
HAL Id: hal-04575245
https://hal.science/hal-04575245

Submitted on 14 May 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Total Synthesis of Cyclotripeptidic Natural Products
Anacine, Aurantiomide C, Polonimides A and C, and

Verrucine F
Guanghui Han, Wei Zhang, Emmanuelle Acs, Alexis Paquin, Quentin Ronzon,

Nicolas Casaretto, Bastien Nay

To cite this version:
Guanghui Han, Wei Zhang, Emmanuelle Acs, Alexis Paquin, Quentin Ronzon, et al.. Total Synthesis
of Cyclotripeptidic Natural Products Anacine, Aurantiomide C, Polonimides A and C, and Verrucine
F. Organic Letters, 2024, 26 (13), pp.2629-2634. �10.1021/acs.orglett.4c00658�. �hal-04575245�

https://hal.science/hal-04575245
https://hal.archives-ouvertes.fr


Total synthesis of cyclotripeptidic natural products an-
acine, aurantiomide C, polonimides A and C, and ver-
rucine F 

Guanghui Han,a Wei Zhang,a Emmanuelle Acs,a Alexis Paquin,a Quentin Ronzon,a Nicolas 
Casaretto,b Bastien Nay*a 

a Laboratoire de Synthèse Organique, Ecole Polytechnique, ENSTA Paris, CNRS, Institut Polytechnique de Paris, 
Route de Saclay, 91128 Palaiseau Cedex, France 
b Laboratoire de Chimie Moléculaire, Ecole Polytechnique, CNRS, Institut Polytechnique de Paris, Route de Sa-
clay, 91128 Palaiseau Cedex, France 

ABSTRACT 
The total synthesis of cyclotripeptidic natural products possessing a central piperazino[2,1-b]quinazolin-3,6-dione core 
is described, through an original strategy involving the pivotal cyclocondensation of an electrophilic homoserine lactone 
intermediate. The alkylidene group was spontaneously installed by autooxidation during the cyclocondensation pro-
cess, while the propionamide side-chain was introduced through the nickel-catalyzed aminocarbonylation of a bromo-
ethyl intermediate. This last reaction is unprecedented on such highly functionalized intermediates. Finally, we explored 
structural modifications and interconversions of the natural products. Overall, this work led to anacine, aurantiomide C, 
polonimide A and C, and verrucine F. 

 

Numerous studies have documented the synthesis of the 4-quinazolinone framework, with the Niementowski reaction1 standing 
out as a leading approach.2–4 This reaction proceeds under heating through the acid-catalyzed condensation of anthranilic acid 
with an amide. As a privileged structure, the 4-quinazolinone template holds an important medicinal value.5,6 Synthetic studies 
have thus been reported towards more functionalized and complex structures.7–10 In natural products, the fused piperazino[2,1-
b]quinazolin-3,6-dione core is found in tripeptide derivatives predominantly found in marine fungi.8,11,12 They exhibit a diverse 
array of biological activities, encompassing antibacterial, anticancer, antifungal, anti-HIV, anti-inflammatory, and antimalarial 
properties. In particular, anacine (1),13,14 aurantiomide C (4) and derivatives (Figure 1),15 isolated from a marine sponge-asso-
ciated fungus, Penicillium aurantiogriseum, have demonstrated a significant inhibitory potential against chitinase enzymes and 
cytotoxicity towards various cell lines.16 Biosynthetic studies demonstrated the involvement of a non-ribosomal peptide synthe-
tase in the assembly of fumiquinazolines from anthranilic acid and amino acids.17 Notably, this route undergoes an important 
oxidative metabolism leading to structure functionalization, and more specifically to oxepin derivatives.18 Incidentally, we recently 
reported the total synthesis of some of those oxepin natural products.19,20 

 

Figure 1. Examples of cyclopeptidic natural products featuring a glutamate-derived piperazino[2,1-b]quinazolin-3,6-dione. 

