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A series of novel bicyclo[3.3.0]octane derivatives have been synthesized and found to be dipeptidyl pep-
tidase 4 (DPP-4) inhibitors. Compounds 10a and 10b demonstrate good efficacies in oral glucose toler-
ance tests.
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Type 2 diabetes mellitus (T2DM) is the most common form of
the diabetes disease, accounting for about 90–95% of all diagnosed
North American cases of diabetes.1 T2DM may be effectively trea-
ted by agents that induce the biosynthesis and secretion of insulin
during periods of hyperglycemia. Two endogenous peptides that
stimulate glucose-dependent insulin secretion are the incretin hor-
mones glucagon-like peptide 1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP).2 Continuous infusion of GLP-1
in patients with type 2 diabetes has resulted in the lowering of
plasma glucose.3,4 However, active GLP-1 is rapidly converted to
inactive GLP-1 by the serine protease dipeptidyl peptidase 4
(DPP-4),5 thus limiting its therapeutic practicality. A straightfor-
ward solution is to inhibit DPP-4 to increase the level of endoge-
nous intact GLP-1. Much attention has been paid to DPP-4
inhibitors as effective medicaments for the treatment of T2DM.
Various classes of structurally different DPP-4 inhibitors have been
reported.6–8 Sitagliptin (Januvia�, MK-0431),9 Vildagliptin (Gla-
vus�, LAF-237)10 and Saxagliptin (Onglyza™, BMS-477118)11,12

were approved for the treatment of T2DM (Fig. 1).
Continued SAR studies of Vildagliptin and Saxagliptin in our

laboratory led to the discovery of difluorocyclobutyl pyrrolidine-
2-carbonitrile compound.13 Retaining this pyrrolidine-2-carboni-
trile fragment, a series of novel bicyclo[3.3.0]octane derivatives
was designed, synthesized and evaluated as DPP-4 inhibitors.
ll rights reserved.

: +86 21 54759072.
According to the retrosynthetic analysis, the derivatives 1 can be
prepared from carbonyl compounds 2 and amine 3 as shown in
Figure 1.

As shown in Scheme 1, cis-bicyclo[3.3.0]octane-3,7-dione (4)14

was mono-protected with ethylene glycol in the presence of
catalytic amount of p-TsOH to afford acetal 5. Stereoselective reduc-
tion of monoketone 5 with NaBH4 gave 5b-hydroxy isomer 6 and
5a-hydroxy isomer 7 in a 90:10 ratio. A higher diastereoselectivity
(6:7 = 99:1) could be achieved when bulky LiAlH(O-t-Bu)3 was
employed.15 The key intermediate 6 was alkylated to ethers
8b–c and reacted with various carbamic acid chlorides or acid anhy-
drides to give derivatives 8d–i. Deprotection and followed by
reductive amination of these compounds afforded the desired
bicyclo[3.3.0]octane derivatives 10a–i as their hydrochloride
salts.16

Stereoisomers of compound 10b were prepared in order to probe
the SAR as related to stereochemistry. The 5b-secondary alcohol 6
was efficiently converted to 5a-hydroxy isomer 7 through a Mitsun-
obu reaction. The synthesis of desired compound 13 was accom-
plished in three steps from 7 following the same synthetic route
for 10b (Scheme 2). To synthesize stereoisomer 18, the monoketone
12 was reduced to 2b-hydroxy isomer 14, which was mesylated and
inverted to 2a-azide 15 with NaN3. Subsequent hydrogenation of 15
followed by alkylation with (S)-1-(2-chloroacetyl)pyrrolidine-2-
carbonitrile (17)17 under KI catalyzed conditions afforded the iso-
mer 18 (Scheme 3). Under the similar conditions, compound 21
was prepared from compound 9a (Scheme 4).

http://dx.doi.org/10.1016/j.bmcl.2010.04.138
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Scheme 1. Reagents and conditions: (a) HOCH2CH2OH, p-TsOH (Cat.), benzene, reflux, 56%; (b) LiAlH(O-t-Bu)3, rt, 92%; (c) oxalic acid, ethyl acetate/water, 75%; (d) (S)-1-(2-
aminoacetyl)pyrrolidine-2-carbonitrile TFA salt (3), NaBH(OAc)3, Et3N, rt 30–50%; (e) 0.5 N hydrochloric acid ether solution, 40–80%; (f) 50% NaH, RI, THF, rt, 88–95%; (g)
carbamic acid chloride or acetic anhydride, DMAP, reflux, 67–88%; (h) triphosgene, RNH2, toluene, reflux, 56%.
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Figure 1. Structures of selected DPP-4 inhibitors and bicyclo[3.3.0]octane derivatives.
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Scheme 2. Reagents and conditions: (a) benzoic acid, DEAD, Ph3P, Et2O, rt, 50%; (b) KOH, CH3OH, 93%; (c) 50% NaH, CH3I, THF, rt; (d) oxalic acid, ethyl acetate/water; (e) (S)-1-
(2-aminoacetyl)pyrrolidine-2-carbonitrile TFA salt (3), NaBH(OAc)3, Et3N, then 0.5 N HCl/Et2O, rt 33%.

