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Macrocyclic ring synthesis and nature product synthesis
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1. Macrocyclic ring synthesis

> Alkene Metathesis Ru
» Alkyne Metathesis W/Mo

» RCAM'’s applications in the complex nature product
synthesis

2. Poor man’s cataylst Fe

» Fe catalyzed coupling reaction.
» Can Fe catalyst work as a expensive metal?

3. Acknowledgement
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H.C CH; CH; TMSO
[M}=CH;

> ~ Schrock catalyst (3%)

d~\ CoHra, 55 C: TBAF, 92%
7 N\ g
H cﬂw £

Alois Furstner J.0Org.Chem., 1996, 61, 8746-9
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Dactylol (17% overall)



1a R=Ph
1b R = CH=CPhp

O
O X
1b (5 mol%)
o O O
see Table 1
=
15
14

Table 1. Cyclization of the 4-Pentenoate 14 in the Presence of
Additives

enry f(d) T(°C) additive 14 (%)* 15 (%)?
1 3 25 67 22
2 3 25 Ti(OiPr)s (2 equiv) 49 40
3 3 40 Ti(Oi1Pr)s (5 mol %) T 55
4 3 25 LiBr (5 equiv) 79 14

@ Determined by GC.

Alois Furstner JJAm.Chem.Soc., 1997, 119, 9130-6.
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=
/(\/ Grubbs | (3 mol%s) x

OR Q" "0 Ti(OPr)4 (30%)
- . 'OTBS
W CHzclz, 40 C 0 0
% EZ271 \/\/i\/\/\
H
KMnOy, ACy0; o PCYs Grubbs I: R=Ph
aq TF, MeCN_ 54% \Rlu—,x Grubbs IA: R= CH=CPh,
<3 R
" peys

(—)-Gleosporone
8 steps, 18%

Alois Furstner JJAm.Chem.Soc., 1997, 119, 9130-6.
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@ [a] Complex 16 cat., CH,Cl,, reflux, 69%; [b] complex 17 cat., CH,Cl,,
reflux, 86%: [c] aqueous HCI1, THF, 47% ((2)-1), 90% ((E)-1).

Alois Furstner J.Am.Chem.Soc., 2002, 124, 7061-9,
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Alkene Synthesis: Selectivity |

How to synthesize the double bond by metathesis with high E/Z ratio?
A big problem combined the reactivity and selectivity
Useful in the total Synthesis and industry!

FlUrstner’s answer:

n'\ C

r, & «’ f (tBuO);Wmm— R
" O Schrock-type alkylidyne |||

X
Q Lindlar G Birch @
) —— | I ——




How to synthe5|ze the double bond by metatheS|s W|th h|gh E/Z ratio?

Hoveyda’'s answer:

' Ar =2,4,6-(-Pr),CH,

Schrock and Hoveyda Nature. 2011, 479, 88-93



1.2. Alkyne Metathesis:
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The discovery of the Alkyne Metathesis:

Et
Et/ WO, on silica= \ N \
Et

1:1

350°C

Pennellar, F.; Banks, R. L.; Bailey, G. C. J. Chem. Soc., Chem. Commun. 1968, 1548

Mo(CO)g 160°C

4@7 Ph—==—Ph

Ph——= -

/@\ Tol———Tol
HO OH

Mortreux, A.: Blanchard, M. J. Chem. Soc., Chem. Commun. 1974, 786
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2. Alkyne Metathesis:
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e, — T N

‘l i‘v"‘w

llk\ (

; - tBuOH
WCls; + 4 LiNMe; — 1/2 (MeN);W=W(NMey); ——>

neoheptyne .
(tBuO)sW=W(OtBu); » | (tBuO)sW=—
1

(tBUO)3WE—< cat.
< /\/\ — B /\/\/+ \/\

equilibration in <5 min at r.t.

