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Two New Icosapentaenoic Acids from the Temperate Red Seaweed Ptilota filicina J. Agardh Albert Lopez and William H. Gerwick* College of Pharmacy, Oregon State University,Corvallis,OR 97331 T w o new f a t t y acid metabolites, 5{Z),7(E),9(E),14(Z),17{Z)icosapentaenoic acid and 5{E),7(E),9(E),14(Z),17(Z)-icosapentaenoic acid, have been isolated from the temperate red marine alga, Ptilota filicina (Ceramiales, Rhodophyta). The structures of these new compounds, isolated as their methyl ester derivatives, have been deduced from detailed 'H nuclear magnetic resonance (NMR), 13C NMR and 2DNMR analyses as well as comparisons to k n o w n compounds. Lipids 22, 190-194 (1987).
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The widespread occurrence of o~3 fatty acids in marine organisms is a unique feature of marine-derived lipids with considerable health and economic consequences (1-6). Further, relatively simple biochemical modifications of arachidonic and icosapentaenoic acids results in molecules possessing important hormonal and bioregulatory functions in mammalian systems {7-9}. Hence, we have been interested in examining metabolites of fatty acid origin from Oregon coastal seaweeds as part of our evaluation of the biomedicinal potential of these marine plants. The lipid extract of Ptilota filicina was identified in our survey efforts as strongly antimicrobiai to gram-positive and -negative bacteria and possessed several unique secondary metabolites by thin layer chromatographic {TLC) analysis. A series of subsequent large-scale recollections have yielded, following extensive purification work, several new and uniquely functionalized 20 carbon fatty acids. The structures of two of these--5{Z),7(E},91E),14(Z),17(Z)-icosapentaenoic acid (1) and 5(E},71E),91E),14(Z),17(Z)-icosapentaenoic acid (3)--are reported here {Scheme 1). Other species of the genus Ptilota from elsewhere in the world have been examined previously for new biomedicinal agents. From P. pectinata collected from Norway, the amino acid taurine was identified (10); from P. plumosa from the coast of Great Britain, a potent hemagglutinin activity with human B cells has been described {11-13}. P. filicina from the Soviet Union has been examined as a possible food source due to reported high concentrations of essential amino acids {14}. However, Oregon coastal seaweeds have not been previously examined in detail, presumably due to the combination of adverse collection conditions and fewer reports of unique terpenoid natural products from temperate zone algae. Hence, the natural products of P. filicina from Oregon were unstudied prior to this work.



EXPERIMENTAL METHODS Ultraviolet spectra were recorded on an Aminco DW-2a UV-Vis spectrophotometer and infrared spectra IIR} on a Perkin-Elmer 727 spectrophotometer. Nuclear magnetic resonance {NMR) spectra were recorded on Varian EM 360, FT-80A and Bruker AM 400 NMR spectrometers, and all shifts are reported relative to an internal TMS *To whom correspondence should be addressed. LIPIDS, Vol. 22, No. 3 (1987)
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standard. Low resolution mass spectra {LRMS} were obtained on a Varian MAT CH7 spectrometer, while high resolution 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 R 401 differential refractometer, while thin layer chromatograms were made using Merck aluminum-backed TLC sheets tsilica gel 60 F2s4). All solvents were distilled from glass prior to use. P. filicina was collected from exposed intertidal pools {-0.5 to +0.5 m) at Marine Gardens on the Oregon coast in June 1985. Voucher specimens are on deposit at the Department of Botany Herbarium at Oregon State University. The seaweed was preserved by freezing until workup, at which time the defrosted alga {1.522 kg dry weight} was homogenized in warm CHCL/MeOH (2:1, v/v). The mixture was filtered and the solvents were removed in vacuo to yield a residue that was partitioned between CHC13 and H~O. The CHC13 was dried over MgSO,, filtered and reduced in vacuo to yield 17.3 g of a dark green tar. The crude extract was fractionated by silica gel chromatography in the vacuum mode (10 cm • 9 cm, Merck TLC-grade Kieselgel), and metabolites were
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ICOSAPENTAENOIC ACIDS FROM PTILOTA FILICINA p r o g r e s s i v e l y eluted w i t h increasingly polar m i x t u r e s of isooctane and E t O A c . Those eluting with 2 5 - 4 5 % E t O A c / isooctane yielded a mixture of f a t t y acids containing comp o u n d s 1 and 3. T r e a t m e n t of a p o r t i o n of these fractions with CH2N2 afforded a m i x t u r e of m e t h y l esters (696 mg), which w a s s u b s e q u e n t l y c h r o m a t o g r a p h e d on a g r a v i t y driven silica gel column (2.5 c m • 55 cm, W o e l m Kieselgel 7 0 - 2 3 0 mesh} u s i n g isocratic conditions (EtOAc/isooctane, 1:9, v/v). This yielded a simplified m i x t u r e of 2 a n d 4 (296 mg} f r o m which each could be isolated b y n o r m a l p h a s e H P L C (Alltech Si Gel column, 25 c m • 10 m m , 2.0% E t O A c / i s o o c t a n e ) t o give 71.5 m g of 2 and 44.3 m g of 4, b o t h as colorless oils.



