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   Constituents  in apple  and  grape  which  bound  guazatine  were  surveyed,  and  interactions

between  the constituents  and  guazatine were  studied.  Fructose  was  a  responsible  constituent

for the  binding  in basic media,  and  the active  sites  of  fructose for guazatine  were  the hydroxyl

and  carbonyl  groups  on  Ct- and  C2-position.

            INTRODUCTION

  Guazatine triacetate, [1,1'-iminodi(ectame-
thylene)diguanidinium  triacetate] has  been

used  on  va:rious  kinds of  food crops  to control

plant pathogenic fungi,

  In the preceding papers,i,2) we  reported  the

determination of  guazatine triacetate and

found  that  guazatine triacetate was  strongly

bound  on  the  water  soluble  constituents  in ap-

ple and  grape, which  resulted  in the poor
recovery  of  guazatine triacetate added  to these

fruits. To  release  the bound  guazatine various
kinds of  reagents  were  examined,  and  guanidine
hydrechloride was  found to be the best reagent.
The  analytical  procedure  which  was  described

in the previous paper2) consists  of  the following
three steps:  1) extraction  with  alkali-methanol

containing  guanidine hydrochloride, 2) transfer
into chlorQform  and  3) reaction  with hexa-

fluoroacetylacetone. It was  successfully  ap-

plied for the residue  analysis  ef  field samples.

  In the present study,  fructose was  found to
be a  strong  binding substance  for guazatine and
interaction between guazatine and  fructese
under  basic conditions  was  studied.

            EXPERIMENTAL

1. Chemicals and  Reagents

  Guazatine triacetate was  offered  by  Dainip-

pon  Ink  Ind. Co., Ltd. Hexafluoroacetyl-

acetone  (HFAA) and  guanidine hydrochloride

were  obtained  from Wako  Pure Chemical Ind.

(Osaka, Japan). Several constituents  of  apple

and  grape: Pectine (from apple),  L-tartaric

acid,  D-galactose,  D-glucose,  L-sorbose  and  D-

fructose were  obtained  from Tokyo  Kasei Ind.

D-Fructose-1,6-diphosphate  trisodium salt  (pu-
rity,  98%), D-fructose-6-phosphate  disodium
salt  (purity, 98%), D-fructose-6-phosphate

barium salt (purity, 87-94%)  and  D-fructose-

1-phosphate barium salt  (purity, 98%)  were

purchased from Sigma  Chem.  Co. (USA). All

other  reagentg  were  of  analytical  reagent

grade.

2. GasLiguidChromatogr`rpdy

  9uantitative determination  was  performed
on  a  Hewlett-Packard  Model  5710-A  gas
chromatograph  equipped  with  a  N-P  respon-

sive  flame ionization detector (N-P FID). The

30cmx2mm  glass column  was  packed  with

1,95%  OV-210  and  1.5%  OV-17 on  100-120

mesh  Chromosorb  W,  HP.  Helium  was  used  as

the carrier  gas at  a  rate  of  30 mlXmin.  The
temperatures  of  column,  injection port and

detector were  240, 250 and  3000C, respectively.

Under  these conditions,  bis(trifiuoromeehyl)-

pyrimidine  derivative of  guazatine triacetate2)

had  a retention  time of  2.7min. The  sample

was  quantified by  comparison  of  the  peak
height with  that of  an  authentic  standard,
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3. AnalyticaJProcedure

  A  mixture  of  each  apple  constituent  (l g),
IOOO pag of  guazatine  triacetate and  100 rn1  of

2 N  sodium  hydroxide  in methanol  was  shaken

with  1g  of  guanidine hydrochloride for 30
min  at  room  temperature. After shaking,  50
ml  of  2N  sodium  hydroxide in methanol  and

O.5 g of  guanidine  hydrochloride were  further
added  to the mixture  and  the contents  were

again  shaken  for 10min.  The  free guazatine
was  then extracted  twice  with  150ml  ef

chloroform  after  adding  150ml  of  distilled
water.  The  organic  layer was  acidjfied  by  add-

ing 2N  sulfuric  acid  (I ml),  and  evaporated

to dryness at  400C  in vacuo.  The  residue  was

reacted  with  HFAA  as  previously deseribed.Z)
For the control  ef  the  corresponding  apple

constituent,  the same  procedure was  practiced
without  guanidine hydrochloride.

