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Oxygenation Ezxperiments. General Procedure.—To
carry out these experiments, a 5-mm, Pyrex sample tube
was prepared which was long enough to fit inside a 10-mm.
Pyrex glass tube. This latter one resembled an absorption
tube used ordinarily in carbon and hydrogen determina-
tions, but was smaller in size. The sample tube was con-
stricted at one end and a small glass wool plug was inserted
inside this part. The outer tube, which was equipped with
glass valves at each end, was just long enough to accommo-
date the sample tube. The volume of the outside tube was,
therefore, decreased to a minimum.

Both the sample tube and the absorption tube were prop-
erly tared by means of an identical set. Taring was accom-
plished after both tubes had been swept with pure nitrogen
alnd éhe glass valves at each end of the tubes had been
closed.

A small portion (approx. 10 mg.) of the imidazole hemo-
chrome was then introduced into the sample tube with a
micro-spatula. The sample tube was fitted inside the ab-
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sorption tube and was then placed inside a small, electrically
heated furnace. The tube was evacuated to a mercury
pressure of 5 mm., heated and kept at 60-65° for two
hours. At the end of this period, pure nitrogen was al-
lowed to pass through the tube for two hours, while the tem-
perature was kept at 60-65°. This operation was necessary
to remove any oxygen which may have been taken up by
the sample. The tube was then weighed. Next, dry air
was passed through the sample for eight hours, at room
temperature, at a rate of 20 cc. per minute, after which the
tube was swept with pure nitrogen for one minute and again
weighed. Desorption of the oxygen was carried out by
heating the sample in the tube to 60-65° and passing pure
nitrogen through it for six hours while the 60-65° tempera-
ture was maintained. The sample then was weighed.
A second and a third cycling were carried out as described
above,

BavtiMoRrE 18, Mp,
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THE CRYSTAL STRUCTURE OF TOSYL-L-PROLYL-r-
HYDROXYPROLINE MONOHYDRATE
Sir:

Hydrolysis studies® have shown that the se-
quence -gly-pro-hypro- is a common omne in collagen
and gelatin and this evidence has been used as a
restrictive factor in building models of collagen.®*
Hence the structure analysis of a peptide involving
the sequence -pro-hypro- would be of interest.
The compound tosyl-L-prolyl-L-hydroxyproline
was available to us® and additional interest lay in
testing the usefulness of a ‘‘marker group’ (in this
case p-toluenesulfonyl) in the X-ray determination
of relatively complex structures.

Tosyl-L-prolyl-L-hydroxyproline monohydrate,®
M = 400.44, crystallizes from water as plates,
frequently twinned. The crystal system is mono-
clinic, ¢ = 6.291, b = 7.689, ¢ = 19.640 4., 8 =
99°27.5'. The space group is P2, with Z = 2, the
density calculated being 1.419, measured 1.415.

With information derived from partial three-
dimensional data, image-seeking processes® were
applied to the sharpened-up zero-layer Patterson
function Pg(u, w). Guided by the use of models of
the component molecular units, tosyl,® prolylt®
and hydroxyproline,’* a reasonable disposition in
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the ac projection area was achieved. The reli-
ability index, (R = Z |Fy, — F|/Z|F)), initially
0.52, has been reduced to 0.18 for the observed
hol structure amplitudes.’2 The corresponding elec-
tron-density distribution is shown in Fig. 1 with
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Fig. 1.—Crystal structure of tosyl-L-polyl-L-hydroxyprolin
monohydrate.

the molecular interpretation adjacent.!* The y
parameters are being determined from the three-
dimensional data.
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The molecule may be considered as built of four
main planar or approximately planar groups, p-
methyl-thiopheuyl, 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.
Curuicat Puysics SeerioN
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PHOTOSYNTHESIS OF GALACTOLIPIDS
Sir:

An appreciable portion of the products of brief
photosynthesis in C14Q; 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
B-p-galactosyl and the «-p-galactosyl-(1 - 6)-
g-p-galactosyl monoglycerides which had been
identified in wheat flour lipids by Carter, et al.,?
and  3"-0-oleyl-glyceryl-1’8-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 C*0O, by Chlorella revealed that the galactolipids
are labeled very rapidly with C'. In five minutes
photosynthesis over half of the C* in the lipids was
found in the galactose moieties. These lipids had
the following C! distribution: fatty acids, 409;
galactosylglycerol, 399,; galactosylgalactosylglyc-
erol, 10%; galactosyl-6-sulfate glycerol, 29%; di-
glycerophosphate, 3%,; glycerol, 49. The galac-
tolipids were identified by examination of radio-
grams of the deacylated lipids and then acid hydrol-
ysis of the uniformly-labeled galactosyl glycerols
to yield simple ratios of C! 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 (Ry = 0.50
in phenol-water and R = 0.14 in butanol-propionic
acid-water?) characteristic of a third member of
the homologous series of galactosyl glycerides.
Hydrolysis by thirty minutes in 8 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.

p’I‘he only precursor available in appreciable
concentration in Chlorella for biogynthesis of these
glycolipids is uridine diphosphate galactose.™®
Biosynthesis of galactosyl glycerides is probably
analogous to that of the uridine diphosphate galac-
tose-mediated saccharide syntheses.’

We are indebted to Mr. M. S. Brown for valuable
assistance. This work was supported by the
Atomic Energy Commission and the Pennsylvania
Agricultural Experiment Station.
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STEREOCHEMISTRY OF DIELS-ALDER ADDUCTS.
I. THE REARRANGEMENT OF 2-¢x0-BROMONOR-
BORNANE-2-¢ndo-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 (ITI, 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-l-carboxamide (IV, R
= NH;) upon hydrogenolysis. The rearrange-
ment of I (R = NH;) to I1 (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 I¥ (R = NH,) as 2-exo-bromo-

(1) H. Kwart and G. Null, Turs Jourxar, 89, 248 (1958),

(2) W. P. Whelan, Jr., Dissertation, Columbia University, 1952.

(3) W. von E. Doering and E, F. Schoenewaldt, THrs JoURNAL,

73, 2333 (1951).
(4) I. Houben and T, Pfankuch, A»n., 501, 219 (1933).



