
Tetrahedron Letters No. 49, pp 4273 - 4276, 1977. Pergamon Press. fiinted in Great Britain. 

NEW FACETS OF PRUIOBERBINOID CHEMISTRY: THE 8,13-DIOXOBERBINES 

Maurice Shamma, Jerome L. Moniot and David M. Hindenlang, 

Department of Chemistry, The Pennsylvania State University, 

University Park, Pennsylvania 16802 

(Received in USA 18 July 1977; received inUK for publication 13 October 1977) 

It has previously been shown that methanolic hydrogen chloride cleaves oxybisberberine, the 

crystalline ferricyanide oxidation dimer of berberine ($, to afford 8_methoxyberberinephenol- 

betaine.ly2 We have now found that cleavage of oxybisberberine3 with pyridine hydrochloride in 

pyridine, followed by aq acid work-up, gives in nearly quantitative yield a 1:l molar ratio of 

iand the highly oxygenated, colorless, derivative 5, CZ,,HIINO1, mp 133-134O (ether); Jmax 'IIC13 1720 

and 1670 cm 
-1 

;A 
MeOH 
max 

342, 368 and 382 nm (log E 4.79, 4.56 and 4.41); pmr 62.6-3.0 (br. m, 2H, 

CH2-5), 3.88 (s, 3H, OCH3), 3.92 (s, 3H, OCHQ), 4.4-5.6 (br. m, 2H, CH2-6), 5.88 (s, 2H, OCHzO), 

6.53 (s, lH, H-4), 6.93 (s, lH, H-l), 7.10 and 7.74 (ABq, 2H, J = 8.5 Hz, H-11 and 12). 
4 

This 

8,13-dioxo-14-hydroxyberbine incorporates the unusual juxtaposition of functional groups best 

described as a homoannular r*-ketocarbinolamide (R-C- -N- 
btk 8 

-RI) which undergoes a variety of 

chemical transformations depending upon cleavages about the core atom C-14. 

Cleavage of the C-14 to OH bond of 5 occurs in the presence of methanolic hydrogen chloride 

whereupon a deep violet solution of the immonium salt 2 is formed. Evaporation of the solvent 

generates in quantitative yield the 0-methylated derivative 1, C21Hi9N07, mp 126O (ether); 

>CHCl 
3 1725 and 1665 cm 

-1 
max 

; pmr 63.17 (s, 3H, OCH,-14).5 

When a concentrated solution of the immonium salt 2 is allowed to stand in strong mineral 

acid, 5 can serve as a nucleophile to quench the immonium species, thus supplying dimer 3, 

C40H32NZOiS, mp 154-155° decomp. (CHC13); 
bCHC1 
max 3 1710 br., 1660 and 1650 cm-l. 6 Subsequent 

treatment of either 1 or 3 with concentrated hydrochloric acid, dilution with water, and extrac- - - 

tion with chloroform, effects the regeneration of the original 8,13_dioxoberbine 5. 

Fission of the C-13 to C-14 bond of 5 is readily achieved in the presence of aq. sodium 

hydroxide which promotes rapid oxidative cleavage to furnish in good yields Perkin's anhydro- 

berberilic acid (I), as well as its further hydrolysis product, the known bicyclic lactam 

noroxyhydrastinine. 
7 
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The N-7 to C-14 bond of 5 is ruptured non-oxidatively by the action of weak base. Treatment 

of a chloroform solution of 2 with ammonium hydroxide results in a quantitative carbonyl-carbinol 

rearrangement with formation of aporhoeadane g, CZOHi~NO,, mp 154-155O (MeOH); JCHC13 1720 and 
max 

1700 cm -l; hMe" 275 and 314 nm (log c 3.81 and 3.94); pmr 62.6-4.2 (br. m, 4H, CHz-CHz), 3.80 

(8, 3H, 0CH3), 3.87 (8, 3H, 0CH3), 5.69 (br. s, lH, OH), 5.91 (s, 2H, OCHZO), 6.63 (s, lH, H-41, 

6.73 (s, lH, H-l), 6.94 and 7.42 (AHq, 2H, J = 8 Hz, ~-11 and 12), which incorporates a hetero- 

annular a-ketocarbinolamide grouping. 
8 

As in the case of 5, the angular C-2 hydroxyl can be 

exchanged under acidic conditions. However, in contrast to 2, the blue-black immonium form 9 

requires )28$ sulfuric acid before it is formed in appreciable concentration. Quenching with 

methanol then provides the 0-methylaporhoeadane 12, CZiHi9N01, mp 146-147O (MeOH); pmr 63.01 

(s, 3H, OCHQ-2). The heteroannular a-ketocarbinolamide a is more stable than its homoannular 

analog 5, and does not undergo base mediated oxidative cleavage or rearrangement. 

Sodium borohydride reduction of 8, followed by 0-acetylation with acetic anhydride in pyri- 

dine, proceeds with concomitant elimination of the angular hydroxyl group to supply the highly 

CHCl 
fluorescent acetoxyenamide lo, Cz2Hi9NOT, mp 213-214O (MeOH); brnax 3 

-1 MeOH 
1775 and 1716 cm ; Amax 

263sh, 274sh, 303 and 377 nm (log E 3.84, 3.85, 3.86 and 4.32); pmr 82.42 (s, 3H, CHQCOO), 6.64 

and 6.87 (28, 2H, H-4 and l), 7.08 and 7.59 (ABq, 2H, J = 8.5 Hz, H-11 and 12). This transforma- 

tion stands in analogy to similar reduction and acetylation of 2 which leads to the acetoxy- 

pyridone 2, 
9 -1 

c~~H,~No~, mp 175-176O (MeCH), bECHz13 1775 and 1658 cm ; h:z 313sh, 343, 368sh 

and 386sh nm (log E: 4.52, 4.74, 4.65 and 4.54); pmr 52.32 (s, 3H, CH3COO), 7.16 and 7.33 (ABq, 

2H, J = 8.5 Hz, H-11 and 12) and 7.47 (s, lH, H-l). As a final structural confirmation of 8, 

its zinc in hydrochloric acid reduction gives rise to the known aporhoeadane 11, mp 228-229O 

(MeOH), in 35s yield." 

The present oxidation of berberine at C-8, C-13 and C-14, and the formation of rearranged 

products such as the aporhoeadane 8, have some analogy in nature. Tetrahydroprotoberberines are 

known to be converted In plants into benzazepine containing alkaloids such as the rhoeadines. 
11 

The conversion of 5 to 8 is also reminiscent of the ring expansion which must be involved in the - - 

biogenesis of the dimeric benzylisoquinoline alkaloid stepinonine. 
12 
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