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FEAES P48 imidazolidine312]e] 3IN-&7|R) Walel wg F=e} WET(Nilaparvata lugens) R
ol B BB WMyzus persicae)d| Wi Aeimel 4284 #AAGARE HES »}, vE o= STERIMOL
sl el BIARA)E T 254, 283 Beol & AtigdE AAMGFEYRT 34 ABIF5 67T
2 AR ek HET A ndge FAgkol 052011 Hgol & AR E Bole oV
B 1172 olF Fol /e e ZFe NBFALFEE & A5l AFHJAL F AL BEF ¥
2207 methyl 2 benzenesulfonyl-X| 87 2 8)8} 2o A AALAEL A58 7|d8A ot
T, B AEH)A(1)Q imidaclopride 7HE 2 A 84S Jehider He nideet o*d47) olg F
F49] AAgke) wAR] A, F3F AE2Ae yebd 7182 2-N-nitro group®] AHAAL9E 3-imid
group?] FAA} Abolol] A Eahy IFH-AFDel 7]UFS Egich 123 pH 60 olste A4 &
£AME e & 274 Yo 45T pH 7.091 4 (Ros;5X 10 %sec. ™) WHE71(t1/2)= ek 6
AHEo)Aqrh19959 1249 299 FH4, 1996 29 12 FRE)).
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E 79X imidacloprid®} 17F 9] M 2§ 1-(6-ch-

e 28] nitromethyleneAd] 3F}FEES) h3 4=
Fdo] Bug o2 2o AFFAHL YeERE 1-
(pyridin-3-ylmethyl)-2-nitromethyleneimidazolidine ©. = -
B2 £ =% imidacloprid®$} o]9] FEAEL £3E9 po-
stsynaptic membraneZ nicotin acetylcholine receptors
(nAChR)el| selective agonist®= 2Z}-&3l+= 7]ZA0o g 4l
BAE A F2 viv]E(Homoptera)e] ¥ 379}
13 E(aphids), # v]Z(leaf hoppers) & 7}5-o](white fly)
9} %8 el(Thysanoptera)Z-2] 31 #(thrips) 5 F
4 2% date] Be SFPHL Yeink®

TZ4 heteroarylmethyl®} nitromethylene group®] 5
FEoz FA5o] nAChRE Aslish= 38238 nit-
romethylenes| 33tEE9 AFZAL NAsty] At
dd o] F2-FAAAGARP A3 Aol 2)dte] imi-
dacloprid”7} 72 E 9] 219 imidazolidine 12l &) 3-Ngl
2ol A3E A &7] walel digh d7e =8A 48 A
2lth. Imidazolidine 112]¢] 3-NYx4te] x187] wislo
WE 25 ojuZd e 4F2H A7 olshd v
A gHH)¥ imidaclopridE T §3F 2E XA S =&
gt FEOIY oF ol tidte Eduioly H71FA
(teratogenicity) T S/4do] LdHEE FAAsPYS ¥,
st A gk FAFHA ARE7t o] Foi7 v}
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loro-3-pyridylmethyl)-3-N-X] 2H(R)-N-nitroimidazolidin-2-
ylideneamines §=A|(S)E FAIst1,? imidazolidine3!
glel 38 HAAMHEA fXd Mz e AF7IR)7}
W3l mE TR HET 9 Egol F JYE 9
skl A AFAde mXe &4 BAGARPE
BF, FEAFTNAY EHN-ZAA(TY/2)W tiste A
E3Ar}

EREOET

AleF A 7|7

ANBOEHe) TN 6-chloro-3-pyridinecarboxylic
acid, methyl iodide, triphenylphosphine, nitroguanidine
Z9 Aldrich®] 13 4]2FS, 1832 tetrahydrofuran(THF),
dimethylformamide (DMF), diethyl ether 2 ethyl acetate
5 718k $viEL F2 Junseid] EPH Aoz Thed
QAP ALk

