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A novel cholaphane, containing both an aliphatic and an aromatic
spacer, has been prepared from ethylene glycol diester of 3a-hy-
droxy-5f-cholan-24-oic acid (lithocholic acid) by cyclization (Ya-
maguchi method) with terephthalic acid.

During recent years common bile acids (3a-hydroxy-58-
cholan-24-oic acids) and their derivatives have been used
as versatile structural components in molecular engineer-
ing of steroidal macrocycles such as cholaphanes and
cyclocholates! > as well as potential drug-shuttles for
liver specific targeting.®” Recently, we have reported syn-
thetic procedures and NMR spectroscopic characteriza-
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tion of several monomeric bile acid derivatives®? as well
as cyclic bile acid macrolactones (macrolides)!® 1! and
their molecular recognition properties towards aromatic
guest molecules such as anisole.!! Regarding the biomi-
metic/molecular recognition properties of these macro-
cycles the size, shape and nature (lipophilicity vs. hydro-
philicity) of the molecular cavities are of predominant
importance.! ~>*12 One way to influence these critical prop-
erties is to vary the spacers between the steroidal build-
ing blocks. In this work we wish to report synthetic and
analytic (*>*CNMR and mass spectroscopic) details for
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a novel steroidal macrocycle containing both a flexible
aliphatic spacer derived from ethylene glycol and an aro-
matic spacer, terephthalic acid, in its structure. The whole
synthetic route leading to the desired macrocycle 7 is
described in the Scheme.

Our first attempts to use unprotected lithocholic acid (1)
by sulfuric acid-catalyzed esterification suffered partly
from a head-to-tail dimerization and dehydration of bile
acid itself. Therefore, in an improved procedure litho-
cholic acid (1) was treated first with trifluoroacetic acid
anhydride leading quantitatively to 3a-trifluoroacetoxy-
5B-cholan-24-oic acid (2).! Further, refluxing 2 with
SOCI, gave 3a-trifluoroacetoxy-55-cholan-24-oyl chlori-
de (3) in ~ 100 % yield. The reaction of 3 with ethylene
glycol yielded a mixture of 3a-trifluoroacetoxy-5p8-cho-
lan-24-oic acid mono- (4) and diester (5) of ethylene gly-
col. After optimization of the reaction conditions the
amount of diester 5 can be increased up to 40%. The
diester 5 was purified by column chromatography (silica
gel, acetone/CHCI;, 10:90 as eluent). Hydrolysis of 5
with aqueous NaHCO, in THF /methanol mixture yield-
ed the lithocholic acid diester 6 of ethylene glycol in 70 %
yield. A Yamaguchi reaction'* of 6 with terephthalic acid
using 2,6-dichlorobenzoyl chloride (DCBC) and 4-(N,N-
dimethyl)aminopyridine (DMAP) as cyclization reagents
afforded the desired macrocycle 7 in 11 % yield.

The formed steroidal macrocycle 7 possessing two differ-
ent spacers shows: 1) three structural units characterized
with clearly different conformational properties, ii) sev-
eral active sites (two sets of carboxylic groups with dif-
ferent spatial distances, an aromatic n-system and two
rigid steroid skeletons) for molecular recognition.
According to molecular modeling based on Allinger’s
MM2 force field calculations!® the cavity dimensions of
7 are 10 x 14 A.

Varying the steroidal building blocks, i.e. starting the
synthesis from other common bile acids (e. g. deoxycholic,
chenodeoxycholic and cholic acids) or their deriva-
tives® "' and using other related spacers (isomers or ho-
mologues) this synthetic route can be modified by struc-
tural tailoring for other related host molecules.

In conclusion, we have demonstrated the use of simple
building blocks in preparing a novel steroidal macrocycle
(cholaphane) characterized by several active sites, struc-
tural units with different conformational flexibilities as
well as electronic properties.

3a-Hydroxy-5p-cholan-24-oic acid (1), ethylene glycol, and tere-
phthalic acid were purchased from Aldrich Chemical Co. The com-
pounds 2—7 were identified and assigned by their proton BBD
(Broad Band Decoupled) 3C NMR and DEPT-135 (Distortionless
Enhanced Polarization Transfer) spectra (Table 1) and by EI mass
spectra (Table 2) and the compounds 6 and 7 by HRMS as well.
The purity and structures of the compounds 2, 3 and 5 has been
checked by elemental analyses and by TLC (silica gel 60 F, 5, Merck)
since their melting points often showed a relatively large range
owing to the tendency of solvent to be encapsulated in their struc-
tures when crystallized.

