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1, 3 Dipolar Cycloadditions
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Stereospecificity
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Regioselectivity

- Dominated by Frontier Molecular Orbital (FMO) interactions
- Sterics can also play arole
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typical for an electron deficient dipolarophile typical for an electron rich dipolarophile

If the energies of the two interactions are similar, both reactions can occur.

Houk, K.; Sims, J.; Due, B.; Strozier, R.; George, J. J. Am. Chem. Soc. 1973, 95, 7287.



1,3 Dipolar Cycloadditions of Azides and Alkynes
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cat. Cu(l)

1, 4 regioisomer obtained exclusively

Fokin, V.; Green, L.; Rostovtsev, V.; Sharpless, B. Angew. Chem. Int. Ed. 2002, 41, 2596.
Christensen, C.; Meldal, M.; Tornoe, C. J. Org. Chem. 2002, 67, 3057.



The Cu(l) Catalyzed 1,3 Dipolar Cycloadditions of Azides and

Alkynes
RI-C=CH + NE?\?—%—RZ cat. Cu(l) R%
Rl

82% 88% 84% 90%

NH
»=NH HO
H,N
91% 84% 94%

Rostovtsey, V.; Green, L.; Fokin, V.; Sharpless, K. B. Angew. Chem. Int. Ed. 2002, 41, 2596.
Tornoe, C.; Christensen, C.; Meldal, M. J. Org. Chem. 2002, 67, 3057.



RI—C=CH +

RI—C=CH +

Rl—C=CH +

Generation of The Cu(l) Catalyst

Cu(l) salt
1.0 eq. 2,6-lutidine RZ\N/ NV

Cu(l) salt = CuOTf Cg4Hg, CuBr, Cul

Cu(ll) salt (0.25-2.0 mol %)

Na ascorbate and/or Rz N
ascorbic acid (5-10 mol %) N °N
Rl
N
RZ\N/ \\N
copper metal \:<
> "

R

Formation of Byproducts
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Click Chemistry

- high yielding

- wide in scope

- stereospecific

- inoffensive byproducts

- simple reaction conditions

Rostovtsey, V.; Green, L.; Fokin, V.; Sharpless, K. B. Angew. Chem. Int. Ed. 2002, 41, 2596.

Kolb, H.; Finn, M.; Sharpless, K. B. Angew. Chem. Int. Ed. 2001, 40, 2004.
Himo, F.; Lovell, T.; Hilgraf, R.; Rostovtsev, V.; Noodleman, L.; Sharpless, K. B.; Fokin, V. J. Am. Chem. Soc. 2005, 127,

210.




A Stepwise Mechanism is Proposed
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The Unexpected Formation of Trisubstituted Triazoles
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Mechanistic Rational for the Formation of Trisubstituted Triazoles
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The Use of N-Sulfonyl Azides as 1,3 Dipoles
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Finzi, P.; Grunanger, P. Tetrahedron Lett. 1963, 4, 1839.
Yoo, E.; Ahlquist, M.; Kim, S.; Bae, |.; Fokin, V.; Sharpless, K. B.; Chang, S. Angew.
Bae, I.; Han, H.; Chang, S. J. Am. Chem. Soc. 2005, 127, 2038.

Chem. Int. Ed. 2007, 46, 1730.



Proposed Route to Sulfonamides
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Cho S.; Yoo, E.; Bae, I.; Chang, S. J. Am. Chem. Soc. 2005, 127, 16047.
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A Cu(l) Catalyzed Cascade to Form Azetidinimines
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Fokin, V.; Whiting, M. Angew. Chem. Int. Ed. 2006, 118, 3157.
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Reaction Scope: the Imine Component

Cu(l), 10 mol %
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Fokin, V.; Whiting, M. Angew. Chem. Int. Ed. 2006, 118, 3157.
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Synthesis of N-Sulfonyl-1,2,3-Triazoles
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Yoo, E.; Ahlquist, M.; Kim, S.; Bae, I.; Fokin,V.; Sharpless, K. B.; Sukbo, C. Angew. Chem. Int. Ed. 2007, 46, 1730.



