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1. X-ray diffraction studies 

Single crystals of compounds 3-5 were grown from solutions of either cis- or trans-1 or -2 in morpholine 

by slow evaporation. X-ray single crystal diffraction data was obtained on Bruker D8 single-crystal X-

ray diffractometer equipped with a MoKα X-ray source and a graphite monochromator. In all cases 

multi-scan absorption correction (SADABS) was applied. Structures were solved by direct methods and 

refined using SHELXL-2014/3 implemented within the WinGX 2013.3 integrated program system. 

Crystallographic data for all prepared cocrystals has been deposited with the Cambridge Structural 

Database CCDC deposition numbers 1007719-1007721. 
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2. Infrared spectroscopy 

 

 
Figure S1. Fourier-transform infrared (FTIR) spectra for: (top) compound 3; (middle) compound 4 and 

(bottom) compound 5. 
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3. Combined thermal (TGA and DSC) analyses 

 

 
 

 
 

 
 

Figure S2. Combined TGA and DSC plots of: (top) compound 3; (middle) 4·morpholine and (bottom) 

5·morpholine. 

 

 



4 
 

4. Mass Spectrometry 

 

 

 

 

 

 
 

Figure S3. Mass spectra: (top) compound 3; (middle) compound 4 and (bottom) compound 5. 
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5. UV-Vis spectroscopy 

UV-Vis studies of compounds 4 and 5 were performed on a Cary 300 Bio UV-Vis spectrometer in THF 

solution at 0.078 ML-1 for compound 4 0.065 ML-1 for compound 5. Both compounds exhibit nearly 

identical spectra including a shoulder at 500 nm of coalescing π-π* and n- π* transitions. Nearly 

identical behavior was observed in CH2Cl2 and in cyclohexane solutions, indicating the absence of 

solvatochromism. 

 
 

Figure S4. UV-Vis profiles of: (left) compound 4 and (right ) compound 5 in THF. 
 

6. 19F NMR spectroscopy 
 

The 19F NMR spectrum for the reaction between trans-1 and morpholine was recorded in a 6:4 

respective mixture of morpholine and (CD3)2CO. Spectra of pure compounds 3, 4 and 5 were recorded 

in CDCl3 due to solubility limitations. 

 

 
Figure S5. 19F NMR spectrum of compound 5 in CDCl3. 
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Figure S6. 19F NMR spectra for the reaction of trans-1 and morpholine: (a) solution of morpholinium 

fluoride in (CD3)2CO; (b) solution of trans-1 in a 6:4 mixture of morpholine and (CD3)2CO after 20 

minutes at room temperature and (c) compound 3 in CDCl3. 

 

 
 

Figure S7. 19F NMR spectrum of compound 5 in CDCl3. 
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7. Computational Studies 

Cartesian coordinates of calculated structures 

B3LYP/6-31+G(d) optimized geometries, given in standard XYZ format: coordinates are 

Cartesian coordinates in the usual order (units are in ångstroms). All calculations were 

performed in the gas phase. 
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  X  Y  Z 

 C                 -0.30195400    1.08159800    1.38265800 

 C                  1.05316600    2.27462200    2.99081700 

 C                  0.10714100   -2.77050100   -3.60352100 

 C                  1.36395000   -2.42520000   -3.10040700 

 C                 -0.10672500    2.77963600    3.59640200 

 C                  0.96387900    1.42937400    1.88903800 

 C                 -1.36355100    2.43410500    3.09348900 

 C                  0.30232900   -1.07244300   -1.38978700 

 C                  1.46162900   -1.57785200   -1.99564800 

 C                 -1.05275200   -2.26524800   -2.99814200 

 C                 -1.46125100    1.58677400    1.98871900 

 C                 -0.96348600   -1.41999000   -1.89636800 

 N                 -0.52041000    0.23062700    0.26745700 

 N                  0.52076700   -0.22148300   -0.27457300 

 H                 -2.26405600    2.82289500    3.55952400 

 H                 -2.42521500    1.30277100    1.57811000 

 H                 -0.02661500    3.43873200    4.45604300 

 H                  2.02911200    2.54485200    3.38420200 

 H                  1.85152700    1.03172400    1.41085900 

 H                 -1.85113700   -1.02215700   -1.41834700 

 H                 -2.02868500   -2.53528900   -3.39168900 

 H                  0.02704900   -3.42959800   -4.46316300 

 H                  2.26445700   -2.81417700   -3.56628200 

 H                  2.42558100   -1.29401900   -1.58489000 
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H
Orthogonal  

