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GRAPHICAL ABSTRACT

The first synthesis of phenylpropanoid derivative bromophenols including natural products: Formation of
an indene derivative compound

Cetin Bayrak, Abdullah Menzek
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Thefirst synthesisof phenylpropanoid derivative bromophenolsincluding

natural products: Formation of an indene derivative compound
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Abstract: Fhe-firsts Synthesis of the natural bromophenelsdgyromo-5-(butoxymethyl)benzene-1,2-diol, (E)-3-(2,3-dibromo-
4,5-dihydroxyphenyl)-2-methylacrylaldehyde?)( 3,4-dibromo-5-(3-hydroxy-2-methylpropyl)benzene-1,8+diand 3-(2,3-
dibromo-4,5-dihydroxyphenyl)-2-phenylpropanoic acid reported for the first time. An indene-derived compoyi?) was

formed during-the attempts to synthesize of the logdrenol7. The formation of compount? is discussed.
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1. Introduction

Many bromophenols including natural products esthibiportant biological activities such as antioxitdd,
cytotoxicity’, glucose 6-phosphate dehydrogefiasearbonic anhydrad® feeding deterret aldose reductase
inhibitory™, antiviral” and anticancer activiti& The natural bromophenol compourid8 were isolated from marine life

such as the red alg&hodomela confervoides andSymphyocladia latiuscula (Figure 13356415
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Figure 1. Some biologically active natural bromophenols.

We reported the first synthesis of many bromopteirluding natural bromophendis®? To the best of our
knowledge, there are no reports on the synthestsebromophenol§-9 having biological activitiet’*'® have—ret-yet

been-synthesized—tnr-this-work Herein, thefirsitlsgsis of these natural produ6ts is reported for the first time.

2. Results and Discussion

The groups on the benzene rings of natural bromugké-9 are the same while other parts of them are diftere
For the synthesis of these bromophenols and tleeivatives, our method involves the preparingartibraromatic rings
including the corresponding groups and then commgthem to the corresponding compounds. In addiiothe synthesis
of natural bromophenols, synthesis of their deinst was also planned because they may have bialogctivities.
Firstly, the aldehyd@0 was prepared from the starting material vaniljntie previously published methdd$®?% Then
condensation produdil was obtained from the reaction of benzaldehydevatéve 10 with propanal at room temperature

(RT) %,



For the synthesis of the natural bromophenola demethylation reaction with BBof compoundll was
performed because demethylation of the aryl meghlyers was-dene previously achieved with BEr'*??(Scheme 1).

However, instead of the expected natural bromophgéredifferent product was obtained from this reaci{{Scheme 1).

Br

HO

b
il iy i X OH
Br . Br X 7
B
MeO MeO b Br
OMe

OMe

Br
" : D
MeO
OMe Br
a) Propanal, %10 NaOH, 0-25 °C, 90%. b) BBr3 - CH,Cl,, 0-25 °C, 85%. 12

Scheme 1. An attempt to synthesize compound and the formation of indene derivative 12.

When Examination of thtH-NMR spectrum of the produet-was-irvestigatederded five singlet peaks at 6.51,
5.29, 4.07, 3.85 and 2.13 ppm-werefound. Nonéhese singlets should belong to the hydrogen ofattiehyde group
because they are present in the higher areas.ahéhtee (at 4.07, 3.85 and 2.13 ppm) should gelorOMe, OMe and
Me groups, respectively. The singlet peaks at &1%15.29 ppm in thtH-NMR spectrum should belong to CH, and these
CH groups should resonate at 128.75 and 48.40 pphei*C-NMR spectrum. In théH-and'*C-NMR spectrum, there is
an aromatic or olefinic CH resonating at 128.75 ppgtherefore—the—product-should—be-indene—derigali2. The
hHydrogen{CHBr) resonating at 5.29 ppm should bBiBCbecause it is both benzylic and allylic. Theref the product
should be indene derivatid®. The Br in the CHBr may be a OH such as CHOH. H@rethe chemical shift of the CH
hydregen in this CHOH should be at a field lowarttat 48.40 ppm in tHEC-NMR spectrum. The HRMS spectrumisf
also confirm the structure as (M-H) calcd. FasHGo °Brs0,; 422.8231; Found: 422.8285.

For the formation of indene derivatil®, we can propose the mechanism in Scheme 2. Téteiriteraction is
between the oxygen atom of the aldehyde groudgd iand the Lewis acid BBr Structurel4 is a resonance structdres of the
formed intermediate formetB. By electrophilic aromatic substitution, intermai@i19 16 may be obtained fro4 er16
via 48-15. Benzylic OH or its derivatives are converted &mbylic bromides in the reaction medium with B8f The
nucleophilic substitution reaction of intermedid® 16 with Br ™ gives indene derivativé2. {a For the formation of
indene derivative2, an electrocyclic ring closure reaction may alsacbnsidered as an alternative—dgankararaman
2005). When a parts ef-the structufidsandl5-is thought of as a pentadienyl cations{}4rit may be converted t&7 15 ;
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whose-structure—is—theresonance-structurd8oby conrotatory ring closure. It was reported thainamic aldehyde
derivatives were converted into the correspondindefne derivatives in the presence of s BIEL/CH(OMe),

FeCL/CH(OMe),?%, FeCl/Ac,0%° and AICE® by electrophilic aromatic substitution.
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Scheme 2. The mechanism for the formation of compound 12.

Another way was considered for the synthesis ohtteral product. Aromatic OMOM groups such as aromatic
OMe are stable in basic medium and they are olddigereactions of OH groups with MOMCI (methoxymgthloride).
The knowr" aldehydel8 was obtained from reactions of compout@with BBr; and MOMCI, consecutively, via7.
After aldehydel8 with-propanal was allowed to reacted with propanddasic medium, hydrolysis of the product formed,

product19 in acidic medium afforded the natural bromophéh(@cheme 3).
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Scheme 3. Synthesis of the natural bromophenol 7.