Fu’'s Extension to Azomethine Imine Dipoles
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Fu, G.; Shintani, R. J. Am. Chem. Soc. 2003, 125, 10778.
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Fu, G.; Shintani, R. J. Am. Chem. Soc. 2003, 125, 10778.
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Reaction Scope: The Azomethine Imine Component
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Fu, G.; Shintani, R. J. Am. Chem. Soc. 2003, 125, 10778.



Reaction Scope: The Alkyne Component
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- erosion of regioselectivity observed for electron rich alkynes

Fu, G.; Shintani, R. J. Am. Chem. Soc. 2003, 125, 10778.



Application to Kinetic Resolution

(o] o] (o]
[( 1% Cul \ 4—/(
N
Ph NéaN@ . |’| 0.5 eq. CyZNMe> N/\}\R . NéaN@ iPr
HJ\Ph R 1.1% ligand Ph HJ\Ph
1.2 eq. Ph
. _ rate of fast-reacting enantiomer
selectivity factor = rate of slow-reacting enantiomer
R selectivity factor ee czzﬁ)c;ipole isolated yield (%)
CO,Et 53 99 42
CONMePh 30 91 42
4-(trifluoromethy)phenyl 50 99 39

Downey, W.; Fu, G.; Suarez, A. J. Am. Chem. Soc. 2005, 127, 11245.




Limitations to the Kinetic Resolution of Azomethine Imine Dipoles

Ph

0 o) o) o) Mo
4 1% Cul \/_< /(/)—‘AYMe
5/ No l 0.5 eq. Cy,NMe N + AL No iPr” N P'i
No ° - N\P\Co Et Ph |N® Me. Fe _Me
M COEt  1.1% ligand PH 2 HJ\R =
H R R M
1.2 eq. Me e
Me

R selectivity | ee of dipole | isolated yield
factor (%) (%)
Ph 53 99 42

0]
w""e ° % 48 If R is an acyclic alkyl group,

the dipole decomposes during cycloaddition.

Ne
27 99 31

|
IR
Cy 15 91 36

C4 substituted azomethine imines do not undergo kinetic resolution
with useful selectivites.

C5 can be substitutued with aryl, heteroaryl, or branched alkyl.

Downey, W.; Fu, G.; Suarez, A. J. Am. Chem. Soc. 2005, 127, 11245.



Other Cu(l) Catalyzed 1,3 Dipolar Cycloadditions

1. H,NOH-HCI 0o R2
j.L 2. TsN(CI)Na' 3H,0 H@ | |
' ot
L T T (R | S
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Hansen, T.; Wu, P.; Fokin, V. J. Org. Chem. 2005, 70, 7761.
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Synthesis of Pyrazoles: A Direct Approach

Precedent
. No | .
i TSNHNH ! R
O . 2 N @ — RZ
MeCN, rt, 3h | — \
J - /
Rl H .. Rl 0 2 /N
ii. 5M NaOH i | 50 °C R H
Rl=EDG
R2 = EWG
o)
0 20 mol % InCl5 R*
H->0, rt
Rl% + =R 2 - Y
| R >N
N, H
Rl = OEt
R? = EWG
o)
Rl
o) .
JH T S B
1 N
R | RZ N/
N, H
Rl = OEt
R? = aryl, alkyl

Aggarwal, V.; Bonnert, R.; Vicente, J. J. Org. Chem. 2003, 68, 5381.
Jiang, N.; Li, C. Chem. Commun. 2004, 394.
Ready, J.; Qi, X. Angew. Chem. Int. Ed. 2007, 46, 3242.



Initial Attempts to Form Pyrazoles Using

Cu(l) as a Promoter

0]

Ph
BHOH \
nBuLi -78 °C N, BnO / N + BnOH
—H > > N
C Cu (1), 17 °C rt, 2-4 h H

O
80% yield 6:1

1 equivalent CuCN'6LiCl necessary

Alkali-metal acetylide required

Copper required

Single regioisomer

Ready, J.; Qi, X. Angew. Chem. Int. Ed. 2007, 46, 3242.



