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Design, synthesis, and evaluation of tetrahydroquinoline
and pyrrolidine sulfonamide carbamates as c-secretase inhibitors
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Abstract—c-Secretase is a key enzyme involved in the production of b-amyloid peptides which are believed to play a critical role in
the onset and progression of Alzheimer’s disease (AD). As such, inhibition of c-secretase has been an attractive approach to AD
therapy. In this paper, the design, synthesis, and evaluation of tetrahydroquinoline and pyrrolidine sulfonamide carbamates as c
-secretase inhibitors are described.
� 2007 Elsevier Ltd. All rights reserved.
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Alzheimer’s disease (AD) has become the most common
cause of dementia in the elderly, affecting approximately
4.5 million people in the US and 15 million people world-
wide.1a,b AD is a devastating disease characterized by a
progressive loss in memory and cognitive function which
ultimately leads to death. The pathological hallmark of
AD includes extraneuronal amyloid plaques containing
primarily aggregated b-amyloid peptides (Ab) and intra-
cellular neurofibrillary tangles (NFTs).1a,b Although
both amyloid plaques and NFTs are thought to contrib-
ute to neuronal cell death and the symptoms observed in
AD, the formation of amyloid plaques is unique to AD,
whereas NFTs have been found in some other uncom-
mon neurodegenerative diseases.1c Therefore, the pro-
duction and deposition of Ab peptides in the brain are
believed to play a key role in the onset and progression
of AD (the ‘amyloid cascade hypothesis’).1d

Ab peptides are produced via the sequential cleavage of
b-amyloid precursor protein (b-APP) by two proteases:
b- and c-secretases. Inhibition of either b- or c-secreta-
ses has become an attractive approach to the treatment
of AD. c-Secretase is a novel membrane-bound aspartyl
protease composed of presenilin-1/2, nicastrin, Aph-1,
and pen-2, and to date a number of small molecule c-
secretase inhibitors have been reported.2,3 In our search
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for novel c-secretase inhibitors, various cyclic amine sul-
fonamide carbamates (2–6) were designed based on a
screening hit 1 (IC50 = 2.5 lM).3d The SAR of tetrahy-
droquinoline sulfonamide carbamates 2 and piperidine
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sulfonamide carbamates 5 have been recently dis-
closed.3d–f In this paper, the synthesis and SAR of tetra-
hydroquinoline sulfonamide carbamates 3, 4, and
pyrrolidine sulfonamide carbamates 6 are described.
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Scheme 2. Preparation of tetrahydroquinoline sulfonamides 4.

Reagents and conditions: (a) H2, PtO2, MeOH, rt, 6 h, 100%; (b)

LiAlH4, THF, reflux, 4 h, 87%; (c) TMSCl, Et3N, CH2Cl2, 0 �C,

15 min, 93%; (d) 4-chlorobenzenesulfonyl chloride, Et3N,

ClCH2CH2Cl, 70 �C, 16 h, 47%; (e) K2CO3, MeOH, 0 �C, 30 min,

96%; (f) Swern oxidation, 61%; (g) methyl (triphenyl-phosphoranylid-

ene)acetate, THF, rt, 16 h, 100%; (h) DIBAL-H, toluene/hexane, rt,

3 h, 95%; (i) 4-nitrophenyl chloroformate, Et3N, CH2Cl2, rt, 16 h; (j)

R1R2NH, Et3N, CH2Cl2, rt, 6 h, 50–95% (steps i–j).
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The synthesis of carbamates 3 is illustrated in Scheme 1.
Hydrogenation of quinoline-2-acetic acid methyl ester 74

(prepared from quinoline-N-oxide according to the liter-
ature procedure in Ref. 4) using H2/PtO2 followed by
sulfonylation with 4-chlorobenzenesulfonyl chloride
gave sulfonamide 8. Then, reduction of 8 using DI-
BAL-H provided alcohol 9. Finally, conversion of 9 to
4-nitrophenylcarbonate followed by treatment with
various amines yielded target compounds 3.

The preparation of carbamates 4 is shown in Scheme 2.
The synthesis began with hydrogenation of quinaldic
acid 10, followed by LAH reduction, TMS-protection
of the resulting alcohol, sulfonylation, TMS-deprotec-
tion, and Swern oxidation to provide aldehyde 11. Next,
after Wittig coupling of 11 with methyl (triphenylphos-
phoranylidene)acetate, DIBAL-H reduction gave
propanol 12. Finally, conversion of 12 to 4-nitrophenyl-
carbonate followed by reactions with various amines
furnished target compounds 4.

The synthesis of carbamates 6 is illustrated in Scheme 3.
Commercially available (2R,5S)-Boc-5-phenyl-pyrroli-
dine-2-carboxylic acid 13 (SNPE North America LLC)
was treated with HCl to remove Boc, followed by
LAH reduction, TMS-protection of the resulting alco-
hol, and sulfonylation to give pyrrolidine sulfonamide
silylether 14. The TMS protecting group in 14 was then
removed using K2CO3 in MeOH to provide alcohol 15.5

Finally, conversion of alcohol 15 to 4-nitrophenylcar-
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Scheme 1. Preparation of tetrahydroquinoline sulfonamides 3.

