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Equimolar amounts of aromatic aldehyde bisulfites and (— )-ephedrine in aqueous solution give equimolar

amounts of each of an optically pure a-aminoalkanesulfonate and an oxazolidine.
The induced asymmetric center in the a-amincalkanesulfonate has the R configuration.

action.

This is a stereospecific re-
In the presence

of an excess of sodium bisulfite or in buffer pH 7, a diastereoisomeric mixture of the a-aminoalkanesulfonates
is formed. Acetaldehyde, propionaldehyde, chloral, acetone, and other ketones also yield a mixture of dia-

stereoisomers.

In a continuation of earlier studies? the reaction of
aldehyde and ketone bisulfites with (—)-ephedrine (1)
and (4 )-pseudoephedrine was studied. Benzaldehyde
bisulfite in aqueous solution reatts with an equimolar
amount of (—)-ephedrine to yield an equimolar amount
of an a-aminoalkanesulfonate (2) and an oxazolidine?
(3). Initially, diastereoisomeric aminoalkanesulfo-
nates are probably formed, one of which is unstable and
gives the oxazolidine (3). Other aromatic aldehydes
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such as p-chlorobenzaldehyde, p-tolualdehyde, and
piperonal undergo the same reaction.

When (—)-ephedrine is added carefully with stirring
and cooling to benzaldehyde bisulfite in the presence of
excess sodium bisulfite, no oxazolidine formation takes
place, and an almost quantitative yield of the mixture
of diastereoisomeric w«-aminoalkanesulfonates is ob-
tained. Similarly, no oxazolidine is formed with equi-
molar quantities of benzaldehyde, sodium bisulfite, and
(—)-ephedrine in phosphate buffer pH 7. The infra-
red spectrum of the diastereoisomeri¢ mixture is very
similar to that of the optically pure a-aminoalkanesul-
fonate. Partial separation of the diastereoisomers can
be accomplished by fractional crystallization from ab-

(1) Division of Molecular Biophysics, Laboratory of Molecular Biology,
University of Alabama Medical Center, Birmingham, Ala. 35233,

(2) L. Neelakantan and W. H. Hartung, J. Org. Chem., 24, 1943 (1958).
(3) L. Neelakantan, ibid., 86, 2256 (1971).

solute aleohol, but in the process some oxazolidine is

always formed. Apparently one of the diastereoisomers
easily cyeclizes.

With potassium cyanide in methanol, sodium (—)-
a-ephedrinophenylmethanesulfonatet (2) gives (4)-
a-ephedrinophenylacetonitrile (5) which, with con-
cehtrated hydrochloric acid, gives the morpholone-2
(6). The morpholone, on hydrolysis with alkali, gives
(+)~-a-ephedrinophenylacetic acid (7) which, with
lead tetraacetate, yields (—)-a-phenylsarcosine (8)
identical with p(—)-a-phenylsarcosine of Sheehan.’
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p{ — )-a-phenylsarcosine

The conversion of the aminoalkanesulfonate to the
aminonitrile is a base displacement reaction accompa-
nied by an inversion. Lactone formation, hydrolysis,
and the final degradation proceed without affecting the
configuration of the induced asymmetric center. One
can, therefore, ascribe the R configuration® to the in-
duced asymmetric center in such (—)-a-ephedrinoaryl-
methanesulfonic acids.

Lead tetraacetate or periodate oxidation of the opti-
cally pure a-ephedrinoalkanesulfonates gave a variety

(4) The term *‘{—)-ephedrino’ is used to denote the pg(—)-erythro-N,1-
dimethyi-2-hydroxy-2-phenylethylamino group.

(6) J. C. Bheehan, H. G. Zachau, and W. B. Lawson, J. Amer. Chem.
Soc., 80, 3349 (1950).

(6) R. S. Cahn, C. K. Ingold, and V. Prelog, Experientia, 12, 81 (1958).
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of degradation products. Lead tetraacetate oxidation
of a-ephedrinophenylacetonitrile (5) gave (~)-a-
methylaminophenylacetonitrile (10). However, hy-
drolysis to the corresponding a-phenylsarcosine (11)
results in an almost complete racemization.*’
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Pb(OAc)s [
NHCH,
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(= )-a-phenylsarcosine
11

