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I/ :.;~1,)<.4f t>tLQo 

~f!l' :Y .x. /~$.Ai* c L Z,j:, L. 3 -:t? :J .x.:.; .. 4' "/ 7° v ::..-... 2, 3 - :/ 
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j. 7-Jll-:19 y.:L/, 2 -.:t.7-Jv- 1 .. 3 --:/9 :J.:t:./, l, 3 -"C"'~ :J.:r./~ 

;0<¥tf .; n .Q o 

cni?© t::..=.1111*••~,i .. -8M-e, Xli~ntt;f*t:~-?> El~~ 2 5MJUJ:. 

Q)if.~€1v1t1!fi!Jfl L -Ct:. J:" 'o 
5 !i:-@i'U'i 4 5 °C.12i.J:2 5 o °CJ2.rF, if* L. < i~ 5 o °CJ2.ll:2 4 o °CJ~fF, J! 

';:ff'* L.. < ii 6 o °CJUJ: 2 a o °CJ? .. rF~ct.>-l>o :ftall,..©1'131Ui .. 1>ts. < c!:: t> 13 

tlc"t" .QJ1€J~MJli1;:•~t1<~-r -?>1t~11t.a-t> o!>U4l~-t oil.J.tt"'t:'tJt:tn 

£itJ i;t,t\, 'o 4 5 °CJ:~ .fl\, \jlJjf-C: blfi:aiiiflfjj" ob<, *~DJH;:~ oltft~i;: 

$\t '"'C£it-<Dlia1J<ti~'sCi! < :ii§ffj" Qt:.~ .. IM!Ell~JU1kb' a; li, if£ L. < 
1 o t.n ' c!:: *'llJJT ~ tL o o 11:-&SJlf i>< 2 5 o °CltlJ:J;: ti o c 8 ib&:Jt-?W Jl:&~~<DllJ 

JjJf>t1<$if!';:~c ~ .. Jfi7t.:r:A©~ 11 "-.a-f:io!> ~ ti><mMctJ..Q cc :bi:~ 11 

-;r-tJ<ftfST .Qo 

*J!IJH;:.t;\i,-C!iaUGct, 11@-IDf:\cp-~c:a;..o~~C;tt.i: <, lttl&.&f:;<D~ 

rr':ttE" 'ff•<Dllll.Jr-C:-J::Jj.~-tt-c biJ'~ t>t.i:\, 'o *';: .. $A.f*<Dilll.friJ<iii\i 'Ila 

15 &Jf:\<D.vJJUJ!l:JSll;::.St, '"'CG;t, &JS:i!U.til<Jm < ~~T o8:ati<~i 'f:~fltlt'ili\1.Jfti' 
i; 1fi:~&Jf>'!.-~~.. !ll:ll:f*<DllJ1t;IJ<fJ;t < ts. o l;: -:>tL 'L~ /:t &;:AJJf 'C J:JJ. ~it .Q 1.i 

ffi~ t:. J:" 'o t:'.::.JvJtitf*<D-=a$iJ< o - 7 o %©il.i:IJA-C:li, 4 5 °C- 2 o o 0c 

OJUiBlmC:li~-t-~=r? ~ c!:: fJ<ff i: L < , lJA.f*fJ<1>t.r < ts. -:> t:.!li~$ 7 o %.121 

l:.©il.i:i«i-c:,;t, 2 o o °Cw.J:2 s o °CJ?.trOJtilJf~.1•-c:m:-A--t:-rr? c ctJ<tri L 

20 "'o t:tf. L ... ll~&Jb~OJ~l!ttJ<-«t < , Ji~il!ff~~~Q{J:i~J:.ef o~·~il<t.ret 
n,;f, -~$ 7 0 %-1 0 0 %<DM¥;C:Q)lt~~ 2 0 0 °C!!XFC:rr--=> L biJ,ib 

i:..=.11;1ft*:Rl*0Jll-@ii!i:lltl~MT.Qllllli, 4 5wt%.1».J:1 o ow t %P..t""f ... 

ff£ L < £i 5 Ow t .%.121J: l O Ow t %QfF-C:'5-t>o •ttOJ!ffil&~~~tU;f, $. 

2s :l\f*©tlfJlcctifli" \ti elf* t..," 'fJ< .. fit?n-l>1t-@if*OJ'=IJic:.t--:>-c';;1:a1t cii:-€i 

~©~tt c OJM~il'.;.. 5.> o!>f§!IIOJillt:At1<~~ ct.;.-!> tl~fJ<~-?> o L 'IJ' L.. ~­

~Ja.J:,;:lllfftJ<~ati: t.rtt.&i, :'.l:~tvtfJ<l! < fJ. .Q'iil'l? -r:tJ.. <, i@:ii.&\.~1::tiUt 

--..a.:>31b&JttJ<tgi:: ~~ < ts.Qt:.11:> .. •J c:::..--?""mattOJWJ~©M~tJ,.;a11ni1> 

fJ.. ( Cb 4 5 W t %~th 7->o 
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~-~':. t:=-1v~••l*O)m:~itJtt1:M-toaJ1l;Q< 1 o ow t %"'C't>7.> c·l<t, 

rm~ArJftl~EtJ*O)i3tl.1Uti-,:«!m-t ~73it:0<1ft£ L tJ. "';: e: ~"'? o mam•~ 

flJf.1 LtJ:\, l.QtA:#:ll!l.fr l o o %OJll:~ii, tiJjiA,.O)f!JllJ • 4'.Ll:.wttl<t.i: < ... lfflia 
~JCDif:JfH0$:1J<iii \, \;: c' ~littb<f.1i\,';: c' a .; ':mt.ff .Ll:.{lCDI~\:O)i31t; 

5 IEJJDi:to 1z AiJ<=?'~c tJ: o;: ct>'.;, Ul'f.J,:&;l:Ml:bll~tr.Jt.nl-&•flf"l!t>oo 
*~llJft:='1'? Jiti'f8t\t c ,i, li-&&Jt,:M4-ttf, iJv·=>l!af*c~i3!f:<Dt}j .z, 

itJnt.a-"'"'' -.art-Ji;: r; e-:..-~Y=-*:..-ma1:f!vtio bOJ~t}jtutfiiJ~bct <, 
-"f-O)U£i~C:ftt.IRU;tfJ:\,'o if-£ l,\,\lllat#alc l,-Cli, 311J&Jt .. /$11:.&JC.\o.:> 

ig ~ ~ i: < "'Jtrtrt-JfittO)fi\, '7f=if~~Di~t*•{t-€i@JX•ctmJJ1~!Jt{t7.k•4ttr 
10 @J-C:t}j .Qo -f.-tLf>O)flj c LL", flJ.~Ji ... .:r..7 Jll~ /if/, 1-- Jv.:r.. /, 1 '.J":1o l::° 

Jll-"' :Y-lt :...- ... ~ /-tf :...- ... :Y' 7 o"+"" /~;Q<•i:f i?tLoo "£. t:., c:. tt,.;<Dili\tcf:i 

';:*~IYJ<D 13 rf.J ~-;l t,r." '*Bflll-r:... 7- "' 7 t f' 0 7 7 :'/' :; * ;t-~ /... " I) *" ~ 
"':.--~OJ.:r..--r 1v1k~t~4m ... =;- ~ 5 .J :r1i,,.::r..-r v :...- :;y ~ ::,-~o.:> a il.7 ~ ::,-.opt" 

iJ:;:,..-~0)11*~4t-84m ... *"{/9/, n-".:f-"':.--, ":19/, *~9/, 17-

15 :.--... -T:IJ ;:,-•OJ»li~.tmllJWt{tli<•1tftt'lJ, t- •J ::r:..r Jv7 Jv ~ =--? i..... :J.::r..7-iv 

H~QJ~Jv1 A.ltt:"1>t~=fi ~ itL" b J:. \, 'o 
*§!IYJ~JlH'btl.o, (R 2

) 2 Mg~~~no~-~~*Y'7.l..{i:~tjJC:ia ... 
M g';:!}t{t7k:*~;O<fe~L -C\i,~{l:-€i'@J~~~o !JHt7k*~c L L"i·;t.. fl~.Jl, 

:J. 7-Jv~, .:r. 7 Jv1'... :to t: Jv~, 4 'J :t o t" 111~... n - "-:17- 1v&, t - -:17-111 

20 ~,sec --:1"=J-1v1' .. 7~1V11E .. "-=t-~1vff©CHa (CH2) n-~f!~n 

7-> Cim:lt~.£i~~) 7111~1v1':1J<Jf-~ l.,\ilo ~f*~tJ""?~* :Y-? .L..{t-€f~c L-C 
,i, ~-n -"-:lr1v~~~q..y?.l.., $)- t-7"=f1v""?-!/if.:Y-r':JA, :/-sec-"-:/ 

~Nv~*:Y'r':J.l..,n-7"~~-~c-"-:/7-Nv~*Y'7A, n-"-:17-Ni=J-JV 

~~*Y?A, n -7 ~ Jvv~* :/?.l..~:Q<fft Lt.'o ~tl,i?O){l:~@Hi 1 filfi 

25 -c=' x 'i 2 flliJ?lJ: O).fjf m-c= m " \ ""( b .t \, 'o 
~*:0'6 .. R 2 Mg (R,i7 1v=t-1v£) lliMr~,i .. t:=-1v~lli:R.f*©!l-@Ji'J<fm 

~LfJlt\C:. c, ~ .;';:";f--tj-j. f-Jv*A.*Jv7 ~ t:" (HMP A) ~©tilt~l::-€r¥JJ 

-t-~1Ja L,t,r.\, l(W VJ lt~;b<l'ffl~ t..,t.n':. ctJ<~ i;tt.-c\i' -?>o LtJ' L*~BJl~ti, ti 
tt~t~@J~~fJD1tT, R 2 M g11:~@J$.~-c: ... l..iO'b1fitfittO)J;}U1:*-~~~-cp 
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1;:t:;\, re b ... 'Ki=~©itill:*#-""f~ia t:: .::.111~••-f*<Dt1t~t><tm1rlHh ~ i; i:. t-© 

11-@;tJ< 1) t::;..-?"•~-c:~o ~ ~~J!f:li Lt:o 

R 2 Mg ~.Qt~L*f»Jil:t~ c L -C~fflT ¢fla©11~i"FIUB.llf'i l O o °CQtl:, 

ift L <Ci 1 1 o °C~..t, JH;:.if'9: L, <Ci 1 2 0 °Cl?J.J:~i.Ooo l 0 O °CQf"FC: 

5 lctll~:6<fi~-C:i! < ilfi'Tl>b' ... X&ilt~:fJ<BJJth Ltl\t'o 

R 2 Mg JtiJ!ic;:ct o:l:~.t ~ ~rd.J•~.u=•~rmta&.£t&rJmtli&Jf.\~ili!~T" o 

t=~'~'':l:, R 2 Mg1:.R 1 M 1 lk:C1/XlaR 1 OM 1 (R 1 
... R 2 'iP.JHl::7J<;k1l, 

O'il!$11Ff ... M1 ,ct, Li ... N aBrJ1K:6,.;tJ:Qlf;6,;t.c¢1>t.t < t. b 181{ 

(J)71'vtJ IJ ••u ~~~n¢fl"lb'eJHt~"1~1141JJJ't"o \:. cti<ff-i Lt'o 

10 R 2 Mg&cFR 1 M 1 &tJ/J~JiR 1 0M 1 ©9.~~t>-tt:b,;tJ:oDJJ~~Hitt 

*:b'b~ i;tt-cli\r 't:'/J<, "Flii3t:.~"t" J:? tJ:HUB.Qi><tt> i, ... litCfli!.0)'1' < b(J)-Z.::£i 

tJ, i:J' --:J f:o 

Macromolecules, vol. 19, J>. 299 (1986)&.rJ 

US-A-3, 7 16, 4 9 5&:.li ... *~HJH:fiiltll:.Y7'7-Jv~P":.f.~'7k&r.1 

15 :17-Jll ') =J-ry A, ~7 ~)\I~?"* yf) A&.0::17-Jv IJ 7-? A:b,.; fJ: oii~Dn~AIJ 

~ii!'?"?:" 5 0 °CJ{Ci 7 0 °C~ A 7- v ~OJ1i-€i', /? .Y .r. ;..-O)lt~... AT v;... c :1 

? ~ .:r.. ~ c<D:Jt!la©JIJiJ<IJn'I'~tL ""C\t 'oo Lb' L ... l!ai3dt~k.>o Y ~ o~.+ 

~;..-1:tt"t"o!l1Al*<Dil11f:b<t-J11%cft< .. L;6'b~IJl•Lt.1ti1< [Mg]< 

[Li] ©tl.-Z.::if.>1.>o *~l!JJ:#©ni;t£;:J::tL,i, [Mg] < [Li] tJ:oft1': 

20 ~Ci, -~mt~*t:M<D~Mil<M g ~;:i~tJ: i?-t= .. i!-&~lft: ... ~ ~ "?-<D~T-:8: ... ~ 

7-A~*-t:~tL"Ctl.ltt~J~fti!JtQJT o \:. ct.J<\:$ tJ:\i 'o * t:., l:E<DiJ lf'J<D61Ura~J 

~.J:l]\,\Q c ... ••l*(})it.lffil< 1 l % ~ft\.lfl~"'C?tt, 5 0 °CJ~Ji 7 0 °C-C:JliE:& 

t>~~.::. ~-Ti:: •J t::;..-?"t~~rr? \:. c'ct-z:~ -?>t.J<, *J@P.Jj<DJ:? t.:1:lt1ti*©ll 

J.l&V:ilJ~U.i•~ii ... &iE&Jt-t:tii~ L ""CL~\. '1iti~Jj(©$1J'1JtJ<~~ t,n 'o 
25 U S - A - 4. 2 2 5 , 6 9 0 C: tt, :.rJ' 7-Jv"'? ~ * ~ f'J b. c 7 ~ ltd1 tJ r'J .L. 

