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Abstract: Chlorinated bisbibenzyls of the isoplagiochin type de-
tected in different bryophyte species were synthesized by an effi-
cient and flexible unit construction system making extensive use of
Suzuki and Wittig protocols.

Key words: natural products, total synthesis, cross-coupling, cy-
clizations, Wittig reactions

An increasing number of halogenated natural products
with a broad structural diversity have been detected over
the past number of years in marine organisms, bacteria,
and fungi. These have been shown to have therapeutic ef-
fects.1–4 Halogenated compounds from higher plants are
less numerous although detected in nearly all plant divi-
sions.5 In contrast, halogen containing compounds are
found rarely in bryophytes (mosses) and in fact their pres-
ence in this class of compound was not verified until re-
cently. 

So, in 1988 15-Methoxyansamitocin P-3 (1) was detected
in Isothecium subdiversiforme and Thamnobryum sandei
(<50 �g was isolated from 20 kg crude mass)6 while in
1989 a chlorinated diterpene 2 of the drimane type was
found in Makinoa crispata,7 but both compounds were not
verified for the corresponding bryophytes because com-
pounds like 1 are typical for microorgansims (Nocardia
sp.) and chlorohydrins (see in 2) are mostly artefacts of
the isolation procedure.

Figure 1

However, in 1997 a monochlorinated bisbibenzyl 3 was
found in a Plagiochila sp.8 and similar metabolites named
bazzanin A–R (4–21) bearing 1–8 chlorine substituents
were isolated from the liverworts Bazzania trilobata and

Lepidozia incurvata in substantial amounts.9 These com-
pounds are derived from isoplagiochin C (25) or isopla-
giochin D (26), two known bryophyte constituents10

which can be decomposed to lunularin (27).11 More re-
cently, three additional but similar compounds 22–24 be-
side 3 were found in Herbertus sakuraii and
Mastigophora diclados (Figure 2).12 

In preceding papers we reported MALDI-TOF mass spec-
trometry investigations on crude plant extracts and dem-
onstrated that these chlorinated compounds are not
artefacts of an incidental occurrence or of the sample
preparation, but should be genuine and produced by the
liverwort or an endosymbiotic metabolism.13,14

We attempted the total synthesis of these chlorinated bis-
bibenzyls because of the biological activities of 27 and of
some of its derivatives,15 the effect halogenation had on
increasing the activity5 and also due to their interesting
three dimensional structures.

On the basis of our synthetic studies concerning cyclic
bisbibenzyls16 and halogenated lunularins17 we elaborated
a flexible unit construction system where the bisbibenzyl
backbone is constructed from polyfunctional aromatic
building blocks A–D which were prepared from readily
available starting materials 28–31 by regioselective chlo-
rination, bromination, iodination, triflation and boronic
acid formation as well as protecting procedures
(Scheme 1). The biaryl moieties were constructed by regi-
oselective Suzuki protocols18 and coupled to acyclic
bibenzyl and cyclic bisbibenzyls by Wittig and McMurry
procedures followed by hydrogenation and deprotection.

Suitable functionalized aromatic building blocks were ob-
tained as outlined in Scheme 2. Chlorine free building
blocks 32,33 and 35a were prepared as previously
reported16 or alternatively (35b) from 3-hydroxybenzoic
acid (34). Mono chlorinated building blocks ‘A’ (37, 38)
were obtained from isovanilline (30) by acetylation and
chlorination giving 36, followed by saponification, acetal-
ization and triflate formation yielding 37. An alternate
procedure was starting from 4-hydroxy benzaldehyde
(31a): chlorination, bromination, methylation and acetal-
ization yielded 38, from which building block ‘B’ 39
could be obtained by selective formation of the boronic
acid. A mono chlorinated compound ‘C’ 41 was synthe-
sized from commercially available 2-chloro-3-meth-
ylphenol (40) by bromination, methylation and selective
formation of the boronic acid (Scheme 2). 
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Building blocks A/B and C/D (Scheme 3) were prepared
using Suzuki protocols as previously reported17 for 42 and
43 and by regioselective Suzuki-reactions between the bo-
ronic acid 32 and the triflate 37 or the bromide 38 yielding
a chloro biarylaldehyde 44 (‘AB-part’). Also coupling of
the iodide 35b and the boronic acid 41 gave 45, function-
alization of the methyl group yielded a phosphonium salt
46 (‘chloro-CD-part’).

The model syntheses of the chlorinated bisbibenzyls 3, 4
and 13 were performed as follows (Scheme 4). The biary-
laldehydes 42 and 44 (‘AB-part’) were coupled (Wittig-
reaction and hydrogenation) with the phosphonium com-
pounds 43 and 46 (‘CD-part’) to give the acyclic biben-
zyls 47–49. These were further transformed (reduction
and hydrolysis) to the hydroxyaldehydes 50–52. The cy-
clization to the stilbene-like tetramethoxy bisbibenzyls
53–55 was achieved by a Wittig protocol via phosphoni-
um salts. The natural products 3 (12-chlorisoplagiochin
D) and 13 (bazzanin J) as well as the analogue compound
59 were obtained by hydrogenation of the double bond to
give 56–58 and subsequent cleavage of the methyl ethers
while 4 (bazzanin A) was formed directly from 54.

Figure 2 Sources of chlorinated bisbibenzyls: 3: from Plagiochila
sp.; 4–14: from Bazzania trilobata; 15–21: from Lepidozia incurvata
3,23: from Mastigophora diclados; 22–24: from Herbertus sakuraii;
parent substances: isoplagiochin C/D 25/26; lunularin 27. Scheme 1 Construction unit system for the synthesis of chlorinated

bisbibenzyls.
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Further derivatives of the natural compounds, which can
be used for biological testing were obtained e.g. by acety-
lation, 4 was converted to 60. The cyclization of 51 to
form the stilbene bridge could alternatively be performed
by a McMurry reaction via the cyclic dialdehyde 61
(Scheme 5).

The crystal structure of 55 is given in Figure 3. The NMR-
data of the tetramethylated cyclic compounds like 53–58
show the presence of different conformers due to stereo-
genic axes and planes which is in agreement with the op-

tical rotatory power reported for the isolated natural
products. These effects concerning conformational analy-
ses and further NMR experiments are in progress. In addi-
tion, the flexible unit construction system is being applied
to the synthesis of highly chlorinated bisbibenzyls like
bazzanin Q (20). 

NMR spectra were obtained with a Bruker AM 400 or DRX 500.
Chemical shifts (�) are given in ppm relative to TMS. Mass spectra
were recorded on a Finnigan MAT 90 (CI 120 eV, methane; EI 70
eV). Melting points were measured on a Büchi melting point appa-
ratus (Dr. Tottoli). Elemental analyses (C,H,N) were performed
with a Leco CHNS-932. FTIR spectra were recorded on a Bio-Rad
Excalibur FTS 3000 (data not given in the text). Analytical TLC:
Merck aluminium roll 0.2 mm (silica gel 60 HF254); preparative
TLC: Macherey-Nagel DC-plates 20 � 20 cm SIL G-200 UV254.
Column chromatography (CC): J. T. Baker silica gel 60, 63-200
�m; flash chromatography: Macherey-Nagel silica gel 60, 40–63
�m; Macherey-Nagel Polygoprep 60-50 C18. For catalytic hydro-
genations the Parr hydrogenation apparatus was used. Solvents
were dried and purified by conventional methods prior to use. All
air- or moisture-sensitive reactions were carried out by inert gas
techniques under nitrogen or argon.

Methyl 4-iodo-3-methoxybenzoate (35b)19

3-Hydroxybenzoic acid (34) was iodinated according to Lit.20 4-
Iodo-3-hydroxybenzoic acid (5.00 g, 18.9 mmol), dimethyl sulfate
(8.98 ml, 94.7 mmol) and K2CO3 (7.85 g, 56.8 mmol) in acetone (50
mL) were refluxed for 12 h. H2O (100 mL) was added and the mix-
ture was stirred for 24 h. Acetone was evaporated and the residue
extracted with CHCl3 (3 � 50 ml). The organic layers were dried
(MgSO4) and evaporated. The product was purified by column
chromatography (silica gel, CHCl3) and to give a colorless powder
(3.86 g, 70%); mp 44 °C.

