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Stereoselective synthesis of thienyl and furyl analogues of ephedrine t 

Franz Effenberger * and Joachim Eichhorn f 
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Abstract: The stereoselective syntheses of thienyl and furyl analogues of ephedrine 
starting from (R)- and (S)-cyanohydrins, respectively, are described. Addition of methyl 
Grignard to the O-trimethylsilyl protected optically active cyanohydrins (R)- and (S)-3 and 
hydrogenation of the resulting imino intermediates gives the erythro-2-amino alcohols 4 
with high diastereoselectivity. Their reductive methylation leads to the enantiomerically 
pure thiophene analogues (1S,2S)- and (1R,2R)-6a, (1R,2S)- and (1S,2R)-6b as well as to 
the furan analogues (1S,2S)-6c and (IR,2S)-6d of ephedrine. The biological activity of the 
new compounds is under investigation. (~) 1997 Elsevier Science Ltd. All rights reserved. 

2-Amino-l-phenylpropanols are of great pharmacological importance as et- and 13- 
sympathomimetics and are widely used vasodilators and bronchodilators. 2 In numerous examples it 
was demonstrated that the substitution of a phenyl ring in pharmaceuticals by e.g. a thienyl group 
results in products with comparable or resembling biological activity. 3 Therefore, an investigation of 
heteroaryl analogues of 2-amino-1-phenylpropanols and the change of biological activity caused by 
substitution of the phenyl by a heteroaryl moiety in these compounds should be of interest. 

As early as 1927, S. Kanao 4 has prepared various branched and unbranched 2-amino-l-furyl 
alcohols which show mydriatic activity. C. Seelkopf has published the synthesis of a series of racemic 
1-heteroaryl (3-pyridyl-, 2-furyl-, 2- and 3-thienyl-, 3-indolyl- and 2-pyrrolyl)-2-amino alcohols of 
the ephedrine type. 5 In case of 2-methylamino-1-(2-thienyl)propanol the erythro- and threo-isomer 
could be separated due to their solubility and insolubility, respectively, in ether. 6 The hypotensive 
activity of the racemic erythro-compound in this case amounts to one third of L ( - )  ephedrine 
whereas the racemic threo-form is biologically inactive. 6 Only one of the two enantiomers of the 
erythro-compound was obtained in pure form using (-)-di-p-toluoyltartaric acid for resolution of 
the enantiomers. 6 More recent investigations 7 of the biological activity of 2-alkylamino- 1-(2-thienyl) 
alcohols demonstrate greater hypertensive effect for the threo-isomer but longer lasting activity for the 
erythro-form; moreover the threo-derivative has greater psychostimulating activity than the e~thro- 
compound which is a better analgesic. 

Besides the 2-thienyl analogue of ephedrine also 2-methylamino-l-(3-thienyl)propanol has been 
synthesized. 6h The erythro- and threo-compounds were separated in this case via different solubility 
of their picrates. Whereas the threo-isomer was resolved in both enantiomers, the resolution of the 
erythro-isomer failed. 6b Nothing is mentioned on the biological activity of these compounds. 

Since thienyl and furyl analogues of L ( - )  ephedrine have not yet been prepared and described 
in enantiomerically pure form and furthermore their biological activity is controversial, 6,7 we were 
interested in the stereoselective preparation of the pure enantiomers of these compounds. 

In the present publication we report on the enantioselective synthesis of heterocyclic analogues 
of ephedrine starting from the corresponding (R)- and (S)-cyanohydrins, respectively. 8 The reaction 
sequence involves addition of a Grignard reagent to the nitrile group of the O-silylated cyanohydrins, 
subsequent hydrogenation with NaBH4 to the 2-amino-l-heteroaryl alcohols, 1,9,10 and reductive N- 
methylation of the amino alcohols 1,11 to the corresponding ephedrine analogues. 

