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<<?>?GB?

Bamg_gbabdadibfbq _kdbo k\hckl\ iheby” jguo dhfie_dkh\ f_|Zee
we_dljhggufb \azZzbfh~_ckl\byzZedbg*mdbfib p_gljzZfb _ilj khKhZ\dy' gh
p_gljZevguo gZijZ\e_gbc bkke_ _"h\Zdl¢"kYpbhgghec @bfbb fhe_
we dljhgbdb b fhe _dmeyjdhtd.[lKhempZf glZevguo ihabpbc hqg_
hif _ggh_\azbfh”_ckl\b_ b we_dljhgguc i_j_ghk ij_"~klzZ\eyxl kh]
ijhp_kku \ hkgh\_ dhlhjuo e_"ZI| wrki\ly uk \e@d fin‘we_dljhklZlbqg_Kk
we_dljhgh\ LjZgkihjl we_dljhgh\ \ jZfdZo we_dljhgguo mkljhckl
ij_~klzxel kh[hc azf_qgqZzZl_evducwigb®dljhggh]h \azbfyhX bkdinkkl\_gg
ijbjhrgukbkl_fZo khhiI\_IkI\_gdHbf@_ hid _ hif_Iblv qlhfZhgbldm
(SMM$§ b fgh]lhy” _jgu_ dhhj*bgZpbhggu_ kh_~bg_gby idinhk&kyhdshZ
fhlml jzkkfzljb\ZIvky dzd \_kvfZ m~h[gu_ kbkl_fu fh”_ebjmxsb
k\hckI\Z o0zjzdl_jgu_ “ey h[wmpgkabp HAKgblguo fZl_jbzeh\ f_I
kieZ\u b bo hdkb”u b "hihegyxsb_bo | _ogheh]bq_kdb agzZqgbfuft
o_fhk_gkhjgufb b Z~khj[pbhggufb[l7KAlhckIGZfb\uau\lZ_ | khfg_ gkt
h[klhyl _evkl\h qglh ~wldkdévghufc glZdewghlbg_kdBebZgih"h[guo kbkl
y\e ghbgb\_~ | bkke_"h\Zl e ¢ fhe_dmeyjgh]h fZ]g_Ibafz d \u”™
gh\uo dezZkkh\ mijz\ey fuo balg_ fgh]l]hnmgdpbhgZevguo fhe_dme
[22] Ihjbklu_ b exfbg_kpgZpdoluu h[t_dlu g_ebg_cghc hilbdb fmi
ijhlhggu_ b we_dljhggu_ fZ]gblgu_ ijh\h~*gbdb k h*ghcikltajim@plh Z
beb o_fhi_j dexqzZ_ fu_ fZ]gblu k ~jm]Jhc ij_~klZ\eyxl| yjdb_ be
gZghl _ogheh]bq_kdbo Kkl ]h [em " m23-3¢h KqgblZ Iky h[s_ijbgyluf
| _hj Ibg_kdhc hkgh\hc [mjgh]lh jZa\blby hkgh\guo iheh  _gbc f
ihkem ' beb deZkkbq_kd®hnafRlgz D 244FH-40@ < ihke_"mxsb_ ]h”u
NZgguo mqg_guo b \haléZz\g¥ miggpdbee dIb\h\ hij " ¢BpbhigZldvgh
"baZcgZ b kbgl_ azk\hWafZgguho- fh | jh[by” jguo dhfie_dkh\ i_
f I1Zeeh\ k ijh]Jghabjm_fufb fZ]Jgblgufb k\hcklI\Zfb beexkljbjmy |Zc
bkke "h\zZIl_ e c ij_h[jZgbouw\ZjllwjhZhc fZI _jbZeu \ khhiI\ _Ikl\bb k aZz
| ogbqgq_kdh]lh ijHldkkzL _f g_ f g__ b d gZklhys fm fhf_glm bar
kljh_gby b k\hckl\ iheby” jguo dhfie_dkh\ \ dhlhjuo "\Z beb [he\
k\yvaZgu fZ]gbhdtifgguf \azZbfh”~ ckl\b _f hklZ |Iky h~rghc ba Z
dhhj*bgZpbhgghd4®s4fbbljb wlhf \uyle _gb_ \aZbfhk\yab izZjzf_Ij
\aZbfh”_ckl\by k hkh[_gghklyfb kljh_gby iheby” jguo dhfie_dkh\
ihgbfzZgby fZ]gblgkild khAb[guo kbkl_f b khklzZz\ey | |1 _hj Ibg_kdmx
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h[f _ggh\yaZgguo kbkl_f k az~rZggufb fZ]gblgufb oZjzdl_jbklbdZfb
gZijZ\e_gghc fh bnbdZpbb fZ]gblhzZdlb\guo fZl_jbZeh\

=eZ\ZEBL?J:LMJGUC H;AHJ

1.1We _dljhggu hb jbg_kdb_ nzZdlhju hij_~_eyxsb_ ozjzdl_j
[by” _jguo dhfie_dkZo k g_kbff_Ijbgguf h[f_gguf njz]f_gll

DzZzd [m”~_1| ihdZazZgh gb _ kms_kI\_ggZy qgZzZklv ij_"klzZ\e_ggl
ihk\ys gZ ZgZebam we_dljhgguo b ]_hf_Iljbq_Zddoo naglhjhkelyxha
\ebygb_ gZ ozZjzdl_j b kbem fZ]gblgh]h \aZk¥haZgklhbyihedy”gpgdu
kbkl_fZo kh”~_j"Zsbo dzZd kbff_Ijbqgu_ 1Zd b g_kbff_Ijbopgigyd[f_
jZa"edl jZImjghlh h[ahjZzba&hys gipxZgZelbamklguo ebl_jZImjguo
ih bamqgq_gbx mdZazZggh]h \ebygby \ kbkl_fZo k g_kbff_Iljbgguf h[

>ey fh’bjB\Zgby \ebygby ijbjhdYu\hfc Kljmhiiwg_kbff_Ijbgghf h[f_g
njZf_gl_ b hp \adibfgh]h \ebygby ~"\md[fdHgghé¢h\ \aZdiiNDyueb
kbgl_abph\B bkke_ _"h\Zlgw® _jgu_ idhfku -[d&khf db\uo ijhbgum" -
"bZfbghijh2-Ahge Z il b2 k jyif [b*_glZlguo }dE2h]sggo Zp_ldlgurbZah
] I _jhpbdebq_kdboub[fhklhdibyZaheZzgbhgPyr), Zahbg"tzgB&h g hAz),
1,10n_gZgljhel@ten b -[eibjb bgBipy) [48] HWHf ggh_ \azZbfh”_ckl\b_
"M\mfyohgzZfb fll*bjueh bamqg_gh \ || ZfjdoAFT k ijbf_g _gb_f h[f_gg
dhjj_eyygh]h nmgd@BPrhgXdZab-B1L1G(d).

: _N \/l\/ N—
R = CH3, CH2C1, CC13, CF3 N/’> (Pyr)m (Az), </ :/ \> (Phen)

FZ]gblgu_ k\hckl\z dh¥igej_dkhX\e_guz\epl DZd \b”"gh "ey
dhfie_dkh\ o0zZjzdl_j g Zglbn_jjhfZ]gblguc h[f_g AZf_s _gb_ h:
\h*hjh"Z Zp _1Zlghc ]Jjmiiu gZ Zlhfu oehjZ ijb\h"bH@& ghkeelZ peZ fg Iy o
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gZ nlhj ijb\h”*bl g_ d “fhewgf agvr _gbx dzZd ke Hh\Zalv [k mq_l
we_dljhf_jghlh wnn_dIZ nlhjZz Z d m\_ebq_gbx h[f_ggh]lh izZjzf_1

LZ[ebpZFZ]gblgu_ k\hckl\Z difh2 _dkh\

Lbi dhfie_d R@ T, K HwnF ;* 2], kfl

82 0.75

1 CHs #HA73
284 1.59
82 0.97

1 CHCI #A34
288 1.61
82 1.17

1 CCls 16
293 1.74
82 0.77

1 CR 88
287 1.56
78 0.25

2 Pyr 832
296 0.99

2 AzZ** +33.4
296 1.66

2 Phen #2
78 1.53

2 Bipy 0

Wnn_dlib\guc fZ]gblguc fhf_gl jZkkgblZg gB[f b €_iZjezedZ |
hij_~_e [49]\

DZd ihdzZaZled [80], aZzf_gZ Zlhfh\ \h*"hjh"Z gZ ZIlhfu ]Zeh]_g
fhklbd_ "he gZ ijb\h”*blv d m\_ebq_gbx h[f_gdgghnagbfhlgleigh
Ibiz qlh y\ey |ky ke "kl\b_f ZglZ]l]hgbklbg_kdh]h wnn_dlZ ijb \¢
hif _gZ \ g_kbff _Ijbgghf h[f_gghftmjZjfaglZedhdkb”guc dbklehjl
dZj[hdkbeZlguc fhklbd <i_j\u_ 1zZdhc oZzjzdl_j \azbfh" gz kI



6
g_kbff _Ijbgghf h[f_gghf njz]f_gl_wdki_jbf_glZevgh h[gZjni5]g G
>ey _]h h[tykg_gby [ueZ ij_"~eh _gZ fh”_ev Zglbdhfie_f_glZjghk
njz]f_glhs82-54 JzZkkfhljbf nhjfm fhe_dme-yhjgbbZzekibg KFHyluaz
g_kizZj_ggufb we_dljhgzZfb \ \ukhdhkibgh\hbkntgghdk hkldhygbhbkhdZz)
wg_jlbb fZ]gblgZy KFH khhI\_IklI\m_I ZglbnZzZ&g@hohghf\{bfgZpblkz Gl
gbadZpo kbgnzaghc dhf[bgZpbb |Ijb wlhf h[_ hj[blZeb ybélyxiky
hlghr_gbx d k\yayfzefb]|Zg® b fxWdad ] _gguc fhklbd ihwlhfm
i_j_dju\zZgby ftel@lezgg™ [m~_I| ijb\h”~blv d ~_klZ[bebaZpbb wlbo
wg_jlbb Z mf_gdrkighbebazZpbb mf_gvr_gbx wg _j]lbb Ilhke "h\
Zlhfh\ \h~"hjh~Z Zp_lzZlghc ]jmiiu gZ we_dljhghZdp_ilhjgu_ ZlIh
hllyl]b\Zgbx we_dljhgghc iehlghklb hl Zlhfh\ dbkelhjhitZ hlZfZa
ke "klI\b_ hkeZ[e_gbx \azbfh”_ckl\by wdah]_ggh]h fhklbdz k dz

Cu---Cu Cu2L+ OAc- Cu2LOAc

Jbk Ko _fZ \azZbfh~ _ckl\by FH

Wilh ih~I\_j"~Z |ky baf_g_gb_f hilbfZevguo ]_hf _Ijbg_kdbo i
jZkklhygby&X khklzZ\eyxl CHg Cte@l, BECE, CR
khhi\_IkI\_gd¢h[ebpijb\_" gu wg_jlbb \_jogwe KFH ght+Rhkb6hygbb
\ _ebgbBZd\Z*jzZIZ jZaghklb f_"~m gbfb JZkkgblZggu_agZq_gby
kh_~“bg_gbc dhjj_ebjmx!| K\ @bfgblgder  jZaghklv whjjbbbekidgy +¢€

khklhygbb lef [WljbpZl_evghc [m”~_| \_ebgbgZ - qlh khhl\_lk
Zglbn _jjhfZ]gblghfm \aZbfh” _ckl\bx <uqgbke _ggh_agZq_gb 3iZj.
(£ kf kh\iz~Z_| k wdki_jbf_glZzevghc kfebfwmggd! _evgh_ ~_ hld

hl wdkbf glZevgh gZ[ex”"Z _fhc |_g”_gpbb blazf[egp X bly h]H_ZGlkhexlc
\_ebgbgu hif_qgq_gh "eyldhBEH®RKIOBIE h\ f _gvr_c kl,k §b ®)-1_hj
khhi\_1klI\_ggh khkk2\eyxlbt k < jhylghc ijbgbghc ghlhgBhafiz |



