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Upon the Claimed Preparation of 2-Chloro-2,3-dihydrobenzimidazole, 
2-Amino-2,3-dihydrobenzimidazole, and Related Compounds 

John A. Barltrop and Terence C. Owen* 
Department of Chemistry, University of South Florida, Tampa, Florida 33620 

Reports by Studnlckl clalming the preparation of 
2-chloro-2,3-dlhydrobenzimlda~ole, 
2-amlno-2,3-dlhydrobenzimidazole, and related substances 
are mlstaken. The substances obtained actually are 
unchanged starting material, o-phenylenediamlne, and 
slmpie known derlvatlves of It. 

Some little time ago there appeared in this Journal a report 
( 1 )  by Marek Studnicki claiming the preparation of 2-chloro- 
2,3-dihydrobenzimidazole (2) (1, Table I)  and from it the 2- 
mercapto and 2-amino compounds and sundry derivatives of 
them. Subsequent monographs (3) extended these claims and 
described supposed industrial applications also. 

We observe that the preparation of these substances would 
constitute a truly remarkable and noteworthy achievement. 
Each is formally the product of addition of HX across a double 
bond of the imidazole ring of benzimidazole. Each, surely, 
would exhibit a pronounced proclivity toward loss of the addend 
and recovery of the considerable resonance stabilization of the 
benzimidazole system. That any of them should tolerate the 
experimental conditions described, viz., boiling in methanol, 
boiling with aqueous sodium sulfide, or fusion (sic) with potas- 
sium phthalimide, is totally outside the bounds of credibility. 

Accordingly, having a considerable interest in unusual 2- 
substituted benzimidazoles ( 4 ) ,  and wondering what exactly 
might be going on here, we found it necessary to consider 
closely the experimental information and structural evidence 
presented by Studnicki, and in due course to repeat almost all 
of the experiments described. We regret to have to report that 
it is all wrong. 

The author did the experiments he describes, of that there 
is no doubt. The melting points reported are indeed observed. 
Where a pink precipitate is described, such a precipitate is 
indeed obtained. The mass spectra reported are indeed those 
of the substances produced, but they are totally incompatible 
with the assigned structures, and almost all of them are those 
of very simple substances, unchanged starting materials, and 
simple known conversion products of them, as shown in Table 
I .  

Experimental Section 

Compounds are discussed in the order in which they are 
described by Studnicki (1). Their claimed and actual structures 
and properties are presented in Table I. 

Compound 1 .  Supposed 2 -Chloro -2,3 -dlhydrobenz - 
imidazole. No reaction occurs between o-phenylenediamine 
and chloroform under any of the conditions described by 
Studnicki, or under any of several other conditions tried by us. 
When the reactants are o-phenylenediamine and its dihydro- 
chloride in equimolar proportions, o-phenylenediamine mono- 
hydrochloride (5) is recovered essentially quantitatively. I t  meits 
at 204-206 OC, close to the value reported for 1. When an 
excess of hydrogen chloride is used, the product is the di- 
hydrochloride (mp 254-256 “C). Either, upon sublimation (the 
purification used by Studnicki), gives pure monohydrochloride, 
mp 210 OC. The mass spectrum reported for compound 1 
(base peak m l e  108, M + 1 isotope peak m / e  109, 7.65%) 
is exactly that of o-phenylenediamine, MW 108, into which the 
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hydrochloride dissociates upon introduction into the mass 
spectrometer. The minute peak, 0.08%, at m l e  118 corre- 
sponds to exactly that trace amount of benzimidazole (6), MW 
118. The reported NMR spectrum in hexadeuterioacetone 
agrees with that of o-phenylenediamine monohydrochloride in 
that solvent, the somewhat unexpected characteristics being 
consistent with conformational and protolytic restrictions in that 
aprotic, poorly ionizing solvent. I n  deuterium oxide or in per- 
deuteriomethanol the spectrum is much simpler. Compound 1, 
accordingly, is o-phenylenediamine monohydrochloride. 