In 1994, Danishefsky reported the first total synthesis on N-acetylardeemin,21–23 a compound that reverses the multidrug re-
sistance of cancer cells.24 It featured a pivotal aza-Wittig reaction for the closure of the central ring, forging the C=N bond of the 
piperazino[2,1-b]quinazolin-3,6-dione core (Scheme 1a). This reaction was also adopted by Snider and co-workers for the total 
synthesis of fumiquinazolines.25–27 Alternatively, the Niementowski condensation approach (Scheme 1b) was used by Wang 
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and Ganesan during the liquid and solid phase syntheses of fumiquinazolines and fiscalin B from tripeptide precursors.28–30 The 
solid-phase method was also applied by Wang and Sim to the total synthesis of anacine (1), and verrucines A (8) and B (9).31 
Finally, Tseng and Chu devised a microwave-assisted synthesis in presence of Zn(OTf)2 to facilitate a condensation process.32  

Scheme 1. Strategies on the synthesis of piperazino[2,1-b]quinazolin-3,6-diones. 

 

Herein, we report an alternative cyclocondensation strategy towards piperazino[2,1-b]quinazolin-3,6-diones I (Scheme 2), and 
its application to the total synthesis of anacine (1), aurantiomide C (4), polonimides A and C (7), and verrucine F (10). During 
the cyclocondensation step, we took benefit of the electrophilicity of an L-homoserine lactone residue on tripeptide intermediate 
II (made from isatoic anhydride 11, homoserine lactone 12 and Boc-protected L-leucine 13 or L-phenylalanine 14), allowing the 
release of a 2-hydroxyethyl substituent in position 4 (I, X = OH). From here, after bromination (I, X = Br), a rare nickel-catalyzed 
aminocarbonylation installed the propionamide side-chain of the natural products. 

Scheme 2. Synthetic strategy towards glutamate-derived piperazino[2,1-b]quinazolin-3,6-diones. 

 

The choice of L-homoserine lactone (12) as a starting material in this study came from our initial difficulties encountered during 
coupling attempts between 11 and dimethyl L-glutamate 15, only resulting in a poor 7% yield of dipeptide 16 (Scheme 3, route 
a).  Conversely, the reaction of 11 with L-homoserine lactone hydrochloride (12), which is easily accessible from L-methionine 
(see the supporting information), was successfully performed in presence of 4-dimethylaminopyridine (DMAP) to provide an-
thranylic amide 17 in a 80% yield (route b). Then, tripeptide intermediates 18 and 19 were obtained through the reaction of 17 
with N-Boc- L-leucine (13) or N-Boc- L-phenylalanine (14), respectively, in presence of the coupling reagent 2-ethoxy-1-ethox-
ycarbonyl-1,2-dihydroquinoline (EEDQ).33 

Scheme 3. Synthesis of cyclotripeptides: a three-step route from L-homoserine lactone. 
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After screening several cyclocondensation conditions, including temperature, reaction time, and solvent selection, we found that 
microwave heating at 140 °C in water in presence of Zn(OTf)2 (1.0 equiv), as inspired by Tseng and Chu,32 afforded cis-cyclot-
ripeptide 20 in a 55% yield. The whole process was accompanied by the Boc deprotection. Unfortunately, an epimerization at 
position 1 could not be avoided and gave a substantial amount of trans isomer 21 in 35% yield (this amount could vary depending 
on the reaction conditions used). From the literature, the epimerization was known to occur regioselectively at position 1 under 
these acidic conditions, or at position 4 under basic conditions.28–32 Most importantly for the following discussion, isopropylidene 
byproduct 22 was also formed in minute amounts (2%), presumably resulting from an autooxidation process in presence of 
oxygen and favored by the rigorous condition used. The formation of this product (22) was magnified by prolonged heating, or 
minimized at higher concentration of reactants or by using DMF as a co-solvent. 

