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ISOPROPENYL CHLOROCARBONATE (IPCC)! IN AMINO ACID AND PEPTIDE CHEMISTRY:
ESTERIFICATION OF N-PROTECTED AMINO ACIDS; APPLICATION TO THE SYNTHESIS OF
THE DEPSIPEPTIDE VALINOMYCIN

Choukn Zeggaf, Jo&l Poncet, Patrick Jouin*, Mane-No&lle Dufour, and Bertrand Castro

Centre CNRS-INSERM de Pharmacologie-Endocrinologie, 34094 Montpellier-cedex, France
(Recened in Belgium 8 May 1989)

Summary Estenification of N-protected o-ammo acids was achieved via 1sopropenyl chlorocarbonate (IPCC)
activation In situ alcoholysis of the unstable mixed anhydride intermediate was catalyzed by 4-
(dimethylammo)pyndine (DMAP) Competing 1sopropenyl ester formation was neghgible when using
methylene chloride as the solvent A varnety of esters from primary and secondary alcohols were obtained with
good yields (60 to 96 %), and even the more hindered tertiobutyl alcohol gave acceptable yields under more
drastic conditions The improvement 1n depsipeptide synthetic methodology 1s illustrated by preparation of the
annibiotic valinomycin, using IPCC for ester bond formation, and BOP reagent for peptidic coupling and the
last-step cychzation

Introduction

Esters of amino acids are often used as the starting point for peptide elongation 2 Ester hinkage 15 also
found 1n numerous compounds of biological importance 3 Despute the wealth of available methods for amno
ester preparation, only few simple processes allow estenificanon by alcoholysis of the activated carboxylic
function, under mild conditions 5 Unt1l to now, the synthesis of depsipeptides from N-protected amino acids
has best been achieved using the carboxylate alkylation* or alternatively DCCSP and 1ts water-soluble
analogue EDCI>¢ with DMAP as the catalyst However, the method has drawbacks, such as the formation of by
products, difficulties 1n punfication, and the assumed racermization 336 A recent improvement using
DMAP TFA as an additive in refluxing chloroform permits macrolactonization of the cyclodepsipeptide (+)
Jasplakmolide 7

As part of an ongoing program devoted to developing general methods for the construction of
brologically tmportant depsipeptides,® we have investigated the estenfication of N-protected amno acids using
1sopropenyl chlorocarbonate (IPCC) activation®10 and our prehmunary results concerning DMAP-catalyzed
alcoholysis of mixed carboxyhc-carbonic anhydnde has previously been reported 10 This activated o-ammno
acid was generated 1n situ from equimolar amounts of IPCC and triethylamine (Scheme 1, eq 1)

The present paper details the preparation of amino esters and the synthesis of depsipeptides This

reaction 1s proposed for use 1n a new method for preparing the anubiotic valinomycin 1 (Figure)

Results and Discussion
Isopropenyl chlorocarbonate has been used as a carboxylic activator 1n classical peptide synthesis in

solution ¢ As with the usual alkyl chlorocarbonates, the formation of a transient rixed anhydnde was
5039
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postulated 1 Mixed carboxylic-carbonic anhydrides are known to generate the corresponding alcohol as a by-
product In a recent study, Kim ez al took advantage of this side reaction to prepare esters from alkyl
chlorocarbonates, using DMAP as the catalyst 34 However, the procedure was himited by the accessibility of
the required chlorocarbonates In contrast, mixed anhydride prepared from IPCC releases the enolate of
acetone (Scheme 1, eq 2)

Scheme 1. IPCC Promoted Esterification of Aminoacids
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To account for this reaction, formation of the Scheme 2. Formation of Isopropenylester

corresponding 1sopropenyl ester was investigated by

CH
treating tert-butyloxycarbonyl-phenylalanine (BocPhe) IPCC DMAP 3
with 1 equiv of IPCC, 1 equiv of triethylamine, and 02 BocPheOH * BocPheO-C == CH,
THF 5°C
equv of DMAP 1n different solvents at -5 °C The results 2

summarized i Table I show that isopropenyl-tert-

butyloxycarbonyl-phenylalaninate 2 was not formed 1n Table L. Solvent Effect on the Formation of
methylene chlonde and that medium yields were obtamned Boc-Phe-O-isopropenyl 2

mn ether-type solvents (Scheme 2) Therefore, the use of

IPCC 1n methylene chlonde remamed very promising for Solvent Yield %
nucleophilic couphing of N-protected amno acids with CH,Cl, 0
hydroxyl compounds, excluding 1sopropenyl ester THE 59
formation Dioxane "

