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General Remarks

() The compound numbering in the Electronic Supplementary Information is consistent
with that of the accompanying publication. (ii) References refer exclusively to the
Electronic Supplementary Information. (ii/) The following substances were used in pro
analysi quality: NaBr (Merck) and tBuOH (Sigma-Aldrich). (iv) Silica gel (60, 40—63 pum,

Merck) was used for column chromatography.

Instrumentation

Melting points [°C] were determined on a melting point apparatus 9100 (Electrothermal)

and were not corrected.

'H and "*C spectra were recorded with FT-NMR DPX 200, DPX 400 and DMX 600
instruments (Bruker). Chemical shifts refer to the oJ-scale. The resonances of residual
protons and those of carbon of deuterated solvents CDCl; (o4 7.26, oc 77.2) were used as
internal standards. Overlap of two ">C resonances in NMR spectra, as indicated by 2 C, was

established with the aid of supplementing HMQC-measurements.

Mass spectra (EI, 70 eV) were recorded with a Mass Selective Detector HP 6890 (Hewlett
Packard).

GC analyses were performed on a HP 6890 Series (Hewlett Packard) with a ZBS column
(Phenomenex, 30 m x 0.25 mm, 0.25 pm). Temperature program: 40 °C (3 min), linear

temperature gradient (10 °C min ") to 280 °C, final temperature 280 °C (10 min).

IR spectra were measured from pelletized samples in KBr using a Perkin Elmer FT/IR 1600

spectrometer.

UV/Vis enzyme kinetics and UV/vis spectra were recorded with a Varian Cary 100 Conc

double beam spectrophotometer.

Microplate Reader Bio Tek EL 808 was used for photometric measurement of Bradford

assays.

MALDI-TOF measurements (Ultraflex MALDI-TOF-TOF, Bruker Daltonics) were

performed by accumulating one thousand spectra per sample processing them with Flex-
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Analysis 2.2 (Bruker Daltonics). Peptide mass fingerprints spectra were analyzed with

Biotools 2.2 (Bruker Daltonics).

Denatured polyacrylamide gel electrophoresis (PAGE) was performed with a NUPAGE®-
Novex gelelectrophoresis system (Invitrogen) in the presence of a 3-(N-morpholino)

propanesulfonic acid (MOPS) system.

Reaction progress was monitored via thin layer chromatography (TLC) on aluminium
sheets coated with silica gel (60 Fass, Merck). Compounds were detected on the basis of UV
absorption (254 nm) or colored compound formation upon spraying Ekkert’s reagent on

developed TLC sheets followed by gentle warming.

All solvents were purified according to standard procedures.'
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3.1

3.2

Analysis of Bromoperoxidase I (4. nodosum)

Denatured polyacrylamide gel electrophoresis (PAGE)

7.5 ug of purified protein® elute were denatured with loading buffer (NUPAGE®-Novex,
Invitrogen) at 70 °C for 10 min, separated in 4 %—12 % precast [Bis-(2-hydroxyethyl)
imino-tris-(hydroxymethyl)-methane-HCI] (Bis-Tris) buffered gels in the presence of a
3-(N-morpholino)-propanesulfonic acid (MOPS) buffer system (NUPAGE®-Novex,
Invitrogen). Protein bands were visualized with a colloidal CoomassieG250
(C47H4sN3NaOS,, sodium salt) stain [34 % (v/v) CH30H, 2 % (v/v) HsPOu, 17 % (w/v)
NH4SOy4, 0.066 % (w/v) Coomassie G250] for 14 h. The gel was destained in deionized

water. Protein bands were cut and prepared for MALDI mass spectrometry (section 3.2).

