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Table 2. ‘H NMR values for Udoreo and Penicih metabolites 
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CI ! ! ! 4 . 
(In CIA,, (in CL,, ! 

(in C&l,, 
I 

2 

4 

5 

6 

7.6.d 
J-12 Hz. 

5.76.d 
J-12 Hz 

5.78.C 
J-7 Hz 

2.45.ddd 
J-14,8.7 
2.28.ddd 
J-lL.8.7 

5.00 mult 

__ 

1.99 mull 

1.99 prU1t 

5.00 mult 

I2 7.i6.s 

I3 ‘1.6~.3H,s 

I4 aI.62.3H,s 

I5 

16 

‘1.59.3H.s 

__ 

I7 

18 

I9 

20 

Ok 

_- __ 4.50.2H.s 

__ 

__ 

__ 

2.20.3H.s 
2.17,3H.o 
2.08.3H.s 

8.10.d 
J-12 Hz 

6.05.dd 
J-12.2 Hz 

6.28.t 
J-7 Hz 

7.40.d 7.34.6 7.43,d 

J-12 Hz J-12.5 Hz J-12.5 Hz 

5.85.d S.85.d 5.93.d 
J-12.5 Hz J-12.5 Hz J-12.5 Hz 

2.20 mutt ‘2.30 mull ‘2.40 mult 

3.10.t 
J-7 Hz 

‘2.00 mull I.40 mult ‘2.30 mulr a2.30 mult 1.45 mult 1.45 mult 

5.14.t a5.30.t I.40 mult b5.21.t 

J-7 Hz J-7 Hz J-7 Hz 

-_ 

2.00 mult 

2.00 mult 

5.00 q ult 

9.22.6 
J-2 Hz 

al. 74.3H.s 

=1.74,3H.s 

__ 2.30 mult 

‘2.15 mult =I.99 mult 

CZ.l.<‘t O2.10 mult 

‘5.18.~ 
b 

5.03.t 
J-7 Hz J-6 Hz 

c2.20 Llhl1t *2.00 q ult 

__ __ 

‘2.00 mult ‘2.00 mult 

‘2.10 mult ‘2. IO mult 

6.43,~ 6.44.t 
J-7 Hz J-8 Hz 

.2.20 EVIL ‘2. IO mult 

c2.20 mult ‘2.00 mult ‘2.00 mult 

*5.02.t 
b 

5.13.t 
b 

5.IO.C 
J-7 Hz J-7 Hz J-7 Hz 

l l.60.3H.s 

__ 

__ 

7.15,s 

__ 

__ 

_- 

2.I8.a.3H 2.17.3H.s 
2.15.3H.s 
2.03.3H.s 

7.11.8 7.18,s 

9.47.d ‘1.67.3H.s 
J-2.7 Hz 

‘1.67.3H.s 9.35,s 

cl.57.3H.s ‘1.67.3H.s 

CI.57.3H.s cl.57.3H.s 

2.13.3H.s 2.17.3H.s 
2.11.3H.s 2.15,3H.s 

7.43.d 
J-12.5 Hz 

5.94.d 

10.07s 10. Is 

__ 

*2.31 fault 2.56 wit 2.63.1 
J-7 Hz 

b5.38 q ult 3.31 mult 3.43 mult 

2.85 mult 2.80 NIL 

1.70 mlt 1.75 mult 

‘1.99 mult *1.05 mu18 

5.00 mu1t 5.09 oult 

‘1.99 mu1t ‘2.05 mulr 

*2.00 mull 

b 
5.08 q ulr 

‘I.85 ault 

5.00 mull 

.1.15 mu1t 

5.09 mult 

_- __ __ 

1.18,s 

‘1.66.3H.a 

4.85.bs 4.63.bs 

9.51.d 
J-l Hz 

10.09.s 

‘1.63,3H.9 

CI.57.3H.s 

b 
I. 58.3H.s 

b 
1.58.3H.s 

9.63.d 
J-2 Hz 

bl.67.3H.s 

bl.60,3Hs, 

b1.58,3H,s 

2.18.3H.s 
2.16.3H.a 

2.06.3H.s 

_-- 

a.b.c - Values may be swirchcd 
d - All .pcctr. were recorded in Ccl4 solution .I 360 MHz rclarfvc to internal l?6 unless othervise 

noted. 

