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- . Introduction

N/
Extensively studied <— ” (N> —>  Far less studied
H
* Calculated ring strain: 27.3 25.2 In comparison:
(kcal.mol?)
e pKa (in water): 7.98 11.3 In comparison:

——> High ring strain energy / Basic: Two key parameters for their reactivity

W >
ot ON, ON
Usually, activation through: R RorLA R 'Ror LA
Aziridinium Azetidinium

F. Couty, B. Drouillat, G. Evano, O. David, Eur. J. Org. Chem. 2013, 11, 2045-2056

11/12/2018 J. D. Dill, A. Greenberg, J. F. Liebman, J. Am. Chem. Soc. 1979, 101, 6814-6826

27.4

11.3
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High ring strain energy / Basic: BUT not the only one AE g strain= 2.1 kcal.mol™
\N/
g
. : . > From this rate difference:
e Ring opening with DMAP: N n
s Ob=nine o~y N O > AAG*= 5.6 keal.mol!
ON; s
/ Bn Bn

1,7.104 times slower

:> Ring strain not the only important factor

__N 0 O Conformers ‘i
! l

19.5 kcal.mol™! “

Invertomers “ around 10 kcal.mol"!

* Nitrogen inversion energy barrier:

Invertomers

/ | }i
B , b %5/
Conformers

Invertomers
Often observable by NMR at rt

Not distinguishable in NMR at rt

11/12/2018 N. De Rycke, O. David, F. Couty, Org. Lett. 2011, 13, 1836-1839 5



) .
- . Introduction

Important to differentiate activated and non-activated substrates:

Non-activated i Activated
3 R2 R3 E IEWG R2 R3
A A T
N ! - N |
R" " "R? R TR R R? R" " 'EWG Special case:
J >l< Acuv?t'on \ \ | Donor-acceptor aziridine
R 5 2 R3 |
RT_N® R R EWG  RZ_A EWG |
S} ! ® O © |
E R1 ® E
N rich in electron EWG on the nitrogen
Nucleophilic substrates Electrophilic substrates

Difference of reactivities

11/12/2018 6
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Il. Synthesis of aziridine and azetidine

Easy access to aziridines

From epoxides Hoch-Campbell synthesis

R? R3 N/OH
From p-amino alcohols A R3
O R? Aza-Darzens
2 1
R?  NHR x f R R
- SN
HO R o ~— ~
3 % - / R2 X

EWG or X

’ \
2 2 N II"'
1. | R I, .\\RS | O
Y—{ + _NH R': NR, A H
R4 RS AC;S i —— \\_\. \ R R}S}/} — R2 /.:_:::)L R R1” N. LG Aza-MIRC

Aziridination —

O
N
I | R From Diazo compounds

R2 N,

A
= R3" "SR,

"Aza Johnson-Corey-Chaykovsky"

To learn more about stereoselective synthesis of aziridines:
L. Degennaro, P. Trinchera, R. Luisi, Chem. Rev. 2014, 114, 7881-7929
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it S ] Synthesis of aziridine and azetidine

e Several methods for the synthesis of azetidine

Reduction

4-exo-tet
Haloamination N. R R!

® 4
"X " R\/\(NHR LG)\H\NHR

4-exo-tet R! R?

2

y ﬁ EWG / R! i R3
LG N

/ NH insertion
NHR N,

N LG/\<(|) Epoxide opening

| I
®
R3 N S
Rzﬂ\( ] / \ ) // \@
N R o R R
PG~ Ring extension
Norrish type 2 LG\é/NHPG

+ NuH
Favorskii-type ring contraction

For a more intensive look to the synthesis of azetidine:
11/12/2018 A. Brandi, S. Cicchi, F. M. Cordero, Chem. Rev. 2008, 108, 3988-4035
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Ring expansion with “CX, inclusion”:

Activation Opening
o 0 Mel MeQ ) . ] j\
. . R' R' f '
* Double S, 2 inversion process N Cl)kowle \N@ © R-N{R R~N"0
LN, N R —
‘R )/R Cl ,/R
R: COAr, CO,R, Vinyl, acrylate CI@ - MeCl 85-97%
* Require an external nucleophile for other precursors:
Ph s\\\ . . .
"M Boc,0, Nal i The released carbonate not sufficiently nucleophile
N O N |::> . e ge e
| Acetone b — Halogen salt added to open the aziridinium
O