Compound 5‘. Supposed 2,2- Iminobls (2,3 -dlhydrobenz - 
hidazole ). When the phenylenediamine hydrochloride (1) thus 
obtained is boiled with concentrated hydrochloric acid and the 
product is treated with excess ammonia, the free base, o-  
phenylenediamine, is of course, recovered. I t  melts at 102 O C ,  

as indeed it should (lit. (7) 102-3 “C) and the mass spectrum 
reported is again that of o-phenylenediamine contaminated with 
a trace of benzimidazole. Compound 5’, accordingly, is simply 
recovered o -phenylenediamine. 

Supposed Sodlum 2,3 -Dihydrobenz - 
iddazok? -2 4hiolate Double Salt wlth Sodlum Sufflde . Phe- 
nylenediamine hydrochloride (1) reacts with sodium sulfide in hot 
water only to the extent of liberating hydrogen sulfide in a simple 
acid-base reaction. Upon cooling the hot solution, o-  
phenylenediamine (free base) and sodium sulfide nonahydrate 
crystallize out together in proportions governed by their relative 
amounts and concentrations (not specified in Studnicki’s ex- 
perimental directions). The melting point of the mixture varies 
with its composition and can be around the value of 166 O C  

reported. No mass spectrum, NMR, or other characterization 
is given for this “compound”. When the material is leached with 
cold water, the sodium sulfide dissolves away and o-  
phenylenediamine is recovet ed in quite good yield. 
“Compound” 2, accordingly, is a mixture of o-phenylenediamine 
and sodium sulfide nonahydrate. 

Compound 3 .  S-ed 2-Phth~~~ l -2 ,3 -dmvcko6enr -  
imidazole. When the above mixture (2) of o-phenylenediamine 
and sodium sulfide hydrate is fused with potassium phthalimide, 
some ammonia and phthalic acid are produced, some o-  
phenylenediamine and phthalimide are recovered, and, as the 
ancient literature (8) reveals, a veritable plethora of diamine- 
phthalate condensation products and polymers is obtained. 
Typical are 

Compound 2 .  

Two of these, N-(2-aminophenyl)phthalimide (MW 238) and its 
tetracyclic dehydration product (MW 220) account for the 
high-mass peaks ( m l e  237 and 220) in the mass spectrum 
reported for 3. We have prepared the third, 1,2-bis(2-benz- 
imidazolyl)bentene, in good yield, by fusing o-phenylenediamine 
with phthalimide as well as by the literature procedure (8) using 
phthalic anhydride. All of these condensation products are 
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Table I. Supposed and Actual Structures of 2,3-Dihydrobenzimidazole Derivatives 
structure claimed reported mp, " C  actual identity found mp, O C  (lit.) 
H 
I 

I 
a N : C H  N C I 

H 

1 
H H 102 

166 

340° 

320" 

98 

211 

aNH2 NHz 

mixture of 

and NazS-SHZO 
NHz 

mixture of phthalate-phenylenediamine 
condensation products (see Discussion) 

mixture of 

OH*NzHq 
I 

6 

" Sublimes a t  this temperature. 

high-melting (>280 "C), and bis(benzimidazolyl)benzene, like 
compound 3, sublimes at 340 "C. The base peak at mle 162 
(isotope peak mle 163, 10.19%) in the mass spectrum of 3 
is puzzling. I t  corresponds to phthalhydrazide, which is un- 
questionably a major component of compound 4, the product 
of hydrazinolysis of 3 (see next paragraph). In  any event, the 
unpurified and ill-characterized "compound" 3, claimed to be 
2-phthalimidyl-2,3-dihydrobenzimidazole, actually is a mixture 
of phthalate-phenylenediamine condensation products and 
polymers along wlth some o-phenylenediamine, phthalic acid, 
and phthalimide. 

