Building Molecular Diversity
with Gold(l) Carbenes

Antonio M. Echavarren

Institute of Chemical Research of Catalonia (ICIQ)



_ a -
LAu 1
R
R3
Z A
IR4
RZ

R RS

Addition of
nucleophiles to enynes

Cycloisomerization
of enynes

Echavarren, Muratore, Lopez-Carrillo, Escribano-Cuesta, Huguet, Obradors, Organic Reactions 2017, 92, chapter 1.

Pd(ll): Trost, Tanoury, J. Am. Chem. Soc. 1988, 110, 1636; Trost, Hashmi, Angew. Chem. Int. Ed. 1993, 32, 1085.
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Gold(l)-catalyzed [4+2] cycloaddition of arylalkynes with alkenes
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ICIQ-Krakow: Angew. Chem. Int. Ed. 2016, 55, 11120

ACS Nano 2017, 11, 9321; Angew. Chem. Int. Ed. 2018, 57, 10500
StgCompost-Dresden: Angew. Chem. Int. Ed. 2017, 56, 11945;
ACS Nano 2020, 74, 1011

The race for the synthesis of higher acenes
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Pyrrolidine BiphenylPhos Ligans
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11858. Zuccarello, Nannini, Arroyo-Bondia, Fincias, Arranz, Pérez-Jimeno, Peeters, Martin-Torres, Sadurni, Garcia-Vazquez,
Wang, Kirillova, Montesinos-Magraner, Caniparoli, Nufiez, Maseras, Besora, Escofet, Echavarren, JACS Au 2023, 3, 1742
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NEST Analysis of the Chiral Binding Pocket
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JACS Au 2023, 3, 1742



Chiral Gold(l)-Cavitands
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Martin-Torres, Ogalla, Yang, Scharnagel, Rinaldi, Echavarren, Angew. Chem. Int. Ed. 2021, 60, 9339
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0 .
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Angew. Chem. Int. Ed. 2021, 60, 9339
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Marti, Ogalla, Echavarren, ACS Catal. 2023, 13, 10217

H-bonded Counterion-Directed Enantioselective Au(l) Catalysis:

Franchino, Marti, Echavarren, J. Am. Chem. Soc. 2022, 144, 3497

Modular Chiral Gold(l) Phosphite Complexes:

Delpont, Escofet, Pérez-Galan, Spiegl, Raducan, Bour, Sinisi, Echavarren, Cat. Sci. Technol. 2013, 3, 3007



(R)-Au (2 mol %)
(R)-Ag(2mol%) — z | R? A dioxane, 27 °C
R B: toluene, -10 °C, 0°C, or 27 °C

Conditions A or B H Nu

Nucleophile scope

MeO MeO
99%, >99:1 er (A,6h) 93%, >99:1 er (A,6h) 84%, >99:1 er (A,6h) 98%, 99:1 er (A,6) 85%, >99:1 er (A,6h) 43%, 97.5:2.5 er (A,24h) 47%, 98.5:1.5 er (A, 24h)
87%, 98:2 er (B,6h) 79%, 99:1 er (B,6h)

MeO,C
MeO,C 2
MeO,C 2 MeO,C
MeO,C MeO,C M ozc o MeO2C
.Ph (S100] y “Ph €Uy MeOQC
j)Ph «Ph
NH
Q R BnO R=H, 92%, 982er (A,6h) @

MexN R = Me, 89%, >99:1 er(A 2h)
98%, >99:1 er (A,24h)85%, >99:1 er (B,4h) R =Br, B: 93%, >99:1 er (B,3h)  95%, >99:1 er (B,6h) R = Et, 94%, 98.5:1.5 er (A,5h) O
R =1, B: 93%, 98.5:1.5 er (B,4h) R =iPr, 75%, >99:1 er (A,5h) 89%, 97.5:2.5 er (A,Gh)b
R = Bn, 91%, 98.5:1.5 er (A,6h)
R = allyl, 99%, 98.5:1.5 er (A,6h)