These data and consideration of the characteristic “C 
NMR bands for linear terpenoids”.” allowed struc- 
ture 2 to be fully assigned. 

In contrast to the sesquiterpenoids (1 and 2) iso- 
lated from P. capitalus, another abundant Penicillus 
species, P. dumerosus, yielded exclusively diter- 
penoids. Collection of P. dunerow from the Florida 
Keys yielded the triaatate 3, while the aldehydes 4-6 
were the exclusive diterpenoids isolated from a col- 
lection made in the Bahama Islands. The triaatate 3 
(20% extract) analyzed for C&H,,06 by interpretation 
of high-resolution mass and “C NMR spectral data. 
The presence of the E.Ediaatoxybutadiene func- 
tional group, and a primary acetate, were readily 
illustrated in the ‘H and “C NMR spectra of 3. The 
8” of unsaturation in 3 were accounted for by the 
three aatate carbonyls and five double bonds in the 
molecule, thus also indicating this compound to be a 
linear diterpenoid. The placement of the primary 

acetate at Cl7 was indicated by the mass spectral 
features of this metabolite. An intense fragment 
which analyzed for C,,,H,, was observed, which indi- 
cated cleavage of the bis-allylic C8-C9 bond. Hence. 
the primary acetate functionality was eliminated as a 
substituent of carbons 18-20. In addition, 13C NMR 
bands for 3 were in close accord (for carbons 8-15 
and 18-20) with model linear terpenoids.” As in 
earlier compounds, a strong NOE effect between 
protons at C2 and Cl6 was observed which 
confirmed the E,E stereochemistry and coplanarity of 
the bisenol acetate functionality. The C6-C7 olefin 
stereochemistry was assigned as Z based upon the 
complete lack of NOE found between the protons on 
C6 and Cl7 when either were irradiated. 

The aldehyde 4 analyzed for CNH3e0, and again 
possesed the biscnol aatate constellation. IR ab- 
sorptions at 1750 and 1730 cn- ’ supported the pres- 
ena of acetate esters and a saturated aldehyde group. 
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Table 3. “C-NMR values for major metabolites (values recorded i? CLXl,)* 
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I/ 

I5 

lb 

17 

It3 

I9 
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ACetateS 

‘136.8d 

b109.3d 

119.1s 

69.4d 

31.51 

b 
117.96 
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39.61 

2b.br 

123.9d 

c131.5s 
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lb.3q 
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_- 

