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cme of the hallmarks of the twenty-three aporphine-benzylisoquinoline alkaloids Presently 

known is that the hindered aporphine C-11 position is always unsubstituted. We wish to report 

here the isolation and structural elucidation of kalashine cl_), the first aporphlne-beneyliso- 

qulnoline alkaloid substituted at that site. 
2 

Six kilograms of the roots of Berberis orthobotrys Bienert ex Aitch, (Berberidaceae) were 

collected near the Kalash valley of the Chitral region of Pakistan, adjoining the Afghan border. 
3 

The resulting five kilograms of dried roots were powdered and extracted with cold etfianol. Acid 

extraction followed by basification provided 36 g of basic extract. A 9 g portion of this extract 

was repeatedly fractionated on Merck silica gel F-254 tic plates uelng CHC1~:HN<Et)Z (90:10) 8s 

the developing solvent. 
4 

In addltian to pakistanamine (2> which is the main alkaloid in the plant, and to the accompa- 

nying pakistanine <$,5 a small amount (3.5 mg) of the colorless diphenolic base kalashine (1) 

was obtained, C, 7~ro~20s. The mass spectral fragmentation pattern of kalashine (1) is character- 

istic of an aporphine-benzylisaquinoline dimer with peak m/e 607 (M - l)+, and base peak m/e 206 

corresponding to fragment 2 or to the A and E rings of the benzylisoquinoline moiety. The other 

intense fragments, m/e 403 (M - a + HI+, 311 (M - 2 - HI*, 296 (M -c)+ and 107 (2 - ->* suggested 

that the alkaloid was bonded at the lower portion of the benzylisoquinoline residue through a 

diphenyl ether linkage to the aporphlne system. 

The most notable feature of the nmr spectrum of kalashine (Table) Is the absence of a down- 

field ~-11 proton signal, thus denoting substitution at the aporphine C-11 position. Moreover, 

this spectrum which shows the presence of three methoxyl and two N-methyl groups, 8s well as of 

nine aromatic protons,could be readily interpreted by assuming that the benzyloxy portion of the 

benzylisoquinoline moiety was bonded to C-11 rather than to the more usual C-9 site. 
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To obtain further aup~ort for this COnChSiQn, kalashine (If ww rcetylated using acetic 

anhydride in pyridine at TOQIII temperature, The resulting l,lOdi-O-acetylkalaehine (a>, 

C,,R,,N,o,, m/e 696 04 - Biw) +, 487, w, 402 and 266 (baaa>, exhibited ati m% spectrum whose H-9 

doublet appeared at 87,66 (J,,$ = 8.6 Ha), downfield from the carresponding chemical shift of 

66.93 #or kalashine t$, due to rlcetglstlon of the C-10 pbenolic function (Table).’ 

The w spectrum of kalashfna, Ai: 220, 272, 29Ush and 364 <log I 4.54, 4.94, 3.74 and 3.70) 

is also ocnxsonant with substitution at C-11 since it lacks the: strong absorbance mar 280 flls 

characteristic of 1,2,9,1~-substituted aporph5nes and present in the spectrum of the accompanying 

alkaloid pakistanine (2). 
‘7 

lt Was loglcal to iwer at this stage that acid catalyzed dienone-phenol rearrangement of th 

unknown praaporphine-ben~liso$ulnoline dimer 5 in the plant could lead on the one band to 

pakistanine (3), and on t!he other hand but to s lesser extent to kalashine cl). 

To verify this hgpofqhesis, the acid catalyzed rearrangement of pakistanamlne 12) was rernves 

tigated. It had Qrev~~u~~y been shown that when 2 Is wara@ in 3N HzSOd at 70° C for 28 hours, 

tb@ product isolated is %+-methyfpekistenine (6)” We have now found that warming pakistanamine 

<ir, in 3N KC1 at 7oa C for 10 hours leads as expected to l-@-methylpabistanine (S, in 95s yield. 

However, two minor prouuqts, each in about l$ yield were also obtained. The first proved to be 

the deljirsd l-0~ethylka$ashine (z), CJsH,&O,, m/o 620 Of- 2If)“, 417, 310, 206 (base) and 190; 

Lax 
MeoH 222, 272 rind 302 rui (log & 4.51, 4.00 and 3,SS); which indeed must have been formed frcxn 

~kiats~mine <s> by IA&less favored aryl migration to the arore hindered side of the dienone 

system. Ilie secofld minor pro&x% wns simply the monomeric bensyliaoquinoline {+I-armepavine (2) 

shoving Ilc: M;m +3.8a288, -3.29ad,1 -9.31S2b and +18.82aia,8 thus supplying independent support B 

the assi~~at of absolute configuration to the ~nzy~~a~u~~oline portion of alkaloids I-3. __ 

Interestingly encugb, wben paklstansmtne (2) was heated at ?6O C fn methanol containing 5% 

3N HC1, two products in Cllaost equat esQunts were obtained. These proved to be l-O-methyl- 

Qakistanine (s>. and thainew derivative l,lo-di~etk~lp8k~stan~ne (9) which must have been 

formed through methanoly~is of the Qrotonated dienone-phenol reaction fntemediate. 

