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Abstract - Three new ketalized Diels-Alder type adducts 

named soroceal (I), sorocein A 12). sorocein B I?), were 

isolated from the methanolic extract of the roots of 

Sorocea bonplandii. The structures were assigned on the 

basis of chemical and spectroscopic evidences. 

Sorocea bonplandii Baillon is a large tree belonging to the Moraceae family. 

Non-published results from our laboratories have recently demonstrated that 

the crude methanolic extract of the roots of this plant presents an 

interesting in vitro pharmacological profile. As a matter of fact the 

extract antagonizes in reversible manner responses elicited by different 

1 neurotransmitters in smooth muscle preparations. 

In order to isolate and identify the compounds responsible for the activity 

the methanolic extract of the roots of Sorocea bonplandii was examined. By 

chromatographic separation (see Experimental) the extract gave three new 

Diels-Alder type adducts named soroceal (1). sorocein A 121, and sorocein 

B (21, together with the known betulinic acid, morusin, and mulberro- 

furan K. 4 
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soroceal (A), [ = I D  + 365- (c=0.05, MeOH), showed a molecular ion at m/z 

524 in the EI mass spectrum, and 32 resonances in the 13c nmr spectrum. 

The presence of three phenolic hydroxy groups in the molecule was evidenced 

by the formation of a trimethyl derivative by treatment with dimethyl 

sulfate, (la, M+ at m/z 566). The band st 1680 cm-I in the ir spectrum of 

1 1 ( V ~ = ~ I ,  and the signals at 6 9.84 and 192.1 PPm in the H and 13C nmr - 

spectra, respectively, were attributed to an aldehydic function. In the 

aromatic region of the 'H nmr spectrum the resonances for a 1,2,4-tri- 

substituted benzene ring, two ortho and two m e  coupled aromatic protons, 

and a pyran ring were present. 'H Nmr sequential decoupling experiments 

carried out on the spectrum of la assigned the complex system of signals 

in the range of S 1.5 to 3.5 to those of a trisubstituted methylcyclohexene 

ring ( s e e  fig. 1). This moiety is a feature of the natural Diels-Alder type 

adducts isolated from ~oraceae.~ However, the typical resonance at s. 208 
ppm due to the carbonyl carbon of the Denzoyl moiety observed in natural 

Diels-Alder adducts was absent in the 13c nmr spectrum of soroceal, and a 

singlet appeared at 102.1 ppm. A structure derived through a intramolecular 

ketalization of the carbonyl group, such as mulberrofuran K , fitted for 

the above data. The substitution pattern of the aromatic rings and their 

positions on the methylcyclohexene were suggested by nmr data of the 

+ methyl derivative (2) and of the acetyl derivative ig) (M at m/z 650). 

The substituents of C ring were assigned as in by the acetylation shifts 

of the signals attributed to H-21' and H-22' lpyran ring, A6 -0.22 and 

+0.17, respectively, in acetone-d6) and the absence of any signal for 

artho disubstituted methoxyl group 1%. 60 ppml in the 13c nmr spectrum of 

la. ' The second hydroxyl group of 1 was located at C-5 on the basis of - 

the upfield shift of H-2' (AS, -0.40, in acetone-d6) as a consequence of 

the acetylation, as observed in other ketalized Diels-Alder type adducts. 8 

Finally the chemical shift and coupling constant values of the aromatic 

protons allowed us to assign the third hydroxyl group to C-18' and the 

aldehydic function to C-1. The relative configurations, between H-3 ' and 
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1 : R , = H  

l a :  R, .Me 

IL: Rl = C O M e  



Table 1. 'H And 13c nmr chemical shift assignments of and its derivatives. 

C-24',25' 27.5.27.7 

OMe 

H-2.H-6 

H-2' 

H-3' 

H-4' 

H-5' 

H-6' 

Me-7' 

H-13' 

H-14' 

H-17' 

H-19' 

H-20' 

H-21' 

H-22' 

H-24'. 25' 

CHO 

OCOMe 

OMe 

Abbreviations: s=singlet; d=doublet; t=triplet; m=multiplet; b=broad 
a-d. rnterchangeable. n.o.=not observed. 
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H-4' to be and between H-4' and H-5' to be trans, were determined on 

the basis of the coupling constant values of H-3'. H-4' and H-5' (Table 11. 

