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Ab initio calculations are employed to investigate nitrogen inversion as a configuration change
that can supply an extremely useful switchable control mechanism for some complex systems.
In this paper, the design of a new artificial rotary molecular machine based on nitrogen inver-
sion is discussed. The introduced design of a molecular rotator is based on the reciprocating
motion of a substituent due to the inversion phenomenon, leading to the rotary motion in the
molecule. Since simple secondary amines easily face the inversion process at room tempera-
ture, aziridine is selected as the initial driver for the molecular motion. The most obvious fin-
ding from this study is that, following the displacement of the substituent attached to the
aziridine nitrogen atom, two rotary motions occurr in the molecule, one clockwise and another
counterclockwise with a 39.52 to 150.09° angle domain.
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INTRODUCTION

At the macroscopic level of living the most developments in the improvement of technology and
productivity have originated directly from the invention of new functional devices and then the con-
struction of novel machines. A device is something created for a specific purpose, whereas a machine
is a combination of several devices to utilize, modify, apply or transmit energy [ 1 |. This explanation
can also be applied at the molecular level. For achieving this objective, it is necessary to properly ar-
range some molecular components to develop a system that can do useful work such as the directional
rotation or shuttle-like movements [ 2 |. Miniaturization is an essential issue in modern technology. In
the recent fifty years, miniaturization in the employed components in the construction of devices and
machines has led to dramatic gains in the technology, especially, in the field of information processing
[ 3 ]. Since the concept of a device or machine in the macroscopic scale can be generalized to the mo-
lecular level, a molecular machine can be defined as an assembly of distinct molecular combinations.
Therefore, a molecular machine is a multi-molecular complex in which each molecule can be changed
to a specific state under an external stimulus [ 4 ]. Whereas the living structures in nature are full of
molecular motors and machines with complex constructions and advanced functions, chemists are in-
terested in the improvement of artificial simple molecular assemblies [ 5 ].

The design of molecular devices and machines based on the movement related to configuration
changes and the subsequent interlocking motion in a molecular system is a significant step in the syn-
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Fig. 1. Nitrogen inversion Fig. 2. N-inversion in aziridine

thesis and improvement of devices and machines in the molecular scale [ 6 ]. Much of the recent pub-
lished research has been directed at exploiting a configuration change, such as the N=N bond in azo-
compounds, but very little effort has thus far been put towards using the lever-like motion of nitrogen
pyramidal inversion. Nitrogen pyramidal inversion is induced by changes in the of position nitrogen
substituents and can exists in two distinct geometric configurations (Fig. 1). These configurations are
interchangeable by the transposition of substituents to the opposite side of the central atom, thereby
the formation of a mirror image of the original molecule [ 7—10 ].

Since the inversion speed of nitrogen in simple secondary amines without pressure is very high,
and the inversion may even take place at room temperature, these amines can be unsuitable to serve as
a stimulus to make a molecular machine movement. This is due to the difficulty of controlling the
movements and also the difficulty of separating the produced conformers. Thus, in order to obtain
compounds with a controlled range of movements, it is necessary to use nitrogen compounds which
are not easily turned (converted) to secondary conformers. Aziridine is one of the compounds which
experiences nitrogen inversion at a lower speed (Fig. 2).

Nitrogen has a high energy barrier in aziridine, but of course, considering the substitution to con-
trol nitrogen, this barrier can be changed. An increase in the energy barrier causes the transfer motion
of isomers to take place at a lower speed, therefore it enables a more precise control of aziridine mo-
lecular movements. Nitrogen inversion in aziridine and, more generally, amines can be conducted by
supplying energy. Needless to point that simple secondary amines easily face the inversion process at
room temperature. Considering the amine type, the situation in the compound, its presence in a high
pressure ring, and the type of substitutions connected to the central nitrogen atom, the energy level
used to complete the inversion process is modified [ 11—13 ].

Based on the above-mentioned explanations, in this work, the design of a molecular rotator was
introduced, in which aziridine nitrogen inversion was used to start up the motion in the rotatory mo-
lecular machine.

RESULTS AND DISCUSSION

Generally speaking, any instrument can be called rotary if it has an axis and several wings at-
tached to it, and when the external power such as electricity, wind, or mechanical power is applied, the
wings start rotating about their axis. Rotary machines come in two different kinds: a) bidirectional ma-
chines with wings rotating both clockwise and counterclockwise; b) unidirectional machines with
wings rotating either clockwise or counterclockwise.

Considering the form of a common rotary machine, it was decided to design a rotary in the size
and extension of a molecule. This would rotate after applying the power created by nitrogen inversion.
Thus, the chosen molecules which must stand as the axis and the
attached wings were of great importance (Fig. 3). Bicyclo[2,2,2]oc-
tane was selected as the axis to serve the mentioned purpose. Two
thiophene units attached to each of three aziridine groups were cho-
sen as the required wings (Fig. 4).

