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SUPPLEIv[ENTAL  STUDIES  ON  FLUOROPHORE  IN  REACTTONS  OF

    EPOXIDES  WITH  NICOTINAMIDE  AND  ACETOPHENONE

        Akira  SANCSV,  Yoshihiro  ASABE,  and  Shoji  TAKITANI

Faculty  of  Pharmaceutical  Sciences,  Science  University  of  Tokyo,

     IZ,  Ichigaya-funagawara-machi,  Shinjuku-ku,  Tokyo  16Z

     As  supplemental  studies  on  fluorophore  in  the  reaction  of  ep-

oxides  with  nicotinarnide  and  acetophenone,  1,6-  and  Z,7-naphthyri-

dine  derivatives  were  prepared,  and  their  fluorescence  properties
were  compared.  The  result  confirmed  that  the  fluorophore  has a

Z,7-naphthyridine  structure,  but  no  1,6-isomer.

                                   INTRODUCTION

     In the  previous  paperl),  we  proposed  a  new  reaction  mechanism  for  a fluores-

cence  reaction  of  common  epoxides  with  nicotinamide  and  acetophenone:  The  final  flu-

orophore  was  considered  to  have  a  Z,7-naphthyridine  structure,  based  on  the  instru-

mental  analysis  of  the  reaction  intermediate  [A] and  the  final  fluorophore  [B] using

glycidyl  phenyl  ether{GPE)  as  a  model  epoxide.  A 1,6-naphthyridine  structure  had

been  cited  as  the  fluorophore  in past  papersZ)-4).  As a  supplernental  study,  in the

present  work  we  aimed  at  the  preparations  of  1,6-  and  2,7-naphthyridine  derivatives

in  order  to  get  seme  synthetical  proof  on  the  chemical  structure  of  the  final  flu-

orophore  and  also  to  compare  the  flueTescence  properties  of  the  two  compounds.

     Since  a  methyl  group  at  2- or  4-position  on  the  pyridine  ring  ef  pyridinium
compounds  is reactive,  Baker  et  al.5)  have  s)rnthesized  phenacylidene  deTivative  by

the  reaction  between  1-benzyl-2-picolinium  chloride  and  benzoyl  chloride.  In  this

reaction,  if  a  carbamide  group  exsists  at  3-position  on  the  pyridine  ring,  the  re-

sulting  phenacylidene  derivative  may  be subsequently  subjected  to  a dehydration  re-

action.  Therefore,  a  1,6- or  2,7-naphthyridine  derivative  was  expected  to  forrn as

the  final  product.'  Thus,  we  constructed  the  synthetic  route  given  in Fig.  1, and

we  could  obtain  both  2,7-naphthyridine  derivative  [III] and  its  1,6-isomer  [VI] from

4-methyl-  and  2-methylnicotinamide,  respectively.

                                   EXPERIMENTAL

Apparatus

     Excitation  and  emission  spectra(uncorr.)  were  measured  with  a  Shimadzu  RF-S02

spectrofluorometer.  UV  spectra  were  measured  with  a  Hitachi  323  spectrophotometer

in ethanol.  IR  spectra  were  rneasured  with  a Hitachi  Perkin-Elmer  225  spectTometer

in KBr  disk.  IH  and  
13c

 NMR  spectra  were  measured  with  a  JNM  Fx-loo  spectrometer

in  trifluoroacetic  acid-d.  Mass  spectra  were  measured  with  a  Hitachi  M-80  double

focusing  mass  spectrometer  equipped  with  EI  and  FD  ion  source.  Thin-layer  chromato-

graphyCTLC)  was  carried  eut  with  pre-coated  silica  gel  60 HF2s4  TLC  platesCMerck)
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and  with  solvent  systems  such  as  Ca) acetone-Jnethanol-formic  acid  {17:2:1) and  (b]
ethyl  acetate-methanol-foTmic  acid  (10:S:1).
Preparation  of  compound  [III]

     To  a  rnixture  of  2.7  ml  of  water,  5.6  ml  of  dichloromethane  and  970  mg  of  3-car-

bamoyl-4-methyl-1-C2-hydroxy-3-phenoxypropyl)pyridinium  chloride  [II], obtained  from