MALDI mass spectrometry and database search

Excized bands were alternately washed twice with 50 mM aq. NH4HCOs3 (Solution A) and
50 % (v/v) aq. NH4HCO; (50 mm), 50 % (v/v) CH3CN (Solution B). Reductive cleavage of
disulfide bridges was performed by incubation for 30 min at 56 °C in 50 mM aq. NH4HCO;
solution, 10 mM dithiothreitol DTT, followed by carbamidomethylation for 30 min at 56 °C
in darkness in 50 mM aq. solution of NHsHCO; with 5 mM iodoacetamide. Gel pieces were
washed twice using solutions A and B in an alternating manner and vacuum dried
(eppendorf concentrator 5301). In-gel digestion was performed by incubating the gel pieces
with 4.5 uL of a 25 pg/mL solution of porcine trypsin (Promega, Madison, MA, USA) at
37 °C overnight. Resulting peptides were extracted by shaking the gel in 0.1 % CF;CO,H.
Extracted peptides were concentrated with PerfectPure C-18 tips (Eppendorf, Hamburg,
Germany) and applied on a steel target (Bruker Daltonics, Bremen, Germany) using o-
cyano-4-hydroxycinnamic acid (CHCA) as matrix (Bruker Daltonics). To prepare a thin
peptide/matrix layer the bound peptides were eluted from C18 tips with 3—5 pL of a
saturated CHCA matrix solution [1 % (w/v) CHCA, 50 % CH3CN, 0.1 % CF;CO,H] and
applied on the steel target manually, the matrix peptide layer was formed upon solvent
evaporation. MALDI-TOF measurements (Ultraflex MALDI-TOF-TOF, Bruker Daltonics)
were performed by accumulating one thousand spectra per sample processing with settings
of Flex-Analysis 2.2 (Bruker Daltonics). MASCOT searches were performed with settings
of carbamidomethylation as fixed modification and oxidation of methionine as variable
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modification. Peptide mass tolerance was set to 0.15 Da. For database search the NCBI
database was used. Database searches were conducted using the Mascot™ search algorithm
(www.matrixscience.com, MatrixScience) against the whole NCBI non-redundant database
(13™ Nov 2007, 5633163 sequences). By this approach Vg PO(4nl) (P81701, PDB 1QI9,
gi|13124466 and gi|9257121) was identified in two bands by peptide mass fingerprint
analysis (Figure 2, black arrows). The amino acid coverage of the protein was 20.3 %. The
amino acid sequence of the prominent protein band, which migrates above 66 kDa could

not be identified.

kD
1 QTCETSDDAD DFTPPNERDD EAFAERVAAS FRELEGTGETY CQINHGETDL
51 AAKFHESLFH DDLGQUDADZ FAALEDCILN GDLSICEDVF VENSEGDEWG
101 PLUNPTAATA IDISGRAFZA TTIPPUPTLF SPELAAQLAE TETRIAL ARD
16— 151 PIMQEETOIODI TUTAAANLAF MEGFPHNLDADT BIGEDGTVDF LEQLFRATFV
201 GUVETGPIISQ LLWNSFTIDS ITUEFKQETF APDVNYMUDE DEWLNIQNGG
Z51 PPAFPELLDD ELRIUVRNARD LARUTITDHI NTEAYVRGFALI LLELDATHEA
201 GUNGPPIDID ROAGIVHNEEI SHYFRL IFAS ELAQRIBWEQ EKWQUHRIARE
251 EALGGTLHLT IEGELWADFD LELLENAELL FRUWAAINAAL WPWNEUTYLL

BE— — 201 PQAIQEGSPT NPIYPEGHAT QNGAFATVLE AL IGLIDERGEED CYPDPUYFDD

-1 451 DGLELIDFRE SCLTFEGE IN ELAVNUGAFGE QMLGIHYRID IQGLLLGET

4 201 ITVRTLHQEL MTTAEESTIE FRLITGEVIE LTQDETITID GIECPGELUET

A5 551 GUENCUZ

25—
23
184
14.4_

Figure S1. Vg PO(A4nl) analysis showing a Coomassie-stained polyacrylamide gel of
purified proteins [black arrowheads represent protein bands, where Vg PO(4nl) was found
via MALDI-MS and the coverage of the amino acid sequence of Vp,PO(A4nl) by the
peptides identified by peptide mass fingerprint (PMF) analysis using MALDI-MS analysis
(letters printed in red).
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4.1

