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Effects of r-Extension on Pyrrole Hemithioindigo Photoswitches
Joshua E. Zweig, Tongil A. Ko, Junrou Huang, anadthy R. Newhouse*

Department of Chemistry, Yale University, 225 PexdStreet, New Haven, Connecticut
06520-8107, United States

Abstract: The most red-shifted hemithioindigo photoswitches/e been identified through

systematic introduction of aryl units to a pareptrple hemithioindigo photoswitch. Increasing
the size of the 5’-aryl substituent is ineffectateproducing further redshifted chromophores. A
second generation of 3’,5-diarylated photoswitchesich possess increased tunability is
reported. Experimental and computational evidemckcates the 4’ position is electronically
isolated from the bulk of the conjugated system.

1. Introduction: Visible-light activated small molecule photoswitsheomprise a class of
molecular machines that are the subject of a gleait of interest in fields such as drug delivery,
data storage, and photomechanical polymeésminal advances in this field were accordingly
recognized with the Nobel Prize in Chemistry in @1A particular subclass of these
compounds, E/Z-type photoswitches, are of particutigerest for controlling biological systems
due to the large geometric change conferred bylddutnd isomerizatiof Although the history

of hemithioindigo photoswitches, such Bsdates to the early 0century, they have recently
received considerable attention in the last fivargeoy Dub&and our groupin part due to their
longer wavelength absorption relative to the moedl explored azobenzenes. Our laboratory has
recently reported a new class of E/Z-type photagwais typified by structur@, which are
designed to possess a key intramolecular hydrogedibg interaction in only one of the two
isomeric states (Figure 1)As a result of this interaction, these pyrrole hbindigo (PHTI)
photoswitches can undergo quantitative photoisaagons using visible light for both
isomerization reactions.
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Figure 1. Generations of hemithioindigo and pyrrole hemiiidiigo photoswitches.



While the photoswitches we reported undergo qtative isomerization using blue light
for Z>E photoisomerization and red light for2 photoisomerization, it would be ideal to
induce both isomerizations using light in the inéih window for subsurface drug delivery
application® The amino-substituted photoswitches describedun previous report undergo
isomerization at longer wavelengths than their @xygubstituted analogs, however, they also
undergo photobleaching upon repeated irradiatitrerdfore, we decided not to test even more
electron rich substrates due to photobleachingexmsc Rather, we chose to explore the effects
of creating more conjugatedsystems as a strategy towards longer-wavelengitoptitches.

[o] NTN
blue light /i —
— _—— _
s
/ NH s
Z Ar
Cmpd Ar Amax PSS [light source]
24 2 491 nm (2) >99% E [460 nm]
& 550 nm (E) >97% Z [590 nm]

b P 482 nm (2) >99% E [460 nm]
537 nm (E) >99% Z [590 nm]

2¢ B2 495 nm (2) >99% E [460 nm]
OO 555 nm (E) >99% Z [590 nm]

2 474 nm (2) >99% E [490 nm]
O O 525 nm (E) 99% Z [590 nm]
3 507 nm (2) 88% E [460 nm]
2e
556 nm (E) >99% Z [590 nm]
Y
6 493 nm (2) >99% E [460 nm]

2f OQO 552 nm (E) 97% Z [590 nm]

B2
; O 495 nm (2) 96% E [460 nm]
9 O 556 nm (E) >99% Z [590 nm|

498 nm (2) 98% E [460 nm]
558 nm (E) >99% Z [590 nm]

2. Results and Discussion

Figure 2. A library n-extended pyrrole hemithioindigo photoswitchéss.f values in CHCI,,
photostationary states determined by HPLRef. 4.)

Upon reinvestigation of our previously describedthgsis of arylpyrrole HTI3,it was
found that the condensation of appropriate pyr®t&arboxaldehydes with benzothiophen-3-one
was adequately catalyzed by piperidine, rather tigng stoichiometric DBU. This eliminated
the need for removal of the DBU-water adduct araVigied improved yields and purity (Figure
2). For example, whil@a was previously obtained in 44% using DBU as babeh were each
obtained in yields not lower than 76%. If was fouhdt replacement of the 5’-phenyl gro@a)
with a 5’-(1-naphthyl) moiety2b) provided a photoswitch with shorter wavelengtlsaption



maxima’? The 2-naphthyl isome2c, proved superior, affording longer absorption meithan

2a or 2b. Anthracenyl derivative2d and2e were prepared, and a similar trend was observed,
with the longer end-to-end 2-anthracenyl PHElabsorbing at longer wavelength than the 9-
anthracenybnalog2d (Z: 474 nm-> 507 nm;E: 525 nm—-> 556 nm). This came at the cost of a
reduced bathochromic shift and poor photostatiostate selectivity. Further extension of ttie
system with a pendant 1-pyrenyl moiegf)(provided only a minimal redshift compared to the
5-phenyl PHTI. Considering the drawbacks of suctypyclic arenes, namely poor solubility
and step-intensive routes for tuning polycyclicraatic hydrocarbons via substituent effects, we
decided against further exploration of these avemfig-extension.

At this point instead of employing larger fusesraatics, we turned our attention to
exploring biphenyl type moieties. In our previoeport, we had previously observed that the
introduction of an aromatic group at the 5’-positioot only resulted in a redshift, but also an
augmented bathochromic shift relative to a phottdwwithout substitution on the pyrrole. It
had been hypothesized that this increased bathmotirshift was the result of the increased
change in geometry of the longeisystem. Therefore2g was synthesized to see if this effect
would manifest itself further. Howeve2g was found to possess a redshift of only 4-6 nm of
either isomer was observed relative to the 5’-ph&TI (2a). Introduction of an alkynyl linker
(2h) led to a further small redshift, potentially dieediminished out-of-plane distortion of the
two arenes. Unfortunately, these substantial isggan end-to-end distance change upon
isomerization did not translate to a substantiatease in the bathochromic shift of the two
isomers. Although some redshifting was observed litese compounds, the solubility and
synthetic challenges associated with the fusedearare still present, albeit to a somewhat lesser
degree.
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Figure 3.4’,5'-bisarylated pyrrole hemithioindigo photoswits.

Therefore, we hypothesized that instead of extenthe 5’-substituent, installation of an
additional arene moiety on the pyrrole could indtloe desired redshift. Synthesis of the 4,5-
diaryl photoswitches4a-b was accomplished by double Suzuki-Miyaura couplofg4,5-
dibromopyrrole-2-carboxaldehyde and then aldol emsdtion with benzothiophen-3-one.
Diphenyl photoswitch4a (Figure 3), however, showed no discernible redsigftover its
monoarylated congen&a. Installation of electron-donating methoxy sulsiits at thepara
position of both arenes also proved inferior tosmgle 5'p-methoxy photoswitch.
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Figure 4. 3',5-bisarylated pyrrole hemithioindigo photoswits. fmax Values in CHCI,
photostationary states determined'ByNMR in CD,Cl,.)

