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Three New and Bioactive Icosanoids from the Temperate 
Red Marine Alga Farlowia mollis 
Miche le  L. Solem, Zhi D. J iang a n d  Wil l iam H. Gerwick*  
College of Pharmacy, Oregon State University, Corvallis, OR 97331 

Three new dihydroxyicosanoids, 12(R),13(R~dihydroxy- 
icosa-5(Z),8(Z),10(E),14(Z)-tetraenoic acid, 12(R),13(R)- 
dihydroxyicosa-5(Z),8(Z),10(E),14(Z),17(Z~pentaenoic acid 
and 10(R*),11(R*)-dihydroxyoctadeca-6(Z),8(E),12(Z)- 
trienoic acid, have been isolated from a previously un- 
studied temperate red marine alga, Farlowia mollis 
(Cryptonemiales, Rhodophyta). The structures of these 
new metabolites have been deduced from detailed nuclear 
magnetic resonance and mass spectrometry analyses on 
stabilized diacetate-methyl esters and stereochemistry 
deduced by IH NMR couplings and CD analysis of a 
dibenzoate derivative. Collectively, these new natural 
products modulate fMLP-induced superoxide anion gen- 
eration in human neutrophils, inhibit the conversion of 
arachidonic acid to lipoxygenase products by human 
neutrophils, and inhibit the functioning of the dog kidney 
Na+/K + ATPase. 
Lipids 24, 256-260 (1989). 

Recently, we have reported on the isolation of several new 
icosanoids from the red seaweeds Ptilota filicina, Mur~ 
rayella periclados and Platysiphonia miniata (1-4). Our 
continued survey of Oregon seaweeds for new natural  
products with potential biomedicinal application has now 
identified another red alga, Farlowia moUis (Harv. & Bail.} 
Farl. & Setch., as a rich source of s tructural ly novel and 
physiologically active icosanoids. The complete structures 
of these unstable diols (1,2,3} were efficiently solved by 
application of 2D-nuclear magnetic resonance (NMR) and 
CD methodologies on stabilized derivatives. Further- 
more, a metabolite recently isolated from P. filicina, 
5(Z),7(E),9(E),14IZ),lT(Z)-icosapentaenoic acid, as well as 
all Z 5,8,11,14,17-icos apent  aenoic acid (E PA), were also 
present  in the organic extract  of this temperate  seaweed. 

EXPERIMENTAL METHODS 

General. Ultraviolet  spectra  were recorded on an Amin- 
co DW-2a UV-Vis spectrophotometer  and infrared spec- 
t ra  {IR) were recorded on a Nicolet 5 DXB FT 15 spec- 
t rophotometer .  Circular dichroism was measured on a 
Jasco 41A spectropolarimeter.  NMR spectra were r e  
corded on a Bruker  AM 400 NMR spectrometer  and all 
shifts are reported relative to an internal TMS standard. 
Low resolution mass spectra  (LRMS) were obtained on 
a Varian MAT CH7 spectrometer,  whereas high resolu- 
tion mass spectra (HRMS) were obtained on a Kratos MS 
50 TC. High performance liquid chromatography (HPLC) 
was done using a Waters M-6000 pump, U6K injector and 

*To whom correspondence should be addressed. 
Abbreviations: DMAP, dimethylaminopyridine; EPA, icosapen- 
taenoic acid; SOD, superoxide dismutase; HPLC, high performance 
liquid chromatography; HRMS, high resolution mass spectra; IR, 
infrared spectra; LR EIMS, low resolution electron impact mass spec- 
trometry; LRMS, low resolution mass spectra; TLC, thin layer 
chromatogram. 

R 401 differential refractometer,  whereas thin layer chro- 
matograms (TLC) were made using Merck aluminum- 
backed TLC sheets {silica gel 60 F254). All solvents were 
distilled from glass prior to use. 

