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Abstract: A gram-scale preparation of (1S5,25)- and
(1R,2R)-1,2-diamino-1,2-diphenylethanes, (152S)-1
and (1R2R)-1, is reported via (& )-iso-amarine 4.
Strategically, the activation of (= )-iso-amarine 4 for
hydrolysis to the required diamines and enantiomeric
resolution is achieved simultaneously by formation of
two separable diastereoisomeric N-acylamidines 5
and 6 derived from direct DCC-mediated coupling

of (+)-iso-amarine 4 with (R)-acetylmandelic acid.
iso-Amarine 4 is conveniently obtained from amarine
3, and a one-pot synthesis of the latter is reported
from benzaldehyde and hexamethyldisilazane as cata-
lysed by benzoic acid.

Keywords: iso-amarine; amines; asymmetric synthesis;
enantiomeric resolution; fractional crystallisation

Introduction

Enantiopure C,-symmetrical 1,2-diphenylethane-1,2-
diamines, (15,25)-1and (1R,2R)-1, and their N-modified
derivatives have been widely incorporated into diverse
reagents for highly asymmetric dihydroxylation,!'* ally-
lation,!"™ propargylation' and aldol"* reactions. More-
over, they have been used as ligands in important cata-
lytic asymmetric processes such as ruthenium-catalysed
hydrogenation of ketones, "¢ manganese-catalysed ep-
oxidation of alkenes,!"™! aluminium-catalysed Diels-Al-
derreactions!"*' and magnesium-catalysed merged eno-
lisation-aminations.""! Racemic diamine (+)-1 can be
resolved into its enantiomers by diastereomeric salt for-
mation with tartaric” or mandelic® acids. The synthesis
of the racemic diamine 1 is less straightforward, howev-
er, and has been a long-standing problem. Reductive
couplings of N-protected aromatic imines generally
give mixtures of meso and racemic N-protected di-
amines.”! A dissolving metal reduction of a spiroimid-
azole successfully gave the desired racemic diamine 1 af-
ter hydrolysis.") Two direct asymmetric syntheses of
enantiopure diamine 1 starting with a Sharpless asym-
metric dihydroxylation of stilbene have also been re-
ported.'! The classical route to the racemic diamine 1in-
volves the reaction of benzaldehyde and liquid ammonia
to give first “hydrobenzamide” and then “amarine”.”)
These compounds have a long and venerable history,®
but the structures were only unequivocally secured by
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X-ray crystallography in 1997, and are confirmed as 2
and 3, respectively.”’ Amarine 3 can be readily epimer-
ised to (% )-iso-amarine 4 under basic conditions.” In
principle, direct hydrolysis of ( 4 )-iso-amarine 4 should
liberate the desired racemic diamine 1. However, the
amidine functional group in iso-amarine is resistant to
direct acid hydrolysis.'” Instead, the conjugation in
the amidine sub-unit must be broken by conversion to
a hydrolysable N-acetylamidine, followed by a two-
step hydrolysis procedure to racemic diamine 1.7
The enantiomers can then be resolved by diastereomer-
ic salt formation with tartaric acid or mandelic acid fol-
lowed by fractional crystallisation and formation of the
free bases. Notwithstanding the activation-hydrolysis
protocol followed by the resolution of the racemic di-
amine, the iso-amarine route to diamine 1 is inherently
attractive because of the inexpensive nature of the start-
ing materials and reagents viz., benzaldehyde and am-
monia, the ease of conversion of amarine 3 into iso-
amarine 4, and the lack of need for any chromatographic
purifications. In this paper, we show that amarine 3 can
be produced directly in a single step from benzaldehyde
and hexamethyldisilazane (an inexpensive and easily
handled liquid as a replacement for ammonia) as cata-
lysed by benzoic acid. Further, we couple the activation
of (+)-iso-amarine 4 for hydrolysis with its enantiomer-
ic resolution by virtue of forming separable diastereo-
meric N-acyl-iso-amarines from (R)-acetylmandelic
acid. Taken together, these strategies dramatically
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shorten the synthetic route to enantiopure diamines
(18,25)-1 and (1R,2R)-1, and delivers both enantiomers
in gram quantities.

