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ISOMERIZATIONS OF SMALL RING LITHIUM DIALKYLAMIDES
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Abstract Lithium N-butylcyclopropylamide (%) and Tithium N-propylcyclobutylamide (g)
rearrange 1n ethereal solvents by nucleophilic elmminative ring fission processes,
amide % 1s highly reactive whereas amide 2 1s somewhat stable

The application of molecular probes which can undergo skeletal rearrangement upon conver-
s1on to a reactive intermedirate 1s becoming increasingly popular for studies of the mechanistic
details of reactions of organometallic reagents Recently, evidence has been presented that
electron transfer from hindered Tithium dialkylamide bases to appropriate organic substrates can
occur 2 We have 1n1tiated studies of two classes of metal dialkylamides which potentially could
serve as mechanistic probes for electron transfer reactions of hindered dialkylamide bases by
mmplicating the intermediacy of aminyl radicals The two classes of probes are the strained
small ring cycloalkylamides p) and % and pentenylamides 3 The cyclic probes could function as
shown 1n eq 1 and 2, the second steps, the aminyl radical rearrangements, have recently been re-
ported 4 The N-propylcyclobutylaminyl radical opens at a rate comparable to that of the cycli-
zation of the 5-hexenyl radical, a useful mechanistic too],5 and the N-butylcyclopropylaminyl
radical opens at even a faster rate.4 Despite the precedence for radical rearrangements, probes
T1ke % and g could be expected to undergo anionic rearrangements to form carbanionic products
with the same skeletons as the radical products (vide infra) Herein we report rearrangements
of % and % which define the Timits of the util1ty of these species as mechanistic probes
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Lithium N-butylcycliopropylamide (%) was produced by treatment of N-buty]cydopropy]amme4

(3) 1n tetrahydrofuran (THF) with 0 9-1 0 molar equiv of n-butyllithium in hexane at -78 O or
-98 °C or by treatment of the parent amine 1n ether with 1 0 molar equiv of low halide methyl-
11thium 1n ether at -98 °C. The solutions were permitted to warm, and the reaction mixtures were
quenched by the addition of excess methanol followed by 3% aqueous ammonia solution The yields
of amine 3 and N-propylidenebutylamine (Q)6 were determined by gc (Table, Runs 1-4)

In a smmilar manner, 11thium N-propylcyclobutylamide (g) was prepared from N-propylcyclo-
buty]amme4 (g) When solutions of amide g were warmed and the reaction mixtures subsequently
were quenched, amde 2 was found to be substantially stabler than ] (Table, Runs 5-8)  Since 2
apparently was relatively stable, we studied the reaction 1n some detail at 0 Oc  In kinetic
studies 1nvolving quenching and gc analysis as described above, amide 2 (0 13 N) 1n THF decom-

posed with a first order rate constant for disappearance over 1.5 half-lives of 27 + 0 6 x 10'4

sec'1 (average of s1x runs, the error 1imt 1s one standard deviation of the slopes). Despite
the reproducibility of these measurements, the reaction clearly 1s complicated Extrapolation
of the first order kinetic log plots to time zero reproducibly gave an intercept at ca 75% yield
of amine showing that a rapid reaction consumed ca. 25% of the amide Further, imine product Qs
was never found in greater than 40% y1eld in these kinetic studies Finally, after 1 5 half-
Tives, the rate of loss of cyclic amine 5 rapidly dropped off We observed 11ttle effect on the
rate of decomposition of g when the solvent was changed to ether or when the reaction was run 1n
THF with 2.0 molar equiv of hexamethylphosphoramide added, for these reactions of 0 13 N 2 at

0 %, amde 2 decomposed with rate constants of 2 4 x 1074 sec! and 3 5 x 1074 sec'l, respec-

tively (average of two runs each)

Table The stability of Tithium amides } and 2

%Ay1e1db
Run # Am1de conen (N) solvent temp (°C)? time (h) amine® 1m1ned
1 % 0 085 ether -98 075 38 0
2° 1 0 12 THF -78 05 9 30-48
3 1 0.085 ether -32 05 66
4 1 0 085 ether 0 05 0 50
5 g 0 085 THF -98 15 92
6° 2 012 THF -78 05 95-100 0
7 2 0 10 ether -15 20 100 0
8 % 0 082 ether 25 24 12 48

qamide solutions were prepared at -98 of -78 ¢ (0 5 h) and warmed to the desired tempera-
tures. After the desired reaction period, the solutions were cooled to -78 9 and quenched

bPercent yields determined by gc, an internal standard of n-decane was used

“For amides % and g, the parent amines are g and é, respectively

dFor amides 1 and 2, the imine products are 4 and 6, respectively

eRange of two determinations.
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Lithium amides % and 2 presumably decompose by an 1nitial thermal rearrangement, a nucleo-
philic eliminative ring fission, as shown in the Scheme for amide 2. Isomerization of g to the
l1thium reagent 7 would be followed by a rapid isomerization (or intermolecular reaction) of Z
to give azaallyllithium reagent 8. Any 7 which reacted with an acidic source would give 1mine g
which could then be deprotonated by g or 7 to give § Such a sequence, with g deprotonating Q,
could explain why the rate of decomposition of 2 slowed dramatically after ca 1 5 half-lives
However, at least one other reaction of 1mine § must occur teading to the low y1eld of 6 6 The
simple mechanistic picture of the Scheme does not account for the rapid disappearance of the
first 25% of amide g, a phenomenum for which we have no good rationalization

The mechanism of the Scheme has precedent 1n numerous cyclopropylcarbinyl anion ring open-
1ngs, 1n cyclobutylcarbinyl anion ring openings, and in openings of cyclopropyl and cyclobutyl
a]kox1des.8’9 Nucleophilic elimnative ring fissions of cyclopropyl- and cyclobutylamines con-
taining electron withdrawing groups on the ring under basic or neutral conditions have been
reported8 as have the openings of the unactivated cyclopropylamide systems 1n eq 3  The bromo-
magnesium amide g£ was stable at -60 °C and cleaved at 20 °C 12 We are not aware of examples of
cleavages of unactivated cyclobutylamides, in fact, a cyclobutylamide aluminate intermediate re-
Tated to 9a and 9p did not cleave 10

Despite the precedence for the pathway outlined in the Scheme, there 1s a caveat Probes 1
and ¢ were conceived based upon the facile openings of their corresponding aminyl rad1ca]s,4 and
we cannot exclude the possibility that radical pathways for the openings occur. Such a process
might involve oxidation followed by aminyl ring opening and electron transfer i1n a radical chain
reaction Nevertheless, our results define the utility of Tithium amides | and 2 as mechanistic
probes, the cyclopropylamide 1 1s too reactive to be useful, but 11thium N-propylcyclobutyiamide
(g) 1s stable enough to permit 1ts application as a probe
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9a M= ARy, R' = Ph or CH,CH,Ph, R® = R® = H (ref 10)
} -1 2 3
gR M = A1R3 , R = CH(lfPr)z, R® = H, R” = t-Bu (ref 11)
9c M= MgBr, RY = R> = H, R® = Ph (ref 12)
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