It was then necessary to compare IPCC with other DME 45

chlorocarbonates 1n the alcoholysis of the mixed
anhydnide intermediate by a hydroxyl denvative Its
superiority was demonstrated i the following experiment BocPhe was activated either with IPCC or with
methyl chlorocarbonate in the presence of deuterated methanol The amounts of deuterated methyl ester
formed were clearly measured by 1H NMR mtegranon The results summarized m Table II show that activation
with IPCC led exclusively to the corresponding deuterated ester (entry 1), whereas activation with methyl

chlorocarbonate gave a nuxture of deuterated and non-deuterated methyl esters (entry 4) even when using a



Synthesis of the depsipeptide valinomycin
large excess of deuterated methanol (entry 5)

Table II. Comparison of IPCC and Methyl Chlorocarbonate (MCC)3

ratio of ester (%)

entry  ammno acid alcohol  chlorocarbonate non d ated  deu

1 BocPhe OH DOCD, IPCC 0 100
2 HO-CH, IPCC 100 0
3 none MCC 100 0
4 DOCD,  MCC 30 70
5 pocp,® Mcc 7 93

(2) -All reactons were carned out with equmolar amounts of ammo acid, chlorocarbonate,
alcohol, and triethy]l amme usmg 0 2 equiv of DMAP (b) - § equv of alcohol was used

N-protected a-amino esters have been prepared from a variety of amno acids using primary alcohols
(Table III) and secondary alcohols (Table IV) We found that even acid-sensitive alcohols such as S-(+)-2,2-
dimethyl-1,3-d1oxolane-4-methanol can be used efficiently (Table III, entnies 9, 13, 14) This method also has
the advantage of allowing esterification of ammno acids with tertiary alcohols N-protected o-amino tert-butyl
esters are currently prepared either by reacting the benzyloxycarbonyl derivative with isobutene and
concentrated sulfuric acid,!2 or by coupling the acid with tert-butyl alcohol mn the presence of a carbodumude
and 4-(dimethylamino)-pyrnidine 5¢ Alternatively N,N-dimethylformamide di-tert-butyl acetal has sometimes

Table IV, Preparation of Secondary Esters of N-Protected Ammno Acids

amno acid alcohol yeld,%  mp,°C ['Jl];0 (1, MeOH)

21

19

Boc-Val-OH 87 56-57 -75

Boc-Val-OH 82 133-134 -40
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been used 13 In the preparation of tert-butyl esters using IPCC activation, two shghtly different procedures were
followed (1) an equimolar mixture of amno acids, IPCC, tniethylamine, and tert-butyl alcohol 1n methylene
chlonde were stirred with 0 2 equiv of DMAP for 30 mun at 0°C (method A), or (n) tert-butyl alcohol was used
as the solvent and the reaction was done for the same tume at 30°C (method B) Under the latter conditions,

ncreasmn

mg yields were generally obhserved (Table V)

Epmmenzation must be absent to ensure the usefulness of the method, and imtial proof of this was
provided by the observation that the optical rotations of the 1solated esters were comparable to those reported in
the literature However, these specific rotations are usually low and the small vanations given in the different
reports are not sigmficant Thus, unambiguous proof of the lack of epimenzation was obtained by !H NMR,
using the pnmary S-(+)-2,2-dimethyl-1,3-dioxolane-4-methanol (entnes 9, 13, 14, Table 1) and secondary

Scheme 3. Synthesis of ZAlaPheOtBu

IPCC, DMAP, TEA Hy, PdC
ZPheOH -» ZPheOtBu ___ PheOtBu
tBuOH, 35 °C MeOH
3 4
TEA IPCC, DMAP TEA

PheOtBu + ZAlaOSu ———p ZAlaPheOtBu @——— ZAlaPheOH

CHaCly 1BUOH, CH ,C1,,,0°C .

