Enlighiteningian atom-econom
@uLe itonmolecularsco

% -t:-.,;f‘*,‘..._._ AAM__

e




4 X 4 OVERVIEW

Chem Sci 2021 12 477
With A. I. Boldyrev (Utah State)

ACIE 2023 62 €202218928
With N. Della Ca’ (UniPR)

Br& Pdl, / m-TCPP / NBE
.
J@ Kl, CSZCO3
Toluene, 120 °C, 18 h O
PJ/NBE L@ 4,

I "Pd ‘L RE step
L (RE = reductive elimination)

Pd-norbornene joint catalysis

Catalytic synthesis Mechanistic studies

1
R LW 0  NO,

' Expected o
OH ——
P EtOH, 120°C R X
P MnO, R NO,
= T, e
DCM, One-pat .
Z\/\/© air, r.T. \/\/© apprc)(M/ NH;
0

MeCN, r.t.

via sequential /ﬂ\
oxidation/ R N R

step-wise Diels-Alder |
aromatization R2

With A. Palmieri (UniCAM)

Org Lett 2021 23 6536 Adv Synth Catal 2020 362 4680




PROS AND CONS OF CROSS-COUPLING:
AN EXAMPLE FROM THE CATELLANI REACTION

A model reaction ' Br NH,  pg HN O NE O
with Pd/norbornene oS H . — Pd, Oy
joint catalysis Z Lb O O
Org Lett 2010 12 5692
A few interesting targets OR

Natural benzo[c]phenanthridines:

P>

with relevant biological W&/@:

activities ROL*-‘z OR Norallonitidine, Noravicine, Nornitidine...
RO

Some drawbacks

1 mol prod (+$)I Low atom-economy (Trost),
1 mol HI ('5); HBr ('S) Low E-factor (Sheldon)

2 mol base (-9)



OUTLINE: ATOM-ECONOMICAL CYCLIZATION

Small rings

STRATEGIES

Common rings
Medium rings

An old lesson from the food valley around Parma: do not produce wastes!



FIVE-MEMBERED RINGS

CATALYSIS WITH ALL-METAL AROMATICS



TRINUCLEAR ALL-METAL AROMATICS

1865 - Kekulé - Introduces the concept of aromaticity
1979 - Bursten and Fenske - Introduce the concept of metalloaromaticity
1982 - Elliot - First stable metallobenzene, osmabenzene
1995 - Robison - First aromatic cluster [Ga,]*

> > MO of. I;Zz[GaH]a
Ga——Ga R R -
(29 N’ N
' SRS S S \
R

O O :{ PhaP st PPh3
N

O Pd—pd
FLHN -R Phs @ SPh PhaP-_ /gr:l\‘ _PPhy
Robison 1995 \—/ ed B o Ph;
. oph \ / PhaHP. _ _._PHPN,
AOp rt-orbital Sadighi 2012 ’ s 13@3
AOsc-orbital | Maestri2014 | PPN PhaP g~ PP
Py ischer
AGdo-ombital | 0 il Maestri 2015 PHPh
L | AOd d-orbital ~ Schoenebeck 2019
- ~ AQd 6-orbital

Robinson JACS 1995, 117, 7578; Sadighi ACIE 2012, 51, 12077; Maestri ACIE 2014, 53, 1987; Fischer ACIE 2015, 54, 4370; Maestri Chem. Eur. J.
2015, 21, 12271; Schoenebeck ACIE 2019, 58, 211



CATALYSIS WITH M;*: FROM SEMI-REDUCTIONS TO
FORMATION OF C-C BONDS

HOMO LUMO
delocalised 3c-2e bond lowered by positive charge
Lewis Base Lewis Acid

Fa,
2

K\

-

/
2 equiv. HCO,H/NEt,

1i, (6.24 g) No, 80 °C, 6 hours 2i, quant. (6.31 g)
I 0.03 mol% of P(CsH-)4 J

ChemCatChem 2015 7 3266 Dalton Trans. 2016 45 15786 ACS Sustainable Chem. & Eng. 2017 5 8205



