[3+2]-UnknonpucoeanHeHue
BBeneHue

PN
+a/\c‘_.hﬂ C

\

= d—e



- BegeHue [3+2]-UnknonpucoeanHeHune

(2r + 4n)




BBenexHuve [3+2]-LluknonpucoennHeHue

AHHOH
IDHEIOIICH-
TaHAa




MpumMepbl kKapGoLuuknuaaLumnin [3+2]-LinknonpucoeanHeHue

0
CH; vy
CH:
R O SAr
coorr ¢t &
> CH COOFt



MNpuMepbl KapBoLuuKknmuaaLmnin [3+2]-LinknonpucoeanHeHue

A~ = - O

Ph

Ph  LDA THF
PN - 1%
~ Ph :

~ PR Ph

Ph
Kauffman Angew. Chem., Int. Ed. Eng. 1972, 11, 292.

CN

CN o
Ph 25°C,2h
= 65%

Martens Angew. Chem., Int. Ed. Eng. 1972, 11, 724.

Ph



* [lpuMepbl reTepoLMKNU3aLIii [3+2]-LuknonpucoeauHeHrue

N
OyN @’N =N=N + — N 92%

NO,

Ph /N\
+ “N N
@-N=N=N + HiCO,CC=CCO,CHy; — : ( 87%

H:CO.C  CO.CH;



* [lpuMepbl reTepoLMKNU3aLIii [3+2]-LuknonpucoeauHeHrue

Ph CH(OMe),

2 Ph CH(OMe),
PhCH=CH, + N,CHCH(OMe);, — \ o, iv/

N

TBDPSO TBDPSO TBDPS
O O 0
CH;N; hAv
0O — 0 — 0
— -

N
\..:—N
N



* [lpnmepsbl retepoumnknmsaunm [3+2]-LUInknonpucoeanHeHmne

1,3-0unnonapHoe uuknonpucoegmHeHne (INexmatH, 1898 r.)

HC=——CHO + CH,N, > / \N



 Tunbl gunoneu

[3+2]-UnknonpucoeanHeHue

OpHa nun-cucrtema

oy

C x ¢ "‘?"’NKQ”
I\ %\. I\ O\O\
@ \.r’f e (-Bf"
-2 /c%(w -8 /,N%CH
e N e N

A TTHIEHEIH AaHHOH

,D,Be OpTOroHalsibHbl€ NMN-CNCTEMBbI

ITHazoMeTaH
ATKHTA3H]



* Tvnbl gunonen [3+2]-LiInknonpucoeanHeHue

[Mouemy «1,3-gmMnonb»:

© ® ® O ® . O
:CHQ—NzN: > CHQ=N=N: > CHQ_NzN:*_"
XIII ) XIV
@ @ -
<«<—> (H,—N=N:<«—> C(CH,=N—N

XV



 Cnucok gnnonewn

[3+2]-UnknonpucoeanHeHue

LS-HHHDHIL KOTODBIE MOKHO BBLICTIITE B CEDEGHHGM BITJIC.

1. Asniner

2. JlmazocoeanHeHNT

© @
N e— /
N=N—C{_ Z

3. 3aKuch a30Ta

0
N=N—0 <> N=N—0

N
\ / 1.2.3-TpHa3omiHel

N /
N N Tlnpasomumer

1.2.3-OKcaana3oniHbl



* Cnucok gunonen [3+2]-LUnknonpucoeanHeHne

4. Hurponsr 1,3-Jlimomi, KOTophle MOKHO BBLIETHTH B CBOOOTHOM BILIE.

| | N
_? EN,HO@ s —CENHOG >LK/0 [130KCA30 TH/THHEL

| \ ‘
N
® ~ a7 N _—
—El)fN H‘N@ N _N St Q N N 23 Tpnasommmms:
0. A30KcIcoe TITHEHIA
|
N
@ T~ N
B 1‘:\1'9 _N HOG) N =N_ 0© N O 123-Okcammasommns



* Cnucok gunonen [3+2]-LnknonpucoeanHeHune

LS-HHHDHIL KOTODBIE MOKHO BBLICTIITE B CEDEGHHGM BITJIC.

