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ABSTRACT
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Photoswitchable enantiopure sulfinyl azo compounds have been synthesized. A remarkable perturbation of the azo system by the stereogenic

sulfinyl moiety has been observed by CD in both the

trans and the cis azobenzenes resulting by photoisomerization. After five irradiation

cycles, the configurational integrity of these chiral switches remains unchanged.

The light-driven reversible isomerization betwaemsand

hosts has led to holographic recording and photooptic

cis forms of azobenzenes makes them excellent candidategproperties in patterned optical matrixes.

for new molecular device's? Current research of thig/Z

Photomodulation of chiroptical properties has been studied

isomerization has allowed design of new devices such ason systems bearing azo groups included on chiral macro-

photoresponsive crown ethérsjolecular shuttle$or smart
nanotube$8.Moreover, the introduction of azobenzene dyes

structures for biological recognitidhphotoregulation func-
tions? or photoresponsive polymet$.Chiral stereogenic

and liquid crystalline azobenzene materials into liquid crystal carbons are in these cases responsible for the changes
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crystals, or optical rotation. Photoinduced chirality was A < 250 nm were not altered, whereas the intensity of the
observed by irradiating an achiral azobenzene containingband centered at 350 nm clearly decreased: the photosta-
polymer with circularly polarized lightt Axially chiral tionary states (PSSs) were reached in 5 min (see Figure 1
azobenzenes, derived from binaphthyls, were reported to

behave as chiroptical switch&but simple analogues with _

central chirality have been barely exploréd?

b R

Despite the extensive use of sulfoxides in asymmetric syn- : MeO N, @
thesis!® there are no examples of their incorporation into wf ;i‘“\ p-TolOg [5{5”4: g
chiral molecular switches. Recently, we have reported a new ¥ .I‘?" ‘ii.‘-"%‘,_,_m I i R :\:::":-:&‘__Mun‘,“
Synthesis of azobenzenes bearingavariety of substituents ol Mol.CD g ‘.I"f ........... L ‘1:’_".-«\.
the aromatic fragments from quinone bisacetals and aryl hy- P '_L' === RN,
drazines* We now report on the synthesis and chiroptical —Psscis
properties of enantiopure sulfoxides with an azobenzene core 40 ' ' :
The preliminary studies reported herein illustrate a chiral per- ® i
turbation in both théransand thecis isomers from the sul- e \"'—‘m\__‘_n P
foxide to the azobenzene moiety, as a consequence of the "',‘,F B e e S Y YRPUSISS
extended conjugation. The influence of different substitution . M wavetengiom A
of the aromatic rings on the photoisomerization process is 50
evidenced. a0 |- R

The starting enantiopure [S)]-2-p-tolylsulfinyl-1,1,4,4- © 20

tetramethoxy-2,5-cyclohexadie2é® was readily available

from 2-bromo-1,4-dimethoxybenzene, following the sequence sl |

metalation-sulfinylatioff and anodic oxidation of the result- -20 w —[S(R)}-5

ing 2-p-tolylsulfinyl-1,4-dimethoxybenzene [S(S)]-1. Reac- ok — PSS cis

tion of arylhydrazine8a—f with the quinone bisacet&lin -50 ; ; ; : ; :

the presence of a catalytic amount of (BFCe(NOs)s] (CAN) @ TAE

regioselectively yielded [S]-3'-p-tolylsulfinylazobenzenes =~ as ‘\ o

trans-4a—fin good to excellent yields (Scheme 1). n£ S i :
200 3o 500 550
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Scheme 1. Synthesis of 3'-[S(S)]-p-Tolylsulfinyl Azobenzengs spectra of4a (1.16 mM THF): blue line is the original spectrum
OMe a) n-Bui, THF, 78 °C OMe of trans-4a, pink line is PSS at 365 nm (excess), green line is

then [S(S)}-p-TolSO,Menthyl PSS at 436 nm (exces®ns). (c) CD spectra di and (d) UV-vis
Br SOP-TO|

spectra of5: blue line is the original spectrum dfans-5, pink
62% line is PSS at 365 nm (excesis), green line is PSS at 436 nm

OMe OMe A (excesgrans).
1 r
|
MeO_ OMe NN
® ArNHNH, (3a-f) for the representative compourh). This latter spectral
KOH, MeOH sOpTol  CAN (3% mol) L change is a common feature of thansto-cisisomerization
o 0, vy . .
0°C. 89% Meo Olfe CHaON, 1 Onte by of azobenzene'$. The absorption spectrum of the dinitro

derivative 4f remained unchanged upon irradiation in dif-
ferent solvents (hexane, MeCN, EtOH, or Ch)Cindicating
that it undergoes a reduced photoreactiVity.
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Also in the CD spectra oda—ethe bands corresponding
to the sulfoxide ah < 250 nm remained unaltered upon
irradiation at 365 nm, showing a high configurational stability
of the sulfur stereogenic center. Significant changes were
instead observed in the region 36430 nm: while the
positive Cotton effect observed at 360 nm for tinens-
isomers reduces in intensity upon irradiation, a new positive
CD band at ca. 430 nm appears (see Figure 14dpiThese
spectral changes suggested thatBEh#isomerization of the
azo moiety has a notable influence on the overall geometry
and chirality of4a—e?° Upon irradiation at 436 nm, reverse