REACTIVITY WITH DIENYNES AND DIMERIZATION WITH 1,6-ENYNES

Y
Q@R
H % & &>
" mol %

Y CHClg, 45 °C, 16h

11 examples

Yield up to 87%
drup to 98:2

AN
X R A (1 mol %)
\\\ BzOH (1 equiv.)
toluene, 100 °C
1 N, 16 h
Me R
A& ®
H NTs : NTs
Ts”i:[d:' \ F Ts”:'d A : TsN
Me R
2h, 82%, 61:39 R =0Me, A, 62%, 6535

R =CFa, 2} 65%, 61:39
R=Cl, 2k B7%, 7327
R=Br, 2,74%,61:39

ACS Catalysis, 2018, 8, 144 JOC 2021 86 15433



R :

SI 3a, RCO,H )I:ie l;.n ’\Z\ﬁ : -

e F o H@éﬁ o | m@%\?@ha ., 0
Ve S s

Non-aromatic, Pd(Il)

vs
= @ 3a @:és .@ \
L ]
= 6h O \\:\ H
. - f\ ?Ph o SbFg” O’JI'\\O
t=3h
@ és © n 0) éS\ ,
_ ® s Lt
t=1h /SPH&S\ /S S\
° I I o ph N _ H Iy H_-
=0h ﬁ =l O N Ph~" %" 0./~ Ph
I o O/
S
o v G).é é‘a) m

o 5\
\ H /
Ph
]
Ph P

JOC 2021 86 15433 J Phys Chem A 2021 125 10035

®




THREE-MEMBERED RINGS

TWO-PHOTON ACTIVATION OF REDOX INHERT STYRENES

10



HOW NATURE AND CHEMISTS CAN SEAL FOUR
CYCLES IN A SEQUENCE

oxidosqualene-steral synthase

Enz-AHZT T ~y—
squalene 2,3-oxide M—”f y | =

EtOOC
3 mol % [Pd(PPhg)4]
EtOOC j'l ‘:\\ 2 equiv. NEt, R EtOOC
: > EROO0C Negishi 1990
MeCN
X/ 82°C. 12 h
76 %

W. D. Nes Chem. Rev. 2011, 111, 6423; E. |. Negishi J. Am. Chem. Soc. 1990, 7112, 8590 11



HIGHLIGHTING THE DICARBENOID BEHAVIOUR OF
ALKYNES

(Ar S ‘Q

2.5 mol% PC4
/ -
4 mm NMR tube,

la-s vy x_R degassed dry DMF (0.2 M)
~TY 45°C, 24 h
Ts
N
as above Ph Ph
O O
5k, 70%
Ts DMF(0.4M) ™,

N Ir(lll)complex (PC4) N 5
W T=45°C, 4 days
Z || > R N %
ﬁb (20 equiv.) @

ACIE 2019, 58, 6703 12



PROPOSED MECHANISM

a) 2-photon initiation C) smart re-initiation
L (il - 2r(I) — ()
g'” / \ '" ‘9 PhI  PhI™
2r(11) Ir(i)
L
-
g /K {JEJ—J‘ {ffz‘
1 Energy 34 21+ J\
transfer |

‘?f:'@?i#
o 1}8%» 23‘3‘%* "
e Xv Ay T S,

yasdl ;;f’ 2'61

b) propagation

Ar

ACIE 2019, 58, 6703 13



FOUR-MEMBERED RINGS

TUNING ALLENE DIFUNCTIONALIZATION

14



RELEVANT VINYLIDENE CYCLOBUTANES AND
REGIOCHEMICAL ISSUES

0 @)
ASTELLATOL
GLUTINOPALLAL HARZANDIONE
PROVIDENCIN
a) regiochemical issues in the [2+2] cycloaddition towards bielschowskysin
uv-C ~J.otms L\OTMS
— o\s 0"\ 4
:,,H +
cyclohexane
25°C o) N\ e}
R
HO R HO
proximal / distal (undesired) ratio:
4.4:1

