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Subjecting 6-bromoindole to an iridium-catalysalidrylation-diprotodeborylation sequence
followed by Chan-Evans-Lam coupling gives 6-brommédthoxyindole in good overall
yield. This indole C4-H alkoxylation process wa®disn a formal synthesis of the natural

product breitfussin B.



INTRODUCTION

Breitfussins A and B are modified dipeptide natupabducts isolated from the Arctic
bryozoan Thuiaria breitfussi. The breitfussins are notable for their halogematedole-
oxazole-pyrrole scaffold, which was assigned witle &id of atomic-force microscopy.
Along with a unique heteroaromatic architecture, lineitfussins possess a 4,6-disubstituted

indole, a substitution pattern rarely seen amordglmalkaloids
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Figure 1. Breitfussins A and B

Synthetic studies towards the breitfussins has iogted in the synthesis of both members by
Bayer and Hedberfollowed by a synthesis of breitfussin B by Cheshart time latef.In
both these reports, the syntheses began with 6d3bmethoxyindole X), which was
prepared by Leimgruber-Batcho and Hemetsbergeligadmns, respectively. (SchemeA,
and B). Indeed, the synthesis of 4,6-disubstituted iadols commonly achieved using
(hetero)annulation reactio§.A conceptually different approach to this subsititu pattern
would be functionalisation of the C4-H site in cosmgially available 6-bromoindole

(Scheme 1C).



A. ref3 MeO

i. DMF-DMA
ii. Zn
Br NO

2
4 steps from

2,6-nitrotoluene

i. xylenes
B. ref4 140°C
ii. NaOH MeQ
MeO iii. quinoline
m CO,Me 215°C ;
Br N
N H
Br ’ 1
1 step from
4-bromo-2-methoxy ,4
benzaldehyde 2
C.this work , C4-H

commercially available

Scheme 1Synthesis of 6-bromo-4-methoxyindole

Both the oxidation and alkoxylation of the indold-@osition can be achieved via directed
metalation strategies that take advantage of aroppptely positioned directing group on the
indole nucleus. Transition metal mediated C-H functionalizationtleé indole C4-position
relies on a directing group positioned at the CX6rsite$® but we are not aware of any
successful C4-H oxidations or alkoxylations emamatifrom this approaclf. The
tricarbonylchromium complexes of-silylindoles undergo nucleophilic substitutionGd**

but oxidation or alkoxylation has not been achiewetthis manner.



In alignment with ongoing interests in the iridiuratalysed C—H borylation reactidhour
plan to develop an indole C4-alkoxylation process whaped by a recent report describing
the synthesis of a 6-fluoro-4-borylindole using i§3\c)s-catalyzed diprotodeborylation of

the corresponding 2,4,7-triborylindole (Schemé®2).
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Scheme 2Selective protodeborylation at C2 and'€7

We envisioned that upon applying this procedfite 6-bromoindole, it should then be
possible to convert the resulting 4-borylindoleoitite desired 6-bromo-4-methoxyindolg (
by Chan-Evans-Lam couplifigand we initiated a study to examine this prop@Seheme 3).
Upon subjecting 6-bromoindol&)(to an iridium-catalysed-borylation using an exces
B.Pin, the 2,4,7-triborylindol& was isolated in good yield. In contrast to ounvas work
on iridium-catalyzed triborylations that requiredhet ligand 3,4,7,8-tetramethyl-1,10-
phenanthroline (Mé@hen)***¢in this case the ligand 4,4-tt-butyl bipyridine (dtbpy) was
pivotal for the success of this reaction. The ude besmuth triacetate to effect
diprotodeborylatioff at C2 and C7 i3 worked very well, affording the desired 6-bromo-4-
borylindole4. The entire sequence fron-4 is easily performed in one-pot in good overall
yield. Based on our previous experiefiteising the Chan-Lam Evans coupling to access
methoxyindoles, it was found that the addition &8P was essential to obtain good yields
of 6-bromo-4-methoxyindolel. The conversion of 6-bromoindole2)(to 6-bromo-4-
methoxyindole {) represents a net C4-H alkoxylation process. Uaf@tely, attempts to

perform the whole sequenc2+¢1) in one-pot were not successful.
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Scheme 3C4-H alkoxylation of 6-bromoindole

With the C4-H alkoxylation of 6-bromoindole sucdegsthis methodology was applied to a
formal synthesis of breitfussin B (Scheme 4). Rédacalkylatiort® of 4 gave the protected
tryptamine 5. Hydrolysis gave tryptamin& which underwent amide coupling with 2-
(chloroacetyl)pyrrole ) to give amideB, an intermediate in Chen’s synthesis of breitfussi
B,* thus completing a formal synthesis of the natprabluct. The synthesis &f(six steps,
four column purifications) compares well with Chenoute to the same compound (nine

steps, three column purifications).
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Scheme 4Formal synthesis of breitfussin B