To achieve the synthesis of anacine 1, the primary alcohol of tricyclic compound 20 was planned to be converted into an amide 
group, with subsequent homologation (Scheme 4). Firstly, a modified Mitsunobu protocol in presence of PPh3, 2,3-dichloro-5,6-
dicyanobenzoquinone (DDQ) and tetra-n-butylammonium cyanide,34 was attempted to directly substitute the hydroxyl with a 
cyanide group toward intermediate 26. However, under these conditions at 80 °C, an intramolecular substitution of the activated 
hydroxyl group by the adjacent ketopiperazine amide occurred, leading to cyclic imidate 23 and precluding the cyanation. A two-
step route was thus used from 20, involving a bromination to 2434 followed by the substitution of the bromide by a cyanide in 
presence of KCN and 18-crown-6 ether. This step inevitably yielded a separable mixture of cis-isomer 26 (47%) and of trans-
isomer 27 (26%). Finally, the hydrolysis of the nitrile group of isomer 26 under aqueous HCl condition yielded anacine (1) in a 
63% yield. The same sequence was applied to alcohol intermediate 21, giving polonimide C (7) in comparable yields through 
isomer 27. Fortunately, crystals of 1 were obtained (CCDC 2309741) and allowed confirmation of the relative configuration 
(Scheme 4). However, the compounds turned out to crystallize as a racemate. Quasi complete racemization of 1 and 7 was 

confirmed by measuring their respective optical rotations: for 1, [𝛼]𝐷
25 = +5.0 (c 0.26, MeOH) [lit.15: [𝛼]𝐷

24 = +233.3 (c 0.21, 

MeOH)], resulting in an optical purity of 2%; for 7, [𝛼]𝐷
25 = +53.9 (c 0.33, MeOH) [lit.16: [𝛼]𝐷

20 = +171.0 (c 0.3, MeOH)], resulting in 
an optical purity of 32%. This short sequence of reaction highlights the difficulties of this stepwise approach to anacine 1, and 
the need to explore alternative strategies not only for the introduction of the amide group, but also the synthesis of other natural 
product congeners.  

Scheme 4. First synthetic route to anacine and polonimide, showing an X-ray crystallographic structure of an-
acine. 

https://doi.org/10.26434/chemrxiv-2024-90bjf ORCID: https://orcid.org/0000-0002-1209-1830 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-90bjf
https://orcid.org/0000-0002-1209-1830
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

As mentioned before, prolonged reaction times for the cyclocondensation of tripeptide 18 enhanced the production of autooxi-
dation product 22. Considering this side-product could be a good entry to the synthesis of aurantiomide C, further optimization 
was performed by conducting the reaction under microwave, in a solution saturated with oxygen. We observed that the presence 
of Zn(OTf)2 catalyst significantly reduced the yields of 22. Ultimately, the optimal yield for this reaction was achieved at a con-
centration of 0.1M of tripeptide 18 in water and in the absence of Zn(OTf)2 at 130 °C (microwave) during 4 hours, resulting in a 
55% yield of 22 (Scheme 5). Subsequently, following an acylation reaction with the Mosher reagents (Figure S1 in the supporting 

information),35 NMR analysis allowed to determine an enantiomeric ratio (e.r.) of 78:22 for 22 ([𝛼]𝐷
25 = –23.4, c 0.72, MeOH). 

Compound 22, as all those of this series, crystallized as a racemate (CCDC 2309742). 