;
"hihegbl _evgmx dhhj*bgZpbx fhe_dme u jZkl\hjbl_ ey dijlhhgpdbb
"Zgghlh ij_~ihehJugbiyh\_~ g jZkqg_I| hilbfZzevghc ]J_hf_Iljbb &b
\azZbfh”_ckl\by \ fh* _evguo3kh\ _dhghjgloyd h*ghfm ba bhggbl fe#lgh
dhhjr*bgbjh\zZgzZ fhe_dmezZ f_lZgheZ ijhkljZzgkl\_ggh_ kljh_gb_ ih
=CHs ijb\_"_ghjlgkZmd _

LZ[eb@ZtWg jlbb ZKFH we dljhghd_klZpb_c kibgz \ \ukhdh
khklhygbb dhfie dkBAbkiZ jZaghklb f_“~AmPgBfb

Lbi F{QQ <AFH| <AFH (7

1* 0.3167 0.3256 0.000079
1 CHs .1670 .1753 0.000069
1 CHCI 0.1734 .1820 0.000074
1 CCl .1789 4.1887 0.000096
1 Ck .1780 £.1868 0.000077
2 Pyr .1610 0.1745 0.000182
2 Az 0.1676 0.1746 0.000049

DhhjAbgZlu ZIhfh\ dzd M(RHCH) dk _
X O
N | o 2.5019

Cu

R = CHS’ CH2C], CC13, CF3

Jbk £Kljh_gb_ dhfie_dkgh]h 8hD lbgklghygb_fh” evgud §& "I
ijbf j_ 5 s&F

MklZgh\e _gh qglh gZebgb_ ZdkbZevgh dhhj*bgbjh\Zgghc fhe
mf_gvr_gbx §Z kf\ugbke _gghc \ _ebgbgu - “ey \k_o dhfie_dkh\
ihjy~hd baf_g _gby iZjzf _|jZz h[f_gzZ \ jy*m fhkibdh\uo njZ]f_Ikih\
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azZf _lgZy ibjzZzfbr"ZebazZpby dhhj*bgZpbhgghjbkmadd blagi”ys”bh,,
iehkdhklb “hghjguo Zlhfh\ d fhe_dme_ jZkl\hjbl_ey < kemBbZzZ_
l[jbnlhjzp _1ZIguf fhklbdZfb ijb mqg_I|_ fhe_dmeu f_lZgheZ\Kk\MfidZ 0 ¢
f Th*Z “)%6 b wdki_jbf _glZevguo agZq_gbc M fkiggdhtb likzy Ziff ZId | b ¢
dheblg\_gguf =* b#34; + b+ kf “ey 5 ,&® bz &hhI\_IkI\_ggh

LZdbf h[jZalueh ihdzZazZglhh*ey 1j_o kh_7~bg_gbc jy~rZ dhf
1Zeh]_gzZp_IlZlgufb fhklbdzfb \ jzfdZo f_Ih~Z 3gZjmr_gghc kbff_
gZ[ex Z_fmx ihke_~h\Zl_evghklv baf_g_gby - b k \ukhdhc Ihqgl
h{f_gZ ijb mkeh\bb qlh \ kemqgzZ_ Zp_IlzZlgh]lh fhklbdZ *hih
JZkI\iibl ey g _ gZ[ex™Z |ky Z \ ketmbgbnlhjgpboeddighphh~ bgbjm _Iky t
fhe_dmezZ f_lZghezZ >_ckl\bl_evgh gZebqb_ dhhj*bgbjh\Zggt
"hdzZazZgh ~Zggufb JK: khhl\_IklI\mxsbo fhghdjbklZeebqg_Xk@b®» h]
CH2& O [ueZ baM&_d&«Zjh_gb_ "Zggh]lh dhfie_dkz Z |zZzd szittdZdazdh
g4bknga._

Jbk tljhkljZzgkI\_ggh_ kljh_gb_ fhe dinke5dhfg&OdkKh\b & [ &)
ih "Zgguf JK: weebikhlwaudheelfZgbc ijb\_~-gucK_jhylghklvx
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LZd _ h~rghagZqggh f_Ih~hf JK: [Gbe hgthdzZdjbkhZeeZo kIh(R=bg
CH: ~hihegbl_evghc dhhj*bgZpbb fhe_dmeu jZkl\hjbl_ey d bhg
ljbgbghc gbadh]h wdki_jbf_gl@lewdnfhgazgXgkemqZ_ ljboehjzp_12ZI
fh™ | [ulv j_ZebaZpby bkdZ _gghc dhgnhjfZpbb dhfie_dkzZ >\Z iy
k mgzklb_f Zedhdkb”~gh]lh ZIhfz dbkehjh~rZ ~"bZfbghijhiZzghevgh]t
A\mo jZaguo dhgnhjfZpbyd&ky Mdglbkypnshicng\ _jlZ \ hrghf pbde_ \_ji
kh\iz"Z | k Zlhfhf m]e_jh£Z )jmjimjth& ZIhfhf m]Je jh~Z f _Ibe_gh\h
(jblngHY

Jbk tBkdZ' _ggZy dhgnhjfZpbg(@kG@k dZZhAth~hjh~"Z g_ ihdZa:

>ey \k_o dhfiel 8kd¥  ggZy dhgnhjfZpby yley |ky ehdZevgl
ih\_joghklb ihl_gpbZevghc wg_j]bb [1TW <uqbke_ggZy hlghl
dhgnhjf_jz mklhcgb\hklv \_kKuffegp BZeZKhklzZ\ey | f_g__ ev ddz
ke _"h\zZl _evgh fh _I e_]Jdh i_j_dju\Zlvky \aZbfh”_ckl\byfb \ djbk

LZ[ebpZ £ JZaghv iheguo wg_ j]lbc kbff(EkihqdudkdZ  og gfuu
dhgnhjf_jh\ dhfiebdZh\

R | 0( KbrtEoka ddZe |
CHs 0.23
CHCI 0.30
CCl 0.37
CRs 0.41

<ugbke _ggh_"ey bkdZ  _ggh]h dhgnhijf\jaAhaieZaqk@ = CCk)
agZqbl_evgh fxgvkf q_f ~ey kbff ljkigghkR qglh h[mkeh\e gh
\k_]h [hevrbf i_j _]b[hf h[f_gghlh njZ]f_®tZ4 iH[ eblgtibk& " | evk
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agZgq_gb_ izjzf_ljz h[f_gZ \ugbke_ggh]lh ”"ey 4Zijbhgghihljdbf
khhi\_lkl\mxs_c¢c bkdZ  _gghc dhgnhjfZzpbb dhfiéf.dkbgbghc wlh]
yley |Iky jZaebgb_ \ baf_g_gbb wg_j]bb KFH ijib k\ya}i&tjbkgbkil_
5 Ke_"h\zZl _evgh mf_gvr_gb_i_j ]b[Z aZ kgq_|I| \ebygby djbklZee
ijbgbghc m\_ebq _gby izZjzf_|jZz h[f_gZ ih kjZ\g_gbx k jZkkqgblZz
fhe _dmeu ~h wdki_jbf _glZevgh gZ[ex"Z kith(QIfZ [sbgpZy _gby

R R]+

— 4 —
— LV N
le} N
N/

Cu---Cu Cu,L*

Jbk +>bZ]jZffZ FH ijb bkdZ _gbb dZlbhggh]lh dhfie_d

Dzd [m~_| ihdZazgh gb _ hkglhvgujb\urh¢gagtid”_e_ eblh[ahjZ
[ulv bkihevah\Zgu b “ey | _hj Ibg_kdhc bgl_jcj fiZjlgbdhbkhlhqgggt
ih\_~ gby h[fk\gy@tZgguo kbkl_f hibhkiZgguogbb j_ anaZlbk? 2.3.

Kbkl _fu kh” _jZsb_ g_kbff ljbgguc h[f_gguc njz]f_gl dzZzd
j_Zebamxlky JezZ\guf h[jZzahf gZ hkgh\_ Zahf Ibgh\uo b ]b"
jZaebqgqguo dZj[hgbevguo kh_"bg_gbc Ijb wlhf gZijZ\e_ggZy
dZj[hgbevguo ijhba\h”guo iha\hey | \ jy» kemqgZ_\ ihemqgZlv C
dhfie_dkhlbZzgb_ dhlhjuo "Z _I|ky \jEa* @kxls {ZImjgh]h h[ahjZ

1.2FZ]gblgu_ k\hckiW ifeeby” jguo dhfie _dkh\ k g_kbff_Ijbc
h[f_gguf njz]f_glhf khihklZ\e _gb_ | _hj Ibg_kdbo b wdki_jbf_g

< jZ[h]56] [ueb ih”jh[gh bkke_ "m\gw fA\hckl\Z [by”_jguo dh
f b ,, b \uyle _gu dhjj_eypbb f_ ""m o0zZjzdl_jhf fhklbdh\hc ]jmi
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agZqgq_gb_f izZjzf _|jz h[f_ggh]h \azZzbfHZewlgllbyZgZeba fB][§bdgh}h
[by” _jguo ijhba\h*"ghid®6lbkh”_ j"Zsbdjjhdbevghc gZklb Ilhabevguc
ihal\hebe ijhke_~blv \ebygb_ ~Zggh]h njZ]f_glZ gZ nhjfbjh\Zgb_
k\hklI\zZ f_1Zeeo_eZlh\

< jZ[hl_[ueh ihdZaZgh qlh aZf_gZ Zp_lzlgh]h fhkibdZ \ ]_1_j

fhe _dme_  ijb\h”blZqgbl _a@gghfm m\_ebqg_gbx Zglbn_jjhfZ]gblg
\azZbfh”~_ckl\by WIh y\e _gb_ fh gh h[tykgblv ml_ e bdj\Wogblyh gl 0] ]
fZlgblguo hj[blZze_c f_~b ,, k fhe_dmeyjgufb hj[blZeyfb ] _ I _jhj

qlh h[uggh ijb\h~bl cxrZighkengifhfz]g Ibafz

Ts Ts

X =Pz X = CH,C0O0, CH,CICOO,
CC1,CO0, CF,CO0

gZeba bf_xsboky ~“Zgguo h fZ]gblguo k\hcklVZpi8dbh He66dk hi
d\Zglhotbfbg_kdh_ fh”_ebjh\Zgb_ h[f_g[50 6368 fihiji\adlgn ZebazZpb
kbff Ijbgghc kljmdImjia IpiZihezZ]Z | kbevgh_ Zglbn_jjhfZ]gblg
\azbfh”~_ckl\b_ f_""m bhgzfb f_IZeezZ azZ\bkyp\écklhla@ie kdhilZagg\cc
o_eZlghf njz]f_gl_ 1Zd b \ kZebpbeZev”™_ ]b%ghkemagklbdtké)\dm
gZ[ex”Z lky Zglbn _jjhfzZ]gblguc h[f_g kj60gt ¢ kbeuzZ -]1h \_ebgbc
kbevgh azZ\bkbl hl ijbjhru a&6Z69klbl_e_c >

B
X
o— NH
X
ON A\ o N_N\ /\‘\
L(/X/ u / Y
e <
_N\N¢I\N/N_ K~ o
H

Ta

X =0, A =CH;COO (7a); X=0, S, A=CH;COO", B=CH;0H, DMF (7 )
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DZd [ueh ihdZapdle gqZzé&bb_jZImjgh]lh h[ahjdZja@dkgEZIgh]lh fhl
gZ ]_I|_jhpbdebqg_kdbc njz]f_gl ijb\h”bl d jZ"bdZevghfm baf_c
fZlgblgh]h h[ff_ g4 iZzjzfzZ]gblgufb p_gljzfb

