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Synthesis of heptacycles — Gold-catalysis

2

R10 // [(‘BuXPhos)AuNTf,] R'O R? B
u
(1 mobe) tBusPAU-NTf,
Z s \ RS iPr,
e O
1 RN iPr 3

1= ;
R!=Ac > Piv>Bz ~15 examples, up 1o quant. yield
- high diastereoselectivity

AcO

AcO AcO R
Y
/\4 d r?4: 1 /“\ 5 /\ 6

R=Me 99 %
R = CH,OBn 61 %
R=CO,Me 92 %

81 % X=CH, 42%
X=C=0 63%

AcO
AcO // X [('BuXPhos)AuNTf,]

@ mol%)
RINENZ  DCM, 0 °C to 40 °C 2
8

2 1R
R2 7 g R

R
[(tBuXPhos)AuNsz]
(1 mol%) 1,2 - H - shift
DCM 0°C to 40 °C R=H 57% R=Me 42%

Gagosz and Cao, Angew. Chem. Int. Ed. 2013, 9014 — 9018.

only acceptable yields
if RY/R? = alkyl
not for R = H Or cyclo-alkyl

[Au] — G
[Ad] //
— tﬁ
11 14
R
R N-EwG

\ Au-cat./AgNTf,

N
4 EWG g2 O e (5 MoI%) =
/ )
I R1 ‘R3 DCM, 28 °C N R4
1 R3

15 16 R%7

retention of stereochemistry R = alkyl, Ph, Bn

[23 examples up 1o 83 % yielcﬂ R-R* = (substituted) aryl, (cyclo) alkyl
EWG = Ms, Ts

iPr Me
iPr N-ms
E =Au.Cl @(:% @
N iPr
iPr h: Me 29 = _K/Ie
(): 5 18 63 9, NO loss of ee 62 %

Liu et al., Angew. Chem. Int. Ed. 2012, 8722 — 8726.
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Svynthesis of heptacycles — via Diazo-intermediates

Rl
[Rha(S-BTCPC),] R2 3 CO,Me
1mol%)
< ?OTBS pentane r.t. or OTBS
TIPSO hexanes, rflx TIPSO o
23
Me
> CO,Me AL co,Me S co,Me
OTBS OTBS OTBS
TIPSO TIPSO TIPSO
A
Me
24 25 26
R? R
CO,Me 2 LOMe
~ N, conditions
OTBS
OTBS
TIPSOZ TIPSO 2
R
Me 2 5
27 R 28 ME 29
AL co,Me Me  come Me
DIBAL, DCM
OTBS OTBS —%57 5% «IOH
TIPSO TIPSO 85 % eeTIPSO g
ME& 30 ME 31 mMe Mo 3

Br

t_ O—Rh
= (: l!z

Phy —Rh
h

L 34 4

d.r.>20:1

10 examples up to 80 % yield
86 to 99 % ee

Davies et al., Angew. Chem. Int. Ed. 2014, 13083 - 13087.

Ts
N
‘N [Rh2(Adc)4]
AR CHCls, 8076 0= RhT©
35 36 37 4
- 3 examples, I up to 92 %¥|eld X7 0, NTs, (Me02C)2C, HoC
- diastereoselective reaction |
- gram scale R = Me, Ph, p-NO,-Ph, p-MeO-Ph
T
NS NTs
Cd
| N [ha'—4] s
H:N — N, JL -|R
—_—
XM R N T
38 39 41

Sarpong et al., Angew. Chem. Int. Ed. 2014, 9904 — 9908.
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Synthesis of heptacycles — other methodologies

2
5 mol% pd(OAc)2 R
20 mol% DMSO

RZ
—C—= 15eqB CO,R3
-=~. CO(1atm) R30OH L» --.
_c | DCE, tt, 6h \
R! : '

L. 42

RLR2= Alkyl

[24 examples, up t0 92 %yie'dJ R® = Alkyl, Aryl, Alkynyl, Allyl

Backvall et al., Angew. Chem. Int. Ed. 2016, 14406 — 14408.

[Re(CO)sl] (2.5 Mol%) OTIPS
OBn oTIPS MS 4A R3
/V Rl R3 1,4-Dioxan
Z ke | 100 °C, 4h R4
a4 45 SR4 46 R?
RZ

22 examples, up to_ 93 % yield RYR2 = Me, Alkyl, Cycloalkyl
average yield 80 % R3/R*= Alkyl, Aryl, HetAryl

Ph
OBn
[Re]  [Relxs OB sk N0®
/V — e
-7 a7 8 o [Re]w
D TIPSO
oTIPS
_ MAr N\ _Ar
— I —_— —
- PhCHO [Re] AN Ar
50 51 D 52

Iwasawa and Sogo, Angew. Chem. Int. Ed. 2016, 10057 — 10060.

