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Recently, a series of phosphonic acid-containing 
4-aminobenzimidazoles [1] were reported as adenosine-5’-
monophosphate (AMP) mimics. These phosphonic acids function as
inhibitors of fructose1,6-bisphosphatase (FBPase), and demonstrated
in vivo glucose-lowering activities in rodent models of type 2 diabetes 
mellitus (T2DM). For example, compound 1 (Figure 1) potently inhibits 
both human and rat liver FBPase, and elicited rapid glucose-lowering
in ZDF rats, however intravenous administration was required. [1,2]
Efforts to gain oral bioavailability (OBAV) via prodrugs (e.g. bisPOM
ester of compound 1 and cyclic ester prodrug 1a) were not successful. 
Two factors were hypothesized to be responsible for the observed
low OBAV: high molecular weight (MW) and the presence of a 4-amino 
group. To reduce MW significantly, a redesign of the benzimidazole
scaffold is needed and may require significant resources and time
to complete. On the other hand, investigation of the 4-amino group
could be done quickly. Herein, the synthesis and evaluation of a
series of phosphonic acid-containing desaminobenzimidazole and
their prodrugs as FBPase inhibitors is reported.

The desaminobenzimidazole analogs (1.1-1.19, 2.1-2.19, 3.1-
3.19) were readily prepared using our previously reported methods: 
FeCl

3
-SiO

2
 promoted benzimidazole ring formation followed by 

TMSBr-mediated removal of phosphonate diesters, [1] as depicted 
in Scheme 1.

Phosphonate prodrugs (4.1-4.19 and 5.1-5.19) were prepared 
using either direct alkylation of the phosphonic acid 2.8 with a suitable 
halide (e.g. for bis[(pivaloyloxy)methyl] (bis(POM) type prodrugs) or 
dichloridate coupling method via conversion of phosphonic acid 2.8 
to its corresponding dichloridate followed by reaction with various 
alcohols, as shown in Scheme 2.
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Abstract

To discover an alternative series of fructose 1,6-bisphosphatase (FBPase) inhibitors that is suitable for oral delivery 
via prodrugs, the 4-amino group was removed from the initial 4-aminobenzimidazole lead series, since the number of 
hydrogen bond donors has been suggested to affect oral bioavailability (OBAV). Several desaminobenzimidazoles were 
discovered as potent inhibitors of FBPase. Compound 2.8 inhibits both human and rat liver FBPase with IC

50
’s of 0.2 and 

2 μM, respectively. Using compound 2.8 as a tool compound, various prodrugs were explored with several cyclic ester 

prodrugs showing >10% OBAV. The more than 5-fold improvement of OBAV indicates that removal of the 4-amino group 

from the 4-aminobenzimidazole scaffold renders the scaffold more suitable for oral delivery via prodrugs. Moreover, 

OBAV SAR suggests that both molecular weight and lipophilicity (judging by cLogP) are important factors to consider 

when optimizing for OBAV. ©2000 Elsevier Science Ltd. All rights reserved.

Figure 1: Benzimidazole 1 as an AMP Mimic.
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To better understand the FBPase inhibitory SAR of the 
benzimidazole scaffold, a series of N1-H benzimidazoles were studied 

and results are summarized in Table 1. 

First, the unsubstituted benzimidazole 1.1 was prepared, which 
showed an IC

50
 of 12.5 M. Compared to compound 1.1, addition 

of a methyl group at the 4-position led to 3-fold improvement in 
potency (compound 1.2, Table 1), while moving the methyl group to 
the 5-position did not show improvement (compound 1.3, Table 1). 
Introduction of halo groups at the 5-position also led to compounds 
(1.4-1.6) with improved potency compared to compound 1.1, but 
a trifluoromethyl group at the 5-position gave compound 1.7 with 
similar potency as compound 1.1, indicating that the trifluoromethyl 
group may be too big. Three 5,6-dihalo benzimidazole analogs 
were prepared and compound 1.8 showed significantly improved 
activity compared to compound 1.1; on the other hand, the 
5,6-dimethyl benzimidazole 1.11 showed similar activity as 
compound 1.1. Compared to compound 1.8, syntheses of 4,6-dihalo 
benzimidazoles (1.12-1.14) did not improve potency further, 
while the 4,5,6,7-tetramethyl benzimidazole 1.15 showed slightly 
improved potency. It is encouraging to see compound 1.8 showing 
comparable potency as AMP, despite it does not have a N1 group, 
and blocking N1-position with a hydrophobic group has been shown 
to improve FBPase inhibitory potency for the 4-aminobenzimidazole 
series. [1] Thus, the N1-SAR of the desaminobenzimidazole scaffold is 
investigated, and results are summarized in Table 2.

