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Abstract

The enantiomeric separation of a set of 30 new chiral furan derivatives has been achieved on native and dgroxyatiaddxtrin stationary
phases using high performance liquid chromatography (HPLC). The hydroxymepydtodextrin (Cyclobond RSP), the 2,3-dimetiBA-
cyclodextrin (Cyclobond DM), and the acetfteyclodextrin (Cyclobond AC) stationary phases are the most effective chiral stationary phases
(CSPs) for the separation of these racemates in the reverse phase mode. No enantioseparations have been observe@eryttiedeativie
chiral stationary phase (Cyclobond | 2000) and only a few separations have been attaine&-aapghthylethyl carbamatg-cyclodextrin
(Cyclobond SN) and 3,5-dimethylphenyl carbam@teyclodextrin (Cyclobond DMP) chiral stationary phases in the reverse phase mode.
The polar organic and the normal phase mode on these CSPs are not effective for separation of these compounds. The characteristics of the
analytes, including steric bulk, hydrogen bonding ability, and geometry, play an important role in the chiral recognition process. The pH affects
the enantioseparation of compounds with ionizable groups and the addition of 0.5% tasthytyl ether to the mobile phase significantly
enhances the separation efficiency for some highly retained compounds.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cloaddition reactions with alkenes, alkynes or allenes, to form
many important compound&8-21]

Furan derivatives are important structure units in a va-  Recently, Yao and Larock have synthesized a series of
riety of natural products and pharmaceuticls3]. Fura- new chiral furans through the cyclization-cross-coupling of
nosesquiterpendd] are metabolites found in many marine 2-(1-alkynyl)-2-alken-1-ones with various nucleophiles us-
invertebrates. Richardianidifis] are isolated from the leaves  ing auric chloride catalysig={g. 1) [22]. Alternatively, one
of the plantCluytia richardianaand the melatonin recep- can employ 4, rather than AuG, to form iodofurang23].
tor agonist drug candidate TAK-376] has a chiral substi-  The stereogenic center adjacent to the furan ring is gener-
tuted furan structure. Furthermore, chiral furan derivatives ated by the attack of nucleophile on the alkene portion of the
are important building blocks in synthetic organic chemistry starting material. The potential of these compounds as drug
[7—11]. Oxidative cleavage of the furan ring under mild con- candidates and/or useful synthetic intermediates is promis-
ditions allows certain furans to be converted to amino acids ing. It is well known that different enantiomers of a chiral
[12-14] Piperidines and aza sugars can be obtained by thecompound show different biological activiti¢®4]. There-
azaAchmatowiczreaction from furan derivativepl5-17] fore, separation and assessment of the properties of these
Furans also can act as dienes, and participate in [4 + 2] cy-new chiral furans are necessary.

Cyclodextrin-based chiral stationary phasésg( 2),
* Corresponding author. Tel.: +1 515 204 1394; fax: +1515 294 0833, dué to their ability to separate enantiomers of many
E-mail addresssec4dwa@iastate.edu (D.W. Armstrong). chiral compoundg[25—-28] and especially neutral chiral
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Ph Ph 2. Experimental
0 0
\\ R, - \ R, 2.1. Materials
SR 0" OR Cyclobond | 2000, DM, AC, RSP, DMP, and SN
; : 5 : 3 CSPs were obtained from Advanced Separation Technolo-

gies (Whippany, NJ, USA). All stationary phases used
consisted of the chiral selector bonded t@rd spher-
furochromene derivative. Structudds a simple multiply-substituted furan. i€l silica gel [27,28] The chiral selectors used are
Ry can be various types of aliphatic or aromatic substituenisca® be the native B-cyclodextrin and its derivatives, which are
an iodine or a hydrogen atom. The carbon marked with an asterisk is the shown in Fig. 2 The dimensions of the columns are
stereogenic center. 250 mmx 4.6 mm. Methanol, acetonitrile, 2-propanol, hep-
tane, and methytert-butyl ether were HPLC grade from
Fisher (Fairlawn, NJ, USA). Triethylamine, and acetic
acid were ACS certified grade from Fisher. Water was
deionized and filtered through active charcoal andparb
filter.

