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The synthesis of a series of derivatives of the novel antifungal cyclopeptolide 1, which consists of 
nine S-amino acids and R-lactic acid, is described. Besides functional group variation of MeAsp4 
(esters 2a-d, amides 3a-d, alcohol 4, and its derivatives) and T Y ~ ( M ~ ) ~  (demethyl derivative 8, 
ethers 12a-f, 13, and oxidative degradation of the phenyl group to 141, opening of the lactone by 
LiOH in THF/H20 allowed manipulation of the hydroxy group of R-HyprlO in the resulting acyclic 
peptide 15. Recyclization of 15 under Mitsunobu conditions followed by deprotection led to the 
S-Hypr'O analogue 17 of 1. Cyclic decapeptides 33 and 34 as well as cyclic undecapeptides 35 and 
36 were obtained via the corresponding modified linear peptides 23,24,27, and 28 by cyclization. 
Methylation of all secondary amide groups by CH31 and KH/l&rown6 gave the permethylated 
compound 37. Two of the derivatives (17 and 34) showed superior activities against yeasts in vitro 
a t  pH 6.5 as compared to 1, but not at a lower pH (4.5). 

Introduction 
The cyclopeptolide 1 (Figure 1) was isolated from the 

fermentation broth of an imperfect fungus (Septoria sp., 
NRRL 15761) due to its antifungal activity.' It is 
composed of nine 5'-amino acids and R-lactic acid. The 
structure was determined by X-ray analysis of its bro- 
moanilide derivative2 2, and the NMR spectra in CDC13 
were fully analyzed by 1D and 2D spectro~copy.~ Com- 
pound 1 was found to be active against yeasts and yeast- 
like fungi, but not against filamentous fungi. The activity 
against yeasts was confirmed in several experimental 
infections of rodents with Candida albicam. Interestingly, 
the compound was effective not only after topical or 
intraperitoneal application but also when given orally. A 
series of derivatives of 1 was prepared with the aim to 
improve the antifungal activity. 

The structure of 1 was modified mainly at three sites: 
amino acid 4 (MeAsp), amino acid 9 (TyrMe), and hydroxy 
acid 10 (R-Hypr). In addition, a few analogues were 
prepared in which R-Hypr was replaced by a dipeptide. 
The chemistry leading to the derivatives starting from 1, 
as well as antifungal activities of the new compounds, is 
described. 

Cyclopeptolide 1 has a remote similarity to the immu- 
nosuppressive undecapeptide Cyclosporin A (CyA, San- 
dimmun). Since Cyclosporin A was reported4 to decrease 
the anticancer drug resistance of multidrug-resistant 
(MDR) cells, all derivatives of 1 were also tested routinely 
for resistance modulation. Several derivatives were indeed 
found to be potent chemosensitizers of tumor cells whose 
multidrug resistance is due to the P-glycoprotein mediated 
drug efflux. These activities could also be confirmed with 
one compound (SDZ 280-446, compound 16) in U ~ U O . ~  The 
results on multidrug resistance modulation are presented 
and discussed in the accompanying publication.6 

+ Present addreas: Bender + Co GesmbH,Boehriiergaase 5-11, A-1120 
Vienna, Austria. 
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Figure 1. Structure of cyclopeptolide 1 and numbering of amino 
acide. 

Chemistry 

Modification of MeAspa. The &carboxyl group of 
MeAsp4 of cyclopeptolide 1 was easily esterified or 
converted into an amide (Scheme 1). Depending on the 
alcohol component, three different methods (A, B, C) were 
used for esterification of 1. Treatment of 1 with diaz- 
omethane in diethyl ether led to the methyl ester 2a 
(method A). The allyl ester 2b was obtained by reacting 
1 with allyl bromide in acetone in the presence of potassium 
carbonate (method B). All other esters were prepared by 
treating 1 with the appropriate dimethylformamide dialkyl 
acetal in toluene at 80 OC (method C). For amide formation 
the carboxylgroup was activated with the Vimeier-Haack 
reagent (dimethylformamide imide chloride obtained from 
DMF and oxalyl chloride) and the resulting intermediate 
reacted with different amines to give compounds 3a-d. 
Treatment of 1 with the Vilsmeier-Haack reagent followed 
by sodium borohydride' resulted in derivative 4, wherein 
MeAsp4 is reduced to MehSer. The hydroxy group of the 
methylhomoserine residue in 4 could be esterified (com- 
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Scheme 1. Modifications at MetAsp‘ and Tyr(Me)l0 
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26d 
3a:R‘,R2=C Hs 

3c : R‘ = H, R2 = (CH,),N(CH& 
3a-d 3b : R’ = H, R’= pBr-C,H, 

2a : R1 = CH, 
2b : R’ = allyl 

3d : R’ = H, R2 P CH2Si(CH3), 
2C : R’ = tBu 
2d : R’ = (CH&CH, 

4 :X’=OH 8 :R1,R2=H 

10: R‘ = (CH ) 
5C: x’ = OCO-O(C6H,)COOH 9 10 11a-f: R’ - (&&S&)3 

12a-f: R‘ = H 

sa: X‘ = OAC 
5b: X‘ - OCO(CH,)&OOH 

6 : X‘ = CI 
7 : X’ = N3 

11 (12)b: R2 = CHpC6H 

ll(12)d: R2 = CH2-p(CeH,)CI 
ll(12)e: R2 = CH,-p(C,H,)Br 

B : RX, K$03, acetone 
C : (CH32NCH(Oalk)2 

E : DMF, (COCI),, NaBH, 
F : (RCO)20, pyridine 
G :TosCI, pyridine 
H :MesCI, pyridine; NaN,, DMF 
I : All,, CS2 

9 : R’, R2 = allyl 
i(CH ) , R2 - H 

0‘ K 11 (12)a : R2 = allyl 

12c l la - f  ll(12)c: R2 - C H ~ C O ~ C H ~ C ~ H S  

ll(12 1: R2 = geranyl 
13: Rd = CHzCOOH 

A : CHZN, 

D : DMF, (COCl)2, amine 13 1261 

K : RX, nBu4NHS04, NaOH, CH2C12 
L : nBu NHF, THF 
M: H,, 6cVC 

pounds Sa-c) or converted to the chloride 6 and the azide 
derivative 7 by standard procedures (Scheme 1). 

Modification of Tyr(Me)B. The methyl ether of the 
O-methyltyrosine residue in 1 could be cleaved smoothly 
with freshly prepared aluminum iodide in carbon disulfide8 
to yield the tyrosine derivative 8. Treatment of 8 with 
allyl bromide in acetone in the presence of potassium 
carbonate led to alkylation of both the phenol and the 
carboxyl groups producing compound 9. For selective 
alkylation of the phenol group in compound 8, the free 
carboxyl group of the N-methylaspartic acid residue had 
to be protected as an easily removable ester prior to 
alkylation. The (trimethylsily1)ethyl ester 10, which was 
prepared from compound 8 with DMF bis(trimethylsi- 
lylethyl) acetal applying method C, proved to be ap- 
propriate. 10 could be alkylated with reactive halides using 
potassium carbonate in acetone or under phase-transfer 

conditions (NaOHKH2C12, nBuNHS04) to give com- 
pounds lla-f, the deprotection of which with tetrabu- 
tylammonium fluoride in THF resulted in “lj&O-alkyl 
derivatives 12a-f with free MeAsp‘. The free diacid 13 
was obtained from the O-benzyl derivative 12c by hy- 
drogenolysis (Scheme 1). 

Transformation of T~r(lWe)~ into Aspg. The aro- 
matic ring system of the N-methyltyrosine residue in 
compound 1 was selectively oxidized with ruthenium 
dioxide/eodium periodate: yielding compound 14 (Scheme 
2), wherein ’l’~r(Me)~ is replaced by Asp. 

Transformation of R-Hypr’O into SHyprlO. The 
&carboxyl group of Me-Asp‘ had to be suitably protected 
in order to allow selective manipulation of the linear 
peptide, which in turn might be obtained through hy- 
drolytic cleavage of the lactone under basic conditions. 
The tert-butyl ester 2c, obtained from 1 under neutral 
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Scheme 2. Oxidative Degradation of the Aromatic Ring of Tyr(Me)g and (Amide)-N-permethylation of 1 
0' 

0 0  

& 1 0, 

14 

N : Ru02, Na104; 0 : KH, lacrown 6, Mel. 

conditions with dimethylformamide di-tert-butyl acetal1° 
according to method C, turned out to be stable enough to 
permit selective lactone cleavage with lithium hydroxide. 
Other procedures such as the Mukaiyama" protocol or 
the method described by Stadler12 gave less satisfactory 
results. Thus, cleavage of the lactone 2c proceeded 
smoothly with 1.5 equiv of lithium hydroxide in aqueous 
THF resulting in the linear peptide 15 which was used 
without further purification in the following step. In order 
to re-macrolactonize with inversion of cod~gurat ion~~ at 
the a-position of the lactic acid residue, compound 15 was 
reacted with triphenylphosphine and diethyl azodicar- 
boxylate (DEAD) in high dilution (- 1 mM) to give cyclic 
compound 16 in 67 % yield. Deprotection of the/?-carboxyl 
group with trifluoroacetic acid ultimately led to the 
S-HyprlO analogue 17 (Scheme 3). 