As expected, introduction of N1-substituents to the parent 
desaminobenzimidazole 1.1, produced 2 to 10-fold improvement 
in FBPase inhibition activity, entries 1-3, Table 2. Introduction 
of a chloro group at the 5-position did not improve potency of 
compounds 2.1 – 2.3, on the other hand 6-chlorobenzimidazoles 
2.7 – 2.10 showed sub-micromolar IC

50
 with compound 2.8 showing 

8-fold improvement over compound 2.3. Further optimization of 
compound 2.3 was carried out by introducing multiple substituents 
on the benzimidazole scaffold and varying the N1-substituents 
(compounds 2.11 to 2.16), but no improvement was obtained over 

Scheme 2: Reagents and conditions: i. X-I (Y = X), TEA, DMF; ii. SOCl
2
 80 °C; 

then X-H and YH, TEA, CH
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Cpds R4 R5 R6 R7 IC
50

, μMa

1.1 H H H H 12.5

1.2 Me H H H 4

1.3 H Me H H 12

1.4 H F H H 3

1.5 H Cl H H 5

1.6 H Br H H 4.7

1.7 H CF
3

H H 15

1.8 H F F H 1.8

1.9 H Cl Cl H 4.5

1.10 H F Cl H 3.5

1.11 H Me Me H 10

1.12 Cl H Cl H 5.2

1.13 Br H Br H 5.6

1.14 Br H F H 2.3

1.15 Me Me Me Me 0.9
aIC

50
, human liver FBPase; bND, not determined

Table 1: SAR of N1-H benzimidazole Phosphonic Acidsa.

ahlIC
50

, human liver FBPase, μM; b rlIC
50

, rat liver FBPase, μM; cND, not determined

Table 2: N1-SAR of Desaminobenzimidazole Analogsa.

O
P(OH)2

O

N

N

R6

R5

R4

R7 R1

Cpds R1 R4 R5 R6 R7 hlIC
50

a rlIC
50

a

1.1 H H H H H 12.5 NDc

2.1 Ph H H H H 2 20

2.2 4-pyridyl H H H H 5.5 20

2.3 iBu H H H H 2 12

2.4 Ph H Cl H H 2.5 20

2.5 iPr H Cl H H 2.4 20

2.6 cPrCH
2
- H Cl H H 2 2

2.7 Ph H H Cl H 0.6 2

2.8 iBu H H Cl H 0.25 2

2.9 cPrCH
2
- H H Cl H 0.5 2

2.10 neoPentyl H H Cl H 0.8 2

2.11 cPrCH
2
- H Cl Cl H 3 20

2.12 cPrCH
2
- H Cl F H 0.7 2

2.13 Et Me Me Cl H 0.6 17

2.14 Br(CH
2
)

4
- Me Me Cl H 0.6 6

2.15 cPrCH
2
- Me Me Cl H 0.5 6

2.16 cPrCH
2
- Me Me Me Me 0.2 3.5

aHLF, human liver FBPase; RLF, rat liver FBPase; glucose lowering was measured 

after iv dosing of 10 mg/kg compounds. bND, not determined

Table 3: Benzimidazole SAR of compound 2.3 Analogsa.

O
P(OH)2

O

N

N

R6

R5

R4

R7

Cpds R4 R5 R6 R7 hlIC
50

, μMa rlIC
50

, 
μMa

2.8 H H Cl H 0.25 2

3.1 H Cl H H 0.6 20

3.2 H H F H 1 2

3.3 H F H H 0.8 2

3.4 H Br H H 2.7 20

3.5 H H Br H 0.7 2

3.6 HO H H H 2.5 20

3.7 Me H H H 1.75 20

3.8 H F F H 0.45 2

3.9 H Cl Cl H 2.2 2

3.10 H Cl F H 0.95 2

3.11 H F NH
2

Br 1.2 5

3.12 H F F F 1.55 10

3.13 F F F H 0.5 6

3.14 Me Me Cl Br 0.4 2.5

3.15 Br Cl Me Me 0.75 2.7

3.16 Me Me Me Me 0.25 2.25
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compound 2.8. It is noteworthy that compound 2.8 is only 3-fold less 
potent than compound 1, but it does not have a 4-amino group. To 

fine-tune compound 2.8, attention was turned to the benzimidazole 
SAR established for the 4-aminobenzimidazole scaffold, which 
suggested smaller groups such as halo, Me, OH are preferred. Thus, 
the benzimidazole SAR of compound 2.8 was investigated using 
isobutyl as the N1-group, and results are summarized in Table 3.