O_®
-
53

(@]
54

55
TiCl, DCM,
S4 OH -781t0-10 °C S4Y
—_—
56 07 DR 57 2h o~y 58
,R‘
S = 2-Me Or Benzo 2eq R

R/R' = Me, Et, Ph, Me,

@ examples, > 70% yield)

/(/_\@ /(/_\@
0 O
h

82%4:1 59 72 % 10:1 60 96 % 61 97 % 62
R3
s TiCl;, DCM,
\ OH _ -78t0-10°C S
o dienes —_— 4
63 R'R 2h a R 64
R
S=2-MeorH 20r3eq

R/R' = H, Me, Me

6 examples, 25 t0 85% yield)

Winne et al., Angew. Chem. Int. Ed. 2011, 11990 — 11993.
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Ring contraction — Synthesis of Y-quat.

Acyclcyclopentenes

(0]

1) NCJLOAIIyI
LDA, THF, -78°C

O

—_—
O 2) base, electrophile 0
tBd 68 6110 88 % yield tB 69

R = alkyl, allyl, propargyl, benzyl
yields 8910 99 %

ee 80to 92 %

R coAllyl (S)-tBu-PHOX (6.25 Mol%)

[Pd2(pmdba)s] (2.5 mol%) \/
PhMe, 30 °C :O
u

tB

o5

PPh, N

71
1Bu
R1 OH
5 > LIOH, TFA, (e}
,R2 reduction conditions AR THF, 60 °C R
_———— o — Me .,RZ
/

tBd 72 73 74

reduction conditions

- LAH, Et,0, 0 °C then 10% HCI

- DIBAL, PhMe, -78 °C then oxalic acid, MeOH

- CeCl;* 7H,0, NaBH, MeOH, 0 °C, then 10% HCI

HO) Rt O R 07 R!

O HO HO
75 76 77

RY=alkyl, allyl, propargyl, benzyl, HetBenzyl
R2= allyl, crotyl, cyclohexenyl
overall yje|gs 02 80 to 95 %

Stoltz et al., Angew. Chem. Int. Ed. 2011, 2756 — 2760.

—— -

hard electrophilic

site \O .
nucleophilic site
guaternary —7
stereocentgﬁ\

80\L

soft electrophilic site

W
R
A

functional group handle

variable group

many possible
further manipulations
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Ring expansion — Cyclohexyne Cycloinsertion

Me
o > KOtBu, I-comp, HZO KHMDS, [18]crown‘6’ SEMO,¥
Mé OTMS -78 °C to It, THF rt 0
“emw SEMO T wbremy Me”
Me~
91 OMe

Carreira et al., Angew. Chem. Int. Ed., 2010, 4092 — 2095.

|
e KOCEt,, THF o i [houo
O 4 -78°Cto rt 0 KOCEt; THF Fe2(CO)g], PhH,
ph1® 1 3, [Fe2(CO)s],
then pH 7 buffer 1 -78 °Ctort 90 °C then DBU
\O > ! 74% 51%
I Me € o4
81 82 83 1 Me
1 o)
i 5 N 0O o
1
AcO OH
(@) Me O : steps 2
I Me
o 1 Me € M
Meﬁ <’ 1 Me 96 Me 97
M : Guanacastepenes N and O
84 85 : Carreira and Gampe., Angew. Chem. Int. Ed.,
I 2011, 2962 — 2965.
T ———
1
1
o 1
SEMO 1
(\ Me OSEM  KOtBu, I-comp, Hy0, Me,z OH KOtBu, [18]crown-6, 1
o -78°Cto rt Y THF, rt I
OTMS —————— 3 |: e 1
H 1= 1 OK
1 Rl only if Rt =H i oK OK
88 89 1 AN
| —_— { —_—
e ClH
Me : H
O Me oseMm 0 Me OH | 98 99 100 H 101
1
1
1
1
1
1
1
1
1
1
1
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4-membered Rings — (asymm.) allylic alkylation