__ 

_- 

__ 

__ 

169.9s 

167. 7s 

167.06 

20.79 

20.7q 

2l.Oq 

141.2d 

IO4.9d 

128.2s 

154.4d 

29.7~ 

118. Id 

.139.3s 

19.5t 

26.51 

123.86 

‘134.9s 

193.3d 

16.4q 

l7.7q 

25.7q 

__ 

__ 

__ 

__ 

__ 

167.5s 

20.7q 

a135.5d 

ll3.ld 

120.89 

d2b.8t 

d2b.5t 

‘l30.3d 

%33.5, 

35.2t 

d2b.?r 

‘123.9d 

bl35.ls 

39.51 

d25.2r 

‘123.7d 

b13i.2s 

‘134.3d 

61.71 

15.8q 

I7.5q 

25.5q 

170.5s 

167.3s 

166.9s 

2O.bq 

2O.bq 

20.3q 

‘135.9d 

113.3d 

121.3s 

d 
29.9~ 

d 
29.51 

d 
29.It 

51.2d 

d25,4f 

d28.5t 

b 
123.8d 

c135.5s 

39. ?I 

d2b.8f 

b123.7d 

c131.5s 

‘134.84 

213.4d 

I5.7q 

I7.5q 

15.bq 

167. Is 

166.7s 

2o.oq 

2o.oq 

*in dbllr 

187. 7d 

140.5% 

158.8s 

35.2~ 

a24. 71 

45.3d 

52.44 

‘27.2t 

‘26.61 

b124.2d 

‘136.3s 

39.71 

*2b.Or 

b 
l23.2d 

=131.3s 

59.61 

204.bd 

lb. Iq 

ll.lq 

25.7q 

170.38 

20.7q 

189.06 

139.0s 

165.0s 

35.Ot 

P24.8t 

45.bd 

52.8d 

a27.3t 

‘26.7t 

b124.2d 

‘136.4s 

39.7t 

‘26.2r 

b123.3d 

c131.4s 

59.5t 

205.44 

lb.Iq 

l7.7q 

25.7q 

The proton NMR spectrum of 4 showed the aldehyde 
proton as a doublet (J = 2.7 Hz) at 6 9.47 confirming 
the presence of an adjacent proton. As in the tri- 
acetate 3, the mass spectral features of 4 were useful 
in positioning the aldehyde group. Here again intense 
cleavage of a C,,,H,, fragment indicated the aldehyde 
to be at C17. No attempts were made to assess the 
absolute stereochemistry at C7. 

Also present in the Bahamas collections, but as 
minor metabolites. were the isomeric aldehydes 5 and 
6. Both compounds analyzed for CHHYO1 by the 
aforementioned methods, and were recognized as 
isomers of the previously reported diterpenoid ud- 
oteal.’ Comparison of the proton NMR features of 5 
and 6 with those of udoteal showed the compounds 
to be almost identical. It was clear that both pos- 
sessed z$-unsaturated aldehyde groups as in udoteal. 
but positioning the aldehyde presented problems. 
Fortunately, mass spectral data yielded convincing 
evidena to position the aldehyde at C18. Intense 
fragmentation of the C8-C9 bond was again evident 
yielding two fragments which analyzed for C,,,H,eO 
and C,,H,,OI. respectively. The former fragment was 

assigned as bearing the unsaturated aldehyde group 
while the latter was assigned as the bis-enol acetate 
bearing portion of the molecule with additional loss 
of acetic acid. 

The relationship of 5 and 6 as geometrical isomers 
of the a,/?-unsaturated aldehyde double bond was 
readily illustrated by their ‘H NMR features. Al- 
dehyde 5 was assigned the E configuration based 
upon the recorded aldehyde chemical shift of 6 9.35. 
The aldehyde proton shift for 6 at 6 10.09, conversely 
supported its assignment in the Z configuration.‘6 
Support for these assignments was also obtained by 
NOE measurements. b-radiation in 5 of the Cl8 
aldehyde proton produced marked enhancement of 
the olefin proton at CIO. This effect was absent in the 
isomeric aldehyde 6. 

The algal genus U&tea has now been recognized 
to produce both sesquiterpenoids and diterpenoids 
(udoteal’ and udoteatrial’). As mentioned earlier, 
metabolites I and 2 were isolated from U. cy- 
athiformis as well as P. capitatus. We have also 
subsequently isolated the known sesquiterpenoid 
flexilin (7) from U. conglurinara collected in the 
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Bahama Islands. The spectral features we recorded 
for compound 7 were identical to those reported for 
this compound.* 

More comprehensive studies of the most common 
Caribbean Udotea specie, U.Jabellum. have also been 
completed. In addition to udoteal,’ we have isolated 
the monocyclic diterpenoids 8 and 9 (5 and 8% of the 
extract) from a variety of U.j7abellum with narrowly 
lacerate blades. The acetate 8 was found by “C NMR 
to possess the molecular formula CrrH,rO, (Table 3). 
These latter spectral features, in conjunction with IR 

absorption at 1735, I71 5 and 1670 cm _ ‘, showed the 
presence of two aldehydes. one saturated and one 
a&?-unsaturated, and one primary acetate ester. “C 
NMR bands were also present for two additional 
trisubstituted olefins at shifts characteristic of linear 
terpenoids. As in several previous examples, mass 
spectral fragmentation of 8 yielded an intense C,sH,, 

fragment resulting from cleavage of the allylic C8-C9 
bond. Hence, based upon these data, the ring and all 
oxygenation must involve Cl-C8 and Cl6, C17. 

