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Abstract
Three novel C4 symmetric O-substituted derivatives of tetramethoxyresorcinarene were synthesised and characterised and 
the selective distal lithiation of these derivatives was investigated. Lithiation of the tetraethoxy derivative, followed by 
quenching with dimethyldisulfide selectively afforded the distal product in 36% yield after removal of unreacted starting 
resorcinarene. Lithiation of the MOM derivative produced the five possible lithiated products, with the mono being the major 
product; the distally substituted derivative being a minor product. The benzyloxyresorcinarene appeared to be unstable under 
the lithation conditions. These results suggest that the selectivity of the distal lithation reaction is heavily dependent on the 
O-substituents of the resorcinarene.
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Introduction

Resorcinarenes are a sub-class of calixarenes and have been 
relatively less-studied compared to the mainstream calix-
arenes. Tetramethoxyresorcinarene is a type of resorcinarene 
which only has four hydroxyl groups instead of eight. It can 
be conveniently prepared in a single step in high yields [1]. 
The methoxy groups are arranged about the resorcinarene in 
an alternating manner, giving the resorcinarene C4 rotational 
symmetry, as well as helical chirality [2]. This helical chiral-
ity at the wider rim renders the cavity of the resorcinarene to 
be chiral. A chiral cavity is of significance because it has the 
potential for enantioselective containment of chiral guests. 
By adjusting the shape and functional groups at the wider 
rim of the cavity, this potential could be realised, which 
could lead to enantiorecognition applications. An interest-
ing modification would be the functionalisation of the distal 
aromatic rings. This would enable interesting architectures 

to be constructed over the chiral cavity that would change 
its structure, and perhaps lead to enhanced containment of 
guests.

In general, the distal functionalisation of calixarenes 
is standard practice [3–5], but despite the similarities, for 
resorcinarenes it is far less common. This is because the 
hydroxyl groups in calixarenes, being on the narrower rim, 
are in proximity to each other, and hence the alkylation of 
the first hydroxyl causes the distal hydroxyl to be the most 
favourable for subsequent deprotonation because the result-
ant phenoxide is stabilised by two hydrogen bonds formed 
from the two proximal hydroxyl groups. Therefore, the 
second alkylation occurs on the distal hydroxyl [5]. Unfor-
tunately this principle does not apply to resorcinarenes 
because of the innately different positions of the hydroxyl 
groups.

In the literature, there exists a few procedures for dis-
tally-functionalising resorcinarenes. In the method by Shi-
vanyuk et al. [6, 7], a distally-functionalised resorcinarene 
was directly obtained in 53% yield through regioselective 
tetratosylation of octahydroxyresorcinarene. Under these 
conditions, octahydroxyresorcinarene was treated with tri-
ethylamine followed by four equivalents of tosyl chloride in 
dry acetonitrile. This resulted in the tosylation of the four 
hydroxyl groups of the distal aromatic rings, while the other 
pair of aromatic rings were left intact. Selectivity was likely 
to due to the observed precipitate which formed when the 
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triethylamine was added to the resorcinarene. Addition of 
the sulfonylating agent to the precipitate needed to be per-
formed quickly and followed by rapid stirring of the reac-
tion mixture to avoid the formation of complicated mixtures. 
However, this method excludes the tetramethoxyresorcin-
arene because four of the hydroxyl groups have already been 
alkylated.

Aside from this work, in the literature there is one other 
main strategy for distally-functionalising a resorcinarene—
that is by selective lithiation as reported by Arnott et al. [8] 
This direct lithiation method is similar to the selective bro-
mine–lithium exchange by Larsen and Jørgensen on calix-
arenes [4] as well as by Sherburn on cavitands [9]. But in 
contrast, the lithiation by Arnott et al. is not a bromine–lith-
ium exchange, and thus does not require a brominated resor-
cinarene. In this direct lithiation method, octamethoxyresor-
cinarene was lithiated using n-butyllithium, then quenched 
with dimethyldisulfide to give a thioether, which enabled 
elucidation of the result by 1H NMR spectroscopy of the 
crude mixture. The lithation under various conditions was 
investigated with variation of the reaction solvent, number of 
equivalents of butyllithium, lithiation time and temperature. 
Using five equivalents of n-butyllithium in THF at a tem-
perature of 40 °C for 2 h, the best yield of 86% for the distal 
product was achieved, albeit the presence of unreacted start-
ing material and mono product. The lithation under these 

optimal conditions was also demonstrated to work with other 
electrophiles, such as carbon dioxide, to give useful func-
tional groups, while still retaining a good yield for the distal 
product. It was hypothesised that the distal selectivity was 
the result of the randomly-lithiated species equilibrating to 
the distally-lithiated intermediate which was presumably the 
most thermodynamically stable. Here we report our inves-
tigations into the applicability of this distal lithiation on a 
 C4-symmetrical tetramethoxyresorcinarene.

