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ABSTRACT 

 

SYNTHETIC APPROACHES TO STRYCHNOS AND BIS-ASPIDOSPERMA 

ALKALOIDS 

 

 

 Alkaloids from the Strychnos and Aspidosperma families all contain a pyrrolo[2,3-

d]carbazole ABCE tetracyclic core. In regards to the Strychnos alkaloids, methodology 

developed within the Andrade laboratory featuring a key biscyclization strategy utilizing a 

Mitsunobu activation of a gramine intermediate and successive intramolecular vinylogous 

Mannich reaction affords the pyrrolo[2,3-d]carbazole ABCE tetracyclic core. The 

biscyclization methodology was applied to the first asymmetric synthesis of (‒)-alstolucine 

A, (‒)-alstolucine B, and (‒)-alstolucine F as well as (‒)-echitamidine and (‒)-N-

demethylalstogucine. Another key step in the synthesis of these natural products includes 

a SmI2 reduction of an α-hydroxyketone. These natural products inhibit ATP-Binding 

Cassette (ABC) protein C10 selectively over P-glycoprotein (PGP). Photoaffinity analogs 

of (‒)-alstolucine B, and (‒)-alstolucine F were synthesized and used in preliminary studies 

to determine the binding site of the natural products to ABCC10.  

 Bis-Strychnos alkaloids represent structurally complex and diverse molecules with 

a wide range of biological activities. The first biomimetic, semi-synthesis of (‒)-

strychnogucine B, (‒)-isosungucine, and (‒)-sungucine were accomplished. Two key steps 

within the syntheses comprised (1) a Polonovski-Potier reaction using strychnine N-oxide 

to afford an activatable coupling fragment and (2) a BF3·OEt2 mediated biomimetic 

Mannich coupling to yield the bis-Strychnos alkaloids. (‒)-Strychnogucine B has been 

shown to have anti-malarial activity while (‒)-sungucine has been shown to have novel 

anti-cancer activity, via its ability to kill cancer cells resistant to apoptosis.  
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 In respect to Aspidosperma alkaloids, methodology developed within the Andrade 

laboratory featuring an asymmetric domino Michael/Mannich/N-alkylation strategy allows 

for rapid, easy access to the ABE ring system of the pyrrolo[2,3-d]carbazole ABCE 

tetracyclic core. This methodology was used to synthesize the monomeric Aspidosperma 

alkaloids (‒)-tabersonine and (‒)-16-methoxytabersonine to be applied in the synthesis of 

(‒)-melodinine K, (‒)-conophylline, and (‒)-conophyllidine. These bis-Aspidosperma 

alkaloids have remarkable biological activities. They have been shown to be cytotoxic to 

cancer cells. More noteworthy, (‒)-conophylline is able to induce β-cell differentiation of 

a wide range of stem cells into β-cells. β-cells are responsible for the production of insulin 

within the pancreas giving rise to a potential therapeutic use for type I diabetes.  
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CHAPTER 1 

TOTAL SYNTHESIS AND BIOLOGICAL EVALUATION OF STRYCHNOS 

ALKALOIDS: (‒)-ALSTOLUCINE A, (‒)-ALSTOLUCINE B, (‒)-ALSTOLUCINE 

F, (‒)-ECHITAMIDINE, AND (‒)-N-DEMETHYLALSTOGUCINE 

 

1.1 Introduction 

 Alkaloids belonging to the Strychnos type are part of the Loganiaceae and 

Apocynaceae families and are classified based on their biogenesis from preakuammicine 

(5) (Scheme 1). Preakuammicine (5) originates from a rearrangement and cyclization of 

dehydrogeissoschizine (4), which is arrived at from the condensation of tryptamine (1) and 

secologanin (2) and successive deglycosylation and cyclization (Scheme 1).1,2 Among 

botanists, it is widely agreed upon that Apocynaceae plants evolved from the old 

Loganiaceae plants due to the fact Loganiaceae only contains Corynanthe-Styrchnos 

alkaloids while Apocynaceae produce every indole alkaloid type.3 Key features of the 

Strychnos alkaloids includes the presence of C3,C7 and C2,C16 bonds as well as an 

unchanged monoterpenoid unit.  
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Scheme 1 Biogenesis of preakuammicine (5), a key intermediate in the biosynthesis of 

Strychnos alkaloids. 

 

 

1.2 Selected Approaches to Strychnos Alkaloids 

1.2.1 Introduction 

 Two of the most common synthetic targets among monoterpenoid indole alkaloids, 

especially within the Strychnos type, are (‒)-akuammicine (6) and (‒)-strychinine (7) 

(Figure 1).4 (‒)-Akuammicine (6) was first isolated by Henry in 1932 from Picralima 

klaineana (akumma) seeds and was widely used in Africa as a traditional medicine for 

malaria.5 Since then, akuammicine (6) has been shown to possess numerous biological 

applications such as cytotoxicity against vincristine-resistant KB cells,6 binding to μ- and 

κ-opioid receptors,7 and increased glucose up-take.8 Strychnine was first isolated in 1818 
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by Pelletier and Caventou;9, 10 however, the structural assignment was only completed in 

the 1940’s after decades of degradation and synthetic experiments, primarily in the 

laboratories of Robinson, Leuchs, Prelog, and Woodward.11,12 Eventually, in 1956 the 

structure was confirmed using x-ray crystallography.13 Strychnine is widely known for its 

biological activity as a toxin; specifically, it is a competitive antagonist that selectively 

binds to glycine receptors preventing the inhibitory effects of glycine on motor neurons.14 

When comparing the structural cores of (‒)-akuammicine (6) and (‒)-strychnine (7) one 

can identify a common pentacyclic core (highlighted in red, Figure 1).  

 

      

Figure 1. Structures of Strychnos alkaloids (‒)-akuammicine (6) and (‒)-strychnine (7). 

 

Other Strychnos alkaloids pertinent to the studies described herein include (‒)-

alstolucine A (8), (‒)-alstolucine B (9), and (‒)-alstolucine F (10) F (Figure 2). The 

alstolucine natural products were first isolated by Kam and co-workers in 2010 along with 

20 other known Strychnos alkaloids, including (‒)-N-demethylalstogucine (50), and (‒)-

echitamidine (51).6 These natural products were tested for their ability to reverse multidrug 

resistance in vincristine-resistant KB cells. (‒)-Alstolucine A (8), (‒)-alstolucine B (9), and 

 



4 
 

(‒)-alstolucine F (10) were able to reverse resistance in the vincristine-resistant KB cells 

with IC50 values of 0.59, 0.64, and 2.61 μg/mL respectively.  

 

 

Figure 2. Structures of Strychnos alkaloids (‒)-alstolucine A (8), (‒)-alstolucine B (9), 

and (‒)-alstolucine F (10). 

 

Numerous synthetic strategies exploiting various bond disconnections (Scheme 2) 

have been utilized to access the common pentacyclic Strychnos core en route to various 

alkaloids including but not limited to akuammicine (6), the Wieland-Gumlich aldehyde 18, 

echitamidine (51), geissoschizoline, and countless others. The disconnection between the 

C3 – C7 bonds, 17, was first pioneered by Harley-Mason15-19 and later by Takeda,20 

Magnus,21 and Bosch22 some approaches of which are highlighted herein. Spirocyclization 

between the C6 – C7 carbons, 12, to form the C ring was heavily established by Bosch’s 

syntheses of tubifoline and 19,20-dihydroakuammicine23 while utilization of a Diels-Alder 

reaction to forge the C3 – C7 and C14 – C15, 13, was established by Kuehne in the 

synthesis of tubotaiwine and 19,20-dihydro-20-epi-akuammicine.24, 25  
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Scheme 2. Various Bond Disconnection Strategies Utilized in Synthesis of the 

Pentacyclic Core of Strychnos Alkaloids.26 

 

 

Two disconnection strategies have been utilized for assembly of the D ring namely 

formation of the C20 – C21 bond, 14, highlighted by Kuehne’s syntheses of (±)-

akuammicine (6) and (±)-echitamidine (51)27 or the C15 – C20 bond first forged by Kuehne 

in the synthesis of mossambine28 but exemplified by Rawal’s synthesis of (±)-strychnine 

(7).29,30 Another strategy toward the pentacyclic core is the late stage assembly of the indole 

ring, N1 – C2, 15, represented in the syntheses of (‒)strychnine (7) and (±)-akuammicine 

(6) by Overman31, 32 and Bonjoch-Bosch’s syntheses of (‒)strychnine (7), (±)-akuammicine 

(6) and (±)-echitamidine (51).26 The final disconnection, highlighted in Scheme 2, is 
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formation of the E ring via C2 – C16, 16, bond formation which was demonstrated in 

Martin’s syntheses of (±)-strychnine (7) and (±)-akuammicine (6).33 While these strategies, 

and countless others, have provided the synthetic field with new tactics towards Strychnos 

alkaloids it is impossible to highlight all of the synthetic efforts thus select approaches 

relating to our synthetic route will be described.  

 

1.2.2 Mangus’s Approach to (±)-Strychnine 

 After Woodward’s landmark first total synthesis of strychnine in 1954,11,12 there 

was a near 40 year gap before this natural product would again yield to total synthesis. 

Magnus’s elegant synthesis of strychnine in 1992 naturally followed from his work on 

heptacyclic indole alkaloids21 and leveraged Harley-Mason’s chloroformate-induced 

fragmentation approach to the Strychnos alkaloid (Scheme 3).19 In addition, Magnus 

targeted hexacyclic relay compound 25 which was a known degradation product of 

strychnine that could also be efficiently converted back to strychnine using conditions 

established by Robinson.34 The choice of targeting the Wieland-Gumlich aldehyde (18) 

(Figure 3) via relay compound 25 was further justified by superior conversion to strychnine 

as compared with isostrychnine which was targeted by Woodward.11,12 

 

 

Figure 3. Structure of the Wieland-Gumlich Aldehyde 18. 
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Beginning from the tetracyclic amine 19, reaction with TrocCl effected the 

fragmentation of the benzylic C – N bond to access a nine-membered ring (Scheme 3). 

Dehydrochlorination with NaOMe afforded tricycle 20. Protection of the indole nitrogen, 

as the methyl carbamate, followed by removal of the Troc group using Zn in AcOH 

afforded a secondary amine, which was acetylated with 2-(phenylthiol)acetic acid in the 

presence of Et3N and bis(2-oxo-3-oxazolindinyl)phosphinic chloride (BOPCl) to provide 

the phenylsulfinyl amide intermediate 21. Oxidation with m-CPBA gave the 

diastereomeric sulfoixdes. Treatment of the diastereomers with NaH effected a 1,4-

conjugate addition to form the lactam ring 22 as a mixture of stereoisomers at the newly 

formed C – C bond at the S – O bond. The stereoisomers 22 were subjected to Pummerer-

type conditions, trifluoroacetic anhydride (TFAA) and 2,6-di-t-butyl-4-methylpyridine 

(DTBMP), followed by HgO-promoted thioacetal hydrolysis to afford the piperidine dione 

intermediate as a single stereoisomer. The newly formed ketone was protected as the 

dioxolane 23 using bromoethanol and DBU. Chemoselective amide reduction of 23 was 

accomplished using BH3•THF followed by deprotection of the indole nitrogen via 

hydrolysis using Na2CO3 in MeOH at reflux. Upon purification using SiO2, it was noted 

that cyclized product 24 could be partially obtained; however, formation of three different 

iminiums ensued giving rise to other undesired cyclization products. To improve 

regiocontrol in the cyclization, mercury(II) acetate was used to favor the formation of the 

desired iminium leading to the cyclized product 24 as the major product in 65%. The 

vinylogous carbamate in 6 was reduced with Zn and sulfuric acid, which generated the α-

CO2Me and was equilibrated to the thermodynamically more stable and desired β-CO2Me 

using NaOMe in MeOH. Protection of the indole nitrogen as the p-
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methoxybenzenesulfonamide was achieved using 4-methoxybenzenesulfonyl chloride in 

the presence of Hüngis base (DIPEA) and DMAP. Reduction of the β-CO2Me to the 

primary alcohol was achieved using LiBH4. Further treatment with perchloric acid revealed 

the ketone, which upon reaction with the pendant alcohol afforded the hemi-ketal in relay 

compound 25.  

 

Scheme 3. Magnus’s Synthesis of Key Relay Compound Toward the Synthesis of (±)-

Strychnine (7). 

 

 

 Relay compound 25 was readily transformed into strychnine by first treating with 

TIPSOTf in the presence of DBU from 0 ⁰C to rt to afford the ketone and silyl protected 
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primary alcohol 26 (Scheme 4). The newly formed ketone was subjected to Horner-

Wadsworth-Emmons (HWE) conditions to afford α,β-unsaturated nitrile products in a 3:2 

ratio of geometrical isomers favoring the desired E isomer. The undesired Z isomer could 

be recycled via irradiation to form a mixture of E and Z isomers. The desired E vinyl nitrile 

was reduced to the allylic alcohol 27 in the presence of DIBAL-H followed by NaBH4. The 

primary alcohol was revealed by desilylation in the presence of acid to afford the diol. The 

allylic alcohol was selectively protected in the presence of the primary alcohol with 

TBDMSOTf and DBU at -20 ⁰C followed by a Parikh-Doering oxidation of the primary 

alcohol to the aldehyde 28. Removal of the silyl group in the presence of HF afforded the 

allylic alcohol followed by deprotection of the p-methoxybenzenesulfonamide using 

Na/anthracenide produced the desired Wieland-Gumlich aldehyde. Conversion of the 

Wieland-Gumlich aldehyde (18) into (±)-strychnine (7) was realized using Robinson’s 

conditions featuring malonic acid, acetic anhydride, and NaOAc to install the lactam and 

oxepine rings. 
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Scheme 4. Magnus’s Endgame Route to (±)-Strychnine (7). 

 

 

 Overall, Magnus’s approach to strychnine enabled the first synthesis of the 

Wieland-Gumlich aldehyde (18), which would become a major synthetic sub-goal in the 

syntheses of strychnine for years to come. Moreover, C – C bond formation between C3 

and C7 through the formation of an N2 – C7 iminium influenced numerous synthetic 

strategies in the total synthesis of Strychnos alkaloids.   

 

1.2.3 Kuehne’s Approach to (±)-Strychnine (7), (±)-Akuammicine (6), and (±)-

Echitamidine 

 The following year after Magnus’s synthesis of strychnine, three additional 

syntheses were reported by Stork,35 Overman,31, 32 and Kuehne.24, 27, 36, 37 In Kuehne’s 

approach to (±)-strychnine (7), a single, stereoselective step was able to afford the key 

tetracyclic core of the Strychnos alkaloids allowing for a mere 13 additional steps to arrive 
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at (±)-strychnine (7). Another key feature of Kuehne’s first approach is that it does not 

utilize the Wieland-Gumlich aldehyde 18 as an intermediate en route to (±)-strychnine (7). 

The synthesis began with the key stereoselective step where N2-benzyl-2-

[(methoxycarbonyl)methyl]tryptamine 29 was condensed with 4,4-dimethoxybut-2-enal 

30 in the presence of BF3•Et2O effecting the C3 – C7 Mannich cyclization to give 31 which 

subsequently underwent a series of sigmatropic rearrangements followed by a transannular 

Mannich reaction to produce tetracycle 33 as a single diastereomer (Scheme 5). Aqueous 

perchloric acid was utilized to hydrolyze the dimethyl acetal furnishing aldehyde 34. 

Trimethylsulfonium iodide and n-BuLi were used to generate the Corey-Chaykovsky 

reagent,38 which underwent nucleophilic addition to aldehyde 34 providing intermediate 

36 via epoxide formation from 35. Epoxide 36 was directly stirred in MeOH at either rt or 

reflux. At room temperature, the kinetic product 37 was formed, which was the predicted 

major product due to the fact it was known that unsubstituted epoxides favor cyclization to 

form the smallest ring product.37 Alternatively, refluxing epoxide 36 favored the formation 

of the desired piperidine ring, thermodynamic product 38, over the pyrrolidine ring 37. 

Removal of the benyl group was effected via hydrogenation. Reduction of the vinylogous 

carbamate using NaCNBH3 followed by acylation of the indole nitrogen in the presence of 

Ac2O delivered pentacycle 40. From the pentacyclic core 40, (±)-strychnine (7) could be 

arrived at in eight steps.  
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Scheme 5. Kuehne’s Approach to the Strychnos Pentacyclic Core. 

 

 

Dieckmann condensation of 40 was effected using LHMDS to form the F ring of 

41 leaving just the oxepine ring left to construct (Scheme 6). The endgame was achieved 

via reduction with NaBH4, acylation of the aldol with Ac2O, and elimination in the 

presence of DBU at 100 ⁰C affording 42. Elaboration of the secondary alcohol 42 

isostrychnine featured (1) Swern oxidation, (2) Horner-Wadworth Emmons (HWE) 

reaction, and (3) DIBAL-mediated reduction. Isostrychnine (43), a known degradation 

product, was converted into strychnine (7) using Prelog’s conditions (i.e., KOH in EtOH 
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at 80 ⁰C). It should be noted that under these conditions, equilibrium is established between 

isostrychnine (43) and strychnine (7), favoring isostrychnine (43) in a 2:1 ratio. 

 

Scheme 6. Kuehne’s Endgame to (±)-Strychnine (7) via (±)-Isostrychnine (43). 

 

 

 Kuehne adapted this synthetic strategy to synthesize (±)-alstolucine B (9), (±)-

alstolucine (F) (10), (±)-echitamidine (51), and (±)-N-demethylalstogucine (50).24, 25 

Beginning with the same stereoselective cyclization reported above, condensation of N2-

benzyl-2-[(methoxycarbonyl)methyl]tryptamine 29 and aldehyde 44 first affords the 

iminium 45 which undergoes two Mannich reactions and a [3,3]-sigmatropic rearrangment 

to form the tetracyclic Strychnos core of 48 with a pendant dioxolane (Scheme 7). In this 

route, the benzyl group is removed with H2 and palladium on carbon followed by 

condensation with formaldehyde to generate iminium 49. Treatment of 49 with HCl 

induced a spontaneous cyclization to form the D ring followed by deprotection of the 

dioxolane through hydrolysis with HCl and H2O to arrive at (±)-alstolucine F (10).  
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Scheme 7. Kuehne’s Synthesis of (±)-Alstolucine F (10). 

 

 

 From (±)-alstolucine F (10), Kuehne demonstrated that the methyl ketone could be 

equilibrated using NaOMe in MeOH to afford epimeric (±)-alstolucine B (9) (Scheme 8). 

Two other natural products within the Strychnos type could be prepared from (±)-

alstolucine B (9) and (±)-alstolucine F (10). Reduction of the former with NaBH4 afforded 

(±)-echitamidine (51) whereas reduction of the latter under Luche conditions furnished (±)-

N-demethylalstogucine (50). 
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Scheme 8. Epimerization and Reduction of Alstolucine Natural Products. 

 

 

 Overall, Kuehne’s work on the synthesis of various Strychnos alkaloids provided a 

wealth of knowledge to the field. The key stereoselective cyclization was able to generate 

the tetracyclic core of the Strychnos alkaloids in one step taking advantage of a C3 – C7 

bond formation via the N2 – C7 iminium. Furthermore, Kuehne’s adaptation of this 

synthetic method to synthesize the alstolucine natural products showcased the ability to 

target either alstolucine B (9) or alstolucine F (10) to gain access to all natural products, 

which would play a role in the synthetic route realized in the Andrade laboratory.  

 

1.2.4 Overman’s Approach to (‒)-Strychnine 

 Overman reported the first enantioselective synthesis of (‒)-strychnine (7).31 The 

key feature of the synthesis employed a highly efficient, cationic aza-Cope-Mannich 

reaction sequence to build the pentacyclic Strychnos core.32 The enantioselective synthesis 

of (‒)-strychnine (7) began with (1R,4S)-(+)-4-hydroxy-2-cyclopentenyl acetate 52, which 
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was accessed from cis-1,4-diacetoxycyclopent-2-ene via hydrolysis with electric eel 

acetylcholinesterase on scale with high enantiomeric purity (Scheme 9). Acylation of 52 

with methyl chloroformate provided the desired allylic carbonate that in the presence of 

palladium would undergo a displacement with sodium ethyl α-tert-butoxyacetate to afford 

53 as a pair of diastereomers in a 1:1 ratio. In a stereocontrolled fashion, the pair of 

diastereomers were subjected to reduction using NaCNBH3 in the presence of TiCl4 to 

deliver only the anti β-hydroxy esters (d.r. >20:1). The newly formed alcohol underwent 

syn dehydration in the presence of DCC and CuCl to afford primarily the desired E isomer 

(E:Z, 30:1). Subsequent reduction of both the ethyl ester and acetate groups using DIBAL 

provided the diol, which could be selectively mono protected with TIPSCl and 1,1,3,3-

tetramethylguanidine at -10 ⁰C in N-methyl-2-pyrrolidone (NPR) to afford 54. Jones 

oxidation conditions of the allylic alcohol furnished the cyclopentenone, which was 

transformed into the enol triflate by conjugate reduction with L-selectride and trapping 

with Tf2NPh. Palladium-catalyzed coupling with hexamethylditin afforded 55.  

 

Scheme 9. Overman’s Synthesis of the Vinylstannane 55.
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 With coupling substrate 55 in hand, a carbonylative palladium coupling was 

undertaken based on precedent of a similar transformation conducted in the Overman 

laboratory.31 Vinylstannane 55 and triazone protected o-iodoaniline 56 were subjected to 

carbonylative palladium coupling conditions to afford enone 57 (Scheme 10). 

 

Scheme 10. Overman’s Synthesis of the Key Azabicyclooctane Intermediate 59. 

 

 

Stereoselective epoxidation of enone 57 was effected with t-BuO2H and triton-B 

followed by a Wittig methylenation. The enantioselectivity of the epoxidation reaction 

using t-BuO2H was analyzed by coupling either the (R) or (S)-α-methoxyphenylacetic acid, 

using DCC and DMAP, to the primary alcohol after TIPS removal. The resulting 

diastereomeric ratios of α-methoxyphenylacetic esters were determined by 1H NMR thus 

establishing the enantiopurity of 57 (>95% ee).  Subsequent desilylation with TBAF and 

conversion to the allylic trifluoroacetamide 58 by means of first mesylation of the allylic 

alcohol and succeeding nucleophilic substitution. Treatment of 58 with NaH triggered an 
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epoxide opening cyclization to form the azabicyclo[3.2.1]octane system. Subsequent 

treatment with KOH afforded the free secondary amine 59. 

 

Scheme 11. Aza-Cope-Mannich Rearrangement and Endgame to (‒)-Strychnine (7). 

 

 

 Condensing secondary amine 59 with paraformaldehyde in the presence of 

anhydrous sodium sulfate effected the key aza-Cope-Mannich rearrangement to 

constructing the C, D, and E rings that form the Strychnnos core in 60 (Scheme 11). 

Generation of the enolate of 60 using LDA and trapping with Mander’s reagent afforded 

the β-keto ester substrate. Acidic removal of the triazone protecting group in 60 and 

cyclization provided the pentacylic core 61 that was easily transformed into (‒)-strychnine 

(7) in four steps using a similar strategy as Kuehne.  

 

1.2.5 Rawal’s Approach to (‒)-Strychnine (7) 

 In 1991, Rawal disclosed a key advancement in the construction of the piperdine 

ring (D-ring) of Strychnos alkaloids39 that would be later utilized in the synthesis of (‒)-

strychnine (7) in 1994 (Scheme 12).30 Specifically, his creative use of the intramolecular 

Heck reaction has been employed by numerous laboratories, which is demonstrated in the 

total synthesis of various Strychnos alkaloids. Another key feature of Rawal’s approach 
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involves a hetero Diels-Alder reaction to construct the tetracyclic Strycnos core. Rawal’s 

synthesis began with the formation of 63 from commercially available o-

nitrophenylacetonitrile 62 via a five step, known sequence on a large scale affording 25g 

of 63 (Scheme 12). Condensation of 63 with 64 and subsequent quenching with methyl 

chloroformate and diethylaniline afforded the Diels-Alder precursor 65. A solution of 65 

in benzene was heated at 185 ⁰C to effect the Diels-Alder reaction to produce the tetracyclic 

Strychnos core of 66. Refluxing a solution of 66 in chloroform with TMSI followed by 

quenching with MeOH (1) removed the carbamate moieties on both N1 and N2 and (2) 

triggered a lactamization reaction to furnish pentacycle 67. Alkylation of amine 67 with 

the requisite allylic bromide side chain gave vinyl iodine precursor 68. Subjection of the 

vinyl iodine 68 to Jeffery’s modified Heck reaction conditions using palladium(II) acetate 

effected cyclization of the D ring providing (‒)-isostrychnine (43) which can be converted 

to (‒)-strychnine (7) as previously described in Kuehne’s approach.  
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Scheme 12. Rawal’s Synthesis of (‒)-Isostrychnine (43). 

 

 

 Rawal’s synthesis of (‒)-isostrychnine (43) provided the most efficient synthesis of 

the D ring of the Strychnos alkaloids to date. This strategy has been the inspiration in the 

synthesis of various indole alkaloids and employed by numerous laboratories including the 

approaches undertaken in the Andrade laboratories which will be discussed in detail in this 

chapter.  

 

1.2.6 Martin’s Approach to (‒)-Strychnine (7) 

 In 1996, Martin disclosed a semi-synthesis of (‒)-strychnine (7) using a biomimetic 

approach to first access (‒)-akuammicine (6) and later an oxygenated analog in to prepare 
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(‒)-strychnine (7) (Scheme 13).33 The biomimetic approach was based on the proposed 

conversion of the corynantheoid skeleton into the Strychnos alkaloid scaffold. Recall the 

biosynthetic transformation of dehydrogeissoschizine to preakuammicine in Scheme 1. 

This strategy was based on feeding studies using geissoschizine, a known precursor of the 

Strychnos alkaloids (‒)-akuammicine (6) and (‒)-strychnine (7). To effect this skeletal 

conversion from the Corynanthe to Strychnos, Martin’s approach features a sequence of 

first a vinylogous Mannich reaction succeeded by a hetero-Diels-Alder reaction. Starting 

from 4,9-dihydro-3H-pyrido[3,4-b]indole 69, which can be accessed from tryptamine in 2 

steps, the key domino reaction was undertaken. Treatment of 69 with crotonyl chloride 71, 

in the presence of 1-[(trimethylsilyl)oxy]butadiene 70, resulted in first the nucleophilic acyl 

substitution with crotonyl chloride 71 to afford the N-acyl iminion vinylogous followed by 

Mannich reaction with 70 to provide Diels-Alder substrate 72. Heating of 72 effected the 

hetero-Diels-Alder reaction affording pentacycle 73 with an overall yield of 67%. 

Hydration of 73 in the presence of perchloric acid provided the intermediate lactol that was 

then oxidized to the lactone 75 using dichlorotris(triphenylphosphine)ruthenium (II) 

catalysis. Hydrogenolysis of the benzyl protecting group and treatment with NaOMe in 

MeOH triggered β-elimination to afford the allylic alcohol; in addition, the newly formed 

acid underwent esterification in the presence of MeOH and p-TsOH. Protection of the 

allylic alcohol with TBSCl provided compound 76 which set the stage for the key skeletal 

rearrangement.  

 

 

 



22 
 

Scheme 13. Martin’s Synthesis of (‒)-Strychnine (7). 

 

 

 Reduction of the amide 76 to the tertiary amine was accomplished using 

trimethyloxonium tetrafluoroborate (Meerwein’s salt) followed by NaBH4 to provide 

deformylgeissoschizine, one of the known corynantheoid alkaloids within the biosynthetic 

pathway. Deformylgeissoschizine was subjected to oxidation-rearrangement conditions 

(Scheme 14); first addition of tin(IV) chloride and t-butyl hypochloride to form a mixture 

of chloroindolenines 79 which were directly subjected to LHMDS. Deprotonation α to the 

ester followed by addition to either the iminium, generating proposed intermediate 80, or 

nuclueophilic substitution of the chlorine affording proposed intermediate 81. Further 

rearrangement provides the Strychnos core seen in akuammicine and 82. Treament with 

HCl removed the TBS protecting group to afford 18-hydroxyakuammicine (77), a synthetic 

intermediate within Overman’s approach to (‒)-strychnine (7) and can be arrived at in four 

additional steps. This route is also amendable to the synthesis of (‒)-akuammicine (6) by 
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using (E) crotonyl chloride instead of acid chloride 71 for the vinylogous Mannich reaction 

with 69. 

 

Scheme 14. Oxidative Rearrangement of the Corynanthe to the Strychnos Skeleton. 

 

 

 In conclusion, Martin’s approach resulted in the first biomimetic syntheses of (‒)-

akuammicine (6) and (‒)-strychnine (7). The key synthetic features, namely the vinylogous 

Mannich reaction followed by the hetero-Diels-Alder reaction provided swift access into 

the corynantheoid skeleton. Oxidative rearrangement of the core skeleton gained access to 

(‒)-akuammicine (6) and (‒)-18-hydroxyakuammicine (77), the later of which was 

converted into (‒)-strychnine (7) using known tactics established by Overman and 

Robinson.  

 

1.2.7 Bonjoch-Bosch’s Approach to (‒)-Strychnine (7), (±)-Akuammicine (6), and 

(±)-Echitamidine (51) 
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 In 1993, Bonjoch-Bosch reported an entry into Strychnos alkaloids (±)-

echitamidine (51) and (±)-tubifolidine that featured three key steps consisting of (1) a 

double (intra- and intermolecular) reductive amination, (2) an intramolecular Michael 

reaction to close the D ring, and (3) late stage formation of the indole B ring (Scheme 15).26, 

40-43 This method was later used in the syntheses of (±)-akuammicine (6), (±)-

norfluorocurarine, (±)-20-epilochneridine, and (‒)-strychnine (7).43-45 The synthesis began 

with 3-hydroxycyclohex-2-en-1-one 83 which can be accessed from commercial 1,3-

cyclohexanedione in a single step. Treatment of 83 with potassium carbonate and 1-iodo-

2-nitrobenzene at elevated temperatures effected the nucleophilic aromatic substitution. 

Next, O-allylation in the presence of 3-bromopropene and potassium carbonate provided 

the O-allyl vinyl ether, which, upon heating promoted a Claisen rearrangement to generate 

the quaternary center in diketone 84. The transformation of 84 to 85 undergoes six 

successive chemical transformations in one-pot beginning with the ozonolysis of the 

pendant alkene to the ozonide. Cleavage of the ozonide with NaCNBH4 afforded the 

aldehyde, which underwent the first reductive amination with (S)-phenylethylamine 

providing a primary amine. The second reductive amination occurred intramolecularly 

between the newly formed primary amine and ketone followed by reduction to afford the 

3a-(2-nitrophenyl)hexahydroindol-4-one 85 as a mixture of cis and trans isomers (1.5:1, 

respectively). The undesired trans isomer could be converted to the cis isomer via 

oxidation to the N-oxide, treatment with TFAA to effect the Polonovski-Potier reation 

forming the tertiary iminium, and stereoselective reduction of the iminium with tri-2-

ethylhexanoyloxyborohydride. Removal of the chiral auxiliary in cis-85 was realized by 

treatment with 2-chloropropanoyl chloride to form the carbamate. Formation of the TMS 
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enol ether of 85, followed by treatment with phenylselenium chloride and diphenyl 

diselenide generated of an organoselenium intermediate that underwent oxidation of the 

selenium to selenoxide, using ozone. Elimination of selenoxide furnished enone 86. 

Removal of the carbamate by refluxing in MeOH and subsequent alkylation with allyl 

bromide 87 set the stage for Rawal’s strategy of closing the D ring using an intramolecular 

Heck reaction affording 89.  

 

Scheme 15. Bonjoch-Bosch’s Synthesis of the Pentacyclic Strychnos Core. 
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 Trapping of the enolate generated from 89 and LHMDS with Mander’s reagent 

installed the methyl ester. Further treatment with Zn dust in 10% sulfuric acid triggered the 

removal of the TBDMS group as well as the reductive cyclization to form the indole ring 

of the pentacyclic core 90. (‒)-Strychnine (7) was prepared by (1) equilibration to 

thermodynamically more stable β-methyl ester using NaOMe in MeOH, and (2) DIBAL-

mediated reduction of the ester to afford the Wieland-Gumlich aldehyde (18), and 

subjected to Robinson’s previously described conditions.   

 

Scheme 16. Bonjoch-Bosch’s Synthesis of (±)-Echitamidine (51). 

 

 

 Utilizing the same methodology, Bonjoch-Bosch synthesized (±)-alstolucine F (10) 

and (±)-echitamidine (51) (Scheme 16). Starting from intermediate 86 employed in the 

strychnine synthesis, removal of the carbamate group by refluxing in MeOH followed by 
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alkylation with MVK afforded 91 (Scheme 16). Conjugate addition of the pendant ketone 

enolate furnished the D ring as a pair of epimers 92. Treatment of the undesired β-isomer 

92 with KF in EtOH afforded α-92. Protection of the ketone as the dithiolane, installation 

of the methyl ester using LDA and Mander’s reagent, and subsequent deprotection of the 

dithiolane furnished 93. Reductive cyclization of 93 using HCl and H2/palladium on carbon 

afforded (±)-alstolucine F (10). Stereoselective reduction of the pendant ketone with 

NaBH4 furnished (±)-echitamidine (51). 

 In summary, Bonjoch-Bosch’s approach to the Strychnos alkaloids utilized three 

key reactions: a double reductive amination, an intramolecular Michael reaction to close 

the D ring, and a late stage formation of the indole ring. Not only did this synthetic 

approach provide new methods in constructing the Strychnos core but it also utilized 

inspiration from previously described methods such as Rawal’s intramolecular Heck 

reaction to form the D ring for (±)-strychnine (7). Furthermore, the Michael addition in the 

synthesis of (±)-echitamidine (51) served as inspiration for the first generation approach 

within the Andrade laboratory which will be described herein. 

