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Abstract: A stereoselective synthesis of (Sj-3,4-methylenedioxyamphetamines (S ) -7 ,  
which are highly interesting as psychoactive compounds, is describcd. Starting from 
readily available (R)-cyanohydrins (R)-2 the 2-amino-I-aryl alcohols (IR,2S)-4 were 
obtained with high diastereoselectivity by addition of Grignard reagents to the O-pro- 
tected cyanohydrins (R)-3, transimination of the addition products A with primary amphetamines - cyanohydrins 
amines, and hydrogenation of the imino intermediates B with NaBH,. For the hydro- 
genation of the benzylic hydroxyl group in the I ,2-amino alcohols (1 R,2S)-4 a new, very 
efficient method was developed. The optically pure amphetamines (Sj-7 were obtained 
under very mild conditions by catalytic hydrogenation of the oxazolidinones (4S,5R)-6, 
which were readily available by phosgenation of the amino alcohols (1 R,2S)-4. 
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Introduction 

3,4-Methylenedioxy-substituted amphetamines have received 
great attention in the last years as important represcntatives of 
the so-called "designer drugs".['I 3,4-Methylenedioxymetham- 
phetainine (MDMA), for example, commonly known as 
"Ecstasy", has been reported to produce both stimulant and 
hallucinogen-like effects in humans."] Whercas 2,5-di- 
methoxyamphetamine (DMA) is a much stronger hallucinogen 
than mescaline, the corresponding 3,4-methylenedioxyam- 
phetamines are considerably less potent.I3l By introduction of 
N-alkyl substituents or by changing from 1,2-ethanolamines to 
1 ,?-propanolamines or 1,2-butanolamines, the hallucinogcnic 
efl'ect almost  disappear^.'^"*^* 'I 3,4-Methylenedioxyamphct- 
aniincs like MDMA possess antidepressivc and anxiolytic prop- 
erties, Reportedly they are able to evoke a well-controllable 
cmotional experience with relaxation, a drop in fear responses, 
peaceful feelings, and increased empathy.['* 'I Since these posi- 
tive changes of behavior occur mostly without distortion of 
sensory perception and thought and without marked stimula- 
tion, these compounds could be of great medical usefulncss as 
d j u n c t s  i n  insight-oriented psychotherapy.[61 

Investigations of differences in the biological effects of the 
two enantiomers of MDMA have shown that the (S, +) enan- 
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tiomer is more potent as a "positive" stimulant, whereas the 
( R ,  - j  enantiomer is a markedly stronger hallucinogen. For 
psychothcrapeutical applications of this new class of psychoac- 
tive compounds, therefore, comprehensive, more general inves- 
tigations into the biological activity of the optically pure enan- 
tiomers of 3,4-methylen~dioxyamphetamines[~~ and their 
metabolites[81 are necessary. 

The preparation of optically pure cnantiomers of 3,4- 
methylenedioxyamphctamines has already been published by 
Nichols ct al.:r7"1 ketones are allowed t o  react with optically 
active 1 -phenylethylamine to give the corresponding imino com- 
pounds, which are diastereoselectively hydrogenated to amines 
in situ with Raney nickel; to  complete the reaction the phenethyl 
group at the amino function must bc removed by catalytic 
hydrogenat i~n.[~"]  A disadvantage of this procedure, in most 
cases, is the costly preparation of the starting ketones. 

The hydrogcnation of 2-amino-1-aryl alcohols is an alterna- 
tive approach for the synthesis of optically pure amphetamines, 
as demonstrated by the preparation of (S)-methamphetamine 
from (lR,2S)-ephedrine.['I Whereas the hydrogenation of the 
hydroxyl group itself is difficult and gives only low yields, the 
corresponding 1 -chloro- 1 -pheiiyl-2-aminopropane, prepared 
from the amino alcohol with SOClz. can be hydrogenated more 
readily.["] This routc for the preparation of (S)-amphetamines 
was mainly limited to (1 R,2S)-cphedrine as starting compound 
since other suitable 2-amino-l -aryl alcohols were accessible only 
as racemates. 

Since (1 R,2S)-2-amino-3 -aryl alcohols as pure stereoisomers 
became readily available from (R)-cyanohydrins in the last fcw 
years," 3J we have comprehensively investigatcd the stereose- 
lective synthesis of 3,4-dioxy substituted (S)-amphetamines 
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from the corresponding (1 R,2S)-amino alcohols. We were espe- 
cially interested in the preparation of the 3,4-methylenedioxy 
compounds for psychotherapeutical applications. 

Results and Discussion 

Synthesis of (1R,2S)-2-amino-l-aryl alcohols (1R,2S)-4: The re- 
action sequence we have applied for the synthesis of the 
(1 R,2S)-2-amino alcohols, which are the starting compounds 
for the preparation of the desired (S)-amphetamines, is shown 
in Scheme 1. 

PH 
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Schcmc 1. Enzyme-catalyxed addition of HCN to aldehydes 1 to give (R)-cyano- 
hydrins 2 and subsequent preparation of (lR,?S)-2-amino-l-aryl alcohols 4a-d 
and (IR,2,S)-2-alkylamino-l-aryl alcohols 4e-h. 

In an enzyme-catalyzed addition of HCN to the 0-protected 
3,4-dihydroxybenzaldehydes 1, the corresponding cyanohy- 
drins (R)-2 were obtained with high optical purity.["". 13', 141 

Addition of Grignard compounds to the nitrile group of the 
0-silyl-protected cyanohydrins (R)-3 led to the imino intermedi- 
ates A. Direct hydrogenation of A with NaBH, and acidic 
workup yielded the N-unsubstituted 2-amino alcohols (1 R,2S)- 
4a-d.[12' The 2-alkylamino-I-aryl alcohols (IR,2S)-4e-h were 

accessible by treatment of the imino intermediates A with 
methanol, transimination with a primary aminc 5 ,  and subse- 
quent hydrogcnation of the N-alkylimino compounds B with 
NaBH,.['31 

