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Abstract 

 The generation of new structural derivatives of narciclasine, an Amaryllidaceae 

alkaloid, has been explored. The strategy applied to the semi-synthesis of these derivatives 

involves a key enolization step that produces an enol at the C1 position. This material was 

converted into a triflate to functionalize the C1 position through cross-coupling. Initial 

triflation attempts resulted in functionalization at C6 instead, and the C6 triflate was 

successfully coupled with different functionalities. All the novel C6 derivatives were fully 

deprotected and subjected to evaluation of their biological activity. Experimental and 

spectral data are provided for all new compounds  
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1.0 Introduction 

 

The project discussed within this document focusses on the alkaloid narciclasine 

(2) and the attempts made to derivatize the C1 position of the molecule. 

 

Figure 1. Structures of narciclasine and pancratistatin 

 Synthetic derivatives at the C1 position of pancratistatin (1), reported by Marion, 

Pettit and Hudlicky have, in some cases, increased the molecule’s biological activity.1-3 

However, no such derivatives of this type have been synthesized for narciclasine yet. This 

is surprising given the similarities between the two compounds, not only structurally but 

also in their mode of action.  

 Throughout this document, attempts to achieve the synthesis of C1 derivatives of 

narciclasine through synthesis of a key C1 hydroxy narciclasine intermediate and 

conversion of it to a triflate will be discussed (Figure 2). This triflate can then be subjected 

to cross-coupling conditions to synthesize unnatural C1 narciclasine derivatives. The 

biological evaluations of such derivatives shall also be noted. Interesting chemistry and the 

comparison of the effects that protecting groups make on the reactivity of narciclasine will 

also be discussed within this document.  
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Figure 2. General strategy to synthesizing C-1 unnatural analogues. 
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2. Historical 

2.1 Amaryllidaceae Alkaloids 

The Amaryllidaceae family of plants have long been a staple in medical practice, 

with records of the use of the extracts from these plants to treat a variety of ailments found 

in Ancient African, Central American and Chinese cultures.4,5 Hippocrates, the famed 

ancient Greek physician and philosopher, was recorded using a remedy comprised of an 

extract from Narcissus L. to treat uterine tumors.6,7 The Bible even has passages describing 

use of Narcissus poeticus L plant extracts for a variety of illnesses.7, 8 More recently, 

European physicians from the 13th to 14th centuries would use oils from plants in order to 

treat cancer patients.9, 10 

The physicians of the ancient and medieval worlds did not understand the mode of 

action of these plants for their therapeutic applications, they only concerned themselves 

with the fact that they worked. Luckily, with advances in science, the active compounds 

responsible for saving lives over the last few thousand years have been isolated and brought 

to the forefront of research. 

Research into the Amaryllidaceae family of compounds during the modern era 

started in 1877 with isolation of lycorine from Narcissus pseudonarcissus by Gerrard.11 It 

was not until 1913 that the structure of this alkaloid was elucidated.12 Since the first 

isolation of lycorine, hundreds of alkaloids have been isolated from the Amaryllidaceae 

plants with the number of compounds in this family growing to over 600.13 

The isocarbostyrils (6, Figure 3), a subunit of compounds in the Amaryllidaceae 

family, have only been recently discovered in the last 50-60 years. These compounds, as 
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the name suggests, contain an isocarbostyril unit (Figure 3) along with similar features to 

that of other Amaryllidaceae alkaloids like lycorine.  

 

Figure 3. Structure of isocarbostyril. 

The first isocarbostyril isolated was narciclasine in 1967, followed closely by 

lycoricidine in 1968 and then later by pancratistatin in 1984.14-17  

 
Figure 4. Main constituents of the isocarbostyrils and lycorine. 

 

These compounds boast impressive in vitro antiproliferative activity (some in the 

nM range) but their inability to dissolve in physiological conditions and scarcity in nature 

pose serious issues for the mainstream use of these compounds.18 Isocarbostyrils 

narciclasine (2) and pancratistatin (1) are a good example of this. They show impressive 

antimitotic activity, yet their natural abundance is low and their aqueous solubility poor.18 
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For narciclasine (2), only 1-200 mg/kg of the compound can be isolated from dried 

Amaryllidaceae species, for pancratistatin (1) it is 3-144 mg/kg while having a poor 

solubility profile.3,18 Synthetic chemists have tried to bridge the scarcity issue by designing 

efficient synthetic routes, but despite creative approaches none have solved the supply 

problems they set out to fix. Currently the best solution to the supply constraints is from 

cloning Hymenocallis littoralis (also known as the beach spider lilly that is native to coastal 

Latin America).19 This method allows isolation of pancratistatin and lycoricidine in gram 

quantities. Currently no synthetic approach yields higher than the quantities obtained via 

isolation from natural sources.  

 

2.2 Biosynthesis of Amaryllidaceae Alkaloids 

 Research into the biosynthetic pathways for Amaryllidaceae alkaloids started in the 

1950s, but it was not until recently that real insight into these pathways came to light.20, 21 
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Scheme 1. Major Biosynthetic pathway for Amaryllidaceae Alkaloids  

 The amino acids L-phenylalinine 10 and L-tyrosine 12 are converted to 3,4-

dihydroxycinnamic acid 11 and tyramine 13, respectively, via multiple enzymatic 

transformations, which then are condensed via norbelladine synthase (NAS) to 
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norbelladine 14 (Scheme 1). Norbelladine is then subjected to norbelladine 4-O-

methyltransferase (N4OMT) which, as the name suggests, methylates the phenol at the C4 

position. The resulting product 4-O-methlynorbelladine 15 is a key intermediate in the 

biosynthetic pathways for the Amaryllidaceae alkaloids.22 Treatment of the intermediate 

15 with the enzyme CYP96T1 leads to the major products noroxomartidine 16 and 

galantamine 22, and norpluvine 21 as minor products.22-26 Norpluvine 21 is also an 

enzymatic precursor to lycorine. Noroxomartidine 16 is obtained as a mixture of 

enantiomers, and this mixture is subsequently reduced into a mixture of normartidine 

enantiomers 17.24, 27, 28  

  Normartidine 17 serves as an important precursor to a plethora of Amaryllidaceae 

alkaloids. Depending on the stereochemistry of the ring and allylic alcohol, normartidine 

can be enzymatically converted into crinine, while its opposite stereoisomer can be 

converted to vittatine 19 and then haemanthamine 20. It is through this pathway that 

narciclasine is biosynthesized (Scheme 2).29 Vittatine 19, after treatment with a hydroxlase 

enzyme, yields compound 23, which after O-methylation gives haemanthamine 20.30-32 

Alternatively, 23 can undergo a retro-Prins reaction followed by enzymatic reduction to 

yield aldehyde 24. This aldehyde undergoes a reduction followed by treatment of a 

hydroxylase to yield narciclasine 2. 
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Scheme 2. Biosynthetic pathway to narciclasine 

 

2.3 Pharmacophore and mode of action of narciclasine  

 While Amaryllidaceae plants have been used for millennia in treatments for various 

ailments, it was not until recently that scientists reported on the antiproliferative effects 

these compounds had. Despite the first Amaryllidaceae alkaloid being isolated in 1877, it 

was not until 1958 by Fitzgerald that evidence on the biological effects these plants had 

started to come into the light, via treatment of Amaryllidaceae bulb extracts to mice cancer 

cell lines.31-33 Ceriotti was responsible for studies on the isolation of narciclasine from 

daffodil bulbs and was the first to report tests of the alkaloid on sarcoma cell lines showing 
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impressive antiproliferative capabilities. This discovery spearheaded research into the 

bioactivity of the isocarbostyrils for years to come.14 

Over 25 years later, in 1993, Pettit and coworkers tested the biological activity of 

various isocarbostyrils and some unnatural derivatives (Figure 5) on 60 major cancer cell 

lines. It was found through this study that these were especially effective in treating 

melanoma and certain brain, renal and lung tumors.34  

 

Figure 5. Compounds tested by Pettit. 

Pettit’s study also showed that main constituent isocarbostyrils boast impressive 

GI50 (Growth Inhibition) values in the nM range where unnatural derivatives that did not 

retain natural B-C ring junction stereochemistry or the position of the alkene were 
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inactive, but unnatural derivatives that mirrored natural stereo- and regiochemistry did 

(Figure 6). 34, 35 

 

Figure 6. GI50 values for narciclasine and pancratistatin. 

Pettit’s work gave important insight into the structure-activity relationship (SAR) 

of these molecules, but it was not until Kiss’ papers in 2008 and 2009 that the SAR and a 

pharmacophore was determined (Figure 7).34-37 

 

Figure 7. Pharmacophore of the isocarbostyrils. 

 

Kiss’s group performed the studies by functionalizing the lactam nitrogen and 

carbonyl, phenol, C-ring hydroxyls and alkene when applicable. Functionalization of those 

positions led to the discovery that any modification to the lactam, phenol, syn-diol at the 
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C3 and C4 position, reduction of the double bond, isomerization of the alkene to the C10b-

C4a position, and changes to the B-C ring junction stereochemistry significantly decreased 

the activity or resulted in complete inhibition of the compounds antiproliferative 

qualities.35, 39, 40 

It was also observed that functionalization of the C2 hydroxyl inhibits the biological 

response, and significantly reduces the stability of the compounds. Modification of the 

methylene dioxy bridge also yielded an inhibitory effect on the activity of the molecule.37-

39 Through these crude SAR studies, the “bay region” (C10-C1) of the alkaloids was 

established to be susceptible to modification without a significant reduction in activity. 

This was later confirmed experimentally by Hudlicky, Marion and Pettit who synthesized 

a suite of unnatural derivatives at the C1 position that yielded active derivatives of 

pancratistatin, some of which had a higher bioactivity than pancratistatin itself.1-3, 41 

A key observation of these studies was that the isocarbostyrils specifically target 

cancer cells. In fact, it was noted that the isocarbostyrils narciclasine and pancratistatin 

boasted a 250 times higher selectivity for cancer cells, than for healthy cells.42 This 

selectivity is hardly seen in natural products and raised serious questions and interest into 

the mode of action of these molecules. Early probes into the mode of action for 

narciclasine, done in the 1970s, showed that narciclasine was cytotoxic by inhibiting 

protein synthesis. Since RNA production was found to be uninterrupted, it was then 

assumed that narciclasine targets the ribosomes instead.43, 44 The same group labelled the 

ribosomal subunits of the protein Saccharomyces cerevisiae and found that by mutating 

the 60S ribosomal unit, protein synthesis was unaffected by narciclasine. These 
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observations led to the conclusion that narciclasine’s mode of action was through 

disruption of the 60S ribosomal subunit. 43, 44 

Later work by a group from the Institut de Génétique et de Biologie Moléculaire et 

Cellulaire (IGBMC) in 2014 managed to pinpoint the binding points of narciclasine in the 

60S ribosomal subunit.45 They found that the syn diol of the C-ring and the lactam nitrogen 

were key hydrogen bond donators that allowed narciclasine to inhibit peptide synthesis.45 

This observation not only confirmed the previous SAR studies by Kiss but also made 

headway to explain why these compounds were so selective for cancer cells.42 While no 

definitive theory has been proven fully, this selectivity likely involves narciclasine 

interaction with specific ribosomal proteins that are more highly expressed in cancer cells 

such as the ribosomal translation elongation factor (eEF1A). 42-45 

 

2.4 Selected Syntheses of Narciclasine 

 After narciclasines isolation in 1967 by Ceriotti, the first initial structure was 

proposed by Ceriotti, Piozzi and co-workers (Figure 8).
 7 

 

Figure 8. Ceriotti’s and Piozzi’s proposed structure (29) of narciclasine (correct structure 

shown as 2) 
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The proposed structure was incorrect, and it was not until 1972 when the correct 

structure was published by Krohn.6 Despite its structure being correctly elucidate and 

narciclasine having the highest bioactivity of all Amaryllidaceae alkaloids, the first total 

synthesis of the molecule came later at the turn of the millennia by Rigby and Matteo 

(Scheme 3) .47 

 

 

Scheme 3. Rigby’s route to (+)-narciclasine.  

 These authors approached the synthesis with a convergent route in which the A- 

and C-ring moieties were coupled together followed by photocyclization to achieve closure 
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of the B- ring (steps q-u, Scheme 3). Starting from ester 30, the syn-epoxy alcohol was 

synthesized via a modified Berchtold sequence that gave their C-ring partner after 

conversion of the ester to the isocyanate.47 The A-ring fragment was synthesized from 2, 

3- dihydroxybenzaldehyde 34 using a previously established route. With the A- and C-ring 

fragments completed, generation of the aryl lithium species 37, followed by reaction with 

isocyanate 33 gave the coupled product 38. This vinyl amide was subjected to 

photocyclization at 254 nm, leading to the B-ring and completed the phenanthridone core 

of the molecule.47 This was followed by selenium mediated opening of the epoxide and 

osmylation to install the necessary C-2, 3, 4 hydroxy groups. Subsequent protection steps 

gave synthon 39 which after silyl deprotection and Burgess elimination gave compound 

40. Lastly, global deprotection over a few steps gave (+)-narciclasine in 22 steps.47 

 While Rigby was the first to complete the synthesis, the Hudlicky group was not 

far behind as only two years later they published their chemoenzymatic synthesis of 

narciclasine.47, 48 Hudlicky’s synthesis (Scheme 4) greatly reduced the step count to 12, 

features a chemoenzymatic dihydroxylation using the Escherichia coli (E. coli) JM109 

enzyme developed by Gibson, which allowed for the installation of the key C-3 and 4 

hydroxyls in one step with correct stereochemistry. 48-52 

 

Scheme 4. Generation of the chiral oxazine 
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 Starting from the dibromobenzene species 41, the chemoenzymatic 

dihydroxylation yielded diol 42 in one step. A nitroso-Diels-Alder reaction was then 

carried out to give oxazine 43.  

