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Abstract—The structural elucidation of 14 new phloroglucinol derivatives isolated from the ethanolic extract of the
brown alga Sargassum spinuligerum is described. To protect them from rapid oxidation they were peracetylated before
isolation. These phlorotannins belong to the classes of phlorethols, hydroxyphlorethols, deshydroxyfuhalols, fuhalols
and hydroxyfuhalols. By means of spectral analysis, the following compounds were identified: hydroxytrifuhalol-A and
-B nonaacetate, dihydroxytetraphlorethol-A and -B undecaacetate, deshydroxytetrafuhalol-B decaacetate, penta-
phlorethol-A undecaacetate, pentafuhalol-B tridecaacetate, hydroxypentafuhalol-B tetradecaacetate, deshydroxy-
hexafuhalol-B pentadecaacetate, heptafuhalol-B octadecaacetate, hydroxyheptafuhalol-A and -B nonadecaacetate
and nonafuhalol-B tricosaacetate. In addition, the following 14 well known substances were identified: phloro-
glucinoltriacetate, diphloretholpentaacetate, bifuhalolhexaacetate, triphlorethol-A and -B heptaacetate, trifuhalol-B octa-
acetate, tetraphlorethol-C nonaacetate, tetrafuhalol-B undecaacetate, hydroxypentafuhalol-A tetradecaacetate, hexa-
fuhalol-B hexadecaacetate, trifuhalol-A octaacetate, hydroxytetraphlorethol-A decaacetate, pentafuhalol-A trideeaa-
cetate and heptafuhalol-A octadecaacetate. An accurate assignment of 'H NMR chemical shifts was carried out for the

last four of these.

INTRODUCTION

Recently we reported [1] on the isolation and structural
elucidation of 20 fuhalols and deshydroxyfuhalols from
Sargassum spinuligerum Sond. As with these phlorotan-
nins the substances described below contain phloroglu-
cinol units exclusively linked by aryl ether bonds. How-
ever, the substitution patterns of these isolated com-
pounds are very varied.

RESULTS AND DISCUSSION

After extraction of the frozen thallus with ethanol the
fraction containing phenols was obtained by shaking
with ethyl acctate. It was immediately acetylated with
acetic anhydride—pyridine. The higher polymeric acetyl-
ated phenols were removed by precipitation with a
mixture of diethyl ether and petrol. The low-M, fraction
was fractionated by flash chromatography on silica gel
and afterwards purified in several HPLC steps [1].

By means of 'HNMR spectra (CDCl;) and com-
parison with published data phloroglucinoltriacetate [2],
diphloretholpentaacetate [3], bifuhalothexaacetate [4],
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triphlorethol-A and -B heptaacetate [5, 6], trifuhalol-A
(10) and -B octaacetate [7, 8], tetraphlorethol-C nona-
acetate [5], hydroxytetraphlorethol-A decaacetate (12)
[9], tetrafuhalol-B undecaacetate [10], pentafuhalol-A
tridecaacetate (15) [11], hydroxypentafuhalol-A tetra-
decaacetate (2) [12], hexafuhalol-B hexadecaacetate [12]
and heptafuhalol-A octadecaacetate (17) [13] were identi-
fied. For 10, 12, 15 and 17 the chemical shift for nearly all
protons could be assigned by comparing the NMR data
with all known and newly discovered fuhalols [1, 12, 14]
(see Tables 1-4).

Recently we reported fuhalols belonging to the A-series
[1]. Hydroxytrifuhalol-B nonaacetate (1), 2 and hydroxy-
heptafuhalol-B nonadecaacetate (3) belong to a very
similar series. The only difference to the fuhalol-A series
(e.g. 15 and 17) is that ring I is connected with a 1,2-
phenoxylated phloroglucinol unit instead of a 1,4-phen-
oxylated ring. In comparison with the aromatic protons
of ring I of the fuhalol-A series (typical §6.94) the
corresponding protons of 1-3 are shifted to a higher field
(typically 6.91, measured in CDCl,). Also the signals for
the acetyl groups of ring I are shifted upfield (62.05 for 1
and §2.03 for 3, respectively; chemical shifts for 2 are
reported in ref. [12]). The proton at C6 of ring 1I is
shifted downfield in comparison to the proton at C6 of
ring I1I of the fuhalol-A series (from a typical § 6.64 for the
fuhalol-A series to 66.70 and 6.66 for 1 and 3, respect-
ively). All other chemical shifts of both series are very
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Table 1. 'HNMR spectral data of 10 and 11
10 11

H cDCl, cDCl, ds-Me,CO
Ring 1

3,5 6.96 6.96 7.07

Ac-2, Ac-6 2.10 2.11 212

Ac-4 227 227 2.26°
Ring II

2,6 6.69 6.70 6.80

Ac-3, Ac-5 2.05 2.09 2.08
Ring IIT

2 6.69

6 6.69 6.53 6.56

Ac-2 2.18 2.20

Ac-3 222 227 2.30¢

Ac-4 2.24 2.25¢ 2.25(5)0-c*

Ac-5 222 2.23 2.25

“ Assignments with the same letter may be interchanged.