72%

T. B.Sim, S. H. Kang, K. S. Lee, W. K. Lee, H. Yun, Y. Dong, H-J. Ha, J. Org. Chem. 2003, 68, 104-108
L. Testa, M. Akssira, E. Zaballos-Garcia, P. Arroyo, L. R. Domingo, J. Sepulveda-Arques, Tetrahedron 2003, 59, 677-683
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Ring expansion with “CX, inclusion”:

0] O

1) Lil ., THF/HMPA

En ) Li ca2t) o o)J\N/B“ OJ\N/B”

1 . +
* Allow the trapping of CO, Cﬁ.:z\ \_K )_1
90%, 97:3

S

H
N TBAB (5 mol%), CS, S)J\NH

* Other heteroatoms can be introduced: CS,
THF, rt, 24 h
94%

—> When only alkyl substituents: C3 opening = On the less hindered carbon

M. T. Hancock. A. R. Pinhas, Tetrahedron Letters 2003, 44, 5457-5460
A. Sudo, Y. Moriaka, E. Koizumi, F. Sanda, T. Endo, Tetrahedron Letters 2003, 44, 7889-7891
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Ring expansion with “CX, inclusion”:

(Ph RNCO Ph j\
. . MgBr, (10 1%
* Isocyanates upon activation can be used: 9B (0mok) AN ON-R Men: Menthyl
dioxane, rt F—{
C3 C2 CO,Men 12-48 h CO,Men

R: Aryl, alkyl, Bn, Ts, COCl3;  g5.95¢,

ANF
NCS . N
H P (2 equiv) )l\
* But also thioisocyanates N ZnBry (125 equiv)  HN™ S
Ph DCM, rt, 0.5 h Ph
75%

—> If Aryl or Ester substituted aziridine: C2 opening = On the most substituted carbon
(Between Ph and CO,R => opening at Ph position favored)

M. S. Kim, Y-W. Kim, H. S. Hahm, J. W. Jang, W. K. Lee, H-J. Ha, Chem. Commun. 2005, 25, 3062-3064
R. A. Craig, N.R. O’Connor, A. F. G. Goldberg, B. M. Stoltz, Chem. Eur. J. 2014, 20, 4806 — 4813
S. Stankovic, M. D’Hooghe, S. Catak, H. Eum, M. Waroquier, V. Van Speybroeck, N. De Kimpe, H-J. Ha, Chem. Soc. Rev. 2012, 41, 643-665
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Ring expansion of 2-haloalkyl azetidines

X) 7~ X

* Proposed mechanism: E& | Tl L
N\ ®\R N
R R

—> Calculations tend to favor this bicyclic intermediate in DMSO

Ph \\CI Ph OMs
Ph ~\\\CI \ Ph OMS
\D’ DMF CHClj N
. pe N. reflux N N\B reflux |
Stereospecific: Bn Bn n Bn
. . 75% 79%
—> Retention via double S 2
ClL Ph, Cl
Ph/ ; Ph ‘. N
" CHCI
“Bn reflux |
Me Bn

F. Couty, M. Kletskii, J. Mol. Struct. THEOCHEM 2009, 908, 26—30
F. Couty, F. Durrat, D. Prim, Tetrahedron Letters 2003, 44, 5209-5212
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Ring expansion of 2-haloalkyl azetidines

* Possible ring expansion of iodo-azetidine in presence of another nucleophiles

Ph I, (3 equiv) | ! R3NH, NHPr
NaHCO; (5 equiv) /Fg (10 equiv) /@
R1< 3 o o _
1 N)\/\ )jN(\ Ph N Ph N
H CH5CN PH “Bn CH3CN | DMSO, |
20 °C, 16 h 60 °C,2h Bn 60 °C, 18 h Bn
97% 74%
(1F(§3NH2 ) DMSO 2 M NaOH overall
equiv , E
. 48 h (Excess)
IetiWat
Ph 'Tj Ph l}l
Bn Bn
78% overall 82% overall

