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PERFLUOROALKENYL ETHERS OF BILE ALCOHOLS
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SUMMARY

tris-perfluoroalkenyloxy~substituted bile alcohols with an unsubstituted
hydroxyl group in the hydrocarbon side chain. The first route involves
selective protection of the 24~hydroxyl group of 30,70,12¢,24-cholan-
tetrol followed by the attachment of 3a,70,120-hydroxyl groups to the
perfluorocalkenyloxy linkages and removal of the protecting group. The
second pathway is based on the synthesis of the tris-perfluorcalkenyloxy
derivative of 3a,7q,120-trihydroxy-chol-22-ene (or bis-perfluorocalkenyl-
oxy derivative of 3@,120-dihydroxy-7-deoxy-chol-22-ene), followed by the

hydroboration of the double bond.

INTRODUCTION

reviously
reaction of sterols with perfluorcalkenes. The mono-perfluorcalkenyl
ethers thus obtained are not satisfactory as co-emulsifying agents for
the fluorocarbon-based blood substitutes [2]. It was apparent that it

would be necessary to synthesize steroids substituted by two or more
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perfluorcalkenyl ether linkages on the alpha-side of the molecule if we
were to obtain the surfactant properties we desired. We expected that
two or three perfluoroalkenyloxy substituents on the alpha-side of the
steroid would give sufficient fluorocarbon solubility to form stable
emulsions in water [3]. Previously, we concentrated on using perfluoro-
alkyl-substituted steroids and bile acid derivatives as co-emulsifying
agents to reduce the interfacial tension between the fluorocarbon (05-
carrier in synthetic blood) and the conventionally used emulsifying
agents (Pluronic F-68 or phospholipids) [1,3,4]. It occurred to us that
by modifying the hydrocarbon side chain of the perfluorocalkyl-
substituted steroid (for example, connecting the side chain to a water-
soluble group, e.g., a sugar) we would have compounds that would
themselves be emulsifying agents for fluorocarbens in water. In this
paper we present the synthesis of bis~ and tris-perfluorcalkenyl ethers
of bile alcohols and their conversion to derivatives capable of bonding

to water-soluble molecules such as sugars or a polyoxyethylene fragment.

RESULTS AND DISCUSSION

The most practical way to attach a perfluorocalkenyloxy-substituted
bile acid to a sugar molecule is by an ether or an ester linkage. This
requires a perfluoroalkyl-substituted bile acid substituted by a
hydroxyl or a carboxylic acid group in the hydrocarbon side chain.
Retrosynthetic analysis of la indicated three possible pathways, as
outlined in Scheme 1.

Retrosynthetic path-A seemed the best approach to us. Readily
available cholic acid (3) or its methyl ester 4 can be converted to the

tris-perfluoroalkenyl ether 5, which, in turn, can be attached to a
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sugar molecule via an ester linkage to give lb or reduced to an alcohol
(2a) and then attached to the sugar molecule via an ether linkage to
give la. Our dinitial synthetic work was with our standard model
fluoroalkene, trifluorochloroethylene, and cholic acid (3). Deprotona-
tion of cholic acid (3) with potassium hydride followed by the reaction
of the potassium salt with trifluorochloroethylene gave 6§ in 4.8% yield
(Scheme 2). This unsatisfactory result prompted us to use n-butyl
lithium as a base. However, with n-butyl lithium a complex mixture of
products was obtained. Similarly, unsatisfactory results were obtained

with methyl cholate (4).
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These unsatisfactory results and our earlier experimental work
with perfluoroalkenes and sterols [1] suggested that in order to obtain
a satisfactory conversion of the bile alcohol to the corresponding
perfluoroalkenyl ether, we would have to employ n-butyl lithium as a
base, which in turn demands a substrate devoid of base labile functional
groups. Our experimental work is outlined in Scheme 3 and is derived
from path-B of the retrosynthesis of Scheme 1. Cholic acid (3) was

reduced with BH3'THF complex in THF to give 5B-cholan-3a, 7a, 12a-tetrol

in 89% yield [5]. The primary alcohol function of 5B-cholan-3a, 70, 120~



tetrol was then selectively protected with tert-butyldiphenylchloro-
silane to give bile alcohol 2 in 92% yield [6]. Deprotonation of the
unsubstituted hydroxyl groups of 9 with n-butyl lithium followed by the
reaction of the trilithium salt with perfluoro-l-heptene gave a mixture
of tris-perfluoroheptenyl ether 10 and bis-perfluoroheptenyl ethers 11
and 12 in a quantitative yield. The mixture was separated by chroma-
tography to give 10 in 60% yield. An additional 10% of 10 was obtained
by the subsequent reaction of bis-perfluoroheptenyl ethers 11 and 12

with perfluoro-l-heptene.
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Scheme 3