o) 1 CO,R NaH RL
p-ABSA, Et;N, N 1) wwave, Phvte, [0 & ) J\ R Na Pd(PPh3)a, coz
O§Q‘O MeCN, 1t, 12 h Oﬁﬁo 180 °C, 1 h N0 hv, Et2 RIZNEWG
86 % > >
(] N o quant. m 2) SOCIZ‘ MeOH
102 103 104 112 114 TCOMe
0] R2 o R = alkyl, Bn
HO! o R! O/\« 1 Rl=H, alkyl, allyl, propargyl, Bn, (CH2)CO2Et GZ examples up to 92 % yield)
P N EWG = alkyl ester Or diphenylamide
2) R, K,CO;, 105 2 1Bu
acetone F L2 H o R CO.H
* o [Pd(PPhg)a] (5 MOI%) Hop 20
m o R NEt; THF, 0 °C 2,
ﬁ o Ar)t - Ar
0 R2 [Pd2(dmba)s] (5 Mol%) 113 115 116 o]
o R! (S)-L 22 5:‘nol% o R1
__Phve 20°c
ﬁ R= alkyl, Bn, allyl 10 examples up to 68 % yield
106 107 Ar = Ph, p-MeO-CgH,, (3,5)-CF3" CeHs p-NO,-CgH, d.r. >90:10
ég egngLe:, 62t0 98 % yield, R = Alkyl, (Het)Benzyl, Allyl, Propargy!
% R? = Vinyl, Me, CI, H, Alkyl, Ary! Me cat. 0s0 COAEt Me cosEt
COREt 3 PIDA, DIPEA
HO NMO, tBuOH, CO,Et , "
g COEt TBE, H,0 » EtOH, 0°C to It A CC?ZEt
T P T L P T P T T T T T T T L T P T T P L L T T T T L T T T L T H X = OMe n X X:NH2 1
\ 73 % [y 56 % = N
o HO CO,Me 0 ! 0 N"Nokt
o H,0,, 1 M NaOH, Grubbs-Hoveyda I, \_Ph 118 117 119
Bn _gMeOH.23°C O \( PhH
dialkyl “ S o
y-lactones 80 % 97 % quaternary HMe— CO,Me  Grubbs Il (20 m)ol%) I Me: COZMOe
Ph 112 i O ethylene (1 atm),
spirocycles) DCM. 1t N 2,
1) TMSCHN,, BF3*OEt, Ety 1) HONH,*HCI, pyr, EtOH Ph 50 % Ph
2) HCl(aq)’ DCM o 098 2) pTsCl, Et;N, DMAP, DCM a Y \ Y
69 9% 02 22 9% 02s 120 121
o) (e}
NH MeO,C
CO,Me
\ D Bn come 1 NIS.MeCNH0 Q V2
’, ¢ 2 TFA, DCM
N us 2
110 pp % quaternary 111': dialky! CO.Me s i~ CO,Me
cyclopentanones y-lactams 122 2 2 123
Stoltz et al., Angew. Chem. Int. Ed. 2013, 6718 — 6721. Maulide et al., Angew. Chem. Int. Ed. 2010, 5672 — 5676.
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4-membered Rings —asymm. allylic alkylation

R? co,R! AT Ar Ph
mol% 2
H . o o [{Pd(anyl)(cnz] @. |5%) ) COLRD o o J_
Y mod@Hon o X I o™
. . THF, 0 °C, 1h o o o —
124 125 127 Al AT PR
tBu L1a
R1 = Me, Et 9 examples up t0 85 % yjeld _
R2= Alkyl, Allyl, Propargyl, (CH2):0Bn, d.r. > 95:5 Meo AT
CH2)3Cl, (CH2).CN B tBu

Ph
H N AT [{Pd(aIIyI)CI}z] esmole) R Coz OO
] 53 e e
SP-
= o 4 THF, 0 °C, EtzN, 6h 0 \
PH
124 128
L1b
Ar = p-NO,-CgH, 7 examples up t0 76 % yield
R = alkyl, allyl, benzyl, benzyl, p-BrBn d.r.>91:9
CH)2Bn ee 94 to 98 %
H O o R? CO,R?
o [{Pd(allyl)Cl}2] (2.5 Mol%) CO.R!
m RloJQ?/U\ORl L2a (7.5 mol%) 2 | 0
R2 THF, 40 °, 1h X Ph NJ
A 128 125 130 COH 2 By
L 2a
T=Me, EX

R2 = alkyl, allyl, (CH)2COEt, (CH2)30Bn,

10 examples up t0 82 % yijeld
d.r.>95:5
ee 9210 99 %

e e e e e e e e e e e e =

nBu co,Et nBu co,Et
CO,Et CO,Et
134 135
CO,H “CO,H
-96 % ee -98 % ee
nBu COzEt ent-L1 entL2a NBU COzEt
M ot / \ X o,
’co H co2
137 +96 % ee +98 % ee 136

Bn, p-NO,-Bn
o (e}
HO,C
EtO,C EtO,C 3 )LAr
“CO,H “ “
131 2 132 oM 133 O
55 % 63 % 50 %
d.r. 80:20 d.r. 71:29 d.r. 55:45 .
ee 87 % ee 91 % ee 83 % Maulide et al., Angew. Chem. Int. Ed. 2011, 12631 — 12653.
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4-membered Rings —asymm. allylic alkylation

