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AR&net-An lmidazole alkaloid named ablichothelineh& been isolated from Dolichothele sphaerica (Dietrich) 
B&ton and Rose, and charact&& as 4(s)-[2N-i%n&rykuninuethyl)imidazele (Wsovalerylt&amine) (I). 
Its structure has been confirmed by synthesis and a biogenetic pathway is proposed. 

CH&l.IrNLH*-dir 
B \ 

CH3 

(1) 

INTRODUCTION 
WITH the exception of a single published account of an unknown aikaloid,2 the genus 
Dolichothele (family Cactaceae) has been void of phytochemical investigation. Preliminary 
TLC analysis of a crude extract from Dolichothele sphuericu, a small cactus indigenous to 
southern Texas and northern Mexico, revealed a relatively high concentration of material 
staining yellow-gold with tetrazotixed henxidine reagent. 3 The following report relates to 
the isolation, characterization and synthesis of this alkaloid which we have named dolicho- 
theline. 

RESULTS AND DISCUSSION 
The isolated crystalline material obtained from the condensed non-phenolic fraction 

melted at 130-l 3 1 O. The new compound is soluble in water and ethanol, moderately soluble 
in chloroform, and insoluble in ether. With a modified Pauly’s reagent, dolichotheline gave 
the characteristic red coloration of nonsubstituted ring-nitrogen imidtioles.4-b From 
analytical data and molecular weight determination by mass spectroscopy, the molecular 
formula, CloH17NS0 was assigned to the compound. Dolichotheline forms a picrate 
(C,bHzoNbOs), m.p. 150-152” and an acetate (C12H19N302), m.p. 76-78”. 

The presence of a monosubstituted amide function was indicated by a strong peak at 
1640 cm-’ in the i.r. spectrum. The U.V. spectrum, however, proved to be of little value as no 
characteristic absorption maxima were observed. This is in agreement with the general 
behavior of imidazoles not possessing a carbonyl function in conjugation with the imidaxole 

* A communication on the subject appeared in Tetr&e&rt Letters 1039 (1969). 
2 L. LEWINE, Ber. Deut. Botun. Ges. 12,283 (1894). 
3 I. Sm, Chromutogruphic and Electrophoretic Techniques, Vol. 1, p. 324, Inters&rice, New York (1960). 
’ H. PMJLY, Z. Physiol. Chem. 42,508 (1904). 
5 R. G. Jones and K. C. MCLAUOEILIN, J. Am. Chem. Sot. 71,2444 (1949). 
6 M. O'SULLIVAN, J. Chromutog. 25,485 (1966). 

42 655 



656 H. ROSENBERG and A. G. PAUL 

ring.’ The NMR spectrum integrated for seventeen protons. Signals for two aromatic 
protons appeared as singlets at 7526 and 6.78S and were assigned to the 2 and 4(5) positions 
respectively of the imidazole nucleus. * A broad band at 7.936, which exchanged with DzO, 
represented the imino hydrogen while the methylene group adjacent to the imidazole ring 
showed a triplet centered at 2-776 (.J = 7 cps). Signals at 0886 (J = 5 cps) and 0.956 (.J = 3 
cps) appeared as a doublet of doublets and represent the protons of the 2 methyl groups of 
the isovaleryl radical. A multiplet at 1.978 representing three protons was assigned to the 
methylene and methine group of the isovaleryl moiety. The remaining three protons, the 
amido hydrogen and the adjacent methylene group, appeared as a multiplet of 3406. 

Hydrolysis of dolichotheline with 10% HCl yielded an acid and an amine. The i.r. 
spectrum of the sodium salt of the acid was identical with that of sodium isovalerate. The 
amine, isolated as the dihydrochloride, was identical to histamine dihydrochloride with 
respect to the i.r. spectrum, m.p. and elemental composition. 