Steric distortion between the 4’,5-diaryl groupayread to these poor properties, thus, a
library of 3',5-diaryl photoswitches was synthesiz The precursor diarylpyrrole-2-
carboxaldehydes are conveniently synthesized froohadcone starting material, enabling the
synthesis of differentially substituted diarylpylgo photoswitches with complete
regioselectivity? Fortuitously, as shown in Figure 4, it was fouhdttintroduction of a 3’-aryl
group Ba) provided a 10 nm redshift when compare@adZ: 491 nm-> 501 nm;E: 550 nm->
560 nm). In addition to this redshift, introductiah a methoxy group to the 3’-aren8bj
substituent provides a 4 nm redshift, roughly laslfarge of the 10 nm shift induced by addition
of a methoxy group to the 5-aren8c). Remarkably, these substituent effects appedreto
additive, with bisp-methoxy photoswitctBd displaying a redshift of approximately 15 nm
relative to the unsubstitute®a. Like the previously disclosed first-generation-abyl
photoswitches, these compounds undergo highly teedeghotoisomerization in both directions
using visible light. These photoswitches are alsasierably more soluble in organic solvents.
This increase in solubility is sufficient for comient observation and quantitation of the
photoisomerization vidH NMR (Figure 5).
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Figure 5. NMR isomerization of 3b.Top to bottom: Prior to irradiation; after irrad@t with
460 nm light; after irradiation again with 590 nighit (in CD,Cl,).

As described above, our initial hypothesis was thdtof-plane distortions between the
pendant aryl groups ida and4b lead to diminished conjugation such that two ntanar aryl
groups provided similar redshifting to a single, ren@o-planart-extension. Separating these
groups as in the seri@&a-d allowed their effects to be additive. However, whaonoarylated
photoswitches5 and 6 were synthesized (by condensation of the appr@prigyrrole
carboxaldehydes with benbjthiophen-3(2)-one), we were surprised to observe that even in
the absence of an out-of-plane distortion, 4’-phemyitch 5 was markedly less redshifted than
its 5’-phenyl isomeRa (Figure 6). Photoswitch was slightly redshifted relative & although
still substantially blueshifted relative #a.
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Figure 6. Monoarylated pyrrole hemithioindigos. (Amax vValues in CHCI,.)

After these observations were made, we turned K@ Balculations to understand the
physical basis of these disparate electronic efféettween the arylpyrrole hemithioindigos



analog8. Structures for photoswitchds 6, 2a, 4a, and3a, were optimized at the B3LYP/6-
31G* level of theory. While the out-of-plane didtons in4a were apparent, another striking
trend was observed. Regardless of the presendb@f arenes, the coefficients of the LUMO on
the 4’ aryl groups were minimal. This indicatestte&ectronic insulation of the 4’ position is
responsible for the poor performance of photosweschossessing aryl groups at this position.
The extent of the LUMO on 3’ phenyl groups was diished but non-zero, in line with the
reduced redshifts observed by introduction of etectionating substituents at this positiGi,(
3d). These results suggest that the minimal redsfiftf 4’ aryl pyrrole HTIS is primarily a
consequence of electronics, rather than steriobptane distortions.
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Figure 7. Molecular orbitals of arylated pyrrole hemithioindi gos.Left: Molecular orbitals of
pyrrole HTI photoswitches. Calculations at the BHR/B-31G* level of theory.Right:

ExperimentalUV/Vis spectra (CHCI,, 0.01 mg/mL) Solid lines = Z-isomers, dashed lires-

isomers.



3. Conclusion

In conclusion, we have mapped the effectsta@xtension on the pyrrole moiety of
pyrrole hemithioindigos. Previously reported 5dated pyrrole hemithioindigos are a uniquely
selective class of visible-light photoswitches. §ithtion of the pyrrole unit with an aryl group
leads to increasing conjugation in the followingder 4 < 3' < 5. Experimental and
computational evidence suggests the 4’ positiormastly electronically isolated from the
system. Combining 3’-and 5’-aryl substitution résuh a system with improved solubility that
maintains the high selectivity of the first genematwhile providing more opportunities for
tuning and derivatization. Importantly, the compiataal results described herein demonstrate
that this system is amenable to redshift predistinssed on DFT calculations.

4. Experimental
4.1 General Experimental Procedure

All reactions were carried out under an inert j&no atmosphere with dry solvents under
anhydrous conditions unless otherwise stated. @dttions were capped with a rubber septum,
or Teflon-coated silicon microwave cap unless otlws stated. Stainless steel cannula or
syringe were used to transfer solvent, and air-rangsture sensitive liquid reagents. Reactions
were monitored by thin-layer chromatography (TL@Y aarried out on 0.25 mm Merck silica
gel plates (60F-254) using UV light as the visualizagent and potassium permanganate, an
acidic solution of p-anisaldehyde, a solution o#i-@initrophenylhydrazine, or vanillin as
developing agents. Flash column chromatography @yeg! SiliaFlasfi P60 (40-60 pm, 230-
400 mesh) silica gel purchased from SiliCycle Inc.

4.2 Materials

All reaction solvents were purified using a Seclvesat purification system by Glass
Contour, except fon-butanol. Anhydrous n-butanol was purchased frogmaAldrich and
degassed by bubbling,Nhrough the solvent while sonicating for 30 misut®d(OAc) was
purchased from Strem Chemical Inc. XPhos (CAS: B8448-7) was purchased from Oakwood
Chemical. All other reagents were used as recemttbut further purification, unless otherwise
stated.

4.3 Instrumentation

All new compounds were characterized by meansHsRMR, *C-NMR, FTIR (thin
film), and HR-MS. Copies of théH- and**C-NMR spectra can be found at the end of each
experimental procedure. NMR spectra were recordsthgua Varian 400 MHz NMR
spectrometer, Varian 500 MHz NMR spectrometer, &fadgan 600 MHz NMR spectrometer.
All *H-NMR data are reported thunits, parts per million (ppm), and were calibdatelative to
the signals for residual dichloromethane in,CD (5.32 ppm), residual chloroform (7.26 ppm)
in deuterochloroform (CD@), or residual DMSO (2.50 ppm) in DMSQ-dAll *C-NMR data
are reported in ppm relative to @Cl, (54.0 ppm), CDGI(77.16 ppm), or DMSO+#{39.52) and
were obtained with'H decoupling unless otherwise stated. The followatipreviations or
combinations thereof were used to explain the plidtties: s = singlet, d = doublet, t = triplet, g
= quartet, br = broad, m = multiplet, and a = apparAll IR spectra were taken on an FT-
IR/Raman Thermo Nicolet 6700. High resolution mapsctra (HR-MS) were recorded on a



Bruker microTOF mass spectrometer using ESI-TO&c(ebspray ionization-time of flight). All
UV/Vis spectra were taken on a Cary 3E Spectropheter using quartz cuvettes purchased
from Starna Cells (P/N: 29-Q-10) and spectromeadritiPLC grade solvents. Photoirradiation
was carried out with LEDs purchased from Mouserctmics (405, 460, 523, 567, 590, 623,
660, and 740 nm) or Roithner-LaserTechnik GmbH (4290, 505, 690, and 720 nm). For
photostationary state determination, samples weagliated in borosilicate glass HPLC vials
purchased from Thermo Scientific (C4000-1). Foit pambers of individual LEDs and detailed
description of the irradiation setup, see the agmamging Supplementary InformatioRlPLC
guantitation of photostationary state compositicaswperformed using an Agilent 1260 HPLC
with a Chiralpak IA column ((250 x 4.6mm, 5uM peli size).