 

1.2.8 Vanderwal’s Approach to (±)-Akuammicine, (±)-Alstolucine B, and (±)-

Alstolucine F 

 After dissemination of our synthesis of (‒)-alsotlucine A (8), (‒)-alstolucine B (9), 

(‒)-alstolucine F (10), (‒)-echitamidine (51), and (‒)-N-demethylalstogucine (50), 

Vanderwal’s laboratory published a route to (±)-strychnine (7)46, 47 and alsmaphorazine B 

in which they synthesized (±)-akuammicine (6), (±)-alstolucine B (9), and (±)-alstolucine 

F (10) (Scheme 17 & 18).48 The hallmark of Vanderwal’s synthesis is the use of the Zincke 

aldehyde methodology develop within their laboratory.49, 50  Starting from tryptamine 94, 
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protection of the primary amine, via reductive amination using p-anisaldehyde and sodium 

borohydride, furnished the PMB protected tryptaime (Scheme 17). Condensation of 

aldehyde 95 with the PMB protected tryptamine afforded the cyclization precursor 96. 

Treatment of 96 with potassium t-butoxide, at elevated temperatures in a sealed vessel 

effected the [4 + 2] cyclization to form the E ring of the tetracyclic core providing 97. In 

order to alter the oxidation state of the α,β-unsaturated aldehyde 97, Boc protection of the 

indole nitrogen was required followed by first oxidation to the α,β-unsaturated acid and 

subsequent methylation to afford the methyl ester 98. PMB removal using CAN and 

alkylation with (Z)-1-bromo-2-iodobut-2-ene (99) furnished 100. Removal of the Boc 

group using TFA set the stage for the Rawal’s endgame strategy of using the Heck reaction 

to close the D ring and provide (‒)-akuammicine (6). With (‒)-akuammicine (6) in hand, 

Vanderwal’s laboratory prepared (‒)-alstolucine B (9) and (‒)-alstolucine F (10) en route 

to another Strychnos alkaloid alsmaphorazine B.  
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Scheme 17. Vanderwal’s Synthesis of Strychnos Alkaloid (‒)-Akuammicine (6). 

 

 

 Starting from (‒)-akuammicine (6), (‒)-alstolucine B (9), and (‒)-alstolucine F (10) 

can be accessed by changing the oxidation state of the pendant ethylidene in (‒)-

akuammicine (6) (Scheme 18). The tactics employed in Vanderwal’s synthesis were 

similar to those reported by the Andrade laboratory.51 Treatment of (‒)-akuammicine (6) 

with modified Upjohn conditions (i.e. potassium osmate hydrate and N-methylmorpholine 

(NMP) in the presence of citric acid) furnished the diol. Oxidation of the secondary alcohol 

using Dess-Martin periodinane provided hydroxy ketone 101. Reduction of the α-hydroxy 

group using SmI2 furnished (‒)-alstolucine B (9) and (‒)-alstolucine F (10) in a 1.5:1 ratio, 

respectively.52 As previously mentioned, Vanderwal’s group carried out an elegant 
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biomimetic synthesis of alsmaphorazine B from alstolucine B (9) and F (10) in three 

addition steps.48  

 

Scheme 18. Conversion of (‒)-Akuammicine (6) to (‒)-Alstolucine B (9), and (‒)-

Alstolucine F (10). 

 

 

 In conclusion, Vanderwal’s approach to alsmaphorazine showcased their Zincke 

aldehyde methodology and its ability to furnish the tetracyclic core of the Strychnos 

alkaloids in a fast and efficient manner, arguably the most concise method currently in the 

literature. The major drawback to this approach is the lack of enantioselectivity. With a 

plethora of knowledge in this field the Andrade’s laboratory sought to develop new 

methodology to access akuammicine (6), strychnine (7), and additional Strychnos alkaloids 

to be discussed herein. 

 

1.3. Previous Study: Andrade’s Approach 

1.3.1 First Generation Retrosynthesis of (‒)-Akuammicine (6) 
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Andrade’s approach to the tetracylic core of the Strychnos alkaloids and (‒)-

akuammicine (6) was inspired by the work of Heathcock53 and Rawal.29 In 1991, Rawal 

employed an elegant strategy to form the D ring of the pentacyclic core of the Strychnos 

alkaloids via an intramolecular Heck reaction. In 2000, Heathcock reported the synthesis 

of (±)-aspidospermidine in which a 2-haloacetamide gramine derivative was employed to 

close the C ring.53 This inspiration was used for the formation of the C ring of the ABCE 

tetracycle and the biscyclization in our approach to (‒)-akuammicine (6).  

Based on this inspiration, a first-generation asymmetric approach to akuammicine 

(Scheme 19) was devised.51, 54-58 The most efficient manner to akuammicine (6) is to 

employ Rawal’s intramolecular Heck reaction as an end game approach. To gain entry to 

intermediate 102, we envisioned using a biscyclization approach employing Heathcock’s 

tactic in closing ring C followed by a novel intramolecular aza-Morita59, 60 or aza-Baylis-

Hillman (IABH)61 to close ring E to give the tetracyclic core; however, this would leave 

ring C at the amide oxidation state requiring subsequent deoxygenation. Arriving at 

intermediate 103 could be accomplished by N-alkylation of the primary amine 104 

followed by amidation using the appropriate side chain. Chiral amine 104 could be 

accessed using Yus’ allylation chemistry62 after removal of Ellman’s N-tert-butyl 

sulfinamide chiral auxiliary and deprotection of the indole nitrogen. 
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Scheme 19. Retrosynthesis of the First Generation Synthesis of (‒)-Akuammicine (6). 

 

 

1.3.2 First Generation Forward Synthesis of (‒)-Akuammicine (6) 

The synthesis of (‒)-akuammicine (6) was accomplished starting from known 

compound 105 (Scheme 20),54, 55, 57, 58 which was easily synthesized from commercially 

available indole-3-carboxaldehyde in one step. (R)-N-tert-butansulfinamide and 105 were 

condensed in the presence of Ti(OEt)4 and In(0). Upon the formation of the chiral imine, 

allyl bromide was added under Barbier conditions. Stereoseletive addition of the resulting 

allyl indium species to the N-sulfinyl imine afforded 106 in 87% yield (dr = 10:1).62 

Treatment of 106 with HCl removed the chiral auxiliary to give the free, primary amine. 

Further treatment with Mg(0) effectively removed the tosyl group from the indole nitrogen 

to afford gramine 104 in 75% over the two steps. Amine 104 was alkylated with (Z)-2-

iodobutenyl bromide (99)63 and cesium carbonate. The resulting secondary amine was 

reacted with bromoacetyl chloride and Et3N to yield intermediate 77 in 83% over two steps. 

Cross metathesis of 103 with methyl acrylate in the presence of Hoveyda-Grubbs 2nd 

generation catalyst64 furnished compound 107 in 80% yield, setting the stage for the 

biscyclization. 
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Scheme 20. First Generation Synthesis of (‒)-Akuammicine (6). 

 

 

The first attempts at the spirocyclization of ring C using Heathcock’s original 

conditions required, treatment of 107 with only AgOTf, and did not lead to product 

formation but instead decomposition due to the generation of TfOH under the reaction 

conditions. To address this issue, a wide range of bases were screened (e.g., pyridine, Et3N, 

i-Pr2NEt, 2,6-lutidine, 2,6-di-tert-butyl-4-methyl-pyridine (DTBMP), NaH, and t-BuOK) 

with the best result being the use of DTBMP with a dr of 13:1 and 95% yield. Next, we 

focused on the formation of the E ring. Typical conditions to effect the intramolecular aza-

Morita51 or aza-Baylis-Hillman (IABH)61 were employed (e.g., Bu3P, DMAP, DABCO, 

Et3N, i-Pr2NEt) in various solvents with no product formation. It was only upon treatment 

of the tricycle with DBU that tetracycle 102 was formed in 90% yield. Due to the fact that 
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DBU was the only reagent capable of effecting this transformation—coupled with the fact 

that it is the most basic—led us to hypothesize an alternative mechanism, namely an 

intramolecular vinylogous Mannich reaction followed by an isomerization. A similar 

transformation, an intramolecular Morita reaction using Me3P, was reported by Kwon in 

2012. It was shown that an unproductive, base-mediated, elimination as opposed to the 

desired cyclization was observed upon treatment of their hindered system with DBU.65 

This finding aided in supporting the Mannich mechanism for our work. 

 

Scheme 21. Key Biscyclization to Afford the Tetracyclic Strychnos Core. 

 

 

Previously our lab was able to effect a sequential one-pot variant of the reaction 

(i.e., 108 to 109) in 60-70% overall yield (Scheme 21). Treatment of 102 with Lawesson’s 

reagent afforded thioamide 110 in 87% yield (Scheme 22). Chemoselective alkylation of 

sulfur with Et3OBF4 and subsequent NaBH4 reduction gave 111 in 92% over two steps.66 

Notably, the use of smaller, more reactive Me3OBF4 resulted in partially N-methylation of 

the indoline nitrogen. Finally, the intramolecular Heck reaction of enoate 111 using a 

modification of Rawal’s conditions, namely Pd(OAc)2 and PPh3 and Et3N as solvent, 

afforded (‒)-akuammicine (6) in 87%. 
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Scheme 22. Endgame Synthesis of (‒)-Akuammicine (6). 

 

 

1.3.3 Second Generation Retrosynthesis of (‒)-Akuammicine (6) 

The need for reduction of lactam 102 to pyrrolidine 111 afforded an opportunity to 

avoid this redox step and streamline our approach. To this end, a second-generation 

asymmetric synthesis of ABCE teracycle (Scheme 23).67 Inspiration for this new route  

came from Ellman’s asymmetric synthesis of (‒)-aurantioclavine.68 Specifically, in a key 

step it was found that 3-β-hydroxyethyl indoles quickly undergo cyclization to form 

sprio[cyclopropyl]indolenines using Mitsunobu conditions.67 Our lab hypothesized that 

Mitsunobu activation of β-hydroxyethyl Boc-protected gramine 113 would access the 

desired spiroindolenine with the correct oxidation state on the C-ring (Scheme 23). 

Following the first-generation approach, the late stage intramolecular Heck reaction would 

be applied after alkylating ABCE tetracycle 112. (‒)-Akuammicine (6) could be arrived at 

via a revised biscyclization of intermediate 113 where: first ring C would form under 

Mitsunobu conditions followed by an intramolecular Mannich reaction to construct the E 

ring. Intermediate 113 could be readily made from 114 by N-Boc protection then cross 
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metathesis. Intermediate 114 would in turn be accessed from 104, which had already 

synthesized in the first-generation approach using the Yus allylation strategy.62 

 

Scheme 23. Retrosynthesis of the Second Generation Synthesis of (‒)-Akuammicine (6). 

 

 

1.3.4 Second Generation Forward Synthesis of (‒)-Akuammicine (6) 

Starting from gramine 104 (Scheme 24), various alkylation reactions were 

attempted using substrates such as 2-bromoethanol and various other ethanol derivatives 

with little success. Recourse to reductive amination ultimately proved successful (Scheme 

22). Ethyl glyoxalate and 104 were condensed in the presence of 4Ǻ molecular sieves to 

form the imine, which was then reduced using LiAlH4 to give the amino alcohol. N-Boc 

protection using Boc2O and Hünig’s base afforded 115 in 57% yield over two steps. 

Alcohol 115 was then subjected to cross metathesis with methyl acrylate using Hoveyda-

Grubbs second- generation catalyst64 to provide 113 in 80% yield, setting the stage for the 

biscyclization. Under Mitsunobu conditions,68 113 underwent cyclization to form the C 

ring and spirocenter with full stereocontrol. Upon further treatment with DBU in the same 

pot, the E ring cyclized to afford Boc-protected ABCE tetracycle 116 in 56% yield. 

Removal of the N-Boc group using trifluoroacetic acid furnished ABCE tetracycle 112. 
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Alkylation of 112 with (Z)-2-iodobutenyl bromide (99) generated compound 117 in 71% 

yield over two steps. Utilization of Rawal’s endgame strategy featuring the intramolecular 

Heck cyclization39 afforded (‒)-akuammicine (6) in 87% yield. 

 

Scheme 24. Second Generation Synthesis of (‒)-Akuammicine (6). 

 

 

1.3.5 First Generation Retrosynthesis of Alstolucine Natural Products 

With routes to the ABCE tetracycle 112 and (‒)-akuammicine (6) in hand, attention 

was focused on the alstolucines. Retrosynthetic analysis of (‒)-alstolucine B (9) suggested 

it could be derived from 118 via oxidation (Scheme 25). Indoline 118 in turn would be 

prepared via an intramolecular Michael reaction of Mannich base 119, which would be 

derived from tetracycle 112. Finally, access to the epimer at C-20, (‒)-alstolucine F (10) 

from (‒)-alstolucine B (9) would be possible using Kuehne’s protocol for equilibration.51 
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Scheme 25. Retrosynthesis of the First Generation Synthesis of (‒)-Alstolucine B (9). 

 

 

1.3.6 First Generation Forward of Alstolucine Natural Products 

The synthesis of (‒)-alstolucine B (9) began with the site-selective intermolecular 

aza-Michael reaction69 between tetracycle 112 and methyl vinyl ketone (MVK) to afford 

Mannich base 119 in 58% yield (Scheme 26).  

 

Scheme 26. First Generation Synthesis of (‒)-Alstolucine B (9). 

 

 

Cyclization of the D ring was best accomplished by treating 119 with NaHMDS at 

0 C for 3 h, which furnished pentacycle 118 in 25% yield. Numerous conditions were 
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screened to trigger the subsequent intramolecular Michael addition (Table 1).70, 71 Upon 

determining the effects of substrate concentration, addition rate, addition sequence, 

solvents, equivalents of base, and counterions, the best conditions found were the addition 

of 0.95 equiv of NaHMDS (1.0M in THF) to the substrate (0.01 M in THF) over 10 minutes 

at -2 C to 0 C. Upon stirring for 2h at this temperature compound, 118a and 118b were 

formed as a mixture of two inseparable diastereomers in 25% yield with a ratio of 1.4:1 to 

1.7:1. Furthermore, if a protecting group such as the carboxybenzyl (Z) group was used on 

the indoline nitrogen prior to the Michael addition, the resulting diastereomers at C16 were 

separable. 

 

Table 1. Intramolecular Michael Addition Conditions. 

 

 

 

 

Entry Base Solvent Temp Time Yield 

1 DBU THF rt 48h -a 

2 NaOMe MeOH 0˚C – rt 5h -a 

3 Triton B 

t-Bu4NOH 
DME Reflux 16h -a 

4 BEMP THF rt 24h -a 

5 Pyrrolidine CH3CN rt 48h -a 

6 NaH THF 70˚C 5h 20% 

7 NaHMDS THF -78˚C – rt 15h -a 

8 NaHMDS THF -15˚ - 0˚C 2h 5-25% 
aNot observed. 

 

Previous work on the oxidation on indolines with similar core ABCE structures had 

shown modest to good yields when using lead tetraacetate or DDQ as the oxidants.72, 73 

Upon trying these conditions on substrate 118, varying the equivalents of oxidant, 
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temperature, and reaction time, no product formation was observed. At this time, we turned 

to oxidation conditions shown to oxidize simple indoline systems employing palladium(II) 

chloride, Corey-Kim, and Swern conditions; all showing trace amounts of product 

formation.74-77 Upon optimizing the Swern oxidation conditions, particularly temperature, 

(‒)-alstolucine B (9) was prepared in 20% yield. 

 

Table 2.  Oxidation of Indoline 93. 

 

Entry Oxidant Solvent Temp Time Yield 

1 Pb(OAc)4 CH2Cl2 -10˚C 1h -a 

2 DDQ Dioxane rt, reflux 18h -a 

3 PdCl2  

Et3N  
MeOH rt 96h trace amountb 

4 DMS, NCS  

Et3N  
CH2Cl2 -78˚C 4h trace amountb 

5 (COCl)2, 

DMSO  

Et3N  

CH2Cl2 -78˚C - rt 1.5h trace amountb 

6 (COCl)2, 

DMSO  

Et3N  

CH2Cl2 -60˚C - 0˚C 2h 20% 

aNot observed. 

bObserved by LC-MS 

 

1.4 Present Study 

The low yields plaguing our synthetic route to the alstolucines justified a newer, 

more efficient approach. As we had an efficient route to structurally similar (‒)-

akuammicine (6) in place, we reasoned that manipulations of the ethylidene in (‒)-

akuammicine (6) would be the most straightforward route to accessing the alstolucine 

natural products.  
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1.4.1 Retrosynthesis 

A concise route would certainly feature anti-Markovnikov hydroboration followed 

by a subsequent oxidation; however, Levy and co-workers had shown that (‒)-

akuammicine (6) under standard hydroboration conditions underwent Markovnikov 

addition.78 Numerous attempts to alter the hydroboration conditions using bulkier boranes, 

such as thexylborane,79 were unsuccessful with no product formation. In addition, one 

might envision using ozonolysis on the pendent alkene followed by a Wittig or Horner-

Wadsworth-Emmons reaction80 to install the pendant ketone; however, these attempts were 

ineffective with only the ozonolysis followed by the HWE forming a trace amount of (‒)-

alstolucine B (9) or (‒)-alstolucine F (10). With this in mind, we envisioned a more 

conservative, second generation route (Scheme 27) consisting of dihydroxylation, 

oxidation of the resulting secondary alcohol followed by selective deoxygenation of the 

tertiary alcohol to afford (‒)-alstolucine B (9). 

 

Scheme 27. Retrosynthesis of the Second Generation of (‒)-Alstolucine B (9). 

 

 

1.4.2 Forward Synthesis 
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To realize our new approach, (‒)-akuammicine (6) was subjected to Upjohn 

dihydroxylation conditions to afford 19,20-dihydroxyakuammicine (120) in 86% yield 

(Scheme 28).81 The resulting secondary alcohol was oxidized using Corey-Kim conditions 

to give 19-hydroxyalstolucine B (101) in 66% yield.82 Employing elegant work by 

Molander on the acyloin reduction,52 we set out to deoxygenate the α-hydroxyl group using 

SmI2 chemistry. After initial attempts to reduce the free hydroxyl were unsuccessful (i.e., 

the more step-efficient option), recourse was made to the α-acetoxy variant by acylating 

the acyloin using acetic anhydride, Et3N and catalytic DMAP to access 19-

acetoxyalstolucine B (121) in 95%. Subjecting 121 to SmI2 furnished a readily separable 

mixture of (‒)-alstolucines B (9) and (‒)-alstolucines F (10) in a 1.6:1 ratio, respectively, 

with an overall yield of 71%. 
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Scheme 28. Second Generation Synthesis of (‒)-Alstolucine B (9).  

 

 

Subsequent reduction of (‒)-alstolucine B with NaBH4 resulted in the formation of 

(‒)-echitamidine (51) as a single diastereomer in 85% yield. The Luche reduction of (‒)-

alstolucine F (10) lead to (‒)-N-demethylalstogucine (50) in 83% as a single 

diastereomer.83 Upon reaction of (‒)-N-demethylalstogucine (50) with EtCO2Cl in the 

presence of Et3N, (‒)-alstolucine A (10) was formed in 73% yield. With these natural 

products in hand further biological evaluation was undertaken and will be subject of 

chapter 2.  
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1.5 Conclusions and Future Directions 

 Woodward’s landmark synthesis of (‒)-strychnine (7) in 1954 marked the 

beginning of the modern era of complex molecule total synthesis. To this day, it and other 

indole alkaloids continue to inspire synthetic chemists to develop new methodologies and 

strategies for the step-, time- and yield efficient construction of complex natural products.84 
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CHAPTER 2 

BIOLOGICAL EVALUATION OF STRYCHNOS ALKALOIDS: (‒)-

ALSTOLUCINE A, (‒)-ALSTOLUCINE B, (‒)-ALSTOLUCINE F, (‒)-

ECHITAMIDINE, AND (‒)-N-DEMETHYLALSTOGUCINE 

 

2.1 Biological Evaluation of Multidrug Resistance within ATP-Binding Cassette 

Proteins 

2.1.1 Introduction 

  A major obstacle to the successful treatment of various cancers, using 

chemotherapeutics, is the cellular resistance to the anticancer agents via multidrug 

resistance (MDR). This cellular resistance can be attributed to being responsible for >90% 

of treatment failure in metastatic cancer patients.1 As the cancer field has progressed and a 

greater understanding of tumorgenesis has been acquired, notions of chemoresistance have 

significantly changed. Within the last few decades the ideas of cancer stem cells and tumor 

heterogeneity have emerged. It was previously believed that tumors consisted of 

homogeneous cancer cells with minuet variation and equal ability to initiate and propagate 

tumorgenesis; however, research has shown that tumors have an organized hierarchy of 

cells. This hierarchy allows the formation of a subclass of cells with increased capabilities 

of forming tumors.2 This subclass of cells was coined as tumor-initiating cells or cancer 

stem cells (CSCs).3 Work within the area of CSCs has shown that they play a major role in 

the development of resistance with both acquired and intrinsic mechanisms. These 

mechanisms include, but are not limited to, increased ability to repair DNA, down-

regulation of apoptotic pathways, overexpression of ATP-binding cassette (ABC) efflux 
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transporters and detoxification enzymes, and changes in the cell cycle microenvironment 

and kinetics (Figure 4).4-7  

 

 

Figure 4. Factors that Contribute to Multidrug Resistance.  

 

Of these resistance mechanisms, over expression of ATP-binding cassette (ABC) 

proteins has been shown to directly affect multidrug resistance via inhibition of the 

proteins. ABC proteins constitute both exporters and importer proteins and in their native 

state add in the transport of metabolites and/or xenobiotics, foreign chemical substances 

that are not normally present, into or out of cells. There are numerous families of ABC 

proteins, from A-G, with varying types of structures (Figure 5). All ABC proteins require 

the use of 2 ATP molecules to transport molecules into/out of the cell. Currently, there are 

two proposed mechanisms of transport (Figure 6).  
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Figure 5. Structure Types of ABC Proteins. (a) ABC proteins with 2 transmembrane and 

2 nucleotide-binding domains, (b) ABC proteins with 3 transmembrane and 2 nucleotide-

binding domains, and (c) ½ ABC transporter with 1 transmembrane and 1 nucleotide-

binding domain. 

 

 The first mechanism removes the metabolite or xenobiotic from within the cell 

membrane into the ABC protein (dashed arrows, Figure 6). The ABC protein then 

undergoes a conformational change to expel the metabolite or xenobiotic out of the cell. 

The other proposed mechanism of transport for the ABC proteins is binding of the 

metabolite or xenobiotic within the channel, otherwise known as the gate of the protein, 

followed by a conformational change to then transport the metabolite or xenobiotic out of 

the cell.  
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Firgure 6. Mechanism of Transport within ABC Proteins. 

 

Over expression of ABC proteins has been heavily studied in the context of the 

protein ABCB1, more commonly known as P-glycoprotein (P-gp).8-11 P-gp was a major 

target in the clinic to overcome resistance; however, clinical failure over the last 3 decades 

can be attributed to toxicity due to the fact P-gp is highly expressed in numerous tissue 

types (liver, kidney, intestine, blood-brain barrier, for instance) and plays a key role in the 

body’s ability to transport xenobiotics out of cells.12, 13 A safer alternative to targeting P-

gp would be to target other ABC proteins that are over expressed in specific cancer types 

to gain selectivity thus alleviating toxicity issues. Inhibition or blockade of these other 

ABC proteins may demonstrate a novel approach to overcome chemoresistance.  

 One cancer type that is affected by MDR and CSCs is breast cancer. One of the 

most common chemotherapeutic agents used for breast cancer are a class of drugs called 

the taxanes.14 Research in this field has shown that ABC proteins, including P-pg and 

another protein ABCC10 that is over expressed in breast cancer, have the ability to efflux 

chemotherapeutics, such as the taxanes, out of cancer cells.1 Recently, in breast cancer 

tumor samples, expression of ABCC10 has been shown in 100% of HER2-positive, 85% 
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of HER2-negative, and 64% of triple-negative. Studies conducted on ABCC10 have shown 

in vitro and in vivo that overexpression of ABCC10 confers resistance to taxanes.15-17 

Moreover, studies on ABCC10-null mammary tumors have shown that they are sensitive 

to taxane treatment and have increased survival in ABCC10 knockout mice when 

compared to the wild-type mice following treatment with docetaxel.18 Furthermore, 

research on ABCC10 has shown that multiple facets of tumor biology are affected within 

breast cancer by ABCC10 such as metastasis, proliferation, and migration. These 

implications show the ABCC10 plays a vital role in all areas of chemoresistance, not just 

drug efflux.19, 20 The ability to overcome multiple facets of resistance, with ABCC10 as a 

drug target, is an novel and appealing strategy. The general approach for targeting 

ABCC10, is outlined in Figure 7, where resistance cancer cells over expressing ABCC10 

can be treated with an ABCC10 inhibitor and chemotherapeutic to effect cell death. 

Currently, there are very few inhibitors of ABCC10, with the most potent one being 

cepharanthine, and none of the inhibitors are selective.16, 21-28  

 

 

Figure 7. General Approach to Combat Multidrug Resistance in Resistant Breast Cancer. 
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Knowing the vincristine-resistant KB cells overexpress P-gp, we hypothesized that 

(‒)-akuammicine (6), (‒)-alstolucines A (8), (‒)-alstolucines B (9), (‒)-alstolucines F (10), 

(‒)-echitamidine (51), and (‒)-N-demethylalstogucine (50) would be able to inhibit ABC 

proteins. To this end, these natural products were tested to determine their activity against 

ABC proteins, their selectivity for ABCC10 over P-gp, and their ability to sensitize 

resistance cells back to taxane treatment.  

 

2.1.2 ABCB1 and ABCC10 ATPase Assays 

 In collarboration with Elizabeth Hopper-Borge at Fox Chase Cancer Center, the 

natural products (‒)-akuammicine (6), (‒)-alstolucines A (8), (‒)-alstolucines B (9), (‒)-

alstolucines F (10), (‒)-echitamidine (51), and (‒)-N-demethylalstogucine (50) were tested 

for multidrug resistance activity against ATP-Binding Cassette Proteins B1 (ABCB1) and 

C10 (ABCC10) via ATPase assays using endpoint inorganic phosphate as previously 

described.22 (‒)-Alstolucines B (9) and (‒)-alstolucines F (10) were shown to inhibit 

ABCC10 at ~40-50% at 12.5 μM and 50 μM, respectively (Figure 8). The remaining 

compounds that were tested showed no to modest inhibition of ABCC10.  
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Figure 8. The effect of pentacyclic Strychnos alkaloids on ABCC10 ATPase activity. The 

ability of alstolucines and demethylalstogucine to inhibit ABCC10 ATPase activity was 

tested using a range of concentrations of (‒)-alstolucine A (8) in yellow, (‒)-alstolucine B 

(9) in blue, (‒)-alstolucine F (10) in red, and (‒)-N-demethylalstogucine (50) in green. (‒)-

Alstolucine B (9) and (‒)-alstolucine F (10) showed the best inhibition (~40-50%) at 12.5 

μM and 50 μM, respectively. Experiments (N=3) were performed with duplicate samples.  

 

Furthermore, these compounds were tested using the same ATPase assay with 

endpoint inorganic phosphate against ABCB1 (P-gp) to determine their selectivity for the 

two proteins (Figure 9).  (‒)-Alstolucine A (8), (‒)-alstolucine B (9), and (‒)-alstolucine F 

(10) did not inhibit ABCB1 while (‒)-N-demethylalstogucine (50) was able to inhibit 

ABCB1 with ~35-37% at 2.08 μM and 6.25 μM, respectively. Overall, (‒)-alstolucine B 

(9) and (‒)-alstolucine F (10) are more potent than the best, known inhibitor of ABCC10, 

cepharanthine (50% inhibiton versus 20% inhibition). Moreover, (‒)-alstolucine B (9) and 
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(‒)-alstolucine F (10) show selectivity for ABCC10 over ABCB1 unlike cepharanthine and 

the other known inhibitors of ABCC10.  

 

 

Figure 9. The effect of pentacyclic Strychnos alkaloids on ABCB1 ATPase activity. The 

ability of alstolucines and demethylalstogucine to inhibit ABCB1 ATPase activity was 

tested using a range of concentrations of (‒)-alstolucine A (8) in yellow, (‒)-alstolucine B 

(9) in blue, (‒)-alstolucine F (10) in red, and (‒)-N-demethylalstogucine (50) in green. (‒)-

N-demethylalstogucine (50) showed the only inhibition (~35-37%) at 2.08 μM and 6.25 

μM, respectively. Experiments (N=3) were performed with duplicate samples.  

 

 Overall, the ATPase assays determined that (‒)-alstolucine B (9) and (‒)-

alstolucine F (10) were able to selectively inhibit ABCC10 over P-gp. However, the 

potency of (‒)-alstolucine B (9) and (‒)-alstolucine F (10), low μM, serve as good hit 

compounds but will need to be improved upon in future work. Before turning to medicinal 
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chemistry and optimizing the compounds it was important to first test the ability of (‒)-

alstolucine B (9) and (‒)-alstolucine F (10) ability to mediate paclitaxel resistance in vitro. 

 

2.1.3 ABCC10-mediated Paclitaxel Resistance Assay 

 The resistance profile of ABCC10 was previously studied and determine using two 

HEK 293 cell line, in which ABCC10 is overexpressed, as well as a vector-only transfected 

line.15 These cells lines were used to determine if the alstolucine natural products are able 

to inhibit ABCC10 in vitro. To this end, standard cellular proliferation assays were 

conducted to determine in vitro modulation of ABCC10’s resistance against taxane drub 

paclitaxel. As depicted in figure 10, (‒)-alstolucine B (9) and (‒)-alstolucine F (10) were 

able to reverse ABCC10’s resistance to paclitaxel, completely at 10 μM, by resensitizing 

the overexpressed ABCC10 transfected cell line back to similar levels as the vector-only 

transfected cell line.  
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Figure 10. Alstolucines inhibit ABCC10 mediated paclitaxel resistance. (A) Alstolucine F 

(3, red), (B) Alstolucine B (2, blue) and (C) Akuammicine (1, purple) reverse ABCC10 

mediated paclitaxel resistance in two ABCC10 transfectants (▲,●) to levels of non-

transfected control cell lines (∆). (D) Alstolucine A (5, orange) does not reverse ABCC10 

mediated resistance. Green line represents the control non-transfected cell line. Black lines 

represent the survival of ABCC10 overexpressing cell lines in the absence of inhibitor. 

Compounds were tested at 12.5 μM. 

 

 In conclusion, through collaboration with Elizabeth Hopper-Borge at Fox Chase 

Cancer Center, it was shown that (‒)-alstolucine B and (‒)-alstolucine F are selective 

inhibitors of ABCC10 and are able to resensitize the ABCC10-transfected cell lines to 
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paclitaxel when compared to the vector-only transfected cell lines. Although, (‒)-

alstolucine B (9) and (‒)-alstolucine F (10) pose only low micromolar activity they are the 

first selective inhibitors of ABCC10. Furthermore, they are capable of inhibiting ABCC10 

to a greater extent than the current best in class inhibitor, cepharanthine23 and can serve as 

both tool compounds and hit compounds for future work. To this end, we turned to 

determining binding site of (‒)-alstolucine B (9) and (‒)-alstolucine F (10) to ABCC10 

using photoaffinity labeling. We believed that by determining the binding site we could 

validate a homology model of ABCC10, developed by collarborators Mark Andrake and 

Roland Dunbrack from the Fox Chase Cancer Center, which could be used to rationally 

design more potent analogs using structure based design methods. Additionally, the 

ATPase assays showed, that although (‒)-alstolucine A (8) was slightly less active 

functionalization of the pendant ketone was tolerated allowing for attachment of the photo 

probe at this location. 

 

2.2 Progress Towards Binding Site Determination 

2.2.1 Introduction 

 Chemical proteomics has become a dominate area of research, especially for target 

identification and mechanism of action studies.29 Photo-affinity labeling (PAL) was first 

introduced in the early 1960’s by Westheimer30 and is a technique in which a chemical 

probe bearing a group that is activated by light is used to covalently bind to its target 

(Figure 11).29, 31-34 This covalent modification allows for the identification of the target as 

well as the location that the probe bound. PAL has widely been used in the study of protein 

ligand interactions especially in the medical chemistry and drug discovery fields. Relevant 
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to the studies described herein is the use of PAL to determine the binding site of inhibitor 

to P-gp (ABCB1).13, 35-39  

 

 

Figure 11. Overall Approach for Determining the Binding Site of ABCC10 using 

Photoaffinity Labeling and Mass Spectrometry.  

 

 Numerous photoaffinity groups have been developed over the past 60 years (Figure 

12A). The three most commonly used photo-affinity groups for covalent modification are 

the arylazide, benzophenone, and diazrine (Figure 12B).32,40  
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Figure 12. Photoaffinity Groups. (a) functional groups used for photoaffinity labeling32 (b) 

activation of the three most common photoaffinity groups: azide, benzophenone, and 

diazrine, respectively. 

 

Although arylazides can easily be prepared they suffer from numerous 

disadvantages when compared to the other two photo-affinity groups. Arylazides use 

shorter wavelengths (~265nm) which leads to an increase in protein degradation and 

damage. Furthermore, the resulting nitrenes tend to have lower labeling yields as well as 

increased amounts of non-specific labeling which is caused by the rearrangement of the 

nitrene to the keteimines.40 Upon activation benzophenones produce the reactive diradical 

that is capable of hydrogen abstraction and insertion into peptide bonds. Benzophenones 

requires long wavelengths of UV light (~350nm) which is an advantage due to little 

interaction with solvent and degradation of the biological sample; however, 
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benzophenones require longer irradiation times leading to increased non-specific labeling 

to the protein.40 The diazrines, like the benzophenones, use long wavelengths of light 

(~360nm) but tend to be smaller in size when compared to benzophenones, which is of 

beneficial for a photo-affinity probe so that the incorporated group does not interfere with 

the compounds ability to bind to its target. Irradiation of diazrines affords the carbene 

which is capable of rapid binding to the target through various bond types including C – 

C, C – H, O – H, and X – H bonds.40 With these advantages and disadvantages in mind, 

we set out to make probe analogs that incorporated both a benzophenone and diazrine 

group due to the fact that both required the higher wavelength of light to limit protein 

degradation, use within the literature, and ease of synthesis of the photogroups and 

attachment. We also thought the disadvantages of the size of the benzophenone would not 

hinder our experiments due to the location of the probe and use of a linker; however, if the 

size did alter binding ability we would be able to visualize this by using the other 

photogroup, the diazrine, that is smaller in size.  