Additional evidence for the identity of the alkaloid was provided by high resolution mass 
spectral data. Dolichotheline showed a strong molecular ion peak at m/e 195, corresponding 
to I and confirmed the empirical formula CiaHirNsO, with an accurate mass of 195.1382 
(talc. 195.1372). The isovaleryl side-chain led to simple acyl cleavage (M-C,H,) and a 
McLafferty rearrangement (M-CJH6).9 Further, there was a strong peak at m/e 85 corre- 
sponding to the isovaleryl portion and one at m/e 111 corresponding to the amine. The 
fragmentation pattern of the isolated amine was identical with that reported for histamine lo 
and confirmed the empirical formula CSH9Nr with an accurate mass of Ill*0792 (talc. 
11 l-0796). 

N-Isovalerylhistamine was synthesized by refluxing histamine with isovaleric anhydride.’ ’ 
The resulting crystalline base proved to be identical to natural dolichotheline with respect to 
m.p., R, value on TLC, and i.r. spectrum. The m.p. and i.r. spectra of its picrate and acetate 
derivatives were also identical to those of natural dolichotheline. 

In the biogenesis of dolichotheline the two amino acids hi&line and leucine could 
play major roles. Histidine would be decarboxylated to histamine I2 and this reacts with 
isovaleryl CoA to yield dolichotheline. The isovaleryl radical could arise from a-keto- 
isocaproic acid which could be formed by oxidative deamination of leucine I3 or by oxidative 
decarboxylation of a-hydroxy-p-carboxyisocaproic acid.” 

Dolichotheline establishes the existence of an imidazole nucleus in cactus alkaloids in 
addition to the known /&phenethylamine and tetrahydroisoquinoline structures. Although 
the imidazole nucleus occurs quite widely in nature, few of these known alkaloids (N- 
cinnamoylhistamine, I5 N-acetylhistamine, l6 N+(4_oxodecanoyl)-histamine I7 and casimi- 
roedine’*) occur in amide linkage with histamine. 

7 K. HOFMANN, Zmiakole and Its Derivatives, p. 154, Interscience, New York (1953). 
8 N. S. BHACCA, L. F. JORNSON and J. N. SHOOLWY, NMR Spectra Cutalog, Vol. 1, p. 20, and Vol. 2, p. 433, 

Varian Associates, Palo Alto, California (1962). 
9 F. W. MC~TY, Znterpretation of Mass Spectra, p. 123, W. A. Benjamin, New York (1966). 

lo J. REEUX, R. PA,ONU~~O, H. A~pes, N. Jm and H. M&LLMANN, J. Phurm. Phurmucol. 20,81(1968). 
I* P. VON DER MERWE, Z. PhysioL Gem. 177,301(1928). 
I1 0. Scr-uuq Amino Acid Decurboxyluses (edited by J. B. SUMNER and K. MYRBACK), Vol. II, Part 1, 

p. 222,7h Enzymes, Academic Press, New York (1951). 
I3 A. Mm, Biochemistry of Amino Acids, Vol. II, p. 744, Academic Press, New York (l%S). 
I4 R. 0. BURNS, H. E. UMBAMER and S. R. GRIST, Biochcm. 2,1053 (1963). 
Is J. S. m-, Austmiian J. Chem. 17,375 (1964). 
I6 W. APPEL and E. W~RLE, Arsneimittel Ford. 9,22 (1959). 
I7 S. R. JOHNS tid T. A. L.AMBiXToN, Chem. Commun. 312, (1966). 
ls C. DJEMSSI, C. BANKIE~ICZ, A. L. KAPOOR and B. RINIKER, Tetrahedron 2,168a (1958). 



The isolation and synthesis of dolichotheline 657 

Instrumentation 
EXPERIMENTAL 

Melting points (corrected) were determined on a Fisher-Johns melting-point apparatus. Ultra-violet 
spectra were measured on a Beckman DK-2A ratio recording spectrophotometer. Infra-red spectra were 
recorded on a Perkin-Elmer 337 grating i.r. spectrophotometer employing the solid KRr pellet technique. 
NMR spectra were taken on a Varian A-60 instrument in deuterated MeOH with tetramethylsilane as the 
internal standard. The high resolution mass spectra were obtained through the courtesy of the Hoffmann- 
LaRoche Inc., on a CEC-21-110 spectrometer at 70 eV, using a photoplate. Elemental analyses were per- 
formed by Spang Microanalytical Laboratory, Ann Arbor, Michigan. 