After successful bromination of the primary alcohol 22 (see compound S5 in the supporting information), the formation of cyclic 
imidate by-product S6 similar to 23 (see supporting information) could not be avoided upon a cyanation attempt. The amide 
function was thus protected as an ethyl imidate (29), in presence of Meerwein's reagent (80% yield).36 Furthermore, inspired by 
a recent report of Zhou and co-workers,37,38 the alkyl bromide on 29 was straightforwardly converted into homologated amide 
31 through an aminocarbonylation. The reaction was catalyzed by NiCl2(dppp) (20 mol%) in presence of t-butylisonitrile (1.0 
equiv) and Cs2CO3 (1.0 equiv) in a mixture of acetonitrile and water at 150 °C (sealed tube). This step generated t-butyl amide 
31 in 62% yield. Notably, this isonitrile coupling is unique with such a functionalized substrate, since the related literature only 
reported poorly functionalized alkyl bromide substrates.37,38 Finally, convergent deprotection of the two protecting groups (ethyl 
imidate and t-butyl amide) by acidolysis in trifluoroacetic acid (TFA) at the needed temperature of 120 °C was performed in 81% 
yield, thus achieving the total synthesis of aurantiomide C (4) with a global yield of 15%. This compound, crystallizing as a 

racemate, showed a marked reduction of the optical rotation compared to the literature ([𝛼]𝐷
25 = +5.2, c 0.25, CHCl3; Lit.15: [𝛼]𝐷

24= 
+25.8, c 0.1, CHCl3) corresponding to an optical purity of 20%.  

Scheme 5. Total synthesis of aurantiomide C and verrucine F. 
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Notes: a Ratio obtained by NMR analysis of the (R)-Mosher esters (S1 and S2, see Figure S1); b Since the NMR analysis 
could not distinguish the diastereomeric Mosher esters of 28 (S3 and S4, see Figure S2), the enantiomeric ratio was obtained 
by HPLC analysis (see the supporting information). 

In a very similar sequence from tripeptide 19, verrucine F (10) was obtained in a global yield of 15% (Scheme 5). Notably, the 
autooxidation step occurring during the tripeptide condensation was more efficient, supposedly due to the stabilizing conjugation 

with the phenyl group. It gave cyclotripeptide 28 in 72% yield ([𝛼]𝐷
25 = –139.1, c 0.34, MeOH; also crystallizing as a racemate, 

CCDC 2309746), with an e.r. of 60:40 measured by HPLC analysis of Mosher esters S3 and S4 (Figure S2). Furthermore, the 
final deprotection step necessitated two separated steps under acidic conditions to remove the t-butyl group (aqueous HCl) and 

the ethyl imidate (TFA), to afford natural product 10 in 75% yield ([𝛼]𝐷
25 = –29, c 0.1, MeOH). The optical purity could not be 

evaluated in that case, due to the absence of data in the literature. 

To complete this work, the reactivity of aurantiomide C (4) was investigated (Scheme 6), as an attempt to reach other natural 
products (1-3, 5, 6). Compound 4 turned out to be particularly stable. Although aurantiomides A (2) and B (3) were unreachable 
by the acid-catalyzed methoxylation and hydration of 4, respectively, the reduction of the isopropylidene double bond could be 
efficiently performed in presence of triethylsilane and TFA in dichloromethane, to give diastereomerically pure anacine (1) in 

80% yield. The optical rotation of this new sample of 1 ([𝛼]𝐷
25 = +20.3, c 0.23, MeOH; lit.15: [𝛼]𝐷

24 = +233.3, c 0.21, MeOH) 
suggested an optical purity of 8.7%. Furthermore, during our methoxylation attempts, polonimide A (5) was inadvertently ob-

tained in 96% yield in presence of para-toluenesulfonic acid (PTSA) and acetic acid ([𝛼]𝐷
20 = –1.4, c 0.22, MeOH; lit.16: [𝛼]𝐷

20 = 
+14, c 0.3, MeOH). Finally, while an attempt of oxygen-mediated autooxidation of anacine (1) was inefficient, its oxidation in 
presence of DDQ in a methanol/water mixture successfully led to aurantiomide C (4) in 91% yield, with no formation of 2 or 3. 

Scheme 6. Conversion of aurantiomide C into anacine and polonimide A. 

