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LiZ"bpbhgguc f_Ih” ihkljh_gby Zahlkh”_j Zsbo ]_
kh_"bg_gbc hkgh\Zg gZ \aZbfh”_ckl\bb gmde_hnbe
dZj[hgbevghc ]jmiihc beb *ym]bf ih*oh”ysbf we dljhnl
\kz [hevr__ ijbf_g _gb_gZoh”bl Zevl_ jgXihegwah\ihdb ht
we dljhnbevguo k_dkl _lIguo gblj_gh\ beb gblj _ghb”h\
fhlml [ulv ]_g_jbjh\Zgu \hkklZgh\e_gb_f gbljhkh_"bg
Zfbgh\ beb .-webfbgbjh\Zgb_f ]Jbrjhdkbezfbgh)
ijb\e_dzZl _evguf bo bklhgqgbdhf hkldklKwbhjjZdplmgkkgh
ihimeyjghklb ihke_~gbo klZe \ajudlghicbhjhtktgzedhd ~Z" [
mqgzlgbkmsbc Zab”ghc ]jmii_ mgbdZevguc gZ[hj k\
g_azZf_gbfhc \ ] _ | jhpbdebg_kdhf ezxjglZya_ ~hkladighl
hjl]Zgbq _kdbo BalbhghkbVg&y klZ[bevghklv \ mf_j ggh
hkgh\ghc kj_"~Zo iha\lhey | ijh\h”*blv k gbfb h[uqggtl
fZgbimeypbb < |h ~_ \j_fy Zab”gZy nmgdpby fh
ZdIb\bjh\zZzgz | _jfbg_kdb dZlZeblbg_kdb beb nhlhol
klZ"bb kbgl_ Ibqg_kdh\cZlih&eghklb k ihl_j ¢ b Zevghc
]jmiiu £ fhe _dmeyjgh]h ZahlZz <gmljbfhe _dmeyj
\ukhdhj Zdpbhgguo gblj _gh\ y\eyxlky fhsguf f_ Il
] I _jhpbdeh\ ij_ "~ \k_]h ibjjheh\ b be fZkadgEklde hi!
bf _gm_fu_ \ kh\]_ fedklkkbnddZpbb | -ZdpbfitbgKjh\Zgb)
ba\_klgu dZd j_Zdpby kbgl_aZ bg*h@h\l Gyf dki_ Z]dp.
KZg”[_j]K jZa\blb_f dzZlZebaZ kh_"bg_gbyfb aheh
h[jZah\Zgby bgrheh\ [ueb \h\& ZpbdhZjlbeZp _Ibe_
<gmljbfhe_ _dmégygdphh” ckl\b_ nmjZgh\h]h pbdeZ k Zab
\ -Zab”hZjbe nmjzZgZo 1Zd _ ijhoh2®I| Ztbdgdoh\ZgKy
h[jZzah\Zgb _f ijhba\h”gum@nngjhre Z

K lhqgdb aj_gby jZa\b\Z_fhc gZfb f ITh"heh]
[ gaZgg_ebjh\Zgguo ] | _jhpbdemmjZkd\u]llb pbdeZ | _
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;mlbg¥Z \Zij_~klZ\eyeb bgl_j_ k Nhipmlkkwo j Zebam_ Ik

gblj gZ ih ZevnZ iheh  _gbx nmjZgh\h]l]h pbdeZ k
jZkdjulb _f H”rgZadd™h[ _gabenmjZgu \ dhlhjuo \hafh gz
[ueb g ba\ klde Zkkd

Ke_“m_1I| hif_Iblv qglh jZajzZ[hldZ 1Zdh]h f_Ih~zZ ~»
oZedhgu bg"hevgh]h jy~rZ dhlhju_  fh gh nmg ¢
ij_"kdzZam_fuf h[jZzahf qglh ij_~klzZ\ey_ | bgl_j_k ~ey ih
ZdIb\guo \_s_klI\

\Alhj \ujz Z_ | [eZz]h*"ZjghKIwghBheGBB nbabqg_kdhc
hjl]Zgbq_kdhc obfblk axZNBMhgkmevIiZpbb b ihfhsv ijb ij
YFJIdbkke ~h\Zgbc Z 1zZd _ azZ j _~Zdlhjkdmx jZ[hlm
| jfkdbc Mgb\ jkibazZl ihfhsv \ ijh\_~ gbb wdki_jbf_
jZ[hlu IjhnZlbeh\h(c Badzf gl we_dljhljZgkihjlZ Dhfb
lhfghc b :evl _jgZlb\ghc Wg _j] _Ibdb NjZgbbayzZ =
dhgkmeviZpbb b ihfhsv ijb ijh\-6bglbdp WwWebdlpkke "~h\Z