* Corresponding author. Email: ioc@po.uni-stuttgart.de 
-t Part of dissertation, Universit~it Stuttgart, 1995. 
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Table 1. (R)- and (S)-Cyanohydrins (R)- and (S)-2 by enzyme catalyzed addition of HCN to the aldehydes 1 in diisopropyl 
ether at room temperature 

Aldehydes 
1 

la 
la 
lb 
lb 
lc 
lc 
ld 
ld 

Oxynitrilase 
[U/retool 1] 

(R) 25 
(S) 79 

React.-time 
[h] 

Cyanohydrins (R)- and (S)-2 
Conversion [%]a ee [%] 

(S)-2a b 71 99 
(R)-2a b 64 91 

(R) 50 6 (R)-2b 95 99 
(53 47 27 (S)-2b 95 98 
(R) 35 4 (S)-2c b 96 99 
(S) 101 9 (R)-2c b 80 80 
(R) 34 4 (R)-2d 96 99 
(S) 91 33 (S)-2d 88 87 

a Preparative scale with the exception of (R)-2c, (S)-2d; conversion determined by IH NMR spectroscopy. 

b Change of configuration due to change of substituent priority. 

Preparation of (R)- and (S)-thiophene- and furanaldehyde cyanohydrins (R)- and (S)-2 

(R)- and (S)-Thiophene- and furancarbaldehyde cyanohydrins (R)- and (S)-2 are easily accessible 
with high enantiomeric excesses by (R)-oxynitrilase [EC 4.1.2.10] and (S)-oxynitrilase [EC 4.1.2.11] 
catalyzed addition of HCN to aldehydes 1 (Scheme 1, Table 1). 8 Under the reaction conditions 
applied earlier 12 the enantiomeric excesses obtained, particularly with the (S)-oxynitrilase, could be 
markedly improved compared to the values published. 8a'd-f The change of configuration at C-1 of 
the 2-thiophene- and 2-furanaldehyde cyanohydrins 2a and 2e is due to the change of priority of the 
substituents. 

Table 1 shows that (S)- and (R)-2a are obtained in the case of thiophene-2-aldehyde cyanohydrins 
with high enantiomeric excesses of 99% and 91% but with only 71% and 64% conversion, respectively. 
On the contrary, for the thiophene-3-aldehyde cyanohydrins (R)- and (S)-2b the aldehyde/cyanohydrin 
equilibrium is almost completely on the product side and thus both (R)- and (S)-2b are obtained with 
95% conversion and 98-99% ee (Table 1). The furanaldehydes le and d are excellent substrates for 
(R)-oxynitrilase. The corresponding cyanohydrins (S)-2c and (R)-2d are obtained with 96% conversion 
and 99% ee. With (S)-oxynitrilase as catalyst, however, the conversion and the enantiomeric excesses 
of the resulting cyanohydrins (R)-2c and (S)-2d are lower. The reaction of the 3-substituted aldehydes 
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lb and ld, respectively, with (S)-oxynitrilase is markedly slower, therefore the reaction times had to 
be increased (Table 1). 

Preparation of erythro-2-methylamino.l.thienyl and 1-furylpropanois 6 
Based on published procedures, 1,1°,11 the synthetic route to ephedrine-type 1-heteroaryl-2- 

methylamino alcohols (1S,2S)-6a,e and (1R,2S)-6b,d, starting from cyanohydrins (R)- and (S)-2, 
respectively, involves silylation to O-protected cyanohydrins (R)- and (S)-3, addition of a methyl 
Grignard to the nitrile group followed by hydrogenation of the imino intermediate to the 2-amino 
alcohols (1S,2S)-4a,e and (IR,2S)-4b,d and subsequent reductive methylation of the optically pure 
2-amino alcohols 4 via the N-formylamino compounds (Scheme 2, Tables 2 and 3). 

Scheme 3 shows the reaction sequence to the enantiomerically pure 2-N-methylamino-l-(2- 
thienyl)propanol (1R,2R)-6a and 2-N-methylamino- 1-(3-thienyl)propanol (IS,2R)-6b starting from the 
silylated cyanohydrins (R)-3a and (S)-3b. 

Analogous to literature procedures l,l°b the cyanohydrins 2a-d were treated with trimethylchloro- 
silane in 1.5 fold excess based on 2 in presence of pyridine to give the silylated cyanohydrins (S)-, 
(R)-3a, (R)-, (S)-3b as well as (S)-3c and (R)-3d in 76-85% yield without loss of stereochemical 
integrity as colorless liquids after distillation (Table 2). 

