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Abstract
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Xanthine, a purine base, is an organic compound containing an imidazo skeleton found in most
body tissues and fluids. Some of these xanthine derivatives are expected to have antitumor activity
against lung cancer cells. The objectives of this study were to establish a synthetic method for
efficiently obtaining new xanthine derivatives and to clarify their molecular and electronic structures
by single crystal structure analysis, utilizing the basic knowledge on synthetic studies of imidazole
derivatives accumulated in our laboratory.

Theophyline, a xanthine derivative known as a bitter-tasting component of tea leaves, was
brominated at the 8-position and reacted with secondary amines having various substituents to
synthesize three derivatives. Two propanol moieties were introduced, and the dichloro derivatives
were derived by the action of thionyl chloride on the propanol moiety. The products were difficult to
completely remove the excess thionyl chloride used in the reaction, and we were not able to isolate
highly purified samples required for in vivo experiments. On the other hand, with the derivatives in
which the morphilin and methylpiperidine skeletons were introduced at theophylline 8-position, high
purity samples could be obtained in high yield.

For the target compounds obtained in high purity, the basic physicochemical properties were
clarified. The physicochemical properties were clarified from UV-visible absorption spectrum
measurements in solution state, and basic knowledge was obtained for the investigation of
pharmacological activity. Single crystal X-ray structure analysis was attempted under various
conditions, but due to low solvent solubility, single crystals of the required size for the
measurements could not be produced. Computational chemistry was used to optimize the structure
and perform electronic structure analysis to evaluate the spread of frontier molecular orbitals.
Furthermore, docking experiments with consideration of intermolecular interactions revealed that
the derivatives are fully capable of interacting with biomolecules.

In summary, we have synthesized xanthine derivatives that can interact with biomolecules and
clarified the spectroscopic properties necessary for future in vivo experiments.
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Synthetic Studies of Xanthine Derivatives and Their Analysis of Molecular and Electronic Structures
1. HREREBEOHE

TV VBEO—RBTHZFH U F U, BEAEOHEEBPHRRICEOSNS A IV VBERESUVERLLENTH S,
ZDFYUFUFEERO—IE, FNAMBICH T SNEEEEIBERFINA TV, KFRTR., IhIATICHRE
TEBLTCEA IY V- EFEROERMRICET 2ERNMRZFAL T, FRLFY U F UBEEREDENIC
BEODERFEEZMII TSI, BIERBEERMICLVDFRBESLUVEFBEEZHELMNMNITEIIEEEMEL
7=

BRMRELTIE. ZFXEODEKRDE LTHALNATWRFH Y FUFEFRO—RBTHDTAF 74V

(Theophyline) Z#HFEERERFE L TZD8UEEFREL., CTHICEAOBEREABALLZIRT7 IV ERIGI B3R
HHOFEEREAR LTz, 7O/ —)EMAEZ2DBAL, THICBEFAZLNEZEASEY 7006FICEE LR, &
DERYMTIE. RIGICAWZBRIIRBEF A DIV OTLAREN’EETH Y. invivoERICHELRESHES R O HEH]
ICRESBRD Tz —H. TATAYVSMICELT 4 VY YBRELIUXAFILER) DV BKREZALLFEEHFTIL
SHEORRZB/INETR/EIENTE L,

EMETCHEONILENEEMIIDOWVWTIR, EANAYEBEEZMMEZBA L/ L, BARKEICE 1T 28RN TERK
INZART MVRIED SYIBEFMMEEZBASN L, FEEEHEZRN T 2EOERNNR %G, SBRXGTCTEER
XIFB BT A A D, AEABENMEWDIC, AEICHBRRE IOBRERDERICEES AN >, FTEIL
FHFEEAVTHEEREL LEFRBERTZTVW IOV T« PTHFREDLENY 25 L7, <512, 2FHEEE
EREZERBLIERY RV IERISERDFEHOBREERALD 28R THI I ERE L,

UE, £ FEMEBEEALD 23V FUFEROERMRZITVSEIn vivoER TUERSNHENHEE %R S
MM L7z,

2. MRBXREEOHME (FR)

Xanthine, a purine base, is an organic compound containing an imidazo skeleton found in most body tissues
and fluids. Some of these xanthine derivatives are expected to have antitumor activity against lung cancer cells.
The objectives of this study were to establish a synthetic method for efficiently obtaining new xanthine
derivatives and to clarify their molecular and electronic structures by single crystal structure analysis, utilizing
the basic knowledge on synthetic studies of imidazole derivatives accumulated in our laboratory.

Theophyline, a xanthine derivative known as a bitter-tasting component of tea leaves, was brominated at the
8-position and reacted with secondary amines having various substituents to synthesize three derivatives. Two
propanol moieties were introduced, and the dichloro derivatives were derived by the action of thionyl chloride
on the propanol moiety. The products were difficult to completely remove the excess thionyl chloride used in
the reaction, and we were not able to isolate highly purified samples required for in vivo experiments. On the
other hand, with the derivatives in which the morphilin and methylpiperidine skeletons were introduced at
theophylline 8-position, high purity samples could be obtained in high yield.

For the target compounds obtained in high purity, the basic physicochemical properties were clarified. The
physicochemical properties were clarified from UV-visible absorption spectrum measurements in solution state,
and basic knowledge was obtained for the investigation of pharmacological activity. Single crystal X-ray|
structure analysis was attempted under various conditions, but due to low solvent solubility, single crystals of]
the required size for the measurements could not be produced. Computational chemistry was used to optimize
the structure and perform electronic structure analysis to evaluate the spread of frontier molecular orbitals.
Furthermore, docking experiments with consideration of intermolecular interactions revealed that the
derivatives are fully capable of interacting with biomolecules.

In summary, we have synthesized xanthine derivatives that can interact with biomolecules and clarified the
spectroscopic properties necessary for future in vivo experiments.
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