R. R. Schrock et al., J. Am. Chem. Soc. 1981, 103, 3932; Organometallics
1984, 3, 1563.
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Entry Product 1a® Mo]b tBuOH
WCly + 4 LiNMe; — 1/2 (MeaN)sW=W(NMey); ———>
1 g 3 736 64
=_/l _ neoheptyne _
o (tBuO)sW=W(OtBu); ————— > | (tBuO)zW=—
2 O 4 68 0
instant=Mo(CO)g + p-CI-CcH,OH
o
S0:Ph
3 C | 5 62 0 12 - 13 75de
0 —
o]
q 13 (\/;AD;O 14 6d 7
4 [ : z o [§] 52 —
- 14 |rJ\A‘,\Q\SI:: 15 55 decomp.
] N{J S
5 C'} (8] 7 79 o 0
N~ 15 {Z j 16 62 58
P 0" %
G Sa 62 (R=H) J{R=H) o
7 i 8b T2(R=Me) 64(R=Me) 16 (V\A/_Kx 17a 97(X=0)
—-— 17 | )) 17 90(X = NH)
o T
1S
(u]
08

W™ "OR
8 9 62

R= Q—.‘qur{-:rny methyl

A. Furstner. J. Am.

Chem. Soc. 1999, 121, 11108-11113
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1.2. Alkyne Metathesis:

cheap harsh
air stable slow

user friendly limited compatibility

SCHROCK ALKYLIDYNES

i
%,gf"fx Fgc?—o’ | TO07 “CF; Fsﬁﬁ-ﬂ” | “N\YN
o) & Y
FaC FaCA 1y
/ :\ F4C FsC

Schrock 1981 Schrock 1984/1985 Tamm 2007

‘Ep S
4 SN

+ CH.Cla
Flrstner 1999 Moore 2004

MDRTREUX SYSTEMS

Mo(CO R'\DH
. R
o(COJs |f

expensive
laborious
(highly) sensitive (O, H,0, N,)

short lifetimes

(highly) active: W = Mo
excellent compatibility: Mo ='W

broad scope
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1.2. Alkyne Metathesis:

— e — o o
PCys
Cl, _i B OROMe
Cle t
on [ ) e
@
84%

E:Z=69:1 ]

but the natural product is (Z)-configured !

OMe

OMe OMe
Mo(CO)s cat a8 Fab
OR cat. Q OR Q
( Jeon MOORS P ol H-or
76% Lindlar 0
or: - 96%
(tBuO)3;W=CCMe; cat.

61% —

\J

R= PME!_—, BF3, EtSH
R=H 54%

A. Furstner, F. Stelzer, A. Rumbo, H. Krause, Chem. Eur. J. 2002, 8, 1856.
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. 2 Ikyne Metathe3|s
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toluene, 80°C | |

80%

A F. with C. Mathes. C. W. Lehmann_ J. Am. Chem. Soc. 1999_12]_9453;
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W. Zhang. S. Kraft. J. S. Moore. Chem. Commun. 2003, 832; idem, J. Am. Chem. Soc. 2004, 126, 392;
See also: C. C. Cummins et al.. Organometallics 2003, 22, 3351.

CHyCl; >L /Jo..,N.M >L /“L.,,N.M A Firstneret al..
N \N + N \l J. Am. Chem. Soc.
Q | 1099 727 9453

o | |
S /»ﬂ.,w.l S /li:L._,,N.\L ArOH ﬁ

B 13y Ss
R-CHCly Ar L
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L.2. Alkyne Metathesis:

N N
a) b) : I\I/u) SiM I\llllI
NaoMoOs —> | MoO,Cly(dme)| —» MesSIO™y SNoMes ©_  Phsio® /o\OSiPh3
MesSIO  SiMes Ph,SIO
9 10 3
11 12

“ Conditions: (a) TMSCI, 1,2-dimethoxyethane (DME), reflux; (b)
LiHMDS, hexane, 64% (over both steps): (c) PhsSiOH (3 equiv), toluene,

N

b)
N ||
] P i PhSSio'}MongSiPhs
~wMo : S~
Ph,SiO
C)
12 15

“ Reactions and conditions: (a) Ph3SiOH (3 equiv), toluene: (b) 1,10-
phenanthroline, 82%: (c) MnCl,, toluene, 80—100 °C.