Reaction Scope: The Alkyne Component

R
0
+ I N
R———H  BnO" 7 i) nBuLi -78 °C BnO N’ +  BnOH
N> N > H
i) Cu (), -17 °C o]
CHg FsC
CF4 :
Diazocarbonyl Compounds
sno. ! \/N ano_ M \,N o) 0
N N
. . N N>
72% yield 75% yield
0
(j 0 s
N MeQ_
Cl t-Bu0” NT
N, Me N,
BnO / \/N BnO / \/N BnO / \/N
N N N
H H H
o) o) o)
60% yield 74% yield 74% yield

Ready, J.; Qi, X. Angew. Chem. Int. Ed. 2007, 46, 3242.
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A Concerted Mechanism

[3+2]

- EWGs slow reaction

- Similar rates in THF, ether, and toluene '

- Observed regioselectivity

Y
|
Z\
| =
T
A,

consistent with

Labeling Studies

O

CuCN-6LiCl N, )—oen
u ‘oLlI e

N + +
Ph—=—Li > \ BnOH

0

5 PR D
BnO
73%D
N>

Ready, J.; Qi, X. Angew. Chem. Int. Ed.

2007, 46, 3242.

a concerted mechanism

——HI/D

16% D



An Unexplained Side Product

O
D
BnOJﬁ( H Q
N OBn
N2 N’
Ph—— i - o/
CuCN-6LiCl Ph D
73%D

General base:
nBuLi, LDA, Li,Cu(n-C4Hy),CN, lithium phenylacetylide

Ready, J.;

Mechanisms to be ruied out:

- E2 elimination of the alkoxide
- Direct addition

- Ester hydrolysis

Qi, X. Angew. Chem. Int. Ed. 2007, 46, 3242.

_|_

BnOH

+ Ph——

16% D

major product:
BnOH

Non-
deuterated

6.0:1

Deuterated

6.2:1

H/D
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Synthesis of B—-Lactams

The Staudinger Synthesis

Staudinger, H. Liebigs. Ann. Chem. 1908, 356, 51.

Ullmann Type Coupling

Cl  NHTs Cul

R>]/HN S
7N

COOH

Penicillin Core

/‘\/k DMEDA _ \]\:NKTS Os
Ph Cs 2C02

Lu, H.; Li, C. Org. Lett. 2006, 8, 5365.

Intramolecular C-H insertion

N3 Rh,(S-PTA),

N. _O (5 mol %)
MeOZC ij

Ananda, M.; Hashimoto, S. Tetrahedron Lett. 1998, 39, 9063.




Ph—C=C—CulLn

The Kinugasa Reaction

Rl Rl /Rz
| -
CH Ph—C=Cc—cuL,  Pyridine N
NO T
R 00O Ph O
S)
H OH
|
O.
~~ H
Ph > Culn l:' CulLn
[3+2] N )= Ph . Q)
> 1 X /O > Rl - ||\|CO
H |}|: H\ RZ
R,
o Ph e}
Rl g N Rl \: I}I
H R H R?

Y

Kinugasa, M.; Hashimoto, S. J. Chem. Soc. Chem. Commun. 1972, 466-467.
Ding, L.; Irwin, W. J. Chem. Soc. Perkin Trans. 1. 1976, 2382.
Miura, M.; Enna, M.; Okuro, K.; Nomura, M. J. Org. Chem. 1995, 60, 4999.



