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A new macrocyclic lactam, discodermide (l), was isolated from a Caribbean marine sponge, Discodermia dissohta. 
Ita structure was elucidated through a combination of spectroscopic techniques, in particular NMR spectroscopy. 
The carbon skeleton displayed by discodermide is new; discodermide is antifungal and cytotoxic. 

The genus Discodermia has been previously recognized 
as a source of several biological agents, calyculins A-D' and 
discodermins A-D.2 In our search for biologically active 
substances from marine organisms, an extract from the 
marine sponge D. dissoluta was discovered to inhibit in 
vitro proliferation of P388 murine leukemia cells, to inhibit 
growth of Candida albicans,3 and to be active in the 
two-way mixed lymphocyte culture assaya4 We recently 
described the novel polyhydroxylated lactone discoder- 
molide as the metabolite responsible for the immunosup- 
pressive activity of the crude extract? We now report the 
isolation and the structure determination of the cytotoxic 
and antifungal active compound as discodermide (I). 

H H R " "  I I 

I H-k OH 

1 R = H  
2 R = C H $ O  

The sponge, D. dissoluta, was collected by scuba at 
Lucaya, Grand Bahama Island, at a depth of 33 m. A 
methanol/toluene (3:l) extract was concentrated and 
successively partitioned between equal volumes of Et- 
OAc/H20 and BuOH/H20. The BuOH-soluble fraction 
inhibited the growth of C. albicans. Bioassay-directed 
chromatographic separation of this fraction resulted in the 
isolation of discodermide (1,0.1% frozen wt). Discoder- 
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mide (1) was obtained as a white powder (mp -200 OC 
dec). The HRFAB mass spectrum indicated a molecular 
formula of CnH%N2O6. A UV absorption at A,, 313 nm 
(e 9650) indicated the presence of extended ?r conjugation. 
Infrared absorptions at 3350 and 1665 cm-' revealed the 
presence of hydroxyl and conjugated carbonyl function- 
alities, respectively. The presence of an enolized P-tri- 
carbonyl grouping was suggested by an orange-red color- 
ation with ferric chloride and the formation of greenish 
yellow copper complex with cupric acetatess Due to the 
low solubility and the overlap of proton NMR signals of 
1 in CD30D, C5D5N, and (CD3)2S0, discodermide was 
acetylated under standard conditions and discodermide 
acetate 2 was used for much of the structure elucidation. 
Assignment of resonances in the 'H and 13C NMR spectra 
of 1 and 2 (Table I) were made as the result of COSY 
experiments, long-range COSY experiments (COSYLR and 
COSYRCT),' 2D C-H correlation experiments: 2D long- 
range C-H correlation experiments (HMBC)? and de- 
coupling experiments. The structure of the acetate was 
elucidated in the following manner. 

The molecular formula of 2 was determined to be (3%- 
HMN2O7 (HRFABMS). Similar to 1, the UV spectrum of 
2 exhibited an absorption indicative of an extended con- 
jugated system [A- 312 nm (e 9660)]. The IR absorptions 
at  1724 cm-' indicated the presence of an acetate func- 
tionality, while the presence of conjugated carbonyls was 
suggested by a band at 1665 cm-'. Resonances in the lSC 
spectra indicated the presence of a conjugated enolized 
tricarbonyl system (13C resonances: 192.6, 184.3,180.65, 
and 102.5 ppm). The downfield signal at 192.6 ppm as- 
signed to the enol carbon suggested that it is attached to 
another oxygen or nitrogen atom.'O The presence of a 
conjugated amide and an acetate carbonyl were indicated 
by the 13C NMR resonances observed at 167.3 and 170.4 
ppm, respectively. Resonances in the lH and 13C spectra 
of 2 indicated the presence two double bonds (13C reso- 
nances observed at 125.1, 129.8, 140.3, and 147.3 ppm). 
These data account for 7 of the 13 degrees of unsaturation, 
and therefore, the carbon skeleton consists of six rings. 
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Interpretation of the data from a COSY experiment of 
2 and from a series of decoupling experiments identified 
the partial structures Cl-C3 (A), C4-Cll (B), C14417 
(C), and C23429 (D). The 11.5-Hz coupling constant 
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between H10 and H11 and the 15.3-Hz coupling constant 
between H23 and H24 are consistent with 2 and E olefinic 
bonds, respectively. The COSYRCT experiment optimized 
for four-bond couplings indicated coupling of H2 with H4 
and H3 with H5. This suggested a w e  between C3 and 
C4 atoms. This was confirmed by the 'H-detected het- 
eronuclear multiple bond correlation experiment (HMBC, 
Table I). The lSC chemical shift values of 66.3 and 61.1 
ppm for C3 and C4 in 2, respectively, observed by the C-H 
correlation experiment suggest the attachment of oxygen 
atoms at these two carbons. The characteristic C-H 

