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Ag,0 mediated esterification of (R)-tert-butyl 2-hydroxy-3-phenylpropanoate has been realized
via the effective ring opening of benzoxazinones that resulted in the efficient synthesis of
cyclodepsipeptides clavutustides A and B and their enantiomers in very good overall yields

1. Introduction

Cyclodepsipeptides with a broad spectrum of biological
activities including anti-plasmodial, antiviral, insecticidal,
cytotoxic and anti-proliferative” activities' also serve as lead
compounds/templates for more pharmacologically potent and
toxicologically safe derivatives.” With the latest advancements in
the structural and pharmacological characterization of naturally
occurring cyclic peptides and depsipeptides,’ these compounds
plays an important role in the development of novel therapeutics.

While cyclic peptides with unique biological activities are
ubiquitous in nature,” anthranilic acid unit are rare in nature and
anthranilic acid dimers with micromolar affinity for the CCK1
receptors were considered to be an important molecular scaffold
in ‘medicinal chemistry’ Cyclodepsipeptides clavatustides A and
B (Figure 1) containing an anthranilic acid dimer and D-
phenyllactic acid are such molecules that were isolated by Bin
Wu and co-workers from cultured mycelia and broth of
Aspergillus clavatus C2WU isolated from Xenograpsus
testudinatus.® Clavatustide B, the product isolated from clavatus
C2WU, exhibited a potent anti-cancer activity in various human
cancer cell lines, including liver, pancreatic, gastric, colorectal,
and prostate cancers and retinoblastoma.’ Clavatustide B is a
promising anti-cancer agent against chemo- and radio-therapy
resistant cancers® as it has shown a potent inhibition of cell
growth in chemo- and radio therapy resistant cell lines,
pancreatic cancer cell line (panc-1)*® and prostate cancer cell line
(PC3)*. Its anti-cancer property is due to the delaying of G1-S
phase cell cycle transition’. The GI-S cell cycle checkpoint-

associated molecules including cyclin E2 played key roles in the
clavatustide B-induced cell cycle blocking.
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Figure 1. Clavatustides A & B

One of the challenges associated with the synthesis of
depsipeptides is the limited availability of coupling reagents for
the ester formation using a-hydroxyacid/esters.® It has been
reported in the literature that benzoxazinones undergo
nucelophilic ring opening with alcohols and amines and are
intermediates for the synthesis of various molecules such as
benzoxazinethiones, benzothiazinethiones, substituted
amidobenzoates, 4-hydorxyquinolinones and quinazolinones.’
This prompted us to explore the possibility of ring opening of
benzoxazinone for the formation of the ester as an alternative
method for the synthesis of clavatustides A and B. We have
recently reported the first total synthesis of clavatustides A and B
and its analogues that has established the correct values of optical
rotation for these compounds in pure form."

In continuation of our efforts towards the improved synthesis of
clavatustides A and B, here in we report the ring opening of
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benzoxazinone as an alternate route for the efficient synthesis
of clavatustides A and B and its analogues.

Ring opening of
benzoxazinones
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Retrosynthesis

Retro synthetically, macro lactamization was our preferred
mode of cyclization. From the disconnection of ester
functionality of 4 (scheme 1) it was envisioned that the
nucleophilic ring opening of benzaxazinone 6 with methyl
phenyllactate 5 would provide us the key compound 4 that would
be set up for macro lactamizaton. Further disconnection of 6 gave
rise to benzoxazinone 2 and N-alkyl glycine derivatives. The
forward synthesis commenced with. the _synthesis of
benzoxazinone 2 in 70% yields as per the reference protocol.'
The benzoxazinone 2 was then coupled using the standard amide
formation using DCC in CH,Cl, with N-Boc-N-methylglycine 3a
to afford 4a in 60 % yields while N-Boc-N-ethylglycine 3b
afforded 4b in 63% yields (Scheme-2).

With compounds 4a and 4b in hand, we turned our attention to
the ring opening of benzoxazinones with (S)-tert-butyl 2-
hydroxy-3-phenylpropanoate (Scheme 3). A potential issue
considered during the ring opening was the racemization of the
phenyl lactate under the reaction conditions. Table-1 illustrates
the optimization table for the esterification of o-hydroxyesters via

ring opening of benzoxazinones. A short screen for the optimal
conditions revealed that benzoxazinone 4a could be opened with
(S)-tert-butyl 2-hydroxy-3-phenylpropanoate in the presence of
Ag,0 in THF to afford the desired ester 8a as a single isomer in
82% isolated yield. While conditions shown in entries 1 and 2
(DBU/DMF/0 °C and NaH/DMF/0 °C) indicated the formation