Replacement of RHyprlO by RAlalO, S-AlalO, R- 
AlaloRAlall, or R-AlaloS-Alall. For further manipula- 
tion of the hydroxy group of the lactic acid residue in 
compound 15, the terminal carboxyl group was protected 
as benzyl ester to allow for selective deprotection in the 
presence of the Asp-tert-butyl ester in a later step. The 
linear peptide 18 (Scheme 3) was converted into the azide 
derivative 20 via the mesylate 19 using sodium azide in 
dimethylformamide (DMF). On the other hand, the azide 
could also be introduced starting from 18 with double 
inversion (resulting in net retention of configuration) in 
two steps: (1) tosylation under Mitaunobu conditions 
(triphenylphosphine/DEAD/zinc tosylate);14 (2) displace- 
ment by azide (sodium azide/DMF). Catalytic hydroge- 
nation of the epimeric azides 20 and 22 proceeded with 
concomitant removal of the benzyl (ester) groups to give 
amines 23 and 24. Chain extension by attachment of an 
R-alanine residue on the N-terminus of peptides 23 and 
24 using the p-nitrophenyl ester of N-protected R-alanine 
led to derivatives 25 and 26, which upon hydrogenolytic 
deprotection afforded the linear peptides 27 and 28. 
Macrocyclization of compounds 23, 24, 27, and 28 was 
brought about with dicyclohexylcarbodiimide/pentafluo- 
rophenol in dichloromethane under high dilution leading 
to the cyclic analogues 29-32 in satisfactory yields (37- 
59%). It may be noted that the length of the peptide 
chain did not have much influence on the efficacy of the 
macrocyclization. Deprotection with trifluoroacetic acid 
resulted in the final products 33-36 (Scheme 4). 

Transformation of ValJGly7Tyr( into MeVal3- 
Sar7MeTyr(Me)g. In addition to the /?-carboxylic acid 

37 

function of the N-methylaspartic acid residue, the nitrogen 
of all secondary amide groups could be methylated using 
methyl iodide/potassium hydride/l&rown6/THF to give 
the permethylatd compound 37 (Scheme 2). 

Biological Tests 
Test Organisms. Test cells of Candida albicans 

(strains no. 3,4,9,26,88,90,124), Candidaguillermondii 
(no. 801, Candida krusei (no. 132), and Candida tropicalis 
(no. 43) were used. The cultures grown in Sabouraud's 
glucose broth had been stored in liquid nitrogen15 and 
were used immediately after thawing at appropriate 
dilutions for in vitro and in vivo studies. 

Laboratory Animals. Female NMRI mice weighing 
18-20 g and female Wistar rata with a body weight of 
approximately 150 g were obtained from Charles River 
Wiga (FRG). The animals were housed under standard- 
ized environmental conditions (22 i 1 OC room tempera- 
ture, 55 f 5% humidity, 12 h day/night cycle, and 8 air 
changes per hour) and had free access to pelleted food and 
tap water. 

Serial Dilution Test. Antifungal activity of the test 
compounds was determined in cultures grown in malt 
extract broth (E. Merck, initial pH 4.5 or 6.5) in microtiter 
trays (Greiner no. 655101) which had been inoculated with 
1 X 103 colony forming units (CFU's) per 0.2 mL/well. 
Stock solutions of the test compounds (0.08%) were 
prepared in 5% DMSO/O.2% Tween 80 (v/v) and serially 
diluted with growth medium, yielding f i i  concentrations 
of 0.05-100 pglmL. Fungal growth was macroscopically 
examined after incubation for 48 h at 30 OC. Efficacy of 
the test compounds was determined by the minimal 
inhibitory concentrations (MIC) as well as the minimum 
subinhibitory concentrations (MSIC). MIC was defined 
as the lowest compound concentration at which no fungal 
growth could be detected whereas MSIC was defied as 
the lowest compound concentration inducing a visible 
growth inhibition in at least two of three triplicates. 
Cultures treated with the reference compound ketocona- 
zole were used for comparison, and cultures containing 
the vehicle alone served as negative controls. 

Vaginal Candidiasis in Mice and Rats. Vaginal 
infections with C. albicans, no. 124, were established in 
hormonally conditioned animals (10 per group) as de- 
scribed previously16 by inoculation of 50 pL of Sabouraud'a 
glucose broth containing 3.5 X 104 C W s .  The compounds 
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Scheme 3. Synthesis of S-Hypr’O Analogue 17 and of Linear Precursors 23,24,27, and 28 

0’ 

a 2c + 

19 : R2 = CH&,H,, x = OMes 
22 : R2 = CH2CSH5, X = N3 
24 : R2 = H, X = NH2 
26 : R2 = H, X = pNO&H&CONHCH(CH3)CONH 
28 : R2 = H. X = HzNCH(CH3)CONH 

20 : R2 = CH2CSH5, X = N3 

21 : R2 = CH&H,, x = OTS 
23:R2.=H,X=NH2 
25 : R2 = H, X = ~NO~C,HSOC~NHCH(CH,)C~NH 
27 : R2 = H, X = H,NCH(CH,)CONH 

a: LiOH, THF, H20; b: PPh,, DEAD; 

e: MesCI, Pyr.; 1: PPh,, DEAD, Zn-tosylate; 

l8 8, l9 2o h, 23 i, 25 h, 27 
C: N(CH&CH(OCH2C,H& d: CF,COOH; 

g: NaN3, DMF; h: H2, Pd/C; 
i: ~NO~CSH,CH~OCO-(R)-~I~-O-~NO~-C,HS 

18 f, 21 B 22 h, 24 & 2 6 h ,  28 

Scheme 4. Syntheses of Cyclopeptides 33-36 (Cyclization Reaction) 

k: DCI, pentafluorophenol k d 

k d 

k d 

0’ 
23- 29- 33 

24- 30- 34 

27- 31 + 35 
28- k 32- d 36 

d: CFsCOOH 

29 : R’ = tBu, Y’ = @)ala, Y2 - bond 
30 : R‘ = tBu, Y’ = (R)ala, Y2 = bond 
31 : R’ - tBu, Y’ = (R)ala. Y2 - (S)ala 
32 : R’ = tBu, Y’ = (R)ala. Y2 = (R)ala 
33 : R’ = H. Y’ e @)ala, Y2 =bond 
34 : R’ - H, Y’ = (R)ala, Y2 = bond 
35 : R’ = H, Y‘ = (R)ala, Y2 = (S)ala 
36 : R‘ = H, 2’ = (R)ala, Y2 E (R)ala 

were dissolved in 10% DMSO/O.B% Tween (v/v) for 
systemic treatment. Topical treatment wae performed 
with a gel formulation prepared of 40% DMSO, 50% poly- 
(ethylene glycol) 400, and 10% aerosil (v/v). Rata were 

treated orally or intraperitoneally twice, 2 h before and 18 
h after infection. Mice were dosed four times (per gavage 
or intraperitoneally), 2 h before and 2,18, and 24 b after 
infection. Intravaginal treatment of rata with 0.2 mL of 
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Table 1. Minimum Inhibitory Concentrations (MIC, pg/mL)a 
and Minimum Subinhibitory Concentration (MSIC, pg/mL) of 
Cyclopeptolide 1 against Candida spp. in Comparison to 
ketoconazole 

Emmer et al. 

Table 3. In  Vitro Activities of 1 (MIC, pg/mL) and Derivaties of 
1 against Candida albicans 124 (C. a.), Candida guillermondii 80 
(C. g.), Candida k m e i  132 (C. k.), and Candida tropicalis 43 (C. 
t.) at pH 4.5 and 6.5, MIC (MSIC) 

cyclopeptolide 1 ketoconazole: 
pH4.5 pH6.5 pH6.5 

strain no. MICa MSIC MIC MSIC MIC MSIC 
C. albicans 3 6.25 

4 6.25 
9 12.50 

26 6.25 
88 12.50 
90 3.12 

124 1.56 
C. guillermondii 80 6.25 
C. krusei 132 >lo0 
C. tropicalis 43 1.56 

0.78 
0.78 
0.78 
0.78 
0.78 
0.78 
0.40 
0.8 
1.56 
0.80 

>lo0 
100 

>lo0 
>lo0 

100 
100 
50 

>lo0 
>lo0 

100 

6.25 100 
12.50 >loo 
12.50 100 
6.25 >lo0 
3.12 >lo0 
3.12 >lo0 
3.12 >lo0 

12.50 >lo0 
3.12 >lo0 
6.25 >lo0 

0.19 
<0.05 
X0.05 
<0.05 
<0.05 

0.39 
0.19 
0.19 
0.78 
6.25 

a For details, see the section on biologicalteeta/serial broth dilution 
test. 

Table 2. Efficacy of Cyclopeptolide 1 in Experimental Vaginal 
or Systemic Candidosis after Oral, Intraperitoneal, or Topical 
Treatment0 

cue rate (%) 

dose cycle keto- 
model (mg kgl bw) application peptolide 1 conazole 

vaginal candidosis 2 X 300 PO 56 100 
(rat) 2x150 0 100 

76 PO 2x100 
2 X 50 1:: 0 

4x50 1:: 7 

a x 25 1:: 20 

9 x l % b  top. 100 
g x o . i % b  top. 78 73 

(mouse) 4 X 150 31 100 

systemic candidosis 8 X 200 Po 90 100 
(mouse) 8X 100 40 100 

vaginal candidosis 4 X 300 PO 64 

14 (toxic) PO 4x100 

100 
20 

P O  
!P 8x100 

8 X 50 

a Abbreviations: body weight, bw; oral, po; intraperitoneal, ip; 
topical, top.; not tested, nt. * Percent drug concentration. 

gel was started 2 h after inoculation and continued twice 
daily for 4 consecutive days (i.e., nine aplications). Efficacy 
was assessed one day after the last treatment by plating 
vaginal swabs onto Sabouraud's glucose agar with strep- 
tomycin (0.1 mg/mL) which were incubated for 48 h at 37 
"C. Animals were considered to be cured when reisolation 
of C. albicans failed. 

Systemic Candidiasis in Mice. Septicemic infections 
in mice (10 per group) were initiated by intravenous 
injection of lo6 CFU of C. albicans (no. 124) via the lateral 
tail vein. This inoculum proved to cause death within 4 
days. The compounds were prepared as above for systemic 
treatment and administered orally or intraperitoneally 
twice daily on 4 consecutive days, starting 2 h before 
inoculation. Efficacy was assessed by the survival rate 
until day 9 after infection. Controls were used as above. 