A. Feula, S. S. Dhillon, R. Byravan, M. Sangha, R. Ebanks, M. A. Hama Salih, N. Spencer, L. Male, I.
11/12/2018 Magyary, W-P. Deng, F. Miiller, J. S. Fossey, Org. Biomol. Chem. 2013, 11, 5083-5093 14
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Huisgen et al., 1967: 1,3-dipolar cycloadditions via azomethine ylides

7 R R
A — L] Ll
/NX > ' @I$ ' - - R : R
R' R' Thermal _ R WN“‘éR 1,3-dipolar \LZ/
Eltz;:trogycllc cycloaddition R" R
pening

Azomethine ylide

EtO,C. COLEt EtO,C CO,Et
N HOLLT="COoH B Cis product
‘ > EtO,C N CO,Et
Ar 110 °C 1
EtO,C LCO,Et EtO,C CO,Et
N F10LT—"C0H B 1 Trans product
; > EtO,C7 >\~ 'CO.Et
Ar 110 °C .

Ar

11/12/2018 R. Huisgen, W. Scheer, H. Huber J. Am. Chem. Soc. 1967, 89, 1753-1755 15
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Huisgen et al., 1967: 1,3-dipolar cycloadditions via azomethine ylides

Il? R" R
N A

R
R == n N '
R R
. ® .
R'v. _N__R
RI/A kRI Thermal Y “\@/ 1,3-dipolar \YLZ/
R R

Electrocyclic cycloaddition

Opening
Azomethine ylide
EtO,C. WCO,Et EtO,C CO,Et
N F10LT="C0H N Cis product
| = Et0,C™ N~ ~CO,E P
Ar 110 °C iy
EtO,C. ,CO,Et EtO,C CO,Et
N EtO,C————CO,Et — Trans broduct
‘ > EtO,C7 N\~ "CO,Et ans produc
Ar 110 °C |

Ar

Question 1: How can you explain the stereoselectivity of these 2 examples?

11/12/2018 R. Huisgen, W. Scheer, H. Huber J. Am. Chem. Soc. 1967, 89, 1753-1755 16
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1,3-dipolar cycloadditions via azomethine ylides

____________________

<—OBn <OBn <—OBn ! “—OH
. . /Y i " | \H
e With non polarized alkenes ° - ° ° = %,OH
ﬁ Diphenyl ether, : e I -
NBn O 260 °C, 5 min Eln H O ! IE\Bjn H O ;
70% R ) / (-)-dihydroheliotridane
—> Intramolecular + require very high temperature
R
R
With all En ©02Bn Pha N .COLE!
[ J . a\
Ith allenoates AN (1-2equv) ? 48-73% + Presence of pyrrole
Ph CO,Et Toluene. MW N\ With R: H, alkyl or Ph |
180 °C. 15 min BnO,C ) (Formal 3+2)
CO,Bn tBu o
. . . ,LBU (1.2 equiv)2 N
* Interestingly if N protected with tBu or Cy: N\ g m ¥ H
. Ph COPh Toluene,
Formal 3+2 major 80°C.,4h  BnO,C  Ph
65%

K. Hashimura, S. Tomita, K. Hiroya, K. Ogasawara, J. Chem. Soc., Chem. Commun. 1995,22, 2291-2292
F. M. Ribeiro Laia, A. L. Cardoso, A. M. Beja, M. R. Silva, T. M.V.D. Pinho e Melo, Tetrahedron 2010, 66, 8815-8822
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1,3-dipolar cycloadditions via azomethine ylides

CO,Bn tBu 0
IEIBU (1.2 equiv) ’{1
° . o . R + H
Interestingly if N protected with tBu or Cy: NZANG. Toluene, m
80°C,4h BnO,C Ph
65%
R! Rz COPh
Ir ffﬂ_\“\ l ‘x"'l'{l B ———
W, >
BnO,C '30':'" BnO,G~ ./ TN
. e s
Formal 3+2 major \\S_z,coph KS_Z/{ = N Ph___
BnDQC EInDEC BnO,C
R ﬁz {oH R' Fu!z
s N - PhCHO N
- = Ph retro-aldol type b
BnO,C  Ph fragmentation BnO,C  Ph

Scheme 4. Mechanism proposal of the formal [3+2] cycloaddition of aziridines and
allenoates.