4-methylnicetinamide  [I]6) and  GpE  by  the  previously  reported  procedure  for compouna

[A], were  added  O.5  ml  of  benzoyl  chloride  and  then  4 ml  of  2S%  sodium  hydroxide

within  5 rnin  under  a  nitrogen  stream  with  vigorous  stirring.  AfteT  30 min,  the  or-

ganic  layer  was  evaporated  to  dryness  under  a reduced  pressure.  The  crude  product

was  recrystallized  from  methanol.  Thus,  7-(Z-hydroxy-3-phenoxypropyl)-3-phenyl-

2,7-naphthyridin-IC7H)-one  [III] was  obtained  as  yellow  needles(yield.  I3.9:);  melt-

ing  point  and  all  instrumental  data  were  identical  with  those  of  [B], previously  re-

ported.

     [II]: Mp.  166-168e(dec;  uncorr.).  Anal.  Calcd  for  C16HlgN203Cl:  C, 59･54;  H,

S.95;  N,  8.68.  Found:  C,  59.S2;  H,  5.98;  N,  8.74.  EI-Mass  mfz:  287(M"-Cl,  C16Hlg'

N203,  Found  287.1397,  Calcd  287.139S).

Preparation  ef  compound  [Vl]

     3-Carbamoyl-2-methyl-1-(2-h}rdrexy-3-phenoxypTopyl)pyridinium  chloride  [V]C970
mg),  obtained  from  Z-methylnicotinaTnide  [Iv]7) and  GPE,  was  treated  in the  manner

descTibed  for  [III]; 1-(2-hydroxy-3-phenoxypropyl)-7-phenyl-1,6-naphthyridin-5(IH)-

one  [VI] monohydrate  was  obtained  as  orange  needles(yield,  7.3t).

     [V]: Mp.  149-151eCdec).  Anal.  Calcd  for  C16HlgN203Cl:  C,  S9.S4;  H,  5.93;  N,

8.68.  Found:  C, 59.Sl;  H,  S.95;  N,  8.73.  EI-Mass  mlz:  287(M'-Cl,  C16HlgN203,

Found  287.1412,  Calcd  287.1395).

     [VI]: Mp.  219-Z210(dec).  Anal.  Calcd  for  C23H2oN203･H20:  C, 70･75;  H,  5･68;

N,  7.17.  Found:  C, 70.78;  H,  S.66;  N,  6.72.  IRCKBr,  cm-1):  1635(vc.o),  1247

Cvc-o-c). UV  X:5RH  nmCleg  e):  244C4.10],  301(4.Z9).  FD-Mass  m!z:  373(M'-H20+1,

C23H21N203},  372CM'-H20,  C23H2oN203},  Z36(M'-CsHn03,  clsHllN20),  222(M+-CgH12o3,

C14HloN20)･  
IH

 NMR  G (ppm): 4.23-5.SOCmultiplet,  SH),  6.80-7.33(m,  5H],  7.44(sin-

glet,  IH),  7.Sl-7,78(m,  5H),  7.96Ctriplet,  IH,  J=6.0  and  7.4  Hz),  9.16(doublet,  IH,

J=6.0  Hz),  9.44(d,  IH,  J=7.4  Hz).  13C  NMR  6 (ppTn]: 61.936(t,  splitting  in  
IH'Off
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resonance  decoupling  measurement),  69.489(t),  70.998{d),  g7.071Cd),  116.076Cd},

124.165(d),  124.750(d),  125.576(s),  128.984(d),  131.B61(d),  132.0SS(d),  132.788(s),

135.416(d),  149.014(d),  150.721(s),  154.Z77Cd),  15S.641{s),  IS9.0S6(s),  163.095{s).