4.2

Determination of Bromoperoxidase Activity and Concentration
Triiodide assay.3 4

Reference and sample cuvettes (10.0 mm) were charged with aq. phosphate buffer
(3.00 mL, 132 mMm K,;HPOy4, 33.9 mM citric acid monohydrate, pH 6.2), stock solutions of
aq. KI (100 pL, 200 mMm), and aq. H,O, (100 pL, 26.6 mMm). The cuvettes were closed and
thermostated to 20 £ 0.5 °C. H,O (100 pL) was pipetted into the reference cuvette. The
contents were mixed. Enzyme solution (100 pL) was pipetted into to the stirred solution of
the sample solution followed by immediate monitoring of triiodide absorption (4 = 350 nm)

as a function of time.
Bradford assay.”®

Preparation of protein reagent. Coomassie Brilliant Blue G-250 (100 mg) was dissolved
in ethanol (95%, 50 mL). To this solution phosphoric acid (85%, 100 mL) was added. The
resulting solution was diluted with distilled H,O to a final volume of 1 L. Before utilization

the protein reagent was filtrated.

Calibration. Bovine serum albumin (Sigma) served as reference. The concentrations
ranged between 0-0.5 mg/mL in aq. MES-buffer (50 mMm, pH 6.2) for 1a and 1b or in agq.
Tris(HCI)-buffer (100 mMm, pH 8.8) for 2a and 2b.

Microprotein assay. Samples as well as standards (10 pL, each protein solutions
containing between 0 to 5 pg protein) were pipetted into test tubes. Protein reagent
(290 pL) was added to each tube and the contents were mixed. After 5 min the absorption
(4 =595 nm) of the samples and standards against the reagent blank [MES-buffer (50 mm,
pH 6.2 or Tris(HCl)-buffer (100 mm, pH 8.8)] were measured at 30 °C.
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5 Preparation of Methyl 1H-pyrrole-2-carboxylate (3)

To a freshly prepared solution of NaOCH3 from sodium (0.25 g, 10.9 mmol) in anhydrous
CH;OH (20 mL) was added in batches 2,2,2-trichloro-1-(1H-pyrrol-2-yl)-ethanone’ (4.70
g, 22.0 mmol) over a period of 10 min in an atmosphere of N,. After stirring for 30 min at
23 °C the solvent was removed under reduced pressure (11 mbar, 40 °C). The dark
residue was partitioned between Et;O (50 mL) and 2 M aq. HCI (15 mL). The organic
layer was separated and kept. The aqueous layer was extracted with Et;O (2 x 10 mL).
Combined organic layer and extracts were washed with satd. ag. NaHCO; (15 mL) and
dried (MgSQ,). The solvent was removed under reduced pressure (10 mbar, 40 °C) to
afford a purple solid which was purified by column chromatography (Et,0O). Yield: 2.56 g
(20.0 mmol, 92 %), colourless solid, mp 74-77 °C (from Et,0). IR (KBr) % /cm ' 3290,
3122, 2953, 1685, 1559, 1446, 1406, 1128. oy (600 MHz; CDCls) 3.86

(3 H, s, OCHy), 6.26-628 (1H, m, H-4), 6.91-6.93 (1 H, m, H-3), Q%Od
6.95-6.96 (1 H, m, H-5), 9.22 (1 H, br.s, -NH-). oc (150 MHz; CDCls) H

51.6 (C-7), 110.6 (C-4), 115.4 (C-3), 122.8 (C-2), 123.0 (C-5), 161.7 (C-6). MS (EI) m/z
125 (66), 94 (100), 66 (36).
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6 0,/D-Glucose/D-Glucose Oxidase as Oxidant