*For some signals the chemical shift has been estimated to the
approximated third decimal place (shown in parentheses). This is
to distinguish between signals of very close value but which
could nevertheless be clearly differentiated by visual inspection
of the spectra.

similar. For 1 and 2 the ring types A, B, C and D (Fig. 1)
were established by '*CNMR. Also the measured data
match the calculated data very well (Table 5).

The EI-mass spectrum of 1 showed the molecular ion
[M]* at m/z 784 (C44H,,0,,) and a ketene elimination
series 784 — 406, down to the free phenol, corresponding
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Lo nine acetoxy groups. A M, of 1732 (CgHg30,4,) for 3
could be deduced from a FAB-mass spectrum. Also a five-
fold ketene elimination series starting with the ion at m/z
474 could be observed in the EI-mass spectra of 1 and 3.
These series are characteristic for dioxin fragments and
also confirm the linkage of ring I, I and III [14].

For structural elucidation, a "H NMR spectrum meas-
ured in dg-acetone is useful [14]. This spectrum allows a
clear determination of ring types independent of the
position of a single ring in the total molecule [1]. For
instance: the rings II, IV and VI of 3 belong to the ring
type B (see Fig. 1). Consequently, the chemical shifts for
the aromatic protons of these rings are very similar when
measured in dg¢-acetone: $6.68(5), 66.69(2) and 56.69(5),
respectively. For this reason a '"HNMR spectrum was
recorded in chloroform-d and in dq-acetone for all new
compounds.

The separation of these fuhalols was possible by HPLC
using the method described in ref. [1]. The R, are signific-
antly different from those of the fuhalols of the A series
with the same number of rings. In our previous paper we
showed the HPLC clution profile of the total peracetyla-
ted phlorotannin fraction [1]. The R, of the tetrafuhalol-
A undecaacetate and pentafuhalol-A undecaacetate are
close together. The same was found for hexafuhalol-A
hexadecaacetate and heptafuhalol-A octadecaacetate.
But the first pair of fuhalols can be easily separated from
the second. The number of 1,4-diphenoxylated benzene
units has an obviously smaller influence on the R, than
the number of 1,2-diphenoxylated benzene units per
molecule.

The same was established for the fuhalol series contain-
ing 1--3 and hexafuhalol-B hexadecaacetate. Compound

Table 2. '"HNMR spectral data of 12-14

12 13 14
H CDCl;  de-Me,CO  CDCly  dg-Me,CO CDCly;  dg-Me,CO
Ring 1
3,5 6.95 7.05 6.95 7.06 6.94 7.04
Ac-2, Ac-6 210 2.08 2.14 2.11(3) 2.12 211
Ac-4 227 225 2.29° 2.26(7)° 2.28¢ 2274
Ring IT
2 6.66 6.77 6.65 6.73
6 6.66 6.77 6.50 6.57 6.65 6.73
Ac-2 2274 2.25(5)
Ac-3 205 * 2.18 2.14 2.04 2.01
Ac-5 205 * 2.03 2.02 2.04 2.0t
Ring III
2 6.69 6.80 6.69 6.73
6 6.69 6.80 6.69 6.73 6.47 6.53
Ac-2 2.29¢ 2324
Ac-3 2.09 207 2.13 2.11 227(5)  2.26(5)°
Ac-5 2.09 207 213 2.11 2.12 214
Ring IV
2,6 6.70 6.82 6.71 6.78 6.71 6.79
Ac-3, Ac-5 222 221 225 224 2.23(5) 223
Ac-4 224 224 2.26* 2.26(3)° 2.25¢ 22505

¥ Assignments with the same letter may be interchanged.

*Hidden by solvent.
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Table 3. "HNMR spectral data of 15 and 16

15 16
H CDCl;  CDCl,  dg-Me,CO
Ring |
3,5 6.94 6.94 7.05
Ac-2, Ac-6 212 2.12 2.10
Ac-4 2.28 2.28° 2.27¢
Ring 1I
2,6 6.65 6.65 6.76
Ac-3, Ac-5  2.06 2.06 2.07
Ring I11
6 6.64(5)  6.64(5)  6.66
Ac-3 2.21 2.20 2.20
Ac-4 2.25% 2257 225
Ac-5 222 222 2.23(5)
Ring IV
2,6 6.69(5) 6.71 6.81
Ac-3, Ac-5 207 2.10 2.08
Ring V
2 6.70
6 6.70 6.56 6.59
Ac-2 2.18 2.17
Ac-3 2.23 2.28° 2.30°
Ac-4 2.26° 2.26° 2.26¢
Ac-5 223 224 224

¢ Assignments with the same letter may be
interchanged.

