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Abstract-From an acetylated fraction of an extract of ChorduJilum, phloroglucmol tnacetate and SIX 2- to S-rmged 
phloroglucmol-denved polyhydroxyphenyl ethers were isolated and their structures elucidated Among these are three 
aofuhalols, compounds of a new structural type 

INTRODUCTION 

A mixture of polyhydroxyphenols soluble m ethyl acetate 
was extracted from Chordu_fZutn, deep-frozen m a fresh 
state After acetylatlon, the higher polymers were removed 
from this mixture which could then be separated mto 
their vanous components So far, only phloroglucmol 
trlacetate (1) has been described from such a fraction [2] 
This paper reports on the structure elucldatlon of 2- to S- 
ringed ohgomers of peracetylated phlorotanmns, some 
mcompletely acetylated compounds as well as the examm- 
atlon of the polymeric portion 

RESULTS AND DISCUSSION 

It was possible to obtain 0 003 to 0 006 % ethyl acetate- 
soluble phenols (on a fr wt basis) from an evaporated 
ethanol extract of C jilum, deep-frozen m a fresh state 
The weight of this fraction increased by between 19 and 
36 % after acetylatlon Extraction on a semi-technical level 
was carned out m accordance with the method described 
by Glombltza [3] with the exception that a more powerful 
homogenizer and also a contmual thin-layer evaporator 
were used The purest extracts were obtained when the 
extracts remaining m the thin-layer evaporator after 
the alcohol had been removed were lyophlhzed and the 
residue re-dlgested m ethanol (70 % v/v) The alcohol was 
again removed and the water phase subsequently ex- 
tracted, fist with petrol and then with ethyl acetate The 
higher polymenc portion of the phenols soluble m ethyl 
acetate was separated by fractional preclpltatlon of the 
peracetyl derivatives with ether-petrol (1 l), as described 
elsewhere [4] 

On TLC of the peracetylated ohgomenc mature (sdlca 
gel, chloroform-acetone, 9 l), 13 UV-quenchmg spots 
were detectable which, after spraymg with vamllm-sul- 

*Part 30 m the serves “Antlblotlcs from Algae” For part 29 see 
ref Cl] Dekated to Prof Dr M Steiner on the occasion of hts 
eightieth Lurthday 
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phunc acid, turned orange (1) or red and which, with the 
exception of two compounds, very quickly turned brown 

The nuxture was preseparated into 18 fractions using 
low-pressure column chromatography (LPLC) and 
HPLC on s&a gel From these fractions seven per- 
acetylated and seven incompletely acetylated phlorotan- 
mns were recovered Phloroglucmol tnacetate (l), which 
has already been described [2], 1s found at R, 071 on 
TLC In the R, re@on between 066 and 0 54, the 
followmg substances already isolated from other brown 
algae are found diphlorethol pentaacetate (2), btfuhalol 
hexaacetate (3) which represents the largest yield of the 
substances found, and tnfuhalol-A-octaacetate (5) 
(Fig 1) From the fraction containing 5, It was also 
possible to ennch an lsomenc compound 4 (MW 726) 
which has an identical R, value (0 54) and only a shghtly 
shorter R, (HPLC), 6 and 7 are homologues of 4 In the 
mass spectrum, the Intensity of the ion at m/z 126 suggests 
a symmetrical molecular structure with two slmllar ter- 
minal tnacetoxyphenoxy rings At m/z 248, the last 
member of a ketene elimination senes 1s found which was 
probably created by the cleavage of acetic anhydnde and 
one of the two termmal nngs This process mvolves the 
formation of a benzodloxm from a dlphenyl ether moiety 
which carries acetoxy groups substituted at the ortho and 
ortho’ posltlon in relation to the ether bridge 

In the regon of the aromatic protons, the ‘H NMR 
spectrum (CD(&) of the 3-rmged substance 4 displays a 
singlet for four hydrogens at 66 97 which can be assigned 
to two respective protons at the 3,5-posltlon on the two 
terminal 2,4,6-tnacetoxyphenoxy nngs A singlet at S6 20 
1s asslgned to two hydrogens on the middle nng The 
acetyl protons of the middle nng gve signals at 62 24 (B) 
and 2 16 (C m CD&) The structure of the nuddle rmg 
can be confirmed with the aid of the 13C NMR spectra of 
6 and 7 (see below) 

