
836 Journal of the American Chemical Society / 102:2 / January 16, 1980 

yield to a 15,16-di-O-acetyl derivative with the remaining 50% present 
as a mixture of mono-O-acetyl derivatives. 

Trimethylsilylation of alkaloids was conducted in pyridine with 
bis(trimethylsilyl)fluoroacetamide for 1 h at room temperature. Under 
these conditions, V was converted in only 30% yield to an 0-tri-
methylsilyl derivative, while the dihydro reduction product was con
verted in almost quantitative yield to an 0-trimethylsilyl deriva
tive. 

All reactions were carried out with 10-100 JX% of alkaloid. 
Crystals of V were prepared as follows: The free base (11 mg) was 

converted to the hydrochloride salt with a stoichiometric amount of 
methanolic HCl. After concentration in vacuo, it was crystallized at 
room temperature from ethyl acetate-cyclohexane. 
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Communications to the Editor 

Biosynthesis of Amino Acids. Investigation 
of the Mechanism of /3-Tyrosine Formation 

Sir: 

Cultures of Bacillus brevis Vm4 produce two peptide anti
biotics, edeine A andedeine B (1 and 2), that contain a group 

Cl H2N^OH 

I. . O rnnu 
OH COOH 

1, R= H 

2, R = H2NC = NH 

of novel amino acids.' One of these amino acids is /3-tyrosine 
(3), which is formed by the isomerization of L-a-tyrosine (4) 

> ^ COOH 

catalyzed by the enzyme tyrosine a,/3-mutase.2 The mutase 
enzyme is unusual in that it requires ATP, is inhibited by re
agents reacting with carbonyl groups, and has no requirement 
for pyridoxal phosphate. To provide additional information 
concerning the mechanism of the mutase reaction, we have 
examined the conversion of doubly labeled forms of a-tyrosine 
into /3-tyrosine. 

3(/?,S)-[3-3H,3-l4C]-DL-a-Tyrosine3 was administered to 
cultures of B. brevis Vm4 and the /3-tyrosine produced was 
isolated and purified by paper chromatography. Further pu
rification was accomplished by dilution and repeated recrys-
tallization to constant specific activity and constant 3 H/ 1 4 C 
ratio. The results of this experiment are outlined in Table 1 
(expt 1). The 3 H / 14C ratio of the purified /3-tyrosine clearly 
shows that amino group migration is accompanied by the 
stereospecific removal of one hydrogen atom from C-3 of 
cv-tyrosine (expected loss is 50%). Additional experiments were 
carried out to define the stereospecificty of this hydrogen loss. 
Samples of (3fl)-[3-3H]- and (3S>[3-3H]-a-DL-tyrosine were 
prepared,4 mixed with [3-'4C]-DL-a-tyrosine, and adminis
tered to B. brevis cultures. Interpretable results were not ob
tained in these in vivo experiments, presumably because of 
metabolism of the a- or /3-tyrosine via pathways unrelated to 
the migration process. The samples of chirally labeled cv-ty
rosine were therefore converted into /3-tyrosine in vitro, using 
the purified mutase enzyme.2 The /3-tyrosine isolated in these 
experiments gave the 3 H/ 1 4 C ratios shown (Table 1, expt 2, 
3). The data indicate clearly that the migration of the amino 
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Table I. Conversion of Doubly Labeled a-Tyrosine into /3-Tyrosine 
3H/14C for % 3H 

expt. precursor (3H/14C ratio) /3-tyrosine retention 

\" 3(i?,S)-[3-3H,3-14C]-DL-a- 4.56 53 
tyrosine 
(8.56) 

2* 3(S)-[3-3H,3-14C]-DL-a-tyrosine 1.35 23 
(5.87) 

3* 3(/?)-[3-3H,3-14C]-DL-a-tyrosine 1.86 83 
(2.25) 

4* [2-3H,l-l4C]-L-a-tyrosine 0.71 16 
(4Ai) 

" In vivo experiment. * In vitro experiment. 

group from C-2 of a-tyrosine to C-3 leads to loss of the 3-pro-S 
hydrogen atom of the amino acid. The lack of complete tritium 
loss or retention observed in these two experiments is probably 
due to the fact that the chirally tritiated forms of a-tyrosine 
are only ~85% optically pure.4 