Results and discussion

The first step to prepare tetramethoxyresorcinarene for the 
lithiation is to protect all four hydroxyl groups with a pro-
tecting group that would be stable under the lithation condi-
tions (Scheme 1).

The protecting group first chosen was the benzyl ether. 
Benzyl ethers are known to be fairly robust, pH stable, and 
are usually only cleavable by reduction to return the alcohol. 
Furthermore, benzyl bromide is relatively safe to use and 
was readily available. Reaction of the starting resorcinarene 
(1) with benzyl bromide and sodium hydride in THF fur-
nished the desired tetrabenzyloxyresorcinarene (2) in a good 
yield and purity after recrystallisation (Scheme 2). Evidence 
of the benzyl ether was provided by NMR spectroscopy, 
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which showed the benzylic protons as an AB pattern at 4.70 
and 4.94 ppm on the 1H spectrum, while the benzylic carbon 
appeared on the 13C spectrum at 71.1 ppm.

With tetrabenzyloxyresorcinarene (2) in hand, the lithi-
ation was then performed according to the same conditions 
as described by Arnott et al., and quenching with dime-
thyldisulfide. Unfortunately, TLC did not show any well-
defined spots and the 1H NMR spectrum of the quenched 
reaction mixture indicated the resorcinarene peaks as broad 
humps, with multiple methoxy and aromatic signals. The 
benzyl ether was still apparent by a broad hump from 6.7 
to 7.7 ppm. This complex mixture perhaps suggests that 
the benzyl ether was not as robust as thought. A protecting 
group that would be more stable under the strongly basic 
lithiation conditions may perhaps provide success.

The methoxy methyl (MOM) protecting group, when 
functionalised to a phenol, is known to direct lithiation 
to the ortho position of the aromatic ring [10, 11]. MOM 
protecting groups can be easily removed by acid-catalysed 
hydrolysis. Therefore, the MOM protecting group is an ideal 
candidate for this application. However, the main issue is the 
safety of methoxymethyl halides [12], which is required for 
synthesising the MOM ether of the phenol. Nevertheless, the 
reaction of (1) with methoxymethyl bromide under standard 
sodium hydride/THF conditions afforded the target product 
(3) in excellent purity in quantitative yield without any for-
mal purification (Scheme 3). NMR spectroscopy confirmed 
the MOM ether resorcinarene by an additional methoxy 
peak appearing on both 1H and 13C spectra. The acetal was 
evidenced by the AB pattern at 4.84 and 4.73 ppm on the 
1H spectrum, as well as the  CH2 peak at 95.8 ppm on the 
DEPT-135 spectrum.

The lithiation was performed on resorcinarene (3) as per 
the literature, but yielded a mixture of six compounds as 
indicated by TLC  (Rf(EtOAc/Petrol 4:6) = 0.71, 0.63, 0.48, 0.38, 
0.31, 0.19, Fig. S1). Doubling the amount of n-butyllithium 
from five to ten equivalents also produced the same result, 
but with the least retained spot on TLC becoming darker. 
The crude products from the reactions with five and ten 
equivalents were combined, and the six compounds were 
separated sufficiently by preparative TLC to enable identi-
fication of each compound by 1H NMR spectroscopy. The 
structures of the six compounds were tentatively assigned 
by analysis of their 1H NMR spectra, based principally on 

symmetry and integration data. The 1H NMR data suggested 
that the six compounds obtained were the five possible prod-
ucts plus the starting material (Scheme 4). The 1H NMR 
data, together with the isolated yields and assignments are 
summarised in Table 1.

The signals in the 1H NMR spectra, which provided clear 
indicators for assigning the products were the  SCH3 and the 
aromatic signals. The distal product (5), having  C2 rotational 
symmetry, would have half the peaks compared to its asym-
metrical proximal isomer (6). The appearance of many peaks 
indicated an absence of rotational symmetry in the product. 
These asymmetrical products—tri (7), proximal (6), and 
mono (4)—could be distinguished from each other by the 
number of ArH and  SCH3 signals. For example, tri (7), hav-
ing three  SCH3 replacing three ArH, would have three less 
ArH from the original eight, which would result in five ArH 
peaks. Therefore, based on the number and integration of 
these signals, together with symmetry considerations, the 
particular  SCH3 resorcinarene product could be assigned for 
each spectrum. For all isolated products, the retention of the 
MOM protecting group through the lithiation was confirmed 
by the pairs of AB doublets around 4.2–5.2 ppm and the 
corresponding extra methoxy singlet in all 1H NMR spectra.