Scheme 2 Syntheses of functionalized building blocks A–D.
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Scheme 3 Syntheses of biaryl parts A/B and C/D.
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1H NMR (CDCl3): � = 7.84 (d, J = 8.0 Hz, 1 H, Ar-H), 7.44 (d,
J = 1.8 Hz, 1 H, Ar-H), 7.36 (dd, J1 = 8.0 Hz, J2 = 1.8 Hz, 1 H, Ar-
H), 3.93 (s, 3 H, OCH3), 3.91 (s, 3 H, OCH3).
13C NMR (CDCl3): � = 166.5, 158.3, 139.6, 131.7, 123.3, 111.3,
92.7, 56.5, 52.3.

5-Chloro-O-acetyl Isovanilline (36)
Isovanilline (30) (5.00 g, 32.8 mmol) and Ac2O (25.0 g, 245 mmol)
were refluxed for 1 h. The mixture was cooled, Na2CO3 (2 M; 50
mL) was added and the precipitate O-acetyl isovanilline was filtered
off. An additional portion of O-acetyl isovanilline was obtained by
extracting the mother liquor with Et2O (2 ��50 mL), it was then
dried (MgSO4) and concentrated to give pure pale yellow crystals
(6.29 g, 98%); mp 85 °C. To a soln of O-acetyl isovanilline (5.00 g,
25.8 mmol) in H2SO4 (80%; 75 mL) below 5 °C was added N,N'-
dichloro piperazine.21 The mixture was stirred at r.t. for 1 h, poured
into ice water and extracted with Et2O (3 � 50 mL). The organic lay-
ers were washed H2O (20 mL), dil. soln of KI (20 mL), dil. soln of
Na2S2O3 (20 mL), dil. soln of HOAc (20 mL) and NaOH (2 M; 20
mL), dried and concentrated. The product was purified by column
chromatography (silica gel, CH2Cl2) to give yellow crystals (4.30 g,
79%); mp 68 °C. 
1H NMR (CDCl3): � = 9.85 (s, 1 H, CHO), 7.71 (d, J = 1.8 Hz, 1 H,
Ar-H), 7.70 (d, J = 1.8 Hz, 1 H, Ar-H), 3.95 (s, 3 H, OCH3), 2.36 (s,
3 H, CH3COO).
13C NMR (CDCl3): � = 189.2 (CHO), 168.7 (CH3COO), 153.9,
145.5, 132.8, 129.9, 129.7, 123.4, 61.6 (OCH3), 20.9 (CH3).

MS (CI): m/z (%) = 231/229 (35/100; M+1+).

Anal. Calcd for C10H9ClO4 (228.45): C, 52.53; H, 3.97. Found C,
52.57; H, 3.92.

3-Chloro-5-(1,3-dioxan-2-yl)-2-methoxyphenyl Trifluoro-
methane Sulfonate (37) 
Compound 36 (3.00 g, 13.1 mmol) in NaOH (1.25 M, 50 mL) was
refluxed for 2 h. The mixture was acidified with concd HCl and 3-
chloro-5-hydroxy-4-methoxybenzahldehyde was filtered off,
washed and dried in vacuo (P4O10) to give colorless crystals (2.32 g,
95%); mp 116 °C. The crude aldehyde (1.90 g, 10.2 mmol) in tolu-
ene (30 mL) containing 1,3-propanediol (0.82 ml, 0.85 g, 11.3
mmol) and toluene-4-sulfonic acid (50 mg) was refluxed for 24 h
(Dean–Stark apparatus), cooled and washed with NaOH (1 M; 20
mL) and sat. NaCl (20 mL), dried (MgSO4) and concentrated to give
the intermediate phenolic compound. The product was purified by

Figure 3 Crystal structure of 55 (ORTEP)

Scheme 4 Syntheses of the natural compounds 3,4,13 and derivatives.
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column chromatography (silica gel; EtOAc–hexane, 1:1), to give
pale yellow crystals (2.39 g, 96%); mp 67 °C.

To this phenolic compound (6.76 g, 27.7 mmol) in CH2Cl2 (75 mL)
cooled to below 0 °C was added pyridine (4 mL, 3.90 g, 4.98 mmol)
followed by trifluoromethane sulfonic acid anhydride (5 ml, 8.30 g,
29.5 mmol) in CH2Cl2 (25 mL). The mixture was stirred at 0 °C for
30 min and poured into ice water. The organic layer was separated,
washed with sat. NaHCO3 (30 mL), dried (MgSO4) and concentrat-
ed. The product was purified by column chromatography (silica gel,
CH2Cl2) to give a yellow oil (7.10 g, 68%).
1H NMR (CDCl3): � = 7.15 (d, J = 1.8 Hz, 1 H, Ar-H), 7.30 (d,
J = 1.8 Hz, 1 H, Ar-H), 5.43 (s, 1 H, OCHO), 4.27–4.23 (m, 2 H,
OCH2), 3.98–3.93 (m, 2 H, OCH2), 3.92 (s, 3 H, OCH3), 2.23–2.13
(m, 1 H, HCH), 1.47–1.42 (m, 1 H, HCH).
13C NMR (CDCl3): � = 148.8, 143.1, 136.1, 130.2, 129.1, 119.0,
117.0 (CF3), 98.9 (OCHO), 61.6 (OCH2), 61.1 (OCH3), 25.7
(HCH).

MS (CI): m/z (%) = 379/377 (29/100, M + 1+).

2-(3-Bromo-5-chloro-4-methoxyphenyl)-1,3-dioxane (38) 
3-Chloro-4-hydroxybenzaldehyde22

To 4-hydroxybenzaldehyde (31a) (20.0 g, 164 mmol) in CHCl3

(700 mL) at 60 °C was added NCS (21.8 g, 164 mmol) in one por-
tion and the mixture was stirred for 1 h. Concd HCl (3 mL) was add-
ed carefully (vigorous reaction) and stirring was continued for 12 h
at 60 °C. The solvent was evaporated and the residue recrstallized
from H2O and dried (P4O10) to give colorless needles (19.5 g, 76%);
mp 130 °C.
1H NMR (DMSO-d6): � = 9.81 (s, 1 H, CHO), 7.89 (d, J = 2.0 Hz,
1 H, Ar-H), 7.74 (dd, J1 = 8.4 Hz, J2 = 2.0 Hz, 1 H, Ar-H), 7.16 (d,
1 H, J = 8.4 Hz, Ar-H).
13C NMR (DMSO-d6): � = 190.2, 158.8, 131.6, 129.9, 129.2, 120.7,
116.8.

3-Bromo-5-chloro-4-hydroxybenzaldehyde23

To 3-chloro-4-hydroxybenzaldehyde (10.4 g, 66.4 mmol) in HOAc
(100 mL) Br2 (10.7 g, 66.4 mmol) in HOAc (60 mL) was added
dropwise over 30 min at r.t. The soln was heated to 80 °C for 24 h
and cooled to r.t. The product was filtered off, washed with ice-wa-
ter, recrstallized from toluene and washed with petroleum ether to
give colorless needles (9.13 g, 60%); mp 154 °C.
1H NMR (DMSO-d6): � = 9.80 (s, 1 H, CHO), 8.04 (d, J = 1.8 Hz,
1 H, Ar-H), 7.93 (d, J = 1.8 Hz, 1 H, Ar-H).
13C NMR (DMSO-d6): � = 189.5, 155.2, 133.1, 130.3, 129.8, 122.3,
112.2.

3-Bromo-5-chloro-4-methoxybenzaldehyde 
3-Bromo-5-chloro-4-hydroxybenzaldehyde (4.50 g, 19.1 mmol)
and NaOH (2 M; 20 mL) were heated to 40 °C for 5 min. The sodi-
um-phenolate was filtered off, dried in vacuo at 40 °C and heated to
100 °C for 10 min together with dimethyl sulfate (10 mL). The mix-
ture was cooled and stirred with H2O (20 mL) for 15 min. The aque-
ous layer was separated and the organic layer heated to 100 °C for
15 min with NaOH (2 M; 20 mL). After cooling the product was fil-
tered off and purified through a short pad of silica gel (CHCl3) to
give colorless needles (3.81 g, 80%); mp 71 °C
1H NMR (CDCl3): � = 9.86 (s, 1 H, CHO), 7.98 (d, J = 2.0 Hz, 1 H,
Ar-H), 7.86 (d, J = 2.0 Hz, 1 H, Ar-H), 3.98 (s, 3 H, OCH3). 
13C NMR (CDCl3): � =& nbsp;188.4, 158.3, 133.8, 133.2, 130.8,
130.4, 119.6, 60.9.

