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ABSTRACT KEYWORDS
Methionine synthase catalyses the transfer of a methyl group from 5- Benzimidazole;
methyltetrahydrofolate to homocysteine, producing methionine and Homocysteine;
tetrahydrofolate. This enzyme has been linked to the pathogenesis of ane- Methionine synthase and 5-
mias, neurodegenerative disorders and cancer. The development of potent methyltetrahydrofol ate

and specific inhibitors of methionine synthase could therefore be used to
explorethe enzyme asatarget for pharmacol ogical intervention and eluci-
dateitsrolein these disorders. Benzimidazol e derivatives have been shown
to inhibit methionine synthase by competing with the substrate 5-
methyltetrahydrofolate. The aim of this article was to design and synthe-
size anovel series of substituted benzimidazole derivatives and assesses
their inhibitory activity against purified rat liver methionine synthase.
Cobalamin-dependent methionine synthase was isolated and purified from
rat liver. The inhibitors were assessed using an in vitro, colourimetric
enzyme assay, kinetic analysis of the most potent compound (S)-1-(5-ni-
tro-1H-benzimidazole-2-yl)ethanamine using Lineweaver-Burk plots re-
vealed characteristics of mixed inhibition with K, value of 450 uM and
percentage inhibition 64%.

The results of this study have led to the identification of this lead com-
pound with good inhibitory activity that can inform the design of the next
generation inhibitors of methionine synthase.

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION transfer of themethyl group from 5-methyltetrahydro-

folateto homocysteineviathe coba amin cofactor (CH.-

Coba amin-dependant methioninesynthase(MetS)  coba amin), which circul ates between +1 and +3 oxi-
isoneof thetransmethylase enzymesthat utilizesco-  dation sates(Figure1). Crystd structureof cobalamin-
ba amin derivativemethylcobaamin (methylcobalamin - dependent MetSrevealed that it isconsisting of four
(CH_-cobdamin)) asacofactor!!. MetScataysesthe  functional binding domains. They are homocysteine
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binding domain, 5-methyltetrahydro-folate binding do-
main, thethird domain binds cobalamin cofactor and
thefourth domainisan all osteric cofactor S-adenosyl-
methionine (S-AdoMet)!?- Thereaction products me-
thionineand tetrahydrofol ate are closely correlated to
important biochemical reactionsof the methylation of
DNA, lipids, proteins, and polyamine>4,
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Figurel: Folicacid cycle

The present study showed anew approach for de-
termining pecificinhibitorsof MetS. Benzimidazolede-
rivativesthat resemblessubstructureof 5-MTHF (Fig-
ure 2) and have been docked intothe MTHF binding
domain. Thefreeenergy of binding of theseligand-re-
ceptor complexes have been obtained and compared
to theresultsobtained from cell free assay.

& A
Asn323 L
Figure2: Imageof M THF and itsinteractionswith the con-
served resduesof thebinding site. (Front View)
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EXPERIMENTAL PROCEDURES

Molecular modeling procedure

Molecular moddingwascarried out on Schrodinger
computationd softwareworkstation using Maestro 9.1
graphic user interface (GUI) and Red Hat Linux nash
EnterpriseversionV 4.1.18 on BatchminV 9.1 mod-
eling engine. The atomic coordinatesfor the polypep-
tide segments of M THF and Hcy binding domains of
MetSenzymeextracted from humanliver were obtained
from the protein bank database [PDB (Brookhaven
protein database). Explicit calciumion counter ions
wereincluded instead of cadmium and positioned at a
4A distance from the homocysteine binding site. The
basic and acidicamino acidswereneutralized at PH 7
+ 2 by protonation of the terminal amino groups such
ashigtidine, lysineand arginine. Moreover, thetermina
carboxylic acid groupsof amino acidsand acidicamino
acidssuch asglutamic acid, aspartic acid, asparagine
and glutaminewere deprotonated. Prime 1.5wasused
to check the energy content of the protein segments
and|oops. Thedocking processinvolved the standard
precision docking (SP) inwhich ligand posesthat were
expected to have unfavourable energieswould bere-
jected. The presumptionisthat only active compounds
will haveavailable posesthat avoid these penaties. SP
dockingisappropriatefor screening ligandsof unknown
quaity inlargenumbers. SPisasoft docking programme
that was adept at identifying ligandsthat have areason-
able propensity to bind and 20 % of the final poses
produced from the SP docking were subj ected to the
ExtraPrecision mode of Glide docking (XP) to per-
form themore expens ve docking ssimulation on worth-
whileposes. X Pdocking modeisharder than SPdocking
modeinthat it penalizesthe posesthat violate estab-
lished charges. Flexible docking was selected to gen-
erate conformationsof al possibleligand poses, which
ismoreredlistic asthisoccursin reality because the
protein undergoes side chain and back bone movement
or both, upon ligand binding. Fiveand six-membered
ringsweredlowedtoflip and amidebondswhichwere
not cis or trans configuration were penalised. 5000
poses per ligand for theinitia phase of dockingwitha
scoring window for keeping posesof 100 KJ¥mol were
st up. Thebest poseswhich fulfil thoseconditionswere
subjectedto energy minimizationonthe OPLS-AA non-
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bonded interaction grid with adistancedid ectric con-
stant of 2 and maximum number of conjugate gradient
steps of 500 iterations. The ligands of the poses se-
lected by theinitia screening were subsequently mini-
mized inthefield of thereceptor usng astandard mo-
lecular mechanics energy function (OPLS-AA force
field) in conjunctionwith adistance-dependant dielec-
tricmode. Findly, thelowest energy posesobtainedin
thisfashion were subjected to aMonte Carlo proce-
durethat examines nearby torsion minima. Thecom-
plex wasminimized using the conjugategradientsago-
rithm until an energy convergencecriterion of 0.1 KJ
mol wasreached with iteration cycleof 10,000. Mo-
lecular dynamics(MD) at 300 K werethen performed
on the solvated system for a10 psequilibration and
100 psof production employingalfstimestepusing
OPLS-2005forcefidd, fromwhich 100 Sructureswere
sampled at 1 psintervalsand averaged. Thefina aver-
aged structurewasthen finaly minimized®.

Experimental procedure

Generad method for the synthesisof (1H-benzimi-
dazole-2-yl)akylamine compounds (Method A) Gen-
era procedurefor the synthesisof (1H-benzimidazole-
2-yl)akylamine compounds adapted from the Phillips
procedure. A slight excess of L-amino acid wasadded
toamagnetically stirred solution of 1,2-phenylenedi-
amine and aqueous hydrochloric acid (5.5 M). The
mixturewas heated at reflux temperatureuntil 1,2-phe-
nylenediamine was no longer detectable by NMR or
until consumption of the starting material shad ceased.
The characterigticaly bright blue reaction mixturewas
cooled to room temperature. Themixturewasallowed
to stand for several weekswhereupon thedesired (1H-
benzimidazole-2-yl)alkylamine was yielded in its
dihydrochloridesalt form. Theresulting crystalswere
washed with acetone (3 x 20ml) and recrystalised from
water. Alternatively, thereaction mixture was concen-
trated to onethird under reduced pressure and cool ed
to produce the desired benzimidazole as a
dihydrochloridesdt.