A. Fuarstner, F. J. Am. Chem. Soc. 2010, 132, 11045



—_— = — ———— = = ——
Ph
b.c) o | oclll wco | ¢
Mo(CO)s — [NMe4][Mo(CO)s(COPh)] —> Mo —_—
oC , ~
co
20 L. Br n
21
Ph Ph
Bri MO "‘Br —» Ph3SiOn Igo '0SiPhy e Ph;SiOm Mo{""'OSiPh:;
v 2
Br e Ph3SiO OSiPhs Ph3SiO OEt,
/O\) ’K? 23 24
22 ™0 0T

“ Reagents and conditions: (a) Ph;SiOLi (3 equiv), EO, —40 °C — rt,
then MeCN, 85%: (b) PhLi, Et,O, reflux; (¢c) NMe,Br, H,O, 52% (over
both steps): (d) oxalyl bromide, CH,Cl,, —78 °C — —15 °C; (e) Bra, 1,2-
dimethoxyethane (dme, 5 equiv), CH,Cl,, —78 °C — rt, 88% (over both
steps): (f) Ph;SiOK (4 equiv), toluene; (g) Et,O, 92%.

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045



kyne Metathesis:

- = -

Pn
R N
|'| kel alkyne N PhySIO lw QsiPI
. M " Lo BRLLE) | 1)
PhySIOmMoiOSiIPhy 4 N\ o ,!L', MnCl, FMs gl
W D Ph;SiOvMo uQSiPh, < PhySIO® ~0siPh < PhsSiO b
e N T tol 80°C 3
Ph,SIO cluene, Ph.SIO
MnC|2
) ) ) indefinitely air stable
air stable for weeks superbly active & selective inactive
inarrtive
catalyst (1 mol%)
2 Ph—== ~———————= Ph—=—Ph + 2butyne
toluene, RT
yield [%]
Ph
50 4
A A . |||
¥ 2 Ph,Slo--Mo\-:-nosmh,
4ii | g Ph;Si0”  'OEt,
A
A
A
30
A
20 A
A
A
A
W J<
. Ca Y
UW" y . r : . . %‘0 ‘!' g
0 10 20 30 40 50 60
time [min]

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045
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1.2. Alkyne Metathesis:

———— e ——  —— - —— —
= ——— e e e : = = =
e —_— e e
Ph
dl (1 mol%)
Ph;SiOs 0.':"'OSiPh,
Ph;Si0 ‘OEY,
2 Ph—= = = Pn—==—Ph + 2butyne
toluene, RT
yield [%]
100 - gpgEEEEEEEEEE | | | |
n
in the presence of molecular sieves 5A
o much improved rate AND conversion !
60
A & A
AA
40 - R
A A
A
20 - o
A
A
A
0 . T T - 2 T -
0 10 20 30 40 50 60
fime [mun]

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045



e —— = = = = —— —
Entry Substrate Product 15° 24.Et,0" 25°
1 R=H 99% 99% 99%

O — Q R=0Me 96% 97% 97%

o R = SMe 87% 98%° 96%"

R = COOMe 72%° 95% 97%

R
Fac—Oé Fe—~_ )= )¢5 94% 93% 95%
o o 0 o H PhsSi0m Mo mQSiPh
° H S o ,_? . - . <‘o NR NR NR 3 27N 3
N_ —

PhSIO OEt,

7 % = < 40% 84% 84%
o 24
N= — e d d
8 = M 76% 90% 88%
9 = y_— 86% 88% 87% Ph
H |
10 95% 92% 92% Il
Ph4SiO» Mo+ OSiPh,
11 85% 89% 91% Ph;,SiO/
25
12 92% 88%
13 81% 87% 89%

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045
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1.2. Alkyne Metat

hesis:

e e - = < ===
e — e e ey — e — = =
Entry Substrates Product 15° 24.Et,0° 25°

1 ()= 5-decyne ®+/—\ 76% 65% 72%

2 tolane °> 50% 65% 62%
od L=
3 tolane QTRDES d 62% 61%
Ph x Ph
/\/‘\Pn
Pth'O"'MO;""OSiPh3
3 I 91% 73% 78% / .
Ph.SiO OEt,
(4]
24
4 i 85% 92% 90%
L4
5 \ = 67% 72% Ph
=D
PhsSIOw Mo OSiPh
6 I&:(r\ 90% h3$l0/ A iFNy
NFmos Ph,SIO
W R 25
7 o /L}) \ 91%

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045



10

11

12

13

81%

84%"

79%

82%

7

Pth'O"'MO;'“'OSiph3
PhSIO OEt,

N2

24

Ph

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045



H™ “R2 R2

ﬂl [a] R 1:[SIfD Et}g [b] R1\I|\
2

Scheme 2 Reagents and conditions: [a] (EtO)3S1H, [Cp*Ru(MeCN)s]PFs
(1 mol%), CH,Cl,, rt.; [b] AgF (2 eq.). THF/aq. MeOH, r.t.