Collection, extraction and isolatiora Farlowia mollis was 
collected from exposed intertidal pools {-0 .5  to +0.5 m) 
at  Cape Perpetua  on the Oregon coast  in August  1986. 
The seaweed was preserved by  freezing until  workup, at 
which t ime the defrosted alga (103 g dry wt) was 
homogenized in warm CHCLJMeOH (2:1, v/v). The mix- 
ture was filtered and the solvents were removed in vacuo 
to yield 600 mg of a dark green tar  which displayed an- 
tibiotic act ivi ty to S. aureus and E. coli. The ext rac t  was 
fractionated by silica gel chromatography in the vacuum 
mode (10 cm • 9 cm, Merck TLC-grade Kieselgel), and 
metaboli tes were progressively eluted with increasingly 
polar mixtures of isooctane and ethyl acetate. The known 
compounds, 5(Z),7(E),9(E),14(Z),17(Z)-icosapentaenoic acid 
and all Z 5,8,11,14,17-icosapentaenoic acid (EPA), eluted 
in 20-40% EtOAc/isooctane (ca. 2-3% of the lipid extract  
each} and were identified by comparison of their 400 MHz 
IH NMR features with authent ic  s tandards.  Those 
eluting with 50% EtOAc/isooctane were a mixture  of 
f a t ty  acids and contained diols 1, 2 and 3. Trea tment  of 
a portion of these fractions with CH2N2 afforded a mix- 
ture  of methyl  esters tha t  was subsequently chromato- 
graphed on normal phase HPLC (g-Porasil Z-module, 65% 
EtOAc/isooctane) which removed residual pigments from 
the fa t ty  acid mixture. After  observations using NMR, 
the fa t ty  acid mixture  was acetylated using excess acetic 
anhydride/pyridine (1/1) and the result ing mixture  was 
separated by normal phase HPLC (2 X 3.9 mm • 25 mm 
~-Porasil, 10% EtOAc/isooctane) to yield 10 mg of 4, 15 
mg of 5 and 4 mg of 6. 
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LIPIDS, VoL 24, No. 4 (1989) 



NEW ICOSANOIDS FROM THE MARINE ALGA FARLOWIA 

257 

Methyl 12(R),13(R}-diacetoxy 5(Z),8(Z),10(E),14(Z}-icosa- 
tetraenoic acid (4). Compound 4 was a colorless oil show- 
ing the following: UV (MeOH) ~t~= 236 nm (log e = 
4.532); IR (CHCL3) 3022, 3019, 2931, 1734, 1372, 1246, 
1222, 1217, 1210, 1026 cm-l;  laiD 25 : +2.24 ~ ~c = 0.63, 
CCL4); low reso lu t ion  e lec t ron  impac t  mass  spec- 
t romet ry  (LR EIMS) m/z (rel. intensity} 374 (M + - 
AcOH, 9.1}, 314 (M + - 2 AcOH, 4.4}, 265 (26.1}, 225 
(22.0), 223 (82.7}, 205 (36.7L 191 (20.5), 173 (12.8}, 169 
(22.6}, 163 (17.3}, 131 (14.5), 127 (62.9), 95 (11.2), 91 (14.4), 
83 (15.3}, 81 123.3), 79 (16.6), 67 (20.2}, 57 (20.2}, 55 (20.6}, 
43 (100}; HR  EI MS m/z obs. 374.24768 (M + - AcOH, 
C23H3404 requires 374.24757; for 1H NMR and 13C NMR 
data  see Table 1. 

Methyl 12(R},13(R)-diacetoxy-5(Z},8(Z},10(E),14(Z},17(Z}- 
icosapentaenoic acid (5). Compound 5 was also isolated 
as a colorless oil and showed UV (MeOH} ~ =  236 nm 
(log e = 4.432}; IR (CHCL3) 3020, 2965, 2955, 1734, 
1434, 1372, 1223, 1220, 1208, 1025 cm- ' ;  [a]D 25 = 

+3.72 ~ (c = 1.13, CCL4); LR EIMS m/z (rel. intensity} 
372 (M + - AcOH, 6.6}, 312 (M + - 2AcOH, 4.7}, 265 
(29.6), 237 /17.0), 224 ~15.5), 223 ~100), 205 (48.8), 191 
(28.0), 173 (21.0), 163 128.6), 147 113.7), 145 120.2), 141 
(16.6), 135 (10.1), 131 (28.9), 129 (11.9), 125 (32.5), 121 
(13.2), 109 (14.7), 107 (93.0), 105 (19.0), 97 (10.1), 95 (24.0), 
93 (20.3), 91 (36.3), 83 (22.8), 81 (35.0), 80 (12.5), 79 (53.2), 
77 (13.2), 71 (16.3), 69 (15.6), 59 (13.1), 57 (20.3), 55 (37.1); 
for 1H NMR and '3C NMR data  see Table 1. 

