
Inhibition of Adrenal Phenethanolamine 
N-Methyltransferase by Substituted Benzimidazoles 

I,. R. ~\IANL)EL,* C. C. PORTER, F. A. KUEHL, JH., 

l l m k  Znslztutc for Y'hcraptutzc Research, Rahway, .Yew Jersey 07062, and II-tst P o d ,  PcnnaylLuniu 10.$86' 

s. P. JENSEN, s. 11. SCH~IITT, T. B. WINDHOLZ, T. R. BEATTIE, 
J. A. CARTY, B. G. CHRISTENSEN, S X D  T. Y. SHEN 

L)cparl?rLcnt of Synthetic Chemical Research, M u c k  Sharp and Dohnic Rcscarch Laboralor L L S ,  

Rahway, New Jersey 07065 

Iiectzvtd Junc 26, 1910 

A series of substituted P-aniinobeiizimidazoles was synthesized mid tested for their inhibitory effect in vitro 
oil bovine adrenal pheiiethanolamine S-met,hyltranYferase, the erixyme catalyzing the final step in the bio- 
synthesis of epinephrine. The most pot,erit inhibitors found were those with a free amino group iri the 2 ponitioii 
and with C1, NO,, or CF, subst,ituenta in the 5 position or both the 5 and 6 positions. ThesL compounds produced 
18-55PJ, inhibition of enzyme activity at, 0.28 pg/ml. Several compounds were also found t'o inhibit the bio- 
synthesis of adrenal epinephrine when administered ip to mice in 3 doses of 23-100 mgjkg per dose. 

The final step in the biosynthesis of epinephrine is 
the transfer of a -;\Ie group from X-adenosylmethionirie 
to the primary amine S of norepinephrine.' The reac- 
tion is catalyzed by phenethanolamine N-methyltrms- 
ferase (PNIIT) ,  an enzyme present in relatively high 
content in the adrerid medulla of several mammalian 
species2 with some activity detectable in heart2 and 

The adrenal enzyme S-methylates a variety 
of naturally occurring and synthetic phenylethanol- 
amine derivatives but not phenethylamines or indole- 
ethylamines.2 I ts  activity is markedly depressed 
following hypophysectomy. Enzyme activity can be 
restored to normal after administration of ACTH or 
dexamethasone suggesting the biosynthesis of epi- 
nephrine in the adrenal medulla is regulated by the 
pituitary-adrenocortical system.5 However in the 
intact animal PNAIT appears to be maximal since 
further stimulation of the adrenocortical system does 
not increase enzyme activity.6 

PSNT is inhibited by a variety of amines including 
pheneth? lamines and phenyletha~iolaniiries,~ t i  ans-2- 
phenylcyclopropyl~mine, and other related coinpou~ids.~ 
Inhibition of the enzyme by epinephrine could serve as 
a mechanism for regulating its activity and may be a 
means by which an increased rate of epinephrine produc- 
tion occurs when adrenal levels are depleted.6 Rela- 
tively high concentrations of norepinephrine also inhibit 
P K I I T  but the physiological significance of this effect 
remains to be established.6 

This report describes the inhibition 211 vitro of bovine 
adrerial medulla PSIIT by substituted benzimidazoles. 
AIany of thebe compounds produced more than 50% 
inhibition of enzyme activity a t  28 pg/ml and home 
structures inhibited enzyme activity 30% when tested 
at  0.28 pg/ml. In  follow-up studies i / i  vivo several 
benzimidazoles were also found to selectively lower the 
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epinephrine content of adrenal glands of mice without 
significantly altering their norepinephrine content. 

