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[Hysp2] and [Hap2]didemnin B, two new [Hip2]-modified Didemnin B

from the Tunicate Trididemnum cyanophorum
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Abstract : The structures of two new didemnins {{Hysp>ididemnin B and {Hap?]didemnin B) from the Apiousobranch
ascidian Trididemnum cyanophorum (Didemnidae) are described. Structures are determined by a combination of mass
spectrometry and one and two-dimensional high-field NMR techniques. Complete 'H and !3C NMR spectral
assignments and conformational informations are presented The cytotoxicities of the compounds towards drug-
sensitive and drug-resistant tumor cell lines are compared with those of didemnins A and B. © 1599 Elsevier Science Lid.
All rights reserved.
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INTRODUCTION

Tunicates are an increasingly popular target for study since the discovery, in 1981, of the antiviral and
antitumor didemnins ' In a previous publication,” we described the complete structure and a conformational

e

study of didemnin u ]. This compound, a cyclic depmpepuue originally characterized by K.L. Rinehart e

I . SRR o BRI T T arlasad o th i A m ] tm the ctrnhiatia
al. ° from a Caribbean tunicate Trididemnum solidum , was isolated as the major compound in the symbiolic
nnnnnnnnnn hatvrraan Ao PG PA |y A PO s midrmzrizs TV Aamamidaa)l amAd an nnicallnlar aloa
d.bbUle.llUl OEIWEEIl a UIU»CIILIIIU dd>L1llldll lllulu(’-’lnltu"l (,yu topnurusg \idciinuuac ) aiiu all ulnvouuial aiga
(Cyanophyta) Synechocystis trididemni .*

The unique pharmacological activities of didemnin B’ as anticancer, antiviral and immuno-
suppressive agent has stimulated the interest of different groups in the total synthesis Qf this natural Droduct
and several other analogues. " Recent Phase T and Phase IT clinical and thrmacol al studies indicate that

didemnin B has little or no significant antitumor activity in some of the common carcinomas and showed
significant toxic side effects such as nausea, vomiting and neuromuscular toxicity.® Despite the actually limited
clinical promise of didemnin B as anticancer agent, there is still widespread interest in didemnins. Didemnin B
has several potent biological activities apparently mediated by distinct mechanisms ; C.M. Crews et al. have
begun to dissect the mechanisms involved in the cytostatic and immunosuppressive activities of didemnin B,
observed at low concentrations.” A detailed knowledge of the structures and conformations of didemnin analogs
is needed to develop the understanding of the molecular basis of their action and the vast differences in activity
between the various members of the family.
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Didemnin B was also isolated and characteriz,
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by M. Guyot et al
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from Trididemnum cyanophorum and Trididemnum solidum. These autors based the structural elucidation
mainly on high-field NMR studies when the structural assignments of didemnins by K.L. Rinehart rested
predominantly on high resolution FAB mass spectrometry.'> Continued examination of a large Trididemnum

solidum extract by K.L. Rinehart and co-workers provided three new congeners : didemnins G, X and Y, "’

whereas [pyruvyl9]didemnin B '* was curiously discovered in a Mediterranean tunicate Aplidium albicans
(Polyclinidae). R. Sakai et al. '° described didemnins M and N, nordidemnin N, epididemnin A] and
acyclodidemnin A. Didemnin M was previously described as didemnin H by A. Boulanger et al. '® whereas
complete 'H and 13C NMR spectral assignments of [Tyr3]didemnin B (described by R. Sakai as didemnin N)

S5l §I3359% SN S anal

and [D-Pro“]didemnin B were later reported by E. Abou-Mansour et al..'” M. Searle '* and H. Kessler '° fully

determined the solution conformation of didemnins A and B by NMR spectroscopy and comn .pa.ter calculations, in
comparison with the structure of didemnins A and B in the crystal obtained by an X-ray analysis.” The solution
structure of [Me-L-Leu’]didemnin B was cempared to that of didﬁmmr B *' and an X-ray crystal analysis of the
cyclic depsipeptide backbone of the didemnins was also obtained * and compared with that of didemnin B.

Some structure-activity relationships of didemnins were _rgngnccj by Jouin and co-workers,® Kessler et al__*

and Joullié and co-workers.” More recently the Tllinois group ** reported systematic studies on the bioactivities
of 42 didemnin congeners in which the authors discussed the structural requirements of these peptides regarding

cytotoxicity, immunosuppression and antiviral activities. 1
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described and evaluated.

three [Hip?]-modified didemnins were

We now wish to report the structure el

(Figure 1) by means of

=

combination of mass spectrometry and one and two-

ac
well as complete 1H and 13C NMR spectral assignments and conformational informations. Using a drug-
sensitive human leukemic cell line (CCRF-CEM) and sublines that express drug resistance associated with either
Pgp (CEM/VLB () or altered DNA topoisomerase [I (CEM/VM-1), we also compare the growth-inhibitory
properties of these two [H1p2] modified didemnins with that of didemnin B and [H1p2-0x1me]d1dcmmn B [4] to
examine the structure-activity relationships in this region of the molecule. The aim of this work was to generate
structural information that would be useful in defining the relationship between structure, conformation and
activity
Pro?® /w Lac®
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e NG
\ z OH
| N-CHj3 |
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Figure 1 : Structures of didemnin B,
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Isolation

Collection and extraction of Trididemnum cyanophorum and initial separation of the EtpO extract were
described in the previous papers.>'*'” Further examination of the 29 silica gel chromatography (hexane, Et20,
MeOH) fractions obtained from the EtpO extract, by C8 RP HPLC (75/25 MeOH/H20 1%0 TFA) yielded in

e LA

fraction 22 two HPLC pure peaks. NMR studies indicated that peak 1 was didemnin B (shon: form : did.B)

sxsle o PR

ention time : 10.08 min) whereas peaks 2 (retention time :
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]did.B) was isolated (4 mg) from fraction 23 peak 1
11.42 min) and 3 (retention time : 12.05

yielded nordidemnin A and didemnin A. [Hysp?]did.B and [Hap2]did.B were obtained as colourless amorphous
solids and were negative to ninhydrin test suggesting a biocked N-terminus.

