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ABSTRACT: The 2-alkyl-5tert-butyl-1,4-dimethoxybenzene radical catidisa—e(2-alkyl = Me, Et,i-Pr,c-PrCH,

and PhCH) generated in one-electron oxidation of their parent compoiadsby pentafluorobenzoyl peroxide or
cerium(lV) sulfate were characterized by EPR spectrometry. The product analysis shows that under certain conditions
1*"a—emay collapse through two competitive pathways, i.e. deprotonation atettdautylation. The deprotonation

of 1" a—eis further assured by EPR observations of the corresponding benzyl radical intermediates. The relative
importance of the two pathways is greatly dependent on the structure of the alkyl substituents, the nature of the
solvents and the reaction temperature. For deprotonation, the reactivity order is founciRo®d, >Me >PhCH

>Et > i-Pr. Copyrightd 1999 John Wiley & Sons, Ltd.
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INTRODUCTION However, the situation would become much more
complicated when an alkylbenzene radical cation is

In recent years, studies of the formation, structure and generated simultaneously with a nucleophile {INand a
reactivity of aromatic radical cations have been increas- radical (Nu) in the original solvent cage. For example, in
ing,"? so that the foundation of cation radical chemistry the reactions of 2 5-dimethyl-1,4-dimethoxybenzene
has been firmly established although there are still manywith some substituted benzoyl peroxides gHzCO,),,
important problems remaining to be solved. the benzyl benzoates ArGB,CCsH,Y and benzoic

Under certain conditions, some representative aro-acids have been isolated as the major products. The
matic radical cations derived from alkylbenzenes under- alkylbenzene radical cation was cogenerated with a
go deprotonation, generating substituted benzyl radicalsnucleophile YGH,CO, and a radical YGH,CO," in the
which may subsequently couple into bibenzyls or be original solvent cagé. Under these conditions, the
oxidized into benzyl cations and the final products may cleavage of thex-C—H bond of the radical cation is
be formed through combination of the benzyl cations very ambiguous because the radical cation might
with the nucleophile present in large amount in the dehydrogenate [Eqn. (1)] or deprotonate [Eqn. (2)],
bulk>° leading to the same products.
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Freon 113 (CGFCCIF,) solution, the observation of transfer from the arene to the peroxide and followed by
CIDNP at 5.35ppm (enhanced emission) of benzylic fast radical (GFsCOO or RRCOO + R¢’) attack on the
protons of the side-chain perfluoroacyloxylation product radical cation forming &-complex which underwent de-
ArCH,OCOR [Eqn. (3)F strongly supported the depro- tert-butylation, ring substitution and nucleophilic sub-
tonation [Eqgn. (2)] as one of the major pathways of the stitution at the methoxy carbon (by¢&CO,  or

arene radical cation. RCO, ).
OCH, OCH; OCH;
@CHs SET /‘CH; R«CO3, 1.deprotonation *
+ (R{CO2) —» - > CHz02CR¢ + RfCOOH + other product
CH;, CHjy R{CO2 2.coupling @ 3
OCH;, OCH;, CHs 535ppm(E)

Hz

Our systematic CIDNP studies of the reactions of During and after this study with experimental ele-
closely related arene substrates with{GRy)> have gance, some important questions arose. First, with the
revealed that the relative importance of the deprotonation same oxidation system, will various alkylbenzene radical
to the other pathways, namely ring substitution and cations generated in original cage dealkylate as 2,5-di-
demethylation from methoxy groups, is dependent on the tert-butyl-1,4-dimethoxybenzene radical cation does?
structure of the arene substrates, arene-t&(R), molar Second, if they do, may the dealkylation take place
ratio and reaction temperatute. competitively with deprotonation? Third, how do the

It has been known for a long time that the ease and alkyl substituents affect the rates and the products of both
regioselectivity of deprotonation of alkylbenzene radical dealkylation and deprotonation? To answer these ques-
cations are greatly affected by the structure of the alkyl tions, some 2-alkyl-Jert-butyl-1,4-dimethoxybenzenes
groups. For example, cumene radical cation prefers towere specially prepared and their electron transfer
lose a proton fromg-carbon instead o#-carbon. The reactions with (GFsC0O,), (2) were studied in various
reason for this might be the stereo-electronic effé%ts> ways.

