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Sml2: Kagan’s reagent

Henri Kagan (1930-)

Ph.D. in chemistry from the College de France

Professor, University of Paris, then Paris-XI

University, France.

Namy, J. L., Girard, P. & Kagan, H. B. New preparation of some divalent lanthanide iodides and their
usefulness in organic-synthesis. Nouv. J. Chim. 1, 5-7 (1977).
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Introduction

= Selective Sml,-mediated functional group transformations

R Rs4
Ri Rj
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O R Ry
R H R, Ry
Ra
R 0
(8]
Ps R1)LXR2
R R X=0, N; R, = H, alkyl
H = U, N Rz = H, alkyl,
OH R4, Ry =aryl, alkyl, H . B.=
RX Smi, aryl; Ry= alkyl, aryl R1/\OH
1 R2
R-CN 0] 0]
R
P OJSR OJ?E
R™ "OH R1IR2 K/ /%\D o
R3
H OH (@]
N OH Ho” R
R1 R2 H Rd _R
R——<H HO

Tetrahedron, 2003, 59, 10351-10372

Chem. Rev. 2004, 104, 3371-3403

Eur. J. Inorg. Chem. 2004, 3393-3403
Angew. Chem. Int. Ed. 2009, 48, 7140 — 7165

Heterocycles, 2014, 89, 1369-1391
Chem. Rev. 2014, 114, 5959-6039
RSC Adv., 2022, 12, 9944

Nature Synthesis, 2022, 1, 275-288



Influence of Different Additives

= Influence of HMPA

Sml,, THF
R-X > R-H
rt
Sml,, THF
R-X > R-H
HMPA, rt

Inanga, J.; Ishikawa, M. Chem. Lett. 1987, 102, 1485

R X time yield (%)
C1zHas | 6h 95
C12H25 Br 48 h 82
C12H25 Cl 48 ha NO rxn

a reaction carried out at 60 °C

R X time yield (%)
C10H2-| I 5 min 96
C10H21 Br 10 min 97
C1oHa Cl 8 ha 94

a reaction carried out at 60 °C




Influence of Different Additives
Influence of HMPA

o Sml; OH HMPA Peak Potential for the
)]\/\/\ HMPA - )\/\/\ (Equiv) Oxidation of Sml,(V)
THF, 20 °C 0 _1.33V
entry Additive time convertion (%) 1 -1.43V
1 16 days 28% 2 -1.46V
2 HMPA (1.0 eq) <1 hour 100% 3 -1.95V
4 -2.05V

M.-R. S. Fuh, T.-Y. Lin, S.-C. Chang, Talanta 1998, 46, 861-866.

5 -2.05V

Goran Hilmersson et al. Eur. J. Inorg. Chem. 2004, 3393



Influence of Different Additives

= [nfluence of proton source

Sml, (7.0 eq)
O proton source (7 eq.) OH
\)]\/\/ - \)\/\/
THF, 20 °C
THF (only) Me—0OH Me\o/\/OH HO/\/OH
(Methoxy ethanol) ethylene glycol
1.0 3.5 71 42
0]
o OH OI o
HO/\/O\/\OH 1o i T e i { |
di(ethylene glycol) tri(ethylene glycol) OH HO
tetra(ethylene glycol)
255 95 6.9

18) two-¢lectron transfer o- H H
(\ O_/ﬁ H [l /(‘L (\ Q'//ﬁ/ﬂ ,I and proton transfer

Goran Hilmersson. et al. Tetrahedron Lett. 2001, 42, 5565-5569
Anders Dahlén and Goéran Hilmersson, Eur. J. Inorg. Chem. 2004, 3393-3403



Preparation of Sml,

Kagan's method

S + [|CH,CH,l = Sml + CH-»,=CH
m 2L THF. 1t miz 2 2

Imamoto's method

S + I > |
m 2 THF, 65 °C =il
Kagan/Molander
2Sm + 2 CHal, THF, it . 2 Sml, + CH,=CH,

Procedure :

To a slurry of Sm metal powder ( 11 mmol, 1.1 equiv) in degassed THF (100
mL) under N, atmosphere at room temperature was added CH,l, (10 mmol, 1.0
equiv). The mixture was stirred at ambient temperature for 3 h. The resulting

solution could be used directly.