Chemistry.--;\lost of the 2-aininobenzimidazoles 
I\ ere prepared by treating B r C S  11 ith the appropriate 
o-phenj-lenediamine. The preparation of a bi.(trifluoi-o- 
methyl)-o-phenylenediamine, \vhich had previously been 
prepared by an extended sequence,g was greatly facili- 
tated by the use of SF,'" to introduce CFd. The 2 
substituents of 21, 22, 24, and 28 were introduced by 
treating a 2-chlorobenzimidazole with appropriate 
amines. I n  the case of 21 a 1-IIe substituent was 
introduced prior to the introduction of the ?-amino 
group because of the possibility of obtaining an  iso- 
meric mixture if a 2-aminobenzimidazole were alliyl- 
ated. It should be noted, however, that in the prep- 
aration of 26 direct alkylation gave only substitution a t  
the 1 position. 

Biological Methodology.-St eer adrenal medulla 
PKRIT it 51s prepared and assayed bj. minor modifica- 
tions of the method of Axelrod.* The dialyzed 3.5- 
55% (SH,),S04 fraction was centrifuged to remove 
insoluble material and the supernatant used as the 
enzyme source. Each incubation mixture contained 
100 pmoles of potassium phosphate buffer, pH 7.9, 0.17 
pmole of m-normetanephrine or 0.018 pmole of DL- 
norepinephrine, 2-5 pmoles (0.1-0.2 pCi) of 8-adenosj 1- 
methi~nine-rnelhyl-'~C (Kew England Kuclear Corp.), 
2G100 pg of enzyme protein, and 5 p1 of inhibitor sol11 
(in DIISO) in a final vol of 305 pl. Incubations were 
carried out  at  37" for 30-60 miri and the extraction of 
metanephrine-14C or epinephrine i v m  as described pre- 
viousl? .z Aliquots of the organic phases were trans- 
ferred to 20 ml of a l'hIIe-EtOH phosphor for deter- 
miriation of radioactivity in a Pacliard liquid scintilla- 
tion spectrometer. 

Compounds which were found to inhibit P N I I T  
vitro were tested for their ability to  alter the adrenal 
content of epinephrine and norepinephrine in mice and 
rats. The drugs were suspended in water containing 
0.5% Tween 80 and administered ip. Female mice of 

(9) (a) J. Fernandez-Bolanos, W. G. Orerend. A .  Sykes, J. C. Tatlow, 
and  E. H.  Wiseman, J .  Chem. Soc., 4003 (1960). (h) K.  J. Morgan, ibid., 
2843 (1961). 

(10) I\-. It. llaaek, \V. C .  Sniitli, and V. .I. Engelliardt, J .  . 4 m e r .  Cirem. 
soc . ,  82, 343 (1'380). 



the Garworth CE'-l strain (10-23 g )  received 3 dose5 of' 
test conipourid a t  23-100 mg lig per dose over a period 
of 2 d:Lys. In most experiments 3 groups of' 3 mice per 
group were used. Physiological saline was admin- 
istered to the control groups. Jlale Charles River rats 
(150-200 g) were treated as indicated. Four hours 
after the last dose the animnls were decapitated arid 
the a,drenal glands removed and stored at  -20" prior to 
:tss2Q. 

The pooled adrenal glands from 3 mice or 3 rats were 
homogenized in ri-BuOH and catecholamines were back 
cbxtr:icted into 0.1 11 phosphate buffer, pH (i.3. Xli- 
(luots of the> vxtract were treated with for thc 
clevrlopmerit of  fluorescent trihydroxyindole deriva- 
tivtq." Fluorescerice was determined at  2 sets of 
\\ :tvt.lengths---those optimal for epinephrine and nor- 
c~piriephrine, respectively. The solution of simulta- 
iic~mh rquntioris using constant factors derived from the 
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tivity (14, 18). Substitution of the C-2 amino group 
was also detrimental to  activity (22, 24, 25) and sub- 
stitution of the ring r\' even more so (21, 26). Replace- 
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ment of the 2-amino group with a variety of other sub- 
s t i t u e n t ~ ~ ~  results in virtually complete loss in activity; 
compounds 27,28, and 30 are exceptions. 