In the synthesis of the other natural product campd, reduction of thex,B-unsaturated aldehyde groups in
compoundsdl or 19 to saturated aldehyde groups is important. Thezefowas attempted to reduee-irduce compoudids
or 19 using the reducing agents mentioned in the litee¥t** (Scheme 4). However, neither compo@dnor 21 was

obtained from these reactions.
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Scheme 4. Attemptsto synthesize the natural bromophenol 8.
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a) Et3N, (CH3CH,CO),0, 24h, Reflux. b) MeOH / HpSOy4, Reflux. 24 h, 92%. ¢) Na / t-BuOH-THF,
24h, Reflux, 77% d) Bro/ CHCl3 Darkness, rt, 24h, 83% e) BBr3/ CH,Cly rt, 24h, 73%

Scheme 5. Synthesis of the natural bromophenol 8.

For the synthesis of the natural bromopheBiohnother method was also considered. For thighstte 22,
propionic anhydride and triethylamine (NEtvere mixed (at RT for 10 min), and then the migtwas refluxed (for 4h),
cooled (0 °C) and refluxed with ,BO, (catalytic) in MeOH. EsteP3 was obtained from these reactions via &id
because the corresponding acid such as interme2flabecurs—a during these reactions-as-an-intermedit(Buckles
and-Bremer-1963) (Scheme 5). Aldehy®awas used rather than vanillin in the reaction beeaof both the rate and yield

of the reaction. Reduction of est28 with metallic Na andert-butyl alcohol {(-BuOH) in tetrahydrofuran (THF) gave



product25 having OMe, and two OH (aromatic and aliphatic)ug® by Birch reductioRi®’. Compound25 was treated
reacted with molecular bromine @in CHCkL and compoun@6 was obtained. Electron-rich benzene rings rapjilye

an aromatic electrophilic substitution reactionhaBr,'°?*. Reaction of the produ@6é with BBr; in CH,Cl, gave the
natural bromophend (Scheme 5).

The natural bromophend@ is a saturated acid with two benzene rings, onehath has two OH and two Br
groups. Reduction of the double bonds of #hgunsaturated carbonyl groups 11 and 19 could not be carried out.
Therefore, our method-is-stated-as-{i}—{i)—ai§l for the synthesis 00 was as follows: (i) The-sStarting material-from
was a corresponding aromatic aldehyde including Qvteups in the case of OH groups; (#) Ccondensatb this
aldehyde was performed with phenyl acetic aeid- doliowed by esterification with MeOH; (iii)—Ccatélg

hydrogenatiori: bromination, and demethylation of product formeete conducted consecutively—{iv}-SubstitutiorBef

: ion.eThondensation oR7 with phenyl acetic acid, conversion of
intermediate acid to est@8, reduction of este28 with catalytic hydrogen, bromination 89 with molecular bromine and
demethylation of dibromid80 with BBr; were carried out, consecutively (Scheme 6). Thterahbromophenod was

synthesized as a result of these reactions.

a) PhCH,COOH I Ac,O / EtN,
HCI,100 ° C, 48 h, b) H,SO4 / MeOH,
Reflux, 90%. ¢) Pd / C / Hp / MeOH,
48h, 90%. d) Br, / ACOH, 60 °C, 16h,
35%. €) BBra/CH,Cly / Hy0,16 h, 90%.

Scheme 6. Synthesis of the natural bromophenol 9.
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a) p-OMe-PhCH,COOH-AC,0/Et3N, HCI, 100 °C, 56 h, b) H,SO4/ MeOH, Reflux, 85%. €) Pd/ C/ H, - MeOH, 24 h, 94%.
d) Bry/ AcOH, 60 °C, Darkness, 24 h, 35-40%. e) BBra/ CH,Cl>-H,0, 24 h, 86-90%

Scheme 7. Synthesis of derivatives 36 and 37 belengingte of the natural bromophenol 31.

Synthesis of the antioxidant natural bromophe3idf and its derivatives is important because to thst beour
knowledge it-is-net-known-to-the-best-of our-knadge has not been reported. Similar to the syntlesi®mpound?9,
ester33 was synthesized from the starting material aldet®fivia 32. The reaction of est&3 with molecular bromine
(2.0 equiv.) in AcOH in darkness gave the prod@dtand35. The presence of an AB system (as d and ddeimtbmatic
regions of both products also indicates that thisr@ Br in the ortho position of OMe in rings witlingle OMe.
Demethylation of compound3 and35 with BBrz gave bromophenols in high yield as derivati@sand 37 of natural
bromophenoB1. In the bromination of est&3 because of the directions of groups in the aranmatigs, compoun@5
should be formed first, and then compowddshould be formed fror85. A precursor compound of natural bromophenol
31 should not occur in the bromination of es?8rdue to these reactions. A derivative whose stradtas dert-butyl (t-
Bu) group at the para (p) position of OMe in thegriwith two OMe groups as auxiliary groups of ess8rmay be
synthesized. Probably, the precursor compound eddur in this bromination. However, we have ndemapted to

synthesize the precursor compound yet.

Br 5 Br 1) BBr3 Br
Br Br NaOMe OMe 2) n-BuOH Br 0
o Home @ CH4Cl HO
o _0 3)RT, 24h, N, OH
4) Reflux, 3 h 6
38 39

Scheme 8. Synthesis of the natural bromophenol 6.



The natural produd, an ether, is an inhibitor of glucose 6-phosphiieydrogenase enzyfadhe synthesis of
the natural produ@ may be planned from reactions of the benzyl brendidrivative38 with n-butanol or n-buthoxide and
BBr;. This method was not used because benzyl ethersigble in the reactions of BEt For the synthesis of natural
bromophenob, compound9 was prepared (from the reaction3& with MeO) and reacted with BBin CH,Cl, under N
for 10 min at 0 °C. Then the mixture was refluxeidhw-BuOH for 3 h and the natural bromopheBalvas purified by
column chromatography (Scheme 8).

3. Conclusion

tn-eonclusion;-tThe first synthesis of natural bophenol compound6-9 were was successfully realized from
the corresponding reactions. The reaction,ffunsaturated aldehyde compoutidwith BBr; gave the indene derivative
12. According-tTo the best of our knowledge, synthesli an indene derivative from the reactionogff-unsaturated
aldehyde such a%l with BBr; is has not-knewn be reported previously. The faimnaof an indene-derivative in the
presence of BBris a new reaction—Fhis-should-be-a-newreacidso Moreover-the compoun@$ and37 which4is are

derivatives of natural produBt were synthesized.