For the synthesis of the pharmacologically interesting am- 
phetamines methylenedioxyamphctaminc (MDA, "Love Drug"). 
rnethylenedioxymethamphetamine (MDMA, "Ecstasy"), and 
methylenedioxyethylamphetamine (MDE, "Eve"), we used the 
hydroxy-protected 3,4-dihydroxybenzaldehydcs pipcronal(1 a).  
2,2-dimethyl-5-formyl-l,3-benzodioxol ( I  b) , and 3-methoxy- 
inethylenoxy-4-methoxybenzaldehyde (1 c)[I4] as substrates 
in the (R)-oxynitrilase-mediated cyanohydrin formation 
(Scheme 1). As previously reported, the (R)-cyanohydrins (R)- 
2a,b arc available with ee values of 93-99 % and good chemical 

however, (R)-2c can only be obtained with 81 YO 
ee.[14] According to the published the tri- 
methylsilyl protecting group was introduced in cyanohydrins 
(R)-2a-c yielding the 0-silylated cyanohydrins (R)-3a ~ c with 
39-60Y0 yield based on the respectivc aldchydcs la-c.  Thc 
results of the preparation of the (1 R,2S)-2-amino alcohols 
(1R,2S)-4 from (R)-3 (Scheme 1) are summarized in Table 1. 

Table 1. Synthesis of (1 R,?S)-?-amino-I-aryl alcohols ( 1  R,2S)-4 from 0-silylated 
(R)-cyanohydrins (R)-3.  

( R ) - 3  R'MgX 5 (1R,2S)-4 Yield/% [a] de 'A, [b] [XI? ( c  in MeOH) M.p  c' 

a CH,MgI - a 51 95 -12.5 (1.40) 212 
a C,H,MgBr - b 45 90 -29.0 (1.00) 201 

295 -15.2 ( i .10) 192 [[ii b CH,MgI ~ c 3x 
c CH,Mgl - d 13 [c] 90 - 10.0 (o.70) 204 [4 
a CH,MgI a e 47 77 -41 6 (0.80) 223 [d] 
a CH,MgI h f 4 1  > Y 5  -28.0 (1.00) 222 
a CI-I,MgI c g 57 >98 - 2 6 6  (0.80) 194 
a C,H,MgBr a h 44 92 -31.6 (1.20)  194 

[a] After crystalliration a5 the hydrochloride. [b] Determined f r o m  crude product b y  
'H NMK spectroscopy. [c] Isolated as free amino alcohol after chroiiiatoprapli~. 
[d] Decomposition. 

As can be seen from Table 1 ,  the (1 R,2S)-amino alcohols 4 
can be isolated with a diastereomeric excess of greater than 90 O h  

de, with the exception of (1 R,2S)-4e (only 77 YO de) .  

Transformation of (1R,2S)-4 into (S)-amphetamines ( 3 - 7  by cat- 
alytic hydrogenation of oxazolidinones (4S,5R)-6: It is known 
that the catalytic hydrogenation of benzylic hydroxyl groups 
can be facilitated by improving their ability to act as leaving 
groups, for example, by acetylation.[' The addition of triethyl- 
amine to the reaction mixture causes a further acceleration of 
the hydrogenation of acetylated benzyl alcohols.["] The hydro- 
genation of (IR,2S)-ephedrine to (S)-methamphctamine in 
acetic acid/perchloric acid at 80-90 'C described by Rosen- 
mund and Kargr9] is therefore assumed to proceed via the 0- 
acetylated compound. Since only relatively low yields of am- 
phetamine are obtained with the amino alcohols themselves, 
dcspitc the drastic rcaction conditions,['] we decided to investi- 
gate the hydrogenation of the 0-acetyl-2-amino alcohols. 

A selective 0-acetylation of 1,2-amino alcohols is not possible 
without using protecting groups, since even monoacctylated 
ephedrine, for example, undergoes a fast N t . 0  shift of the 
acetyl group.["] As model reaction we therefore first studied the 
catalytic hydrogenation of 0,N-diacetylnorephedrine in ethanol 

Chm?. Eur. J. 1997, 3, No. 8 ci] VC'H ~~rlu~.s~r.scll .s~Iiu//  mhH,  D-694.51 Wrinhcim, J997 0947-h539,Y7/030N-J371 S 17.50+ ..50,0 1371 
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with addition of triethylamine['hl a t  room temperature. Hydro- 
gen uptake was complete after only 3 hours, and we were able to 
isolate the corresponding N-acetylamphetaminc in 90 % yield. 
The rcmoval of the N-acetyl group, however, was difficult. and 
we did not succeed in achieving complete deprotection with 
standard methods. 

The concept that we applied to avoid these difficulties was thc 
introduction of an "intramolecular" urethane protecting group. 
The 1.3-oxazolidin-2-ones 6, which should be readily accessible 
from the 1,2-amino alcohols 4 and or other car- 
bonic acid derivatives," 8 b - e 1  can be viewed as cyclic urethancs. 
The OH group incorporated in the oxazolidinone ring should bc 
sufficiently activated for hydrogenation, and the carbamic acid 
formed by hydrogenation should decarboxylate readily. 

Bascd on the procedure described by Fodor et al.," the 
1.3-oxazolidin-2-ones (4S,SR)-6 were prepared by rcaction of 
l,?-amino alcohols (1 R,2S)-4 in dichloromethane with a solu- 
tion of phosgene in toluene and tricthylamine (3 -7-fold exccss 
relative to 4) (Scheme 2, Tablc 2). In order to achieve higher 
yields of oxazolidinoncs 6 the free amino alcohols 4 were gener- 
ally used instead of the corresponding hydrochlorides. 

Table 2 shows that the 1,3-oxazolidin-2-ones (4S,SR)-6 were 
isolated with cxcellent yields. The oxazolidinones (4S,5R)-6a, 
b,e--g were purified by recrystallization from dichloromethane/ 

R'O' 

H 
1) PdlC, H, Rn - PU > _ N H R 3 . t  

EtOHINEt, 
b 

u'n 
2) HCI/U,O 

(S)-7a-h. HCI 

6.7 R R' R2 R3 6.7 R R' R2 R3 

-CH2- CH, H e -CH,- CH, CH, 
b -CH2- C2H, H f -Chi2- CH, C2H, 

d CH,OCH, CH, CH, H h -CH2- C,H, CH, 
C -C(CH,),- CH, H g -CH2- CH, c-C,H, 

Schcnie 2. Preparation of (S)-amphetamine5 7 via the corresponding 1,3-oxazolid- 
in-2-ones (4S.SR-6. 

