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Abstract-The synthesis of boroxazolidones 1 form a variety of o-amino acids is given. These compounds I show a 
strong intramolecular coordination between B and the amino group. These heterocycles can serve as protected 
o-amino acids in which the a-amino and the carboxyl function are simultaneously blocked, while the side chain 
remains free for further reactions. The boroxazolidines were reconverted into a-amino acids under mild acid 
conditions. Using this methodology aspartic acid was converted into R-benzyl aspartate and glutamic acid into 
y-benzyl glutamate 

In effecting an efficient conversion of functional groups 
present in the side chain of a-amino acids an ap- 
propriate, preferably simultaneous, protection of the a- 
amino and the carboxyl function is highly desirable. For 
the dibasic amino acids ornithine and lysine Cu(lI) 
complexes have been used for this purpose, e.g. during 
the synthesis of w-acyl derivatives.‘.2 

However, in most cases the applicability of Cu com- 
plexes is limited due to their low solubiltiy. S-Oxazoli- 
dinone derivatives which can be prepared from N-pro- 
tected a-amino acids and paraformaldehyde have been 
employed as dual protection of the u-amino and a- 
carboxyl group in the synthesis of /3-aspartyl and y- 
glutamyl peptides. The protecting oxazolidinone ring can 
readily be removed by alkaline hydrolysis” or by cataly- 
tic hydrogenolysis.3 However, it should be noted that the 
CO group in these oxazolidinones still has an appreciable 
reactivity towards amines.‘. 

The aim of the present study is to investigate the 
synthetic utility of the zwitterionic boron amino acids 
complexes with the general structure 1, for the simul- 
taneous protection of the a-amino and acarboxyl group. 
Compounds of this nature occur in the chemical lit- 
erature under various names, viz as boroxazolidones’ 
and as esters6 or mixed anhydrides7-9 of amino acids and 
di-alkyl (or aryl) borinic acid. We prefer to designate 
these compounds as heterocycles in accordance with 
Chemical Abstracts. 

The synthesis of boroxazolidones was reported for the 
first time by Lang et 01.’ by reaction of glycine and 
methionine with tri-n-propylborane in refluxing xylene 
(Scheme I). 

A different route was described by a group of Chinese 
authors’ who treated various amino acids with n-butyl 
diphenylborinate (Scheme 2). 

The same approach was reported by Skoog* for the 
preparation of the heterocycles 1 (R’ = Ph) from glycine, 
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alanine and leucine. BaumY reacted the comercially 
available sodium tetraphenylborate with an amino acid 
chlorohydrate in refluxing aqueous solution. This con- 
version probably proceeds via the in situ generated 
triphenylborane which then reacts according to Scheme 
I. In this manner B,B-diphenylboroxazolidones were 
obtained from glycine, alanine, phenylalanine, proline, 
cysteine and tyrosine. 

An improvement of the method depicted in Scheme I 
was reported by Koster and Rothgery6 who used 
triethylborane in acetonitrile as the solvent and diethyl- 
boryl pivalate as accelerator. As a-amino acids they 
studied glycine, alanine, phenylalanine and sarcosine (N- 
methylglycine). 

B,B-Difluoroboroxazolidones’” were obtained from the 
reaction of N-alkyl a-amino acids with borontrifluoride 
etherate. Heterocycles of type 1 having two H atoms at 
B were prepared from N,Ndimethyl a-amino acids and 
the complex of triiethyl amine and jodoborane.” 

The heterocyclic nature of the compounds was clearly 
established by an X-ray analysis’* of the product 1 
derived from proline and diphenylborinic acid. As con- 
sequence of the strong intramolecular N-B coordination 
the B atom has the tetrahedral configuration. 

It should be noted that, although various borox- 
azolidones have been prepared, their chemical behaviour 
hardly has received attention. This paper describes a 
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slightly modified synthesis of boroxazolidones from a 
variety of u-amino acids, particularly those having an 
additional functional group in the side chain. 