I'1. Oxncn guTpion

N

s
N 0 © ‘(’/_/O 130KCa30IHHE]

A\

@
_C"F"""N“‘“Oe «>» —(C

7. O30H

030 ~0 © 0 0 O30HH/IH ATKEHOB



Cnuncok gunoneun

[3+2]-UnknonpucoeanHeHue

LS-HHHDHIL KOTODBIE MOKHO BBLICTIITE B CEDEGHHGM BITJIC.

8. TroxapOOHITHMITHEI

®
|

9. CymboaunmIs!

10. Cynpunmmamupt
S 99 =
N <> —NZN0

S

N
>§ N, TuazomuInHEL

\N/S\N/

\_/

THannazonuIuHEL

THaOKCa30IHIHHEL



* Cnucok gunonen [3+2]-LnknonpucoeanHeHune

1,3-Jlumonn, moayaaeMsle in situ

1. et autpumos

—?:N—? f: o CEI@J _Cg: \Q< [IHPPOTHHEL

(3 >CCI=N-CH< mwm ¢oTom30oM a3ipuaiHOB)

2 HutprinMiHel

N
= /
_?_N —IC:)I— <> —CE%-—g— \(—/N [THpa3oMHHEL

(m3 >CCI=N-NH- + NEt; umu ¢potommnom 2-H-terpasonos



Cnucok annonen [3+2]-LinknonpucoenmHeHue

1,3-Jlumonn, moayaaeMsle in situ

N

N
—?—N —%) _C E% _C;) \ﬁ/s 30THA30IHHEL

R N\

(Tepmomi3oM OKCaTHa30I0HOB \( S )
O~<

O

YTO npm aTOM nponcxoauT?



* Cnucok gunonen [3+2]-LnknonpucoeanHeHune

1,3-Jlumonn, moayaaeMsle in situ

4. Inmnarel a30MeTHHOB ‘

(13 >CH-N"=C-X 11 NEt;)

| . N
_?_;N HN@_ > _C{xN ~\& >UI/HHPHEDHHHIIHBI
|' ]

(m3 >CH-N"=N-X 1 NEt;)



Cnuncok gunoneun

[3+2]-UnknonpucoeanHeHue

1,3-Jlumonn, moayaaeMsle in situ

6. KapOoHmmmmmaer

O"“--..

O
-0 ““‘“(‘@— Z N © >Q< TeTparuapodypaHsl
] | |

> —(=

@
2

A Kak eLye?

O
(mpu QoTtommse uin TepMoII3e OKCHpPaHOB  / \ )

7. KapOOHMITOKCH/TBI

@ o O\
OGS, 0.0 >Q/O 1,2-JTHOKCAOTH-
~YN > —(F
_C|-‘ O C{ O JIUHEI (ITHKITH-

yecKHe MepeKicH)

(HpI'I PACIICILICHITIT O30HIIOOB ILIIH IIPIH PEaKIHII KHPGEHGB C KHCHDPGHDM)



* Cnucok gunonen [3+2]-LnknonpucoeanHeHune

1,3-Jlumonp MoKeT OBITh TaKKe YacThE) TeTepOINKIMYECKOIl CICTEMBI.

R R’
® 1 @
RN O R—N O
\ E@
N—O 3 O
@ R

CunaHOHbI OkKca30roHblI



Ounnonapodunsbl

[3+2]-UnknonpucoeanHeHue

Kpome cBazen C-C, gunonspodunnamm MoryTt 6biTb MHOIMe Apyrue KpaTHble CBS3N:

NEt; 20 0C ® O
N TNHPD i | Ph—C=N-N—Ph
| HUTPHTHMHE
Cl

Ph(= / Ph-NS%‘
Ph

N\. Ph N\.
Ph—( N~ Ph—( N~ Ph—( 7/
S+P11 N= /N-—S% |
, Ph Ph O 87%

7204, Ph 2%

TETpEl[b CHHJITHAIHA30/THH T])PICI) CHHIITPHA30!I Tpl{(p CHIITHATHA30/THHOKCH]



OCHOBHble 0COGEHHOCTU [3+2]-LlnknonpucoeanHexne

Tpu BaXkHbIX BOMNpOCaA, KOTOPbIE MOXXHO 06bACHUTL ¢ no3uunn pPMO:
*PeakumoHHasa cnocobHOCTb
*CTepeoxnmus