Results and Discussion

The direct conversion of benzaldehyde into amarine 3
via 2 by heating at 120 °C with hexamethydisilazane in
a sealed tube without a solvent has been previously re-
ported.'”” In our hands, attempts to perform this reac-
tion using distilled benzaldehyde under an atmosphere
of nitrogen led to minimal conversion. Addition of cat-
alytic quantities of benzoic acid (0.5 mol %), however,
led to rapid conversion of benzaldehyde into hydrobenz-
amide (Scheme 1). Further heating gave amarine 3 in
good isolated yield (61%).

It has been previously noted that Lewis acids are good
reagents for the conversion of aromatic aldehydes into
methanediamines of the type 2.I'"¥! Further, basic re-
agents are known to promote the 6m-electrocyclic disro-
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Scheme 1. Preparation of (+)-iso-amarine.
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tatory ring-closure of 2 into 3. In this context, we note
that the in situ formation of 3 from 2 under our condi-
tions is apparently autocatalytic: once some amarine is
formed, the amidine functional group is sufficiently ba-
sic to catalyse the reaction (for instance, in a given run
the ratio of amarine 3:hydrobenzamide 2 was deter-
mined to be 70:30 by 'H NMR after 15 h—after 18 h
the ratio was 100:0). Evidently, benzoic acid catalyses
the initial hydrobenzamide formation, and the electro-
cyclic reaction is probably initiated by excess HMDS.
Once isolated, isomerisation of amarine 3 into (&4)-
iso-amarine 4 is readily effected by sodium hydroxide
in ethylene glycol (70%)."

Dicyclohexylcarbodiimide-mediated coupling!™! of
(£ )-iso-amarine 4 with (R)-acetylmandelic acid gave a
quantitative yield of the two N-acyl diastereoisomers
(S,S,R)-5 and (R,R,R)-6 (Scheme 2). N-Acyl-iso-amar-
ine 5 was obtained as a single diastereoisomer after frac-
tional crystallisation of the mixture from diisopropyl
ether. Evaporation of the mother liquor gave a 1:4 mix-
ture of 5:6. Subsequent hydrolysis of § in THF/H,O/HCl
gave the diamide 7 as a single diastereoisomer. The rel-
ative configurations and hence the absolute configura-
tions were assigned by X-ray crystallography (Figure 1).
The mixture of 5 and 6 from the mother liquor was also
hydrolysed in this manner to give a 1:4 mixture of dia-
mides 7 and 8, respectively. Diamide 8 was obtained as
a single diastereoisomer after recystallisation of this
mixture from chloroform.') Further hydrolysis of 7
and 8 with HBr in glacial acetic acid gave (15,25)-1
and (1R,2R)-1, respectively, as single enantiomers.
Enantiomeric purity (>98%) of the two enantiomers
was established by the NMR method of Synder.!"”!

C(14)

Figure 1. The molecular structure of 5 (30% probability ellip-
soids).
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Scheme 2. Preparation of (R,R)-1 and (S,S)-1.

Conclusion

In conclusion, we have demonstrated a convenient
gram-scale synthesis of both enantiopure diamines
(R,R)-1 and (S,S)-1 by a strategy of activation of (£ )-
iso-amarine 4 for hydrolysis to the required diamines
and simultaneous enantiomeric resolution via forma-
tion of two separable diastereoisomeric N-acyl amidines
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5 and 6. This strategy considerably shortens the synthet-
icroute to (R,R)-1and (S,S)-1 from ( & )-iso-amarine. In
addition, we have improved the synthetic access to (4 )-
iso-amarine 4 by developing an acid-catalysed conden-
sation of readily available benzaldehyde and hexame-
thyldisilazane to give amarine 3, which is readily con-
verted into (% )-iso-amarine 4. All of the reagents
used in this synthesis — starting with the neat condensa-
tion of benzaldehyde and hexamethyldisilazane as cata-
lysed by benzoic acid, followed by sodium hydroxide,
acetylmandelic acid, DCC, aqueous HCI and aqueous
HBr —are readily available, inexpensive, and convenient
to handle.