Recently, we reported the three competitive reaction
pathways, namely, dirt-butylation, ring substitution
and demethylation of 2,5-dert-butyl-1,4-dimethoxy-  RESULTS AND DISCUSSION
benzene radical cation generated in the oxidation of its
parent substrate by oxidant {&CO,), (2) or (n- All of the substratesla—e specially designed and
CsF/CO,), in F113 solution:® With these peroxides prepared, have the potential possibility of undergoing
and other oxidants, the same radical cation of this cleavage of the bond between aromatic nuclei and the
substrate was always detected by EPR. However, its5-tert-butyl substituent.

OCH;,
CHRIR2 1a RlI=R2=H 1b Ri=H, R2=CH3
(CH3); C le Rl=R2=CH3 1d Rl=H, RZ=c-Pr
3)3
OCH;3 le RI=H, R2=Ph
la-e

reactivity was entirely dependent on the oxidation

systems employed. In,85> —Cu/#"—HOAc and C&'— EPR observations

HOACc systems, it appeared to have long lifetimes and did

not undergo fragmentation spontaneously, but in the acyl Cation radicals 1" a—e. A mixture of each substrate
peroxide—F113 systems it was short-lived and large la—e with Ce(SQ), in tetrahydrofuran (THF) was
amounts of deert-butylation products were isolated. The slightly warmed in an EPR tube and the expected cation
experimental results imply that this C&p-C(sp’) bond radical generated was directly detected with an EPR
cleavage could be a consequence of an attack byspectrometer. The well resolved EPR spectra imply the
perflouroacyloxy radical on the radical cation in the splittings caused by the six equivalent protons of two
original solvent cage. The formation of large amounts of methoxy groups, the two inequivalent aromatic ring
t-BuOCH; (46%) by addition of methanol to the reaction protons and the inequivalent (due to hindered rotatien)
mixture and other evidence suggest that tag-butyl protons of the alkyl substituents. By using the oxidant
group left as a carbocation. Based on these results, wg(CgFsCO,), in F113 at 20C, the same radical cation was
concluded that the reaction was initiated by electron also generated for each of the substrates (the spectral
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A. benzylic radical 3a

x
o
o

B. spin adduct 4a mixed with 5 (+)
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Figure 1. EPR spectra of (A) benzylic radical 3a and (B) its
spin adduct with +BuNO, 4a, mixed with (5)*

interpretation and computer simulation of the spectra will

butyl-2,5-dimethoxybenzoyl radical withBuNO lead-
ing to 4+ert-butyl-2,5-dimethoxybenzoyl nitroxides).
Apparently, the benzoyl radical was generated via H-
abstraction by @FsCOO from the corresponding
benzaldehyde formed (in small amount) in the oxidation
of 1a by the excess a8 in the solution.

Product analysis

The reactions of substratéa—ewith pentafluorobenzoyl
peroxide ) (molar ratio 1:1) were carried out in a good
solvent, F113. Immediately after mixing, the colorless
solutions turned through orange to permanent yellowish
in a few minutesH NMR monitoring showed that the
reactions were completed in about 15 min. The isolation
of deprotonation product$ and 9 and the ddert-
butylation products7 and 10 indicates that both the
deprotonation and deert-butylation are the most im-
portant and competitive reaction pathways. In addition, a
small amount of a substitutegtbenzoquinone 8) was
detected byH NMR. The overall reactions are shown in
Eqn. (4) and the yields of the products are listed in Table
1

.So far, there is no evidence that the C—C bonds
between aromatic nuclei and alkyl side-chain CRR

be published in a separate paper for all cation radicalswere cleaved during the reaction.

generated in various ways).

Benzylic radicals. Generally, benzylic radicals are found
to be short-lived and their direct EPR detection is often
reported to be difficult. However, the well resolved EPR
spectra recorded during the ET reactiondlafewith 2

in F113 at 20C enabled us to conclude that the direct
detection of the 4ert-butyl-2,5-dimethoxybenzyl radi-
cals3a—eis of mechanistic importance. For example, the
EPR signal of benzyl radic&a with a g factor of 2.0042

is split by G-H (a=10.43 G), two benzylic protons
(a=6.40 G), three protons of the methoxy grous=(
1.67 G) and GH (a=0.8 G), as shown in Fig. 1(A).