CD and UV—vis spectral changes occurred: the PSSs were

obtained in 5 min. The sequential irradiation was repeated
five times without alteration of the CD and UWis spectra
for the PSSs, confirming the configurational integrity of the
stereogenic center.

The photoisomerization of a related enantiopure azo
compound with the sulfoxide separated by a,Gtdm the
azo aromatic core [R)]-5°! (see Figure 1) presents a similar
UV—vis spectrum, with the expected decreasing absorption
band at 350 nm after irradiation, but in contrast no changes

Transto-cisisomerization was also observed % NMR
spectroscopy (Scheme 2). Analysis of theNMR of trans-

Scheme 2.1H NMR Analysis of the Photoisomerization dt
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was observed in the CD spectra after irradiation at 365 and
436 nm, indicating that the photoisomerization was not
influencing the chiroptical properties of this azo compound,

probably as a consequence of the increased distance betweew3

the azo core and the stereogenic unit (Figure 1c and d).
The isomeric compositiongig/transratio) of the photo-

stationary states were analyzed by HPLC for compotead

(Table 1) Irradiation oftrans-4a(10~* mM in 'PrOH) at

Table 1. Ratios oftrans/cislsomers of4a in Photostationary
States inPrOH

trans:cis

A =436
3:97

A =365
65:35

a Determined by HPLC analysis using commercially available Chiralpack
OD column with hexanes/isopropyl alcohol (80/20) as eluent at 0.6 mL
min~1, with an isosbestic point of 210 nm. The elution ordetrans-4a
(15.05 min),cis-4a(21.26 min).

365 nm provided a 97:3 mixture ofs/trans4a. Subsequent
irradiation atl = 436 nm resulted in a photostationary state
in which 65% of azo compound reisomerizedttans-4a.
Additionally, thermal baclcis-to-transisomerization o4a
had a half-life of ca. 1 week at room temperature.
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4creveals a notable deshielding for H1&.60 ppm). This
servation suggested a fixed 1,3-parallel disposition of the
sulfinylic oxygen with respect to the vicinal H2%,which
was confirmed by X-ray diffractiod? This conformation,
with the p-tolyl group far from both the OMe and H-1, must
be the most stable orté.

Upon irradiation (400-W Hg lamp) at 365 nm twans-4c¢
(0.01 M in CDCB), a 80:20 mixture otigtransisomers was
formed. The characteristic upfield shift of the aromatic
protons in thecis-azobenzene uAtt was observed after
isomerizatior?®*8 this is a consequence of the nonplanar
structure ofcis-azobenzenes due to the close proximity of
the aromatic rings. Thé values of some selected aromatic
hydrogens, before (@ny) and after §.s) irradiation, are
shown in Scheme 2. Icis-4c, H-1 is still the most deshielded
hydrogen (67.49 ppm), but the smalhd = 0.18 ppm
between H-Icis/H-2cis compared to the relatetld = 0.54
ppm in thetransisomer suggested the existence of a different
conformation of the sulfoxide in theis azo compound.
Moreover, the AAsystem of the tolyl group, which appeared
ato 7.61 intrans-4c, was shielded  7.19 ppm incis-4c.
Thesed values suggested a disposition of the aromatic
p-tolylsulfinyl group in the edge-face of the perfluorotolyl
substituent (conformatioA). In conformerB, situating the
sulfoxide outside this region, the most stable disposition
around the &S bond would place the sulfinylic oxygen 1,3-
parallel with H-1, and therefore the great shielding of H-1
and the AA tolyl group ofcis-4cwould not match with this
arrangement. According to these observations, the sulfoxide
is defining a rigid structure in bottrans- andcis-4c, which
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Soc., Chem. Commui968 1086-1087. (b) Cook, M. JKem. Kemiel 976
3, 16.

(23) Kahn, S. D.; Hehre, W. J. Am. Chem. S0d. 986,108, 7399—
7400.

(24) Chambers, S. M.; Hawthorn, I. $. Chem. Soc., Chem. Commun.
1994, 1631-1632.

2871



could be essential for future applications. Finally, irradiation chiral azobenzenes as dopants of nematics for the preparation
of the cis-rich PSS of4c at 436 nm led to a PSS with a  of liquid crystal chiral switches is under investigation.
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