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Abstract

2,3-Di-O-ethyl-6-O-tert.-butyldimethylsilyl- 8- and -y-cyclodextrins (ETTBS-B- and -y-CDs) are proposed as stationary
phases for GC separation of enantiomers. The influence of different polarity polysiloxanes (PS-347.5, PS-086, OV-1701) as
diluting phase on the separation capacity of these CD derivatives was also investigated. The results of ETTBS-8- and
-y-CDs are compared to those of 2,3-di-O-methyl-6-O-tert.-butyldimethylsilyl-3- and -y-cyclodextrins (METBS-$- and
-y-CDs). The advantages of ETTBS-g- and -y-CDs in terms of minimum operative temperatures and separation capacity of
the column are discussed. Each column coated with each of the new synthesized CD derivatives was evaluated by analysing

a number of different racemates with different structures.
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1. Introduction

Since they were introduced in 1983, cyclodextrin
(CD) derivatives, pure or diluted in polysiloxanes,
have been very successful in the gas chromato-
graphic (GC) separation of underivatized enantio-
mers. CDs are now generally used diluted in moder-
ately polar polysiloxane, as first introduced by
Schurig and co-workers [1,2].

Blum and Aichholz [3] and Mosandl and co-
workers [4-7] showed that 6-O-terr.-butyldimethyl-
silyl (TBS)-substituted CDs are successful chiral
stationary phases (CSPs) because of their lipophilic-
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ity and miscibility with different polysiloxanes. In
particular 2,3-di-O-methyl-6-TBS-3- and -y-CDs
(METBS-B- and -y-CDs) and 2,3-di-O-acetyl-6-
TBS-B- and -y-CDs (ACTBS-8- and -y-CDs) have
been shown by several authors to be effective [8—
14].

Previous studies investigated the influence of CD
diluting phase on enantiomer separation [15,16]. This
subject has also been investigated by other authors
[10,17-21]. Buda et al. [22] showed that retention
was not only due to chiral selector and diluting
phase, as proposed by Jung et al. [23], but also to the
competitive complexation of the polysiloxane with
the CD.

In general, lower polarity CD diluting phases

Copyright © 1996 Elsevier Science BV. All rights reserved



162 C. Bicchi et al. | J. Chromatogr. A 742 (1996) 161-173

afford lower elution temperatures and as a conse-
quence better enantiomer separation. We arbitrarily
assumed that a CD/polysiloxane combination be
considered effective when the resulting column has a
minimum operative temperature (MIOT) equal to or
below 40°C. When diluted in apolar to moderately
polar polysiloxane (i.e. PS-086, and OV-1701),
ACTBS-B- and -y-CDs gave columns with MIOT
within this range; METBS-8- and -y-CDs diluted in
PS-347.5, had a much higher MIOT (90°C), as was
also shown by Dietrich et al. for diluting phases of
similar (SE-30) and higher polarity (OV-215, and
XE-60) [18]. With the aim of developing CDs of as
general as possible a use, and since METBS-8- and
-y-CDs showed a very interesting enantioseparation
capacity, 2,3-di-O-ethyl-6-O-TBS-8- and -y-CDs
(ETTBS-8- and -y-CDs) and 2,3-di-O-pentyl-6-O-
TBS-B- and -y-CDs (PETBS-3- and -y-CDs) were
synthesized and tested as GC stationary phases. This
article reports the results of our investigations on
these four new CDs.

2. Experimental

2.1. Synthesis of 2,3-di-O-alkyl-6-O-tert.-
butyldimethylsilyl-B- and -y-CDs

Dialkyl-TBS-8- and -y-CDs were synthesized in a
two-step reaction following the method described by
Takeo et al. [24,25] and Dietrich et al. [7]. The 8-
and -y-CDs and all the reagents used in the synthesis
were from Fluka (Buchs, Switzerland). Most race-
mate standards were from Roth (Karlsruhe, Ger-
many), Fluka and Aldrich-Sigma (Stenheim, Ger-
many). The 6-TBS-8- and -y-CDs were obtained by
reaction of TBS chloride dissolved in dry pyridine
with 8- and -y-CDs and imidazole in dry pyridine
following the procedure described by Dietrich et al.
[6]. All the CDs were checked by NMR. 'H and "*C
NMR spectra were recorded with a Bruker AC-200
spectrometer or a Jeol EX-400.

