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10 mmol) in H,0 (100 mL) was added bromine (510 xL, 10 mmol)
in one portion. After ca. 7 min, when the yellow color of bromine
disappeared, (S)-L-cysteine (1.21 g, 10 mmol) was added to the
solution. The resulting mixture was kept in the ice—-water bath
for 2 h and then passed through a column (2.0 X 10 cm) of Dowex
50W (H* form, equilibrated with H,0). The components in the
mixture were eluted with 1 M HCI and fractions of 100 mL were
collected and analyzed by TLC. Fractions 2-5 that contained
2-S-cysteinylhistidine (1) were combined, and the solvent was
removed to dryness in a rotary evaporator. The residue was
applied on a column (2.0 X 6.5 cm) of Dowex 50W (equilibrated
with 2 M HCl) and eluted with 2 M HCI (20 mL/fraction).
Fractions 3-8 that contained 1 were evaporated to afford the 3
HCI salt of 1 (1.04 g). The amino acid was further purified in
the free form by two crystallizations from H,0 (adjusted to pH
6 with pyridine-EtOH: colorless crystals (540 mg, 19% yield);
mp >280 °C; [a]p +147° (5 mg/mL, 1 M HCI); UV (0.1 M HCl)
Amax (€) 253 nm (7610), 219 (5270); 'H NMR (2 M DCI-D,0) §
3.52 2 H,d, J =7 Hz, Ar CH,), 3.86 (2 H, d, J = 5 Hz, SCH,),
452 (1H,t,J =7Hz CH), 460 (1 H,t,J =5 Hz, CH), 7.59 (1
H, s, Ar H); amino acid analysis, 362 min (y-aminobutyric acid;
356 min). Anal. Caled for CsH,N,0,S-0.5H,0: C, 38.16; H, 5.34;
N, 19.78; 8, 11.32. Found: C, 38.31; H, 5.22; N, 19.75; S, 11.29.

Preparation of 2-Mercapto-(S)-histidine (2) by HI Hy-
drolysis of 2-§-Cysteinylhistidine (1). A mixture of 2-S-
cysteinylhistidine (1; 300 mg, 0.106 mmol) and red P (1.5 g) in
57% HI (10 mL) was heated under reflux. After 16 h when the
reaction completed by 98% (by amino acid analysis), the mixture
was evaporated to dryness at 70 °C, and the residue, taken up
in H,0, was passed through a column (2.0 X 7.5 cm) of Dowex
50W (H* form, equilibrated with Hy0). The components in the
mixture were eluted with H,O (50 mL) and then with 1 M HCL
The first 100 mL of the HCI eluate that contained alanine and
2-mercaptohistidine (2) was evaporated to dryness, and the residue
was applied on a column (2.0 X 23 cm) of Dowex 50W (equilibrated
with 0.15 M HC]J; 20-mL fractions being collected and analyzed
by UV and TLC). Fractions 24-33 and 30-39 contained alanine
and 2, respectively. Evaporation of fractions 24-30 and 31-39
afforded the HCl salt of alanine (130 mg) and 2HC] salt of 2 (209
mg). Further purification of 2 as the free amino acid was achieved
by crystallization from H,0 (adjusted to pH 6 with pyridine)-
EtOH in the presence of dithiothreitol: colorless crystals (126
mg, 62% yield); mp >280 °C; [a]p -9.8° (5 mg/mL, 1 M HCI);
UV (0.1 M HCI) Ay, (6) 257 nm (16 300); 'H NMR (2 M DCI-D,0)
63.35(2H,d,J =7 Hz, CH;),4.47 (1 H, t, J = 7 Hz, CH), 7.02
(1 H, s, Ar H); amino acid analysis, 104 min (aspartic acid, 96 min).
Anal. Caled for CgHoN,0,S8: C, 38.49; H, 4.85; N, 22.44; S, 17.13.
Found: C, 38.13; H, 4.88; N, 22.00; S, 16.85. A commercial sample
of 2 [alp -10.6° (5 mg/mL, 1 M HC)) (lit. [«]p -9.5°);1° UV (0.1
M HCI) Ay., (€) 257 nm (16 000).

