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PAPULACANDINS — SYNTHESIS AND BIOLOGICAL ACTIVITY
OF PAPULACANDIN B DERIVATIVES
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Basel, Switzerland

(Received for publication March 30, 1987)

A series of papulacandin B derivatives was synthesized and their in vitro and in vivo
activity against Candida albicans and other fungi was established. The biological data have
shown that some 10-alkyl ether and 11-acylamino derivatives exhibit an improved ir vivo ac-
tivity compared to papulacandin B whereas derivatization in other positions of the molecule
led to less potent compounds.

Some years ago, a group of antibiotics with a novel structure, the papulacandins, was isolated from
cultures of Papularia sphaerosperma®®. The structures of the principal component papulacandin B
and the accessory components A, C and D (Fig. 1) were subsequently elucidated by degradation reac-

Fig. 1. Structures of papulacandins A, B, C and D.
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tions and spectroscopic analysis of the natural and the degradation products®-¥. The papulacandins
all contain a spirocyclic diglycoside® and two long-chain unsaturated fatty acids, linked as esters with
two hydroxyl groups of the diglycoside (Fig. 1). Recently, chaetiacandin was isolated from the
mycelia of Monochaetia dimorphospora. The structure of this substance is very closely related to that
of the papulacandins, but in chaetiacandin the spirocycle is opened®-”.

The papulacandins display a high degree of activity against Candida albicans and various other
yeasts. They are, however, only weakly active, or inactive, against other fungi, bacteria and protozoa.
Papulacandins have been shown to inhibit glucan synthesis in yeast spheroplasts®, in Geotrichum
lactis®»*® and in Schizosaccharomyces pombe*? .

Although highly active in vitro, the papulacandins are much less effective in vivo. With a view to
improve their in vivo activity, and to gain information on their structure-activity relations, a relatively
large series of derivatives has been synthesized.

Chemistry

Degradation Reactions and Hydrogenation Products
The basic hydrolysis of papulacandin B (1) to a spirocyclic diglycoside and two fatty acids and the
selective basic hydrolysis as well as hydrogenation of 1 have already been described in connection with

Scheme 1. Ether derivatives of papulacandin B (1).
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the elucidation of its structure.

Ether Derivatives

The two phenolic hydroxyl groups in papulacandin B (1) are readily etherified with alkylhalogenides
in the presence of silver oxide. Depending on the reaction conditions, a mixture of 12-monoethers and
10,12-diethers is formed (Scheme 1, compounds 5a~ Sh and 6a~ 6h).

Starting from 12-papulacandin B-p-nitrobenzyl ether (Se), a series of 10-alkyl ether derivatives was
prepared by further alkylation in position 10 and subsequent cleavage of the protecting group (Scheme
1, compounds 8a, 8f~ 80).

To prepare the acid derivative 8g, Se was alkylated with bromacetic acid-p-nitrobenzyl ester and
converted by cleavage of the two protecting groups to the desired acid 8g.

Aminomethylene Derivatives

Positions 11 and 13 of the aromatic ring are activated for nucleophilic substitutions. By way of
Mannich reactions, basic groups can be introduced which are suitable for salt formation and thereby
could improve the solubility of the antibiotic in water.

Upon reaction of 1 with an excess of formaldehyde and morpholine, the 11,13-dimorpholinomethyl-
ene compound 9 is formed (Scheme 2).

If, instead of 1, its 12-methyl ether 5a, or the 12-nitrobenzy! ether 5e, is used, with formaldehyde
and secondary bases or the use of dimethylaminomethylene iodide to introduce the dimethylamino-
methylene residue the 11-aminomethylene derivatives 10a~ 10d are formed. Cleavage of the p-nitro-
benzyl protecting group from 10c and 10d yields the 11-aminomethylenepapulacandins 11a and 11b
with free phenolic hydroxy!l groups (Scheme 2).

Aromatic Amines in Position 11

According to a method described by BARTON ez al. amino groups can be smoothly introduced into

Scheme 2. Aminomethylene derivatives of papulacandin B (1).
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Scheme 3.
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phenoles by using diphenylseleno anhydride and hexamethyldisilazane via phenylseleno imines!®.
This method proved unsuccessful with papulacandin B (1); but with the papulacandin B-12-methyl
ether (5a) or its 12-nitrobenzyl ether (Se), the desired aromatic amines 13a and 13b were obtained.
Removal of the protecting group from 13b with zinc acetic acid, however, yielded no defined products
(Scheme 3). Similarly, the 11-aminopapulacandin B-10-methyl ether (13¢) was produced from papul-
acandin-10-methyl ether (8a) (Scheme 3).

The two aromatic amines 13a and 13b can be used as starting substances for acylations. Acetyla-
tion of 13a yielded the aminoacetate 14a. Various acylations were performed with the 11-aminopapul-
acandin B-12-p-nitrobenzyl ether (13b). After removal of the respective protecting group the 11-amino-

acyl compounds 15a~ 15c with free phenolic hydroxyl groups were obtained (Scheme 3).