Talde 2 Synthesis of (4S,5R)-oxazolidinones (4S,SR)-6 from ( 1  K.2SJ-2-aniino 
alcohols 4 uith phosgcne in toluene in the presence of triethylamine (.?- 7 equiv) 
- ~ ~~ 

(lR.?S)-4 r'min (4S,5R)-6 Yield,'% [XI;' ( ( , in  CH,CI,) M.p.1 C 

a 30 a 97 -90.0 (I  30) 105-106 
b 60 b 90 - 91.5 (1.00) 133- 134 
c 30 c xx -77.5 (1.40) 
d 120 d 40 [a] -2.4 (1.00) 

f 30 r 93 -51.0 (1 10) x7.5 
g 30 g 96 -67.8 (1.10) 123 

e 30 e 91 -60.4 il.00) 133 

h 60 h X I  -13.Y (1.25) 

bi] Contaminated despite chromatography twice. 

petroleum ethcr, while compounds (4S,SR)-6c,d,h, which were 
obtained as  oils, were purified by chromatography on silica gel. 
In the case of (IR,2S)-4d, the reaction proceeded slowly and 
was accompanied by formation of by-products. Moreover. the 
product (4S,SR)-6d partly decomposed during chromatogrd- 
phy. The low specific rotation (Table 2) indicated partial racem- 
ization. 

A method for determination of diastereoineric excess could 
not be developed so far. In all cascs, however, ' H  NMR spectra 
show only one diastereomer. The specific rotation of (4R,SS)-4- 
methyl-S-phenyl-l,3-oxazolidin-2-one. prcpared analogously 
from (1 S,2R)-( +)-norephedrine, agreed with published 
data;"8". 191 this confirms that the reactions proceed without 
racemiza tion, 

The hydrogenation of 1,3-oxazolidin-2-ones has not yet been 
reported in the literature. We have now performed the catalytic 
hydrogcnation of the oxazolidinones (4S,5R)-6 to the (S)-am- 
phetamines (53-7 undcr the reaction conditions described above 
for thc hydrogenation of diacetylnorephedrine (Scheme 2, 
Table 3). The reaction was followed by gas chromatography. 
The (S)-amphetamines 7 were converted into their hydrochlo- 
rides for charactcrization. 

Table 3. (5'-Amphetamines ( 5 7 7  from (4S,5R)-oxazohdinnnes 6 by catalytic hy- 
drogenation. 

(4SSR)-6 r'h (S)-7.HCI Yield:% re.% [a] [XI:?' ( c  in H,O) M.p , C 

a 3 a  89 >95 f 2 h . h  (1.40) 198 
b 3 b  92 98 +35 6 (1.10) 165 [f] 
C 6 c  98 [b] n.d. + 17.0 (0.80) [c] 165 [f] 

5 d [d] 90 [b] 30 -9.3 (1.00) [c] 150 [f] d 
e 2 e  96 > 9 9  +17.0(1.00) 187 
f 5 f  Y3 > 9 8  + 14.3 (2.00) 204 

4 g  47[e] 98 +176(1.00) 166 g 
h 5 h  89 >95 +261(1.00) 181 

[a] Determined by HPLC on chiral phases; assignment by comparison with the 
coi-1-espondine raceinic amphetamines 7 3s reference. [b] Yield based on free amine. 
[c] I n  methanol. [d] Removal of the methoxymethyl protecting group during coil- 
version to the hydrochloride. [el Partial cleavage ofthe cyclopropane ring to 1-(1.3- 
benzod1oxol-5-yl)-2-propylaminopropaii~. [f] Decomposition. 

The oxazolidinones ( 4 S 3  R)-6 were almost quantitatively hy- 
drogenated to amphetamines (S)-7. Minor loss of yield was 
caused by conversion into the hydrochlorides (S)-7.HCI. The 
relatively low yield obtained for the hydrogenation of 6g can be 
attributed to a partial cleavage of the cyclopropane ring to give 
1 -( 1,3-bcnzodioxol-S-yl)-2-propylaminopropane, which could 
be scparated from (S)-7g by chromatography. In the case of 
(S)-7 d the methoxymethyl protecting group was removed under 
the conditions of the hydrochloridc formation. 

The catalytic hydrogenation of 2-amino-I-aryl alcohols to 
(S)-aniphctamines via 1,3-oxazolidin-2-ones represents a deci- 
sive improvement in comparison with procedures described so 
far.[', "'l Even without pressure and at  room tempcrature the 
yields are practically quantitative. 

Conclusion 

The described stereoselectivc synthesis of (S)-3,4methylene- 
dioxyamphetamincs from (K)-cyanohydrins opens not only the 
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possibility for a broad structural variation of an important class 
of biologically active compounds, but also for the preparation 
of their optically active metabolites. Only a precise knowledge 
of all the biological effects of the pure stereoisomers of these 
important but controversial psychoactive compounds will allow 
their risks or medical uscfulness to be assessed and predicted. 

Experimental Section 

Materials and methods: Melting points were determined on a Buchi SMP-20 
apparatus and are uncorrected. ' H  NMR spectra were recorded on a Bruker 
AC 250F (250 MHz) with TMS as internal standard. Preparative column 
chromatography was carried out on columns packed with silica gel S (Riedel- 
de Haen, grain size 0.032-0.063 mm). Specific rotations were measured on a 
Perkin-Elmer polarimeter 241 LC. Reactions were followed by GC using 
Hewlett-Packard 5700A and 5710A with FID, nitrogen 30 mlmin- ' ,  glass 
column (2.3 m x 2 mm), phases OV7,17,101,225 ( 3 - 5 % )  on chromosorh W. 
Avicel cellulose and (+ )-norephedrine were purchased from Merck, piper- 
onal (1  a) from Fluka, and Pd/C ( 1  0 %) from Degussa AG. All solvents were 
dried and distilled. Reactions with organometallic compounds were carried 
out under argon or nitrogen atmosphere in dried glassware. The following 
aldehydes were prepared according to known procedures : 2,2-dimethyl-5- 
formyl-l,3-benzodioxol (1 h) (from 5-hromo-2,2-dimethyl-1,3-henzodiox- 
olrzol) ,1211 3-methoxymethylenoxy-4-methoxyhenzaldehyde (1 c) .[I 

Silylation of (R)-cyanohydrins (R)-2 to (R)-3:['2b1 At 0 "C pyridine (1 equiv- 
alent) was added to a solution of cyanohydrin (R)-2["a~'3C.'41 in dry diethyl 
ether followed by the dropwise addition of trimethylchlorosilane (1 equiv- 
alent) and the reaction mixture stirred for 5 h at room temperature. Precipi- 
tated pyridinium hydrochloride was filtered off and washed with dry dielhyl 
ether. The combined filtrates were concentrated and the residue distilled 
through a Vigreux column. 

