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Minimalistic 2-(oxazolinyl)-phenols substituted with different electron-donating and -withdrawing groups as well as 1,2,5-
chalcogenadiazole-annulated derivatives thereof were synthesized and investigated towards their emission behavior in 
solution as well as in the solid state. Depending on the nature of the incorporated substituent and its position, emission 
efficiencies were increased or diminished, resulting in AIE- or ACQ-characteristics. Single crystal analysis revealed J- and H-
type packing motifs and a so far undescribed isolation of ESIPT-based fluorophores in the keto form.

INTRODUCTION
The design of novel luminophores exhibiting outstanding 
emission properties in the solid state is of great interest 
due to their application in organic light-emitting diodes 
(OLEDs).1 Excited-state intramolecular proton transfer 
(ESIPT)-based fluorophores which underlie a four level 
photocycle based on an enol-keto-tautomerism (Scheme 1) 
are of particular interest.2 Within this cycle, excitation of 
the enol form is followed by a tautomerism on the 

subpicosecond timescale.3 Emission of the so obtained keto 
form and ground-state intramolecular proton transfer 
(GSIPT) completes the photocycle. As a result, large Stokes 
shifted emission (up to 12,000 cm–1) and, in respect of the 
phototautomerism, dual emission properties can be 
observed, which can result in the generation of white 
light.4 Beside their extensive applications in biological 
imaging,5 chemical sensing6 and electroluminescent 
devices,7 various special feature such as emission color-
tuning,7b,8 polymorph-dependent emission9 and 
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2

crystallization-induced emission (CIE)10 have been 
reported. In general, ESIPT-based luminophores consists 
of a proton donor in close vicinity to a proton acceptor. 
While phenols and N-substituted anilines are used as 
proton donor functionality, a wide variety of proton 
acceptors have been reported so far.
Commonly, organic molecules exhibiting bright 
luminescence comprise either a π-expanded or a π-
conjugated aromatic system,11 whereas single-benzene 
emitters showing high quantum yields in the solid state are 
still a peripheral phenomenon. Recent efforts in this 
research field resulted in the development of 
tetrasubstituted X-shaped structures bearing donor and 
acceptor substituents as displayed by the examples of 
Shimizu12 and Katagiri (Figure 1).13 Due to their design, 
such luminophores suffer from strong inter- and 
intramolecular hydrogen-bonds (H-bonds) and a highly 
substituted benzene core.
Scheme 1: Schematic representation of the ESIPT-
process.
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Hence, further derivatization and emission boosting might 
be complicated. ESIPT-based luminophores are another 
class of solid state single-benzene emitter with rare 
literature examples. While Chou and coworkers8b reported 
an ESIPT based analogue of the green fluorescent protein 
chromophore, Zhang et al.14 presented powerful (2-
hydroxyphenyl)propenone derivatives showing 
remarkable high quantum yields in the solid state. During 
our research towards minimalistic luminophores we 
discovered the aerobic C(sp2)–H hydroxylation of 
magnesiated 2-aryloxazolines using sustainable oxygen 
sources.15 The obtained phenols exhibited powerful ESIPT 
fluorescence and emission colors were covering the whole 
visible spectrum. We also reported nitrile-substituted 2-
(oxazolinyl)-phenols as minimalistic, benzene-based 
fluorophores with remarkable high quantum yields (up to 
87.3%) in the solid state.16 Very recently, we investigated 
oxazolinyl- and arylchalcogenazolyl-substituted 

hydroxyfluorenes as emission color-tunable 
luminophores.17 Reasoned by these findings we 
implemented the oxazoline group as a highly efficient 
proton acceptor in ESIPT-based luminophores and 
extended their usage as a protecting and directed 
metalation group (DMG).18 Moreover, not only the 
oxazoline group, but the entire 2-(oxazolinyl)-phenol motif 
is found in several natural products like spoxazomicins 
and tetroazolemycins, making the study of such structural 
motifs of greater importance.19

However, up to now there is no systematic investigation of 
diverse substituted 2-(oxazolinyl)-phenols towards their 
emission properties. Owing to this, we were intended to 
synthesize 2-(oxazolinyl)-phenols bearing various 
electron-donating and -withdrawing groups and examine 
them in respect of their photophysical properties in 
solution as well as in the solid state.20

RESULTS AND DISCUSSION
2-(Oxazolinyl)-phenols were achieved by applying our 
recently established C(sp2)–H hydroxylation method of 2-
aryloxazolines.15b In an initial step, the corresponding 
benzaldehydes21 or benzoic acids22 were transformed to 2-
aryloxazolines (1a-k) in good to excellent yields. Phenol 
formation was succeeded by a directed C(sp2)–
magnesiation using TMPMgCl‧LiCl and subsequent 
oxidation with molecular oxygen providing phenols in 
good yields (Scheme 2A). Noteworthily, phenols bearing -
CF3 or -CO2Me groups in position 4 of the benzene core 
were not achieved, due to the great regioselectivity of the 
hydroxylation protocol and steric hindrance of the 
substituents during the metalation step. Since nitro-
substituted 2-aryloxazoline was not accessible via this 
hydroxylation method, another synthetic pathway was 
implemented (Scheme 2B).
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Figure 1: Single-benzene solid state emitters.

Benzaldehyde 2 was achieved by a 
bromination/hydrolysis23 or an acetoxylation/hydrolysis24 
protocol and converted to the corresponding oxazoline 3 
by using the implemented two step procedure. Unveiling of 
the phenolic hydroxy group using BBr3 provided the nitro-
substituted 2-(oxazolinyl)-phenol 3-NO2 in excellent 
yield.25 Attachment of very strong electron-withdrawing 
groups, i.e. thiadiazole and selenadiazole, was achieved 
starting from commercially available 3,4-diaminobenzoic 
acid (Scheme 2C). In case of thiadiazole, esterification26 
followed by sulfur incorporation27 and saponification28 
afforded benzoic acid 6. Oxazoline formation and 
subsequent oxidation provided ketone 3,4-NSN. A similar 
procedure was applied for selenadiazole including 
selenium incorporation,29 oxazoline formation and 
oxidation to ketone 3,4-NSeN. To our surprise, during 
oxazoline formation to selenadiazole 9 a partial selenium-
sulfur-exchange has taken place, yielding 7 in moderate 
yield. Similar findings were already discussed in 
literature.30

Scheme 2: Synthesis of 2-(Oxazolinyl)-phenols.
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A) Reaction conditions: 2-aryloxazoline (1 eq.), TMPMgCl‧LiCl (3 eq.), THF (0.4 M) at 25 °C for 1 to 6 h under N2. Then, the reaction 
vessel was flushed with molecular oxygen at 25 °C and stirring was continued for another 24 h. Yields of isolated compounds are 
given in parentheses. a 5% Protonation occurred on position 1 of the benzene ring during reaction. b Metalated for 2 h. c Metalation 
performed at 0 °C and warming to 25 °C while oxidation. B) a) (1) 2-amino-2-methylpropan-1-ol, 4 Å MS, CH2Cl2, 25 °C, 18 h; (2) 
NBS, CH2Cl2, 25 °C, 4 h, 78%; b) BBr3, CH2Cl2, –78 °C to –30 °C, 5 h, 65%. C) a) SOCl2, MeOH, 0 °C to 25 °C, 14 h, 93%; b) SOCl2, NEt3, 
CH2Cl2, 0 °C; then 80 °C, 6 h, 87%; c) NaOH (1.0 M), 1,4-dioxane, 25 °C, 16 h, 88%; d) (1) SOCl2, 80 °C, 3 h; (2) 2-amino-2-
methylpropan-1-ol, CH2Cl2, 0 °C to 25 °C, 3 h; (3) SOCl2, 25 °C, 40 min, 94%; e) (1) TMPMgCl‧LiCl, THF, 25 °C, 3 h; (2) O2, 25 °C, 24 h, 
71%; f) SeO2, HCl (1.0 M), 80 °C, 3 h, 98%; g) (1) SOCl2, 80 °C, 3 h; (2) 2-amino-2-methylpropan-1-ol, CH2Cl2, 0 °C to 25 °C, 3 h; (3) 
SOCl2, 25 °C, 40 min, 58% (+ 7 in 36% yield); h) (1) TMPMgCl‧LiCl, THF, 25 °C, 3 h; (2) O2, 25 °C, 24 h, 34%.

Interestingly, chalcogenadiazoles were functionalized in 
the final oxidation step with perfect regioselectivity 
between both substituents, which is similar to 3,4-OCO 
and reasoned by a double coordination effect. Moreover, 
both chalcogenadiazoles showed unique behavior, since 
they were found to exist in the keto form and not in the 
full-aromatic enol form. The molecular structure of both 
chalcogenadiazoles could be verified by X-ray diffraction 
(XRD).

With all 2-(oxazolinyl)-phenols and 1,2,5-
chalcogenadiazole-annulated derivatives in hand, we 
started to examine their emission properties (Table S1). 
UV-vis absorption spectra were measured in solvents 
differing in their degree of polarity, i.e. methanol (MeOH), 
dichloromethane (DCM) and cyclohexane (CH). 
Luminophores bearing strong electron withdrawing 
groups (3-NO2, 3,4-NSN and 3,4-NSeN) were analyzed in 
additional solvents, since their absorption/emission 
features are more complex. In general, the absorption 
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properties of the respective ESIPT-based luminophore are 
solvent independent with the exception of 
chalcogenadiazoles 3,4-NSN and 3,4-NSeN, whose 
absorptions bands are found to be significantly more 
resolved in nonpolar solvents. In DCM solution, absorption 
features below 300 nm are specific for π-π* transitions and 
are associated with the single benzene unit (Figure 2). Maxima 
of broad and unstructured absorption features are detected 
between λabs 300 nm (3-OMe) and 349 nm (3-NO2) with 
extinction coefficients ranging from 3050 to 8670 mol L–1 cm–

1. Generally, the stronger the electron-withdrawing ability of 
the respective substituent, the more red-shifted the broadened 
absorption maximum. This red-shifted trend of absorption 
maxima is the result of a smaller HOMO–LUMO gap, 
reasoned by the stronger stabilization of the LUMO than of the 
HOMO.31

Figure 2: Normalized UV-vis absorption spectra of selected 2-

(oxazolinyl)-phenols and 1,2,5-chalcogenadiazole-annulated 
derivatives in CH2Cl2 solution.

In contrast, 3,4-NSN and 3,4-NSeN show broad and intense 
absorption characteristics between 290 and 350 nm. 
Broad bands are detected above 380 nm, which were 
attributed to a n-π* transition of the carbonyl group. 
Fluorescence properties of all 2-(oxazolinyl)-phenols and 
1,2,5-chalcogenadiazole-annulated derivatives were 
analyzed in the same solvents as absorption 
measurements. Results obtained in dichloromethane are 
listed in Table 1 and displayed in Figure 3a/b. Diluted 
solutions of luminophores were excited in the respective 
unstructured and broad absorption maxima resulted in 
emission colors ranging from blue to red. The only 
exception represents 3,4-OCO, which is non-fluorescent in 
solution as well as in the solid (crystalline) state. Dual 
emission characteristics, which could be observed for such 
fluorophores, were only detected to a reduced extent for 1-
CO2Me (see Figure S59). All other luminophores emit 
exclusively from the keto form demonstrating the great 
efficiency of proton transfer in the excited state. As 
common for ESIPT-based emitters, red-shifted emission is 
observed in nonpolar solvents, while spectra were blue-
shifted in protic solvents. Here, phenol coordination can 
occur. Due to large Stokes′ shifted emission for all 
luminophores (up to 13,870 cm–1 for 3,4-NSN in MeOH), 
baseline separated absorption and emission spectra were 
obtained.
Interestingly, 3-NO2 is the exclusive minimalistic 2-
(oxazolinyl)-phenol, which exhibits strong positive 
solvatochromism as investigated for 12 solvents with 
distinctive dipole moments.
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6

Figure 3: (a,b) Normalized emission spectra of 2-(oxazolinyl)-phenols and ketones in CH2Cl2 solution. (c,d) Temperature-
dependent emission spectra of all-H (c) and 3,4-NSN (d) in deaerated 2-MeTHF during heating from 80 K to 295 K with excitation 
at 303 and 345 nm, respectively. Inset in (d) displays time resolved emission decay curves of 3,4-NSN in deaerated 2-MeTHF at 
295 K (red dots) and 80 K (blue dots).

Table 1: Photophysical data of investigated luminophores in CH2Cl2 solution at 295 K.1

Compd λabs 
[nm]2

λem [nm] Δ𝜈 [cm–1] ΦF [%] τ [ns]
(Rel %)4

kr [108 s–1]5 knr [108 s–1]5

all-H 303 470 11,730 1.1 <0.2 – –
all-D 303 472 11,930 1.1 0.25 (20.8); 1.78 

(43.5); 5.72 (35.7)
0.04 3.45

3-Py 311 486 11,580 9.1 1.50 (84.8); 5.45 (15.2) 0.43 4.33
3-OMe 300 464 11,780 <0.2 <0.2 – –
1-CF3 312 481 11,260 <0.2 <0.2 – –
2-CF3 298 457 11,680 17.1 2.29 0.75 3.62
3-CF3 307 466 11,110 37.5 4.65 0.81 1.34

1-CO2Me 312 492 11,730 1.6 <0.2 – –
2-CO2Me 308 457 10,590 12.9 1.78 0.72 4.89
3-CO2Me 325 479 9,890 62.6 8.91 0.70 0.42

3-NO2 349 631 12,810 0.6 0.58 0.10 17.3
3,4-NSN 325 

(384)3
536 12,110 

(7,390)3
27.8 32.4 (37.7)6 0.09 0.22

3,4-NSeN 346 582 11,720 2.8 4.00 0.07 2.43
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(420)3 (6,630)3

1 Additional spectroscopic data is given in the supporting information. 2 Absorption maxima for π-π*-transitions are given. 
3 Absorption maxima for n-π*-transitions and the respective Stokes shifts are given in parentheses. 4 Intensity-weighted relative 
ratios of the two/three decay components are given in parentheses if a bi/tri-exponential fit was used. 5 kr and knr were calculated 
using the equations kr = ΦF/τ and knr = (1–ΦF)/τ. 6 Lifetime were measured after bubbling with argon for 30 minutes.

While blue-cyan emission is detected in nonpolar solvents 
(λem = 495 nm for CH), red emission is obtained in polar 
solvents (λem = 631 nm for acetone). This strong 
solvatochromism can arise from an intramolecular charge 
transfer (ICT) mechanism, reasoned by the donor- 
(hydroxy group) acceptor (nitro group) substitution 
pattern.32 A similar emission behavior in respect of the 
Stokes shifts in a respective solvent is observed for 
chalcogenadiazoles 3,4-NSN and 3,4-NSeN. Blue-shifted 
emission in toluene is opposed a strong red-shifted 
emission in methanol. This unusual ESIPT performance 

can be explained by the existence of the keto form for 
chalcogenadiazoles and thus, positive solvatochromism is 
detected. Quantum yields (ΦF) in solvents differing in their 
degree of polarity are found to be very low (ΦF < 5%) for 
the derivatives all-H, all-D, 3-OMe, 1-CF3, 1-CO2Me and 
3,4-NSeN. Moderate ΦF (up to 20%) in solution are 
detected for 3-Py, 2-CF3, 2-CO2Me and 3-NO2, while high 
ΦF (up to 63%) are observed for 3-CF3, 3-CO2Me and 3,4-
NSN. Based on these findings, a significant tendency can be 
seen in which neutral and electron-rich 2-(oxazolinyl)-
phenols exhibit very low quantum efficiencies in solution.

Table 2: Photophysical data of investigated luminophores in the solid state at 295 K.1

Compd λexc [nm]4 λem [nm]4 Δ𝜈 [cm–1]4 ΦF [%] τ [ns]
(Rel %)5

kr 
[108 s–1]6

knr 
[108 s–1]6

x;y
(CIE 1931)

all-H2 328 469 9,170 48.2 5.80 0.83 0.89 0.160; 0.200
all-D3 333 466 8,570 50.2 5.85 0.86 0.85 0.162; 0.200
3-Py2 343 485 8,540 17.8 2.40 0.74 3.43 0.180; 0.318

3-OMe3 311 438 9,320 28.5 0.86 (14.4); 
3.45 (85.6)

0.93 2.32 0.154; 0.082

1-CF3
3 339 463 7,900 12.9 1.79 0.72 4.88 0.162; 0.198

2-CF3
3 369 445 4,630 37.4 5.33 0.70 1.18 0.154; 0.110

3-CF3
3 334 466 8,480 57.0 7.62 0.75 0.56 0.151; 0.175

1-CO2Me3 386 478 5,000 7.9 0.64 (36.1); 
7.52 (63.9)

0.27 3.20 0.179; 0.283

2-CO2Me3 316 446 9,220 54.9 5.36 1.02 0.84 0.154; 0.106
3-CO2Me2 355 477 7,210 74.0 9.07 0.82 0.29 0.155; 0.294
3,4-NSN2 466 546 3,140 5.6 7.53 0.07 1.25 0.402; 0.577

3,4-NSeN2 500 624 3,970 <0.2 <0.2 – – 0.587; 0.401
1 Additional spectroscopic data is given in the supporting information. 2 Investigated in the crystalline state. 3 Investigated in the 
amorphous state. 4 Excitation spectra of the crystalline samples were used for evaluation of the stokes shift. 5 Intensity-weighted 
relative ratios of the two decay components are given in parentheses if a bi-exponential fit was used. 6 kr and knr were calculated 
using the equations kr = ΦF/τ and knr = (1–ΦF)/τ.
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8

Figure 4: (a-c) Normalized emission spectra of 2-(oxazolinyl)-phenols and ketones measured in the solid state (see footnotes of 
Table 2). (d) CIE 1931 chromaticity plot with emission color coordinates of presented luminophores in the solid state. (e) 
Representative images of investigated fluorophores in the solid state under 366 nm irradiation.

Furthermore, the position of incorporation of the electron-
withdrawing group is of great importance, since ΦF 
increases with the migration of the accepting groups from 
position 1 with the lowest to position 3 showing the 
highest ΦF. In this context, 3,4-NSeN owns an outstanding 
position, due to the heavy atom effect of selenium on the 
luminescence properties.33 Fluorescence lifetimes (τ) of 
excited states were determined by time-correlated single 
photon counting (TCSPC) at ambient temperature. 