Derivatives in Position 6 of the Glucose Moiety

The primary hydroxyl group in position 6 of the diglycoside moiety of 1 can be selectively converted
to the tosylate 16. 16 is well suited for use as a starting substance for further substitution reactions
(compounds 17a~ 17g, Scheme 4).
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Scheme 4. Papulacandin B derivatives in position 6 of glucose.
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If papulacandin B-10,12-dimethyl ether (6e) is persilylated according to a method of MCINNEs'®
and Fucus and LEBMANN'®, and acetylated in pyridine - acetic acid anhydride or succinic acid an-
hydride with addition of catalytic amounts of acetic acid, after removal of the protecting group 6-
acetylpapulacandin B (18a), or 6-succinylpapulacandin B (18b) is obtained (Scheme 4).

Biology

All degradation products of 1 and their hydrogenation products are biologically inactive (data not



Table 1. Antifungal activity in vitro (MIC) and in vivo (EDy) of ether derivatives of 1.

OR4

MIC (ug/ml) EDq,
(mg/kg,

Com- mice)

pound C.a. C.a. C.a. C.t. A.f. S.s. T.m. M.c. C.a.
OR, K 1133 K 1082 K75 ATCC ATCC ATCC ATCC ATCC K 1133

13803 9197 10212 9533 10214 4xsc

R1 RZ

1 H H 0.05 0.1 0.1 0.2 100 100 100 0.1 80
Sa CH; H 0.4 0.4 0.4 0.8 >100 >100 12.5 1.6 120
5b CH,CH;, H 3.1 3.1 3.1 6.2 >100 >100 6.2 1.6 >100
5¢ CH,CH,CH, H 12.5 12.5 12.5 50 >100 >100 12.5 6.2 >300
5d CH;CH,CH,I H 6.2 6.2 6.2 12.5 >100 >100 6.2 3.1 >300
Se CHz—Q—NOZ H 3.1 3.1 3.1 6.2 >100 >100 3.1 1.6 >300
5f CH,COCH;, H 3.1 3.1 3.1 6.2 100 100 25 0.8 140
5g CH,COOH H 6.2 50 >100 >100 >100 >100 >100 12.5 >300
5h CH,COOCH, H 1.6 1.6 1.6 1.6 50 50 25 0.8 180
6a CH;, CH,3 0.8 0.8 0.8 1.6 100 100 12.5 0.8 >300

6¢ CH,CH,CH; CH,CH,CH;, >100 >100 >100 >100 >100 >100 >100 >100 nt

6d CH,CH,CH.I CH,CH,CH.I >100 >100 >100 >100 >100 >100 >100 >100 nt

6e cuz-Q—mz cuz—O—mz 100  >100  >100  >100  >100  >100 >100  >100 nt

6f CH,COCH; CH,COCH, 6.2 6.2 6.2 6.2 >100 >100 12.5 0.8 100
6g CH,COOH CH,COOH 25 100 100 100 >100 >100 >100 50 >300
6h CH,COOCH; CH,COOCH; 12.5 12.5 12.5 12.5 >100 >100 100 6.2 >300
8a H CH; 0.2 0.1 0.1 0.2 >100 >100 >100 0.1 300
8f H CH,COCH;, 0.1 0.2 0.2 16 >100 >100 12.8 12.8 30
8g H CH,COOH 0.2 0.5 0.5 2 12.8 >100 12.8 12.8 60
8h H CH,COOCH, 0.1 0.2 0.2 1 >100 >100 12.8 12.8 50
8i H CH,COOCH,CH; 0.5 1 0.5 1 nt nt nt nt >300
8k H CH,COOCH,CH(OH)CH.OH 0.5 1 1 1 >100 >100 >100 1 50
81 H CH,CONH, 0.1 0.2 0.2 0.5 >100 >100 12.8 12.8 65
8m H CH,CONHCH; 1 2 1 2 >100 >100 12.8 12.8 55
8n H CH,CON(CH,). 4 8 8 16 >100 >100 12.8 12.8 150
80 H CHZCO‘O 0.5 2 2 2 nt nt nt nt >100

Abbreviations: C.a.; Candida albicans, C.t.; Candida tropicalis, A.f.; Aspergillus fumigatus, S.s.; Sporotrichum schenkii, T.m.; Trichophyton mentagrophytes,
M.c.; Microsporum canis.
nt: Not tested.
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Table 2. Antifungal activity in vitro (MIC) and in vivo (EDy,) of aminomethylene derivatives of 1.

2 MIC (ugfml)
OR3 EDy,
(mg/kg,
Com- mice)
pound Ry C.a. C.a. C.a. C.t. A.f. S.s. T.m. M.c. C.a.
OH K 1133 K 1082 K75 ATCC ATCC ATCC ATCC ATCC K 1133
13803 9197 10212 9533 10214 4xsc
R1 R2 R3
9 CHN O CHN O H >100 >100 >100 >100 >100 >100 12.5 >100 >300
\_/ \—/
10a CH,N(CH3); H CH;, 12.5 12.5 12.5 25 >100 >100 >100 >100 >100
10b CHN O H CH;, 6.2 6.2 6.2 6.2 >100 >100 >100 3.1 200
ila CHN O 0.8 0.8 0.8 1.6 >100 >100 100 0.8 >100
11b CHN ) H 4 4 4 8 nt nt nt nt >100