Hz) suggested the presence of an epoxide ring." The 
partial structure B H11 (6.32 ppm) and H10 (6.03 ppm) 
exhibited twebond and three-bond couplings to an amide 
carbonyl carbon appearing at 167.3 ppm, respectively. 
This carbonyl resonance in turn exhibited two-bond and 
three-bond couplings to H13 (NH) and H14, respectively, 
and thus established the connectivity between C11 and 
C14 acrose the amide group. Acetylation of discodermide 

coupling con~tants (C3, JGH 180 HZ and C4, Jc-H = 182 
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Scheme I. Suggested Biosynthesis of Discode 
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1 to give discodermide acetate 2 shifted the proton signal 
attributed to H16 from 4.84 to 5.82 ppm, thus confirming 
the location of a hydroxyl at C16 in discodermide. In the 
long-range C-H correlation spectrum of 2 there were 
cross-peaks appearing from H17 (4.36 ppm) to C19 (192.6 
ppm) and C21 (180.5 ppm) and Hl8 (9.20 ppm) to C17 
(65.1 ppm), C19, and C20 (102.5 ppm). These connectiv- 
ities established the connection between the partial 
structure C and the cyclized 8-tricarbonyl enol system. 
Although unusual, this is not new."12 The remaining 
carbonyl C22 (184.3 ppm) of the @-tricarbonyl enol system 
indicated a long-range correlation to H23 (8.25 ppm) and 
H24 (6.98 ppm) and thus established the connectivity 
between the partial structure D and the tricarbonyl system. 
The downfield chemical shift value of H23 is consistent 
with the a,@-unsaturated carbonyl group. However, the 
large downfield chemical shift value of H24 could be due 
to the anisotropic effect caused by the adjacent 8-tri- 
carbonyl enol system. The 'H COSY spectrum of 2 in- 
dicated coupling between H2 (1.93 ppm)/H29 (1.49 ppm) 
and H5 (2.47 ppm)/H29. The long-range C-H correlation 
spectrum exhibited couplings between Hl/C29 and H2/ 
C29 and H3/C29. These data established the connectivity 
between the partial structures A and D. The three-bond 
coupling between H4 and C29 suggested a linkage between 
C5 and C29 and thus established a five-membered ring 
system. 

The 'H COSY spectrum of 2 indicated coupling between 
H28 (1.09 ppm) and H7 (1.27 ppm). The 'H COSYRCT 
spectrum indicated four-bond coupling between H5 (2.47 
ppm) and H28. The long-range C-H correlation spectrum 
exhibited three-bond couplings between H6 (1.90 ppm)/ 
C28, H2 (1.93 ppm)/C28, H28/C2 (36.9 ppm), H28/C8, 
and H27 (1.65 ppm)/C7. These data established the 
connectivity between C7 and C28 forming the second 
five-membered ring. The coupling observed between H8 

(11) Kdinowrki, H.; Berger, S.; Braun, S. Carbon-13 NMR Spectros- 
copy; John W h y  and Som: New York, 1988; p 499. 

