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EExampIes of Common Photosensitizers: In the parentheses, Eeq(P /P “)V, Eoyx(P */P WV, Amax/nm

Covenng PET in Organic SyntheS|s before 2006
It :

OMe (0] CO,Me
I Cl (¢]]
; Cl Cl
OMe 3 O s CO,Me
DMN (NA, -2.61) Chloranil (3.33) DMT(3.30)

G3P
| Jan Ingenhousz CN Ph 0
Ohisseandoion Joseph Priestley (1730-1799) X
ey (1733-1804) Established the NC CN |
Stroma Discovered photosynthesis requirement of I:[ Z O‘O
serendipitously light NC CN CN Ph % (;h
.................................................................................. F
'TCB(3.15) 'DCB(2.67) "TPP(2.53) 3Anthraql(J)inone (2.16)

Meozcji;\icozme OOO

3BP(1.55, 320-380)

MeO,C CO,Me
STMPM (1.73) 'DCA (1.97, 330-440)

(J

Rudolph A. Marcus
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Rehm-Weller Equation:

Eosin Y(1.18, -1.60, 539)  Rose bengal (0.99, -0.68, 559) Ru(bpy);2*(0.84, -0.86, 450)
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Review articles on PET:

Common donors: Amines/alcohols/ethers/

Mattay, J. Synthesis, 1989, 233.
EichArenes

Griesbeck, A. G.; Mattay, J., Eds. Synthetic Organic Photochemistry Marcel-Dekker, New York,
2005.

Fagnoni, M.; Dondi, D.; Ravelli, D.; Albini, A. Chem. Rev. 2007, 107, 2725.

Ravelli, D.; Fagnoni, M.; Albini, A. Chem Soc. Rev. 2013, 42, 97.

Common Acceptors: Carbonyls/organic
halides/E4fArenes
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Amines as electron donors E Oxidation of Radical Intermediate
(PMP),CO ?’V'e” : OMe OMe
D Visible Light HH :
N — > ' DCA/MeCN Salt effect:
| E ' hv/O salt promotes the
(20 equiv) O g7 “OMen (+)-Laburnine . — dissociation of radical
(83% dr=55:45) ; R'® S ion pair

' R via: ‘N= HN\‘
. \ R2 )

. ! Me Santamaria, Pure &

@ H @ ! dextromethorphan  Additive: None  40-60% Appl. Chem. 1995, 67,
"\‘ N ] LiClO,4 (0-5eq) 85%_ _____ ___. . .
\ Hoffman, Tet. Lett. 1999, 40,3169 " pytocyanation NG v
' —\®
v S L= o ) (3
o © . H i Og _OH TMSCN O _OH Q
PMP,CO > .nOMen H wOMen : o z hv/O, o H ® \ y

' N

MeCN/Me,CO O (78%, dr=21:1) g o ' m Use of DAP?* allows m /

hv Hoffman, J. Org. Chem. 2000, 65, 8690 for visible light excitation  {ggas) DAP2*

Use of an "electrofugal" group Polonovski-Type Reaction

Me Me
DCN, |PrOH Y H \ N
egseary X HOL, AP o )
N\/TMS regioselective HO NH HCI hv/O, : z
diastereoselective $ -\
0,
55% Solvent= MeCN 15%

This work: Pandey, Org. Lett. 2002, 4, 3883
Also see: Mariano, Acc. Chem. Res. 1992, 25, 233

E i H,Cl, 789
! Santamaria, Pure & Appl. Chem. 1995, 67, 141 ) C _202 8%
: criocerine

iBu /"—, Enantioselective reaction: —
FmocHN\g\ /‘TM S O\‘//O N
\S iBu ADC/BP iBu ﬁ/l HN_siBY A hv (%>300nm) R
HN\g_ 4% FmocHN ° XR N pﬁ?;tﬁ ©\
R R=-LeulLeuleu @) 3 H 0
________________________________________________S_tgg:l_(h_ap__{_(_)g*g__C_fye_r_n__Z_O_Q‘!__Gp‘__G_S_Q_B__ N () (64%, 70%66) Bach, Nature,2005,435,1139

