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monomeric species ELMn(OHZ)J 12*. Rapid oxidation of this
monomer to a LMn!!! species can then be achieved by the O,
present in solution. When the same reaction was carried out in
a solution containing chloride ions (0.5 M) at pH 3, under oth-
erwise identical conditions, 100% O, was released. The spectrum
of the resulting solution is very similar to that of LMn'!ICl3.1 Thus
the above disproportionation reaction does not occur. This result
may have interesting implications on the functional role of CI~
in PS 11

Presently we are studying the mechanism of formation and
decomposition and the reactivity of 1 in detail.
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The retention of stereochemistry in the nitrosative deamination
of a-amino acids is explained by the intermediate formation of
a-lactones.? Neighboring-group participation occurs with in-
version of stereochemistry, followed by nucleophilic a-alkyl C-O
bond cleavage. The strain of a-lactones makes them intrinsically
reactive; they are generally unstable, undergoing polymerization
at temperatures above —100 °C in a process explainable via
zwitterionic no-bond resonance forms.’  Theoretical studies
suggest, though, that such zwitterions are chimeric.*

The reactivity of a-lactones is influenced by steric and by
electronic factors. The behavior of tertiary a-amino acids under
diazotization conditions is consistent with an increased zwitterionic
character of the a-lactone; some racemization and carbonium ion
rearrangements are observed.’ On the other hand, di-terz-bu-
tylacetolactone persists at ~60 °C.$ bis(trifluoromethyl)aceto-
lactone is stable in solution or the gas phase,” and a hindered
perfluoroacetolactone is isolable.? It may be considered that
oxaspiropentanone (1) would be stabilized by decreased contri-
bution of the no-bond resonance form 2 due to the high energy
of a cyclopropyl carbocation (eq 1). Alternatively, the combined
strain of two three-membered rings might confer decreased sta-
bility. A number of a-lactones, including 1, have been accessible
for study by matrix isolation at 77 K. but no solution chemistry
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Table I

[ACC], (4b + 6):
mM [KBr], mM 4b:6 5b.7 (S5b+7)
180 0 (0 equiv) 100:0 100:0 86:14
135 135 (1 equiv) 93:7 >99:1 86:14
145 435 (3 equiv) 92:8 >99:1 86:14
125 635 (5 equiv) 89:11 83:17 86:14
140 995 (7 equiv) 71:29 71:29 87:13
260 sat (10 equiv) 58:42 67:33 87:13

of 1is known. This communication reports the first evidence for
the existence of 1 in solution and its participation in synthetic
transformations.

A<f MG (1)

1 2

Standard conditions for diazotization'® (1 equiv of sodium
nitrite, glacial acetic acid) were applied to l-aminocyclo-
propanecarboxylic acid (ACC, eq 2). The major product, isolated
in 60% yield, is 1-acetoxycyclopropanecarboxylic acid (4a).'
(Hydroxymethyl)acrylic acid derivative 5a is obtained as 3% of
the total product. Increasing the solvent polarity (anhydrous
formic acid) leads to a greater proportion of ring-opening product
5b (13%). The hypothesis that the «-lactone is the precursor to
both 5 (via 2) and 4 was tested by a competition study between
formate and bromide as nucleophiles (eq 3). As shown herein,
it is possible to obtain substitution products with other nucleophiles
in solvents of low nucleophilicity. The data in Table I show both
ring-opening and substitution products incorporating both nu-
cleophiles. As expected, the proportion of bromides increases with
increasing bromide ion concentration, but the proportion of
ring-opening products remains constant. Therefore, a-lactone 1
cannot be the common intermediate, and diazonium ion 8 is
suggested. Partitioning between the two pathways must be an
irreversible, unimolecular, and solvent-dependent process. There
must be an intermediate between 8 and substitution products which
does not ring-open. Likewise, 2 may not be involved in substi-
tution. These requirements are met by eq 4. It is not possible
on the basis of these data to determine whether loss of nitrogen
leads to 2 or directly to the allyl cation 9.