sorocein A (21, [=ID +477' (c=0.05, MeOH) showed 39 resonances in the 13c 

nmr spectrum, and a pseudo-molecular ion at m/z 631 IM+HI+ in the FABms 

spectrum. It gave a pentamethyl derivative, (&I (M' at m/z 700 1,  and a 

1 pentaacetyl derivative, (=I (Mi at m/z 840). The H and 13c nmr data of 2 

indicated also for this compound the structure of a ketalized Diels-Alder 

type adduct. The presence of a substituted 2,4,3',5'-tetraoxygenated stilbe- 

ne moiety was suggested by the absorptions at 338sh. 328, 304, and 224 nm 

and their intensities (log c 4.26, 4.16, 4.14, and 4.301 in the uv spectrum, 

and was confirmed by the doublets at 6 7.33 and 6.89 (J=16.5 Hz1 and the 

1 appropriate signals for the aromatic protons in the H nmr spectrum (Table 

2). 
1 The comparison of the H nmr spectra of 2 and its derivatives with 

those of 1 and its derivatives evidenced the presence of the same A, B, and 

c rings (Tables 2 and 1, respectively1 as well as the same relative configu- 

ration between H-3", H-4", and H-5". The acetylation shifts observed on 

H-21". H-22" and H-2" were in agreement with the structure (2) assigned to 

sorocein A. 

sorocein B I?), [%ID +962' (c=0.05, MeOHl showed a pseudo-molecular ion at 

m/z 659 (M+H)+ in the FABms spectrum. It gave a tetramethyl derivative 1%) 
+ (M at m/z 714), still containing a chelated phenolic hydroxyl group, and a 

pentaacetyl derivative ( 2 1  (Mf at m/z 8681. Again the comparison of nmr 

spectra of 1 and its derivatives with those of 2 and its derivatives sugges- 

ted that 2 has the same A, 8 ,  C, and E rings, and the same relative configu- 

rations between H-3". H-4", and H-5" as 2. The presence of a chalcone moiety 

was suggested by uv data, and was confirmed by the doublets at 6 8.27 and 

1 7.83 (J=15.0 Hz1 in the H run1 spectrum and the singlet at 193.6 ppm in the 

13c nmr spectrum. The substitution of D ring was indicated by the doublets 

at 6 8.02 and 6.57 (J=9.0 Hz1 and the singlet at 6 14.58 in the 'H nmr 

Spectrum. 

The sign of rotatory powers of I ,  2, and 3 and the relative configurations 



Table 2. 'H Nmr chemical shift assigments of 2, &, 2&, 3, 2, and 2. 
2(acetone-d ) - 6 - 2a(CDC13) - 2b(acetane-d6) 

H-3 6.44.d. J=2.3 6.45,d,J=2.3 7.17,d,J=2.3 

OCOMe . 2.25.2.26.2.291~2) 
2.35 

* H - 5 '  in compounds 3, 3, E; measured in CDC1,. 

Abbreviations: s=singlet; d=daublet; m=multiplet; b=braad; ov.=averlapped; ainterchangeable. 
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Table 3. 13c Nmr chemical shift assigments of 1 

OMe 55 .3 .55 .4 .55 .5  

solvents: *acetone-d6 ; 'CDCI~. @~ssigned by heteronuclear correlation. 
a-e 

Interchangeable. n.o.=not observed. 
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between the three chiral centers of the methylcyclohexene ring are in 

agreement with the results obtained by Y. Hano g &, that reported that 

cis-trans adducts exhibit positive optical rotations, while all-- -- 

adducts exhibit negative values . 10 

In addition to compounds 1, 2,  and 3 ,  kuwanol A, and mulberrofurans F, G~ 

4 and K are the only examples of natural ketalized Diels-Alder type adducts 

reported in the literature. 

EXPERIMENTAL 

'H And 13c nmr spectra were registered at 400 and 100 MHz, respectively, on 

a Bruker AM 400 ITMS as internal standard). 

Plant material. Roots of 6 bonplandii were collected in Florianopolis 

island Isanta Catarina , Brazil1 and identified by Daniel Falkenberg; a 

voucher specimen (SB 8889) is kept at the Herbarium of Horto Botanico, 

Universidade Federal de Santa Catarina IBrazil). 

Extraction purification. The roots (3.8 Kg1 were extracted with MeOH 

13 x 4 11 at room temperature for three days 147 g of residue). Part of the 

residue I10 9) was chromatographed on Sio2 using a gradient of CHC13-MeOH. 

The following substances were obtained: betulinic acid 150 mg) with CHC13, 

morusin 170 mgl with 5% MeOH, 1 1100 mgl, mulberrofuran K (150 mg), 2 (900 

mgl, and 3 1200 mgl with 10% MeOH. Mulberrofuran K, 1, 2,  and 3 were further 

purified using LiChroprep RP-8 IMeOH-H20, 8:21. The known compounds were 

identified by comparison of their physical and spectral data with those 

reported in the literature. 