 

Scheme 5. Hudlicky’s Synthesis of Narciclasine 

Opening of the oxazine followed by Suzuki coupling with the boronic acid synthon 

44 yielded the coupled enone 45 as the product (Scheme 5). Enone 45 was then reduced to 

the allylic alcohol 46 which had the incorrect stereochemistry. This issue was resolved via 

a Mitsunobu reaction to yield 47. The acetonide moiety was converted to the diacetate 48 

and a Bischler-Napieralski reaction closed the B-ring of the molecule. Finally, global 

deprotection gave narciclasine 2. 48 
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 The most recent synthesis of narciclasine comes from the Sarlah research group at 

the University of Illinois. Compared to previous syntheses, Sarlah took a completely 

different approach to synthesizing narciclasine and lycoricidine. 53 

 

 

Scheme 6. Sarlah’s synthesis of lycoricidine 8 and narciclasine 2. 

 In Sarlah’s synthesis (Scheme 6), bromobenzene was subjected to a 

dearomatization procedure mediated by MTAD (4-methyl-1,2,4-triazolione-3,5-dione), 

that was then treated under Narasaka-Sharpless dihydroxylation conditions to give synthon 

51. In this procedure the aryl boronic acid in the reaction was introduced into the 

dearomatized system and after Suzuki conditions and gave the coupled product 52 after 
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acetonide deprotection. Reduction of the halide bridge to a diene followed by nitroso-Diels-

Alder and zinc reduction gave synthon 53. Uchiyama conditions gave the desired C-7 

phenol which was immediately protected in situ as the acetate to give 54. Global 

deprotection of this compound gave narciclasine in only 10 steps.53 

 

2.5 Unnatural Derivatives of Narciclasine 

No C1 derivatives of narciclasine have been reported in the literature at the time of 

writing this document. This is interesting as pancratistatin has had multiple C1 derivatives 

tested and published despite being the less active of the two isocarbostyrils. What makes 

this even more puzzling is that in the case of pancratistatin the C1 derivatives had similar 

cytotoxicity, or in some cases, improved cytotoxicity and these results were not translated 

to narciclasine immediately. With its pharmacophore being extremely similar, it is 

surprising that narciclasine has not garnered as much attention in this area as pancratistatin 

has.  

While it is obvious to strive for functionalization that increases the biological 

activity of these molecules, it is also important to address the solubility issues that plague 

these molecules. In this section the work done by Pettit, Hudlicky, and Marion on 

pancratistatin will be examined to lay the basis for the current research being done. 1-3, 54 
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Figure 9. Hudlicky’s C1 homologues of pancratistatin 

 Hudlicky and co-workers previously synthesized a library of C-1 homologated 

derivatives of pancratistatin (Figure 9). These derivatives were biologically active, and the 

benzoate ester 57 showed an increase in activity compared to natural pancratistatin. These 

homologated derivatives were based on work previously done by Pettit. In his relay from 

narciclasine to pancratistatin, Pettit synthesized the C1 benzoate ester of pancratistatin 58 

(Figure 10) which also showed improved biological activity. 1, 3  

 

Figure 10. Pettit’s C1 benzoate derivative of pancratistatin. 

In the case of Hudlicky’s work, the homologated derivatives (55-57) showed 

similar results in biological activity, implying that extending out into the bay region of the 

molecule might lead to some promising derivatives.1 Pettit also synthesized novel 

pancratistatin pro drugs designed to improve the activity and in vivo solubility of the 

molecules.54  

 

Figure 11. Pettit’s phosphate pro drugs of pancratistatin. 
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These prodrugs were formed by installing a phosphate group at key hydroxyl 

positions around the molecule (Figure 11). It was assumed that the phosphate group would 

not only aid in the solubility of the compound, but also improve the stability of the molecule 

as natural narciclasine, and by that extension, its derivatives are vulnerable to hydrolysis, 

aromatization, and decomposition.54, 55 

 Marion and his team also published the synthesis of C1 amino derivatives of 

pancratistatin.2 Using a methodology developed by Pettit, Marion and co-workers 

synthesized the C1 azide 63 from the C1-2 cyclic sulphate 62 which was readily converted 

to the C1 amine (Scheme 7). 

 

Scheme 7. Truncated synthesis of Marion’s C1 azide and amine 

Using the azide as the key intermediate, Marion and his group generated a library 

of over 30 compounds, some of which are summarized in Scheme 8. The derivatives were 

subjected to biological testing against various cancer cell lines. The salts of these 

compounds were also isolated as a creative way to generate pro drugs of all the derivatives 

and help with the in vivo solubility.2 
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Scheme 8. Generation of C1 amino derivatives by Marion. 

Of the C1 amino derivatives synthesized by Marion the C1 benzamide 70 (Figure 

12) showed improved IC50 values towards cancer cell lines.2  

 

Figure 12. Marion’s C1 amino benzamide derivative. 
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This observation, along with those from the benzoate derivatives by Pettit and 

Hudlicky, draws a clear correlation between the installation of a large bulky aromatic in 

the “bay region” (C10-C1) and the increased cytotoxicity of these compounds towards 

cancer cells. 1-3, 6, 18 
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3.0 Results and Discussion 

3.1 Introduction 

 The Hudlicky group previously synthesized derivatives of Amaryllidaceae 

alkaloids pancratistatin (C1 and C10) and narciclasine (C10) that contributed to a deeper 

understanding of the pharmacophore and, in some cases, increased the biological activity. 

This project hoped to expand on the previous work by synthesizing novel C1 narciclasine 

derivatives. 

 A previous group member, Dr. Ringaile Lapinskaite, was working with natural 

narciclasine to generate an epoxide across the C10b-C1 alkene for generation of C1 

derivatives.56 This epoxide was to be opened with an array of nucleophiles to develop a 

library of potential derivatives after elimination of the resulting benzylic hydroxyl. While 

the epoxidation of protected narciclasine was published by Pettit in his relay of narciclasine 

into pancratistatin, the epoxide they generated was always anti to the acetonide protecting 

group installed on the C3 and 4 hydroxyl groups. Lapinskaite attempted to use an aqueous 

NBA (N-bromoacetamide) reaction to generate epoxide syn to the acetonide through 

formation of the bromohydrin followed by application of a base.3, 56 A mixture of C1 enols 

with epimerization at the C2 position was generated instead of the desired bromohydrin 

(Scheme 9).  
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Scheme 9. 1st generation route to the C1 enol 

 

Scheme 10. Proposed mechanism for formation of the C1 enol. 

This epimerization of the C2 position was believed to have happened through a 

ketone-enol tautomerization. This ketone equilibrates with the enol but in acidic media the 

C1-C2 enol also forms in fleeting quantities, resulting in epimerization of the center before 

eventually going to the correct, more stable, enol (Scheme 11). 
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Scheme 11. Proposed mechanism for the observed epimerization during the enolization 

procedure. 

 This unexpected result was the groundwork on which the current research project 

is based upon. The mixture of enols presented an interesting crossroad in which both 

pancratistatin and C-1 derivatives could be obtained (Figure 13). 

 

Figure 13. General outline of project goals being attained from the C1 enol. 
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3.2 Synthesis of C6 Narciclasine Derivatives 

Excerpts, figures, and tables have been published in Molecules (MDPI) and the authors 

have the right to re-use it under open access Creative Common CC BY license.57 

While Lapinskaite synthesized the enol from a previously established route to the 

epoxide precursor featuring a C7 methoxy group, this route was a long and arduous 

process.56 The reaction of narciclasine with diazomethane yielded the product in low yield 

after a long exposure time (5-6 days). The generation of the enol was repeated with both 

narciclasine tetraacetate 87 and narciclasine diacetate acetonide 75 (Scheme 12). 

 

Scheme 12. Generation of the C1 enol from different protection patterns on narciclasine. 

With the ability to generate the enols in a reproducible and efficient way, attention 

turned towards making a psuedohalide at the C1 position in the form of a triflate. Initial 

experiments on the enols, with the nitrogen deprotected, showed a large mixture of 

products with triflation at the nitrogen, and at both the amide and enol. None of the C1 

triflate with the free amide was observed. While these attempts were ongoing, another 
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researcher (Endoma-Arias) devised a route to a triflate using chemistry that proved to be 

irreproducible (Scheme 13). 

 

Scheme 13. Initial route to a C1 triflate. 

The epoxide 92 generated from the diacetate acetonide 75 was treated with a Lewis 

acid, and after aqueous workup, the crude mixture was submitted to triflation conditions. 

These conditions gave a very complex reaction mixture, but from it a product believed to 

be the C1 triflate was isolated. This procedure was not reproducible, and the product was 

obtained in low yields (1-7%).  Given the scarcity of the starting material and the issue of 

reproducibility, a new procedure had to be designed to generate the same triflate. 
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Scheme 14. Route to the expected C1 triflate with an acetic acid solvate. 

Later a new procedure was developed, where the enolization reaction was modified 

by using acetic acid instead of water with NBA (Scheme 14). A C1 enol with a N-acetic 

acid solvate was reportedly isolated, and upon the crude mixture being subjected to 

triflation conditions, C1 triflate 95 was generated  still with  the N-acetic acid solvate. This 

procedure was reproducible and gave the triflate in considerably higher yields than the 

former. This triflate was subjected to multiple cross-coupling conditions which yielded the 

desired products in acceptable yields over 50%. 

 

Scheme 15. The Prevost reaction of narciclasine diacetate acetonide. 
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It came to our attention that the C1 acylated product from a Prevost reaction of 

narciclasine diacetate acetonide yielded a compound spectroscopically identical to that of 

the apparent C1 enol-acetic acid solvate (Scheme 15). This raised serious concerns about 

the structure proposed for not only the solvate and subsequent triflate, but also the coupled 

products that had been synthesized. 

 

Figure 14. 15N-1H correlation between the C6 vinyl group and the B-ring amine. 

One of the coupled products contained a vinyl moeity. HMBC NMR experiments 

showed that the cyclic nitrogen atom coupled with both the vinyl proton and H4a (Figure 

14), clearly supporting that triflation occurred at the C6 position instead of C1. This 

discovery implied that the enol-acetic acid solvate was instead nariclasine with an acetate  

at C1 and an unprotected amide. 

 

Scheme 16. Summary of conditions for the generation of the C1 acetate. 
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This conclusion was confirmed experimentally by acylation of the enol generated 

from the original procedure, which yielded the same product obtained from both the 

Prevost reaction and reaction with  NBS/NBA with acetic acid/THF (Scheme 16). It is 

conceivable  that  acetic acid wasacting as a nucleophile, to open the  bromonium species 

that formed across the native olefin in the starting material. Subsequent elimination would 

lead to the observed product. Based on these observations, a corrected sequence of reaction 

events is summarized in Scheme 17. 

 

Scheme 17. Revised synthetic scheme for optimized triflation procedure. 

Since the correct structure was elucidated after the generation of multiple 

derivatives (Scheme 18), the novel deprotected compounds were sent for testing despite 

the incorrect regiochemical outcome (Figure 15). The biological testing was done in 

collaboration with Dr. Alexander Kornienko at Texas State University.57 
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Scheme 18. General procedure for deprotection of the coupled products and the C1 enol. 

 

Figure 15. Compounds sent for biological testing. 

A summary of the biological activities for these compounds against three cancer cell lines 

can be seen below (Table 1); 

Compound 
IC50, µMa 

BE(2)-Cb H157c A549d 

1 0.285 0.173  0.527 

2 0.036 0.033  0.061 

99 5.42 5.37  21.9 

100 112.4 113.0 26.6 

104 >500 >500 >500 

105 >500 >500 >500 
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a Concentration required to reduce the viability of cells by 50% after 4 days of treatment with the indicated compounds 

relative to a DMSO control, as determined by the MTT assay. b Human neuroblastoma cell line ATCC CRL-2268. c 

Human lung squamous cell carcinoma ATCC CRL-5802. d Human lung adenocarcinoma cell line ATCC CCL-185. 

Table 1. Results of biological evaluation.57 

 

Previous SAR studies on narciclasine concluded that the C6 lactam was necessary 

for the molecule to be bioactive. Our results imply that while modification of the C6 lactam 

does have a deleterious effect on the activity of the molecule, it does not fully render the 

molecule inactive. Our C6 phenyl derivative maintained a modest amount of activity 

despite removal of the C6 carbonyl entirely. Another unexpected result was that the C1 

enol, a compound structurally inbetween narciclasine and pancratistatin, is biologically 

inert. It is possible that the stability of the enol in a biological system could be 

compromised. 