The position and the stereochemistry of the double bond in the
perflucroalkenyloxy side chain of 10 was determined by 19¢ NMR spectro-
scopy. The signals at 8104.6 to 109.4 and §186.6 to 189.4 were ident-
ified as 'F' cis to 'R¢' (Fy) and 'F' cis to 'OR' (Fp), respectively.
The large coupling constant (J = 118.4 Hz) of F, with Fy, indicated
trans-stereochemistry of the double bond. The above assignments were

based on the chemical shifts of the related compounds reported in the
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literature [1,7]. The absence of a CEp0 signal in 19¢ NMR ruled out the

possibility of an internal double bond formed by fluoride ion-induced

rearrangement [1,8].

R a

f\c=c/
/ ™~

Fy O-Steroid

Synthesis of the desired compound 2a was achieved by cleaving the tert-
butyldiphenylsilyl ether function of compound 10 with 5% HCl in methanol
or tetra-n-butylammonium fluoride in THF. The use of tetra-n-butyl-
ammonium fluoride gave fluoride ion-induced isomerization of the double
bond in the perfluorcalkenyloxy side chains [7] and formed a complex
mixture of internal alkenes. With 5% HCl no isomerization was observed
and the deprotected product 2a was obtained in 75% yield with complete
retention of stereochemistry.

Use of Scheme 1 retrosynthesis path-C was our final approach to 2.
This approach to 2b and 2¢ is outlined in Scheme 4. We chose 30,7¢,120-~
trihydroxy-chol~-22-ene (l4) as the starting substrate because of the
convenient literature preparation for 14 [9,10). Using the procedure of
Tserng et al. [11], cholic acid (3) was converted to 3q,7Q,120-tri-
formyloxy cholic acid (13) in 89% yield. Oxidative decarboxylation of 13
with lead tetraacetate and copper(II) acetate [11l], followed by alkaline
hydrolysis gave 3a,70,120-trihydroxy-24-nor-58-chol-22-ene (l4) in 56%
yield. The hydroxyl groups of 14 were then deprotonated with n-butyl-
lithium, and the corresponding trilithium salt was reacted with
perfluoro-l-heptene to give a mixture of tris-perfluoroalkenyl ether 15b
and bis-perfluoroalkenyl ethers léb and 1l7b. Separation of this mixture
by column chromatography gave 15b in 56% yield. An additional 10% of 15b

was obtained from the conversion of the bis-perfluorocalkenyl ethers l6h
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and 17b to 15b. The position and the trans-~stereochemistry of the double
bond in the perfluorocalkenyloxy side chain was assigned on the basis of

19 NMR, as discussed previously.

The final step in the synthesis of 2k was the incorporation of the
alcohol function in the hydrocarbon side chain of 15b. Hydroboraticn of
the Cpp-double bond in 15b with the BH3-THF complex in THF, followed by
oxidation of the intermediate alkylborane with alkaline hydrogen
peroxide, afforded the desired product 2b in 65% yield [12]. A small

amount (ca. 6%) of the secondary alcohol 19b was also isolated. Its

presence was indicated by a multiplet corresponding to Cpp-H at 83.96
and a doublet due to the adjacent methyl group (Cp3-Hj) at § 1.12.
Further proof was obtained from the irradiation studies. Irradiation of
the signal at & 3.96 caused the doublet at 8§ 1.12 to collapse to a
singlet. To avoid formation of the secondary alcohol, 19b, we decided to
use a sterically more demanding reagent, 9-borabicylo[3.3.1llnonane (9-
BBN) [13]. As expected, hydroboration of 15b with 9~BBN was highly
selective (less than 0.5% of 19b), and the desired product 2b was
obtained in 86% yield. Similarly, the perfluorononenyl derivative, 2g,

was prepared in an overall yield of 14%.

A similar set of reactions was carried out on 7-deoxycholic acid
(Scheme 4). 7-Deoxycholic acid (20) was converted to 3a,120-dihydroxy-7-
deoxy~24-nor-5B-chol-22-ene (22) by a literature procedure [10,11,14] in
44% yield. The hydroxy groups of 22 were deprotonated with n-butyl
lithium and then reacted with perfluoro-l-heptene to give 23 in 34%
yield. Hydroboration of the C-22 double bond gave the desired product 25
in 49% yield. A small amount (ca. 6%) of secondary alcohol 26 was also

observed but was easily separated by the converting the mixture of



alcohols to the corresponding acetates, and then separating the acetates
by chromatography.

