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Decapeptide Derivatives Sansalvamide A Derivatives

Described are the syntheses of five decapeptides that are C-2-symmetrical derivatives of the natural product pentapeptide sansalvamide A.
Derivatives were made using a succinct convergent synthesis. These analogues share no structural homology to current cancer drugs, are
cytotoxic at levels on par with existing drugs treating cancers, and demonstrate selectivity for drug-resistant pancreatic cancer cell lines over
noncancerous cell lines. These molecules are excellent chemotherapedutic leads in the search for new anticancer agents.

Pancreatic cancer is the fifth most deadly cancer in the U.S. synthesis and biological activity of pentapeptide derivatives
Only 10% of patients are eligible for surgéand less than ~ based on the natural product sansalvamide A (San A) as
20% of pancreatic cancers respond to the drug of choice,potential therapies for pancreatic cancers has brought atten-
gemcitabin€. The 5-year survival rate for patients with tion to this new compound cladsSan A is a penta-
pancreatic cancers is less than 5%With such a low depsipeptide that exhibits antitumor activity. It was discov-
response rate to current chemotherapeutic treatments, therered by Fenical and co-workers from a marine fungus of
is an immediate need for new drugs that provide options to the genus-usarium!® San A derivatives have shown potent
pancreatic cancer patients. Recent work describing the
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cytotoxicity against pancreatfé? colon’c¢"6breast, prostate,

and melanoma cancef$glearly indicating the potential of

this compound class as a platform useful in targeting multiple o P o

cancers. R‘%N)\(N%NH
Synthesis of macrocyclic decapeptides is difficult due to o NH i o Re R)\fo

cyclizations that typically generate compounds in low yields. :

There have been a number of recent examples in the synthesis sz\:

of large macrocyclic peptides that have utilized either j‘”\( Iﬂz
o]

solution-phase, solid-phase, chemoenzymatic, or template- Fa o Yo
directed synthesisFurther, there are a significant number o o9 H\/L

of large macrocycles, ranging from 4 to 12 amino acids that \H\g)\/ R:
have been successfully used as antitumor, antibiotic, and ° B0

immunosupression agert$.In this paper, we describe a U

succinct and convergent approach of the synthesis of five -

San A-based decapeptides. One of these five compounds 0. oH Oyk
displays extraordinary potency against pancreatic cancers and j\/ Rs
has sub-nanomolar kgvalues for two pancreatic cancer cell RO NH naR“INR
lines. In addition, this compound demonstrates a 33-fold OA/NYKN o
differential selectivity for cancer cells over normal cells and R o

is 43-fold more potent against pancreatic cancer cell lines

than the current drug of choice, gemcitabine (Gem). Thus, U

this is the first of its structural class to be synthesized, and R, - Ry are alpha substituents on amino 2

this new class demonstrates extraordinary potency against 2cids residues 1 - 5 respectively O ome
drug-resistant pancreatic cancer cell lines. Indeed, it shows ! o ? ¢ NH, Z

“monomer”: macrocyclic pentapeptide San A. Further, these | a N a ore NHBoe

: OH
decapep'gdes molecules share no homology to known Q\Mecé:o o || . nrgos o /k O?OH
pancreatic cancer drugs. (e ; : /Lg‘OMe

. . - . b 2 b >— b T~ o b NHBoc
Our succinct and convergent synthesis utilizes the amino c HN

acids showr{Figure 1) and the synthetic strategy described
in Scheme 1. Our solution-phase approach, involving a single
linear pentapeptide, is amenable to insertingndp-amino
acids systematically within the di-San A derivative. This _
route was also designed to facilitate large-scale synthesis for Scheme 1. Synthesis of Decapeptides Derivatives
ext(_ans!ve biological studies. _Synthgses Qf five di—Sap A 00CH, &NHEOC 1. coupling sgent’, DIFEA G o), @ 4 B
derivatives were completed using amino acids shown (Figure H,INHZ N 2?;‘;(22( ;g%ﬁmle B Haco*(“ykm
1) via the synthetic route outlined (Scheme 1). Usint( 1 ] CH,Cl, 0.1 ’ e
benzotriazole-1-yl)-1,1,3-tetramethyluronium tetrafluorobo-  r-+erwe .
rate (TBTU) and diisopropylethylamine (DIPEA), acid-