11/12/2018 F. M. Ribeiro Laia, A. L. Cardoso, A. M. Beja, M. R. Silva, T. M.V.D. Pinho e Melo, Tetrahedron 2010, 66, 8815-8822 18
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[1,2]-Meisenheimer rearrangement with N-oxide of azetidines

00 R R R
R Homolytic ‘N@ N N
. . ©) —_ > @O/. O/ (o)}
[1,2]-Meisenheimer rearrangement: cleavage ) ~— )
R' R'
R' R'
Diradical intermediate
©
N N CPBA ® N\O [1,2]-Meisenheimer
. ' m- an rearrangement
e Kurihara et al. 1993 and 1996: ; i Tquant N—, h B
Me CO;Me . NI\\/Ie H ;COzMe ’
0
0 0
© 0 O OMe
{ | H,0, { o5 | THF reflux < N — ¢ O N
@ MeOH/CHCI; | © 0 O % O OMe
rt, 15 h 3
Then PtO, (cat) 64%

magallanesine

More details about mechanism: L. Menguy, B. Drouillat, J. Marrot, F. Couty, Tetrahedron Letters 2012, 53, 4697-4699
T. Kurihara, Y. Sakamoto, M. Takai, K. Ohuchi, S. Harusawa, R. Yoneda, Chem. Pharm. Bull. 1993, 41, 1221-1225
R. Yoneda, Y. Sakamoto, Y. Oketo, S. Harusawa, T. Kurihara, Tetrahedron 1996, 46, 14563-14576
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Photo-rearrangement of 3-benzoyl azetidine

0 Ph
»  Pad | - PP T
adwa et al., 1967: hv P
N-tg, EtOH tBu
95%
. . OH Ph
i . 1,4-HAT Recombination I\
* Proposed mechanism: _ "™ .| H ARAT 1 — Sy
« —N N |
"Norrish N \ 8 in
Type 2" “Bu tBu tBu H,0 u
0 N
f,. O
b n Fﬁ\ on(+ 0 )
N EtOH Ph viam H )’
“tBu tBu "Y=N Ph
tBu
33% 67%
Via H Via H More stable benzylic radical

11/12/2018 A. Padwa, R. Gruber, L. Hamilton, J. Am. Chem. Soc. 1967, 89, 3077-3078 20
A. Padwa, R. Gruber, J. Am. Chem. Soc. 1968, 90, 4456-4458
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Cobalt-catalyzed carbonylation of azetidine

H Co,(CO)g (5 mol%)

Oj CO (34atm)
* Alper and Roberto, 1989 L\, —
H Me 80 °C, 24 h

* Proposed mechanism: E( Co,(CO)s
N

R’ o Co(CO),
Co(CO),
—>
Co,(CO)g (5 mol%
B E(Me Me CO (3.4 atm.)
 Stereospecific process: L+ /ENr Benzens
Me"  “tBu Me “tBu 125 °C, 40 h

Ratio 3/1

R2
®
EN(@W - (CO)SQ\W . (OCMCQ

H

76%

HMe

2
R co

¢ o
0® Co(CO),

D. Roberto, H. Alper, J. Am. Chem. Soc. 1989, 111, 7539-7543

©
Co(CO),

O

N.

R1

Insertion in the less substituted C-N bond

) Me Me
Me\\" { N\tBu + Mefq( \R‘]
@) O

88%
Ratio 3/1

Ill. Reactivity of non-activated aziridines and azetidines

R2

~ o

Coy(CO)s ©
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 Formal [3+2] cycloaddition:

Formal [3+2]-cycloaddition
Stepwise via Sy¢-type mechanism

_LA i ]
- R, EDG
EWG \—/ R\ o EDG R\ DG
N Activation > 5 t ° b’\‘
S . ® — NS — ~EWG
L R
R owis Nt R EWG
R: Alkyl, Ph - -
* Evidence: Presence of eliminated products
SiPhMe, . SiPhMe, ’ \ SiPhMe,
BF3.0Et, (15 mol%) B H e
— NTs * — °
DCM, 0 °C, 30 min L N NHTs -
H H F| S
65% 28% (1.5/1 Trans/Cis)