Methyl 5(Z}, 7(E),9(E},14(Z},17(Z}-icosapentaenoate (2}. C o m p o u n d 2 was a colorless mobile oil showing the following: U V (MeOH) ~.... 253, 262, 273 n m (e = 56,880; 74,570; 56,370}; I R (CHCI3) v 3010, 2925-2875, 1735, 1450, 1000, 920 c m -1. F o r 1H N M R a n d ~3C N M R data, see Table 1.



Methyl 5(E), 7(E),9(E),14(Z), 17(Z}-icosapentaenoate (4}. C o m p o u n d 4 w a s also isolated as a colorless mobile oil a n d s h o w e d U V (MeOH} ~m= 258, 268, 279 (~ = 45,000; 57,000; 44,000}; I R (CHCI~) v 3015, 2930-2870, 1735, 1440, 1000 cm-L F o r ' H N M R a n d ~3C N M R data, see T a b l e 1.



c o r r e s p o n d i n g m e t h y l esters (CH2N2). Final purification of these d e r i v a t i v e s w a s achieved u s i n g silica gel c o l u m n c h r o m a t o g r a p h y followed b y H P L C and yielded t w o u n s t a b l e colorless oils (2 a n d 4), t h e s t r u c t u r e s of w h i c h were deduced f r o m spectroscopic d a t a as outlined below. I t was recognized early in the s t r u c t u r e elucidatior~process t h a t 2 and 4 were geometrical isomers of one another, due to the similarity in s p e c t r o s c o p i c properties of t h e t w o molecules and t h e s p o n t a n e o u s r o o m t e m p e r a t u r e c o n v e r s i o n of 2 and 4, m o n i t o r e d b y H P L C . F u r t h e r , t h e c h a r a c t e r i s t i c ultraviolet a b s o r p t i o n s for a c, t, t triene f u n c t i o n a l i t y (~m~ ---- 253, 262, 273) in 2 were replaced in the a b s o r p t i o n s p e c t r a of 4 w i t h t h o s e c h a r a c t e r i s t i c for a t, t, t-triene {Am~ = 258, 268, 279) (17). Hence, t h e g r e a t e r instability of 2 w a s explained b y its p r o p e n s i t y to double b o n d isomerization as well as a u t o x i d a t i o n a n d p r e s u m e d p o l y m e r i z a t i o n {18-20}. A s neither 2 n o r 4 g a v e m e a n i n g f u l m a s s spectral inf o r m a t i o n (electron impact, chemical ionization}, the more stable m e t a b o l i t e derivative, 4, w a s c o n v e r t e d into t h e c o r r e s p o n d i n g pyrrolidide (5) (21}. D e r i v a t i v e 5 w a s c h a r a c t e r i z e d b y L R E I M S (obs. M § 355 [6.7%]) a n d H R E I M S (obs. [M § + H) to yield a molecular f o r m u l a of C24H37NO. Hence, t h e c o r r e s p o n d i n g molecular f o r m u l a