3522 T. P. Cho et al. / Bioorg. Med. Chem. Lett. 20 (2010) 3521–3525



N

O

N

CN

H

H H

O

H H

OH

O

H H

O

O

H H

O

NH2

19 21

HCl

9a

a b,c,d,e f

20

.
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Table 1
Potency and selectivities of bicyclo[3.3.0]octane derivatives

NH
N

O CN

H H

R
1

R
2

R
3

. HCl

Compd R1 R2 R3 IC50
a,b (lM) SRc

DPP-4 DPP-8 DPP-9 (DPP-8 IC50/DPP-4 IC50)

10a OH H H(a) 0.012 7.93 3.22 661
10b OMe H H(a) 0.008 3.57 0.43 446
10c OEt H H(a) 0.059 3.74 1.40 64
10d OCON(CH3)2 H H(a) 0.065 8.42 6.86 130
10e OCON(C2H5)2 H H(a) 0.080 12.74 7.75 159
10f OCONHCH(CH3)2 H H(a) 0.204 ND ND —
10g OCONHC(CH3)3 H H(a) 0.326 ND ND —
10h OCONHC6H6 H H(a) 0.121 ND ND —
10i OCOCH3 H H(a) 0.032 1.43 1.38 45
13 H OMe H(b) 0.027 ND ND —
18 H OMe H(b) 0.027 0.235 0.037 11
21 OMe H H(a) 0.047 0.023 0.037 0.5

ND: not determined.
a Average values (at least two experiments).
b In vitro activities of LAF-2377: DPP-4 IC50 = 0.009 lM, DPP-8 IC50 = 3.82 lM, DPP-9 IC50 = 0.23 lM, SR = 424.
c Selectivity ratio(SR) = DPP-8 IC50/DPP-4 IC50.
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Scheme 3. Reagents and conditions: (a) NaBH4, rt; (b) MsCl, Et3N, CH2Cl2; (c) NaN3, DMF, 65 �C,57%; (d) H2, 10%Pd/C, CH3OH; (e) (S)-1-(2-chloroacetyl)pyrrolidine-2-
carbonitrile (17), K2CO3, KI, CH2Cl2, then HCl/Et2O, 31%.
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As shown in Table 1, these compounds were evaluated in vitro
for their inhibitions of DPP-4, DPP-8 and DPP-9.18 The selectivity of
DPP-4 against DPP-8 and DPP-9 is critical as the inhibition of these
two enzymes may be associated with profound toxicities.19 Com-
pound 10a (5b-OH) was found to be a potent and selective inhibi-
tor (IC50 0.012 lM, selectivity ratio: SR 661). Introduction of
methyl group (10b, 5b-OCH3) displayed slightly improvement in
DPP-4 inhibitory potency (IC50 0.008 lM) but not in selectivity
(SR 446). Ethyl analog 10c neither improved DPP-4 inhibitory
potency nor enhanced selectivity against DPP-8 and DPP-9. Substi-
tution with carbamates or carbonates (10d–i) gave less active com-
pounds. Increasing the steric bulk at 5b position reduced the
potency. Of all of stereoisomers of 10b, compound 10b was the
most potent and selective DPP-4 inhibitor.

Therefore, compounds 10a and 10b were chosen for in vivo
evaluation by assessing for their ability to improve glucose toler-
ance in lean mice (ICR mice) and type 2 diabetic mice (KKAy
mice).20 Administration of 10a or 10b with different doses (0.3,
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Figure 2. Glucose responses (A, C) and AUC0–120min change rate (B, D) during an oral glucose tolerance test (OGTT) in KKAy mice following treatment with 10a or 10b. Data
are represented as Mean ± SEM (n = 5). * P <0.05, ** P <0.01, *** P <0.001 versus control.
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1, 3 and 10 mg/kg) to ICR mice 0.5 h before an oral glucose chal-
lenge produced a significant decrease in glucose excursion, which
suggested the improvement of glucose tolerance (data not shown).
Moreover, the same results were observed on KKAy mice. After
glucose load, the blood glucose level of KKAy mice increased signif-
icantly. Administration of 3 mg/kg 10a 0.5 h before glucose chal-
lenge reduced the AUC0–120min value of blood glucose by 61.9%,
while LAF237 need 10 mg/kg to show comparable effect with the
decrease rate of 52.2%. Compound 10b also induced a significant
decrease in AUC0–120min values by 45.7% and 47.1% at the dose of
3 and 10 mg/kg (Fig. 2).

In conclusion, a series of novel bicyclo[3.3.0]octane derivatives
was synthesized and found to have inhibitory activities against
DPP-4 and selectivities over DPP-8 and DPP-9. Compounds 10a
and 10b showed good in vitro activities and moderate selectivities
and demonstrated beneficial effects on oral glucose tolerance. Fur-
ther studies are underway to optimize this class of compounds for
the treatment of T2DM.
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