5
—eZ\Z:jbe b \bgbeZab”u \ kbgl a_ Zahlkh”™ _j Zsbo ]_
(Ebl_jZImjghijcahj

1.1 Kbgl_a bg”heh\ ih KZg”~[_j]m

F _Ih*heh]by kbgl_aZz ibjjheh\ bg~heh\ b (
bkihevah\Zgb f Zab”ghc ]jmiiu ijsphbfjbgmgddimec zd hfn
mlJe_ jh~Z knhjfbjh\ZezZkv \ i_jbh? ho\kHauzZxjgbreh]h
\ dZ b ~h k_]Jh*pyfrggllh kdhgp_gljbjh\ZgZ \hdjm] de
j_Zdpbc Kzg"[_jlZ -WZg'\1149Z O _f_Ik[_jl_jZ b bo j
dhf[bgZpbc HIghkbl _evgh gh\uf gZijZz\e_gb_f \ kbg
ibjjhevguo ] | _jhpbdeh\ klZeh ijbf_g_gb_  f_1Ze
dzZlZebazZlhjh\heilh\rbo hkms_klI\blv jZg__ g_i_jki_dlb\c
mqgZklb_f Zab”ghc ]Jjmiiu

Ibhg _jhf \ wlhc h[eZklb klZe Kfbl khh[sb\rbc \
jZ[hl_ h | _jfbg_kdhf jZzaZhb”@pbn _gbeZ ijb | _fi_jZImj_
ijb\h~ys fm d h[jZah\Zgbx dZj[ZaheZ k @QuoKyghbIlZ Iky
j _Zdpby \dexgZ_ | hls_ie_gb_ fhe _dmeu ZahlZ b hJj
ihke "mxs_c¢c pbdebaZpbhcdZj[ZaheZ ;ukljZy kb]fZlj
i _j_limiibjh\dZ \hkklzZzgz\eb\zZ | ZjhfzZlbgghklv kljmd
Kdhjhklv ijhl_dzZgby "bdghé¢j KNZéy Iky kdhjhklvx hls
ZahlZ b h[jZah\Zgby gblj _gZz G_baf_gghklv \
k\b~ | _evkl\mxl h Ihf qlh j_amevlzZIhf | _jfbq_kdh]h jZ
bf ggh kbgle IgZy nhjfZ bgl_jf _"bZlZ GZebqgb_ nmgt
aZf _klbl e c¢ ijKdbbag_ hdZaulZ | \ebygb_ gZ oh” j.
ij_\hkoh”~gufb \uoh”~Zfb ba khhl\-Z2kBfMxHmo gbeh\ [u
kbgl _abjh\Zgu dZzZj[Zaheu kh”_j-Zsdb kb4 pdloehj
wnbjgmx b f_Ibevgmx ]jmiiu > @ ;ueh hibkZ
bkdexqgbl _evgh@[>gahdZj[ZaheZ-Za&ka*hn_gbe gZnlZebcg
ij_\hkoh”~guf \udHKa hf2) [4].
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QO ~ QO 0P - O

HNEt, —
O ™ A
7 >NEt,

7 N
N

Ko fZ
LZdZy j_]Jbhk_e _dlb\ghklv y\ey |ky ihdzZaZzZl_ e f Z
dhevpZ we_dljhnbevguf azZf_klbl_e_ f KHH\ gb”Zijlkymr
_]h b~ _glbgghklvx k ijhmdlhf ibjhebaZghblehabi2h]h
n gbegZnlZebgZz

kerosene
OO xerosene O O g Kerosene OO
O 200 °C, 94% N 200 °C, 94% O

N H ’ "

3

Ko fZ

Nhlheblbq_kdh_ jZza&kab”dhjbn_gbez \ L=N 1zZzd" _ ijl
]Jezrdhfm h[jZah\Zgbx dZj[ZaheZ kbljobahfl]\g jbj& _fi
ithr A~ ckl\b_f baemqg_gby \ ijbkmlkl\bb gmde_hnbeh\
jZaebqgufb kihkh[Zfb GZijbf-ZabhhlibbagbeZ \ ijbkml
"bwlbezZfbgZ ijb\h~bl d ihemq_gbx kf_kb-dkhpZdi3gha
n _gbe&Za ibgZz o fK > @

\lhju ij_~ihez]zxl kms_klI\h\Zgb _ jZ\gh\_kt
h[jZamxsbfky \gZqgZe_ gblj_ghf b Za_ibghf yleyxs
\lhjbggh]h \aZbfh”_ckl\by k [_gahevguf pbdehf :a_ib
jZkrbj _gby pbdeZ b gmde_ _hnbevgh]h ijdkhZ”bKo gty ~
[6, 7, 8].