(R)-2-(1,3-Ben~0di0xol-5-yl)-2-trimethylsilyloxyacetonitrile (3 a) : 'H NMR 
(250 MHz, CDC1,): 6 = 0.22 (s, YH, (CH,),), 5.38 (s, 1 H, CH), 6.00 (s, 2H, 
OCH,O), 6.81 (d,J =7.9 Hz, 1 H,ArH), 6.92(dd,J =7.9, 1.7 Hz, lH,ArH) ,  
6.96(d,J=1.7Hz,1H,ArH);C,,H,,NO3Si(249.3):calcdC57.80,H6.06, 
N 5.62; found C 58.04, H 6.11, N 5.54. 

(R)-2-(2,2-Dimethyl-1,3-benzodioxol-5-yl)-2-trimethylsilyloxyaceto~trile (3b): 
'HNMR (250 MHz, CDCI,): 6 = 0.22 (s, YH, (CH3)3), 1.68 (s, 6H, 
C(CH,),), 5.36 (s, l H ,  CH), 6.71 (d, J =  8.4Hz, I H ,  ArH), 6.84-6.87 (m. 
2H,  ArH); Cl,H,,NO,Si (277.4): calcd C 60.63, H 6.90, N 5.05: found C 
60.73, H 6.85, N 4.79. 

(R)-2-(3-Methoxymethylenoxy-4-methoxyphenyl)-2-trimethylsilyloxyacetoni- 
trile (3c): 'H NMR (250 MHz, CDCI,): 6 = 0.23 (s, 9 H, (CH,),), 3.52 (s, 
3H, CH,O), 3.92 (s. 3H, CH,OCH,), 5.25 (s, 2H,  CH,OCH,), 5.43 (s, 1 H, 
CH),6.95(dd,J=8.3,2.1Hz,lH,ArH),7.03(d,J=2.1Hz,lH,ArH), 
7.16 (d, J = 8.3 Hz, 1 H. ArH): C,,H,,NO,Si (295.4): calcd C 56.92, H 7.17, 
N 4.74; found C 56.78, H 7.09, N 4.59. 

(lR,2S)-2-Amino-l-aryl alcohols (lR,2S)-4 a-d: According to the known 
procedure,['2b1 purification as described below for 4e-h.  

General procedure for the synthesis of (lR,2S)-2-alkylamino-l-aryl alcohols 
(1R,2S)-4e-h: At 0°C a solution of (R)-3 ( 4 4 8  mmol) in diethyl ether was 
added dropwise to a solution of the Grignard reagent, prepared from M g  and 
alkyl halide in diethyl ether,"2h1 and the reaction mixture stirred for 3-4 h at 
room temperature. After cooling to 0 'C a solution of amine 5 (2- 12 fold 
excess of 3) in methanol (3-20 mL) was added dropwise. The reaction mix- 
ture was stirred for 1-1 .5 h at room temperature and cooled to -60"C, and 
NaBH, added in portions. The reaction mixture was allowed lo warm up to 
room temperature within 16 h, hydrolyzed with 0.1 N HCI, the aqueous phase 
set to pH 2, and the organic phase separated. The aqueous phase was adjusted 
to pH 9-10 with NaOH solution and extracted with diethyl ether or ethyl 
acetate. The combined extracts were dried (MgSO,), concentrated, and the 
residue chromatographed on silica gel with THF/NH, sat. ethanol (12: 1) or 
ethyl acetate/NH, sat. methanol (30: 1). For purification the product either 
was crystallized from diethyl ether/petroleum ether or precipitated as hy- 
drochloride with ethereal HCI solution and recrystallized from ethanol/di- 
ethyl ether. 

4b:  'HNMR (250 MHz, CDCI,): 6 = 0.90-1.00 (m. 3H.  CHzCI/I,). 1.00 
1.20 (m, 1 H, CH,CH,), 1.30- 1.60 (m. 1 H. C/f,CH,), 1.XO (brs. 3H. NH,. 
OH), 2.85 (mc, l H ,  2-CH), 4.47 (d, J =  5.1 Hz, 1H.  I-CH), 5.95 (s. 2 H .  
OCH,O), 6.77 (d, J =  0.8 Hz, 2H,  ArH). 6.85 (s, 1 H, ArH); 
C,,H,,NO,.HCl (245.7): calcd C 53.77, H 6.56, N 5.70, CI 14.43: found C 
53.72, H 6.44, N 5.72, CI 14.51. 

4 d :  'HNMR (250MHz. CDC1,): 6 =1.00 (d, J =  6.5 Hz, 3H.  CH,), 3.16 

J = 5.0 Hz, 113, l-C€€). 5.22 (s. 2H, CH30CHz),  6.80 (dd. .I = 1.7. X.2 HI. 
(dq, J = 5.0, 6.5 Hz, 1 H, 2-CH). 3.52, 3.53 (each s. 3H,  CH,O), 4.44 (d. 

1H,ArH),h.YO(d,J=1.7Hz,lH.ArH),7.10(d..J=8.2H/.lH.ArH). 

