Russian Chemucal Bulletin, Vol. 46, No. I, January, 1997

Organic Chemistry

Preparative synthesis of the Corey chiral controller for
enantioselective dihydroxylation of olefins
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A five-step synthesis of both enantiomers of 1,2-di(2,4,6-trimethylbenzylamino)-
1,2-diphenylethane, ie., Corey (R,R)- and (S§,S)-controllers for enantioselective
dihydroxylation of olefins by osmium tetroxide, starting from a.a’-diphenylglyoxime , has
been developed. The key operations in the synthesis are the optical resolution of interme diate
rac-1,2-diamino-1,2-diphenylethane into two enantiomers using only (R, R)-tartaric acid and
the subsequent enhancement of the enantiomeric purity to >98% by crystailizations of the
corresponding Schiff’s bis-bases. Analysis of the enantiomeric purity of the controllers can
be easily performed using 'H NMR spectra of their salts with (R)-a-methoxy-ce~(tri-
fluoromethyl)phenylacetic acid (Mosher R-acid).
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In recent years, the range of enantioselective pro-
cesses has been substantially extended with the aid of
enantioselective dihydroxylation of olefins (EDO).I.2
The potentialities of EDO and the prospects for its use
in the organic synthesis are comparable to those of the
frequently used enantioselective epoxidation of allylic
alcohols; however, the practical application of EDO in
the synthesis is still limited.3 In our opinion, it would be
perfect to use this reaction in the total synthesis of
various oxidized metabolites of the arachidonic acid
(eicosanoids), whose molecules often incorporate {,2-diol
and 1,2,3-triol groups (see previously published reviews#*).

Two versions of the conduction of EDO have been
reported. In both cases, the reaction occurs under the
action of CsO, in the presence .7 an asymmetrizing

agent ("chiral controiler”),* which is a relatively com-
plex chiral organic compound. According to the Corey
version,! enantiomeric 1,2-di(2,4,6-trimethylbenzyl-
amino)-1,2-diphenylethanes (1), which are used (as well
as 0sO,) in a stoichiometric amount, serve as control-
lers. According to the Sharpless version,? catalytic
amounts (0.01 equiv.) of dihyd roquinine or dihydro-
quinidine derivatives are used as controllers. Although
the catalytic version of EDO seems to possess obvious
advantages, its conduction requires relatively rigorous
conditions (6—24 h at 0 °C iixx the presence of an
additional oxidizing reagent), which can cause extensive
degradation of very unstable polyacetylene substrates

* The term “chiral controller” was acddopted from Ref. 1.
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that are used in the synthesis of eicosanoids (for the
synthetic strategy, see Ref. 5). At the same time, the
Corey version of EDO occurs under extremely mild
conditions (2 h at —78 °C), which are suitable for the
most unstable substrates, and the large stoichiometric
consumption of controller 1 (and OsQOy) is balanced by
the fact that both reactants can be regenerated by simple
procedures.! Nevertheless, the stoichiometric version of
EDO requires that at least several grams of one or both
enantiomers of chiral controller 1 be prepared. How-
ever, only a schematic method for the preparation of
this compound has been briefly reported.! The purpose
of this study was to develop a preparative synthesis of
this controlier.

The schematic synthesis of controller 1 is relatively
simple (Scheme 1). It involves preparation of racemic
1,2-diphenylethylenediamine (rac-2),6—? its resolution
into enantiomers,%1? condensation of these enantiomers
with mesitaldehyde to give Schiff’s bis-bases (3), and
reduction of the latter to yield the corresponding optical
isomers of diamine I (see Ref, 1). Although enantiomeri-
cally pure diamines 2 are commercially available, they
are too expensive!} to be used as starting compounds in
multigram quantities; therefore, they need to be pre-

pared in the laboratory (a method for their synthesis has
been described recently?).

Of the several known methods for the synthesis of
diamine rac-1 (see Refs. 6—9), reduction of o, -di-
phenyliglyoxime (4) seems the most acceptable in prac-
tice. Catalytic hydrogenation in EtOH over Raney nickel
in the presence of KOH leads to diamine rac-2 mixed
with its isomer meso-2 in a ratio of 31 : 69.% Varying the
hydrogenation conditions (0 °C or 50—60 °C, nickel
boride or Raney nickel, NaOH) does not improve the
ratio of stereoisomers, and hydrogenation of dioxime 4
in the presence of AcOH gives exclusively isomer meso-
2. Conditions involving reduction of dioxime 4 with
metallic Na in EtOH proved to be the optimal.” The use
of these conditions was found to result in a stable
1.5-fold increase in the rac-2 : meso-2 isomer ratio (up
to 45 : 55), which does not change upon the variation
of conditions (PrOH, and the addition of KOH or
LiCl). However, it should be noted that hydrogenation
is facilitated when large amounts of reactants are used.