Thefreebasewas obtained by neutrdisation of the
reaction mixturewith triethylaminefollowed by extrac-
tion of the pink solution with ethyl acetate. The extract
was evaporated to dryness and recrystallised from an
appropriate solvent. General procedurefor the synthe-
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ssof smplebenzimidazolering (Method B). Genera
method for the synthesis of benzimidazolering was
based on the Phillips procedure®.

Anappropriate carboxylic acid wasadded to adtir-
ring solution of a 1,2-phenylenediamineand aqueous
hydrochloric acid (5.5 M). The mixturewas heated at
reflux temperatureuntil the reaction had goneto comple-
tion. The reaction mixture was cooled to room tem-
perature. The cooled reaction mixture was placed on
iceand excessammoniasol ution added to neutraise
thesolution. Thepink/ grey precipitatethat formed was
isolated by filtration and recrystallised fromasuitable
solvent.

Determination of K for MTHF
0.6 -
0.5 4

0.4 4

A

0.3 4
0.2 4
0.4
-60 -40 -20 20 40 60 80 100
-0.1 4

A[MTHF] pm™*
Figure3: Lineweaver-burk plot for MTHF, KM=28.6 uM,
Vmax=8.7 pM min-1

(a) Synthesisof (1H-benzimidazole-2-yl)methyla-
minedihydrochloridel

(1H-Benzimidazole-2-yl)methylamine
dihydrochloride was prepared according to genera
procedureA, using 1,2-phenylenediamine (10.80 g,
0.10mol) and glycine(12.65g, 0.15mol) dissolvedin
hydrochloric acid (70 ml, 5.5 M). The mixture was
heated under reflux for 300 hrs. Thereaction mixture
wasthen cooled to room temperature and | ft to evapo-
ratedowly over severa days. Theresulting bluecrys-
tal swere washed with acetone. (1H-Benzimidazol e-2-
yl) methylaminedihydrochloridewas obtained (13.30
g, 61%), m.p. 269-270 °C.

3,,(270 MHz; DMSO-d,; Me,Si) 7.61 (2H, dd,
3J9.40, 43 3.20, 4-H, 7-H), 7.27 (2H, m, 2J9.40, 4]
3.20, 5-H, 6-H), 4.43 (2H, s, CH,), 5.02 (3H, br, s,
NH, NH,); 6. (68 MHz; DMSO-d;; Me,Si) 147.56
(C-2), 132,51 (C-3a, C-7a), 126.16 (C-5, C-6),
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114.99 (C-4, C-7), 35.17 (C-1’); DEPT (135)
(DMSO-d,); CH,: 35.17, CH: 126.16, 114.99;v__ /
cm? (KBr) 3050 (C-H, sp?), 2850 (C-H, sp?), 1450
and 1350 (C-H, bend); MS (El): m/z 147 (M*, 100
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%), 119 (92, M*- CHNH,), 91 (17), 65 (10), 52 (4).
Elementa anadysis. Found; C, 44.66%; H, 5.04%; N,
19.09%; C,H, N,.2HCI, Requires; C, 44.86%; H,
5.26%; N, 19.46%.
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Figure4: Lineweaver-burk plot for compounds1-4

(b) Synthesisof 2-(5-fluor o-1H-benzimidazole-2-
yl)ethanaminedihydrochloride2

2-(5-FHuoro-1H-benzimidazol e-2-yl)ethanamine
dihydrochl oride was synthesi zed according to genera
method A using4-fluoro-1,2-phenylenediamine (1.50 g,
12 mmol) and -danine(1.33g, 15mmoal) dissolvedin
hydrochloric acid (30 ml, 5.5 M). The reaction was
heated under reflux for 180 hrs. Theresulting bright blue/
greenreactionmixturewascrystalisedoncoolingtogive
2-(5-fluoro-1H-benzimidazole-2-yl)ethanamine (2.31 g,
76 %) initsdihydrochloridesdt form, m.p. 294-296 °C.
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5,,(DMSO-d,) 8.54 (1H, br, s, NH), 7.79 (1H, q,
3J8.90,434.40, 7-H), 7.63 (1H, dd, 33 8.70, “J 2.50,
4-H), 7.35 (1H, td, 33 5.00, 4J 2.50, 6-H), 3.55 (2H,
t,235.69,NH,), 2.95(2H, q,%J 6.93, 3] 5.69, 2’-H),
2.63(2H,1,°36.93, I’-H); 6. (DM SO-d,) 162.1 (C-
5), 152.20 (C-2), 132.5 (C-34a), 128.7 (C-7a), 115.9
(C-7), 114.1 (C-6), 101.2 (C-4), 36.4 (C-2°), 25.4
(C-1’); v, flem™ 3438 (N-H), 3050 (C-H, p?), 2850
(C-H, sp®), 1140 (C-F); MS (El): m/z 179 (M*,
100%), 150 (79, M*-CHNH,), 91(12), 65(9);

Elementd anadysis. Found; C, 42.83%; H, 4.98%;
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N, 16.56%; C,H, ,N,F.2HCI, Requires; C, 42.86%;
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Figure5: Lineweaver-burk plot for compounds5-8

(¢) Synthesisof 2-(5-chlor o-1H-benzimidazole-2-
yl)ethanaminedihydrochloride3

2-(5-Chloro-1H-benzimidazol e-2-yl)ethanamine
dihydrochloride was prepared according to general
method A, using 4-chloro-1,2-phenylenediamine (3.56
g, 25mmol), and s-danine(2.50 g, 28 mmol) dissolved
inhydrochloricacid (40 ml, 5.5 M). Thereaction was
heated at reflux temperaturefor 240 hrs. Theresulting
dark brown/ red reaction mixture wasfiltered before
leaving to evaporate d owly. 2-(5-Chloro-1H-benzimi-
dazole-2-yl)ethanaminedihydrochloride (5.01 g, 75%)
was recovered as a pale green solid, m.p. decomp.
282-285 °C.