The preparation of the 2-amino-l-heteroarylpropanols (1S,2S)-4a,e, (1R,2R)-4a, (lR,2S)-4b,d 
and (1S,2R)-4b was performed analogous to known methods 10 (Schemes 2 and 3, Table 2). The 
diastereomeric excesses of the crude amino alcohols 4 were determined by 1H NMR spectroscopy 
via the integrals of the respective proton at C-1; the de-values of 86-95% were confirmed by gas 
chromatography (Table 2). The enantiomeric excesses at C-1 determined in case of the thiophene 
derivatives (1S,2S)-4a and (1R,2R)-4a as well as (IR,2S)-4b and (IS,2R)-4b are comparable with 
those of the starting cyanohydrins (R)- and (S)-2a and b. The Grignard addition and hydrogenation 
therefore proceed, as reported in previous publications, 8a- 10b without racemization. 

The amino alcohols 4 had to be purified either as hydrochlorides by recrystallization or by 
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Table 2. Synthesis of erythro-2-amino alcohols 4 from the respective cyanohydrins (R)- and (S)-2 via the trimethylsilyl 
ethers 3, addition of methyl Grignard and subsequent hydrogenation with NaBH4 

Cyanohydrins 2 

(ee%) 

(S)-2a 96 

(S)-2c 98 

(R)-2b 99 

(R)-2d 99 

(R)-2a 86 

(S)-2b 99 

Silylated Cyanohydrins 3 

Yield [Ct]~ ° 

[%] (c, CH2C12) 

(S)-3a 76 +34.9 (1.59) 

(S)-3c 85 +12.5 (1.0) 

(R)-3b 85 +19.6 (1.9) 

(R)-3d 80 +29.8(1.98) 

(R)-3a 76 -26.0 (1.63) 
! (S)-3b 76 n.d. 

erythro-2-Amino Alcohols 4 
Yield de ee [Ct] 20 

[%]a [%]b [%]c (c, solvent) 

(1S,2S)-4a 67 94 95 .5  +6.1 (2.04, EtOH) 

(1S,2S)-4c 22 95 d +4.4 (0.68, CH2C12) 
(1R,2S)-4b 71 86 >99 -14.2 (2.16, EtOH) 

(1R,2S)-4d 35 89 +5.4 (0.83, CH2C12) 

(IR,2R)-4a 50 90 82 -4.3 (1.73, EtOH) 

(IS,2R)-4b 64 87 99 +11.0(1.0, EtOH) 

a After chromatography on silica gel. b Determined from crude products by IH NMR spectroscopy, c Determined after 

pivaloylation on chiral valine-bomylamide phases by gas chromatography, d Determined after pivaloylation by capillary 
gas chromatography. 

Table 3. Synthesis of N-methylated erythro-2-amino-l-heteroarylpropanol hydrochlorides 6-HCI by N-formylation with 5 
and subsequent hydrogenation with LiAIH4 

Educts erythro-2-Methylamino- 1-heteroarylpropanol Hydrochlorides 6" HC1 
4 (de%) Yield [%]a Yield [%]b [ct]]°s (c, EtOH) mp [°C] 

( I S,2S)-4a 84 

(1S,2S)-4e 88 

(1R,2S)-4b 86 
(IR,2S)-4d 88 

(1R,2R)-4a 90 

(IS,2R)-4b 87 

(IS,2S)-6a 83 31 -22.2 (0.50) 176-177 

(IS,2S)-6c 61 39 -36.8 (0.53) 135-136 c 

(IR,2S)-6b 89 77 -49.3 (0.68) 184-185 

(IR,2S)-6d 83 26 -21.0 (0.50) 183 

(IR,2R)-6a 80 53 +23.6 (0.55) d 179-180 d 

(IS,2R)-6b 100 65 +47.0 (0.50) 186 

aCrude products, bAs hydrochlorides after recrystallization from ethanol/diethyl ether; yield based on de-value of educt 4. 
CRef.13. dRef.6a 
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chromatography on silica gel with THF/NH3 sat. ethanol (12:1), since in all cases a secondary amine 
was formed as a by-product in various amounts. This by-product was isolated during the preparation of 
(1R,2S)-4b, and was identified and characterized as bis[2-(1-(3-thienyl)propanol)]amine. Depending 
on the activity of the applied NaBH4 the transimination reaction leading to the secondary bis[2-(1- 
heteroarylpropanol)]amine as by-product could be suppressed by addition of the hydrogenation agent 
in up to fourfold excess. In this way the erythro-compounds (1S,2S)-4a and (1R,2R)-4a as well as 
(IR,2S)-4b and (1S,2R)-4b were isolated in optically pure form in 50-71% yield (Table 2). The 
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corresponding furan derivatives (1 S,2S)-4e and (1R,2S)-4d partly decomposed during chromatography 
and thus enantiomerically pure (1S,2S)-4e and (IR,2S)-4d were obtained only in 22% and 35% yield, 
respectively (Table 2). 

