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covered). Anal. (CgHgFO,) C, H, F.
(%)-1-(2,5-Dimethoxy-4-iodophenyl)-2-aminopropane Hy-
drochloride [(£)-8]. Compound (8a) was hydrolyzed in the
manner described by Coutts and Malicky! to give the title
compound in 71% yield, mp 196 °C (lit.1® mp 198-200 °C) after
two recrystallizations from EtOH-Et,0.
(£)-N-Acetyl-1-(2,5-dimethoxy-4-iodophenyl)-2-amino-
propane (8a). To a stirred mixture of 4.42 g (0.02 mol) of silver
trifluoroacetate® and (%)-N-acetyl-1-(2,5-dimethoxyphenyl)-2-
aminopropane? (4.74 g, 0.02 mol) in CHCl; (5 mL) was added
dropwise, over a 2-h period, a solution of I, (5.08 g, 0.02 mol) in
CHC); (65 mL). After the mixture was stirred for 18 h, the
precipitated Agl was removed by filtration. The filtrate was
washed with aqueous NaHSO; and H,0 and dried over anhydrous
MgSO,. Evaporation of the CHC), yielded 5.5 g of a brown
residue, which was recrystallized from boiling EtOH-H,0 to give
2.21 g of the title compound, mp 162-163 °C (lit.1® mp 165-166
°C).
(R)-(-)-1-(2,5-Dimethoxy-4-iodophenyl)-2-aminopropane
Hydrochloride [(-)-8]. By the same procedures for (%)-8, 13
g (0.056 mol) of (R)-(-)-1-(2,5-dimethoxyphenyl)-2-aminopropane
hydrochloride® [[«]®p -18.7° (H,0)] was converted to 10.7 g
(81%) of the N-acetyl derivative, mp 106-107 °C; iodination with
11.5 g (0.045 mol) of I, and 10 g (0.045 mol) of silver trifluoro-
acetate in 150 mL of CHCl; gave 4.7 g (31%) of (R)-(+)-N-
acetyl-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane: mp
184-185 °C; [a]®p +9.6° (MeOH). Hydrolysis with NaOH,1°
followed by acidification, afforded 2.93 g (74%) of the title com-
pound: mp 218-219 °C; [a]23D -12.0° (HZO). Anal. (CHH”CI-
INO,) N.
(R)-(-)-1-(2,5-Dimethoxy-4-nitrophenyl)-2-aminopropane
Hydrochloride [(-)-9]. To an aqueous solution of 10 g (0.043
mol) of (R)-(-)-1-(2,5-dimethoxyphenyl)-2-aminopropane hy-
drochloride?® was added an excess of 5 N NaOH. The liberated
free base was taken up in CgHg-Et,0, dried (anhydrous MgSO0),,
and filtered. Removal of the solvents in vacuo yielded a colorless
oil, which was dissolved in 40 mL of HOAc. This solution was
added dropwise during 0.5 h to 43 mL of 50% HNO, (d 1.18),
and the mixture was stirred and kept at 0-5 °C. The resulting
clear solution was poured over ice, made alkaline with 50% NaOH,
and extracted with CgHg-Et,0. Evaporation of the solvent gave
a residue, which was dissolved in dilute HCl, and this solution

(24) Janssen, D. E.; Wilson, C. V. In “Organic Syntheses”; Wiley:
New York, 1963; Collect. Vol. IV, p 547.

(25) Nichols, D. E.; Barfknecht, C. F.; Rusterholz, D. B.; Benington,
F.; Morin, R. D. J. Med. Chem. 1973, 16, 480.

was evaporated in vacuo to a nearly colorless solid residue.
Recrystallization from EtOH-Et,0 gave 10.5 g (88%) of product:
mp 231-232 °C dec; [«]?’p -12.5° (H;0). Anal. (C;;H;;CIN,0,)
C, H, Cl, N. We prepared the racemic (£)-9 by direct nitration
of (%)-1, using the above method, mp (HCl salt) 207-209 °C (lit.1°
mp 203-204 °C).

Compounds (%)-1, ()-2, (£)-4, (£)-5, and 7 were gifts from
the NIDA, while (£)-3 was available from a previous study.

Affinity Assay. Male Sprague-Dawley rats (200250 g) were
used in this study. The fundus preparation employed was es-
sentially that of Vane,?® with the previously described modifi-
cations.®!! Cumulative dose-response curves were obtained, after
a 1-h equilibration period, for serotonin oxalate (7-10 increasing
concentrations) both in the absence and in the presence of in-
creasing concentrations of test compound. At least four to five
dose-response curves were obtained for each pA, determination
and at least triplicate pA, values were obtained (Table I). Certain
compounds, notably (£)-4, (-)-8 and (-)-9, produced an agonistic
response at the highest concentrations tested; when this occurred,
the crest of this response was used as the new base line. The
interaction of test compound with 5-HT receptors was assumed
to be competitive when Schild plot slopes were between —0.8 and
-1.2,

Behavioral Assay. The drug discrimination training proce-
dure for these animals has been reported previously.’* Specfically,
30 male Sprague-Dawley rats were trained to discriminate racemic
DOM (1.0 mg/kg) from saline in a two-lever operant task. In this
procedure, the administration of saline or DOM, 15 min prior to
a variable-interval, 15-s (VI-15 s) schedule of reinforcement, served
as the discriminative cue for the correct (reinforced) lever. Oc-
casional periods (2.5 min) of nonreinforcement were used to assess
the degree of stimulus control exerted over behavior by saline and
DOM and to evaluate the 4-substituted derivatives of 2,5-DMA.
For those compounds where generalization (transfer, substitution)
occurred, ED;, values were determined from the dose-response
data by the method of Litchfield and Wilcoxin.#” (For a discussion
of the use of the EDy, value as it relates to classification of drugs
on the basis of their discriminative stimulus characteristics in rats,
see Barry.?) These EDj, values are the calculated doses at which
the rats perform 50% appropriate drug-lever responding.

(26) Vane, J. R. Br. J. Pharmacol. 1957, 12, 344.

(27) Litchfield, J. T.; Wilcoxin, F. J. Pharmacol. Exp. Ther. 1949,
96, 99.