% @<lolE Bruker AM-300 22(300 MHz)2} pro-
ton NMR spectrometerE Al&3lg e CDCL E&
DMSO-ds &uEo] A4 TMSE Wi BFEZR=
3le] A9 chemical shift2 S(ppm)zto 2 E7]314 o
agx 33HEe] %548 Thomas-Hoover Model &4
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2= 1 1-(6-chloro-3-pyridylmethyl)-3-N-nitroimidazolidin-2-ylideneamines, Imidacloprid, SAR, Insecticidal Activity, Hydrogen-bond, Hydrolytic

degradation.
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(1) methyl-6-chloro-3-pyridinecarboxylate, a: 6-chloro-
3-pyridinecarboxylic acid, 1g(6.3 mM)< 20 m/2] acetoni-
trile3} DMFE3H8-(v/v, 1:5)0l 52 v}l potassium
carbonate, 1.76 g (12.7mM)a&} methyl iodide, 2 m/ (32
mM)E 718ttt Ao o] EFEAE HAFHA
2477 B BESAITIL B3 oHEg FEIHTh &
71%-% magnesium sulfate 2 71 F3}31 o948 Sof) 7,
FE3 YA E A0 Obsmp.=133~134C, 'H-
NMR(CDCly)d : 3.95(s, 3H), 7.35~7.45(d, 1H), 8.15~825
(d, 1H), 8.95(s, 1H)

(2) 2-chloro-5-hydroxymethyl pyridine, b: a 0.5g@3
mM)2 THFe|] o], 0ColA lithium aluminium hyd-
ride, 0.14 g3.7mM)& I 142t FoF AojFE thSol
ethylacetate®} 2 &9t H7]5S magnesium
sulfate2 AX3 3 oAt FE5HI o dojd
A E column chromatography(ethylacetate:n-hexane(1 :
ME ZHA A 71542 4d=S LUk 'H-NMR
(CDCly)8 : 3.7(1H, OH), 4.7(s, 2H), 7.2~7.3 (d, 1H), 7.6~
7.7(d, 1H), 8.25(s, 1H)

(3) 2-chloro-5-chloromethyl pyridine, c: b 2 g(14 mM)
< triphenylphosphine, 4 g(15.3 mM)3} carbon tetrachlo-
ride(60 m)E A 12417t FF WhgAA FAaslE R
® 23} methylene chloride® F&3te A& §71%S
magnesium sulfate® A%ttt 2 NS ofusial
=3 Ll column chromatography(ethylacetate : n-
hexane(l:6)= EAA S AAAES AU Obs. m.
p.=42~43C, 'H-NMR(CDCly)e : 4.6(s, 2H), 7.2~7.3(d, 1
H), 76~7.7(d, 1H), 8.25(s, 1H)

(4) 2-(N-nitroimino)imidazolidine, d: nitroguanidine, 4 g
B8 mM)3Z} =(150mf) 18] potassium hydroxide, 4 g
TL2mMye ¥ AFHA 70~75CE FA A
ethylene diaminedihydrochloride, 5.2 g(37 mM)& ] A13]
A7Vl 308 3o TLCAYY) nitroguanidine©] AF&}3 S
A% ol Ao FHAM dLoZ YHAA AHES
Aeta EZ M Hste fATAE AJE” Obs.mp.
=220~221C, 'H-NMRMDMSO-de)d : 3.6~37(s, 4H), 8.
3~86(s, 2H, NH)

(5) 1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-
ylideneamine, 1(Imidalcloprid)®: d 130 mg(l.1 mM)<
DMF(30 mi)ol] =o]al 0C&E #-*81d A sodium hydride,
45mg(1l5 mM)S ¥ 30E%5e HolE Tl ¢, 140
mg(0.86 mM)2 7}ate] 14]7bE<¢t Aot methy-
lene chloride®} &8 $#%3t #71%-% magnesium sul-
fateZ 2% 3o At 3H}, FFH3 WAUAE
Aith. Obsm.p.=144C,(it : 1438C), 'H-NMR(CDCl)6
:353(t, 2H, J=9.7Hz), 378 (t, 2H), 455(s, 2H), 7.37(d,
1H, J=79Hz), 7.72(dd, 1H, J=79Hz, J=24 Hz), 84(s,
1H), 8.80(s. 1H, -NH)

(6) 1-(6-chloro-3-pyridylmethyl)-3-methyl-N-nitroimida-
zolidin-2-ylideneamine, 2: 1 250 mg(0.98 mM)<S DMF(30

ml)ol] =oji 0CE FABFAXA sodium hydride, 40 mg
(1.33mM)& ¥ 3085e HoE thell methyl io-

~ dide, 0.09 m/(1.44 mM)E 7}8H3L 147 ot AoiFch.

