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Abstract : In this paper a broadly applicable synthesis of chiral a,adisubstituted amino acids is outlined 
based upon regioselective ring opening of aziridine derivatives. Examples of nitrogen, sulphur and carbon 
nucleophiles were found to preferentially attack the C3 position of chiral 2-methyl-2-silyloxymethyl 
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INTRODUCTION 

We have previously published the preparation’ and application’ of a,cr-disubstituted amino acids in the 

design and synthesis of high affinity ligands for cholecystokinin (CCK) and tachykinin (NK) receptors (see 

figure 1 for examples of CCK-B3 and NK34 receptor ligands containing a-methyl amino acid residues). 

Extensive use of this class of molecule has been made by us since in addition to exhibiting enhanced chemical 

and ill vivo stability when compared to its corresponding a-amino acid parent,5 these mono amino acids have 

the potential to stabilise preferred biologically active conformations due to the restricted rotation imparted by 

the additional a-substituent.6 

By far the majority of published syntheses of both racemic and chiral a,a-disubstituted amino acids 

have involved the alkylation of suitably derivatised a-amino acids via the intermediacy of a stabilised 

carbanion.’ A requirement for this approach is the availability of suitably protected electrophiles. In order to 

increase the diversity of a,a-disubstituted amino acid targets available, we wished to devise a broadly 

applicable synthesis of a,a-disubstituted amino acids which involved a complementary nucleophilic 

substitution strategy. One method of achieving this objective would be an SN2-mediated ring opening reaction 

on aziridine 2-methyl-2-carboxylate esters induced by nucleophilic attack at C3 (scheme 1). 
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There have been a number of publications demonstrating the utility of aziridine-2-carboxylates in the 

preparation of a- and g-amino acids.* The first examples, to our knowledge, of the synthesis of a,a- 
disubstituted amino acids using this approach have been described in recent publications from Wipf et al.’ and 

Goodman et al.” which outline the synthesis of a-methyl serine and cysteine derivatives respectively. 

In this paper we will describe the outcome of the reactions of a variety of carbon and heteroatom- 

based nucleophiles on aziridine-2-methyl-2-carboxylate derivatives. We believe this methodolgy will prove 

broadly applicable to the efllcient chiral synthesis of a,a-disubstituted amino acids. 

RESULTS AND DISCUSSION 

Nucleophilic Ring Opening Reactions of Racemic 2-MethyI-2-Carboxylate Substitlrted Aziridine 

In the first series of reactions attempted, we explored the regioselectivity of reaction of a diverse set 

of nucleophiles with the racemic aziridine-2-methyl-2-carboxylate derivative (1). The carboxylic acid group 

on the aziridine (1) was derivatised as a sterically demanding t-butyl ester” in order to promote C3 attack 

whilst the nitrogen atom was protected by a tosyl moiety. Although potentially more difficult to remove than 

acyl or alkoxycarbonyl alternatives, a sulphonyl group was selected for protection of the nitrogen atom in 1 

since its stronger electron withdrawing capability should hasten what is a potentially slow nucleophilic 

substitution onto a neopentyl C3 position. ” 

The synthesis of the target aziridine derivative (1) is outlined in scheme 2 and involves, initially, 

esterification and tosylation of the commercially available (RS)-a-methyl serine (2) followed by base catalysed 

cyclisation to provide the aziridine (4). Subsequent saponification of the methyl ester followed by conversion 

of the resulting carboxylic acid to its t-butyl ester13 yielded the target aziridine substrate 1. 
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Scheme 2 
Reagents and conditions : i) s)HCI,MeOH; b)TsCI,F’yridine; ii)TEA,THF; iii) a)LiOH 

Diox8neIW~ter; b)CI~CC(=NH)OtBu.THF,eyelohelsne,BF,.Et~O. 
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In selecting a diverse range of nucleophiles to investigate, examples of hard (eg. HCI, HCOOH), 

borderline (eg. NaN,, PhCHaNHa) and soft (eg. PhSH, cuprates) nucleophiles (as characterised by the semi- 

empirical molecular orbital programme MOPAC14) have been included. The outcome of the effect of these 

various nucleophiles on reaction with the aziridine 1 is summa&ad in table 1. 

Table 1 : Reaction of Selected Nucleophiles with Aziridine-2-Methyl-2-GButyl Carboxylate 1 

T NU NHTS NU 
N 

OtBu + OtBu 
OtBU * -7f NU TSNH 

-5i 
0 0 

C3 Attack C2 Attack 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

Reagent 

HCI 

HCOOH 

PhCHlNHl 

NaN, 

PhSH 

iPrMgCUCuBr.SMel 

PhMgBr/CuBr.SMel 

IndoWMeMgBr/ 

CuBr.SMe* 

Conditions Batio C3/C2Attack Overall Yield 

Et20,72h, 20-Z l/4 87% 

lh, 0°C l/l 95% 

THF, 16h, reflux C3 attack only 84% 

DMF, 72h, 20°C l/4 75% 

DMF, 72h, 20°C l/l 85% 

THF,lh,reflux C3 attack only 60% 
THF, lh,reflux C3 attack only 52% 

THF,16h.reflw C3 attack only 48% 

1 

Most encouraging amongst these reactions was the excellent regioselectivity achieved by the aziridine 

ring opening with organocuprates. In the three examples listed in table 1, cuprate reagents were found to 

open the aziridine 1 at C3 with complete regioselectivity to provide the required a-amino acid in good to 

moderate yields giving no quantifiable levels of the corresponding g-amino acid as shown by the absence or 

presence of NHCH2 coupling in ‘HNMR spectra.” These findings are in marked contrast to the reactions of 

organocuprate reagents with corresponding des-methyl aziridine-2-carboxylate esters which were found to 

yield mixtures of a- and g-amino acids in addition to products arising from reduction.‘3 Regioselectivity can 

be achieved for such reactions on des-methyl aziridine-2-carboxylates, however, if the ester is replaced by a 

free carboxylic acidI or the tosyl moiety is changed to a t-butyloxycarbonyl urethane N-protecting group.‘3a 

Among the various nucleophiles explored the only other regioselective reaction occurred on reaction of the 

borderline hard/sot? nucleopile benzylamine (see table 1). As with the sotI organocuprate nucleophiles, 

benzylamine attacks exclusively the C3 position. Mixtures of a- and g-amino acids were isolated when the 

aziridine 1 was reacted with hard nucleophiles (HCI, HCOOH), the borderline nucleophile NaN3 and the soft 

nucleophile PhSH. The attack at both C2 and C3 positions occuring on reaction with HCI and NaNr is 

consistent with results obtained on reaction of the same reagents on des-methyl aziridine-2-carboxylate 

esters.” However, thiols and carboxylic acids regioselectively open des-methyl aziridine-2-carboxylate esters 

at the C3 position which is, as was the case with reaction with organocuprates, in contrast to our findings 

with 2,2_disubstituted aziridines.” 

Although it would be inappropriate, given the limited number of examples, to derive from these data 

any firm rules to predict the outcome of aziridine ring opening, one may generalise that C3 attack on this 

particular class of aziridine is most likely to occur with soft nucleophiles. 
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Nucleophilic Ring Opening Reactions of Chiral2-Methyl-2-SilyIoxymethyi Substituted Aziridines 

Having established the regioselectivity of a variety of nucleophiles with the racemic aziridine 1, we 

subsequently turned our attention toward realising the potential of the chiral synthesis of a-amino acids via 

this approach. The key aziridine substrate selected for this study was the silyl ether 5 and not the 
corresponding chiral version of the racemic aziridine 1. The reduced derivative 5 was preferred over 1 since it 
was envisaged that the bulky silyl group would, like the t-butyl moiety, be sufficiently sterically demanding to 
promote C3 attack and this effect, we hypothesised, would also be attenuated by removal of the electron 
withdrawing carboxyl group. It was hoped that these changes to the aziridine substrate would encourage 
preferential attack at the C3 position for all types of nucleophile. 

The synthesis of the target aziridine (R)-5 is outlined in scheme 3 and is similar in approach to 
previous chiral syntheses of aziridines published by Zwanenburg,” WipP and Goodman.” Yields quoted in 
the scheme represent those achieved in the process of preparing (R)-5 although, as one might expect, similar 
yields were obtained in the synthesis of the corresponding R antipode. Beginning with the commercially 

available (R)-2-methylglycidol (6), protection of the alcohol as its silyl ether followed by regioselective ring 

opening with NaNxgV” provided the azido alcohol 7 in excellent yield. A subsequent Staudinger reaction was 

carried out on the azido alcohol intermediate 7 and the resulting aziridine N-protected with a tosyl moiety to 

give the required chiral aziridine substrate (R)-5. 
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Scheme 3 
Reagents md conditions : 13n)TBDPsCl,imidazolePMAPPCM; b)Na&,MeOH&Q ii)Ph,P,THF; 
iii)TsCI,TEA,THF 

Following completion of the synthesis of the chiral aziridine substrates (R)-5 and (S)-5, both 
compounds were then reacted with the same diverse set of nucleophiles, with the addition of benzyl alcohol, 
under conditions previously selected for reaction with the racemic aziridine 1 (tables 2 and 3). 

As was found with the racemic aziridine-2-methyl-2-carboxylate (l), regioselective attack on the C3 
position was achieved on reaction of organocuprates with the chiral 2-methyl-2-silyloxymethyl substituted 
aziridines (R)-5 and (S)-5 (see tables 2 and 3). Even more encouraging, however, was the regioselectivity 
obtained on reaction of NaN3 and PhSH with the chiral aziridines. In contrast to the corresponding reactions 
with the racemic aziridine carboxylate (1) (see tablel), both the nucleophiles generated from the reagents 
NaNs and PhSH attacked solely, within the limits of ‘HNMR detection, the C3 position of the chiral aziridines 



Synthesis of a,a-disubstituted amino acids 13039 

(R)-5 and (S)-5. These latter findings help to substantiate the hypothesis that the electron withdrawing 
carboxyl group in the racemic aziridine 1 was actively promoting attack at the C2 position. Only the hard 

nucleophiles arising from the reagents HCl, HCOOH and PhCH20H/BFs.Et20 (PhCH20H did not react in the 

absence of acid) failed to open the chiral aziridine substrates in the desired manner yielding a mixture of a- 

and p-amino acids in the HCI reaction and a p-amino acid upon reaction of the aziridines with HCOOH and 
PhCHzOH. These latter exceptions to regioselective C3 attack may not solely be due to the hardness of the 
nucleophiles employed but may also be a fimction of the acidic reaction conditions which may promote attack 

at the more hindered C2 carbon atom.’ 