Sml2 Mediated C-C Formation

Sml, Mediated C-C Formation in Natural Products Synthesis

Radical alkene/alkyne coupling
Barbier and grignard reaction
Carbonyl-alkene coupling
Reformatsky / Aldol-type reaction
Pinacol Coupling

Fragmentation reaction

S AR N A o

Sequential carbon-carbon bondformation
(cascade reaction)



sSml,

1.Radical-Alkene/Alkyne Reaction

Sml2
R_X %’ R.
X = halide, SO,R
Sm(lILX
RW’/\

Mediated C-C Formation

AR, .
_— R""QV\R1
l Sm|2
H* sm(ln,
R, = R

“nZ R4

Alkyl radical additions to electron-rich alkene

Smlg ‘\J-."Ie
VL wrm A
n-Bud n oh n-Bu0 )

Fukuzawa, S.; Tsuchimoto, T. Synlett. 1993, 803.

Alkyl radical additions to alkyne
COBn OBn

Z 8 Smls, HMPA Z

M | THF, 0 °C N
S (86% yield)

Ohta, A. et al. Tetrahedron. 1994, 50, 13575

Alkyl radical additions to electron-poor alkene
|

HO.,, COztBu Smiz
| HMPA, MeOH p
o THF, -78 °C .
P (91% yield) we e
Me* -
Me d.r. 78:1

Salari, B. S. F.; Biboutou, R. K.; Bennett, S. M. Tetrahedron.
2000, 56, 6385.

Aryl radical additions to alkene

e

Totleben, M. J. et al. Synlett 1990, 773.

1. Smly, HMPA
THF, 25 °C

2.D,0
80 % o

HO.,,
(oo

10



Sml, Mediated C-C Formation

1.Radical-Alkene/Alkyne Reaction

/Br

j\d.r 1.5:1 Sml, (2 equiv)

. .

Et0” "Q Y BuOH (1.2 equ!v) Ueno-Stork M
Mew ~ HMPA (8.0 equiv) cyclization
’
A onc THF, lzg,o/m min
Me °
Me/\Me — - 3
1 2

Sml, (2 equiv)
HMPA (4 equiv)

THF, 50 °C, 6 h
92%

steenkrotin A  ooooo______1WER00 . i

Pan, S. Xuan, J. Gao, B. Zhu, A. Ding, H. Angew. Chem. Int. Ed. 2015, 54, 6905-6908.
Ding, H. et al. Chem. Eur. J. 2016, 22, 959-970.



Sml, Mediated C-C Formation

1.Radical-Alkene/Alkyne Reaction

Me OMe
N/l\ -
SQTO OTIPS
OPh ¢

Sml, (7.3 equiv)
HMPA (15 equiv)

-

’

tBuOH (20 quive)
THF, 0°C,2h
61%

OMe Sml,

Zhang, M. et al. Angew. Chem. Int. Ed. 2018, 57, 937-941.
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Sml, Mediated C-C Formation

2.Barbier Reaction

* The Barbier reaction is one of the
most commonly employed Sml,-
mediated transformations.

* Popular for the formation of five-
to eight membered carbocycles.

Mechanistic Scenarios

R—X + Sml, Ry + SmiX
Ry * Smi, R{—SmiX
DSmI2

@]
RSmpX *+ ]|  ——
R™ 'Ra

Sm|2 OH
R + N —

RS TOR,
R3
X = halide, SO,R

R1)szRa_ R1/%Ra

Reduction rate: iodides > bromides > chloride

Reduction rate: primary > secondary > tertiary halides

» Through an organosamarium
species formed through two
successive single electron re-

ductions
OH

Rz

L. Namy, J. Collin, C. Bied, H. B. Kagan, Synlett 1992, 733 — 734;
A. Molander, J. A. McKie, J. Org. Chem. 1991, 56, 4112 — 4120
P.

