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Employing classical conformational analysis on a known H3 agonist, (iJ)-a-methylhistamine 
(1), a series of conformationally constrained H3 agonists were proposed and synthesized. 
Pyrrolidine (±)-4a, a compound proposed to mimic the an£i-conformation of CR)-a-methylhis-
tamine (1), was found to be a potent and selective H3 agonist. The pyrrolidine (±)-4a was 
resolved, and its (+) enantiomer, immepyr [(+)-4a], showed a greater separation of H3 and Hi 
activities in vivo (H3/H1 ratio :» 550) than (iJ)-a-methylhistamine (1) (H3/H1 ratio = 17), the 
standard H3 agonist. In fact, no evidence of Hi activity was detected at doses of immepyr 
[(+)-4a] as high as 100 mg/kg iv. This pyrrolidine, immepyr [(2i?,3S)-(+)-4a], represents, to 
our knowledge, the first reported cyclic, conformationally restricted analog of histamine to 
possess selective in vivo H3 agonist activity. 

Introduction 

The discovery by Arrang et al.1 of a unique histamine 
(H3) receptor has rekindled interest in exploring the 
physiological role of histamine and the potential for a 
new class of therapeutic agent that acts at this receptor. 
The H3 receptor is a prejunctional receptor that modu
lates the synthesis and release of histamine2 and 
various other neurotransmitters (such as serotonin,3 

noradrenaline,4 and acetylcholine5) in both the central 
nervous system (CNS) and peripheral nervous system. 
The potential therapeutic value of H3 ligands, regarding 
treatment of diseases in the CNS as well as in the 
respiratory and gastrointestinal tracts, is currently 
under investigation.6 As a result of our efforts directed 
toward the discovery of therapeutically useful H3 recep
tor agonists devoid of undesired Hi activity, a novel 
pyrrolidine analog of histamine, which shows greater 
separation of H3 and Hi activities in vivo (H3/H1» 550) 
than the standard agonist (iJ)-a-methylhistamine (l)1 

(H3/H1 = 17), has been identified. In fact, (R)-a-
methylhistamine (1) has been found to elicit adverse 
bronchoconstrictor events by direct activation of Hi 
receptors in vivo7 (ED50 = 1.7 mg/kg). In this paper we 
describe our chemical efforts directed toward the iden
tification of this novel analog of histamine, pyrrolidine 
(+)-4a (immepyr); a compound which, to our knowledge, 
represents the first reported cyclic analog of histamine 
to possess such an in vivo activity profile. 

Chemistry 

Complete synthetic procedures and analytical data for 
the compounds presented in this article are contained 
within the Experimental Section. The compounds 
shown in Chart 1 were synthesized as racemates by the 
protocols outlined in Schemes 1—4. For convenience, 
only one of the corresponding enantiomers is indicated 

f Presented in part: New Perspectives in Histamine Research, 
Satellite Symposium of the XIIth International Congress of Pharmacol
ogy of IUPHAR, Canada, July 20-24, 1994. 

* Department of Chemical Research. 
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8 Abstract published in Advance ACS Abstracts, May 1, 1995. 

in the schemes and the chart. A brief outline of the 
synthetic protocols used to prepare these compounds is 
presented below. 

The aminocyclopentane 3 was prepared via a route 
whose key step was a Michael addition of the Grignard 
reagent derived from l-trityl-4-iodoimidazole8 (6) to the 
1-nitrocyclopentene (Scheme 1). Treatment of the re
sulting nitrocyclopentane 7 with aluminum amalgam 
followed by aqueous acid hydrolysis of the imidazole 
protecting group provided the desired target compound 
(±)-3. 

The a,/3-dimethyl-substituted histamines 2a and 2b 
were prepared via a route different from that which had 
previously been published9 and which proceeded from 
the triphenylmethyl-protected imidazole-4-carboxalde-
hyde10 (9) (Scheme 2). Henry reaction of aldehyde 9 
with nitroethane followed by treatment with (2-(tri-
methylsilyl)ethoxy)methyl chloride in dimethylforma-
mide provided the nitro olefin 11. Treatment with 
methyllithium in the presence of boron trifluoride 
etherate and subsequent reduction with aluminum 
amalgam gave a diastereomeric mixture (2.5:1) of the 
imidazole-protected dimethylhistamine analogs 13a and 
13b. Separation of the two diastereomers was ac
complished by flash column chromatography of the tert-
butyloxycarbonyl derivatives of 13a and 13b. Subse
quent aqueous acid hydrolysis of the protecting groups 
provided the desired target compounds (±)-2a and (±)-
2b. 

The 2-substituted pyrrolidines (±)-4a, (+)-4a, and 
(-)-4a were all prepared from the intermediate lactam 
(±)-19t, obtained via a modification of a published 
procedure.11 Michael addition of nitroethane to a suit
ably protected derivative of urocanic acid (15) provided 
the nitro esters 18 (Scheme 3). Reduction of the nitro 
group and subsequent cyclization to the lactams 19 was 
accomplished by hydrogenation over Raney nickel. 
Separation of the diastereomeric mixture of lactams 19 
by flash chromatography provided the desired trans-
lactam (±)-19t. Subsequent hydride reduction and acid 
hydrolysis provided the desired pyrrolidine (±)-4a. 
Resolution of the racemic mixture (±)-4a to provide 
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Chart 1 

Conformers of (R)-g-methy lhistamine (1) 

Shih et al. 

#1 
(gauche) 

#2 
(ami) 

Compounds Synthesized 

H3C, H 
H7—("H 

H>y-k^CH3 

H2N H 
H ° C * H « H 

V H 

CH3 

\ J CH, 
NH2 

H . . . 
<±)-2a (±)-3 

Ks (H3-bind.)* = 11± 4 nM Ki (H3-bind.)* = 740 ± 190 nM 

CH3 

\ . J CH 

NH2 

CH3 

| N H 

" (±)-2b H (±)-4a 
Kj (H3-bind.)*« 0.8 ± 0.2 nM Ks (H3-bind.)* = 8.7 ± 1.3 nM 

#3 
(gauche) 

H H 

H a C o $ % <±)-5a 
Ki(H3-bind.)* = >2000nM 

H2N CH, 

(±)-5b 
Ki(H3-bind.)*»>2000nM 

a Unless otherwise noted, the Xi value for H3 receptor binding of each compound represents the mean of two independent experiments 
with the associated errors representing the range from the mean. 

Scheme 1° 

of—<A—cA 
T,' T "

 H 

T r 6 T r 7 (±)-3 
" (a) EtMgBr, CH2C12; (b) 1-nitrocyclopentene; (c) Al(Hg), THF, 

H20; (d) HC1, H20, MeOH. 