RCOO
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Stereochemical studies also support oxaspiropentanone 1 as the
intermediate in the substitution reaction. Both (1R*,25*)- and
(1R*,2R*)-2-ethyl-1-aminocyclopropanecarboxylic acid are
available from a previous study.!? When treated under the above
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Rucktaschel, R. J. Am. Chem. Soc. 1972, 94, 1365.
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(1 l) After acetylation of the crude reaction mixture. Omitting this step
reduces the yield to 42%, presumably because the extremely water soluble
1-hydroxycyclopropanecarboxylic acid is also produced by competitive nu-
cleophilic trapping with water. Including sodium acetate (10 equiv) in the
diazotization reaction similarly increases the yield to 50%.

0002-7863/90/1512-6388%02.50/0 © 1990 American Chemical Society



J. Am. Chem. Soc. 1990, 112, 6389-6391 6389

Table II
A<C°2' NaNO,, TFA A<002H
or
3 NH3+ NOBF4. CH30N X
compd nucleophile yield, %
6 LiBr 73
14 KCl 75
15 EtOH 65
16 CH,COSH 60
17 KCN 64

diazotization conditions, each produces a different diastereomeric
acetoxy acid (75 and 78%. eqs 5 and 6). That these processes
proceed with overall retention of stereochemistry was established
by comparison with an authentic sample of 13 prepared by lit-
erature methods.!

cOy NaNO, COH (5
10 NHa+ 11 OAc
'\= ~
£ oy NaNO, A/co,H ©
“NHg+ “OAc
12 13

The reactions of 1 in trifluoroacetic acid with other nucleophiles
were examined. This solvent change eliminates competing nu-
cleophilic trapping. Substitution can also be effected in acetonitrile
with nitrosonium tetrafluoroborate!* as the diazotizing agent. As
summarized in Table 11, halide, sulfur, and even carbon nucleo-
philes (allyltrimethylsilane, cyanide) provide substitution products
in respectable yields. For comparison with bis(trifluoro-
methyl)acetolactone, the only a-lactone that reacts with ethanol
via acyl-C~O cleavage (presumably due to decreased polarization
of the alkyl-C-O bond), diazotization of 3 was conducted in the
presence of ethanol. The exclusive formation of the a-alkoxy acid
was observed.

Both kinetic and stereochemical studies imply the generation
of oxaspiropentanone 1 in the deamination of ACC.!* The
reactivity of 1 with ethanol suggests greater a-alkyl-C~O bond
polarization compared with bis(trifluoromethyl)acetolactone.
Evidence from this reaction that 8 is the common intermediate
and that ring-opening products cannot be derived from the a-
lactone suggests that the rearrangements and racemization ob-
served on diazotization of tertiary amino acids may be occurring
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data preclude a single intermediate such as 2 (or 1) which can ring-open or
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not through opening of their a-lactones but via the diazonium ions.

These transformations provide ready access to substituted cy-
clopropanecarboxylic acid derivatives that are otherwise difficult
to obtain, particularly because the enolate chemistry of cyclo-
propanecarboxylic acid is extremely limited.! Oxaspiropentanone
is thus an umpolung synthon for 2.V
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We present here a method of preventing the ring opening,
leading to double addition, that often occurs when organometallics
react with lactones, and the utility of this method is illustrated
by novel one-pot syntheses of spiroketals, including two phero-
mones. Reactions of organolithium compounds or Grignard
reagents with lactones are unpredictable, giving products derived
from the addition of 1 or 2 equiv of the nucleophile to the carbonyl
group.!? Unsubstituted, saturated lactones tend to undergo double
organometallic attack to give diols,!”* whereas polysubstituted
lactones are somewhat more prone to monoaddition of organo-
lithium compounds and Grignard reagents.#* Lithium acetylides
are widely employed since they give satisfactory yields of mo-
noaddition products which are important intermediates in the
synthesis of natural spiroketals.?
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