4.4 General Procedures
4.4.1 General Procedure for Suzuki coupling withdsaryl bromides

To a flame-dried 5 mL microwave vial flask equippsdh a magnetic stir bar was added N-
Boc-pyrrole-2-boronic acid (316 mg, 1.5 mmol, 1duie), Pd(OAc) (4.5mg, 0.02 mmol, 0.02
equiv), XPhos (19.0 mg, 0.04 mmol, 0.04 equivjP®&, (424 g, 2.0 mmol, 2.0 equiv), and aryl
bromide (1.0 mmol, 1.0 equiv). The flask was evéetdiaand backfilled with nitrogen three
times, and then the gas line adapter was quickllaced with a rubber septum and a balloon of
nitrogen. To the flask was added degassed (by atoimc for 30 minutes with Nsparging),
anhydrousn-butanol [2 mL (0.5 M in ArBr)]. The heterogeneawsaction mixture was stirred
vigorously for 2 hours and then poured into ethgdtate (~20 mL). This mixture was filtered
through a pad of silica and concentrated undercediypressure by rotary evaporation. This
product was used without further purification.

To the flask containing the crude product of theder Suzuki coupling product was added an
oven-dried magnetic stir bar. The flask was evamiaind backfilled with nitrogen three times,
and then the gas line adapter was quickly replag#d a rubber septum and a balloon of
nitrogen. To the flask was added anhydrous THFn(L) and then NaOMe (5 wt. % in MeOH,;
342 uL, 1.5 mmol, 1.5 equiv). The reaction mixtwas stirred until no more starting material
was observed by TLC (30 — 60 minutes). The reactias quenched by the addition of sat. aqg.
NH4CI (10 mL). The organic layer was separated, arcatfueous layer was extracted withCEt
(3 x 10 mL). The combined organic layers were thexshed water (1 x 10 mL), brine (1 x 10
mL) and dried over anhydrous &0, . The combined organic layers were tltered and
concentrated under reduced pressure by rotary eatpo This product was used without
further purification.

The crude product from the deprotection was drigd4eotropic distillation with benzene under
reduced pressure by rotary evaporation three tiiftas. flask was then evacuated and backfilled
with nitrogen, and then the gas line adapter waskbureplaced with a rubber septum and a
balloon of nitrogen. To this flask was added anbwdr CHCI, (3 mL) and the flask was
sonicated to dissolve the solid.

To a flame-dried 25mL round bottomed flask equippéth a magnetic stir bar was added
anhydrous CbLCl, (1 mL), POC} (98 uL, 1.05 mmol, 1.05 equiv), and anhydrous D&uL,
1.2 mmol, 1.2 equiv). After stirring for 5 minutefe solution of 2-arylpyrrole in Gi€l, was



transferred by syringe to this flask. Upon additadinthe arylpyrrole, the solution immediately
became brightly colored (color depending on subsira

After stirring for 8-16 hours, the reaction was centrated first under a stream of &hd then
under reduced pressure. When no solvent remainedlaisk was backfilled with Nand then the
gas line adapter was quickly replaced with a rulssgtum and a balloon of nitrogen. To this
flask was added THF (2 mL) and 3M NaOH (aq) (2 mhis biphasic mixture was stirred
vigorously for 30—60 minutes. To the flask was atltigO (5 mL) and EO (5 mL). The organic
layer was separated, and the aqueous layer waceedrwith E{O (3 x 10 mL). The combined
organic layers were washed with water (1 x 20 mhd arine (1 x 20 mL). The combined
organic layers were then dried over anhydrousSi filtered and concentrated under reduced
pressure by rotary evaporation. Purification byslilacolumn chromatography on silica gel
afforded the corresponding aldehydes.

4.4.2 General Procedure for Suzuki coupling witfuid aryl bromides

To a flame-dried 5 mL microwave vial equipped wathmagnetic stir bar was added N-
Boc-pyrrole-2-boronic acid (316 mg, 1.5 mmol, 1duie), Pd(OAc) (4.5mg, 0.02 mmol, 0.02
equiv), XPhos (19.0 mg, 0.04 mmol, 0.04 equiv), ERRO, (424 g, 2.0 mmol, 2.0 equiv),. The
flask was evacuated and backfilled with nitrogere¢htimes, and then the gas line adapter was
quickly replaced with a rubber septum and a balledmitrogen. To the flask was added
degassed (by sonication for 30 minutes withsparging), anhydroug-butanol [2 mL (0.5 M in
ArBr)] and aryl bromide (1.0 mmol, 1.0 equiv). Theterogeneous reaction mixture was stirred
vigorously for 2 hours at room temperature and tpeared into ethyl acetate (~20 mL). This
mixture was filtered through a pad of silica ansh@@ntrated under reduced pressure by rotary
evaporation. This product was used without furtparification as described in the general
procedure above.

4.4.3 General Procedure for synthesis of ArylPyeréliTI photoswitiches

To a 5 mL flame-dried microwave flask was addedzbsjthiophen-3(2)-one (0.24
mmol, 0.12 equiv) and 5-aryl-2-formylpyrrole (0.2muol, 0.1 equiv). The flask was capped with
an aluminum—-PTFE crimp cap, sealed, and evacuat@dackfilled with nitrogen three times.
To the flask was then added anhydrous toluene (2001iLM in aldehyde) and piperidine (10 pL,
0.1 mmol, 0.5 equiv). The flask was transferred fire-warmed oil bath set to 111 °C and stirred
for two hours. After two hours the flask was remibveom the oil bath and cooled to room
temperature and then to 0 °C in a water-ice bathth& flask was added hexanes (5 mL) and the
flask was allowed to sit for an addition 10-30 nmi&su The mixture was the filtered, and the
precipitate was then triturated with hexanes tal uhe filtrate ran clear to provide the pure
product as a red, blue, or purple solid dependmthe substrate.

4.5 Precursor Synthesis

Benzo[b]thiophen-3(2H)-one, 4,5-bis(4-methoxyphgmpyirrole-2-carboxalehyde, and 4-
phenyl-pyrrole-2-carboxaldehyde, and 3-phenyl-pgrdcarboxaldehyde were synthesized
according to published procedures.

4.5.1 5-(naphthalen-1-yl)-1H-pyrrole-2-carbaldehy@-1):



Prepared according to general procedure. Purifindby flash column chromatography
on silica gel (hexanes/E2 = 100:0 to 80:20) afforded the title compound81bg, 71%) as a
pink solid.Rf: 0.32 (hexanes:ED = 1:1)*H NMR (600 MHz, CDC}): § 9.59 (s, 1H), 9.44 (br s,
1H), 8.20 — 8.15 (m, 1H), 7.95 — 7.89 (m, 2H), 7-6@.49 (m, 4H), 7.13 (dd, = 3.9, 2.5 Hz,
1H), 6.64 (dd) = 3.9, 2.5 Hz, 1H)**C NMR (151 MHz, CDC}): 6 179.1, 138.9, 134.1, 133.3,
131.2, 129.5, 129.5, 128.8, 127.2, 127.1, 126.5,5/2125.2, 121.9, 112.8R (cm™): 3273,
1658, 1628, 1510, 1491, 1423, 1388, 1267, 1228 18H0, 786, 771, 691, 56ESI-MS (m/z):
[M+H] " calc'd for GsH1,NO™: 222.1; found: 222.1

4.5.25-(naphthalen-2-yl)-1H-pyrrole-2-carbaldehy(®8l-2):