Table 2 :Reaction of Selected Nucleophiles with 2-Methyl-2-Silyloxymethyl Substituted Aziridine (R)-5 

Reagent 

HCI 

ACOOA 

PhCH~OA 

PhCHzNHt 

NnNJ 
PhSH 

iPrMgCl/CuBr.SMel 

PhMgBr/CuBr.SMe~ 

Indole/MeMgBr/ 

CuBr.SMe* 

C3 Attack C2 Attack 

_ . . . 

Conditions 

EtzO, 72h, 2O’C 

lh, O°C 

CH2Clz, BF,.EtzO 

16h, 20°C 

THF, l6h, reflux 

Dh4F, 72h, 20°C 

DMF, 72h, 20°C 

THF, I h,reflux 

THF. 1 h,reflux 

THF,16h,reflux 

Ratio WCtAttack 

1 I 1.25 

C2 attack only 

C2 attack only 

C3 attack only 

C3 attack only 

C3 attack only 

C3 attack only 

C3 attack only 

C3 attack only 

. . 0. 

I40 
CH#X’ 

-1.2/+8.3 

4.9 

+7.9 

-1.0 

-13.9 

-12.9 

+5.0 

+9.6 

+3.8 

. . . . 

67% 

I 
96% 

90% 

90% 

78% 

75% 

71% 

nere two rotations are quotea me nrst value relates to me optical aatVlty of me a-ammo acul WnercaS lne latter refers to that 

of the corresponding p-amino acid 

Products arising from ring opening of the S-configured aziridine (S)-5 exhibited equal and opposite 

optical rotation values to the equivalent products derived from the corresponding R antipode, (R)-5. 

Although this finding would clearly be expected for the a-amino acids that were prepared, equal and opposite 

rotations were also recorded for the p-amino acids arising from reaction of the chiral aziridine substrates with 
HCI, HCOOH and PhCH*OH/ BFJ.Et20. This latter result would suggest, although not definitively prove, 
that attack at the C2 position also proceeds via an &2 reaction mechanism under the conditions studied. 

Despite the failure of hard nucleophiles to regioselectively open the chiral aziridines at the C3 
position, tables 2 and 3 list examples of nitrogen, sulphur and carbon nucleophiles which regioselectively open 
chiral aziridine substrates to provide derivatives of chiral a,a-disubstituted amino acids in good chemical 

yield. 
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Table 3 :Reaction of Selected Nucleopbiles with 2-Methyl-24ilyloxymethyl Substituted Aziridine (Q-5 

T NU NHTI 
N \\-OTBDPS .P 

4 

CI$OTBDPS 
NU TSNH NU 

Reagent 

HCI 

ACOOH 

PhC&OH 

PhCH~NH~ 

NnN, 

PhSH 

iPrMgCUCuBr.SMe~ 

PhMgBr/CuBr.SMel 

Indole/MeMgBr/ 

CuBrSMq 
I 

lere two rotations are quoted the j a) 
of the corresponding p-amino acid 

C3 Attack C2 Attack 

Conditions Ratio blo Overall 
CJK2Anack CA*Cl*’ Yield 

Et,O, 72h, 20°C I Il.25 +1.6/-8.9 92% 
lh, 0°C C2 attack only +4.5 87% 

CH#&, BF,.EtzO C2 attack only -8.4 63% 
16h, 20°C 

THF, 16h, retlux C3 attack only +1.0 93% 
DMF, 16h, 20°C C3 attack only +14.6 87% 
DMF, 16h, 20°C C3 attack only +13.3 84% 

THF, 1 h,reflux C3 attack only -5.7 71% 
THF, 1 h,reflux C3 attack only -10.7 77% 

THF,l6h,reflux C3 attack only -4.2 67% 

, 
. . . . . ,. I value relates lo the optical activity of the a-amino acid whereas me latter refers to hat 

Prepratiorl of a_ a-Dislrbstitzrted Amitlo Aci& 

In order to demonstrate that a,a-disubstituted amino acids could directly be derived by applying this 

methodology, (S)-9 (entry 8, table 3) was converted to the methyl ester of(S) a-methyl phenyl alanine (13) 

(scheme 4). Initial removal of the silyl protecting group followed by oxidation of the newly exposed hydroxyl 

fimction provided the N-tosyl amino acid 11. Acidic mediated cleavage of the N-tosyl moiety and subsequent 

methanolysis of the intermediate amino acid 12 provided (S) a-methyl phenyl alanine (13) with an optical 

rotation identical to that previously reported in the literature.” 

NHTS 
#Hz”‘“; &zzOH ii) _ &y;H 

w-9 10 11 

I iii) 
t 

w-13 12 

Scheme 4 

Reagents aad conditions i) TBAF, THF; ii)I$Crzq, &SO, &O, @C 
to RT; iii)32%HBr/HOAc; iv)SOCh. MeOHpflur. 
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CONCLUSIONS 

In this study we have demonstrated that, under appropriate conditions, 2,2-disubstituted aziridines 

undergo regiosekctive ring opening reactions at the C3 position with nitrogen, sulphur and carbon 

nucleophiles to provide chiral a,a-disubstituted amino acid derivatives in good chemical yield. We believe this 

methodology will prove to be a generally applicable synthesis of chiral a,a- disubstituted amino acids and will 

be complementary to existing carbanion-based approaches to the preparation of this important class of 

unnatural a-amino acids. 

EXPERIMENTAL 

General procedures. Commercially available solvents and reagents were used throughout without further purification, dry 

solvents (over molecular sieves) were used where appropriate. Solvent evaporation was carried out using a Btichi RllO or R134 

rotary evaporator. Reactions were performed under an inert atmosphere of argon or nitrogen where appropriate. Analytical TLC 

(Thin layer Chromatography) was performed on silica gel 602~ plates, (Merck Art 5719), and KClsF (octadecylsilane bonded) 

reverse phase plates (Whatman 4803 600). The chromatograms were viewed under U.V. light at 254 nm and/or developed with 

iodine vapour. Normal phase chromatography refers to the flash method and was performed on Kieselgel60 (230-400 mesh) 

silica. Medium pressure reverse phase chromatography was performed on a Gilson apparatus using LichromprepQ RP-18 (230- 

400 mesh silica). HPLC was performed on a Beckman System Gold reverse phase high performance liquid chromatography 

system using a Lichrosorb@ RP-18 column. All silica was supplied by E. Merck, A. G., Darmstardt, Germany. Melting points 

were determined with a Mettler FP800 or a Reichert Thermometer hot stage apparatus. Optical rotations ([ In) were measured 

employing the solvents and temperatures specified using a Perkin-Elmer 24 1 polarimeter. Elemental analysis was performed by 

Medac Ltd, Dept. of Chemistry, Brunei University, Uxbridge, Middlesex or by Butterworth Laboratories Ltd.,Teddington, 

Middlesex. I.R. spectra were recorded on either a Perkin Elmer 1750 or 2000 Fourier transform I.R. spectrometer, the samples 

being analyzed as thin films on a sodium chloride disc or as a potassium bromide disc. ‘H-NMR spectra were recorded on either 

a Brukcr AM 300 spectrometer (300 MHz) or a Varian Unity Plus 400 (400 MHz). Chemical shifts are reported in parts per 

million downfield from tetramethylsilane (SiMe3 by reference to the residual protons of the respective solvents. Coupling 

constants (J) in Hertz are included where possible. “C-NMR Spectra were recorded on a Varian Unity Plus 400 (100 MHz). 

Fast atom bombardment (FAB), electron ionization (ED, chemical ionisation (Cl) and atmospheric pressure chemical ionization 

(APCI) mass spectra were performed either on a Finnegan 4500 spectrometer at Parke-Davis, Ann Arbor, Michigan, United 

States; or by the SERC Mass Spectrometty Service Centre, University of Wales. Swansea, on a VG Mass Lab model 12/253 or a 

VG Analytical model ZAB/E. 

Experimental procedbres : 
2-Metkyl-2-(toluene-4-sulpkonyiamino)-3-(toiuene-4-sulphonyl~)-propionic acid methyl ester 3 : HCI gas was bubbled 

through a cooled solution (0 C) of (R&a-methyl serine 2 (2.00 g, 16.80 mmol) in methanol (350 cm3) until saturation. The 

solution was heated under reflux for 4 h and the solvent evaporated in va~no to yield a thick colourless oil. To this solution of 

serine methyl ester in pyridine (50 cm3) at 0 C was added dropwise a solution of p-toluenesulphonyl chloride (12.77 g, 67.22 

mmol) in pyridine (20 cm’), ensuring that the temperature of the solution was maintained below 0 C. The solution was stirred at 

0 C for 5 h. The resulting solution was allowed to warm to room temperature and stirred for 16 h. The pyridine was removed in 

vacua and the residual brown paste dissolved in ethyl acetate (400 cm3). The solution was washed with copper sulphate (10% 

W/V aq.) (200 cm’), citric acid (10% w/v aq.) (200 cm3) and water (200 cm3). The organic phase was dried (MgSO& filtered and 

the solvent evaporated in wrcuo. Recrystallisation from diethyl ether yielded 3 as a white solid. (3.94 g, 81%), mp 153-155 C 

(from diethyl ether); (found: C, 51.60; H, 5.30; N, 3.22; S, 14.35. Ci&~NOrSr requires C, 51.69; H, 5.25; N, 3.17; S, 14.52%); 

_ (film)/cm-’ 3322 (NH), 2954 (CH), 1736 (C=O), 1361 and 1177 (SOZ); u(4OOMHz, CDCI,) 1.40 (3H, s, CH3), 2.41 (3H, s, 

C&C&), 2.45 (3H, s, C,H&IJ,,, 3.67 (3H, s, CCXH3), 4.22(2H,s,CH>),5.47 (lH, s, NHSGzCd&), 7.26 (2H, d, J 8, Ar-H), 
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7.35 (ZH, d, J 8, Ar-H) and 7.71 (4H, t, J 8, ArN); m/z (AF’CI) 422 (M+H, 100%) and 270 (90); (found 442.099212. 

