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Abstract: Ammonium formate in the presence of palladium on carbon in methanol reacted with (S)-(+4-(2-Amino-3-chloro-
propyl)-imidazole to give optically pure (R)-(-)-a-methyl histamine at atmospheric pressure.

Optically pure (R)-(-)-a-methyl histamine (3) selectively agonizes the histamine Hj-receptor,12 a finding which renewed
interest in the pharmacology and synthesis of this compound.!® Not commercially available until recently, (R)-o-methyl histamine
remains expensive? and can be difficult to prepare. Indeed, attempts to repeat the last step of a brief, published3 synthesis afforded
none of 3a. Pushed and pulled by a need for 3a and a failure to make it, we improved the synthesis and report our results here. They
comprise atmospheric-pressure transfer hydrogenolysis of alky! chloride 2 as well as more vigorous conditions for carrying out high-
pressure hydrogenolysis of 2 than those originally reported.
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One published synthesis calls for conversion of L-histidinol 1 to the chloromethyl derivative 2, an uneventfut step in our
hands, and for catalytic reduction of 2 to 3a. Our initial difficulty in making 3a lay in reducing 2. This reaction reportedly occurs
under 25 atm of hydrogen in the presence of 10% Pd-on-C and sodium acetate in acetic acid containing 10 vol-% of water at room
temperature.3 Yet, none of 3a resulted when we treated compound 2 according to the published procedure.

Compound 3a formed in good yield (86%) under more vigorous conditions than those reported. To attain this result, we ulti-
mately increased the pressure by half, doubled the time and solvent volume, and tripled the amounts of catalyst and sodium acetate.
Chloromethyl derivative 2 was then completely changed to 3a, which was isolated by crystallization. Merely increasing the pressure
from 25 to 34 atm was insufficient, however. Although it did give 3a, the yield amounted only to 30%.
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Another reported reduction, this one of the racemic bromomethyl derivative corresponding to 2, succeeded directly, providing
a-methyl histamine as the dihydrobromide salt.# In this case, the published procedure was still somewhat unsatisfactory, becanse it
called for a heated Paar bomb. Such vessels are available only in a limited number of sizes, and this restriction decreases the reduc-
tion scale.

We found that high-pressure hydrogenolysis of chioromethy) derivative 2 was unmecessary. Reduction of optically active 2
took place at atmospheric pressure, simply by means of catalytic transfer hydroge.nolysis.5 The monohydrochloride 3b formed in 2-
3 hrs on refluxing dihydrochloride 2 with 10% Pd-on-C in methanol containing ammonium formate. Chemical yields of 3b consis-
tently exceeded 90%, and the reaction occurred on a scale as large as 100 grams of 2. For comparison, we converted the monohy-
drochloride 3b to dihydrochloride 3a, and also converted a sample of 3b to amide 4. Unsurprisingly, this sample of 4 was optically
pure.

The resulting sample of a-methy! histamine 3a contained an excess of the R-enantiomer, as expected. The enantiomeric ex-
cess (ee) surpassed or equalled 99%. Fluorine NMR spectroscopy provided this value for the optical purity of the diastereomeric
Mosher amide 4, made from 3 and (S)-(+)-a—methoxy-a-(trifluoromethy!)phenylacetyl chloride.6 The overall chemical conversion
to crude amide 4 amounted to 94%. Amidation of 3 with 2 equivalents of the acid chloride followed by selective hydrolysis of the re-
sulting diamide 5 yielded monoamide 4.
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For validation, we made samples of the corresponding amides from racemic o.-methyl histamine and from an artificial 99:1
mixture of R and § enantiomers. Baseline resolution of the trifluoromethyl and methyl group resonances was apparent in 19 and
1H NMR spectra of these diastereomeric amide mixtures. Integration of the 19F NMR spectra furnished the ee-values.

In summary, atmospheric-pressure hydrogenolysis of 2 made 3a more accessible than did high-pressure hydrogenolysis. For
safety, high-pressure experiments require special laboratories equipped with blow-out walls, a need averted by hydrogenolysis at ordi-
nary pressure.

As far as we know,” the (expected) conversion of 2 to 3b constituted the first example of transfer hydrogenolysis of an alkyl
chloride.