Reagents and conditions: (a) H2, PtO2, MeOH, rt, 4 h; (b) 4-

chlorobenzenesulfonyl chloride, Et3N, ClCH2CH2Cl, 70 �C, 16 h,

28% (steps a–b); (c) DIBAL-H, toluene/hexane, rt, 16 h, 60%; (d) 4-

nitrophenyl chloroformate, Et3N, CH2Cl2, rt, 16 h; (e) R1R2NH, Et3N,

CH2Cl2, rt, 6 h, 50–95% (steps d-e).
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Scheme 3. Preparation of pyrrolidine sulfonamides 6. Reagents and

conditions: (a) 4N HCl, dioxane, rt, 2 h; (b) LiAlH4, THF, reflux, 4 h;

(c) TMSCl, Et3N, CH2Cl2, 0 �C, 45 min, 100% (steps a–c); (d) 4-

chlorobenzenesulfonyl chloride, Et3N, ClCH2CH2Cl, 70 �C, 16 h, 52%;

(e) K2CO3, MeOH, rt, 30 min, 96%; (f) 4-nitrophenyl chloroformate,

Et3N, CH2Cl2, rt, 16 h; (g) R1R2NH, Et3N, CH2Cl2, rt, 6 h, 50–95%

(steps f–g).
bonate followed by reactions with various amines gave
target compounds 6.

Table 1 lists the SAR6,7 of tetrahydroquinoline sulfon-
amide carbamates 3 and 4. For the two carbon chain
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linked carbamates (3a–g, m = 2), IC50 values ranging
from 280 nM (3b) to 1900 nM (3c) were achieved. For
the three carbon chain linked carbamates (4a–g,
Table 1. SAR of tetrahydroquinoline sulfonamide carbamates

N
O

S OO

Cl

NR1R2

O
m

Compound m NR1R2 IC50 (nM)a

3a 2
H
N N 530

4a 3
H
N N 220

3b 2 H
N N

N
280

4b 3 H
N N

N
86

3c 2 N N 1900

4c 3 N N 780

3d 2 N N
OH

880

4d 3 N N
OH

680

3e 2 N N 1000

4e 3 N N 180

3f 2

H
N

N

900

4f 3

H
N

N

190

3g 2 N N 360

4g 3 N N 60

2g3d 1 N N 733d

a IC50’s are mean values of two or more determinations with the

standard deviations no greater than 50% from the mean.6
m = 3), potency enhancements of �5-fold were observed
for carbamates of piperazine and piperidine with bulky
side chains as compared to the corresponding two car-
bon chain carbamates (4e–g vs. 3e–g). In contrast, little
change in potency was observed for primary amine car-
bamates (4a,b vs. 3a,b) or for carbamates of piperazine
and piperidine with small side chains (4c,d vs 3c,d).
The potency levels observed for the three carbon chain
linked carbamates are similar in magnitude to those
found for the one carbon chain linked carbamates (2,
m = 1).3d As an example, carbamate 4g (IC50 = 60 nM,
m = 3) is almost equipotent to carbamate 2g3d

(IC50 = 73 nM, m = 1). It should be noted that all the
compounds shown in Table 1 are racemic mixtures.
The two enantiomers of 2g had been separated by chiral
preparative HPLC, with one enantiomer displaying an
IC50 of 39 nM, while the other enantiomer showing an
IC50 of >1000 nM (see Ref. 3d). However, the absolute
stereochemistry for the active enantiomer was not
established.

Table 2 summarizes the SAR6,7 of pyrrolidine sulfon-
amide carbamates 6. As can be seen from Table 2,
Table 2. SAR of pyrrolidine sulfonamides

N

S OO

Cl

O

O

NR1R2
n

Compound n NR1R2 IC50 (nM)a

6a 0
H
N N 600

6b 0 H
N N

N
650

6c 0 N N 450

6d 0 N N
OH

540

6e 0 N N 120

6f 0

H
N

N

140

6g 0 N N 180

5g3e 1 N N 163e

a IC50’s are mean values of two or more determinations with the

standard deviations no greater than 50% from the mean.6
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carbamates bearing piperazines and piperidines with
bulky side chains (6e–g) are more active than carbamates
bearing acyclic amines (6a–b) or piperazines and piperi-
dines with small side chains (6c–d). Compound 6e
showed the highest potency in this series with an IC50 va-
lue of 120 nM. It should be noted that compounds 6a–g
were prepared as pure (2R,5S)-enantiomers.5 The antip-
odes, (2S,5R)-enantiomers, were also prepared but all
gave IC50 > 10,000 nM (data not shown).5 As a result,
the strong preference for (2R,5S)-configuration in c-
secretase inhibition is clearly established. It should also
be noted that the pyrrolidine carbamates 6 are in general
�10-fold less potent than the corresponding piperidine
carbamates 5.3e For example, pyrrolidine analog 6g
(IC50 = 180 nM) is 11-fold less potent than piperidine
analog 5g3e (IC50 = 16 nM). Interestingly, using chiral
HPLC and Mosher’s method, the absolute stereochemis-
try required for c-secretase inhibition by the piperidine
carbamates 5 had been established to have the (2R,6S)-
configuration (see Ref. 3e), consistent with that for
pyrrolidine carbamates 6. Based on these results, the
absolute stereochemistry for the active enantiomers in
the tetrahydroquinoline carbamates could be inferred
as the (2R)-configuration. However, this hypothesis
needs further experimental confirmation.

In summary, novel cyclic amine sulfonamide carbamates
have been discovered as potent c-secretase inhibitors.
Tetrahydroquinoline sulfonamide carbamates with one
and three carbon chain linkers are more potent than
those with a two carbon chain linker. Pyrrolidine sulfon-
amide carbamates are in general less potent than the
corresponding piperidine sulfonamide carbamates. A
clear preference for the (2R,5S)-configuration was firmly
established for the pyrrolidine sulfonamide carbamate
c-secretase inhibitors.
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