
Tetrahedron Letters 48 (2007) 6343–6347
Practical and efficient method for amino acid derivatives containing
b-quaternary center: application toward synthesis of hepatitis

C virus NS3 serine protease inhibitors
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Abstract—A practical and efficient route toward synthesis of amino acid derivatives containing b-quaternary center has been devel-
oped using diastereoselective Strecker reaction. The method was employed for preparation of >100 g of b-methylcyclohexyl glycine
derivative, 21. Incorporation of some of the hindered amino acid derivatives at the P3 position resulted in potent HCV NS3 serine
protease inhibitors.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of SCH 503034.
Hepatitis C virus (HCV) infection is a global health cri-
sis leading to liver cirrhosis, hepatocellular carcinoma
and liver failure in humans.1 SCH 503034, a HCV
NS3 serine protease inhibitor, discovered in our labs is
currently undergoing clinical studies in humans.2 The
structure of 503034 is shown in Figure 1. The ketoamide
moiety acts as the electrophile, trapping the active site
serine. X-ray structure of the inhibitor bound to the pro-
tease revealed P1, P2, P3, and P3 cap moieties occupied
the corresponding pockets on the enzyme, which
resulted in the observed potency.

During the course of our studies leading to potent HCV
NS3 serine protease inhibitors, we identified LL-tert-leu-
cine and LL-cyclohexylglycine as suitable P3 residues. In
an effort to further explore the P3 area, we decided to
introduce b-methyl cyclohexyl (or b-methyl cycloalkyl)
glycine, combination of the aforementioned amino acid
derivatives containing b-quaternary center, at that posi-
tion. Hence we turned our attention toward the synthe-
sis of these hindered amino acids.

b-Quaternary centered amino acids are useful class of
nonnatural amino acids that occur as components in
pharmaceuticals and natural products.3 Numerous
methods are available for stereoselective a-amino acid
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synthesis. However, a-amino acids containing b-quater-
nary center are not trivial to synthesize.4 We decided to
employ the Strecker reaction for preparation of these
nonproteinogenic hindered amino acid derivatives. Only
few reports have appeared in the literature detailing use
of Strecker protocol for construction of amino acids
containing b-quaternary center.5 Herein we describe a
practical and efficient method for the diastereoselective
synthesis of b-methylcycloalkyl glycine derivatives. Fur-
thermore, P3 exploration with these nonnatural amino
acids resulted in potent HCV NS3 serine protease
inhibitors.

Aldehyde precursors for the diastereoselective Strecker
reaction were prepared as shown in Scheme 1.
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Scheme 1. Reagents and conditions: (a) (i) MeOH, concd HCl (cat.),
reflux, 16 h; (ii) DIBAL or LAH, CH2Cl2, �78 �C to rt, 16 h; (iii) PCC
or DM periodinane, CH2Cl2, 0 �C to rt, 16 h; (b) (i) LDA or KHMDS,
MeI, THF, 0–10 �C, 2 h; then repeat step (a) (ii) and (iii); (c) repeat
step (a) (iii).

Table 1.

SM Amino nitrile Ratio a:ba Yieldb (%)

a b

1 9a 9b 8:1 85
2 10a 10b 9:1 26
4 11a 11b 7:1 37
3 12a 12b 6:1 32

a Ratio determined from 1H NMR of crude material after Strecker
reaction or after hydrolysis to the amino methylester.

b Yield reported for spectroscopically pure product from correspond-
ing SM.
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Scheme 3. Reagents and conditions: (a) 6 M HCl/MeOH, 0 �C to rt,
16 h, add another portion of 6 M HCl/MeOH reflux, 16 h (43–45%);
(b) H2, 10% Pd/C or Pd(OH)2, Boc2O, EtOAc or MeOH, rt, 16 h (88–
100%); (c) aq 1 M LiOH, THF, MeOH, rt, 4–48 h.
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Commercially available acid 1 was converted to the
corresponding methyl ester that was subsequently
processed to aldehyde 5 via a two-step reduction/oxida-
tion process. Aldehydes 6 and 7 were prepared from the
respective methyl esters 2 and 3 by alkylation followed
by the reduction/oxidation method. Aldehyde 8 was
synthesized by oxidation of the commercial alcohol 4
using PCC.