OCH; OCH; 9'
Y CH; &2\ CH,NBu-
(CH3); C> ~q2*H (CH3); G5 ™H
OCH3 OCH3
3a 4a ~ N(O-)Bu-t

The benzylic radicaBa was successfully trapped by
the nitroso-spin trap-BuNO. The characteristig factor
(2.0053) is an indication of the formation of a nitroxyl
spin adducta. The triplet (11:1,ay=13.07 G), triplet
(1:2:1,a4 =1.48 G) splitting pattern of the spin adduct
4a strongly proves the intermediacy of the benzylic
radical 3a in the reaction. The three lines marked with
asterisks in Fig. 1(B) (1:1:By = 7.39 G, characteristic of
acyl nitroxide) were assigned to the spin adduct ¢ért-

Copyright0 1999 John Wiley & Sons, Ltd.

It has been pointed out that the deprotonation of the
studied arene radical cations occurs only in the presence
of a base, e.g. §sCO,, and the ddert-butylation,
however, involves an ejection oftart-butyl cation from
the cationic o-complex formed by radical (e.g.
CsFsCOO) addition to an aromatic rin§® Therefore,
in our reactions, two transition states corresponding to
two pathways must be involved. For the reactions of
substratesia, 1b, 1dandle), as shown in Table 1, the
yields of the products for the two pathways are
comparable. We would expect that the energy barriers
of the two transition states might be family close to each
other. However, the reaction d€is found to be inhibited
from deprotonation and contributed almost wholly from
de+tert-butylation (94%).

One may now ask how fast the deprotonation and de-
tert-butylation are. In fact, our reaction systems are
specially designed to answer such a difficult question.
One of the delicacies of our design is the generation of
CsFsCOO (or C3F,COQ) in the original solvent cage
and the employment of these radicals as rate probes. It is
known that GFsCOO decarboxylates at a rateof about
1% s ! and (GFsCO,), decomposes almost as fast as
(CeHsCO), (5% 10°° s1), so we may expect that
CeFsCOO will decarboxylate partially or completely at a
rate of about 1®s™* before its attack on C-5 bearing a
tert-butyl group and a high yield of 2-alkyl-5-penta-
fluorophenyl-1,4-dimethoxybenzene should be formed
(in the cage) with a small amount of the coupling product
CeFsCgFs (in the bulk). However, none of the products

J. Phys. Org. Cheni2, 688-694 (1999)
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Table 1. Products and their distribution in reactions of 1 with stable tharp-methoxytoluene radical cation and depro-
2 at 20°C° tonate much more slowly. Hence the rate difference for

Vield of product (%) _ _ d_eprotonati(_)n _of one radical cation generated_ in the
Substrate Yield ratio, different oxidation systems may reach a magnitude of
1 6 7 9 10 6:7 103-10-fold.
a 75 24 85 19 3.1 From Table 1, one can see how the nature of the alkyl
b 66 33 70 30 2.0 substituents CHER? affects the relative importance of
c 0 94 30 74 0 the deproronation to the reactions as a whole. The
g ngc %71 87% 123 gg deprotonation is disfavored by varying CERE from

' methyl Ga, 75%) through ethyl&b, 60%) to isopropyl

2 Trace amounts o8 were detected byH NMR. (complete inert; only the deert-butylation productcis
® 15% ofi-CyHg was also obtained. formed). When CHRR? is PhCH,, the deprotonatiorbg,