The isolation of pure rac-2 from the resulting mix-
tures presented no difficulties, owing to the use of an
effective method developed by N. K. Kochetkov,$ i.e.,
selective precipitation of poorly soluble bis-hydrochlo-

Scheme 1
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Reagents and conditions: a. Na—EtOH; 4. crystallization of hydrochlorides; ¢. KOH(aq.); 4. crystallization of (R, R)-tartrates;

e. 2,4.6-Me;C¢H,CHO: £ crystallization; g. NaBH4—EtOH.
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ride of meso-2 from its solution in hydrochloric acid.
This made it possible to prepare diamine of rac-2 in a
32% vyicld (when sodium was used as the reducing
reagent). This one-step method is much more conve-
nient from the preparative viewpoint than stereoselective
methods consisting of three to five steps.3?

{t has been proposed to separate enantiomers of di-
amine rac-2 by crystallization of their salts with
(R,R)-(+)- and (S,9)-(—)-tartaric acids,»!% the latter of
which is relatively difficult to obtain. We found that by
using only (R, R)-tartaric acid, one can obtain both enan-
tiomeric diamines, viz, (R,R}-2 and (S,5)-2, but the
enantiomeric excess (ee) in this case is only 70—80%.
Crystallization of diamines (&,R)-2 and (S,5)-2 does not
lead to an increase in the ee. Although repeated crystalli-
zation of the poorly soluble tartrate makes it possible to
obtain enantiomerically pure diamine (S5,5)-2, this route
is inefficient, due to substantial losses of the salt and also
due to the fact that the second enantiomer cannot be
purified. The problem of the achievement of enantiomeric
purity was solved at the next step of the synthesis.

This step, i.e., preparation of the Schiff's bis-base,
could be carried out under substantially milder condi-
tions than those described previously.! Condensation of
diamines 2 with mesitaldehyde occurs even at 20 °C
without removal of the water being formed. Therefore,
bis-base (S,5)-3 can be prepared in a high yield not only
from diamine (S,5)-2 but also from the dihydrate of its
salt with tartaric acid (in the presence of Et;N), without
isolation of free diamine. Moreover, bis-bases 3 possess
a property that is not frequently encountered: the race-
mic form is much more soluble. Owing to this fact, both
enantiomers (R,R)-3 and (S5,5)-3 with an ee of >98%
were obtained without substantial losses from the initial
bis-bases having an ee of 70—80%. It should be noted
that both for nonracemic bis-bases 3 and for controllers
1, reliable and reproducible values of optical rotation
can be obtained only in pyridine. The values of optical
rotation measured in CHCl; (which was used by other

Table 1. 'H NMR spectra of the optical isomers of diamine 1

authors!), EtOH, or EtOH containing some Et;N, vary
substantially for unknown reasons, so that even their
sign can change (see Experimental).

The reduction of Schiff's bis-bases 3 to the corre-
sponding secondary diamines, (R, R)-1 and (S,9)-1, oc-
curs smoothly under the action of NaBH, in boiling
EtOH. Analysis of the enantiomeric purity, which showed
that both enantiomers of controller 1 were virtually
homogeneous (>98%), was based on their 'H NMR
spectra recorded in the presence of 2—3 equiv. of
(R)-a-methoxy-a-(trifluoromethy l)phenylacetic acid
[(R)-MTPA, (+)-Mosher acid].!? Addition of (R)-MTPA
leads to a number of essential changes in the spectra
(Table 1): the signals become sharp, protons of the
CH,—N groups become nonequivalent, the signals shift
both upfield and downfield, and most of the signals
corresponding to rac-1 are doubled, due to the
nonequivalence of enantiomers induced by MTPA, which
is approximately constant in the presence of 2—3 mol-
equiv. of MTPA and is sufficient (A3 up to 0.11) for ee to
be determined with a sensitivity of better than 2% (taking
into account the presence of good reporter singlets in the
spectra). However, this method proved to be inapplicable
for the analysis of ee in the case of Schiff’s bis-bases 3.

It is of interest that the differences between the
chemical shifts of signals corresponding to enantiomers
do not correlate with the changes in & caused by the
formation of salts. This indicates that the difference
between the diastereomeric salts (which exist in chloro-
form as ion pairs or, in our case when they are derived
from diamines, as triads) is due to the spatial structure
of associates rather than to their dissociation constants
as has been proposed by some authors.2-13 This conclu-
sion is confirmed by the unique observation that the
greatest difference between the chemical shifts of enan-
tiomers occurs for the signals of protons that are quite
distant in the molecule from the salt-forming N atoms
(seven bonds in the case of the M e group in the para-
position of the mesityl residue).