(13) Se\ era1 doien 2-substituted benzimidazoles, other than  those re- 
ported in this article, \\ere available from our sample collection and \&ere 
tested. 

Some of the compounds were also tested for their 
effect on the methylation of norepinephrine (Table 11), 
the substrate considered to be the one occurring in vivo.7 
I n  general the compounds were slightly less effective 
when G X 10-5 fU m-norepinephrine replaced 5.7 X 

M DL-normetanephrine as substrate in the assay. 
I n  V i v o  Results and Discussion.-A spectrum of 

PSRlT inhibitors were tested in follow-up studies in  
vivo for their ability to lon-er adrenal epinephrine levels 
in mice. Most of the compounds were administered ip 
in 3 doses of 100 mg/kg each during 24 hr;  some com- 
pounds were given in lower doses because of toxicity. 
Those inhibitors which yielded a ratio [(adrenal epineph- 
rine/adrenal norepinephrine),,,,,,d : (adrenal epi- 
nephrine/adrenal norepinephrine),,,,,,1 m,Ee 1 of 0.8 or less 
are considered active. The data in Table I11 demon- 

TABLE I11 

FORMATIOX I N  MICE (in Vico) 
I X H I H I T I O N  O F  ADRENAL EPINEPHRINE 

Dosage 
N O .  (mg/kg X 3 doses) Activityo 

3 100 0.76 
7 100 0.78 
8 100 0 .78  

12 100 0.71 
13 100 0.71 
15 100 0.58 
16 50 0.55 

2 3 0 .90  
17 100 0.73 
20 100 1 .08  
22 100 0.80 
27 100 0.64 
28 40 0.93 

(adrenal epiriephrine/adrerial riorepinephrine),,,t,,~ miee. 

(adrenal epiriephririe/adrerial iiorepiiiephrine)t,,.t,d miee .  

strate that several compounds lowered adrenal epinephr- 
ine in vivo. However, the relationship between activity 
in vivo and potency as enzyme inhibitors in vitro is poor 
(cf. Table 11). 5,6-Dimethyl-2-aminobenzimidazole 
(16) was found to be the most active compound in vivo, 
producing as much as a 45% reduction in adrenal 
epinephrine in mice when administered in 3 doses of 
50 mg/kg each. In  vitro i t  produced only 22y0 inhibi- 
tion of the methylation of norepinephrine at  2.8 pg/ml. 
Conversely 5,G-dichloro-2-aminobenzimidazole (17) 
produced up to 30% inhibition of adrenal epinephrine 
when administered in 3 doses of 100 mg/kg each TT hile 
blocking norepinephrine methylation in vitro by 
73% at 2.8 pg/ml. The apparent lack of correlation 
between in vitro and i7i vivo results may be attributed to 
differences in absorption, distribution, metabolism, and 
excretion of these compounds. 

To determine whether the in vivo activity of 56-  
dimethyl-2-aminobenzimidazole (16) \vas unique to the 
mouse, this compound was also tested for its effect on 
adrenal epinephrine formation in rats. The rat was 
found to be more sensitive than the mouse to the in- 
hibitory action of this compound, for as shown in Table 
IV, 3 to  5 ip doses of only 25 mg/kg each reduced the 
epinephrine content to 25% of normal. Moreover 5 
oral doses of 50 mg/kg produced a 40% reduction in 
adrenal epinephrine, indicating oral activity for at  least 
one of the benzimidazoles. 