C,&lz~NO& requires 442.099421). 

2-Mdky-l-(toluen~-~~ho~y~~~in~2~~b~f~ acid m&y1 ester 4 : To a solution of the amino acid derivative 3 

(3.94 g, 8.94 mmol) in tetrahydrofiuan (150 cm3) was added dropwise triethylamine (2.48 cm3, 17.88 mmol). The solution was 

heated under reflux for 16 h. The solvent was removed in vucuo and the residue dissolved in ethyl acetate (400 cm’). The 

solution was washed with NaHCO, (10% w/v aq.) (200 cm’), citric acid (10% w/v aq.) (200 cm’) and water (200 cm’). The 

organic phase was dried @@SO& filtered and the solvent evaporated in VCX.W. The residue was chromatographed on silica gel 

with hexane-ethyl acetate (9:l) as the eluent to yield 4 as a white solid. (2.17 g. 90%), mp 71-74 C (from diethyl ether); (found: 

C, 53.57; H, 5.73; N, 5.13; S, 11.88. CIZHISNO~S requires C, 53.52; H, 5.61; N, 5.21; S, 11.91%); u ,(film)/cm~’ 2955 (CH), 

1744 (C=O), 1328 and 1164 (SO2); &(4OOMHz, CDCIJ) 1.89 (3H, s, CH,), 2.44 (3H, s, C&l&E&), 2.71 (lH, s, one of CHz), 

2.79 (lH, s, one of CH,) 3.75 (3H, s, CaCH,), 7.33 (2H, d, J 8, Ar-H) and 7.84 (2H, d, J 8, Ar-H); m/z (CI) 270 (M+H, 24%), 

238 (lOO), 155 (65), 114 (84) and 91 (26) 

2-Metliyl-l-(tduene-4-srtlpikonyl)-oziri acid tert-butyf ester I: The methyl ester 4 (500 mg, 1.85 mmol) was 

dissolved in 1,4dioxane (3 cm’) and cooled to 0 C. A solution of lithium hydroxide monohydrate (78 mg, 1.85 mmol) in water 

(3 cm3) was added dropwise. AtIer I5 min the 1,4dioxane was removed in vacua and the aqueous solution ex?racted with 

dichloromethane (20 cm’). The aqueous phase was acidified with HCI (lN), extracted with dichloromethane (2 x 20 cm’) and 

the combined organic extracts dried (MgSOd), filtered and the solvent evaporated in VIICUO. Recrystallisation from heptane- 

diethyl ether yielded the acid as a white solid. 

2-Metlryl-l~toluene-4-srrlpkonyl)-ozir acid. (440 mg, 93%), mp 92-95 C (from heptanediethyl ether); (found: 

C, 51.67; H, 5.23; N, 5.33; S, 12.50. CllHt3N04S requires C, 51.75; H, 5.13; N, 5.49; S, 12.56%); u,(tiim)/cm~’ 3242-2987 br 

(OH), 1721 (C=O), 1352 and 1161 (SO& 6 a(4OOMHz, CDCl3) 1.94 (3H, s, CH3), 2.45 (3H, s, C&C&), 2.70 (lH, s, one of 

CH3, 2.83 (IH, s, one of CHZ), 7.35 (ZH, d, J 8, Ar-l-Q and 7.85 (2H, d, J 8, Ar-H); m/z (CI) 256 (M+H, 1%) 212 (lOO), 155 

(94), 139 (30) and 91 (47); (found 256.064526. C,,HI,NO,S requires 256.064355). 

A solution of rert-butyl 2,2,2+ichloroacetimidate (279 pl, 1.56 mmol) in cyclohexane (2 cm’) was added to a solution of the acid 

(200 mg, 0.78 mmol) in tetrahydrofbran (2 cm3) and cyclohexane (2 cm’) at 0 C. Boron trifluoride etherate (15 pl, cat.) was 

added dropwise. After stirring for 30 min the reaction was quenched with solid NaHCO, (65 mg, 0.78 mmol). The solution was 

filtered through a plug of Celite@ and concentrated in WCUO. The residue was chromatographed on silica gel with heptane- 

diethyl ether (7:3) as the eluent to yield 1 as a white solid. (204 mg, 840/o), mp 65-67 C (from heptanediethyl ether); (found: C, 

57.50; H, 6.79; N, 4.43; S, 10.12. CI&N04S requires C, 57.86; H, 6.80; N, 4.50; S, 10.30%); u ,(tilm)/cm~’ 2983, 2930 

(CH), 1735 (C=O), 1329 and 1161 (SO&S n(4OOMHz, CDCL) 1.46 (9H, s, COGHS), 1.80 (3H, s, CH,), 2.43 (3H, s, 

C&C&), 2.62 (lH, s, one of CH2), 2.77 (lH, s, one of CHZ), 7.32 (2H, d, J 8, Ar-H) and 7.84 (2H, d, J 8, Ar-H); m/z (CI) 312 

(M+H, 3%), 256 (lOO), 238 (50), 155 (24) and 100 (26); (found 312.127717. C1SH22N04S requires 312.126955). 

Reaction of 2-Methyl-l-(toluene-4-sm’phonyl)-cyiridine-2-carbo&c acid tert-butyl ester 1 with nucleophiles: 

Table I, en&y I: A solution of the aziridine carboxylate 1 (200 mg, 0.64 mmol) in diethyl ether (10 cm’) was gradually added to a 

saturated ethereal solution of HCI, at 0 C. After stirring for 72 h at room temperature, the solvent was removed in WCUO. The 

residue was dissolved in diethyl ether (80 cm3) and the solution washed with NaHCO3 (10% w/v aq.) (40 cm’). The organic 

phase was dried (MgSO& filtered and the solvent removed in WCUO. The residue was chromatographed on silica gel with 

heptanediethyl ether (9:l) as the eluent to yield a mixture of regioisomers resulting from C-3 and C-2 addition as white solids 

(194 mg, 87%) in a ratio of 114 respectively. 3-ChIoro-2-methyl-2-(toluene4sulphonylamino)-propionic acid tert-bulyl ester. 

(39 mg, 17%). mp 51-53 C (from heptanediethyl ether); (found: C, 51.56; H, 6.28; N, 3.89; Cl, 9.96. CIJHzzN04SCI requires C, 

51.79; H, 6.37; N, 4.02; Cl, 10.19%); u,,,&ilm)/cm~’ 3289 (NH), 1725 (C=O), 12% and 1160 (%);6 H(400MHz, CDCI,) 1.43 

(3H, s, CH,), 1.48 (99 s, CO&H& 2.41 (3H, s, C&C&), 3.33 (lH, d, J 12, one of CHZ), 3.69 (lH, d, J 12, one of CH?), 5.62 

(lH, s, NIJSO&&), 7.29 (ZH, d, J 8, Ar-H) and 7.80 (ZH, d, J 8, Ar-H); m/l (APCI) 312.5 (M-HCl, lOO%)). 2-Chloro-2- 

melkvr_Ytouene_4_swrpkor?ylamino~op~n~ acid tert-bulyl esler. (155 mg, 70%), mp 67-69 C (from heptanediethyl 

ether); (found: C, 51.44; H, 6.35; N, 3.79; Cl, 9.89. Cl&NOkKY requires C, 51.79, H, 6.37; N, 4.02; Cl, 10.19X.); 

u,,,&ilm)/cm~’ 3283 (NH), 1744 (GO), 1314 and 1164 (Sq);S a(4OOMHz, CDCl3) 1.51 (9H, s, CO#Z&), 1.69 (3H, s, CH,), 

2.41 (3H, s, C&C&), 3.43 (2H, m, CH?), 4.68 (lH, t, J 7, mSO#&), 7.30 (2H, d, J 8, Ar-H) and 7.76 (2H, d, J 8, Ar-H); 

m/z (AF’CI) 3 12.6 (M-HCI, 100%) 
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Table 1, enby 2: Formic acid (3 cm3) was added to the aziridine carboxylate 1 (200 mg, 0.64 mmol) at 0 C and the reaction 

mixture stirred for 1.5 h. Evaporation of the excess formic acid yielded a mixture of regmisomers resulting from C-3 and C-2 

addition (222 mg, 95%) in a ratio of 1:l respectively. Attempts to separate these compounds by preparative chtomatography 

were umucce&itl. 3-Fomtyl~~yM+ol11ene4s11&bo+mino~ic acid tert-bu@i ester. 6 &OOMHz, CD(&) 

154(3H,s,CH3), 1.59(9H,s,COGH&2.41 (3H,s,C~C~),3.53(2H,s,CH~),5.60(1H,s,~SOrC6)t),7.30(1H,~J 8, 

Ar-H), 1.73 (29 d, J 8, AdI) and 7.87 (IH, s, OCHO). Z-F~~~~yi-~~~~l~~~l~~~~~ O&I 

tert-buiylcJta.6 &OOMHz, CDCb) 1.44 (9H, s, CO&Hs), 1.50 (3H, s, CH3), 2.43 (3H, s, C&C&), 3.35 (ZH, m, CH2), 4.% 

(IH, m, NH_so2C&L,), 7.31 (2H, d, J 8, Ar-IQ, 7.72 (2H, d, J 8, Ar-H) and 7.87 (IH, s, OCHO). 