38
3-Bromo-5-chloro-4-methoxy benzaldehyde (2.63 g, 10.5 mmol),
1,3-propanediol (0.88 g, 11.6 mmol) and toluene-4-sulfonic acid
(0.10 g) in toluene (50 mL) were heated to reflux for 24 h (Dean–
Stark apparatus). The cooled soln was washed with H2O (2 � 50
mL), sat. NaCl (2 � 50 mL), dried (MgSO4) and concentrated. The
oily residue was purified by filtration through a pad of alumina (ba-
sic, activity III; cyclohexane–EtOAc, 3: 1), to give yellow crystals
(2.50 g, 77%); mp 58 °C.
1H NMR (CDCl3): � = 7.59 (d, J = 2.2 Hz, 1 H, Ar-H), 7.47 (d,
J = 2.2 Hz, 1 H, Ar-H), 5.40 (s, 1 H, OCHO), 4.26–4.22 (m, 2 H,
OCH2), 3.98–3.92 (m, 2 H, OCH2), 3.87 (s, 3 H, OCH3), 2.23–2.14
(m, 1 H, HCH), 1.46–1.42 (m, 1 H, HCH).
13C NMR (CDCl3): � = 157.3, 136.7, 129.7, 128.9, 127.5, 118.1,
99.4, 67.3, 60.5, 25.6.

MS (EI): m/z (%) = 310/305 (7/58, M – 1+).

Anal. Calcd for C11H12BrClO3 (307.57): C, 42.96; H, 3.93. Found
C, 43.12; H, 3.88.

(3-Chloro-5-formyl-2-methoxyphenyl)boronic Acid (39)
Compound 38 (1.00 g, 3.26 mmol) in THF– hexane–Et2O (6:1:1, 80
mL) was cooled to –98 °C and BuLi (1.30 ml, 3.26 mmol, 2.5 M in
hexane) was added dropwise. Stirring was continued for 15 min at
–98 °C and trimethylborate (1.10 ml, 9.78 mmol) was added in one
portion and the mixture was slowly warmed to r.t. over 12 h. H2O
(10 mL) and NaOH (2.5 M; 30 mL) were added and stirring was
continued for 1 h. The soln was acidified with concd HCl, the or-
ganic solvents were distilled off at reduced pressure and the aque-
ous layer extracted with EtOAc (3 � 50 mL). The combined organic
layers were dried (MgSO4) and concentrated. The material thus ob-
tained was added to NaOH (1 M; 100 mL), and the mixture was fil-
tered and acidified with concd HCl (ice-cooling). The product was
collected, washed (H2O) and dried in vacuo (CaCl2) as colorless
needles (491 mg, 70%); mp 192 °C.
1H NMR (DMSO-d6): � = 9.92 (s, 1 H, CHO), 8.50 [s, 2 H,
B(OH)2], 7.94 (d, J = 2.0 Hz, 1 H, Ar-H), 7.90 (d, J = 2.0 Hz, 1 H,
Ar-H), 3.95 (s, 3 H, OCH3).
13C NMR (DMSO-d6): � = 191.0, 162.3, 134.51, 131.7, 131.1,
125.8, 60.3.

MS (EI): m/z (%) = 216/213 (2/5, M+).

Anal. Calcd for C8H8BClO4 (214.41): C, 44.81; H, 3.76. Found C,
44.66; H, 3.78.

(3-Chloro-4-methoxy-6-methylphenyl)boronic acid (41)
4-Bromo-2-chloro-5-methylphenol 
To 2-chloro-5-methylphenol (40) (20.0 g, 140 mmol) in CCl4 (200
mL) Br2 (22.4 g, 140 mmol) in CCl4 (50 mL) was added dropwise
at r.t. The soln was stirred for an additional 24 h, washed with sat.

Scheme 5 Cyclization through McMurry protocol to 5.
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NaHSO3 (2 � 50 mL), H2O (3 � 100 ml), dried (MgSO4) and con-
centrated to give a colorless solid, (27.8 g, 89%); mp 68 °C.
1H NMR (CDCl3): � = 7.45 (s, 1 H), 6.90 (s, 1 H), 5.43 (s, 1 H), 2.31
(s, 3 H, CH3).
13C NMR (CDCl3): � = 150.5, 138.4, 131.6, 118.0, 177.8, 114.9,
22.6.

MS (EI): m/z (%) = 224/219 (8/85%, M+).

4-Bromo-2-chloro-5-methylanisol
4-Bromo-2-chloro-5-methylphenol (10.0 g, 45.2 mmol), dimethyl
sulfate (4.70 ml, 49.7 mmol) and K2CO3 (15.6 g, (113 mmol) in ac-
etone (100 mL) were refluxed for 24 h. The mixture was cooled,
concentrated and the residue taken up in H2O (100 mL) and extract-
ed with EtOAc (3 � 75 mL). The combined organic layers were
washed with H2O (2 � 100 mL), NaOH (3.75 M, 2 � 100 mL) and
sat. NaCl (2 � 100 mL), dried (MgSO4) and concentrated. The crude
product was purified by recrstallization from petroleum ether, or
column chromatography (short pad of silica gel, CHCl3) to give col-
orless needles (8.10 g, 76%); mp 55 °C.
1H NMR (DMSO-d6): � = 7.58 (s, 1 H), 7.17 (s, 1 H), 3.85 (s, 3 H,
OCH3), 2.33 (s, 3 H, CH3).
13C NMR (DMSO-d6): � = 153.9, 137.5, 131.9, 119.4, 115.1, 113.9,
56.3, 22.3.

41
4-Bromo-2-chloro-5-methylanisol (3.00 g, 12.8 mmol) in THF–
hexane–Et2O (6:1:1, 80 mL) were cooled to –98 °C and BuLi (5.10
ml, 12.8 mmol, 2.5 M in n-hexane) was added dropwise. Stirring
was continued for 5 min at –98 °C and trimethylborate (4.26 ml,
38.3 mmol) was added in one portion and the mixture was slowly
warmed to r.t. over 12 h. H2O (10 mL) and NaOH (2.5 M, 30 mL)
were added and stirring was continued for 1 h. The soln was acidi-
fied with concd HCl, the organic solvents were distilled off at re-
duced pressure and the aqueous layer extracted with EtOAc (3 � 50
mL). The combined organic layers were dried (MgSO4) and con-
centrated. The residue was taken up in NaOH (1 M; 100 mL), fil-
tered and acidified with concd HCl (ice-cooling). The product was
collected, washed (H2O), dried in vacuo (CaCl2) and was isolated as
colorless needles (1.12 g, 65%); mp 235 °C.
1H NMR (DMSO-d6): � = 7.89 [s, 2 H, B(OH)2], 7.50 (s, 1 H, H-2),
6.90 (s, 1 H, H-5), 3.84 (s, 3 H, OCH3), 2.44 (s, 3 H, CH3).
13C NMR (DMSO-d6): � = 154.8, 143.2, 135.1, 122.7, 117.3, 114.1,
55.8, 22.0.

MS (EI): m/z (%) = 202/199 (18/76, M+). 

Anal. calcd for C8H10BClO3 (200.43): C, 47.94; H, 5.03. Found C,
47.76; H, 4.95.

Biarylaldehyde 44
Procedure 1
A soln of the boronic acid 32 (2.30 g, 12.8 mmol) in EtOH (20 mL)
was added to a stirred mixture of the triflate 37 (4.52 g, 12.0 mmol),
Pd(PPh3)4 (0.42 g, 0.36 mmol), toluene (24 mL) and Na2CO3 (2 M;
24 mL) and refluxed for 24 h. The slurry was cooled to r.t., H2O
(100 mL) was added and the mixture extracted with Et2O (3 � 100
mL). The combined organic layers were dried (MgSO4) and con-
centrated. The crude product was purified by column chromatogra-
phy (alumina, CH2Cl2) to give yellow crystals (3.52 g, 81%); mp
128 °C.

Procedure 2
A soln of the boronic acid 32 (2.00 g, 11.1 mmol), bromide 38 (3.08
g, 10.0 mmol), Pd(PPh3)4 (0.34 g, 0.30 mmol) and K3PO4 (3.54 g,
16.7 mmol) in DMF (200 mL) was heated to 80 °C for 24 h. The
slurry was cooled to r.t. and filtered after addition of Et2O (300 mL).