Fig. 1. Structurel is a tetrahydrobenzofuran derivative. Struct@res a

molecules with aromatic unif29-34] are a natural choice
for the separation of these new chiral furan derivatives.
One previous publication has described the separation
of two chiral substituted furans (racemic 1-(2-furylethyl)
prenyl ether and racemanti-3-isopropenyl-12-methyl-13-
oxabicyclo[8.2.1]trideca-1(12), 10-dien-2-ol) using GC with
a heptakis(2,3,6-tf®-methyl)3-cyclodextrin column, and
also by SFC and LC with a carbamoylated cellulose and amy-
lose chiral stationary phasgab]. To our knowledge, no other
systematic or individual enantioseparations of chiral furans ) . .
have been reported. In this work, the enantioselectivity of A solution of AuCk (30.3mg) in agetonotnle (970mg)
native and derivatized cyclodextrin based chiral stationary V&S prepared. To the appropriate 2-(1-alkynyl)-2-
phases for 30 new chiral substituted furans was evaluateda!ken'l'one (0.2mmol) and nucleophile (1.5equiv) in
in different chromatographic modes. The cyclodextrin-based dichloromethane (1ml), was added the above Augd-

CSPs show enantioselectivity for 28 compounds and baselineluuon (20mg, 1 mol%). The mixture was stirred at room

separated 16 of them. The effects of analyte structure and thdemperature for 1h unless otherwise specified. The solvent

composition of the mobile phase on the enantioseparationsWaS removed under vacuum and the residue was purified by

are discussed. flash chromatography on silica gel.

2.2. Preparation of chiral furan derivatives

All chiral furan derivatives were prepared as previously
reported via cyclization of 2-(1-alkynyl)-2-alken-1-ones with
various nucleophiles using auric chloride cataly&2] or
iodine[23]. The general procedure is as below:

2.3. Equipment

(

JH

H
HO™ o),

Chromatographic separations were carried out using a
HP 1050 HPLC system with a UV VWD detector, an

]
« —OCH DM i
(o™ HON~OH 3 dimethylated) auto sampler, and computer controlled Chem-station data
HO™ o Y processing software. The mobile phases were degassed
L oHp — COCH; (‘.L-L:‘Sf-l—:m) by ultra-sonication under vacuum for 10 min. UV detec-
o ﬂ'@%ﬂ%’” ’ tion was carried out at 300nm for most of the com-
() 3 OH pounds, except compouid®, which was detected at 254 nm.
| SP or RSP . .
. . —CH,CHCH;  (hydroxypropyl ether) All separations were carried out at room temperature
R R (~23°C).
//6‘53{7/ ik 0 RN or SN 2.4. Column evaluation
p 7 —CONHCH (naphthylethyl
W * carnamate) .
O The performance of each stationary phase was evalu-
ated in the reverse phase mode using acetonitrile—water
CHj DMP and methanol-water mobile phases. Cyclobond | 2000, AC,

(b)  Silica Gel

Fig. 2. (a) NativeB-cyclodextrin (Cyclobond | 2000). (b) Types of deriva-
tized B-cyclodextrins. An asterisk denotes the chiral center. Taken from

CH;

(3.5-dimethylphenyl
carbamate)

Cyclobond Handbook, 6th edition, 2002 with permission.