4e.HCI: 'HNMR (250 MHz, [D,]DMSO): 6 = 0.94 (d. .I = 6.7 Hz, 3H. 
CH,), 2.59 (s, 3H,  NCH,), 3.28 (hrs, 1 H, 2-CH), 5.07-5.09 (m. 1 H. I-CH). 
6.01 (s, 2H, OCH,O), 6.12 (d, . I=4 .4Hz.  1H. OH), 6.85--6.95 (ni, 3H,  
ArH), 8.98 (hd, J =  22.0Hz, 2H,  NH;): CI,HI,NO,.HCI (245.7): calcd C 
53.77, H 6.56, N 5.70, C1 14.43: found C 53.98, H 6.55, N 5.72. CI 14.33. 

4f :  'HNMR(250MHr,CDCI3):6 = 0 . 8 5 ( d . J = 6 . 5  Hz.3H.CH3),  1.14(1. 
J=7 .1  Hz, 3H, CHzCH,),2.60--2.85(m,4H, NHCH,CH,.OH), 2.90(dq. 

OCH,O), 6.77 (d, J = 1 . 0 H z ,  2H,  ArH), 6.85 (d, J = 0 . 5 H z ,  1H. ArH): 
Cl,Hl,NO,~HCI (259.7): cdcd C 55.49, H 6.99, N 5.39, CI 13.65: found C 
55.30, H 7.06, N 5.58,  CI 13.48. 

J = 4 . 0 , 6 . 5 H z ,  1H,2-CH) ,4 .70(d ,  J = 4 . 0 H z ,  I H ,  I-CH), 5.94(s. 2H, 

4 g :  'HNMR (250 MHz, CDC1,): 6 = 0.33-0.43 (m, 2H,  CH,). 0.44-0.54 
(m, 2H,  CH,), 0.86 (d, J =  6.5 Hz, 3H,  CH,), 2.16 (mc, 1 H, NHCH),  3.00 

(s, 2H,  OCH,O), 6.76 (d, J =  0.7 Hz, 2H,  ArH), 6.84 (s. I H. ArH); 
C,,H,,NO,.HCl (271.7): calcd C 57.46, H 6.68, N 5.16, CI 13.04; found C 
57.49, H 6.66, N 5.03, C1 13.16. 

(dq, J =  4.0, 6.5 Hz, l H ,  2-CH), 4.73 (d. J =  4.0 Hz. 1H. I-CH), 5.94 

4h.HCI: 'HNMR (250 MHz, [DJDMSO): 6 = 0.84 (t. J = 7 . 4 H z .  3H, 
CH,CH,), 1.11Gl.38 (in, 2H,  CH,CH,), 2.40-2.51 (in, 1 H. 2-CH), 4.72 (d, 
J = 4.2 Hz. 1 H, 1-CH), 5.94 (s, 2H,  OCH,O), 6.77 (d. J = 1 .O Hz. 2 H, ArH). 
6.85 (s, 1 H. ArH): C,,H,,NO,.HCI (259.7): calcd C 55.49. H 6.99. N 5.39, 
C1 13.65: found C 55.28, H 7.00, N 5.39, C1 13.61. 

General procedure for the synthesis of (4S,5R)-1,3-oxazolidin-2-ones (4S,SR)- 
6 :  To an ice-cold solution of (IR,2S)-4 in dichloromethane (ca. 50mM) and 
triethylamine (3-7 fold excess of 4) a 2 M  solution of phosgene in toluene[l8 a] 
(1.1-1.5 equiv based on 4) was added dropwise, and the reaction mixture 
stirred at room temperature for the time given in Table 2. After hydrolysis 
with NaOH solution (5%) the organic phase was washed with NaOH solu- 
tion ( 5 % )  and water, dried (MgSO,), and the solvent removed. The residue 
was crystallized from dichloromethane/petroleum ether or chromatographed 
on silica gel with ethyl acetate/petroleum ether (7: 3).  

6 a :  'HNMR (250MH2, CDCI,): 6 = 0.86 (d, J =  6.5Hz, 3H, CH,). 4.15 

OCH,O), 6.10 (hrs, I H ,  NH), 6.72-6.83 (m, 3H. ArH): C, ,H, ,NO,  
(221.2): calcd C 59.72, H 5.01, N 6.33; found C 59.59, H 5.04. N 6.20. 

( ~ ~ , J = ~ . ~ , X . O H Z , I H , ~ - C H ) , ~ . ~ ~ ( ~ , J =  X . O H Z , ~ H , ~ - C H ) , ~ . ~ X ( S , ~ H ,  

6h: 'HNMR (250 MHz, CDC1,): 6 = 0.82 (t. J = 7 . 3  Hz, 3H.  CH,CH,), 
1.07-1.l7(m.2H,CH,CH3),3.91 (d t , J=5 .4 ,8 .1Hz.  1H.4-CH),  5.62(d, 
J =  8.1 Hz, I H ,  5-CH), 5.99 (s, 2H. OCH,O), 6.61 (hrs, 1H.  NH), 6.73- 
6.82 (m. 3H,  ArH); C,,H,,NO, (235.2): calcd C 61.27, H 5.57, N 5.96: 
found C 61.27, H 5.58, N 5.89. 

6 ~ :  'H NMR(250 MHz, CDC1,): 6 = 0.87 (d, J = 6.6 Hz, 3H,  CH,). 1.67 (s, 
3H, CH,), 1.68 (s, 3H,CH,),4.15 (dq ,J  = 6.6.8.0 Hz, IH.  4-C:H). 5.60 (d, 
J=X.OHz, I H ,  5-CH). 6.50 (s, I H .  NH), 6.67-6.76 (m. 3H,  ArH): 
C13Hl,N04 (249.3): calcd C 62.64, H 6.06, N 5.62: found C 62.86, H 6.12. 
N 5.54. 

6d:  'H NMR (250 MHz, CDC1,): 6 = 0.85 (d, J = 6.5 Hz, 3H, CH,). 3.52 ( 5 .  

3H, CH,O), 3.90 (s, 3H,  C:H,OCH,), 4.15 ( d q , J =  6.5, 7.9 Hz, 1H. 4-CH). 
~.~~(S,~H,CH,OCH,),~.~~(~,J=~.YH~,~H,~-CH),~.~~(S.~H,NH). 