 

 

Figure 13. Overview of Photoaffinity Experiments. 
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 Once the photo-affinity group has covalently bound to the target, the remaining 

steps in determining either identification of the target or the location of the binding site 

include isolation of the of the complex using gel electrophoresis or streptavidin, digest of 

the protein-ligand complex using tryptic digest to afford peptide fragments, mass 

spectrometric analysis of the peptide fragments, and identification of peptide fragments 

using online sources such as ExPASy, BLAST, and MASCOT. 31-34 

 

2.2.2 Design and Synthesis of Probe Analogs 

 Based on the results of the ATPase assays and the fact that (‒)-alstolucines A (8), 

(‒)-alstolucines B (9), and (‒)-alstolucines F (10) were all active against ABCC10 it was 

rationalized that attachment of a photoaffinity group through pendant ketone, such as seen 

in (‒)-alstolucine A (8), would retain activity (highlighted in red, Figure 14).  

 

 

Figure 14. Proposed Site of Attachment of the Photoaffinity Probe. 

 

To this end, the proposed probe analogs would require attachment of a photoaffinity 

probe to the reduced versions of (‒)-alstolucine B (9), and (‒)-alstolucine F (10), (‒)-

echitamidine (51), and (‒)-N-demethylalstogucine (50) respectively. The two affinity 

handles used were 2-(4-benzoylphenoxy)acetic acid 122 and 3-(3-methyl-3H-diazirin-3-
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yl)propanoic acid 125. These two affinity handles were chosen due to their small size, their 

use within the literature in photoaffinity labeling, and ease of synthesis.  

 

Scheme 29. Synthesis of Photoaffinity Analogs of (‒)-Echitamidine (51) and (‒)-N-

demthylalstogucine (50). 

 

 

 Carbodiimide coupling of benzophenone acid 122 to either (‒)-echitamidine (51) 

or (‒)-N-demethylalstogucine (50) with EDC•HCl in the presence of DMAP afforded 

photo-affinity analogs 123, in 44%, and 124, in 51% unoptimized yields. Carbodiimide 

coupling of diazirine 125 to (‒)-N-demethylalstogucine with EDC•HCl in the presence of 

DMAP afforded photo-affinity analog 126 in 68% unoptimized yield.  

 

2.2.3 Photo-affinity Labeling and Mass Spectrometry 
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 With tool compounds in hand, attention was turned to the photoaffinity labeling of 

ABCC10. ABCC10, purified in the Hopper-Borge laboratory at Fox Chase Cancer Center, 

was incubated with varying concentrations of photo-affinity analogs 123, 124, 125. Of 

note, the photoaffinity analogs containing the benzophenone group, 123 and 124, suffered 

from solubility issues within the buffers for the photo-affinity experiments. Irradiation of 

the protein and photo-affinity solution with ~350 nm UV light for varying times (1-10 

minutes) generated the reactive diradical, in the case of the benzophenone analogs 123 and 

124, and the carbene, in the case of the diazirine analog 125. The reactive intermediate 

covalently functionalized spatially proximal residues in ABCC10.40-43 Purification and 

identification of ABCC10 was accomplished using Western Blot and gel staining 

(Coomassie and silver staining)22 with the following controls The HiMark Prelabeled 

Protein Ladder (Invitrogen), negative control (membrane without ABCC10), positive 

control (membrane sample with ABCC10 overexpressed in High Five insect cells as 

previously described22). Samples were prepared in Tris-HCl, pH 7.5 buffer and run on the 

3-8% Tris-Acetate gel, which separates high molecular weight proteins, such as ABCC10. 

Samples were prepared in SDS and DTT with heating which improved the efficiency of 

purification, identification, and extraction of ABCC10. To confirm the ABCC10 protein 

band, Western blot, as previously described, silver staining, and Coomassie staining were 

used. 

 Once ABCC10 was identified using the Coomassie staining, under the same 

conditions described above, the protein band was excised from the gel and used for In-Gel 

Digest, a successful technique that is commonly used with proteomics.24 Since the probe 

125 is 450 Da, there is no significant difference in gel migration between non-
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functionalized and functionalized ABCC10. The protein bands were excised from the gel 

and cubed. The pieces were washed with ultrapure water and ammonium bicarbonate 

incubated with DTT at 56˚C for one hour to cleave disulfide bonds followed by incubation 

with iodoacetamide at room temperature, in the dark, for 30 minutes to alkylate the cysteine 

residues and prevent reformation of the disulfide bonds (all of which is necessary for 

optimum trypsin digest of ABCC10).44 The resulting protein was digested with trypsin, an 

enzyme that cleaves the carboxyl side of peptides at the amino acids lysine and arginine 

except when followed by a proline, at room temperature overnight. The resulting peptides 

were extracted from the gel using varying concentrations of organic solvent (MeOH or 

CH3CN) and water with trifluoroacetic acid. The combined extracts were concentrated with 

a Savant Speed Vac SC100 and purified using C18 ZipTips. The purified samples were run 

on MALDI-TOF. The resulting masses obtained were then used to identify the peptide 

fragments. 

The processing of photoaffinity-labeled ABCC10 with commercial trypsin 

(Promega, Madison, WI) will cleave the macromolecule at known sites (full sequence of 

ABCC10 shown in Figure 15). Based on the known protein sequence of ABCC10, we 

anticipate the formation of at least 111 fragments. The ABCC10 peptides can be identified 

using online sources such as ExPASy and MASCOT, which take into account common 

modifications that naturally occur during the isolation of ABCC10 and during the 

experimental procedures. 
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Figure 15. Sequence of ABCC10. Two fragments identified in preliminary experiments as 

potential binding sites highlighted in red. 

 

 Preliminary experiments have shown the successful extracted ABCC10, as well as 

identification of two peptides with corresponding mass increase of the photo-crosslinked 

inhibitor (highlighted in red, Figure 15). The first one at 987.4854 mass weight (sequence: 

AAPNGSSDIR, located at position 956-965) and the second one at 420.2201 mass weight 

(sequence: ASSR, located at position 1087-1090). Interestingly, this second peptide is at a 

position consistent with the entry gateway of the protein previously highlighted11 where 

liphophilic drugs within the lipid bilayer enter the cavity created by the TM helices (Figure 

16). This peptide is found at the same exact gateway position when modeling the human 

protein with several different template transporters. Additional experiments to further 

validate binding of the inhibitor at these locations will be necessary to confirm the binding 

site of (‒)-alstolucine B, and (‒)-alstolucine F to ABCC10. 
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Figure 16. Binding Site of Inhibitors of P-gp. (a) crystal structure of P-gp, and (b) 

binding cavity of small molecules to P-gp highlighted in green.  

 

2.3 Future Work  

 Future studies using a bifunctional probe should be conducted in order to easily 

isolate ABCC10 and covalently functionalized ABCC10 using streptavidin. This can be 

achieved by attaching a photoaffinity probe bearing both a diazrine and alkyne to the same 

location (Figure 17). Additionally, the photoaffinity probe should be attached to other 

locations on the compounds to ensure the proper binding of the inhibitor to ABCC10. The 

probe can be attached through the methyl ester, on the benzene ring of the indole, and α to 

the tertiary nitrogen (highlighted in red, Figure 17).  

 

 

Figure 17. Bifunctional Photoaffinity Probe and Locations of Attachment. 
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Further optimizations can be made by purifying the peptides that result from the 

tryptic digest using UHPL. This will help to identify a larger number of peptides, especially 

those that are in relatively low concentrations due to the fact that when injected on the Mass 

Spec as a mixture of peptides their mass signals may be overpowered by the other masses. 

Increasing the number of identified peptide will also help to increase the sequence coverage 

of the protein, which can also be achieved by using other cleaving enzymes, such as 

chymotrypsin, in junction with trypsin. Once the binding site is determined and the 

homology model is validated, we can use the homology model in structure based design to 

rationally compose a set of analogs to find more potent analogs of (‒)-alstolucine B (9) and 

(‒)-alstolucine F (10). Sites that can be altered chemically are shown in Figure 18. 

 

 

Figure 18. Proposed Sites of Manipulation to Access Analogs.  

 

2.4 Conclusions  

 In summary, (‒)-alstolucine B (9) and (‒)-alstolucine F (10) are selective inhibitors 

of ABCC10 and are able to resensitize the ABCC10-transfected cell lines to paclitaxel 

when compared to the vector-only transfected cell lines. The synthesis of two different 

affinity probes was accomplished and used in preliminary studies to determine the binding 

location of the alstolucine natural products to ABCC10. Two fragments were identified as 
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leads to be further investigated. Future studies entail the use of a bi-functional affinity 

probe in order to take advantage of streptavidin to isolate large quantities of protein-ligand 

complex thus increasing the number of peptide fragments isolated and protein sequence 

coverage. 
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CHAPTER 3 

 SEMI-SYNTHESIS AND BIOLOGICAL EVALUATION OF BIS-STRYCHNOS 

ALKALOIDS: (‒)-STRYCHNOGUCINE B, (‒)-ISOSUNGUCINE, AND (‒)-

SUNGUCINE 

3.1 Introduction 

Bis-Strychnos alkaloids represent a class of structurally complex natural products 

with unique biological activities. In 1979, Angenot and co-workers isolated the bis-

Strychnos alkaloid (‒)-sungucine (131) from Strychnos icaja.1 A year later, in 1980, the 

absolute stereochemistry was established using X-ray crystallography.2 In the early 2000’s, 

Strychnos icaja was reinvestigated by Frédérich and co-workers. During their studies, 

several new bis-Strychnos alkaloids were isolated including (‒)-isosungucine (130) and (‒

)-strychnogucine B (129) (Figure 19).3 

 

 

Figure 19. Structures of Bis-Strychnos Alkaloids (‒)-Strychnogucine B (129), (‒)-

Isosungucine (130), and (‒)-Sungucine (131). 
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 Initial studies looking at the biological properties of these bis-Strychnos alkaloids 

carried out by Frédérich and co-workers showed that (‒)-strychnogucine B (129), (‒)-

isosungucine (130), and (‒)-sungucine (131) all possess antiplasmodial and anticancer 

activities.3-8 Inspired by the complexity of these bis-Strychnos alkaloids, their unique 

biological activities, which will be discussed in further detail within the chapter, and access 

to Strychnos alkaloids (‒)-akuammicine (6) and (‒)-strychnine (7), the Andrade laboratory 

set out to synthesize (‒)-strychnogucine B (129), (‒)-isosungucine (130), and (‒)-

sungucine (131). 

 

3.2 Previous Study 

3.2.1 First Generation Strategy 

The initial approach developed to synthesize (‒)-strychnogucine B (129), (‒)-

isosungucine (130), and (‒)-sungucine (131) undertaken by Dr. Senzhi Zhao took 

advantage of the bis-cyclization strategy used to construct the ABCE tetracyclic core of 

Strychnos alkaloids such as (‒)-akuammicine (6) (Chapter 1, Scheme 21). It was 

envisioned that (‒)-akuammicine (6) could be converted to the β-ketoamide using a 

protocol that was first reported by Kuehne in his synthesis of (±)-strychnine (7) (Chapter 

1, Scheme 6, 40 to 41).9 The anion of the β-ketoamide would act as a northern synthon 

(132) for the coupling of the two Strychnos monomers (Scheme 30). The southern synthon 

(133) consisted of an iminium generated using a Polonovski-Potier reaction with (‒)-

strychnine (7).  
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Scheme 30. The Initial Retrosynthesis of (‒)-Strychnogucine B (129). 

 

 

 Exploratory work on using this strategy for the synthesis of (‒)-strychnogucine B 

(129) was unsuccessful and an alternative strategy was adopted. The alternative approach 

aimed to replace the northern synthon, due to the lack of success, while maintaining the 

southern synthon as an efficient method was developed to access this material.  

 

3.2.2 Second Generation Strategy 

3.2.2.1 Retrosynthesis 

The most efficient way to synthesize (‒)-strychnogucine B (129), (‒)-isosungucine 

(130), and (‒)-sungucine (131) would be through a semi-synthesis approach where (‒)-

strychnine (7) would serve as the starting materials for both the northern and southern 

fragments (Scheme 31). The decision to use (‒)-strychnine (7) as the starting material had 

numerous advantages. (‒)-Strychnine (7) is isolated in the presence of numerous other 
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Strychnos alkaloids, such as (‒)-isostrychnine (43), that could be intermediates within the 

biosynthesis of (‒)-strychnine (7) and would be available as coupling partners in the 

biosynthesis of (‒)-strychnogucine B (129), (‒)-isosugucine (130), and (‒)-sungucine 

(131). Furthermore, (‒)-strychnine (7) is commercially available at low cost ($1.5/g from 

Fisher Scientific). Lastly, to be able to use (‒)-strychnogucine B (129), (‒)-isosugucine 

(130), and (‒)-sungucine (131) for biological testing it is necessary to have enantiopure 

material and (‒)-strychnine (7) would serve this purpose. To this end, it was envisioned 

that (‒)-sungucine (131), and (‒)-isosungucine (130) could be accessed from (‒)-

strychnogucine B (129) via ring opening of the southern oxepine ring and subsequent 

deoxygenation of the two allylic alcohols (Scheme 31).  

 

Scheme 31. Retrosynthesis of (‒)-Strychnogucine B (129), (‒)-Isosungucine (130), and 

(‒)-Sungucine (131). 

 

 

It was proposed that dimerization to form (‒)-strychnogucine B (129) could be 

accomplished using the same iminium southern synthon (133) and an alternative northern 
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synthon (134), which both fragments could be obtained from (‒)-strychnine (7). The 

northern synthon could be arrived at from ring opening of the oxepine to (‒)-isostrychnine 

(43) followed by protection of the allylic alcohol and formation of the enolate. Again, the 

southern synthon could be access using a Polonovski-Potier reaction. 

 

3.2.2.2 Forward Synthesis 

3.2.2.3 Synthesis of Southern Coupling Fragment 

As previously mentioned, it was proposed that the formation of the southern 

iminium synthon could be realized using a Polonovksi-Potier reaction, which has been 

employed in the formation of iminium ions via activation of a tertiary N-oxide using an 

acylating reagent.10 The resulting iminium can be used in situ or is commonly trapped as 

the α-amino nitrile due to the stability of these compounds and the ability to isolate the 

intermediate. The α-amino nitriles can be activated to reproduce the iminium using various 

Brønsted or Lewis acids and used in subsequent reactions with nucleophiles. Examples of 

the Polonovski-Potier reaction used to generate α-amino nitriles and subsequent iminiums 

can be found in the work of Husson and Lounasmaa. Husson’s work utilized 2-cyano-3--

piperideines as a source of iminium for the cyclization of the E ring of Corynanthe and 

Strychnos alkaloids.11-14 Lounamaa’s work focused on the reduction and trapping of 

pyridinium salts as the α-amino nitriles, which were activated and used in the synthesis of 

the 1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizine scaffold as well as 

eburnamonine.15-17 

To employ the abovementioned strategy, (‒)-strychnine (7) was treated with 

hydrogen peroxide to produce the N-oxide 135 required for the Polonovski-Potier reaction 
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(Scheme 32). Generation of the iminium from the N-oxide 135 using TFAA and successive 

trapping with potassium cyanide afforded a mixture of α-amino nitriles that were 

inseparable.  

 

 

Scheme 32. Polonovski-Potier Reaction with KCN as a Trapping Agent. 

 

Considering that three different iminiums (137-139, Figure 20) could form from 

activation of the N-oxide 135, base was employed with the goal of increasing selectivity 

for one of the iminiums over the others using acidity and sterics.  

 

Figure 20. Three Possible Iminiums Formed from the Polonovski-Potier Reaction of (‒)-

strychnine N-oxide (135). 
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However, the only product obtained upon treatment of 135 with TFAA in the 

presence of triethyl amine was the vinylogous trifluoromethyl amide which had been 

confirmed using x-ray crystallography (Scheme 33). 

 

 

Scheme 33. Polonovski-Potier Reaction in the Presence of Base. 

 

It was previously reported in the literature that some iminium salts produced from 

Polonovski-Potier reactions were stable in the absence of using a trapping reagent18 

(Scheme 34). To this end, isolation of the strychnine iminium was undertaken and upon 

purification the only product formed was carbinolamine 142 (R = H). Given this result, it 

was believed that the formation of the iminium was occurring followed by trapping with 

hydroxide ions generated in the workup of the reaction. With this knowledge, potassium 

hydroxide was explored as a trapping agent which afforded the secondary carbinolamine 

141 and tertiary carbinolamine 142 (R = H). Upon purification using methanol and 

dichloromethane the carbinolamines 141 and 142 underwent exchange of the hydroxyl 

group (R = H) to the methoxy ether (R = Me), which were more stable.  
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Scheme 34. Synthesis of the Southern Coupling Fragment 141. 

 

Detailed studies into the formation of the iminiums 141 and 142 and subsequent 

trapping were conducted by Dr. Senzhi Zhao but will not be discussed in full here.19 With 

access to the southern coupling fragment 141, attention was turned to the synthesis of the 

northern coupling fragment.  

 

3.2.2.3.1 Synthesis of Northern Coupling Fragment 

Synthesis of the northern coupling fragment called for the opening of the oxepine 

ring of (‒)-strychnine (7) to afford (‒)-isostrychnine (43). Studies, mostly conducted on the 

degradation of (‒)-strychnine (7), had shown multiple methods for the formation of (‒)-

isostrychnine (43) dating back to 1905 (Scheme 35). The known methods to (‒)-

isostrychnine (43) were outdated, using reagents such as 66%HBr/HOAc which is no 

longer commercially available, low yielding, and irreproducible calling for a new strategy 

to form (‒)-isostrychnine (43).  
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Scheme 35. Previous Syntheses of (‒)-Isostrychnine (43).  

 

 

Upon inspection of the desired reaction it was realized that two steps needed to be 

effected: (1) the elimination of ether oxygen in the oxepine ring from the more accessible 

β position of the lactam, and (2) isomerization of the α,β unsaturated lactam to the β,γ 

unsaturated lactam.  In order to effect this transformation, a suitable base was needed that 

would favor the elimination of the ether over attack at the lactam, which was an issue seen 

within the degradation work on (‒)-strychnine (7) when using alkaline conditions such as 

sodium ethoxide or barium hydroxide. Based on this hypothesis it was believed that a bulky 

non-nucleophilic base would be able to effect this transformation. To this end, use of the 

non-nucleophilic amidine bas, 1,8-diazabycyclo[5.4.0]undec-7-en (DBU), was chosen. 

Knowing that Pictet was able to form (‒)-isostrychnine (43) in H2O, the reaction with DBU 

was conducted in H2O at elevated temperatures (150 ⁰C); however, there was no product 

formation. Changing the solvent to DMSO also provided no reaction nevertheless 

switching to a polar, aprotic solvent, such as DMF, afford (‒)-isostrychnine (43) in low 
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yields (29%). Given the boiling point of DMF, other high-boiling, polar, aprotic solvents 

were investigated. After optimization, treatment of (‒)-strychnine with DBU in deaerated 

NMP at 200 ⁰C for 40 minutes afforded (‒)-isostrychnine (40%) and the double bond 

regioisomer (21%) in an overall 61% yield (2:1 ratio) (Scheme 36).19, 20 Upon increasing 

the reaction time the ratio of the α,β unsaturated lactam to the β,γ unsaturated lactam (43) 

decreased causing a higher formation of the undesired α,β unsaturated lactam. The possible 

reaction pathways were studied using DFT by Dr. Graham Dobereiner (Temple University, 

Chemistry Department) to help explain why, what appears to be the less stable β,γ 

unsaturated lactam (43) was formed as the major product. It was determined that the β,γ 

unsaturated lactam (43) was 7 kcal/mol lower in energy compared to the α,β unsaturated 

lactam. Furthermore, protonation α to the lactam had a slightly lower activation barrier due 

to sterics. This also explains the higher yield of the α,β unsaturated lactam with increased 

reaction times due to the ability to overcome the high activation barrier given more time.19, 

20  

 

Scheme 36. Synthesis of the Southern Coupling Fragment 143. 

 

 

Isolation of (‒)-isostrychnine (43), via flash column chromatography, proved to be 

difficult due to the lack of separation between the isomers and the highly polar nature of 

the compounds. To rectify this, a one-pot reaction was used to directly protect the mixture 
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of isomers with TBSCl in the presence of imidazole. The desired β-γ unsaturated lactam 

143 was formed in 50% yield while the α,β unsaturated lactam 144 was isolated in 26% 

yield. With the northern and southern fragments realized attention was focused on the 

coupling  of the two fragments.  

 

3.2.2.3.2 Mannich Coupling  

In order to forge the C – C bond connecting the northern and southern fragments of 

the bis-Strychnos alkaloids, the venerable Mannich reaction was pursued (Scheme 37). 

Mannich reactions are one of the most prominent methods in the literature for forming C – 

C bonds between imines and acidic C – H bonds.21-24 Despite the wide use of the Mannich 

reaction, the utilization of amide enolates was unprecedented most likely due to the fact 

that amides require stronger bases to form the enolates and these conditions may not be 

compatible with the conditions used to generate the iminium. A survey of the literature 

showed that lithium enolates generated from ketones could be reacted in the presence of 

BF3•OEt2, demonstrating that BF3•OEt2 could be used as a Lewis acid for iminium ion 

formation.25 Furthermore, it was known in the literature that Grignard reagents undergo 

reactions with iminium ions which implied that Grignard reagents do not facilitate the 

isomerization of the iminium ions to the enamine.26, 27  
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Scheme 37. Mannich Coupling of the Northern 141 and Southern 143 Fragments. 

 

 

 With the coupling strategy in place, generation of the lithium amide enolate was 

effected using LDA and 143 (Scheme 37). Generation of the Grignard reagent was 

achieved by the addition of MgBr2•OEt2 to the lithium amide enolate. Sequential addition 

of the iminium precursor 141 and BF3•OEt2 to the newly formed Grignard reagent effected 

the coupling of the northern and southern fragments to afford dimer 146 as a pair of epimers 

in yields ranging from 55 to 80%. Of note was the fact that yields of the coupling were 

higher when 2 equivalents of LDA were used despite the need for only one equivalent 

based on the proposed mechanism. Also, of note was the quality of MgBr2•OEt2 that was 

used. Detailed analysis of these findings were pursued and will be discussed later in this 

chapter. With the dimer 146 in hand, the focus was now shifted to the synthesis of (‒)-

strychnogucine B (129). 

 

3.2.2.3.3 Synthesis of (‒)-Strychnogucine B (129) 

There are two remaining steps to arrive at (‒)-strychnogucine B (129), which 

required desilylation and isomerization of an alkene. In order to remove the TBS group, 
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146 was treated with HF in a solution of pyridine (Scheme 38). During the course of the 

reaction not only was the silyl group removed but 146 underwent epimerization at C23 to 

give 147 as a single isomer.  

 

Scheme 38. Endgame in the Synthesis of (‒)-Strychnogucine B (129). 

 

 

The remaining step in the synthesis of (‒)-strychnogucine B (129) was the 

isomerization of the β,γ unsaturated lactam in the northern half to the α,β unsaturated 

lactam. Inspiration for this transformation came from Magnus’s work on the synthesis of 

(‒)-strychnine (7) via the conversion of (‒)-isostrychnine (43) to (‒)-strychnine (7).28 In 

this work, Magnus was able to isomerize (‒)-isostrychnine (43) by refluxing in t-BuOH in 

the presence of cesium carbonate. To effect the isomerization, a solution of 147 in t-BuOH 

with cesium carbonate was heated to 85 ⁰C and to our delight (‒)-strychnogucine B (129) 

was obtained in 70 to 80%. With the sub-goal of the synthesis of (‒)-strychnogucine B 

(129) met, attention was shifted to the synthesis of (‒)-isosungucine (130), and (‒)-

sungucine (131). 
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3.2.2.3.4 Synthesis of (‒)-Isosungucine (130) and (‒)-Sungucine (131) 

  To convert (‒)-strychnogucine B (129) to (‒)-isosungucine (130), and (‒)-

sungucine (130) two transformations remained, (1) ring opening of the oxepine in the 

southern half, and (2) deoxygenation of the two allylic alcohols. With the knowledge 

gained from the oxepine ring opening in the synthesis of the northern fragment 143 

(Scheme 36), a solution of (‒)-strychnogucine B (129) in NMP in the presence of DBU 

was heated at 200 ⁰C for 40 minutes and to our delight the desired ring opening occurred 

to furnish 148 as a pair of isomers (Scheme 39). Significantly, the pair of isomers, produced 

via the ring opening, provided access to both (‒)-isosungucine (130), and (‒)-sungucine 

(131). The second transformation, deoxygenation of the two allylic alcohols, proved to be 

more challenging than first thought given the wide range of deoxygenation conditions 

available. After screening, various methods for the deoxygenation (e.g., palladium-

catalyzed reduction with a hydride source, MsCl/LiBEt3H, and thiocarbonyl 

diimidazole/tributyltin hydride) treatment with Ac2O was used to first form the allylic 

acetates 149 in 67% overall yield for the two steps. The allylic acetates 149 were treated 

with 33% HBr in HOAc to effect the nucleophilic substitution of the acetate for a bromide. 

Subsequent reduction of the bromide with hydride was required to form (‒)-isosungucine 

(130), and (‒)-sungucine (131). To this end, various hydrides were screened for the 

reduction including LiAlH4, NaBH(OMe)3, Zn, Superhydride, and NaCNBH3 with 

NaCNBH3 providing the best yield for the reaction.  Treatment of 150 with NaCNBH3 in 

DMF for 24 hours afforded (‒)-isosungucine (130), and (‒)-sungucine (131) in an overall 

40-50% yield and a ratio of 2:1, respectively.  
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Scheme 39. Synthesis of (‒)-Isosungucine (130) and (‒)-Sungucine (131) from (‒)-

Strychnogucine B (129). 

 

 

 Andrade’s synthesis of (‒)-strychnogucine B (129), (‒)-isosungucine (130), and (‒

)-sungucine (131) marks the first total synthesis of these bis-Strychnos alkaloids. The key 

features of the synthetic rout include the use of the Polonovski-Potier reaction to generate 

the iminium ion for the coupling reaction as well as the deoxygenation of the two allylic 

alcohols in tandem. 20 

 

3.3 Present Study 

During the synthesis of (‒)-strychnogucine B (129), (‒)-isosungucine (130), and (‒

)-sungucine (131) two reactions, (1) the Polonovski-Potier, and (2) the Mannich coupling 
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required further study to determine how to improve either the selectivity and/or yields as 

well as to answer questions about observations made during the course of the reactions 

such as the role the acylating reagent or water was playing.  

 

3.3.1 Polonovski-Potier Reaction for Synthesis of Southern Fragment 

To better understand the mechanism of the Polonvski-Potier reaction and the 

formation of the secondary and tertiary carbinolamines 141 and 142 additional studies were 

conducted (Figure 21). Questions that we sought to answer, via mechanistic studies, 

included (1) why do we observe product formation from 2 of the 3 iminiums formed, (2) 

what is dictating the formation of the iminiums, and (3) how can we bias the system to 

afford our desired iminium regioselectively? We hypothesized that the formation of the 2 

iminiums were favored due to the conformation of the rings within the natural product and 

sterics due to having to deprotonate to form the iminium. 

 

 

Figure 21. Structures of Polonovski-Potier Products. 

 

The first study used DFT calculations (mPW1PW91/cc-pvdz) to determine the 

relative free energies of the three iminium ions that could be formed during the reaction 

(Figure 22). This work was completed by Dr. Graham Dobereiner (Temple University, 
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Chemistry Department).  The DFT calculations showed iminium III to have the lowest 

relative energy; however, the carbinolamine derived from iminium III was not isolated in 

the reaction. One possible reason that the relative energy calculation do not explain the 

experimental data is that the DFT calculation cannot take into consideration the effects of 

ion pairing29 and this may be dictating the stability of the iminiums I-III.  

 

 

Figure 22. Relative Energy Associated with the Formation of Each Iminium.  

 

Additional DFT studies were conducted to provide the minimized structure of the 

precursor to the iminium formation: N-acyloxyammonium ion (Figure 23). A prerequisite 

for an E2 elimination, which is the expected pathway for the Polonovski-Potier reaction, is 

the presence of hydrogens that are anti-periplanar to the N-Oacyl bond. Upon study of the 

bond angles, it was found that the hydrogen closest to being anti-periplanar was on C5 with 

a dihedral angle of 148.3⁰. Elimination (E2) of the C5 hydrogen affords iminium I, which 

leads to the major product seen experimentally. Finally, a natural population analysis 

(NPA)30 was conducted of the N-acyloxyammonium ion (Figure 23). The results of this 

study presented that the C7 carbon held the least amount of negative charge while the C7 

hydrogen held the most amount of positive charge. Together, these results suggest that the 
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C7 hydrogen is syn-coplanar to the N-Oacyl bond (11.5⁰) and it has the lowest pKa. Reaction 

at C7 can occur through an E1- or E1cb-like transition state to afford the tertiary 

carbinolamine.31  

 

 

Figure 23. Charges Associated with the C and H Used to Form the Iminiums Based on a 

Natural Population Analysis of the N-acyloxyammonium ion. 

 

 Supplementary to the DFT studies, additional experimental studies were conducted 

looking at the nature of the acylating agent and temperature of the reaction were examined 

(Table 3). In comparison to TFAA, Ac2O and MsCl, on average MsCl gave a higher ratio 

of the desired carbinolamine 141 with an average ratio of 4.8:1 and the highest ratio of 

7.4:1. In general, the reactions with Ac2O and MsCl proceeded at a slower rate and required 

higher temperature for conversion of the starting material to products.  When using TFAA 

as the acylating reagent the temperature seemed to have little effect on conversion to the 

products and their ratio. However, when using Ac2O both the conversion and product ratio, 

favoring the desired isomer, increased with increasing temperature.  
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Table 3.  Polonovski-Potier Reaction of (‒)-Strychnine N-oxide 135. 

 

Entry Acylating Agent Temperature (⁰C) Time (h) 
Percent 

Conversiona 

Ratio of 141 to 

142 

1 TFAA 0 2 49% 1.6:1 

2 TFAA rt 2 58% 1.4:1 

3 TFAA 35 2 52% 1.9:1 

4 Ac2O 0 4 21% 1.3:1 

5 Ac2O rt 4 41% 2.7: 1 

6 Ac2O 35 4 62% 3.1:1 

7 MsCl (3 eq.) reflux 16h 57% 7.4:1 

8 MsCl (5 eq.) reflux 16h 67% 4:1 

9 MsCl (10 eq.) reflux 16h 72% 3:1 

      
aPercent conversion calculated by NMR. Best conditions were repeated for each acylating reagent and 

isolated to confirm yield and ratio of products. 

 

When using MsCl as the acylating reagent the reaction only proceeded under reflux 

affording 57% of 141 and 142 in a 7.4:1 ratio respectively. Upon increasing the equivalents 

of MsCl from 3 to 5 and 10 the yield increased from 57% to 67% and 72%, respectively. 

However, the ration of 141 to 142 decreased with the increased equivalents to 4:1. Even 

though this reaction provided the best ratio of desired product 141 upon scaling the reaction 

higher than 500 mg the yield decreased dramatically and by-product formation was seen. 

In conclusion, the counterion for the iminium that is generated upon acylation of the N-

oxide plays a role in the iminium stability. Formation of iminium I is possible through an 
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E2 type elimination due to the presence of an anti-periplanar hydrogen. Formation of 

iminium II is possible through an E1- or E1cb-like transition state due to the natural charges 

of the C7 carbon and hydrogen. Furthermore, increasing the reaction temperature, 

generally, helps to form the desired carbinolamine 141 in a higher ratio.  

 

3.3.2 Mannich Coupling 

To optimize and gain a better understanding of the Mannich coupling reaction and 

the role Li vs Mg was playing in the reaction studies were conducted to look at the amide 

enolate. To this end, varying equivalents of LDA and MgBr2•OEt2 were used. Of note, the 

use of a new bottle of MgBr2•OEt2 lowered the yield of the reaction while the use of and 

old bottle of MgBr2•OEt2 was able to produce much higher yields. It was believed that 

adventitious water that accumulated in the old bottle of MgBr2•OEt2 helped to quench some 

of the LDA in the reaction. To test if excess LDA was hindering the reaction, the reaction 

was carried out with MgBr2•OEt2 using 2.2 and 1.1 equivalents of LDA. As predicted the 

reaction using 1.1 equivalents of LDA produce the higher yield. In summary, the use of the 

magnesium amide enolate was not as effective in the lithium amide enolate in the Mannich 

coupling with imininium ions.  
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Table 4.  Mannich Coupling of the Northern 143 and Southern 141 Fragments.  

 

Entry LDA (Eq.) MgBr2•OEt2 (Eq.) BF3•OEt2 (Eq.) Temperature Yield 

1 2.2 3 (new bottle) 5 0 ⁰C to rt 24% 

2 2.2 2 (new bottle) 5 0 ⁰C to rt 36% 

3 2.2 1 (new bottle) 5 0 ⁰C to rt 36% 

4 2.2 0.5 (new bottle) 5 0 ⁰C to rt 52% 

5 2.2 3 (old bottle) 5 0 ⁰C to rt 70 - 80% 

6 2.2 0 9 0 ⁰C to rt 
Low 

conversion 

7 1.1 0 9 0 ⁰C to rt 55 - 80% 

 

 

 With an optimized route to (‒)-strychnogucine B (129), (‒)-isosungucine (130), and 

(‒)-sungucine (131) biological evaluation was and is currently being conducted in 

collaboration with Prof. Michel Frédérich at the University of Liége. 