Hence, the molecular rotary consists of one bicycle[2,2,2]octane
unit as the axis, three aziridine units as the initial starter for the
moves, and six thiophene units attached to aziridene as the wings

(Fig. 5).

Fig. 3. Schematic representation of different parts of a rotator
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Fig. 4. Representation of different compounds used in several parts of the molecular

rotator. Bicycle[2,2,2]octane as the axis (a), thiophene unit (), aziridine unit (c), two
thiophene units attached to each of three aziridine groups as the required wings (d)

Fig. 5. Clockwise and counter-
b clockwise motions of the rotary
molecular machine

Fig. 6. Dihedral angle between the axis and the wings and the repulsive force created
in the molecule (showed with arrows)

As it can be observed, the existing nitrogen inversion in aziridine attached to the axis caused the
thiophene wings to rotate once clockwise and then again with the nitrogen inversion to rotate counter-
clockwise. Thus, a bidirectional rotary machine with its rotation being related to nitrogen inversion
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Table 1

Molecular Energies (E), Energy differences (AE), and the dihedral angles between
the (C—C—C—C) axis and the wing units of the rotary molecular machine

Structure E, Hartree E, kcal/mol AE, kcal/mol | C—C—C—C, deg.
a —3773.7220926 | —2368010.61 28.53 39.52
b —3773.7675607 | —2368039.14 0.00 150.09

was created. The evaluation of energy data obtained from the ab initio calculation using the Hartree—
Fock method and the 6-311G** basis set showed that (b) conformation was about 28.53 kcal/mol
more stable than (a) conformation. As can be seen in Fig. 6, in the (a) conformation, due to the wing
units approaching the axis, a repulsive force was generated in several parts of the molecule, resulting
in less stability of the (a) conformation as compared with the (b) conformation. The structural informa-
tion obtained from the ab initio calculation using the Hartree—Fock method and the 6-311G** basis
set and a comparison of the dihedral (C—C—C—C) angles between the axis and the wing units in the
optimized conformations of the molecular rotator showed that the bite angle in the (a) conformation in
Fig. 6 changed from 39.52 to 150.09° in the (b) conformation (Table 1). These results made it clear
that the use of nitrogen inversion could produce angle changes that caused the clockwise and counter-
clockwise rotary motions in the designed molecular rotator.

CONCLUSIONS

As it can be noticed in the calculations, nitrogen inversion can be used as the initial motion to
produce more diverse moves in a series of joined molecules. The connection of thiophene units to
aziridine as the wing units and then to the hydrocarbonic axis form a molecular rotary which performs
bidirectional rotating moves once energy was applied to overcome the nitrogen inversion barrier. The
results obtained from this study showed that the use of nitrogen inversion could produce an angle
changing domain that caused the clockwise and counterclockwise rotary motions in the designed mo-
lecular rotator.

Since the inversion barrier in aziridine is related to its substitution with the consequence of having
different speeds of inversion performances, the speed can be controlled by making use of either
aziridine with appropriate substitutions or any nitrogen compound replacing aziridine as the initial
starter of the moves in the molecular rotary.

REFERENCES

Credi A. // Aust. J. Chem. —2006. —59. — P. 157 — 169.
Zheng Y.B., Hao Q., Yang Y.-W., Kiraly B., Chiang 1.-K., Huang T.J. // J. Nanophotonics. — 2010. — 4.
—P. 042501.
Mandl C.P., Konig B. // Angew. Chem., Int. Ed. —2004. —43. — P. 1622 — 1624.
Muraoka T., Kinbara K., Aida T. // Nature. — 2006. — 440. — P. 512 — 513.
Kinbara K., Aida T. // Chem. Rev. —2005. — 105. — P. 1377 — 1400.
Kay E.R., Leigh D.A., Zerbetto F. // Angew. Chem., Int. Ed. —2007. —46.—P. 72 — 191.
Knorr R., Ruhdorfer J., Mehlistiubl J., Béhrer P., Stephenson D.S. // Eur. J. Inorg. Chem. — 1993. — 126.
—P. 747 - 754.
8. Hough A.J. Photochemical Control of Pyramidal Inversion and Photoactivation of Antimicrobial Agents.
— Department of Chemistry, University of Warwick. http://go.warwick.ac.uk/wrap/57507.
9. Park G., Kim S., Kang H. // Bull. Korean Chem. Soc. —2005. —26. — P. 1339.
10. Bach R.D., Wolber G.J.// J. Org. Chem. — 1982. — 47, N 2. — P. 239 — 245.
11. Tanner D. // Angew. Chem., Int. Ed. Engl. — 1994. — 33. — P. 599 — 619.
12. De Loera D., Liu F., Houk K.N., Garibay M.A.G. // J. Org. Chem. —2013. — 78, N 22. — P. 11623 — 11626.
13. Ebrahimi A., Deyhimi F., Roohi H. // J. Mol. Struct: THEOCHEM. —2001. — 535. — P. 247 — 256.

N —

Noankw




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Magazine Advertisement Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