J.
G.
D. P. Curran, T. L. Fevig, C. P. Jasperse, M. J. Totleben, Synlett 1992, 943 — 961
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Sml, Mediated C-C Formation

2.Barbier Reaction
Synthesis Applications

Smly(2.5 equiv) “osm(lil,
HMPA (20 equiv)
THF, RT g " (0] X OBn
) Me 1
(98%) MOM 19
15 o .
25°C, with HMPA 98%
0°C, with HMPA 93%
||| -78°C, with HMPA 87%
25°C, absence of HMPA 15%
/\4 ?/O /O
o 7,
H
—_—
H NS OBn H H
9] NS
Me | OM Me (I)
M 16 MOM

M. Kito, T. Sakai, H. Shirahama, M. Miyashita, F. Matsuda, Synlett 1997, 219 — 220.
F. Matsuda, M. Kito, T. Sakai, N. Okada, M. Miyashita, H. Shirahama, Tetrahedron 1999, 55, 14369 — 14380.
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Sml, Mediated C-C Formation

2.Barbier Reaction

Synthesis Applications

Sml,(8 equiv)

THF/HMPA 5:1
RT, 30 min
(67%)

PhSH, TFA

60 °C
760/0 ” Cone

Paucidirinine

'T' N\ osm(liNl,
OMe

She, X. etal, J. Org. Chem., 2019, 84, 1111-1116.
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Sml, Mediated C-C Formation

3.Carbonyl-alkene coupling

j\ Sml, osm(ill, A R (IhSm
— A —— s
R™ X R)\X RTIR
X = alkyl, aryl, H
Sm|2
OH +H* I2(III)Sm\O Sml2
-
X X
Intermolecular carbonyl-alkene coupling
0 E10 Q
O Smly smio 4/ —0sm" 4
o S
OMe THF, -PrOH

(82% yield)

Fukuzawa, S.; Nakanishi, T.; Fujinami, T_; Sakai, S. Chem. Commun. 1986, 624.



Sml, Mediated C-C Formation

3.Carbonyl-alkene coupling

O — 0
J —— ]
o o}
TBSOZ TBSO H
5 | smi, (8.0 equiv)
HMPA (20 equiv) atropurpuran .
THF/tBUOH (20:1) H
RT,15 min, (95%)
Sm(lin|
? L(ISmO  H LNSMQ K smiy
%ﬁ — %ﬂl m A
BSO TBSO TBSO H
- 26 28
Distans
0] _ Qj
H
- y Sml,
© ° ~| O —  No reaction
HO
H 30 -

Gong, J., Liu, X., Chen, H., Wang, Z.-X., Nie, W., Qin, Y., Nat. Commun. 2016, 7, 12183.
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Sml, Mediated C-C Formation

3.Carbonyl-alkene coupling

0]
N/u\‘
s T
W S
Qg/
A
Cbz 31 (-)-strempeliopine

Smlz, BF3.0Et2
MeCN, 25 °C, 1 h

63%
0
® H. o
N sm(ll) sm(ll)
|
‘ .\\\ @ \ > _ (gBF \\
N 3
' OBF, \v N
Cba 32 Sm(ll Cbz 33 Sm(lll 34

Zeng. X, Boger. D. L., J. Am. Chem. Soc., 2021, 143, 12412-12417.
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Sml, Mediated C-C Formation

4.Reformatsky / Aldol Type Reaction

Sml, mediate Reformatsky / Aldol Type Reaction

o » Reductive cleavage of a heteroatom
2 Sml oS R4J\ O OH vicinal to carbonyl group.
2

o} R5
X _ ¢ S RS ] RS
R1 R3 —SmIQX R1 R R4

R R2 R? R > Sm'! enolate intermediate formation.

| Reformatsky reaction

X =Cl, Br, |, SO3R, NR;, OR, SR

Two possible mechanisms for the formation of the Sm'"
enolate intermediate

0
» Single-electron reduction of halide or

sulfone to form stabilized radical.

(E)h.sn’ﬂg
~ n

e 2l ~ (%

R

R" R halogen
or sulfone

X = o
carbonyl etc l Smi;

_Smly
0] @]
Smlg
" R&X w { RS

» Initial formation of ketyl radical

19



Sml, Mediated C-C Formation

4.Reformatsky / Aldol Type Reaction

OMe
o) CO,Me |2(|||)Smo') 5 - B o=N. 0
smls (3 eq. ieckmann-like Prins-type
Br OTES T'_rianéTe? r)1 OTES condensation OTES cyclization
N\ Y \ > > >
\ 64% y N‘ H
36
Boc
Boc — Boc 37 ~ L -
38
DIBAL-H,DCM DMP
-78°C, 80%

condensation

O (0]
Q Dieckmann-like \-
H iec
CHO  sml, (3.5eq.) OTES OTES

G B - »:
4 85% N N
)
N N‘ iBoc CO,Me
Boc 40 Boc 41 42 Kopsinitarine E

Ma, D. et al. Angew. Chem. Int. Ed. 2020, 59, 22039-22042.
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Sml, Mediated C-C Formation