Protons in CDCl5: in CDCl; + 3 mol-equiv. of (R)- MTPA

(R,R)-. (§,5)- or rac-1, (R.R)-1 (5.5)-1 A=
i) 5 A3 b Ad 3(S5.5) — 8RR

o-Me 2.06 (s) 1.97 (s) -0.09 2.02 () -0.04 0.05
p-Me 222 () 2,10 (s) -0.12 2.19 (s) -0.03 0.09
CH,—N 3.45 (br.s) 3.77, +0.32, 3.83, +0.38, 0.06,
3.96% +0.51 4.07¢ +0.62 0.1t
CH—N 3.65 (s) 5135 (s) +1.48 5.02% (s) +1.37 —-0.11
CH arom. 6.76 (br.s) 6.61 (s) -0.15 6.71 (s) -0.05 0.10
Ph 7.16 (s) 727767 (m) >+0.11 7.25~765(m) >+009 -0.02
OMe (MTPA) - 5.42 (brs) — 3.41 (brs) - -0.01

a9 AB-system, J = 13 Haz.

b Absolute {but not relative) positions of the signals are unstable and can vary in the +0.08 ppm range.
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The synthetic route developed makes it possible to
prepare both enantiomers of the chiral EDO controller 1
in 5—7% yields (based on diphenylglyoxime 4) from
accessible reagents using relatively simple and casily
scaled up chemical operations and to check the enantio-
meric purity. The use of EDO for the synthesis of
polyhydroxylated eicosanoids will be published in a sepa-
rate communication.

Experimental

Melting points were determined using a Boetius hot-stage
apparatus. Optical rotations were measured on a Polamat A
polarimeter in a | dm cell. IR spectra were recorded on a
Specord 75 IR instrument in KBr pellets. 'H NMR spectra
were obtained in CDCly on a Tesla BS-385A spectrometer
(80 MHz, using SiMey as an internal standard). The signals
for the protons of the NH groups were identified using ex-
change with D,0.

Mesitaldehyde (2.4,6-trimethylbenzaidehyde), (R,R)-(+)-
tartaric acid (Fluka), and (R)-(+)-MTPA (ee >99%) (Aldrich)
were used as received. a,a’-Diphenylglyoxime 4 (Soyuzreaktiv)
was purified by reprecipitation with an acid from an alkaline
solution. Raney nickel W-6 was prepared from the Raney ailoy
(Aldrich) by a standard procedure. Pyridine and CHCI; for
optical rotation measurements and CDCl; for recording
IH NMR spectra were purified by distillation over K,COs.

Synthesis of rac- and meso-1,2-diamino-1,2-diphenylethanes
(rac-2 and meso-2). A. Roughly cut metallic Na (14 g,
609 mmol) was added to a suspension of dioxime 4 (5 g,
21 mmol) in 200 mL of anhydrous EtOH, placed into a
500-mL flask equipped with an efficient reflux condenser, at
such a rate that the solution intensely boiled (over a period of
approximately 10 min). When all the Na had dissolved
(30 min), 200 mL of water was added, EtOH was evaporated
in vacuo, and the suspension thus formed was extracted with
ether. Evaporation of the solvent from the extract (without
drying) gave 3.96 g (90%) of a mixture of diamines as a
yellowish semicrystalline mass. Judging from the 'H NMR
spectrum, this mixture contained almost exclusively diamines
rac-2 and meso-2 in a 45 : 35 ratio (singlets at 5 4.09 and 4.01,
respectively, see below).

B. A mixture of dioxime 4 (6 g, 25 mmol), NaOH (I.2 g,
30 mmol), 20 mL of water, and 200 mL of anhydrous EtOH
was kept at 60—70 °C until the components completely dis-
solved. Then the solution was cooled, and W-6 Raney nickel
(5 g) was added to it. The mixture was hydrogenated at ~20 °C
under atmospheric pressure until Hj was no longer absarbed
(6 h, ~3.4 mol-equiv. of H, absorbed). Water (20 mL) was
added to the mixture, the catalyst was filtered off, and EtOH
was evaporated in vacuo. Extraction of the suspension thus
obtained with ether gave 5 g (96%) of a crude mixture of
diamines rac-2 and meso-2 (31 : 69) as a colorless semicrys-
talline mass.