alkene modification

MeOZC
M602C

MeOzC
MGOZC

R = CF3, 90%, >99:1 er (A,6h) R = OMe, A: 98%, 99:1 er (A,6h) R = OMe, 85%, 93:7 er (A,6h) 71%, 98.5:1.5 er (A,6h) 60%, >99:1 er (B,14h)
R = NO,, 96%, >99:1 er (A,22h) R =NO,, A: 95%, 99:1 er (A,6h) R =F, 74%, 98.5:1.5 er (A,30h)
R = Cl, 98%, 99:1 er (A,22h) o
R = OMe, 90%, 87:13 er (A,6h) tether modification
/Pro,C Ts—-N CHO
iPrO,C _ s
. Ph Ph Ts—-N
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MeO,C~ N\ Jon \ N\ OMe H
H OEt N N
H H

r (A,6h)  92%, 93:7 er (A,6h) 99%, 99:1 er (B,24h) 97%, 98:2 er (B,14h) 96%, >99:1 er (B,24h)
Marti, Ogalla, Echavarren, ACS Catal. 2023, 13, 10217



Gold(l) Carbenes by Decarbenation (retro-Buchner reaction)
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EtOAc, 120 °C

- C6H6

LAus R

Solorio-Alvarado, Wang, Echavarren, J. Am. Chem. Soc. 2011, 133, 11952. Wang, McGonigal, Herlé, Besora, Echavarren,
J. Am. Chem. Soc. 2014, 136, 801. Wang, Muratore, Rong, Echavarren, Angew. Chem. Int. Ed. 2014, 53, 14022. Yin, Mato,
Echavarren, Angew. Chem. Int. Ed. 2017, 56, 14591
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Mato, Herlé, Echavarren, Org. Lett. 2018, 20, 4341
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Mato, Echavarren, Angew. Chem. Int. Ed. 2019, 58, 2088
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R2 R [Rhy(TFA),] (5 mol %)
——R + »> 1
/ 3 PhMe/hexane (1:1) R
R R o 3
80 °C, 16-24 h . R
R = C(sp?) R = C(sp°)
Rnf R'=R%=H, R® = Ph 78% (5:1)
_ Ph 8
= N\ — O 56% P N R'=R? = H, R? = 4-Tol 70% (10:1)
= - W\ &15:1) on " | R I R' = R2 = H, R% = NPhthal 70% (5:1)

O ——e R'=Ph, R? = H, R® = Ph 80% (>50:1)
R = 4-H 65% (10:1) o R = 4-C1 59% (>15:1) R'=H, R? = Me, R® = Ph 80% (1.2:1)
R =4-OMe 67% (12:1) 81% (>15:1) R = 4-Me 54% (10:1)
R = 4'C| 70°ﬁo (141) [ R — 4'OMe 51°A) (81)
R =4-Ph 52% (7:1) N\ §)  R=4Pn78%(11:1) Z N MeO
R =4-1Bu 677% (10:1) R — R = 4-CF5 50% (>15:1) Z
E=4"\C"§ 57% (15:1) — R = 4-F 56% (10:1) Il
n=ac ;&f/’é?ﬂ) NPhthal R = 3-Me 70% (>15:1)
R = 5.C 54 °1 ot . _ R = 3-Br 53% (10:1) R = Me 84% (51)

=2-C 54% (10:1) R =H 48% (10:1) R = 2-F 54% (10:1) R =OTIPS 95% (2

Ry = 2,6-F, 43% (13:1) R = Me 59% (12:1) 55 70%

R =H 50%
R = Me 43% (>15:1)

S

R = 4-Ph-phenyl 38% (>15:1)
R = NPhthal 20% (>15:1)

R = Ph 52% (10:1)
R = NPhthal 33% (>15:1)

-Me 65% (14:1)
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%@ oo
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13% (5:1)
— R=H43°/o(41)
R = 3-Br 52% (5:1)
BnO — R=2F 48% (6:1)
ﬁ; \ l\R
=
nO R

R = Ph 60% (6:1) 70% (5:1)

R = NPhthal 44% (11:1)

Mato, Montesinos-Magraner, R. Sugranyes, Echavarren, J. Am. Chem. Soc. 2021, 143, 19760
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' /6-311G(2d,2p)(H, C, O, F, P) +

! LANL2TZ(Rh, Au)

Rh(ll): Mato, Montesinos-Magraner, R. Sugranyes, Echavarren, J. Am. Chem. Soc. 2021, 143, 19760
Au(l): McGonigal, de Lebn, Wang, Homs, Solorio-Alvarado, Echavarren, Angew. Chem. Int. Ed. 2012, 51, 13093.