J = 8.2 Hz, 1 H, ArH). 
6.78 (dd, J =1.9, 8.2 Hz, l H ,  ArH), 6.79 (d, J =1.9 Hz. I H, ArH), 7.16 (d, 

6 e :  ' H N M R  (250MHz, CDCI,): 6 = 0.83 (d, .I = 6.6 Hz, 3 H, CH,). 2.87 (s, 
3H, NCH,), 3.97 (dq, J =  6.6, 8.2 Hz, l H ,  4-CH), 5.49 (d, J =  8.2 Hz, I H, 
5-CH), 5.98 (s, 2H,OCH,O), 6.70-6.82(m, 3H,ArH):  C,,H,,NO, (235.2): 
calcd C 61.27, H 5.57, N 5.96; found C 61.22, H 5.71, N 6.00. 
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6 f :  ' H N M R  (250 MHz, CDCI,): 6 = 0.X1 (d, .I = 6.6 Hz, 3H,  CH,). 1.19 (t. 
. 1 = 7 . 2 H ~ .  3H.  CH,CH,). 3.58 (dq . J=7 .2 .  14.2Hz. I H ,  CII,CH,),  3.70 
(dq. 1 H. CH,CH,), 4.08 (dq, J =  6.6, 8.2 Hz. 1 H,  4-CH), 5.47 (d, 
J =  8.2 HL. 1 H. 5-CH), 5.98 (s, 2H, OCH,O). 6.70 6.82 (m, 3H,  ArH); 
Ci ,HITNO, (249.3)' calcd C 62.64, H 6.06. N 5.62; foiiiid C 62.80, H 5.87. 
N 5.70. 

6 g .  ' H N M R  (250MHr, CDCI,): 6 = 0.56-0.77 (m, 2H.  CH,), 0.84-1.02 
(in. 2H. CH,). 0.89 (d, J =  6.6Hz, 3H. CH,), 2.40-2.50 (me, 1I-I. NClI). 

2 H .  OCH,O). 6.76 (d, J = 0.7 Hz, 2H,  ArH). 6.83 (s, 1 H. ArH); 
CI4H,,NO, (261.3): calcd C 64.35, H 5.79, N 5.36; found C 64.24. H 5.90, 
N 5.51 

3.91 (d~1.J=6.6,7.7Hz, lH,4-CH),5.41 ( d . J = 7 . 7 H z , I f I , 5 - C H ) , 5 . 9 4 ( ~ .  

6 h :  'H NMR (250 MHz, CDCI,): 6 = 0.65 (t, .I =7.4 Hz, 3H, CH,CfI , ) .  
1.18 1.57 (m, 2H,  CH,CH,), 2.91 (s, 3H. NCH,), 3.77 (dt, J =  4.2, 8.1 H L ,  

(in. 3 H. ArH): C,,H,,NO, (249.3): calcd C 62.64, H 6.06, N 5.62; found C 
62.67. H 6.33. N 5.34. 

General procedure for the catalytic hydrogenation of oxazolidinones (4S,5R)-6 
to (,!?)-amphetamines (S)-7: A vigorously stirred solution of  (4S,SR)-6 (0.4- 
14 inmol) in ethanol containing 5 O h  triethylamine was hydrogenated a t  room 
temperature with Pd,'C (ca. 10 niol%) as catalyst for the time given in Table 3 
(GC control). The catalyst was filtered off and the solvent removed. After 
reinoval of NEt, in high vacuo the residue was dissolved in diethyl ether, and 
amphetamine hydrochlorides precipitated by addition of ethereal HCI solu- 
tion. 

7 a :  ' H N M R  (250MHz, CDCI,): 6 =1.11 (d. . I = 6 . 3 H z ,  3H.  CH,), 1.63 
(brs.  211. NH,). 2.44 (ABX system, .& =13.4, JAx = 8.1 HL, 1 H, 1-CH,). 
2.h3 (ABX system. JAx = 5.3 Hz, 1 H, I-CH,), 3.08-3.14 (m. 1 H .  2-CH), 
5.93 (s, 2H,  OCH,O), 6.63 (dd, J = 1 . 5 ,  7.8Hz. 1H. ArH). 6.64 (d. 
J = 1 . 5 H r .  I H ,  ArH). 6.74 (d, J = 7 . 8 H z ,  I H ,  ArH); C,,H,,NO,.HCl 
(215.7): calcd C 55.69, H 6.54, N 6.49, C1 16.44; found C 55.62, H 6.56, N 
6.49, CI 16.39. 

lH ,4 -CH) .5 .48 (d , J=S . l  Hz.lH,5-CH).5.98(~.2H.OCH,0),6.75-6.82 

7 h .  'H NMR (250 MHL, CDCI,): 6 = 0.97 (t, J =7.4 Hz, 3H,  CH,CH,), 
1.29-1.58 (in. 2H,  CH,CH,). 1.79 (brs, 2H. NH,). 2.39 (ABX system, 
.1,,,=1?.4.J,,=8.5Hr,1H,1-CH,).2.72(ABXsystein,J,,=4.7Hz,1H, 
I-CH,). 2.81-2.91 (m. l H ,  2-CH), 5.92 (s, 2H,  OCH,O), 6.64 (dd, J = 1 . 5 ,  
7.XHz,1H.ArN).6.69(d,.l=1.5Hz,1H,ArH),6.74(d,J=7.8Hz,lH, 

found C 57.35. H 7.04, N 5.83. C1 15.27. 
Arf l ) ;  C , ,H , ,NO,~HCI  (229.7): d c d  C 57.51, H 7.02, N 6.10, Cl 15.43; 

7 ~ :  'H NMR (250 MHz, CDCI,): 6 = 1.10 (d, J = 9.4 Hz, 3H,  CH,), 1.66 ( s .  
hH,  C(CH,),), 2.29 (ABX system, .IAB =13.3, JAx = 8.2 Hz, 1 H. 1-CH,). 
2.72 (ABX system. .IAx = 5.1 Hz, I H ,  1-CH,), 3.03-3.16 (m. 1 H. 2-CH), 
6.50 -6.71 (m, 3H. ArH); C12Hi,N0, .HCI (243.7): calcd C 59.13. H 7.44, 
N 5.75. C1 14.54; found C 59.19, H 7.40, N 5.63, C1 14.43. 