~Ji7 ~ Cl~Y7.7 1) '7.L.t1,i;tJom:~rmflii~J;O<M.iJ\~tl:Z"lt'¢0 Lil,L, .::.<D1i 

-€i'M:tM~H~?"'"'t'b [Mg]< [KJ ©fi~~tY.>"J .. $-11:.f*llftt>~I 0%-2 

5 % bft < ... fi1.l~U;::l:f21Dt~*W&b<M g i;:,-;tt.,c i?f ... 11~~11£ ... ~ •J X"-<D7Ff 

It, ;t-T-1t7t~~~tvcn~.rrc:ffi1HilU""90:.c:6<~~tJ~'o LiJ,t> .. *~IUJO)J: 
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? fJ:tl1.t&.rJ&J1ffliJfAT:CilliE:&Jf;~~:. L 'Lli~:imltOJ$1JIV:6<-r: ~ tJ. t 'o 
EP-A-2 3 4, 5 1 21:.,i, A.rl//c/?~.:r./0)/'0·1~~--@I~~ 

!J.V:ift"t"o1Jl!:Q<IJIJ~~tL""t't'oo -tOJ~:t;(fiflt 3 4 1;:ii, ~:17-lv~~* :..r? .L.&. 

11:17-111 •J 7- '7 Ai1' i?, tJ: l> li-@IDftfrl:i~J;f [Mg] / [ L i ] = 2 . 5 t.r .Q ~--

5 !r.ltl:fi!"'.J-C, 6 5°CT:.A7-v/~ittd ... , ~\,,~/'~:Jz;;--t-:to .,, ~~-tt'L 

t'l>fJlJ;O<tJn~~tLL"\t'l>o L:Q,L, m:ttmtt-et>l> :..r ~ c"~~ ;;-';:~j"l>lJ11t 
~-lf:Q< 2 0 % c flt<' IJiE&:-'f:\i;t L.tJ:\, \:Q< 1) t:: /?"~ IJ ~-OJ75ttiJ<fit L, 
Jf-OJt:~flltOJ:1' ~ :JZ/(})/'o.,, ~-~1;:.;S\, '-C*B[Jf>O)~ I) A 7- v :..-:Q<Jl':>' 
L:iJ'b~i?tLo~=fAMn b 8, 9 O O bft\t'o 

10 *~aJJ~,ct .. R2 Mg cR 1 M 1 :&V/J~JiR • 0M 1 tJ,;tJ:oltttDM~titJtJ<, 

*:iE(}):ii;jl.:CJva.tt.lt [Mg] / [M 1 J ~ 4 ( [ J 'i.:r1vi9/Jf) tJ: -!>DI~~ 

NiftT c, •ll:6'--:::>~$:M~a.tt<Dl!tl~#""F-r: t:>:fiiE&:~~~:. T:. c t.r. <, 
L:6'b 1J t:;,r~JI-fttl<ififf L .. 51T-:11:, lt~:illlf&O:~·~~.a-~JiJ;:fli!JfhJT 
o:. c:6<-r:~ o:. c~Jlf:H Lfto 

15 1t*OJ7 =-* /11~/:!l:Ci, 1 ~ ·~ 1'(})1fi~-r:517-it .. 11:-@rillf&r.F~A~ 
~~i:"tL-f:"tLJ!joiJ:.1filli1JT .z,:. c:6<-r: 't5tJ..:6'? ft(J)l:, *J!ltGitiN!>-c• < «$ 

;: cC'ii.> ~, *~lJJCcti.tt*O)til;:6'.; 'iJUJ&7i!Jl: ~ t.r.:Q'"'.J t: t,(J)-r:ii.> 1->o 
iJ'iJ'o*~IJ)J©t/J!IHitifc(J)fFfflC:.~ tJ ~ t; o c1ti.E~tLoo 
;.$::Jf!BJH;:t>t \-r ,ct, tt*OJIJiffltf.JtJ:/-T 1v •Jr? k&::J:: .z,ma~ia?lljifl r-1;:.s 

20 "'T:::f'~:tEctJ:opJt~7.=.;t /iJ< ... ~~t.t*lis~mnx-to~ii~""F~ < 1) Q)J: 

-:> l:.:¥-.y ·~ t:;;-7"~n ... ~ .;,.:xt < 1) OJtlii!cto.!LfFm t.,? o1t.~t1J:6<Yt•7 

=-*;;-ct.Jn 7-* ;;-~.a e: ©Mti7.J~jj~-cPK•7 =-'1" ;;-{-t5tt{t-t .o c ~ ~ b 
n .o c:a: c 2 ) #JI«) o ~ i?J c::m~AlffT &;:.:B" '-cit < i ) <DM~~<#:.11:~1! 

C d o r m a n t ) , it ( 2 ) ©•~:Q<t5tt ( a c t i v e ) ct.;. ~ , i.t ( l ) 

25 c~ < 2 > ©aii,ct•irtttm':ct.>.Oo ;:(J)J.:? tJ:&)filUl{-c l>!ttl~':to~\-r 
,ct, ~li.ttD,:tJ: .Q~s:Jlli~:ti:illU':.li i?-ttL" (do rm an t tt~-t:-it"P l,-C) 

~i.E~~~ifl"'P-ttli ... •J t::;;-11m:~~~m~L'?T"'cfl>E~ttoo -£.t:. .. Mg 
1J<m:~O)JVt..&*t&';:~"f':ff:ffTQ.:. CfJ'i?~ ') ";i"-O);}=ftiaM g:IU:.:;tnc.~n ... 
M1 1J<i5tt1tL-Cii-@J~::if!rr~-tt-?>:. t:n,.;:l[~ilf!Jj['j: (Mg] / [M 1 

] .fti;: 
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JtE~ tt, ~ b'~' 3fl1iJO)li f.J t RM 1 <Df&© do rm an t **lM~O)~•llll 

tJ,~5fr:lt~1tib [MgJ / [M 1 J .ltl~xnec;n.Qc11U~~tL.Qo 

Ri 
+RI Ml 

...... c--Mg 2 + - R 1~--- -- c- ·--Mg i. 

(1) (2) 

. .. 
···· •.. 

Mi 

;t$:J!SJH::~e:t 0:1:~rm11am<Dfr5f~Ht~J c*ena•-r:'i ~ <Dgtt1t1l!J~ b ~~-c 
io m:a1»11r&$1c"'? ~ c t>a>}.;) c L -c&i ... R 1 M 1 &rJ/~JiR, 0M 1 <R 1 

, 

R 2 iiPJUt7J<$a.. 0 lilt-~::r ... MI ,i, L i ' N a &rJKiJ'.; fJ. oDtJ' i?:il 

&!tto1>tJ: < c b I UUJ7 1'v1J •J fii!JD c-~~tLo~lt~JliHt~@J~ffl"' o ~ 

c~<if~L"'o A~tf.Jl~&;t ... R 1 M1 QJR' C~!tt1t*•~~.t>l:J ... flJ~J!, ~T 

Jv~... z 7-111&... -:t c t: 111&... ~ 'J -:to t:' 1J.4l, n - -f :r-1111t, t - -f 7-1v£, 

15 sec - 7' 7-Jv~, 7 ~ Jv1l, "'.;:f ~ JJ/~~QJ CH a {CH 2 ) n --r::~im ~ tL.!> 

ilM~J~J;t;}-~~7 Jv.:f-Jll1't><ff-i~ L\r'o Af*~tJ.R 1 M1 UJiJ!Jc l- -C,i, /. 7-

,.,,, •J 7-'7 /..., n -7'7-Jv IJ 7-'7 .L.., sec--f 7- lv 1J 7-? i..., t -7'7- lv IJ 7-? i... ... 

iso - -:le I:" 111 IJ 7-? L. .. n --:ta t: Jv •J 7-'7 A., iso --:tot:' Jv 11 7-'7 k, "" 

~~NIJ7-'7k, 7i~N~7-'7A ... ~.;:f~N97-~k ... 7'7-N~~IJ?L,-f 

20 f-lvn iJ r";Jk.., ? ~ Jv"JJ •J ?.L.~il<~lfi?tL-!>o ;:tt,i?OJtl::~~i;t 1--~ .. X 

';t 2 8BJ2LI:. ©fHfi 'l! m \i '-c b J: \i 'o 
R 1 OM 1 OJR 1 liMt<t*•£-r::t>l:J ... tll.it,i, JrJv& ... .x..7-1v£, -:tot: 

111~ .. ~ 'J-:lo t: Jvll, n -7'7-Jv&, t --:17-Jv£ .. sec -7'7-Jt--£, 7 ~ 1i­

£ ... ~;f-:YJlll;~UJCHa (C H2 ) n-~~cim~tLQillltttJOi~tt~7 Jv;f 

25 Jv~, 7 .:r.~J~ ... 7 Jll~Jvl.IM7 .x.~Jvli:iJ<ff-~ L~'o Af*tf.Jt.rR 1 OM 1 
(}) 

~~t.,-c~, ;t~~YY~~i... ... ;t~;f~7~9~A. ... J~+~h9~k,i~ 

~y9=J-ryk,i~+Y7~9r';Jk,i~~Yn~?J...,~p~~Y9rry/..., 

~a~~~r~9?.L.,~o~~Yn~?k,~'J7o~~Y9r?L,~~~ 

a~~Y7~9?k .. ~Y7'o~~:Yn9?k ... n-7~~~9f-'7k, n-7 
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t- 4=- :...-7- t- IJ '7 .L., n -7' }-.-f-y 7J rJ ? .L., sec -7' }- 4=- Y ') 7-? .L., sec -_ :1 

t-~ y:J- ,.. IJ? .L., sec -:t t-.:f-Y"/J 9 '7 J,,.., tert-7 t-.:t-Y 1J 7-? .L., tert­

:t t- .:t-.Yr t- 1J '7 .L., tert-7' t- .:f- .Y.:IJ •J '7 k, 7 ~ o .:t-Y IJ -T? .t.., 7 ~ o .::f 

:_,,-r ~ •J? i.,., 7 ~ o .::f :..r:t.7 •Jr) .L., tert-7 ~ o .:f-!/ ')-Try .L., tert- 7 ~ o 

5 ;f- .Yr" I)? k., tert-7 ~ 0 .:t- yjJ I}" k., "'-~Y 0 .:f-y IJ 7-? .L., "'--f-Y 0 

~yj-}-9?.L.,"'-~YO~YtJ~?k, 7~/~y~f-?J,,.., 7.x./.:t-YTt-

1} '7 k, 7 .x. / .:f-y :t.7 IJ ? .L., 2, 4 - ~ - tert-7'7-11;7 .x. / .:r Y •J -T? k, 

2, 4 -~-tert-:17-Jl;7 :L/ .:f-.Yr J.. •J ?.L., 2, 4 - y-tert-:17-Jv7 

:r../~:..rnrJryk., 2, 6-~-tert-:17-Jll7.:.r.J.:f-ytJ7-'7.L., 2, 6-~ 

to -tert-:17-Jv7 .x.J.:t-Yr t- •J r'Jk., 2, 6-y-tert-77-Jv7 ::r..J.:t-:..rn 

•J?.L., 3. 5-~-tert-:17-Jv7.x./.:t-YY7-'7k., 3, 5-:/-tert-7' 

rJv7 .x. / =f-.Y-J- r ') "7.L., 3, 5 - ~ -tert-:1-T Jv7 .x. / .:t-Y'/J rJ? k., 2, 

6 - y-tert--:/=J-Jv- 4 - /. 7-Jv7 ;r. / .:f-y •J 7-? .L., 2, 6 - y-tert-:1 

7-Jv- 4 - J .:r Jv7 :r.. / .:t- :..r7 1-- '.J 1' A, 2, 6 - y- tert--:/7111- 4 - J 7-

15 Jv7 :r.. J .:t- :/ tJ ') '7 .t..~tJ<~c:f i?tL-!>o ~n &;O)~t-a4m''i 1 '-DI~ ... :Rei 2 fill 

J2.lJ: OJ ff ffl ~JD " \ "'C b J: " '0 
R 1 M' c R 1 OM' ,i, ;e:-n.ie-tLJ.11~-r,;f!!m L. "'Cb~< .. JUi#Hfi t.., "t'fl!.m 

L, -CbiO"* t>t.n 'o 
R' M1 &t1/JUiR 1 OM 1 ,i ... MgC:M 1 C;OJ.:CJvitJ.t.l±tr< [Mg]/ 

20 [M 1 J ~ 4 ( [ ] &i.:e11;aJJ1:) t.r. ¢m!~-t-ltiftT J:? l~M!m"t" .Qo if* L < 
&i [M g J / [M 1 J :2 4 . s , ~ b '\:ff- i L < ia [Mg J / [M 1 J ~ s ~ 5-> 

¢0 [Mg J / [M 1 J t>< 1 ~ tJ 'J"~ ~\e:•~@Jt:.!t t.o 1J t:;_., ?",f. 11 ";"-O)lfi: 

t;-~~*-0) ttt•7 .::.'1"" / c!:: ~':;ts. .., l ~' 0 tJ 7-~ /~· O)-$fJ<M I !£1.i\$~ 

ctJ:.., -c Lat~', M g©ff:~'~J:. ~ .&~tt.a:-ffi!JJCT ¢ i:: ci><~~ t.r <ts. eo Lt:. 