The filtrate was washed with H2O (3 � 200 mL), dried (MgSO4) and
concentrated. The crude product was recrstallized from MeOH to
give yellow crystals (3.05 g, 84%); mp 132 °C.
1H NMR (CDCl3): � = 9.90 (s, 1 H, CHO), 7.91 (dd, J1 = 8.4 Hz,
J2 = 1.8 Hz, 1 H), 7.77 (d, J = 2.2 Hz, 1 H), 7.56 (d, J = 1.8 Hz, 1
H), 7.27 (d, J = 2.2 Hz, 1 H), 7.07 (d, J = 8.4 Hz, 1 H), 5.47 (s, 1 H,
OCHO), 4.27–4.23 (m, 2 H), 4.00–3.93 (m, 2 H), 3.84 (s, 3 H,
OCH3), 3.53 (s, 3 H, OCH3), 2.24–2.15 (m, 1 H), 1.46–1.42 (m, 1
H).
13C NMR (CDCl3): � = 190.7, 161.9, 154.4, 135.2, 133.0, 132.6,
131.7, 129.6, 128.1, 127.8, 127.8, 110.8, 100.3, 67.3, 60.8, 56.0,
25.7.

MS (EI): m/z (%) = 365/361 (8/88, M+).

Anal. Calcd for C19H19ClO5 (362.1): C, 62.90; H, 5.28. Found C,
62.68; H, 5.35.

Biaryl Ester 45 
A soln of the boronic acid 41 (4.00 g, 20.0 mmol), iodide 35b (5.25
g, 18.0 mmol), Pd(PPh3)4 (0.67 g, 0.53 mmol) and K3PO4 (5.75 g,
27.1 mmol) in DMF (250 mL) was heated to 80 °C for 12 h. The
slurry was cooled to r.t., Et2O (300 mL) was added and the mixture
ws filtered. The filtrate was washed with H2O (5 � 100 mL), dried
(MgSO4) and concentrated. The crude product was filtered through
a silica gel pad (cyclohexane–EtOAc, 5:1) to give a yellow oil (4.80
g, 83%).
1H NMR (CDCl3): � = 7.69 (dd, J1 = 7.6 Hz, J2 = 1.6 Hz, 1 H, Ar-
H), 7.62 (d, J = 1.6 Hz, 1 H, Ar-H), 7.26 (s, 1 H, Ar-H), 7.18 (d,
J = 7.6 Hz, 1 H, Ar-H), 6.82 (s, 1 H, Ar-H), 3.94 (s, 3 H, OCH3),
3.92 (s, 3 H, OCH3), 3.83 (s, 3 H, OCH3), 2.10 (s, 3 H, CH3).
13C NMR (CDCl3): � = 166.9, 156.8, 154.3, 136.5, 134.3, 131.2,
131.1, 130.9, 130.8, 122.0, 119.4, 113.7, 111.6, 56.2, 55.7, 52.2,
19.9.

MS (EI): m/z (%) = 323/320 (8/100%, M+).

Anal. Calcd for C17H17ClO4 (320.77): C, 63.65; H, 5.34. Found C,
63.51; H, 5.28.

Phosphonium Salt 46
The methylarene 45 (3.00 g, 9.36 mmol), NBS (1.65 g, 9.36 mmol)
and a trace of AIBN in CCl4 (75 mL) were refluxed for 6 h. The
mixture was cooled, filtered and concentrated. The residue was tak-
en up in Et2O (100 mL), washed with sat. NaHCO3 (50 mL) and
H2O (50 mL), dried and concentrated. The crude benzylbromide
was refluxed in MeCN (60 mL) together with PPh3 (2.46 g, 9.36
mmol) for 12 h. The solvent was evaporated and the residue filtered
through a silica gel pad (CHCl3 followed by EtOH to elute the prod-
uct) to give a pale yellow solid (4.27 g, 69%). 
1H NMR (CDCl3): � = 7.76–7.64 (m, 3 H, Ar-H), 7.57–7.39 (m, 15
H, Ar-H), 7.31 (d, J = 2.2 Hz, 1 H, Ar-H), 6.54 (d, J = 8.0 Hz, 1 H,
Ar-H), 5.59 (t, J31P-1H = 14.3 Hz, 1 H, CHHP), 4.83 (t, J31P-1H = 14.3
Hz, 1 H, CHHP), 3.97 (s, 3 H, COOCH3), 3.71 (s, 3 H, OCH3), 3.60
(s, 3 H, OCH3). 
13C NMR (CDCl3): � = 166.5 (C=O), 156.1, 154.6, 134.9, 134.8,
134.5, 134.4, 132.4, 132.2, 132.1, 131.3, 131.52, 131.1, 131.0,
130.1, 130.0, 128.6, 128.5, 126.3, 126.2, 122.4, 122.2, 117.9, 117.1,
112.1, 58.3, 57.1, 56.0 (OCH3), 29.0, 28.5 (CH2P). 

MS (EI): m/z (%) = 662 (<1, M+).

Anal. Calcd for C35H31BrClO4P (661.95): C, 63.51; H, 4.72. Found
C, 63.68; H, 5.85.

Bibenzyls 47–49; Wittig-reactions and Hydrogenation
A soln of the aldehyde 42 or 44 (5.00 mmol) and the phosphonium
bromide 43 or 46 (5.00 mmol) in CH2Cl2 (75 mL) was refluxed for
24 h together with K2CO3 (dried, 10.0 mmol) and a trace of 18-
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crown-6. The mixture was filtered off, the solid washed with
CH2Cl2 (25 mL) and the filtrate washed with H2O (2 � 25 mL),
dried (MgSO4) and concentrated. The crude product was purified by
column chromatograpy (short pad of alumina, CH2Cl2) to give col-
orless crystals; E/Z mixture of isomers.

The stilbene (4.00 mmol) in EtOAc (200 mL) was hydrogenated
(3.5 bar, 24 h) in the presence of 5% Pd/C (0.50 g) and Et3N (5 mL).
The mixture was filtered and evaporated. The crude product was pu-
rified by column chromatography (alumina, CH2Cl2) to give color-
less crystals. 

Bibenzyl 47 
Yield: 86%; mp 75 °C. 
1H NMR (CDCl3): � = 7.67 (dd, J1 = 7.7 Hz, J2 = 1.6 Hz, 1 H, Ar-
H), 7.61 (d, J = 1.6 Hz, 1 H, Ar-H), 7.43 (dd, J1 = 8.4 Hz, J2 = 2.2
Hz, 1 H, Ar-H), 7.23 (d, J = 2.2 Hz, 1 H, Ar-H), 7.14 (s, 1 H, Ar-H),
7.14 (d, J = 7.8 Hz, 1 H, Ar-H), 6.92 (d, J = 8.7 Hz, 1 H, Ar-H), 6.87
(d, J = 2.2 Hz, 1 H, Ar-H), 6.79 (dd, J1 = 8.4 Hz, J2 = 2.2 Hz, 1 H,
Ar-H), 6.75 (d, J = 8.4 Hz, 1 H, Ar-H), 6.73 (s, 1 H, Ar-H), 5.48 (s,
1 H, OCHO), 4.26–4.22 (m, 2 H), 4.00–3.97 (m, 2 H), 3.94 (s, 3 H,
OCH3), 3.85 (s, 3 H, OCH3), 3.81 (s, 3 H, OCH3), 3.73 (s, 3 H,
OCH3)

3.68 (s, 3 H, OCH3), 2.64 (br s, 4 H, CH2CH2), 2.23–2.17 (m, 1 H),
1.44–1.41 (m, 1 H).
13C NMR (CDCl3): � = 166.9, 157.4, 156.7, 155.5, 154.1, 140.1,
134.1, 132.9, 131.4, 131.4, 131.3, 131.1, 130.9, 130.8, 130.7, 130.5,
130.4, 129.1, 128.3, 127.8, 126.2, 121.9, 119.4, 112.9, 111.4, 111.0,
110.7, 101.6, 67.3, 56.1, 55.8, 55.7, 52.2, 36.1, 35.6, 25.8.

MS (EI): m/z = 635/632 (11/84, M+).

Anal. Calcd for C36H37ClO8 (633.13): C, 68.29; H, 5.89. Found C,
68.48; H, 5.95.

