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PREPARATION OF N-1-BUTYLOXYCARBONYL-O®-9-FLUORENYLMETHYL
ESTERS OF ASPARTIC AND GLUTAMIC ACIDS

D. R. Bolin*, C.-T. Wang and A. M. Felix

Peptide Research Dept., Roche Research Center
Hoffmann-La Roche Inc., Nutley, NJ 07110

The recent expansive growth of biotechnology has brought about a renewed interest in
peptides as potential therapeutic agents. Because most small peptides are conformationally
flexible in solution, a substantial research effort is ongoing to develop methods to restrict
conformational mobility while retaining biological activity. One particularly useful
approach is the introduction of large ring structures into natural acyclic peptides. The
construction of covalent linkages (i.e. disulfides or amides) between side chain functional
groups of a biologically important peptide has the potential to enhance biological potency,
receptor selectivity and enzymatic stability.1-3

A number of groups4-6 have reported successful syntheses of cyclic peptides using
modified Merrifield solid phase methodology.” Formation of the peptide backbone amide
bonds as well as intramolecular lactamization was performed while the peptide remained
attached 1o the polymeric support. In more complex peptides, where selectivity between
similar amino acid residues is necessary, a scheme incorporating a triply orthogonal
protection strategy would be desirable. The difference in chemistries between the common
t-butyl, benzyl and 9-fluorenylmethyl (Fm) groups8 appeared to satisfy these
requirements. The weak acid and strong acid labilities of t-butyl and benzyl, respectively,
complement the base lability of the Fm group.9-11

We now report a convenient procedure for the preparation of the side chain Fm esters
of Boc-aspartic and Boc-glutamic acids (1a-d). Initial attempts at esterification of the
side-chain carboxyl of N-Boc-O®-benzyl aspartic acid (Boc-Asp-O®-Bzl) led to only
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limited success. Treatment of a mixture of 2a and 9-fluorenylmethanol12 with
N,N'dicyclohexylcarbodiimide/l-hydroxybenzotriazole (DCC/HOBt) in DMF  or with
carbonyldiimidazole in DMF gave poor yields of 3a.13 However, excellent results were
obtained using a procedure of Tam gt al.14 The commercially available N-Boc-O%-benzyl
esters of L and D aspartic and glutamic acids (23-d) were esterified with DCC and
9-fluorenylmethanol in methylene chloride using 4-dimethylaminopyridine (DMAP) as a

catalyst (Scheme 1).
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The diesters 3a-d were isolated in high yield as crystalline solids. Selective reduction
of the O%-benzyl ester function was accomplished by hydrogenation for 1.5-3.5 hrs in
MeOH or EtOH with 10% Pd/C catalyst to yield the final products (1a-d) as crystalline
solids. Contrary to previous reports,15-17 the Fm esters were essentially stable to

hydrogenation under these conditions. Trace amounts of Boc-diacid contaminants were
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detected by TLC if the reduction was allowed to proceed past the optimum time for
debenzylation, i.e. 6-8 hrs. Compounds 1a-d as isolated were of high optical purity and no
significant amounts of racemization were detected.

The utility of O®-Fm esters of aspartic and glutamic acids in an orthogonal strategy
with Boc-benzyl protection has been demonstrated in several syntheses.18-20 The Fm
esters, in combination with Fmoc protected amine functions, were incorporated into
appropriately designed peptides. Both Fm and Fmoc groups, which remained intact during
treatment with trifluoroacetic acid (which is required at the beginning of each cycle for
deprotection of the Boc group), were removed by brief treatment with 20%
piperidine/DMF. Specific lactam formation was then performed to generate side-chain to

side-chain cyclic peptides.

EXPERIMENTAL SECTION

Melting points were determined on a Thomas-Hoover Unimelt melting point apparatus and
are uncorrected. TH NMR spectra were recorded on either a Varian XL-200 or XL-400
FT-NMR spectrometer, at 200 or 400 MHz, respectively. Thin layer chromatography
(TLC) was performed on precoated TLC plates (silica gel 60, F-254, 0.2 mm thick) from E.
Merck and Co. Optical rotations were obtained on a Perkin-Elmer Model 241 polarimeter at
589 nm. DCC (Fluka), DMAP (Aldrich) and all solvents were used without further
purification. The protected amino acids 2a-d were obtained from Chemical Dynamics Corp.
and fully characterized (NMR, TLC, [a], and MP) before use.

