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Background
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A monovalent carbon

carbocations carboanions
——— Three non-bonded electrons
/'8* @8* carbynes Dual radical and carbene behaviour
radicals carbenes l

Highly reactive
Suero, M. G. et al., Nature 2018, 554, 86-91.

The first metal carbyne complex
ocC CcOo
OMe /
(0C)sM=( + BX —>= CO + MeO-BX, + X—M=—R
R

ocC Cco
Metal carbynes

? J M = Cr, Mo, W
Y |
AN

Fischer, E. O. et al., Angew. Chem. Int. Ed. 1973, 12, 564-565. . 3
Wang, C. et al., Chin. J. Chem. 2021, 39, 3481-3484.




Background

Metal carbyne complex catalyzed alkyne metathesis (well-establised)

M=—R?

R'——R3

Reaction through free carbyne radical

N,

diethylmercury
bisdiazoacetate

Strausz, O. P. et al., J. Am. Chem. Soc. 1967, 89, 6785-6787.
Strausz, O. P. et al., J. Am. Chem. Soc. 1968, 90, 1930-1931.
Strausz, O. P. et al., J. Am. Chem. Soc. 1974, 96, 5723-5732.
Patrick, T. B. et al., J. Org. Chem. 1975, 40, 1527-1528.
Patrick, T. B. et al., J. Org. Chem. 1978, 43, 1506-1509.
Warnhoff, E. W. et al., Org. React. 2011, 18, 217—-401.

Q COzEt CO,Et
Tk hv  SRCOE e poaEt
H CO,Et
9 2 )2 -Hg, -N2  free carbyne
radical

Mixture
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Background

L.M=—R
M] metal carbyne
carbyne _— = _
precursor or SET
% 5i; 2 Assembly-point functionalization
free carbyne
Challenges:

Lack of efficient carbyne precursor
Lack of practicability
Controlling reactivity

Stoichiometric toxic metal

Chiral centres

A prevalent motif in
natural products and drugs

Carbon unit transfer
products
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Carbon unit transfer reactionsS —via diazomethyl radical

Suero (2018)

OTf CO,Et

RU(bpy)3(PF6)2 (1 m0|0/0)

0= @ NaHCOs5 (3.0 equiv)
N + > CO,Et
PN 2 2
EtO,C 0)\© H MeCN, rt, 20 h,blue LEDs
R'R?
Nucleophile
diazo hypervalent iodine reagents
Me Me Me Me
CO,Et CO,Et CO,Et CO,Et
Me 2 Me 2 Me/©;< 2 Me 2
H OH H NHMs H F H CI
with H,O with MsNH, with NaF with KCI
53% 66% 25% 72%
Me Me Me
CO,Et CO,Et CO,Et
Me _ +2 Me 2 Me 2
H B—NRj3 SMe
i3 Ph /
— + ]
with BH3-NR; with stryene with allyl(methyl)sulfane
51%

35%

47%

Suero, M. G. et al., Nature 2018, 554, 86-91.
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Carbon unit transfer reactions

OTf Double carbyne equivalent N2
CO,Et : N>
[ Ru(bpy)s(PFe)2 (1.0 equiv)
0---- N, =H-COEt = FP-COEt — | EtO,C #. Et0,C—==—CO,Et
I N o CO,Et
EK)C/A\O 2 MeCN, 25°C, 2 h 80%
(o]
2 white LEDs N2
4 . o . 5
Diazomethyl radical int-I int-ll
Mechanism
Stern-Volmer fluorescence quenching CO,Et Visible light
{1l s
18 N, ¥
16 y = 524,55x + 0,8452 B Hypervalent Ru(ll)*
R*=0,99 — iodine raegents
14 ,__.-"'.,- B
12 . Ru(ll)
> 10 _— Photoredox A
8 — catalytic
_— cycle
6 -
,_.,-»-""‘ CO,Et
. H,
e
2 _,_,.f"', Ht N
0 ¢ Diazo compound
-0,0001  0,0049 0,0099 0,0149 0,0199 0,0249 0,0299

4 (mal/L)

Suero, M. G. et al., Nature 2018, 554, 86-91.
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Carbon unit transfer reactions ——Via diazomethyl radical

Wang (2022)

PC (2.0 mol%)

Me

Me O Me
tB

| _
Ph BF;

Ve +)NJ\2 H20 KH,PO, (2.5 equiv) R R %
R-——R2 + \§ R +  or c > — . ~+
- blue LEDs, MeCN, rt

Me “OTf D,0 R2 Ho) !

