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N-methyl- N-(triethoxysilylmethyl) and N-methyl-
N-(silatran-1-ylmethyl) substituted glycine and alanine
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Organosilicon derivatives of glycine, a- and B-alanine, and a-methylalanine were
prepared by the reaction of methyl esters of a- and B-halocarboxylic acids with N-methyl-
aminomethyltriethoxysilane in the presence of triethylamine. The compounds synthesized
were converted into the corresponding N-silatran-1-ylmethyl derivatives. Trimethyl-
silyliodoacetate reacts with N-methylaminomethyltrietoxysilane to give 2,2-diethoxy-
4-methyl-1-oxa-4-aza-2-silacyclohexane-6-one. Its reaction with triethanolamine leads to

N-methyl- N-(silatran-1-ylmethyl)glycine.

Key words: (N-methyl)aminomethyltriethoxysilane, N, O-dimethyl-N-(triethoxysilylmethyl),
and N, O-dimethyl- N-(silatran-1-ylmethyl) substituted aminoacids.

Organosilicon compounds containing aminoacid moi-
eties in their molecules exhibit biological activity.! Opti-
cally pure compounds of this type are rather promising
for chiral ligand-exchange liquid chromatography.2 Un-
like the N,O-silyl derivatives of amino acids used in
peptide synthesis, which have been investigated in de-
tail, organosilicon compounds containing aminoacid
groups in their organic radicals have been poorly investi-
gated. Compounds of this type were obtained for the
first time by the reaction of haloalkylsilanes with deriva-
tives of aminomalonic acid.4—% N-[2-(R,S)-hydroxy-
3-ethoxysilylpropyl]-(L)-phenylalanine was prepared by
the reaction of rL-phenylalanine with glycidoxypropyl-
triethoxysilane.2 Hydrobromides of triorganylsilylmethyl
substituted amino acids and their esters and hydro-
chlorides of trimethoxysilylpropyl substituted amino-
carboxylic acids and their esters are formed by the
N-alkylation of the corresponding (aminoalkyl)silanes
with haloalkylcarboxylic acids and their esters.?—11
Enantiomerically pure B-trimethylsilylalanine was syn-
thesized from () alanine, trimethyichloromethylsilane
and pyrazinyllithium.!2

We obtained N, O-dimethyl- N-(triethoxysilylmethyl)
substituted glycine (2a), a-alanine (2b), p-alanine (2¢),
and o-methylalanine (2d) by reacting methyl a- and
B-halocarboxylates with N-methylaminomethyltriethoxy-
silane (1) in the presence of triethylamine:

MeOG(O)CRR'(CHy)pX + MeNHCH,Si(OEt), %’

— MeOC(O)CRR'(CH,),N(Me)CH,Si(OEt),

2a—d
c:R, R =H,n=1;
d:R,R'=Me,n=0;
X =Br, |

a:R, R =H,n=0;
b: R=H, R =Me,n=0;

The yields of aminoacid derivatives 2a, b, d decrease
noticeably as the number of methyl groups at the carbon
atom of the halocarboxylic acid increases (Table 1).

Trimethylsilyl iodoacetate reacts with compound 1
under the same conditions to give 2,2-diethoxy-4-me-
thyl-1-oxa-4-aza-2-silacyclohexane-6-one (3):

Me,SIOC(0)CH,l + HN(Me)CH,Si(OEt);

f 1
—=# OC(O)CH,N{Me)CH,Si(OEt),
3

Compounds 2a—e were converted into the corre-
sponding N-silatran-1-yl derivatives of aminoacids,

MeOC(O)CRR'(CH,),Si(OCH,CH,)3sN  {4a—c), by transes-

terification with triethanolamine according to the stand-
ard procedure (see Table 1).13

When heterocyclic compound 3 was treated with
triethanolamine, the endocyclic Si—O bond cleaved,
and N-methyl- N-(silatran-1-ylmethyl)glycine (5) was
formed

[ 1
OC(O)CH,N(Me)CH,Si(OEt), + (HOCH,CHy)gN — ———

——» HOC(O)CH,N(Me)CH,Si(OCH,CH,) N
5

The reaction of compound 5 with methyl iodide
yielded its iodomethylate

v 1
HOC(O)CHoN(Me)CH,Si(OCH,CHy)aN - Mel
6
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Table 1. Physicochemical properties of organosilicon derivatives of aminoacids

Compound B.p. Yield np20 Found _ (%) Molecular
(m.p.) (%) Calculated formula
/°C C H N Si
2a 99101 72 1.4238 48.36 9.47 498 8.90 C, HysNOSi
47.99 9.02 5.01 10.05
2b 101—104 44 14269 48.94 938 480 9.49 C1oHyNOSSI
49.12 9.27 4.77 9.57
2 111—114 61 1.4268 49.07 941 518 9.57 C,HyNOsS
49.14 9.34 4.78 9.46
2d 112—113/1 20 1.4245 51.03 9.98 4.78 10.08 Ci3HyNOsSi
50.78 9.50 4.55 9.13
3 93—94/1 32 1.4396 4371 862  — 12.50 CgH,7NO,Si
43.81 7.31 — 12.81
4a (69—71) 25 - 45.72 735 946 1030 € HyyN,058i
45.50 7.64 9.67 9.97
4b (38—41) 45 — 46.96 739 8.69 8.75 Cy9HyN,055i
47.36 7.94 9.20 9.22
4c (28—30) 46 - — - — —_ C12H24N2058i
5 180 ecomp. 100 ~ 43.44 741 981 1029 CyoHaoN,05Si
43.46 7.29 10.10 10.15
6 - 96 ~ 31.96 581 671 - C, Hy3IN,05Si
31.68 5.54 6.70 —

