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The molecule may be considered as built of four
main planar or approximately planar groups, p-
methyl-thiophenyl, prolyl, peptide -+ pyrrolidine
and carboxyl, all of which tend to lie at approxi-
mately right angles to one another. In the case
of the prolyl ring it would appear that the carbon
atom opposite the N-C, bond does not show any
tendency to occupy alternate sites as noted by
Leung and Marsh in the analysis of leucylprolyl-
glycine monohydrate.!? Neither does it maintain
the position observed in proline!® or hydroxypro-
line,* 4.e., trans with respect to the carboxyl group.
In this compound it appears to have swung to the
same side as the peptide C==0, providing further
evidence of the flexibility of the pyrrolidine ring
system in the prolyl group.
Cueuicat Puysics Secrion
DIVISION OF INDUSTRIAL CHEMISTRY

C.8. LR O J. FRIDRICHSONS
MELBOURNE, AUSTRALIA A, McL. MATHIESON

Receiven MAy 5, 1958

A. F. BEECHAM

PHOTOSYNTHESIS OF GALACTOLIPIDS
Sir:

An appreciable portion of the products of brief
photosynthesis in C!4O; is lipid in nature.! Chro-
matograms of these products exhibit several sep-
arable lipids® which had been assumed to be fatty
acid-labeled phosphatides. However, we wish to
report that the phosphatides constitute but a frac-
tion of these labeled products. We have examined
the lipids of Chlorellc and find that the glycolipid
concentration exceeds that of the phospholipids by
a factor of four. These glycolipids include the
8-p-galactosyl and the a-D-galactosyl-(1 — 6)-
8-p-galactosyl monoglycerides which had been
identified in wheat flour lipids by Carter, et al.,?
and  3’-0-oleyl-glyceryl-178-p-galactopyranoside-
G-sulfate.* Glycerolphosphatides® and lesser
amounts of a galactotriosyl monoglyceride are ob-
served.

Radiograms of deacylated®® products of five
minutes and of thirty seconds of photosynthesis
in CHO,; by Chlorella revealed that the galactolipids
are labeled very rapidly with C1*. In five minutes
photosynthesis over half of the C'*in the lipids was
found in the galactose moicties. These lipids had
the following C!* distribution: fatty acids, 409;
galactosylglycerol, 399%;; galactosylgalactosylglyc-
erol, 109%; galactosyl-6-sulfate glycerol, 29; di-
glycerophosphate, 39,; glycerol, 49, The galac-
tolipids were identified by examination of radio-
grams of the deacylated lipidsand then acid hydrol-
ysis of the uniformly-labeled galactosyl glycerols
to yield simple ratios of C!4 in galactose and glyc-
erol.  Glyceryl 8-p-galactoside and its digalactose
homolog cochromatographed precisely with au-
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thentic samples generously provided by Professor
H. E. Carter. The glyceryl galactotrioside was
found in a chromatographic position (R; = 0.50
in phenol-water and Rt = 0.14 in butanol-propionic
acid-water?) characteristic of a third member of
the homologous series of galactosyl glycerides.
Hydrolysis by thirty minutes in 3 N hydrochloric
acid at 100° of the uniformly labeled unknown
formed during eight days of photosynthesis gave
galactose and glycerol in an activity ratio of 6.1 to
1, thus indicating that there are three galactose
units bound to a monoglyceride in the original
lipid.

The only precursor available in appreciable
concentration in Chlorella for biosynthesis of these
glycolipids is wuridine diphosphate galactose.”
Biosynthesis of galactosyl glycerides is probably
analogous to that of the uridine diphosphate galac-
tose-mediated saccharide syntheses.?
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STEREOCHEMISTRY OF DIELS-ALDER ADDUCTS.
I. THE REARRANGEMENT OF 2-¢x0-BROMONOR-
BORNANE-2-¢2do-CARBOXAMIDE

Sir:

A recent communication! describing the rear-
rangement of 2-exo-bromonorbornane-2-endo-car-
boxylic acid (I, R = OH) and its methyl ester (I,
R = OCHjy) upon catalytic or chemical hydrogen-
olysis prompts us to report our observations upon
the rearrangement of the corresponding carbox-
amide. 2 - exo - Bromonorbornane - 2 - endo
carboxamide (I, R = NH,) does not rearrange upon
hydrogenolysis and yields only norbornane-2-
endocarboxamide (III, R = NH,), identified by
analysis, mixed melting point and comparison of
the infrared spectrum with that of an authentic
sample. When I (R = NH,) was heated above its
melting point, resolidification took place and a
second melting point was observed. The isomeric
bromocarboxamide (II, R = NH,) obtained from
the melt gave norbornane-1-carboxamide (IV, R
= NH;) upon hydrogenolysis. The rearrange-
ment of I (R = NH;) to II (R = NH,) was also
catalyzed by alcoholic alkali. On the basis of
Wagner—-Meerwein rearrangements undergone by
2,2- disubstituted bicyclo{2,2,1]heptane deriva-
tives®~¢ we have tentatively designated the rear-
rangement product IT (R = NH,) as 2-exo-bromo-
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norbornane-1-carboxamide although the position
andconfiguration of the bromine has not been proved.
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2-exo-Bromonorbornane-2-endo-carbonyl  chlo-
ride (I, R = Cl, 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 29, potassium hydroxide in 959
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).2
Saponification of IV (R = NH,), gave the free acid
v (1)% = OH; m.p. 111-112°; reported? m.p. 112-
113°).

2-exo-Bromo-2-endo-carbomethoxynorbornane (I,
R = OCHj;; b.p. 98-99° (5 mm.), »?*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
éIﬁIOI), R = OH; m.p. 65-66°, reported® m.p. 65—
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Bromination® of III (R = OH), on the other
hand, gave the rearranged bromoacid IT (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 = OCHj) gave IV (R =
OH) as the sole product. The acid IV (R = OH)
also was obtained by hydrogenolysis® of the bromo-
acid IT (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.
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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
kanamyecin,? 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-D-glucose. N-Acetyl-
kanosamine was refluxed in methanolic hydrogen
chloride, acetylated (NaOAc, Ac0), 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 CisHsNOy: 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,’
proving that kanosamine is 3-amino-3-deoxy-p-
glucose (3-p-glucosamine). Kanosamine penta-
acetate! was identical in infrared spectrum and
melting point behavior with 3-3-p-glucosamine
pentaacetate prepared from the 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 ecm.~lin
the spectrum of the sulfate, indicative of two alpha-
glycosidic linkages in the kanamycin molecule.®
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