Lifetimes for almost all fluorophores are varying between 
< 0.2 ns and 7 ns, with exception of 3-CO2Me, 3-NO2 and 
3,4-NSN. While 3-CO2Me and 3-NO2 show lifetimes of up 
to 8.9 (DCM) and 14.2 ns (Et2O), , a significant increase was 
detected for 3,4-NSN with lifetimes of up to 32.4 ns (DCM). 
Due to its very high fluorescence lifetimes in aerated 
media, diluted solutions of 3,4-NSN were bubbled with 
argon for ten minutes and measured again. Prolonged 
lifetimes were observed in several solvents with the 
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9

largest increase in EtOAc by a factor of 1.7 from 22.4 ns in 
aerated to 38.0 ns in deaerated solution.
In addition, temperature-dependent emission behavior 
was investigated in deaerated 2-MeTHF solution for all-H, 
3-NO2, 3,4-NSN and 3,4-NSeN (Table S2). Temperature 
maps were created by measuring in 40 K intervals starting 
from 80 K up to 295 K. For all-H a drastic increase in 
emission intensity is observed for 160 K (factor of 48 
compared to 295 K) followed by a decrease in intensity at 
120 and 80 K (Figure 3c). Upon cooling of the luminophore 
solution, the degrees of freedom are limited and non-
radiative relaxation processes become restricted. This 
results in an increase of emission intensity. If the 
temperature drops below a certain level the crucial proton 
transfer is hindered, thus, less emission intensity is 
observed at very low temperatures for ESIPT-based 
luminophores.16,34 Differently, for 3,4-NSN we observed a 
steady increase in emission intensity, which could be 
explained by its non-ESIPT behavior, since no suppression 
of the proton transfer can take place. Also, no significant 
shift in emission maximum wavelength was detected. 
Different to all-H, maximum emission efficiency was 
measured at 80 K for all electron-poor structures with a 
growth in intensity for 3-NO2, 3,4-NSN and 3,4-NSeN by 
factor 5.8, 6.1 and 2.7, compared to 295 K. Another 
similarity of those emitters is the initial red-shifted 
emission until 160 K and the following strong blue shift at 
lower temperatures. Fluorescence lifetimes (τ) of the 
excited states at 80 K were measured in deaerated 2-
MeTHF. Lifetimes were significantly prolonged for all 
investigated emitters with a maximum of 50.9 ns for 3,4-
NSN (Figure 3d). Despite the elongation of fluorescence at 
deep temperatures, neither phosphorescence nor 
thermally activated delayed fluorescence (TADF) was 
observed during our investigations.
Almost all luminophores, with the exception of 3,4-OCO 
and 3-NO2, show bright emission in the solid state, which 
is clearly visible to the naked eye by irradiation with a 
366 nm UV-handlamp (Figure 4e). Hence, investigation of 
their photophysical properties were performed for either 
crystalline or amorphous samples (see footnotes of 
Table 2). In this context, crystalline is exclusively 
attributed to luminophores whose molecular structure has 
been verified by XRD. In general, large Stokes′ shifts are 
detected for all investigated solids, which is caused by 
efficient proton transfer in the excited state (Table 2). 
Thus, emission bands are attributed to the keto form 
(Figure 4a-d). Contrary to their weak or non-existing 
emission in solution, all-H, all-D, 3-OMe, 1-CF3 and 1-
CO2Me showed remarkable quantum efficiencies (up to 
50.2% for all-D) in the solid state with emission maxima in 
the blue-(cyan) region. Compared to the ΦF in DCM 
solution, an increase in the quantum yield by a factor of at 
least 142 for 3-OMe is detected, which is why these five 
minimalistic structures represent aggregation-induced 
emission (AIE) luminophores. Noteworthily, with the 
incorporation of heavier isotopes we were intended to 
boost the quantum efficiency by suppressing the non-
radiative decay processes and increasing the vibronic 
coupling strength.35 However, only a slight improvement of 

ΦF was detected for all-D compared to all-H. 3-Py, 2-CF3, 
and 2-CO2Me showed moderate ΦF in DCM solution, 
however, their emission efficiencies increased in the solid 
state (up to 54.9% for 2-CO2Me). Similar to previously 
discussed fluorophores, emission maxima are located in 
the blue-(cyan) region. Based on these findings, these 
three 2-(oxazolinyl)-phenols are typical aggregation-
induced emission enhancement (AIEE) representatives. 
Strong fluorescence properties were already observed for 
3-CF3 and 3-CO2Me in solution and again, high ΦF (up to 
74.0% for 3-CO2Me) were determined in the solid state 
with emission maxima in the blue-(cyan) range. Thus, 
these two structures represent dual state emission (DSE) 
luminophores. In contrast, for chalcogenadiazoles 3,4-NSN 
and 3,4-NSeN, which showed already exceptional emission 
behavior in solution due to their preferred existence in the 
keto form, a reduction of ΦF in the solid state compared to 
those in solution was indicated. Owing to this, they 
demonstrate aggregation-caused quenching (ACQ) 
character with yellow and red emission colors. 
Interestingly, both chalcogenadiazoles exhibit strong 
bathochromic shifted emission compared to previously 
described luminophores with yellow (3,4-NSN) and red 
(3,4-NSeN) emission colors. Despite their significantly red-
shifted emission both chalcogenadiazoles evince relatively 
small Stokes shifts, which is reasoned by their preferred 
keto form existence. This is also indicated by a strong red-
shifted absorption in the solid state. Thus, they must be 
attributed to the non-ESIPT luminophores. To generalize 
these results, the quantum efficiency in the solid state 
increases continuously with migration of the electron-
withdrawing group from position 1 to position 3. Neutral 
and electron-rich 2-(oxazolinyl)-phenols showed 
tremendously increased ΦF in the solid state compared to 
solution, which is characteristic for AIE-luminophores. 
Importantly, no crystallization-induced emission 
enhancement (CIEE) was observed for crystalline samples, 
which is coincident with our previous observation for 2-
(oxazolinyl)-phenols.16 Anyhow, electron-deficient 2-
(oxazolinyl)-phenols outperform neutral and electron-rich 
structures in any matter, but an electron-poor arene core 
(3-Py) does not seem to increase quantum efficiency 
significantly. If the strength of electron-accepting groups 
exceeds a certain limit the emission efficiency in the solid 
state drops for 3,4-NSN and 3,4-NSeN, or is quenched as 
observed for 3-NO2. The presented fluorophores differ 
strongly in their emission color ranging from blue to red, 
thus covering the whole visible spectrum. In this context 
the unique behavior of nitrile-substituted 2-(oxazolinyl)-
phenol 1-CN appears to be even more extraordinary, since 
other luminophores bearing substituents in position 1 do 
not show any approximate performance.16

To gain a better understanding of the results achieved 
from solid state emission investigation, suitable single 
crystals of seven 2-(oxazolinyl)-phenols and ketones (all-
H, 3-Py, 3,4-OCO, 3-CO2Me, 3-NO2, 3,4-NSN and 3,4-
NSeN) were grown and analyzed in respect of their 
molecular conformation as well as their crystal structure 
lattice (Figure 5 and Table S46). Two of those crystals – 
3,4-OCO and 3-NO2 – showed no emission. For 3,4-OCO 
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10

this could be due to a highly unordered crystal lattice and a 
relatively high dihedral angle (7.0°) between the arene and 
the oxazoline, hence, inhibiting efficient proton transfer in 
the excited state. Contrary, 3-NO2 exhibits a very low 
dihedral angle (0.8°) and a short H-bond (1.763 Å) 
including a large H-bond angle (152.37°), which should 
facilitate proton transfer upon excitation. Strong 
intermolecular π-π-interactions lead to the formation of H-
aggregates with a slip angle of 76.8° and a plane distance 
of 3.438 Å, which could cause the non-existing solid state 
emission. In general, it is well known that intense π-π-
interactions result in the decrease or complete 
disappearance of emission and only a small number of 
luminophores exhibit powerful emission despite the 
formation of H-aggregates.36 Single crystals of all-H and 3-
Py exhibiting two molecules in the asymmetric unit with 
distinct H-bond lengths ranging between 1.784 and 

1.879 Å and angles ranging from 144.09 to 151.76°. Also, 
moderate dihedral angles with a maximum of |3.5°| were 
detected. Both ESIPT fluorophores show dimeric π-π-
interactions with slip angles of 33.2° for all-H and 45.3° for 
3-Py, which is representative for J-type aggregates. A 
significant difference between both luminophores is 
hidden in the plane distance including the corresponding 
centroid-centroid distance. While all-H shows a greater 
plane distance with 4.822 Å and a centroid-centroid 
distance of 8.800 Å, the corresponding values (3.459 and 
4.867 Å) are significantly shorter for 3-Py, demonstrating 
that stronger π-π-interactions exists in the 3-Py crystal 
lattice. With 3-CO2Me being the most powerful crystallized 
luminophore, average values were determined for the H-
bond length (1.843 Å) and angle (147.39°) and for the 
dihedral angle (|1.8°|).
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11

Figure 5: Molecular structures showing 50% probability ellipsoids, including top view and side view of the single structure. Upper 
row: all-H (left), 3-Py (center), 3,4-OCO (right); central row: 3-CO2Me (left), 3-NO2 (center), 3,4-NSN (right); lower row: 
3,4NSeN (left), intermolecular π-π-interactions of all-H (center) and 3,4-NSN (right) demonstrating the J-type (all-H) and H-type (3,4-
NSN) aggregates in the respective crystal lattice.

Again, typical for J-type packing motifs, intermolecular π-π-
interactions were detected with slip angles of 37.6 and 
48.8°, respectively, including short plane distances (3.258 
and 3.335 Å) and larger centroid-centroid distances up to 
5.339 Å. The high quantum efficiency is explained by the 
observation that 2-(oxazolinyl)-phenols bearing carbonyl-
related functionalities such as nitriles exhibit brighter 

emission than those emitters that do not bear them. As a 
result, ester substituted 2-(oxazolinyl)-phenols exhibit 
stronger emission than for example trifluoromethyl-
substituted derivatives.
Last but not least, both chalcogenadiazoles 3,4-NSN and 
3,4-NSeN were crystallized and similar properties were 
identified. As a structural feature, 3,4-NSeN exhibits a 
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disorder in the oxazoline backbone resulting in a twist 
above and underneath the molecular plane with an 
identical dihedral angle of |13.8°|. The essential dihedral 
angles between the former arene and the oxazolidine are 
equal to zero for both chalcogenadiazoles. Very intensive 
intermolecular π-π-interactions were detected with slip 
angles of 78.4° and 80.2° including plane distances of 
3.332 and 3.339 Å, respectively, indicating the formation of 
strong H-aggregates. Such intense interaction could cause 
the diminished quantum yield in the solid state compared 
to those in solution. 
With the crystallographic data in hand we were prompted 
to analyze the bonding situation in chalcogenadiazoles 3,4-
NSN and 3,4-NSeN with respect to the distribution of 
single and double bonds. For this, natural bond orbital 
(NBO)37 analysis was performed at the PBE38/cc-pVDZ39 
level of theory. The calculations revealed for both 
chalcogenadiazoles that the respective C1–O1 bond has full 
double bond character. This is confirmed through the 
shortened bond lengths of 1.2608 Å (3,4-NSN) and 
1.2554 Å (3,4-NSeN) compared to phenols with C1–O1 
lengths ranging from 1.3433 (3-Py) to 1.3558 Å (all-H), 
respectively. In addition, for chalcogenadiazoles, C1–C2 as 
well as C7–N3 are attributed to be single bonds. 
Interestingly, the benzene-oxazoline bond connecting C2–
C7 exhibits only a partial double bond character. In 3,4-
NSN, the σ bond is occupied with 1.96 electrons, while the 
π-bond comprises only 1.62 electrons, which is similar to 
3,4-NSeN with an occupied σ bond of 1.96 electrons and 
1.63 electrons in the π bond. Due to the identically twisted 
oxazoline backbone, both disorders resulted in almost the 
same occupation numbers.

SUMMARY
In summary, minimalistic 2-(oxazolinyl)-phenols bearing 
various substituents acting as ESIPT-based luminophores 
have been successfully synthesized and examined towards 
their photophysical properties in solution as well as in the 
solid state. To our surprise, isolated thiadiazole and 
selenadiazole bearing fluorophores exist preferentially not 
in the full-aromatic enol form, but in the corresponding 
keto form. Emission characteristics strongly depend on the 
nature and the position of the substitution. Electron-
neutral and -rich phenols showed significant increased 
quantum yields in the solid state compared to solution (up 
to factor 142), thus representing AIE-luminophores. In 
contrast, electron-deficient single-benzenes exhibit high 
emission efficiencies in solution as well as the solid state 
(up to ΦF = 74.0%). Strong electron-poor derivatives 
including the nitro- and chalcogenadiazole-substituted 
ones showed strong solvatochromism or ACQ 
characteristics. Through varying of the substitution 
pattern, full-color emission was achieved. Carful single 
crystal analysis revealed J-type packing features for 
powerful emitters, while H-type packing was observed for 
derivatives with decreased emission efficiencies. With 
crystallographic data in hand we were able to determine 
the unique bonding situation in chalcogenadiazoles, 
verifying the existence of the keto form. With the 

knowledge gained from the substitution effect on the 
ESIPT properties of 2-(oxazolinyl)-phenols future design 
strategies based on the judicious combination of selected 
substituents will be expediently.

EXPERIMENTAL SECTION
General Experimental Procedures. Unless otherwise 
noted, all reactions were carried out under a nitrogen 
atmosphere using standard Schlenk techniques. All 
chemicals were purchased from commercial suppliers and 
either used as received or purified according to 
Purification of Common Laboratory Chemicals.40 Anhydrous 
tetrahydrofuran (THF), dichloromethane (CH2Cl2), 
diethylether (Et2O) and pentane were obtained from an 
inert PS-MD-6 solvent purification system. All other 
solvents were dried using standard methods.40 Low 
temperature reactions (‒78 °C or ‒30 °C) were cooled 
using a Julabo FT902 cryostat. If not otherwise noted, 
solvents were removed on a Büchi Rotavapor R-300 with 
40 °C water bath temperature. Yields refer to isolated 
yields of compounds estimated to be > 95% pure as 
determined by 1H-NMR spectroscopy.
Chromatography. Thin layer chromatography was 
performed on fluorescence indicator marked precoated 
silica gel 60 plates (Macherey-Nagel, ALUGRAM Xtra SIL 
G/UV254) and visualized by UV light (254 nm/366 nm). 
Flash column chromatography was performed on silica gel 
(0.040 – 0.063 mm) with the solvents given in the 
procedures. Abbreviations for solvents used: CH = 
cyclohexane, EA = ethyl acetate. Retention factors were 
determined at chamber saturation at 25 °C. Developments 
were carried out between 3.0 ‒ 3.5 cm.
NMR Spectroscopy. NMR spectra were recorded on a 
Bruker Avance 360WB spectrometer, a Bruker Avance Neo 
600 MHz spectrometer with BBO probe head and a Bruker 
Avance Neo 600 MHz spectrometer with TXI probe head at 
23 °C. Chemical shifts for 1H-NMR spectra are reported as δ 
(parts per million) relative to the residual proton signal of 
CDCl3 at 7.26 ppm (s) or DMSO-d6 at 2.50 ppm (quin). 
Chemical shifts for 13C-NMR spectra are reported as δ 
(parts per million) relative to the signal of CDCl3 at 
77.0 ppm (t) or DMSO-d6 at 39.5 ppm (sept). Chemical 
shifts for 19F-NMR spectra are reported as δ (parts per 
million) relative to the signal of Si(CH3)4 at 0.0 ppm. 
Chemical shifts for 77Se-NMR spectra are reported as δ 
(parts per million) relative to the signal of Se(CH3)2 at 
0.0 ppm The following abbreviations are used to describe 
splitting patterns: br. = broad, s = singlet, d = doublet, dd = 
doublet of doublets, ddd = doublet of doublet of doublets, t 
= triplet, td = triplet of doublets, q = quartet, p = pentet, m 
= multiplet. Coupling constants J are given in Hertz.
Mass Spectrometry. ESI and APCI mass spectra were 
recorded on an Advion Expression CMSL via ASAP probe or 
direct inlet. High resolution (HR) EI mass spectra were 
recorded on a double focusing mass spectrometer 
ThermoQuest MAT 95 XL from Finnigan MAT. HR-ESI and 
HR-APCI mass spectra were recorded on a Bruker 
Impact II. All Signals are reported with the quotient from 
mass to charge m/z.
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Infrared Spectroscopy. IR spectra were recorded on a 
Nicolet Thermo iS10 scientific spectrometer with a 
diamond ATR unit. The absorption bands are reported in 
cm-1 with indicated relative intensities: s (strong, 0 – 33% 
T); m (medium, 34 – 66% T), w (weak, 67 – 100% T), and 
br (broad).
Melting Points. Melting points of solids, compounds that 
solidified after chromatography, were measured on a 
Büchi M-5600 Melting Point apparatus and are 
uncorrected. The measurements were performed with a 
heating rate of 5 °C/min and the melting points are 
reported in °C.
Photoluminescence Spectroscopy. Absorption 
measurements were performed using a Shimadzu UV-2700 
UV-vis spectrophotometer. Excitation spectra were 
recorded by detection of the emission at the respective 
emission maximum of the sample. Emission measurements 
were performed using an Edinburgh Instruments FLS 1000 
photoluminescence spectrometer. The excitation 
wavelength was chosen to be at the respective absorption 
maximum of the sample. Absolute quantum yields were 
measured using an Edinburgh integrating sphere. TCSPC 
measurements were performed using a fast response MCP-
PMT detector on the FLS 1000 and a 376 nm Edinburgh 
EPL Laser as excitation source with 10 – 20 MHz repetition 
rate and 80 ps pulse width. Low-temperature 
measurements were performed in the same Edinburgh 
Instruments spectrometer coupled with an Oxford 
Intruments OptistatCF optical cryostat cooled with liquid 
nitrogen. Furthermore, TCSPC measurements were 
performed using the Horiba FluoroHub coupled with the 
Horiba Fluoromax-4 spectrometer. A NanoLED by Horiba 
was used as excitation source with 254 nm wavelength 
with 5 MHz repetition rate and pulse width of 1.2 ns. All 
measurements were performed at 23 °C room temperature 
in Quartz Cuvettes with 10 mm path length by Hellma 
Analytics.
Crystallography. Single crystals were grown as described 
in the procedures below. Intensity data of suitable crystals 
were collected on a Bruker Venture D8 diffractometer at 
100 K with Mo-Kα (0.71073 Å) radiation. All structures 
were solved by direct methods and refined based on F2 by 
use of the SHELX program package as implemented in 
Olex2.41 All non-hydrogen atoms were refined using 
anisotropic displacement parameters. Hydrogen atoms 
attached to carbon atoms were included in geometrically 
calculated positions using a rigid model. Crystal and 
refinement data are collected in Tables S3-46. Figures 
were created using Crystal Impact′s DIAMOND Version 
4.6.3. All molecular structures represented in these figures 
are showing 50% probability ellipsoids.
Computational Details. Natural Bond Orbital (NBO) 
analysis37b was carried out at the PBE38/cc-pVDZ39 level of 
theory using the geometries of the crystal structure as 
input. The calculations were run with the Q-Chem 5.2 
program package42  and NBO 5.0.37a

Photographs. Photographs of vials containing diluted 
solutions were taken with a Canon EOS 700D and a Canon 
EFS 18–55 mm lens. For close-up photographs of solid 

samples, a Sigma 105 mm F2.8 EX DG OS HSM lens was 
used.
Experimental Procedures. Preparation of Metalation 
Agents.