4. Experimental section

4.1. General Experimental Procedures

The solvents were purified and dried by known meshdror all compounds, values as well as M.p, I&csp,'H
and™C NMR spectra, chemical shift and elemental analysere obtained as explained previotfsly Preparative thick-
layer chromatography was used with 1 mm of siliehG PF (Merck, Darmstadt, Germany) on glass platRMS data
were obtained by LC-MS-TOF electrospray ionizai{®®00/6210, Agilent).

4.1.1. Experimental Text (E)-3-(2,3-Dibromo-4,5-dimethoxyphenyl)-2-methylacrylaldehyde (11).

A solution of the aldehyd#0 (3.0 g, 9.30 mmol) in a mixture of EtOH (50 mL)dahHF (5 mL) was cooled at 6C
using an ice-water bath, and cold propanal (0.64ld,6 mmol, < 0%C,) and solution of NaOH (10%, 6C, 10 mL) were
slowly added. After the reaction mixture was stirfer 30 min at 0 °C, the cold bath was removed and the mixture was
stirred for 24 h. The solvent was removed undeuuatand the crude product was extracted with EtQAs 30 mL).
The combined extracts were dried ovep3, and the solvent was removed in the evaporatererwgcuum. The residue
was purified by column chromatography on silica(@€l g) using EtOAc/hexane (2:8) eluent. Compolih¢?.41 g, 90%)
was obtained as a yellow solid. M.p: 110-1@;°R = 0.32 EtOAc/Hexane (1:9); IR (GBl,, Vyay cit): 2922, 1681,
1583, 1466, 1378, 1302, 1264, 1206, 1191, 16MAIMR (400 MHz, CDC)): 9.66 (s, CHO, 1H), 7.40 (s, 1H), 6.92 (s,
1H), 3.89 (s, OCH| 3H), 3.88 (s, OCK 3H), 1.93 (s, CK 3H); *C-NMR (100 MHz, CDGJ)): 194.77 (CO), 152.62 (C),
148.86 (CH), 148.38 (C), 139.79 (C), 131.88 (C)2.02 (C), 117.41 (C), 112.87 (CH), 60.61 (OfH55.96 (OCH),
10.56 (CH); Elemental Anal. Calcd (%) for,@,,Br,0Os: C 39.59, H 3.32. Found: C 40.03, H 3.33.

4.1.2. (1R*)-1,4,5-Tribromo-6,7-dimethoxy-2-methyl-1H-indene (12).

A solution of compound1 (1.0 g, 2.74 mmol) in CKCl, (10 mL) under N gas was cooled to GC using an ice-
water bath and BB(1.38 g, 5.49 mmol) was added by the aid of a ggifT he resulting mixture was allowed to stir under
N, for 10 min at 0 ®C. After removal of the cold bath-was—remeved, iiigture was stirred for 10 h at RT and cooled
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again to 0 ®C. MeOH (10 mL) was added dropwise and then theesblwas removed in the evaporater—undervacuum.
The crude product was extracted with EtOAc (2 ¥15. The combined extracts were dried ovep3@, and the solvent
was removed in the evaporater—undervacuum. Compd2i (997 mg, 85%) was obtained as a black solid. M3%5-127
°°C; R = 0.71 EtOAc/Hexane (1:9); IR (GBl,, Vi cmi'): 2923, 2848, 1459, 1398, 1320, 1266, 1199, 11082, 967;
'H-NMR (400 MHz, CDC}): 6.51 (s, 1H), 5.29 (s, CHBr, 1H). 4.07 (s, OCBH), 3.85 (s, OCH 3H), 2.13 (s, Ch| 3H);
*C-NMR (100 MHz, CDGJ)): 149.64 (C), 148.10 (2 C), 140.75 (C), 135.55, (128.75 (CH), 122.24 (C), 111.29 (C),
60.94 (OMe), 60.80 (OMe), 48.40 (gBt) 14.52 (CH); Elemental Anal. Calcd (%) for,@H,,Brs0,: C 33.76, H 2.60.
Found: C 33.61, H 2.61. HRMS: m/z (M-H) calcd. BasH,o °BrsO,: 422.8231; Found: 422.8285.

4.1.3. (E)-3-(2,3-Dibromo-4,5-bis(methoxymethoxy)phenyl)-2-methylacrylaldehyde (19).

The standard procedure described for the syntloédis was performed for this reaction—Prepatetlhe-Pprepared
compound18® (2.0 g, 5.2 mmol), propanal (0.30 g, 5.2 mmol) &mDH (10%, 0C, 10 mL) were used and the product
19 (2.0 g, 90%) was obtained as a white solid. Md44 °C; R = 0.17 EtOAc/Hexane (1:9); IR (GBl,, Viayx CMY):
2916, 2824, 1686, 1541, 1455, 1369, 1285, 11562;18ONMR (400 MHz, CDCJ): 9.64 (s, CHO, 1H), 7.36 (s, 1H), 7.24
(s, 1H), 5.24 (s, OCH 2H), 5.20 (s, OCH 2H), 3.66 (s, OCH 3H), 3.48 (s, OCH 3H), 1.91 (s, CH 3H); *C-NMR
(100 MHz, CDC}): 195.42 (CO), 149.58 (C), 148.59 (CH), 145.97,(139.85 (C), 132.72 (C), 122.81 (C), 119.73 (C),
116.93 (CH), 98.62 (OCH, 95.80 (OCH), 57.97 (OCH), 56.41 (OCH), 10.84 (CH); Elemental Anal. Calcd (%) for
C14H16Br;0s: C 39.65, H 3.80. Found: C 39.49, H 3.79.

4.1.4. (E)-3-(2,3-Dibromo-4,5-dihydroxyphenyl)-2 methylacrylaldehyde (7): Standard procedure for the demethylation.