(12) Stikinge, C. E. Biochem. J.  1969, 72,332. Stikings, C. E.; Town- 
eend, R. J. Ibrd. 1961, 78,412. 
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Table I. 'H and NMR Data for Compounds 1 and 2 and the Long-Range Conneotivitier Observed in the HMBC 
Experiment 

1 2 
position H' C b  Ha C' HMBC, ('H)' 

1 0.79 17.7 0.79 (d, 7.0) 18.2 (q, 119) H2, H3, H29 
2 1.95 
3 3.26 
4 3.31 
5 2.49 
6a 1.90 
68 1.26 
7 1.26 
8 1.07 
9 4.13 
9 2.31 
10 6.03 
11 6.28 
12 
13 9.13 
14 4.06 
14 3.20 
15 2.44 
15 1.60 
16 4.84 
16 6.62 
17 4.40 
18 9.02 
19 
20 
21 
22 
23 8.28 
24 6.97 
25 2.03 
26a 1.49 
2619 1.07 
27a 1.64 
278 0.73 
28 1.07 
29 1.45 
30 
31 

36.2 
66.7 
61.3 
41.2 
30.6 

47.3 
44.1 
29.4 

141.3 
123.0 
167.2 

36.5 

29.7 

70.6 

65.5 

193.5 
101.1 
178.5 
183.9 
128.1 
147.5 
45.6 
32.2 

30.2 

50.8 
57.5 

1.93 (dq, 7.0, 1.8) 
3.27 (e) 
3.32 (a) 
2.47 (ddd, 8.3, 8.0, 7.2) 
1.90 (m) 
1.27 (m) 
1.27 (m) 
1.09 (m) 
4.15 (ddd, 12.8, 12.0, 1.5) 
2.27 (ddd, 12.8, 2.0, 2.0) 
6.03 (dd, 11.5, 7.1) 
6.32 (d, 11.5) 

9.25 (t, 5.8) 
3.95 (dddd, 11.0, 5.8, 5.5, 4.0) 
3.09 (dddd. 11.0. 9.8. 5.8, 1.5) 
2.40 (dddd; 11.8; 9.8; 5.5; 1.0) 
1.62 (dddd, 11.8, 5.8, 4.0, 1.5) 
5.82 (ddd, 5.8, 1.0, 1.0) 

4.36 (a) 
9.20 (8) 

8.25 (d, 15.3) 
6.98 (dd, 15.3, 10.3) 
1.98 (m) 
1.56 (m) 
1.09 (m) 
1.65 (m) 
0.73 (m) 
1.09 (m) 
1.49 (m) 

1.80 (a) 

36.9 (6, 126) 
66.3 (d, 180) 
61.1 (d, 182) 
41.9 (d, 123) 
30.9 (t, 126) 

47.9 (d, 115) 
45.0 (d, 120) 
29.3 (t, 124) 

140.3 (d, 149) 
125.1 (d, 156) 
167.3 (a) 

37.4 (t, 129) 

29.8 (t, 125) 

75.4 (d, 145) 

65.1 (d, 135) 

192.6 ( 8 )  
102.5 (8) 
180.5 (a) 
184.3 (a) 
129.8 (d, 160) 
147.3 (d, 150) 
45.7 (d, 119) 
33.2 (t, 120) 

30.3 (t, 120) 

51.4 (d, 117) 
58.2 (d, 124) 
170.5 (8) 
20.9 (4, 127) 

'Pyridine-d, at 50 "C. bCDaOD. Chemical shifta (ppm) from solvent (multiplicity, J (Hz)). 

Table 11. NOES Observed for Dircodermide Acetate 
1H 'H 

irradiated NOE (I) irradiated NOE 1%) . ,  
1-CHa 2 (4.61, 3 (4.0), 29 (2.0) 7-H 8 (2.0), 28 (3.0) 
2-H 1 (3.0). 3 10.5) 8-H 9 11.5). 9 11.5) 
5-H 4 (6.5); 6a (2.5), 29 (6.6) 25-H 23 (4.01, 266' 
6-aH 7 (2.0), 10 (1.3) (2.0), 278 (1.5) 
6-19H 4 (LO), 6a (4), 10 (2.5) 27-H 2 (LO), 28 (2.1) 

29-H 28 (3.0) 

(1.09 ppm) and H25 (1.98 ppm) and the long-range C-H 
correlations observed between H26 (1.09 ppm)/C8 and 
H24 (6.98 ppm)/C8 confirmed the linkage between C8 and 
C25 thus forming the six-membered ring system, which 
accounted for the last degree of unsaturation in the 
molecule. 