The “C NMR spectrum of 8 further showed the 
presence of a polarized tetrasubstituted double bond 
[S 158.8 (s) and 140.5 (s)] which was assigned in 
conjugation with one of the aldehyde groups. 
Through ‘H decoupling and NOE studies, all protons 
in acetate 8 were subsequently assigned. The primary 
acetate was positioned at Cl6 since these protons 
were clearly at an allylic chemical shift in the ‘H 

NMR spectrum (6 4.63). Strong NOE was also 
observed between the two aldehyde protons thus 
placing them within NOE proximity ( - 3.OA). 

Sodium borohydride reduction of 8, followed by 
immediate acetylation (Ac,O/py) yielded the tris- 
primary acetate IO. The ‘H NMR spectrum of IO 
clearly showed the newly-formed Cl and Cl 7 methy- 
lene protons as characteristic AB and ABM patterns 
at the expected allylic and non-allylic chemical shifts 
(experimental). In addition, derivative IO yielded 
much more reliable HRMS data to support the 
molecular formula previously assumed for acetate 8. 
Although the structure of 8 was fully defined, no 
attempts were made to determine the relative nor 
absolute stereochemistries of the asymmetric centers 
at C6 and C7. 

The polar monocyclic diterpenoid isolated, 9, was 
assigned as the corresponding alcohol derivative 
based upon its facile acetylation to yield acetate 8. 
The spectral features for 9 were also in close accord 
with those of 8 except for the Cl6 protons which were 
shifted to higher field, as would be expected. Com- 
parison of the rotations of synthetic 8 produced from 
9 ([ah, - 28”) showed they most likely possessed the 
identical absolute stereochemistria at the two asym- 
metric centers. The discrepancy in these values may, 
however, indicate a degree of racemization at C7 in 
the synthetic conversion of 9 to 8. 

The new metabolites described here show 
significant biological activities against several patho- 
genic marine and terrestrial microorganisms and po- 
tential macroscopic predators. Compounds 1, 3. 4, 
and 7 were active against Staphylococcus aureus and 
I and 3 were active against Bacillus subtilis. Com- 
pounds 1. 2, 8. and 9 were active against the marine 
bacterium Serratia marinorubra. Other marine bacte- 
ria, including Vibrio splendida, V. harveyi. V. lei- 

opuzthi were inhibited by 1-4. 8 and 9. Our own 

isolates of marine bacteria from the surfaces of 
Caribbean algae were inhibited by compounds 24.7 
and 9. Marine fungi were also inhibited. Compound 
2 was active against Leptosphaeria sp.. Lulworthia sp.. 

Alternuria sp.. compound 4 was active against 
Dreschleria haloides, Lulworthia sp.. and compounds 
7 and 9 selectively inhibited Dreschleria haloiaks and 
Lulworthia sp., respectively. 

Several of these compounds also inhibited cell 
division in fertilized sea urchin eggs. Compounds 1, 
2. 4, 7, 8, and 9 all inhibited normal cell division in 
this recently re-established assay.‘*.‘P Compounds 1. 
2.8. and 9 were also toxic to herbivorous damselfish 
causing death within I hr.‘” 