To a solution of compountd (0.5 g, 1.17 mmol) in THF (10 mi), was added HCD(®1, 2.0 mL)-was-added. After
the solution was stirreg-in at 88C for 24 h, the reaction mixture was cooled to R@ the solvent was removed in the
evaporator—undervacuum,®l (10 miL) and EtOAc (10 mL)was were added andntiddgure extracted with EtOAC (2-xx
25 mL). The combined extracts were dried oves9Ty and the solvent was removed in the evaporatereradettm.
Natural productZ (443 mg, 95%) was obtained as a yellow solid. ML$8-160 °C {(138-140 °C) *}. '"H-NMR (400
MHz, Acetone-g): 9.65 (s, CHO, 1H), 9.30 (bs, aromatic OH, 1H®83(bs, aromatic OH, 1H), 7.44 (s, 1H), 7.17 @&),1
1.86 (s, CH, 3H); **C-NMR (100 MHz, Acetone): 195.41 (CO), 148.93 (CH), 145.70 (C), 144.61,(€39.11 (C),
127.52 (C), 116.59 (C), 115.75 (CH), 113.38 (C)15QCH); HRMS: m/z (M-H) calcd. For GH,"°Br®'BrO,: 334.8741;
Found: 334.8750.

4.1.5. Methyl (E)-3-(3-bromo-4-hydroxy-5-methoxyphenyl)-2-methylacrylate (23): Standard procedure for methyl ester
of condensed product.

A mixture of compound22 (1.00 g, 4.33 mmol), NEt(4.0 mL) and propionic anhydride (6.0 mL) was—atide
prepared. After the mixture was stirred in 8G for 4 h and the reaction was stopped, the reaatiature was cooled at 0
°°C and HCI (18%, 8.0 mL) and,B (20 mL) were added. Then, the reaction mixturs atared for 1h more at RT and
extracted with CECl, (2 xx 50 mL). The combined extracts were driedrdva,SO, and the solvent was removed under
vacuum. After MeOH (10 mL) and a catalytic amouhpsdoluene sulfonic acid (HOTs, 5.0 mg) were addbd mixture
was refluxed for 24 h and extracted with £} (2 x 50 mL). The combined organic extracts weieddover NaSO, and
the solvent was removed in the evaporater—undesum. The residue was purified by column chromatplyy on silica
gel (10 g) using EtOAc/hexane (4:6) as eluent. Gmumg23 (1.05 g, 92%) was obtained as a white solid. M99 °C;

9



R; = 0.39 EtOAc/Hexane (2:8); IR (GBl,, Vimax CMY): 2951, 2846, 1709, 1575, 1501, 1417, 1342, 12853, 1115H
NMR (400 MHz, CDCJ): 7.53 (s, 1H), 7.18 (s, 1H), 6.83 (s, 1H), 6.821H), 3.90 (s, 3H), 3.80 (s, 3H), 2.12 (s, 313,
NMR (100 MHz, CDCJ): 169.23 (CO), 147.21 (C), 143.55 (C), 137.80 (Ck29.07 (C), 127.73 (C), 126.59 (CH), 111.66
(CH), 108.52 (C), 56.59 (OMe), 52.37 (OMe), 14.8#Hg); HRMS: m/z (M-H) calcd. For GHy,>'BrO,: 300.9898; Found:
300.9920.

ﬁ . - ey’ b . " oC,

4.1.6. (E)-3-(3-Bromo-5-methoxy-4-(propionyloxy)phenyl)-2-methylacrylic acid (24).

A mixture of compoun@2 (0.6 g, 2.6 mmol), NEt(4.0 mL) and propionic anhydride (6.0 mL) was-atigeepared.
After the mixture was stirred at in 88Cfor 4 h and-thereaction-was cooled at t6@ HCI (18%, 8.0 mL) and j© (20
mL) were added. Then, the reaction mixture wasestifor 1 h more at RF-as-addition and extractatd ®@H,Cl, (2 xx 30
mL). The combined extracts were dried over®d, and the solvent was removed in the evaporateremwdeuum. The
compound24 (0.81 g, 91%) was obtained as a white solid. NI4D-142 °C; R = 0.33 EtOAc/Hexane (2:5); IR (GBl,,
Vimax CMY): 3435, 2923, 1770, 1675, 1568, 1487, 1450, 14232, 1128, 1047, 9524 NMR (400 MHz, CDC)): 7.71 (s,
1H), 6.92 (s, 1H), 3.84 (s, OMe, 3H), 2.68 (q, LB = 7.5 Hz, 2H), 2.15 (s, GH3H), 1.32 (t, CH, J = 7.5 Hz, 3H)*C
NMR (100 MHz, CDC}): 173.64 (CO), 171.34 (CO), 152.33 (C), 139.14 YCI88.12 (C), 134.87 (C), 128.91 (C), 125.63
(CH), 117.40 (C), 112.72 (CH), 56.31 (OMe), 27.8&H{), 13.76 (CH), 9.16 (CH); Elemental Anal. Calcd (%) for
C14H15BrOs: C 49.00, H 4.41. Found: C 48.83, H 4.43.

4.1.7. (2R*)-4-(3-Hydroxy-2-methyl propyl)-2-methoxyphenol (25).

