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Abstract: A chemo- and regioselective cross-coupling reac-
tion of the functionalized aryl triflate 5 with octylmagnesium
bromide catalyzed by cheap, nontoxic, and environmentally
benign Fe(acac); sets the basis for a practical and scaleable
synthesis of the octylbenzene derivative 6, which serves as
a key building block for the preparation of FTY720 (1). This
2-amino-1,3-propanediol derivative shows highly promising
immunosuppressive properties and is currently in human
clinical phase Il trials.

Modern cross-coupling reactions are a domain of or-
ganopalladium and -nickel chemistry because catalysts
based on these metals show an impressively wide scope
and an excellent compatibility with many functional
groups.t? This exceptional application profile is apparent
from a countless number of successful applications in
academic as well as industrial settings and usually
overcompensates the disadvantages resulting from the
high costs of the palladium precursors, the concerns
about the toxicity of nickel salts, the need for ancillary
ligands, and the extended reaction times that are neces-
sary in many cases.'?

Encouraged by early reports of Kochi et al.,® our group
recently started to explore the potential of iron catalysts
as substitutes for palladium and nickel in certain cases.
Gratifyingly, it was found that simple iron salts such as
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Fe(acac); do not only allow activation of vinyl halides as
originally disclosed®# but also enable cross-coupling reac-
tions of Grignard reagents with electron-deficient aryl
chlorides and tosylates,> 7 aryl triflates,>¢ alkenyl tri-
flates,® carboxylic acid chlorides,®® and propargyl ep-
oxides.1®! The reactions are particularly efficient for
alkylmagnesium halides as the donors, whereas aryl-
magnesium halides are prone to undergo oxidative ho-
modimerization as a parasitic side reaction.>'? Despite
this present limitation, iron-catalyzed cross-couplings are
distinguished by exceptionally fast reaction rates even
at low temperatures and by the fact that they can be
performed under “ligand-free” conditions using cheap,
stable, nontoxic, and environmentally benign iron salts
as substitutes for the expensive and/or physiologically
suspicious noble metal catalysts usually employed. These
advantages are substantiated by the scaleable synthesis
of the potent immunosuppressive agent FTY720 (1)
outlined below.
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FTY720, a simple mimic of the immunomodulating
sphingosine myriocin (2),*4 appears to be unique among
the immunosuppressive agents presently known for its
ability to prevent lymphocytes from attacking trans-
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planted organs without changing the body’'s ability to
respond to other immune challenges.’® Importantly, the
oral availability, efficacy, and safety of FTY720 have been
proven in numerous investigations, especially when
administered in combination with cyclosporine.*®> Due to
these favorable properties, human trials have recently
progressed into phase 111 clinical studies.'®

The published syntheses of FTY720 start from building
blocks as simple as octylbenzene, 4-octylbenzaldehyde,
or 2-(4-octylphenyl)ethanol.*31718 Since compounds of this
type should be readily available by iron-catalyzed cross-
coupling, we explored whether this methodology provides
a practical and scaleable entry into this series of immu-
nomodulating agents! and meets the selectivity issues
associated with the use of highly reactive Grignard
reagents as the nucleophiles.
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Commercial 2-(4-hydroxyphenyl)ethanol 3 was chosen
as the starting material which was selectively protected
as monoacetate 4 in almost quantitative yield on a
multigram scale upon treatment with ethyl acetate in the
presence of immobilized NaHSO,/SiO, as a solid promoter
(Scheme 1).%° Because the phenolic —OH does not par-
ticipate in this step, compound 4 can be directly converted
into triflate 5 under standard conditions. Reaction of this
product with octylmagnesium bromide in the presence
of catalytic amounts of Fe(acac); proceeds smoothly,
delivering the expected cross-coupling product 6a in high
yield on a multigram scale. This reaction shows once
again that the uncatalyzed attack of a Grignard reagent
onto the ester group does not compete with the iron-
catalyzed activation of the C—OTf bond.?* Cleavage of the
acetate followed by reaction of the resulting alcohol 6b
with methanesulfonyl chloride and Lil provided iodide
7. Although the alkylation of this compound with com-
mercial diethyl acetamidomalonate 8 had previously been
described as a key step en route to 1,312 we encountered
difficulties in trying to reproduce the published proce-
dure. In our hands, an almost quantitative elimination
of HI with formation of the corresponding styrene deriva-
tive was observed when compound 7 was exposed to the
sodium salt of 8 in EtOH.?? Gratifyingly though, a simple
switch to DMF as the reaction medium allowed us to
perform the envisaged alkylation in 82% isolated yield.
The resulting product 9 can be converted into FTY720
in three simple steps according to the literature!317.18 and
therefore completes a highly efficient, practical, and
flexible synthesis of this promising drug candidate.

(20) Breton, G. W. J. Org. Chem. 1997, 62, 8952.

(21) Alcohol 6b (ca. 20%) accompanying product 6a originates from
the work up and is not detected in the crude mixture, cf. Experimental
Section.