Prepared according to general procedure. Purifindby flash column chromatography
on silica gel (hexanes/E2 = 100:0 to 80:20) afforded the title compoundl(20g, 91%) as a
lavender solidRf: 0.30 (hexanes:ED = 1:1)'H NMR (600 MHz, CDCH): & 9.69 (br s, 1H),
9.56 (s, 1H), 8.07 (s, 1H9,7.91 (d,J = 8.5 Hz, 1H), 7.88 (d] = 7.9 Hz, 1H), 7.85 (d] = 7.2
Hz, 1H), 7.72 (ddJ = 8.6, 1.8 Hz, 1H), 7.55-7.49 (m, 2H), 7.07 (dd; 4.0, 2.4 Hz, 1H), 6.77
(dd, J = 3.9, 2.6 Hz, 1H)™*C NMR (151 MHz, CDC}): 5 178.9, 139.9, 133.6, 133.3, 129.2,
129.2, 128.3, 128.0, 127.9, 127.1, 126.8, 124.8.212122.7, 109.6IR (cm™): 3280, 1645,
1488, 1425, 1288, 1261, 1049, 1006, 787, 766, 4¥8, ESI-MS (m/z): [M+H]" calc’d for
CisH1NO': 222.1; found: 222.1

4.5.35-(anthracen-9-yl)-1H-pyrrole-2-carbaldehy®l-3):

Prepared on 2.0 mmol scale according to generakproe. Purification by flash column
chromatography on silica gel (hexanegllEt 100:0 to 90:10) afforded the title compoundl(32
mg, 59%) as a yewllow soli®Rf: 0.50 (hexanes:ED = 1:1)'"H NMR (600 MHz, CDC}): § 9.66
(s, 1H), 9.37 (br s, 1H), 8.56 (s, 1H), 8.05Jd&; 8.3 Hz, 2H), 7.80 (d] = 8.8 Hz, 2H), 7.51 —
7.47 (m, 2H), 7.47 —7.43 (m, 2H), 7.26 — 7.24 (i),16.62 (ddJ = 3.8, 2.5 Hz, 1H)}*C NMR
(151 MHz, CDC}): 6 179.1, 136.4, 133.4, 131.4, 131.3, 128.9, 1288,8], 125.9, 125.8, 125.6,
121.6, 114.8IR (cm™): 3250, 1634, 1498, 1411, 1329, 1309, 1282, 12403,19a8, 789, 762,
730, 621 ESI-MS (m/z): [M+H]" calc’d for GoH14sNO™: 272.1; found: 272.1

4.5.4 5-(anthracen-2-yl)H-pyrrole-2-carbaldehydes(-4):

Prepared according to general procedure. Puiiicdty flash column chromatography
on silica gel (hexanes/E2 = 100:0 to 80:20) afforded the title compoundl(1fg, 37%) as a
yellow solid.Rf: 0.27 (hexanes:ED = 1:1)'H NMR (600 MHz, CDC}): § 9.66 (br s, 1H), 9.57
(s, 1H), 8.44 (dJ = 19.6 Hz, 2H), 8.22 (s, 1H), 8.07 @z 8.8 Hz, 1H), 8.04 — 7.98 (m, 2H),
7.69 (d,J =8.9, 1H), 7.50 (td) = 6.3, 5.7, 3.0 Hz, 2H), 7.09 (ddl= 4.0, 2.4 Hz, 1H), 6.82 (ai,
= 3.2 Hz, 1H)*C NMR (151 MHz, CDC}): 5 178.8, 139.7, 133.5, 132.3, 132.2, 131.3, 131.0,
129.4, 128.2, 128.2, 127.2, 126.8 126.4, 125.9,91283.9, 122.7, 122.7, 109.&R (cm™):
3269, 1644, 1628, 1502, 1474, 1425, 11259, 121421896, 810, 775, 750, 47&SI-MS
(m/z) [M+H]" calc’'d for GgH14NO™: 272.1; found: 272.1

4.5.5 5-(pyren-1-yl)-H-pyrrole-2-carbaldehydes(-5):

Prepared according to general procedure. Puiiicdiy flash column chromatography
on silica gel (hexanes/f2 = 100:0 to 0:100) afforded the title compound&(1bg, 52%) as a
green solidRf: 0.27 (hexanes:ED = 1:1)'H NMR (600 MHz, CDC}): § 9.64 (s, 1H), 9.62 (br



s, 1 H), 8.45 (dJ = 9.3 Hz, 1H), 8.23 (atl = 7.9 Hz, 3H), 8.16 — 8.12 (m, 2H), 8.11 — 8.03 (m
3H), 7.20 (ddJ = 3.8, 2.5 Hz, 1H), 6.79 (dd,= 3.8, 2.5 Hz, 1H)?3C NMR (151 MHz, CDC}):
6179.1, 139.5, 133.7, 131.8, 131.6, 131.0, 12&8,9, 128.5, 127.4, 126.8, 126.6, 126.5, 126.0,
125.62, 125.3, 125.1, 124.8, 124.3, 122.2, 1]]Bl’:{cm‘1): 3285, 2805, 1651, 1481, 1418, 1251,
1223, 1045, 1044, 1005, 847, 773, 712, SH3I-MS (m/z) [M+H]" calc’d for GiH1sNO™:
296.1; found: 296.1

4.5.6 5-([1,1"-biphenyl]-4-yl)-H-pyrrole-2-carbaldehydes(-6):

Prepared according to general procedure. Puiihicdiy flash column chromatography

on silica gel (hexanes/E2 = 100:0 to 80:20) afforded the title compound3(1bg, 62%) as a
grey solid.Rf: 0.24 (hexanes:ED = 1:1)'H NMR (600 MHz, CDC4):  9.53 (s, 1H)5 9.53 (br
s, 1H), 7.68 (s, 4H), 7.65 — 7.60 (m, 2H), 7.40&,7.7 Hz, 2H), 7.38 (td] = 7.3, 1.2 Hz, 1H),
7.05 (dd,J = 4.0, 2.4 Hz, 1H), 6.69 (dd,= 4.0, 2.6 Hz, 1H)"*C NMR (151 MHz, CDC}): &
178.7,141.4, 140.1, 139.3, 133.3, 129.4, 128.9,8,227.7, 126.9, 125.5, 122.5, 109R..(cm’

1: 3279, 1644, 1549, 1464, 1389, 1310, 1282, 12083, 1067, 835, 782, 759, 729, 76&I-
MS (m/z) [M+H]" calc’d for G7H14,NO™: 248.1; found: 248.1

4.5.7 5-(4-(phenylethynyl)phenylHtpyrrole-2-carbaldehydes(-7):

Prepared according to general procedure. Puiiicdiy flash column chromatography
on silica gel (hexanes/fE2 = 100:0 to 80:20) afforded the title compoundy18g, 50%) as a
grey solid.Rf: 0.30 (hexanes:ED = 1:1)'H NMR (600 MHz, CDC}): § 9.60 (br s, 1H), 9.53 (s,
1H), 7.59 (s, 4H), 7.56 — 7.52 (m, 2H), 7.38 — 7134 3H), 7.03 (ddJ = 4.0, 2.4 Hz, 1H), 6.68
(dd, J = 3.9, 2.6 Hz, 1H)™*C NMR (151 MHz, CDC}): 5 179.0, 139.0, 133.6, 132.5, 131.8,
130.3, 128.7, 128.6, 126.0, 125.1, 123.6, 123.2,612109.6, 91.3, 89.0R (cm’): 3172, 1639,
1489, 1426, 1286, 1261, 1225, 1070, 1052, 10280,1@83, 766, 689, 54ESI-MS (m/z)
[M+H] " calc’d for GgH14NO™: 272.1; found: 272.1

