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Trimethylsilyl Halides Effective Reagents for the Synthesis of

3-Halo Amino Acid Derivatives

Daeock Choi and Harold Kohn
Department of Chemistry University of Houston Houston Texas 77204-5641

Abstract 13-Halogen alanine derivatives are prepared in moderate yields in one step
from the

corresponding serine compound and trimethylsilyl halide

p-Halogen-substituted amino acid derivatives j-ç have been used as irreversible inactivators of

enzymatic processes2 and are reagents for the construction of functionalized unnatural amino acids.3-5 Most

current methods for the synthesis of j-c proceed through the corresponding serine analogue thereby

generating optically pure derivatives.3 Established routes for the synthesis of 13-chloro adduct .i include

treatment of J.i1 with either phosphorous pentachloride36 or triphenylphosphine and carbon tetrachloride78

whereas the reaction of jj with triphenyiphosphine and carbon tetrabromide produces 1k.8 The most

common synthesis for f3-iodo adduct requires initial conversion of the serine hydroxy group to the tosylate

mesylate le then displacement with Na.39t0 In this letter we report one-step versatile method for the

synthesis of 13-halogen amino acid derivatives The method has been shown to proceed without racemization

and effectively introduces 13-halogen substituent into peptides

RNH--R H3CNJ1NC

XCI 2a XCI
XBr XBrXI cXl
XOH XOH
XOTs XF

For an ongoing project to prepare bioactive amino acid derivatives11 we needed the 13-halogen

compounds Jung and coworkers1213 have advanced trimethylsilyl bromide and iodide14 as effective

reagents for the conversion of primary alcohols to bromides and iodides respectively Use of trimethylsilyl

chloride in their procedure did not afford the alkyl chloride Recently Snyder reported that dimethyl

sulfoxide catalyzed the trimethylsilyl chloride conversion of and alcohols to the corresponding
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chlorides.15 Employing the Jung protocol and commercially available trimethylsilyl halides RS-N
acetylserine-N-benzylamidei6 was converted to -2 in acetonitrile 1718 Attempts to convert 24 to

fluoro with trimethylsilyl fluoride were unsuccessful room temperature 24 and gave dihydrooxazole

in 46% yield.9

H3CcjN HCH21

The trimethylsilyl halide reactions were accomplished within at reflux temperatures The isolated

yields were from 74% for to 20% for These decreased yields have been attributed in part to the

sensitivity of the p-halogen product to the reflux conditions Significantly the hydroxy to chloride

interchange within the serine derivative 24 proceeded without apparent racemization Treatment of R-24
with trimethylsilyl chloride in acetonitrile gave only R-2 NMR analysis.20 The utility of this procedure

for the introduction of jI-halogen substituents within peptides was demonstrated by the conversion of

dipeptides and to l-chloro aducts 4k2 and b22 respectively in 40-52% yields

H3C NOCH2CH3 H3C NOCH3

4aXOH XOH
xCI kXCI

In conclusion trimethylsilyl halides are effective reagents for the installation of n-halo substituents

within N-acyl serine containing peptides The reaction proceeds in one step and in moderate yields The

respective conversion of serine derivatives 24 4. and to -chloro derivatives 4k and with

trimethylsilyl chloride in the absence of dimethyl sulfoxide was unexpected.12.35 The mechanism for this

transformation is under investigation

Acknowledgments This work was funded in part by the Robert Welch Foundation and the State

of Texas Advanced Technology Program
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17 Satisfactory spectral data 111 and 13C NMR IR low and high resolution MS were obtained for all new

compounds

18 General Procedures for the Preparation of 2a-2

To CH3CN suspension of mmol 20 mL/mmol of was added trimethylsilyl halide 2.5

mmol under N2 The reaction mixture was heated at reflux 2-8 and then the solvent was removed

under reduced pressure The residue was dissolved in 11 mixture of CHC13 and H20 and the organic

layer was separated The aqueous layer was extracted with CHC13 and the combined organic layers

were dried Na2SO4 and evaporated in vacuo The residue was triturated with Et20 to give the desired
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mp 143- 144 1H NMR CDCI3 62.06 COCH3 3.72 dd 6.3 11.1 Hz CHHCl
3.94 dd 6.3 11.1 Hz CHHCI 4.48 5.7 Hz NHCH2 4.72-4.81 CII 6.36 br