(22) Similar difficulties are mentioned in ref 17b.
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Experimental Section

General Methods. All reactions were carried out under Ar.
The solvents were purified by distillation over the drying agents
indicated and were transferred under Ar: THF, Et,O, DME
(Mg—anthracene), CH,Cl, (CaH;), MeCN, Et3N, pyridine, NMP,
DMF (CaH3), MeOH (Mg), hexane, and toluene (Na/K). Flash
chromatography: Merck silica gel 60 (230—400 mesh). NMR:
chemical shifts (0) are given in ppm relative to TMS, coupling
constants (J) in Hz. Melting points are uncorrected. All com-
mercially available compounds were used as received.

Acetic Acid 2-(4-Hydroxyphenyl)ethyl Ester (4). A sus-
pension of NaHSO, on silica (4 g)2° and 2-(4-hydroxyphenyl)-
ethanol 3 (11.1 g, 80 mmol) in EtOAc (100 mL) and hexane (200
mL) was refluxed for 22 h. After that reaction time, additional
NaHSO, on silica (1 g) was added and reflux was continued for
4 h. For workup, the solid material was filtered off and carefully
rinsed with Et,O (200 mL), the combined filtrates were evapo-
rated, and the residue was purified by flash chromatography
(hexanes/EtOAc, 10:1 — 4:1) to give acetate 4 as a colorless solid
(14.2 g, 98%).2° Mp = 57—-58 °C. 'H NMR (400 MHz, CDCl3): ¢
7.06 (d, J = 8.6, 2H), 6.77 (d, J = 8.6, 2H), 5.56 (s, OH), 4.24 (t,
J=7.1, 2H), 2.86 (t, J = 7.1, 2H), 2.05 (s, 3H). 13C NMR (100
MHz, CDCl3): 6 171.6, 154.4, 130.0, 129.6, 115.4, 65.3, 34.1, 21.0.
MS m/z (rel intensity): 180 (M*, <1), 120 (100), 107 (68), 91
(12), 77 (18), 65 (4), 51 (4), 43 (38).

Acetic Acid 2-[4-(Trifluoromethanesulfonyloxy)phenyl]-
ethyl Ester (5). A solution of triflic anhydride (26.7 g, 95 mmol)
in CH,Cl, (30 mL) was added over a period of 1 h to a solution
of phenol 4 (14.2 g, 79 mmol) in CH,CI, (150 mL) and pyridine
(30 g) at 0 °C. After the addition was complete, stirring was
continued for 1 h at ambient temperature. For workup, the
reaction was quenched with aq satd NaHCO3, the aqueous layer
was repeatedly extracted with tert-butyl methyl ether, the
combined organic layers were dried over Na,SO,4 and evaporated,
and the residue was dried in vacuo (1072 Torr) to give analyti-
cally pure triflate 5 as a colorless syrup (23.2 g, 94%). 'H NMR
(400 MHz, CDCls): 6 7.30 (d, J =8.7, 2H), 7.22 (d, 3 = 8.7, 2H),
4.28 (t, J = 6.8, 2H), 2.97 (t, J = 6.8, 2H), 2.04 (s, 3H). 13C NMR
(100 MHz, CDCl3): ¢ 170.8, 148.3, 138.5, 130.6, 121.6, 118.7,
64.2, 34.3, 20.8. MS m/z (rel intensity): 252 (41), 119 (100), 107
(9), 91 (21), 69 (13), 51 (4). Anal. Calcd for C;1H11F30sS: C, 42.31;
H, 3.55. Found: C, 42.36; H, 3.46.

Acetic Acid 2-(4-Octylphenyl)ethyl Ester (6a). A solution
of octylmagnesium bromide (0.63 M in THF, 45 mL) was added
over a period of 50 min to a solution of triflate 5 (7.23 g, 23.2
mmol) and Fe(acac)s (818 mg, 2.32 mmol) in THF (150 mL) and
NMP (13.6 mL), causing an immediate color change from red to
dark brown/black and a slight increase of the reaction temper-
ature. After the solution was stirred for 30 min, additional
octylmagnesium bromide (20 mL), Fe(acac); (400 mg, 1.13
mmol), and NMP (4.5 mL) were added, and stirring was
continued for another 30 min. The reaction was then quenched
with aq HCI (1 M), the aqueous phase was repeatedly extracted
with tert-butyl methyl ether, the combined organic layers were
dried (NazSO,) and evaporated, and the residue was purified
by flash chromatography (hexanes/EtOAc, 50:1 — 30:1) to give
product 6a as a colorless syrup (4.08 g, 64%).172 A second fraction
contains 2-(4-octylphenyl)ethanol 6b (1.1 g, 20%) formed as a
byproduct during the workup. Spectroscopic data of compound
6a: 'H NMR (300 MHz, CDCl3): 6 7.11 (s, 4H), 4.26 (t, 3 =7.2,
2H), 2.90 (t, J = 7.6, 2H), 2.60 (t, I = 7.6, 2H), 2.03 (s, 3H), 1.60
(m, 2H), 1.4—1.2 (m, 10H), 0.88 (t, J = 6.7, 3H). 13C NMR (75
MHz, CDCl3): 6170.9,141.1, 134.8,128.7, 128.5, 65.0, 35.5, 34.6,
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31.8, 31.5, 29.4, 29.3, 29.2, 22.6, 20.9, 14.0. MS: m/z (rel
intensity): 216 (100), 159 (2), 145 (2), 130 (4), 117 (99), 105 (9),
91 (7), 57 (4), 43 (21).