(Cherkaoui et al, 1991) 5, (D,0) 7.73 (1H, d, *J
2.00, 4-H), 7.62 (1H, d, 33 8.70, 7-H), 7.46 (1H, dd,

3J 8.90, 4J 2.00, 6-H), 3.58 (4H, m, 1’-H, 2’-H,
CHCH,), NHs not observed; 5 (D,0) 149.8 (C-2),
131.8 (C-3a), 131.4 (C-7a), 129.6 (C-5), 127.1 (C-
6), 115.2 (C-7), 113.9 (C-4), 36.6 (C-2’), 24.6 (C-
1’); v /em™ (KBr) 3425 (N-H), 3012 (C-H, sp?),
2850 (C-H, sp?), 750 (C-Cl); MS (ESI+): m/z 196
(M*+1, 100%), 116.1 (21) 108.2 (4), 87.0 (6). El-
emental analysis: Found; C, 42.83%; H, 4.98%; N,
15.66%; C,H,_,CI.N,, Requires; C, 42.25%; H,
4.50%; N, 15.65%.
(d) Synthesisof 2-(5-methyl-1H-benzimidazole-2-
yl)ethanaminedihydrochloride4
2-(5-Methyl-1H-benzimidazol e-2-yl)ethanamine
dihydrochloride (Muftic, 1969, Lahr and M uftic, 1967)
was prepared according to genera methodA, using 4-
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methyl-1,2-phenylenediamine (6.24 g, 51.14 mmol) and
S-danine (5.35g, 61.23 mmol) in hydrochloric acid
(55 cm, 5.5M). The mixturewas heated at reflux for
80 hrs. Thedark bluereaction mixtureyielded fineblue
needles of 2-(5-methyl-1H-benzimidazole-2-
yl)ethanamine dihydrochloride (11.2 g, 88%b) on cool-
ing, m.p. decomp. 300-302°C, §,,(D,0) 7.57 (1H, d,
3J 8.40, 7-H), 7.52 (1H, d, 4-H, %J 1.20), 7.40 (1H,
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Mo pM-1 min

control

It 500 M

: 250 M
100 M

control

1/ Vo pyM-1 min

dd, 3J 8.40, 4J 1.20, 6-H), 3.54-3.54 (4H, m,
CH,CH,), 2.45 (3H, s, CH,), NHs not observed;
(DMSO-d,) 150.2 (C-2), 135.9 (C-3a), 131.9 (C-
7a), 129.7 (C-5), 127.5 (C-6), 113.9 (C-4), 113.8
(C-7),36.3(C-2),25.2(C-1"),21.7 (CH,), Elemen-
ta andysis: Found; C, 48.03%; H, 6.52%; N, 16.36%;
C,H..CLN, Requires; C, 48.40%; H, 6.09%; N,

10" '15

16.93%.
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Figure6: Lineweaver-burk plot for compounds6-12

(e) Synthesis of (S)-1-(1H-benzimidazole-2-
yl)ethanamine5
(9-1-(1H-benzimidazole-2-yl)ethylaminewas pre-
pared according to general procedureA using 1,2-phe-
nylenediamine(11.00g, 0.102 mol) and L-aanine(16.00

@496414‘0 CHEMISTRY —

0,0.18 mal) inhydrochloricacid (7Oml; 5.5M). The
mixturewas heated at reflux for 144 hrsafter which
timeafurther portion of 1,2-phenylenediamine(5.00g,
0.046 mol) was added and refluxing continued for a
further 120 hrs. The product contained 1,2-phenylene-
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diamine (12%). (S)-1-(1H-Benzimidazole-2-
yl)ethanamine (1.32 g, 8%) wasobtained asared solid,
m.p. 296-298 °C. ¢,,(DMSO-d,) 7.50 (2H, dd, 3J
5.93,433.2,4-H, 7-H), 7.13 (2H, dd, 3J5.93,4J 3.2,

S0

LB

13

500 it
250
100 M

confrol

{
SR (171

—= Fyl] Paper

5-H, 6-H), 4.19 (1H, g, 33 6.92, CH), 1.44 (3H, d, 3J
6.92, CH,), NHs not observed. Elemental anaysis.
Found; C, 67.43%; H, 6.98%; N, 26.46%; C,H, N,
Requires; C, 67.06%; H, 6.88%; N, 26.07%.
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Figure7: Lineweaver-burk plot for compounds13-16

(f) Synthesisof (S)-1-(5-nitro-1H-benzimidazole-
2-yl)ethanamine 6
(9-1-(5-Nitro-1H-benzimidazole-2-yl )ethanamine
was prepared according to genera procedureA using
4-nitro-1,2-phenylenediamine (3.06 g, 20 mmol) and

L-aanine(2.00g, 22.5mmoal) inhydrochloric acid (60
ml, 5.5M). Themixturewas heated at reflux for 336
hrs. The reaction mixture was evaporated to dryness
and dissol ved in minimum ammonia Water wasadded
and the product extracted with ethyl acetate. (9-1-(5-

e, Onganic CHEMISTRY
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17 08 S0y Nitro-1H-benzimidazole-2-yl)ethanamine (4.03 g) con-
Byh taining 4-nitro-1,2-phenylenediamine (50%) and aa-
£ on iy nine (25%) wasrecovered.
£ 5,,(DMSO-d,) 8.62 (1H, d, 4-H), 8.56 (1H, dd,
J control 33 8.40, 6-H), 8.38 (1H, d, 23 8.40, 7-H), 4.26 (1H,
= Wy q, 3 6.70, 1’-H), 1.45 (3H, d, 3 6.70, 2’-H), El-
0 emental analysis: Found; C, 52.83%; H, 4.98%; N,
: 27.56%; C,H,,N,O,, Requires; C, 52.42%; H,

4.89%; N, 27.17%.
(9) Synthesisof (S)-1-(5-fluor o-1H-benzimidazole-

A0 bl 100 i 2-yl)ethanaminedihydrochloride7
u (S)-1-(5-Fluoro-1H-benzimidazole-2-
INTHE M yl)ethanamine dihydrochl oride was prepared accord-
{ ingto generd methodA, using 4-fluoro-1,2-phenylene-
§ diamine (0.15g, 1.2 mmol), L-aanine(0.11 g, 1.23
] " 500 M mmol) and hydrochloricacid (20 ml, 5.5M). Themix-

) turewashested at reflux for 288 hrs. Theresulting green
E?D“MM solution was evaporated to drynessand recrystallized

conplaafl from ethanol to obtain the product asgreen/brown ail.
: 3, (DMSO-d,) 7.56 (1H, d, 33 8.80, 7-H), 7.35
(1H, d, 4-H), 7.00 (1H, dd, 2J 8.80, 6-H), 4.18 (1H,
g,3J6.90, 1’-H), 1.40 (3H, d, 33 6.90, 2’); MS (EI):
m/z 179.1 (M*, 43%), 164.1 (60, M*-CH,), 136.1
(51, M*-CH_,CHNH), 77.0 (14), Elemental analysis:
Found; C, 42.83%; H, 4.88%; N, 16.26%;