(28) Barry, H. Fed. Proc., Fed. Am. Soc. Exp. Biol. 1974, 33, 1814.

(29) Snyder, S. H.; Unger, S.; Blatchley, R.; Barfknecht, C. F. Arch.
Gen. Psychiatry 1974, 31, 103.
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As part of our studies aimed at designing histamine H,-receptor antagonists, the effect on histaminergic activity
of introducing benzyl substituents at various positions in the histamine molecule is described. New synthetic methods
are reported for the novel 4-benzyl-, 8-benzyl- and 4,N"-dibenylhistamines and the reported 2-benzylhistamine. The
novel N7-benzylhistamine was synthesized by the versatile route reported by us for the synthesis of N™-methylhistamine.
These benzylhistamines, together with the reported N* and N*-benzylhistamines, were tested for agonist and antagonist
activity at both H; and H, receptors. The results obtained indicate that introduction of a benzyl group into the
histamine molecule causes a marked reduction in H;- or Hy-agonist activity, and none of the compounds showed
consistent antagonist activity. Evidently, the sterically demanding benzy! substituent is not easily accommodated
in the agonist binding mode and is unable to locate a lipophilic receptor region for potential hydrophobic binding.

The discovery of the selective antagonist burimamide
has permitted the characterization of histamine H, re-

ceptors and furnished a class of drugs with a completely
novel pharmacological action.? Chemical modification of

(1) Paper 38: G. J. Durant, J. C. Emmett, C. R. Ganellin, A. M.
Roe, and R. A. Slater, J. Med. Chem., 19, 923 (1976).

(2) J. W. Black, W. A. M. Duncan, G. J. Durant, C. R. Ganellin,
and M. E. Parsons, Nature (London), 236, 385 (1972).
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burimamide led to the orally active antagonist metiamide?
and then to cimetidine,* which is now established as a
clinically useful drug for the treatment of peptic ulcer and
associated gastrointestinal disorders.®

In our work in this field, several lines of investigation
were chosen in attempts to design Hyreceptor antagonists.
Some of these approaches have been outlined previously.®
QOur starting point was the natural agonist molecule hist-
amine, which was modified to alter its chemical properties
while always retaining some definite aspect of histamine
structure to assist in receptor recognition.

In one approach, nonpolar lipophilic substituents were
introduced at various positions on the histamine molecule
with the purpose of increasing drug-receptor association
through potential hydrophobic or van der Waals interac-
tion with possible nonpolar regions of the receptor.” By
analogy with active-site-directed enzyme inhibitors de-
signed from substrates, in which both the position and
nature of additional lipophilic substituents can be critical,®
we attempted to identify the sites in the histamine mol-
ecule where substituents can be accommodated without
loss of receptor binding by testing a series of methylhist-
amines.!

The results obtained enabled us to identify the 4- and
Ne-positions for introduction of a wider range of lipophilic
substituents into the histamine molecule. In addition to
the incorporation of a variety of lipophilic substituents at
these positions, we also chose to compare the effect of
substituting the lipophilic benzyl group at each position
in the molecule with the corresponding effect of a methyl
group. This was partly prompted by reports that N*-

(3) (a) J. W. Black, W. A. M. Duncan, J. C. Emmett, C. R. Ga-
nellin, T. Hesselbo, M. E. Parsons, and J. H. Wyllie, Agents
Actions, 8, 133 (1973). (b) J. W. Black, G. J. Durant, J. C.
Emmett, and C. R. Ganellin, Nature (London), 248, 65 (1974).

(4) (a) R. W. Brimblecombe, W. A. M. Duncan, G. J. Durant, J.
C. Emmett, C. R. Ganellin, and M. E. Parsons, J. Int. Med.
Res., 8, 86 (1975). (b) Cimetidine, Int. Symp. Histamine
Hy—Recept. Antagonists, 2nd, Proc. (1977). (c) G. J. Durant,
J. C. Emmett, C. R. Ganellin, P. D. Miles, M. E. Parsons, H.
D. Prain, and G. R. White, J. Med. Chem., 20, 901 (1977).

(5) (a) W. L. Burland, R. H. Hunt, J. G. Mills, and G. J. Milton-
Thompson, J. Pharmacother., 1, 24 (1979). (b) J. W. Freston,
in “Developments in Digestive Diseases”, J. E. Berg, Ed., Lea
& Febiger, Philadelphia, 1979, Chapter 2, p 13.

(6) (a) C. R. Ganellin, G. J. Durant, and J. C. Emmett, Fed. Proc.,
Fed. Am. Soc. Exp. Biol., 35,1924 (1976). (b) C. R. Ganellin,
Handb. Exp. Pharmakol., 18(2), 251-294 (1978). (c¢) C. R.
Ganellin and G. J. Durant, in “Burger’s Medicinal Chemistry”
4th ed., Part III, M. E. Wolff, Ed., Wiley, New York, pp
487-551.

(7) E. J. Ariens and A. M. Simonis, Arch. Int. Pharmacodyn.
Ther., 127, 479 (1960).

(8) B. R. Baker, J. Chem. Educ., 44, 610 (1967).
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benzylhistamine and 1-benzyl-4-(8-aminoethyl)pyrazole
inhibited histamine-induced gastric secretion in the dog.®
It was also felt that any loss of agonist activity resulting
from methyl substitution could be caused in some in-
stances by a reduction in efficacy, rather than a loss of
receptor binding; therefore, it seemed advisable to test the
effect of another (preferably more lipophilic) substituent
at each position.

In this paper, we describe the synthesis and pharma-
cological activity of six of the seven monobenzylhistamines
and one dibenzylhistamine.

Synthesis. N¢-Benzylhistamine (27)1 and 2-benzyl-
histamine (8)!' had been reported, but inadequately
characterized, at the start of this work. The remaining
benzylhistamines were novel, and this necessitated the
development of several new routes, which have been re-
ferred to previously.l1? Since the completion of these
studies and their patent disclosure,!® an alternative syn-
thesis of 2-benzylhistamine has been reported by an in-
dependent group.