Currently we are testing the ability of 18, 15b, 1lS5c, and 23 to
reduce the interfacial tension between perfluorooctyl bromide and the
emulsifying agent, Pluronic F-68. Our future goal is to connect 2a, 2b,
2¢c, and 25 to a sugar molecule. Because perfluorocalkenyl ethers exhibit
a high stability under basic conditions, we do not expect serious
problems in attaching a sugar group to the above derivatives. We hope
these steroidal sugar derivatives will function as emulsifying agents
for the fluorocarbon/water system and provide a non-ionic, non-toxic

emulsifying agent for the fluorocarbon/water system.

EXPERIMENTAL

Melting points were determined on a Fisher-Johns melting point
apparatus and are uncorrected. The infrared spectra (IR) were obtained
on a Perkin-Elmer Model 1750 Infrared Fourier Transform Spectrometer.
Only principal, sharply defined peaks are reported. The proton-nuclear-
magnetic resonance spectra (18 NMR) were recorded on a Varian EM-390, 90
MHz, NMR Spectrometer, using tetramethylsilane as an internal standard.
The 13C NMR were recorded on Magnachem, Model 200, 200 MHz NMR Fourier
Transform Spectrometer. The 19¢ NMR spectra were obtained on a Jeol JNM-
PS-100, high resolution NMR Spectrometer and the chemical shift is
reported in 8 units, relative to CFCl3 as the standard. Thin layer
chromatography (TLC) was performed on precoated TLC plates (silica gel-
60, F-254, layer thickness 0.2 mm) manufactured by E. Merck and Co. The
elemental analyses were carried out by Galbraith Laboratories Inc.

Tetrahydrofuran (THF) was dried and distilled over sodium/benzophenone.

40:
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Dimethylformamide (DMF), benzene and pyridine were dried and distilled
over calcium hydride. n-Butyl lithium was purchased from Aldrich
Chemical Co., as a 2.60 M solution in hexane. The exact concentration
was determined by titration of n-butyl lithium with diphenylacetic acid
in THF [15]. Perfluoro-l-heptene and perfluoro-l-nonene were prepared
from perflucrooctanoic acid and perfluorodecancic acid, respectively, by
the procedure of Brice et al. [16] as modified by Schectman [18]. The
term 'brine' means a saturated solution of sodium chloride in water.
Glass-ware used was dried in an oven, assembled, and flame-dried under

argon.

A solution of cholic acid (0.44 g, 1.1 mmol) in DMF (10 mL) was
added dropwise to a suspension of potassium hydride (0.20 g, 5.0 mmcl)
in DMF (5 mlL). The mixture was stirred under nitrogen at room
temperature for 1.5 hours and then heated under reflux for 3.5 hours.
The contents were cooled in a dry ice/acetone bath and then treated with
2.5 mL of liquified trifluorochloroethylene. After stirring at -78°C for
5 minutes, the mixture was allowed to warm to a temperature where a
gentle reflux of trifluorochloroethylene was observed. An additional 1.5
mL of trifluorochloroethylene was added and the mixture was allowed to
warm to room temperature. The reaction mixture was diluted with diethyl
ether (30 mL) and contents poured into a flask containing 50 mL of 0.5
M HCl. The organic layer was separated and the agueous layer extracted
with diethyl ether (2 x 25 mL). The combined ethereal layers were washed

with 0.5M HCl (2 x 75 mL), water (2 x 75 mL) and brine (2 x 75 mL), and



dried over MgSO4. Removal of solvent under reduced pressure gave 0.52 g

of an off-white solid consisting of unreacted cholic acid and §&. Product
6 was not isolated, but its amount was calculated from 1§ NMR on the
basis of the area covered by the C3-H and the proton on the
fluorochloromethyl group. In the following spectral data only signals
corresponding to 6 are reported: l1H NMR (CDC13/DMSO) & 6.50-5.96
(triplet of doublets, J = 48.6 Hz, -CF,CHFCl), 4.23 (m, C3-H), 3.86

(s, Cip-H) and 3.73 (s, Cq-H); TLC (80% CHCls/methanol) Ry 0.47; 19F NMR

(CDC13/DMSO) & 84.2 (-OCEpCHFCL) and 153.0 (-OCF,CHECL) .