 

3.3 Attempts to Generate C-1 Derivatives of Narciclasine 

 While the C6 derivatives gave some insights in the SAR of these molecules C1 

derivatives remained the target of synthesis. Toward this goal, a way to generate a coupling 

partner at the C1 position of the molecule. This was finally accomplished by Boc protection 

of the amide of the diacetate acetonide 75. From this compound, a mixture of enols could 

be generated. Since the amide was now protected and the only heteroatom left on the 

molecule was the C1 enol, standard triflation conditions yielded the desired C1 triflate 

(Scheme 19), confirmed by 15N-1H HSQC/HMBC, and 19F-NMR, in meager (23%) but 

reproducible yields. 



 
 

32 
 

 

Scheme 19. Synthetic pathway to the C1 triflate.  

 The new triflate 110 was subjected to the same cross-coupling conditions as the C6 

triflate and yielded none of the desired coupled product. Instead, starting material was 

recovered along with some of the C7 deprotected product. Elevation of the temperature or 

prolonged reaction time led to decomposition of the compound, which made analysis 

difficult on the 3-10 mg reaction scale.  
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Scheme 20. Crossing coupling conditions attempted on the C1 triflate. 

Since the previous conditions proved unsuccessful, new conditions were sought (or 

explored). The same coupling partners were reacted with new catalytic conditions. These 

conditions also only resulted in recovered starting material (Scheme 20). 

 

Scheme 21. Other cross coupling conditions attempted on the C1 triflate.  

The only cross coupling reaction that had not been attempted was Stille coupling.  

Conditions adapted from previous work in the Hudlicky group were attempted on the 

triflate, which led to the isolation of an interesting decomposition product (Scheme 22). 
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The 1H NMR spectrum of the product showed 4 coupled protons characteristic of the C-

ring, though the shift of one of the protons was further downfield than that of the starting 

material. Specifically, one doublet coupled to the other C-ring signals showed up around 

7-8 ppm, which implied π-character as this chemical shift was observed for the vinyl 

protons of the C6 vinyl derivative. This observation was unexpected as the triflate starting 

material had 4 C-ring singlets in its 1H NMR spectrum because the triflate at C1 fully 

substituted he olefin. In other words, another degree of unsaturation had to be present in 

the C ring as MS (mass spectrometry) and 19F-NMR confirmed loss of the triflate and the 

enol at C1. MS also showed loss of every protecting group except the acetonide. The mass 

of narciclasine acetonide had 347m/z while the new product from Stille coupling had a 

reproducible mass of 345 m/z and (Scheme 22). 

 

Scheme 22. Stille Coupling of the C1 triflate. 

 The harsh nature of Stille cross-coupling conditions yielded a lower energy 

decomposition product that maintained a highly conjugated structure (Scheme 22). While 

this result was interesting, it was useless to our goal and other conditions were explored 

for generating the C1 triflate, including carbonylation conditions used by another member 

of the Hudlicky group working on Amaryllidaceae alkaloids. These conditions were 
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applied to the triflate and resulted in recovered starting material. Other conditions with 

dppf (1,1′-bis(diphenylphosphino)ferrocene) catalyst, and Pd/C were used, which resulted 

in total decomposition of the product (over 20+ spots on TLC on 15 mg reactions) 

(Scheme 23). Analysis of multiple products isolated from the reaction mixture showed no 

resemblance to narciclasine but spectroscopy indicated the presence of alkyl and aromatic 

fragments. The difficulty of these cross-coupling reactions was likely due to the thermal 

decomposition of starting material at elevated temperature, however, lack of reactivity 

when reactions were carried out at room temperature resulted in recovery of starting 

material. 

 

Scheme 23. Milder cross coupling attempted on the C1 enol. 

The reasoning for the cross-couplings not working on substrate 110 are not fully 

understood. It could be caused by multiple factors but the main two seem to be the 

electronics of the system, as the π-system in which the triflate is placed is extremely 

electron rich which implies the system should be less favourable to oxidative addition. The 

other possibility could be steric hinderance. The C-ring of the system is in a half boat 
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conformation when mapped in 3D space, steric interference between the acetonide which 

arches over the ring and the catalyst or triflate could also be causing the problems. 

 

 

Scheme 24. Generation of the bromohydrin from the tetraacetate N-Boc species. 

The electronics of the system are the harder issue to solve. Initially it was thought 

the same triflate could be generated from the tetraacetate. Unfortunately, after Boc 

protection the enolization procedure did not yield the desired mixture of enol epimers but 

instead bromohydrin 112 was isolated (Scheme 24). The reason for the bromohydrin 

formation in this case but not in the other is unknown.  The bromohydrin is believed to be 

formed by opening of the bromonium species formed across the olefin by water at the C1 

position. In the case of the bromohydrin the elimination doesn’t occur but with enols it 

does. It is believed they go through the same mechanism but with certain protecting 

group patterns the elimination doesn’t occur. 
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3.4 Other Attempts at Functionalizing the C1 position 

Prior to pursuing the C1 triflate, many other pathways were attempted to achieve 

functionalization at the C1 position. One initial attempt was to treat narciclasine as the 

alkene in an intermolecular Heck reaction. It was speculated that functionalization should 

occur at C1 as it is the only avaliable position. 

 

Scheme 25. Initial attempts at intermolecular Heck reactions 

Initial attempts included standard Heck coupling conditions on all the common 

protection patterns available for narciclasine. Unfortunately, all of these conditions yielded 

only recovered starting material, even at elevated temperatures (Scheme 25). 
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Scheme 26. Heck coupling conditions with Pd(dppf)Cl2. 

Other conditions with a more potent catalyst and a different coupling partner were 

tried, but no formation of product was observed (Scheme 26). Additional Heck conditions 

were attempted and still none of the substrates were responsive. This approach was 

abandoned as no useful results seemed imminent from further study. (Scheme 27). 
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Scheme 27. Heck coupling conditions with Pd2(dba)3 . 

Another series of attempts are summarized in Scheme 28. In this case, α-

halogenation of the enone generated from oxidation of the C2 position was attempted as it 

would be an efficient and facile way to generate a coupling partner at the C1 position. 

Lapinskaite quickly discovered that upon formation of the enone, the olefin quickly 

underwent an isomerization to the 10b-4a position. Next, the epoxide 92 formed from the 

alkene was reacted with a number of different nucleophiles in order to install the 

nucleophilic group at the available C1 position. Elimination of the benzylic alcohol either 

by Barton-McCombie or Chugaev elimination from the same xanthate intermediate would 

give either the narciclasine or pancratistatin C1 derivative (Scheme 28). 
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Scheme 28. Overview of other approaches to functionalization at the C1 position. 

Despite multiple attempts, the epoxide resisted nucleoplilic addition. This route was 

eventually terminated too.  

 

Scheme 29. Planned route to generate C1 derivatives through formation of an enamine at 

C2. 

Another route was briefly investigated involving formation of an enamine 118 at 

the C2 position as a handle to react with different electrophiles to functionalize C1 (Scheme 
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29). The procedure for generating the C2 ketone from the reduced narciclasine acetonide 

was known and in the paper, an amine salt was formed from this ketone. When attempting 

a modified version of this procedure, the alkyl amine was switched with pyrrolidine, no 

formation of the desired enamine was observed. Generation of the unstable ketone 

precursor from narciclasine acetonide was accomplished with Swern conditions. Quick 

isolation of the ketone treatment with pyrrolidine didn’t result and any formation of the 

desired product. Major decomposition was observed instead and despite other attempts 

none of the predicted enamine was ever isolated.  

 

3.5 Semisynthesis of Pancratistatin from Narciclasine  

Structural similarities between nariclasine and pancratistatin and their appreciable 

difference in natural abundance makes narciclasine, the more abundant of the two, the 

prime candidate for a quick and efficient semisynthesis to pancratistatin. This point was 

further emphasized when Lapinskaite isolated a mixture of enols from her initial 

epoxidation experiments with NBA. Installation of the C1 hydroxyl, which is native in 

pancratistatin but void in narciclasine, gave a great “missing link” type compound that 

seemed but a few transformations away from an applicable route between the two alkaloids. 

 

Scheme 30. Hydrogenation of the C1 enol. 
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The first attempt at this conversion was to hydrogenate the olefin in 80 and separate 

the mixture of products 120 (cis and trans B-C ring junction) (Scheme 30). At first this 

was attempted by Lapinskaite at room temperature under H2 atmosphere. When this 

condition failed to give the desired compound, high pressure was employed all the way up 

to 500 psi for 3 days. The resulting reaction mixture contained mainly starting material, 

some very minor decomposition and traces of the olefin isomerizing were observed. Mass 

spectrometry could not identify any of the desired product.  

 

Scheme 31. Attempted Birch reduction of the C1 acetate.  

Birch reduction was then attempted on both the enol and the C1 acetate (Scheme 

31). The C1 hydroxy group was protected with the acetate (as in 121) to withdraw some of 

the electron density out of the π-system and aid in the Birch reduction. In both cases the 

product isolated from the reaction was the C7 deprotected product 122. Generation of the 
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free phenol completely inhibits Birch reduction as the resulting phenolate anion does not 

allow for electron transfer into the aromatic system necessary for the reduction to occur.  

 

Scheme 32. Generation of the bromohydrin from narciclasine triacetate acetonide. 

While trying to generate C1 enols from N-protected species of narciclasine it was 

observed that treatment of the triaceatate acetonide 123, that was isolated during acetate 

protection of the acetonide, with NBA in THF and water yielded the bromohydrin 124 

instead of the enol (Scheme 32). This result was seen also in the case of the tetraacetate 

NBoc species mentioned earlier when it was treated with those same conditions. The 

reaction is believed to proceed with the same mechanism proposed for the formation of the 

enol with the exception of the final elimination step. The reason for why with this set of 

protecting groups on the molecule stop the reaction before the final elimination is not 

known. It is possible that the C1 proton of the bromohydrin is at an unfavorable angle for 

the proceeding elimination due to the presence of the N-acetate, which may cause a 

structural change to the C-ring of the molecule 
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 The bromohydrin of the triacetate yielded an interesting opportunity. The 

stereochemistry of the acetonide ring influences the outcome of epoxidation reactions. In 

the case of the bromohydrin it would logically suggest that the bromonium ion being 

generated during the reaction would have the same stereochemistry as the epoxide and 

opening of the bromonium with water would give the desired C1 stereochemistry for 

pancratistatin. This is exactly what was observed and if the benzylic bromide could be 

reduced, thus a short and facile synthesis of pancratistatin would be available after the 

necessary deprotections. 

 

Scheme 33. Initial attempts at dehalogenation of the C10b benzylic bromide. 

While there are many examples in the literature of dehalogenation of benzylic 

halides, the first attempts at removing the C10b halide in 124 proved to be more difficult 
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than initially expected. Tin hydride conditions at room temperature yielded recovery of 

quantitative starting material. Elevating the temperature still resulted in the recovery of 

starting material but also some deprotected product. Surprisingly no dehalogenation was 

observed. Lithium reduction following known procedures for similar systems resulted in 

starting material being recovered and some decomposition (Scheme 33). Mass 

spectrometry showed none of the desired dehalogenated product. Recently electrochemical 

means were employed and unfortunately that too did not yield the desired product but 

instead just resulted in the starting material decomposing under the conditions. 

 

Scheme 34. Other dehalogenation attempts 

Zinc reduction was also tried on substrate 124 yielding two new products. 

Examination of the products clearly showed both the di- and triacetate starting olefins had 

been re-formed (Scheme 34). Hydrogenation of the bromohydrin gave no product in 

aprotic solvent and various deprotection products in protic solvents. The benzylic bromide 

seemed to be quite resistant to reduction and the styrene bond seemed to be a significant 

energetic sink. 

3.6 Other Work 

While the project for functionalizing the C1 position of narciclasine was underway, 

a postdoctoral fellow and an undergraduate student that had left the group. The two of 
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them, Nolan Nardangeli and Dr. Nikola Topolovcan, had finished the primary research for 

a methodology for generating functionalized isochromene derivatives. While the research 

was completed, the data for the project was not publishable and needed to be re-collected 

for almost all of the novel compounds that had been synthesized for the project (Scheme 

35).58  

 

Scheme 35. Synthetic outline to the functionalized isochromene and its derivatives. 
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Following their procedures, data for all novel compounds (1H and 13C-NMR, IR) were re-

collected.58 

 

3.7 Future Work and Conclusions 

The project is at a bit of a standstill currently as efforts to couple the C1 triflate 

have proven to be more difficult than initially thought. Going forward, there are two 

approaches to achieve this: to attempt other literature conditions on the current C1 triflate 

or generate a triflate with different protecting groups to try and alter the electronics of the 

molecule. 

 

Figure 16. General structure for a new C1 triflate. 