RESULTS 

Synthesis and properties of boroxatolidones derived 
from glycine, phenylalanine and tryptophane. Finely 
powdered dry glycine and phenylalanine both gave upon 
treatment with a slight excess of a one molar solution of 
triethylborane (Et,B) in tetrahydrofuran (THF) products 
which are identical in all respects with the borox- 
azolidones 1 having R = H, R’ = Et and R = PhCH2, R’ = 
Et, respectively, reported by Kiister et aL6 In fact our 
method closely resembles that described by Kiister et 

al.,h however, we found no need for adding an ac- 
celerator. 

B,B-Diphenylboroxazolidone lc could conveniently be 
prepared from L-phenylalanine and triphenylborane in 
THF solution. The required borane was obtained ac- 
cording to the method of Wittig” by pyrolysis of 
dimethylammonium tetraphenylborate. 

Tryptophane could also be converted into the cor- 
responding heterocyclic Id using the experimental con- 
ditions indicated above. The yields and m.p. of the 
respective boroxazolidones 1 are recorded in the Table. 
L-Phenylalanine also reacted smoothly with 9-borabicy- 
clo[3.3.l]nonane (PBBN) in THF to give the boroax- 
azolidone 2 in high yield. 

The product la was subjected to some electrophilic 
and nucleophilic reactions in order to establish the merits 
of the heterocyclic systems as protecting group for 
amino acids. By heating la with one equiv of benzyl- 
amine in refluxing toluene starting material could be 
recovered almost quantitatively. Treatment of la with 
2,4,Gtrichlorophenyl N-(benzyloxy-carbonyl)glycidate in 
THF at 50” in the presence of one equiv of triethylamine 
did not lead to any acylated product. these experiments 
indicate a low reactivity of the CO as well as of the N 
atom of the boroaxzolidones. 

It is of importance that boroxazolidones can be 
reconverted into the corresponding amino acids under 
mild conditions. By dissolving la and lb in ethyl acetate 
and passing dry gaseous hydrogen chloride or hydrogen 
bromide over this solution, resulted in a practically 
quantitative precipitate of the amino acid halohydrate. It 
is also possible to recover the amino acids from la and 
lb by treatment of these heterocycles with 4N HCI at 
40”, or even by refluxing the compounds over night in 
pure methanol. It is remarkable, however, that the 
heterocycles la and lb can be dissolved in acetic acid or 
even trifluoroacetic acid without noteable decomposition. 

The B,B-diphenylboroaxazolidone Ic is much more 
stable towards hydrolysis than the diethyl analogue as it 
is stable in refluxing water7.9.‘Z. 

Boroxazolidones derived from aspariic and gfutamic 
acid. Treatment of finely divided L-aspartic acid and 
L-glutamic acid with Et,B in THF results in both cases in 
B containing compounds in high yields (Table 1). The 
structures of these materials need detailed attention as 
either of the carboxyl group can be involved in the 
reaction with Et,B. Intramolecular coordination of B 
with the amino group then can lead to different types of 
heterocycles, viz the 5-membered boroxazolidones le, f 

or the larger heterocyclic rings 3a, b. These latter rings 
are quite feasible as Kbster et al.” reported the formation 

Table 1. 
R 
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;ropyl ether, n.p. 110" 
(f) 11t.9 210' 
(e) contains one mole of DMSO of crystalllsation. 
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of a 6-membered B-heterocycle from /3-alanine and 
EtIB. On the case of y-amino-butyric acid these authors 
proposed the coordination of the y-amino group with B 

to a 7-membered ring. However, in view of the deviating 
solubility properties of thes product a polymeric struc- 
ture seems more likely. 
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In order to elucidate the structures of the products 
obtained from aspartic and glutamic acid the extra car- 
boxy1 groups in the B containing materials were deriva- 
tized as benzyl ester by treatment with dicyclohexyl- 
amine followed by benzylbromide in dimethyl for- 
mamide. After reconversion of the thus-obtained B- 
heterocycles into the amino acids by treatment with 
hydrogen bromide in ethyl acetate, followed by neu- 
tralisation with Et,N, /3-benzyl t-aspartate and y-benzyl 
L-glutamate were obtained, respectively. These benzyl 
esters were identical with authentic samples prepared by 
unambigeous routes.14 These results clearly demonstrate 
that with aspartic and glutamic acid the S-membered 
boroxazolidones le and If have been formed exclusively. 