a-Ephedrinoalkanesulfonates (type 2) undergo re-
actions typical of other «-aminoalkanesulfonates.
With dilute alkali or hot water they form the corre-
sponding oxazolidines. They react with aromatic
amines to give a-arylaminoalkanesulfonic acids as the
(—)-ephedrine salt (12). The same compound (12) is
obtained from sodium a-anilinophenylmethanesulfo-
nate (13) and ephedrine hydrochloride. Product 12
with potassium cyanide gives optically inactive a~-ani-
linophenylacetonitrile (14). A simple amine displace-
ment with a Walden inversion should give an optically
pure compound. Complete breakdown of 2 to the
starting materials and re-formation of an aminoalkane-
sulfonate would probably have yielded some oxazoli-
dine. The possibility of a true amine exchange with
subsequent racemization of the e-anilinoalkanesulfo-
nate cannot be ruled out. Results from preliminary
studies support this mechanism. When an aqueous

2 + C¢H:;NH; ~> CsH:CHSO;H, (- )-ephedrine salt
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solution of sodium «-aminophenylmethanesulfonate
(15) is treated with (—)-ephedrine, oxazolidine forma~
tion is the predominant reaction. Again, it is not quite
clear whether amine exchange and eyclization or com-
plete breakdown and recombination is the mechanism.
Further study is in progress.

Sodium (—)-a-ephedrinophenylmethanesulfonate
reacts with potassium or ammonium thiocyanate to
give (~—)-ephedrine thiocyanate (16). Compound 16

KSCN
2 ——> ITTH—CH—CIJHCGHs HSCN + CH;CHOH
CH; CH; OH 80;~
16
HCL,
H;0

(— »ephedrine HCI
(7) F. Ehrlich, Biochem. Z., 8, 446 (1908).
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can also be prepared from ephedrine and ammonium
thiogyanate.’® Potassium thiocyanate and ephedrine
give 16 only in the presence of sodium bisulfite or acids.
Other ~a-ephedrinoarylalkanesulfonates undergo the
same reaction.

When carbonyl compounds such as acetaldehyde, pro-
pionaldehyde, acetone, methyl ethyl ketone, chloral-
hydrate, cyclopentanone, 2-carbethoxycyclopentanone,
and cyclohexanone reacted with (—)-ephedrine in the
presence of sodium bisulfite, optically pure aminoal-
kanesulfonates were not obtained. Also, in those cases
where oxazolidines were formed, they existed as a mix-
ture of diastereoisomers.

(+)-Pseudoephedrine reacts with aromatic aldehyde
bisulfites to give optically pure a-aminoalkanesulfo-
nates and oxazolidines. This reaction is also stereo-
specific. The results will be published elsewhere.

Experimental Section

All melting points are uncorrected. Microanalyses were
carried out by Messrs. Wiler and Strauss, Oxford, England, or by
Scandinavian Microanalytical Laboratory, Copenhagen, Den-
mark.

Sodium (— )-a-Ephedrinophenylmethanesulfonate (2).—
Benzaldehyde (10.6 g, 0.1 mol) was stirred with sodium bisulfite
(10.4 g, 0.1 mol) in water (60 ml) for 2 hr. To the cooled aldehyde
bisulfite solution was added (- )-ephedrine (16.5 g, 0.1 mol) all
at once, and the mixture was stirred at room temperature for 24
hr. The mass was cooled and the solid collected by filtration and
dried in air. The dry powder was stirred with ether (100 ml) for
4 hr and the solid was separated, washed with ether, and air-
dried (the ether extract A and washes were saved), yield 16.5 g
(45%). The product was recrystallized from alcohol: mp 119-
120° (dec); [a]®p —23.1° (¢ 1, ethanol).

Anal. Caled for C;H,NOSNa: C, 57.13; H, 5.64; N, 3.92;
8, 8.97. Found: C, 57.03; H, 5.54; N, 4.03; S, 9.21.

The ether extract A and the washes were combined and evapo-
rated to dryness when colorless crystals were obtained which
were identified as 2,5-diphenyl-3,4-dimethyl-oxazolidine (3),
vield 12.5 g (49%). The oxazolidine was crystallized from
alcohol: mp 73-74°; [a] %D —55.0° (¢ 1, ethanol).

Anal. Caled for CH;NO: C, 80.06; H, 7.51; N, 5.53.
Found: C, 80.20; H, 7.58; N, 5.61.