Tab/e I, enby 3: Henzylamine (42 pt, 0.39 mmol) was added to the aziridine carboxylate 1 (40 mg, 0.13 mmol) dissolved in 

tetrahydrofuran (10 cm3). The. reaction mixture was heated under retlux for 16 h. The sotvent was removed in vacua and the 

residue dissotved in ethyl acetate (20 cm-‘). The organic phase was washed with brine (10 cm?, dried (MgSOa) and filtered. The 

solvent was evaporated in vacua and the residue chromatographed on silica gel with heptanediethyl ether (7:3) as the ehtent to 

yield the tegioisomer resulting from C-3 addition as a colourless gum. 3~~~/~~/a~~~~ 

propionic acid tert-butyl es@. (45 mg, 84%). (found: C, 63.04; H, 7.26; N, 6.58; S, 7.52. CZH&J&)~S requires C, 63.13; H, 

7.22; N, 6.69; S, 7.66%); o ,,&lm)/cm~’ 3346 br (NH), 2928 (CH), 1726 (C=O), 1333 and 1161 (SO&S H(4OOMH2, CDQ) 

1.32 (3H, s, CH& 1.42 (9H, S, CO&H& 2.38 (3H, S, C&&H-,), 2.79 (lH, d, J 12, one of CHz), 2.85 (lH, d, J 12, one of 

CHZ), 3.63 (lH, d, J 14, one~fC&l~C&NH), 3.69 (IH, d, J 14, oneof C&C~NH), 6.01 (lH, s, NIJmC&), 7.21-7.32 (7H, 

m, Ar-H) and 7.75 (2H, d, J 8, Ar-H); m/z (Cl) 419 (M+H, 5%) 363 (63), 144 (22), 120 (100) and 91 (57); (found 419.201697. 

CZZH,,NZO.,S reqmres 419.200455). 

Table I, enZry 4~ Sodium azide (63 mg, O.% mmol) was added to a solution of the aziridine catbokylate 1 (100 mg, 0.32 mmol) 

in dimethylformamide (2 cm?. After stirring for 72 h at room temperature, the solvent was removed in vacao. The residue was 

dissolved in ethyl acetate (20 cm3) and washed with NaHCO, (10% w/v aq.) (20 cm’). llte aqueous phase was extracted with 

ethyl acetate (2 x 20 cm3). The combined organic phases were dried (MgSO& filtered and the solvent evapxated in vacua. The 

residue was chromatographed on silica gel with heptanediethyl ether (9:l) as the eluent to yield a mixture of mgioisomers 

resulting from C-3 and C-2 addition as white solids (85 mg, 75%) in a ratio of 1:4 respectively. 3-,42&-2-n1et~y~-2-(ti~ne-4- 

su/p&ony/amino)-propionie a&f tert&@ tu&er. (17 mg, lS%), mp 105-107 C (from heptanediethyl ether); (found: C, 50.87; 

H, 6.28; N, 15.62; S, 9.06. &H2zN,04S requires C, 50.83; H, 6.26; N, 15.81; S, 9.05%);~ ,(film)/cm~’ 3282 (NH), 2106 (N,), 

1729 (C=O), 1329 and 1160 (SO&S u(4OOMHz, CDC13) 1.37 (3H, s, CH,), 1.46 (9H, s, CO&H9), 2.41 (3H, s, C&CHH), 3.49 

(lH,d, J 12, oneofCH& 3.82 (lH,d, J 12,0ne.ofCH2), 5.64 (lH, s, N&SOL&L& 7.29 (29 d, J 8, Ar-H) and7.78 (ZH, d,J 

8, Ar-H); m/r (Cl) 355 (M+H, 1%) 253 (100) 242 (SO), 155 (82) and 99 (88).2_Azido_2-~~y~~~f~~~-~/~~~y~a~o~ 

propionic actitert-bufyl ester. (68 mg, 60%) mp 70-72 C (from heptanediethyl ether); (found: C, 50.90; H, 6.35; N, 15.44; S, 

8.54. CISHZ2N404S requires C, 50.83; H, 6.26; N, 15.81; S, 9.05%));~ ,(tilm)/cmT’ 3283 (NH), 2120 (N,), 1734 (C=O), 1334 

and 1164 (S@);S H(4OOMHz., CDCb) 1.49 (9H, s, CO$ZJ-I& 1.51 (3H, s, CH3), 2.43 (3H, s, C&L$J&), 2.97 (lH, dd, J 7 and 

12, one of CH?), 3.13 (lH, dd, J 7 and 12, oneof CH3,4.78 (lH, 1, J 7, N#O&&), 7.30 (2H, d, J 8, Ar-H) and 7.72 (2H, d, 

J 8, ArN); m/z (Cl) 355 (M+H, 6%) 299 (93) 184 (IOO), 155 (86) and 116 (68). 

Table 1, entry 5: These compounds were prepared following the procedure described above (table 1, entry 4) using the aziridine 1 

(100 mg, 0.32 mmol), thiopheuol (66 pl, 0.64 mmol) and dimethyiformamide (2 cm3). The residue was chromatographed on 

silica gel with heptaneethyl acetate (9: 1) to yield a mixture of regioisomers resulting from C-3 and C-2 addition as a gum and as 

a white solid (I 15 mg, 85%) in a ratio of 1: 1 respectively. Z-~~hy/--3pheny~l~~i-2~~lume_4i 

propionic acid tert-bufy/ es&r. (57 mg, 42%); (found: C, 59.88; H, 6.49; N, 3.31; S, 14.%. CuH27NO& requires C, 59.83; H, 

6.46; N, 3.32; S, 15.21%);~ _(tilm)/cm“ 3282 (NH), 2980 (CH), 1727 (C--O)), 1331 and 1156 (Sq);S #00MHz, CDC13) 

1.38 (9H, s, CO&Hg), 1.48 (3H, s, CH3), 2.39 (3H, s, C&f&,, 3.31 (IH, d, J 13, one of CH,), 3.50 (HI, d, J 13, one of 

CH2), 5.64 (IH, s, NfJSOrC&),), 7.18-7.73 (7H, m, Ar-H) and 7.74 (2H, d, J 8, Ar-H); nr/r (CI) 421 (M+, 2%) 366 (l5), 320 

(13), 242 (20) and 195 (100); (found 422.145292. C~rH&O.& requires 422.145977). Z-McUyl-2-plka~~r~u~~ 

4-@ho&minohrrspionic acid teti-bu@l ester. (58 mg, 43%) mp 107-108 C (from heptanedieUtyl ether); (found: C, 

59.82; H, 6.59; N, 3.30; S, 14.98. C2rH2,NO& requites C, 59.83; H, 6.46; N, 3.32; S, 15.21%);~ ,(film)/cm~’ 3283 br (NH), 

2979 (CH), 1723 (GO), 1333 and 1164 (S@);S &OOMHz, CDCI3) 1.40 (9H, s, CqC&), 1.42 (3H, s, CH3), 2.44 (3H, s, 

&H&I&). 3.08 (lH,dd, J ‘land 13, oneofCH2), 3.16(1H,dd, J 7and 13, oneofCH2), 4.95(19 t, J 7, N@O&H,), 7.21- 
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(3H, s, CHs), 2.57 (lH, d, J 5, one of CHr ), 2.69 (lH, d, J 5, one of CH,), 3.64 (lH, d, J 11, one of CHrOSi), 3.67 (lH, d, J 

11, one of CHfiSi), 7.35-7.44 (6H, m, Ar-H) and 7.67 (4H, m, Ar-H); m/l (CI) 327 (M+H, 4%), 2% (56) 239 (79) 199 (45) 

and 191 (100); (found 327.175553. Cr&IZ70ZSi requires 327,178034).To the epoxy ether (1.00 g, 3.06 mmol) in methanol (100 

cm3) was added sodium azide (7% mg, 12.25 mmol) and NH&l (655 mg, 12.25 mmol) in methanol (100 cm3) and water (20 

cm-‘). The reaction mixture was heated under retlux for 3 h. The solvent was removed in vacua and the reaction mixture 

poured into a solution of ethyl acetate (200 cm’), and brine (100 cm?. The aqueous phase was extracted with ethyl acetate (2 x 

100 cm3). The combined organic phases were washed with brine (100 cm3), dried (MgS04), filtered and evaporated in WCUO. 

The crude oil was chromatographed on silica gel with heptanediethyl ether (9: I) as the eluent to yield (Q-7 as a colourless oil. 

(1.11 g, 99%) [a]n2’ -17.70 (c 1.1 in CHrCl& (found: C, 65.23; H, 7.37; N, 10.83. Ct&12,N~&Si requires C, 65.01; H, 7.36; N, 

11.37%);o ,(tilm)/cm~’ 3445 br (OH), 2932.2859 (CH), 2103 (N,) and 1113 (SiO); 6 a(4OOMHz, CDClr) 1.08 (9H, s, Cdl,), 

1.18 (3H, s, CH,), 2.45 (lH, s, OH), 3.33 (IH, d, J 12, one of CH,), 3.37 (lH, d, J 12, one of CH,), 3.48 (lH, d, J 10, one of 

CHzOSi), 3.56 (IH, d, J 10, one of CH20Si), 7.38-7.47 (6H, m, Ar-H) and 7.64 (4H, m, Ar-H); m/z (CI) 235 (72), 199 (100) 

179 (74) and 117 (77); (found 392.175698. C2J-12,N302SiNa requires 392.177025). 