 

3.4 Biological Evaluation 

3.4.1 Previous Studies of Antiplasmodial and Anticancer Activities of (‒)-

Strychnogucine B (129), (‒)-Isosungucine (130), and (‒)-Sungucine (131) 

Biological studies evaluating the antiplasmodial and anticancer activities of (‒)-

strychnogucine B (129), (‒)-isosungucine (130), and (‒)-sungucine (131) were undertaken 

by Prof. Michel Frédérich and co-workers. In regards to antiplasmodial activity, (‒)-
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strychnogucine B (129), (‒)-isosungucine (130), and (‒)-sungucine (131) were tested, as 

well as some monomeric Strychnos alkaloids such as (‒)-strychnine (7) and (‒)-

isostrychine (43), against a chloroquine sensitive and chloroquine resistant Plasmodium 

falciparum strain. Chloroquine and Quinine, current best-in-class drugs for malaria, were 

used as controls and comparators. It was found that (‒)-strychnogucine B (129), (‒)-

isosungucine (130), (‒)-sungucine (131) and (‒)-18-isosungucine were active with (‒)-

strychnogucine B (129) being the most potent with IC50 values comparable or better than 

Chloroquine and Quinine.3-5  

In 2002, (‒)-strychnogucine B (129), (‒)-isosungucine (130), and (‒)-sungucine 

(131), were tested in the NCI’s in vitro 60-line anti-tumor screen. It was found that (‒)-

isosungucine (130), and (‒)-sungucine (131) were cytoxic in all of the cell lines that were 

tested with GI50 values (inhibition of 50% of growth) in the μM range.8 When comparing 

the activity of (‒)-isosungucine (130), and (‒)-sungucine (131) it was noticed that (‒)-

sungucine (131) produced higher levels of toxicity in particular leukemia cell lines (CCRF-

CEM and HL-60) in low to sub μM concentrations.8 For this reason, further studies into 

the mechanism of action were undertaken focusing on the use of (‒)-sungucine (131). The 

first set of studies on (‒)-sungucine (131) used a Tdt-mediated dUTP nick end labeling 

(TUNEL) assay in which they determined that (‒)-sungucine (131) weakly binds to DNA.7 

Additional studies using electric linear dichroism (ELD) were used to determine the type 

of binding between (‒)-sungucine (131) and DNA. Positive ELD values indicate that a 

compound is a DNA minor groove binder that is able to fit into the small helical clefts of 

the DNA while negative ELD values indicate that a compound intercalates with DNA. The 

ELD values for (‒)-sungucine (131) ranged from -0.28 to -0.8 showing that (‒)-sungucine 
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(131) most likely binds to DNA in a minor groove in a helical cleft.7 To determine if the 

binding of (‒)-sungucine (131) to DNA affects RNA and DNA synthesis, Frédérich and 

co-workers treated HL-60 cells with radioactive nucleic acids whereas radioactive amino 

acids were used to probe protein synthesis. The radioactive tracers used were (3H)-leucine, 

(3H)-uridine, and (3H)-thymidine. (‒)-Sungucine (131) was able to inhibit the synthesis of 

DNA by 50% at 6 μM. The inhibition of RNA and protein synthesis was also present at 

slightly higher concentrations of (‒)-sungucine (131). Significantly, there was an increase 

in the incorporation of leucine in the presence of low concentrations of (‒)-sungucine 

(131), which may be the result of activation of protein synthesis to activate the DNA repair 

system.7 

In order to determine how (‒)-sungucine (131) was inducing apoptosis two studies 

were conducted. The first study treated a wild-type cancer cell line, HCT-116, and a p53 

mutant cancer cell line, HCT-15, with (‒)-sungucine (131) and saw that there were equal 

amounts of activity in both cell lines indicating the (‒)-sungucine (131) was not specifically 

activing on p53.8 The next study focused on the treatment of the wild-type cell line with (‒

)-sungucine (131) followed by identification of proteins associated with apoptosis. During 

the study there was an accumulation of a 85KDa fragment that resulted from the cleavage 

of full size poly(ADP-ribose) polymerase (PARP), which the cleavage of PARP by 

caspases is a hallmark of apoptosis.8 It was then demonstrated that (‒)-sungucine (131)’s 

activity was independent of Bax induction. Overall, apoptosis activated by (‒)-sungucine 

(131) appears to have a novel mechanism of action that warrants further studies.  

 

3.4.2 Current Studies of Antiplasmodial Activity of (‒)-Strychnogucine B (129) 
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As previously mentioned, the antiplasmodial activity of (‒)-strychnogucine B (129) 

was studied in vitro and (‒)-strychnogucine B (129) was the most potent bis-Strychnos 

alkaloid with low μM activity. Additionally, (‒)-strychnogucine B (129) exhibits 

selectivity for P. falciparum strains over human cancer cell lines. In collaboration with 

Frédérich and co-workers, (‒)-strychnogucine B was tested in vivo. In vivo activity of (‒)-

strychnogucine B (129) on P. berghei using the classical suppressive test, which is the 

recommended first-line screening procedure by WHO for antimalarial hits. The in vivo 

results, as compared to Chloroquine showed that (‒)-strychnogucine B (129) was as equal 

potent. Additional in vivo studies are required and the dosing of (‒)-strychnogucine B (129) 

needs to be adjusted.   

 

3.5 Conclusions 

The first total syntheses of bis-Strychnos alkaloids, (‒)-strychnogucine B (129), (‒

)-isosungucine (130), and (‒)-sungucine (131), were accomplished with detailed studies 

into the mechanism of the key Polonovski-Potier reaction for the coupling of the northern 

and southern Strychnos alkaloids. Optimization of the unprecedented Mannich coupling 

reaction, via attenuating the amide enolate, afforded increase yields and broaden the scope 

of the known amide enolate and iminium ion reactions. Biological studies into the 

anticancer and antiplasmodial activites of (‒)-strychnogucine B (129), (‒)-isosungucine 

(130), and (‒)-sungucine (131) have been and currently are being pursued. Future work 

includes determining the mechanism of action and the target of these natural products using 

affinity analogs and proteomics.  
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CHAPTER 4 

PROGRESS TOWARDS THE TOTAL SYNTHESIS OF (‒)-MELODININE K 

 

4.1 Introduction 

4.1.1 Mono- and Bis-Apidosperma Alkaloids 

The biogenesis of preakuammicine (5), previously discussed in Chapter 1 (Scheme 

1), for the production of Strychnos alkaloids also gives rise to the Aspidosperma type 

alkaloids via a sequence of ring expansion, elimination, and recyclization (Scheme 40).1-3 

Reduction of the iminium of preakuammicine (151) affords stemmadenine (152), and 

isomerization of the ethylidene moiety to enamine 153 allows for the elimination of the 

primary alcohol with concomitant fragmentation to access dehydrosecodine (154).1-3 

Dehydrosecodine (154) is posed to undergo an intramolecular hetero-Diels-Alder reaction 

to afford the Aspidosperma core and natural product (‒)-tabersonine (155). Further 

functionalization of the core leads to numerous other Aspidosperma and bis-Aspidosperma 

alkaloids.1-3 

  

Scheme 40. Biogenesis of (‒)-Tabersonine (155) from Preakuammicine (5).4 
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To date, the Aspidosperma class of natural products includes over 250 unique 

members with wide ranging biological activities. Synthesis of this class of natural products 

has been a focus in the literature over the past 70 years and remains an active area today. 

The Aspidosperma class of alkaloids can be further broken down into six groups: 1) 

aspidospermine (156) group, 2) vindorosine/vindoline (159/160) group, 3) vincadifformine 

(157) group, 4) meloscine (161) group, 5) aspidofractinine (158) group, and 6) kopsine 

(162) group (Figure 24). These groups all contain the common Aspidosperma pentacyclic 

core, with the exception of meloscine that has a rearranged core wherein B and E rings 

have undergone ring-expansion and ring-contraction, respectively. This chapter will 

provide a brief summary of the relevant work pertaining to the vincadifformine (157) group 

and the synthesis of (‒)-tabersonine (155). Comprehensive reviews on the Aspidosperma 

class of alkaloids and their synthesis are available for further detail.1-3 

 

 

Figure 24. Representative Structures for the Six Groups of Aspidosperma Alkaloids. 
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4.2 Previous Approaches to Aspidosperma alkaloids in the Vincadifformine (157) 

Group 

4.2.1 Introduction 

Alkaloids within the vincadifformine group of Aspidosperma alkaloids include 

tabersonine (155), minovine, ervinceine, vincadifformine (157) as well as oxidized and 

reduced variants thereof. Of interest to the Andrade group were the efforts put forth to 

synthesize tabersonine (155), which is a common core within numerous bis-Aspidosperma 

alkaloids, some of which will be discussed later in this chapter. Tabersonine (155) was first 

isolated in 1954 by Le Men and co-workers from Amsonia tabernaemontana and soon after 

was isolated by numerous other groups from various different sources.5 

 

4.2.2 Kuehne’s Approaches to (‒)-Tabersonine (155) 

Kuehne published the first synthesis of (‒)-tabersonine (155) and an additional two 

generations with improved access to the natural product and other alkaloids within the 

vincadifformine (157) group from 1982 to 1986. The first-generation synthesis of (±)-

tabersonine (155) began with the condensation of octahydroazepine 163 in a solution of 

refluxing MeOH and racemic 2-(oxiran-2-ylmethyl)butanal (164) (Scheme 41).6 

Formation of the iminium ion was followed by Mannich spirocyclization at C3 to furnish 

the azabicyclo[3.2.1] ring system 165.  Subsequent 6-endo-tet cyclization of the bridgehead 

nitrogen and epoxide moieties triggered a retro [4 + 2] to afford the diene and 

tetrahydropyridine ring in 166. Further heating of the reaction results in an intramolecular 

[4 + 2] cycloaddition with the newly form diene and tetrahydropyridine providing the 



104 
 

pentacyclic Aspidosperma core 116. Final treatment of 116 with triphenyl phosphine and 

carbon tetrachloride in triethyl amine promoted the elimination of the secondary alcohol to 

furnish (±)-tabersonine. The spontaneous cyclization that ensued upon condensation of 112 

and 113 provided a concise and efficient entry to the Aspidosperma core. This seminal 

work was the inspiration for the synthesis of numerous Aspidosperma alkaloids in 

countless laboratories over the last 30 years. 

 

Scheme 41. First-Generation Synthesis of (±)-Tabersonine (155). 

 

 

A second-generation enantioselective synthesis was developed by Kuehne to access 

the natural product (Scheme 42). The lack of chirality in 164, specifically the epoxide, 

precluded an asymmetric synthesis of tabersonine (155). In previous synthetic studies by 

Kuehne, it was shown that substituted five-memebered cyclic enamines were able to 

provide improved diastereoselectivity in the [4 + 2] cyclization.6, 7 Accordingly, Kuehne 

sought out to incorporate a stereodirecting substituent within the enamine by make chiral 

versions of the epoxy aldehydes 176 and 177 (Scheme 42).8 Synthesis of the chiral epoxy 
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aldehydes 176 and 177 began with chiral glycerol acetonide 167. Transformation of 167 

into (R)- and (S)-epichlorohydrin (168) and (169), respectively, were obtained following 

the procedure by Baldwin and co-workers.9 Further treatment of epichlorohyrdins 168 and 

169 with the anion of ethyl malonate effected sequential epoxide ring-opening and 

lactonization to give 170 and 171. Decarbethoxylation and saponification furnished 

epoxides 174 and 175. Careful reduction with DIBAL-H provided requisite aldehydes 176 

and 177, which were individually employed in the first-generation, biomimetic route 

described in Scheme 41. Elimination of the enantiopure secondary alcohol furnished (‒)-

tabersonine (155) as a single enantiomer.  

 

Scheme 42. Synthesis of Chiral Epoxy Aldehydes 176 and 177. 

 

 

Despite Kuehne’s ability to address the issue of enantiopurity in the second 

generation synthesis, the last two steps of the synthesis suffered from extremely low yields 

(10% or 28%) despite recourse to alternate methods. In order to obtain improved yields of 

the final product, a third-generation synthesis was undertaken. It was evident that a better 

sequence was needed to form the key chiral 14-hydroxy-secodines 178 and 179.10 To this 
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end, the respective 2-(chloromethyl)oxirane 168 and 169 were treated with ethyl malonate 

anion to furnish lactams 170 and 171 similar to the second-generation synthesis (Scheme 

43). Lactams 170 and 171 were reduced to lactols 172 and 173, which were then used for 

the condensation with 163. The remaining steps were followed for the synthesis of (‒)-

tabersonine (155) as outline in Scheme 41. 

 

Scheme 43. Synthesis of Chiral Tetrahydrofuranols 178 and 179. 

 

 

 Kuehne’s work on the synthesis of (‒)-tabersonine (155) and various other 

Aspidosperma alkaloids has provided inspiration and insight for other chemists over the 

last four decades. The impact this work has had on the field is evident in the following 

syntheses that were inspired by or utilized Kuehne’s strategy in their synthesis of (‒)-

tabersonine (155). 

 

4.2.3 Imanishi’s Approach to (±)-Tabersonine (155) 

Imanishi and co-workers were the first to prepare N-substituted 1,6-dihydro-3(2H)-

pyridones for the preparation of the 2-azabicyclo[2.2.2]octan-6-one core and sought to 

apply this methodology toward (±)-tabersonine (155).11-13 The synthesis started with 1,2-
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addition of ethylmagnesium bromide to pyridone 180 furnishing alcohol 181 (Scheme 44). 

Acid-catalyzed allylic rearrangement of 181 set the stage for a Claisen rearrangement of 

182 and ethyl vinyl ether under the agency of mercuric acetate to provide aldehyde 183. 

Protection of aldehyde 183 as the dioxolane followed by removal of the carbamate group 

gave secondary amine 184. Nucleophilic acyl substitution of β-indolylacetyl chloride 185 

and 184 with yielded the amide. Acid-mediated hydrolysis of the acetal and aldehyde 

oxidation with silver(I) oxide gave carboxcyclic acid 186.  

 

Scheme 44. Imanishi’s Synthesis of (±)-Tabersonine (155). 

 

 

 Imanishi’s endgame for (±)-tabersonine (155) followed tactics established by 

Ziegler and Bennett.14 Treatment with phosphoric acid at elevated temperatures effected 

the cyclization to the bis-lactam. Reduction of the acid, using lithium aluminium hydride 

(LAH), converted the lactam into the amine and furnished a secondary alcohol that was 
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subsequently mesylated in the presence of MsCl and pyridine. Nucleophilic substitution of 

the mesylate with potassium cyanide provided the pendant nitrile. Nitrile hydrolysis 

followed by esterification afforded cleavamine 187. Oxidative cyclization using platinum 

oxide yielded (±)-tabersonine (155). This synthesis utilized Kutney’s strategy in formation 

of the C and E rings via the generation of the iminium and subsequent cyclization.15 

  

4.2.4 Hájicek and Trojánek’s Approach to Aspidosperma Core 

In 1981, Hájicek and Trojánek utilized Kuehne’s stereoselective approach to form 

the pentacyclic core en route to the synthesis of vincadifformine group alkaloids (Scheme 

45).16 To this end, β-carboline 188 was condensed with aldehyde 189. Subsequent 

treatment with DBU and heat effected the intramolecular [4 + 2] cycloaddtion to afford the 

pentacyclic core 190. Hájicek and Trojánek have utilized this method to synthesize (±)-

tabersonine as well as (±)-vincadifformine (157) and synthetic derivatives.16 

 

Scheme 45. Intramolecular [4 + 2] Cycloaddition of Aspidosperma Core 190. 

 

 

4.2.5 Overman’s Approach to (±)-16-Methoxytabersonine (201) 

In 1983, Overman and co-workers extended their newly developed aza-

Cope/Mannich methodology toward the synthesis of the pentacyclic Aspidosperma 

framework and (‒)-16-methoxytabersonine (201). Synthesis of the right-hand fragment 
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began with a ZnBr2-catalyzed alkylation17, 18 of enoxysilane 191 and 192 to afford the 

quaternary center of 193 (Scheme 46). Conversion of the chloride to the iodide was 

accomplished with NaI in refluxing 2-butanone. Reaction with excess ammonia provided 

the bicycle imine, which was N-acylated in the presence of methyl chloroformate and 

dimethylaniline to give 194. Using m-CPBA, oxidation of both the alkene to the epoxide 

and sulfide to the sulfoxide afforded 195. Heating a solution of 195 in o-dichlorobenzene 

with CaCO3 at 165 °C resulted in sulfoxide elimination and epoxide rearrangement, 

providing ketone 196 in 44% yield over two steps. 

 

Scheme 46. Synthesis of the Right Hand Fragment 196. 

 

 

 Synthesis of the left-hand fragment began with aniline derivative 197 (Scheme 47). 

Sequential treatment of 197 with MeLi and PivCl followed by t-BuLi and DMF afforded 

the aldehyde upon acidic workup. Further treatment of the aldehyde with TMSCN 

furnished 198 in 50% overall yield. The key coupling of right-hand fragment 196 and the 

aromatic left-hand fragment 198 was realized using the dianion of the silyl-protected 
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cyanohydrin and subsequent quenching with HCl, providing the coupled product 199. 

Methylenation of the bridging ketone in 199 followed by treatment with KOH in MeOH 

furnished the β-hydroxy amine. The key aza-Cope/Mannich transformation was 

accomplished with excess paraformaldehyde and catalytic CSA in refluxing benzene to 

provide 200; setting the stage for the final cyclization. Tetracycle 200 was converted to the 

pentacycle using 25% NaOMe in MeOH at reflux. Final formation of the metalloenamine 

and subsequent trapping with Mander’s reagent yielded (±)-16-methoxytabersonine (201). 

 

Scheme 47. Overman’s Endgame to (±)-16-Methoxytabersonine (201). 

 

 

 Overman’s synthesis of (±)-16-methoxytabersonine (201) displayed the use of a 

pyrrolidine annulation (i.e., aza-Cope/Mannich methodology) in expansion of the E ring of 

the Aspidosperma pentacyclic core, in addition to the installation of the quaternary center 

to join the left and right fragments together. This unique approach to the pentacyclic 

Aspidosperma core highlighted the use of the N1–C2 and C12–C19 disconnections for 

convergent total synthesis.  
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4.2.6 Magnus’s Approach to (‒)-16-Methoxytabersonine (201) 

Magnus’s inspiration to synthesize (‒)-16-methoxytabersonine (201) followed 

from their development of a highly convergent strategy utilizing indole-2,3-

quinodimethanes for the construction of the Aspidosperma core. Expansion of this method 

to furnish the methoxy derivative would allow for the future synthesis of more 

functionalized alkaloids within the family, such as vindoline and vinblastine. Construction 

of the indole ring 203 began with aniline derivative 202 using the Meerwein arylation 

reaction19, 20 followed by reduction with Raney nickel (Scheme 48). Installation of the 

aldehyde at C3 of the indole ring was accomplished using the Vilsmeier-Haack formylation 

with POCl3 in DMF. Protection of the indole nitrogen as the carbamate 204 was effected 

in the presence of NaH and methyl chloroformate. Condensation of 2-

phenylthioethylamine 205 with aldehyde 204 furnished imine 206 necessary for the key [4 

+ 2] cycloaddition.  

 

Scheme 48. Synthesis of the Key Methoxy Indole Substrate 206.  
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 With imine 206 in hand, acylation was undertaken with acid chloride 207, which 

was prepared in six steps from the Diels-Alder product of cyclopentadiene and maleic 

anhydride.21 The resulting iminium isomerized to the α-β, δ-γ diene, which underwent an 

intramolecular [4 + 2] cycloaddition to afford hexacyclic intermediate 208. Oxidation of 

208 using m-CPBA produced diastereomeric sulfoxides that were further treated with 

TFAA in the presence of DBMP in refluxing toluene to effect the Pummerer reaction to 

forge the C ring. After attempts at removal of the norbornyl group with Raney Ni were 

unsuccessful, Magnus turned to thermolysis via a retro [4 + 2] cycloaddition affording the 

pentacyclic Aspidosperma core 209. Desulfuration of 209 using Raney Ni in refluxing 

EtOAc provided the pyrrolidine ring C. 

 

Scheme 49. Magnus’s Endgame to (‒)-16-Methoxytabersonine (201). 
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 Using Belleau’s reagent, the amide was converted to the thioamide and 

successively reduced to intermediate 210 using MeI and NaBH4. Under Vilsmeier 

conditions, introduction of the aldehyde at C3 of indole was accomplished. Oxidation of 

the aldehyde to the acid was accomplished with sodium chlorite buffered at pH 4 with 

sulfamic acid, followed by esterification with diazomethane. Final treatment with sodium 

hydroxide in MeOH effected the removal of the carbamate protecting group producing (‒

)-16-methoxytabersonine (201). Overall, Magnus’s synthesis of (‒)-16-

methoxytabersonine (201) featured a key [4 + 2] cycloaddition to form the D and E rings 

as well as a Pummerer cyclization to for the C ring of the Aspidosperma core.  

 

4.2.7 Rawal’s Approach to (‒)-Tabersonine (155) 

Rawal’s approach to (‒)-tabersonine (155) is the most concise method to date 

featuring a key [4 + 2] cycloaddition as well as late stage construction of the indole ring. 

The synthesis of (‒)-tabersonine (155) began with the acid-catalyzed condensation of acetal 

211 and the protected allylic amine was effected following a known protocol to afford 

diene 212.22 Formation of the silyl enol ether 213 was accomplished using either KHMDS 

or NaHMDS; however, use of the sodium variant provided less of a side product where the 

allylic bond isomerized into conjugation with the carbamate. Upon heating diene 213 in 

the presence of ethyl acrolein the [4 + 2] cycloaddition was realized to form the 

tetrahydropyridine ring and two contiguous stereocenters.  
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Scheme 50. Rawal’s Synthesis of Tetracyclic Core 217. 

 

Wittig olefination of the aldehyde provided the pendant alkene, which readily 

underwent ring-closing metathesis in the presence of Schrock’s molylbdenum catalysis 

forging the D ring. Treatment with hydrochloric acid removed the silyl group to afford the 

ketone 216. Fischer indole synthesis using ketone 216 and phenyl hydrazine furnished 

tetracycle 217. Due to issues encountered with the Fischer indole synthesis, particularly 

the regioselectivity of indolization, Rawal employed (o-nitrophenyl)phenyliodonium 

fluoride (NPIF) to induce selectivity in the transformation. This work was inspired by 

Koser who demonstrated that simple phenylation of silyl enol ethers with NPIF could be 

readily accomplished.23 The application of this reaction was also studied in detail by Rawal 

to determine some of the limitations of the scope.24 To this end, silyl enol ether 218 was 
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treated with NPIF in a solution of DMF/THF to forge the C – C bond in 219 as a single 

diastereomer (Scheme 51).  

 

 

Scheme 51. Alternative Indole Synthesis of Tetracyclic Core 217.  

 

 

 Treatment of 219 with titanium(III) chloride in presence of ammonium acetate 

provided tetracycle 217. With an optimized route to the tetracyclic intermediate 217, the 

synthesis proceeded with removal of the carbomethoxy with TMSI (Scheme 52). 

Alkylation of the secondary amine with bromoethanol in the presence of Na2CO3 yielded 

the amino alcohol 220.  

 

Scheme 52. Endgame Synthesis of (±)-Tabersonine (155). 
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 From the amino alcohol 220, either a step-wise or one-pot reaction could be utilized 

to prepare the C ring of the Aspidosperma core. In the step-wise route, conversion of the 

alcohol to the mesylate was effected using MsCl and triethylamine followed by base-

mediated cyclization to afford pentacycle 222 in 78% overall yield. In the one-pot 

procedure, amino alcohol 220 was treated with t-BuOK in the presence of TsCl, which in 

situ generated the chloride intermediate 221 before cyclizing to give pentacycle 222 in 30 

– 50% overall yield. Installation of the methyl ester was effected by addition of LDA to 

form the metallo enamine and subsequent trapping with Mander’s reagent to provide (±)-

tabersonine (155). Rawal later developed a catalytic asymmetric Diels-Alder reaction to 

realize an enantioselective synthesis of (‒)-tabersonine (155). 

 

Scheme 53. Asymmetric Diels-Alder Reaction Furnishing 214.  

 

 

 In order to induce asymmetry to the Diels-Alder reaction, Rawal turned to the use 

of chiral Lewis acids. It was found that use of Jacobsen’s chiral Cr(III)-salen complex 225 

was suitable for the catalysis of the Diels-Alder reactions of a wide range of α-substituted 

acroleins and 1-amino-3-siloxy-1,3-butadiene (223) with yields generally greater than 90% 
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and ee’s approaching 96% (Scheme 53). This reaction was scalable to multi-grams and was 

used towards the synthesis of vindoline and vinblastine.  

 Overall, Rawal’s approach to (‒)-tabersonine (155) remains one of the most concise 

and efficient syntheses to date with an overall yield of 30%. The key features of the 

synthesis included (1) the enantioselective [4 + 2] cycloaddition of 1-amino-3-siloxydienes 

with 2-ethylacrolein, (2) the regiospecific synthesis of the indole ring using o-

nitrophenylation strategy, and (3) the ability to produce gram quantities of the natural 

products for later use in the synthesis of other bis-alkaloids. 

 

4.2.8 Andrade’s Approach to (‒)-Vincadifformine (157), (‒)-Tabersonine (155), and 

(‒)-Aspidospermidine (156) 

In 2013, our lab demonstrated the use of their Domino Michael/Mannich/N-

alkylation methodology to form the E ring of the Aspidosperma skeleton installing two of 

the three stereocenters within (‒)-vincadifformine (157), (‒)-tabersonine (155), and (‒)-

aspidospermidine (156). The development of the Domino Michael/Mannich/N-alkylation 

methodology will be discussed in this section and the synthesis of (‒)-tabersonine (155) 

will be will be discussed in section 3.4.2 with the synthesis of (‒)-16-methoxytabersonine 

(201) for conciseness.  

To gain access to the ABE tetrahydrocarzole nucleus of Aspidosperma alkaloids, 

the Domino Michael/Mannich/N-alkylation methodology was developed. This method was 

inspired by two areas of work; (1) Magnus’s work with indole-2,3-quinodimethane,25 and 

(2) asymmetric N-sulfinyl imine methodology developed by Davis26-28 later expanded upon 

by Ellman.29 In 1982, Magnus reported the synthesis of (±)-aspidospermidine (156) using 
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a indole-2,3-quinodimethane  strategy. The key transformation, shown in a general scaffold 

in Scheme 54, was effected when a solution of imine 226 in chlorobenzene was treated 

with methyl chloroformate in the presences of diisopropylethylamine at 140 °C, forming 

the D and E rings of tetracycle 227. This work showcased the ability to deprotonate the 2-

methyl group of the indole system to afford a conjugated enamine with the negative charge 

held on the nitrogen, which inspired the formation of the metalloenamine within the 

Domino Michael/Mannich/N-alkylation methodology. 

 

Scheme 54. Magnus’s Indole-2,3-quinodimethane  Strategy. 

 

 

 The other inspiration for the Domino Michael/Mannich/N-alkylation methodology 

came from the use of asymmetric N-sulfinyl imine chemistry.27-29 The Andrade laboratory 

had previously used chiral N-sulfinyl imines in the syntheses of Strychnos alkaloids as a 

method of installing the chiral center, C19 of the Aspidosperma core, and the nitrogen.30-37 

With these two strategies in mind, it was envisioned that a metalloenamine fused to C2 

C3 on the indole system could be generated and reacted with a Micahel acceptor, which 

would generate an intermediary enolate that could further participate in an intramolecular 

Mannich cyclization to form the tetrahydrocarbazole E ring of the Aspidosperma alkaloids 

(Scheme 55). Upon optimization of the reaction, it was found that LHMDS as the base 

afforded the highest yield (93%) and diastereoselectivity of 11:1. The use of sodium or 
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potassium bases provided lower yields and often caused a reduction in the 

diastereoselectivity of the reaction. Use of diethyl ether as a solvent was not beneficial to 

the reaction due to low solubility of the starting materials.  

 

Scheme 55. The Domino Michael/Mannich Reaction. 

 

 

 This reaction was further utilized by trapping the resulting N-sulfinylanion with 

allyl bromide to provide the pendant alkene as a functionalization handle in subsequent 

reactions. It was found that trapping of the N-sulfinylanion with allyl bromide using the 

current conditions of the reaction afforded no desired N-alkylated product. However, 

addition of allyl bromide in a polar, aprotic solvent, such as DMF, increased the 

nucleophilicity of the N-sulfinylanion and effected the trapping to afford the tertiary 

sulfinamide. 
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Scheme 56. Mechanism and Transition State of the Domino Michael/Mannich Reaction. 

 

 

The proposed mechanism and transition state of the Michael/Mannich reaction is 

highlighted, in a general sense, in Scheme 54. As previously mentioned, treatment of chiral 

imine 228 with LHMDS formed the metallodienamine as the first intermediate 230. The 

metallodienamine underwent a Michael addition with the α,β-unsaturated ester to form the 

intermediate 231. Cyclization of the E ring via the ensuing Mannich reaction afforded the 

tricycle 229. 

 With access to Aspidosperma alkaloids, using the Domino Michael/Mannich/N-

alkylation method, the Andrade laboratory’s synthetic interested shifted to bis-

Aspidosperma alkaloids with unique biological properties as new synthetic targets.  

 

4.3 Bis-Aspidosperma Alkaloids (‒)-Melodinine K (201), (‒)-Conophylline, and (‒)-

Conophyllidine 

4.3.1 Introduction 
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Bis-alkaloids are arguably some of the most complex and challenging synthetic 

targets due to the inherent stereochemistry, multiple functional groups, and sterics. In 1992, 

Kam and co-workers isolated (‒)-conophylline (234) and (‒)-conophyllidine (235) from 

Tabernaemontana divaricate.38, 39 Since then similar natural products (‒)-conophyllinine , 

(‒)-conofoline (233), (‒)-melodinine K (232) have been isolated, as well as semi-synthetic 

derivatives; conophylline quinones (Figure 24).38,39 (‒)-Conophylline (234), (‒)-

conophyllidine (235), (‒)-conophyllinine, and (‒)-conofoline (233) were tested for their 

ability to differentiate pancreatic stem cells into β-cells.40-45 (‒)-Conophylline (234), (‒)-

conophyllidine (235), and (‒)-conophyllinine were found to induce morphological changes 

at concentrations between 0.1-0.3 μg/mL with 34% to 50% differentiation. The oxidized 

quinone derivatives of (‒)-conophylline (234) and (‒)-conophyllinine were also tested for 

their ability to induce differentiation and were found to be more active than their 

corresponding parent natural product. Moreover, (‒)-conofoline (233) and its quinone 

derivative were unable to induce β-cell differentiation. Due to the fact that the structural 

difference between the inactive (‒)-conofoline and active natural products (‒)-

conophylline (234), (‒)-conophyllidine (235), and (‒)-conophyllinine lies in the presence 

of the core dihydrofuran ring.  
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Figure 24. Structures of Mono- and Bis-Aspidosperma Alkaloids. 

 

Another natural product, (‒)-melodinine K (232), was isolated in 2010 by Feng and 

co-workers.46 When (‒)-melodinine K (232) was isolated, it was tested for anticancer 

properties and shown to be equal or more potent than cisplatin and vinorelbine in 5 cancer 

cells lines.46 (‒)-Melodinine K (232) differs from the aforemention bis-Aspidosperma 

alkaloids by the oxidation state of the southern indole ring. With this in mind, it is reasoned 

that (‒)-melodinine K (232) will also possess antidiabetic properties and will be able to 

induce β-cell differentiation. To test this hypothesis, we sought out to synthesize (‒)-

melodinine K (232), which will be described herein. 
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4.3.2 Previous Approach: Fukuyama’s Approach to (‒)-Conophylline (234) and (‒)-

Conophyllidine (235) 

In 2011, Fukuyama and co-workers published the first total synthesis of (‒)-

conophylline (234) and (‒)-conophyllidine (235).47 Their convergent strategy, of dividing 

the bis-alkaloid into two monomers, was based on a proposed biosynthetic pathway 

utilizing the venerable Polonovski-Potier reaction48 to forge the key C – C bond. Further, 

inspiration for the proposed biomimetic synthesis came from seminal studies by Husson, 

Lounasmaa, and co-workers wherein they studied the regioselectivity of the Polonovski-

Potier type reaction with Aspidosperma alkaloids vincadifformine (157) and epipandoline 

(238) (Scheme 57).49 When vincadifformine (157) was treated with p-nitrobenzoyl 

peroxide followed by TFAA, iminium formation was seen solely between the C5 – N4 236 

as evident by the trapping of the iminium with KCN to afford 237. The opposite 

regioselectivity was observed when epipandoline (238) was treated with hydrogen 

peroxide at elevated temperature followed by TFAA, which was attributed to the presence 

of the hydroxyl group at C14 and its ability to stabilize the formation of a carbocation at 

C3 via formation of an epoxide. On this substrate 239, the iminium formed solely between 

C3 –N4, which was evident upon trapping with KCN to afford 240.  
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Scheme 57. Regioselectivity in the Polonovski-Potier Reaction of N-oxides of 

Vincadifformine (157) and Epipandoline (238). 

 

 

It was rationalized that the presence of an alkene or epoxide at C14, C15 would 

also be capable of stabilizing the formation of a positive charge at C3 and would direct the 

iminium formation between C3 and N4. With this in mind, Fukuyama set out to synthesize 

(‒)-conophylline (234) and (‒)-conophyllidine (235).  

 

4.3.2.1 Retrosynthesis 

Fukuyama envisioned a convergent synthesis of (‒)-conophylline (234) where the 

dimer could be assembled from two monomers that could be coupled together in a late-

stage event, thus allowing for a more efficient synthesis (Scheme 58). Formation of the 

dihydrofuran ring can be accomplished via an epoxide opening cyclization. The key C – C 

bond could be formed utilizing the regioselectivity of the Polonovski-Potier reaction, as 

previously mentioned. The two Aspidosperma monomers 242 and 243 could be 

synthesized using methods previously published within the Fukuyama laboratory. In 1999, 

Fukuyama and co-workers synthesized (‒)-tabersonine (155)50 showcasing their tin-
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mediated indole synthesis methodology51 as well as the versatility of the [4 + 2] 

cycloaddition to generate the pentacyclic Aspidosperma core, which was first developed 

by Kuehne and co-workers.8, 52  

 

Scheme 58. Retrosynthesis of (‒)-Conophylline (234). 

