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Abetract: Synthetic and spectral evidence for the absolute configuration of the asymmetric 
centers of the hydroxyisovalerylpropionyl (IiIP) unit present in the depsipeptides didemnins 
is discussed. 

Didemnine are a new class of depsipeptides isolated from a Caribbean tunicate of the family 

Dldemnidae . a species of the genus Trididemnum. 1 These cyclic peptides are reported to be 

highly active antiviral and antitumor agents.’ They are potent inhibitors of the L1210 leukemia 

cells in vitro, and are also active in vlvo against P388 leukemia and B18 melanoma. 3 
Didemnin B -- 

was more potent that didemnin A and was found to be approximately twenty times more cytotoxic 

than didemnin A in vitro.4 Didemnin B also exhibits potent lmmunosupressive activity both & 

vitro and in viva.’ Didemnins A,B, and C (Figure 1) a11 contain the same parent macrocycle. - - 

(NMe)Ler 

0 

Dldemoin C, R = 

(NMc)(OMC)TJ~ OH 

Flgure 1. Dldemnlns A, 8, and C. 

The ring system incorporates a new stereoisomer (3S,4Rl of the amino acid statine, and a 

hydroxyisovalerylpropionyl unit abbreviated as HIP. 

The structures of the didemnins were determined by spectroscopic and degradative 

studies.“’ The configurational assignment of statine was based on the value of its optical 

rotation and on drcular dichroism studies. Coinjection of the isolated product with an authentic 

sample of the same statine dlastereomer supported the spectral assignments. 6 
The absolute 

stereochemistry of the HIP unit, however, was not determined unembiguously but was tentatively 

assigned as the 2R, 4R diastereomer .6 Our synthetic studies in this area indicate that this 

stereochemistry should be revised to that of the 2S,4S diastereomer. 

Degradation of didemnin A into its constituent units gave the HIP unit as the cyclised 

2-methyl-4-isopropyltetronic acid. Also, treatment of didemnin A with sodium borohydride gave 

one stereoisomer, degradation of which yielded the cycle-HIP-01 unit as 2R*, 3R*. 4R* isomer.6 

The assignment of the absolute configuration as 2R, 4R was made by comparison of the optical 

rotation of the 2-methyl-4-isopropyltetronic acid with the known 4-methyltetronlc acid.’ Hudson’s 

lactone rule7 was also used to support the configurational assignments. 
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With the reported data in hand, we decided to syntheeize both the 2-methyl-4-iaopropyl- 

tetronic acid and it8 corresponding dihydro derivative. We prepared several dihydrotetronic acids 

using Evans aldol condensation *a-c on 2-benzyloxy-3-methylbutanal (1)) followed by hydrolysis 

and cyclization. Both the S and R isomer of 2-benzyloxy-3-methylbutanal (& and E) were 

prepared according to a literature procedure.’ The results of the Evans aldol condensations arc 

shown in Scheme I. In all caaee only two products were formed in eignificant amounts. The 
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higheat selectivity was obtained when the N-propionyloxazolidinone derived from L-leucine was 

used with the R isomer of the aldehyde (lb). - Assignment of the stereocentera of the aldol 

producta waa baaed on the determined conflguratione of the corresponding dihydrotetronic acid 

derivativea. The aldol condensation of lb with the N-propionyloxazolidinone derived from - 

L-leucine gave the expected p product (S) ae the major diaatereomer. In the case of 2, 

reaction with the N-propionyloxaeolidinone derived from L-valine gave the anti diaetereomer (2) aa - 

the major product with the expected E derivative (3) aa the minor component. 

Conversion of the aldol producta to the corresponding dihydrotetronic acids was accomplished 

by treatment with aqueous potaaeium hydroxide in tetrahydrofuran, followed by debenzylation 

using PdlC under a hydrogen atmosphere (Scheme II). The dihydrotetronic acid 2 was aaaigned 

the configuration 2R, 3S, 45 baaed on ite coupling constants and on chemical evidence. 

Reduction of 2,4-dimethyltetronic acid using Raney nickel and high pressure was shown by Kelly 

and co-workers to give predominantly one diaatereomer. 
10 

Attack by hydrogen occurred from the 

face opposite the 4-methyl group. Following the same protocol and starting with methyl 

(S)-2-hydroxy-3-methylbutanoate (2) , compound i was obtained ae the major diaetereomer 

(94: 6). conflrming the previous structurel assignment (Scheme III). Configurational assignment 

of compound g was based on the ‘H NMR of the acetate derivative as the spectrum of the 

compound with the free hydroxyl group exhibited overlapping eignals for the H3 and H4 protons. 