 

In summary, we successly achieved the total synthesis of several cyclotripeptide natural products possessing a central piper-
azino[2,1-b]quinazolin-3,6-dione structure: anacine (1), aurantiomide C (4), and verrucine F (10). The tricyclic core was 
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constructed by a Niementowski-type cyclocondensation method involving a key homoserine lactone residue. Furthermore, re-
lying on a nickel-catalyzed isonitrile coupling, it was possible to perform the aminocarbonylation of a bromoethyl side-chain to 
install the amide function of these natural products. Some of these steps had to be performed under drastic conditions that led 
to the epimerization or partial racemization of products, mostly resulting scalemic mixture of the final natural products. During 
this work, we took advantage of this epimerization to synthesize polonimide C (7), diastereoisomer of anacine (1), while the 
ester polonimide A (5) could be generated by the acid-catalyzed methanolysis of amide 4. Finally, it is interesting to mention 
that both 1 and 4 can be interconverted under specific redox conditions. 

ASSOCIATED CONTENT  

Supporting Information 

The Supporting Information is available free of charge on the ACS Publications website at DOI: 

Detailed experimental procedures, spectroscopic and crystallographic data, and 1H and 13C NMR spectra (PDF) 

AUTHOR INFORMATION 

Corresponding Author 

Email: bastien.nay@polytechnique.edu 
 

Notes 
The authors declare no competing financial interest. 

ACKNOWLEDGMENT  

This work was financially supported by the China Scholarship Council (CSC, Grant NO.202006890025) and a French Govern-
ment Scholarship from 01/10/2020 to 31/03/2022 (Grant NO.969882E). 

REFERENCES 

(1) Von Niementowski, St. Synthesen von Chinazolinverbindungen. J. Für Prakt. Chem. 1895, 51 (1), 564–572. 
https://doi.org/10.1002/prac.18950510150. 

(2) Alexandre, F.-R.; Berecibar, A.; Besson, T. Microwave-Assisted Niementowski Reaction. Back to the Roots. Tetrahedron Lett. 
2002, 43 (21), 3911–3913. https://doi.org/10.1016/S0040-4039(02)00619-6. 

(3) He, L.; Li, H.; Chen, J.; Wu, X.-F. Recent Advances in 4(3H)-Quinazolinone Syntheses. RSC Adv. 2014, 4 (24), 12065–12077. 
https://doi.org/10.1039/C4RA00351A. 

(4) Wang, W.; Zou, P.-S.; Pang, L.; Pan, C.-X.; Mo, D.-L.; Su, G.-F. Recent Advances in the Synthesis of 2,3-Fused Quinazolinones. 
Org. Biomol. Chem. 2022, 20 (32), 6293–6313. https://doi.org/10.1039/D2OB00778A. 

(5) Horton, D. A.; Bourne, G. T.; Smythe, M. L. The Combinatorial Synthesis of Bicyclic Privileged Structures or Privileged Substruc-
tures. Chem. Rev. 2003, 103 (3), 893–930. https://doi.org/10.1021/cr020033s. 

(6) Alsibaee, A. M.; Al-Yousef, H. M.; Al-Salem, H. S. Quinazolinones, the Winning Horse in Drug Discovery. Molecules 2023, 28 
(3), 978. https://doi.org/10.3390/molecules28030978. 

(7) Khan, I.; Ibrar, A.; Ahmed, W.; Saeed, A. Synthetic Approaches, Functionalization and Therapeutic Potential of Quinazoline and 
Quinazolinone Skeletons: The Advances Continue. Eur. J. Med. Chem. 2015, 90, 124–169. 
https://doi.org/10.1016/j.ejmech.2014.10.084. 

(8) He, D.; Wang, M.; Zhao, S.; Shu, Y.; Zeng, H.; Xiao, C.; Lu, C.; Liu, Y. Pharmaceutical Prospects of Naturally Occurring Quinazo-
linone and Its Derivatives. Fitoterapia 2017, 119, 136–149. https://doi.org/10.1016/j.fitote.2017.05.001. 