Noteworthy is the observation that kaleshine (.$, palriatanine (i), l-0-metbylpaklstanin@ (t) 

l-+methylkalashiPe (7_>, and I,, l~-d~~methylpak~s~a~~n~ (El, show closely related patterns in 

their CD curves, pointing to the identical absolute configuration. 
9 

we believe that kaliashine (1) as well as pakistanins (3) are true alkaloid8 rather than 

artefacts produced duririg our alkaloid isolation process since we could not find in the plarrt an1 

trace of their putativt/phenolie dienone precursor 2, even though substantial amounts of 

pskistaaau~lne (2) wem? isolated. 
10 

Mare significantly, we have carried out an extraction and 

analysio of the alkst’loids of 2. calliobotrgs Bionert ex Ajtch,, 
6 

which also grows in Chitral, 

wlthout the use of acid& any stage. Among the alkaloids present were Qakista~mi~ (2) and 

pakistanine (31, thus ttidicating that the dienone-phenol rearrangement is a natural process. 
11 

The characterizatlQt of kalashine <A) h3s an important bearing on present theories of apoP- 

phine biogenesis. Sine& the aporphine moiety in & is 1,2,10,X1-substituted, it is obvious that 

nonmmrio 1,2,10,11-tetrasubstituted aporphines could also be formed In nature by 8 sSmllar dienc 

phenol rearrangement inirolving aryl migration to the more hindered side of the dienone system. 
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TABLE 

NMR Resonances at 200 M'fIz (IT) in CDCls with ??dS as Internal Standard 

Methylimino Methoxyl 

Compound K-2' N-6 C-l C-2 C-6' C-7' m----- 

Kalashine (1, 62.47 2.56 - 3.82 3.83 3.40 

l-o-Methyl- 
kalashine (7) 2.45 2.55 3.67 3.77 3.82 3.42 

1, IO-Di-O-acetyl- 
kalashlne (4) 2.48 2.57 - 3.77 3.02 3.44 

Pakistanine (2) 2.51 2.55 - 3.85 3.92 3.64 

I-C-Methyl- 
pakistanlne (2) 2.50 2.55 3.72 3.84 3.89 3.64 

l,lO-Di-C-mcthyl- 
pakfstanine'(2) 2.51 2.55 3.70 3.64 3.90 3.62 

Aromatic Protons 

K-8' H-3 H-5' A-8 H-9 H-2" 6" w3"5" 
wm--- 

6.85 6.53 6.56 7.1& 6.93d 6.88d 6,67d 

5.85 6.52 6.52 7.08d 6.97d 6.W 6.57d 

5.91 6.68 6.52 7.196 7.06d 6.&d 6.43~1 

6.13 6.57 6.57 6.72 - 7.1tk.I 6.98d 

6.11 6.57 6.61 6.70 - 7.1od 6.99d 

6.06 6.56 6.63 6.76 - '7.07d 6.94d 

Chemical shift assignments for H-3 and H-5' are interchangeable. For compound i, C-1 acetmcyl 

singlet 62.36, C-10 acetoxyl singlet 62.02. Cmpounds 3, 5, and 2, H-11 

8.20, respectively. Compound 2 C-10 methoxyl singlet 63.88. Js,a is 8.0 

and 'J; and ,J2..,t~~ and .Is,;8.. is 8.7 Hz for each compound in the Table. 

singlets 68.13, 8.11 and 

Hz for compounds 1, ,4 

1, R = RI = H 

2, R = RI = AC 

I* R = Me, Rl = H 

Mass spectral breakdown for kalashine (1). 

2, R = R, = A 

S, R = Me, R1 = H 

2, R = R1 = Me 
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l-0-methylkalashlne (7) +6.57,,,. -5.47asc, -60.81,,, and +37.25212; p skistanine (2) +x7.62 
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+32.04,,*, -52.8684, and +SO.lO,~,; I-G-methylpakistanine tg) +12.62290, -61.18241 and 
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Pak~stani~e (2) could, alternatively, originate biogen%?tically from 

1-O-meth~lpakistsnine (51, in which case it would 

artefact of isolation. 

All elemental analyses are by mass spectroscoPy. 
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