N7-Benzylhistamine (3) was readily synthesized from the
N7 N«-protected histamine (1) as reported!? (Scheme I).
Compound 3 was also prepared in very low yield by chain
extension of the chloro compound (4),% a route previously
established!® for the synthesis of N™-methylhistamine.

2-Benzylhistamine (8) has been claimed as a product of
the reaction of 1,2,4-tribenzamidobutene and benzoyl
chloride.l! More recently, Dziuron and Schunack have
prepared this compound from 2-benzyl-4(5)-(hydroxy-
methyl)imidazole using the standard chain extension via
the corresponding 4(5)-chloromethyl and 4(5)-cyanomethyl
intermediates. We synthesized 8 by the cyclization method
previously described! for 2-methylhistamine (Scheme II).
Reaction of the bromo ketone (6) with 2-phenylacet-
amidine gave a moderate yield of the phthaloyl-protected
histamine (7), which was then hydrolyzed to 8.

N7-Benzylhistamine (12a), previously unreported, was
synthesized in high yield via the selective alkylation of the
cyclic urea (10a) (Scheme III), followed by acid hydrolysis
of the quaternary salt (11a), a method reported previously!
for the synthesis of N™-methylhistamine. An investigation
of the stability of the quaternary salt (11a) showed that
it was readily ring opened by nucleophiles. Treatment with
hot MeOH gave the carbamate (14), and boiling water
furnished a mixture of 12a and the urea (13), which is

(9) M.I. Grossman, C. Robertson, and C. E. Rosiere, J. Pharma-

col. Exp. Ther., 104, 277 (1952).

(10) J. Plimls and M. Protiva, Chem. Listy, 47, 1874 (1953).

(11) P. Van der Merwe, Z. Physiol. Chem., 177, 301 (1928).

(12) J.C. Emmett, F. H. Holloway, and J. L. Turner, J. Chem. Soc.,
Perkin Trans. 1, 1341 (1979).

(13) G. J. Durant, J. C. Emmett, C. R. Ganellin, and A. M. Roe,
British Patent 1341375 (1973).

(14) P. Dziuron and W. Schunack, Arch. Pharm. (Weinheim, Ger.),
307, 89 (1974).

(15) R. G. Jones and K. C. McLaughlin, J. Am. Chem. Soc., 71,
2444 (1949).
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presumably formed by reaction of unprotonated amine
(12a) with 11a. Addition of acid in this hydrolysis favored
exclusive formation of 12a, while addition of base (Na,COy)
gave the urea (13) as the sole product. Compound 13 was
also obtained from the reaction of 12a with carbonyldi-
imidazole. This route to N™-alkylhistamines, employing
the acid hydrolysis of a cyclic urea quaternary salt, is now
firmly established as the route of choice for these com-
pounds. Since the first reports® of the use of this method,
it has recently been extended to the synthesis of N'-
methyl- and N7-ethylhistidine.1®

Compound 12a was also prepared by selective N’-
benzylation of N¢-phthaloylhistamine (15)12 to give 16,
followed by acidic removal of the phthaloyl protecting
group (Scheme III). Preferential alkylation at the N” atom
of 15 was also utilized!? in the preparation of 1, an im-
portant intermediate for the synthesis of the isomeric
Nr-benzylhistamine (3) (Scheme I).

4-Benzylhistamine (9b) was synthesized by a convenient
novel method involving reductive ring opening of the
spinaceamine (17)7 (Scheme IV). At present, this method
seems likely to be limited to the synthesis of 4-(aryl-
methyl)histamines from arylspinaceamines in which the
aryl group assists in weakening the carbon—nitrogen bond.
Thus, it was found that the hydrogenolysis of the di-
methylspinaceamine (18)!% did not occur at room tem-
perature and under more vigorous conditions (130-135 °C)
gave Ne-isopropylhistamine (20). This unexpected ring-
cleavage product is probably formed by an initial thermal
ring opening to give the Schiff base (19), which is then
reduced to 20. In support of this mechanism, it was sub-
sequently found that thermolysis of 18 in boiling propionic
acid (140 °C), gave Nepropionylhistamine (21). The
structures of 20 and 21 were established unequivocally by
independent synthesis.

4,N7-Dibenzylhistamine (12b), previously unreported,
was synthesized from 9b via 10b by analogy with N™-
benzylhistamine (12a) (Scheme IIT). The versatility of this

(16) A. Noordam, L. Maat, and H. C. Beyerman, Recl. Trav. Chim.,
Pays-Bas, 97, 293 (1978).

(17) F. B. Stocker, M. W. Fordice, J. K. Larson, and J. H. Thor-
stenson, J. Org. Chem., 31, 2380 (1966).

(18) T. Vitali, G. Bertaccini, and F. Mossini, Farmaco, Ed. Sci., 20,
636 (1965).
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cyclic urea route to N7-alkylhistamines is clearly demon-
strated in this example, since alkylation at the N position
is not affected by the presence of a bulky ortho substituent,
and 12b was obtained in high yield. 3-Benzylhistamine
(25), previously unreported, was synthesized by the novel
method shown in Scheme V. The benzylidene derivative
(23), readily obtained from the condensation of benz-
aldehyde and 4(5)-(cyanomethyl)imidazole (22),'® was se-
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Table I. Agonist and Antagonist Activities of Benzylhistamines at H, and H, Receptors
Nﬂ
— N
4_.( ~
N N N
N
2
guinea pig ileum? guinea pig atrium? rat gastric secretion®
(H, receptor) (H, receptor) (H, receptor)
no. substituent agonist? antagonist® agonist?  antagonist® agonistd/ antagonist’
3 N™CH,Ph —vef pA, = 3.6" —vef —ve! -ve (256)  -ve (128)
8 2-CH,Ph 2.3 -ve? —ve! -ve (187)  -ve (128)
(1.9-2.8) )
9b  4-CH,Ph —vef pA, = 4.4° —vef —ve! -ve (64) —ve (128)
(4.1-4.75)
12a  N7-CH,Ph 0.4 , -vef —ve! 3° —ve (256)
12b 4,N7-(CH,Ph), —vef pA, = 4.77 —ve® pA, = 4.35™ -ve (128) —ve (128)
(4.1-5.3)
25 8-CH,Ph 0.1 pA, = 4.0% ~1n —ve! -ve (512)  —ve (512)
(3.65-4.25)
27 N®CH,Ph 0.4 0.7 —ve! 0.5 wk inhibn (187)

¢ In vitro in the presence of atropine (0.5 uM).»?
stomach of the atropinized (1 mg/kg~!) anesthetized rat.>»*
aspA,
(6.03-6.17), slope— 0.82.
mine (781 uM/L). " Slope = 1.1, no limits.
™ Slope = 1.0, no limits.
of cimetidine,

I'Slope= 1.1.

b Spontaneously beating right atrium.2:?
d Agonist activity relative to histamine (= 100)
= —-log Kg, where the dissociation constant (Kg) was calculated from Kg = B/x — 1.2
f Figures in parentheses represent maximum dose (uM/kg) tested

J Slope = 0.7.
h Achleved 20% maximum response.