Gblj _gu ihemqZ fu_ ba ZjbeZab”h\ e _]dh AkljZ]
\h~*hjhrgmx k\lyav ] | _jhzZjhfZlbg_kdbo pbGleoh\{Hbd Zj[h
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bjbg"hP] b4Gnm[32-bjbg”"hHEO] h[jZamxlkyoh” | jfheba

khhi\_IklI\mxsbo Zab”)\ Ko_fZ

X\ A X
@(@ Crs
N
N i

3 X=S8,93%
X =0, 60%
Ko fZ
G_kbff_Iljbggh azZf_s ggu_ ibjb”*bgu ~Zxl kf_Kk
pbdebaZlﬁdnbfZ

=N -

Decahn % . w

160°C N o

H H

Ko W

abrhazZf_ s_pmjbrbdil] bibjbfbrbg@] 1Zd"_ ijbgbfZxl
mqgzZklb_ \ j_Zdpbb ijb\hAys ¢ d-d7jpeebdlgb o .
ibjbfb~rh>b]bg~hekhhl\_IkI\_ggh #p_fu

N ]
Dl Decalin N N
P — !

N 155-70°C N=
67%
_fz
H
O% N N
N,
hv, 91% =N
Ko fZ

< ihke_"g _f kemqgZ_ \uoh” ijpfM\mdlHbigbj_ Zdpbb
nhlhobfbg _kdbo mkeh\byo agZgbl _evgh ij \urz 1| \
| jfhebaZz

<g_"j_gb_ gblj_gh\h]h njz]f_9h2Ajm\em khk\ylav
\bgbe azf_s_gguo Zjm&adBhhkibjheh\ ijb\h~bl d h[jZ:
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bgrhehKo fZ ba\ _ghfm dzd kbgl_a K3A4415.j}Z h[s_f

\br ko _fm | _Zdpbb hkgh\Zggmx gZ h[jZah\Zgb
gblj_ gh\h]h bgl jf_~bZlZ fh gh ij_~klZ\blv ke_~mxshbf
(D\/\ ! ©\/\ electrocy ©\4><H 1,5H-shift m
. chzatlon <N~ H N
' H

|||
N

Decalin )
—» \
N Ph
A 2% L
Ko fZ

R \_e \wf khzZ\lhjzZfb [ue jZajZ[hlZg gh\uc kkhkh][
"bgbljhbg®”heh\ k bkihevah\Zgb_ f \ dZg_klI\_ bkoh~g
ljbgbljhlhean LGL Dhg”_gkZpby LGL k ZjhfZlbqg_kdbf
ihke "mxsbf ZjhfZlbg_kdbf gmde hnbevguf algihs gb
gbljh]ljmii Zab~hf gzZljby b |_jfhebahf \ gbljh[_gahe
ZibeazZf_ s d46uwfbljhbgrhezZf Ko fZBgl 3y kyh azZf _Iblv
gbljh]ljmiiZzZ)zheh  _gbb azZf_ s gbx g_ ih”\_j]Z _Iky

NO, NO, A NO,
X _Ar  NaNj U Ar N
> Ar
DMF, RT .
O,N NO O.N N Nitrobenzene O,N N

2 2 3 H
Ko ¥

L jfhebAab”hobghgh\ g _kmsbo njZ]f _gl*"eZedf gZ
[ gahe _ Kk e _Jdhklvx Ijb\h~Dbl d ihemqg_gbx k
bgrhehobghgh\ Ko _fZab”h®»b@hgu \ k\hx hq_j _~v hJj
iml_f gmde_hnbevgh]h aZf_s gby Zp _Ihdkb ]jmiiu
h[jZ[hldZ dbkehdb” h|f lmagZnlhobghgxl\ IZdb_ =~ ijh~mc
pbdebaZpbb h”*gzZdh k [he__ gbadbfb \uoh”Zfb