6.3 Hz NH 6.49 br NH 7.22-7.35 PhH 13C NMR DMSO-d6 22.45 COCH3 42.16

CH2N or CH2C1 44.62 CH2N or CH2CI 53.89 CH 126.70 C4 127.03 2Cr or 2C3 128.16

2C2 or 2C3 138.39 Ci 168.38 COCH3 or CONH 169.52 COCH3 or CONH ppm MS

CI 257 M1 28 255 M1 81 222 100 Mr CI 255.09085 calcd for

C12H16C1N2O2 255.090 03
mp 123-125 1H NMR CDCI3 2.04 COCH3 3.59 dd 4.8 10.5 Hz CHIIBr

3.74 dd 4.8 10.5 Hz CHHBr 4.47 5.7 Hz NHCH2 4.79-4.83 CII 6.42 br

6.6 Hz NH 6.47 br NH 7.29-7.37 PhIl 13C NMR CDC13 23.07 COCH3 32.19

CH2BF 43.79 CHN 53.57 CH 127.62 C4 127.71 2C2 or 2C3 128.70 2C2 or 2C3 137.37

C1 168.58 COCH3 or CONH 170.37 COCH3 or CONH ppm MS CI 301

299 51 22072 219 100 Mr CI 299.039 22 calcd for C12H16BrN2O2 299.039

51
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2c mp 169-170C dcc 1H NMR CDCI3 2.05 COCH3 4.38-4.51 C1121 4.48

5.7 Hz NHCH2 4.63-4.70 CII 6.52 br 7.2 Hz NH 6.87 br NH 7.30-7.35

PhH 3C NMR CDCI3 4.83 CH2I 22.75 COCH 43.44 CH2N 53.31 CH 127.29 C4
127.42 2C2 or 2Cy 128.33 2Cr or 2C3 136.87 C1 168.39 COCH3 or CONH 169.80

COCH3 or CONH ppm MS -4-Cl ni/e rd intensity 220 20 219 100 Mr CI 347.025 81

calcd for C12H161N202 347.025 65
19 Compound mp 129-130 1H NMR DMSO-d6 1.93 CR3 4.21-4.38 NHCH2

OCII2CH 4.55-4.61 CH 7.22-7.33 PhH 843 5.7 Hz NH 13C NMR CQ3OD
13.64 CH3 44.12 NHCH2 69.67 CH 71.87 OCH2CH 128.32 C4 128.60 2C2 or 2C3
129.56 2C2 or 2C3 139.60 C1 170.65 CNO or CO 173.66 CNO or CO ppm MS CI
rd intensity 219 M1 100 141 41 Mr -4-Cl 219.112 64 caled for Ci2H15N2O2 219.113

35
20 Addition of saturated CDCI3 solution containing R--- mandelic acid to R-Za gave only one signal

in the 1H NMR spectrum for the acetyl methyl protons while the corresponding racemate gave two

peaks of equal height For the previous use of this method for the assessment of enantiomeric purity

see reference 11

21 Compound mp 107-108 1H NMR DMSO-d6 1.17 6.9 Hz OCH2CH3 1.88

COCH3 3.67 dd 7.1 11.1 Hz CHHC1 3.77 dd 5.1 11.1 Hz CFl11Cl 3.83 6.0

Hz NHCH2 4.07 6.9 Hz OCR2CH3 4.61-4.68 CR 8.31 8.4 Hz NH 8.58

6.0 Hz NH 13C NMR DMSO-d6 14.02 OCH2CH3 22.45 COCH3 40.82 NHCH2 or CH2CI

44.55 NHCH2 or CH2CI 53.57 CH 60.43 OCH2CH3 169.01 169.33 169.53 COCH3
CONH COOCH2CH3 ppm MS CI rel intensity 253 Ml 57 251 Ml 100 215 41
Mr 4-Cl 251.080 55 calcd for C9H16C1N204 251.079 86

22 Compound mp 133-134 NMR DMSO-d6 1.84 COCH3 3.67 OCH3 3.75

5.9 Hz NHCH2 3.81-3.91 CH2CI 4.71-4.77 CH 8.12 59 Hz NH 8.50 dJ 7.8

Hz NH 13C NMR CD3OD 22.38 COCH3 43.26 NI-CH2 or CH2C1 44.97 NHCH2 or CH2CI

53.21 CII 55.02 OCH3 170.58 171.65 173.80 COCH3 CONH COOCH3 ppm MS CI
rd intensity 239 M4I 41 237 M4-l 100 Mr --CI 237064 37 fM4-4-l calcd for C8H14C1N204

237.064 21
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