Sodium (— )-a-Ephedrino-p-chlorophenyimethanesulfonate
(18),—Similarly, p-chlorobenzaldehyde (14.0 g, 0.1 mol),
sodium bisulfite (10.4 g, 0.1 mol), and (— )-ephedrine (16.5 g, 0.1
mol) reacted to give 18.6 g (47%) of the aminoalkanesulfonate.
The product was crystallized from alcohol: mp 123-124° dec;
[a]®p —21.4° (¢ 1, ethanol).

Anal. Caled for CyHiCINOSNa: C, 52.05; H, 4.85; N,
3.54; S, 8.16. Found: C, 51.86; H, 5.09; N, 3.34; S, 8.05.

2-p-Chlorophenyl-5-phenyl-3,4-dimethyloxazolidine (19), 14.5
g (50%), was also isolated, which on crystallization from aleohol
has mp 86-87°; [a]®¥p —52.0° (¢ 1, ethanol).

Anal. Caled for CyHsCINO: C, 70.80; H, 6.25; N, 4.86.
Found: C, 71.08; H, 6.52; N, 4.64.

Sodium ( — )-a-Ephedrino-p-tolylmethanesulfonate (20).—Sim-
ilarly, 0.1 mol (12.0 g) of p-tolualdehyde reacted to give an amino-
alkanesulfonate, yield 17.1 g (45%). On recrystallization from
alcohol the product has mp 118-119° dec; [«]®¥p —21.2° (¢ 0.6,
ethanol).

Anal. Caled for CisH»uNOSNa: 3, 57.25; H, 5.93; N, 3.77.
Found: C, 56.95; H, 6.30; N, 3.75.

2-p-Tolyl-5-phenyl-3,4-dimethyloxazolidine (21), 31.1 g (49%),
was also isolated which, on crystallization from aleohol, has mp
56-57°; [a]®D —66.7° (¢ 0.5, ethanol).

Anal. Caled for CiHuNO: C, 81.00; H, 7.86; N, 5.25.
Found: C, 80.84; H, 7.94; N, 5.47.

Sodium (— )-a-Ephedrino-3,4-methylenedioxyphenylmethane-
sulfonate (22).—Piperonal (15.0 g, 0.1 mol) was similarly trea:ted
and the corresponding aminoalkanesulfonate was isolated, yield

8) K. Koczka, et al., Acta Chim. Acad. Sci. Hung., 18, 89 (1957).
(9) Japanese Patent 649 (1959); Chem. Abstr., 54, 6650 (1960).
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18.5 g (45%). 'The product was recrystallized from aleohol:
mp 121-122° dec; [a]®p —20.0° (¢ 1, ethanol).

Anal. Caled for CisHeoNOgSNa: C, 54.10; H, 5.02; N, 3.50;
S, 8.00. Found: C, 54.30; H, 5.20; N, 3.48; 8, 7.85.

The corresponding oxazolidine (23) was isolated in a yield of
14.8 g (50%) and on crystallization from alcohol has mp 82-83°;
[a]®D —64.3° (¢ 2, ethanol).

Anal. Caled for CisHyyNOs: C, 72.73; H, 6.40; N, 4.71.
Found: C, 72.69; H, 6.28; N, 4.68.

Sodium «-Ephedrinophenylmethanesulfonate (Mixture of
Diastereoisomers) (24).—Benzaldehyde (10.6 g, 0.1 mol) was
stirred with sodium bisulfite (32.0 g, 0.3 mol) in water (160 ml).
The solution was cooled and under good stirring was added (—)-
ephedrine (16.5 g, 0.1 mol) in 509 alcohol (60 ml), dropwise.
The pH was maintained close to 7.0 by controlling the rate of
addition of ephedrine. The clear solution was allowed to stand
at room temperature for 2 days and evaporated to dryness with
a current of air, and the residue was extracted with absolute
aleohol, concentrated, and diluted with ether. The product was
collected and air-dried: yield 31.8 g (85%,); mp 105-115° dec;
[a}®p ~15.1° (¢ 1, ethanol).

Anal. Caled for CyHuNOSNa: C, 57.13; H, 5.64; N,
3.92; S, 8.94, Found: C, 57.11; H, 6.00; N, 3.62; S, 8.84.

(+)-a-Ephedrinophenylacetonitrile (58).—2 (7 g) and potas-
sium cyanide (2.1 g) in methanol (50 ml) were stirred at room
temperature for 48 hr. The methanol was evaporated by a cur-
rent of air, the residue treated with water, and the oily produet
extracted with ether and concentrated. On dilution with petro-
leum ether (bp 30-60°) and cooling, large, colorless crystals were
obtained: mp 94-95°; yield 4.8 g (85%); [«l®p +9.3°
(¢ 4, methanol).