Bibenzyl 48 
Yield: 76%; mp 117 °C.
1H NMR (CDCl3): � = 7.68 (d, J = 1.3 Hz, 1 H, Ar-H), 7.61 (d,
J = 1.8 Hz, 1 H, Ar-H), 7.51 (d, J = 2.2 Hz, 1 H, Ar-H), 7.22–7.12
(not resolved, 2 H, Ar-H), 7.06 (d, J = 9.0 Hz, 1 H, Ar-H), 6.85 (d,
J = 9.0 Hz, 1 H, Ar-H), 6.83 (d, J = 2.2 Hz, 1 H, Ar-H), 6.80–6.76
(m, 3 H, Ar-H), 5.46 (s, 1 H, OCHO), 4.26–4.22 (m, 2 H, OCH2),
4.00–3.97 (m, 2 H, OCH2), 3.93 (s, 3 H, OCH3), 3.81 (s, 3 H,
OCH3), 3.80 (s, 3 H, OCH3), 3.70 (s, 3 H, OCH3), 3.44 (s, 3 H,
OCH3), 2.66 (br s, 4 H, 2 � CH2), 2.18 (m, 1 H, HCH, dioxane)1.40–
1.37 (m, 1 H, HCH, dioxane).
13C NMR (CDCl3): � = 167.0 (CH3COO), 159.5 (2 signals), 157.0,
155.1, 154.3, 141.5, 135.5, 134.8, 134.0, 133.6, 132.0, 131.1, 131.0,
129.9, 128.7, 128.1, 128.0, 127.2, 123.0, 114.6, 112.0, 111.5, 111.3,
110.9, 100.6 (OCO), 67.4 (2 � OCH2), 60.6 (OCH3), 55.8 (OCH3),
55.7 (OCH3), 55.2 (OCH3), 52.2 (COOCH3), 36.0, 35.9, 26.0.

MS (CI): m/z (%) = 635/632 (8/75, M+).

Anal. Calcd for C36H37ClO8 (633.13): C, 68.29; H, 5.89. Found C,
68.10; H, 5.83.

Bibenzyl 49 
Yield: 86%; mp 105 °C.
1H NMR (CDCl3): � = 7.67 (dd, J1 = 7.8 Hz, J2 = 1.5 Hz, 1 H), 7.62
(d, J = 1.5 Hz, 1 H), 7.52 (d, J = 2.2 Hz, 1 H,), 7.15 (s, 1 H), 7.145
(s, 1 H), 7.14 (d, J = 7.8 Hz, 1 H), 6.83 (s, 1 H), 6.80 (dd, J1 = 8.4
Hz, J2 = 2.2 Hz, 1 H), 6.77 (d, J = 8.4 Hz, 1 H), 6.73 (s, 1 H), 5.46
(s, 1 H, OCHO), 4.26–4.23 (m, 2 H), 4.00–3.96 (m, 2 H), 3.94 (s, 3
H, OCH3), 3.87 (s, 3 H, OCH3), 3.83 (s, 3 H, OCH3), 3.69 (s, 3 H,
OCH3), 3.46 (s, 3 H, OCH3), 2.63 (br s, 4 H, CH2CH2), 2.23–2.10
(m, 1 H), 1.46–1.42 (m, 1 H).

13C NMR (CDCl3): � = 166.9, 156.8, 155.2, 154.3, 140.0, 134.9,
134.1, 133.8, 133.1, 131.5, 131.2, 130.9, 130.6, 128.8, 128.1, 127.6,
127.3, 126.9, 122.0, 119.7, 113.1, 111.6, 111.0, 100.6, 67.4, 60.6,
56.2, 55.8, 55.7, 52.2, 35.9, 35.7, 25.8.

MS (EI): m/z (%) = 670/666 (6/26, M+).

Anal. Calcd for C36H36Cl2O8 (667.58): C, 64.77; H, 5.44. Found C,
64.64; H, 5.37.

Hydroxyaldehydes 50–52 
The methylester 47, 48 or 49 (3.00 mmol) in Et2O (40 mL) was add-
ed dropwise to a suspension of LiAlH4 (6.00 mmol) in  Et2O (40
mL). The slurry was refluxed for 12 h and then cooled on ice. Ice-
cold H2O (50 mL) was added carefully and the aluminium hydrox-
ide filtered off and washed with EtOAc (50 mL). The organic layer
was separated, the aqueous layer extracted with EtOAc (3 � 50 mL)
and the combined organic layers were dried (MgSO4) and concen-
trated. The crude product was taken up in HOAc (32 mL) and H2O
(8 mL) and stirred for 15 h at r.t. The mixture was poured into cold
sat. Na2CO3 (100 mL), and diluted with sat. NaCl (80 mL). The
aqueous layer was extracted with Et2O (3 � 50 mL), dried (MgSO4)
and concentrated. The product was purified by column chromatog-
raphy (silica gel, EtOAc–CHCl3, 1:3) to give colorless crystals.

Hydroxyaldehyde 50 
Yield: (81%); mp 85 °C.
1H NMR (CDCl3): � = 9.90 (s, 1 H, CHO), 7.85 (dd, J1 = 8.5 Hz,
J2 = 2.5 Hz, 1 H, Ar-H), 7.67 (d, J = 2.4 Hz, 1 H, Ar-H), 7.15 (s, 1
H, Ar-H), 7.05 (d, J = 8.5 Hz, 1 H, Ar-H), 6.985 (d, J = 7.9 Hz, 1
H, Ar-H), 6.99 (s, 1 H, Ar-H), 6.91 (dd, J1 = 8.6 Hz, 1 H, Ar-H),
6.89 (dd, J1 = 8.5 Hz, J2 = 2.5 Hz, 1 H, Ar-H), 6.80 (d, J = 7.9 Hz,
1 H, Ar-H), 6.76–6.74 (m, 2 H, Ar-H), 4.67 (s, 2 H, CH2OH), 3.86
(s, 3 H, OCH3), 3.83 (s, 3 H, OCH3), 3.75 (s, 3 H, OCH3), 3.71 (s, 3
H, OCH3), 2.67 (br s, 4 H, CH2CH2), 1.85 (br s, 1 H, CH2OH).
13C NMR (CDCl3): � = 191.2, 162.2, 156.8, 155.3, 153.9, 142.2,
140.3, 133.6, 132.6, 132.2, 132.0, 131.7, 131.4, 131.3, 131.2, 129.5,
129.0, 128.2, 126.2, 119.3, 118.6, 112.8, 110.9, 110.8, 109.1, 65.1,
56.1, 55.9, 55.8, 55.5, 36.2, 35.8.

MS (EI): m/z (%) = 545/548 (6/18, M – 1+).

Anal. Calcd for C32H31ClO6 (547.04): C, 70.26; H, 5.71. Found C,
70.35; H, 5.78.

Hydroxyaldehyde 51 
Yield: (86%); mp 70 °C. 
1H NMR (CDCl3): � = 9.91 (s, 1 H, CHO), 7.80 (dd, J1 = 2.2 Hz,
J2 = 2.2 Hz, 1 H, Ar-H), 7.70 (d, J = 2.4 Hz, 1 H, Ar-H), 7.10–7.02
(m, 2 H, Ar-H), 6.98 (s, 1 H, Ar-H), 6.95–6.91 (m, 2 H, Ar-H), 6.82
(m, 3 H, Ar-H), 6.75 (d, J = 2.2 Hz, 1 H, Ar-H), 4.66 (s, 2 H,
CH2OH), 3.83 (s, 3 H, OCH3), 3.81 (s, 3 H, OCH3), 3.74 (s, 3 H,
OCH3), 3.71 (s, 3 H, OCH3), 2.69 (br s, 4 H, CH2CH2), 1.80 (br s, 1
H, CH2OH).
13C NMR (CDCl3): � = 191.1 (CHO), 162.3, 159.0, 157.1, 155.3,
141.9, 141.7, 134.5, 132.0, 131.7, 131.7, 131.3, 131.2, 130.7, 130.0,
129.7, 129.0, 126.3, 119.0, 114.5, 114.0, 111.1, 111.0, 110.8, 109.3
65.3 (OCH2), 56.0, 55.9, 55.5, 55.2 (4 � OCH3), 36.3, 36.1
(2 � CH2).

MS (CI): m/z (%) = 545/548 (10/55, M – 1+).

Anal. Calcd for C32H31ClO6 (547.04): C, 70.26; H, 5.71. Found C,
70.38; H, 5.66.

