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General experimental

Analytical TLC was performed on precoated (250 pum) silica gel 60 F-,s4 plates from Merck.
All plates were visualized by UV irradiation, and/or staining with 5% H,SOy4 in ethanol
followed by heating. Flash chromatography grade silica gel 60 (230-400 mesh) was obtained
from Merck. Mass analysis was performed on an Ettan MALDI-TOF Pro from Amersham
Biosciences or LASER-TOF LT3 from Scientific Analytical Instruments with 3-
hydroxypicolinic acid or 2,” 4°, 6’-trihydroxyacetophenone as matrix. The NMR spectra were
obtained at 'H (300 MHz), °C (75 MHz) and *'P (121 MHz) on a Bruker instrument at 25 °C.
Chemical shifts are reported in ppm downfield from TMS as standard. HPLC was carried out
using a Gilson instrument equipped with a UV detector and a Nucleosil C18 column (4.0 x
250 mm) or Phenomenex Clarity. Fluorescence spectra were recorded on a Varian Cary
Eclipse instrument. All other chemical agents were purchased from Aldrich Chemical

Company unless otherwise noted.
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3'-O-[[3-(Phenylisoxazol-5-yl] methyl]thymidine 2

To a round bottomed flask containing benzaldehyde oxime (61 mg, 0.5 mM) and chloramine-
T monohydrate (285 mg, 1.25 mM) in 4% aqueous sodium bicarbonate (3 ml) and ethanol (2
ml) was added 3’-O-propargylated thymidine 1' (60 mg, 0.21 mM). The mixture was stirred
for 12 hours at room temperature after which analysis by TLC indicated complete reaction.
The product was isolated following extraction with ethyl acetate (3 x 50 ml). The organic
layer was dried over anhydrous sodium sulfate and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography over silica gel
using dichloromethane and acetone (7:3) as eluant to give the title compound as an off-white

solid in 88% yield (75 mg).

'"H NMR (CDCl3) & 7.81-7.78 (m, 2H), 7.46-7.44 (m, 3H), 7.38 (s, 1H), 6.59 (s, 1H), 6.13 (t,
J=172 Hz, 1H), 4.68 (d, J = 2.1 Hz, 2H), 4.40-4.37 (m, 1H), 4.15 (d, J = 2.7 Hz, 1H), 3.92
(dd, J=2.7 and 11.7 Hz, 1H), 3.80 (dd, J= 3.0 and 11.7 Hz, 1H), 2.41-2.37 (m, 2H), 1.89 (s,
3H); '°C NMR (CD;COCDs) & 170.0, 163.3, 162.1, 150.5, 136.0, 130.0, 129.1, 128.9, 126.6,
109.9, 101.2, 85.0, 84.8, 80.3, 62.1, 61.7, 36.9, 11.6; HRMS (ESI) caled for C2oH»:N304

400.1509 [M + H] ", found 400.1494.
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4-(2-Propynyloxy)butan-1-0-(2-cyanoethyl-N,N-diisopropyl)phosphoramidite, 4

4-(2-Propynyloxy)-1-butanol 3* (100 mg, 0.78 mM), and benzylmercaptotetrazole (76 mg,
0.39 mM) were placed in a dried round bottomed flask under an argon atmosphere.
Acetonitrile (5 ml) was added to the flask followed by diisopropylamine (56 ul, 0.39 mM)
and 2-cyanoethyl-N,N,N’,N -tetraisopropylphosphorodiamidite (275 ul, 0.85 mM). The
reaction mixture was stirred for 30 minutes at room temperature after which TLC analysis
showed complete consumption of starting alcohol. The reaction mixture was diluted with
ethyl acetate (25 ml) and washed with aqueous sodium bicarbonate (10 x 3 ml). The organic
layer was dried over anhydrous sodium sulfate and the solvent was removed under reduced
pressure to give the crude alkyne phosphoramidite 4 (240 mg, 98%) which was used without

purification.

