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Abstract-The followmg phlorotannms were isolated from the brown alga Cystophoru congesta and characterized 
as their acetates phloroglucmol tnacetate, bromodlphlorethol pentaacetate, dlphlorethol pentaacetate, bromotn- 
phlorethol-A,-heptaacetate, bromotnphlorethol-A,-heptaacetate, tetraphlorethol-C-nonaacetate and fucodlphlo- 
rethol-D-decaacetate The substances bromodlphlorethol pentaacetate, bromotnphlorethol-Al-heptaacetate and 
bromotnphlorethol-AZ-heptaacetate are the first brommated members of this senes to be described Tnphlorethol-A- 
heptaacetate was Isolated previously from C congesta 

INTRODUCHON 

The phenohc substances found m various species of the 
genus Cystophora (famdy Cystoselraceae) have been the 
subject of repeated mvestlgatlons m the past In the 
hpophlhc fractions of a Cystophora species not specdically 
identfied, lsoprenylated qumones and hydroqumones 
have been found [l] Alkenylresorcmol and alkenyl- 
phloroglucmol derlvatlves [2] are known from C tor- 
ulosa, the latter also from C congesta Gregson and Daly 
[3] isolated two trlphenyl dlethers 1 and 3 from an 
aqueous extract of C congesta Compound 1 consists of 
three phloroglucmol rmgs which are attached to each 
other by two ether linkages at the paru-posltlon Structure 
elucidation was camed out mamly on peracetyl-1 (2) 
According to the nomenclature introduced by Glombltza 
et al [4], this substance belongs to the phlorethols wlthm 
the phlorotannms, which m turn are denvatlves of 
phloroglucmol Gregson and Daly [3] obtamed 1 during 
separation of an aqueous alcoholic extract on an XAD-2 
resin column Gregson gave the Bonn laboratory a 
fraction contammg 1 which was obtained slmllarly TLC 
of the acetylated fraction displayed a number of further 
spots apart from the one belongmg to 2 These were 
separated and purrfied using CC, TLC and HPLC Several 
phlorethols and fucophlorethols were isolated m this 
manner, some of which were brommated derivatives The 
brommated two- and three-nng phlorethols are the first 
brommated precursors of tannins which have been ISO- 
lated from plants 

For a further substance 3 which was Isolated with 
methanol on XAD-2 resm and Its peracetylated derlvatlve 
4, Gregson and Daly [3] have proposed two alternative 
structures whose ring components surprlsmgly cannot all 
be derived from phloroglucmol 

RESULTS AND DISCUSSION 

C congesta was extracted by Gregson and Daly [3] 
The acetylated mixture of the fraction contammg 1 was 

then separated by CC, TLC and HPLC and the fractions 
obtamed exammed by mass and ‘H NMR spectroscopy 

In the TLC spot at R, 0 57 (slhca gel, CHCIJ-Me&O, 
19 l), phloroglucmol tnacetate (5) was identified, which 
has previously been isolated several times from per- 
acetylated phenohc fractions of vanous other brown algae 

[51 
With the aid of comparison spectra, the substance 

present at R, 045 was ldentlfied as dlphlorethol penta- 
acetate (7) This substance was first Isolated from 
Cystosetrn tamurtsclfolra by Glombltza et al [6] The 
chermcal shifts of its ‘H NMR spectrum are listed m 
Table 1 

Approxrmately 80 % of the examined fraction consisted 
of 2, which had an R, of 0 31 Below this was a substance 
(lo), which displayed an [Ml+ at m/z 876 m the EI mass 
spectrum The CM]’ loses ketene umts (42 mu)as many as 
nme times to give an ion at m/z 498 Therefore, 10 appears 
to be a higher homologue of 7 and 2 From the ‘H NMR 
values (Table l), It IS possible to deduce that one end of 10 
consists of a 2,4,6tnacetoxyphenoxy element (A) with a 
3,5dlacetoxyphenoxy element (C) at the other Two 
signals for the two identical protons at 66 72 and 6 69, 
respectively, and two further signals each for two acetyl- 
methyl groups prove that the central part of the molecule 
1s made up of two symmetrically substituted aromatic 
rings (B,, B,) The two rings are attached to each other 
and to the end components characterized above by ether 
linkages m the para-posmon The acetoxy frequencies 
belonging to the aromatlc rmgs B, and B2 have the value 
6206 and one of the values 2 12,,, and 2 12f0,, which 
follows kom assignment of the signals of 8a (see below) 
In contrast, the assignment of one of the two prs of 
aromatlc protons at 66 69 and 6 72 to rmg B, and B2 must 
remain open Therefore, 10 IS 4-(2,4,6-tnacetoxy 
phenoxy)-4’-(3,5dmce~oxyphenoxy)-2,6,3’,5’-~e~raace~oxy- 
dlphenyl ether This compound 1s referred to as 
tetraphlorethol-C-nonaacetate 