Ylide Generation A g g
DCN Generation of Amide Radical: Merging PET with Minisci

. / : .
TMS/\ /\TMS —> TMS/\N/ _>-|-MS/\ _> ; N Formamide B
o) 'F\]h Bn ' H2804; H202 P NH2
. _—
\‘\;):O O (83%) ' N7 solar light N (90%)
Chemical Initiation with AgF: Pandey, Org. Lett. 2005, 7, 3713 : [TiO5] o °
Pandey, JCS Chem. Comm. 1992, 1313 : Caronna, Chem. Comm. 2003,2350
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Oxygen-based donors ! Ketone/Amme System Me\ -0
g N .
X '
THF > P (o) N ) . |. Triplet DCBP extracts H-atom
@(j sunlight N Other regioisomers isolated as well | from tert-butylamine instead.
N 9 . J. Photochem. & Photobio. A: Chem. . O
TFA/H,0; (63%) 2005, 171, 237 ; tBuNH2
___________________ O DCBP/hv
) The corresponding thermal reaction : 62%
fo) .
O/< with AIBN/DBP did not work since  F----- J. Photochem. & Photobio. A: Chem. 1998, 118,165 . ...........
k/o (20 eq) the dioxolanyl radicals decompose ! Cossy, Tetrahedron, 2006, 62, 6459 -
o) at elevated temperatures ! (0] 0 4 HO :
HO BP, MeCN o (75%, dr=11:1) ; Ny MeHN” = ,/ NEt; >
hv o} : . N
\) : hv/A=254nm ’ﬁ/ N hv/A=254nm
H- Abstraction from alcohols orr OH OH e 11 soonysiytatiine
r BP, MeCN r Provides the oppositve stereochemical | O ) o
O% hv/A=350nm O= outcome compared to cuprate addition . Lowelr y'etlg ggé’) r?sulted at lower
—_— ' waveleng nm
= OEt Fraser-Reid, Mariano, Beckwith, ; MeCN/NEt3/L|CIO4
(75%) OEt J. Org. Chem. 1988, 53, 2066 : hvi=254nm > O Mattay, Tet. Lett. 2003, 44, 5979
. . o
Using Polyoxometalates TBADT: Tetrabutylammonium tungstate , (72%)
OH A CN HO cN More effective than ketones for H abstraction :
—_— Reaction insensitive to O, ; 0 oo
(Bea) omqon (72%) Albini, Chem. -Eur.J. 2006, 12, 4153 :

(¢} O

Eta:N H
M J—’ﬁ@ HO .

o)
H
(... Sossy, Tet Lett 1995, 35, 2087 ... R S
Suau, Tetrahedron : (oxidation of Silyl Enol Ethers:
1999, 55, 4019 : HO OH
' TBSO OTBS DCN o) OTBS
OMe ! CHsCN/H,O > 0 o
0 —> <
OMe L ¢ OTBS v 0 otes NH
"""""""""""""""""""""""""""""""""""""""""""""""""""" , e} NCOzMe < NCO Me o
Oxidationpohf the resultant radical . O 260 o 0
Ph oH : Pandey, Chem. Comm. 2002, 624  \°07°)  2,7-dideoxypancratistatin
Visible light Katsuki, !
H [(NO)Ru(ll)-salen] 2mol%. O J. Am. Chem. Soc. 2005, 127,:
CHClj, air, rt 5396 : ) DCA. MeCN
Ph Ph @(99%’ 5% ee) L N o ) <
% Visible light Cl 0 J.Am. Chem. Soc. 2010, | OoTMS HHY
S [(NO)Ru(ll)-salen] 5m0|%= S 132, 12034 . H
H,0, EtOAc, rt ® '

(99%, 92% ee) Mattay, Synthesis, 2004, 619
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Olefins as Donors: Electron-rich Arenes as Donors

