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The first two marine BPs were isolated from the red algae Rhodomela larix.   Bromophenol´s (BPs) have been isolated

from red, brown and green algea, ascadians, mussels, marine proteobacteria and sponges.   BPs are common marine

secondary metabolites. BPs have been found to have many beneficial health properties.

The synthetic efforts have been concentrated on making more of isolated compounds, but also on improving the

structures to obtain better biological effects.  In that respect, it is of course useful to analyze the effects of already known

compounds.  It seems like the number of hydroxyl groups is an important factor and so is conjugation for anti-oxidant and

anti-radical activity.  Conjugation can be caused by nitro, acetyl or aldehyde groups preferentially in para-position to the

OH-group.  On the other hand, bromination does not always seem to be a determining factor.  
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Figure 1.  Typical bromophenol

The first two marine BPs were isolated from the red algae Rhodomela larix.   Bromophenol´s (BPs) have been isolated

from red, brown and green algea, ascadians, mussels, marine proteobacteria and sponges.   BPs are common marine

secondary metabolites. BPs have been found to have many beneficial health properties.

The synthetic efforts have been concentrated on making more of isolated compounds, but also on improving the

structures to obtain better biological effects.  In that respect, it is of course useful to analyze the effects of already known

compounds.  It seems like the number of hydroxyl groups is an important factor and so is conjugation for anti-oxidant and

anti-radical activity.  Conjugation can be caused by nitro, acetyl or aldehyde groups preferentially in para-position to the

OH-group.  On the other hand, bromination does not always seem to be a determining factor.  Other active conjugations

are seen in biphenyl skeletons (Fig. 2) compared with no biphenyl type conjugation.

Figure 2. Biphenyl skeletons and a non-conjugated precursor (see later)

The synthesized compounds can roughly be categorized as six types as seen in Fig. 3.
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Figure 3.  The six typical patterns.  The number of OH, Br and substituents, R, may of course change and the pattern is

not intended to indicate symmetrical compounds.

As will be seen in the following to achieve these natural product often many step synthesis is necessary, but normally

using well known synthetic reactions.  The OH groups often have to be protected.  This is done by using OCH  groups in

the initial steps.   These can then be removed using BBr  or PBr (see later). Reviews, discussing   bromophenols, are

available and compounds isolated from the marine organisms mentioned above can be found in these two reviews. ,   

1. Biosynthetic approaches

At present, polybrominated diphenyl ethers (PBDEs) are frequently used as brominated flame retardants, due to their

durability and toxicity, PBDEs are regarded as persistent organic pollutants. The study showed the formation of

hydroxylated polybrominated diphenyl ethers (HO-PBDEs) from simple   bromophenols using bromoperoxidase. This

provided a biosynthetic approach to synthesize HO-PBDEs.   This biosynthetic approach using bromoperoxidase as a

catalyst is seen in Fig .4.  This of course is also an indication that this could be a pathway in living organisms.

Figure 4. taken from Ref. 4 with permission from The American Chemical Society.

In another study laccase was demonstrated as the coupling catalyst.
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Figure 5.  Use of laccase as coupling reagent.  From Ref. 5 with permission from Elsevier.

2. Synthetic approaches

This study revealed the first synthesis of the natural products 1–3 and their derivatives with mono OMe 15–17 (Fig. 6). All

these synthetic BPs exhibited effective inhibition of some metabolic enzymes, such as CA I and II, AChE, and BchE,

illustrating that they can be used as good alternatives for the treatment of neurological disorders, glaucoma, epilepsy,

mountain sickness, gastric and duodenal ulcers.  Compounds 11-13 can be converted to the corresponding phenols (see

Scheme 1 b of Fig. 6) [6]



Figure 6.  The lower part is Scheme 1b. Taken from Ref. 6 with permission from Elsevier.        

In Ref.  a series of BP derivatives with CH SO  groups were synthesized and these compounds have anticholinergic

activity. Among them, BPs 1 and 2 (Fig. 7a) inhibited the activity of AChE and BChE. Comparing these two compounds,

BP1 with two hydroxyl groups and one bromine group had stronger activity towards BChE, whereas BP 2 with two

hydroxyl groups and three bromine group had stronger activity towards AChE.

Figure 7a.