PC

0 o) 0 0

Me04©—~/§_<cozEt Me4©—€_<C02Et NC%COZEt Bpin4©—€_<COZEt

By H By H By H By H

99% 80% 42% 70%
Me
Me
0
0
Mé N CO,Et
. _
t
75%, from Ibuprofen Bu H
Me 0
0 0 0 r 0

Me@—-/g_{;oza AcHN4©—~/§_<COZEt CO,Et o) CO,Et

By D Bu D Bu D Bu D

82%, (95% D-inc.)

87%, (93% D-inc.)

66%, (95% D-inc.)

72%, (90% D-inc.)

Wang, X., Qu, S. etal., J. Am. Chem.

Soc. 2022, 144, 4952-4965.

u

e



Carbon unit transfer reactions

180y_; i
A) '°O-iostope labeling N, PC (2.0 mol%)

18
. O
KH,PO, (2.5 equiv)
+
Me@%fsu b oMo Neoe ¢ w0 Me _FPOE
Me - blue LEDs, MeCN, rt
OTf Bu H
1a 2f 3aa, 83% (82% '80-inc.)
B) Radical capture
PC (2.0 mol%)
N, KH,PO, (2.5 equiv) o
radical scavenger (2.5 equiv)
Me _*
MQO%tBU + e S)J\COZEt + HZO Me L COZEt
I\I/Ie - blue LEDs, MeCN, rt
OTf Bu H
1a 2f 3a
radical scavenger = TEMPO, 3a nd.
radical scavenger = BHT, 3a nd.
C) Diazomethyl radical probe
N,=H4—CO,Et
N, PC (2.0 mol%) )
Mo+ L KH,PO, (2.5 equiv) via l
S” TCO,Et + H,0? » Et0,C—=—=—CO,Et N,
b blue LEDs, MeCN, rt N
Me “otf
4 Etozcm)\cozEt .
2f @ with H,O (10 equiv), 4 nd. N
without H,0, 4 nd. 2
N, Me F’CéZ-(() mol%) ) Me N, CHO
KH,PO, (2.5 equiv
Me_* H 2T -4
© §)J\002Et + HO0 o+ - CO,Et +

Me “o1f blue LEDs, MeCN, rt
Me Me  with H,0, 5,nd., 6 40%.  Me Me Me Me

2f without H,0, 5, nd., 6 nd. 5 6 . 10

Wang, X., Qu, S. etal., J. Am. Chem. Soc. 2022, 144, 4952-4965.




Carbon unit transfer reactions

D) The influence of Me,S on yield

PC (2.0 mol%)
KH,POy, (2.5 equiv)

N2 Me,S o
+ 2
MGO%tBU + Me\S)J\COZEt + HZO - Me L COzEt
|\|/I - blue LEDs, MeCN, rt
e OTf tBU H
1a 2f 3a
entry 1 2 3 4 5 6 7 s ol
:a "-\\h_
Me,S 0% 5% 20% 40% 60% 80% 100% Zw \.
—
yield 83% 63% 52% 46%  25% 17%  10% —
N PC (2.0 mol%)
2 KH,PO, (2.5 equiv)
O é)kcozEt MeS Me 2 CO,Et
MeO%’Bu + _ H,0 _ o2
OoTf blue LEDs, MeCN, rt
Bu H
1a 2h 3a
entry 1 2 3 4 5 6 "
Me,S 0%  10%  20%  50% 100% 200% / )
i/
yield 0% 5% 1% 19% 26% 16% NV

Wang, X., Qu, S. etal., J. Am. Chem. Soc. 2022, 144, 4952-4965.