It is clear from the results that distal di-SMe resorcin-
arene is not the main product. In efforts to optimise the yield 
for the target distal product, the lithiation was attempted 
under milder conditions, at room temperature overnight, but 
only returned unreacted starting resorcinarene. The lithiation 
was also attempted with sec-butyllithium, a stronger base, 
but yielded similar results as with n-butyllithium. From the 
results, it is clear that the lithiation of resorcinarene meth-
oxymethyl ether (3) is not a viable method for obtaining a 
distally-functionalised resorcinarene due to the lack of selec-
tivity and difficulty of separation.

Finally, for the purpose of simply testing the applicability 
of the lithation procedure on this particular tetramethoxy-
resorcinarene, the ethyl ether was chosen. The ethyl ether 
would not be readily cleavable to recover the phenol and has 
no functional value. Furthermore, as the methyl and ethyl 
groups are of similar size, the chirality influence would be 
minimal. However, it was for this similarity that the ethyl 
ether was chosen; to liken the resorcinarene to the literature 
octamethoxy resorcinarene, while retaining its characteristic 
C4 symmetry.

Scheme 3  Protection of res-
orcinarene phenols with meth-
oxymethyl ethers and attempted 
distal lithiation
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The tetraethylation of resorcinarene (1) under standard 
sodium hydride/THF conditions did not proceed to comple-
tion despite using up to 30 equivalents of iodoethane and 
subjecting the mixture to reaction again. However, chang-
ing the reaction solvent to DMF conveniently furnished the 
target product (10) in good yield and purity (Scheme 5). The 
ethoxy group was confirmed by 1H NMR spectroscopy as a 
multiplet overlapped with the methoxy singlet, and an addi-
tional triplet in the hydrocarbon region. The methyleneoxy 

carbon was accounted for on the DEPT-135 spectrum by the 
peak at 64.9 ppm with negative phase.

The ethoxy derivative (10) was then subjected to the 
same lithiation procedure to give a single product along with 
unreacted starting resorcinarene, as indicated by TLC. The 
product was successfully separated by column chromatog-
raphy to afford the target product (9) in yield of 36%. 1H 
NMR spectroscopy of the pure product conclusively showed 
a  C2-symmetrical resorcinarene product with a single  SCH3 
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peak at 2.42 ppm and three peaks in the aromatic region 
with the same integration. The correct number of peaks for 
target product (9) was present on the 13C NMR spectrum, 
with the  SCH3 peak being identified as the peak at 18.3 ppm 
according to HSQC spectroscopy. Therefore, this experiment 
with the ethoxy functionalised resorcinarene proved that the 
lithiation for octamethoxyresorcinarene was applicable to 
this chiral resorcinarene, although the phenols needed to 
be alkylated with a group with close likeness to a methoxy 
group.

Conclusion

The selective distal lithiation of three novel C4 symmetric 
O-substituted derivatives of tetramethoxyresorcinarene 
was investigated. These included the benzyloxy, the MOM 
and the ethoxy derivatives of tetramethoxyresorcinarene. 
Lithiation, followed by quenching with dimethyldisulfide 
gave very different results for the three derivatives. The 
benzyloxy derivative gave a complex mixture that could 
not be resolved. The lithiation on the MOM ether resor-
cinarene (3) gave a mixture of the five possible products, 

as well as unreacted starting resorcinarene. Separation of 
the five products was not complete, but the isolated com-
pounds were sufficiently pure for tentative characterisa-
tion. The most abundant product was the mono-SMe (4) 
which was recovered in approximately 28% yield, while 
the distal-SMe (5) was recovered in a minor yield of about 
4%. The lithiation with ethoxyresorcinarene (10) selec-
tively produced the distal-SMe product (9) in 36%, after 
separation of unreacted starting resorcinarene. This served 
as a proof of concept that the selective distal lithiation 
was applicable to  C4 symmetric tetramethoxyresorcin-
arene, albeit with an O-substituent with close similarity 
to a methoxy. These results suggest that the selective dis-
tal lithiation is not very robust, with the distal selectivity 
being dramatically affected by the O-substituents on the 
resorcinarene.