 

 

 With a route to (‒)-tabersonine (155) in hand, Fukuyama set out to synthesize (‒)-

conophylline (234) and (‒)-conophyllidine (235).  

 

4.3.2.2 Synthesis of the Oxygenated Indole Core 

The synthesis of (‒)-conophylline (234) began with commercially available methyl 

3,5-dihydroxy-4-methoxybenzoate 244 (Scheme 59). Nitration and site-selective silylation 

of the para phenol afforded pentasubstituted benzene 245 in 42% over two steps. 

Methylation of the free alcohol in 245 was accomplished using t-BuOK and dimethyl 

sulfate in a mixture of THF and DMF (3:1, respectively) from 0 °C to rt. Desilylation of 

the TBDPS group using TBAF followed by mesylation provided 246 in 58% overall yield 

over three steps. Reduction of the methyl ester in 246, oxidation to the aldehyde under Ley-



126 
 

Griffith conditions with TPAP and NMO, and Wittig olefination afforded enoate 247. Next, 

the nitro group was reduced through a three-step sequence to the isonitrile. First, the nitro 

group was reduced to the amine via zinc in acetic acid. Then, the amine was formylated 

with the mixed anhydride of formic acid and acetic anhydride allowing for the subsequent 

reduction to the nitrile using phosphoryl chloride furnishing 248 in 64% over three steps. 

With nitrile 248 in hand, Fukuyama employed the methodology developed in their 

laboratory utilizing a tin-mediated radical cyclization of the indole ring to provide 2-

stannylindole, which was converted, in situ, to 2-iodoindole 249 using iodine in 81% over 

two steps. Ensuing, reduction of the ethyl ester to the primary alcohol with DIBAL-H, 

protection of the alcohol as the THP ether using DHP in the presence of CSA, and 

protection of the indole nitrogen with the Boc group afforded 250 in 94% yield over the 

three steps. 
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Scheme 59. Synthesis of the Oxygenated Indole Core. 

 

 

 In order to install the α,β-unsaturated ester at the C2 position, a Stille coupling was 

employed. Reaction of 250 with methyl 2-(tributylstannyl)acrylate in the presence of 

palladium, copper(I) iodide, and tri(2-furyl)phosphine afforded the diene. Removal of the 

THP protecting group using CSA in MeOH provided the free alcohol 251 in 62% over two 

steps. 

 

4.3.2.3 Synthesis of (‒)-Taberhanine (259) 
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Addition of the pendant dihydrofuran ring, via a Mitsunobu reaction between 252 

and the primary alcohol in 251 furnished 253 in 76% yield (Scheme 60). Treatment of 253 

with TFA effect both the removal of the Boc group from the indole nitrogen as well as the 

hydration of the enol ether provided the lactol 254. Upon treating the lactol 254 with 

pyrrolidine in a mixture of MeOH and acetonitrile (5:1 ratio, respectively), the DNs group 

was removed.53 The reaction mixture was then heated to 60 °C to effect a consecutive 

cyclic enamine formation, Michael addition of the enamine into the α-β unsaturated ester, 

and Mannich reaction into the resulting iminium to give pentacycle 256 in 65% over two 

steps. Elimination of the secondary alcohol using carbon tetrachloride, triphenyl 

phosphine, and 2-methyl-2-butene provided the alkene at C14 – C15 in 257 in 35% yield. 

Protection of the indole nitrogen with a Troc group and oxidation of the alkene to the 

epoxide using m-CPBA and aqueous perchloric acid furnished 258 in 42% yield over two 

steps. Removal of the Troc group using LDA at depressed temperatures gave (‒)-

taberhanine (259) in 60% yield.  
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Scheme 60. Synthesis of (‒)-Taberhanine (259). 

 

 

4.3.2.4 Synthesis of the Northern Coupling Fragment 

With the the southern fragment in hand, synthesis of the northern fragment began 

with indole 260 and sulfonamide 252 following the synthesis outline in Scheme 58 to 

provide the 7-mesyloxytabersonine 261 (Scheme 61). Protection of the indole nitrogen 

using TrocCl, NaH, and DMAP followed by epoxidation using m-CPBA and aqueous 

perchloric acid to furnish 262 in 80% over two steps. Removal of the Troc group was 

accomplished with zinc and aqueous KH2PO4 in THF at 60 °C. Exchange of the mesyl 
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group for an allyl group was accomplished using first 1N KOH in MeOH at 50 °C followed 

by O-alkylation in the presence of K2CO3 and allyl bromide in DMF at 60 °C to afford 263 

in 82% yield over three steps. 

 

Scheme 61. Synthesis of the Northern Coupling Fragment 263. 

 

 

4.3.2.5 Endgame for (‒)-Conophylline (234) 

Oxidation of 264 to the N-oxide 265 was effected using m-CPBA in CH2Cl2 at 0 

°C. With both the northern and southern fragments in hand, the key Polonovski-Potier 

reaction could be utilized to couple together the monomers. Treatment of the N-oxide 265 

with TFAA provided the iminum. Upon addition of 263, 263 underwent electrophilic 

aromatic substitution with the newly formed iminum to form the C-C bond of 266 in 50% 

yield over two steps. Removal of the allyl group using palladium allowed for the successive 

cyclization of the dihydrofuran ring via epoxide opening. The final step in the synthesis of 

(‒)-conophylline (234) was a one-pot removal of mesyl and Troc groups using excess 

LDA, which were conditions originally reported by Carreira and co-workers.54 
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Scheme 62. Endgame in Fukuyama’s synthesis of (‒)-Conophylline (234). 

 

 

4.3.2.6 Endgame for (‒)-Conophyllidine (235) 

Endgame in the Fukuyama synthesis of (‒)-conophyllidine (235) followed the same 

route as (‒)-conophylline (234) albeit with northern coupling partner 268 instead of 263 

(Scheme 63). To this end, treatment of N-oxide 265 with TFAA formed the regioselective 

iminium. Upon addition of coupling partner 268 electrophilic aromatic substitution ensued 

to afford dimer 269. Removal of the allyl group in the presence of palladium afforded the 

free alcohol that underwent epoxide opening to form the core dihydrofuran ring 270. Last, 

removal of the Troc protecting group was accomplished in the presence of LDA to 
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furnished (‒)-conophyllidine (235). In summary, Fukuyama’s synthesis of (‒)-

conophylline (234) and (‒)-conophyllidine (235) provided the first and only total synthesis. 

Key features of the synthesis include the intramolecular [4 + 2] cycloaddition to construct 

the pentacyclic core and the Polonovski-Potier type reaction to couple the two 

Aspidosperma alkaloids together which inspired our synthetic strategy to (‒)-melodinine 

K (232).  

 

Scheme 63. Endgame in Fukuyama’s Synthesis of (‒)-Conophyllidine (235). 

 

 

4.4 Present Study 

4.4.1 Retrosynthesis 
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Our synthetic strategy to gain access to of (‒)-melodinine K (232) began with the 

construction of the dihyrofuran ring utilizing an electrophilic aromatic substitution to forge 

the C – C bond followed by subsequent cyclization, via epoxide opening, and 

demethylation to arrive at a northern fragment, (‒)-16-methoxytabersonine (201), and a 

southern iminium fragment, which could be derived from (‒)-tabersonine (155) (Scheme 

64). 

 

Scheme 64. Retrosynthesis of (‒)-Melodinine K (232) to a Northern and Southern 

Coupling Fragment. 

 

 

 Both (‒)-tabersonine (155) and (‒)-16-methoxytabersonine (201) could be prepared 

using the same synthetic route (Scheme 65). Deconstruction of the pentacyclic core began 

with the installation of the vinylogous carbamate via trapping of the metalloenamine. 

Formation of the C ring could be achieved using a Bosch-Rubiralta type cyclization. 

Intermediate 272 could be arrived at by N-alkylation and formation of the D ring using a 

sequence of Wittig reaction followed by ring-closing metathesis (RCM). Tricycle 273 

could be attained using the Domino Michael/Mannich/N-alkylation methodology 
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developed within the Andrade laboratory from the chiral N-sulfinyl imine of the desired 

indole core, ethacrolein, and allyl bromide. It is at this stage where the syntheses of the 

non-oxygenated and oxygenation indole cores diverge.  

 

Scheme 65. Retrosynthesis of the Northern and Southern Coupling Fragments for (‒)-

Melodinine K (232). 

 

 

 

In the case of (‒)-tabersonine (155) the imine can be derived from the known 2-

methyl-N-(phenylsulfonyl)-indole-3-carbaldehyde. In the case of (‒)-16-

methoxytabersonine (201) the imine can be derived from 6-methoxy-2-methyl-N-

(phenylsulfonyl)-indole-3-carbaldehyde 275. To gain access to 275 (where R=OMe), the 

indole ring can be synthesized using a Glorius Indole synthesis55-57 from the vinylogous 

carbamate 276 formed from the condensation of 3-methoxyaniline and ethyl acetoacetate.  

 

4.4.2 Progress Toward the Total Synthesis of (‒)-Melodinine K (232) 
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4.4.2.1 Synthesis of Domino Michael-Mannich Precursor 

The synthesis of the chiral N-sulfinyl imine 274, where R = H, begins with known 

aldehyde 223 that is easily synthesized from commercially available 2-methyl-indole-3-

carboxaldehyde via protection of the indole nitrogen using phenylsulfonyl chloride, NaH, 

and imidazole (Scheme 66, B). Condensation of aldehyde 275 with (R)-N-tert-

butanesulfinamide in the presence of titanium(IV) ethoxide furnished the chiral imine 274 

in 97%. It is noteworthy that Dr. Senzhi Zhao realized, that if you switch the sequence of 

indole nitrogen protection and imine formation the yield of the protection step increases 

from 40–70% to 88%. The synthesis of chiral amine 274, where R=OMe (Scheme 64, A), 

begins with the condensation of 3-methoxyaniline 277 and ethyl acetoacetate in the 

presence of zinc perchlorate hexahydrate and MgSO4 for 48 h to afford the Glorius Indole 

precursor 276 in 69-80% yield.  The Glorius Indole synthesis was accomplished using 

vinylogous carbamate 276, catalytic palladium acetate, and stoichiometric copper(I) 

acetate in the presence of potassium carbonate and 4Å molecular sieves at 85 °C for 18h.  
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Scheme 66. Synthesis of Domino Michael-Mannich Precursor. 

 

 

The resulting indole 278 was deprotonated with NaH and protected with 

phenylsufonyl chloride to furnish 279. Reduction of the ethyl ester to the alcohol 280 was 

effected with DIBAL-H and subsequent oxidation to the aldehyde 275 was accomplished 

via Parikh-Doering conditions. It is at this stage that the (‒)-tabersonine (155) and (‒)-16-

methoxytabersonine (201) syntheses converge. Condensation of aldehyde 275 with (R)-N-

tert-butanesulfinamide in the presence of titanium(IV) ethoxide furnished the chiral imine 

274 in 73% yield over three steps. 

 

4.4.2.2 Domino Michael-Mannich Methodology 
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The Andrade laboratory first reported the Domino Michael/Mannich/N-alkylation 

methodology in 2013 in the application to the total synthesis of (‒)-vincadafformine (157), 

(‒)-tabersonine (155), and (‒)-aspidospermine (156).31 The scope of this methodology has 

since been expanded to include the use of various aromatic rings other than the indole 

system as well as other Michael acceptors.58 Herein use of the first oxygenation indole 

system is used to further broaden the scope of this reaction (Scheme 67). Application of 

the Domino Michael/Mannich/N-alkylation conditions to methoxy sulfinamide 281 using 

either 2-ethacrolein or methyl ethacrolein effected the desired cyclization. First, treatment 

of N-sulfinyl imine 281 with LHMDS afforded the metallodienamine, which underwent a 

Michael addition forming the C3 – C4 bond. Subsequent Mannich reaction of the resulting 

enolate with the sulfinamide closed the E ring forging the C12 – C19 bond. Final quenching 

of the anion via alkylation with allyl bromide afforded the Domino Michael/Mannich/N-

alkylation products 282 and 283 in moderate to high yield with good diastereoselectivity 

(10:1) as determined by 1H NMR.  
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Scheme 67. Domino Michael-Mannich Reaction  

 

 

 The Domino Michael/Mannich methodology is a useful strategy to access the 

tricyclic hexahydro-carbazole core, which can further be utilized in the synthesis of 

numerous natural products. This methodology provides functionalization and installation 

of stereocenters at C5 and C6.   

 

4.4.2.3 Endgame to (‒)-Tabersonine (155) and (‒)-16-Methoxytabersonine (201) 

In the case where methyl 2-methylenebutanoate is used for the Domino 

Michael/Mannich/N-alkylation reaction, two steps are required to reach the aldehyde 

oxidation state. The benefit of using the α-β unsaturated ester over the α-β unsaturated 

aldehyde is the twofold increase in yield while maintaining the diastereoselectivity. To this 

end, reduction of the methyl ester using DIBAL-H in CH2Cl2 at 0 ⁰C furnished the primary 

alcohol 285 (Scheme 68). Oxidation of the primary alcohol 285 using DMP buffered with 

NaHCO3 afforded aldehyde 273 which was used directly in the next step. Wittig 
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methylenation of aldehyde 273 afforded diene 286. Formation of the D ring was effected 

using ring closing metathesis of diene 286 in the presence of Hoveyda-Grubbs second 

generation catalyst to provide tetracycle 287 (R  = H = 79% over four steps, R = OMe = 

53% yield over four steps). Removal of the N-sulfinamide group using HCl afforded the 

secondary amine that underwent alkylation with bromoethanol in the presence of sodium 

carbonate in ethanol at reflux to furnish the amino alcohol 272 (R = H = 80% over two 

steps, R = OMe = 49% yield over two steps).  

 

Scheme 68. Cyclization of the D Ring of the Aspidosperma Core. 

 

 

 With the amino alcohol 272 in hand, cyclization of the C ring became the primary 

focus. Inspiration for the cyclization was based on work by Rubiralta and co-workers in 

their synthesis of aspidospermidine where they formed the C ring of the Aspidosperma core 
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via activation of an amino alcohol using TsCl and subsequent cyclization using tBuOK.59 

This cyclization methodology has been widely used in the synthesis of aspidospermidine 

(156)60, 61 and other Aspidosperma alkaloids.62 To this end, cyclization of amino alcohol 

272 was accomplished by treatment with tBuOK in THF at 0 °C to provide pentacycle 288 

which was used directly in the next step due to instability (Scheme 69). Formation of the 

metalloenamine of 288 was effected using LDA followed by trapping of the anion with 

Mander’s reagent to install the vinylogous carbamate in (‒)-tabersonine (155) (R = H = 

44% over two steps) or (‒)-16-methoxytabersonine (201) (R = OMe = 38% over two steps). 

 

Scheme 69. Bosch-Rubiralta Cyclization and Metalloenamine Trapping. 

 

 

 

4.4.2.4 Endgame for the Synthesis of (‒)-Melodinine K (232) and Future Work 

With (‒)-tabersonine (155) and (‒)-16-methoxytabersonine (201) in hand, focus 

shifted to the coupling of the two monomers (Scheme 70). (‒)-Tabersonine (155) was Troc 

protected using NaH, TrocCl and DMAP at 0 °C in 70% yield. Oxidation of the protonated 

version of Troc-protected tabersonine 288 was accomplished using a mixture of hydrogen 

peroxide and TFAA at rt to the epoxide 289 in 35-40% unoptimized yield. In our hands, 

attempts at epoxidation using alternative conditions gave little success as seen in Table 5. 
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Further, oxidation to the N-oxide was obtained using Davis’ oxaziridine to afford 290 in 

40% (75% BRSM).  

 

Scheme 70. Progress Towards the Endgame of (‒)-Melodinine K (232). 

 

 

 Future work to accomplish the total synthesis of (‒)-melodinine K (232) includes 

the coupling of the northern and southern fragments, via a Polonovski-Potier reaction to 

forge the first C – C bond followed by epoxide opening cyclization/demethylation to 

provide the dihydrofuran ring. Inspiration and precedent for this type of 

cyclization/demethylation comes from work completed on the synthesis of morphine. The 

final step is the deprotection of the Troc group using LDA at depressed temperatures to 

attain (‒)-melodinine K (232) in a total of 15 longest linear steps.  
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Table 5.  Epoxidation of (‒)-Tabersonine (155) 

 

Entry Oxidant: Eqv. Solvent Temp Time Yield 

1 m-CPBA: 3.8 

TFA: 10.0 

MeOH 50˚C 15h 14 – 34% 

2 m-CPBA: 2.5 

TFA: 10.0 
CH2Cl2 rt 24h 30% 

3 m-CPBA: 2.5 

TFA: 10.0 
CH2Cl2 Reflux 24h 32% 

4 H2O2: 5.0 

TFAA: 10.0 

TFA: 2.5 

CH2Cl2 0 ˚C 1.5h 35 – 40% 

5 TFAA: 5.0 

TFA: 5.0 

 Et3N  

CH2Cl2 0 ˚C 1.5h 35 – 45% 

6 UHP: 1.4 

TFAA: 1.4 

TFA: 1.3 

MeOH rt 12h 
Low 

conversion 

      

      

 

4.5 Future Work: Synthesis of (‒)-Conophylline (234) and (‒)-Conophyllidine (235) 

Future work on the synthesis of (‒)-melodinine K (232) includes the coupling of 

the two monomers and subsequent deprotection of the Troc group to arrive at the natural 

products (Scheme 69). Biological testing, to test the hypothesis that (‒)-melodinine K (232) 

will be active in inducing stem cell differentiation, will be pursued. Future work will also 

focus on the synthesis and biological testing of (‒)-conophylline (234) and (‒)-

conophyllidine (235). The synthesis (‒)-conophylline (234) and (‒)-conophyllidine (235) 

can be achieved, as shown in Scheme 71, following the same approach used for the 

synthesis of (‒)-melodinine K (232).  
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Scheme 71. Future Work to Synthesize (‒)-Conophylline (234) and (‒)-Conophyllidine 

(235). 

 

 

4.6 Conclusions 

The synthesis of Aspidosperma and bis-Aspidosperma alkaloids provide 

opportunities to develop and showcase new methodologies as well as to gain access to 

biologically relevant material for further testing. Advances from numerous laboratories, 

including but not limited to Overman, Kuehne, and Magnus, have provided the field with 

new techniques and strategies in the construction of complex scaffolds. Work within the 

Andrade laboratory, described within the chapter, has provided an additional method, the 

Domino Michael/Mannich/N-alkylation, for the construction of Aspidosperma alkaloids. 

Recently, this method has been extended to different aromatic systems besides the indole 

scaffold. Completion of the synthesis of (‒)-melodinine K (232) will be reported in due 
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course. Once the natural product is in hand, our hypothesis that the dihydrofuran ring is 

essential for β-cell differentiation will be tested with a collaborator to validate the isolation 

paper’s findings. Once the biological activity is validated we can determine the oxidation 

state required on the benzene ring of the indole for the highest potency. These compound 

can also be used as tool compounds, via attachment of a probe, to explore the mechanism 

of action and to study the process of β-cell differentiation. This work will be of great value 

within the community and future work towards β-cell transplants as a type I diabetes 

treatment. 
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CHAPTER 5 

EXPERIMENTAL SECTION 

General Methods 

All reactions containing water- or air-sensitive reagents were performed in oven-

dried glassware under nitrogen or argon. Tetrahydrofuran and dichloromethane were 

passed through two columns of neutral alumina. Toluene was passed through one column 

of neutral alumina and one column of Q5 reactant. Triethylamine was distilled from CaH2 

prior to use, and 4 Å molecular sieves were activated by flame-drying under vacuum. 

Methanol was distilled from magnesium. Methyl acrylate was distilled prior to use. 

Compounds 104, 113, 115-117 were prepared according to the procedures of Andrade.1-4 

(Z)-2-Iodobutenyl bromide was prepared according to the procedure of Cook.5 For cross-

metathesis reactions, CH2Cl2 was deaerated by bubbling argon (1 min/mL). All other 

reagents were purchased from commercial sources and used without further purification. 

All solvents for workup procedures were used without further purification. Flash column 

chromatography was performed with ICN Silitech 32-63 D 60 Å silica gel with the 

indicated solvents. Thin-layer chromatography was performed on Analtech 60F254 silica 

gel plates. Detection was performed using UV light, KMnO4 stain, PMA stain, and 

subsequent heating. 1H and 13C NMR spectra were recorded at the indicated field strength 

in CDCl3 at room temperature (rt). The purity of each compound tested was determined on 

an Agilent 1200 LC/MS instrument using a Kinetex 2.6u C18 column (30 × 2.1 mm, with 

a flow rate of 1 mL/min and detection at 254 nm) employing a 5−100% 

acetonitrile/water/0.1% formic acid gradient. All compounds tested were >95% pure. 
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Chapter 1: Total Synthesis and Biological Evaluation of Strychnos Alkaloids: 

(‒)-alstolucine A, (‒)-alstolucine B, (‒)-alstolucine F, (‒)-echitamidine, and (‒)-N-

demethylalstogucine 

 

(‒)-19,20-Dihydroxyakuammicine (120). N-

methylmorpholine N-oxide (607 mg, 5.18 mmol) was 

added to (‒)-akuammicine (334 mg, 1.04 mmol). The 

compounds were dissolved in a mixture or t-

BuOH/THF/H2O (3:2:1). A catalytic amount of OsO4 (4% wt solution in H2O, 0.15 mL) 

was added drop wise to the solution. The reaction was stirred at rt for 18 h. The reaction 

was quenched by adding 40% Na2SO3 solution (25 mL). The reaction mixture was 

extracted using CHCl3 (3 ⅹ 10 mL). The combined organic phases were dried over Na2SO4 

and concentrated under vacuum. The residue was purified by flash column chromatography 

eluting with MeOH/CH2Cl2/NEt3 (9:1:0.05) to give 316 mg of 120 (86%) as a white foam. 

[α]20
D -100.5 (c 0.9, CHCl3); IR (neat) 3355, 3053, 2948,1669, 1540, 1474, 790  cm-1; 1H 

NMR (400 MHz, CDCl3) δ 9.10 (s, 1H), 7.18 (d, J = 7.4 Hz, 1H), 7.13 (td, J = 7.7, 1.2 Hz, 

1H), 6.91 (td, J = 7.5, 0.9 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 3.86 (s, 1H), 3.77 (s, 3H), 3.59 

(q, J = 6.2 Hz, 1H), 3.49 (MeOH), 3.15 – 3.00 (m, 2H), 3.01 – 2.80 (m, 3H), 2.72 – 2.60 

(m, 1H), 2.48 (d, J = 12.7 Hz, 1H), 1.87 (dd, J = 13.2, 6.6 Hz, 1H), 1.77 (S, br, 2H), 1.39 

(d, J = 6.2 Hz, 3H), 1.20 – 1.13 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 172.2, 168.2, 

144.0, 135.5, 127.8, 121.4, 119.9, 109.8, 100.6, 74.0, 72.7, 60.2, 56.6, 54.1, 52.6, 51.1, 

42.8, 33.9, 25.9, 17.4; HRMS (FAB) calc’d for C20H24N2O4 + H = 357.1982, found 

357.1808. 
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(‒)-19-Hydroxyalstolucine B (101). To a solution of N-

chlorosuccinimide (80.4 mg, 0.401 mmol) in CH2Cl2 (4 mL) 

at -20 C was added dimethyl sulfide (47 mg, 0.602 mmol). 

The reaction was stirred for 20 min at -20 C, a solution of the 

diol 120 (143 mg, 0.401 mmol) in dry CH2Cl2 (4 mL) was added to the reaction and stirred 

for 1.5 h.  At this time, triethylamine (81 mg, 0.802 mmol) was added. The reaction was 

allowed to warm to rt, while stirring for an hour. The reaction was quenched with sat’d aq. 

NaHCO3 (3 mL) and diluted with CH2Cl2 (25 mL). The organic layer was washed with 

sat’d aq. NaHCO3 (10 mL) and brine (10 mL). The crude product was dried over Na2SO4 

and concentrated under vacuum. The residue was purified by flash column chromatography 

eluting with MeOH/CH2Cl2 (0.2:9.8) to afford 94 mg of 101 (66%) as a white foam. [α]20
D 

-610.7  (c 0.09, CHCl3); IR (neat) 3355, 3052, 2948, 2877, 1705, 1675, 1238, 962, 748 cm-

1;  1H NMR (400 MHz, CDCl3) δ 8.96 (s, 1H), 7.18 (d, J = 7.3 Hz, 1H), 7.14 (td, J = 7.7, 

1.1 Hz, 1H), 6.91 (td, J = 7.5, 0.7 Hz, 1H), 6.81 (d, J = 7.7 Hz, 1H), 5.29 (CH2Cl2), 3.94 

(s, 1H), 3.74 – 3.69 (q, 1H), 3.68 (s, 3H), 3.48 (MeOH), 3.13 (d, J = 13.2 Hz, 1H), 3.07 (s, 

3H), 2.81 (dd, J = 14.8, 9.0 Hz, 2H), 2.64 (d, J = 13.3 Hz, 1H), 2.36 (s, 3H), 1.96 – 1.88 

(m, 1H), 1.25 (H grase, 1H), 1.23 (t, J = 7.0 Hz, 1H);  13C NMR (101 MHz, CDCl3) δ 

204.7, 170.9, 167.4, 144.0, 142.5, 128.0, 121.6, 119.9, 110.0, 96.9, 77.5, 77.2, 76.8, 60.0, 

58.2 (MeOH) 53.9, 51.2, 45.9, 43.3, 34.2, 29.8, 29.5 (grease) 25.7, 24.5, 21.7; HRMS 

(FAB) calc’d C20H22N2O4 + H = 355.4128, found 355.1580. 
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(‒)-19-Acetoxyalstolucine B (121). Acetic anhydride (45 

mg, 0.444 mmol) and triethylamine (49 mg, 0.484 mmol) 

were added to a solution of hydroxyl ketone 101 (143 mg, 

0.403 mmol) in dry CH2Cl2 (3 mL). A catalytic amount of 

DMAP (4.9 mg, 0.040 mmol) was added and the reaction was stirred at rt for 4 hours. The 

reaction was quenched with a saturated NaHCO3 solution (5 mL) and extracted with 

CH2Cl2 (3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried 

over Na2SO4 and concentrated under reduced pressure. The residue was purified by flash 

column chromatography eluting with MeOH/CH2Cl2 (0.1:9.9) to afford 152 mg of 121 

(95%) as a white foam.  [α]20
D -487.8   (c 0.1, CHCl3);  IR (neat) 3352, 3053, 2949, 2879, 

1731, 1590, 1474, 1462, 1435, 1240, 866, 734 cm-1; 1H NMR (500 MHz, CDCl3): δ 9.0 (s, 

1H),  7.16 (d, J = 5.0 Hz, 1H),  7.14-7.11 (m, 1H), 6.92-6.89 (m, 1H), 6.80 (d, J = 10.0 Hz, 

1H), 5.29 (CH2Cl2), 4.12 (q, EtOAc) 3.85 (s, 1H), 3.68 (s, 1H), 3.30 (dd, J = 15.5 Hz, 1.5 

Hz, 1H), 3.22 (s, 1H), 3.09-2.98 (m, 3H), 2.84 (m, 1H), 2.68 (td, J = 16.5 Hz, 3.0 Hz, 1H), 

2.22 (s, 3H), 2.17 (s, 3H), 2.05 (s, EtOAc), 1.86-1.85 (m, 1H), 1.28-1.25 (m, 1H, t, EtOAc); 

13C NMR (101 MHz, CDCl3) δ 204.2, 172.6, 170.5, 167.3, 144.0, 135.4, 127.7, 121.3, 

119.7, 109.7, 96.9, 85.1, 59.8, 57.0, 53.9, 50.8, 45.9, 43.2, 34.2, 25.7, 24.3, 21.4; HRMS 

(FAB) calc’d C22H24N2O5 + H = 397.1234, found  397.1749. 

 

(‒)-Alstolucine B (9) and (‒)-Alstolucine F  

(10).  To a round-bottomed flask containing 121 (87 mg, 

0.219 mmol) was added deaerated THF (7 mL) and MeOH 

(3 mL) under inert atmosphere.  The solution was cooled to -
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78 C, and a solution of SmI2 (10.9 mL, 0.1M, 1.10 mmol), 

prepared using Molander’s method, was added slowly.6 The 

reaction mixture was stirred at -78 °C for 30 min, warmed to 

rt and stirred overnight.  The reaction was quenched with a 

sat’d aq. solution of Na2CO3 (3 mL) and extracted with EtOAc (3 x 10 mL).  The combined 

organic phases were washed with brine (10 mL), concentrated under reduced pressure, and 

purified by flash column chromatography eluting with MeOH/DCM (0:10→0.2:9.8) to 

give 33 mg of (‒)-alstolucine B (9) (44%) as a white foam and 20 mg of (‒)-alstolucine F 

(10) (27%) as a yellow oil. 1H and 13C NMR spectra match the reported literature values.  

