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Abstract—The first total synthesis of lyngbyabellin A, a novel peptolide from the marine cyanobacterium Lyngbya majuscula, is
described. Both functionalized thiazole carboxylic acid units were synthesized using our CMD (chemical manganese dioxide)
oxidation from the corresponding thiazolidines. The asymmetric synthesis of the dichlorinated B-hydroxy acid was achieved by the
chiral oxazaborolidinone mediated aldol reaction. Finally, fragment condensation followed by the macrolactamization provided
lyngbyabellin A. © 2001 Elsevier Science Ltd. All rights reserved.

Lyngbyabellin A (1) was isolated from the marine
cyanobacterium Lyngbya majuscula collected at Apra
Harbor, Guam.!? It has exhibited attractive cytotoxic
properties against the human cancer cell lines and
shown to be a potent disrupter of the cellular microfila-
ment network. This novel peptolide is structurally
related to dolabellin (2), another compound originally
isolated from the sea hare Dolabella auricularia (Fig.
1).* While both compounds consist of two functional-
ized thiazole carboxylic acid units and a dichlorinated
B-hydroxy acid, the structural modifications including
the presence of two amino acid units (glycine and
isoleucine), hydroxylation of C-27, and its cyclic nature
make 1 interesting and distinctive. Our interest in the
total synthesis of the thiazole-based marine natural
products* led us to investigate the synthesis of lyngbya-
bellin A (1). In this letter, we wish to report the first
total synthesis of lyngbyabellin A (1).

In our convergent strategy, lyngbyabellin A (1) is sepa-
rated into the two thiazole fragments (3 and 4), the
dichlorinated B-hydroxy acid 5, and Boc-glycine (6).
Subsequent segment condensation of these fragments
and macrolactamization gives the desired macrocycle
(Scheme 1).

For the preparation of the thiazole amino acid frag-
ment 3, we applied our CMD (chemical manganese
dioxide) oxidation for the conversion of thiazolidine to
thiazole (Scheme 2).4+° The coupling of (S)-Boc-
isoleucine (7) with N,0-dimethylhydroxyl amine using
diethyl phosphorocyanidate (DEPC, (EtO),P(O)CN)*

* Corresponding author. Fax: +81-52-834-9309; e-mail: yokokawa@
phar.nagoya-cu.ac.jp

afforded the amide 8 in 81% vyield. Reduction of the
amide 8 with lithium aluminum hydride’ followed by
condensation of the resulting aldehyde with the cysteine
methyl ester gave the thiazolidine 9 in 69% yield. Subse-
quent CMD oxidation of the thiazolidine 9 provided
the thiazole fragment 3 in 58% yield without epimeriza-
tion at the a-chiral center of the thiazole ring.

Next, we attempted the synthesis of the o,pB-dihydroxy
thiazole fragment 4 according to the same CMD
methodology. Condensation of 3,3-dimethylacrolein
(10) with the cysteine methyl ester gave the correspond-
ing thiazolidine, which was directly used for the CMD
oxidation to afford the desired thiazole 11 in 7% yield.
Although we were unable to improve the yield of the
oxidation due to the instability of the thiazolidine, the
thiazole 11 was obtained in only two steps from the
commercially available aldehyde 10. Alternatively, we
synthesized the thiazole 11 via the thiazoline 15 from
the cysteine N-amide 14. The fully protected cysteine
N-amide 14 was prepared from (R)-Fmoc-S-trityl cys-

HO [27
Lyngbyabellm A1)

Dollabellin (2)

Figure 1. Structures of lyngbyabellin A and dollabelin.
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Scheme 1. Retrosynthetic analysis of lyngbyabellin A.
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Scheme 2. Synthesis of Boc-Ile-Thz-OMe (3).

teine (12) through (1) methyl esterification using
TMSCHN,,® (2) deprotection of the Fmoc group, and
(3) coupling with 3-methylcrotonic acid (13) using
DEPC in 65% vyield. The titanium (IV)-mediated
tandem deprotection—dehydrocyclization of 14° pro-
duced the thiazoline 15 in 88% yield, which was dehy-
drogenated with 1,8-diazabicyclo[5.4.0]-7-undecene
(DBU)/BrCCl;'° to give the thiazole 11 in 81% yield.
Replacement of the methyl ester function with the
trimethylsilyl ethyl (TMSe) one quantitatively afforded