[Hyspz]didemnin B : structure elucidation

This new metabolite exhibited very similar spectral data ( 1H, 13C NMR and FABMS ) to didemnin B but

differed by 14 amu's due to a supplementary methylene group in the Hip residue - namely Hysp = o-(a-
hydroxysecbutylacetyl) propionyl -.

Mass spectrometry : The positive ions in FAB mass spectrum of [Hysp2]ldidemnin B gave structural

g
informations which clearly showed the close relationship between [ Hvspz]did.R and didemnin B. Nearly all of

the abundant ions could be assigned structures which resulted directly from cleavage of the peptide backbone.
Generalizations about typical fragment ions, were drawn from an investigation of spectra of didemnins A, B, C,

D, E, H, nordidemnin B, [D-Pro4]did.B and [Tyr3]did.B and applied to interpreting the spectrum of
[Hysp2]did.B. FAB mass spectral data for didemnins A, B, nordid.B, [Tyr’ldid.B, [Hysp?]did.B and
[Hap?]did.B are summarized in Table 1. Nomenclature » and mechanisms of formation * for the peptide
fragment ions observed have been already discussed. A paitern of cyclic peptides fragmentation was establish

*" that was described by the initial protonation of an amide nitrogen, scission of the N-acyl bond and aubbcquc‘:ﬁt

Owing to the increased basicity of the N-alkylated amide nitrogen, such as Pro#, Pro8, D-NMeleu’ and
N,O-diMeTyr3 in [Hysp?]did.B, protonation and cleavage of these amide bonds were a highly favoured process.
Thus protonation on the Pro4 peptide nitrogen was followed by ring cleavage to form the linear acylium ion
(Figure 2) with Pro# at the N-terminus. This acylium ion underwent a C-terminus fragmentation via a double
hydrogen rearrangement (Mc Lafferty + 1 rearrangement, characteristic decomposition of esters), leading to the
fragment ion m/z 861 (4 %), a useful structural information corresponding to the loss of Hysp—Leu. Moreover

this assignment could be verified by observing mass shifts in the fragmentation pattern of the didemnin
homologues.

The N-terminus fragmentation led to two acylium ions series ~. The first one that defined the side chain of
[Hysp2ldidemnin B, began at m/z 1126 (15 % ), and displayed successive losses of Lac? m/z 1054 (2 % ; Y'"'g
fragment), Pro® m/z 957 (5% ; Y'"7 fragment) and D-NMeLeu’ m/z 830 (2 % ; Y"¢ fragment). The
corresponding B (Lac9), B; (Lac—Pro8) and B3 (Lac®—Pro8—D-NMeLeu7) acylium series were observable

Cleavage of these bonds ¢can occur by another pathway : direct protonation of the side chain of [Hysp?ldidemnin B.
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Table 1 : Sequence Ions Observable in the FAB Mass Spectra of Didemnins : m/z (relative intensity %)

Fragment Did. A DidB | Nordid. B { [Tyr ]did.B ! [Hap2]did.B [Hysp2]did.B
(M+H)* 943 (45) 1112(10) | 1098 (12) 1084 (5) 1070 (47) 1126 (15)
(M+H)T - H20 — 1094 (1) 1080 (2) — 1052 (1) 1108 (1)
(M+Hyt - CO 915 (3) - 1070 (1) 10356 (2) 1042 (1) —
Y's — 1040 (2) 1026 (2) 10121 998 (2) 1054 (2)
Y7 — 943 (2) 926 (8) 915 (2) 901 (2) 957 (5)
Y'6 816 (3) 816 (3) 802 (2) 789 (1) 774 (2) 830 (2)
(M+H)* - (Hip—Leu) 692 (5) 861 (10) 847 (2) 833 (1) 861 (2) 861 (4)
B3 — 297 (25) 297 (6) 297 (28) 297 (28) 297 (7)
B2 — 170 (50) 170 (70) 170 (29) 170 (19) 170 (15)
Pro—N,0-diMeTyr 307 (25) 307 (5) 307 (10) 279 (6) 307 (10) 307 (2)
Acyloxy N,O-diMeTyr 210(20) 210 (6) 210 (13) 182 (6) 210 (2) 210 (3)
Acylium N,O-diMeTyr 192 (15) 192 (3) 192 (10) 168 (4) 192 (1) 192 (2)
Iminium N,O-diMeTyr 164 (55) 164 (20) 164 (55 :  136(4) 164 (6) 164 (7)
Methoxybenzyl i2130) | 12120 | 121(45) 107 (2) 121 (5) 121 (8)
Iminium Lac—Pro — L 1420/0) @ 14265 | 142(34) 423 | 142D
Acylium NMeLeu 128 (10) 128 (5) — 128 (6) — : —
Iminium NMeLeu 100 (100) | 100 (40) 100(75) §  100(36) 100 (16) 100 (22)
Acylium Leu 114 (20) 114 (5) — 4@ 114 (6) —
Iminium Leu 86 (55) 86 (45) 86 (80) 86 (29) 86 (13) 86 (18)
Acylium Pro 98 (30) — —_ 98 (6) 98 (4) i —
Iminium Pro 70 (85) 70 (100) 70 (100) 70 (100) 70 (78) L0 (100)
By — 73 (6) 73 (1) 73 (16) 73 (100) 73 (4)

In the medium mass region (from 310 to 890) no significant peak was observed. In the low mass region,
the amide bond Iabilization due to the presence of N-alkylated amino acids (resultmg in a weaKemng of both

armae bonds aajacem {0 me N- a.ucyia[ea I‘eSlClllC) was one OI me reasons IOl’ me Siro g bundance of lIILlIllLuu
109 07N moncd Jonsiooion | » MUY S, 7o s ORI, | AAT nin —on i r\n/fmgf\ Y Ds- mI».IA’) M1 0N\ and
LCU UJIL OU {10 70) auu uuuuulu rionys (v [Ud.bC pCdl&), WVICLCU IIVZ 1UU \&a 70), Lac—r VL 154 (&1 70) aila

N,O-diMeTyr m/z 164 (7 %) ions.

