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As is the case with enols, primary and secondary enamines

are thermodynamically unstable species that exist in an unfavor- “o w0 a0 w0 800
able equilibrium with their imine tautomer (eq 45imple ali- Time (min)
" Figure 1. The concentration profiles of reactants and products during
M= Q) the room temperature isomerization Nfmethyl allylamine {b) with

RhH(CO)(PPB)s in benzeneds at 22°C.

phatic enamines in the absence of extraordinary steric or electronic
factors are particularly unstable and have proved to be mostto be incompatible with simple enamines. Lacking the mild
difficult to prepare. Secondary enamines have been generated irconditions potentially more amicable to enamine stability, reaction
nonequilibrium concentrations by the controlled methanolysis or attempts with primary and secondary allylamines generally
hydrolysis of trimethylsilyl, tin, magnesium, or lithium deriva- resulted in the exclusive formation of the more stable imine
tives2 Primary enamines have been prepared in small quantities products® Indeed, to the best of our knowledge the only
by a retro-Diels-Alder approach from the thermolysis of anthra- observation of an isomerized enamine was reported by Hiraki et
cene adducts for spectroscopic observatidrfinylamine, the al. for the isomerization dl-methyl allylamine {b) in a modest
prototypical enamine, has been formed in only a few rare situ- 10% vyield with a ruthenium(ll) complex, RuHCI(CO)(P{4®
ations, further illustrating the unfavorable thermodynamics of Despite this lack of precedent, the very unfavorable thermody-
simple enamine$ Currently there is a lack of an effective and namics governing enamine/imine behavior can be, in principle,
efficient synthesis for simple enamines, and therefore their chem- circumvented by accessing appropriate kinetic pathWalysthe
istry remains largely unexplored. One such area we believe thesecontext of this study, controlled double-bond migration in primary
enamines to be particularly interesting is in the direct (co)poly- and secondary allylamine substrates affords the opportunity to
merization of these “vinylamine” equivalents as a route to poly- form the enamine product provided that the isomerization rate
(vinylamine) analogues. In this communication, we describe the (k,) is greater than that of the tautomerizatida) (
pr_eparation _and observed stabi_lity of aliphatic enamines using a In our own attempts to further optimize through variants of
g}lItﬂégaetaml)gtlg-rsqzmi;ﬁ?oimg:;ggwsc'g:\eg?nsérzr}grtgilguétgr?;;tis;n the above rutheniu.m(ll) catalyst system, we were 'unable to pptain
Poly(vinylamine) (PVAm) is not prepared from the vinylamine ‘complete conversion of the allylic substrate while maximizing
enamine formation the tautomerization rates were far too competi-

monomer. Instead, approaches to PVAm have had to rely on tive. Although cationic rhodium(l) complexes were extremel
indirect methods such as the chemical modification of preexisting : 9 P y
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h ical i G.; Hughes, A. R. InReactions on Polymerd/oore, J. A., Ed.; D. Reidel
to pharmaceutical practices. v ] : . ] .
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Figure 2. The kinetic plots of isomerization (a) of allylamin&g) to the enamineda), and subsequent tautomerization (b) as a function of catalyst
concentration, HRh(CO)(PBh (22 °C, benzenads, Teflon tube). The tautomerization is first order in catalyst and the tautomerization is zero order.

efficient for allyl alcohol and tertiary allylaminéswe found that
they were ineffective at room temperature for primary and
secondary allylamines. During this survey, we discovered the
neutral rhodium(l) complex HRh(PBh was a very active
isomerization catalyst under mild conditions (22), but unfor-
tunately it also catalyzed a nearly equal tautomerization rate (e.g.
for allylamine (La) at 22°C, ky/k, = 4.3 andk, = 8.7 x 10°°

s1). However, and for reasons not well understood, we found
the isoelectronic HRh(CO)(PBh compound to be a highly
selective catalyst for the double-bond migrationlaf and 1b
under mild conditions (eq 2) to form high concentrations of the