2 and hexafuhalol-B hexadecaacetate have a similar R,.
Both substances have the same number of 1,2-diphenox-
ylated benzene units but a different number of 1,4-
diphenoxylated benzene units. The R, of these fuhalols
was found to be between those of pentafubalol-A trideca-
acetate and hexafuhalol-A hexadecaacetate. The R, of the
fuhalols described below follows similar rules.

The homologous phlorotannin series, consisting of the
substances deshydroxytetrafuhalol-B decaacetate (4),
pentafuhalol-B tridecaacetate (5), hexafuhalol-B hexa-
decaacetae (6), heptafuhalol-B octadecaacetate (7) and
nonafuhalol-B tricosaacetate (8), differs from the fuhalol
series described above (1-3) only in position 4 of ring II.
Consequently for the protons at C-4 and C-6 the
'H NMR spectra (CDCl,) of 4-8 showed an AB-system
at typically 66.74 and 6.52. The resulting coupling con-
stant of ca J .5 = 2.7 Hz indicates aromatic protons in the
meta position. These chemical shifts for the AB system are
comparable to those of deshydroxytetrafuhalol-A deca-
acetate [9] and deshydroxyhexafuhalol-A pentadeca-
acetate [ 1], described in the previous paper [1]. All other
chemical shifts of 4-8 are very similar to the homologous
series, consisting of 1-3.

The '*CNMR spectra of 5 and 7 showed a chemical
shift of 6112.0 and 108.5 for C-4 and C-6 of ring II,
respectively. Analogously to ring type C, ring 1 is 1,2-
diphenoxylated and is given the type indication ‘C”. The
presence of the ring types A to D could be proven. Table 6
shows a good correlation between measured and calcu-
lated data.

Table 4. "H NMR spectral data of 17 and 18

17 18

H CDCl; CDCl; dgMe,CO
Ring [

3,5 6.94 6.94 7.05

Ac-2, Ac-6 211 2.11 2.10

Ac-4 2.28 2.28¢ 2.26(5)"
Ring 11

2,6 6.65 6.65 6.75

Ac-3, Ac-5  2.04° 2.05¢ 2.06(5)}
Ring III

6 6.64 6.64 6.66

Ac-3 2.19° 2.20° 2.19(5y

Ac-4 2.25(5¢  2.26° 2.26%

Ac-5 221 2.22¢ 2.22%
Ring IV

2,6 6.67(5) 6.67(5) 6.79

Ac-3, Ac-5  203° 2.04¢ i
Ring V

6 6.67 6.67 6.70

Ac-3 2.19® 2.19° 2.194

Ac-4 2.25¢ 2.26¢ 2.26(5)

Ac-5 221 2.21# 2.20%
Ring VI

2,6 6.70(5) 6.71 6.81

Ac-3, Ac-5 207 2.10 2,07
Ring VII

2 6.71

6 6.71 6.57 6.60

Ac-2 2.17 2.16

Ac-3 222 2284 2.30"

Ac-4 225(7° 226 225"

Ac-5 222 224 2.23

*Hidden by solvent.
ak Assignments with the same letter may be
interchanged.

In the El-mass spectra of 4-6 a four-fold ketene
elimination series from m/z 416 down to m/z 248 is visible,
produced by the benzodioxin fragment consisting of rings
1 and II [8]. The EI-mass spectrum of 4 showed a [M]™
at m/z 934 (C,,H;50,;), from which a 10-fold ketene
elimination series was observed down to the free phenol.
The M, of 1200 (C56H,503,) for 5, 1408 (C4sH 6O 5) for
6, 1674 (C,gH¢cO,,) for 7 and 2148 (C, ,oH40O5, ) could
be derived from the FAB-mass spectra.