Tetrahedron Lett. 2009, 50, 1731

15
Bach ChemRev 2016, 116, 9748; Brown ACIE 2015, 54, 11918; Alcaide, Almendros ChemSocRev 2010, 39, 783



COMPLEMENTARY ROUTES TO SELECTIVE
DIFUNCTIONALIZATION OF ALLENES

a) the thermal strategy Z Z
] W,
J \k\\ TDMF_ ) Tow T
150 °C AN Ar
proximal: distal:
n.d. up to 96%
b) the metal-catalyzed allene activation strategy
7 Z
5 mol% Au( I) cat. 7 /
“pewm, M <H vs o
Ar 25°C Ar’ Ar”
proximal: distal:
up to 96% n.d.

c) present work: visible-light promoted ene activation

e 1 mol% A, ? N

N visible light N
It )
_ DMF, HY—*H OR H @
25°C R .
Ar 1,3 3 \ Ar” 4
@ -soR ~y®
proximal distal
A = /1,3-shift
Z By
depending on n

F PFg

16

Thermal: Tanaka, J. Org. Chem. 2007, 72, 4378 Au: Toste, J. Am. Chem. Soc. 2007, 129, 12402

Our contribution: OL 2020, 22, 6354



SELECTIVE PROXIMAL DIFUNCTIONALIZATION OF 1,7-

OL 2020, 22, 6354

ENALLENES
z 1 mol% A,
visible light
—_————— H‘ "
= N,, DMF,
25°C,
Ar 16 hours
1
Ts 1s
N . N
H "oH ORTEP H H
of 2a i
2a, 82% Cl” 2b, 53%
Ts . Ts
N N N

[ TS !
N N N
“H T H H—"H
@ /©29, 80%, \ N
2f,63% MeO dr: 6/1 2h, 59%

17



1,3-SULFONYL MIGRATION WITH 1,6-ENALLENES

2]

u 1 mol% A, @ P
visible Ilght N N
fo (wtf wi)
= "N, DMF, H ‘
Ar 25°C, Ar’ Ar’
24 hours
3 4 4, 4" (not observed)
N
\
so2
4b, 58%
\
502 502 802

R Rr= OMe, 4c, 53%
R = Cl, 4d, 38% 4‘* 31% R = Me, 4g, 49%

N N N

SRR Q " Q

R =H, 4f, 55%

4h, 56% 4j, 46% 4, 27% NO2

OL 2020, 22, 6354 18



A RADICAL PROCESS PROMOTED BY VISIBLE LIGHT

The radical chain of 1,6-allenenes

initiation:

VIl -18.7 4, -23.6
19

OL 2020, 22, 6354



EIGHT-MEMBERED RINGS

TUNING ALLENE DIFUNCTIONALIZATION (TWICE)

20



THE CYCLOBUTANE PARADIGM

21

Bach ChemRev 2016, 116, 9748; Brown ACIE 2015, 54, 11918; Alcaide, Almendros ChemSocRev 2010, 39, 783



PARADIGMS ARE MEANT TO BE BROKEN...

RX of 4a (dia 1)

Chem Sci 2022 13 2632 22



INTERMOLECULAR POLYCYCLIZATION OF ENALLENES

O 1
R 1mol% Ir(ppy)s i @Ij
\ N i _ = : ,,,, Ir}
’ / DMF, N, 25 °C | ’ N
1a-n Ir(ppvls
R
N-@
R
2a, R = CH,Ph, 54%
2b, R = nCqHyg, 36%
2¢, R = CH,CHPh, 48% 2f R=Cl, 32% 2g, R =Br, 44% 2i, R = Me, 60%
2d, R =Ph, 17% 2h, R = OMe, 57%

2e, R = cyclopropyl, 54%

O

H 9 O

+

2j, R =Me, 54% (1:1)
2k, R = OMe, 63% (1:1) 2n, 61%

23



ACCESS TO TRICYCLIC CYCLOOCTANES

, 1 mol% Inppy);
~ N~ R —_—»
// DMF, N, 25 °C

4e, R = OMe, 41%
4f R = nBu, 42%

RX of 4a (dia 1)

24



PARA-CYCLOADDITIONS

BREAKING AROMATICITY: A USEFUL ESCAPE FROM FLATLAND

25



A DIFFICULT TASK...