methylene chloride®} & FZ3l9 #715S magne-
sium sulfate® 7A%Z3F thgol| oHslal FE5Hte AL
SATAE ethylether? AZA3HY T Obsmp. =113~
114%c, 'H-NMR (CDCL)8 : 3.0¢s, 3H,), 35~3.6 (t, 2H), 3.
7~3.8(t, 2H), 4.5(s, 2H), 7.3~7.4(d, 1H), 7.6~7.7(d, 1H),
8.3(s, 1H)

835 29 A wel H XA, 13 A4F 2
alkyl halides} 722 AzAERS] WOz e
B~171E dgen 717 Byom Fx2E 47 9l
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AZES HHE

A AR g} ez o9 E(Homoptera)?
1@ 3 (Brown plant hopper (BPH), Nilaparvata lugens)t
B0l & 2t (Green peach aphid(GPA), Myzus per-
sicae), ~18]3 UH] E(Lepidoptera)e] viF F14 8 (Plute-
lia xylostella Linnaeus), Tl AAXA i (Spodoptera li-
tura) L SR 8ro] S-ol(Tetrancyhus wurotioae) & 5%°)
At

3 o2 BPH| oig &34 248 ved 3ol
Y Th® 4~5cme] X oUR 689 ¥ FES
g o g ol 2miAEe] o] F7 ART@3X15
cm)oll Wo] @tk Wd7] g HoldA 3~54
Fol MET AE 20vE FEBOE X3 AFY
ol WAL BEANT 2P FEY FAGFAS VT
AE 7S olgsld APH QTN qFoZ 23]
2l Has 2o ofde| 3] APH HH ¥
A Zo] AAEA] FuE a AFHY JTE TR
AL 3 25T FFL7)(16L : Dol H#3ith 24~48
AlZE Fo =2 wEgeE AFE®E sHeH
Dose-Effect Analysis L2190 2 50% 455 %% I
(ppm)e] Exxo] -logE #H3td B2 plepitES Table
1o Aelstdch

T #$MEA(SARA S R

Imidazolidine 8] 4] 3-N-x37|(R) W3l m=2&
Bg)-gtst eneP9 #EE AE2BA F(obs. plw)
2 QSAR PC:PAR X Z13i?0o] &3} SARAP S
Aarstgdt. BAg. & ne 7 AL 20 5§
o] Folil r& A#AFo|H P& fFAelal, Fe
#goln s FFAAE YERE Aotk
e 8 & F 2974(n) “4(benzene solute system)™
= CLOGP Z211#28 Al&3te] log PALS A4
t}, 282 B39 8 gl FHE715 9 nd(-COCHLL :
0.06 2 -COCH(CHy) : -0.20)9} Tafte] =74 A&7
(6*y(-CO,C.Hs : 1.86, -COCH(CHy), : 1.79, -CO,CH, CgHs :
0.20, -CO,C4Ho: 1.75 2 -CO,CeHs : 255) ¢} 4t (extra-
polate method)©. 2 AAHI8te] AR5} T}

ox Mo
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Zdn % o3 %) ' ' ' L om
5.0 + @6 [ 2 -
Fxe uSH
3N-X 7R BIXBEDAS! 1 (imidacloprid)®] 7} 5 oas| © g
8= E-doz &AsHE= imino group®e] azome- 2 e __jﬁo . oo @
thine B2 T3t A4 A7} 7(AdN-E)wH-3- 5% 5 4ol e ]
o2 APE Roz FHAUL X, FxFoE F e
ZHY nitro groupd] A4 YA} 3-imid groupe] HYUA} 3.5 o
Atolol H-Agto] EA5HS NMRZAHEH (5880 ppm, s. © )
NHoz %8 ggton HAGAlE & 23 HE 3.0 L 1 . x 1
e} 20](0945(calc)~0957(obs )Ry 1t 71(2.12~2.14 T
R) 2AU $22%0-HE o1F2 YL 2nitroimi- e
Fig. 1. Four division plots on the insecticidal activity(obs.plso)

noimidazolidinedl] th¥t X-4 AR MMz I u}
AEB wata] AFFz7) 3o sty nHTRE
PAste Ao dHo WPz Ex A7), Y,
Axpel BE, A4, I44, pKa & ¥4 Tl %
- 3t B9-31shE mEluE o] AsHBEA® 4F
g0 9L A B AL 43k