Demuth, J. Am. Chem. Soc. 1999, 121, 4894

Co(acac); oxidizes

Me| .OH ! OH 0.5 mol% Ru(menbpy)s2* the catalyst to
& 1)hv,DCTMB N : > Ru(menbpy);>*
_— : 1.2 equiv. Co(acac); OH ( V)s
2) Mentone cleavage ' MeCN, visible light
\ / ;

HO™ 2 :  Ohkubo, JCS Chem Comm. 1993, 909 (16% ee)
Me'\"e(12%) ______________ D o e e eeeeaeaeaan
Anti-Markovnikov Hydroamination . "Wavelength switch” MeO

E e OMe
m-DCB ®- NH, ; OMe Me
hv/A>300nm @O/ . MeO _hv/x>280nm__ | MeO
1,2,4-TPB (63%) : HN\) “bcAGS) (GS) n '
MeCN/H,O Yasuda and Yamashita, J. Org. Chem. 2003, Me «’
68, 7618 : =
""""""""""""""""""""""""""""""""""""""""""" : Pandey, Tet. Lett, 1990, 37,5373 v/*>350nm
: 'DCA’
0% AN hy NH2HCI ; o
HO - MeOH, rt, 4h '0 : MeO
HO > '
2 NHpHCI Bull. Chem. Soc. Jpn. ; Me D MeOH/HQO MeO @/
(100%) 2006, 79, 348 ; N
Electron Rich Arenes as Donors ; © OMe OMe
Wiktop Cyclization _ - _ _ ! Organic Halides as Acceptors T TTTTTTTImTTmmmmmmmmmmmmmmmmmmmmeens
O © :
CO,Me 0 o) -
5 CO,Me CO-Me '
MeCl CJ( ; F2 €0, ; MeOH/hy
2 H MeCIZC/'k R MeCIQJ(N N E i . De
§ " : S D OMe 2 (Cal\MeOH J. Org. Chem. 2002, 67
A\ 3 4 : 2 complete retention = X . Org. Chem. , 67,
N -3 R LA TP PN N 435
H | H _ ” E Reduction with Hantzsch esters
E . 0] Fukuzumi,
o ' o O O 5 mol% Ru(bpy)sCly_ )]\ J. Phys. Chem.
HN 7] : Br N MeCN, visible light ~ Ph 1990, 94, 722
NHNHBoc +  Ph
> o. H o H ' Me
I, N_ ~CO;Me N ~CO2Me ; :
(e} \ Cl ' '
- - : :
A\ - : ® Ru(bpy)sCla 7 MeO/MeOH
' Hantzsch ester /\)J\ ' —_—
N N\ N\ ! Ph 6 ———FPh Me ! NHTs hv NH,
H N : pyridine 97%) | (88%)
Feldman, Org. Lett. 2005, 7, 5449 N L H _ E S0P yisible light ©7%) © Yonemitsu, J. Am. Chem. Soc. 1986, 53, 1097

Chem. Lett. 1986, 87
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PET-Viologen Biphasic Reduction

; PdCl,(MeCN), 18%(GC) wio
Br P(Bu)s OMe light
Ru(bpy)sCl, : [Ru(bpy)sl(PFe)g
Br alcohol dehydrogenase : ——Ph // (95%)
Ph 2 on sepharose beads Ph o~ ' visible light °
Ph Ph ' M Ph
\é/\ NAD® EtOH : OMe Osawa, Dalt. Trans. 2007,827
r EtOAc/H,0, visible light ittty
CgV?* 2Br
Br — —
Ph\‘/:\Ph CSH17N/\:>=<:/\NCBH17
B CeV2" hv/A=350nm
r C8V )
LiOH,
Br 2x + MeCN/H,0O

(72%)

EtOAc
- [ \ H,O
CSHS)N/ N\_/ \N<88H” 08H17NQ>—</;%:8H17
— CSVZ"'_ C8V+
) 2+ Ru(bpy)z>*
Ru(bpy)s (bpy) NADH
Ru(bpy);* EtOH
. ADas
NAD