Pioneering Efforts by Miura

Culligand Ph o
Ph 0© Ph .
_ ; 10 mol % — N Ph
Ph———H ~ —No® ( ). o= +  PhCH,COOH »=N
H Ph K,CO,/DMF N . 2 i
Ph Ph Ph
PPh,
Ligand = [
PPh,
) Culligand Ph o
Ph O Ph .
Ph———H + »>No (10mol%) Ph—=— " +  PhCH,COOH Ph>—N
H Ph K,CO5/DMF N ., 2 T on
Ph Ph Ph
74% 3% 7% 9%
) X
Ligand = | _
N
S, Culligand Ph 0
Ph O Ph .
Ph—— H + \—No (10 mol %) .  Ph—= N . hc0o Ph>7N
H Ph K,CO4/DMF N 3 PhCH,COOH =N,
Ph P Ph H Ph
8% 71% 22% 11%

Miura, M.; Enna, M.; Okuro, K.; Nomura, M. J. Org. Chem. 1995, 60, 4999.




Attempts at Asymmetric Induction in the Kinugasa Reaction

Ph 09
Ph———H + —N®
H  Ph
P, 0°

Ph———

T
+

|
Z
©)

Miura, M.; Enna, M.; Okuro, K.; Nomura, M. J. Org. Chem. 1995, 60, 4999.

Cul (10 mol %) Ph_ @)
ligand A (1 eq.), N
K,CO5/DMF 5
Ph Ph
45% yield
40% ee
Cul(1eq) Ph_ @)
ligand A (1 eq.), )N:/r
N _/NNC
l\zvusl LJIVIT ',/
Ph Ph
54% yield
68% ee

Ligand A =

iPr

Me Me

/
N

Z=

‘k/o

iPr




A Chiral Auxiliary Based Approach

The oxazolidinone side chain controls the approach of the nitrone.

R
H
Ph 13 R
e
//” N \ O
<\ /K [Cu]
O O«

lower in energy:
substituents on opposite faces

MeO
Bn H
\ Cul, EtzN
OYN\/& ¥ ®|N
O 'Ph
5 e

H
R
Ph 13 _RY
e
//' N O
<\)\. [Cu]
@) O_~

higher in energy:
substituents on the same face

OMe OMe

5:3

70% combined yield

Basak, A.; Ghoh, S.; Bhowmick, T.; Das, A.; Bertolasi, V. Tetrahedron Lett. 2002, 43, 5501.



Fu’s Use of a Chiral Ligand to Induce Asymmetry

Me Me
N . @%,\i'Rs 1-2.5%CuCl, ligand A Rar_‘“Rz Me@?m
RZkH Cy,NMe, G N‘R3 Me@/\/@ﬁﬂe
e
up to 93% ee MMeeZng\je
Me
Alkyne Scope
OOMe R, Ly
0.9 — o1 1-2.5%CucCl, ligand A ™
oy )N'\H ) - Cy,NMe, ~ o/l;’\' Q
OMe
isolated
R! cis:trans (()e/oe,cis %/gie;d%
isomer)
4-CF3CgHy >95:5 92 65
4-OMeCgH, >95:5 93 57
CH,Ph 71:29 73 43
1-cyclohexenyl 90:10 91 45

Lo, M.; Fu, G. J. Am. Chem. Soc. 2002, 124, 4572.



Variation of the Nitrone Component

Variation of the N-based substituent

Me Me
© Me@Me
0.® RS . Ph Ph Me
=——Ph + /’I‘I\ 1-2.5%CuCl, ligand é ;l;‘* Fe
Ph H CyzNMez o \R3 Me ﬁ @Me
Me Me
-l
Me
isolated
. % ee | yield %
3 . o y
R cis:trans (cis) | (cis
isomer)
Ph 95:5 77 69
Variation of the Nitrone Component
4-OMeCgH, 95:5 85 53
S
S
0.® A
4-BrCgH, 94:6 72 74 0.0 Ar N
| |
H
4-(EtO,C)C¢H, | 94:6 71 91 ©)\ H /©)\
MeO
©
0.® Ar o @Ar
N O-N

Lo, M.; Fu, G. J. Am. Chem. Soc. 2002, 124, 4572.



