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dbstract - ~ r o m  the crude drug "mao-kon", the roots of Ephedra plants, a 
novel macrocyclic spermine alkaloid ephedradine C exhibiting the hypotensive 

activ~ry has been isolated whose stereostructure has been established as 

represented by formula I on the basis of chemical and physical evidence. 

Flexibility of the molecules of the ephedradines has been noticed by means of 

NMR and CD spectroscopy. 

The crude drug "mao-kon", the underground part of Ephedra plants (Ephedraceae), has been used 

as an antiperspirant in Oriental medicme. From the crude drug, we have recently isolated two 

hypotensive principles ephedradine A and B, their stereostructures being clarified. 2'3 During the 

R course of the isolation of ephedradine A and B, the alkaloid 

ephedradine A: R=H fraction from the extract was submitted,to repeated chroma- 
ephedradine 8 :  R=OCH3 

tography lalumina/AcOEt-MeOH-H20) by monitoring the hypo- 

tensive actinty. From the fraction eluted before ephe- 

dradine A, another alkaloid was obtained and designated as 

ephedradine C. 

Although ephedradine C has not yet been crystallrzed, 

it was characterized as the dihydrobromide, m.p. 224-225O. 

[alD -100.7° 1~~0). ~ ~ ~ ~ ~ ~ ~ ~ o ~ . 2 ~ t i r . ~ ~ o  LED-MS Lm/e 536, 

mt+l as free base1 and elemental analysis). mministrarlon 

of the salt to rats (2.0 mg/kg, i . v . 1  produced a signlficanr hypotension. 
1 

The H NMR spectrum of ephedradim c was quite similar to the spectra of ephedradine A and B 

with the exception in the mtho~yl regLon and the reglen as ~ r l l  be discussed in detarl 

below.  he 13c NMR spectrum exhibited the presence of sixteen aliphatic carbons ICH~-O x 2, 

CX2 ~ 1 1 ,  CH ~ 2 .  CH-OXl), twelve aromatic carbons ( C H X ~ ,  C x 3 ,  C-Ox 3) and two carbonyl carbons. 

Further, the chemical shlfts and the splitting patterns of most of the 13c NMR signals of ephedrad- 

m e  c also corresponded to those of ephedradine B  a able I). These data, together with the fact 

that ephedradine C coexists with ephedrad~ne A and B ,  led to the supposition that ephedradine C is 

an analog of ephedradine ti and has an extra CH2 moiety as a rnethoxyl group. 

The presence of a d~hyd~obenrofuran moiety LC L2)-~Lg) m formula A) as in ephedradlne B was 

indicated by the W spectrum of ephedradine C dihydrobromide Lmaxima at 231 (log E 4.16) and 280 nm 

(log E 3.62) I" MeOH) which closely resembled that of ephedradine ti d~hydrobromide Lmaxlma at 232 
1 

(log E 4.32) and 281 nm [log E 3.92) in MeOH), by three 1H s~gnals m the H NMR spectrum of ephe- 

dradine C at 6 7.05 , 7.13 and 6.75 in an ABC type whrch were consistent with the corresponding 
signals in that of ephedradine B (6 7.02. 7.10 and 6.75 for H ~ ~ ) ,  H17) and HIE)), by two 1H signals 

I" ephedradrne C at 6 6.02 and 4.59 in an AB type which were in agreement with the corresponding 



 able I. carbon-13 shieldings in ephedradine C and related substances (6) 
~p~ ~~~ 

ephedradine C ephedzadine B ephedradine C ephedradme B 
dihydrobromide dihydrohromide diacetate triacetate 

lD901 (D,Ol (CDC1,) (CDC1,) 

Abbreviations: s=smgler, d=doublet, t=triplet, q=quadruplet 
The assignments of the aster~sked sqnals are ambiguous and might have to be reversed 

signals in ephedradine B (6 6.02 and 4.61 for H (2) and 

oR2 
H(~] ) , and by the occurrence of the 13c NMR signals for @ C(2)-C19) attributed The above coincidence in to ephedradme the same of moiety C the whlch 'H in NMR were ephedradine s~gnals coincident for B  able H ( ~ ~  with and those I). 

i7 6\ 4 
along with the splitting patterns of these signals, 

1 
HN H showed that C(21 carries a phenyl and C(3) bears a carbonyl 

1 
I co2 A 

ICO 1 ~n ephedradine C. The large coupl~ng constant (J 11 

Hz) between and H(3) indicated that the phenyl group 

and the carbonyl group are located in the trans configuration an the dihydrofuran ring (formula A ) .  

sub~tantiation of the presence of a spermine moiety as in ephedradine B was performed by the 
-1 

following facts. 11 Ephedradine,C possesses two amide carbonyl groups Ian IR band at 1630 cm 

and 13c NMR signals at 6 170.7 and 174.5). 2) Although ephedradine C has no hydroxyl group, ace- 

tylation of ephedradine C with acetic anhydride in pyridine gave the N,N-diacetate (11) (a MS peak 
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at m/e 620.3188 IM+), an IR band at 1625 (~-acet~l)l, demonstrating that ephedradine C has 

two acetylatable amino groups as in ephedradine B. 31   he chemrcal shifts and splitting patterns 

of the 13c NMR signals for c ~ ~ , ~ - c ( ~ ~ , ~  in ephedradine c were identical with those associated with 

the same moiety in ephedradine B (Table 11. 