MeQ M NHBoc bt NHBoc || 2
reater than 1000-fold more potency than its structural ollo “O)j/\ o o
g potency O J\L A Ant
b

NH,

Figure 1. Retrosynthetic approach for di-SanA.
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1. coupling agent*, DIPEA (3 equlv),Ho& NRBoc

By

protected residue 1{eb) and N-Boc protected residue 2(a CH,CL, (0.1M), ”Nl_ﬁz
MGOHN o coupling agent®,
. . DIPEA (3 equiv),
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A. B.; Salabat, M. R.; Talamonti, M. S.; Bell, R. H.; Gu, W.; Silverman, o o
R. B.; Adrian, T. E.Biochem. Biophys. Res. Comm2006,340, 1224— H«%OCHS 1. coupling agent*, DIPEA (3 equiv), R‘\HKOH
1228. NHR CH,CL, (0.1M), NR
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1. HCI in THF (0.05M), Anisole NH 4 o

. o,
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R, HN

NH R,
2.HATU (0.5 equiv), DEPBT R
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Derivatives

B. H.; Johnson, S. S.; Coscarelli, E. M.; Lee, P.XdMed. Chem2003,
46, 2057—2073.
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*TBTU (1.2 equiv) and/or HATU (0.75 equivi
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b) (Figure 1) were coupled to give the dipeptides2tBoc s

(90—95% vyield). Deprotection of the amine on residue 2

using TFA gave the free amines-2 (~quantitative yields). , s .

Coupling of this dipeptide to monomer 3¢a) gave the ‘?/‘K” “\A/K
desired tripeptides (fragment 1) in good yields (80%-95%). o, M Cy A8 e
The synthesis of fragment 2 was completed by coupling gfj: e
residue 4(a-c) to residue 5 (ab) to give the dipeptide45- I I')E
Boc (90—95% vyield). The amine was deprotected on ° 3] J\ 5oy 10
fragment 1 using TFA and the acid was deprotected in Ry \(L@
fragment 2 using lithium hydroxide. Fragments 1 and 2 were L COmpoundf
coupled using multiple coupling agerts;90yielding 31 P Q o L1
examples of linear pentapeptides (70—90% vyield). N/\'( N KK “/\( T

o . . o _NH - o oA I . o

Cyclizing large macrocycles is usually very challenging, o Kf Hi o
and typically, the yields are low. The recent discovery of o j w HNf
high-yielding condition¥" provided the final decapeptide OJ\;\L P e o~ A, w0
macrocycles in good yields. Dissolving the linear pentapep- HN\/:\N)‘\/“ ”NWN)\/"\)Q
tide in THF (0.05 M), addition of 2 equiv of anisole, and o e o e
approximately 8 drops of concentrated HCI per 0.3 mmol Gompound 2 Compound 3
of linear pentapeptide led to partially deprotected amine
within 24 h. Four drops of HCI per 0.3 mmol of peptide 0 % W o 0 KKH 0
were added. The reaction was allowed to stir at room m“(;j/\w LA N\;/KNH
temperature and then checked after 24 h by LCMS. Typi- o™ 7“‘\(" oy he °
cally, deprotection of the acid and amine were complete - A " AN
within 2 days!? Upon completion, the reaction is concen- OJW\L o o 0 Hnlo
trated in vacuo and dried on the high vac. The dried, crude, HN\/(L)"VN Y\ 1 4
free-amine free-acid linear pentapeptide was dissolved in a r oA N 3 ”)\g I
1:1 ratio of CHCN/CH,CI, (0.1 M). Addition of DIPEA (6 compound a compound s