Intramolecular Attempts With the Kinugasa Reaction

CuBr (5%)
ligand A (5.5%)

AN

Cy,NMe (0.5 eq) N_

O\®/ AI‘
© |}l 0O
Ar
30% yield
6% ee
CuBr (5%)
& ligand B (5.5%) -~
ONCZ Cy,NMe (0.5 eq)
© N N
Ar Ar
O
74% yield
88% ee

Shintani, R.; Fu, G. Angew. Chem. Int. Ed. 2003, 42, 4082.

0
ez A

Ph— N™ Nipr
e e




Intercepted Intermediate

R-C=C-H Cu (I) cat. R/, ‘\R1
> );\
® O base N,
R'-C=N-0 o R
H |'Q2
R  [Cu] R R R R
R~/ — | — > E
.0 — N, :]/:N
N [Cu]O R2 o R2
R,
CuBr (5%)
+ I ligand (5.5%)
NS >
<D Ar KOAc (1.0 eq)
FZ N 3eq. OSiMe;,
(o) _Cs
© Ph” ~CH,
(2.0 eq) 85% ee
76% yield

Shintani, R.; Fu, G. Angew. Chem. Int. Ed. 2003, 42, 4082.



Other Attempts to Induce Asymmetry in the Kinugasa Reaction

73% conversion
91:9 cis:trans
37% ee

CuCl (10 mol %)

ligand A (12 mol %)

CY2NM9

MeO
T, o
—N

Ph

22% conversion
92:8 cis:trans
10% ee

PR ) o N
Ph PR pn

cis trans

80% conversion
76:24 cis:trans
29% ee

Coyne, A.; Muller-Bunz, H.; Guiry, P. Tetrahedron: Asymmetry. 2007, 18, 199.

CF;

O
F;C
N

PR P

64% conversion
8:92 cis:trans
53% ee




Outline

Introduction to 1,3 Dipolar Cycloadditions

Cu(l)-catalyzed 1,3 Dipolar Cycloaddition Between Azides and
Alkynes

— Cascade Reactions

— Extension of the Original Methodology
Synthesis of B—Lactams

— Kinugasa Reaction

1,3 Dipolar Cycloadditions Between Azomethine Ylides and
Activated Alkenes



1,3 Dipolar Cycloadditions of Azomethine Ylides Catalyzed by

Chiral Metal Complexes

Ar_ _N_ _CO,M 2
NP8 20(0TH),, ligand A R?0,C, R
b > : Yields: 12-93%
+ 2 ase ee: <5-91%
CO,R
__CO; ArT NN Co,Me
R H

Gothelf, A.; Gothelf, K.; Hazell, R.; Jorgensen, K. Angew. Chem. Int. Ed. 2002, 41, 4236.

R._N._CO,Me

+
MeOZC

CO,Me

Longmire, J.; Wang, B.; Zhang, X. J. Am.

RN co,Me

Oderaotoshi, Y.; Cheng, W.; Fujitomi, S.; Kasano, Y.; Minakata, S.; Komatsu, M. Org. Lett. 2003, 5, 5043.

AgOAc, ligand B MeO,C

\\COZMG
R’Zj\

N COZMG
H

Yields: 80-98%

i-ProNEt ee: 70-97%

Chem. Soc. 2002, 124, 13400.

H
CuOTf,, ligand C

Rﬁ,COZMe
Et;N — Yields: 54-80%

ee: 55-92%

0P ~=0
Ph

exo




Highly Endo Selective Cycloadditions of Azomethine Ylides

Cu(CH3CN),ClO, Ph
0 (3 mol %) 0-N__o I@jpﬁthB”
EtzN, -10 °C 1 Q
R2 R3 s R J=co,me
o) R H R3
B OY\ . endo
Ph N
Ph_/ /
o
CEN
[Cu]? j
O™ “ome
N N N N
0 O 0 O 0 O 0 O
F MeO
- o COZMe - y COZMe - y COZMe - - COZMe
N N /H N N '/H N N /M \\‘ N //H
H N H N H N e Me N
endo:exo = >98:2 endo:exo = >98:2 endo:exo = >98:2 endo:exo = >98:2
yield(%) = 82 yield(%) = 81 yield(%) = 50 yield(%) = 78
ee(%) = >99 ee(%) = >99 ee(%) =80 ee(%) =94

Cabrera, S.; Arrayas, R.; Carretero, J. J. Am. Chem. Soc. 2005, 127, 16394.