Free (RS)-alanine (51 mg, 54% yield) was obtained by crys-
tallization from H,0 (adjusted to pH 6 with pyridine)-EtOH: [a]p
0.0° (5 mg/mL, 1 M HCI).

Preparation of 2-Mercapto-(S)-histidine (2) by a Direct
Method. To astirred, ice-cooled solution of (S)-histidine-HCI-H,O
(1.05 g, 5 mmol) in H,0 (50 mL) was added bromine (255 uL, 5
mmol) in one portion. After ca. 7 min, Na,S-9H,0 (1.20 g, 5 mmol)
was added to the solution. The resulting mixture was kept in the
ice-water bath for 2 h and then passed through a column (2.0 X
7.5 em) of Dowex 50W (H* form, equilibrated with H,O). The
components in the mixture were eluted with H,O (50 mL) and
then with 1 M HCL. The first 50 mL of the HCI eluate that
contained 2-mercaptohistidine (2) was evaporated to dryness, and
the residue was applied on a column (2.0 X 20 cm) of Dowex 50W
(equilibrated with 0.2 M HC]) and eluted with 0.2 M HCI (20
mL/fraction). Fractions 22-28 that contained 2 were evaporated
to afford the 2HCI salt (197 mg). The amino acid was purified
in the free form as described above: colorless crystals (108 mg,
12% yield); mp >280 °C; [a]p -10.6° (5 mg/mL, 1 M HCI) A,
(¢) 257 nm (17 200). Found: C, 38.17; H, 4.91; N, 21.97; S, 16.82.

Preparation of 5-Bromo-(S)-histidine. To a stirred, ice-
cooled solution of (S)-L-histidine methy! ester hydrochloride (1.03
g, 5 mmol) in H,0 (50 mL) was added bromine (305 uL, 6 mmol).
After the disappearance of the yellow color, 6 M HCI (10 mL)
was added and the mixture refluxed for 1 h to cleave the ester
bond. The resulting dark violet solution was evaporated to
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dryness, and the residue was applied on a column (2.0 X 23 ¢cm)
of Dowex 50W (equilibrated with 1 M HC]) and eluted with 1
M HCI (20 mL/fraction). Fractions 30-54 that contained 5-
bromohistidine were evaporated to afford the 2HCI salt (672 mg).
The amino acid was purified in the free form by crystallization
from H,0 (adjusted to pH 6 with pyridine)-acetone: colorless
crystals (460 mg, 39% yield); mp 238 °C dec; [a]p +11.1° (10
mg/mL, 1 M HCI); UV (0.1 M HCD A, (¢) 220 nm (4970); 'H
NMR (2 M DC1-D,;0) 6 3.51 (2 H, d, J = 7 Hz, CH,), 4.51 (1 H,
t, J = 7 Hz, CH), 8.86 (1 H, s, Ar H); amino acid analysis, 356
min (y-aminobutyric acid, 356 min). Anal. Caled for C4HgN;O,Br:
C, 30.79; H, 3.45; N, 17.96; Br, 34.14. Found: C, 31.13; H, 3.84;
N, 17.96; Br, 34.03.
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Aromatic benzylation reactions are among the most
thoroughly investigated reactions in Friedel-Crafts chem-
istry both from the view point of synthetic usefulness and
mechanistic importance.!

Olah and co-workers? reported a detailed investigation
of electrophilic benzylation of benzene and toluene using
a variety of Friedel-Crafts catalysts and discussed mech-
anistic aspects. Predomiment ortho-para substitution of
toluene was observed. Similar studies were subsequently
also carried out on anisole.?