2.2. ETTBS-B-CD
Sodium hydride (0.3 g, 12.5 mmol) was stirred at

50°C with dry dimethyl sulphoxide (DMSO, 10 ml)
and dry tetrahydrofuran (THF, 20 ml), under nitro-

gen, until evolution of hydrogen ceased. A solution
of 0.25 mmol 6-TBS-B-CD (0.5 g) in dry DMSO
and THF (50+20 ml respectively) was added to the
previous solution, cooled to room temperature. After
stirring for 2 h, 13 mmol ethyl iodide (1 ml) was
added dropwise to the mixture cooled to 10°C over a
period of 10 min. After stirring overnight, the
sodium hydride excess was decomposed with metha-
nol. The resulting solution was poured into ice-water,
and then extracted three times with chloroform. The
combined chloroform extracts were washed with
water, dried over sodium sulfate and then concen-
trated. The impure product was submitted to column
chromatography, using silica gel 60 (Merck, Darm-
stadt, Germany) as stationary phase and light petro-
leum (b.p. 40-60°C)-ethyl acetate (9:1) as mobile
phase. White crystals of ETTBS-B-CD (210 mg,
1=38%, m.p. 68°C) were obtained.

TLC was carried out on silica plate (Merck) using
light petroleum (b.p. 40-60°C) as mobile phase.
Analytes were detected with a 5% sulfuric acid—
ethanol solution, after heating to 105°C for 5 min.
ETTBS-B-CD R, was 0.64.

2.2.1. 'H NMR (C’HCL,) & (ppm)

5.20 (d, 1H; H-1); 4.04 (m, 1H, H-5); 3.96 (m, 8H,
H-3, H-4, H-6a, H-6b, 2XOCH, at C-2, C-3); 3.16
(dd, 1H, H-2), 1.22 (2t, 6H, CH,-cthyl [CH,—CH,~
O-]); 0.87 (s, 9H, (CH,),-C), 0.02 (2Xs, 6H,
(CH,;),-Si).

222 "C NMR (C°HCL,) & (ppm)

97.78 (C-1); 80.13 (C-2); 80.06 (C-3); 77.47 (C-
4); 72.19 (C-5); 68.81 (O-CH,); 66.35 (O—CH,);
62.22 (C-6); 25.82 (CH,),-C); 18.17 (CH,),-C);
15.65 (CH,-CH,-0-), —4.88, —5.28 (2X(CH,),-
Si).

2.3, ETTBS-y-CD

ETTBS-y-CD was prepared by the same pro-
cedures and using the same molar amounts as for
ETTBS-B-CD. The raw product was purified by
column chromatography using silica gel 60 as
stationary phase and light petroleum (b.p. 40—
60°C)—ethyl acetate (95:5) as mobile phase. White
crystals of ETTBS-y-CD (210 mg, »=33%, m.p.
60°C) were obtained.
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TLC and analyte detection were carried out under
the conditions reported above. ETTBS-y-CD R was
0.76.

2.3.1. '"H NMR (CHClL,) & (ppm)

524 (d, 1H; H-1); 408 (m, 1H, H-5); 3.73-3.51
(m, 8H, H-3, H-4, H-6a, H-6b, 2XOCH, at C-2,
C-3); 3.12 (dd, 1H, H-2), 1.21 (2t, 6H, CH,—ethyl
[CH,~CH,-0-1]); 0.85 (s, 9H, (CH,);-C), —0.01
(2Xs, 6H, (CH,),-Si).

2.3.2. ’C NMR (C’HCl,) 8 (ppm)

98.14 (C-1); 80.31 (C-2); 79.84 (C-3); 77.72 (C-
4); 72.30 (C-5); 68.85 (O-CH,); 66.57 (O—CH,);
63.31 (C-6); 25.77 (CH,),—C); 18.13 (CH,),-C);
15.60 (CH,~CH,—-0-); —4.96, —5.40 (2X(CH;),—
Si).

2.4. PETBS-B-CD

PETBS-B-CD was prepared with the same pro-
cedures and the same molar amounts as for ETTBS-
B-CD. The raw product was purified by column
chromatography using silica gel 60 as stationary
phase and toluene—pentane (1:1) as mobile phase.
Amorphous PETBS-B-CD (83 mg, n=12%) was
obtained.

TLC and analyte detection were carried out under
the conditions reported above using toluene—pentane
(1:1) as eluent. PETBS-5-CD R, was 0.73.

