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Abstract: Kahalalide F (1) is a depsipeptide of 14 residues, five of which form a 19-membered 1ing. It was
isolated from a marine moilusk, Elysia rufescens, and is currently in preciinical trials against lung and colon
cancers. It was known from conventional amino acid analysis that five valine and two threonine residues
represented D- and L- ecnantiomers, but their position in the molecule was not known. After extensive
hydrolytic trials, a combination of acid hydrolysis and hydrazinolysis succeeded in definitive stereochemical
assignment. © 1999 Elsevier Science Ltd. All rights reserved.
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The kahalalides are cyclic or acyclic d c:pb pcpt ides isolated from a manne mollusk Elysia
™

=.

Kahalaiide F (1) is the largest with one fatty and thirteen amino acid residues. It is the oniy member of the
group with significant bioactivity.* It is currently in preclinical evaluation for its selective activity against
human lung and colon cancers. Determination of the absolute configuration of all amino acid residues, which is
the subject of this report, proved to be challenging. Conventional amino acid analysis combined with spectral
data had revealed that the five valine and two threonine residues represented both D- and L- enantiomers. In
order to assign correct chirality to each of the seven residues extensive hydrolytic reactions had to be

performed.

delineate the optimal hydrolysis parameters, we subjected kahalalide F(1) to a broad spectrum of

~d oAb -

xperimental variants. In the first set-up, 2 mg samples of 1 were treated in sealed vials at 70°C with

m

rifluoroacetic acid at four concentrations, 3-6N, for periods of 0.5 to 18 hours representing seven sets of
conditions. All 28 samples were analyzed by HPLC and peaks were scannned by '"HNMR allowing fractions to
be recombined as appropriatc. These trials yielded, in addition to unreacted 1, its acyclic analog kahalalide G,?
a single identifiable fragment A, the amide of S-methylhexanoic acid and valine. NMR data are summarized in
Table 1.
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Table 1. 13C, IH Data and COSY for A
aminoacid # 1°C& 3CP 1Y muit? J(Hz)? COSY?
SMeHex 1 nondetected 173.9
2 369 36.9 225 m H:3
3 249 23.5 164 m H: 2,4
4 396 384 121 m H:3,5,6,7
5 29.0 27.8 155 m H:4,6,7
6 229 2.5 088 d 6.6 H:4,5,7
7 229 22.5 088 d 6.6 H:4,56
SMeHex 1 nondetected 174.1
(second 2 34.6 34.4 228 m 99,18 H:3A.3B
conformn) 3a 33.7 32.1 1.46 m H:2,3R,
3B .70 m H:2,3A,5B
4A 303 29.1 1.L18 m H:3,5,6,7
4B 135 m H:4a,5
5 354 34.1 139 m H:4a,6,7
6 116 11.2 087 d 6.6 H:44,5,7
7 192 18.8 0.8 d 6.6 H:44,5,6
Vals 8 nondetected 174.6
S 590 57.0 457 ddd 2.0,50,85 H:Ni, 10
10 31.6 30.7 225 m H: 11,12
11 184 17.7 09 d 6.8 H: 10, 12
12 19.6 19.0 0.99 dd 6.8,0.7 H: 10, 11
N1 594 d 7.9 H:9

Tin CD30D. ?in CDCI3



In the light of the above meager results, hydrolytic conditions were strengthened in the second

experimentai series. The samples of 1 (2.2 mg, repeated with 15.4 mg) were treated with 2 and 6N cthanolic

HCI at 105°C for periods from 15 to 60 minutes. HPLC separation, 'HNMR scanning, appropriate

recombination, and a second hydrolytic round resulted in three identifiable fragments B, C, and D. Again,

'"HNMR data (Tables 2,3) and comparison with the corresponding values of intact 1 secured the structures
shown in Fig. 1. An alternative structure for C, HO,C-Val 4-Thr 2-Val 5-NH, was ruled out by the doublet