Recently, Miller et al.* studied the benzylation of 2,6-
dimethylphenol (2,6-DMP) and 2,6-dimethylanisole (2,6-
DMA) with benzyl chloride using ZnCl, catalyst or with
benzyl alcohol catalyzed by H,SO,. Predominent “metd”
substitution was observed in reaction of 2,6-DMA (68-74%
3-substitution), whereas 2,6-DMP gave 38-41% of the
3-benzyl isomer. During the course of the study by Miller
et al.* several possible mechanisms including intermole-
cular benzyl transfer (rearrangement), rearrangement
within the o-complex and ortho benzylation (ipso attack)
followed by rearrangement could be excluded. But some
evidence was presented to support partial intervention of
a mechanism in which O-benzylation occurs followed by
intermolecular benzyl shift. It was, however, concluded
that the product of meta benzylation arises by direct at-
tack.* Similar results were obtained on alkylation of 2,6-
DMP with allyl alcohol using H,SO, as catalyst or with
allyl halides using ZnCl,.

An interesting kinetic study by Cerfontain et al.® on the
aprotic (8O3) and protic (H,SO,) sulfonation of several

t Address correspondence to: Department of Chemistry, Kent
State University, Kent, OH 44242.
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2,6-disubstituted phenols including 2,6-DMA and 2,6-DMP
has shown that in excess substrate initial O-sulfonation
occurs followed by O-desulfonation/C-sulfonation, whereas
the reverse (e.g., O-sulfonation/C-sulfonation/O-de-
sulfonation) was found in excess SO;. The relative ratio
of 3-/4-substitution was found to be strongly dependent
on H,S0, concentration.

We describe herein a study of alkylation of 2,6-DMA,
2,6-DMP, and 2,6-DIP using the mild benzylating reagent
benzyl triflate PhCH,0,SCF;’ formed in situ by reaction
of benzyl chloride and silver triflate in CCl, solvent in the
presence of excess aromatic substrate. Benzyl triflate
reacts readily with the substrates to form both 3- and
4-benzyl derivatives. In order to assure that isomer dis-
tributions are not affected by subsequent isomerization
under our conditions, in control experiments 1 equiv of
2,4,6-tri-tert-butylpyridine (2,4,6-TBP) was added as a
proton trap to the reaction. No change of isomer dis-
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tribution was observed. In these reactions 61.5%, 33%,
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and 18% of the 3-benzyl isomer and 38.5%, 67%, and 82%
of the 4-isomer were formed from 2,6-DMA, 2,6-DMP, and
2,6-DIP, respectively. In the latter case the isopropyl
groups can cause increased steric hindrance in the adjacent
positions, which leads to a decrease in the amount of the
3-isomer. Benzyl triflate benzylation of the parent anisole,
on the other hand, gave only 1.6% meta substitution to-
gether with 31.1% ortho and 67.3% para substitution.

In a control experiment when 2,6-DMA was allowed to
react with benzyl chloride in the presence of AgCl in dry
CCl, under the reaction condition used for benzylation
with benzyl triflate, only a trace of benzylated products
was obtained. When the reaction was allowed to continue
overnight at room temperature a ca. 1% yield of benzy-
lated products was obtained. The isomer distribution in
the silver ion catalyzed benzylation of 2,6-DMA was 56 %
3-isomer and 34% 4-isomer, confirming that the observed
isomer distributions are not affected by the presence of
AgCl formed in the reaction.

We also carried out the nitration of 2,6-DMA and 2,6-
DIP with nitronium tetrafluoroborate. When 2,6-DMA
was nitrated with NO,*BF,™ in nitromethane, 20% 3-nitro
and 80% 4-nitro isomers were obtained. Similar nitration
in methylene chloride gave 25% 3-nitro and 75% 4-nitro
isomers. As the solubility of the nitronium salt is limited
in these solvents, the difference in isomer distributions is
not considered to be significant. The nitration of 2,6-DIP
gave more complicated reaction mixtures (probably also
involving dealkylation). The isomer distribution of the
intact nitrated products was 18% 3-nitro and 82% 4-nitro
isomers.