GZijbf_j\ kemqgZ_ ibjZgbbglk | _Zebamslkkl\ _ggh_ m\_etl
Zglbn_jjhfZ]lgblgh]h hif\ggbfh” _ckl\by glh ]h\hjbl h z
dhfie_f_glzZjghf \azbfh~_ckl\bb dzZgkXbhi\_hpfgglZf \npf_gghf njzZ]f
Lzd [66] hibkZg kbgl_a [by” _jguo dhfie_dkh\ f_~b 8,9 bbobkljeyI|m
mklZgh\e_gZ f_Ih~Ahf JK:

@) 0]
: N
\ N
O\ - \ O
\O’
NS

M = Cu (8), M = Ni (9)

AN

< dhfie_@8Kjbkmgtsd dhhj*bgZpbhgguc ihebw?j h[htbok @Zhfly\g &
d\z~jzHIdehg gb_ ZIhfh\ f_~b hl iehkdhklb AGghhlgld\esihfh\ 1 c -

& X b c "ey &X Fhe dmeZ dhffbeiedkkd ZjZz dtbop]jkZgguc m]
dhhj*bgZpbhggufb iehkdhkkhflol B\ ey | f k fbgbfZevghc ibjzf
Zedhdkb”gh]h ZzZlhfz 2 kmffZz \Ze_glguo m]eh)\ f <
&X 2  &X jZ\gZz f < p_ehf kdikB gbkvfdhffjebadh d kljh

[by” _jguo dhfie_dkh\ f_~b gZ hkgh\_ ijh”mdhbZ tbhgg ] lyikZgmhitetz
ijhba\hrgufb kZebpbeh\h]h Zev”_1b”Z k ibjZzaH®Z1§36h 7hklb
DjbklZeebq_kdh_ kljh_gb_ kh9{pgmglsgd gbki*egly ih kljh_gbx k kh_:
f_ "Bb ozZjzdl_jbam_I|ky [ebadbfb djbklZeeh]jZnbqg_kdbfb izZjzf_I]
2 91zZd"_ ijZdlbg_kdb g_ ibjzfb~r"Zebah\Zg kmffZ \Ze _glgu® m]
0ZjzZdl_jbam_lky ~"hklZlhgqgh kbeXpodl ggfbnfjjhif+ - kff AgZqg_gt
h[{f_gghlh izjzf_I1jZ gZoh”~blky \ ij_~_eZo o0ZjZdl_jguo "ey hibl
f "b,, kibjZzahezZlguf fhkibdhf-§lzk kiZgeh\pbel3"pZfbghijhiZgtbeZz
_]h ijhba\h”"&dc 300t kf) [45, 60 70@ dhfi® d#&Zd b ke _"~h\Zeh h
"bzfzZ]lgbl_g >ey |I_hj_Ibg_kdh]h bamg_gby h[f_gguo \aZbfh”_ck
f_~b 8ijh\_~_g d\zZoglhhthg_kdbc jzkq_I izjzf_ljz - \ jzfdZo f_lh’
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kbff_Ijbb” JZkq_I| h[Zj@dhljz ~ey hilbfbabjh\Zgghc ]_hf 8jpd\ défi
d kh]eZkbx k wdki_jbf_glZevgufb ~"Zggufp[7l-1_hj

Jbk zKIjmdImjZ dhfie bakh\

ljZdIbg_kdb iezZgzZjguf b "~hdZazgguf j_gl]_agbklimh]ed§hx Ik
[by” _jgu_ dhfie_dku f Y blhizgZz hkgh\_ ijhba\bhrggiBef |b-é-
nhjfbeibjZzahehdgzZz _1h IbhzZgzZzRh]ZB@> qlh h[mkeh\eb\Z | \uj
Zglbn_jjhfz]lg_Ibaf dhfiel®ibdiRl2ey bt kf khhI\_lkI\_ggh

O\ /O
Y
o}/(N’N\ 0

\O’M\
—N N=—

M = Cu (10), M = Ni (11)

lib azf_g_ \ ijhba\le~gthiZaheihigZ gZ ZazbgfheRh ~bd2ghb _
ZgZeh]bggh Ihfm dzd [ueh hIfZpelgm_ kr ~Bg 2gb5 $] ijhbkoh”
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jZ"bdZevgZy ljZzgknhjfZzpby fZ]gblguo k\hckIkI\\gghltkl\lbkdZm
kljmdImju dhfie_dkZ bah[jZKkmgfhc gz

N(2)
o(1) N@G) N(I)
N(5) s(l)
N#)
N(6)

O3
04) Cu) Cu(l) (3)
0Q)

N(7) N(8)

Jbk tKljmdImjz dhfigd\dkz klZ\e _gbb ZIhfh\ weebikhbrZfb |
kf s _gbc kghc \_jhylghklvx Zlhfu \h~hjh~Z g_ ihdZaZg

< fhe _dme e dtkZ~\Z ZIhfz f_~b 1Zd _ k\yaZgu q_j_a ljb fhklb
ZIhf 2 ZIhfuci8)+l ZazZbg/ZgeigZ b q_j_a keZ[h dhhjrbgbjh\Z

fhe_dmeaFKH G_kbff_IljbgguZazZbg™iZzgdlhg ij_"hij_"_ey_| 1z
dhhj*bgZpbhggaohkKh\ jf ~b \ dhfiz dXkklhygb+1&X azZf Igh f_gvr_
Cu()#1 b c khhlI\_IkI\ _ggh Dhhj*bgZpbhgguc il

k\yvazZzgghlh k zZlhfhf ZahlzZ r_klbge_gghibhhghdjhZ Zm Fhopgdhe A1 "
l[jbl]hgZevghhibjgfbrhc b d\zZz~jZlghc ibjZzfbrhc [eb _ d ihke_"g_c

ihebw”j ZIhfZz+@XZ"jZlgZy ibjzfbrZ :lhf f_~b \uoh”bl ba ieh
"hghjguo Zlhfh\ 2 2 1 1 d Zlhfm 2>FKHhgeZ dmeu C
R_klbge_gguc o_eZlguc pbde ZIhfz &X ijZdlbg_kdb iehkdbc \
ZIhfz &X bf_ | dhgnhjfZpbx dhg+t ZlIlAf ¥de#hrdehgy |ky hl kj_
iehkdhklb hklZevguo iylb Zlhfh\ gz ¢ Fhklkds\uk\ _Zd
ibjZfbr"Zebabjh\Zg kmffZ \Ze _glguo m]Jeh\ ijb g _f jZ\gZ f1_j
12 ijb\h~bl d g_[hevrhfm agZq_gbx m]ezZ ijb Zedhdkb”~ghf fhklb
&X 2 &X jZ\ghfm f "~Zgguc ]_hf_ljbgq_kdEdIhu I

hij ~ eyxljhfZ]gblguc oZjzdl_jiRr[f-gz \ #f

;bkZahf_lbgl#3-"bZfb-ghjhiZzghezZz o0zZjzZdl_jbamxlky g_ lhevc
\ZjbZ[ _evghklvx dZj[hgbevguo njzZ]f _glh\ b dhgnhjfZpbhgghc ]
ebgd _jZz gh b \hafh ghXklexgagtZlij nhjfbjh\Zgby g _wd\b\Ze gl
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kmi_jh[f_gZ ih wg”h]_gghfm fhklbdm h[jZah\Zgghfm Zedhdk
bahijhizghevghc qzZklb b "hihegbl_evghFfiodmd ah] hggd fin ' gh e_]dh
ba [hevrh]lh dhebq_KklI\h ijhkluo blb"kglgdhs, 7479@ Kj_"b glyucZal
fhklbdhkh[_ggh bgl_j-&Zg_pm kihkh[ghklb ~_ckl\h\Zlv \ g_kdh
dhhj*bgzZphbN: 1Zd"_ gZaulZAdhgeddhgfpmEj_ "bfhf begh:N:s [Zd _
gZau\Z_PRgZqgZzddhgpn?Hj_"Hhf \ azZ\bkbfhklb hl dhgnhjfZpbhggt
itheb”_glZlgh]h eb]Zg®"Z b ehdZevguo dhhj*bgZpbhgguo kj_” bhg
NZ | dhfie_dku k i_j_f _gghc y*_jghklvx {ZEdmllydijd E | bihkbleMg
Zgkbthkbewdgm jjhfZz]gh|§80-87).

Djhf_ Ih]lhey kbgl_az [by”_jguo dhfij dkdhhh\ dhg”_gkZphb
"bZfbghijhiZgke4Zaebqgufb dZj[hgbevgufb ijjhuesbhbBgufdvah\Zgu
k_e dlb\Nidhh[jZggu_ fhklbdh\u_ n#3]8880@ 1Zzd th~f flhe _dmeyjg
kZfhk[hj®b93¥@ GZijbf_jZ[hI88@ [ueb bkke_"h\Zgu |_djhfyeée ddkw_
gbd leyb f Ntb \ dhlhjuo [py” njZ]f_gjlukh_ _"bg _gu q_j_a ]_| _jhpb
hklzldb -2"B57"bf IbeibjZzahezZju :©HIbeb kbevgh_ ZglbnghpjllgftZ]
\&Zbfh”~_ckl\b_ f_""m [byfjZgpbfufdolzfb dhfie dkH\ flZ28d dzZd agZg
iZjZ_ljZh[f_gZh = A38cf? o0ZjZdl_jbamyg_jglke njZ]f kdlihklZz\bfh |
agZq_gb _f izjzf _IgZ K[f"Mmfwnjz]f _glZfld = #9 cf? Hg \b”gh ¢
\azZbthckl\b_ \ ilgké %kemqzZ_ ghkblggdic o0Zjzdl_j b |j_depaam
]_I _jbplebg_kdbc fhklibd fhe_dmeyjgu_ hyfthhZebb\gHlhd hghzxlky |
fZlgblgufb hj[blZeyfb Zlhifh\[by~*dyo njZ]f_gPKeb 1Zdh_ i_j_dju\
g\hafh ghz]gblgufcf hg f_"*m [by”_npgdib_glZfb eb[h \hh[s_ hlkmlklI\
ghkbkeZ[h\ujZuggn_ jjhfZ]gblguc ozZjzdl_j Ih” I\ _j"~ gb_ wlhfm
j_amevlizZlZo [[@Ilu\ dhlhjnt_jdu_ dhéikku f_~b koh b_ k kH3"bg
k\yazgu\ba~ghf_jgu_ p_ib azZ kq_lzZizKkzlgdd h\gi&Zhcghc dbkehlu

R3

2 2
R O '/ (e} R
\ \C/

Cu—r >

_N\J\/N_ R!=H, Cl, t-Bu;
13

R2=H, Cl, t-Bu, NO,;
R? = CH; CH,CI, CCl; CH,-C¢Hj

KljmanjXur_mdZaZglgébh jZ iklZ2\e gib@g¥g8 KeZ[ucjhf4d]gblguc
\d&” azZz kqg_l \azZbfh~_ckl\byrfjgofmbjZzhf_glZfb \ dhg_dghghh]|
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\azbfhekl\b_ Zglbn_jjhfZ]gblg@IkF iz kf), 0Zjzdl_jbamxs__ [by~?
njzf_glh[tykgy Iky Z\lhjZfb hjlhlhgZevjguwfjubdgBy? hj[blZe c ZIhfl
f AM) hAghlh [by”~ _jghlh njz}fhjgbZes @§Zeh]bgguo ZIhfh\ khk_~g_

N3
N(1)