To a solution of methyl 1H-pyrrole-2-carboxylate (3) (22.5 mg, 0.18 mmol), NaBr
(18.5 mg, 0.18 mmol), and D-(+)-glucose (541 mg, 3.00 mmol) in MES-buffer (50 mm,
pH 5.9, 18.8 ml) and rBuOH (6.2 ml) were added glucose oxidase (11.4 pg, 1.7 U) and
Vi PO(A4nl) (37.5 pl, 6.2 Ur, 0.05 mmol%). The reaction mixture was stirred at 23 °C for
1 d in an open flask having contact to laboratory atmosphere. The aqueous layer was
extracted with Et;O (3 x 10 ml). The combined organic extracts were dried with MgSOs,.
The solvent was removed under reduced pressure (12 mbar, 40 °C) to afford a product
mixture which was analyzed by "H-NMR. Yields: 59 % of 44.,, 11 % of 4s.g, and 7 % of
7.526 U’ mg™, 269 Ur™ mg™", pH™! 5.80.

Methyl 4,5-dibromo-1H-pyrrole-2-carboxylate (5).* Yield: 3.56 mg (12.6 pmol, 7 %).
ou (600 MHz; CDCl3) 3.90 (3 H, s, -OCH3), 6.87 (1 H, d, J = 2.9, H-3), 10.06 (1 H, br.s,
-NH-). MS (EI) m/z 285 (27), 283 (58), 281 (32), 253 (48), 251 (100), 249 (52), 226 (6),
224 (14), 222 (6), 199 (6), 197 (15), 195 (8), 144 (14), 142 (14).
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7 Multiple Use of Vg, PO(A4nl) in Sequential Pyrrole Brominations

To a solution of methyl 1H-pyrrole-2-carboxylate (3) (18.0 mg, 0.14 mmol), NaBr
(14.8 mg, 0.14 mmol), and H,O, [4 mL, 36 mM, prepared in MES-buffer (50 mm,
pH 6.2)] in MES-buffer (50 mMm, pH 6.2, 15.0 mL) and /BuOH (5.0 mL), Vg PO(4nl)
(30.0 pL, 5.0 Uy, 0.05 mmol%) was added. The reaction mixture was stirred at 23 °C for
1 d. The aqueous layer was extracted with Et;O (3 x 5 mL). Combined organic extracts
were dried (MgSQ4). The solvent was removed under reduced pressure (13 mbar, 40 °C)

to afford a product mixture which was analyzed by '"H NMR (CDCl,).

Additional methyl 1H-pyrrole-2-carboxylate (3) (18.0 mg, 0.14 mmol), NaBr (14.8 mg,
0.14 mmol), H,O, [4 mL, 36 mM, prepared in MES-buffer (50 mm, pH 6.2)] and tBuOH
(5.0 mL) was added to the aqueous layer. The resulting homogeneous solution that was
left from the ethereal extraction of the reaction mixture was stirred for additional 1 d at
23 °C and worked up as described in the first iteration. This procedure was repeated until

no further bromopyrrole formation was detectable ("H NMR).

Table S1. Efficiency of product formation in VgPO(Anl)-catalyzed reactions” in

sequential runs

Vi PO(4nl)
H202 / NaBr
N~ COCHs o pH62)
Ij fBuOH / 25 °C
entry / cycle conv. 3"/ % pHmate 4/ % (4/5)" 5/%"
1 79 6.3 56 (79/21) 10
2 39 6.5 34 (79/21) 2
3 33 6.5 10 (80/20) —4
4 15 6.4 8 (75/25) _d

“4.96 Ur corresponding to 0.05 mmol% Vg PO(4nl); 144 umol of 3, 1.0 equiv. of H,O,
and NaBr, H,O//BuOH = 75/25 (v/v). ” "H NMR vyields. ¢ pH electrode. ¢ not detected.
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8.1

Multiple use of immobilized Vg PO(Anl) in sequential pyrrole

brominations

Optical density measurement

For the optical density study the colloidal solutions of M PVA EO1, M PVA E02, M PVA
NI11 and M PVA NI12 (0.2 mL, 50 mg/mL) were diluted in distilled H,O (2.8 mL,
3.3 mg/mL) and pipetted into the sample cuvette. Distilled H,O (3 mL) was pipetted into
the reference cuvette. The contents were mixed. Nd/Fe bar magnet (20 X 10 X 5 mm, N42
magnetization) was justified directly to sample cuvette, followed by immediate

monitoring the absorption at 600 nm as a function of time (up to 5 minutes).