4 5 6
cholesterol or R-(+)-bomeol (Table 1V) The extent of epimenzation for tert-butyl ester formation was measured
by diastereomenic ratios In this study, both tert-butyl esters of the N-benzyloxycarbonyl-L-phenylalanme
(ZPheOtBu 3) and the corresponding D-1somer were prepared using the more drastic method B, after
hydrogenolysis, the resulting free amne 4 was coupled with the hydroxy succimmid-active ester of N-
benzyloxycarbonyl-L-alamine (ZAlaOSu §) In the lH-NMR spectra, signals related to the tert-butyl esters of
phenylalanine or the B-methyl of alanine were clearly separate from each of the two diastereomers 6, and no
mixed spectra were obtamed for either dipeptide, thus indicating an epimenization lower than 2 % In contrast,
tert-butyl esterification of ZAlaPhe 7 showed 25% epimenization of the stereogenic C-o of the Phe residue
Ths last expected result shows the limitation of the method for N-acyl amino acid estenfication

Synthesis of depsipeptides 1s given here as a general application of this ester bond formation Following
normal IPCC activation, all depsipeptides were produced with excellent yields (Table VI) The method was
often favorable compared to DCC or the recently published COMODD activation 14 Taking advantage of the
presence of two chiral centers, the diastereomeric purity of the isolated compounds was ascertamed by H
NMR

Total synthesis of the antibiotic valmomycin 115 was undertaken to show the reliability of the method

PR T R P iam SENAK
inc acpsipepuac valnomycin JURD
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D-Val-Lac-Val-D-Hyv
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In the Figure 1t can be seen that this dodeca-cyclodepsipeptide 1s

Figure . Valinomycin a tnmenc molecule Based on previously published strateges,13¢

1t appeared advisable to choose the tetradepsipeptide D-Val L-
Lac L-Val D-Hyv subunit for the segment-couphing formation of
the hnear precursor Depsipeptides D-Val-Lac and Val-D-Hyv
were needed for the convergent synthesis of this
tetradepsipeptide, as depicted m Scheme 4 Thus, following
IPCC acuvation, Boc-D-Val-Lac-OBz! 8 and Boc-Val-D-Hyv-
OBzl 9 were prepared with 98% and 90% yields, respectively
After the usual deprotections, Boc-D-Val-Lac 10 was coupled to
TFA.Val-D-Hyv-OBzl 11 by the BOP procedure,!6 giving the
tetradepsipeptide Boc-D-Val-Lac-Val-D-Hyv-OBzl 12 with an
80% yield With one batch of thus tetradepsipeptide 12, Boc
protection was remoted by TFA, leading to TFA D-Val-Lac-Val-

D-Hyv-OBzl 13, and with another batch, the carboxylic benzyl protection was remoted by hydrogenation,

leading to Boc-D-Val-Lac-Val-D-Hyv 14 These two products were used for repetiive segment coupling

10

12

14

15

16

17

18

D-Val

BocetOH He4-OBz Boc—4OH H-40Bz

Scheme 4, The Synthesis of Valinomycine

L-Lac L-Val D-Hyv D-Val L-Lac L-Val D-Hyv D-Val L-Lac L-Val D-Hyv

b

Boc OBz Boc OBz o
c P
Boc OH H OBz 11
[ 4
Boc OBz Boc OBz
Boc ¢ OH H 4 OBz
13

f
Boc OBz

c d
Boc OH H OBz
Boc g OBz

H A OH

2 IPCC/DMAP, 98% °IPCCIDMAP 90% °H,/Pd-C ¢ TFA. © BOPITEA,30% /BOP/TEA, 80%

g BOP/TEA, 90%



Synthess of the depsipeptide vahinomycin 5047

elongation The octa-depsipeptide mtermediate 15 was 1solated with an 80% yield and the hnear dodeca-
depsipeptide 16, the precursor of valinomycin 1, was obtained with a 90% yield using the BOP procedure
Fnally, after deprotection of both terrmm, BOP-promoted cychzation led to crystallized valinomycin with a
moderate yield (30%) using no further improvements This synthetic compound exhibited data comparable to
the valmomycin described in the hiterature, and was identical to a commercially available sample

Experimental Section

Meltung pomnts were determined using a Buchi melung-point apparatus NMR data were obtained at 360 MHz on a Bruker
‘WM-360 mstrument, chemucal shifts (ppm) were reported relative to internal tetramethylsilane Specific optical rotatons were
measured on a Schimdt and Haensch Polartronic D apparatus and are at +1° Elemental analyses were obtamed from the Service
Central d'Analyse du CNRS FAB mass measurements were supplied by Pr Aubagnac, USTL Montpellier Analyuc TLC were
performed on silica gel F254 alununium sheets (0 2 mm thick, Merck) Column chromatographies were performed using sihica gel
(70-200 m, Amicon) BOP reagent was a gift from Sempa-Chumie IPCC was obtained, as a gift, from SNPE (France) Ammo acid
denvatives were purchased from Bachem or Novabiochem Valimomycmn was purchased from Aldnch