Pernoxnmmsa



PeakumoHHast cnocobHOCTb [3+2]-LinknonpucoeanHetne

HCMO

HCMO HCMO

HCMO
HCMO

B3MO

HCMO
B3MO

B3MO o

B3MO B3MO
Immom  JUIOIApOQHT Tumom  Tamoaapodmt Timom  Tamomspodn
Ink ~ (1/Gy) Ink ~ (1/G+1/Gy) nk ~(1/Gy)



PeakumoHHasa crnocobHOCTb

[3+2]-LiuknonpucoeaunHeHume

B peaKLy K C 3NeKTPOHOM3OBITOUHbIM
qunonapogunom

B3aUu MGHEI-““IETB?ET R

HCMO 1,3-gunona | ®
P8

€ B3MO HykneodunbHoro =—\

ankeHa R

B peaKLuu C INeKTPOHoAePULIUTHBIM
aunonapodunom

R B3aUMOfleNCTBYeT

N@ B3MO 1,3-gunona

7 \ﬁ
R*(_c HCMO anekTpodunbHoro
ankeHa

0



OnNeKTpoHHOE CTpoeHune ANnorewn

[3+2]-UnknonpucoeanHeHue

nitrone diazoalkane nitrile oxide nitrile imine
H—N=N=N_ (HZC=I?“O) HC=N=N- (H-C=N—0) (HC=N—NH)
H
18
0.1 T 01
— 05 205 —
97 ﬂ -9.2
115 4 110
BcnomHuTte: aTuneH -10.5/1.1 oB



OneKTpPoHHOE CTpOoeHWe aunonewn

[3+2]-LlmknonpucoeanHeHune

DHeprud rpaHHYHBIX OpOHTAdeH 1,3-1unmorel

JHunoae DHeprus. 3B
B3MO HCMO
® -7.7 0.9
HC=N—CH,
HutHpHIHIHA 0
_9 9 H—C—N—C 9.2 0.1
HutpruiaMuH HO=N—NH @
e -11.0 0.5
HC=N—0 XXII
HuTtpHIoKCHA
® © 90 1.8
N=N—CH,
Aua3zoMmeTan -
® O -11.5 0.1
N=N—NH
A30THCTOBOZOPOIHASA KHCIOTA
® O -12.9 -1.1
N=N—0O
3aKuch a3oTa
® O -6.9 1.4
CH,=NH-CH;
A3OMETHHHIHI
®__ -8.6 -0.3
CH>,=NH-NH
A30MeTHHHMHH -
® © -9.7 -0.5
CH,=NH-0O
Hutpon
® © -7.1 0.4
_ CH,—=0O—CH,
KapOoHIIHIHIO - -
@ © -13.5 -2.2
O=0—0

O30H




PermoxmmMmus [3+2]-LlnknonpucoennHeHne

—
—
e,

.-'—«.'I I

L]
H.",n',-: / I ||I'|II.H
N

HOM Odiﬂmmethﬂne / LUMD&thene LUMO diazomethane /H OMOethene

E( HmIl"'“IDL:Ha;f.t:lmcmane\j - E(LUM '::}cl]mm:\j E{HDM':]f:t]mm:\j - E(LUMijiammel]mnc)
= —229 kcal/mol = — 273 kecal/mol



PeakuuoHHast crnoco6HOCTb [3+2]-LinknonpucoeauteHne

[10 OTHOLLEHUIO K 3NEKTPOUNBbHBIM arikeHam
(B3MO gnasocoeanHerHuns n HCMO ankeHa)

PeakuHoHHasg crI0cOOHOCTE YOBIBAeT B Py

CH,CHN; = CH:N; => EtOOCCHN;

Ecnn ucnonb3yem Ona3oKeToH,
TO peakuunsi c eHaMuHaMun NOET OYEHb JIENKO
(HCMO gnasocoeguHeHns n BSMO arnkeHa)



PeakunoHHasa crnocobHOCTb

[3+2]-UnknonpucoeanHeHue

|Ug }‘-lll.'ff“ﬂ —_—

MeO.C a—1p

® MeO,C

CO,Me

CO, Me

increasing HOMO-energy of the dipolarophile
and also
increasing LUMO-energy of the dipolarophile




« CTepeoxvmMus [3+2]-UnknonpucoeanHeHune

ZC H3CH= CHOC3H, _ + E-CH_]CH: CHOC3 HT
OyN N—N=N

p-nitrophenyl azide
N NG
O,N N° °N 0,N N~ N
Tl fi13l " Qi |
H }—( H - H

(n pernoxnmmsa Toxe!)