The protection of the amide nitrogen of narciclasine has an interesting effect on the 

outcome of reactions. Previously, the enolization reaction yielded the bromohydrin when 

the lactam was protected except in the case of the diacetate acetonide NBoc narciclasine 

species. It seems that protection of the lactam could lead to different results regarding the 

ability of the triflate substrate being able to couple. Triflate compounds with new N-

protecting groups or without N-protecting groups should be synthesized to generate the 

desired functionalization of the C1 position. 
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With the isolation of the bromohydrins from certain narciclasine species, a quick 

and efficient relay to pancratistatin is possible in half the number of steps than the only 

published route.3 More conditions need to be tried on these substrates to yield the desired 

pancratistatin precursor, which after the necessary deprotection would yield pancratistatin 

potentially under 6 steps. 
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Experimental Section 

General Experimental  

All reactions in organic solvents were carried out under an argon or nitrogen atmosphere  

using Schlenk technique to eliminate the presence of moisture and air. All solvents were  

freshly distilled unless otherwise specified. Thin layer chromatography was performed on  

EMD Silica Gel 60 Å 250 μm plates with F254 indicator, and analyzed under short-wave  

ultraviolet light followed by staining with CAM (Cerium Ammonium Molybdate) or 

permanganate and subsequent charring. Column chromatography was performed using 

Silicycle Siliaflash P60 (230-400  

mesh) silica gel. Melting points were observed from a Hoover Unimelt apparatus and are  

reported uncorrected. Optical rotations were measured by a Mandel Rudolph Research  

Analytical Automatic polarimeter at 589 nm with a 50 mm cell length. 1H and 13C NMR  

spectra were recorded on a 300 MHz Bruker spectrometer. All chemical shifts are  

referenced to TMS or residual non-deuterated solvent. NMR data are reported as follows: 

chemical shift (multiplicity, coupling constant(s) [Hz], integration). 13C NMR spectra were 

proton decoupled. 
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(2S,3R,4S,4aR)-2,3,4-trihydroxy-7-methoxy-3,4,4a,5-tetrahydro-[1,3]dioxolo[4,5-

j]phenanthridin-6(2H)-one (71).56, 59 

Diazomethane was generated from N-methylnitrosourea following a literature procedure 

60. N-Methylnitrosourea (14.5 g, 0.16 mol) was added in portions to ether/aq. KOH biphasic 

mixture (KOH (7.5 M)) solution. The ether layer containing diazomethane was decanted 

into an Erlenmeyer flask containing KOH pellets to dry the solution. The ether solution 

was then poured into a suspension of narciclasine (0.9 g, 2.9 mmol) in EtOH (180 mL). A 

septum was fitted loosely on the RBF and the solution was left to stir for 48 h. After 24 h, 

the septum was removed, and the reaction mixture was exposed to air for the remaining 24 

h. AcOH (50 mL) was added slowly to quench any remaining diazomethane in the 

Erlenmeyer’s flask used to prepare and decant the diazamethane solution. The mixture was 

purified using flash column chromatography using a silica gel column (50:1 DCM:MeOH 

to 5:1 DCM:MeOH). Evaporation of the appropriate fractions yielded a white solid as the 

product (0.72 g, 2.46 mmol, 85%).  

Rf: 0.2 (10:1 DCM:MeOH). Mp = 207 °C. IR (neat) ν: 3379, 2980, 2912, 1650, 1611, 1478 

cm-1; 1H NMR (600 MHz, DMSO-d6) δ: 7.14 (s, 1H), 7.00 (s, 1H), 6.13 (d, J = 0.9 Hz, 

1H), 6.11-6.08 (m, 1H), 6.07 (d, J = 0.9 Hz, 1H), 5.19 (d, J = 5.8 Hz, 1H), 5.15 (d, J = 5.5 

Hz, 1H), 4.96 (d, J = 3.8 Hz, 1H), 4.04-3.99 (m, 2H), 3.84 (s, 3H), 3.77 (ddd, J = 7.8, 5.5, 
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2.0 Hz, 1H), 3.69-3.65 (m, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 162.0, 151.4, 143.5, 

139.2, 133.5, 131.3, 123.6, 115.3, 102.0, 99.5, 72.5, 69.2, 69.2, 60.5, 52.6; HRMS (EI) 

calcd for C15H15O7N: 321.0849; found 321.0847. NMR data matches literature.56, 59 
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(3aS,3bR,12S,12aR)-12-hydroxy-6-methoxy-2,2-dimethyl-3b,4,12,12a-

tetrahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridin-5(3aH)-one (72).56, 59 

71 (1.02 g, 3.11 mmol) was dissolved in DMF (10 mL) and 2,2-DMP (1.5 mL, 12 mmol) 

was added to the solution in one portion. Immediately a few crystals of p-TsOH were added 

and the reaction was left to stir for 24 hr. 200 mL of distilled water was then added and the 

layers were separated. The aqueous layer was extracted with DCM (3 x 30 mL) and the 

organic layers were combined. The combined organic layers were washed with aqueous 

LiCl (2 x 20 mL) and brine (30 mL), and dried over Na2SO4. The mixture was purified via 

flash column chromatography using a silica gel column (200:1 to 30:1 DCM:MeOH). 

Evaporation of the appropriate fractions yielded the product as a white waxy solid (690 

mg, 2 mmol, 64%) 

 Rf: 0.3 (50:1 DCM:MeOH). IR (neat) ν: 3338, 2988, 2923, 2853, 1655, 1611, 1478 cm-1 ; 

1H NMR (600 MHz, CDCl3) δ: 6.85 (s, 1H), 6.31-6.27 (m, 1H), 6.04-6.02 (m, 3H), 4.37 

(m, 1H), 4.16-4.05 (m, 3H), 4.02 (s, 3H), 2.77 (d, J = 4.5 Hz, 1H), 1.51 (s, 3H), 1.38 (s, 

3H); 13C NMR (150 MHz, CDCl3) δ: 161.8, 152.5, 145.3, 139.8, 130.4, 128.2, 125.0, 113.7, 

111.4, 102.1, 97.7, 79.8, 79.0, 72.9, 61.2, 55.6, 27.2, 25.0; HRMS (EI) calcd for 

C18H19O7N: 361.1162; found 361.1165. LRMS: 274 (32%), 261 (100%), 256 (44%). NMR 

data matches literature.56, 59 
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(3aS,3bR,12S,12aR)-6-methoxy-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridin-12-yl acetate (73).56, 59 

72 (0.7 g, 1.9 mmol) was dissolved in distilled DCM (10 mL). Immediately NEt3 (1.0 mL) 

was added followed by Ac2O (0.8 mL). A few crystals of DMAP were added last and the 

mixture was allowed to stir for 4 hr. The reaction mixture was evaporated under reduced 

pressure and the crude products were purified by column chromatography on a silica gel 

column (200:1 to 50:1 DCM:MeOH). Evaporation of the appropriate fractions yielded the 

product as a white waxy solid (500 mg, 1.2 mmol, 63%) 

Rf : 0.5 (30:1 DCM:MeOH); IR (neat) ν: 3269, 2989, 2935, 2925, 2914, 1740, 1669, 1610 

cm-1 ; 1H NMR (300 MHz, CDCl3) δ: 6.82 (s, 1H), 6.10 – 6.04 (m, 2H), 6.02 (dd, J = 5.3, 

1.2 Hz, 2H), 5.41 – 5.32 (m, 1H), 4.30 (dd, J = 7.3, 5.6 Hz, 1H), 4.18 – 4.06 (m, 2H), 4.02 

(s, 3H), 2.19 (s, 3H), 1.51 (s, 3H), 1.38 (s, 3H).; 13C NMR (75 MHz, CDCl3) δ: 170.5, 

161.7, 152.4, 145.2, 140.0, 130.0, 129.4, 121.5, 113.8, 111.4, 102.2, 98.0, 79.0, 75.5, 74.0, 

61.2, 55.1, 27.3, 25.1, 21.3; HRMS (EI) calcd for C20H21O8N: 403.1262; found 403.1253. 

LRMS: 345.15 (41%), 303.14 (57%), 286.13 (34%), 274.13 (74%), 256.12 (76%), 97.13 

(48%), 83.11 (46%), 71.11 (57%), 69.10 (59%), 57.06 (100%). NMR data matches 

literature values.56, 59 
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(3aS,3bR,12S,12aR)-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl diacetate (75).59 

90 (177 mg, 0.5 mmol) was dissolved in distilled DCM (3 mL). NEt3 (0.5 mL), acetic 

anhydride (0.5 mL, 0.5 mmol) and a few crystals of DMAP was then added immediately 

after in that order to the solution which was left stir for 4 h. The reaction mixture was dried 

on the rotavap and the resulting crude mixture was then purified via flash column 

chromatography using a silica gel column (1:1 Hexanes:EtOAc). Evaporation of the 

appropriate fractions yielded a beige oil as the product (80 mg, 0.21 mmol, 42%). 

 Rf: 0.5 (1:1 Hexane:EtOAc). 1H NMR (300 MHz, CDCl3) δ 6.94 (s, 1H), 6.18 – 6.07 (m, 

3H), 5.50 (dt, J = 26.1, 9.9 Hz, 2H), 4.33 – 4.17 (m, 1H), 3.91 (dd, J = 14.7, 6.5 Hz, 1H), 

2.46 (s, 3H), 2.41 (s, 3H), 1.57 (d, J = 13.5 Hz, 3H), 1.34 (s, 3H). 13C NMR (75 MHz, 

CDCl3) δ 170.7, 170.4, 169.0, 163.5, 153.6, 141.3, 133.4, 131.3, 130.1, 125.3, 115.60, 

112.60, 103.3, 100.1, 79.8, 76.4, 74.6, 53.6, 29.70, 26.8, 25.70, 25.3, 21.1, 20.8. HRMS 

(EI) calcd for C21H21O9N: 431.1216; Found: 431.1219. NMR data matches literature 

values.59 
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(3aS,3bR,12R,12aS)-11-hydroxy-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl diacetate (80) 

75 (195 mg, 0.45 mmol) was dissolved in a 3:1 mixture of THF:H2O (9.0 mL/3.0 mL) and 

cooled to 0 °C. NBA (110 mg, 0.81 mmol) was added in the solution and the colourless 

solution turned yellow. The reaction was left stirring at 0 °C for 30 minutes and quenched 

with 1 mL of a saturated solution of Na2SO3 (or NaS2O3). The yellow colour faded, and the 

reaction mixture is diluted with DCM (10 mL) and extracted with DCM (3x10 mL). The 

organic layers were combined, then dried over MgSO4, filtered, and concentrated. The 

crude mixture was purified via flash column chromatography using a silica gel column 

(70:1 DCM:MeOH). Evaporation of the appropriate fraction yielded 111 mg (0.24 mmol, 

53% yield) of the product as a clear film 

Rf: 0.4 (20:1 DCM:MeOH); 𝛼𝐷
21 = 20.65 (𝑐 = 0.15, 𝑀𝑒𝑂𝐻); IR (neat) ν: 3310, 2985, 

2926, 1742, 1660 cm-1; 1H NMR (300 MHz, DMSO) δ 11.34 (s, 1H), 7.14 (s, 1H), 6.23 (d, 

J = 1.0 Hz, 2H), 5.46 (d, J = 6.3 Hz, 1H), 5.05 (d, J = 6.0 Hz, 1H), 4.88 (dd, J = 3.3 Hz, 

1H), 4.85 (dd, J = 4.4 Hz, 1H), 4.58 (dd, J = 9.5, 6.0 Hz, 1H), 2.30 (s, 3H), 2.13 (s, 3H), 

1.38 (s, 6H); 13C NMR (151 MHz, DMSO) δ 170.3, 168.5, 159.3, 152.8, 139.1, 134.5, 

133.9, 131.8, 114.4, 110.6, 110.0, 103.3, 99.6 73.3, 72.2, 71.8, 63.0, 39.5, 27.72, 26.02, 

21.1, 20.8;  LRMS (EI) m/z 447.00 (M+, 5%), 405.99 (26), 344.96 (100) 326.96 (53),  
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311.92 (34), 286.92 (65), 258.91 (35). HRMS (EI) calculated for C21H21NO10 447.1160; 

found 447.1162 
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(3aS,3bR,12S,12aS)-11-hydroxy-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl diacetate (86) 

75 (195 mg, 0.45 mmol) was dissolved in a 3:1 mixture of THF:H2O (9.0 mL/3.0 mL) and 

cooled to 0 °C. NBA (110 mg, 0.81 mmol) was added in the solution and the colourless 

solution turned yellow. The reaction was left stirring at 0 °C for 30 minutes and quenched 

with 1 mL of a saturated solution of Na2SO3 (or NaS2O3). The yellow colour fades, and the 

reaction mixture is diluted with DCM (10 mL) and extracted with DCM (3x10 mL). The  

organic layers were combined then dried over MgSO4, filtered, and concentrated. The 

crude mixture was purified via flash column chromatography using a silica gel column 

(70:1 DCM:MeOH). Evaporation of the appropriate fractions yielded 72 mg (0.16 mmol, 

35% yield) of the product as a clear film. 