Also see Willner, Nature, 1979, 280,

823 . o Acetaldehyde ,

No double bond isomerization ! o) OMe

Willner, J. Am. Chem. Soc. 1986, 186, 1080 e 1.KOtBu
e N 2. NH5(l)/hv
. o

Merger of.... E (94%) J
0 - Q ] | Semmelhack, J. Am. Chem. Soc. 1975, 97, 2507
cob(ll)irinate '
: NMe
_ Rubpy)s : 2 OTES  MecN, NEH Q
hv ' hv MooN

. ———>» Me

o/ CoaMe COMe  \vaider, Chimia, 1991, 42, 35 ; 2

Cl Fagnoni, J. Org. Chem, 200368, 4886
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Vinylogous version: Martin, J. Am. Chem. Soc. 2001, 123, 5918  : Aryl Cyanides as Acceptors
; CN  hya=350nm
10 G
KOtBu, NH5 :
Br - o
NMeBn ; CN (92%, ratio: 1.5/1)
. Schuster, Tet. Lett. 1986, 27,4261
N : :
Boc ! MeCN/MeOH
' —
---------------------------------------------------------------------------------------- ' OMe o
Moo L CN cn (52%)
2 Me,N ‘ opposite regioselectivity compared to
NMe, MeCN : )k hv E-rich arene olefination
hv :
NHCOMe ! CN
)¢ (66% : L MeCN - N 70%)
(23(” Fagnoni, Chem. Eur. J. 2003, 9, 1549 Amold, J. Org. Chem. 1997, 62, 8432
(o] i g g g g g gy
NMe M ; MeO
2 MeCN o—p® . © N
\ . eO X N
\ / T M ; @ @L> MeO Z" OH
(20 eq) ' MeO O
cl (70%) NMe, : O
Albini, Tetrahedron, 2000, 56, 9383 : O OMe
----------------------------------------------------------------------------------------- OMe OMe
Aryl Diazonium as Acceptors H OMe
COzH b e, Buau, Tet. Left. 1995, 36, 2653
® CO,H COH : Carbonyls/a,f-Unsaturated Carbonyls as Acceptors
N — visible light — O .
2 —_— > —> Q Q ! Photoinduced Reduction w/ HCIO4:oxidative quenching of cat.
O Q [RU(bPY)S](BF4)2 O . Q E O HC|O4 . OH by substrate
Quant. , )j\ 1o-methylachdan > )\ w/o HCIOy: reductive quenching of cat.
_ _ ' Ph Ru(bpy)sCl2 Ph by AcrH
Deronzier, JCS Perkin Trans. 2 ! visible light 2
1984, 1093 .
® . Fukuzumi, Chem. Lett. 1989, 31
Ny o R F :
E = visible light . BNAH, pyridine
%>410nm F P Me0,C7N) MeOH CO,Me
> ' MeO,C~ "2
. . p-xylene . ' CO;Me  Ru(bpy);Cl, 2
CH3CN F F 100% conversion ; visible light
F 3 Kochi, J. Am. Chem. Soc. 1997, 119, 4846 | 9 pac, J. Am. Chem. Soc.

1981, 103, 6495
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Enone Reductive Coupling o
(0] o 0
A~_CHO o oH COgEt N i O O N
PSP or PSA v 10
o m, CHO -—— —K > 74 o > —
ﬁ/ visible light OMe © O
OEt CO,Et S OMe OMe
()
(65%) DMN (/ OMe oM OMe
PSP: PhyP, DCA A+HHA Enone S (30%)
PSA: DCA, DMN, Kessar, Tet. Lett. 1987, 28, 5323
Ascorbic acid (HA) o € ]
+ _ @e . none
A+H"+HA DMN DCA
Intermolecular version: o O
Q H,O/acetone
0 N
///L CsHy1 " CgH,CO,Me ) —hv o
- K 0 (45%, 86% ee)
o CeH12CO,Me PSA or PSP TBSO — memory of chirality
TBSO' visible light N 2CO2K

o (15% or 55%)