The amount of dimethyl sulfide (%)

M1




Carbon unit transfer reactions

E) Stern-volmer fluroscent quenching F) Light on-off experiments and quantum yield
4.0 4
- B darik
3.5+ | sight
y=0.1371x + 1.231 - -
2 60
3.0 4 R™ = 0.9701 =
i’=z 5 ;'5411 |
2.0 20 [ —
1.5 4
o e o 1m0 3% 300
1.0 T T T T 1 time (min)
0 5 10 15 20 25
[dimethyl sulfide] (mM) quantum yield: (¢) = 0.033
- - - O
G) H/D kinetic isotope effects study MemcozEt
N3 PC (2.0 mol%) Bu H

+ H,0 (10 equiv) KH,PO4 (2.5 equiv)
Me@%%u + Me\§)J\COZEt + > N 3a
Me “oT¢ D,0 (10 equiv) blue LEDs, MeCN, rt 0
M CO,Et
1a 2f 16% conv. for 1a e < > /S_i 2
Ke/kp = 1.13 4

93% conv. for 1a

Bu D
3a’
H) '2C/13C kinetic isotope effects study
. 1.000
' (assumed) 1.010
N PC (2.0 mol%) N l
. Me+ L KH,PO, (2.5 equiv) ! v
Me — Bu + S” "COEt *  H,0 (10 equiv) >~ 3a | Me =—'Bu
Me - blue LEDs, MeCN, rt ! / T N\
OTf !

1a 2f

0.998 0.999 1-025. 12

Wang, X., Qu, S. etal., J. Am. Chem. Soc. 2022, 144, 4952-4965.



Carbon unit transfer reactions

1) Electronic nature competition

PC (2.0 mol%)
KH,PO,4 (2.5 equiv)

H,O
blue LEDs, MeCN, rt
46% conv. for 1b,
5% conv. for 1l,
3b:3l > 20:1

PC (2.0 mol%)
KH,PO, (2.5 equiv)

H,O
blue LEDs, MeCN, rt
10% conv. for 1ap,
8% conv. for 1j,
3ap:3j =1.2:1

N2
Me
MeOAQ%tBu + M90204©%IBU + © §)J\002Et
Me "oty
1b 11 2f
J) Steric hindrance competition (for alkynes)
N2
"
ACAQ%”Pr + ACO%’BU + Me\§)J\COZEt
Me “otf
1ap 1j 2f
K) Steric hindrance competition (for a-diazo sulfonium triflates)
N2 N2
_ Me _* Et*
MeOffBu + §)J\cozcoa + \§)J\COZCH3
Me “orf Bt "ot
1a 2p 2q

Wang, X., Qu, S. etal., J. Am. Chem. Soc. 2022, 144, 4952-4965.

PC (2.0 mol%)
KH,PO,4 (2.5 equiv)

H,O
blue LEDs, MeCN, rt

17% conv. for 1a,
3bm:3bl = 1.04:1

Bu H
3l
0
Ac@—-/g_{:oza
npy H
+ 3ap
0
A04©—€_<C02Et
By H
3j
0
Me4©—§_<COZCD3
Bu H
+ 3bm
0
Me4©—€_<COZCH3
Bu H
3bl




Carbon unit transfer reactions

Mechanism Me hv

u Q Me\S,Me Me\S,Me
Ph BFj t t S 2
N, Bu N Bu
PC I BF,
Mo Moo o B -
G PC* PC

t *
Me N2, Mezs PC
oTf fast OTf
A
SET
%CozEt
Me 5 HZ ) H

Arb 3 COEt
\ﬁo

R
fast

\
'.O/
\ O Ar\li(COZEt - A CO,Et
_ et o
PC*’ Me Me KH,PO
;_/ E 2FY4 R \ H

. R
O O R =1°, 2°, 3° alkyl, Ad
hv Bu N B

Wang, X., Qu, S. etal., J. Am. Chem. Soc. 2022, 144, 4952-4965.
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Carbon unit transfer reactions

——Via carbyne carbocation

Suero (2019)

L

PFG COzEt

o————| Rhy(esp), (1 mol%)

DCM, -50 °C, 1 h, then

+
EtozC/\ ) 7
Nu

-50° tort,1h

) COEt

alkene carbyne source allylic building block
Br OAc o OMe OH
CO,Et O—COZEt @—COZEt CO,Et CO,Et
with BuyNBr with BuyNOAc with TEMPO with MeOH with H,O

76% (13%)?