The relative stereochemistry of the tetracyclic ring 
system was established by difference NOE experiments 
(see Table 11). The NOES between Hl/H29, H5/H29, 
H28/H29, H4/H5, and H5/H6 established that they are 
on the same side of the ring system. The protons H3 and 
H4 must have a cis configuration since they are part of the 
epoxide ring formed on a five-membered ring system. The 
NOES between H6 (1.90 ppm)/H7, H7/H28, H7/H8, and 
H28/H27 (1.65 ppm) established the relative stereochem- 
istry of these protons. Similarly the NOES between H27 
(0.73 ppm)/H25 and H25/H26 (1.09 ppm) completed the 
relative stereochemistry of the tetracyclic end of the 
molecule. The NOE between H27 (1.65 ppm)/H2 and 
H6/H10 confirmed the cis-syn-cis orientation of the cy- 

H3, H4, H29 
H1, H2, H29 
H2, H6, H29 
H2, H3, H4 

H6, H9, H27 
H6, H10, H24 

H9, H11 
H9 
H10, H13, H14 

H13, H15, H16 

H16, H17 

H14, H17 

H18 

H17, H18 
h18 
H17 
H23, H24 
H25 
H25 
H9, H23, H27 
H24 

H26, H29 

H1, H2, H6, H26, H27 
H3, H4, H27 
H16 

clopent[a]octahydroindene part of the molecule. The 
relative stereochemistry at C16 and C17 could not be de- 
termined using NOE. 

It appears likely that discodermide 1 is biosynthetically 
derived from ornithine and two pentaacetate chains as 
outlined in Scheme I, and as suggested, in ikarugamycine 
cyclization, reduction, and hydroxylation in ring A and at 
the @-carbon of ornithine occur subsequently to yield 1. 

Discodermide inhibits the in vitro proliferation of cul- 
tured murine P388 leukemia cells with an ICM of 0.3 
pg/mL. It also inhibits the growth of C. albicans with an 
MIC of 12.5 pg/mL. 

Experimental Section 
NMR spectra were recorded at 360 MHz for 'H and 90.5 MHz 

for lac. All chemical ahifta were recorded with respect to the 
solvent (Cp& highest field signal at 7.19 ppm for 'H and 123.5 
ppm for ' C). 

Collection and  Extraction. The sponge D. di8801utu wae 
collected from Lucaya, Grand Bahama Island, a t  a depth of 33 
m in March 1987 and wae immediately frozen. A voucher 
specimen is on deposit a t  the Harbor Branch Oceanographic 
Museum (catalog no. 00300060). The freahly thawed sponge (434 
g) wae extracted exhaustively with a mixture of methanol and 
toluene (31). The solvent was removed in vacuo from the com- 
bined extracts. The resulting extract wae partitioned between 
EtOAc and HzO, and the HzO-soluble fraction was extracted with 
BuOH. The BuOH soluble fraction was chromatographed on 
reversed-phase CIS with HzO/MeOH gradient. The fraction that 
eluted with 10-20% HzO/MeOH furnished the most potent C. 
albicans activity. Diecodermide was crystallized from this fraction 
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using MeOH/CH2C12 (3:2), 115 mg (0.1% from frozen sponge). 
Dircodermide (1): mp -200 *C dec; [uID 97.5O (c 0.2, 

CHC18/MeOH (1:l); UV & (MeOH) 313 (a 9650), 238 (16500) 
nm; IR (KBr) 3350,2910,2460,1665,1600,1465,1227,995,840 
cm-'; 'H and '8c NMR, Table I; HRFABMS (Thio) m / z  505.2312, 
A 0.7 Nm for CnHMNz06Na (MNa+); LRFABMS (Thio) m / z  
(relative intensity) 505 (58), 313 (17), 239 (231,217 (100),181(34). 