&SIEOEHS 90 (91:9)

Ts
I

'Il's TS
73 N <
= i(OE);
o o D=(—/_0>—0 0
W 93 (95:5) d 92 (95:5)
_J { /

Si(OEt)s

84 (90:10)

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11045
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Table 2: trans-Selective reduction of internal alkynes."

-

—— - = a —

Entry  Major Product t [h] E/ZP  Yield [96]
e
1 HO™ B 05 982 96
O
2 HO S 0.5 955 88 ;
s ot +AgOTf+Hz(10bar)
3 MO H_~ 4 96:4 66 \" >al
|
o' o
o
5 Er-/“H’;\D)J\%\/a\ 0.5 95:5 87
- 0
6 ”M /s 0.5 973 60 e
ph_ Ph 13 o\\/\/j{o 0.5 98:2 89"
LS, c x
! P! 7 4 937 % (33) 14 < 0.5 96:4 64 (27)i
Ph 15 & 168 973 811
8 O~y 0.5 87:13 95 (21)H
NZ Ly vl (21)

16 o 3 92:8 80
17 C\?/Co 3408 919 85
= . o NO,
18 ¢ j\ 1l 97:3
/

77 (26)€4

A. Furstner, F. Angew. Chem. Int. Ed. 2012, anie.201205946
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1.2. Alkyne Metathesis:

e ——— = = ————

— = =
# HCOONa ﬁ
Ru MeOH, RT, 2h ey 9
> ¢ 52 % v
4 o
A | 81% (x=0TH) TIOH, CD.Cl
CHCl, RT -78°C —»-40°C

[Cp*RuH(cod)] (8)
l TFOH (1.5 equiv.), CHoCly, 78 °C

ﬁ ° e B&f ®e Q\;'R.u\/” {/10 2
x < X (o) (o] N H o o I\/\f
: 78°C — RT : N\ 9 o 0> 1 ©

Ru e

H
R, 3 S o " g/gj
\/\} quant. (NMR) ¢ \/H P -78°C - RT /

11 H 9

@
=% °
: A 355\’ x®
Ry ;
= -
12 <2

Scheme 3. Fate of the cationic [Cp*Ru(cod)] fragment.

13 6 (E1Z =93:7)
[Cp*RuCl(cod)] (4, 5 mol%) I

COD (1.1 equiv.), MeOH, 70 *C, 54 %

A. Furstner, F. Angew. Chem. Int. Ed. 2012, anie.201205946



Retrosynthetic analysis of AmphidinolideV.
A nature product born for RCAM

H, O H

A. Furstner, F. Angew. Chem. Int. Ed. 2007, 46,5545



JL OH THPO. -~ BF K

2 a) c)

4 X = SiNVe
b 3
)E 5 X=8r

mpo’\/WmBs —_— Ro/\fYY\OTBS
OH d) O. .0
7 8 R=THP \j
€
e g Ran

0.
) HO/\/TY\OTBS ;
—_— 0. .O i» OA/YY\OTBS
10 \j 11 Op©
h \j

Scheme 2. a) CuCN (10%), THF, 0°C —RT, 999, b) 1. Br,, CH,Cl,,
78°C; 2. NaOMe, MeOH, —20°C; 3. HOAc, 91% (overall); c) 6,
Pd(OAc); (10%), dppf (109), tBuNH,, THF, reflux (sealed tube),
849, d) 4-hexynoic acid, EDC, 1-hydroxy-7-azabenzotriazole, (iPr);NEt,
DMAP, CH,Cl,/DMF (4:1), 95%; €) PPTS (cat.), iPrOH, 70°C, 98 %;
f) o-(—)-DET (4036), Ti(OiPr), (4096), tBuOOH, MS (4 A), CH,Cl,,
~25°C, 77 %, g) Dess—-Martin periodinane, NaHCO,, CH,Cl,, 90%.
dppf=1,1"-bis(diphenylphosphanyl)ferrocene, EDC = N-(3-dimethylami-
nopropyl)-N'-ethyl-carbodiimide, DMAP = 4.dimethylaminopyridine,
PPTS = pvridinium p-toluenesulfonate. DET =diethvl tartrate.