Imidacloprid®] 7}r&3] ¥gA4S AES vL® pH
60 ©]3le] AL A= dids] =gla UG ¥hE
£x7F #FF5AoU pH 90 o dolAE @714d¢] &
VEeE wkg Sl vEHEte Srlste A4S
el o 45C2] pH 7.000 A (kas;5X 10 8sec.™) wF
) (t,=0693/k)= 535700l el lEsl
g0 AAE BAA9Z HE 1-(6-chloro-3-pyridylme-
thyl)-2-imidazolidinone®] A ES #Q1stgou,? F&
3 AAEE Fddch= Aol B v o

AE R

in vivo against Brown plant hopper{BPH) and Green peach aphid
(GPA).

A AZAE AN BH7|ES apsirt ABA
2oy 7+ 523 37HX A-{H 9= acetyl cholineste-
rase, voltage sensitive sodium channel % y-aminobutyric
acid(GABA) receptorso|th. o} gldix, FHo) 4zl
29 Hola = nicotine acetylcholine receptor(nAchR)<}
GABA insensitive chloride ion channels o] =H1%
dlel2 13 nitromethylene F %455 nAchRel] #H&
e A2 AlEe AEA OIS FFdA acetylcho-
line receptorst #3FF 24 X9 nicotine?} muscari-
nie receptors® W70} A|=H nAchRo] 84 & $&2
2517 W2 ABEAOS dste wgstA &
|8 Aot

A=A AR TFeas WETBPH) 2 5%

Table 1. Melting points and insecticidal activity(plso)* of imidacloprid and its related compounds in vivo against Brown plant hopper{Nila-

parvata lugens) and Green peach aphid(Myzus persicae)

Compd. No. Sub.(R) MP(C) Nzlaparvatq bugens Myzus

) Obs. Calc? Dev. Obs. Calc? Dev.
1 -H 144 472 474 -0.02 501 501 0.00
2 -CH, 113~114 - 4.6 - 4.78 472 0.06
3 COCH; 136~137 431 432 001 420 463 043
4 «(CH2)sCHs —b 404 402 0.02 433 433 0.00
5 -COCH,Cl 134~135 485 457 0.28 433 421 0.12
6 -CH,OCHs —b 427 426 0.01 500 462 0.38
7 -S0.CH; 179~180 333 338 -0.05 348 347 0.01
8. -S0.CeHs 143~144 368 4644 096 340 351 011
9 -CO,CH,CH; 122~123 437 4.67 -0.30 4.52 443 0.09

10 -COCH(CH,). 174~175 439 4514 012 - 4.59° -
11 -CO,CH,CeHs —b 408 4174 0.09 429 437 0.08
12 -CH.CH=CH, —> 443 461 -0.18 4.30 445 0.15
13 -COCe¢H; 138~139 4.80 453 0.27 441 421 020
14 -CO.C.H, 152~153 455 435 0.20 427 445 0.28
15 -CO.CeHs 146~ 147 4.15 437 -0.22 4.25 418 0.07

*The pls values of benzyl(16) and N,N-dimethylcarbamoyl(17) substituents could not be measured at 250 ppm. concentration., “The values
were calculated by the equations, (1) and (2), *Liquid phase in room temperature., ‘Predicted value., 9The values were calculated by quadrastic
equation involved hydrophobicity constant as variable. '
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o} & AYE(GPAYS vlEstY v b, 9wl A
A, ko] g 5 5% oo ]*‘é—«] ‘H%Oﬂ
g of H] 47 (primary screening)> Y3+ 2 =
(Homoptera)e| ¥} E(Lepidoptera)X t} 32“* 0]
o) E-Fo A= GPAE T} BPHO| tisteo] Mel & ‘/}E}
Wlot, 21 o]&fe g Fel gk AFBHL e
HEEH

