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                INTRODUCTION

  In our  research  on  new  plant growth  regulators  we  earlier

reported  a promising indolic auxin,  5,6-dichloroindQle-3-
acetic acid (5,6-C12-IAA), the most  potent of  all the known
natural  and  synthetic  auxins,i)  An  antiauxin,  2-(5,7-

dichloro-3-indolyl)isobutyric acid  (5,7-Ct2-IIBA), was

synthesized.  It inhibited auxin-mediated  elongation  of

Avena  co]eopti]es  and  stimulated  root  growth of  rice

seedlings.!)  A  fluorinated auxin,  5,6-difluoroindole-3-acetic

acid  (5,6-F2-IAA) also  was  synthesized  which,  interestingty,

promoted  growth  of the lateral roots of mung  bean.3) The

synthesis  and  biological activities of  non-substituted  and

substituted  4,4,4-trifiuero-3-(3-indolyl)butyric acids

(TFIBAs), nove}  fluorinated plant gowth  regulators  which

promote  the root  growth ofChinese  cabbage,  lettuce and  rice

plunts, have been reported.`-G)  The introduction of  fluorinc
atorn(s) to biologically active molecules  sometimes  has dra-
matic  effects  on  the biological actiyities.7,8}  To develop
novel  fluorinuted plant growth regulators, we  fbcused on  the

syntheses  of  fiuorinated 2-(3-indolyl)propionic acid  (IPA)
and  2-(3-indolyl)isobutyric acid  (IIBA); i.e., 5,7-difiuoro-IPA

(5,7-F2-IPA, 1) and  5,7-difluoro-IIBA C5,7-F2-IIBA, 2) (Fig,
1). We  here report  the  syntheses  of 5,7-F2-IPA (1) and  5J-
FrllBA  (2) and  their respective  auxin  and  antiauxin  activ-

ities.
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Fig. 1 Structures of  2-(5,7-difluoro-3-indolyl)propionic
acid  C5,7-F2-IPA, 1) and  2-(5,7-difluoro-3-indolyl)isobutyric
acid  (5,7-FrllBA, 2),

          MATERIALS  AND  METHODS

J. Instrumentation

  
iH-NMR

 spectra  were  recorded  with  a  JEOL  FX-200
spectrometer  with  tetramethylsilane in acetone-dk  (An-aL) as

the internal standard.  Mass  spectra were  recorded  with  a

JEOL  DX-705L  spectrometer.

2. Synthesis
2.1 2-(5)IDij7uoro-3-indolyOp,ppionie acid  (:5)IF>-IPA, D
2,1.I 2,4-Dij7uoKv,henythydraiine (5)
  2,4-Difluoroaniline (4, 25.0g, l93.8mmol)  was  added  to

concentrated  hydrechloric acid  (1OO ml)  at OOC. Themixture

was  stirred  for 20 min  and  a  solution  of  sodium  nitrite  (21,O
g, 304.3 mmol)  in water  (30 ml)  was  added  dropwise at O:C,
After 30 min,  stannous  chLoride  (90.0 g, 474,7 mmol)  in con-
centrated  hydrochloric acid  (100ml) was  added,  The  mix-

ture was  stirred for 1hr und  adjusted  to pH  10 with  4N
NaOH  solution, and  extracted  three times  with  ethyl acetate.

The combined  ethyl acetate layer was  washed  with  water  and

saturated  brine, dried over  anhydrous  sodium  sulfate,  and

evaporated  in vaeuo  to give a crude  hydrazine. The
hydrazine was  rocrystallizcd from ethyl  acetate-n-hexane  to

afford 12.6g (45.2% yield) of  2,4-difluorophenyLhydrazine

{5). 
iH-NMR

 (200MHz) 6H (An-dk): 6,89 <2H, m),  7.43

(1H, m),  825  (IH, brs); MS  <relative intensity, %) m/z:  144

(M', 100L 128 (13), 127 (65),
2.l,2 3-CarboxJpropionatdehyde 2,4-dij7tiorophenylhydra-

     zone  (bj
  ln a  500 ml-round-bottomed  flask, fitted with  a  reflux  con-

denser and  magnetic  stirrer, were  placed 5 (1.0 g, 6.9 mmol)
and  4,4-dimethoxybutyric acid  (1.2 g, 8.1 mmol)  with a mix-
ture of  benzene (200ml) and  water  (50 m]), and  the mixture

was  heated at 90'C, After 1hr, the reaction  mixture  was

cooled  to room  temperature and  extracted  three times with

ethyl acetate, The combined  ethyl acetate  layer was  washed

wjth  water  and  saturated  brine, dried over  anhydrous  sodium

sulfate  and  evaporated  in vaeuo  to give a  crude  hydrazone.