4.5.8 4,5-diphenyl-di-pyrrole-2-carbaldehydes(-8):

To a flame-dried 20 mL microwave vial equipped watimagnetic stir bar was added N-
4,5-dibromopyrrole-2-carboxaldehyde (121 mg, 0.48ah) 1.0 equiv), phenylboronic acid (292
mg, 2.4 mmol, 5.0 equiv), Pd(P§h(56 mg, 0.048 mmol, 0.10 equiv), and,8&; (305 mg,
2.88 mmol, 6.0 equiv). The flask was evacuated laackfilled with nitrogen three times, and
sealed with an aluminum crimp cap. To the flask wdded water (4.2 mL) and dioxane (4.2
mL, final concentration ~0.6M in pyrrole). The réan apparatus was then transferred into a
pre-heated oil bath and stirred at 80°C for tworhoAfter two hours the reaction was cooled to
room temperature, poured into,® (20 mL), and extracted with EtOAc (3 x 20 mL).eTh
combined organic layers were washed with brinen(&(, dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressuretary evaporation to provide a crude brown
solid. Purification by flash column chromatography silica gel (EfO/hexanes = 0/10 to 2/8)
affordedSI-8 (107.2 mg, 73%) as a tan solRf: 0.37 (hexanes:ED = 1:1)'H NMR (600 MHz,
DMSO-de): 6 12.44 (br s, 1H), 9.56 (s, 1H), 7.42 — 7.38 (m),ZH38 — 7.33 (m, 3H), 7.32 —
7.28 (m, 2H), 7.25 — 7.21 (m, 3H), 7.19 @d= 2.1 Hz, 1H)."*C NMR (151 MHz, CDC}): 5
179.6, 136.6, 135.6, 133.0, 131.6, 129.0, 128.8,872 128.8, 128.7, 128.6, 126.8, 124RK.
(cm): 3252, 3225, 1634, 1608, 1508, 1457, 1381, 12480, 1032, 805, 745, S5HSI-MS
(m/z) [M+H] " calc’'d for GgH1gNOs™: 308.1; found: 308.1



4.5.9 3,5-diphenyl-Hi-pyrrole-2-carbaldehydes(-9):

To a flame-dried 5 mL microwave vial equipped wi&hmagnetic stir bar was added
anhydrous ChbCl, (1 mL), POC} (98 uL, 1.05 mmol, 1.05 equiv), and anhydrous DMFu(92
1.2 mmol, 1.2 equiv). After stirring for 5 minutessolution of 2,4-diphenylpyrrole (219 mg, 1.0
mmol 1.0 equiv) in ChKCI, (3 mL) was transferred by syringe to this flasktef stirring for 16
hours, the reaction was concentrated first undstream of nitrogen and then under reduced
pressure. When no solvent remained, the flask \wakfiled with nitrogen and then the gas line
adapter was quickly replaced with a rubber septathaballoon of nitrogen. To this flask was
added THF (2 mL) and 3M NaOH (aq) (2 ml). This l@pic mixture was stirred vigorously for
30-60 minutes. To the flask was addegDH5 mL) and BIO (5 mL). The organic layer was
separated, and the aqueous layer was extractedBty®h(3 x 50 mL). The combined organic
layers were washed with water (1 x 100 mL) andéih x 100 mL). The combined organic
layers were then dried over anhydrous®@;, filtered and concentrated under reduced pressure
by rotary evaporation. Purification by flash colueimomatography on silica gel (hexanegZEt
= 100:0 to 70:30) afforded the title compound (1138, 53%) as a pink solidkf: 0.39
(hexanes:EO = 1:1)*H NMR (600 MHz, CDC}): & 9.65 (s, 1H), 9.49 (br s, 1H), 7.65 (s
8.4 Hz, 2H), 7.55 (d) = 8.2 Hz, 2H), 7.47 (atl = 7.6 Hz, 4H), 7.43 — 7.35 (m, 2H), 6.74 (dd,
= 2.9, 1.2 Hz, 1H)**C NMR (151 MHz, CDC})): & 179.3, 138.7, 138.1, 133.4, 130.4, 129.2,
129.2, 129.1, 128.8, 128.8, 123.0, 125.2, 10R0cm™): 3282, 1640, 1467, 1449, 1260, 1078,
1008, 813, 758, 699, 685, 667, 485I-MS (m/z) [M+H]" calc’d for G/H14,NO™: 248.1; found:
248.1

4.5.10 3-(4-methoxyphenyl)-5-phenyHipyrrole-2-carbaldehydes(-10):

Aldehyde SI-10 was prepared from 2.0 mmol 3-(4-methoxyphenyl)jtforl-
phenylbutan-1-one according to O’Shea’s proced(rewithout purification, this crude
diarrylpyrrole was then formylated as per the pduce for compound$i-1-SI-7. Purification
by flash column chromatography on silica gel (hes#BtO = 100:0 to 70:30) afforded the title
compound (164 mg, 29.5% over three steps) as agulitt. Rf: 0.25 (hexanes:Et20 = 1:1)l
NMR (600 MHz, CDC}): 6 9.62 (d,J = 1.1 Hz, 1H), 9.39 (s, 1H), 7.63 @= 7.9 Hz, 2H), 7.52
—7.43 (m, 4H), 7.43 — 7.34 (m, 1H), 7.04 — 6.92 2#), 6.69 (dd,) = 2.8, 1.1 Hz, 1H), 3.87 (s,
3H). °C NMR (151 MHz, CDC}): § 179.2, 159.6, 138.7, 138.0, 130.4, 130.2, 1299,0P,
128.8, 125.9, 125.2, 114.3, 108.8, 53R.(cm™): 3296, 3276, 1634, 1610, 1467, 1452, 1292,
1251, 1177, 1034, 805, 764, 6&5I-MS (m/z) [M+H]" calc’'d for GgH1NO,": 278.1; found:
278.1

4.5.11 5-(4-methoxyphenyl)-3-phenyHipyrrole-2-carbaldehydes(-11):

Aldehyde SI-11 was prepared from 1.0 mmol 1-(4-methoxyphenyljitfor3-
phenylbutan-1-one according to O'Shea’s proceddreWithout purification, this crude
diarrylpyrrole was then formylated as per the pdace for compoun®l-1-SI-7. Purification by
flash column chromatography on silica gel (hexa®#8&/ = 100:0 to 70:30) afforded the title
compound (68 mg, 24.5% over three steps) as a gutil. Rf: 0.25 (hexanes:ED = 1:1)'H
NMR (600 MHz, CDC}): 6 9.61 (s, 1H), 9.43 (br s, 1H), 7.65 — 7.57 (m, ,ZH}5 (ddJ = 6.9,
1.5 Hz, 2H), 7.46 (td) = 7.4, 1.3 Hz, 2H), 7.43 — 7.34 (m, 1H), 7.06 886(m, 2H), 6.64 (dd]
= 2.8, 1.2 Hz, 1H), 3.87 (dl = 1.2 Hz, 3H)."*C NMR (151 MHz, CDC}): & 179.1, 160.4,
139.1, 138.5, 133.7, 129.2, 129.0, 128.9, 128.6,8,223.2, 114.8, 114.8, 108.4, 53m@.(cm