Qs

As the fragment ion (M+H)* - (Hysp—Leu) at m/z 861 was found at the same mass in didemnin B and in
[Hysp?]didemnin B, the Y"g ion was shifted to higher mass by 14 units. The variable residue could be either Hip
or Leu, but the presence of an iminium Leu seemed to indicate that the change had taken place on the Hip residue.

Some ambiguities remained in the Hip residue related to the position of the supplementary methylene group

TR AT

on the C2, C4, C5, or C6 Hip and this was solved by a NMR approach.
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Table 2 : NMR Assignments of [Hysp2]did.B (2) and [Hap21did.B (3) Compared With Those of Did.B (1) in C5DsN (pprm).

Didemnin B [Hysp2]didemnin B [Hap?]didemnin B
ig B3¢ g 3¢ ig 13:
isoStal NH 7.56 7.61 8.09
C4H 470 55.83 4.70 55.89 4.57 5558
CsH 2.56 34.32 2.56 3436 2.32 34.46
C6Hy 1.46/1.72 28.31 146/ 1.71 2831 1.34/1.55 27.98
C7H3 1.10 12.45 111 12.45 0.94 11.98
CH3-C5 117 14,63 1.18 14.66 1.2l 15.13
C3H 4.79 67.02 4.82 67.02 4.74 66.09
C2H"/C2HS 3.06/4.34 41.09 3.08/4.36 41.04 3.03/3.90 41.33
co 172.64 172.61 173.41
Xxx2 C4H 5.65 80.65 5.70 80.56 4.64/4.93 68.07
CSH 248 30.36 222 3729
CéHy 0.83 19.05 1.2371.44 24.79
CH3-C5 0.88 16.86 0.82 15.83
C7H3 0.76 12.15
Cc3 205.63 205.77 203.86
C2H 472 4954 478 49.59 422 50.20
CH3-C2 1.75 15.98 1.76 16.10 1.59 14.32
co 169.95 169.91 170.63
Leu3 NH 8.47 8.53 8.48
CoH 5.19 49.89 5.19 4993 5.13 4975
CBH2 1557185 42.06 1.55/1.84 42.10 1.48/1.71 42.03
CyH 1.79 25.24 1.83 2525 1.82 2542
CdH3 0.88 2372 0.86 23.81 0.78 2365
Co'H3 0.98 21.12 0.97 21.14 0.90 21.18
co 171.14 17119 17142
Pro? CoH 475 57.60 476 57.63 470 57.65
CBHy 1.65/1.82 2774 1.66/ 1.85 27.76 1.56/1.84 27.49
CyHy 1.53/1.71 24.78 147/ 1.88 24.79 1.66/1.94 25.06
CaHy 3377355 47.03 3.33/352 47.05 3.44/353 47.09
CcO 170.92 170.92 170.96
Mea Ty NCH3 264 38.57 2.62 38.58 2.64 38.65
CoH 420 65.83 423 65.86 4.16 65.89
CBHy 3.52/3.60 34.62 351/3.62 34.63 3.41/3.54 34.47
Cy 130.63 130.67 130,67
C8H 725 131.03 726 131.04 7.21 131.05
CcH 7.00 114.43 701 114.45 6.94 114.47
loid 159.07 159.08 159.09
CH3-0 3.72 55.21 373 55.22 3.68 55.29
o [V 169,34 169.36 169.40
Thré NH 834 825
CoH 5.07 58.78 507 58.77 494 58.62
CBH 581 71.03 5.82 71.03 5.69 71.22
CH3-CB 1.80 17.06 1.8 17.06 1.68 i7.08
co 169.67 169.71 170.04
DMeLeu” NCH3 324 31.33 3.35 3134 3.13 29.96
CaH 5.80 54.99 5.81 55.01 565 55.03
CfiHa 1.72/2.06 36.59 1.73/2.04 36.63 1.65/1.92 36.45
CyH 156 2494 1.48 24.98 1.45 25.06
CSH3 0.86 23.57 089 2361 0.77 23.45
CO'H3 0.97 2143 0.99 2144 0.87 21.49
CcO 17258 + 172.59 172.97
Pro® CoH 472 56.73 473 56.73 459 56.79
CBH 191/2.02 2875 1.91/2.01 2875 1.68/2.02 28.73
Cytp 1.8472.06 26.04 1.68/2.03 26.05 1.83/1.99 26.03
C8H3 367/3.80 47.36 3.66/392 4758 3.61/3.84 4755
Cco 17375 173.77 173.70
Lac? C2H 453 66.91 4.52 66.92 449 66.90
CH3-C2 1.49 20.33 1.50 20.35 1.41 2041
Cco 173.64 173.68 173.70
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NMR spectra of [Hysp<jdidemnin B were taken at 400 MHz in
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the N-methyl region (2.5 - 4 ppm) were apparent indicating the presence
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The assignment of aimost all 'H resonances (Table 2), mainly based on connectivity information
transmitted via a double quantum filtered (DQF) !H-!H COSY spectrum, was made by comparison with

didemnin B spectra. In the 1D 'H NMR spectrum, the close structural relationship between the two peptides was
clear and only two significant differences were found out : the chemical shift of the H-C4Hip and the replacement

of the doublet methyl signal at § 0.88 in didemnin B by a triplet methyl at § 0.76 in [Hysp2]did.B.
HOHAHA spectrum then allowed an unambiguous assignment of all the aliphatic side chain protons and

provided some redundant informations to increase the reliability. DQF !H-1H COSY experiments identified spin
systems corresponding to Leu, NMeLeu, Thr, N,0-diMeTyr, 2 Pro, Lactate and isoSta residues. Due to small
coupling constants, the H-Co/H-Cgleu and H-C4/H-CsisoSta correlations were not observable, these two
connectivities were established by the heteronuclear long-range correlation spectrum (HMBC). The COSY

spectrum showed an additional spin system corresponding to a sec-butyl group. Beginning with the sharp

doublet resonating at 8 5.70, we noted a coupling to one proton at & 2.22 which in turn correlated with 5 other

protons of a diast
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.