'rhr I ' / i  P ~ H I  activity of man). of t8he compounds listed 
in T:Me I11 was found to  hc associated with toxicit).. 
Anorexia with loss in migh t ,  sedation, accumulatioii 
of :hdominal fluid, decreased motor activity, aiid 
hriniorrhagcd :idrenal glands \ v c w  the toxic manifesta- 
t ioiis not (4 pa,rticularly when compounds were admin- 
istcrcd i i i  doses cixceeding 100 mg,.'lig. The adrenal 
Iirmorr1i:igc may account for the  change in  the epi- 
iit~I)liriric~~iiorepinephrine ratios. Studies with 1'SlLT 
iriliihitors ot her than benzimidazoles suggest thest. 
t4YtJcts ma>' i ) c ,  iiiseparablc.li Substituted ?--amino- 
t)~,iizimidLLzolt,s had tweii rtlportrd to cnust' drfects iii 
thri riormal conductivts proc i i i  cat arid rabhit heart, 
i// r I ' / Y l , l ~  

.\t prcwiit th(s utility of I'SJLT inhibitors in medicirip 
is not c>stablished. Iricreased cwrrtion of epinephriw 
hw hcwi a,ssoci:itd with situations of anxiety xrid str 
An iiicrease in plnsma catecholamines has been 110 

follo\\-ing myuc:irdial irifurction :trid hi patients under- 
going c:ircli:tc cntheteriz:ttiori.'"." Sclstcllx exiimined 
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ioiis ill c:ttecliolarnint~ nic.tiiholism iii labom- 
tor!, :iiiim:tlh have lmw i~oporttd i i i  ii variet,y of stress 
sitju:it.ion.<, iricludiiig exposurt~ :itid ucclimntion to cold 
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t r:itioii :tiid withdrawal of rr10rphinr.?~-~~ Tt would bt .  
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Experimental Section" 
General Preparation of 2-Aminobenzimidazoles. - A 1 O-niniole 

portioii of t8he required o-pheiiylenediarnine a i d  15 iiiniole? of 
CNBr were stirred iii 50 1111 of 100-3:3~~{ 1 leOH at roo111 t,enipera- 
tiire28 until the reaction W:W complete ljy tic. Additional (13131. 

1 o r  2 days. When the reaction was cornplete 
i,rnioved in w c u o  iiiid the reaidiir niade 1)tLsiv 

1vit.h coned SN.d)II .  Tlitl ci,iide ni;iterial w w  I , illizetl f r ~ n i  
1 1 2 0  (I)lIF---H?O i l l  t l i c  vii>.c t r f  19). 
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3 atm in the presence of 1 g of lOyo Pd-C. The catalyst was 
removed by filtration and the filtrate was put under N233 and 
cooled in an ice-bath before 6.8 g of CNBr was added. The 
mixture was then stirred for 1 hr without external cooling and 
1.5 hr at  5' before being made basic with concd NHaOH. After 
concn to a gum the mixture was extracted with 1O:l MeOH- 
CHC13 and the extract was chromatographed on silica gel using 
4: 1 CHCl,-NeOH as an eluant. Further purification was 
achieved through conversion into the HBr salt followed by re- 
cmversion into the free base and recrystallization from HzO to 
give 1.0 g of product. Anal. (C,HiFK3) C, H, N. 
4,5-Dinitro-l,2-bis( trifluoromethylbenzene).-A mixture of 

7.0 g of 4,5-dinitrophthalic acid,34 75 g of SF,, and 35 ml of H F  
was heated in a steel bomb for 8 hr at, 140". After evapn of the 
reagents at  room temp t,he residue was extracted with CIIC13. 
The CHC1, soln was filtered, dried, and concd to a residue which 
was triturated wit.h hexane to give 8.35 g, mp 93-97'. Additional 
purification was achieved by recrystn from liexane and sublima- 
tion, mp 96-97". Anal. (CSH,F&~O,) C, H, 1;. 
4,5-Bis( trifluoromethy1)-o-phenylenediamine.-A s o h  of 10 g 

of SnC12. 2H,O in 40 ml of concd HC1 was cooled to 0" and 200 g 
of 4,5-dinitro-1,2-bis~trifluoromethylbenzene) was added. The 
mixt,ure was st,irred 16 hr with initial intermittant cooling which 
kept the temp at' <40". The mixture was then cooled to 0" and 
the precipitate was collected. After washing with cold 6 S HC1 
the ppt was treated with NH,OH to give 1.26 g, mp 64-65.5'. 
Sublimation gave material melting at  65-66". Anal. (C8HeF3N~) 
C, H, N. 
2,5,6-Tri~hlorobenzimidazole.-~4 20-g portion of 5,6-dichloro- 