7 d :  'H NMR (250 MHr, CDCI,): 6 =1.26 (d, J = 6.5 Hz, 3H.  CH,). 2.74 
(ABX system, .JAB =13.7. .IAx =7.5 Hz, 1 H. 1-CH,), 2.85 (ABX system, 
.IAy = 6.5 Hz. 1 H, 1-CH,), 3.43-3.51 (m. 1H.  2-CH), 3.86 (s, 3 H ,  CH,O), 
6.67(dd,J=1.X,X.OHz,1H,ArH),6.77(d,.l=8.0Hz,1H,ArH),6.82(d, 
.I = 1.8 Hz, 1 H, ArH). 

7 e :  ' H N M R  (250 MHz, CDCI,): 6 =1.06 (d. J =  6.1 Hz. 3H,  CH,), 2.30 
(brs ,  I H ,  NII). 2.41 (s. 3H, NHCH,), 2.55 (ABX system, JAB =13.2, 
JttX = 6.4 Hz. 1 H. I-CH,), 2.65 (ABX system, .IAx = 6.8 Hz. 1 H, 1-CH,), 
2.67 2.80 (m, 1 H,  2-CH), 5.93 (s, 2H.  OCH20) .  6.63 (dd, .I =1.5, 7.8 Hz, 
111, A r H ) ,  6.68 (d, J = 1 . 5 H z ,  I H ,  ArH), 6.74 (d, .1=7.8Hz, I€[, ArH); 
C i I H I S N O , - H C I  (229.7): calcd C 57.51. H 7.02. N 6.10. CI 15.43; found C 
57.26, H 7.01, N 6.07, C1 15.44. 

7f .  ' H  NMR (250 MHz, CDCI,): 6 =1.06 (d, J = 6.2 HL. 3 H ,  CH,), 1.90 (t, 
.I =7.3 Hz. 3H. CH,CH,), 2.17 (s, 1 H,  NH), 2.49 2.80 (m. 4H,  CH,CH,, 
l-('Jf2), 2.80 2.94 (m, 1 H,  2-CH). 5.93 (s, 2H,  OCH,O), 6.63 (dd. J =1.6, 
7.9Hz.1H,ArH),6.68(d.J=1.6Hz,1H,ArH),6.74(d,J=7.9Hz,lH, 
ArH);  C, ,Hi ,N02.HCI (243.7): calcd C 59.13. H 7.44, N 5.75, CI 14.54; 
Ihund C 59.33, H 7.50, N 5.70. C1 14.47. 

7 g :  ' H N M R  (250 MHz. CDCI,): 6 = 0.25-0.54 (m, 4H.  CH(CN,),), 1.09 
(d. .I = 6.3 Hr, 3 H ,  CH,), 1.62 (s, 1 H, N H ) ,  2.00-2.07 (me, I H ,  
CIf(CH,),), 2.51 (ABX system, JAIJ = 13.5. JAx = 6.5 Hz, 1 H. I-CH,), 2.68 
(ABX system, JAx =7.1 Hz, 1 H. I-CH,). 2.97 (sext. .I = 6.3 Hz, 1 H. 2-CH), 
5.93 (s. 2H.  OCH,O), 6.63 (dd, J = 1.5. 7.8 Hz. 1 H. ArH). 6.69 (d. 

J = 1 . 5 H z .  I H ,  ArH), 6.74 (d, J = 7 . 8 H z ,  l H ,  ArH); C i ,H , ,N02 .HCl  
(255.7): calcd C 61.05, H 7.09, N 5.48, CI 13.86; found C 61.12. H 7.05. N 
5.60. CI 13.65. 

7 h :  ' H N M R  (250MH2, CDCI,): (S = 0.93 (t, J = 7 . 4  Hz, 3H,  CH,CH,), 
1.32--1.57 (m, 2H,  CH,CH,). 1.99 (s, 1 H, NH), 2.38 (s, 3H,  NHCH,), 
2.50-2.68 (in, 3H,  1-CH,, 2-CH), 5.93 (s, 2H,  OCH,O), 6.63 (dd. J = 1 . 6 ,  
7.9Hz,1H,ArH),6.68(d,/=1.6Hz,lH,ArH),6.74(d,.l=7.9Hz.1H, 
ArH); C,,H,,NO,~HCI (243.7): calcd C 59.13. H 7.44. N 5.75. C1 14.54: 
found C 59.12. H 7.42, N 5.70, CI 14.57. 

Acknowledgement: This work was generously supported by the Bundesmini- 
sterium fur Bildung und Forschung (Zentrales Schwerpunktprogramm 
Bioverfahrenstechnik, Stuttgart) and thc Fonds dcr Chemischen Industrie. 
We would like to thank Prof. K.-A. Kovar and his co-workers (Universitat 
Tubingen) for the determination o f w  values of the  amphetamines and  helpful 
discussions. 

Received: January 31. 1997 [F592] 

[l] a) R.  M. Baum in Chern. Eny. 2Vcbv.s, 1985, pp. 7-16: b) K.-A. Kmai-. Ch 
Rosch, A. Kupp. L. Hermle, Pharm I~n.rerer Zeir 1990, 1Y.  99-107: c) L. G. 
French. J C h m .  Edirc. 1995, 72. 484-491 

[2] a) G. Greer. R. J. Strassman, Am. .I. P.sjchinrrj 1985, 147, 1391: h) A. T. 
Shulgin, .I. P.\j~chouc/. Drugs 1986. 18. 291 304; c) D. E .  Nichols. ; /J;[ / .  1986. 

[ 3 ]  a) K. Asghar, E DeSouza, NIDA R r w a r d i  Monojiruph 94 .  Pharnirrcuioji~ und 
Tosicolog~. of Ainphrtnniinr iind Rrhrcd Drsigncr Drug,, National lnrtitute on 
Drug Abuse. Rockville, Md., 1989; b) Hrmdhook (I/ E.rperrmcmrul Ehurmucol- 
ogy. P.sjchotrupic Ageiit.~. part 111, Springer, Berlin. 1982. 

[4] a) D. M. Stone. M. Johnaon. G. R. Hanson. J. W. Gibb, Eiiv. J.  Phurniuco/. 
1987,134.245-248; b) C .  J. Schmidt. ihirl. 1987. 136. 81-88: c) G. A. Ricaur- 
te. K. F. Finnegan, D. E. Nichols, L E. DeLanney, 1. Irwin, J W. Langston. 
ihirl. 1987, 137, 265-268. 

