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Site-selective supramolecular synthesis of halogen-bonded cocrystals
incorporating the photoactive azo groupt

David Fox,” Pierangelo Metrangolo,** Dario Pasini,” Tullio Pilati,’ Giuseppe Resnati,**‘ Giancarlo
Terraneo”

ELECTRONIC SUPPLEMENTARY INFORMATION

Experimental

General methods: Commercial HPLC-grade solvents were used without further purification. Starting
materials were purchased from Sigma-Aldrich and Apollo Scientific. 'H NMR spectra were recorded at
ambient temperature using CDCl; as solvent on a Bruker AV500 spectrometer. '’F NMR spectra were
recorded on Bruker AC250 spectrometer, CDCl; was used as solvent and CFCl; or bis(2,2,2-
trifluoroethyl) were used as internal standard. All chemical shift values are given in ppm. IR spectra
were obtained using a Perkin—Elmer 2000 FTIR spectrometer equipment with U-ATR device.
Absorptions are specified in wavenumbers, which have been rounded to the nearest 1 cm™ by automatic
assignment. Selected IR data of the starting modules are reported to show the changes that occur upon
the formation of cocrystals 3a-b. Melting points were determined with DSC analyses using Mettler

Toledo DSC 823e.

General procedure: formation of cocrystal 3a and 3b: Cocrystals 3a and 3b were obtained by
dissolving one, five or ten, equivalents of diiodoperfluoroalkane 1a,b and one equivalent of trans-4,4’-
azobis(pyridine) 2 in methanol at room temperature in a clear borosilicate glass vial. The methanol was
allowed to diffuse slowly (two day) in a closed cylindrical wide-mouth bottle containing paraftfine oil at

room temperature.
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Cocrystal 3a: Perfluoro-1,6-diiodohexane (1a) and 4,4’-azobis(pyridine) (2): Red-brown solid; m.p.=
125 °C (DSC analysis); IR (v_selected bands): pure perfluoro-1,6-diiodohexane 1a: 1121, 1087 cm™;
pure 4,4’-azobis(pyridine) 2: 3091, 3039, 1586, 1412, 989 em’™; co-crystal 3a: 3107, 3043, 1588, 1412,
1117, 1077, 998 cm™; "F-NMR pure perfluoro-1,6-diiodohexane 1a: Sucracracrap= -60.24,
ducracracrap= -114.27, ducracracrzp= -122.13; cocrystal 3a: ASr=Jpure1a - 03a (0.05 M), Ad(icracracr2y=
0.18, Aducracracr2p= 0.01, Aducracracr2p= 0.01; A8r=Opureta - 93a (0.03 M), Aducracracrap= 0.11,

Adqcracracra= 0.01, Adqcracracr2)= 0.00.

Cocrystal 3b: Perfluoro-1,8-diiodooctane (1b) and 4,4’-azobis(pyridine) (2): Red-brown solid; m.p.=
130 °C (DSC analysis); IR (v_selected bands): pure perfluoro-1,8-diiodoocatne 1b: 1147, 1055 cm™;
cocrystal 3b: 3107, 3042, 1588, 1412, 1138, 1054, 997 cm™'; "’F-NMR pure perfluoro-1,8-diiodoocatane

1b: Sacracracracr2p= -60.33, Sucracracracrp= -114.28, Sucracracracr2p= -122.10 ducracracracrzp= -

122.91; cocrystal 3b: ASFZSpurelb - O3 (0.05 M), A5(1CF2CF2CF2CF2)2: 0.18, AS(ICF2CF2CF2CF2)2: 0.04,

Adqcracracr2 crap= 0.02, Adqucracracracr2= 0.01; ASr=8puretb - d3p (0.03 M), Ad(cracracracrap= 0.11,

Adqcracracracrap= 0.02, Adcracracr2 crap= 0.01, Aducracracracrz= 0.00.