EXPERIMENTAL SECTIONS

(S)-(+)4-(2-Amino-3-chloropropyl)-imidazole (2)—Prepared from a commercial sample (Aldrich Chemical Co.) of (R)-(-)-4-(2-
amino-3-hydroxypropyl)-imidazole (1) according to ref 3, compound 2, mp 199-201° (d.) (from ethanol) (it.3 mp 196°), [m]zés =
+17.6° (c = 1.04, water) (tit.3 [a]}ag = +13.4° (c = 0.001 [sic], water)) was obtained in a yield of 58%; 13C NMR (DMSO-dg): 134
(C -2), 127 (C -4), 118 (C -5), 50 (CH2C)), 44 (C HNHp), 25 (C Hp); MS: 160 (2, M*), 110 (14), 82 (90), 81 (86), 80 (12), 78
(38), 55 (18), 54 (21), 44 (6), 43 (15), 42 (19).

(R)-(-4-(2-Aminopropyl)-imidazole dikydrochloride (3a). From High-Pressure Hydrogenolysis—A mixture of 2 (7.50 g, 32.2
mmol), water (450 mL), acetic acid (50 mL), sodium acetate (14.7 g, 179 mmol), and 10% palladium on carbon (10 g) was kept in
an autoclave at 25° C under 500 psi of hydrogen for 144 hrs. The catalyst was removed by filtration, and the pH of the filtrate ad-
justed to 1 with concentrated hydrochloric acid. Solvents were evaporated and the residue dissolved in ethanol. Precipitated salts were
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removed by filtration and washed with ethanol. Combined filtrates, diluted with a little benzene, were evaporated. The residue was
crystallized from a mixture of ethanol and acetone containing a little dichloromethane to give 3a (6.15 g, 96%), pure according to
tc. Two recrystallizations from 2-propanol containing a little acetone provided 3a (5.53 g, 86%), m.p. 165-167° (lit.3 mp 176°),
(o]% = 3.7° (c = 1.03, water) (it.3 [a) 23 = -5.1° (c = 0.01 [sic], water)); 'H NMR (300 MHz, DMSO-dg): 143, (br 5, 1 H, ex.
H -1and H-3), 9.10 (s, 1 H, H -2), 8.45 (br s, 3 H, ex., -NH3*), 7.55 (s, 1 H, H -5), 3.62 (br s, 1 H, CH (Me)NH3%), 3.12 (dd, 1
H,J (A-B) = 15,7 (A-CH) = 6.3, CHaHp), 2.96 (dd, 1 H, J (A-B) = 15, J (B-CH) = 7.5, CHAHB), 1.22 (d, 3 H, J (CH3-CH) =
6.4, CH3); 13¢ NMR (DMSO0-dg): 133.8 (C -2), 128.0 (C 4), 117.2 (C -5), 45.7 (CHNH)), 28.7 (C Hy), 18.4 (C H3); MS: 126
(3, M+ 1]%), 125 (2, M+), 82 (89), 81 (77), 44 (100).

For analysis, a sample was crystallized from 2-propanol with the aid of a Soxhlet extractor and had mp 175-176° and [a]zg =
-3.8° (¢ = 1.02, water).

Anal. Caled. for CgH13C1aN3: C, 36.38; H, 6.61; Cl, 35.79; N 20.85. Found: C, 36.04; H, 6.48; C), 36.05; N, 20.85.

(R)-(-)4-(2-Aminopropyl)-imidazole monokydrochloride (3b). From Catalytic Transfer Hydrogenolysis—To a stimred solution of
2 (9.6 g, 41 mmol) in dry methanol (240 mL)under nitrogen were added 10% Pd-on-C (12.0 g) and anhydrous ammonium formate
(20.5 g, 325 mmol). The resulting mixture was refluxed under nitrogen for three hrs. The cooled mixture was filtered through di-
atomaceous earth, and the mixture of filter aid and catalyst was washed with methanol (200 mL), dichloromethane-methanol (1:1 by
vol, 200 mL), and dichloromethane (800 mL). The combined filtrates deposited a precipitate which was removed by filtration,
washed with dichloromethane, and discarded. Combined filtrates again gave a precipitate which was similarly removed, washed, and
discarded. When no more precipitate formed on dilution of the combined filtrates with dichloromethane, solvents were evaporated to
give crude 3b (6.2 g), as a foam; 'H NMR (200 MHz, DMSO-dg): 7.70 (s, 1 H, H -2), 7.0 (s, 1 H, H -4), 3.41 (sextet, 1 H,
CH(Me)NH;), 2.87 (dd, 1 H, JAo-B = 14.5, JAo_CH = 5.6, CHpAHp), 2.70 (dd, 1 H, JAo_g = 14.5, Jg_CH = 8.0, CHpHp), 1.16 (d, 3
H,J =63, CH3); 13C NMR: 17.3 (CH3), 30.8 (CH2), 46.4 (CHNHY), 115.6 (C -5), 132.5 (C4 ), 132.4 (C-2); MS (FAB): 126
100, [M + 1]%).