Results and Discussion 
Antifungal Activities. In serial dilution tests the 

parent cyclopeptolide 1 was found to be active against 
yeasts (Table 1) but showed no effects against filamentous 
fungi such as Trichophyton spp., Aspergillus fumigatus, 
or Sporothrix schenkii in concentrations up to 100 pg/mL 
(data not shown). Activity against yeasts was primarily 
dependent on the pH of the growth medium and secondly 
on the species and strain used. Much higher potency 

compd pH4.5 pH 6.5 
no. C.a. C.g. C.k. C.t. C.a. C.g. C.k. C.t. 
1 

2c 

2d 

3a 
3b 
3c 
3d 

4 

Sa 

Sb 
sc 
6 

7 

8 

9 
12a 

12b 
12d 
120 
121 
13 
14 
17 
31 
33 
34 
35 
36 

1.56 6.25 
(0.8) (0.8) 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
(25) 
>loo >loo 

12.5 >lo0 

>loo >loo 
>loo >loo 
>loo >loo 
(26) 
>loo >loo 

>loo >loo 
>loo >loo 
3.13 100 
(0.8) (6.25) 
50 >loo 
100 >loo 
>loo >loo 
>loo >loo 
12.5 25 
100 >loo 
3.13 12.5 
>loo >loo 
25 >lo0 
3.13 6.25 
12.5 50 

>loo 1.56 
(1.56) (0.8) 
>loo >loo 
(12.5) 
>loo >loo 
(25) 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
(12.5) 
>loo 100 

(25) 
>loo >loo 
>loo >loo 
>loo >loo 

>loo >loo 

>loo >loo 
>loo >loo 
100 100 

(12.5) 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>lo0 25 
>loo >loo 
25 6.25 
>loo >loo 
>loo >loo 
25 6.25 
>loo 100 

(25) 

50 >loo 
(6.25) (12.5) 
>loo >loo 

>loo (25) >loo 
>loo (50) >loo 
>loo >loo 
>loo >loo 
>loo >loo 

>loo >loo 
(12.5) (25) 
50 >loo 
(3.13) 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
(50) 
50 100 
(12.5) 
>loo >loo 
6.25 100 
(3.13) (25) 
>lo9 >loo 
>loo >loo 
>loo >loo 
>loo >loo 
100 >loo 
>loo >loo 
12.5 100 
nta nt 
100 >loo 
6.25 25 
>loo >loo 

>loo 100 
(3.12) (6.25) 
>loo >loo 

>loo (25) >loo 
(25) (25) 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
(12.5) (50) 
>loo >loo 

(6.25) 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
100 (100) 100 

>loo (50) >loo 

>loo 100 
(50) 

>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
>loo >loo 
50 25 
nt nt 
>loo >loo 
50 25 
>loo >loo 

0 nt = not teated. 

(assessed by MIC and MSIC) of compound 1 was observed 
when the initial pH of the growth medium was 4.5 than 
at  pH 6.5. In contrast to C. albicans, C. krusei, and C.  
tropicalis, cells of C.  guillermondii proved to be resistant 
to 1 (MIC >lo0 pg/mL). In uiuo, compound 1 exhibited 
dose-dependent antimycotic activity after oral, parenteral, 
or topical treatment in rodent models of localized (intra- 
vaginal) or systemic C. albicans infections. In comparison 
with ketoconazole, compound 1 was less active after 
systemic application but equaled ketoconazole when both 
compounds were applied topically at 0.1 % in rat vaginal 
candidiasis. 

Those derivatives of 1 which were active showed the 
same profiies of antifungal activities as the parent 
compound. Therefore, data for selected derivatives are 
given only for four Candida strains (Table 3).  As with the 
parent compound, different activities were observed at 
initial pH 4.5 and 6.5. With the exception of compound 
8, higher activities were again found at  the lower pH. 

Structure-Activity Relationships: Modifications 
of N-MeAspJ. Esterification of the free carboxyl group 
(compounds 2a-d) resulted in decreased in vitro antifungal 
activity in all cases. Conversion to amides (compounds 
3a-d) led to a complete loss of in vitro activities. 
Surprisingly, however, the diethylamide 3a turned out to 
retain some activity in uiuo (systemic candidiasis in mice, 
100 mg/kg ip). 
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Modification of T Y ~ ( M ~ ) ~ .  When the 0-methyl group 
was replaced by 0-allyl (compound 12a), in vitro activity 
was preserved. Introduction of larger groups resulted in 
inactive analogues (12b-f). A more extensive modification 
of the molecular structure, Le., formal replacement of Tyr- 
(Me)9 by Asp by oxidative degradation (compound 14) 
also led to loss of activity. 

Modifications of RHyprlO. An increase of antifungal 
activity in vitro (pH = 6.5) was observed when R-Hypr'" 
was replaced by S-lactic acid (compound 17). Replacing 
R-Hypr with R-alanine (compound 34) resulted in even 
greater enhancement of activity. Comparison of the 'H- 
NMR spectra (CDsOD) suggested that 34 might have a 
conformation very similar to that of the parent compound 
1. Metabolic stability and therefore bioavailability in vivo 
was expected to be higher for 34 as compared to 1 due to 
replacement of the ester function (lactone) by the more 
stable amide isostere. The cyclic peptide 34, however, 
turned out to be completely inactive in vivo (100 mg/kg 
ip, systemic candidosis in mice). Replacement of R-Hypr 
by S-Ala (compound 33) or R-Ala-S-Ala (compound 36) 
led to higher MIC values, and the replacement by R-Ala- 
R-Ala (compound 36) resulted in complete loss of anti- 
fungal activity. 

Summary 
The newly isolated cyclopeptolide 1 exhibits interesting 

antifungal activities, especially against Candida strains 
in vitro and in vivo. A series of new semisynthetic 
derivatives was synthesized starting from 1 and evaluated 
in vitro and in a few cases also in vivo. Two of the 
derivatives were more active than 1 in vitro (pH = 6.5), 
but none was superior in vivo. 

Experimental Section 
Melting points were taken on a Kofler hot stage melting point 

apparatus (Reichert) and are unco&. Optical rotations were 
measured on a Perkin-Elmer 141 polarimeter (concentration in 
g/100 mL). IR spectra were obtained with a Perkin-Elmer 198 
photometer. lH NMRspectra were recordedat 250 MHz (Bruker 
WM 250) and at 500 MHz (Bruker AMX 500). Due to hindered 
rotation around the amide bonds and to intemal H-bonds, at 
room temperature most of the compounds existed in solution 
(CDCL) in two or more conformers. When crystalline compounds 
were dissolved, it took a certain time (about 1U-20 min) until an 
equilibrium state of conformers was obtained. Measurement 
was performed after the equilibrium was reached, and only data 
for the prominent conformers are given. All maas Spectra are 
fast atom bombardment (FAB) spectra (matrix: nitrobenzylic 
alcohol) and were recorded on a VG 70-SE instrument (VG 
Analytical) operating at an 8-kV accelerating voltage. Column 
chromatography was accomplished on silica gel 60 (0.063-0.2 
111111, Merck) under hydrostatic pressure or on commercially 
available columns (Lobar Fertigsiiule, filled with LiChroprep Si 
60, 0.04-0.063 mm, Merck) using pressures up to 5 bars. 
Furthermore, separation from low molecular weight reaction 
byproducts was effected by column chromatographyon Sephadex 
LH 20with CHZClz as mobile phase. Thin-layer chromatography 
was performed on silica gel 60 F m  (Merck). The spots were 
visualized either by quenching of UV fluorescence (A- = 254 
nm) or by staining with ninhydrin, followed by heating, or with 
potassium permanganate. The purity of the products was 
checked by high-performance liquid chromatography (Beckman 
114M) on a column (250 X 4.6 mm) of Nucleoeil5Cs (Merck) or 
on a column (250 X 4.6 mm) of Hypgrsil CN (Merck) with a 
water/acetonitrile gradient (20-100% CH&N in 40 min, flow 
rate 1 mL/min) and a Beckman 165 W detector (detection 
wavelength, 220 nm). 

Tetrahydrofuran (THF) was dried over L u  under an argon 
atmosphere. All other solvents were reagent-grade quality and 
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dried by storing over molecular sievea (0.4 nm). (4Nitroben- 
zyloxycarbonyl)-R-Ala Cnitrophenyl ester was prepared accord- 
ing to literature.17J8 Dimethylformamide dioctyl acetal and 
dimethylformamide bis(trimethylsily1)ethyl acetal were prepared 
from dimethylformamide dimethyl acetal and the appropriate 
alcohols, following a general literature procedure for the synthesis 
of DMF 

Ketoconazole, which was used as an-al standard, was 
synthesized according to the literature procedure." 