(R)-2-(tert-ButyCdipkmyl-silanylmetkyl)e (R)-5 :Triphenylphosphine (234 mg, 0.89 

mmol) was added to a stirred solution of azido alcohol (S)-7 (300 mg, 0.81 mmol) in tetrahydrofuran (20 cm3). The reaction was 

stirred at room temperature for 1 h and then heated under reflux for 5 h. Afler cooling, triethylamine (226 ul, 1.62 mmol) and 

p-toluenesulphonyl chloride (308 mg, 1.62 mmol) were added to the mixture at 0 C, and the reaction mixture stirred at room 

temperature for 4 h. The solvent was removed in WCUD and the residual paste dissolved in ethyl acetate (60 cm’). The solution 

was washed with copper sulphate (10% w/v aq.) (30 cm’), citric acid (10% w/v aq.) (30 cm’) and water (30 cm’). The organic 

phase was dried (MgS03, filtered and the solvent evaporated in vocuo. The residue was chromatographed on silica gel with 

heptanediethyl ether (1: 1) as the eluent to yield (R)-5 as a white solid. (214 mg, 55%), mp 78-80 C (from heptanediethyl 

ether); [a. Id’ +23.2 (c 1.0 in CH&); (found: C, 67.59; H, 7.01; N, 2.89; S, 6.19. C2,Hr3NOrSSi requires C, 67.60; H. 6.93; N, 

2.92; S, 6.68%);~ ,(lilm)/cm~’ 2931, 2858 (CH), 1323, 1162 (SO,) and 1113 (SiO)$ u(400MHz, CDC13) 1.00 (9H s, C&), 

1.74(3H,s,CHr),2.25(lH,s,oneofCH&2.41 (3H,s,C&C~),2.59(lH,s,oneofCH2), 3.58(lH,d,J ll,~neofCH~OSi), 

3.70 (lH, d, J 11, one of CHrOSi), 7.25-7.34 (ZH, m, Ar-H), 7.36-7.44 (6H, m, Ar-H), 7.63 (4H, m, Ar-H) and 7.82 (2H, d, J 8, 

Ar-H); nr/. (CI) 480 (M+H, 1%), 344 (68), 309 (100) 199 (75) and 91 (74); (found 502.183801. C2,H,,NOJSSiNa requires 

502.184814). 

Reaction of (R)-2-(tert-Bu~~~iphenyl-silanylm~hy~-2-m~hy~-l-(toluene-4-sulphonyC)-aziridine (R)-5 with nucleophiles : 
Table 2, entry I: A solution of aziridine (R)-5 (100 mg, 0.37 mmol) in diethyl ether (5 cm’) was gradually added to a saturated 

ethereal solution of HCl at 0 C. After stirring for 72 h at room temperature, the solvent was removed in vacua. The residue was 

dissolved in diethyl ether (40 cm’) and washed with NaHCO, (10% w/v aq) (20 cm’). The organic phase was dried (MgSO,), 

filtered and the solvent evaporated in wcuo. The mixture was chromatographed on silica gel with heptane-ethyl acetate (4: 1) as 

the eluent to yield a mixture of regioisomers resulting from C-3 and C-2 addition as a colourless gum and as a white solid (101 

mg, 95%) in a ratio of 1: 1.25 respectively. (S)-N-[1-(tert-Bu~f~iphenyf-si/any/~m~hy~~chlor~l-m~hyi-~hy~~-m~hyl- 

benzene suiphonamik (45 mg, 42%) ]a ]o” -1.2 (c 0.6 in CH&); (found: C, 63.05; H, 6.65; N, 2.72; Cl, 6.83; S, 6.44. 

C2,HwN0,ClSSi requires C, 62.83; H, 6.64; N, 2.71; Cl, 6.87; S, 6.21%);~ ,(tllm)/cm~’ 3278 (NH), 293 1, 2858 (CH), 1329, 

1162 (SO*) and 1113 (SiO);g H(4OOMHz, CDCI,) 1.07 (9H, s, Cd&J. 1.19 (3H, s, CHs), 2.40 (3H, s, C&Cl-&, 3.40 (lH, d, J 

10, CH,), 3.65 (IH, d, J 10, CH,), 3.67 (IH, d, J 11, one of CHrOSi), 3.77 (lH, d, J 11, one of CH,OSi), 5.05 (lH, s, 

NH_SO&l-L& 7.22-7.29 (ZH, m, Ar-H), 7.36-7.48 (6H, m. Ar-H) and 7.60-7.69 (6H, m, Ar-H); III/Z (APCI) 516.5 (M+H, 13%) 

440.4 (43) and 438.3 (100); (found 538.163293. C2rH14N0,ClSSiNa requires 538.161492).(S)-N-[3-[tert-BuZy/-&knyL 

silanyloxy)-2-chloro-2-m~hyl-propy&4-meIhyl-benzene salphonamide. (56 mg, 53%) mp 92-93 C (from heptanediethyl 

ether); [a In” +8.3 (c 0.8 in CH2CI,); (found: C, 62.84; H, 6.67; N, 2.70; Cl, 6.91; S, 6.03. C2,Hr4NOrCISSi requires C, 62.83; 

H, 6.64; N, 2.71; Cl, 6.87; S, 6.21%);~ ,(lilm)/cm~’ 3279 (NH), 1334, 1165 (Sot) and 1113 (SiO);S H(4OOMHz, CDClr) 1.04 

(9H, s, C&I,), 1.52 (3H, s, CH,), 2.42 (3H, s, Cdl&b), 3.20 (lH, dd, J 7 and 13, CH& 3.28 (lH, dd, J 7 and 13, CHZ), 3.61 

(lH,d,J lO,oneofCH20Si),3.72(lH,d.J 10,0neofCHrOSi),4.72(lH,t,J 7,N@O&H&7.29(2H,d,J 8,Ar-H),7.37- 

7.45 (6H, m, Ar-H), 7.59-7.63 (4H, m, Ar-H) and 7.71 (2H, d, J 8, Ar-H); (found 516.180072. C2,HJ5NOXlSSi requires 

5 16.179547). 
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Tuble 2, en&y 2: Formic acid (3 cm3) was added to the aziridine (R)-5 (300 mg, 0.63 mmol) at 0 C and the reaction mixture 

stirred for 1 h. Aher evaporation of excess formic acid the residue was chromatographed on silica gel with heptame-ethyl acetate 

(7:3) as the eluent to yield the regioisomer resulting from C-2 addition as colourless needles. (S)-Formic acid-2-(tert-bntyl- 

dipik~yl-~y~~y~l~yl-l-[(~lu~~-~l~onyl umino)-methy&ethyl e&r. (256 mg, 78%), mp 107-108 C 

(from heptanediethyl ether); [a ]o24 -6.9 (c 1.0 in CHrClr); (found: C, 64.01; H, 6.85; N, 2.90; S, 6.08. CrsH3sN05SSi requires 

C, 63.%; H, 6.71; N, 2.66; S, 6.09%); u ,,,&ilm)/cm~’ 3281 br (NH, CHO), 1724 (CO), 1332, 1163 (SO,) and 1164 (SiO); 

6u(400MHz, CD(&) 1.03 (9H, s, Cd-Is), 1.44 (3H, s, CH,), 2.42 (3H, s, C.&C&), 3.25 (lH, dd, J 6 and 13, one of CH,), 3.33 

(IH, dd, J 6 and 13, one of CHr), 3.68 (lH, d, J 10, one of CHzOSi), 3.84 (IH, d, J 10, one of CHrOSi), 4.% (lH, 1, J 6, 

NPJSO#L&), 7.26 (2H, m, Ar-H), 7.36-7.47 (6H, m, Ar-H), 7.58 (4H, m, Ar-H), 7.68 (2H, d, J 8, Ar-H) and 7.86 (lH, s, 

OCHO); (found 543.2350. CBHrsN&SSi requires 543.2351). 

Tuble 2, enrry 3: Benzylalcohol (65 pl, 0.62 mmol) was added to a cooled solution (0 C) of the aziridine (R)-5 (100 mg, 0.20 

mmol) in dichloromethane (5 cm’), followed by boron trifluoride etherate (20 p, cat.). After stirring for 16 h at room 

temperature, the reaction was quenched with NaHCO3 (10 %w/v aq.) (10 cm’). The aqueous phase was extracted with ethyl 

acetate (2 x 10 cm3), the combined organic phases dried (MgSOd), filtered and the solvent evaporated in ~acuo. The residue was 

chromatographed on silica gel with heptanediethyl ether (I: I) as the eluent to yield the regioisomer resulting from C-2 addition 

as a colourless gum. (S)-N-[2-~n~~~~(tc~-bu~~~heny~-si~any~)-2-m~hy~-pro~~~-m~hyl-ben~ne sulfonamide. 

(87 mg, 67%), [a lo” +7.9 (c 1. I in CHrCl,); (found: C, 69.49; H, 7.29; N, 2.26; S, 5.15. C&&NO,SSi requires C, 69.46; H, 

7.03; N, 2.38; S, 5.45%);~ ,(film)/cm-’ 3284 (NH), 1428 (C-(CHr),), 1331 and 1113 (Sq, SiO);F u(4OOMHz, CDClr) 1.02 

(9H, s, C4H9), 1.26 (3H, s, CH,), 2.40 (3H, s, C&C&), 3.04 (lH, dd, J6 and 12, one of CHr), 3.17 (lH, dd, J6 and 12, one of 

CHr), 3.52 (IH, d, J 11, one of CH,OSi), 3.67 (lH, d, .I 11, one of CH,OSi), 4.34 (2H, s, C&OPh), 4.75 (0.5H, d, J 6, 

NPJSO$Z&), 4.77 (0.5H. d, J 6, NIjSO&H4), 7.18-7.43 (13H, m, Ar-H) and 7.58-7.69 (6H, m, Ar-H); m/z (APCI) 588.5 

(M+H, 100%) and 274.1 (68). 