Rf: 0.4 (20:1 DCM:MeOH); 𝛼𝐷
21 = 11.45 (𝑐 = 0.35, 𝑀𝑒𝑂𝐻); IR (neat) νmax/cm-1: 3275, 

2985, 2937, 1734, 1663; 1H NMR (600 MHz, DMSO) δ 11.44 (s, 1H), 7.08 (s, 1H), 6.24 

(s, 1H), 6.21 (d, J = 4.7 Hz, 2H), 5.48 (d, J = 6.3 Hz, 1H), 5.09 (d, J = 6.4 Hz, 1H), 4.35 

(dd, J = 9.3, 6.4 Hz, 1H), 3.78 (ddd, J = 9.6, 6.3, 3.5 Hz, 1H), 2.30 (s, 3H), 2.01 (s, 3H), 

1.43 (s, 3H), 1.40 (s, 3H); 13C NMR (151 MHz, DMSO) δ 170.6, 168.5, 159.3, 152.8, 139.2, 

134.5, 133.9, 132.0, 114.2, 109.6, 107.1, 103.4, 98.8, 75.2, 71.6, 69.2, 68.2, 39.5, 27.9, 

25.9, 20.9, 20.7; LRMS (EI) m/z 447.15(M+, 15%), 405.15 (72), 345.11 (100), 287.09 (95), 
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174.14 (54), 149.09 (31), 60.55 (18); HRMS (EI) calculated for C21H21NO10 447.1160; 

found 447.1163; 
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(2S,3R,4S,4aR)-6-oxo-2,3,4,4a,5,6-hexahydro-[1,3]dioxolo[4,5-j]phenanthridine-

2,3,4,7-tetrayl tetraacetate (87).6 

2 (100 mg, 0.33 mmol) was dissolved in DMF (3.0 mL) to which NEt3 (0.5 mL), acetic 

anhydride (1.0 mL, 10.5 mmol) and a few crystals of DMAP were then added immediately 

to the solution in that order and left stir for 4 hr. Reaction mixture was dried on the rotavap 

and the resulting mixture was then purified using flash column chromatography with a 

silica gel column (1:1 Hexanes:EtOAc). Evaporation of the appropriate fractions yielded a 

white powder as the product (102 mg, 0.21 mmol, 64%).  

Rf: 0.5 (20:1 DCM:MeOH). Mp: 235°C, lit: 230°C. IR (neat) ν:  3380, 3294, 2921, 2231. 

1742, 1731, 1695, 1666, 1505, 1481 cm-1.  1H NMR (300 MHz, Acetone) δ 7.19 (s, 1H), 

6.32 (ddd, J = 4.9, 2.4, 1.0 Hz, 1H), 6.20 (dd, J = 5.8, 1.0 Hz, 2H), 5.45 (td, J = 2.6, 1.0 

Hz, 1H), 5.38 (ddd, J = 4.9, 2.8, 1.3 Hz, 1H), 5.16 (dd, J = 9.0, 2.5 Hz, 1H), 4.63 (ddd, J = 

9.0, 2.4, 1.3 Hz, 1H), 2.26 (s, 3H), 2.10 (d, J = 2.5 Hz, 6H), 2.06 (s, 2H). 13C NMR (75 

MHz, Acetone) δ 172.5, 171.0, 170.2, 170.0, 168.9, 162.6, 153.1, 142.4, 135.4, 135.3, 

134.7, 132.6, 119.3, 116.1, 104.3, 102.6, 72.1, 72.1, 69.1, 68.6, 50.8, 50.7, 30.6, 30.3, 30.1, 

29.8, 29.6, 29.3, 29.1, 21.0, 20.8, 20.8, 20.6, 20.5. HRMS (EI) calcd for C22H21O11N: 

475.1115, Found: 475.1113. LRMS: 313.13 (33%), 271.10 (100%), 65.05 (42%). NMR 

data matches literature values.61 



 
 

60 
 

 

(2R,3S,4S,4aR)-1-hydroxy-6-oxo-2,3,4,4a,5,6-hexahydro-[1,3]dioxolo[4,5-

j]phenanthridine-2,3,4,7-tetrayl tetraacetate (88).62 

87 (50 mg, 0.1 mmol) was dissolved in a mixture of 3:1 THF:H2O (3.0 mL THF, 1.0 mL 

water) in an RBF under argon atmosphere. The reaction mixture was then cooled down to 

0 degrees Celsius using an ice bath. When at 0°C NBA (35 mg, 0.2 mmol) was added in 

one portion. The reaction mixture then turned yellow and left to stir for 25 mins. DCM was 

added to dilute the mixture and they layers were separated. The aqueous layer was extracted 

with 3x10 mL DCM. The combined organics were then extracted with 10 mL of brine and 

dried over Na2SO4. The crude mixture was then purified using flash column 

chromatography on a silica gel column (1:1 Hexanes:EtOAc). Evaporation of the 

appropriate fractions resulted in the product as a beige powder (35 mg, 0.07 mmol, 70%).  

Rf: 0.4 (20:1 DCM:MeOH). Mp: 193-195°C (DC) recrystallized from MeOH. IR (neat) ν: 

3311, 2986, 2919, 1735, 1655, 1480. 1H NMR (300 MHz, Acetone) δ 10.24 (s, 1H), 7.11 

(s, 1H), 6.53 (t, J = 5.3 Hz, 1H), 6.21 (t, J = 6.6 Hz, 2H), 6.05 (t, J = 4.1 Hz, 1H), 5.38 (dt, 

J = 7.9, 4.0 Hz, 1H), 4.71 (d, J = 5.4 Hz, 1H), 4.41 (dt, J = 11.1, 4.6 Hz, 1H), 3.77 (d, J = 

11.1 Hz, 1H), 2.34 – 2.24 (m, 3H), 2.08 (s, 3H), 2.03 (s, 3H), 1.98 (s, 3H). 13C NMR (75 

MHz, Acetone) δ 172.0, 171.3, 171.1, 169.6, 160.8, 154.8, 141.5, 135.7, 135.0, 134.4, 

116.6, 110.2, 104.9, 100.6, 69.4, 68.8, 68.3, 66.7, 31.1, 30.9, 30.6, 30.3, 30.1, 29.8, 29.8, 
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29.6, 21.5, 21.4, 21.3, 21.2. HRMS (EI) calcd for C22H21O12N: 491.1064, Found: 491.1062. 

LRMS: 287.07 (100%), 271.07 (46%), 97.24 (43%), 85.32 (62%), 71.45 (67%), 57.63 

(77%). 62  
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(3aS,3bR,12S,12aR)-6,12-dihydroxy-2,2-dimethyl-3b,4,12,12a-

tetrahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridin-5(3aH)-one (90).59 

2 (1.55 g, 5 mmol) was dissolved in DMF (10 mL). 2,2-DMP (3 mL, 24 mmol) was added 

in one portion followed immediately by a few crystals of p-TsOH and the reaction was left 

to stir at room temperature for 24 h. 100 mL of distilled water was added, and the layers 

separated. The aqueous layer was extracted with DCM (3 x 30 mL). The combined organic 

layers were washed with LiCl (2 x 20 mL) and then brine (1 x 30 mL). The resulting crude 

mixture was then purified by column chromatography using a silica gel column (2:1 

EtOAc:Hexane). Evaporation of the appropriate fractions yielded a white solid as the 

product (1.26g, 4 mmol, 80%). 

 Rf: 0.7 (8:1 DCM:MeOH). Mp: 269°C, lit: 272°C.  IR (neat) ν: 3482, 2989, 1634, 1598, 

1467 cm-1. 1H NMR (300 MHz, DMSO) δ 13.74 (s, 1H), 8.79 (s, 1H), 7.01 (s, 1H), 6.48 (s, 

1H), 6.06 (d, J = 1.7 Hz, 2H), 5.81 (d, J = 5.6 Hz, 1H), 4.08 (d, J = 7.5 Hz, 2H), 3.98 (d, J 

= 6.7 Hz, 1H), 2.50 (s, 5H), 2.08 (s, 2H), 1.46 (s, 3H), 1.32 (s, 3H). 13C NMR (75 MHz, 

DMSO) δ 167.6, 152.5, 145.2, 128.9, 128.3, 125.9, 109.8, 104.3, 102.0, 94.2, 79.0, 78.5, 

71.0, 54.6, 27.1, 24.8. HRMS (EI) calcd for C17H17O7N: 347.1000, Found: 347.0996. 

LRMS: 347.12 (30%), 271.09 (31%), 247.10 (100%), 242.11 (35%). NMR data matches 

literature values.59 
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(3aS,3bS,10bS,11aR,12R,12aS)-2,2-dimethyl-5-oxo-3a,3b,4,11a,12,12a-hexahydro-

5H-bis([1,3]dioxolo)[4,5-c:4',5'-j]oxireno[2,3-n]phenanthridine-6,12-diyl diacetate 

(92).3 

75 (80 mg, 0.19 mmol) was dissolved in DCM (11 mL). A pH 8 buffer (11 mL) was added 

to the solution and the biphasic solution was stirred vigorously. Immediately after m-CPBA 

(120 mg, 0.72 mmol) was added in one portion. The reaction mixture was then left to stir 

overnight. 

After completion, the reaction mixture was quenched with a 5% thiosulphate solution, and 

the layers separated. The aqueous layer was extracted with DCM (3 x 10 mL). Then the 

combined organic layers were washed with 5% thiosulphate solution (3 x 10 mL), 5% 

carbonate solution (3 x 10 mL), distilled H2O (2 x 10 mL), and one 10 mL brine wash. The 

organic layers were then dried with Na2SO4. Resulting mixture was then purified with flash 

column chromatography using a silica gel column (3:1 to 1:1 hexanes:EtOAc). Evaporation 

of the appropriate fractions gave the product as a white powder (49 mg, 0.11 mmol, 58%).  

Rf: 0.5 (1:1 Hexane:EtOAc). [α]
21
𝑑

= +102.6 (c= 1 g/100 mL, CHCl3) Mp: 198°C, lit: 

225°C.4 IR (neat) v: 3316.1, 3055.6, 2987.6, 2922.8, 2853.7, 1776.5, 1743.4, 1674.1 cm-1. 

1H NMR (300 MHz, CDCl3) δ 6.45 (s, 1H), 6.09 (dd, J = 3.4, 1.1 Hz, 2H), 5.91 (s, 1H), 

5.36 (d, J = 6.1 Hz, 1H), 4.41 (dd, J = 7.9, 6.1 Hz, 1H), 4.30 (t, J = 8.1 Hz, 1H), 4.06 (s, 
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1H), 4.03 (d, J = 8.3 Hz, 1H), 2.38 (s, 3H), 2.22 (s, 3H), 1.45 (s, 3H), 1.34 (s, 3H). 13C 

NMR (75 MHz, CDCl3) δ 171.2, 169.5, 162.0, 155.7, 153.1, 134.7, 129.0, 110.4, 103.8, 

102.68, 78.0, 77.6, 77.2, 76.3, 76.1, 74.7, 58.8, 55.7, 54.1, 27.5, 24.8, 21.6, 21.4. HRMS 

(EI) calcd for C21H21O10N: 447.1160. Found: 447.1162. LRMS: 405.16 (98%), 234.08 

(43%). NMR data matches literature values.3 
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(3aS,3bR,12R,12aS)-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,11,12-triyl triacetate 

(96).59 

NBA (113 mg, 0.70 mmol) was added to a stirred solution of 75 (150 mg, 0.35 mmol) in 

THF/HOAc (2.5 mL/2.5 mL). The reaction mixture was stirred for 35 mins, and then it was 

carefully diluted with EtOAc/satd. NaHCO3 (15 mL/15 mL). When the gas evolution 

ceased, the layers were separated. The aqueous layer was extracted with EtOAc 2 x 10 mL. 

The combined organic layers were washed with 5% aq. Na2S2O3 2 x 10 mL, then brine (10 

mL), dried over anhydrous MgSO4, filtered and concentrated to afford the crude product. 

The crude mixture was purified via flash column chromatography using a silica gel column 

(55:1 DCM: MeOH). Evaporation of the appropriate column fractions resulted in a 

colourless solid as the product. 

Rf: 0.9 (20:1 DCM:MeOH). m.p. 171-173 °C (from hexane/ethyl acetate); 𝛼𝐷
21= +88.10 

(𝑐=0.50,𝑀𝑒𝑂𝐻); IR (neat) ν: 3196, 2988, 1771, 1739, 1657; 1H NMR (600 MHz, DMSO) 

δ 11.66 (s, 1H), 6.77 (s, 1H), 6.34 (d, J = 3.7 Hz, 1H), 6.26 (s, 1H), 6.22 (s, 1H), 5.19 (d, J 

= 6.1 Hz, 1H), 5.03 (dd, J = 9.8, 3.5 Hz, 1H), 4.61 (dd, J = 9.8, 6.1 Hz, 1H), 2.31 (s, 3H), 

2.08 (s, 3H), 2.05 (s, 3H), 1.40 (d, J = 2.3 Hz, 6H); 13C NMR (150 MHz, DMSO) δ 170.7, 

169.9, 168.4, 159.3, 153.0, 139.5, 134.3, 133.3, 132.1, 114.3, 110.4, 105.7, 103.6, 98.2, 
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71.9, 71.4, 71.0, 64.8, 27.6, 25.9, 20.7, 20.5, 20.4; LRMS (EI) m/z 489.20 (M+, 9%), 

447.15 (29), 327.07 (17), 194.05 (30), 153.12 (33), 98.99 (79). 83.93 (100), 55.91 (55); 

HRMS (EI+) calculated for C23H23O11N: 489.1266. Found 489.1261.59 
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(3aS,3bR,12R,12aS)-2,2-dimethyl-5-vinyl-3a,3b,12,12a-

tetrahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,11,12-triyl triacetate 

(99).62 

Potassium trifluoroborate (20 mg, 0.15 mmol), Pd(PPh3)4 (8 mg, 0.006 mmol), and 

triethylamine (21 µL, 0.15 mmol) were added to a stirred solution of 98 (66 mg, 0.10 mmol) 

in dioxane (1.0 mL).The reaction mixture was heated to 85 °C for 1 h before turning dark 

red in colour. It was then cooled to RT and filtered through a celite plug. The plug was 

washed with DCM and the organic filtrate was concentrated and adsorbed on 10% 

deactivated silica gel and purified by flash column chromatography (200:1 to 150:1 

DCM:MeOH) using a silica gel column. Evaporation of the appropriate fraction yielded 

the product as a pale-yellow film (37 mg, 0.07 mmol, 69% yield). 