A solution of 9 (0.825 g, 1.30 mmol) in THF (30 mL) was cooled in
an ice/water bath and treated dropwise with 1.80 mL (4.32 mmol) of
2.40 M n-butyl lithium solution in hexane. After stirring the mixture at
5°C for 15 minutes and at room temperature for 2 hours, the contents
were cooled to 5°C and treated with 0.90 mL (1.6 g, 4.6 mmol) of
perfluoro-l-heptene. The mixture was stirred at this temperature for 20
minutes and at room temperature for 42 hours. The contents were poured
into a flask containing 50 mL of 0.2 M HCl and 50 mL of diethyl ether.
The organic layer was separated and the aqueous layer extracted with two
30-mL portions of diethyl ether. The combined ethereal layers were
washed with brine (3 x 100 mL), dried (MgSO4), and concentrated under
reduced pressure to give 1.98 g of a colorless oil. Chromatography of

this ©0il over silica-gel (100 g, 60-200 mesh silica-gel), using 85%

hexane/CHpCl, as an eluent, gave 1.28 g (60.4%) of 10: TLC (70%

403
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hexane/CH,Cl,) Rp 0.59; IR (thin film) 3075, 3050, 2950, 2850, 1740,
1575, 1120~1300, 1100, 1065, and 950 cm™1; 1H NMR (CDCl3) & 7.46 (m, 4H,
BrH), 7.20 (m, 6H, ArH), 4.63 (m, 1H, Cyp-H), 4.43 (m, 1H, Cy-H), 4.07
(m, 1H, C3-H), 3.53 (t, J = 4.8 Hz, 2H, Cpg-Hp), 1.03 (s, 9H, t-Bu),
0.93 (s, Cy9-H3) and 0.73 (s, Cyg-Hz); 13C NMR (CDClz) & 135.58, 134.17,
129.49, and 127.55 (aromatic carbeons), 84.56 (Cjpp), 82.71 (C3), 80.67
(Cy) and 64.26 (Cpg): 19 NMR (CDCl3) & 80.6 (CE3CFp-, 9F), 104.6-109.4
(=CEOR, 'F' cis to 'Rg', Jap = 118.4 Hz, 3F), 116.6 (CEpCF=, 6F), 123.4-
124.4 (-CFp-, 12F), 126.6 (CF3CEp~ 6F) and 186.6-189.4 (RpCF=, 3F).

Anal. Calcd for CgiHg704F3¢Si: C, 45.14; H, 3.54.

Found: C, 44.88; H, 3.73.

Further elution with 70% CHyCly/hexane provided 0.35 g (21%) of a

mixture consisting mainly of bis-perfluoroheptenyl ethers 1l and 12. In
a manner similar to one described above, treatment of 0.35 g (0.27 mmol)
of a mixture of bis-perfluorcalkenyl ethers (1l and 12) in 8 mL of THF
with 0.28 mL (0.69 mmol) of 2.45 M n-butyl lithium solution in hexane,
followed by the addition of 0.20 mL (0.36 g, 1.0 mmol) of perfluoro-l-
heptene gave, after chromatography (silica gel, using 80% hexane/CH,Cl,
as an eluent), 0.22 g (50%) of 1Q. Based on this, the overall yield of

10 was computed to be 71%.

3070, 120~Tris- (perfluoro-trans-1-heptenyl-l-oxy) -58-cholan~24-ol (2a).

A round-bottomed flask containing a magnetic stirring bar was
charged with 0.67 g (0.35 mmol) of 10, 5 mL of THF, 3 mL of diethyl

ether, 9 mL of methanol and 1.3 mL of conc. HCl. The mixture was stirred



at room temperature for 22 hours, concentrated under reduced pressure,
and the residue partitioned between diethyl ether and water. The layers
were separated and the aqueous layer extracted with diethyl ether (2 x
30 mL) . The combined ethereal layers were washed with water (1 x 75 mL),

5% NaHCO3 (1 x 75 mL), and brine (2 x 75 mL), dried (MgS04), and concen-

trated under reduced pressure. The residue was chromatographed on silica

gel (60-200 mesh), using 98% CH,Cl,/methanol as eluent, to furnish
0.21 g (68%) of 2a as a colorless, viscous oil: TLC (94%
CHpCly/methanol) Rp 0.56; IR (thin film) 3340, 2953, 2874, 1743, 1150-
1310, 1142, 1098 and 1039 cm~l; 1H NMR (CDCl3) 8 4.73 (m, 1H, Cq,-H),
4.52 (m, 1H, Cq-H), 4.15 (m, 1H, C3-H) and 3.54 (t, J = 5.2 Hz, 2H, Cpg-
Hp):; 13C NMR (€DCl3) 8 83.91 (Cyp), 82.31 (C3), 79.77 (C7) and 63.42
(Ca4): 19F NMR (CDCl3) & 80.8 (CF3CFp-, OF), 103.8-107.8 (=CFOR, 3F),
116.4 (-CF,CF=, 6F), 123.4-124.4 (-CF,CFp~, 12F), 126.4 (CF3CFp-, 6F)
and 186.8-189.8 (=CFRg¢, 3F).

