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Abstract: 4,16-Disubstituted, 4,7,12,15-tetrasubstituted NMes"OH"

4,8,12,16-tetrasubstituted and %,8,12,13,15,16-octasubstituted ;
[2.2]paracyclophanes can be prepared in significantly improvel —%» —— | XiC — XnﬁE “Xn
yields and excellent regiospecificities via the Winberg 1,6-elimine

tion—dimerization reaction from substituted (4-methylbenzyl)tri-

methylammonium hydroxides. Using 2-chloro-phenothiazint 3 2 1
instead of phenothiazine as a polymerization inhibitor results in

doubling of product yields. S%hemel Reagents and conditions: (i) PhMe, 2-chloropheno-

thiazine, reflux, 3 h.
Key words: cyclophanes, dimerizations, regioselectivity

PCP skeleton prior to cyclophane ring formation via the
The cofacial stacking arrangement of the two aromatiinberg reaction. This method involves the dimerization
rings combined with the structural rigidity of theof xylylenes2 generated in situ from a 1,6-elimination of
[2.2]paracyclophane (PCP) skeleton make it an unigsebstituted (4-methylbenzyl)trimethylammonium hy-
structural probe to investigate the through-spaee droxides3 that in turn can be conveniently prepared in
transannular interactiohdn many optoelectronic ma- two or three steps from commercially available materials.
terials?2 Optically active PCPs are also useful ligands ift was also noted that similar works using this approach to
asymmetric synthesis with good product enantioselectiyprepare substituted PCP derivatives had been demonstrat-
ties? Despite such potentials, one of the major obstacled previously in scattered studies by different gréups.

in the development of PCP chemistry is the lack of conveyg gimerization reaction was suggested to be a multistep
nient synthetic routes to substituted PCP derivativegoces® and was shown to involve coupling of two xy-
While mono-substituted PCPs can be prepared either 9)one molecules via their biradical resonance féfm.

stoichiometric electrophilic aromatic substitutidnef Such an approach would be of little practical use if a mix-

[2.2]paracyclophane or by functional group interre of regioisomers were to form from the dimerization

ionzab.6 - i . . )
conversion$*® from another mono-substituted PCPyt the supstituted xylylene intermedidteHowever, we
derivative in reasonable yields and purities, di-, tri- a

. o ; nvisaged that this should not be a random process. For
tetra-substituted PCPs are difficult to obtain from eleCtr%'xample a mono-substituted biradidalan dimerize via

philic aromatic substitutions without resorting to repeatebiiner a head-to-tail or a head-to-head fashion to furnish
chromatographic or crystallization purificatiorHerein e piradical dimesa or 5b, respectively (Scheme 2). Pri-
we report the regiospecific syntheses of 4,16-disubstityj; 1 cyclization, the two aromatic rings of head-to-tail

ed, 4,7,12,15-tetrasubstituted, 4,8,12,16-tetrasubstituigthersa must orient in a stacking arrangement to give ei-
and 4,5,7,8,12,13,15,16-octasubstituted PCP derlvaltlve{;‘her conformer6a or 6b. Similarly, the head-to-head

from the Winberg dimerizatidnof substituted xylylene dimer5b can also adopt conformatiofis or 6d. Among
intermediates2 without invoking tedious purification inese four isomeric biradicals, conforngeris energeti-
procedures (Scheme 1). More importantly, yields of the,|;; more favorable than the others because the two sub-
dimerization product are doubled in the presence of &gt ients (X) are now oriented inpseudo-para fashion.
chlo.rophenpth.ia.zine instead of phenothiazine as the polyz 5 result, the cyclization process (route a) involéiag
merization inhibitor. should be more favorable than similar reactions (routes b
In contrast to most literature methods, our strategy tte d) originated from the other intermediates, producing
wards such substituted PCPs employs a pre-cyclizatitve 4,16-disubstituted PCP derivativeselectively. The
approach, i.e., the functional groups are introduced to thkernative competitive side-reaction of the dimeric birad-
ical intermediates would be the polymerization reaction to

give polyp-phenyleneethylene)s. Hence, it is of practical
SYNLETT 2005, No. 14, pp 2130-2134 interest to extend this concept to the systematic synthesis
Advanced online publication: 03.08.2005 of PCPs of new substitution patterns, namely, 4,7,12,15-
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Scheme2 Possible dimerization modes of a monosubstituted xylylene.

from the dimerization of 2,5-disubstitut@&and 2,6-di-

NMez*Br-

Br
substituted xylylene® (Scheme 3). Furthermore, such _ )
strategy should also be applicable to the synthesis [ 2, ' _ | :_Xn . X"_;E X,
= iii
12 13 14

4,5,7,8,12,13,15,16-octasubstituted PCPs from 2,3,5,
tetrasubstituted xylylenes.

