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Abstract—Syntheses are described of fatty acid analogs 5 and 6, and cholesterol (2) analogs 7 and 8 containing fluorenone groups,
which are both photoactivable and fluorescent. The potential of the analogs of 2 as biochemical research tools has been demonstrat-
ed by the findings that 7 and 8 can replace 2 in apolipoprotein A-I-induced cellular efflux of 2 and that fluorescence is easily visible at
the surface of smooth muscle cells equilibrated with 8.
� 2006 Elsevier Ltd. All rights reserved.
R

O
O

O
O

CH3(CH2)6

P
O

N
O

O

O

R
O

O

= R = R

4,  R = 

1, 

2,  R =

3,
For use as photoaffinity labels in a collaborative study
of cellular lipid efflux and high density lipoprotein
(HDL) formation, we have recently prepared a number
of benzophenone-containing analogs of phosphatidyl-
choline (1)1 and cholesterol (2).2 The analogs of 1 are
exemplified by 3, with a benzophenone group incorpo-
rated at the end of the C1 fatty acid chain. The choles-
terol analogs include 4, known as FCBP, which can
replace at least 47% of cellular 2 without perturbing nor-
mal cellular function,3 and which has proved to be a
valuable research tool for elucidating the mechanisms
of cholesterol efflux.3,4
HO
O

The widely used benzophenone group offers several dis-
tinct advantages as a photophore,5–7 including its hydro-
phobicity, which makes it especially attractive for
covalent attachment to lipids. On the other hand, the
potential of the structurally closely similar fluorenone
moiety has barely been explored. Two examples of the
use of substituted fluorenones as protein photoaffinity
labeling agents have appeared, citing the conformational
rigidity of the fluorenone group as important.7–9 How-
ever, the fact that fluorenones are fluorescent as well
as photoactivable appears not to have been investigated
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for its possible value in biochemical research. We decid-
ed to incorporate fluorenone groups into analogs of 1
and 2 to determine if such compounds could be used
as fluorescent molecular probes. In this letter, the syn-
theses of fluorenone-containing fatty acid analogs 5
and 6, and cholesterol analogs 7 and 8 are described,
along with preliminary assessment of the potential
biochemical utility of 7 and 8.

Syntheses of 5 and 6 were readily accomplished, as in the
case of their benzophenone-containing counterparts,1 by
use of Suzuki coupling reactions (Scheme 1). In the case
of 5, commercially available 2-bromofluorenone (9) was
coupled10,11 with methyl 10-undecenoate (10), which
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Scheme 2. Reagents and conditions: (a) NaH, THF, 16 (for 18) or 12 (for 19), DMSO, THF, reflux, 17 h; (b) TsOH, dioxane, H2O, 80 �C, 5 h.

Figure 1. The dilution of [3H]cholesterol ([3H]-2) radioactivity in

fibroblast monolayers by 2 or FC analogs 7 and 8. The dilution ratio is

the reduction in [3H]-2 efflux to the cellular medium when fibroblast

monolayers were equilibrated (48 h, 37 �C) with 10 lCi [3H]-2 plus

unlabeled 2 or analog equal to the total sterol content of cells and

medium (10% plasma v/v) compared with cells labeled with the same

level of tracer [3H]-2 only. Complete equilibration between sterol pools

is indicated by a dilution ratio comparable to that produced by the

added unlabeled 2, designed to be approximately 50%. Values shown

represent means ± 1 SD of three independent experiments, each

including triplicate dishes of fibroblasts incubated as described in

Ref. 2.
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Scheme 1. Reagents and conditions: (a) Tf2O, 2,6,di-tert-butyl-4-methylpyridine, CH2Cl2, �78 �C, 1 h, 0 �C, 1.5 h; (b) 9-BBN, THF, 0 �C, 2 h, rt,

3 h; (c) 9, Cs2CO3, AsPh3, Pd(dppf)Cl2, THF, DMF, H2O, 85 �C, overnight; (d) 13, K3PO4, Pd(dppf)Cl2, THF, overnight at reflux; (e) KOH, 95%

EtOH, rt, 4 h, 10% HCl.
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had been subjected to hydroboration with 9-BBN, to af-
ford ester 11 in 54% yield.12 Saponification of 11 then
gave 80% of pure 5.13 For reasons that remain unclear,
we had difficulty reproducing a literature synthesis14 of
3-bromofluorenone, so it was decided instead to prepare
3-hydroxyfluorenone (12) and use its triflate derivative
13 for the Suzuki coupling.15 3-Methoxyfluorenone
was prepared by the procedure of Kym et al.16 in an im-
proved 70% overall yield. Ether cleavage of 12 was then
effected with HBr/CH3COOH17 in 95% yield, as com-
pared to the 37% yield obtained with BF3ÆSMe2.16 After
conversion of 12 to triflate 13 in 90% yield,18 Suzuki
coupling with the 9-BBN15 adduct from 10 gave 42%
of ester 14,19 which was quantitatively saponified to
6.13 Synthesis of isomeric ester 11 was also performed
in 47% yield by this route from triflate 15, formed in
98% yield from commercially available 2-hydroxyfluore-
none (16).18

The fluorenone-containing cholesterol analogs 7 and 8
were readily prepared from the i-steroid C22 iodide
1720 which we had used previously for the synthesis of
several cholesterol derivatives with modified side chains
(Scheme 2).21,22 Alkylation of the anions of hydroxyflu-
orenones 16 and 12 with 17 by the procedure of Heath-
cock et al.23 gave fluorenylated i-steroids 18 and 19 in
69% and 53% yield, respectively.24 Acidic hydrolysis then
converted 18 to 7 (74% yield) and 19 to 8 (77% yield).25

The yellow fluorenone-containing analogs 7 and 8 were
evaluated as cholesterol (2) surrogates first by examining
their ability to replace 2 in the efflux of 2 induced by
apolipoprotein A-I, the major protein of HDL. An as-
say to measure such efflux was recently developed in hu-
man skin fibroblasts and vascular smooth muscle cells
(SMC)2,3 for use with several benzophenone-containing
analogs of 2 that were found successfully to replace 2 in
this complex pathway of multiple cell-surface and intra-
cellular steps.2 When this assay, described briefly in the
legend for Figure 1, was applied to 7 and 8, these com-
pounds also decreased efflux of [3H]-2 to an extent com-
parable to that of 2 itself, establishing that 7 and 8 may
be useful research tools in biochemical experiments.



Figure 2. Human aortic smooth muscle cells (SMC) were cultured in 10% bovine fetal serum (BFS) as previously described in Ref. 3. A solution of 8

in DMSO (1 mg/mL) was incorporated into BFS to a concentration (30 lg/mL) equivalent to 50% of BFS-cholesterol. After incubation with the cells

for 24 h at 37 �C, the medium was removed. The cells were washed and visualized with a Nikon Eclipse TS/100-F microscope, with Fifc filter. The

images shown (magnification 60·) are: top, SMC by phase contrast microscopy; and, bottom, fluorescence emission microscopy of the same cells.
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The potential utility of the fluorescence of these ana-
logs was also demonstrated. Compounds 5–8 all
exhibit intense green fluorescence in the 500–550 nm
range.26 Preliminary assessment of these compounds
as biochemical fluorophores was conducted by incu-
bation of 8 with SMC.3 As shown in Figure 2, after
8 was equilibrated into SMC, highly visible fluores-
cence was concentrated at the cell surface, particu-
larly at the leading edge of pseudopodia, in a
pattern similar to that observed by immunofluores-
cence for caveolin,3 a key protein involved in choles-
terol efflux.
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