N-t-butyloxycarbonyl-O®-benzyl-OB-9-fluorenylmethyl-L-aspartate (3a).
To a chilled (ice bath) solution of N-f-butyloxycarbonyl-O%-benzyl-L-aspartate (8.31 g,
25.7 mmol) and 9-fluorenylmethanol (4.80 g, 24.5 mmol) in 150 mL CH,Cl, was added
4-(dimethylamino)pyridine (30 mg, 0.24 mmol) with stirring. N,N'-dicyclohexyl-
carbodiimide (5.31 g, 25.7 mmol) was added in portions over 10 minutes and the resulting
mixture was stirred for 1 hr with continued cooling. The precipitated
N,N'-dicyclohexylurea was removed by filtration and the filtrate diluted with 300 mL
CH,Clp.  This solution was extracted with 2 x 40 mL 10% citric acid, 1 x 40 mL
H20, 2 x 40 mL 2.5% NaHCOg, 2 x 40 mL H,0, dried over MgSQ,, filtered, and concentrated

to an oily solid (12.34 g). Recrystallization from methanol/ether/pet. ether (1:3:6)
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yielded 10.11 g (82%) of 32, mp 74-76°C; NMR (CDCl3): 8 1.44 (s, 9H), 2.92 (dd, 1H,
J =17 Hz, § Hz), 3.13 (dd, 1H, J = 17 Hz, 4 Hz), 4.15 (t, 1H, J = 7 Hz), 4.36 (d, 2H,
J = 7 Hz), 4.64 (m, 1H), 512 (s, 2H), 5.46 (br d, 1H, J = 9 Hz), 7.30 (s, 5H),
7.46-7.24 (m, 4H), 7.56 (d, 2H, J = 7 Hz), 7.78 (d, 2H, J = 8 Hz); [a]p: -11.67° (c 1,
methanol).

Anal. Calcd. for C3gH31NOg: C, 71.84; H, 6.23; N, 2.79.

Found: C, 71.67; H, 6.20;N, 2.94.
N-t-butyloxycarbonyl-OB-9-fluorenylmethyl-L-aspartate (1a). A solution
of 5.5 g (10.9 mmol) of 33 in 70 mL methanol was hydrogenated over 300 mg 10% Pd/C
for 1.25 hours at room temperature with an initial pressure of 40 psi. The catalyst was
filtered off and the filtrate was concentrated. The residual oil was dissolved in 200 mL
ether and extracted with 1 x 40 mL 2.5% NaHCOg3, 1 x 40 mL H,0, 1 x 40 mL 2.5%
NaHCOg, and 1 x 40 mL H,O. The aqueous layers were combined and acidified to pH 2 with
10% citric acid. The resultant precipitated mixture was extracted with 4 x 40 mL ether.
The combined ether extracts were dried over MgSQy,, filtered, and concentrated to a white
foam (3.96 g). Recrystallization from methanol/ether yielded 3.56 g (79%) of 1a: mp
141-142°C; NMR (CDClg) & 1.46 (s, 9H), 291 (dd, 1H, J = 17 Hz, 4 Hz), 3.14 (dd,
1H, J = 17 Hz, 4 Hz), 4.22 (t, 1H, J = 7 Hz), 4.42 (m, 2H), 4.64 (m, 1H), 5.47 (d, 1H,
J = 8 Hz), 7.5-7.3 (m, 4H), 7.58 (d, 2H, 8 Hz), 7.78 (d, 2H, J = 8 Hz), 9.52 (br, 1H);
[a]p: +5.529 (c 1, methanol).

Anal. Caled. for Co3HosNOg: C, 67.14; H, 6.12; N, 3.40.

Found: C, 67.02; H, 6.21; N, 3.38.
N-t-butyloxycarbonyl-O%-benzyl-OY-9-fluorenyimethyl-L-glutamate(3b).
N-t-butyloxycarbonyl-O%-benzyl-L-glutamate (3.0 g, 26.6 mmol) and 9-fluorenyl-
methanol (4.98 g, 25.3 mmol) were dissolved in 200 mL CH5Cl,. The stirred solution was
chilled in an ice bath and to it was added 4-(dimethylamino)pyridine (31 mg, 0.25 mmol).
N,N'-dicyclohexylcarbodiimide (5.50 g, 26.6 mmol) was added and the resulting mixture

was stirred with cooling for 4 hours. Precipitated N,N'-dicyclohexylurea was filtered off

70



10: 45 27 January 2011

Downl oaded At:

N—E—BUTYLOXYCARBONYL—Ow—9—FLUORENYLMETHYL ESTERS OF ASPARTIC AND GLUTAMIC ACIDS

and the filtrate was diluted with 250 mL CH,Cls,.  This solution was extracted with
2 x 50 mL 10% citric acid, 2 x 50 mL Hp0, 2 x 50 mL 2.5% NaHCO4, and 2 x 50 mL H50,
dried over MgSO,, filtered, and concentrated to an off white solid (14.62 g).
Recrystallization from methanol/ether/pet. ether (3:4:6) yielded 11.7 g (89.7%) of 3bh:
mp 102-103°C; NMR (CDCl3) 6 1.43 (s, 9H), 1.98 (m, 1H), 2.20 (m, 1H), 2.45 (m,
2H), 4.21 (t, 1H, J = 7 Hz), 4.39 (m, 1H), 4.40 (d, 2H, J = 7 Hz), 5.12 (br m, 1H),
5.18 (s, 2H), 7.36 (s, 5H), 7.46-7.26 (m, 4H), 7.59 (d, 2H, J = 8 Hz), 7.78 (d, 2H,
J = 7 Hz); [a]p: -15.21° (c 1, methanol).

Anal. Caled. for C34H33NOg: C, 72.21; H, 6.45; N, 2.72.

Found: C, 71.99; H, 6.29; N, 2.72.
N-t-butyloxycarbonyl-O7-9-fluorenylmethyl-L-glutamate (1b). 5.0 g
(9.69 mmol) of 3bh was hydrogenated in 300 mL methanol containing 350 mg 10% Pd/C
catalyst for 3.5 hours at room temperature at 40 psi. The methanol was filtered and
concentrated to an oily residue. The residue was redissolved in 150 mL ether and extracted
with 75 mL 5% citric acid. The aqueous layer was back-extracted with 2 x 30 mL ether.
The combined ether layers were dried over MgSQy, filtered, and concentrated to a white
foam (4.2g). Recrystallization from ether/pet. ether yielded 3.75 g (91%) of 1b: mp
130-1319C; NMR (CDClg) & 1.44 (s, 9H), 2.20 (m, 1H), 2.44 (m, 1H), 2.55 (m, 2H),
422 (t, 1H, J = 7 Hz), 4.4 (m, 1H), 4.42 (d, 2H, J = 7 Hz), 5.19 (br d, 1H, J = 8 Hz),
7.5-7.3 (m, 4H), 7.62 (d, 2H, J = 8 Hz), 7.79 (d, 2H, J = 7 HZ); [a]p: + 9.33° (c 1,
EtOAc).

Anal. Caled. for Co4Ho7NOg: C, 67.75; H, 6.40; N, 3.29.

Found: C, 67.72; H, 6.37; N,3.50.
N-t-butyloxycarbonyl-O-benzyl-OB-9-fluorenylmethyl-D-aspartate (3¢).
N-t-butyloxycarbonyl-O%-benzyl-D-aspartate (4.85 g, 15.0 mmol) and 9-
fluorenylmethanol (2.80 g, 14.29 mmol) were dissolved in 92 mL CHyCl,. The stirred
solution was chilled in an ice-bath and to it was added 4-(N,N'-dimethylamino)-pyridine

(17.5 mg, 0.143 mmol).  N,N'-dicyclohexylcarbodiimide (3.10 g, 15.0 mmol) was added
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in portions over 10 minutes and the resulting mixture was stirred for 1 hour with con-
tinued cooling. The precipitated N,N'-dicyclohexylurea was collected and the filtrate diluted
with 182 mL CH5Cl>. This solution was extracted with 2 x 24 mL 10% citric acid, 1 x 24
mL Hy0, 2 x 24 mL 2.5% NaHCOg, 2 x 24 mL H,0O, dried over MgSQy, filtered, and
concentrated to an oily solid. Recrystallization of the oily solid from methanol/ether/pet.
ether (1:2:4) yielded 6.45 g (90.0%) of product with mp 70-73°C; NMR (CDCl3) 6 1.44
(s, 9H), 2.91 (dd, 1H, J = 17 Hz, 6 Hz), 3.13 (dd, 1H, J = 18 Hz, 6 Hz), 415 (1, 1H, J =
8 Hz), 4.36 (d, 2H, J = 8 Hz), 4.64 (m, 1H), 5.13 (s, 2H), 5.46 (br d, 1H, J = 10 Hz),
7.30 (s, 5H), 7.31 (s, 2H), 7.41 (t, 2H), 7.56 (m, 2H), 7.77 (d, 2H, J = 8 Hz); [o]p:
+ 9.71° (c 1, methanol).

Anal. Calcd. for C3gH31NOg; C, 71.84; H, 6.23; N, 2.79.