¢ In vivo, lumen-perfused

¢ Expressed
pA, for cimetidine = 6.1

¢ Legs than 0.1% of hista-

k Slope = 1.3. ! pA, < 3.3(486 uM/L).

9 See text; completely blocked by standard dose (6 uM/kg)
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lectively reduced with sodium amalgam to give the a-
benzylnitrile (24). Reduction of 24 with either LiAIH, or
diborane gave moderate yields of 25, isolated as the di-
maleate.

N2-Benzylhistamine (27) was synthesized by LiAlH,
reduction of N*-benzoylhistamine (26),20 which was in turn
obtained by controlled benzoylation of histamine (Scheme
VI). It has been synthesized previously!® by reductive
condensation of histamine with benzaldehyde, a method
which is liable to form spinaceamines!” as byproducts.

Pharmacological Results and Discussion

The benzylhistamines, as their salts, were assayed for
histamine Hj-receptor agonist and antagonist activity in
vivo in the lumen-perfused anesthetized rat preparation®2!
and in vitro on the guinea pig right atrium.»?2 The com-
pounds were also tested for H,-receptor agonist and an-
tagonist activity on the isolated guinea pig ileum.%?!

Agonist Activity. It is apparent from the results ob-
tained (Table I) that introduction of a benzyl group into
the histamine molecule causes either marked reduction or

(19) A. Hirsch and K. Richardson, J. Appl. Chem., 19, 83 (1969).

(20) O. Gerngross, Z. Physiol. Chem., 108, 50 (1919).

(21) G. J. Durant, C. R. Ganellin, and M. E. Parsons, J. Med.
Chem., 18, 905 (1975).

(22) M. E. Parsons, D. A. A. Owen, C. R. Ganellin, and G. J. Du-
rant, Agents Actions, 7, 31 (1977).

2-benzylhistamine (8) is the most active agonist at the H,
receptor with an activity of approximately 2.3% of that
of histamine. Hepp, Dziuron, and Schunack?® have re-
ported the H;-agonist activity of this compound as 0.8%
of histamine, a revision of their earlier? estimate of 2.5%.
The other compounds (12a, 25, and 27 in Table I), which
were shown to possess weak H;-agonist activity, were at
least 200 times less active than histamine. When evaluated
as Hy-receptor agonists, no compound in Table I showed
agonist activity in both assays as high as 1% of histamine.

However, N™-benzylhistamine (12a) did stimulate gastric
acid secretion. The effect was slow in onset and was
sustained for several hours; the total acid output was about
8% of that produced by an equimolar dose of histamine
(n = 13), but the potency relative to histamine was only
3% when peak responses were compared. The compound
did not achieve maximal acid output in doses up to 64 uM
kg1, but it should not be regarded as a partial agonist,
since when tested at doses of up to 256 uM kg™ against
near maximal histamine-induced acid output it did not
inhibit the histamine response. The stimulant effect
produced by N™-benzylhistamine is blocked by a standard
dose (6 uM kg!) of cimetidine. However, since N'-

(23) M. Hepp, P. Dziuron, and W. Schunack, Arch. Pharm. (We-
inheim, Ger), 312, 637 (1979).

(24) P. Dziuron and W. Schunack, Eur. J. Med. Chem., 10, 129
(1975).
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benzylhistamine was inactive in the atrial assay (at 100-400
©M), it is unlikely that this compound acts directly on H,
receptors. A possible explanation for the secretory activity
would be partial metabolic debenzylation to histamine. It
is also possible that the compound acts to release histamine
locally or stimulate secretion by some other mechanism,
but none of these possibilities has been verified experi-
mentally.

B-Benzylhistamine (25) showed weak submaximal hist-
amine-like activity in the atrial assay, but this is unlikely
to be due to the action of the compound at H, receptors,
since it lacked agonist activity in the gastric secretion assay
and failed to block the effects of histamine in either H,
assay; i.e., it is not a true partial agonist. N®-Benzyl-
histamine (27) gave a weak histamine-like response in all
three assays, but HPLC analysis showed that 27 contained
an impurity peak corresponding to contamination by
histamine at 0.6% molar, a level which would fully account
for the agonist activity. The best estimate for the activity
of 27, therefore, must be <1% of histamine, a result that
contrasts with the relatively high activity (10%) reported
by Ash and Schild,? suggesting that the sample tested by
these authors was likely to be grossly contaminated. In
earlier work® an activity of 0.5% on the guinea pig ileum
has been reported for this compound.

Antagonist Activity. None of the compounds showed
consistent inhibition of histamine in both H,-receptor
mediated assays. N®-Benzylhistamine (27) showed weak
inhibitory activity at a high dose in the gastric secretion
assay but was inactive in the in vitro Hy-receptor assay.
4,N"-Dibenzylhistamine (12b) was the only compound to
show dose-related competitive inhibitory activity in the
guinea pig atrial assay, although when tested alone it ex-
erted a marked negative chronotropic effect at concen-
trations of 54 uM and above. It was, however, only weakly
active in the rat gastric acid secretion assay. Four of the
compounds in Table I were weak competitive antagonists
of histamine when tested for H;-receptor antagonism in
vitro on the guinea pig ileum.