Separation of the rac-2 and meso-2 stereoisomers. The
mixiure of diamines (3.96 g) obtzined by procedure A was
extracted with boiling water (3x30 mL) until only a stight
amount of resin remained in the flask. Concentrated HCI
(36 mL) was added 10 the warm combined aqueous extract.
the resulting suspension was cooled, and the precipitate was
filtered off to give the bis-hydrochloride of diamine meso-2 us
a white crystalline solid. The filtrate was made alkaline (pH
12) by adding 40% aqueous KOH and extracted with ether.
Concentration of the extract dried with K,COj gave 141 g

(32% based on dicxime 4) of diamine rac-2 as colorless
crystals, m.p. 79.5—80.5 °C (from heptane), isomeric purity
298%. Lit. datad: mp. 80—82 °C. 'H NMR, &: 1.59 (brs,
4 H, 2 NHy), 409 (5, 2 H, 2CH); 7.26 (s, 10 H, 2 Ph).

The crystals of the diamine meso-2 bis-hydrochloride were
suspended in 30 mL of water, and the suspension was alkalified
to pH 12. Extraction with ether gave 2.12 g (48% based on
dioxime 4) of diamine meso-2 as colorless crystals, m.p. 13—
114 °C (from an cther—hexane mixture), isomeric purity 91%
(rac-2 was present as the impurity). Lit. data® m.p. 115~
[17 °C. TH NMR, §: 1.38 (brs, 4 H, 2 NH,); 4.01 {s. 2 H,
2 CH); 7.26—7.43 (m, 10 H, 2 Ph).

Resolution of rac-1,2-diamino-1,2-diphenylethane (rac-2)
into enantiomers (R, R)-(+)-2 and (S,5)-(—)-2. A. rac-2 (9 g,
42.4 mmol) was dissolved with heating in 48 mL of EtOH,
and the resulting solution was treated with a solution of {R.R)-
(+)-tartaric acid (648 g. 43.2 mmol) in 48 mL of warm
EtOH. A copious yellow crystalline precipitate formed upon
mixing. The suspension was concentrated in vacuo to dryness.
and the residue was dissolved almost completely in 48 mL of
water at 40 °C, The solution was filtered, and 48 mL of EtOH
was added to the filtrate. 48 h later a white crystatline precipi-
tate was filtered off and recrystallized similarly once again to
give 5.65 g (67% of the calculated amount) of the dihydrate of
diamine (S5,8)-(~)-2 (R, R)-tartrate, m.p. 210—215 °C
(decomp.), [ajp?® —9.5° (¢ 0.60, H;0). Lit, datal?®: [a]p ~11°
(H;0). The diastereomeric purity of the salt was ~80% (based
on the rotation found for the diamine (5,5)-(—)-2, isolated
from the salt), which is enough for its subsequent use (see
below). Repeated crystallization from aqueous EtOH gave the
diastereomerically pure salt. Dissolution of this salt in water
and alkalification to pH 12 gave enantiomerically pure di-
amine (5,5)-(—)-2 as white crystals, m.p. 82.5—-83.5 °C (from
hexane), {a]p?® —91.1° (¢ 0.515, Et;0), ~99.7° (¢ 0.70, McOH).
Lit. data: m.p. 83 °C, [a}p —87° (Et;,0);!? mp. 85.5—86 °C,
{alp'6 ~105.2° (MeOH).14

B. The water-—ethanol mother liquors obtained after the
crystallization of the salt by procedure 4 were combined,
concentrated in vacuo by evaporating EtOH, and alkalified
with 50% KOH 1o pH 12, Extraction with ether gave 3.77 g
(84% of the theoretical) of diamine (R,R)-(+)-2 as white
crystals, m.p. 79—80 °C, [a}p?® +66° (c 1.15, MeOH), ee
~70%. This sample was also suitable for subsequent use (see
below).

($5,8)-(—)-1,2-Di(2,4,6-trimethylbenzylideneamino)-
1,2-diphenylethane [(5,5)-(—)-3]. A solution of diamine
(85,.9-(—)-2 (R,R)-tartrate dihydrate (4.86 g, 12.2 mmol,
diastereomeric purity ~80%), mesitaldehyde (4.16 g,
28.1 mmol), and EuyN (3.7 g, 36.6 mmol) in 100 mbL of
anhydrous EtOH was heated to boiling, and kept for 24 h at
20 °C. The white crystals that precipitated were filtered off
and twice recrystallized from EtOH to give 4.60 g (80%) of
Schiff's bis-base (S5.5)-(—)-3 with an ee of >98% (found from
the analysis of the reduction praduct, see below). m.p. 150.5—
151.0 °C. [a]p?®® ~74.3° (¢ 1.27, pyridine) (optical rotation in
CHCI; was not reproducible: repeated measurements for the
same sample gave values ranging from —36° 1o —175°). IR,
viem™!: 3070 m, 3033 m, 2977 m, 2960 m. 2927, 2860, 1643,
1610, 1493 m, 1483 m, 1447 1380, 1376, 1370, 733 s, 703 s.
'H NMR, 8:2.24 (s, 6 H, 2 p~CHy); 2.27 (s, 12 H, 4 0-CH3):
4.70¢s. 2 H, 2CH), 6.77 (br.s, 4 H, 4 CH arom.); 7.13—7.27
(m. 10 H, 2 Ph); 8.59 (brs. 2 H, 2 HC=N).