(~-Qmethyl)-MeIle-MeIle-Gl~MeVal-Tyr(Me)-REypr] 
(28). An ethereal solution of dwmethane  was added to a 
solution of 1 (200 mg, 0.177 "01) in methanol (20 mL) under 
stirring until the yellow color persisted. After 10 min the solvente 
were evaporated in vacuo. The crude product was purified by 
column chromatography (ethyl acetate), giving 200 mg (99% 
yield) of methyl ester 2a (colorleas solid): HPLC 98.5 % ; lH NMR 
(CDCb) mixture of conformers, 1/1,6 2.59,2.74,2.78,2.78,2.86, 

3.80 (OC&); FAB MS 1140 (MH+). 
Method B: Cyclo-[Pee-MeVal-Val-MeArp(B-Qally1)- 

MeIle-(MeIle-Gly-MeVal-Tyr(Me)-RHypr] (Zb). Potasaim 
carbonate (140 mg, 1 mmol) and allyl bromide (0.42 mL, 4.9 
m o l )  were added to asolution of 1 (660 mg, 0.5 "01) in acetate 
(25 mL), and the mixture was refluxed for 3 h. After cooling to 
room temperature, the solvent was evaporated in vacuo, and the 
residue was taken up in ethyl acetate and 0.1 N HC1. The o r g d c  
layer was washed three t i e s  with brine and dried over Nad304. 
After evaporation of the solvent, the crude product was purified 
by column chromatography (ethyl acetate) to give 560 mg (96% ) 
of2basacolorlea~solid HPLC99.5%;lHNMR(CDCla)mixt~e 
of conformers, 1.3/1, major conformer: 6 2.73, 2.78, 2.89, 2.92, 
3.06 (NCK), 3.75 (OCHs), 4.47 (COOCH,), 5.16, 5.21, 5.84 
(CH--CHd; minor conformer: 6 2.60,2.78,3.00,3.04,3.32 (NCb),  
3.80 (OCHa), 4.47 (COOCHz), 5.16,5.21,5.84 (CH=CH& minor 
conformer: 6 2.60, 2.78, 3.00, 3.04, 3.32 (NCHs), 3.80 (OCHs), 
4.47 (COOCHd, 5.16,5.21,5.84 (CH-CHd; FAB MS 1166 (MH+), 
1188 (MNa+). 

ty1)-MeIle-MeIle-Gly-MeVal-Tyr(Me)-RHypr] (2c). Dim- 
ethylformamide di-tert-butylacetal(3OmL, 125 "01) wm added 
dropwise to a solution of cyclopeptolide 1 (25 g, 22.2 "01) in 
900 mL of anhydrous toluene, which was preheated to 100 OC. 
The solution was kept at this temperature until the reaction was 
complete (about 4 h, checked by TLC). The solution wm then 
allowed to cool to room temperature, washed five timea with 
water, and dried over NazSOb The oil obtained after evaporation 
of the solvent in uacuo was purified by chromatography on silica 
gel with hexane/ethyl acetate (1/5). Then, 18.54 g (71% yield) 
of the eater (colorless foam) was isolated: HPLC 95.0 9%; lH NMR 
(CDCh) mixture of conformers, 3.5/1, major conformer: 6 1.31 
(tBu), 2.70, 2.80, 2.91, 2.96, 3.04 (NCHs), 3.76 (OCHa); minor 
conformer: 6 1.36 (tBu), 2.67,2.79,3.02,3.04,3.23 (NC&), 3.80 

Cyclo-.[Pec-MeVd-Vd-MeAsp(B- O-nsctyl)-MeIle-Mle- 
Gly-MeVal-Tyr(Me)-&EIypr] (2d). Cyclopeptolide 1 (300mg, 
0.27 mmol) was treated with dimethylformmide di-n-octyl acetal 
as described for the preparation of 2c, leading to 156 nrg (47% 
yield) of 2d (colorless solid): HPLC 96.0%; lH NMR (CDCb) 
mixture of conformers, 1.6/1, major conformer: 6 2.73,2.79,2.90, 
2.93, 3.05 (NCHa), 3.75 (OCHs), 3.92 (COOCHa); minor con- 
former: 6 2.64, 2.79, 3.00, 3.03,3.31 (NCHa), 3.80 (OCHa), 3.92 

Amidation. Cyclo-[Pee-MeVal-Val-MeArp(B-diethyl- 
amide)-MeIle-MeIle-Gly-MeVal-Tyr(Me)-RHypr] (38). To 
a suspension of (chloromethy1ene)dmethyla"onium chloride 
(prepared from 2.56 mL of DMF and 0.96 mL of oxalyl chloride 
in 16 mL of CHaCN at -30 OC) was added dropwise a solution 
of cyclopeptolide 1 (2.25 g, 2 mmol) in CHaCN (25 mL) followed 
by a solution of diethylamine (0.52 mL) in dry pyridine (4 mL). 
After stirring for 20 h at -20 "C the mixture was poured onto 0.1 
N HCl and extractad three times with ethyl acetate. The organic 
layer was washed three times with water and dried over Na2SO4, 
and the solvent was evaporated under reduced pressure. The 
crude product was chromatographed (silica gel, hexane/ethyl 
acetate, 1/5), giving 1.7 g (72% yield) of pure 3a (colorless 

and were distilled in vacuo before use. 

htdfication: Method A: Q&-[P~-MeVd-Vd-M&p-  

2.88, 2.96, 3.05, 3.08, 3.36 (NCHa), 3.61, 3.63 (COW&), 3.74, 

Method C. Cyclo-[Pec-MeVal-Val-MeArp(B-Q~~-bu- 

(OCHs); FAB MS 1182 (MH+). 

(COWHs); FAB MS 1238 (MH+). 



1914 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 13 Emmer et al. 

amorphous solid). An analytical sample was prepared by 
crystallization (CgHbOH): mp 234-236 "C; [KY]~D = -211" (c = 
1.0, CHaOH); 1H NMR (CDCh) mixture of conformers; 1/4, major 
conformer: 6 2.60, 2.78, 2.92, 3.02, 3.10 (NCHs), 3.75 (OCH,); 
minor conformer: 6 2.64, 2.76, 3.03, 3.08, 3.21 (NCHs), 3.79 

The following three compounds were prepared similarly. 
Cycla-[Pec-MeVal-Val-MeAep(B-4-bromoani~de)-MeIle- 

MeIle-Gly-MeVal-Tyr(Me)-RHypr] (3b): 2.0 g (78% yield) 
from 2.25 g (2 mmol) of I. Crystallization from C2HbOH gave 
white crystals: mp 198-201 "C; [a]% = -217" (c = 1.0, CHCh). 
Cyclo-[Pec-MeVal-Val-MeAsp[B-(2-(dimethylamino)- 

et hyl)amide]-MeIle-MeIle-Gly-MeVal-Tyr( Me)-R-Hypr] 
(3c): 1.55 g (65% yield) of 3c as the hydrochloride from 2.25 g 
(2 mmol) of 1. Crystallization from C2HaOH gave white crystals: 
mp 190 "C dec. 
Cyclo-[Pec-MeVal-Val-MeAsp[B-( (trimethyleily1)- 

methyl)amide]-MeIle-MeIle-Gly-MeVal-Tyr( Me)-R- 
Hypr] (3d): 5.2 g (72% yield) from 6.75 g (6 mmol) 1. Colorless 
solid: mp 173-175 "C; HPLC 96.6%; 'H NMR (CDCh) mixture 
of conformers, 1.2/1,60.00(Si(CH&,), 2.65,2.66,2.78,2.79,2.87, 

1211 (MH*), 1233 (MNa+). 
Cycla-[Pec-MeVal-Val-MehSe-MeIleMeIle-Gly-MeVal- 

Tyr(Me)-RHypr] (4). (Chloromethy1ene)dimethylammonium 
chloride (prepared from 0.5 mL of DMF and 0.25 mL of oxalyl 
chloride in 15 mL of CH2C12) and cyclopeptolide 1 (375 mg, 0.33 
mmol) were stirred in anhydrous THF (5.5 mL) and anhydrous 
CHsCN (1.5 mL) for 1 h a t  0-4 OC. A solution of NaB& (76 mg, 
2 mmol) in DMF (4 mL) was added dropwise at  -70 OC, and 
stirring was continued for 1.5 h at  -70 "C. The temperature of 
the reaction mixture was allowed to rise to -10 OC. Then, 4 mL 
of a saturated aqueous solution of ammonium chloride was added, 
and the reaction mixture was extracted with ethyl acetate. The 
organic phase was washed with water and dried over Na2S04 and 
the solvent evaporated in uacuo. The residue was purified by 
column chromatography (silica gel, ethyl acetate) to give 277 mg 
(0.25 mmol, 75% yield) of 4: colorless solid; HPLC 98.0%; 1H 
NMR (CDCh) mixture of Conformers, 3/1, major conformer: 6 

Val-Tyr(Me)-RHypr] (Sa). Asolutionof4 (123mg,O.llmmol) 
in anhydrous pyridine (3 mL) was treated with acetic acid 
anhydride (0.1 mL) and (dimethy1amino)pyridine (1 mg) for 15 
h. The reaction solution was concentrated, diluted with ethyl 
acetate, and washed with 0.1 N HC1 and water. After drying 
over N a 8 0 4  and evaporation of the solvent, 123 mg (0.106 "01, 
96% yield) of acetate Sa (white crystals) was obtained: mp 184- 
195 "C; HPLC 98.7 % ; lH NMR (CDCh) mixture of conformers, 
4/1, major conformer: 6 1.38 (CHdR-Hypr)), 1.97 (CH&OO), 
2.58, 2.77, 2.95, 3.00, 3.37 (NCHs), 3.79 (OCH,); minor con- 
former: S 1.41 (CHdR-Hypr)), 2.04 (CHsCOO), 2.73,2.77,2.80, 
2.86,3.09 (NCHs), 3.74 (OCHs). Anal. (C69HdgOl4) C, H, N. 
Cyclo-[Pec-MeVal-Val-MehSe( hemiruccinate)-MeIle- 

MeIlaGly-MeVal-Val-Tyr( Me)-RHypr] (Sb). 4 (200 mg, 6.18 
mmol) was reacted with succinic acid anhydride (225 mg, 2.25 
"01) as described for the preparation of Sa, leading to 220 mg 
(0.18 "01, 100% yield) of hemisuccinate Sb (colorless solid): 
HPLC 95.0% ; 'H NMRCDCb) mixture of conformers, 4/1, major 
conformer: 6 2.57 (COCH&H&O), 2.78, 2.78, 2.98, 3.03, 3.30 

Cyclo-[Pec-MeVal-Val-MehSe( ~hemiphthalate)-MeIle- 
MeIle-Gly-MeVal-Val-Tyr(Me)-RHypr] (k). 4 (200mg, 0.18 
mmol) was reacted with 0-phthalic acid anhydride (337 mg, 2.25 
mmol) as described for the preparation of Sa, leading to 233 mg 
(0.18 mmol,100% yield) of the 0-phthalate Sc (colorless solid): 
HPLC84%;lHNMR (CDCh)mixtureofconformers, 1/1,62.57, 
2.59,2.79,2.79,2.81,2.88,2.89,3.00,3.06,3.08 (NCHs), 3.74,3.80 
(OCHs), 7.2-7.4 (Ar). Anal. (C&nN9016) C, H, N. 