1iIvVe pahfl-1 min

l 0 L C,H,,CLLFN,, Requires; C, 42.88%; H, 4.80%; N,
16.67%.
Ll sy (h) Synthesisof (S)-1-(5-chlor o-1H-benzimidazole-
; 2-yl)ethanamine8
B (S)-1-(5-Chloro-1H-benzimidazole-2-

yl)ethanamine was prepared according to general

method A, using 4-chloro-1,2-phenylenediamine (0.15

0y g, 1.2mmol), L-alanine (0.11 g, 1.23 mmol) and hy-
drochloricacid (20ml, 5.5 M). Themixturewas heated

at reflux for 288 hrs. Theresulting dark brown solution

cantrol was evaporated to dryness. (9-1-(5-Chloro-1H-ben-
Zimidazole-2-yl)ethanamine (0.05 g, 21.3%) wasob-

tained as a dark brown solid m.p. 152-154 °C. 3,

m " (DMSO-d,) 7.80-7.52 (2H, m, 4-H, 7-H), 7.23 (1H,
m, 6-H), 4.25 (1H, q, 2 6.90, 1’-H), 1.43 (3H, d, 3J
6.70, 2’-H); 6. (DMSO-d) 161.7 (C-2), 140.7 (C-
3a), 138.9 (C-7a), 126.1 (C-5), 122.6 (C-6), 116.3
(C-7),115.2(C-4),46.3(C-1"), 15.2(C-2’); MS (EI):
4 m/z 244.3 (15), 165.1(12), 115.1(2), 77.0(3); v,/

Figure8: Lineweaver-burk plot for compounds17-19 cm?® 3050 (C-H, sp?), 2850 (C-H, sp?), 1622 and
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1445 (C=C); 814 (C-Cl), Elemental analysis: Found,;
C, 55.63%; H, 5.08%; N, 21.06%; C,H, CIN,, Re-
quires,; C, 55.25%; H, 5.15%; N, 21.48%.

ARG516
ASNS508

ASP473

ASN411

ASP390

Figure9: Imageof compound 6 docked intotheM THF bind-
ingdomain of M &S. (Front View)

(i) Synthesis of (S)-1(1H-benzimidazole-2-yl)-2-
methylpropan-1-aminedihydrochloride9

The synthesisof (§)-1(1H-benzimidazole-2-yl)-2-
methyl propan-1-amine dihydrochl oridewas attempted
accordingto generd method A, from 1,2-phenylenedi-
amine(1.78g,) and L-vainedissolvedin hydrochloric
acid (50 ml, 5.5M). Themixturewasheated at reflux
for 300 hrs. Theresulting dark green reaction mixture
yielded green crystalsof 1,2-phenylenediamine and
clear needlesof 1,2-phenylenediamine asthe hydro-
chloridesalt. m.p. 162-164°C

d,,(DMSO-d) 7.80 (2H, dd, 3 3.4,3 3.2, 5-H,
6-H), 7.20 (2H, dd, 3J 3.4, 3.2, 4-H, 7-H), 3.20
(1H, d, 33 1.2, 1’-H), 2.22 (1H, m, CH), 2.01(2H,
brs, NH,),1.20 (6H, d, 3] 2.40, CH,); 5_(DMSO-d,)
160.07 (C-2), 141.22 (C-34), 138.01 (C-7a), 124.01
(C-5), 120.03 (C-6), 119.02 (C-7), 117.01 (C-4),
42.03(C-1°),16.12(CH), 15.12 (CH,); MS(EI): m/
2190(44),165.1(22), 115.1(12), 77.0(13), Elementa
analysis. Found; C, 50.00%; H, 6.08%; N, 16.02%;
C..H..CI.N,, Requires; C, 50.39%; H, 6.54%; N,

11" 17772 73

16.06%.
(j) Synthesisof (S)-1-(1H-benzimidazole-2-yl)-3-
methylbutan-1-aminedihydrochloride 10

Synthesis of (S)-1-(1H-benzimidazole-2-yl)-3-
methylbutan-1-aminedihydrochl oride was attempted
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using general method A, from 1,2-phenylenediamine
(10.80 g, 0.1 M), L-leucine (16.00, 0.12 g) and hy-
drochloricacid (70ml, 5.5M). Themixturewas heated
at reflux for 300 hrs. Theresulting dark greenreaction
mixtureyie ded green crysta sof 1,2-phenylenediamine
and clear needles of 1,2-phenylenediamine asthe hy-
drochloridesalt. m.p. 142-144°C.

6,,(DMSO-d,) 7.92(2H, dd, *J5.93,41 3.2, 4-H,
7-H), 7.73 (2H, dd, 3J5.93, 4J 3.2, 5-H, 6-H), 3.09
(1H,t,%15.02, 1-H), 1.55 (2H, t,%]5.02, CH,), 1.00
(1H, m, CH), 0.94 (3H, d, 3J 3.92, CH,), NH not
observed., Elementd analysis. Found; C, 52.73%; H,
4.98%; N, 16.56%; C_H CI,N,, Requires; C,
52.18%; H, 5.03%; N, 16.01%.
(k) Synthesisof (S)-2-amino-4- (1H-benzimidazole-
2-yl) butyricacid dihydrochloride 11

(9-2-Amino-4-(1H-benzimidazole-2-yl) butyric
acid was prepared according to general procedureA.
1,2-Phenylenediamine (11.00 g, 0.102 mol) and L-
glutamic acid (20.00 g, 0.14 mol) were heated at re-
fluxing temperaturefor 145 hrsuntil notracesof 1,2-
phenylenediamine could be detected by NMR. The
dark green reaction mixture was evaporated to dry-
ness resulting in the crude product as a green paste
(16.98 9, 76%), m.p. 298-300°C. 5,,(DMSO-d,) 8.85
(1H, br, s, NH), 8.40 (2H, br, s, NH,), 7.79 (2H, dd,
3J8.66, 4] 2.96, 4-H, 7-H), 7.53 (2H, dd, 3 8.90, *J
2.96, 5-H, 6-H), 4.11 (1H, t, 3’-H), 3.52 (2H, t, 1°-
H), 3.38 (2H, q, 2’H); MS (EI): m/z 219,1 (M*, 2.0
%), 145.1 (100), 132.1 (53.0), 84.0 (24.5), 65.0
(11.5), Elementa anaysis. Found; C, 45.45%; H,
5.80%; N, 14.56%; C H,CI.N,, Requires; C,
45.22%; H, 5.17%; N, 14.38%.
() Synthesisof (1H-benzimidazole-2-yl)methanol
12

(1H-Benzimidazol e-2-yl)methanol was prepared
according to general method B. 1,2-Phenylenediamine
(10.809g, 0.10mol) and glycolicacid 50% (30 ml) were
dissolved in hydrochloricacid (70ml, 5.5M) and the
mixture heated under reflux for 3 h. Thereaction mix-
turewasneutralised withammoniasol utionand the pink
precipitaterecrystalised from water. (1H-Benzimida
zole-2-yl)methanol (10.4 g, 71%), wasobtained aspure
whilecrystals, m.p. 170-171°C. 5,,(DMSO-d,) 7.50
(2H, dd, 239.15,433.46, 4-H, 7-H), 7.14 (2H, dd, 3J
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9.15, 4J3.46, 5-H, 6-H), 5.74 (1H, br, s, OH, ex-
changedwithD,0),4.70(2H,s,CH,);v__ /e (KBr)
3300- 3200 (O-H), 3050 (C-H, sp?), 2850 (C-H,
sp?), 1450 and 1350 (C-H, bend); MS (El): m/z 148
(M*, 100%), 130 (44 M-H,0), 119 (49, M-CHO),
90 (20.1), 64 (16.2), Elemental analysis: Found; C,
64.43%; H, 5.98%; N, 18.66%; C,;H,N,O, Requires;
C, 64.85%; H, 5.44%; N, 18.91%.