Alstolucine B: The optical rotation for synthetic (‒)-alstolucine B was [α]20
D -464 (c 0.35, 

CHCl3) whereas the reported value was [α]20
D -515 (c 1.28, CHCl3); 

1H NMR (500 MHz, 

CDCl3) δ 8.93 (s, 1H), 7.16 (d, J = 7.9 Hz, 1H), 7.13 (dd, J = 7.7, 1.1 Hz, 1H), 6.90 (td, J 

= 7.6, 0.8 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 5.30 (CH2Cl2) 3.93 (s, 1H), 3.69 (s, 3H), 3.48 

(d, J = 3.1 Hz, 1H), 3.13 – 3.01 (m, 2H), 2.89 (ddd, J = 21.6, 11.7, 3.7 Hz, 3H), 2.69 (t, J 

= 12.4 Hz, 1H), 2.30 (s, 3H), 2.17 (dt, J = 13.0, 3.0 Hz, 1H), 1.91 – 1.85 (m, 1H), 1.50 (dt, 

J = 13.1, 3.4 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 208.5, 172.0, 167.8, 144.3, 135.1, 

127.9, 121.4, 119.8, 109.96, 96.7, 60.8, 56.6, 54.0, 51.1, 49.9, 45.8, 43.3, 31.7, 30.8, 29.4.  
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(‒)-alstolucine B (Literature)10 (‒)-alstolucine B  

1.47 (1H, dt, J = 3.0, 13.0 Hz) 1.50 (1H, dt, J = 3.4, 12.7 Hz) 

1.83 (1H, m) 01.85-1.91 (1H, m) 

2.12 (1H, dt, J = 3.0, 13.0 Hz) 2.17 (1H, dt, J = 3.0, 13.0 Hz) 

2.30 (3H, s) 2.30 (3H, s) 

2.64 (1H, t, J = 12.0 Hz) 2.69 (1H, t, J = 12.4 Hz) 

2.83 (1H, dd, J = 4.0, 12.0 Hz) 2.87-2.94 (3H, ddd, J = 3.7, 11.7, 21.6 Hz) 

2.87 (2H, m) Signal overlaps with above signal 

3.04-3.05 (2H, m) 3.01-3.13 (2H, m) 

3.47 (1H, m) 3.48 (1H, d, J = 3.1 Hz) 

3.68 (3H, s) 3.69 (3H, s) 

3.87 (1H, t, br, J = 3.0 Hz) 3.93 (1H, t, br, J = 3.0 Hz) 

6.80 (1H, d, br, J = 8.0 Hz) 6.81 (1H, d, J = 7.8 Hz) 

6.90 (1H, td, J = 1.0, 8.0 Hz) 6.90 (1H, td, J = 0.8, 7.6 Hz) 

7.11 (1H, td, J = 1.0, 8.0 Hz) 7.13 (1H, dd, J = 1.1, 7.7 Hz) 

7.15 (1H, d, br, J = 8.0 Hz) 7.16 (1H, d, J = 7.9 Hz) 

8.93 (1H, s) 8.93 (1H, s) 
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(‒)-alstolucine B (Literature) 10 (‒)-alstolucine B 

29.2 29.4 

30.8 30.8 

31.7 31.7 

43.4 43.3 

45.6 45.6 

50.0 49.9 

50.9 51.1 

54.0 54.0 

56.7 56.6 

60.6 60.8 

96.5 96.7 

109.7 109.9 

119.6 119.8 

121.1 121.4 

127.6 127.94 

135.4 135.1 

144.2 144.3 

167.2 167.8 

172.2 172.0 

208.5 208.5 
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Alstolucine F: The optical rotation for synthetic (‒)-alstolucine F was [α]20
D -307 (c 0.29, 

CHCl3) whereas the reported value was [α]20
D -371 (c 0.15, CHCl3);

7 1H NMR (500 MHz, 

CDCl3) δ 8.81 (s, 1H), 7.18 (d, J = 7.3 Hz, 1H), 7.15 (td, J = 7.7, 1.0 Hz, 1H), 6.91 (t, J = 

7.3 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H), 4.07 (s, 1H), 3.77 (s, 3H), 3.40 – 3.34 (m, 1H), 3.29 

(dd, J = 14.0, 10.1 Hz, 1H), 3.17 (dt, J = 11.2, 7.3 Hz, 1H), 3.01 (ddd, J = 9.7, 5.9, 2.7 Hz, 

1H), 2.96 (dt, J = 11.6, 6.3 Hz, 1H), 2.81 (dd, J = 14.0, 6.0 Hz, 1H), 2.34 (dt, J = 13.0, 7.2 

Hz, 1H), 2.25 (s, 3H), 2.18 (dt, J = 13.7, 3.4 Hz, 1H), 2.01 (dt, J = 12.6, 6.3 Hz, 1H), 1.25 

(H grease), 1.18 (dt, J = 13.7, 2.7 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 209.7, 168.7, 

168.0, 144.4, 135.1, 128.1, 121.3, 120.9, 109.9, 102.9, 77.4, 77.2, 76.9, 58.8, 58.5, 53.1, 

51.2, 49.6, 47.2, 45.3, 29.4, 27.7, 26.7. 
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(‒)-alstolucine F (Literature) 10 (‒)-alstolucine F  

1.19 (1H, dt, J = 2.4, 13.7 Hz) 1.18 (1H, dt, J = 2.7, 13.7 Hz) 

2.01 (1H, ddd, J = 5.5, 6.5, 12.5 Hz) 2.02 (1H, dd, J = 6.2, 12.4 Hz) 

2.18 (1H, dt, J = 3.3, 13.7 Hz) 2.18 (1H, dd, J = 3.4, 13.7 Hz) 

2.26 (3H, s) 2.25 (3H, s) 

2.34 (1H, ddd, J = 6.7, 7.5, 12.5 Hz) 2.34 (1H, dt, J = 7.2, 13.0 Hz) 

2.81 (1H, dd, J = 6.0, 14.0 Hz) 2.81 (1H, dd, J = 6.0, 14.0 Hz) 

2.96 (1H, ddd, J = 5.5, 6.4, 11.0 Hz) 2.97 (1H, dd, J = 5.8, 11.3 Hz) 

3.02 (1H, ddd, J =2.8, 6.0, 10.0 Hz) 3.01 (1H, ddd, J = 2.7, 5.9, 9.7 Hz) 

3.16 (1H, dt, J = 7.0, 11.0 Hz) 3.17 (1H, dd, J = 4.0, 7.4 Hz) 

3.28 (1H, dd, 10.0, 14.0 Hz) 3.29 (1H, dd, J = 10.1, 14.0 Hz) 

3.38 (1H, m) 3.34-3.40 (1H, m) 

3.77 (3H, s) 3.77 (3H, s) 

4.05 (1H, m) 4.07 (1H, s) 

6.84 (1H, d, br, J = 7.7 Hz) 6.83 (1H, d, J = 7.7 Hz) 

6.91 (1H, td, J = 1.0, 7.7 Hz) 6.91 (1H, td, J = 1.0, 7.3 Hz) 

7.15 (1H, td, J = 7.7 Hz) 7.15 (1H, td, J =1.0, 7.7 Hz) 

7.19 (1H, d, br, J = 7.7 Hz) 7.18 (1H, d, J = 7.3 Hz) 

8.82 (1H, s, br) 8.81 (1H, s) 
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(‒)-alstolucine F (Literature) 10 (‒)-alstolucine F 

26.6 26.7 

27.4 27.7 

29.4 29.3 

45.2 45.3 

47.0 47.2 

49.5 49.6 

51.2 51.2 

53.1 53.1 

58.3 58.5 

58.6 58.8 

102.6 102.9 

109.8 109.9 

120.8 120.9 

121.2 121.3 

128.0 128.1 

135.0 135.1 

144.2 144.4 

168.0 168.0 

168.7 168.7 

210.0 209.7 
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(‒)-Echitamidine (51). To a solution of (‒)-alstolucine B (9) 

(20 mg, 0.059 mmol) in MeOH (1.5 mL) at 0 °C was added 

NaBH4 (3.9 mg, 0.103 mmol).  The reaction was warmed to 

rt and stirred for 1 h.  The reaction was quenched with a sat’d 

aq. solution of NaHCO3 (3 mL) and extracted with CH2Cl2 (3 x 10 mL).  The solution was 

concentrated under reduced pressure, and the residue was purified by flash column 

chromatography eluting with MeOH/CH2Cl2 (0.7:9.3). 1H and 13C NMR spectra match the 

reported literature values; however, the optical rotation for synthetic (‒)-echitamidine (51) 

was [α]20
D -509 (c 0.10, CHCl3) whereas the reported literature value was [α]16

D -515 (c 

5.0, EtOH).8, 9 1H NMR (400 MHz, CDCl3) δ 8.64 (s, 1H), 7.19 (d, J = 7.4 Hz, 1H), 7.14 

(td, J = 7.7, 1.1 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 4.46 (s, 1H), 

3.87 (s, 4H), 3.31 (s, 1H), 3.32 – 3.20 (m, 1H), 3.07 (td, J = 11.2, 10.6, 6.6 Hz, 1H), 2.95 

– 2.78 (m, 3H), 2.03 (dt, J =2.8, 13.1 Hz, 1H), 1.97 – 1.88 (m, 1H), 1.84 (dd, J = 12.6, 6.5 

Hz, 1H), 1.81 – 1.69 (m, 2H), 1.40 (dt, J = 3.3, 13.1 Hz, 1H), 1.16 (d, J = 6.2 Hz, 3H); 13C 

NMR (126 MHz, CDCl3) δ 172.5, 168.8, 143.7, 135.7, 127.5, 121.3, 119.7, 109.5, 96.9, 

68.4, 60.9, 57.2, 54.1, 51.7, 48.2, 46.0, 43.6, 31.1, 28.8, 19.7. 
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(‒)-echitamidine (Literature) 9 (‒)-echitamidine  

1.16 (3H, t, J = 6.2 Hz) 1.16 (3H, t, J = 7.4 Hz) 

1.40 (1H, ddd, J = 3.5, 3.5, 12.6 Hz) 1.40 (1H, dt, J = 3.3, 13.1 Hz) 

1.74 (1H, m) 1.69-1.81 (1H, m) 

1.83 (1H, dd, J = 6.6, 13.2 Hz) 1.84 (1H, dd, J = 6.5, 12.6 Hz) 

1.92 (1H, dd, J = 12.5, 12.5 Hz) 1.88-1.96 (1H, m) 

2.02 (1H, ddd, J = 2.9, 2.9, 12.6 Hz) 2.03 (1H, dt, J =2.8, 13.1 Hz) 

2.82 (1H, dd, J = 7.1, 11.5 Hz) 2.59 (1H, dd, J = 1.7, 15.5 Hz) 

2.87 (1H, m) 

*Missing 1H 

2.79-2.93 (3H, m) 

*This should be 2H 

3.06 (1H, ddd, J = 6.6, 6.6, 11.5 Hz) 3.07 (1H, td, J = 6.6, 10.6, 11.2 Hz) 

3.26 (1H, dq, J = 6.2, 9.2 Hz) 3.20-3.32 (1H, m) 

3.32 (1H, s, br) 3.31 (1H, s, br) 

3.87 (4H, s) 3.87 (4H, s) 

4.45 (1H, s, br, OH) 4.46 (1H, s, br, OH) 

6.84 (1H, d, J = 7.7 Hz) 6.84 (1H, d, J = 7.7 Hz) 

6.92 (1H, t, J = 7.5 Hz) 6.92 (1H, t, J = 7.5 Hz) 

7.14 (1H, t, J = 7.7 Hz) 7.14 (1H, td, J = 1.1, 7.7 Hz) 

7.18 (1H, d, J = 7.3 Hz) 7.19 (1H, d, J = 7.4 Hz) 

8.64 (1H, s) 8.64 (1H, s) 
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165 
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(‒)-echitamidine (Literature) 9 (‒)-echitamidine  

19.78 19.72 

28.91 28.83 

31.15 31.08 

43.68 43.57 

46.01 45.95 

48.24 48.18 

51.77 51.70 

54.20 54.11 

57.32 57.22 

60.98 60.93 

68.42 68.36 

96.91 96.90 

109.57 109.52 

119.76 119.71 

121.37 121.33 

127.55 127.52 

135.77 135.67 

143.78 143.74 

168.85 168.77 

172.55 172.45 
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 (‒)-N-Demethylalsogucine (50).  To a stirred 

solution of (‒)-alstolucine F (10) (8 mg, 0.023 mmol) 

in MeOH (1 mL) was added cerium(III)chloride 

heptahydrate (9.6 mg, 0.026 mmol) at rt. After stirring 

for 10 min, the solution was cooled to 0 °C and NaBH4 (2.1 mg, 0.057 mmol) was added 

and solution was stirred for one hour at 0 °C. The reaction was quenched with a half-

saturated solution of NaHCO3 (1 mL) and extracted with ethyl acetate (3 x 10 mL). The 

combined organic extractions were washed with brine (10 mL), dried over Na2SO4, and the 

solvent was concentrated under reduced pressure. The residue was purified by flash column 

chromatography eluting with MeOH/CH2Cl2 (0.4:9.6→0.6:9.4) to give 6.7 mg of (‒)-N-

demethylalsogucine (50) (87%). 1H and 13C NMR spectra match the reported literature 

values; however,  the optical rotation for synthetic material [α]20
D -382 (c 0.10, CHCl3) 

whereas the literature value was: [α]20
D -399 (c 0.33, CHCl3);

10 1H NMR (400 MHz, 

CDCl3) δ 8.50 (s, 1H), 7.20 (d, J = 7.3 Hz, 1H), 7.15 (td, J = 7.7, 1.2 Hz, 1H), 6.91 (td, J = 

7.5, 0.9 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 4.11 – 4.04 (m, 1H), 3.83 (s, 3H), 3.63 – 3.53 

(m, 1H), 3.23 (ddd, J = 11.6, 9.1, 6.5 Hz, 1H), 3.01 (ddd, J = 11.5, 6.7, 4.7 Hz, 1H), 2.95 

(d, J = 5.6 Hz, 1H), 2.94 – 2.86 (m, 1H), 2.64 (dd, J = 14.3, 6.1 Hz, 1H), 2.33 – 2.22 (m, 

2H), 1.99 (ddd, J = 12.7, 6.4, 4.7 Hz, 1H), 1.79 (dtd, J = 11.9, 6.0, 3.1 Hz, 1H), 1.19 (dt, J 

= 13.6, 2.7 Hz, 1H), 1.12 (d, J = 6.2 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 168.0, 166.9, 

144.2, 134.3, 128.8, 121.9, 121.4, 110.3, 103.7, 70.7, 59.4, 58.4, 53.2, 51.9, 48.0, 45.2, 

44.5, 28.5, 26.9, 20.7. 
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(‒)-N-demethylalstogucine 

(Literature) 10 

(‒)-N-demethylalstogucine 

1.16 (1H, d, J = 6.2 Hz) 1.11 (3H, d, J = 6.1 Hz) 

1.22 (1H, dt, J = 2.3, 13.7 Hz) 1.19 (1H, dt, J = 2.7, 13.9 Hz) 

1.83 (1H, m) 1.73-1.84 (1H, m) 

2.02 (1H, ddd, J = 5.0, 6.0, 12.4 Hz) 1.98 (1H, ddd, J = 4.4, 6.4, 12.6 Hz) 

2.29 (1H, m) 2.27 (2H, ddd, J = 3.7, 6.9, 16.1 Hz) 

2.32 (1H, m) Signal overlaps with above peak 

2.66 (1H, dd, J = 6.0, 14.0 Hz) 2.63 (1H, dd, J = 6.1, 14.3 Hz) 

2.94 (1H, t, J = 14.0 Hz) 2.89 (1H, dd, 12.3, 14.3 Hz) 

3.00 (1H, m) 2.94 (1H, m) 

3.05 (1H, ddd, J = 4.5, 6.0, 11.0 Hz) 3.01 (1H, ddd, J = 4.5, 6.9, 11.5 Hz) 

3.24 (1H, ddd, J = 6.0, 9.0, 11.0 Hz) 3.15-3.26 (1H, m) 

3.62 (1H, m) 3.52-3.61 (1H, m) 

3.82 (3H, s) 3.84 (3H, s) 

4.07 (1H, m) 4.04 (1H, d, J = 7.7 Hz) 

6.85 (1H, d, J = 7.5 Hz) 6.85 (1H, d, J = 7.8 Hz) 

6.91 (1H, t, J = 7.5 Hz) 6.91 (1H, t, J = 7.5 Hz) 

7.16 (1H, t, J = 7.5 Hz) 7.16 (1H, td, J = 1.2, 7.7 Hz) 

7.20 (1H, d, J = 7.5 Hz) 7.20 (1H, d, J = 7.4 Hz) 

8.52 (1H, s) 8.50 (1H, s) 
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(‒)-N-demethylalstogucine 

(Literature)10 

(‒)-N-demethylalstogucine  

20.3 20.7 

27.4 26.9 

29.3 28.5 

45.5 44.5 

46.7 45.2 

48.4 48.0 

51.5 51.9 

53.9 53.2 

58.6 58.4 

59.1 59.4 

71.1 70.7 

102.9 103.7 

109.7 110.3 

120.9 121.4 

121.2 121.9 

128.0 128.8 

135.7 134.3 

143.8 144.2 

167.6 166.9 

167.9 

*Only see one in lit NMR 

168.0 
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(‒)-Alstolucine A (10). Triethylamine (0.028 mL, 

0.295 mmol) and ethyl chloroformate (0.04 mL, 0.295 

mmol) were added to a stirred solution of (‒)-N-

demethylalsogucine (50) (20 mg, 0.059 mmol) in 

CH2Cl2 (5 mL) at 0 °C.  The reaction was warmed to room temperature and stirred for one 

hour. The reaction was quenched with saturated NH4Cl (3 mL). The reaction mixture was 

extracted with CH2Cl2 (3 x 10 mL) and dried over Na2SO4. The solvent was concentrated 

under reduced pressure, and the residue was purified by flash column chromatography 

eluting with MeOH/CH2Cl2 (0.4:9.6) to give 18 mg of (‒)-alstolucine A (10) (73%).  1H 

and 13C NMR spectra match the reported literature values; however, the optical rotation of 

synthetic material [α]20
D -413 (c 0.40, CHCl3) whereas the literature value was: [α]20

D -438 

(c 0.12, CHCl3).
7 1H NMR (400 MHz, CDCl3) δ 8.92 (s, 1H), 7.19 (d, J = 7.3 Hz, 1H), 7.16 

– 7.11 (m, 1H), 6.89 (t, J = 7.5 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 4.75 (p, J = 6.4 Hz, 1H), 

4.21 (qq, J = 7.3, 3.4 Hz, 2H), 4.05 – 4.00 (m, 1H), 3.76 (s, 3H), 3.23 – 3.14 (m, 1H), 3.07 

(s, 1H), 3.04 – 2.93 (m, 2H), 2.66 (dd, J = 14.3, 6.0 Hz, 1H), 2.31 – 2.20 (m, 2H), 2.10 

(ddt, J = 11.7, 5.7, 2.4 Hz, 1H), 2.04 – 1.92 (m, 2H), 1.34 (d, J = 6.6 Hz, 5H), 1.31 (s, 1H), 

1.25 (t, J = 7.1 Hz, 2H), 1.17 (dt, J = 13.6, 2.7 Hz, 1H), 1.11 (t, J = 7.1 Hz, 1H); 13C NMR 

(126 MHz, CDCl3) δ 168.1, 168.1, 155.3, 144.3, 135.7, 128.00, 121.1, 120.9, 109.8, 103.9, 

76.7, 63.9, 61.0, 59.1, 58.3, 53.7, 51.1, 47.9, 45.9, 41.5, 27.7, 27.3, 17.4, 14.5. 
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(‒)-alstolucine A (Literature) 10 (‒)-alstolucine A  

1.18 (1H, dt, J = 2.6, 13.6 Hz) 1.17 (1H, dt, J = 2.7, 13.6 Hz) 

1.33 (3H, t, J = 7.0 Hz) 1.25 (2H, t, J = 7.1) 

 1.31 (1H, s) 

1.34 (1H, d, J = 6.0 Hz) 1.34 (5H, d, J = 6.6 Hz) 

* integrates to 5 due to grease should 

be 1H 

2.00 (1H, m) 1.92-2.04 (1H, m) 

2.11 (1H, m) 2.10 (1H, ddq, J = 3.0, 5.7, 11.7 Hz) 

2.24 (1H, dt, J = 3.5, 13.6 Hz) 2.20-2.25 (1H, m) 

2.29 (1H, ddd, J = 6.5, 8.0, 12.0 Hz) 2.25-2.33 (1H, m) 

3.00 (1H, m) 2.99 (2H, tt, J = 3.7, 11.4 Hz) 

3.03 (1H, dd, J = 11.8, 14.0 Hz) Signal overlaps with above peak 

3.09 (1H, m) 3.07 (1H, m) 

3.20 (1H, ddd, J = 6.6, 8.7, 11.4 Hz) 3.14-3.23 (1H, m) 

3.77 (3H, s) 3.76 (3H, s) 

4.04 (1H, m) 4.03 (1H, s) 

4.21 (2H, m) 4.21 (2H, qq, J = 3.6, 7.3 Hz) 

4.76 (1H, m) 4.75 (1H, p, J = 6.3 Hz) 

6.82 (1H, d, br, J = 7.5 Hz) 6.81 (1H, d, 7.8 Hz) 

6.90 (1H, t, br, J = 7.5 Hz) 6.86-6.93 (1H, m) 

7.14 (1H, td, J = 1.0, 7.5 Hz) 7.14 (1H, td, J = 1.2, 7.8 Hz) 

7.20 (1H, d, br, J = 7.5 Hz) 7.19 (1H, d, J = 7.3 Hz) 

8.92 (1H, s) 8.92 (1H, s) 
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(‒)-alstolucine A (Literature)10 (‒)-alstolucine A  

14.3 14.5 

17.2 17.4 

27.0 27.3 

27.4 27.7 

41.2 41.5 

45.6 45.9 

47.6 47.9 

51.0 51.1 

53.5 53.7 

58.1 58.3 

58.9 59.1 

63.8 63.9 

76.5 76.7 

103.6 103.9 

109.6 109.7 

120.8 120.9 

120.9 121.1 

127.8 128.0 

135.3 135.7 

144.1 144.3 

155.0 155.3 

167.9 168.1 

167.9 168.1 



177 
 

 

 

 

 



178 
 

Chapter 2: Biological Evaluation of Strychnos Alkaloids: (‒)-Alstolucine A, (‒)-

Alstolucine B, (‒)-Alstolucine F, (‒)-Echitamidine, and (‒)-N-demethylalstolucine 

 

Methyl 2-(4-benzoylphenoxy)acetate. To a solution of 

4-hydroxybenzophenone (250 mg, 1.26 mmol) and 

potassium carbonate (348mg, 2.52 mmol) in MeCN (13 

mL) at rt was added methyl bromoacetate (232 mg, 1.39 

mmol) and stirred for 16h to afford 340mg of methyl 2-(4-benzoylphenoxy)acetate as a 

white solid (quant.). The reaction was quenched with H2O (10 mL) and extracted with 

EtOAc (2 x 10 mL). The combined organic layers were dried over Na2SO4, filtered, 

concentrated, and used in the next reaction. 1H and 13C NMR spectra matched with reported 

literature values. 1H NMR (500 MHz, CDCl3) δ 7.79 – 7.74 (m, 2H), 7.71 – 7.67 (m, 2H), 

7.50 (tt, J = 6.9, 1.2 Hz, 1H), 7.40 (t, J = 7.6 Hz, 2H), 6.94 – 6.89 (m, 2H), 4.66 (s, 2H), 

3.74 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 195.2, 168.6, 161.1, 137.9, 132.4, 132.0, 

131.0, 129.6, 128.2, 114.1, 65.0, 52.3. 

 

2-(4-benzoylphenoxy)acetic acid (122). To a solution of 

methyl 2-(4-benzoylphenoxy)acetate (340 mg, 1.26 

mmol) in THF (6 mL) was added a solution of LiOH (60 

mg, 2.52 mmol) at rt and stirred for 1h. The reaction 

mixture was washed with EtOAc (10 mL) and then acidified to pH 6. The aqueous layer 

was extracted with CH2Cl2 (3 x 10 mL). The combined organic layers were washed with 

brine, dried over Na2SO4, filtered, and concentrated under reduced pressure to afford 2-(4-
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benzoylphenoxy)acetic acid 122 as a white solid (quant.). The product was used in the next 

step without further purification.  

 

3-(3-methyl-3H-diazirin-3-yl)propanoic acid 125. To a solution of 

levulinic acid (500 mg, 4.3 mmol) in MeOH (1.0 mL) at 0 ⁰C was added 

7N ammonia in MeOH (3.9 g, 35 mmol) and stirred for 3h at 0 ⁰C. A solution of 

hydroxylamine-O-sulfonic acid (510 mg, 4.95 mmol) in MeOH (1 mL) was added to the 

solution generated above. The ice bath was removed and the reaction was stirred at rt for 

16h. Gently blow air over the reaction mixture for 1h to remove excess ammonia. The 

suspension was filtered and the filter cake was rinsed with cold MeOH. The filtrate was 

dissolved in MeOH (1 mL), cooled to 0 ⁰C, and Et3N (653 mg, 6.5 mmol) was added. After 

5 minutes, iodine (1.0 g, 7.9 mmol) was added in portions until the color persisted. The 

reaction mixture was diluted with EtOAc (15 mL) and then washed with 1N HCl (15 mL), 

sodium thiosulfate (3 x 15 mL) and brine (15 mL). The organic layer was dried over 

Na2SO4, filtered, and concentrated under reduced pressure to afford 279 mg of 3-(3-

methyl-3H-diazirin-3-yl)propanoic acid 125 as a yellow oil (51%). 1H and 13C NMR 

spectra were identical with reported literature values.11 1H NMR (400 MHz, CDCl3) δ 

11.70 (s, 1H), 2.15 (q, J = 7.8 Hz, 2H), 1.63 (t, J = 7.6 Hz, 2H), 0.96 (s, 3H). 

 

Benzophenone probe of (‒)-

Echitamidine 123. A solution of (‒)-N-

demethylalstogucine (15 mg, 0.0441 

mmol), 2-(4-benzoylphenoxy)-acetic acid 122 (14 mg, 0.0529 mmol), N-(3-
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dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (10 mg, 0.0529 mmol), and 4-

dimethylaminopyridine (1 mg, 0.0044 mmol) in CH2Cl2 (1.0mL) was stirred for 18 hours. 

The reaction was diluted with H2O (5 mL) and CH2Cl2 (5 mL) and extracted with CH2Cl2 

(3 x  ). The combined organic phases were dried of Na2SO4 and concentrated under reduced 

pressure. The residue was purified my flash column chromatography eluting with 

MeOH/CH2Cl2 (0.2:9.8) to afford 13mg of 123 (51%) as a colorless oil: [α]20
D - (c 0., 

CHCl3); IR (neat); 1H NMR (500 MHz, CDCl3) δ 9.00 (s, 1H), 7.85 – 7.80 (m, 2H), 7.76 – 

7.72 (m, 2H), 7.58 – 7.53 (m, 1H), 7.45 (dd, J = 8.3, 7.0 Hz, 2H), 7.15 (dd, J = 7.3, 1.0 Hz, 

1H), 7.12 (td, J = 7.7, 1.2 Hz, 1H), 7.07 – 7.01 (m, 2H), 6.89 (td, J = 7.4, 1.0 Hz, 1H), 6.80 

(d, J = 7.7 Hz, 1H), 5.29 (CH2Cl2) 4.82 – 4.66 (m, 2H, *EtOAc), 3.86 (s, 1H), 3.69 (s, 3H), 

3.31 (d, J = 3.5 Hz, 1H), 3.05 (dd, J = 11.3, 7.0 Hz, 1H), 2.93 – 2.79 (m, 3H), 2.09 – 1.96 

(m, 4H), 1.84 (dd, J = 13.1, 6.7 Hz, 1H), 1.39 (ddd, J = 13.0, 4.1, 2.6 Hz, 1H), 1.24 (d, J = 

6.3 Hz, 3H, *EtOAc); 13C NMR (126 MHz, CDCl3) δ 195.4, 172.0, 168.3, 167.7, 161.3, 

144.1, 138.0, 135.4, 132.5, 132.0, 131.0, 129.7, 128.2, 127.6, 121.1, 119.7, 114.2, 109.6, 

97.8, 73.6, 65.3, 60.7, 56.6, 53.9, 51.5, 47.1, 43.1, 42.6, 31.3, 28.4, 17.6; HRMS (FAB) 

calc’d C35H34N2O6 + H = 579.2490, found 579.2493. 

 

Benzophenone probe of (‒)-N-

demethylasltogucine 124. A solution of (‒

)-echitamidine (15mg, 0.0441mmol), 2-(4-

benzoylphenoxy)-acetic acid 122 (14 mg, 0.0529 mmol), N-(3-dimethylaminopropyl)-N’-

ethylcarbodiimide hydrochloride (8 mg, 0.044 mmol), and 4-dimethylaminopyridine (1 

mg, 0.0044 mmol) in CH2Cl2 (0.5 mL) was stirred for 18 hours. The reaction was diluted 
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with H2O (5 mL) and CH2Cl2 (5 mL) and extracted with CH2Cl2 (3 x 5 mL). The combined 

organic phases were dried of Na2SO4 and concentrated under reduced pressure. The residue 

was purified my flash column chromatography eluting with MeOH/CH2Cl2 (0.2:9.8) to 

afford 13 mg of 124 (51%) as a white foam: 1H NMR (500 MHz, CDCl3) δ 8.75 (s, 1H), 

7.82 (d, J = 8.9 Hz, 2H), 7.76 – 7.70 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 

2H), 7.17 (d, J = 7.3 Hz, 1H), 7.14 (t, J = 7.7 Hz, 1H), 6.99 (d, J = 8.9 Hz, 2H), 6.89 (t, J 

= 7.5 Hz, 1H), 6.82 (d, J = 7.7 Hz, 1H), 5.03 (p, J = 6.7, 6.2 Hz, 1H), 4.85 – 4.69 (m, 2H), 

3.98 (s, 1H), 3.76 (s, 3H), 3.22 – 3.10 (m, 1H), 3.01 (s, 1H), 2.99 – 2.88 (m, 2H), 2.59 (dd, 

J = 14.2, 5.9 Hz, 1H), 2.28 (ddd, J = 12.8, 9.1, 6.8 Hz, 1H), 2.13 (dt, J = 13.6, 3.2 Hz, 1H), 

2.04 (dq, J = 8.2, 2.7 Hz, 1H), 1.97 (dt, J = 12.4, 5.5 Hz, 1H), 1.32 (d, J = 6.4 Hz, 3H), 

1.11 (dt, J = 13.4, 2.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 195.8, 168.6, 168.3, 168.0, 

161.7, 144.3, 138.4, 135.9, 132.9, 132.4, 131.4, 130.1, 128.6, 128.3, 121.4, 121.1, 114.5, 

110.0, 103.8, 74.6, 65.7, 59.4, 58.5, 54.2, 51.5, 48.3, 46.2, 41.8, 27.9, 27.6, 17.9; HRMS 

(FAB) calc’d C35H34N2O6 + H = 579.2490, found 579.2498. 

 

Diaziridine probe of (‒)-N-demethylasltogucine 

126. To a solution of (‒)-N-demethylalstogucine (50) 

(19 mg, 0.0558 mmol), N-(3-dimethylaminopropyl)-

N’-ethylcarbodiimide hydrochloride (13 mg, 0.0670 mmol), and 4-dimethylaminopyridine 

(1 mg, 0.0056 mmol) in CH2Cl2 (1.0 mL) was added 3-methyl-3H-diazirine-3-propanoic 

acid 125 (9mg, 0.0670mmol) and stirred for 18 hours. The reaction was diluted with H2O 

(5 mL) and CH2Cl2 (5 mL) and extracted with CH2Cl2 (3 x 5 mL). The combined organic 

phases were dried of Na2SO4 and concentrated under reduced pressure. The residue was 
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purified my flash column chromatography eluting with MeOH/CH2Cl2 (0.2:9.8) to afford 

16.8mg of 126 (68%) as a yellow oil: 1H NMR (500 MHz, CDCl3) δ 8.83 (s, 1H), 7.23 (d, 

J = 7.3 Hz, 1H), 7.14 (td, J = 7.7, 1.0 Hz, 1H), 6.93 – 6.86 (m, 1H), 6.81 (d, J = 7.8 Hz, 

1H), 4.96 – 4.87 (m, 1H), 4.10 (s, 1H), 3.77 (s, 3H), 3.25 (ddd, J = 11.4, 8.8, 6.8 Hz, 1H), 

3.07 (s, 1H), 2.99 (ddd, J = 17.4, 12.9, 9.2 Hz, 2H), 2.64 (dd, J = 14.2, 6.0 Hz, 1H), 2.32 

(ddd, J = 12.9, 8.9, 6.8 Hz, 1H), 2.23 – 2.15 (m, 3H), 2.10 – 1.97 (m, 3H), 1.77 – 1.71 (m, 

2H), 1.29 (d, J = 6.4 Hz, 2H), 1.18 (dt, J = 14.0, 2.8 Hz, 1H), 1.04 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 171.9, 167.7, 167.6, 143.9, 135.1, 127.9, 121.1, 120.8, 109.6, 103.6, 72.5, 

58.7, 57.8, 53.2, 51.0, 47.4, 45.2, 41.0, 29.5, 29.0, 27.3, 26.7, 25.1, 19.7, 17.2; HRMS 

(FAB) calc’d C35H30N4O4 + H = 451.2354, found 451.2354. 

 

Analysis of Drug Sensitivity.12 Drug sensitivity was analyzed using a 3-(4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium 

inner salt/phenazine methosulfate microtiter plate assay (Cell-Titer 96 Cell Proliferation 

Assay; Promega, Madison, WI). HEK293-pcDNA3and MRP7-transfected cell lines 

HEK293-MRP7-C17 and HEK293-MRP7-C18 were seeded in triplicate at 5000 cells/well 

in 96-well dishes in DMEM containing 10% fetal bovine serum. The following day, drugs 

were added at various concentrations to the growth medium. Growth assays were 

performed after 72 h of incubation in the presence of drug. Paclitaxel was purchased from 

Sigma Chemical Company (St. Louis, MO).  

 

Measurement of ATPase activity.13 ABCC10 specific activity was recorded as 

BeFx-sensitive ATPase activity. The amount of inorganic phosphate released over 20 min 
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at 37 °C was measured. 2X ATPase assay buffer (100 mM Tris-HCl pH 7.5, 1M KCl, 0.25 

M sodium azide, 0.125 M EGTA, 1 mM ouabain, 1M DTT) was combined with 2M MgCl2, 

5-10 μg of membrane protein, and various drugs or substrates for a 5 min preincubation at 

37 °C. The reaction was initiated by 5 mM ATP addition and quenched with 100 µl of 5% 

SDS. The amount of Pi released was quantitated using the colorimetric method of 

Lanzetta.14 

 

Photoaffinity Labeling of ABCC10.15 Photoaffinity labeling was conducted in a 

similar manner to studies conducted on P-gp (ABCB1).  Stock solutions of ABCC10 (1 

mg/ 1 mL in 50 mM Tris-HCl buffer at pH 7.5) over expressed in insect cells were used 

along with the corresponding insect cells lacking ABCC10. Furthermore, a control using a 

DMSO solution was also used. ABCC10 (60 μL of the stock) or control insect cells lacking 

ABCC10 (60 μL of stock) were incubated with buffer, DMSO, or photoaffinity probe 123, 

124, or 126 for 30 minutes at rt. All samples were irradiated with UV light (~350nm) while 

on ice at a distance of ~5 cm for 20 minutes. In further experiments, the exposure time and 

temperature were altered to determine optimal irradiation. Each sample was centrifuged at 

50,000g for 30 minutes at 4 ⁰C, and supernatant was removed and saved. The pellet was 

resuspended in 15 μL of SDS sample buffer (pink in color) and the samples were loaded 

into separate wells of either a 7.5% or 10% polyacrylamide gel (30 μg of total plasma 

membrane protein per lane). Each sample was split into two to run two gels. One to use for 

western blot detection of the protein and one to isolate the protein. The gel was ran 

following the instructions provide with the gel at 35 mA for just over one hour. 

Gel One Coomassie Blue Staining:16 One gel was then fixed using a MeOH/acetic 
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acid/water (40:10:50) solution for 60 minutes. The gel was washed with diH2O over night 

with shaking. The diH2O was removed and coomaissie stain was added and rocked for 30 

minutes. The stain solution was removed and a solution of MeOH/acetic acid/water 

(40:10:50) was added and rocked for 1 hour. Addition of kimwipe into the solution helps 

to absorb excess dye from the solution. After 1 hour 150 mL of diH2O are added and rocked 

overnight. The bands corresponding to ABCC10, as verified by western blot (see gel two 

section), were excised for each sample and cut into cubes.  

Gel One Silver Staining:17 After electrophoresis, fix the gel slab in 50% mentanol, 5% 

acetic acid in water for 20 minutes. Then wash the slab with 50% methanol for 10 minutes 

followed by water for 10 minutes to remove the remaining acid. The gel was sensitized by 

a 1 minute incubation with 0.02% sodium thiosulfate, and it was rinsed with distilled water 

for 1 minute two times. Submerge the gel in chilled 0.1% silver nitrate solution and 

incubate for 20 minutes at 4˚C. After the incubation, the silver nitrate was discarded and 

the gel slab was rinsed with water for 1 minute two times and then developed in 0.04% 

formalin (35% formaldehyde in water) in 2% sodium carbonate with intensive shaking. 

Once the developer turns yellow it is discarded and replaced with a fresh portion. Once the 

desired intensity of the staining is achieved the development is terminated by discarding 

the remaining developer and the gel slab is washed with 5% acetic acid. Stained gels should 

be stored in a solution of 1% acetic acid at 4˚C until it is analyzed or used. The bands 

corresponding to ABCC10, as verified by western blot (see gel two section), were excised 

for each sample and cut into cubes. 

 In-gel Digestion: A control piece of the gel where no protein was ran was also collected 

as another control and cut into cubes. Wash the cubes with water for 5 minutes three times. 
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Dehydrate the gel pieces with acetonitrile and dry in a speed vacuum concentrator. Reduce 

the protein with 10mM DTT in 50mM NH4HCO3 at 56˚C for 45 minutes. Then 

carboxymethylate with a 55mM iodacetamide solution in 50mM NH4HCO3 buffer at room 

temperature, in the dark, for 30 minutes. Wash the gel pieces with 50mM NH4HCO3 two 

times, dehydrate with acetonitrile, and dry in a speed vacuum concentrator. Hydrate the gel 

pieces in 50mM NH4HCO3 containing 12.5 ng trypsin (sequencing grade, modified, 

Promega). After 20 minutes remove the supernatant and incubate the gel pieces overnight 

at 37˚C.The cubes were rehydrated with 50 mM NH4CO3. Excess NH4CO3 was removed 

and the cubes were extracted with 50% MeOH/H2O overnight. The supernatant was 

collected and the cubes were extracted a second time with 50% MeOH/H2O with 2% TFA. 