0(2) NQ)
Oo(1) Cu(l) Cu(2)

o(5)

o4 9O

Jbk =Kljh_gb_ ihebf_jghlh dhfi_dkN-fbktkZebpbelt® g
AbzZfbghijhiZgh&hffhkibdh\ufpf ngZZfbZgbhgzZfb-ZZpZh_gahcghec
dbkeh18)

?s_ h~gbf ijbf [phyf*gjuo dhfie_ _dkh\ gZ hika\ihWgujdhh hkgh\Zgbc Rt
1,3 "bZfbgphizgheZ y\eyxlky j_amevIZIy90@[hlilnk\ys gghc bkke “
| IjZzy”™ _jguo ijhba\h”"guo dhfdd|dkng 9dizZ
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Jbk £KIljh_gb_ I _1jZy™ jgh]lh dhfie_ dkiZa dZ" bkgh\lilizkt
[jhfkZebpbeliB3pZfbghijhiZghkethklbdh\uf njzZ]ftZgdbhghf nmfZjh\t
dbkehlu

Ba ijb\_~ gghc kljmdIimju ke_~m_| qlh ~\Z o 34Z\gwyMnjiZglhc
fhe _dme_ kkmggh ZdhieZgZjgu ~bw”jZevguc m]he khklzZ\ey |
f "ey 5 &0 b %U khhiI\_IklI\_ggh \Ze_glgu_ m]Jeu &X 2
jZ\gu f AgZqgbl_evguc i_j_]b[ ih ebgbb kh_"bgyxs_c
h[mkeZ\ebkxzf Igvr_gb_ i _j djul\Zgby fZ]gblguo hj[blZe_c¢ Zlhfh!
ke "klI\b_ \ujZ' _gguc n_jjhfZ]gblguc 0Zjzdl_j h[f _ggh]h \azZb¥h"
lrey 5 &0 %U khhI\_IklI\_ggh f_"fhe_dmeyjgh_ \azbfh”~_ckl\
dbkehluyy\lky ij_g_[j_"bfh fZzeuf Ijbf_jhf \hafh ' ghklb ihemq_gby |
Zjobl _dimj y\leyxlky j_amevlZu GZ[ hllugh\_ [by” jguo di3iaeZfdkgh\cl
Zp_1Zlghlh fhklbdz gz ]hkjizdhkddhjbgghc dbkehlu [ueb ihemqg_
ijhba\h#dl5 ko_fZ ijb djbklZeebaZpbb dhlhjuo ihemgbehkv \u”_e
1D-ihebf_jgu_ p_ib k\lyamxsbfb a\_gvyfb f_""m [by”~_jgufb njZ]f_g
fhe _dmeu \jib’kngHO).



/ u—
/ (e}
Q > + MeOH 0 o
é —° N\c/
/ u U\O
v\ / _
/] 0
OH
15 oH
Ko fZ
0(8)#2
0B3)"
o(7)
0(8)
0(3)
o7y Cu(2) NO
0(4)
0(2)
0(8)"! N(1)
" o) Cu(l)
o(1)

0(6)"

Jbk +Kljh_gb_ njz]f -@lZib'ihebf jgh]lh dhfie _dkZ ihemqg_ggh]
[by” jghlh f 1Zeeho eZIZ15. ~b ,, IbiZ
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< "Zgguo dhfie_dkZo dZd b ke_"~h\Zeh h ' b”rzZIlv f_"fhe_dme
hikmlkI\m_| I[Hdbdbg_kdh_ ih\_~ gb_ hibku\Z _Iky ~bf_jghckih"_e
<aZbfh”_ckl\b_f [by” _jguo 18hfife IAghe_k f_IZghevgufb jZkl\hjzZ
[ueb ihemqg_gu hdlZy”® jgu_ dhfigbkikghid92pb ,,

'p_l1Zlgu_ fhklbdb [ueb azZfhdkbevpaw¥p dhlhju_ b yleyxlky k
a\_gvyfb ijb j_ZebazZpbb hdlZy” jghc kljmdImju :gZeba "ebg k
h[f_gghf njZ]f_gl_iha\hebe ~ZIv kjZ\gbl_evgmx bgl_jij_lZpbx jZk
ijb[eb” _gbb h[f_gguf iZjZ4, Ne¥kbkl_fu ij_"klZ\e_jdhdkmcgd.Z

Jbk +Kljh_gb_ hdlZy~ jghlh dhfieitdki@qf_ddh]lh ba bkoh~g
[by~ jghlh dhfie d%Z Ibiz

Jbk +Ko_fZlbqg_kdh_ kljh_gb_ h[f_gghlh njz]f_glZ hdlzZy~_
kljmdimjz dhlhjh]h ij_~KkZne ddZ gz
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AgZq_gby h[f_gguo izjzf_Ijh\ hI\_qgzZx!| Zglbn _jjhfZ]gbghfm o0Z
(818.8,293.3,411.6, + k¥ "ew, b, b k kff khhI\_IkI\_ggh WIh g_ m~b\b
dzZzd ijb\_~ _ggu_ \ klZlv_ agZg_gby \Ze_glguo m]Jeh\ &X2&X Kkl
i_j_djul\Zzgbx fzZ]gblguo hj[blZe_c Zlhfh\ f_~b ,, <a&f,bNaks_bkl\
hkgh\Zgby RbinmZmdlZ dhg”_gkZpbh]jkhZzEbpbdelbszbKfbghijhiZgheh
t{ueb \u”_e_qgu |_ljZy” _jgu_ ijhi@s(hlow 8 [93@ hkh[_gghklvx dl
yley |ky mqgzZklb_ Zab”ghc Jjmiibjh\db \ nhjfbjh\ZgbpOK.[f_ggh]h n

Jbk +KIljh_gb_ 1 _1jzy~_jghlh dhfie@kZ fhRgh)\- 1 1
[bk kZebpbelP mzfbghijhiZzgtkethklbdh\uf Zab~rguf njz]f_glhf

FZ]lgblgu_ k\hckl\Z “"Zggh]h kh_~bg_gby bgl_jij_Ibjh\Zgu k bl
]ZfbevlihgbZgzZ fh™_[84) |b*&IN

éLFOI 00 (1)

K mq_lhf wd\b\Ze glghklEu@ICuB®Xu@BE) b Ki(l)£ud)Cu2)£u?3)
ibrghé \ujz' _g) ijbgbfz 1 (®* \ dhlhjhf -L 0Zjzdl_jbamx| \aZl
f Am khhI\_Ikl\mxsbfb iZjZfb ZIhfh\ f_Ab ,,
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B L FOykdydy E %80F Owdds F Owkdydy E 88y0F Owdydy o)

JZkkqblZggu_ih wdki_jbf _glZevguf "Z3lg0% 2gKlgkIgZbey x| +

a *ftkhhi\_IkI\_ggh WIb agZq_gby gZoh”ylky \ kh]eZkbb |
hkh[_gghklyfb I _1jZzy” jghlh deZkl_jZ h[mkeZ\eb\Zxsbfb kms_klI\
\aZbfh”~_ckl\by \gmljb+x&Z& & X &2& X h[f _ggu_ njzZ]f_glu dhlhjuo
ieZggupf b n_jjhfzZ]gblguc o0ZzZjzdl_j \azZbfh~_ckl\by f_ "~m h
hitykgy fuc ] _hf _Ijb_c h[f_gguo njZ]f_glhbtkghepd® | bL Z dbdbh[]Zec
wdki_jbf_glZzevgh_ fZ]g_lIhobfbg_kdh_ bkke_"h\Zgb_ kbkl_fZlIb
kljh_gbx ihglgy®d _dhfie_dkguo kh_~bg_gbc khq_IZ _fh_ k JK: Kkha
"ey ihemq_gby hij_~ e gguo fZ]g_I|hkljmdImjguo dhjj _eypbc dZ
| _hj Ibqg_kdhf hj[blZevghf ZgZeba_fZ]gblguo k\hckl\ [by” jguo d
hkgh\ZgbRbmn®699@ 1Zd b ijb dhebqg_kI\_gguo DE LQLWLR jZkq_
fhr _evguo kbkl_f b j Zevg64H1l@elDX® jH)b>wlihf hg_\brgh qglh h”*gbf
ih~"h[gh]l]h ZgZebaZ y\ey |ky khojZg _gb_ ijbjh?u dhhj*bgZpbb jh~
gZijbf_|j Ney ijh~mdlh\ dhgr"bkZlpdhpfihiZgheZk jZaebqgufb Ibi.
dzZj[hgbevguo kh_"bg_gbc Ijb wWhgagWtz_ fhMbsblplbjh\Zgb_ ihke_"gl
agZgbl_evguo baf_g _gbc \ kljh_gb_ h[jZamx&adbolgyZidghffie dkhA_
lhabevguo azZf_klbl e ¢ \ fhe _dmeu [by” jglBRoijihhhiebldkhé& vibhi:
g _dhlhjhfm mf_gvr_gbx ih Z[khexlghd Ahebdhfg gglx]jZ \azbfh"
Zglbn_jjhfZ]gblgh]lh Ibiz \ iphg{agh~guo

ljb wlhfueh hlf_¢q oh ey kh_"ibge gbclebgb_ hl khbeby g _
gZlex™Z |ky dphp €y " *m - b we_dljhgghc ijbjh~hc azZf_klbl_e_
fhkilbd d bZz\ kZebpbeg&VvgdbbébnjzZ]f mdggh_ h[klhyl_ dwiglXdh\ey Iky
g h ' brZgguf _keb mgb kiv[gZgmdéwguo aZf_ klbl_e cghkiesb ykd§s bg
gZ ]_hf Ijbx h[f_ggh]lh njz]f _glZz azZz kq_I| kha”zZ\Z _fuo bfb Kkl_
"hikgbl _evghlc giwtbZevghc dhhj*bgZphihfikc hk§jZfah\zZzl _eyf Ilhke.
ij_theh™ _gb _INhj®*Z |ky j_amevIZIZghyYK:joflho dhfie _dkh\ &R ,,
"Zggufb eb]Zg”~gufb khkkntZiih[56 106. ?keb lhabeVjgZiibjh\dZ g_ Ih
i_jbn_jbcgZ dzZd \ kemog2ZIh\IEe&gh y\eyl ZIkyfhklbdh\hc \ h[jZah\.
hiff _ggh]lh njglZ_ "Zggu_ JK: [by” ipgHhkzdhfr*b ,, gZ hkgh\_eb]Zg’
17, jblmghi®, Ih fZ]g_Ihobtithg kh\_~1gdhc kbkl NoudiZzevgh f_d@7.lky >
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Jbk £Kljh_gb_ fhghy”~_jgh]lh dhfie_dkzZ dhfjEehl&Zbezfibdhl
[ _gabeb23d'bzZfbghijhiZzghehf

17

2[f_ggh_\azbfh~_ckl\Bmfy BPhgZth &¥aZgguNblhabevgufb Brifb
ghkbl n_jjhfZ]gblgadl ¢z - f2 kdhlhjuc 1Zd"_ [ue hbf_g_“gey
[by” jgtiolZee_eZlh\ k hkgh\Zgbyfb RbnnZ kh”_j Zsbfb W®gt08vgu
110. DZd kqblzZx!| ZMphugio7, wim[klhyl _evki\h h[mk@HbdjhytbazZpb _
fhklbdh\h]lh ZIhfZ ZahlZ b highkjotg®vwgle fgleguw e CUNCu.
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Jbk +Kljh_gb_ [by” _jghlh dhfie &N\ [foKHdhab&Zfbgh[_gabeb’
1-ZfbghlhabeZfbgh[_d&hehf

1.3Hkh[_gghklb fZ]gblgh]lh h[f_gXx\yaZfgagwh kbkl_fZo gZ hkc
ijhba\h~guo nlZeZabgbe]b”jZabgZz