 

  X  Y  Z 

 C               -1   -0.35272900    1.15784400    1.31221900 

 C               -1    1.01227100    2.00884400    3.07821900 

 C               -1    0.58127100   -2.76815600   -3.48678100 

 C               -1    0.86327100   -1.42315600   -3.35078100 

 C               -1    0.13127100    3.05984400    3.27821900 

 C               -1    0.80327100    1.02884400    2.11621900 

 C               -1   -1.00672900    3.12784400    2.51321900 

 C               -1   -0.10772900   -1.34515600   -1.17278100 

 C               -1    0.54027100   -0.68515600   -2.23778100 

 C               -1   -0.09172900   -3.38315600   -2.44178100 

 C               -1   -1.27872900    2.21684400    1.49521900 

 C               -1   -0.45872900   -2.71415600   -1.27078100 

 N               -1   -0.53172900    0.45784400    0.08521900 

 N               -1   -0.22572900   -0.77215600    0.11921900 

 H                0    1.39035200   -0.91810300   -4.15912200 

 H                0    0.81848700    0.35689400   -2.13404600 

 H                0    0.87698600   -3.32215700   -4.37051600 

 H                0   -0.33761500   -4.44034200   -2.52475300 

 H                0   -0.93361500   -3.21884900   -0.43792100 

 H                0    1.51189400    0.23109100    1.92804100 

 H                0   -2.13006700    2.31153700    0.83207800 

 H                0   -1.70419300    3.94752800    2.67519800 

 H                0    0.33973900    3.81395000    4.03015300 

 H                0    1.91409800    1.95415300    3.68453600 
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F
Planar  

 

  X  Y  Z 

 C                 -0.26024400    1.07214600    1.38690100 

 C                  1.06303800    2.33649500    3.00680600 

 C                  0.10178300   -2.79415200   -3.62509800 

 C                  1.34378500   -2.47633400   -3.08012900 

 C                 -0.10049200    2.79371800    3.62544500 

 C                  0.98819000    1.48876300    1.90605700 

 C                 -1.34559600    2.40239300    3.13841200 

 C                  0.25852800   -1.08072100   -1.38014000 

 C                  1.41331600   -1.63306000   -1.97703900 

 C                 -1.06007800   -2.26537300   -3.06289300 

 C                 -1.41655300    1.55768300    2.03650000 

 C                 -0.98671300   -1.42255000   -1.95827500 

 N                 -0.51162800    0.23614700    0.28736700 

 N                  0.50881300   -0.24953200   -0.27680900 

 F                 -2.46264200    2.84044500    3.73197400 

 F                  2.45921400   -2.98294300   -3.61971200 

 F                 -2.24966100   -2.57478500   -3.59462600 

 F                  2.25578400    2.72015900    3.47984600 

 F                 -0.01907400    3.60484800    4.68154300 

 F                  2.14149200    1.09689500    1.36272100 

 F                 -2.62697100    1.20513200    1.59784200 

 F                  2.62073500   -1.35136200   -1.48256600 

 F                 -2.13809200   -0.95278700   -1.47609300 

 F                  0.02174500   -3.60240500   -4.68348700 
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N
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F

F
Twisted Planar  

 