4. Post-treatment qf Guanidine  Hydrochloride

  Each  sample  (apple constituent,  1 g) was

dissolved in 5ml  of  distilled water.  To  this

solution  1000fog of  guazatine  triacetate and

!OOml  of  2N  sodium  hydroxide in methanol

were  added,  and  the mixture  was  shaken  for
30min  at  room  temperature.  After shaking,

1 g of  guanidine hydrochloride was  added  and

the mixture  was  again  shaken  for 15, 30 or

60 min  at  room  temperature, 30, 40 er  600C.

Then  O,5 g of  guanidine hydrochloride and  150
ml  of  disti}led water  were  added  to the mix-

ture and  extracted  twice  with  150ml  of

chloroform.  The  erganic  phase was  further
treated as  described in "anaiytical

 procedure''.

        RESULTS  AND  DISCUSSION

  In the preceding paper,2) we  described that

guazatine triacetate was  strongly  bound  to  the
constituents  of  apple  and  grape in basic media,
and  addition  ef  guanidine hydrochloride re-

lease guazatine  from the bound  form.

  Table  1 shows  the recoveries  of  guazatine
triacetate added  to several  representative  con-

Table  1 Recovery  of  guazatine triacetate frern a  reaction  mixture  of  apple

and  their rclated  compounds  with  or  without  guanidine  hydrochloride.

constituents

Compound Amount  of  compound

    Cg {mmol))

Recoverya)  CO/6)

VLiithoutguanidine-HCI Withguanidine-HCI

Citric acid

L-Tartaric  acid

L-rvIalic acid

PectineD-Glucose

D-FnLctose

SucroseD-Galactose

L-Sorbose

D-Fructose-6-phosphate
 disodium  salt

D-Fructose-6-phosphate

 barium  salt

D-Fructose-1-phosphate

  barium  salt

D-Fructose-1.6-diphosphate

 trisodium  salt

SucreseD-Frtictose-1.6-dipho$phate

  trisodium  salt

D-Fructose

Centrol

1 ( 4.2}
l ( 6.7)

1 ( 7.5}
11(5

 6)

1(5  6)

1 ( 2,9)

1(5  6)

1{5  6)
1 ( 3,3)

1 ( 2.5}

1 ( 2.5)

1 ( 2,5)

2C5,8)
2 C 4,9)

2 (ll,1)

88 6± 2,
86  3± 1,

88  5± 5

8i 5± 9
78,4 ± 2
30,5 ± 9
90.5 ± 4,

77 2± 5,
17 8± 3
28  8 ± 2,

52.I ± 5,

73.5± 4.

86.2± 1.

96,8± 6,

71.4 ± 7,

 3.5± l.
96.6 ± 2,

41o283b)837b)5b)

5e)

o218

5b)9

(3)(3)(3)C3}(3)(7)C3)C3)(5)(3)(4)(4)(3)

C3}(4)

(8)(5)

88.4±, 3,5 (3)
87.7 ± 3.7 (3)
88,4 ± 3.4 (3)
86.8± 2.1 {3)
90,1 ±2.8 {3)
80.7t9.0  (7)
91 .S± 3.0 (3)
95.4± O.8  (3)

 76.6± l,6 (3)
83.4 ± 3.4 (3)

100.3 C2)

106.5 (2)

84.4± 5,8 (4}

e)
 Mean ± S.D., b)

 and  
C)

 Significantly different from  values  of  control.  the compounds  with

guanidine-HCI  and  the  other  compounds  at  P<O.OOI  and  P<O,Ol, respectively,