Ferrer, Echavarren, Angew. Chem. Int. Ed. 2016, 55, 11178
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(gold(l)-stabilized carbocations)
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—Al—- + Si _N, + MeOH —» L-Au-CH,CI
L-Au-ClI \ySIV/ 2 CGHG 2
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/ R R Br NPT By
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=~ O O

Sarria Toro, Garcia-Morales, Raducan, Smirnova, Echavarren, Angew. Chem. Int. Ed. 2017, 56, 1859
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CD,Cl,, -90 °C

H1 (12.32 ppm)

280

2852 o=C1
290§ H = H1
2957

1 (290.0 ppm)

GaCl,

I
12.35 12.30
l ) JULIJLLJ

L

R = OMe (57%)

Gold(l) Carbene

GaCl,

-90 °C to -40 °C
CD,Cl,

T T T T T T T T T T T T T T T T T T T T T T T T
12512.011.511.010.510.0 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 1.5 1.
1H

R,
S——R
R

R = OMe (33%)

Ph/\/Ph

CD,Cl,, e

Garcia-Morales, Pei, Sarria Toro, Echavarren, Angew. Chem. Int. Ed. 2019, 58, 3957



tBu Ce%z%z
Busb__ -
Usp—Au "y 15 min , Mes
R, Cl F‘J
Y R oA Mes
R R”
39-69% 1-8%
tBl!_ tBu X
tBua = + \\\H M
P—Au " tBULP_Au . [LAU(MGCN)]SbFG es
o]
R, ¢ __GaCls _ R, - (5mol%)
O C_>—R~ CD,Cl,-90 °C O R DCE, 100 °C, 24 h
R . < 10 seconds L = JohnPhos
R R R
R2
R' R l
Mes Mes Mes
“Tol Ph” “Ph Ph”  “Ph

Garcia-Morales, X.-L. Pei, J. Sarria Toro, Echavarren, Angew. Chem. Int. Ed. 2019, 58, 3957
Yin, Zuccarello, Garcia-Morales, Echavarren, Chem. Eur. J. 2019, 25, 9485



[IPrAu(PhCN)]SbFg
O (5 mol%)

O DCE, 100°C, 71
©f§,&.©f5 Eoo! °'©§ Me©f5 o e GO

85% 86% 90% 83% 90% 84% 88% 77%, 120°C, 12 h
75% 74%, 12000 12h 84%, d.r. 21 81% (1.7:1 IE) 77% 72%
OMe
OAc
OTBS OTIPS OMe OAc
51%, 60% brsm 44%, 66% brsm, 77%,1:0.7 86%, 1
100°C 18 h 100°C 18 h
tBu,
o .
o) —
\ o o)\\G Bu
T~ X :
(o) R \R tBUsP_Au nH tBu GaCI3
Cl CD,Cl,
Bu
90°C
R=H, 85%, 1:1.2 R = 4-NO,, 78%, 1:5
R = 4-OMe, 83%, 1:0.6 R =4-CF3, 75%, 1:3
R =3,4,5-OMe, 81%, 1:1 R = 3,5-CF5, 82%, 1:7

Yin, Zuccarello, Garcia-Morales, Echavarren, Chem. Eur. J. 2019, 25, 9485



Acetylene as a dicarbene equivalent

Phy  Ph
[LAULISbF¢
5 mol%
Gmol%) /_\=/ ()
DCE, 120 °C
2) (59%)
n+
[AuLL]\mu* /
H Ph

de Orbe, Amenos, Kirillova, Wang. Lépez-Carrillo, Maseras, Echavarren, J. Am. Chem. Soc. 2017, 139, 10302



[AuLL’T*

 ———
l[AuLL’]*
0
wunll ’
H »
LAu* \

0 CaC,, H,0
4 Z

IPrAu(PhCN)BArF, (5 mol%)
CH,CI,, 23°C, 24 h

%
>
2

Waitziacuminone (59%)

Scharnagel, Armengol-Relats, Escofet, Korber, de Orbe, Echavarren, Angew. Chem. Int. Ed. 2020, 59, 4888



Gold(l)-Catalyzed Intermolecular Aryloxyvinylation

AuL”*
H—GC=—

H H
+ R .