* Of this, 79% is ring-opening product [see Eqn. (5)) 69%) is less important than that fata (6a, 75%)

although the substituted benzyl radic8k is well
delocalized and hence more stable ti&mn The cause
was found by careful product analysis. If the same of this difference might be the weaker acidity and the
decarboxylation takes place in advance of the deprotona-greater steric hindrance dfe"" during the bimolecular
tion assisted by nucleophilic attack, both the side-chain deprotonation process than thatlaf" .
pentafluorophenylated product angFgCqFs (even if in The study of the reaction dfd is very interesting and
a small amount) should be expected. Again, none of theseinformative. In addition to the expected tert-butyla-
is found in practice. Now, based on the mechanistic tion product (17%), the ring-opening product is formed in
insights obtained by using the probe radicalg4COO high yield (78%). The characteristiti NMR spectrum
in this study anth-C;F,COO (decarboxylates at a much and other spectral data unequivocally established the
faster rate comparable to that oflzCOO, 3.3x 10™° structure of the produdt2 [see Eqgn. (5)]. It is known that
s 1) in our previous study® we conclude that the cyclopropylmethyl cation easily rearranges to cyclobutyl

formation of thes-complexes leading to dert-butyla- cation with only slight ring openind? but arylcyclopro-
tion and deprotonation at thecarbon is much faster than  pylmethyl radical underwent ring opening. We therefore
the decarboxylation rate of HsCOO or CsFsCOO believe that the formation of2 must follow electron
(10° s™1) and comparable to that 08sCO0 (10°s ™) transfer (from1d to 2)/deprotonation (forming benzyl
at room temperature. radical)/ring opening and radical rearrangement/radical

Itis important to mention that each of the arene radical combination, as shown in Eqgn. (5).
cations generated in the three different oxidation systems
[Ce(SQ),~THF, SOs> —HOAC, (GFsCO,),—~F113] has
the same molecular structure as proved by the EPR studySolvent effects
but experienced very different micro-surroundings—
ineffective nucleophilic attack by the highly solvated In order to study solvent effects on the relative
weak base Sg3~ (or C,HsCOO —SQ?") in the bulk in contributions of deert-butylation and deprotonation,
the first two systems and very fast, effective attack by the reaction oflawith 2 was also carried out in five other
both the cage radical gsCOO and the unsolvated representative solvents with increasing polarity, ne.
nucleophile GFsCOO ™ in the last system. The deproto- hexane, benzene, carbon tetrachloride, F113, dichloro-
nation rate constant gi-methoxytoluene radical cation methane and acetonitrile. As shown in Table 2, the
generated in the oxidation by,8g> —HOAc is re- solvents of higher polarity disfavor both deprotonation
ported* to be 18 Imol™* s It is expected that the and demethylation, but greatly favor ¢ert-butylation.
radical cations bearing more and stronger electron- In n-hexane, deprotonatio#, 45%) and demethylation
releasing substituents, such ag"", 1d™ and 1e" (8a, 40%) are much more important than tet
generated in the same oxidation system, must be morebutylation. However, in the highly polar aprotic solvent

OCH; . OCH3
@cm 1R2 s U(((S: CRIR20,CCgFs CHR IR2
+ (CeF5C0O2); ——» “)
+
CHRC™ 20T (Cg)y CeFsC02 C

3 3 OCH3
1 2 6 7

(¢]
CHR 1R2
+ CgFsCOOH + CgFsCO,Bu-!
(CH;),C 8 9
o 10
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3 O
<] (C6F25C02)2 %HZ'Q CeFsCO;y~ Qcts -
(CH3),C SET C N . = C¢FsCOH » CgFsCOy
o 1 CH); 1d- CeFsCOz (CH;)C 3d
OCH,3

3 3

3 3
CH=CH-CH 2CH3, CeFsC02” CH=CH-CH 2CH20,CC¢F;5 (&)
—
@) (CH,

OCH; 11 OCH; 12

OCH, 9 h -
BT cor  calbymen e o,
(CHs). . > CH; . -
33 CeF5CO2 ~CoFsCOCH: ™ (g, ¢ » 02CCFs
+

OCH, CH)C T OcH
3
~CgFsCO,CH, CH, .
(CH;3),C ©
0O 8a

lat e 3

CHsCN, detert-butylation is predominant7@, 73%), methylation. However, the effects of temperature on the
whereas both deprotonation and demethylation arethree competitive pathways are very complicated.
depressed. The demethylation would follow the pathway
shown in Eqn. (6).