(OCHs); FAB MS 1181 (MH+). 

2.92,3.00, 3.02, 3.06, 3.37 (NCHs), 3.75, 3.79 (OCHa); FAB MS 

2.50, 2.78, 2.87, 2.95, 3.44 (NCHs), 3.78 (OCHs). 
Cycl~[P~-MeVal-Val-Meh~(Ac)-MeIle-MeIl~Gl~M~ 

(NCHs), 3.80 (OCHs). Anal. (Cs&J"&&) C, H, N. 

Cyclo-[Pec-MeVal-Val-MeAbu( y-ch1oro)-MeIle-MeIle- 
Gly-MeVal-Tyr(Me)-R-Hypr] (6). 4 (87 mg, 0.078 mmol) was 
reacted with 4-toluenesulfonyl chloride (154 mg, 0.8 mmol) in 
anhydrous pyridine (7 mL) at  60 OC for 64 h. After the mixture 
was cooled to room temperature, water (10 mL) was added, and 
the solution was concentrated under reduced pressure to about 
2 mL and extracted with ethyl acetate. The organic phase was 

successively washed with water, 0.1 N HC1, saturated NaHCOs 
solution, and water and dried over Na2SOd. After evaporation 
of the solvent, the residue was purified by ohromatography (Si02, 
ethyl acetate) to yield 25 mg (0.022 mmol, 25% yield) of the 
chloride 6 (colorless resin): HPLC 86%; lH NMR (CDCh) 
mixture of conformers, 2/1, major conformer: 6 2.60,2.78,2.93, 
3.02, 3.37 (NCHs), 3.80 (OCHs); minor conformer: 6 2.72,2.78, 

Cycla-[pec-MeVal-Val-MeAbu( r-azido)-MeIle-MeIle-Gly- 
MeVal-Tyr(Me)-RHypr] (7). 4 (624mg,0.55mmol) wasstirred 
with (dimethy1amino)pyridine (5 mg) and methanesulfonyl 
chloride (0.44 mL, 0.56 mmol) in dry pyridine (9 mL) at 0 "C for 
3 h. The solution was concentrated in uacuo, treated with water 
(5 mL), and extracted with ethyl acetate. After the mixture was 
dried over NaaO4, the solvent was evaporated in uacuo. The 
residue was dissolved in 9 mL of DMF, 155 mg (2.38 "01) NaNs 
was added, and the mixture was stirred at room temperature for 
15 h. The reaction mixture was diluted with ethyl acetate and 
washed five times with water. After drying over N a 8 0 4  and 
evaporation of the solvent, the residue was chromatographed 
(SiO2, hexane/ethyl acetate, 1:2) to give 347 mg (0.31 mmol, 54% 
yield) of the azide 7 (colorless crystals): mp 216-223 OC. Anal. 
(Cs7HnNi2012) C, H, N. 
hmethylation. Cyclo-[Pec-MeVal-Val-MeAsp-MeIle- 

MeIle-Gly-MeVal-Tyr-R-Hypr] (8). A fresh solution of alu- 
minum iodide was prepared by boiling pieces of aluminum foil 
(2.5 g) and iodine (19 g) in CS2 (100 mL) for 3.5 h. After cooling 
to room temperature, cyclopeptolide 1 (5.6 g, 5 "01) was added 
and refluxing was continued for 3 h. The solution was cooled in 
an ice bath and added carefully to an ice-cold aqueous N&Cl 
solution. After extraction with ethyl acetate, the organic phase 
was washed with aqueous sodium thiosulfateand water and dried 
over Na2SO4. The solvent was removed in uacuo, and the crude 
product was chromatographed on silica gel (CH&ldCHsOH/(i- 
C&)20,10/1/4) to give 5.4 g (97% yield) of 8: mp 217-219 "C; 
HPLC 96.0% ; [CY]% = -228" (C = 1.0, CHsOH); 'H NMR (CDCh) 
miqture of conformers, 6/1, major conformer: 6 2.42,2.79,2.91, 
3.00, 3.52 (NCHs), 3.80 (7-aH, 7 - d H ) ,  6.65,6.94 (Ar); FAB MS 
1112 (MH+). 
Cyclo-[ Pec-MeVal-Val-MeAep(8- 0-allyl)-MeIle-MeIle- 

Gly-MeVal-Tyr(ally1)-RHypr] (9). Cyclopeptolide 8 (333 mg, 
0.3 mmol) was treated with allyl bromide (0.48 mL, 6 mmol) and 
K&Os (168 mg, 1.2 mmol) as described for the preparation of 28 
to yield 250 mg (85 % yield) of the diallyl derivative 9 (colorless 
solid): HPLC 93.0%; lH NMR (CDCh) mixture of conformers, 
1.2/1, major conformer: 6 2.73,2.79,2.90,2.92,3.06 (NCHs), 4.47 

6.04 (CH-CHz); minor conformer: 6 2.64, 2.78,3.00, 3.04,3.31 

2.81, 2.86, 3.08 (NCHs), 3.74 (OCHa). 

(COOCHa), 4.53 (OCHd, 5.16,5.21,5.84 (CHICHs), 5.27,5.40, 

(NCHs),4.47(COOCH1),4.53(OCHa),5.16,5.21,5.84(CH-CH2), 
5.27, 5.47, 6.04 (CH--CH2); FAB MS 1192 (MH+). 
Crclo-[Pec-MeVal-Val-Me~p~-O( trimethy1eilyl)ethyl)- 

MeIlaMeIle-Gly-MeVal-Tyr-RHypr] (10). Via the proce- 
dure given for the preparation of 2c (method C), cyclopeptolide 
8 (2.22 g, 2 mmol) was treated with dimethylformamide bis- 
(trimethylsily1)ethyl acetal (2.2 mL, 4 mmol) to give 1.94 g (80% 
yield) of (trimethylsily1)ethyl ester 10 (colorless foam): HPLC 
88.0%; 'H NMR (CDCh) mixture of conformers, 1.5/1, major 
conformer: 6 0.00 (Si(CHS)s), 2.72,2.79,2.90,2.92,3.07 (NCHs), 
3.76 (OCI&), 3.90 (COOCH2); minor conformer: 6 0.01 (Si(CH&), 

0-Alkylation. Cyclo-[Pec-MeVal-Val-MeAsp(&O(tri- 
methylsily1)ethyl)-MeIle-MeIle-Gly-MeVal-Tyr( Oally1)-R 
Hypr] (118). Ester 10 (240 mg, 0.2 mmol) was treated with allyl 
bromide (0.084 mL, 1 mmol) and K2CO3 (28 mg, 0.2 mmol) as 
described for the preparation of 2b to give 200 mg (80% yield) 
of 1 la (colorless solid): HPLC 93.6 % ; lH NMR (CDCh) mixture 
of conformers, l.S/l, major conformer: 6 0.00 (Si(CHs)s), 2.73, 

5.41,6.05 (CH-CHZ); minor conformer: 6 0.01 (Si(CHg)s), 2.67, 

2.64,2.79,2.99,3.05,3.33 (NCHs), 3.80(OCHs),3.90 (COOCHn). 

2.79, 2.91, 2.91, 3.02 (NCHa), 4.10 (COCHI), 4.48 (OCHs), 5.27, 

2.79,3.00,3.05,3.33(NCHs),4.10 (COOCH2),4.53 (OCH2), 5.27, 
5.46, 6.05 (CH4H2) .  

Cycla-[Pec-Meval-Val-al-MeAsp(B-O(trimethyl~ilyl)ethyl)- 
MeIle-MeIle-Gly-MeVal-Tyr( Obenzy1)-RHypr] (1 lb). Es- 
ter 10 (2.42 mg, 2 mmol) was treated with benzyl bromide (2.38 
mL, 20 "01) and K&Os (553 mg, 4 mmol) as described above, 
leading to 2.2 g (85% yield) of Ilb (colorless solid): mp 127-130 
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yield from l l c ;  'H NMR (CDCb) mixture of d o r m e r s ,  1/4, 
major conformer: 6 2.52,2.80,2.90,2.99,3.44 (NCHs), 4.66 (OCHr 
CO), 5.26 (COOCHd, 7.37 (Ar). 
Cyclo-[Pec-MeVal-Val-MeAspMeIlaMeIl~MeIl~Gly-~Val- 

Tyr(O4-chlorobenzyl)-RHypr] (12d): 72% yield from lld 
(colorless foam); HPLC 94%; 'H NMR (CDCb) mixture of 
conformers, 1/4, major conformer: 6 2.45, 2.79, 2.90, 2.99, 3.46 

MS 1237 (MH+). 
Cyclo-[Pec- MeVal- Val-MeAsp-MeIle-MeIleGl yMeVa1- 

T~(Odbromobenzyl)-RHypr] (128): 64% yield from lle 
(colorlese foam); HPLC 95.0%; lH NMR (CDCb) mixture of 
conformers, 1/4, major conformer: 6 2.45, 2.79, 2.90, 2.99, 3.46 

MS 1281 (MH+), 1303 (MNa+). 
Cy clo-[Pec-MeVal-Val-MeAsp-MeIle-MeIleGly-MeVal- 

Tyr( OE3,7-dimethy1-2,6sctadien- 1-y1)-RHypr] (120: 51 9% 
yield from Llf (colorless foam); lH NMR (CDCb) major 
conformer: 6 1.61, 1.69, 1.74 ( W C H s ) ,  2.52, 2.80, 2.91, 3.02, 

Cycle[ Pec-MeVal-Val-Me Asp-Me&-MeIleGly-MeVal- 
Tyr (O(  hydrorycarbony1)methylene)-R-Hypr] (13). 12c 
(14Omg, 0.11 "01) was hydrogenated in C&OH on 10% Pd/C 
as described for the preparation of 23 to give 90 mg (70% yield) 
of 13 (colorless solid) after chromatography (SiOz, CH2ClJCHs- 
OH, 9/1): HPLC 95.0%; FAB MS 1170 (MH+). 