25 -/}<-:> "t" ... *~HJJOJ1t-€fil.g(&tJ$:it-f*ll/.frOJfBf!~Uajf;&Jt;~g C. L, ~i:EtJ: 

9 t:/?"!l~~.a:-mliJtl.,tJ < fJ.?>o Is: [Mg] / [M 1 
] < 4 O)ftJfk-C,i ... * 

~HJJ l~:Joi:t .?> 11:~1UJl C: BJ.lfi~OJ l'Rtt-.tlli:~lliE:&.LD~~ c. ~ itf i~ 1J I:/ 7' 

if!~:b<:iirr"t :!>i><, :m:~f.ift;-a:-'i c Iv C:'.fiffl L, tJ." '~~-C~ltgfO)~~t-c:' Li.J' 

.t l 0 0 °CQ.lJ:©i'liil~li~~fi·-:> t:~-f;-,i, -~.&Jt\~iil ~~c. L -c t.;t I.,\ IJ 
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t::;_,?"~ 1J ~-©ffltt:bfit""'FT~o 'it: ... -'f<JJ~-ft ... ;t7-lt:7t~ll<.$7tti:l:::ill:t' 

~ 1J ~- L.t>,W;tLt.t\i'o filUf3ttiDli;t;tf:t,;:(~, -t-OJ/Vt~M!OJiiftlbttt:lt~~ttc!:: 

OJJ '7 ::.; :At>';.. .if> 0'11IfOJ!IJ~~ilt~lrU?t t: j1j;t-i=-ltmt7ti1<~:(£ L "L\i, -?:i ~ 

IJ ~- .. JP~7t.:r:l\:7t:ffit><.$7}Attt.J:: 6:) ~7tlttt0)~ I) 7-(l)jj'/)<ff-t. L~ 'ffl:it:O< 

5 t.> l>o 

*~IYI=lt~ .. ~7.>-Jt©iiti'~fL,Pil:lltii-~"9 o~4lt-""Ft::i0\i'"'L, [Mg] 

/ [M 1 
) OJlt.$~~;t -c t::=-11.1~•·~~1i·€rt o ca< ~~:.cc:, [Mg J 

/ [M 1 J ~ 4 OJifli~7}T-•7t=f6iJ<~au:ittJ<<>:. c~Jtlfl Lt:o .:=.tui .. .Qt 

11:.f*illff:O<j\jj\, \-~Ci'.i:~OJilrrt.:: "'.JtL -C lilit;~QJ~IJftJ<J:.Jf L, ta~BJl~~J 

10 <Dfi5tt.{t1i'JOJ37Etlli:JC.\iil1IX1<Jii1'':t J:iltl'T~t:~cfftAE~tLoo 

i11Ullffi3ill<Dli]f>~©'61If~ ""f&f o ft~i:li i o o °C~J:OJ~ll.r~UJmfttJ< 

if-t L < ~ t-OJM~~•m/j~J5.£-jg\:. ~fc.:: 11 t:;:_,~fl:-B-t:~rr~-tt.?>t~~'.::'a, 

[Mg J / [M 1 J ~ 1 o -c_;;~ .Q ~ cb<ff 'i L\i \o "*-ft .. *J@IYI#tit-©lt·~ 
~ G &::ii*~ it~';,: "'.JtL-C ;tT-A;t;ftitt<iirttf.J c::J.tiJ«Q :. c :b J!W L fto l., ii' L, 

15 S~filc::.<D.lt.$~ii*~it.Q c;J-=f-A7};fti~<It< ts. ~T~-C .. «t7t:r-•mt5t .. 
ff'J.-tl"!~ 1'~-~ ~ •J x-~~t;;t •J =!7-IVC;7}0Jff:tE.A:b<ft::kL ... ff* L <ts. 
"'o VE-? "L, 1 0 s: [Mg] / [M 1 J ;;;;; 1 0 0 (}){lj~:b<-&:t,tfi l.,\, 'o 
*~RJJ#,i .. (R 2 

) 2 Mg&O:R I M 1 tJ,i;t.t¢DftjE;M ( [Mg] > 

(M 1 
] ) &:, *-*7.::.~:..-!i:~ffilJctJ:6:)fi¢R 3 OH:&tF/XCi 

20 (R 3 
) g NH (R 3 'iwHl'.:7J<f:1' .. 0£-;l:it~BfFr .. NCi~•JmT-) ""("~~ti.¢ 

•tti~~ ... tt>¢tiOJJt$-c_;;ilt1Ja'f" o c, Ii<"<~:. cc:: t" .::.111~11tlt.f*O)Jt~ 

iJ<Dnia L' L,iJ-. b i&iil, ~-gf (}) -~~{tf "f ~ IJ c / ?"11:-€.-b<:ififj"t Q ~ l::-t:-Ji 

tl:iLf:o 

*~Bjj~Jfi \t' i?tLl> R 3 0 H&O:( R 3 
) 2 NH 0) R 3 'iPitft7J<-=~-c:~ t), 

25 fJl);tli, /. 7- 111~... .:r. 7-Jv~.. 7' o t:' Jv~, 1' 'J 7' o t: Jv£, n - 7' 7-Jll~, t 

-:17-Jv~, sec -:17-Jv~ .. 7 ~JI.lit, "'-=f~Jv~~OJCHa CCH2 ) n -

-c_;;~ ~ tL.?, aa~.~Ji*ti~71114=-111~.. 7 .:r. .=.. Jl.11', 7Jv:f-1v1Rtl 7 .:r:. .=..1v 

~... C H 3 ( 0 C H 2 C H 2 ) n --c_;;i2~ ~ti o 8Ht7k~~© .:r.--r Jv{l:~'11~ ... 
(CH3) 2 N (CH2 CH2) n-iJ<tfl:L\i'o Jt.f*f.JfJ:R 3 OHOJJIJcL"'C 
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ii ... J. ~ J -Jll, :r:..? J -JV.... -:J'o~f.J -Jv, --< '/-:J'r:uf.J-Jv, n-7'7-lv7 

Jv:J-Jv, sec --:f7-Jv7 Jlt:J-Jv, tert-77-1117111::i-1v .. 7~1117 iv::i­

Jv, "-.:.f- Y 1117 Jv:J-Jv, 7 :r. J -J'v, 2. 4 - :;-tert-7"7-1117 .:r. J -111, 

2, 6 - ~-tert-/7-Jv7 .r. J-Jv, 3. 5 - Y-tert-:17-1v7 .x. J-Jv, 

5 2. 6 - :;-tert-:17-11.1- 4 - J. 7-1i..7 .x. J -Jv, 2 - ;C t- .:.:f ~.::r..~ J -Jv, 

2- (2-j.~.;:f~.::r..~·~).::r..?J-~·~*~s;h6o~~~~ 

CR 3 
) 2 NHO)iJl.lc L 'L'iN .. N-:; ;C 7-Jv.:i:? J-Jv7 ~ '/, :,.; j. 7-Jv7 ~ 

/, N-:r:..7-~J.7-~7~/ .. :;:r:..7-~7~/, Y~Pe~7!/, :;77~7 

~ '/, 9'\..:fYJv7 ~ '/, 9.'-f"?7-Jv7 ~ ::..-, :/rYJf;-7 ~ /, N, N, N' -

10 ~·JJ.7-Jv.::r..7-v:'..IY7~'/ .. N, N. N', N' --Tl--?J7-1v:;.:r.:j-(.l/f' 

1; 7 ~ :;~t><•'f&;tL6o \:.tLi;,OJ4f::~lt'J.Hi 1 an-e .. Xii 2 8w;.tJ:©f*JlJ~ 

~m \i '-C :b J:: \i 10 

R 3 OH&tJ( R 3
) a NH©li1JaA&;t, 2 x [Mg] + [M' ] > 

[R 3 OH] + [( R 3 
) 2 NH] ct.r7.>Da-~»CiftT\:.c~<~¥\!~l>o ~c~ .. 

15 2 x [Mg] + [M' ] < [R 3 OH] + [( R 3 
) z NH] c-t"tU;fi[-@li><tm 

jijl.,,t,n'o 

*J!l'1~,;t ... ~ .;,~ (R 2 
) 2 Mg&VR I M' ,;,s;f.cQfitiJ;iHt@-itmC.:-::> 

"'c:m•if~~m:t,it=~* ... R 1 &rJR 2 ©JJUt**~(J):ftJU.:M.a-L C:\t'-!>!it 

~(J)1>t.r < ct-, 1 -:>iJ< 2 lt8t~&rJ/~Ji 3 -~~~~ ':> .. Li1,t, 2 iUJt•&rJ 
20 /J{Ci 3 IUJt•(J)R l &rlR 2 0) •• [RI. I! ] fJ< [RI. 2 

] ~ [Mg] OJrM]~ 

~•t.:Tffa4kJHt:a~-t-t:.::.;11~•:1tf*OJ1ta1;::.m"'o c, CR 2 
) 2 M gO) 

m~tmtaA1J1dJ$fJ<jflj <ts. "J (fmtl;&Jt.ffafJ<il1JD L} .. Lir·b-~Ui><i! < tJ. 0 

~ c~~t±I Lt.:o ~tUi, 1 *At8i*(J)R I ' R 2 J::." ~ 2 iU.7t11Ulr13 iUJt~-t­
~-to R 1 

... R 2 :1J ... t;(J)it~0)1.ftJ<Bn~L{>T\i't.:~... [R l. z J ~ [M gJ (}) 
2s c ~... Mg tt [ R 1 

• 
2 J - [Mg J 1:m~-r o:ll~tt 2 'gfi~ttrm~~J t ti i, ... rm 

tl:t~J~*b<J:Jr-"t-!> t,(J)cffE:t:E~.tLoo ~~-c, I i&F.it~&O: 2 f&Ul*&U/X 

'-;t 3 au~*-a:~-t o R 1 
, R 2 tJ<im:t.£ L -r" ,n,i, ~-~~ •J 7-0)DJJth*t:M':. i"i 

2*il9t*&V:/XJcl: 3 it:P.Jt*OJR I ... R 2 O)J';.tJ<*S~ L-C\i\"""(' ~T·b··~ 
C 2 IHJt~JirJ/)U;J: 3 k&~*OJR 1 

, R 2 ©:BJ±~i;fc~ Oo "t.f:, !t~liJtft* 
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ilfiHi 2 8liOJltia... (A) ,...,,if. 1) "";('-,..,,-Mg- R 2 
, c CB) --~ 1J x-"""'­

M g --;f. IJ <--iJ<?mti: l.,, ( B) 0)1.f;b<fi~.&itttb<g\, \, TfJ::b;J!-&~ 

1Jt:6<:l£~ l c~~~n.Qo L~X,<.., -C, (A) C. CB) OJ:fftf.l±~H;:J: ~ lfi:~]Jgf1t 

t:-itlflil"T l> i:. C. :b<ilJfm C. tJ l> o 

5 *J§BJH::S~'"t'li ... (R 2 
) 2 Mg&rJR I M1 b'C:.d.i:Q=A"Ul~IHtft@J,~:S 

\, \"'("' RI &rJR l! O)~~t7.k•1ktt~fJJ0)1>tJ < c. b 1"'::>iJ<~ 1) ?-ai*7 .::.~ 

/C:~-:>-CbJ:. "'o ~ IJ ~-!Jt-7.::.t- / cCi .. i::.::.11.1~••f*O) 1) t/?°11:~ 

1:.J: tJ•.On'-'> •J t::.-- ?"~ •J -x-7.::.* :..-OJ.:. t:-i-~ "'' t-OJ~~llf£i 1 .1£.t.tl: 

t.>t1Jct'4t,:tiJJU'it"n 'o 
10 ;;!fi:~~l:jcH,,-C&-:t.. CR 2 

) 2 M g~t-a~~ffl"''-" c, ~-.. i9j.IJ:ll:f*IU1fF 

~ t: .::.1v~Jti•1*<D m ~:6<fm1rll L.... L. :6, :b 1J t: ;_., ?":!1-@fb<:iifi"t".:; :6<, ~ i; l: 

RI M 1 
' RI OM 1 ~Ji1Jlj-.Qftt>IJl:R 3 OH&rJ/J(Ji CR! ) 2 NH 

(R 2 
.. R 3 Gi!1Ut71<•~ .. O'ilUfU~Ff, Ni~u!•MFf) ~~2=.ttoit~~~ 

ill~T o.:. c i:J:. -.>-Cb ... •a· jijtlJJrl'l:JJ~U~~;:. 2=~£: 1J t:.... 7"'.m:ft 

15 i><:ifUrT¢.:c-t-Jllfll,f:o R 3 OH&U/X,i( R 3
) 2 NHOJ~1.mWJ:~IHct, 

CR 2
) 2MgJti~~mO)~~O)•-a~~~~*~~~.:.cl:~tJ .. ~~~m• 

~ifl1.JDT .0.:. c l:J: ..,-rlt-&llJ.iHci.::ll:*-t" .Oo t.:t: L~iJD:IUi, 2 x [Mg) > 

[R 3 OH] + [( R 3
) 2 NH] fJ:l>M~~ilit:T~Jfl,::IU~n.Oo ~c: .. 

2 x [Mg] + [M 1 
] ~ [R 3 OH) + [(_R 3 

) 2 NH] c-t"nCi:!!:~tJ< 

20 iiirr L f J. "'o 
:$:~1!fJ©M~~J&:J: ¢ t: .=..1v~!Ji:ltf*.©~~&i .. i9i1lill:f*tll~M~l:iiffT l> 

z_ c~'i;m~~©ttil.r,-:tt1't.c tJ j8j < t.rQ ~ t;()<.:Y..m~n ... "'f"©t.:~•~&:.£t0)~ 

-tt~~;t-Cl!ftli~~&:itlPl:f:Ul""E~Q.:. tb<if* l-\i'o ¥Pl:l:Ulcii, 'A? 1J .:i. 