The aforementioned aldehydes were then subjected to
stereoselective Strecker reaction (Scheme 2). Thus, treat-
ment of various aldehydes with R-2-phenyl glycinol in
anhydrous chloroform at room temperature resulted in
in situ formation of the corresponding imines. Addition
of TMSCN to the cooled solution of the imines followed
by slow warming to room temperature afforded the de-
sired amino nitriles 9–12 with high diastereoselectivity.
The required S-amino nitrile was obtained as the major
product in all cases. Following completion of the reac-
tion, part of the product mixture remained protected
as the TMS–ether. The free alcohol could be easily
regenerated by treatment with aqueous 3 N HCl. The
diastereoselectivity and yield for the Strecker reaction
with various aldehydes are listed in Table 1.6

The mixture of amino nitrile products described above
were hydrolyzed to the respective methyl esters 13–
16a/b using anhydrous HCl/MeOH conditions. It
should be noted that amino esters 13–16a/b were easier
to separate on silica gel column compared to their amino
nitrile counterpart 9–12a/b. Thus, the required major S-
isomers 13–16a was separated and the chiral auxiliary
was removed under hydrogenation conditions, with con-
comitant protection of the liberated amino residue to
give N-t-Boc intermediates 17–20. Hydrolysis of the
methyl ester using LiOH provided the expected N-pro-
tected amino acid derivatives 21–24.
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Scheme 2. Reagents and conditions: (a) R-2-Phenylglycinol (1 equiv),
CHCl3, rt, 2 h. Then add TMSCN (2 equiv), 0 �C to rt, 16 h.
While the above described reaction sequence (Scheme 3)
worked well on a small scale, conversion of the amino
nitrile 9, 10a/b to amino ester 13, 14a/b were generally
low on a larger scale (>20 mmol).7 Careful analysis of
the reaction mixture showed the presence of amino
amide 13, 14c, resulting from partial hydrolysis of nitrile
functionality. It was interesting to note that the amino
amides 13, 14c were isolated (via crystallization or chro-
matography) as single diastereomer with S-stereochem-
istry at the a-center. These amino amides were also
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Scheme 4. Reagents and conditions: (a) Condition (a) as in Scheme 3
(13c—40%, 14c—32%); (b) aq 6 M HCl, reflux, 16 h (91–100%); (c) (i)
H2, 10% Pd/C MeOH, rt, 16 h; (ii) Boc2O, NaOH, dioxane/water, rt,
16 h.
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Scheme 5. Reagents and conditions: (a) (i) 6 M HCl/MeOH, 0 �C to
rt, 3 d; (ii) aq 6 M HCl, reflux, 2 d; (b) H2, 10% Pd/C MeOH, rt, 16 h;
(c) Boc2O, NaOH, dioxane/water, rt, 16 h (53% for three steps).
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progressed further to the required N-protected amino
acid derivatives 21, 22 as shown in Scheme 4.

Although we were able to identify all the products of
amino nitrile hydrolysis and maximize the yield of the
required amino acid derivatives 21 and 22, this method
was not very practical on a large scale. Since we needed
modified cyclohexylglycine derivative 21 in larger quan-
tities, a practical and efficient route to this hindered
amino acid was then investigated. Thus, our optimized
conditions are shown in Scheme 5. After the diastereo-
selective Strecker reaction, the major S-amino nitrile
9a was obtained via silica gel column chromatography.
Amino nitrile 9a was converted to acid 25 in a one-pot
two-step process. Initial treatment with 6 M HCl in
MeOH resulted in a mixture of amino ester and amino
amide. The solvent was then removed and the residue
N
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Scheme 6. Reagents and conditions: (a) 21, HATU (1.3 equiv), DIPEA (3 equ
tert-butylisocyanate (1.3 equiv), DIPEA (2.5 equiv), CH2Cl2, 0 �C, 16 h (55%
DIPEA (3 equiv), CH2Cl2/DMF, �20–0 �C, 2 d; (ii) EDCI (10 equiv), dichl
after four steps, for 35—59% after two steps).
was refluxed with aqueous 6 N HCl when the acid 25
precipitated out (on cooling the reaction mixture). Re-
moval of the chiral auxiliary using catalytic hydrogena-
tion condition followed by protection of the amino
residue resulted in the desired compound 21 as a solid
in 53% yield (for three steps).8