(9) Ghosh, P.; Ganguly, B.; Das, S. C–H Functionalization of Quinazolinones by Transition Metal Catalysis. Org. Biomol. Chem. 
2020, 18 (24), 4497–4518. https://doi.org/10.1039/D0OB00742K. 

(10) Collet, J. W.; van der Nol, E. A.; Roose, T. R.; Maes, B. U. W.; Ruijter, E.; Orru, R. V. A. Synthesis of Quinazolin-4-Ones by 
Copper-Catalyzed Isocyanide Insertion. J. Org. Chem. 2020, 85 (11), 7378–7385. https://doi.org/10.1021/acs.joc.0c00771. 

(11) Michael, J. P. Quinoline, Quinazoline and Acridone Alkaloids. Nat. Prod. Rep. 2003, 20 (5), 476–493. 
https://doi.org/10.1039/B208140G. 

(12) Resende, D. I. S. P.; Boonpothong, P.; Sousa, E.; Kijjoa, A.; Pinto, M. M. M. Chemistry of the Fumiquinazolines and Structurally 
Related Alkaloids. Nat. Prod. Rep. 2019, 36 (1), 7–34. https://doi.org/10.1039/C8NP00043C. 

(13) Boyes-Korkis, J. M.; Gurney, K. A.; Penn, J.; Mantle, P. G.; Bilton, J. N.; Sheppard, R. N. Anacine, a New Benzodiazepine 
Metabolite of Penicillium Aurantiogriseum Produced with Other Alkaloids in Submerged Fermentation. J. Nat. Prod. 1993, 56 
(10), 1707–1717. https://doi.org/10.1021/np50100a008. 

(14) Larsen, T. O.; Franzyk, H.; Jensen, S. R. UV-Guided Isolation of Verrucines A and B, Novel Quinazolines from Penicillium 
Verrucosum Structurally Related to Anacine from Penicillium Aurantiogriseum. J. Nat. Prod. 1999, 62 (11), 1578–1580. 
https://doi.org/10.1021/np990251p. 

(15) Xin, Z. H.; Fang, Y.; Du, L.; Zhu, T.; Duan, L.; Chen, J.; Gu, Q.-Q.; Zhu, W.-M. Aurantiomides A−C, Quinazoline Alkaloids from 
the Sponge-Derived Fungus Penicillium Aurantiogriseum SP0-19. J. Nat. Prod. 2007, 70 (5), 853–855. 
https://doi.org/10.1021/np060516h. 

(16) Guo, X.-C.; Zhang, Y.-H.; Gao, W.-B.; Pan, L.; Zhu, H.-J.; Cao, F. Absolute Configurations and Chitinase Inhibitions of Quinazo-
line-Containing Diketopiperazines from the Marine-Derived Fungus Penicillium Polonicum. Mar. Drugs 2020, 18 (9), 479. 
https://doi.org/10.3390/md18090479. 

(17) Ames, B. D.; Haynes, S. W.; Gao, X.; Evans, B. S.; Kelleher, N. L.; Tang, Y.; Walsh, C. T. Complexity Generation in Fungal 
Peptidyl Alkaloid Biosynthesis: Oxidation of Fumiquinazoline A to the Heptacyclic Hemiaminal Fumiquinazoline C by the Fla-
voenzyme Af12070 from Aspergillus Fumigatus. Biochemistry 2011, 50 (40), 8756–8769. https://doi.org/10.1021/bi201302w. 

https://doi.org/10.26434/chemrxiv-2024-90bjf ORCID: https://orcid.org/0000-0002-1209-1830 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-90bjf
https://orcid.org/0000-0002-1209-1830
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

(18) Zheng, L.; Wang, H.; Fan, A.; Li, S.-M. Oxepinamide F Biosynthesis Involves Enzymatic d -Aminoacyl Epimerization, 3 H -Oxepin 
Formation, and Hydroxylation Induced Double Bond Migration. Nat. Commun. 2020, 11 (1), 4914. 
https://doi.org/10.1038/s41467-020-18713-0. 