O\ ~ + - tAMmQ AN
O&). 1HT ILCULYITIR pPLUtUin LUl

finally be linked to a triplet methyl at § 0.76. HOHAHA data confirmed this connectivity network and ROESY

SN
Q v,

ﬂl
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spectrum, performed with a 250 ms mixing time, exhibited ROE enhancements for the signals at 8 5.70 and

So as suggested b FABMS the variable residue in didemnin B was the Hip unit which was replaced by a

o

]did.B. The missing correlations in the COSY spectrum, H-Cq/H- Cpleu and H-C4/H-

CsisoSta, were apparent in the HOHAHA spectrum. On the slice taken at the chemical shift of the NH Leu ¢

Hysp unit in [Hysp

8.53), cross peaks were observed, corresponding to : H-Cg (85.19), the degenerated system (strongly
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averlanned) Caand H_OO, ot 8122 _Ma' /8188 T M /SN ATY and TT_M' /SN QAY Trm tha cama way
vvuiiapy ) OLR \zp ARIE 1 \./Y a v L., 11 bp \U 1..).)), 11 k./o \U U.7I} alid 11 \.,o VU v.ovy 411 Wl Sl way,
starting at the NH isoSta resonance (8 7.61), we could follow the trace to the cross peaks at 8 4.82 (H-C3), 4.70
(H-Cy), 4.36 (H-C3), 3.08 (H-C3", 2.56 (H-Cs) and 1.18 (H-Cg). Correlations to H-Cg (& 1.44), H-Cg'
(8 1.23) and H-C7 (8 0.76) could be found starting at another point of entry : H-CsisoSta (8 2.56). The
HOHAHA cnectrnim wace alen emnlaved tn accian the onmnley cnin cuctame nf the twn Praline recidnec Tha N-
AANS A AL ML AL A Jyv\rb;\‘l&l Y AT WAOWV Vlutll\.lj Wil VW (-I.OOAEII Cliw \WwA/ILALAAN /. D pFLRL O DIALIIOD W/E O LWRAW LYYW 1 LUVLLIW L WOANBW O . A LW 4 Y
methyl protons of the MeLeu and Me,Tyr amino acids, protons without scalar coupling interactions, were
assigned with the help of analysis of through-space interactions observed in ROESY experiment (Table 3) : the
N_mathul racananca at A DAY chawrinea DNLE ~race manl writh tha IT /M AMa-Tvur /S A Y2 and tha Athar Ana
IYTILIGULLY L ILoUlidlIve at U 4L.U4 )llUWllls A INVJLL CLUDD Pcdl\ VViLLl UL ll'\/alVlClL)’J. \U “f.LJ} aliu UK uvuicli vlic
(8 3.25) with H-CoNMeLeu (8 5.81).
CH;
1
|
HC_ CH, HCS o
CH CH; ) CH CH;
Y E did. B [Hysp2]did.B | E
_CH _CH - —_—— 5 CH 3 CH t 9
£ >0 ~C \C/zl; ,-5"\0/4 \C/Q\C/‘l,
0 o] o]
Hin - - (cr-hvdroxviecovalerv) nroninnvl ven = ry_{ (v- vdrnvvearhitvl acatv) nranionvl
Hip = a-(a-hydroxyisovaleryl) propiony! Hysp = a-(a-hydrexysecbuty! acetyl) propionyl

_________ 2 0 13 ATRATY o a TooLL 1 A AL 1 g 1.1 13 ATRAD L el . 1N AATY. I
Abblgﬂ[llc[ll 01 *~YLU INIVIR Specira : in tneé proadpand-aecoupi€d *~L NIVIK SpECiruim, tdken dai 1WJ ivins i
Tt all RO anule i acmvasnae trmee armarsnt el crtgnale mvarlanmmad ¢ frxrm aze mmtin () racmmanaac

Lyl L/5, allllLot dil 0 LalbLl 1CS5ULIAIICTS WL pPpdaiciit. Uiy 2 siglaidy vvelidappou WU dlULLIAUL W ~10OULIalIit oD

(8 131.04 and 114.45) corresponding to respectively the Cg, Cg' and Cg, C¢' MezTyr and one resonance at &
24.79 representing two CHj groups. Nine carbonyl groups resonated in the range between 169 and 174 ppm ;
the last one was found at 205.77 ppm. All the six aromatic carbons of Me;Tyr were in the typical range 110-160
ppn, whereas 42 C-signals were detected in the aliphatic region. The multiplicity of each carbon resonance was

determined with the use of the usual DEPT technique. Long range correlations between N-methyl group (8 3.25)

- CygN-MeLeu (8 55.01) and N-methyl group (8 2.62) - CodiMeTyr (8 65.86) confirmed the assignment made

—h

ot these two N-methy] protons o o PFSRS PY X T nt carbonvl C-
I tIES€ TWO IN-ITICU lyl PlUlUub. LICY LOLICid

e B B s At
€d also to tne agjacent caroonyl ton

&

d 8 170.92), providing the CO Pro signals assignment, but CO/H-CyPro cross pe missing.

Sequence analysis and absolute configuration : Informations concerning the assignment of the two sets
of IH and !3C Pro signals to Pro# or Pro® were obtained by the ROESY experiment, with the cross peaks

between H-CglLac®/H-CgPro8, H-CyPro8/CH3NMeLeu’ and H-CgLeu3/H-CgPro4, H-CoPro#/CH3NMeTyrd.

Sequential assignment of [HyspZ]did.B, determined by interpretation of ROESY and HMBC data, was found to
1

.B, due to very similar mic
0 04 ppIL for COLac). In the same way, the

al shifts o
S

tereochemistry of Hysp residue
the maximum difference is 0.06

s LIV JAAGAALILIWRRL Wasiaadd S
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ppm in 'H NMR for the H-C; and 0.14 ppm in 13C NMR for the C3 between the chemical shifts of

[Hysp?1did.B and did.B. This was conforted by the results obtained by R. Sakai " where significant differences
in chemical shifts and coupling constants between didemnin A (2S, 4S Hip) and epididemnin A (25, 4R Hip)
were observed for the Thr-isoSta-Hip region - e.g., a difference of 0.60 ppm for the H-C4 and 0.34 ppm for the

H-C; the 'H NMR and 1.6 ppm for the C4 in !3C NMR between these two epimers could be calculated -.
Furthermore a detailed analysis of the ROESY spectrum showed similar Leu3NH—Hysp2C2H (strong),

Hysp?C2H-Hysp2C4H (medium) and Hysp2C4H-Hysp2C5H (strong) correlations. The small value of the
3Jcan-csH (3.5 Hz) observed for the sec-buty! side chain of Hysp suggested, as in didemnin B, a predominantly

gauche configuration for the C4H-CS5H bond but the lack of correlation between the C6H; or the C7H3 and any
other part of the molecule did not allow the stereochemistry determination of the CS chiral center. The limited
amount of this natural product prohibited further degradation to confirm the 2S, 4S stereochemistry and to

£t

determine the Cmrdmy at C5 of the Hysp residue.