CONCLUSIONS

In conclusion, we have developed a simple indole-alkbxylation process involving an
iridium-catalysed triborylation-diprotodeborylati@equence followed by Chan-Evans-Lam
coupling. This indole-functionalization proceduneabled a formal synthesis of the natural
product breitfussin B to be accomplished. Givenlge range of transformations that are
possible with (hetero)arylboronat€d;}” this methodology should find utility in the

functionalization of the indole C4-position.

Experimental Section

All reactions were carried out in oven-dried glasssvunder a nitrogen atmosphere unless
otherwise stated. Analytical thin layer chromatpima was performed using 0.2 mm silica
plates and compounds were visualized under 365 lraviolet irradiation followed by
staining with either alkaline permanganate or ethiarvanillin solution. Melting points were

recorded on a melting point apparatus and are weated. Infrared (IR) spectra were



recorded on a Perkin Elmer Spectrum 100 FT-IR spewter using a diamond ATR
sampling accessory and absorption maxima are esgute® wavenumbers (€ NMR
spectra were recorded as indicated on an NMR spmeter operating at 500, 400 and 300
MHz for *H nuclei and 125, 100 and 75 MHz fo€ nuclei. Chemical shifts are reported in
parts per million (ppm) relative to the tetramesiilgne peak recorded &0.00 ppm in
CDCly/ TMS solvent, or the residual acetode2(05 ppm), chloroformd7.24 ppm), DMSO
(5 2.50 ppm) or methanob(3.31 ppm) peaks. THEC NMR values were referenced to the
residual aceton&(29.9 ppm) chloroformd 77.1 ppm), DMSO{& 39.5 ppm) or methanod(
49.0 ppm) peaks>C NMR values are reported as chemical shidind assignmentH NMR
shift values are reported as chemical shiftrelative integral, multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet), q@dung constant J in Hz) and assignment.
Assignments are made with the aid of DEPT 90, DEB®, COSY, NOESY and HSQC
experiments. High resolution mass spectra wereirgdataby electrospray ionization in
positive ion mode at a nominal accelerating voltafe70 eV on a microTOF mass

spectrometer.

6-Bromo-2,4,7-tri (4,4,5,5-tetramethyl-1,3,2-dioxobrolan-2 yl) indole (3)

In a sealed tube, a solution of 6-bromoind@e200 mg, 1.02 mmol), bis(pinacolato)diboron
(B2Pirp) (907 mg, 3.57 mmol, 3.5 equiv), [Ir(OMe)cedbl mg, 0.092 mmol, 9 mol %) and
4,4-ditert-butyl bipyridine (dtbpy) (49 mg, 0.18 mmol, 18 n%) in THF (5 mL) was heated
to 85 °C for 72 h. After cooling to room temperatua few drops of methanol were added
and the reaction mixture was concentrabedzacuo. The crude material was purified by
column chromatography on silica gel eluting withtrpleum ether-ethyl acetate (9:1) to
afford thetitle compound (501 mg, 0.87 mmol, 86 %) as a colourless soligh.M89.3-294.5

°C; HRMS [ESI, (M + Naj] found 596.2119; [GH39Bs "BrNOs + NaJ requires 596.2151;
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vmax (N€@L)/CNT 3440, 3300, 2979, 1650, 1537, 1371, 1265, 1129, 838, 698;5y (400

MHz, CDCk) 9.62 (1 H, br s, NH), 7.74 (1 H, s, CH), 7.48 (1cHJ 2.2, CH), 1.43 (12 H, s,
4 x Me), 1.35 (24 H, s, 8 X Me)c (125 MHz, CDC}) 144.0 (C), 132.3 (CH), 130.5 (C),
124.7 (C), 115.0 (C), 84.1 (4 x C of BPin), 83.&(€ of BPin), 25.1 (4 x Me of BPin), 25.0

(4 x Me of BPin), 24.9 (4 x Me of BPin), 3 x C ratserved.