-&tJ /)l,;t.::.-7"' / ~T,,, A 7 0)-::>~ lft.$.WX'i 2 flll0)11Jitl:Ul-t:-\.'., 0 

25 *J!~o.>J»U1£:i~J&: .t .Q 1tll l:ii&ROJ:l:€iaal, i31t:ll::6<fi~-r 1>fJ: ~ \M~ b •J 

t:: / ~ilfttJ~l:a.: Qt:~.. -~~ 7UtOJ~fl\t@J&-:/ a iz 7'i1<=1'~ l: f J. "' ¥11 w• 
~i:f:JO)~~I~f:lj""Em111it~~~""E~-!> c \,'? f?E~"'C*-l/Arf.JtJ-:1 o -1? A. c tJ.., ~ 
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m:%it-O)~.If.:1iit~ffl lt'.tLC! J: "'o J!J.:lti, 7J<, 7 Jv::J-Jh 7J Jv;f{ :...-it~O)/ 

o I' :.tiUHttlf0-?.::.MHt!Jt$tJ:c~litl~~':.~1JaTo ~ C.~'.i:~~W.tl:t" oa 

-;; :; tJ 11111~~~ i;.no A 7- v :.-~II~f*lft': ,"±... 1>:1i<D$:M.f*t><ff'.:t£1".:,.::. 

ct><~ btt-r:S", A 7- v /~II-€if*Q)nJt~tiJt1<*11WtHt~~m:i~r ':as.?, c., 
s ""'O)!li ttf*tJ< :t 11 - r: 7 " t- L -rrc011 e: t.t. -?l t1fttJ<c0 .Q o 

••4*11 ... ~c L-rmit~OJ*JjJ5$:m:t*t: L-r~ •J ":('-r:p,~~fi't"ofl~c ... 

nx~1JDID1i<D~ 1J ":?- ... * •J :f"?-<D~#t,~.t fJ·!bt L -rnxJ~dislfl,:jg:tfi'" ¢:11 

~c:(rt~.:li?tLoo m~~OJ*lf<Jf.ap.1t.f*li .. iBill~r~B.rt~~l!ITnla, "/J'tJ. 

fJ-flfM~tto ~ c'ii:iJt~Ttt.>otJ<, AWlf~H~~~&rJJJttJT~ftiii~~'1t.:tlft ... 
10 ~ iJ ":?-&.V:'1" rJ ::1~-iJ<~ .;c~~WIL -c••~:ia:-~nl~'ltoo 'tt;f:, -51' "'-:?­

~ t- •J ":('-~O)* •J =1"?-'/J' i?OJ~?tWt1:J:. o!l!:af*OJ~Oti<~ <... Lt>' t.:: 
OJ.::t •J :f<-iiJJl~MUmc:~ •J '"-7-tfli>,bl*~i""o;:: tiJ<!EMC-~oo 

-f&tf.u;: ~ •J '-:(' -O)••m 1:. J:: "'::> -r !t.mt-t .o *' 1J ':f "';l - (J) -; ~.. 1-- 1J < -O)"Ji 

iJ<~-1'~-ctfJ~"\.::.ciJ<~~tL-C$fJ (J. POLYMER SCI. : 

15 S y m p o s i u m N o . 5 7 . 8 I - 8 8 ( l 9 7 6 ) ) ... ~-7 :.; 7J Jvlt 

t;l;.:J:..?, A 7-1/ :.t~it~-f*cpQ) 1' IJ '-:('-· b !/' -1 ~-:JIC;:lt""Ttf.J 1 0 -m-~~ < 
ff.".(£ L 'L\..'Qo Lt:iJ<-::>"t', ~ IJ ~-lflJ;:ff::lf-9.Q r ') '"-7-©!:EP.Jta-t:-~tt.1 L, 

~ i? ':.n!(;~t.JaI!FJ;C:.~mtT .Q ttt•f*ti1<ti~ -C 1>tJ. \t' :A =f v :.t*tiBli-t:-m{jt"t ~ 

~ tt.1<Am~a11""?:'600 

20 -*~l!JJ=lftt. iJ,iJ,oilB'~~L~-if~~l!t.lft.a*, *li:OJ7.::.~ :.tll:-@i-1:1; 
-a:-m"'Q e:m:s~,~~-t Q "' •J ~-O):RtJ<1>tJ: < ... ~ ·~.iJ~-t-OJ§l:t,;:.t-:> -cm 
i;tt, Q ;-t; 1) ~ -Q)~il4Hirl:.t.:H:t o!f.tA.f*OJ~O:b<ti~-r 1>t.n';:. c .a-.f!l:l:i L 

*~~~:1ffflc:~ttf:o 'j-tJ.t>~, *J!l!ijOJ§lft~t:.J:"':>"°t~i?n¢;<7-v /~ 

m:~.f*,a .. Uifr,:.$,:t o!f!ll:-f-fWJ!f.IDtlti1<1>tJ. ~ 'o 
25 ~ t: ... *J@BJJQ)lt!~:tif.fC:t!J i?tLt.::A 7- Lt /~-~~Gi, lt~!JntSA!JE8*0J~ 

~Jl11fi1<~ IJ 7-cpi:.1>1l:Jl#L 'L~'"°Cb, ~mfirfC-.$:11:l*:OJ!E/iJtlti6<:1c~ ( 

t.r. .;t.n 'o tt*OJ7 .=..;t :.tm'.€Jl:&iOOf®~Jm~fHD~JIJ!mtJ<~ 1J ?-cf:Jl:Jl~ .. 

~ttt1<.J£~mI~OJ~:7t~~1Ja~T .t,;:. e:.o(~ .;:n-c:St.>, *~-e~•alft~fm 
l:HM;*T" Q ~ ci1<-it!Y-J-C~~i1<, ~~,::~J14~t:tP~.·l'f!{ '? ~ < ;:. c 'i~~9' .. ~ 
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il~';:,f.1J 7-tj:JJ;:~Jil'~·1>:RJiff: LL" L ~ ?o *~B}JO).A.:f-v /~ili-@Jf*-C-'-;t. 

1>1i<DM g cM 1 :1t:Mi1<£tf?l..:t:'1'L" b ... 4'';: ~ 1J 7-0)U:O<illlfi~n.Q ~ c 

b t.r." '10)-C.. «n:1>:1\0)IJIJ~~Jc-I!~ iiJ1itJ:~7t-=f:fil~O)!Rift~llll31b~J ';: J: 

.Qll~';:-:>\,'L'&i ... ~J!Jii:ilOJ~t:J:iI~~*':~\~c LfJ:\,'#nt',::il~tf..JfJI• 

5 7"0-1? .A.~ilfflT 7.> ~ ti1<C:~ .Oo 

*J@"JJJ<Dllil1i~l!~ i;n.o A -r v /1k:fMliOJ7tr:m:c±, i o a -- 1 o 1 1:as 
'? ... .:OJc~l!m~tt.QMg<DAla, *'93--2, 4 o o P pm~iat>-?>tJ<, Mg 

tJ< 1 o o p pmQf"fOJ~::ff.ActcLo~7-.flM~~*':trt l.,lt'3'rh*tJ<~~~tt7.>o 

*~BA(J).Arl//~-~f*l;::~ff:l.A"-?>Mg cM 1 ti, -~Mta~Jc L L"ffl\,l 

10 f:MgcM 1 {t-€i@JtJ<~f5L""C~~T.QMgJirJM 1 ~t-@rfJJO).:c~\..'?o ~OJ 

~Jv.ltJi, if* L.< 'i [Mg] / [M 1 
] = 4-1 0, .t'?if* L < ,;;1: [Mg] 

/ [M' ] = 5-9 0, J!l;:if'il: L-< Ca [Mg]/ (M 1 
] = 6--8 01:cls7.>o 

*~JYJ~'i, ~ .;1;:if~-t:-~t:M•, AT v :Y~:l:~f*O) .. ~/fltt, ~~1JIJ 
Itt .. *':~~ff<l>T' ("ttf:.A 7- v :...-~llBl'ib@J~ Jitli L t::.o -f OJll.JVttm c 

15 ,:t, 7 -=-~ /!t~~fi .;.n.c, A. 7- v /~ltntiOJll.@t@JC'cls-=> -C, T<D~:ll:7}$ 

Mw/Mn:6<2. 0-...1 0. o-e~'?, '/J'"".:>A.7-il/~EB*<l>" 1)7-0)~~­

'b< 2 5 0 p p ml~f"F 0) A 7- v /~lflmilmt!f'J.I~ it> .Q o 

rotJSlt-1PMJWU\tcp~O)l\a<J'4.r.ti,;:J:o~ tJ A.7-LI ::..-tJ-.;OJA.7- v /OJ1:.qJt~~ft 
11:.""t¢1.71!:6<., JP-A-7-2 9 218 81:Bff~~tLT\,''3o L'IJ-.L, -F•J"".7 

20 - c L T7:; iJ Jvl!~~m. .;nt.:~ 1) AT v ;.t~f!Jft L-C\. \~ f::.¥;,, ~IY-1'.faFnti~ 

J:: 7-> A. 7- v :..--OJ~JllfliU~JfHa+:$1-et.n 'o ~ t::., 7 ..::.;it :..--mtrc:J:: ~ii i;nt:: 

~ 1J AT v ::..-'!:-fi!.mi'"nit A 7- v / OJUJUttJ~JJHa~-Ti!k!f~ nl>b<... r 'J -:z 

-ff:ti::t&tF~~HOJ~m:£iMJff\~tt-c~'t.t\i'o 

*~HJl~£i, ~~*tt1J<4"f~©*7-:ll:~~~l1'';:~.Q c!Dll:L, ~ i?t:~rf.)t: 

25 ~~"t"iCll!-e~M•;::J: .Oltifl~O)~~-QJ:J)t..L\..' AT l//~UfBli*IJ.Jil~-t.-J!tl:i L 

"'(*~BJ1 ~%fil ~ itf:o 

*~f!J=J~"'? A. =r v ?'~~•~e: cct, 7 .=.;t :..--m:tre:J:: "".>--cm ;n,z, .A. r v /* 
ll~f*O) ~ c ~" '" ' .. Li,J'b .1(:-C7)1!-~f*O)#.'.f-:fijt;/flMw /Mn (J!it-¥~~7-

A/~f(iJ!.:1!:]7)-=f:lt) '-;t, 2 . o - 1 o . o , H £ L < ti 2 . 1 ...... 9 . 5 , ~ ; ';: 
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if~ L< it2. 2-9. O~Soo Mw/Mn:b<2. OJ:.'?1j'~~'c~~~tf;Q< 

Jm< tJ:IJ, it:., 1 o. o ~s~~ cii~-?-U7ttJ<:ttt~l>f:~ .. Ml:li~~fi.X:jB 

~#W L~~~OJ 2 ~ImJJ:~\r 'T~ tJ ";"-QJ*~l:J:. o A 7- Lt /~l}tll.f*O) 

~tJ<~< fJ.oo 

5 *J!~~§? 1-- !J";"-c,i .. r~ (3) -eal~tLoM~t-fil"°7.>bQJ~~'?o 

7..7- v ~~-~f*t:J:l,;:ff:1£T ¢ t- •J ";"-QJ:a,1 .. 2 5 o pp mJ!ff .. ff-i L < ia 

2 3 o P pm~r, IH::ffi L < 'i2 o op pmJ~rF"'C'~.Oo 2 5 op pm...t'J 

~", c!:~MlifF-e~-t o 7.. 7 v ::..t~!tl•f*JtiO<~ < ts. tJ .. J£15LPr..:6<1'!J~Ji1tiit 

~l'ttf c l., T fi!.ffl ~ tLtdl~, llill1iitff QJi\:*4a'1.~"'0J7 4 ~ v- ~ a /:A;Q<• 

10 m~~ fJ: < tJ. Qo 

CH 2 - CH 2 - CH-CH 2 -C =CH 2 

@ @ @ (3) 

15 *~BJ}OJ.A 7 v /~ltBJ.1*1!Rl~,~ .. ~~ffBJ;:J:..?, .A 7- v /~$:11:.f*OJ~JiJG;Q<1> 
fJ: < .. :b'--.:>ft~lffltOJ&." '.Arv ~~-Otii*1lnlt~C:t> IJ .. t-tllifflt~ffl~~&tJ!IP 

LWLmt~mM~cLT~~L~~ttU~~~Oo 

*~BJ.I© 7.. .:r v ;.,~#:flli*111Vt@Jt~ ,i, ftf!J:l~tl~tJ:\ '•lm-eM~J, U~J ... iiT 

l!AJJ, #iSAtJ, IU~filJ, J!fe!~J~-a-$1ii ~ itT t> ~' £ t> tJ:" 'r) 

20 ~':*~HJJ-t:-~1Jf!flJ&r.F.lt~llU:J: ~ff:lfH=.~Jif!'t" .QiJ<, *~HJHi~tL i?1Ui 

flH:.J:. IJfiUIJH~tL.Q t>OJ-ei'itlV'o 

*J't'!JH;:ffl" '1f:Jrl!M:l*il<1i31Ui(;{0)1.i~"'C'tf§ L T{flfi L f:o t. f:., fflfi L 

t:1ilt~.IBHt~~ .. 71v:i-1v, 2ti7 ~ ::..r, &O:JC-©flf!©iit•H"i .. £lrOJ:iitJ 

~~Qo 

25 (1) 7'7-v~ (SM) :11!!.ft.!VtIJl (~) *±!Wo CaH2 r~7..rv/~llEJ 

~EEfiil L .. J&~~J!l~~ll~*rt;::MA L f:o 

( 2 ) .:r. 7-Jl-'"'- /-t! :..-- ( E B ) , Y 7 c ""-.:t--tt ;., : ;fa:)lt~J!I#!Ullk lWf,lti;tj£ 

~CaH2t~I@~ff-~L .. ~~~~~~v~~?-y-/7..~A~-~ 

*"F':.jiA Lt::.o 
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( 3 ) n - 7 7-Jv ') 7- r'J J.:.. ( n B u L i ) : MJJ! {t~t±~ 1. 6 M OJ n - ~ ;f­

-i.t /mill 

( 4 ) s e c - 7 7-Jv IJ 7- r'J J.:.. ( s B u L i ) : JMl:!tUt~IM! 1. 0 M 0) Y 7 

p ~ .;:\:--ij- / i'tJ.ifl 

5 ( 5 ) t e r t - 7 7- Jv 1; 7- i:) k ( t B u L i ) : OOJft {t~tt.1¥ 1. 6 M (l) n 

-~-:/'?J-(fl.ifk. 

( 6) :.J-J'f-Jv-:rP-* ~r'J A CB u 2 Mg) : Al d r i c htl:§ 1. 0 MO) 

~7'? /d ... n -:.J:f=f-Jv~~* ~'7.J...c s e c - ;;77 Jv-.:t?'if... ~T'J .L.(}) 

i : i a~mifk. 