Anal. Calcd for C45H39F3904: C, 39.04; H, 2.84; F, 53.51.

Found: C, 39.44; H, 3.03; F, 53.41.

(13b)

A solution of 0.545 g (1.50 mmol) of 14 in 25 mL of THF was cooled
in an ice/water bath and treated with 2.0 mL (4.9 mmol) of 2.45 M
n-butyl lithium solution in hexane over a period of 10 minutes. The
mixture was stirred at room temperature for 2 hours and then treated
dropwise with 1.20 mL (2.16 g, 6.17 mmol) of perfluoro-l-heptene. After
stirring at room temperature for 24 hours, the reaction mixture was

diluted with diethyl ether and slowly poured into a beaker containing

405
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50 mL H0 and 2 mL of 6M HCl. The organic layer was separated and the
aqueous layer extracted with diethyl ether (2 x 50 mL). The combined
ethereal layers were washed with brine (2 x 150 mL), dried (MgSOy),
filtered, and evaporated under reduced pressure to give 1.81 g of a
brownish-red, viscous oil. The o0il was dissolved in dichloromethane,
impregnated on 3 g of 60-200 mesh silicelgel and loaded onto a silica

gel column (125 g, 60-200 mesh). The column was eluted with 85%

hexane/CHpCly. The fractions containing the least polar component were
combined and concentrated under reduced pressure to provide 1,1 g
(56%) of 15b as an opaque, viscous oil: TLC (85% hexane/CHpClp) Ry 0.60;
IR (thin film) 3078, 2955, 2872, 1744, 1641, 1120-1350, 1108, 1066, 957,
and 914 cm~l; lu NMR (CDCl3) 8 5.66 (m, 1H, Cpp-H), 4.97-4.77 (m, 3H,
Co3-Hp and Cip-H), 4.57 (br s, 1H, Cy-H), 4.18 (m, 1H, C3-H), 1.27 (d, J
= 5.7 Hz, Cpp-H3), 0.98 (s, Cyg-H3) and 0.81 (s, Cig-H3); 3Cc NMR
(CDC1l3) & 143.99 (Cpp), 112.54 (Cp3), 84.50 (Cqp), 82.84 (C3) and 80.80
(c7); 19 NMR (CDCl3) 8 81.8 (CE3CFp-, 9F), 103.8-109.0 (=CEOR, 'F' cis
to 'Rg', 3F), 116.6 (-CE,CF=, 6F), 123.4-124.2 (-CEpCEp»-, 12F), 126.6
(CF3CFp-, 6F) and 185.8-188.6 (=CERg, 3F).

Anal. Calcd for Cyg4H35F3903: C, 39.07; H, 2.61; F, 54.78.

Found: C, 39.09; H, 2.66; F, 55.01.

Further elution with 50% hexane/CHyCl,; and CHpCl, gave 0.42 g
(27%) of a mixture consisting mainly of bis-perfluoroheptenyl ethers 16k
and 17b. Treatment of the solution of this mixture (1€b + 1l7bk) in 8 mL
of THF with 0.25 mL (0.61 mmol) of 2.45M n-butyl lithium solution in
hexane, followed by the addition of 0.15 mL (0.27 g, 0.77 mmol) of
perfluoro-l-heptene, afforded after chromatography (60-200 mesh silica
gel, 80% hexane/CHCly as eluent) 0.20 g (36%) of 15b. Based on this,

the overall yield of 15b was 66%.
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The procedure described for 15b was used to prepare 15c in 42%
yield: TLC (85% hexane/CHpCly) Rp 0.45; IR (thin film) 3082, 2964, 2877,

1745, 1642, 1115-1300, 1105, 1053 990 and 916 cm~l; 1 NMR (CDCl3)
85.66 (m, 1H, Cyp-H), 4.97-4.77 (m, 3H, Cp3-Hp + C12-H), 4.57 (m, 1H,
Cy-H), 4.21 (m, 1H, C3-H), 1.06 (d, J = 5.8 Hz, Cyi-H3), 0.98 (s, Cyg-
H3) and 0.81 (s, Cyg-H3); 13C NMR (CDC1§) 5 143.99 (Cpp), 112.54 (Cp3),
84.30 (Cyp), 82.70 (C3) and 80.55 (C7); 19F NMR (cDCl3) & 80.2 (CE3-,
9F), 103.4-109.0 (=CEOR, 3F), 116.8 (-CE,CF=, 6F), 122.2-124.2

(-CEpCEp—, 24F), 126.6 (CF3CEp-, 6F) and 187.6-190.4 (=CE, 3F).

