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Stereochemistry ofFungicidalN-Phenylformamidoximes"

    Koichi llAyAIcAwA,  \oshivuki  EGucHI  and  Akira NAKAyAMA

Odaw'ara  Reseai'cli Ce･ntt'i'. AIiPPon Soda  Co., Ltd.. Takado.  Odawa-i'a 2o'O-02. JaPan

        (Rcccived September  30, 1992; .Xccepted November  2, 1992)

   It is possible te draw  four isemcrlc stt'uctures,  i.e. EiZ  N-phenylimine  forms  und  Is'/Z

oxin]e  forrns, of  the fornianiidine s/roup of  funs,ieidul Ar-phenylfomnaniidoxiines. In  this

stuclythestructureofN-(3,5-dichloro-4-propinyloxyphenyl)-INr'-methoxyforn]amidine(IDCPF),

a  representatis'e  compound  of  N-phellyllvrmamidoximes,  ",as  ini,estis.ated by means  of  N}･IR

techniques, 1)CI'F was  stabilized  in thc  Z  oxime  form  by. intrainolecular hydrobcren bonding

in CDC13,  while  an  isomerization to the E  oxime  form  was  observed  in D)'ISO-d6, Further-

more,  HPLC  analysis  gave  two  separate  peaks  su.cr. boresting  E  aiicl  Z  isomers. The  active

structure  of  Ar-plLcnylforniamicloxii"cs was  sug.gested  to be ene  of  the  E  oxime  forms  shown

in our  previous paper, 
'['his

 active  E-configuration seerned  to emerge  throu.vh  Eil  isomer-

ization  involvins,  the N-H  (li$sociation caused  by  interaction  with  polur coinponcnts  in the

biological system,

            INTRODUCTION

  A'-Phenylformamidoximes  ILave fungicidal

properties similar  to A'-phenylcarbamates. In

our  preceding papers,i,!) an  active  conforina-

tion of  N-phenylformarnid(')ximes was  pre-

posed  by studying  their eleetrestatic  and  steric

similarity  to  Ai-phenylcarbamates,  and  tlie

structural  features of  N-phenylformamidox-

imes  te  govern the antifungal  activit}'  were

discussed bv  OSAR  analvsis.  In the struc-         "N  L,
ture-activity studies,  the structural  con-

figuration of  the  iormamidoxime  moiety  was

considered  to be important  to understand  the

bioisosterism between ALphenylformami-

doximes and  AJ-phenylcarbamates.  In order

to clarifv  the stereocheinical  beliavior of

fungicidal ALphen},'lformamidoximes,  "re  have

studied  the configuration  of  the  amidoxime

structure  by means  oE  NMR  techniques.,  Con-

figuration anal.vses  of  amidoxime  structures

have been reported  on  alkylcarboxamidoximes,

benzamidoxirnes  and  heterocvclic carbox-

amidoximes  by  means  of NMR  techniques or

*
 Studies on  Fungicidal N-Phenylformaniidoximes

  (Part 3}. For Part I and  2, see  Refs. 1) and  2).

X-rav analvsis,a'")  but stereochemistrv  of  AT-

phenylfermamidoximes  has not.  In this re-

port, configuration  of  a  formamidoxime  part
of  AJ-C3,5-dichlore-4-propinylexyphenyl)-A"-
methoxyformainidine  (DCPF), a  representative

compound  of  N-phenylformamidoxirnes,  is
discussed from  the asl)ects  of  NMR  spectra,

       MATERIALS  AND  METHODS

1, Chemicals
1.1 S.y, nthesis  of A'-(3,5-dichloro-4-ProPin.},loxuy-
    Phen.yl)-A,r'-tnethox.x)fbriftzantid'i･ne (DCI'F;
    1)

  DCPF  was  prepared by  reacting  methoxy-

amine  with  ethyl  AJ-(3,5-dichloro-4,-propinyl-

ox.yphenyl)foriniTnidate,  which  had  been  syn-

thesized  by  reacting  3,5-dichloro-4-propinyL

oxvaniLine  with  triethvl orthoformate.  Il'he

svnthetic  method  has been  described in detail
in the  patent of  A'-phenylformamidoximes."]

