Total Synthesis of Cyclomarin C
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The total synthesis of cyclomarin C was accomplished through a convergent strategy from a tetrapeptide fragment and a tripeptide one. The
developed methods to prepare the needed noncoded amino acids, the proper protection of peptide fragments, and identification of the optimum
macrocylization site can be applied to further synthetic studies on other members of cyclomarins.

A large number of marine-derived cyclopeptides with diverse Diego. Both in vitro and in vivo studies revealed they are
structures have been isolated and characterized in recenpotential candidates for further drug research. Recently,
years, among which many contain novel noncoded amino several group$,including ours! have reported synthetic

acids and often present unique complex structures, as wellstudies on key amino acids existing in the cyclomarins.

as varied biological activitieslin 1999, Clardy et al.isolated

Structurally, cyclomarins show remarkable resemblance to

and characterized for the first time three new antiinflamma- each other. Cyclomarins A and C both contain three common

tory cyclic heptapeptides, cyclomarins A)(B (2), and C
(3) (Figure 1) from a sediment sample in the vicinity of San
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Figure 1. Structure of cyclomarins A, B, and C.
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amino acids (Ala, Val, andN-MeLeu), two less common
ones (-methoxyphenylalanine\-methylleucine), and one
novel noncoded amino acid (2-amino-3,5-dimethylhex-4-
enoic acid). The only difference between these two lies in
an unusual tryptophan derivative, wittt-prenyltryptophat
being in cyclomarin C, antl'-(1,1-dimethyl-2,3-expoxypro-
pyl)-B-hydroxytryptopha#f being in cyclomarin A. Herein,
we wish to report the total synthesis of cyclomarin3} §y
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a convergent macrocycle assembly strategy from a tetrapep || NN

tide fragment and a tripeptide one. Optimization of the

macrocyclization site was achieved through screening of

several different ring closure possibilities. The resultant two
key amide bonds are indicated in Figure 1.

The various components of cyclomarin C were synthesized L—an

in different fashions. Our synthesis NfFmoc 2-amino-3,5-
dimethylhex-4-enoic acid derivativ utilized an enantio-
selective [3,3]-Claisen rearrangenfe(®cheme 1)N-TFA

Scheme 1
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amino acid methyl este was immediately converted into
N-Phth derivatived in an indirect fashion through thé-Boc
derivative?. It was found that direct transformation ®fnto
9 was accompanied by partial racemization. Ozonohysis
terminal olefin9 and subsequent Wittig reactibafforded
the desired amino acid derivativé0. The amino acid
derivative4 was finally obtained in three facile steps.
The second noncoded amino acid derivatideBoc-N-
methyl 5-benzoyloxyleucinél, was synthesized with use

of chiral auxiliary strategies (Scheme 2). The first stereogenic tSOC'z

center (2) was introduced through an Evans prototol.
Following initial protection of alcohol2 as its benzoic acid
ester, cleavage of thert-butyl ester was achieved with 10%
TFA in dichloromethane. The resultant acid was then
transformed into its acid chloride, which upon treatment with
the chiral auxiliary lithium saltl4 yielded 15 (85% for 3
steps). Successive treatmentl&fwith NaHMDS, then trisyl
azide and quenching with HOA&KOAc buffer afforded
azidel6.° Reduction of azide functionality by hydrogenation
and in situN-Boc protection gavé7. Hydrolysis of the chiral
auxiliary was then done in a routine fashib(LiOH, H,0,).
N-Methylatiort! of the resultingN-Boc amino acidl8 was
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carried out through a ketalizatiemeduction sequence to
yield the desiredN-Boc O°-Bz derivative 11. An initial
attempt to obtairll from L-glutamic acid lacked stereose-
lectivity when introducing a methyl group on its C-4
position?

N-Boc-3-methoxyphenylalanine methyl est2® was pre-
pared fromL-phenylalanin®& (Scheme 3). Initially N-Phth

Scheme 3

(i) NBS, hv (125W mercury lamp),
CCly-CH,Cly, reflux.