10 (7) n-77-Jv7Jv=i-Jv CnBuOH), s e c--:17-Jf/TJll=i-;v 

( s Bu OH) , t er t -77-Jll7 Jv::i-Jv ( t Bu OH) ... ~- n -77-Jv 

7 ~ / ( B u 2 NH) : n@Jk.fl::~WW .. lli*liit•... C a H 2 rc:•m•tUllm.i« 

~lMUt... -:c v-t:- .:1 ? - y- 7 .A{t-A~A~• r G:t.t AL f:o 

(8) tert-/'t-;:\:-~7-t- 1Jr'J.J... (tBuONa), tert-7J--:f-y7J 

15 iJ r'J k. ( t B u 0 K) : A l d r i c h *±~ 

(9) ·~4$11:~1:7-t-? ... ,-1' rP77;.t (THF) c;l?J-Jv (MeOH) 

-a:- 9 o / l o ( v o l.lt.) ~1!!€1 Lt: ~(})~~m Lf:o 

11~~7 L-C-~i?:>tLt.:~ IJ '?-©m'.ti-$ ... 7}T:ll, ~7--~:flHii*OJ111!C:itJ 

lELf:o 

20 c 1 o) II~$OJllJ~: *EBtOJ s M~flA.~ o""? l- tr7 7"" - <G C) c::c:t '? 

~tt-1 C:lJl•J;EL ... txi.tJ:J: ':>m~~ CEtl$) ~JJ<~f:o 

~~*(%)=([fr~~SM-~] - [*&~SM-~])/[ft~~S 

Mil~] x IO 0 

( l 1) IJl~~=t'-t (Mn) .. !ill:Sfl.~'1-7-ll (Mw) &UMw/MnOJitJ)E 

25 ,'i, ~Jv..1{-~.:i:.-ya/?a-xi'~77-r- CGPC) ~Jfl1i\-CiftJJli::Lf=:o 

( 1 2 ) i' IJ ~ -O)iftlj~*ftf. : ~{if 2 (:">"jtlt_>f::o 

[ G C OJilJ~~flf] 

(~#1) 

ifi1J~-ff : ib$~~P.Jf G C 1 4 B 
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"/J 7 k.: PEG 2 0 M (ti> 3 mm x 3 m) 

~~~7-#A:~* ,irul50ml/min 

tttllii:FID 

"/J5k.A~:l25°C~lO~~~L,~OJ~35~/min~230~t~~ 

5 ~.-f/:_)17~a/&a7~779-iil.II:230"C 

l*J~~!\k~:EB 

<*1*2) 

iftlJlE-5 : J6$tl~PJf G C 1 4 B 

-JJ 7 k. : T C - 1 (l*Jt! 0 • 2 5 mm, 1'"" O . 2 5 µ m, ~ ~ 3 O m : G L -tt 
10 -1" ..:L / A.*±1¥) 

~~~7-#A.:~• ,i;d:50ml/min 

~tllfi: FI D 

-JJ?L~~:50"C~5~~~' 20~/min~320~*~~-

-{ / :_) ;$.. 7 ~ g ;,ft : 2 6 0 °C 

15 7 -1 7" 7 9 -iJIJjf : 3 3 0 °C 

r"i$•¥tit• : 7 / ""5 -i? / 

[ G P C QJiftlJ~~#-] 

~~a:•/- HLC-8020 (~~m~•~fflUl*JB) 

"/J7L:]fl/- TSKgel-GMHn~2*ii!ffl 

20 Alff : 3 8 °C 

i3tl: 7 r? t t:o77 / (THF) 

-it :..-- 7" 1vlllI : o . 1 w t / v % 

-tj- / 7" 1J / ~ r! ~ =r : 1 / 0 • 4 (@I/ti>) 

~r•tt•=•~-TSK~~UA.7-v/O)~~-c~W~M0)~~~3~@ 

25 ~Hb~c L-c~•-~1'FJ&:L, JJtll Lt:o 

f.fF OJ~:b'fi1§lJ&U:.ltttfJIJOJ:ctii.::Jo\i '"'C~t~rtfi ~ (J)tJ." 'Ni fJ "tr>::T(J)ll!fttlfF 

~'i/XO)=f.ll!i~IT--:> f:o 

(Jlftj\fl:~] 1 4 0 "Ci:m~~-Lt:t.f? A.~B&rft£M~c.$:Ri*, iritl, 

~~-a;.]!*~lo-71*H~AtLt.:o ~~7·0-7,J:, (1!J) ~Jl!ffi~t±~OJVD B 



--.. ~~·.:..~: ·--·- .......... -······· 
_,_ .... _. ________ _ 

W097/33923 PCT/JP97/00796 

2 1 

- S A - Q ~ ~-Bl!ffl L t:.o ~* !/ o - :tpg 'J:.. t- I/ .:f- :i 7 - y - -:I A. ~Jm7J<(iZ.Ml 

Lt:.~~~:ft?l'iftfl~ttt:Jli:fff t::t>oo 5 0 m I Q)ijf£7/7 .7.Jfi,~$11{;$:, jg 

it~lt:M~~P.Ri:E:ltAn .. ~ i;';::mll!ltOJJ!:~Jm~~Jt-~1.IJ Lt:o ii-&M~1f!JOJ 

lllfi1<~~ 'tl€i,i, © .;t1 ... t~.:s::.7- 111~ /-It /~~URUt.$1lf.*m~£;:ji1JD Lt:o 

5 !f!~i3ilUiT~T l 0 ml c L-t:.o tl:i6~~7it, iffE}fiJ:.=. r •J Jv:f ./.:... C'ft~ 

L.. -t-OJftS•~ o -7'-JJ' i?~ f? Wt., -r ~JIOJ~Hc-trtt L f::.o fifElfi~P.Jf~ill 

J.tQ);t.f Jv-'{.Acp&:A.n, A.tit:~ra,~ o wtra,l: Lt::o ii1iiiitlEli~~-.,-c:&sr; 

13~~-~ Lf.:o P.Jf~OJ~ra1n<B:iri Lt: i;itfEJfi~*°-1' Jvr:.:i.i1,i?l81: ~ W L, ~ 

!>':.7f<tf:Jf:AtL~il.~-C:~~ Lf:o ~t.Ptt~~i1<Ai?tJ:\,'J:. ?W.tl:.~l~ 5 m 1 tr 

10 !>;6.fj., *!f!. < iitEEli~lt~ T/fJJ:JifJ{-iSJ-*ti:a-ttt::o m:~/3~~T HF cc* 
tR L, ~©i3ilt7i:- G C& rJ G P C OJl1J:Q:i31i: c L f:o 

~OffiflJ 1-- 3 

~*!/o-:1~-C:E B 9 m 1 .. Bu 2 Mg l ml~ 3 om l OJC:-n-i:.A.n 

B u z Mg t:-~fR Lf.:o SM c EB OJi!!tri3ifl~~ 1 &:.i~tlO)lfJ.l,;:tJ: o J::? it 

15 fE)fi,;:frj6~, -t"OJfi~~ Lt:OO:fla~Jfhifl~PJfit1l:OJ1lltc:tJ: ¢ J: ?~1.JD L .. m 
~13~~.J: < "'J?mitf.:o ~< Fal-OJ'.l:at#iit- 3 *~~ .. ~I i:.~-tm~~ralJ 
&:.f!Jll Lt: i?Wll:;\JJt-iSmLm~t-.tl:~i'=o §;f. ij x-OJ5Hrr~m~~ 1 ~=*i"" o 

-~c:. •J t" / 7"'1!:~~~6.>tl.Ci, ~ IJ "?-O)~A.M n ';:tll:-€i-$ ( C o n v. ) 

i;:.ttiJ}J L -cmu1iti~.H;:if11Jo"T Oo *J@l!ijO)lfi:ti-~';:;Stj" .Q~-"11_,3 OJM n M 
20 C o n v. 0) ?" 7 7.a-~ l ':.~-to ~~fJIH:.~ L ~-=~~Ci.. I. 'Th :b jtikJjHf.H:. 

Mn:O<c on v. li:..LtJt.ILT:Jfl.1JDL, 1J c/7"'1t~~C'6.>oi: C:-t:-ff\Li'=o '*-f.: .. 

~ 2 ':.~-g .t? ';:~tJiflj 1 ,._ 3 O)·~~,i .. :ilj£&£tt-5 I ~~ \:. -g ~ c tJ, <' 
:ilJ1rt.rJ!flr~:it!fi L fto 

Jt~JIJ l 

25 Bu 2 Mg OJftt> ~ t=: n Bu L i nJ~t:-.. ~1.JD:lt:O< 2. 5 6 mM c fJ. ¢ J::? ':. 

ffl\t', fm1'a~J~A.nt:itifEmit-illf*~*Pil~Anm:~1J<l»J~Lt.r~'.!? l:: L, ~ 

~ ?"o -:ti1' i;itt tJ W Lt.: ti.. 1 2 o °C<D* 1' 1v.1{;;(.';:Attt.:QH1-';:t~1Jmf!J 1 c 
fiiJ-tiOJ!lfl:~~T-:> f::.o lk~"t:'~fi'~iJ<~m LD!-a:O<~*G Lt:.. <B~&Jt Lt:) o 
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Jt~{Jlj 2 

~ 2 i~*lOJJi~il1JfC:i!~~ft? t.:£H1-,i~hf§flJ I C: liiJ~OJtlfF~~t? t.:o m: 
i~d;;J:Jixt§:&.£t~frtr~=c:.iirr L t:;b<, ~ 1 OJ*B*IJ' .;, C o n v. OJf.l:IJ[H:.f*~ ', 

Mn OJJ\Yl:tJDtliioJ ,;;1:rnu~tt1J'.; ttTh IJ i::· / 7'•~75tt:IJ<ift ~ L f:.o 

5 .ltf)(flJ 3 

B u 2 Mg OJM:lrfl~J73ifl~h-ttTt:. 1 5 0 °C~1'!€i-~fi? t.:Qt~,;;t~M§JIJ l 

C fiiJ~OJflf'I= ~fj "? f:o 

~ 11:.~ Lt:Mn~C on v. QY1'o ·y t-fJ,'77.)-:iJ,'!>J::? 1: .. i:OJII€r~ (bl: 

*0)~7 :J:b1vll~~~;t.,¢) &:tl!~OJ:ilfi';::ng~tJ: ( *-T:llli-~1:6.>-,,f=o 

10 L.O,:b, Mw/Mn:6<2. 20JJk\t''1'-Tll:~;{f;~fl°'t'E>~'J7-LiJ,m.;:n 

~"MBWIJ 1 - 3 OJit€i-~#'i 1 2 o - 1 5 o "CC: 6111Jra10Jll~C:ct.> "J, **~? 

:J:h 1Ltlfi:~l.1<8=.:. .Q~#~it>.Qo LiJ,L, GP CO)?}~M:mtJ,.;.ltttllJ 3 &::'I'~ 

n-c1.t\ l> J::? tJ:;t=f-•O) !::-? 'i~ < UllJ~tLtJ:iJ,__, f:o -ttJ:tJ!>, ~? ~tJ 1t1 

15 !!a'~~1ilillJ I ...... 3 C:'i~ \::.? -C:S.; T, 1" .=.:;t /!i:€i-OJh~ \::. "? -C\.' QC: -"Jlf 

~tLoo 

~b'fti{§IJ 4 ...... 8 

~*?'c-7'~-c,;7~B U11 Mg c n Bu Li OJfit~i3~-t:-~3 ';::.~l.,t.:lm~ 

Jt.$1:.tJ.gJ::? ~tL~tLfF-:>t.:o SMC: EB ~~-tft:i3iftt:.1f\"ttlm~~i31&:~~ 

20 3 O)aJlfc;::tJoJ::? t:.AtL, J:: < :IJ'~nt-lft.:a ~OJiW-1«-t:-~ 1 Om l T-::>itfEfi 

1::~i;t, ~ 3 l::~ Lt:llll~&rJ~rJJc:lti€i-&:.M Lt.:o 

~ 3 c:.~-t J:: ? c:... i1iii., i1i1JlAi*illf OJ~¥f.&;: :b '*1:b a; f.. fJ:iE:&£5tJ. Lt:. 

ltf;:lr<if!fi· L f:.o 

fgJ 4 ';:* l.,t:M n ;t-.t Co n v. tJ' i?:l:~OJ:i1Hr cc b ';:~Fflti.l<tftm L, 1J t' 

25 :--- ?'"lt~tJ<Jlrr Lt.:\::. ci"J<*il'oo Con v. OJifl!Ja C: C: b ';::*::f-:E:~*ir~!tiJD 

L -Cl.t '¢:6<, \::. tt.ti 1J C: ::..-1ltttJ<ftr L 1:"~ < tJ-=> t.:OJ1?CitJ <, 1!€i-~OJ*6J!{ 
O)J:~&rJmtiilllir e:mftr.stt.s CM g) &rJm:ftt5tt1t~J c L i ) OJ~Wt&£r> 

~J.fr0Jlt$0J.LJi!.t.,t c~*-Til*1fi1J<J1; < tJ. "'.) '"("~ \? t:. bOJ C:~;t i?tl.7->o ~ 5 

c:~M§gil s - 1 c B - 2 OJ*rli71:ffi"~~-to li:-@IOJli!fr&::~*"'~r:lt?t:flHi~ 
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f*!t-.H;: .Y 7 r L L'\t 'L'~il!i t..,t:. ~ tJ ?-iJ<ff:t[ Lt.t \t' \:. ciJViJ'IJ'¢o 

.ftt3{{91J 4 

Bu 2 Mg/n Bu Li= 4 -e, SMOJE Bl:M-T-?>111.lOJ'fft;\,\M~C:li:~-t­

rr"? t:..o m€i-iiB:iE&Jt\-tt-f i::ilrr L t:..-JJ<, maOJ:ifirr c. c :b 1:~=f.IBt11i:0<1A 

5 < t.t-?fto Gp CitJ~*6•tJ .. i;, !fi:~Q)jf!frc c t&:M.WiifiHll~C:::A:~ < 7- IJ 

;_., ~ Lt:7t7-:&:7t1PtJ<m t?if1" '.l:-€irf11:mttr;'ii.t1<~q c:*m Lt::. < •J c: ;_., ~m~ 
fi!i-ttO)fJ!r) c~~ i?n.Oo 

Jt~f9115 

~ 7 &;::~ L t::.~'fC:I! ~~rr "? t:.o -~,a~~L' JI< lift L f:..o 

10 ~j(§-{9lj 9 - 1 2 

m~;gjl-t-Y? o <1';f--fj- / ': L -C, B u i Mg c n B u L i O)OJJ~AlJC:~ 4 c: 
~"t:1i"i!C:IQ.Jtl,:::m:~-t-rr-:> t:.o con v. iJ< 7 o %J? .. rfO)M~c: 8 o °Cc: 4 mj 

raEJJI-@i--{-fi~ ,, -7C-<Dfi 1 2 O °CC:J:Jf"L 3 O 7tfll:!i:a-t:-f$.tl: Lt:l!aliT-C:&:. 