6-Bromo-4- (4,4,5,5-tetramethyl-1,3,2-dioxoborolarg yl) indole (4)

In a sealed tube, a solution of 6-bromoind@e400 mg, 2.04 mmol), bis(pinacolato)diboron
(B2Pirnp) (1814 mg, 7.14 mmol, 3.5 equiv), [Ir(OMe)cedll22 mg, 0.184 mmol, 9 mol %)
and 4,4-ditert-butyl bipyridine (dtbpy) (98 mg, 0.36 mmol, 18 nfdl) in THF (5 mL) was
heated to 85 °C for 72 h. After cooling to room parature, a few drops of methanol were
added and the reaction mixture was concentriatedcuo to give the crude triborylindold

that is used directly in the next step.

For characterization purposes, an analytical sampke purified by column chromatography
on silica gel eluting with petroleum ether-ethyetate (9:1) to afford purd as a colourless
solid, M.p. 289.3-294.5 °C; HRMS [ESI, (M + Nhjound 596.2119; [GHzeB3s "BrNOg +
Na]" requires 596.215Nmax (neat)/cmt 3440, 3300, 2979, 1650, 1537, 1371, 1265, 1129,
973, 855, 6985 (400 MHz, CDCJ) 9.62 (1 H, br s, NH), 7.74 (1L H, s, CH), 7.48 (1dH)

2.2, CH), 1.43 (12 H, s, 4 x Me), 1.35 (24 H, s Ble); ¢ (125 MHz, CDC}) 144.0 (C),
132.3 (CH), 130.5 (C), 124.7 (C), 115.0 (C), 841X (C of BPin), 83.8 (2 x C of BPin), 25.1

(4 x Me of BPin), 25.0 (4 x Me of BPin), 24.9 (e of BPin), 3 x C not observed.

Bismuth triacetate (135 mg, 0.35 mmol, 20 mol%) wedded to a solution of the unpurified

triborylindole 3 in THF (6 mL) and methanol (15 mL).The reactiorxiare was stirred at 65



°C for 15 h in a sealed tube and then cooled tonreamperature. The reaction mixture was
concentratedn vacuo and purified by column chromatography on silicaedeting with ethyl
acetate-petroleum ether (1:9) to afford tike compound (510 mg, 1.58 mmol, 77 % over 2
steps) as a colourless solid, M.p. 141.1-143.7HRMS [ESI, (M + N&)] found 344.0422;
[C14H17BBINO, + NaJ' requires 344.043Nmax (neat)/cnt 3440, 3300, 2979, 1650, 1379,
1265, 1129, 973, 855, 698; (400 MHz, CDC4) 8.13 (1 H, br s, NH), 7.70 (1 H, d 1.8,
CH), 7.62 (1 H, ddJ 1.8, 1.0, CH), 7.21 (1 H, ¢d 3.2, 2.4, CH), 6.99 (1 H, nCH), 1.37
(12 H, s, 4 x Me)dc (125 MHz, CDCJ) 136.1 (C), 131.4 (C), 130.5 (CH), 125.2 (CH), 116.6

(CH), 115.3 (C), 105.0 (CH) 83.9 (2 x C of BPin%.@ (4 x Me of BPin), 1 x C not observed.
6-Bromo-4-methoxyindole (1§

To a solution o#4 (140 mg, 0.435 mmol) in methanol (5.0 mL) was ad@e(OAc).H,O (87
mg, 0.435 mmol, 1 equiv), 4-dimethylaminopyridineIMAP) (106 mg, 0.87 mmol, 2.0
equiv) and 4A molecular sieves (~1 g). The reactiorture was stirred in an open flask at
room temperature for 5 h. The reaction mixture Wisred through Celite, washed with
dichloromethane (~ 20 mL) and the filtrate concatewin vacuo. The crude material was
purified by column chromatography on silica geltielg with toluene-petroleum ether (1:1)
to give thetitle compound (83 mg, 0.37 mmol, 85%) as a colourless solid,.M53-87.1 °C
(lit> 69-70 °C); HRMS [ESI, (M - H) found 223.9709; [gHs'®BrNO - HJ requires
223.9716,\/max(neat)/crﬁ1 3387, 2941, 2839, 1615, 1580, 1497, 966, 854, 560400 MHz,
CDCl) 8.11 (1 H, br s, NH), 7.17 (1 H,1,1.2, CH), 7.06 (1 H, dd 3.2, 2.4, CH), 6.63 (1
H, d, J 1.4, CH), 6.60 (1 H, m, CH), 3.92 (3 H, s, M&); (100 MHz, CDC}) 137.6 (C),
123.1 (CH), 117.8 (C), 115.9 (C), 107.7 (CH), 104CH), 100.4 (CH), 55.7 (Me), 1 x C not

observed; spectroscopic data consistent with titeeadate’™*

N-(2-(6-Bromo-4-methoxyindol-3-yl)ethyl)-2,2,2-trifluoroacetamide (5)