Scheme 2° 

,CHO 
SEM SEM CH3 

<J — on; — on: 
Tr 

rNOj 

CH3 

11 

CH3 

CH, 

13 

CH3 

e, f, g 
U CH. + U CH 

,NH, 

CH3 

(±)-2a 

-NH2 

CH3 

(±)-2b 

- (a) CH3CH2N02> n-BuNH2) EtOH; (b) SEMC1, DMF, A; (c) 
CH3Li, E t A BF3-Et20; (d) Al(Hg); (e) (<-BOC)20, NEt3l CH2C12; 
(f) separate diastereomers; (g) H20, HC1, MeOH, A. 

enantiomerically pure (>99% ee) (+)-4a (immepyr) and 
( - ) -4a was accomplished via chiral s ta t ionary phase 
HPLC of the corresponding bis(tert-butyloxycarbonyl) 
derivatives of the pyrrolidines (+)-4a (immepyr) and 
( - M a . 

The aminocyclohexanes 5a and 5 b were prepared 
from the triphenylmethyl-protected imidazole-4-carbox-
aldehyde1 0 (9). Wittig reaction followed by light-induced 
double-bond isomerization provided the desired trans 
olefin 22t (Scheme 4). Diels—Alder reaction wi th 2-ni-
tropropene1 2 followed by separat ion of the resul t ing 
diastereomers provided the nitrocyclohexenes 23a and 
23b. Hydrogenation of 23a in the presence of palladium 
on carbon followed by t r e a t m e n t with a luminum amal
gam reduced both the double bond and the nitro 
moieties. Subsequent aqueous acid hydrolysis of the 
imidazole protecting group provided the desired ta rge t 

Scheme 3a 

(±)-4a 

" (a) MeOH, H2S04; (b) SEMCl, NEt3, CH2C12; (c) CH3CH2N02, 
DBU, CH3CN; (d) H2, RaNi, EtOH, A; (e) separate diastereomers; 
(f) LiAlH4, Et20; (g) H20, HCl, EtOH, A. 

Cd 
N 

< I 
N H3C NO? 

23 

'CH, 

(±)-5a 

\ J H2N 
H 

(±)-5b 

» (a) (C6H5)3P-=CHCH=CH2 (b) C6H6SSC6H5, benzene, A; (c) 
2-nitropropene, benzene, A; (d) separate diastereomers; (e) H2, 
RaNi, EtOH; (f) Al(Hg); (g) H20, HCl, MeOH. 

compound 5a. Similar t r e a t m e n t of 23b provided the 
diastereomeric 5b. 

R e s u l t s a n d D i s c u s s i o n 

Conformat iona l A n a l y s i s of CR)-a-Methylhista-
m i n e (1). Ear ly work2 in the a rea of H3 receptor 
agonists identified (R)-a-methylhistamine (1) as a po
t en t and selective H3 agonist in vitro (H3/H1 ratio 
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Table 1 

I! 

NH2 

CH3 O rQ 
NH 

CH3 

compound 

(iJ)-a-methylhistamine (1) 
immepyr [(+)-4a] 
(-)-4a 

(R)-a-methylhi 
(1) 

stamine 

H3 binding CKi, nM) 

H3 Hi 

1.5 ± 0.5 
2.8 ± 1.5 

33.0 ± 1.0 

> 10 000 
> 10 000 
> 10 000 

munepyr 
K+)-4a] 

guinea pig 

H3 

8.2 ± 0.2 
7.1 ±0.2 
NA" 

ileum (pZ>2) 

Hi 

5.4 ±0.1 
NA* 

M-4a 

in vivo (EDBOJ 

0.10 ± 0.03 
0.18 ± 0.05 
30% 

mg/kg)c 

Hi-

1.7 ±0.1 
>100^ 

H3/H1 ratio (in vivo) 

[ED6o(Hi)/ED5o(H3)] 

17 
»550 

0 Inactive at 1 fM. b Inactive at 10 ,«M. C Via intravenous administration. d Determined in the CNS hypertension model (see ref 20) 
[reported as ED50 (mg/Kg) or % (iS)-a-methylhistamine (1) activity at 0.3 mg/kg].e Determined by an Hi histamine-mediated bronchospasm 
(see ref 7) [reported as ED50 (mg/kg)]. ̂  No evidence of any Hi activity was detected at doses as high as 100 mg/kg. 

~10 000). Although (iJ)-a-methylhistamine (1) showed 
good selectivity in vitro, our own work showed substan
tial in vivo Hi activity (H3/H1 ratio = 17, see Table 1). 
While introduction of an a-methyl group into the 
histamine side chain imparted the observed selectivity, 
it was unclear whether this was a manifestation of a 
steric or a conformational effect. With regard to con
formational considerations, our own calculations13 show 
only minor energetic differences (<1.5 kcal/mol) between 
the rotameric conformations of (R)-a-methylhistamine 
(1). In an effort to more clearly define the bioactive 
conformation, to explore the steric requirements of H3 
receptor agonists, and to ultimately identify novel, orally 
active H3 agonists devoid of Hi activity, we chose 
initially to conformationally restrict the relative spatial 
orientation of the basic side chain nitrogen and the 
imidazole moiety. 

Neglecting imidazole group rotational freedom, we 
chose to mimic three predominant conformations of (R)-
a-methylhistamine (1) (determined by classical confor
mational analysis14 and confirmed by MM2 calcula
tions13) with the conformationally restricted analogs of 
histamine illustrated in Chart 1. Two of the conforma
tions (1 and 3) possess a gauche relationship between 
the basic side chain nitrogen and the imidazoyl moiety, 
and one (2) possesses an anti relationship between these 
two moieties. For each conformation of (R)-a-methyl-
histamine (1) that we chose to mimic, two specifically 
designed compounds were prepared and examined in 
our H3 binding assay;15 2a and 3 mimicked the gauche 
conformer 1, 2b and 4a mimicked the anti conformer 
2, and 5a and 5b mimicked the gauche conformer 3. Of 
these three conformers, the only one for which both 
associated analogs showed substantial H3 activity was 
the anti conformer 2 (histamine analogs 2b [i£i(H3-bind.) 
= 0.8 nM] and 4a [^(Hs-bind.) = 8.7 nM]). A direct 
result of this conformational analysis approach was the 
identification of the previously unknown, potent H3 
receptor ligand 4a.16 