To a stirred solution of compour8 (2.0 g, 6.64 mmol) in THF (50 mL) was added matalla (1.53 g, 66.42
mmol) in small-pieees amounts overaperiod of Iute at RT, and then a solutionteBuOH (4,92 g, 66.,42 mmol) in
THF (120 miL) was slowly added. After the mixturesvrefluxed for 24 h, it was stopped, cooled at &1d excess-of
sodium in the reaction mixture was filtered off.eThixture was cooleé-at to 6C and EtOH (25 mL) was slowly and
carefully added for neutralization. After the rerabuef solvent—ard-then solution of HCI (3%, 25 mids slowly added,
the mixture was extracted with EtOAc (2 x 20 mhe tombined organic extracts were dried oveiS@aand the solvent
was removed in the evaporater—undervacuum. Ratiin of the residue on silica gel (20 g) by caluchromatography
eluting with EtOAc/hexane (1/4) gave compou®d (1.00 g, 77%) as a yellow solid. M.p: 70-7C? R = 0.32
EtOAc/Hexane (2:5); IR (CHTly, Vmax CM'): 3434, 2075, 1516, 1463, 1376, 1271, 1126, 16A3NMR (400 MHz,
CDCly): 6.81 (d, A part of AB system, J = 8.0 Hz, 1H}$%-6.58 (m, 2H, ArH), 6.03 (bs, OH, 1H), 3.81@CH;, 3H),
3.51 (dd, A part of AB system J = 10.6, 6.0 Hz, 18i%5 (dd, B part of AB system J = 10.6, 6.1 H1),12.67 (dd, A part
of AB system, J = 13.6, 6.2 Hz, 1H), 2.32 (dd, Btjmd AB system J = 13.6, 8.1 Hz, 1H), 2.13-1.76 {#d), 0.89 (d, J =
6.7 Hz, 3H);"°C NMR (100 MHz, CDGJ)): 146.72 (C), 143.94 (C), 132.78 (C), 121.94 (CH)4.53 (CH), 112.02 (CH),
67.80 (CHOH), 56.09 (OMe), 39.60, 38.11, 16.69 ($HHRMS: m/z (M) calcd. For GH;¢Os 196.1099; Found:
196.1102.

4.1.8. (2R*)-3-(2,3-Dibromo-4-hydroxy-5-methoxyphenyl)-2-methylpropanoic acid (26): Standard procedure for
bromination.

To a solution of compoungb (400 mg, 2.04 mmol) in CHg(15 mL) at RT, was added molecular bromine (716.61
mg, 4.48 mmol)-was-added-in-the-lightless-mediumkrisss. After the reaction mixture was stirred atler the same
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conditions for 24 h and volatile compounds-was weraoved in the evaporaterundervacuum., the wesiebs purified
by column chromatography on silica gel (10 g) udhat@Ac/hexane (1:4) as eluent. Compowéd(600 mg, 83%) was
obtained as a brown liquid.;R 0.17 EtOAc/Hexane (2:5); IR (GBl,, Vinax cm’l): 3434, 2083, 1487, 1396, 1270, 1193,
1059;'"H NMR (400 MHz, CDC)): 6.68 (s, 1H), 3.83 (s, OGH3H), 3.53 (dd, A part of AB system, J = 10.7, B 1H),
3.48 (dd, B part of AB system J = 10.7, 5.8 Hz, 1439 (dd, A part of AB system J = 13.6, 6.5 H4),12.52 (dd, B part
of AB system, J = 13.6, 8.0 Hz, 1H), 2.06-1.93 (), 0.92 (d, J = 6.8 Hz, 3HY*C NMR (100 MHz, CDGJ): 146.08
(C), 142.89 (C), 133.13 (C), 118.03 (C), 112.55 JCH 2.45 (C), 67.51 (CiD), 56.72 (OMe), 41.29, 36.69, 16.66 (§H
Elemental Anal. Calcd (%) for,@H,,Br,0;: C 37.32, H 3.99. Found: C 37.16, H 3.97.

4.1.9. (2R*)-3,4-Dibromo-5-(3-hydroxy-2-methyl propyl)benzene-1,2-diol (8).

This reaction was performed according to the stahdaocedure described- in for the synthesis of naatu
bromophenol7. In the reaction, compourd (0.20 g, 0.56 mmol), CKl, (10 mL) and BBy (311.35 mg, 1.24 mmol)
were used. The residue was purified by column chtography on silica gel (10 g) using MeOH/{CH} (3:97) as eluent.
Natural product8 (140 mg 73%) was obtained as a yellow gum-brewsidi; {(Ggummy)*}. *H NMR (400 MHz,
Acetone-g): 9.05-7.98 (m, 2H), 6.86 (s, 1H), 3.77 (s, 1HR&-3.31 (m, 2H), 2.87 (dd, A part of AB systens, 13.4, 6.1
Hz, 1H), 2.49 (dd, B part of AB system J = 13.4 Bz, 1H), 2.08-2.05 (m, 1H), 0.92 (d, §H = 6.5 Hz, 3H)**C NMR
(100 MHz, Acetone-gJ: 145.41 (C), 143.57 (C), 134.07 (C), 117.64 (CH)6.62 (C), 113.89 (C), 67.11 (@B), 41.45
(CH,), 37.38 (CH), 16.85 (Cht HRMS: m/z (M-H) calcd. For GH,,"°Br¥'BrO,: 338.9054; Found: 338.9060.

4.1.10. Methyl (E)-3-(3,4-dimethoxyphenyl)-2-phenylacrylate (28).

The standard procedure described for the syntloé&3 was performed for this reaction. Compo@®71d(1.0 g, 12.04
mmol), NEt (4.0 mL), acetic anhydride (6.0 mL) and phenyltecacid (1.64 g, 12.04 mmol) were used in thictieas,
and-the compoun@8 (2.75 g, 90%) was obtained as a yellow liquid=R.60 EtOAc/Hexane (2:5); IR (GBI, Vi cm
Y): 2839, 2065, 1635, 1510, 1464, 1248, 1143, 14a4NMR (400 MHz, CDCJ): 7.80 (s, olefinic, 1H), 7.44-7.38 (m,
2H), 7.36-7.31 (m, 1H), 7.28-7.23 (m, 2H), 6.83, (Adpart of AB system, J = 8.4, 2.1 Hz, 1H), 6.4d]l B part of AB
system, J = 8.4 Hz, 1H), 6.39 (d, J = 2.1 Hz, B8] (s, OCH, 3H), 3.76 (s, OCK 3H), 3.36 (s, OCH 3H); *C NMR
(100 MHz, CDC}): 168.62 (CO), 150.24 (C), 148.40 (C), 140.74 1@).68 (CH), 136.78 (C), 130.17 (CH), 129.05 (CH),
127.93 (CH), 127.57 (CH), 125.85 (C), 112.46 (CH).70 (CH), 55.97 (OCH} 55.27 (OCH), 52.48 (OCH); Elemental
Anal. Calcd (%) for GgH104: C 72.47, H 6.08. Found: C 72.21, H 6.07.