DzZd ihdZaZe ebl_jZImjguc ZgZeba \_kvfz \Z guf y\leyehkv b
h[f_ggh\yaZzgguo kbkl_f \ dhlhjuo fhklibdh\uc ]_I_jhpbdekl@\é&dbl
nlZzeZabgbe]b”~jZahgh\h . ijhba\h”~gh _

LzdgZzZijbf_j \ jZ[HL@ >ij_"klZ\e_gu j_ameviZlu kbdlfbaZ k dhi
bkke_~h\Zgby b-dbZggh\bhdh]h fh”_ebjhZZglgyo] dhfie_dkh\ f_-"b ,
nlZeZabgbe]b”jZahgZfb aZf_s_gguo kZe{dpbeh\uo Zev”_]b~h\

= _|Zjbe]lb”jZahgu dZj[hgbevguo kh_"bg_gbc yl\eyxlky ihi
kh\j_f_gghc hj]Zzgbgq_kdhc b dhhj*bgZpbhgghc obfbb [eZ]h”*Z}y b
\ ebl _jZImj_ bf_xlky fgh]l]hqgqbke _ggu_ ~Zggu_ h[ bo Zglb[Zdl_jb
ijhib\hhimohe_\hc b ijhlb\hkm”Ahjh gh4y, kKi2@®h[§lgklllb >] 1Zjbe]b”™
yleyxlky ojhfh]_ggufb zZ]_glzfb wdkljz]_glzZfb ZgZeblbq_kdbfb k
[113114@ <ukhdZzZy dhfie_dkhh[jZamxsZy Zdlb\ghklv ]_1Zjbe]b"]
hlghkbl _evghc e _Jdhklvx kbgl Ibg_kdh]h \Zjvbjh\Zgby ~ 1Ze c
ihal\hey | ihemqgZlv [by” jgu_ dhfie_dku ij_"klZ\eyxsb_ kh[Fl
bamqygitkgh\guo nZdlhjh\ hij_~_eyxsbo ozZjzdl_j b kbem h[f_ggu
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iZzjzfZz]gblgufb p_gljzfb \ke_~kl\b_ \hafh ghklb \Zjvbjh\Zgby ijbjl
p_gljZevguo bhgh\ b wdah]_gguo fhklbdh\uo ]jmii h[f_g-fhlZd bf
n_jjhfZ]lgblguc ozZjzdl_j

—N HN—N Cu(CH;CO0)
’ 2: CuL

R = H (20), 5-OCH; (21),
3,5-(t-Bu), (22), 5-Br (23),
5-NO, (24)

by _jgh_ kljh20e@d ih”~I\_j°~ gh gZebgb_ f kbevgh]lh Zglbn_
h[f _ggh]lh \azbfh” _ckl\by f_"~“mllbhggdfg f nNbbkmlkl\b_ \ ]Jb3jZah
nlZzeZabgh\hlh njzZ]f_glzZ kpkrblly dghhl _gpbZevgu_ \hafh ghkl
eb]J]Zgfrguo kbkl _f \ ieZg_  h[jZzah\Zgby [by” jguo dhfie_dk
] IZjbe]b”jZahgu kZebpbeh\h]h Zev” _]1b”~Z kihkh[gu h[jZah\u\Zlv
\ Ihf kemqzZ_ dh]*Z fhkibdh\mx nmgdmhthxKkuigagyXlhfiu dikkhjh
Kljh_gb_ Jb*jzahgh\*hij_~ ey | ~\Z \hafh'guo kihkh[Z ~bf_jt
n _ghdkb”gu_ Zlhfu Zev”_]Jb~gh]h njzZ]f_glZ k h[jZzah\Zgb_f q_luj_
pbdeZfXX)+& X eb[h q_j_a Zlhfu nlZeZaldB\k]h[pgZhfZgb f r_klbqg
pbde ZBNA'(N"N")2& X < wlhf highr_gbb 19V jwaahgughc kl_i_gb koh”g
b Zjhbe]b”jZzahgZfb kZebpbeh\h]h Zev” ]Jb”Z "ey dhlhjuo 1Zd
"bf jbazZpbb q_j_a n_ghdkbdkbZagdduhfu dbkehjh~rZ Zev” ]b”
]brjZahggh]lh njzZ]f_glZ khHi6@klIL bgh*ey [by” jgu@Ooddfilea thg\Z
j_ZebaZpby ~bf_jguo klfAnbdEIin| Ibiz

\ _N\ R_/ \ —N
N—N = X\ _ N
R N u’/N — . O\ N\ u)/N
X Vo o AR AL )
— N AT\ —N N—N o )
N)ﬁ”\ R N\ — N\ \ N
— N—N N R
\N_ \
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< kemqZ_ dhtkegd&Bdqgb -[Inlbevghc Jjmhuyhheh gbb d n_ghe
bkdexqZ_| \hafh geblavzpbBh ~bf_jghc kAjfd7T@julLh h[klhyl_ evkl\
dhfie_ d& [ amkeh\gh y\ey Iky [by” _jguf ihkdhevdm \ g _f
Zglbn _jjhfzZz]gblguc h[fxg kf hr"ghagZggh mdzZau\lZ | gZ j_Zeb
kemqZ_ kljmdImjuk IDbZ _jbaZpb_c¢c gq_j_a ~bZabggu_ fhklbdb <
| _hj Ibgq_kdb \hafh'gZ j _ZebaZpby ex[hc ba bahf_jguo kljmdImj

Ke_~m_1| hilf_Iblv qglh kms_kI\_ggh_ hlebgb_ [by"b jguok dh
nlZeZabgbelb”jZahgZfb ijhba\h”*guo kZebpbeh\h]h Zev®_1b”~Z hl ’
k Zpbe]b”jZahgzfb azZdexqZ_ |ky \ oZzZjzdl_j_ fZ]gblgh]h h[f_
dhhj*bgZpbhgguo bahf_jZo DZd [uelAldiabXM@aZyhkgbhdE]lb@dahgh
kZebpbeh\h]h Zev” |b"Z jZagu_ kihkh[u ~bf_jbazZpbb ijb\h”~yl ¢
fZ]lgblguo k\hckl\ bahf_jh\ < h[hbo kemqgZyo h[f_g y\ey_Ilky Zglhbr
"bf jbazZpbb g _j a n_ghdkb”gu_ Zlhfu \ dhfie_ dk<Zghb[fhel f kdéay
h{f _ggh_ \azZbfh”_ckl\b_ \_ebgbgu izZjzf_Ijh\ h[f_gZ kHBDAehypxI| )

kfijhlb\ds0 " ht kf\ kemqgZ_ "bf_jbazZplhdbkhZpbggu_ Zlhfu dbke
23@ WIlh jZzaebgb_ \ fZ]gblguo k\hcklghdZigtad h"edigdugpZfhkg_Ihobf
bkke "h\Zgby hij_~ eblv kljmdImjm bahf_jZ H”"gZdh “ey [by"_ jt
nlZeZabgbe]b”~jZzahgZfb ijhba\h”"guo kZebpbeh\h]h Zev” ]b"Z w
djbl_jbc hig "gby kljmdImju ba2f@jzZgjb$ _gbf ihkdhevdm \ dhf
jZaebqgguo nlZzezZabgbe]lb”jZahgh\ q_j_a “"“bZabggu_ fhklbdt
Zglbn _jjhfZ]lgblgucld3i2ygy >

K p_evx | _hj_ Ibg_kdhc bgl_jij I1Zpbb \ebygby kihkh[Z ~bf_
dhfie_dR@®4 gZ h[f_ggh_hVazdfl\b_ Z\IhjzZfb [ue \uihegolyfhldZigdib\
jZkq_1 izjzf_ljh\ h[f_gzZ f_Ih~hf | _hjbb nmgdpbhgZeZ iehlghklb
Abf _jPA b; 5 + \\Zdmmf_ ih ~"Zgguf jZkqg_]hlmigdbZla Z oK gdZ
khhi\_IkI\ _ggh

<h \k_o kemhizlyfbazZpby ] _hf _Ijbb ijb\h”~bl d klIjmdImjzf h[f_
dhlhjuo g_ y\ey Iky iehkdbX g<l0bfopZao gguc #©@e&XXke ]dZ bkd:
\ j_amevlZl_i_j_]b[Z th ebgbb kh_"bgyxs_c fhklbdh\u_ ZIhfu db
f ""m kj_"~g_d\zZz~jZlbggufb iehkdhklyfb dhhj*bgZpbhgguo ihebw?"]
hdheh jbamghAé JZkkbhyyf§ #v ~v \ "*bf Aigo aZ\bkyl hl ijbjh~u azZf_k
b khklzZ\eyxk2.98A.



Jbk6 tFhe_dmeyjgZy kljmdImjB ~bf_jE ~Zgguf jZkq_1Z kiz\Z
\b”A \ Ajm]hc ijh_dpbb

JbKL7 £tFhe _dmeyjgZy kijmdImjgd ~"bf jH "Zgguf jZkqg_ ¥ jamz\Z
\bA \ Ajm]hc ijh_dpbb

Ke_"m_I| hif_Ipllv jZkklhyghtf Afv~ v dhfie_dkzZo f_~b ,, Kk ]b
kZebpbeh\h]l]h Zev”_1b”Z \ dhlhjuo ~bf_jbazZpby hkms_kl\ey Ik
dbkem}z ih ~Zggufzdgh jB.O05A126128@ qlh \_kvfZ [ebadh d j_amev
]_hf_Ijbb ~bfAh\G_dhlhjh_ azZgb _gb_ jZkklhygby h[mkeh\e_g
bkdz  _gb_f h[f_ggh]lh njzZ]f_glZ dzZdh\hc ih ~Zgguf JK: h[uqg
iehkdbf < ~bfrjzZdbg@guc h[f_gguc njZH MFIN&X")+& X bf__| khleZ
j_amevlzlzf jzkq_1Z ]_hf_ljbb dhgnhjfZpbx \Zggu k Zlhfzfb f_~
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(jblngHd Dzd b \ ij_"u”“ms_f kemqzZ_ ijbjh”rzZ azZf_klbl_ey 5 k
bkdz > _gby h[f_g@hfhghd b jZkklhygfbyvf YnklZlhgqgh [ehb@&dDA.