S10



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2010

8.2  Immobilized onto magnetite particles having epoxide endgroups (M PVA E01) (1a)

Table S2. Efficiency of product formation in VpPO(A4nl)-catalyzed reactions” in
sequential runs if immobilized onto M PVA EO1

GVBrPO(AnI) (1a)
/ \ Hzoz / NaBr
3 4+5
CO,CH;

E H,0 (pH 6.2)
3 BuOH /25 °C
entry / cycle conv. 3"/ % pH™! 4/ % (415)" 5/%"
1 54 7.2 40 (90/10) 2
2 55 7.2 40 (88/12) 2
3 56 7.0 40 (85/15) 2
4 63 7.0 39 (85/15) 2
5 56 7.0 35 (83/17) 2
6 58 6.8 33 (82/18) 2
7 57 6.8 34 (82/18) _d
8 56 6.8 29 (83/17) _d
9 62 6.8 25 (88/12) 4
10 31 6.8 26 (85/15) —d
11 30 6.8 23 (83/17) —d
12 34 6.6 14 (86/14) _d
13 32 6.4 14 (86/14) —4
14 38 6.4 16 (63/37) —d
15 25 6.4 9 (89/11) —d

“6.9 Ut corresponding to 0.37 mmol% VgPO(4nl); 0.20 mmol of 3, 1.0 equiv. of H,0,
and NaBr, H,O/fBuOH = 75/25 (v/v). ” Yields determined via '"H NMR versus
pentachlorobenzene as internal standard. © Ratio of 4/5-regioisomers of bromopyrrole 4.

4ot detected.
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8.3  Immobilized onto magnetite particles having amino endgroups (M PVA N12) (2b)

Table S2. Efficiency of product formation in VpPO(4nl)-catalyzed reactions” in
sequential runs if immobilized onto M PVA N12

GVBrPO(AnI) (2b)

/ \ H202 / NaBr
LA a+s
CO,CHj

N H,0 (pH 6.2)
s (BuOH / 25 °C
entry / cycle conv. 3"/ % pH™! 4/ % 415)° 5/%"

1 75 78 32 (94/6) 2
2 60 7.8 37 (89/11) 2
3 57 7.8 40 (90/10) 2
4 64 7.8 43 (86/14) -
5 74 7.6 39 (85/15) —
6 55 7.6 40 (85/15) e
7 60 7.4 40 (85/15) —
8 43 7.2 31 (87/13) -
9 66 6.8 22 (86/14) —
10 47 6.8 16 (81/19) —
11 41 6.4 17 (88/12) -
12 15 6.2 7 (86/14) —_
13 18 6.2 5 (80/20) e
14 16 6.2 2 (>99/-¢) e

“6.9 Ut corresponding to 0.17 mmol% VgPO(4nl); 0.20 mmol of 3, 1.0 equiv. of H,0,
and NaBr, H,O//BuOH = 75/25 (v/v). ” Yields determined via '"H NMR versus
pentachlorobenzene as internal standard. © Ratio of 4/5-regioisomers of bromopyrrole 4.

4 not detected.
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Figure S2. Conversion of substrate 3 (¢” = 35 mM; gray columns) and efficiency of methyl
pyrrole-2-carboxylate bromination (black columns) upon multiple use of Vg PO(Anl)-
preparation 2b (6.9 Ur) for catalyzing oxidative bromination in aqueous /BuOH (pH 6.2, 23
°C) using 1.0 equiv. each of H,O, and NaBr (3 h, see text).
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