Non-polar solvents favor the formation of the more
reactive tight radical-ion pairs, but the polar solvents CONCLUSION
solvate the pairs and thus make them solvent-isolated.
This is the reason for the formation of substituted The relative importance of the three reaction pathways
benzoquinone in large quantity mhexane and benzene. (deprotonation, déert-butylation and demethylation) of
Both the deprotonation and demethylation are nucleo- 2-alkyl-5+tert-butyl-1,4-dimethoxybenzene cation radi-
philic processes with charge diminishing or neutraliza- cals generated in one-electron oxidation of their parent
tion. They should be favored in non-polar solvents [Eqn. compounds by pentafluorobenzoyl peroxide is greatly
(7)]. In contrast, the d¢ert-butylation involves a  dependent on the structure of the 2-alkyl substituents, the
significant charge development and should be favorednature of the solvents employed and the reaction
in polar solvents, such as GBN [Eqn. (8)]. temperature.

+ -

' - . § .
AXCH3 + CgFsCO7 — [ArCHy -+ H-"-- 0,0CqFs] —» AtCH; + Cgfs Q0 ()

&t
+ /CCH3); [ 5+ .- O(CH3) = .
Ar - 33 ] ®
\OZCC6F5 '\ 0,CCFs » At0,CCeFs + C(CH 3)
Temperature effects EXPERIMENTAL

The reaction ofla with 2 was carried out at different  Instruments. The isolation of aromatic solid products
temperatures in F113. A significant change in product was carried out on a chromatotron (rotary thin-layer
distribution was observed (Table 3). chromatograph, Qinyun, Beijing, China). The identifica-
A decrease in temperature depressed both theerde-  tion of the substrates and products was conducted on
butylation and deprotonation but greatly favored de- Varian XL-200 NMR, Finnigan-4021 MS and Perkin-

Copyright0 1999 John Wiley & Sons, Ltd. J. Phys. Org. Cheni?2, 688—694 (1999)
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Table 2. Solvent effects on product distribution of reaction
of 1a with 2 at 10°C

Yields of product (%) and distribution

Solvent 6a 7a 8a 7a.6a 7a:8a
n-CgH1a 45 7 40 0.16 0.18
CsHs 32 Small 63 Small Small
CCly 73 9 18 0.12 0.50
F113 68 9 15 0.13 0.60
CH,ClI, 38 30 30 0.79 1.00
CHiCN 13 73 10 5.62 7.30

Elmer 983-G IR spectrometers and a Hitachi elemental

693

2-Ethyl-5-tert-butyl-1,4-dimethoxybenzene (1b),. H
NMR, 6 6.60 (s, 1H), 6.48 (s, 1H), 3.70 (s, 6H), 2.52
(g, 2H),J=7.5Hz, 1.32 (s, 9H), 1.13 (t, 3H),= 7.5 Hz;
MS (m/3, 222 (M', 100), 207 (M — CHy); anal. calcd
for C14H-,0,: C, 75.63, H, 9.97; found: C, 75.59; H,
10.20%; b.p. 152—-154/25 Torr; colorless liquid.

2-Isopropyl-5-tert-butyl-1,4-dimethoxybenzene  (1c).

'H NMR, 6 6.68 (s, 1H), 6.60 (s, 1H), 3.77 (s, 6H),
3.22 (m, 1H), 1.34 (s, 9H), 1.18 (d, 6H)= 6.0 Hz; MS
(m/2, 236 (M", base); 221 (M — CHy); anal. calcd for
CisH240,: C, 76.23; H, 10.24; found: C, 76.12; H,
10.25%; b.p. 154-15%&/25 Torr; m.p. 27-28C.

analyzer. A Varian E-112 EPR spectrometer (X-band) 2-Cyclopropylmethyl-5-tert-butyl-1,4-dimethoxyben-

was used for the detection of radicals.

Preparation of pentafluorobenzoyl peroxide (2) and
substrates 1a—e

Pentafluorobenzoyl peroxide (2). This was prepared
from pentafluorobenzoyl chloride by the procedure
described previously and recrystallized from F113
(purity >99% by iodometry).

2-Methyl-5-tert-butyl-1,4-dimethoxybenzene (1a).
Compoundla was prepared byert-butylation of 2-
methyl-1,4-dihydroquinone withtert-butyl alcohol in
80% sulfuric acid.