The  hydrazone was  recrystallized  from ethyl  acetate-n-hexane

to affbrd  1.4g (88.4% yield) of 3-carboxypropionaldehyde
2,4-difluorophenylhydrazone (6). 

iH-NMR
 (2ooMHz)6H
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(An-dh)i 2.59 (4H, m), 6,99 (2H, m),  7.42 (IH, m),  7.48 (1H.
brt, J=  3.9 Hz), 8.72 (1 H, brs); MS  (relative intensity, %) mlii

228 (M+, 18), 172 (13), 127 (100).
2.1.3 5,ZDij7tioroindole-3-acetic acid  (sp

  In a  dry 200 ml-round-bottomed  flask. fitted with  a  drying

tube, were  placed 6 (950.0mg, 4,l mmol)  and  zinc  chloride

(6.8g, 50.0mrnoL) with  xylene  (60ml) and  mixture  was

heated at 1 30'C for 1 hr. The reaction  mixture  was  cooled  to

room  temperature,  and  ethyl acetate  and  water  were  added  to

it, The ethyl acetate layer was  washed  with  -'ater  and  satu-

rated  brine, dried over  anhydrous  sodium  sulfate,  and  evapo-

rated  in vacuo  to give a  crude  acetic acjd. The  acetic acid

was  purified by column  chromatography  on  silica  gel to

atibrd 274,2mg (31,2% yield) of  5,7-difiuoroindole-3-acetic

acid  (3). 
'H-NMR

 (200 MHz)  6H  (An-`ai): 3.75 (2H, s), 6･80

(IH, ddd, J=  11,7, 9.5, 22  Hz), 7.18 (1H, dd, 1=9.3, 2,2 Hz).
7,45 (IH, d, J=2.4 Hz); MS  (reLative intensity, %) mli:  21 1

(M+, 32), 166 (100).
2,i.4 Methyl 5,7-dij7tioro-l-methoxycarbonylindole-3-ace-

     tate (rp
  MethyL chlorofbrmate  (O.14ml, 1.8mmol) was  added

dropwise for 15min  at OOC to a rapidly  stirred mixture  of

methyl  5,7-difiuoroindole-3-acetate (250.0 mg,  l.1 mrno[,  pre-

pared from S,7-difluoroindole-3-acetic acid  (3)'by methyla-

tion with  diazomethane), benzyltriethylarnmonium bromide

(20.0mg) in dichloromethane (5ml) and  a 30% sodium

hydroxide solution  (5 ml), After this mixture  was  stirred for

1hr at  OMC, two  layers formed, The aqueous  layer was

treated three times  with  dichloromethane, The  combined

dichloromethane layer was  washed  successively  with  water

and  saturated  brine, dried over  anhydrous  sodium  sulfate and

evaporated  in vacuo  to give the crude  ester.  It was  purified
by preparative thin layer chromatography  on  siiica  gel to give
198.0mg  (63.0% yield) of  methyl  5,7-difluoro-1-

methoxycarbonylindole-3-acetate  (7). 
iH-NMR

 (200MHz)
6H (An-c%): 3,68 (3H, sL 3.79 (2H. s), 4.02 (3H, s), 6.99 (IH,
ddd, J =:  12,O, 9.7, 2.2 Hz), 7.21 (1H, dd, J=8.4, 2.2 HzL  7.80