[Hap2]didemnin B : structure elucidation

Preliminary spectral data examination, including FAB MS, IH and 13C NMR spectroscopy, showed that

the new metabolite was a homologue of didemnin B. The molecular weight of [Hapz]didemnjn B (3), M+H)* =
1070.6, agreed with a protonated molecular formula of Cs4Hg3N7O15 which was 42 amu's smaller due to the

loss of the isopropyl side chain in the Hip residue - namely Hap = o-(a-hydroxyacetyl) propiony! -.

H3C\ e CH3
CH CH3 CHas
4 H did. B {Hap?|did.B H
i _CH _CH - R r CH, 3 CH 1 |
i foxd \H/ \ﬁ/i‘ :)\0/4 \C/Z\C/'C,
O 0 Q 0
Hip = a-(a-hydroxyisovaleryl) propionyl Hap = a-(a-hydroxyacetyl) propionyl

Figure 4 : Structure of Hap residue.

Mass spectrometry : The mass spectrum recorded on [Hap21didemnin B showed a (M+H)* pseudomolecular

ion at m/z 1070 (Table 1). Comparison of this spectmm with those obtained for did.B and [Hysp?]did.B showed

D fge— TN 2 ' 0y
the same B2 (m/z 170), B3 (m/z 29

shifted to a lower mass by 42 amu’s in comparison to did.B, suggesting as in [Hysp2]did.B, that the variable
residue could be Hip. The presence of an acylium and iminium Leu seemed to indicate that no change has
occurred on the Leu residue.

Assignment of 1H NMR spectra : The !H NMR spectra of [HapZ]didemnin B were taken at 400 MHz in
Pyr Ds. One set of resonances was observed for each of the residues indicating that one conformation strongly
dominates in this solvent. Some minor peaks specially in the N-methyi region (2.5 - 4 ppm) were apparent
indicating the presence of another conformation in slow exchange. The proton resonances of [Hap?]did.B could
be assigned by using DQF H-!H COSY and HOHAHA by comparison with did.B spectra (Table 2). The
assignment procedures were very similar to those described for [Hysp2]did.B, so we shall concentrate on the

differences between [Hapz]did B and did.B. The 1D spectrum revealed the absences of a sharp doublet signal (5

<



5.65), of a multiplet signal (8 2.48) and of a doublet methyl signal (3 0.83 and 0.88), all assigned to the
isopropyl side chain of the Hip residue in did.B. The DQF COSY experiment identified a new spin system
corresponding to two mutually coupled one-proton doublets (& 4.64 and 4.93,J = 16 Hz). This prochiral system
was not assigned stereospecifically due to the lack of scalar and dipolar coupling. As suggested by FABMS, the

variable residue in didemnin B was the Hip unit which was replaced by a Hap unit, o-(o-hydroxyacetyl)

propionyl, in [Hap?]did.B (Figure 4). We could also observe the downfield-shift of the amide NH resonance
assigned to isoSta in did.B (8§ 8.09 vs. 7.56) and a slightly upfield-shift of the HProS-C2isoSta (8 3.90 vs. 4.34).

Assignment of 13C NMR spectra : In the broadband-decoupled !3C NMR spectrum, taken at 100 MHz in
Pyr Ds, 49 out of the 54 carbon resonances were apparent. The 5 overlapped signals were the two aromatic C-
resonances (8 131.0 and 114.4) corresponding to respectively the C3, C&' and Ce,Ce' MeTyr, one resonance at
& 66.0 repres

is) nne raganance at
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two CH (C2Lac 34.5 for CH (C5

(CBMe;Tyr) and one resonance at 8 26.0 for two CH; (CyYNMeLeu and C}'Pro“). The multiplicity of each carbon
resonance was determined with the use of the DEPT technique and assignments (Table 2) were performed by

using HMQC and HMBC experiments. The new methylene C-atom (C4Hap) was found at & 68.1.

Sequence analysis and absolute configuration : Informations concerning the assignment of the two sets

of 'H and !3C Pro signals to Pro# or Pro8 were obtained by the ROESY experiment. Sequential assignment
determined by interpretation of ROESY and HMBC data, was found to be identical to did.B.

As for [Hysp?]did.B, hydrolysis of [Hap2]did.B followed by Marfey's derivatization and HPLC analysis
assigned Leu, both Pro, Thr and N,0-diMeTyr as L, MeLeu as D and isoSta as 3S, 4R, 5S. The stereochemistry
of the Lac residue was assumed to be the same as in did.B: L-Lac, due to very similar !3C and 'H chemical shifts

of this residue in both didemnins. In the same way, the stereochemistry of Hap residue was presumed to be 2S as
Hip in did.B.

Conformational informations

B
=

ind 13C chemical-shift values, vicin

o
3
S
=
-
=
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Chemical shifts and J 1H-1H couplings comparison : Both new depsipeptides showed very similar
NMR chemical shifts to did.B for the macrocyclic part as well as for the side chains, indicating very closely
related conformations.

An indication of this homology could be seen graphically in Figure 5 where the IH and 13C main chain and
side chain resonances of [Hysp?]did.B were substracted from the equivalent ones of did.B. With the exception

of the structurally modified valine/isoleucine side chain of Hip/Hysp residue, all the 'H and 13C resonances had
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Ad is calculated by substracting the chemical shift of IH and 13C resonances of did. B from that of [Hyspz]did. B.