X 1
| -
X X 7

Scheme 4 Reagents and conditions: (i) NMe;, EtO, 0 °C; {i)
Ag,0, H,0; (iii) toluene, 110 °C.

clophanelda and were surprised to find that the yield was

8 10 21% from the precursdi3a (Table 1, entry 1). This value
8 4 was roughly twice that reported in the literattrét. was
X T . X = later confirmed that the yield of [2.2]paracyclophdda
R ﬂlx 16 XFF Ny 12 dropped back to 10% when phenothiazine was again used
as the inhibitor. We therefore conducted a comparative
9 1 study of the cyclophane formation reactions in the pres-
ence of either 2-chlorophenothiazine or phenothiaZine.
Scheme3  Dimerizations of disubstituted xylylenes. It was found that the product yield was consistently twice

as many in the presence of the 2-chloro analogue than in
The various highly reactive xylylenes mentioned abowuie presence of phenothiazittéVe speculated some sub-
were generated in situ from the pyrolysis of substituted (e electron effect was operating through the chloro sub-
methylbenzyl)trimethylammonium hydroxide precursorstituent of the phenothiazine inhibitor that deterred the
that were prepared in quantitative yield from reaction ofte of polymerization, but were unable to provide any
trimethylamine and substituted (4-methylbenzyl)broeonclusive evidence at presence. After the reaction, the
mides12 in diethyl ethef? followed by anion exchange mixture was filtered to remove the insoluble polymer by-
with silver oxide in water (Scheme 4). The benzyproducts. The filtrate was then concentrated under re-
bromides12, in turn, were readily prepared in 75-93%duced pressure to give the target PC#as solids.

overall yield on 5-20 g scales from inexpensive ang the dimerization of the 2-substituted xylyleagb—d
commercially available starting materials in one or tW?entries 2-4), only the 4,16-disubstituted isontetis—d
steps via bromination reactiofis.* were obtained in about 20% vyield. This value was
According to Winberg'’s original procedufethe dimer- comparable to the reaction yield obtained from the direct
ization process was conducted in the presence of pledectrophilic aromatic substitution of the parent [2.2]para-
nothiazine to suppress polymerization. It happened thatclophane. However, no chromatographic purification
phenothiazine was not immediately available in our labevas required in our improved synthetic procedure. The
ratory so we chose 2-chlorophenothiazine as a substitit&uctures of the products were confirmedibyNMR and

We then repeated the synthesis of the parent [2.2]parat3€ NMR spectral analysis, and the data also matched well
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Tablel Synthesis of [2.2]Paracyclophariksfrom Precursorg3

Entry  Starting material(s) Product Yield (%)
1 NMes*Br- I 10 (20)
1l4a
13a
2 NMes*Br- 10 (22)
Br
. 0
‘ 7Br Br
14b
13b
3 NMesBr- 10 (20)
Cl
> (L
| o cl
1l4c
13c
4 NMe3z*Br- 9 (19)
13d
5 NMe3*Br- 9(21)
Br
Br
13e
6 NMes*Br 9 (20)
cl
Cl
14f
13f
7 NMes*Br- 9 (21)
Br/é\sr
139
8 NMes*Br- 9 (20)

Br

Br Br

u

13h

14h

2In the presence of phenothiazine. Figures in parenthesis areigield

the presence of 2-chlorophenothiazine.

Similarly, dimerization of 2,5-dihaloxylylenes3e and

13f took place in a highly regiospecific manner to produce
the 4,7,12,15-tetrasubstituted derivatilds and14f, re-
spectively, in 20% vyield (entries 5 and 6). For the
4,7,12,15-tetrabromo PCP derivatitde, its *H NMR
and*C NMR spectral data matched well with those re-
ported in the literatur® thus confirming its 4,7,12,15-
substitution pattern. The structure of the tetrachloro ana-
logue14f was also consistent with its NMR spectral data.
On the other hand, dimerization of the 2,6-dibromoxy-
lylene 13g (entry 7) afforded the previously unknown
4,8,12,16-tetrabromo[2.2]paracyclopharddg in 21%
yield. It should be pointed out that this compound could
not be obtained from the tetrabromination of the parent
[2.2]paracyclophane, as the electronic inductive effect
would direct the reaction towards the production of the
4,7,12,15- or the 4,5,15,16-regioisomer. THe NMR
data of the 4,8,12,16-isomddg were different from
those of the 4,7,12,15-isombte, and the structure of the
former was also confirmed by X-ray crystallography.