(i) AQNO3, acetone-H,0 OMe

COR 60% in 2 steps).
Ph (60% pe) on CONHBU!
NPhth iy Ag,0, Mel (90%). L onn
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(iii) Boc,0, NaHCO3, NHBoc
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phenylalanin@1was converted into iteert-butyl amide22.
Subsequently, radical-based brominatférat the benzyl
position of22 followed by substitution with hydroxide gave
the syng-hydroxyl derivative, which wa®-methylated to
23 with AgO and Mel. Hydrazine-mediated phthaloyl
deprotection of23 followed by acid-catalyzedert-butyl
amide hydrolysis an®l-Boc protection provided the amino
acid derivative20.
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Previously, we reported the synthesis of the noncoded
amino acid derivative24* bearing O-MOM and N-Boc
protections. Unfortunately, this amino acid derivative proved
to be very sensitive to a variety of acidic conditions, which
prevented its incorporation into linear peptide precursors of
cyclomarin C. To meet requirements imposed by the current

total synthesis, the amino acid was resynthesized as its

N-FmocO?3-TBS protected varianty'-prenyl-3-hydroxytryp-
tophan derivative25 (Scheme 4). Sharpless asymmetric

Scheme 4
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N (4.5 moi%),
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2 6),  R'HN,,
CbzHN. “NoEt  EtsN (15 mol%), OR
(i) Swern oxid. Et3SiH, CH,Cl, S
87%. “OTBS  96%. OR
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58%. (iii) Fmoc-OSu,
30 NaHCO; 24 R=Me, R'=Boc,
(100% for 2 steps).  R2=MOM
25 R=H, R'=Fmoc,
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aminohydroxylatiof®!*served as a key step in the route to
25. The o,f-unsaturated estet7, prepared from a known
indole derivative26,* was treated with CbzNCINa in the
presence of KOSQ,(OH), and (DHDQYAQN to give 3-hy-
droxytryptophan derivative8in 44% isolated yield and 86%
eel* Sequential TBS hydroxyl protection and acetate hy-
drolysis afforded the alcohd®9. Swern oxidatiof? of 29,
then Wittig reactiohyielded intermediat80. Final protecting
group transformations were achieved by selecti*€bz
removal through a Pd-mediated reductiénethyl ester
hydrolysis, andN-Fmoc protection, yieldin@5.

With all noncoded amino acid derivatives in hand, several
combinations of [4-3] coupling strategies from a tetrapeptide
fragment and a tripeptide one were examined (see the
Supporting Information). The results of these studies indi-
cated that reliable macrocyclization could be achieved as
outlined in Figure 1. According to this protocol, the linear
tetrapeptide31 and the tripeptid&2 were first synthesized
respectively as shown in Scheme 5, using typical coupling
reagents (EDCT and Bop-Cl®) and Boc and Fmoc chem-
istries.
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Coupling of the above two fragments and completion of
the total synthesis of cyclomarin C were executed as shown
in Scheme 6. The allyl ester of tetrapeptigtewas cleaved

Scheme 6

cat. Pd(PPhj)s,
PhNHMe (1.5 eq),
THF, 100%.

NS
o) 32, EDCI, HOAt,

CH,Cl,, 84%.
31

(i) cat. Pd(PPhg3)y,
PhNHMe (1.5 eq), THF.

(i) 10% piperidine, CH,Cl,

(iif) TBAF (2 eq), THF.
(98% in 3 steps)

(iv) PyBOP, iPryNEt,
CH,ClI, (1.4 mM),
15-20 °C, 63%.

H H O
BzO\/'\/'\<
N

40, K,CO3, MeOH,
10 h, rt, 80%.
cyclomarin C (3)
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by Pd-catalyzed isomerizatithin quantitative yield. The  material (p]*% —19.7 € 1.0, CHC})).2 Careful peak-to-
free acid was immediately coupled with tripepti8 using peak comparison of the NMR hardcopies (see Supporting
EDCI and HOA° to afford the linear heptapeptick9 in Information) shows that the natural product (1 mg as
84% yield. Comparison with the same reaction using HOBt  reportedj contains a small amount of impurities, which might
showed that HOAt gave much higher yields. Prior to lead to this discrepancy of rotation values.
macrocyclization, three protecting groups were removed by  |n summary, the total synthesis of cyclomarin C was
Pd-catalyzed isomerization (for the-terminal allyl ester  accomplished through a convergent macrocycle assembly
group), 10% piperidine in dichloromethane (for e strategy from a tetrapeptide fragment and a tripeptide one.
terminal Fmoc group), and TBAF in THF (for f@TBS).  The methods developed to prepare the needed noncoded
It is noteworthy that deprotection of the TBS ether is amino acids, the proper protection of peptide fragments, and
necessary before macrocyclization, because use of similathe optimum macrocylization site are all outcomes of this
TBS deprotection conditions with the macrocyck®a  stydy that will be expanded to further studies on the
resulted in no reaction at room temperature and gave Veryyemaining cyclomarins. Efforts toward those natural products

complex products at higher temperatures. After examining are currently underway in our laboratory and will be reported
several macrocyclization conditions, we successfully obtained;n, que course.

O-Bz-protected cyclomarin C in 63% yield, using PyB®P
as the condensation reagent in a dilute solution (1.4 mM). Acknowledgment. This work was supported by the
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