Kjz\g_gb_ iheguo wg_jlbc Iljbie_Iguo kAkdhygdZabdhjhdqlh ~bf_jb
g _j_a Zlhfu ZahlZ nlzZeZabgh\uo njzZ]f_glh\ hdZau\Z _ |ky kms_
wg_jlby ~bf;jg¥Z = ddZe fhev gb _  g_fA "bflhjhkhklz\ey | \_
kms_kI\_ggmx \_ebgbgm WIh ihalhey | ij_"~iheh2024 "gflhjbadphi
hkms_kl\ey Iky bf_ggh gq_j_a nlZeZabggu_ fhklbdb Ohjhrbf Zj
ij_~iheh  _gby yyeMflkiguc ozZjzdl_j @Bficeydklhlhjh]h dZd [ueh kdZ
"bf_jbazZpby q_j_a n_ghdkb”gu_ AlHfkidddgmdEmijz kl_jbqg_kdbf ijb

JZkkgblZggu_ b wdki_jbf _glZevgu_ agZq_gby izZjzf_Ijh\ h[f_
Ab; ij "klZ\e_YylZ[ebd._>ey "bf_pAh\k "bf_jbaZpb_c g_j a n_ghdk
dbkehjh”rzZ Z[khexlgZy \_ebqgbgZ iZjZf_|jZ h[f_gZ "ey ex[uo aZ
azZf _Igh [hevr_ q_fh*rg¥dh \ p_ehf j amevi@Zboibd\Zglh\h fh” _ebjh
h[f _gghlh \mZbdkl\by \ "bA+jZo ihalheyx|l k» _eZlv h*"ghagZqgguc
dhhj*bgZpbhggufb bahf_ jzZfb2a4ieohdyhk wdki_jbf glhf emqr_ Kkl
jZkkqgblZzggu_\_ebqgbgu -;MNeybibfibj@Xpb_c g_j_a nlZeZabgh\u_ n

LZ[ebpZJZkkdmlgu _\ _ebgbgu iZjZf Ijh® hifrgZ jgbo kljmidimj:
;b wdki_jbf_glZevgh ihemqg_ggu_ agZq2@@y - \ dhfie_dkZo

-j1Zkq
Lbi kh]| R -w d.k
>bf _A| >bf_j

20 H 712 595 #85

21 5-OCH3 754 $H93 #45

22 3,5(t-Bu)2 * 609 #16

23 5-Br 699 606 #16

24 5-NO2 642 629 #02
L h j_rZxsbf zZjlmf_glhf \ ijh[e_f_\u[hjZ f_""m dhhj*bgZpl
dhfie _dk2024 fh | y\eylvky I|hevdh wdki_jbf _glZevgh_ hij_*_

dhfie_dkh\ D kh Ze gbx 2Z\lhjZf g_ njbZehkw ihemgtkdy fihghdjb}
[by” _jguo dhfie_dkh\ ihwlhfm [ue bkihevah\Zg ~jm]hc wdki_jbf_.
AZIv bgnhjfZpbx h kljmdimj_tdhfie ghik\dZy ki_dljhkdhiby ih]lehs
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ihal\heyxsZy hij_~ _eylv ehdZevgmx Klpmidgmhro Ehhjadb@®K bhgh\ i_
f 1Zeeh\ ;ebahklv kljmdImjguo iZjZf_Ijh\ dhhj*bgZpbhg2p®d, ms
ithemq_gguo \ jZfdZo "Zggh]h f_Ih*Z "~hdZau\Z_| j_ZebaZpbx \h \
kihkh[zZ "bdZjpbb <_ebqgbgz jzKkdthygbyh&d\hey | k* _eZlv wdki_jl
h[hkgh\Zgguc \u\h® h klijmdIimj_ WbfgdbhkWbDZAdrh jZkklhsfgbv f_~
dhfie_dkzZo k "bf_jbaZpb_c g_j_a n_ghdkb”guc ZIhf kZebpbeZev
ij_\urzZlv ¢c Ihkdhevdm iHij_rglklyby jZkklhyghf BAZekZet Ih”h
(;9)6 khklzZ\elydheh =+ 0129, 130@ ihemqg_ggu_ ~Zggu_ iha\heyx
bkdexqgblv j ZebaZpbx \ "Zgghf kemqZ_ :“bF_jgwro Kkljmddp&E\gk g
jZkkgblzgguf jZkklh#ggb ih&XZgguf &;$h _| [ulv h[mkeh\e_gh bkc
kljmdImju [by”_jghc fhe_dmeu azZ kq_I| f_"fhe_dmeyjguo \azZbfh?
miZdh\d _

Lzdbf h[jZzahf gZ hkgh\Zgbb kh\hdmighklb *Zggu-mbZhfg_ khidbh
jZkqg_Ih\ b j_gll_gh\kdhc ki_ddhtskdpbipbfhihngh k \ukhdhc kl_i_gvx
mi\_j " ~ZIv qlh \ dhfie_dkZonfizelzxabgbepkbrjZahgzfb azZf_s_gguo
kZebpbeh\h]h Zev” _1b"Z ~"bf_jbazZpby j_Zebam_I|Iky gq_j_a Zlhfu Z
HrghagzZqggh_ ih”?I\_j ™igbh ijgbx h Ihf qglh dhk\_ggh_ h[f_ggh_
f ""m bhgZfb () _ b mgzZklbnfiZeZabgh\uo njz]f_glh\ ghkbl \vu
Zglbn_jjhfzZ]lgblguc ozZjzdl_j ijb\_A3d@ \ihkfhs_wghloodbfbg_kdhfr
bkke "h\Zg-mzZezZabgbe]lb”jdd-hgZbeZfbgh [_gazZe2c | "dhfie_dkt
i_j_oh”rguo f_IZeeh\ gZ Kblyglhlkgtthfie dkH\\lekgs\ khhl\_Ikk\d bf hkch
2.

<aZbfh”_ckl\b_f |5(AahgZp |ZIhf oehjbrhf b [jhiib ithfe i dbe
dhfie _dku khGULZbZuHL K4£HGX (L2* bHL® £+A\Z Aub fhgh” _ijhlhgbjh\Z¢
nhjfZ ]brjzahgel, Br 1b2627 <aZbfh~ ckl\b_ ]25°kZghlgZIhf il b
ijb\h~bl d \ur_e_gbx dhfie GUHL k KHAND;(29).
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Cu(CH,CO0), _ cuL 26
CuCl
— » Cu(HL)(CH;0H)CI (27)
25 ]
(HoL) CuBr,
» Cu(HL)(CH;OH)Br (28)
CulNO3), » Cu(HL)(CH;OH)NOj; (29)
Ko_fZ

Baf_j_gb_ we_dljhijh0.b0gkkjBkI\hjh\ dhfie_dkh\ \ >FN: ihdZ:
dhfie_ #2%fh gh hlg_klb d “\hcguf wel3@hedlzfmdzZaulZ | gZ \g_r
0ZjzZdl_j dhhj*bgZpbb \oh”ys_]h \ gbkjZigbhfg& dkZg-ki_dBjbkdhibl
mdZaulZxl gZ dhhj*bgZpbx eb]zZzg”rZ k zZp_I1ZIhf f_~b ,, \ Mz~
1Zeh] _gb”~Zfb b gbljzlhfxf\ Mhgh” _ijhlhgbjh\Zgghc nhjf_ khhl\
Wnn_dlb\guc fZ]gblguc dhfdlglie_ @&z bdhfgzZlighc |_fi_jZImF_;
azZf _Igh gb"_ gbklh kibghif]lh agEq;_ b ihgb Z Iky, “hjb hoezZz "~ g
A"h lhgdb dbi_gby “b~rdh]lh ZahlZ \_ebqblhkhka A eslik fi[f WolB ~Zggu
hrghagZqgh mdZau\Zxl gZ Ih qlh dhfie_dk bf__1 ~bf_jgh_ kljh_g!
lhevdh h”bg kihkh[ ~“bf _jbazZpbh dhdieldk&Z ZahlZ nlZeZabgh\h]l
ihkdhevdm \uiheg_gb_ fhkilbdh\hc nmgdpbb ZIhfjA]lZahlZZ igedlib b
bkdexq_ghazbakl jbg_kdbo ij_iylkl\bc khanrz\zZ fuo Ihabevghc
h{f_gghlh izjzf_ljz \ d26fimddkK”~u\Z_Ilky \ bgl_j\Ze o02ZzZjzdl_jguc
dhfie_dkh\ #i_"B ~bZabgh\ufb fhklbdzZfb “ey ih”~hdguoelkklh jZbmgj
ijb\h~ylky agZdghtsby ~h600 k f4) [123, 133134.

Ts —_—

R

\C»ﬂ \

Iu\ /c\ —

\ N—N N \ \/

N= \ ‘ 7 R
Ts

26
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Kljh_gb_ dhfi26 [dileh mklZgh\e_gh 1Zd _ b fiblimpHifd JKj: amevIZ]
dhlhjhlh ih”~I\_jrbeb \u\h”u k" _eZggiudljZZzvighohX]gklhobfbqg_Kk
bkke_"h\Zgbc

Jbk zx=KljmdImjzZz dhf2é_dikKAu \h~hjh~Z g ihdZaZgu weebikh
dhe [Zgbc ijb\_~ gu k \_jhylghklvx ijh_dpbb kljmdImCuzdhfi
Cu(: Bb_ji_g”"bdmeyjgh _c

Bhg f_~b \ fhe_dme_ [by”_jgh]lh dhfie_dkZ i_glZdhhj*bgbjl
dhhj*bgZpbhgghc kn_j_ &X azZgbfzxl ZIlhfu ZahlZ h”rghlh eb]zZg"Zz
hrbgzZzdh\hf jZkklhygbb hl bhd¥q1)f1.93%(7)& Qu(1IN(2) b &X(5)

c q_I\ {ZHhf 1 \lhjh]lh eb]Zg”"Z gZ azf _Igh [hevr N(4BkkI

C g _j_a dhlhjuc b hkms_kl\ey |ky ~bf _jbaZpby fhgh
h[jZzah\Zgb_f r_klbge_ggh]h h[f_ g g h]HBN(5)p(d) ez (1#RN(5#) N (4#).
AZ\ jrzZ | dhhj*bgZpbhggmx kn_jm bhgzZ f_~b Zlhf dbkehjh"Z =z
lylbge_gguc o_eZlguc pbde bf__| dhgnhjfZpbx dhg\_jlZ ©deZzZiZz
f "b hldehgyykv hl kj _~g_c iehkdhklb hklZevguo g cluR_d&Idbld\f hgd g
o _eZlguc pbde bkdzZ g agZqgbl_evgh kbevg_  aZ kg | b ANRJZ if
Kljh _gb_ fhghf_jguo dhfie_dkguo njzZ]f_glh\ [ebadh d iehkdhfm ¢
njzZ]f_glh\ gZoh”ysboky \h ©neZ]rlhdhbhdh dhhgmhjgdbxb d iehk
ebl]zgnZz lehkdhklb ~\mo fhghf_jguo njzZ]f_glh\ khklZ\eyxI| "\t
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j_amevl¥lhlebgb_ hl hibkZgguo \ ebl_jZImj_ dhfie_dkh\ k nlZeZz
]imiibjh\dzfiB3@ iehkdhklv r_klbge_ggh]lh H[fgl@ggBhaqigapl_evg
bkdZ _gZ b ih dhgnhjfzpdblZdelkaldhf&zfb f_~b \ ZibdZevguo ihabp
f "b jZkiheZ]zZxlky gZ jZkklhygbb c “jm] hl ~jm]zZ :\lh
hibkZggh]h 136@> [by”~_jgh]l]h dhfie_dkz f-AbZegZblkdp jTahghf

Zp_lbe[_gabfbrzahez \ dhlhjhf kl_jbqgq_kdb_ azZljm~g_gby ]hj
d\zZglhdtofbg_kdbc jZzkqg_I| ijb\h”bl d ihoh _c kljmdImj_ h[f_ggh]h |

AZ kqg_I| kl_jbg_kdh]h hllZzedb\Zgby iehkdhklb n_gbevguo dhg
kljmdIl@§ijZdlbg_kdb iZjZee_evgu m]he f_"~m°%bfb khklz\ey | a

;ueh ijh\_~ _gh diZigfibgh kdh_ fh”_ebjh\Zgb_ h[f_ggh]h \aZ
dhfie _d6 \ jzfdZo f_Ih~"Z ©gZjmr_gghc kbff ljbb2 JZkkgblZggh_
agzZq_gb_izjzf diZdjatdpgblgh]lh hl+ #pZ kfE m~h\e I\hjbl_evgh kh]e
k hij_~ e _gghc ba wdki_jbf_glZevguo 3Zedd@bkf™). ebgbghc

Wnn_dlb\gu_ fZ]gblgu_ fhf_glk7d®flebad&b\d gbklh kibgh\uf ag
ey bh@Z b ijZzdlbg_kdb g_ baf_gyxlky ijb hoezZ '~ _gbb Hlk
\aZbfh”~_ckl\by f_"~m C&hgZflbh\hdmighklb k ~jm]bfb j_amevlZlI
obfbg_kdh]lh bkke_~h\Zgby ihal\hebeh 2Z\lIhjzf k \ukhdhc "“he_c
ke "mxs__ fhghf_jgh_ kljh_gb