Compound 4 .  Supposed 4 -( 2 ,3  -Dlhydro~nzlmldazol-2- 
ylamlno )- 1 -oxo- 1,2-dlhydrophthalaz/ne. Complete hydrazi- 
nolysis of any set of phthalate-phenylenediamine condensation 
products, phttralimide, etc., such as comprise 3, leads to the 
formation of phthalhydrazide and recovery of o -phenylenedi- 
amine. I f  the hydrazindysis is conducted less vigorously, some 
bis(benzimidazoly1)benzimidazole survives and can be re- 

mixture of 

OCOOCH3 COOCH3 
I 

NH 

NH NHCOOCHg 

0 COOCHg 

SH 

102 
(102) 

160-170 

280-340 
(280-340) 

320" 
(320)" 

95-105 

covered. We find that phthalhydrazide, as prepared by hydra- 
zinolysis of phthalate esters, phthalimide, and mixtures such as 
this one, always crystallizes as the hydrazine salt of the enolic 
form (dihydroxyphthahzine). Hydrazine is lost upon treating with 
acid or upon raising to the melting point, so that the sublimation 
behavior of free phthalhydrazide (320 "C) is observed. Acyla- 
tion of the phthalhydrazide salt gives an equimolar mixture of 
the dmcylphthalhydrazide and the corresponding diacylhydrazine. 
"Compound" 4 (sublimes 320 "C) thus is a mixture of o-  
phenylenediamine, the hydrazine salt of phthalhydrazide (sub- 
limes 320 "C), and possibly small amounts of 1 ,Bbis(Bbenz- 
imidazoly1)benzene (sublimes 340 "C) and other phthalate- 
phenylene diamine condensation products. 

Supposed 2-Amino -2,3 -dlhydrobenz - 
Imidazole Hydrochlorlde. As the preparation of this material 
is described by Studnicki, a hydrazinolysis product (4, 16.9 g) 
is boiled with dilute hydrochloric acid and filtered, the filtrate is 
neutralized with KOH and again filtered, the alkaline filtrate is 

Compound 5 .  
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concentrated and extracted with ether-benzene mixture, and 
the organic layer is evaporated to give 5 (1.1 g, 6.5 % wlw). 
That a simple amine salt should survive, as the salt, neutrali- 
zation with potash followed by extraction into a nonpolar organic 
solvent is hard to believe. The yield is low, and the reported 
mass spectrum again corresponds simply to o -phenylenedi- 
amine containing a trace of benzimidazole. 

Compound 5’”. Supposed Dlmethyl 2 -[( Methoxy - 
carbonyl )amino 1-2,3 -dihydrobenzimidazole - 1 , 3  -di - 
carboxylate. Consider the mass spectrum reported for this 
compound: m l e  296 (0.9%); 224 (84%) and 225 (10.5%); 
192 (base peak) and 193 (18%); 148 (13%) and 147 (12.5%). 
I t  is claimed that the peak at 296 amu corresponds to the 
molecular ion of the supposed tris(methoxycarbonyl)-2-amino- 
dihydrobenzimidazole. But the molecular weight of this sub- 
stance, C13H15N308, actually is 3091 In  fact, mle  296 corre- 
sponds to the bis(methoxycarbony1) derivative of phthal- 
hydrazide. This substance is the 0,N bis derivative as struc- 
tured in Table I. Old literature (9) reports the cognate structure 
for the diethyl homologue, and the NMR spectrum of the di- 
methyl compound prepared by us shows two clearly distinct 
methyl groups. The peak at mle  224 (isotope peak at 225) 
is pictured by Studnicki as the bis(carbamate) of o-phenylene- 
diamine. And that is exactly right, for that simple derivative of 
the original starting material is indeed a major component of 
“compound” 5“’. But it is an actual constituent, and not just 
a mass spectroscopic ionization fragment. The peak at mle  
148 (M - 1 peak at 147) similarly corresponds to the presence 
of the bis(carbamate) of hydrazine in the mixture. The base 
peak at mle  192 (isotope peak at 193) and the other major 
peaks at mle 160 and 133 are characteristic fragments (224 
- MeOH, 224 - 2MeOH, 148 - CH3) of the components of the 
mixture. 