Found: C, 71.62; H, 6.33; N, 3.05.
N-t-butyloxycarbonyl-OB-9-fluorenylmethyl-D-aspartate (1¢). 4.60 ¢
(9.17 mmol) of 3¢ was hydrogenated in 150 mL methanol containing 300 mg 10% Pd/C
catalyst for 1.5 hours at room temperature using a Vibro-mixer with continuous flow of
hydrogen. The catalyst was filtered off and the filtrate was concentrated. The residual oit
was recrystallized from ether/pet. ether (40:80 mL) to give white crystals 3.14 ¢
(83.3%) of product with mp 137-138°C; NMR (CDClg) 5 1.45 (s, 9H), 2.90 (dd, 1H, J =
16 Hz, 5 Hz), 3.12 (dd, 1H, J = 17 Hz, 4 Hz), 4.20 (t, 1H, J = 7 Hz), 4.41 (m, 2H),
4.61 (m, 1H), 548 (d, J = 7 Hz), 7.4-7.3 (m, 4H), 7.56 (d, 2H, J = 7 Hz), 7.75 (d,
2H, J = 7 Hz), 9.82 (br, 1H); [a]p: -2.76 (c 1, methanol).

Anal. Calcd. for Co3Ho5NOg; C, 67.14; H, 6.12; N, 3.40.

Found: C, 66.74; H, 6.27; N, 3.62.
N-t-butyloxycarbonyl-O%-benzyl-Ov-9-fluorenylmethyl-D-glutamate(3d).
N-t-butyloxycarbonyl-O%-benzyl-D-glutamate (5.44 g, 16.1 mmol} and 9-fluorenyl-
methano! (3.01 g, 15.3 mmol) were dissolved in 100 mL CH,Cl, and chilled in an ice-bath.
4-(N,N'-dimethylamino)-pyridine (19 mg, 0.15 mmol) was added followed by addition of

3.32 g (16.1 mmol) N,N'dicyclohexylcarbodiimide in one portion.  After stirring for 7 hrs
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with cooling, the precipitated urea was filtered off. The filtrate was diluted with 75 mL
CH,Cly, washed with 2 x 25 mL 10% citric acid, 2 x 26 mL H,0, 2 x 25 mL 2.5%
NaHCOg3, 3 x 30 mL H,0, dried over MgSQO,, filtered and concentrated to a white solid.
Recrystallization from methanol/ether/pet. ether (1:5:7) yielded 7.52 g (95.3%) of fine
needles: mp 104.5-105.5; NMR (CDCl3) 6§ 1.42 (s, 9H), 1.95 (m, 1H), 2.20 (m, 1H),
2.45 (m, 2H), 4.19 (t, 1H, J = 7 Hz), 4.36 (d, 2H, J = 7Hz), 4.40 (m, 1H), 5.11 (bd, 1H,
J = 8 Hz), 5.17 (dd, 2H, J = 15 Hz, 10 Hz), 7.35 (s, 5H), 7.38 (m, 4H), 7.56 (d, 2H, J =
7 Hz), 7.75 (d, 2H, J = 8 Hz); [a]lp: + 15.43° (c 1, methanol).
Anal. Calcd. for C3qH33NOg: C, 72.21; H, 6.45; N, 2.72

Found: C, 72.23; H, 6.35; N, 2.82
N-t-butyloxycarbonyl-O7-9-fluoreny!methyl-D-glutamate (1d). 5.0 g (9.69
mmol) of 3d was hydrogenated in 250 mL ethanol containing 350 mg 10% Pd/C for 3 hours at
room temperature with an initial pressure of 40 psi. The catalyst was filtered off and the
filtrate was concentrated to an oil. The residue was taken up in 150 mL ether and washed with
75 mL 5% citric acid. The aqueous layer was back-extracted with 2 x 30 mL ether. The
combined ether layers were dried over MgSQy, filtered, and concentrated to an oily foam.
Recrystallization from CH,Cl, /pet. ether yielded 3.33 g (80.8%) of fine needles of 1d: mp
129.5-130.5°C; NMR (CDClg) 5 1.44 (s, 9H), 2.01 (m, 1H), 2.24 (m, 1H), 2.53 (m,
2H), 4.20 (t, 1H, J = 7 Hz), 4.3 (m, 1H), 4.39 (d, 2H, J = 7 Hz), 5.18 (bd, 1H, J = 9 Hz),
7.31 (dd, 2H, J = 7.5 Hz), 7.39 (dd, 2H, J = 7 Hz, 7 Hz), 7.58 (d, 2H, J = 7.5 Hz), 7.75
(d, 2H, J = 7 Hz); [a)p: -8.19° (c 1, EtOAc).
Anal. Calcd. for Co4Hp7NOg: C, 67.75; H, 6.40; N, 3.29

Found: C, 67.46; H, 6.35; N, 3.40
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