( ): No. oi  samples  examined.  Amount  of  guanidine-HCI:ig.
Concentration  oi guazatine triacetate: 1000  psg (2 pamol).
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stituents  of  apple  and  grape with  or  without

guanidine  hydrochloride. The  recovery  of

guazatine triacetate from  I g of  fructose with-
out  guanidine hydrochloride was  30.5%. This
value  was  significantly  (P<O.OOI) lower than
those from glucose, sucrose,  pectine and

organic  acids.  In contrast,  the recovery  of

guazatine from fructose in the presence of

guanidine hydrochloride increased to greater
thari 80%.  These results  suggest  that fructose
is a  facter for the binding with  guazatine. A
similar  result  was  obtained  with  sorbose.  The
recovery  of guazatine triacetate added  to

sorbose  was  17,8%. The  addition  of  guanidine
hydrochloride into sorbose  solution  espeeially

increased the recovery  of  guazatine triacetate
to 76.6%. On  the other  hand,  the recovery  of

guazatine triacetate from galactose was  77.2%.
This value  was  the same  as  that of  glucose.
The  recoveries  of  guazatine triacetate from

glucose and  galactose were  also increased to
90-95%  by  the addition  of  guanidine hydro-
chloride.  Guazatine triacetate and  aldehexose

may  undergo  Maillard type  reaction  in a  man-

ner  similar  to the reaction  of  thiourea  and

glucose.s)
  Thus, it can  be cQnsidered  that  ketohexoses
were  a  more  important factor fer the  binding

with  guazatine than  aldohexoses  and  interac-
tion between fructose and  guazatine triacetate
in basic media  caused  poor recovery  o ± the

guazatine triacetate from the apple  untreated

with  guanidine  hydrochloride.

  In order  to clarify  the mode  of  interaction
between fructose and  guazatine triacetate, the
infiuences of  the replacement  of the  hydrogen

at  Ci andlor  C6 of  fructose with  the phosphate
group on  the binding activity  were  examined.

As  ghown in Table 1, D-fructese-6-phosphate

was  strongly  bound  to guazatine triacetate,

and  the recoveries  of  guazatine triacetate added
to D-fructose6-phosphate  were  28.8%  (sodium
salt)  or  52.1%  (barium salt).  These recoveries

of  guazatine triacetate from  D-fructose-6-

phosphate sodium  salt  and  D-fructose-6-phos-

phate barium  salt  were  significantly  lower than
those from D-fructose-1-phosphate  and  sucrose.

This  indicates that the positions of  fructose

participating in the  binding were  Ci or  C2 but
not  C6. The  high recovery  from D-fructose-6-

phosphate should  be obtained  if the hydroxyl

group  at  C6-position of  fructose is an  active

site  for the binding with  guazatine. Sucrose
in which  the carbonyl  group of  fructose moiety
is blocked by  the glucoside linkage did not

infiuence the recovery  of  guazatine triacetate.
These results  apparently  indicate that the

carbonyl  group  of  fructose plays an  important
role  for the interaction with  guazatine  mole-

cule.

  On  the  other  hand, D-fructose-1,6-diphos-

phate and  D-fructose-1-phosphate  had  no

affect  on  the  recovery  of  guazatine  triacetate,
and  the recoveries  were  86.2%  and  73.5%,
respectively.  These  results  indicate that the
hydroxyl group at  Ct-position of  fructose was
also  an  active  site  for the binding. In spite  oi

the presence of  the carbonyl  group at  C2-

position of  these compounds,  the high re-

covery  of  guazatine  triacetate may  be depend-
ent  on  the  decrease of  reactivity  of  the carbonyl

group at  C2-pesitien by  steric  effect  of  phos-

phate group at  Ct-positien,

  Fructose is the major  sugar  component  ef

apple  and  grape. Both  fruits usually  contain

5-8g  fructose per 10eg  by  weight.`)  There-
fore, recovery  of  guazatine triacetate was

investigated under  the  presence  of  2g  of

fructose. As  a  result, the  recovery  without

guanidine hydrochloride decreased to 3.5%.
This figure approximated  to the recovery  (2%)
of  guazatine triacetate added  to 50 g of  apple.2)

Thus, it is concluded  that fructese affects  the

recovery  of  guazatine  triacetate from apple

and  grape at  least under  basic media.