All 13CNMR spectra were recorded on a Jeol INM GSX-270 FT
NMR spectrometer working at 67.94 MHz. Chemical shifts for
I3CNMR are reported in ppm (5) relative to the central line of
CDCl, (77.07 ppm from internal TMS). EI MS and HRMS were
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Table 1. 1*CNMR Chemical Shifts of Compounds 1-7, §

Compound
Assign-
ment 1? 2 3 4 5 6 7
C-1 356 3482 3472 3475 3460 3556 35.13
2 304 2628 2620 26.23 2612 3047 26.90

3 71.8 79.44 7925 79.40 79.11 71.65 75.68
4 365 31.72 3161 31.65 31.50 3638 3242
5 425 4197 4186 4190 4175 4208 42.01
6 275 2697 2686 2690 26.76 27.18 27.14
7 26.7 2620 26.09 26.13 2597 2640 2637
8 36.1 3583 3574 3576 35.64 3582 3587

9 40.6 40.53 4043 4044 4034 4040 40.55
10 348 34.60 3449 3453 3437 3453 3475
11 211 2091 2082 2086 20.72 2079 2097
12 40.5 40.12 40.01 40.05 39.94 40.16 40.17
13 430 4281 4276 4274 4259 4270 42.86
14 56.7 56.46 5638 5639 5629 5647 56.51
15 244 2420 24.09 2415 24.03 24.19 24.48
16 284 2819 2810 28.47 28.01 28.14 28.26
17 56.5 56.04 55.82 5599 5590 5593 56.11
18 11.8 1209 1197 1202 11.87 1201 1215
19 232 2324 2312 2348 23.00 2334 23.44
20 356 3534 34.91 3533 3516 3529 35.44
21 18.1 18.29 18.16 1827 18.09 1823 18.36
2 312 3112 31.03 31.14 30.88 31.07 31.23
23 311 30.81 4430 3093 30.76 30.88 31.00
24 174.5 180.66 173.90 174.65 173.54 173.94 174.04
oytc1 - - - 6122 61.85 62.00 62.13
Glyc2 - - - 6591 - - -

TFACO -  157.08 156.85 157.01 156.86 — -

TFA CF, 114.65 114.57 114.58 11444 - -

Tere CO - - — — — - 165.46
Tere C-1/4 — — - - - - 134.61
Tere C-2/3 — - - - - - 129.47

2 In methanol-d,.*?
® Glycol.
¢ Terephthalic acid.

Table 2. Main Mass Spectral Ions of Compounds 2-7

Com-  m/z ([fragment], intensity %)

pound

2 472 ((M]*, 22), 358 ((M-CF,CO,H]", 65), 344 (55), 329
((M-143%1%, 100), 215° (65)

3 490 (IM]*, 29) , 386 (IM-CF,Cl]*, 52), 344 (62), 329 (M-
1617]%, 100), 215° (60)

4 516 (IM]*, 11), 402 (M-CF,CO,H]", 99), 257° (47), 215°
(100)

5 970 (IM]*, < 1), 856 (IM-CF,CO,H]*, 44), 742 ([856-
CF,CO,H]", 7), 499 (100), 344 (49), 257° (68), 215 (56)

6 779 ((IM]*, 1), 761 ([M-H,0]%, 22), 743 (M-2H,0]", 24),
401 (45), 384 (53), 341 (45), 257° (100), 215° (60)

7 909 ((M]*, < 1), 743 (IM-C H,(CO,H),]", 35), 386 (100),

341 (48), 257° (67), 215° (60)

® Fragment resulting from D-ring cleavage via fragmentations at
bonds C,,—C,5 and C,3—C,,.1°

® Fragment resulting from D-ring cleavage and charge retention on
the ABC ring fragment.!”

¢ Cleavage of the side chain.!’
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recorded on a VG Autospec mass spectrometer by using direct inlet
and 70 eV (35 eV for 7) electron impact (EI) ionization. Elemental
analyses were carried out on a CHN 600 Leco apparatus working
at 950°C. The values for carbon deviated more than the accepted
limit, probably due to solvent encapsulation.

3a-Trifluoroacetoxy-5p-cholan-24-oic Acid (2):

To a solution of lithocholic acid (1; 3.00 g, 8.00 mmol) in sodium
dried THF (75 mL) cooled to — 10°C in an ice-salt bath was added
trifluoroacetic acid anhydride (19 mL, 130 mmol) in 15 min.! The
mixture was kept at — 10°C for 1 h and stirred for 2h at r.t. The
mixture was poured into Et,Ofice (120 mL: 30 g). The organic layer
was washed with water (60 mL), with sat. NaHCO, solution until
the water solution gave an alkaline reaction, with brine (60 mL),
dried (MgSO,) and evaporated to dryness; yield: 3.76 g (~ 100 %),
mp 163-166°C (CHCl,) (Tables 1 and 2).

C,6H3oF,0, cale. C 66.08 H 832
(472.6) found 6771 841

3a-Trifluoroacetoxy-5p-cholan-24-oyl Chloride (3):

A mixture of 2 (2.16 g, 4.60 mmol) and distilled SOCI, (15 mL) was
refluxed for 15 min and the excess of SOCI, was evaporated under
vacuo. The crude product was dissolved in CCl, (50 mL) and evap-
orated to dryness under vacuum; yield: 2.25g (~ 100%), mp
98-101°C (CHCI,) (Tables 1 and 2).

