o-Trialkylsilyl Amino Acid Stability
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ABSTRACT

o-Trialkylsilyl amino acids have been evaluated for their stability toward methanolysis as a model for physiological conditions. The juxtaposition

of amine and carbonyl groups significantly destabilizes the silicon

—carbon bond, but changing a single methyl on silicon to an ethyl led to

a dramatic stability enhancement. Converting the ester to an amide gave an additional jump in stability, suggesting broad potential for these

novel amino acids in bioactive peptides and pharmaceuticals.

Ersatz amino acids are key elements of drug and peptidefound to lend unique properties to neurotensin analo§ues,
design and can also be used to alter the functionality andand the useful latent reactivity &-silylmethyl-substituted

properties of proteinsTheir introduction can change con-

amino acid derivative$ has been describéd.

formations and add resistance to proteolytic enzymes. New a-Silyl amino acids1, in which the silicon is directly
amino acids additionally play an important role in the design attached to the central carbon, are recent addifiduslike

of peptide-derived catalysts.

the more distantly substituted amino acds5, the proximity

Organosilicon amino acid components have taken severalof the silicon to the carbonyl it can lead to instability. We

forms, such ag-silyl alanine2® and substituted phenylala-
nine 3, Figure 1. The proline analogu4® has recently been
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Figure 1. Silicon-substituted amino acids and the non-natural
amino acidtert-leucine. Structures, 4, and5 have been prepared
only as derivatives.
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report here the first quantification of the stabilities bf
toward methanolysis and a surprisingly subtle structure
stability relationship.
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In general,o-amino silanes are very stalfldgut a-silyl To evaluate the stability ofi-trialkylsilyl amino acids,
carbonyls have a degree of instability related to the type of methyl esterd 0 were prepared using a modification of our
carbonyl groug? o-Silyl esters are regarded as quite stable, recently described reverse-aza-Brook rearrangement ¥oute,
however, with methyl trimethylsilyl acetate (11, Figure 2) starting with furfurylamine, Scheme 1. For the purposes of

this study, racemic amino acids were employed.

Q o Scheme 1. Preparation oftx-Silyl Amino Acid Esters
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o _Si_ e i barometer of stability because of the intrinsic simplicity of
! 10a the chemistry and its similarity to aqueous biological condi-
0 . . i tions. The reaction was followed Bi# NMR spectroscopy
0 5 10 15 20 25 30 until at least one half-life was established; samples of the
Days esters in methanoldwere held at 20°C and monitored
Figure 2. Methanolysis of the methyl esters aftrimethylsilyl periodically. Methanolysis under these conditions gave a
acetate and Boc-protectedtrimethylsilyl glycine at 20°C. clean conversion of the-silyl esters tax-deutero esters and

a new set of silane signals corresponding to the silyl methyl
ethers. For esters with half-lives of more than a month, some
available commercially. The stability dfis also a function ester exchange was also observed, with the appearance of

of R in the SiR. methanol-O-d.
The simplest trialkylsilyll, R; = Mes, would be analogous The dramatic effect of amine substitution can be seen in
to tert-leucine6, a rare, naturally occurring amino atigvith Figure 2. A commercial sample of methyl trimethylsilyl

o-helix destabilizing propertiésthat can be found in several — acetatel1 methanolyzed over a period of weeks, with a half-
recently developed pharmaceutical agéafEhe steric and life of 16 days at 20°C. In contrast, théN-Boc a-trimeth-
lipophilic properties of6 can inoculate peptide sequences Vyilsilyl glycine 10a underwent a surprisingly rapid metha-
against proteolysis and has led to peptides that can crossolysis, with a half-life of approximately 11.5 h.

the blood-brain barrie:3® o-Trialkylsilyl amino acids might Despite the instability of the trimethylsilyl estéba, the

be expected to exhibit equally interesting properties. Tri- more sterically shielded-tert-butyldimethylsilyl amino acid
alkylsilyl groups are larger and more lipophilic than sim- had been subjected to standard peptide coupling conditions
ilarly substituted carbon: trimethylsilane has a volume of without difficulty.®>84 To probe this effect systematically,
89 A3, 20% larger than isobutane (74)ANevertheless, the  the methyl ester serieDa—dwas completed with the ethyl
length of the Si-C bond lends a substantially smaller and isopropyl analogues. Under identical methanolysis con-
apparent steric bulk to the structure, a property reflected by ditions, Figure 3, these homologues demonstrated increasing
the A values for MgSi andtert-butyl groups, of 2.5 and  stability as the steric shielding of the silane increased. While
4.9 kcal mot?, respectively*151f the a-silyl amino acidsl this trend was expected, the dramatic stability enhancement
were adequately stable under physiological conditions, they that accompanied the change of one methyl groutOiato
could become valuable peptide and pharmaceutical compo-an ethyl group,10b, was particularly striking. The half-life
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s °C (refluxing acetone bath). Under these conditions, the half-

life for 10d dropped from 56 days to 33 h, Figure 4. The

100 #s:-
R
P it I
S At
» o "‘\;"\4
O m A, Tee 100 @=<gr—os
@ E oo.f‘l\ AL . TR 000000
£ 3 %, \.‘- L‘"‘A ‘»,__‘\ : O
E50§ Os Tm S : H
g \\\ l. ""\._A * H BOC-N%N/
o Tl o si_
; £ 20
g 50
2 0
0 . - : ‘ =2 \ H
0 10 20 30 40 50 60 Boc-N o~
" o Days 0o Si\
- |
Boc Nw)J\O/ RoMe B iPr tBu Hko/ 10d &
Sig ® u A ¢ Si_ O 0 . . . . .
RO 40 a b c d | 1 0 30 60 90 120 150 180
Hours

Figure 3. Methanolysis at 20C as a function of silane substitution. . )
Figure 4. Methanolysis at 57C for the methyl ester and methyl

amide.

than 40 times that of the trimethylsilyl amino acid estéa.
This incremental steric shielding more than compensated for

the destabilizing effect of the amino group. For test- methanolysis of amidd2, however, was very slow, with

butyldimethylsilyl-substituted 2d, the half-life for metha- 220 0f12unchanged after one week. Extrapolation of these

nolysis at 20°C was 56 days and the isopropyl group was data indicate that the half-life df2is approximately 56 days.
intermediate in stability with a half-life of 36 days. These trends have been demonstrated here for Boc-pro-

The enhanced stability of the ethyldimethylsild® over tected amino acid d_erlvatlves, we anticipate thgt they will
the trimethylsilanelOais most likely attributable to a steric ~ ranslate to full peptide structures: that a small incremental
effect, although an effect of this magnitude has not been Stéric adjustment of the trialkylsilyl group ef-silyl amino-
observed previously. The ethyldimethylsilyl group is not aC|d_s can yield _stable S|I_ane-c_o_nta|n|ng p_ept|des with unique
stable enough to be employed as a protecting group insterlc,_glectronlc a_nd lipophilic proper_tles, anq_ne\_/v op-
organic synthesi® although its mass spectral properties have portunities for peptide and pharmaceutical modifications.
been profitably employed in analytical settings.
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