Countless diversified targets

OH OMe
0 @ chiral ligands c :
}’ ! (Carreira, Hayashi)
-
'H Mitindomide R molecular rotors

O (Topodlinhib.) MeO (Garcia-Garibay)
Himbert
0 Zm xylene 0-_ L%~ © conceptual breakthrough
—_——————
forcing conditions/scope
Sarlah
i @ R OH _
R N-N ii. 0sO, cat, S OH © simple, tunable
\© + O%N/EO NMO N p unstitable for bridged
Me 0‘4\ carbocycles
7810 0°C MeN
O
Brown/Houk/Glorius
1-2 mol%
Il dF(CF3)ppyla(dtbpy)PF ¢ = )
m PN HCI add. (2 &) [N © R, intermolecular
7 {or BF3*EL0, 1.2 eq) (iso)quinoline carbocycles

(2-10 eq) HFIP, Ar, 25 °C, Q crucial acid additive

Himbert: ACIE 1982 21 620; Sarlah: Nat Chem 2016 8 922; B&H&G: Science 2021 371 1338



A CHALLENGING OPTIMIZATION

O -
. - "
C\O)kl\l/\\@ 1 mol% sensitizer CHLN\%‘J
DMF, N,, 25 °C ©
1aa, Ar=Ph additive, time 2
1a, Ar = 1-naphthyl
Reagent Sensitizer Additive (eq.) Time (h) Yield of 2 (%)
1aa Ir(ppy); -- 240 46
1a Ir(ppy); -- 3 99
1aa Ir(ppy); CqoHg (10) 48 60
1aa Ir(ppy); C4oHg (20) 38 64
1-Methoxy-

1aa Ir(ppy); naphthalene 24 70
(10)

ACIE 2023 62 202216817 27



A SIMPLE METHOD SUITABLE FOR UNBIASED ARENES

o @ J?\ via j)L
O T
JJ\N 1 mol% Ir(ppy-) )J\N o N:@ r” AP@
TR TR Lo _
DMF, N, 25 °C = H ﬁ
(CioHg) !

o RT, dearomatization of simple aryls & pyridines, tolerant to -Br, -1, alkenes, alkynes, amines, epoxides, het-__

0 0 0 0 0
)LN \% I Elth\ N \% M@J\ N \®‘> I DhJL N \:» I %J\ N @’S@

2ab, 75%,
2aa, 65% 62% on 2 mmol, 2ac, 56% 2aw, 61% 2ax, 56%

N.D. wio C10H8

g 3 °
Ph N\% a N;%? N \R
R N = ==

g' E - gﬁig?eg% 2ai, 54% 2aj, 41%

o)
o)
IR o | %AN =
Ph N\ji’/ i DhJ\ N \ﬁ = 7\
o =N

2ak, 76%, dr=1:1 2al, X =F, 65% 2an, 73% . ,
2am, X = Br, 76% X

X-ray
of 2av
(major dia_)

ACIE 2023 62 202216817 28



AN INTERMOLECULAR VARIANT

G-~k Ar o ’
-

JOLNm \
S or
, c

Tetrahedron Chem 2023 8 100053 29



INTERMOLECULAR DEAROMATIZATION WITH ENALLENES

it ¢
N/Y\. 1 mol% Ir(ppy)s

+ >

\ MeCN, N, 25 °C

824 h

3a-p {20 equiv.)

4a, 76%, 70:30,
60% on 1 mmol

de, 79%, 74:26 Af 73%, 67:33 4g, 62%, 73:27 4h, 60%, 75:25

Tetrahedron Chem 2023 8 100053 30



THE BENEFICIAL ROLE OF NAPHTHALENE

MO06/Def2-TVZP,

3 00 Q 0

1C,oHg Iy D3 disp. correction, i
7 ™ CPCM = DMF, m
2 T R 15T AG values in kcal/mol
S cycle BN cycle irdi) @298.15K
R ¥ /
3C,oHg Ar(ur)

R rationale for the key naphthalene role: enhanced (bi)radical stability EEEEEEEEEEEEEEE \ i
Er TS s || n TS, TS, Prod. o
1ac +40.2 +48.3 +28.3 +28.9 +40.3 +40.5 +7.4 )J\
N S
a—1ac +39.5 +46.3 +26.2 +26.9 +39.1 +38.2 +6.2 \ﬁ
p-1ac +37.7 +45.9 +25.4 +25.7 +38.6 +37.1 +4.9 @

]
spin-density

y-1ac +37.6 +45.8 +238 +24 4 +38.7 +36.3 +4.2
| of o

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L

ACIE 2023 62 202216817 31



CAN WE PLAY WITH DISPERSION INTERACTIONS?

