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Preparation of Binaphthyldiamine Derived Chiral Stationary Phases’
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1,1'-Binaphthyl-2,2'-diamine and its derivatives have been
used as a very powerful chiral catalyst for asymmetric
synthesis.'? The preparative separation of racemic 1,1'-
binaphthyl-2,2'-diamine has been reported recently,’ but
very few results by using this compound as a chiral selector
have been reported. Miyano and co-workers reported on the
many uses of chiral binaphthalene derivatives as a chiral
derivatizing agent,* a chiral catalyst,” and chiral stationary
phases. (CSPs)*'” In their work, the CSPs were prepared
with binaphthyl dicarboxylic acids and the separated samples
were limited to the derivatives of few chiral compounds as
the overall selectivity was not good. Uray et al. also reported
on the use of diphenylethanediamine derivatives, including
3,5-dinitrobenzoyl group, as chiral selectors, and tried to
separate different enantiomeric compounds. He succeeded in
separating some derivatized chiral compound and a few
underivatized chiral samples with generally low selectivity
levels.'!*

In this study, we report on the preparation of four different
1,1'-binaphthyl-2,2'-diamine derived chiral stationary phases
(CSPs 1-4), and showed the separation results of randomly
selected commercially available chiral compounds on these
columns.

Experimental
The HPLC system consisted of a Shimadzu (Tokyo,

Japan) LC-10AD HPLC pump, a Rheodyne (Cotati, CA,
USA) Model 7125 injector with a 20 uL sample loop, a
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Shimadzu Model 710 absorbance detector with a 254 nm
UV filter and a Shimadzu integrator. analysis. All chromato-
graphic data were obtained using 2.5-20% 2-propanol(IPA)
in heptane, as a mobile phase at a flow rate of 1.2 mL/min.
Dead time (tp) was checked by injecting 1,3,5-tri-tert-
butylbenzene, a presumed unretained solute obtained from
Aldrich Chemical Co.

The number of tested racemic samples was 45. All chiral
samples were commercially available and underivatized
samples except for S9. The names of the 15 separated
compounds and their structures are shown in Figure 1:
methyl-2-naphthalene methanol (S1), 2,2,2-trifluoro-1-(9-
anthryl)ethanol (S2), 2,2'-diamino-1,1'-binaphthalene (S3),
cis-2,3-dihydro-7a-methyl-3-phenylpyrollolo  [2,1-b]-oxa-
701-5 (7aH)-one (S4, a mixure of 3S-cis and 3R-cis), 1,5-
dimethyl-4-phenyl-2-imidazolidinone (S5, a mixure of
4S8,5R and 4R)5S), 5,5-dimethyl-4-phenyl-2-oxazolidinone
(S6), o, a-dimethyl-Amethyl-succinimide (S7), cis-4,5-
diphenyl-2-oxazolidinone (S8, a mixure of 4S,5R and
4R,5S), (R,S)-7 (S9, a mixture of R and S-7 synthesized from
synthetic procedure of Scheme 4), furoin (S10), N-3,5-
dinitrobenzoyl-DL-phenylglycine (S11), bis-a-ethylbenzyl-
sulfamide (S12), 5-chloro-1,3-dihydro-1,3,3-trimethylspiro-
[2H-indole-2,3'-(3H)-naphth[2,1-b](1,4)oxazine] (S13), and
I-aminoindane (S14).

In addition, the racemic samples in this study that could
not be separated are as follows: p-fluorophenylalanine, 2-
fluorophenylalanine, N-acetyl-o-fluorophenylalanine, N-
acetylphenylalanine, p-nitrophenylalanine, N-formylphenyl-
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Figure 1. Structures of the separated chiral samples.