Having obtained the hindered amino acid derivatives,
we then set out to incorporate those at the P3 position
of NS3 serine protease inhibitors. Synthesis of inhibitors
derived from 21 is shown in Scheme 6. Modified proline
derivative 289 was coupled to 21 under standard
coupling conditions (HATU, DIPEA). Basic hydrolysis
resulted in acid 32, which was subsequently coupled with
previously described intermediate 29.2 Oxidation under
modified Moffatt protocol afforded the desired inhibitor
34. Urea capped inhibitor 35 was obtained from 30 as
follows: removal of t-Boc functionality followed by
treatment with t-butylisocyanate provided dipeptide
31. Further processing to inhibitor 35 followed proce-
dures described in Scheme 6. Inhibitors 36–38 described
in Table 2 were also prepared from the corresponding
P3 amino acid derivatives, 22 and 23, in a similar
manner.

Targets 34–38 were then tested for HCV NS3 serine pro-
tease inhibition10 using the continuous spectrophoto-
metric assay described earlier11 and the results are
summarized in Table 2. Cyclization of two of the methyl
groups of LL-tert-leucine (see Fig. 1) to a cyclopropyl ring
resulted in a drastic loss in potency as evidenced by the
K�i value of inhibitors 37 and 38, 700 nm and 280 nm,
respectively. Increasing the ring size resulted in inhibitor
36 containing b-methyl cyclopentylglycine moiety at
P3, with improved potency (K�i = 23 nm) compared to
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iv), CH2Cl2/DMF, �20–0 �C, 16 h; (b) (i) 4 M HCl/dioxane, rt, 3 h; (ii)
); (c) aq 1 M LiOH, THF, MeOH, rt, 4 h; (d) (i) 29, HATU (1.3 equiv),
oroacetic acid (5 equiv), DMSO/toluene, 0 �C to rt, 5 h (for 34—46%
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Compd # X n K�i (nm) EC90
a (nM)

37 O 1 700 nt
38 NH 1 280 nt
36 NH 3 23 500
34 O 4 120 nt
35 NH 4 13 400

a nt = not tested.
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b-methyl cyclopropyl P3 compound 38. Incorporation
of the six-membered ring, b-methyl cyclohexylglycine,
at P3 position afforded inhibitors 34 and 35. While the
tert-butyl carbamate capped inhibitor 34 was less po-
tent, the tert-butyl urea capped compound 35 exhibited
the best binding (K�i = 13 nm) and cellular potency (rep-
licon EC90 = 400 nM).12 Previously, we discovered
interesting synergy between the P3 cap and P3 moiety.2

Thus, for P3 LL-cyclohexylglycine containing inhibitors,
tert-butyl carbamate cap provided better potency. On
the other hand, for P3 LL-tert-leucine containing inhibi-
tors, tert-butyl urea cap was optimal, which resulted in
discovery of SCH 503034. In our present study, from
the potency data (Table 2) it was clear that inhibitors
with b-methyl cycloalklglycine P3 moiety exhibited syn-
ergy similar to those containing tert-leucine P3. Thus,
urea capped targets were more potent than their respec-
tive carbamate capped compounds.

X-ray crystal structure of the inhibitor 35 bound to the
protease is shown in Figure 2. The core interactions of
35 with the protease resembled those of our previous
inhibitors.2 Interestingly, the quaternary methyl group
Figure 2. X-ray structure of 35 bound to the protease.
at P3 was in hydrophobic contact with the enzyme,
while the cyclohexyl residue was solvent exposed.

In summary we have developed a practical and efficient
diastereoselective route toward amino acids containing
b-quaternary center using Strecker chemistry. Some of
the hindered amino acids prepared were evaluated as
P3 surrogates resulting in potent HCV NS3 serine prote-
ase inhibitors. From SAR studies, b-methyl cycloalkyl-
glycine residue containing inhibitors exhibited P3 cap/
P3 synergy similar to earlier P3 tert-leucine containing
inhibitors. Inhibitor 35, with b-methyl cyclohexylglycine
moiety at P3 and urea cap afforded the best binding and
cellular replicon potency, similar to SCH 503034 that is
currently undergoing human clinical studies.
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