of ester by LCMS in 10 and 15% respectively, conditions shown
in entries 3 and 4 (pyridine/DMF) did not indicate any product
formation
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Scheme 2. Synthesis of compounds 4a & 4b:
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Scheme 3: Synthesis of Compound 8b:
Sr.No  conditions” yield”
1 DBU/DMF/0 °C 10%
2 NaH/DMF/0 °C 15%
3 Pyridine/DMF/120 °C No product
4 Pyridine/rt No product
5 Ag,O/THF 2%
Table 1: “reactions were run on 4b (1 mmol), 7 (I mmol);

conversion based on LCMS;  isolated yield

Gratifyingly, using the conditions optimized for the ring
opening of benzoxazinones, treatment of 4a and 4b with (S)-tert-
butyl 2-hydroxy-3-phenylpropanoate (scheme-4) in the presence
of Ag,O in THEF resulted in the clean conversion to 8a and 8b as
a single isomer. Compounds 8a and 8b were isolated in 85% and
86% respectively. Similarly, treatment of benzoxazinones 4a and
4b with (R)-tert-butyl 2-hydroxy-3-phenylpropanoate afforded
ent-8a and ent-8b as single isomers in 84% and 85%
respectively. Compounds 8a, 8b were then subjected to boc-
deprotection using TFA and the obtained crude product was
treated with T3P to obtain S-clavatustides A and B in 35 % and
34 % respectively. Similarly, Compounds ent-8a and ent-8b were
subjected to boc-deprotection followed by treatment with T3P to
obtain R-clavatustides A and B in 32% and 33% respectively.
Thus, the direct ring opening of benzoxazinones allowed us to
synthesize clavatustides A and B in an overall yield of 12.5% and
12.9% respectively which is an improvement over the previously
reported 9.1 % overall yield for the same.



o
R. N O'Bu

o} Oﬁ)
'BuO)K/\© HN
- g@

7
Ag20
THF, rt, 48 h NH
() OBu
o)
R =Et (Ba) 85%
0 R = Me (8b) 86%
NS
N _
o
20 ®
N._O._CHs N 0'Bu
o T \KCH3 O.
O CH;
R=Et(4a) * 'Buo% HN
R = Me (4b) T-ent
Agy O

THF, rt, 48 h
®R) O'Bu

R =Et (ent Ba) 84 %
R = Me (ent 8b) 85%

o)
TFA, CH,Cl 9 R
0°Ctort, 12h N

& L

T3P, DIPEA, THF NH HN™ S0

0°Ctort, 12h
(0]

R = Et (S)-Clavastutide A 35%
R = Me (S)-Clavastutide B 34%

e

o

TFA, CHyCl o N
0°Ctort, 12h l
—zon e

NH HN™ Yo

T3P, DIPEA, THF
0°Ctort, 12h o

R = Et (R)-Clavastutide A 32%
R = Me (R)-Clavastutide B 33%

Scheme 4: Total synthesis of (S)-Clavastutide A & (R)-Clavastutide A:

Conclusion:

An effective and an alternative method for the esterification of
a-hydroxyesters in the synthesis of depsipeptides have been
identified and its utility was demonstrated by the synthesis of
clavatustides A & B. A short and efficient synthesis of
clavatustides A and B was achieved in 4 steps with an overall
yield 12.5 and 12.9 respectively.

Acknowledgments

The authors express their profound thanks to the management
of GVK Biosciences Private Limited for financial support. The
encouragement rendered by Dr. Sudhir Kumar Singh throughout
this work is deeply acknowledged. Our sincere gratitude to Dr.
K. Muralidharan, Mr. Vijay Bomaluri for analytical support.

References and notes

1. Sarabia, F.; Chammaa, S.; Ruiz, A.S.; Ortiz, L.M.; Herrera, F.J.
Chemistry and biology of cyclic depsipeptides of medicinal and
biological interest. Curr. Med. Chem., 2004, 11, 1309-32.

2. R. L. Gruber, M. R. Kamyar and R. Dornetshuber R, Current
Medicinal Chemistry, 2009, 16, 1122-1137 and references cited
therein.

3. (a) C. E. Ballard, H. Yu and B. Wang, Current Medicinal
Chemistry, 2002, 9, 471-498. (b) J. Jimeno, G. Faircloth, J. M.
Fernandez Sousa-Faro, P. Scheuer and K. Rinehart, Marine
Drugs, 2004, 2, 14-29.