These signals could not be resolved by decoupling. The acetate derivative. however, had 

coupling conatante J2,3 = 6.5Hz and J3,$I = 5.9Hz, that agreed well with the values calculated by 

Font and co-workers for similar systems. 

Finally, compound 11 had a ‘H NMR comparable to that determined by Gloer.’ Single crystal 

X-ray analysis of 11 (Figure 2) confirmed the assigned relative configuration 2R*. 3R*. 4R*. - 
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yloxy-3-methylbutanal, the abaolute stereo- Since thte product waa obtained from the (R)-2-b( 

chemistry of 11 muet be 2R, 3R, 4R. The optical rotation of 11 was opposite in sign to the 

rotation reported by Gloer .’ Oxidation of 11 using Swem condtttone l2 gave (R)-l-methyl-rl-iao- - 

propyltetronic acid. This compound alao had an optical rotation opposite in sign to the reported 

one. 6 The (S)-2-methyl-4-ieopropyltetronic acid (14) prepared ae shown in Scheme III had an 

optical rotation of [ali = -61.6O agreeing with the literature value of [ali = -67. go. Baaed on 

these reeulta. the chiral center of the 2-methyl-4-iaopropyltetronic add obtained from the 

didemnins should be S and the abmlute stereochemistry of the HIP unit found in the didemnine 

should be revised to 2s. 4s. 

12 13 

EXPERIMENTAL 

General. Melting points were determined with a Thomas-Hoover melting point apparatus and are 
uncorrected. lFl NMR spectra were recorded on a Bruker WM 250 (250 MHs) Fourier transform 
spectrometer. Chemical shifts are in part8 per million (6) relative to tetramethylatlane. Coupling 
constants (J values) are in Hertz (Hz). Multiplicttiea are designated aa singlet (6). doublet (d), 
triplet (t), quartet (q). multiplet (m) and broad (br). Infrared spectra UR) were run on a 
Perkin-Elmer Model 281A or 281B spectrometers. Analytical thin layer chromatography (TLC) was 
performed on Merck siltca gel 60F-254 plates (0.2 mm). Viaualtcatton waa effected with ultraviolet 
light and phosphomolybdtc acid reagent (7% w/v) tn 95% ethanol. Chromatography was performed 
on Merck silica gel (230-400 meah) under a slight positive pressure. Optical rotations were 
recorded on a Perkin-Elmer Model 241 polarimeter. at the sodium D line, and ambient tempera- 
turea. High resolution maaa spectra (HRMS) were obtained on a Hitachi-Perkin Elmer RMH-2 high 
resolution, double focusing. electron-impact spectrometer or a vacuum generator’s V.G. 707H 
spectrometer interfaced with a Kratos DS-50-S data ayetem. All solvents uaed were reagent 
grade. Tetrahydrofuran and dtethyl ether were dietilled from aodtum and bensophenone; 
dichloromethane was distilled from calcium hydride. 

Representative Procedure for the Aldol Condensations 

Reaction of (S)-2-benryloxy-3-methylbutanal (la) with (S)-3-(l-oxoprop I)-4-(l-methylethyl)- 
2-oxaaolidinone. (6) 3 (1 0 __ _ xopropyl)-4-(l-methylethyl)-Z-oxasolidin CO& 3 015 1) 
waa dissolved in dry methylene chloride (14 mL). To this solution ?O°C ‘was a!Aed .di-n-Fz$- 
boron trtflate (3.16 mL of 1M solution in CH Cl 3.16 mmole) and dtiaopropylethylamtne (0.61 mL; 
3.44 mmole) . The solution was stirred for2 3a’mtn at OW and then cooled to -78W. To this 
freshly prepared and distilled (S)-2-benryloxy-3-methylbutanti uaa added (0.5463 g; 2.872 
mmole) . The mixture was attrred for 30 mtn at -78W. then at room temperature for 1.5 h. The 
boron aldolate complex waa quenched with 15 mL of phosphate buffer (pH 71, and the reactton 
mixture treated with 30 mL of methanol and then oxidized with 15 mL of 30% H 0 After stirring 
for 1 h, the solution waa concentrated in vacua to half of the total vo &UK. It wae then 
extracted with ether. The ether layer was dried (N 
resulting oil by flash column chromatography using 

a,&301) and concentrated. Purlilcation of the 
% thy1 acetate:petroleum ether gave 519.2 

mg of 1 and 282.7 mg of 3. 70% total yield. 