Ts L — i
/ .
N fx |
CLQ\ N\
Cu
=N N—N / N—N ]

}'|N / \ _N\H / \ NO;
27, X =Cl; 29
28, X =Br; L'=CH;0H
L'=CH;0H L —

<f _kl_k I_f ”ey g _dhlhjkéyaZfggydh dhfie _dkh\ k nlZeZabghb
lhevdh ~Zggu_ fZ]g _|hobfbg_kdh]h ZgZebaZ ihalheyxl hkms_Kk
hlg_k_gb_ kljmdIimju H[ wlhf k\b”_|_avjk\im$36§@ amdayAsl_gghe nb
obfbg_kdhfm bkke_"h\Zgbx ]_IZjbe]lb”jZahgh\ ]&bhdkZé fiacdklh
i_j_oh~guo f_|IZeeh\ gZ bo hkgh\_
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Dzd m _ hif_qZehkv \ur_ kh]ezZzkgh "Zgguf JK: waeallpHkhddghb
ba\_klgu_ ]b*jZahgu glbMkab\ghnlZeZabgzZz \ k\h[h~ghf khklhyghb
nlZzeZahgh\hc IZmlhf_jghc nhjf_ \ nhjf_ kfl3T@gglLd Xablgihh”_xk
]brjZzah@hk Zp 1ZIhfIf_ANleb ihemqg_gu f |Zeeo_ @uW |y khkPA¥YZ u
A ijhlhgbjh\ZggZy nhjfz ]b”~jZahgh\ Baf_j _gb_ fZ]gblghc \hkij
ihdZzaZeh qlh ey \k_o kh_"bgn§yb&Zkaggdg_gdbyh2bg bhg f_"b ijb
| _fi_jzZlmj_ kms_kI\_ggh f_gvr_ gbklh kibgh\hc \_ig¢l giogewz b" i lydplp”
| fi_jZImju dbi_gby "b~Ardh]h ZahlzZ qglh k\b” | _evkl\m_| h gZebqghb
Zglbn_jjhfzZ]lgblgh]h Ibiz f_""m ~\mfy bhgzZfb f_~b b ihalhey | i
kljmdIimjm f _|Zeeo 8148\ IbiZ

32,X=S 33

Kihkh[ ~bf_jbaZpbb dhfie _dkh\ gZ hkgh\_ ~Zgguo ]Jb”*jZahc
kljmdImjhc eb]zZg”"Z ihkdhevdm \uiheg _gb_ fhklbdh\hc nmgdpbb
Zahlz \ "Zgghf kemqgZ_ g_\hafh'gh < kemqgZ_ dhfie_dkZ gzZzbBkgh
"bf_jbazZpby fhghy”_jguo njz]f_glh\ dhfie_dkz fh _| j_Zebah\.:
dbkehjhrZ dZj[hdkbevghc ]Jjmiiu 1Zd b g_j_a “bZabgh\mx p_ihqgd
nNjZ]f_glZ k j_ZebazZpb_c B4jmdskhhlbilkI\ _ggh
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DzZd ihdZaZeb j_amevlZlu fZ]g _lhobfbg_kdh]h ZgZebazZ "Zgg
31833 oZjZdl _jbam _Ilky g_ hqg gv agZgbl_evguf Zglbn_jjhf
\azbfh”~_ckI\B =f £ kf LZdZy \_ebqgbgZz izZjzf IjZz h[f_gZhckh]e
jZ[hlZ21d622@ dhgp_ipbb ] _hf _Ijbg_kdh]h fh” _ebjh\Zgby h[f_gguo
dhfie_dkh\ i_j oh~guo f _IZeeh\ k ]b”~jZahgZfb k\b”™ | _evkl\m_
kljmdImju BdiZ< kemqZ_j_ZebaZpbb [by” jgh3 RgbhdglmhLfiljZz
h[{f_ggh]lh \azbfh~_ckl\by dZd m _ h[km ' ~Zehkv \ur_ ~he gh [u
Z[khexlghc \_e89q18§139%

Khq_lzgb_ fzZ]g_lhobfbg_kdh]lh wdki-gbfbglZddzZpdkgh Ih\ b
EXAFS ki_dljhkdhibb iha\hey_ | ~Z'b_\j hdkmeMRBIh\ JK: ~_eZlv ij
hrghagZqgu_ \u\h?~u \ ihevam | ZebaZpbb hij_"_ e -gghacZgdpr
dhfie_dkh\ k nlzZdBajwplhegh\ufb eb]Zzg”~Zfb h q_f k\b”_I_evkl\mxl
[140@ < ~Zgghc jzZ[hl_ ijb\h*ylky j_ameviZlu bamqg_gby- Kkl
nlZzeZabgbelb”jZahgzZz "bZp_IbefhghhdkbfZz ithemqg_gguo j_Zdr
dhfie_ BBtB6 3.
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KljmdImjgu_ fh™Zgegduo dhfie[d&b\ij _~eh”  _gu gZ hkgh\_ ] _hf_
fhr _ebjh\Zgby k bkihevah\zZgb_f klzZg~Zjlguo "ebg kl\ya_c
ljhkljZgklI\_ggh_ kljh_gb_ fh”_e_c¢ klijmdIB6badljfrze dkhzgkd.

JbK9 +Bahf jg ] _hf ljbg Kkiib eb dhfie BBZ Ibiz

Hilbfbabjh\Zggu_ kljmdImjgu_ fh”"36e[lmedhfokidkwzah\Zgu \ "Zev
Ney jZkq_1Z ki_dljh\ j_gl]_gh\kdXMNES)] ®Ysd gy aZehkv gZbemqgr.
k wdki_jbf_ glz¥ANESt "Z | ki_dlj \ugbke_ _gguc "eyfhktmedl mighc
mlhqg _gby gZb[he__ \ _jhylguo fh”_e c¢ 36 jhZgbly dihkke dhXZgb
“hiheg_gh \klj_qguf -dbZgbh\lhdbf fh~_ebjh\zZgb_f h[f_ggh]h \azb
wlhf dhfie_dk_ Zglbn_jjhZ]lgmlhh \aZbfh” _ckl\b_ ~hklZlHh @§hk¥ eb
! LZdZy \_ebqbgZ h[f_gZ b-6Bfxnppu kdbjdbdbkke ~h\Zgby ]h\hjyl
kh_"bg _gbb fhkibdh\mx nmgdpbx fh]lml \uihegylv eb[h ZIhfu Zahl:
b dhfie_dk bf__bBEheb[h ZIhfu gB]phialh glh khhiI\_IklI\m_13&Zdjmdl
h[hbo kemgZyo h[f_gguc njzZ]f_gl "he _g [ulv [ebahd d iehkdhfm
wnn_dlb\ghfm i_j _djulZgbx ©fZ]gblguweB-hjigdbi¥Zgeuac ®hgh\ f_~|
hkms_ kl\eyxs qK¥lk m hj[blZe ¢ fhkibdh\uo Zlhfh\
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>ey hp_gdb \ _ebqbg iZjzf _|jz fZ]gblgh]l]h h[f_gZ ”ey \hafl
khihklz\e_gby k wdki_jbf_glZevgh baf_j _ggufb \_ebgbgzZfb \ jZ
kbff_ljbb2 Z\lIhjzZfb [ueb jZkkqgblZhtieggZguglbyguo kljmdImj dhfie
(1Z[ep3).

LZ[ebpZ+ lhegu_ wg_jlbb Z _  \ukhdhkibgEHIh kktkkhlygdlyy
gZjmr_gghc kbfE(B$bbjZkkgblZggu_agZX@§ d'ley dhfie dkBa lbiZz

Lbi E(HS) E(BS) 2JjZkq k¥

Fh~_@av| #908232104 #908239578 1640

Fh~_@v| #908222266 #908223993 879

Fh~_ev| #908,220893 | #908,227890 536

< kemqgZ_ "bdZlbhgguo dhf3e dhXahhxZBboky azZ kqg_| \g_r¢
dhhj*bgzZpbb -glglfEgh\ \azbfh”_ ckl\b_ ghkbl Zglbn_jjhfZ]gblguc
jZkkfhlj _gguo bahf_jguo kljmdIimjhg¥alebqglh IKyelZdbgsd ijbqg_f
"hhevgh j_adhdhbhd8ibgZpby qgq_j_a]ljmbilphap iWNg®Z hij_~ ey | hq
kbevgh_ \azbfh” Jekdi\b_ kf beht kft rey fh~ e _c b khhi\_ Ikl
kemqz_ fh™_eb "bf _jbaZpby q_j_a “"bZabgh\u_ p_ihgdb nlZeZ:
kbgleljbie Igh]lh jZks_ ie_gby_ khklZ¥ qlh hg_gv ohjhrh khhl\_
wdki_jbf _glZevgh ihemqg_g@h<sR295&kidfyblg _kh]eZzkm |ky k ijb\_~ _gg
j_amevlZlZfb bkkeXANESZGbdljhkdhibb

J _axfbjmy kdZazggh_ \ur_ fh gh dhgklZlbjh\Zlv qlh \Imk_jt
hqg j_~v nlZeZabgbevgu_ fhklbdb yl\eyxlky \ _kvfZ m~h[gufb h{t_d
|_hj_Ibg_kdh]l]h ZgZebaz hkh[_gghkl_c ijhy\le_gby h[f_gguo -wnr
o_eZlZo Ih~h[gu_ kbkl_fu fhlml [ulv bkihevah\Zgu |Zd jh\ &Z%e
ihemq _gby p_ihg_qguo ihebf -jldyazZpgpfuggkljmdimg@> ijbqg_f d
hif_ogd2 Z\lhju "Zgguo bkkelZHbZghwe dljhggu_ b ]_hf_Iljbqg_kdb_
khklz\ fhklbdzZz \Ze glgu_ b "bw”jZevgk\yavlgeagud b[feohgjeudo b
f _“ty™ _jogh_ jZkklhygb_  ffZY\gblodjfd p_gljZélyxlky hij_~ eyxsb
nZdlhjzfbnhjfbjh\Zgbb h[f_ggh]h \azbfh~_ckl\by hij_~_e_gghc i
kbkl _fu ij_~klz\eyxl kh[hc \Z'gu_ fh” _evgu_ h[t_dlu ijb jZ
gZijZ\e_Jdgh”"bazcgz- h*ghd |j_of_jguo fZ}lghhgh~hg_gguo kljm
hidjul\Zxsbo ih fg_gbx Z\lhjh\ jZ[hl ghlaxbdlrebfmmib¥\ey fh]t
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fhe _dmeyjgh]lh fZ]g_Ibafz ijbq_f ih~*h[gh_ mihjy*hg_gb_ \h fgh]
kq_| wnn_dIlh\ fdmféejgh]lh fZ]gblgh]h \azbfh”~_ckl\by

ljb\_"* ggu_ \ur_ nZdlhju hij_"*_eyxsb_ oZjzdl_j b kbem h[f_
pblbjh\Zgguo jZ[hligZkbebkv JeZ\guf h[jZahf-k\gah§fgwfghkbkl f
[by” jgh_ kljh_gb_ dhlhjuo hij_~ eyehkv \ [hevrbgkl\_kemqgzZ_\
njz]f_glh\ dhfie_dkh\ <f_kl_k I_f m _ \'l_q_gb_ [he__ ~-l_|I
iheby” _jgu_ kbb9bg®Z hkgh\_1Zd gZaul\Z_fuo ©[bgmde_bjmxsbo?
dhlhjuo yleyxlky ijhba\ieMgun hjfBleR-n_gheh)\ gZebam kljh _
fZ]g _lhkljmdImjguo dhjj_eypbc \ ih”h[guo Kkbkl_fZo ihk\ys
ebl_jZImjgh]lh h[ahjZ