Methyl 10(R*),11(R*~diacetoxy 6(Z),8(E),12(Z~octadeca- 
trienoic acid (6). Compound 6 was also isolated as a 
colorless off showing the following: UV (MeOH) i t ~  
234 nm (log e = 4.224); IR (neat) 3014, 2954, 2930, 2858, 
1742, 1457, 1437, 1371, 1241, 1226, 1168, 1114, 1026 
cm-l;  LR EI MS  m/z (rel. intensity) 348 (M + -- AcOH, 
13.5), 239 (25.4), 237 (10.7), 223 (15.9), 198 (14.6), 197 
(73.5), 180 (12.5), 179 (100), 169 124.4), 165 (62.4), 147 
(25.0), 137 (10.8), 127 (63.1), 119 (19.4), 109 (21.1), 107 
(13.7}, 105 (11.7), 95 (10.8), 93 (10.6), 91 (14.6), 83 (10.8), 
81 (22.4), 79 (14.3), 67 (18.9), 57 {19.4), 55 (16.9), 43 (78.9); 
for ~H NMR and 13C NMR data  see Table 1. 

Formation of methyl 12(R),13(R)-bis(p-nitrobenzoyl)- 
5(Z),8(Z),l O(E),14(Z),17(Z)-icosapentaenoic acid (7) from 
diol 2. A port ion of crude ex t rac t  fl .2 g) was t rea ted  
with CH2N 2 and chromatographed over silica gel in 
the vacuum mode (EtOAc/isooctane). Fract ion 3 (30% 
EtOAc/isooctane) contained mainly methyl  ester  deriva- 
tives of diols 1-3 and was refluxed overnight  with p- 
nitrobenzoyl chloride in CH2C12 and pyridine (1:1) with 
catalyt ic  amounts  of dimethylaminopyridine (DMAP). 
The reaction was terminated with the addition of ice and 
then H20 and the products  ext rac ted  with Et20.  The 
E t 2 0  was sequent ia l ly  washed  wi th  por t ions  of 
saturated NaHCO3 (2 • 25 nil), 5% HC1 (2 X 25 ml), and 
H20 (1 • 25 ml). A rapid vacuum chromatography of 
this material gave a fraction enriched in 7, which was fur- 
ther  purified over HPLC (Alltech RSIL  10 ~ 50 cm X 
10 mm, 15% EtOAc/isooctane, 1.3 mg). Pure derivative 
7 showed the following: UV (MeOH) J t ~  = 240 nm (log 
e = 4.874); [a]D 2~ = +21.0 ~ (MeOH); CD (MeOH) he = 
-19 .8 ,  +34.6 (hm~x = 235, 256 rim); ~H NMR (bz-d-6, 
400 MHz) d 0.97 (t, 3H, J -- 7.7 Hz, C__H3CH2-), 1.70 (p, 
2H, J = 7.4 Hz), 2.09 (m, 4H), 2.31 it, 2H, J = 7.4 Hz), 
2.93 (t, 2H, J = 6.9 Hz), 3.03 (bt, 2H, J = 6 Hz), 3.66 (s, 
3H), 5.30-5.49 (m, 5H), 5.52 (m, 3H), 5.88 (dd, 1H, J = 

3.8, 8.2 Hz), 6.03 (t, 1H, J = 11.0 Hz), 6.17 (dd, 1H, J = 
3.8, 9.5 Hz), 6.80 (dd, 1H, J = 14.7, 11.0 Hz), 8.16 Id, 2H, 
J = 8.7 Hz, Ar-__H), 8.18 (d, 2H, J = 8.0, Hz, Ar-_H), 8.28 
td, 2H, J = 8.7 Hz, Ar-_H), 8.30 (d, 2H, J = 8.0 Hz, At-H). 