MgCl·LiCl

Preparation of the Reagent iPrMgCl·LiCl. A slightly modified 
literature procedure was used.43 LiCl (4.24 g, 100 mmol, 
1.00 eq) was placed in a heat gun-dried and nitrogen-
flushed Schlenk flask and heated in vacuo at 140 °C by heat 
gun for five hours. Magnesium turnings (2.67 g, 110 mmol, 
1.10 eq) were placed in another heat gun-dried and 
nitrogen-flushed Schlenk flask and the dried LiCl and 
anhydrous THF (50 mL) were added. 2-Chloropropane 
(9.14 mL, 100 mmol, 1.00 eq) in anhydrous THF (50 mL) 
was slowly added at 25 °C through a dropping funnel. After 
approximately 1/5 of addition the mixture was slightly 
warmed with a heat gun until the reaction started (within 
ten minutes). When the reaction started the remaining 
solution was added dropwise and stirring was continued 
for 18 hours. After complete addition the temperature of 
the mixture rose until it started to boil. To remove excess 
of magnesium the grey solution was cannulated to another 
heat gun-dried and nitrogen-flushed Schlenk flask. The 
Grignard reagent was titrated44 prior to use against I2 
(0.50 ‒ 0.60 mmol) in anhydrous THF (2 mL) at 0 °C which 
resulted in a conversion of 92 ‒ 96%. Color change from 
dark violet to pale brown indicated the end of the titration.

N
MgCl·LiCl

Preparation of the Reagent TMPMgCl·LiCl. A slightly 
modified literature procedure was used.45 A heat gun-dried 
and nitrogen-flushed Schlenk flask was charged with 
freshly titrated iPrMgCl·LiCl (75.0 mL, 90.0 mmol, 1.00 eq, 
1.20 M). Freshly distilled TMP (16.0 mL, 94.5 mmol, 
1.05 eq) was added through a rubber septum to the 
vigorously stirred Grignard solution via syringe pump 
(0.5 mL/min) at 25 °C. The reaction mixture was stirred at 
25 °C for 48 hours, while the solution turned dark green. 
The base was titrated46 prior to use against benzoic acid 
(122 mg, 1.00 mmol) using (4-phenylazo)diphenylamine 
(3 mg) as indicator in anhydrous THF (2.00 mL) at 0 °C 
which resulted in a conversion of 96 ‒ 99%. Color change 
from orange to dark violet indicated the end of the 
titration.

N
ZnCl·LiCl

Preparation of the Reagent TMPZnCl·LiCl. A literature 
procedure was used.47 A heat gun-dried and nitrogen-
flushed Schlenk flask was charged with freshly distilled 
TMP (6.81 mL, 40.0 mmol, 1.00 eq) and anhydrous THF 
(40 mL) was added. The colorless solution was cooled to 
‒40 °C and nBuLi (16.0 mL, 40.0 mmol, 1.00 eq, 2.50 M) 
was added dropwise via syringe pump (0.5 mL/min). After 
complete addition, the yellow solution was allowed to 
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warm slowly to ‒10 °C within one hour. ZnCl2 (44.0 mL, 
44.0 mmol, 1.10 eq, 1.00 M in THF) was added dropwise 
via syringe pump (0.8 mL/min) through the rubber 
septum and the resulting mixture was stirred for 30 
minutes at ‒10 °C and then for 30 minutes at 25 °C. All 
volatile components were removed under reduced 
pressure using oil pump vacuum providing a 
yellow/slightly brown solid. Anhydrous THF (25 mL) was 
slowly added under vigorous stirring until all solids were 
dissolved providing freshly prepared TMPZnCl·LiCl. The 
base was titrated46 prior to use against benzoic acid 
(122 mg, 1.00 mmol) using (4-phenylazo)diphenylamine 
(3 mg) as indicator in anhydrous THF (2.00 mL) at 0 °C. 
Color change from orange to bright red indicated the end 
of the titration and resulted in a concentration of 
c = 1.05 M.
General Procedures for Oxazoline Syntheses.

R
N

O

General Procedure for the Oxazoline Synthesis from the 
corresponding Aldehyde (GP 1). A modified literature 
procedure was used.21 A round bottom flask, equipped 
with a magnetic stirring bar and a rubber septum, was 
charged with aldehyde (1.00 eq) and CH2Cl2 (0.25 – 0.4 M). 
Then 2-amino-2-methylpropan-1-ol (1.50 eq) and 4 Å MS 
(1.0 g/1.0 – 3.0 mmol aldehyde) were added successively. 
Due to the waxy nature of the 2-amino-2-methylpropan-1-
ol at 25 °C and for a better handling, the bottle containing 
2-amino-2-methylpropan-1-ol was placed in a 40 °C water 
bath until the reagent was melted and simple transfer via 
syringe was possible. After slowly stirring (100 – 200 rpm) 
for the indicated time at 25 °C NBS(1) (1.50 eq) was added 
in one portion and rapid stirring was continued for the 
indicated time at 25 °C. Then all solids were filtered off and 
washed with CH2Cl2. The organic phase was subjected to 
aqueous workup, dried over anhydrous Na2SO4, filtered 
and concentrated under reduced pressure on a rotary 
evaporator. Purification of the crude product was 
conducted by flash column chromatography using the 
given eluent. (1) In case of electron rich compounds DDQ 
was used instead of NBS.
General Procedure for the Oxazoline Synthesis from the 
corresponding Carboxylic Acid (GP 2). A modified literature 
procedure was used.22 A heat gun-dried and nitrogen-
flushed Schlenk flask, equipped with a magnetic stirring 
bar and a reflux condenser on top, was charged with 
carboxylic acid (1.00 eq) and thionyl chloride (10.0 eq). 
The mixture was heated to 60 °C and stirred for the 
indicated time to give a yellow solution. Upon cooling to 
25 °C, all volatile components were removed under 
reduced pressure and collected in a cooling trap. A second 
heat gun-dried and nitrogen-flushed Schlenk flask was 
charged with 2-amino-2-methylpropan-1-ol (2.00 eq) in 
anhydrous CH2Cl2 (1.0 M). The oily crude acid chloride was 
dissolved in CH2Cl2 (2.0 M) and added via syringe pump 
(0.5 mL/min) at 0 °C to the amino alcohol mixture. After 
stirring for the indicated time, while the mixture was 

allowed to warm to 25 °C, the mixture was concentrated in 
vacuo using a cooling trap. The oily crude amide was 
redissolved in thionyl chloride (10.0 eq) and stirred for the 
indicated time at 25 °C. All volatile components were 
removed in vacuo and collected in a cooling trap. The 
crude oil was subjected to aqueous workup, dried over 
anhydrous Na2SO4, filtered and concentrated under 
reduced pressure on a rotary evaporator. Purification of 
the crude product was conducted by flash column 
chromatography using the given eluent.
Preparation of Oxazolines.

N

O

H5

1a

4,4-Dimethyl-2-phenyl-4,5-dihydrooxazole (1a). Prepared 
according to GP 1 from freshly distilled benzaldehyde 
(2.12 g, 2.03 mL, 20.0 mmol, 1.00 eq) in CH2Cl2 (50 mL, 
0.4 M) and 2-amino-2-methylpropan-1-ol (2.67 g, 2.86 mL, 
30.0 mmol, 1.50 eq) and 4 Å MS (10.0 g). Stirring for 20 h 
and addition of NBS (5.34 g, 30.0 mmol, 1.50 eq) was 
followed by stirring for four more hours. After filtration 
the organic phase was washed with saturated NaHCO3 
solution (3  50 mL). The combined aqueous phases were 
extracted with CH2Cl2 (2  50 mL). All organic phases were 
washed with saturated NaS2O3 solution (50 mL) and the 
aqueous phase was extracted with CH2Cl2 (20 mL). 
Purification by flash column chromatography (SiO2, CH:EA 
5:1 v:v) afforded 1a (3.34 g, 19.1 mmol, 95%) as a pale 
brown liquid. Data for 1a: Rf = 0.31 (SiO2, CH:EA 5:1 v:v). 
1H-NMR (360 MHz, CDCl3): δ = 7.97 – 7.91 (m, 2H), 7.49 – 
7.43 (m, 1H), 7.42 – 7.36 (m, 2H), 4.10 (s, 2H), 1.38 (s, 6H) 
ppm. 13C{1H}-NMR (91 MHz, CDCl3): δ = 162.2, 131.3, 128.4 
(2x), 128.3 (2x), 128.2, 79.2, 67.7, 28.5 (2x) ppm. IR (ATR, 
neat): 𝜈 = 2966 (w), 2928 (w), 2892 (w), 1648 (s), 1603 
(w), 1580 (w), 1494 (w), 1462 (w), 1450 (m), 1384 (w), 
1351 (m), 1319 (m), 1297 (m), 1248 (w), 1214 (w), 1189 
(m), 1077 (m), 1059 (s), 1025 (m), 1002 (w), 989 (w), 965 
(m), 921 (m), 870 (w), 818 (w), 780 (m), 694 (s) cm-1. MS 
(APCI): m/z = 176.0 [C11H13NO+H]+. The analytical data are 
in accordance with the literature.48

1b

N

O

D5

4,4-Dimethyl-2-(phenyl-d5)-4,5-dihydrooxazole (1b). A 
slightly modified literature procedure was used.49 A heat 
gun-dried and nitrogen-flushed Schlenk flask was charged 
with 4,4-dimethyl-2-oxazoline (198 mg, 211 µL, 
2.00 mmol, 1.20 eq) and anhydrous THF (1.67 mL, 1.0 M). 
The colorless solution was cooled to 0 °C and freshly 
prepared TMPZnCl·LiCl (2.22 mL, 2.33 mmol, 1.40 eq, 
1.05 M in THF) was added via syringe pump (0.4 mL/min) 
to the vigorously stirred mixture. After complete addition 
stirring was continued for one more hour under the same 
conditions to give a red/brown solution. Then 
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bromobenzene-d5 (270 mg, 1.67 mmol, 1.00 eq), Pd2dba3 
(30.5 mg, 33.3 µmol, 0.02 eq) and SPhos (41.0 mg, 
100 µmol, 0.06 eq) were added and the mixture was 
heated to 50 °C. After six hours of heating the reaction was 
cooled to 25 °C and terminated by the addition of 
saturated NH4Cl solution (20 mL) and water (20 mL). 
CH2Cl2 (20 mL) was added, the phases were separated and 
the aqueous layer was extracted with CH2Cl2 (4  20 mL). 
The combined organic layers were dried over anhydrous 
Na2SO4, filtered and concentrated under reduced pressure 
on a rotary evaporator. Purification by flash column 
chromatography (SiO2, CH:EA 6:1 v:v) afforded 1b 
(239 mg, 1.33 mmol, 80%) as a colorless liquid. Data for 
1b: Rf = 0.19 (SiO2, CH:EA 6:1 v:v). 1H-NMR (601 MHz, 
CDCl3): δ = 4.11 (s, 2H), 1.38 (s, 6H) ppm. 13C{1H}-NMR 
(151 MHz, CDCl3): δ = 162.2, 130.76 (t, 1JCD = 24.5 Hz), 
128.0, 127.93 (t, 1JCD = 24.9 Hz, 2x), 127.88 (t, 1JCD = 24.5 
Hz, 2x), 79.2, 67.7, 28.6 (2x) ppm. IR (ATR, neat): 𝜈 = 2966 
(w), 2928 (w), 2892 (w), 1646 (s), 1569 (w), 1542 (w), 
1461 (w), 1400 (m), 1364 (w), 1345 (m), 1328 (m), 1272 
(s), 1248 (w), 1202 (s), 1049 (s), 1032 (s), 987 (m), 967 
(m), 955 (m), 919 (m), 875 (w), 858 (w), 842 (w), 812 (m), 
705 (m), 655 (m) cm-1. MS (APCI): m/z = 181.1 
[C11H8D5NO+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C11H9D5NO+]: 181.1384; Found: 181.1383. [M+Na]+ calcd 
for [C11H8D5NNaO+]: 203.1203; Found: 203.1203. The 
analytical data are in accordance with the literature.15b

N
N

O

1c

4,4-Dimethyl-2-(pyridin-4-yl)-4,5-dihydrooxazole (1c). 
Prepared according to GP 1 from isonicotinaldehyde 
(1.07 g, 942 µL, 10.0 mmol, 1.00 eq) in CH2Cl2 (40 mL, 
0.25 M) and 2-amino-2-methylpropan-1-ol (1.34 g, 
1.43 mL, 15.0 mmol, 1.50 eq) and 4 Å MS (10.0 g). Stirring 
for 20 h and addition of NBS (2.67 g, 15.0 mmol, 1.50 eq) 
was followed by stirring for four more hours. After 
filtration the organic phase was washed with saturated 
NaHCO3 solution (3  50 mL). The combined aqueous 
phases were extracted with CH2Cl2 (2  50 mL). All organic 
phases were washed with saturated NaS2O3 solution 
(50 mL) and the aqueous phase was extracted with CH2Cl2 
(2  50 mL). Purification by flash column chromatography 
(SiO2, CH:EA 2:1 v:v) afforded 1c (1.56 g, 8.85 mmol, 89%) 
as a colorless liquid. Data for 1c: Rf = 0.10 (SiO2, CH:EA 2:1 
v:v). 1H-NMR (601 MHz, CDCl3): δ = 8.68 (d, 3JHH = 5.4 Hz, 
2H), 7.75 (d, 3JHH = 5.4 Hz, 2H), 4.12 (s, 2H), 1.37 (s, 6H) 
ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 160.5, 150.3 (2x), 
135.5, 122.1 (2x), 79.5, 68.2, 28.4 (2x) ppm. IR (ATR, neat): 
𝜈 = 3050 (w), 2983 (w), 2965 (m), 2928 (w), 2898 (w), 
2865 (w), 1732 (w), 1651 (s), 1600 (m), 1552 (m), 1496 
(w), 1476 (w), 1464 (w), 1443 (w), 1409 (m), 1380 (w), 
1360 (m), 1334 (m), 1303 (s), 1253 (w), 1220 (m), 1183 
(m), 1091 (m), 1079 (m), 1072 (m), 1061 (m), 1013 (w), 
993 (m), 967 (s), 923 (m), 894 (w), 871 (m), 844 (s), 819 
(m), 747 (m), 689 (s), 684 (s), 666 (m) cm-1. MS (APCI): 
m/z = 277.1 [M+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 

[C10H13N2O+]: 177.1022; Found: 177.1022. The analytical 
data are in accordance with the literature.50

MeO

N

O

1d

2-(4-Methoxyphenyl)-4,4-dimethyl-4,5-dihydrooxazole (1d). 
Prepared according to GP 1 from 4-methoxybenzaldehyde 
(817 mg, 729 µL 6.00 mmol, 1.00 eq) in CH2Cl2 (15 mL, 
0.4 M) and 2-amino-2-methylpropan-1-ol (802 mg, 859 µL, 
9.00 mmol, 1.50 eq) and 4 Å MS (10.0 g). Stirring for 20 h 
and addition of DDQ (2.04 g, 9.00 mmol, 1.50 eq) was 
followed by stirring for two more hours. Saturated NH4Cl 
solution (20 mL) and water (20 mL) were added and the 
mixture was stirred for 30 minutes. After filtration the 
aqueous phase was extracted with CH2Cl2 (4  20 mL) and 
the combined organic phases were washed with water 
(20 mL). Purification by flash column chromatography 
(SiO2, CH:EA 8:1 v:v) afforded 1d (783 mg, 3.81 mmol, 
64%) as a slightly yellow oil. Data for 1d: Rf = 0.13 (SiO2, 
CH:EA 8:1 v:v). 1H-NMR (360 MHz, CDCl3): δ = 7.92 – 7.84 
(AA'XX', 2H), 6.95 – 6.85 (AA'XX', 2H), 4.08 (s, 2H), 3.84 (s, 
3H), 1.37 (s, 6H) ppm. 13C{1H}-NMR (91 MHz, CDCl3): δ = 
162.1, 162.0, 130.0 (2x), 120.7, 113.7 (2x), 79.1, 67.5, 55.5, 
28.6 (2x) ppm. IR (ATR, neat): 𝜈 = 2964 (w), 2930 (w), 
2893 (w), 1645 (s), 1609 (m), 1578 (w), 1512 (s), 1461 
(w), 1443 (w), 1421 (w), 1384 (w), 1352 (m), 1307 (m), 
1251 (s), 1215 (w), 1169 (s), 1113 (w), 1066 (s), 1029 (s), 
1010 (m), 992 (m), 966 (m), 920 (w), 872 (w), 840 (s), 792 
(m), 742 (m), 686 (m) cm-1. MS (APCI): m/z = 206.1 
[C12H15NO2+H]+. The analytical data are in accordance with 
the literature.48

N

O

O
O

1e

2-(Benzo[d][1,3]dioxol-5-yl)-4,4-dimethyl-4,5-
dihydrooxazole (1e). Prepared according to GP 2 from 
benzo[d][1,3]dioxole-5-carboxylic acid (1.66 g, 10.0 mmol, 
1.00 eq) in SOCl2 (7.25 mL, 100 mmol, 10.0 eq) and stirring 
for six hours. 2-Amino-2-methylpropan-1-ol (1.78 g, 
1.91 mL, 20.0 mmol, 2.00 eq) was dissolved in CH2Cl2 
(20 mL) and addition of the crude acid chloride in CH2Cl2 
(5 mL) and stirring for three hours. The crude amide in 
SOCl2 (7.25 mL, 100 mmol, 10.0 eq) was stirred for 
60 minutes. After solvent evaporation the crude oil was 
dissolved in CH2Cl2 (50 mL) and water (40 mL) and 
aqueous NaOH (20%, 40 mL) were added. The phases 
were separated and the aqueous phase (pH > 9) was 
extracted with CH2Cl2 (3  20 mL). Purification by flash 
column chromatography (SiO2, CH:EA 3:1 v:v) afforded 1e 
(1.82 g, 8.30 mmol, 83%) as a colorless oil. Data for 1e: Rf = 
0.27 (SiO2, CH:EA 3:1 v:v). 1H-NMR (601 MHz, CDCl3): δ = 
7.48 (dd, 3JHH = 8.1 Hz, 4JHH = 1.7 Hz, 1H), 7.40 (d, 4JHH = 1.6 
Hz, 1H), 6.81 (d, 3JHH = 8.1 Hz, 1H), 6.00 (s, 2H), 4.07 (s, 
2H), 1.36 (s, 6H) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 
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161.8, 150.2, 147.7, 123.2, 122.2, 108.6, 108.1, 101.6, 79.3, 
67.6, 28.6 (2x) ppm. IR (ATR, neat): 𝜈 = 2965 (w), 2891 
(w), 1647 (s), 1626 (w), 1606 (w), 1503 (m), 1492 (s), 
1463 (m), 1449 (s), 1384 (w), 1366 (m), 1303 (s), 1257 
(s), 1237 (s), 1188 (m), 1146 (w), 1102 (m), 1036 (s), 992 
(m), 968 (m), 932 (m), 903 (m), 876 (m), 845 (m), 818 
(m), 807 (m), 754 (m), 733 (s), 708 (s), 679 (m), 663 (w) 
cm-1. MS (APCI): m/z = 220.2 [C12H13NO3+H]+. HRMS (ESI) 
m/z: [M+H]+ calcd for [C12H14NO3