14FZ]gblgucfhp \ dhfie_dkZo k [bgmde_bjmxsbfb eb]zZg*

Hrgbf ba gZb[he_ _ agZgbfuo b Zdimizdygoduk\Rdhklie dkh\
yley |Iky bo jZaghh[jZagZy fZ]g _lhobfbq_kdZy Zdlb\ghklv M~"h[g
fZ]lg_lhkljmdimjguo dhjj_eypb<ck\Yahdghukbpkl fZo yleyxlky dhfie
kh_"bg_gby gZ [bK®phjZahghi*bnhjfBleR-n_gheh\ :gZeba [hevrh]h
dhfie_dkh\ fi_"pZ hkdbXb*jZahghWbnhjfblerR-n_gheh\ ihal\hebe \u”
MMZ Ibiz kljmdIimj jZaebqgZxsboky ih \Zflgohdud ldhelgZz hkgh\_ Zp_
dhfie_@dBKar b gZ hkgh\_]Zeh]_gb”h\ gbljzIZ b i_joehjglm:f_~b o
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LZdh_ kljh_gb_ dhhj*bgZpbhggh]h maezZ h[mkeZ\eb\Z | wnn_dlk
hj[blze_c bhgh\ f_~b b dzZd ke_"kl\b_ kms_klI\_gogdhfiggdkh\
iZjZf _1j h[f_gghlh \azbfh”_ckl\by baf_ gyRlky300 i "~ ek <
kh_"bg _gbyo |lbii#ZgzZjghklv h[f_ggh]lh njzZ]f_glZ gZjmrZ _Ilky
hkeZ[e _gbx Zglbn_jjhfzZz]g Ibaf®2)Xh &y gbc

< ebl _jZImj_ bahedghh  dhebqg_kl\h jZ[hl 1ihk\ys gguo bamgq
i_j_oh”guo f_IlZeeh\ gZ hkgh\_ ]_IZjbkeqbM@éehghdheZ \dexqgZxsl
dzZq_kI\_ ]b~rjZab”™ghc khklZ\eyxs_c ijhba\h”~gu_ ]brjZADbgl
[ gabfb”rZaheZ b bd4dgZeh]h)\

Dd[ueh kdZaZgh kKbhr"byg_¢lbiyzZo Zj Zebam _|ky ijZdébkgdkidb_gb _
dzZd h[f_gguo njZdw@lhVzZd b [by” jghc fhe cameug \ Ilhevdh- "e)
Zphé~rjZahgh\umbajhfguo d¢hmpbo Ibithkgh\Zgbc RbnnzZ gZipbf_|
Zahf Ib¢pbi152@ leZgZjgh_ kljh_gb\ khigdogdbl k ~“hklZlhggh [he
\Z2 glgufb m]&2Fp&X ! f himkeZ\ebtZb\ghvndju\Zgb_ fZ]gblg
hj[blZze_cdiEd ke_"kl\b_ Zglbn_jjkfdjg_bkef\ IlgZzdjbf_j yibjgu_
dhfiekd IbiZZ [ueb ihemqgfglZwplhevguo jZlgdhkgh\ ZzZp 1Z1Z f_~b ,,
Zpbe -[bkzZjbe]b”"jZa38gids9) [118, 153154:

R1

/o\'}l\ 3—N)|\NHCL\/CNJ\

)\ “\ o€ |
-~ \ R2 CH,
CH3

38 39

K ihfhsvx ~Zgguo JK-kib dBjbbkdhibb [ueh mklzZgh\e b\ Mmoo
fhklbdh\uofBRAIN h[fghQf njZ]f_gdy”[_jgh]lh dhfizeZ |tk AdkjhtibgZ~e_ "bl
f_ Ilhdkbbeg Z g_ ]b”jhdkbevdHBltgheb]jAHL55 156@ I|Z[ebp_ijb\_~_gu
h[f _ggquizZjzf U dhfiedkh88 b 39 agZq _gby dhilhgegdklvx]ekkkmxlky
ieZgZjguf kljh hdb_dguo njZ]f_glh\
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Hij_~ e _ggh_ \ebygb gmZ hdeglaqgiZ \Fjvbjh\Zgb_we_dljhgghc
azZf_klblkces b 5 >ey ih”I\_j°~ gby gZebgby wlh]h khgbyabjyh\Zg
kh_~bg_gby38bi¥Z dhlhjuo baf_gyeZkv we dljhggZy ijbihrZe &Zf5
n_ghegklh njz]f_glZ m \k kd\d&€ie, | [bp& b ijh\_~_g didigib¥dbc
jZkgkljmdIimj eb]Zg™M0[1%4:i Z
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LZ[ebpZH[f_ggu_ iZjZf_lju dhf3®8akh\

Kh_~bg| R RZ | 23, k2
38 CHs CsH11 402
38 CHz | CiHszs| 364
38 CHs CeH1s 336
38 CHs CsH17 356
38 CH2CeHs | CsH11 448
38 CHs CHs 372
38 Br CHs 346
38 COCHz | CHs 332
39 COCH;s 610
39 OCHs 494
39 CHs 570
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azf_

KiZ\g_gipf
"Zeh hq_gv
dhjj_e
jZkkqgblzZfdbgagZq _gbyfb kmffZjghkh naZly dkhNdn f

40 U

khklZ\eyxsbfb we dbEhkggrkibf _q_gh g

baf

LZd dZdgbf ba gZb[he
lay jy "

_j_ohm

_9_gb_
Ibiz143

(1Z[ep32.

T
HN” / “NH
N
RZ/KO/CX )\RZ

izjzf

pb U

k h
f bo fz]g_kdhbkb\fbak[158 159 @
ihemg _gguo \azZbfh”
f_~b,, gZoh”ylky \ bdgl80Zet
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\Z ' gudehyxisbjch\gz g dh_ \azbfh”_ck
dbkehjh~rz zZ\lhjzZfb [ueh Kla ~glgh
_ljh\ dhfie_@kHK\ dEZijx~zZfbb -@e dljhgghc iehlghklv
_evguodljandzmjZokhgklzZglzfb =Zff
agZqg_gby KyfhXjgdaidZald E lwe dljhgg

gZ fhkfb@hhh_

lhemq_ggu_
_gu\

gguo iZjZf20jhX[bp@ k-BhgklZglZAbf =1Z azf_kibt e
leggmaxgnAbabfhklyv f mdmdazZggufdbgbgzZfb dhwnnb
lhoh Zy azZ\bkbgizHlex~zZ Iky*m_"\_ebqbgzZfb
dbkehjklhdlmjZc
h hy’Zo\le ""m h[f_ggufb it ZAE |

I\hjwghe dhjj_eypbb f_

- [ueh

_"bg_gbc28iKhMbg gbyf IHiEhijh\h 2Ky lkms_ KkI\_gg
< _ebgHboy” -jguo éelizo_eZlh
_-Adbke_b-ktZjbejBahgh\ k ]Zeh]_gl
kff(h1d400~hA kf r"ey dhfie_dkM2)Ilbiz
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LZ[ebpZH[f_ggu_ iZjzZf_Ilju dhf4ded43d kh\
Kh_"bg_g R? R? X 27, k2
41 CH2CsHs CsH11 Cl 82
41 CHs CsH11 Cl 58
41 CHs CsH11 Cl 44
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ljh~*he  _gb_ |IZ[ebpu
41 CHs Ci7Hzs Cl 44
41 OCHs Ci7Hzs Cl 58
41 CHs CgH17 Cl 56
41 CHs CioH21 Cl 48
41 OCHs CHs Cl 40
41 CHs CHs Cl 59
41 CaHs CHs Cl 60
41 Cl CHs Cl 25
41 Br CHs Cl 63
41 COCHs CHs Cl 30
41 OCHs CHs Br 31
41 CaHs CHs Br 55
41 Br CHs Br 54
41 CHs CHs Br 53
41 Cl CHs Br 30
42 Cl Br 102
42 COCHs Cl 104
42 CHs Cl 100
43 COCH3 Cl 64
43 CHs Cl 50

LZd dzZd \ hlkmlkl\b_ ijyfuo
h~rghagZqgu_ \u\h”u h ijbgbgZo 1Zdh]h jZaebgby Zglbn_jjB8B9g |
gZb[he_ _

b 4143

Z\lhjzfb [ue

i _

"eh g

j_gl] _ghkljmdImjguo ~Zgguo

\_jhylgh_ j_r_gb_

[u

D 7



41
\Ze _gh]lh m]JezZz . \ h[f_gghf npl]kmgehf& X\ kj_ "~g#fljgZmkh\gvr_ "“ey
;. &0 q_f "ey ; 2 Hqg_\b~gh mf_gvr_gb_\Ze _glgh]lh m]e ;. \
ih kjz\g_gbx k ~“bdbkehjh”rguf fhklbdhf bf__| f_klh BH1¥3kelphqld _
yley |Iky h~ghc ba hkgh\guo ijbgbg hkeZ[e_gby Zglbn _jjhfZ]g _ Ib:

< k\yab k \ur_i_j _gbke_ggufb mKadhNd#y ibgl_ j kguf hif _Iblv
fZlgblguk\hcklI\Z [by®d_jguZeeho_ezZI4 ¢gZizhkgkrb]Z2dp\+ ijh~mdlh\
dhg”_gkZpBbnhjfBerR-n_ghehi]k”*jZabghobgléeq aaif.

2J =-280...-330
44

DZflueh ihdZaZaglEgby - “ey \ur_mdZaZggedIlhdlZeskebkvg\ kK)\_*
MZ jZazZvi_gh Z[khlghc \ _ebgbg_ g _f ey dhfd® dRbAjUjzi[nlu
ij_ "iheh"beb qlh h”"ghc ba qég\ckeZ[éd bry jZofZ]g IbafzZ y\ey
ml\ebq_gb_ kl_blqgijkdylkl\bc \ kljmdIMjih libjiZz\g_d&bk gabfbrZahevg
ijhba\h~dpu h[tykgyxs__ky hllZedb\zZgb_f dheo”"_7Kbih\vg kditbe p
obghebgh\hlh njzZ]f_glzZh[klAgghklI\h “he gh ijb\h*dlv dujh _gghf
hldehg_gbx hl iezZgzZjghkdb]hhkif_glZ XXk mf_gvr_gb_fezZ¥&
Zglbn_jjhfZ]lgblghceyhklZ\\ mealbjmxs__ h[f_ggh_kVaziéf4 " Dz d
[mM~ | ihdZalZ[d&m\*» gbb j_amevliZlh\ ZgZeh]bqgu_ kl_jbg_kdb_ \.
hr"ghc ba hkgh\guo ijbgbg hij_~ eyxsbo fZ]gblgu_ k\hckl\Z
kljmdImjZ dhlhjuo hg_gv [ebadZ ig)(jZad\gec \ur _

lhoh®__ \ebygb_ ijbjhAulufthkZbkthZ [Zd\ebygb_ Zplzdren \
nhjfbjh\Zgbb kljmdHfigu dkZ h[f_ggh_ \azZbfh”_cki\b_ \ mkidZ@z u
fh gh ijhbeexiijBvgZ ijbf jjZ[hI@63@ \ dhlhjhc [ugh bAajgglhqbkh _
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ih\_~ gb_ [by” jgeod#Hbizas4s
dhfie dkf\_~ guz\(bps.

AgZq_gby h[f_gguo izZjzZf_Iljh\

LZ[ebp&ZFZ]gblgu_ k\hckl\Z dHA5#48 dkh)\

Kh_~"bg_gb_ X Y Z 23, kL
45 Cl 104
45 Br 10
46 NO3 388
46 ClO4 508
47 0 Cl 90
47 S Cl 88
47 S Br 50
48 0 NOs 470
48 0 ClO4 696


























































































































