  For further investigatien on  the relationship

of  reactivity  among  the guazatine  triacetate,

guanidine hydrochloride and  fructose in basic

media,  a  mixture  of  guazatine triacetate and

fructose was  shaken  with  2 N  sodium  hydroxide

in methanol  for 30 min  at  room  temperature,

and  then  guanidine hydrochloride was  added

(post-additien). The  mixture  was  shaken  for

15, 30 or  60 min  at  room  temperature, 40

or  60eC. Under  these conditions,  the recovery

of guazatine  triacetate decreased with  the rise

in the reaction  temperature  and  the increase

in the treatment time. When  warmed  at  400C
for 15 to 60min,  the recovery  of  guazatine
triacetate was  O.4 to O.8%, and  at  6eOC, it
was  less than  O.1%. On  the other  hand, the
recoveries  in the control  tests were  quantita-
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Table  2 Effects of guanidine hydrochloride  on  interactien between  guazatine
fructose in alkaline  media.

triacetate  and

Pretreatment") Added  guanidine-HCI
Compound

Shaking  time

   (min)
Shaking temp.

    (eC>
Shaking time
   (min)

n

 Recoverv
of  guazatine
 triacetate

   <%)

D-Fructose

D-GIucose

D-FTuctose

Control

3030303030303030303030303030

6ob)

r.t.r.t.r.t.se3030404040606060r.t,

r.t.

15306015306015306015306030

30

37422222222227734S.9± 1.
51.3 ± 8,

44,O± 3,
  1.7

 4.0
  3.3

 O.8

 O.4

 O.4

 O.1
 ND

 ND

 82.4

 30.5± 9
 80.7± 9

 88.9 ± 4

9c)4d)lc)

.3.o.6

a)
 Shaking  temp.:  r.t.,  

b)
 Shaking  temp.:  600C, ")

 Significantlydifferent from

compound  with  guanidine-HCI  CP<O.OOI) and  wjthout  guanidine-HCI (P<O.Ol), 
d)

different from  values  of  the compound  with  and  without  guanidine-HCI  (P<O.OO1).
ND:  Not  determined.  Concentration  of  guazatine  triacetate: IOOO pg. Amount  of

HCI:1g.

values  of  the

Significantly

guanidine-

tive even  at  a heating temperature of 600C.
Under  these conditions,  guazatine triacetate is
stable. Actually, the compound  is hydrolyzed
to octamethylenetriamine  when  reacted  for
30 min  at  130eC under  the pressure of 2kg/
cm2  in alkaline  media.5)

  In addition,  the results  in Table 2 indicate
that the value  of  recovery  (80.7%) of  guazatine
triacetate from  fructose by  pre-addition of

guanidine  hydrochloride was  significantly  (P<
O.OOI) higher than  that  (51.3%) of  post-addi-
tion of  guanidine  hydrochloride. From  the
result  in the post-addition ef  guanidine hydro-
chloride,  it is apparent  that a  part of  guazatine
triacetate was  bound  with  fructose and  was

no  longer released  by  addition  of  guanidine
hydrochleride. Thus, the pre-addition of

guanidine hydrochloride makes  it possible to
avoid  the binding of  guazatine triacetate with
fructose in alkaline  media  but the guazatine
triacetate was  not  quantitatively recovered  by

post-addition of  guanidine  hydrechloride.

  Interaction between guazatine  triacetate and

fructose is less readily  explained.  However,
the results  described above  suggest  that  the
reaction  of  the guazatine and  fructose may

proceed  by  the  mechanism  similar  to Maillard
reaction  er  the cyclization  reaction  of  guanidino
compounds  with  benzein to form imidazole
derivatives.e)
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要 約

　酢酸ゲアザ チ ン と 7 ル ク トース の ア ル カ リ溶液

　申で の 反 応

　　　　　　　　　　 小林裕子 ， 俣野修身 ， 後藤真康

　酢酸 グ ア ザ チ ソ guazatine 　triacetate ［Ll
’−i皿 inodi−

（octamethylene ）diguanidiniu 皿 triacetate ］は ア ル カ リ

溶液中に お い て ， りん ご お よび ぶ どう中の 成分に結合 し

やすい．そ こ で ， りん ごお よ びぶ どう中の どの 成分 に 結

合す る か を検討 し た ．そ の 結果 ，
フ ル ク トース がグ ア ザ

チ ン に結合す る 要因物質 の
一

つ で あ る こ とが 判明 した．

ま た ，
フ ル ク トース の どの 位置が グア ザチ ソ との 反応 に

関与し て い るか を検討 し た 結果，Ct 位 お よび C2 位 に お

け る水酸基お よび カ ル ボ ニ ル 基が関与 して い ると推定 で

きた ．
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