RSP, SN, and DMP CSPs were evaluated in the polar or-
ganic mode using acetonitrile and the Cyclobond SN and

DMP CSPs were evaluated in the normal phase mode using
isopropanol-heptane. The flow rate of the mobile phase opti-
mized for resolving the enantiomers of each compound was
1.0 ml/min.
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2.5. Calculations B cnantioresolved
[ baseline separation

The dead timet§) was estimated using the peak result-
ing from the change in refractive index from the injection
solvent on each CSP. The retention factgnfas calculated
using the equatiolk = (t; — to)/to. The enantioselectivity)
was calculated using=Kky/k;. The resolution factols) was
calculated using the equati®ty =2 x (t2 — t;1)/(w1 + w2),
wheret; andty; are the retention times of the second and first
enantiomers, respectively, and andw, are the correspond-
ing base peak widths. The efficiency (hnumber of theoretical
plates N) was calculated usiny = 16(/w)>.

Number of enantiomeric separations

3. Results and discussion RSP AC B e i
Type of Cyclobond CSPs

3.1. Performance of the CSPs _ _ _ _ _
Fig. 3. Summary of the number of baseline and partial separations obtained

. . . . on different CSPs.
All of the 30 substituted chiral furans, including 22

tetrahydrobenzofuran derivatives, four furochromene deriva-

tives, and four simple, multiply-substituted furans have been eral, similar enantioseparations were observed with both
assessed on six different cyclodextrin-based CSPs in theorganic modifiers. Compared to methanol, acetonitrile has
reverse phase mode. The polar organic mode and normalgreater solvent strength in the reverse phase mode and a
phase mode have been utilized with five CSPs (except thehigher affinity for the cyclodextrin cavity; therefore, less re-
Cyclobond DM CSP) and two aromatically derivatized cy- tention and enantioselectivity were found when using ace-
clodextrin CSPs, respectively. The chromatographic data for tonitrile as opposed to methanol at equivalent volume-based
all successful and several unsuccessful separations are givemobile phase compositions.

in Tables 1 and 2Most compounds were eluted at the dead  The effect of the pH of the buffer was also assessed. All 30
volume of the column in the polar organic mode under the compounds were investigated on all of the examined CSPs
weakest solvent condition (100% acetonitrile) for this sepa- with 0.1% TEAA (triethylamine/acetic acid) buffer solution
ration mode and no enantioseparation was observed for thefrom pH 4 to 8. No appreciable difference in selectivity or
compounds that were retained. All analytes were retained inresolution was observed for the neutral compounds. How-
the normal phase mode with a 1:99 isopropanol-heptane mo-ever, a mobile phase pH effect on the enantioseparation of
bile phase, but only one partial diastereomeric separation wascompounds3, 7 and 14, which contain ionizable groups,
observed for compourislon the Cyclobond SN CSP. Forre- was observedTable 3shows the separation data for these
verse phase LC, enantioseparatians (.02) were observed three compounds at different pH values. For example, com-
for 28 compounds and 16 baseline separatiBgs(1.5) were pound7, which has a weakly basic indole group, shows an
achieved. The performance of each CSP in the reverse phasappreciable decrease in retention at pH 4 on the Cyclobond
mode is summarized iRig. 3 and Table 1 Obviously, the DM CSP. At other pHSs, the retention, selectivity, and reso-
most effective CSPs for resolving these chiral substituted fu- lution were similar. For compount4 with a dimethyl ani-
rans are Cyclobond DM, RSP, and AC CSPs. The Cyclobondline group, the reduction in retention at pH 4 was observed
DM CSP was able to separate 19 of the enantiomers with with both the Cyclobond RSP and AC CSPs. The separation
10 baseline separations. Eighteen enantioselective and fivedata at all other pHs from 5 to 8 are quite similar. Com-
baseline separations were observed on the Cyclobond RShared to the separation achieved in a water/methanol mobile
column. The Cyclobond AC column also showed enantiosep- phase, the retention decreased, while the resolution increased,
arations of 11 analytes and baseline separation of five of them.at all pHs. Since the enantioselectivity-¢alue) is similar,