Evaluation of  superoxide anion production by human 
neutrophils stimulated with the diols 1-3. Ca. 150 to 200 
ml of whole blood (ACD anticoagulant} was drawn from 
various donors by  certified members of the Red Cross or 
Good Samari tan Hospital  (Corvallis, Oregon}. The blood 
was immediately subjected to dext ran  precipitation (6% 
Dextran,  M.W. = 70,000, Pharmacia). Ca. 60 ml of whole 
blood were mixed with 40 ml 6% Dextran,  and the cells 
were allowed to s tand for 1 hr, undisturbed, in a 100-ml 
plastic graduated cylinder. After  this time, most  of the 
RBCs had sett led to the bo t tom leaving a straw-colored 
leukocyte-rich plasma on top. This plasma was drawn off 
and centrifuged at  120 X g for 20 rain at  4~ The super- 
natant  was discarded, and the cells were shocked with ice ~ 
cold distilled H20 (ca. 10% the volume of the original 
plasma suspension}, and after  30 sec their isotonicity 
restored by the addition of 0.6 M NaCI (33% the volume 
of added H20. The cells were washed with PBS (Sigma, 
w/o Ca+2), and then subjected to a discontinuous gra- 
dient centr ifugation using Ficoll-Paque (Pharmacia}. Ca. 
3 • 107 cells in 8 ml PBS were layered onto 4 ml Ficoll- 
Paque in a 15-ml glass centrifuge tube and then centri- 
fuged at  250 • g for 20 min at 4~ The pellet of cells 
at  the bot tom of the tube contained ca. 99% PMNLs by 
microscopic examination. These cells were washed with 
PBS and then resuspended using Hank ' s  buffered saline 
solution (Sigma, with Ca +2, w/o phenol red (HBSS)) at  a 
concentrat ion of 6.0 • l0  s cells/ml (5). The cells were 
counted using a hemocytometer and their viability (>95% 
for all assays} determined using a t rypan  blue (0.5% in 
PBS) exclusion assay in which only damaged cells take 
up the dye. 

The following protocol was used to measure the pro- 
duc t ion  of superoxide  anion by  i so la ted  human  
neutrophils I6,7). Isolated neutrophils (1-2 hr old, 3-4 • 
106/0.5 ml Hank 's  buffered saline solution (HBSS}) were 
incubated for 10 min at 37~ Cytochalasin B (5 ~g/ml) 
was added to the cells and the mixture was incubated for 
3 min, or if no cytochalasin B was used, the incubation 
t ime of 3 min was maintained. Tes t  lipids (0.10-10 ~M) 
were then added to the cells, and the mixture  was in- 
cubated at 37~ for 2 min. Cytochrome C was then added 
to the mixture (final conc. 10 mM in HBSS}, and followed 
immediately by fMLP or LTB 4, if they were to be tested. 
The final assay volume of 2.0 ml was then incubated at  
37~ for 15 min and then stopped by the addition of 10 tA 
of superoxide dismutase (1 mg/0.3 ml HBSS}. The cells 
were pelleted by centr ifugation (200 X g for 10 min} and 
the supernatant  was measured for absorbances between 
500-570 nm (reduced cytochrome C ~ =  = 550 nm). 
Blanks were used to obtain baseline values and controls 
produced by the addition of 10 tA of superoxide dismutase 
(SOD} before cytochalasin B, fMLP or LTB4 were added 
to the cells. 

RESULTS AND DISCUSSION 

The temperate red alga Farlowia mollis was originally col- 
lected in our survey efforts from the Oregon coast in 1986 
and the lipid ext rac t  showed antimicrobial act ivi ty to 
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several  h u m a n  p a t h o g e n s  and  the  occurrence of poten-  
tiaUy novel  compounds  by  TLC (blue char  u p o n  acidifica- 
t ion  a t  0.13 R~). Fu r the rmore ,  the  crude  ex t r ac t  of 
F. mollis displayed good inh ib i tory  ac t iv i ty  to dog k idney  
Na+/K + A T P a s e  (ICs0 = 38 ~g/ml) and  hog gas t r ic  
mucosa  H+/K + A T P a s e  (ICs0 -- 9.4 ),/ml). Thus ,  larger  
col lect ions were made  in  A u g u s t  1986, May  1987 a nd  
J u n e  1987, all of which  con ta ined  the  same  u n u s u a l  ap- 
pear ing  blue-charr ing compounds.  Bioau tography  aga ins t  
E. coli indicated t ha t  polar compounds  in the ex t rac t  were 
respons ib le  for the  an t imic rob ia l  ac t iv i ty .  Hence,  the  
ma te r i a l  collected in  A u g u s t  of 1986 was  v a c u u m  chro- 
m a t o g r a p h e d  over  sil ica gel to rap id ly  yield m i x t u r e s  
enr iched in  these  polar  b lue-char r ing  diols (1-3). 