Isopropenyl N-Boc-phenylalaninate IPCC (0.25 ml, 2 2 mmol), was added at 0°C to a solution of Boc Phe (530 mg, 2
mmol), TEA (0 27 ml, 2 mmol) and DMAP (25 mg, 0 2 mmol) in THF (10 ml) After 1 h of stinng, ether (20 mi) was added and the
solution was washed with water, 5% sodium hydrogenocarbonate, and saturated bnne The orgamc phase was dned over anhydrous
sodwm sulfate and evaporated to dryness Sihicagel chromatography of the crude residue (hexane - ethyl acetate, 85 15) afforded 360
mg of 1sopropenyl ester yield 59%, mp 55°C (ether - hexane), Rf 0 5 (hexane - ethyl acetate 80 20), {aJ20D -8° (¢ 1, MeOH), IH
NMR (CDCl3) § ppm 1 4 (9H, s, Boc), 3 1 (2H, m, CH, Phe), 4 6 (2H, m, Ha Phe and H 1sopropenyl), 4 7 (1H, s, H 1sopropenyl),
495 (1H, m, NH), 72 (5H, m, Phe) Calc for C17H23NO4 C 6686, H 759, N459 % Found C 6661, H 768, N 451 MS 306
(MH+), 250 (28%), 206 (20%),120 (58%), 57 (100%)

General procedure of esterification with pnmary and secondary alcohols TEA (075 ml, 5 5 mmol) and DMAP (122
mg, 1 mmol) were added to a solution of the N-protected amino acid (5 mmol) and the alcohol (5.5 mmeol) n methylene chlonide (15
ml) The mxture was cooled to 0°C and IPCC (0 65 ml, 5.5 mmol) was added dropwise with sturing for 10 min  After an additional
20 mun, ethy! acetate (50 ml) was added, then washed with potassium hydrogenosulfate 5 % (2 x 10 mi), sodium hydrogenocarbonate
5 % (2 x 10 ml), and saturated brine (10 ml) The organic phase was dried over anhydrous sodium sulfate and concentrated under
reduced pressure The product was punfied exther by crystallization or by column chromatography usmng mirtures of ethyl acetate
and hexane as the eluent

Boc-Val-O-cholesteryl 87% yield, mp 56-57 °C, [o]20D -75° (¢ 1, MeOH), IH NMR (CDCly) & ppm 0 67 (3H, s, CHs-
18), 0 82 (3H, d) and 0 92 (3H, CH3-Val), 0 87 (6H, d, CHj - 26, 27), 092 (3H, 5, CH3 - 21), 1 4 (9H, 5, Boc), 2 2 (1H, m, HB), 4 15
(1H, m, H - 3) 4 65 (1H, m, Ho), 5 05 (1H, 4, NH), 5 37 (1H, d, H-6) Other signals were not attributed Calc for C37H63NO4 C
7585,H1084,N239% Found C7598,H1096,N222

Boc-Val-O-bornyl 82% yeld, mp 133-134 °C, []2°D -40° (¢ 1, MeOH), 'H NMR (CDCl3) & ppm 0 79 (3H, s, CHj-10),
0 80 (3H, d) and 0 91 (3H, CHj3-Val), 0 86 (3H, d) and 0 88 (3H, d, CH; - 8, 9), 097 (1H, m, H - 3a), 1 27 (1H, m, H- 5a), 1 3 (1H,
m, H - 6a), 14 (9H, s, Boc), 165 (1H, t, H-4), 174 (1H, m, H- 5¢), 19 (1H, m, H - 3¢), 214 (1H, m, HB), 235 (1H, m, H - 2),
422 (1H, m, Ha), 4 86 (1H, m, H - 6), 50 (1H, d, NH) Calc for C20H35NO4 C 6795, H998, N396 % Found C 6783, H
1016,N4 04

General procedure of esterification with tert-butyl alcohol
Method A This method 1s 1dentical to the foregong procedure apart from the amount of tertiobuianol (3 molar equivalent)
Method B TEA (075 ml, § 5 mmol) and DMAP (122 mg, 1 mmoi) and then IPCC (0 65 mi, 5 5 mmol) were added 10 a heated (35
°C) soluuon of the N-protected ammo acid (S mmol) n tertiobutanol After 30 mun, the solution was concentrated under reduced
pressure The residue was solubilized in ethyl acetate (50 ml) and worked up as described above