Table 1  Summary of key 1H NMR spectroscopic data of  SCH3 resorcinarene products recorded in  CDCl3

Chemical shifts are listed in ppm
a Coincidental peaks, integration is double
b The yields for distal di-SCH3 resorcinarene and mono-SCH3 are not accurate, since both were not completely separated

Rf (EtOAc/Petrol 
4:6)

SCH3 ArH SCH3 resorcinarene Symmetry Isolated 
yield (%)

0.71 2.34 6.68 Tetra (8) C4 0.9
0.63 2.28, 2.43a 6.35, 6.38, 6.42, 6.93, 6.95 Tri (7) Cs 3.6
0.48 2.32, 2.39 6.46, 6.49, 6.53, 6.55, 6.77, 6.78 Proximal (6) Cs 8.1
0.38 2.42 6.38, 6.44, 6.94 Distal (5) C2 4.4b

0.31 2.37 6.48, 6.49, 6.51, 6.59, 6.63, 6.69, 6.70 Mono (4) Cs 27.5b

0.19 None 6.36, 7.25 (1) C4 14.6

Scheme 5  Ethylation of resor-
cinarene phenols and subse-
quent distal lithiation
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Experimental

14,36,56,76‑Tetrahydroxy‑16,34,  
54, 74‑tetramethoxy‑2,4,6,8‑tetrapropylresorcin[4]
arene (1)

O OH

C3H7

4

Resorcinarene (1) was synthesised based on the procedure 
by McIldowie et al. [1]. To a mixture of 3-methoxyphenol 
(30.1 g, 0.243 mol), butanal (22 mL, 17.6 g, 0.245 mol) and 
DCM (550 mL) was added boron trifluoride etherate (90 mL, 
104 g, 0.729 mol) while in an ice bath. The solution turned 
from orange–yellow to dark red. The ice bath was removed and 
the reaction mixture was allowed to warm to RT over about 
20 min, while stirring under nitrogen. After 2 h at RT, the reac-
tion mixture was quenched by adding water (400 mL), produc-
ing some white fumes and slight warming. The organic layer 
was separated, and the solvent was removed under reduced 
pressure to give a foamy brown solid as the crude product. 
The crude product was triturated with methanol (~ 200 mL) 
to give the desired product (1) (36.9 g, 85%) as a white pow-
der: mp 256–259 °C (lit. [13] 257–258 °C); IR 3400 cm−1 
(OH phenol); 1H NMR  (CDCl3) δ 0.97 (t, J = 7.4 Hz, 12 H, 
 CH2CH3), 1.30 (apparent sxt, 8 H, CH2CH3), 2.18 (apparent q, 
8 H, CH2CH), 3.83 (s, 12 H, OCH3), 4.30 (t, J = 7.9 Hz, 4 H, 
CHCH2), 7.23 and 6.34 (2s, 2 × 4 H, ArH), 7.50 (s, 4 H, OH).

General reaction procedure for O‑alkylation 
of resorcinarene (1)

Resorcinarene (1) (1 equiv) was added to a mixture of washed 
sodium hydride (10–20 equiv, 60% in oil) and a couple of crys-
tals of imidazole in anhydrous THF, and the resultant mixture 
was stirred under nitrogen at RT for 30 min. To this white 
slurry was added the relavant alkyl halide (10–20 equiv), and 
the cloudy white reaction mixture was stirred overnight at RT, 
under nitrogen. The work up and purification is specific for 
each resorcinarene derivative.

14,36,56,  76‑Tetrabenzoxy‑16,34,  
54, 74‑tetramethoxy‑2,4,6,8‑tetrapropylresorcin[4]
arene (2)