rac-1,2-Di(2,4,6-trimethylbenzylideneamino)-1,2-di-
phenylethane (rac-3). A solution of diamine rac-2 (20 mg,
0.094 mmol) and mesitaldchyde (42 mg, 0.282 mmol) in
0.5 mL of EtOH was heated to boiling, and then kept for 24 h
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at 20 °C. Filtration gave 36 mg (82%) of Schiff's bis-basc
rac-3 as white crystals, m.p. 160.0—161.5 °C (from EtOH).
IR, v/em™!: 3087 w, 3067 w, 3037 w, 2973, 2923, 2880 w,
2860, 1643, 1610, 1490 s, {483 w, 1450, 1383 w, 1370 m,
760 s, 727 w, 693 s. The 'H NMR spectrum was identical to
that of an enantiomerically pure sample.

(R, R)-(+)-1,2-Di(2,4,8- trimethyibenzylideneamino)-1,2-
diphenylethane [(R,X)-(+)-3]. This compound was prepared
from (R, R)-(+)}-2 with an ee of ~70% similarly to the rac-
compound. Repeated recrystallization from EtOH gave a sample
with an ee of >98%, yieid 40%, m.p. 148.5—149.5 °C, [a}p?®
+70.8° (c 1.23, pyridine). The parameters of the !H NMR and
IR spectra were identical to those of an enantiomerically pure
sample of ($,5)-(~)-3.

(R,R)-(+)-1,2-Di(2,4,6-trimethylbeazylamino)-1,2-
diphenylethane [(R,R)-(+)-1]. NaBH, (1.08 g, 28.2 mmol)
was added portionwise over a period of |5 min to a suspension
of Schiff ’s bis-base (R, R)-(+)-3 (1.85 g, 3.9 mmol) in 60 mL
of anhydrous EtOH, and the mixture was refluxed for 6 h and
cooled. Water (30 mL) was added, and EtOH was evaporated
in vacuo. The residue was extracted with ether to give 1.7 g
(91%) of controller (R,R)-(+)-1, ee >98%, white crystals, m.p.
133.5—134.0 °C (from EtOH), [a]p? +27.4° (¢ 0.97, pyri-
dine). IR, v/em™!: 3330, 3030, 2920, 2860, 2820, 1620, 1490,
1456 s, 1436 s, 849 5, 763 5, 699 5. For the 'H NMR spec-
trum, see Table 1.

(5,5)-(—)-1 and rac-1 were prepared in a similar way from
the corresponding stercoisomers of Schifl”s bis-bases.

(5,8)-(~)-1,2-Di(2,4,6-trimethylbenzylamino)-1,2-
diphenylethane [(S,5)-(—)-1], ee >98%. White crystals, m.p.
133.5—-134.5 °C (from EtOH), {a]p?® —29.9° {¢ 1.05, pyri-
dine) (the optical rotations, equal to —9.6° {¢ 1.11, CHCl;)
and from +13.3° to +18.1° (¢ 0.90—0.95, EtOH or E1OH +
I drop of Et3N), were not reproducibie). The IR spectrum was
identical to that of the (R,R)-enantiomer. For the 'H NMR
spectrum, see Table 1. Lit. datal: m.p. 131—132 °C, [a|p®®
+24.6° (¢ 1.1, CHCly).

rac-1,2-Di(2,4,5-trimethylbenzylamino)- 1,2-diphenylethane
(rac-1). White crystals, m.p. 148—149 °C (from EtOH). IR,
v/em™!: 3330, 3030, 2920, 2817, 1616, 1486, 1450 s, 1436 s,
853 5,763 5, 699 s. The 'H NMR spectrum (CDCl; + 3 mol-
equiv. of (R)-(+)-MTPA) was a superposition of the spectra of
the enantiomers (see Table 1).

This work was carried out with financial support of
the International Science Foundation (Grant No. 47

300) and the Russian Foundationy for Basic Research
(Project No. 94-03-09219).
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