In light of the known enantioselectivity of the H3 
receptor [(R)-a-methylhistamine (1) is ~100-fold more 
potent than the corresponding S-enantiomer in H3 
binding studies17], we resolved (±)-4a and determined 
the absolute stereochemistry of the constituent enan-
tiomers by single-crystal X-ray analysis.18 Further 
binding studies indicated that the dextrorotatory enan-
tiomer (2i?,3S)-(+)-4a [ifKHs-bind.) = 2.8 ±1 .5 nM] was 
more than 10-fold more active in the H3 binding assay 
than the levorotatory (3S,2i?)-(-)-4a [Xi(H3-bind.) = 33 
± 5 nM]. Further biological evaluation19,20 of (+)-4a 

(immepyr), in comparison with (i?)-a-methylhistamine 
(1), is summarized in the table. In vitro, immepyr [(+)-
4a] was effective at inhibition of an electrically induced 
contraction in guinea pig ileum tissue. Similarly, it was 
as effective as (i?)-a-methylhistamine (1) in vivo (via 
intravenous administration) in the inhibition of an 
electrically induced CNS hypertensive response. Most 
significantly, immepyr [(+)-4a] also exhibited a sub
stantially enhanced in vivo selectivity for the H3 recep
tor compared to the biological profile of (ii)-a-methyl-
histamine (1) (H3/H1 ratio »550 for immepyr [(+)-4a]). 

Summary 

In conclusion, employment of classical conformational 
analysis on a known H3 agonist, (R)-a-methylhistamine 
(1), led to the proposal and synthesis of a series of 
conformationally constrained H3 agonists. Pyrrolidine 
(±)-4a, a compound proposed to mimic the anti confor
mation of CR)-a-methylhistamine (1), was found to be a 
potent and selective H3 agonist. The pyrrolidine (±)-
4a was resolved and its (+) enantiomer, immepyr [(+)-
4a] showed a greater separation of H3 and Hi activities 
in vivo (H3/H1 ratio » 550) than CR)-a-methylhistamine 
(1) (H3/H1 ratio = 17). In fact, no evidence of Hi activity 
was detected at doses of immepyr [(+)-4a] as high as 
100 mg/kg iv. This pyrrolidine, immepyr [(2fl,3S)-(+)-
4a], represents, to our knowledge, the first reported 
cyclic, conformationally restricted analog of histamine 
to possess selective in vivo H3 agonist activity. 

Experimental Section 

General Exper imental . Unless otherwise noted, all ma
terials were obtained from commercial suppliers and used 
without further purification. Anhydrous solvents were either 
obtained from Aldrich Chemical Co. in Sure/Seal bottles or 
distilled immediately prior to use (tetrahydrofuran). Unless 
otherwise noted, all XH NMR spectra were recorded at 300 
MHz on a Varian Gemini-300 spectrometer. Chemical shifts 
are expressed in ppm downfield from internal tetramethylsi-
lane. Mass spectral analysis was performed on either a 
Hewlett-Packard 5989-A mass spectrometer (for CI and EI) 
or a VG-ZAB-SE double focusing mass spectrometer (for FAB). 
Thin-layer chromatography (TLC) was performed with Anal-
tech silica gel GF TLC plates (250 fim). All flash chromatog
raphy was conducted using ICN SiliTech flash grade silica gel 
(particle size 32—63 /mi). Chiral stationary phase HPLC was 
performed using a Waters DeltaPrep 3000 HPLC system using 
Daicel analytical (3.6 x 30 mm) columns; the packing material 
and solvent conditions are indicated in the experimental 
procedures below. Unless otherwise noted, all compounds 
were synthesized as racemates. Due to the extreme hygro-
scopicity of the hydrochloride salts reported in this article, 
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melting points of these compounds could not determined with 
any degree of certainty. 

la-Nitro-2/?-(l-(triphenylmethyl)-lff-imidazol-4-y])cy-
clopentane (7). To a solution of 4-iodo-l-(triphenylmethyl)-
imidazole (6) (2.18 g, 5 mmol) in dry CH2CI2 (20 mL) at room 
temperature was added ethylmagnesium bromide (1.83 mL of 
a 3 M solution in ether, 5.5 mmol) dropwise, and the pale 
yellow mixture was stirred for 30 min. After cooling to 0 °C, 
a solution of 1-nitro-l-cyclopentene (0.62 g, 5.5 mmol) in dry 
CH2CI2 (5 mL) was added dropwise. The reaction was quenched 
after 2.5 h by the addition of half-saturated aqueous NH4CI 
(30 mL), the organic layer was separated, and the aqueous 
layer was extracted with CH2CI2 (3 x 25 mL). The combined 
organic layers were dried (MgSO,i), filtered, and concentrated 
in vacuo. The residue was purified by flash chromatography 
(60:40 hexane/ethyl acetate) to give 7 as a white foam (1.03 g, 
49%): *H NMK (CDCI3) <5 7.46 (s, 1H), 7.31-7.42 (m, 9H), 
7.03-7.20 (m, 6H), 6.67 (s, 1H), 5.10 (q, 1H, J = 7.1 Hz), 3.65 
(br q, 1H, J = 8.0 Hz), 2.36 (br q, 2H, J = 7.0 Hz), 2.13-2.31 
(m, 1H), 1.88-2.07 (m, 3H). 

la-Amino-2/3-(l-(triphenylmethyl)-LH-imidazol-4-yl)-
cyclopentane (8). To a suspension of aluminum amalgam 
(from 0.96 g of aluminum) in a THF/H20 mixture (10:1) at 0 
°C was added a solution of the nitro compound 7 (1.03 g, 2.43 
mmol) in THF (20 mL) over the course of 30 min. After 
stirring overnight at room temperature, the reaction mixture 
was filtered through Celite, and the Celite was washed with 
a 1:1 mixture of CH2C12 and CH3OH (100 mL). The solvents 
were removed in vacuo, and the residue was purified by flash 
chromatography (95:5 CH2Cl2:CH3OH/NH3) to give the amine 
8 (0.44 g, 46%): 'H NMR (CDCI3) 6 7.41 (s, 1H), 7.31-7.39 (m, 
9H), 7.04-7.22 (m, 6H), 6.61 (s, 1H), 3.35 (q, 1H, J = 8.7 Hz), 
2.60 (br q, 1H, J = 8.8 Hz), 1.96-2.23 (m, 5H), 1.65-1.89 (m, 
3H), 1.38-1.55 (m, 1H). 

