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Experimental Section

The ligand (c-C¢Hj;)sSisO;;(OH), was prepared according to a procedure
previously described by Feher et al.l’l A solution of (¢-C4Hj;),SisO;;(OH),
(2.52g,2.3 mmol) in diethyl ether (60 cm?) was added to [Ce{N(SiMej;),};])
(0.713 g, 1.15 mmol) at ca. 20°C. The mixture was stirred for 3 h. Pyridine
(2.1 g, 23 mmol) was added, and the mixture was stirred for 24 h. The
mixture was then filtered, and the filtrate was concentrated to ca. 20 cm? in
vacuo. Pale yellow crystals of 1 were gradually deposited. Further
concentration of the remaining mother liquor (ca. 10 cm®) in vacuo and
cooling to —22°C afforded an additional crop of crystals of 1 (total yield:
1.97 g, 67 %). Analysis calcd for C;;4,H;9;CeN3;04Sij¢: C 53.4, H 7.45, N 1.6;
found: C 52.9, H 7.36, N 1.4; 'H NMR (400 MHz, [D¢]benzene, 22°C): 6 =
8.86 (m, 6H; py), 7.0 (m, 3H; py), 6.8 (m, 6 H; py), 2.12-1.27 (brm, 160H;
CH, in ¢-C¢Hy;), 1.04 (m, 16H; CH in ¢-C¢H,;); ®C NMR (125 MHz,
[Dg]benzene, 22°C): 6 =150.45, 136.28, 123.76 (py), 28.77, 28.36, 28.12,
2792, 27.62, 2746 (CH,), 25.96, 25.16, 24.04 (CH); *Si NMR (99 MHz,
[DgJbenzene, 22°C): 6 = —60.68, —63.81, —69.59 (2:4:2); IR (KBr): =
2923,2850, 1599, 1448, 1108, 1067, 949, 847, 823, 750, 700, 622, 518,403 cm™".
Alternatively, complex 1 was prepared by heating anhydrous CeCl;
(0.152 g, 0.615mmol) for 24h in THF under reflux and subsequent
treatment with (c-CgHj,):Sig0,,(OH), (1.35 g, 1.23 mmol) in THF/pyridine
(75 cm?, 4/1). Crystallization from a concentrated solution in pyridine gave
crystals of 1 (yield: 0.87g, 55%).
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Differential Cleavage of Arylmethyl Ethers:
Reactivity of 2,6-Dimethoxybenzyl Ethers**

J. R. Falck,* D. K. Barma, Rachid Baati, and
Charles Mioskowski

Protecting groups (PGs) serve a fundamental, albeit often
under-appreciated, role in synthesis.'l The interplay of their
physico-chemical properties, availability, economics, and,
most importantly, their selective manipulation significantly
influences their ultimate utility. Consequently, milder or more
selective methodology applicable to the existing repertoire of
PGs and the development of new PGs with different
reactivities have the potential to expedite progress along a
broad front. Herein, we describe a convenient, high-yield
protocol for the selective cleavage of arylmethyl ethers with
stoichiometric chromium(i) chloride/lithium iodide in mois-
ture-containing EtOAc [Eq. (1)].”! We also highlight the 2,6-
dimethoxybenzyl moietyP! as a versatile and cost-effective
PG that extends the range of options for the selective removal
of arylmethyl ethers.

CrCILl
ROCH,Ar —————— ROH + ICHAr 1)
EtOAc (H,0)

The scope of the de-O-benzylation by CrCL/LilP! was
evaluated with a panel of representative arylmethyl ethers
(Table 1). Unsubstituted benzyl ethers were smoothly cleaved
at 75°C in moisture-containing® EtOAc to give, after
aqueous isolation, the corresponding alcohol and benzyl
iodide (e.g., the conversion of 1 into 2 (Table 1, entry 1)) in
good to excellent yields. There was little or no reaction when
we used CrCl, or Lil alone,”! CrCl,/LiBr, or CrCl,/n-Bu,NLF!
On the other hand, Crl, was just as effective as CrCl,/Lil, but
its expense precluded further exploration. Yields were much
lower in N,N-dimethylformamide, 1,2-dimethoxyethane, and
acetonitrile; the use of THF was limited by its reaction with
the reagent.