In  order  to  s tabi l ize  and  more  easi ly  separa te  com- 
pounds  1-3, they  were f irst  t r ea ted  wi th  CH2N2 and  later  
wi th  acetic anhydr ide  in  pyr id ine ,  to produce  d iace ta te  ~ 
me thy l  ester  derivat ives.  This  mix tu re  of der iva t ives  was 
t hen  easi ly  sepa ra t ed  by  H P L C  to  yield (in order  of the i r  
polarity) a purple-charr ing  compound,  (4), a b lue-charr ing 
compound ,  (5), and  a g rey-b lue-char r ing  compound ,  {6). 

The  d iace ta t e -me thy l  es ter  de r iva t ive  of 4 was  a col- 
orless and  opt ical ly  ac t ive  oil which gave  a m e a s u r a b l e  
M + - ace ta te  peak  b y  H R  E I M S  af ford ing  a molecular  
fo rmula  of C25H3806 (7 ~ unsa tu ra t ion ) .  The  IR spec t rum 
for 4 showed an  in t ense  ca rbony l  s t r e t ch  for mul t ip le  

es ters  (Yc=0 = 1734 cm-1), the  p ro ton ic  consequences  of 
which were readi ly  observed  in  the  1H N M R  {Table 1) 
and  def ined two ace ta tes  and  one m e t h y l  ester.  By  13C 
NMR,  the  r e m a i n i n g  four degrees  of u n s a t u r a t i o n  pre- 
sented as olefinic bonds  {Table 1), and  two of these formed 
a con juga t ed  s y s t e m  (;tm~ = 236 rim). 

The  overal l  s t r u c t u r e  of de r iva t ive  4 was  readi ly  ap- 
proachable  by  1H-1H COSY exper imen t s  and  lead to the  
gene ra t i on  of two pa r t i a l  s t r u c t u r e s  which  accoun ted  for 
all of the  a t o m s  in  the  molecule.  The  f i rs t  pa r t i a l  s t ruc-  
tu re  b e g a n  wi th  a sha rp  2H t r ip le t  a t  6 2.09, which was  
readi ly  ident i f ied  f rom compar i sons  wi th  model  com- 
p o u n d s  as be l ong i ng  to the  C-2 p r o t ons  of a f a t t y  acid, 
in  th is  case in  the  form of a m e t h y l  ester.  Sequen t i a l  cor- 
re la t ions  be tween  these  C-2 p ro tons  and  those  a t  C-3, C-4 
a nd  C-5 def ined a n o r m a l  h 5 u n s a t u r a t e d  f a t t y  acid 
{Table 1). The  o ther  p ro ton  of the  h 5 olefin was  located 
a t  6 5.29 and  was add i t iona l ly  corre la ted  to a bisal lyl ic  
me t hy l e ne  a t  ci 2.78 (H2-7). The C-7 me t hy l e ne  was  a 
t r ip le t  and  was  therefore  coupled to  one o ther  pro ton ,  
located a t  6 5.38 from the  COSY exper iment .  The C-8 pro- 
t on  was  coupled b y  11.0 Hz to  i ts  olefin p a r t n e r  (6 5.98) 
and,  thus ,  def ined a cis geome t ry  for th is  double  bond.  
This  l a t t e r  p ro ton  was  coupled to a no t he r  olefin p r o t o n  
a t  (I 6.83 (H-10), which in t u r n  was  correla ted to i ts  olefin 
p a r t n e r  (6 5.78, H-11) by  15.0 Hz and,  therefore,  was  of 

T A B L E  1 

N M R  D a t a  f o r  t h e  M e t h y l  E s t e r  D i a c e t a t e  D e r i v a t i v e s  o f  T h r e e  I c o s a n o i d  N a t u r a l  P r o d u c t s  F r o m  Farlowia mollis a 

Compound 4 Compound 5 Compound 6 
1H 13cb 1H 13CC 1H 13cd 

C# d J (Hz) 6 ~ J (Hz) 6 6 J (Hz) 6 

1 -- -- -- 173.18 -- -- -- 173.18 -- -- 
2 2.09 t 7.3 33.32 2.09 t 7.3 33.31 2.01 t 
3 1.57 tt 7.3,7.3 25.03 1.57 tt 7.3,7.3 25.02 1.43 tt 
4 1.91 dt 7.3,7.3 26.75 1.91 dt 7.3,7.3 26.75 1.15 tt 
5 5.25 m -- 129.86 5.25 m - -  129.86 1.92 dt 
6 5.29 m -- 128.16 5.29 m - -  _ e  5.31 td 
7 2.78 bdd 7.3,7.3 26.43 2.77 bdd 7.2,7.2 26.42 5.97 bdd 
8 5.38 td 7.3,11.0 132.44 5.40 m -- 132.48 6.75 dd 
9 5.98 bdd 11.0,11.0 127.93 5.97 bdd 11.2,11.2 127.90 5.78 dd 