Experimental Section

Methods

Melting points were recorded on a Reichart Thermovar melt-
ing point apparatus and are uncorrected. Optical rotations
were recorded on a Perkin-Elmer 241 polarimeter with a
path length of 1 dm using the 589.3 D-line of sodium. Solutions
were prepared using spectroscopic grade solvents and concen-
trations (c) are quoted in g/100 mL. Fourier transform infra-
red (IR) spectra were recorded as thin films on NaCl plates us-
ing a Mattson 500 FT IR spectrometer. 'H NMR were recorded
at270 MHz on aJeol GSX-270 spectrometer and 300 MHz on a
300 MHz Bruker RX spectrometer. ?*C NMR were recorded at
68 MHz or 75 MHz on a Jeol GSX-270 spectrometer or a
300 MHz Bruker DRX spectrometer respectively. NMR sam-
ples were run in the indicated solvents and were referenced in-
ternally. All chemical shift values are quoted in ppm and cou-
pling constants are quoted in Hz. The following abbreviations
are used for the multiplicity of NMR signals: br=broad, s=
singlet, d =doublet, dd =doublet of doublets, t=triplet. Low
resolution mass spectra (MS) [EI, CI and FAB] and high reso-
lution mass spectra (HR-MS) [CI] were recorded by the Impe-
rial College Department of Chemistry Mass Spectroscopy
Service. Microanalyses were performed by Mr. S. Boyer at
London Metropolitan University, UK.

Materials

CH,Cl, was distilled from CaH,. Petrol refers to BDH Anal®
petroleum spirit 40-60 °C. Water refers to distilled water. Ben-
zaldehyde was distilled under N, immediately before use. (S)-
Mandelic acid was recrystallised from CHCl;. (R)-(—)-(a)-
Acetoxyphenyl acetic acid was prepared from (R)-(—)-man-
delic acid and acetyl chloride by the published method.™! All
other reagents and solvents were used as received.

(4R*,55%)-4,5-Dihydro-2,4,5-triphenyl-1H-imidazole
(Amarine) (3)
Benzaldehyde (96 mL, 950 mmol), hexamethyldisilazane

(240 mL, 1.15 mol) and a catalytic amount of benzoic acid
(575 mg, 4.7 mmol) were stirred at 120 °C under nitrogen for
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24 h. The mixture was allowed to cool to room temperature, an
amorphous yellow solid formed and the entire mixture was tak-
en up in toluene (500 mL). The organic phase was washed with
saturated aqueous sodium hydrogen carbonate solution (2 x
250 mL), water (250 mL), brine (250 mL), dried (MgSO,), fil-
tered and concentrated under vacuum. The resulting yellow
residue was purified by mixed solvent recystallisation (toluene,
diethyl ether) to afford amarine 3 as a white crystalline solid;
yield: 57.2 ¢ (191 mmol, 61%); mp 124-127°C (lit."! 128—
131°C); FT-IR (NaCl): v,.,=3377, 1615, 1599 cm™'; 'H
NMR (270 MHz, CDCL,): §=7.97 (d, *J;;;=6.9 Hz, 2H, Ar-
H),7.49-7.47 (m, 3H, Ar-H), 7.00-6.95 (m, 10H, Ar-H), 5.45
(s, 2H, NCH), 4.75 (br s, 1H, NH); “C NMR (68 MHz,
CDCl;): 0=164.6, 138.9, 131.2, 129.9, 128.8, 127.7, 127.6,
127.4,126.9, 70.8 (br s); MS (CI*): m/z=299 (M+H™"); HR-
MS: calcd. for C,;H;N,: 299.1548 (M +H ™), found: 299.1543.

(45*,58%)-4,5-Dihydro-2,4,5-triphenyl-1H-imidazole
[(£)-iso-Amarine] (4)

Following the procedure of Williams and Bailar," a stirred
mixture of amidine 3 (42 g, 141 mmol), water (6 mL), diethy-
lene glycol (35 mL) and sodium hydroxide (9.0 g, 225 mmol)
was boiled in an open beaker until the temperature reached
155°C. The temperature was maintained for 45 min, during
which time the sodium salt of the iso-amarine had precipitated
and the solution became a thick slurry. The mixture was al-
lowed to cool to room temperature and treated with glacial
acetic acid (25 mL), diluted with ethanol (125 mL) and heated
toboiling (105 °C) until all remaining solid had dissolved. After
cooling, the solution was basified to pH =9 with concentrated
aqueous ammonia solution (ca. 22 mL). The resulting tan pre-
cipitate was filtered, washed with cold ethanol, and dried under
vacuum (yield: 32.4 g). The crude product was recrystallised
from toluene to afford racemic iso-amarine 4 as a pale yellow
crystalline solid; yield: 29.3 g (70%); mp 199-204°C [lit."!
198-201°C]; FT IR (NaCl): v,,,, =3400-2800, 1594 cm~'; 'H
NMR (270 MHz, CDClL,): =7.94 (d, *Jy;=8.3 Hz, 2H, Ar-
H), 7.51-7.25 (m, 13H, Ar-H), 5.42 (br s, 1H, NH) 4.90 (s,
2H, NCH); “C NMR (68 MHz, CDCl;): 8=163.1, 143.6,
131.1, 130.2, 128.8, 128.7, 127.6, 127.5, 126.9, 71.8 (br); MS
(CI*): m/iz=299 (M+H"); HR-MS: calcd. for C,H;yNy:
299.1548 (M +H™), found: 299.1554.