Br
_>*COZEt

with BuyNBr
from ethylene
75%

45% (22%)? 31% (17%)?

Me \ Me
:>—002Et + Br
Br CO,Et
linear branched

with BuyNBr, from propylene
89%, (b =14:1),1=3:1 (Z:E)

72% (5%)?

Py Ph
:>—002Et + Br
B CO,Et

linear branched

with BuyNBr, from styrene
98%, (b =>20:1), /= 10:1 (Z:E)

64% (15%)?

@ Yield of parentheses are of dienes.

Suero, M. G. et al., J. Am. Chem. Soc. 2019, 141, 15509-15514.
Suero, M. G. et al., Chem. Sci., 2022, 13, 4327-4333.

then Et3N<3HF (3 equiv)
-50°Ctort, 3 h

Fl’Fe CO,Et Rhy(esp), (1 mol%)
O|m_|_< DCM, -50 °C, 1 h Ra
+
N>

F CO,Et

tertiary allylic fluoride

16




Carbon unit transfer reactions

PFG COzEt PFG
o____| Rhy(Adc), (1 mol%) o____| BuyNBr Br
/\ > /\ COZHeX > _>7002HGX
DCM, -50°C, 1 h DCM, 22°C,1h
then-50°Ctort,0.5h
fast work-up 9 93%
0, )
2f, R = CO,Hex 8,56% (X-ray)
|(|||)
Mechanism P @
O,Et
Rh-carbynoid B alkene
I(1) 1(111)
RhsLy ),
COzEt (:E@ooza
Hypervalent paddlewheel Rh, complex A |E| c

iodine reagents

@COZEt -,

E Electrocyclic
' ring-opening

Nu @—COZEt -0

CO,Et =~———

allylic building allyl cation D
_FY

Suero, M. G. et al., J. Am. Chem. Soc. 2019, 141, 15509-15514.

diene

Nu




——Via carbyne carbocation

Carbon unit transfer reactions

Suero (2022)

R Fl’Fe CO,R? Rhy(esp), (1 mol%) R R
0----— DCM, -60 °C, 50 min Nucleophiles Nu
+ | 3 >
N, CO5R
RO . O DCM, 0 °C CO,R®
R? R 6 :
2 -15 min
R = CH2C02Et
(1) R
Me Me Me L4Rhy
Ph Me Et CO,R3 | |
]: \ 2
ot CO,Et . CO,Et - CO,Et Rh-carbynoid R
int-l alkyne
with PhMgBr, 95% with MeMgBr, 77% with EtoZn, 73%
Me Me Me
% CN OMe
CO,Et CO,Et CO,Et
PH PH PH ]
. o0}
with TMS-allyl, 91%  with TMSCN, 88%  with MeOH, 92% Rhalg /
f 3
paddlewheel Rh, complex R2 COzR
= Hypervalent int-ll
Me %Mez Me N(\\//N Me %Phg, iodine reagents |
1 . -
o/ © CO,Et o CO,Et o © CO,Et R lonization
PF¢ PF¢ %cozm - 1(1) \
with dimethyl sulfide, 94%  with imidazole, 51% with PPhj3, 92% R2 X@

Suero, M. G. et al., J. Am. Chem. Soc. 2022, 144, 16737-16743.

Cyclopropenium
cation

M 18
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Carbon unit transfer reactions

—Via carbene

Suero (2021)

O RS

R’ R3
OTMS 1
R®  Na,CO; (1.2 equiv) | R N, | Rh20Ac) (1 mol%) R R
Ry, *+ TIO—1— - - 0 R
B N, MeCN, rt, 2 h R OH DCM, 0°C, 2 h v
R R
3 4 . .
1 2 B-diazocarbonyl exclusive 1,5 C-H insertion
compound 1,3 C-H insertion not observed
Ph Ph O CO,Et Rh, catalyst Ph 0]
O)VcozEt O)vcozEt Ph)l\(l\\Nz . - & )VCOZEt - )kfcozEt
v ; Me DCM, 0°C, 2 h Ve
Me CI/- 3a 4e 5
O  CO,Et 0 . % (1.4:
4a, 72% (>20:1) 4b, 52% (>20:1) Rh,(OAc)4 69% (>20:1) 29% (1.4:1)
Ph)%Nz
Me H Rhy(TPA), 85% (>20:1) 4% (1:1)

Ph

CO,Et

=

4c, 74% (>20:1)?