10 6.83 dd 11.0,15.0 130.75 6.82 dd 11.2,15.2 130.84 5.87 dd 
11 5.78 dd 15.0,8.2 127.38 5.76 dd 15.2,8.2 127.23 6.21 dd 
12 5.87 dd 8.2,3.7 75.58 5.85 dd 8.2,3.8 75.47 5.60 m 
13 6.20 dd 3.7,8.0 70.61 6.19 dd 3.8,8.5 70.54 5.60 m 
14 5.59 m -- 124.02 5.55 m -- 124.13 2.21 m 
15 5.59 m -- 136.93 5.59 m -- 135.02 1.30 m 
16 2.22 m -- 28.40 3.03 m -- 26.75 1.25 m 
17 1.29 tt 6.9,6.9 29.47 5.40 m - -  126.31 1.22 m 
18 1.23 m -- 31.72 5.40 m -- 133.04 0.89 t 
19 1.23 m -- 22.89 2.03 dq 7.3,7.3 20.88 
20 0.86 t 6.8 14.22 0.91 t 7.3 14.38 

OMe 3.65 s -- 50.98 3.65 s -- 50.99 3.65 s 
OAc 1.70 s -- 20.64 1.70 s -- 20.69 1.70 s 
OAc 1.75 s -- 20.70 1.75 s -- 20.69 1.70 s 
C = 0  - -  -- -- 169.51(2C) -- -- -- 169.46(2C) -- -- 

7.4 
7.47.6 
7.67.2 
7.27.2 
7.211.0 
11.0 l l .0 
11.0 15.0 
15.0 8.1 
8.13.7 
3.78.2 

6.8 

m 

_ e  

33.85 
24.65 
29.13 
27.60 

134.44 
127.93 
130.91 
127.04 
75.61 
70.65 

124.02 
136.91 
28.40 
29.46 
31.71 
22.87 
14.22 

50.98 
20.65 
20.65 

169.46{2C) 

a Chemical shift values in ppm relative to TMS as an internal standard operating at 9.398 T. All spectra obtained in deuterated benzene. 
bAssignments made from a 1H-13C heteronuclear 2D shift correlation spectroscopic experiment and by comparison with model 
compounds 1,2. 

CAssignments made by comparing with (4) and with model compounds 1,2. 
dAssignments made by comparing with (4), {5) and with model compounds 1,2. 
e Peak not observed in spectrum. 
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trans geometry. The H-11 proton was coupled to a pro- 
ton a to an acetate located at 6 5.87 (H-12, 75.58 ppm from 
HETCOR) and this was adjacent to another such a- 
acetoxy proton at 6 6.20 (H-13, 70.61 ppm). This partial 
structure terminated with a correlation between the H-13 
proton and a two proton olefin multiplet at 6 5.59 
(H-14,15). 

The second partial structure in derivative 4 began with 
a poorly defined methyl triplet at 6 0.86 which showed 
correlations to a 4H multiplet at d 1.23 (H2-19, H2-18). 
The multlplet was further coupled to a 2H multiplet at 
d 1.29 (H2-17), itself correlated to an allylic doublet of 
triplets at d 2.22 (H2-16). Finally, this latter band was 
also correlated to the 2H olefin multiplet at d 5.59 
(H-15,14). 

Combination of these spin system-derived partial struc- 
tures accounted for all of the atoms in the molecule and 
could be put together in only a single manner, thus giving 
the constitutive structure for diol 4. The stereochemistry 
of the C5-6 olefin was given by the ~aC NMR chemical 
shift of the adjacent bis-allylic methylene. A value of 
d 26.43 for this carbon atom (assigned from the HETCOR 
experiment) defines both adjacent olefins as possessing 
Z stereochemistries (8,9). Similarly, the shift of 6 28.40 
for C-16 defines a Z stereochemistry for the C14-15 olefin. 
The relative configurations at C-12 and C-13 were defined 
as threo from the diagnostic couplings (J = 3.7 Hz) be- 
tween these protons (see discussion which follows for 5) 
(10). The absolute stere~chemistry was deduced as 12R, 
13R by virtue of this threo relationship and the com- 
parable optical rotations of derivatives 4 and 5. Deter- 
mination of the absolute stereochemistry of diol 2 and, 
thus, of derivative 5, was by CD as will be discussed. 
Hence, the structure of diol 1 was deduced as 12(R),13(R)- 
dihydroxyicosa-5{Z),8(Z), 10(E), 14(Z)-tetr aenoic acid. 