P NMR (DMSO-d5) § 146.3.
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Automated oligonucleotide synthesis
Automated oligonucleotide synthesis was performed on an Expedite 8909 DNA/RNA
synthesizer on a 1.0 umol scale using standard reagents from Link Technologies and standard
coupling cycles except that double couplings of dG phosphoramidites were performed:
benzylmercaptotetrazole (0.2 M in MeCN) was used as activating agent; oxidation was
performed using 8:1:1 THF:pyridine:H,O containing 0.02 M I, cleavage from CPG was
performed with aq. methylamine at 65 °C for 30 minutes. The spin-filtered supernatant was
buffered with 0.5 ml of 0.1 M TEAAc, pH 6.5, 5% (v/v) MeCN and the solution concentrated
in vacuo. The crude oligonucleotides were analysed and purified using RP-HPLC (column:
Phenomenex Clarity Oligo-RP 5C18); buffer A: 0.1 M TEAAc, pH 6.5, 5% (v/v) MeCN;
buffer B: 0.1 M TEAAc, pH 6.5, 65% (v/v) MeCN) eluting at 1 ml min"' using a gradient
consisting of: 0-5 min, 5% B; 5-35 min, 50% B; 38-48 min, 100% B; 48-58 min, 5% B.
Absorbance was monitored in the range 220 — 500 nm with a diode array detector and
recorded at 260 nm.
After reduction of the appropriate fractions by ca. 80%, the oligonucleotides were desalted
using standard SepPak protocols (Waters) and concentrations determined using UV
absorbance at 260 nm. Molar extinction coefficients of oligonucleotides were calculated from
the nearest neighbour model.” The molar extinction coefficient of the mononucleotide 9¢ was

determined to be 13800 M 'em™.
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Melting temperature determinations
Melting temperatures were determined using UV-spectroscopy (Cary100 Scan) measuring
the absorbances at 260 nm of degassed solutions of oligonucleotides (5UM of each oligomer
in 100
mM NaCl, 10 mM Na-phosphate, ] mM Na.EDTA, pH7.0 — 500 ul) every 0.5 °C between 15
and 95 °C, using a gradient of 1 °C min™ and this was repeated at least 3 times. Prior to
recording the data, the solutions were heated to 80 °C and allowed to cool slowly to ambient

temperature.

Mormalised Melting Curves
100 b NaCl, 10 mb NaPi, 1 mb Na EDTA, pH 7.0

0.8 -
. —— 9c12
0.7 4 ,
0.6 ~
0.5 -
0.4 4
0.3 -
0.2 -

Mormalised Absorbance

20 30 41 &0 &0 70 B0 a0
Temperature / °C

Figure 1. Hybridisation studies on 9¢ with the complimentary strand 12
DNA 11 5°-TCG CAC ACA CGC-3°

DNA 12 5°-GCG TGT GTG CGA-3’
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General procedure for the phosphitylation of CPG-DNA(—OH 5’), preparation of 6a, 6b
and 6¢.
To manually couple the alkyne phosphoramidite 4 to the nucleotide/oligonucleotide 500 pL
of 4 (100 mM in anhydrous CH3CN) was added to the CPG-DNA (1 umol) along with 500
uL of benzylmercaptotetrazole in CH3;CN (0.3 M). The mixture was reacted for 15 min at RT
with mixing between two syringes. This reaction was repeated with a second portion of each
of a new solution of phosphormamidite 4 and benzylmercaptotetrazole. The CPG was washed
with CH3CN (5 x 2 ml), oxidizer (700 pL, 0.1 M Iodine solution in THF: pyridine: water;

78:20:2) and CH3CN (2 x 5 mL) and dried yielding CPG-DNA-alkynes 6a, 6b and 6c¢.

General deprotection procedure

For analytical purposes a portion of the DNA was deprotected and cleaved from the CPG by
incubating the CPG-DNA in 40% aqueous CH3;NH, (500 pL) at 65°C for 30 minutes. The
CH3NH, was evaporated using a concentrator. The CPG was washed with H,O (5 x 200 pL
aliquots), all solutions and washings were combined to afford an aqueous solution of DNA-

alkynes 7a, 7b and 7c.