equiv) and three coupling agents (HATU, DEPBT, and
TBTU 0.5 equiv each) to reaction gave a clear solution. Figyre 2. Structures of five decapeptide derivatives.
Reactions were usually complete ir-2 h'® Workup with
methylene chloride and ammonium chloride, concentration
in vacuo, and purification via flash chromotagraphy and _
subsequently LCMS provided the final products (yields

ranged from 30% to 90% depending on the substrate) (Figure

2). 100%

Decapeptide Derivatives

Testing the chemotherapeutic activity of these derivatives

against two pancreatic cancer cell lines, PL-45 and BxPC3, § aes

showed that compourilis extremely cytotoxic against both E 60%

pancreatic cancer cell lines (Figure 3). We have also £

determined the I¢ values for compoun& and found that '§ 40%

they are sub-nanomolar for both cancer cell lines (Figure %

4)! Further,5 is 33-fold less potent against normal skin e 20%

fibroblasts than against cancer cell lines, thus demonstrating .

differential selectivity. In addition5 displayed up to 43- 1 2 [

fold improved cytotoxicity against PL-45 than the drug of WMPLAS5uM | 33%  41%  10% | 48% | 97%
MBxPC35uM  26% 8% 0% | 40% | 99%

(9) Dipeptide and tripeptide structures were confirmed ustdNMR. . . . . .
All linear pentapeptides were confirmed using LCMS atidl NMR. Figure 3. Cytotoxicity assays of five decapaptides. Each data point
(Note: H NMR were taken for cyclized peptides, but due to their is an average of four wells from three assays atMb Error =
complexity, they were not seen as the primary confirmation for cyclized +59: DMSO was used as a contret (L00% growth).
compounds). See the Supporting Information for spectra.

(10) Unpublished results from the Guy laboratory at the Department of
Chemical Biology and Therapeutics, St Jude Children’s Research Hospital, choice, gemcitabine_ Finally, compourm demonstrates

Memphis, TN 38103, and published results from our laboratory show that . . .
the use of several coupling reagents facilitates formation of the peptide POIENCY against drug-resistant colon cancer cell lines (HCT-

bond in high yields. ' ' 116), exhibiting an Ig, of 14-fold differential selectivity for
Let(tl%ggy%s' gig';—gggnguez' R.;Pan, P.-S.;McAlpine, Sidahedron  ¢olon cancer cells over normal cells and 400-fold greater
(12) For details on the reaction conditions, see the Supporting Informa- Potency against HCT-116 than gemcitabine. This suggests

tion. . . ) that5 is acting via a mechanism of action that involves a
(13) It was straightforward to follow the reactions via LCMS as the

starting material double-deprotected linear precursor would appear-at 5.0 target cor_nm_on to drug-reS|stant cell lines from multlple
5.5 min and the cyclized product would appear between 6.1 and 7.0 min. tumorgenic tissues.
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Figure 4. ICso assay of most potent decapeptide rutdi@T-116
(colon cancer cell lines)PL-45, BXPC3, andWS-1 (WS-1 =
normal cells, skin fibroblasts). Data represents results from a

concentration curve taken from four concentrations, where each

two p-amino acids in position 5, compour® has four
D-amino acids at positions 1 and 5, and compodnidas
four p-amino acids at positions 4 and 5. Based on the fact
that compoundb is so potent (i.e., greater than 1000-fold
more cytotoxic than the other four compounds), while the
other compounds exhibit modest cytotoxicity, we believe that
5is reaching a key biological target inside the cell or on the
cell surface. Presumably, the specific conformatioB plays

a significant role in binding to this biological target, which
is why only 5 is active, while the other decapeptides
derivatives show very limited potency.

In summary, we have outlined the synthesis of five
compounds that are related to a potent class of cytotoxic
agents, sansalvamide A. One compoubddemonstrated
extraordinary potency against the drug-resistant pancreatic
cancer cell lines PL-45 and BxPC3. Future derivatives that
incorporate additionab-amino acids at positions 2 and 3
will be synthesized and tested. Their potency will be reported
in due course.
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