Ph NaN3 Benzene
N3 A 66%

Ko __
<kljZb\Zykv \ Fr\he“h”rh”‘gmx k\yav obghgh\ Zak
kihkh[gu "Z\Zbg[lbgu Ko _

Benzene h\
A 88%

Ko _fZ
>\hcgh_  Zgg_ebjh\Zgb_ gZ[ex”Z |ky \ | _Zdpbb
"b_gZfb Ko_fZz Dhfie_dk f_~b ij_"klz\ey_ | kh[hc

ijhp_kkZ b\ _]h hlkmlkl\bb gZ[ex”*Z |Iky ebrv mf_gvr
[19].

o) o) o
MeO NG benzene MeO MeO P
——
o) o) O

Cutacac), oo
Ko fZ
:jbezZzab”u kihkh[gu | _jfbqgq_kdb jzZaeZ]Zlvky \
ZedbezZalkrhab2r4-Zab2rtwlbgbe [ gahe(2®Zabh” hwlbe bg”
Ko _fz ljb  wlhf ijh*mdlh\ jZaeh _gby kzZfbo Z
h[gZjm" [20]b
LA O
Ng | o1 r\{H N
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JZaghh[jZaglu jhZjhfZIbgZ&dHh2l,22] [ueb bkihevah\Zc

\ kbgl a_  jZaebgguo dhg” _gkbjh\Zggubakjkdkl\hff
| jfbgq_kdh]h 1Zd b nhlhobfbq_kdh]h jz4a®h  gby Ko _:

S - SO,Me S
<\I\/ 2 L m—sone
N

N3 68% H
Ko fZ
X R
AN Xylene X N\
I e RS S
N3 120-130 °C N

H
X=0, R=COCH,NO, 54%; R=COMe, 69%
X=S, R=COMe, 90%; R=COCH,NO,, 78%, R=2-thienyl, 70%; R=3-thienyl, 65%
X=Se, R=COMe, 82%, R= COCH,NO,, 74%

Ko fZ
Gblj_gh\uc bgl_jf _~bzl 1zd _ fh | \azbkfEMhthkfl\h
ZahlzZ yl\eyxsbfkyzgzZfidMxg kdh]h dhevpZ23Ko fZ

7 | N=
NG o DR
N N
Ng H ©

f\ /:

®
Tetraline, 150 °C - 100%
hv (350 nm),
acetophenone - 97%
hv (350 nm),
Cyclohexane, pyrene 49% 49%

Ko fZ
L _jfbg_kdh_ jZaeh{2-gbhb”hn_gbe ibjb*bgzZ ijb\h’
ithemqg ghexb" dhebq kI\ _gguf \HWégZhWth gzZjy*m k j Z
pbdebaZpbb ijhl_dzZxl b dhgdmjbjmxsbh[eimgp gdR-u |7
Zab”hn_gbe ibjbrbgz "Z -dzj{hekvgZ b beb”Zz Kl
k edlb\ghklb Zgg_ebjh\Zgby ij _"kdZam_fuf h[jZahf
\hegu bkihevam_fh]lh ki_dljZz
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L jfbg_kdh_ jZaehZagdh”bn_gbef IZgh\ Ijb\h”"y

h[jZah\ZgbxZaGibghZ@bg~heththdh bamgq tggkf b _]h
dhee ]Zfb Kp[282526].

R = H (75%); Br (56%); OMe (59%); NO, (32%); CO,Me (34%)
Ko fZ
Hkgh\guf ih[hgguf ijh*mdlhf y\ley Ky &ygéely
hls _ie_gby \h~hjh~Z ijhf_"mlhqguf gblj_ghf Lzd _ f
Zdjbr"Zgu Zdjbr"bgu b “jm]b_ ihebpbdebqg_kdb_ kh_~l
ij_~eh g \ dZg_KI\"miplggh]h bgl_jf _"bZlZ h[jZamXxs
i _j_]jmiibpg\ k jZkrbj_gb_f pbde}f Ko_fZ

D, D D D D p
—_— —_— X
Ko fZ

>Zevg _crb_ bkke_ ~h\Zgby ih”I\_j*"beb fb]jZpbx
k fbge _gghfm dhevpm < |h “-\Zdmhyfgoewibheba

Zab"h”"bn_gbef 1ZgZ ijb\h”bl d ithemqg_gbx Ihewdh Kdj
\ukhdbf \uoh”~hf K¢27f 2

350 °C  >95% (9:1)
700°C  >95% (1:19)

Ko fZ
FhebgzZz b ~j bkihevah\Zeb kbgl _a bg”heh\ ih KZg:
| _jfheth&ab”hklbj_gh\ b pbdebadpbkokly gblj_gh\ \ bg”
Ijbihemqg_2Z@bZab*hwlbe bg*heZ[2& @9]fZ
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©\/\/\,N3 Toluene, sealed tube %
>
N 160 °C, 61% N N
H

3

3
Ko 20
>Zggdbkke "h\zZIl_dykdizykihevahWlefZ Ih"heh]bk
kbgl _dg*hevgde®dZehbdibV\IhkZg]bghe bgdpwmiZhlZzdbbgZ
Zabty\dzq_kbkoh~rgkih[kljZkas ©27) [30].
Hg gv koh zZy kljzl_]by kbgl _aZ "~Zgguo Zedhe
hibkzZg@ari b ~[31].

