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lthnuct - Wc r w r t  the isolation of four new cularinc-relaled alkaloids from 
(Boirs.& R c u t r )  Nymm suhsp. hgnfdh @OM) Cuauce.. ( r )d -hyd ro ry~moca~~d inc  (I). 3.4- 
dioxorarcoea~dtne (2). (+)-Sarco~apr.idms N a i &  (3) and (rtN-mcthylcularins (4). 

We have recently reported the isolation of the firrt examples of three new groups of cularine-related alkaloidr from plants of 

the genera Sarcocapnos and Corydalis (Fumariaceae). These were the 4-hydroxyisocularines) the 3,4.dionoeularines2.3 and 

rhc s e w  a n d n m e ~ o c u l a r i n e s ~ ~ ~ ~ ~  

In this paper. we describe the isolation, fmm aerial pans of Sarmca~nos baetis  (Boirs.&Reuter) Nyman subsp. 

(Boirr.) Cuanec.. of four new wmpounds belonging or biogenetically related to there groups: (+)+ hydmxysarmsapnidine 

(1). 3.4-dioxosinmcapnidine (2). (+>siamcapnidine N-axide (3) and (+>N-mcthylcularine (4). 

(+)-4-Hydroxysarmcapnidine war blnted as an amorphous solid [ a l ~  +157.0° (c: 0.13. CHC13). Iu w rpeermm showed 

absorptions at h a x  (EtOH)(log Onm 218rh (3.49). 235(3.65). 272sh (333) and 280 (3.34). and suffered bahochromic shih 

in basic mdia m Xmax (EtOWNaOH)(log ~)nm Zl8rh (357). 236 (3.59). ZOsh (3.69) and zSS(3.73). Its molccvlar 

formula, ClgH21N05, was established by high resolution ms (=ale& 343.1413. fomd: 343.1412)(1003; important fragmenu 

were obsrved at d z ( % )  328[~-151+(40). 300[M- 431f(14). 19q24) and 174(25). ' h e  pmr (250 MHz. CDC13. 6)(Figme 1) 

exhibited the characteristic cularine ABX system of CI and Ca potom at 6 4.36.351 and 2.82 (J1-aa= 4.2, I,.,$= 11.6 

and Jaa4p= 16.6 Hz); in addition. the presence of signals due to two melhoxy groups, one N-methyl group and two pain 

of or& coupled aromatic protons clearly suggested aphmolis isocularins r r m c m .  An aliphatic hydroxy group was losated ar 

C4 on the basis of the observation of a semnd ABX system a1 6 4.60 @road si@,d, 1H. H4), 3.03( dd, J4.3~= 4.2 md Jja. 

3$= 11.6 Hz. 1K  H3p) and 2.83(dd. J4.3a= 2.1 and J3a.3p=ll.6 H s  1H. H ~ ~ ) . ~  

Structure 1 of (+)A-hydmxysyrarwcapnidine was definitively confirmed by an nOc difference study (Figure 1). Sp 

stereochemiroy for this alkaloid was cstablirned by simply comparing its HI chemical shift (6 436) with that of the parent 

mlarine , (+>ssreoeapnidins (64.60).' 

3.4-Dioxosarcocapnidine (2) is a very minor mmponent of S, srubsp. inleerifolia, It was isolated as an orange, 

optically inactive, amorphous solid. Its uv specbum, which showed bands at hax(EtOH)(log ~ ) n m  240(3.18). 325(3.02) and 

430(2.73) and suffwed change upon addition of base to h a x  (EtOH/NaOH)Oog s)m ZO(3.21). 3350.00) and 450(2.65). is 



characteristic of a highly conjugated phenolic system. Its pmr (CDC13, 25OMHz, 6XFigure 1) suggested a phenolic 3.4- 

dionoisocularine suocmre, exhibiting signals due to five ammatic protons, m mcthohory groups and one highly deshielded N- 

methyl group: no more signals w a e  observed in the aliphatic region of the specrmm. In addition to the molecular ion at 

m/z(%) 353.0895 (calcd: 353.0894) (53). which established the molecular formula ClgH15N06. the mass specrmm also 

showed siglificant peaks at m/z (%) 325[M-281f(42) and 310 [Md3If(100) due to correlative losses of carbonyl and methyl 

hgments. The smrcrure of 3,4dioxosarcocapnidine (2) was fmUy w n f i e d  by apmr nOe difference smdy (Figure I). 

In view of the evidence previously reported for the biagenetic transformation of 4-hydroxyaporphiner into 4.5- 

dioxoaporphines? 3.4-dioxwularines can be considered as pmbably derived biogenetically from 4-hydrorycularines by funher 

oxidation. The co-occurrence of 6hydroxyisocularines and their related 3.4-dioxoirocularines sn Sarcoca~nos emeaohvlla12 

and subsp. inre 'Mia supparts this hypothesis. 