The SAR presented in Table 3 indicates that even though 
halo and small alkyl groups were keys to improve potency for the 
4-aminobenzimidazole scaffold, no clear potency enhancement was 

achieved by the syntheses of compounds 3.1 to 3.16. For example, 
a fluoro group at the 5-position was key for the potent FBPase 
inhibitory activity of benzimidazole 1, but none of the 5-fluoro-
desaminobenzimidazoles 3.3, 3.8, and 3.11-3.13 showed higher 
potency than compound 2.8. Therefore, desaminobenzimidazole 2.8 
was selected as the tool compound to test whether elimination of 
the 4-amino group from the initial benzimidazole scaffold will help to 
improve OBAV via prodrugs. Various phosphonate diester prodrugs 
were prepared and evaluated OBAV in a rat urinary secretion model, 
[6] and results are summarized in Table 4.

Most of the commonly reported phosphonate diester prodrugs 
such as SATE diester (compound 4.1), dibenzyl esters (compounds 
4.2-4.4.6), bis(alkoxycarbonyloxymethyl) esters (compound 4.7) and 
acyloxymethyl esters (compounds 4.8 – 4.17) were prepared, but 
none showed any apparent improvement in OBAV over the parent 
phosphonic acid 2.8 itself. Among the acyloxymethyl diesters tested, 
lower MW prodrugs 4.8 and 4.9 did not fair any better versus higher 
MW prodrugs 4.16 and 4.17. No correlation between OBAV and cLogP 
was observed either. It is noted that high MW (555-783) is common 
to all of these prodrugs, which may be reason for the observed low 
OBAV. [7] Thus, the smaller cyclic ester prodrug approaches were 
investigated for compound 2.8, which should produce prodrugs with 
relatively lower MW and results are summarized in Table 5.

Cyclic 1,3-propyl phosphonate esters were discovered by 
Metabasis and proved to be an useful prodrug approach (HepDirect 
prodrugs) to deliver phosphonic acids orally [8]. Six Hepdirect 
prodrugs of compound 2.8 were prepared with five out of the six 
prodrugs having MW < 500. It is very encouraging to see that 
two prodrugs (compounds 5.5 and 5.6) showed improved OBAV 
compared to compound 2.8, Table 5. Given that all six prodrugs have 
similar MW, but prodrugs 5.5 and 5.6 are less lipophilic compared to 
prodrugs 5.1-5.4 (judging by cLogP), the higher OBAV observed for 
compounds 5.5 and 5.6 is likely to due to their decreased lipophilicity 
(which in turn should increase solubility). Encouraged by compounds 
5.5 and 5.6, five other cyclic esters of compound 2.8 were prepared 
as 5.7 – 5.11 and four out of the five cyclic esters with various 
substituents at the 4-position of the 1-phospha-2,6-oxa-cyclohexane 
ring showed greater than 10% OBAV. It is noted that all four prodrugs 
(5.7 - 5.10) have lower cLogP than prodrugs 5.1 – 5.4. Moreover, in a 
head to head comparison of the same type of prodrugs, compound 
5.8 showed 5-fold higher OBAV compared to compound 1a, which 
suggests that the 4-amino group in compound 1 is indeed a limiting 
factor for the observed low OBAV of compound 1 prodrugs.

In summary, a series of desaminobenzimidazole FBPase inhibitors 
were discovered as a result of extensive SAR exploration of the 
benzimidazole scaffold. Compound 2.8, which lacks an amino group 
on the benzimidazole nucleus, inhibits both human and rat liver 

FBPase with IC
50

’s of 0.2 and 2 M, respectively. Using compound
2.8 as a tool compound, various prodrugs were explored with 
several cyclic ester prodrugs showing >10% OBAV. The more than 
5-fold improvement in OBAV over the parent phosphonic acid 2.8 by 
several prodrugs indicates that removal of the 4-amino group from 

the benzimidazole scaffold renders the benzimidazole scaffold more 
suitable for oral delivery via prodrugs. Moreover, prodrug OBAV 
SAR suggests that both MW and lipophilicity (judging by cLogP) are 

important factors to consider when optimizing for OBAV.
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