+]: 220.0968; Found: 
220.0966. [M+Na]+ calcd for [C12H13NNaO3

+]: 242.0788; 
Found: 242.0786. The analytical data are in accordance 
with the literature.51

N

OCF3

1f

4,4-Dimethyl-2-(2-(trifluoromethyl)phenyl)-4,5-
dihydrooxazole (1f). Prepared according to GP 1 from 2-
(trifluoromethyl)benzaldehyde (1.74 g, 1.32 mL, 
10.0 mmol, 1.00 eq) in CH2Cl2 (25 mL, 0.4 M) and 2-amino-
2-methylpropan-1-ol (1.34 g, 1.43 mL, 15.0 mmol, 1.50 eq) 
and 4 Å MS (10.0 g). Stirring for 18 h and addition of NBS 
(2.67 g, 15.0 mmol, 1.50 eq) was followed by stirring for 
three more hours. After filtration the organic phase was 
washed with saturated NaHCO3 solution (3  50 mL). The 
combined aqueous phases were extracted with CH2Cl2 
(2  50 mL). All organic phases were washed with 
saturated NaS2O3 solution (50 mL) and the aqueous phase 
was extracted with CH2Cl2 (20 mL). Purification by flash 
column chromatography (SiO2, CH:EA 4:1 v:v) afforded 1f 
(1.42 g, 5.84 mmol, 58%) as a colorless liquid. Data for 1f: 
Rf = 0.14 (SiO2, CH:EA 4:1 v:v). 1H-NMR (600 MHz, CDCl3): δ 
= 7.74 (d, 3JHH = 7.3 Hz, 1H), 7.72 (d, 3JHH = 7.2 Hz, 1H), 7.56 
(p, 3JHH = 7.2 Hz, 2H), 4.15 (s, 2H), 1.39 (s, 6H) ppm. 
13C{1H}-NMR (151 MHz, CDCl3): δ = 161.7, 131.7, 131.2, 
130.5, 129.21 (q, 2JCF = 32.0 Hz), 127.99 (d, 3JCF = 2.3 Hz), 
126.62 (q, 3JCF = 5.2 Hz), 123.68 (q, 1JCF = 273.5 Hz), 80.2, 
68.1, 28.2 (2x) ppm. 19F-NMR (565 MHz, CDCl3): δ =  ‒59.7 
(s) ppm. IR (ATR, neat): 𝜈 = 2970 (w), 2931 (w), 2894 (w), 
1662 (w), 1606 (w), 1579 (w), 1496 (w), 1463 (w), 1451 
(w), 1385 (w), 1353 (w), 1309 (s), 1269 (m), 1215 (w), 
1163 (s), 1136 (s), 1112 (s), 1085 (s), 1034 (s), 987 (w), 
962 (m), 921 (w), 870 (w), 819 (w), 769 (s), 705 (m), 690 
(m) cm-1. MS (APCI): m/z = 244.0 [C12H12F3NO+H]+. HRMS 
(ESI) m/z: [M+H]+ calcd for [C12H13F3NO+]: 244.0944; 
Found: 244.0940. [M+Na]+ calcd for [C12H13F3NNaO+]: 
266.0763; Found: 266.0760. [M+K]+ calcd for 
[C12H13F3KNO+]: 282.0503; Found: 282.0499. [2M+Na]+ 
calcd for [C24H24F6N2NaO2

+]: 509.1634; Found: 509.1627. 
The analytical data are in accordance with the literature.15b

N

O
F3C

1g

4,4-Dimethyl-2-(3-(trifluoromethyl)phenyl)-4,5-
dihydrooxazole (1g). Prepared according to GP 1 from 3-
(trifluoromethyl)benzaldehyde (1.74 g, 1.34 mL, 

10.0 mmol, 1.00 eq) in CH2Cl2 (40 mL, 0.25 M) and 2-
amino-2-methylpropan-1-ol (1.34 g, 1.43 mL, 15.0 mmol, 
1.50 eq) and 4 Å MS (10.0 g). Stirring for 20 h and addition 
of NBS (2.67 g, 15.0 mmol, 1.50 eq) was followed by 
stirring for four more hours. After filtration the organic 
phase was washed with saturated NaHCO3 solution 
(3  50 mL). The combined aqueous phases were extracted 
with CH2Cl2 (2  50 mL). All organic phases were washed 
with saturated NaS2O3 solution (50 mL) and the aqueous 
phase was extracted with CH2Cl2 (2  50 mL). Purification 
by flash column chromatography (SiO2, CH:EA 20:1 v:v) 
afforded 1g (1.26 g, 5.18 mmol, 52%) as a pale yellow 
liquid. Data for 1g: Rf = 0.15 (SiO2, CH:EA 20:1 v:v). 1H-
NMR (600 MHz, CDCl3): δ = 8.21 (s, 1H), 8.11 (d, 3JHH = 7.9 
Hz, 1H), 7.71 (d, 3JHH = 7.9 Hz, 1H), 7.52 (td, 3JHH = 7.9 Hz, 
4JHH = 2.4 Hz, 1H), 4.13 (d, 4JHH = 2.2 Hz, 2H), 1.39 (d, 4JHH = 
2.1 Hz, 6H) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 160.8, 
131.4, 130.88 (q, 2JCF = 32.9 Hz), 129.0, 128.9, 127.72 (q, 
3JCF = 3.8 Hz), 125.22 (q, 3JCF = 3.9 Hz), 123.79 (q, 1JCF = 
272.4 Hz), 79.4, 67.9, 28.4 (2x) ppm. 19F-NMR (565 MHz, 
CDCl3): δ = ‒62.7 (s) ppm. IR (ATR, neat): 𝜈 = 2970 (w), 
2931 (w), 2896 (w), 2871 (w), 1652 (m), 1618 (w), 1591 
(w), 1487 (w), 1464 (w), 1434 (w), 1386 (w), 1360 (m), 
1335 (s), 1298 (m), 1280 (s), 1211 (m), 1166 (m), 1124 
(s), 1099 (m), 1062 (s), 1018 (w), 1001 (w), 990 (w), 968 
(m), 918 (m), 888 (w), 880 (w), 855 (w), 809 (m), 789 (w), 
756 (w), 720 (m), 697 (s), 653 (w) cm-1. MS (APCI): m/z = 
244.2 [C12H12F3NO+H]+. The analytical data are in 
accordance with the literature.48

N

O

F3C

1h

4,4-Dimethyl-2-(4-(trifluoromethyl)phenyl)-4,5-
dihydrooxazole (1h). Prepared according to GP 1 from 4-
(trifluoromethyl)benzaldehyde (1.74 g, 1.36 mL, 
10.0 mmol, 1.00 eq, 95% purity) in CH2Cl2 (40 mL, 0.25 M) 
and 2-amino-2-methylpropan-1-ol (1.34 g, 1.43 mL, 
15.0 mmol, 1.50 eq) and 4 Å MS (10.0 g). Stirring for 20 h 
and addition of NBS (2.67 g, 15.0 mmol, 1.50 eq) was 
followed by stirring for four more hours. After filtration 
the organic phase was washed with saturated NaHCO3 
solution (3  50 mL). The combined aqueous phases were 
extracted with CH2Cl2 (2  50 mL). All organic phases were 
washed with saturated NaS2O3 solution (50 mL) and the 
aqueous phase was extracted with CH2Cl2 (2  50 mL). 
Further purification was not necessary and 1h (2.40 g, 
9.86 mmol, 99%) was obtained as a colorless solid. Data 
for 1h: Rf = 0.10 (SiO2, CH:EA 20:1 v:v). Mp: 100 – 102 °C. 
1H-NMR (600 MHz, CDCl3): δ = 8.05 (d, 3JHH = 8.2 Hz, 2H), 
7.66 (d, 3JHH = 8.1 Hz, 2H), 4.14 (s, 2H), 1.39 (s, 6H) ppm. 
13C{1H}-NMR (151 MHz, CDCl3): δ = 161.0, 132.91 (q, 2JCF = 
32.6 Hz, 2x), 131.6, 128.7, 125.39 (q, 3JCF = 3.6 Hz, 2x), 
123.95 (q, 1JCF = 272.5 Hz), 79.5, 68.1, 28.5 (2x) ppm. 19F-
NMR (565 MHz, CDCl3): δ = ‒62.9 (s) ppm. IR (ATR, neat): 
𝜈 = 2972 (w), 2932 (w), 2898 (w), 1942 (w), 1651 (m), 
1619 (w), 1581 (w), 1520 (w), 1464 (w), 1411 (m), 1369 
(w), 1356 (w), 1322 (s), 1298 (m), 1250 (w), 1217 (w), 
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1166 (s), 1128 (m), 1106 (s), 1069 (s), 1060 (s), 1016 (s), 
988 (w), 963 (m), 921 (w), 871 (w), 852 (s), 818 (w), 775 
(w), 755 (m), 692 (m), 686 (s) cm-1. MS (APCI): m/z = 
244.2 [C12H12F3NO+H]+. The analytical data are in 
accordance with the literature.48

N

O

1i

MeO2C

Methyl 2-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)benzoate 
(1i). A modified literature procedure was used.52 A heat 
gun-dried and nitrogen-flushed Schlenk flask, equipped 
with a magnetic stirring bar was charged with 2-
(methoxycarbonyl)benzoic acid (1.80 g, 10.0 mmol, 
1.00 eq) in non-anhydrous CH2Cl2 (12.5 mL, 0.8 M). 
Catalytic amounts of DMF (73.1 mg, 77.4 µL, 1.00 mmol, 
0.10 eq) were added and the mixture was cooled to 0 °C. 
Oxalyl chloride (1.90 g, 1.29 mL, 15.0 mmol, 1.50 eq) was 
added via syringe pump (0.5 mL/min) to the vigorously 
stirred solution. Upon complete addition, the cooling bath 
was removed and the mixture was stirred at 25 °C for two 
hours. Then all volatile components were removed under 
reduced pressure using a cooling trap. A second heat gun-
dried and nitrogen-flushed Schlenk flask was charged with 
2-amino-2-methylpropan-1-ol (1.78 g, 1.91 mL, 20.0 mmol, 
2.00 eq) and NEt3 (2.02 g, 2.79 mL, 20.0 mmol, 2.00 eq) in 
non-anhydrous CH2Cl2 (10.0 mL, 1.0 M). The crude acid 
chloride, suspended in non-anhydrous CH2Cl2 (10.0 mL, 1.0 
M), was added via syringe pump (1.0 mL/min) at 0 °C. 
Stirring for three hours, while the mixture was allowed to 
warm to 25 °C, was followed by removing of all volatile 
components under reduced pressure using a cooling trap. 
The crude amide was redissolved in non-anhydrous CH2Cl2 
(20.0 mL, 0.5 M) and cooled to 0 °C. SOCl2 (2.90 mL, 
40.0 mmol, 4.00 eq) was added via syringe pump 
(0.5 mL/min) and the mixture was stirred for three hours, 
while the mixture was allowed to warm slowly to 25 °C. All 
volatile components were removed in vacuo to give an oily 
residue, which was dissolved in CH2Cl2 (50 mL). Water 
(50 mL) and saturated NaHCO3 solution (50 mL) were 
added to adjust a pH value of 9. Then the phases were 
separated and the aqueous phase was extracted with 
CH2Cl2 (5  40 mL). The combined organic phases were 
dried over anhydrous Na2SO4, filtered and concentrated 
under reduced pressure on a rotary evaporator. 
Purification by flash column chromatography (SiO2, CH:EA 
3:1 to 2:1 v:v) afforded 1i (1.76 g, 7.55 mmol, 76%) as a 
slightly yellow oil. Data for 1i: Rf = 0.08 (SiO2, CH:EA 3:1 
v:v). Rf = 0.20 (SiO2, CH:EA 2:1 v:v). 1H-NMR (601 MHz, 
CDCl3): δ = 7.75 – 7.70 (AA'XX', 2H), 7.54 – 7.45 (AA'XX', 
2H), 4.09 (s, 2H), 3.87 (s, 3H), 1.39 (s, 6H) ppm. 13C{1H}-
NMR (151 MHz, CDCl3): δ = 168.2, 162.3, 132.1, 131.2, 
130.4, 129.9, 129.2, 128.8, 80.0, 68.2, 52.5, 28.3 (2x) ppm. 
IR (ATR, neat): 𝜈 = 2967 (w), 2930 (w), 2892 (w), 1729 (s), 
1655 (m), 1598 (w), 1577 (w), 1488 (w), 1447 (w), 1432 
(m), 1384 (w), 1364 (w), 1352 (m), 1290 (s), 1271 (s), 
1214 (w), 1189 (m), 1126 (m), 1099 (m), 1049 (m), 1033 
(m), 988 (w), 962 (m), 921 (m), 872 (w), 826 (w), 770 (m), 

731 (m), 702 (m), 690 (m) cm-1. MS (APCI): m/z = 234.0 
[C13H15NO3+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C13H16NO3

+]: 234.1125; Found: 234.1124. [M+Na]+: calcd 
for [C13H15NNaO3

+]: 256.0944; Found: 256.0944. [2M+Na]+ 
calcd for [C26H30N2NaO6

+]: 489.1996; Found: 489.1991. The 
analytical data are in accordance with the literature.52

CO2HMeO2C

S1

3-(Methoxycarbonyl)benzoic acid (S1). A modified 
literature procedure was used.53 Dimethyl isophthalate 
(3.88 g, 20.0 mmol, 1.00 eq) was dissolved in acetone 
(50.0 mL, 0.4 M) and a solution of NaOH (840 mg, 
21.0 mmol, 1.05 eq) in methanol (8.0 mL) was added using 
a Pasteur pipette over a time period of two minutes at 
25 °C. During addition of the alkaline solution a colorless 
solid start to precipitate. The mixture was stirred for nine 
hours, while the stirring rate was increased to 1400 rpm to 
ensure efficient miscibility owing to enormous 
precipitation. All volatile components were removed in 
vacuo on a rotary evaporator and the colorless solid was 
dissolved in saturated NaHCO3 solution (100 mL). The 
aqueous phase was extracted with CH2Cl2 (4  30 mL) to 
remove remaining starting material. Acidification using 
concentrated hydrochloric acid was conducted until a pH 
of 1 was adjusted – during addition a colorless solid 
precipitated. Filtration was followed by washing with 
water (3  50 mL) and drying in vacuo to obtain S1 (3.24 g, 
18.0 mmol, 90%) as a colorless solid. Data for S1: Rf = 0.13 
(SiO2, CH:EA 3:1 v:v). Rf = 0.32 (SiO2, CH:EA 1:1 v:v). Mp.: 
187 – 189 °C. 1H-NMR (601 MHz, DMSO-d6): δ = 13.32 (br. 
s, 1H), 8.48 (s, 1H), 8.21 – 8.16 (m, 2H), 7.67 (t, 3JHH = 7.7 
Hz, 1H), 3.89 (s, 3H) ppm. 13C{1H}-NMR (151 MHz, DMSO-
d6): δ = 166.5, 165.6, 133.8, 133.2, 131.4, 130.1, 129.8, 
129.4, 52.4 ppm. IR (ATR, neat): 𝜈 = 2966 (w), 2823 (w), 
2548 (br), 1727 (s), 1674 (s), 1609 (m), 1586 (w), 1486 
(w), 1457 (w), 1432 (m), 1316 (m), 1294 (s), 1265 (s), 
1190 (m), 1161 (m), 1142 (m), 1094 (s), 1075 (s), 1001 
(w), 961 (m), 928 (m), 881 (m), 830 (m), 785 (w), 723 (s), 
705 (s), 671 (m), 657 (m) cm-1. MS (APCI): m/z = 181.0 
[C9H8O4+H]+. HRMS (ESI) m/z: [M+H]+ calcd for [C9H9O4

+]: 
181.0495; Found: 181.0495. [M+Na]+ calcd for 
[C9H8NaO4

+]: 203.0315; Found: 203.0315. [2M+Na]+ calcd 
for [C18H16NaO8

+]: 383.0737; Found: 383.0735. [M‒H]‒ 
calcd for [C9H7O4

‒]: 179.0350; Found: 179.0348. 
[2(M‒H)+Na]‒ calcd for [C18H14NaO8

‒]: 381.0592; Found: 
381.0592. The analytical data are in accordance with the 
literature.54

