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TWO NEW DRAGENDORFF-POSITIVE COMPOUNDS 
FROM MARINE ALGAE 
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DragendorfF-positive compounds have 
been often isolated from or, largely on 
chromatographic evidence, identified in 
marine algae. Apart from a few tertiary 
amino compounds le.g., hordenine (1) or 
4-hydroxy-N-methylproline (2)], they 
are quaternary ammonium compounds, 
mainly betaines of protein or non-protein 
amino acids, and, less frequently, ter- 
tiary sulfonium derivatives (3-5). In the 
course of our continuing search for com- 
pounds of this class from Mediterranean 
red algae (4-6), we have isolated, by a 
combination of ion-exchange and parti- 
tion chromatography, a betaine from 
Grateloupia proteus Kutz. (Cryptonemi- 
aceae; Cryptonemiales) and a sulfonium 
inner salt from Lophocladia lallemandi 
(Mont.) Schrnitz (Rhodomelaceae; Cera- 
miales), whose general properties indi- 
cated that they were previously unreported 
compounds. Essentially on the basis of 
spectral data, they have been assigned the 
structures of 4-hydroxy-N,N-dimethyl- 
pyrrolidinio-3-carboxylate 111 and 5-di- 
methylsulfonio-4-hydroxy-2-aminoval- 
erate 121, respectively. 

Isolated from the neutral amino acid 
fraction of G .  proteus in a yield of 
0.009% of the fresh weight of the alga 
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was compound 1, [a]25D i- 14.4", 
C,H,,O,N (combustion analysis). Its 
amphoteric nature was evident from its 
behavior in electrophoresis and ion-ex- 
change chromatography. The mass spec- 
trum did not show the molecular ion, 
the ion at highest mass being observed at 
m/z 14 1 {M - H,O}+; the spectrum also 
contained diagnostically important 
peaks at m/z 97 IM -H,O - CO,]+, 82 
EM - H20 - CO, -Me)+, 58 ICH,= 
NMe21+, and 42 ICHE N - Me]+. 

The '3C-nmr spectrum (D,O) of 1 
contained a carboxylate resonance at 6 
179.65 (shifted to 175.74 at pH 2), two 
methyls bonded to a positively charged 
nitrogen atom (57.02) overlapping a 
methine signal that was shifted to 5 3.98 
after acidification (C-3), two methylene 
triplets at 70.73 (C-2) and 74.71 (C-5), 
and a methine at 76.27 (C-4). The 'H- 
nmr spectrum, measured in D,O, dis- 
played well separated and fully analyzable 
signals after acidification to pH 2. Apart 
from the resonances from methyls on 
quaternary nitrogen at 6 3.25 and 3.3 1, 
the spectrum consisted of a six-spin sys- 
tem, which could be analyzed as the 
superimposition of an ABMX and an 
A'B'X system, with the X part in com- 
mon [ABMX system: AB part 6 4.03 
(H-23 and 3.83 (H-2,), JAB= 12.0 Hz; 
M part 6 3.57 (H-3), JAM=8.55 Hz, 
JBM=8.5 Hz; X part 6 4.92 (H-4 ,  
J,,=3.6 Hz. A'B'X system: A'B' 
part 6 3.79 (H-5,) and 3.62 (H-Sb), 

JAlBl= 12.9 Hz; X part 6 4.92, JAlx= 
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5.8 H z , ] ~ # ~ =  2.4 Hz]. In neutral solu- 
tion the H-3 signal showed an upfield 
shift of 0.26 ppm, as expected for a pro- 
ton a to a carboxylic function. 

Acetylation of 1 afforded a monoace- 
tate, whose 'H-nmr spectrum (D,O) 
exhibited an acetoxymethyl resonance at 
6 2.12, while the carbinolic proton ap- 
peared at 6 5.65 showing a downfield 
shift of 0.73 ppm. 

On the evidence above, the new natu- 
ral betaine was assigned structure 1, in 
which the relative stereochemistry at C- 
3 and C-4 was assumed to be as depicted 
based on the lack of nOe between H-3 
and H-4. This assumption was rein- 
forced by the observation that for the 
trans configuration, contrary to the cis 
one, a conformation exists whose cou- 
pling constants, calculated using a 
generalized Karplus equation (7), are 
closely comparable with those observed. 