I
I
| EPd(aIIyI)CI}z] (2.5 Mol%) CO,H
I 1a (7,5 mol%) 143
MeCN, 0 °C R,
1 CO,H
: 2 , COR R10,C COR!
| | R
I Cl CH,O,R? Ph
] [{Pd(allyl)Cl}2] (2.5 mol%) CO,H
] rac-cis L2 (15 mol%) 144 O*P_
H I 140 142 THF, 40 °C R2 o
| N hY | -| O! not stable compound CO,R! OO Ph\
o”No - P ! Rl0,C “%2 L
(6] a
138 130 7 I
! [{Pd(aIIyI)CI}z] (2.5 Mol%) CO,H
H CO,H CO,H I L13 (7.5 mol%) 145
20 2MHCl ELO 2 2 I MeCN, 0 °C R o
> bench-stable compounds CO,H 1 )
L . CO,R Rl0,¢ CO.R! |J
A O Cl “cl R2 2 Ph,N
rac - cis rac - trans I ol CO,R? %) tBu
<) [{Pd(alIyI)CI}z] (5 mol% CO,H
139 140 141 I rac-trans L2 (30 mol%) ’ L2
- 146
I 142 THF, 30 °C r2
| Rio,d COR*
| - .
- enantiomeric approach:
t 0,
| éie;(a;)rglpges up to 76 % yield 8 examples up t0 95 % yield
"y ) d.r.>90:10
| |ee81to 96 % ee 65 10 96 %
I
I
I
I
I
Maulide et al., Angew. Chem. Int. Ed. 2012, 7314 — 7317.
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Photochemical methods

hv (300 M) o}
LA (50 mol%) -70°C H
20 mM in DCM 3
then NEtg “thenNEG 1L > - R
o :
15 F
LA
F
o) o)
H H
- > 9 examples up t0 94 % yield
ee 75 to 94 %
O: P g = n,m=10r2
v S R =alkyl, F
9305 759% €€ 86 05 82 % €€ 93 05: 94 % ee
- S
LA
nH HO
3 1M HClI Me
- Me WDC "
o) % 72% 4
/ O
152 ? 153
LA ¢
O o}
A H,0
Me & Me
@O/ E <
/ 154 155 7
1) BF3*OEt,
ELSiH, DCM O TMSNF
2) IBX, MeCN BF;*OEt, DCM
9) - —» O
63 % L l.Me  76%
s EA —
\/
158 156 157

Me

/ [ir("ppy)2(‘Bubpy)]PFs (1 M0I%) H
DMSO, visible [ight Me
TsN 39 % TsN
159 160
A}
H Me
R (CH2)sPh S
TSN | | S TsN H
H
H
88 % 161 81 % 162 93% 163
dr. 3:1 dr.>10:1 dr. 1:1
\N—orf H
Me
16 examples up to 98 % yjeld
d.r. varies, but mostly > 5:1
CO,Et
1 %
80 % 98 %
164 dr.>10:1 165 dr. 2:1 166 d.r. 5:1
Me Me
H H
1) O3 DCM, -78 °C 0
TsN Pd/C, MeOH TsN
168 (:Ij)\ \ Me Z)y 170
H 90 % 98 % A
HCI (2m in Etzo
Me
H 171
S M
Me_ _CHO B e
\L/\( BORTS ~7 irrad. cond.
Me ———»
N Me 98 %
172 nBuLi, 84 9
Me +84.% N 173
e
HC OH Me
Me \ \n/\/ H - CHO
OH
'Me Grubbs I 'Me
Me €
174 175

(+/-)- eplralkovenal
42 9, overall yleld

Bach and Brimioulle, Angew. Chem. Int. Ed. 2014, 12921 — 12924.

Yoon et al., Angew. Chem. Int. Ed. 2014, 8991 — 8994.
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Photochemical methods

"¢ M\
6w Hg lamp (254 NM)
N7 ~EWG  pecN 6h o é@\ EWG
176'\& EwWG? 14 examples up to 44 % yjeld of aziridine
and up to 29 % cyclobutane formation
H
Y
Men* o e, ' o
EtO,C™M, EtO,C* I

clean reaction
41 % 40% 180 44 % 12 % 9% 183

e e e e e e

1
1
1
1
1
1
6 W Hg lamp (312 nm) i
MeCN, 2h :
\CO,Et f \ !
CozEt | @) 12 mM in MeCN
EtO,C" O Me
’ I Me Me 9.5 mL/min, 1 h
184 55 % 8 % \ 186 : ; 254 nm
1 Me N\ co,Et flow reactor
1
1
I I\/%
2 M N i 191 192
DA CO,EL WHO
CO,Et < ,:é Vo2 i
N : 0.91¢g,51%
= I Productivity 21.8 g/qd
187 188 189 190 |
1
1
1
1
1
1

Milburn et al., Angew. Chem. Int. Ed. 2013, 1499 — 1502.
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C-C-bond activation — svnthesis of tropane systems

OMe

R? 1ot
[{Rh(COD)CI}2] (2.5 Mol%)
o L (e mol%) tBu tBu

R3 1,4-dioxane, 130 °C, 12 h PAr,

PAr,
Rl \ R4 1 R3
5
R 194

=A
193 r

[Rh'] (:qq

15 examples up to 96 % yield Tolerant to (protected) functional groups
ee 95 yp to 299 % esters, prot. alcohols, nitriles

Me Me CO,Me Me Me EIE [R‘h"'] I 4 201
eO H
OBn
F Me
195 0 196 © 197 © 198 © 199 o
Cramer et al., Angew. Chem. Int. Ed, 2014, 3001 — 3005.
R? [{Rh(COD)CI}z] (2.5 mol%) R3
R3 1, 4 dioxane, 110 °C, 12 h o)
>
Rl (0] Rl R2
205 206 °
t t [ [ S e L
MeO,C TIPSO
207 Cramer et al., Angew. Chem. Int. Ed, 2014, 9640 — 9644.