The remaining CSPs, Cyclobond | 2000 and the aromatic the increase in resolution is due to the increase in efficiency.
derivatized Cyclobond SN and DMP CSPs were either in- The greatest effect of pH on retention, selectivity, and res-
effective or showed enantioseparation for only a few of the olution was found for compoun8, which has a carboxylic
examined chiral furans in the reverse phase mode. The sepaacid group Fig. 4). Although good enantioselectivity was

ration data for these CSPs are summarizethinle 2 achieved with a methanol/water mobile phase, the efficiency
was so poor that the resolution was only 0.8. When using
3.2. Effect of mobile phase composition methanol/buffer as the mobile phase, the retention decreased

and sharper peaks with better resolution were achieved. The
For separations in the reverse phase mode, two organicbest separation was attained at pHFsg( 4). With an in-
modifiers, acetonitrile and methanol, were examined. In gen- crease in the pH of the buffer, the analyte is ionized and
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Table 1
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Retention factor of the first peak;(, enantioselectivityd), and enantioresolutioriRg) of all chiral furans on the Cyclobond RSP, DM, and AC CSPs

Number Structure CsP k1 o Rs Mobile phase (v/v)
1 Fh RSP 852 1.05 0.3 CHOH/H,0 =50/50
O\ DM 7.59 CHOH/H,0 =50/50
x/ ! AC 8.38 CH;OH/H,0 =50/50
1
2 Ph RSP 858 1.10 1.2 CHOH/H,0 = 45/55
P\ DM 7.46 1.23 1.9 CHOH/H,0 = 25/75
N ! AC 457 CH;OH/H,0 = 40/60
OH
3 Ph RSP 348 CHOH/H,O = 40/60
P\ DM 2.03 CH;OH/H,0 = 40/60
N AC 8.15 1.30 0.8 CHOH/H,0 = 60/40
OMe
4 P RSP 1038 1.05 0.5 CHOH/H,0 = 45/55
- DM 5.13 1.13 1.2 CHOH/H,0 = 40/60
AC 5.04 1.13 0.8 CHOH/H,0 = 40/60
(8]
P
52 \"“ RSP 889 CHOH/H,0O =50/50
& DM 2.12 CH;OH/H,0 = 40/60
AC 2.55 CH;OH/H,0 =50/50
pess
6 O -Ph RSP 335 CHOH/H,O = 60/40
\ DM 2.72 1.48 2.6 CHOH/H,0 = 40/60
AC 2.79 CH;OH/H,0 =50/50
OMe
7 ”‘ RSP 543 1.17 1.7 CHOH/H,0 = 60/40
9 DM 3.94 1.35 1.6 CHOH/H,0 =50/50
J AC 5.52 CHOH/H,0 =50/50
L/
8 RSP 714 CH;OH/H,0 = 60/40
DM 4.08 1.29 1.9 CHOH/H,O = 40/60
Q) AC 3.69 CH;OH/H,0 =50/50
OMe
9 Ph RSP 431 1.06 0.6 CHOH/H,0 = 60/40
0\ DM 8.75 1.10 0.4 CHOH/H,0 = 40/60
X AC 9.33 CH;OH/H,0 =50/50
O/\//\Ph
10 Ph RSP 224 CHOH/H,0O = 60/40
P DM 2.52 1.32 2.0 CHOH/H,0 = 40/60
X AC 2.57 CHOH/H,0 =50/50
oNF
11 Ph RSP 1279 CHOH/H,0 =50/50
) DM 6.96 1.26 1.0 CHOH/H,0 = 40/60
AC 5.98 CH;OH/H,0 =50/50
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Table 1 Continued)