Ph

CO,Et

h

O

4d, 60% (>20:1)?

B-hydride migration

0] CO,Et Rh, catalyst 2
~ Ph CO,Et
Ph N2 DCM, 0°C, 2 h
3b 6
O  CO.Et Rh,(OAc), 72%
Rh,(TPA), 81%

1,2-alkyl shift

@ Rh,(TPA), was used.

M 20

Suero, M. G. et al., Angew. Chem. Int. Ed. 2021, 60, 6177-6184.



Carbon unit transfer reactions

Mechanism
Na,CO3 (1.2 equiv)
OTMS CO,Et TEMPO (1.1 equiv) O COEt
+ TfO—I—< >
Ph)\/Me B N, MeCN, tt, 2 h Ph N2
Me
1a 2d 3a, 77%
OTf
ligand TMS. _+ R4 reductive
exchange |O elimination
R ITN,
R3 R2
int-l
QTS R TMSOT o K
2 — >
R1J\(R + TfO—!—< Phl RA%NZ
R3 Ph N2 R3 R2
Sn2-type OTMS
nucleophilic (\j\( R2
rys R!
addition

3 R*
R —
TfO-- l—<
Ph N
int-ll

H21

Suero, M. G. et al., Angew. Chem. Int. Ed. 2021, 60, 6177-6184.



Carbon unit transfer reactions ——Via carbene

Sureo (2023) o PF6 COzEt Rhy(esp), (3 mol%)
J\H\H\ O----I NaHCOj; (2 equiv)
= + >
HO
)\© DCM, -50 °C to rt, 3.5 h EtO,C
1
2,R= CH2C02Et 3
0] O 0 R
N, ) Ho NP
0 0 L4Rh2:< 1
EtO,C EtO,C CO,Et
H H Rh-carbynoid
OMe CF ,
3 |(|”) int-1
. . N
3a, 50% (>20:1 3b, 45% (>20:1 2:<
3, 50% (>20:1)  45% (>20:1) CO,Et carbyne transfer I(1)
o) 0 0 cycle o)
Rh,L,
Me O R
0 0 0 LiRh=(
-\\Me —_—
EtO,C Me EtO,C Ve EtO,C CO,Et
H H H int-ll

3¢, 75% (>20:1) 3d, 81% (>20:1) 3e, 59% (>20:1)

) 0._0O
EtO,C
Me" Me EtO,C O)W

3, 61% (>20:1) 3g, 30% (>20:1) 3h, 57% byproduct 4 . 2 2

Suero, M. G. et al., J. Am. Chem. Soc. 2023, 145, 4975-4981.



Content

1 Background

2 Carbon unit transfer reactions

2.1 via carbyne radical
2.2 via carbyne carbocation

2.3 via carbene

3 Summary and outlook

M 23




Summary

a-diazo onium salts

F|’F6 CO,Et

S
| N,
RO

pseudocyclic a-diazo
hypervalent reagent

R
Tfo—|—§

Ph N»

linear a-diazo
hypervalent reagent

N,
Me _+
il
Me OTf

a-diazo
sulfonium triflates

N,

diazomethyl radical

carbyne carbocation

carbene

Carbon unit transfer
products

Chiral centres

7_

Assembly-point functionalization

Prochiral centres

>\;

Three new bonds
were formed

Assembly-point functionalization

24




Outlook

carbyne
precursor

2
+
S
e

X

R

M]

_

or SET

Chiral centres

carbyne anion

Assembly-point functionalization

A prevalent motif in

natural products and drugs

Development of various carbyne precursors
Different intermediates
Asymmetric reactions

Heteroatom carbynes (Si, Ge, Sn...)

M 25




Thanks for your attention /

26