Compound 2, C,H1503NS (combus- 
tion analysis), reacted with both 
Dragendorff's reagent and ninhydrin 
and was isolated from the basic amino- 
acid fraction of L. lallenzandi in a yield of 
0.01% of the fresh weight ofthe alga. In 
the mass spectrum of 2 the molecular 
ion was not discernible, and fragments 
were observed at mlz 114 EM - H,O - 
C2H5S}+, 88 [ 1 14 - C2H27+, 70 
[ 1 14 - C0,7+, and 62 ESMe,}+. Trans- 
itions 114-88 and 114-70 were con- 
firmed by meta-stable peaks at mlz 
67.93 and 42.98, respectively. The 13C- 
nmr spectrum (D,O) contained reso- 
nances for two methyls at 6 26.29 and 
27.10, two methylenes at 36.64 (C-3) 
and 5 1.18 (C-5), two methines at 52.91 
(C-2) and 64.89 (C-4), and a carboxylate 
carbon at 174.42 ppm. The chemical 
shifts of the methyls suggested that they 
were embodied in a dimethylsulfonium 
group, which was confirmed by the for- 
mation of dimethylsulfide on treatment 
of 2 with base. The 'H-nmr spectrum 
(D,O) of 2 displayed, in addition to two 
singlets at 6 2.96 and 2.98 (-SMe,), a 
doublet of doublets at 3.95 ( J  = 5.7 and 
6.5 Hz) shifted to 6 4.34 on acidification 

to pH 2 and assigned to the proton a to 
the amino acid function (H-2). This sig- 
nal was homonuclearly coupled to a 2H 
multiplet at 2.23 (H-3), which was, in 
turn, interrelated with a 1H multiplet at 
4.36 (H-4). The last signal was also 
shown to be coupled with a methylene 
signal at 3.55 (H-5), thus completing 
the proton sequence. 

Treatment of 2 with MeOH in the 
presence of HC1 afforded 5-dimethylsul- 
fonium-4-methoxy-2-aminovaleric acid 
methyl ester chloride, C9H,,O3NSCI (6 
3.36, s, -0Me; 6 3.89, s, -COOMe), 
whose mass spectrum showed diagnosti- 
cally important peaks at m/z 207, 148, 
and 87 representing feasible sequential 
losses of Me35C1, COOMe, and C2H5S 
from the molecule, and also at 116 
[ 148 - MeOH}+ and 62 [SMe,}+. 

These data led to structure 2 for the 
new algal metabolite. According to the 
Clough-Lutt-Jirgensons (8) rule, the 
shift of the molecular rotation of 2 to a 
more positive value from H,O to acid 
solution (EM], +2.5" in H,O and 
+ 24.3" in 5 N HC1) indicates an S con- 
figuration at C-2, if the rotatory contri- 
bution of the C-4 center is assumed not to 
be in0uenced by the variation of the pH. 
This assumption seems justified because 
comparison of the 'H-nmr spectrum of 2 
before and after addition of DCI.did not 
show any shift of the proton at C-4. 

Compound 1 is structurally related to 
two other algal metabolites, i.e., p- 
stachydrine (P-proline betaine) (9) and 
its 2,3-dehydro derivative ( 5 ) ,  isolated 
from Griffbsia fisculosa and Pterocladia 
capifluau, respectively. Although all 
these compounds seem to be derived 
from P-proline, this imino acid has not 
been found in nature so far. 

Besides compound 2, only two sul- 
fonium salts are known as algal metabo- 
lites. One of them, 3-dimethylsulfonio- 
propionate, originally isolated from the 
red alga Polysipbonia fastigiata (lo), has 
been successively found in a number of 
marine algae (3), particularly in the 
Chlorophyceae (1 1,12). The other one, 
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4-dimet hy l-sulfonio- 2 -methoxybutyrate , 
isolated for the first time from the red 
alga Rytiphloea tinctoria (6), has been also 
found in HaCopitys incuwus and Vi-  
&Cia VolubiCiS, all belonging to the family 
Rhodornelaceae. Therefore, the taxonomic 
relevance of these sulfonium compounds 
should be further investigated. 

EXPERIMENTAL 
GENERAL EXPEWENTAL PROCEDURES.- 

Ei mass spectra were obtained on an AEI MS 902 
instrument at 70 eV (direct injection). 'H- and 
13C-nmr spectra were run on an AC-250 Bruker 
instrument and were recorded in D 2 0  (without or 
with added CF,COOD to pH 2) at 250 and 62.9 
MHz, respectively, using trimethylsilylpropio- 
nate as internal reference. Optical rotations were 
measured with a Perkin-Elmer 141 polarimeter. 
Hptlc were run on glass precoated Si gel-F,,, and 
cellulose-F,,, plates (Merck). The following sol- 
vent systems were used: a, n-PrOH-HOAc-H,O 
(4: 1: 1); b, n-BuOH-HOAc-H20 (12:3:5); c, 
phenol-H,O (3: 1). 

PLANT MATERIAL.-Thalli of G. profercs and 
L .  iallmndi were harvested at S.M. La Scala and 
Acicastello, Sicily, respectively. Voucher speci- 
mens were deposited in the Herbarium of the In- 
stitute of Botany, Catania, Sicily. 

