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Recent studies on photochirogenesis have greatly promoted ourScheme 1. Photosensitized Enantiodifferentiating Polar Addition
understanding of the mechanisms and factors that control the©f Various Alcohols to 1,1-Diphenylpropene in scCO,.

stereochemical outcome of enantio- and diastereodifferentiating O O
processes in the excited stafdn particular, enantiodifferentiating _ ROH hv/Sens* /
photosensitization, as a method of efficient chirality transfer * in scCO, OR
alternative to the conventional thermal catalytic and enzymatic O f‘)ﬁ';f"é'f O
strategies, has attracted much attention and intéré$iot only 1 ¢ Rz iPr 2a-c
the enantiomeric excess (ee) but also the absolute configuration of Sens*: COOR' §

the photoproduct is critically affected, or even inverted, by entropy- R ’Q%(OX

related factors such as temperatufg¥pressure ®),% and solva- O o= 0

tion.” This enables us to obtain antipodal products by simply COOR' r

manipulating one of these factors, further controlling the ee of each 3

enantiomer by raising or lowering In both cases the entropy factor
plays the vital role in the enantiodifferentiating step occurring in
the exciplexé~7

Superecritical fluids (SCFs), particularly carbon dioxide (s¢izO
have been employed as environmentally benign replacements for

ettt o Emen (eramec Co. Ky, Rt fom 2 SD0W
y: ' ! ' ultrahigh-pressure Hg arc (Ushio USH-500SC) was collimated,

::z ir;téop;lfc 2222 o;:'eréva’migfsmaési;f Fﬁic:glé?ﬂtev;ietﬁt' aS'r:zree passed through a water layer and a UV-32 filter, and then focused

opportunity to control the reaction rate and selectiihrough the in front of the sapphire W”T‘dOW' The ho_mogen_eny of scl@ide

S : . : . . the vessel was checked visually. After irradiation, the pressure was
significant changes of solvent properties (viscosity, density, di- released at GC. and gas from the reaction vessel was gentl
electric constant, etc.) in narrow rangesPfnd T.10-12 Despite ' g gently

. . L bubbled into ice-cooled hexane to collect any volatile materials.
these attractive features, no asymmetric photoreaction in SCF ha . . ; .
been reported until very recently. In our recent study on the he residue in the vessel was extracted with hexane. Chiral GC
photoser?sitizeduenantiogifferentieﬁirﬂ;—E liJsomerizatioz c))/f cy analyses (ASTEC B-PH column operated at 1280 °C for 2a
. ) and2b or B-DM column operated at 12T for 2¢) of the extracts
clooctene performed in scGOwve demonstrated that the ee of the P )

; - . . gave moderate-to-excellent chemical yields and varying ee’s for
produced E)-isomer is highly pressure dependent in the subcritical adducts2a—c (see Supporting Information).

g?ol(r)(;‘i’nbu;rk:ec)ct?vr?oeussnt]rlzﬁ;ilﬁcs)rs\ iﬁpﬁﬂdant(;:‘/;htiZucﬁﬁ{ggr'gzlngg'On’ The pressure-dependence profiles of product ee are illustrated
hich 9 tentatively rationali dg ty  the diff td Y. for 2a—c in Figure 1, where the absolute value of the natural
which was tentatively rationalized in terms of e difierent degrees logarithm of the relative rate constant for the formation BJ-(

of CO; clustering in the exciplex intermediate. and -2, i.e., I(ke/ke)| or [IN[(100 + % ee)/(100— % ee)], is

¢ It;] thlls Stlljdy 0 et>_<pand tthe scopg Olf prlotolchl_rggtentehsw n SC'? plotted as a function d?, as the absolute configurations2if and
o bimolecular reaction systems and also to elucidate the origin of ,, .\ " 4 1o determined.

the dlscontlnyous pregsure dependence Of ee in gochose As shown in Figure 1, there is a clear correlation between the
the enantlodlfferentlatlng. polar pho.toaddltlon of alcohol to 1,1- bulkiness of the alcohol and the product ee, giving the best ee for
diphenylpropenel) §en_3|t|zed by ph!ral naphthalenecarboxyl_ates 2-propanol over thé® range employed. A much more intriguing
(3) (Scheme 1), which is mechanistically well understood, highly feature unique to this bimolecular enantiodifferentiating photo-

;ensmve 0 m|croen|V|ronm_entgéﬁggz?tyf, ﬁnd v]:/ell-suned for reaction is the sudden jump of ee at around the critical dendty (
uorescence spectral examination$> All of these features are  _ g 46a g cm? at 9.9 MPa and 45C), which is common to all

indispensable for elucidating the role of clustering in photochiro- the alcohols employed. A similar jump slightly abode was

genesis in SCF. observed in the enantiodifferentiating photoisomerization of cy-
- — clooctene in scC@ although further examinations in the subcritical
*ggilé?bjmgrgg region were not possible for solubility reasdfst is noted in the
§JST. present case that the pressure dependence of ee is continuous at

Photolyses of a mixture of substrate alcohol (R= Me, Et,
i-Pr), and sensitizeB (R* = 1,2:4,5-diO-isopropylidenea-p-
fructopyranosyl) dissolved in scG@vere run aP = 7.7—18 MPa
in a temperature-controlled (48C) pressure vessel (SUS-316)
equipped with sapphire windows for irradiation and spectral
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Reduced Density (d,) Table 1. Differential Activation Volumes (JAA Vfr—s|/cm® mol~?) for
Each Pressure Region upon Enantiodifferentiating Photoaddition of

150 1.'5 1,'6 Various Alcohols to 1 Sensitized by 3 in scCO;
|AAV*;_s|/lcm® mol~*
R 7.7-9 MPa 9-10 MPa 10-18 MPa

Me 60 (530) 22

Et 130 (260) 27
> s i-Pr 180 (800) 25
S -~
= [}
£ 2 .
= — AV¥) from the pressure dependence of ee by using & 1:

In(ke/ke) = —(AAV'_JRT)P + C (1)
0 1 i 1 1 I 1 0
8 10 12 14 16 18 As shown in Table 1, théAAV*r_g| values obtained for the
Pressure / MPa- supercritical, and particularly the subcritical regions, are much larger
Figure 1. Pressure dependence of the relative rate conskaf), or the than those (%2 cn® mol~?) obtained with the same photoreaction

l‘\)/lrg)d’”;th:ﬁbl'”(éh:eEet;"a;‘rt]'g‘gff;fg‘;ﬁgln(gé)?_O;r’)a%dit'g:ngifﬁg‘:éh;gﬁ(R in conventional solvents, indicating the more selective solvation
scCQ, at 45°C. to one of the diastereomeric exciplexes particularly in the subcritical
region. The tentativeAAV*r_g| values calculated from the slopes
1600 | ' ' ] arounddc are anomalously large, which may be attributed to the
(a) 9 MPa transition nature of the plot in this pressure range, or to the dynamic
i nature of this critical region, as demonstrated physicochemically
by the density fluctuatio®’

In this first bimolecular chiral photosensitization in scE@e
showed that the product ee is enhanced by increasing alcohol size
and pressure, thus affording a best ee of 43% for the photoaddition
of 2-propanol in scC® at 18 MPa. However, the pressure
dependence of ee is discontinuous at the critical density, ac-
companying a big jump caused most probably by enhanced
clustering of the alcohol. This unprecedented behavior, its scope,
and potential applications are targets of further spectroscopic,
mechanistic, and synthetic investigations.
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