The [M]™* of pentaphlorethol-A undecaacetate (9) at
m/z 1084 (C5,H,,0,¢) showed a difference of 116 to the
M, of 5. Consequently, 9 has two acetoxy groups less than
5. The 'THNMR spectrum (CDCl,) showed two AB-
systems at 66.53/6.75 and 06.53/6.74, with a coupling
constant of J,;=21Hz and an AB,-system at
36.56/6.66 with J ,; = 2.7 Hz. This means that 9 contains
two 1,2-diphenoxylated 3,5-diacetoxybenzene units and
one l-phenoxylated 3,5-diacetoxybenzene unit as well.
According to 5 in the El-mass spectrum of 9 a ketene
elimination series for a dioxin fragment could be obtained
(m/z 416 — 248). In conclusion, the two 1,2-diphenoxyla-
ted rings (IT and 1V) are linked by a 1,4-diphenoxylated
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8R = H

The numbering of the carbons in the figure is not in accordance with IUPAC-rules.

Table 5. '3*CNMR spectral data of 1 and 2 (in CDCl)

Measured
C 1 2 Calculated [15]
Ring Type A
1 136.1 136.1 136.8
2,6 143.0°* 143.1® 143.6
3,5 114.8 114.8 113.8
4 146.5 146.5 146.2
Ring Type B
1 1539 153.1
2,6 109.2(9) 108.3
3,5 143.5% 142.5
4 134.1 134.7
Ring Type C
1 1475 147.5/147.8 1475
2 134.6 134.5/134.6 1344
3 137.9 137.8/137.9 136.6
4 1315 131.3/131.5 131.2
5 140.1 140.0(9)/140.1(2) 139.2
6 109.4 109.1(8)/109.3(2) 109.0
Ring Type D
1 1548 154.8 155.2
2,6 108.9 108.9 108.0
35 143.6* 143.6° 1444
4 130.3 130.3 130.2

*PAssignments with the same letters may be interchanged.

ring (III). The AB,-system belongs to the aromatic

protons of ring V and is typical for phlorethols [5, 6].
A M, 784 (C34H;,0,,) could be deduced from the EI-

mass spectrum of hydroxytrifuhalol-A nonaacetate (11).

The difference to the M, of trifuhalol-A octaacetate (M,
726 {7]) is 58 corresponding to one acetoxy group. The
position of that additional acetoxy group could be deter-
mined by 'HNMR.

The resonances of the protons of ring I and IT of 10 and
11 are very similar (Table 1). Only the signal of one acetyl
group of ring II is shifted from §2.05 (10) to §2.09 (11,
CDCl;). Consequently, ring IIT carries the additional
acetoxy group and there is only one singlet for one
aromatic proton at ring III of 11 visible (66.53, CDCl,).
Also the signal at $2.22 (10) for six protons, according to
the acetyl groups at C-3 and C-5 of ring III was not
detected in the spectrum of 11. Instead of that signal the
NMR spectrum of 11 showed additional signals at 52.18,
2.27 and 2.23 (CDCl;), each for one acetoxy group. In the
spectrum recorded in dg-acetone, one of these signals is

OAc
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Fig. 1. Ring types A, B, C, C" and D of peracetylated phlorotannins. &f: Aryl rest.

shifted significantly downfield. (62.30). This indicates that
C-2, C-3, C-4 and C-5 of ring III (11) are substituted with
acetoxy groups. The acetoxy groups with the largest
downfield shift are assigned to C-3 and C-4.

Dihydroxytetraphlorethol-A undecaacetate (13) and
dihydroxytetraphlorethol-B undecaacetate (14) have the
same M, (7992) and the same molecular formula
(C46H400;,5). The difference to the M, of hydroxytetra-
phlorethol-A decaacetate (12, m/z 934, [9]) corresponds
to one acetoxy group.

In previous investigations it was shown that the chem-
ical shift from approximately 66.9 (CDCI,) is characteri-
stic for the aromatic protons of a 1-phenoxylated 2,4,6-
triacetoxybenzene [14] and the chemical shifts in the
range of §6.69-6.72 are typical for the aromatic protons
of a 1-phenoxylated 3.4,5-triacetoxybenzene [1]. Both
NMR spectra of 13 and 14 showed these signals (Table 2).
Consequently, the rings T and 1V of 13 and 14 have the
same substitution pattern as those of 12.

To provide the position of the additional acetoxy
group of 13 and 14 it was necessary to confirm the
chemical shifts for all protons of 12 exactly. It is nearly
impossible to do this by means of '*C NMR techniques,
because there is no proton-carbon coupling from one
ring over the ether bridge to another one. Also there is no
NOE effect between the acetoxy groups of two rings
connected by an ether bridge. One possible way seems to
be a comparison of the proton chemical shifts of 12 with