Anal. Caled for CisHxN,O: C, 77.10; H, 7.15; N, 10.01.
Found: C, 77.30; H, 7.30; N, 9.80.

(+)-3,6-Diphenyl-4,5-dimethylmorpholone-2 (6).—The amino-
nitrile (5) (5 g) was dissolved in benzene (25 ml), cooled, and
treated with ice-cold concentrated hydrochloric acid (30 ml).
The mixture was stirred at room temperature for 2 days and
cooled, and the crystalline solid was separated. It was then
suspended in water and carefully neutralized with sodium carbon-
ate. The product was collected, washed with a little water, and
air-dried to give a yield of 4.7 g (92%). The product crystallizes
from alecohol-water: mp 93-94°; [a]®D +200.3° (¢ 0.6, ethanol).

Anal. Caled for CisHpNOo: C, 77.0; H, 6.80; N, 4.97.
Found: C, 77.02; H, 6.84; N, 4.94.

(+)-e-Ephedrinophenylacetic Acid (7).—The morpholone 6
(5 g) was stirred with a solution of KOH (2.0 g) in water (25 ml)
and methanol (10 ml) for 24 hr at room temperature. The solu-
tion was carefully neutralized with dilute hydrochloric acid, and
the crystalline product was collected, washed with water, and
air-dried, yield 4.8 g (909%,). When recrystallized from aleohol-
water, the amino acid has mp 206-208° dec; [a]%Dp --198.2°
(c 0.1, water).

Anal. Caled for CgHyNOy: C, 72.25; H, 7.12; N, 4.69.
Found: C, 72.28; H, 7.30; N, 4.60.

Tosyl p(~ )-a-Phenylsarcosine (9).—(+ )-a-Ephedrinophenyl-
acetic acid (7) (3 g) was stirred in benzene to obtain a fine suspen-
sion. To this was added a solution of lead tetraacetate (5 g,
85-909, pure) in chloroform (10 ml); the mixture was stirred at
room temperature for 4 hr. It was then treated with dilute hy-
drochloric acid (excess) and stirred for another hour, the lead
chloride filtered off, and the aqueous layer separated. This
aqueous solution was made alkaline with sodium hydroxide,
tosyl chloride (2.5 g) in ether (30 ml) was added, and the mixture
was stirred for 5 hr after which it was made acid to congo red.
The ether layer was separated, the solvent removed, and the
residue washed repeatedly with petroleum ether and recrystal-
lized from ethyl acetate—petroleum ether, when the pure tosyl
derivative is obtained, which has mp 115-117°; vyield 2.2 g
(70%); [e]®p —61.1° (¢ 0.5, ethanol) [reported* 115.5-117°;
[a]®D —63.0° (¢ 0.8, ethanol)].

(4 )-a-Ephedrino-p-chlorophenylacetonitrile (25).—Sodium a-
ephedrino-p-chlorophenylmethanesulfonate (18) reacted with
potassium cyanide in methanol, as before, to yield the product,
yield 90%. The aminonitrile erystallizes from benzene—petroleum
ether to give colorless crystals with mp 97-98°; [a]®p +13.1°
(¢ 8, ethanol).

Anal. Caled for CisHj CIN,O: N, 8.90. Found: N, 8.79.

(+)-3-p-Chlorophenyl-6-phenyl-4,5-dimethylmorpholone-2
(26).~—The aminonitrile (25) was treated with concentrated hydro-
chloric acid as before and the product worked up and finally re-
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crystallized from alcohol:
+-201.2° (¢ 0.8, ethanol).

Anal. Caled for CisHisCINO,: C, 68.50; H, 5.72; N, 4.44.
Found: C, 68.62; H, 5.81; N, 4.40.

(4 )-e-Ephedrino-p-chlorophenylacetic Acid (27).—The mor-
pholone (26) was hydrolyzed with potassium hydroxide, and the
product isolated and crystallized from water has mp 212-213°
dec; [«]®Dp +193.1° (c 0.1, water).

Anal. Caled for CisHyyCINO;: C, 64.89; H, 6.00; N, 4.21.
Found: C, 64.73; H, 6.20; N, 4.10.