1.2 S.vnthesis of A'-(3.5-dichloro-4-X]ropi7u'l-

    oAl>･zPhen",l)-AJ'-inetho.yJi-A･'-metlq>,ijbrmami-

    dine (2)
  DCPF  (8.0 g, 29 mmol)  was  aclded  in small

portions to 60%  oil-dispersed  sodium  hydride

(l,2 g., 30 mrriol)  in DMF  (30 ml)  at  O-50C.
After stirring  at 5--10CC for 30 min,  metliyl-



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

  192 H4i eeutt? ft di

iodide {5g, 35mmol)  in DMF

dropped to the solution  at  5-10CC.
stirring  at  room  temperature  for 1

solution  was  poured into ice water

extracted  with  ethvl  acetate  and

anhyd.  magnesium  sulfate,

the organic  solvent  gave  a  crude  oi

was  purified by  column  c

yield a  described product (1,2g, Y
rnp  82-85CC). iH

 NMR  6 CDC13

(IH, t, 1=2.4Hz, HC!C),  3.36

NCHs), 3.82 (3H, s, OCHs), 4.73 (2H,
2.SHz, OCH2), 6.88 (2H, s, aromat'

(IH, s, CH=N).
  Along with  compound  2, A'-(3,5-

propinylox.yphen}.,I)-A'-]nethyl- .
which  may  be a  dcgradate of  2,
the column  cliromatography.

1.3 S.vnthesis of AJ-
    oxJ,Phen"'l)-AJ'-methoxTy-AJ'

    dine (3)
  AJ-Methy･1-O-methylhydroxylamine
chloride  (1.6g, 16mmol)  and

bonate (l.8g, 17mmol)  sNFere mixed  

'

anol  (30ml) at  room  temperature

and  ethyl  AJ'-(3,5-dichloro-4-
formimidate  <3,8g, 14mmol)  in
ml)  was  added  in one  portion at

perature. After stirring  at  room

for 1 hr, evaporation  of  the methano]

crude  oil, wliich  was  extracted

acetate  and  water,  and  the  organic

dried over  anh.vd.  magnesium

organic  solvent  was  evaporated  and

sidual  crvstal  was  recrvstallized  from       v' J

to yield a  described product  {3.6 g, Y
rnp  63-650C). ill

 NMR  6 CDCI,

(IH, t, J=2.4Hz, HC!C), 3,21
NCH,),  S.77 (3H, s, OCH3),  4,75

OCHe),  7.00 (2H, s, aromatic),  7.87
N[CH).

2, ATztclear Jfagnetic Resonance

  NMR  spectra  were  measured  on  a

GSX-400  spectrometer.  The rcferenciai

dard for measuring  resonance  shifts  was

methvlsilane  as  an  internal standard

NMR  and  nitromethanc  as  an  external

dard  in iiN  NMR.

ng 18U  ce2E-\nt5ai5fi

      (10 ml)  was

           After

         hr, the

        (150 ml),
       dried over

  Evaporation  of

        1, which

hromatography  to

         13.9{],i, ;

      ppm:  2.54

         (3H, s,

          d, J-
        ic), 8.20

           dichlero-4-
      ALcvanoaniline,

       was  isolated by

(3.5-d･ichloro-4zProP･irtyl-
      -metdy,ijbrma7ni-

              hvdro-               J

         soclium  car-
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            for lhr,

        propinyloxy)-
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          rOOIII  telll-

         temperature

              gave a

          "Tith  ethvl

           layer was

        sulfate.  The
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JEOL
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iH
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        RESULTS  AND  DISCUSSION

  [I]he forrnamidine group  ol  Ai-phenylform-
amidoximes  has feur pussible forms, i,e. EIZ

oxime  forms (A, B> and  EIZ  AJ'-phenylimine
furms (C, D) (Fig. 1), N-(3,5-dichloro-4-

propinyloxyphenyl)  - N' 
-
 methoxyformarnidine

<DCPF, 1) was  chosen  as  a  representative  com-

pound  of  A'-phenylformamidoximes, and  its

configuration  was  analyzed  mainly  b.v･ means

of  NMR  techniques,

  Figure 2 shows  the tH
 NMR  of  DCPF  in

CDCIs  at  room  temperature. Each proton was

assigned  to a  single  chemical  shift,  XVhen thc

temperature  was  lowered  to -50CC,
 proton

resonances  of  H20, H-2 (-CH=N-) and  H-3

<NH) showed  do"'nfield shifts,  but each  proten
still  resonated  in one  set  of  signals,  which

indicated tliat the molecule  was  in one  of  the

isomers or  in tlie mixture  of fast exchanging

lsemers.