related phlorotannins, e.g. with the fuhalols of the A-
series [1]. Only the fuhalols with an odd number of rings
(e.g- pentafuhalol-A tridecaacetate 15 and heptafuhalol-A
octadecaacetate 17, see Tables 3 and 4) have a singlet at
d6.70 + 0.01 for two protons and a signal for six protons
at 62.07 (CDCl,). The only difference between these
fuhalols and the fuhalols of the A series with an even
number of rings is an additional 1,4-phenoxylated 3,5-
diacetoxybenzene unit (e.g. ring IV of 15), which is
connected with a 1-phenoxylated 3,4,5-triacetoxybenzene
unit (e.g. ring V of 15). Consequently, the signal at §6.70
+ 0.01 belongs to the aromatic protons at C-2 and C-6,
and the signal at §2.07 belongs to the acetyl groups of the
1,4-phenoxylated 3,5-diacetoxybenzene unit. Analog-
ously, 12 contains the same 14-diphenoxylated 3,5-di-
acetoxybenzene unit (ring I11) as described above. There-
fore, the chemical shifts for the two aromatic protons of
ring IIT of 12 are 66.6% and for the two acetoxy groups
§2.09 (CDCl,).

The resonances caused by the protons of ring 11 (12) are
similar to the resonances of ring II of 15 and 17. For the
aromatic protons and the acetoxy groups of ring I (12) a
chemical shift of §6.66 and 2.05 (CDCl;) was obtained.
Table 2 shows the whole proton assignment of 12.

The "THNMR spectrum of 13 showed no singlets at
§6.66 and 2.05 in comparison to 12. Instead a singlet for
one proton at §6.50 and three additional signals in the
range between §2.03 and 2.30 (CDCl,;) could be obtained.
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Table 6. '*CNMR spectral data of 5 and 7 (in CDCI,)

Measured
C 5 7 Calculated [15]
Ring Type A
1 136.1 136.1 136.8
2,6 1433 143.3 143.6
3,5 114.8 114.8 113.8
4 146.6 146.7 146.2
Ring Type B
1 154.3 154.1/154.3 153.1
2,6 109.0° 109.1/109.3¢ 108.3
3,5 143.5° 143.5/143.7¢ 142.5
4 1339 133.9/134.1 134.7
Ring Type C
1 147.3 147.4/147.8 147.5
2 1345 134.5/134.6 1344
3 137.8 137.8 136.6
4 1313 1313 131.2
5 140.1 140.0(8)/140.1(4) 139.2
6 109.1 109.0/109.2¢ 109.0
Ring Type C
1 150.6 150.6 150.6
2 13355 1335 1337
3 144.3 144.3 1439
4 1120 1120 111.8
5 147.3 1473 147.8
6 108.5 108.5 108.3
Ring Type D
1 154.9 1549 155.2
2,6 108.8° 108.9¢ 108.0
3,5 143.6° 143.64 144.4
4 130.3 130.3 130.2

*“Assignments with the same letters may be interchanged.

This means that ring II carries an additional acetoxy
group. The acetoxy groups at C-3 and C-5 could be
assigned to §2.18 and 2.03, respectively. The chemical
shift of $2.27 for the acetoxy group at C-2 is similar to the

10
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shift of the acetoxy groups at C-4 of ring I and 1V,
respectively.

The 'H NMR spectrum of 14 showed no signal at §6.69
and 2.09 in contrast to 12. Compound 14 is similar to 13
in that a signal for one proton at 66.47 and three
additional signals for acetyl groups in the range from
62.12 to 2.29 (CDCI;) could be obtained. Consequently,
ring I1 of 14 carries an additional acetoxy group.

Molecular modelling calculations (computer pro-
gramm Sybyl using the TRYPOS field) showed for ring 11
and III of 14 that the acetoxy group at C-2, ring III, can
be arranged without any interaction with the other
acetoxy groups.

The [M + H]* in the FAB-mass spectrum of hydroxy-
pentafuhalol-B tetradecaacetate (16) was found at m/z
1259 [C4gH,05, + H]*. This means that 16 has one
acetoxy group more than 15 (M, 1200 [11]). The
"H NMR spectra of 15 and 16 showed significant differ-
ences in the chemical shifts for ring V (Table 3). Instead of
a signal for two aromatic protons at §6.70 (CDCl;) only a
signal for one proton at §6.56 could be obtained in the
spectrum of 16. Therefore, ring V of 16 carries four
acetoxy groups with a chemical shift of §2.18 (Ac at C-2),
62.24 (Ac at C-5) and §2.26/2.28 (Ac at C-3 and C-4).
Similarly to 11 the signals for the acetoxy groups of the
phloroglucinol unit linked with the tetraacetoxylated ring
are shifted slightly downfield.