Tobfe 2, enhy I: Renzylamine (341 pl, 3.13 mmol) was added to the aziridine (R)-5 (300 mg, 0.62 mmol) dissolved in 

tetrahydrotitran (20 cm’). The reaction mixture was heated to reilux for 16 h. The solvent was evaporated in wrcuo and the 

residue dissolved in ethyl acetate (60 cm3), washed with brine (30 cm”), dried (MgS04) and tiltemd. The solvent was evaporated 

in vacua and the residue chmmatographed on silica gel with heptanediethyl ether (4: 1) as the eluent to yield the regioisomer 

resulting from C-3 addition as a colourless gum.(R)-N-[2-~en~~omino-l-(tert-bufyl-diphe~yf-si~o~yf~m~hy~l-m~hy~- 

~hy~-4-m~hyl-benrPne~~phonam~e. (353 mg, %%), [a ID** -1.0 (c 1.4 in CH&); (found: C, 69.74; H, 7.29; N, 4.50; S, 

5.23. C3&N203SSi requires C, 69.59; H, 7.21; N, 4.77; S, 5.46%);~ ,(film)/cm~’ 3281 (NH), 1326, 1161 @Or) and 1113 

(SiO); SH(4OOMHz, CDClr) 1.03 (9H, s, C4H& 1.08 (3H, s, CH,), 2.33 (lH, d, J 12, one of CHr), 2.37 (3H, s, C&C&), 2.76 

(lH,d,J lZ,oneofCH&3,46(lH,d,J lO,oneofCH~OSi),36O(lH,d,J 10,0neofCH~0Si),3.62(2H,s,PhCI-lZNH),5.29 

(lH, s, NPJSOQ-L), 7.17 (4H, m, Ar-H), 7.20-7.42 (9H, m, Ar-H), 7.56 (4H, m, ArN) and 7.62 (2H, d, J 8, Ar-H); m/z 

(APCI) 587 (M+H, 100%). 

Tobfe 2. oMry J: Sodium azide (81 mg, 1.25 mmol) was added to a solution of the aziridine (R)-5 (200 mg, 0.41 mmol) in 

dimethylformamide (2 cm3). Aher stirring for 72 h at room temperature, the solvent was evaporated. The residue was dissolved 

in ethyl acetate (40 cm’) and washed with NaHCO, (10% w/v aq.) (20 cm3). The aqueous phase was extracted with ethyl acetate 

(20 cm’), the combined extracts were dried (MgSOd), filtered and the solvent removed in WCUO. The residue was 

chmmatogmphed on silica gel with heptanediethyl ether (9:l) as the eluent to yield the regioisomer resulting from C-3 addition 

as a colourless ~m.(S)-N-[2-Arido-1_(tertdufyldlplirnyl-~onyl~m~y~l-m~hyl~hy~~-~hyl-be~ne sulphonomide. 

(1% mg, 90%) [a 10” -13.9 (c 1.5 in CH&); (found: C, 61.81; H, 6.62; N, 10.59; S, 6.00. C2,Hs4N403SSi requires C, 62.04; 

H, 6.56; N, 10.72; S, 6.13%);~ ,(filmf/cm“ 3266 (NH), 2106 (N& 1327, 1160 (SG) and 1093 (SiO);S &tOOMHz, CDCI,) 

l.O7(9H,s, CdJ9), l.l0(3H,s, CH&2.40(3H, s,CdW&), 3.37(1H,d.J 10, oneofCHrOSi), 3.48(1H,d,J 12,0neofCH2), 
3.54 (lH, d, J 10, one of CHflSi), 3.56 (lH, d, J 12, one of CH,), 4.95 (lH, s, N&SO&&), 7.22-7.25 (2H, m, Ar-H), 7.39- 

7.46 (6H, m, Ar-H), 7.58-7.62 (4H, m, Ar-H) and 7.67 (2H. d, J 8, Ar-H); m/r (CI) 523 (M+H, l%), 446 (30) 445 (loo), 388 

(28) and 91 (30). 

Tobfe 2, en@ 6: This compound was prepared following the procedure described above (table 2, entry 5) using (R)-2-(te&butyl- 

diphenylsilanylmethyI)-2-methyl-1-(toluene-4sulphonyl)-azi~~ne (R)-5 (150 mg, 0.3 1 mmol), thiophenol (64 pl, 0.62 mmol) 

and dimethylformamide (2 cm3). The residue was chmmatographed on silica gel with heptane-ethyl acetate (9:l) as the eluent to 
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yield the regioisomer resulting from C-3 addition as a colourless gum. (S)-N-[l-(tcr~yf~y~~~y~-l- 

~hyf-2-pk~y~~~yl~y~mylaikyl~~~~~~~onami&. (135 mg, 90%), [a 10” -12.9 (c 0.4 in CH&); (found: C, 

67.44; H, 6.76, N, 2.32; S, 10.59. CIjHagNO&Si requires C, 67.19; H, 6.66; N, 2.37; S, 10.87%);~ ,(film)/cm-’ 3278 (NH), 

1327, 1159 (Sq) and 1091 (SiO);S ~(400MHz, CDCIa) 1.05 (9H, s, C4H9), 1.14 (3H, s, CH,), 2.38 (3H, s, C&J&I-L_), 3.19 (lH, 

d, J 13, one of CHz), 3.40 (lH, d, J 13, one of CHz), 3.43 (lH, d, J 10, one of CH,OSi), 3.67 (lH, d, J 10, one of CH,OSi), 

5.29 (lH, s, N&W&&), 7.14-7.30 (5H, m, Ar-H), 7.34-7.46 (7H. m, Ar-I-I) and 7.55-7.64 (7H, m, Ar-H); m/z (CI) 590 (M+H, 

lO%), 512 (22), 419 (34) and 341 (100); (found 612.202891. C3sH3gNOXS$iNa requires 612.203836). 

Table 2, e&y 7: To a solution of the aziridine (R)-5 (300 mg, 0.62 mmol) in tetrahydrotiran (15 cmj) was added copper 

bromidedimethylsulfde (25 mg, 0.2Y’mmol). The solution was cooled to -40 C before dropwise addition of 

isopropylmagnesium chloride (1.56 cm3 of a 2 mol dm” solution in diethyl ether, 3.13 mmol). The reaction was stirred at -10 C 

for lh, allowed to warm to room temperature and then heated under reflux for 1 h. The reaction was quenched with NH&l (sat. 

aq.) (60 cm3) and the aqueous phase was extracted with ethyl acetate (2 x 60 cm’). The combined organic extracts were washed 

with brine (30 cm’), dried (MgSO,), filtered and evaporated in vocuo. The residue was chromatographed on silica gel with 

heptaneethyl acetate (9: 1) as the eluent to yield the regioisomer resulting from C-3 addition as a gum.(R)-N-[l-(tert-Bu@- 

di~henyl-si/unylarymetkyl)-l~dimethyl-butyl]-4-~~~yf-benrene sulphonmtdde. (253 mg, 78%), [a IDI8 +5.0 (c 1.0 in 

CH&); (found: C, 68.85; H, 7.82; N, 2.57; S, 6.62. C&,NO$Si requires C, 68.79; H, 7.89; N, 2.67; S, 6.12%); 

u-(film)/ctW 3280 (NH), 1323, I151 (SOz) and 1113 (SiO)$ #OOMHz, CD&) 0.85 (3H, d, J 6, three of CH(CI&), 0.89 

(3H, d, J 6, three of CH(C&)z), 1.08 (9H, s, CdHg), 1.43 (lH, dd, J 6 and 15, one of CHz), 1.56 ( lH, dd, J 6 and 15, one of 

CH2). 1.65 (lH, m, CIl(CH&), 2.40 (3H, s, C&C&), 3.39 (2H, s, CHzOSi), 4.85 (lH, s, NFJSO&I&), 7.20 (ZH, d, J 8, Ar- 

H). 7.36-7.45 (6H, m, ArH), 7.59-7.61 (4H, m, Ar-H) and 7.69 (2H, d, J 8, Ar-H); (found 524.2655. &I-&NO&Si requires 

524.2655). 

Table 2, entry 8: This compound was prepared following the procedure described above (table 2, entry 7) using (R)-5 (300 mg, 

0.63 mmol), phenylmagnesium bromide (3.13 cm-’ of a 1 mol dmJ solution in diethyl ether, 3.13 mmol), copper bmmide- 

dimethylsulfide (15 mg, 0.2%/mmol), tetrahydrofuran (25 cm’). The residue was chromatographed on silica gel with heptane- 

ethyl acetate (9:l) as the eluent to yield the regioisomer resulting from C-3 addition as a white solid.(R)-N-[1-(tert-ButyC 

drpkenyl-silanylarymelkyl)-l-melkyl-2-phenyl~y~~-m~yl-ben~e sulphonamide. (263 mg, 75%), mp 112-I 15 C (fmm 

heptanediethyl ether); [a ]b +9.6 (c 1.0 in CH&); (found: C, 71.17; H, 7.07; N, 2.51; S, 5.86. C,3H39NOISSi requires C, 

71.06; H, 7.05; N, 2.51; S, 5.75%);~ ,,(film)/cm“ 3278 (NH), 13 16, 1155 (SO2) and 1092 br (SiO, CO); 6 H(400MHz, CDCI,) 

1.01 (3H, s, CHJ), 1.13 (9H, s, GHg), 2.37 (3H, s, C&Cl-&, 2.94 (lH, d, J 13. one of CH,), 3.02 (lH, d, J 13, one of CH& 

3.35 (1H. d, J 10, one of CHzOSi), 3.38 (lH, d, J 10, one of CH*OSi), 4.82 (lH, s, NH_SO&H& 7.10-7.19 (7H, m, Ar-H), 

7.36-7.46 (6H, m, Ar-H) and 7.58-7.64 (6H, m, Ar-H); m/z (CI) 558 w+H, l%), 352 (94), 288 (79), 199 (78) and 91 (100). 

Table 2, etatry 9: Ethylmagnesium chloride (3.5 cm3 of a 3 mol dm” solution in diethyl ether, 10.44 mmol) in tetrahydrofuran (30 

cm’) was cooled to 0 C and indole (1.22 g, 10.43 mmol) was added portionwise. The reaction mixture was then heated under 

reflux for 2 h and allowed to cool to room temperature. The reaction was added dropwise into a cooled (-40 C) solution (R)-5 

(1.00 g, 2.08 mmol) and copper bmmidedimethylsulfide complex (83 mg, 0.2Ydmmol) in tetrahydrotimm (30 cm3). The 

reaction was allowed to warm to room temperature, heated under reflux for 16 h and quenched with NH&l (sat. aq.) (200 cm3). 