p-Phenylbenzyl ether! 3 likewise gave rise to 2 (Table 1,
entry 2) in excellent yield under similar conditions as 1.
Notably, glycerol derivative 4 furnished secondary alcohol 5
(Table 1, entry 3) as the sole product. Such regioselectivity is
reminiscent!'”) of other transition metal promoted de-O-
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Table 1. Cleavage of benzylic ethers.?] OMe
Entry Benzyl ether Alcohol Time Yield H, (1 atm), Pd/C HO/\WO/\/C) <_DE)9__ 10 (2
[h] [%] hexane/EtOAc (10/1) CH,CI,/H,0
12 h, RT MeO 1h,RT
BnO OH >05% 14 86%
1 ©/\)\ ©/\)\ 2 92
1 2
o which could be intercepted by electrophiles such as benzal-
2 w , u o dehyde, or gave 2,6-dimethoxytoluene upon quenching with
3 O water.!'!
o8 on Since the utility of a PG is ultimately linked to its ease of
" manipulation in the presence of other functional groups, a
3 BnO\/k/OBn Bno\/K/OBn 8 % briefpsurvey of thep compatibility of the debeizylftion
4 5 conditions with some common functional groups was deemed
4 BHO/\ME\O/\@ Bn0” g SoH 0 8 important. Application of the standard deprotection condi-
6 OMe 7 tions to D-glucuronolactone derivative 15 was instructive
Bno” "0 OMe since alcohol 16 was obtained in good yield without compro-
3 ¢ 8 A@:OMG 7 8 95 mising the anomeric center, acetonide, or lactone (Table 2,
OMe entry 1).1”1 Primary (Table 2, entry 2) and secondary (Table 2,
. Bro” A0 . 3 os .ent?y 3? allyh(? ether.s 1.7 and 19, respectlvely, .shO\.zved no
9 indications of isomerization or dehydration, nor did cis olefin
MeQ 21 (Table 2, entry 4). In contrast, application of the popular!!]
Voo OMe \1eo o0 ™I 0k debenzylation reagents Me;Sil, Na/NHj;, or H,/Pd to 17 and
7 :©/\0/\M/e\ojij U\ ¢ 28 19 under typical conditions proved unsatisfactory and resulted
MeQ 10 MeO MeG bk
OBn  MeO OBn Table 2. Functional group specificity.l!
8 BnO\/\/O\JQ BnO\/K/OH 3 95 Entry Substrate Alcohol Time Yield
12 OMe 13 ] [%]
[a] Reaction conditions: CrCl, (3 equiv), Lil (4 equiv), 75 °C, EtOAc:H,O (1:0.005 BnQ HO
Viv). =2””” Q :2///,,, Q
1 o"“[) ) 0 o““[._)”'/o 16 8
15 //% 16 ’b/k
benzylations of 4 and suggests that a comparable cyclic
chelation mechanism is operative, i.e., chromium coordinates 2 /\MB/\/\OB“ WOH 12 89
to two or more oxygen atoms, thus rendering the benzylic 7 OBn 18 oH
carbon atom susceptible to nucleophilic attack by iodide (see 3 7 Z 1 %
below). The preferential cleavage of the electron-rich me- 19 20
thoxy-substituted arylmethyl moieties of 6 (Table 1, entry 4) OBn oH
and 8 (Table 1, entry 5) in the presence of an unsubstituted 4 W\M/\CO Ve MCO ve 12 89
benzyl ether is consistent with this hy- : z
Mes (" pothesis and promped us 10 IVESEAE o gro a0 Y-coe HoAMonoone 6
_R y of 2,6-dimethoxybenzyl 23 24
©f\o i ethers whose stereoelectronic properties Bn0” T CO,Me o™ NI coMe
o - should enhance Cr coordination and  © 2 26 492
Me accelerate displacement (Figure 1).
Figure 1. Coordi- The expectation of greater reactivity — ’ BHOA(;;)?OCHS HO/\M;\ZS‘QOMG 12 88
nated intermedia-  wag validated by the facile liberation of 7
te. from 9 (Table 1y entry 6) in just 3hours. 8 B”O/\:??OTHP HO/\V;ZAOCHs Lot 82
Indeed, the 2,6-dimethoxybenzyl ether in Bno” A oTHP Ko™ A oTHP N
10 (Table 1, entry 7) was cleaved more readily with CrCl,/Lil ? 3 a2 24780
than was its 3,4-dimethoxybenzyl analogue and, as illustrated 1 BnO” N7 0siPh,Bu HO” ¥ ~osiPh,iBu 180 89
by the example of 12 (Table 1, entry 8), could even overcome 33 34
the regiochemical bias displayed by glycerol 4 (Table 1, FaC CF3 FsC (:F3
entry 3). Alternatively, the benzyl group in 9 or the 34- 1 BnO/\(\/)/\O HO/\M/\O 16 86
dimethoxybenzyl group in 10 could be selectively cleaved to
14 using conventional methodology (Eq. (2); DDQ =2,3- w
dichloro-5,6,-dicyano-1,4-benzoquinone). In contrast with the 12 m /j@ NBn, 1t 89

simple benzyl ethers discussed above, the 2,6-dimethoxyben-
zyl iodide by-product was converted under the reaction
conditions into the corresponding chromium(iii) intermediate,

1322
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[a] Reaction conditions: CrCl, (3 equiv), Lil (4 equiv), 75°C, EtOAc/H,O (1:0.005

vwv). [b] 65°C. [c] CrCl, (6 equiv), Lil (10 equiv).
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in iodine-containing by-products, hydrogenolysis of the allylic
alcohol, and/or olefin saturation.