The FAB-mass spectrum of hydroxyheptafuhalol-A
nonadecaacetate 18 showed the molecular ion at m/z
1733 for [M + H]" (CgoHg5044 + H™). Consequently,
18 has one acetoxy group more than 17 and is homolog-
ous to 16. Ring VII is tetraacetoxylated. The chemical
shift for the aromatic proton at C-6 of this ring could be
obtained at 66.57, the shifts for the acetyl groups at §2.17
(Acat C-2),2.24 (Acat C-5)and 62.26/2.28 (Ac at C-4 and
C-3). In conclusion the chemical shifts for the 1-phenoxyl-
ated 2,3,4,5-tetraacetoxybenzene in 11, 16 and 18 are very
similar. This is the first time that a phlorotannin with
such a substitution pattern has been isolated and
described. Also, a 1,4-phenoxylated 2,3,5-triacetoxyben-
zene ring (13, 14) has not been obtained before.

R1— H
R, = H
Ry = OAc
R,= H
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EXPERIMENTAL

EIMS operation: 70 eV, 200-300°; positive ion FAB-
MS: Xe gun, 3-nitrobenzylalcohol as matrix. '"H NMR
spectra (90 and 300 MHz) and *C NMR (75 MHz) were
recorded using solvents as int. standards.

Extraction and isolation. Extraction and sepn are de-
scribed in ref. [1].

Isolated compounds. Phloroglucinoltriacetate: 10 mg,
'HNMR data (CDCLy): 66.84 (s, 3H), §2.24 (s, 9H).
Diphloretholpentaacetate: 8 mg, '"H NMR data identical
with ref. [3]. Bifuhalolhexaacetate: 11 mg, 'HNMR data
identical with ref. [4]. Triphlorethol-A heptaacetate:
1 mg, '"H NMR data identical with ref. [5]. Triphlorethol-
B heptaacetate: 1 mg, 'H NMR data identical with ref.
[6]. Trifuhalol-B octaacetate: 8 mg, 'H NMR data identi-
cal with ref. [8]. Tetraphlorethol-C nonaacetate: 1 mg,
'HNMR data identical with ref. [5]. Tetrafuhalol-B
undecaacetate: 3 mg, '"HNMR data identical with ref.
[10]. Hexafuhalol-B hexadecaacetate: 2mg, 'HNMR
data identical with ref [12].

Hydroxytrifuhalol-B nonaacetate: 3.4,5-triacetoxy-1-
(2,4,6-triacetoxyphenoxy)-2-(3,4,5-triacetoxyphenoxy)

17R = H
18R =

benzene (1). 16 mg, EIMS ketene elimination series: m/z
784 — 406, 726 — 390, 682 — 388, 476 — 266, 474 — 264,
226 — 142. '"HNMR: Table 7, }3C NMR: Table 5.

Hydroxypentafuhalol-A tetradecaacetate (2). 18 mg,
THNMR data identical with ref. [12], '*C NMR:
Table 5.

Hydroxyheptafuhalol-B nonadecaacetate: 3,4,5-triacet-
oxy-1-{2,6-diacetoxy-4-[2,3 4-triacetoxy-6-(2,4,6-triacet-
oxyphenoxy)phenoxy]phenoxy}-2-{3,5-diacetoxy-4-[3,4,5-
triacetoxy-2-(3,4,5-triacetoxyphenoxy)  phenoxy]phenoxy}
benzene (3). 6 mg, FAB-MS ketene elimination series: m/z
1771 [M +K]%, 1755 [M + Na]* - 1713, 1733 [M
+ H]* - 1523. EIMS ketene elimination series: m/z
950 — 530, 948 — 528, 892 — 514, 890 — 512, 742 — 406,
740 — 404, 684 — 390, 682 — 388, 534 — 282, 476 — 266,
474 - 264, 226 — 142, 168 — 126. 'HNMR: Table 7,
13C NMR: Table 5.