Rf: 0.3 (30:1 DCM:MeOH); 𝛼𝐷
22 = 79.61 (c = 0.65, DCM); IR (neat) ν: 2990, 2992,  1783, 

1746, 1463, 1240, 1217, 1172, 1069; 1H NMR (600 MHz, Acetone) δ 7.65 (dd, J = 16.8, 

10.7 Hz, 1H), 7.19 (s, 1H), 6.77 (d, J = 3.5 Hz, 1H), 6.30 (dd, J = 13.4, 0.5 Hz, 2H), 6.20 

(dd, J = 16.8, 2.4 Hz, 1H), 5.67 – 5.58 (m, 1H), 5.47 (d, J = 6.0 Hz, 1H), 5.27 (dd, J = 10.0, 

3.5 Hz, 1H), 4.78 (dd, J = 10.0, 6.0 Hz, 1H), 2.44 (s, 3H), 2.09 (s, 3H), 2.08 (s, 3H), 1.49 

(s, 3H), 1.43 (s, 3H); 13C NMR (151 MHz, Acetone) δ 171.2, 170.7, 168.2, 155.1, 153.5, 

145.8, 142.1, 136.9, 135.0, 128.9, 121.6, 121.4, 119.2, 111.0, 104.7, 98.3, 77.4, 74.0, 72.5, 

66.5, 28.3, 26.4, 20.8, 20.7, 20.6; LRMS (EI) m/z (%) 499(40), 457(55), 298(30), 297(75), 
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193(50), 149(100), 122(55), 121(35), 82(35), 71(35); HRMS (EI) calcd for C25H25O10N 

499.1473, found 499.1474.62 
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(3aS,3bR,12R,12aS)-2,2-dimethyl-5-phenyl-3a,3b,12,12a-

tetrahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,11,12-triyl triacetate 

(100).62 

Phenylboronic acid (17 mg, 0.139 mmol), Pd(PPh3)4 (8 mg, 0.006 mmol), and NEt3 (20 

µL, 0.143 mmol) were added to a stirred solution of 98 (60 mg, 0.096 mmol) in dioxane 

(1.0 mL). The reaction mixture was heated to 85 °C for 2 h. It was then cooled to RT and 

filtered through a celite plug and washed with DCM. The organic filtrate was concentrated 

and then adsorbed on 10% deactivated silica gel and purified by flash column 

chromatography (220:1 to 200:1 DCM:MeOH) to afford the phenyl coupled product as a 

white solid (32 mg, 60% yield). 

Rf: 0.3 (100:1 DCM:MeOH); 𝛼𝐷
21 = 32.87 (0.5, DCM); m.p. 270-272 °C (MeOH/pentane);  

IR (film) v 2927, 1778, 1743, 1462, 1216, 1173, 1045 cm-1; 1H NMR (600 MHz, Acetone) 

δ 7.54 – 7.49 (m, 3H), 7.45 (d, J = 6.6 Hz, 2H), 7.27 (s, 1H), 6.85 (d, J = 3.5 Hz, 1H), 6.30 

(s, 2H), 6.28 (s, 1H), 5.47 (d, J = 6.0 Hz, 1H), 5.30 (dd, J = 10.0, 3.5 Hz, 1H), 4.80 (dd, J 

= 10.0, 6.0 Hz, 1H), 2.12 (s, 3H), 2.09 (d, J = 5.7 Hz, 3H), 1.45 (s, 3H), 1.42 (s, 3H); 13C 

NMR (151 MHz, Acetone) δ 171.3, 170.7, 168.0, 159.0, 153.9, 145.3, 143.5, 141.9, 135.2, 

128.7, 128.5, 121.3, 119.1, 111.0, 104.7, 98.3, 77.3, 74.0, 72.5, 66.5, 54.5, 28.2, 26.3, 20.8,  
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20.6, 19.3; LRMS (ESI+) m/z 550.2 [MH+], 572.2 [M+Na]+, 588.1 [M+K]+. 62 
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(3aS,3bR,12R,12aS)-2,2-dimethyl-5-(phenylethynyl)-3a,3b,12,12a-

tetrahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,11,12-triyl triacetate 

(101).62 

Pd(PPh3)2Cl2 (1.4 mg, 0.002 mmol), phenyl acetylene (9.5 µL, 0.086 mmol) and NEt3 (27 

µL, 0.195 mmol) were added to s stirred solution of 98 (40 mg, 0.056 mmol) in DMF (1 

mL). The reaction mixture was heated to 75 °C for 1 h. It was then cooled to RT and diluted 

with water (1 mL) and ether (10 mL). The layers were separated and the aqueous was 

further extracted with ether (2 x 10 mL). The organic layers were combined, dried over 

MgSO4, filtered and concentrated. The crude mixture was purified via flash column 

chromatography using a silica gel column (2:1 to 1:1 Hex:EtOAc). Evaporation of the 

appropriate fractions yielded the product as a yellow solid (26 mg, 73% yield). 

Rf : 0.6 (1:1 hexanes/EtOAc);  𝛼𝐷
21 = 29.5 (1.3, DCM); m.p. 142-144 °C (toluene/pentane); 

IR (film) v 3583, 2921, 2209, 1775, 1743, 1460, 1371, 1238, 1216, 1173, 1063 cm-1; 1H 

NMR (300 MHz , CDCl3) δ 7.64 (m, 2H), 7.38 (m, 3H), 7.19 (s, 1H), 6.80 (d, J=3.3 Hz, 

1H), 6.18 (m, 2H), 5.51 (d, J=6.3 Hz, 1H), 5.32 (dd, J=3.3, 10.2 Hz, 1H), 4.80 (dd, J=6.3, 

10.2 Hz, 1H), 2.20 (s, 3H), 2.16 (s, 3H), 2.09 (s, 3H) ppm; 13C NMR (75 MHz,  CDCl3) δ 

170.6, 170.3, 168.4, 152.9, 145.5, 141.0, 140.5, 134.2, 131.8, 129.2, 128.5, 127.5, 122.6, 
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121.2, 121.0, 111.2, 103.3, 98.1, 93.5, 89.3, 76.2, 73.0, 71.8, 65.6, 28.0, 26.2, 20.9, 20.9, 

20.7 ppm; MS (EI) m/z (%) 573 (25), 531(25), 371(20), 277 (100), 262(40), 149(40), 

111(50); HRMS (EI) calcd for C29H25O9N, 531.1524 found 531.1521.62 
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(2R,3S,4S,4aR)-6-phenyl-2,3,4,4a-tetrahydro-[1,3]dioxolo[4,5-j]phenanthridine-

1,2,3,4,7-pentaol (103).62 

To a stirred solution of 100 (40 mg, 0.072 mmol) in MeOH (4 mL) was added K2CO3 (40 

mg, 0.29 mmol). The reaction mixture was stirred at RT for 2 h, then the reaction was 

filtered through a cotton plug. To the filtrate was added 3 M HCl (1.5 mL, 4.8 mmol). After 

stirring at RT for 4 h, it was concentrated and the crude product was adsorbed on 10% 

deactivated silica gel and chromatographed using CHCl3/MeOH (10:1) as the eluent. 

Evaporation of the appropriate fractions yielded the desired product as a yellow solid (18 

mg, 60% yield over 2 steps). 

Rf: 0.4 (4:1 CHCl3:MeOH), m.p. 183-185 °C (decomp, MeOH); 𝛼𝐷
21 = 61.64 (c = 0.3, 

DMF); IR (neat) ν: 3288, 2924, 2855, 1624, 1579, 1454, 1375, 1091, 1040; 1H NMR (400 

MHz, DMSO) δ 9.82 (s, 1H), 7.36 (d, J = 3.0 Hz, 5H), 7.19 (s, 1H), 6.14 (d, J = 3.9 Hz, 

2H), 5.04 (dd, J = 12.8, 5.1 Hz, 3H), 4.78 – 4.68 (m, 1H), 4.66 (d, J = 1.2 Hz, 1H), 4.51 – 

4.46 (m, 1H), 3.98 (s, 2H); 13C NMR (101 MHz, DMSO) δ 157.3, 151.2, 146.6, 144.2, 

135.5, 135.4, 133.3, 128.8, 126.7, 123.3, 116.1, 101.6, 93.2, 71.8, 68.28, 66.18; LRMS 

(ESI+) m/z 384.1 [MH+].62 
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(2R,3S,4S,4aR)-6-(phenylethynyl)-2,3,4,4a-tetrahydro-[1,3]dioxolo[4,5-

j]phenanthridine-1,2,3,4,7-pentaol (104).62 

To a stirred solution of 101 (10 mg, 0.019 mmol) in MeOH (1 mL) was added K2CO3 (10 

mg, 0.072 mmol). The reaction mixture was stirred at RT for 30 mins, then the reaction 

was filtered. To the filtrate was added 3M HCl (0.4 mL, 1.2 mmol). After stirring at RT for 

3 h, it was concentrated and purified via flash column chromatography using a silica gel 

using DCM/MeOH (3:1) as the eluent. Evaporation of the appropriate fractions yielded the 

desired product as a yellow solid (3 mg, 39.2 % yield over 2 steps.) 

Rf: 0.5 (3:1 DCM/MeOH); 𝛼𝐷
21 = -93.0 (0.20, DCM/MeOH, 3:1); m.p. 178-180 °C 

(MeOH/Et2O);  IR (film) v: 3432, 2920, 2849, 1639, 1502, 1460, 1097, 1032, 1015 cm-1;  

1H NMR (300 MHz , DMSO-d6) δ 7.93 - 7.96  (m, 2H), 7.54 – 7.56 (m, 3H), 7.54 (s, 1H), 

7.06 (s, 1H), 6.28 (s, 2H), 5.05 (d, J=4.8 Hz, 1H), 5.00 (d, J=5.7 Hz, 1H), 4.88 (br s, 1H), 

4.70 (br s, 1H), 4.57 (br s, 2H), 3.92 (br s, 2H) ppm; 13C NMR (75 MHz,  DMSO-d6) δ 

155.6, 152.8, 150.1, 149.3, 134.6, 132.5, 131.8, 131.0, 130.5, 129.5, 125.4, 122.5, 115.9, 

104.7, 103.2, 95.7, 72.2, 68.8, 68.4, 66.3 ppm; MS (EI) m/z (%) 407(10), 355(20), 277(20), 

262(90), 183(40), 69(100), 57(40); HRMS (EI) calcd for C22H17O7N, 407.1000 found 

407.1000.62 
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(2R,3S,4S,4aR)-1,2,3,4,7-pentahydroxy-3,4,4a,5-tetrahydro-[1,3]dioxolo[4,5-

j]phenanthridin-6(2H)-one (105).62 

To a solution of 88 (52mg, 0.11 mmol) in THF (4 mL), concentrated HCl (1 mL) was added 

dropwise. The solution was left to stir for 16 h. Solid NaHCO3 was added until gas stop 

evolving, and the pH was neutral. The solution was then filtered and evaporated under 

reduced pressure. The crude mixture was then purified via flash column chromatography 

(DCM:MeOH 10:1) using a silica gel column. Evaporation of the appropriate fractions 

yielded a white amorphous solid as the product (5 mg, 0.015 mmol, 14 %). 

Rf: 0.1 (5:1 DCM:MeOH). IR (neat) ν: 3301 (br, free -OH), 2927 and 2858 (s, m, -CH-), 

1672 (s, -CO-N- lactam); 1H NMR (400 MHz, DMSO) δ 13.55 (s, 1H), 11.59 (s, 1H), 6.85 

(s, 1H), 6.13 (s, 2H), 5.11 (d, J = 5.1 Hz, 1H), 4.89 (d, J = 5.6 Hz, 1H), 4.72 (d, J = 5.2 Hz, 

1H), 4.67 (d, J = 5.6 Hz, 1H), 4.46 (dd, J = 5.0, 3.4 Hz, 1H), 3.83 – 3.79 (m, 2H); 13C NMR 

(101 MHz, DMSO) δ 165.8, 153.4, 143.4, 135.4, 134.8, 130.9, 112.6, 108.1, 102.1, 94.0, 

67.7, 67.4, 67.2, 65.3; LRMS (ESI-) m/z 322 [MH+], 346 [MNa+].62 
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(7aR,8S,9S,10R)-5,6,7a,8,9,10-hexahydro-[1,3]dioxolo[4,5-j]pyrano[4,3,2-

gh]phenanthridine-8,9,10,11-tetraol (106).62 

To a stirred solution of 99 (37 mg, 0.075 mmol) in MeOH (3 mL) was added K2CO3 (37 

mg, 0.26 mmol). The reaction mixture was stirred at RT overnight (18 h), then the reaction 

was filtered through a cotton plug. To the filtrate was added 3M HCl (1.5 mL, 4.8 mmol). 