[AuL]*
= B
R2 ‘e,
@\/\)\ R O Re
=7 “OH

A
m -
(o] 3
TT.:
K/Y_\/
%

H H H _ H H
SOREER OGN O el o
:VPh :VPh :VPh : :
(0] G (0] i 0] B (0] i Ph @) G Ph
78% 70% 65% 56% 79%
H H H OMe H Me
o7 TPh O7Ph  Me 07 Ph 07PN O7Ph e 07PN
20% 33% 54% 29% Me 65% 44%

Medina-Gil, Sadurni, Hammarback, Echavarren, ACS Catal. 2023, 13, 10751



o JohnPhosAUCI (6 mol %) QO y
/ NaBArF, (6 mol %) e
) o= e (I
3
OH 23°C, 48 h O
O o)
Lapachol 50%
O
H H\O H {O:
07 Ph \ y / :
0= Ph
H
H . /
O = Ph W
H (@] i Ph
58% 54%

i: O,, PdCl,, CuCl, ag DMF, 23 °C, 16 h; ii: mCPBA, CH,Cl,, 23 °C, 18 h;
ii: methyl acrylate, Grubbs 2nd, Cul, Et,0, 40 °C, 3 h; iv: HBpin, LIHMDS, toluene, 100 °C, 48 h

H
R
W ClAu 5
H—=>—H O Ph 1AuC p-Ar
H Ar\ 1 P\
R2 _ E (1 mol%) R = Ph (85%, 84:16 er) P 7 A2
R! NaBArF, (1 mol%) R = Bpin (63%, 87:13 er) Al Fe
_— 1
oH 1,2-DCE, 23 °C, 8 h H <<=
E: Ar' = Ph
Bu Ar2 = 3,5'M6206H3

(94%,
77:23 er) Bu

Medina-Gil, Sadurni, Hammarback, Echavarren, ACS Catal. 2023, 13, 10751



Three-Component Gold(l)-Catalyzed Alkoxyvinylation

. via +
ROH (2 equiv) OR : Ak
3 [JohnPhosAuNCMe]SbFg (4 mol%) 1 '+  R-OH
N/\/R + H—=>—H = Ry DRt S s
CHCl3, 23 °C, 24 h H 52%3 : ‘N
(1 atm) R R ' H R3
: R?
Z R1
X —R
| LR 74% (R=H) o0 o' o) o/\/\R2
O OR 53% (R = Me) Z 56% (R = 4-Me) )L
P 39% (R = Et) 22% (R=4-OMe) 5 o “ye Ph)LN% Ph N%
PR N 44% (R="Pr) O O 2% (R=4-CFy) | Hme e Hme Me
Me Me  36% (R="Bu) J|_ 67% (R = 2-F) Ph” N o
% (R = 31% (R = H) 56% (R! = R2 = H)
Ph” N 66% (R = 2-Cl) Hme Me N
Hme Me 50% (R = 4-OMe)  44% (R'=H, R? = Ph)
70%, 54:46 dr 7% (R = 4-Br) 42% (R' = R? = Me)
O OBn
82% (R = OMe
e 46% ER = Me) ) RJ\N%(\ j\ oBn O OBn
N 74% (R = H) Hmd Me Ph” °N Ph)LN)\(\
Hme Me  91% (R=Br) . H H
R 55% (R = CFs) 51% (R = Cy) Ph
’ 32% (R = "Bu) 45% 39%
15% (R = Me) ° o
o) MeOH (2 equiv) O  OMe OMe
0,
N . H ’ [JohnPhosAuNCMe]SbFg (4 molﬁ) N
CHCI3, 23 °C, 16 h
¢} (1 atm) o]

93%, 52:48 dr

Hammarback, Medina, Sadurni, Echavarren, Org. Lett. 2024, 26, 6375



(4+3) Cycloaddition of Metal Carbenes from Cycloheptatrienes or Enynes

R decarbenation cycloisomerization

N\ [Rh] a I R? [Au]
' -
a - mesitylene R‘;% OR migration
X J [M]