C3H7

OO

4

The general reaction procedure was applied with resorcin-
arene (1) (0.50 g, 0.703 mmol), sodium hydride (1.07 g, 
60% in oil, 0.64 g, 26.8 mmol), anhydrous THF (25 mL), 
and benzyl bromide (1.69 mL, 1.21 g, 14.0 mmol). After 
stirring overnight, the reaction mixture was cooled in an 
ice bath and carefully quenched with water, producing 
bubbles. More water was added, and the solvents were 
removed under reduced pressure (rotavap up to 65 °C). 
The yellow residue was dissolved in DCM, and the organic 
layer was washed with water, separated and evaporated 
to give the crude product as a yellow crystalline solid 
(0.88 g). The crude product was dissolved in minimum 
DCM; then MeOH was added so that the product remained 
dissolved. The yellow solution was gently boiled to remove 
DCM. At a certain point, white crystals formed in the solu-
tion, and the mixture was immediately taken off the heat 
and allowed to cool to RT. More MeOH was added, and 
(2) was collected by vacuum filtration as white crystals 
(0.64 g, 84%): mp 188–189 °C (DCM/MeOH); 1H NMR 
 (CDCl3) δ 0.91 (t, J = 7.3 Hz, 12 H,  CH2CH3), 1.31 (appar-
ent sxt, 8 H, CH2CH3), 1.87 (m, 8 H, CH2CH), 3.40 (s, 
12 H, OCH3), 4.59 (t, J = 7.4 Hz, 4 H, CHCH2), 4.70, 4.95 
(2 × AB, J = 11.3 Hz, 8 H, OCH2), 6.37, 6.71 (s, 2 × 4 H, 
ArH), 7.39–7.18 (m, 20 H, Ph); 13C NMR  (CDCl3) δ 14.5 
 (CH2CH3), 21.6 (CH2), 35.9 (CHCH2), 37.1 (CH2CH), 
55.6 (OCH3), 71.1 (OCH2), 97.8, 126.4 (CH, Ar), 126.5 
(C, Ar), 127.5, 127.6, 128.3 (CH, Ar), 137.9, 155.2, 155.8 
(C, Ar) (note some signals are coincident). Found: C, 
80.58; H, 7.69;  C72H80O8; requires C, 80.56; H, 7.51%.
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14,36,56,76‑Tetramethoxymethyl‑16,34, 
54, 74‑tetramethoxy‑2,4,6,8‑tetrapropylresorcin[4]
arene (3)

C3H7

OO

O

4

The general reaction procedure was applied with resorcin-
arene (1) (1.00 g, 1.40 mmol), sodium hydride (0.68 g, 60% 
in oil, 0.409 g, 17.0 mmol), anhydrous THF (8 mL), and 
bromomethyl methyl ether (0.345 mL, 1.76 g, 14.1 mmol). 
After stirring overnight, the reaction mixture was then 
quenched with methanol (2 mL) till bubbling ceased, and 
was then stirred for 45 min at RT. The solvent was removed 
under reduced pressure, and the residue was dissolved in 
DCM (30 mL) and dilute NaOH solution (20 mL, 1 M) to 
give a cloudy light-yellow organic layer and a clearer dark 
yellow aqueous layer. The layers were separated, and the 
aqueous layer was extracted with DCM (10 mL) to give 
a clear colourless extract. The combined cloudy organic 
extracts were dried  (MgSO4), and solvent removed under 
reduced pressure to give pure (3) as a beige-coloured solid 
(1.36 g, ~ 100%): mp 149–150 °C  (CHCl3/MeOH); 1H NMR 
 (CDCl3) δ 0.92 (t, J = 7.3 Hz, 12 H,  CH2CH3), 1.35 (appar-
ent sxt, 8 H, CH2CH3), 1.82 (apparent q, 8 H, CH2CH), 
3.34 and 3.63 (2s, 2 × 12 H, OCH3), 4.51 (t, J = 7.5 Hz, 4 H, 
CHCH2), 4.73, 4.85 (2 × AB, 8 H, J = 6.4 Hz, OCH2O), 
6.48, 6.66 (s, 2 × 4 H, ArH); 13C NMR  (CDCl3) δ 14.4 
 (CH2CH3), 21.3 (CH2CH3), 35.3 (CH2CH), 37.4 (CHCH2), 
55.7, 55.8 (OCH3), 95.8 (OCH2O), 100.1, 126.1 (CH, Ar), 
127.0, 127.5, 153.6, 155.6 (C, Ar). Found: C, 70.16; H, 8.19; 
 C52H72O12; requires C, 70.24; H, 8.16%.