Hydroxyaldehyde 52 
Yield (83%); mp 88 °C.
1H NMR (CDCl3): � = 9.90 (s, 1 H, CHO), 7.89 (d, J = 2.2 Hz, 1 H),
7.59 (d, J = 2.2 Hz, 1 H), 7.15 (s, 1 H), 7.02 (d, J = 7.5 Hz, 1 H),
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6.99 (br d, 1 H), 6.94 (br dd, 2 H), 6.82 (d, J = 8.4 Hz, 1 H), 6.76 (br
d, 1 H), 6.75 (s, 1 H), 4.69 (s, 2 H, CH2OH), 3.87 (s, 3 H, OCH3),
3.75 (s, 3 H, OCH3), 3.73 (s, 3 H, OCH3), 3.53(s, 3 H, OCH3), 2.66
(br s, 4 H, CH2CH2), 1.85 (br s, 1 H, OH).
13C NMR (CDCl3): � = 190.2, 159.1, 156.9, 154.9, 154.0, 142.2,
140.1, 134.3, 133.8, 132.4, 132.3, 131.9, 131.5, 131.0, 130.5, 129.5,
128.9, 128.3, 125.5, 119.6, 118.7, 112.9, 110.9, 109.3, 65.2, 60.8,
56.2, 55.7, 55.5, 36.0, 35.9.

MS (EI): m/z (%) = 584/580 (28/78, M+).

Anal. Calcd for C32H30Cl2O6 (581.49): C, 66.10; H, 5.20. Found C,
65.96; H, 5.26.

Stilbene-like Bisbibenzyls 53–55
The benzylalcohol 50, 51 or 52 (2.50 mmol) and triphenylphospho-
nium hydrobromide (2.50 mmol) in CH3CN(80 mL) were refluxed
for 24 h. The solvent was evaporated and the residue filtered
through a silica gel pad eluting first with CHCl3 for impurities and
second with EtOH to obtain the product which after concentration
was dissolved in CH2Cl2 (600 mL) and added dropwise over 24 h to
NaOMe (7.50 mmol) in CH2Cl2 (500 mL). After additional stirring
for 24 h the mixture was filtered and evaporated. The cyclic product
was purified by column chromatography (silica gel, CH2Cl2) to give
colorless crystals 

Bisbibenzyl 53 
Yield: (68%); mp 120 °C; mixture of conformers.
1H NMR (CDCl3): � = 7.22 (m, 2 H, Ar-H), 7.13 (d, J = 7.5 Hz, 1
H, Ar-H), 7.05 (m, 2 H, Ar-H), 6.90–6.82 (m, 4 H, Ar-H), 6.74 (d,
J = 8.4 Hz, 1 H, Ar-H), 6.64 (m, 2 H, CH = CH), 6.47 (s, 1 H, Ar-
H), 3.95 and 3.84 (2 s, 3 H, OCH3), 3.81 and 3.80 (2 s, 3 H, OCH3),
3.76 (s, 3 H, OCH3), 3.68 and 3.51 (s, 3 H, OCH3), 2.90–2.30 (m, 4
H, CH2CH2).
13C NMR (CDCl3): � = 157.4, 156.8, 156.2, 155.4, 154.2, 142.2,
141.7, 140.5, 139.8, 135.2, 133.7, 135.2, 133.7, 131.9, 131.8, 131.6,
131.3, 131.2, 131.0, 130.4, 130.2, 129.8, 129.7, 128.9, 128.7, 128.3,
127.9, 127.6, 127.5, 127.2, 126.9, 120.9, 120.9, 119.4, 119.3, 112.3,
112.0, 111.6, 110.9, 110.6, 110.6, 110.4, 56.1, 55.9, 55.8, 55.7,
55.6, 55.5, 55.4, 38.1, 37.7, 37.5, 36.8.

MS (EI): m/z (%) = 515/512 (12/100, M+).

Anal. Calcd for C32H29ClO4 (513.03): C, 74.92; H, 5.70. Found C,
75.01; H, 5.64.

Bisbibenzyl 54 
Yield: (72%); mp 86 °C; mixture of conformers.
1H NMR (CDCl3): � = 7.26–7.24 (m, 2 H, Ar-H), 7.20–7.00 (m, 2
H, Ar-H), 6.88–6.86 (m, 2 H, Ar-H), 6.82–6.78 (m, 2 H, Ar-H),
6.75–6.73 (m, 2 H, Ar-H), 6.72 (d, Jcis = 12.0 Hz, 1 H, CH=CH),
6.62 (d, Jcis = 12.0 Hz, 1 H, CH=CH), 6.49 (br d, 1 H, Ar-H), 3.85
(s, 3 H, OCH3), 3.80 (s, 3 H, OCH3), 3.76 and 3.68 (2 s, 3 H, OCH3),
3.64 and 3.58 (s, 3 H, OCH3), 2.79–2.63 (br s, 4 H, CH2CH2).
13C NMR (CDCl3): � = 159.1, 157.6, 152.9, 149.8, 142.8, 142.0,
137.5, 134.5, 132.1, 131.7, 131.0, 130.2, 129.7, 129.1, 127.5, 127.2,
120.7, 114.6, 114.4, 113.8, 111.5, 111.2, 110.0, 56.7, 56,4, 55.9,
55.6, 55.5, 55.2, 53.4, 53.0, 37.8, 37.4, 36.8, 36.2.

MS (CI): m/z (%) = 513/511 (45/100, M – 1+).

Anal. Calcd for C32H29ClO4 (513.03): C, 74.92; H, 5.70. Found C,
75.06; H, 5.64.

Bisbibenzyl 55 
Yield: (78%); mp 140 °C
1H NMR (CDCl3): � = 7.26 (m, 1 H, Ar-H), 7.22 (m, 1 H, Ar-H),
7.14 (m, 1 H, Ar-H), 7.06 (dd, J1 = 8.4 Hz, J2 = 2.2 Hz, 1 H, Ar-H),
6.90 (m, 1 H, Ar-H), 6.88 (s, 1 H, Ar-H), 6.86 (s, 1 H, Ar-H), 6.81

(s, 1 H, Ar-H), 6.76 (d, Jcis = 12.0 Hz, 1 H, CH=CH), 6.74 (d, J = 8.4
Hz, 1 H, Ar-H), 6.55 (d, Jcis = 12.0 Hz, 1 H, CH=CH), 6.41 (d,
J = 2.2 Hz, 1 H, Ar-H), 3.95 (s, 3 H, OCH3), 3.75 (s, 3 H, OCH3),
3.66 and 3.53 (2 s, 3 H, OCH3), 3.63 (s, 3 H, OCH3), 2.85–2.29 (m,
4 H, CH2CH2).
13C NMR  (CDCl3): � = 155.1, 154.3, 153.1, 135.2, 133.5, 132.7,
131.6, 131.1, 130.27, 129.2, 128.2, 127.7, 127.1, 120.9, 119.5,
112.1, 111.6, 110.9, 110.4, 60.7, 56.2, 55.7, 55.5, 37.7, 36.8.

MS (EI): m/z (%) = 550/546 (16/100, M+).

Anal. calcd for C32H28Cl2O4 (547.47): C, 70.20; H, 5.15. Found C,
70.31; H, 5.07.

Tetramethoxy Bisbibenzyls 56–58 by Hydrogenation
The dehydrobisbibenzyl 53, 54 or 55 (1.5 mmol) in EtOAc (150
mL) was hydrogenated (3.5 bar, 24 h) in the presence of 5% Pd/C
(250 mg). The mixture was filtered and evaporated. The crude prod-
uct was purified by column chropmatography (silica gel; CHCl3) to
give colorless crystals. 

Bisbibenzyl 56 
Yield: (88%); mp 145 °C; mixture of conformers. 
1H NMR (CDCl3): � = 7.20–7.13 (m, 2 H, Ar-H), 7.10–6.96 (m, 3
H, Ar-H), 6.90–6.83 (m, 2 H, Ar-H), 6.73 (dd, J1 = 8.1 Hz, J2 = 3.6
Hz, 1 H, Ar-H), 6.39–6.20 (m, 3 H, Ar-H), 3.95 (s, 3 H, OCH3),
3.80–3.45 (s, m, 9 H, 3 � OCH3), 3.30–3.23 (m, 1 H), 3.10–2.40 (m,
7 H, 2 � CH2CH2). 
13C NMR (CDCl3): � = 157.1, 156.5, 155.3, 154.1, 154.0, 142.6,
142.5, 142.2, 141.7, 135.3, 135.0, 134.3, 134.0, 133.9, 133.8, 132.9,
132.8, 132.2, 132.0, 131.5, 131.2, 130.7, 129.1, 128.2, 127.6, 127.3,
127.2, 127.0, 126.8, 123.3, 120.7, 119.3, 113.9, 112.3, 112.0, 111.2,
111.0, 110.7, 110.4, 110.2, 55.9, 55.8, 55.8, 55.7, 55.6, 55.3, 39.1,
38.8, 38.5, 38.3, 37.6, 36.9, 36.6, 36.0.