Abbreviations: See Table 1.
nt: Not tested.
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Table 3. Antifungal activity in vitro (MIC) and in vivo (EDy,) of 11-aminopapulacandin derivatives.
ORy MIC (ug/ml) EDy,
(mg/kg,
Com- R3 mice)
pound C.a. C.a. C.a. C.t. A.f. S.s. T.m. M.c. C.a.
OR2 K 1133 K 1082 K75 ATCC ATCC ATCC ATCC  ATCC K 1133
13803 9197 10212 9533 10214 4Xsc
R, R, R;
13a CH; H NH, 0.5 1 1 2 > 100 >100 12.8 12.8 >300
13¢ H CH; NH, 0.5 1 1 2 nt nt nt nt nt
14a CH; H NHCOCH, 2 4 2 4 nt nt nt nt 90
15a H H NHCOCH; 0.2 1 0.5 1 > 100 >100 12.8 >100 >100
15b H H NHSO,CH,; 0.1 0. 0.5 0.5 nt nt nt nt 30~50
15¢ H H NHCON_ NH 0.5 1 0.5 1 >100 >100 2 1 14
O

Abbreviations: See Table 1.

nt: Not tested.
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Table 4. Antifungal activity in vitro (MIC) and in vivo (EDy,) of 6-substituted derivatives of 1.

MIC (ug/ml) ED;
. (mg/ke,
Compound 6-Substituent C.a. C.a. C.a. C.t. A.f. S.s. T.m. M.ec. mice)
K 1133 K 1082 K75 ATCC ATCC ATCC ATCC ATCC C.a. K 1133
13803 9197 10212 9533 10214 4xsc
16 OSOZ"O_CH3 64 64 64 nt nt nt nt nt nt
17a N3 0.1 0.2 0.2 0.5 >100 >100 12.8 12.8 >100
17b Br 0.1 0.2 0.2 nt >100 >100 12.8 12.8 >100
17¢ 1 0.1 0.5 0.2 0.5 >100 >100 12.8 12.8 >100
/N
17d N O 2 4 2 4 nt nt nt nt >300
17¢ N  NCH3 1 2 2 2 nt nt nt nt 55
/
/\
17f N NCHO 1 2 2 2 nt nt nt nt >100
%
17g s N 2 4 4 38 >100 >100 >100 8 >100
(I:H3
18a OCOCH, 0.5 1 1 2 >100 >100 12.8 12.8 >300
18b OCOCH,CH,COOH 0.5 1 1 2 nt nt nt nt 220

Abbreviations: See Table 1.
nt: Not tested.
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shown). The removal of the short fatty acid by partial hydrolysis or the loss of the galactose moiety
together with the short fatty acid (papulacandin D (4)) already leads to an almost complete loss of in
vitro biological activity (data not shown)®,

In the series of 12-mono- and 10,12-diether derivatives (compounds Sa~5h and 6a~ 6h) alkyl
substituents lead with progressively increasing size to losses of activity (Table 1). More suitable for
chemical derivatization is the phenolic hydroxyl group in position 10. The 10-alkyl ether derivatives
8a, 8f~ 80 generally exhibit good activity in vitro. Some compounds, including derivatives with polar
residues (compounds 8f~ 8h, 8k~ 8m) are equally or even more active in vivo than papulacandin B (1):
the oxypropyl ether 8f is three times as active as 1.

The 11,13-dimorpholinomethylene compound 9 and the 11-aminomethylene derivatives 10a, 10b
and 11a, 11b (with free phenolic hydroxyl groups) are less active in vitro and in vivo than 1 (Table 2).
Some of the derivatives in which the amino group is located directly on the aromatic ring, above all
those with free phenolic hydroxyl groups, display notably improved in vivo activity by comparison with
1. Besides showing good activity ir vitro, the mesylate 15b, for instance, and in particular the imida-
zolidone compound 15¢ are much more active irn vivo than papulacandin B (1) (Table 3).

While the substitution of the tosylate in 16 does produce derivatives with good activity in vitro,
only the N-methylpiperazinyl compound 17e is comparable with papulacandin B (1) in its activity in
vivo (Table 4).

Of the two 6-acyl derivatives 18a and 18b, only the succinate 18b still displays a weak effect in vivo,

despite its having better water-solubility than 1 (Table 4).

Discussion

Examination of the biological data on the natural and degradation products of papulacandin B (1)
and its derivatives reveals indications of the following structure-activity relations:

The presence of both fatty acids in unsaturated form and also of the galactosyl residue is essential
to the biological activity of the substance. Even the removal of the short fatty acid or the absence of
the galactose moiety together with the short fatty acid in papulacandin D (4)? results in almost com=
plete loss of activity.

Not necessarily indispensable to the retention of biological activity, on the other hand, is the intact
spirocyclic 5-ring. Chaetiacandin, in which the spirocycle is opened, has a similar spectrum of activity
to that of papulacandin B (1)®.

Of the two phenolic hydroxyl groups in the papulacandins, the one in position 10 is better suited for
chemical modification than the one in position 12. Whereas in the 12-O-alkyl derivatives increasing
size of the alkyl substituent rapidly leads to a progressive loss of activity, some 10-O-alkyl derivatives,
including those with polar substituents, display slightly improved activity in vive by comparison with
1. The introduction of an aminomethylene group in position 11 of the aromatic ring tends to lead to a
loss of activity; but some 1l-aminoacyl compounds have notably better effects in vivo than 1. The
imidazolidone 15¢ was found to be five times more active.

Positition 6 of the glucose residue proved relatively unsuitable for chemical derivatization.

None of all the papulacandin derivatives synthesized possessed a wider spectrum of activity includ-
ing fungi other than Candida albicans.