Deshydroxytetrafuhalol-B decaacetate: 2,4,3'5-tetra-
acetoxy-6-(2,4,6-triacetoxyphenoxy)-4'- (3,4,5-triacetoxy-
phenoxy)diphenylether (4). 4 mg, EIMS ketene elimina-
tion series: m/z 934 — 514, 916 — 496, 516 — 390, 514
— 388, 500 — 374, 416 — 248, 392 — 266, 334 — 250, 226
— 142, 210 — 126. '"HNMR: Table 8.
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Table 7. "H NMR spectral data of 1 and 3
1 3
H CDCly;  dg-Me,CO CDCly  dg-Me,CO
Ring I
3.5 6.91 7.01 6.91 7.02
Ac-2, Ac-6 205 2.06 2.03 2.06
Ac-4 2.26(5)  2.26(5) 2.26(3)  2.27
Ring II
6 6.70 6.69 6.66 6.68(5)
Ac-3 2.18 2.16 2.20¢ 2,198
Ac-4 2.25° 2.25° 2244 2.24(5)
Ac-5 2.23 2.22 222¢ 222
Ring III
2,6 6.71 6.75 6.66(3)  6.75(7)
Ac-3, Ac-5 2245  2.23(5) 2.02f *i
Ac-4 2.26* 2.25(5)°
Ring IV
6 6.66 6.69(2)
Ac-3 2.17(5)°  2.18(5p#
Ac-4 2.24(5¢  2.25)
Ac-5 2205 220
Ring V
2,6 6.68 6.76(5)
Ac-3, Ac-5 2022 2.03(5)
Ring VI
6 6.69 6.69(5)
Ac-3 217 2.16
Ac-4 2.25¢ 2.25(3)"
Ac-S 2.20¢ 2.19¢
Ring VII
2,6 6.72 6.78
Ac-3, Ac-5 2.23(5) 223
Ac-4 2.25(5¢  2.26(3)

*IAssignments with the same letter may be interchanged.
*Hidden by solvent.

Pentafuhalol-B tridecaacetate: 1,3-diacetoxy-2-[3,4,5-
triacetoxy-2-(3,4,5-triacetoxyphenoxy)phenoxy]-5-[ 2,4-
diacetoxy-6-(2,4,6-triacetoxyphenoxy) phenoxy]benzene
(5). 20 mg, FAB-MS ketene elimination series: m/z
1239 [M + K]%, 1223 [M + Na]* — 1139, 1201 [M
+ H]* > 907. EIMS ketene -elimination series:
m/z 1158 — 696, 1056 — 888, 1042 — 874, 1016 — 638,
892 — 514, 890 — 512, 832 — 538, 750 — 540, 724 — 388,
684 — 390, 584 — 374, 434 — 266, 416 — 248, 226 — 142,
210 - 126. '"HNMR: Table 8, 13 C NMR: Table 6.

Deshydroxyhexafuhalol-B pentadecaacetate: 2,6,3' 4',5 -
pentaacetoxy-4-[ 2,4-diacetoxy-6-(2,4,6-triacetoxyphen-
oxy)phenoxy]-2"-[3,5-diacetoxy-4-(3,4,5-triacetoxyphen-
oxy) phenoxy]diphenylether (6). 4 mg, FAB-MS ketene
climination series: m/z 1447 [M 4+ K]*, 1431 [M
+ Na]* ~ 1345, 1409 [M + H]* — 863. EIMS ketene
elimination series: m/z 892 — 514, 890 — 512, 708 — 540,
684 — 390, 476 — 266, 416 — 248, 226 — 142, 210 — 126.
"H NMR: Table 8.

Heptafuhalol-B  octadecaacetate: 3,4,5-triacetoxy-1-
{2,6-diacetoxy-4-[2,4-diacetoxy-6-(2,4,6-triacetoxyphen-
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oxy) phenoxy]phenoxy}-2-{3,5-diacetoxy-4- 3, 4, 5-tri-
acetoxy-2-(3,4,5-triacetoxyphenoxy)phenoxy] phenoxy}
benzene (7). 20 mg, FAB-MS ketene elimination series:
m/z 1713 [M + K]*, 1697 [M + Na]* — 1655,1675 [M
+ H]* — 1213. 'H NMR: Table 8, '*CNMR: Table 6.

Nonafuhalol-B tricosaacetate: 1,3-diacetoxy-2-{3,4,5-
triacetoxy-2-[ 3,5-diacetoxy-4-(3,4,5-triacetoxy-2-(3,4,5-
triacetoxyphenoxy)phenoxy)phenoxy]phenoxy}-5-{2,3,4-
triacetoxy-6-[2,6-diacetoxy-4-(2,4-diacetoxy-6-(2,4,6-tri-
acetoxyphenoxy)phenoxy)phenoxy|phenoxy}benzene (8).
13 mg, FAB-MS ketene elimination series: m/z 2188 [M
+ K]%, 2172 [M + Na]* — 2045, 2150 [M + H]*.
'HNMR: Table 8.

Pentaphlorethol-A undecaacetate: 1,3-diacetoxy-2-[3,5-
diacetoxy-2-(3,5-diacetoxyphenoxy)phenoxy]-5-[ 2,4-di-
acetoxy-6-(2,4,6-triacetoxyphenoxy)phenoxylbenzene (9).
1mg, FAB-MS ketene elimination series: m/z 1107 [M
+ Nal*, 1085 [M + H]* — 809. EIMS ketene elimina-
tion series: m/z 1084 — 622, 892 — 514, 834 — 498,
700 — 406, 684 — 390, 584 — 374, 434 — 266, 376 — 250,
416 — 248, 318 — 234, 226 — 142, 168 - 126. 'H NMR:
Table 9.