~7 L -C\t 'f.:o t:.t: L .. ~Mlifl.I I 2 ti'&:tcama~rd.14 ~ra,C:il-@i-iJ<~~ L 'Llt 'f.:o 

15 Rf~nt:~ ~ ?-<DMn c [SM] / [Mg] .l±CDM~~~6 c:~To 

ltttfJ'J 6 - 8 

Jl:~ifUl~ Y ? c "'4=-~ / ';: LL'... B u 2 Mg c n B u L i O)IJJl~~JC:~ 7 ';: 

~tti!C:l6JWJ:m:a-t:-rr? f:o c o n v. "IJ< 7 o %Jt.rFOJ~~-c: 5 o °Cc:m-@i­

-t-fi·" ', -7C-O)fl 8 O °Cl:J:.C.f-Cll:ft-t:-~~~ itf.:o t::.tf. L ... ltttfJ'I 8 'ili~1JJlEJ 

20 &::fi-T-~Mii.J.ff:O<;t--111.t,.<A.O)ilJ.flJ: '? ~~i~t.t-:> "L!i:tfir<~rr Lt.:o ff. i?nt.: 

;f. •J ?-OJMn c [SM] / [Mg] JtO)f*1~~~ 6 i:.~"to 

~ 6 OJ#Sm:6' .;, [Mg] ~ [ L i] OJfil{~~';t;f. IJ ?-OJM n ,;t, [ s M] 

/ [Mg] lt.~~'£ ~ ~ ttJ<Fm i?il,C'£> .Oo 

~ 7 ';:Mn c [Mg] / [ L i] .ft.OJM~-t-~To [Mg J ~ (L i J OJ~l~ 

25 C'';t,f.1J 7-0JMn ii.. [Mg] / [L i J .fti:no~ttf,;:-~~-t-~j-iJ<, 
[Mg] < (Li) O){iJi~C'';t~1:M:lliJ<firT¢0 

[Mg]~ [Li] OJO:~C:~i?tt..t::.,f. 1)?-0JH 1 &rJC 13 0JNMR~il~JE: 

L.t=*fim .. ~ 11 ?-OJ*~fH:.*6~ L -C\i'~ 77- Jv~;O<sec -7'7-11.-~-c:~ ~ .. -c 
OJ1fc:6<:M€JW.tl:*llffil©"' ;_., :/ 1t.-:to ~ /:lttlii.JAC'c'J:> o.:. c&Usec -77- 111~ 
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OJlb'J'&;ifJJLt.:MnO)iitr<G P CC:>it~t.:Mn cti,£-!rto;:. C:~fiiltLt.:o 

\:.OJ\:. c fJ'i?11:-€!75ttJ@.OJt.}t*7 ..::.~:.; c ~1:tJ:-., -C\.' 1->~JBI 'fJ 7-;t / 'iM g C: 

cf.> 1-> \:. C ;O<Jl~C' ~ f:o 

~~13~14&a~~~9~10 

5 l!fJ73t¥~ EB i;: L -C.. B u 2 Mg c n Bu L i OJ0Mia1rJ-C.S~ 4 l!z.rJ1R:. 7 ':~ 

T~flt:."t:ll!~~iT '? f:o ~ \TfL b 2 4 0 :$}7:it~;6{~"j" 7->~~""t:!t~-t-fi-.> f.:o 

~ 8 t:. 2 4 O ?}-0)1\!ft"'C:'m i?tt.t:~ 1J -:i- (t:.t! L .. Con v. tJ< 9 5 %QLJ: 

O)~ IJ ":l-) OJ?tT•;}:tJi C (Mg] / [ L i J J:t.O)mJ~-t-ffeT o [Mg J / 

[ L i ] .ltS: 2 C'';i;}-=f:l17};ffii0<~~ \;O<, [Mg] / [ L i ] ~ 4 i>' i?:k $ < 7} 

10 7-I?t:fflf><j.fl* L f.:o 

~1Jti"J 1 5 &rJ 1 7 

EB cf:te'B u 2 Mg c n Bu 0 HX£;;t s Bu OH~t-<Dt-Jv.lttJ< 1 : 1 ':tJ: 0 

J::?,;:?m-tft:o t-OJ13ifc:.•sc:.'1'--t [Mg]/ [Li] JtctJ:¢J:.?c:.nBu 

L i ~ii:bo L.., ;:. tv~·m:ttDJJi&1rJ c L -C ffl \. 'l."liti~fi.., f:o 1!fti31U;t E B -e 
15 cf.>oo 

Ufll l 6 , 1 8 &U: 1 9 

E Bcf:t-C:n Bu Li c n Bu OHX'i s Bu OHX'i t Bu OH~JC<D=E-J~.lt 

fJ< 1 : 1 c;: fJ. .Q J; ? l:Riff.:o ..:C-o.:>t##ll:.~ 5 i:~-g- [Mg] / [ L i ) .I± C: tJ. 

oJ::? ';:n Bu L i ~~1.Ja L, \:.tL-t:-!tfa-f#.l:ttl:t~lC: L TlfJ~\'Litti--t:-fi"? f=.o m: 
20 €i#JIUi EB 1:6.> oo 

~01!~20 

EB lf!-e n B u L i c n B u 0 H ~"fO)=E-JldttJ< 1 : I ';:tJ: o J:? ';:if!ift.:o 

~ i;,;:grJo.:>3ftl: EB i:fl, Bu 2 Mg c n Bu 0 H~-r<D.:e-;11Jt.~·q : l ';:t~ o 
J:.? &:.11!-tft::o icntttL©~ll!~~ 6 ';:~-t [Mg J / [ L i J .l±c tJ.-?> J:.? t:. 

25 mHt-r .. \:.tL~m-@a-~~~Jc L.. TllH'"Lfi~-t:-fi...,f.:o fi~i3t\Uj:E B-C:Gtoo 

~1;1§ f;1J 2 1 

EB tj:r~ B u 2 Mg c B u 2 NH ~"fOJ.:C Jv.ltiJ< I : l '::tci: o J:? i:.M.itt.:o 

"'E_-O)f#iii:l::~6 '::~1" [Mg]/ [Li] .ltC.tJoJ;?,::n Bu L i-t:-~1Jal,, 

.::. tv~·:m:t;MJ:M;Jl!J c L "'CJfl ~ '"'t°m:~~fi"? f:.o 11-ftmtAUi E B C'd:> oo 
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2 5 

~M!flI 2 2 &rJ 2 3 

E BtfJ'.: t Bu ON a 3Gi t Bu 0 K~*~.i\tt, ~ &l:Jf-~"'-B u 2 Mg~ 

~ 6 ': ~i" [M g J / [M 1 J Jt c tJ.-?> J:. ? r.:?m-tf t.:o ~ti~ m~rm~~J c L -c 
ffl\..'"'Cli:~~1T-:>f.:7.o !l-ft~jl£j:E BC:i}j-?>o 

5 ~hif'J 1 5 - 2 3 <Dli~f.5¥~~ 6 ':.~-to ~ 'TtL b B u 2 Mg/ B u L i (J) 

ml~t;lj tfiiJ•c:. .. a~&~~~~ T ~ c fJ. ( 1) t"' / ,.ll~i>{~fi Lf:.o 

£. f:, JC:-tL-FtLOJMfta~JC' { [R 3 0 H] + [( R 3 
) 2 NH] J / C 2 x 

[Mg] + [M 1 
] } Jti){ 5 m':.t.;: Q .t? i:..i\nt.:im-@i-~.{-RIH.,,f.:tt<, ~'Th 

hli~'imJ~ L tJ.'/J'-:> f:::.o 

10 ~jf§flj 2 4 &'fJ 2 5 

~*:7'o-7~-C7~B U2 Mgc s Bu Li Jt'j: t Bu Li OJf1URm~~~ 

8 c:~ Lt:fi~Jt$c::tJ:-?> cl:? ':.JE-tL"Ftt-fi:-:> t.:o lt!-~filt¥£iE B-C::.t> -?>o ~ 8 

O'.>~#l:'J!fl~fj "? f.:o 

~·~ 4 clii.l-OJ~¥1:~11i-€J~fi-:>t:tJ~, ii~:imJ3H;tl! < tJ. t>, L:tl,bft.i?tL 

15 .?J :Str:fi:l;;J:;fi-=f4i; < fJ.-:> f:::.o s B u L i c t B u L i 'i~ < IQJ-O)iflft~IJJ-t-~ 
Lf:o~9c~lO~~tL~tLO)m~~*~~~o 

~ht§glJ 2 6 

EB c.: n Bu L i .a:.i\n, JH.: SM~ [SM] / [ L i ] = 2 fJ: 7.>.l:t$~~1Ja 

L f:o lAi.; < T ¢ cfl!!,J:.~~t. L t.:o "C"OJfl.. B u 2 Mg~ [Mg] / [ L i ] 

20 = 4 c.:tJ: ¢ J:.? ~tJa L "COO:llEt~Jf3lli:~fF-=> f:..o ~ 8 c.:~T~#-""t:'l!tl~rr-:> t:.o 

:B!~~JUiB u2 Mg/nBu L i-Z:00"9f;Lt.:bO)c1£< JQJ-'1:'1')-:>t.:o 

~tifif!J 2 7 

EBq:r!:Bu2 Mgc s BuOH~t-0)-t-Jl.t.ltlJ<l : 1 ~;::tJ-?>.t?c:.11-tff.:o 

~n-t:-m:~on~~H:Jllt ''L~ a ':~-t~#'"t:':l:~-t:-ff.., t.:o &~/jJt-t ¢:. C.tJ 

25 < 1J c :..- ?"l!tdJ':ilff L f.:o 

~M!iflJ 2 8 

EB tp~ B u l! Mg c ( B u) 2 NH .a: .. "COJ.:C Jll.ltiJ<l : l l:tJ ~ J:? ~;:lJ! 

-tit::..o .::n-t:-m-€2MJ~*'H::JH t, '-C~ 8 ';:~T~#-C:tl:tl.a-fr.., f:o !iiE:&£t"9 ~ 

;:::. c f J.. < lJ i::· :.; 7':m:fti>{iifi L t:..o 
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*. t.: ... ~:bi§f'J 2 7 C.U~J 2. 8 <D!Jn~~Ji3JtO)a~O)(fA, [ s Bu OH] / 

[ B u 2 M g] = l 0 ... [ ( B u ) 2 N H] / [ B u 2 M g] = 1 0 &:. tJ. ~ .t. ? 

,;:Attt:ili€J~ :b~ttfC~--L ... lli-ft~it~t.:f)<, "''Ttt:bm%,if#Ura LtJ:6'-? 

5 *~BJJO)~ji"J 1 - 2 8 o.>11-ac=,i, "''Tti:biiiB.C-Jj:€i&lt L 'L\i'.:,';: :bM 

t> .;-r, ~ < 7 Y 71 Jl/tla-ElJ*O)*r• t:- 7 'iUiJt1J ~ titJ;O'.., f:o 

~liifll 2 9 

*Ja~OJll€iMfSAIJBuz Mg/nBuL i (1 0/1) ~Jfl\,r'CSMQJi9i~ ... 

"'Jv?lt~t:#WltR"C'.fi-?f.:o :Jllltlift,;tWe r n e r ttt¥, ZS K 2 5 (L/ 

10 D = 4 7) ~fl!.ffl Lf.:o 

:PPttl.,i... l l -:Ip •y 7 tJ'.; mt? -c ~ "J... -{: tt.-e-tLOJilHl ~~O) .t. -j ';:&;El, 

f:o -:Io "J 7 1 (~?I,) , -:Io ·y 7 2 ( I 2 0 °C) ... -:I c .._, 7 3 ... 4 ( 1 4 0 

°C) ' -:le •y 7 5 &J16 ( 1 6 0 °C) ' -f o •y 7 7 :&.rJ 8 ( 2 0 0 °C) ... -:lo •y 

7 9 -- 1 l < 2 2 o °C) o -:lo ·y 7 s c 9 OJrJJi;:lelf*~1Ja•IR:O<c5 l? ... -t-;: TJ'.; 

15 11~ffl.t.l:JllJ ( B u 0 H c EB OJ1!l€iifl) -t:-EEA Lt.:o ft!W.1&71< Lt:. SM... EB t: 

EB~~~Lt:Bu2Mg/nBuLi (10/l)OJOO~~~~n~n~M~ 

011::1 ~"'f QJl}::H t:.ltTil L f.:o ~3ff ii' i? 'i ~7 ~ /-:l"C' 3 L O)Jl~JlQJ#\, 't: 

-7:..-71:: 7 .-r - r-C:~ ... ~ i;,;:;c ~1J,i?:¥7~/7'-C:¥-Jll:l:UIO)'/-:..- I l:7"' -

r~~ ¢ti~~ t.;.-:> 'L\i 'Qo ~f:fjllf:*F~·!JZ:ii~*l::IC?t~fl L -r:Js ~ ... -t-;: .-...E 

20 B C.!m1tt;~JO)~~i3i«~~T7 .-r - f L-C~ltiltPi~~f.ftLf:.o ~O)fl~1.r &= S 

MIU~~J:&:f"'C~' ~, ft~~:H:.£;t S Milllllr.a- l O 0 i:. L t.:a S MOJ 7 1 - FJIJ~ 

1 0 0 ml/mi n c L.f:.o 6'.11S1\IJQ)fjU;t [SM] / [Mg] = 1, 0 0 0 fJ. ¢ 

lt$C:tJ. o J:? ': 7 -1 - r Lt::a ~ -1A.:b,i?l±IT!t:;F 1) -;;--,~!:.. itt~';:Jkcpl' 

-c~MJ L, ~v ., 1' C. L "'C:tit.:a tii?nt:;f- 1J ~-OJ?t-:r-:1t&r1;t-=fii$f:fl1'i, 

25 Mn= 9 1 0 0 0, Mw/Mn = 3. 5 l:"S~t:o 

~»1!01J 3 0' Jt~~J 1 l Jitl.lt~JIJ 1 2 

~ 9 ':.~"9~#-""t";F ') ~-.a-t.tf.:o ;f. 1) ~-~EB&:.~ 2 O %tJJUf,:.t.i o J::-? 