2-Isopropyl-5-tert-butyl-1,4-dimethoxybenzene  (1c).
This was prepared btert-butylation of 2-isopropyl-1,4-
dimethoxybenzene withtert-butyl alcohol in 90%
sulfuric acid.

Other  2-alkyl-5-tert-butyl-1,4-dimethoxybenzenes.
These were prepared by Wolf—Kishner reduction of alkyl
4-tert-butyl-2,5-dimethoxyphenyl ketones. The ketones
were prepared by acylation oft2ft-butyl-1,4-dimethoxy-
benzene with the corresponding acid chlorides ip.ES

Characterization of substrates.
2-Methyl-5-tert-butyl-1,4-dimethoxybenzene (1a). *H
NMR, é 6.60 (s, 1H), 6.48 (s, 1H), 3.70 (s, 6H), 2.08 (s,
3H), 1.30 (s, 9H); MS f/), 208 (M, 100), 193
(M*—CHg, 70); anal. calcd for GH»0,: C, 74.96; H,
9.68; found: C, 74.70; H, 9.76%; b.p. 92/0.5 Torr; m.p.
37-38C.

Table 3. Temperature effects on product distribution of
reaction of 1a with 2 in F113

Yield of product (%) and distribution

Temperature
(°C) 6a 7a 8a 7aba 8aba 8a7a
25 75 24  Small 0.32 Small Small
0 55 7 33 0.13 060 4.71
-30 53 6 39 0.11 0.74 6.50

Copyright0 1999 John Wiley & Sons, Ltd.

zene (1d). '"H NMR, § 6.64 (s, 2H), 3.72 (s, 6H), 2.42 (d,
2H), J=6.5 Hz, 1.33 (s, 9H), 0-1.1 (m, 5H); M$®(2,
248 (M", base), 233 (M — CHs); anal. calcd for
CigH240,: C, 77.39; H, 9.74; found: C, 77.36; H,
9.95%; b.p. 160-16%C/25 Torr; m.p. 20C.

2-Benzyl-5-tert-butyl-1,4-dimethoxybenzene (1e). *H
NMR, § 7.14 (s, 5H), 6.72 (s, 1H), 6.47 (s, 1H), 3.85 (s,
2H), 3.73 (s, 3H), 3.69 (s, 3H), 1.34 (s, 9H); MB/®),
284 (M"); 269 (M'—CHs;, base); anal. calcd for
CioH240,: C, 80.24; H, 8.51; found: C, 80.05; H, 8.44;
b.p. 164-168C/25 Torr; m.p. 42C.

Reaction and product analysis. The reactions were
carried out by mixing substrate(2 mmol) and peroxide

2 (2 mmol) in 10 ml of F113 and keeping the mixture at
20+ 2°C overnight for completion. Then the F113
solvent was removed and the residue was subjected
careful analysis. Of the products, pentafluorobenzoic acid
was determined by titration; 2-methyltBrt-butyl-p-
benzoquinoneda) and the various pentafluorobenzoates,
6, 7 and 10, were separated by rotary thin-layer
chromatography with diethyl ether—light petroleum as
eluent and characterized as follows.

2-Methyl-5-tert-butyl-p-benzoquinone (8a). M.p. 84—
85°C: MS (m/2, 178 (M", 62.5), 163, 150, 135, 107, 91,
79, 43, 41 (base); H NMR§ 6.52 (s, 2H), 2.02 (s, 3H),
1.32 (s, 9H): IR (cm?), 1652, 1456, 1250, 1000-1200,
936, 702.

4-tert-Butyl-2,5-dimethoxybenzyl  pentafluorobenzo-
ate (6a). M.p. 95.5°C; MS (m/2, 418 (M, base), 403,
212,207,195, 191, 167H NMR, 6 6.60 (s, 1H), 6.54 (s,
1H), 5.11 (s, 2H), 3.77 (s, 6H), 1.33 (s, 9BIF NMR, 6
57.3 (2F), 68.0 (F), 81.8 (2F); IR (cm), 2840-3010,
1741, 1647, 868, 765.