alanine, a-methyltryptophan, 4-methyltryptophan, N-2,4-
dinitrophenylnorleucine, N-phthalylvaline, No~benzoylal-
anine, 3-(1-naphthyl)alanine, 4-benzyl-2-oxazolidinone, 4-
benzyl-3-propionyl-2-oxazolidinone, 4-benzyl-5,5-dimeth-
yl-2-oxazolidinone, benzylphthalide, binaphthol-bis(trifluoro-
methane sulfonate), 2-(4-biphenyl)-5-phenyloxazole, 3-
bromo-2-coumaranone, 2-bromo-1-indanol, 2-bromo-3-
methylbutyric acid, a~carbethoxy-y-phenyl-)~butyrolactone,
4-chloro-3-hydroxybutyronitrile, p-chloromandelic acid, 2-
(3-chlorophenoxy)propionamide, a-cyclopropylbenzyl-
alcohol,  1',3'-dihydro-1',3",3'-trimethyl-6-nitrospiro[2H-1-
benzopyran-2,2'-(2H)-indole], dihydro-5-phenyl-5-propyl-
4,6-(1H,5H)-pyrimidinedione, = a,4-dimethylbenzylamine,
epinephrine, and 2,3-epoxypropylbenzene.

Results and Discussion

The preparation of CSP 1 is summarized in Scheme 1.
First, the mono-amidated compound was a major product at
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low temperatures, but a di-amidated product also appeared.
The di-amidated one could be cleanly removed by classical
extraction by varying the pH of aqueous solution. The
synthetic procedures outlined in Schemes 1-4 involved only
three major steps: Amidation, silylation and bonding to
silica gel. These simple reactions have been reported in
literature previously.'''> The covalently modified silica gels
were packed into 250 x 4.6 mm L.D stainless steel columns
using conventional methods. '*"7

All CSPs have two z-basic naphthyl moieties, in addition
to them, CSP 1 (with a short linkage arm) and CSP 2 (with a
long linkage arm) have an additional z-acidic 3,5-dinitro-
benzoyl group, while CSP 3 has a phenyl group and CSP 4
does not have any additional functional groups.

An example of the enantiomeric separation of 2,2,2-
trifluoro-1-(9-anthryl)ethanol (S2) on CSP 1, and the effect
of altering the composition of 2-propanol in heptane is
shown in Figure 2.

The chromatographic separation data of the 11 racemic

0]

OEt

Benzene, reflux, 3 days

1

(T wone

OEt

t
e L
0 \OEt

2

NH O
Toluene, reflux, 3 days OO \H/NH\/¥S|i<
e} O

CSP1

Scheme 1



Notes

3,5-Dinitrbenzoyl chloride

(S)-2,2'-Diamino-1,1'-

Bull. Korean Chem. Soc. 2007, Vol. 28, No. 11 2105

90 i
NH, NHDNB  _—(CHys g

NH NH;
2 CH,Cl,, 0°C ~R.T., 6 hrs OO Et3N, CH,Cl,, 0°C ~R.T., 6 hrs

binaphthalene 3
OO 1. HoPtClg, (CH3),SiHCI, CH,Cl,, Reflux, 6 hrs OO DNB
NH-DNB 2. Et3N, EtOH, RT, 2 hrs ”/
CHj
NH H 3. 5 um Silica gel, Toluene, reflux, 3 days NH I
GGRD N T
o 0 CHs
4 CSP 2

Scheme 2

Benzoyl chloride

(S)-2,2'-Diamino- 5
1,1'-binaphthalene

2. Et3N, EtOH, RT, 2 hrs

® LS i
- r() ey
NH NH;
O 2 CH,Cl,, 0°C ~R.T., 6 hrs O‘ EtsN, CH,Cly, 0°C ~R.T., 6 hrs

o)
O J\© 1. HoPtClg, (CHa),SiHCI, CH,Cly, Reflux, 6 hrs OO JJ_@

H

3. 5 um Silica gel, Toluene, reflux, 3 days
g B P T Ot

CSP3

Scheme 3

o)
OO NH, /\(CH2)8)J\CI

O
(L, R o

H
OO NH, Et;N, CH,Cl,, 0°C ~R.T., 6 hrs OO NHY(CHQg\\
o)

(R)-2,2'-Diamino-
1,1'-binaphthalene

1. HyPtClg, (CH3),SiHCI, CH,Cly, Reflux, 6 hrs
2. Et3N, EtOH, RT, 2 hrs

7

O CH
O )‘—(CHZ)10 s|

3. 5 um Silica gel, Toluene, reflux, 3 days

H3

C
CL T e

CSP 4

Hs

Scheme 4

samples on CSP 1 are summarized in Table 1.