Table 2. 13C, 1H Data and HMBC for C ¢
amino acid # 13C IH mult J(Hz) HMBC
Vai3 1 171.6 H:2
2 582 457 dd 89,56H:5
3 32.0 2.17 m H: 4,5
4 17.6 091 d 6.8 H:2,5
5 19.6 096 d 6.8 H: 3,4
N1 855 d 8.9 H: 9
Val4 6 173.4 H:N1,7
7 588 435 dd 83,53H:9
8 315 217 m H: 9,10
9 182 091 d 6.8 H:7,10
10 19.6 095 d 6.8 H: 8,9
N2 8.18 d 8.6 H: 9
Thr2 11 168.1 H: N2, 12
12 598 415 d 6.8 H: 13, 14
13 672 409 m H: 12, 14
14 20.0 1.29 d 6.5 H: 10, 12
N3H3 821 s H:9
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Tabie 3. 13C, IH Datafor Band D ¢
Fragment B Fragment D
amino acid  # Do lg  mult J(Hz) {# 3¢ iy mult J (Hz)
Vall H 1715
2 605 412 t 93
3 310 170 m
4 189 0% d 70
5 174 081 d 7.0
N1 718 d 92
Dhb 6 164.6
7 1313 644 g 70
8 130.1
9 128 137 s 73
N2 941 s
Phe 10 171.8 1 1724
11 566 467 m 2 549 457 m
12a 369 301 dd 79,134 || 3a 367 299 m
12b 3.19 dd 79,13.4 |13b 320 dd 13.8, 4.3
13 138.2 4 138.7
14, 14° 1300 733 m 55 1299 734 m
15,15 1289 730 m 6,6’ 1289 729 m
16 1272 724 m 7 1271 722 m
N3 884 d 6.1 N1 867 d 8.6
Val2 17 179.1 8 1723
8 5384 44 m 9 5835 454 m
19 328 221 m 10 313 210 m
20 i58 0% d 6.7 ii i%.7 097 d 68
21 17.2 078 d 6.7 12 177 070 d 6.8
N4 786 d 73 N2 777 d 95
el 22 171.7 13 171.9
23 574 456 dd 10.1,4.6 || 14 579 452 m
24 378 197 m 15 380 203 m
25 148 075 d 95 16 14.0 077 m
26a 270 157 m 17a 267 141 m
26b 1.14 m 17b 127 m
27 119 085 m 18 11.8 092 m
N5 873 d i0.i N3 838 d 8.3
Thrl 28 170.5 19 1704
29 580 463 dd 8.1,14.2 20 59.6 434 m
30 711 500 dgq 10.2,6.2 {| 21 68.8 397 m
31 198 118 d 6.4 22 208 121 d 6.2
N6 803 m N4 803 m
lle2 32 169.6 23 169.9
33 573 39 m 24 573 407 d 4.4
34 390 195 m 25 375 197 m
35 141 074 d 92 66 148 084 m
3Ga 259 1587 =m 27a 259 159 m
36b 1.14 m 2 127 m
37 118 088 t 9.2 28 12.0 093 m
N7H2 N5H2
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Marfey’s method was used to establish the chirality of the seven ambiguous amino acids, five valines
s. Each of the four hydrolysis fragments A-D (100 ug each) was dissoived in 500 uL. 5 N
HCIl, degassed in vacuo, and hydrolyzed for 13 h at 105°C. The resulting hydrolysate was dried under

nitrogen; to each residue was added 50 ulL of 1% Marfey’s reagent in acetone and 100 uL of 1 N NaHCO3,

c

ollowed by heating at 80°C for 3 min. After cooling to room temperature the reaction mixture was neutralized

with 50 puL of 2 N HCI and diluted with 100 pL. of MeCN/H20 (1:1) containing 0.05% TFA. The resulting

solution was analyzed by reverse phase HPLC (COSMOSIL 5C;g-AR) with two isocratic solvent systems: (I)
MeCN/H 720 (42:48) + 0.05% TFA, (1I) MeCN/H20 (2:8) + 50 mM NH4OAc. The results are shown in
Table 4

Table 4. Results of Marfey's Analysis of Fragments A-D

Standard A B C D C+(NH),

L-Vald 18.5 183 183 18.2

D-Vald 25.5 255 253 253 254

L-Thr? 16.8 16.8

D-alloThr? 243 24.3 24.3

@ solvent I: 42 % MeCN + 0.05 % TFA, b solvent II: 20 % MeCN + 50 mM NH4OAc.
Since fragment C contained two valine residues Val 3 and Val 4, one D and one L, hydrazinolysis*® of this
fragment became necessary. This procedure separated Val 3 possessing a free carbonyl group from the rest of
the fragment. Marfey’s analysis proved L configuration for Val 3. Hence Val 4 had D chirality. Similar
analysis of fragments B and D with solvent II detected D-alloThr, while analysis of fragmenti C proved the

presence of L-Thr. Figure 1 and Table 5 summarize the final results,
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Table 5. Summary of Resuits
A B C D
D-Val-5 L-Val-1 L-Val-3 D-Val-2
D-Val-2 D-Val-4 D-allo-Thr-1
D-allo-Thr-1 L-Thr-2
Experimental Section

General Experimental Procedures: All NMR spectra were recorded on a General Electric GN Omega 500
Mhz NMR spectrometer.