Methyl benzoate 23, aliphatic ester 25, and phenolic ether
27 readily afforded alcohols 24-28 (Table 2, entries 5—7),
respectively. However, it was necessary to reduce the temper-
ature and increase the reaction times for methyl ether 29,
tetrahydropyran (THP) 31, and silyl ether 33 (Table 2,
entries 8—10) to avoid any concomitant loss of these func-
tional groups. 1,1,1,3,3,3-Hexafluoro-2-phenylisopropyl (HIP)
ethers,[’] although classified as benzyl ethers, were stable to
CrCl,/Lil treatment, for example, 35 was converted into 36
(Table 2, entry 11). On the other hand, amines such as 37
tended to retard de-O-benzylation, but this could be sur-
mounted with the use of excess reagent (Table 2, entry 12).

Experimental Section

De-O-benzylation procedure: An arylmethyl ether (1 equiv) was added to
a purple suspension of CrCl, (3 equiv) and Lil (4 equiv; Aldrich Chem. Co,
99.99%) in a solution of EtOAc/H,0O (1:0.005 v/v, 10 mL/100 mg aryl-
methyl ether). The reaction was heated at the indicated temperature
(Tables 1 and 2) for 2—24 h, then cooled to room temperature, quenched
with water, and extracted three times with Et,0. The combined organic
extracts were washed with saturated sodium sulfite solution and water, then
dried and evaporated invacuo. Chromatographic purification of the
residue afforded the corresponding free alcohol.

Preparation of 2,6-dimethoxybenzyl bromide:! 2,6-Dimethoxytoluene
(1 equiv) was heated at reflux with N-bromosuccinimide (NBS; 1.1 equiv)
and benzoyl peroxide (2 mol %) in carbon tetrachloride (10 mL/1.5 g 2,6-
dimethoxytoluene) for 30 min. After cooling the reaction mixture to room
temperature, the precipitated succinimide was removed by filtration and
the solvent was evaporated in vacuo to give crude 2,6-dimethoxybenzyl
bromide (95%), which was sufficiently pure to be used without further
purification.
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Indoloparacyclophanes: Synthesis and
Dopamine Receptor Binding of a Novel
Arylbioisostere**
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Investigating the reaction of arylhydrazines with ketones in
his laboratory in Erlangen, Emil Fischer discovered the
formation of indoles."? Very recent work published by
Buchwald et al. and also by Hartwig further extended the
scope of the Fischer indole synthesis.[> ¥ The major improve-
ment of this variant is the Pd-catalyzed preparation of N-
arylbenzophenone hydrazones used as key intermediates. As
part of our exploration of novel types of pharmacophoric
elements, we recently found that enyne moieties and aza-
derivatives thereof can serve as nonaromatic arylbioisos-
teres.sl Furthermore, the pyrazolo[1,5]pyridine nucleus
turned out as an effective indole bioisostere.! As an
extension of these studies, we were intrigued by the question
whether a double-layered [2.2](4,7)indoloparacyclophane
system with its close proximity of the face-to-face aromatic
rings coupled to the rigid and highly strained skeleton could
be exploited as a pharmacophoric element being able to
coordinate to highly specific receptor binding sites.!”)

For the preparation of the hitherto unknown [2.2]indolo-
paracyclophane ring system,® ?l we planned to take advantage
of Buchwald’s variant of the Fischer indole synthesis.l Thus,
we tried to prepare the N-([2.2]paracyclophanyl)benzophe-
none hydrazone 2 by Pd-catalyzed cross-coupling reaction of
benzophenone hydrazone with 2-bromo[2.2]paracyclophane
1, readily available by bromination of [2.2]paracyclophane
[Eq. (1)].['7 Our initial attempts using 1.0 mol % Pd(OAc),

[Pd,(dba),]

O ‘ nNHe  PBug
+ —_— O O (1
.N._Ph
Br Ph)J\Ph NaOtBu N Y
toluene 4 Ph

5h, 80°C
1 (87 %) 2
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