Oxidative Degradation of the  Aromatic System: Cyclo- 
[Pec-MeVal-Val-Me Asp-MeIle-MeIle-Gly-MeVal- Asp-R 
Hypr] (14). NaIO4 (88 mg, 0.41 "01) and a catalytic amount 
of RuO2 were added to a stirred solution of cyclopeptolide 1 (1 12.5 
mg, 0.1 mmol) in CCL (0.5 mL), CH3CN (0.5 mL), and water (0.8 
mL), and the reaction mixture was heated at  60 "C for 2 h. After 
cooling to room temperature, CHzCh was added and the organic 
phase washed with water and dried over Na804. After evapora- 
tion of the solvent in vacuo, the crude product was purified by 
column chromatography (silica gel, CHzCldCHaOH, 9/11, leading 
to 87 mg (82% yield) of 14 (colorless solid): HPLC 88.0%; 'H 
NMR (CDCh) major conformer: 6 2.80, 3.00, 3.04, 3.18, 3.21 

Cleavage of Lactone: H-RHypr-Pec-MeVal-Val-MeAs~ 
(B-O-kut-butyl)-MeI1e-MeIleGly-MeVal-Tyr(Me)-OH (15). 
2c (18.0 g, 15.2 "01) was dissolved in a mixture of THF (400 
mL) and water (400 mL), LiOH (730 mg, 30.4 "01) was added, 
and stirring continued for 18 h at room temperature. The solution 
was acidified by addition of 1 N HCl to pH 3. Solid NaCl was 
added until saturation, and the mixture was extracted three times 
withethylacetate. After evaporationof the organic solvent, 18.04 
g (99% yield) of 15 (colorless foam) was obtained. The crude 
product was used without further purification for the next step: 
FAB MS 1200 (MH+), 1222 (MNa+). 

Relactonization: Cyclo-[Pec-MeVal-Val-MeAsp(8-0- 
tert- butyl)-MeIle-MeIle-Gly-MeVal-Tyr(Me)-~Hy~r] ( 16). 
A solution of diethyl azodicarboxylate (DEAD) (2.37 mL, 15 
"01) in toluene (500 mL) was added under vigorous stirring to 
a solution of peptide 15 (6.0 g, 5 "01) and P(C&)s (4.08 g, 15 
"01) over a period of 24 h. The solvent was evaporated In 
uacuo, and the crude product was chromatographed on silica gel 
withhexanelethylacetate, 1/5. Theproductwaefreedftracea 
of triphenylphosphine oxide through column chromatography 
on Sephadex LH 20 with CH2Clz to give 4.02 g (67% yield) of 16 
(colorless solid): mp 146-148 "C; [CY]% = -221O (c = 1.0, C H r  
Cl2); HPLC 98.1%; 'H NMR (CDCb) mixture of conformers, 
5/1, major conformer: 6 1.33 (tBu), 2.75, 2.76, 2.90, 3.04, 3.08 

Cleavage of tert-Butyl Ester. Cyclo-[Pee-MeVal-Val- 
M e A s p ~ R e M e ~ l y - M - ~ ( ~ ) - S H y p r ]  (17). Com- 
pound 16 (103 mg, 0.087 "01) was dissolved in freshly distilled 
CF3COOH (3 mL), precooled to -20 "C, and kept at this 
temperature for 3.5 h. After removal of the trifluoroacetic acid 
in vacuo, the residue was purified by column chromatography 
on silica gel with CH2C12/CH3OH/(iCaH?)20, 10/1/4, to yield 60 
mg (61% yield) of 17 (colorleas solid): HPLC 98.0%; 'H NMR 
(CDCb) mixture of three conformers (10 min after dissolution): 
conformer a: 6 2.40, 2.78, 2.92, 2.98, 3.43 (NCHs), 3.78 (OCHs): 
conformer b 6 2.54, 2.79,2.96,3.06,3.11 (NCHa), 3.72 (OCHs); 
FAB MS 1126 (MH+), 1148 (MNa+). 

(NCH3),4.98 + 5.06,Jlg = 12 HZ (OCH&),7.3-7.5 (Ar); FAB 

(NCHa), 4.97 + 5.05, JAB = 12 HZ (OCHA), 7.3-7.5 (Ar); FAB 

3.43 (NCH,); FAB MS 1248 (MH+). 

(NCHa); FAB MS 1064 (MH+), 1102 (MK+). 

(NCHa), 3.76 (OCHs). 

"C; 'H NMR (CDCb) mixture of conformers, 1.5/1, major con- 
former: 60.00 (Si(CHa)s), 2.64,2.79,2.91,2.93,3.07 (NCHa), 4.10 
(COOCHd, 5.03 (OCHZ), 7.3-7.5 (Ar); minor conformer: 6 0.01 
(Si(CHs)s), 2.63, 2.78, 3.00, 3.06, 3.34 (NCHs), 4.10 (COOCHZ), 

cyc1o-pec-Meval-val-MeAsp(B- o-(trlmethylsilyl)&hyl)- 
MeIle-MeIle-Gly-MeVal-Tyr ( O( benzylosycarbony1)met h- 
y1ene)-RHypr] (1 IC). Ester 10 (363 mg, 0.3 "01) was treated 
with benzyl bromoacetate (0.47 mL, 3 "01) and K&Os (84 mg, 
0.6 "01) as described above, leading to 326 mg (81 Sa yield) of 
l lc (colorless solid): HPLC 93.4%; 'H NMR (CDCb) mixture 
of conformers, 1.5/1, major conformer: 6 0.00 (Si(CH&), 2.72, 
2.79, 2.82, 2.91, 3.06 (NCHa), 4.10 (COOCHz), 4.65 (OCH&O), 
5.14 (COOCHd, 7.36 (Ar); minor conformer: 6 0.01 (Si(CI-b)a), 
2.64,2.79,2.91,2.93,3.07 (NCK), 4.10 (COOCHz), 4.70 (OCHr 
CO), 5.16 (COOCH2), 7.36 (Ar). 
Cyclo-[Pec-MeVal-Val-MeAs~(B-O(~ethyl- 

MeIle-MeIle-Gly-MeVal-Tyr( 0-4-chlorobenzy1)-RHypr] 
(lld). Ester 10 (605 mg, 0.5 "01) was treated with Cchlo- 
robenzyl bromide (0.65 "01) and K2COs (140 mg, 1 "01) as 
described above, leading to 640 mg (96 % yield) of 1 Id (colorless 
solid): 'H NMR (CDCb) mixture of conformers, 1.2/1, major 
conformer: 6 0.00 (Si(CH&, 2.65,2.79,2.90,2.91,3.06 (NCHs), 
4.10 (COOCHZ), 4.98 (OCH2), 7.3-7.5 (Ar); minor conformer: 6 
0.01 (Si(C~)3),2.61,2.78,2.96,3.06,3.34(NCHa),4.10(COOCH2), 

5.10 (OCHa), 7.3-7.5 (Ar). 

5.06 (OCH2), 7.3-7.5 (Ar). 
Cyclo-[Pec-MeVal-Val-MeAepGB-O( trlmethyldyl)&hyl)- 

MeIle-MeIle-Gly-MeVal-Tyr( 0-4-bromobenzyl-RHypr] 
(110). Ester 10 (360 mg, 0.3 "01) was treated with 4bro- 
mobenzyl bromide (0.76 mg, 3 "01) and K&Os (84 mg, 0.6 
mmol) as described above, to give 340 mg (82% yield) of lle 
(colorless foam): 'H NMR (CDCb) mixture of conformers, l.l/l, 
major conformer: 6 0.00 (Si(CH3)3), 2.64, 2.78, 2.89, 2.90, 3.05 
(NCHs),4.10 (COOCHd, 4.96 (OCHd, 7.33,7.52 (Ar); minor con- 
former: 6 0.01 (Si(CH3)3), 2.60,2.78,2.95,3.04,3.34 (NCK), 4.10 
(COOCH2), 5.04 (OCHa), 7.42, 7.50 (Ar). 

C y c l o - [ P e c - M e V a l - V a l - ~ ~ ( B - ~ t ~ h y ~ l ~ h y l ) -  
MeIle-MeIle-Gly-MeVal-Tyr( OES,7-dimethyl-2,9dadien- 
1-y1)-RHypr] (llf). Toasolutionofester lO(121 mg,O.lmmol) 
in anhydrous 1,2-dichloroethane (5 mL) were added geranyl 
bromide (900 mg, 0.4 mmol), (n-C&)rNHSO4 (20 mg), and 0.1 
N aqueous NaOH (2 mL), and the mixture was heated to reflux 
under stirring for 18 h. The reaction mixture was cooled, and 
diluted with CH2C12, and the organic phase was separated and 
washed with 0.1 N HCI and brine. After drying owr  Na804 and 
evaporation of the solvent in vacuo, the residue was chromato- 
graphed on silica gel (hexane/ethyl acetate, 1/2), leading to 70 
mg(57% yield) of l l f  (colorless foam): 'HNMR(CDCb)mixture 
of conformers, 1.5/1, major conformer: 6 0.00 (Si(CHs)a), 1.62, 

(COOCHz), 4.47 (OCH2C-C); minor conformer: 6 0.01 (Si- 
1.69 (C=C(CH&), 2.75, 2.80, 2.90, 2.93, 3.07 (NCHs), 4.10 

(CH3)3), 1.62, 1.69 (C4(CH&) ,  2.69, 2.79, 3.00, 3.05, 3.32 
(NCH,), 4.10 (COOCHz), 4.13 (OCH2C-C). 