(LH, s); MS  (relatiye intensity, %) m/z:  283 (M', 38), 224 (52),
180 (1oo).
2.i.5 A4ethJ,i 2-(:5,Zdij7itoro-1-methoxycarbony-3-indolyij-

     propionate (S)
  A  two-neck.  round-bottom  flask was  flame-dried with  a

Bunsen burner. A solution  of 7 (140.0 mg,  O.49 mmol)  in

dry tetrahydrofuran  (THF, 4.0ml) was  injected by syringe

through  the rubber  septum  to the flask, after which  a  THF

solution  of  lithium diisopropylamide (LDA, 1.2ml, 1.3

equiy.) was  added  dropwise at  
-78:C

 by syringe. After the

mixture  had been stirred  fbr 1 hr, a  solution  of methyl  iodide

(1.0mL from a solution  prepared by the addition  of  dry

alumina  to a solution  ofO,2  ml  of  methyl  iodide in 4.0ml of

dry THF)  was  added  dropwise at  
-780C

 by syringe,  and  the

whole  stirred for2 hr, The  reaction  mixture  then  was  poured
into  a mixture  of diethyl ether and  aqueous  ammoniurn

chloride  solution. The ether  layer was  washed  with  water

and  saturated  brine, dried oyer  anhydrous  sodium  sulfate and

evaporated  in vacuo  to giye the crude  propionate, It was

purified by preparative thin  layer chromatography  on  silica

gel giving 40.0 mg  (272% yield) of methyl  2-(5,7-difluoro-1-

methoxycarbonyl-3-indolyl)propionate  (8). 
iH-NMR

 (200
MHz)  6H  (An-dL): 1.57 (3H, d, J=7.1 Hz), 3.66 C3H, s),4.02
<1H, q, J=7.1 Hz), 4.03 <3H, s), 7.oo (1H, ddd, J=: 12,O. 9,7,
2.2 Hz), 7.25 (IH, dd, J=8.5,  2.2 Hz), 7.73 (IH, s); MS

(relative intensity, %) mfz:  297 (M', 33). 238 (1oo), 194 (70).
2,1,6 2-(5,IDij7uoro-3-indblyOpropionic acid  (5,ln-JPA,
      D
  A  40%  solution  (2 ml) of potussium hydroxide in water  was

added  to a  solution  of8  (20,O mg,  67.3 fimol) in methanol  (10
ml),  and  the whole  stirred  at 70:C for 1hr, The  reaction

mixture  was  cooled  to room  temperature  and  then condensed

in vacuo  to an  aqueous  solution, This solution  was  acidified

with  1 N HCI  solution  and  treated three times  with  ethyl

acetate.  The combined  ethyl acetate layer was  washed  with

water  and  saturated  brine, dried over  anhydrous  sodium

sulfatc and  then  evaporated  in vacuo  giving the crude  acid.

It was  purified by preparative thin Layer chromatography  on

a  silica  get yielding 14.5 mg  (9S.7% yield) of2-(5,7-difluoro-3-

indolyl)propionic acid  (5,7-FrlPA, 1). 'H-NMR
 (200 MHz)

aH (An-dh)i 1.57 (3H, d, J=7,1  Hz), 4.00 (1H, q, J=7.1 Hz),

6,80 (1H, ddd, J=  1 1,O. 9.5, 22  Hz), 7,20 (1H, dd, J=9.3, 22
Hz), 7.42 (IH, d, J;  1,8Hz); MS  (relative intensity, %) tnfz:

225 CM+, 33), 180 (100),
2.2 2-(5)IDij7uoro-3-indolyDisobutyric acid  (L5,ZE-IIBA,
    ny2,2.l

 Methyl 2-(15,ZdlLtkioro-i-methoxycarbonyl-3-indolyD-

     isobutyrate (9
  A solution  of  8 (20,O mg  67.3 g"ol) in THF  (2.0 ml)  was

injected by syringe  through the rubber  septum  to a two-neck,

round-bottom  flask. A  THF  solution  of  LDA  (O.3 ml,  1.5

equiv)  was  added  dropwise by syringe  at -78`C
 to the

propionate solution.  After the mixture  had been stirred  for

1 hr, a  solution  of  methyl  iodide (O.2 ml)  in THF  was  added

dropwise by syringe  at -78"C. and  the whole  stirred for 2 hr.