benzimidazolinone36 was refluxed in 300 ml of POcl3 for 17.5 hr. 
HC1 gas was passed into the mixture for the first 1.5 hr. Excess 
P0Cl3 was removed in vacuo and the residue was decompd 
caut,iously with H.20. The resultant mixture was extd with hot 
concentrated HC1 (500 and 3 X 100 ml). The HC1 ext were 
made slow~ly basic with concd SHIOH. The first 0.2 g of ppt 
which sepd nab discarded. Further addition of KHdOH gave 1.7 
g of crude product. Purification for analysis was achieved by 
sublimation at 90" (50 p )  for 2 days (discard sublimate) followed 
by sublimation at  11.5' (50 p ) ,  mp 233-235", resolidified at  238". 
dnal. (CiH3ClaNn) C, H, C1, N.  
2-Amino-5,6-dichloro-l-methylbenzimidazole (21).-A 1.44-g 

portion of 2,4,S-trichlorobenzimidazole was treated wit,h 4.5 
ml of ;i XaOH and 1.5 ml of MezSOa. After 2 hr 1.50 g of 
material which was pure by tlc was collected on a filter. An 0.80-g 
portion of this mat,erial was treat.ed in a sealed tube a t  200°/6 
hr with 3 ml of concd ",OH. The resultant, insoluble product 
was purified by preparat,ive tlc on silica gel plates (lo%, RIeOH- 
CHC13) followed by sublimation [ 130°(50pj]. Anal. (C8H7ClnS3) 
C, H, C1, 1;. 
5,6-Dichloro-2-dimethylaminobenzimidazole (22).-A mixture 

of 1.7 g of 2,5,6-trichlorobenzimidazole and 8.0 ml of 407, 
(CH3)&H was heated for 6 hr a t  155" in a sealed tube. After 
cooling and dilution with 75 ml of HzO, 1.57 g of product was 

(33 )  This intermediate in solution was very air sensitive and mas therefore 
not isolated. 

(34) (a) H.  Goldstein and J. P. Merminod, Hela. Chim. Acta, 31, 1476 
(1952). (h) T. Momose, A .  Inaba, K .  Inoue, K. RIiyahara and  T. Mori, 
Chem. Pkarm.  Bull . ,  12, 14 (1964). (c) Vie prepared this compound in a 
2-step sequence from 4.5-dimethyl-4-nitroaniline by first converting it into 
the known [E. Noelting and G.  Thesmar, Ber. ,  31, 628. (1902)] 1,2-dimethyl- 
4.S-dinitrobenzene 11y the  procedure of K .  J. Clark and  G.  I. Fray, J .  Chem. 
Soc. ,  894, (1960), and then oxidizing this intermediate quantitatively t o  the 
desired ~ ~ h t h a l i c  acid by heating in a sealed tube a t  150°/10 hr as  a 10% 
s o h  in concd HKOa. 

(35) R .  L. Clark and A .  A .  Pessolano, J .  Amer.  Chem. Soc., 60, 1657 
(1958). 

collected, mp 250-258'. Sublimation at 150"(50 p )  gave pure 
material. Anal. (C9HgC12N3) C, H, C1, h'. 
5,6-Dichloro-2-dimethylamino-l-methylbenzim~dazo~e (23).- 