4.  Selected reviews and publications for peptide-based macrocycles
as therapeutics: (a) K. Fosgerau and T. Hoftmann, Drug Discovery
Today, 2015, 20, 122-128. (b) T. Morioka, N. D. Loik, C. J.
Hipolito, Y. Goto and H. Suga, Curr. Opin. Chem. Biol. 2015, 26,
34- 41. (c) M. Gao, K. Cheng and H. Yin, Biopolymers, 2015,
104, 310-316. (d) F. Giordanetto and J. Kihlberg, Journal of
Medicinal Chemistry, 2014, 57, 278-95. (e) J. Mallison and L
Collins Future Medicinal Chemistry, 2012, 4, 1409-1438. (f) E.
M. Driggers, S. P. Hale, J. Lee and N. K. Terrett, Nature Reviews
Drug Discovery, 2008, 7, 608-624. (g) J. E. DeLorbe, J. H.
Clements, B. B. Whiddon and S. F. Martin, ACS Medicinal
Chemistry Letters, 2010, 1, 448-452. (h) X. Yu and D. Sun,
Molecules, 2013, 18, 6230-6268. (i) P. Vlieghe, V. Lisowski, J.
Martinez and M. Khrestchatisky, Drug Discovery Today, 2010,

15, 40-56 and references cited therein (j) G. M. S. Jimenez, A. B.
Hernandez and J. M. E. Brauer, Marine Drugs 2012, 10, 963-986
M. S. Jeng, N. K. Ng and P. K. L. Ng, Nature, 2004, 432, 969.

W liang, P. Ye, C, T. Arthur Chen, K. Wang, L. Pengyuan, H.

Shan, W. Xiaodan, G. Lishe, Y. Ying and W. Bin, Marine Drugs,

2013, 11, 4761-4772.(a) Panpan Ye 1, Ling Shen 1, Wei Jiang 2,

Ying Ye 2, Chen-Tung Arthur Chen 2,3, Xiaodan Wu 2, Kuiwu

Wang 4 and Bin Wu 2, Marine drugs, 2014, 12, 3203-3217 (b)

Ling, Q.; Xu, X.; Zheng, S.S.; Kalthoff, H. The diversity between

pancreatic head and body/tail cancers: Clinical parameters and in

vitro models. Hepatobiliary Pancreat. Dis. Int. 2013, 12, 480-487.

(¢) Mimeault, M.; Johansson, S.L.; Batra, S.K. Marked

improvement of cytotoxic effects induced by docetaxel on highly

metastatic and androgen-independent prostate cancer cells by
downregulating macrophage inhibitory cytokine-1. Br. J. Cancer

2013, 108, 1079-1091.

7. (a) Demain, A. L. Appl. Microbiol. Biotechnol. 1999, 52,
455-463. (b) Verpoorte, R. Drug Discovery Today 1998, 3,
232-238. (¢) Newman, D. J.; Cragg, G. M. J. Nat. Prod. 2012, 75,
311-335.

8. Tsakos, M.; Schaffert, E. S.; Clement, L. L.; Villadsen, N.
L.;Poulsen, T. B. Nat. Prod. Rep. 2015, 32, 605.

9.  (a) Habib, O. M. O.; Hassan, H. M.; Mekabaty, A. E. Am. J. Org.
Chem. 2012, 2, 45. (b) Sharma, P.; Kumar, A.; Kumarim, P.;
Singh, J.; Kaushik, M. P. Med. Chem. Res. 2012, 21, 1136. (c)
Prousis, K. C.; Tzani,A.; Avlonitis, N.; Calogeropoulou, T.; Detsi,
A. J. Het. Chem. 2013, 50, 1313.

10. Suresh Kumar, C.; Rajesh, B.M.; Gajendrasinh. B.R.; Raghu
Babu, K. ; Kameswara Rao, N.S.; Srividya, G.; Ayesha, I. G.;
Bhanuprakash Reddy, G.; Shafi, S. First total synthesis of
cyclodepsipeptides clavatustide A and B and their enantiomers.
RSC Adv., 2016, 6, 61555-61565.

11. (a) WO 2012095803 Al, Jul 19, 2012. (b) Bock, M. G.; DiPardo,
R. M.; Cochran, D.W.; Homnick, C. H.; Freidinger, R. M.
Synthesis of Quinazolino[3,2-d]-1,4-benzodiazepin-6,9(5H,7H)-
diones. Heterocycles, 1985, 23, 273-276.

V2

Supplementary Material

Supplementary data and experimental procedures
(Spectroscopic data for compounds clavatustides A and B
accnciated with thic article can he fonnd in the n}line

Click here to remove instruction text...




4 Tetrahedron
Highlights:

1. An alternative method for the esterification
of a-hydroxyesters has been developed.

2. Ring opening of benzoxazinones with a-
hydroxy esters was demonstrated

3. Synthesis of clavatustides A and B was
achieved in 4 steps with good overall yield

4. Both enantiomers or clavatustides A and B

synthesized using the newly developed
method