A. Furstner, F. Angew. Chem. Int. Ed. 2007, 46,5545
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15 R=H
16 R=T8

1(8S*9R"* 10R* 138"

N NN-
N Mos- Nz ves

Q /é\@ %’,‘.Rlu—\ )I\/\/\ /L »

\\
20 24 PCy, o Yo
Scheme 3. a) MeC=CMgBr, CuBr-Me,S, Et;0, 99%,; b) Li, ZnBr,, THF,
0°C, ultrasound; c) 11, toluene, (+)-N-methylephedrine (60 %),
~25°C, 69%; d) TBSCI, imidazole, CH,Cl,, 10°C, 79%; €) 20 (209%),
CH,Cl,/toluene, 85°C, 66%; f) 21 (2%), C,H, (1.8 atm), toluene,
45°C, 90%6; g) PPTS (cat.), MeOH, 62%,; h) Dess-Martin periodinane,
NaHCO;, CH,Cl;; i) 22, KHMDS, DME/DMPU, ~78°C—RT, 57%
(over both steps, E:Z=10:1); j) TASF, DMF, —5°C, 82%,;

A. Flrstner, F. Anhgew. Chem. Int. Ed. 2007, 46,5545
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1.2. Alkyne Metathesis in total synthes

e ——— = - = —— - 3 = —
— - = E = - = — .

Protecting-Group-Free and Catalysis-Based Total
Synthesis of the Ecklonialactones

o} 12 O‘;
LY |
| 0 — —

1"

16 X=H, OH
e {
'E17 X=0

Ecklonialactone A (1): A%7
Ecklonialactone B (2)

@ Reagents and conditions: (a) [Rh(C,Hy),Cl}; (1.5 mol %), 21 (3.3 mol
). Si0; cat., 1.4-dioxane. aq. KOH, 52%, 80% ee (93% ee after recryst.);
(b) LDA, THF, —78 °C. then allyl iodide, 87%: (c) HN(OMe)Me-HCI,
Me:sAl, CHxCla, 0 °C — rt; (d) 22 (8 mol %), CHxClz, 75% (over both
steps); (e) Dess—Mantin periodinane, NaHCO;, CH,Cl,, 73%: (f) 23, K,COs,
MeOH, 75%: (g) LIHMDS, MeOTTf, THF, — 78 °C, 80%: (h) EtMgBr, THF,
0 °C, 93%; (i) LiBH(s-Bu);, THF, —78 °C, 69%.

A. Furstner, F. J. Am. Chem. Soc. 2010, 132, 11042
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Phss-o-- Mo "'OSaPh3
Ph3S«O

\Z

PthIOH I‘l WOSiPh;

PhsSiO OEtz

(tBuO);,W:—% 35

“ Reagents and conditions: (a) 9-undecynoyl chloride, DMAP, CH,Cl,,
70%: (b) 32 (20 mol %), toluene/CH,ClL, 80 °C., 71%: (c) dimethyl
dioxirane, acetone/CH,Cl,, —78 °C — rt, 75% (26:30 = 3:1); (d) Lindlar
catalyst, H,. CH,Cl,, 80%; (e) VO(acac), (8 mol %), -BuOOH, CH,Cl,,
04%: (f) 9-undecynoic acid, 31, DMAP, CH,Cl,, 61%: (g) 34 (5 mol %),
toluene, MS 5 A, 80%:; (h) Lindlar catalyst, H,, CH,Cl,, 90%.

A. Furstner, F. J. Am. Chem. Soc.

CHCl,,
%), Ha, EtOH, 69%.

Ecklonialactone A (1): A%7
Ecklonialactone B (2)

.

7 Reagents and condmons. (a) undec-6(Z)-en-9-ynoic acid, 31, DMAP,
65%: (b) 34 (5 mol %). MS 5 A, toluene. 90%; (c) P>Ni (25 mol

2010, 132, 11042



|'| MeO 0

0 = | o _
a2 o T ""COoOMe
OTES
vl Sl ¢ [Mo] cat., CH,Cl,, toluene, 80°C : 2
TBSO | 2 TBSO OTES
L\ 51%
o)
< P N= " COOH
g—— C\A/\/\/ F ok
: o
HO OH