The results of tests of the inhibitory action of these papulacandin derivatives on glucan biosynthesis
in spheroplasts of Candida albicans'® and the structure-activity relations inferred from these data are
largely in agreement with the observations made in vitro. The sole exceptions were the hydrogenation
products of papulacandin B and papulacandin D (4) which were only marginally active in vitro, but
still exerted a good inhibitory effect on glucan biosynthesis'®. On the basis of the foregoing ob-
servations, it can be concluded that the structural elements to which these compounds owe their
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inhibitory action on glucan biosynthesis are quite distinct from those needed to ensure that they reach
the target site, upon which ultimately depends their efficacy in inhibiting fungal growth.

Experimental

General

IR spectra were determined with a Perkin-Elmer 221 spectrophotometer. 100 MHz :H NMR spec-
tra were recorded with a Varian XL-100-12, HA-100 or HA-100-D spectrometer and 360 MHz :H NMR
spectra on a Bruker Spectrospin HX-360 spectrometer. *C NMR spectra were recorded on a Varian
XL-100-15 spectrometer. Chemical shifts are expressed in ppm in relation to TMS as internal standard.
Fast atom bombardment mass spectra (FAB-MS) were recorded with a ZAB HF spectrometer (VG-
Manchester). For column chromatography Silica gel Merck 60 (0.063 X 0.20 mm) or Sephadex LH-20
(Pharmacia) was used. For TLC Silica gel plates F,;, (Merck) were used.

Antibiotic Susceptibility

All in vitro antifungal activities are given as MIC in pg/ml. MICs were determined by the agar
incorporation method. The ED,, value (dose protecting 509 of animals from death after intravenous
infection) were determined according to the method described previously!®.

Ethers

Papulacandin B-12-methyl Ether (5a) and Papulacandin B-10,12-dimethy! Ether (6a)!

1 g Papulacandin B (1) was methylated with 2.86 g (10 equiv) silver oxide and 4.33 g (10 equiv)
methyliodide in 100 ml DMF for 50 minutes at room temp until 1 could no longer be detected by TLC.
The solution was filtered over Celite, evaporated to dryness in vacuo and chromatographed on silica gel.
After precipitation from acetone - ether - hexane 5a (0.3 g) and 6a (0.4 g) were obtained as colorless
amorphous powder.

Sa: ‘H NMR (CD,0OD) § 6.29 and 6.34 (2H, aromatic, H-11 and H-13), 3.80 (3H, s, aromatic,
OCH,); #C NMR (see Table 5); FAB-MS m/z 915 (M+H)*, corresponding to C,;Hg;O1.

6a: 'HNMR (CD,0OD) ¢ 6.48 (2H, aromatic, H-11 and H-13), 3.82 (6H, s, 2 X aromatic, OCH,);
13C NMR (see Table 5); FAB-MS m/z 929 (M +H)*, corresponding to C,,HO;.

Papulacandin B-12-p-nitrobenzyl Ether (Se) and Papulacandin B-10,12-di-p-nitrobenzyl Ether (6e)

10 g 1, dissolved in 300 ml DMF, was alkylated with 2.6 g (1 equiv) silver oxide and 4.32 g (1.8
equiv) p-nitrobenzyl bromide for 16 hours at room temp. After filtration of the solution over Celite,
evaporation to dryness and chromatography on silica gel Se (4.3 g) and 6e (4.9 g) were obtained as
amorphous, pale yellow powder.

5¢: 'H NMR (CD;OD) ¢ 7.75 and 8.20 (4H, aromatic); **C NMR (see Table 5).

Anal Calcd for C; HgNOye: C 62,59, H 6.71, N 1.35.
Found: C 61.60, H 6.68, N 1.43.

6e: 'H NMR (CD,0OD) §7.5~8.2 (8H, aromatic, overlapped by other signals); *C NMR (see
Table 5).

Anal Calcd for Ce;Hr N,O,,: C 62.55, H 6.37, N 2.39.
Found: C 61.92, H 6.47, N 2.38.

The 12-monoalky! ethers Sb~ 5d, 5f~ 5h and the 10,12-dialkyl ethers 6¢, 6d, 6f~ 6h were prepared
similarly to the preparation of 5a and 6a, or Se and 6e using 5~ 10 equiv silver oxide and 5~ 20 equiv of
either the corresponding alkyl iodide or alkyl bromide for alkylation. In the cases of 5g and 6g bromo-
acetic acid p-nitrobenzyl ester was used as alkylating agent. Removal of the protecting group, see under
general procedure. For the *C NMR data of 5b~5h and 6¢c~6h see Table 5.

Papulacandin B-10-methyl Ether (8a)
3 g Papulacandin B-12-p-nitrobenzyl ether (S¢) was methylated with 6.72 g (10 equiv) silver oxide
and excess (30 ml) CH,I in 250 ml DMF for 2.5 hours at 0°C to yield after filtration over Celite, evapora-

t  The preparation of 5a and 6a from 1 with diazomethane has already been described?.




Table 5. Selected *C NMR data of 12-alkyl ethers and 10,12-dialkyl ethers of 1 (all spectra in CD;OD, d ppm).