« CTepeoxvmMus [3+2]-UnknonpucoeanHeHune

H,C  CHs N

>—< N N
CHQOZC COzCHj H:-]C"" ""CH3
1 CH;0,C CO,CH;
CH30,C CH, N

>=< CH, Ne
HC  COCH; CHaOzC"H"CHg

i HC  COCH;



[3+2]-UnknonpucoeanHeHue

OneKTpoHHOE CTpoeHne annornemn

HOMO

2
n-,_NnU
mﬁv_mnu
>z
g L
mﬂuﬂa
mnu.w_h.l
S =0
2 |
= -
=
=
(=
1
N2
I
T
o

065,y 0.15 M0.74
o
O 0

N—O
nitrone

R,C=

Rl
090

11?30 ﬂ#J Ollﬁl
diazoalkane RXE)—E_B

N-

:ﬁ:

R,C

0

0

0.590 0gs O{LEIJ
0

nitrile imine R—C—N—N—R

R—C=N—N=R



e Permoxmmums

[3+2]-UnknonpucoeanHeHue

CH,C= TTJ—Q_ +

CH;CH=CH, CH3CH=Fii—0- +  CH,=CHCO,CHjs
— LUMO(+2} CHx
LUMO(-0.5) — LUMO(-0.5) — — LUMO(0)
dominant
% MD 9 ﬁ?%ﬂﬂllt
HOMO(-9) HOMO(-9.7) {J—
HOMO(-11) {Jr _FF HOMO(-109)
0.56 021 0.80 a<p 065 .15 0.74 B>a
CHC=N—0" CH;CH=CH, CH3CH=IF-—0" CH,=CHCO,CH;
LUMO HOMO Hoyo CH: LUMO
CH; CO>CHj3

|
CH;



Permoxmmms [3+2]-LlnknonpucoeanHeHune

B3MO P11—3=N=N Ph. 1 Ny

-
o

HCMO x / Ph Ph



[eHepauuna BaXxHbIX 1,3-aunoneun:
HUTPOHbI

[3+2]-LUuknonpucoeguHeHune

H,C—CH,
m-CPBA :@: / :T: Hgo :u/:

N S |
3NMMUHMPOBaHNE  OH 0
rMAPOKCHNaMUH ©

H LIMKNMYeckni
HUTPOH



[eHepauua BaXkHbIX 1,3-aunonemu: [3+2]-LinknonpucoeaunHenve
HUTPUNOKCUAbI

OKCUM

R 0 qu—uﬂ Q R N@ RN
\K ) OH Y OH

R Et.N | R “-... ®
YN\O” il aﬁ | __ | r—=wN—00
Cl

Cl




FeHepauys KapBOHUMUMNAOB [3+2]-LuknonpucoeauHeHrue

D hv D He=0 H (_Ii _.D H 5 D
— = - =~ - YN
>:N” > (11) Y \r \I/ Y
D D H D H D
(9 (10} (12) (13)
. D 0
-CHy: Y
D
(14)
NC CN
+
H3C CHN; H,C ()‘CH arns o HC
ne Y I HC +
3 CH, H;C" O H:C "0



« [Mpumepbl peakumn [3+2]-LluknonpucoeanHeHue

Ona3zocoeanHeHus

0 0
CHoN, + H2C:CH“< j - ({L—> 80%
0 O
N
N

%
+
PhCH=NCH; + H,C=CHC=N — H_

N
(l)_ 0 91%
Ph

C=N

HUTpOHDLI



« [Mpumepbl peakumn [3+2]-LluknonpucoeanHeHue

HuTpoHbI Kakoe ncnonb3oBanocb ncxogHoe?