N

O

1j

MeO2C

Methyl 3-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)benzoate 
(1j). A modified literature procedure was used.52 A heat 
gun-dried and nitrogen-flushed Schlenk flask, equipped 
with a magnetic stirring bar was charged with S1 (1.80 g, 
10.0 mmol, 1.00 eq) in non-anhydrous CH2Cl2 (12.5 mL, 
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0.8 M). Catalytic amounts of DMF (73.1 mg, 77.4 µL, 
1.00 mmol, 0.10 eq) were added and the mixture was 
cooled to 0 °C. Oxalyl chloride (1.90 g, 1.29 mL, 15.0 mmol, 
1.50 eq) was added via syringe pump (0.5 mL/min) to the 
vigorously stirred solution. Upon complete addition, the 
cooling bath was removed and the mixture was stirred at 
25 °C for two hours. Then all volatile components were 
removed under reduced pressure using a cooling trap. A 
second heat gun-dried and nitrogen-flushed Schlenk flask 
was charged with 2-amino-2-methylpropan-1-ol (1.78 g, 
1.91 mL, 20.0 mmol, 2.00 eq) and NEt3 (2.02 g, 2.79 mL, 
20.0 mmol, 2.00 eq) in non-anhydrous CH2Cl2 (10.0 mL, 
1.0 M). The crude acid chloride, suspended in non-
anhydrous CH2Cl2 (10.0 mL, 1.0 M), was added via syringe 
pump (1.0 mL/min) at 0 °C. Stirring for three hours, while 
the mixture was allowed to warm to 25 °C, was followed 
by removing of all volatile components under reduced 
pressure using a cooling trap. The crude amide was 
redissolved in non-anhydrous CH2Cl2 (20.0 mL, 0.5 M) and 
cooled to 0 °C. SOCl2 (2.90 mL, 40.0 mmol, 4.00 eq) was 
added via syringe pump (0.5 mL/min) and the mixture was 
stirred for three hours, while the mixture was allowed to 
warm slowly to 25 °C. All volatile components were 
removed in vacuo to give an oily residue, which was 
dissolved in CH2Cl2 (50 mL). Water (50 mL) and saturated 
NaHCO3 solution (50 mL) were added to adjust a pH value 
of 9. Then the phases were separated and the aqueous 
phase was extracted with CH2Cl2 (5  40 mL). The 
combined organic phases were dried over anhydrous 
Na2SO4, filtered and concentrated under reduced pressure 
on a rotary evaporator. Purification by flash column 
chromatography (SiO2, CH:EA 2:1 v:v) afforded 1j (2.07 g, 
8.87 mmol, 89%) as a colorless oil, which slowly solidified 
upon standing at 25 °C to give a colorless solid. Data for 1j: 
Rf = 0.31 (SiO2, CH:EA 2:1 v:v). Mp.: 54 – 56 °C. 1H-NMR 
(601 MHz, CDCl3): δ = 8.58 (t, 4JHH = 1.7 Hz, 1H), 8.16 – 8.10 
(m, 2H), 7.48 (t, 3JHH = 7.8 Hz, 1H), 4.13 (s, 2H), 3.92 (s, 3H), 
1.39 (s, 6H) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 
166.6, 161.4, 132.6, 132.3, 130.6, 129.5, 128.7, 128.6, 79.4, 
68.0, 52.3, 28.5 (2x) ppm. IR (ATR, neat): 𝜈 = 2968 (w), 
2934 (w), 2903 (w), 1716 (s), 1645 (m), 1601 (w), 1436 
(m), 1388 (w), 1380 (w), 1358 (m), 1323 (s), 1297 (s), 
1251 (m), 1211 (m), 1193 (m), 1176 (w), 1164 (w), 1114 
(s), 1098 (m), 1082 (w), 1060 (s), 1013 (w), 1002 (w), 975 
(m), 962 (m), 929 (m), 915 (m), 822 (m), 765 (m), 724 
(m), 704 (s), 657 (w) cm-1. MS (APCI): m/z = 234.1 
[C13H15NO3+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C13H16NO3

+]: 234.1125; Found: 234.1124. [M+Na]+ calcd 
for [C13H15NNaO3

+]: 256.0944; Found: 256.0943. [2M+Na]+ 
calcd for [C26H30N2NaO6

+]: 489.1996; Found: 489.1994. The 
analytical data are in accordance with the literature.55

N

O

MeO2C

1k

Methyl 4-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)benzoate 
(1k). Prepared according to GP 1 from methyl 4-
formylbenzoate (1.64 g, 10.0 mmol, 1.00 eq) in CH2Cl2 

(25 mL, 0.4 M) and 2-amino-2-methylpropan-1-ol (1.34 g, 
1.43 mL, 15.0 mmol, 1.50 eq) and 4 Å MS (10.0 g). Stirring 
for 20 h and addition of NBS (2.67 g, 15.0 mmol, 1.50 eq) 
was followed by stirring for four more hours. After 
filtration the organic phase was washed with saturated 
NaHCO3 solution (3  50 mL). The combined aqueous 
phases were extracted with CH2Cl2 (2  50 mL). All organic 
phases were washed with saturated NaS2O3 solution 
(50 mL) and the aqueous phase was extracted with CH2Cl2 
(20 mL). Further purification was not necessary and 1k 
(2.28 g, 9.77 mmol, 98%) was obtained as a colorless solid. 
Data for 1k: Rf = 0.15 (SiO2, CH:EA 6:1 v:v). Mp.: 68 – 70 °C. 
1H-NMR (360 MHz, CDCl3): δ = 8.09 – 8.03 (AA'XX', 2H), 
8.03 – 7.96 (AA'XX', 2H), 4.13 (s, 2H), 3.92 (s, 3H), 1.39 (s, 
6H) ppm. 13C{1H}-NMR (91 MHz, CDCl3): δ = 166.6, 161.4, 
132.4, 132.3, 129.6 (2x), 128.3 (2x), 79.4, 68.0, 52.5, 28.5 
(2x) ppm. IR (ATR, neat): 𝜈 = 2960 (w), 2927 (w), 2894 
(w), 1718 (s), 1645 (m), 1612 (w), 1509 (w), 1439 (m), 
1408 (m), 1380 (w), 1363 (w), 1354 (w), 1315 (m), 1299 
(w), 1271 (s), 1216 (w), 1195 (m), 1179 (m), 1114 (m), 
1104 (s), 1064 (s), 1015 (m), 993 (w), 966 (m), 916 (m), 
868 (m), 851 (w), 842 (w), 824 (m), 780 (m), 707 (s), 676 
(m) cm-1. MS (APCI): m/z = 234.1 [C13H15NO3+H]+. HRMS 
(ESI) m/z: [M+H]+ calcd for [C13H16NO3

+]: 234.1125; 
Found: 234.1124. [M+Na]+ calcd for [C13H15NNaO3

+]: 
256.0944; Found: 256.0945. The analytical data are in 
accordance with the literature.15b

Br

O2N OMe
Br

Br

O2N OMe
S2 S3

1-(Bromomethyl)-2-methoxy-4-nitrobenzene (S2) & 
1-(Dibromomethyl)-2-methoxy-4-nitrobenzene (S3). A 
slightly modified literature procedure was used.23b 2-
Methoxy-1-methyl-4-nitrobenzene (3.34 g, 20.0 mmol, 
1.00 eq) was dissolved in CCl4 (40 mL, 0.5 M) and NBS 
(10.7 g, 60.0 mmol, 3.00 eq) and AIBN (328 mg, 2.00 mmol, 
0.10 eq) were added successively. The mixture was heated 
to 95 °C (oil bath temperature) and stirred for 24 hours at 
this temperature. After cooling to ambient temperature, 
the mixture was filtered over a plug of Celite® and washed 
with ethyl acetate (~50 mL). Concentration under reduced 
pressure on a rotary evaporator afforded a colorless solid 
(4.68 g, 15.7 mmol, 79%). A mixture of mono- S2 (1.32 g, 
5.37 mmol, 27%) and dibrominated species S3 (3.36 g, 
10.3 mmol, 52%) was obtained as determined by 1H-NMR 
(ratio: 0.52:1.00). The crude was used without further 
purification. Data for S2: Rf = 0.47 (SiO2, CH:EA 6:1 v:v). 1H-
NMR (601 MHz, CDCl3): δ = 7.82 (dd, 3JHH = 8.3 Hz, 4JHH = 2.0 
Hz, 1H, H–5), 7.73 (d, 4JHH = 1.7 Hz, 1H, H–3), 7.49 (d, 3JHH = 
8.3 Hz, 1H, H–6), 4.54 (s, 2H, CH2Br), 4.00 (s, 3H, OCH3) 
ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 157.8 (C–2), 
149.1 (C–4), 133.4 (C–1), 131.2 (C–6), 116.1 (C–5), 106.0 
(C–3), 56.4 (OCH3), 26.5 (CH2Br) ppm. MS (EI, 70 eV): m/z 
= 166.1 [C8H8NO3‒Br]+·. HRMS (EI, 70 eV) m/z: [M‒Br]+· 
calcd for [C8H8NO3

+·]: 166.0499; Found: 166.0499. Data for 
S3: Rf = 0.53 (SiO2, CH:EA 6:1 v:v). 1H-NMR (601 MHz, 
CDCl3): δ = 8.03 (d, 3JHH = 8.6 Hz, 1H, H–6), 7.91 (dd, 3JHH = 
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8.6 Hz, 4JHH = 1.9 Hz, 1H, H–5), 7.71 (d, 4JHH = 1.8 Hz, 1H, H–
3), 7.07 (s, 1H, CHBr2), 4.02 (s, 3H, OCH3) ppm. 13C{1H}-
NMR (151 MHz, CDCl3): δ = 154.0 (C–2), 149.4 (C–4), 136.5 
(C–1), 131.2 (C–6), 116.5 (C–5), 106.1 (C–3), 56.7 (OCH3), 
32.9 (CHBr2) ppm. MS (EI, 70 eV): m/z = 244.0 
[C8H7

79BrNO3‒Br]+·. HRMS (EI, 70 eV) m/z: [M‒Br]+· calcd 
for [C8H7

79BrNO3
+·]: 243.9604; Found: 243.9605. Data for 

mixture of S2 and S3: Mp.: 89 – 109 °C. IR (ATR, neat): 𝜈 = 
3111 (w), 3085 (w), 3036 (w), 2980 (w), 2941 (w), 2840 
(w), 1616 (w), 1589 (w), 1511 (s), 1487 (m), 1455 (m), 
1409 (m), 1342 (s), 1276 (m), 1251 (s), 1223 (m), 1185 
(m), 1163 (m), 1113 (m), 1085 (m), 1026 (s), 925 (w), 871 
(s), 828 (m), 812 (s), 791 (m), 749 (m), 727 (s), 673 (m) 
cm-1.

O2N OMe

OAc

OAc

S4

(2-Methoxy-4-nitrophenyl)methylene diacetate (S4). A 
slightly modified literature procedure was used.24 2-
Methoxy-1-methyl-4-nitrobenzene (5.01 g, 30.0 mmol, 
1.00 eq) was dissolved in acetic acid (43 mL, 0.7 M) and 
acetic anhydride (43 mL, 0.7 M) and cooled to 0 °C. 
Concentrated H2SO4 (7.20 mL, 135 mmol, 4.50 eq, 98% in 
H2O) was added dropwise within 5 minutes via Pasteur 
pipette to the open flask reaction. Upon complete addition, 
CrO3 (9.00 g, 90.0 mmol, 3.00 eq) was added in small 
portions over 60 minutes, while the reaction temperature 
was kept below 5 °C. In the course of the reaction, the color 
turned from pale yellow to dark green. Thereafter, the 
mixture was stirred for an additional 30 minutes at 0 °C 
and then poured carefully into a beaker filled with ice 
(400 mL). After the ice was melted the precipitated 
material was collected via filtration and washed with cool 
water (2  40 mL). Purification by flash column 
chromatography (SiO2, CH:EA 4:1 v:v) afforded S4 (4.93 g, 
17.4 mmol, 58%) as a pale yellow solid. If necessary, the 
product can be washed with small amounts of cyclohexane 
to remove yellow impurities. Data for S4: Rf = 0.21 (SiO2, 
CH:EA 4:1 v:v). Mp.: 136 – 140 °C. 1H-NMR (601 MHz, 
CDCl3): δ = 8.00 (s, 1H), 7.87 (dd, 3JHH = 8.4 Hz, 4JHH = 1.9 Hz, 
1H), 7.75 (d, 4JHH = 1.9 Hz, 1H), 7.64 (d, 3JHH = 8.4 Hz, 1H), 
3.96 (s, 3H), 2.13 (s, 6H) ppm. 13C{1H}-NMR (151 MHz, 
CDCl3): δ = 168.4 (2x), 157.6, 149.8, 130.7, 127.9, 115.8, 
106.2, 84.7, 56.5, 20.9 (2x) ppm. IR (ATR, neat): 𝜈 = 3124 
(w), 3094 (w), 3064 (w), 2961 (w), 1754 (s), 1623 (w), 
1595 (w), 1527 (m), 1495 (m), 1470 (w), 1420 (w), 1373 
(m), 1352 (m), 1313 (m), 1282 (w), 1261 (m), 1232 (s), 
1196 (s), 1127 (m), 1094 (w), 1059 (m), 1014 (s), 991 (s), 
970 (s), 949 (s), 908 (m), 877 (s), 833 (m), 802 (s), 743 
(m), 731 (m), 681 (w), 657 (m) cm-1. MS (EI, 70 eV): m/z = 
283.1 [C12H13NO7]+·. HRMS (ESI) m/z: [M+Na]+ calcd for 
[C12H13NNaO7

+]: 306.0584; Found: 306.0583. [2M+Na]+ 
calcd for [C24H26N2NaO14

+]: 589.1276; Found: 589.1275. 
The analytical data are in accordance with the literature.56

CHO

O2N OMe

2

2-Methoxy-4-nitrobenzaldehyde (2). A slightly modified 
literature procedure was used.23a A mixture (4.47 g, 
15.0 mmol, 1.00 eq) of mono- S2 (1.26 g, 5.13 mmol) and 
dibrominated species S3 (3.21 g, 9.87 mmol) was 
suspended in EtOH:H2O (15 mL, 1:1 v:v, 1.0 M) and 
hexamethylenetetramine (6.31 g, 45.0 mmol, 3.00 eq) was 
added in one portion. Heating for three hours at 100 °C (oil 
bath temperature), while the solid slowly dissolved, was 
followed by the addition of concentrated hydrochloric acid 
(2.48 mL, 30.0 mmol, 2.00 eq). After stirring for another 
30 minutes at 100 °C (oil bath temperature) the mixture 
was cooled to ambient temperature. Ethanol was removed 
under reduced pressure by rotary evaporation and water 
(30 mL) and CH2Cl2 (30 mL) were added. The phases were 
separated and the aqueous phase was extracted with 
CH2Cl2 (3  30 mL). The combined organic layers were 
dried over anhydrous Na2SO4, filtered and concentrated 
under reduced pressure on a rotary evaporator. 
Purification by flash column chromatography (SiO2, CH:EA 
6:1 v:v) afforded 2 (780 mg, 4.31 mmol, 29%) as a 
colorless solid.
2-Methoxy-4-nitrobenzaldehyde (2). A slightly modified 
literature procedure was used.24 S4 (1.42 g, 5.00 mmol, 
1.00 eq) was dissolved in 1,4-dioxane (5.00 mL, 1.0 M) and 
concentrated hydrochloric acid (1.00 mL, 37% in H2O) was 
added in one portion. The mixture was heated to 105 °C 
(oil bath temperature) and stirred under these conditions 
for 12 hours. After cooling to ambient temperature no 
solids precipitated, that is why the reaction mixture was 
subjected to aqueous workup. Saturated NaHCO3 solution 
was added until no more bubbling was observed and a pH 
value of approximately 8 was adjusted. The aqueous phase 
was extracted with ethyl acetate (3  10 mL) and the 
combined organic phases were washed with water 
(20 mL). The organic phase was dried over anhydrous 
Na2SO4, filtered and concentrated under reduced pressure 
on a rotary evaporator to afford 2 (885 mg, 4.89 mmol, 
98%) as a bright yellow solid. Data for 2: Rf = 0.29 (SiO2, 
CH:EA 4:1 v:v). Mp.: 118 – 120 °C. 1H-NMR (601 MHz, 
CDCl3): δ = 10.51 (s, 1H), 7.98 (d, 4JHH = 8.3 Hz, 1H), 7.89 – 
7.85 (m, 2H), 4.06 (s, 3H) ppm. 13C{1H}-NMR (151 MHz, 
CDCl3): δ = 188.4, 161.9, 152.4, 129.7, 128.7, 115.7, 107.3, 
56.6 ppm. IR (ATR, neat): 𝜈 = 3113 (w), 3047 (w), 2959 
(w), 2884 (w), 1683 (s), 1612 (m), 1583 (m), 1515 (s), 
1483 (m), 1465 (m), 1413 (m), 1393 (m), 1347 (s), 1310 
(m), 1254 (s), 1191 (m), 1179 (s), 1114 (m), 1088 (m), 
1012 (s), 880 (s), 836 (m), 811 (s), 740 (s), 711 (m), 676 
(m) cm-1. MS (EI, 70 eV): m/z = 181.0 [C8H7NO4]+·. HRMS 
(EI, 70 eV) m/z: [M]+· calcd for [C8H7NO4

+·]: 181.0370; 
Found: 181.0371. The analytical data are in accordance 
with the literature.56
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O

N

O2N OMe

3

2-(2-Methoxy-4-nitrophenyl)-4,4-dimethyl-4,5-
dihydrooxazole (3). Prepared according to GP 1 from 2 
(181 mg, 1.00 mmol, 1.00 eq) in CH2Cl2 (2.50 mL, 0.4 M) 
and 2-amino-2-methylpropan-1-ol (178 mg, 191 µL, 
2.00 mmol, 2.00 eq) and 4 Å MS (2.0 g). Stirring for 18 h 
and addition of NBS (356 mg, 2.00 mmol, 2.00 eq) was 
followed by stirring for four more hours. After filtration 
the organic phase was washed with saturated NaHCO3 
solution (3  30 mL). The combined aqueous phases were 
extracted with CH2Cl2 (2  30 mL). All organic phases were 
washed with saturated NaS2O3 solution (30 mL) and the 
aqueous phase was extracted with CH2Cl2 (20 mL). 
Purification by flash column chromatography (SiO2, CH:EA 
2:1 v:v) afforded 3 (196 mg, 783 µmol, 78%) as a pale 
yellow solid. Data for 3: Rf = 0.17 (SiO2, CH:EA 2:1 v:v). Mp.: 
65 – 67 °C. 1H-NMR (601 MHz, CDCl3): δ = 7.89 (d, 3JHH = 8.4 
Hz, 1H), 7.83 (dd, 3JHH = 8.4 Hz, 4JHH = 2.1 Hz, 1H), 7.79 (d, 
4JHH = 2.0 Hz, 1H), 4.12 (s, 2H), 3.99 (s, 3H), 1.41 (s, 6H) 
ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 159.6, 159.0, 
150.3, 132.3, 124.0, 115.3, 106.8, 79.3, 68.2, 56.8, 28.5 (2x) 
ppm. IR (ATR, neat): 𝜈 = 2965 (w), 2930 (w), 2898 (w), 
2868 (w), 1640 (m), 1607 (w), 1589 (w), 1520 (s), 1494 
(m), 1463 (m), 1408 (m), 1343 (s), 1284 (m), 1260 (s), 
1210 (m), 1181 (m), 1136 (w), 1123 (w), 1102 (m), 1065 
(w), 1038 (s), 1025 (s), 988 (m), 965 (s), 915 (m), 858 (s), 
819 (w), 803 (s), 756 (w), 731 (s), 672 (m) cm-1. MS 
(APCI): m/z = 251.1 [C12H14N2O4+H]+. HRMS (ESI) m/z: 
[M+H]+ calcd for [C12H15N2O4

+]: 251.1026; Found: 
251.1027. [M+Na]+ calcd for [C12H14N2NaO4

+]: 273.0846; 
Found: 273.0845. [2M+Na]+ calcd for [C24H28N4NaO8

+]: 
523.1799; Found: 523.1796.