Discussion

The previous study of methylhistamines! has shown that
4-methyl- and N*-methylhistamines are sufficiently active
as agonists at H, receptors to suggest that substituents may
be accommodated at the 4- and N%-positions of the hist-
amine molecule without incurring a loss in receptor af-
finity. Other methylhistamines were much less active, but
the possibility remained that their reduced activity (rela-
tive to histamine) was due to a loss of efficacy rather than
loss of affinity. The present results indicate that benzyl
substituents are not readily accommodated. Benzyl groups
are electronically almost neutral (o,, estimated?” to be
—-0.01) and they should, therefore, have little effect on the
pK, or tautomeric characteristics of the imidazole ring,
properties which have assumed importance for Hy-receptor
agonists.?! It is conceivable that the lipophilic character
of benzyl might contribute to limit access to the Hj re-
ceptor, but this seems unlikely in view of the discovery of
the new more lipophilic Hy-receptor antagonist, oxmeti-
dine.?® The most plausible conclusion is that the benzyl

(25) A. S. F. Ash and H. O. Schild, Br. J. Pharmacol., 27, 427
(1966).

(26) H. M. Lee, W. G. Dinwiddie, and F. G. Hendersen, Lilly, un-
published; see R. G. Jones, Handb. Exp. Pharmakol., 28(1),
1-43 (1966).

(27) M. Charton, J. Org. Chem., 30, 969 (1965).

(28) R.C. Blakemore, T. H. Brown, G. J. Durant, J. C. Emmett, C.
R. Ganellin, M. E. Parsons, and A. C. Rasmussen, Br. J.
Pharmacol., 70, 105P (1980).
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substituent is sterically too bulky to permit the molecule
to interact with the receptor in a fashion analogous to that
of histamine. That none of the monobenzylhistamines
showed consistent antagonist activity also suggests that
the benzyl group is unable to locate a lipophilic region
adjacent to the receptor active site for potential hydro-
phobic binding. It is, however, still possible that such
regions exist. The in vitro activity of 4,N"-dibenzylhist-
amine is intriguing and may offer a clue, but it is necessary
to probe for such regions by using differently shaped
nonpolar substituents, e.g., aralkyl or higher alkyl groups.

Experimental Section

Melting points were determined on an “Electrothermal”
electrically heated apparatus with a thermometer corrected for
stem exposure. NMR spectra were recorded on a Varian A-60
instrument (Me,Si), UV spectra were recorded on a Beckman DK2
instrument, and IR spectra were recorded on a Pye-Unicam SP
100 spectrophotometer. HPLC analyses were performed on a
Perkin-Elmer LC 75 instrument linked to a Waters pump.
Microanalyses for elements indicated are within 0.4% of theo-
retical values. Solvents were dried over molecular sieves.

Biological Test Procedures. The general assay procedures
have been described previously.22?

Guinea Pig Ileum (Histamine H; Activity). Compounds
were tested in this in vitro preparation in the presence of atropine
(0.5 uM). Agonist activity was assayed up to a concentration of
781 uM (0.1% histamine), and relative activities were assessed
from cumulative dose-response curves. A 2 + 2 parallel assay
was performed with one compound (8). Antagonist activity was
determined against histamine (0.1-109 uM) stimulated contrac-
tion, and cumulative dose-response curves were plotted for active
compounds at three dose levels (nine observations).

Guinea Pig Right Atrium (Histamine H, Activity). Com-
pounds were tested in this in vitro preparation in the presence
of propranolol (0.5 uM). Agonist activity was assayed up to a
concentration of 781 uM (0.1% histamine), and relative activities
were assessed from cumulative dose~response curves. Antagonists
were tested against histamine (0.2-781 uM) up to a dose of 486
uM. One compound (12b) was active, and this was tested at three
dose levels (five observations).

Rat Gastric Secretion (Histamine H, Activity). We tested
compounds in vivo by intravenous administration, using the lu-
men-perfused stomach of the atropinized (1 mg kg!) urethane-
anesthetized rat. Agonists were tested by matching single doses
with those of histamine (0.5-1 xM kg™!) and antagonists as single
doses during a near maximal acid secretory response produced
by intravenous infusion of histamine (0.25 ¢M kg™! min1).

Nr*-Benzylhistamine (3). This compound was preferably
synthesized via the N7,N*-bisprotected histamine (1), as reported.1?
It was also prepared from 1-benzyl-5-(chloromethyl)imidazole (4),1
described as follows: A solution of the hydrochloride of 4 (20 g,
0.087 mol) in absolute EtOH (400 mL) was added dropwise to
a solution of KCN (52.5 g, 0.187 mol) in H,0 (70 mL) while the
temperature was maintained between -3 and 1 °C. The mixture
was then stirred for 1 h, left at 0 °C overnight, and filtered, and
CO, was passed through the filtrate until no further precipitation
occurred. After filtration, the solvent was removed in vacuo (40
°C), the residue was extracted with CHClg, and the extracts were
dried (K;COgy). The oily residue obtained after removal of the
solvent was extracted with ether to give crude 5 (4.2 g, 25%), mp
71-73 °C. Chromatography on neutral alumina, eluting with
benzene, gave the pure product: mp 76-77 °C (from di-n-butyl
ether); 'H NMR (CDCly) 4 3.48 (d, CH,CN), 5.20 (s, CH,), 7.4
(m, Ph, Im 2 H and Im 4 H), Anal. (C;yH;;N;) C, H, N.

A solution of 5 (0.96 g, 0.005 mol) in dry THF (30 mL) was
added over 5 min to a solution of diborane (0.02 mol) in THF
(135 mL), and the mixture was heated with stirring for 7 h at 60-65
°C and then stirred for 14 h at 20 °C. Wet THF and 11 N HCI
(50 mL) were added, the mixture was evaporated, and the residue
was boiled with 5 N HC1 (100 mL) for 1 h. After evaporation
again, the residue was extracted with water (7 mL), the solution
was filtered, and the filtrate was basified with K,CO;. Extraction
with CHCl, several times, concentration of the extracts, and
treatment of the base (0.16 g) with i-PrOH-HC, followed by the
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addition of Et,0, gave 3 (0.15 g, 11%) as the dihydrochloride, mp
215-216.5 °C. Recrystallization gave an analytically pure sample,
mp 218-219.5 °C, and was indistinguishable from the sample
prepared from the protected histamine derivative (1). Anal.
(C1oH;7,Cl,Ny) C, H, N, CL

Attempted reduction of 5 with LiAlH, in a mixture of Et,0-
C¢Hg gave a small amount (2%) of 3 after purification of the
multicomponent reaction product by ion exchange chromatog-
raphy, treatment with oxalic acid, and conversion of the crude
oxalate to the dihydrochloride. Attempted reduction with LiATH,
in THF gave an intractable tarry product.