1;:.i3JW L,, 1.ilil7f<"C'~J1ai~O)-{$~flbl±i L,t:o -ttL-FtLOJ~•"@;l'f:A..a-~ 9 4: 

~To ~f-lt~©~ 1J <"-iff.ili.i::;l ~ J -1i.,..:a:-An-cif- 1J 7-.:a:-vrtti~i:tt.:~~ ... s 
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0°C"C'·~~~Lf:o fi.i?tLf.:;F•J7-~tJ5:Afi,;:.Q. 2 gAtL ... l\t~-"f~~ 

~ L f::o ti 5 :AW.f- 2 8 0 °COJ ;it- 1' Jlt-'' :A':A.tt l O;}... 2 0 ;t, 4 0 ;f"C'l6l".J 

tli Lt:o ItlH> tli Lt:#? :A~ict71<$t:.A.tt~~ Lt.:o ;;If? :Afi~~Hi!itL ... ~ti~ 

TH F &::A.:ttfiI.Wi-~-ttt.:o 7 / t- 7-t! /~-i.E.AA.tLr-"1$•1\!t. L, -C;;lf :A 7 OC' 

5 !\iJl.f*<D!£P.JGJ:iJJt~~~f.:o 

*5J!~~ l o ':.:;J'°'9 o 

~jl-f91] 3 1 

~-~29~~;nt.:~97-~,7v::.t/12~~~-r~w~~~•.a-rr~ 

f.:o m i?ttt.:~~4*<Dli!it~~$~ AST M- 2 8 5 6 c:..¥1& L--c~~jtlt.>f.:o 't t:. ... 

10 1!Ji?tLt.:~m.f*':.~1lfl:t:~\QJ:tt:ltf*~illJi.ELf:.o ~~~it l 1., 1 2 &::~-So 

Jt~fll 1 3 

1 O O L©::.t- r 7 v-:1Pfc\ n Bu L i l»J~~J~Jfl ~ ,, EB ~i3ttc:. L-r 

SMAl1r 5 o vol%"C'lll~~ff-=>f:.o 11:-f;ifil:l'i, l 4 5 "C't"C'__f:Jf Lf.:o f¥i?tL 

t.:~ IJ 7-filt&:~ r? .t.. t-*71'-Y-~tllt.a-~~ Lt:o ;f. lJ 7-.a-~ .;,: Y •J / 

15 ?" -il.11t 2 2 O °COJflfll:li•Pi J::Att ... 11i,0) E B ,a.,.z / f- i.J ... i?I*~ L- f.:o ;f. IJ 7 

-'i"" v ·y r tl\~1§11& Lf=o *S~~~ l I ... l 2 t:.~"'9 o 

Jt.~f§IJ 1 4 

7 :/n Jvl!a~~;nt.:1f. •J 7-~~Rif§IJ s i cliiJ~l::¥Pw~~a-tt, mi;:tt 

t.:~ial~OJili.JC~$ c$:1:4*~~:il:.a-1Jfi]"{f.:o *Sm~~ l 1 ' 1 2 i:.~-t o 

20 *liUi 1996~3})1 4 E':.E::i$:"C't:l11i~tLt.:B*ml*fft111Uf~8 -o 8 4 

4 1 4 -5-, i e 9 6 !F 1 o FJ a o s c: B:2fi:~tf:llii~ nt:. B::;$:00¥.f~tl:um~ a - a 

0 3 4 8 3 ~:&V l 9 9 6 ~I 0 Jj 3 0 8 ';:s*~l±llft~nt.:B*OO!fifft±UI~ 

8 - 3 0 3 4 8 415-l:~-::S\i'-C~ lJ ... "ttt.6©R'=Hi~-C::;$:BJJ!mlitt:fl£:.#Jt«"t o 
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2 8 

~ 1 

[SM] [Bu2Mg] tiil* •• Conv. Mn Mw Mw/Mn 
(vol%) (nM) ('C) (min) (%) (xlO-a) (xlO-a) 

tMI-1 50 5.16 150 60 19 12 19 1. 62 

Ufll-2 50 5.16 150 120 27 18 30 1. 65 

DMl-3 50 5.16 150 240 42 25 42 1. 68 

*'2-1 80 2.58 150 60 22 42 63 1.51 

Dft2-2 80 2. 58 150 120 36 83 134 I. 62 

DM2-3 80 2. 58 150 240 58 125 210 1. 68 

ma-1 80 2.58 120 120 10 20 27 1. 40 

8-2 80 2. 58 120 240 20 38 56 I. 48 

ma-a 80 2. 58 120 480 33 61 92 1. 50 
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2 9 

~ 2 

[SM] [Bu2Mg) •• - Conv. Mn 
(vol%) (Di) (t) (min) (%) (x10- 3

) 

Jtiftl 50 * 1 120 * 2 100 183 

lt82-l 20 2.06 150 60 15 10 

--2 20 2.06 150 120 23 14 

ltift2-3 20 2. 06 150 240 38 18 

lttl3-l 50 0 150 120 29 92 

lt83-2 50 0 150 240 43 92 

* ~il'i EB ~{j!fflo 
* 1 : B u 2 Mg OJ{tt> "Jr;: B u L i -t- 2. 5 6 mM~1Ja L t.:o 
* 2 : :1:€f~&~UJ~&.t\ L.. 1 71Qt~ i::m~li~fa L f:.o 

PCT/JP97/00796 

Mw >.t.v/Mn 
(xl0-3) 

198 1. 08 

17 l. 71 

25 I. 82 

38 2. 10 

212 2.30 

207 2. 25 
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3 0 

[SM] [Bu2M8] [Bu2Mg] jfta IMC! Conv. Mn Mw Mw/Mn 

{vol~ (dtf) [BuLi] ('C) (min) (I) c:xio- 3
) (x10-1) 

Ulf.4-1 80 6.9 4 80 60 60 70 82 1.17 

M-2 80 6.9 4 80 120 82 82 101 1. 23 

UR4-3 80 6.9 4 80 240 96 91 114 1. 25 

WIS-1 90 7.8 6 90 60 59 62 73 1.18 

ms-2 90 7.8 6 90 120 80 77 95 1. 24 

Dl>-3 90 7.8 6 90 240 95 90 126 1. 40 

m46-l 90 7.8 10 100 60 38 35 43 1. 23 

ms-2 90 7.8 10 100 120 60 55 74 1. 35 

t.116-3 90 7.8 10 100 240 85 79 130 l. 65 

DJfr-1 100 8. 6 20 110 60 36 31 43 l. 40 

Dlf7-2 100 8.6 20 110 120 60 51 77 1. 51 

tM'T-3 100 8.6 20 110 240 83 57 98 1. 72 

ms-1 100 8.6 30 120 60 33 25 44 l. 76 

8-2 100 8. 6 30 120 120 61 48 85 l. 78 

--3 100 8.6 30 120 240 80 55 104 1. 90 
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3 1 

-~ 4 

[SM] LBuz&lg] [Bt12Mg) LAU" iMI Conv. Mn Mw Mw/Mn 
Cvoll> (di} [BuLiJ (t) (1in) (I) (xl0-1) (xlO-a) 

UM9-l 80 69 6 80 240 72 7.5 8.8 1.18 

• 8-2 80 69 6 80-•120 240t30 100 11 13 1.17 

nruo-1 80 35 6 8-0 240 65 14 16 l.17 

DIH0-2 80 35 6 80-+120 240+30 100 21 24 1.17 I 
l 
i 
' 

Dllll-1 80 23 6 80 240 60 17 20 ... 7 l ! 

I 

UMU-2 80 23 6 so-120 240+30 100 29 34 1.16 I 
I 
llftl2 80 35 4 80 240 100 20 23 1.17 

11113 100 6. 9 10 100 240 100 88 150 1. 70 ! 
-

I 
Dfll4 100 6.9 20 120 240 100 70 j 127 L81 I 

! 
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Mf;Jf 
ll'iM [SM] [Mg] [Mg] itll 
it; (vol%) (mM) [Li] ('C) 

~ifH5-1 nBuLi/Bu2Mg/nBuOH 1/6/6 90 7. 8 6 90 

tlM15-2 nBuLi/Bu2Mg/nBuOH 1/6/6 90 7. 8 6 90 

HM15-3 nBuLi/Bu2Mg/nBuOH 1/6/6 90 7.8 6 90 

U"16-1 nBuLi/Bu2Mg/nBuOH 1/6/l 90 7.8 6 90 

Uftl6-2 nBuLi/Bu2Mg/nBuOH 1/6/l 90 7.8 6 90 

tlfl16-3 nBuLi/Bu2Mg/nBuOH 1/6/1 90 7.8 6 90 

tifU7-l nBuLi/Bu2Mg/sBuOH 1/10/10 90 7.8 10 100 

tlfH7-2 nBuLi/Bu2Mg/sBuOH 1/10/10 90 7.8 10 100 

~lfU7-3 nBuLi/Bu2Mg/sBuOH 1/10/10 90 7.8 10 100 

11fH8-1 nBuLi/Bu2Mg/sBuOH 1/6/1 90 7. 8 6 100 

1lff18-2 nBuLi/Bu2Mg/sBuOH 1/6/1 90 7. 8 6 100 

Uff18·-3 nBuLi/Bu2Mg/sBuOH 1/6/1 90 7.8 6 100 

Hft19-1 nBuLi/Bu2Mg/tBuOH 1/6/1 90 7. 8 6 100 
-
Uffl9-2 nBuLi/Bu2Mg/tBuOH l/6/1 90 7. 8 6 100 

it~I Conv. Mn 
(min) (%) (xlQ-3) 

60 53 49 

120 78 74 

240 93 89 

60 44 42 

120 71 68 

240 90 .85 

60 68 63 

120 90 80 

240 10 90 

60 63 56 

120 85 79 

240 99 90 

60 90 81 

120 10 90 

Mw 
(xl0-3) 

58 

90 

117 

48 

82 

107 

88 

131 

154 

76 

130 

153 

133 

153 

Mw/Mn 

1. 19 

1. 22 

1. 32 

1.15 

1. 20 

1. 26 

1. 40 

1. 64 

l. 71 

1. 36 

1. 64 

1. 70 

1. 64 

1. 70 

c..:i 

N 

~ 
\Cl 
:::! w 
~ 
~ 

"Cl g 
~ 
i 
ii! 
0\ 



~ 6 

-· 
Mt M MlliM [SM] [Mg] [Mg] 

u (volU (mM) [Li] 

UM20-1 nBuLi/Bu2Mg/nBuOH 1/10/11 90 7. 8 10 

Hfl20-2 nBuLi/Bu2Mg/nBuOH 1/10/ll 90· 7.8 10 

HM20-3 nBuLi/Bu2Mg/nBuOH 1/10/11 90 7.8 10 

tl"21-l nBuLi/Bu2Mg/Bu2NH 1/10/10 90 7. 8 10 

HJf2I-2 nBuLi/Bu2Mg/Bu2NH 1/10/10 90 7.8 10 

Hfl21-3 nBuLi/Bu2Mg/Bu2NH 1/10/10 90 7.8 10 

Hft22-l tBuONa/Bu2Mg 1/6 90 7. 8 6 

~1Jf22-2 tBuONa/Bu2Mg 1/6 90 7.8 6 

~-"22-3 tBuONa/Bu2M& 1/6 90 7. B 6 
. .. 

ll8'23-l tBuOK/Bu2Mg 1/10 90 7. 8 10 

llM23-2 tBuOK/Bu2Mg 1/10 90 1. 8 10 
-

11"23-3 tBuOK/Bu2Mg 1/10 90 7. 8 10 

lftU lft~M Conv. 
C'C) (min) (%) 

100 60 37 

100 120 59 

100 240 84 

100 60 70 

100 120 91 

100 240 100 

80 60 60 

80 120 82 

80 240 98 

80 60 62 

80 120 83 

80 240 99 

Mn Mw 
(xlQ-3 ) (xlO-a) 

34 42 

54 73 

79 131 

65 92 

81 134 

90 156 

59 67 

79 95 

95 121 

60 82 

80 132 

91 156 

Mw/Mn 

1. 23 

1. 36 

1. 66 

1. 42 

1. 66 

1. 73 w 
w 

1. 14 

1. 20 

1. 27 

1. 36 

1. 65 

1. 71 

~ 
"' ~ e 

a 
~ 
I 

I 
ii 

11 
i:i 

I 
.! 

,. 
j 
~-

i 
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[SM] [Bu2Mg] [Bu2Mg] 

(vol%) (dt) [BuLi] 

JtlfM-1 10 0.9 4 

lt!M4-2 10 0.9 4 

.lllft4-3 10 0. 9 4 

ltlff>-1 50 4. 3 6 

M-2 50 4. 3 6 

ltlflS-3 50 4.3 6 

8-1 50 22 2 

118>-2 50 22 2 

ltMl-1 50 22 1 

ltlJfl-2 50 22 1 

ltQ 8 30 13 0.5 

•s 80 6.9 2 

JtlftIO 80 6. 9 1 

3 4 

~ 7 

- t• 
(t) (min) 

80 60 

80 120 

80 240 

25 120 

25 240 

25 480 

50 240 

so-so 240 -so 

50 240 

50-+80 240 -60 

30 60 

80 240 

25 240 

Conv. 