Source of Plant Material 

Living plants of Dolichothele sphaerica were obtained from the University of Michigan Botanical Gardens 
for the initial TLC screen. Subsequent larger quantities of the cactus were purchased from the El Paso Cactus 
Gardens. Sample specimens were potted and serve as reference plants. 

Extraction and Isolation Procedures 

The cactus plants were sliced, dried, ground (1 kg) and freed from lipids by exhaustive Soxhlet extraction 
with 30-60” light petroleum for 36 hr. The mart, after air-drying and basification, was extracted with CHCll 
for 72 hr. The CHC& extract was evaporated in uacuo to a syrupy residue and 1 1. 1 N HCl added. After 
filtration, the acid extract was extracted with CHCll until the organic layer was colorless. The aqueous solu- 
tion was then made basic to a pH 95 (NH,OH) and extracted several times with equal portions of CHCI,. 
The basified aqueous extract was further submitted to extraction with hot CHCll in a liquid-liquid extractor 
for 24 hr. The combined CHCll extracts were evaporated to dryness in vacua and passed through an ion- 
exchange column to separate non-phenolic from phenolic fractions.” The addition of benzene:acetone 
(1:l) to the condensed non-phenolic extract caused the crystallization of dolichotheline, m.p. 130-131” 
(yield @7 “/.). The compound was found to be homogeneous by TLC (RI 0.24 in 2-butanone:N,N-dimethyl- 
formamide:NH,OH, 13:1*9:0.1). (Found: C, 61.57; H, 8.73; N, 2155. CIOH1,N30 required: C, 61.51; 
H, 8.77; N, 21.52x.) 

Preparation of Derivatives 

Acetate. Dolichotheline was dissolved in acetic anhydride and pyridine was added. The acetate derivative 
was recrystallized from ether and the product had a m.p. 76-78”. (Found: C, 60.65; H, 8.09; N, 17.70. 
C,zH19N302 required: C, 60.74; H, 8.07; N, 17.71%) 

Picrate. Picrate derivative, m.p. 150-152”. (Found: C,44.69; H, 4.68; N, 19.55. C6Hz0N608 required: 
C, 45.28; H, 4.75; N, 19.80%) 

Hydrolysis. Dolichotheline (300 mg) was refluxed for 24 hr in 10% HCl (10 ml). The hydrolysate was 
distilled at 40” under vacuum and 5 ml collected. The distillate was neutralized (1 N NaOH) and evaporated 
to drvness. The residue. a mixture of NaCl and the sodium salt of the acid. was used directlv for the i.r. 
spectrum of the acid. An identical procedure was used to prepare sodium isovalerate. 

The remaining hydrolysate was adjusted to pH 95 (7.5 N NaOH) and then freeze-dried. The solid was 
Soxhlet extracted with CHCl, for 24 hr. the extract evaporated and the residue dissolved in MeOH. Drv 
HCl gas was bubbled through the solution and the addition of Et20 gave crystalline amine dihydrochloridk 
(yield 110 mg, m.p. 227-231”). (Found: C, 32.63; H, 6.01; N, 22.74; Cl, 38.55. Calc. for C5H11N3C12: 
C, 3262; H, 6.02; N, 22.83; Cl, 38.53 %.) 

Synthesis of N-isovalerylhistamine 

Isovaleric anhydride (1 g, from isovaleric acid with acetic anhydride”) and histamine (380 mg) were 
refluxed for 1 hr. Several drops of water were added and the mixture condensed on a steam bath to a thick, 
oily residue. The addition of acetone caused the crystallization of N-isovalerylhistamine which was recrystal- 
lized from EtOH-Et20 (yield 323 mg, m.p. 130”). Picrate and acetate derivatives were prepared as described 
above. 
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