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norbornane-1-carboxamide although the position
and configuration of the brominehas not been proved.
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2-exo-Bromonorbornane-2-endo-carbonyl  chlo-
ride (I, R = C}, b.p. 95-98° (7 mm.)) was prepared
by brominating norbornane-2-endo-carbonyl chlo-
ride (III, R = Cl) in boiling thionyl chloride.
Treatment of the bromoacyl halide with anhydrous
ammonia in cold ether gave 2-exo-bromonorborn-
ane-2-endo-carboxamide (I, R = NH,; m.p.
119.5-121° from toluene. Found: C, 44.34; H,
5.62; N, 6.26; Br, 36.30). Catalytic reduction
with zinc and acetic acid® gave norbornane-2-endo-
carboxamide (III, R = NH;; m.p. 210-211°; re-
ported” m.p. 205-206°).

When compound I (R = NH,;) was heated for
three minutes at 150-160°, 769, of the isomeric
carboxamide (II, R = NH;; m.p. 173-174° from
toluene. Found: C, 44.28, H, 5.62; N, 6.34; Br,
36.76) was obtained. Compound I (R = NH,),
in a solution of 2%, potassium hydroxide in 95%
methanol, was rearranged quantitatively to II (R
= NH,) in six hours at room temperature. The
latter, upon catalytic hydrogenation (Pd-CaCO;)
or reduction with zine and acetic acid,® gave nor-
bornane-1-carboxamide (IV, R = NH,; m.p.
234-236° from water), identified by mixed melting
point and by comparison of the infrared spectrum
with that of an authentic sample (m.p. 234-236°.
Found: C, 68.75; H, 9.25; N, 9.92) prepared
from norbornane-1-carboxylic acid (IV, R = OH).?
Saponification of IV (R = NH;), gave the free acid
v %{ = OH; m.p. 111-112°; reported? m.p. 112-
113°).

2-ex0-Bromo-2-endo-carbomethoxynorbornane (I,
R = OCHj;; b.p. 98-99° (56 mm.), n?5p 1.5043.
Found: C, 46.42; H, 5.36) was obtained from the
acid chloride I (R = Cl) by treatment with meth-
anol. Catalytic® or chemical® hydrogenolysis of
this ester gave only 2-endo-carbomethoxynorborn-
ane (III, R = OCH;) which was identified by
saponification to norbornane-2-endocarboxylic acid
(III, R = OH; m.p. 65-66°, reported® m.p. 65~
66°).
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Bromination® of III (R = OH), on the other
hand, gave the rearranged bromoacid II (R = OH;
m.p. 150~151° from toluene or heptane; (Found:
C, 43.58; H, 5.31) which, upon treatment with di-
azomethane, gave the isomeric methyl ester II (R
= OCH;; b.p. 117-118° (5 mm.), n*p 1.5055.
Found: C, 46.25; H, 5.72). Hydrogenolysis™®
of the latter and saponification of the resulting de-
brominated ester IV (R = OCH,) gave IV (R =
OH) as the sole product. The acid IV (R = OH)
also was obtained by hydrogenolysis® of the bromo-
acid II (R = OH).

It therefore appears highly probable that the
bromonorbornanecarboxylic acid and its methyl
ester reported by Kwart and Null® were rearranged
already prior to hydrogenolysis.

(9) Bromination was by the gemeral method of C. S. Marvel in E.

C. Horning, “Organic Syntheses,” Coll. Vol. 111, John Wiley & Sons,

Inc., New York, N, Y., 1955 p. 523.
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KANAMYCIN. V. THE STRUCTURE OF
KANOSAMINE
Sir:

Kanosamine,! the remaining unknown moiety of
kanamycin,? has been shown? to be a straight chain
3-amino-3-deoxyaldohexopyranose, which from de-
amination studies could be either 3-amino-3-deoxy-
p-allose or 3-amino-3-deoxy-p-glucose. N-Acetyl-
kanosamine was refluxed in methanolic hydrogen
chloride, acetylated (NaOAc, AcyO), and recrystal-
lized (ethanol) to give methyl kanosaminide tetra-
acetatet, {a]p +105.5° (¢ 0.5, CHCl;), m.p. 172.5-
173°. Amal. Caled for CisHasNOy: C, 49.9; H,
6.42: N, 3.88. Found: C, 50.1; H, 6.61; N,
3.78. This product was identical by infrared spec-
trum and mixed melting point comparison with
methyl 3-amino-3-deoxy-a-D-glucopyranoside tetra-
acetate prepared according to Peat and Wiggins,5
proving that kanosamine is 3-amino-3-deoxy-p-
glucose (3-pD-glucosamine). Kanosamine penta-
acetate! was identical in infrared spectrum and
melting point behavior with 3-8-p-glucosamine
pentaacetate prepared fromthe syntheticmethyl gly-
coside tetraacetate by hydrolysis and reacetylation.