(19) Zhang, W.; Nay, B. The Retro-Claisen Rearrangement of 2-Vinylcyclopropylcarbonyl Substrates and the Question of Its Synthetic 
Potential. Eur. J. Org. Chem. 2020, 2020, 3517–3525. https://doi.org/10.1002/ejoc.202000136. 

(20) Ronzon, Q.; Zhang, W.; Charote, T.; Casaretto, N.; Frison, G.; Nay, B. Total Synthesis of (+)-Cinereain and (−)-Janoxepin through 
a Fragment Coupling/Retro-Claisen Rearrangement Cascade. Angew. Chem. Int. Ed. 2022, 61 (47), e202212855. 
https://doi.org/10.1002/anie.202212855. 

(21) Marsden, S. P.; Depew, K. M.; Danishefsky, S. J. Stereoselective Total Syntheses of Amauromine and 5-N-Acetylardeemin. A 
Concise Route to the Family of “Reverse-Prenylated” Hexahydropyrroloindole Alkaloids. J. Am. Chem. Soc. 1994, 116 (24), 
11143–11144. https://doi.org/10.1021/ja00103a034. 

(22) Chou, T.-C.; Depew, K. M.; Zheng, Y.-H.; Safer, M. L.; Chan, D.; Helfrich, B.; Zatorska, D.; Zatorski, A.; Bornmann, W.; Dan-
ishefsky, S. J. Reversal of Anticancer Multidrug Resistance by the Ardeemins. Proc. Natl. Acad. Sci. 1998, 95 (14), 8369–8374. 
https://doi.org/10.1073/pnas.95.14.8369. 

(23) Depew, K. M.; Marsden, S. P.; Zatorska, D.; Zatorski, A.; Bornmann, W. G.; Danishefsky, S. J. Total Synthesis of 5-N-Acety-
lardeemin and Amauromine:  Practical Routes to Potential MDR Reversal Agents. J. Am. Chem. Soc. 1999, 121 (51), 11953–
11963. https://doi.org/10.1021/ja991558d. 

(24) Karwowski, J. P.; Jackson, M.; Rasmussen, R. R.; Humphrey, P. E.; Poddig, J. B.; Kohl, W. L.; Scherr, M. H.; Kadam, S.; 
McAlpine, J. B. 5-N-Acetylardeemin, a Novel Heterocyclic Compound Which Reverses Multiple Drug Resistance in Tumor Cells. 
I. Taxonomy and Fermentation of the Producing Organism and Biological Activity. J. Antibiot. (Tokyo) 1993, 46 (3), 374–379. 
https://doi.org/10.7164/antibiotics.46.374. 

(25) Snider, B. B.; Busuyek, M. V. Synthesis of Circumdatin F and Sclerotigenin. Use of the 2-Nitrobenzyl Group for Protection of a 
Diketopiperazine Amide; Synthesis of Ent-Fumiquinazoline G. Tetrahedron 2001, 57 (16), 3301–3307. 
https://doi.org/10.1016/S0040-4020(01)00208-3. 

(26) Snider, B. B.; Zeng, H. Total Synthesis of (−)-Fumiquinazolines A, B, C, E, H, and I. Approaches to the Synthesis of Fiscalin A. 
J. Org. Chem. 2003, 68 (2), 545–563. https://doi.org/10.1021/jo0264980. 

(27) Numata, A.; Takahashi, C.; Matsushita, T.; Miyamoto, T.; Kawai, K.; Usami, Y.; Matsumura, E.; Inoue, M.; Ohishi, H.; Shingu, T. 
Fumiquinazolines, Novel Metabolites of a Fungus Isolated from a Saltfish. Tetrahedron Lett. 1992, 33 (12), 1621–1624. 
https://doi.org/10.1016/S0040-4039(00)91690-3. 