H Red. Al
150 °C N —>o ™S O
/ 110 °C Q
Me /" 82% N N\_N
O

Y ‘Me
o Me

N
O P Me Cryptosanquinolentine
|
* O 180 °C O NN
N
? MW, 90% % Q
Me3P

Cryptotackieine

Ko fZ
DzZkdz"gZy ihebpbdebazpBygbk fokiZelpdh KZg~[_j]z
bkihevah\Zgz ~ey kbgl_a?k,10Rbkb "fb[ a@byg”heh>
c@p[Zahez WIZ kljmdImjzZ \dexqgZ | ‘' rk dbhenj@1bZdbgz
aZ kqgzl wlh]h kdehggZ d h”ghwe dljhgghfm hdbke
dZlbfjg~"bdZedh\lhju_[ueb \u”_e_gu \ djbklZeebq_kdhf
bgl j _kgufb j-k\hdkI\ZfWwlb \_ s kI\Z i_jki_dlb\guw _ \ d.
hj]Zgbg_kdbo we_dBRho{bfHYZ.



JothhosAuNTf2 O
(5 mol%)
HN // \\ " HN \\ N3 71% HN O .

160°C

e N Q NH

g0
Ko fZzZ

=jb[[e\i _j\u _ibjhebalRf2-Zab”hn)gljéwlbe idvEmagbe
jZg g ba\ _klggbljhbg®he k \uoh”~hf > @ Ko fZ

@[CHO CH;NO,, KOH @(\/Noz Xylene
Ns  Ac,0, pyr, 81% 54%

Ko

NO,

IZ_

J_Zdpby O_f_Ik[_j]_jZ

L jfbg _kdh_ jZaeh _gb_ \bgbeZab”h\ ijb\h”*ys
] I jhpbdeh\ azZ kqg_I| \g_"j _gbyggbjlf 9hZhZh\ m]e |
\h~*hjhrgmx k\yav rbjhdh ba\_kigh > @ < ] Kfh
him[ebdh\Zeb f_Ih” ihemgbghbg®"hezZ ihkj_ ~klI\hf tbjhe
"bn_gb&ab”hwl _gZ \ dbiys f dkbehe _ Ko fZzZ
bkihevah\Zgby wlzZgheZzZjZkdWgbkley ijb\_ezZ d kgb  _gb
p_e \h]h ijh*mdlZ b h[jZzah\Zgbx ih[hg¢gh)B5 ~bf
| 1jZn_gbe”b]b”jhibjZzabgZz



Ph A Ph Ph N
S N\ , Pht S
N N Ph
N Ph
Xylene, 82% -
Ethanol, 53% 20%
Ko fZ

DZd [ueh ihdZaZgh Bahfmjhc b-kHZbldhZfpu Ead":
fhlml Julv bkihZegnah\ kbgl_a_ bg”heh\ WIhl nzdl k\b”
gZebgbb jzZ\gh\_kby f_"m gblj_gh\hc b Zabjb”

ijhf_"mlhqguo bgl_jf_"bzZlh\ Ko_fZ > @ Bg”he |
\kljzb\Zgby gblj gz \ ZjhfZlbg_kdh_ dhevph g _ihkj_~
> W@kzljhighc i_j_]jmiibjh\db abjbg fh™_ I Julv
ijhZgZebabjh\zZg ijb [he__ gbadhc |_fi_jZImj_ ih\ur
mjh\gy | _jfheblbg_kdhc \_~ I d ij_"kdZam_fhfm ihemgq
hv Ph N -20°C Ph /™
20,Et o0oc e CO,Et - >Q\COZH

o EtO,C

CO,Et A
NP S B /(j’
3 EtO,C™ ™\ Ph EtOZC
H

110°C 33% 66% 0.5%
138°C 24% 49% 26 %

Me
B N3 - Me —_— ~
———— 7 Y N3
Me N
— 0w
N
H

Hexadecane

A 86%

Ko_i?l’:
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LZd _ hibkZgh khhlighr_gb_ f ~m ijh~mdlZfb nhl