After stirring at RT for 3 h, the reaction mixture was concentrated, and the crude product 

was adsorbed on 10% deactivated silica gel and chromatographed on 10% deactivated 

silica gel using CHCl3:MeOH (10:1 to 6:1) as eluent to afford the product as a orange solid. 

The product was further recrystallized in methanol to obtain a white solid (15 mg, 0.045 

mmol, 60% yield over 2 steps).  

Rf: 0.3 (4:1 CHCl3:MeOH), m.p. 230 °C (decomp, MeOH); IR (neat) ν: 3350, 2925, 1697, 

1658, 1459, 1243, 1097, 1031; 1H NMR (600 MHz, DMSO) δ 7.15 (s, 1H), 6.18 (s, 2H), 

5.08 (d, J = 4.7 Hz, 1H), 5.02 (s, 1H), 4.99 (d, J = 5.5 Hz, 1H), 4.73 – 4.68 (m, 1H), 4.66 

(s, 1H), 4.52 (dd, J = 9.1, 3.9 Hz, 2H), 4.49 (d, J = 2.7 Hz, 1H), 3.94 (s, 2H), 3.24 (dd, J = 

7.1, 5.5 Hz, 2H); 13C NMR (151 MHz, DMSO) δ 152.2, 152.1, 147.7, 134.9, 132.9, 131.3, 

123.5, 114.1, 102.2, 94.2, 71.8, 68.2, 68.1, 67.0, 65.9, 31.8. LRMS (ESI+) m/z 334.1 

[MH+].62 
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(3aS,3bR,12S,12aR)-4-(tert-butoxycarbonyl)-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl diacetate (107).62  

To a solution of 75 (100 mg, 0.27 mmol) in DCM (3 mL), Boc anhydride (90 mg, 0.4 

mmol), triethylamine (0.05 mL, 3 mmol) and DMAP were added. The reaction was left to 

stir for 18 hr before water was added and the layers separated. The aqueous layer was 

washed with DCM (3x30 mL). The organic layers were combined and dried over MgSO4, 

concentrated and the resulting crude mixture was purified via flash column chromatograph 

(40:1 DCM:MeOH) using a silica gel column. Evapoation of the appropriate fractions 

yielded the product as an clear film (62 mg, 0.12 mmol, 44%). 

Rf: 0.9 (20:1 DCM: MeOH), 𝛼𝐷
22 = 22.478 (c = 0.6, DCM); IR (neat) v: 2957, 2917, 2872, 

1749, 1665 cm-1. 1H NMR (300 MHz, CDCl3) δ 6.91 (s, 1H), 6.09 (t, J = 3.0 Hz, 1H), 6.06 

(dd, J = 2.0, 1.2 Hz, 2H), 5.42 – 5.32 (m, 1H), 4.91 (dt, J = 5.2, 2.7 Hz, 1H), 4.26 – 4.14 

(m, 2H), 2.37 (s, 3H), 2.20 (s, 3H), 1.54 (s, 9H), 1.51 (s, 4H), 1.33 (s, 3H).13C NMR (75 

MHz, CDCl3) δ 170.6, 169.1, 160.0, 153.0, 152.3, 141.6, 134.0, 129.9, 129.01, 123.8, 

114.5, 112.1, 103.2, 99.8, 83.9, 79.2, 77.6, 77.4, 77.2, 76.7, 75.9, 74.4, 57.8, 28.3, 27.9, 

27.1, 25.0, 21.3, 21.0. MS (ESI+) for C26H29NO11 expected: 531.1741; calculated: 531.2.62 
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(3aS,3bR,12R,12aS)-4-(tert-butoxycarbonyl)-11-hydroxy-2,2-dimethyl-5-oxo-

3a,3b,4,5,12,12a-hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl 

diacetate (108).59 

To a solution of 107 (62 mg, 0.12 mmol) in a 3:1 THF:H2O (4 mL) solvent mixture NBA 

(32 mg, 0.24 mmol ) was added in one portion at room temperature. This reaction was left 

to stir for 35 minutes before water was added and the layers were separated. The aqueous 

layer was then extracted with DCM (3x20 mL). Organic layers were combined and dried 

over MgSO4. Solution was filtered into an RBF and concentrated. The resulting crude 

product was purified via flash column chromatograhy with a 60:1 DCM:MeOH mixture as 

the eluent. Evaporation of the appropriate fractions yielded the product as a viscous clear 

film (23 mg, 0.042 mmol, 34%). 

Rf: 0.2 (20:1 DCM:MeOH). 𝛼𝐷
23 = -29.555 (c = 1.5, DCM); IR (neat) v: 3414, 2986, 2927, 

2856, 1767, 1734, 1665 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.08 (s, 1H), 6.14 (s, 2H), 

5.43 (d, J = 6.3 Hz, 1H), 5.19 (dd, J = 9.9, 3.2 Hz, 1H), 5.06 (d, J = 3.2 Hz, 1H), 4.74 (dd, 

J = 9.9, 6.3 Hz, 1H), 2.39 (s, 3H), 2.24 (s, 3H), 1.59 (s, 9H), 1.51 (s, 3H), 1.40 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 170.3, 168.7, 158.4, 153.7, 150.1, 140.2, 133.5, 130.4, 114.6, 

111.4, 110.8, 103.2, 100.1, 86.4, 76.7, 73.1, 72.5, 70.7, 65.1, 29.7, 27.7, 27.5, 25.8, 21.2, 

20.8. HRMS for C26H29NO12 expected: 547.1690; calculated: 547.1687.60 
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(3aS,3bR,12S,12aS)-4-(tert-butoxycarbonyl)-11-hydroxy-2,2-dimethyl-5-oxo-

3a,3b,4,5,12,12a-hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl 

diacetate (109).62 

To a solution of 107 (62 mg, 0.12 mmol) in a 3:1 THF:H2O (4.0 mL) solvent mixture, NBA 

(32 mg, 0.24 mmol ) was added in one portion at room temperature. This reaction was left 

to stir for 35 minutes before water was added and the layers were separated. The aqueous 

layer was then extracted with DCM (3x20 mL). Organic layers were combined and washed 

with sat. NaHCO3 solution then dried over MgSO4. Solution was filtered into an RBF 

where the solvent was then evaporated. The resulting crude product was purified with flash 

column chromatography with a 60:1 DCM:MeOH mixture as the eluent. Evaporation of 

the appropriate fractions yielded the product as a viscous clear film (12 mg. 0.020 mmol, 

17%). 

Rf: 0.2 (20:1 DCM:MeOH). 𝛼𝐷
22 = -38.332 (c = 0.35, DCM); IR (neat) v: 3419, 2987, 2922, 

2854, 1767, 1738, 1667 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.06 (s, 1H), 6.44 (d, J = 3.5 

Hz, 1H), 6.12 (dt, J = 7.1, 1.8 Hz, 3H), 5.39 (d, J = 6.7 Hz, 1H), 4.50 (dd, J = 9.4, 6.7 Hz, 

1H), 4.05 (d, J = 7.6 Hz, 1H), 2.41 (s, 3H), 2.10 (s, 3H), 1.61 (s, 11H), 1.53 (s, 3H), 1.41 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 170.5, 168.9, 158.6, 153.8, 150.2, 140.4, 133.7, 
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132.9, 130.5, 114.8, 111.5, 111.2, 103.3, 100.3, 86.5, 77.2, 73.2, 72.7, 70.9, 65.2, 27.9, 

27.6, 25.9, 21.4, 21.0. HRMS for C26H29NO12 expected: 547.1690; calculated: 547.1687.62 
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(3aS,3bR,12R,12aS)-4-(tert-butoxycarbonyl)-2,2-dimethyl-5-oxo-11-

(((trifluoromethyl)sulfonyl)oxy)-3a,3b,4,5,12,12a-hexahydrobis([1,3]dioxolo)[4,5-

c:4',5'-j]phenanthridine-6,12-diyl diacetate (110).62 

To a solution of 108 (160 mg, 0.29mmol) in DCM at 0°C, triflic anhydride (85 mg or 0.05 

mL, 0.3 mmol) was added dropwise over 5 mins. Afterwards, pyridine (0.5 mL) was added 

in one portion and the reaction was left for 1 h. The reaction was then warmed to room 

temperature and left to stir for another hour before being quenched with 10% citric acid 

solution. The combined layers were then separated and the organic washed with 10% citric 

acid solution (3x10 mL) followed by brine washes (2x10 mL). The organic layer was dried 

over MgSO4. The crude mixture was the purified via flash column chromatography using 

a silica gel column with 200:1, DCM:MeOH as the eluent. Evaporation of the appropriate 

fractions yielded the product as a slightly yellow foam (45 mg, 0.066 mmol, 23%) 

Rf: 0.9 (20:1 DCM:MeOH). IR (neat) v: 2990, 2941, 1769, 1677, 1595 cm-1. 1H NMR (400 

MHz, CDCl3) δ 7.06 (s, 1H), 6.64 (d, J = 3.4 Hz, 1H), 6.15 (dd, J = 11.9, 1.0 Hz, 2H), 5.53 

(d, J = 6.7 Hz, 1H), 5.07 (dd, J = 9.5, 3.2 Hz, 1H), 4.77 (dd, J = 9.5, 6.7 Hz, 1H), 2.41 (s, 

3H), 2.12 (s, 3H), 1.60 (s, 9H), 1.55 (s, 3H), 1.43 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

169.9, 169.0, 158.3, 154.2, 150.0, 141.0, 133.3, 132.4, 131.6, 120.2, 115.0, 112.6, 107.5, 

103.5, 99.9, 86.8, 85.6, 77.2, 72.1, 71.2, 65.4, 27.6, 27.3, 25.4, 21.0, 20.7. 19F NMR (377 
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MHz, CDCl3) δ -74.39. 15N NMR (600 MHz, Acetone) δ 181. MS (ESI+) for 

C27H28F3NO14S expected; 679.1183, found: 679.1.62 
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(2S,3R,4S,4aR)-5-(tert-butoxycarbonyl)-6-oxo-2,3,4,4a,5,6-hexahydro-

[1,3]dioxolo[4,5-j]phenanthridine-2,3,4,7-tetrayl tetraacetate (111).62 

To a solution of 87 (1.11 g, 2.3 mmol) in DCM (30 mL), was added Boc2O (1.03 g, 4.6 

mmol). Immediately after, NEt3 (0.7 mL, 10 mmol) was added in one portion to the 

mixture. A few crystals of DMAP were added last and the reaction was left to stir for 16 h. 

Distilled water was added to the reaction mixture and the layers were separated. The 

aqueous layer was then extracted with DCM (3x30 mL). The combined organic layers were 

washed with 20 mL of brine and then dried over MgSO4. The resulting crude mixture was 

then purified via flash column chromatography on a silica gel column with a 80:1 

DCM:MeOH mixture as the eluent. Evaporation of the appropriate fractions yielded the 

product as a light-yellow foam (884 mg, 1.5 mmol, 65%). 

Rf: 0.9 (20:1 DCM:MeOH). 1H NMR (400 MHz, CDCl3) δ 6.80 (s, 1H), 6.09 (dd, J = 3.0, 

1.0 Hz, 2H), 5.92 (d, J = 2.4 Hz, 1H), 5.60 – 5.54 (m, 2H), 5.08 (dd, J = 7.0, 2.9 Hz, 1H), 

4.92 – 4.87 (m, 1H), 2.46 (s, 3H), 2.06 (d, J = 1.2 Hz, 6H), 2.03 (s, 3H), 1.53 (s, 10H).13C 

NMR (101 MHz, CDCl3) δ 173.3, 170.3, 169.9, 169.4, 163.1, 153.5, 150.5, 141.3, 133.6, 

131.0, 125.8, 116.7, 103.5, 101.4, 84.6, 77.5, 77.2, 76.8, 69.8, 68.8, 68.5, 55.3, 27.7, 27.6, 

26.9, 20.9, 20.8, 20.7. HRMS (EI) calculated for C27H29NO13: 575.1639. Found 575.1631. 

62 
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(3aS,3bR,10bS,12S,12aR)-6,12-dihydroxy-2,2-dimethyl-3b,4,10b,11,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridin-5(3aH)-one (116).59 

90 (170 mg, 0.49 mmol) was dissolved in a 1:1 DCM:EtOH mixture (15 mL:15 mL). The 

RBF was fit with a condenser and Pd/C (150 mg, 1.5 mmol), formic acid (80 µL, 2 mmol) 

and NEt3 (0.2 mL) was added immediately after in one portion. The reaction was heated to 

reflux and left to stir for 4.5 h. The reaction mixture was then filtered through a celite plug 

and purified via flash column chromatography using a silica gel column with 100:1 

DCM:MeOH as the eluent. Evaporation of the appropriate fractions yielded the product as 

a white solid (110 mg, 0.32 mmol, 65%). 