2-Benzylhistamine (8). A solution of NaOEt, from Na (2.6
g) in dry EtOH (60 mL), was added to a solution of phenyl-
acetamidine hydrochloride (20.4 g, 0.12 mol) in EtOH (60 mL).
The stirred mixture was heated to reflux, and a solution of 1-
bromo-4-phthalimidobutan-2-one! (11.8 g, 0.04 mol) in EtOH (350
mL) was added over 3 h. The mixture was heated for an additional
2 h, cooled, and filtered, and the filtrate was evaporated to dryness.
The residual oil was dissolved in 2-propanol and acidified with
2-propanolic HC], and ethyl acetate was added to give the crude
product (7; 7.3 g, 50%), mp 231-234 °C. Further recrystallization
(EtOH) gave a sample: mp 240-242 °C; 'H NMR (Me,SO-d)
4 2.96 (t, CHoIm), 3.86 (t, CH,N), 4.28 (s, CH,Ph), 7.31 (s, Ph),
7.34 (s, Im 4 H), 7.82 (s, Phth). The microanalysis suggested that
8% of this compound was present as the monchydrobromide (C,
H, N, Br, Cl).

A solution of 7 (7 g) in 5 N HCI (200 mL) was heated under
reflux overnight, cooled to 0 °C, and filtered. Evaporation of the
filtrate and recrystallization from EtOH-Et,0 gave the crude
product (3.5 g, 67%), mp 238-240 °C. A further recrystallization
(EtOH) gave the pure product (8; 2.5 g, 48%): mp 253-256 °C
(1it.1415 mp 236 and 245 °C); 'H NMR (D,0) ¢ 3.36 (m, CH,CH,),
4,44 (S, CHz), 7.51 (m, Ph), 74 (t, Im4 H). Anal. (ClanclgNa)
C,H,N.

N'-Benzylhistamine (12a). Route A. A stirred solution of
5-0x0-5,6,7,8-tetrahydroimidazo[1,5-c]pyrimidine! (157 g; 1.15 mol)
and benzy! chloride (630 mL) in dry DMF (1.8 L) was heated at
100 °C overnight. After the solution was cooled, the product was
filtered off and washed with ether to give the chloride of 11a (250
%, 82%): mp 235-236 °C dec; 'H NMR (D,0) 4 3.15 (m, CH,Im),
3.71 (m, CH,N), 5.56 (s, CH,Ph}, 7.50 (d, 1-H), 7.59 (s, Ph), 9.46
(d, 3-H). Anal. (C;3H,CIN;0), C, H, N, CL. The bromide of 11a
(mp 224-225 °C) was obtained in 99% yield in the absence of
DMF. Anal. (CIQH“BTNaO) C, H, N, Br.

A solution of 11a (250 g) in 5 N HCl (8 L) was heated under
reflux overnight. Evaporation to dryness and recrystallization
of the residue from ethanol (twice) gave the dihydrochloride of
12a (190 g, 73%): mp 182-184 °C; 'H NMR (D,0) & 3.30 (m,
CH,CH,), 5.46 (s, CH,N), 7.50 (m, Ph + Im 4 N), 8.83 (s, Im 2
H). Anal. (C,H;;ClN;) C, H, N, Cl. This salt also crystallized
in another form, mp 209-211 °C with 2-3% deficiency of HCL

Route B. N>-Phthaloylhistamine!? (23 g, 0.095 mol) was
dissolved in DMF (115 mL) containing Et;N (10.6 g, 1.04 mol).
The mixture was warmed to 50 °C, and benzyl chloride (13.4 g,
1.04 mol) was added dropwise with stirring. After addition, the
mixture was heated on a steam bath for 2.5 h and concentrated,
and the residue was agitated with H,0 and extracted with CHCl,.
Concentration, acidification with -PrOH-HC], and recrystalli-
zation of the crude solid (n-BuOH) gave the hydrochloride of 16
(10 g, 31%), mp 241-243 °C. Further recrystallization (n-BuOH)
gave a sample: mp 242-243 °C; 'H NMR (D,0) 6 3.19 (t, CHyIm),
4.01 (t, CH;,N), 5.40 (s, CH,Ph), 7.22 (d, Im 4 H), 7.37 (m, Ph),
;70 (m, Phth), 8.99 (d, Im 2 H). Anal. (CyH,sCIN;0,) C, H,

Hydrolysis of 16 (1.55 g) by the method described for 8 gave
the dihydrochloride of 12a (0.95 g, 74%).

N,N’-Bis[2-(1-benzylimidazol-4-yl)ethyllurea (13). N’-
Benzylhistamine dihydrochloride (0.83 g, 0.003 mol) was basified
with NaOEt (0.006 mol) in ethanol to yield the amine base after
filtration and evaporatiori to dryness. A mixture of this base and
carbonyldiimidazole (0.24 g, 0.0014 mol) was heated at 100 °C
for 1 h and cooled, and water was added to give 13 (0.44 g, 65%)
as the hemihydrate, mp 113-117 °C. Recrystallization from
chloroform/cyclohexane gave a sample: mp 116-118 °C; 'TH NMR
(CDCly) 6 2.69 (t, CH,Im), 3.42 (t, CH,N), 5.04 (s, CH,Ph), 6.71
(d, Im4 H), 7.30 (m, Ph), 7.48 (d, Im 2 H) Anal. (CZ5H23N6-
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0-0.5H,0) C, H, N. Compound 13 gave a dipicrate, mp 157-159
°C (Mech_Etgo). Anal. (037H34N12015) C, H, N.

Compound 13 was also prepared (91%) by heating 11a (2.2 g)
in 1 N NaOH (30 mL) at reflux temperature for 45 min. Cooling
and filtration gave the product.