Tosyl p(— )-a-p-Chlorophenylsarcosine (28).—27 (3.2 g) was
oxidized with lead tetraacetate (5.0 g) and the amino acid
directly converted to the tosyl derivative as before, yield 2.2 g
(689). The pure product crystallizes from ethyl acetate-
petroleum ether and has mp 120-121°; [a]®p —58.2° (¢ 1,
ethanol).

Anal. Caled for CisHiCINOS: C, 54.50; H, 4.54; N, 3.97.
Found: C, 54.62; H, 4.60; N, 3.82.

Tosyl a-Phenylsarcosine (29).— (4 )-a-Ephedrinophenylaceto-
nitrile (5) (2.8 g) was stirred with lead tetraacetate (5.0 g) in
ether for 1 hr at room temperature. The lead salts were removed
and the aminonitrile was taken up in ether (the ether solution is
levorotatory). The ether was removed, the oil allowed to stand
with concentrated hydrochloric acid for a day, the solution diluted
with water and refluxed for 6 hr, most of the excess of hydro-
chloric acid removed under reduced pressure, and the residue
tosylated as before. The product was isolated and recrystallized
from ethyl acetate-petroleum ether, mp 144-145° [reported* mp
(for the tosyl derivative) 145.5-146.5°]. The product obtained
showed no optical rotation in alechol solution.

a-Anilinophenylmethanesulfonic Acid (—)-Ephedrine Salt
(12). Procedure A.—Compound 2 (3.5 g) in water (20 ml) was
stirred with aniline (1.0 g) for 15 min. The crystalline precipitate
was collected, washed with water and ether, and recrystallized
from aleohol: mp 150-151° dee¢; [«]®D —~14.1° (¢ 0.5, ethanol);
yield 3.2 g.

Procedure B.—a-Anilinophenylmethanesulfonate (13) (7.2 g)
was added under stirring to a solution of (—)-ephedrine hydro-
chloride (5 g) in water (25 ml). The product was collected and
crystallized from alcohol: mp 150-151° dec; yield 9.0 g; [«]®p
—13.9° (¢ 1, alcohol). The mixture melting point of the two
products shows no depression. Their infrared spectra are
identical.

Anal. Caled for CyuHN,0,8: C, 64.46; H, 6.59; N, 6.54;
8, 7.48. Found: C, 64.20; H, 6.61; N, 6.62; 8, 7.66.

a-Anilinophenylacetonitrile (14).—Compound 12 (3.0 g) was
stirred with potassium cyanide (1.0 g) in water for 1 hr. The
product was isolated and recrystallized from aleohol, mp 85-86°
(reported'® mp 85°)., The product shows no optical rotation.

(—)-3,4-Dimethyl-2,5-diphenyloxazolidine (3). Procedure A.
—2 (7 g) was dissolved in water (30 ml) and the solution made
alkaline with sodium hydroxide (pH 11) and stirred at room
temperature for 4 hr. The product (4.7 g, 95%) was recrystal-
lized from alcohol: mp 73-74°; [a]®p —55.1° (¢ 1, ethanol).

Procedure B.—A solution of e-aminophenylmethanesulfonate
(15) (0.05 mol) in water was stirred with (—)-ephedrine (0.05
mol) for 48 hr at room temperature. The product was collected
and washed with water to give a yield of 11.0 g (90%). The
product was recrystallized from alecohol: mp 73-74°; [a]%D
~55.0° (¢ 1, ethanol).

(—)-Ephedrine Thiocyanate (16). A.—An alcohol solution of
3.7 g of 2 was treated with a wwarm solution of potassium thio-
cyanate (1.5 g) in alcohol and allowed to stand for 1 hr and the
bisulfite compound filtered off. The alcohol solution was con-
centrated and cooled, and the product was collected. The
product was recrystallized from alecohol: mp 140-141°; [a]®D
—28.9° (¢ 1, water).

B.—Ammonium thiocyanate was used instead of potassium
thiocyanate.

C.—A solution of (— )-ephedrine and ammonium thiocyanate
in water also gives the same product.

D.—A solution of (— )-ephedrine and potassium thiocyanate in
water does not give the product in 3 hr; on adding sodium bi~
sulfite to the solution the product crystallizes out [reported® mp
(for the product) 138-140°; [«]®p —31.0°].

Anal. Caled for CiH(N:08: C, 58.75; H, 7.22; N, 12.48.
Found: C, 58.68; H, 7.23; N, 12.26.

mp 153-154°; yield 90%; [«]*D

(10) E. Knoevenagel, Ber., 87, 4087 (1904).
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When p(— )-ephedrine reacts with aromatic aldehydes, oxazolidines are formed. This is a stereospecific re-

action resulting in an asymmetric synthesis.