2.4.1. '"H NMR (C°HCl,) & (ppm)

5.20 (d, 1H; H-1); 3.90-3.62 (m, H-5, H-4, H-3
pentyl, H-6a, H-6b); 3.10 (dd, H-2); 1.61 (m, pentyl
H-4); 1.30-1.27 (m, pentyl, 8 H); 0.99-0.75 (m,
pentyl+(CH,),-C), 0.02 (2Xs, 6H, (CH,),~-Si).

242 '’C NMR (C*HCL,) & (ppm)

97.6 (C-1); 80.7 (C-2); 80.2 (C-3); 77.2 (C-4);
71.05 (C-5); 68.15 (O~CH,); 29.90, 29.60 (pentyl),
2831 (pentyl); 26.56 (CH,),-C); 22.54, 22.40
pentyl, 18.21 (CH,),—-C); 13.96 (pentyl); —4.8 (2X
(CH,),-Si).

2.5 PETBS-y-CD

PETBS-y-CD was prepared with the same pro-
cedures and the same molar amounts as for ETTBS-

B-CD. The raw product was purified by column
chromatography using silica gel 60 as stationary
phase and toluene—pentane (1:1) as mobile phase.
Amorphous PETBS-y-CD (53 mg, n=6.8%) was
obtained.

TLC and analyte detection were carried out under
the conditions reported above using toluene—pentane
(1:1) as mobile phase. PETBS-y-CD R, was 0.77.

2.51. 'H NMR (C’HCL,) 8 (ppm)

5.19 (d, 1H; H-1); 3.91-3.53 (m, H-5, H-4, H-3
pentyl, H-6a, H-6b); 3.10 (dd, H-2); 1.60 (m, pentyl
H-4); 1.31-1.27 (m, pentyl 8 H); 0.99-0.75 (m,
pentyl+(CH,);-C), 0.04,0.03 (2x%s, 6H, (CH,),—
Si).

252 '“"C NMR (C°HCL,) & (ppm)

96.94 (C-1); 80.7 (C-2); 80.3 (C-3); 77.6 (C-4);
71.0 (C-5); 66.3 (O-CH,); 29.60 (pentyl), 25.8
(pentyl); 26.56 (CH,),-C); 22.42 (pentyl), 18.3
(CH,),-C); 13.94 (2Xpentyl); —5.2 (2X(CH;),~
Si).

2.6. Column preparation and testing

Fused-silica columns (25 mXx0.25 mm LD, d;
0.15 pum) were prepared by static coating. Columns
coated with METBS-8-CD (30%) and METBS-y-
CD (50%), ETTBS-8-CD (30%) and ETTBS-y-CD
(50%) and PETBS-B-CD (50%) and PETBS-y-CD
(50%) in PS-347.5 (polymethyl siloxane) (Petrarch
System, USA), PS-086 (polymethylphenylsiloxane,
12% phenyl) (Petrarch System), OV-1701 (poly-
methylphenylcyanopolysiloxane, 7% cyanopropyl,
7% phenyl) (Ohio Valley Speciality Chemical,
Marietta, OH, USA), were prepared. Deactivation
was with Carbowax 20M [26,27]. The procedures
have been described in detail in a previous paper
[28].

Column performances were first evaluated by
means of a chiral test comprising ten compounds
with highly different structural characteristics: its
composition has been reported elsewhere [28). More-
over, each column was tested with about 180 differ-
ent racemates with different structural characteristics.

Only those racemates whose separation on
ETTBS-CDs either differed significantly from their
separation with METBS-CDs, and/or differed as a
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function of the diluting phase were analyzed iso-
thermally and the results included in this article.

2.7. Capillary GC conditions

Capillary GC was performed with a Carlo Erba
4160 and a 5160 gas chromatograph equipped with
flame ionization detection (Fisons, Milan, I[taly).
Conditions were as follows: injection system, split;
split ratio, 1:30; injector temperature, 230°C; detector
temperature, 250°C; carrier gas, hydrogen; iz=40
cm/s, in agreement with Grob.

Except where specified otherwise, 1 ul of 300
pmg/ml solutions of the racemates (prepared by
dilution of 3 mg/ml standard solutions) were in-
Jjected.

3. Results and discussion

The success of the four new synthesized CDs as
GC chiral selectors differed considerably. PETBS-S-
CD and PETBS-y-CD were unsuccessful: columns
prepared with these two CDs showed good efficiency
(evaluated with the Grob test) but very low (PETBS-
B-CD) or no (PETBS-y-CD) enantioselectivity
when submitted to the chiral test.