The aqueous phase was extracted with ethyl acetate (2 x 200 cm’). The combined organic phases were washed with brine (200 

cm’), dried (MgSO& filtered and evaporated in vacua. The residue was chromatographed on silica gel with heptane-ethyl 

acetate (1:l) as the eluent to yield the regioisomer resulting from C-3 addition as a solid.O_N-[l-(tert-Butvl_diphenyl- 

silonylarym~hy~2-(lH-~dol-3-y~~hy~l-m~yl~hy~~~~hyi-ben~n~~~phonamide. (857 mg, 710/o)), mp 61-62 C 

(from ethyl acetate); [a ],,‘* +3.8 (c 1.0 in CH&); (found: C, 70.69; H, 6.72; N, 4.72; S, 5.09. C3&Nz03SSi requires C, 

70.43; H, 6.75; N, 4.69; S, 5.37%); u ,_(film)/cm” 3384 (NH), 1427 (C=C), 1317, 1157 (Sq) and 1090 br (SiO, CO) 

*n(400MHz, CDCI,) 1.09 (3H, s, CH,), 1.12 (9H, s, C4H9), 2.37 (3H, s, C&C&). 3.05 (lH, d, J 14, one of Ind-CH3 3.19 (lH, 

d, J 14, one of Ind-CH2), 3.43 (lH, d, J 10, one of CHBSi), 5.52 (lH, d, J 10, one of CH#Si), 4.88 (lH, s, ~_SO&H& 6.89 

(IH, d,J 2,lnd(Z)H), 7.04 (lH, m, Ar-H), 7.17 (3H, m, Ar-H), 7.31-7.39 (5H, m, Ar-H), 7.43 (2H, m, A&), 7.55-7.62 (7H, m, 

Ar-H) and 7.95 (lH, s, Ind-NH); m/z (AF’CI) 597.6 (M+H, 100%). 

(R)-l_Arido_3-(terta~y~-~~y~~~2-~hyf-~o~-2~~ (R)-7: This compound was prepared following the 

procedure described above for (S)-7 using (S)-2-methyl-glycidol (2 g, 22.7 mmol), 4dimethylaminopyridine (cat.), imidazole 
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(1.70 g, 25 mmol), rerrautyldiphenylsilylchloride (7.10 cm3, 27.2 mmol) and dichloromethane (60 cm3). The residual oil was 

chromatographed on silica gel with heptane-diethyl ether (95:5) as the eluent to yield the title compound as a wlourless oil.(R)- 

tert-Bu$&(2-mathyl-oxironylmeiho.ay)-aYphenyl-silane. (7.28 g, 98%). [a ]om +7.48 (c 1.1 in CH&&); (found: C, 73.52; H, 

8.01. C&-I&Si requires C, 73.57; H, 8.03%); IR and ‘H-NMR identical to its enantiomer; n/l (CI) 327 (M+H, 2%), 269 (62), 

239 (92), 191 (100) and 183 (M).Following the procedure described above for (S)-7 using (R)-ferr-butyl-(2-methyl- 

oxiranylmethoxy)diphenyl-silane (4.93 g, 15.12 mmol), sodium azide (3.93 g, 60.49 mmol), NHXI (3.24 g, 60.49 mmol), 

methanol (300 cm’) and water (60 cm3). The residual oil was chromatographed on silica gel with heptanediethyl ether (9: 1) as 

the eluent to yield (R)-7 as a colourless oil. (4.74 g, 85%). [ 1~” +17.3 (c 1.2 in CH$&); (found: C, 64.98; H, 7.40; N, 11.19. 

C&&N&Si requires C, 65.01; H, 7.36; N, 11.37%); IR and ‘H-NMR identical to (S)-7; m/r (APCI) 369.5 (M+, 79%). 281.5 

(71), 237.3 (78) and 218.4 (100); (found 392.177340. C2&NJ02SiNa requires 392.177025). 

(S)-2~tert-Bu~l~~h~yl-silany~~y~2-m~hyl-l-(toluene-4-sulpkonyI)dziridine (S)-5 : 
This compound was prepared following the procedure described above for (R)-5 using (R)-1-Azido-3-(rerf-butyldiphenyl- 

silanyloxy)-2-methyl-propan-2-ol (R)-7 (5 g, 13.55 mmol), triphenylphosphine (3.90 g, 14.90 mmol), triethylamine (3.77 cm3, 

27.10 mmol), p-toluenesulphonyl chloride (5.14 g, 27.10 mmol) and tetrahydrotinan (300 cm3). The residue was 

chromatogmphed on silica gel with heptanediethyl ether (1: 1) as the eluent to yield (S)-5 as a white solid. (3.64 g, 56%). mp 76- 

78 C (from hepta’nediethyl ether); [a loZ6 -25.8 (c 1.1 in CH&); (found: C. 67.82; H, 7.00; N, 2.85; S, 6.62. C27H33NO$Si 

requires C, 67.60; H, 6.93; N, 2.92; S, 6.68%); IR and ‘H-NMR identical to (R)-5; m/z (CI) 480 (M+H, l%), 344 (loo), 324 

(20), 309 (66) and 422 (32); (found 502.185333. C2,H,,N0,SSiNa requires 502.184814). 

Reaction of (S)-2-(tert-Buryl-d~henyl-silanylm~hy~-2-m~hyl-l-(~oluene~-sulphony~~~ridine (S)-5 with nucleophiles : 
Tab& 3, en&y I: These compounds were prepared following the procedure described above (table 2, entry 1) (Q-5 (500 mg, 1.04 

mmol), HCl gas and diethyl ether (50 cm’). The residue was chromatographcd on silica gel with heptaneethyl acetate (4:1) as 

the eluent to yield a mixture of regioisomers resulting from C-3 and C-2 addition as a colourless gum and as a white solid (495 

mg, 92%) in a ratio of 1: 1.25 respectively.(R)-N-1 I-(tert-Butvr-dipheay/-silanykuymelkyl 

benzene sulphonamide. (220 mg, 41%), [a 1~‘~ +1.6 (c 0.6 in CH2C12), (found: C, 62.94; H, 6.64; N, 2.71; Cl, 7.00; S, 6.67. 

C2,HJ4NO&lSSi requires C. 62.83; H, 6.64; N, 2.7 I ; Cl, 6.87; S, 6.2 1%); lR and ‘H-NMR identical to (table 2, entry 1); (found 

5 16.1795. C2,H,sN0,ClSSi requires 5 16.1 76l).(R)-N-[3-~tert-Butvr_diphenyl-silanyi~)-2~h~or~2-m~hyi-propy~~-m~hyl- 

benzene sulphonandde. (275 mg, 5 l%), mp 97-98 C (from heptanediethyl ether); [a ] Do* -8.9 (c 1 in CH&); (found: C, 63.19; 

H, 6.66; N, 2.69; Cl, 7.05; S, 6.13. C2,H,4NOIClSSi requires C, 62.83; H, 6.64; N, 2.71; Cl, 6.87; S, 6.21%); IR and ‘H-NMR 

identical to (table 2, entry 1); (found 516.1795. C27H,=,NOIClSSi requires 516.1761). 

Table 3, en&y 2~ This compound was prepared following the procedure described above (table 2, entry 2) (S)-5 (300 mg, 0.62 

mmol) and formic acid (3 cm’). The residue was chromatographed on silica gel with heptane-ethyl a&ate (7:3) as the eluent to 

yield the regioisomer resulting from C-2 addition as a colourless gum.(S)-Formic acid-2-(tert-butyk&henyl- 

silanylaxymethyl)-l-nwthyl-l-[(toluene-4-suiphonyl amino)-n&hy&ethyl eder. (287 mg, 87%), [a lDZ4 +4.5 (c 1 .O in 

CH$&); (found: C, 64.19; H, 6.64; N, 2.79; S, 6.12. CZsHj5NOsSSi requires C. 63.96; H. 6.71; N. 2.66; S, 6.09%); IR and ‘H- 

NMR identical to (table 2, entry 2); (found 543.2350. &Hj9NZ05SSi requires 543.2351). 

Table 3, entry 3: This compound was prepared following the procedure described above (table 2, entry 3) using (S)-5 (300 mg, 

0.62 mmol), benzylalcohol (195 pl, 1.86 mmol), boron trifluoride etherate (60 ~1, cat.) and dichloromethane (20 cm’). The 

residue was chromatographed on silica gel with heptanediethyl ether (1: 1) as the eluent to yield the regioisomer resulting from 

C-3 addition as a gum. (R)-N-[2-BenryrarY-3-(tert-bu~l-diphenyl-sil~yl~~2~~hyl-propy~~-m~hyl-b~~e 

su/fonandde. (245 mg, 63%), [a 1~~ -8.4 (c 0.5 in CHZCI~); (found: C, 69.29; H, 7.26; N, 2.28; S, 5.17. C&,,NO&Si requires 

C, 69.46; H, 7.03; N, 2.38; S, 5.45%); IR and ‘H-NMR identical to (table 2, entry 3); m/z (APCI) 588.5 (M+H, 100%). 