Compounds 6 and 7 differ from 4 m having an MW 
which IS 208 or 2 x 208 mu greater This corresponds to 
one (m the case of 6) or two (7) additional phloroglucmol 
rings, and allows calculation of the emplncal formulae to 
be C44H3s0Z3 and C56H46028, respectively After 
cleavage of the dlaryl ether bridges or the formatlon of 
benzodloxms, daughter Ions are created which under 
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Fig 1 Structure of compounds 2,3 and 5 wrth assignment of the 
signals from the ‘H NMR spectra 

ketene ehmmatron lead to a consprcuous series of ions 
with mu - 42 (748 --, 580 + 496, 374 + 248) 

The ‘H NMR spectrum (CDC13) of 6 differs from that 
of 7 m the regron of aromatrc protons by the splitting of 
the signal at 66 96 mto two singlets for 2 H respectively, 
and by the intensity of the singlets at 66 70 Therefore, the 
protons of both termmal rmgs of 6 have m pans a slightly 
different magnetic environment due to molecular asym- 
metry As this 1s evidently not the case with 7, the 2,6- 
dtacetoxyphenoxy moiety (two additional H at 66 70, 
singlet, 4 H) which was built into the molecule must have 
led to the formation of a symmetrical compound 

The “C NMR spectrum of 7 (Table 1) reveals fewer 
signals than that of 6 which has one nng less In the 
r3C NMR spectrum of 6, however, there are more pairs 
whose respective srgnals differ only very shghtly from each 
other The symmetrical character of 7 results m magnetic 
equivalence of srmrlar C-atoms and means that the 
C-atoms of rings I and V, of II and IV, and of C-4 and C-6 
of rmg III are mdrstmgtushable For instance, C-4*11 and 
C-6111 produce only one signal at 103 6 m the spectrum of 
7 In the spectrum of 6, however, a pan of signals (103 9, 
103 7) 1s vrstble and they are partrcularly notrceable in the 
proton resonance coupled spectrum, m whtch C-3, S and 
C-3,51” give very close doublets of doublets (115 1, 115 0) 
and C-atoms 3,5** m turn, one doublet (109 8) 

The 2,5-dracetoxy-1,3-drphenoxy substrtuted ring III 
1s the charactenstrc structure element of thts newly- 
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Ftg 2 Structure of the tsofuhalolacetates (4,6, 7) with asstgn- 
ment of the srgnals from the ‘H NMR spectra 

discovered phlorotannm class called rsofuhalols Without 
the acetylated hydroxyl group at C-2”‘, the substance 
would have been tdentrcal to tetraphlorethol-A-nona- 
acetate described by Glombttza et al [6] from Lamanarta 
ochroleuca, and the rmg would have had the same 
subsmutton pattern as the mrddle nng of tnphlorethol-C- 
heptaacetate [6] for whose C-atoms the “C NMR reson- 
ances are known A shift value of 126 8 was measured for 
C-21” of 6 and 7 and so 1s in accordance wtth the value 
126 7 calculated by Wegner-Hambloch [S] Devratrons 
between measured shifts and those calculated by Wegner- 
Hambloch are m the region of 0 0 and 0 1 ppm Only the 
value assrgnd to C-4,6”’ displays a somewhat greater 
difference (2 O-2 3) Altogether though, the respecttve 
values are very much m agreement with each other 
(Table 1) 

Compounds 3a-3c, 5a, Sb, 6a and 7a were shown to be 
one-fold desacetylated derrvatrves of substances 3,5,6 and 
7 The mass spectra correspond exactly to those of the 
peracetylated substances It 1s even possible to identify the 
[M] + of the peracetylated substance as a consequence of a 
change m acetylatron, either during processmg or m the 
ion source A free hydroxyl group results m a decrease m 
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Table 1 Found and calculated 13C NMR values of compounds 
6and7 

Found 

6 Calculated 

Found Calculated m 
accordance 

7 wth ref [S] 

Rmgs I, IV Rmgs I, V 
C-l 1366 135 7* C-l 1366 1368 
C-2,6 143 7 1438 C-2,6 143 7 143 6 
c-3,5 1151 1150 c-3,5 115 1 1148 
C-4 1468 1470 c-4 1468 1462 

Rmg II Rings II, IV 
C-l 133 9* C-l 1338* 1347 
C-2,6 144 3 C-2,6 1442 143 9 
C-3,5 1098 c-3,5 1097 108 3 
c-4 1541 C-4 1540 153 1 

Rmg III Rmg III 
c-1,3 1500/1498 c-1,3 1499 1500 
c-2 126 8 c-2 1267 1267 
C-4,6 103 9/103 7 C-4,6 1036 105 9 
c-5 148 1 c-5 148 0 148 9 