EdFR IR E S RE B mE hE s s s

Yes We Can'

32



ENT-MEDIATED PHOTOISOMERIZATION

The seminal work:
Facile Synthesis of Z-Alkenes via Uphill Catalysis
by Weaver, JACS 2014, 136, 5275

Blue LEDs, R

Xy TR2 1 mol% Ir(ppy)s, N Cond. A: w/o NP
R 10 mol% DIPEA .
NP, X equiv. PR Cond. B:  with 5 equiv. NP

MeCN/CHCl5 7:3, 7.9
0.1 M, Ny rt, 1 hour i

a) Substrate variation

Z: E ratio Z: E ratio CF3 Z: E ratio
(E/\ 36 : 64 6:94 39: 61
SRR 76: 24 - 60 : 40

S

OH
Z-2a Z2b Z-2¢
OMe
61: 39 30: 70 36: 64
76: 24 S NILIN 55 12
N N
OH Ph
Z-2d Z—2e Z-2f

Chem. Eur. J. 2024 30 202304010 35



THE GENERALITY OF THE EFFECT

Std. cond.
E-1a > Z-2a
b) Sensitizer variation
Z: E ratio Z: E ratio
PC1 = fac-Ir(ppy)s
PC2 = [I{dFCF 3ppy}»(bpy)IPFg 23:77 56: 44
PC3 = TXT (purple LEDs) PC2 PC3

c) NP substituent variation

Additive for N®fe)als =]

5
5
2
=5

OMe OH Ph CHO
Z: Eratio Z: Eratio Z: Eratio Z: Eratio Z: Eratio
36: 64 36: 64 36: 64 36: 64 36: 64

23:77 23:77 23: 77 23:77 23: 77

PC2
43: 57 11:89 10: 90 8:92 38: 62

Chem. Eur. J. 2024 30 202304010 34



A SULFONYL- RADICAL CHAIN

White LEDs, N o
[¢)
Ar/\/\l}l/\'\\ 1 mol% Ir(ppy)s _ S,,;O
SO,R NP, X equiv. R
DMF (0.05 M), N, Ar
3 rt, 6 hours 4
Cond. A: w/oNP Cond. B: with 20 equiv. NP
N N N
N 0O NANe) N O
! !
H SIIZO H SI$O H S\IZO
Me
Ph Ph Ph
4a 4b 4c
A=37% Me A=29% A= 36%
C=48% C =55% C =60%
N\ N\
0 0
H S= H =
— A=53% — A=46%
\ P ~Me C = 68% \ C =55%
Me MeO Me
4d 4e

Chem. Eur. J. 2024 30 202304010 35



DEAROMATIZATION WITH ALKENES

Alkene-arene [4+2] dearomative cycloaddition

NP, X equiv. H

H
DCM (0.1 M), N, R
rt, time X

R Blue LEDs,
‘ 1 mol% Ir(ppy) 3 Ar
aae i

R
X
Cond. A: w/oNP Cond B: with 20 equw N[
Ph Ph Ph
H
o’
O
6a, dr=80:20 6b, dr= 80:20 6c, dr=77:23 6d, dr=384:16
A=94%,8h A=94%,10 h A=92%,3h A=83%,24h

C=95%,2h C=93%,3h C=93%,1h C=93%,5h

Chem. Eur. J. 2024 30 202304010 36



THE BALANCE BETWEEN ENTHALPY AND ENTHROPY

S SO &
Ry

HO HO
[1:NP] [1:NPy] [1:2NP] [1:N2]
singlets triplets
AH AG AG
kecal/mol values
1 +0.0 +0.0 +48.7 @298.15 K,
. MO06/Def2-TZVP,
[1:NP] -83 +2.6 +49.9 Grimme's D3
. disp. corr.,
[1:NPy] -7.1  +3.2 +51.8 CPCM = MeCN
[1:2NP] -19.2 +1.6 +51.2