5.Pinacol Coupling

Mechanistic Scenarios

Jy
Ry R o—sm(lll)
osm(linl, Sml, )\Sm(lll)lz 7 Ry _ R o
R{TOR = R * Ry Ry R4
1 2 R3
osm(ll)l,
i Ry Ry Sml,
R Ry
OH
R4 R
3 -
> sz\ﬁ&
OH
Lebrun, A, Kagan, H. B. Tetrahedron Lett. 1993, 34, 2311
O I\

Sml,, MeOH
Ve OFt — 2 C 117NN e on
Me 77%, 200:1 ; COzEt
= Me™ »e

Molander, J. Org. Chem. 1988, 53, 2132

= High degree of stereoselectivity
for intramolecular cyclizations
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Sml, Mediated C-C Formation

5. Pinacol Coupling

X

Q O oBn _
Me p M Sml, (4 equiv)

Sm (2 equiv)

L

THF, 65 °C

’

O
Cl;Co _CClI
ooy 0o

(triphosgene)

Py, 62%

48
AcO
Me,OH
S WO
: ” 7 0
OH OH OBz OAc

taxol

Li, C.-C. et al. J. Am. Chem. Soc. 2021, 143, 17862-17870.

11steps
—_—

Taxol
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Sml, Mediated C-C Formation

5.Pinacol Coupling

Sml, (3 equiv)
tBuOH (10 equiv)

THF, RT
(95%)

(-)-actinaphyllic acid
hydrochloride

2H*

tBuOH
(< 10 equiv)

Cai, L., Zhang, K. Kwon, O. J. Am. Chem. Soc. 2016, 138, 3298-3301.
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Sml, Mediated C-C Formation

6.Fragmentation

Fragmentation of Cyclobutane

_I (11)Sm_ o PMP_
Sml, (2.5 equiv) 2 0 Y
HMPA (10 equiv) Sml,
THF, RT, 15 min
then PhSeBr
(50%) L
PhSeBr
I(Ill
H+ 2( )
3 B
D -SmBrl,
Me
(+)-Guanacastepene E - —

Sorensen, Org. Lett. 2002, 4, 2063.
Sorensen, J. Am. Chem. Soc. 2006, 128, 7025.
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Sml, Mediated C-C Formation

6.Fragmentation

Ac,0 (1.0 equiv) Me

_—
THF, —78°C BzHN™ =~ = 7 o
92% OH OH OBz OAc
taxol
ACQO Me

Y

Danishefsky, S. J. et al. Angew. Chem. Int. Ed. 1995, 34, 1723.

B OH 0Bz OA(;g - Danishefsky, S. J.; et al. J. Am. Chem. Soc. 1996, 118, 2843.
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Sml, Mediated C-C Formation

7.Sequential carbon-carbon bond formation (cascade reaction)

Cyclopropyl opening/6-exo-trig/elimination cascade

M Me Me Me
Sml,(2 equiv)
=
PivO > Me N [ —_

O OTBS  THF/HMPA (9:1) \\Yro 0

: )\‘ro OTBS
0°Cto RT, 25h Me0C

MeOZC
O 69 (80%) 89:11 dr o 70 0
(+)-crotogoudin
l sml, elimination; H* ‘
Me Sm|2
Me
PivO ﬁ Me Me
O OoTBS ———» PO f ——— PIVOS (9
MeOZC ~_0O OTBS OTBS
S i, MeO,C MeOZC
m oSm(linl
71 72 (Hnlz osm(linl,

Breitler, S.; Carreira, E. M. Angew. Chem., Int. Ed. 2013, 52, 11168.
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Summarx

 Additives play crucial parts in Sml,—mediated
transformations.

« Many types of intramolecular reaction always
provide high stereoselectivity

« Sml, has a great successful application iIn
total synthesis of complex natural products.




Thanks for your attention !