(2b)

{31 Procedure-A (using BH3'THF)

A solution of 0.40 g (0.30 mmol) of 15b in 8 mL of THF was treated

with 1.50 mL (1.50 mmol) of 1M BH3-THF complex in THF. The mixture was
stirred at room temperature for 12 hours, diluted with THF, and poured
into a flask containing 3 mL of Hy0, 1 mL of 3M NaOH, and 1 mL of 30%

HyO0p. After stirring the mixture at room temperature for 30 minutes the
reaction mixture was diluted with diethyl ether and saturated with

potassium carbonate. The layers were separated and the agqueous layer
extracted with diethyl ether (2 x 30 mL). The combined ethereal layers
were washed with brine (2 x 100 mL), dried (MgS0,4), filtered and evapo-
rated under reduced pressure to give 0.46 g of an oily residue.

Chromatography of this residue on silica gel (60-200 mesh), using 97%

CH2C12/methanol as an eluent, afforded 0.030 g (6.20%) of 15b (Rp 0.60,
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85% hexane/CHpCly), 0.028 g (6.80%) of 19b (Rp 0.73, 96% CHpCly/

methanol) and 0.268 g (65.4%) of 2b (Rp 0.54, 96% CHyClp/methanocl). The

product 2b was obtained as a chromatographically pure colorless paste

TLC (96% CHyCly/methanol) Rg 0.73; IR  (KBr) 3343, 2952, 2876,
1744, 1120-1320, 1107, 1065 and 1026 cm~l; 1H NMR (CDCl3) & 4.81 (br s,

1H, C1p-H), 4.58 (m, 1H, Cy-H), 4.23 (m, 1H, C3-H), 3.73 (¢, J = 6.0 Hz,

1.03 (s } and 0.88 (s, Cqyg-Hg); 13C NMR

~Ha
H3);

(CDC13) S 84.55 (C12), 82.55 (C3), 80.60 (C7), and 60.40 (C23),‘ 19F NMR

80.6 8

(CE3CFy-, 9F), 103.8~103.0 (=CEOR, 3F), 116.2 (CE,CF=,

on

{TDC13)
6F), 123.0-124.2 (-CE,CEp-, 12F), 126.2 (CF3CEy~, 6F) and 187.0-190.6

(RgCE=, 3F).

42) Procedure-B (using 9-BBN)

In a manner similar to that described above, a solution of 0.40 g
(0.30 mmol) 15b in 8 mL of THF was reacted with 1.4 mL of 9-BBN solution
in THF at room temperature for 17 hours. Work-up, as indicated above,

vent under reduced pressure gave an

oil.
The 01l was dissolved in dichloromethane, impregnated on 2 g of silica
gel and loaded onto a 60~200 mesh silica gel column. Elution of the
column with CHyClp, 98% CHyCly/methanol and 95% CHpCly/methanol,

followed by the removal of solvent from the appropriate fractions gave

0.36 g (87%) of 2b as a colorless paste. The spectral properties of 2b

were identical with 2b prepared by procedure-A.

Product 2b was isolated as a chromatographically pure oil. No
probliems were encountered in the separation of Zp from the reaction

mixture and thus conversion of 2b to the corresponding acetate was

not required.



(2¢)

The procedure described for 2b (Procedure-A) was used to prepare

2¢ in 68% yield: TLC (95% CHpCl,/methanol) Ry 0.55; IR (thin film) 3333,
2949, 2876, 1743, 1120-1300, 1105 and 1025 cm™l; 1m NMR (CcDC1l3) & 4.72
(s, 1H, Cqp-H), 4.49 (s, 1H, Cy-H), 4.06 (m, 1H, C3-H), 3.63 (t, J = 6.0
Hz, 2H, Cy3-Hp), 0.87 (br s, Cpp-H3 + Cyg-H3) and 0.71 (s, Cig-H3); 13C
NMR (CDCl3) & 84.64 (Cip), 82.99 (C3), 80.65 (Cy) and 60.45 (Cpz): 19F
NMR (CDCl3) & 80.6 (CE3-, 9F), 103.8-109.8 (=CEOR, 3F), 116.6 (~CEpCF=,
6F), 122.2-124.2 (-CE5CE,-, 24F), 126.6 (CF3CEp-, 6F) and 187.0~189.8