This reaction  mixture  was  poured into a  mixture  of  diethyl

ether and  aqueous  ammonium  chloride  solution.  The aque-

ous  layer was  treated three times with  diethy[ ether.  The

ether  layer was  washed  with  water  and  saturated  brine, dried

over  anhydrous  sodium  sulfate  and  evaporated  in vacuo  to

give the crude  ester. It was  purified by preparative thin layer

chromatography  on  silica gel giving 2.5 mg  (1 1.9% yield) of

methyl  2-(5,7-difluoro-1-methoxycarbonyl-3-indolyl)
isobutyrate (9), 

'H-NMR
 (200 MHz)  8H (An-dh): 1.64 {6H,

s), 3.65 (3H, s), 4,02 {3H, sL  6.96 (1H, ddd. J=  11.3, 9.5, 2.2

Hz), 7,23 (1H, dd, J=  10.0, 2,2 Hz). 7,75 (1H, s); MS  (relative
intensity, %) mfi:  311 (M", 15), 2S2 (100), 208 (85).
2.2.2 2-(5,IDij7uoro-3-indolyOisobutyric acid  (Z)
  A  solution  of  potassium hydroxide (300 mg,  5,2 mmol)  in

water  (1 ml)  was  added  to a  solution  of9  (2.5 rng, 8 "mol)  in

methanol  (4ml), and  the whole  stirred  at  700C for 1 hn The

reaction  mixture  was  cooled  to room  temperature and  conden-

sed  in vaeuo  to an  aqueous  solution  which  was  acidified  with
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Synthetic scheme  for 5,7-FrlPA (1) and  S,7-Fz-I]BA (2),

1 N  HCI  solution  and  treated  three times  with  ethyl  acetate.

The  combined  ethyl  acetate  layer was  washed  with  water  and

saturated  brine, dried ever  anhydrous  sodiurn  sulfate and

evaporated  in vaeuo  to give the crude  acid. It was  purified
by preparative thin layer chromatography  on  silica  gel giving
1.7 mg  (88.5% yicld) of  2-(5I7-dfluoro-3-indolyl)isobutyric
acid  (5,7-Fz-IIBA, 2}, iH-NMR

 (200 MHz)  SH  (An-dla): 1,65

{6H, s), 6.79 (1H, ddd, J=9.5, 9.5, 2.0 Hz), 720 (IH, ddd,
J=  IO.O, 2.0, 2.0 Hz), 7,41 (IH, d, J=  1.8 Hz); MS  (relative
intensity, %) m!zi  239 (M', 32), 194 (1oo).
2.3 2-zaIDichtoro-3-indolyijprqpionic acid

 Synthesis of  this compound  will  be reported  elsewhere.

3. Plant Mbteriat and  Bioasstu'

 The plant species  (A vena  sativa  L. cv. Victory-1) used  for
the bioassays was  the same  as that used  in previous studies,

and  the bioassays were  as reported  there.i,2) Two  duplicate
experiments  were  done in each  bioassay.

         RESULTS  AND  DISCUSSION

 2-(5,7-Difluoro-3-indolyl)propionic acid  (5,7-F2-JPA, 1)

and  2-(5,7-difiuoro-3-inclolyl)isobutyric acid  (5J-F2-IIBA, 2)

were  synthesized  from 5,7-difluoroindole-3-acetic acid  (5,7-
FrlAA, 3) which  was  prepared from 2,4-difiuoreaniline (4)
as  a  starting  materia12)  (Fig. 2). Ai-Protected 5,7-F2-IAA
methyl  ester  was  lithiated fo11owed by monomethylation  with

methyl  iodide which  gave the  carbamate  ester  (8). Direct

double hydrolysis of8  produced  5,7-F2-[PA (1), and  remeth-

ylation and  subsequent  double  hydrolysis of8  p:oduced  5,7-
F2-IIBA (2). Yields ofthe  methylated  compounds  in the two

methylation  steps  were  yery  low, possibly because of  the
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Fig, 3 Elongation of  Avena coleoptiles  by 5,7-FrlPA {1),
S,7-F2-IIBA (2), 5,7-F2-IAA and  IAA.