S.C. Bergmeier, S. L. Fundy, P. P. Seth, Tetrahedron 1999, 55, 8025-8038
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* Same observation without silylated moiety:

e @ (1.4 equiv) oh H Ph ph H
. n | NHTs @
N n

P DCM, -78 °C, 20 min

Mixture 1/1
For n=1, 45% overall
For n=2, 51% overall

* With electron-enriched alkenes = no opened product BUT mixture exo/endo

Ph H Ph H
@ BF3.OEt, (1.0 equiv) ;
+
/ DCM, -78 °C, 20 min N X N X
TsH TsH
Exo/endo: 1/1
X=0, 80%
X=NTs, 90%

I. Ungureanu, P. Klotz, A. Mann, Angew. Chem. Int. Ed. 2000, 39, 4615-4617
I. Ungureanu, P. Klotz, A. Schoenfelder, A. Mann, Tetrahedron Letters 2001 42 6087-6091
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* Same observation without silylated moiety:

e @ (1.4 equiv) o H Ph Ph H

| _ NHTs ZJ'

N BF3.OEt; (1.0 equiv) Z_@ . ——> ViaEy: )
A N n

PH DCM, -78 °C, 20 min

Mixture 1/1
For n=1, 45% overall
For n=2, 51% overall

Question 2: How can you explain this difference between these two examples ?

* With electron-enriched alkenes = no opened product BUT mixture exo/endo

Ts PR H PhoH
A\ BF,.OEt, (1.0 equiv) 2\/I\/j (\/I\/j
+ | +
s X DCM, -78°C, 20 min N N
Ph TsH X TsH X
Exo/endo: 1/1

X= 0, 80%
X=NTs, 90%

I. Ungureanu, P. Klotz, A. Mann, Angew. Chem. Int. Ed. 2000, 39, 4615-4617

11/12/2018 I. Ungureanu, P. Klotz, A. Schoenfelder, A. Mann, Tetrahedron Letters 2001 42 6087-6091
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IV. Reactivity of activated aziridines and azetidines

* Yadav et al., 2012: Ring-expansion of 2-TBDPS methyl azetidine:

TBDPS | TBOPS
. TsN E
TsN BF3.0Et; (1 equiv) 1 TBDPS + : |
>  TsHN
R DCM, 0 °C, 15 min R I R
TBDPS Formed in most cases
TsN
TsN . TBDPS
R R

* Mechanism: Siliranium ion invariably trans to R substituent

Siliranium ion
_ (Partial bonds)

© O
TBDPS "8,  TBDPS "o
TsN BF,.OEt, O >
R Activation

R R

11/12/2018

TsN
TN 1BDPS Q"'TBDPS

Ph

) A\ 25%
70% (Elimination major)

TsN
1" TBDPS

OTBDPS

80%
(from the 2,4-substituted azetidine)

TsN
NC) Oy ~ S >..TBDPS
p-Tol” N — p-Tol” N [""(SDithtBu ﬁ'

R

B. D. Narhe, V. Sriramurthy, V. K. Yadav, Org. Biomol. Chem. 2012, 10, 4390-4399

26
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* Taguchi et al., 2003: Radical [3+2] cycloaddition via lodine Atom Transfer:

Electron-rich

Alk . |
TS enes Et3%(1 equiv) & Ts
ry air , ) N . .
N JL - R Via: ~_N
' = “Ts
R R
e DCM TSN/ R ./

2 equiv r, 10 h
71%, 1/1.7 Cis/Trans 56% 62%
H Ts
ith: ] (@) (@]
With: O\ U — 77O 61%,93%ce
I | H
94% ee

O. Kitagawa, S. Miyaiji, Y. Yamada, H. Fujiwara, T. Taguchi, J. Org. Chem. 2003, 68, 3184-3189
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* Non-activated aziridine reactivity using donor-acceptor activated aziridines:

Electron-rich alkenes, imine,
aldehyde, isocyanide

N
Lewis acid Ts orR Ts OR |u s OR Ts
Ts ! | L A N AN
| LA N A NGO R ™o NN _coR
N _— N0 — N~ 0 — I
/\~CO,R Ar , . ®Nul | LA T’ Nu CO,R
Ar CO,R ~ LA X LA j 0
RO~ O RO™ O R OR LA R
And not
RO,C._ _CO,R
. . ) : ® g :
e Reaction with electron-rich alkene:
Ts Al H
,{l Y(OTf)3 (5 mol%) :
CO5R | > TsN dr > 20/1 for cyclic olefins
/ < e 4 AMS, DCM, RO,C
Ar COR rt, 1-2.5 h 2 o
RO,C
% %, %
Ar:
Me O,N Br
83% 74% 68%

11/12/2018 L. Li, X. Wu, J. Zhang, Chem. Commun. 2011, 47, 5049-5051

28
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Reaction with aromatic imine :

Ts R’ ar
i Ng 0 1A
N cor - ) YOTs (5mol%) R\ s
A /Q<COZR Ar? 4 AMS, DCE, 3 CO,R
;
rt, 2-8 h Ar CO,R
65-98%

dr trans/cis up to >50/1
°

Reaction with aromatic aldehyde:

[_)-BI'C6H4 [_)-BI'CGH4
Bn~N"NTs Bn~N"NTs
CO2Me COzMe
COZMe COzMe
NC

MeO
65%, ratio trans/cis >50/1 79%, ratio trans/cis: 3:1
,t_)-BrCGH4
AN
Bn~N"NTs
COzMe
CO,Me

O

98%, ratio trans/cis 1/1

Ar
18 O Zn(OTH), (5 mol%)
n 2> (5 mol%
N CO,R + 2ﬂ O NTs
/ <CO R Ar 4 A MS, DCE, CO,R
Ar 2 50 °C, 6 h A?  CO,R
Both electron-rich and
poor aromatic aldehyde
11/12/2018

52-97%
Most cases:

IV. Reactivity of activated aziridines and azetidines

Only cis diastereoisomer
X. Wu, J. Zhang, Synthesis 2012, 44, 2147-2154

Z. Jiang, J. Wang, P. Lu, Y. Wang, Tetrahedron 2011, 67, 9609-9617

29
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* S\ 2-type ring opening-cyclization:

With enolates:

With enamine:

11/12/2018

EWG” “CO,Et (3 equiv) 0

NaH (3 equiv) EWG,,

Cu(OTf), (20 mol%) N—SO,Ar

R']
THF, rt- 60 °C R2
Only one diastereoisomer

1) OTMS
N Ph 20 mol% R

N rt, 30 min
-\
"R2 2) K,COj3 (1 equiv), SO.R
THF, rt, 5-7 h 2
78-90%

Single diastereoisomer

IV. Reactivity of activated aziridines and azetidines

/l(t) 0 EtO,C,, 7
. N—Ts
/i/fN—SOZ-4-tBu06H4 o
Ph \
92%, >99/1 er 73%
EtO,C,, 7 Ts
/i/f e Frem A OTBS
P % orBs PR
79%

RO,S
TMSO N 2
H Ph Z > } R
SOR [—g ph) NG LV
- R2\ N '//OH via

M. K. Ghorai, D. P. Tiwari, J. Org. Chem. 2010, 75, 6173-6181
A. Rai, D. S. Yadav, Tetrahedron Letters 2013, 54, 3127-3131
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* S\ 2-type ring opening-cyclization:

Ts
o . o | Ts
. N . .
Even with nitriles: + Reo=N _TFa(50equiv) o 1NW/R
FsC (1.5 equiv) DCE, 80 °C N
1-8h 32-93%
B b /
: N© :
' F4C \v E
' AQ—N:—R ;
___________ ©
Proposed intermediate
Ac
| Ac COsMe
. . N BF3.0Et, (1equiv) oo oo N H>O H
Retention of the stereochemistry: Meozczg N O -z 13/ — Y A ac
: O 93%
90% ee 24h 90% ee

M. Yoshiki, R. Ishibashi, Y. Yamada, T. Hanamoto, Org. Lett. 2014, 16, 5509-5511
M. Bucciarelli, A. Forni, |. Moretti, F. Prati, G. Torre, Tetrahedron: Asymmetry 1995, 6, 2073-2080
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* Hou and Davies groups, 2009: Gold-catalyzed ring expansion:

Ts PPhsAuCI (10 mol%) Q
N AgOTf (10 mol%) 7\
THF/MeOH R’ N R® 59-99%
R N 2 (10/1), 1t Ts
LAY Davies et al.:
In apolar solvents: AgX play on the regioselectivity
/R2 R2 R!
(/‘\A%L AdL Zl
® = . / \ |\
e HY Ts=N___  AgOTfin DCM —> N~ R? Ri;;RZ
Ts~N 1 i R R
R Major
| .
AuL
Ts—Nij e AgOTs in DCM > Only prod. R1QRZ
@ |
R
R1

D-D. Chen, X-L. Hou, L-X. Dai, Tetrahedron Letters 2009, 50, 6944-694
P. W. Davies, N. Martin, Org. Lett. 2009, 11, 2293-2296
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* Hou and Davies groups, 2009: Gold-catalyzed ring expansion:

[Au] Davies et al.:
n In apolar solvents: AgX play on the regioselectivity
Ar R
H

TS Pathl 55 —> If neither the solvent or X is enough basic to
1 Path Il [Au]—AuPPhg, promote the elimination = Migration predominant

[A'Jl o [Au] Hou et al.:

i z_L Z_S\ With polar solvent: THF/MeOH and AgOTf

- No migration

D-D. Chen, X-L. Hou, L-X. Dai, Tetrahedron Letters 2009, 50, 6944-694
11/12/2018 P. W. Davies, N. Martin, Org. Lett. 2009, 11, 2293-2296 33



)
-(lfl! V. Conclusion

FEDERALE DE LAUSANNE

* Activated and non-activated aziridines/azetidines:

Non-activated: Act as a nucleophile then ring-expansion
—> Opposite reactivity

N

Activated: Act as an electrophile then ring-expansion

* Upon activation, regioselectivity of the 1,3-dipole different:

7 WG

N N
R" ' "R? R’ R?
l A J Lewis acid
. i R R? i i
R N R2 R EWG 1 '® oo ] EWG R EDG R
- R _N R R p = NH
\X_Z/ Electron-poor ~ \g e g Electron-rich
EWG R Alkenes Alkenes R EDG

11/12/2018 34
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* Allow the synthesis of a diversity of 5-membered azacycles

A N N U S
TR IR KRR

* In many cases: good regio and stereoselectivity for the ring-expansions

 Still not much efficient enantioselective catalysis for the formal [3+2]

----
.* Y

Ts 3 *
| X N - - . .
N COR + ﬂ Chiral Lewis acid R X/\NTs { Gooddr *
/Q< 2 2 CO.R Good ee
Ar COzR 3 2
Arf CO,R el .ot

11/12/2018
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Huisgen et al., 1967: 1,3-dipolar cycloadditions via azomethine ylides

Il? R" R
N A

R
R == n N '
R R
. ® .
R'v. _N__R
RI/A kRI Thermal Y “\@/ 1,3-dipolar \YLZ/
R R

Electrocyclic cycloaddition

Opening
Azomethine ylide
EtO,C. WCO,Et EtO,C CO,Et
N F10LT="C0H N Cis product
| = Et0,C™ N~ ~CO,E P
Ar 110 °C iy
EtO,C. ,CO,Et EtO,C CO,Et
N EtO,C————CO,Et — Trans broduct
‘ > EtO,C7 N\~ "CO,Et ans produc
Ar 110 °C |

Ar

Question 1: How can you explain the stereoselectivity of these 2 examples?

11/12/2018 R. Huisgen, W. Scheer, H. Huber J. Am. Chem. Soc. 1967, 89, 1753-1755 38
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Question 1: How can you explain the relative stereoselectivity of these 2 examples?