Number Structure CSP k1 [ Rs Mobile phase (v/v)
12 Ph RSP 476 1.03 0.3 CHOH/H,0 =50/50
A\ DM 157 1.34 1.7 CHOH/H,0 = 40/60
X AC 4.95 1.08 0.8 CHOH/H,0 = 40/60
(0}
13 Ph RSP 277 CHOH/H,0 = 60/40
P DM 4.06 CHOH/H,0 = 40/60
N /@ AC 7.81 1.13 1.4 CHOH/H,0 = 40/60
O [0
14 o RSP 897 1.37 2.9 CHOH/H,0 = 60/40
) DM 6.28 CHsOH/H,0 =50/50
AC 6.94 1.36 2.4 CHOH/H,0 =50/50
N/
|
15 Ph RSP 440 1.03 0.3 CHOH/H,0 =50/50
2 DM 9.57 1.28 1.7 CHOH/H,0 = 40/60
X AC 5.76 CH;OH/H,0 = 40/60
OMe
16 RSP 764 1.13 1.2 CHOH/H,0 = 40/60
DM 1.66 CHOH/H,0 = 40/60
\ AC 3.32 CH;OH/H,0 = 40/60

17 RSP 869 1.11 1.2 CHOH/H,0 =60/40
DM 12.60 1.10 0.6 CHOH/H,0 = 40/60
AC 11.40 1.17 1.6 CHOH/H,0 = 40/60
18 RSP 700 CHOH/H,0 = 60/40
DM 6.95 1.55 3.1 CHOH/H,0 = 40/60
AC 10.83 1.09 0.9 CHOH/H,0 = 40/60
19 RSP 602 1.15 1.5 CHOH/H,0 =60/40
DM 4.50 1.27 1.2 CHOH/H,0 =50/50
AC 9.88 1.31 1.6 CHOH/H,0 = 40/60
20 RSP 400 CHOH/H,0 = 60/40
DM 7.37 1.22 1.0 CHOH/H,0 = 40/60
AC 7.75 CHOH/H,0 = 40/60
21 RSP 313 1.17 1.5 CHOH/H,0 =60/40
DM 4.64 1.34 2.8 CHOH/H,0 = 40/60
AC 5.33 1.23 2.2 CHOH/H,0 = 40/60
22 o RSP 1099 1.09 1.1 CHOH/H,0 = 45/55
N\ DM 4.09 1.28 1.7 CHOH/H,0 = 40/60
1 AC 6.59 CHOH/H,0 = 40/60

OMe
23 Ph RSP 1424 1.12 1.5 CHOH/H,0 = 45/55
A DM 9.57 CHOH/H,O = 35/65
X I AC 6.28 CHOH/H,0 = 40/60
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Table 1 Continued)

Number Structure CSP ki [ Rs Mobile phase (v/v)
24 Ph RSP 752 CHOH/H,0 =50/50
7 [ DM 8.26 1.11 0.6 CHOH/H,0 = 40/60
A AC 5.25 CH;OH/H,0 =50/50
O b OMe
25 Ph RSP 543 1.06 0.6 CHOH/H,0 =50/50
O\ DM 6.99 1.15 1.2 CHOH/H,0 =35/65
N AC 5.59 1.04 0.3 CHOH/H,0 = 40/60
(0} OMe
26 Ph RSP 905 1.11 1.1 CHOH/H,0 =45/55
: DM 3.71 CH;OH/H,0 = 40/60
AC 3.04 CH;OH/H,0 =50/50
O
27 QMe RSP 734 CHOH/H,0 =50/50
: Ph DM 4.83 CH;OH/H,0 = 40/60
7\ AC 5.84 CH;OH/H,0 = 40/60
Ph o Me
28 OMe , RSP 343 CHOH/H,0 =50/50
P DM 2.28 CH;OH/H,0 =50/50
) AC 2.88 CH;OH/H,0 =50/50
29 OMe RSP 424 1.08 0.7 CHOH/H,0 =60/40
Ph DM 3.86 CH;OH/H,0 =50/50
I\ AC 8.97 CH;OH/H,0 =50/50
Phr O \\
Ph
30 OMe RSP 495 1.05 0.6 CHOH/H,0 =50/50
Ph DM 5.78 1.10 0.8 CHOH/H,0 = 40/60
A\ AC 571 1.11 0.7 CHOH/H,0 = 40/60
Ph
O