Whereas the observed isomer distribution for the ni-
tration of 2,6-DMA is considered to be a typical example,
reflecting competing ortho—para-directing effects of the
methoxy and the hydroxy group with alkyl substituents,
benzylation of 2,6-DMA must involve an additional
mechanism that contributes to the overall formation of the
meta benzyl derivative. The magnitude of meta substi-
tution for benzylation of 2,6-DMA appears to be too high
to be explained simply in terms of steric inhibition to
resonance,? e.g., a decrease in overlap between the r-system
and the oxygen lone pair, destabilizing the s-complex

(8) (a) Wheland, G. W. “Resonance in Organic Chemistry”; Wiley:
New York, 1955; pp 508-520. (b) See also: Shaefer, J. P.; Miralgia, T.
J. J. Am. Chem. Soc. 1964, 86, 64.
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leading to 4-substitution.

In order to obtain more mechanistic information we
protonated 2,6-DMP, 4-benzyl-2,6-DMP, 2,6-DMA, and
4-benzyl-2,6-DMA in FSOzH + SbF; (1:1)/SO,CIF at low
temperature. The 3C NMR spectra clearly showed that
whereas 2,6-DMP and 4-benzyl-2,6-DMP are C-protonated
to form the corresponding benzenium ions, duc methylene) 39-2
and 52, respectively, 2,6-DMA and 4-benzyl-2,6-DMA are
O-protonated, Aduc oume) 13.5 and 12.35, respectively, and
no arenium ion is formed. 2,6-DMA was previously shown
by Brouwer et al.® to be O-protonated by *H NMR using
HF + BF; at -100 °C.

Similarly, whereas low-temperature methylation of 2,6-
DMA with MeF/SbF;/S0, gave exclusively (**C NMR)
O-methylation, Adusc ome 24.5, with 2,6-DMP the C-
methylated species was observed as major species,
813G (methylene) 58.2. The corresponding oxonium ion was also
detected as a minor species, 1¢ (ome) 60.5.

For 2,6-DMA, the presence of a methyl group on oxygen
is, therefore, sufficient to render the oxygen more acces-
sible for protonation (methylation) than 2,6-DMP. Our
control experiments suggest that competing O-benzylation,
especially for 2,6-DMA for which a higher percentage of
meta substitution is actually observed, is taking place, thus
contributing to the overall percentage of meta substitution
(see Scheme I).

Since the extent of intermolecular benzyl transfer was
found to be only of minor significance in Miller’s control
experiments with 2,6-DMP, it has to be assumed that
benzyl shift occurs preferentially through an intramolec-
ular process involving a five-membered ring transition
state.

Experimental Section

The aromatic substrates and benzyl chloride were commercially
available samples of highest purity and used without further
purification. Rigorously dried CCl, was used as solvent. Silver
triflate was prepared from Ag,CO; and triflic acid. Nitronium
tetrafluoroborate was prepared and used as reported previously.'

Whereas 4-benzyl-2,6-DMP was synthesized according to the
literature from 4-benzoyl-2,6-DMP by Clemenson reduction,!!
4-benzyl-2,6-DMA was prepared by reduction of the 4-benzoyl-
2,6-DMA using Et;SiH/TFA reagent.'?

GLC analyses were performed on a Varian Model 3700 gas
chromatograph equipped with a 50-m capillary column (OV 101)
and an online automatic integrator.

For 2,6-DMA and 2,6-DIP isomer distributions were also de-
termined by NMR as previously described.?

13C NMR spectra were recorded on a Varian FT-80 instrument
equipped with a variable temperature probe.

General Procedure for Benzylation Reactions. To the
aromatic compound (10 mmol) diluted in 15 mL of CCl, was added
silver triflate (1.05 g, 4.08 mmol) and 2,4,6-TMP (1.02 g, 4.1 mmol)
under dry nitrogen with good stirring at room temperature.
Subsequently, benzyl chloride (0.515 g, 4.08 mmol) was dropwise
added, whereupon AgCl was immediately precipitated. After
continued stirring for 40 min at room temperature, the reaction
mixture was filtered and was analyzed by GLC.