Hydrolysis of 11a (1 g) in boiling water for 16 h gave 13 (0.42
g, 60%), after cooling and filtration, and a small amount of the
hydrochloride of 12a (0.25 g, 28%), after evaporation of the filtrate
and treatment of the residue with EtOH-HCl.

N7-Benzyl-N*carbomethoxyhistamine (14). A solution of
the bromide of 11a (0.44 g) in MeOH (50 mL) was heated under
reflux for 4 h. Concentration and addition of picric acid and then
H,0 gave the picrate of 14 (0.66 g, 95%), mp 179-180 °C, identical
with the product obtained from the reaction of 12a with methyl
chloroformate: 'H NMR (Me,SO-dg) 2.78 (t, CHylm), 38.22 (t,
CH,N), 3.50 (s, CHy), 5.44 (s, CH,Ph), 7.2 (br, NH), 7.41 (s, Ph),
7.55 (d, Im 4 H), 8.66 (s, picrate), 9.11 (d, Im 2 H). Anal.
(CyoHyoNgOg) C, H, N.

4-Benzylhistamine (9b). A solution of 4-phenyl-4,5,6,7-
tetrahydroimidazo[4,5-c]pyridine!” (30 g, 0.15 mol) in glacial acetic
acid (600 mL) was hydrogenated over Pd/C (10%, 10 g) at 100
atm and room temperature for 26 h. After removal of the catalyst
and evaporation to dryness, the residue was dissolved in nitro-
methane, and the solution was acidified with hydrogen bromide
gas. Addition of ether precipitated the crude product, which was
recrystallized from 2-ethoxyethanol-nitromethane to give 9b (43
g, 79%), mp 146-148 °C, as the dihydrobromide: 'H NMR (D,0)
4 3.25 (s, CH,CHy), 4.2 (s, CHy), ~7.4 (m, Ph), 8.7 (s, Im 2 H).

Hydrogenolysis of 18. A solution of the dimethylspinaceamine
(18;1% 1.56 g) in glacial acetic acid (80 mL) was hydrogenated over
Pd/C (10%, 1 g) at 130-135 °C (128 atm) for 14 h. After removal
of the catalyst and evaporation to dryness, the residue was dis-
solved in EtOH-HCIl, the cloudy solution was filtered, and a
solution of picric acid in EtOH was added. Addition of water gave
a crude picrate (2.17 g), which was recrystallized from H,0-EtOH
to give the dipicrate of 20 (1.84 g, 31%), mp 199-201 °C (lit.?®
mp 175 °C). Anal. (CgHy;NgO;y) C, H, N. Treatment of this
dipicrate with hydrochloric acid (5 N) and washing with toluene
gave the dihydrochloride, mp 196-198 °C (lit.* mp 197.5-199 °C),
identical with a sample obtained by reaction of isopropylamine
with 4(5)-(2-chloroethyl)imidazole:® 'H NMR (D,0) 6 1.38 (d,
CHj,), 3.35 (m, CH,CH,), 3.55 (m, CH), 7.46 (s, Im 4 H), 8.73 (d,
Im 2 H). Anal. (CgH;,Cl,N;) C, H, N, CL

Attempted hydrogenolysis of 18 under the conditions described

for the preparation of 9b gave back 18 unchanged.
. Thermolysis of 18. A'solution of 18 in propionic acid was
heated under reflux (141 °C) overnight. ' After the solution was
cooled and evaporated to dryness, a solution of picric .acid in
2-propanol was added to give the picrate of 21 (0.33 g), mp 193-195
°C, identical with a sample prepared from the reaction of hist-
amine with propionic anhydride: 'H NMR (Me,SO-d) § 0.97 (t,
CHjy), 2.07 (q, CH,CO), 2.8 (t, ImCHy,), 3.37 (q, CH,NH), 7.43 (s,
Im 4 H), 8.65 (s, CgHy), 9.1 (d, Im 2 H). Anal. (C;,H;sN4zOs) C,
H, N.

4,N -Dibenzylhistamine (12b). A solution of 4-benzylhist-
amine base (10.5 g, 0.055 mol) and carbonyldiimidazole (13.8 g,
0.083 mol) in DMF (200 mL) was heated to 100 °C over 1 h and
then at this temperature for a further 30 min. Evaporation and
treatment with water gave 10b (10.3 g, 91%), mp 175-177 °C.
Recrystallization from i-PrOH-cyclohexane gave a sample: mp
178-180 °C; 'H NMR (CDClg) 6 2.70 (t, CH,), 3.44 (m, CH,N),
3.91 (s, CH,Ph), 6.7 (br, NH), 7.28 (s, Ph), 8.19 (s, 3-H). Anal.
(Cy3H3N30) C, H, N.

Reaction of 10b (1 g) with benzy! bromide (10 mL) at 90 °C
overnight, cooling and washing with Et,0 gave 11b (1.7 g, 98%):
mp 219-221 °C; 'H NMR (D,0) § 2.95 (t, CHoIm), .70 (t, CH,N),
4.11 (s, CH,Ph), 5.39 (s, NCH,Ph), 7.40 (m, 2 Ph), 9.33 (s, 3-H).
Anal. (CgngoBrNao) C, H, N, Br.

The dihydrochloride of 12b was obtained (82%) from 11b by
acid hydrolysis (see 12a, route A) and recrystallization of the crude

(29) C.F.Huebner, R. A. Turner, and C. R. Scholz, J. Am. Chem.
Soc., 71, 3942 (1949).