=4 4334 (obspls) dH(Table DEZ FE BPHO
73$-ol = ply=3.33~4.85 Y (H 1t : 4.24), 18]35l GPA

plso=340~5.01 9] (H T : 4.28) % ’\]'7‘ AL e
o 2H X8y ARl v A= JFE v
& &9ttt 23y benzyl(16)3 N N-dimethyl car-
bamoyl-X| & A(17)= 250 ppmol| A AZ&Ado] o
o 2AE F A 1eja 7 & %}*Mﬂl(SAR)NOE
Aibate]l A2 Fh(cale. pli)dt #ZFk(obs. pl)ESl =
Dev)7t & Aoz Hol SARAE(r=090)0] 253
A4S vlud & AgQA00r’: 80%)3skal "/}

g, #HSH Fhobs. pl)EE SAZ g F FY
’é‘%—%“‘é WAE 428938 YeRd Fig 12 59 1,
5 6 % 13 52 Uxz & 4584& Yelle 3

FEESo|n, o] 1,5 2 132 BPH, 1 2 6& GPAY
o Aeggds B w3, T A% sty 7 9

< BF ot S48 Yo ey FEHoE vXF
AR 10] 7P -3 Ax AFEYS FA3Y Tk
322 methyl 2 benzenesulfonyl-X]3A(7 2 8)7}
18 TS acyl-AEAG 2 13)E By} 2 45
Beo g acyl groupEtt Al HAAEAQ  sulfonyl
groupell o3t 3-N xpike] REAHQ Fapre 458
Aol 7198kA] 23 AlAMe el 18§74
AZ=A)¢l Fenitrothion2t} 1008 AT 9 xd#o =
B% WnZ(Nephotettix cincticeps)E HASIA WA 8=
7;1.94i ol;:qle 011;}11)

ojlgE HER HY oV|dAM gE IJFEES T
Fofl i3t EAFHQ AFS el JA= goy
5,6 ¥ 13 52 &t Aeid & Bojar Q). wepA,
FEAEY 4584 Az AAY F2 JdEE v

=
lo

i&u& fr

+2461)8) 71L& 7|12 %H BPHEE}“ GPAoﬂ b ok
b e AFE4S Jed S g
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Imidaclopridell 1] A] imidazolidinex1 2] &} 3-pyridyl
group©] nAchR¥¢] binding affinitye] @3+ SARo] =
9" dv 99ov}® imidazolidine#] 2] 3-N-x37] 5 9]
Hate] wE A8 HAIADAR 1S A8k
n-pr,, allyl, propargyl, acetyl, benzoyl = nitril X3+
ol 3] HFEH(LCx=0.32 ppm)°1 ATHAE ¥,
71e} theFst X gHA| Eoll i3 AEV} o] F0i 7 v} gk
T3l imidacloprids= 2(Q20C)o) 3k |3 =(051 g/h)7}
£ Wik 424A(log Ploctanol/water)=0.57)*0] 2}o
282 Z%9 ZH(cuticle)E 53 S5¢ AU #3549

v
T

p150+0.215Bx
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T

Fig. 2. Relationship between insecticidal activity(obs.plso) in vivo
against Brown planthopper(Nilaparvata lugens) and n constant
of 3-N-sub.(R). group (Eq. 1).
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E(B)S A3 Uz SFEQ=1DEY st B
F7F £39 SARAS (D23 2t

HE 2 ply= —0.215B,—0.258m2+0.267n+4.953 (1)
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(n=11, s=0227, F=943 % r=0.901)
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(Fig. 22 2E] AAZ-E 052010 th (DS e ez
YRR A(plso= —0.258(n—0.517)*—0.215B, +5.086)°1 w}
= 234 (ply)e 3N-X3FH7I[R)2 ngto] 052 18]
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% X 3HA| 7} wE Aol tisk &8 Z ATH(100r% : 81%)
Fa ok webA 1 oo]9)(1r)e] AEEAC X =
Q9olo 2= electronic effect(o)”} B3-S M AAOZ 4
AAE).

B X EH)A, 1log P=057) F8&Ao] HlmwA 31
2 ZEAYNA lipid phase®#7} o]# 9 aqueous
phaseo] ®% 7b5adel F wab ohizh nidse) A
dto] 05291 27 e B BEAG=07 FF
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28, GPAS A BAYo) N A Mojuke cyclopro-
pylearbonyl AZA0)E AE AFEEA e 4
29e AR A3, Tats] FANBY] FFE
3t 2212 (plsy= —0.1646*2+ 0.2686* +4.537, r=0.842)9|
q o el AARE 082019 A7 olF o*4F
GE #9198 4BA80] gl AYE BBl
oM AR Boke] ABHE 4@ EIEDHEH
Q WFY B Aotk 1Pm 5ol B 1
Q49 AAPAZL AYHA GO IN-AWTR)
@ QARIL HEBH WAE LT RIS A
AgR® aesg, of Ao mb B 4Fuc, YA
3 YehlEe Esdot 2%@ 27, QA% 2o 4
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£ Esi47t 23842 A5 37449)% adow
Agats Ade Lstch