12 ~OR OR
+
10
OH OR
Compound R c1 Gl C6 C6 C8 C9 Cl10 Clyc13  C12 R
1 H 111.8 105.3 61.5 64.6 145.4 116.4 161.5 100.1/103.1 154.4 —
5a CH, 112.0 105.4 61.7 64.7 145.5 117.4 162.1  99.2/100.0 157.4  55.9
5b CH,CH, 111.8 105.3 61.6 64.9 1452 117.4 161.8 100.0/100.3 156.5  71.7/15.1
5¢ CH,CH,CH; 2.1 105.5 61.8 647 1453 117.7 162.0  99.9/100.3 156.9  72.0/23.6/11.2
5d CH,CH,CH,I 1117 105.3 61.6 64.5 1452 117.6 161.8 100.0/100.3 156.1  74.0/34.2/2.7
5e CHZ—Q—NOZ 112.0 105.3 61.3 64.6 145.4 117.9 161.9 100.5/101.0 155.8  148.7/146.2/128.8/124.6/69.8
5f CH,COCH; 111.8 105.2 61.5 64.6 145.6 117.7 161.8 100.3/101.4 155.3 207.3/76.1/27.0
5g CH,COOH 112.3 105.5 61.1 647 145.7 117.4 162.1 100.4/101.1 156.2 177.0/68.5
5h CH,COOCH; 111.9 105.4 61.6 64.7 1458 118.0 161.9 100.6/101.7 155.6 171.3/66.6/52.8
6a CH, 112.1  105.4 61.7 64.7 1455 118.8 164.7  98.1/99.0  157.3  56.1(Q20)
6¢c CH,CH,CH, 112.0 105.4 61.7 647 1453 118.8 163.9  98.6/100.2 156.7  71.9/71.1/23.6 (2C)/11.2/10.8
6d CH,CH,;CH,I {11.9 105.4 61.7 64.6 1453 119.3 163.4  99.1/100.3 156.1  78.4/77.4/34.3/34.0/2.7/2.5
6e CHZONOZ 112.2 105.3 62.1 64.5 1459 120.7 163.2 101.0/101.9 156.1 149.2/146.0/129.7/124.7/70.2
6f CH,COCH, 111.9 105.2 61.5 64.7 1458 119.8 162.5 99.9/101.8 155.4 207.1/206.7/76.7/74.0/26.4 (2C)
6g CH,COOH 112.5 105.6 6lca. 6hca. 1457 118.8 163.6 100.0/100.0 156.0 176.9/176.6/69.3/68.9
6h CH,COOCH; 111.9 105.4 61.5 64.7 145.8 120.3 162.5 100.3/101.2 155.5 171.1(2C)/66.7/66.3/52.9/52.7
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tion and chromatography papulacandin B-10-methyl-12-p-nitrobenzyl ether (7a) (1.6 g) as pale yellow
powder.

Removal of the p-Nitrobenzyl-protecting Group (General Procedure)

1.6 g 7a was stirred intensively for 15 minutes at 0°C with 3.2 g zinc dust in 100 ml acetic acid -
methanol (7:3). The solution was filtered over Celite, evaporated to dryness and chromatographed
on silica gel. After precipitation from acetone - ether - hexane the 10-methyl ether 8a (0.65 g) was
obtained as colorless amorphous powder.

'H NMR (CD,OD) ¢ 3.72 (3H, s, aromatic OCH,); *C NMR (see Table 6); FAB-MS m/z 915
(M+H)*, corresponding to C,sHgeO1.

Papulacandin B-10-alkyl Ethers (8f~ 80)

The 10-alkyl ethers 8f~ 80 were prepared by alkylation of Se with silver oxide (5~ 10 equiv) and the
corresponding alkyl bromide or alkyl iodide following deprotection by zinc dust in acetic acid - methanol
as described in the general procedure. For the preparation of the acid 8g bromoacetic acid p-nitro-
benzyl ester was used as alkylating agent. 3C NMR data of 8f~ 8o see Table 6.

Aminomethylene Derivatives of Papulacandin B (1)

11,13-Dimorpholinomethylenepapulacandin B (9)

1 g1 was dissolved in 100 m! of a methanolic solution containing 0.5 m! morpholine and 5 ml aqueous
formaldehyde. After 1 hour at room temp, the solution was evaporated to dryness and the residue
chromatographed on silica gel to afford 9 (0.75 g) as a pale yellow amorphous powder after precipitation
from acetone - ether - hexane.

‘H NMR (CD,OD) § aromatic H-11- and H-13-protons missing, 2.8 ~ 3.4 (ca. 20H, overlapped by
other signals); FAB-MS m/z 1,099 (M+H)*, corresponding to C,,H;,N,O;,.

11-Dimethylaminomethylenepapulacandin B-12-methyl Ether (10a)

0.7 g 5a, dissolved in 150 m! methylene chloride, was strirred with 0.72 g (5 equiv) dimethylamino-
methylene iodide for 2.5 hours at room temp. The solution was evaporated to dryness and chromato-
graphed on Sephadex LH-20 affording 0.4 g 10a after lyophilization.

H NMR (CD,0D) § 3.8 (3H, s, OCHy,), 2.6 (6H, s, N(CH,),).

11-Morpholinomethylenepapulacandin B-12-methyl Ether (10b)

Reaction of 1.1 g papulacandin B-12-methyl ether (5a) with 0.53 ml morpholine and 5.5 ml form-
aldehyde in 110 ml methanol (24 hours at room temp) as described for the preparation of 9 afforded
10b (0.75 g) as colorless amorphous powder.