(+)-Sarcocapnidine N-oxide (3) was isolated as a white. optically active [ a ] ~  i430n(c: 0.20. MeOH) amorphous powder. Its 

phenolic nature was deduced from a bathwhromic shift observed in its uv spectrum on addition of base: hax(EtOH)(log s) 

217 sh(3.35). 240(3.65) and 281(3.60) nm; hax( log  E)(ElOHMaOH) 221 sh(3.40). 246(3.71). 2830.69) and 294 sh(3.66) 

nm. Its molecular formula. C I ~ H Z I N O ~ ,  was established by high resolution m, which showed the molecular ion at mlr(%) 

343.1411 (calcd: 343.1413)(9). In addition. the mass specrmm showed characteristic fragments of an N-oxide at m/z(%) 

327[M-16If(l6), 284[MJ9IC(100) and ~O[CHZ=NM~OHI+ (58). The pmr (CDC13. 2 5 0 M H ~  @(Figure 1) was also very 

@ifican~ exhibiting signals due to four ammatic pmtons, which appear as two pairs of doublets, two methony groups and a 

highly &shielded N-methyl group (6 3.13). It also showed the characteristic ABX cularine system at downfield 6 4.M. 3.93 

and 3.52 (J1.~~=3.6. Jl.ap=10.5 and laa-ap=13.5 Hz). All the pmr ass iments  and the location of the phenolic group at 

C y  were c o n f i e d  by nOe (Figure 1) and decouplig experiments. SVucNre 3 of (+)-sarcocspnidine N-oxide was finally 

c o n f i e d  by direct comparison (tlc andpmr) with a synthetic mixture of the two diastemisomeric s-capnidine N-oxides? 

Fmm S. baeticarubsp. &&bh two amorphous solids wer-. isolated which had avety similar pmr and m but diffamt Rf 

values (inneutral Al203.95%CH2CI25%MeOH). Given that their spectral data suggested a quaternary cularine salt srmctue,  

we considered the possibility of the different Rf values being due to two different anions. This was confmed by the 

nazuformation of both salts into the iodide when mated with K I . ~  The specuorcopic data given arc those of the quaternary 

cularine iodide, which was obtained as an optically active [ a l ~  +ZOO0 (c: 0.42. MeOH). amorphous solid. Its uv specm in 

neutral, acidic and basic media were characteristic of a non-phenolic cularinofype compound. with hax(EtOH)(loge)nm 

235(3.20) and 285(3.20). The molecular formula. C21H26N04, was established by high resolution m, which showed a very 

small molecular ion at mh(%) 356.1851 (calcd: 356.1854)(1.3) and characteristic bagmenu at m/z(%) 355 [M-1IC(5.6). 

341[M-15lf(34). 326 [M-30If(100) and 58[CH2= NMe21' (62). The pmr spectrum (ZfiOMHz CDC13,S) ( F i y e  1) showed 

signals due to four aromatic protons, which appear as a pair of doublets and two ringlets; a very highly deshielded ABX 

cularine system. due to H i  and Ha protons, centred at 6 5.28. 3.80 and 3.47 3.5. J I . ~ ~ =  12.6. and Jaa- 

ap=15.1Hd; threcmethoxy groups, and two highly deshielded N-methyl groups. These data suggested the rmctvrc of (+)- 

cularine methiodide (4) for this compound, which pmved t0 be identical (Uc. pmr, mr) to cularine methiodide obtained by N- 

methylation (Mci. MeOH) of (+)-cularinc. All assignments of its pmr spectrum data were based on nOe (Figure 1) and 

decoupling experiments. 



Figure 1 

NRIMe 

(5)  R,=R,=H, F+OH 
(6) R,=Me, R,=H, R,=OMe 

Figure 2 
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(+)-Sarcosapnidine Noxide (3) and (+)alarine methiodide (4) havepwiourly been desaibed ar synlhstic compounds which 

have been used as intermediates in the partial synthcrir of norsecosarcocapnidine ( s ) ~  and secocularine (6): (Figure 2) 

respectively. Alkaloids 5 and 6 may therefore bc derived biogenetically from 3 and 4, respectively, by means of "in vivo" 

degradation. It is notoworthy, however, that although we have isolated from Sarcocaaos baetica sub?. inteerifoliathefiirt 
., . 

examples bf a cularine N-oxide and a quaternary C U ~ ~ e  salt, no secocularine or norrecaeularine-type alkaloids have been 

isolated from the plant. This fact led us to consider that rhe latter compounds could not be formed during the extraction and 

manipulation of heir respective proposedprrcursors4*' 
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