Figure 7b.  Synthesis of sulphur containing BPs.  Taken from Ref. 7 with permission from Elsevier.

Both enantiomers of Rhodomelin A (Fig. 8) were synthesized starting from larnosolaldehyde (4,5-dihydroxy-2,3-

dintrobenzaldehyde).  It incorporates a gamma-aminobutyric unit as well as a ureidopyrrolidone.  
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Figure  8.  Rhodomelin A

Some synthetic derivatives containing indolin-2-one moiety have been designed and synthesized.  BPs 1-5 (see Fig. 9a)

containing the indolin-2-one moiety displayed potent cytotoxicity to A549, Bel7402, HepG2, HeLa, and HCT-116 cancer

cell lines, which is valuable for developing bromophenol derivatives as novel anticancer drugs.

Figure 9a

Figure 9.  Synthesis of a BP with an indoline-2-one moity. Taken from Ref. 9.

The total synthesis of (±)-rhodoconferimide was carried out in this stydy.    Noticeably, (+)-rhodoconferimide showed

more efficient antioxidant with IC  of 5.22 μM compared with multifunctional urceolatin (IC =7.90 μM) It may be a good

antioxidant candidate for protection of humans from free-radical-induced damage.

Figure 10 .  Synthesis of Rhodoconferimide in seven steps. 

A general way of synthesizing mono-bromophenols have been developed using electron-rich phenols, bromide ions,

dioxygen and copper acetate.

Bis(2,3-dibromo-4,5-dihydroxybenzyl) ether (BDDE) was synthesized and showed effective inhibition on α-glucosidase. 

When binding it induced minor conformational changes. This study established a useful pathway to obtain BDDE and

confirmed its inhibition of α-glucosidase. It may be a potential agent for type 2 diabetes treatment.
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Figure 11 .  Synthesis of an ether coupled BP.  From Ref. 12.

Avrainvilleol was synthesized by coupling a tosylhydrazone of 2,3-methoxy-4-bromo-6-methoxymethylbenzaldehyde  with

the (3-brom o-4-mehoxyphenyl)boronic acid followed by demethylation leading to avrainvilleol, 1 (Fig. 12).

Figure 12.  Synthesis of avrainvilleol.  From Ref. 13  with permission from The America Chemical Society.

A different attempt to create a PhCH Ph unit was achieved by Guo et al.  using a Friedel-Crafts reaction  (Fig. 13).  The

protein tyrosine phosphatase 1B (PTP1B) inhibitory activities of the synthetic compounds were evaluated by the

colorimetric assay. The results showed that these compounds are moderate PTP1B inhibitors.

Figure 13.  The total synthesis is in eight steps. 

In Ref. , a series of compounds that inhibit hCA have been synthesized. Among them, BP 22 (Fig. 14) is a natural

product isolated from the Caribbean red algae Vidalia obtusaloba, and had strong inhibitory effect on hCA I, II, IV, and VI.

Whereas BP 21, which was the fully methylated derivative of BP 22, had weaker inhibition against hCA I, II, IV, and VI,

indicating the importance of the -OH groups in the activity against hCA.
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Figure 14.  Synthesis of vidalol B.  From Ref. 15  with permission from Elsevier.

In Ref.    based on the natural BP 1, four O-methylated derivatives BPs 2-5 (Fig. 15) were synthesized and showed

powerful hCA I, II, IV, and VI inhibitory activity. The structures of BPs 2 and 4 are cis, whereas those of BPs 3 and 5 are

trans. The comparison of these four compounds indicated that the difference in configuration had little effect on the hCA

inhibitory activity.

Figure 15.  Cyclohexanol derivatives

 In Ref.  the natural product BP 1 was synthesized (Fig. 16), revealing inhibitory activity for hCA I and II. Based on this,

the same research group also synthesized four BPs 2-5 which exhibited enhanced inhibitory activity for hCA I and II.

Compared with BPs 3-5, BP 2 showed better inhibition activity towards hCA I and II, suggesting an attenuator effect of the

bromine moiety. When compared with the natural compound BP 1 with hydrophobic groups, BPs 2-5 containing hydroxyl

groups had stronger inhibition activity of hCA I and II.

Figure 16.