In the 'H NMR spectrum of ephedradine C diacetate (Ill, a signal for the methine hydrogen 

appeared at a lower field region (6 5.451 as a doublet of doublets (J 5 and 3 Hz1 which was I" 

accord with that (a doublet of doublets at 6 5.47 (J 5 and 3 Hz)) of ephedradine B trlacetate, a 

fact whlch showed that the methine bears the methylene lC(181), a nitrogen atom and C (6) as 
formula A. one of the two carbonyls (co21, the last carbon to be allocated, was therefore con- 

cluded to be next to the methylene lC(18)l (formula A).   he coincidence of the chemical shifts 
1 

and splirtrng patterns of the H NMR signals for the methine hydrogens in the acetates of 

ephedradine C and ephedradine B, as mentioned above, and that of the chemical shifts of the 13c NMR 

signals for the methylene carbons of the spem~ne parts (C(~,)-C(~~,)I and for the methrne (C 1171) 
and methylene IC(18)) carbons in ephedradine C and ephedradine B (Table 11, when the substitution 

effects and environmental effects were taken into account, indicated that the mode of the lmkages 

of the diacid parts and the epemine parts is identrcal in both the substances. 

Ephedradine C and ephedradine B were therefore concluded to be different in their phenyl side 

chain (C (10)-C(15)). I" fact, the W maxima in methanol of ephedradine C dihydrobromlde did not 

exhibit on addition of alkali bathochromic shifts as observed in the case of ephedrad~ne B dlhydro- 

bromide. Six 13c NMR signals ascribed to this phenyl group (C (10)-~(151) in ephedradine C reveal- 

ed the presence of three CH's, one C and two C-0's. ~urther, three 1~ signals at 6 6.89, 6.95 and 
1 7.13 in an ABC type together with a 6H singlet at 6 3.80 in the H NMR spectrwn of ephedradlne C 

demonstrated the existence of another 1.2.4-trisubstltuted benzene moiety for which three substitu- 

tlon patterns were poasible, i. e. a 2.4-dimethoxy-1-alkylbennnnn. a 2.5-dimethoxy-1-alkylbebebeene 

and a 3.4-dimethoxy-1-alky1beezene.  ore precise inspection of the chemical shifts of the above 

three 'H NMR signals suggested that it was a 3.4-dloxygenated-1-aIkylbenneee. In confirmation of 

this asswnption, the observed chemical shrfts of the six 13c NMR signals for C(10)-C(151 (Table I) 

were conszstent with the calculated shifts of C (11-C(61 in a 3.4-dimethoxy-1-alkylbenzene (Table 

11, 3) but not with those of a 2,4-dimethoxy-1-alkylbeeeeee and a 2.5-dhethoxy-1-ai~ylbeeZ~ne 

(Table 11, 1 and 2).4 

Table 11. Carbon-13 shielding. in the dlmethoxy-alkylbenzenes ( 6 )  

C-1 C-2 C-3 C-4 C-5 C-6 

2.4-dinethoxy-1-methylbenzene (1) 115.3 161.6 99.6 158.0 106.3 131.2 
2.5-dimethoxy-1-methylbenzene (2) 124.0 152.9 115.0 112.2 152.1 115.8 
3.4-dimethoxy-1-methylbenzene (31 130.7 115.8 145.4 142.6 115.0 122.5 

The CD curve of ephedradine C dihydrobromide (Cotton 
4 

&fects at 290 ([el +8.1xlo3] and 234 nm ( [ E l  -6.9x10 ) 

in MeOH) was very similar to that of ephedradine A di- 
3 

hydrobromide (cotton effects at 281 (LB1 +7.5 x10 ) and 
4 

233 nm ([el -4.9x10 ) in Meon1 and that of ephedradine 8 
3 

dihydrobromide (Cotton effects at 288 (iel 18.1 X10 1 and 
4 .  234 nm (181 -4.5X10 I In MeOH), establishing the absolute 

configurations at C 12) and C of ephedradine c as being 
(3) 

both R .  



Accumulated data polnt to ephedradine C to be ephedradine B 0-methyl ether. 

In order to confirm this conclusion, ephedradine B was treated with diazomethane to furnish 

the methylated derivative whose dihydrobromide was identified as ephedradine C dihydrobromide. 

The absolute stereostructure of ephedradine C was thus elucidated as in formula I. 

While the structures of the ephedradines were under investigation, it was observed that the 
1 

resonance peaks in their H NMR spectra were rather broad making analysis of the spectral patterns 

of certain signals difficult. ~t was also found that the resonance peaks in the 13c NMR spectra 

of the ephedradine derivatives were broadened. This broadening of the NMR signals was considered 

to be due to thermal vibration of the molecules, which was also indicated, even in the crystalline 

state, by the computer-drawn atomic diagram of ephedradine A dihydrobromide. 
2 

' I" order to examine further the flexibility of the molecular conformation of the ephedradines 
1 

in solution, temperature dependent changes in the H NMR spectra, as well as m the CD spectra were 

determined, although the observations were made only at temperature between roam temperature and 

-68O. Measurements at lower temperatures could not be made because of the low solubility of the 

SubStanCeS. A6 a result, displacements of the chemical shifts as well as line broadening of cer- 
1 

tain signals in the H NMR spectra were found as the temperature was lowered (Table 111). In the 

Table III. 'H NMR 5ignals in ephedradine A rriaceraee (S in acetone-d6) 

2-H 3-H 5-8 7-H 8-H 11-H 12-H 17-H N. .-H 

Table IV. CD spectra of the ephedradine dihydrobromides 

ephedradine na ephedradrne ab ephedradine cC 

"'235 nm "'283 nm '"237 nm "'289 nm '"235 nm "'289 nm 

'c=1.185 x EtOH bc=1.930 x EtOH c=0.954 x EtOH 

CD Spectra, systematic changes of the molecular ellipticity at about 235 nm were obvious, while 

less significant deviations of the molecular ellipticity at about 286 nm were also noticed (Table 

IVI. These results demonstrate that the molecula~ conformation of the ephedradrnes is temperature 

dependent. 
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