  X  Y  Z 

 C                 -0.20567400    1.26124300    1.22652000 

 C                  0.54253400    1.70077600    3.50923500 

 C                  0.23033700   -2.87759100   -3.53896900 

 C                  0.29814100   -1.48757100   -3.63077300 

 C                 -0.19449900    2.88446600    3.53793000 

 C                  0.53384700    0.89677900    2.37342300 

 C                 -0.93132500    3.27222300    2.42032300 

 C                  0.08549100   -1.29155000   -1.20596900 

 C                  0.22126100   -0.70408400   -2.48328200 

 C                  0.09944100   -3.48637100   -2.29213400 

 C                 -0.92196700    2.47470600    1.28179700 

 C                  0.04127300   -2.69985400   -1.14738700 

 N                 -0.25050400    0.58731000   -0.00627900 

 N                  0.06659300   -0.63318100    0.03585300 

 F                 -1.64017100    4.40738200    2.44889800 

 F                  0.44381000   -0.91089600   -4.83049700 

 F                  0.03248700   -4.82034500   -2.20357300 

 F                  1.26395800    1.34527600    4.57991200 

 F                 -0.19159600    3.64547400    4.63409200 

 F                  1.29077000   -0.20281100    2.39558300 

 F                 -1.63705500    2.87545100    0.22721400 

 F                  0.33123600    0.61766200   -2.63591600 

 F                 -0.08243600   -3.31434300    0.03210500 

 F                  0.29359500   -3.62251400   -4.64428800 
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F
Orthogonal  

 

  X  Y  Z 

 C                  -0.42560200    1.13394300    1.33340900 

 C                   0.93939800    1.98494300    3.09940900 

 C                   0.50839800   -2.79205700   -3.46559100 

 C                   0.79039800   -1.44705700   -3.32959100 

 C                   0.05839800    3.03594300    3.29940900 

 C                   0.73039800    1.00494300    2.13740900 

 C                  -1.07960200    3.10394300    2.53440900 

 C                  -0.18060200   -1.36905700   -1.15159100 

 C                   0.46739800   -0.70905700   -2.21659100 

 C                  -0.16460200   -3.40705700   -2.42059100 

 C                  -1.35160200    2.19294300    1.51640900 

 C                  -0.53160200   -2.73805700   -1.24959100 

 N                  -0.60460200    0.43394300    0.10640900 

 N                  -0.29860200   -0.79605700    0.14040900 

 F                   -1.94324500    4.11113600    2.76085400 

 F                    1.44028900   -0.83531300   -4.34003400 

 F                   -0.47771000   -4.71040400   -2.54683400 

 F                    2.04454800    1.92528900    3.86391500 

 F                    0.29397800    3.94153500    4.24969000 

 F                    1.64221400    0.05747500    1.93437200 

 F                   -2.42740000    2.31717700    0.74780400 

 F                    0.86605200    0.56016700   -2.13813900 

 F                   -1.14560300   -3.37437300   -0.25808000 

 F                    0.83898200   -3.46363000   -4.56540000 
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F

F

Br

Br

Planar  
 

  X  Y  Z 

 C                 -0.25862500    1.07249500    1.38588100 

 C                  1.05974000    2.31686200    3.02226000 

 C                  0.09511600   -2.80507600   -3.63622500 

 C                  1.33313500   -2.45756800   -3.09784300 

 C                 -0.09469100    2.80473300    3.63647900 

 C                  0.98870800    1.46840100    1.92095500 

 C                 -1.33402800    2.42530600    3.12323200 

 C                  0.25792100   -1.07714000   -1.38224900 

 C                  1.41056100   -1.61228000   -1.99629400 

 C                 -1.05855500   -2.28662800   -3.04608300 

 C                 -1.41196000    1.57902700    2.02247200 

 C                 -0.98808200   -1.44079300   -1.94271600 

 N                 -0.51095400    0.23462700    0.28884500 

 N                  0.50983200   -0.24157200   -0.28340100 

 F                 -2.46839500    2.86867100    3.68023300 

 F                  2.46673100   -2.93078400   -3.63135700 

 F                 -2.26597500   -2.59737400   -3.53659600 

 F                  2.26851300    2.66038800    3.48693600 

 F                  2.14271700    1.05208700    1.39638900 

 F                 -2.62395100    1.24712400    1.57030000 

 F                  2.62129700   -1.31109400   -1.51992300 

 F                 -2.14116900   -0.99112400   -1.44429600 

 Br                -0.02100900   -3.97107300   -5.15638200 

 Br                 0.02221100    3.97295600    5.15485100 
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N
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F

Br

Br
Twisted Planar  

 