(30) J. C. Sheehan and C. A. Robinson, J. Am. Chem. Soc., 71, 1436
(1949).
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product (94%, mp 221-223 °C) from i-PrOH/Et,0: 'H NMR
(D;0) 5 3.25 (m, CHy,CHy), 4.18 (s, CH,Ph), 5.25 (s, CH,N), 7.20
(m, 2 Ph), 8.80 (s, Im 2 H). Anal. (C;gHyCLN;) C, H, N, CL

4(5)-(1-Cyano-2-phenylethyl)imidazole (24). NaOH (5 N,
10 mL) was added to a solution of 4(5)-(cyanomethyl)imidazole!®
(10 g, 0.093 mol) and benzaldehyde (15 g, 0.14 mol) in MeOH (100
mL). After standing at room temperature for 24 h, the reaction
mixture was poured into an equal volume of water to give 23 (14
g, 77%), mp 189-190 °C. Recrystallization from EtOH gave a
sample: mp 190-191 °C; IR voy 2222 ecm™; UV A, 324 nm (e
2 X 10%). Anal. (C;,HgNg) C, H, N,

Powdered sodium amalgam (5%, 240 g) was added in portions
over 15-20 min at room temperature to a vigorously stirred so-
lution of 23 (6.7 g, 0.034 mol) in a mixture of MeOH (360 mL)
and H,0 (120 mL) through which CO, was passed. After addition,
CO, was passed through the stirred mixture for a further 2.5 h,
the solution was decanted and filtered, and the residue was washed
with MeOH. Evaporation and addition of H,O gave 24 (5 g, 76 %),
mp 105-107 °C. Recrystallization from EtOH/H,0 gave a sample;
mp 108.5-110 °C; IR vcy 2237 em™); TH NMR (CDCl,) § 3.25 (br,
CH,), 4.2 (br, CH), 7.25 (m, Ph) (imidazole protons not observed
due to the presence of paramagnetic impurities). Anal. (C;oH;;N3)
C,H,N.

B-Benzylhistamine (25). Method A. A solution of 24 (1 g
0.005 mol) in dry THF (60 mL) was added dropwise to a stirred
suspension of LiAlH, (0.77 g) in THF (20 mL), and the mixture
was heated under reflux for 2 h. Addition of H,0, followed by
filtration and evaporation, gave an oily base, which was converted
to the dimaleate on addition of a solution of maleic acid in MeOH.
Addition of ether gave an oily solid, which was recrystallized from
i-PrOH-Et,0 to give the dimaleate of 25 (0.76 g, 85%): mp

146-148 °C; 'TH NMR (D,0) § 3.15 (m, CH,Ph), 3.55 (m, CH,N
+ CH), 6.38 (s, maleate), 7.30 (m, Ph + Im 4 H), 8.71 (d, Im 2
H). Anal. (CgngaN;gOs) C, H, N.

Methoed B. A solution of BFy-Et,0 (5.7 g) in dry diglyme (20
mL) was added dropwise over 30 min to an ice-cooled mixture
of NaBH, (1.3 g, 0.03 mol) and a solution of 24 (1 g, 0.005 mo})
in diglyme (20 mL). The mixture was stirred for 3 h and left to
stand overnight, and the diglyme was removed at 40 °C (0.5 mm).
The residue (in MeOH) was acidified with 11 N HC! and then
basified with aqueous KOH, and the mixture was heated under
reflux for 30 min. The mixture was acidified (11 N HC!) and
evaporated, the residue was extracted, and the aqueous solution
was extracted with CHCl;. Evaporation and addition of maleic
acid gave the dimaleate of 25 (0.6 g, 27%), mp 145-147 °C.

N*Benzylhistamine (27). Reduction of N%benzoylhist-
amine® (2 g, 0.0093 mol) with LiAlH, (0.35 g, 0.0093 mol) in dry
THF, followed by treatment with EtOH-HC! and recrystallization
from EtOH-Et,0, gave the dihydrochloride of 27 (1.7 g, 67%),
mp 225-227 °C (lit.1? mp 220-222 °C). HPLC analysis of 27 on
a Partisil SCX column, with 0.125 M (NH,)H,PO, as the mobile
phase, showed a small impurity (0.6% M) with a retention time
corresponding to that of histamine.
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The clinically used sedative-hypnotic ethchlorvynol destroys hepatic microsomal cytochrome P-450 enzymes in a
process catalyzed by the same hemoproteins. Abnormal porphyrins accumulate in the livers of phenobarbital-pretreated
rats after administration of ethchlorvynol. The abnormal porphyrin fraction has been isolated and shown to consist
of the four possible regioisomers of N-(5-chloro-3-ethyl-3-hydroxy-2-oxo-4-pentenyl)protoporphyrin IX. Cytochrome
P-450 inactivation thus appears to result from alkylation of the prosthetic heme by the oxidatively activated acetylenic
function in ethchlorvynol. The autocatalytic destruction of the hemoprotein is likely to alter the metabolism and
elimination of ethchlorvynol and coadministered drugs and may be the cause of the porphyrinogenic properties

of ethchlorvynol.

Ethchlorvynol (1-chloro-3-ethyl-1-penten-4-yn-3-ol), in-
troduced in 1955, is still in use as a sedative-hypnotic,
although its utility has been diminished by evidence that
it is a habituating agent with a lower safety margin than
the short-acting barbiturates.! Its continued use and
abuse, however, remain sufficiently widespread for eth-
chlorvynol to be implicated in a significant number of drug
overdose incidents.? Surprisingly little is known, con-
sidering the 25 years it has been in clinical use, concerning
the metabolism of ethchlorvynol or its interactions with
hepatic enzymes. Although little unchanged drug is ex-
creted,’ only a minor fraction of the administered drug is
accounted for by the known metabolites. The only me-
tabolites that have been clearly identified are an unusual

(1) Flemenbaum, A.; Gunby, B. Dis. Nerv. Syst. 1971, 32, 188-192.

(2) Project Dawn VI, May 1977-April 1978, National Institute on
Drug Abuse.

(3) Cummins, L. M.; Martin, Y. C.; Scherfling, E. E. J. Pharm. Sci.
1971, 60, 261-263.

C-glucuronide of ethchlorvynol* and 1-chloro-3-ethynyl-
1-pentene-3,4-diol,? the derivative in which the ethyl group
has been hydroxylated. The disappearance of ethchlor-
vynol from plasma is first order at therapeutic doses® but
appears to be zero order in overdose situations,® a change
which suggests that elevated serum concentrations of the
drug saturate the processes responsible for its removal.
The pertinent observation has also been made that heme
biosynthesis is stimulated in vitro” and in vivo® by eth-
chlorvynol, an interaction that may explain its deleterious
effect in patients with acute porphyrias.
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