In the TLC at a higher R, than 7,6 1s present, and Just 
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2 R'=H, R2=H 

8a R'=B~,R'=H 

8b R'=H, R*=BI 

OAc OAc 

AcO+OAc 

bAc dAc 
'0 / \ I?- OAc - 
AcO 0 

OAc 

11 

OAc 

above 2 substance 8 IS found In the EI ma& spectra, 
both of these substances have a certam feature in 
common the [M]’ ions, as well as the successive ketene 
cleavages down to the free phenol, display the same 
isotope dlstrlbutlon pattern as that of a monobrommated 
derlvatlve In the mass spectrum of 8, the [M]+ ions are to 
be found at m/z 746 and 748 The successwe cleavage of 
seven ketene units then takes place High resolutlon of the 

ions at m/z 6221620 [M - 3 x 42 mu] + yields 622 03 17 and 
6200399 (talc 6220146 and 6200166), corresponding 
with the empirIca formula CZ6Hz1BrOiJ The empirical 
formula for the [MJ’ 1s therefore CJ2Hz7Br016 
However, It 1s indeed possible to observe more resonance 
signals m the ‘H NMR than would be expected Judging by 
the mass spectrum for seven acetoxy functions and SIX 
aromatic protons Therefore, 1t could be a rmxture of two 
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lsomerlc substances On account of the dlffermg signal 
intensities, the ratio of the two substances was computed 
to be 3 1 (8a 8b) 

For the proposed structure of 8a, the bromine atom IS 
attached to the 2,4,6-tnacetoxylated termmal ring A In 
the case of the analogously chlorme-substituted termmal 
rmg of chlorotnphlorethol-C-heptaacetate (9) from 
Lamrnaw ochroleuca [7], the chemical shifts for sub- 
stltuents m the or&o-position to the halogen atom are 
shifted downfield by 006-O 1 ppm compared to the 
non-halogenated rmg (see Table 1) One signal for 1H 
shlfted downfield occurs at 67 06 and one for an acetyl 
group at 2 35, mstead of one signal for two identical 
protons at 6 95 and for an acetyl group at 2 28 (ring A), 
whereas the resonance posltlons for the substltuents and 
aromatic protons of the rings B and C of 8a are only 
shghtly or not at all shlfted compared to 2 

With 8b, both rmgs A and B are substituted m exactly 
the same manner as m 2 In comparison to the 
non-brommated denvatlve, the resonance frequencies 
of rmg C are shlfted downfield, to the same amount cal- 
culated m ppm as the frequencies of the ortho- or meta- 
posltloned substltuents to the bromine atom on rmg 
A with 8a Therefore, 8 1s a mixture of two posltlonal 
isomers lJ-dlacetoxy-2-(3$dlacetoxyphenoxy)-S-(3- 
bromo-2,4,6-tnacetoxyphenoxy)benzene, referred to 
as bromotnphlorethol-A,-heptaacetate (8a) and 
1,3-dlacetoxy-2-(4-bromo-3,5-dlacetoxyphenoxy~5-(2,4,6- 
trlacetoxyphenoxy)benzene, called bromotnphlorethol- 
AZ-heptaacetate (8b) With 8a and 8b, the first naturally 
occurmg brommated tanning agent precursors have been 
identified 

The signal for two Identical acetoxy functions at 62 13 1s 
missing from the resonance frequencies in the ‘H NMR 
spectrum of 8a This signal was present in 2 This means 
that because m 8a ring A 1s brommated, the signal in 
question m 2 must be assigned to rmg A The same 
frequency occurs twice with 10 One of these signals must 
be assigned to the acetoxy pair attached to ring A, and the 
other to ring B1 for reasons now to be described 

The dlmer 7 does not possess this resonance frequency 
Instead, one signal shifted upfield at 6 2 07 can be observed 
(apart from the unshielded acetoxy groups) The higher 
degree of shleldmg occurs because the acetoxy groups 
appear m the amsotroplc range of the adjacent 3,5- 
dlacetoxylated terminal ring For this reason, the 
frequency m question should be assigned to the ring 
adjacent to the terminal ring with 2 and 8a to ring B1 and 
to ring Bz with 10 Comparmg acetylated phlorotannms, 
the signals of the acetoxy-group pairs of the rmg types A 
and B are shlfted to high field (62 02-2 09) when (1) the 
second or thud ring possesses ether linkages in an ortho- 
position or (2) the second rmg shows ether linkages m the 
meta-posltlon or (3) when the para-situated 3,5-dl- 
acetylated terminal rmg can rotate freely They are more 
deshlelded when the para-posltlon 1s substituted by a 
longer chain, because the influence of the anisotropic 
range of the nelghbourhood of the aromatic ring 1s less 
than m the above mentioned cases 