CO2Me

H2N
NH2

4

Methyl 3,4-diaminobenzoate (4). A slightly modified 
literature procedure was used.26 A two-necked round 
bottom flask equipped with a reflux condenser and a gas 
line leading into a gas washing bottle filled with half 
saturated NaHCO3 solution was charged with 3,4-
diaminobenzoic acid (2.28 g, 15.0 mmol, 1.00 eq). 
Methanol (50 mL, 0.3 M) was added and the solution was 
cooled to 0 °C. SOCl2 (4.35 mL, 60.0 mmol, 4.00 eq) was 
added via syringe pump (0.2 mL/min) through a rubber 
septum – with every drop hitting the reaction mixture a 
little pop was audible. After complete addition the mixture 
was allowed to warm slowly to 25 °C and stirred for 
14 hours in all. All volatile components were removed 
under reduced pressure using a cooling trap and water 
(40 mL) and saturated NaHCO3 solution (60 mL) were 
added to adjust a pH value of approximately 8. The 
aqueous layer was extracted with ethyl acetate 
(4  40 mL). and the combined organic layers were dried 

over anhydrous Na2SO4, filtered and concentrated under 
reduced pressure on a rotary evaporator. Recrystallization 
from a hot cyclohexane/ethyl acetate solution afforded 4 
(2.31 g, 13.9 mmol, 93%) as a fluffy pale brown solid. Data 
for 4: Rf = 0.17 (SiO2, CH:EA 1:1 v:v). Mp.: 106 – 108 °C. 1H-
NMR (601 MHz, CDCl3): δ = 7.46 (dd, 3JHH = 8.1 Hz, 4JHH = 1.9 
Hz, 1H), 7.41 (d, 4JHH = 1.9 Hz, 1H), 6.67 (d, 3JHH = 8.1 Hz, 
1H), 3.85 (s, 3H), 3.80 (br. s, 2H), 3.35 (br. s, 2H) ppm. 
13C{1H}-NMR (151 MHz, CDCl3): δ = 167.5, 140.5, 133.2, 
123.4, 121.3, 118.5, 115.0, 51.8 ppm. IR (ATR, neat): 𝜈 = 
3434 (w), 3361 (w), 3193 (br), 2942 (w), 1689 (m), 1663 
(m), 1625 (m), 1586 (m), 1513 (m), 1449 (m), 1426 (m), 
1315 (s), 1293 (s), 1235 (s), 1188 (m), 1154 (m), 1102 
(m), 1064 (m), 991 (m), 891 (m), 806 (m), 765 (s), 712 (s) 
cm-1. MS (APCI): m/z = 167.1 [C8H10N2O2+H]+. HRMS (ESI) 
m/z: [M+H]+: calcd for [C8H11N2O2

+]: 167.0815; Found: 
167.0814. [M+Na]+ calcd for [C8H10N2NaO2

+]: 189.0635; 
Found: 189.0634. The analytical data are in accordance 
with the literature.57

CO2Me

NS
N

5

Methyl benzo[c][1,2,5]thiadiazole-5-carboxylate (5). A 
slightly modified literature procedure was used.27 A two-
necked round bottom flask equipped with a reflux 
condenser and a gas line leading into a gas washing bottle 
filled with half saturated NaHCO3 solution was charged 
with 4 (997 mg, 6.00 mmol, 1.00 eq). CH2Cl2 (30 mL, 0.2 M) 
and NEt3 (2.43 g, 3.35 mL, 24.0 mmol, 4.00 eq) were added 
and the solution was cooled to 0 °C. SOCl2 (870 µL, 
12.0 mmol, 2.00 eq) was added via syringe pump 
(0.2 mL/min) through a rubber septum. After complete 
addition the mixture was heated to 80 °C (oil bath 
temperature) and stirred for six hours under these 
conditions. The mixture was allowed to cool to ambient 
temperature and all volatile components were removed 
under reduced pressure using a cooling trap. Water 
(30 mL) and half concentrated hydrochloric acid (2 mL) 
were added to adjust a pH value of approximately 2. The 
aqueous layer was extracted with CH2Cl2 (4  30 mL) and 
the combined organic layers were dried over anhydrous 
Na2SO4, filtered and concentrated under reduced pressure 
on a rotary evaporator. Purification by flash column 
chromatography (SiO2, CH:EA 5:1 v:v) afforded 5 (1.01 g, 
5.20 mmol, 87%)as a beige solid. Data for 5: Rf = 0.52 (SiO2, 
CH:EA 5:1 v:v). Mp.: 90 – 92 °C. 1H-NMR (601 MHz, CDCl3): 
δ = 8.74 (dd, 4JHH = 1.4 Hz, 5JHH = 0.7 Hz, 1H), 8.20 (dd, 3JHH = 
9.2 Hz, 4JHH = 1.6 Hz, 1H), 8.04 (dd, 3JHH = 9.1 Hz, 5JHH = 0.6 
Hz, 1H), 4.00 (s, 3H) ppm. 13C{1H}-NMR (151 MHz, CDCl3): 
δ = 166.3, 156.5, 154.4, 131.3, 128.9, 124.5, 121.6, 52.9 
ppm. IR (ATR, neat): 𝜈 = 3099 (w), 3021 (w), 2962 (w), 
1717 (s), 1611 (w), 1525 (w), 1436 (m), 1319 (m), 1306 
(m), 1290 (m), 1221 (s), 1189 (m), 1135 (m), 1089 (s), 964 
(m), 944 (m), 913 (m), 862 (m), 841 (m), 833 (m), 822 
(m), 804 (m), 774 (m), 747 (s), 663 (m) cm-1. MS (EI, 70 
eV): m/z = 194.0 [C8H6N2O2S]+·. MS (APCI): m/z = 195.0 
[C8H6N2O2S+H]+. HRMS (EI, 70 eV) m/z: [M]+· calcd for 

Page 20 of 30

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



21

[C8H6N2O2S+·]: 194.0145; Found: 194.0146. The analytical 
data are in accordance with the literature.27

CO2H

NS
N

6

Benzo[c][1,2,5]thiadiazole-5-carboxylic acid (6). A slightly 
modified literature procedure was used.28 5 (77.7 mg, 
400 µmol, 1.00 eq) was dissolved in 1,4-dioxane (4.0 mL, 
0.1 M) and NaOH solution (0.4 mL, 1.0 M in H2O) was 
added at 25 °C. The slightly yellow solution was stirred for 
16 hours under the same conditions while the yellow color 
became more intensive. Carefully addition of hydrochloric 
acid (~6 mL, 1.0 M) resulted in precipitation of the 
carboxylic acid. The solid was filtered off, washed with 
water (3  5 mL) and dried in vacuo to afford 6 (63.5 mg, 
352 µmol, 88%) as an off-white solid. Data for 6: Rf = 0.06 
(SiO2, CH:EA 4:1 v:v). Mp.: 232 – 234 °C. 1H-NMR (601 
MHz, DMSO-d6): δ = 13.55 (br. s, 1H), 8.62 (dd, 4JHH = 1.4 
Hz, 5JHH = 0.9 Hz, 1H), 8.17 (dd, 3JHH = 9.1 Hz, 5JHH = 0.8 Hz, 
1H), 8.14 (dd, 3JHH = 9.1 Hz, 4JHH = 1.5 Hz, 1H) ppm. 13C{1H}-
NMR (151 MHz, DMSO-d6): δ = 166.7, 155.8, 153.8, 132.0, 
128.9, 123.3, 121.5 ppm. IR (ATR, neat): 𝜈 = 2807 (br), 
2507 (br), 1682 (s), 1608 (m), 1520 (w), 1475 (w), 1438 
(m), 1414 (m), 1370 (w), 1327 (m), 1294 (m), 1242 (m), 
1223 (s), 1137 (m), 1089 (m), 920 (m), 892 (m), 867 (m), 
857 (s), 837 (s), 821 (m), 785 (m), 772 (s), 749 (s), 670 
(m), 657 (m) cm-1. MS (APCI): m/z = 181.1 
[C7H4N2O2S+H]+. HRMS (ESI) m/z: [M‒H]‒ calcd for 
[C7H3N2O2S‒]: 178.9921; Found: 178.9919.

N

O

NS
N

7

2-(Benzo[c][1,2,5]thiadiazol-5-yl)-4,4-dimethyl-4,5-
dihydrooxazole (7). Prepared by analogy to GP 2 from 6 
(180 mg, 1.00 mmol, 1.00 eq) in SOCl2 (725 µL, 10.0 mmol, 
10.0 eq) and stirring for three hours at 80 °C (oil bath 
temperature). 2-Amino-2-methylpropan-1-ol (267 mg, 
286 µL, 10.0 mmol, 3.00 eq) was dissolved in CH2Cl2 
(5.0 mL) and addition of the crude acid chloride in CH2Cl2 
(30 mL) via syringe pump (1.5 mL/min) at 0 °C was 
followed by stirring for three hours. The crude amide in 
SOCl2 (725 µL, 10.0 mmol, 10.0 eq) was stirred for 
40 minutes. After solvent evaporation the crude oil was 
dissolved in CH2Cl2 (50 mL) and water (50 mL) and 
aqueous NaOH (20%, 50 mL) were added. The phases 
were separated and the aqueous phase – a pH value of 
approximately 9 was adjusted – was extracted with CH2Cl2 
(4  30 mL). Purification by flash column chromatography 
(SiO2, CH:EA 10:1 v:v) afforded 7 (220 mg, 943 µmol, 94%) 
as an off-white solid. Data for 7: Rf = 0.16 (SiO2, CH:EA 10:1 
v:v). Rf = 0.27 (SiO2, CH:EA 6:1 v:v). Mp.: 73 – 75 °C. 1H-
NMR (601 MHz, CDCl3): δ = 8.51 (dd, 4JHH = 1.5 Hz, 5JHH = 0.8 
Hz, 1H), 8.21 (dd, 3JHH = 9.2 Hz, 4JHH = 1.6 Hz, 1H), 7.99 (dd, 
3JHH = 9.2 Hz, 5JHH = 0.8 Hz, 1H), 4.18 (s, 2H), 1.42 (s, 6H) 

ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 161.3, 155.9, 
154.6, 129.5, 129.2, 121.9, 121.4, 79.6, 68.3, 28.5 (2x) ppm. 
IR (ATR, neat): 𝜈 = 2969 (w), 2926 (w), 2898 (w), 1651 
(m), 1608 (w), 1522 (w), 1476 (w), 1461 (m), 1442 (w), 
1389 (w), 1368 (w), 1357 (m), 1328 (m), 1305 (w), 1238 
(w), 1197 (s), 1125 (w), 1045 (s), 990 (w), 968 (s), 918 
(m), 878 (w), 857 (w), 845 (w), 826 (s), 818 (s), 708 (s), 
673 (m) cm-1. MS (APCI): m/z = 234.1 [C11H11N3OS+H]+. 
HRMS (ESI) m/z: [M+H]+ calcd for [C11H12N3OS+]: 
234.0696; Found: 234.0695.

CO2H

NSe
N

8

Benzo[c][1,2,5]selenadiazole-5-carboxylic acid (8). A 
slightly modified literature procedure was used.29 3,4-
Diaminobenzoic acid (1.22 g, 8.00 mmol, 1.00 eq) was 
dissolved in hydrochloric acid (26.7 mL, 0.3 M, 1.0 M in 
H2O) and heated to 80 °C (oil bath temperature). To the 
brownish solution was added a solution of SeO2 (1.78 g, 
16.0 mmol, 2.00 eq), dissolved in water (12 mL), via 
Pasteur pipette within one minute. The mixture was 
stirred under the same conditions for three hours while a 
pale brown solid precipitated. Filtration of the precipitate 
was followed by washing with water (3  20 mL) and 
drying in vacuo to afford 8 (1.78 g, 7.84 mmol, 98%) as a 
beige solid. Data for 8: Rf = 0.17 (SiO2, CH:EA 1:5 v:v). Mp.: 
292 – 294 °C. 1H-NMR (601 MHz, DMSO-d6): δ = 13.26 (br. 
s, 1H), 8.41 (dd, 4JHH = 1.4 Hz, 5JHH = 0.9 Hz, 1H), 7.96 (dd, 
3JHH = 9.3 Hz, 4JHH = 1.6 Hz, 1H), 7.91 (dd, 3JHH = 9.3 Hz, 5JHH = 
0.9 Hz, 1H) ppm. 13C{1H}-NMR (151 MHz, DMSO-d6): δ = 
166.9, 160.7, 159.2, 131.2, 127.9, 125.4, 123.3 ppm. 77Se-
NMR (115 MHz, DMSO-d6): δ = 1564.9 (s) ppm. IR (ATR, 
neat): 𝜈 = 2809 (br), 2528 (br), 1678 (s), 1608 (m), 1505 
(m), 1482 (w), 1441 (m), 1408 (m), 1327 (m), 1296 (m), 
1274 (m), 1252 (s), 1242 (s), 1220 (s), 1136 (m), 1087 
(w), 916 (m), 893 (s), 835 (m), 778 (m), 767 (s), 747 (s), 
725 (s) cm-1. MS (APCI): m/z = 228.9 [C7H4N2O2

80Se+H]+. 
HRMS (ESI) m/z: [M‒H]‒ calcd for [C7H3N2O2

80Se‒]: 
226.9365; Found: 226.9363. The analytical data are in 
accordance with the literature.29

N

O

NSe
N

N

O

NS
N

97

2-(Benzo[c][1,2,5]selenadiazol-5-yl)-4,4-dimethyl-4,5-
dihydrooxazole (9) & 2-(Benzo[c][1,2,5]thiadiazol-5-yl)-
4,4-dimethyl-4,5-dihydrooxazole (7). Prepared by analogy 
to GP 2 from 8 (908 mg, 4.00 mmol, 1.00 eq) in SOCl2 
(2.90 mL, 40.0 mmol, 10.0 eq) and stirring for three hours at 
80 °C (oil bath temperature). 2-Amino-2-methylpropan-1-ol 
(1.07 g, 1.15 mL, 12.0 mmol, 3.00 eq) was dissolved in 
CH2Cl2 (20 mL) and addition of the crude acid chloride in 
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CH2Cl2 (30 mL) via syringe pump (1.5 mL/min) at 0 °C was 
followed by stirring for three hours. The crude amide in SOCl2 
(2.90 mL, 40.0 mmol, 10.0 eq) was stirred for 40 minutes. 
After solvent evaporation the crude oil was dissolved in 
CH2Cl2 (50 mL) and water (50 mL) and aqueous NaOH (20%, 
50 mL) were added. The phases were separated and the 
aqueous phase – a pH value of approximately 9 was adjusted – 
was extracted with CH2Cl2 (4  30 mL). Purification by flash 
column chromatography (SiO2, CH:EA 10:1 to 6:1 v:v) 
provided first 7 (339 mg, 1.45 mmol, 36%) as an off-white 
solid and then 9 (648 mg, 2.31 mmol, 58%) as a beige solid. 
Data for 9: Rf = 0.07 (SiO2, CH:EA 10:1 v:v). Rf = 0.14 (SiO2, 
CH:EA 6:1 v:v). Mp.: 105 – 107 °C. 1H-NMR (601 MHz, 
CDCl3): δ = 8.34 (s, 1H), 8.08 (d, 3JHH = 9.2 Hz, 1H), 7.81 (d, 
3JHH = 9.3 Hz, 1H), 4.18 (s, 2H), 1.42 (s, 6H) ppm. 13C{1H}-
NMR (151 MHz, CDCl3): δ = 161.3, 161.2, 160.3, 129.5, 
129.1, 123.7, 123.2, 79.6, 68.4, 28.5 (2x) ppm. 77Se-NMR 
(115 MHz, CDCl3): δ = 1534.2 (s) ppm. IR (ATR, neat): 𝜈 = 
2969 (w), 2959 (w), 2923 (w), 2898 (w), 1640 (m), 1601 
(m), 1506 (w), 1457 (m), 1446 (m), 1382 (w), 1355 (m), 
1327 (m), 1315 (m), 1261 (m), 1249 (m), 1201 (s), 1175 
(m), 1129 (m), 1043 (s), 992 (m), 968 (s), 913 (m), 886 (s), 
861 (m), 820 (s), 762 (s), 725 (m), 712 (s) cm-1. MS (APCI): 
m/z = 282.0 [C11H11N3O80Se+H]+. HRMS (ESI) m/z: [M+H]+ 
calcd for [C11H12N3O80Se+]: 282.0140; Found: 282.0139. 
[M+Na]+ calcd for [C11H11N3NaO80Se+]: 303.9960; Found: 
303.9960.
General Procedure for ortho-Hydroxylations.

R
N

O

OH

General Procedure for the ortho-Hydroxylation of 2-
Aryloxazolines using O2 (GP 3). A literature method was 
used.15b A heat gun-dried and nitrogen-flushed Schlenk 
tube, equipped with a magnetic stirring bar and a rubber 
septum, was charged with 2-aryloxazoline (1.00 eq) and 
anhydrous THF (0.2 – 0.4 M) was added. Dropwise 
addition of TMPMgCl·LiCl (3.00 eq) via syringe through the 
rubber septum, if not otherwise noted at 25 °C, was 
followed by stirring for the indicated time under the same 
conditions, while the mixture discolored pale red to dark 
red/brown, depending on the substrate. Then the nitrogen 
atmosphere was replaced by an oxygen atmosphere by 
flushing the reaction system using an oxygen filled balloon 
and the mixture was stirred for an additional 24 hours, if 
not otherwise noted at 25 °C. The clear, pale red to yellow, 
mixture was subjected to aqueous workup and the organic 
layer was dried over anhydrous Na2SO4, filtered and 
concentrated under reduced pressure on a rotary 
evaporator. Purification of the crude product was 
conducted by flash column chromatography using the 
given eluent.
Preparation of ortho-hydroxylated 2-Aryloxazolines.

