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Figure S1. Reversion of Fsg to Fa30 as a function of pH. Nearly 100% initial conversion of F439
to F330 was achieved by reacting 20 uM of F430 with 130 uM Ti(II) citrate in 60 mM NH4OH,
final pH of 10.8. UV-visible spectrum of F3g reversion to Fa39, arrows indicate the decrease in
the 376 nm band and an increase in the 432 nm band. Inset: Following the absorption peak at

376nm (o) and 428nm (), points were taken at each 2.5 pL addition of 0.5 M formic acid .
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Figure S2. Reversion of Fsgg to F430 as a function of time. Nearly 100% initial conversion of
F430 to F3g0 was achieved by reacting 20 pM of F43p with 130 uM Ti(I) citrate in 60 mM
NH4OH, final pH of 10.8. UV-visible spectrum of F3gy reversion to Fa30, arrows indicate the
decrease in the 376 nm band and an increase in the 432 nm band. Inset: Following the
absorption peak at 376nm () and 432nm (©), time points were taken every 5 minutes for 90

minutes.
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Figure S3 UV-Visible spectra used to verify the presence of F430 before and after MS analysis.
(Solid line) 25 uM F43p was converted to Fsgp in the presence of 125 uM Ti(Il) citrate and 63 uM
NH4OH at pH 10.5. (Dashed line) Following conversion of Fa3¢ to F3g0 (before MS analysis) the
volume of the reaction was raised by 20% by the addition of anaerobic ACN (100%), final
concentration of reaction components: 20 uM F430/F-3530, 50 uM NH4OH, 100 uM Ti(III), and
20% ACN. (Dotted line) Spectrum after MS analysis, concentrations of reaction components are

the same as before analysis.
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Figure S4. PIM MS spectrum of the single charged region of F439 in D,O. A 20 uM solution
(final concentration) of Fa3 in D,O was prepared for analysis. Inset: MS spectrum of the single
charged region of F33pin D,O. 80% conversion of F430 to F330p was achieved by reacting 42 uM

F430 with 26 mM NaBD4 in 60 mM NH40H
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Assignment of the one- and two-dimensional NMR spectra of F33

"H-PC HMQC assignments: The "H-">C HMQC spectrum of Fs3 is shown in Figure 7,
with the assignments also included in Table 1 of the main paper. The resonances associated with
the methyl group protons at C7 and C2 correlate with the carbon signals at 14.0 and 19.0 ppm
respectively. The carbon signal at 38.0 ppm that correlates with two geminal proton resonances
at 1.33 and 1.85 ppm is assigned to the bridging methylene carbon C5. Whereas, the 1.35 and
1.65 ppm proton signals that result from two geminal protons and correlating with the carbon
signal at 21.5 ppm, has been assigned to C3a. The geminal proton signals at 1.37 and 2.43 ppm
show strong cross peaks for carbon C8a at 22.5 ppm, while the proton signals at 1.75 and 2.20
ppm for C17a correlate with the carbon signal at 25.0 ppm. Similarly, the geminal proton signals
at 1.68 and 2.10 ppm exhibit strong cross peaks for carbon C13a at 28.0 ppm. The remaining
geminal protons with their carbon atoms attached to electron-withdrawing functional groups
exhibit 'H signals (and correlated carbon signals in the 'H-">C HMQC spectra) at 1.95, 2.18 ppm
(C13b; 35.5 ppm), 2.26, 2.42 ppm (C3b; 35.0 ppm), 2.30, 2.51 ppm (C8b; 34.5 ppm), and 2.25
ppm (C12a; 40.0 ppm). The geminal methylene protons attached to a carbon atom adjacent to an
amide group are most unambiguously assigned on the basis of the HMQC spectra (Figures 6 and
7). Protons attached to C7a (proton resonances at 2.25, 2.42 ppm) and C2a (proton resonances at
2.46 and 2.62 ppm) show cross peaks for their corresponding carbons near 44 ppm. The methine
proton signals at 2.52, 2.63, 2.92 and 3.38 ppm correlate with the corresponding carbon signals
at 49.5, 52, 50 and 49 ppm arising from C17, C8, C12 and C13 respectively. The 'H NMR

signal for the methine protons attached to carbons C19 and C4 that are adjacent to ring nitrogen
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atoms appear at 3.55, and 4.62 ppm and correlate with carbon signals at 63 and 65 ppm,
respectively.

'H-"H-COSY data: Direct scalar connectivities are established from 2D COSY spectra
shown in Figures 8 and S5. The signal at 4.65 ppm correlates directly with protons appearing at
1.30, 2.20 and 2.52 ppm, where the later signals are due to the protons at C17b, C17a and C17
respectively. These cross coupling peaks are not observed in the COSY spectrum of Fs3op as

shown in Figure S5.
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Figure S5. Two-dimensional "H-"H COSY spectrum of F33p recorded in D,O. D,0 used in this
experiment does not contain TSP as internal standard, therefore chemical shifts may vary slightly

from the experiments reported in the main paper. (Imp= impurity)
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"H NMR assignments: The "H NMR spectrum of F33 and Fi30p are shown in Figures S6
and S7, with the assignments shown in Table 1 of the main paper. Unlike the HMQC and the
COSY spectra, the one-dimensional 'H NMR spectra do not give a clear picture of the
disappearance of the alcoholic (-HC-OH) proton at C17c upon reduction with NaBD,. However,
the remaining protons in both the spectra could be assigned unambiguously. The 'H NMR
spectra of both F330 and F330D undoubtably reveal the upfield shift of the protons attached to
C17b (-H>C-HC-OH) that are no longer under the dishielding influence of the carbonyl group (-
H,C-C=0-) in Fu30. The '"H NMR spectrum of F33y exhibits two singlets arising from methyl
groups at around 1.02 ppm (CHj3;-C(2), Figure 1) and 1.1 ppm (CH3-C(7)). The bridged
methylene group from H,C(5) appears as an AB system with the peaks observed at 1.33 ppm and
1.85 ppm having a coupling constant (J) of about 13.0 Hz. The signal due to the methylene
group at H,C(3a) shows an AB pattern at 1.35 and 1.65 ppm with a J value of 7.0 Hz. The
methylene protons at C13a, C17a, C8a (-CH,-CH,-COOH), are nearly equivalent and each of
these appear as pairs of doublets in the 1.37-2.2 ppm range. The chemical shifts of methylene
protons directly adjacent to the carboxyl group (-CH,-CH,-COOH), i.e., those of C13b, C3b,
C8b, and C18a, resonate as pairs of doublets between 1.95-2.51 ppm. The signals arising from
the methylene protons at C7a, C2a (-H,C-CO-NH),and C12a (-H,C-CO-) appear as a set of
doublets in the range of 2.25-2.62 ppm. The bridged methylene group at C20 exhibits an AB
system with the peaks appearing at 2.75 and 2.85 ppm with a large J value of about 22 Hz,
indicating that these protons are strongly coupled. The resonance due to the methine proton C18

appears relatively upfield nearl.88 ppm. The angular methine (-HC) protons at C17, C8, C3,

9
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C12, and C13 that constitute part of the heterocyclic ring appear as singlets in the range of 2.52-
3.38 ppm. The methine protons at C19 and C4 attached to the carbon atoms that are directly
attached to the heterocyclic nitrogen atoms, resonate relatively downfield at 3.55 and 4.62 ppm

respectively.
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Figure S6. 'H NMR spectrum of Fs3 recorded in D,0 at 25°C. (Imp= impurity).
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Figure S7. "H NMR spectrum of F339p recorded in D,0 at 25°C. (Imp= impurity)

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