EXPERIMENTAL 

General. IR spectra were recordal on a Pcrkin-Elmer 
model 137 spcctrophotomctcr and UV spectra were ob- 
tained in MeOH on a Beckman Mk IV in&ument. Proton 
NMR spectra were recorded on a 360 MHz Nicoletaxford 
Magnet& Ff spectrometer and “C NMR spectra were 
recorded at 50 MHz on a N&let NT-200 instrument. High 
resolutton mass spectra were obtained through the Mass 
Spectrometry Resource Center, School of Pharmacy. UC 
San Franasco. Algae were collected m various habitats m 
the Florida Keys (July 1980) and in the Bahama Islands 
(July-September 1981. July 1982). The freshly collected 
plants were ground by hand and immediately extracted 
twice with CH,CI,. The extracts were condensed to dark 
residues and immediately chromatographed on silica gel 
with CH,CI,-MeOH solvent mixtures to produce five major 
fractions representing the complete solvent polarity range. 
If either frozen algae or crude extracts were allowed to stand 
or shipped for subsequent analysis, significant dccom- 
position was noted in almost all cases. Final purification of 
metabohtes was effected by preliminary Florisil chro- 
matography (for removal of pigments) followed by prcpara- 
tive smca HPLC with EtOAc/isooctanc solvent mixtures. 

Triacetate 1. Collections of Penicillus capiratu and Ud- 
orea cyathijormis, voucher numbers BA-26 and BA-21. 
Bahama Islands. September 1981. both vieldcd I as a 
colorless oil (10% of the organic ixtract)-after stlica gel 
HPLC (20% EtOAc/isooctane). Tnacctate I showed 
(a]:’ = 18.O‘(c = 1.2. CHCI,); IR (CHCI,) 2910, 1700, 1640, 
1340. 1200. 1080 cm - ‘, UV (MeOH) >._ 248. ( = 13,000. 
HRMS M + -C,H.O Found: 334.1772. Calc: 334.1781. 

Aldehyde 2. ih; above collectionsof P. capitatuc and U. 
cyathiformL7 yielded 2 as a minor mctabolite, 3”/, organic 
extract, after sihca gel HPLC (20”/, EtOAc/isooct&). Corn- 
pound 2 showed IR (CHCl,) 2925. 2860. 1705. 1685. 
i2lOcm ‘.UV(MeOHj&,229nm,c =28ti,andHRMS 
Found: 233.1522 for M + - C,H,O, Calc: 233.1541. 

Dlrerpene triacetare 3. Compound 3 was isolated as the 
maJor component of P. dumetosur collccrcd in the Florida 
Keys and the Bahamas Islands, voucher number BS 121. 
July 1982. Si gel HPLC (I 5% EtOAclisooctane) yielded 3 as 
20”/, of the organic extract. Compound 3 showed tbc 
following spectral features: [a]g = + 1.7” (c = 1.3. CHCI,); 
IR (CHCI,) 3100.2930. 1750. 1730 broad. 1220, lO8Ocm-‘, 
UV (McOH) 1,254. f = Il.000; HRMS Found: 386.2435 
for M + -CIH,O, (acetic acid) Calc: 386.2457. 

Dihydroudoteal4. A collection of P. dwnefosus. voucher 
number BS3. Bahama Islands, July 1982, ytelded 4 as the 
major metabolite after puriticatron by Si gel HPLC (20% 
EtOAc/isocctane). Compound 4 showad the following spec- 
tral features: [a# = 0.7” (c = 1.3, CHCI,); IR (CHCI,) 2960, 
1750, 1730, 1375, 109Ocm-‘, UV (MeOH) ,I_ 250, 
( = 5,800; HRMS Found 360.2293 for M ‘-C,H,O; HRMS 
344.2343 for M + C,H,Or Calc: 344.2351. 