Table 2. Chemical shifts (CDCl;, 8) in the 'H NMR spectra of silicon-containing aminoacids
ROC(0)CR!R2(CH,),N(CH;3)CH,SiX;

Compound RO CRIRXCH,), NCH,Si N—CH; X
(OC,Hs); (OCH,CH,)3N
2a 368s 3.31 220 s 2.44 s 1.22 ¢
3.86 q
2b 3.57 331 q 2.05s 2.28 s 112 t
1.17d 374 q
2c 3.64 2,66t 1.97 s 2.28 s 121t
2451t 3.84 q
2d 3.67 1.27 2.04 s 2.35s 1.23t
3.86 q
3 3.15 2.05 2.36 1.24 t
393 ¢q
4a 3.66s 3.36s 1.94 s 2.44 s 2811t
3.76 t
4b 365s 4.13 ¢ 1.87 s 242s 283t
1.23d 377t
4c 3645 1.76 s 2.31s 282t
3.78 t
5 5.79 s 378 s 2.34 ¢ 2.85s 296t
3.83¢
5* 595 s 343 s 2.29s 2.8l s 294t
3.81t
6 596 s 3.49 s 2.35s 2.89 s 3.04t
383t
6* 6.46 s 345s 231 s 2.81s 297t
381t

* The spectrum was récorded in CD,Cl,.
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The compositions and structures of compounds 2—6
were confirmed by the data of elemental analysis and
'H NMR spectroscopy (see Tables 1 and 2). Unlike
3-(germatran-1-yl)propionic acid, which has a similar
structure,’ compound 5 exhibits no tendency toward
prototropic rearrangement of the 3-carboxylic and
2-oxyethyl groups in solution. The 'H NMR signal of
the protons of the OCH, and NCH, groups in silatranes
4a—c occurs in the region typical of carbofunctionally
substituted 1-alkylsilatranes (see Table 2). A downfield
shift of the signal of the protons of these groups has been
noted for compounds 5 and 6. Deshielding of the pro-
tons of the silatrane skeleton of the N-methyl-N-
(silatran-1-ylmethyl)glycine (5) may result from the
zwitterion form of the aminoacid fragment, which is
characteristic of a-aminoacids.1”? This is in agreement
with the low-frequency shift of the v(C=O0) stretching
vibration band in the IR spectrum of compound 5
(1625 cm™! in KBr pellets) with respect to its position
in the spectra of 4a—d (1720—1760 cm™!), which is
typical of an ionized carboxylic group.18

Experimental

The yields, physicochemical properties, and elemental analy-
sis data for the compounds prepared are presented in Table 1.

Methyl N-methyl- N-(triethoxysilylmethyl)aminocarboxy-
lates (2a—d). A methyl halocarboxylate (0.01 mol) was slowly
added dropwise (in an argon atmosphere) to a stirred mixture
of N-methylaminomethyltriethoxysilane (0.01 mol) and Et;N
(0.01 mol) in 30 mL of anhydrous pentane. The reaction
mixture was stirred for 4 h at ~20 °C. The resulting precipitate
was filtered off and washed with pentane (2x%20 mL). The
pentane was evaporated from the filtrate, and the residue was
distilled in vacuo.

2,2-Diethoxy-4-methyl-1-oxa-4-aza-2-silacyclohexane-6-
one (3). Trimethylsilyl iodoacetate (0.02 mol) was slowly added
dropwise under an argon atmosphere to a stirred mixture of
N-methylaminomethyltriethoxysilane (0.02 mol) and Et;N
(0.02 mmol) in 100 mL of anhydrous Et,O. The reaction
mixture was stirred for 3 h at ~20 °C. The resulting precipitate
was filtered off and washed with Et;0 (2x25 mL). The ether
was evaporated from the filtrate, and the residue was distilled
in vacuo.

Silatranes 4a—c and 5 were prepared by transesterification
of compounds 2a—c¢ and 3 with triethanolamine according to

the known method,!3 and silatranes 4a—c were recrystallized
from a benzene : heptane mixture (1 : 2).

N-Methyl- N-(silatran- 1-ylmethyl)glycine iodomethylate
(6). Freshly distilled Mel (0.05 mol) in 10 mL of anhydrous
ethanol was added dropwise to a solution of compound 5
(0.05 mol) in 15 mL of anhydrous ethanol. The reaction
mixture was kept for 12 h at ~20 °C and the precipitate that
formed was washed with ether and dried.
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