o

|
toluene 1) Hy, Pd/C CH3N
(o Cht=ch = \)ﬂ o )},’L
2} CH,0, HCOH




« [Mpumepbl peakumn [3+2]-LluknonpucoeanHeHue

HUTpOHDLI
PhCHgN"'O PhCH,NH HO
PhCH,NHOH
acetonitrile HOAc )
O=CHCH,S B0
96%
CH,CH;CH;
+ | heat .
CH5CO,(CH);CH=NCH(CH)) CH=CH, % CHCHCHy N Y
O O

CH;CO;,



« [Mpumepbl peakumn [3+2]-LluknonpucoeanHeHue

HUTpOHDLI PhSOz(CHz)g.\
CHyCH,CH,CHCHCH, i, H /
NHOH >=-< + PhSO(CH,),CH=0 —= CHa“'%:
. - (CHy)s o-N
CH,CH,CH,
74%
CHj CH;
_ CH;NHOHHCI
(CH3),C=CHCH,CHCHCHCH=0 o e O, 64-67%
CHs 4 N CH,

|
CH;



 [pumMepbl peakuuii [3+2]-LluknonpucoeanHeHue

Hutpunokcuabl

CsHy C=CH

R = -(CHpCO4(CH;)3CH3



« [Mpumepbl peakumn [3+2]-LluknonpucoeanHeHue

Hutpunokcuabl

R &




* [lpumepsbl peakumn: pparmMeHT [3+2]-LluknonpucoeanHeHme
CUHTe3a buoTuHa

Hutpunokcuabl

H i 0 7 N—0
N/@G) | H "

ooN oo |
5 0= 80—

HN—
H H H
LiAlH,
—_—
S
L H |




[Tpnmepbl peakunmn: pparmMeHT
CUHTE3a BMOTHHA

[3+2]-UnknonpucoeanHeHue

Cepocoaepxalinn UMK noftyydeH, n Ctepeoxmmma bnoTmHa
yXe onpeaeneHa. B cemu nocnenyrowmnx ctagusx Hanbonee
Ba)XHO pacLiensieHne CEMUYIIEHHOIO UuKna B pesynberarte
neperpynnupoBkn bekmaHa,

0

A

HN NH

> H H OunotuH

Hutpunokcuabl

7 cTapun

S CO.H

BuoTuH

BUOTUH - KodakTop hepmeHTa, KOTOPbIA aKTUBUPYeET U NepeHocuT CO,, MCMONb3YILWIACA B Kauec-
TBe 3neKTpoduna B BMOXMMUUYECKIX peakLMAX.

monekyna CO, /E) j\ P 0
o }/h NH  OVOTUH — - "“_<OB con g)J\
0

Nu: H H NPUCcoeanHeH K GepMeHTy

NH-Enz auetun-CoA



o @parmMeHT cnHTesa buoTuHa

[3+2]-LiuknonpucoeaunHeHume

0 0
1. LiAlH,4 BzN)I\NBz Na,S Bz NBz
= Himmn il Homm mmiH
2. MEsozcl
(MsCl) Ms OMs .

0

0 1. Buli 0
2 N)‘\ 1. BocCTaHOBNEHMWE CyNbdoKcnaa )I\
Bz H

' |
Bz NBz Nalo, BZN NBz tBuO 2c/\/\./ NBz W rpynn N-Bz

Himm mnH T, | . =

Himmn mnnl

2.H30®

t-Bu0, HO

0

O

OUOTHH

Q
Bz 00 o 1. Buli N R
SQ NaID4 DY ‘9 2. RI OY 4 9
Bz (W = Bz N. 7 Bz N\
\ 1 v 0
H \', OKWUCNeHKe ¢ MeHee H H
H 50 NPOCTPaHCTBEHHO H

3aTpyAHEHHO CTO-
POHBI




« [Mpumepbl peakumn [3+2]-LluknonpucoeanHeHue

Okcup ocmusa(VIIl)

: N, Y4
\=\ _Ofﬁ... 0:) 7 S 0" 0 oovar
R
R \:\ Ifé o

Kak aTo 06bl4HO ans peakumn 1,3-aunondapHoro uuknonpucoegmnHenus, OsO4
pearvpyeTt npakTny4eckn OANHaAKOBO XOPOLLO U C aNeKTPOoHOA4eUUNTHBLIMU, U C
SNEKTPOHON3ObLITOUYHbLIMU ankeHamu.,