The vicinal coupling constant 3J(NHCH) is related to the dihedral angle between NH and CHa by a
Karplus-type relationship.”® For [Hysp2]did.B the 3J(NHCH) together with 3J(C2Hr-C3H)isoSta, 3J(C3H-

C4H)isoSta and 3J(CHa-CH)Thr, useful for the backbone conformation, were extracted either directly from

the 1D 400 MHz spectrum or from a 2D-J resolved experiment. All the values were similar to the corresponding
ones for did.B (Table 3).

Excent for the structurally modifie in/Han recidue same minor but cionificant differences in | (2 protons
yl' AN/ AN Jbl“b‘ulu‘l] LAAVNGAL AN .‘LJ.HI L‘.uy AVWILIVUW, OWVILLW LIMLIVE UL Jlélull\dwl\- NAAAAWVANV LAY T LAR A \ &~ rlA.UI-VAAU
P TRV UL T S o S SNSRI o W SRR S B B Vo IS B I S . A | Al o L NE e 1 & mema Y NTAATDY
SHIICA 1N the range 1rom v.5 o V.o ppm) ang *~- (5 €aroons sniited in ne range 1roi v.o 10 1.0 ppiii) iNIYLIN

Table 3 : 3J (H,H) Coupling Constants of Did. B, [Hysp2]did. B and [Hap?]did. B

did. B [Hysp2ldid. B | [Hap2?]did. B
3J(NH-C4H)isoSta! 9 9.5 il
3J(C2H -C3H)isoStal 0 0 0
3J(C3H-C4H)isoSta! 10 ' 10 -
3J(NH-CaH)Leu3 9 10 9.5
3J(NH-CaH)Thr6 6 5 5.5
3)(CoaH-CBH)Thrb 1.5 2 2

resonances occurred between the two peptides. The largest changes occurred mainly fo
(NH, A3-0.53 ; C3, A3093 ; C2HS, A§0.44 ; CO, AS-0.77) which was

\4Ndk, L2 | [A LR N 8 |

the isostatine residue
with

or
implicated h Hap in the non

A1 31/
peptidic backbone part of the macrocycle. In this residue, we could also note a larger value for the vicinal ~J{(NH-

C4H) coupling constant (11 Hz in [3] vs. 9 Hz in [1]), reflecting a reinforced trans configuration for the

NH—C4H isoSta bond. Another significant and unexplained change, in the linear chain residue D-NMeLeu?,



B. Banaigs et al. / Tetrahedron 55 (19%%) $559-9574 9569

(NCH3, A8 1.37) was also found.

ppm

1.0

O 14 (did.B - [Hap21did.B)
] W 13¢ (§id.B - [Hap2]did.B)
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isoSta! — Hip2—-— Leu3 —. Pro% . N,O-diMeTyr5 ... Thr® . NMeLeu? — .. Pro8 ___ Lac?
Figure 6 : Chemical shift changes, A8, for [Hap?]didemnin B relative to didemnin B.
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AS is calculated py substracung the chemical sit ol *H and *-C resonances in did. B rom (hat in [Rap~idid. b.
Temperature dependence of NH chemical-shift values :
The macrocycle conformation of didemnin B is stabilized by three intramolecular NH---O hydrogen bonds
'81% . the transannular hydrogen bond between the isostatine amide group and the leucine carbonyl group
stahilizing the rine structure. the H-hond linkine the T en3 amide aroun to the Mel en? carbonvl eroun foldine the
stabilizing the ring structure, the H-bond linking the Leu” amide group to the MeLeu’ carbonyl group foldin g the
Timaries smmimatsr bmals 0 #ban oo o o o eb o Y o d Do T I b QT b ool P .S T NSRS Sy LY
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chain between the Thr® amide group and the Lac? carbonyl group.

Indications of the solvent accessibility of the NH protons were obtained from the temperature dependence of
their resonances over the range of 294-334 K at 5 K intervals in (D,)DMSO. In CsDsN the effects led to the same
conclusions but were less clear because aromatic solvent-induced shifts (ASIS) might cause additional effects. C-
chemical-shift parameters and nOe gave evidences that the conformations of [Hysp2]did.B and [Hap?]did.B in
CsDsN and the major conformer in DMSO were similar. As for did.B, [Hysp?]did.B and [Hap?]did.B were not
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4. As for did.B [1], the temperature coefficients in [2] and [3] suggest a strong hydrogen bond to the Leu3NH
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of 1, Given as -Ad/AT {ppb/K].

isoSta! Leu3 Thr®
-AS/AT for 1 0.5 1.8 4.3
-AS/AT for 2 0.6 2.1 4.3
-A3/AT for 3 2.0 1.9 4.2
In commnarison with did. B [11. both densinentides 21 and 31 showed verv similar NMR data for the
in comparison with cdig .k [1], DOIh depsipepudes (Z] and (2] showed very smmuar Nk qata
macr DC_,VClLC and linear parts of the mgleeule 90 as e pected; no backbv_lv confo rmational ehang s were detectec

and temperature dependence of NH (Table 4). ThlS smulant_y 18 not very surpnsmg con51der1ng that both peptides
differ only by one methyl group. Only slight differences were observed between [3] and [1]. The temperature

gradient of the isoStal NH chemical shift in (3] (2.0 ppb/K) was not as small as the one for didemnin B (0.5
ppb/K), indicating the presence of a less stronger hydrogen bond isoStalNH---OCLeu? and a less nghter

5 b T o T P I T . L [ o
NnacruCycic ll [2]- lIllb UUbCIVdUUIl wads supponca Dy LIC COrTespondl
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NH (A8 -0.53) and Leu3 CO (A3 -0.28). In addition, the minor but significant changes occurring mainiy within

the isostatine residue confirmed a slightly modified conformation in this part of the macrocycle. Nevertheless it
seems that the loss of the valine side chain in the Xaa? residue between did. B and [Hap?]did. B does not affect
the structural rigidity of the non-peptidic part (isoSta‘-HapZ) of the macrocyclic ring. The 3J(NH-CH4)isoStal

nd 3J(C2Hr-C3H)isoSta! cou
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single dominant conformation with a trans conﬁgurution for NH C4
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homogeneity in this part of the macrocycle.

