [4-16 h]. After hydrolysis with water and extraction with
ether, the pyrrole (11) [(16)] was isolated by preparative t.l.c.
[CCly; Kieselgel 60 F (Merck)]. Pyrroles (12) and (13) [(17)
and (18)] were prepared similarly. In addition (18) had to be
purified by v.p.c. [20% Carbowax (50 cm x 6 mm O.D.),
160 °C, 60 ml N, per min].

(b) '"H N.m.r. data of key compounds [(A) (80 MHz, CDCl3);
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(B) (60 MHz, CCly); 6 (p.p.m. from Me,Si, J in Hz)]; (3) (B),
14 3N, d,J 5, CH;), 1.85-2.5 (2 H, m, cyclopropyl), 9.2
(1H,d,J 5, CHO); (7) (B), 1.2 (3 H, d,J 5, CH3), 1.25 (3 H,
s, CH3), 2.2 (1 H, q, J 6.5, cyclopropyl), 9.1 (1 H, s, CHO);
(4) (A) 1.05 (9H, s, BuY), 1.25 (3H, d,J 5.5, CH3), 1.55-2.1
(2 H, m, cyclopropyl), 7.1 (1 H, d,J 6, CH=N); (5) (A) 1.05
(3H,d,J6,Pr"), 1.1 3H,d,J 6, Pr'), 1.2 (3 H, d,J 6, CH3),
1.55-2.0 (2 H, m, cyclopropyl), 3.25 (1 H, sept., J 6, Pri), 7.2
(1 H, d, J 6, CH=N); (6) (B) 1.35 (3 H, d, CH3), 1.65-2.4
(2 H, m, cyclopropyl), 6.65-7.5 (6 H, m, Ph + CH=N); (8)
(B) 1.1-1.5 (15 H, m, CH3), 2.2 (1 H, q, J 6.5, cyclopropyl),
7.45 (1 H, s, CH=N); (9) (B) 0.9-1.45 (12 H, m, CH3), 2.0
(1 H,q,/ 6.5, cyclopropyl), 3.35 (1 H, sept.,J 6, Pr'), 7.4 (1 H,
s, CH=N); (10) (A) 1.25 (3 H,d,J 6, CH3), 1.45 (3 H, 5, CH3),
2.2 (1 H, q, J 6, cyclopropyl), 6.9-7.45 (5 H, m, Ph), 7.65
(1 H, s, CH=N); (11) (A) 1.55 (9 H, s, BuY), 2.15 (3H, s,
CHjy), 6.0 (t,J 2.5, H-4), 6.65 (br s, H-2), 6.75 (t,J 2.5, H-5);
(12) (A) 1.45 (6 H, d, J 6.5, Pr'), 2.15 (3 H, s, CHy), 4.15
(1 H, sept.,J 6.5, Pr'), 5.95 (t,J 2.5, H-4), 6.5 (br s, H-2), 6.65
(t,J 2.5, H-5); (13) (A) 2.2 (3 H, s, CH3), 6.2 (t,J 2.5, H-4),
6.9 (brs, H-2), 7.05 (t, J 2.5, H-5), 7.35-7.45 (5 H, m, Ph);
(16) (A) 1.5 (9 H, s, BuY), 2.05 (6 H, s, CH3), 6.55 (s, H-2,
H-5); (17) (A) 1.4 (6 H, d,J 6.5, Pr'), 2.05 (6 H, s, CH3),
4.15 (1 H, sept., J 6.5, Pr'), 6.45 (s, H-2, H-5); (18) (A) 2.1
(6 H, s, CHj), 6.85 (s, H-2, H-5), 7.35 (5H, s, Ph); (14)
(ratio, 1 : 1) (A) 0.85-1.3 (24 H, m, Bu', CH3), 1.3-1.7 (4 H,
cyclopropyl), 2.75-2.95 (1 H, m, CHBr), 3.05-3.25 (1 H, m,
CHBr), 7.15 (1 H, d,J 6, CH=N), 7.2 (1 H, d,J 6, CH=N).
Z(-);N {cm™1) (CCly/CDCI3): (4), 1660; (5), 1650; (6), 1640;

8), 1645; (9), 1650; (10), 1635; (14), 1655*; vc=0"/vc—
(cm™1Y): (3), 1705%; (7)(, 1%05*; (118, 1)370; (12), (1:5205;/63;
1350; (16), 1350; (17), 1360; (18), 1380. mfe (70 eV; %):
(3), 244,242,240 (11, 9, 4, M*); (4), 299, 297, 295 (0.2, 0.5,
0.3, M*); (5), 281, 283 (0.2, 0.3, M™); (6), 319, 317, 315
(2,6,2, M*); (7) 256 (0.2, M*); (8), 313, 311, 309 (0.5, 0.8,
0.4, M*); (9), 284, 282, 280 (0.4, 0.9, 0.4, M*); (10), 252,
250 (15, 17, M* — Br); (11), 137 (42, M*); (12), 123 (45,
M*); (13), 157 (81, M¥); (14), 219, 217 (3, 3, M*); (16), 151
po, M); (17), 137 (55, M*); (18), 171 (80, M*).
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"The orientation of the methyl group at C-3 (cis or transg in the
imines (4)—(6) and (8)-(10) could not be determined.!? For a
vinylcyclopropylidene the decisive influence of a cis-orientated
methyl group at C-3 has been shown.!® Thus, from the reaction
of cis-2,2-dibromo-3-methyl-1-vinylcyclopropane with
methyl-lithium at 0 °C, no methyl-cyclopentadienes result.
Owing to steric hindrance in the transition state of the vinyl-
cyclopropylidene, the cyclopentenylidene cannot be formed and
the competing cyclopropylidene-allene rearrangement takes
place. Therefore, only those iminocyclopropylidenes are
expected to undergo a carbene—carbene rearrangement in
which the imino group at C-1 and the methyl group at C-3 are
held in a trans-position.
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19(a) (11) proved to be unstable under the reaction conditions:
only 60% of it could be recovered; (b) the yields of all pyrroles
were determined by v.p.c. with (11) as external standard.
20For (11), formed from the reaction of 2,2-dibromo-1-methyl-
cyclopropane-t-butylimine and methyl-lithium, no absolute
Zield has been reported.?

IThe organolithium intermediates are probably stabilized by
intramolecular co-ordination of the lithium atom with the
nitrogen of the imino group. Intermolecular condensation
reactions!® of these species and/or their reactions with the
imines (4)-(6) and (8)~(10) might be responsible for the
considerable amounts of viscous residues found.
22The presence of molar amounts of 12-crown-4 or NNN'N'-
tetramethylethylenediamine did not increase the yield of (11).
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