DlterpenoidS. P. abnefosus, voucher number BS3, yielded 
5 as a minor metabolitc after Si gel HPLC purification (20”/, 
EtOAc/isooctanc). Compound 5 showed the following spcc- 
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tral features: IR (CHCI,): 1750, 1680, 1360. 1080 cm - ‘; UV Arknowledgemenrs-We wish IO thank Dr. James Norris, 
(MeOH)&, 243, ( = 7300; HRMS Found 342.2199 for Smithsonian Insntutlon, Washington, D.C. for the 
C,H,O, (M ’ -HOAc); Calc: 342.2195. identification of all algal collcctlons. WC appreciate the 

Direrpenoid6. P. Lmerosus. voucher number BS3, yielded support of the NIH Mass Spectromctry Resource Center, 
6 as a minor metabolite after Si gel HPLC purification (20”/, University of Cahfornla, San Francisco, in providing high- 
EtOAc/isooctane). UV (MeOH) & 246, c = 9700. resolution mass spectra. The center IS supported by NIH 

Sesqur~erpenold 7. A Bahama Islands collection (voucher Grant RR01614 (A. L. Burlingame, principal investigator). 
number BSI IO) of Udorea congh~rino~a (July. 1982) yielded This research is a result of finanicial support of the National 
7 as the major mctabolite (20% organic extract) after Sciena Foundation. both as a &arch grant to WF 
purification bv Si nel HPLC (20% EtOAclisooctane). Com- (CHEII-I 1907) and as a ntaduatc fellowshio to VJP. Our 
pound 7 was id&lied as‘Re’&in by ‘comparison with utilization of the research &cl CALANUS’(University of 
pubhshcd spectral features.’ Miami) m connection with these field-oriented in- 

Dtrerpenoid 8. UdoreaJube//um (voucher number BA86) vatigations was also supported by the Natlonal Science 
wuh narrowly laarate blades, Bahama Islands. September, Foundanon. 
1981. yielded acetate 8 as 5% of the organic extract. 
Compound 8 was purified by Si gel HPLC (35% 
EtOAc/isooctane), and showed the followmg spectral fea- - _ 
turcs: [aJg = -28” (c = 1.5. CHCI,); UV (MeOH) 5, 
248 nm. t = 6500: IR (CHCI,) 2940. 1735. 1715. 1670. 1450. REFERENCES 

1370. l22Ocrn’. . ” 
NaBH, Reducrion o/8. Compound 8 was rcduad with 

excess NaBH, in McOH (0”. JSmin), and immediately 
aalylated (Ac,O/py) to yield 10 which showed the following 
spectral features: [a# = 1.6” (c = 0.5, CHCI,); IR 2920. 
1730, 1450, 1370, 124Ocrn’. HRMS Found: 328.2400 for 
C,,H,,O, (M * - 2 x C,H,Or). Calc: 328.2402. ‘H NMR 
(Bzdl,) 5.25 (2 H. 1, J = 6 Hz). 4.82 (I H. J,s = I3 Hz). 4.75 
(IH. J.. = I3 Hz). 4.70 (I H. d. J.. = I3 Hz). 4.62 (I H. d. 
&a= ijlHz), 4.16 (I H;d, d, J =“il, SHz);3.80 (1. H, dd, 
J = I I. 7 Hz), 3.00 (I H, mult), 2.00 (I H. mult), 1.69 (3 H, 
s). 1.68 (3 H, s), 1.66 (3H. s). 1.60 (3 H, s). I58 (3 H. s). 

Diferpenoid 9. The extract of U. ~ubelium (voucher num- 
ber BA86), yielded 9 after Si gel HPLC punfication (90% 
EtOAc/lsooctane). Compound 9 showed the followmg spec- 
tral features: [aH = - 26.4’ (c = 0.9. CHCI,); IR (CHCI,) - 
3550, 2940. 1715, 1665crn’. UV (MeOH) &,,, 25lnm 
(c = 5440): HRMS Found: 300.2090 for M * -H,O 

&,H,O;j Calc: 300.2089. 
Bioassays. Three bioassays were employed IO assess the 

bioactivuy of the Penicilhu- and Udoreadcrived terpenolds. 
Antimicrobial assays were performed usmg the standard 
agar plate-assay disc method at disc concentrations of 
IoOpg. Zones of inhibited growth in excess of 4mm were 
intermeted as positive inhibitions. The effects of the new 
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