(—)-(45,55)-1-[ (R)-o-Acetoxyphenylacetyl]-4,5-
dihydro-2,4,5-triphenylimidazole (5) and (-)-(4R,5R)-
1-[(R)-a-Acetoxyphenylacetyl]-4,5-dihydro-2,4,5-
triphenylimidazole (6)

Dicyclohexylcarbodiimide (27.0 g, 129 mmol) was added to a
stirred solution of iso-amarine 4 (32.0 g, 107 mmmol) and
(R)-a-acetoxyphenylacetic acid (25.0 g, 129 mmol) in CH,Cl,
(350 mL) at —20 °C under nitrogen, and the reaction mixture
was allowed to warm to room temperature. After 5 h a volumi-
nous white precipitate had formed. The mixture was filtered
and the filtrate was concentrated under vacuum to afford a
crude mixture of diastereoisomers 5 and 6 (yield: 58.8 g, quan-
titative) as a pale yellow solid mass. The crude mixture was tak-
en up in refluxing diisopropyl ether (1050 mL). The solution
was allowed to cool gradually to room temperature and, after
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15 h, was cooled to 0 °C for further 5 h. The resulting crystals
were separated by filtration, washed with a small amount of
cold diisoproyl ether (50 mL) and dried under reduced pres-
sure to afford the pure N-acyl-iso-amarine 5 as a white crystal-
line solid; yield: 17.2 g (68%); mp 170-171°C; [a]¥: —107.5 (¢
9.1, CHCly); FT IR (NaCl): v,,,,=1737, 1707, 1626 cm '; 'H
NMR (270 MHz, CDCL;): $=7.83 (d, *Jyy=6.5 Hz, 2H, Ar-
H),7.51-7.12 (m, 16H, Ar-H), 6.97-6.92 (m, 2H, Ar-H), 5.55
(s, 1H, CH), 5.04 (br s 1H, NCH"), 4.99 (br s, 1H, NCH), 2.03
(s, 3H, COOCH,;); BC NMR (68 MHz, CDCLy): 6=170.4,
166.2, 159.8, 140.3, 140.2, 131.8, 131.1, 130.9, 129.9, 129.5,
129.2,128.9, 128.9, 128.6, 128.2, 127.9, 126.0, 125.3, 78.6, 75.1,
68.1,20.7; MS (CI*): m/z=475 (M+H"); HR-MS: calcd. for
C;;H;N,O4: 475.2022 (M +H™), found: 475.2030; anal. calcd.
for C;;H,N,O5: C 78.46, H 5.52, N 5.90; found: C 78.53, H
5.47,N 5.94.

The combined filtrates were concentrated under vacuum to
give an amorphous solid (yield: 37.5 g, 79.1 mmol) containing
(R,R,R) diastereomer 6 in a 4:1 excess over (R,S,S) diaster-
eomer 5. A portion of this mixture could be purified by column
chromatography (petrol:ethyl acetate, gradient elution: 4:1 to
3:1) to produce pure (R,R,R) diastereomer 6: mp 67-73°C;
R;=0.39 (2:1, petrol:ethyl acetate); [a]y: —38.8 (¢ 2.3,
CHCLy); FT-IR (NaCl): v,,,=1737, 1704, 1693 cm*; 'H
NMR (270 MHz, CDCl;): § =7.70-6.86 (m, 20H, Ar-H), 5.83
(brs, 1H,NCH"), 5.45 (br s, 1H, NCH), 5.06 (s, 1H, CH), 1.98
(s, 3H, COOCH,;); BC NMR (68 MHz, CDCLy): 6=170.7,
142.3, 140.4, 132.2, 131.3, 131.1, 129.6, 129.5, 129.0, 128.8,
128.5, 128.3, 128.0, 126.4, 125.6, 78.5 (br), 75.6, 70.7, 20.5; MS
(CIY): miz=475 (M+H"); HR-MS: caled. for C5,H,;,N,O;:
4752022 (M+H™), found: 475.2018.