14,36,56,76‑Tetraethoxy‑16,34, 
54, 74‑tetramethoxy‑2,4,6,8‑tetrapropylresorcin[4]
arene (10)

C3H7

OO

4

The general reaction procedure was applied with resorcin-
arene (1) (0.101 g, 0.142 mmol), sodium hydride (0.103 g, 

60% in oil, 0.062 g, 2.58 mmol), anhydrous DMF (25 mL), 
and iodoethane (0.168 mL, 0.328 g, 2.10 mmol). After stir-
ring overnight, the cloudy reaction mixture was quenched 
with water, producing bubbles. Then water (50 mL) was 
added, the white precipitate was filtered, and washed with 
more water. The filtered white precipitate was washed 
off the funnel with DCM, and the solvent was removed 
under reduced pressure. The resultant residue was placed 
in an oven (140 °C) for 5 min to remove water, and furnish 
pure (10) as a white solid (0.106 g, 92%): mp 206–208 °C 
(EtOAc); 1H NMR  (CDCl3) δ 0.93 (t, J = 7.3 Hz, 12 H, 
 CH2CH2CH3), 1.18 (t, J = 7.0  Hz, 12  H,  OCH2CH3), 
1.37 (m, 8 H, CH2CH3), 1.82 (apparent q, 8 H, CH2CH), 
3.59 (s, 12 H, ArOCH3), 3.60–3.69 and 3.85–3.98 (2 m, 
2 × 4 H, OCH2CH3), 4.51 (t, J = 7.5 Hz, 4 H, CHCH2), 
6.29, 6.63 (s, 2 × 4 H, ArH); 13C NMR  (CDCl3) δ 14.5, 
15.0  (CH2CH3), 21.3 (CH2CH3), 35.2 (CHCH2), 37.2 
(CH2CH), 55.9 (OCH3), 64.9 (OCH2), 98.1, 126.1 (CH, 
Ar), 126.6, 126.8, 155.3, 155.7 (C, Ar). Found: C, 75.66; 
H, 9.11;  C72H80O8; requires C, 75.69; H, 8.80%.

Attempted selective distal lithiation of  14,36,56, 
 76‑tetrabenzyloxy‑16,34,54,74‑tetramethoxy‑2,4, 
6,8‑tetrapropylresorcin[4]arene

The synthesis was performed according to the procedure 
by Arnott et al. [8] To a clear colourless solution of res-
orcinarene benzyl ether (2) (0.050 g, 0.0503 mmol) in 
anhydrous THF (5 mL) at RT was added n-butyllithium 
(0.16 mL, 1.6 M, 0.256 mmol). The clear colourless solu-
tion immediately turned bright yellow, then dark yellow, 
then orange, then dark orange. The reaction mixture was 
stirred at 40 °C under nitrogen for 2 h. Upon heating, 
the reaction mixture became very dark opaque brown, 
eventually turning black after 10 min at 40 °C. At the 
end of 2 h, the reaction mixture appeared to be opaque 
dark brown, perhaps not as black. The reaction mixture 
was then quenched by the addition of dimethyl disulfide 
(45 µL, 0.50 mmol), rapidly turning clear light yellow. 
The quenched reaction mixture was then stirred at 40 °C 
under nitrogen for 3 h. The solvent was evaporated to give 
a dark reddish solid. TLC indicated multiple streaked spots 
around the baseline that were of significantly lower  Rf 
compared to the starting resorcinarene. 1H NMR showed 
the resorcinarene signals as broad humps, with multiple 
methoxy and aromatic signals, suggesting decomposition 
of the resorcinarene.
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Attempted selective distal lithiation 
of  14,36,56,76‑tetramethoxy‑16,34,54, 
 74‑tetramethoxymethyl‑2,4, 
6,8‑tetrapropylresorcin[4]arene

The synthesis was performed based on the procedure by 
Arnott et al. [8]. To a clear colourless solution of resor-
cinarene methoxymethyl ether (3) (0.0497 g, 0.0559 mmol) 
in anhydrous THF (5 mL) at 40 °C was added dropwise 
n-butyllithium (0.18 mL, 1.6 M, 0.288 mmol). The clear 
slightly yellow solution rapidly turned clear dark yellow. The 
reaction mixture was allowed to stir at 40 °C under nitrogen 
for 2 h, appearing to be the same throughout. The reaction 
mixture was quenched by the addition of dimethyldisulfide 
(0.053 mL, 0.589 mmol), and was stirred under nitrogen, 
at 40 °C for 20 min. The THF solvent was then removed 
under reduced pressure to give a slightly yellow solid, which 
appeared as a mixture of resorcinarenes by 1H NMR spec-
troscopy, and of at least five compounds by TLC. The syn-
thesis was repeated at the same scale (0.046 g, 0.052 mmol) 
with double the amount of n-butyllithium (0.33 mL, 1.6 M, 
0.528 mmol, 10 equiv), giving a similar crude product with 
a sixth spot clearly visible by TLC. The two crude products 
were combined (0.093 g) and subjected to preparative TLC 
(EtOAc–petroleum spirits 40:60). The compounds were suf-
ficiently separated to be clearly identified by 1H NMR spec-
troscopy as: tetra-SCH3 (8) (0.001 g, 0.9%), tri-SCH3 (7) 
(0.004 g, 3.6%), proximal-SCH3 (6) (0.009 g, 8.1%), distal-
SCH3 (5) (0.005 g, 4.4%), mono-SCH3 (4) (0.028 g, 27.5%), 
and starting resorcinarene (1) (0.014 g, 14.6%).