(I) 

19 

38 

62 

l 

3 

6 

71 

100 

62 

100 

100 

95 

100 

PCT/JP97/00796 

Mn Mw Mw/Mn 

{xlO-a) (xl0-3) 

18 22 l.21 

33 43 l. 30 

45 70 1. 55 

ND ND ND 

ND ND ND 

o. 7 0.8 1. 17 

16 17 1.09 

20 22 1.10 

13 14 1. 07 

20 22 1. 08 

14 16 1. 14 

105 114 1. 09 

110 118 1. 07 
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II ft M [SM] [Mg] [Mg] HU -
(volU (mM) [Li] (t) 

HM24-1 Bu2Mg/sBuLi 80 6.9 4 80 

Hlf24-2 Bu2Mg/sBuLl 80 6.9 4 80 

lH24-3 Bu2M&/sBuLi 80 6. 9 4 80 

HM2s-1 Bu2Mg/tBuLi 80 6.9 4 80 

Hlt25-2 Bu2Mg/tBuLi 80 6.9 4 80 

Hfl25-3 Bu2M&/tBuLi 80 6. 9 4 80 

HM26-t Bu2Mg/StLi 80 6. 9 4 80 

UJ12s-2 Bu2Mg/StLi 80 6.9 4 80 

UJt2s-a Bu2Ms/StLi 80 6.9 4 80 

Ufl27-1 Bu2Mg/sBuOH(l/l) 100 8.6 -- 150 

il8'27-2 Bu2Mg/sBuOH(l/l) 100 8.6 -- 150 

tlM27-3 Bu2Mg/sBuOH(l/l) 100 8.6 -- 150 

UJf2a-1 Bu2Mg/Bu2NH(l/l) 100 8. 6 -- 150 

UJ!28-2 Bu2M&/Bu2NH(l/l) 100 8.6 -- 150 

U"28-3 Bu2Mg/Bu2NH(l/l) 100 8.6 -- 150 

UltM Conv. Mn 

(min) cu Cx10-a) 

60 40 32 

120 63 47 

240 89 68 

60 40 32 

120 63 47 

240 89 68 

60 60 70 

120 82 82 

240 96 91 

60 50 i17 

120 76 74 

240 90 85 

60 40 37 

120 58 55 

240 83 39 

Mw Mw/Mn 

Cx10- 3 ) 

36 1. 13 

55 1. 16 

84 1. 24 

36 1. 13 

55 1. 16 

84 1. 24 

82 1. 17 

101 1. 23 

114 1. 25 

66 1. 40 

104 1. 41 

120 1. 41 

55 1. 50 

82 1. 50 

59 1. 51 

~ 

r.n 

~ 
\0 

~ 
~ 
!M 

"" g 
~ 
~ 
~ 

I' 
j! 
;I 
11 

!j 

r 
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••• [SM] ~] [Mg] - Ml r.onv ltta "" •Iii -
(volU (161) (Li) (t) (•in) 00 (x10- 3) (xJ0- 3 ) 

BO BurUg!nBuLi (6/1} 100 8. 6 6 ao-.120 120 -30 100 95 103 l.09 

lt811 liluLi 50 4.3 0 80 -1 100 94 127 l.35 

ltllU2 It 100 -- - 120 240 21 250 437 1. 75 

*~ s o c:.. a o "C1: i 2 o ~JMt.,t:fit i 2 o *"t: a o *•~t..t-..... ... a o c.ltkffll 11 o.>t~,;i 
EB~l.>-!>o 

*~ 11 &;t.. MOOtt.. "t'Mtf.J&;:&~<i 5 0--1 6 O "CJ;:J:.JJ.Lf--.o 
*~ 1 2 '<1. ~ ~:fJJllli:~o *1ilt-:£-.J "?-{i-1t IJ 7-~ :J. ~ J-114J1;::NttBL;tJif~~l,,f=o 

~h-Ul001 

Mg Li Mg/Li 

bM3o 25 4 6.3 

Jtllllll ---- 30 ----
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~ 10 

~~§~-~©~~~-~SMa~* 

lnfil~ra, (~) 

IO 20 40 

~limiJIJ 3 0 38 95 200 

ltftiJI] I 1 90 190 410 

.lt~iJIJ 1 2 140 265 530 

~ l l 

~')7-lrtftt ~~~-cp 
~:ffJl(ppm) 

Mn x 10-s Mw x 10- 3 Mw/Mn SM •IJ?-

~111BiJIJ 3 1 91 319 3. 5 10 52 

lt~fll I 3 254 305 1. 2 16 75 

.lt.fJ(flJ 1 4 96 328 3.4 450 1810 

~ 12 

~tBlf*cp ~~#.O)H 
:ff:tf-t~ 
SMJI ~~tit* ~~~ ll*"C~m* 

(mm) 

~tif!fll 3 l 21 16 22 94 

lt~iJIJ l 3 28 12 21 38 

J±.~fll 1 4 558 15 22 93 
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L :l:~l?l**tfM0)9t~7 .::.~ / cXt.1"£:.fJ..., -C\t'~ 'fJ f"~ :.t0):1i;JBb~<M g l:~ 

Q'/J', .3-0iM g&rJM 1 (M' ,i, L i. N a&rJKiJ,i;tJ,:,jfiJ,IQ:Qlitn,:,1> 

5 tJ. < c. ti a•0)7 l'vtJ 1J~Ji4~tt>'? .. Mg C.M' O)~•-r1vanttJ< (MgJ / 

[M') ~4~QM~~-ftT)~tt5¢7=-~/l!~~ .. I~~Jlt45~~£2 

5 o °CW:"f, t:: =-1v~!ti:lt.f*O)J!~rtl1t&:.t.t-t,:,elltii< 4 5 wt%....., 1 o ow t 

%0)~¥f~~1:r? ~ C.iJ' i;t.r ¢ t::.::.111~1ift4*0JR/Jt!o 

2. IiaBnlS~lC. L"C (R 2
) 2 Mg (R 2 liWt1t1.k*~) ~!t!J!k"'t<JfJ\,'¢~ 

10 >J<Jji 1 aa•O) t:: .::.1i.-~m~1*0Jl¥ift/J~o 
3. m€1Dftflg~Jc. L -z-, · CR 2 

) 2 M g&rJR 1 M1 &rJ/JUaR' 0M 1 

(RI ' R 2 Ci~{tlk•tt. O&-;:tlt~mtT-.. M' Ii, L i ... N a&rJKX,,i;tJo 

Dt.i,i?i1Uin-!>1>tci: < c. t 1 aft0)7 Jvn •J ~Jn ~~2:n.?>~.tlii:.liiHl::~~rr:: 

s"?-c. Mg cM 1 ©~.a.:e-1vie11£.ti< [MgJ / [M' J ~ 4 tJoM~~tillt.:t-

15 ~•~ait~~~m \,' ofii!t>Jtll 1 B2tlOJ t:.::.Jv~Bi~4*0J~~1:17*0 
4. iWiC.~JM-c ;v•1.fl:O< [M g J / [M' J = 1 o -- 1 o o tJ. o no~~- t:. -t~ 

J.ltlJi 1 X £i 3 ic*"O) C:.::. JJ/~m: ftf*O)~ift1Ji!o 

5. mftlmlS~J<;L;-r, (R 2
) 2 Mg&rJR 1 M 1 &UR 3 OH&rf/JUi 

( R 3
) 2 NH (R' ... R 2 

... R 3 'i~Nl::7J<*~' Otilf~J.~Ff ... N&;t!i*mFf, 

20 M' ii, L i, Na &V:KiJ,&?tJ.?>lf:b,i?lftt!:tL¢1>tJ: < c b I fiUa>71vtJ •J 

~».I!) C:~~tt.~dt~~-t-, [Mg] > [M 1 
] &0:2 x [Mg] + [M 1 

] > 

[R 3 OH]+ [( R 3
) 2 NH] tJ.?>OO~~Miit.:T"J::?l:~ftL"Z"Jfl\i'omff:s:J< 

tj I ~c•O) t: .::.1v*lt~1*0J'2ia:1il!o 

6. r:: .::.111*.Qt:il:"'*OJ.m:a$ <ti•~) t.i< o -- 1 o %0)M~'.::Jo~ '"!°:1:€di.J.t 

25 t.i< 4 5 °C£t.t 2 o o °C.l;{l'"C' ti>~ ~JJ<Jfi I 1.:~cltOJ t: .::..Jv~mft.f*OJ~~1.ii:to 

7. ( R 2 
) 2 Mg &r!R I MI O)~-~Hl{tfl4?JJ,::;Jot '"!°... R l &V'R 2 (J) 

Mt11:7k*;m;O)~""';::*if-@i L "!°\i'oftit;tO):J)tJ: < C: t I -ylJ< 2 .f&PK~&V:/JO;;t 3 

kiPJt*""r:'~ t)' LiJ' t 2 k&Bt*&.<1/X';t 3 *&E}t;«(J) RI &UR 2 O)~· 

[R 1 
• :! J tr< [R 1 

• 
2 J :::: (Mg J -r::~ ~~3J<!J 3 - s <Dt '°fnb-. 1 rJH.:~c•cv 

111111111111111111111111111111 
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8. (R 2 
) 2 Mg &rJR 1 M 1 OJff«l~Sl{l:-@;!lo/Jt:~~ \"'(' R 1 &V:R 2 OJ 

MNt7J<;«1'0J1>tJ < ct> 1 -::>tJ<~ 1J -:t-Dt~7 .::.~ ::.t-C:it> .QM>1'JI 7 i2ltOJ t:::.. 

Jv~!i~~OJ~itt1i~o 

5 9. l!~M~~JcL'L, (R 2
) 2 Mg&rJR 3 OH&t1/JU;t 

CR 3 
) a NH (R 2 

, R 3 tiPJHt7J<;«a, OCilt*BR-'.f, Nii~*IRFf) C:~ 

~tL6~~~~2x [Mg]> [R 3 0H] + [(R 3
)2 NH]UgM~~~ 

t:. T .t ? l:.il~ L -r .ffl \i' o 1't>.l<li 1 J:~~-Q) c .=. Jv~liti'f*.OJ-~1.f1!o 

1 o. !t~~tlt.i<t.Jt{t.JJ<•~{t€1@J-e ct>.:, iftJJtll l 3C•Q) t: .=.1v~m-€1-<*(l)~ifi 

10 1.iit.o 

1 1. ~llff..H:. c .::.1v~Jl!:fl-f*OJ!i~~ft,\U:X'-t-t 6i'll.f:IJ< 1 O o w t %-C:© ~ ~ 

;:Jt!Ji 1 icti(I) t =-1v~li~f*.0Jtlifi1i~o 

1 2. m:~&:.£t~¥Pl±i•rp~fi? rt>J<lJi l lli3fi0) c.:=.JL-1*!!-€i--f*OJ~~1ii!o 

1 3. (R 2 
) 2 Mg (R 2 'iwUt.Jj(;il~) ~fttJ't:..::..;v~11t:ll.f*l[~fflfm~~Jo 

15 1 4. (R 2 
) 2 M g&UR I M1 &rf/~J!R I OM' (R 1 

' R 2 '~ti.iUt.71< •£ .. Q'j:fttt~ffiFf, M 1 ,j:, L i, N a&rJKt;,.;t,rg$tJ,i?ll&itti!>1>fJ: < 
Cb l lt~OJ7 Jv7J I}~-) ~1R:~ti,,0fftl~Ji1l:~~~ft~, ~Jji.:CJL/~TJl:Q< 

[Mg] / [M 1 J ~ 4 tJ~mlf*-~iillt.:Tc.::.1v~!11A.f*I~.ffllm~~Jo 

1 5. (R 2 
) 2 M g&cJR I M' &rl/X,-;J:R I OM 1 (RI ... R 2 'iER:1t7J< 

20 ~~ ... O'iB~JJiFr ... M1 ,;t, L i, N a&r1KiJ,t?tJ:.Olf:b,.;l!ei.tLo1>tJ: < 
ct> l llliOJ7 Jvt.7 iJ ~f.i) l:~~no~ltlt:JHl::~~~ft~ .. •i\.:e-1v•i1l.Jt 

tJ< [Mg]/ [M') =10,....10 ot.coOO~~ijfiijt:9t:.=:..Jll~ttill.f*~-@JfflM 

M:i1l'Jo 

1 6. (R 2
) 2 Mg&C1R 1 MJ &C1R 3 OH&V:/~Jj:( R 3

) 2 NH 

2s CR 1 
... R 2 

, R 3 ti.~JHt7J<~~ ... o t:tD~mFf, N ia~;tmFf, Ml ,;t, L i, 

Na&UK~;~.QD~G~~n6~~(chl850J7~~ij·~)~-~h 

¢1tft~~fs'~ .. [Mg]> [M 1
] &r.F2 x [Mg]+ [M' J > 

[R ;i OH] + [( R :I ) i NH] fJ:~ml.f*-.a:-~t.:-tc.::.Jv*••~:m:~mrm:M; 

ij!Jo 
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17. (R 2
) 2 Mg&rJR 3-0H&Lf/){ji( R 3

) 2 NH (R 2
, R 3 'i}.R: 

{t7J<:*~, 0 'ilt*m\T-, N 'i~*JJI{T-) -c_;~~ tl,¢{tft~~~d'j., 

2 x [Mg] > [R 1 OH] + [( R 3 
) 2 NH] tJ¢00~~nlt:"Tt::'.::.Jv~$ 

ltf.*m ft JD Bn~~lo 

5 I 8. ~~Ii 1 -1 2 iCtiOJtlift:/i#a:J: "".)-rfi.;nfi'-l t:.::.11.1~m:~~o 

i e. 7 .=.;;t ;:,.,m€f1:..t ":>-rm .;n¢ .A :r v /~:m:~f*~it> ":> -c, itOJ71-'T-11~ 

mM w /Mn ir< 2 . 0 ....., 1 0 • 0 -C:: it> t) , i1''"'.'.J A. 7' v ;:,.,~$:1t1*EIHf~O) 1' ') ";"­

O)~~:fli1< 2 5 0 p p m~ ~C-it.> Q A. 7' v /~Uf Hli*llnlt~o 

2 o. ~>JtJJi i s X'iafi>J<Il 1 9 1:ir3tt© A.-T v /~lflliMnJG@J~Mmrotmxia 
10 ~WP!ffl L-Cf~i?tt¢rotM-l*o 