Crystal data for 5

C;iHy N, O;, M =474.54, orthorhombic, P2,2,2;, (no. 19), a=
10.1710(7), b=14.6196(9) ¢=17.2572(11) A, V=2566.1(3)
A’ Z=4, D.=1228g cm*, W(Cu-Ka)=0.633 mm ', T=
173 K, colourless blocks, Oxford Diffraction Xcalibur PX Ultra
diffractometer; 4696 independent measured reflections, F re-
finement, R, =0.039, wR,=0.101, 4638 independent observed
absorption-corrected reflections [|F,| >40(|F,|), 20,,=
137°], 329 parameters. The absolute structure of 5 could not
be unambiguously determined by either an R-factor test [R, "
=0.0390, R, =0.0392] or by use of the Flack parameter [x" =
0.0(2), x~ =1.1(2)] and so was assigned by internal reference.
CCDC 283432.

(+)-(15,25)-N-[(R)-0-A cetoxyphenylacetyl]-V -
benzoyl-1,2-diamino-1,2-diphenylethane (7)

A stirred suspension of N-acyl-iso-amarine 5 (16.8 g,
35.4 mmol) in a mixture of THF (50 mL), water (100 mL)
and concentrated hydrochloric acid (10 mL) was heated to re-
flux for 2 h. The reaction mixture was allowed to cool to room
temperature and concentrated to 2/3 of its original volume un-
der vacuum. After standing at room temperature for 1 h, the
white precipitate was collected by filtration, washed with
cold water and dried by dry stirring at 60 °C under vacuum to
afford diamide 7 as a fine colourless solid; yield: 16.1¢g
(92%); mp>230°C; [a]F: +7.3 (c 4.3, 10:1, CHCl;:MeOH);
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FT-IR (NaCl): v, =3308, 1731, 1668, 1641 cm~'; 'H NMR
(270 MHz, DMSO-d,): 8=9.05 (d, *Jyy=7.6Hz, 1H,
OCNH), 898 (d, *Jyu=74Hz, 1H, NH), 7.78 (d, Jyu=
6.9 Hz, 2H, Ar-H), 7.54-7.44 (m, 3H, Ar-H), 7.26-7.10 (m,
15H, Ar-H), 5.88 (s, 1H, CH), 5.47 (m, 2H, NCH x 2) 2.11 (s,
3H, COOCHj,); *C NMR (68 MHz, DMSO-d,): 6=170.0,
168.1, 166.9, 140.9, 140.6, 136.0, 135.1, 131.8, 128.9, 128.8
(x2),1284,128.3, 128.1, 128.0, 128.0, 127.8, 127.4, 75.7, 58.2,
57.3,21.3; MS (CI'"): m/z=493 (M+H"); HR-MS: calcd. for
C;1Hy N, O, 493.2127 (M +H™), found: 493.2123; anal. calcd.
for C3HyN,O4: C 75.59, H 5.73, N 5.69; found: C 75.52, H
5.80, N, 5.71.

(-)-(1R,2R)-N-[(R)-0-A cetoxyphenylacetyl]-V'-
benzoyl-1,2-diamino-1,2-diphenylethane (8)