Preparation of Z-Ala-Phe-OtBu Pd/C catalyuc hydrogenation of Z-Phe-OtBu, prepared according to method B (335 mg,
1 mmol), m MeOH gave the free amine after 1 h at room temperature and atmosphernic pressure The reaction mixture was then
filtered on celite and the solution evaporated under reduced pressure The solution of thus free amme and Z-Ala-OSu?? (320mg, 11
mmol) n dichloromethane (10 ml) was cooled to 0°C DIEA (0 18 ml, 1 mmol) was added dropwise to the solution with sturing
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After 1 h, the solution was washed with 5% potassium hydrogenosulfate (2 x 10 ml), 5% sodium hydrogenocarbonate (2 x 10 ml),
and saturated brne (10 ml) The orgamic phase was dned over anhydrous sodium sulfate and concentrated under reduced pressure
The dipeptide was 1solated as a colorless 01l (90%), which was homogeneous according to TLC analysis (ethy] acetate / hexane 50.50
, Rf 0.53), IHNMR (DMSO, Dg) §1 19 (3H, d, CHj Ala), 1 3 (9H, s, OtBu), 2 95 (2H, m, CH, Phe), 4 12 (1H, m, H-a Phe), 437
(1H, m, H-o Ala), 5 0 2H, s, CH, Z), 7 1 - 74 (11H, m, CgHs Z, CgH Phe and NH Phe), 8 09 (1H, d, NH Ala)

Z-Ala-D-Phe-OtBu was prepared according to the same procedure starting from Z-D-Phe-OtBu 1H NMR (DMSO, Dg) §
104 (3H, d, CH; Ala), 137 (9H, s, OtBu), 2 91 (1H, m) and 3 04 (1H, m, CH; Phe), 4 08 (1H, m, H-a. Phe), 44 (1H, m, H-a Ala),
50(2H, 5, CHy Z), 7 1 - 74 (11H, m, CgHs Z, CgH; Phe and NH Phe), 8 2 (1H, d, NH Ala)

Z-Ala-Phe-OH tert-butylation Z-L-Ala-Phe-OH (369 mg, 1 mmol) was estenified according to method A The usual
washings gave the tert-butyl ester (255 mg, 60% yield) IH NMR spectra showed two sets of signals corresponding to Z-Ala-Phe-
OtBu (80%) and Z-Ala-D-Phe-OtBu (20%)

Depsipeptide preparation: IPCC (1 1 eq) was added to a solution of N-protected amino acid, C-protected hydroxy acid (1
¢q ), TEA (14 eq) and DMAP (0 4 ¢q ) in dichloromethane, at 0°C Afier 1 h of surnng, the solution was washed with water, 5%
sodium hydrogenocarbonate, and saturated brine The organic phase was dried over anhydrous sodium sulfate and evaporated to
dryness The depsipeptide was purified by siicagel column chromatography

Z-Thr-(Boc-Phe)-OMe was prepared from Z-Thr-OMe and Boc-Phe as a colorless o1l (95% yield), which was
homogeneous according to TLC analysis (ethyl acetate / hexane 50 50, Rf 0 83), []2%p +8° (¢ 1, MeOH), 1H NMR (DMS0, Dg) &
113 3H, d,J = 6 1 Hz, CH; Thr), 129 (9H, s, Boc), 275 (1H, dd, J; =98 Hz, J; = 134 Hz), and 295 (1H, dd, J; =52 Hz, ], =
13 4 Hz, H-B Phe), 3 65 (3H, s, OCH3), 4 15 (1H, m, H-a. Phe), 445 (1H,dd, J; =24 Hz, J, =92 Hz, H-o Thr), 5 11 (2H, s, CHy
2), 525 (1H, m, H-B Thr), 73 (11H, m, CgHs Z, CgHs Phe and NH Phe), 7 65 (1H, d, J = 9 2 Hz, NH Thr) MS 515 MHY), 415
(25%), 120 (28%), 91 (100%), 57 (55%)

Z-Thr-(Boc-Val)-OMe was prepared from Z-Thr-OMe and Boc-Val as a colorless o1l (96% yield), which was homogeneous
according to TLC analysis (ethyl acetate / hexane 50 50, Rf 0 76), [a]2%p, -7° (c 1, MeOH), 1H NMR (DMSO, Dg) 5079 (3H,d,]
=67Hz)and 081 (3H, d, J = 6 7 Hz, CH; Val), 1 15 (3H, d, J = 6 1 Hz, CH3 Thr), 136 (9H, s, Boc), 1 85 (1H, m, H-§ Val), 3 62
(3H, 5, OCH3), 3 78 (1H, m, H-ox Phe), 445 (1H, dd, J; = 3 1 Hz, J, = 9 8 Hz, H-0 Thr), 5 2 (1H, m, H- Thr), 711 (1H,d, ] =9 8
Hz NH Val), 7 26-7 41 (5H, m, CgHs Z), 769 (1H, d, J = 9 2 Hz, NH Thr) MS 467 (MH+), 367 (20%), 91 (100%), 72 (43%), 57
(44%)