Major taomer (2) : 
h e 

(4S)-3-[2R.3R.4S)-4-benoyloxy-3-hy~xy-2.5-dimethyl-l-oxohe~lpll-4-(l-met- 
) 7 25-7 46 (5H A ) 4 69 (2H AB tt A CH 0 ) 
. -. (lH,m, NCR7 - * 4.19-I. 36 i3H.6,-OCE2$ ~‘a ’ -CiO,Cl&, , 3.?7a :;: t,r J=fO& - 
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CHOH) 3.20 (1H. d. J=‘I.PHz, BnOCH-) 2.90 (lH, d, J=10.7Hz. OH, D20 exchangeable), 2.41- 
2.76 (lH, m, Me CHCHN-), 2.02-2.111 (1H. m. Me CH) 0.88-1.07 (15H, m. Me and Me C); IR 
(CHCI ): 3560, 179b. 2705. 1475, 1390. 1310, 12i50,1060, 695 cm-‘; 
CHC13?. HRMS (CI), M +l calcd. for C21H3205, 378.2286, found 378.2241. 

[ali + 6.25 & 5.26, 

Minor isomer (3) : (4S)-3~[(2R.3R,4S)-4-benzyloxy-3-hydroxy-2.5-dfmethyl-l-oxohexyl-4-(1- 
. ‘H NMR 7 27-7 43 (5H A ) 4 61 (2H AB A CH 0-) 
4.16-4.31 (2H.‘m, &H CHi),mi 03-: ‘OS i2H m ‘HOCIkHGe 23 36 
BnOCH-). 3.10 (lH, c2J=2.6Hz: OH: D 0 ekch&eabE)- 2.33-2137 

6 (lH,-m, Me CH) 1.24 (3H d J = 7.2I& CH ) 1.04 (3k dd J = 
MeCHMe). 0.89 (3H, dd? r=‘7.OHz 12’.6& MeCHMej; lR3(kHC1 ): 35i0, i795, 

1700. $500, 146c1400. 1310, 1240, 1070, 1000 cm”; [a]$ F33.4 (c = 9.76. eHC1,). HRMS 
(CI) M +l &cd. for C21H32N05, 378.2280, found 378.2327. 

Reaction of 

-2-Benzyloxy-3-methylbutanal (25 

a ratio of 50:50:7. 

Major isomer (4) : (4S,5R)-3-[(2S,3S,4S)-4-benayloxy-3-hydroxy-2.5-dlmethyl-l-oxohe~l]-4- 
methyl-5-phenyl-2-oxazolidinone. ‘H NMR 7 25-7 45 (10H m, r, 8 (1H d J 7 4H Es 

A ) 4 77-4 82 (1H -NCH-) i 60 ’ (1H LB ArCH Oi 
HOCH&k(O)N-),‘3.10 (li. d”d, J = 2%H;, 5.iHz, BndCH-),‘1.49 &, A, 

4.OLi-4 65 (=2H ’ 
J = 6.iHz, -OH: D”6 -- 

exchangeable), 2.00-2.06 (lH, m, Me CH), 1.34 (3H, d. T= 6.4Hz, MeCH(O)N). 1.02 (6H, dd,2J 
= 2.4Hz, 6.8Hs, Me C), 0.85 (3H. ?!I.-J = 6.6He -MqCHN-); IR Ti7HC13): 
1710, 1465, 1360. l&O, 1200, 1130, 1060, 960, 706 cm- . 
(CI) M+l &cd. for C25H32N05, 426.2280, found 426.2556. 

[ali 
3560, 3120, 1790, 

+52.9 (c 3.57, CHC13). HRMS 

Minor isomer (5) 

Reaction of (R)-2-benzyloxy-3-methylbutanal (lb) with (S)-3-(l-oxopropyl-4-(2-methylpropyl)- 
l-oxazolldinone. Reaction conditions and the reagent8 proportions were the same as those 
described for the representative procedure. CR)-2-Benzyloxy-3-methylbutanal (728.7 mg) yielded 
1.2544 g of 6 and 74.4 mg of 7 (89% overall). 
ethyl acetate?petroleum ether, 

The crude oil was eeparated by elution with 10% 
f&lowed by elution with 15% ethyl acetate:petroleum ether. 