(RgCE=, 3F). In order to simplify the separation of 2¢ from the reaction

mixture, the crude product was acetylated* and 2¢ isolated as its
acetate (29). The acetate 29 was obtained as a chromatographically pure

colorless oil: IR (thin film) 2948, 2877, 1742 (br), 1080-1310, and 1055

em™l; lu NMR (CDCl3) § 4.74 (m, 1H, Cyp-H), 4.52 (m, 1K, C;-H), 4.04 (br
t, J = 6.2 Hz, 3H, Cp3-Hp + C3-H), 1.99 (s, 3H, -OCOCH3), 0.92 (br s,
Cig-H3 + Cpp-H3) and 0.75 (s, Cyg-H3z); }3C NMR (CDCl3) 8 171.15 (C=0),
84.50 (C1p), 82.79 (C3), 80.60 (Cy) and 62.54 (Cp3); 19F NMR (CDClz)
3 80.2 (CE3~, 9F), 103.8-109.4 (=CEOR, 3F), 116.6 (-CEpCF=, 6F}, 121.8-
122.6 (-CEpCEp-, 24F), 126.4 (CF3CEp-, 6F) and 180.2-183.4 (RgCE=, 3F).

. : 6.47; H 2.29; F 56.57.
Anal Calcd for 050H3904F51 Cc, 36.47 . ,

Found: C, 37.53; H, 2.76; F, 56.06.

*A solution of 1.0 equivalent alcohol, 2.2 equivalent DMAP, and 1.2
equivalent of triethylamine in dichloromethane, was treated with
2.5 equivalents of acetyl chloride. The mixture was stirred at room
temperature for 12 hours and then worked up in the usual mannner to
give an oil. Flash chromatography of the oil over silica gel gave

the desired product in ca. 80% yield.
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30.120-Bis (perfluoro=trans=l-heptenyl=1l-oxy)-24-nor-5h-chol=-22-ene (23)

In a manner similar to that described for 15b, a solution of 22
(0.441 g, 1.27 mmol) in 15 mL of THF at 5°C was treated with 1.0 mL
(2.45 mmol) of 2.45M n-butyl lithium solution in hexane. The mixture was
stirred at room temperature for 30 minutes, cooled, and treated with
0.55 mL (1.0 g, 2.8 mmol) of perflucro-l-heptene. The resulting mixture
was stirred at room temperature for 24 hours. The work-up (as described
for 15b), followed by chromatography of the residue (1.05 g) over silica
gel, using 85% hexane/dichloromethane as an eluent, gave 0.42 g (343%) of

chromatographically pure 23 as a colorless, viscous oil: TLC (75%

hexane/dichloromethane) Rp 0.74; IR (thin film) 3079, 2952, 2873, 1744,
1641, 1120-1320, 1107, 1066, 990, and 913 em™!; 1 NMR (CDCl3) § 5.53
(m, 1H, Cpp-H), 4.60-4.90 (m, 3H, Cp3-Hp and Cio-H), 4.22 (m, LH,
C3-H),1.00 (d, J = 5.5 Hz, Cpi-H3), 0.92 (s, Cyg-Hy) and 0.78 (s, Cpy-
H3). A broad singlet at 8§ 1.23, due to the hexane trapped in the crystal
lattice, was also observed; 13C NMR (CDClg) & 144.33 (Cpp), 112.30
{Cp3), 85.18 (Cyp) and 83.47 (C3); 19F NMR (CDCl3) & 81.40 (CE3CFp-,
6F), 103.6-107.8 (=CEOR, 'F 'cis to 'Rg¢', 2F), 116.2 (-CE,CF=, 4F),

123.4-124.2 (-CEpCEp~, 8F), 126.6 (CF3CEp-, 4F) and 187.2-188.8 (R¢CE=,

2F) .

Anal. Calcd for C37H340pF24°2CgH15: C, 46.16; H, 4.53; F, 46.30.

Found: C, 45.82; H, 4.11; F, 46.19.