N

O

H4
OH

all-H

2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)phenol (all-H). 
Prepared according to GP 3 from 1a (87.6 mg, 500 µmol, 
1.00 eq) in THF (1.25 mL, 0.4 M) and TMPMgCl·LiCl 
(1.30 mL, 1.50 mmol, 3.00 eq, 1.15 M in THF). Stirring for 
six hours was followed by flushing with oxygen and 
stirring for another 24 hours. Saturated NH4Cl solution 
(10 mL), water (10 mL) and CH2Cl2 (20 mL) were added 
and the phases were separated. The aqueous phase was 
extracted with CH2Cl2 (4  20 mL). Purification by flash 
column chromatography (SiO2, CH:EA 20:1 v:v) afforded 
all-H (82.3 mg, 430 µmol, 86%) as a colorless liquid. 1a 
(9.7 mg, 55.4 µmol, 11%) was recovered. Upon standing at 
25 °C, the liquid solidified to form a colorless solid. Single 
crystals suitable for X-ray analysis were grown from 
hexane solution at 5 °C without solvent evaporation. Data 
for all-H: Rf = 0.36 (SiO2, CH:EA 20:1 v:v). Mp.: 47 – 49 °C. 
1H-NMR (360 MHz, CDCl3): δ = 12.21 (s, 1H), 7.63 (ddd, 3JHH 
= 7.8 Hz, 4JHH = 1.8 Hz, 5JHH = 0.5 Hz, 1H), 7.36 (ddd, 3JHH = 
8.3 Hz, 3JHH = 7.2 Hz, 4JHH = 1.7 Hz, 1H), 1H), 7.00 (ddd, 3JHH 
= 8.3 Hz, 4JHH = 1.1 Hz, 5JHH = 0.4 Hz, 1H), 6.86 (ddd, 3JHH = 
7.8 Hz, 3JHH = 7.3 Hz, 4JHH = 1.1 Hz, 1H), 4.10 (s, 2H), 1.40 (s, 
6H) ppm. 13C{1H}-NMR (91 MHz, CDCl3): δ = 163.6, 160.0, 
133.3, 128.0, 118.7, 116.8, 111.0, 78.5, 67.2, 28.6 (2x) ppm. 
IR (ATR, neat): 𝜈 = 2969 (w), 2929 (w), 2896 (w), 1639 (s), 
1617 (m), 1581 (w), 1491 (m), 1462 (w), 1423 (w), 1384 
(w), 1360 (s), 1328 (w), 1308 (m), 1259 (s), 1209 (m), 
1190 (m), 1154 (m), 1125 (m), 1061 (s), 1033 (m), 961 (s), 
940 (m), 877 (m), 828 (m), 792 (m), 754 (s), 691 (m), 664 
(m) cm-1. MS (APCI): m/z = 192.1 [C11H13NO2+H]+. HRMS 
(ESI) m/z: [M+H]+ calcd for [C11H14NO2

+]: 192.1019; 
Found: 192.1022. The analytical data are in accordance 
with the literature.58

N

O

D4
OH

all-D

1

2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)phen-3,4,5,6-d4-ol 
(all-D). Prepared according to GP 3 from 1b (72.1 mg, 
400 µmol, 1.00 eq) in THF (1.00 mL, 0.4 M) and 
TMPMgCl·LiCl (984 µL, 1.20 mmol, 3.00 eq, 1.22 M in THF). 
Stirring for six hours was followed by flushing with oxygen 
and stirring for another 24 hours. Saturated NH4Cl solution 
(10 mL), water (10 mL) and CH2Cl2 (20 mL) were added 
and the phases were separated. The aqueous phase was 
extracted with CH2Cl2 (4  20 mL). Purification by flash 
column chromatography (SiO2, CH:EA 20:1 v:v) afforded 
all-D (57.3 mg, 293 µmol, 73%) as a colorless liquid. As 
indicated by 1H-NMR the product contains 5% of C–1 
protonated byproduct. Upon standing for several months 
the liquid solidified to form a colorless solid. Data for all-
D: Rf = 0.36 (SiO2, CH:EA 20:1 v:v). Mp.: 47 – 49 °C. 1H-NMR 
(601 MHz, CDCl3): δ = 12.19 (s, 1H), 4.10 (s, 2H), 1.40 (s, 
6H) ppm. 13C{1H}-NMR (91 MHz, CDCl3): δ = 163.6, 159.9, 
144.2, 127.7, 119.8, 117.1, 108.4, 78.4, 67.1, 28.7 (2x) ppm. 
IR (ATR, neat): 𝜈 = 2968 (w), 2929 (w), 2901 (w), 1632 (s), 
1604 (m), 1555 (m), 1462 (w), 1441 (w), 1418 (s), 1385 
(w), 1368 (s), 1318 (w), 1261 (s), 1212 (m), 1184 (s), 1138 
(w), 1058 (s), 1009 (m), 958 (m), 938 (m), 884 (w), 867 
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(w), 817 (m), 787 (m), 770 (s), 699 (w) cm-1. MS (APCI): 
m/z = 196.2 [C11H9D4NO2+H]+. HRMS (ESI) m/z: [M+H]+ 
calcd for [C11H10D4NO2

+]: 196.1270; Found: 196.1268. 
[M+Na]+ calcd for [C11H9D4NNaO2

+]: 218.1090; Found: 
218.1088. The analytical data are in accordance with the 
literature.15b

N
N

O

OH

3-Py

4-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)pyridin-3-ol (3-Py). 
Prepared according to GP 3 from 1c (88.1 mg, 500 µmol, 
1.00 eq) in THF (1.25 mL, 0.4 M) and TMPMgCl·LiCl 
(1.23 mL, 1.50 mmol, 3.00 eq, 1.22 M in THF). Stirring for 
six hours was followed by flushing with oxygen and 
stirring for another 24 hours. Saturated NH4Cl solution 
(10 mL), water (10 mL) and CH2Cl2 (20 mL) were added 
and the phases were separated. The aqueous phase was 
extracted with CH2Cl2 (4  20 mL). Purification by flash 
column chromatography (SiO2, CH:EA 4:1 v:v) afforded 3-
Py (73.0 mg, 380 µmol, 76%) as a colorless solid. Single 
crystals suitable for X-ray analysis were grown during 
CHCl3 evaporation on a rotary evaporator by sublimation 
at 40 °C bath temperature and 3 mbar pressure. Data for 3-
Py: Rf = 0.11 (SiO2, CH:EA 4:1 v:v). Mp.: 74 – 76 °C. 1H-NMR 
(601 MHz, CDCl3): δ = 11.82 (br. s, 1H), 8.46 (d, 4JHH = 0.7 
Hz, 1H), 8.17 (d, 3JHH = 5.0 Hz, 1H), 7.43 (dd, 3JHH = 5.0 Hz, 
4JHH = 0.7 Hz, 1H), 4.14 (s, 2H), 1.41 (s, 6H) ppm. 13C{1H}-
NMR (151 MHz, CDCl3): δ = 162.3, 154.6, 140.6, 140.1, 
120.3, 116.6, 78.9, 67.8, 28.5 (2x) ppm. IR (ATR, neat): 𝜈 = 
2972 (w), 2930 (w), 1639 (m), 1612 (m), 1556 (w), 1492 
(m), 1465 (m), 1403 (m), 1382 (m), 1356 (s), 1326 (s), 
1302 (s), 1250 (m), 1225 (s), 1214 (s), 1189 (m), 1167 (s), 
1088 (s), 1054 (m), 1021 (w), 986 (w), 956 (s), 943 (s), 
911 (w), 881 (m), 843 (m), 831 (m), 792 (s), 767 (m), 696 
(s), 671 (s) cm-1. MS (APCI): m/z = 193.1 [C10H12N2O2+H]+. 
HRMS (EI, 70 eV) m/z: [M]+· calcd for [C10H12N2O2

+·]: 
192.0893; Found: 192.0895. The analytical data are in 
accordance with the literature.50

MeO

N

O

OH

3-OMe

2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)-5-methoxyphenol 
(3-OMe). Prepared according to GP 3 from 1d (41.0 mg, 
200 µmol, 1.00 eq) in THF (500 µL, 0.4 M) and 
TMPMgCl·LiCl (500 µL, 600 µmol, 3.00 eq, 1.20 M in THF). 
Stirring for six hours was followed by flushing with oxygen 
and stirring for another 24 hours. Saturated NH4Cl solution 
(5 mL), water (5 mL) and CH2Cl2 (10 mL) were added and 
the phases were separated. The aqueous phase was 
extracted with CH2Cl2 (4  10 mL). Purification by flash 
column chromatography (SiO2, CH:EA 20:1 v:v) afforded 
3-OMe (33.2 mg, 150 µmol, 75%) as a colorless liquid, 
which slowly solidified upon standing at 25 °C to form a 
colorless solid. Data for 3-OMe: Rf = 0.19 (SiO2, CH:EA 20:1 

v:v). Mp.: 58 – 60 °C. 1H-NMR (360 MHz, CDCl3): δ = 12.41 
(br. s, 1H), 7.52 (d, 3JHH = 8.7 Hz, 1H), 6.51 (d, 4JHH = 2.3 Hz, 
1H), 6.43 (dd, 3JHH = 8.7 Hz, 4JHH = 2.5 Hz, 1H), 4.06 (s, 2H), 
3.81 (s, 3H), 1.38 (s, 6H) ppm. 13C{1H}-NMR (91 MHz, 
CDCl3): δ = 163.8, 163.6, 161.8, 129.0, 106.5, 104.2, 100.8, 
78.4, 66.9, 55.5, 28.7 (2x) ppm. IR (ATR, neat): 𝜈 = 2967 
(w), 2930 (w), 2898 (w), 2841 (w), 1634 (s), 1579 (m), 
1511 (m), 1462 (w), 1442 (m), 1403 (w), 1383 (w), 1364 
(s), 1334 (w), 1312 (w), 1291 (m), 1270 (s), 1248 (w), 
1205 (s), 1190 (s), 1165 (s), 1141 (m), 1124 (s), 1066 (s), 
1028 (s), 966 (s), 955 (s), 869 (w), 834 (m), 796 (m), 735 
(w), 690 (w) cm-1. MS (APCI): m/z = 222.1 [C12H15NO3+H]+. 
HRMS (ESI) m/z: [M+H]+ calcd for [C12H16NO3

+]: 222.1125; 
Found: 222.1127. The analytical data are in accordance 
with the literature.15b

N

O

OHO
O

3,4-OCO

5-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)benzo[d][1,3]dioxol-
4-ol (3,4-OCO). Prepared according to GP 3 from 1e 
(110 mg, 500 µmol, 1.00 eq) in THF (1.25 mL, 0.4 M) and 
TMPMgCl·LiCl (1.23 mL, 1.50 mmol, 3.00 eq, 1.22 M in 
THF). Stirring for six hours was followed by flushing with 
oxygen and stirring for another 24 hours. Saturated NH4Cl 
solution (10 mL), water (10 mL) and CH2Cl2 (20 mL) were 
added and the phases were separated. The aqueous phase 
was extracted with CH2Cl2 (4  20 mL). Purification by 
flash column chromatography (SiO2, CH:EA 6:1 v:v) 
afforded 3,4-OCO (95.4 mg, 406 µmol, 81%) as an off-
white solid. Single crystals suitable for X-ray analysis were 
grown from CH2Cl2 solution by slow solvent evaporation. 
Data for 3,4-OCO: Rf = 0.25 (SiO2, CH:EA 6:1 v:v). Mp.: 99 – 
101 °C. 1H-NMR (601 MHz, CDCl3): δ = 12.46 (br. s, 1H, OH), 
7.22 (d, 3JHH = 8.3 Hz, 1H, H–5), 6.44 (d, 3JHH = 8.3 Hz, 1H, H–
6), 6.03 (s, 2H, O–CH2–O), 4.07 (s, 2H, CH2), 1.38 (s, 6H, 
C(CH3)2) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 163.5 
(C=N), 151.7 (C–1), 144.6 (C–3), 134.2 (C–2), 122.4 (C–5), 
107.4 (C–4), 102.0 (O–CH2–O), 100.3 (C–6), 78.4 (CH2), 
67.0 (C(CH3)2), 28.6 (2x, C(CH3)2) ppm. IR (ATR, neat): 𝜈 = 
2981 (w), 2905 (w), 2794 (w), 1652 (m), 1622 (m), 1490 
(m), 1471 (s), 1428 (m), 1407 (m), 1383 (m), 1365 (m), 
1343 (s), 1322 (s), 1297 (m), 1278 (m), 1254 (m), 1235 
(m), 1222 (m), 1188 (m), 1146 (w), 1113 (m), 1069 (s), 
1023 (s), 974 (s), 946 (m), 925 (m), 905 (s), 846 (m), 799 
(s), 789 (s), 752 (s), 703 (m), 667 (m) cm-1. MS (APCI): m/z 
= 236.2 [C12H13NO4+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C12H14NO4

+]: 236.0917; Found: 236.0916. [M+Na]+ calcd 
for [C12H13NNaO4

+]: 258.0737; Found: 258.0736. [M+K]+ 
calcd for [C12H13KNO4

+]: 274.0476; Found: 274.0475. The 
analytical data are in accordance with the literature.15b

N

O

OH

CF3

1-CF3
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2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)-3-
(trifluoromethyl)phenol (1-CF3). Prepared according to 
GP 3 from 1f (122 mg, 500 µmol, 1.00 eq) in THF (1.25 mL, 
0.4 M) and TMPMgCl·LiCl (1.23 mL, 1.50 mmol, 3.00 eq, 
1.22 M in THF). Stirring for two hours was followed by 
flushing with oxygen and stirring for another 24 hours. 
Saturated NH4Cl solution (10 mL), water (10 mL) and 
CH2Cl2 (20 mL) were added and the phases were 
separated. The aqueous phase was extracted with CH2Cl2 
(4  20 mL). Purification by flash column chromatography 
(SiO2, CH:EA 20:1 v:v) afforded 1-CF3 (72.6 mg, 280 µmol, 
56%) as a colorless liquid. Upon standing for several 
months the liquid solidified to form a colorless solid. Data 
for 1-CF3: Rf = 0.24 (SiO2, CH:EA 20:1 v:v). Mp.: 33 – 35 °C. 
1H-NMR (600 MHz, CDCl3): δ = 13.31 (s, 1H), 7.40 (t, 3JHH = 
8.1 Hz, 1H), 7.27 (d, 3JHH = 7.2 Hz, 1H), 7.22 (d, 3JHH = 8.4 Hz, 
1H), 4.17 (s, 2H), 1.43 (s, 6H) ppm. 13C{1H}-NMR (151 MHz, 
CDCl3): δ = 163.3, 161.6, 132.1, 129.3 (q, 2JCF = 32.2 Hz), 
123.6 (q, 1JCF = 273.3 Hz), 121.7, 117.9 (q, 3JCF = 6.9 Hz), 
107.9, 79.0, 66.2, 28.4 (2x) ppm. 19F-NMR (565 MHz, 
CDCl3): δ = –58.3 (s) ppm. IR (ATR, neat): 𝜈 = 2972 (w), 
2933 (w), 2900 (w), 1625 (m), 1579 (w), 1492 (w), 1456 
(m), 1384 (w), 1354 (m), 1329 (m), 1296 (s), 1253 (m), 
1187 (m), 1130 (s), 1085 (m), 1058 (m), 963 (m), 915 (s), 
876 (m), 833 (m), 809 (s), 758 (m), 698 (m), 689 (m) cm-1. 
MS (APCI): m/z = 260.0 [C12H12F3NO2+H]+. HRMS (ESI) 
m/z: [M+H]+ calcd for [C12H13F3NO2

+]: 260.0893; Found: 
260.0893. The analytical data are in accordance with the 
literature.15b

N

O

OH

F3C

2-CF3

2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)-4-
(trifluoromethyl)phenol (2-CF3). Prepared according to 
GP 3 from 1g (122 mg, 500 µmol, 1.00 eq) in THF 
(1.25 mL, 0.4 M) and TMPMgCl·LiCl (1.23 mL, 1.50 mmol, 
3.00 eq, 1.22 M in THF). Stirring for two hours was 
followed by flushing with oxygen and stirring for another 
24 hours. Saturated NH4Cl solution (10 mL), water (10 mL) 
and CH2Cl2 (20 mL) were added and the phases were 
separated. The aqueous phase was extracted with CH2Cl2 
(4  20 mL). Purification by flash column chromatography 
(SiO2, CH:EA 20:1 v:v) afforded 2-CF3 (115 mg, 444 µmol, 
89%) as a colorless liquid. Upon standing for several 
months the liquid solidified to form a colorless solid. Data 
for 2-CF3: Rf = 0.36 (SiO2, CH:EA 20:1 v:v). Mp.: 34 – 36 °C. 
1H-NMR (600 MHz, CDCl3): δ = 12.64 (s, 1H), 7.92 (d, 4JHH = 
2.4 Hz, 1H), 7.59 (ddd, 3JHH = 8.7 Hz, 4JHH = 2.3 Hz, 5JHH = 0.8 
Hz, 1H), 7.07 (dd, 3JHH = 8.8 Hz, 5JHH = 0.9 Hz, 1H), 4.14 (s, 
2H), 1.41 (s, 6H) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 
162.9, 162.5, 130.0 (q, 3JCF = 3.6 Hz), 125.8 (q, 3JCF = 4.0 Hz), 
124.3 (q, 1JCF = 271.0 Hz), 121.1 (q, 2JCF = 33.2 Hz), 117.4, 
111.0, 78.8, 67.6, 28.6 (2x) ppm. 19F-NMR (565 MHz, 

CDCl3): δ = –61.6 (s) ppm. IR (ATR, neat): 𝜈 = 2973 (w), 
2933 (w), 2903 (w), 1648 (s), 1624 (w), 1599 (w), 1503 
(m), 1465 (w), 1388 (w), 1367 (m), 1336 (s), 1318 (m), 
1292 (s), 1270 (s), 1241 (m), 1205 (s), 1162 (m), 1115 (s), 
1078 (s), 1060 (s), 964 (s), 945 (m), 912 (m), 901 (m), 831 
(m), 800 (m), 762 (m), 690 (s) cm-1. MS (APCI): m/z = 
260.1 [C12H12F3NO2+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C12H13F3NO2

+]: 260.0893; Found: 260.0887. The analytical 
data are in accordance with the literature.15b

N

O

OHF3C

3-CF3

2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)-5-
(trifluoromethyl)phenol (3-CF3). Prepared according to 
GP 3 from 1h (122 mg, 500 µmol, 1.00 eq) in THF 
(1.25 mL, 0.4 M) and TMPMgCl·LiCl (1.23 mL, 1.50 mmol, 
3.00 eq, 1.22 M in THF). Stirring for two hours was 
followed by flushing with oxygen and stirring for another 
24 hours. Saturated NH4Cl solution (10 mL), water (10 mL) 
and CH2Cl2 (20 mL) were added and the phases were 
separated. The aqueous phase was extracted with CH2Cl2 
(4  20 mL). Purification by flash column chromatography 
(SiO2, CH:EA 20:1 v:v) afforded 3-CF3 (122 mg, 471 µmol, 
94%) as a colorless solid. Data for 3-CF3: Rf = 0.33 (SiO2, 
CH:EA 20:1 v:v). Mp.: 55 – 57 °C. 1H-NMR (600 MHz, 
CDCl3): δ = 12.43 (s, 1H), 7.73 (dd, 3JHH = 8.1 Hz, 1H), 7.26 – 
7.25 (m, 1H), 7.10 (dd, 3JHH = 8.0 Hz, 5JHH = 1.0 Hz, 1H), 4.14 
(s, 2H), 1.41 (s, 6H) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ 
= 162.9, 160.0, 134.8 (q, 2JCF = 32.6 Hz), 128.7, 123.7 (q, 1JCF 
= 272.7 Hz), 115.1 (q, 3JCF = 3.8 Hz), 114.1 (q, 3JCF = 4.0 Hz), 
113.8, 78.8, 67.6, 28.6 (2x) ppm. 19F-NMR (565 MHz, 
CDCl3): δ = –63.3 (s) ppm. IR (ATR, neat): 𝜈 = 2975 (w), 
2932 (w), 1641 (m), 1620 (w), 1582 (w), 1513 (w), 1461 
(w), 1401 (m), 1384 (w), 1368 (m), 1329 (s), 1301 (m), 
1237 (m), 1211 (w), 1163 (s), 1121 (s), 1074 (s), 1017 (w), 
956 (m), 945 (m), 916 (s), 883 (m), 867 (m), 834 (m), 820 
(s), 747 (m), 695 (s), 679 (m), 662 (w) cm-1. MS (APCI): 
m/z = 260.2 [C12H12F3NO2+H]+. HRMS (ESI) m/z: [M+H]+ 
calcd for [C12H13F3NO2