2ol EARE:

plso= —0.1616*240.3756*—0.141Es +4.861 2

0.044) (0151) (0.053) (0.157)
(n=14, s=0217, F=1624 ¥ r=0911)

@& o9& Fdz Jehd Hple=—0161(c*—1.
165 —0.141Es+5.079)°] 23H 3-N-X&7(R)S] o*ak
o] 1179 7V7&4E Esi47l S(0<Es)e] Foluvz
JA &7 FSFE AFEH T ALS 49
(10012 : 83%)3taL o™ 1 o)1)= nd57t FEE
nz Aoz oidh 2y o7dlA nd4rt SAR
Aol 23R e AL ol olE VIAG)SFFE A
A7 FEE AR &4dE KA Jue AS
Wl =3

53], vAIMA(c*=049)= o4 AA#AL)
of vjdled oF 24wy} 2 gl = & 848 Jehd=
Re EA H-Z23H& 53+ nitro groupe] 4l A=-EA|
(c*>02 28397 HEez ALAL

9 AHoA 71F & 9FS XL Ae o o
FE ZF3te] SARAE f=§ b, FAAFY It
FHEA gfo® ns ot e A Ha¥oz %
232 gttty 283 correlation matrixZ5E] SARA]
o] x| AMRH E2-3%F mEvHEL BF %
HA o)At}

Nicotinoid®} FAF*Z<l imidaclopride] AEgAde
nAChR¢] a-bungarotoxin HF-3-Hol thst A% 2slx o
2 A9t Jon® gxje] SARA(1 ¢ 2)0 tiF HE
Az z2e B I3HH-A2THE T2 i3 48
A BAE 7133+ Fig 30 AABIY T 7)ol (99
% W84 <) imidazolidine 12]¢] 1-N¥A+9} pyridine
N92}9] Van der Waals B ZF4xbole] Azl 594
2 gd48x 9o imidazolidine 23 Al AAZA O
2-N-nitro group®l] ¢J3te] WA E 1-N-gAH4e] 43t
nAChR®] anionic sites}2] 452802 Ar:gAo] vt
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Fig. 3. Schemetic illustration on the interaction between nicotin
acetylcholine receptor (nAcR) and intramolecular associated(H-
bond) essential structure moieties as neonicotinoids.
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influence of 3-N-Substituents(R) on the Insecticidal Activities of Imidacloprid and lts Analo-
gous

Nack-Do Sung', Moon-Sung Kang!, Hae-Sung Jang’ and Dae-Whang Kim? (\Department of Agricultural Chemistry,
Chung-nam National University, Taejon 305-764, Korea; 2KRICK, P. O. Box 9, Daedog-dangi, Taejon 305-606, Korea)

Abstract : Imidacloprid and a ‘series of the related compounds were synthesized, and influence of 3-N substituents(R)
on the insecticidal activities against Brown plant hopper(Nilaparvata lugens) and Green peach aphid(Myzus persicae)
were examined quantitatively from the structure-activities relationships(SAR) techniques. The results indicated that
the molecular hydrophobicity(nm) and inductive substituent constant(c*) of substituents(R) at 3-nitrogen position on
the imidazolidine ring were important factors. Variations in the potency were parabolically related to the both constants.
In case of Brown plant hopper, optimum value of m constant was 052, whereas the value of ¢* constant against
Green peach aphid was 117, respectively. Among them, the strong electron withdrawing groups(c*>0) such as methyl
and benzenesulfonyl group(7 & 8) showed lower insecticidal activity and non-substituted, 1(imidacloprid) showed
the best insecticidal activity. It seems that the intramolecular associated(H-bond) form between 2-N-nitro group and
3-imid group may contribute to the higher insecticidal activity to the both sucking insects. And in aqueous solution,
1 showed higher residual activity below pH 6.0, and the half-life(T;,) was about 6 month at pH 7.0 (ca. 2gs : 5X1078
sec.” ') and 45C.
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