Trifuhalol-A octaacetate (10). 31 mg, 'HNMR data:
Table 1.

Hydroxytrifuhalol-A  nonaacetate: 1,3-diacetoxy-2-
(2,3, 4, 5-tetraacetoxyphenoxy)-5-(2, 4, 6-triacetoxyphen-
oxy)benzene (11). 6 mg, EIMS ketene elimination series:
m/z 784 — 406, 724 —»472, 684 — 390, 476 — 266,
460 — 250, 184 — 142. 'HNMR: Table 1.

Hydroxytetraphlorethol-A decaacetate (12). 4 mg,
'H NMR: Table 2.

Dihydroxytetraphlorethol-A undecaacetate: 2,3,6,3,5'-
pentaacetoxy-4-(2, 4, 6-triacetoxyphenoxy)-4’-(3,4, 5-tri-
acetoxyphenoxy)diphenylether (13). 1 mg, FAB-MS ke-
tene elimination series: m/z 993 [M + H]" — 741. EIMS
ketene elimination series: m/z 992 — 530, 892 — 514,
876 — 498, 708 — 372, 684 — 390, 682 — 388, 476 — 266,
416 — 248, 376 — 250, 226 — 142, 168 - 126. 'H NMR:
Table 2.

Dihydroxytetraphlorethol-B undecaacetate: 2,6,2',3',5'-
pentaacetoxy-4-(2,4, 6-triacetoxyphenoxy)-4'-(3,4, 5-tri-
acetoxyphenoxy)diphenylether (14). 2 mg, FAB-MS ke-
tene elimination series: m/z 1031 [M + K], 1015 [M
+ Na]* -931, 993 [M+ H]" -»699. 'HNMR:
Table 2.

Pentafuhalol-A tridecaacetate (15). 23 mg, 'H NMR:
Table 3.

Hydroxypentafuhalol-B  tetradecaacetate:  3,4,5-
triacetoxy-1-[ 2,6-diacetoxy-4-(2,4,6-triacetoxyphenoxy)
phenoxy]-2-[ 3, 5-diacetoxy-4-(2, 3,4, 5-tetraacetoxyphen-
oxy) phenoxylbenzene (16). 6 mg, FAB-MS ketene elim-
ination series: m/z 1297 [M +K]*, 1281 [M
+ Na]* — 1239, 1259 [M + H]" - 797. EIMS ketene
elimination series: m/z 1216 - 712, 1116 — 654,
1100 - 638, 1084 — 622, 992 - 530, 834 — 498,
700 — 406, 698 — 456, 684 — 390, 682 — 388, 626 — 374,
624 — 372, 492 — 282, 434 — 266, 432 — 264, 418 — 250,
416 — 248, 226 — 142, 168 — 126. '"H NMR: Table 3.

Heptafuhalol-A octadecaacetate (17). 21 mg, '"H NMR:
Table 4.
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Phlorethols and fuhalols from Sargassum spinuligerum 985

Table 9. '"HNMR spectral data of 9

9
H CDCl, de-Me,CO
Ring I
3,5 6.92 7.03
Ac-2, Ac-6 2.03 2.06
Ac-4 2.28 2.26
Ring II
4 6.75* 6.85t
6 6.53* 6.521
Ac-3 2.19 2.15
Ac-5 2.23(5) 221
Ring III
2,6 6.65 6.76
Ac-3, Ac-5 202 2.03(5)
Ring 1V
4 6.74* 6.88%
6 6.53* 6.52+
Ac-3 2.15 212
Ac-5 222 220
Ring V
2,6 6.563 6.59§
4 6.66 6.70§
Ac-3, Ac-S 2.24(5) 223

*AB system, J = 2.1 Hz.
+AB system, J = 2.8 Hz.
IAB system, J = 2.7 Hz.
§AB system, J = 2.1 Hz.

Hydroxyheptafuhalol-A nonadecaacetate: 1,3-diacet-
oxy-2-{3,4,5-triacetoxy-2-[ 3, 5-diacetoxy-4-(2, 3,4, 5-tetra-
acetoxyphenoxy )phenoxy ] phenoxy}-5-{ 2, 3,4-triacetoxy-
6-[2,6-diacetoxy-4-(2,4,6-triacetoxyphenoxy) phenoxy]
phenoxy}benzene (18). t mg, FAB-MS ketene elimination
series: m/z 1771 [M + K]*, 1755 [M + Na]* — 1713,
1733 [M + H]* - 1271, 'H NMR: Table 4.
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