Endo Selectivity Scope Continued

CO,Me
Ph._N._COMe [ 2

CO,Me

CO,Me
Ph._N._COMe 2

MeO,C

Me.__CHO
Ph._N._CO,Me + T

Cabrera, S.; Arrayas, R.; Carretero, J. J. Am. Chem. Soc

Cu(CH3CN),CIO,4
(3 mol %)

MeOZC COZMe
ligand (3 mol %)
= Ph

EtsN, -10 °C

CU(CH3CN)4C|O4
(3 mol %)

N~ ~Co,Me
H

endo

47% yield
94% ee
endo/exo = 67:33

MeOZC \\COZMB
ligand (3 mol %) ‘
o Ph

EtsN, -10 °C

CU(CH3CN)4C|O4
(3 mol %)

N~ ~Cco,Me
H

endo

89% yield
>99% ee
endo/exo = 90:10

OHC
Me: .

ligand (3 mol %)

EtsN, -10 °C

Ph
N~ ~Cco,Me
H

endo
48% yield

69% ee
endo/exo = >98:<2

. 2005, 127, 16394.

= Ligand



Highly Exo-selective and Enantioselective Cycloadditions of
Azomethine Ylides

Cul (5 mol %)

CO,t-Bu ' 0
ArvN\/COZMe N [ 2 ligand (5.5 mol Q

t-BuO,C,  H

Dcome sl
Ar’&c:ozlvle Ar

t-BuO,C H

base (10 mol%)
H -25°C M g
exo endo
Ar base | exo/endo | yield (exo, %) SioOf
o-CIPh | EtN | 76/24 76 98
p-MePh | DBU 97/3 61 89
p-OMePh | DBU 97/3 82 o1

Gao, W.; Zhang, X.; Raghunath, M. Org. Lett. 2005, 7, 4241.

CO,Me

@x3 o

PAr2




“cu,
AN
| @)

Ar N
\%@\@)kOMe

18 electron
tetrahedral
complex

R202c% R}

OMe
’”'QY

Cu=<O
< b

L L

Gao, W.; Zhang, X.; Raghunath, M.

Mechanism

L/. PL
X/CU
L,CuX . ! \O@ Base
! |
Ar N
CO,R?
Rl C02R2 H N ‘\\Rl
\:/ //i_l //
> Ar / )
N
S\
[Cu]? i
O™ “ome
0L g
Base'HX

Org. Lett. 2005, 7, 4241.




Varying the Electronic Nature of the Ligand to Change
Stereoselectivity

o
G
@/% 'iPr
Fe PAr,

1A: Ar =4-MeO-CgH,
1B: Ar = 3,5-(CF3)-CgH;

Phno, ON pp ON
. CuCIO, (10 mol %) ,L_L b‘
P ligand 1 - coO + Cco
Me0,6 NP e Ph N ,Me Ph N ,Me
exo endo
ligand | yield | exo/lendo | ee %
only
o

1A 65% exo 98
1B 62% 18:82 97

Yan, X.; Peng, Z.; Zhang, Y.; Zhang, K.; Hong, W.; Hou, X.; Wu, Y. Angew. Chem. Int. Ed

. 2006, 45, 1979.



Proposed Mechanism

ML, EtN
KSR Ty
\ R._N - ~ RN
¢ < ety owe A oue
CO,Me EtS@N)H
2
R ANo,
Y
O-,N R? ML
Dat 3 " :
R._N R._N
RNy~ “COMe ™ % OMe > N OMe
H R NO, 2 NO,

Yan, X.; Peng, Z.; Zhang, Y.; Zhang, K.; Hong, W.; Hou, X.; Wu, Y. Angew. Chem. Int. Ed. 2006, 45, 1979.