The supernatant was collected. All supernatants were concentrated using a speed vacuum 

concentrator and then purified and desalting using Zip Tips.  

Zip Tip C18 Purification and Desalting: Prepare the following solutions and dissolve 

sample in 10 μL of sample preparation solution. 

 

Wetting solution - 50:50 acetonitrile (ACN): water (H2O) 

Sample preparation - 0.1% trifluoroacetic acid (TFA) in H2O pH <4 

Equilibration solution - 0.1% TFA in H2O 

Wash solution - 0.1% TFA in H2O 

Elution solution - 0.1% TFA in 50:50 ACN:H2O 

First equilibrate the Zip Tip by setting the pipettor to 10 μL and place zip tip on the end. 

Aspirate with the wetting solution into the tip and dispense to waste. Repeat three times. 

Aspirate the zip tip with equilibration solution and dispense to waste. Repeat three times. 

Next bind the peptides to the zip tip by aspirating with the sample solution three times 
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and dispense into original sample holder. Wash the zip tip using the wash solution and 

dispense to the waste. Repeat three times. Collection of peptides for Mass Spec analysis. 

Dispense 4 μL of MALDI-TOF matrix solution into a labeled Eppendorf tube. Carefully 

aspirate and dispense at least 15 times without introducing air into the sample. The 

sample is then used for Mass Spectrometry. The resulting mass spec file was analyzed 

using BLAST and by comparing the mass peaks by intensity to the predicted peptide 

fragments.  
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Chapter 3: Semi-synthesis and Biological Evaluation of Bis-Strychnos Alkaloids: (‒)-

strychnogucine B, (‒)-isosungucine, and (‒)-sungucine 

 

Strychinine-N-oxide (135). To a suspension of (‒)-strychnine (7) 

(5.0 g, 15 mmol) in MeCN (30 mL) and H2O (30 mL) at rt was 

added 30% H2O2 (2.0 g, 18 mmol) and stirred for 2 days. The 

reaction mixture was concentrated under reduced pressure. The 

precipitant was collected via filtration, the filter cake was washed 

with cold H2O and cold Et2O, and dried under vacuum to afford strychnine-N-oxide 135 as 

a white solid (4.6 g, 88%). 1H and 13C NMR spectra matched with reported literature 

values.18, 19 m.p.= 205-206 ⁰C; [α]20
D  –12.0 (c 0.86, CHCl3); IR (neat) 3213, 2162, 

1602, 1481, 1463, 1410, 1383, 1289, 1109, 992, 761 cm-1; 1H NMR (500 MHz, CDCl3) 

δ8.09 (d, J = 8.1 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.32 (t, J = 7.8 Hz, 1H), 7.16 (t, J = 7.5 

Hz, 1H), 6.30 (t, J = 6.3 Hz, 1H), 4.44 (s, 1H), 4.33 – 4.30 (m, 1H), 4.25 (dd, J = 14.0, 7.0 

Hz, 1H), 4.16 (d, J = 13.5 Hz, 1H), 4.08 (dd, J = 14.0, 5.9 Hz, 1H), 3.99 (d, J = 10.5 Hz, 

1H), 3.98 – 3.91 (m, 1H), 3.89 (d, J = 13.5 Hz, 1H), 3.75 – 3.71 (m, 1H), 3.25 (s, 1H), 3.16 

(dd, J = 17.7, 8.4 Hz, 1H), 2.79 (dt, J = 15.2, 4.1 Hz, 1H), 2.71 – 2.64 (m, 2H), 2.03 (dd, J 

= 13.2, 5.7 Hz, 1H), 1.66 (d, J = 15.2 Hz, 1H), 1.37 (dt, J = 10.5, 2.7 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 169.2, 142.0, 136.1, 133.9, 130.2, 129.8, 125.2, 122.7, 116.9, 83.8, 

77.7, 72.3, 68.7, 64.6, 58.8, 53.6, 47.9, 42.6, 39.7, 30.8, 25.6; HRMS (ESI) calc’d for 

C21H22N2O3 + H = 351.1709, found 351.1701. 
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Secondary Hemiaminal Ether (136). To a clear solution of 

strychnine N-oxide (135 ) (4.2 g, 12.0 mmol) in CH2Cl2 (120 mL) 

at 0 C was added TFAA (5.06 g, 24.9 mmol) and stirred for 1h. 

The ice bath was removed and the reaction was stirred at rt for 4h. 

A solution of KOH (6.71 g, 120 mmol) in H2O (25 mL) was added 

and stirring continued for 20h. The organic layer was separated and the aqueous layer was 

extracted with CH2Cl2 (2 x 50 mL). The combined organic layers were dried over Na2SO4, 

filtered, and concentrated under reduced pressure. The resulting residue was purified by 

flash column chromatography eluting with acetone/EtOAc (50:50→100:0) to afford 2.40 

g (58 %) of the secondary alcohol as a white foam. The white solid was then dissolved in 

MeOH and stirred for 1h. The solution was concentrated under reduced pressure to afford 

2.467 g as a white solid. 1H and 13C NMR spectra matched with reported literature values.18, 

19 [α]20
D –60.5 (c 1.4, CHCl3); IR (neat) 2941, 2858, 2360, 2341, 2161, 1979, 1665, 1596, 

1478, 1460, 1389, 1282, 1106, 1072, 1048, 754, 726 cm-1; 1H NMR (500 MHz, CDCl3) δ 

8.08 (d, J = 142 8.0 Hz, 1H), 7.27 – 7.20 (m, 2H), 7.12 – 7.07 (m, 1H), 5.91 (t, J = 6.2 Hz, 

1H), 4.45 (dd, J = 8.1, 5.9 Hz, 1H), 4.28 (dt, J = 8.4, 3.4 Hz, 1H), 4.23 – 4.21 (m, 1H), 4.14 

(dd, J = 13.8, 6.9 Hz, 1H), 4.08 – 4.04 (m, 1H), 3.91 (d, J = 10.5 Hz, 1H), 3.84 (dd, J = 

15.1, 1.3 Hz, 1H), 3.32 (s, 3H), 3.18 (s, 1H), 3.12 (dd, J = 17.4, 8.5 Hz, 1H), 3.00 (d, J = 

15.2 Hz, 1H), 2.65 (dd, J = 17.4, 3.4 Hz, 1H), 2.37 – 2.32 (m, 2H), 1.89 (dd, J = 13.2, 8.1 

Hz, 1H), 1.42 (d, J = 14.5 Hz, 1H), 1.28 – 1.25 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 

169.3, 142.1, 141.4, 131.7, 128.7, 125.9, 124.3, 122.3, 116.2, 96.6, 77.5, 64.4, 60.8, 58.9, 

54.3, 52.8, 52.4, 48.6, 47.8, 42.3, 31.2, 26.9; HRMS (ESI) calc’d for C22H24N2O3 + H = 

365.1865, found 365.1853. 



189 
 

 

TBS-protected Isostrychnine (143). A suspension of (‒)-

strychnine (7) (4 g, 12.0 mmol) and DBU (18.2 g, 17.9 

mmol) in N-methyl-2-pyrrolidone (100 mL) was deaerated 

with argon for 2h. The mixture was heated at 200 ⁰C for 40 

minutes, cooled to rt followed by the addition of imidazole (3.26 g, 47.8 mmol) and TBSCl 

(5.40 g, 35.9 mmol). The resulting mixture was stirred at rt for 12h. The reaction was 

quenched with H2O (80 mL) and diluted with EtOAc (100 mL). The organic layer was 

separated and the aqueous layer was extracted with EtOAc (2 x 150 mL). The combined 

organic layers were washed with brine (5 x 150 mL), dried over Na2SO4, filtered, and 

concentrated under reduced pressure. The resulting residue was purified by flash column 

chromatography eluting with MeOH/CH2Cl2 (0:100→5:95) to afford 2.70 g pf 143 as a 

white foam (50% over 2 steps). 1H and 13C NMR spectra matched with reported literature 

values.18, 19 [α]20
D  –18.4 (c 1.13, CHCl3); IR (neat) 2928, 2854, 2162, 1980, 1662, 1596, 

1481, 1461,1393, 1251, 1093, 1047, 992, 832, 774, 760, 681 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 8.15 (d, J = 7.8 Hz, 1H), 8.26 – 8.22 (m, 1H), 7.20 – 7.19 (m, 1H), 7.09 (td, J = 

7.5, 1.0 Hz, 1H), 5.79 (dt, J = 6.4, 2.5 Hz, 1H), 5.49 (t, J = 5.5 Hz, 1H), 4.33 – 4.25 (m, 

3H), 3.68 (d, J = 2.0 Hz, 1H), 3.59 (d, J = 14.4 Hz, 1H), 3.50 (s, 1H), 3.22 – 3.17 (m, 1H), 

3.11 (dd, J = 17.4, 6.7 Hz, 1H), 3.04 – 2.99 (m, 1H), 2.93-2.86 (m, 2H), 2.29 – 2.23 (m, 

1H), 2.19 – 2.14 (m, 2H), 1.45 (dt, J = 14.0, 2.1 Hz, 1H), 0.91(s, 9H), 0.08 (s, 6H); 13C 

NMR (126 MHz, CDCl3) δ 168.4, 142.1, 141.4, 135.9, 134.7, 128.2, 127.4, 124.1, 122.5, 

120.2, 114.6, 67.1, 63.2, 59.1, 53.9, 52.8, 52.3, 46.1, 36.8, 34.8, 25.9, 25.6, 18.3, -5.1, -5.2; 

HRMS (ESI) calc’d for C27H36N2O2Si + H = 449.2624, found 449.2612. 
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TBS-protected Isostrychnine Isomer (144). The same 

procedure as the TBS-protected isostrychnine was used. 

The resulting residue was purified by flash column 

chromatography eluting with MeOH/CH2Cl2 

(0:100→5:95) to afford 1.25 g (26% over 2 steps) of 144 as white foam. 1H and 13C NMR 

spectra matched with reported literature values.18, 19 [α]20
D  –331.0 (c 0.78, CHCl3); IR 

(neat) 2927, 2856, 2162, 1665, 1616, 1594, 1481, 1413,1250, 1144, 1080, 1059, 1045, 832, 

818, 776, 758, 592 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.25 (d, J = 7.9 Hz, 1H), 7.28 – 

7.24 (m, 2H), 7.12 (td, J = 7.5, 1.0 Hz, 1H), 6.75 (dd, J = 9.8, 6.5 Hz, 1H), 6.02 (dd, J = 

9.8, 1.1 Hz, 1H), 5.44 (t, J = 6.3 Hz, 1H), 4.25 (d, J = 6.8 Hz, 1H), 4.24 – 4.16 (m, 2H), 

3.62 (d, J = 15.1 Hz, 1H), 3.30 – 3.21 (m, 3H), 3.08 – 3.03 (m, 1H), 2.70 (d, J = 2.7 Hz, 

1H), 2.61 – 2.53 (m, 2H), 2.15 (dt, J = 13.2, 5.8 Hz, 1H), 1.87 – 1.81 (m, 1H), 1.78 – 1.74 

(m, 1H), 0.91 (s, 9H), 0.09 (d, J = 2.2 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 162.0, 

142.9, 142.9, 141.7, 135.9, 128.8, 124.8, 124.6, 124.1, 122.7, 116.8, 65.7, 64.9, 59.0, 54.3, 

52.9, 52.4, 38.4, 37.5, 31.8, 26.3, 23.6, 18.7, -4.6, -4.7; HRMS (ESI) calc’d for 

C27H36N2O2Si + H = 449.2624, found 449.2616. 

 



191 
 

Mannich Coupling Products (146). To a solution of 

diisopropyl amine (0.0866 g, 0.834 mmol) in THF (2mL) 

at 0 ⁰C was added n-BuLi (2.2M, 0.36 mL, 0.765 mmol) 

and stirred for 40 minutes. A solution of TBS-protected 

isostrychnine (143) (10.156 g, 0.348 mmol) in THF (2 mL) 

was added to the solution generated above at 0 ⁰C and was 

stirred for 1h. To this solution was added a solution of secondary hemiaminal ether (141) 

(0.134 g, 0.382 mmol) in THF (2 mL) followed by the addition of BF3•OEt2 (0.242 g, 1.74 

mmol). The reaction was stirred at 0 ⁰C for 4h. The reaction was quenched with saturated 

aq. NaHCO3 (10 mL) and MeOH (10 mL) and stirred at rt for 1-2 hours. The reaction 

mixture was extracted with EtOAc (3 x 15 mL). The combined organic layers were dried 

over Na2SO4, filtered, and concentrated under reduced pressure. The resulting residue was 

purified by flash column chromatography eluting with isopropanol/CH2Cl2 (0:100→20:80) 

to afford a mixture of epimers that was used directly in the next reaction without further 

purification. 

 

Allylic Alcohol (147). To a solution of mannich coupling 

products (146) (0.158 g, mmol) in THF (5 mL) in a Nalgene 

container at 0 ⁰C was added pyridine (1.5 mL, 18.6 mmol) 

followed by HF•pyridine (70% HF, 0.4 mL, ~15.4 mmol). 

The ice bath was removed and the reaction was stirred at rt 

for 12h. The reaction was cooled to 0 ⁰C and quenched slowly 

with saturated aq. NaHCO3 (25 mL) and diluted with CH2Cl2 (30 mL). The organic layer 
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was separated and the aqueous layer was extracted with CH2Cl2 (2 x 30 mL). The combined 

organic layers were dried over Na2SO4, filtered, and concentrated under reduced pressure. 

The resulting residue was purified using flash column chromatography eluting with 

MeOH/CH2Cl2 (0:100→10:90) to afford 80 mg (60 %) of allylic alcohol (147) as an off-

white solid. 1H and 13C NMR spectra matched with reported literature values.18, 19 m.p.= 

270-271.8 ⁰C; [α]20
D  –108.5 (c 1.2, CHCl3); IR (neat) 3200, 2932, 2876, 1668, 1596, 1481, 

1460, 1389, 1329, 1282, 1109, 1091, 1078, 919, 754, 729 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 8.07 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 8.3 Hz, 1H), 7.25 – 7.16 (m, 4H), 7.07 – 

7.03 (m, 2H), 5.92 – 5.89 (m, 2H), 5.63 (t, J = 6.5 Hz, 1H), 4.40 – 4.32 (m, 2H), 4.30 – 

4.25 (m, 2H), 4.14 – 4.08 (m, 2H), 4.03 – 3.98 (m, 2H), 3.85 – 3.81 (m, 1H), 3.66 – 3.54 

(m, 4H), 3.24 – 3.08 (m, 4H), 2.97 – 2.91 (m, 2H), 2.74 – 2.69 (m, 2H), 2.38 – 2.34 (m, 

2H), 2.28 (t, J = 7.6 Hz, 2H), 2.16 – 2.11 (m, 1H), 1.54 – 1.46 (m, 3H), 1.25 (dt, J = 10.4, 

3.2 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 169.4, 169.2, 142.2, 142.2, 141.2, 140.6, 

138.5, 134.9, 132.5, 128.5, 128.3, 127.3, 125.6, 124.2, 123.9, 122.5, 122.4, 121.9, 116.3, 

114.5, 77.3, 67.8, 64.2, 63.8, 61.0, 60.5, 59.6, 58.3, 54.4, 53.2, 52.1, 52.0, 50.9, 47.9, 47.5, 

46.8, 45.9, 42.3, 34.9, 31.4, 27.2, 26.4; HRMS (ESI) calc’d for C42H42N4O4 + Na = 

689.3104, found 689.3109. 
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 (‒)-Strychnogucine B (129). A solution of allylic alcohol 

(147) (0.219 g, 0.328 mmol), Cs2CO3 (1.07 g, 3.28 mmol), 

and t-BuOH (3.0 g) was deaerated with argon for 30 minutes 

and then was heated to 85 ⁰C for 3h. The reaction mixture was 

cooled to rt and diluted with CH2Cl2 (10 mL). The mixture 

was filtered through a short pad of Celite and the filter cake 

was rinsed with CH2Cl2. The combined filtrates were concentrated under reduced pressure 

and the resulting residue was purified by flash column chromatography eluting with 

EtOAc/MeCN (70:30) to afford 0.134 g (61%, 80% BRSM) of (‒)-strychnogucine B (129) 

as a white foam. 1H and 13C NMR spectra matched with reported literature values.18, 19 

[α]20
D –167.5 (c 0.65, CHCl3); IR (neat) 3213, 2162, 1662, 1596, 1480, 1463, 1410, 1383, 

1289, 1274, 1109, 1097, 1050, 1037, 992, 761 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.22 

(d, J = 7.9 Hz, 1H), 8.09 (dd, J = 8.3, 0.8 Hz, 1H), 7.25 – 7.22 (m, 4H), 7.11 – 7.05 (m, 

3H), 5.87 – 5.84 (m, 1H), 5.53 (t, J = 6.7 Hz, 1H), 4.36 – 4.27 (m, 4H), 4.13 – 4.09 (m, 

3H), 4.04 (dd, J = 13.7, 6.0 Hz, 1H), 3.97 (dd, J = 11.2, 5.7 Hz, 1H), 3.65 – 3.60 (m, 2H), 

3.31 (d, J = 15.2 Hz, 1H), 3.26 – 3.22 (m, 2H), 3.16 (s, 1H), 3.12 (dd, J = 17.3, 8.4 Hz, 

1H), 3.09 – 3.04 (m, 1H), 2.72 (dd, J = 17.3, 3.5 Hz, 1H), 2.69 – 2.52 (m, 5H), 2.39 (dt, J 

= 14.2, 4.2 Hz, 1H), 2.17 – 2.12 (m, 1H), 1.83 (dd, J = 14.2, 2.3 Hz, 1H), 1.75 – 1.71 (m, 

2H), 1.49 (d, J = 14.3 Hz, 1H), 1.28 (dt, J = 10.5, 3.2 Hz, 1H); 13C NMR (125 MHz, CDCl3) 

δ 169.4, 162.2, 143.9, 142.1, 141.3, 140.7, 136.8, 135.8, 135.1, 132.4, 128.5, 128.4, 127.2, 

124.4, 123.9, 123.5, 122.3, 122.2, 116.4, 116.2, 77.4, 65.3, 64.5, 64.3, 61.1, 60.4, 60.0, 

58.3, 53.9, 52.9, 52.3, 52.1, 51.2, 50.6, 48.0, 42.4, 37.6, 36.9, 31.8, 31.5, 27.2, 23.3; HRMS 

(ESI) calc’d for C42H42N4O4 + H = 667.3284, found 667.3289. 
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Bis-acetates 149. A suspension of (‒)-struchnogucine B 

(129) (0.120 g, 0.184 mmol) and DBU (0.281 g, 1.84 mmol) 

in NMP (5 mL) was deaerated with argon for 30 minutes. The 

mixture was heated at 200 ⁰C for 40 minutes and then cooled 

to rt. The mixture was passed through a pad of SiO2 to remove 

the NMP eluting with MeOH/CH2Cl2 (10:90). The diol was 

concentrated and used directly in the next reaction. To a 

solution of di-allylic alcohol (148) (0.184 mmol), DMAP 

(0.013 g, 0.100 mmol), and Et3N (0.0603 g, 0.598 mmol) in 

CH2Cl2 (2 mL) at rt was added Ac2O (0.0454 g, 0.439 mmol) 

and stirred for 16h. The reaction was quenched with saturated 

aq. NH4Cl (5 mL). The organic layer was separated and the aqueous layer was extracted 

with CH2Cl2 (2 x 5 mL). The combined organic layers were dried over Na2SO4, filtered, 

and concentrated under reduced pressure. The resulting residue was purified using flash 

column chromatography eluting with MeOH/CH2Cl2 (0:100 → 10:90) to afford 80 mg of 

a mixture of bis-acetates 149 (70% over two steps, 2:1 ratio by 1H NMR, αβ:βδ) that was 

used directly in the next reaction.  
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 (‒)-Isosungucine (130). To a solution of bis-acetates 149 

(0.033 g, 0.0495 mmol) in HOAc (2 mL) at 10 ⁰C was added 

HBr (33% in HOAc, 0.1 mL). The cooling bath was removed 

and the reaction was stirred at rt for 24h. The HOAc was 

removed under reduced pressure, the resulting residue was 

dissolved in DMF (2 mL), and NaBH3CN (0.019 g, 0.270 mmol) 

was added. The reaction was stirred for an additional 24h. The reaction was cooled to 0 ⁰C, 

quenched slowly with MeOH (2 mL), and stirred for 30 minutes. The mixture was basified 

using saturated aq. NaHCO3 (2 mL) and extracted with EtOAc (3 x 10 mL). The combined 

organic layers were washed with brine (10 mL), dried over Na2SO4, filtered and 

concentrated under reduced pressure. The resulting residue was purified using flash column 

chromatography eluting with MeOH/CH2Cl2 (4:96) to afford 7 mg of (‒)-isosungucine 

(130) (21% over 2 steps) as a white solid. 1H and 13C NMR spectra matched with reported 

literature values.18, 19 m.p.= 195-202 ⁰C [α]20
D  –214.9 (c 1.0, CHCl3); IR (neat) 3471, 3044, 

2930, 2858, 1664, 1627, 1595, 1480, 1418, 1392, 1274, 753, 733 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 8.20 (d, J = 7.6 Hz, 1H), 8.18 (d, J = 7.9 Hz, 1H), 7.24 – 7.21 (m, 4H), 7.12 – 

7.03 (m, 3H), 5.88– 5.85 (m, 1H), 5.40 – 5.35 (m, 2H), 4.46 (s, 1H), 4.30 (d, J = 6.8 Hz, 

1H), 4.04 (d, J = 4.1 Hz, 1H), 3.97 (dd, J = 11.3, 4.9 Hz, 1H), 3.68 – 3.54 (m, 3H), 3.26 – 

3.19 (m, 3H), 3.11 – 3.04 (m, 3H), 2.72 – 2.67 (m, 3H), 2.60 (dd, J = 12.4, 5.0 Hz, 1H), 

2.57 – 2.51 (m, 1H), 2.24 (dt, J = 14.2, 4.0 Hz, 1H), 2.17 – 2.12 (m, 1H), 1.93 (t, J = 11.9 

Hz, 1H), 1.82 (dd, J = 14.1, 1.8 Hz, 1H), 1.75 (d, J = 6.8 Hz, 4H), 1.61 (d, J = 6.8 Hz, 3H), 

1.41 (d, J = 14.2 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 168.8, 162.5, 141.9, 141.3, 140.9, 

140.7, 137.5, 136.2, 135.1, 134.3, 133.3, 128.3, 128.2, 124.4, 124.0, 123.6, 122.6, 122.3, 
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120.3, 118.9, 116.3, 114.8, 65.6, 64.9, 64.7, 61.3, 60.9, 53.7, 154 53.3, 52.5, 52.4, 52.1, 

51.2, 37.7, 37.1, 36.6, 34.3, 31.3, 24.6, 23.4, 13.1, 13.1; HRMS (ESI) calc’d for 

C42H42N4O2+ H = 635.3386, found 635.3371. 

 

 (‒)-Sungucine (131). The same procedure as (‒)-isosungucine 

(130) was followed. The resulting residue was purified using flash 

column chromatography eluting with MeOH/CH2Cl2 (4:96) to 

afford 5 mg of (‒)-sungucine (131) (15% yield over 2 steps) as a 

white solid. 1H and 13C NMR spectra matched with reported 

literature values.18, 19 m.p. > 350 ⁰C [α]20
D –261.0 (c 1.17, CHCl3); 

IR (neat) 3496, 3042, 2931, 2857, 1666, 1627, 1594, 1480, 1462, 1418, 1280, 1144, 818, 

754, 734 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.28 (d, J = 7.9 Hz, 1H), 8.23 (d, J = 7.8 Hz, 

1H), 7.31-7.25 (m, 4H), 7.12 – 7.09 (m, 2H), 7.06 (d, J = 6.3 Hz, 1H), 6.86 (dd, J = 9.8, 

6.5 Hz, 1H), 6.02 (d, J = 9.8 Hz, 1H), 5.37 (q, J = 6.6 Hz, 1H), 5.21 (q, J = 6.5 Hz, 1H), 

4.38 (d, J = 6.8 Hz, 1H), 4.31 (d, J = 6.7 Hz, 1H), 4.21 (dd, J = 11.2, 5.2 Hz, 1H), 3.64 – 

3.56 (m, 3H), 3.28 – 3.20 (m, 3H), 3.10 – 3.05 (m, 1H), 2.89 (d, J = 16.3 Hz, 1H), 2.80 – 

2.76 (m, 1H), 2.70 (m, 3H), 2.66 (dd, J = 12.9, 5.3 Hz, 1H), 2.57 – 2.53 (m, 1H), 2.30 (t, J 

= 12 Hz, 1H), 2.20 – 2.12 (m, 1H), 1.90 – 1.79 (m, 4H), 1.75 (d, J = 6.7 Hz, 3H), 1.65(d, J 

= 6.5 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 162.6, 161.7, 143.4, 142.4, 141.7, 141.3, 

140.7, 137.1, 136.2, 135.1, 134.1, 128.4, 128.3, 124.4, 124.1, 123.4, 122.4, 122.3, 119.5, 

118.9, 116.5, 116.2, 65.6, 64.8, 64.8, 64.2, 62.0, 53.7, 52.6, 52.5, 52.4, 50.1, 45.6, 40.3, 

37.6, 37.1, 31.3, 31.1, 23.4, 22.4, 13.1, 12.9; HRMS (ESI) calc’d for C42H42N4O2+ H = 

635.3386, found 635.3380. 
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Chapter 4: Total and Semi-Synthesis of (‒)-melodinine K 

 

β-Enamino Ester 276. A mixture of 3-methoxy aniline (277) (1.50 g, 

12.1 mmol), ethyl acetoacetate (2.34 g, 18.3 mmol), Zn(ClO4)2• 

6H2O (0.453 g, 1.22 mmol) and MgSO4 (0.880 g, 7.31 mmol) in 

CH2Cl2 (30 mL) was stirred at rt for 48 h. The reaction mixture was 

filtered through a short pad of Celite and the filter cake was washed thoroughly with 

CH2Cl2. The filtrates were collected and concentrated under reduced pressure. The residue 

was purified by flash column chromatography eluting with EtOAc/hexanes (0:100→20:80) 

to afford 2.29 g (80 %) of 276 as a clear liquid. IR (neat) 3187, 2978, 2836, 1718, 1650, 

1584, 1492, 1478, 1435, 1382, 1358, 1275, 1249, 1205, 1151, 1095, 1056, 1021, 980, 854, 

787, 695 cm-1; 1H NMR (500 MHz, CDCl3) δ 10.39 (s, 1H), 7.16 (t, J = 8.1 Hz, 1H), 6.64 

(td, J = 8.1, 2.1 Hz, 2H), 6.58 (t, J = 2.2 Hz, 1H), 4.66 (s, 1H), 4.11 (q, J = 7.1 Hz, 2H), 

3.73 (s, 3H), 1.98 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 170.3, 

160.1, 158.6, 140.5, 129.6, 116.4, 110.2, 109.8, 86.3, 58.6, 55.1, 20.3, 14.5; HRMS (ESI) 

calc’d for C13H17NO3 + H =236.1287, found 235.1292.  

 

11-Methoxy Indole 278. A mixture of β-enamino ester 276 

(2.29 g, 9.75 mmol), Pd(OAc)2 (0.219 g, 0.975 mmol), 

Cu(OAc)2 (5.31 g, 29.3 mmol), K2CO3 (4.04 g, 29.3 mmol) 

and activated 4Å molecule sieve (2.0 g) in DMF (100 mL) was heated at 85 C for 18 h. 

The reaction mixture was cooled to rt and filtered through a short pad of Celite. The filter 

cake was washed thoroughly with EtOAc. The filtrates were collected and concentrated 
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under reduced pressure. The residue was purified by flash column chromatography eluting 

with EtOAc/hexanes (0:100→20:80) to afford 1.21 g (53 %) of 278 as a light brown solid. 

IR (neat) 3264, 2982, 2929, 2850, 2837, 2360, 2341, 1687, 1657, 1625, 1585, 1550, 1505, 

1484, 1456, 1436, 1381, 1370, 1333, 1289, 1250, 1200, 1178, 1159, 1118, 1089, 1060, 

1032, 943, 815, 777, 727, 690 cm-1; 1H NMR (500 MHz, CDCl3) δ 10.37 (s, 1H), 7.20 (t, 

J = 8.1 Hz, 1H), 6.74 – 6.63 (m, 2H), 6.61 (t, J = 2.1 Hz, 1H), 4.68 (s, 1H), 4.19 (q, J = 7.1 

Hz, 1H), 4.14 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.44 (s, 1H), 2.26 (s, 1H), 2.01 (s, 3H), 1.28 

(t, J = 7.1 Hz, 5H); 13C NMR (126 MHz, CDCl3) δ 200.6, 170.3, 167.1, 160.1, 158.8, 140.5, 

129.6, 116.5, 110.3, 109.9, 86.2, 61.3, 58.7, 55.2, 50.1, 30.1, 20.3, 14.5, 14.0; HRMS (ESI) 

calc’d for C13H15NO3 + Na =256.0950, found 256.0949. 

 

Indole 279. To a suspension of NaH (60% in mineral oil, 

0.331 g, 8.29 mmol) in DMF (40 mL) was added a solution of 

11-methoxy indole 278 (1.21 g, 5.18 mmol) in DMF (10 mL) 

at 0 C. The reaction mixture was stirred at rt for 30 min, then 

cooled back to 0 C, followed by slow addition of PhSO2Cl (1.19 g, 6.73 mmol). The 

stirring was continued at rt for 15 h. The reaction was quenched with addition of saturated 

aq. NH4Cl (20 mL). The resulting mixture was diluted with H2O (20 mL) and extracted 

with EtOAc (3 x 30 mL). The combined organic layers were brine washed (3 x 50 mL), 

dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue was 

purified by flash column chromatography eluting with EtOAc/hexanes (0:100→10:90) to 

afford 1.55 g (80 %) of indole 279 as a white foam. IR (neat) 2979, 2938, 2836, 2360, 

2340, 1704, 1614, 1567, 1492, 1447, 1427, 1379, 1367, 1273, 1250, 1175, 1158, 1118, 



199 
 

1092, 1039, 1025, 980, 847, 818, 754, 726, 686 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.93 

(d, J = 8.8 Hz, 1H), 7.81 (dd, J = 10.2, 1.8 Hz, 1H), 7.60 – 7.55 (tt, 1H), 7.46 (t, J = 7.9 

Hz, 1H), 6.95 (dd, J = 8.8, 2.3 Hz, 1H), 4.37 (q, J = 7.1 Hz, 1H), 3.89 (s, 2H), 2.93 (s, 1H), 

1.41 (t, J = 7.1 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 164.9, 157.8, 143.6, 138.9, 136.9, 

134.2, 129.5, 126.4, 122.2, 121.0, 113.0, 111.6, 98.7, 60.4, 55.7, 14.3, 13.8; HRMS (ESI) 

calc’d for C19H19NO5S + Na =396.0882, found 396.0887. 

 

Alcohol 280. A solution of indole 279 (1.55 g, 4.15 mmol) in 

CH2Cl2 (50 mL) was cooled to -78 C, followed by addition 

of DIBAL (1.0M in CH2Cl2, 5.0 mL, 4.98 mmol). The 

reaction mixture was stirred at -78 C for 30 min. Then another portion of DIBAL (1.0M 

in CH2Cl2, 5.0 mL, 4.98 mmol) was added. The stirring was continued at -78 C for another 

30 min. The reaction was quenched with a saturated solution of Rochelle’s salt (15 mL) at 

0 °C. The resulting mixture was vigorously stirred for 1 h. The organic layer was separated 

and the aqueous layer was extracted with CH2Cl2 (2 x 15 mL). The combined organic layers 

were dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue 

was purified by flash column chromatography eluting with EtOAc/hexanes (0:100→50:50) 

to afford 1.25 g (91 %) of indole 280 as a white foam. IR (neat) 3335, 2935, 1615, 1580, 

1491, 1447, 1429, 1360, 1266, 1172, 1144, 1089, 1029, 984, 901, 827, 726, 685, 590 cm-

1; 1H NMR (500 MHz, CDCl3) δ 7.79 – 7.74 (m, 3H), 7.56 – 7.50 (m, 1H), 7.46 – 7.39 (m, 

3H), 6.89 (dd, J = 8.6, 2.3 Hz, 1H), 4.68 (s, 2H), 3.88 (s, 3H), 2.55 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 157.6, 139.1, 137.2, 133.7, 133.2, 129.3, 126.2, 123.2, 119.2, 119.1, 112.2, 
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99.3, 55.8, 55.3, 12.7. ; HRMS (ESI) calc’d for C17H17NO4S + H =332.0957, found 

332.0954. 