1): 3274, 1623, 1601, 1472, 1436, 1381, 1267, 12489, 1030, 836, 762, 69BSI-MS (m/z)
[M+H] " calc’d for GgH16NO,": 278.1; found: 278.1

4.5.12 3,5-bis(4-methoxyphenylHipyrrole-2-carbaldehydes(-12):

Aldehyde SI-12 was prepared from 2.0 mmol 3-(4-methoxyphenyl)tdorl-
phenylbutan-1-one according to O'Shea’s proce8tirdvithout purification, this crude
diarrylpyrrole was then formylated as per the pduce for compoun®l-1-SI-7.Purification by
flash column chromatography on silica gel (hexd&€) = 100:0 to 50:50) afforded the title
compound (269.6 mg, 17% over four steps) as a ewplid. *Note: In a variation from the
reported procdure procediteéhe Paal-Knorr cyclization step was conducted GiC5for 30
minutes to minimize degradation, and themmediatelyformylated.Rf: 0.11 (hexanes:ED =
1:1)*H NMR (600 MHz, CDC}): 6 9.58 (s, 1H), 9.35 (s, 1H), 7.57 @z 8.7 Hz, 2H), 7.47 (d,
J = 8.6 Hz, 2H), 7.07 — 6.94 (m, 4H), 6.59 (&= 2.8 Hz, 1H), 3.87 (s, 3H), 3.86 (s, 3HiC
NMR (151 MHz, CDC}): 6 179.0, 160.3, 159.8, 139.1, 138.4, 130.3, 12&8,8, 126.2, 123.3,
114.8, 114.4, 108.2, 55.57, 55.38. (cm®): 3252, 3225, 1634, 1608, 1508, 1457, 1381, 1249,
1180, 1032, 805, 745, 52BSI-MS (m/z) [M+H]" calc’d for GgH1gNO3"™: 308.1; found: 308.1

4.6 Product Characterization
4.6.1 Photoswitci2b:

Prepared according to general procedure. Obtaised eed solid (62.9 mg, 89%H.
NMR (600 MHz, DMSOe): 6 12.30 (s, 1H), 8.24 (d,= 7.8 Hz, 1H), 8.06 — 8.01 (m, 1H), 7.99
(d,J=7.7 Hz, 1H), 7.98 (s, 1H), 7.86 — 7.79 (m, 2HY,6 — 7.69 (m, 1H), 7.67 (d,= 7.3 Hz,
1H), 7.62 (dddJ = 13.4, 7.4, 2.5 Hz, 3H), 7.40 (td,= 8.0, 7.5, 1.9 Hz, 1H), 7.04 — 6.91 (m,
1H), 6.81 (t,J = 2.2 Hz, 1H).X*C NMR (151 MHz, DMSO¢k): & 186.5, 144.2, 136. 7, 135.1,
133.6, 131.0, 130.3, 129.5, 129.3, 128.6, 128.6,912126.8, 126.3, 126.0, 125.8, 125.6, 125.1,
124.5, 123.4, 123.1, 116.1, 114IR. (cm™): 3264, 1649, 1582, 1555, 1484, 1332, 1286, 1215,
1093, 1059, 803, 782, 734, 7IBSI-MS (m/z) [M+H]" calc'd for GsH1eNOS'": 354.1; found:
354.1.UV-ViS: AmadZ) = 482 nMAma(E) = 537 nm; 0.01lmg/mL in CiEl,.

4.6.2 Photoswitcic:

Prepared according to general procedure. Obtaised eed solid (59.7 mg, 84%H.
NMR (600 MHz, DMSOe): 6 12.40 (s, 1H), 8.31 (s, 1H), 8.00 (&= 8.2 Hz, 1H), 7.99 (s,
1H), 7.93 (tdJ = 8.6, 3.1 Hz, 3H), 7.84 (d,= 7.6 Hz, 1H), 7.80 (d] = 7.9 Hz, 1H), 7.70 ({] =
7.5 Hz, 1H), 7.56 (t) = 7.4 Hz, 1H), 7.51 () = 7.4 Hz, 1H), 7.40 ({) = 7.4 Hz, 1H), 7.13 (s,
1H), 6.92 (s, 1H)*C NMR (151 MHz, DMSOsd): 5 186.9, 144.5, 138.1, 135.5, 133.7, 132.7,
131.4, 130.4, 129.1, 128.8, 128.3, 128.2, 127.8,7120126.4, 126.3, 125.0, 124.0, 123.5, 123.1,
123.0, 117.3, 112.41R (cm™): 3289, 1649, 1581, 1543, 1441, 1281, 1209, 1Q065, 1051,
889, 783, 732, 678, 47&SI-MS (m/z) [M+H]" calc’d for GsH1gNOS'™: 354.1; found: 354.1.
UV-Vis: Amad(Z) = 495 nMAmad{E) = 555 nm; 0.01mg/mL in Gi€l,.

4.6.3 Photoswitcld:



Prepared according to general procedure. Obtaigea @d solid (63.8 mg, 79 %).
NMR (600 MHz, DMSOdg): & 12.42 (s, 1H), 8.77 (s, 1H), 8.19 @= 8.2 Hz, 2H), 7.92 (s,
1H), 7.86 — 7.76 (m, 4H), 7.72 (t= 7.6 Hz, 1H), 7.60 — 7.49 (m, 4H), 7.41& 7.5 Hz, 1H),
7.11 (t,d = 2.9 Hz, 1H), 6.75 (tJ = 3.0 Hz, 1H).*C NMR (151 MHz, DMSO#k): & 186.6,
144.2, 135.1, 134.1, 131.0, 130.8, 130.6, 129.8,512128.0, 126.6, 126.0, 125.8, 125.6, 124.6,
123.3, 123.0, 116.0, 115.8R (cm™): 3223, 1654, 1595, 1581, 1562, 1330, 1288, 12088,
1043, 880, 782, 614&SI-MS (m/z) [M+H]" calc’d for G/H:1eNOS'™: 404.1104; found: 404.1.
UV-Vis: Amad(Z) = 474 nMAmad{E) = 525 nm; 0.01mg/mL in Gi€l,.

4.6.4 Photoswitclze:

Prepared according to general procedure. Obtaigea @ed solid (62.0 mg, 77%H
NMR *H NMR (600 MHz, DMSOs) & 12.46 (br s, 1H), 8.57 (s, 2H), 8.47 (s, 1H), §d.J =
8.9 Hz, 1H), 8.13 (dJ = 7.3 Hz, 1H), 8.10 — 8.07 (m, 1H), 8.01 (s, 1H®¥5 (d,J = 8.9 Hz, 1H),
7.84 (d,J = 7.6 Hz, 1H), 7.81 (d] = 7.9 Hz, 1H), 7.71 () = 7.5 Hz, 1H), 7.57 — 7.47 (m, 2H),
7.41 (t,J= 7.4 Hz, 1H), 7.20 — 7.18 (m, 1H), 7.00 — 6.87 (). **C NMR (126 MHz, DMSO-
de @ 120°C): 186.9, 144.8, 138.3, 135.2, 132.6, 13232,0, 131.8, 131.1, 130.9, 129.3, 128.5,
128.4, 126.5, 126.5, 126.3, 126.2, 126.1, 126.08,712124.7, 124.5, 123.7, 123.2, 123.0, 117.3,
112.11IR (cm'l): 3287, 1642, 1578, 1544, 1441, 1306, 1279, 12084, 1069, 894, 776, 728,
476.ESI-MS (m/z) [M+H]" calc’d for G;H1gNOS': 404.1; found: 404.1UV-Vis: AnaxZ) =
507 NnMAmadE) = 556 nm; 0.01mg/mL in Gigl,.