Summary of Cu(l)-Catalyzed Processes

® Regioselective formation of 1,4 disubstituted triazoles

o ® O 2 1_N
Rl — + NEN_N_RZ cat. CU(l) . R N \\N
\:<4
Rl
1, 4 regioisomer obtained exclusively
® Cascade reactions
HC=C-R! SO.R
+ N7 2 ,SO,Tol
Cul (0.1 eq), base | H R1 N
® O > Rl\)\ _RS R N\S,R
N=N-N-SO,R HNR?R, H,0, or R! N 1W @)
’ ’ N~ 2 @) 2 N,
) R Ph Ph
R3 "R?

amidines sulfonamides azetidinimines



Summary of Cu(l)-Catalyzed Processes

® Reactions of other 1,3 dipoles

0
0
BnO)Jm H OBn
N2 N, /
Ph———cCu > \
Ph H
® Kinugasareaction
rRL R
Ph—C=C-CulL, H
® O Ph @)
R-C=N-O
H R2
® [ewis acid activation
L, * R?0,C 1
0 L,CuX x-Cu Rl CO,R? AN

Y

Ar<__N 0 OMe
N~ \)J\OMe Base Ars— Ar&(
H

©)]
<
)
Y
Z
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Ph—C=C—CuLn

Byproduct Formation

2
Ph—C=C—CuLn R®

Y

2H,0
Ph—C=C—0-CulLn

Y

Y

Ph
H,C—COOH



Azide-Acetylide Mechanism

R?—=——H B BH
Cupnlp
CULn (CULn)z k - RZ_—_—_H v _
2
RINg U R
RZ——Cu,L,, = = | R? :/ Cu,l, =—=—= o H
2 Rlc‘: /L\
u |_/ u
_ - . _
SN R
2 . NS SN
R\(\\c:u N N '\!\N
.~ L ~/ . H
> | \ > L,Cu; R L,Cuy ,
"y | "
Bl
R =2 |
B BH

Kinetic Studies:
Process is 2nd Order in Cu when process is catalytic in Cu.
- Increasing [Cu] causes less reactive metal aggregates to form ->
indicate that Cu?! acetylide species is changing in solution.
- mcomplexation may play arole.
- 2nd Cu atom is likely is to activate the azide functionality, or complex with the acetylide
(causing areduction in alkyne electron density, favoring cyclization)

Overall, little is known about the copper acetylide complex.

Bock, V.; Hiemsra, H.; van Maarseveen, J. Eur. J. Org. Chem. 2007, 51.



An Explanation for the Stereochemical Outcome

Yan, X.; Peng, Z.; Zhang, Y.; Zhang, K.; Hong, W.; Hou, X.; Wu, Y. Angew. Chem. Int. Ed. 2006, 45, 1979.



Stereochemical Explanation Continued

Cu
R Ph
O ph:

exo N/J
MeO N02
H 3

H

endo

Yan, X.; Peng, Z.; Zhang, Y.; Zhang, K.; Hong, W.; Hou, X.; Wu, Y. Angew. Chem. Int. Ed.

. Ph
(o) N /J
MeO
Ph H

OH ‘N//
Meo)g&/NOZ
Ph 3

0
\j'/
©/<N 'iPr

Fe PAr,
=X

1A: Ar =4-MeO-C¢H,
1B: Ar= 3,5-(CF3)'C6H3

ON , R?

R cO,Me

Iz

2006, 45, 1979.



Mechanism Support

T
Yy
-
N
I

b4

(7]

%

A

| /
i

Further support for the mechanism was obtained by conversion of sulfonyltriazole 8 into the corresponding azetidine product.
Triazole was stable when subjected to reaction conditions.
When it was metalated with nBulLi, resulted in the immediate extrusion of N, Addition of benzylideaneaniline and HCI gave rise to the productr.