Measured m CDC& 
*In the case of the o-substituent being a 2,6dmcetoxyphenoxy 

residue, a ‘stenc increment’ has to be included m the calculation 
It has not yet been exammed whether other values should be used 
for the 2-acetoxyphenoxy residue present in this case 

R, on TLC compared to the pemcetylated substance The 
positton of the free hydroxyl groups can be determined 
with the aid of the ‘H NMR spectra which are charac- 
teristically changed (additional coupling possible due to 
ring asymmetry) As mcompletely acetylated compounds 
are artefacts, a more detailed discussion of the spectra has 
been omitted Otherwise, the ‘H NMR spectra of these 
compounds ave further support for the proposed struc- 
tures of 4, 6 and 7 and also for the assignment of the 
NMR-signals 

The signals of the ‘Hand ’ % NMR spectra of the high 
MW portion obtamed by fractional precipitation are on 
the whole sumlar to those of the isolated lndwidual 
substances In the ‘H NMR spectrum additional signals 
are vlslble at 67 13, 700 and 631-633, which together 
with the signal at 133 9 m the 13C NMR spectrum are 
usually found either with substances with a biphenyl bond 
(fucols), or phenoxylated blphenyls (fucophlorethols) A 
signal, due to a proton mta posttloned to a btphenyl and an 
aryl ether bond m each case, at S 7 13 tn CDCl, would be 
expected to appear shifted to 67 22 in the MezCO-d6 
spectrum However, no such signal occurs 

On account of the mtensrty ratio of the ‘H NMR 
signals, phenoxylated bifuhalol acetate 1s to be regarded as 
the mam structural element Signals at 66 18-6 20 and m 
the ’ %J NMR spectrum at 126 8 indicate the presence of 
tsofuhalol elements 

EXPERIMENTAL 

Excracl~on and 1solat10n Pulverued thalh from C filum (L ) 
Stackhouse (130 kg) deep-frozen while still fresh (Le Caro/Brest, 
Bnttany, France, August 1979) were divided mto portlons of 
8-10 kg Each portion was suspended m 22 I 70% EtOH using an 
Ultraturrax X TP 65 for 90 mm m an Nz atmosphere with a 
controlled temp programme (- 1 5 to 43”) and at shghtly acidic 

pH @H 5 8, addition of K,S,Os) After settling, msoluble 
matenal was removed by filtration through glass wool The pellet 
was pressed hydrauhcally and the fluid obtamed from ths process 
was combmed with the supematant The solvent was removed 
under red pres m a thm-layer evaporator at 10-12 1 /hr The 
evapn process was adJusted so that not more than 1 l-l 5 1 aq 
concentrate remained (vanatlon 1) With vanatlon 2, a large 
excess of Me&O (6 1) was added to the aq concentrate with 
careful stirring and the ppt passed through a suchon filter 
After repeating precipitation once, the ppt was made MezCO- 
free With varlatlon 3, the aq concentrate (1 2 I ) was lyophlhed 
(yield 180 g from a 9 kg portion) and digested for 15 mm in 
600 ml EtOH (60%) The suction-filtered substance which did 
not dissolve was re-extracted with 400 ml 70% EtOH and the 
EtOH filtrate evapd The aq concentrate obtained (250 ml) was 
treated m the followmg manner shaking with petrol as well as 
5-6 times with EtOAc, the combrned EtOAc phases were dried, 
filtered, reduced to dryness under red pres and acetylated Yield 
0 003-0006% free phenols and 0oo4-o009% acetylated 
phenols, altogether 9 2 g acetyl denvatlves 

Ennchment of the ohgomenc phlorotannms was carned out 
m three steps Separation of the higher MW portion by frac- 
tional preclpltatlon with Et&-petrol (1 1) [4], LPLC, glass col- 
umn 280 x 15 mm packed with slhca gel 60, 0 o40-0 063 mm/ 
230-400 mesh ASTM, absorbance momtor, mobile phase 
CHCIJCHCI-Me&O (9 l)/CHCI,-Me&O (7 5 2 5), flow 
rate 640 ml/hr, gradient elution, amount of sample per column 
1OOmg HPLC preseparatlon 2 HPLC pumps with gradient 
former on LiChrosorb SI 60, lOpm, 96 x 250mm, with 
CHCl,-EtOH gradients (up to 10 % EtOH), detectIon at 270 nm, 
flow rate 8 ml/mm, amount of sample per run 20 mg Of the 18 
fractions obtamed from preseparatlon, 11 were chosen for 
further HPLC separation which m each case was carned out with 
15-3 5 mg sample 