0 0
/\( o o) CsHi

OFEt,,
OEt

Pandey, Pure & Appl. Chem. 1996, 68, 653; Tet. Lett. 1998, 39, 1831
J. Am. Chem. Soc. 1997, 119, 8777, Tet. Lett. 1998, 39, 8341

Acyl Hydroxyphthalimides

CO,Et CO.Et !
oA o ! o OH Ph
PET ! “ PET O O Ph i
e ' —_— CO.Et Ru(bpy)sCl,
N “, ' X _CO,Et "y N2 BNAP MVK _ Ph Me
/ : (77%) N-O Ph ~ible liah >
EtO,C EtO,C 75% | visible light Ph (68%)
dr.=41 . J. Org. Chem. 1997, 62, 5966 Y
---------------------------------------------------------------------------------------- SePh
Phthalimides as acceptors Okada and Oda, PhSeSePh Ph
J. Am. Chem. Soc. 1988, 110, 8736 _— (93%)
e J. Am. Chem. Soc. 1991, 113, 9401 Ph
0 o HO o I
hv v
Phthalimidation of Unactivated Olefins
N7\ MeCN N\[ W
(0] (0) N (o)
O < O
. TMS H
T™S * o) (65%) }\Ph \)'V'\e Suau, Tetrahedron 2003, 59, 2913
Mariano, J. Org. Chem. 1996, 61, 3304 NH » Ph

For macrocyclization studies see: Acc. Chem. Res. 2007, 40, 128

B R R
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Nitro Group as Acceptor Eneyne Cyclization with PhSeSePh
: SePh
NH ! = Br
2 ; Il PhSeSePh T H SePh
Ru(bpy)2(MeCN),(PFe), R=H :
N,H, H,0 : T MecN
(92%) : TBAB H
R iPr CI)e , Pandey, Tetrahedron, 1995, 51, 1483
NO, hv/A>280nm NN IR R LR LR LR LR LR LR LR R E
NEt, _ ® R=IPr E Topics Not Covered in Details
R R - iPr iPr (75%) E PET Initiated Cycloadditions:
E ° i O | o
h"é ?y(r)ex Pt/H, OH ! OH OY\(,‘\?/ o} o
0 5 O: NPh —> 5 ", \)L o | OH >/(
OH . v, N I, N R
o . 02S ’ % o)
(93%) 1MeO hi>25anm o [

Hirao, Bull. Chem. Soc. Jpn. 2004, 77,1763 "Dioxangm MeO MeO 519%
Dopp. Rec. Trav. Chim. Pays-Bas 1979, 98, 297: (61%)
de Mayo, J. Am. Chem. Soc. 1971, 93, 2463 .

visible light
2+
Na,EDTA oy Tomioka, Chem. Lett. 1986, 1359
EtOAC/H,0
Me hv/A>300nm
1,5-dimethoxynapthalene pp
A0y # AcOH o N OAc
| 1,4-cyclohexadiene
Ph MeCN (82%)
Narasaka, Tet. Lett. 2005, 46, 2373
Misc. Reactions:
o. 0 SePh
Z ~CO,Me N
—»
0.0 COMe (549
\\S// isible light
~geph  .Vsible lig
/©/ Ru(bpy)sCl, 0y 2 Tern

OiBu  (95%)

Z>oiBu s
ol

Barton, Tet. Lett. 1994, 35, 2869

Garner, J. Am. Chem. Soc. 1993, 115, 10742

L

SPh

DCAhv SPh

H
MeCN

NO, hv HO
O A=350nm HO
: HO HO
HO MeOH

(60%)

(60%) Bauld, J. Am. Chem. Soc. 1989, 111, 1826

Iwamura,

OMe

Photochemistry of iminium and pyridinium: See Richter GM (2005)

He o 1) aq HCIO,
N clo, hv » AcOu,
=

2) Ac,0; DMAP

NHAc

Org. Lett. 2001, 3, 255

MeSu, OH

WOAC —
\ q

Mariano, J. Org. Chem. 1998, 63, 6072

HO OH
(+) mannostatin A