Further elution with 75% hexane/CH»Cly, 50% hexane/CHpCly, and
CHyCly, afforded 0.35 g (40%) of 24 as a colorless viscous syrup: TLC
(50% hexane/CHpClp) Rp 0.62; IR (thin film) 3475,3060, 2930, 2850, 1740,
1635, 1170-1300, 1140, 1100, 1050 and 910 cm™?; 1H NMR (CDCl3) & 5.59

(m, 1H, Cpp~H), 4.69-4.92 (m, 2H, Cp3-H), 4.20 (m, 1H, C3-H), 3.93 (s,



1H, C1p-H), 1.06 (d, J = 5.5 Hz, C21-H3), 0.93 (s, Cy9-H3) and 0.73 (s,
Cyig-H3)/ 19 NMR (CDCl3) & 81.0 (CE3CFp~-, 6F), 103.4-106.4 (=CEOR, 'F'
cis to 'Rg', 2F), 116.2 (-CE,CF=,4F), 122.6- 123.6 (-CE»CEp-, 8F), 126.0

(CF3CEp~, 4F), 187.1-188.7 (=CERg, 2F); 13C NMR (CDCl3) & 144.77 (Cp3),

111.86 (Cp3), 85.13 (C3) and 73.06 (Cyp).

A solution of 0.89 g (0.88 mmol) of 23 in 10 mL of THF was treated

with 2.6 mL (2.6 mmol) of 1M BH3'THF complex in THF. The mixture was

stirred at room temperature for 12 hours, diluted with THF and poured
into a beaker containing 3 mL HyO, 1mL of 3M NaOH, and 1 mL of 30% HyO03.
The resulting mixture was stirred at room temperature for 30 minutes,
diluted with diethyl ether, and saturated with potassium carbonate. The
layers were separated and the aqueous layer extracted with diethyl
ether. The combined ethereal layers were washed with brine, dried

(MgS0,4), filtered, and concentrated under reduced pressure to give a

pale yellow viscous oil. Chromatography of this residue over silica gel,

using CH3Cls, and 95% CHpCljy/methanol as eluents, gave 0.055 g (6.1%) of
26 and 0.440 g (48.9%) of 25. The product 25 had the following charac-
teristics: TLC (94% CHyCly/methancl) Rg 0.71; IR (thin film) 3350, 2950,
2870, 1740, 1120-1350, 1100, 1050 and 950 cm~l; 1H NMR (cDCl3) & 4.74
(s, 1H, C1-H), 4.25 (m, 1H, C3-H), 3.57 (br t, 3H, Cp3-Hp and O-H),
0.92 (br s, 6H, Cjg-H3 and Cpi-H3) and 0.76 (s, 3H, Cyg-H3); +3C NMR
(cpcls) § 85.32 (Cyp), 83.43 (C3) and 60.35 (Cp3); L?F NMR (CDCly)
8 81.4 (CE3CFp-, 6F), 104.2-108.4 (=CEOR, 'F' cis to 'Rg', 2F), 116.6

(CEpCF=, 4F), 123.4-124.2 (-CE2CEp-, 8F), 126.6 (CF3CEp- 4F) and 188.0-
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190.0 (RgCE=, 2F); mass spectra, m/e: 1006 (Mt - Hy,0), 677 Mt -

CHF130), 659 (M¥ - C7F130 - Hy0).
7F13 7F13 2

In order to simplify the separation (and purification) of 25 from
the reaction mixture, the crude product was acetylated* and 25

isolated as its acetate 27. The acetate 27 was obtained as a colorless,

viscous oil: TLC (65% CHpClp/hexane) Rp 0.58; IR (thin film) 2950, 2865,
1730-1745, 1120-1300, 1100, 1050 and 960 cm™}; 1H NMR (CDCl3) & 4.73 (s,
1H, Cyp-H), 4.23 (m, 1H, C3-H), 4.03 (t, J = 4.75 Hz, Cp3-Hp), 2.04 (s,
3H, CH3COp-), 0.92 (s, Cig-H3) and 0.76 (s, Cyg-H3); 13C NMR (CDClj)
8 171.20 (C=0), 85.09 (Cyp), 83.33 (C3) and 62.63 (Cpy); 19F NMR (CbCly)
8 80.6 (CE3CFp-, 3F), 103.8-109.4 (=CEOR, 'F' cis to 'Rg', 2F), 116.6
(-CE,CF=, 4F), 123.2-124.2 (-CE,CEp-, 8F), 126.6 (CF3CEp-, 4F) and
187.0-190.6 (RgCE=, 2F).

Anal. Calcd for C3gH4qoF2604: C, 43.92; H, 3.98; F, 46.31.

Found: C, 44.17; H, 3.92; F, 46.50.
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