Dimerization of the tetrabromoxylylene produced the
highly insoluble 4,5,7,8,12,13,15,16-octabromidéh
(entry 8). Therefore the reaction had to be carried out in
large volume of solvents to ensure the product remained
in solution. Despite the large steric repulsions among the
eight bromine atoms in the octabromiti#h, the yield of

the cyclization was still 20%. We reasoned that such steric
repulsion was also operative in the polymerization reac-
tion and hence both the cyclization and polymerization
rate were retarded to the same extent, and so the yields of
the PCP product4h were unaffected by the substitution
pattern. TheéH NMR spectrum of the produt#h in ni-
trobenzena; showed a singlet &t= 3.39 ppm. In addi-
tion, mass spectrometric analysis showed the presence of
the most abundant molecular iomal = 839 with the ex-
pected isotopic distribution pattern. A single crystal of the
octabromidel4h was obtained and its structure was thus
ascertained® It should be noted that the octabromidé

could not be obtained from exhaustive bromination of
[2.2]paracyclophane.

In summary, we report a regiospecific and high yielding
synthesis of polysubstituted PCPs using the Winberg 1,6-
elimination—dimerization reaction from substituted (4-
methylbenzyl)trimethylammonium hydroxides. The use
of 2-chlorophenothiazine as an inhibitor greatly improved
the yields of the dimerization products. The ammonium
salts could be conveniently prepared in large guantities

{10 g scale) from commercially materials in not more

than three steps. No chromatographic purification was
needed and the resulting substituted PCPs could be
readily obtained in gram quantities and high purity.

with those reported in the literaturelHence, the mode of Finally, this method also allows the preparation of sub-
dimerization was exactly as predicted previously, i.e. traituted PCPs such as the 4,8,12,16-tetrabromo- and
two substituents were oriented ipseudo-para fashionin 4,5,7,8,12,13,15,16-octabromo derivatives that are not
the cyclization transition state. We could not isolate argbtainable from direct electrophilic substitutiGAsSuch
other regioisomers from the soluble fraction.

Synlett 2005, No. 14, 2130-2134 © Thieme Stuttgart - New York

PCP compounds, especially the bromo and chloro deriva-
tives, are extremely important building blocks in material
science and catalysis applications.
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Typical Procedurefor the Preparation of Substituted (4-

M ethylbenzyl)trimethylammonium Bromides 13.

In a 250-mL three-necked flask equipped with a stirrer, a gas
outlet connected to an acid trap, and a gas inlet tube directed
to about 1 cm above the surface of the liquid was placed a
solution of the substituted benzyl bromitiz(ca. 10 g) in
Et,0 (100 mL). The flask was cooled in an ice-water bath
with stirring. EtN was generated by heating an aqueous
solution of EfN (45% w/w, 50 mL) and passed into the inlet
tube for 2 h. The product began to precipitate as a white
solid. The resulting mixture was then allowed to stand
overnight at r.t. and the ammonium gitwas collected on

a Buchner funnel and dried under reduced pressure.

Data for compoundk3b: highly hygroscopic solidH NMR
(D,0):6 =2.33 (3 H, s, Ar€l;), 3.11 and 3.16 [total 9 H, s,
N(CHy)4], 4.46 and 4.62 (total 2 H, s, AHG), 7.30-7.72
(total 3 H, m, ArH)*C NMR (D,0): § = 21.4, 23.3, 53.3,
53.8, 68.4, 68.6, 124.9, 125.6, 127.5, 127.7, 130.0, 132.3,
132.8, 135.0, 135.8, 136.7, 141.3, 144.3. MS (FAB):
m/'z (%) = 242 (100) [M — Bf} HRMS:nvz calcd for
C,,H,/N™Br: 242.0539; found: 242.0540.