C,6H44CIF,0, cale. C63.60 H 7.80
(491.0) found 6521  8.27

3a-Trifluoroacetoxy-5p-cholan-24-oic Acid Ethylene Glycol Mono-
ester (4):

To a suspension of 2 (2.27 g, 4.80 mmol) in CHCl; (30 mL) were
added ethylene glycol (15 mL) and conc. H,SO, (0.5mL) and the
mixture was refluxed for 140 h. To the lower layer of the mixture
CHCI; (10 mL) was added and the organic phase was washed with
sat. NaHCO; (3x10mL) and water (1 x10mL), and dried
(MgSO,). Monoester 4 was purified by column chromatography
(silica gel, acetone/CHCI, 10:90); yield: 1.21 g (49 %). The mp of
4 was not possible to determine accurately because all attempts to
recrystallize 4 from CHCI; (and other solvents) gave viscous mix-
tures of 4 and the solvent. The purity of 4 was ascertained by TLC
(silica gel 60 F,s, Merck, acetone/CHCl,, 5:95) and 3*CNMR
spectrum of the recrystallized 4, which did not show any impurity
signals except for CHCI, (Tables 1 and 2). All attempts to obtain
5 from 4 failed.

3a-Trifluoroacetoxy-5p-cholan-24-oic Acid Ethylene Glycol Diester
5):

To a solution of 3(5.19 g, 11.0 mmol) in CCl, (25 mL) were added
ethylene glycol (4.0 mL, 72 mmol) and pyridine (1.0 mL, 12 mmol).
The mixture was refluxed at 85°C for 48 h. To the lower layer of
the mixture was added CHCl; (10 mL) and the CHCl, layer was
washed with sat. aq NaHCO, (3 x 10 mL), with water (1 x 10 mL)
and dried (MgSO,). The crude product 5 was purified by column
chromatography (silica gel, acetone/CHCl;, 10:90); yield: 2.22 g
(40%), mp 70-80°C (CHCl,). As in the case of 4, the solvent very
strongly tends to be encapsulated in the structure of 5 explaining
the large melting interval. The purity of 5 was ascertained by TLC
(silica gel 60 F,5, Merck, acetone/CHCl,, 5:95) and '*CNMR
spectrum of the recrystallized 5, which did not show any impurity
signals except for CHCI, (Tables 1 and 2).

Cs HgoFsOy cale. C66.78 H 8.30
(971.2) found 69.81 8.37

3a-Hydroxy-58-cholan-24-oic Acid Ethylene Glycol Diester (6):

To a solution of 5 (2.22 g, 2.29 mmol) in THF/MeOH (1:1, 90 mL)
was added sat. aqg NaHCO; (22 mL) under stirring. After 1 h an
additional portion of NaHCO, solution (4 mL) was added and the
mixture was stirred for 2 h. Then the mixture was poured into a
mixture of Et,0/H,SO, (160 mL:80mL, 0.6 M). The Et,O layer
was washed with water (2 x 40 mL), dried (MgSO,) and evaporated
under vacuum. The crude product was purified by column chro-
matography (silica gel, acetone/CHCl;, 10: 90); yield: 1.20 g (70 %),
mp 90-100°C (CHC],). As in the cases of 4 and 5, the solvent very
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strongly tends to be encapsulated in the structure of 6 explaining
the large melting interval. The purity of 6 was ascertained by TLC
(silica gel 60 F,5, Merck, acetone/CHCl,, 5:95) and '3CNMR
spectrum of recrystallized 6, which did not show any impurity signals
except for CHCl,. The structure of 6 was ascertained by HRMS
which showed the [M] *-ion (int. %): 778.6080 (100) (calc. 778.6111)
and the isotopicions (int. %): 779.6096 (55), 780.6086 (42), 781.6001
(17) (Tables 1 and 2).

Terephthalate of 3¢-Hydroxy-5f-cholan-24-oic Acid Ethylene Glycol
Diester, Cholaphane (7):

To a suspension of 6 (1.20 g, 1.52 mmol) and terephthalic acid
(0.25 g, 1.52 mmol) in sodium dried toluene (150 mL) was added
DMAP (1.50 g, 4.0 equiv) and the mixture was heated to 100°C in
an oil bath. After that DCBC (0.70 g, 1.1 equiv) was added and
the mixture was kept at 100°C for 40 h.'# After the reaction period
the solvent was evaporated under vacuum. The crude product was
dissolved in CHCI, (75 mL) and extracted with aqg HCI (2 x 60 mL,
2 M) and sat. ag NaHCOj; solution (2 x 60 mL) to remove DCBC
and DMAP. Finally, the mixture was washed with water (60 mL),
dried (MgSO,) and evaporated to dryness under vacuum. The cho-
laphane 7 was separated by sequential column chromatography:
1) silica gel, EtOAc/CH,Cl, (12:88), and ii) silica gel, EtOAc/
CH,CIl, (4:96); yield: 150 mg (11 %), mp 143—145°C. The purity
of 7 was ascertained by TLC (silica gel 60 F,5, Merck, EtOAc/
CH,Cl,, 4:96) and *3*C NMR spectrum of purified 7. The structure
of 7 was ascertained by HRMS which showed the [M'*-ion (int.
%): 908.6143 (100) (calc. 908.6166) and the isotopic ions (int. %):
909.6136 (57), 910.6086 (45), 911.6398 (11) (Tables 1 and 2).
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