OMe 0

0 0
OH OH
ﬂj 0s0, & 0s0,4
- — -
OH




[Mpnmepbl peakumi [3+2]-LlmknonpucoeanHeHue

CTPYKTYpa Monekynbl
030Ha ®

®
GO —— A

O30H

1,3-aunonapHoe peakuus, obpaTtHas

®
%:? LMKNONPUCOeMHEHNe 1,3-aMnonapHomy Q
00" ~o OCO\O' NPUCOeaMHEHNIO D\ ) o/‘o%o )

:7?( — ) o
© R
\ +0\<7® ,n\o\f’j h\{’\

3\\:..;:.@
+

""\-__‘_“c

®

BpaLLeHne Moneky bl 1,3-gunonApHoe
ankgervaa Ha 180° LUMKNonpucoeguHeHne R

I’ﬂe\ /.Me

o

C:SMEz
|
0

R 06
0 0 = JIMCO + 2RCHO
- j\ </
0
R




MpuMepbl peakuuii

[3+2]-LUlmknonpucoeanHeHune

O30H

BoccraHoBneHue no bépuy

OMe

Lir NH3 {H{-:l

1i 03

- H\,/O .

-

2. Me,S O/\H anbfervol
1. 03 R 0 OH

” * )\ KﬂpﬁDHDEbIE KUCNOTHI
2. H,0, y P
1.0,

2. NaBH, HU/\ R CANpTbI

[ } OMe

OMe
—_— 1.0 2. NaBH,
s P | ——— !
t-BuOH |




« Katanus [3+2]-UnknonpucoeanHeHune

alkene

dipole wess [ [UMO

dipole—Lewis acid

E“ HOMO



« Katanus [3+2]-UnknonpucoeanHeHune

TALOON
Ph Ph
oj%q
0 o ><0 . OfTi{DTs)g
Ph H \)L JL PK Ph
N- + CHg/\ N O ¢ .
0 Ph \_/
Ph~ 7




e KaTtanus [3+2]-UnknonpucoeanHeHune

\/ﬁ\ /E |—L*‘002Et
23a ™\
FOCOHANN . O 2 N 7 Nf
0 0

33 19b 34

ee = 30-40%
Ph Ph
M?f CKTiCI
Me" o /e

ﬁ

Ph

le 6.26 23a



MIHTepecHble AaHHble [3+2]-UnknonpucoeanHeHune

JR
N
Ph
/4 K li(l C
Ph™ N ph Ph~%

(38) R=Me (221)

(222a) R=Me (57%)
(220) R=Bn 2

(22
(222b) R=Bn (74%)

CO,Me

/‘\( S =
Ph—N7 ||| — PhN! | + PhN! 3
§© N= N7

CO,Me
CO,M& 709/ 229



[ ]
I

7_< ' N R

[
. O

\NX

RR



MIHTepecHble AaHHble [3+2]-UnknonpucoeanHeHune

+_  CH)N,
OgNON:N - N=N o
IZ(E ( le
N
(218)
NO,
O +
O Ny MeCN
_,/é\ " - It
Ph™ N7 Ph 0-N BEs N—N
I = /Y BF;
Me PhAN)\Ph
(38) (226) |
Me



Minireviews U.S. Schubert et al.

DOI: 10.1002/anie.200900755

Click Chemistry beyond Metal-Catalyzed Cycloaddition
C. Remzi Becer, Richard Hoogenboom, and Ulrich S. Schubert*

click chemistry - catalyst-free method - cycloaddition - Dedicated to Professor Jean-Marie Lehn
Diels—Alder reaction - thio-click reaction on the occasion of his 70th birthday

Angew. Chem. Int. Ed. 2009, 48, 4900 — 4908

Click Chemistry: Diverse Chemical Function from a Few Good Reactions

Hartmuth C. Kolb, M. G. Finn, and K. Barry Sharpless*

Angew. Chem. Int. Ed. 2001, 40, 2004 -2021



Bcnepn 3a npupogon mbl cobnpaemca genartb BewecTsa nyteM coeanHeHna HebonbLLnX
doparmMeHTOB C nNomMoLlbto retepoatomMHon ceaskm (C-X-C). Llenbto ssBnsieTcss nounck
CEPUN MOLLHBbIX, CENTEKTUBHbLIX U MOAYINbHbIX BITOKOB, KOTOPbLIE MO Obl NPUMEHSATLCS
KaK B TabopaTopHbIX, Tak U B KPYMHOTOHHAaXHbIX rnpoueccax. Mbl Ha3Banu Takom nogxopn
«click chemistry» n yctaHOBUNN XXECTKNE KPUTEPUMN, KOTOPLIE OOMKHbI BbIMOMTHATLCS.