semi-dried  conditions  used  in the small  scale  synthesis,

 The biological activities  of  synthetic  5,7-F2-IPA (1) and
5,7-F2-IIBA (2) were  measured  by the Avena coleoptile  elon-

gation test and  compared  with  those ofIAA  and  5,7-F2-IAA.
1n that test (Fig. 3), 5,7-F2-I PA  (1) had stronger  auxin  activity

than IAA  but unlike  5,7-F2-IAA, did not  have coleoptile

growth inhibition aetivity  at  any  concentration  tested, The

activity of  5,7-F2-IPA (1) differed slightly fi/om that of  5,7-
FrlAA  which  had the coleoptile  growth-inhibition activity
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Fig, 4 Elongation ofAvena  coleoptiles  by 5,7-F2-IIBA (2),
5,7-ClrJIBA, ]IBA and  IAA,

at  a  high eoncentration  (1 × 10' ̀ M), The  activity  of  S,7-

F2-IPA also  difured markedly  from  that of  2-(5,7-diichloro-3-

indolyl)propionic acid  <5,7-ClrlPA) which  has two  chlorine

instead of  fiuorine atoms  and  had very  weak  elongation

activity  at  3x  10'6 M, but strong  coleoptile  growth-inhibition
activity at  the high concentration  of  1 × 1O'  ̀M  (not shown  in

Fig, 3),9) In contrast,  at  a high concentration  (1 × 10-4 M),

5,7-F2-IIBA had coleoptile  growth-inhibition activity,  but

interestingly had weakly  positive auxin  activity at  a  low

concentration  of  less than  3× 10-6 M. These findings suggest

that the introduction of  a  single  methyl  group to the a-

position of  the  side  chain  of  5,7-F2-IAA enhances  Avena

coleoptile  elongation  activity  of  5,7-F?-IAA but that the

further introduction of a methyl  group to the  same  pos{tion
decreases the activity,

  The aetivity of  5,7-F2-IIBA (2) was  compared  with  that of

IIBA and  5,7-C12-IIBA for Avena  coteoptile  elongation.

Results are  shown  in Fig. 4. IIBA, which  has no  halogen

atom  in its molccule,  had coleoptile  elongation  activity which

was  weaker  than  that  of  IAA,  but did not  have the

elongation-inhibitory  activity,  Unlike 5,7-F2-IIBA, 5,7-

C12-IIBA showed  no  coleoptile  elongation  activity  over  the

entire range  ofconcentrations  tested, This indicates that  the

introduction of  fiuorine rather  than  chlorine  atorns  to the 5

and  7 positions of  the indole nucleus  results  in a weak  auxin

activity  at  the low concentration  less than 3× 10-6 M  and  an

antiauxin  activity  at high concentration  more  than 1× 10-b

M. The  difference in the activities of  5,7-F2-IIBA and  5,7-
C12-IIBA may  be due to a  difTerence in the electronegativities
or  lipophilicities of  fluorine and  chlorine,

  5,7-C12-IIBA acts  as  an  antiauxin  beeause it inhibits auxin-

mediated  elongation  ofthe  A vena  coleoptile.2)  Its inhibition

activity in auxin-mediated  elongation  was  measured  by an

       lo" i.sxioi 3,oxio'5 s,6xlo'5 io-

                   CONCENTRATION (M)

Fig. 5 [nhjbitory activity  of  5,7-FrllBA (2), 5J-Clz-IIBA
and  PCIB  in IAA-mediated  e]ongation  ofAvena  coleoptiles,

addition  of  5,7-FrllBA  (iO'5 to 10-`M) to bioassay media

containing  10'5 M  of  IAA  and  the activities  of  antiauxins,  5,7-

C12-IIBA and  2-(p-chlorophenoxy)isobutyric acid  (PCIB)
were  compared.  Results are  shown  in Fig. 5. At 10'5 M,

5,7-F2-IIBA had about  80%  of  the elongation  of  Avena

coleoptiles  induced by IAA. The  promotive effect  of

exogeneous  IAA  was  reverscd  at  3× lO-5 M  (about three times
the molar  concentration  of  exogeneous  LAA), but at more

than 5,6× 10-5 M  there was  no  elongation,  The inhibitory

activity of 5,7-Fz-l[BA was  slightly  weaker  than that of  5,7-

C12-IIBA fbr IAA-induced elongation  of  Avena  coleoptiles.