A. Furstner, Org. Lett. 2001, 3, 221.



— 1.3. Compare Alkyne metathesis an d

—;.-__cAIkene n the selectlwty

i

\l

Table 3 | Z-selective catalytic RCM for stereoselective synthesis of 6 en route to nakadomarin A

AI k Catalytic RCM Six steps, 28% overall yield
- -
e n e 22°C (see Supplementary Information)
Metathesis 10
OBoc Boc Ar =2,4,6-(i-Pr),CH,
5 6 Nakadomarin A
Entry no. Complex; loading (mol%h) Pressure; concentration Time Conv.* (%); yieldt (%) ZE*
1 7b;5.0 7.0torr; 5.0 mM 2.0h 10; ND ND
2 8, 6.0 7.0torr; 5.0 mM 2.0h 95; 71 69:31
3 9;5.0 7.0torr; 5.0 mM 20h 26; ND ND
4 10;5.0 7.0torr; 5.0 mM 2.0h 98; 90 97:3
5 10; 5.0 7.0torr; 0.1 M 0.5h >98; 39 90:10
6 10;5.0 Ambient; 0.1 M 20h 95; 52 94:6
\/\/\ é
NH complex 1, cat. ~—
R
o 90% N0
PhO,S N SO,Ph

Alkyne
Metathesis

Hy, Lindlar
—

97%

Nakadomarin

- (tBu0)3WE—€ ‘
1
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- e — = — - —— —— - = — =
e = = e = e 5 = — =
_—— o — —— == _— . = <
e . = R — = e — - 2 i : —
————————= e — s e - i — -~ . = e —
e — T - — e e p— —= = - - = L

n-hexylMgBr 0 0
OMe ©"L0Me
+

[Fe(acac)z] (5 mol%)
2 3

* 2.1 Fe catalyzed coupling reaction

THF/NMP, 0 °C— RT, 5 min

Scheme 3. Optimization of the iron-catalyzed cross-coupling reaction of
substrate 1, (see Table 1). NMP = N-methylpyrrolidone.

Table 1. Screening of different substrates in the iron catalyzed cross
coupling reaction depicted in Scheme 3.

Entry X Yield |GC, %]

2 3
1 I 27 46
2 Br 38 50
3 Cl >95 -
4 OTf >95 -
5 OTs >95 -

A. Furstner et al.Angew. Chem. Int. Ed. 2002, 41, 609;
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— — —— ™ c pm—— = ——e
T - _— e — -~ T - - = 0 =2 - - -~ —
e ———— = e e — S —— . = = = -

o 4

C14Hag

QS\:,N{iPr}z

e
H29C14

C1aHzg

04% 90% 81% 93%
C14H39
S 0 ﬁ N__R R=CysHaz (95%)
_N Ac , ij]: :]/ R = Ph (73%)
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"FeCly"™ (10 mol%)

o (20 mol%) ‘r'-—’—} Felly (98% pure) A7
M

I MeHN  NHM
/©/ ] E\NH - ,©/ "N FeCl; (99,99% pure) 9%
Mel N KPP Oy, toluene Me)

Fell; (99.99% pure) + CusO (10 ppm)  Fos;

138°C, 24h

C. Bolm et al., Angew. Chem., Int. Ed. 2007, 46, 8862
S. L. Buchwald, C. Bolm, Angew. Chem. Int. Ed. 2009, 48, 5586

‘ Fe(acac)y (99.9+% pura)  91%
0 r-Hexyl-MgBr a)] FaCl, (29,99+% pure) 3%,

FeX, (5 mol%
OMe 3 ) - OMe
- ‘ ¥ =C| == Br, |
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0°C, 5 min ' * extremely fast even at -20°C
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~ 2.1 Fe catalyzed coupling reaction
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MeMgBr or PhMgBr EtMgBr
no Fe(acac); (5 mol%)

COOMe  Fe(acac); (5 mol%) COOMe
cross coupling ~— T TTTTTTTTToemmsemsesees /@ -
yvellow-golden mixture Cl

dark brown/black mixture

> 95%
RMgX RMagX
(R =Me, Phetc.) (R = Et or higher)
| lA
"RsFe(MgX)," R'-R [Fe(MgX);]
R1-X
R'-X D
B
, N MgX,
ReR [R'-Fe(MgX),]
organoferrate
manifold C [R'-Fe(MgX)]
RMgX

low-valent redox manifold

A. Flrstner et al. . J. Am. Chem. Soc. 2008, 130, 8773



| 2.1 Fe catalyzed coupling reaction

0
OWe
o
o
Tt
o
1 e
oS Ee .
e
M
EIrI
D ;_

- - — i
Nr Substrate Product Yield
ﬁ) Me
X Me
~ F’,_, (X =Cl, 1y
Iy, ',
“@ ! & \r
O/lé\ . N i
A Y —,"- e\ \
L LT Li--OFt, /@AME
LE= Li--OEt, Et,0° \Me/ 2 o o 60%
Et,0”