) HCI-HoN-Cys-OMe

Et3N CeHs
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2) CMD, py, 55 °C
7 %

2) Et,NH, CHaCN

16 in two steps. Asymmetric dihydroxylation!! of the
thiazole 16 with Sharpless” AD-mix-} in the presence of
methanesulfonamide gave the required o,B-dihydroxy
thiazole fragment 4 with 91% enantiomeric excess (ee)!?
in 90% yield (Scheme 3).

The stereoselective synthesis of the dichlorinated -
hydroxy acid fragment was achieved by the enantiose-
lective aldol reaction developed by Kiyooka."* The
aldol reaction of the aldehyde 17° with commercially
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Scheme 3. Synthesis of the o,p-dihydroxy thiazole 4.

}YL/XCOQTMSe



F. Yokokawa et al. / Tetrahedron Letters 42 (2001) 4171-4174

available methyl trimethylsilyl ketene acetal (18) using a
stoichiometric amount of the chiral oxazaborolidinone
19 derived from (R)-valine in THF proceeded to give
the (S)-B-hydroxy ester 20 with 97% ee in 58% yield.'
The absolute configuration of 20 was ascertained by
transformation into the corresponding (S)- and (R)-
MTPA esters 21, and comparison of the 'H NMR
spectra as shown in Fig. 2.!° Finally, replacement of the
methyl ester with the allyl ester provided the desired
B-hydroxy acid fragment 5 in 94% yield (Scheme 4).

Ci_ Cl

-0.0224
+0.0031
CO,Me

-0.0006
MTPAO
+0.0214 +0.0092

Figure 2. Ad (6S—JR) values (ppm) obtained from 'H NMR
spectral data in CDCl,.

,

4173

The segment condensation was initiated by deprotec-
tion of the Boc group in 3 with hydrogen chloride
followed by coupling with Boc-glycine (6) using DEPC
to give the dipeptide 21 in 65% yield. Ester saponifica-
tion of 21 followed by condensation with the B-hydroxy
acid fragment 5 using dicyclohexyl carbodiimide (DCC)
in the presence of N,N-(dimethylamino)pyridine
(DMAP) produced the depsipeptide 22 in 90% yield.
After cleavage of the allyl ester in 22 with Pd(Ph;P), in
the presence of morpholine, coupling of the resulting
carboxylic acid with the o,B-dihydroxy thiazole frag-
ment 4 required considerable optimization of the yields
and was accomplished under Keck conditions'® to pro-
duce the linear precursor 23 in 64% yield. Finally, after
removal of the TMSe group at the C-terminus of 23 by
tetra n-butylammonium fluoride (TBAF) and then
deprotection of the Boc group at the N-terminus with
p-toluenesulfonic acid (TsOH), the macrolactamization
was efficiently achieved using diphenyl phosphorazidate
(DPPA, (PhO),P(O)N;)!7!8 in the presence of sodium
hydrogen carbonate to provide lyngbyabellin A (1) in
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Scheme 4. Synthesis of the dichlorinated B-hydroxy acid 5.
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Scheme 5. Total synthesis of lyngbyabellin A (1).
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58% yield. The 'H and '*C NMR spectra as well as the
specific rotation of our synthetic lyngbyabellin A (1)
were completely identical with those published for the
natural product (Scheme 5).

In summary, we have developed an efficient and con-
vergent strategy for the total synthesis of the struc-
turally and biologically attractive lyngbyabellin A (1).
Application of this strategy to the synthesis of lyngbya-
bellin B? is currently underway in our laboratory.

Acknowledgements

This work was financially supported in part by a Grant-
in-Aid for Research at Nagoya City University (to
F.Y.), the Uehara Memorial Foundation (to F.Y.), and
Grants-in-Aid from the Ministry of Education, Science,
Sports and Culture, Japan.