These results  demonstrate that 5,7-F2-I]BA is a new  fluorinat-

ed  antiauxin  with  activity  slight]y  N-'eaker  than  that of  5.7-

C12-IIBA but much  stronger  than that of  PC[B.

  5J-F2-IIBA  and  5,7-C12-IIBA are  new  antiauxins  that have

the  indole nucleus.  In contrast,  4-Cl-]AA, 5,6-C12-IAA, 5,6-

F2-IAA, 5,7-F2-IPA and  IAA,  which  also  have indote

nucleus.  are  indolic auxins,  The combined  use  of  these 5,7-

dihalogenated indolic antiauxins  and  indolic auxins  in physi-
ological  studies  of  plants may  prove very  usefu1.

                REFERENCES

l) T, Hatano,  M,  Katayama  &  S. Marumo:  Experientia 43.

   1237 (1987)
2) T, Hatano, Y. Kato,  M,  Katayama  &  S. Marumo:  Exper-

   ientia 45, 40e (1989)
3) M, Katayama, Y. Kato, T, Hatano, M.  Hatori &  S, Ma-

   rumo:  l Pesticide Sci. 23, 289 (1998)
4) M, Katayama, K. Kato, H. Kimoto  & S. Fujii: Ercperientia

   51, 721 (1995)
5) M, Katayama&  R. K. Gautam: Biosci. Biotechnon Biochem.

   60, 75S (I996)
6) M.  Katayama  &  R. K. Gautarn: X Pestieide Sci, 22, 33I

   (1997)
7) G. T. Newbold: 

"Orgunofiuorine

 Chemicals and  their

   Industrial Applications;' ed.  by R. E. Banks, EMs  Hor-

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

Pestioide 　Soienoe 　Sooiety 　of 　Japan

270 日本 農薬学会 誌 第 26巻 第 3 号 平成 13年 8 月

　　wood ，　Chic血ester，　pp ，169−187，正979
8）　 R．FIUer： ”Organo 且uorine 　Chemicats　 and 　their　Induslrial

　　Applications ．
”
ed．　by　R ，　E，　Banks，　EIlis　Horwood ，　Chiches−

　　ter，　pp．123−153
，
1979

9）　M ，Katayuma，　Y ．　Kato ＆ S．　Marumo ：in　preparation

要 約

2−（5，7一ジ フ ル オ ロ
ー3一イ ン ドリル ）プ ロ ピオ ン 酸 （5，7・F2−

IPA）および 2−（5，7一ジ フ ル オ ロ
ー3一イ ン ドリル ）イ ソ 酪酸

（5，
7・F，

・IIBA）の 合成 とそれら各 々 の オーキシ ン および

ア ン チオーキシン活性

　　　　　　　　　　　　 加藤康仁，片山正 人，丸茂晋吾

2−（5，7一ジ フ ル オ ロ
ー3一イン ドリル ）プ ロ ピ ォ ン 酸 （5，7−F2−IPA ，

1）お よ び 2−（5，7一ジ フ ル ォ ロ
ー3一イ ン ド リ ル ）イ ソ 酪 酸

（5，7−F2−HBA ，2）を 5．7一ジ フ ル オ ロ イン ドール
ー3一酢酸 （5，7−F2−

lAA ）か ら官 能基の 保護，メ チル 化 お よび脱保 護 化 を行 っ て合 成

した．アベ ナ子 葉 鞘伸 長試験 の 結果，5，7−F，
−IPA は IAA よ り強

い 伸長 活 性 を示 したが ，子葉 鞘 伸長 阻 害活性 を示 さな か っ た．

5，7−F2−IIBA は 1× 10
−4

　M で 子葉鞘伸長阻 害活性を示 した が，興

味 あ るこ とに 3× 10
−6M

以下の 濃度 では 弱 い ポ ジテ ィ ブ なオ
ー

キ シン 活 性 を示 した．更 に 5，7−F2−HBA は IAA 誘導の ア ベ ナ 子

葉鞘伸艮に お い て 5，7−CtrllBA よ り若干 弱い 活 性 を示 す新規 な

ア ン チ オー
キシ ン で あ る こ とが 示 され た．
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