  X  Y  Z 

 C                 -0.20086900    1.26960500    1.21813800 

 C                  0.57795200    1.73645100    3.48224800 

 C                  0.24414600   -2.88940300   -3.54581900 

 C                  0.35334100   -1.50007800   -3.61959200 

 C                 -0.18989500    2.90010400    3.54275600 

 C                  0.57130900    0.92822100    2.34860300 

 C                 -0.95580900    3.25353100    2.43216900 

 C                  0.09376700   -1.29125400   -1.20311300 

 C                  0.27265400   -0.70979800   -2.47615400 

 C                  0.06964000   -3.47978900   -2.29446400 

 C                 -0.94990600    2.46041600    1.28998900 

 C                  0.00885200   -2.69629800   -1.14728500 

 N                 -0.24707100    0.59146700   -0.01230700 

 N                  0.06935000   -0.62882400    0.03626600 

 F                 -1.70868100    4.36091700    2.44665400 

 F                  0.54237600   -0.89805500   -4.80130600 

 F                 -0.04161400   -4.80891400   -2.17584100 

 F                  1.34313600    1.37576000    4.52100300 

 F                  1.36241200   -0.14817600    2.35279900 

 F                 -1.69927400    2.83987300    0.25044800 

 F                  0.42419200    0.60899900   -2.62490100 

 F                 -0.15811600   -3.30724900    0.02955100 

 Br                 0.33624100   -3.96478000   -5.13331900 

 Br                -0.18933100    3.99334000    5.12067500 
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N
N

F

F

F

F

F

F

F

F

Br

Br

Orthogonal  
 

  X  Y  Z 

 C                  -0.42560200    1.13394300    1.33340900 

 C                   0.93939800    1.98494300    3.09940900 

 C                   0.50839800   -2.79205700   -3.46559100 

 C                   0.79039800   -1.44705700   -3.32959100 

 C                   0.05839800    3.03594300    3.29940900 

 C                   0.73039800    1.00494300    2.13740900 

 C                  -1.07960200    3.10394300    2.53440900 

 C                  -0.18060200   -1.36905700   -1.15159100 

 C                   0.46739800   -0.70905700   -2.21659100 

 C                  -0.16460200   -3.40705700   -2.42059100 

 C                  -1.35160200    2.19294300    1.51640900 

 C                  -0.53160200   -2.73805700   -1.24959100 

 N                  -0.60460200    0.43394300    0.10640900 

 N                  -0.29860200   -0.79605700    0.14040900 

 F                  -1.96067900    4.10019400    2.73728600 

 F                   1.43972900   -0.81149600   -4.32447900 

 F                  -0.48671400   -4.70964000   -2.51943800 

 F                   2.05299900    1.90121000    3.84781400 

 F                   1.63940800    0.05407600    1.93251900 

 F                  -2.42748000    2.31334000    0.74576500 

 F                   0.86194300    0.56211400   -2.13481800 

 F                  -1.14647000   -3.37102600   -0.25526200 

 Br                  0.98754600   -3.76127100   -5.04780000 

 Br                  0.40053600    4.34524400    4.66480000 
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N
N