with higher temperatures:

Me
o [Rh(COD)CI}2] (5 mol%)

O L'(g mol %) CO,H| 2, NaHCO;, Me,
1,4-dioxane, 130 °C, 12 h “ 1 4-dioxane, It
\O /

211 I 213
81 % 02s, €e > 99 %

O

13 12.07.2017 ANCIE Methodologies 2010 - 2016 Universitat Konstanz



Azomethin Ylides — Dearomatization and

[6 +3] 'CVC I O ad d |t| O N CO,Me R2 R3 [Cu(MeCN)s]BFa (5 mol%)
3 . < L (5 mol%) R3
216 N+ | Et;N, 1,4-dioxane, I't., 0.5 h 5
R4y “1H
NO, ¢ > ,
©/ oN V" RL Me MeOCV N R
N_O .
225 226 227
MeO En cat. TFA (5 mol%) En 9 o) (+ epimer at C )
~ NS DCM Z@ 0O K R3 major product
214 . .
NO, 217 Elt(.?n:)?%hﬂ& R ” StBu
215 85 % '—Me>
0 N__o MeOLY NT¥R! PPh,
NO, [14 examples up to 95 % yi * e
y|e|d) — . atC ) _
O,N H - (+ epimer ) =L
BNy S \Bn only single products formed 228 major product 229 <
l;<\ ;:’ v
H "NOZ illregsa.rgglfs ttlop:g;g % yield R® = substituted aryl, when alkyl no reaction
218 36 up to 97 % ee R? = substituted aryl, when alkyl low ee
generation of 8 stereocenters R3=H, Me
NB
N 02N : COZMe
H [4 +2]
e ﬁ (1 CO,Me ( N"[CUL*] [6* 3 a | | X0y
Rl 2y 4
TsH HY MeO cv N ‘R H
NBn ~ Rl MeO,CY* gL
9eq.,23h,81% 3eq,21h 9% 4eq,22h,94% 9eq,24h,62%
219 220 221 222 Ne
O
NB
O,N NBn Eln 2eq. NO; 6 eq. Eln ON n @
COF <5 00 =% CL L
—
DCM o H . . .
66 % ?3(7:';2) iR \ MeO,CY SN MeO CVN
NO, NO, NO, NBn
58 9y, €€ 87 % 62 %, ee94o Br
225 223 224
235 236
Piettre et al., Angew. Chem. Int. Ed. 2011, 472 — 476. Waldmann et al., Angew. Chem. Int. Ed. 2012, 9512 — 9516.

Universitat Konstanz
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Azomethin Ylides — Cyano Group as a traceless

CN
CN R! EWG AgOAc (10 mol%) s NaBH, (20 mol%)
/=l ( + Cs,CO3 (20 Mol%) HNQ:'RZ BH3*THF (1.2 eq. HN :HRz
—_— —L
R2 PhMe, 0 °C tor.t. R Re THF, r.t. R ~QR!
237 238 239 EWG 240 EWG
25 examples up to 96 % yjeld [3 * 2] @nd in gram:scale = substituted ary|s, heteroaryls, alkyl
and up to 94 % yjeld in decyanation @nd in gram scale Rl=H, Me
R%2=H, Me
endo/exo 10:1 up to >20:1

EWG = CO,Me, CO,tBu, CONMeOMe, SO,Ph

HN HN
HN Boc |:> HN |:> HN
N o /
N - *
(\\ ;COZMe I to _E: N
OTBDPS :

S Me ™
O To,Me
Me
56 % 02s 70 % 02s 52 % 02s 76 % 02s 80 % 02s
241 242 243 244 245

4\002'\/'8 AgoAc (20 mol%) MO

246

- BH4*THF, MeO,C
DBU (20 mol%) ; ‘\\\l NaBH, (20 mol%) Cl'\\
- e
NC/\N//j 75 % > C'\IH CO,Me 84 % 2a0 S _fn CoMe T
s PhMe,
MeO,c” 247 NC 248 MeOzC__ + i
o quant.
/" 250 Ol\\? S
LAH, THF, MiX  ~an Y
80 % > Cl\‘\? (+/-)-isoretronecanol
251 O
Zhang et al., Angew. Chem. Int. Ed. 2015, 6306 — 6310
15 12.07.2017
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Allylic transformations

[{Ir(cod)Cl}2] (2.5 mol%)
(R)-L (10 Mol%)
mCBA (0.5 eq.)