A solution of 6-bromo-4-methoxyindole 1,( 100 mg, 0.44 mmol) andN-(2,2-
dimethoxyethyl)-trifluoroacetamid@ (178 mg, 0.88 mmol, 2.0 equiv) in dichloromethane
(3.0 mL) was added to a solution of triethylsilgfe43 mL, 2.64 mmol, 6 equiv) and TFA
(0.17 mL, 2.21 mmol, 5 equiv) in dichloromethaneO(2nL). The reaction mixture was
stirred at room temperature for 3 h, cooled dowf t€ and then neutralized with a saturated
solution of sodium bicarbonate (~ 75 mL). The amseghase was extracted with
dichloromethane (3 x 50 mL) and the combined omaases washed with brine, dried
(NaSQy), filtered and concentrateih vacuo. Purification by column chromatography on
silica gel eluting with ethyl acetate-petroleumesti(1:3) gave theitle compound (83 mg,
0.23 mmol, 51%) as light yellow solid, M.p. 111.3:311 °C; HRMS [ESI, (M + N4&} found
386.9925; [GaH1o "BrFsN,O, + NaJ requires 386.9926max (Neat)/cnt 3434, 3343, 2938,
2885, 1690, 1615, 1175, 978, 79§;(500 MHz, CDC{) 8.07 (1 H, br s, NH), 7.17 (1 H, d,
1.4, CH), 6.96 (1 H, br s, NH), 6.89 (1 H,XR.3, CH), 6.65 (1 H, d] 1.4, CH), 3.94 (3 H, s,
Me), 3.62 (2 H, ddJ 12.0, 5.7, Ch), 3.12 (2 H, ddJ 9.3, 3.4, CH); 6c (100 MHz, CDC})
154.2 (C=0), 138.5 (C), 122.0 (CH), 116.12 (C), 106(C), 113.1 (C), 108.3 (CH), 104.3

(CH), 55.7 (Me), 42.2 (C}J, 25.4 (CH), 2 x C not observed.

N-(2-(6-Bromo-4-methoxyindol-3-yl)ethyl)pyrrole-2-caboxamide (8)

A suspension of tryptaming (70 mg, 0.19 mmol) and potassium carbonate (106 0wy
mmol, 4.0 equiv) in methanol (18.5 mL) and wateb (inL) was heated at reflux for 4 hr.
The reaction mixture was concentratad/acuo and water (50 mL) was added. The aqueous
phase was extracted with dichloromethane (3 x 50 arid the combined organic phases
washed with brine, dried (M8Qy), filtered and concentratad vacuo to afford the crude

tryptamine6 that was used directly in the next step withouthfer purification.
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To a solution of crude tryptamiré&in DMF (2 mL) was added 2-(trichloroacetyl) pyedqd1l
mg, 0.193 mmol). The reaction mixture was stirredomm temperature for 6 h and then
diluted with dichloromethane (15 mL). The orgaragdr was washed with water, brine, dried
(NaSQy), filtered and concentrateich vacuo. Purification by column chromatography on
silica gel eluting with ethyl acetate-petroleumestiil:1) gave theitle compound (47 mg,
0.13 mmol, 68 % over two steps) as a light browlids.p. 206.4-210.9 °C (lit.mp not
given); HRMS [ESI, (M + N&) found 384.0312; [GH16" "BrNsO, + NaJ requires 384.0318:;
vmax (N€at)/cnt 3372, 3278, 2998, 2836, 1607, 1607, 1557, 34q400 MHz, (C),SO)
11.36 (1 H, br s, NH), 10.91 (1 H, br s, NH), 7@5H, t,J 5.7, NH), 7.11 (1 H, dJ 1.5,
CH), 7.01 (1 H, dJ 2.3, CH), 6.82 (1 H, td] 2.7, 1.5, CH), 6.72 (1 H, ddd,3.8, 2.5, 1.5,
CH), 6.57 (1 H, dJ 1.5, CH), 6.05 (1 H, dt] 3.6, 2.4, CH), 3.86 (3 H, s, Me), 3.48 (2 H, dd,
J13.2, 7.2, CH), 2.99 (2 H, tJ 7.3, CH); éc (100 MHz, (CR),SO) 160.5 (C), 154.6 (C),
138.1 (C), 126.5 (C), 122.0 (CH), 120.9 (CH), 116, 113.8 (C), 112.5 (C), 110.5 (CH),
109.5 (CH), 108.3 (CH), 107.5 (CH), 102.4 (CH),58Ve), 26.8 (CH). Spectroscopic data

consistent with literature.
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