 

Aldehyde 275. To a solution of the above alcohol 280 (1.28 g, 

3.87 mmol) in CH2Cl2 (50 mL) were added DMSO (4.24 g, 54.2 

mmol), DIPEA (1.60 g, 12.4 mmol), and SO3 pyridine (1.85 g, 

11.6 mmol) at rt. The reaction mixture was stirred at rt for 1 h. The reaction was quenched 

with addition of H2O (20 mL). The organic layer was separated and the aqueous layer was 

extracted with CH2Cl2 (2 x 20 mL). The combined organic layers were dried over Na2SO4, 

filtered, and concentrated under reduced pressure. The residue was used in the next reaction 

without further purification. IR (neat) 2940, 2837, 2359, 2159, 2024, 1663, 1615, 1566, 

1495, 1448, 1428, 1371, 1222, 1190, 1153, 1088, 1039, 988, 824, 756, 722, 685, 588 cm-

1; 1H NMR (500 MHz, CDCl3) δ 10.22 (s, 1H), 8.13 (d, J = 8.6 Hz, 1H), 7.85 (dd, J = 8.4, 

1.4 Hz, 2H), 7.76 (d, J = 2.3 Hz, 1H), 7.65 – 7.58 (m, 1H), 7.50 (dd, J = 8.4, 7.4 Hz, 2H), 

6.97 (dd, J = 8.7, 2.3 Hz, 1H), 3.89 (s, 3H), 2.88 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

185.4, 158.4, 146.5, 138.6, 137.0, 134.5, 129.6, 126.5, 121.9, 119.7, 119.2, 113.3, 98.9, 

55.7, 12.6; HRMS (ESI) calc’d for C17H17NO4S + H =330.0800, found 330.0802. 

 

N-sulfinimine 274. A mixture of aldehyde 275 (3.87 

mmol), (R)-tert-butanesulfonamine (0.563 g, 4.65 mmol) 

and Ti(OEt)4 (2.65 g, 11.6 mmol) in THF (45 mL) was 

stirred at rt for 16-24 h. The reaction was quenched with 

brine (40 mL) and the resulting suspension was filtered through a short pad of Celite. The 
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solid cake was washed with ethyl acetate, and the separated organic layer was washed with 

brine. The organic layer was dried over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure. The residue was purified by flash column chromatography eluting with 

EtOAc/hexanes (0:100→40:60) to afford 1.19 g (71 % over 2 steps) of N-sulfinimine 274 

as a white foam. []20
D –18.1 (c 14.2, CHCl3); IR (neat) 3062, 2959, 2866, 2835, 2360, 

2340, 1705, 1614, 1595, 1576, 1440, 1447, 1428, 1370, 1273, 1224, 1183, 1176, 1115, 

1077, 1038, 1023, 991, 834, 764, 723, 685 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.75 (s, 

1H), 8.15 (d, J = 8.7 Hz, 1H), 7.88 – 7.78 (m, 1H), 7.60 (t, J = 7.5 Hz, 1H), 7.49 (t, J = 7.9 

Hz, 1H), 6.97 (dd, J = 8.7, 2.3 Hz, 1H), 3.90 (s, 1H), 2.80 (s, 1H), 1.26 (s, 1H); 13C NMR 

(126 MHz, CDCl3) δ 158.2, 155.1, 142.9, 138.7, 137.5, 134.3, 129.6, 126.4, 122.2, 120.3, 

116.4, 113.1, 99.0, 57.2, 55.7, 22.5, 13.0; HRMS (ESI) calc’d for C21H24N2O4S2 + H 

=455.1075, found 455.1080. 

 

ABE Ester (283). To a solution of 274 (1.10 g, 2.56 

mmol) in THF (10 mL) was added LHMDS (1.0 M in 

THF, 3.81 mL, 3.81 mmol) at -78 ⁰C and stirred for 1h. 

To the solution generated above was added a solution 

of ethyl methacrolein (0.430 g, 3.81 mmol) in THF (2 

mL) at -78 ⁰C and stirred for 2h. The reaction mixture was warmed to 0 ⁰C and a solution 

of allyl bromide (1.56 g, 12.7 mmol) in DMF (60 mL) was added. The ice bath was 

removed and the reaction stirred for 16h. The reaction was quenched with sat. NH4Cl and 

diluted with EtOAc (50 mL). The organic layer was separated and the aqueous layer was 

extracted with EtOAc (2 x 40 mL). The combined organic layers were washed with brine 

(4 x 20 mL), dried over Na2SO4, filtered, and concentrated under reduced pressure. The 
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resulting residue was purified using flash column chromatography eluting with with 

EtOAc/Hexane (0:100→40:60) to afford 1.43g of 283 as a white foam (96%, d.r. 10:1). 

[]20
D –18.1 (c 14.2, CHCl3); IR (neat) 2963, 2360, 2341, 2159, 2029, 1734, 1664, 1615, 

1579, 1491, 1447, 1365, 1331, 1210, 1232, 1250, 1172, 1145, 1117, 1070, 1037, 986, 928, 

880, 840, 805, 752, 729, 686, 668, 596, 568 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.72 (d, J 

= 2.4 Hz, 1H), 7.67 – 7.59 (m, 2H), 7.48 (d, J = 7.5 Hz, 1H), 7.44 – 7.34 (m, 3H), 6.90 (dd, 

J = 8.7, 2.3 Hz, 1H), 6.14 – 6.01 (m, 1H), 5.36 – 5.28 (m, 2H), 4.46 (s, 1H), 3.84 (s, 3H), 

3.81 – 3.75 (m, 2H), 3.73 (s, 3H), 3.13 – 3.04 (m, 1H), 2.81 – 2.69 (m, 1H), 2.30 (dddd, J 

= 14.7, 11.6, 6.8, 1.3 Hz, 1H), 2.13 – 2.07 (m, 1H), 1.30 – 1.17 (m, 2H), 1.10 (s, 10H), 0.73 

(t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 157.69, 139.18, 137.27, 133.69, 133.30, 

129.29, 126.22, 123.08, 119.08, 119.02, 112.26, 99.36, 55.78, 55.50, 12.72; 13C NMR (126 

MHz, CDCl3) δ 174.9, 157.8, 139.3, 138.2, 136.3, 135.8, 133.5, 129.3, 125.9, 122.6, 119.8, 

118.8, 116.0, 112.4, 99.4, 61.3, 58.5, 55.7, 51.6, 51.5, 50.8, 26.9, 25.1, 21.2, 20.0, 9.1; 

HRMS (ESI) calc’d for C30H39N2O6S2 + H = 587.2250, found 587.2248. 

 

ABE Alcohol (285). To a solution of 284 (1.43 g, 2.43 

mmol) in CH2Cl2 (150 mL) was added DIBAL-H (1.0M 

in CH2Cl2, 9.71 mL, 9.71 mmol) at 0 ⁰C and stirred for 

1h. The reaction was quenched with Rochelle Salt (25 

mL) at 0 ⁰C, the ice bath was removed and reaction mixture was stirred at rt for 1h. The 

organic layer was removed and the aqueous layer was extracted with CH2Cl2 (2 x 20 mL). 

The combined organic layers were dried over Na2SO4, filtered, and concentrated under 



203 
 

reduced pressure. The resulting residue was used in the following step without further 

purification. 

 

ABE Aldehyde (273). To a stirred solution of N-

sulfinimine 285 (0.30 g, 0.69 mmol) in THF (6 mL) was 

added LHMDS (1.0M in THF, 0.83 mL, 0.83 mmol) at -78 

°C. The resulting mixture was stirred at -78 °C for 1 h. A 

solution of 2-ethacrolein (0.087 g, 1.0 mmol) in THF (2 mL) was added at -78 °C. Stirring 

was continued at -78 °C for 2 h. The dry ice cooling bath was replaced with an ice-water 

cooling bath, and a solution of allyl bromide (0.42 g, 3.5 mmol) in DMF (20 mL) was 

added. The reaction mixture was warmed to rt and stirred overnight. The reaction was 

quenched with saturated aq. NH4Cl (12 mL) and diluted with H2O (15 mL), followed by 

extraction with EtOAc (3 x 20 mL). The combined organic layers were washed with brine 

(5 x 20 mL), dried over Na2SO4, filtered, and concentrated under reduced pressure. The 

residue was purified by flash column chromatography eluting EtOAc/hexanes 

(0:100→50:50) to afford 0.21 g (54%, d.r. 11:1) of 273 as a white foam. []20
D–139.4 (c 

11.2, CHCl3); IR (neat) 3068, 2962, 2837, 2360, 2341, 1724, 1616, 1579, 1490, 1447, 1365, 

1331, 1283, 1251, 1173, 1146, 1074, 1045, 986, 927, 866, 842, 810, 786, 754, 729, 687, 

668, 630 cm-1; 1H NMR (500 MHz, CDCl3) δ 9.66 (s, 1H), 7.75 (d, J = 2.3 Hz, 1H), 7.64 

(dd, J = 8.5, 1.1 Hz, 2H), 7.54 – 7.47 (m, 1H), 7.40 (t, J = 7.9 Hz, 2H), 7.33 (d, J = 8.6 Hz, 

1H), 6.93 (dd, J = 8.6, 2.3 Hz, 1H), 5.99 – 5.86 (m, 1H), 5.42 (d, J = 17.1 Hz, 1H), 5.37 (d, 

J = 9.9 Hz, 1H), 4.34 (s, 1H), 4.08 (dd, J = 15.6, 5.1 Hz, 1H), 3.54 (dd, J = 15.6, 8.9 Hz, 

1H), 3.14 (dd, J = 18.2, 5.5 Hz, 1H), 2.73 (ddd, J = 18.6, 10.9, 7.7 Hz, 1H), 2.12 – 1.96 (m, 

2H), 1.58 (s, 1H), 1.53 (dt, J = 14.9, 7.4 Hz, 1H), 1.28 (dt, J = 22.4, 7.4 Hz, 2H), 1.07 (s, 



204 
 

9H), 0.72 (t, J = 7.6 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 204.1, 157.9, 139.2, 138.2, 

136.6, 135.7, 133.6, 129.3, 125.9, 122.4, 120.0, 119.8, 115.1, 112.6, 99.5, 61.0, 59.0, 55.7, 

54.0, 51.5, 24.8, 23.9, 20.8, 18.4, 8.4; HRMS (ESI) calc’d for C29H36N2O5S2 + H 

=557.2144, found 557.2155. 

 

ABE Diene 286. To a stirred suspension of 

methyltriphenylphosphonium bromide (0.534 g, 1.49 

mmol) in THF (5 mL) was added n-BuLi (2.2M solution in 

hexanes, 0.610 mL, 1.34 mmol) at 0 °C. The reaction 

mixture was stirred at 0 °C for 40 min, then cooled to -78 °C, followed by addition of a 

solution of ABE aldehyde 273 (0.208 g, 0.374 mmol) in THF (5 mL). The reaction mixture 

was stirred at -78 °C for 1 h, then at rt for 1 h. The reaction was quenched by adding 

saturated aq. NaHCO3 (10 mL) and H2O (5 mL). The organic layer was separated and the 

aqueous layer was extracted with EtOAc (2 x 15 mL). The combined organic layers were 

washed with brine (1 x 20 mL), dried over Na2SO4, filtered, and concentrated under 

reduced pressure. The residue was purified by flash column chromatography eluting with 

EtOAc/hexanes (0:100→40:60) to afford 0.165 g (80%) of ABE diene 286 as a white solid. 

[]20
D –132.7 (c 7.4, CHCl3); IR (neat) 3077, 2959, 2876, 2837, 2360, 2341, 1616, 1579, 

1490, 1447, 1365, 1331, 1283, 1270, 1250, 1173, 1146, 1064, 1000, 923, 881, 841, 753, 

723, 686 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 2.2 Hz, 1H), 7.65 (d, J = 7.4 Hz, 

2H), 7.48 (t, J = 7.5 Hz, 1H), 7.36 (dd, J = 16.5, 8.5 Hz, 3H), 6.90 (dd, J = 8.6, 2.3 Hz, 

1H), 6.02 (td, J = 16.7, 7.0 Hz, 1H), 5.89 (dd, J = 17.7, 11.0 Hz, 1H), 5.27 (dd, J = 10.0, 

5.6 Hz, 2H), 5.20 (d, J = 11.7 Hz, 1H), 4.95 (d, J = 17.7 Hz, 1H), 4.08 (s, 1H), 3.97 (dd, J 

= 15.4, 6.9 Hz, 1H), 3.84 (s, 3H), 3.75 (dd, J = 15.5, 7.1 Hz, 1H), 3.08 (dd, J = 18.7, 6.1 
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Hz, 1H), 2.74 (ddd, J = 18.5, 11.6, 6.9 Hz, 1H), 2.01 – 1.91 (m, 1H), 1.81 (dd, J = 13.8, 

6.7 Hz, 1H), 1.20 (dd, J = 14.0, 7.3 Hz, 1H), 1.09 (s, 9H), 0.68 (t, J = 7.4 Hz, 3H); 13C 

NMR (126 MHz, CDCl3) δ 157.7, 143.9, 139.3, 138.1, 136.8, 136.3, 133.5, 129.2, 125.9, 

123.0, 120.0, 118.9, 116.5, 114.0, 112.2, 99.5, 62.7, 59.0, 55.7, 51.4, 45.0, 27.6, 25.2, 21.6, 

21.5, 8.4; HRMS (ESI) calc’d for C30H38N2O4S2 + H =555.2351, found 555.2360. 

 

ABDE Tetracycle 287. A mixture of ABE diene 286 (0.790 

g, 1.42 mmol) and Hoveyda-Grubbs 2nd generation catalyst 

(0.0890 mg, 0.142 mmol) in deaerated CH2Cl2 (150 mL) at rt 

was stirred for 26h. The solvent was concentrated under 

reduced pressure, and the residue was purified by flash column chromatography eluting 

with EtOAc/hexanes (0:100 → 50:50) to afford 0.705 g (99%) of ABDE tetracycle 287 as 

a light brown foam. []20
D  –160.5(c 0.5, CHCl3); 

1H NMR (500 MHz, CDCl3) δ 7.79 (d, J 

= 2.3 Hz, 1H), 7.75 – 7.72 (m, 2H), 7.55 – 7.50 (m, 2H), 7.42 – 7.37 (m, 2H), 6.94 (dd, J 

= 8.6, 2.3 Hz, 1H), 5.74 (ddd, J = 10.1, 4.6, 2.1 Hz, 1H), 5.62 (dt, J = 10.2, 2.1 Hz, 1H), 

4.15 (s, 1H), 3.90 (s, 3H), 3.68 (dt, J = 17.6, 2.3 Hz, 1H), 3.39 – 3.31 (m, 1H), 3.00 – 2.85 

(m, 2H), 2.12 (ddd, J = 13.8, 10.1, 6.8 Hz, 1H), 1.68 (dddd, J = 13.7, 6.4, 3.2, 1.3 Hz, 1H), 

1.30 – 1.19 (m, 2H), 0.90 (s, 9H), 0.78 (t, J = 7.5 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 

157.7, 139.1, 137.3, 135.5, 133.6, 133.1, 129.2, 126.1, 125.3, 123.3, 119.6, 117.2, 112.4, 

99.4 58.3, 57.7, 55.8, 41.8, 39.8, 28.6, 26.8, 24.0, 22.3, 8.1; HRMS (ESI) calc’d for 

C19H26N2 + H =283.2174, found 283.2173. 
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Amine. A solution of tetracycle 287 (0.949 g, 1.80 mmol) in 

MeOH (20 mL) was cooled to 0 °C and followed by addition 

of conc. HCl (0.3 mL, 3.60 mmol). The reaction mixture was 

warmed to rt and stirred at rt overnight. The reaction mixture was concentrated under 

reduced pressure and the residue was dissolved in CH2Cl2 (10 mL), followed by addition 

of saturated aq. Na2CO3 (5 mL). The organic layer was separated and the aqueous layer 

was extracted with CH2Cl2 (1 x 10 mL). The combined organic layers were dried over 

Na2SO4, filtered, and concentrated under reduced pressure. The residue was used in the 

next reaction without further purification. 

 

Amino Alcohol 272. A suspension of the above amine, 

Na2CO3 (1.91 g, 18.0 mmol), and 2-bromoethanol (2.24 g, 

18.0 mmol) in EtOH (15 mL) was heated at 85 C for 24 h. 

The reaction mixture was cooled to rt, and the reaction 

mixture was filtered through a short pad of Celite. The filtrate was collected and 

concentrated under reduced pressure. The residue was redissolved in THF (5 mL) and 10% 

NaOH aq. solution (5 mL), and stirred at rt overnight. The organic layer was separated, 

washed with brine (1 x 5 mL), dried over Na2SO4, filtered, and concentrated under reduced 

pressure. The residue was purified by flash column chromatography eluting with 

EtOAc/hexanes (80:20) to afford 412 mg (49 % over 2 steps) of amino alcohol 272 as a 

white foam. []20
D  –350.2 (c 0.9, CHCl3);  IR (neat) 2964, 2360, 2340, 2159, 2027, 1977, 

1617, 1490, 1447, 1369, 1281, 1253, 1173, 1146, 1090, 1037, 990, 837, 754, 686, 596 cm-

1; 1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 2.4 Hz, 1H), 7.67 (dd, J = 7.6, 1.7 Hz, 2H), 
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7.49 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.8 Hz, 2H), 7.31 (d, J = 8.6 Hz, 1H), 6.86 (dd, J = 8.6, 

2.4 Hz, 1H), 5.72 (ddd, J = 10.2, 4.7, 1.8 Hz, 1H), 5.64 (dt, J = 10.0, 1.8 Hz, 1H), 3.85 (s, 

3H), 3.63 (s, 1H), 3.35 (ddd, J = 11.3, 7.6, 4.0 Hz, 1H), 3.32 – 3.22 (m, 1H), 3.20 – 3.07 

(m, 2H), 3.04 (dt, J = 16.6, 2.3 Hz, 1H), 2.84 – 2.69 (m, 2H), 2.52 (s, 1H), 2.38 (dd, J = 

11.0, 6.6 Hz, 1H), 2.12 (ddd, J = 13.5, 10.9, 6.3 Hz, 1H), 1.72 – 1.63 (m, 1H), 1.15 (q, J = 

7.5 Hz, 2H), 0.76 (t, J = 7.5 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 157.6, 138.7, 137.9, 

136.1, 133.6, 133.6, 129.2, 126.0, 125.0, 124.0, 118.9, 117.6, 112.4, 99.7, 58.4, 58.3, 55.8, 

53.3, 50.0, 38.3, 29.2, 27.6, 22.1, 8.1; HRMS (ESI) calc’d for C26H31N2O4S + H = 467.2005 

found 467.2000. 

 

ABCDE Pentacycle 288. A solution of amino alcohol 272 

(0.076 g, 0.163 mmol) in THF (8 mL) was cooled to 0 C, 

followed by addition of t-BuOK (1.0M in THF, 0.163 mL, 

0.163 mmol). The resulting mixture was stirred at 0 C for 1 h. Another portion of t-BuOK 

(1.0M in THF, 0.163 mL, 0.163 mmol) was added. The stirring was continued at 0 C for 

one additional hour. The reaction was quenched with saturated aq. NH4Cl (5 mL). The 

organic layer was separated and the aqueous layer was extracted with EtOAc (1 x 10 mL). 

The combined organic layers were washed with brine (1 x 10 mL), dried over Na2SO4, 

filtered, and concentrated under reduced pressure to afford ABCDE pentacycle 288 as a 

pale yellow oil. The residue was used in the next reaction without further purification. 
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16-Methoxytabersonine (201). To a solution of 

diisopropylamine (0.0650 g, 0.652 mmol) in THF (3 mL) 

was added n-BuLi (2.43M in THF, 0.200 mL, 0.489 

mmol) at 0 ⁰C and stirred for 40 minutes. The reaction 

mixture was cooled to -78 ⁰C and a solution of 272 (0.163 mmol) in THF (2 mL) was added 

slowly and stirred at -78 ⁰C for 1h. A solution of methyl cyanoformate (0.0693 g, 0.815 

mmol) in THF (5 mL) was added to the reaction mixture and stirred at -78 ⁰C for an 

additional hour. The reaction was quenched at -78 ⁰C with saturated aq. NH4Cl (10 mL) 

and solution was warmed to rt. The organic layer was separated and the aqueous layer was 

extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with brine 

(1 x 15 mL), dried over Na2SO4, filtered, and concentrated under reduced pressure. The 

residue was purified by flash column chromatography eluting with EtOAc/hexanes (0:100 

→ 10:90) to afford 0.022 g of 16-methoxytabersonine (201) as a white foam. 1H and 13C 

NMR spectra were identical with reported literature values. []20
D = ‒ 403.6 (c 0.8, CHCl3); 

1H NMR (500 MHz, CDCl3) δ 8.96 (s, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.44 – 6.36 (m, 2H), 

5.78 (ddd, J = 10.0, 4.8, 1.5 Hz, 1H), 5.70 (dt, J = 9.8, 2.0 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 

3H), 3.45 (ddd, J = 15.6, 4.7, 1.5 Hz, 1H), 3.17 (dt, J = 15.8, 2.0 Hz, 1H), 3.05 – 3.00 (m, 

1H), 2.71 – 2.64 (m, 1H), 2.62 (d, J = 1.9 Hz, 1H), 2.53 (dd, J = 15.0, 1.9 Hz, 1H), 2.42 (d, 

J = 15.0 Hz, 1H), 2.09 – 2.01 (m, 1H), 1.76 (ddd, J = 11.5, 4.7, 1.1 Hz, 1H), 1.00 (dd, J = 

14.1, 7.5 Hz, 1H), 0.91 – 0.82 (m, 3H), 0.64 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, 

CDCl3) δ 169.0, 167.2, 160.0, 144.4, 133.1, 130.5, 124.8, 121.7, 104.9, 96.6, 92.4, 77.2, 

77.0, 76.7, 70.1, 55.4, 54.4, 51.0, 50.9, 50.6, 44.5, 41.4, 28.3, 26.8, 7.4; HRMS (ESI) calc’d 

for C22H27N2O3 + H = 367.2022 found 367.2020. 
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(‒)-Tabersonine (155). A suspension of ground voaconga a seeds 

(100g) in 1% sulfuric acid solutione (1L) was stirred for 16h. The 

mixture was filtered through a short pad of Celite and NaCl was 

added to the filtrate and stirred for 16h. Chloroform (700mL) was 

added to the solution and stirred for 4h. The organic layer was separated and the aqueuos 

layer was extracted with chloroform (2 x 500 mL). The combined organic layers were dried 

over Na2SO4, filtered, and concentrated. The resulting tabersonine hydrocloride was 

recrystallized using acetone and then dissolved in chloroform (20 mL). The solution was 

basified using NaHCO3 (40 mL) until pH was 9. The organic layer was removed, washed 

with 10% Na2CO3 (10 mL), dried over Na2SO4, and concentrated under reduced pressure. 

The resulting residue was purified using flash column chromatography eluting with 

EtOAc/hexanes (0:100  10:90) to afford 1.2g (1.2% by weight) of tabersonine (155). []20
D 

= -250.3; IR (neat)  3368, 2918, 2787, 2360, 2341, 2159, 2025, 1674, 1607, 1475, 1465, 

1436, 1379, 1331, 1275, 1236, 1204, 1183, 1164, 1113, 1042, 745, cm-1; 1H NMR (500 

MHz, CDCl3) δ 9.00 (s, 1H), 7.23 (d, J = 7.2 Hz, 1H), 7.14 (td, J = 7.7, 1.3 Hz, 1H), 6.87 

(td, J = 7.5, 1.1 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 5.79 (ddd, J = 10.0, 4.7, 1.5 Hz, 1H), 

5.71 (dt, J = 10.0, 1.9 Hz, 1H), 3.77 (s, 3H), 3.46 (ddd, J = 15.9, 4.8, 1.5 Hz, 1H), 3.19 (dt, 

J = 15.7, 2.0 Hz, 1H), 3.08 – 3.00 (m, 1H), 2.75 – 2.65 (m, 2H), 2.55 (dd, J = 15.0, 1.9 Hz, 

1H), 2.44 (d, J = 15.0 Hz, 1H), 2.12 – 2.04 (m, 1H), 1.79 (ddd, J = 11.6, 4.8, 1.2 Hz, 1H), 

0.99 (dt, J = 14.8, 7.5 Hz, 1H), 0.86 (dq, J = 14.4, 7.3 Hz, 1H), 0.64 (t, J = 7.5 Hz, 3H); 

13C NMR (126 MHz, CDCl3) δ 169.0, 166.7, 143.2, 138.0, 133.0, 127.6, 124.8, 121.4, 
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120.5, 109.2, 92.1, 70.0, 55.1, 50.9, 50.9, 50.5, 44.5, 41.3, 28.4, 26.9, 7.4; HRMS (ESI) 

calc’d for C21H24N2O2 + H = 337.1916 found 337.1913. 

 

N1-Troc tabersonine 288. A solution of tabersonine (155) (1.0 g, 

2.97 mmol) and 4-(dimethyl)aminopyrdine (0.726 g, 5.94 mmol) 

in THF (30 mL) and DMF (10 mL) was cooled to 0 ⁰C, followed 

by the addition of NaH (0.594 g, 14.9 mmol) and 2,2,2-

trichloroethyl chloroformate (2.37 g, 5.94 mmol). The resulting mixture was stirred at 0 C 

for 1 h and then warmed to rt and stirred for an additional 2 h. The reaction was quenched 

with sat. ammonium chloride and diluted with H2O (20 mL) and EtOAc (30 mL). The 

organic layer was separated and the aqueous layer was extracted with EtOAc (2 x 30 mL). 

The combined organic layers were dried over Na2SO4, filtered, and concentrated under 

reduced pressure. The residue was purified by flash column chromatography eluting with 

EtOAc/hexanes (0:100 → 15:85) to afford 1.12 g (80%) of 288 as a yellow oil. IR (neat) 

2965, 2784, 2360, 2341, 2159, 2034, 1733, 1604, 1475, 1461, 1436, 1386, 1353, 1331, 

1313, 1253, 1230, 1180, 1151, 1099, 1041, 810, 787, 752, 716 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 7.79 (dd, J = 8.0, 0.9 Hz, 1H), 7.27 (td, J = 7.8, 1.4 Hz, 2H), 7.23 (dd, J = 7.6, 

1.2 Hz, 1H), 7.09 (td, J = 7.6, 1.1 Hz, 1H), 5.81 (ddd, J = 10.0, 4.8, 1.6 Hz, 1H), 5.65 (dt, 

J = 9.8, 2.1 Hz, 1H), 5.10 (d, J = 11.8 Hz, 1H), 4.62 (d, J = 11.8 Hz, 1H), 3.74 (s, 3H), 3.50 

(ddd, J = 16.0, 4.9, 1.7 Hz, 1H), 3.11 – 3.02 (m, 2H), 2.74 – 2.65 (m, 2H), 2.54 – 2.45 (m, 

1H), 2.41 (dd, J = 15.1, 1.9 Hz, 1H), 2.21 (td, J = 11.8, 6.7 Hz, 1H), 1.79 (dd, J = 11.9, 5.0 

Hz, 1H), 1.58 (s, 1H), 1.07 (dq, J = 15.0, 7.5 Hz, 1H), 0.97 (dq, J = 14.4, 7.4 Hz, 1H), 0.62 

(t, J = 7.5 Hz, 3H);13C NMR (126 MHz, CDCl3) δ 167.1, 150.6, 139.7, 138.2, 132.5, 127.7, 
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125.2, 124.4, 121.0, 116.0, 112.5, 94.7, 76.3, 75.6, 67.8, 52.6, 51.7, 51.5, 51.0, 42.7, 41.5, 

30.8, 26.3, 7.5; HRMS (ESI) calc’d for C24H26Cl3N2O4 + H = 511.0958 found 511.0955. 

 

N1-Troc,14-15-epoxy tabersonine 289. To a solution of of H2O2 

(30%, 0.04 mL, 0.367 mmol) in CH2Cl2 (1 mL) at 0 ⁰C was added 

TFAA (0.164 g, 0.734 mmol) and stirred at 0 ⁰C for 1h. During 

this time a solution of tabersonine (155) (0.075 g, 0.147 mmol) in 

CH2Cl2 (1 mL) at 0 ⁰C was added TFA (0.089 g, 0.734 mmol) and stirred for 15 minutes. 

The solution of tabersonine was added slowly to the solution generated above and stirred 

at 0 ⁰C for 3h. The reaction was quenched with sat. sodium bicarbonate and diluted with 

H2O (3 mL) and EtOAc (5 mL). The organic layer was separated and the aqueous layer 

was extracted with EtOAc (2 x 5 mL). The combined organic layers were dried over 

Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified by 

flash column chromatography eluting with EtOAc/hexanes (40:60) to afford 27 mg of 289 

as an off white foam (35%). 1H NMR (500 MHz, CDCl3) δ 7.78 (dd, J = 8.1, 0.9 Hz, 1H), 

7.29 – 7.24 (m, 1H), 7.17 (dd, J = 7.4, 1.3 Hz, 1H), 7.09 (td, J = 7.5, 1.1 Hz, 1H), 5.08 (d, 

J = 11.7 Hz, 1H), 4.59 (d, J = 11.7 Hz, 1H), 3.75 (s, 3H), 3.61 (dd, J = 12.8, 1.5 Hz, 1H), 

3.32 (d, J = 3.6 Hz, 1H), 3.05 (d, J = 3.9 Hz, 1H), 2.99 (dd, J = 8.6, 6.4 Hz, 1H), 2.81 – 

2.73 (m, 2H), 2.58 (dd, J = 15.6, 2.1 Hz, 1H), 2.48 (ddd, J = 12.0, 8.7, 4.8 Hz, 1H), 2.44 

(d, J = 1.8 Hz, 1H), 2.20 (td, J = 11.9, 6.6 Hz, 1H), 1.73 (dd, J = 11.8, 4.7 Hz, 1H), 1.06 

(ddt, J = 31.9, 14.5, 7.3 Hz, 2H), 0.71 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 

166.7, 150.5, 149.9, 139.7, 138.0 127.9, 124.4, 121.0, 116.0, 111.6, 94.6, 75.6, 69.5, 55.9, 
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52.4, 52.2, 51.7, 51.1, 50.8, 42.7, 37.6, 25.9, 25.5, 7.4; HRMS (ESI) calc’d for 

C24H26Cl3N2O5+H = 527.0907 found 527.0913. 

 

Fukuyama OMs Epoxy troc tabersonine 

0.73 (3H, t, J = 7.3 Hz) 0.71 (3H, t, J = 7.4 Hz) 

1.10-1.0 (2H, m) 0.99-1.14 (2H, m) 

1.75 (1H, dd, J = 4.6, 11.9 Hz) 1.74 (1H, dd, J = 4.7, 11.8 Hz) 

2.20 (1H, d, J = 15.6 Hz) 2.20 (1H, td, J = 6.5, 11.9 Hz) 

2.42 (1H, s) 2.44 (1H, s) 

2.48 (1H, m) 2.46-2.52 (1H, m) 

2.60 (1H, d, J = 15.6 Hz) 2.59 (1H, dd, J = 1.7, 15.5 Hz) 

2.77 (1H, d, J =12.8 Hz) 2.77 (2H, dd, J = 9.3, 14.1 Hz) 

2.78 (1H, d, J = 15.6 Hz) 2.99 (1H, dd, J = 6.6, 8.4 Hz) 

3.01 (1H, m) 3.06 (1H, d, J =3.8 Hz) 

3.20 (3H, s) - 

3.33 (1H, d, J = 3.9 Hz) 3.32 (1H, d, J = 3.7 Hz) 

3.61 (1H, d, J = 12.8 Hz) 3.62 (1H, d, J = 12.7 Hz) 

3.76 (3H, s) 3.76 (3H, s) 

4.61 (1H, d, J = 11.7 Hz) 4.59 (1H, d, J = 11.7 Hz) 

5.06 (1H, d, J = 11.7 Hz) 5.08 (1H, d, J =11.7 Hz) 

7.06 (1H, d, J = 8.0 Hz) 7.09 (1H, td, J = 0.7, 7.5 Hz) 

7.20 (1H, d, J = 8.0 Hz) 7.18 (1H, d, J = 6.9 Hz) 

- 7.27 (1H, d, J = 0.9 Hz) 
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7.71 (1H, s) 7.78 (1H, d, J =8.0 Hz) 

 

N1-Troc-N2-oxide-14-15-epoxy tabersonine 290. To a solution 

of 289 (0.027 g, 0.0512 mmol) in CH2Cl2 (0.5 mL) at rt was added 

Davis reagent (0.014 g, 0.0512 mmol) and stirred for 10h. The 

reaction was quenched with sat. sodium bicarbonate and diluted 

with H2O (5 mL) and EtOAc (7 mL). The organic layer was separated and the aqueous 

layer was extracted with EtOAc (2 x 10 mL). The combined organic layers were dried over 

Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified by 

flash column chromatography eluting with EtOAc/hexanes (40:60 → 100:00) to afford 12 

mg of 290 as a white foam (40%, 75% BRSM). 1H NMR (500 MHz, CDCl3) δ 8.81 (d, J 

= 7.8 Hz, 1H), 7.88 (dd, J = 8.1, 1.1 Hz, 1H), 7.47 – 7.40 (m, 3H), 7.33 – 7.26 (m, 1H), 

5.24 (d, J = 11.8 Hz, 1H), 4.82 (d, J = 11.8 Hz, 1H), 4.55 (d, J = 15.5 Hz, 1H), 4.39 (d, J = 

15.5 Hz, 1H), 4.33 – 4.21 (m, 1H), 3.92 (s, 3H), 3.86 (s, 1H), 3.81 (d, J = 4.1 Hz, 1H), 3.69 

(t, J = 9.6 Hz, 1H), 3.41 (d, J = 4.1 Hz, 1H), 3.01 (td, J = 12.1, 8.2 Hz, 1H), 2.91 (d, J = 

2.6 Hz, 2H), 2.48 (dd, J = 12.7, 7.7 Hz, 1H), 1.65 – 1.47 (m, 3H), 1.01 (t, J = 7.3 Hz, 4H).; 

13C NMR (126 MHz, CDCl3) δ 166.5, 150.7, 149.4, 139.5, 137.1, 128.5, 126.9, 125.5, 

115.2, 109.8, 94.4, 82.7, 75.9, 70.2, 61.3, 55.3, 54.1, 52.4, 51.9, 40.9, 38.0, 30.8, 30.8, 29.6, 

7.5; HRMS (ESI) calc’d for C24H25N2Cl3O6 + H = 543.0851, found 543.0852. 
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APPENDIX A 

CHAPTER 1 NMR SPECTRA 
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APPENDIX B 

Purity Traces for Chapter 1 
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APPENDIX C 

CHAPTER 2 NMR SPECTRA 
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