N-Icosa-5(E), 7(E},9(E),14(Z}, 17(Z)-pentaenoyl pyrrolidine (5}. The pyrrolidide d e r i v a t i v e 5 w a s o b t a i n e d via t h e following literature p r o c e d u r e (15}: A t 0 C, freshly distilled pyrrolidine (1 ml) was added t o a partially pure sample of 4 (12.2 mg}, glacial acetic acid (0.1 ml) w a s a d d e d a n d the solution w a s m a i n t a i n e d at 20 C. A f t e r 24 hr, the r e a c t i o n w a s t e r m i n a t e d b y q u e n c h i n g w i t h water, a n d the p r o d u c t s were repetitively e x t r a c t e d with CHCl~ (3 X 25 ml}. The CHCl~ layer w a s first w a s h e d with 1 M HC1 (3 X 25 ml) a n d t h e n w i t h H 2 0 (3 X 25 ml}; it t h e n w a s e v a p o r a t e d in v a c u o to o b t a i n 9.2 m g of crude p r o d u c t . Final purification of c o m p o u n d 5 (ca. 1.8 rag) was achieved u s i n g H P L C ( W a t e r s ~-Porasil 8 m m X 50 cm, 40% E t O A c in isooctane) and s h o w e d t h e following: ~H N M R (bz-d-6) 60.91 (3H, t, J = 7 . 7 Hz}, 1.21 (4H, m, N-CH2CH2), 1.39 (2H, p, J = 7 . 4 Hz}, 1.93 (4H, m), 2.03 (4H, q, J = 7 . 2 Hz), 2.16 (2H, q, J = 6 . 9 Hz}, 2.65 (2H, t, J = 6 . 5 Hz, N-CH2), 2.79 (2H, bt, J : 6 . 3 Hz), 3.38 (2H, t, J = 6 . 4 , N-CH~), 5.45 (4H, m), 5.60 (2H, m), 6.18 (4H, m). L o w resolution electron i m p a c t m a s s s p e c t r o m e t r y (LR E I M S ) m/z (rel. intensity}: 356 (M*)+H (1.7), 355 (M § (6.7), 340 (0.2), 326 (0.3), 312 (0.4), 300 (0.3), 286 (1.8}, 272 (0.5}, 260 (0.3), 246 (1.4}, 232 (1.0}, 218 (1.1), 2.04 (0.6), 192 (0.6}, 178 (0.6}, 166 (1.4), 152 (2.4}, 140 (1.8), 126 (5.9), 113 (100), 98 (19.3), 70 (26.2}, 55 (46.1}; H R E I M S m/z, obs. 356.2969 (M+)+H, C24H3sNO requires 356.2955. RESULTS AND DISCUSSION The red seaweed P. filicina (Ceramiales) grows a b u n d a n t l y in the mid-intertidal zone along the central O r e g o n c o a s t (16). B a s e d on the results of our s u r v e y for biomedicinals f r o m O r e g o n seaweeds, a large recollection w a s m a d e in J u n e 1985 a n d m a i n t a i n e d frozen until e x t r a c t e d for its lipids u s i n g s t a n d a r d m e t h o d o l o g y . C o n v e n t i o n a l silica gel v a c u u m c h r o m a t o g r a p h y of this d a r k green oily t a r g a v e several fractions c o n t a i n i n g a b r o w n charring, U V active compound. B y infrared (IR) and ~3C N M R analyses, these fractions were a m i x t u r e of carboxylic acids t h a t were r e n d e r e d separable following d e r i v a t i o n t o t h e



TABLE 1 NMR Data for the Methyl Ester Derivatives of Two Icosapentaenoic Acid Natural Products from P . f i l i c i n a a Compound 2 'H C No.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1'