General method for HPLC analysis

DNA-alkynes 7a-¢ were analyzed by reverse-phase HPLC with an analytical column
(Nucleosil) under the following conditions; 200 UL injection loop; buffer A: 0.1 M TEAAc,
pH 6.5, 5% (v/v) MeCN; buffer B: 0.1 M TEAAc, pH 6.5, 65% (v/v) MeCN); gradient; 0-5
min, 5% B; 5-35 min, 50% B; 38-48 min, 100% B; 48-58 min, 5% B flow rate: 1.0 mL/min

and detection at 260 nm.
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MALDI-TOF-MS analysis of 7a (m/z: 449 [M+NH,]"; found 449), 7b (m/z: 3209 [M+K]";

found 3211) and 7¢ (m/z: 3806 [M+K]"; found 3814)
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General procedure for benzonitrile oxide click reactions on CPG-Thymidine-alkyne 6a
and CPG-T;p-alkyne 6b

To solid supported thymidine-alkyne 6a or CPG-DNA-alkyne 6b (1 uM) in an eppendorf
tube was added a solution of benzaldehyde oxime (48 mg) in ethanol (160 uL) followed by
4% aqueous NaHCOs3 (500 puL) and chloramine-T monohydrate (72 mg). The mixture was
agitated at room temperature for 30 min. Following settling the supernatant liquid was
removed by syringe and the CPG washed firstly with CH;CN (5 x 300 uL) and then H,O (5 x
300 uL). Deprotection and HPLC analysis followed by the procedures described above.

MALDI-TOF-MS of 9a (m/z: 573 [M+Na]"; found 576) and 9b (m/z: 3330 [M+K]"; found
3331).

Control reaction between in situ generated benzonitrile oxide and CPG-T;y Sb

To solid supported thymidine Sb (1 uM) in an eppendorf tube was added a solution of
benzaldehyde oxime (48 mg) in ethanol (160 uL) followed by 4% aqueous NaHCO; (500 uL)
and chloramine-T monohydrate (72 mg). The mixture was agitated at room temperature for
30 min. Following settling the supernatant liquid was removed by syringe and the CPG
washed firstly with CH3CN (5 x 300 uL) and then H,O (5 x 300 uL). Deprotection and

HPLC analysis followed by the procedures described above.

30.0—
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Figure 2. Reversed-phase HPLC trace of crude material obtained following deprotection and
cleavage of ON from CPG-T)( having been exposed to the nitrile oxide alkyne click reaction

conditions (UV absorbance at 260 nm vs time).
S9

Procedure for benzonitrile oxide click reaction on CPG-heterooligonucleotide-alkyne 6¢

To solid supported DNA-alkyne 6¢ (0.2 uM) in an eppendorf tube was added a solution of
benzaldehyde oxime (31 mg) in ethanol (330 uL) followed by 4% aqueous NaHCO3 (670 uL)
and chloramine-T monohydrate (114 mg). The mixture was agitated at room temperature for
10 min. Workup, deprotection and HPLC analysis followed by the procedures described
above.

MALDI-TOF-MS 9¢ (m/z: 3925 [M+K]"; found 3934).

Procedure for naphthalene-1-nitrile oxide click reaction on CPG-Tjy-alkyne 6b

To solid supported DNA-alkyne 6b (0.37 uM) in an eppendorf tube was added a solution of
I-naphthylaldehyde oxime (43 mg) in ethanol (500 uL) followed by 4% aqueous NaHCOs
(500 pL) and chloramine-T monohydrate (114 mg). The mixture was agitated at room
temperature for 12 hours. Workup, deprotection and HPLC analysis followed by the

procedures described above.

MALDI-TOF-MS of 10a (m/z: 3363 [M+Na]"; found 3362.4).