1-(4-tert-Butyl-2,5-dimethoxy)phenylethyl pentafluor-
obenzoate (6b). M.p. 84.5°C; MS (m/), 432 (M',
43.0), 417, 221 (base), 205, 195, 191, ¥3NMR, 6 6.8
(s, 1H), 6.72 (s, 1H) 6.32 (g, 1H),= 7 Hz, 3.8 (s, 3H),

J. Phys. Org. Cheni2, 688-694 (1999)
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3.78 (s, 3H), 1.58 (d, 3H))J=7Hz, 1.36 (s, 9H); IR
(cm™1), 1741, 1665, 1220, 875, 762; anal. calcd for
C,1H>104Fs: C, 58.33; H, 4.90; found: C, 58.15; H,
4.91%.

4-(4’-tert-Butyl-2’, 5’-dimethoxy)phenyl-3-buteny! pen-
tafluorobenzoate (12). M.p. 116°C, MS (m/), 458
(M™), 443, 402, 246, 231, 195 (base), 5A;NMR, 6 6.8
(s, 1H), 6.72 (s, 1H), 6.6 (d, 1H),= 14 Hz, 6.14 (m, 1H),
J1=14Hz,J,=7Hz, 4.45 (t, 2H), 3.75 (s, 6H), 2.74 (q,
2H), J=7 Hz, 1.36 (s, 9H); IR (cm%), 1740, 1658, 874;
anal. calcd for GgH»30,4F5: C, 60.26; H, 5.06. found: C,
60.26; H, 4.86%.

1-(4’-tert-Butyl-2’,5"-dimethoxy)phenylbenzyl  penta-
fluorobenzoate (6e). M.p. 104—105C; MS (m/2, 494
(M*, 18.9), 479, 283, 267, 227, 195, 91 (base), 57;
NMR, 6 7.28 (m, 5H), 6.78 (s, 2H), 6.34 (s, 1H), 3.78 (s,
6H), 1.36 (s, 9H); IR (cmt), 1740, 1655, 1215, 962, 760.

4-Methyl-2’,5’-dimethoxypheny! pentafluorobenzoate
(7a). M.p. 99.5°C; MS (m/2), 362 (M, 61.6), 195, 167,
139 (base)*H NMR, 6 6.80 (s, 1H), 6.61 (s, 1H), 3.78 (s,
6H), 2.18 (s, 3H)F NMR, § 60.2 (2F ortho), 72.3 (1F,
para), 83.6 (2Fmeta; IR (cm™1), 2850-3000, 1740, 925,
86.

4-Ethyl-2,5-dimethoxyphenyl  pentafluorobenzoate
(7b). M.p. 72°C; MS (m/2, 376 (M, 55.0), 252, 237,
195 (base), 181,153H NMR, § 6.80 (s, 1H), 6.60 (s,
1H), 3.80 (s, 6H), 2.62 (q, 2H), 1.20 (t, 3H)= 7.6 Hz;
IR (cm ), 1761, 1652, 1210, 928, 862.

4-Isopropyl-2,5-dimethoxyphenyl  pentafluorobenzo-
ate (7¢). M.p. 95°C; MS (m/2, 390 (M*, 81.2), 375,
195 (base), 167, 152H NMR, § 6.81 (s, 1H), 6.60 (s,
1H), 3.80 (s, 6H), 3.30 (m, 1H), 1.22 (d, 6H)7= 6.5 Hz.

IR (cm™), 1761, 1652, 1218, 930, 882; anal. calcd for
C.gH1504Fs: C, 55.39. H, 3.87; found: C, 55.34, H,
3.75%.

Copyrightd 1999 John Wiley & Sons, Ltd.

C.-X. ZHAOET AL.

4-Benzyl-2,5-dimethoxypheny!  pentafluorobenzoate
(7e). M.p. 92-93C; MS (m/2, 438 (M', 44.4), 361,
300, 243, 215, 195, 91 (baseéld NMR, 6 7.20 (5H, s),
6.67 (2H, s), 3.93 (2H, s), 3.80 (3H, s), 3.70 (3H, s); IR
(cm™Y), 1761, 1655, 1215, 930, 700; anal. calcd for
C22H1504F5: C, 6028, H, 345, found: C, 6034, H,
3.44%.
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