Soroceal, Ill. C32H2807. Amorphous powder. EIms, m/z (%I: 524 IM+, 32). 509 

1231, 414 181, 399 1201, 252 11001, 237 170). [ a l D  +365- lc=0.05, MeOHl. Uv 
- 1 IMeOHI, Amax nm (log c ) :  280 14.201, 223 (4.63). Ir IKBr), vmax cm : 3500- 

3300, 2920, 1680, 1580, 1500, 1430, 1110; And 13c nmr: see Table 1. 

Methylation of 1: la. A mixture of 1 113 mgl, dimethyl sulfate 10.2 ml), and 

K2C03 11 91 in anhydrous acetone 15 mll was refluxed for 1.5 h. The usual 

work up gave a residue that was purified on Si02 In-hexane-AcOEt, 3:l) to 

give Pure 18 mg). Amorphous powder. [ a l D  +377" lc=0.05, MeOH1. EIms, m/z 
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I :  566 IM+, 1001, 555 (80). 427 (701. 'H And 13c nmr: see Table 1. 

Acetvlation of 1: soroceal 110 mgl, pyridine 10.2 mll and acetic anhy- 

dride (0.2 ml) were kept at room temperature for 16 h . The reaction mixture 
was evaporated, and the residue was purified on Si02 In-hexane-Et20, 1:21 to 

+ 
give 11? 17 mgl. Amorphous powder. EIms, m/z 1%): 650 LM , 81, 608 (51. 583 

(81, 581 (81, 566 (51, 531 (51, 489 (851, 442 1121. 420 140). 405 11001. 'H 

Nmr : see Table 1. 

+ 
Sorocein A, (2). C3gH3408. Amorphous powder. FABms, IM+HI at m/z 631. Ia lD 

+477O (c=0.05, MeOH). Uv (MeOH), Amax nm (log E): 338sh 14.151, 328 (4.161. 

304 (4.141, 287 14.161, 224 (4.301. Ir IKBr), vmax cm": 3500-3300, 2920, 

1600, 1500, 1420, 1255. 'H And 13c nmr: see Tables 2 and 3, respectively. 

Methylation of 2: 2a. A mixture of sorocein A 115 mgl, dimethyl sulfate 10.2 

ml), and K2C03 I1 gl in anhydrous acetone 15 ml) was refluxed for 3 h , and 
treated as usual. The residue was purified on Si02 1CHCl3-n-hexane, 8:21 to 

give & (10 mgl. mp 116-121°C (from MeOHI. [ a l D  +421" (c=0.03, MeOH). EIms, 

m/z ( 1 :  700 IM+, loo), 685 (80). 'H And 13c nmr: see Tables 2 and 3, 

respectively. 

Acetvlation of & &. Sorocein A (78 mg), pyridine (0.5 mll and acetic 

anhydride 10.5 mll were kept at room temperature for 16 h . The residue 

after evaporation was purified on Si02 lCHCl31 to give pure & (60 mgl. 

Amorphous powder. Ems, m/z 1%): 840 IM', 1001. 825 1501, 798 160). 782 

180), 756 (40), 755 1401, 739 150), 714 1251. 'H And 13c nmr: see Tables 2 

and 3, respectively. 

+ 
sorocein B, 13). C40H3409. Amorphous powder. FABms, lM+Hl at m/z 659. l a l D  

+ 962°(c=0.05, MeOHI. Uv (MeOH), Amax nm (log cl: 390 14.211, 311 14.171, . 
285 14.17). 260 (4.171. 228sh 14.60); IMeOH+A1Cl3 after 15'1: 455, 320sh. 

275, 228sh; (MeOH+A1C13+HC1): 455, 320sh, 275, 228sh. Ir (KBrl, vmax cm-l: 

3500-3200, 2920, 1700sh. 1600,1430, 1355. 'H And 13c nmr: see Tables 2 and 

3, respectively. 

Methvlation of 3: a. Sorocein B 121, was methylated as reported for sorc- 
+ cein A. Amorphous powder. Ems, m/z 1%): 714 IM , 1001, 699 1421, 590 (121. 
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563 154). 522 136). Uv IMeOH), Amax nm: 383, 311, 285, 260, 228sh; (MeOK+ 

AlC1, after 20'): 440. 400sh. 320sh, 275, 228sh; (MeOH+A1C13+HC1): 440, 

400sh. 320sh. 275, 228sh. 'H And 13c nmr: see Tables 2 and 3, respectively. 

Acetylation of 2 &. Sorocein B was acetylated as reported for sorocein A. 
The residue after evaporation of the reagents was purified on Si02 ( c H c ~ ~ )  

to give II? . Amorphous powder. Ems, m/z 1 %  868 IM+, la), 826 (loo), 784 (29). 

Nmr: see Table 2. 
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