83%

TSSO
Q 45%°F

A. Flrstner et al. . J. Am. Chem. Soc. 2008, 130, 8773
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2 Fe catalyzed coupllng reaction
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2 Fe catalyzed coupling reaction
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2 Fe catalyzed coupling reaction
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* 2 Fe catalyzed coupling reaction
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Scheme 14. Experimental Evidence for the Cross Coupling of Allyl Chloride by an Fe(1+)/Fe(3+) Redox Couple that Is Innately Connected
with Lower-Valent Organoiron Precursors®

TR ~
I }.f-N Cl
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14 38 -, 15
| o
Fe
/ - \/\@
N w6 ©
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“ Reagents and conditions: (a) allyl chloride, pentane, —20 °C — 0 °C, 16 h, 43%, cf. Scheme 9; (b) allyl chloride, Et.O, 0 °C, 24 h, 61%, cf. Scheme
13 (c) PhLi or PhMgBr, Et-0, —35 °C, 2 h; (d) MeLi, pentane, —78 “C — 0 °C, ca. T0%: (e) THF-ds, ethene (1 atm), ambient temperature, 46% (NMR,
allylbenzene), see text; (f) allyl chlonde, Et.0, —40 °C, 20 h, 58%.

A. Flrstner et al. . J. Am. Chem. Soc. 2008, 130, 8773



\ PhMgBr (1.2 eq.)
TR o iron precatalyst Q
‘Lie=MN
A Er\ﬁ)"om = FPh M@Me
7 ::5 THF, -30°C
! eniry complex (loading) nxid:::i';rr:alslale r yield®
—}ﬁ— 1 8 (5%) —2 <10min  94%
I 2 7 (5%) 0 30 min 45%
25\ 3 15 (10%:) +1 30 min 50%
—_ 15 4 36 (10%) +2 30 min 46%
5 46 (10%) +3 30 min 13%

“Time necessary to reach complete conversion of the substrate.

|
" ,-fFE-H/ " Isolated yield of pure product; variable amounts of biphenyl were
/ removed by flash chromatography.

A. Farstner et al. . J. Am. Chem. Soc. 2008, 130, 8773



2.2 Can Fe work as Expensive metal?
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A CHEAP METAL FOR ANOBLE TASK ?

Fe’: [Ar] 3d° 4> Fe'l: [Ar] 3dS 452
Ruf: [Kr] 3d° 4s° Pd?: [Kr] 3d10 450
RhL: [Kr] 3d8 4s° Ni0: [Ar] 3d8 452
Ir!: [Xe] 3d8 450 Cul: [Kr] 3d10 450
\¢ o=
Fleo Lr’-:N LelfE—Fe-'—LisL
AT 4 g;’ 2 (L= TMEDA)
— 1

A. Furstner et al. . J. Am. Chem. Soc. 2008, 130,1992-2004




z 5 Ean Fe work as Expenswe metal?
=;;_-"-"‘ —— _———— = : = ;_l/ =

Alder-Ene Reation.

Ts
|
NO [CPFe(CaHa)o]Li (5 mol%)
m toluene
94%
Ph

82%

A. Furstner et al. . J. Am. Chem. Soc. 2008, 130,1992-2004
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Alder-Ene Reation.

metal hydride 7/ H
addition M
NS
= allylic =5

> —H
CH activation \M/

oxidative - M
cyclization -

A. FlUrstner et al.

. J. Am. Chem.