R

F

F

R

R

F

R

F

Br

Br

R = morpholine  
 

  X  Y  Z 

 Br                 0.13238100    3.91215700    5.18492600 

 Br                 1.18988000   -3.90452600   -4.95727000 

 C                 -0.34031900    1.16217500    1.35267900 

 C                  0.86775700    1.79675800    3.34032400 

 C                  0.70913000   -2.85035000   -3.41284400 

 C                  1.01950900   -1.49428300   -3.35099200 

 C                 -0.04448000    2.81147400    3.60769600 

 C                  0.76017400    0.94078000    2.23279000 

 C                 -1.13181200    2.96567700    2.75233300 

 C                 -0.03835500   -1.30167800   -1.18746000 

 C                  0.66286200   -0.67455900   -2.26899700 

 C                 -0.02524000   -3.40978000   -2.37571000 

 C                 -1.30280100    2.18202400    1.60344900 

 C                 -0.41517300   -2.67425000   -1.24532700 

 N                 -0.44055800    0.53535400    0.09632000 

 N                 -0.20035200   -0.70495900    0.07603500 

 F                 -2.06462300    3.89041300    3.06862500 

 F                  1.66455600   -0.94542100   -4.40544500 

 F                 -0.40117600   -4.70356000   -2.46907700 

 F                  1.88419300    1.61019000    4.21109000 

 C                  2.44050400    1.02707600   -2.58948800 

 H                  2.57446800    1.06763400   -3.67970600 

 H                  3.12669200    0.27558700   -2.18559400 

 C                  0.51262600    3.05602800   -2.10789200 

 H                 -0.12077400    3.84298600   -2.52718200 

 H                  0.41456800    3.05816500   -1.01248600 

 C                  0.09716300    1.69066700   -2.64948400 

 H                 -0.88837300    1.43178100   -2.26028500 

 H                  0.05245500    1.72668700   -3.75165100 

 C                  2.76875700    2.40154900   -2.00744800 

 H                  2.74587000    2.36170000   -0.90657500 

 H                  3.76158400    2.72566100   -2.33247500 

 O                  1.85144000    3.38495100   -2.47483300 

 N                  1.06514200    0.67455200   -2.20747400 

 N                  1.74660900   -0.03649600    1.95677400 

 N                 -2.37168500    2.36099900    0.70521300 

 C                 -0.63154500   -4.48031800    0.45161200 

 H                 -0.14851500   -4.15428500    1.38853000 

 H                  0.12115200   -4.97794200   -0.16245300 

 C                 -2.27561300   -2.67016600    0.44513300 

 H                 -2.69893200   -1.89049800   -0.19446500 

 H                 -1.94352200   -2.20466500    1.38486600 

 C                 -1.75987500   -5.45533300    0.78252900 

 H                 -2.15951400   -5.89087400   -0.14644300 

 H                 -1.39766200   -6.26052600    1.42775700 
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 O                 -2.80479400   -4.80385100    1.50145400 

 C                 -3.42994600    1.34176700    0.67693400 

 H                 -4.14713200    1.50586200    1.50032000 

 H                 -2.98499800    0.35281000    0.80407700 

 C                 -4.16893400    1.41110800   -0.65847100 

 H                 -3.48850000    1.11650600   -1.47339900 

 H                 -5.03322900    0.74073900   -0.65599800 

 C                 -2.90320900    3.70473300    0.44682200 

 H                 -2.07559700    4.41933900    0.40955400 

 H                 -3.60495700    4.03038200    1.22860600 

 O                 -4.67745500    2.71840400   -0.90260600 

 N                 -1.17091500   -3.31720700   -0.26008600 

 C                 -3.34760900   -3.71907100    0.75495400 

 H                 -4.13885900   -3.28548700    1.37379000 

 H                 -3.78955900   -4.09366500   -0.18232800 

 C                  1.56017600   -1.35205800    2.58882700 

 H                  0.51860700   -1.65554000    2.46194100 

 H                  1.78929500   -1.30771700    3.66734900 

 C                  3.15614000    0.38606700    1.97423300 

 H                  3.53735000    0.53639700    2.99457700 

 H                  3.24810400    1.33114900    1.42863600 

 C                  2.47645900   -2.37049300    1.91410200 

 H                  2.44178300   -3.32699500    2.44347000 

 H                  2.15321100   -2.52309100    0.87295400 

 O                  3.83844800   -1.94981100    1.93774100 

 C                  3.99790700   -0.69095800    1.29150300 

 H                  3.71461100   -0.77813400    0.23027400 

 H                  5.06094000   -0.44227600    1.35720700 

 C                 -3.63528000    3.69045100   -0.89531600 

 H                 -4.11469400    4.65629200   -1.07711900 

 H                 -2.92613700    3.48359200   -1.71243100 
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N
N