2 Separation of diastereomers.

more hydrophilic. Thus, both the retention and resolution

decrease.
It has been reported that the addition of a small amount

of methyltert-butyl ether in the mobile phase can improve Taple 2
the peak shape and efficiency for some analytes with high Retention factor of the first peaka), enantioselectivityd), and enantiores-
enantioselectivity, but very poor efficiency, due to stationary olution (Rs) of chiral furans separated on the Cyclobond SN and DMP

phase mass transfer effects (often due to very strong inclu-CSPS

sioninthe cyclodextrin cavityB1]. Inthis work, there appear ~ Compoundno. kg @ Rs Mobile phase (v/v)
to be two such cases. They involve the separations of com-Cyclobond SN CSP

poundsl4andi15on the Cyclobond DM and Cyclobond AC ~ 5° 211 1.26 1.7 CHOH/H,0 = 60/40
CSPs, respectively. These separations afforded broad, asymig i'gg 1'82 8'2 gggw:zg - Zgﬁg
metric peak shapes, but they retained significant peak-to-peak, , 755 107 0.6 CHOM/H,0 = 60/40
separationsig. 5a and c). An appreciable decrease in reten- 21 1.40 1.08 0.6 CHOH/H,0 = 60/40
tion and great_lncrease in _efflmency were observed for both Cyclobond DMP CSP

compounds with the addition of a small amount of methyl s 1254 1.02 03 CHOH/H,0 = 60/40
tert-butyl ether Fig. 5o and d). For compountl4, the effi- 8 3.98 1.06 0.5 CHOH/H,0 =70/30
ciencies (number of theoretical platé§ for peak 1 are 1200 14 14.36 1.03 04 CHOH/H,0 =60/40
and 500 using methytert-butyl ether as an additive versus 17 1036 111 15  CHOH/MH,0=70/30

no additive, respectively. For compoui8 the efficiency of & Separation of diastereomers.
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Table 3
Retention factor of the first peak;(), enantioselectivityd), and enantioresolutioriRg) of compounds, 7, and14 at different pHs of the mobile phase (0.1%
triethylamine with pH adjusted by acetic acid)

pH 4 5 6 7 8

Number CSP ki o Rs ky o Rs kq o Rs kq o Rs ky o Rs

3 AC 1.74 1.14 1.6 2.53 1.15 21 1.04 1.19 1.6 0.26 1.35 11 0.18 1.50 1.1

7 DM 3.16 1.35 2.0 3.73 1.35 21 3.91 1.35 2.0 3.59 1.35 2.1 3.57 1.35 21
RSP 4.14 117 1.6 4.19 1.18 1.8 4.20 1.17 1.8 3.93 117 1.8 4.02 117 1.8

14 RSP 5.95 1.37 3.4 6.92 1.37 35 7.23 1.37 3.7 6.74 1.37 3.7 6.88 1.37 3.6

AC 3.50 1.36 2.4 5.00 1.36 2.7 5.64 1.36 2.8 5.81 1.36 3.1 5.67 1.36 3.0

peak 1 increased from 660 to 3300 with the additive in the Only partial separations of two of these compounds were
mobile phase. Therefore, better efficiency and shorter separaobserved.
tion times were achieved, although the enantioselectivity was
similar. The methytert-butyl ether serves as a competitive 3.3.1. Effect of an iodide group
binding agent for the cyclodextrin cavity, thereby displacing It is well known that halogen substituents have a strong
the analyte more readily and effectively than other mobile affinity for the cyclodextrin cavity. Therefore, an iodide sub-
phase components. stituent in the analyte may play an important role in the enan-
tioseparation. For example, the separations of compounds
3.3. Effects due to the structure of the individual analyte 27 and30 clearly show the effect of an iodide group in the
B-position of the furan ring on the enantioseparation. Com-
The differences in the structures of the compounds greatly pound27 cannot be separated on any Cyclobond column,
affect the enantioseparations of the three groups of analytesbut a partial separation of compouB@was observed on the
listed in Table 1andFig. 1L The chiral tetrahydrobenzofu- Cyclobond AC, RSP, and DM CSPs. A comparison of com-
rans are the easiest to separate. The Cyclobond CSPs showgubund23and25is more interestingiig. 6). The Cyclobond
enantioselectivity for all 22 of these compounds and base- RSP column showed a baseline separation for compa8nd
line separated 15 of them. These same CSPs showed modwhich has an iodide substituent in tReposition of the furan
erate selectivity for the four furochromenes. All four com- ring, while no enantioselectivity was observed on the Cy-
pounds were separated with one providing a baseline sep-clobond DM and AC columns. Compou28, which has no
aration. The four simple, multiply-substituted furans were iodide substituent, could be only partial separated on the Cy-
the most difficult to separate with the Cyclobond CSPs. clobond DM, RSP, and AC CSPs. For compouhdand19,