Procedure for anthracene-9-nitrile oxide click reaction on CPG-T-alkyne 6b

To solid supported DNA-alkyne 6b (0.5 uM) in an eppendorf tube was added a solution of 9-
anthraldoxime (45 mg) in ethanol (600 uL) followed by 4% aqueous NaHCO; (400 uL) and
chloramine-T monohydrate (97 mg). The mixture was agitated at room temperature for 18
hours. Workup, deprotection and HPLC analysis followed by the procedures described

above.
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MALDI-TOF-MS of 10b (m/z: 3430 [M+K]"; found 3433).
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Figure 3. Reversed-phase HPLC analysis of crude reaction products (UV absorbance at 260
nm vs time). (a) thymidine-alkyne, 7a, (b) thymidine-isoxazole 9a, (c) Tp-alkyne 7b, (d) T}o-
isoxazole 9b, (e) Tp-isoxazole 10a, (f) T;o-isoxazole 10b.

S11
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Figure 4. Reversed-phase HPLC analysis of crude reaction products (UV absorbance at 260
nm vs time). (a) oligonucleotide-alkyne (5’-TCGCACACACGC-3’) 7¢, (b) oligonucleotide-

1soxazole 9¢
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Figure 5. Fluorescense emission spectrum of 10a (1.4 uM ) in deionized water when excited

at 310 nm.
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Figure 6. Fluorescense emission spectrum of 7b and 10b (4.9 UM ) in deionized water when

excited at 350 nm.



930

900

a0

a00 4

7a0

700

630

G000

S50

Irtensity

400

330

300 4

230

200

130

100 4

a0

4.}

=

=]
.

=

o

=
.

338.265

i lnlnirk]

g 51

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

S17

T
1,000

T
2,000

T T
3,000 4,000

MALDI TOF MS of crude 7b

}
5,000
mfz

T
§,000

T
7,000



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

S18

=L w1 u gy ey

580 -
360
240
520
a00
430
480
440 -
420 -
400
380
360
340
320
300
260 -
240
220 4
200
180
160
140
120
100 4

=
=
[77]
=
i)
E 280

7,00

&,000

5,000

4,000

3,000

2,000

1,000

miz

MALDI TOF MS of crude 9b



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

Intensity

GroupP5608/ File:PS608.007 Sample:PS608 /18233 Laser: 150 Shots: 160
3362
8.0 ’(‘j ;
754 |
|
70! |

6.0}

b R
i IH,mn,u

[ |
30 j 3 4( 3 600 3 800 4 000

0.5
0.01]
2 800 3000 3200 )0
Mass (m/z)

MALDI TOF MS of crude 10a

S19



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

S20

720
700
B0
B0
£40
£20
£00
580
560
540
520
500
450
460
440
420
400

& 380

=

E 360

340
320
300
280
260
240
220
200
180
160
140
120
100

80

G0

40

204

7,000

£,000

5,000

4,000

3,000

2,000

1,000

miz

MALDI TOF MS of crude 10b



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

S21

FPGFLEE
BOE ERG—
- r T 7T T— T T
o o o o 9o 9o o0 9 90 90 0 o 9 90 90 o000 0900000000000 0 090
0 omo o= 4 O W D = 4 O O o = o O O o = 4 O 0 O = 4 O 0 0 = 4 O 0 0 o= 0o
L7 =R = I o R T T I T s e S A S L T o I o I o T B B B B BN
Alsuaqy)

7,000

6,000

5,000

4,000

3,000

2,000

1,000

miz

MALDI TOF MS of crude 7¢



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

S22

720
700 4
630
BE0
640
620
G600
580
360
340
320
a00
480 4
450
440
420 4
400
30
360 4
340 4
320 4
300
280
260
240 4
220 1
200
180
160
140
120 4
100

a0

G0

40

20

G44.426

Irtensity

T T T T T T :
1,000 2,000 3,000 4,000 5,000 £,000 7,000
miz

MALDI TOF MS of crude 9¢
References

1. A. Rosowsky, R. M. Ruprecht, V. C. Solan, Nucleosides & Nucleotides 1989, 8,
491-497.

2. Y. Yamamoto, K. Kurihara, A. Yamada, M. Takahashi, Y. Takahashi, N. Miyaura,
Tetrahedron 2003, 59, 537-542.

3. Gray, D. M.; Hung, S.-H.; Johnson, K. H. Methods in Enzymology 1995, 246, 19-34.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