[ [:N2] -13.8 2.0

1:N2]

Chem. Eur. J. 2024 30 ¢202304010 37



THE POWERFUL MULTIVALENT EFFECT

Poly-NP library

A

'Il's
0 "
"V mesg 6o
N2(n=1)
N4 (Ar = 1—C1oH7)
N5 (Ar = 2—C19H7)
OY ;
O
cg kﬁ Me 2" R NeR=H)
Me>< or N10 (R =Me)
N6 N7 (R=H) o
N8 (R = TBDMS)
b) Sulfonyl- radical chain
N
Std. cond. (Fig. 2) ~
/\/\
PRSI S ~ H §=0
SOR it,6h R
Ph
3 20 mol% N4 4

w/o N, 4b = 29%,
4c = 36%

a) Alkene isomerization

Std. cond. (Fig. 1)

Sx""0OH T,
rt, 1 hour

E-1a 10 mol% N
wlo N, Z/E = 36:64 N3, ZIE = 61:39 N7, ZIE = 5743
NP, ZIE = 43:57 N4, ZIE = 6535 N8, Z/E =51:49

N1, ZIE = 5545 N5, ZIE = 4753

N9, Z/E =68:32

N2, ZIE = 5545 N10, Z/IE = 6337

N6, ZIE = 5545

d) [1,5]-HAT/cyclization on allenamides

Cll Ph
ph$L,ﬂJ\
n

Tc

Std. cond. (Fig. 4)

Y

t, 48 h
30 mol% N9

w/o N, 8¢c = ND

8c = 66%
(dr = 56:44)

c) Alkene-arene dearomative [4+2] cycloaddition

‘ Std. cond. (Fig. 3) Ph
S O
Ph 1 equiv. N1G H

5d ¢

w/o N, 6d =83%, 24 h

6d = 95%,10 h
(dr = 85:15)

(dr = 82:18)

e) Allene-arene dearomative [4+2] cycloaddition

O White LEDs, O
\ 1 mol% Ir(ppy)s 1
N/\© DMF (0.1 M), N % '\%
B , N2, —_
Ph \ it, 48 h Ph

9a 30 mol% N4
w/o N, 10a = 15%

Chem. Eur. J. 2024 30 ¢202304010

38



A BOOST FOR CHALLENGING [2+2]

Ph/\/\o/\/

Blue LEDs
1 mol% Ir(ppy)s

Y

A = no additive

2a, 4 hrs

H A =34%, 85:15d.r.

B =97%, 86:14 d.r.

1a B = N3d 30 mol%
0 o._ Me o) )
~=Me
" " H Me H 70 | T
' Me ''Me
Ph Ph Ph N3d
" e 60 30 mol% e
2b, 4 hrs 2c, 4 hrs 2d, 30 hrs
A=53%, 97:3 d.r. A=55%, 88:12 d.r. A=51%, 57:43 d.r. 50 .
B = 86%, 97:3 d.r. B =99%, 88:12 d.r. B = 96%, 57:43 d.r. S @
3 40
z w/o
oM 3 0. additive
20 .................... ‘@
Ph H H H et P
" e T L 2
P o T R
2f, 55 hrs 29, 20 hrs 2h, 7 hrs o g
A =19% (30% at 92 hrs) A=52% A=41%, 937 dr. 9 05 : s , , \ i
B = 56% B =80% B =90%, 93:7 d.r. -0 time (hrs)
from piperonal
i © © from geraniol
H H H H Me H ° o .
F O 4o Ph Ph™ Me
2j, 4 hrs 2k, 1 hrs 2', 9 hrs 2m1 72 hrs 2e‘ 40 hrs 2i, 30 hrs
A=35%, 86:14 d.r. A=70%, 85:15 d.r. A=72%,75:25 d.r. A=27% A=12% 85:15 d.r. N

B =93%, 85:15d.r.

B =70%, 85:15d.r.