  Whether  it had  an  oxime  form or  an  AL

phenylimine  form was  determined by com-

paring 
'5N

 NMR  spectroscopies  of  DCPF  (1),
N  - <3, 5 - dichloro - 4 

-
 propinyloxyphenyi>  

-
 A' 

'-

methoxy-AJ-methylformamidine  (2, oxirne

form) and  A'-(3,5-dichloro-4-propinylox.y-

})henyl) - N'  - methoxy  - IV' - methylformamidine

(3, IV-phenylimine form) in CDCIs  (Table l),

In each  chemical  shifts  ef  nitrogens,  DCPF
was  similar  to compound  2 and  remarkably

different from compound  3. Therefore, the

structure  of  DCPF  was  determined to be an

oxime  form, and  fast exchange  between an

oxime  form and  an  Ai-phenylimine  form was

  Hs2

  1 /C  
=N

Ar-N.
    H

    A

      H
  N=c'
AriL  INN

      A
    C

3xOMe4

4,PMe]

       4

  H OMe
   

sc=Ni

   1,  ,
Ar-N  

-
 

,

  1XH

     B

      H

      k,
  N =":#ci 

XoMe

ArX]  

"H
 4

     D

               Ar=Substitutedpheny)

Fig. l Cenfiguration of  N-phenylforinamid-

oximes.A:

 l  exime,  B: E  oxime,  C: Z  A'-phenylimine,
D:  E  N-phenylimine.
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   Fig. 3 Structures  of  compounds  1, 2 und  3.

considered  to be impossible. If a  fast ex-

change  had occurred  in CDC13, the  cbcmical

shifts  of  two  nitrogens  must  have indicated the
average  value  ef  the two  forms.

  Figure 4 is the 
iH

 NMR  of  J)CPF  in DMSO-
d6 at  room  temperature.  The  resonance  of

each  proton was  apparently  one  set,  but a

minute  doublet peak was  obserN,ed  at  abuut

8.2ppm  which  was  assigned  to H-2. When
the sensitivitv  of  the NMR  was  raised,  two

iH  NMR  spectrum  of  DCPF  in CDC13,

pairs of  minute  doublct peaks assigned  to H-2

and  H-3 became distinct (Fig. 5). The  in-

tensit.y of  minute  doublet peaks was  sig-

nificantlv  increased when  the temperature  "'as

raised  to 1300C and  returned  to the original

level when  it was  lowered to room  tempera-

ture (Fig. 5). This suggested  that E/Z  oxime

isomers of  DCPI;  were  present in thc DMSO-de
solution  and  that the ratio  of  the  isomers had

changed  by temperature.

  E/Z  configuration  was  also  studied  by  NNH

coupling  constant  (21liH> of  the  oximc  nitrogen

and  the formoxime proton  of  DCPF  in CDC13
and  DrVISO-d6. It is generally known  that
2,INH

 are  positive small  values  {O-3 Hz) in the
E]-isomer and  negative  moderate  values  (-10-
-20  Hz) in the Z-isomer,iO,ii) The  measured

coupling  constants  shown  in Table 1 indicate
that the predominant  structure  of  DCPF  is in

a  Z-ferm  both in CDC13 and  DMSO-d{i.

  The  downfield shift  ef  NH  proton at  lower

                      NII-Electronic  
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Table  1 Chemical  shift  and  eoupLing  cunstant  of  compounds  1, 2 and  3 in r5N  NMR.

Chemical shiit  (ppni) and  coupling  constant  [.f (Hz)I'

Compounds m  CDCI3

        3NH)

in DMSO-d6

INa) INn) 3Na)

1 (DCPF)
2 (Oxime)
S (Imine)

-282
 ,4 [-92,8]i

--293.1[
 O /

-146,lr  O

")  Nun]bering  

'of
 {i'itrEgen is indicEttLd in 1;iff

 -66

 -52-204

b･  ]･

.8
 ,-- 

l7.61

.6 O.5.-.O

 .]