Our efforts therefore concentrated on ETTBS-8-
and -y-CDs. Columns prepared with either ETTBS-
B-CD or ETTBS-y-CD diluted in each polysiloxane
(PS-347.5, PS-086 and OV-1701) were first sub-
mitted to the Grob test. ETTBS-B-columns operated
successfully under the test conditions. In this case
too, with the same CD, the elution order of some
Grob test components differed with the diluting
phase: this phenomenon has already been discussed
in detail in a previous article [16]. In any case,
columns prepared with ETTBS-B8-CD diluted with
any of the three polysiloxanes showed MIOTs
determined with B-pinene (1) equal to or below the
assumed value (i.e. 40°C). On the other hand,
columns prepared with METBS-8-CD had a MIOT
of 40°C only when PS-086 or OV-1701 were used as
diluting phases.

Columns prepared with ETTBS-y-CD were suc-
cessful only when PS-086 was used as diluting
phase, as the Grob tests reported in Fig. 1 clearly
show. An explanation of why only the intermediate
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Fig. 1. Grob tests of columns prepared with ETTBS-y-CD diluted
in PS-347.5 (a), PS-086 (b) and OV-1701 (c). Temperature
conditions: from 40-200°C at 2°C/min. D: 2,3-butanediol, C10:
decane, ol: l-octanol, C12: dodecane, A: 2,6-dimethylaniline, P:
2,6-dimethylphenol, am: dicyclohexylamine, S: 2-ethylhexanoic
acid, E10, E11 and E12: methyl esters of fatty acid C,,, C,, and
C.

polarity diluting phase worked at the assumed MIOT
has not yet been found. The columns prepared with
METBS-y-CD had a MIOT of 40°C only with PS-
086 or OV-1701 as diluting phases. The MIOTSs
determined with [B-pinene (1) for both the 50%
ETTBS-y-CD/PS-347.5 and the 50% ETTBS-y-CD/
OV-1701 combinations were 60°C. In any case, the
separation capacity of the ETTBS-y-CD/PS-347.5
combination is lower than that of the ETTBS-y-CD/
PS-086 combination, up to about 100°C. On the
other hand, those racemates which are separated by
ETTBS-y-CD at temperatures above 95°C [massoja
lactones C,, and C, (13 and 14), - and §-lactones
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C, (6 and 10), d-lactone C,, (11) and compound
(15)] show the highest resolution (R) and separation
factor («) with PS-347.5 as diluting phase: this may
indicate that for this combination, and above this
temperature, the racemate/CD interaction predomi-
nates over the CD/diluting phase interaction, which
agrees with Buda et al. [22].

Table 1 reports R (calculated from peak widths at
half-heights) and « (calculated from adjusted re-
tention times) of those racemates whose separations
with ETTBS-$-CD significantly differed from those
obtainable with METBS-B-CD. Table 2 reports R
and a of those racemates whose separations with
ETTBS-y-CD significantly differed from those ob-
tainable with METBS-y-CD. To make the two sets
of results comparable, GC conditions suitable to
obtain retention factor k values between 10 and 30
were applied. R values <1 are only reported for
comparison.

The separation power of columns prepared with
ETTBS-B-CD is generally higher than with the
corresponding METBS-B-CD: for many of the in-
vestigated racemates, R is twice or three times
higher. Only massoja lactones C,, and C,, (13 and
14), cis-rose oxide (29), carvone (33) and compound
35 were much better separated with METBS-8-CD.
Fig. 2a reports the separation of linalol (18), linalyl
acetate (19) and propanoate (20) with a 30%
ETTBS-B-CD/PS-086 column, and Fig. 3 reports
the separation of cis- and trans-nerolidol (21 and 22)
racemates with a 30% ETTBS-B-CD/PS-347.5 col-
umn.

ETTBS-y-CD columns behave differently. This
CD derivative was competitive with METBS-y-CD
only when PS-086 was used as diluting phase. In this
case too, the ETTBS-y-CD/PS-086 combination
very often gave R twice or three times higher than
the corresponding METBS-y-CD/PS-086 combina-
tion. Fig. 2b reports the separation of linalol (18),
linalyl acetate (19) and propanoate (20) with a 50%
ETTBS-y-CD/PS-086 column, and Fig. 4 reports the
separations of massoja lactones C,, and C,, (13 and
14) with a 50% ETTBS-y-CD/PS-347.5 column.