NMR Experiments: To establish the 1 : 2 ratio in co-crystals 3a,b, their 'H and '’F NMR spectra were
registered in the presence of 2,2,2-trifluoroethyl ether as an internal standard. On calibrating integration
parameters so that in the '"H NMR spectrum the CH,O quartet of 2,22-trifluoroethyl ether was
corresponding to four and in the ’F NMR spectrum the CF; triplet of 2,2,2-trifluoroethyl ether was
corresponding to six, the ratio of the NCH doublet area (deriving from 2) and the CFl triplet area
(deriving from 1) is one thus revealing that the 1 : 2 ratio in 3a,b is one. This 1 : 2 ratio was observed

for all solids obtained from solutions where the 1 : 2 ratio was varied from 1 : 1 to 10 : 1.
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'H NMR (500 MHz, CDCl; + (CF3CH,),0) cocrystal 3a
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F NMR (480 MHz, CDCl; + (CF3;CH,),0) cocrystal 3a
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FT-IR spectra.

Cocrystal 3a (4000-500 cm™)
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Cocrystal 3a (3200-2700 cm™)
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Cocrystal 3a (1700-550 cm'l)
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Cocrystal 3b (3300-2500 cm™)
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Cocrystal 3b (1700-550 cm'l)
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Crystal data and structure refinement for 3a.

Chemical formula (moiety)
Chemical formula (total)
Formula weight
Temperature

Radiation, wavelength
Crystal system, space group

Unit cell parameters

Cell volume

V4

Calculated density
Absorption coefficient ¢
F(000)

Crystal colour and size
Reflections for cell refinement

Data collection method

@ data collection

Index ranges

Completeness to 8= 30.0°
Reflections collected
Independent reflections
Reflections with F~>20
Absorption correction

Min. and max. transmission
Structure solution
Refinement method

Data / restraints / parameters
Final R indices [F>>20]

R indices (all data)
Goodness-of-fit on F*
Largest and mean shift/s.u.

Largest diff. peak and hole

C¢F 12l CioHsNy
CieHgF 121Ny
738.06

153(2) K

MoKao, 0.71073 A

triclinic, Pl

a=752392(5A a=94.526(8)°
b=8.8344(9) A B =95.701(7)°
c=11.5520(13) A y=91.302(8)°

530.13(10) A®

1

2.312 g/em’

3.083 mm™'

346

red, 0.42 x 0.21 x 0.20 mm’
9860 (Hrange 2.3 to 29.9°)
Bruker APEX 2000 CCD diffractometer
¢$and wscans

< 30.0°

h-7t07,k-12t012, /-16to 16
99.5 %

12026

3089 (Rins = 0.0239)

2970

multi-scan

0.4062 and 0.5488

direct methods

Full-matrix least-squares on £~
3089/0/170

R1=0.0315, wR2 =0.0807
R1=0.0325, wR2 =0.0813
1.121

0.001 and 0.000

1.76 and -2.78 ¢ A
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Crystal data and structure refinement for 3b.

Chemical formula (moiety)
Chemical formula (total)
Formula weight
Temperature

Radiation, wavelength
Crystal system, space group

Unit cell parameters

Cell volume

z

Calculated density
Absorption coefficient y
F(000)

Crystal colour and size
Reflections for cell refinement

Data collection method

@ data collection

Index ranges

Completeness to 8= 30.0°
Reflections collected
Independent reflections
Reflections with F~>20
Absorption correction

Min. and max. transmission
Structure solution
Refinement method

Data / restraints / parameters
Final R indices [F>>20]

R indices (all data)
Goodness-of-fit on F
Largest and mean shift/s.u.

Largest diff. peak and hole

CioHgNy CyF 6l
CisHgF 161Ny
838.08

1532) K

MoKa, 0.71073 A

triclinic, Pl

a=52482(7) A o= 84.316(7)°
b=18.6925(14) A B=86.245(7)°
c=13.289(2) A 7= 88.241(8)°

601.79(16) A®

1

2.313 g/em®

2.754 mm’"'

394

red, 0.36 x 0.10 x 0.08 mm’
6523 (frange 2.4 to 29.4°)
Bruker APEX 2000 CCD diffractometer
¢and wscans

< 30.0°
h—7t07,k-12t012,/-1810 18
99.2 %

12848

3491 (R = 0.0228)

3219

semi-empirical from equivalents
0.6761 and 0.8187

direct methods

Full-matrix least-squares on F°
3491/0/197

R1=0.0249, wR2 = 0.0628
R1=0.0278, wR2 = 0.0642
1.067

0.001 and 0.000

1.20 and -0.92 ¢ A~




<<
  /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