MS (EI): m/z (%) = 517/514 (13/100, M+).

Anal. Calcd for C32H31ClO4 (515.04): C, 74.62; H, 6.07. Found C,
74.56; H, 5.96.

Bisbibenzyl 57 
Yield: (72%); mp 140 °C; mixture of conformers. 
1H NMR (CDCl3): � = 7.21–7.15 (m, 2 H, Ar-H), 7.12–6.95 (m, 3
H, Ar-H), 6.88–6.81 (m, 2 H, Ar-H), 6.75 (dd, J1 = 8.0 Hz, J2 = 3.2
Hz, 1 H, Ar-H), 6.41–6.23 (m, 3 H, Ar-H), 3.91 (s, 3 H, OCH3),
3.80–3.45 (s, m, 9 H, OCH3), 3.28–3.24 (m, 1 H), 3.15–2.30 (m, 7
H, 2 � CH2CH2). 
13C NMR (CDCl3): � = 157.3, 156.7, 155.5, 154.5, 154.1, 142.7,
142.4, 142.2, 141.1, 135.6, 135.0, 134.5, 134.1, 133.7, 133.5, 132.8,
132.6, 132.4, 132.2, 131.4, 131.2, 130.2, 129.4, 128.5, 127.4, 127.3,
127.2, 127.0, 126.5, 123.1, 120.4, 119.5, 113.6, 112.5, 112.3, 111.8,
111.0, 110.5, 110.3, 110.0, 56.0, 55.8, 55.7, 55.6, 55.4, 55.3, 39.1,
38.8, 38.6, 38.3, 37.5, 36.7, 36.5, 36.2.

MS (CI): m/z (%) = 517/514 (21/100, M+).

Anal. Calcd for C32H31ClO4 (515.04): C, 74.62; H, 6.07. Found C,
74.52; H, 6.12.

Bisbibenzyl 58 
Yield: (88%); mp 131 °C; mixture of conformers. 
1H NMR (DMSO-d6): � = 7.52–7.48 (m, 1 H, Ar-H), 7.27–7.12 (m,
5 H, Ar-H), 6.96 (dd, J1 = 10.1 Hz, J2 = 3.1 Hz, 1 H), 6.50–6.45 (m,
1 H, Ar-H), 6.25–6.23 (m, 1 H, Ar-H), 6.15–6.14 (m, 1 H, Ar-H),
3.90 (s, 3 H, OCH3), 3.67–3.33 (5 s, 9 H, OCH3), 3.16–2.87 (m, 4
H, CH2CH2), 2.49–2.11 (m, 4 H, CH2CH2).
13C NMR (DMSO-d6): � = 155.0, 154.2, 142.1, 141.6, 136.8, 135.2,
135.0, 133.9, 133.7, 133.2, 132.9, 132.2, 132.0, 131.7, 131.2, 130.8,
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129.3, 128.3, 127.9, 127.5, 127.3, 123.2, 120.8, 113.8, 112.4, 112.1,
110.8, 110.1, 110.0, 65.8, 60.6, 56.2, 55.7, 55.3, 38.5, 38.3, 37.6,
36.8, 36.6.

MS (EI): m/z (%) = 552/548 (25/100, M+).

Anal. Calcd for C32H30Cl2O4 (549.49): C, 69.95; H, 5.50. Found C,
70.12; H, 5.57.

Tetrahydroxy Bisbibenzyls 3, 59 and 13 by Cleavage of the Me-
thyl Ethers
To the tetramethylether 56, 57 or 58 (1.00 mmol) in CH2Cl2 (25 mL)
was added BBr3 (1 M; 8.0 mL, 8.00 mmol) at –70 °C. Stirring was
continued for 5 h at –70 °C and the mixture was allowed to warm
up to r.t. over 24 h. Ice-water (25 mL) was added and the mixture
extracted with Et2O (3 � 25 mL) and the combined organic layers
dried (MgSO4) and concentrated. The product was purified by flash
chromatography on RP 18 (MeOH–H2O, 70:30).

12-Chlorisoplagiochin D (3) 
Yield: (75%), colorless oil. 
1H NMR (CD3OD): � = 7.09 (dd, J1 = 8.1 Hz, J2 = 2.2 Hz, 1 H, Ar-
H), 7.05 (s, 1 H, Ar-H), 7.03 (d, J = 7.5 Hz, 1 H, Ar-H), 6.95 (dd,
J1 = 8.1 Hz, J2 = 2.2 Hz, 1 H, Ar-H), 6.88 (s, 1 H, Ar-H), 6.81 (d,
J = 8.0 Hz, 1 H, Ar-H), 6.74 (dd, J1 = 7.5 Hz, J2 = 1.4 Hz, 1 H, Ar-
H), 6.70 (d, J = 8.0 Hz, 1 H, Ar-H), 6.65 (d, J = 1.3 Hz, 1 H, Ar-H),
6.44 (d, J = 2.2 Hz, 1 H, Ar-H), 6.34 (d, J = 2.2 Hz, 1 H, Ar-H),
3.05–2.88 (m, 2 H, CH2CH2), 2.81–2.75 (m, 2 H, CH2CH2), 2.71–
2.64 (m, 2 H, CH2CH2), 2.51–2.45 (m, 2 H, CH2CH2).
13C NMR (CD3OD): � = 155.8, 153.6, 152.8, 152.3, 143.9, 143.6,
136.6, 134.9, 134.7, 134.5, 132.9, 132.5, 132.2, 129.9, 128.5, 128.4,
127.0, 126.9, 122.1, 118.3, 118.1, 117.7, 117.4, 116.5, 39.3, 39.2,
38.7, 37.1.

MS (EI): m/z (%) = 458/461 (2/10, M+). 

Anal. Calcd for C28H23ClO4 (458.94): C, 73.28; H, 5.05. Found C,
73.19; H, 5.12.

The spectroscopic data were coincidental with those reported for the
natural compound.8,12

6�-Chlorisoplagiochin D (59) 
Yield: (72%); colorless oil. 
1H NMR (CD3OD): � = 7.25 (d, J = 2.4 Hz, 1 H, Ar-H), 7.13 (d,
J = 8.0 Hz, 1 H, Ar-H), 7.12 (d, J = 2.2 Hz, 1 H, Ar-H), 7.11 (d,
J = 8.0 Hz, 1 H, Ar-H), 6.98 (dd, J1 = 8.0 Hz, J2 = 2.0 Hz, 1 H, Ar-
H), 6.89 (d, J = 2.0 Hz, 1 H, Ar-H), 6.88 (d, J = 1.8 Hz, 1 H, Ar-H),
6.87 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1 H, Ar-H), 6.81 (d, J = 8.0 Hz,
1 H, Ar-H), 6.77 (dd, J1 = 8.0 Hz, J2 = 2.0 Hz, 1 H, Ar-H), 6.40 (d,
J = 1.8 Hz, 1 H, Ar-H), 2.80–2.70 (m, 4 H, CH2), 2.68–2.60 (m, 4
H, CH2).
13C NMR (CD3OD): � = 157.8, 156.0, 153.3, 152.4, 145.0, 143.5,
136.2, 136.0, 133.7, 132.7, 131.9, 130.5, 131.0, 129.9, 128.9, 128.5,
127.0, 125.0, 123.0, 118.9, 116.9, 116.0, 115.9, 113.0, 39.9, 38.9,
37.1, 36.7.

MS (CI): m/z (%) = 461/458 (19/38, M+)

Anal. Calcd for C28H23ClO4 (458.94): C, 73.28; H, 5.05. Found C,
73.18; H, 5.14.

6�,12-Dichlorisoplagiochin D or Bazzanin J (13) 
Yield: (65%); colorless oil.
1H NMR (CDCl3): � = 7.24 (d, J = 2.0 Hz, 1 H, Ar-H), 7.23 (s, 1 H,
Ar-H), 7.08 (d, J = 7.5 Hz, 1 H, Ar-H), 7.05 (s, 1 H, Ar-H), 7.00
(dd, J1 = 8.2 Hz, J2 = 2.4 Hz, 1 H, Ar-H), 6.811 (br d, 1 H, Ar-H),
6.810 (d, J = 8.2 Hz, 1 H, Ar-H), 6.72 (dd, J1 = 7.6 Hz, J2 = 1.5 Hz,
1 H, Ar-H), 6.38 (d, J = 2.0 Hz, 1 H, Ar-H), 6.27 (d, J = 2.3 Hz, 1
H, Ar-H), 2.78 (m, 8 H).