Isolated substances Yield m reference to 130 kg fresh alga, R, 
on srhca gel CHCI,-MezCO (9 l), detection 1 y0 vamlhn m cone 
H,S04, 5-10 mm heating at 105-l lo” Phloroglucmol tnacetate 
(I), 2Omg, R, 071, UV, MS, ‘H NMR ldentlcal to authentic 
matenal Dlphlorethol pentaacetate (2), 3 0 mg, R, 0 66, UV, MS, 
‘H NMR values as m ref [7] bfuhalol hexaacetate (3), 42 0 mg, 
R, 0 60, UV, MS, ‘H NMR values as m ref [7] Tnfuhalol-A- 
octaacetate (5), 13 mg, R, 0 54, UV, MS, ‘H NMR values as m ref 
[S] Trnsoftialol octaacetate, 1,3-bts(2,4,6-tnacetoxyphenoxy)- 
2,5-dmcetoxybenzene (4), 1 8 mg (mamly consistmg of 4), R, 0 54, 

UV AzN nm 212,271,228 (shoulder), MS (230”, 70 eV, main 
ketene ehmmatlon series) mlz 726 ([Ml’) -+ 390,668 + 374,624 
--a 372,476 -P 266,376 -P 250,374 -+ 248,184 + 142, 168 -+ 126, 
‘H NMR (CDCIJ 66 97 (4H, a), 6 20 (2H, b), 2 28* (6H, A), 2 248 
(3H, B), 2 16 (3H, C), 2 13 (12H, D,B = can be derived only from 
mtenslty differences because together with S), (Me&O-d& (same 
sequence as above) 67 08, 6 27, 2 28a, 2 25=, 2 14, 2 13 

Tetraisofuhalol decaacetate, 2,6,2’,5’-tetraacetoxy-4-(2,4,6-tn- 
acetoxyphenoxy)-3’-(2,4$-tnacetoxyphenoxy)dlphenyl ether, (6), 
16 mg, R, 048, UV J.EN nm 216, 271, 228 (shoulder), MS 
(230”, 70 eV, mam ketene ehmmatlon senes) m/z 934 ([Ml+) 
+ 514, 876 -+ 498, 748 + 500, 684 + 390, 668 + 374, 
434-266, 418-+250, 374+248, 142, 168+ 126, ‘HNMR 
(CDCI,) S6 963 (2H, a), 6 96 (2H, b), 6 70 (2H, c), 6 18 (2H, d), 
228(9H,A,B,C),215(3H,D),214,212,211(each6H,E,G,F), 
(Me&O-de) 67 08 (4H, a, b), 6 81 (2H, c), 6 25 (2H, d), 2 28 (6H, 
A, B), 2 26 (3H, C), 2 15 (3H, D), 2 14.2 13,. 2 13 (each 6H, E, F, 
G) 

Pentawofuhalol dodecaacetate, 1,3-bts[2,6-dlacetoxy-4-(2,4,6- 
tnacetoxyphenoxy)phenoxy]-2,5-dmcetoxybne, (7), 19 mg, 
R, 043, UV LEN nm 216, 272, 228 (shoulder), MS (250”, 
70eV, main ketene elnnmatlon senes) m/z 1142 [Ml’ --t 848, 
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1084 --t 622, 892 -+ 514, 876 + 498, 790 + 496, 642 + 390, 668 
+ 374,540 + 372,476 -D 266,376 + 250,332 -+ 248, 184 + 142, 
168 + 126, ‘H NMR (CDCIs) S6 96 (4H, a), 6 70 (4H, b), 6 17 
(2H, c), 2 2g2 (6H, A), 2 28 (3H, B), 2 14 (3H, C), 2 12,2 09 (each 
12 H, D, E), (Me&O-d& (same sequence as above) 67 07,6 80, 
623,228,226,215,213,211 

Partudly acetylated derruotwes Blfuhalol pentaacetate, 
3,4,5,2’,4’-pentaacetoxy-6’-hydroxydlphenylether, @a), R, 0 34, 
‘H NMR (CDCl,) S6 75 (lH, C-3’), 6 61 (lH, C-5’, AB-system), 
6 73 (2H, b), 2 29 (3H, A), 2 26 (3H, D), 2 25 (6H, C), 2 01(3H, B), 
(Me&O&) 6 (same sequence as above) 6 75,6 60, 6 68, 2 29, 
226,225,203 