(m) Synthesis of 5-chloro-1H-benzimidazole-2-
yl)methanol 13

5-Chloro-1H-benzimidazol e-2-yl)methanol was
prepared according to genera method B, using 4-
chloro-1,2-phenylenediamine (2.00 g, 14 mmol), gly-
colicacid (1.22 g, 16 mmol) and hydrochloricacid (40
ml, 5.5M). The solution washeated at reflux for 8 hrs.
The crude product was dissolved in ethanol and
decolourised with activated charcoal prior to
recrystallisation. 5-Chloro-1H-benzimidazol e-2-
yl)methanol (1.64 g, 64%) wasrecovered as brown/
red coloured crystals, m.p. 207- 208 °C. 5, (DM SO-
dy) 7.54 (1H, d, *J 2.00, 4-H), 7.50 (1H, d, ®J 8.70,
7-H), 7.15(1H, dd, 3J, 8.70,4J 2.00, 6-H), 5.80 (1H,
br, s, OH, exchanged with D,0), 4.89 (2H, s, CH,),
NH not observed; 6. (DMSO-d,) 157.25 (C-2),
144.10 (C-34q), 136.00 (C-7a), 126.22 (C-5), 122.13
(C-6),118.40(C-7), 111.57 (C-4),58.21 (C-1’); v,
/cmt (KBr) 3135 (O-H), 3050 (C-H, sp?), 2820 (C-
H, sp®), 700 (C-Cl); MS (ESI+): m/z 183.0 (M*+1,
100%), 165.0 (18, M*-OH), 145.0 (5); Elemental
analysis: Found; C, 52.81%; H, 3.75%; N, 15.21%;
C,H,N,OCI; Requires; C, 52.60%; H, 3.83%; N,
15.34%.

(n) Synthesis of (5-fluoro-1H-benzimidazole-2-
yl)methanol 14

(5-Fluoro-1H-benzimidazol e-2-yl)methanol was
synthesized according to general method B using, 4-
fluoro-1,2-phenylenediamine (1.26 g, 10 mmol) and
glycolicacid (0.80 g, 10.5 mmol) dissolved in hydro-
chloricacid (30 ml, 5.5 M). The mixture was heated
under reflux for 8 hrs. The brown crude product was
decol ourised and recrystal lised from ethanol togive 5
fluoro-1H-benzimidazole-2-yl )methanal (1.02 g, 62%)
aspalecreamcrystals, m.p. 182-183°C. 5, (DM SO-
dy) 7.47 (1H, m, *3 8.40, “35.00, 7-H), 7.26 (1H, d,
2J9.40, 4-H), 6.97 (1H, m, 3J 8.40, 6-H); 5.80 (1H,
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br, s, OH, exchanged with D,0), 4.67 (2H, s, 1’-H),
NH not observed;, 6. (DMSO-d,) 160.5(C-2), 157.1
(C-5), 139.6 (C-3a), 135.5 (C-7a), 115.7 (C-7),
110.5(C-6), 101.5(C-4),58.2(C-1’); v, /cm™* (KBr)
3500 (O-H), 3100 (C-H, sp?), 2850 (C-H, sp?), 1634
and 1505 (C=C),1462 (C-H, bend), 1332 (C-F); MS
(El: m/z 166.0 (M*, 100%), 149.0 (39, M*-OH),
137.0 (59, CHO), 121.0 (40), 109.0 (32); 77.0 (5),
63.0 (7); Elementa analysis: Found; C, 57.94%; H,
3.94%; N, 16.48%; C,H N, OF, Requires; C, 57.83%;
H, 4.22%; N, 16.87%.
(o) Synthesis of (5-methyl-1H-benzimidazole-2-
yl)methanol 15

(5-Methyl-1 H-benzimidazole-2-yl)methanol was
prepared according to method B. 4-Methyl,1,2-phe-
nylenediamine (12.22 g, 0.1 mol) washested at reflux
temperaturewithglycolicacid (11.40g, 0.15mmoal) in
hydrochloric acid (50ml, 5.5 M) for 3 hrs. Thereac-
tion mixturewas cooled to room temperature and am-
moniasol ution wasadded and themixturecooled inice
until apaepink/ grey precipitateformed. Theresulting
solid wasrecrystallised from agueous ethanol to givea
paecreamy ydlow powdery solid. (5-Methyl-1 H-ben-
zimidazole-2-yl)methanol (13.7 g, 85%) was recov-
ered, m.p. 202-203 °C.

6,,(DMSO-d)) 7.40 (1H, d, ®J 8.16, 7-H), 7.30
(1H, d, 4-H), 7.00 (1H, dd, 3J 8.16, 6-H), 4.70 (2H,
s, CH,), 2.40 (3H, s, CH,), OH not observed; MS
(El): m/z 162 (M*, 100 %), 133 (60, M*-CH,OH),
104 (38), 77 (40), 51 (19), Elemental andysis. Found,
C, 67.02%; H, 6.18%; N, 17.56%; C,H, N,O, Re-
quires; C, 66.65%; H, 6.21%; N, 17.27%.

(p) Synthesisof (1H-benzothiazol-2-yl)methanol 16

Glycolic acid 99% (11.40 g, 0.15 mol) was dis-
solved in 2-aminothiophenol (12.5g, 0.1 mol) inthe
absence of asolvent. The viscous solution was heated
at reflux temperaturefor 5 hrs. Thereaction mixture
was cooled to room temperature before adding etha-
nol (30 ml). Water (100 ml) was then added to the
bright yellow mixtureand theresulting oil isolated. On
standing the oil solidified and was subsequently
crystalised from agueousethanol. (1H-Benzothiazol-
2-yl)methanol wasisolated as bright yellow needles
(15.0 g, 91%), m.p. 101-102°C.

6,,(DMS0) 8.10(1H, dd, *J7.91,41 1.48,°] 0.74,
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4-H), 7.92 (1H, q, 3J 7.91, 4J 1.48, 5J 0.74, 7-H),
7.43(2H, m,337.91,4] 148, 5-H, 6-H), 6.27 (1H, t,
%] 5.94, OH), 4.86 (2H, d, 3] 5.94, CH,); MS (El):
(M*, 42%), 136.1 (100, M*- CHO), 108 (35), El-
emental analysis. Found; C, 58.40%; H, 4.77%; N,
8.50%; C,;H,NOS, Requires, C, 58.16%; H, 4.27%;
N, 8.48%.