4.1.11. (2R*)-Methyl 3-(3,4-dimethoxyphenyl)-2-phenylpropanoate (29).

To a solution of compoun2B (2.0 g, 6.7 mmol) in MeOH (60 mL) was added Pd5@ (mg)-was-added. After the
air in the flask was evacuated under vacuum andodggsh gas was sent into the flask,. Tthe reactiotune was stirred
for 48 h at RT. After the reaction was completes ttatalyst (Pd-C) was filtered off and the solvewats evaporated.
Compound29 (1.80 g, 90%) was obtained as a yellow liquig=.41 EtOAc/Hexane (1:5); IR (GBI,, Vinax CM"): 2953,
2928, 2852, 1735, 1516, 1465, 1264, 1238, 11579;162NMR (400 MHz, CDCJ): 7.33-7.28 (m, 5H), 6.74 (d, A part of
AB system, J = 8.2 Hz, 1H), 6.67 (dd, B part of A@stem, J = 8.2, 1.7 Hz, 1H, ArH), 6.56 (d, J =HZ 1H), 3.82 (s,
OCH;, 3H), 3.82-3.78 (m, CH, 1H). 3.76 (s, O%H), 3.61 (s, OCH 3H), 3.35 (dd, A part of AB system, J = 13.7, 8.5
Hz, CH,, 1H), 2.98 (dd, B part of AB system, J = 13.7, A8, CH,, 1H); *C NMR (100 MHz, CDG)): 174.13 (CO),
148.80 (C), 147.75 (C), 138.78 (C), 131.81 (C),.828(CH), 128.26 (CH), 127.58 (CH), 121.12 (CH)2#4B (CH),
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111.32 (CH), 56.03 (OCH), 55.93 (OCH), 54.09 (OCH), 52.21 (CH), 39.71 (Ch; Elemental Anal. Calcd (%) for
CisH2004: C 71.98, H 6.71. Found: C 72.25, H 6.71.

4.1.12. (R*)-Methyl 3-(2,3-dibromo-4,5-dimethoxyphenyl)-2-phenyl propanoate (30).

To a solution of compoung9 (0.5 g, 1.66 mmol) in AcOH (10 mL) was added malac bromine (665 mg, 4.16
mmol)-was-added in-the-lightless-medium darknedterAhe reaction mixture was stirred at 6C For 16 h and was
cooled to RT, HO (20 mlL) was added, and the mixture was extraatit EtOAc (2 x 30 mlL). The combined organic
extracts were dried over b80,, the solvent was removed in the evaporater—undesum and the residue was purified by
column chromatography on silica gel (20 g) usin@A&t/hexane (1:9) as eluent. Compoud@ (265 mg, 35%) was
obtained as yellow liquid; /&= 0.35 EtOAc/Hexane (1:9); IR (GBI, Vimax cm’l): 2939, 2845, 1735, 1584, 1550, 1470,
1423, 1378, 1308, 1261, 1200, 1163, 1060, 188 NMR (400 MHz, CDCJ): 7.36-7.22 (m, 5H), 6.57 (s, 1H), 3.97 (dd, J
= 8.5, 6.6 Hz, CH, 1H), 3.80 (s, OGH8H), 3.67 (s, OCHK 3H), 3.62 (s, OCHK 3H), 3.55 (dd, A part of AB system, J =
13.6, 8.5 Hz, 1H), 3.13 (dd, B part of AB systenx 13.6, 6.6 Hz, 1H)°C NMR (100 MHz, CDGJ): 173.66 (CO),
152.21 (C), 146.54 (C), 138.51 (C), 135.72 (C),.28§CH), 128.11 (CH), 127.75 (CH), 121.95 (C), X07(C), 114.68
(CH), 60.70 (OCH), 56.27 (OCH), 52.34 (OCH), 51.19 (CH), 42.15 (CH2); Elemental Anal. Calét)) (for CgHgBr,04:

C 47.19, H 3.96. Found: C 47.05, H 3.98.

4.1.13. (R*)-3-(2,3-dibromo-4,5-dihydroxyphenyl)-2-phenyl propanoic acid (9).

This reaction was performed according to the stahdaocedure described- in for the synthesis of naatu
bromophenolr. Fhe-cCompoun@0 (0.3 g, 0.65 mmol), BBr(492 mg, 1.96 mmol) and GHI, (15 miL) were used, and
natural produc® (245 mg, 90%) was obtained as a white solid. NIZ2-124 °C:-f(brown gum}*4(Zhae-et-at2004]'H
NMR (400 MHz, Acetone-): 11.25-10.50 (m, OH, 1H), 8.74 (s, OH, 1H), 8(90H, 1H), 7.47-7.20 (m, 5H), 6.78 (s,
1H), 3.99 (dd, J = 8.9, 6.1 Hz, CH, 1H), 3.44 (Adyart of AB system, J = 13.8, 8.9 Hz, §HH), 3.07 (dd, B part of AB
system, J = 13.8, 6.1 Hz, GHH); *C NMR (100 MHz, Acetonei: 173.50 (CO), 144.63 (C), 143.38 (C), 139.35 (C),
131.36 (C), 128.79 (CH), 128.04 (CH), 127.47 (CH)7.10 (CH), 117.02 (C), 115.97 (C), 51.29 (CH),181(CH);
HRMS: m/z (M-H) calcd. For GH,,""Br,O,: 412.9024; Found: 412.9042.

4.1.14. (E)-Methyl 3-(3,4-dimethoxyphenyl)-2-(4-methoxyphenyl)acrylate (32).