la-Amino-2/3-(LH-imidazol-4-yl)cyclopentane, Dihy-
drochloride (3). To a solution of the amine 8 (0.44 g, 1.13 
mmol) in a small amount of methanol was added 1 N HC1 (25 
mL). The reaction mixture was heated to 60 °C for 1 h and 
cooled to room temperature, and the white solid that formed 
during the reaction was removed by filtration. The aqueous 
layer was washed once with ether and concentrated in vacuo 
to give the amine 3 as the dihydrochloride salt (0.20 g, 79%): 
XH NMR (DMSO) <5 9.14 (s, 1H), 8.63 (br s, 1H, exchanges with 
D20), 7.60 (s, 1H), 3.63-3.79 (br m, 1H), 3.39 (q, 1H, J = 7.5 
Hz), 2.03-2.27 (m, 2H), 1.64-1.93 (m, 4H); 13C (DMSO) d 
133.682, 133.015, 115.775, 55.199, 39.589, 31.467, 30.088, 
22.366; FAB MS mlz (relative intensity) 152 (M + 1, 100), 
135 (28), 130 (15). Anal. (C8Hi3N3-2HCl-0.50H2O) C, H, N. 

l-Methyl-2-(l-(triphenylmethyD-lif-imidazol-4-yl)ni-
troethene (10). A mixture of l-(triphenylmethyl)-lH-imida-
zole-4-carboxaldehyde10 (9) (12.2 g, 37.4 mmol), nitroethane 
(2.7 mL, 37.4 mmol), ra-butylamine (94 fiL, 0.94 mmol), 
absolute ethanol (15 mL), and anhydrous dimethoxyethane (10 
mL) was heated to reflux for 5 h. After cooling to room 
temperature, the precipitate formed was filtered, washed 
successively with absolute ethanol and diethyl ether, and then 
dried under vacuum to give 10 as a white solid (12.0 g, 80%): 
lH NMR (CDCI3) d 7.86 (s, 1H), 7.58 (s, 1H), 7.37 (m, 9H), 
7.19 (s, 1H), 7.13 (m, 6H), 2.69 (s, 3H); MS (CI, NH3) mlz 
396 (MH+). 

l-Methyl-2-(l-((2-(trimethylsilyl)ethoxy)methyl)-LH-
imidazol-5-yl)nitroethene (11). To a solution of the tri-
phenylmethyl-protected imidazole 10 (5.69 g, 14.4 mmol) in 
dimethylformamide (28 mL) at 90 °C was added (2-(trimeth-
ylsilyl)ethoxy)methyl chloride (2.8 mL, 15.8 mmol), and the 
mixture was stirred at 90 °C for 2 h. The mixture was cooled 
to room temperature and concentrated under high vacuum (< 1 
mmHg) to remove the dimethylformamide solvent. The resi
due was purified by flash chromatography (eluting solvent gra
dient: hexane/methylene chloride (1:1) to methylene chloride) 
to give 11 (2.47 g, 61%): JH NMR (CDCI3) d 7.94 (s, 1H), 7.73 
(s, 1H), 7.39 (s, 1H), 5.32 (s, 2H), 3.52 (t, 2H), 2.73 (s, 3H), 
0.93 (t, 2H), 0.00 (s, 9H); MS (EI) mlz 283 (M+). 

2-Nitro-3-(l-((2-(trimethylsilyI)ethoxy)methyl)-lff-imi-
dazol-5-yl)butane (12). To a cooled (-78 °C) portion of 
anhydrous tetrahydrofuran (16 mL) was added successively a 

solution of methyllithium in hexane (17.5 mL, 1.4 M, 24.5 
mmol) and boron trifluoride etherate (4.0 mL, 32.6 mmol). The 
resulting solution was stirred at - 7 8 °C for 20 min, a cooled 
(—78 °C) solution of the a,/?-unsaturated nitro compound 11 
(2.30 g, 8.18 mmol) in anhydrous tetrahydrofuran (30 mL) was 
added dropwise via cannula over the course of 35 min, and 
then the resulting yellow solution was stirred at - 7 8 °C for 
an additional 50 min. To the cooled (—78 °C) reaction mixture 
was added water (40 mL), the cooling bath was removed, and 
the mixture was stirred while warming to room temperature. 
To the mixture were added ethyl acetate (30 mL) and then 
saturated aqueous sodium bicarbonate until the pH of the 
aqueous phase reached approximately 6. The mixture was 
shaken, the layers were separated, and the organic layer was 
washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and concentrated. The residue 
was purified by flash chromatography (eluting solvent gradi
ent: methylene chloride to methylene chloride/ethyl acetate 
(2:1)) to give 12 as a 1:1 mixture of erythro and threo 
diastereomers (1.29 g, 46%): JH NMR (CDC13) 6 7.57 (s, 1H), 
7.56 (s, 1H), 6.87 (s, 1H), 6.83 (s, 1H), 5.24 (s, 2H), 5.22 (s, 
2H), 4.95 (dq, 1H), 4.83 (dq, 1H), 3.46 (m, 5H), 3.33 (dq, 1H), 
1.53 (d, 3H), 1.44 (d, 3H), 1.33 (d, 3H), 1.31 (d, 3H), 0.91 (dt, 
4H), 0.00 (s, 18 H); MS (FAB) mlz 300 (MH+). 

3-(l-((2-(Trimethylsilyl)ethoxy)methyl)-LH-imidazol-5-
yl)-2-butanamine (13). To a solution of mercury(II) chloride 
(61 mL, 2% by weight in water) was added aluminum (1.48 g, 
granules, 40 mesh), and the mixture was stirred at room 
temperature for 1 min. The aqueous solution was decanted, 
and the remaining aluminum amalgam was washed succes
sively with absolute ethanol and diethyl ether. To a suspen
sion of the aluminum amalgam in tetrahydrofuran (60 mL)/ 
water (6 mL) was added slowly (40 min) a solution of the nitro 
compound 12 (1.11 g, 3.71 mmol) in tetrahydrofuran (20 mL). 
The mixture was stirred at room temperature for an additional 
2 h and filtered through a pad of Celite, and the Celite was 
washed with methylene chloride/methanol (9:1,120 mL). The 
filtrates were combined, dried over anhydrous potassium 
carbonate, and concentrated to give 13 as a 1:1 mixture of 
diastereomers (0.91 g, 92%). The material was used directly, 
without further purification, in the next step: *H NMR (CDCI3) 
d 7.54 (s, 2H), 6.82 (s, 1H), 6.81 (s, 1H), 5.24 (s, 4H), 3.49 (t, 
4H), 3.24 (dq, 1H), 3.11 (dq, 1H), 1.97 (br s, 4H), 1.24 (t, 6H), 
1.10 (d, 3H), 1.05 (d, 3H), 0.91 (t, 4H), 0.00 (s, 18H).; MS (CI, 
NH3) mlz 270 (MH+). 