Zab”h\ '\ oh”_ h[emqg_gby dhlhjuo \u”®_ey |ky agZc
gbljbezZz Ko _ kf kv > @

SOl Toluene \
oy~ SO
hv 85% h

Ko 2B

HAgZdh gZb[he_ _ bkihevam fhc j Zdpb_c \bgbeZ:
bgrheh\ ih O_f_ |kGhHll jex jZajzZ[hld_ dhlhjh]h fu h[ys
b Jbkm > @ Kbgl_a bg”heh\ ih O_f_Ik[_j]l_jm Kkku
KZg”™[_j]l]Z aZ bkdexg_gb_f kemqgZ_\gh£kjjpreihiu_glhlydhahb
p_ib Z g \ [_gahevghf dheviZabpggxfiZl . LZgbe
aZf s _gguc widgb”~"hZdjbeh\hc dbkehlu | jfbg_kdb
hijZam_| wnbj2-Wg}phregh\hc dbkehlu < jy* kemqgZ_ '
gbadbo | _fi_jZImjZo [uejAhbo” relbggguo bgl_jf_~"bZl Ze¢
Ko fZzZ > @ Bkoh”guc fZl _jbZe "ey “Zgghc j_Zdpl
dhg” _gkZpbb ZjhfZlbg_kdh]h Zev” ]b"Z b Zedbe Za
hkgh\gh]h dzZlZebaZ Ih”*h[guc f_Ih® ihemq_gby bg"l
bkihevamgdkiyZdlbd_  dZaZ ghh \I4{39%50] Ko _PBR).

Cyclo-

CO,Me
exane
OOC CO,Me

74%
p-Xylene m COMe
0 N
100 "C, quant. H

Ko fZ
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Rl

N OB, (88%); OMe, (72%); CO,Et, (79%); SPh, (66%);
COMe  SMe, (86%); 2-epoxypropyl, (100%); OCH,=CH, (77%);

CH;5(OCH,CH,0), (100%)

N R
COMe 1, (97%); OMe, (89%); CN, (37%); OBz, (33%):
OBn, (75%); 4-CIC¢H,CO, (74%); OCH=CH, (87%)

R!, R?
OBn, OMe, (73%); OMe, OMe, (94%);
OBn, NHAc, (74%); OMe, NHAc, (60%)

N—co,Me

A,
A, q,
= = =

R2

Ko 2B

JZaebggu_ azZf_klbl_eb \ ZjhfZlbg_kdhf dhevp _

i ]bhk lé\dhklv Zgg_ebjh\Zg@By Ko fZ

CO,Et
—_—
0 N *
Xylene N

H CO,Et

O]
p]
z
@

R H
R=H -
R=Cl 22%
R =0OMe

Ko {28

h

;_gahlbhn_gazZf_s-Haw *hijhi_ghZlu j_]Jbhk_e_dlb\
Ib_gh>g@bg”*heu BOp[5iZbkbkl _fm Ib -g@bg”rhezZ Ko fZ
> @ IljbgbgZ ih*h[ghc k_e_dlb\ghklb g_ mklZgh\e_gZ
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CO,Et
N A N—co,Et

Ns S N

S _ Xylene, 78% — H
N CO2E JAN N

—> 2
Na Xylene, 50% $ N
\ S S H

Ko 30
Dhf[bgZpby Zgg _ebjh\Zgby bghrheZ b dl
j_]ljmiibjh\db DejpceaZ gZajZ[hlZgZ Fm3[44K®d < kemq:
bahf jgufo |ZaZf s _gguo Zeeben_gheh\ kf_kv bahf_
bgrhebazZpbb ~"hklb]Z _lykhhlidhj_pmiibjh\db Deyca_gZ
ba[_"Zlv _keb Il_ijpfhabblky ijb [he__ gbadbo |_fi_jz
dbiys f lhemhe_  >Zgguc [Zg” _f ij_\jZs _gbc [ue bkil
dZj[Zalyd]hedZe WMXBUD\DTXLQRQH5% Ko fZ
X0 OH
N CORE Brombenzene §/\©\/\§7o025t
N3 156 °C, 77% N