H NMR (CD,OD) §3.78 (3H, s, aromatic, OCH,), ca. 3.7 (4H, 2 XxOCH,), ca. 2.1~2.5 (4H, 2 X
NCH,); *C NMR (CD,OD) § 161.5 (C-10), 156.6 (C-12), 143.8 (C-8), 117.1 (C-9), 107.4 (C-11), 99.9
(C-13), 67.8 (2C, OCH,), 57.4 (2C, CH,N), 56.1 (aromatic, OCH,), 54.0 NCH,); FAB-MS m/z 1,014
M -+H)*, corresponding to C;;H;;NOy;.

Compounds 10c and 10d were prepared as described for the preparation of 9 starting from papula-
candin B-12-p-nitrobenzy! ether (5e) by reaction with formaldehyde and the corresponding secondary
amine. Removal of the p-nitrobenzyl-protecting group from 10c and 10d by the general procedure
described above gave the 11-aminomethylenepapulacandin B derivatives 11a and 11b.

11-Morpholinomethylenepapulacandin B (11a)
13C NMR (CD,OD) § 143.6 (C-8), 111.0 (C-1), 105.4 (C-1"), 67.8 and 67.6 (2 X OCH,), 64.9 (C-6),
61.6 (C-6), 54.3 and 54.2 (NCH,).

11-Piperidinomethylenepapulacandin B (11b)
13C NMR (CD,0D) ¢ 161.9 (C-10), 154.3 (C-12), 143.8 (C-8), 115.9 (C-9), 105.8 (C-11), 103.8 (C-
13), 64.7 (C-6"), 61.5 (C-6), 57.9 (CH,N), 54.5 (2C, NCH,), 26.2 (2C) and 24.4 (3 x CH,).

11-Aminopapulacandin B Derivatives

11-Aminopapulacandin B-12-methyl Ether (13a)
To a solution of 6 g papulacandin B-12-methyl ether (Sa) in 250 ml THF were added 12.71 g (12




Table 6. Selected 1*C NMR data of 10-alkyl ethers of papulacandin B (1) (all spectra in CD;OD, ¢ ppm).

12 OH
10
OR
Com- p ’
pound R C-1 C-1 C-6 C-6 C-8 C-9 C-10 C-11 C-12 C-13 R
8a CH;, 112.0 1054 61.6 64.9 145.6 117.8 164.3 58.3 154.6 102.3 56.0
8f CH,COCH; 112.0 105.4 61.6 64.8 145.8 118.6 162.4 59.0 154.7 103.0 207.0/75.0/26.3
8g CH,COOH 112.0 105.3 61.4 64.8 145.5 118.2 162.8 99.1 154.5 103.0 185.1/74.9
8h CH,COOCH; 111.8 105.2 61.4 64.6 145.5 118.4 162.1 99.0 154.5 103.0 171.1/66.1/52.6
8i CH,COOCH,CH; 111.7 105.1 61.4 64.6 145.4 118.4 162.0 99.0 154.3 102.9 170.5/66.2/62.2/14.4
8k CH,COOCH,CH(OH)CH,OH 111.7 104.8 61.6 64.4 145.0 118.7 161.8 99.1 154.2 103.0 169.5/66.8/66.1/63.9
81 CH,CONH, 112.0 105.4 61.6 64.9 145.8 118.9 162.1 99.5 154.7 102.9 173.9/68.2
8Sm CH,CONHCH; 112.0 105.4 61.6 64.8 145.8 119.2 162.0 99.5 154.7 102.9 171.5/68.6/26.1
8n CH,CON(CHjy), 111.8 105.2 +61.4 64.7 146.0 118.3 162.2 99.0 154.3 103.1 170.5/67.4/36.6/35.9
8o CHZCO-O 111.8 105.3 61.5 64.7 145.5 118.5 162.2 99.2 154.5 103.1 189.9/141.0/136.1/

134.7/129.7/70.1
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equiv) hexamethyldisilazane and 9.46 g (4 equiv) diphenylseleno anhydride. The deep red reaction
mixture was stirred at room temp for 7 minutes, water added and extracted three times with ethyl
acetate. The combined ethyl acetate extracts were dried, evaporated to dryness and chromatographed
on silica gel to afford 2.3 g of the phenylselenoimine 12a as a deep red powder, which was reduced to
13a by bubbling H,S through a solution of 12a in CHCI, and triethylamine for 5 minutes at room
temp. Chromatography of the crude product on silica gel afforded 11-aminopapulacandin B-12-
methyl ether (13a) as an amorphous, colorless powder (1.25 g). FAB-MS m/z 930 (M+H)*, corre-
sponding to C,;HgNO,;; *C NMR (see Table 7).

11-Aminopapulacandin B-12-p-nitrobenzyl Ether (13b)

13b was obtained from 4 g papulacandin B-12-p-nitrobenzyl ether (5e), 5.4 g (4 equiv) diphenylseleno
anhydride and 3.1 g (4 equiv) hexamethyldisilazane in 100 ml THF (20 minutes at 5~ 20°C) following
reduction with H,S in CHCl, and triethylamine (5 minutes, room temp). The yield was 1 g. 13C
NMR (see Table 7).