13C NMR (CDCl3): � = 153.1, 151.6, 151.1, 145.3, 143.4, 142.8,
135.1, 134.9, 133.6, 133.0, 131.5, 130.7, 128.5, 128.4, 128.3, 125.9,
125.8, 124.4, 122.3, 120.2, 117.9, 117.0, 116.9, 116.4, 37.9, 37.8,
37.6, 35.8.

MS (EI): m/z (%) = 494/491 (12/50, M+).

Anal. Calcd for C28H22Cl2O4 (493.38): C, 68.16; H, 4.49. Found C,
68.08; H, 4.39.

The spectroscopic data were coincidental with those reported for the
natural compound.9

6�-Chlorisoplagiochin C or Bazzanin A (4)
To the tetramethylether 54 (1.00 g, 1.95 mmol) in CH2Cl2 (20 mL)
was added BBr3 (1 M in CH2Cl2; 16 mL, 16.0 mmol) at –78 °C. The
soln was allowed to come to r.t. over 12 h, poured into ice-water and
the layers were separated. The aqueous layer was extracted with
EtOAc (2 � 50 mL) and the combined organic layers washed with
sat. NaCl and dried (MgSO4). After evaporation of the solvent the
product was purified by flash chromatography (RP-18; MeOH–
H2O, 75:25), give a mixture of a colorless oil and colorless crystals
(755 mg, 85%). 
1H NMR (CD3OD): � = 7.28 (d, J = 2.4 Hz, 1 H, Ar-H), 7.17 (d,
J = 2.2 Hz, 1 H, Ar-H), 7.13 (d, J = 8.0 Hz, 1 H, Ar-H), 7.10 (d,
J = 8.0 Hz, 1 H, Ar-H), 6.99 (dd, J1 = 8.4 Hz, J2 = 2.2 Hz, 1 H, Ar-
H), 6.83 (d, J = 8.4 Hz, 1 H, Ar-H), 6.82 (dd, J1 = 8.4 Hz, J2 = 2.0
Hz, 1 H, Ar-H), 6.80 (d, J = 2.2 Hz, 1 H, Ar-H), 6.78 (d, J = 2.2 Hz,
1 H, Ar-H), 6.76 (dd, J1 = 8.4 Hz, J2 = 2.0 Hz, 1 H, Ar-H), 6.67 (d,
Jcis = 12.0 Hz, 1 H, CH=CH), 6.54 (d, J = 2.2 Hz, 1 H, Ar-H), 6.51
(d, Jcis = 12.0 Hz, 1 H, CH=CH), 2.67–2.50 (br s, 4 H, CH2CH2).
13C NMR (CD3OD): � = 157.8, 157.0, 156.2, 156.0, 144.6, 140.8,
136.8, 134.5, 133.4, 132.6, 131.0, 130.5, 130.2, 130.0, 129.9, 129.6,
129.3, 129.0, 127.7, 123.8, 120.7, 116.6, 115.8, 115.0, 114.9, 113.0,
39.6, 38.6.

MS (CI): m/z (%) = 458/456 (41/100, M+).

Anal. Calcd for C28H21ClO4 (456.92): C, 73.60; H, 4.63. Found C,
73.71; H, 5.01.

Tetraacetate 60 of Bazzanin A 
Compound (4137 mg, 0.30 mmol) of in Ac2O (5 mL) and pyridine
(0.1 mL) were heated to 80 °C for 24 h. HCl (1 M, 20 mL) were add-
ed and the mixture extracted with EtOAc (2 � 10 mL). The com-
bined organic layers were washed with NaOH (0.5 M; 2 � 10 mL),
dried (MgSO4) and concentrated. The crude product was purified by
column chromatography (silica; EtOAc) to give colorless crystals
(133 mg, 71%); mp 121 °C.
1H NMR (CDCl3): � = 7.35 (d, J = 2.2 Hz, 1 H, Ar-H), 7.20 (d,
J = 2.2 Hz, 1 H, Ar-H), 7.19 (m, 2 H, Ar-H), 7.08 (d, J = 2.4 Hz, 1
H, Ar-H), 7.10 (d, J = 8.4 Hz, 1 H, Ar-H), 6.99 (m, 2 H, Ar-H), 6.95
(dd, J1 = 8.4 Hz, J2 = 2.2 Hz, 1 H, Ar-H), 6.83 (dd, J1 = 8.4 Hz,
J2 = 2.2 Hz, 1 H, Ar-H), 6.67 (d, J = 2.4 Hz, 1 H, Ar-H), 6.59 (d,
J = 12.4, 1 H, CH=CH), 6.48 (s, 1 H, CH=CH), 2.32 (s, 3 H,
OCOCH3), 2.14 (s, 3 H, OCOCH3), 1.99 (s, 3 H, OCOCH3), 1.79 (s,
3 H, OCOCH3), 2.85–2.68 (br s, 4 H, 2 � HCH).
13C NMR (CDCl3): � = 159.1, 157.6, 152.9, 149.8, 142.8, 142.0,
137.5, 134.5, 132.1, 131.7, 131.0, 130.2, 129.7, 129.1, 127.5, 127.2,
120.7, 114.6, 114.4, 113.8, 111.5, 111.2, 110.0, 56.7, 55.6, 55.5,
53.4 (4 � OCH3), 37.4, 36.2 (2 � CH2).

MS (CI): m/z (%) = 626/624 (25/65, M+). 

Anal. Calcd for C36H29ClO8 (625.06): C, 69.17; H, 4.68. Found C,
69.27; H, 4.72.

Dialdehyde 61
A slurry of the benzylalcohol 51 (547 mg, 1.00 mmol) and PCC/
Al2O3 (1.20 equiv) in CH2Cl2 (10 mL) was stirred for 24 h at r.t., fil-
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tered, washed with CH2Cl2 and the CH2Cl2 evaporated. The residue
was taken up in Et2O and filtered through a pad of silica gel to give
yellow crystals (crude: 463 mg, 85%); mp 80 °C.
1H NMR (CDCl3): � = 9.98 (s, 1 H, CHO), 9.90 (s, 1 H, CHO), 7.88
(d, J = 1.8 Hz, 1 H), 7.56 (d, J = 2.2 Hz, 1 H), 7.47 (m, 2 H), 7.07
(dd, J1 = 8.8 Hz, J2 = 1.8 Hz, 1 H), 6.92 (dd, J1 = 11.0 Hz, J2 = 2.2
Hz, 1 H), 6.82 (m, 4 H), 6.75 (d, J = 1.8 Hz, 1 H, Ar-H), 3.82 (s, 3
H,), 3.81 (s, 3 H), 3.72 (s, 3 H), 3.51 (s, 3 H, OCH3), 2.67 (br s, 4 H,
CH2CH2).
13C NMR (CDCl3): � = 191.7, 190.0 (2 � CHO), 159.4, 159.1,
157.7, 154.9, 141.3, 137.5, 137.0, 134.3, 134.0, 132.4, 132.2, 131.0,
130.4, 129.7, 129.4, 125.5, 124.0, 115.0, 114.8, 113.7, 111.3, 111.0,
110.8, 109.3, 60.4, 55.7, 55.6, 55.2 (4 � C–O), 36.5, 36.0.

MS (CI): m/z (%) = 547/544 (13/65, M+).

Anal. Calcd for C32H29ClO6 (545.02): C, 70.52; H, 5.36. Found C,
70.68; H, 5.43.

Bazzanin A Tetramethylether 54 via McMurry Reaction24

A mixture of TiCl3(DME)2 (2.10 g, 6.20 mmol) and Zn/Cu couple
(1.50 g, 22.9 mmol) in DME (75 mL) was heated to 80 °C for 5 h.
The dialdehyde (436 mg, 0.80 mmol) in DME (75 mL) was added
dropwise within 6 h. Stirring was continued for 8 h at 80 °C and the
mixture cooled, diluted with pentane (300 mL), filtered and concen-
trated. The product was purified by column (silica gel; pentane–
Et2O, 1:1), to give colorless crystals (285 mg, 70% from 51); mp
86 °C.

For the spectroscopic data see above.
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