2Z-Ser-(Boc-Phe)-OMe was prepared from Z-Ser-OMe and Boc-Phe as a colorless o1l (85% y1eld), which was homogeneous
according to TLC analysss (ethyl acetate / hexane, 50 50, Rf 0 84), [0]20p -12° (c 1, MeOH), IH NMR (DMSO, Dg) 813 (9H, s,
Boc), 29 (2H, m, H-B Phe), 3 67 (3H, s, OCH3), 4 19 (1H, m, H~a Phe), 4 3 (2H, m, CH; Ser), 445 (1H, m, H-a¢ Ser), 506 (2H, s,
CH, Z), 715 (1H, m, NH Phe), 7 4 (10H, m, CgHs Z and CgHj Phe), 7 82 (1H, d, I = 8 3 Hz, NH Ser) MS 501 (MH+), 401 (24%),
120 (21%), 91 (100%), 57 (56%)

Z-Thr-[Boc-Tyr(Me)]-CAM was prepared from Z-Thr-CAM and Boc-Tyr(Me) as a white powder (98% yield), which was
homogeneous according to TLC analysis (ethyl acetate / hexane / acetic acid 50 50 1, Rf 0 35), [0]20p, +5° (c 1, MeOH), IH NMR
(DMSO,Dg) 8116 (3H, d, J =6 1 Hz, CH3 Thr), 130 (9H, 5, Boc), 269 (1H, dd, J; =9 8 Hz, J, =13 7T Hz), and 29 (1H, dd, J; =
49 Hz, J, = 137 Hz, H Tyr), 3 71 (3H, 5, OCHs), 4 1 (1H, m, H-a Tyr), 4 36 and 4.55 (2H, d, ] = 15 1 Hz, CH; CAM), 4 61 (1H,
dd, J; =28 Hz, J; =9 3 Hz, H-0 Thr), 5 12 (2H, 5, CH, Z), 5 32 (1H, m, H-B Thr), 683 and 7 11 (2H, d, J = 8 4 Hz, CgH, Tyr), 709
(1H, d, J = 7 Hz, NH Tyr), 7 31-7 44 (5H, m, CgH5 Z), 775 (1H, d, ] = 94 Hz, NH Thr) Calc for CygH3;N3019 C 5928, H6 35,
N715% Found C59 12, H658, N 698 MS 588 (MH+), 488 (15%), 121 (35%), 91 (100%), 57 (50%)

Z-Thr-[Boc-MeTyr(Me)}-CAM was prepared from Z-Thr-CAM and Boc-MeTyr(Me) as a white powder (98% yield), which
was homogeneous accordmng to TLC analysis (ethy! acetate / hexane / acetic acid 50 50 1, Rf 0 52), [0]20p, 20° (c 1, MeOH), IH
NMR (DMSO, Dg) 8120 (3H, d, ] = 6 1 Hz, CH3 Thr), 1 30 (9H, s, Boc), 2 56 (3H, s, N-CHj3 Tyr), 2 82-294 (2H, m, H-B Tyn),
370 (3H, s, OCH3), 4 40 and 4 51 (2H, d, J = 15 1 Hz, CH; CAM), 4 50-4 83 (2H, m, H-a Thr and H-B Tyr), 5 08 (2H, s, CH; 2),
525 (1H, m, H-B Thr), 6 82 and 7 09 (2H, d, J = 8 5 Hz, CgH, Tyr), 7 24-7.55 (SH, m, CgHs Z), 7 80 (1H, d, J = 9 2 Hz, NH Thr),
7 89 (NH Thr, munor rotamer) Calc for C3gH3gN3019 € 5989, H6.53, N 698 % Found C5975,H650,N692