4.6.5 Photoswitclaf:

Prepared according to general procedure. Obtaisedmown/red solid (64.2 mg, 76%).
'H NMR (600 MHz, DMSOdg): 6 8.52 (d,J = 9.2 Hz, 1H), 8.36 (d] = 8.0 Hz, 1H), 8.34 — 8.29
(m, 2H), 8.29 — 8.18 (m, 5H), 8.16 — 8.04 (m, 2HB6 (ddJ = 7.7, 1.4 Hz, 1H), 7.76 (d,= 7.9
Hz, 1H), 7.69 (tdJ) = 7.5, 1.3 Hz, 1H), 7.40 (td,= 7.5, 1.1 Hz, 1H), 7.08 (d,= 3.9 Hz, 1H),
6.93 (d,J = 3.9 Hz, 1H)**C NMR (151 MHz, DMSOds, 120°C):5 **C NMR (126 MHz, dmso)
6 185.9, 143.8, 136.5, 134.1, 130.7, 130.6, 130130,00, 129.5, 127.4, 127.3, 127.1, 126.6,
126.6, 126.3, 125.8, 125.3, 125.0, 124.8, 124.8,212124.0, 123.9, 123.7, 123.6, 123.4, 122.5,
115.8, 114.11IR (Cm'l): 32576, 3037, 1649, 1597, 1553, 1421, 1310, 12093, 1062, 1019,
839, 733ESI-MS (m/z) [M+H]" calc'd for GgH1gNOS': 428.1; found: 428.1UV-Vis: AmadZ)
= 493 nMAma(E) = 552 nm; 0.01mg/mL in Cigl,.

4.6.6 PhotoswitcRg:

Prepared according to general procedure. Obtaisedaight red solid (62.8 mg,79 %).

'H NMR (500 MHz, DMSOés @ 120°C):5 *H NMR (500 MHz, DMSO€) § 11.91 (br s, 1H),
8.01 (s, 1H), 7.84 () = 7.8 Hz, 3H), 7.77 — 7.69 (m, 5H), 7.66Jt= 7.5 Hz, 1H), 7.48 (1) =
7.6 Hz, 2H), 7.37 (&) = 7.3 Hz, 2H), 6.93 (t) = 3.3 Hz, 1H), 6.91 (t) = 2.4 Hz, 1H)"*C NMR
(125 MHz, DMSOds @ 120°C):5 185.8, 143.7, 139.1, 138.7, 136.9, 134.0, 13(9,6], 129.4,
128.2, 126.7, 126.5, 125.8, 125.2, 124. 9, 12423,6, 123.2, 122.1, 116.1, 110IR (cm):
3279, 1644, 1549, 1464, 1389, 1310, 1282, 1211310857, 835, 782, 759, 729, 7TESI-MS
(m/z): [M+H]" calc’d for GsH1gNOS': 380.1; found: 380.1UV-Vis: AmadZ) = 495 NMAmax(E)
=556 nm; 0.01mg/mL in CiLl..

4.6.7 Photoswitci2h:



Prepared according to general procedure. Obtaisedrad/brown solid (62.8mg, 77%).
'H NMR (600 MHz, DMSOdg): 6 12.31 (br s, 1H), 7.94 (s, 1H), 7.83 (dd; 7.8 Hz, 3H), 7.79
(d,J=7.9 Hz, 1H), 7.73 — 7.67 (m, 1H), 7.64 {d= 8.0 Hz, 2H), 7.58 — 7.52 (m, 2H), 7.50 —
7.42 (m, 2H), 7.40 (t) = 7.4 Hz, 1H), 7.06 (d] = 4.0 Hz, 1H), 6.88 (dJ = 4.0 Hz, 1H).**C
NMR (151 MHz, DMSOsdg): & 186.5, 144.1, 136.7, 135.1, 132.1, 131.4, 13089,9, 130.2,
128.9, 128.8, 126.0, 125.9, 124.6, 124.5, 124.0,5222.3, 120.9, 116.7, 111.8, 90.5, 8%4.
(cm®): 3279, 1646, 1578, 1556, 1318, 1091, 831, 78Q, 839, 657ESI-MS (m/z) [M+H]*
calc'd for G7H1gNOS': 404.1; found 404.1UV-Vis: AmaxZ) = 498 nm,Amax(E) = 558 nm;
0.01mg/mL in CHCI..

4.6.8 PhotoswitcBa:

Prepared according to general procedure (0.25 nscale of aldehyde). Obtained as a
red/purple solid (77.0 mg, 73 %H NMR (500 MHz, CDQCl,): & 8.03 (d,J = 7.9 Hz, 1H), 7.90
(d,J=7.7 Hz, 2H), 7.54 (ddt] = 20.5, 14.7, 7.3 Hz, 8H), 7.42 @= 7.1 Hz, 2H), 7.35 (d] =
3.4 Hz, 2H), 6.98 (dJ = 2.6 Hz, 1H).}*C NMR (126 MHz, CDQCl,): § 185.1, 145.9, 138.2,
137.9, 135.4, 134.3, 134.2, 131.3, 130.0, 129.9,8,2129.34, 129.1, 128.6, 128.2, 127.1, 125.5,
125.1, 124.0, 123.4, 111.8R (cm™): 3057, 1630, 1588, 1521, 1480, 1448, 1290, 12833,
1074, 1039, 102&SI-MS (m/z) [M+H]" calc’d GsH1gNOS'™: 380.1; found 380.1UV-Vis:
Amaxd(Z) = 501 nmAmadE) = 560 nm; 0.01mg/mL in Gi&l..

4.6.9 PhotoswitciBb:

Prepared according to general procedure. Obtaased red solid (65.4 mg, 80%H
NMR (600 MHz, CDQCly): 6 8.03 (d,J = 7.8 Hz, 1H), 7.90 (d] = 7.2 Hz, 2H), 7.60 — 7.51 (m,
4H), 7.46 (dJ = 8.5 Hz, 2H), 7.42 — 7.38 (m, 1H), 7.35 (ddd&; 8.1, 6.8, 1.4 Hz, 1H), 7.33 (s,
1H), 7.04 (d,J = 8.6 Hz, 2H), 6.94 (dJ = 2.6 Hz, 1H), 3.88 (s, 3H}*C NMR (151 MHz,
CD.Cly): 6 184.8, 160.1, 145.9, 138.3, 138.0, 134.3, 1343Q,3D, 131.0, 130.1, 129.8, 129.1,
128.8, 127.7, 127.0, 125.5, 125.1, 124.0, 122.9,81111.0, 55.9R (cm™): 1630, 1605, 1588,
1503, 1443, 1368, 1272, 1246, 1211, 1169m 1071, B2, 596 ESI-MS (m/z) [M+H]" calc'd
for: CoeH20NO,S™:410.1; found 410.1UV-Vis: AnadZ) = 505 nMAna(E) = nm; 0.01mg/mL in
CH.Cl,.