Lfuhalol pentaacetate, 3,4,2’,4’,6’-pentaacetoxy-5-hydroxydl- 
phenyl ether (Jb), R, 0 29, ‘H NMR (CDCls) 66 94 (2H, a), 6 44 
(lH, C-2), 6 40 (lH, C-6, AB-system), 2 29 (3H, A), 2 27 (3H, D), 
2 25 (3H, C), 2 09 (6H, B), (Me*CO-ds) 67 02,6 34,6 34 (a very 
compact AB-system), 2 27, 2 26, 2 24, 2 08 

Blfuhalol pentaacetate, 3,4,5,2’,6’-pentaacetoxy-4’-hydroxydl- 
phenyl ether (3c), R, 0 13, ‘H NMR (CDCI,) S6 58 (ZH, a), 6 69 
(2H, b), 2 25 (3H, D), 2 24 (6H, C), 2 09 (6H, B), (Me,CO-d,) 
6666,670,225,223,209 

Tnfuhalol-A-heptaacetate, 2,6-dlacetoxy-l-(3,4,5-tnacetoxy- 
phenoxy)4(2,4&acetoxy-6-hydroxyphenoxy)benzene (5a), R, 
0 29, ‘H NMR (CDCI,) 66 77 (lH, a = C-3), 662 (lH, b = C-5, 
AB-system), 6 71 (2H, b), 6 70 (2H, c), 2 29 (3H, A), 2 26 (3H, E), 
2 24 (6H, D), 2 09 (6H, C), 2 04 (3H, B), (Me&O-d,) 66 76,6 59 
(AB-system), 6 71, 6 70, 2 26, 2 25, 2 25, 2 08, 2 05 

Tnfuhalol-A-heptaacetate, 2,6-dlacetoxy-1-(3,4dlacetoxy-5- 
hydroxyphenoxy)-4-(2,4,6_tnacetoxyphenoxy)benzene (Sb), R, 
0 24, ‘H NMR (CDCI,) 66 95 (2H, a), 6 69 (ZH, b), 6 38 (2H, c), 
2 29 (3H, A), 2 27 (3H, E), 2 25 (3H, D), 2 12 (6H, C), 2 07 (6H, B), 
(Me&O&) S7 06,6 76,6 35,6 34 (each lH, c, AB-system) 2 28, 
224, 213, 208 

Tetrasofuhalol nonaacetate, 2,6,2’,5’-tetraacetoxy4(2-hy- 
droxy-4,tiaicetoxyphenoxy)-3’-(2,4,6-tnacetoxyphenoxy)d~phe- 
nyl ether, @a), R, 0 24, ‘H NMR (CDCI,) 66 76 (lH, on C-5’), 
6 61 (lH, on C-3*, AB-system), 6 71 (2H, c), 6 17 (2H, d), 6 96 (2H, 
b), 2 28 (9H, A, B, C), 2 13 (3H, D), 2 11 (12H, E, G), 2 03 (3H, F), 
(Me&O-d,) 66 77, 6 61 (AB-system), 6 74, 6 24 (1H on C-61*‘), 

6 20 (1H on C-4”‘, AB-system), 7 07.2 27 (3H, B), 2 25 (6H, A, C), 
2 14 (3H, D), 2 11,2 12 (each 6H, E, G), 207 (3H, F) 

Pentalsofuhalol undecaacetate, 1-[2,6-dlacetoxy-4-(2-hy- 
droxy-4,6-dlacetoxyphenoxy)phenoxy]-3-[2,~~~toxy-(2,4,~ 
tnacetoxyphenoxy)phenoxy]-2,5&acetoxybenzene, (7a), R, 

0 17, ‘H NMR (CDCI,) 66 76 (1H on C-5*), 6 61 (1H on C-3’, 
AB-system), 6 71,6 70 (each 2H, b), 6 16 (2H, c), 6 96 (2H, aV), 2 27 
(9H, A, B, A), 2 13 (3H, C), 2 12 (6H, btv), 2 10 (6H, b”), 209 (6H, 
Ev), 2 04 (3H, E1), (Me&O-de) 66 76,6 61 (AB-system), 6 73,6 20, 
6 21 (AB-system), 6 79,7 06,2 28, (3H, Av), 2 25 (6H, A’, B), 2 14 
(3H, C), 2 12 (6H, DIv) (signals for E1 and DII under Me,CO) 
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