Boc-D-Ala-Hyv-OBzl was prepared from Hyv-OBzl and Boc-D-Ala as a colorless o1l (92% yield), which was homogeneous
according to TLC analysis (ethyl acetate / hexane 20 80; Rf 0 42), [0]20p +8° (c 1, MeOH), IH NMR (DMSO, Dg) 5088 (3H,d,J
=67 Hz) and 092 (3H, d, J = 6 7 Hz, CH; Hyv), 125 (3H, d, ] = 7 3 Hz, CH; Ala), 1 38 (%, 5, Boc), 2 15 (1H, m, H-§ Hyv), 4 1
(1H, m, H-o. Ala), 4 81 (1H, m, H-o. Hyv), 5 14 and 5 18 (1H, d, J = 12 3 Hz, CH; Bzl), 7 27-7 42 (6H, m, CgHs Bzl and NH Ala)
MS 380 (MH+), 280 (42%), 91 (100%), 57 (53%)

Boc-Ala-Hyv-OBz! was prepared from Hyv-OBzl and Boc-Ala as a colorless o1l (95% yield), which was homogeneous



Synthesis of the depsipeptide valinomycin 5049

accordng to TLC analysis (ethyl acetate / hexane 20 80; Rf 0 45), ()20, -67° (c 1 16, MeOH), 'H NMR (DMSO, Dg) §0.88 (3H,
d,J=67Hz) and 094 (3H, d, ] = 6 7 Hz, CH; Hyv), 1 25 (3H, d, ] = 7 Hz, CH; Ala), 1 38 (9H, s, Boc), 2 15 (1H, m, H-B Hyv),
407 (1H, m, H-a Ala), 4 68 (1H, m, H-a Hyv), 5 12 and 5 19 (1H, d, J = 12 3 Hz, CHj Bal), 7.25-7 40 (6H, m, C¢Hj Bzl and NH
Ala)

Preparation of valinomycin 1

Boc-D-Val-Lac-OBzl. (8)15¢ was prepared from Boc-D-Val and Lac-OBzl as a colorless o1l (98% yield), which was
homogeneous according to TLC analysis (ethyl acetate / hexane 5 95, Rf 0.5), [a]20p, -9.5° (c 2, benzene), 'H NMR (CDCl3) &
088 (3H, d) and 096 (3H, d, CH3 Val), 142 (9H, s, Boc), 1 5 (3H, d, CH3 Lac), 22 (1H, m, H-§ Val), 43 (1H, m, H-a Va), 495
(1H, m, NH Val), 5 15 (3H, m, H-a Lac and CH; Bzl), 7 32 (5H, m, CgHs Bzl)

Boc-D-Val-Lac-OH (10) 15¢ was prepared by Pd/C catalytc hydrogenation of Boc-D-Val-Lac-OBzl (760 mg, 2 mmol) m
MeOH for 4 h at room temperature and under atmosphenc pressure The reaction mixgure was then filtered on celite and the solution
evaporated under reduced pressure to give 550 mg of a compound (95% yield) identical to previously described Boc-D-Val-Lac-OH

Boc-Val-D-Hyv-OBa (9)15¢ was prepared following IPCC-promoted depsipeptide formation from D-Hyv-OBz! and Boc-
Val, as a colorless o1 (90% yield), which was homogeneous according to TLC analysis (ethy! acetate / hexane 20 80, Rf 0 56),
(1?0, -8° (c 1, dioxane), 'H NMR (CDCl3) 088 - 102 (12H, m, CH3 Hyv and Val), 142 (9H, s, Boc), 22 (2H, m, H-B Hyv
and H-B Va), 4 3 (1H, m, H-a Val), 4 81 (1H, d, H-a Hyv), 5 15 (2H, m, CH, Bz), 7 31 (5H, m, CgHs Bzl)

TFA.Val-D-Hyv-0OB2 (11) (1 63 g, 4 mmol) prepared above was treated with influoroacetic acid (4 ml) for 30 min The
muxture was trnturated with diethyl ether and the TFA salt 11 of the resuling amino-free depsipeptide was obtained as a white powder
(15 g, 89%), which was homogeneous according to TLC analysis (ethyl acetate / hexane 30 70; Rf 0 25), [a]2°D +25° (c 2, MeOH)
[lit. +24.5° (¢ 2, MeOH), hydrochlonde]j!3¢