fAreo-(±)-2-((ferf-Butyloxycarbonyl)amino)-3-(l-((2-
(trimethylsilyl)ethoxy)methyl)-lff-imidazol-5-yl)bu-
tane (14a) and eo*Aro-(±)-2-((terMiutyloxycarbonyl)-
amino)-3-( l - ( (2-(tr imethyls i lyl)ethoxy)methyl)- l iZ-
imidazol-5-yl)butane (14b). To a solution of diastereomeric 
amines 13 (1.22 g, 4.53 mmol) in anhydrous methylene chloride 
(19 mL) were added triethylamine (1.6 mL, 11.3 mmol) and 
di-teri-butyl dicarbonate (2.18 g, 9.5 mmol). The resulting 
soution was stirred at room temperature for 5 h and concen
trated under vacuum, and to the residue were added water 
and ethyl acetate. The mixture was shaken, the layers were 
separated, and the organic layer was washed with saturated 
aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and concentrated under vacuum. The residue was 
purified by flash chromatography (eluting solvent gradient: 
methylene chloride/ethyl acetate, 5:1 to 1:1). The first to elute 
was the the threo diastereomer 14a (0.90 g, 54%). The second 
to elute was the erythro diastereomer 14b (0.18 g, 11%). Threo 
diastereomer 14a: XH NMR (CDCI3) d 7.56 (s, 1H), 6.84 (s, 
1H), 5.68 (br d, 1H), 5.24 (s, 2H), 3.87 (br s, 1H), 3.49 (t, 2H), 
2.85 (m, 1H), 1.46 (s, 9H), 1.31 (d, J = 7.2 Hz, 3H), 1.03 (d, J 
= 6.6 Hz, 3H), 0.91 (t, 2H), 0.01 (s, 9H); MS (FAB) mlz 370 
(MH+). Erythro diastereomer 14b: *H NMR (CDCI3) d 7.55 
(s, 1H), 6.81 (s, 1H), 5.98 (br d, 1H), 5.24 (s, 2H), 3.85 (br s, 
1H), 3.48 (t, 2H), 3.03 (br s, 1H), 1.47 (s, 9H), 1.26 (d, J = 7.2 
Hz, 3H), 0.92 (d, 3H), 0.91 (t, 2H), 0.01 (s, 9H); MS (FAB) mlz 
370 (MH+). 

tfireo-(±)-3-(lif-imidazol-4-yl)-2-butanamine, Dihydro
chloride (2a). A suspension of threo diastereomer 14a (0.59 
g 1.60 mmol) in 3 N aqueous hydrochloric acid (8 mL) was 
heated to reflux for 4.5 h. The mixture was cooled to room 
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temperature and concentrated under vacuum, and the residue 
was recrystallized from methanol/diethyl ether to give 2a as 
the dihydrochloride salt (0.25 g, 73%): XH NMR (D20) d 8.63 
(s, 1H), 7.36 (s, 1H), 3.58 (dq, J = 6.7, 6.7 Hz, 1H), 3.29 (dq, J 
= 7.1, 7.1 Hz, 1H), 1.32 (d, J = 7.2 Hz, 3H), 1.23 (d, J = 6.9 
Hz, 3H); MS (CI, CH4) mlz 140 (MH+). 

eryf/»ro-(±)-3-(lff-Imidazol-4-yl)-2-butanamine, Dihy
drochloride (2b). A suspension of erythro diastereomer 14b 
(0.34 g, 0.92 mmol) in 3 N aqueous hydrochloric acid was 
heated to reflux for 4.5 h. The mixture was cooled to room 
temperature and concentrated under vacuum, and the residue 
was recrystallized from methanol/diethyl ether to give 2b as 
the dihydrochloride salt (0.052 g, 41%): JH NMR (D20) <5 8.63 
(s, 1H), 7.36 (s, 1H), 3.55 (dq, J = 6.8, 6.8 Hz, 1H), 3.28 (dq, J 
= 6.9, 6.9 Hz, 1H), 1.34 (d, J = 7.2 Hz, 3H), 1.19 (d, J = 6.9 
Hz, 3H); MS (CI, CH4) mlz 140 (MH+). 

Urocanic Acid, Methyl Ester (16). To a suspension of 
urocanic acid 15 (13.8 g, 100 mmol) in methanol (250 mL) was 
added concentrated sulfuric acid (10 mL), and the mixture was 
heated to reflux for 24 h. The mixture was cooled to 5 °C, 
and concentrated ammonium hydroxide (25 mL) was added 
slowly. The solvents were removed by rotary evaporation, and 
to the residue were added water (50 mL) and ethyl acetate 
(750 mL). The mixture was shaken, the layers were separated, 
and the aqueous layer was extracted with ethyl acetate (500 
mL). The combined organic layers were dried over anhydrous 
sodium sulfate, filtered, and evaporated to give 16 as a white 
solid (14.9 g, 98%): JH NMR (CD3COCD3) 6 7.73 (s, 1H), 7.63 
(d, J = 16 Hz, 1H), 7.30 (s, 1H), 6.48 (d, J = 16 Hz, 1H), 3.78 
(s, 3H). 

3-(l-((2-(Trimethylsilyl)ethoxy)methyl)imidazol-4-yl)-
prop-2-enoic Acid, Methyl Ester (17). To a suspension of 
the methyl ester 16 (12.2 g, 80.0 mmol) in tetrahydrofuran 
(80 mL) were added triethylamine (28 mL, 200 mmol) and then 
(2-(trimethylsilyl)ethoxy)methyl chloride (30 mL, 170 mmol). 
The mixture was stirred at room temperature for 1 h, and then 
to this mixture were added 5% aqueous sodium hydroxide (200 
mL) and methylene chloride (1200 mL). The mixture was 
shaken vigorously, the layers were separated, and the aqueous 
layer was extracted with methylene chloride (1200 mL). The 
combined organic layers were dried over anhydrous sodium 
sulfate, filtered, and evaporated to give an orange, oily residue 
which was purified by flash chromatography (ethyl acetate) 
to give 17 as a slightly yellow solid (10.8 g, 48%): *H NMR 
(CDCI3) 6 7.97 (s, 1H), 7.57 (d, J = 16 Hz, 1H), 7.25 (s, 1H), 
6.71 (d, J = 16 Hz, 1H), 5.33 (s, 2H), 3.79 (s, 3H), 3.52 (t, J = 
8 Hz, 2H), 0.92 (t, J = 8 Hz, 2H), -0.01 (s, 9H). 