B =99%, 75:25 d.r.

B =70%

B =76%, 85:15d.r.

B = 86%, 59:41 d.r.

PhotochemPhotobiolSci 2024 23 1543

39
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ALKENE-HETEROARENE DEAROMATIVE [2+2]

Blue LEDs,
f 1 mol% Ir(ppy)3 N-Me
DCM (0.1 M), N “H
Ts 2, _
Ph \ i, time Ts—N
H Ph
13a 30 mol% N4 14a
w/o N, 14a = 37%, 24 h (dr = 99:1) 14a =77%, 6 h (dr = 99:1)
SIMPLE HETEROCYCLES BENZOHETEROCYCLES

5 ol o\: 2
o) - N - > Sac =
\

Ph
F 4a.2 99% ( 75:25) 4b.? 99% (75:25)

2a. 85% 2b. 75% 2¢. 70%

O\ AN O
Ou:_ ~ z 7 o= °

Br
4c.992% (79:21)  4d.2 93% (86:14
2d. 88% 2e. 62% 2f. 84% ( d )
o N-METHYL BENZOHETEROCYCLES
o Phuw N

Z \‘ O 7 \ O~

O - = -
D N Nas 7
S
Ph
29.71% 2h. 70% 4e.> 89% (71:29)

40



TRACKING STRAINED 4-MEMBERED N- HETEROCYCLES

41



THE RECENT BACKGROUND

Ph
0 0 hv /J§
N"S‘“‘ Tol kessil lamp AL b
\N\ )’I\ sensitiser > QJVNMTS
Ph™Ph (0.25 mol%)
1 2 PhCF3, 40 °C 3

Dell’Amico Nat. Catal. 2024 doi: 10.1038/s41929-024-01206-4

, r 1t
% :
Ar X
AR 3.
R' R" Ar -
Rf
5 6 HSOMO LUMO
styrene oxime

activated alkenes  acyclic oximes — =

Schindler Science 2024 384 1468

2,3,4-functionalized
azetidines

42



SYNTHESIS OF AZETIDINES VIA 1,5-HAT

Deviation from initial conditions time (h)M! Yie(lé}oﬁi]?’a

PC1, no N co-cat 168 22

N4, PC2 84 52

N4, PC5, purple LEDs 24 76

43



ASSEMBLY OF BETA-LACTAMS

44



THE CO-CATALYTIC EFFECT

45



CAN WE TARGET PYRIDINE & PIPERIDINE BIO-ISOSTERES?

H
H
Ve N-Me H(Ry, R; = Me) AN NaBH, @ hv N/COOMe
£ ) == ) = 7
N/ MeOH
CICOOMe |
COOMe 50%
1‘ E_@L Fowler, JOC 1972 37 1321
\
: 0
’ 2 H H
)
N.
Me~Lm/ Me A (R, R;=Me) “c-hexane =
N—
/
R 2-14%

Swindell JOC 1987 52 2346

H
" OYOR;; R/ o)
B hv JL
| R;0COCI N _Nu 7X N~ TORj3
AL, . u N G W
/ ¥
R2

: - NaBH,, Et,0/MeOH Nu
1 » silyl ketene acetal, DCM* Degassed solvent 5 .
| H-Dewar pyridines (6
reductive / alkylative « allylSnBus, DCM** R 310 or 350 nm war pyridi (6)

dearomatization used immediately

Sarlah ChemRxiv 2023 doi 10.26434/chemrxiv-2023-jgraj
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AN OLD LESSON FROM RADICAL CHEMISTRY...

Bu38nH
(100%)
1 I M
MeOZC COZME MeOQC COQMQ
Stork, JACS 1982 104 2321
Buaan
0 02M
MeO,C CO,Me MeO,C CO;Me MeO,C CO,Me
(75%) (25%)
Beckwith, Tetrahedron Lett. 1986 27 4525
N - 5-
exo . -
MeO,C CO,Me MeO,C CO,Me MeO,C CO,Me

kinetic radical

MeO,C CO,Me

thermodynamic
radical
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A TRIPLET BIRADICAL VARIANT OF THE STORK-BECKWITH MODEL
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