4.6.10 PhotoswitcBc:

Prepared according to general procedure. Obtaised eed solid (65.3 mg, 80%H.
NMR (600 MHz, CDBCI): 6 8.02 (d,J = 7.8 Hz, 1H), 7.85 (d] = 8.5 Hz, 2H), 7.61 — 7.46 (m,
6H), 7.42 (tJ = 7.2 Hz, 1H), 7.37 — 7.29 (m, 2H), 7.08 {ds 8.4 Hz, 2H), 6.90 (d] = 2.5 Hz,
1H), 3.89 (s, 3H)C NMR (151 MHz, CDCl,): & 184.5, 160.9, 145.8, 138.8, 138.4, 135.4,
134.4, 133.84, 129.9, 129.9, 129.4, 128.6, 122,11 126.9, 125.0, 124.0, 123.9, 122.4, 115.3,
110.8, 56.0IR (cm™): 1631, 1607, 1586, 1504, 1489, 1445, 1366, 12284, 1179, 1024, 921,
744, 662.ESI-MS (m/z) [M+H]" calc’d for: GgHoogNO,S™: 410.1; found: 410.1UV-Vis:
Amax(Z) = 511 NMAma(E) = 573 nm; 0.01mg/mL in G l,.

4.6.11 PhotoswitcBd:

Prepared according to general procedure. Obtairel purple solid (67.5 mg, 77%
NMR (500 MHz, CDBCl,) 4 8.02 (d,J = 7.9 Hz, 1H), 7.84 (d] = 8.7 Hz, 2H), 7.60 — 7.53 (m,
2H), 7.46 (dJ = 8.6 Hz, 2H), 7.34 (td] = 6.0, 5.4, 3.4 Hz, 1H), 7.30 (s, 1H), 7.07J¢; 8.6 Hz,



2H), 7.03 (d,J = 8.1 Hz, 2H), 6.86 (d] = 2.6 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3HC NMR (151
MHz, DMSO-dg): 6 184.2, 160.9, 160.1, 145.7, 138.9, 138.5, 13438,7], 131.0, 130.1, 128.7,
127.7, 127.1, 126.9, 125.0, 123.97, 123.9, 1211%,.3] 114.8, 110.6, 56.0, 55.8R (Cm'l):
1608, 1588, 1499, 1276, 1250, 1178, 1032, 922, 892, 735, 529ESI-MS (m/z): [M+H]"
calc’d for: G7H2oNOsS":440.1; found: 440.1UV-Vis: AmadZ) = 515 nm,AmadE) = 576 nm;
0.01mg/mL in CHCI..

4.6.12 Photoswitcha:

Prepared according to general procedure (0.16 nafnaldehyde scale). Obtained as a
red solid (43.4 mg, 72%JH NMR (600 MHz, DMSO#): & 12.22 (s, 1H), 7.92 (s, 1H), 7.83 (d,
J=7.6 Hz, 1H), 7.79 (d] = 7.8 Hz, 1H), 7.74 — 7.65 (m, 1H), 7.45 — 7.37 &), 7.37 — 7.30
(m, 5H), 7.31 — 7.25 (m, 1H), 6.90 (d,= 2.4 Hz, 1H)."*C NMR (151 MHz, DMSO#): &
187.0, 144.6, 135.7, 135.6, 134.8, 131.8, 131.9,212129.1, 129.0, 128.7, 128.4, 128.1, 127.1,
126.4, 126.3, 125.0, 124.4, 123.0, 11666.(cm’™): 3279, 1648, 1577, 1546, 1271, 1188, 1080,
813, 737, 695, 678, 54&ESI-MS (m/z) [M+H]" calc'd for GsH1gNOS'™: 380.1; found: 380.1.
UV-Vis: Amad(Z) = 490 nmAmad{E) = 548 nm; 0.01mg/mL in Gi€l,.

4.6.13 Photoswitchb:

Prepared according to general procedure (0.14 rofredtlehyde scale). Obtained as a red/brown
solid (49.2 mg, 82%)'H NMR (500 MHz, DMSOdg): & 7.90 (s, 1H), 7.82 (d] = 7.7 Hz, 1H),
7.78 (d,J=7.9 Hz, 1H), 7.68 () = 7.5 Hz, 1H), 7.38 (tJ = 7.5 Hz, 1H), 7.34 (d] = 8.7 Hz,
2H), 7.23 (dJ = 8.7 Hz, 2H), 6.97 (d] = 8.8 Hz, 2H), 6.93 (d] = 8.7 Hz, 2H), 6.83 (d] = 2.4

Hz, 1H), 3.78 (s, 3H), 3.77 (s, 3HYC NMR (126 MHz, DMSOd): § 182.7, 155.4, 154.4,
140.4, 131.3, 130.8, 127.5, 125.7, 125.3, 124.4,(1222.3, 122.1, 121.8, 120.9, 120.2, 119.5,
119.0, 112.7, 110.6, 110.5, 51.6, 518. (cm*): 3285, 2951, 2833, 1640, 1576, 1543, 1453,
1277, 1211, 1179, 1081, 954, 827, 733, &8I-MS (m/z) [M+H]" calc’'d for G7H,,NOsS':
440.1, found: 440.1UV-ViS: AmadZ) = 500 NnMAmaE) = 562 nm; 0.01mg/mL in GiEl,.

4.6.14 Photoswitch:

Prepared according to the general procedure. Gigtain a red solid (39.6 mg, 65%.
NMR (600 MHz, DMSOe¢k): 6 7.84 (s, 1H), 7.84 — 7.78 (m, 3H), 7.72 — 7.68 (i), 7.67 —
7.64 (m, 2H), 7.43 — 7.33 (m, 3H), 7.27 — 7.17 (M), 7.08 (s, 1H)*C NMR (151 MHz,
DMSO-dg): 6 187.1, 144.7, 135.6, 134.6, 131.3, 129.6, 1228,2, 126.6, 126.5, 126.3, 125.3,
124.9, 124.0, 123.5, 123.4, 111IR. (cm"): 3252, 1658 1592, 1568, 1515, 1472, 1344, 1310,
1285, 1222, 1145, 1084, 1061, 751, 623, EQI-MS (m/z): [M+H]" calc'd for: GoH1JNOS':
304.1; found: 304.1UV-Vis: Ama{Z) = 468 nmAma(E) = 517 nm; 0.01mg/mL in Ci€l..

4.6.15 Photoswitch:

Prepared according to the general procedure. @datas a red solid (42.6 mg, 70%y.
NMR (600 MHz, DMSOég): 6 7.87 — 7.75 (m, 3H), 7.70 (ddd= 8.2, 7.2, 1.4 Hz, 1H), 7.49
(dd,J = 8.6, 6.8 Hz, 2H), 7.44 — 7.36 (m, 4H), 7.34J¢&;, 2.7 Hz, 1H), 6.53 (d] = 2.6 Hz, 1H).
3C NMR (151 MHz, DMSOd): 5 186.5, 144.3, 135.1, 135.1, 134.9, 130.6, 12828.8]
127.6, 127.2, 126.2, 125.8, 124.4, 123.6, 122.22.5, 111.7IR (cm™): 1632, 1586, 1496,



1442, 1348, 1296, 1176, 1065, 1035, 738, &&A-MS (m/z): [M+H]" calc'd for GoH1NOS'
304.1; found: 304.1UV-Vis: AmaxXZ) = 470 NnMAma(E) = 519 nm; 0.01mg/mL in Ci&ls.
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