streptomycin isolated displayed three enhanced resonances
at 13.4 (2.3 times natural abundance), 61.2 (6.5 times natu-
ral abundance), and 72.4 (4.5 times natural abundance)
ppm from tetramethylsilane, which are the respective sig-
nals for carbon-5" of streptose, carbon-6" of N-methylglu-
cosamine, and carbon-6 of streptidine.!® The labeling of
C-5 of streptose and C-6"" of N-methyl-L-glucosamine is
consistent with earlier work.*> Labeling of C-6 of strepti-
dine by [6-!3C]glucose provides definitive evidence for the
stereochemistry of streptidine formation from glucose
(pathway A, Figure 1).
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A Kinetic Study of a Friedel-Crafts Ethylation
Reaction in Nonpolar Solvent

Sir:

Little has been reported concerning the kinetics of
Friedel-Crafts alkylation reactions in nonpolar solvents.
Some of the data which has been published appears to be at
variance with currently accepted theories.! In hopes of clar-
ifying the situation we have determined the kinetics of the
AlBr; catalyzed reaction of ethyl bromide with benzene or
toluene in n-hexane, using vacuum line procedures to opti-
mize the exclusion of water.?

High purity commercially available n-hexane and ethyl
bromide were dried over CaH;, degassed, and stored in
vacuo in break-tip ampoules.? AlBr; was synthesized, puri-
fied, and also stored in break-tip ampoules.’> Known
amounts of these reagents were condensed at —196° in a
thoroughly flamed reaction flask using usual vacuum line
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Figure 1. Typical second-order plot for reaction of benzene and ethyl
bromide with AlBr; catalyst in hexane at 15°, mole ratios, 10.37:2.77:
0.52:100, respectively.
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Figure 2, Typical second-order plots at short times for reaction of aro-

matic and ethyl bromide with AlBr; catalyst in hexane at 15°: mole ra-

tios, circles, 10.37 (benzene):2.77:0.52:100: squares, 9.91 (toluene):

0.58:0.42:100.

procedures. After the addition of dry nitrogen, the reaction
mixture was sealed from the line and brought to reaction
temperature (15°) and stirred (spin bar). Reactions were
initiated by injecting 15° previously dried (CaH;) toluene
or benzene through a rubber septum on an angled side arm
of the reaction flask. Aliquots were periodically removed
with a syringe, quenched with H2O, and analyzed by flame
ionization GC.#

In both systems, layer separation occurred and was her-
alded by a moderately fast color change followed by a swift
change from clear to slightly turbid. The colored, separated
phase then finally formed either tiny droplets on the inside
of the reaction walls or a very small puddle beneath the spin
bar, either of which was difficult to detect. 1t is significant
that this phenomenon occurred in either system within 30
min.

Pseudo-second-order rate plots were obtained in both sys-
tems assuming

d[product]/d¢ = k,pp[aromatic][ethyl bromide]

where kapp = kK[AlBr;3]o". A typical graph of In (B/A4)(A4 —
x/B — x) plotted against time is presented in Figure 1. The
plot is fairly linear at short times, i.e., up to the time of
layer separation, and then monotonic albeit nonlinear for
long times, i.e., after the time of layer separation.

Typical data for benzene and toluene systems at short
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Table I. Calculated Slopes and Intercepts (with 95% Confidence
Limits), and Linear Correlation Coefficients for the Aluminum
Bromide Catalyzed Ethylation of Benzene and Toluene with
Ethyl Bromide in #n-Hexane at 15°

Run
no. Aromatic  Slope =+ 95% C.L. Intercept + 95% C.L. r-coef
1 Benzene (5.20 £ 0.19) 4.75 £ 9.00) 0.997
x 1078 x 107
2 Benzene (8.22 £ 0.79) (1.19 £ 1.62) 0.998
X 1078 x 1073
3 Toluene (1.27 + 0.05) (-3.07 + 8.23) 0.999
x 107 X 107
4 Toluene (4.05 £1.23) 1.3+7.9) 0.999
x 107 x 1073
Table II. Rate Constants for the Aluminum Bromide Catalyzed

Ethylation of Benzene and Toluene with Ethyl Bromide
in n-Hexane at 15°

Rate constant

Run Initial conen, M k,1¥mol ™3
no. [Aromatic] [alkyl halide] [Catalyst] sec ™!
1 0.7324 0.196 0.0365 7.3x 107
2 0.7164 0.266 0.0507 7.1x 1072
3 0.7020 0.0417 0.0299 22x 107
4 0.708% 0.0500 0.0450 3.1x 107

a Benzene. b Toluene.

times are presented in Figure 2. The linearity of the plotted
data is noteworthy. Using the usual least-squares method
approach, the slopes and intercepts, along with their 95%
confidence limits, and the linear correlation coefficients,
were calculated and are presented in Table I.

Rates for these reactions showed a second-order depen-
dence on [AlBr3]g. Therefore, the rate constants could be
calculated from slope = k (4 — B)(C)?, where 4, B, and C
are the initial concentrations of aromatic, ethyl bromide,
and catalyst, respectively. These data are summarized in
Table II. The relative rate of toluene to benzene, kt/kp, is
calculated from these data to be 3.7 in reasonably good
agreement with Brown's selectivity relationship®¢ (vide
infra).

Our findings are not in harmony with recent reports by
Nakane and workers.! From competitive and noncompeti-
tive studies on similar systems, using ethyl or isopropyl fluo-
ride or ethyl iodide as alkylating agent and BF; or AlBr3 as
catalysts, they reported first-order dependence on the cata-
lyst and kt/kp ~0.6 in three nonpolar solvents: CClq, cy-
clohexane, and n-hexane. These writers further reported
difficulty in maintaining homogeneity in some of their solu-
tions.” Therein may lie one explanation for the apparent
discrepancy between their and our findings.

We observed layer separation to occur in toluene reac-
tions as early as 4-5% reaction and to be complete well
within an hour. In Figure 3 we have plotted the data for
typical reactions of benzene and toluene at long times. The
result of the layer separation phenomenon is to reverse the
relative order of the rates at long times. Indeed, the ratio
kT/kg becomes 0.53 at long times, a value that agrees with
Nakane’s report, in which reported reaction times are on
the order of 5-6 hr.

In sampling the primary layer we find the relative
amount of meta ethylated toluene product remains constant
at about 20%, then falls to 15% during the appearance of
turbidity and then to 6% during the early existence of the
second layer,® and finally rises to the thermodynamic value
of 40% at long times (>120 min) which is a sure sign of
isomerization. During the two-phase period in the toluene
reactions we observe a continued increase in diethylated
products® and an appearance of significant amounts of ben-
zene (3-5%),19 which together indicate a concomitant dis-
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Figure 3. Typical second order plots at long times for reaction of aro-
matic and ethyl bromide with AlBr; catalyst in hexane at 15°: mole ra-
tios, circles, 10.37 (benzene):2.77:0.52:100; squares, 9.91 (toluene):
0.58:0.42:100.

proportionation reaction. Thus, our evidence suggests that
side reactions, including disproportionation and isomeriza-
tion, become important with the onset of the second layer.

On the basis of the low kt/kp value, our system appears
to involve a strong electrophile.!! With no evidence of isom-
erization prior to the formation of the second phase,!? we
find a relatively high percentage of the meta isomer. Qur
results support Brown's theory that an attacking species of
high activity (low kt/kg) would also show low selectivity
(relatively high meta per cent).!?
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