References

1. Luesch, H.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J;
Mooberry, S. L. J. Nat. Prod. 2000, 63, 611-615.

2. An analogue of 1 was recently isolated and named lyng-
byabellin B, see: (a) Luesch, H.; Yoshida, W. Y.; Moore,
R. E.; Paul, V. J. J. Nat. Prod. 2000, 63, 1437-1439; (b)
Milligan, K.; Marquez, B. L.; Williamson, R. T.; Ger-
wick, W. H. J. Nat. Prod. 2000, 63, 1440-1443.

3. Sone, H.; Kondo, T.; Kiryu, M.; Ishiwata, H.; Ojika, M.;
Yamada, K. J. Org. Chem. 1995, 60, 4774-4781.

4. (a) Sugiyama, H.; Yokokawa, F.; Shioiri, T. Org. Lett.
2000, 2, 2149-2152; (b) Fujiwara, H.; Tojiki, K.;
Yokokawa, F.; Shioiri, T. Pept. Sci. 1999 2000, 9-12; (c)
Yokokawa, F.; Sameshima, H.; Shioiri, T. Pept. Sci. 2000
2001, 55-58; (d) Yokokawa, F.; Sameshima, H.; Shioiri,
T. Synlett, in press.

5. (a) Hamada, Y.; Shibata, M.; Sugiura, T.; Kato, S;
Shioiri, T. J. Org. Chem. 1987, 52, 1252-1255; (b)
Aoyama, T.; Sonoda, N.; Yamauchi, M.; Toriyama, K.;

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Anzai, A.; Ando, A.; Shioiri, T. Synlett 1998, 35-36.
Takuma, S.; Hamada, Y.; Shioiri, T. Chem. Pharm. Bull.
1982, 30, 3147-3153 and references cited therein.
Fehrentz, J.-A.; Castro, B. Synthesis 1983, 676-678.

(a) Hashimoto, N.; Aoyama, T.; Shioiri, T. Chem.
Pharm. Bull. 1981, 29, 1475-1478; (b) Shioiri, T.;
Aoyama, T. In Encyclopedia of Reagents for Organic
Synthesis; Paquette, L. A., Ed.; John Wiley & Sons:
Chichester, 1985; Vol. 7, p. 5248.

. Raman, P.; Razavi, H.; Kelly, J. W. Org. Lett. 2000, 2,

3289-3292.

Williams, D. R.; Lowder, P. D.; Gu, Y.-G.; Brooks, D.
A. Tetrahedron Lett. 1997, 38, 331-334.

Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B.
Chem. Rev. 1994, 94, 2483-2547.

The ee was determined by chiral HPLC on a ChiralPak
AS column (hexane:isopropanol=>50:1; flow rate=1.0
mL/min).

(a) Kiyooka, S.-I.; Kaneko, Y.; Komura, M.; Matsuo,
H.; Nakano, M. J. Org. Chem. 1991, 56, 2276-2278; (b)
Kiyooka, S.-1. J. Synth. Org. Chem. Jpn. 1997, 55, 313—
324. See also: (¢) Yokokawa, F.; Izumi, K.; Omata, J.;
Shioiri, T. Tetrahedron 2000, 56, 3027-3034.

The ee was determined by 'H NMR analysis in the
presence of the chiral shift reagent Eu(hfc),.

Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, H. J.
Am. Chem. Soc. 1991, 113, 4092-4096.

Boden, E. P.; Keck, G. E. J. Org. Chem. 1985, 50,
2394-2395.

Shioiri, T.; Ninomiya, K.; Yamada, S. J. Am. Chem. Soc.
1972, 94, 6203-6205.

In place of DPPA and NaHCO;, FDPP! and i-Pr,NEt
also produced the macrocycle 1, but its yield was lower
(25%).

(a) Chen, S.; Xu, J. Tetrahedron Lett. 1991, 32, 6711-
6714; (b) Dudash, Jr., J.; Jiang, J.; Mayer, S. C.; Joullie,
M. M. Synth. Commun. 1993, 23, 349-356; (c) Deng, J.;
Hamada, Y.; Shioiri, T.; Matsunaga, S.; Fusetani, N.
Angew. Chem., Int. Ed. Engl. 1994, 33, 1729-1731; (d)
Deng, J.; Hamada, Y.; Shioiri, T. Synthesis 1998, 627—
638.