2.33 1.73 2.23 5.33 6.04 6.35 6.15 6.10 5.71 2.09 1.46 2.09 5.33 5.33 2.77 5.33 5.33 2.09 0.97 3.66



m



Compound 4 '3cb



J(Hz)
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'H 6



m



-174.01 t 7.5 33.36 2.31 t p 7.5 24.82 1.73 p q 7.5 27.08 2.09 m m -130.78 d 5.57 dt bt 11.4 129.76 d 6.08 m dd 13.9,11.4 125.75 d 6.08 m m -130.78 d 6.08 m m -130.15d 6.08 m dt 14.4,7.2 135.07 d 5.63 dt m -32.37 2.09 m p 7.5 29.21 1.46 p m -26.69 2.09 m m -129.59 5.33 m m -128.46 5.33 m bt 6.1 25.56 2.77 bt m -127.30 5.33 m m -131.82 5.33 m m -20.55 2.09 m t 7.6 14.29 0.97 t s -51.49 3.66 s



'3Cc J(Hz)



6



7.4 7.4 -14.4,7.2 ----14.4,7.2 -7.4 ---6.0 ---7.6 --



174.01 33.35 24.51 32.08 132.64 d 131.34 d 130.66 d 131.46 d 130.57 d 134.35 d 32.34 29.25 26.68 129.62 128.49 25.56 127.31 131.86 20.55 14.29 51.48



aChemical shift values in ppm relative to TMS as an internal standard operating at 9.398 T. All spectra obtained in CDC13. bAssignments by comparison with values determined for 4 and with several model compounds (24,25,27). CAssignments from a IH-'3C heteronuclear 2D shift correlation spectroscopy experiment and by comparisons with model compounds {24,25,27). dCarbons assigned by comparison to model c, t, t and t, t, t conjugated trienes (27}. LIPIDS, Vol. 22, No. 3 (1987)
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A. LOPEZ AND W.H. GERWICK for both natural products (1 and 3) was C~oH3oO~,yielding six degrees of unsaturation. Further structure elucidation efforts were conducted with derivative 2, principally because most of its protons were clearly resolved in its high field 'H NMR spectrum (Table 1). The '3C NMR spectrum of 2 showed one ester carbonyl, confirmed by a characteristic stretch at 1735 cm -' in the IR, and 10 olefinic carbon atoms, thus accounting for all six degrees of unsaturation. Other than these olefin and ester carbons, the '3C NMR spectrum was composed of one methyl ester carbon, one aliphatic methyl carbon and eight methylene carbons. Hence, 2 was deduced to be a methyl ester derivative of an icosapentaenoic acid containing a conjugated c, t, t triene as well as two nonconjugated double bonds. The linear array of these methylene and olefinic groups in 2 was conveniently given by a ' H J H 2D shift correlation spectroscopy (COSY} experiment (Fig. 1) (22). The C-2 protons, identified by their characteristic chemical shift (d2.33) and triplet multiplicity (23), were correlated to a 2H signal at 61.73 (H2-3), which was further correlated to another 2H signal appearing at 62.23 (H2-4). The allylic nature of these latter protons was indicated by both their chemical shift and a clear correlation to an olefin proton at 65.33. As this latter signal overlapped