For introduction of the N-methyl group in the 2-amino alcohols 4 we have used the reductive 
methylation described in the preceding publication. 1 The purified compounds (IS,2S)-4a,e, (1R,2S)- 
4b,d, ( 1R,2R)-4a and (1S,2R)-4b were reacted at 0°C with acetic formic anhydride (5) to give N-formyl 
intermediates, 1,11 which were hydrogenated after removal of the volatile components directly with 
LiA1H41,11 to the 2-methylamino alcohols 6a-d  (Schemes 2 and 3). The diastereomeric excesses of 
compounds 6a--d, however, could not be determined at this stage. For purification the viscous yellow 
oils were converted into the hydrochlorides and recrystallized from ethanol/diethyl ether (Table 3). 
I H NMR investigations show that in all cases the de-values of the recrystallized products 6a-d  are 
100% of the erythro-configuration. The configuration was confirmed by comparison of the specific 
rotation of (1R,2R)-2-methylamino- 1-(2-thienyl)propanol hydrochloride (1R,2R)-6a-HC1 (Table 3) 
with published data of (+)-hydrochloride of the erythro-isomer. 6a 

The low yields in case of the furan derivatives (1S,2S)-6e-HCI and (1R,2S)-6d.HCI are caused by 
difficult crystallization and moreover by a limited stability of these compounds already reported for 
2-amino-1-(2-furyl)propanol 4e, 4 but not for the corresponding N-methylated compound. 13 

The synthetic route described in this paper offers an easy approach to optically active heterocyclic 
analogues of ephedrine starting from (R)- and (S)-cyanohydrins. 

Experimental 
Materials and methods 

Avicel cellulose was purchased from Merck. (R)-Oxynitrilase was prepared according to Ref.14 and 
(S)-oxynitrilase according to Ref. 15 All solvents were purified and dried as described in the literature. 
Melting points were determined on a BiJchi SMP-20 and are uncorrected. I H NMR spectra were 
recorded on a Bruker ACF 250 with TMS as internal standard. Optical rotations were performed in 
a Perkin-Elmer polarimeter 241 LC. Preparative column chromatography was performed with glass 
columns of different size packed with silica gel S, grain size 0.032-0.063 mm (Riedel-de Haen). GC 
for determination of enantiomeric and diastereomeric excess: a) Carlo Erba HRGC 5300 Mega Series 
with FID, Carlo Erba Mega Series integrator, 0.4-0.5 bar or 0.36 bar hydrogen, column 20 m, phase 
OV 1701 or PS086 with 10% permethylated [3-cyclodextrin or Amid-Dex (valeroyl-L-valine-(R)- 
bornylamide, 13-cyclodextrin); b) Carlo Erba Fractovap 4160 with FID, Spectra Physics minigrator, 
0.5 bar hydrogen, column 50 m, phase OV 1701 with 10% permethylated 13-cyclodextrin. 

Enzyme catalyzed preparation of(R)- and (S )-cyanohydrins 2 

Performed according to Ref. 12 with up to 30 mmol of aldehyde 1 using (R)- and (S)-oxynitrilase 
as catalysts (Table 1). 

Determination of the enantiomeric excess of cyanohydrins 2 

Performed according to Ref. 12. 

Preparation of O-silylated cyanohydrins (R)- and (S)-3; general procedure lOb 

At 0°C trimethylchlorosilane (ca. 1.5 fold excess based on 2) was added dropwise within 30 min 
to a solution of 2 (19-55 mmol) in abs. diethyl ether and pyridine (ca. 1.5 fold excess based on 2) 
under argon atmosphere. The reaction mixture was stirred for 5-6 h [(S)-2e, (R)-2d] or 15-18 h [(R)-, 
(S)-2a,2b]. Precipitated pyridinium hydrochloride was filtered off, washed with abs. diethyl ether, and 
the combined filtrates were concentrated. The residue was fractionally distilled in vacuo [bp (°C/0.01 
Torr): (S)-3a: 60-62; (R)-3a: 60-63; (R)-3b: 58-60; (S)-3b: 57-60; (S)-3e: 60; (R)-3d: 61]. 
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Preparation of erythro-2-amino alcohols 4; general procedure lOb 