(q) Synthesisof 2-methylbenzimidazole 17

2-Methyl benzimidazolewasprepared according to
genera method B using 1,2-phenylenediamine (10.80
g, 0.1 mol), acetic anhydride (12.00 g, 0.12 mol) and
hydrochloric acid (70 ml, 5.5 M). The reaction was
heated at reflux temperaturefor 3 hrsand neutralised
with ammoniasol ution on completion. Thecrude prod-
uct was recrystallised from aqueous ethanol to give
creamy-white coloured crystals of 2-methylbenzimi-
dazole (9.10 g, 69%), m.p. 176- 177 °C.

3,,(DMSO-d,) 7.45 (2H, dd, 31 5.94, 41 3.21, 4-
H, 7-H), 7.09 (2H, dd, 3] 5.94, 4J 3.21, 5-H, 6-H),
2.48 (3H, s, CH,), Elementa analysis: Found; C,
73.03%; H, 6.02%; N, 21.56%; C,H,N,, Requires;
C, 72.86%; H, 6.10%; N, 21.20%.

(r) Synthesisof 2-methyl-5-nitro-1H-benzimidazole
18

4-Nitro-1,2-phenylenediamine (7.65g, 0.05mal)
and acetic anhydride (6.00 g, 0.06 mol) were heated at
reflux inthe presenceof hydrochloricacid (30ml, 5.5
M) for 8 hrs. Thereaction mixturewascooled to room
temperaturebefore neutralisationwith ammoniahydrox-
ide solution. Theresulting precipitate on cooling the
neutralised solutioninicewasisolated. Thecrudeprod-
uct was decol ourised with charcod and recrystallised
from agueous ethanol. 2-M ethyl-5-nitro-1H-benzimi-
dazole (5.31 g, 60%) was recovered as cream crys-
tals, m.p. 221-222 °C.

9,,(DMSO-d,) 8.33 (1H, dd, “J 1.80, °J 1.50, 4-
H), 8.04 (1H, dd, 3J 8.90, “J 2.20, 6-H), 7.60 (1H,
dd, ®J38.90,°J1.50, 7-H), 2.55(3H, s, CH,), Elemen-
td andyss: Found; C, 54.03%; H, 4.08%; N, 23.16%;
C,H.N,O,, Requires; C, 54.24%; H, 3.98%; N,
23.72%.
(s) Synthesisof 5-methylbenzimidazole 19

5-Methylbenzimidazol ewas prepared according to
general method B. 4-Methyl-1,2-phenylenediamine
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(4.20 g, 35 mmol) wasdissolvedinformic acid (2.30
g, 50 mmol) and the mixtureheated at reflux for 4 hrs.
5-Methylbenzimidazol e was obtained asacream pow-
der (4.08 g, 88%), m.p. 117-118 °C.

6,,(DMSO-d)) 7.32 (1H, d, ®J 8.90, 7-H), 7.28
(1H, d, 43 2.22, 4-H), 7.21 (1H, s, 2-H), 6.81 (1H,
dd, 3J8.90, 4J 2.22, 6-H), 3.37 (3H, s, CH,), NH not
observed; 5.(DMSO-d,) 165.3 (C-2), 154.8 (C-3a),
147.4 (C-79), 132.7 (C-5), 118.6 (C-6), 113.4 (C-
4),106.1(C-7),56.1 (CH,), Elementd andysis: Found,
C, 73.03%; H, 6.18%; N, 22.06%; C,H,N,F, Re-
quires; C, 72.70%; H, 6.10%; N, 21.20%.

BIOLOGICAL EVALUATION

Enzymepurification

Methioninesynthasewasisolated and purified from
rat liverl?. Anion exchange chromatography using
DEAE and Q-Sepharose resins was used to purify
methioninesynthase. Anionexchangeresinsinteract with
protei nsthrough e ectrostatic attractions. Bound pro-
teinsareeluted by increasing theionic strength of the
buffer. DEAE resinscarry apositive chargeon ater-
tiary amine, they are weak anion exchangersand have
alow binding capacity. Q-Sepharose resins carry a
positive charge on aquaternary amine, they are strong
anion exchangers, and haveahigh protein binding ca-
pacity. Therat liver homogenate was prepared in the
presence of acocktail of proteaseinhibitors. Thesesuc-
ceeded in inactivating proteol ytic enzymesthat could
hydrolyse cytosolic protel nsincluding methionine syn-
thase. Thecytosolicfraction wasobtained followinga
seriesof centrifugation steps. This preparation wasini-
tially purified using batch chromatography on DEAE
cdlulose. Batch chromatography wasemployed dueto
thelargequantitiesto bepurified.

Batch chromatography is a convenient way to
quickly partidly purify largevolumesof proteins. How-
ever, it doesnot havethe versatility of column chroma:
tography. The speedy removal of unwanted proteinsin
the unbound fraction enriched the enzyme preparation
and facilitated the next step of the purification which
was performed using column chromatography. Thefil-
tratethat was obtained from the DEAE cellulosebatch
chromatography procedure had ahigh salt concentra-
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tion. A threefold dilution of thefiltratewasrequired to
reducethisand alow binding of the proteinsto the Q-
Sepharoseresin. A chromatogram of atypical separa
tionisgiven (Figure12). Thebroad pesk ontheleft of
thechromatogram showsthe unbound fraction. During
theloading of the column proteinsthat are unableto
bind to theresin are washed through. The bound pro-
teinswereduted at 2 ml/min and fractionscollected at
sdlected interva sthroughout therun. Fractionscollec-
tion commenced at the beginning of each peak until it
tailed off. Thered lineindicatesthesalt gradient. The
gradient was held where necessary to ensurethat the
peaksweresufficiently separated. Theactivefractions,
shown by thebluebarswereidentified usngtheinvitro
methionine synthase assay. The activefractionswere
pooled, desdted and concentrated. Two fractions, typi-
caly 100ml intota werecollected for each of thethree
recorded peaks. The 30 kDamembrane used for con-
centration of the enzyme preparation alowed sdlt, wa
ter and small proteinsto passthough leaving aconcen-
trated mixture of larger proteinsincluding methionine
synthase. The specific activity of theenzyme prepara-
tionwas cal culated to be 19.8 nmol methionine/ h/ mg
of protein. A time-dependent assay was used to iden-
tify thetimerangein which thelinear reaction occurred
using 0.74 mg of protein per assay. Theplot fromthis
experiment isshown by Figure 13. The assayswere
performed in duplicateand resultsareexpressed asin-
dividua vaues. Theresults show that the parameters
investigated arewithinthelinear reaction.

ARG516 ASP473

ASN508

ASN411

ASP390

Figure10: Image of compound 5 docked intothe M THF
bindingdomain of M &tS. (Front View)
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Protein assay

The dose-dependent assay was performed to es-
tablish theamount of enzyme (protein) required to give
amaximum of 20% conversion of the substrateinto
product. Theplot from thisexperimentisshowninFig-
ure 13. The assays were performed in duplicate and
results are expressed as an average of the two indi-
vidua va ues. Based on theresultsfrom these experi-
mentsan incubationtimeof 30 min and an enzymedose
of 0.74 mg were sel ected.