OO
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O O

O

O
H7C3C3H7

C3H7 H7C3

SS

O

O

O

O

S

S

Tetra-SCH3 resorcinarene (8): 1H NMR (only rele-
vant signals quoted,  CDCl3) δ 0.92 (t, J = 7.3 Hz, 12 H, 
 CH2CH3), 1.27–1.38 (m, 8 H, CH2CH3), 1.76–1.91 (m, 
8  H, CH2CH), 2.34 (s, 12  H, SCH3), 3.55, 3.64 (2s, 
2 × 12 H, OCH3), 4.63 (t, J = 7.5 Hz, 4 H, CHCH2), 4.89, 
5.04 (2 × AB, J = 4.8 Hz, 8 H, OCH2O), 6.68 (s, 4 H, 
ArH).
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Tri-SCH3 resorcinarene (7): 1H NMR (only relevant 
signals quoted,  CDCl3) δ 0.77–1.02 (m, 12 H,  CH2CH3), 
1.19–1.48 (m, 8 H, CH2CH3), 1.59–1.97 (m, 8 H, CH2CH), 
2.28, 2.43 (2s, 3 H, 6 H, SCH3), 3.25, 3.36, 3.45, 3.54, 
3.64, 3.65, 3.80, 3.85 (8s, 8 × 3 H, OCH3), 4.20, 4.63 
(2 × AB, J = 4.7  Hz, OCH2O), 4.46–4.56, 4.54–4.62 
(m, 2 × 2 H, CHCH2), 4.85, 4.90 (2 × AB, J = 6.7 Hz, 
2 H, OCH2O), 5.00 (d, J = 4.7 Hz, 1 H, OCH2O), 5.05 
(d, J = 4.7 Hz, 1 H, OCH2O), 5.17 (d, J = 4.7 Hz, 1 H, 
OCH2O), 5.19 (d, J = 4.7 Hz, 1 H, OCH2O), 6.35, 6.38, 
6.42, 6.93, 6.95 (5s, 5 × 1 H, ArH).

OO

O

O

O O

O

O
H7C3C3H7

C3H7 H7C3

O

O

O

O

S

S

Proximal-SCH3 resorcinarene (6): 1H NMR (only relevant 
signals quoted,  CDCl3) δ 0.87–0.98 (m, 12 H,  CH2CH3), 
1.23–1.45 (m, 8 H, CH2CH3), 1.73–1.92 (m, 8 H, CH2CH), 
2.32, 2.39 (2s, 2 × 3 H, SCH3), 3.31, 3.44, 3.49, 3.58, 3.65, 
3.69 (6s, 3 H, 3 H, 6 H, 6 H, 3 H, 3 H, OCH3), 4.37 (d, 
J = 4.4 Hz, 1 H, OCH2O), 4.45–4.61 (m, 4 H, CHCH2), 
4.70 (d, J = 5.0 Hz, 1 H, OCH2O), 4.85 (d, J = 4.5 Hz, 1 H, 
OCH2O), 4.90–4.99 (m, 3 H, OCH2O), 5.04 (s, 2 H, OCH2O), 
6.46, 6.49, 6.53, 6.55, 6.77, 6.78 (6s, 6 × 1 H, ArH).