A complete picture of the stereospecificity of the amino 
group migration to C-3 requires that the absolute configuration 
of natural /3-tyrosine be known. The absolute configuration 
was determined in the following way. Resolution of 3-for-
mamido-3-(/>-methoxyphenyl)propionic acid with (+)-cin-
chonine gave (i?)-(+)-3-formamido-3-(p-methoxyphenyl)-
propionic acid with [ a ] D +128° (93% optically pure).5 '6 De-
methylation and deformylation of the optically active for-
mamido acid with refluxing hydrobromic acid yielded ^-ty
rosine which was purified by recrystallization and then con
verted into the hydrochloride salt. Recrystallization of the 
hydrochloride gave (7?)-/3-tyrosine hydrochloride which ex
hibited an [a]o -4 .15° . Since /3-tyrosine hydrochloride iso
lated from edeine A and B exhibits an [a]o +7.8°, it follows 
that naturally occurring /3-tyrosine has the S configuration.7 

This information combined with the knowledge that the 3-
pro-S hydrogen atom of a-tyrosine is lost during amino group 
migration leads to the conclusion that the amino group is in
troduced at C-3 with inversion of configuration. 

The loss of the 3-pro-S hydrogen atom from a-tyrosine as 
the result of /3-tyrosine formation suggested that the mecha
nism of the a-tyrosine mutase reaction might be related to that 
of the reactions catalyzed by the ammonia-lyase enzymes.8 

All of the ammonia-lyases that have been examined catalyze 
a loss of ammonia that involves the removal of the same hy
drogen atom in an absolute sense as that removed from C-3 of 
a-tyrosine by the mutase enzyme. In addition, both histidine 
and phenylalanine ammonia-lyase are deactivated by reagents 
that react with carbonyl groups. Evidence has been obtained 
that indicates that the electrophilic group present at the active 
sites of these ammonia-lyases is a dehydroalanyl residue. At 
present, little is known regarding the nature of the electrophilic 
group that occurs at the active site of a-tyrosine mutase. To 
gain some insight into the possible nature of the electrophilic 
group in tyrosine mutase, an in vitro experiment was carried 
out with [2-3H]-L-a-tyrosine.9 The results of this experiment 
are shown in Table I (expt 4): the in vitro conversion of [1-
l4C,2-3H]-L-a-tyrosine into /3-tyrosine proceeds with loss of 
most of the tritium label from C-2 of a-tyrosine.10 This ob
servation is compatible with the formation of a Schiff base 
between a carbonyl group at the active site of the mutase and 
the amino group of a-tyrosine. It is apparently not consistent 
with the formation of an adduct between the amino group of 
a-tyrosine and a dehydroalanyl residue since the ammonia-
lyase enzymes do not catalyze exchange of the a-hydrogen 
atoms of their amino acid substrates. The results of expt 4 also 
serve to emphasize the differences between the a-tyrosine 
mutase enzyme and an L-lysine 2,3-aminomutase found in 
Clostridium.'' The lysine mutase requires pyridoxal phosphate 
and .S-adenosylmethionine as cofactors and it catalyzes an 
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isomerization that proceeds without incorporation of hydrogen 
from the medium. The stereospecificity of the lysine mutase 
reaction remains to be determined. 
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Flash Vacuum Thermolysis of 1,2-Diazetidines 

Sir: 

Thermolysis of unsaturated six-membered-ring hydrazines, 
1,2,3,6-tetrahydropyridazine derivatives, generates dienes and 
azo compounds,1 and the synthetic utility of this cycloreversion 
as a source of diimide has been well established.ld Nelsenla has 
proposed that this cycloreversion is a concerted retro-Diels-
Alder reaction. However, analogous thermolytio studies on 
four-membered-ring hydrazines, 1,2-diazetidines, are few.2 

For unsubstituted 1,2-diazetidines 1, 

two cycloreversions are conceivable, namely, (a) cleavage to 
imines and (b) fragmentation to an alkene and an azo com
pound. We have prepared the fused-ring 1,2-diazetidine3 2 for 
which four unique thermolytic pathways are possible; (1) a [27r 
+ 2a + 2a] reversion to quadricyclane and azomethane; (2) 
a [2a + 2a] reversion to norbornadiene and azomethane; (3) 
a [27T + 2a + 2a] reversion to cyclopentadiene and 
A3-l,2-dimethyl-l,2-diazetine (3); and (4) a [2a + 2a] cy
cloreversion to diimine 4. 
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