2-(4-Octylphenyl)ethanol (6b). A solution of acetate 6a
(11.62 g, 42 mmol) and NaOMe (227 mg, 4.2 mmol) in MeOH
(300 mL) was stirred for 8 h at ambient temperature. The solvent
was evaporated, and the residue was purified by flash chroma-
tography (10:1 — 4:1) to give alcohol 6b as a colorless syrup (9.15
g, 93%).1721H NMR (300 MHz, CDClg): 6 7.12 (s, 4H), 3.83 (t, J
=6.5,2H),2.83 (t,J = 6.6, 2H), 2.57 (t + br s, 3 = 7.6, 2H+OH),
1.59 (m, 2H), 1.4—1.2 (m, 10H), 0.88 (t, J = 6.5, 3H). 13C NMR
(75 MHz, CDCls): ¢ 141.1, 135.4, 128.9, 128.6, 63.7, 38.7, 35.5,
31.9, 31.5, 29.4, 29.3, 29.2, 22.6, 14.1. MS: m/z (rel intensity)
234 (M*, 17), 203 (18), 135 (25), 117 (23), 105 (100), 91 (33), 77
(10), 57 (12).

2-(4-Octylphenyl)-1-iodoethane (7). A solution of meth-
anesulfonyl chloride (2.51 g, 22 mmol) in CHCI, (20 mL) was
added over 10 min to a solution of alcohol 6b (4.10 g, 17.5 mmol)
and Et3N (2.83 g, 28 mmol) in CH,Cl, (80 mL). After being
stirred for 1 h, the reaction was quenched with aq satd NaHCOg3,
the organic phase was dried (Na,SO,4) and evaporated, and the
crude mesylate was dissolved in THF (120 mL). Lil (7.1 g, 53
mmol) was added, and the resulting mixture was stirred for 4 h
at ambient temperature. After evaporation of all volatile com-
ponents, the residue was suspended in hexane and the suspen-
sion was vigorously stirred for 5 min. The solid material was
filtered off through a short pad of silica, the filtrate was
evaporated, and the residue was dried in vacuo (102 Torr) to
give analytically pure iodide 7 as a colorless oil (5.37 g,
89%).172 1H NMR (400 MHz, CDCls): 6 7.14—7.05 (m, 4H), 3.32
(t, J=7.9, 2H), 3.14 (t, I = 7.9), 2H), 2.56 (t, I = 7.7, 2H), 1.59
(m, 2H), 1.38—1.18 (m, 10H), 0.87 (t, J = 6.9, 3H). 13C NMR
(100 MHz, CDCl3): 6 141.6, 137.9, 128.6, 128.1, 40.1, 35.6, 31.9,
31.4, 29.5, 29.4, 29.3, 22.7, 14.1, 5.8. MS: m/z (rel intensity)
344 (M*, 7), 245 (8), 217 (100), 119 (50), 105 (7), 91 (10), 57 (5),
43 (5).

Diethyl 2-Acetamido-2-[2-(4-octylphenyl)ethyllmalonate
(9). Diethyl 2-acetamidomalonate 8 (1.95 g, 9 mmol) was added
in portions to a solution of NaH (215 mg, 9 mmol) in DMF, and
the resulting mixture was stirred for 30 min until the evolu-
tion of H, ceased. lodide 7 (514 mg, 1.5 mmol) was then
introduced, and stirring was continued for 1 h at 50—60 °C (bath
temperature). The reaction was quenched with water, the
aqueous phase was repeatedly extracted with tert-butyl methyl
ether, the combined organic layers were dried (Na;SO,) and
evaporated, and the residue was purified by flash chromato-
graphy (hexanes, then hexanes/EtOAc, 1:1) to give product 9 as
a colorless solid (534 mg, 82%). Mp = 58—59 °C (51-53 °C).17a
H NMR (300 MHz, CDClg): 6 7.10—7.01 (m, 4H), 6.76 (s, 1H),
4.20 (m, 4H), 2.68 (t, J = 8.0, 2H), 2.55 (t, I = 7.7, 2H), 2.45 (t,
J = 8.0, 2H), 1 97 (s, 3H), 1.57 (m, 2H), 1.35—1.20 (m, 10H),
1.24 (t, J =7.2,6H), 0.88 (t, J = 7.0, 3H). 3C NMR: (75 MHz,
CDCls): ¢ 169.0, 168.1, 140.7, 137.6, 128.36, 128.27, 66.4, 62.5,
35.5, 33.3,31.9, 31.6, 29.7, 29.4, 29.3, 29.2, 22.9, 22.6, 14.1, 14.0.
MS: m/z (rel intensity) 433 (M, <1), 388 (2), 318(2), 301 (2),
244 (2), 217 (93), 171 (100), 143 (15), 105 (14), 91 (5), 57 (5), 43
(14).
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