+]: 260.0893; Found: 260.0891. The 
analytical data are in accordance with the literature.15b

N

O

1-CO2Me

MeO2C

OH

Methyl 2-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)-3-
hydroxybenzoate (1-CO2Me). Prepared according to GP 3 
from 1i (117 mg, 500 µmol, 1.00 eq) in THF (1.25 mL, 
0.4 M). The mixture was cooled to 0 °C and TMPMgCl·LiCl 
(1.20 mL, 1.50 mmol, 3.00 eq, 1.25 M in THF) was added. 
Stirring for two hours and slowly warming of the mixture 
to 10 °C, was followed by flushing with oxygen and stirring 
for another 24 hours, while the mixture was allowed to 
warm slowly to 25 °C. Saturated NH4Cl solution (10 mL), 
water (10 mL) and CH2Cl2 (20 mL) were added and the 
phases were separated. The aqueous phase was extracted 
with CH2Cl2 (4  20 mL). Purification by flash column 
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chromatography (SiO2, CH:EA 10:1 v:v) afforded 1-CO2Me 
(68.2 mg, 274 µmol, 55%) as a colorless oil, which very 
slowly solidified over four months while standing at 0 °C to 
give a colorless solid. Data for 1-CO2Me: Rf = 0.11 (SiO2, 
CH:EA 10:1 v:v). Mp.: 35 – 37 °C. 1H-NMR (601 MHz, 
CDCl3): δ = 12.56 (s, 1H, OH), 7.36 (dd, 3JHH = 8.4 Hz, 3JHH = 
7.5 Hz, 1H, H–5), 7.08 (dd, 3JHH = 8.4 Hz, 4JHH = 1.1 Hz, 1H, 
H–4), 6.91 (dd, 3JHH = 7.4 Hz, 4JHH = 1.1 Hz, 1H, H–6), 4.08 (s, 
2H, CH2), 3.87 (s, 3H, CH3), 1.39 (s, 6H, C(CH3)2) ppm. 
13C{1H}-NMR (151 MHz, CDCl3): δ = 169.8 (C=O), 162.8 
(C=N), 160.2 (C–3), 134.2 (C–1), 132.6 (C–5), 119.0 (C–4), 
118.2 (C–6), 107.7 (C–2), 79.0 (CH2), 67.0 (C(CH3)2), 52.7 
(CH3), 28.4 (2x, C(CH3)2) ppm. IR (ATR, neat): 𝜈 = 2969 (w), 
2930 (w), 2897 (w), 2645 (br), 1732 (s), 1631 (s), 1575 
(w), 1490 (w), 1455 (m), 1432 (m), 1383 (w), 1367 (w), 
1350 (w), 1316 (m), 1282 (s), 1251 (m), 1193 (s), 1176 
(s), 1142 (s), 1088 (m), 1056 (m), 1006 (s), 984 (m), 957 
(m), 921 (m), 875 (m), 829 (m), 812 (m), 798 (s), 759 (s), 
703 (m), 693 (m) cm-1. MS (APCI): m/z = 250.1 
[C13H15NO4+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C13H16NO4

+]: 250.1074; Found: 250.1074. [M+Na]+ calcd 
for [C13H15NNaO4

+]: 272.0893; Found: 272.0892. [2M+Na]+ 
calcd for [C26H30N2NaO8

+]: 521.1894; Found: 521.1890.

N

O

2-CO2Me

OH

MeO2C

Methyl 3-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)-4-
hydroxybenzoate (2-CO2Me). Prepared according to GP 3 
from 1j (117 mg, 500 µmol, 1.00 eq) in THF (1.25 mL, 
0.4 M). The mixture was cooled to 0 °C and TMPMgCl·LiCl 
(1.20 mL, 1.50 mmol, 3.00 eq, 1.25 M in THF) was added. 
Stirring for two hours and slowly warming of the mixture 
to 10 °C, was followed by flushing with oxygen and stirring 
for another 24 hours, while the mixture was allowed to 
warm slowly to 25 °C. Saturated NH4Cl solution (10 mL), 
water (10 mL) and CH2Cl2 (20 mL) were added and the 
phases were separated. The aqueous phase was extracted 
with CH2Cl2 (4  20 mL). Purification by flash column 
chromatography (SiO2, CH:EA 10:1 v:v) afforded 2-CO2Me 
(84.4 mg, 339 µmol, 68%) as a colorless solid. Data for 2-
CO2Me: Rf = 0.16 (SiO2, CH:EA 10:1 v:v). Mp.: 110 – 112 °C. 
1H-NMR (601 MHz, CDCl3): δ = 12.79 (s, 1H, OH), 8.36 (d, 
4JHH = 2.2 Hz, 1H, H–2), 8.04 (dd, 3JHH = 8.7 Hz, 4JHH = 2.2 Hz, 
1H, H–6), 7.02 (d, 3JHH = 8.7 Hz, 1H, H–5), 4.14 (s, 2H, CH2), 
3.89 (s, 3H, CH3), 1.41 (s, 6H, C(CH3)2) ppm. 13C{1H}-NMR 
(151 MHz, CDCl3): δ = 166.5 (C=O), 163.8 (C–4), 163.2 
(C=N), 134.6 (C–6), 130.5 (C–2), 120.8 (C–1), 116.9 (C–5), 
110.8 (C–3), 78.7 (CH2), 67.4 (C(CH3)2), 52.0 (CH3), 28.6 
(2x, C(CH3)2) ppm. IR (ATR, neat): 𝜈 = 2975 (w), 2958 (w), 
2908 (w), 2557 (br), 1709 (m), 1640 (m), 1604 (m), 1590 
(w), 1495 (m), 1470 (w), 1433 (m), 1415 (w), 1388 (w), 
1367 (s), 1308 (m), 1282 (s), 1229 (m), 1205 (m), 1189 
(s), 1134 (m), 1106 (s), 1061 (s), 978 (m), 963 (s), 944 (s), 
915 (m), 827 (s), 804 (m), 764 (s), 700 (s), 690 (s) cm-1. MS 
(APCI): m/z = 250.1 [C13H15NO4+H]+. HRMS (ESI) m/z: 
[M+H]+ calcd for [C13H16NO4

+]: 250.1074; Found: 250.1073. 

[M+Na]+ calcd for [C13H15NNaO4
+]: 272.0893; Found: 

272.0892.

N

O

OHMeO2C

3-CO2Me

Methyl 4-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)-3-
hydroxybenzoate (3-CO2Me). Prepared according to GP 3 
from 1k (117 mg, 500 µmol, 1.00 eq) in THF (1.25 mL, 
0.4 M). The mixture was cooled to 0 °C and TMPMgCl·LiCl 
(1.23 mL, 1.50 mmol, 3.00 eq, 1.22 M in THF) was added. 
Stirring for two hours at 0 °C was followed by flushing 
with oxygen and stirring for another 24 hours, while the 
mixture was allowed to warm slowly to 25 °C. Saturated 
NH4Cl solution (10 mL), water (10 mL) and CH2Cl2 (20 mL) 
were added and the phases were separated. The aqueous 
phase was extracted with CH2Cl2 (4  20 mL). Purification 
by flash column chromatography (SiO2, CH:EA 6:1 v:v) 
afforded 3-CO2Me (86.7 mg, 348 µmol, 70%) as a colorless 
solid. Single crystals suitable for X-ray analysis were 
grown from methanol solution by slow solvent 
evaporation. Data for 3-CO2Me: Rf = 0.29 (SiO2, CH:EA 6:1 
v:v). Mp.: 102 – 104 °C. 1H-NMR (360 MHz, CDCl3): δ = 
12.26 (s, 1H, OH), 7.69 (d, 3JHH = 8.2 Hz, 1H, H–5), 7.66 (d, 
4JHH = 1.6 Hz, 1H, H–2), 7.52 (dd, 3JHH = 8.1 Hz, 4JHH = 1.6 Hz, 
1H, H–6), 4.13 (s, 2H, CH2), 3.92 (s, 3H, CH3), 1.41 (s, 6H, 
C(CH3)2) ppm. 13C{1H}-NMR (91 MHz, CDCl3): δ = 166.5 
(C=O), 163.0 (C=N), 159.7 (C–3), 134.2 (C–1), 128.0 (C–5), 
119.4 (C–6), 117.9 (C–2), 114.5 (C–4), 78.6 (CH2), 67.4 
(C(CH3)2), 52.4 (CH3), 28.5 (2x, C(CH3)2) ppm. IR (ATR, 
neat): 𝜈 = 2973 (w), 1711 (s), 1621 (m), 1574 (m), 1506 
(m), 1481 (w), 1465 (w), 1449 (m), 1435 (m), 1404 (m), 
1380 (m), 1370 (m), 1362 (m), 1330 (w), 1306 (s), 1241 
(m), 1220 (s), 1209 (s), 1190 (s), 1100 (s), 1062 (s), 984 
(m), 953 (m), 946 (m), 928 (m), 902 (m), 893 (m), 869 
(m), 827 (s), 795 (s), 771 (s), 746 (s), 685 (s) cm-1. MS 
(APCI): m/z = 250.2 [C13H15NO4+H]+. HRMS (EI, 70 eV) 
m/z: [M]+· calcd for [C13H15NO4

+·]: 249.0996; Found: 
249.0995. The analytical data are in accordance with the 
literature.15b

O

N

O2N OH

3-NO2

2-(4,4-Dimethyl-4,5-dihydrooxazol-2-yl)-5-nitrophenol (3-
NO2). A slightly modified literature procedure was used.25 
A heat gun-dried and nitrogen-flushed Schlenk-tube was 
charged with 3 (62.6 mg, 250 µmol, 1.00 eq), anhydrous 
CH2Cl2 (2.50 mL, 0.1 M) was added and the yellow solution 
was cooled to –78 °C. BBr3 (81.4 mg, 325 µL, 325 µmol, 
1.30 eq, 1.0 M in CH2Cl2) was added via syringe pump 
(0.1 mL/min) through a rubber septum to the cooled 
solution. With every drop the mixture turned intensively 
red whereupon the color immediately disappeared. The 
yellow mixture was stirred for one hour at –78 °C and then 
for additional four hours while it was allowed to warm 
slowly to –30 °C. The cooling bath was removed and CH2Cl2 
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(5 mL) and saturated NH4Cl solution (5 mL) were added. 
The phases were separated and the aqueous phase 
extracted with CH2Cl2 (3  10 mL). The combined organic 
layers were dried over anhydrous Na2SO4, filtered and 
concentrated under reduced pressure on a rotary 
evaporator. Purification by column chromatography 
(CH:EA 10:1 v:v) afforded 3-NO2 (38.5 mg, 163 µmol, 65%) 
as a pale yellow solid. Single crystals suitable for X-ray 
analysis were grown from CH2Cl2 solution by slow solvent 
evaporation. Data for 3-NO2: Rf = 0.20 (SiO2, CH:EA 10:1 
v:v). Mp.: 123 – 125 °C. 1H-NMR (601 MHz, CDCl3): δ = 
12.59 (s, 1H, OH), 7.83 (d, 4JHH = 2.2 Hz, 1H, H–6), 7.78 (d, 
3JHH = 8.6 Hz, 1H, H–3), 7.70 (dd, 3JHH = 8.6 Hz, 4JHH = 2.2 Hz, 
1H, H–4), 4.17 (s, 2H, CH2), 1.43 (s, 6H, C(CH3)2) ppm. 
13C{1H}-NMR (151 MHz, CDCl3): δ = 162.6 (C=N), 160.5 (C–
1), 150.8 (C–5), 129.0 (C–3), 116.2 (C–2), 113.3 (C–4), 
112.1 (C–6), 78.9 (CH2), 67.8 (C(CH3)2), 28.5 (2x, C(CH3)2) 
ppm. IR (ATR, neat): 𝜈 = 2977 (w), 2930 (w), 2587 (br), 
1644 (m), 1598 (w), 1520 (s), 1463 (w), 1414 (w), 1382 
(w), 1368 (m), 1349 (m), 1330 (m), 1294 (s), 1262 (m), 
1234 (m), 1207 (m), 1183 (m), 1130 (m), 1084 (m), 1060 
(s), 962 (m), 943 (m), 886 (m), 834 (w), 823 (m), 812 (s), 
758 (m), 732 (s), 689 (m), 679 (s) cm-1. MS (APCI): m/z = 
237.1 [C11H12N2O4+H]+. HRMS (ESI) m/z: [M+H]+ calcd for 
[C11H13N2O4

+]: 237.0870; Found: 237.0869. [M+Na]+ calcd 
for [C11H12N2NaO4

+]: 259.0689; Found: 259.0690.

N
H

O

O

3,4-NSN

N
S N

5-(4,4-Dimethyl-4,5-dihydrooxazol-2-
yl)benzo[c][1,2,5]thiadiazol-4-ol (3,4-NSN). Prepared 
according to GP 3 from 7 (93.3 mg, 400 µmol, 1.00 eq) in 
THF (1.00 mL, 0.4 M) and TMPMgCl·LiCl (968 µL, 
1.20 mmol, 3.00 eq, 1.24 M in THF). Stirring for three 
hours was followed by flushing with oxygen and stirring 
for another 24 hours. Saturated NH4Cl solution (10 mL), 
water (10 mL) and CH2Cl2 (20 mL) were added and the 
phases were separated. The aqueous phase was extracted 
with CH2Cl2 (6  20 mL). Purification by flash column 
chromatography (SiO2, CH:EA 2:1 v:v) afforded 3,4-NSN 
(71.1 mg, 285 µmol, 71%) as a yellow solid. Single crystals 
suitable for X-ray analysis were grown from CH2Cl2 
solution by slow solvent evaporation. Data for 3,4-NSN: Rf 
= 0.11 (SiO2, CH:EA 2:1 v:v). Rf = 0.19 (SiO2, CH:EA 1:1 v:v). 
Mp.: 245 – 247 °C. 1H-NMR (601 MHz, CDCl3): δ = 12.97 (s, 
1H, NH), 7.62 (d, 3JHH = 9.2 Hz, 1H, H–3), 7.12 (d, 3JHH = 9.2 
Hz, 1H, H–4), 4.32 (s, 2H, CH2), 1.51 (s, 6H, C(CH3)2) ppm. 
13C{1H}-NMR (151 MHz, CDCl3): δ = 166.9 (C–N), 164.4 
(C=O), 159.3 (C–5), 150.9 (C–6), 128.4 (C–3), 108.5 (C–4), 
101.0 (C–2), 79.8 (CH2), 63.5 (C(CH3)2), 28.0 (2x, C(CH3)2) 
ppm. IR (ATR, neat): 𝜈 = 2974 (w), 2930 (w), 2873 (w), 
2628 (br), 1636 (s), 1578 (m), 1528 (s), 1480 (s), 1461 (s), 
1381 (m), 1361 (m), 1352 (m), 1305 (m), 1259 (m), 1234 
(m), 1201 (m), 1169 (m), 1109 (m), 1092 (s), 992 (s), 926 
(m), 875 (m), 836 (m), 819 (s), 804 (s), 774 (m), 714 (s), 
672 (s) cm-1. MS (APCI): m/z = 250.1 [C11H11N3O2S+H]+. 

HRMS (ESI) m/z: [M+H]+ calcd for [C11H12N3O2S+]: 
250.0645; Found: 250.0645. [M+Na]+ calcd for 
[C11H11N3NaO2S+]: 272.0464; Found: 272.0463. [2M+Na]+ 
calcd for [C22H22N6NaO4S2

+]: 521.1036; Found: 521.1034.

N
H

O

O

3,4-NSeN

N
Se N

5-(4,4-Dimethyl-4,5-dihydrooxazol-2-
yl)benzo[c][1,2,5]selenadiazol-4-ol (3,4-NSeN). Prepared 
according to GP 3 from 9 (112 mg, 400 µmol, 1.00 eq) in 
THF (1.00 mL, 0.4 M) and TMPMgCl·LiCl (968 µL, 
1.20 mmol, 3.00 eq, 1.24 M in THF). Stirring for three 
hours was followed by flushing with oxygen and stirring 
for another 24 hours. Saturated NH4Cl solution (10 mL), 
water (10 mL) and CH2Cl2 (20 mL) were added and the 
phases were separated. The aqueous phase was extracted 
with CH2Cl2 (6  20 mL). Purification by flash column 
chromatography (SiO2, CH:EA 1:2 v:v) afforded 3,4-NSeN 
(39.7 mg, 134 µmol, 34%) as a red solid. Single crystals 
suitable for X-ray analysis were grown from CH2Cl2 
solution by slow solvent evaporation. Data for 3,4-NSeN: 
Rf = 0.04 (SiO2, CH:EA 1:1 v:v). Rf = 0.07 (SiO2, CH:EA 1:2 
v:v). Mp.: 222 °C decomp. 1H-NMR (601 MHz, CDCl3): δ = 
12.32 (s, 1H, N–H), 7.50 (d, 3JHH = 9.4 Hz, 1H, H–3), 6.90 (d, 
3JHH = 9.5 Hz, 1H, H–4), 4.35 (s, 2H, CH2), 1.53 (s, 6H, 
C(CH3)2) ppm. 13C{1H}-NMR (151 MHz, CDCl3): δ = 169.2 
(C=O), 167.6 (C–N), 164.3 (C–5), 158.1 (C–6), 128.6 (C–3), 
110.1 (C–4), 98.1 (C–2), 80.1 (CH2), 62.2 (C(CH3)2), 27.8 
(2x, C(CH3)2) ppm. 77Se-NMR (115 MHz, CDCl3): δ = 1507.2 
(s) ppm. IR (ATR, neat): 𝜈 = 2971 (w), 2926 (w), 2871 (w), 
2628 (br), 1634 (m), 1576 (m), 1533 (m), 1478 (m), 1460 
(m), 1381 (m), 1362 (m), 1308 (m), 1260 (m), 1232 (m), 
1199 (m), 1108 (m), 1090 (m), 984 (s), 919 (m), 805 (m), 
770 (m), 758 (m), 738 (m), 711 (s), 656 (s) cm-1. MS 
(APCI): m/z = 298.0 [C11H11N3O2

80Se+H]+. HRMS (ESI) m/z: 
[M+Na]+ calcd for [C11H11N3NaO2

80Se+]: 319.9909; Found: 
319.9907. [2M+Na]+ calcd for [C22H22N6NaO4

80Se2
+]: 

616.9930; Found: 616.9925.
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Cambridge Crystallographic Data Centre, 12 Union Road, 
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