The spectroscopic features {IR, UV, optical rotation and 
NMR) of the diacetate-methyl ester derivative 5 were 
similar to those obtained for the same derivative of diol 
4 (Table 1). Further, the LR EIMS of derivative 5 show- 
ed a highly analogous pattern of cleavage relative to com- 
pound 4. However, several significant peaks (i.e., M § - 
HOAc) in the mass spectrum of 5 were 2 amu units less 
than in 4 and indicated that  it contained an additional 
olefin. All of the proton and carbon resonances ascribable 
to protons and carbons at C-1 through C-15 were nearly 
identical in compounds 4 and 5. However, two additional 
olefin resonances and one additional bis-allylic methylene 
resonance were observed in the ~H NMR spectrum of 
derivative 5 relative to derivative 4. Further, the terminal 
methyl group was slightly further down fmld and was 
coupled to an allylic methylene at C-19, positioning the 
new olefin between C-17 and C~18. This olefin was of the 
Z stereochemistry as revealed by characteristic carbon 
shifts of d 26.75 for C-16 and 6 20.88 for C-19 (1,8,9). 

In a simple diol such as 5 (i.e., without the confounding 
effects of 1-3 interactions from additional substituents 
at C-10, C-11, C-14 or C-15), the C-12-C-13 rotomer with 
antioriented alkyl groups will predominate as the lowest 
energy conformation (10). Hence, a threo arrangement 
between protons at C-12 and C-13 was indicated by 
measurement of a diagnostically small coupling constant 
{J-- 3.8 Hz) {10). The bis-(p-nitrobenzoate) derivative 7 
showed a bisignate CD curve with a positive maximum 
at 256 nm and a negative maximum at 235 rim and, thus, 

could be assigned to heterochromophoric exciton coupling 
between the C-8 to C-11 diene and p-nitrobenzoate at C-12 
(11,12). This positive split Cotton effect indicates a right- 
hand screwness between these groups and defines the 
stereochemistry at 12 as R (12-15). The 12R, 13R stereo- 
isomer is the only one consistent with (a) the threo ar- 
rangement of protons at C-12 and C-13, (b) the anti ar- 
rangement of alkyl chains and (c) a righthand screwness 
between benzoate and diene chromophores (Fig. 1). Hence, 
diol 2 was the co-3 analog of compound 1, or 12(R),13(R)- 
dihydroxyicosa-5(Z),8(Z), 10(E),I 4(Z), 17(Z)-pentaenoic acid. 
The R stereochemistry at C-12 correlates to the same 
relative arrangement of atoms as found in 12-(S)-HETE 
and 12-(S)-HEPE, hydroxyicosanoids we have recently 
isolated from other red marine algae (3,4). 

Derivative 6 of diol 3 was isolated from related 
chromatography fractions and again showed very similar 
spectroscopic IIR, UV, LR EIMS and NMR) features to 
derivatives 4 and 5. The mass spectrum of 6 gave 
analogous peaks as for 4, however, they occurred at 26 
amu lower, indicating that it was derived from an 
18-carbon fatty acid. Derivative 6 showed nearly identical 
~H and ~3C NMR bands for atoms at C-6 to C-18, as 
assigned to C-8 to C-20 in derivative 4 (Table 1). From 
1H-~H COSY data, sequential correlations were observ- 
ed between methylene groups at C-2 to C-5, as well as a 
correlation from H2-5 to an olefin proton at d 5.31 (C-6}. 
Although the threo relative stereochemical relationship 
between protons at C-12 and C-13 was intact in 6 {J = 
3.7), correlation to the absolute stereochemistry in 

a) H 
J:3.8 ~1 

OR 

5 R :COCH3 

7 R:COC6H4-PNO z 

H 

7 

F IG .  I .  Newman projection of la) C-1;~3-12 in derivatives 5 and 7 
showing threo relationship of protons based on their coupling con- 
stant, and (b) CA247-11 in derivative 7 showing the clockwise (positive 
split Cotton effect) relationship of the C-12 p-nitrobenzoate 
chromophore and the C~ to C-11 diene chromophore. 
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T A B L E  2 