Data for compoundi3e: mp >230 °C (dec.}H NMR (D,0):
8=2.37(3H,s, ArB,), 3.18 [9 H, s, N(CH);], 4.63 (2 H,
s, ArCH,), 7.68 (1 H, s, ArH), 7.81 (1 H, s, ArH}C NMR
(D,0): 6 =22.7,53.6, 67.8, 124.5, 126.3, 126.9, 136.3,
138.3, 144.0. MS (FABWz (%) = 322 (80) [M — Bri.
HRMS: m/z calcd for G,H;¢N"°Br,: 319.9644; found:
319.9636.

Data for compound3g: mp >230 °C (dec.}H NMR
(D,0):8=2.52(3H, s, ArEl;), 3.10[9 H, s, N(CH)], 4.44
(2H,s, Ar(H,), 7.74 (2 H, s, ArH)**C NMR (D,0O): § =
23.8,53.1, 60.2, 68.3, 125.8, 128.2, 136.2, 141.2. MS
(FAB): m/z (%) = 322 (70) [M — Br]. HRMS:m/z calcd for
C,1H1gN™®Br,: 319.9644; found: 319.9652.

Data for compound3h: mp >210 °C (dec.}H NMR
(DMSO-d;): 5 =2.85 (3 H, s, Ar€;), 3.26 [9 H, s,
N(CHjy)s], 5.15 (2 H, s, Ar€l,). 13C NMR (DMSOdy):
5=29.8,54.1,71.3,129.3, 130.1, 131.4, 144.3. MS (FAB)
m/z (%) = 480 (100) [M — Bf} HRMS:nvz calcd for
C11H1.N"Br,: 475.7854; found: 475.7848.

(13) Synthesis of Substituted 4-M ethylbenzyl Bromides 12

from Substituted p-Xylenes.

A mixture of the substituteptxylenes (ca. 10 g\-
bromosuccinimide (1 equiv) and benzoyl peroxide (0.01 g)
in CCl, (100 mL) was heated to reflux. After 3 h, the reaction
mixture was cooled to 0 °C and the precipitated succinimide
was removed by filtration and washed with CEGlhe
combined filtrates were evaporated under reduced pressure
to give an oil that was purified by flash chromatography on
silica gel (eluent: hexane) to afford the bromiti2gs a
single compound or a regioisomeric mixture.

Data for12b: colorless oil;R = 0.68 (hexanefH NMR
(CDCly): 8 = 2.32 and 2.38 (total 3 H, s, A), 4.41 and
4.58, (total 2 H, s, ArB,Br), 7.07—7.56 (total 3 H, m, ArH).
13C NMR (CDCl): § = 20.8, 22.6, 32.1, 33.5, 124.2, 124.8,
127.8, 128.7, 130.9, 131.0, 132.6, 133.7, 133.9, 137.0,
138.1, 140.5. MS (El)m/z (%) = 264 (23) [M]. HRMS:

mvz calcd for GHg"®Br,: 261.8987; found: 261.8990. Anal.
Calcd for GHgBr,: C, 36.40; H, 3.05. Found: C, 36.16; H,
2.97.

Data for12f: colorless oil;R = 0.65 (hexanefH NMR
(CDCl):8=2.35(3H, s, ArB;),4.51 (2H, s, ArB,), 7.26

(1 H,s, ArH), 7.41 (1 H, s, ArH}*C NMR (CDCL): & =

19.7, 29.5, 131.2, 131.9, 132.1, 133.0, 134.2, 138.3. MS
(El): m/z (%) = 254 (50) [M]. HRMS: m/z calcd for
CgH,®Br3Cl,: 251.9103; found: 251.9110. Anal. Calcd for
CgH,BrCl,: C, 37.84; H, 2.78. Found: C, 37.78; H, 2.91.

(14) Synthesis of Substituted 4-M ethylbenzyl Bromides 12

from Substituted 4-M ethylbenzyl Alcohals.

A mixture of the substituted 4-methylbenzyl alcohol (30
mmol), CBy, (14.92 g, 45 mmol) and PP¢L1.80 g, 45

mmol) was stirred in THF at r.t. for 4 h. The reaction mixture
was filtered through Celite and the filtrate was concentrated
on a rotary evaporator. The crude product was purified by
flash chromatography on silica gel (eluent: hexane) to give
the target bromide.

Data forl2d: white solid, mp 43-45 °@; = 0.75 (hexane).