The results reported in Tables 1 and 2 show that,
in general, lower polarity diluting phases reduce the
optimal separation temperature by between 5 and
15°C. With ETTBS-CDs, lower polarity diluting
phases often give higher « values [15,16]; with

ETTBS-$-CD, the only exceptions are cis-rose oxide
(29) (see below) and compound (35), which, with
PS-086 as diluting phase, unexpectedly show values
significantly lower than they do with either PS-347.5
or OV-1701. Moreover, the analysis temperatures
which produce the best separations with METBS-
CDs and ETTBS-CDs with the same diluting phase
are equal or very close to each other. The better
ETTBS-CD racemate separations might therefore be
due to this CD’s better enantioselectivity.

Although a ‘general® CD has not yet been found,
ETTBS-CDs have shown themselves to be very
effective as GC chiral selectors, affording the sepa-
ration of several racemates with different skeletons
and functionality. In particular, these derivatives
have been successful in separating several racemates
simultaneously which, hitherto, had never been
separated together on a single column in a single run,
e.g. ETTBS-B-CD for borneol (24), bornyl acetate
(25), isoborneol (26), isobornyl isobutanoate (27)
and camphor (28).

The behaviour of some of the investigated race-
mates with the CDs in question should be noted.
cis-Rose oxide (29) racemate was well separated
with METBS- and ETTBS-8- and -y-CDs diluted in
the different polysiloxanes adopted here, with the
exception of the ETTBS-B-CD/PS-086 combination,
where the separation unexpectedly fell. This might
be explained by a predominant CD/diluting phase
interaction vs. the racemate/CD interaction, in agree-
ment with Buda et al. [22].

The separation of the racemates of 8-lactones C,,
and C,, (11 and 12) and massoja lactones C,, and
C,, (13 and 14) with the four CDs investigated is of
interest in order to throw light on how their sepa-
ration can vary because of the additional double
bond in position 3—4 of the lactone ring. ETTBS-3-
CD did not separate massoja lactone racemates,
while the corresponding J-lactones were almost
base-line separated with PS-347.5 as diluting phase.
METBS-B-CD separated both the couples of lactone
racemates almost at the base-line with comparable R
and a. ETTBS-y-CD gave the highest R and « for
massoja lactones, while the corresponding &-lactones
were baseline separated. METBS-y-CD separated
the massoja lactones almost at the baseline; the
o-lactones separation was very poor.

Interesting behaviour was also shown by linalol
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Table 1
Resolutions (R) and separation factors («) of some racemates obtained with the five columns prepared with 8-CDs
No.  Compound Formula Temp.  Column
0 METBS- 8- METBS-3- ETTBS-B- ETTBS-8- ETTBS-8-
CD/PS-086 CD/0V-1701 CD/PS-347.5 CD/PS-086 CD/OV-1701
R a R @ R a R a R a
1 B-Pinene @ 40 374 1.091 400 1112 494 1.158  3.68 1.096 394 1.118
2 y-Pentalactone o, 60 802 1135 830 1.128 1272 1.552
017/ 65 15.05 1.510 13.59 1.362
3 y-Hexalactone 70 655 1.103 431 108 1055 1.299
0, 75 10.33 1.271
017/\ 80 8.86 1.183
4 y-Heptalactone 80 928 1134 879 1140 1323 1308
aLo. 85 1373 1255
U/\/ 90 8.77 1.172
[P
S yOcalctone L) 10 615 1094 581 108 710 L8 992 1166 608 1092
6 y-Nonalactone 100 8.78 1200 1017 1.184
0, 105 528 1.091 532 1.100
O 110 501 1079
7 8-Hexalactone ij/ 75 NR 1000 NR  1.000
80 1.47 1.029 182 1032 112 1.022
8 5-Heptalactone 80 440 1.091
&[";’/\ 85 280 1.046 390 1.068
90 2.96 1.056
95 385  1.042
o,
9 é-Octalactone Tij/\/ 100 205 1035 172 1038 254 1.076 3.0l 1.065 214 1.041
10 8-Nonalactone 100 142 1025 131 1.019
ﬂt‘j/\/\ 105 183 1.028 NR 1.000
110 257 1.023
11 8-Decalactone °~':°J/\/\/ 110 1.18 1.024  1.03 1.016
125 109 1048 098 1015 NR 1.000
12 8-Dodecalactone 125 1.33 1.022
k[j/\/\/\/ 135 136 1017 091 1012
140 111 1.016 NR 1.000
13 Massoja 105 NR 1.000
decalactone °~©/\/\/ 110 NR 1.000 NR 1.000
125 127 1015 122 1016
14 Massoja 125 NR 1.000
dodecalactone 130 NR 1.000
‘\0/\/\/\/ 145 NR 1.000
150 125 1014 095 1016
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Table 1 (Continued)