Peakuuun OONXHbI ObIThb:

. MoaynapHsiMn

. LLInpoknmn no cnekTpy

. [laBaTb BbICOKME BbIXOAbl

. [aBaTtb TOMbKO HeonacHble NOHGoYHbIE MPOAYKTI, OTAENEHNE KOTOPbIX HE TpebyeT
XpomaTorpadun4eckon O4YNCTKN

. CtepeocneyndpunyHbiMn (He 0bs1I3aTeNIbHO 9HAHTUOCENEKTUBHbLIMMN)

NMpouecchbl AOMKHbI:

. MeTb npocTble ycnoBus nposeaeHns (B ngearne - B NpUCyTCTBUKM KNCNopoaa U
BOAbI)

. cnonb3oBaTb Nerko 4OCTYMNHbIE NCXOAHbIE U peareHThbl

. He ncnonb3oBaTtb pacTBOPUTENN UITN UCTONb30BaTb «3€feHbley

. BkntouwaTb nerkoe BblageneHne NpoaykToB, CTabunbHbIX Npu pr3nonornvyeckmnx
YCNOBUSIX.

BaXkHO OTMEeTUTb, YTO ABMXKYLWAa cuna nogobHbix peakunn odbblvHO 6onee 20 kcal/
mol-1.



Nature is a matchless creator of C-C linkages and we propose leaving the tough job of
C-C bond synthesis as much as possible to her. Instead, it is sensible for us to
specialize in quick and easy chemistry that nature uses only sparely, by focusing

on the high driving force reactions that emanate from the olefins that she has provided
either directly (for example, terpenes) or that are produced by the petroleum industry...
Our thinking about C-C bonds as gifts of nature has been a constant source of
inspiration during the framing and the ongoing refinement of this minimalist synthetic

strategy.



The growing applications of click chemistry

John E. Moses and Adam D. Moorhouse Chem. Soc. Rev,, 2007, 36, 1249-1262

L2

Diels-Alder A C=C Additions
Cycloaddition Catalyst | -
HO
R Muc
Nucleophilic
Ring Opening

1,3-Dipolarcycloaddition
Cu(l) catalysed Huisgen

Non-Aldol
Carbonyl Chemistry

Scheme 1 A selection of reactions which match the Click Chemistry
criteria.
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Copper-catalyzed azide—alkyne cycloaddition (CuAAC)
and beyond: new reactivity of copper(1) acetylidest

Jason E. Hein and Valery V. Fokin*

A. 1,3-Dipolar cycloaddition of azides and alkynes

1N=N 'H=N
=100°C
F!1—H:]. + H? : Hﬂ - Ff“N\}‘FI"’ + R“H\?\HE
hours=days )
R* R

reactions are faster when AER° are electron-withdrawing groups

B. Copper catalyzed azide-alkyne cycloaddition (CuAAC) T B+
NzN-N-R NEN-n—R
RlaNy + =R (Cul MNew {1 — I —
=Ny — = H'=N - |-
solvent or neat \:'-LH? R——=—1[Cu] R——ICy]

C. Ruthenium catalyzed azide-alkyne cycloaddition (RUAAC)

[Cp*RUCI] NN

Ri=N; + (R3H)=——=—R > RhNYA
(HA®)
R
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Thiol-click chemistry: a multifaceted toolbox for small molecule
and polymer synthesisii

Charles E. Hoyle,” Andrew B. Lowe” and Christopher N. Bowman*®

el
2
R
RSR, + RyX
Scheme 1 Toolbox of thiol-click reactions. EWG = electron
withdrawing group. X = Br, I and R, = aliphatic or aromatic

organic/bioorganic groups.