Acetylation of Dircodermide. A solution of discodermide 
(25 mg) in pyridine (2 mL) and acetic anhydride (0.5 mL) was 
stirred overnight. The solvents were removed in vacuo and the 
resulting gum was purified on a reversed-phase amino Sep-Pak 
with 20% HzO/MeOH to give discodermide acetate, 22 mg. 

Discodermide acetate (2): colorless gum; [ a ] ~  77.5' (c  0.17, 
MeOH); W X, (MeOH) 312 (c 9660), 238 (16500) nm; IR (KBr) 
3360,2900,2500,1724,1655,1600,1465,1240 cm-'; 'H and 13C 
NMR, Table I; HRFABMS (mb) m / z  547.2304, A 0.9 pm for 

C&IMN207Na (MNa+); LRFABMS (Thio) m / z  (relative inten- 
sity) 547 (100, MNa'), 525 (25, MH'), 505 (201,487 69, 469 (151, 
429 (18), 319 (34). 
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The stereochemistry of a series of N-nitroso-r-2,~-6-diphenylpiperidin-4-0nes (l(k15) and N-nitroso-r-2,c-6- 
diphenylpiperidines (16-18) in solution has been investigated by 'H NMR, 13C NMR, and dynamic 'H NMR 
spectroscopic studies. Unlike the r-2,~-6-dialkyl-N-nitrosopiperidines, which have diaxial alkyl groups, these 
N-nitroso-r-2,~-6-diphenylpiperidines (16-18) and N-nitroso-r-2,~-6-diphenylpiperidin-4-0nes (10-15) have di- 
equatorial phenyl groups even though the nitroso group is coplanar to the dynamically averaged plane of the 
piperidine ring. The rotamer populations of the N-NO orientations in the nitrosamines were derived from 
continuous wave 'H NMR spectral data and are correlated with the steric bulk of the substituents present a t  
the C-3 and C-5 positions. N-Nitroso-r-2,~-6-diphenylpiperidine-4-one (10) was found to have a higher rotational 
barrier than N-nitroso-r-2,~-6-diphenylpiperidine (16). We attribute this difference to a greater degree of coplanarity 
(C3-CZ-N1-CB-C6) in 10 than in 16. The rotational barriers in 10 were found to decrease as the bulk of the 
Substituents at C3 and c5 increased. The rotational barrier in N-nitroso-r-2,~-6-diphenylpiperidine (16) was found 
to be lower than the reported rotational barriers of N-nitroso-r-2,~-6-dimethylpiperidine and N-nitroso- 
2,2,6,6-tetramethylpiperidine. 

Introduction 
Many nitrosamines are known to be carcinogenic.' It 

has also been shown that blocking of the positions a to the 
ring nitrogen atom by methyl groups in cyclic nitrosamines 
reduces the carcinogenic activity.2 The alkyl cation 
formed from the nitrosamine (Scheme I) is believed to be 
responsible for the initial step in the process of carcino- 
genesis by alkylating cellular components and DNA bas- 
e ~ . ~ , '  The first step in the formation of this alkyl cation 
involves the enzymatic hydroxylation of an a carbon to give 
S 1 (Scheme I). The hydroxylation also appears to depend 
on the acidity of the a proton. Thus, in the case of N- 
nitrosonornicotine, where the sterically free methylenic 

~~ ~~~~ 
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Scheme I 

RCH, 

s1 
-OH 

RCH2N=NOH - RCHzN2' 2 R+ 
52 

a-position is available for a-hydroxylation, the hydroxy- 
lation actually occurs at the more hindered but more acidic 
C-2 a-position.6 This acidity, in turn, may also depend 
on the extent of electron delocalization in the N-N-0 
group? The second step in the process leading to the 

(6) Murphy, S. E.; Heiblum, R. Carcinogenesis ISSO, 11, 1663. 
(6) It is noted that of the several NX-Y systems known including 

N-acylamines, N-ketiminylaminee, and N-sulfinylhydrazines, only the 

gens. 
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