Deprotection: Cyclo-[Pec-MeVal-Val-MeAsp-MeIle- 
MeIlaGly-MeVal-Tyr( 0)-allyl)-RHypr] (12a). A solution 
of lla (230 mg, 0.18 mmol) in THF (6 mL) wa8 cooled to -20 "C 
and treated with a commerical 1 M solution of (n-C4Hs)rNHF in 
THF (0.4 mL, 0.4 "01) for 4 h. The solution was concentrated 
in vacuo, and the residue was taken up in ethyl acetate, washed 
with water and brine, and dried over NazSO,. Adter evaporation 
of the solvent in vacuo, the residue was chromatographed (silica 
gel, CH2ClJCHsOH/(i-CsH,)20, 10/1/4) to give 162 mg (78% 
yield) of 12a (colorless foam): HPLC 89%; 'H NMR (CDCb) 
mixture of conformers, 1/4, major conformer: 6 2.53,2.81,2.92, 

MS 1151 (MH+), 1173 (MNa+). 
The following compounds were obtained by the same proce- 

dure. 
Cyclo-[ Pec-MeVal-Val-MeAsp-MeIleMeIleGly-MeVal- 

Tyr(O-benzyl)-R-Hypr] (12b): 94% yield from l l b  (colorless 
foam); HPLC 86%; lH NMR (CDCb) mixture of conformers, 
1/3, major conformer: 6 2.45,2.80,2.91,3.02,3.45 (NCHs), 5.03 

1224 (MNa+). 
Cy clo-[ Pec-MeVal-Val-MeAsp-MeIle-MeIle-Gly-MeVal- 

Tyr( o-(benzylorycarbonyl)methylene)-RHypr] (12c): 57 % 

3.02,3.46(NCHs),4.52(OCHs),5.30,5.45,6.06 (CH--CHa);FAB 

+5.09, J m =  ~~Hz(OCH&),~.~-~.~(A~);FABMS~~~~(MH+), 
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Synthesis of Linear Precursors 18-28 for Cyclopeptides 
29-36. H-RHypr-Pec-MeVal-Val-MeAsp(@-O-tert-butyl)- 
MeIle-MeIle-Gly-MeVal-Tyr(Me)-0-benzyl (18). Via the 
procedure given for the preparation of the ester 20 (method C), 
linear peptide 15 (5.3 g, 4.4 mmol) was reacted with dimethyl- 
formamide dibenzyl acetal (4.8 mL, 18.6 "01) to give 4.25 g 
(75% yield) of 18 (colorless foam) after chromatography on silica 
gel (hexane/ethyl acetate, W): FAB MS 1291 (MH+), 1313 
(MNa+). 

RHypr-( Omethylsulfonyl)-P~-MeVal-Val-MeAsp@- 0 
tert-butyl)-MeIbMeIle-Gly-MeVal-Tyr(Me)-Obenzyl( 19). 
Methanesulfonic acid chloride (0.87 mL, 11.2 mmol) was added 
dropwise to a solution of 18 (7.0 g, 5.4 "01) in dry pyridine (55 
mL) at 0 OC. After 3.5 h at 0 OC, the excess pyridine was removed 
in uacuo and the residue partitioned between ethyl acetate and 
water. After separation, the aqueous phase was extracted with 
ethyl acetate, and the combined organic phases were successively 
washed with 1 N HC1,2% aqueous NaHC03, and brine. After 
drying over NaBO,, the solvent was evaporated in uacuo and the 
residue was purified by trituration with (i-CaH,)~0 to give 6.3 g 
(85% yield) of 19 (colorless solid): FAB MS 1368 (MH+), 1390 
(MNa+). 
(5)-2-Azidopropionyl-Pec-MeVal-Val-MeAsp(@- 0- tert- 

butyl)-MeIle-Me~eGly-MeVal-Tyr(Me)-O-~n~1(20). NaNs 
(1.24 g, 19 "01) was added to a solution of the mesylate 19 (5.3 
g, 3.87 mmol) in DMF (55 mL), and the reaction mixture was 
stirred for 6 h at 60 OC. After cooling to room temperature, the 
mixture was diluted with ethyl acetate, washed five times with 
water and once with brine, and dried over NaBO4. The solvent 
was removed under reduced pressure, and the residue waspd ied  
by chromatography on silica gel (CHzCldethyl acetate, 1/2 to 
1/5), leading to 4.5 g (88% yield) of 20 as a colorless resin: Et 
2120 cm-1; FAB MS 1316 (MH+), 1338 (MNa+). 

SHypr(  Otolyls~onyl)-Pec-MeVal-Val-MeAsp(B- 0 tert- 
butyl)-MeIle-MeIle-Gly-MeVal-Tyr( Me)- Obenzyl(21). Di- 
ester 20 (2.38 g, 1.84 mmol) in anhydrous toluene (40 mL) was 
treated with P(C&,)s (0.97 g, 3.7 mmol), zinc(1) tosylate (0.94 
g, 2.2 mmol), and DEAD (0.63 mL, 3.7 mmol). After 2 and 5 h 
of reaction time, two further portions of P(C&)a (0.97 g) and 
DEAD (0.63 mL) were added. After 48 h of reaction, the solvent 
was evaporated and the residue chromatographed on silica gel 
(hexane/ethyl acetate, 1/5) to give 1.32 g (56% yield) of the 
toeylate 21 (colorless solid). 
(R)-2-Azidopropionyl-Pec-MeVal-Val-MeAsp(@- 0-tert- 

butyl)-MeIle-MeIle-Gly-MeVal-Tyr(Me)-O-benzyl(22). 21 
(4.6 g, 3.18 mmol) was treated with NaN3 (1.03 g, 16 mmol) in 
DMF (100 mL) as described for the preparation of azide 20 to 
give after chromatography 3.56 g (85% yield) of azide 22 as a 
colorless solid: IR 2105 cm-1; FAB MS 1316 (MH+), 1338 (MNa+). 

H-Ala-Pec-MeVal-MeAsp(@- O-tert-butyl)-MeIlaMeIle- 
Gly-MeVal-Tyr(Me)-OH (23). Azide20 (1.2g, 0.91 "01) was 
dissolved in ethanol (50 mL) and hydrogenated for 2.5 ha t  normal 
pressure using 10% Pd/C. Filtration of the catalyst and 
evaporation of the solvent gave 970 mg (91% yield) of the 
decapeptide 23: HPLC 85.0%; FAB MS 1199 (MH+). 

Gly-MeVal-Tyr(Me)-OH (24). Azide 22 (1.42 g, 1.08 mmol) 
was hydrogenated, as described for the preparation of 23, leading 
to 1.23g (95% yield) of 24 (colorlesssolid): FAB MS 1199 (MH+). 
(4-Nitrobenzyloxycarbonyl)-R-Ala-Ala-Ala-Pec-MeVal-Val- 

MeAsp(@- 0-tert-butyl)-MeIle-MeIle-Gly-MeVal-Tyr- 
(Me)-OH (25). Toasolutionofdecapeptide23 (2.6g, 2.16mmol) 
in DMF (20 mL), N(CzH& (0.28 mL, 2 "01) and (4-nitroben- 
zyloxycarbony1)-R-alanine 4-nitrophenyl ester (779 mg, 2 mmol) 
were added under stirring. After 4 days the reaction solution 
was diluted with ethyl acetate and washed five times with water, 
followed by brine. After drying over NafiOd, the solvent was 
evaporated in uacuo and the residue chromatographed on silica 
gel (CHzC12/CHaOH, 9/1 to 4/1) to give 2.4 g (77% yield) of 25 
as a colorless solid. 
(4-Nitrobenzyloxycarbonyl)-R-Ala-~-Ala-Pec-MeVa1- 

Val-MeAsp(@- 0-tert-butyl)-MeIle-MeIle-Gly-MeVal-Tyr- 
(Me)-OH (26). 24 (700 mg, 0.58 mmol) was treated as described 
above for the synthesis of 25, leading to 590 mg (70% yield) of 
26 (colorless solid). 

H-RAlaPw -Meval-Mehp@- O-tart-bUtyl)-Mdle-MeIb 

H-RAla-Ala-Pec-MeVal-Val-MeAep(@- 0-tert-butyl)- 
MeIle-MeIlaGly-MeVal-Tyr(Me)-OH (27). Protected un- 
decapeptide 25 (500 mg, 0.34 "01) was hydrogenated as 
described in the preparation of 23, leading to 320 mg (74% yield) 
of 27 (colorless solid): HPLC 94.0%; FAB MS 1252 (M - OH+), 
1270 (MH+), 1308 (MK+). 
H-RAla-RAla-Pec-MeVal-Val-MeAsp(@-O tert-butyl)- 

MeIle-MeIlaGly-MeVal-Tyr(Me)-OH (28). Protected un- 
decapeptide 26 (540 mg, 0.37 mmol) was hydrogenated as 
described in the preparation of 23, leading to 408 mg (87 % yield) 
of 28 colorless solid). 

Synthesis of Cyclopeptides 29-32 (cyclizations). Cycle- 
[ Pec-MeVal-Val-MeAsp(@- 0 tert-buty 1)-MeIle-MeIle-Gly - 
MeVal-Tyr(Me)-Ala] (29). Pentafluorophenol(156 mg, 0.85 
mmol) and dicyclohexylcarbodiimide (176 mg, 0.85 mmol) were 
added under stirring to a solution of the linear peptide 23 (500 
mg, 0.2 "01) in anhydrous CHzClz (1.5 L). After 2 days at room 
temperature, the solution was concentrated to 150 mL, washed 
successively with 0.2 N aqueous sodium hydroxide, water, and 
brine, and dried over Na804. The remaining solvent was 
evaporated under reduced pressure, and the residue was triturated 
with ether, filtered, and washed twice with ether. The filtrate 
was evaporated to dryness and the residue chromatographed over 
silica gel with ethyl acetate to give 180 mg (37% yield) of the 
cyclic decapeptide 29 (colorless solid): 'H NMR (CDCb), major 
conformer: 6 1.32 (tBu), 2.64,2.77,2.92,2.97,3.12 (NCHs), 3.79 
(OCHs). 