(±)-4-Nitro-3-(l-((2-(trimethylsilyl)ethoxy)methyl)im-
idazol-4-yl)pentanoic Acid, Methyl Ester (18). To a solu
tion of unsaturated ester 17 (10.8 g, 38 mmol) in acetonitrile 
(25 mL) was added nitroethane (15 mL, 209 mmol) and then 
l,8-diazabicyclo[5.4.0]undec-7-ene (6 mL, 40 mmol). The 
mixture was stirred at room temperature for 72 h, the solvents 
were removed by rotary evaporation, and the dark, oily residue 
was purified by flash chromatography (ethyl acetate) to give 
the nitroester 18 as a mixture of diastereomers (13.3 g, 97%): 
XH NMR (CDCI3) <5 7.55 (s, 1H, diast A and diast B), 6.91 (s, 
1H, diast A), 6.86 (s, 1H, diast B), 5.21 (s, 2H, diast A), 5.19 
(s, 2H, diast B), 4.97 (m, 1H, diast A and diast B), 3.80 (m, 
1H, diast A and diast B), 3.62 (s, 3H, diast B), 3.59 (s, 3H, 
diast A), 3.43 (m, 2H, diast A and diast B), 2.75 (m, 2H, diast 
A and diast B), 1.56 (d, J = 7 Hz, 3H, diast B), 1.40 (d, J = 7 
Hz, 3 H, diast A), 0.87 (t, J = 8 Hz, 2 H, diast A and diast B), 
-0.04 (s, 9H, diast A and diast B). 

(±)-(4&5a)-5-Methyl-4-(l-((2-(trimethylsilyl)ethoxy)-
methyl)imidazol-4-yl)-2-pyrrolidinone (19t) and (±)-
(4&5/ff)-5-Methyl-4-(l-((2-(trimethylsilyl)ethoxy)methyl)-
imidazol-4-yl)-2-pyrrolidinone (19c). A mixture of the 
nitro esters 18 (8.3 g, 23 mmol) and Raney nickel (8 g) in 
absolute ethanol (60 mL) was shaken under 60 psi of hydrogen 
at 55 °C in a Parr apparatus for 6 h. The mixture was filtered, 
and the filtrate was evaporated to give an oily residue which 
was purified by flash chromatography [(a) 5% MeOH/NH3 in 
CH2CI2, (b) 7% MeOH/NH3 in THF:hexane, 2:1] to give two 
compounds. The first compound to elute was the trans-
diastereomer 19t (2.64 g, 39%): *H NMR (CDC13) d 7.60 (s, 

1H), 6.87 (s, 1H), 6.28 (br s, 1H), 5.22 (s, 2H), 3.84 (dq, =7=6, 
6 Hz, 1H), 3.48 (t, J = 8 Hz, 2H), 3.13 (ddd, J = 6, 6, 6 Hz, 
1H), 2.67 (m, 2H), 1.29 (s, J = 6 Hz, 3H), 0.89 (t, J = 8 Hz, 
2H), -0.03 (s, 9H). The second compound to elute was the 
m-diastereomer 19c (1.67 g, 26%): XH NMR (CDCI3) <5 7.62 
(s, 1H), 6.87 (s, 1H), 6.18 (br s, 1H), 5.24 (s, 2H), 4.07 (dq, J = 
8, 7 Hz, 1H), 3.80 (ddd, J = 8, 8, 8 Hz, 1H), 3.46 (t, J = 8 Hz, 
2H), 2.61 (m, 2H), 0.89 (s, 3H), 0.89 (t, J = 8 Hz, 2H), -0.03 
(s, 9H). 

(±)-(2a,3/?)-2-Methyl-3-(l-((2-(trimethylsilyl)ethoxy)-
methyl)imidazol-4-yl)pyrrolidine (20t). To a solution of 
the fr-ans-lactam 19t (2.60 g, 8.8 mmol) in tetrahydrofuran (175 
mL) was added a solution of lithium aluminum hydride in 
diethyl ether (1.0 M, 44.0 mL, 44 mmol). The mixture was 
stirred at room temperature for 4 h, and to the reaction 
mixture was added diethyl ether (440 mL) and saturated 
aqueous sodium sulfate (7 mL) dropwise. The mixture was 
dried over anhydrous sodium sulfate, filtered, and evaporated 
to give an oily residue which was purified by flash chroma
tography (gradient elution; CH2Cl2:MeOH/NH3, 7:1 to 5:1) to 
give 20t as a colorless oil (1.15 g, 46%): XH NMR (CDC13) <5 
7.53 (s, 1H), 6.88 (d, J = 1 Hz, 1H), 5.21 (s, 2H), 4.57 (br s, 
1H), 3.48 (m, 5H), 3.02 (m, 1H), 2.34 (m, 1H), 2.20 (m, 1H), 
1.45 (d, J = 7 Hz, 3H), 0.90 (t, J = 8 Hz, 2H), -0.02 (s, 9H). 

(±)-(2a,3yS)-2-Methyl-3-(Lff-imidazol-4-yl)pyrroUdine, Di
hydrochloride (4a). To a solution of the pyrrolidine 20t (563 
mg, 2.0 mmol) in 95% ethanol (3 mL) was added concentrated 
hydrochloric acid (1 mL) and the mixture was heated to reflux 
for 16 h. The solvents were removed by rotary evaporation, 
and to the residue was added 1 N aqueous hydrochloric acid 
(8 mL). This solution was extracted with ethyl acetate ( 3 x 4 
mL), and the aqueous layer was concentrated by rotary 
evaporation. To the residue was added distilled water (15 mL), 
and the resulting solution was filtered through a glass wool 
plug. The filtrate was concentrated by rotrary evaporation to 
give (±)-4a as a cream-colored solid (395 mg, 88%). 

Purification of (±)-(2a,3/8)-2-Methyl-3-(lff-imidazol-4-
yl)pyrrolidine, Dihydrochloride (4a). To a solution of (±)-
4a (336 mg, 1.5 mmol) in dimethylformamide (5.0 mL) was 
added triethylamine (1.05 mL, 7.53 mmol) and then a solution 
of di-tert-butyl dicarbonate [(£-BOC)20] (720 mg, 3.3 mmol) in 
dimethylformamide (1 mL). The mixture was stirred at room 
temperature for 2 h, the solvents were removed by vacuum 
distillation (1.0 mmHg), and the resulting residue was purified 
by flash chromatography (gradient elution; EtOAc:hexane, 1:1 
to 2:1) to give the corresponding di-i-BOC derivative (±)-21t 
(488 mg) as a white solid. This material was dissolved in ethyl 
acetate (3 mL) and cooled to 5 °C, and to this solution was 
added a saturated solution of hydrogen chloride in ethyl 
acetate (14 mL). The mixture was gradually warmed to room 
temperature (30 min) and stirred at this temperature for 16 
h. The ethyl acetate was removed from the precipitated 
product by pipet, and the precipitate was dried under high 
vacuum (0.1 mmHg) to give (±)-4a as a white solid (286 mg, 
85% recovery): *H NMR (D20) <3 8.62 (d, J = 1 Hz, 1H), 7.39 
(s, 1H), 4.74 (s, 4H), 3.68 (dq, J = 10, 7 Hz), 3.46 (m, 2H), 3.34 
(ddd, J = 10, 10, 8 Hz, 1H), 2.52 (dddd, J = 13, 8, 8, 5 Hz, 
1H), 2.18 (dddd, J = 13, 10, 10, 9 Hz, 1H), 1.38 (d, J = 7 Hz, 
3H). Anal. (C8Hi3N3-2HCl-0.05EtOAc) C, H, N. 

