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Photochemistry in Water




The beginnings of chiral organic photochemistry
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Chiral photochemistry in solution through covalent
chiral auxiliary
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Chiral photochemistry in solution through templation
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Chiral photochemistry in solution through templation
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Chiral photochemistry in solution through templation

O,N
a2 E . 11 @ A
0 > NH + “~NH
~ R toluene, -50°C [ /
o 0
30% 45%
(87% ee) (84% ee)

10



(R)-(-)-1E

(S)-(+)-1E

46% ee

11



Sens.:

[i::j hv (254 nm) < :| |1 >
+
Sens.: | |
R)-(-) (S)-(+)

o] NH, o NH,

(o)
et eEiN ! | T

HO OH HO OH

Calf Thymus DNA

18.8% ee

12



=L =L

CO,H
o —

25-100 mol%  po,c =T
y-CDs

lhv (x>320 nm)

HO,C SN, . e

syn-HT, 150 anti-HH, 151
41% ee

=
HOZCC02H
I

anti-HT, 149

I =L con
2N > NN

syn-HH, 152

max. 41% ee

13



oo
OH NH(CH2)2N>
_ )

o o

--o-];-é )0
HO ©OH HO O©OH

DA-y-CD

e
-

g sE

[ =]
s ev \co,H C02H
ST B A N & SN
CO,H

anti-HT, 149 syn-HT, 150 anti-HH, 151 syn-HH, 152
70% ee

CO,H




hv (>320 nm) C>r 2200 700 SITHH o
COO" ,'@ ;Q ;Q coo LIS
coo

2-Anthracencarboxylate
(AC)

ant/ HT

Prefoldin

hv anti-HT syn-HT*

hydrol

\/ v 3| )
Amylose E
COO
Y- cyclodextrln - O
" anti-HH* syn-HH

15% ee for syn HT amylose
37% ee for syn HT amylose + y-cyclodextrin

™
W Sa R &

syn-HT ant/-HH syn HH

T

38% ee for syn HT
58% ee for anti HH

OOH



Photochemistry in Solid State




Chiral crystallization

Achiral molecule may crystallize in achiral space group.
e.g., quartz, urea, maleic anhydride,

fast enantiomerization
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The most common space groups of organic crystalline

compounds based upon a survey of 29059 crystal

structure determinations

space group humber percentage

P2,/c 10450 36.0
P-1 3986 13.7
Ee 212 3359 116
P25 1957 6.7
c2/c 1930 6.6
Pbca 1261 4.3
Pnma 548 19

Pna2, 513 1.8
Pocn 341 12
g 305 11

*Chiral space group.
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Absolute asymmetric synthesis in
the chiral crystalline environment

Chiral crystallization
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Solution e.e : 0%
Crystals e.e : 82%

Note that the two prochiral
hydrogens are not equidistant from
the carbonyl chromophore.

The molecule being present in a chiral
space group does not have another
molecule that is mirror symmetric.

Since only one prochiral hydrogen
would be abstracted only one
cyclobutanol enantiomer would be
formed.
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Essential Criteria for Asymmetric Photochemistry in the Crystalline State

Molecules must crystallize in a chiral space group (non-centro symmetric form)

Majority of achiral molecules crystallize in a non chiral space group (symmetric packing)

P21/n P212121

centrosymmetric non-centrosymmetric 09



Use of chiral hosts: Solid state photochemistry

OMe
Chiral hosts upon E?\C Q\C flo hv A58 0
. . . —>
inclusion of an achiral el \

molecule may induce I Me
chirality on the achiral e.e.: 100%
molecule.
O
©\C Q\C S &Qm
The above host-guest Bl e oy
complexation would lead e.c.: 100%

to diastereomeric

(instead of 8 -
enantiomeric) fransition Q\“ Q\C Ry
states . SS90 Ph———= I )—\< e N

O Me

OH
e.e.: 100%

In solution no chiral induction is obtained.
D3



Use of chiral hosts: Unimolecular reactions
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Use of chiral hosts: Bimolecular reactions
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Most commonly occurring space groups

230 unique space groups of which only 65 are chiral space groups
Chiral space groups (symmetry elements are rotational, translational and combinations of these)
achiral space groups (symmetry elements are mirror, glide plane or center of inversion)

Space Total no. %
group of crystals
Bl ac 10450 36.0
P 3986 13%4
P2,2.2, 3359 16
P2, 1195 6.7
Csle 1930 6.6
s 1261 4.3
Pnma 548 1.9
Pna2, 513 1.8
2 341 1L
Pl 305 Less]

Chiral space group

Tonic Chiral Auxillary Approach
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Covalent Chiral Auxillary Approach
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Tonic chiral auxiliary approach: Solid state photochemistry
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Tonic chiral auxiliary approach
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The two prochiral hydrogens are distinguishable in the crystalline state.

In solution no chiral induction is obtained.
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Asymmetric photoreactions within zeolites

Key is the cation binding to the included organic molecule.
Confined space also imposes restrictions.

Details yet to be understood.

Type 1T (X)

Type Il (X,Y)
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Asymmetric Photoreactions Within Zeolites
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Chiral inductor approach

U - Chiral Inductor

[> <« Achiral Reactant

[0 <« Chiral Inductor




Enantioselective Electrocylization of Achiral Tropolones
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Chiral Induction: Solution vs. Zeolite
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Chiral inductor approach A B C
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Chiral auxiliary approach
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Chiral Induction (Diastereoselectivity)
Solution vs.Zeolite
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Chiral inductor approach
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Chiral auxiliary approach
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Chiral induction within a chirally modified zeolite

H;

de 0% de 0%
53%A 90 % (A)
) A |
Silica gel / (CH,Cl; / hexane)
NaY | (-)-ephedrine / NaY ) (-)-ephedrine (-)-ephedrine

40



Asymmetric Photoreactions Within Zeolites

1. .

0/—'/ w\L * Chiral Induction Depends on

)\ * Nature of the Cation
l \ / < * Number of Cations (Si/Al ratio)
\ } / / - Water Content

Cation is the Key
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Chiral Induction Depends on the Nature Alkali Metal Ion
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Role of Cation-Carbonyl Dipolar Interaction
Carboalkoxy vs Alkyl
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Role of Cation-Carbonyl Dipolar Interaction

BA = 79.63 kcal/mol
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