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: TABLE 1. Elements Known to Form Photoreactive

This group meeting will focus on photoirradiation of Carbonyl Complexes

transition metal complexes which absorb light in the

visible or ultra-violet region of the electromagnetic + Group V. Group VIl Group VIl ' Group VHI

spectrum. Emphasis will be focused on scenarios in

i SR » v Cr Mn Fe Co Ni
which the consequences of irradiating a transition Nb M R Rh
metal in the presence of organic substrates yields T ° e Ou
interesting and/or informative results. : a w Re S Ir
. SCHEME IV
; Oy ~~—> W(CO),(pyridine) + equatorial CO
Topics this group meeting will discuss : S ] (COMlpy ) .
-Photoexcitation of transition metal complexes P
nd
-Consequences of transition metal excitation in the : , . .
presence of organic substrates/ligands : 0" +—— ——> W(CO)s; + pyridine
-Photoinduced ligand substitution e hvy
-Photoinduced reductive elimination (7r=d) i

-and more! Wrighton, M. Chem. Rev., 1974, 74, 401-430

Common reactions of T.M. complexes after UV irradiation

. . . . hv
What this group meeting will not discuss M(CO), M(CO). + CO
) . . hv
Chemistry published after 2005 : M(CO).R M(CO)..1C(O)R
- Ru(bpy)3"* and related complexes hv
i : —_—
Yan, M. Baran Lab Group Meeting, 5 LnMH; LaM + H;
"Photochemistry in the Days of Yore" 2015 hv L. M(A)B

LM+AB  —m———
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Photochemical isomerization
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Photochemical ligand substitution
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oc, | WCO hv oG ssCO
Mn ———> 0C—Mn—CO
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oC cO -CO
k/ =~
-_
MeOH, hv
5 (solvent)
2 (n"-CgHg)Cr(CO); 2 CrOMe;
-6 H,
-2 CgHg
-6CO
hv, HSIR,
(M8-CgHg)Cr(CO); ———— 3 (118-CgHg)Cr(CO)(SiR3)H
-CO

Wrighton, M. Chem. Rev., 1974, 74, 401-430

Br.
hv / D
2Mn(CO)sBr ————» (OC)4Mn\ _Mn(CO),
-2CO Br
Wrighton, M. Chem. Rev., 1974, 74, 401-430
Photochemical insertion
CcO CO
:IN ’ o A or hy :IN ’ o
N\ / COZ N\ /
,F\’:e\ —_— ,R:e\
A:t=5h \FO
hv:t=10 min H

Meyer, T.J. J. Chem. Soc., Chem. Commun., 1984, 1244-1245
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oc” | ~co F>_<— F oc” | Sco

Me F F
F F "
(1 atm) Ve
Wrighton, M. Chem. Rev., 1974, 74, 401-430 (quant.)
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CF3 CF4

J. F. Ogilvie, Chem. Commun.,1970, 323
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Cp Cp
| hv, + CO l
Feuwm -
L/ \ R - /Fe-u,,CO
CO hv, - CO L2 o
R
Bisnette, M. B. J Organometal Chem., 1964, 2, 15
Reichard, D. Inorg Chem.,1966 5, 1177
"Photochemical oxidative addition"
hV, CC|4
Rech»]o _— 2 Re(CO)5CI
Wrighton, M. J. Organometal. Chem., 1973, 50
2 hv 2 |
N A >470 nm S ’
N /Me (A > ) N\ /Me
/Pt\ /Pt\
| N Me Acetone | SN i “Me
~ Me | J z
Y Me/\Me
Me
Puddephatt, R.J. J. Am. Chem. Soc., 1985, 107,1218-1225
Photochemical reductive elimination
hv
D . (A =295 nm) .
+ P e "OPyraPh
Me3P H _ H2 Me3P D

(solvent)

(no Ir-H(Ph) ovserved)

hv
A >295 nm
O Rl G NV
MesP™ " "H “H MesP™ 'H

(solvent) 2 74%
Bergman, R.G. J. Am. Chem. Soc., 1982, 104, 352-354
Photochemical ligand ejection

hv Me. Me
" (A>295nm) )"'V'e

e)<Me + *Cp—IKI —————> Py
Me~ "Me CO  _co OoC” 'H
(solvent) ~55%

Graham, W.A.G. J. Am. Chem. Soc., 1982, 104, 3723-3725

Cp*W(CO);Bcat'
Me” "Me —_— Me
hv " Bcat'
O e 85%
Bcat' = %B:
O
Me
Hartwig, J. F. Science, 1997, 277, 211-231
Bbi :
PN o p*Rh(n*-CeMeg) B,pin,  CP'Re(CO); Bpin
6 mol% 5 mol%
- + —_—
o hv, rt, 60 h
1507°C, 80 h Me 0.5 atm CO

Hartwig, J. F. Science

Hartwig, J.F. Angew. Chem.
2000, 287, 1995-1997 (solvent)

Int. Ed. 1999 38, 3391-3393
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Interesting photochemical reactions of Rh(l)

©/COPh @rPh

Rh(PR3),(CO)CI

© CO (1 atm) CHO

(solvent)
R = Me,16 h: TON ~10
R =Me, 94 h: TON ~48
R=Ph,16 h: TON ~ 2

Tanaka, M. Chem. Lett. 1987,249.

Eisenberg, R. Organometallics 1988, 7, 2124-2129

CHO
Rh(PMes),(CO)CI Me™ "~
CO (1 atm) e
Me” ™ "Me — N >2F).1
hv (1 = 365) cuo VB
(solvent) rt. 16 h
TON =27 Me Me
B

Tanaka, M. J. Chem. Soc., Chem. Commun. 1987, 758-759.