167

No.  Compound Formula Temp.  Column
() METBS- 8- METBS- 8- ETTBS-8- ETTBS-8- ETTBS-8-
CD/PS-086 CD/0V-1701 CD/PS-347.5 CD/PS-086 CD/OV-1701
R a R a R a R a R a
OH
15 2-(4-Methyl 110 NR 1.000  NR 1.000 113  1.018
phenyl)-6-methy! 120 NR 1.000
heptan-2-ol NR 1.000
16 Ethyl 2- 80 362 1060 338 1.052
phenylbutanoate 85 239 1.043
o~ 90 1.09 1.018
© 100 023 1009
17 Ethyl B-hydroxy 70 210 1065 1.59 1.034 039 1.021
hexanoate oH 75
/\/k/?\o/\ 80 275 1045 242 1.045
OH
18 Linalol 65 3.89 1.062 397 1071 841 1.178
| 70 9.47 1152
75 641 1.132
o,
>4
19 Linalyl acetate ] 70 NR 1.000 138 1018 486 1.088 502 1.082
75 4.10 1.065
o,
5
20 Linalyl 80 1.39 1022 1.51 1.021 0.33 1.011
propanoate 90 NR 1.000 NR 1.000
21 cis-Nerolidol 10 518 1064 463 1.064 258 1.040
115
120 231 1033 289 1037
OH
22 trans-Nerolidol | 110 4.16 1075 530 1075 325 1.046
115
120 342 1.041 395 1051
23 Citronellyl ° 80 2.11 1.041
acetate o7 85 225 1036 195 1.033
90 NR 1000  NR 1.000
24 Borneol 65 616  1.107
70 442 1.070
®--‘°” 75 369 1065
90 5.16 1.081 654 1105
25 Bornyl acetate 70 213 1.026 1.38 1.022
N 75 120 1019
° 80 NR 1000 NR 1000
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No.  Compound Formula Temp.  Column
0 METBS-8- METBS-8- ETTBS-8- ETTBS-g- ETTBS-8-
CD/PS-086 CD/0V-1701 CD/PS-347.5 CD/PS-086 CD/OV-1701
R a R a R o R 1% R a
26 [soborneol 65 6.52 1.101
on 70 5.95 1.070
@’ 75 4.36 1.067
90 2.70 1.043 346 1.066
27 Isobornyl @/@\'A\ 85 143 1.021
Isobutanoate °© 90 1.17 1.015 1.67 1.023 1.19 1.018 0.83 1.023
E@"’
28 Camphor 70 372 1.052 222 1.034 433 1.075 4.31 1.064 2.30 1.032
29 cis-Rose oxide O 60 164 1042 NR 1000 137 1037
o 70 4.25 1.073 5.50 1.082
~
30 trans-Rose oxide d: 60 1.10 1.019 197 1.033 136 1.023
I 70 NR 1000 082 1013
3 Menthone o 65 3.27 1.057 243 1.039 3.01 1.050
80 1.76 1.023 1.58 1.024
32 Isomenthone o? 65 15.95 1.252 17.27 1.257 11.43 1.231
80 10.19 1.140 11.35 1.157
33 Carvone ?/z 80 0.95 1.015 1.61 1.029 NR 1.000 NR 1.000 NR 1.000
34 5.5.9-Trimethyl 80 4.51 1.065
2-oxa [45] é@o 85 299 1045
spirodeca-5-ene 90 2.02 1030 3.30 1.048 1.68 1.029
35 1 4-Dimethyl-7- 70 3.32 1.049 1.15 1.017
oxabicyclo 75 2.65 1.044
[2,2,1] heptan-2- 80) 3.51 1.058 4.41 1.062

ol OH

<

For each CD derivative, the best set of R and a values for each racemate, giving priority to «, is given in bold type.