Superoxide Anion Production in Human Neutrephils 
Stimulated by a 1:1.5 Mixture of Diols 1 and 2 a 

Donor 1 b Donor 2 b Donor 3 c 

Control ND ND ND 
(SOD,fMLP) 
w/o CytoB 

Control ND ND ND 
(SOD,fMLP) 
w/CytoB 

Control ND ND ND 
(SOD,LTB 4 

Control -- -- ND 
(celis,no SOD) 

fMLP (20-7M) 20.8 20.4c 14.6 

1+2 (10-5M) 19.4 2.1 5.5 

1+2 (10-6M) 22.2 ND 2.7 

1+2 (10-7M) 23.7 1.4 2.6 

1+2 (10 -5 17.5 17.1 9.5 
fMLP (10-7M) 

1+2 (10-6M) 24.7 - -  - -  
fMLP ~lO-7M} 

1+2 ~10-7M) 21.8 21.8 16.7 
fMLP (10-TM) 

a3.0 • 106 cells per assay, 0 2- production expressed as total 
nmoles/3.0 X 106 cells. 

bSingle measurement. 
c Average of two replicates. 
ND, none detected; --, experiment not performed. 

d e r i v a t i v e  5 was  p r ec luded  as  the  c o m p o u n d  d e c o m p o s e d  
be fore  r o t a t i o n a l  d a t a  cou ld  be recorded .  Hence ,  3 was  
an  18-carbon  a n a l o g  (10 (R*) , l l {R*) -d ihydroxyoc tadeca -  
6(Z),8{E),12(Z)-trienoic acid} of  diol  1, in which  t h e  olef in 
a n d  h y d r o x y  func t i ona l i t i e s  were  in t h e  s a m e  p o s i t i o n s  
in t he  two  c o m p o u n d s  r e l a t i v e  to  t he i r  m e t h y l  t e rmin i .  

A m i x t u r e  of  d iols  1 a n d  2 (1:1.5) were  e v a l u a t e d  for  
s eve ra l  p h a r m a c o l o g i c a l  p r o p e r t i e s  e x p e c t e d  in a na logs  
of l euko t r i ene ,  l ipox in  a n d  d i H E T E - t y p e  n a t u r a l  p rod-  
uc t s .  I n  Tab le  2, v a l u e s  a re  r e p o r t e d  for  t he  p r o d u c t i o n  
of  s u p e r o x i d e  an ion  b y  h u m a n  n e u t r o p h i l s  s t i m u l a t e d  
u n d e r  v a r i o u s  e x p e r i m e n t a l  cond i t ions .  The  m i x t u r e  ap- 
pea r s  to  be a weak  p r i m a r y  s t i m u l a t o r  of superoxide  anion 
p roduc t ion .  However ,  a t  10 -5 M, i t  inh ib i t ed  fML P-s t im-  
u l a t e d  s u p e r o x i d e  an ion  p r o d u c t i o n  in r a n g e s  b e t w e e n  
15% a n d  34% of con t ro l  va lue s  for  t h r e e  donors .  Th i s  in- 
h i b i t o r y  a c t i v i t y  is  c o m p a r a b l e  w i t h  t h e  a c t i v i t i e s  of  t he  
p r o s t a g l a n d i n s  PGE1 and  PGI2  a t  equ iva l en t  concent ra -  
t ions  (7). 

The  1:1.5 m i x t u r e  of d io ls  1 a n d  2 showed  w e a k  act iv-  
i t y  in p r e l i m i n a r y  t e s t i n g  for inh ib i t ion  of 5 - l ipoxygenase  

a c t i v i t y  in A23187-s t imu la t ed  h u m a n  po lymorphonuc lea r  
l e ukoc y t e s  138% inh ib i t ion  a t  10 -4 M). O t h e r  d i h y d r o x y -  
i c o sa no id s  are  k n o w n  i n h i b i t o r s  of l i p o x y g e n a s e  a c t i v i t y  
{16}. Fu r the r ,  t he  m i x t u r e  was  on ly  m o d e r a t e l y  inh ib i to ry  
to  t he  d o g  k i d n e y  N a + / K  + A T P a s e  p r e p a r a t i o n  (54% in- 
h ib i t i on  a t  10 -4 M, 35% a t  10 -5 M). 
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