The infrared spectrum in KBr pellet of kana-
mycin base showed bands at 838 and 823 cm.™,
with similar bands present at 841 and 821 cm.~lin
the spectrum of the sulfate, indicative of two alpha-
glycosidic linkages in the kanamycin molecule.®
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The strongly dextrorotatory properties of kana-
mycin, tetra-N-acetylkanamycin and especially
kanamycin decaacetate?, [a]**p +117° (¢ 1, CH-
Cly), support this configurational assignment. As
expected, the rotation of acetylated derivatives of
3-D-glucosamine and 6-p-glucosamine! agree closely
with the rotations of the corresponding glucose
derivatives. The contribution of each of the two
anomeric centers to the molar rotation (106,000)
of kanamycin decaacetate must be in the order of
+25,000 = 5,000 The remaining portions of
each of the acetylated sugar residues may be as-
signed a contribution of about +20,000. Thus the
total contribution of the two sugar residues, as-
suming the alpha-D configuration, must be in the
order of 90,000 = 10,000. The magnitudes of the
molar rotations generally found for acetylated car-
bohydrates clearly favor a contribution of 16,000
+ 10,000 by the 2-deoxystreptamine moiety, com-
pared to 66,000 or 116,000 which would be required
if one or both of the glyvcosidic unions were of the
beta-p-configuration,

These data allow one to write a structure for
kanamyein, in which the only remaining problein is
that of determining the order of attachment to the
4(6) and 6(4) positions on the all-frans 2-deoxy-
streptamine.
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NEW PRODUCTS FROM THE REACTION OF BENZOYL
PEROXIDE WITH BENZENE!
Sir:

We have been reinvestigating the reactions of
aroyl peroxides with benzene at relatively high
dilution in a study of the detailed reaction mech-
anisms. Previous product studies? have utilized
quite concentrated solutions leading to results
complicated by induced decomposition of the per-
oxide and by the attack of radicals on the initial
products.

(1) This research was supported by the United States Air Force
under Contract No. AF 49(638)-88 monitored by the AF Office of
Scientific Research of the Air Research and Development Command.

(2) (8) Cf. e.g. the summary by C. Walling, ‘‘Free Radicals in
Solution,'’ Johu Wiley and Sons, Inc., New York, N. Y., 1957, p. 482;
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We have discovered two siguiticant new products
of the thermal decomposition of benzoyl peroxide
(20 g.) in benzenc (4 1.) at reflux under nitrogen.
I addition to the expected carbon dioxide (1.7
mole per mole of peroxide), benzoic acid (0.1 mole)
and biphenyl (0.6 mole), we obtained a solid, m.p.
145-140°, identified as 17,47,1"/,4/-tetrahydro-p-
quaterphienyl (1) (0.03 mole) and a liquid (iso-

lated by chromatography of the biphenyl fraction
on alkaline Grade I alumina using hexane) identi-
fied as 1,4-dihydrobipheuyl (0.4 mole). We also
have some evidence of 1,2-dihydrobiphenyl.

The tetrahydroquaterphenyl (I) had C, 92.9;
H, 7.18; mol. wt. (Signer), 303. Caled. for CosHa,:
C,92.86; H, 7.14; mol. wt. 310. It absorbed four
moles of hydrogen to give the dodecahydroquater-
phenyl, m.p. 202°; C, 90.0; H, 9.44. Caled. for
CoHyy: C,90.5; H, 9.50. On dehydrogenation at
300° over palladium on carbon p-quaterphenyl was
forined, but some cleavage to biphenyl also oc-
curred. The ultraviolet spectrum of the tetra-
hydroquaterphenyl is similar to that of toluene, in-
dicating that the double bonds are not conjugated
with each other nor with a benzene ring. The
relatively high ni.p. suggests that the commpound is
the nearly planar all-¢cis isomer.

1,4-Dihydrobiphenyl prepared by the Birch re-
duction of biphenyl? also has an ultraviolet curve
similar to that of toluene. The infrared spectra of
the initial oily fraction isolated by chromatography
and the synthetic dihydrobiphenyl correspond ex-
actly. However the ultraviolet spectra of the
total dihydrobiphenyl fraction isolated by gas
chromatography had an absorption maximum of
256 mp with an apparent e of 2000-3000, suggesting
strongly thie presence of some 15-309, of 1,2-di-
hydrobiphenyl.

Although the phenylcyclohexadienyl radical (IT,
and other contributing structures) is the most
plausible of the previously suggested intermediates
i1 biphenyl formation,? the present isolation of its
combination and disproportionation products is the
first direct experimental evidence for this key inter-
mediate. We feel that this evidence taken with other
data regarding radical reactivities effectively elimi-
nates a different miechanism of biaryl formation
suggested several years ago.4

The biaryl products obtained in a solveut such
as nitrobenzene are now seen to depend on at least
two distinguishable processes (a) the relative rates
of formation of the isomeric substituted phenyl-
cyclohexadienyl radicals and (b) the subsequent
possibly differing rates of these radicals. It is
therefore to be expected that precise values of the
reactivity ratios will vary somewhat with the ex-
periniental conditions used although large varia-
tions are unlikely.’® Detailed interpretations of
such ratios clearly require further careful studies of
these svstems.

(%) W, Hiekel and 1. Schiwen, Ber., 89, 50 (1956).
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