NR=not resolved.
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Table 2
Resolutions (R) and separation factors () of some racemates obtained with the five columns prepared with y-CDs
No.  Compound Formula Temp.  Column
0 METBS-y- METBS-y- ETTBS-y- ETTBS-y- ETTBS-y-
CD/PS-086 CD/0OV-1701 CD/PS-347.5 CD/PS-086 CD/OV-1701
R a R a R a R a R a
I B-Pinenc Eb 40 083 1027 088 1020 NR 1000 096  1.028
60 NR 1.000
2 y-Pentalactone 50 NR 1.000 NR 1000 NR 1.000
o 60 NR 1.000  NR 1.000
T 70
3 y-Hexalactone 55 4.99 1.091
60 0.1 1012 NR 1.000
0. . 65 1.68  1.123
U\ 70 1.30 1.045
4 y-Heptalactone 0.0 70 543  1.286 1226 1212
U/\/ 80 1.86 1.035 2.20 1.027 3.27 1.105
5 y-Octalactone 0.0, 90 474 1165 6.17 1.106
o 100 LIl 1023 100 1016 287 1053
6 y-Nonalactone 95 620 1119 538 1.078
100 1.91 1.042
o0 105 135 1025
W 110 086 1.015
7 8-Hexalactone 60 1.92 1.030
OKOJ/ 70 0.10 1.009 NR 1000 071  1.038
80 NR 1.000
8 6-Heptalactone 75 2.39 1.041  NR 1.000
SN 80 0.80 1.045
U/\ 85 NR 1.000 NR 1.000
9 8-Octalactone Qﬁj\/ 90 1.64 1071 235 1.051
100 205 1035 043 1011 136 1.027
10 6-Nonalactone 95 3.73 1.069
OKOJA/\ 100 323 1044
105 1.28 1019 098 1014 093 1.022
11 8-Decalactone ‘%[‘:’J/\/\/ 110 1.80 1.030
125 040 1012 032 1.009 196 1.026 0.31 1.013
12 8-Dodecalactone O 135 029 1010 1.06 1015 020 1.011
150 NR 1.000 092 1012
3 Massoja 105 6.11 1.104 5.15 1.070
decalactone 110 1.88 1.034
125 122 1021 117 1015
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Table 2 (Continued)

No.  Compound Formula Temp.  Column
0 METBS-y- METBS-y- ETTBS-y- ETTBS-y- ETTBS-y-
CD/PS-086 CD/OV-1701 CD/PS-347.5 CD/PS-086 CD/OV-1701
R o R a R @ R a R a
14 Massoja 125 363 1.054 267 1036
dodecalactone 130 LI5S 1091
‘&C’J/\/\/\/ 135 121 1015
150 0.10 1.007
OH
15 2-(4-Methyl 1o 1.57 1.023
phenyl)-6-methyl 120 NR 1.000  NR 1000 159 1025 NR 1.000
heptan-2-ol
16 Ethyl 2- 80 2.02 1.027
phenylbutanoate 85 111 1035 NR 1.000
o 90 047 1012
°© 95 0.1 1.007
17 Ethyl B-hydroxy 60 2.86 1.057
hexanoate OH o 75 1.01 1.062 0.86 1.036
A 80 205 1031 167 1026
OH
18 Linalol | 60 265 1042
[ 70 050 1.012 042 1010 020 1.030
75 NR 1.000
19 Linalyl acetate T\é/ 70 085 1013 096 1014 236 1.034
75 0.84  1.040
85 NR 1.000
20 Linalyl K 75 244 1.038
propanoate ] 80 1.00  1.051 NR 1.000
90 1.08 1015 117 1015
21 cis-Nerolidol Si\/g 110 012 1001 NR 1.000
120 NR 1.000 NR 1.000 NR 1.000
H
22 trans-Nerolidol 110 NR 1.000 NR 1.000
120 NR 1.000  NR 1.000 NR 1.000
23 Citronellyl 85 NR 1.000
acetate o)g\ 90 NR 1.000 NR 1.000 NR 1.000
100 NR 1.000
24 Borneol 70 154  1.029
80 NR - 1.000
OH
@ 85 NR 1.000
90 NR 1.000 NR 1.000
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No. Compound Formula Temp. Column
0
O METBS - METBS-y- ETTBS-7- ETTBS-y- ETTBS-y-
CD/PS-086 CD/OV-1701 CD/PS-347.5 CD/PS-086 CD/OV-1701
R a R a R a R a R a
25 Bornyl acetate 70 2.34 1.034
@mlo\/ 0
° R0 0.94 1.016 129 1017 NR 1.000 NR 1.000
26 Isoborneol oH 60 1.13 1.006
@/ 70 NR 1.000 NR 1.000
90 0.10 1.009 0.44 1.013
27 Isobornyl @/0\2\ 90 NR 1.000 NR 1.000 NR 1.000 NR 1.000 NR 1.000
isobutanoate ©
dJ"
28 Camphor 70 NR 1.000 NR 1.000 NR 1.000 NR 1.000 NR 1.000
29 cis-Rose oxide O 55 828 1180
e 65 239 1.167
l_ 70 6.25 1.080 7.58 1.093 NR 1.000
30 trans-Rose oxide (5 55 19.59 1.361
-, 65 398 1.331
I 70 243 1.038 246 1.032 NR 1.000
31 Menthone : 60 1128 1206
o 70 3.38 1.080 343 1.223 NR 1.000
80 232 1.046
32 Isomenthone 60 10.92 1.194
[ 70 5.60 1.083 352 1.216 NR 1.000
80 3.68 1.060
33 Carvone ?ﬂ 70 340 1.058
80 1.26 1.021 1.31 1.018 NR 1.000 0.82 1.035
34 5,5,9-Trimethyl- 85 0.10 1.009 297 1.044
2-oxa [45] é@o % 010 1009 038 1054
spirodeca-5-ene 105 NR 1.000
35 1,4-Dimethyl-7- 65 232 1.040
-oxa-bicyclo 75 1.18 1.049
{2,2,1] heptan-2- 80 1.03 1.015 1.24 1.017 NR 1.000

