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Materials

Triphenylamine (Aldrich, 97%) and (1R,2R)-trans-1,2-diaminocyclohexane (2) (Aldrich,
98%) were used as received. Solvents were purchased from Aldrich source and were
dried using the usual procedures. All manipulations of air/moisture-sensitive materials
were handled under nitrogen atmosphere. 4,4’-Diformyl triphenylamine (1a) was
synthesized by formylation of triphenylamine in presence of high excess of POCI;/DMF
mixture [1,2]. Other derivatives: 4,4’-bis formyl 4”’-bromo triphenylamine (1b)[3] and
4,4° 4”-tris(p-formylphenyl)amine (1¢) [1,2] were synthesized and purified according to
the reported methods.

Instrumentations

The FT-IR spectra were recorded in KBr pellets on a Bruker Vertex 70 spectrometer,
while UV-vis absorption spectra were obtained on a Specord 200 Analytik Jena
spectrophotometer using 10 mm quartz cells. "H-NMR spectra were recorded at room
temperature on a Bruker Avance DRX-400 spectrometer (400 MHz) as solutions in
CDCl; and chemical shifts are reported in ppm and referred to TMS as internal standard.
MS measurements were performed with a Mass Spectrometer model ESI-Q-ToF-MS
Agilent 6520 (Electrospray Ionization Quadrupole—Time of Flight) and
methanol/chloroform (1:3) as solvent. Thermal gravimetric analysis (TGA) was
performed by means of a Mettler Toledo TGA-SDTA 851e device, in N, atmosphere,
with a flow of 20 ml/min, and a heating speed of 10 K/min (25-850 °C range). DSC

measurements were performed with a Mettler DSC-12E apparatus, in nitrogen.
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Experimental

Synthesis of rhombimines

(2R,3R,17R,18R)-1,4,10,16,19,25-hexaaza-10,25-diphenyl-(2,3:17,18)-dibutano-
(6:9,11:14,21:24,26:29)-tetraetheno-(2H,3H,17H, 18H)-tetrahydro-(30)-annulene (3a):

A solution of dialdehyde 1a (0.4457 g, 1.48 mmol) in CH,Cl; (5 ml) was added to a
solution of (/R,2R)-trans-1,2-diaminocyclohexane 2 (0.1691 g, 1.48 mmol) in 5 ml dried
CH,Cl; (20 mL) at room temperature and nitrogen atmosphere and stirred for 5 hours
under gentle reflux. The solvent was evaporated and the crude product was completely
dissolved in N,N-dimethylformamide at reflux and by fast cooling a gel-like system was
obtained that was filtered to give colorless fine powder of 3a in 85.7 % yield (0.48 g).
Mp=325 °C (with decomposition).

'H-NMR (crude product) (CDCLs): 8.11 and 7.91 ppm (CH=N), 6.9-7.5 ppm (26H,
aromatic protons from triphenyl amine rings), 3.35-3.22; 2.04, 1.87; 1.48 ppm (from
cyclohexane) 6= 7.34 (d, J=8.8 Hz, 8H, nitrogen meta aromatic protons in =CH-CsH4-N-
), 7.24 (t, J=8.0 Hz, 4H, meta protons in —N-C¢Hs), 7.03-7.06 (m, 6H, ortho and para
protons in —-N-C¢Hs), 6.97 (d, J=8.8 Hz, nitrogen ortho aromatic protons in =CH-CsHa-
N), 3.22-3.24 (m, 4H, -CH-N=), 2.05 (d, J=11.6 Hz, 4H of C¢H,( ring), 1.88 (d, J=7.6 Hz,
8H of C¢H o ring) and 1.48 (q, J=10.4 Hz, 4H of C¢H ring)

ESI-MS (m/z): 759.28: Calcd for Cs;HsoNg =758. CHN (Found: C, 81.10; H, 6.78; N,
11.41. CspHsoNg requires: C, 82.32; H, 6.60; N, 11.08.

Other imine macrocycles (3b, 3¢) were synthesized by the same procedure.

(2R,3R,17R,18R)-1,4,10,16,19,25-hexaaza-10,25-di(p-bromophenyl)-(2,3:17,18)-
dibutano-(6:9,11:14,21:24,26:29)-tetraetheno-(2H,3H,17H, 18H)-tetrahydro-(30)-
annulene (3b):
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Yield = 89.2 %. Recrystallized from tetrahydrofuran. '"H-NMR (CDCls): 7.93 ppm (4H,
CH=N) 7.5-6.8 ppm (24H, aromatic protons), 3.24; 2.04; 1.88 and 1.48 (20H, from
cyclohexane). ESI-MS (m/z): 917.10 calcd for Cs;HssBraNg =916. CHN (Found: C,
66.38; H, 5.51; N, 9.06; Br, 16.91. Cs;H4sBr,Ng (requires: C, 68.12; H, 5.24; N, 9.17; Br,
17.47.