Resolution of (±)-(2a,3/8)-2-Methyl-3-(Lff-imidazol-4-
yl)pyrrolidine, Dihydrochloride (4a). The racemic t-BOC 
derivatives (±)-21t were resolved by high performance liquid 
chromatography using a Daicel Chiralcel OJ chiral chroma
tography column (2.0 cm x 50.0 cm, 4% 2-propanol in hexane). 
Multiple injections (13 injections of about 150 mg each) 
provided the levorotatory enantiomer (—)-21t [950 mg; [a]26 

= -12.8° (c = 0.50, CHCI3)] and the dextrorotatory enantiomer 
(+)-21t [904 mg; [a]26 = +12.0° (c = 0.50, CHC13)]. Treatment 
of (—)-21t with a saturated solution of hydrogen chloride in 
ethyl acetate as described above for the purification of (±)-
21t provided (-)-4a [[a]26 = -34.6° (c = 1.00, H20)]. Anal. 
(C8H13N3-2HC10.50H2O) C, H, N. Similar treatment of (+)-
21t gave (+)-4a [[a]26 = +39.4° (c = 1.00, H20)]. Anal. 
(C8Hi3N3-2HCl-0.33H2O) C, H, N. 

l-(l-(Triphenylmethyl)-l.ff-imidazol-4-yl)-l,3-butadi-
ene (22). To a suspension of allyltriphenylphosphonium 
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bromide (56 g, 145 mmol) in anhydrous tetrahydrofuran (400 
mL) at 0 °C was added a solution of n-butyllithium in hexane 
(58 mL, 2.5 M, 145 mmol). The mixture was stirred at 0 °C 
for 30 min and then at room temperature for 3 h. To the 
mixture was added a solution of l-(triphenylmethyl)-Lff-
imidazole-4-carboxaldehyde10 (9) (38 g, 112 mmol) in hot 

'tetrahydrofuran (250 mL), and the mixture was stirred at room 
temperature for an additional 2.5 h. To the mixture was added 
water (350 mL), the mixture was shaken, and the phases were 
separated. The aqueous phase was extracted with ethyl 
acetate, and the combined organic extracts were washed with 
saturated aqueous sodium chloride, dried over anhydrous 
sodium sulfate, and concentrated under vacuum. The residue 
was purified by flash chromatography (gradient elution: 2% 
saturated methanolic ammonia in methylene chloride/hexane; 
1: 5 to 1:1) to give the mixture of isomers 22 (22c/22t = 2.4) 
as a white solid (28.0 g, 71%). For Z-isomer 22c: XH NMR 
(CDCls) <5 7.59 (ddd, J = 17, 10.5, 10 Hz, 1H), 7.45 (s, 1H), 
7.32 (m, 9H), 7.14 (m, 6H), 6.81 (s, 1H), 6.15 (d, J = 10.5 Hz, 
1H), 6.08 (dd, J = 11.5, 10.5 Hz, 1H), 5.28 (dd, J = 17, 2 Hz, 
1H), 5.17 (dd, J = 10, 2 Hz, 1H). For ^-isomer 22t: »H NMR 
(CDCls) <5 7.41 (s, 1H), 7.35 (m 9H), 7.14 (m, 6H), 6.89 (dd, J 
= 15.5,10.5 Hz, 1H), 6.79 (s, 1H), 6.44 (ddd, J = 17,10.5,10 
Hz, 1H), 6.40 (d, J = 15.5 Hz, 1H), 5.28 (dd, J = 17, 2 Hz, 
1H), 5.08 (dd, J = 10, 2 Hz, 1H); MS (FAB) mlz 363 (MH+). 

(E)-l-(l-(triphenylmethyl)-lH-imidazol-4-yl)-l,3-buta-
diene (22t). To a solution of the mixture of isomers 22 (15 g, 
41.3 mmol) in benzene (450 mL) was added phenyl disulfide 
(0.9 g, 4.12 mmol), and the mixture was irradiated with a sun 
lamp at reflux for 24 h. The mixture was cooled to room 
temperature and concentrated under vacuum. The resulting 
residue was purified by flash chromatography (2% saturated 
methanolic ammonia in methylene chloride/hexane; 1:5) to give 
pure ^-isomer 22t (10 g, 66%): XH NMR (CDC13) 6 7.41 (s, 
1H), 7.35 (m 9H), 7.14 (m, 6H), 6.89 (dd, J = 15.5, 10.5 Hz, 
1H), 6.79 (s, 1H), 6.44 (ddd, J = 17,10.5,10 Hz, 1H), 6.40 (d, 
J = 15.5 Hz, 1H), 5.28 (dd, J =11,2 HZ, 1H), 5.08 (dd, J = 
10, 2 Hz, 1H); MS (FAB) mlz 363 (MH+). 

4y?-Methyl-4a-nitro-3)9-(l-(triphenylniethyl)-Lff-imida-
zol-4-yl)cyclohex-l-ene (23a) and 4a-Methyl-4/?-nitro-3y8-
(l-(triphenylmethyl)-l.H-imidazol-4-yl)cyclohex-l-ene 
(23b). A solution of the frans-olefm 22t (10 g, 28 mmol) and 
2-nitropropene12 (8.6 g, 99 mmol) in benzene (40 mL) was 
heated to reflux for 5 h. The mixture was concentrated under 
vacuum, and the residue was purified by flash chromatography 
(5% ethyl acetate in methylene chloride) to give the anti 
diastereomer 23a (6.14 g, 49%) and the syn diastereomer 23b 
(1.63 g, 13%). For anti diastereomer 23a: XH NMR (CDC13) d 
7.40 (s, 1H), 7.34 (m, 9H), 7.10 (m, 6H), 6.59 (s, 1H), 5.77 (br 
t, 2H), 4.38 (br s, 1H), 2.42 (m, 1H), 2.21 (br m, 2H), 2.07 (m, 
1H), 1.33 (s, 3H); MS (FAB) mlz 450 (MH+). For syn 
diastereomer 23b: *H NMR (CDC13) 6 7.33 (m, 10H), 7.10 (m, 
6H), 6.54 (s, 1H), 5.80 (br d, 1H), 5.71 (br d, 1H), 3.72 (br s, 
1H), 2.60 (m, 1H), 2.41 (dt, 1H), 2.11 (m, 1H), 1.89 (dd, 1H), 
1.70 (s, 3H); MS (FAB) mlz 450 (MH+). 