Finally, consider melting point, the only characteristic we 
really have for Studnicki’s material. Compound 5”‘, the crude, 
unrecrystallized substance obtained upon evaporation of vola- 
tiles from the methyl chloroformate digest of 4, is reported to 
melt at 98 OC. We find, in fact, that the mixture produced by 
such digestion of an equimolar mixture of o -phenylenediamine 
and the hydrazine salt of phthaihydrazide does indeed melt at 
95-105 OC, even though the individual components in pure form 
melt at considerably higher temperatures. Accordingly, Stud- 
nicki’s compound 5”’, reported to be the N,N’,N”-tris(meth- 
oxycarbonyl) derivative of 2-amino-2,3-dihydrobenzimidazole, 

is, in fact, an equimolar mixture of three compounds, the car- 
bamates of phthalhydrazide, o -phenylenediamine, and hydra- 
zine, as shown in Table I. 

Supposed 2 -[( Phenyffhlocarbamoy1)- 
amino #2-chlbro -2,3 -dihydmbenzbnkiazole - 1,3 -dka&thio - 
amlde. The molecular weight of this structure, 540 amu, once 
again is inconsistent with the reported mass spectrum in which 
the highest mass noted is an intense peak at m l e  268 
(22.53%). I n  fact, the substance obtained here is 5-anilino- 
3-mercapto-4-phenyltriazole. The molecular weight of this 
substance is 268, and its melting point ( 70, 7 I )  is 210 OC, in 
agreement with the melting point (21 1 “C) reported for 6. I n  
the preparation of compound 6, an unpurified extract of a hy- 
drazinolysis mixture is treated directly with phenyl isothio- 
cyanate. Under these conditions, unreacted hydrazine forms 
its N ,N’-bis(thiocarbani1ide) which cyclizes readily ( 70) with 
elimination of the elements of hydrogen sulfide to afford the 
mercaptotriazole structured in Table I, a compound known ( 1 7 )  
since 1902. Compound 6 thus is 5-anilino-3-mercapto-4- 
phenyltriazole. 

Registry No. 1, 85354-90-1; 2, 85355-01-7; 3, 85354-91-2; 4, 
85354-92-3; 5’. 86834-46-0; 511‘, 85354-94-5; 8, 85354-95-6; Na,S, 

MeOCONHC8H,NHC0,Me, 14803-74-8; o-phenylenediamine hydrochbride, 
39145-59-0; o-phenylenediamine, 95-54-5; 4-hydroxy-l(2H)phthalinone 
hydrazine, 1 16054-32-1 ; 2-(methoxycarbonyl)-4-(methoxycarbonyloxy)-1- 
(2H)phthalazinone, 1 16054-33-2; 5-anilino-3-mercapto4-phenyltriazoie, 

Compound 6 .  

1313-82-2; H,COCO(NH),COOCHS, 17643-54-8; o - 

14132-84-4, 
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Synthesis and Experimental Ionization Energies of Certain 
(€)-3-Arylpropenoic Acids and Their Methyl Esters 

John R. Peterson,* Morley E. Russell,” and Irawan B. SurJasasmlta 

The Michael Faraday Laboratories, Department of Chemistry, Northern Illinois University, DeKalb, Illinois 60 7 75 

Ionization energies for several methoxy-substltuted 
(€)-3-aryipropenoic aclds and methyl 
(€)-3-arylpropenoates were experhentally determined by 
mass spectroscopy. The tRle compounds were prepared 
In excellent yield by Knoevenagel condensation of an 
aromatic aldehyde wlth malonlc acid and by Fischer 
esterlflcatlon of the acid wlth methanol. 

In  conjunction with our projected synthesis of the naturally 
occurring, antineoplastic podophyllotoxins by a transition- 
metal-mediated oxidative protocol, the need arose for ionization 
energy data for several methoxy-substituted (€)-3-aryIpropenoic 
acids, 1, and their methyl esters, 2. Ionization energies for 
these compounds have not been reported in the literature to our 
knowledge except for a study ( 7 )  of the 2-substituted derivative. 
We now wish to report our experimentally determined ionization 
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