H

Ko fZ

o]
Toluene HO N S MeO
H —> N
110 °C 53% | H o
/]

murrayaquinone B

Ko fZ
3=_I|I_jhazf_s_dgab”hijhi_ghzZlu ij_"klzZ\eyxl kh[h
m~Ah[guc km[kljZl "~ey Zgg_ebjh\Zgby ibjjheZz AZ
ij \jZs _gby [ueb kbgl abjh\Zgu fghaiytke” ggkibjhi\Zg:«
ZjihfZlbqg_kdb_ K3U8B]:fibjjhdh3-bjbg”h¢56,57], ibjjhd32-
dlibzamb8], nm[h3-blibjjhelb_¢R2-bjibjjheunm[®2-blibjjheu
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ibjjhd®h2-bjibjjhe 59,6061, |b_ ¢h3-bljibjjhd61,63, ibjjhd3h2-
bjbgrh¢3] G _dhlhjujbbajh\ ihdZaZgu gZ38® fZo

CO,Et
_ Q_Q/COQB
N3 \
o — O

) H
N R
R

R = Me (94%); Bn (91%); CH,0OMe (80%); SO,Ph (43%)

Ko 138
NN NN
S 2.
N N—co,Et =N N7 CO.Et
N3 Trichlorbenzene, 70% |l|
Ko 32
X
XA COEt A X< O (90%);
N\ N N S (97%);
3 Xylene H NMe (85%)
Ko 135
N3 H
/)—COsEt A Ny CO,Et
N Toluene, 94% N
SO,Ph $0,Ph
Ko 135

L jfbg_kdh_ jZaetZjb@bZab~hijhi_ghzZIlh\ bHjbhsbo
\bgbeklbjbeZeebe b¥hb gbe azf _klbl_eb ijb\h~bl d h[
ijh"mdlh\ pbdebaZpbb aZ kg | aZo\ZlZ H64K5d& b\lZHd
| jfheba -n_gbewl _gbe  qgi]ls Zab™hijid _ghZzl |
[ gabebahoblgHelng>Za ibg \ dZg_klI\_ hkgh\guo ijh*m
djhflh]h \u”®_egxJhevrb_dhebq_kl\&ob®BPheZ



R
R
CO,Et CO,Et
R 2
K Nan COEL oo — A
| ~N + N +
/ N—co,Et
R R N
H
R =Ph 35% 35% 10%
R=H 70% - <10%
Ko &

< Ihf kemqgZ_ dh]*Z ZjhfZlbg_kdh_ dhevph \ dZq_
ebrv -wl _gbevguc njZ]Jf_gl gblj _gh\uc bgl_jf ~bZl
pbdebaZpbb k h[jZzafh\bgbahobg@ghedbihdkbezZNZdZq_kl\_

fbghjgh]h ijhA"mdlz \u”_awyl_Iklyebg~he obNkhdhkdh_
jZaeh  _gb_ b~ 1 ih Kkh\_jr_ggh bghfm imlb lh Kk
_Jimiibjh\dZ bgl_jf_ ’\bZIgh]h Zabjbgz \ dZj[_g
pbdeh|Jh|ZgbaZpb c Ko_ > @
CO,Et V N
Ho P
Ko fZ

?keb hf@hiheh  gby aZgybevgufb ]JjmiiZfb gZ[ex:
h[jZah\Zgb_ bahobghebgh\ Ko fZ > @

Et0,C _Ns
| Bromobenzene> EtO.C~
1560C, 50% NS

No I, 50%
I, 92%
Ko fZ
Jh”~kI\ _ggZy j _Zdpby Ney ©aZlehiblhMZegguo

Zab”hijhi_ghzlh\ 1Zd>_ hibkzgZ \ ebl_jZImj_ [32thf g
c@ibjb"bgZ HK® fZb _ghc@ibjbrbgZ Kb _fiz IbZaheh>
c@ibjbrbgZ 4Rq70Z
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- CO2Et JAN Sy COE
\\ > N N
S N Z

Bromobenzene, 48%

Ko #D
S
Ny A PN
| - I
PhS Toluene, 82% Ei0.c”7
Ny~ “CO,Et 2 \p

Ko #A4

EtO_N

20 3 A EtOZC S
| S —_— q )—Ph
| )—Ph Xylene, 70% N~~N
N

Ko_ #2
Ke "m_| mihfygmlv glh \ hlkmlkl\bb ih”oh”ysb
fZjrimlh\ "hkimiZ d iylbge_gguf pbdezZZa®ZhighigginZIt
kihkh[gu h[jZah\u\Zlv ibjb”bgu iml_f \kljZb\Zgby
we f _gliZjvihabpbx ZjhfZlbg_kdh]h dhevpZ KfokjffZ"b
bahf_jguo ijh mdlh\ gZ[ex~Z _ I|ky khhlghr_gb _ hkb
we _dljhgh”?hghjguo azf_klbl_e_c -l4mbiZ ¢tzd@f Ihdkb