R

F

F

R

R

F

R

F

I

I

R = morpholine  
 

  X  Y  Z 

 I                  1.08091700   -4.15490000   -5.03458800 

 I                  0.18651600    4.07390000    5.28170800 

 N                 -0.47115500    0.50575200    0.10292100 

 N                 -0.24868400   -0.73796000    0.10601500 

 C                 -0.10616500   -1.36104700   -1.14733200 

 C                 -0.50811500   -2.72650200   -1.17997000 

 C                 -0.14324300   -3.48489500   -2.30374100 

 C                  0.58921300   -2.96350900   -3.36285400 

 C                  0.92294500   -1.61165900   -3.31745100 

 C                  0.59582400   -0.76644000   -2.24561900 

 C                 -0.35559700    1.15520600    1.34645700 

 C                  0.74496500    0.93627600    2.22623500 

 C                  0.86420300    1.81027100    3.31861100 

 C                 -0.03137700    2.84222300    3.58043700 

 C                 -1.11703000    2.98935900    2.72076300 

 C                 -1.30352200    2.19078800    1.58442100 

 F                 -0.54526400   -4.77482000   -2.36276500 

 F                  1.56953800   -1.08327500   -4.38405600 

 F                 -2.04324200    3.93013600    3.01760600 

 F                  1.88654900    1.61985000    4.18502200 

 N                  1.02573100    0.57582700   -2.20947500 

 C                  0.07832200    1.60188600   -2.67148000 

 H                 -0.91206400    1.37067600   -2.27697600 

 H                  0.03333100    1.61740400   -3.77417500 

 C                  2.76338700    2.27149000   -2.04297900 

 H                  2.73928100    2.25284100   -0.94159900 

 H                  3.76262400    2.56937700   -2.37350500 

 C                  2.40744900    0.89302400   -2.59860400 

 H                  2.54190000    0.90957000   -3.68950500 

 H                  3.07867100    0.13587900   -2.18032500 

 C                  0.52086600    2.96921000   -2.15677000 

 H                 -0.09666800    3.76022800   -2.59186700 

 H                  0.42265200    2.99506200   -1.06165600 

 O                  1.86614500    3.26423500   -2.52935200 

 N                 -1.26461200   -3.34274600   -0.17669800 

 N                  1.71902900   -0.05764200    1.96315400 

 N                 -2.37407100    2.36815700    0.68708300 

 C                  3.95865900   -0.75105200    1.29768000 

 H                  3.66768600   -0.85785100    0.24035300 

 H                  5.02474300   -0.51264900    1.35143700 

 C                  2.42305400   -2.39981100    1.96617300 

 H                  2.38132800   -3.34435100    2.51613900 

 H                  2.09077600   -2.57093300    0.93077700 

 C                  3.13295600    0.34954000    1.96233300 

 H                  3.52256100    0.51766400    2.97676700 
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 H                  3.23186900    1.28165100    1.39598700 

 C                  1.52305200   -1.35678200    2.62500400 

 H                  0.47731800   -1.65167100    2.51228400 

 H                  1.76044200   -1.29169300    3.70069700 

 O                  3.78991000   -1.99419300    1.97159200 

 C                 -0.72426100   -4.49039400    0.55866100 

 H                  0.01367900   -5.01193900   -0.05364000 

 H                 -0.22322400   -4.14406000    1.47873500 

 C                 -3.42819000   -3.69568500    0.88233700 

 H                 -4.20590900   -3.23822000    1.50115100 

 H                 -3.88765900   -4.09075200   -0.03794900 

 C                 -1.85588600   -5.44559100    0.93299700 

 H                 -1.49103000   -6.23636700    1.59442000 

 H                 -2.27330600   -5.90241500    0.02222600 

 C                 -2.35111500   -2.66613700    0.52872300 

 H                 -2.77687000   -1.89906200   -0.12448600 

 H                 -1.99994700   -2.17982500    1.45088500 

 O                 -2.88433900   -4.76567900    1.64945200 

 C                 -2.88323100    3.71427600    0.39975700 

 H                 -3.57742900    4.06970400    1.17536500 

 H                 -2.04363000    4.41359500    0.34468900 

 C                 -3.44892500    1.36652400    0.68449500 

 H                 -4.16099200    1.56042900    1.50589500 

 H                 -3.01985700    0.37337200    0.83225800 

 C                 -3.61873100    3.68214600   -0.94018000 

 H                 -4.08193900    4.65166900   -1.14332000 

 H                 -2.91525300    3.44399300   -1.75363900 

 C                 -4.19068100    1.41821000   -0.65027600 

 H                 -3.51794100    1.09351700   -1.46013700 

 H                 -5.06635300    0.76303200   -0.63022600 

 O                 -4.67758500    2.72821800   -0.92295000 