-279,5
 L-92.6]-64,7  [- 15.6'

o - a ean

8 za e a8 2' ' ' -.
- m N pte H-

CI
N=C

I l l ll!CH301)Ne-NtsocH,c=-cH
H s 6

34Ci

4

1

-
PFH PR-

Trr"rrtT-'r'n-
'r-rrrrrrrr--rr

4,7-4.724.70 3.S23.502.va

5

6H20

2

3
DMSO

PmuffrrrrrMr-rrr
r TMTrptrtr-rr

9 6 7 6 5 4 3 2 t e

Fig. 4 
iH

 NMR  spectrum  of  DCPF  in DMSO-d6.

temperatures in CDCIa, mentioned  above,  sug-

gests its hydrogen bonding character,  This
hydrogen bond  was  ascertained  to be an  intra-
molecular  one,  because the chemical  shift  did
not  depend on  the concentrations  of  the com-

pound,  The exchange  of  NH  proton b.v
deuterium  (D20) was  examined  at  room  tem-

perature. It took  about  24hr  in CDCIu and

less than  I min  in DMSO-d6.  This means  that

strong  intramolecular hydrogen bonding ec-

curs  in CDCI3 but not  in DMSO-d6,  The  NH

proton  may  interact with  D"ISO  oxvygen  in
the DMSO-d6  solution.

  E/l  isomers observed  on  
iH

 NMR  in DMSO-
d6 solution  were  also  detected in HPLC  an-

alysis.  Two  separate  peaks  were  observed  on

the Zorbax-Sil column  eluted  with  n-hexane-

dichleromethane-methanol (300:IOO:1, v/v),

NII-Electronic  
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HPLC  chromatosrarn  of  DCPF.

3

DCPF(25C,again)

3

2

2[

PA-

g.ee,su.a7.fi7.o

            130"C (high sensitivity),

and  each  isolated fractien also  gave  two  peaks
at  the same  retention  time as  in the initial

analysis  (Fig. 6). Furthermore, each  fraction

gave  the same  mass  spectra.

  Considering the experimental  aspects  shown

above,  the structural  features of  DCI'F  are

summarized  as  follows :

  (1) DCPF  is in an  oxime  form. The  NM]{
spectroscopies  showed  no  tautomeric ?V-

phenylimine  form.

  (2) The  oxime  is mainl},  in the Z-isomer,
which  is stabilized  by  intramolecular hydrogen

bonding in CDC13.

  (3) DCPF  is in the mixture  of  E  and  Z
isomers (E<Z) in a  polar solvent  such  as

DMSO-d,,

  (4) HPLC  analysis  gives two  separate

peaks  of  E  and  Z  isomers, but they  rapidly

change  to the other  in the eluted  solution,

  These results  demonstrate the  existence  of

E  and  l  oxime  isomers of  DCPF,  and  the Z-
configuration  seems  to be more  stable  in
CDCIs  because  intramolecular hydrogen  bond-

ing significantly  contributes  to the stabiliza-
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　　H、
　　 ．C ＝N、
Ar−N　 　 　 　 　 OMe
　 　

」
H

　 ／．fOUTI

　　H　　　 H
　　；CO −Nl
Ar−N　 　 　 　 　 　OMe

　　H　　 ρMe
　　 ）c

＝N
A 卜 N，
　 　 H

　 　 E−fL，「匸鳳

Fig．7　E ，／
’Z　isomerization　 of 　N −phcnylformami −

doxinlcs．

tion　of　the　Z −isomer。　 In　DMSO −ds
，
　however ，

the　 E −con 血guration　was 　 detected　 as　 a　minor

component ，　 suggesting 　 the　 possibility　of　 E ！／

isomer｛zat め n ，　 which 　is　 a 正so 　supPorted 　b｝
・

HPLC 　aIlalysis ．　 The　process　of　the　isomeriza−

tion　is　considered 　to　｛nvolve 　the　dissoc｛ati （，n

of　 NH 　 proton （Fig．7）．　DMSO 　 plays　 a 　 ro ユe

of 　hydrogen −bonding 　acceptor 　士o　cle 三≧ve 　the
intramoleclllar　hydrogen 　bond ．　Johnson　et　al．
ilave　reported 　that　benzamidoximes　are 　also