The following compounds were obtained by the same proce- 
dure. 
Cyclo-[Pec-MeVal-Val-MeAsp(@- 0-tert-butyl)-MeIle- 

MeIle-Gly-MeVal-Tyr(Me)-RAla] (30): 59 % yield from 24 
(colorless solid); 'H NMR (CDCb) mixture of conformers, 2.5/1, 
major conformer: 6 1.32 (tBu), 2.79,2.80,2.96,3.06 (NCHs), 3.76 
(OCHa). 
Cyclo-[Pec-MeVal-Val-MeAep(@- 0-tert-butyl)-MeIle- 

MeIle-Gly-MeVal-Tyr(Me)-&Ala-Ala] (31): 56 9% yield from 
27 (colorless solid); HPLC 97.0%; 'H NMR (CDCb) major con- 
former: S 1.23 (CHdAla)), 1.33 (tBu), 2.72,2.86,2.88, 3.10,3.20 

Cyclo-[Pec-MeVal-Val-MeAsp(B-0-tert-butyl)-MeIle- 
MeIle-Gly-MeVal-Tyr(Me)-RAla-R-Ala-R-Ala] (32): 46 % yield 
from 28 (colorless foam); HPLC 93.0% ; 'H NMR (CDCb) major 
conformer: S 1.34 (tBu), 2.78,2.85,2.92,3.01,3.15 (NCHg), 3.78 
(OCHa); FAB MS 1252 (MH+), 1274 (MNa+). 

Deprotection of Cyclopeptides 29-32: Cyclo-[Pec-MeVal- 
Val-MeAspMeIle-MeIle-Gly-MeVal-Tyr (Me)-Ala] (33). 29 
(300 mg, 0.24 mmol) was treated with CFaCOOH (10 mL) at -20 
oCfor6h,workedup,andpurifiedasdeecribedforthepreparation 
of 17, leading to 149 mg (55% yield) of 33 (colorless solid): 'H 

FAB MS 1125 (MH+), 1147 (MNa+). 
The following compounds were obtained by the same proce- 

dure. 
C yclo-[ Pec-MeVal-Val-MeAs p-MeIle-MeIle-Gly-MeVal- 

Tyr(Me)-RAla] (34): 28% yield from30 (colorlesssolid); HPLC 
95.0% ; 'H NMR (CDCb) mixture of conformers, 1/4, major con- 
former: 6 1.32 (Ala), 2.35, 2.78, 2.96, 3.01, 3.39 (NCHs), 3.78 
(OCS); FAB MS 1125 (MH+). 

Cycle[ Pec-MeVal-Val-MeAsp-MeIle-Me-Gly-Val- 
Tyr(Me)-RAla-Ala] (35): 42% yield from 31 (colorless solid); 
HPLC 95.0%; lH NMR (CDCb) 6 2.35, 2.81, 2.99, 3.00, 3.05 
(NCHs), 3.69 (OCb);  FAB MS 1196 (MH+), 1218 (MNa+). 
Cyclo-[Pec-MeVal-Val-MeAep-MeIle-MeIle-Gly-MeVal- 

Tyr(Me)-RAla-RAla] (36): 53% yield from32 (colorlesssolid); 
HPLC 95.0%; 'H NMR (CDCb) 6 2.72, 2.80, 2.89, 2.98, 3.11 
(NCHa), 3.77 (OCHs); FAB MS 1196 (MH+), 1218 (MNa+). 

Permethylation: Cyclo-[Pec-MeVal-MeVal-MeAsp(@-0- 
methyl)-MeIle-MeIbSar-MeVal-MeTyr( Me)-RHypr] (37). 
KH (1.2 mmol, 240 mg of a commercial 20% suspension in oil 
was made essentially oil-free by tituration with hexane prior to 
use) was added to 1 (337 mg, 0.3 "01) and 18crown6 (317 mg, 
1.2 "01) in anhydrous THF (10 mL) under argon at -20 "C. 
After 5 min of stirring at -20 OC, CHJ (0.25 mL, 4 "01) was 
added dropwise. After 48 h at -20 "C, the reaction mixture was 
carefully poured onto ice-cold water, acidified with 0.1 N HC1, 
and extracted with ethyl acetate. The organic phase was washed 

(NCHs), 3.76 (OCHs), 4.60, 4.95 (a-H(Ala)). 

NMR (CDCb) 6 2.67,2.78,2.90,3.03 3.05 (NCHa), 3.75 (OCHs): 
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with water and dried over NaaSO,, and the solvent was removed 
under reduced pressure. The crude product was purified by 
column chromatography (ethyl acetate) to give 220 mg (62% 
yield) of permethylated compound 37 (colorleas foam): 'H NMR 
(CDCb) 6 2.46,2.73,2.76,2.83,2.91,2.97,3.03,3.09 (NCHs), 3.62 
(COOCHs), 3.81 (OCHs); FAB MS 1182 (MH+). 

References 
(1) Dreyfuss,M.;Ruedi,K.;Techerter,H. PreclinicalResearch,Sandoz 

Pharma AG, Basle, unpublished resulta. 
(2) Weber, H.-P. Preclinical Research, Sandoz Pharma AG, Basle, 

unpublished resulta. 
(3) Looeli, H. R. Preclinical Research, Sandoz Pharma AG, Basle, 

unpublished resulta. 
(4) Twentyman, P. R. A poseible role for cyclwporins in cancer 

chemotherapy. Anticancer Res. 1989, 8, BS5-988. Boesch, D.; 
Gavbriaux, C.; Loor, F. Reversal of multidrug-resistance in CHO 
cella by cyclosporin A and other resistance m o d i  agenta. J. 
Cell Pharmacol. 1991,2,92. 

(5)  Loor, F.; Boesch, D.; GavBriaux, C.; Jachez, B.; PoUrtier-Mammdo, 
A.; Emmer, G. SDZ 280-446, a novel semi-synthetic cyclopeptide: 
in vitro and in vivo circumvention of the P-glycoprotein-mediatad 
tumor cell multidrug resistance. Br. J .  Cancer 1992,65, 11-18. 

(6) Emmer, G.; Graseberger, M. A,; Schulz, G.; Boesch, D.; Gavbriaux, 
C.; Loor, F. Derivatives of a novel cyclopeptolide. 2. Synthesis, 
activity against multidrug resistance in CHO and KB cella in uitro 
and structumactivityrelationshiationehipa J. Med. Chem., following paper _. . 
in thie issue. 

(7) Fuiieawa. To: Mori. T.: Sato. T. Chemollelective reduction of . ,  
m-boxylk acids in6 al&hols'using N,N-dmethylchloromethyl- 
eniminium chloride and sodium borohydride. Chem. Lett. 1983, 
936838. 

(8) Bhatt, M. V.; Babu, J. R. New reagenta 3: Aluminum iodide - a 
highly regioeelective ether-cleaving reagent with novel cleavage 
pattern. Tetrahedron Lett. 1984,25,3497-3500. 

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 13 1917 

(9) Carleen, P. H. J.; Kabuki, T.; Martin, V. 5.; Sharplea, K. B. A 
greatly improved procedure for ruthenium tetraoxide catalyzed 
oxidations of organic compounds. J. Org. Chem. 1981,46,3936- 
3938. 

(10) Widmer, U. A convenient synthesis of bbutyl esters. Synthesis 
1983,135-136. 

(11) Mukaiyama, T.; Usui, M.; Shimada, E.; Saigo, K. A convenient 
method for the synthesis of carboxylic esters. Chem. Lett. 1976, 
10461048. 

(12) Stadler, P. A. Eine einfache Veresterungemethode im Emtopfver- 
fahren. (Asimple one-pot method for eateXication.) Helv. Chim. 
Acta 1978,61, 1676-1681. 

(13) Tsuteui, H.; Mitaunobu, 0. Total synthesis of colletodiol. Tet- 
rahedron Lett. 1984,25,2163-2166. 

(14) Galynker, I.; Still, W. C. A simple method for toaylation with 
inversion. Tetrahedron Lett. 1982,23, 4461-4464. 

(15) Georgopoulw, A. Tiefgefrierkonservierung von Pilzen in f lhigem 
Stickstoff als Gruudlage Mr standardisierte Inokula. (Deep-freeze 
preservation of fungi in liquid nitrogen as a baei for standardized 
inocula) Mykoeen 1978,21,19-29. 

(16) Schaude, M.; Petranyi, G.; Ackerbauer, H.; Meingasener, J. G.; 
Mieth, H. Preclinical antimycotic activity of SDZ 89-486: a new 
orally and topically effective triasole. J.  Med. Vet. Mycol. 1990, 
28,445-454. 

(17) Gish, D. T.; Carpenter, F. H. p-Nitrobenzyloxycarbonylderivatives 
of amino acids. J. Am. Chem. Soe. 1955, 76, 95&952. 

(18) Bodanskv. M.: Du V i e a u d .  V. A method of svnthesis of low . .  
peptide ;hains' using &thee& of oxytocin as an &ample. J. A 6  
Chem. SOC. 1969,81, 5688-5691. 

(19) Abdulla, R. F.; Brinkmeyer, R. S. The chemistry of formamide 
acetals. Tetrahedron 1979,36,1675-1736. Meerwein, H.; Florian, 
W.: SchBn. N.: S ~ ~ D D ,  G. ober Shureamidacetale. Harnetoffacetale 
und La&a&tali: .(Acetala of amides, ureas, &d ladame.) Lie- 
bigs Ann. Chem. 1961,641, 1-39. 

(20) Heeres, J.; Back., L. J. J.; Mwtmane, J. H.; Van Cuteem, J. 
Antimycotic imidazoles. Part4. Synthesis and antifungal activity 
of ketoconazole, a new potent orally active broad-spectrum anti- 
fungal agent. J. Med. Chem. 1979,22,1003-1005. 