ol

OH

~<-

For each CD derivative, the best set of R and « values for each racemate, giving priority to e, is given in bold type.

NR=not resolved.
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20 30 min

20 30 min

20

- T = 20 30
20 3omin in

Fig. 2. (a) Separation of linalol (18) (70°C), linalyl acetate (19)
(70°C) and propanoate (20) (80°C) racemates; column 30%
ETTBS-B-CD/PS-086, 25 mX0.25 mm LD., d;: 0.15 um; (b)
Separation of linalol (18) (60°C), linalyl acetate (19) (70°C) and
propanoate (20) (75°C) racemates; column 50% ETTBS-y-CD/
PS-086, 25 mXx0.25 um 1.D., d;: 0.15 pm.

(18), linalyl acetate (19) and propanoate racemates
(20) (Fig. 2a and b). With B-CDs, the three race-
mates were much better separated with ETTBS-3-
CD than with METBS-B-CD:; linalol enantiomers

[
l

1 20 min

Fig. 3. Simultaneous separation of cis- and trans-nerolidol (21 and
22) racemates; column 30% ETTBS-B-CD/PS-347.5, 25 mXx0.25
mm LD, d;: 0.15 um; temperature: [10°C (isothermal).

10 20 min

=

Fig. 4. Separations of massoja lactones C,, (13) (a) (105°C
isothermal) and C,, (14) (b) (125°C isothermal); column 50%
ETTBS-y-CD/PS-347.5, 25 mX0.25 mm LD., d,: 0.15 um.

had the highest R and « values in all cases while
linalyl propanoate had the lowest, not being sepa-
rated at all with METBS-B-CD. When y-CDs were
used, the separation of the three racemates in ques-
tion became comparable: again, ETTBS-y-CD gave
better R and « than METBS-y-CD. The different
behaviour of the three racemates in question with
METBS- and ETTBS-8-CDs, on one hand, and with
METBS- and ETTBS-y-CDs, on the other, may be
due to the difference in the dimensions of (- and
v-CD mouth: the dimension of one of the groups
bonded to the chiral centre in the three racemates
may influence the interaction with the small-mouth
[B-CDs and not that with the big-mouth y-CDs. This
observation is in agreement with the separation of
cis- and trans-nerolidols (21 and 22) which have the
same structure as that of linalol at the chiral centre,
but a further C; unit bonded to the carbon atom in
position 9. cis- and trans-nerolidols are very well
separated with both METBS- and ETTBS-B-CDs,
but not at all with either METBS- or ETTBS-y-CDs:
the lack of enantioselectivity of the y-CDs is proba-
bly due to the bigger mouth of y-CDs, which makes
it unable to discriminate between the enantiomers of
either cis- or trans-nerolidols. Moreover, the simi-
larity in the separation parameters of cis- and trans-
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isomers with all four CDs shows that the stereo-
isomery of the C-9 side chain is not involved in the
enantiomer discrimination.

4. Conclusions

The results reported here show that ETTBS-CDs
can successfully replace METBS-CDs, and that, in
general, they show higher GC separation capacity
with the racemates investigated. ETTBS-B-CD can
also be successfully used at low operating tempera-
tures with diluting phases covering a wider range of
polarity than can METBS-B-CD. In contrast,
ETTBS-y-CD can be successfully employed at a
MIOT of 40°C only when combined with a poly-
methylphenylsiloxane diluting phase (PS-086).
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