[5] a) L. Hermle, M. Spitzer, D. Borchardt. K.-A. Kovar, E. Gouzouhs. Y r u -  
r i~ i i , s j ' l ' /~opharmreo/~~g~ 1993, 8. 171 - 176: b) E Gouzoulis. U ,  von Bardelehen, 
A. Rupp, K.-A.  Kovar, L. Hermle, ,~~,urups?-c/ iop/ iurni [ r~[ i / [~gj  1993, 8. 187- 
193. 

[6] a )  L. Grinspoon. J. M. Bakalar. Ain. J Psjchuther. 1986, XL. 393-404; b) G. 
Grccr. R. Tolhert in Ecstr rs~:  The Clinicd, Plirrrnii~~oli~gicnI, cmd Xwroro  r i r  0- 

/ o j i i c u / E / / i ~ h  n/rhe Druji MDMA (Ed.:  S. J. Peroutka), Kluber. Boston, 1990. 

[7] a) D. E. Nichols, A. J. Hoffman, R.  A. Oberlender. P. Jacob.lll, A. T. Shulgin. 
J  ME^. Chem. 1986, 29. 2009-2015; b) R A Glennon. R. Young. Li/e Sci. 
1984, 34. 37'1-383; c) T. D. Steele. D. E. Nichols, G. K. W. Yim, Biocheni. 
Phurmucol 1987.36,2297 ~ 2303, d) M. Hiramatsu. A. K. Cho. Neuvophamu-  
r.ohgj, 1990, 29, 269 -275: e) M Johncon, A. A. Letter, K .  Merchant. G. R .  
Hanson. J. W. Gihb, .I Phrirniocol. Exp. 7%eur. 1988, 244. 977-982; f )  M. 
Hiramatsu, T Naheshima, T Kameyama. Y Maeda. A K. Cho. Phunnuco/ 
B~ochrrn. Behav. 1989, 33. 343-347. 

Phrrrmncol , Biochrm. Behuv. 1991. 38, 345-351 

/8,3ns-313. 

pp. 21 -35. 

[ X I  T. D. Steele, W. K.  Brewater, M. P. Johnson. D. E. Nichols, G. K. W. Yim. 

[9] K. W. Rosenmund, E. Karg, Ber. Dtsrh. Chewi. Ges. 1942. 75. 1850-1859. 
[lo] F. 'i". Noggle, J. DeRuiter, C. R. Clark, J1 Chromnfogr. Sci. 1987. 2s. 38-42. 
[Ill a) T. Ziegler, B. Hiirsch, F. Effenberger, Si~iithe,si.s 1990. 575-578: b) J. D. 

Elliott, V. M. F. Choi, W. S. Johnson, J. Org. Chem. 1983.4K, 2294-2295; c) H.  
Ohta, Y Miyamae, G. Tsuchihashi. Agric. B i d  Chrm. 1986, 50. 3181-3184: 
ihid. 1989, 53, 215- 222; d) N .  Matauo. N. Ohno, Trrrrrhedron Lerr. 1985, 26. 
5533- 5514. 

(121 a) J. Brussec, F. Dofferhoff, C. G. Kruse. A. van der Gen. Tctrnhcrlrorr 1990. 
46, 1653-1658: h) F. Effenberger, B. Gutterer, T. Ziegler. Lrehrgs Ann.  C h r m  
1991, 269 -273. 

[13] a )  J. Brussee, A. vander Gen, Krcl. 7?ur. Cl7im. Pojs-Bas 1991. 110, 25-26; 
h) W. R. Jackson, H.  A. Jacobs, B. K. Matthews, G S. Jayatilake, K. G Wat- 
FOIL R,iruliedron Lrrr. 1990. 31. 1437-1450; c) F. Eff'enbergcr. B. Gutterer. 
J. Jdgcr, 7i,/ruliedroii: A.vj,nin?crrj 1997, 8. 459-461. 

[I41 F Effenberger, .I. Jiiger. .I. 0,x. Chmi. 1997, 62, 3867 3873. 
[I 51 E. Reiinann in Huuhrrr- &./, M~rliorleii der 0vgani.schm Chri~iir. vol. IV) I c .  

[I61 F. Zyinalkowrki, Th Schuster, H. Scherer, Arc/?. Phrrrrn. / Mvdieim) 1969. 

[17] L. H. Welsh, J.  Am.  Chein. Soc. 1947, 69, 128-136. 
[ I  81 a) G. Fodor, .I. Stefanovsky, B. Kurtev, Monutsh. Chem. 1967. 98. 1027- 1047. 

h) A H. Homeyer (Mallinckrodt Chemical Works), U.  S. 2399118, 1946 
[Chein. Ah.w.  1946, 40, 40x41; c) M. A. Brimble. Ausi. J .  Chmi. 1990. 43. 
1035-1046; d) B. An, H.  Kim. J. K .  Cha. J Org. Chcmi. 1993.58. 1273-1275: 
e) E. G. J. C. Warmerdam. R. D. van Rijn, J. Bruaaee, C .  G. Kruse, A. van der 
Gen, Terruhedron: A.sj,mnierrj 1996. 7,  1723- 1732 

[I91 D. A. Evan?, J. Bartroli. T. L. Shih. .I. A m .  Cheni. SUC. 1981. 103. 2127- 2129 

[21] Y.-S. Ding. C.-Y. Shiue, J. S. Fowler. A. P. Wolf. A Plenevaux. J Nuor i i ie  

4th ed., Thieme, Stuttgart. 1980. pp. 379-384. 

302, 272-284. 

[XI  G. siooff, K ~ , ~ / .  crrv. ~hi171. P ~ ? ~ - B ~ \  1935, s4 ,  99s- in lo .  

Chcni. 1990, 48. 189-206. 

1374 - 'V VCH ~~rlrrg . \ j ioe l l . \ r~ l iuf~  mhH,  D-694.51 W?iiihrinz. 1997 0947-6539:97/'0308-1374 J 17.50+ SO 0 Chivri. Eur. J 1997. 3. A'o. X 