The standard procedure described for the syntloé$i8 and24 was performed for this reaction. Compoutvd(1.0
g, 6.02 mmol), triethylamine (4.0 mL), acetic anhigld (6.0 mL),-ang-methoxyphenylacetic acid (1.0 g, 6.02 mmol), and
a catalytic amount gi-toluene sulfonic acid (HOTSs, 5.0 mg)was were used compoun@®2 (1.24 g, 85%) was obtained
as a yellow solid. M.p: 68-70C; R = 0.30 EtOAc/Hexane (1:5); IR (GBl,, Vi cmi’): 2952, 2835, 1705, 1643, 1512,
1427, 1337, 1248, 1146, 1090, 1043;NMR (400 MHz, CDCJ): 7.75 (s, 1H), 7.16 (d, AA’ part of AA'BB’ systerd =
8.5 Hz, 2H), 6.93 (d, BB’ part of AA'BB’ system,<)8.4 Hz, 2H), 6.81 (d, A part of AB system, J.5 6iz, 1H), 6.70 (d,
B part of AB system, J = 8.4 Hz, 1H), 6.47 (bs),1Bi81 (s, OMe, 3H), 3.79 (s, OMe, 3H), 3.76 (8)&) 3H), 3.44 (s,
OMe, 3H);**C NMR (100 MHz, CDGJ)): 168.85 (CO), 159.40 (C), 150.12 (C), 148.38 (1%)0.51 (CH), 131.38 (CH),
129.89 (C), 128.74 (C), 127.80 (C), 125.53 (CH}.50 (CH), 112.66 (CH), 110.73 (CH), 55.96 (OM&j,48 (OMe),
55.35 (OMe), 52.44 (OMe). HRMS: m/z (M) calcd. FgH,Os: 328.1311; found: 328.1312.

4.1.15. (R*)-Methyl 3-(3,4-dimethoxyphenyl)-2-(4-methoxyphenyl)propanoate (33).
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The standard procedure described for the syntlodé&i8 was performed for this reaction. Compo8#i(0.4 g, 6.7
1.22 mmol), MeOH (50 mL), Pd-C (5.0 mg) and dg&s were used. CompouB8 (380 mg, 94%) was obtained as a white
solid. M.p: 60-72 °C; R = 0.32 EtOAc/hexane (1:5); IR (GEll,, Vinax ciY): 2999, 2952, 2836, 1735, 1610, 1513, 1465,
1259, 1157, 1030H NMR (400 MHz, CDCJ): 7.20 (d, AA’ part of AA'BB’ system, J = 8.6 H2H), 6.82 (d, BB’ part of
AA'BB’ system, J = 8.6 Hz, 2H), 6.72 (d, A part AB system, J = 8.2 Hz, 1H), 6.64 (dd, B part of s8fgtem J = 8.2, 1.7
Hz, 1H), 6.56 (bs, 1H), 3.90-3.75 (m, 1H), 3.80@8Je, 3H), 3.76 (s, OMe, 3H), 3.74 (s, OMe, 3HR&(s, OMe, 3H),
3.31 (dd, A part of AB system, J = 13.7, 8.5 Hz),1M93 (dd, B part of AB system, J = 13.7, 7.1 H); **C NMR (100
MHz, CDCL): 174.36 (CO), 159.09 (C), 148.80 (C), 147.71 (£31.90 (C), 130.93 (C), 129.25 (CH), 121.13 (CH),
114.20 (CH), 112.49 (CH), 111.31 (CH), 56.00 (OM#5,92 (OMe), 55.40 (OMe), 53.17 (OMe), 52.10 (CB9,75
(CHy,); Elemental Anal. Calcd (%) for,¢H,,0s: C 69.07, H 6.71. Found: C 69.05, H 6.70.

4.1.16. Bromination of compounds 33.

The standard procedure described for the syntloéS8 was performed for this reaction. Compo#1(0.4 g, 1.21
mmol), AcOH (15 mL) and Br(619.15 mg, 3.87 mmol) were used, and comp@h@79 mg, 40%) was obtained as a
yellow solid-ard as well as compouBsl (208 mg, 35%)-were-obtained.

4.1.17. (2R*)-Methyl 2-(3-bromo-4-methoxyphenyl)-3-(2,3-dibromo-4,5-dimethoxyphenyl)propanoate (34).

M.p: 86-88 °C; R = 0.35 EtOAc / Hexane (1.5:8.5); IR (@B, Vimax CM"): 2082, 1639, 1497, 1470, 1284, 1258,
1163, 1056;H NMR (400 MHz, CDCJ): 7.51 (d, J = 2.2 Hz, 1H), 7.16 (dd, A part of Astem, J = 8.5, 2.2 Hz, 1H),
6.82 (d, B part of AB system, J = 8.5 Hz, 1H), 6(621H), 3.91 (dd, A part of AB system, J = 8.8 Bz, 1H), 3.86 (s,
OMe, 3H), 3.81 (s, OMe, 3H), 3.72 (s, OMe, 3H),23(§, OMe, 3H), 3.49 (dd, A part of AB system, 136, 8.8 Hz, 1H),
3.10 (dd, B part of AB system, J = 13.6, 6.5 Hz);TfC NMR (100 MHz, CDG)): 173.42 (CO), 155.53 (C), 152.28 (C),
146.64 (C), 135.53 (C), 132.69 (CH), 132.04 (CB.83 (CH), 121.95 (C), 117.71 (C), 114.65 (CH), 18(CH), 112.04
(C), 60.73 (OMe), 56.51 (OMe), 56.33 (OMe), 52.50Me), 49.97 (CH), 42.05 (Gt HRMS: m/z (M) calcd. For
CioH1o Br;05: 563.8783; Found: 563.8773.

4.1.18. (2R*)-Methyl 3-(2-bromo-4,5-dimethoxyphenyl)-2-(3-bromo-4-methoxyphenyl)propanoate (35).

M.p: 97-99 °C; R = 0.28 EtOAc/Hexane (1:5); IR (GHI,, Vi cmi’): 2925, 2850, 1734, 1602, 1498, 1463, 1440,
1384, 1260, 1219, 10581 NMR (400 MHz, CDC)): 7.54 (bs, 1H), 7.17 (dd, A part of AB systenx 8.4, 1.9 Hz, 1H).
6.98 (s, 1H), 6.81 (d, B part of AB system J = BZ 1H), 6.55 (s, 1H), 3.91-385 (m, 1H), 3.86 ($/1€ 3H), 3.83 (s,
OMe, 3H), 3.73 (s, OMe, 3H), 3.62 (s, OMe, 3H),73(8d, A part of AB system, J = 13.7, 8.7 Hz, 1BIp)2 (dd, B part of
AB system J = 13.6, 6.7 Hz, 1HJC NMR (100 MHz, CDGJ): 173.45 (CO), 155.23 (C), 148.30 (C), 147.98 (I32.55
(CH), 131.99 (C), 129.79 (C), 128.18 (CH), 115.€H], 114.36 (C), 114.15 (CH), 111.90 (CH), 111.79,(56.25
(OMe), 56.09 (OMe), 55.95 (OMe), 52.12, 50.22, 398); Elemental Anal. Calcd (%) for§l,,Br,0s: C 46.75, H 4.13.
Found: C 46.65, H 4.12.