TON ~ 2
Benzene co-solvent: TON ~ 14

Rh(PMe;),(CO)CI

O CO (1 atm)
—_—l
hv, 37 °C

(solvent)

Tanaka, M. J. Am. Chem. Soc. 1990, 112, 7221-7229.

CH,OH
hv, 37 Thwarec ©/ ? ©C02H;
(major) :

Simplified mechanisms of C-H carbonylations

hv
Rh(PPh;),(CO)CI ———  Rh(PPh3),Cl
-CO
-PhC(O)H
-PhC(O)H or ©
+CO
X
Ph JRh(PPh3),Cl <0 Ph‘Rh(PPh3)ZCI
H

NOTE: Yields could not surpass a thermal equilibrium for this
reaction when using triphenyl phosphine as a ligand. It was
also demonstrated that photochemical decarbonylation was
a competitive pathway in this reaction.

hv

Rh(PMe;),(CO)CIl — > [Rh(PMej3),(CO)CIT*
-PhC(O) Two photon mechanism! ©
+CO
PMGs PMe3
Cl ",, O hv Cl n, \\CO
R4 R
H Ph H” | “ph
PM83 PMe3

Goldman, A.S. J. Am. Chem. Soc. 1994,116, 9498-9505
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Rh(PMe3),(CO)CI

CO (1 atm) CHO
—>

hv, 37 °C
cyclohexane

(cosolvent)
—»

@)
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ey |
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Goldman, A. S. J. Am. Chem. Soc 1992, 114, 350-351

NOTE: Carbonylation of cyclohexane was also shown to be
improved by the addition of benzophenone and acetophenone.
Notably, this reaction could be carried out with a variety of d®
metals. Me2

Rh(PR3),(CO)CI, Ir(PMes),(CO)CI, [ Ru(CO),
R = Me, i-Pr, Ph

Me2
hv
Rh(PMe;),(CO)CIl — > Rh(PMe;),Cl
-CO
-cyclohexene
+CO
_H2
PMe; PMe;
Cl’h,, éh \\\‘Q Cl"h,RIh C
’ 0\ % e— y
H/| \H H/
PMe; PMe;
Strange selectivity observed
[M] hv Me Me CHZ

sBumdic R Re RS

with Rh(PMe;)(COXCE: (21%)  (21%)  (55%)  (4%)
[ItH(120,CCF3)(PPhs),l: (58%)  (5%)  (13%)  (24%)

Goldman, A. S. J. Am. Chem. Soc. 1989, 11, 7088-7093
Crabtree, R. H. J. Am. Chem. Soc. 1987, 109, 8025-8032
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Chromium carbene photoreactivity

XR'

XR' hv R'X R
(CO)sCr= ——» (CO),Cr{| R => (CO)4Cr—Tr
R 'e) 9
Air stable ©
Chromatographically stable
Solid Ph Ph
Me @) Me,,, 0O MQ
Me H,N Me NP
(co)scr=  Ph OB mn k',l Ot-Bu |
Me hv \(—O
85% yield:
95% de
Me @)

Me)ill hv

—»

10

Hegedus, L.S. Acc. Chem. Res. 1995, 28, 299-305
Photochemical Wulff Dotz

Et
Et 0]
CO)SCr:§;|
THF, -20 R 200 HO
- Ph
81%

D6tz K. H. Eur. J. Org. Chem, 1998, 1739

f\) 95% vyield :
97% de

Interesting cyclization t-Bu
hv
@ t—Bu
—>
Cr(CO)3 D CE
2 =t
t-Bu 7%
Heeg, M. J. J. Am. Chem. Soc., 1996, 118, 6094—6095
Sunlight @]
Fe(CO)s Me Me
2 Me—Me —m7mM8M8Mm >
_2CO Me Me
HCI workup O

Wender, L. J. Am. Chem. Soc., 1958, 80, 1009
Photochemical Pauson-Khand
5% Co,(CO)g

s
EtOZC:< : >
EtO,C —  50°C, DME
Q-Beam Irradiation

EtO,C
CO,Et

Livinghouse, T. J. Am. Chem. Soc., 1996, 118, 2285-2286

Photochemical metathesis

Ar
hy (COBW=  +

Ph

Ph Et,0

(CO)sW= Or
OMe Ar OMe
= Or =< (oW +

Ph Ph Ph

Cooper, J.N. J. Am. Chem. Soc., 1984, 106, 2595-2599

Ph
Ph

Ph
Ph
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Free carbene Iron Porphyrin

1% CuOTf
Cl
Me .
(TPP)Fe=(CI Ve hv Ve AMe
Me Me Me
Me : 20% 35%
~1:5 : B—acetonaphthone Me  Me
. o 0
Susluck, K.S. J. Am. Chem. Soc., 1996,118, 5307 : &» y/
Copper catalyzed [2+2] : N\\~Me hv
Me 75%
<1% CuOTf @ "
e
3 / hV Me
H —_— y/
86% (9: 1) : N\y-Me Me
E Me Me
Without copper, this reaction produces polymeric junk 229, 12%
N\—-Me

Me
% 52%
Salomon, R.G. J. Org. Chem., 1984, 49, 4322-4324

Useful reviews

lh

\Q <1% CuOTf HO

Salomon, R.G. J. Am. Chem. Soc., 1982, 104, 998-1007

1% CuOTf : _
> :  Wrighton, M. Chem. Rev., 1974, 74, 401-430
\C ~ H Hegedus, L.S. Acc. Chem. Res. 1995, 28, 299-305

70%
Salomon, R. G. J. Org. Chem. 1987,52, 83-90