In a similar fashion as described in the previous sec- 
tion the B,B-diphenyl B heterocycles lg and HI were 
obtained from aspartic and glutamic acid, respectively, 
upon treatment with PhaB. The S-membered ring struc- 
ture is also adopted in these cases in analogy with the 
B,B-diethyl derivatives and in view of the mechanism of 
formation (Discussion). 

The free carboxyl groups in the boroxazolidones le 
and If could readily be converted into the corresponding 
p-nitrophenyl esters by treatment with p-nitrophenol and 
dicyclohexylcarbodiimide. These activated esters may be 
considered as suitable starting materials for making fi- 
aspartyl and y-glutamyl peptides. 

Boroxazolidones from cysteine. By treatment of L-cys- 

teine with Et,B in THF smooth formation of a B con- 
taining product took place. In order to establish its 
structure the product was treated with one equiv of 
dicyclohexylamine followed by one equiv of benzyl- 
bromide in DMF. The thus-formed compound was iden- 
tical to the one (lj) produced by the reaction of S-benzyl 
cysteine” with Et,B in THF. Hence, the reaction of 
cysteine with Et,B leads to the S-membered boro- 
heterocycle li. Cysteine gave with Ph3B the correspond- 
ing heterocycle lk. 

Boroxazofidone from fysine. Lysine hydrochloride 
suspended in DMF gave upon treatment with Et,B in 

THF the product II in moderate yield. The compound 
was assigned the S-membered boroxazolidone structure 
as coordination of B with the e-amino function in a 
Pmembered ring seems highly unlikely. The terminal 
aminogroup in II can be converted’6 into the 2,4-dinitro- 
phenylamino group by treatment with base and sub 
sequently with 2,4-dinitrofluorobenzene. The cor- 
responding l -derivatized lysine hydrochloride was then 
obtained by solvolysis with hydrogen chloride in 
methanol. 

DISCUSSION 

The results obtained with the various amino acids 
clearly demonstrate the exclusive formation of 5-mem- 
bered boroxazolidones by reaction of Et,B with the 
o-amino and a-carboxyl group, even when competing 
functions for ring-formation are present in the substrate. 
A plausible mechanism for this exclusive formation of 
the 5-membered ring heterocycles is pictured in Scheme 
3. 

The amino acid in its zwitterionic form first reacts with 
Et,B at the carboxylate group to form borate 4. In- 
tramolecular protonolysis of this borate then leads to 
hydrocarbon and the heterocycle possessing a strong 
coordination between N and B. Support for the proposed 
borate 4 is that stable borates of a similar type have been 
isolated and characterized from amino acids (glycine, 
alanine and phenylalanine) and boron tri-fluoride 

[RCH(NH,)COOB F,].” 

The boroxazolidones derived from a-amino acids and 

Et,B are soluble in a variety of solvents, they are stable 
under basic conditions and they can be reconverted into 
a-amino acids using very mild acidic reagents. There- 
fore, these boroheterocycles are suitable for the simul- 
taneous protection of the a-amino and a-carboxyl group 
in a-amino acids. The B,B-diphenyl derivatives, that are 
obtained from a-amino acids and Ph,B, are much more 
stable towards solvolysis and therefore less suitable for 
the double protection purpose. 

Further exploration and search for synthetic ap- 
plications of these boroxazolidones are currently under 
active investigation in our laboratory. 

EXPERIMENTAL 

IR spectra were taken on a Perkin-Elmer 257 grating spec- 
trometer. NMR spectra were recorded on a Varian EM 390 using 
TMS as internal standard. All m.ps are uncorrected. 

Boroxazolidones 1 (General procedures). Finely ground L- 

amino acid (IO mmoles) was suspended in THF (S-10 ml), then a 
IM soln of triethylborane (I2 mmole) in THF (12 ml) was added 
and the mixture was stirred until the amino acid had dissolved. 
The reaction time strongly depends on the effectiveness of the 
grinding, with finely powdered amino acid the reaction is com- 
pleted within 5-30min. The soln was then tittered, if necessary 
and concentrated to dryness. The residue was treated with either 
toluene or cyclohexane, the product was collected by filtration 
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Scheme 3. 