                              RESULTS  AND  DISCUSSION

     structures  of  the  Nl-alkylated  deriyatives  [II] and  [V] of  methylnicotinamides

weTe  confirmed  mainly  by their  instrurnental  data  as  well  as  by  comparison  of  the

physical  pToperties  of  these  compounds  and  those  of  compound  [A]. [III] was  con-

firmed  in  the  same  way  as  previously  reported  for  [B]. [VI], which  crystallizes

with  one  molecule  water  of  crystallization,  was  found  to  have  a  molecular  formula  of

C23H2oN203.H20  by  elernentary  analysis  and  by  study  of  its  FD-mass  spectrum.  [vl]
has a  carbonyl  group  and  ether  bond  but  no  primary  or  secondary  carbamide  group  in

the  IR  spectrum.  The  absorption  spectrum  of  [VI] was  similar  to  that  ef  1,6-naph-

thyridine  derivatives  which  was  reported  by Ikekawa8).  The  13c  NMR  spectra  showed

that  the  molecule  has five  tertiary  carbon  atems  and  one  carbonyl  carbon  atom,  and

also  that  the  methyl  and  carbonyl  carbon  ef  the  raw  matertals  ferm  a  paTt  of  a het-

eroaromatic  ring.  The  
IH

 NMR  spectral  pattern  on  the  heteroaromatic  ring  protons,

namely,  a  triplet  at  6 7.96(J=6.0  and  7.4  Hz)  and  two  doublet  peaks  at  6 9.16

CJ=6.0 Hz)  and  9.44(J=7.4  Hz),  showed  the  characteristic  pattern  of  1,S,7-trisub-

stituted  1,6-naphthyridine  structure.  Thus,  [VI] was  confirmed  to  be 1-C2-hyaroxy-

3-phenoxypropyl)-7-phenyl-1,6-naphthyridin-S(IH)-one.

     The  fluorescence  prepertics  of

      and  were  dif-[III] [VI] apparently

ferent:  The  former  gave  a  blue  flu-

orescence  and  the  latter  a  green

fluorescence  in  the  blank  solution

                         1)
of  the  proposed  procedure  . As

is shown  in Fig.  2, the  maxirnum

fluorescence  was  obtained  with  ex-

citation  at  382  nm  and  emission  at

432  nm  for  [III]. This  rnaximum  was

obtained  with  excitation  at  393  nm

and  emission  at  468  nm  for  [VI].
Further,  the  fluorescence  intensi-

ty  of  [VI] was  very  weak  in  compar-

ison  with  that  of  [III] or  of  [B];
the  intensity  was  only  2.8%  against

[III] er  [B]. In  TLC  experiment,

the  quantitative  reaction  solution

of  GPE  gave  a  single  blue  fluorescent

spot  with  Rf  values  of  O.33Csolvent

system  a) and  O.40(solvent  system

b),  this  spot  was  the  same  as  those

of  [III] and  [B]. [VI] showed  a

green  fluorescent  spot  with  Rf  val-

ues  of  O.23Ca)  and  O.27(b).

ev:oUen,opos-"
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Fig.  2 Excitation  and  emission  spectra

of  [B], [III], [VI] and  reaction  product

of  GPE

      GPE; ----[B]  and  [III]; ----[VI]

   Concentration:  3 nmolltube.

   [B], [III], and  [VI]: measured  in  the

   blank  solution  obtained  by  the  pro-
                  1)
   posed  procedure  .
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     On  the  basis  of  the  above  results,  the  final  fluorophore  of  the  reaction  of

common  epoxides  with  nicotinamide  and  acetophenone  could  be  cenfirmed  as  2,7-naph-

thyridine  derivatives,  but  not  its 1,6-isorner.  Furthermore,  the  fluorophores  ob-

tained  by the  reaction  of  quarternary  pyridinium  derivatives  of  nicotinamide  with

active  methyienes2)3)  and  obtained  by  Nelis's  rnethod4)  for  some  epoxides  were  also

found  to  be  2,7-naphthyridine  derivatives  on  the  basis  of  the  characteristics  of

those  fluorescence  spectra.

                CPresented in part  at  the  102nd  Annual  Meeting  of  the

              Pharmaceutical  Society  of  Japan  in Osaka,  April  4, 1982.)

1)2)5)4)5)6)7)8)AJHHBJAN
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