OH
R)\% * R'OH

OR'

16 examples up to quant.yield
63 to 99 % ee

R = (substituted) aryl, heteroaryl,
(substituted) alky!

o, / -
ony DCE, 50 °C, 24 h R s g g 0 R' = Me, Et, iPr, PMB, Bn
Carreira and Roggen, Angew. Chem. Int. Ed. 2011, 5568 — 5571.
1) [{Ir(cod)Cl}z] (2.5 Mol%) 2) Protection
OH (S)-L (10 Mol%) NH, 26-9- S e&':‘Et?t NHPG -
1,2 eq. NH3SO4 eq. BzCl,4 h, 1.t : Ar= - het 1
= 2| /M Z . (substituted) aryl, heteroary
Ar)\/ 5 eq. DMF, 2-Me-THF,> Ar*/ Ar*/ 28 foxagg]g/leeseup to 85% yleld PG =Bz, Ts, Fmoc, NH3C|
254 24 h, 1t ! 255 256 b
1) {ircod)Cl}2] (2.5 MoI%) 2) Protection
" . ((S)')L (é !n(OI%) NH, | %o é o P:tf’t NHPG ?Ikyl: to 87 % alkyl = (substituted) (cyclo)alkyl
= 1,2 eq. NH3SOs5 eq. Bz h, - examples up to 87 % yield PG = Bz, Ts, Fmoc, NH,Cl
a1 AP DMF, 24 , It allyt AN alkyl ANF 68 to 99 9 ee -
257 . 2 2 :
> %8 %9 Carreira et al., Angew. Chem. Int. Ed. 2012, 3470 — 3473.
[{Ir(cod)Cl}2] (2.5 Mol%)
OH (S)-L (10 mol¥) SR’
e, P(O)(OBU)20H (0.5 €g.) O 12 %oyi
* R'SH examples up t0 92 %yield
R)zaf DCE, 50 °C, 24 h R)2\6¢ 00 @6 to 97 % ee
1
g:P'N ] &t R = el -rich het ]
=el.- i | eteroary
[{Ir(cod)Cl}2] (2.5 Mol%) _~ ©l-Neh (substituted) aryl,
OH (S)-L (10 Mol%) - oH O R'=Bn, Ph, PMB, cy, p-HO-CgH,
P(0)(OBu)20H (0.5 eq.) -
~ T BnSH > =
RN DCE, rt, 72 h RINZ RN
1 : 1
R =el.-poor ary! .
Carreira et al., Angew. Chem. Int. Ed. 2012, 8652 — 8655.
0 R’
[{Ir(%od)CI}z] 4 Ir;(;l %)
OH . R )-L (12 Moo Il [26 examples up to 99 % yield) R= . heteroarv]
— KHF, (1.5 eq.), TFA (2 5 eq. |~ (substituted) aryl, y
R NS KE B/ 2(15¢29) T2 (25 £ 9510 >99 % ee R' = aryl, heteroaryl, (cyclo)alkenyl/alky!
3 nBu,NBr (10 Mol%), RYNF
A 264

262 263

1,4-dioxane, 25 °C, 6h

Carreira et al., Angew. Chem. Int. Ed. 2013, 7532 — 7535.
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Allylic transformations

R4
Ir(cod)Cl}2] (3 Mol%)
o EEmem o oL O
(o)

+ Sc(OTf)3 (10 Mol%) H
RlJ\/ SOOPUE > P - | "

1,4 - dioxane, r.t., 12 h RIVy

265 266 267 O‘

21 examples up to 95 % yjeld R = (substituted) aryl, heteroary!
91 to >99 % ee R2=H, Me

R3 = Br, Me, (substituted) alky!

Carreira et al., Angew. Chem. Int. Ed. 2014, 10759 — 10762.

268 269 A 270

OBoc [{Ir(cod)Cl}2] (1 mol%) alkyl
R N\F ren-alky PhMe, rt, 12 h RYNF o
| ®-tL
22 examples up to 81 % yjeld alkyl = (substituted) alkyl, cycloalkyl
80 to >99 % ee R = (substituted) aryl, heteroaryl, vinyl, propargy!

Carreira et al., Angew. Chem. Int. Ed. 2015, 7644 — 7647.
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Cross Coupling reactions

Ni(COD)2 (5 mol%)
Et3N (1.1 eq.), Zn (2 eq. )

\OH
12 examples up to
N I 95 %yleld

/T MeCN, 23 °C
5 |
271 R RN g3 272 Rl
2
R _OH O ©
3 R
R )E condltlons 3 E
| R t N
N/\E Bn
R! Ré 93% Me 40 %
273 274 275 276
EWG
EWG Ni(COD)2 (5 Mol%) EWG  Ewe
Et3N (1.1eq), Zn (2 eq.)
H R! MeCN, 23 °C O
(0] X & \ "
277 R? 278 R?
CoMe  1BuO COZM‘,*V' co,Me
CO,Me COztBu CO,Me CN
\
87 % 76 % 98 % 61 %
279 280 281 282

EWG = ester, amide, nitrile
X =Br, |
RYR2=H Me, Ph

(12 examples up to 98 % yield)

Stoltz et al., Angew. Chem. Int. Ed. 2016, 7437 — 7440.