(2R,3R,17R,18R)-1,4,10,16,19,25-hexaaza-10,25-di(p-formylphenyl)-(2,3:17,18)-
dibutano-(6:9,11:14,21:24,26.:29)-tetraetheno-(2H,3H, 17H, 18H)-tetrahydro-(30)-
annulene (3¢): Yield =74.5 %

'H-NMR (CDCls) (crude product): 9.80 (2H, CHO), 8.14-7.90 ppm (4H, CH=N), 7.6-6.9
ppm (24H, aromatic protons), 3.38-3.32; 1.92 and 1.49 ppm (20H, from cyclohexane).
ESI-MS (m/z): 816.35 Calcd for CssHsoNeO> (815). CHN (Found: C, 77.3; H, 6.11; N,
10.20. Cs4HsoN¢Os requires: C, 79.55; H, 6.17; N, 10.34; O, 3.94.

Rhombamine derivative (4a) was obtained by reduction of the corresponding rhombimine
(3a) with NaBH, in THF/methanol mixture and product was separated by precipitation in
water. 'H-NMR (CDCls): 7.3-6.9 ppm (26H, aromatic protons), 4.0-3.5 ppm (8H,-CH,-),

2.4-1.0 ppm (12H, -NH- and cyclohexane).
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Figure S2. TG, DTG and DTA curves for 3b.
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Figure S3. TG, DTG and DTA curves for 3ec.
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Figure S4. DSC runs for 3a (heating and cooling rate 10K/min, nitrogen): 1) first heating,
2) first cooling, and 3) 2-nd heating



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

3.0+
Z.BE “_""K\\J/_,/ a.ﬂlll | Ilrf“‘”" ) ’—W |'| N f] | r“( |('L!""""""Mre.f..
e W | I | LN
241 | |
] ﬂ ” ’J ‘
22 1 J
@ 2.0: S ey AR Ve ;
e N T A
£ 1.6 | 'J | ( I ﬂ\ﬁ
S14 / ! ‘ M |
124  2a . [ " .
1_95 — \J{M‘W Ill ril T L'[ [I ﬁ“nl |#'1 fallﬁ_fhl 'n |i'r If:m
0.8 Ij J . y
0.64 o | ‘ |\ ”;%
0.4 PRER g
u,zz : Ll o
D'ﬂ},{im' 3400 2800 2200 16;!;}: 1000 400

Wavenumber {cn’ii}

Figure S5: FTIR spectra of triphenylamine-based rhombimines (KBr pellets).
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Figure S6: ESI-MS for 3a, 3b and 3¢

3b: The peak at 478.06 Da could be assigned to the linear [1+1] compound

H H
OHC@NOCZN NH,
H

Br
C26H26BI‘N3O =476.42

3c¢: The signal positioned at 833.37 Da could be associated to the linear compound (M=

832), remained as side product from the cyclization step or resulted from hydrolysis of

macrocycle 3c.
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C54H52N603 =832

The peak at 911.461 Da could be associated to the [2+3] semi-linear compound having
the structure:

H H H H
H,N N=C N C=N N=C N CHO
H H H
H H
C=N N=C
H H

C60H62N80 =910
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Figure S7.Variable-time 'H-NMR spectra of 3a (in CDCls, at room temperature): 1)

initial, 2) after 24 h, 3) after 48 h. Some signals are due to impurities from CDCl; (4.2
ppm, 0.8-1.2 ppm) or -CHO (9.8 ppm) resulted from hydrolysis of imine linkage.
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Figure S9. Stereoplot of the MMX force field minimized structure of A, B and C

fragments and three macrocycle conformers
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Figure S10. Schematic representation of conformational modification of macrocycle 3a,

3b and 3¢
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Figure S11. 'H-NMR spectrum of 3b recrystallized (a), and after izomerization (b)

*)signals due to impurities.
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Figure S12. "H-NMR spectrum of 3c.
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Figure S13. "H-NMR spectrum (CDCls) of rhombamine 4a

References

1. M. Grigoras and L. Stafie, Des. Mon. Polym., 2009, 12, 177-196.

2. T. Mallejol, S. Gmoh, M. A. A. Meziane, M. Blanchard-Desce and O. Mongin,
Synthesis, 2005, 11, 1771-1774.

3. G. K. Paul, J. Mwaura, A. A. Argun, P. Taranekar and J. R. Reynolds,
Macromolecules, 2006, 39, 7789-7792.




<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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