Following the procedure for the conversion of N-acyl-iso-
amarine 5 into diamide 7 above, diastereomerically enriched
(R,R,R)-amide 6 (37.5 g,79.1 mmol) was converted to diamide
8 as a 4:1 (R,R,R):(R,S,S) mixture of diastereomers (yield:
30.8 g, 79%). The crude solid was dissolved in refluxing
CHCI; (1.9 L) and the hot solution was allowed to cool slowly
to room temperature. On cooling the pure (R,R,R) diamide 8
precipitated, and was collected by filtration. Removal of a fur-
ther 600 mL of solvent under vacuum and cooling to 0°C result-
ed in the precipitation of a second crop of diastereomerically
pure (R,R,R) diamide 8, which was again collected by filtration.
The two crops were combined and dried under vacuum to af-
ford pure (R,R,R)-diamide 8 as a white crystalline solid; yield:
13.6g (58%): mp>230°C; [a]k: —69.5 (¢ 2.3, 10:1
CHCl;:MeOH); FT-IR (NaCl): v,,=3305, 1739, 1667,
1633cm™'; 'H NMR (270 MHz, DMSO-d,): §=9.08 (d,
*Jun=81Hz, 1H, OCNH), 881 (d, *Jyy=88Hz, 1H,
OCNH), 7.66 (d, Jyy=7.4Hz, 2H, Ar-H), 7.56-7.41 (m,
3H, Ar-H), 7.31-7.10 (m, 15H, Ar-H), 5.88 (s, 1H, CH), 5.45
(t, Jun=8.6Hz, 1H, NCH'), 532 (t, *Jyy=8.4Hz, 1H,
NCH), 2.01 (s, 3H, COOCH,); "C NMR (68 MHz, DMSO-
ds): 6=170.1, 168.0, 166.6, 140.9, 140.9, 136.0, 135.0, 131.7,
128.7, 128.3, 127.9, 127.8, 127.6, 127.4, 127.3, 75.6, 57.9, 57.6,
21.1; MS (CI"): m/z=493 (M+H™"); HR-MS: calcd. for
C;,H,0N,O,: 493.2127 (M+H™), found: 493.2148; anal. calcd.
for C5;H5,N,O,: C 75.59, H 5.73, N 5.69; found: C 75.64, H
5.77,N, 5.61.

(—)-(15S, 25)-1,2-Diamino-1,2-diphenylethane (1)

Following a modified hydrolysis method of Williams and Bai-
lar,” a mixture of diamide 7 (12.8 g, 25.9 mmol), glacial acetic
acid (33 mL) and 48% aqueous hydrobromic acid (65 mL ) was
refluxed for 6 h. Further portions of HBr (15 mL) and acetic
acid (8 mL) were added, and the reaction mixture was refluxed
for further 20 h. The solution was concentrated to 1/3 its origi-
nal volume, cooled to 5 °C and allowed to stand for 15 h. The
resulting precipitate was filtered, washed with cold ether and
dissolved in 30 mL of water. The aqueous solution was filtered
to remove insoluble by-products, and aqueous sodium hydrox-
ide solution (40%, ca. 4.5 mL) was added slowly to the filtrate
such that the temperature did not exceed 25 °. The mixture was
cooled to 5°C for 15 min and the resulting precipitate from the
aqueous phase was extracted with ether (3 x 80 mL). The or-
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ganic layers were combined, dried over solid NaOH, filtered
and concentrated under vacuum. The crude product was re-
crystallised from diethyl ether:petroleum ether 40-60°C°C
(10 mL:20 mL) to afford diamine 1 as a colourless, crystalline
solid; yield: 1.9 g (34%); mp 81-84°C [lit.') 83-85°C]; [a]&:
—91.0 (c 4.6, EtOH) {lit.* [a]¥: —87.1 (c 2.3, EtOH)}; FT-IR
(NaCl): vy, = 3360 (br), 3295 (br), 3060, 3028, 2908, 2857 cm ~;
'H NMR (270 MHz, CDCL,): §=7.27-7.25 (m, 10H, Ar-H),
4.09 (s, 2H, NCH), 1.62 (br s, 4H, NH,); *C NMR (68 MHz,
CDCl;): 8=143.5, 128.3, 127.1, 127.0, 62.0; MS (CI*; NH;)
213 (M+H™"); HR-MS: calcd. for C,H,(N,: 213.1392 (M +
H*), found: 213.1390. The optical purity (> 98%) was assessed
by the method of Synder,!"” using 2 equivalents of (R)-mandel-
ic acid and integrating the doublet at 6.83 versus 6.78 ppm.

(+)-(1R, 2R)-1,2-Diamino-1,2-diphenylethane (1)

Following the above procedure starting from diamide 8 (12.5 g,
25.5 mmol) gave diamine 1 as a colourless, crystalline solid;
yield: 2.46 g (46%); mp 78-82°C [lit." 79-83°C]; [a]}:
490.7 (¢ 3.4, EtOH) {lit.* [a]5: +90.4 (¢ 1.9, EtOH)}. The op-
tical purity (>98%) was assessed by the method of Synder,!!”!
using 2 equivalents of (§)-mandelic acid and integrating the
doublet at 6.83 versus 6.78 ppm. The other spectral data are
identical to those for its enantiomer.
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