I HedGlynCial (5 mol)

EE‘ Et,Zn, L1 (30 mol%) ~~Me
O\/\
\/\ 0] T™MS
290
tBu
Ar Ar OMe
Me J— L1 Mgy
Me \
Ar Ar @—tBu
L2
cl . gpd(a"yl)CI}zl (5 mol%) 1
R';Zn (2.4 eq.), L1 (15 mol%) E’,examples up to 67 % y|e|d)
THF - and yp to 87 % ee
CO,H CO,H
rac 291 292
[{Pd(allyl)Cl}2] (5 Mol%)
O R'2Zn (2.4 eq.), L2 (15 m0|°>ﬂ>) Q (11 examples up to 92 % yleld)
0,
LG R THE R R and yp to 90 % ee
293 204
-___________________________1 _ . _
1 R = ester, Ph, Weinreb
Q 1 amide, CHO, C(O)Ph
Me\\\- COZMe OMe : Rl = Me, Et, iPr
78 % 90 % [ LG =ClI, AcO, MeOZCO
0 0) I
g8opee 2O 860 ee 20 !
I ———
Me
\: \\ O‘\\\ Me
OMe EL N
CO,H Ts
80 % 52 % 82 %
76 % ee 80 % ee 80 % ee
297 298 299

Maulide et al., Angew. Chem. Int. Ed. 2014, 7068 — 7073.
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Cross Coupling reactions

[PACl2(PPhs)z] (0.2 MOI%)

o} o Xantphos (0.24 Mol%) o
JWL (tBu)abiphenol (1 m0|°/g Jl\(\
I I or Il (15 mol%) RY R2'R3 OH Acy0, 132°C, 2h RY R2 Rs\
Z iPr,NEt (1.5 eq.) 310 211
—_— .
R blue LEDs R (15 examples up to 91 % yleld) 11 examples up to 77 % yijeld
XS= MeCN, r.t. 24 h no loss of stereochemistry
300 301
O PPh, PPh,
m CLO
© 314
11,91 % 302 | 83% 303 'V'e 1,83 % tBu tBu
i ®
.|H
BOCN&%J I""Co““‘ ~I I: R=SnPh, OH
- II: R=iPr
J ¢
-H+ - tBu tBu
l,89 % 11,91 % !
’ Py
317
305 306
OTBS 0" B CO,H Ean
TBSO~* 4 2 [PACl2(nbd)] (1 MoI%)
| 1) Allyl alcohol, NIS, ‘ 0 Xantphos (1.2 mol%) o}
DCM, 90 % s
| ] — one NMP, 132 °C, 93 % OMe
2) I (15 mol%), 3 ) 318 H 319
0O iProNEt (15eq) o o (+/-)-samin AN
— blue LEDs, MeCN, . .
24 h,r.t., 97 % ) _
207 h, 0 208 309 —y, () @d (+)-10-epi-Aspewentin C
Carreira et al., Angew. Chem. Int. Ed. 2011, 11125 - 11128." Grubbs, Stoltz et al., Angew. Chem. Int. Ed. 2015, 11800 — 11803.
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Cross Coupling reactions

P

HO 3 Grubbs-Hoveyda lI
/ e
o [Ir(cod)Cl]2 grz mol%), 0 2 81 % 7
EWG L (4 mol%), TBD, LiCl, _ COzEt
roton sponge 7 THF -78 °C
R ARl %T;;» R "EWG allyMgCl, 328 _K,0s0, NMO,
321 322 323

THF/H,0
599 H
{IO Me3s(o)| NaH, © H
. = DMSO . 0
'ICOZEt W ’COzEt HO )
4,

12.examples up t0 >99 % yjeld R = MeO, NO, NMe, Br, Me, H
b:l > 90:10, up to 98 % ee EWG = ester, nitrile, c(O)Me

332 “ICOYE
NMe,NM Ph K,0s0, NMO, DIBAL, THF, -78 °
e,NMe, OO % THF/H,0 /g5 4 43 %
(o) : ;
*P-N o]
NS o -9
i L, - ;
324 325 oh Y OH
331

Stoltz et al., Angew. Chem. Int. Ed. 2016, 16092 — 16095.
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C-H — Oxidation

> (2.5 mol%), Me

Me Me
TsHN\)K/\ Phi(mCBA)2 (1 €9.) Me Ph
Ph- “bem i
333 , .t 12 h
334 Ts
/j W NTs
m—) ﬂ_ Ph)\ ©\)h>
335 99 % 336 95 % 337 72 % 338 77 %
Ts (@]
Ph 2
N s
‘N 31 examples up t0 99 % yijeld
selectivity >95 %
82 % 90 %

339 340

Phl PhI(MCBA),

NHTs
NHTs
(mCBA) NHITS 345
346 Ph

Ph
I‘Sﬂ >—< NTs )
>L/\Ph N4 >L/\Ph

mcBAH 343 344

? </( ((MCBA)
me Me NHTs

341
Ph

342

X

348

2.2.eq. nBuLi, 0°C, 2 h;

then 1.1 eq. ZnCl, 1 h; X
-~

then 1.3 eq. I, 2htor.t
349

18 examples up to 75 % yjeld
5-, 6- and 7-membered rings

X = Chp, C=0
R = (cyclo) alkyl, aryl, amide

I N
% N\)<
MeO N
64 % 350
R
I ~
MeO” N NBu 351
74 %

Sarpong et al., Angew. Chem. Int. Ed. 2013, 2194 — 2197.