Isolation of A.

Kahalalide F (2 mg cach) was suspended in 1 mL o
vials (seven replicaies of each condition). The viais were sealed and placed in an oii bath reguiated at 70
Vials were removed and freeze dried after 0.5, 1, 2, 4, 6, 12 and 18 hours.

Each of these 28 samples was analyzed by reverse phase HPLC (COSMOSIL 5C18-AR MeOH/H20,
8:2, 0.05% TFA). Peaks were recombined based on NMR spectral features and reanalyzed by sequential
reverse phase HPLC (COSMOSIL 5C18-AR, 18t MeCN/H20, 5:5, 0.05% TFA - 21d MecNH 20, 7:3, 0.05%
TFA - 3™ MeCN/H720, 4.5:3.5, 0.05% TFA) yielding a single identifiable fragment, the amide of 5-

methylhexanoic acid with valine A.

Isolation of B.
Kahalalide F (2.2 mg and subsequently 15.4 mg) was dissolved in 100 uL of EtOH, to which 50 uL

each of 2N and 6N HCl were added (3 replicates). Hydrolysis was performed at 105°C for 15, 25, 30 and 60

minutes respectively. The hydrolates were dried under N,, then separated by reversed-phase HPLC
(COSMOSIL 5C18-AR, MeCN/H20 45:55, 0.05% TFA). Fractions which had unde
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EtOH/4N HCI (500uL) at 100°C for 1 hour. The hydrolysate was dried under N,, then subjected to reversed-

phase HPLC (same column) with a gradient of MeCN: H2O:TFA from 1:99:0.05 to 50:50:0.05, yielded cyclo
Val 1-Dhb-Phe-Val 2-alloile 1-Thr 1-alloile 2-NH, B.

isoiation of C and D.

All unidentified fractions were recombined and hydrolyzed once more in EXOH/4N HCI (500uL) at 100

o far 1 honr fter ino dried under the hvdrolveate wae genarated hv reverced-nhace HPI C
A3 1w i LIV ul L2l Vwl u’vlll& wMiiwes Wiiviwvi AN 2’ Vil ll] i VAJ WML YV WD va“l AN VJ PW T Wivwws F‘l“u\/ A AL AN
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(LUONVIVOLL, DU I0-ARN ] UdLIEE d EldUICIL VI IVICUIN. TV LA ) I 1, 72.U.U0 WU DU.JU.U.UD, ITaullly W



7746 G.G

Marfey Analysis.
Each of the four hydrolysis fragments A-D (100 pug each) was dissolved in SN HCI (500 pl), degassed
under vacuum, and hydrolyzed for 13 h at 105°C. The resulting hydrolysate was dried under N,; to each

Y 4

residue was added 50 pL of 1% FDAA solution in acetone and 100 pL of 1 N NaHCO3, followed by heating

for 3 minutes at 80°C. After cooling to room temperature the reaction mixture was neutralized with 50 uL of 2

N HCl and diluted with 100 pL. of MeCN:H20 (1:1) containing 0.05% TFA.

The resulting solution was analyzed by reverse phase HPLC (COSMOSIL 5C 18-AR) with two isocratic
solvent systems: (I) MeCN/H20 (42:48) + 0.05% TFA, (II) MeCN/H20 (2:8) + 50 mM NH40Ac.

At T e T NTEE = IR TS 2 T Sy s 2

To 9 mg of dry Amberlite GC50, was added under argon, fragment C (100 ug) and 600 uL of freshly

distilled hydrazine. The reaction mixture was heated for 60 h at 80°C. After cooling to room temperature the

reaction mixture was frozen and lyophilized, suspended in water (2 mL), filtered and again frozen and freeze-

dried. To the residue was added 50 puL of 1% FDAA solution in acetone and 100 pl of i N
followed by heating at 80°C for 3 minutes. After cooling to room temperature the reaction mi
o

neutraliz dw1th‘§0 of 2 N HCI and diluted with 100 ul.

TEEE T AR S

resuiting soiution was anaiyzed by reverse phase HPLC (COSMOSIL 5C 18-AR, MeCN/H20 (42:48) + 0.05%
TFA).
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