stabilized 　in　the　Z −configuration 　form　by　intra−

molecular 　 hydrogen　 bonding，　 but　 that　 the
content 　of　the　E −configUrution 　jncreqses　when
the　amide 　nitrogen 　is　substituted 　by　a　bulky

group　or 　two 　substituents 　 because　of 　 the
cleavage 　of　the　intramolecular　hydrogen 　bond −

ing．3）

　This　suggests 　that　effects 　to　cleave 　the
intramolecular　 hydrogen 　 bonding 　 in　 the　 7 −

isomer，‘
・．g．　Stcric　hindrance 　in　benzamidoximes

or　 intermolecular　 llydrogen　 bonding 　 with 　 a

polar　solvent ，　are 　important 　for　isomeriza−

tion　to 五一isQmer．　 Although 　the　configuration

of　N −Phenylformamidoxi 皿 es　 in　 the　 b｛ological

system 　is　not 　clear ，　both　E　and 　Z 〔，x ｛nles 　may

ex 玉st　because　 N −H 　dissociation　 may 　 be　pro−

moted 　 by 　 intermolecu］ar　 hydrogen 　 bonding
with 　polar　components 　in　the　biological　systen1 ．
In　our 　prevlous　paper ，

1） we 　proposed 　that　the
active 　structure 　of　N −phenylfoTmalnjdoxjmes
is　 an 　 E 　 oxjme 　 structure 　 based　 on 　 tlle　 struc ．

tural　similarity 　to 八
「−phenylcarbamates．　 We

speculate 　 that　 the 　 active 　E −configuration

emerges 　throUgh　）：　liZ 　iSonlerization　involving
the 　 N −H 　dissociation　caused 　bv　 interaetion
with 　Pdar　groups　at 　thc　targct　site ．
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要 約

殺菌活性を 有する N 一フ ェ
ニ ル ホ ル ム ア ミ ドキ

　シム類の立 体構造
＊

　　　　　　　　　　　　　　 早川公
一，江 口禎之，中 山　章

　ベ ン ズ イ ミ ダ ゾ ール 系殺菌剤に 対 して 負相関交差耐性

を 示 す ・！vT一フ ェ ニ ル ホ ル ム ア ミ ドキ シ ム 系殺菌剤 の ホ ル

ム ア ミ ジ ン 部 分 の 構 造 を
1H

　NMR お よ び
15N

　NMR

を 用 い て 解析 した．そ の 結 果 非極性溶媒 で あ る CDCI ，

中 で は 強い 分子内水素結合に よ り Z一オ キ シ ム 型 が 安定

に 存存す る こ と が わ か っ た ，一
方 ， 極性溶媒 で あ る

1）．MSO −d ， 巾で は
一

部 E −．．オ キ シ ム 型 も存 在 し，温．度 を

上 げ る と こ の E 体 の 増加 が み られ た，さらに シ リ カ 系

カ ラム を用い て nHx −CHzClz−MeOH 系 溶 媒 で 溶 出 し

た HPLC で は 約 6 ：4 に 分離す る ピーク を 与え ，こ れ ら

は Z 一オ キ シ ム と E 一オ キ シ ム の ピ ーク で あ る と 考え ら

れ た．わ れ わ れ は 先に ぎ 一フ ェニ ル カ
ーバ メ ー

ト系殺菌

剤 との 構造比較か らホ ル ム ア ミ ジ ン 部分 の 活性構造は

E 一オ キ シ ム 型 で ある と推定 した が ，極 性 の 高 い 生体系

に おい て は ，安定構造 で あ る Z 体 か ら E 体 へ の 異 性 化

が 容易 とな り，活 性化す る もの と考 え られ た ，

＊
殺菌活性 を 有す る N −Phenylformamidoximes の

　研究 〔第 3報）

N 工工
一Eleotronio 　Library 　