Enzymeassay

A time-dependent assay was used to identify the
timerangeinwhich thelinear reaction occurred using
0.74 mg of protein per assay. Theplot from thisexperi-
ment isshown by Figure 12. Theassayswere performed
induplicateand resultsare expressed asindividud val-
ues. Theresultsshow that the parametersinvestigated
arewithinthelinear reaction.

ARG516 ASP473

ASNS508
ASN411

ASP390

Figure11: Imageof compound 8 docked intotheM THF bind-
ingdomain of M &t S. (Front View)

Determination of Km and Vmax for 5-
methyltetrahydrofolate

Inhibition was studied with respect to varying 5-
methyltetrahydrofol ate concentrations. Assay incuba:
tion times had to be kept bel ow 25 minsto ensurethat
the complete set of experimental datawere collected
within a20% maximum of substrate conversion. The
Lineweaver-Burk plotisshownin Figure 3. Thevaue
forK,, wascalculated to be 28.6 uM and is consistent
with the reported value of 25.0 uM.["! Results are of
threeindependent experiments, each onecarriedoutin
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duplicate.
RESULTSAND DISCUSSION

Thedesign of the synthesized moleculesinthisar-
ticlewasbased onthestructura smilarity betweenthe
synthesized compoundsand the natural substrate me-
thyl tetrahydrofol ate. The synthesized compoundscom-
petewith the natural substratetoitsbinding domain
and thisresulted in theinhibition of the enzymereac-
tion. A total number of 19 compounds of benzimida-
zolederivativeswere synthesized inthisarticle. Com-
pound 6 showed thehighest mixedinvitroinhibition of
the free enzyme assay (K, value of 450 uM and per-
centageinhibition 64%). Thetested compoundswere
classified accordingto their degree of inhibition to the
enzyme reaction. Compounds 6, 11 and 17 showed
high inhibition action (64%, 41% and 40 %) respec-
tively. Compounds5 and 16 showed moderateinhibi-
tion action (37% and 36 % respectively). Compounds
3 and 14 showed thelowest inhibition action (3% and
22%). Compounds 1, 2,4,7, 8,9, 10, 12, 13,15 and
19 showed either stimulating or have no effect onthe
enzymereaction (L STM, 11 STM,4STM, 11 STM,
15 STM, 1 STM, 13 STM, 29 STM, 0, 0 and 11
STM) respectively.

Compound 6 showed ahigh inhibitory action on
the enzyme catalyzed reaction (64%) and alow free
energy of binding (-122.62 KJ/moal). Ligand 6 was
docked with similar orientation asthe docked pose of
thenaturd substrate M THF insideitsbinding domain
with RMSD vaueof 1.60A as illustrated in Figures 2
and 9. Wherethenitro-benzenoid moiety of theligand
docked deep insidethe receptor and theside chain at
position 2 docked at the outermost part of the recep-
tor. Compound 6 made 2 hydrogen bonds with the
amino acidsasparagine 508 and asparticacid 390 (Fig-
ure9). Thelow freeenergy of binding produced from
thethermodynamicagorithmsof thedocked ligandre-
sulted from themost plaus ble d ectrostatic and van der
Waalsinteractionsof theligand with thekey amino ac-
ids of thereceptor. The steric hinderance at the mini-
mum level and the polar side chain produced polar-
nonpolar interactionswith amino acid asparagine 508.
Compound 5 exhibited amoderateinhibitory actionon
the enzyme catalyzed reaction (37%) and amoderate
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freeenergy of binding (-81.93 KJmol). Theabsence
of nitrogroupinligand 5 had led to aremarkablere-
ductionintheinhibition effect of theenzyme cataysed
reaction and in thefree energy of binding. Thismeans
that the presence of the nitro group at position 5 of
benzimidazoleringisadetrimenta bioisostereof amino
group positioned at the pteridinering of natural sub-
strate MTHF. Thisled that theligand started to rotate
around itsaxisand docked horizontdly insidethe bind-
ing domainto avoid theboundary of seric clasheswith
other amino acidsexist at thereceptor cavity asshown
inFigure10. Ligand 8 unexpectedly stimulated there-
action catal ysed with the enzyme (11% STM) and pro-
duced ahighimplausblefreeenergy of binding (+29.37
KJmol). Thepresence of chlorideatom asabioisostere
for thenitro group induced an undesired stimul ating
action of theenzyme activity and probably led to the
stacking of theligand at the surface of the enzyme cav-
ity (Figure11).
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Figure12: Representative profilefrom Q-sephar ose show-
ing methioninesynthase activefractions

A common routeto the synthesisof benzimidazole
derivativesisthewd | established Phillipscondensation,
reported by Phillipsin 1928. The synthesis of com-
pounds 1-25 followed dterations of known procedures.
Subtituted phenylenediaminederivativeswerecydized

-, @Wu'c CHEMISTRY

A udéan Journal



54 Molecular modeling studies and synthesis of fused heterocyclic compounds

OCAIJ, 9(2) 2013

Full Paper ==

with different aliphatic and aromatic carboxylicacidsto
givethedesired substituted benzimidazol e derivatives.
Thereactionswere enhanced in the presence of min-
erd acid catayst.

Racemisation which possibly occurred during the
synthesisof compounds5-11 wasexamined by usnga
chird shift reagent such aseuropiumtrig 3-(heptafluoro-
propi hydroxymethylene)-(+)-camphorate] . Thisre-
agent is able to interact with the stereogenic centre
formed in compounds 5-11 to make physical com-
plexes, converting theenantiomeric mixtureif present
intoamixtureof diagteriomerswhich aredifferentinthe
physical charactersand could be detected using flash
chromatography. This process has showed that one
enantiomer was obtai ned and racemi sation hasnot oc-
curred.

Methionine Synthase Time Dependence Plot
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25000 4

20000 1

*

E 15000
(=]
10000 A
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Time (min)

Figure13: Time-dependent study of methionine synthase

(0.74 mg methionine synthase/ assay)