four other protons at this chemical shift, observation of the continuity of this linearly related spin system was afforded by detection of allylic coupling between H2-4 and H-6 (66.04). The H-6 proton was correlated both to the H-5 proton at 65.33 and the H-7 proton at 66.35. The H-7 signal was, in turn, correlated to H-8 (66.15), H-8 to H-9 (66.10) and H-9 to H-10 (65.71). Coupling constant analysis (Table 1) of this C-5 to C-10 olefin constellation reconfirmed the c, t, t nature of the triene, as well as fixing its orientation relative to the carboxyl group. A correlation between H-10 and two protons of a 6H multiplet at 62.09 identified the allylic protons at C-11. This latter multiplet was coupled in the upfield region only to the terminal methyl group and a 2H signal at 61.46. This latter signal must, therefore, be H~-12. In turn, these C-12 protons were coupled exclusively to the 6H multiplet at 62.09, and therefore, H-13 must also be allylic. Further, since the 6H multiplet was only coupled in the olefin region to one proton at d5.71 (H-10) and to two of five overlapping protons at 65.33, H-14 must be located in this latter multiplet. At the other end, the terminal methyl group (60.97) was correlated to the 6H multiplet of overlapping allylic protons at 62.09 and thus must contain, in addition to H~-ll and H2-13, H2-19. In analogy to the reasoning used to
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FIG. 1. 'H-~H correlation spectroscopy (22) of methyl 5(Z),7(E),9(E),14(Z),17(Z)icosapentaenoate (2) showing correlations between coupled protons (ca. 7 mg of 2 in 0.4 ml CDCI+ with 0.3% TMS, 5-mm tube, 400 MHz). LIPIDS,Vol. 22, No. 3 (1987)
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PPH FIG. 2. 1H-13C heteronuclear 2D shift correlation spectroscopy (22) of methyl 5(E),7(E},9(E),14(Z),17(Z)-icosapentaenoate (4) showing one bond coupling ('J) correlations between carbons and their respective protons (ca. 20 mg of 4 in 0.4 ml CDCI~ with 0.3% TMS, 5-mm tube; LH NMR at 400 MHz, '3C NMR at 100 MHzL



identify the H-14 chemical shift, the H-18 proton m u s t also be in the 5H multiplet at 65.33. A third partial structure for derivative 2 was identified beginning with a bisallylic methylene, identified as such by its characteristic chemical shift (62.77} and multiplicity (t, J = 6 . 1 Hz) {23}. In the COSY experiment, these protons were exclusively correlated to two of the five olefin protons occurring as an multiplet at 65.33. By a 'H-13C heteronuclear 2D shift correlation spectroscopy experiment (Fig. 2) (22}, the carbon shift of the bisallylic methylene was identified as 625.56; hence, via comparison with all four geometrical isomers of the model compound, methyl-12,15-octadecadienoate, both olefins were of the Z geometry {24}. Consideration of these three partial structures with regards to the molecular formula and number of olefins in 2 required two of the olefins to be duplications. With two connections to be made between these three partial structures, and with the middle fragment being symmetrical, only one structure, 2, was possible. The structure of derivative 4 was developed by comparison of its spectroscopic properties with those of derivative 2 (Table 1). In most respects, the major structural features



present in 2 were also present in 4, as was suggested by the facile conversion of 2 into 4. The major difference was t h a t the c, t, t triene in 2 was replaced in 4 by a t, t, t triene. This was evidenced by UV (see experimental}, 'H NMR (J5-6 = 14.4 Hz, J9-1o = 14.4 Hz) and 13C NMR data (6 olefin carbon signals greater than 130 ppm) (25). It is likely t h a t both natural products 1 and 3 are derived by isomerization of the C8_9 and C,_~ olefins in 5(Z},8(Z),l l(Z),14(Z),17(Z)-icosapentaenoic acid to the C, s and C9-1o positions. Metabolites 1 and 3 were shown to be true natural products of P. filicina by nearly identical TLCs for the lipid extracts obtained by standard extraction methodology and by a procedure described to inhibit extraction artifacts resulting from enzyme-catalyzed degradation of complex lipids (26). ACKNOWLEDGMENTS Harry Phinney of the Department of Botany at Oregon State University helped in the collectionand identification of the Ptilota filicina. Roger Kohnert assisted in obtaining NMR data on the OSU Department of Chemistry's Bruker AM 400 spectrometer, purchased in part through grants from the National Science Foundation (CHE8216190} and the M. J. Murdock Charitable Trust. Brian Arbogast LtPIDS, Vol. 22, No. 3 (1987)
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