Ph

0
A
& S —COH
OMe
(b) pH=4 (¢) pH=5
(a) no buffer 8.76 11.29
9 79 y
29.79 3690 9.53 12.54
(d) pH=6 (e)pH=7 (f) pH=8
403 43 4.04
3.76

6.54
Mls

Fig. 4. The pH effect for the enantioseparation of compagind the Cyclobond AC CSP. Mobile phase: (a) £LHH/H,O = 60/40, (b)—(f) were used a mobile
phase of CHOH/buffer =60/40 where the buffer was 0.1% triethylamine with different concentrations of acetic acid to adjust the pH values indicated above.
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Ph
P
X
33.83
OMe
(a)
A A A
ot
Ph
o
\
X 26.20

(c)

A

42.57

34.48

(b)

9.41

11.14

(@

7.81

|

I

9.65

Fig. 5. The effect of 0.5% methyért-butyl ether in the mobile phase for the separation of compoliddsnd15. Chromatograms (a) and (b) were done using

the Cyclobond DM CSP. Chromatograms (c) and (d) were done using the Cyclobond AC CSP. The mobile phase composition in each case was as follows

(a) CHsOH/H,0 =40/60, (b) CHOH/H,O/methyltert-butyl ether = 40/60/0.5, (c) C4#OH/H,0 =50/50, (d) CHOH/H,O/methyltert-butyl ether = 50/50/0.5.
Enantioselectivity: (a) « =1.28, (b)a=1.28, (c)a=1.36, (d)a =1.40. Number of theoretical plates of the first pedk (a) N1 =660, (b)N; =3300, (c)

N1 =500, (d)N; =1200.

Ph 34.32

25.97
29.37

46.17

(d

20.57
21.70

51.32

Fig. 6. The iodide effect on the separation for compowigland25. Chromatograms (a) and (c) were done using the Cyclobond DM CSP. Chromatograms
(b) and (d) were done using the Cyclobond RSP CSP. The mobile phase composition in each chromatogram was as follows: (ax@ti/)3C+H35/65,

(b) CHsOH/H,0 = 45/55, (d) CHOH/H,0 = 50/50.
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the iodide group in compourft® enhanced the enantioselec- have much more bulky substituents attached to the chiral cen-
tivity on the Cyclobond RSP, DM and AC CSPs. However, for ter, could not be resolved on the Cyclobond DM CSP, while
compoundsl8 and 20, the enantioselectivity for compound they can be separated on the Cyclobond AC and SN CSPs,
18 was much better on the Cyclobond DM CSP compared respectively.