79Journal of Inclusion Phenomena and Macrocyclic Chemistry (2018) 91:71–80 

1 3

OO

O

O

O O

O

O
H7C3C3H7

C3H7 H7C3

O

O

O

O

S S

Distal-SCH3 resorcinarene (5): 1H NMR (only relevant 
signals quoted,  CDCl3) δ 0.91 (t, J = 6.7 Hz, 6 H,  CH2CH3), 
0.94 (t, J = 6.8 Hz, 6 H,  CH2CH3), 1.19–1.50 (m, 8 H, 
CH2CH3), 1.72–1.97 (m, 8 H, CH2CH), 2.42 (s, 6 H, SCH3), 
3.18, 3.55, 3.65, 3.80 (4s, 4 × 6 H, OCH3), 4.45–4.56 (m, 
4 H, CHCH2), 4.58, 4.73 (2 × AB, J = 6.7 Hz, 4 H, OCH2O), 
4.96, 5.13 (2 × AB, J = 4.7 Hz, 4 H, OCH2O), 6.38, 6.44, 
6.94 (3s, 3 × 2 H);
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Mono-SCH3 resorcinarene (4): 1H NMR (only rel-
evant signals quoted,  CDCl3) δ 0.85–1.00 (m, 12  H, 
 CH2CH3), 1.27–1.49 (m, 8 H, CH2CH3), 1.72–1.93 (m, 
8 H, CH2CH), 2.37 (s, 3 H, SCH3), 3.29, 3.32, 3.40, 3.54, 
3.59, 3.62, 3.63, 3.65 (8s, 8 × 3 H, OCH3), 4.46–4.59 (m, 
5 H, CHCH2 + OCH2O), 4.71 (d, J = 6.4 Hz, 1 H, OCH2O), 
4.76 (d, J = 6.4 Hz, 1 H, OCH2O), 4.83 (d, J = 6.4 Hz, 
1 H, OCH2O), 4.87 (d, J = 6.4 Hz, 1 H, OCH2O), 4.94 (d, 
J = 6.4 Hz, 1 H, OCH2O), 4.96 (d, J = 6.4 Hz, 1 H, OCH2O), 
4.99 (d, J = 6.4 Hz, 1 H, OCH2O), 6.48, 6.49, 6.51, 6.59, 
6.63, 6.69, 6.70 (7s, 7 × 1 H, ArH).

14,36,56,  76‑Tetraethoxy‑16,34,54, 
 74‑tetramethoxy‑15,55‑di(methylthio)‑2,4, 
6,8‑tetrapropylresorcin[4]arene (9)
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Synthesis was performed according to the procedure by 
Arnott et al. [8]. To a clear colourless solution of resorcin-
arene ethyl ether (10) (0.050 g, 0.061 mmol) in anhydrous 
THF (5 mL) at 40 °C was added dropwise n-butyllithium 
(0.19 mL, 1.6 M, 0.30 mmol). The clear colourless solution 
rapidly turned yellow. The reaction mixture was allowed to 
stir at 40 °C under nitrogen for 2 h, becoming almost clear 
colourless after 1 h. The clear colourless reaction mixture 
was quenched by the addition of dimethyldisulfide (55 µL, 
0.61 mmol), and was stirred under nitrogen, at 40 °C for 
20 min. The THF solvent was removed under reduced pres-
sure from the reaction mixture to give the crude product as a 
white to off-white solid which turned light-brownish yellow 
on prolonged exposure to air. The crude product was sub-
jected to column chromatography (EtOAc–petroleum spirits 
10:90–20:80) to afford pure (9) as a clear colourless glassy 
solid (0.020 g, 36%): mp 155 °C  (CHCl3/MeOH); 1H NMR 
 (CDCl3) δ 0.86–0.97 (m, 12 H,  CH2CH3), 1.05 (t, J = 7.0 Hz, 
6 H,  OCH2CH3), 1.21–1.52 (m, 8 H,  CH2CH2CH3), 1.36 (t, 
J = 7.0 Hz, 6 H,  OCH2CH3), 1.65–1.94 (m, 8 H, CHCH2), 
2.42 (s, 6 H, SCH3), 3.43–3.58 (m, 2 H, OCH2), 3.51 (s, 6 H, 
OCH3), 3.71–3.83 (m, 2 H, OCH2), 3.76 (s, 6 H, OCH3), 
3.83–3.95, 4.02–4.14 (2 m, 2 × 2 H, OCH2), 4.41–4.56 (m, 
4 H, CHCH2), 6.22, 6.36, 6.87 (s, 3 × 2H, ArH); 13C NMR 
 (CDCl3) δ 14.35, 14.37, 15.0, 16.0  (CH2CH3), 18.3 (SCH3), 
21.51, 21.54 (CH2CH3), 36.66, 36.69 (CHCH2), 37.6, 37.8 
(CH2CH), 55.3, 60.7 (OCH3), 64.4, 68.8 (OCH2), 97.4 (CH, 
Ar), 123.0, 124.2, 124.4 (C, Ar), 125.9, 126.6 (CH, Ar), 
135.6, 135.8, 155.8, 156.0, 156.3, 156.9 (C, Ar). Found: C, 
70.75; H, 8.41;  C54H76O8S2; requires C, 70.70; H, 8.35%.
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