l^-Methyl-la-nitro-2/?-(l-(triphenyhnethyl)-LH-imida-
zol-4-yl)cyclohexane (24a). A mixture of the anti diastere
omer 23a (5.20 g, 11.6 mmol) and 10% palladium on carbon 
(0.75 g) in absolute ethanol (150 mL) was shaken under 55 
psi of hydrogen gas for 18 h. The mixture was filtered through 
a pad of Celite, and the filtrate was concentrated under 
vacuum to give the nitrocyclohexane 24a (4.18 g, 80%): XH 
NMR (CDCls) d 7.34 (s, 1H), 7.32 (m, 9H), 7.13 (m, 6H), 6.53 
(s, 1H), 2.49 (dd, 1H), 2.80-1.20 (m, 8H), 0.98 (s, 3H); MS 
(FAB) mlz 452 (MH+). 

la-Methyl- l/?-nitro-2/5-(l-(triphenylmethyl)-lH-imida-
zol-4-yl)cyclohexane (24b). A mixture of the syn diastere
omer 23b (0.70 g, 1.56 mmol) and 10% palladium on carbon 
(0.17 g) in absolute ethanol (40 mL) was shaken under 55 psi 
of hydrogen gas for 18 h. The mixture was filtered through a 
pad of Celite, and the filtrate was concentrated under vacuum 
to give the nitrocyclohexane 24b (0.50 g, 71%): *H NMR 
(CDCI3) 6 7.38 (s, 1H), 7.33 (m, 9H), 7.14 (m, 6H), 6.51 (s, 1H), 
2.46 (dd, 1H), 2.90-1.20 (m, 8H), 0.91 (s, 3H); MS (FAB) mlz 
452 (MH+). 

l^-Methyl-2/S-(l-(triphenylmethyl)-LH-imidazol-4-yl)-
cyclohexylamine (25a). To a solution of mercurydl) chloride 
(133 mL, 2% by weight in water) was added aluminum (3.72 
g, granules, 40 mesh), and the mixture was stirred at room 
temperature for 1 min. The aqueous solution was decanted, 
and the remaining aluminum amalgam was washed succes
sively with absolute ethanol and diethyl ether. To a suspen
sion of the aluminum amalgam in tetrahydrofuran (140 mL)/ 
water (14 mL) was added slowly (45 min) a solution of the 
nitro compound 24a (2.10 g, 4.66 mmol) in tetrahydrofuran 
(50 mL). The mixture was stirred at room temperature for 
an additional 18 h and filtered through a pad of Celite, and 
the Celite was washed with methylene chloride/methanol (9: 
1, 200 mL). The filtrates were combined and concentrated 
under vacuum. The resulting residue was purified by pre
parative thin layer chromatography (5% saturated methanolic 
ammonia in ethyl acetate) to give 25a (0.69 g, 35%): XH NMR 
(CDClg) d 7.35 (m, 10H), 7.13 (m, 6H), 6.30 (s, 1H), 2.49 (dd, 
J = 12, 4 Hz, 1H), 1.80-1.20 (m, 8H), 0.95 (s, 3H); MS (FAB) 
mlz 422 (MH+). 

la-Methyl-2^-(l-(triphenylmethyl)-lH-imidazol-4-yl)-
cyclohexylamine (25b). To a solution of mercurydl) chloride 
(38 mL, 2% by weight in water) was added aluminum (0.92 g, 
granules, 40 mesh), and the mixture was stirred at room 
temperature for 1 min. The aqueous solution was decanted, 
and the remaining aluminum amalgam was washed succes
sively with absolute ethanol and diethyl ether. To a suspen
sion of the aluminum amalgam in tetrahydrofuran (40 mL)/ 
water (4 mL) was added slowly (45 min) a solution of the nitro 
compound 24b (0.60 g, 1.33 mmol) in tetrahydrofuran (14 mL). 
The mixture was stirred at room temperature for an additional 
18 h and filtered through a pad of Celite, and the Celite was 
washed with methylene chloride/methanol (9:1, 70 mL). The 
filtrates were combined and concentrated under vacuum. The 
resulting residue was purified by preparative thin layer 
chromatography (5% saturated methanolic ammonia in ethyl 
acetate) to give 25b (0.28 g, 50%): XH NMR (CDCI3) 6 7.35 
(m, 10H), 7.13 (m, 6H), 6.56 (s, 1H), 2.50 (dd, J = 12.2, 4.0 
Hz, 1H), 1.80-1.20 (m, 8H), 0.95 (s, 3H); MS (FAB) mlz 422 
(MH+). 

l/?-Methyl-2/?-(Lff-imidazol-4-yl)cyclohexylamine, Di-
hydrochloride (5a). A suspension of the diastereomer 25a 
(0.33 g 0.78 mmol) in 0.5 N aqueous hydrochloric acid (25 mL) 
was heated to reflux for 0.5 h. The cooled aqueous solution 
was extracted with diethyl ether (3 x 13 mL), and the aqueous 
phase was concentrated under vacuum. The residue was 
recrystallized with methanol/diethyl ether to give 5a as the 
dihydrochloride salt (0.074 g, 35%): *H NMR (400 MHz, D20) 
6 8.66 (s, 1H), 7.37 (s, 1H), 3.15 (m, 1H), 1.94-1.51 (m, 8H), 
1.29 (s, 3H); MS (CI) mlz 180 (MH+). Anal. (C10Hi7N3-
2HCM.00H2O) C, H, N. 

la-Methyl-2/?-( lif-imidazol-4-yl)cyclohexylamine, Di
hydrochloride (5b). A suspension of the diastereomer 25b 
(0.27 g 0.64 mmol) in 0.5 N aqueous hydrochloric acid (20 mL) 
was heated to reflux for 0.5 h. The cooled aqueous solution 
was extracted with diethyl ether (3 x 10 mL), and the aqueous 
phase was concentrated under vacuum. The residue was 
recrystallized with methanol/diethyl ether to give 5b as the 
dihydrochloride salt (0.083 g, 51%): XH NMR (400 MHz, D20) 
<5 8.89 (s, 1H), 7.47 (s, 1H), 3.19 (dd, J = 12.7, 4.1 Hz, 1H), 
2.05 (br d, 2H), 2.00-1.80 (m, 4H), 1.53 (br t, 2H), 1.42 (s, 
3H). For diastereomer 5b an NOE effect (3.5%) was observed 
between the 2-position methine proton (d = 3.19 ppm) and the 
1-position methyl protons (<5 = 1.42 ppm). Anal. (CioHnNs1 

2HCl-0.60H2O) C, H, N. 
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