C22H34N05’ 392.2437, found 392.23ie 

General Procedure for Hydrolyeis of AIdol Adducte. 

The samples were dissolved in a solution of 2 mL:l mL:l mL (MeOH:THF: 2N KOH) per 
0.5mmol of starting matertal. The mixture was stirred at O°C for 1.5 h. After this time the 
reaction was concentrated to 114 of its volume. The reaction mixture was extracted with 3 x 5 

The extracts were combined and treated with 2 x 10 mL 50% NaCl solution. The 
were combined and adjusted to pH 1 with 3N HCl and then extracted with 3 x 10 

corresponding acids in yields ranging from SO-85%. 
The ethyl acetate layer was dried (Na2S04) filtered and concentrated to yield the 

(2R.3S.4S)-4-Benzyloxy-2.6-dimethyl-3-hydroxyhexanoic acid obtained from (2). White eoIid 
recrystaIIi d from ether:petroIeum eth 56-58VZ 
(2H. AB. YrCH 0-) 3 75 (1H dd J =eX’2H”ZP 7 6He 

‘H NMR 7 26-7 35 (5H Ar) 
kHOH) 3 22’(1H - dd J : ;iHz 

4.63 
i 2He 

-CHOBn) 2.603.65 iii, m, deCH&OOH),’ 2.0>-2’.12 ilH,-m, ke CH-) i.15 *(3H d’ J 2 7:OHz: 
-CRMe), 1.01 (6H, d. J = S.SRz, Me CH-); IR (CHCl ): 35&l-34bO-2600. li15,’ 1500. 1470. 
14607 1410, 1245, 1070, 1030. 700 cm’T 2 [ali -15.Q” (~~2.77, MeOH). HRMS (CI) M + 1 calcd. 
for C15H2204, 267.1596. found 267.1615 

(2R, 3R, 4S)-4-BenzyIoxy-2,6-dimethyl-3-hydroxyhexanoic acid obtained from (3). White soIid 
recrystallized from ether:petroleum ether, mp 106-10Q°C ‘H NMR 7.27 7 37 (5H ; - . , m,Ar), 4.60 





5868 W. R. EWING et al. 

combined and traated with 2 x 5 mL NaOH. The combined aqueous layers were adjusted to pH 1 
using 8N HCl. then saturated with NaCI. The aqueous layer was then extracted 3 times with 25 
mL CHC13. The combined organic layers were drfed over Na SO and concentrated yielding a 
crude oil. This oil could be recrystallized from ether:petroleu I# e&r to afford 567mg (42% yield) 
of a white soEd. 

This compound was also prepared in 80% yield from the (S)-2,3-dihydrotetroni~H a;!; 
oreviouslv described via Swern oxidation using trifluoroacetic anhydride; mp 117-l19°C. 
4.67 (1H; d, J = 2.9K Me CHCHO-1, 2.23-2y29 (lH, m, Me CH-], 1.75 (3H, 8. -C=CMe). 1.10 
(3H, d, J =6 7.OHz, MeCHse), 3.81 (3H, d, J = 6.8Hs, I?leCIiMe]* [a] 26 -61.6O (c? 1.10. 

Iit [a] 25 -67-9O (CH Cl ]. 
:3:@!;80, 

IR (CHCl ) 3400-26OO.-f730, 1660, 1870, 1410, 1380, 1360. 

157.6857. 
103Op 1010; 960 ct-l? HRMS (CIj M + 1 calcd. for C8H1203, 157.0864, found 

(2R, 3S, 4S)-2,3-Dihydro-4-isopropyl-2-methyltetronic acid (9). (S)-2-Methyl-4-isopropyltetronic 
id (192 1 23 1) 1 di P high pressure bomb and treated with 25 mL H 0. 

zd 0.5mLm~~2 Rane~?&k~l”c5~,8~urr~ k i”o pH 10) Hydrogen was added until 1000 psi &as 
reached. The reaction vessel was heated to ?O:C (preseure rose to 1150 psi) and stirred for 40 
h. After this time, the mixture was filtered through Celite. The reaction vessel was washed 
with MeOH. The filtrate was concentrated in vacua. The resulting residue was dissolved in 

Altered and concentrated. The product (9), 175.9 mg, 90.5% yield, had 
to that of 9 prepared by the aId; condensation route and was 

contaminated with 6% of the 3-S-isomer of ll.- - 
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