Analytically pure 3a was obtained from crude 3b as follows: an aqueous solution of crude 3b (6.2 g) was passed through a
column of Amberlite® IRA-400 (OH) (120 g) packed in water. Removal of the solvent from the effluent under reduced pressure gave
the free base (3.87 g), which was dissoived in absoiute ethanoi (50 mL) and was cooled in an ice bath. Saturated ethanolic hydrochlo-
ric acid (70 mL) was added, after which the solvent was removed to give crude 3a (6.0 g), which was recrystallized from a mixture of
2-propanol and acetone to give dihydrochloride 3a (5.37 g, 66%), m.p.174-176°.

N-[2-(1H-imidazol-4-yl)-1(R )-methylethyl)-(S )-a~methoxy—a—(trifluoromethyl)benzeneacetamide (4)—To a mixture of R-(-)—
o-methyl histamine dihydrochloride 3a (25 mg, 0.126 mmol) in anhydrous N,N-dimethylformamide (0.5 mL) was added anhydrous
tniethylamine (88 mL, 0.63 mmol) and (§)-(+)-o—methoxy-a-(trifluoromethyl)phenylacetyl chloride (59 pL, 0.315 mmol). The re-
sulting mixture was stirred for 17 hrs at 25° under nitrogen. The solution was concentrated and the residue, dissolved in water, was
exiracted with ethyl acetate. Combined extracts were dried and concentrated to give crude diamide 5, all of which was used directly in
the next step.

The sample of § was dissolved in methanol (4 mL) and a solution of anhydrous potassium carbonate (0.18 g, 1.3 mmol) in
water (1.5 mL) was added. The resulting solution was then stirred 2 hrs at 25° under nitrogen and was concentrated. The residue, dis-
solved in water, was extracted with diethyl ether. Combined extracts were dried and concenirated to give monoamide 4; 1H NMR
(400 MHz, CDCl3): 7.40 (m, 6 H, C¢Hs and H -2), 6.77 (s, 1 H, H -5), 5.0 (br 5, 1 H, NH), 4.28 (m, 1 H, CHMe), 3.28 (s, 3 H,
OCH3), 2.83 (dd, 1 H,JA_B = 14.8, Jo_cH = 5.7, CHACHB), 2.74 (dd, 1 H, Jo_B = 14.8, Jg_CH = 6.6, CHBCHQp), 1.14 (d, 3 H,
J = 6.6, CH3); 13C-NMR: 165.5 (CONH), 134 4 (C -2), 133.5, 132.2, 129.0, 128.0, 127.1, 123.4 (q, J = 290, CF3), 116.7 (C
-5), 83.4 (q, J = 26, CCF3), 54.4 (OCH3), 45.1 (C -T), 32.7 (C-6), 19.4 (CHCH3); 19F-NMR (400 MHz, CDCl3): 7.24 ppm (s,
CF3); MS: 342 (100, [M + 1]%), 341 (1, M*),

Racemic N-[2-(1H-imidazol-4-yl)-1(R)-methylethyl]-(S)-a-methoxy-a-(trifluoromethyl)benzeneacetamide — Prepared from
racemic o-methy! histamine and (5)-(+)-o—methoxy-a-(triflucromethyl)phenylacetyl chloride as described above for 4, this mixture
showed the following, sclected resonances. 1H NMR (400 MHz, CDCl3): 6.77 (s, 1 H, H -5),669(s,1H,H-5),121(d,3H,J=
6.6, CH3), and 1.14 (d, 3 H, J = 6.6, CH3); 19F-NMR (400 MHz, CDClI3): 7.24 (s, 3 F, CF3) and 7.03 (s, 3 F, CF3).
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