Table 3, enhy 4: This compound was prepared following the procedure described above (table 2, entry 4) using (S)-5 (300 mg, 
0.62 mmol), benzylamine (0.34 1 cm’, 3.13 mmol) and tetrahydrotiuan (20 cm’). The residue chromatographed on silica gel 

with heptanediethyl ether (4:l) as the eluent to yield the regioisomer resulting from C-3 addition as a oil.(S)-N-(2- 

B~~lam~~l_(te~~u~l~h~yl-s~anyl~m~y~l-m~yl~hy~~-m~hyl-b~~~~h~~. (343 mg, 93%), [a 

10’~ +I.0 (c 1.4 in CH$ZQ; (found: C, 69.61; H, 7.19; N, 4.74; S, 5.40. CJ&N_Q$Si requires C, 69.59; H, 7.21; N, 4.77; S, 

5.46%); IR and ‘H-NMR identical to (table 2, entry 4); m/z (CI) 587 (M+H, 32%). 3 12 (72), 199 (49), 120 (64) and 91 (100). 
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Tab& 3, en&y 5: This compound was prepared following the procedure described above (table 3, entry 6) using (S)-S (300 mg, 

0.62 mmol), sodium azide (200 mg, 3.13 mmol) and dimethylformamide (IO cm3). The residue was chromatographed on silica 

gel with heptanediethyl ether (9: 1) as the eluent to yield the regioisomer resulting from C-3 addition as a gum. (S>N-[Z-Azidu- 

l~~rt-bu~l~h~yl-~~yl~~y~l~~yl~hy~~yl-b~~e suphonamide. (286 mg, 87X& [a lo” +14.6 (c I .4 

in CH&); (found: C, 61.89, H, 6.62; N, 10.65; S, 5.86. CZ7H34N40$Si requires C, 62.04; H, 6.56; N, 10.72; S, 6.13%); IR and 

‘H-NMR identical to (table 2, entry 5); m/z (Cl) 523 (M+H, l%), 465 (68), 445 (IOO), 388 (50) and 199 (50). 

Table 3, et&y 6: This compound was prepared following the procedure described above (table 3, entry 6) using (Q-5 (300 mg, 

0.62 mmol), thiophenol (62 pl, 1.25 mmol) and dimethylformamide (4 cm’). The residue was chromatographed on silica gel 

with heptane+thyl acetate (9: 1) as the eluent to yield the regioisomer resulting from C-3 addition as a gum.(R)-N-[l-(tert-srriyl- 

diphenyl-~lanylarymetkyl)-l-meilryl-2-pheny~ulph~yl~y~~~yl-bea~n~ulphon~~. (3 11 mg, 840/o), [a ]o’9 +13.3 

(c 1.2 in CH$&); (found: C, 67.16; H, 6.65; N, 2.38; S, 10.98. C33H39NO&2Si requires C, 67.19; H, 6.66; N, 2.37; S, 10.87%); 

IR and ‘H-NMR identical to (table 2, entry 6); m/z (CI) 590 (M+H, O.S%), 466 (532), 388 (50), 352 (55) and 341 (100). 

Table 3, enhy 7: This compound was prepared following the procedure described above (table 2, entry 7) using (S)-5 (300 mg, 

0.62 mmol), isopropylmagnesium chloride (1.56 cm3 of a 2 mol dni3 solution in diethyl ether, 3.13 mmol), copper bromide- 

dimethylsulfide complex (15 mg, 0.2o/dmmol) and tetrahydrofumn (25 cm3). The residue was chromatographed on silica gel 

with heptaneethyl acetate (9:l) as the eluent to yield the regioisomer resulting from C-3 addition as a gum. (S)-N-[l-(tert- 

Bu~l-d~henyl-silanylarynethyl)-l-m~hyl-2-phenyl~hy~~-m~hyl-ben~nesu~honamide. (232 mg, 71%), [a lo” -5.7 (c 1.4 

in CH2C12); (found: C, 68.98; H, 8.19; N, 2.40; S, 6.00. C&.+,NO$Si requires C, 68.79; H, 7.89; N, 2.67; S, 6.12%); IR and 

‘H-NMR identical to (table 2, entry 7); m/z (CI) 524 (M+H, cl%), 353 (100) and 254 (73). 

Table 3, entry 8: This compound was prepared following the procedure described above (table 3, entry 8) using (S)-5 (300 mg, 

0.62 mmol), phenybnagnesium bromide (3.13 cm3 of a 1 mol dm” solution in diethyl ether, 3.13 mmol), copper bromide- 

dimethylsulfide complex (15 mg, 0.20/dmmol) and tetrahydmfuran (25 cm-‘). The residue was chmmatographed on silica gel 

with heptane-ethyl acetate (9: 1) as the eluent to yield the regioisomer resulting from C-3 addition as a white solid. (S)-N-1 l- 

(tert-Bu~l~~henyl-~lanylo~m~hy~-l-m~hyl-2-pheayl~hy~~-m~hyl-ben~nesu~honamide, (269 mg, 77%), mp 107- 

110 C (from heptanediethyl ether); [a ]o*” -10.7 (c 1.0 in CH$l& (found: C, 71.23; H, 7.06; N, 2.54; S, 5.92. CaH39N09SSi 

requires C, 71.06; H, 7.05; N, 2.51: S, 5.75%); IR and ‘H-NMR identical to (table 2, entry 8); (found 558.2500. C,,&,,NO$3Si 

requires 558.2498). 

Table 3, enhy 9: This compound was prepared following the procedure described above (table 2, entry 9) using (S)-5 (5 g, 10.43 

mmol), ethylmagnesium bromide (17.4 cm3 of a 3 mol ti’ solution in diethyl ether, 52.19 mmol), indole (6.10 g, 52.19 mmol), 

copper bromidedimethylsulfde complex (415 mg, 0.2Wmmol) and tetrahydrofuran (150 cm’). The residue was 

chmmatographed on silica gel with heptane-ethyl acetate (1: 1) as the eluent to yield the regioisomer resulting from C-3 addition 

as a white solid. (S)-N-(l-(tert-butyl-diplrenyl-silonylaxymetkyllA-indol-3-ylmetl?yl)-l-metl?ylstlrylj-4- 

benzenesulphonamide. (4.69 g, 67%), mp 59-61 C (from ethyl acetate);[a ] D’8 -4.2 (c 1.0 in CH&); (found: C, 70.69; H, 6.55; 

N, 4.95; S, 5.24. Cj5&N203SSi requires C, 70.43; H, 6.75; N, 4.69; S, 5.37%); IR and ‘H-NMR identical to (table 2, entry 9) ; 

m/z (CI) 597 (M+H, 1.5%). 466 (34), 388 (31) and 130 (100). 

(S)-N-(1-Hydro~m~yl-l-m~hyl-~-phenyl-~hy~-4-m~hyl-ben~nesu~onami& 10: TBAF (1M in THF) (16 mmol, 16 cm3) 

was added to a solution of (S)-9 (1.81 8, 3.2 mmol) in THF (15 cm3) and the mixture was stirred for 12 h. The solvent was 

evaporated and the residue taken-up in ethyl acetate, washed with water, brine and dried (MgSO& The solvent was evaporated 

and the residue was chmmatographcd on silica gel with 2.5% methanol in dichloromethane as the eluent to give the title 

compound (1.01 g, 98%) as a white solid, m.p. 124-125’C; [a 10” +1.7 (c 1.0 in CH&); (found: C, 64.03; H, 6.68; N, 4.35. 

C,,HZINO$ requires C, 63.92; H, 6.62; N, 4.38%); u _(tilm)/cm-’ 3512, 3276, 1153.6 &4OOMHz, CDQ) 0.99 (3H, s, CHI), 

2.40 (3H, s, CH,), 2.51 (lH, t, J 6.4, OH), 2.85 (2H, m, CH2Ph), 3.44 (IH, dd. J 6.8 and 12.0, C&OH), 3.54 (1H, dd. J 6.4 and 

12, CI-&OH), 5.00 (IH, NH, s), 7.17-7.31 (7H, m, ArH), 7.71 (2H, d, J 8.0, ArH). 

(S)-2-M~yl-3-phenyl-t-(toluene-4-sulf acid 11: Alcohol 10 (100 mg, 0.3 1 mmol) in methanol (0.3 cm3) 

was added over 1 br to a mixture of potassium dichromate (93 mg, 0.3 1 mmol) in concentrated sulfuric acid (0.1 cm3) and water 

(0.6 cm3). Atler 12 h, the mixture was extracted with ethyl acetate ( 3 x 4 cm3), dried (MgSOd) and the solvent evaporated. The 

crude residue was chromatographed on silica gel with ethyl acetate as the eluent to give the title compound as a colourless oil (64 

mg, 62%) [a]o’8 -7.4 (c 1.0 in CH#&); (found: C, 60.91; H, 5.81; N, 3.80. CI~HWNO~S requires C, 61.24; H, 5.73; N, 4.20%); 
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~(tilm)/cui’ 3515, 3265, 1716, 1156.8 H(4OOMHz. CDCIr) 1.47 (3H, s, CHs), 2.40 (3H, s, CHr), 3.07 (IH, d, J 13, CH,), 3.21 

(HI, d, J 13, CH,), 5.29 (HI, s, NH), 7.22-7.33 (7H, A&I), 7.72 (ZH, d, J 8); 

(S)-Metiky2-amino-2-methyl-3-pheny~ropioniufe 23: The acid 12 (45 mg, 0.13 mmol) in ethyl acetate (1 cmr) was added 

dropwise over 1 h to a solution of 32% HBR in HOAc (5 cm’). The mixture was stirred at room temperature for 12 h, then 

cc&d to 0°C and water (5 cm’) was added. The aqueous was washed with ethyl acetate (2 x 4 cm’) and evaporated. The crude 

HBr salt of a -methylphenylalanine was used in the next step without further purification. Thus, thionyl chloride (0.047 cmr, 

0.65 mmol) was added to an ice-cooled solution of methanol (3 cm’) and the mixture stirred for 15 minutes. The acid in 

methanol (1 cm’) was added dtopwise and the mixture allowed to warm-up to room temperature The mixture was heated to 

retlux for 12 h. The solvent was evaporated and the crude residue taken up in ethyl acetate and washed with saturated sodium 

hydrogen carbonate solution, brine and dried (MgsO,). The solvent was evaporated and the residue passed through a small pad 

of silica with 3.5% methanol in dichloromethane as the eluent to give the title compound (13 mg, 55%), [a ]nzo +4.0 (c 1.0 in 

EtOH),[lit.” [a ]n*‘+4.0 (c 1.0 in EtOH)]. 
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