COzMe COzMe COzMe
NEg Xylene 2 N'H Z N_H
—_— +
OMe OMe MeO
AN AN 7
LT e (L2 999
7 P N
N N N
Ko fZ

F Ih~ [ue bkihevah\Zg ~dy lkidgb &Zj[Bpb& ghbg~he
[72] Ko _fZ -wlhdkbdZj{hfgbeebgrheZ > @
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/©/CHO N;CH,COOMe m“s . Xy COOMe
NG MeONa, 68% NG COOMe NC N3

(Z) Z/E=6:1 (E)
A \
3 COOMe .
NC u 37%
Ko_ #4

>Zevg _crb_ bkke "h\Zgby \dexqZeb ihemqg_gb_ g
Zab"hpbggzfialkj\ "kI\hf jZkdjulby wihdkb”~gh]h pbd
F Ih*"bdZ 1Zd _ [ueZ bkitkkdwdheZgZ<K pbdeh\ gh“mebl

dbkehlu > @ Ko_fZ

nodulisporic acid

Ko fZ
Ib _ ghg@bg”he b Ib_gh> _@bg”®"hevguo kbkl _ f
(35) d KK1065 b khhl\_IklI\mxigbhbb\hhimoheZew&ZehlfRb\ fZ
46) [76].
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Boc | Boc |
\ Xylene /\/l{l
N CO,Me 4
N\ S 2 . - A\ CO,Me
Ns reflux, 46% N
H
OMe
OMe
\ OMe (+)-Duocarmycin SA

Ko #b
DZd \b”gh ba jy*Z bkke_"h\Zl_evkdbo jZ[hl Zab?
[ulv k\yaZg k \bgbevghc beb Zjbevghc ]jmiihc q
ijhAmdlh\ \kljZb\Zgby gblj gZ hdZaZehkv \hafh guf <
Zab”u g_ j_Zdpbhgghkihkh[gu\agpfiwth\ldlw\gbZ\ mkeh\b
| jfhebaz gb ijb nhlhobfbgq_kdhf \ha”_ckl\bb GZ
pbdebaZpbbgbewlbeZab”Z g_ ijb\h2bl d h b”2Z fhfm

Ko #2).
©/\’N3+©\/N>

H
Ko #7Z
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DZIZeblbgq_kdb_j Zdpbb k mgzZklb _f i _j oh”Agu

:mjgh_ jZa\blb_ f IZeehdhfie_dkgh]h dZlZebaZz
] I jhpbdegd hkgh\_ pbdebaZpbc gblj _gh\ ijb\ _eh
dZlZeblbgq_kdbo \ _jkbc j Zdpbc KZg"[-@EIIb &y fZIkIdj
d kharzZgbx f,_¢h*"ib¥ xsbo deZkkbqg_ _kdbo ZgZeh]h\ D
1ZeeZ™ b _f i_j_]imiibjM\wi_gb@&®Zabjbgh\ dhlhju_kw\ey
j_amevlZlhf jZaeh _gby \bgbeZab”h\ b ihkimebjmxlk
j_Zdpbb O_f Ik[GhlIlj2y ijb\h”bl d h[jZahgbgedg” heh\
ohjhrbf \uoh”~hf m”™_ ijb dhfgZlghc[7v. @i _ZI|2adp bhb-e
2,2-"bn_gb®ZabjbgZz k [bk [ _gahgbbbdeorehgbZhf -%)fhe
Ijb fK "Zfllb-8n_gbebg”he k dhebqg_klI\_gguf M8oh~ hf

PdCl,(PhCN),

N
H

Ko #B

Dhfie_dku jhi*bly "bdh[ZevIdZj[hgbeZ zZzd _ ~Zxl|
ZjbeZabjbgzdbdhfgzZlighc | _fi_jZImj49 [RB¥9@Z F _oZgba
wlhc j _Zdpbb "h dhgpZ g_ yk _ g

Ko #B
GZ k_]h~rgyrgbc ~ gv kms_klI\m_| fgh _kl\h
dzZlZebazlhjh\ bkihevam_fuo gtéehkbigiglelZzhkdbjheh)\
GZb[hevrmx p_gghklv \ | Zdpbyo Zgg_ebjh\Zgby ij_*
Pd Al <u[hjdZ jZaebggupga@fbg"heh\ ihemq _ggl
ithfhsvx ij_~klzZ\e_gZ W.LZ[ebp_


















































































































































































