As shown in Table 1, better resolution was shown at low
composition of IPA in heptane, therefore, the enantiomeric
separation on CSPs 1-4 were performed by using 2.5% 2-
propanol (IPA) in heptane as a mobile phase at a flow rate of

1.2 mL/min. The chromatographic separation data for 14
racemic samples on CSP 1-4 are summarized in Table 2.
Thirteen racemic compounds were separated on CSP 1 and
CSP 2, while only five and four chiral compounds were
separated on CSP 3 and CSP 4, respectively. The dinitro-
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Figure 2. Separation of 2,2 2-trifluoro-1-(9-anthryl)ethanol (S2)
enantiomers on CSP 1. Flow rate; 1.2 mL/min. Mobile phase (a)
20% isopropylalcohol (IPA) in heptane (b) 10% IPA in heptane (c)
5% IPA in heptane (d) 2.5% IPA in heptane.

Table 1. Separation data for eleven racemic compounds on CSP 1
as a function of different mobile phase compositions®

Eluent (percent of IPA in heptane)
2.5% 5% 10% 20%
tp; 2.46 min
k a ki a k a ki a

S1 481 1.04 251 104 133 1.00 0.73 1.00
S2 413 191 214 176 115 157 053 135
S3 7.02 1.02 502 101 263 1.00 1.08 1.00
S4 434 1.07 316 105 185 1.00 097 1.00
Ss 21.8 1.04 101 105 3.79 1.04 196 1.04
Se 985 1.06 474 106 2.01 1.05 1.03 1.00
S7 446 1.04 240 104 1.17 1.00 0.62 1.00
S8 145 1.04 698 104 277 1.04 133 1.00
S9 403 124 211 120 116 1.18 055 1.17
S10 550 1.03 376 1.04 229 1.04 127 1.00
St 823 1.07 524 106 277 1.04 133 1.00

“Flow rate; 1.2 mL/min. detection 254 nm UV.

Sample

to;243 min  £;2.38 min £ ;2.35 min

benzoyl (DNB) group containing CSPs (CSP 1 and CSP 2)
showed much broader selectivity than the previously
reported binaphthalene or diphenylethanediamine derived
CSPs.5' There are some interesting points in this resolution.
For example, sample 13 (S13) was separated on both CSP 2
and CSP 3, but not on CSP 1. Also samples 9 and 14 were
separated on all four CSPs with moderate separation factors.

In conclusion, four different binaphthyldiamine derived
chiral stationary phases were easily prepared and used to
study the separation of 45 commercially available chiral
compounds. The numbers of separated samples on each CSP
are as follows; CSP 1 (12/45), CSP 2 (12/45), CSP 3 (4/45),
CSP 4 (3/45). The two dinitrobenzoyl (DNB) group contain-
ing CSPs (CSP 1 and CSP 2) showed much better results
than the previously reported binaphthalene or diphenyl-
ethanediamine derived CSPs.
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Notes

Table 2. Resolution of fourteen chiral compounds on CSP 1-4¢
CSP1 CSP2 CSP3 CSP 4
Sample #;2.46 min  f;2.34 min 4 ;2.38 min % ;2.34 min
k a ki a k a k a

S1 481 104 6.62 103 268 1.00 247 1.00
S2 413 191 790 1.04 1.88 1.00 230 1.00
S3  7.02 102 1219 103 695 1.00 628 1.00
S4 434 107 693 106 3.83 1.00 3.51 1.00
S5 21.75 1.04 242 1.00 3.80 1.00 3.67 1.00
S6 985 106 1340 1.06 8.06 1.00 7.09 1.00
S7 446 1.04 558 1.00 453 1.00 4.02 1.00
S8 1449 1.04 1763 1.03 1129 1.00 10.54 1.00
S9 403 124 851 138 320 1.14 202 1.19
R) R) ®) R)
S10 550 1.03 709 1.03 370 1.00 3.37 1.00
Si1 823 1.07 17.10 1.17 488 1.06 3.71 1.04
S12 478 1.00 634 1.02 265 1.00 227 1.00
S13 220 1.00 378 1.05 1.66 1.14 145 1.00
S14 176 135 276 1.19 143 122 131 124

“Eluent; 2.5% IPA/Heptane. Flow rate; 1.2 mL/min. detection 254 nm
UV.
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