(]

corresponding enamines (Figure Il NMR kinetic studies of
the room temperature isomerization of allylamidesand1b in

benzene (following the loss of the methylene protons) were
performed with HRh(CO)(PRJx as a catalyst The reagents were

be minimized by using Teflon liners, stainless steel vessels, or
silylated glassware, and half-lives of enami@asand2b of 1.7

and 1.9 days at 22C, respectively, have been measured. This
decoupling of the tautomerization step from the catalyst concen-
tration also allows for the use of high catalyst loadings in this

,System to increase the rate of isomerization relative to tautomer-

ization. To date, no other complex has shown this behavior.

It was necessary to increase the scale of the isomerization
reactions to generate quantities of enamine suitable for polym-
erization studies. We have been able to successfully isomerize
large-scale batches of 1.0 M allylamine solutions through the use
of stainless steel vessels charged with HRh(CO){RPBnce
the isomerization reaction was completed, the volatile enamine
solution was then isolated by vacuum transfer (again underscoring
the kinetic stability of these enamines) and the catalyst reused
for succeeding reactions.

The availability of enamines allows for the direct incorporation
of amines into polymeric structures without the need for protec-
tion-deprotection strategies. To this end, we have found2hat
successfully copolymerizes with acrylonitrile (AN) under free

handled in the inert atmosphere of a drybox and the reaction vesseradical conditions to yield the one-to-one alternating copolymer

consisted of a sealed NMR tube equipped with a fluorinated poly-
(ethylene-propylene) linéé. These studies show a first order
dependence on both the concentratiori@ind catalyst (ratet
[cat.])) for the double-bond migration to form enamir® @s a
mixture of cis and trans isomers (Figure 2a). At°Z2 the fast
rate of isomerization (7.% 105 s™), relative to the secondary
reaction of tautomerization (4.8 10°®s™1), enabled the formation

of significant concentrations &. Subsequently, the tautomer-
ization rates oRaand2b were determined through the continued
observation of the original reaction mixture. Furthermore, the

(eq 3). Enamin@a was isolated as a 0.8 M solution in benzene

AIBN, hv

"N, 10°C, O,

+ = ., ©)
CN NH, CN

by vacuum transfer after complete isomerization of allylamine
with HRh(CO)(PPBh); in a stainless steel trap-to-trap apparatus.
The reaction vessel was charged with 0.101 g (1.9 mmol) of
acrylonitrile, 2.4 mL of the2a solution (1.9 mmol) ,and AIBN

(3.8 10® mol), sealed ,and irradiated with a 350 nm UV source

tautomerization rate was found to be independent of catalyst for 10 h at 10°C. The isolated material was characterized as an

concentration (rate [cat.]’) (Figure 2b). It is significant to find
a catalyst that does not catalyze the tautomerization of the

enamine. Enamine is only formed at a background rate that is

alternating copolymer dtaand AN typical of electron rich/poor
monomer combinations.
In conclusion, this study has shown that the appreciable

highly dependent on the presence of protic sources. This rate carformation of primary and secondary enamines is indeed possible.

(11) We have successfully employed this strategy for the generation and
polymerization of enols, see: (a) Cederstav, A. K.; Novak, BJIMAm. Chem.
Soc.1994 116, 4073. (b) Novak, B. M.; Cederstav, A. K. Macromol. Sci.,
Pure Appl. Chem1997, A34, 1815.

(12) Bergens, S. H.; Bosnich, B. Am. Chem. So0d.99], 113 958.

(13) Typical conditions: I] = 0.10 M, [cat.]= 0.01 M ds-benzeneT =
22°C

(14) Our observations suggest that the surface of the glass NMR tubes

As a result of this catalytic pathway and increased stability, further
investigations into the chemistry of these otherwise unstable
enamines is now possible. The copolymerization2af with
acrylonitrile is the first example of the ability to incorporate an
unprotected vinylamine directly into a polymeric structure.
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