In Ref.  based on some natural compounds, new compounds, which could inhibit hCA II,   have been synthesized.

Among them, BPs 1 and 2 (Fig. 17), obtained from red algae Symphyocladia latiuscula, had weak inhibitory effects on

human carbonic anhydrase (hCA) II However, the new derivative 3 (Figure 17) had a stronger activity (IC  = 0.7 µM).

This indicates that the carbonyl group is very important for inhibiting the activity of hCA II.
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Figure 17.

Figure 18 .  Synthesis of a tetracyclic scaffold.  From Ref.   with permission from Wiley.

In Ref. 19 a new compound, which could inhibit PTP1B activity was synthesized as described in Fig. 18. BP 2 (Fig. 19)

was a synthetic derivative of the natural BP 1. BP 2 also inhibited PTP1B (IC  = 0.89 µM), and its activity was about two-

fold higher compared with the lead compound 1 (IC  = 1.7 µM). A preliminary SAR study revealed that the tricyclic

scaffold and multi-bromine atoms (four to five) attached to the aryl rings were critical for PTP1B inhibition.

Figure 19.

Figure  20.  Synthesis of benzophenone type BPs.  Taken from Ref.  with permission from Elsevier.

In Ref. 20 the new BP derivatives 1-7 (Fig. 21), which have acetylcholinesterase and α-glycosidase enzymes inhibition

properties and antioxidant activity been synthesized among them, BP 3 exhibited the strongest inhibitory effect on α-

glycosidase, indicating these have antidiabetic activity. These compounds could effectively clear DPPH free radicals, but

have weaker ability to scavenge ABTS radical. They also showed AChE inhibitory activity, among them, BP 5 which have

two bromines in para-position and one methoxy, showed the strongest inhibitory ability of AChE.
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Figure 21.

Figure 22.  Synthesis of piperidine, imidazole and pyrazine derivatives. 

The synthesis was achieved in several steps starting from 2-methyl-5-bromobenzoic acid, which is converted into the acid

choride to form the coupling in a Friedel-Crafts reaction. 

When the series of nitrogen-containing heterocycles such as piperidine, piperazine, and imidazole replaced the OH group

at the 2-position of 1 (Fig. 23), the products also showed moderate-to-potent cytoprotective activity against H O -induced

injury in EAhy926 cells with 2 being the most potent. A SAR study revealed that the antioxidant ability of these analogues

increased with an increasing number of heterocycles and hydroxyl groups. Furthermore, a molecular-docking study

demonstrated that compound 2 could interact with Keap1, and thus in turn modulating Keap1-Nrf2 protein-protein

interaction in order to activate Nrf2-induced downstream protective genes from oxidative stress damage.

Figure 23.

Figure 24.  From Ref. 
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One of the new HPN compounds  (Fig. 25) showed in in vitro experiments, that this compound could inhibit the activity of

PTP1B and had high selectivity against other PTPs. In in vivo test, the compound could effectively reduce the serum

triglyceride and total cholesterol concentration in the serum of mice after 8 weeks of action, and the results of an

intraperitoneal glucose tolerance test in Sprague–Dawley rats indicate, that this compound had a similar

antihyperglycemic activity as rosiglitazone. Furthermore, this compound could decrease PTP1B levels in pancreatic

tissue, indicting HPN had the potential to treat type 2 diabetes. Ref. 22.

Figure 25.  From Ref.  with permission from Elsevier.

In Ref.  a number of new halophenols were synthesized (Fig. 26). Among them, BP 1and 2 (Fig. 27) showed excellent

antioxidant activity. They were also able to protect human umbilical vein endothelial cells from H O -induced oxidative

stress injury. Through the comparison of a series of synthesized compounds, it is found that hydroxyl groups on the

diphenyl backbone are essential for the in vitro antioxidative activities of these compounds, and the presence of one or

more halogen atoms on the phenol ring is also necessary. The number and position of the hydroxyl groups and halogen

atoms may influence the potency of activity.

Figure 26.

Figure 27.  Synthesis of polysiphenol. Taken from Ref.  with permission from The American Chemical Society.

 +- Polysiphenol was obtained by oxidative coupling followed by demethylation.
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Figure 28.  Synthesis of an indene derivative.  Taken from Ref.   with permission from Elsevier.
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