EE

1 (10 mol%)
—_—

| | toluene, 90°C

H@ 24 Ph 0%

trans-25a
E E
[1{] mol%)
@ tuluene 90°C \
Ph
H
cis-29

Soc. 2008, 130,1992-2004



2.2 Can Fe work as Expensive metal?

o~ ,/' -—A

. — - —~ —— - = = = ——
——— - S = e — - = = - ~
——— — - —— —— — T — ——— = —— =

—— = i — - e - - —— —— - - o —
= ———— SENE T — — ——— - = = A==

X R H
T = 1 s
—P=
It S 4 T SRS
S | SR
16 17 20 21
R H H H
= X X - %
Fe x —_—
\ trans l\ Fe E{
HI cis H
18 19 R 2 23

A. Furstner et al. . J. Am. Chem. Soc. 2008, 130,1992-2004



2.2 Can Fe work as Expensive metal?
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X
Cp,Ti(CO), (20%) % | |
toiuene, 105°C X R ferrate 4 (10%)
R =Me, X =CE; 30
o ! /
E X '0 \\ . "-",-
Fe—L=,
1' “ l":” /
| L
R
31
32 4
entry X R catalyst t(h) conversion yield®
1 NTs H = 1.5 23%
2 H 4 (10%) 1.5 >90% 54%
3 CE, H — 7 25%
4 H 4 (10%) 7 85% 67%
5 Me = 16 10%
6 Me 4(20%) 16 100% 57%
7 SiMe; = 6 25%
8 SiMe; 4 (10%) 6 100% 66%

A. Furstner et al. . J. Am. Chem. Soc. 2008, 130,1992-2004
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a Reagents and conditions: (a) complex 4 (10 mol %), toluene (0.08
M). reflux. 2 h, 89%; (b) complex 6 (20 mol %), toluene (0.08 M), reflux.
21 h, 80%:; (c) complex 4 (5 mol %), toluene (0.1 M), 90 °C, 24 h, 70%:
E = COOEt.

A. Furstner et al. . J. Am. Chem. Soc. 2008, 130,1992-2004



=:rf°‘ ——— e -- .
2 X 2 X
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R TN R »
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Fe—‘l_f-—'&
major minor / ‘\/’." 4

U=

9 A 56% 5.5:1

10 ﬁ B 70% 5.7-1 4

11 A 91%° 6.7:1

\

lo N\ M\ 7
Fe "Lr’-—'N

12 A 92% (R=Me)’  9.4:1 INA

13 A 76% (R = COOEt)”  2.3:1 ) 1

14 A 99% (R = SiMes)  15:1

15 A 98% (X = H) 6.2:1

16 A 98% (X = OMe) 7.3:1

17 A 97% (X = F) 6.6:1

A. Furstner et al. . J. Am. Chem. Soc. 2008, 130,1992-2004



Thank you for your attention
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93% ee
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Me

Fe(acac), cat. |VME'U'2'C B5% yield

PrigCl Me')(%
Me Me

PhMe, -30 °C

MeO.C o

=201 Z.E

MeC.C  Me

B. D. Sherry, A. Fiirstner, Chem. Commun. 2009, 7116

iPrvgCl ~
Fe(acac); (5 mol%) RO

- o -

HO

toluene, -5°C, 5 min

94%, syn:anti = 10:1

p CsHy4
\ L

93% ee (syn)

anti /-

cuprate

A Furstner, M. Meéndez, Angew. Chem_ Int. Ed. 2003, 42, 5355
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ML, = [RhCI(PPh,).], [Rh(COLCI],



TR Cl.

[RuClz(PPhg)a] + —_— Ru= Ph
- PPhs CI/TH
h

L=PPh
. :l 2 PCys

NP\’h Cl.. jcya

[RuClz(PPhg)a] i =y

2. 2PCys ci i"Cya Ph
1b
PCya
RuCls.3H,0 —————— [RUHCI(H2)(PCya)2] C=CH CI. | ~
CICHZCHZCI HC' Cl/ u \,
Cys
1c

Cl

[RUCh(cod)]y — 2P P8, (RUHCKH:) (PRl N, \
2-butanol Cl/ J>u_¥<
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Why is 3 not catalytically active?
Why are terminal alkynes not viable substrates?
“Deprotiometallacyclobutadiene”

R' R’
+R'C=CH “ -ROH RO~ ¥
M(C'Bu)}OR); — RG-—M\?— _— fM"%
RO
RO IBI.I I‘Bu
Schrock et. al. J. Am. Chem. Soc. 1985, 107, 5987 Mﬂ[C;(CMt;)Z] [OCH(CFa)z]:(PF)z

Polyhedron 1995, 15, 3177