to that of compoun@0. Clearly, the presence of a halogen

substituent can either help or hurt an enantiomeric separation3.3.3. Effect of hydrogen bonding groups

depending on its exact location. If the halogen moiety redi-  Hydrogen bonding interactions greatly affect separations
rects inclusion complexation (by offering a more favorable on Cyclobond RSP and AC CSPs. For example, comp8und
complexation site) away from the stereogenic center and/orwhich has a carboxylic acid group (a hydrogen bond donor
its substituents, it can hurt an enantioselective separation.and acceptor), shows satisfactory enantioseparation on the
Conversely, if the presence of a halogen moiety redirects in- Cyclobond AC CSP with the methanol/buffer mobile phase.
clusion complexation in such a way that there is enhancedWhile compoundl5, which has no carboxylic acid group,
interaction with the substituents from the stereogenic center,showed no enantioselectivity on this CSP. Another example

the enantioselective separation can be improved. is the separation of compounti4 and11. The presence of a
tertiary amine group, a much better hydrogen bond acceptor
3.3.2. Steric effects compared to iodine, results in compoubdibeing baseline

Steric repulsion plays an important role in chiral recog- Separated on the Cyclobond RSP and AC columns, while no
nition for the Cyclobond DM CSP. The separations of com- €nantioselectivity was observed for compouiidon these
pounds6 and 15 show that an increase in steric bulk near CSPs. Some other compounds with hydrogen bond donor or
their stereogenic centers improves the separation on the Cy-acceptor groups, such as compoudg, and13, also show
clobond DM CSP. These two compounds have similar struc- acceptable enantioseparation on the Cyclobond RSP or AC
tures. The only difference is that compouh8 has a six-  CSPs.
membered ring fused to the furan moiety, while compoéind
has a seven-membered ring. The bigger ring in compéund 3.3.4. Effect of substituent geometry
produces less retention, but higher enantioselectifity. (7). The separations of two pairs of compouridg 18 and
A similar trend can be found for compount!S, 10, and12. 19, 20 are also interesting. Each pair has similar structures.
With an increase in the size of the substitutent connected toBoth of them have two chiral centers, one of which is the
the chiral center (from a methoxy group, to an allyloxy group transconfiguration and the other is thes configuration. The
to an isopropoxy group), a decrease in retention coupled with two compounds showed different selectivity on different cy-
an enhancement in the enantioresolution was observed. Howclodextrin CSPs. For the first group, compouddsand18,
ever, too large an increase in the steric bulk around the chiralCyclobond RSP and AC CSPs showed better selectivity for
center of the analyte can hinder the separation on the Cy-the analyte with thérans configuration, but the compound
clobond DM CSP. For example, compourid@ands, which with the cis configuration was separated better on the Cy-

clobond DM CSP. For the second group, compoutfland
33.83 20, all three non-aromatic derivatized Cyclobond CSPs pro-
duced better enantioseparations for the compound with the

\ \ 237 trans configuration than the one with thes configuration.

Another interesting example of the effect of geometry is com-
OMe pound21. It can be baseline separated on any non-aromatic
@) derivatized Cyclobond CSPs due to its highly rigid fused tri-
cyclic structure.

Ph

4. Conclusions
O. Ph  12.08

\_J The Cyclobond DM, RSP, and AC CSPs have been shown
1634 to be very effective for the enantioselective separation of
OMe many chiral, substituted furan derivatives in the reverse phase
mode. The nature of the organic modifier has little effect on
(b) the enantioseparation. The pH of the mobile phase only af-
fects the separation of the compounds with ionizable groups.
J | The addition of 0.5% methytert-butyl ether to the mobile

phase enhanced the separation for some compounds, which
Fig. 7. Steric effect on the separation of compoutland6 on Cyclobond had hlgha-values, but very poor efficiencies. The nature of

DM CSP. Mobile phase: C¥OH/H,0 = 40/60. Enantioselectivity: (a) the compounds, including the steric bulk, hydrogen bonding
a=1.28, (b)x=1.48. ability, and geometry, greatly affects the chiral recognition.
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In general, the tetrahydrobenzofurans and furochromenes argi4] M. Kasai, H. Ziffer, J. Org. Chem. 48 (1983) 2346.
better separated than simple substituted furans. The normall5] O. Achmatowicz, P. Bukowski, B. Szechnev, Z. Zwierzchowska, A.

phase and polar organic phase are not as effective as the re-

verse phase mode for the separation of these compounds.
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