With 6, the [M]’ was found at m/z 538 and 540 High 
resolution produces 538 0138 for the “Br-derivative, and 
5400098 for the 81Br-derlvatlve Deviation from the 
calculated values was 2 8 x IO- 3 and 0 8 x lo- 3 mu, re- 
spectively Consequently the empirical formula IS 
C22H19Br0,1, from which ketene units are cleaved five 
times m succession until m/z 328/330 1s reached This 

corresponds to a two-rmged derlvattve with an ether 
linkage and five acetoxy functions M/z 69 (18) mdlcates 
the 1,3,(5)-hydroxylatlon of the aromatlc ring [8] 
Therefore 6 1s a monobromodlphlorethol acetate In the 
mass spectrum, apart from the ketene cleavage series, one- 
ring cleavage products as well as debrommatlon products 
can hardly be found The ‘H NMR-spectrum of 6 IS more 
complex than that of 8 Compound 6 could be therefore a 
mixture of three different substances whose ratlo can be 
estimated to be 3 2 1 Typical resonance frequencies are 
6 7 07 (1H) and 2 36 (3H) which indicate a 3-bromo-2,4,6- 
trlacetoxyphenoxy rmg Signals at 66 97, 6 68 (each 2H), 
2 31, 2 09 (each 6H) suggest a dlphlorethol pentaacetate 
brommated at posltlon 4’ A few further signals cannot be 
assigned to any definite molecule All of the 6-compounds 
have the same empirical formula CzzHIVBrO, 1, and for 
this reason, It seems that a mixture of all the possible 
monobrommated dlphlorethol acetates 1s present Due to 
the small amount of 6, coupled systems cannot be 
completely identified In the ‘H NMR spectrum, and so It 
IS not possible to make any definite statements as to the 
composltlon of the mixture 6 

The substance occurring at R, 0 20 received the number 
11 In the EI mass spectrum It displays an [M]+ of m/z 
918, as well as a successive cleavage of ten ketene umts to 
m/z 498, which represents the ion of the free phenol 
Furthermore, an Ion at m/z 480 ([498 - HzO]+, 66% of 
m/z 498) can be ldentlfied which suggests a fucol moiety 
(o,o’-tetrahydroxylated blphenyl) In a four-ringed denva- 
tive The ‘H NMR spectrum gives resonance frequencies 
for three acetoxy group pairs [SZ 25 (6H), 2 06 (12H)] and 
four single acetoxy groups [62 29,2 11,2 03,l 931 as well 
as two times a pan and one single aromatlc H [67 13 (1 H), 
7 02, 6 72 (each 2H)] and also for an AB2 system 
[vA = 665 (lH), vs = 6 55 (2H), J,, = 20 Hz] The 
values are identical to those published by Glombltza et al 
[9] for fucodlphlorethol-D-decaacetate from Cysloselrn 
baccata Therefore, fucophlorethols have been proved to 
occur m Cystophora congesta 

Indications were also obtamed that several more, partly 
brommated, phlorotannm acetates are present The angu- 
lar trlmer 3, not derivable form phloroglucmol, and Its 
peracetyl derlvatlve 4, both described by Gregson and 
Daly, were not present In this fraction 

EXPERIMENTAL 

C congesta Womersley and Nlzamuddm was collected at 
Whangaparoa Penmsula (North Island, New Zealand) and 
lmmedlately frozen An aq extract of the alga was chromato- 
graphed on Amberhte XAD-2, then on sdlca gel for lsolatmg 1, all 
prepared and described In ref [3] A portIon (4OOmg) of ttns 
fraction was acetylated with Ac,O-pyndme (1 1, 20 ml, room 
temp ,24 hr) to yield a nuxture of acetates (590 mg) The rmxture 
was preseparated by CC on s~hca gel Merck 60 (0 040 062 mm 
&am) with gradlent elutlon with CHCI, and CHCl,-Me&O 
(4 1) Fmal separation was carried out on sthca gel Merck 60Fzs4 
precoated TLC plates m CHC13-Me&O (19 1) and 
CHC13-Me&O (93 7) and by HPLC on LlChrosorb B 60 
(7 pm) usmg various gradlent elutlon programmes with n- 
hexaneCHC1, (stabilized with 0 3 % MeOH) or CHCl,-MeOH 
for lugh MW compounds ‘HNMR spectra were recorded at 
90 MHz, S-values were measured In CDC13 with TMS as 
standard R, values for the following substances are based on 
TLC development In CHCl,-Me&JO (19 l), spray reagent 1 0/i 
van&n m cone H2S04. heating to 10&105” for S-10mm 
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Percentages and wts are given m relation to the fraction of 
590 mg phlorotannm acetates 