General Procedure for Nitration Reactions. To the aro-
matic compound (5 mmol) in 25 mL of solvent at 5~10 °C was
added a slurry of 0.015 mol of NO,*BF,~ in 20 mL of the same
solvent. After being vigorously stirred, the samples were quenched
with water, separated, extracted with ether, washed with Na,CO,
solution, dried over MgSO,, and analyzed by GLC.

(9) (a) Brouwer, D. M.; Mackor, E. L.; Maclean, C. Rec. Trav. Chim.
Pays-Bas 1966, 85, 109. (b) For a review, see: Olah, G. A.; White, A. M,;
O’Brien, D. H. Chem. Rev. 1970, 70, 561.

(10) Olah, G. A.; Kuhn, S.; Mlinko, A. J. Chem. Soc. 1956, 4257.

(11) von Auwers, K.; Markovits, T. Chem. Ber. 1908, 41, 2332.

(12) West, C. T.; Donnelly, S. J.; Kooistra, D. A.; Doyle, M. P. J. Org.
Chem. 1973, 38, 2675.
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Preparation of the Ions. For protonation studies, a cold slurry
of the aromatic compound (50 mg) in SO,CIF was added to Magic
Acid (1 mL) in SO4CIF (1 mL) at dry ice/acetone temperature
with efficient vortex mixing.

For methylation reactions, methyl fluoride was slowly bubbled
through a cold solution of SbF; in excess SO, until homogeneous.
A proton-decoupled *C NMR spectrum of the resulting solution
confirmed the formation of MeSO,*SbFg™ [61c 72.9 (s)], together
with some uncomplexed MeF [é1sc 72.3 (d, Jop = 151 Hz)]. To
this solution was added a cold solution of the aromatic compound
(50-60 mg) in SO, with efficient vortex mixing.
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In our studies of heterocyclic compounds from per-
fluoroolefins, we previously reported the synthesis of py-
razolium aminimine containing perfluoroalkyl groups from
perfluoro-2-methylpent-2-ene (1) and 1,1-dimethyl-
hydrazine.! In this note, we describe the synthesis of some
novel pyrazoles containing perfluoroalkyl groups from 1
and hydrazones 2.

Perfluoro-2-methylpent-2-ene (1) reacted readily with
hydrazone 2 (a; R = H; b; R = CH;) in the presence of base
such as sodium carbonate in THF at 0 °C to give the azines
3a,b in 35% yield. Without base, this reaction proceeded
to 3 in lower yield (Scheme I).

Spectral data of 3a,b (Experimental Section) indicate
the presence of both hexafluoroisopropyl and penta-
fluoroethyl groups. This reaction is assumed to proceed
via nucleophilic attack of 2 on 1, followed by elimination
of hydrogen fluoride and proton shift as suggested in the
reaction of amine.?

Azine 3a was readily and cleanly converted to pyrazole
4a by heating with a mixture of sodium carbonate and
cesium fluoride in dioxane at 100 °C. In the case of 3b
(R = CHj), a mixture of 4b and 4¢ was obtained in 6:1
molar ratio (calculated from 'H NMR). These cyclization
to 4a,b can be understood by fluoride attack on interme-
diate I followed by the steps shown in Scheme I (route a).
From the fact that 4b could not be dehydrofluorinated to
4c in the corresponding reaction conditions, another cy-
clization mode leading to 4c can be induced. The basicity

(1) Ikeda, I.; Tsukamoto, T.; Okahara, M. Chem. Lett. 1980, 583.
(2) Maruta, M.; Kitazume, T.; Kubota, S.; Yoshimura, N.; Ishikawa,
N. Chem. Lett. 1979, 291.
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