Initiation
Photochemical
| + hy = 2R-
R+ + R4-SH =

R-H + Ry-S-

Thermal and
Redox
I =2 Re

By Various
Mechanisms
R+ + Ry-SH =>

R-H + R4-S-

Propagation and Chain Transfer

Z R,
[ ]
R-]H‘—SWRE R-{HS.
H S
RS R7~N"TR,

(b)

Termination

Ri-S+ + Ry-5+ 2>

Polymer

Ri-5* + R>-C» =

Polymer

R>-C+ + Ro-C+ =

Polymer




Peakunn a3naoB C LMKITOOKTUHAMM

a
J - .
1
HO O HO O HO (8]
1 2 3
. _N_ N.
b} R-*-_N" HN N.-;.‘r- N___.H
mm, F —{_ F —{ F
R-N; 4 F i F
= e
=k Rn Ru

Scheme 1. a) Cyclooctyne derivatives with different substituents.
b) The SPAAC click reaction.



Peakuun a3naos c adKTBNPOBaAHHbIMU aJIKUHaMU

OEt
(OC)sW
— Ph
i —_—
%—DH 50°C, 4 h 5 —Eh
—0—Si —0-5i N=—
E—C}f 5 5" _\_’_ ;
2 10 N3 @) 15 Ny W(CO)s
Ph QEt

Scheme 2. Copper-free click reaction between an azido SAM and an
alkynyl Fischer carbene complex.



Peakuuun asangos ¢ anekTpounbHbIMU anknHamm

o NyX RO R R OR"

. A T +
./LOR N\\ /N\x N% /N\X

R N N

Scheme 3. Click reaction between azides and electron-deficient
alkynes (R'=H, CH;, or COOEt, R"=Me or Et, and N;-X=>5-azidoval-
erate or 5-azido-DNA).



Peakuun asngos ¢ 1,2-gerngpobeHsonamm

TMS N
7 CsF Al N
L ] + R-N; - £ - | ,N
N Nore CHsCN, RT, 18-24 h riJ
: R

Scheme 4. An example of benzyne click chemistry (R =benzyl). Tf=tri-
fluoromethanesulfonyl, TMS = trimethylsilyl.



 PeakumoHHasi cnocobHOCTb

[3+2]-UnknonpucoeanHeHue

Table 6.3. Relative Reactivity of Substituted Alkenes toward Some 1,3-Dipoles™”

Substituted ¥ - Foo— —_
alkene Ph,CN; PhN; PEN=N—NPh PRC=N—0 Flh(I:—"PI\I e
H O
Dimethyl fumarate 100 31 283 94 18.3
Dimethy! maleate 27.8 1.25 1.9 1.61 6.25
Norbornene 1.15 700 3.1 97 0.13
Ethyl acrylate 28.8 36.5 48 66 11.1°
Butyl vinyl ether — 1.5 — 15 —
Styrene 0.57 1.5 1.6 9.3 0.32
Ethyl crotonate 1.0 10 1.0 1.0 1.0
Cyclopentene — 6.9 (.13 1.04 0.022
Terminal alkene — 0.8 0.15¢ 2.6° 0.0724
0.011 0.055 —

Cyclohexene — —



« 3apaun [3+2]-UnknonpucoeanHeHune

9. PaccmotpuTe cxeMy. TakuM CIoco0oM OBLT IIOTYUEH
OJIHH H3 HUTPOHOB, IIPHBEICHHBIX B KaUeCTBe IIPHMeEpa
B 3TOH IM1aBe. I300pa3uTe moapodHEIH MeXaHH3M IIPOo-

TEKAIOIIHX PeaKIHii.
© ® O OH NH,
NNUQ r 1 /\CHD MeO . AN 1. Ph—=N—10
2. MeOH, HCI - oh
NO, 2. LiAlH,
/\)\/\l/ﬂhﬂe Zn, NH,CI
_————
OMe
NHOH
OMe H@, Vi
= = No
OMe (I,@ 11.IIpuBeanTe MeXaHH3M IPHBEICHHEIX HIDKE PCaKIIHT
H 00BACHHTE PETHO- H CTEPSCOXHMHYECKHI KOHTPOIE
(WTH HX OTCYTCTBHE!)
H
| N p s
H CMechb CTepeor30oMepoB
S + 1.Zn, HOAc ©
Y 2. MnO, N

OKWMCNALST annunbHble
CMUPTH B KETOHbDI Ph



