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Abstract 

The formal total synthesis of macarpine was accomplished by the construction of a 

naphthol intermediate in Ishikawa’s synthetic route in 8 steps with an overall yield of 

42%. This convergent synthetic strategy features the utilization of a Au(I)-catalyzed 

cyclization of 1,5-enyne substrate, which was obtained by the Sonogashira coupling 

reaction. 
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Introduction 

Benzo[c]phenanthridine alkaloids are an ancient and influential category of 

isoquinoline alkaloids, mainly found in Papaveraceous and Rucateae.[1,2] According to 

their oxidation states, benzo[c]phenanthridine alkaloids could be divided into two types: 

partially hydrogenated base and fully aromatized base, in which natural fully aromatic 

alkaloids could be further classified into three subclasses: O4-base, O5-base and O6-

base (Scheme 1).[3]  

 

Scheme 1: Classification of benzo[c]phenanthridine alkaloids. 

Among these alkaloids macarpine is the most oxidized tetracyclic alkaloid with many 

bioactivities, including anesthesia, anti-cancer, anti-inflammatory,[4-9] insecticidal and 

fungicidal etc.[10] In addition to the above-mentioned activities, macarpine was also 

used as a DNA probe for flow cytometry and fluorescence microscopy for its 

fluorescent properties.[11] Despite some research on the activities of macarpine had 

been performed, more in-depth evaluation of the biological activity was still limited by 

the natural sources. Inspired by the requirement of further biological evaluation, the 

chemical syntheses of macarpine have been developed rapidly in the last three 

decades. 
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The benzo[c]phenanthridine skeleton consists of a phenanthridine (rings A, B, C) 

and a benzene (ring D), and most of the synthetic routes were completed in the last 

step by constructing ring B or ring C. Some representative examples and their key 

strategies were summarized in Scheme 2. In 1989, Hanaoka and coworkers realized 

the total synthesis of macarpine by Hofmann elimination from protoberberine by 

introducing rings B and C (Scheme 2a).[12a] In 1995, Ishikawa and coworkers 

accomplished the total synthesis via Reformatsky reaction and aromatic nitrosation 

through the building of rings B and C (Scheme 2b).[12b] In 2010, Echavarren and 

coworkers completed the formal total synthesis via the Au(I)-catalyzed cyclization 

(Scheme 2c).[12c] In 2018, Pabbaraja and coworkers disclosed the synthesis of 

macarpineby constructing ring C through the domino Michael addition/SNAr reaction of 

nitromethane with ynone precursor (Scheme 2d).[12d] 

 

Scheme 2: Representative synthetic strategies for macarpine. 
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Results and Discussion 

The efforts on developing efficient synthetic strategies to access macarpine never 

ceased during the last decades, and we have joined in this meaningful research. 

Herein, a strategy involving the synthesis of an intermediate reported by Ishikawa in 

1995 in the total synthesis of macarpine[12b] was proposed via the Au(I)-catalyzed 

cyclization reaction.  

 

Scheme 3: Retrosynthetic analysis to macarpine. 

Retrosynthetically, the target molecule macarpine 1 could be disconnected into  

naphthol 12, a key intermediate reported by Ishikawa in the total synthesis of 

macarpine, which was synthesized from silyl enol ether compound 10 via the Au(I)-

catalyzed cyclization reaction developed by our group.[13] The compound 10 could be 

constructed by the Sonogashira coupling reaction from readily prepared iodoarene 

8[12b,14] and ketone 5, which could be synthesized by using cheap 6-bromopiperonal 2 

as the starting material (Scheme 3). 
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Scheme 4: Syntheses of precursors 5 and 8. 

To finish the synthesis, the ketone 5 and iodoarene 8 were prepared by following the 

synthetic route in Scheme 4. The ketone 5 could be prepared in a four-step procedure. 

Firstly, a Sonogashira coupling between 6-bromopiprononal 2 and 

trimethylsilylacetylene was performed to furnish aldehyde 3[15] in 89% yield. A following 

nucleophilic addition reaction of aldehyde 3 by methylmagnesium bromide (MeMgBr) 

gave alcohol 4 in 99% yield, which was oxidized by pyridinium chlorochromate (PCC) 

leading to the formation of ketone compound and the deprotection of silyl group was 

accomplished in the presence of potassium carbonate (K2CO3) and methanol to 

provide the terminal alkyne 5 in 96% yield in two steps. The iodoarene 8[12b,14] was 

facilely synthesized from sesamol 6 via methylation and iodination in an overall yield 

of 67%.   

 

Scheme 5: Formal total synthesis of macarpine. 

With the building blocks 5 and 8 in hand, the ketone 9 was prepared via a palladium-

catalyzed Sonogashira coupling reaction in a yield of 95%. The precursor 10 for the 

gold(I)-catalyzed cycloisomerization was then synthesized by treating ketone 9 with 

sodium bis(trimethylsilyl)amide (NaHMDS) and tert-butyldimethylsilyl chloride (TBSCl). 

The Au(I)-catalyzed cyclization reaction of substrate 10 occurred under the catalysis 

of 5 mol% [1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold (I) chloride (IPrAuCl) 
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and 5 mol% silver hexafluoroantimonate (AgSbF6) to yield a benzene ring smoothly, 

leading to the exclusive formation of biaryl intermediate 11 in a yield of 82%. It's worth 

noting that the methoxy substitution in the substrate played a crucial role in controlling 

the selectivity of the cycloisomerization according to our previous study.[13] Next, the 

compound 11 was subjected to a solution of tetrabutylammonium fluoride (TBAF) in 

tetrahydrofuran (THF), resulting in the formation of naphthol 12,[12b,12c] a key 

intermediate in the previous total synthesis of macarpine 1 reported by Ishikawa 

(Scheme 5). 

Conclusion 

In summary, the formal total synthesis of the natural product macarpine was achieved 

in a convergent strategy by synthesizing a naphthol intermediate reported by Ishikawa 

via the Au(I)-catalyzed cyclization reaction. This synthetic route provides a new 

approach to macarpine and related benzo[c]phenanthridine alkaloids and the 

application of this strategy to access benzo[c]phenanthridine derivatives and further 

assessments of their bioactivities are in progress in our laboratory. 

Supporting Information  

Supporting Information File 1: 

Synthetic procedures and characterization data for compounds 3-5, 8-12, and their 1H 

NMR and 13C NMR spectra. 
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