EXTRACTION AND PURIFICATION OF 1.- 
Freshly collected G. poterrs ( 1  kg) was 
homogenized and extracted X 3 with 30% aque- 
ous MeOH (2 liters each time). The pooled ex- 
tracts were concentrated in vacuo, clarified by 
centrifugation, and then applied to a column of 
Dowex-50W (H+). After the resin was washed 
with H,O, the amino acid fraction was eluted 
with 2 N ",OH; the eluate was taken to dry- 
ness and the residue dissolved in H,O. The solu- 
tion was then passed successively through col- 
umns of Dowex- 1 (-OAc) and Amberlite IRC-50 
(H+) to remove acidic and basic amino acids, re- 
spectively. The final aqueous eluate was concen- 
trated and further fractionated by preparative ad- 
sorption chromatography (LiChroprep Si-60 25- 
40 pm; solvent 2). The separation was monitored 
on hptlc (Si gel, solvent a, Rf0.21; solvent c, Rf 
0.50; cellulose, solvent b, Rf0.40); fractions con- 
taining pure 1 were pooled and taken to dryness. 
The residue, dissolved in a small amount of H,O, 
was freeze-dried, giving 91 mg of 1 as an off- 
white, hygroscopic powder: [ a j Z 5 D  + 14.42' 
(c= 0.34 in H20).  Anal. calcd for C,H,,O,N: C 
52.88, N 8.81, H 8.24%, found C 52.69, N 
8.85, H8.32;msm/z(%) 141(4.8),97(6.2), 96 
(10.0), 82(25.0), 58(100),44(37.0),42(51.8). 

ACETYLATION OF l.-€ompound 1 was 

treated with fivefold molar excess acetyl chloride 
at room temperature for 2 h. After this time, the 
solution was taken to dryness under vacuum, and 
the residue contained chromatographically pure 1 
monmetate (Si gel, solvent c, RfO.65). 

iallmndi (1  kg fresh alga) was extracted and 
amino acid fraction isolated as described above for 
G. proterrs. From this fraction, acidic amino acids 
were removed on column of Dowex-1 (-OAc), 
and the aqueous eluate, concentrated to a small 
volume, was applied to a column of Amberlite 
IRC-50 (H+).  After the resin was washed with 
H,O, basic amino-acid fraction containing corn- 
pound 2 was recovered by elution with 2 N 
",OH. The eluate was taken to dryness in 
vacuo and the residue subjected to preparative ad- 
sorption chromatography (LiChroprep Si-60 25- 
40 pm; solvent b). The separation was monitored 
by hptlc (cellulose, solvent b, RfO. 32; Si gel, sol- 
vent b, R 0 07; solvent c, RfO. 12), and the frac- 
tions containing pure 2 were pooled and taken to 
dryness. The residue was then dissolved in H 2 0  
and freeze-dried to give 110 mg of 2 as an off- 
white, hygroscopic powder. [a],,~ + 1.3' 
(c= 0.5 in H 2 0 )  and [aJ2>D + 12.6'(c= 0.5 in 5 
N HCI). Anal. calcd for C,HI,O3NS: C 43.56, 
H 7 . 8 3 , N 7 . 2 6 , S  16.61%;foundC43.37,H 
7.98, N 7.25, S 16.41); in paper electrophoresis 
(50 V/cm) at pH 4.5 it had E,,, 1.03. Ms m/z (%) 
114 (5.0), 100 (28.9), 88 (3.0), 87 (13.2), 86 
( l l . l ) ,  82(11.8), 70(10.7),62(100),61(32.5), 
47 (59.3), 45 (52.5), 44 (12 .Q 35 (32.14). 

EXTRACTION AND PURIFICATION OF 2.-L. 

f : 

TREATMENT OF 2 WITH BASE.-A solution 
of 2 (30 mg) in 2 M NaOH (5 ml) was heated in a 
vial fitted with a PTFE-lined screw cap at 90' for 
15 min. After cooling, dimethylsulfide was iden- 
tified in the head space by ms (m/z  62). 

TREATMENT OF 2 WITH MEOH/HCL.- 
Compound 2 was treated with 3% HCI in 
MeOH at room temperature for 12 h. The solu- 
tion was then taken to dryness in vacuo giving 
crude 5dimethylsulfonium4-methoxy-2-~no- 
valeric acid methyl ester chloride: Si-gel, solvent 
b, Rf 0.06; cellulose, solvent b, Rf 0.43; ELyr 
1.26 at pH 4.5. Ms m/z (%) 207 (0.62), 148 
(4.27), 147 (2.96), 116 (7.23), 87 (10.35), 62 
(5.57) ,  61 (6.52), 55  (8.77), 52(31.9), 50(100). 
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