Phloroglucmol tnacetate (5) 0 5 mg (0 08 %), R, 0 57, orange, 
‘HNMR values ldentlcal wnh values gtven m ref [S] 

Bromodlphlorethol pentaacetate (6) 1 5 mg (0 25 %), R, 0 49, 
bright red, ‘H NMR 67 07, 7 05, 6 99, 6 97,,,, 6 70, 6 62, 6 59, 
2 36,2 31,2 28,2 25,2 21.2 19,2 11,2 09,2 03 MS m/z 5401538 
([M] +, 3/3), 498/496 (21/20), 456/454 (40/40), 414/412 (65/65), 
372/370 (45/44), 330/328 (28/29), (460), 418 (1), 376 (l), 334 (3), 
292 (6), 250 (2), 248 (12), 231 (9), 69 (18), 43 (lOO), HRMS 
540 0098 found (talc 540 0090), 538 0138 found (talc 538 0110) 

Dlphlorethol pentaacetate (7) 4, 5 mg (0 75 %), R, 0 45, bnght 
red, ‘H NMR data (CDCIJ) comparable to data of ref [6] 

Bromotrrphlorethol-AI-heptaacetate (8~) 1,3-Dlacetoxy-2- 
(3,5- dlacetoxyphenoxy)- 5- (3-bromo -2,4,6- tnacetoxyphenoxy)- 
benzene, R, 037, bright red, ‘HNMR 6706t1, (lH), 671,,, 
(2H), vA. = 664,,, (lH), va =65&s) (2H, AB2 system, J,, 
= 2 1 Hz) 2 35,,, (3H), 2 25,0, (9H), 2 09,1, (3H), 2 O7o, (6H), MS 
m/z 748f746 ([Ml’, 3/3), 7061704 (15/15), 6641662 (33/31), 
6221620 (23/22), 5801578 (19/20), 5381536 (21/19), 4%/494 (6/7), 
454/452 (5/5), 418 (2), 376 (5), 334 (13), 292 (9), 250 (5). 248 
(3), 69 (17), 57 (35), 43 (lOO), together with 8b (both 2 5 mg, 
043%) 

Bromotrlphlorethol-A,-heptaacetate (8b) 1,3-Dlacetoxy- 
2-(ebromo-3,5-dlacetoxyphenoxy)-5-(2,4,6-trl~toxyphenoxy~ 
benzene, R,, colour and MS ldentlcal to 8a ‘H NMR 66 95,,,, 

6 74,,, 6 M,,, (each 2H), 2 31,s) (6H), 2 280, (3H), 2 13m 2 07,.5, 
(each 6H) 

TrIphlorethol-A-heptaacetate (2) 490 mg (83 %), R, 0 31, bnght 
red, ‘HNMR 6695c6,, 669,,, (each 2H), vA = 665 (lH), 
va = 6 55(*, (2H, ABI system, J*, = 2 0 Hz), 2 28(,, (3H), 2 24(,,, 
2 13,5,, 2 06,,, (each 6H), MS Identical with ref [3] 

TetraphlorethoLC-nonaacetate (10) 5 mg (0 85 %), 4-(2,4,6- 
tnacetoxyphenoxy)-4’-(3,5-dlacetoxyphenoxy~2,6,~,S-~t~t- 
oxydlphenylether, R, 0 25, bnght red, ‘H NMR S6 97,s,, 6 72(,,, 
6 69f5, (each 2H), v, = 6 66,5, (lH), va = 6 56,4j (2H, ABt system, 
J,,, = 2 0 Hz), 2 28 (3H), 2 24(,,, 2 12,,,, 2 12,,,, 2 06,,, (each 6H) 

MS m/z 876 ([Ml’, 1 5), 834 (1 l), 792 (40), 750 (60), 708 (72), 666 
(55), 624 (41), 582 (27), 540 (17), 498 (26), 684,642,600,558,516, 
474,432,390(each5~),626(16),584(17),542(18),500(15),458 
(8), 416 (6), 374 (5),414,372,356,334,292,250 (8), 248 (8), 126 (8), 
69 (9), 57 (12). 43 (100) 

Fucodrphlorethol-D-decaacetate (11) 3 mg (0 5 %), R, 0 20, 
deep red, ‘HNMR and MS Identical with ref [9] 
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