Thetarget compoundsthat were successfully syn-
thesized weretested for their inhibitory activity against
highly purified rat liver coba amin-dependent methion-
inesynthase. A pil ot study was undertaken on the syn-
thesized seriesof subgtituted benzimidazole. All thecom-
pounds were tested using an established in vitro
colourimetric enzyme assay'®. The compoundswere
initially screened at 500 uM then at gradient concen-
trationsof 500 uM, 250 uM and 100 uM. Thekinetic
parametersof theenzymeinhibition werecd culated and
Lineweaver-Burk plot for the uninhibited enzymereac-
tionsfor MTHF (K, ,=28.6 uM, V__=8.7 uM min™)
was established (Figure 3). Thetested compounds ex-
hibited typica mixedinhibition patternson lineweaver-
burk plots (Figures4-8). Theseresultssuggest that the
inhibitorsmay bind at other binding sitesaswell asat
thedesired 5-methyltetrahydrofolate site. Methionine
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synthaseisabisubstrate enzyme, it ispossiblethat the
inhibitorsa so competefor the homocysteine binding
domainin additionto the5-methyltetrahydrofolatebind-
ing domain, or even bind at the binding site of the S
adenosylmethioninereactivation cofactor. Inthisarticle
wehaveonly atempted theeva uation of theinhibitory
activity againg the5-methyltetrahydrofolatebinding Ste
keeping all other parameters constant. Sincethereare
sructurd smilaritiesbetweentheinhibitorsandtheside
chain of the cobalamin cofactor it could be hypothesised
that theinhibitorsmay displacethecofactor. Inunbound
cobalamin, thelower axia ligandis5,6-dimethylben-
zimidazole (Figure 14). When methionine docksitsco-
ba amin cofactor, the 5,6-dimethyl benzi-midazoleligand
isreplaced withahigtidineresduelocated on theactive
dte Ateveryturnover of theenzyme, thehistidineres-
dueisremoved then re-coordinated to the central co-
balt atom. In theory, if the benzimidazoleinhibitorsor
indeed any compound that had the ability to complex
with cobalt gained accessto the coba amin binding do-
main, coordination could be achieved with the central
cobalt in preferenceto the histidineresidue, thereby
blocking or hindering turnover. A reported hypothesis
onthecleavageof themethyl group of cobaaminbased
onthestrength of theaxia ligand hasbeen discussedin
published article™, If thisproposal stands, thenitis
reasonable to believe that a benzimidazole or a
complexing ligand with alower pK_ thantheenzyme’s
histidine residue would decrease the strength of the
ligand cobalt bond. Inturn the cobat methyl bond would
be broken homolytically in favour to the heterol ytic
cleavagefavoured and utilized by theenzyme. Thiscould
partialy explaintheinhibition seen by the benzimida-
zolespeciesand themixed behaviour of thekinetic stud-
ies. From aprevious study, benzimidazole specieswith
an electron-donating group on the benzene side typi-
cally increased the activity of the enzyme. Dueto the
el ectron-donating effect, theimidazol e nitrogen atoms
of these specieswould be more effective bases, hence
would strengthen theligand cobalt bond. If thetheory
holds, astrengthened ligand cobalt bond would favour
heterolytic cleavage of thetrans cobalt carbon bond.
Thisoutcomeispreferred by theenzymeand so turn-
over could continue at anormal rate or beincreased.
Thismight simply be dueto thefact that none of these
compoundshaveahigh affinity for the cobaamin bind-
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ing Stewhilst benzimidazol eshave been shownto com-
plex with cobalt, as has4-methoxy-1,2-phenylenedi-
aming+12,

TABLE 1: Thecalculated ener gy termsfor theinteraction

of aseriesof compoundswith M THF binding domain and
their percentageinhibition and their RM SD values

. Energy term (KJ/mol) % RMSD
Ligand Inhibition* i
AEBind AEComplex AEReceptor AELigand 'MN!PItion (&)
MTHF -122.36 -255.00  -190.64 58.00 . 1.51

1 1249  -202.72 -286.09 70.88 1ST™M 5.23

2 19.07  -227.08 -290.24 44.09 11ST™M 351
3 -291  -245.87 -285.05 42.09 3 3.12
4 5.09 -260.85 -298.42 32.48 4STM 4.67
5 -8193 -301.15 -295.62 67.40 37 242
6 -122.62 -370.03 -326.11 78.70 64 1.60
7 2895  -217.08 -293.04 47.01 11ST™M 4.90
8 2937  -224.08 -294.20 40.79 15ST™M 6.81
9 13.01  -242.60 -316.59 60.98 1stm 6.20
10 1.87 -247.18 -299.24 50.19 13stm 251
11 -11291 -275.87 -205.05 42.09 41 3.12
12 6317 -204.88 -313.04 44.99 29STM 4.67
13  -0.34  -240.80 -284.15 43.69 0 4.42
14 1391  -250.01 -299.21 35.29 22 16
15 7.70 -212.71 -289.49 69.08 0 19
16 -105.24 -272.00 -209.95 43.19 36 281
17 -11480 -210.01 -176.09 80.88 40 5.23
18 -12413 -260.08 -190.04 54.09 44 251
19 6.20 -245.03 -301.24 50.01 11ST™M 3.01

CONH,

R

CH;
CN
Deoxyadenosy

OH
Figure14: Sructureof cobalamin cofactor
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TABLE 2: Sructureof M THF and thecompoundssynthesized
inthisarticle

The structure of the compounds
M ethyltetrahydrofolate (MTHF)
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The structure of the compounds The gtructure of the compounds
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Eq 1 Thefreeenergy of binding

"ﬂ"EEind = ".:"'Ef'mnpfm' - {‘iERen'prar - ‘ﬂ"'E.[:gmd :I (1)
Eq 2 Lineweaver-Burk equation for anon-com-
petitiveinhibitor
1 Ke@+UVEKD L |
1 I?m [S]
Eq 3 Lineweaver-Burk equation for an un-com-
petitiveinhibitor
1 _Ky1 HIVK,
v VulSl V. 9

K
v (4]

CONCLUSION

Theresults obtained from this study showed new
generation of compoundsthat could probably used as
drugsinthetreatment of breast and progtate carcinoma.
The5-methyltetrahydrofolate (MTHF) bindingdomain
isconsidered abig receptor (20.70A length and 12.23A
width) and hasfivekey amino acid residueswhich take
part inthebinding, and compriseof negatively charged
amino acidsaspartic acid 390 and 473, polar uncharged
amino acids asparagine 411 and 508 and positively
charged amino acid arginine 516. Thefivekey amino
acidresduescomprisingthebindingsiteof MTHF are
polar, three of them are charged and two are uncharged.
Thismeansthat any design of inhibitor mimicsshould
take into account the presence of polar and charged
groupsor atomsintheinhibitorsin order to facilitate
theformation of strong Coloumb, Lennard-Jones6-12
potentia sand formation of hydrogen bonds.

The MTHF binding pocket showed avery inter-
esting distribution of amino acid residues. The charged
and polar amino acidswere popul ated in the outermaost
part of the pocket and the nonpolar hydrophobicamino
acidsarelocated inthemiddlepart of thepocket. There-
forethe benzimidazolederivativesdesigned inthisar-
ticle, and for thefuture, work should takeinto account

—= Fyl] Paper

the presence of anitrogroup as

asubstituent on the benzenoid ring of theinhibitor.
The nitro group occupied the cartesian coordinates,
where the charged and polar amino acids are popu-
lated. Thisenhanced theligand-receptor binding via
charged-charged e ectrostaticinteractions. Some ben-
Zimidazolederivativesshowed ameaningful inhibition
of the methionine synthase reaction. The synthesized
ligandsexhibited different inhibitory activity ontheen-
zymereectionwithlow concentrations. Testing againgt
particular cancer cellswhere methionine synthaseis
over-expressed will berequired for the subsequent step.
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