11-Aminopapulacandin B-10-methyl Ether (13c)

13c¢ was prepared similarly to the preparation of 13a from papulacandin-10-methyl ether (8a).
3C NMR (CD;OD) § 149.2 and 148.5 (C-10+C-12), 122.4 and 117.3 (C-9 and C-11), 112.2 (C-1),
105.3 (C-1%), 100.4 (C-13), 64.7 (C-6), 61.6 (C-6), 56.6 (OCH,).

11-Aminoacetylpapulacandin B-12-methyl Ether (14a)

130 mg 11-aminopapulacandin B-12-methyl ether (13a) was acetylated in 1 ml methanol and 1 m!
acetic anhydride for 30 minutes at 0°C. The mixture was evaporated to dryness and chromatographed
on preparative thin-layer plates to afford 14a (85 mg). 3C NMR (see Table 7); FAB-MS m/z 994 (M -+
Na)*, corresponding to C;;HNO, ..

11-Aminoacetylpapulacandin B (15a)

250 mg 13b was acetylated in methanol - acetic anhydride for 30 minutes at room temp. Reduc-
tion of the crude product (14b) in Zn - acetic acid (general procedure) and chromatography on prepar-
ative thin-layer plates afforded 15a. FAB-MS m/z 980 (M*+Na)*, corresponding to C,,;H,,NO,,.

11-Mesylaminopapulacandin B (15b)

300 mg 13b was mesylated with 47 mg mesyl chloride in 10 ml THF and 20 drops of pyridine at
room temp overnight. Water was added and the solution extracted with ethyl acetate. The crude
product 14¢ was reduced with Zn in methanol - acetic acid (general procedure) and chromatographed
on silica gel to yield 80 mg of the mesylamino derivative 15b. *C NMR (see Table 7).

11-Amino-(1-carboxamido-2-oxoimidazolinyl)papulacandin B (15¢)

1.2 g 13b was acylated with 204 mg 2-oxoimidazolin-1-carboxylic acid chloride in 40 ml THF and
1 ml pyridine for 1.5 hours at 0°C. Water was added and the solution extracted with ethyl acetate.
The crude product (14d) was reduced with Zn-powder (general procedure) to remove the protecting
group. Chromatography on silica gel gave 0.45 g 15¢. 3C NMR (see Table 7).

Derivatives in Position 6 of the Glucose-moiety

6-Tosylpapulacandin B (16)

To 5g 1 in 100 ml abs pyridine was added a solution of 6.35 g tosyl chloride (5 equiv) in 50 ml
pyridine. After 1 hour at 0°C 500 g crushed ice was added and the aqueous solution extracted three
times with ethyl acetate. The combined ethyl acetate extracts were washed several times with 1 N
HCl, saturated sodium bicarbonate solution and H,O. The organic phase was dried, evaporated to
an oily residue which gave after chromatography and precipitation from acetone - ether - hexane 6-
tosylpapulacandin B (16) as a pale yellow amorphous powder. *H NMR (CD,OD) §7.15 and 7.68
(4H, aromatic), 2.35 (tosyl-CH,); *C NMR (see Table 8).

6-Dehydroxy-6-azidopapulacandin B (17a)
0.5 g 16 and 0.3 g (5 equiv) NaN, in 25 ml DMF were heated under stirring to 80°C for 1 hour.




Table 7. Selected *C NMR data of 11-aminopapulacandin B derivatives (all spectra in CD;0D, § ppm).

12 0R1
11 RZ
OH
Com- . 17 . 6 X C-9/ C-10/ .
Com- R, R, c1  C1I' C6  C6 cs &Y 19 C-13 R, R,
13a  CH, NH, 112.2  105.2 61.6 64.6 (142.3) 122.4/ 149.2/  100.3  56.5 —
1172 148.5
13b CHZ—Q—NOZ NH, 112.5 105.5 61.4 647  142.4 121.1/ 148.5/  102.2 149.0/146.9/ —
118.5  148.5 129.1/124.7
14a  CH, NHCOCH, 112.4 105.5 61.7 647  141.0 1177 155.7/  100.5  56.3 172.5/22.6
1124 1556
14b CH2—©—N02 NHCOCH,  112.4 105.4 61.3 64.6  140.8 118.2/  155.5/ 101.9 148.8/146.2)  172.5/22.7
112,90 153.8 128.9/124.7
15 H NHSO,CH,  112.3 105.2 61.5 64.8 (1400  117.2)  156.8/  103.8 — 40.1
1106 153.7
15 H NHoOh, MM 1121 105.2 615  64.8 1403  116.7/  154.4/  104.3 _ 160.2/43.3/
1116 153.9 37.6
[s)

The chemical shifts in parenthesis were not clearly assigned.
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Table 8. Selected 3C NMR data of 6-substituted derivatives of 1 (all spectra in CD;OD, 3 ppm).