(28) Wang, H.; Ganesan, A. Total Synthesis of the Quinazoline Alkaloids (−)-Fumiquinazoline G and (−)-Fiscalin B. J. Org. Chem. 
1998, 63 (8), 2432–2433. https://doi.org/10.1021/jo980360t. 

(29) Wang, H.; Ganesan, A. Total Synthesis of the Fumiquinazoline Alkaloids:  Solution-Phase Studies1. J. Org. Chem. 2000, 65 (4), 
1022–1030. https://doi.org/10.1021/jo9914364. 

(30) Wang, H.; Ganesan, A. Total Synthesis of the Fumiquinazoline Alkaloids:  Solid-Phase Studies. J. Comb. Chem. 2000, 2 (2), 
186–194. https://doi.org/10.1021/cc9900807. 

(31) Wang, H.; Sim, M. M. Total Solid Phase Syntheses of the Quinazoline Alkaloids:  Verrucines A and B and Anacine. J. Nat. Prod. 
2001, 64 (12), 1497–1501. https://doi.org/10.1021/np010342y. 

(32) Tseng, M.-C.; Chu, Y.-H. Zinc Triflate-Catalyzed Synthesis of Pyrazino[2,1-b]Quinazoline-3,6-Diones. Tetrahedron 2008, 64 (40), 
9515–9520. https://doi.org/10.1016/j.tet.2008.07.071. 

(33) Zacharie, B.; Connolly, T. P.; Penney, C. L. A Simple One-Step Conversion of Carboxylic Acids to Esters Using EEDQ. J. Org. 
Chem. 1995, 60 (21), 7072–7074. https://doi.org/10.1021/jo00126a080. 

(34) Iranpoor, N.; Firouzabadi, H.; Akhlaghinia, B.; Nowrouzi, N. Conversion of Alcohols, Thiols, and Trimethysilyl Ethers to Alkyl 
Cyanides Using Triphenylphosphine/2,3-Dichloro-5,6-Dicyanobenzoquinone/n-Bu4NCN. J. Org. Chem. 2004, 69 (7), 2562–
2564. https://doi.org/10.1021/jo035238v. 

(35) Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, H. High-Field FT NMR Application of Mosher’s Method. The Absolute Configu-
rations of Marine Terpenoids. J. Am. Chem. Soc. 1991, 113 (11), 4092–4096. https://doi.org/10.1021/ja00011a006. 

(36) Popov, K.; Somfai, P. Synthesis of Imidates: TFA-Mediated Regioselective Amide Alkylation Using Meerwein’s Reagent. J. Org. 
Chem. 2016, 81 (8), 3470–3472. https://doi.org/10.1021/acs.joc.6b00424. 

(37) Li, Q.; Cai, Y.; Jin, H.; Liu, Y.; Zhou, B. Nickel-Catalyzed Aminocarbonylation of Aryl/Alkenyl/Allyl (Pseudo)Halides with Isocya-
nides and H2O. Tetrahedron Lett. 2020, 61 (51), 152605. https://doi.org/10.1016/j.tetlet.2020.152605. 

(38) Li, Q.; Jin, H.; Liu, Y.; Zhou, B. Nickel-Catalyzed Multicomponent Coupling Reaction of Alkyl Halides, Isocyanides and H2O: An 
Expedient Way to Access Alkyl Amides. Synthesis 2020, 52 (22), 3466–3472. https://doi.org/10.1055/s-0040-1707229. 

 

https://doi.org/10.26434/chemrxiv-2024-90bjf ORCID: https://orcid.org/0000-0002-1209-1830 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-90bjf
https://orcid.org/0000-0002-1209-1830
https://creativecommons.org/licenses/by-nc-nd/4.0/