Compounds 3 (4-13 mmol)  were dropped via syringe at 0°C within 30 min to a solution of the 
Grignard reagent l°b in diethyi ether under argon atmosphere, and the reaction mixture stirred for 5--6 
h at room temperature. After addition of 25 vol% abs. tetrahydrofuran (THF) the reaction mixture was 
cooled to - 5 0 ° C  and solid NaBH4 (1-4 fold excess based on 3) was added followed by methanol 
(7-20 ml). The reaction mixture was warmed up to 5°C within 16 h, hydrolyzed with water and HCI 
(10%), and the organic phase was extracted three times with 15 ml HC1 (10%) each. The combined 
aqueous phases were extracted with diethyl ether, set to pH 10 with conc. NaOH solution and extracted 
five times with 25 ml ethyl acetate each. The combined extracts were dried (MgSO4), concentrated, 
and the diastereomeric excess was determined from the residue by 1H NMR spectroscopy. The 
products 4 either were converted into the hydrochlorides and recrystallized from ethanol/diethyl ether 
or chromatographed on silica gel with THF/NH3 sat. ethanol (12:1). 

Determination of the diastereomeric and enantiomeric excess of 4 

50 Ill Pivaloyl chloride were added to a solution of ca. 5 mg crude 4 in 200 ial pyridine. After 
standing at room temperature for 24 h, the reaction mixture was filtered through a silica gel column 
(3×0.5 cm) with 3 ml dichloromethane. The diastereomeric excesses were determined directly from 
the filtrate by capillary gas chromatography on OV 1701 or PS086 phases with 10% permethylated 
iB-cyclodextrin. The enantiomeric excesses of  4a,b were determined on a chiral amide phase. 

1H NMR data of compounds 4 (250 MHz, CDCI3, ~) and 6.HCI (250 MHz, DMSO-d6, ~) 

4a 1.04 (d, J=6.5 Hz, 3 H, 
4.74 (d, J---.4.8 Hz, 1 H, 
At-H) 

CH3), 2.30 COs, 2 H, NH,OH), 3.19 (dq, J1=6.5, ,/2=4.9 Hz, 1 H, CHN), 
CHOH), 6.95-7.01 (m, 2 H, At-H), 7.25 (dd, Jl=5.0, ./2=1.4 Hz, 1 H, 

4b 0.99 (d, J=6.6 Hz, 3 H, 
4.63 (d, J=4.7 Hz, 1 H, 
./2=0.8 Hz, 1 H, At-H), 

CH3), 2.30 COs, 2 H, NH,OH), 3.17 (dq, J1=6.5, ./2=4.7 Hz, 1 H, CHN), 
CHOH), 7.03 (dd, J1=5.0, ,/2=1.2 Hz, 1 H, Ar-H), 7.19 (dd, Jr=2.9, 
7.30 (dd, J1=5.0, J2=3.0 Hz, 1 H, At-H) 

4c 1.04 (d, J=6.6 I-Iz, 3 H, CH3), 2.10 COs, 2 H, NH,OH), 3.23 (dq, J1=6.5, ./2=5.2 Hz, 1 H, CHN), 
4.50 (d, J=5.1 Hz, 1 H, CHOH), 6.27 (d, J=3.2 Hz, 1 H, At-H), 6.34 (dd, Jr=3.2, J2=1.8 Hz, 1 
H, At-H), 7.37 (dd, Jl=l.8, ./2=0.7 Hz, 1 H, At-H) 

4d 1.02 (d, J=6.6 Hz, 3 H, CH3), 2.00 COs, 2 H, NH,OH), 3.12 (dq, Jr=6.5, ./2=4.7 Hz, 1 H, CHN), 
4.48 (d, J---4.7 Hz, 1 H, CHOH), 6.37 (t, J=l.2 Hz, 1 H, At-H), 7.40 (d, J=l.3 Hz, 2 H, Ar-H) 

6a. HC1 1.05 (d, J=6.7 Hz, 3 H, CH3), 2.60 (t, J=5.4 Hz, 3 H, NCH3), 3.38-3.48 (m, 1 H, CHN), 5.38 
COs, 1 H, CHOH), 6.58 (d, J=4.8 Hz, 1 H, OH), 7.01-7.06 (m, 2 H, At-H), 7.46 (dd, J1=4.7, 
./2=1.5 Hz, 1 H, At-H), 8.98 COs, 2 H, NH2+CI-) 