IH NMR (CDCL): 6 =2.25 (6 H, s, Ar€l;), 4.47 (2 H, s,
ArCH,Br), 7.11-7.17 (3 H, m, ArH}3C NMR (CDCL): § =
19.5,19.7, 33.9, 126.4, 130.0, 130.3, 135.2, 137.1. MS (CI):
m/z (%) = 198 (23) [M]. HRMS: m/z calcd for GH,,"°Br:
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198.0039; found: 198.0039. Anal. Calcd foHg,Br: C, acetone (10 mkx 3). Analytically pure samples were
54.30; H, 5.57. Found: C, 54.11; H, 5.61. obtained from recrystallization from an organic solvent.
Data forl2g: white solid, mp 99-100 °@; = 0.75 (hexane). Data forl4e: white solid, mp >280 °C (dec3d NMR
H NMR (CDCL): 6 =2.54 (3 H, s, Ar€l;), 4.33 (2 H, s, (CDCly): 8 = 2.92-3.07 (4 H, m, Chl 3.15-3.35 (4 H, m,
ArCH,Br), 7.52 (2 H, s, ArH)!3C NMR (CDCL): § = 23.5, CH,), 7.20 (4 H, s, ArH)}*C NMR (CDCL): § =32.6,125.2,
30.7,125.2, 132.2, 137.7, 138.0. MS (Etjz (%) = 342 134.3, 140.2. MS (ElWz (%) = 524 (1) [M]. HRMS:m/z
(15) [M*]. HRMS: mvz calcd for GH,"°Br,: 339.8092; calcd for GgH,,"°Br,: 523.7628; found: 523.7634.
found: 339.8090. Anal. Calcd forg8,Br;: C, 28.03; H, Data forl4g: white solid, mp >280 °C (dec)d NMR
2.06. Found: C, 27.88; H, 2.12. (CDCly): 6 =2.93-2.98 (4 H, m, CHi 3.40-3.45 (4 H, m,
(15) General Procedurefor the Synthesis of Substituted CH,), 7.17 (4 H, s, ArH)!*C NMR (CDCL): 6 = 31.0, 34.8,
[2.2]Par acyclophanes. 127.2,132.8, 137.5, 141.7. MS (E)z (%) = 523 (54)
Ag,0 (23.0 g, 0.10 mol) was added to an agueous solution [M*]. HRMS: m/z calcd for GgH,,"°Br,: 523.7667; found:
(75 mL) of the substituted ammonium bromid&3)0.10 523.7658. Anal. Calcd forgH,.Br,: C, 36.68; H, 2.31.
mol) and the mixture was stirred at r.t. for 1.5 h. The mixture Found: C, 36.59; H, 2.37.
was filtered and the solid was washed witf©oH40 mL). Data forl4h: white powder, mp >280 °C (dec}d NMR
The combined aqueous layers were placed in a 500-mL (PhNO-ds): 3.39 (8 H, s, Ar€l,). MS (El):mV/z (%) = 839
three-necked round-bottom flask equipped with a stirrer and (22) [M*]. HRMS: vz calcd for GgHg"*Brg: 831.4088;
a Dean—Stark water separattiaehed to a reflux condenser. found: 831.4078.

Toluene (300 mL) and phenothiazine (0.50 g, 2.5 mmol) or (16) The yields reported were the average of two or more runs.
2-chlorophenothiazine (0.59 g, 2.5 mmol) was then added to(17) Reich, H. J.; Cram, D. J. Am. Chem. Soc. 1969, 91, 3534.
the solution and the mixture was heated under reflux for 3 h.(18) We wish to point out that there were only two aromid€c

When all the water had been removedNHiegan to evolve signals instead of three for this compound in the paper
and a pale yellow soligp{phenyleneethylene polymer) reported by de Meijere (see réfl). We also noted that the
began to precipitate. Heating and stirring were continued for atom numbering system used in de Meijere’s paper was
another 1.5 h, after which time the evolution of\Ehad different from ours.

ceased. The mixture was cooled and the solid was filtered (19) CCDC-274514 contains the crystallographic data of

and washed with toluene (10 nxL3). The filtrates were compoundl4g. The data can be obtained via

combined and concentrated under reduced pressure to give www.ccdc.cam.ac.uk/conts/retrieving.html.

the target compound as a solid that was further washed wit{20) CCDC-274513 contains the crystallographic data of
compoundl4h. The data can be obtained via
www.ccdc.cam.ac.uk/conts/retrieving.html.
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