4.1.19. (2R*)-Methyl 3-(2-bromo-4,5-dihydroxyphenyl)-2-(3-bromo-4-hydr oxyphenyl)propanoate (36).

This reaction was performed according to the stahgmocedure described—in for the synthesis of ribtural
bromophenolr. Compound35 (0.2 g, 409.69 umol), BB(410.55 mg, 1.64 mmol), and GEl, (15 mlL) were used and
compound36 (154 mg, 86%)-were was obtained as a brown liggjd; 0.57 CHCl,/MeOH (9:1); IR (CHCly, Vinayx CmY):
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3243, 2924, 1704, 1602, 1495, 1469, 1274, 1IHNMR (400 MHz, Acetone-§: 7.53 (d, J = 1.9 Hz, 1H), 7.20 (dd, A
part of AB system, J = 8.4, 2.0 Hz, 1H), 7.04 (4),16.98 (d, B part of AB system, J = 8.4 Hz, 1B)75 (s, 1H), 3.94 —
3.89 (m, 1H), 3.31 (dd, A part of AB system, J =8138.6 Hz, 1H), 2.98 (dd, B part of AB system 13:8, 8.6 Hz, 1H);
%C NMR (100 MHz, Acetone)l: 174.77 (CO), 154.10 (C), 145.70 (C), 145.41 (38.12 (CH), 132.76 (C), 130.13 (C),
129.31 (CH), 119.94 (CH), 118.92 (CH), 117.34 (CH)3.53 (C), 110.40 (C), 51.07, 39.93; ElementahlAGalcd (%)
for C;sH1,Br,0s: C 41.70, H 2.80. Found: C 41.61, H 2.81; HRMSz (M-H) calcd. For GH,,"*Br,0Os: 428.8973; Found:
428.90009.

4.1.20. (2R*)-Methyl 3-(2-bromo-4,5-dihydroxyphenyl)-2-(2,3-dibromo-4-hydroxyphenyl)propanoate (37).

This reaction was performed according to the stehdorocedure described—in for the synthesis ofiraht
bromophenoll. Compound4 (0.3 g, 529.,04 pmol), BB(530-,14 mg, 1.,12 mmol) and @&, (15 miL) were used and
compound37 (244 mg, 90%) was obtained as a brown liquics R.46 CHCl,/MeOH (9:1); IR (CHCl,, Vinayx cMi*): 3373,
2928, 1705, 1603, 1578, 1495, 1471, 1407, 1358512780, 1045'H NMR (400 MHz, Acetone): 8.87 (bs, 2H), 8.25
(bs, 1H), 7.52 (s, 1H), 7.18 (d, A part of AB syste] = 8.3 Hz, 1H), 6.96 (d, B part of AB systens, 8.3 Hz, 1H), 6.77
(s, 1H), 3.96-3.80 (m, 1H), 3.40 (dd, A part of Astem, J = 13.8, 8.6 Hz, 1H), 3.04 (dd, B parABfsystem, J = 13.8,
6.4 Hz, 1H);"*C NMR (100 MHz, Acetone-d6): 173.73 (CO), 153.48,(C44.70 (C), 143.37 (C), 132.38 (CH), 131.97
(C), 131.11 (C), 128.58 (CH), 117.06 (CH), 116.8}, 116.01 (C), 113.20 (C), 109.73 (C), 50.10,161 Elemental
Anal. Calcd (%) for GH1,Brs0s: C 35.26, H 2.17. Found: C 35.17, H 2.15; HRMSz ¢M-H) calcd. For GH1,"Br;0s:
506.8078; Found: 506.8095.

4.1.21. Natural bromopheol 3,4-dibromo-5-(butoxymethyl)benzene-1,2-diol (6).

This reaction was performed accordinghe standard procedure described in for the sgighef the natural
bromophenol7. Compound39 (0.4 g, 1,18 mmol), BBr(589-,44 mg, 2.,35 mmol), GBI, (15 miL) andn-BuOH (5.0
mL) were used, and natural prodécf130 mg 31%) was obtained as a pale brown ligfgietllow liquid)%}; R; = 0.45;
MeOH / CHCI, (2:98);"H NMR (400 MHz, CDCJ): 6.97 (s, 1H,), 6.50-6.30 (m, OH, 1H), 6.10-5@&Q OH, 1H), 4.48
(s, benzyl CH, 2H), 3.56 (t, J = 6.7 Hz, GH2H), 1.69-1.58 (m, Ckl2H), 1.47-1.34 (m, CH2H), 0.92 (t, J = 7.4 Hz,
CH;, 3H); ®C NMR (100 MHz, CDGJ): 143.67 (C), 141.65 (C), 131.53 (C), 115.64 (CH)4.84 (C), 113.58 (C), 73.32
(OCH,), 71.20 (OCH), 31.86 (CH), 19.57 (CH), 14.16 (CH); HRMS: m/z (M-H) calcd. For GH,5"°Br,05: 350.9231;
Found: 350.9231.
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Highlights

1- Thefirst synthesis of biological active natural bromphenols by good yields were realized.

2- Inden-derivative 12 was synthesized from reaction of BBr3 with benzne ring bearing
OMe, Br and conjugated aldehyde moiety. Formation reaction of a indene derivative
during demethylation with BBr3 is new.

3- The first synthesis of bromophenols 36 and 37, isomers of 3-(3-bromo-4,5-
dihydroxyphenyl)-2-(3,5-dibromo-4-hydroxyphenyl)propanocic acid (31), were also
realized.