Rf: 0.30 (20:1 DCM:MeOH). 1H NMR (300 MHz, CDCl3) δ 12.04 (s, 1H), 6.94 (s, 1H), 

6.33 (s, 1H), 6.05 (s, 2H), 4.19 (t, J = 13.0 Hz, 2H), 4.14 – 3.97 (m, 2H), 3.87 (dd, J = 16.3, 

7.8 Hz, 1H), 3.08 (d, J = 9.0 Hz, 1H), 1.79 (dd, J = 11.7, 5.5 Hz, 2H), 1.54 (s, 3H), 1.44 (s, 

3H). 13C NMR (75 MHz, CDCl3) δ 170.5, 153.1, 145.9, 137.7, 133.1, 109.2, 105.4, 102.3, 

99.8, 79.7, 77.5, 77.0, 76.9, 76.6, 71.5, 64.4, 51.9, 35.8, 34.0, 28.3, 26.2, 25.3. HRMS (EI) 

expected: 349.1162, Found: 349.1152. LRMS: 349.02 (98%), 347.01 (33%), 218.94 

(50%), 117.97 (42%). NMR data matches literature values.59 
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(3aS,3bR,10bR,12S,12aR)-6,12-dihydroxy-2,2-dimethyl-3b,4,10b,11,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridin-5(3aH)-one (117).59 

90 (170 mg, 0.49 mmol) was dissolved in a 1:1 DCM:EtOH mixture (15 mL:15 mL). The 

RBF was fit with a condenser and Pd/C (150 mg, 1.5 mmol), formic acid (80 µL, 2 mmol) 

and NEt3 (0.2 mL) was added immediately after in one portion. The reaction was heated to 

reflux and left to stir for 4.5 h. The reaction mixture was then filtered through a celite plug 

and purified via flash column chromatography using a silica gel column with a 100:1 

DCM:MeOH mixture as the eluent. Evaporation of the appropriate fractions yielded the 

product as a white solid (45 mg, 0.13 mmol, 27%). 

Rf: 0.3 (20:1 DCM:MeOH), 1H NMR (300 MHz, DMSO) δ 13.18 (s, 1H), 8.61 (s, 1H), 

6.55 (s, 1H), 6.10 – 5.97 (m, 2H), 5.30 (d, J = 3.9 Hz, 1H), 4.24 – 4.08 (m, 3H), 2.89 (t, J 

= 11.4 Hz, 1H), 2.53 – 2.48 (m, 2H), 2.33 (d, J = 13.7 Hz, 1H), 1.40 (s, 3H), 1.33 (s, 3H). 

13C NMR (75 MHz, DMSO) δ 170.0, 152.6, 152.6, 146.0, 137.8, 132.5, 109.0, 107.4, 

102.3, 97.4, 77.4, 76.4, 65.0, 58.1, 40.8, 40.5, 40.3, 40.0, 39.7, 39.4, 39.1, 32.1, 30.1, 28.6, 

26.8. HRMS (EI) expected: 349.1162, Found: 349.1159. LRMS: 349.18 (99%), 219.16 

(33%), 205.14 (15%). NMR data matches literature values.59 
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(2R,3S,4S,4aR)-6-oxo-2,3,4,4a,5,6-hexahydro-[1,3]dioxolo[4,5-j]phenanthridine-

1,2,3,4,7-pentayl pentaacetate (121) 

88 (100 mg, 0.20 mmol) was dissolved in DCM (10 mL) in an RBF under argon 

atmosphere. To the reaction mixture an excess of acetic anhydride (1 mL, 10.75 mmol) 

was added, followed immediately by NEt3 (0.7 mL) and a few crystals of DMAP. The 

reaction was left to stir for 6 h. Water was then added to the reaction mixture and the layers 

were separated. The aqueous layer was extracted with DCM (3x30 mL). The combined 

organics were the extracted with 15 mL of distilled water and dried over MgSO4. The crude 

reaction mixture was then purified using flash column chromatography (2:1 

Hexanes:EtOAC). Evaporation of the appropriate fractions yielded the product as a white 

solid (40 mg, 0.08 mmol, 40%). 

Rf: 0.4 (20:1 DCM:MeOH). Mp: 202-204°C (DC) (recrystallized in EtOH). [α]
21
𝑑

 = 152.90 

(C=0.2g/100mL, CHCl3) IR (neat) ν: 3220, 2902, 2847, 1755, 1663, 1600. 1H NMR (300 

MHz, CDCl3) δ 8.82 (s, 1H), 6.82 (s, 1H), 6.56 (d, J = 3.2 Hz, 1H), 6.16 (dd, J = 7.0, 1.1 

Hz, 2H), 6.07 (d, J = 3.7 Hz, 1H), 5.70 – 5.56 (m, 2H), 2.44 (s, 3H), 2.17 (s, 3H), 2.13 (s, 

3H), 2.11 (s, 3H), 2.09 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 172.9, 170.3, 170.0, 169.4, 

168.8, 163.3, 153.4, 141.2, 133.5, 132.8, 131.1, 125.7, 116.7, 103.3, 101.4, 76.6, 69.8, 68.9, 
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68.6, 55.0, 26.6, 20.9, 20.8, 20.7. HRMS (EI) expected: 533.1169, Found: 533.1171., 

Found: 533.1171.  
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(2R,3S,4S,4aR)-7-hydroxy-6-oxo-2,3,4,4a,5,6-hexahydro-[1,3]dioxolo[4,5-

j]phenanthridine-1,2,3,4-tetrayl tetraacetate (122) 

121 (30 mg, 0.06 mmol) was charged to a 3-neck RBF and dissolved in THF (3.0 mL). The 

flask was fit with a dry ice condenser in the middle neck, a bubbler in a side neck and the 

ammonia inlet in the latter. The flask and condenser were then cooled to -40 °C and 

ammonia was bubbled and condensed into the RBF until an appropriate volume was 

observed (approx. 9 mL). Immediately after, sodium metal (10 mg, 0.4 mmol) was added 

to the reaction mixture and the solution immediately went blue in colour. The reaction was 

left to stir for 20 minutes before being quenched carefully with NH4Cl (25 mL) and 

extracted with ether (3x30 mL). The organic layers were combined and dried over MgSO4. 

The resulting crude mixture was purified via flash column chromatography (50:1 DCM: 

MeOH) using a silica gel column. Evaporation of the appropriate fractions yielded a 

viscous oil as the product. (20 mg, 0.04 mmol, 66%) 

Rf: 0.5 (20:1 DCM: MeOH), IR (neat) ν: 3296, 2927, 1717, 1617, 1570 cm-1. 1H NMR (300 

MHz, CDCl3) δ 12.12 (s, 3H), 10.36 (s, 3H), 6.57 (d, J = 3.7 Hz, 3H), 6.53 (s, 3H), 6.20 

(d, J = 4.1 Hz, 3H), 6.17 – 6.10 (m, 7H), 5.65 (ddd, J = 26.5, 11.6, 3.8 Hz, 7H), 2.20 (s, 

9H), 2.13 (s, 8H), 2.10 (d, J = 3.5 Hz, 17H). 13C NMR (75 MHz, CDCl3) δ 170.8, 170.7, 

170.0, 169.9, 166.3, 154.8, 144.5, 131.4, 129.5, 111.4, 102.7, 93.6, 77.4, 77.0, 76.6, 67.8, 
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66.5, 65.2, 64.6, 38.9, 30.6, 29.7, 29.0, 24.0, 23.0. HRMS (EI) expected: 491.1064, Found: 

491.1063. LRMS: 271.04 (44%), 167.06 (45%), 112.13 (100%), 70.08 (67%), 57.06 

(48%). 
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(3aS,3bR,12S,12aR)-4-acetyl-2,2-dimethyl-5-oxo-3a,3b,4,5,12,12a-

hexahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-diyl diacetate (123).56, 62 

90 (177 mg, 0.5 mmol) was dissolved in distilled DCM (3.0 mL). NEt3 (0.5 mL), acetic 

anhydride (0.5 mL, 0.5 mmol) and a few crystals of DMAP was then added immediately 

to the solution in that order and left stir for 4 h. Reaction mixture was concentrated and the 

crude oil purified using a silica gel column (1:1 Hexanes:EtOAc). Evaporation of the 

appropriate fractions yielded a clear waxy oil as the product (20 mg, 0.04 mmol, 8%).  

Rf: 0.4 (1:1 Hexane:EtOAc). [α]
21.5

𝑑
 = +121.4.  (c=0.025g/100mL, CHCl3). IR (neat) ν: 

2972, 2867, 1752, 1732, 1685, 1461 cm-1. 1H NMR (300 MHz, CDCl3) δ 8.02 (s, 1H), 6.96 

(s, 1H), 6.68 (d, J = 20.3 Hz, 1H), 6.12 (t, J = 2.8 Hz, 1H), 6.07 (s, J = 1.3 Hz, 2H), 5.37 

(dt, J = 5.2, 2.4 Hz, 1H), 4.36 – 4.25 (m, 1H), 4.14 (dt, J = 15.1, 7.6 Hz, 2H), 2.96 (s, 2H), 

2.88 (s, 2H), 2.35 (d, J = 7.8 Hz, 3H), 1.50 (d, J = 10.5 Hz, 3H), 1.39 (s, 3H). 13C NMR (75 

MHz, CDCl3) δ 170.9, 170.5, 169.1, 163.6, 153.7, 141.4, 133.5, 131.4, 130.2, 125.4, 115.7, 

112.7, 103.4, 100.2, 79.9, 77.6, 77.2, 76.7, 76.5, 74.7, 60.5, 53.73, 26.9, 25.8, 25.4, 21.2, 

21.1, 20.9, 14.3. HRMS (EI) calcd for C23H23O10N: 473.1316, Found: 473.1312.56, 62 
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(3aS,3bS,10bS,11S,12S,12aS)-4-acetyl-10b-bromo-11-hydroxy-2,2-dimethyl-5-oxo-

3a,3b,4,5,10b,11,12,12a-octahydrobis([1,3]dioxolo)[4,5-c:4',5'-j]phenanthridine-6,12-

diyl diacetate (124).62 

To a solution of 123 (170 mg, 0.36 mmol) in a 3:1 THF/H2O (8 mL), NBA (100 mg, 0.72 

mmol) was added in one portion. The reaction was left to stir for 25 min before water was 

added and the layers separated. The aqueous layer was then extracted with DCM (3x30 

mL). The combined organic layers were then washed with saturated NaHCO3 solution 

(2x30mL). The combined organics were dried over MgSO4 then concentrated. The 

resulting crude mixture was purified via flash column chromatography using a silica gel 

column with a 75:1 DCM:MeOH mixture as the eluent. Evaporation of the appropriate 

fractions yielded the product as a white foam (114 mg, 0.20 mmol, 55%). 

Rf: 0.3 (20:1 DCM:MeOH). IR (neat) v: 3405, 2990, 2939, 2920, 1760, 1752, 1693 cm-1. 

1H NMR (400 MHz, CDCl3) δ 6.74 (s, 1H), 6.11 (d, J = 6.5 Hz, 2H), 5.77 (d, J = 3.3 Hz, 

1H), 5.52 (d, J = 9.0 Hz, 1H), 5.00 (d, J = 3.5 Hz, 1H), 4.14 (dd, J = 8.9, 5.5 Hz, 1H), 3.96 

(dd, J = 5.2, 2.8 Hz, 1H), 2.90 (s, 1H), 2.64 (s, 3H), 2.38 (s, 3H), 1.98 (s, 3H), 1.62 (s, 3H), 

1.28 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 173.0, 169.0, 168.7, 161.7, 152.6, 141.4, 134.7, 

133.1, 118.1, 110.8, 103.6, 75.8, 72.1, 70.3, 56.4, 55.1, 27.5, 27.2, 26.1, 21.0, 20.8. MS 

(ESI+) for C23H24NO11Br expected; 569.0533, found: 569.1.62 
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Selected Spectra 

1H-NMR for 88 

 

13C-NMR for 88 
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1H-NMR for 96 

 

13C-NMR for 96 
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1H-NMR for 98 

 

13C-NMR for 98 
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1H-NMR for 99 

 

13C-NMR for 99 
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1H-NMR for 100 

 

13C-NMR for 100 
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1H-NMR for 101 

 

13C-NMR for 101 
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1H-NMR of 103 

 

13C-NMR of 103 
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1H-NMR for 104 

 

13C-NMR for 104 
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1H-NMR for 105 

 

13C-NMR for 105 
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1H-NMR for 106 

 

13C-NMR for 106 
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1H-NMR for 107 

 

13C-NMR for 107 
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1H-NMR for 108 

 

13C-NMR for 108 
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1H-NMR for 110 

 

 

13C-NMR for 110 
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1H-NMR for 124 

 

13C-NMR for 124 
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