- Using Woodward-Hoffmann rules: 4n electrocyclic opening in a thermal process: Conrotatory

Conrotatory
W-shaped
COo,Me »() A Mo
N. —>= MeO,C.__N_CO,Me
Ar o
MeO,C_ .CO,Me CO,Me \ MeO,C  CO,Me
N = — Cis product
Ar MeO,C—==—-CO,Me  MeO,C” >\~ ~CO,Me
|
CO,Me Ar A ﬁ\f@ Ar
;EF?_’E) — K/Nw@
CO,Me MeO,C CO,Me
U-shaped
MeO,C CO,Me
N Similarly /N\/CO7M8 + MeO,C. N e — . Trans product
| Upon heating r o \l MeO,C N~ 'COMe

11/12/2018 R. Huisgen, W. Scheer, H. Huber J. Am. Chem. Soc. 1967, 89, 1753-1755 39
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* Same observation without silylated moiety:

e @ (1.4 equiv) o H Ph Ph H

| _ NHTs ZJ'

N BF3.OEt; (1.0 equiv) Z_@ . ——> ViaEy: )
A N n

PH DCM, -78 °C, 20 min

Mixture 1/1
For n=1, 45% overall
For n=2, 51% overall

Question 2: How can you explain this difference between these two examples ?

* With electron-enriched alkenes = no opened product BUT mixture exo/endo

Ts PR H PhoH
A\ BF,.OEt, (1.0 equiv) 2\/I\/j (\/I\/j
+ | +
s X DCM, -78°C, 20 min N N
Ph TsH X TsH X
Exo/endo: 1/1

X= 0, 80%
X=NTs, 90%

I. Ungureanu, P. Klotz, A. Mann, Angew. Chem. Int. Ed. 2000, 39, 4615-4617

11/12/2018 I. Ungureanu, P. Klotz, A. Schoenfelder, A. Mann, Tetrahedron Letters 2001 42 6087-6091
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Question 2: How can you explain this difference between these two examples ?

H
e / Ts
? Ts
s
@ (1.4 equiv)
Ts Exo
N BF3.0OEt; (1.0 equiv) N
PH’ DCM, -78 °C, 20 min
H

; e Ph
@ESPh . . k@

No NHTs

11/12/2018 l. Ungureanu, P. Klotz, A. Mann, Angew. Chem. Int. Ed. 2000, 39, 4615-4617
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Question 2: How can you explain this difference between these two examples ?

Ph | Ph o
N O BF;.OEt, (1.0 equiv) ;
+ | > +
an X DCM, -78 °C, 20 min N N
Ph TsH X TsH X

Exo/endo:1/1

_ X= 0, 80%
Via X=NTs, 90%
O O
=X Z_Q
NO @ NO B
Ts Ts

Exo Endo

High stabilization due to the mesomeric effect of X
Both intermediates stable

11/12/2018 I. Ungureanu, P. Klotz, A. Schoenfelder, A. Mann, Tetrahedron Letters 2001, 42, 6087-6091
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(See Walsh diagram)

e pKa (in water): 7.98

* Not simple covalent bond: C-C-N bond angle = 60 ° (<< 109.5° expected for sp3 C)

0
‘VN7 o= 600
H

f- tncrcased s-character

R .« i
: merqused peharacter 2, possible with increased p-character of the cycle bonds = Bend bonds

e\
N
Y
’ . . . .
o0 >  Results in an increased s-character of the nitrogen lone pair
A
/
[ \

7 0@0 N Decrease in the basicity of the nitrogen

Increase inversion energy barrier

K. B. Wiberg, Acc. Chem. Res. 1996, 29, 229-234
Picture from: C. K. Meades, Diene-Derived N-(3,4-Dihydro-4-oxoquinazolin-3-yl)aziridines: Preparation and Reactivity,
11/12/2018 Ph.D. Thesis, The University of Leicester, March 2000 43
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e Addition of Metal-nitrenes to olefins

Via

N=ML,,

Two possible pathways:

11/12/2018

R1
|

Il. Synthesis of aziridine and azetidine

H
From: PhI=N N:—EWG N. NH,-EWG
\ y 3 ’ ’
EWG T8O COR > oxidant
ML,,: Cu, Co, Ru, Rh, Mn, Fe, Ag
LG
)—« R’
|
” N
[ [ ) [ ) ML
R'N=ML, R'N-ML, " RZ/ ‘%R3
Singlet Triplet \(V
Stereospecific _ ML,
R> RS3 RN
L.M. - ) \
"NR! R2 R®
/\ Loss of the stereospecificity ?
R2 R3

44