HO

CH3

CH3

\
R
Compound R C-1 C-1 C-6 C-6" C-8 C9 C-10 C11 C12 C13 R
1 H 111.8 105.3 61.5 64.6 145.4 116.4 161.5 100.1 154.4 103.1 —
16 osoZO_CH3 111.4 105.2 69.9 64.5 145.2 1159 161.3 99.6 154.9 102.8 145.9/133.9/130.7(2C)/
129.1(2C)/21.6
17a N3 111.6 105.5 (51.8) 64.7 145.2 116.1 161.4 99.5 155.1 102.8 —
17 Br 111.5 105.2 (48.4) 64.6 1452 116.0 161.3 99.6 155.0 102.8 —
17¢ ! 111.4 105.3 8.3 64.6 145.2 116.0 161.2 99.6 154.9 102.7 —
/\
17d N O 111.4 105.7 59.1 64.7 145.0 116.2 161.3 99.6 154.9 102.6  67.3(20)/55.0(2C)
17e N NCH3 111.5 105.6 58.1 64.5 145.0 116.4 161.4 99.5 155.0 102.8  55.2(2C)/53.4(2C)/45.2(NCHy)
17t N NCHO 111.6 105.6 58.2 64.7 145.2 116.0 161.6 99.6 155.1 102.8 163.2/55.3/54.1/41.7/40.9
B
17g SJQIVN 111.5 105.9 36.8 64.6 145.1 115.8 161.5 99.6 154.9 102.8 155.5/34.3(NCH,)
CH3
18a  OCOCH, 111.8 105.1 64.7 64.7 145.1 116.3 161.6 99.7 155.2 102.9 173.0/20.9
186  OCO(CH,).COOH 111.5 105.2 64.2 64.6 145.3 116.1 161.4 99.7 155.0 109.2 174.5/30~32(2C)

The chemical shifts in parentheses were overlapped by other signals.
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Crushed ice was added to the reaction mixture and the solution extracted three times with ethyl acetate.
The combined organic extracts were dried and evaporated, and the crude product chromatographed
on silica gel to afford the azide 17a (0.3 g) as pale yellow amorphous powder. IR (KBr)cm™! 3500,
2970, 2220 (N,, strong), 1700, 1615; *C NMR (see Table 8).

6-Dehydroxy-6-bromopapulacandin B (17b)

0.5 g 16 and 1.1 g (20 equiv) KBr in 25 ml DMF were heated under stirring to 100°C for 2.5 hours.
After cooling crushed ice was added and the solution extracted with ethyl acetate. The combined ethyl
acetate extracts were dried, evaporated and chromatographed on silica gel to afford 17b (275 mg).
FAB-MS m/z 963 (M+H)*, corresponding to C,,H,,BrO,q; **C NMR (see Table 8).

6-Dehydoxy-6-iodopapulacandin B (17¢)
17¢ was prepared from 0.5 g 16 and 1.42 g (20 equiv) Nal in 25 ml DMF as descnbed for the prepar-
ation of 17b (100°C for 1.5 hours). **C NMR (see Table 8).

6-Dehydroxy-6-morpholinopapulacandin B (17d)

325 mg 16 was refluxed with 20 ml ethanol containing 1 ml morpholine for 3 hours. The solution
was concentrated iz vacuo and extracted with ethyl acetate after addition of ice-water. Chromatography
of the crude product on preparative thin-layer silica gel plates afforded 17d (120 mg). 13C NMR (see
Table 8).

6-Dehydroxy-6-N-methylpiperazinylpapulacandin B (17e)

17e was prepared from 1 g 16 and 2 ml N-methylpiperazine in 40 ml DMF as described for the
preparation of 17d (60°C, 3 hours). *C NMR (see Table 8).

6-Dehydroxy-6-(N-formylpiperazinyl)papulacandin B (17f)
17f was prepared from 2 g 16 and 2 g N-formylpiperazine in 100 ml DMF as described for the pre-
paration of 17d (80°C, 7.5 hours). 3*C NMR (see Table 3).

6-Dehydroxy-6-( N-methylthiotetrazolinyl)papulacandin B (17g)
17g was prepared from 800 mg 16 and 800 mg 1-methyl-5-thiotetrazoline sodium salt in 40 ml
DMF as described for the preparation of 17d (80°C, 5 hours). ¥C NMR (see Table 8).

6-Acetylpapulacandin B (18a)

2.5 g papulacandin B-10,12-di-p-nitrobenzyl ether (6e) was persilylated in 50 ml abs pyridine
with 15 ml hexamethyldisilazane and 10 ml TMS at room temp for 40 minutes. The solution was cen-
trifuged, the supernatant evaporated in vacuo and the oily residue dried in vacuo. The residue was
then dissolved in 20 ml abs pyridine - acetic acid anhydride (1:1). 0.75 ml (6 equiv) acetic acid was ad-
ded and the solution left at room temp for 24 hours. Ice-water was added and the aqueous solution
extracted several times with ethyl acetate. The combined ethyl acetate extracts were dried, evaporated
to dryness and the oily residue dissolved in acetic acid - 50%, methanol (1:1). The solution was kept
at room temp for 5 hours, triturated with 1 N HCI to pH 7.2. Water was then added and the solution
extracted three times with ethyl acetate. The combined extracts were dried, evaporated and chro-
matographed on silica gel. After precipitation from acetone - ether - hexane 6-acetylpapulacandin
B-10,12-di-p-nitrobenzyl ether was obtained, which, after removal of the two protecting groups (general
procedure), afforded 6-acetylpapulacandin B (18a) (175 mg). H NMR (CD,0OD) §2.0 (3H, s, ad-
ditional, COCH,); *C NMR (see Table 8); FAB-MS m/z 943 (M+H)™*, corresponding to C,,Hy,O,,.

6-Succinylpapulacandin B (18b)

18b was prepared similarly to 18a from 6e and succinic acid anhydride. Final purification was
achieved by chromatography on Sephadex LH-20. 13C NMR (see Table 8); FAB-MS m/z 1,001 (M +
H)*, corresponding to C;;Hy5O0,,.
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