So as in did.B, where Searle er al.'® observed correlation times in the range 2.1-1.6'10-

backbone carbons of the depsipeptide ring, the [Hap?]did.B depsipeptide ring seems to be rigidly constrained.
The limited amount of this natural product has prohibited the recording of T} relaxation time measurements of

13C resonances as a probe of molecular flexibility.
Cytotoxicity

We screened [Hysp2?]didemnin B and [Hap?]didemnin B against drug-sensitive and multidrug-resistant cell
lines. In order to compare our result with those of others, the cytotoxicities of the two lead compounds didemnin

A and B were determined on the same system together with another [Hip] modified did.B : [Hip2-oxime]did.B
[4]. This latter compound, previously described by Sakai er al.,24 was obtained by treatment of [1] with
hydroxylamine.

The cytotoxicity of the different didemnins was evaluated for the parent drug-sensitive CCRF-CEM human
leukemic lymphoblasts and sublines that express drug resistance associated with either overexpression of the

plasma membrane protein P-glycoprotein (Pgp) for CEM/VLB oo cells (MDR phenotype) ' or altered DNA
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topoisomerase II for the CEM/VM-i cells (usuaily referred to as atypical MDR celis).”> The ICsq values for
adriamycin were determined in these cell lines to provide a standard with which didemnins could be compared.

(Ienwth_inhihitary affant Af didamasinge arn gcancitiva hiarmeann tnmaane sall Hmag

UTOWui=innigitory €iiedt o1 GiGemiins On sensivive inunmain sWumor Ccu iines ¢
The didemning cane nee-denandent decreacee in cell nrolifaration. The ICzn valneg (Tabhle 5) noed
110 UICTLHILGLS Laustl GQUSL-UCPURIULILL UCLILASTS UL LOL PIULLCIAUUNI. 1 U0 1L 5() Vaiuts \aavwe J) iaaglu
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from 18 nM to 184 nM making about a 10-fold difference. [Hysp2]did.B had an ICsg value of 21nM, similar to
that of did.B (18nM), and [Hap?]did.B an ICsp value of 184 nM. The substitution of the valine side chain on
C4Hip in did.B by an isoleucine side chain in [Hysp2]did.B induced only a minor change in the cytotoxicity

whereas the loss of the side chain in [Hap?]did.B resulted in a less toxic compound.

Growth-inhibitory effect of didemnins on multidrug-resistant cell lines :

Thi f emnins to inhibit the growth of the two resistant cell lines were summarized in Table 5

O Injubit the growth Of the two resistant cell lines were summarized i 1able S
Tha racigtanca fantare for CENMMAUN_1 and OBAMM/VUT R 1An ~ralle ta agnh Af tha camnniinde (ealenlatad ag T 2~ for
4 LIC IUDIDLALILL 1ALVLULD 101 LAV VAVEAT L aliud LLWVY VLD | LUOLID WU Cdull UL Ui qulLJUuuua ivdadvulaicu ad 1-G() 1wl

drug-resistant cells/ICsp for parental cells) were also indicated. The didemnins caused dose-dependent inhibition
of the proliferation of both cell lines. They were almost as toxic to the CEM/VM-1 cells selected for resistance to
teniposide as they were to the parent CEM cells. Didemnins were apparently a substrate for Pgp since the
CEM/VLB |00 cells, selected for resistance to vinblastine, expressed cross-resistance to the didemnins with a

e Hip residue maked didemnins a better

CCRF-CEM | CEM/VLB100! Resistance! CEM/VM-1 | Resistance
ICsomM¥ | IC50(0M)% | factor? | IC50(aM) © facior”

Adriamycin 56+ 16 3710 £ 1300 65 554 + 142 10
Didemnin A 115+ 37 6540 + 320 57 65+8 <l
Didemnin B 18%+5 101 + 18 5.6 125 <l
[Hyspz]didemnin B 21+8 274 + 18 13 n.t ¢
[Hap?|didemnin B 184+ 14 4150 + 130 22.5 310+ 14 1.7
[Hip7 -oxime]didemain B 52x9 4000 £ 60 77 40+ 8 <l

2 5(% inhibitory concentration in a 48h growth inhibition assay = SD. Values shown are means of 3 separate experiments

b Resistance factors calculated as IC 50 for drug-resistant cells / IC 50 for drug-sensitive cells

General Instrumentation : Nuclear magnetic resonance (NMR) spectra were recorded on a Jeol EX 400
<pccuou eter. IR and UV qpectm were recorded r snecnvelv ona Perkm—Elmer 1600 FTIR spectrometer and a

(Fisons, VG a.nalyueal, Manchester, UK). The Cesium gun worked at 30 kV, the ion source voltage being 8 kV.
Samples were dissolved in a few microliters of 20 % aqueous acetic acid and 1 microliter was mixed on the target
with 1 microliter of a 1:1 glycerol thioglycerol mixture acidified by 1 microliter of 1 % trichloroacetic acid in
water. High performance liquid chromatography (HPLC) was performed with Jasco 880-PU pumps, 7125
Rheodyne injectors and either a Merck (LMC systeme) differential refractometer detector or a Waters 996



photodiode array detector.