6b" HCI 0.99 (d, J=6.7 Hz, 3 H, CH3), 2.59 (t, J=5.4 Hz, 3 H, NCH3), 3.35-3.46 (m, 1 H, CHN), 5.19 
(d, J=l.8 Hz, 1 H, CHOH), 6.15 Cos, 1 H, OH), 7.10 (dd, J1=5.0, ./2=1.1 Hz, 1 H, At-H), 7.39 
(m c, 1 H, Ar-H), 7.54 (dd, J1=4.9, J2=3.0 Hz, 1 H, At-H), 9.00 Cos, 2 H, NH2+CI -) 

6c- HCI 1.09 (d, J--6.7 Hz, 3 H, CH3), 2.57 (t, J=5.4 Hz, 3 H, NCH3), 3.30-3.55 (m, 1 H, CHN), 5.12 
(d, J=2.3 Hz, 1 H, CHOH), 6.33 COs, 1 H, OH), 6.38 (d, J=3.2 Hz, 1 H, At-H), 6.45 (dd, Jr= 
3.2, J2=1.8 Hz, 1 H, Ar-H), 7.65 (dd, Jl=l.6, J2=0.7 Hz, 1 H, At-H), 9.05 COs, 2 H, NH2+CI-) 

6d. HCI 1.05 (d, J=6.7 Hz, 3 H, CH3), 2.58 (t, J=5.4 Hz, 3 H, NCH3), 3.29-3.35 (m, l H, CHN), 5.06 
(d, J=1.6 Hz, 1 H, CHOH), 6.00 COs, 1 H, OH), 6.48 (rr~, 1 H, At-H), 7.57 (s, 1 H, At-H), 7.65 
(t, J=l.6 Hz, 1 H, At-H), 8.97 Cos, 2 H, NH2+CI') 
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Preparation of erythro-2-methylamino-l-heteroarylpropanols 6; general procedure 1' 11 

At 0°C acetic formic anhydride 5 (ca. 2 fold excess based on 4) was added to a solution of 4 
(2.3-7.3 retool) in abs. diethyl ether/TI-IF (2:1 or 4:1), and the reaction mixture stirred for 1 h. After 
removal of volatile compounds and acetic acid in high vacuo, the residue was taken up in abs. diethyl 
ether/TI-IF and added dropwise within 1-1.5 h to an ice-cold suspension of LiAIH4 (ca. 1.5-3 fold 
excess based on 4) in abs. diethyl ether under argon atmosphere. The reaction mixture was allowed 
to warm to room temperature, stirred for further 15-20 h and hydrolyzed with NaOH solution (ice 
cooling). The aqueous phase was extracted five times with 20 ml diethyl ether each. The combined 
extracts were dried (MgSO4) and concentrated. The residue was dissolved in abs. diethyl ether and 
HC! sat. ethanol was added. After removal of the volatile compounds the residue was taken up in a 
small volume of ethanol and abs. diethyl ether was added dropwise until the start of crystallization. 
The crystals were filtered off, washed with a small volume of abs. diethyl ether and dried in vacuo to 
give diastereomerically pure products 6. HCI. 

Elemental analytical data of compounds 4a-c and 6. HCI 

Molecular Formula 
(Molecular Weight) 

(1 S,2S)-4a C7H I INOS 
(157.2) 

(1R,2S)-4b" HCI CTH12 C1NOS 
(193.7) 

( 1S,2S)-4e CTH I INO2 
(141.2) 

(1S,2S)-6a. HC1 CsHI4CINOS 
(207.7) 

(1R,2S)-6b.HCI CsHI4CINOS 
(207.7) 

(1 S,2S)-6c. HC1 C8HI4CINO 2 
(191.7) 

(1R,2S)-6d- HCI CsHI4CINO 2 
(191.7) 

Calculated/Found 
C H N S C1 

53.47 7.05 8.91 20.39 
53.24 7.04 8.71 20.13 
43.42 6.24 7.23 16.55 18.30 
43.57 6.40 7.18 16.38 18.45 
59.56 7.85 9.92 
59.34 7.80 9.57 
46.26 6.79 6.74 15.43 17.07 
46.31 6.91 6.69 15.15 17.26 
46.26 6.79 6.74 15.43 17.07 
46.18 6.88 6.60 15.21 17.17 
50.14 7.36 7.31 18.50 
50.14 7.46 7.14 18.67 
50.14 7.36 7.31 18.50 
50.04 7.46 7.14 18.70 
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