The oxazolidines were cleaved by Grignard reagents to give ter-

tiary amino alcohols which were further degraded with cyanogen bromide or lead tetraacetate or through the

Hofmann elimination reaction to compounds of known absolute configuration,

have the 2R:48:5R configuration.

Though oxazolidines have been known for a number
of years,?? the structures of some of the compounds re-
ported as oxazolidines have recently been questioned.*
When primary g-amino alcohols are treated with car-
bonyl compounds, the products obtained (oxazolidines)
may exist as a mobile tauomeric system with the cor-
responding Schiff bases. However, when a secondary

| | R R. /O
—C—C—  + =0 — 1\C<

| | R R, NH
OH NH, Py * 2
1 \ pd
HO
R
1>C=N—2<
R,
4

amino alcohol reacts with carbonyl compounds, true
oxazolidines are formed.®~!* Bergmann!* in his com-
prehensive review has discussed their structure, syn-
theses, and reactions.

The present study is concerned with the reaction of
(—)-ephedrine with aromatic aldehydes to form oxa-
zolidines. When equimolar amounts of the amino al-

(1) Division of Molecular Biophysics, Laboratory of Molecular Biology
University of Alabama Medical Center, Birmingham, Ala, 35233.

(2) L. Knorr and P. Roessler, Chem. Ber., 86, 1278 (1903).
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(4) G. E. Mc¢Casland and E. C. Horswill, J. Amer. Chem. Soc., 18, 3923
(1951).

(5) H.Pfanz and G. Kirchner, Justus Liebigs Ann. Chem., 614, 149 (1958).

(6) H. Haury, Arch. Pharm. (Weinheim), 397, 447 (1964).

(7) 8. SBakai, M. Harada, I. Morishita, and T. Kirkuchi, Yakugaku
Zasshi, 84, 183 (1964).

(8) W. Davies, J. Chem, Soc., 1580 (1932).

(9) E. Schmidt, Arch. Pharm, (Weinheim), 252, 89 (1914),

(10) E. Engelhardt, ¥. 8, Crossley, and J. M. Sprague, J. Amer. Chem.
Soc., 72, 2718 (1950).

(11) A. Wickstrom and J. K. Wold, Acte Chem. Scand., 18, 686 (1961).

(12) Z. Fondi, Acta. Chim. Acad. Sci. Hung., 10, 1 (1956).

(13) E. D. Bergmann and H, Resnick, J. Chem. Soc., 1662 (1956).

(14) E. D. Bergmann, Chem. Rev., 88, 309 (1953).

The oxazolidines thus prepared

These results have been confirmed by X-ray diffraction studies.

cohol and the carbonyl compounds are refluxed in ben-
zene or ethanol or allowed to stand at room tempera-
ture, high yields of oxazolidines are formed. Similarly,

0
* * * /
ACHO + 1\|IH—(IIH—-(|3HC6H5 — arCH]_
N
CH,
CH, CH, OH il ‘

CH,
5 6

a-aminoalkanesulfonates derived from aromatic alde-
hydes, (—)-ephedrine, and sodium bisulfite’® are easily
converted into oxazolidines in the presnce of base.

ArCHSO,Na
| % * ~OH
N—(])H—CIJHCsHs — 6
éHscHa OH

The present author contends that, when p(—)-ephe-
drine or L(+)-pseudoephedrine is allowed to react with
aromatic aldehydes, the reaction proceeds through a
totally stereospecific mechanism. Under these condi-
tions, the oxazolidine formed is optically pure. Though
predominance of one of the diastereoisomers has been
encountered in many asymmetric syntheses, due to the
unusual steric features present here, formation of one
of the diastereoisomers is not feasible. This results in
an asymmetric synthesis. '

The configuration of the asymmetric carbon at posi-
tion 2 of the oxazolidine ring was established by the fol-
lowing sequence of reactions. The oxazolidine ring was
cleaved by a Grignard® ' reagent to give a S-amino al-
cohol9. The tertiary amino aleohol was then degraded
by the Hofmann elimination reaction to yield (R)-(+)-

(15) L. Neelakantan, J. Org. Chem., 86, 2253 (1971).

(18) L. H. Goodson and H. Christopher, J. Amer. Chem. Soc., T3, 358
(1950).

(17) M. Senkus, ibid., 62, 1515 (1945).