Isolation of [HyspZldidemnine B [2] and [Hap2]didemnine B [3] : A sample (= 5 kg) of
Trididemnum cyanophorum collected by scuba at a depth of -10 to -40 m off the coast of Guadeloupe in 1988
was stored in EtOH until workup. The extract obtained by repetitive steeping in CHCI3/EtOH was separated by
solvent partition, flash chromatography and silica gel column chromatography. Pure [Hyspz]did.B (7 mg) was
obtained from a medium polar fraction together with did.B (120 mg) by repetitive reverse phase HPLC (RP C-8

column, 250 x 10 mm, 5 um particule size, flow rate 2 ml/min., UV detection at 280 nm) using MeOH-H20-

TFA (RODO0-N 1Y THan 21{1 A R (25 mal wae aohtained fram a3 more nalar fractinn taogathar wit did A (5§87 mao)
i O\ VUV .Lv.ava1y Lr luj:l JU LR R 11151 oS vulaling 1iulir a uaiuiv PUJ.CI.L i1Lasvuivil L\Jb\dlll\rl VY IRLL MUY (W gy
and [Tyr?]did.B (5 mg) using MeOH-H2O-TFA (75:25:0.1).
-Tm s . vss A se < . : L TR A AFRTYCD 3 N 1-- 12~ N .
NMR measurement conditions : All spectra were obtained witha NM-4U01HS dual *H, *-C probe 1n

a JEOL EX400 operating at 400 MHz for proton and 100.53 MHz for carbon-13 at 298 K. 1H and 13C NMR
chemical shifts are referenced to solvent peaks : 8H 7.19 (residual CSHD4N), 8¢ 123.5 for C5D5N and 84 2.49

(residual DMSO-D5H) 8¢ 39.5 for DMSO-Dg. [Hysp21did.B (7 mg) and [Hap2]did.B (3.5 mg) were dissolved
-7 / N~ AV L 7 r d \ o/ L § ol 4 \ =7

inas mmtube in 0.75 ml of CsDsN or DMSO-Dg. The temperature dependence of the amide proton resonances
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1024-2048 pomts in t2 with 64-128 acquisitions for 256 experiments in t]. Data sets were zero-filled to 512

points in t} prior to Fourier transformation to obtain a frequency domain matrix of 512 x 1024-2048 real data
points. unnrgd ine bell apodization functions were used. The HOH AHA spectra were recorded with a mixing
time of 100 ms. ROESY spectra were measured with mixing times of 150, 250 and 350 ms. Heteronuclear

correlated experiments were performed in !H-detected mode using the standard pulse programs HMQC and
HMBC with a spectral width of ca. 20000 Hz in F1 and 4000 Hz in F2. The time domain matrix consisted of 256

points in t] and 2048 points in t2 with 128 acquisitions for 256 experiments in t|. Data sets were zero-filled to
512 points in t] prior to Fourier transformation to obtain a frequency domain matrix of 512 x 2048 real data

points. The evolution delay was set to optimize 140 Hz couplings for HMQC and 8 Hz couplings for HMBC.
Squared sine bell apodization functions were used. The J-resolved spectra were recorded using a standard pulse
sequence to obtain a 4096 x 256 matrix in t, and t], respectively, with a spectral width of 50 Hz in the t]

dimension.

[Hysp2]didemnin B [2] : White amorphous solid; IR (CHCI3) 3670, 3600, 2975, 2935, 2884, 1730,

-/rr 1 ne 1 TTY7 /R A _MNTIT\ A AN f4 10NN NYVIE [ "INTNAN, TMADNAG - o~ TAAD Adnta ara chasym

1633, 16Ud cm™* V (MIEUI1) Amax <4/ (E 130UU), £/0 (E /ULU), CADIVID IIVZ dilld INIVIR Udia alt suuwii
respectively in Tables 1 and 2.

[Hap‘]dldemnln B [3] : White amorphous solid; IR (CHCI3) 3690, 3327, 3016, 2929, 1734, 1634,

1630, 1601, 1377 cm™L; UV (MeOH) Amax 228 (e 5250), 278 (¢ 1888), 284 (¢ 1888); FABMS m/z and NMR
data are shown respectively in Tables 1 and 2.
Hydrolysis of didemnins : [Hysp2]ldid.B or [Hap2]did.B (0.2 mg) in 0.5 ml 6N HCI was heated at

i o

110° for 16 h in a sealed vial. The cooled reaction mixture was evaporated to dryness, and traces of HCl were
removed from the residual hydrolysate by repeated evaporation from H20.

Amino acid analysis : For the FDAA (Marfey's reagent = 1-fluoro-2,4-dinitrophenyl-5-L-alanine
amide) derivatization procedure, the precedently obtained crude hydrolysate or a small amount of standard free

amino acid, in 50 pl of H2O/acetone was mixed with 100 pl of a 1% solution of FDAA (purchased from Sigma)



in acetone. 1.0 M sodium bicarbonate solution (20 pl) was added to this ‘mixture and the resulting solution was
heated at 40°C for one hour and then allowed to cool. After addition of 10 pl of 2 M HCI, the resulting solution
was evaporated, dissolved in 0.5 ml of DMSO and then analyzed by HPLC. The HPLC analysis used the
following conditions : solvent A, 0.05 M Et3N in water, H3POg4, pH 3 + 5 % acetonitrile; solvent B, acetonitrile;
gradient with flow rate of A + B at | ml/min., 80/20 to 60/40 in 10 min. and from 60/40 to 20/80 in 30 min.;

column, Interchim Spherisorb OD2 51, 250 mm x 4 mm; UV detector at 340 nm. The peaks were identified by
co-injection with a DL-mixture of standard amino acids. Retention times (min) are given in parentheses : L-Thr
(6.09), L-Pro (11.29), (3S, 4R, 5S)Ist (25.41), L-Leu (26.69), D-NMeLeu (32.59), L-N,0-diMeTyr (34.71).
Cytotoxic evaluation : The acute lymphoblastic leukemia CCRF-CEM, the subline CEM-VLB100
selected for resistance to vinblastine and the subline CEM/VM-1 selected for resistance to teniposide (VM-26),
were obtained from Dr. W.T. Beck, St. Jude Children's Research Hospital, Memphis, Tennessee, USA. All cell
lines were grown in plastic tissue culture flasks using RPMI 1640 medium supplemented with 10% foetal calf

serum (v:v) and antibiotics (penicillin 1,000U/ml; streptomycin 100 pg/ml) in an humidified atmosphere of 5%
carbon dioxide in air at 37°C. Serial dilutions of didemnins were prepared in the culture medium. The drug at the
appropriate concentration was added to cell cultures (2 103 cells/ml) for two days without renewal of the medium.
Cells were then enumerated using a Coulter counter model ZME. Assays were carried out in triplicate and the
results averaged. The concentration of drugs required to inhibit growth of cells by 50% (IC50) in 48h was
determined for each cell line. Cross-resistance was calculated by dividing the IC5(0 of a drug in the resistant cell
line by that in the parent cells.
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