HN
Me

Muniz and Martinez, Angew. Chem. Int. Ed. 2015, 8287 — 8291.

1) 2 eq. nBuLi;
then1leq. I,

\ THF, -78 °C H

90 % N

o)Naset ~ Me
76 %

(+)-lyconadin A 353

Sarpong et al., J. Am. Chem. Soc. 2009, 11187 — 11194.
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Various Methods

o)
=z
R 4 “)J\SePh PhMe, rflx, 12 h R
X
354 355

SePh  (TMs)sSiH, AIBN
—

isooctane or PhMe,

LS

Phenylselenoacrylate as
ethylene equivalent

rflx, 1 h
356 357
[12 exampdles up to to 97 % yijeld (Diels-Alder)
andup t0 99 % yjeld (reduction)
Jung et al., Angew. Chem. Int. Ed. 2013, 2060 — 2062.
N—R?
TBAT (2 eq.), —
™S + ) ., © OR* ' THF, 40 °C, 8q—)12h L / R®= (cyclo) alkyl, OPh,
R: R°“—NC Y R (substituted) ary!
OTf R3 OR% R*=Ph, cyclic Ph
358 359 360 361 R3
N-R?
R3 TBAT (2 eq), / Three component
™S THF, 40°C.8-12h . 5 aryne reactions
R1 RZ—NC ¥ // —>» R R R3, R4=Ph, CO,Me, H y
R4
OTf 362 R4
363

R = (substituted) ary!

32 examples up to 96 % ield)
( y R? = alkyl, (substituted) ary!

Stoltz et al., Angew. Chem. Int. Ed. 2011, 4488 — 4491.

TfOH (1 1€eq.)

Y R
+ _DCM,0°Ctort
1/ \/ X_ _CN
R 364 ~

j\)j:/\ [36 examples up to 88%y|elca

Metal-free formal

R = (substituted) aryl, heteroaryl, (cyclo) alkyl, vinyl, Cl, B, |

R! = (substituted) aryl, heteroaryl, (cyclo) alkyl MEMESIRG

X = CHy, O, (CH2)2, (CH2)3, benzannulated

[2+2+2]-Cycloaddition

Maulide et al., Angew. Chem. Int. Ed. 2016, 12864 — 12867.
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Various Methods

Ligand (20 mol%)
P(O)Phs (40 MoI%) OH

Me,Zn (3 eq.), PhMe
> Me
)\

369

o

Me)l\ H
367

368 R

HO ( 5 OH
h="" N7 OH N Ph
h h

Asymm. alkynylation

of acetaldehyde
370

R = aryl, alkenyl, silyl, alkyl,

G-l examples up to 98 % Yie“a CO,Me, highly functionalized residues

Trost and Quintard, Angew. Chem. Int. Ed. 2012, 6704 — 6708.

T
I
1
1 i
N Bfé(r\)A “\’,Uf\:ge 2 R = H, Me, CO,Et, CH,0PG, CN, Br, CH,CI 1
Q I»l (o) RL=H, Me : ’\D Tf,0, collidine
(% 374 |n=q2 : —> \/\o/\/\\c.ﬁ —
. [ N A~(C Q
' R2 o) S R : 07 379 380 «
0, collidine
RL,/)\'/O\/\)LN DM, uwave Rl / |
Rt 372 O \‘ O : @Q [33] Os HZO
c=CH; 8% o 378 ) 7 I:: 0 B
Tf,0, collidine 1 381 O 382 383
WL DCM, pwave o R= aIkIy (CH2)sC! 0
T n=12 :
376 !
— el
(20 examples up 10 90 % yield) : aulide et al., Angew. Chem. Int. Ed. 2010, 1583 — 1586.
1) Brz (2.6 eq.), EO (5.2 eq.)
Rl 2) Et,Zn (2.6 eq.) Br MezNOC :\CONMEZ
3) CHBr3 (2.6 eq.)
R2 OH 4) substrate, L (1.1eq) OH
~
Z DCM, -42°C tor.t, 4 h R3i Ao~ B” L ) )
R® 3a4 RY Lo R Bu Enantioselective
Bromocyclopropanation
Rl=H Me
15 examples up t0 92 % yield '
[d r.> zo-r?L P y ] R?= (substituted) aryl, (cyclo) alky!
3= . .
94 up to 98 % ee R3 = H, alkyl, (if alkyl low yield) Charette et al., Angew. Chem. Int. Ed. 2015, 14108 — 14112.
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