W
N

Armengol-Relats, Mato, Echavarren, Angew. Chem. Int. Ed. 2021, 60, 1916

RO H OMe

(75%, dr = 3.2:1)

NH

(79%)

N\ CH,Cl,

[Au] = [JohnphosAu(MeCN)]SbFg \

23°

1,5-OR Migration: Angew. Chem. Int. Ed. 2009, 48, 6152;
Angew. Chem. Int. Ed. 2013, 52, 6396; Angew. Chem. Int. Ed. 2014, 53, 4896;
Chem. Eur. J. 2016, 22, 13613



72 . R Rh,TFA, (5 mol%)
>§ Z R v >
1,2-DCE, 40 °C, 12-20 h

Ar =Ph (91%) (82% 1 mmol)

AT Ar = 4-(CO,FC)CqH, (72%)
Ar = 3,5-(CF3)206H3 (67 A)
@ Ar = 4-(MeO)CgH, (82%) OMe TMSO

Ar = 3,5-C|2C6H3 (70%)

\°

Ar = 2-1CgH, (61%) (60%) (36%) Ar = CgH5 (83%)

Ar = 2-Br-4,5- (OCHQO)CGHZ (60%) Ar = 4-(CO3Fc)CgH,4 (65%)
{’éf i o @f @
Ar = CgH5 (53%) (87%, 7:1 rr) (70% (91%) (60%) (79%) (52%)

Ar = 3- BrC6H4 43%

D00 1, | O, e @

50%) 66%) Ar—Ph 53%) (999
( ( ( %)
" Ar= (COch)C6H4 (50%) (40%)

Rh,TFA, E :

7 N\ 7 (5 mol%) 5 5

» ] 1

AP~y SN 12DCE 40°C (48%) Z

24 h : (*)-dictyopterene C' :

(algae pheromone)

Armengol-Relats, Mato, Echavarren, Angew. Chem. Int. Ed. 2021, 60, 1916



OR
" o)
% . :,, \_R1 [Au] (1 mol%)
| .7 CH,Cl, 23°C, 2h

OR

\
X
S OPNP OPNP OPNP OPNP OPNP

A:26% (7:1 dr) +
51%012 1 dr) A: 81% (6.4:1 dr) A: 68% (9:1 dr) A:83% (3:1dr) A:42% + 9% A: 36% + 30%
B: 40% (6:1) + 36% D: 93% (1 .5:1 dr) D: 28% + 24% D: 42% + 32%
C:36% (17:1) + 12%
D: 60% (5:1) + 4%

OPNP o i
OTIPS ! z
Ph : :
{PNPO S
OR : OTIPS;
OPNP OPNP (R=Ac)  ‘'moesssssssssssssssssssssss 4
. : D: 45%
D: 32% + 50% (7.2:1 dr) A:67% A: 31% + 38% (R = PNOP)

A:68% +7%Z
B 39%0_,_ 5400/0 7z  A:[JohnphosAu(MeCN)]SbFg

' C: [IPrAu(PhCN)]SbFg
QIK}, 1. NaBH,, Cu(acac), /?K}, D: [(ArO);PAU(PhCN)ISbF¢
Ar=2,4-di(tert-butyl)phenyl
2. CAN E: Ph;sPAuCI
OPNP 30% 2 steps F: EtsPAuUCI

Armengol-Relats, Mato, Echavarren, Angew. Chem. Int. Ed. 2021, 60, 1916




z
AuL” /m
Au()] / Y
— —_—
5-exo-dig /
1,5-OR migration OR (4+3) OR
OH
OR
—— A
H
OAc OH

Aspterric acid Schisanwilsonene A

CO,H
//

Penigrisacid A

Penigrisacid A: Xing, Xie, Liu, Lin, Ye, Liu, Yang, Mar. Drugs 2019, 17, 507

Aspterric acid: Tsuda, Kaneda, Tada, Nitta, Yamamoto, litaka, Chem. Comm. 1978, 160
Total synthesis of schisanwilsonene A: Gaydou, Miller, Delpont, Ceccon, Echavarren,
Angew. Chem. Int. Ed. 2013, 52, 6396