Boc-D-Val-Lac-Val-D-Hyv-OBzl (12) 15¢ Dusopropylethylamine (1 2 ml, 6 8 mmol), and BOP reagent (1 45 g, 3 3 mmol)
were added successively to a stured solution of the trifluoroacetic salt 11 (1 26 g, 3 mmol) and the acid 10 (870 mg, 1 mmol)
methylene chloride (20 ml) Strmng was contmued for 1 h The reaction mixture was then washed with 5% KHSOy (2x20 ml), water,
5% NaHCO3 (2x20 ml), and saturated brme The organic phase was dnied over anhydrous NaySOy, filtered, and concentrated under
reduced pressure to give a residue which was chromatographed on silicagel (ethyl acetate / hexane, 30 70) The tetradepsipeptide was
1solated as a colorless oil (14 g, 80% yield), which was homogeneous according to TLC analysis (ethy] acetate / hexane 50 50, Rf
082), []20 -9 5° (c 2, EtOH), 1H NMR (CDCl3) 8085 102 (18H, m, CH3 Hyv, D-Val and Val), 1 4 (9H, s, Boc), 148 (3H, 4,
CHj Lac), 2 12 (1H, m, H-B D-Val), 2 25 (2H, m, H-§ Hyv and Val), 4 12 (1H, m, H-o. D-Val), 4 5 (1H, m, H-& Val), 5 05 (1H, d, H-a¢
Hyv), 5 12 (2H, m, CH; Bazl), 5 28 (1H, m, H- Lac), 7 35 (SH, m, CgHs Bzl)

Boc-D-Val-Lac-Val-D-Hyv-OH (14) was prepared by Pd/C catalync hydrogenation of Boc-D-Val-Lac-Val-D-Hyv-OBzl (12)
(580 mg, 1 mmol) followng the method described for the preparation of Boc-D-Val-Lac-OH (10), to give 450 mg (92 %) of a
compound tdentical to that previously described 1n the literature 15¢

TFA.D-Val-Lac-Val-D-Hyv-OBzl (13) was prepared from Boc-D-Val-Lac-Val-D-Hyv-OBzl (12) (580 mg, 1 mmol)
following the method described for deprotection of Boc-Val-D-Hyv-OBzl (9) [a]2°D +29° (c 2, EtOH) [l +29 5° (c 2, E:OH),
hydrochloride]15¢

Boc-(D-Val-Lac-Val-D-Hyv),-OBzl (15) 15¢ was prepared from TFA-D-Val-Lac-Val-D-Hyv-OBzl (13) and Boc-D-Val-Lac-
Val-D-Hyv-OH (14), followmng the method described above for the preparation of Boc-D-Val-Lac-Val-D-Hyv-OBzl (12), to give 760
mg (80% yzeld) of a compound 1dentical to that previously described 1n the literature, [a]mD -5° (¢ 2, EtOH) [l -5° (c 2, EtOH)] I5¢

Boc-(D-Val-Lac-Val-D-Hyv),-OH (16) 15¢ was prepared from Boc-(D-Val-Lac-Val-D-Hyv),-0OBzl (15), followng the
method described above for the preparation of Boc-D-Val-Lac-Val-D-Hyv-OH (14), to give 610 mg (89% yield) of a compound
1dentical to that previously described m the literature 15¢

Boc-(D-Val-Lac-Val-D-Hyv)3-OBzl (17)15¢ was prepared from TFAD-Val-Lac-Val-D-Hyv-OBzl (355 mg, 0 6 mmol) (13)
and Boc-(D-Val-Lac-Val-D-Hyv),-OH (515 mg, 0 6 mmol) (16), following the method described for the preparauon of Boc-D-Val-
Lac-Val-D-Hyv-OBzl (12), to give 710 mg (90% yield) of a compound 1dentical to that previously described in the literature, [a]z"D
-9°(c 14, EtOH) [l -9 4° (c 1 4, EtOH)] 13¢

Valinomyan Boc«(D-Val-Lac-Val-D-Hyv);-OBzl was fully deprotected by the usual catalytic hydrogenation, followed by
irfluoroacec acid treatment to give 600 mg of TFA (D-Val-L-Lac-L-Val-D-Hyv);-OH (17) (90% yueld), [¢120p, +9° (c 1, CHCly)
[t +9 3° (c 1, CHCl3), hydrochlonde] 15¢ op reagent (175 mg, 0 4 mmol) and TEA (0 6 ml) was added to a solution of 17 (400
mg, 032 mmol) n dichloromethane (50 ml), and the mixture was stired for 48 h at room temperature After the usual workup the
residue was chromatographied on a low-bar silicagel column (hexane / ethyl acetate, 80 20) Valinomycin was crystallized 1n
nitromethane (107 mg) and was 1dentical to a commercial sample and the valimomycin previously described n the literature 15¢,23
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