To a cooled mixt'ure of 0.64 g of 22, 1.5 ml of 5 1V KaOH, and 
5.0 ml of HzO was added 0.55 ml of MezS04. The mixture was 
stirred 12 hr with intermittent additions of NaOH and MezS04 
and dilut,ed with H20 before a crude product was collected. 
This material was decolorized, dried in CHC18 soln, and evapd 
t.0 a solid which was extract,ed (EtzO). The residue from evapn 
of the EtzO ext was recrystd twice from Et20 to give 0.26 g of 
product. Anal. (CloH1,ClzN3) C, H, C1, N .  
5,6-Dimethyl-2-dimethylaminobenzimidazole ( 24) was pre- 

pared from 2-chloro-5,6-dimethylbenzimida~ole~~ by the sample 
procedure used in the synt'hesis of 22. Anal. (CllH15S3) C, H, N. 
2-Acetamido-5( 6)-trifluoromethylbenzimidazole (25).-A mix- 

ture of 1.0 g of 15 and 6 ml of pyridine was cooled and 0.50 ml 
of AcrO was added. After 1 hr a t  room temperature and 1.5 hr 
in a steam bath t'he mixture was poured into ice-wat'er. Crude 
product (1.05 g) was collected, mp 274-285'. Recrystn from 
MeOH gave analytical material. Anal. (C,oH8F3N30) C, H, F, N. 
2-Amino-l-benzyl-5,6-dimethylbenzimidazole (26).-To a soln 

of 0.63 g of Na in 50 ml of abs Et,OH was added 4.2 g of 5,6-di- 
met,hylbenzimidazole. The mixt,nre was stirred 30 miri and 3.0 
ml of PhCH,Cl was added. After stirring 15 hr the mixt'ure was 
refluxed 1 hr and filtered. The filt,rate was concentrat,ed in 
vacuo and triturated with HzO to give 3.6 g of product, mp 259- 
261'. Recrystn from EtOH gave analytical material: nmr 
(DMSO). T 2.79 (ni, 5 ) ,  3.07 (s, l), 3.20 (s, l),  3.63 (s, a ) ,  4.8 

2-Aminomethyl-5,6-dichlorobenzimidazole (27).-A mixture 
of 17.6 g of 4,5-dichloro-o-phenylenediamine, 7.50 g of glycine, 
120 ml of HzO, and 80 ml of concd HCl was stirred and refluxed 
14 hr under Nt. The solvent was removed in vacuo and the 
residue was added to H20. Precipitates were collected suc- 
cessively as t,he pH was raised to 4.0, 6.4, 7.0, and 9.2. At, the 
highest pH, 1.03 g of product was obtained. Purification was 
achieved by sublimation. dnal.  (CaHiCl&,) C, H, C1, N. 
2-Hydrazino-5,6-dichlorobenzimidazole (28).-.4 mixture of 

0.56 g of 2,5,6-trichlorobenzimidazole and 5.6 ml of 99-1007, hy- 
drazine was heated in a fealed tube at  150" for 5 hr. After 
cooling, 0.53 g of crude product was collected. Sublimation at 
150" (0.5 mm) gave 0.42 g. Anal. (CiH&lzXI) C, H, C1, S. 
2-Acetamido-5(6)-hydroxybenzimidazole (29).-A mixture of 

100 g of dry pyridine.HC1 and 10 g of 7 was heated a t  200- 
275' for 2 hr. After cooling, 600 ml of H20 and SH40H to 
make pH 9 were added and t,he mixture was extd continuously 
with EtOAC. Concentration of the extract gave 19 g of purple 
solid which yielded 3.5 g of crude product, mp 273-283", by 
trituration with H 2 0  followed by RfeOH. The material was 
purified by recryst'n from hIeOH. Anal. (C9HJ302) C, H ;  X:  
calcd 21.98, found, 21.51. 
2,5( 6)-Bis(trifluoromethyl)benzimidazole37 (30).-A mixture of 

5.16 g of F8CC02H, 8.0 g of 4-trifluoromethyl-o-phenylenedi- 
amine,38 and 90 ml of 4 N HCl was refluxed and st'irred 2 hr. 
After cooling, 5.0 g of product was collected, mp 196-198'. Two 
recrystns from CaHs gave analytical material. Anal. (C8HaF6N2) 
C, H, N, F. 
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