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INTRODUCTION

Considerable interest has been shown in the conformational effect of cis-fused
isopropylidene rings on parent five- and six-membered rings. Thus cis-fusion of cne
isopropylidene ring to a cyclohexane! or pyranose? ring causes little distortion from
the initial chair conformation except in the case of some 1,2-0-alkylidene-a-D-gluco-
pyranose derivatives® when the pyranose ring appears to adopt a skew (or twist boat)
conformation. Angyal and Hoskinson! showed from hydrogen-bonding studies that
cis-fusion of two isopropylidene rings forces the cyclohexane ring to adopt a non-chair
conformation, generally of the skew type. McCasland er al4 have subsequently
demonstrated from the p.m.r. spectrum that a dideoxy-di-O-isopropylidene-dithio-
inositol also adopts a skew conformation. On the basis of a limited amount of
p.m.r. spectral information, Coxon and Hall3 suggested that 6-O-acetyl-1,2:3,4-di-
O-isopropylidene-a-D-galactopyranose (VI) is in a chair conformation in solution.
Examination of some related compounds, in which the assignment of most or all
of the vicinal coupling constants is unambiguous, has now shown that the vicinal
coupling constants for the Hg)—Hs) and H3)—H(g) interactions in the above galactose
derivative must be reversed. The observed coupling constants for these di-O-isopro-
pylidene derivatives are consistent with a non-chair conformation similar to the skew
conformation proposed by Angyal and Hoskinson! for di-O-isopropylidene-inositols.

EXPERIMENTAL

The spectra were measured with a Varian A-62 spectrometer at its normal
operating tempsrature. The carbohydrate derivatives were examined as 10% w/v
solutions in deuterochloroform or acetone as indicated. Tetramethylsilane was used
as the internal reference; 2—3 drops were added to each solution (0.4 ml or c.5 ml).
After the spectrum had been measured at 500 c.p.s. sweep width, the part of the spec-
trum containing the signals due to the ring hydrogens was reswept at 250 c.p.s. sweep
width, with optimum values of the RF field and frequency band width. The 250 c.p.s.
sweep-width spectrum was calibrated from 2 or 3 of the sharpest lines in the same part
of the 500 c.p.s. sweep-width spectrum and the vicinal coupling constants and chemi-
cal shifts of the ring hydrogens measured on the former spectrum. Melting points
were measured on a Kofler microstage apparatus.
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1,2:3,4-Di-O-isopropylidene-fi-L-arabinopyranose (I)

This ketal was prepared as described by Bell® but the neutralised solution was
evaporated tc a syrup, which was sublimed at 80-100° (bath)/ca. 1.5 mm. The syrupy
crystals were pressed dry on a filter and recrystallised twice from light petroleum
(b.p. 100-120°). They had m.p. 37-40° (Bell5 reports 41—42°).

6-Deoxy-1,2:3,4-di-O-isopropylidene-o-bD-galactopyranose (II7)

The method of Frendenberg and Raschigb was used but the product was not
further purified after distillation at 12—15 mm. It was colourless and crystailine with
m.p. 30—35° (Freudenberg and Raschig® report m.p. 37°, after an elaborate purifica-
tion process).

1,2:3,4-Di-O-isopropylidene-a-D-galactopyranose (IV)
The commercially available syrup was used.
The remaining derivatives were pure crystalline compounds.
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Fig. 1. P.m.r. spectrum of 1,2:3,4-di-O-isopropylidene-B-L-arabinopyranose. The methyl peaks
are omitted.
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CONFORMATION OF ARABINOPYRANOSE DERIVATIVES 3
SPECTRAL ASSIGNMENTS

1,2:3,4-Di-O-isopropylidene-f-L-arabinopyranose (I)

"The doublet at low field was assignéd to Hq, in the usual manner. The assign-
ment of the H) and Hgy quartets was then obvious. Three of the six H) lines were
overlapped with the H) lines. The separation between the two Hytriplets was Jg,4.
The AB lines could be unambiguously assigned ; the coupling constants petween Hyy,,
H¢s,, and Hgs,) are discussed later. The spectrum and assignments are shown in
Fig. 1. The methyl resonances are not reproduced; two of these were superimposed.
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Fig. 2. P.m.r. spectrum of 6-decoxy-6-iodo-di-O-isopropylidene-¢-D-galactopyranose. The methyl
peaks are omitted.

6-Deoxy-6-iodo-1,2:3,4-di-O-isopropylidene-o-D-galactopyranose (1)

The spectrum was similar to that of (I); the H) and Hyy quartets were
partly overlapped while the Hs, signal was at higher field. The intensities of the Hgg,
quartet were not equal; the chemical shifts given in Table I for Hg, are the multiplet
centres and are only approximations of the true chemical shifts. The remainder of
the spectrum shown in Fig. 2 was analysed as an ABX spectrum? where each X-line is
symmetrically split by coupling with H,. The calculated line spectrum is given in the
Figure. The values obtained in both acetone and deuterochloroform solution are
given in the Tables to show that there is almost no change of coupiing constant with
change of solvent.

6-Deoxy-1,2:3,4-di-O-isopropylidene-«-D-galactopyranose (1IT)

The signal for Hs) in this compound was a quartet (approx. 1:3:3:1) of doublets
partly overlapped with the signal for H). As the latter occurred ot highest field of
any of the compounds studied, the Hg) signal was more symmetrical for this com-
pound. The coupling between Hsy and the methyl group (Js,6 = 6.8 c.p.s.) is a little
larger than previously observed couplings of this type. Thus, in 3,4,6-trideoxy-~3-
dimethylamino-D-xylo-hexopyranose® Js5¢ = 6.3 c.p.s., and in 2,6-dideoxy-3-C-
methyl-g-L-ribo-hexopyranose and its 3-O-methyl ether® J56 = 6.1 c.p.s.
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TABLE I

CHEMICAL SHIFTS (T-VALUES)

Comgound Solvent EHh Ha HE Hy Hs Hg C-Me

I CDCIlg 4.48 5.68 540 5.77 6.14,6.33 8.47,8.50,8.56(2 X)
o CDClz3 4.45 5.69 5.36 5.60 6.02 6.67,6.78 8.45,8.55,8.65(2 %)
I MegCO 4.49 5.64 5.32 5.57 6.01 8.52,8.60,8.67(2 X)
11X MeaCO 4.56 5.72 5.40 5.92 6.08 8.93 8.55,8.63,8.69(2 )
Ive CDCls 4.40 5.64° 5.34 5.71I¢ a a 8.46,8.54,8.65(2 X)
ve CDCl3z 4.53 5.58° 5.23 8.50,8.66,8.68,8.72
VI MeaCO 4.49 5.19¢ 5.32 ca. 5.70°¢ 8.53,8.60,8.67(2 X)

@ Multiplet centre, see experimental.

b OH, 7 7.22.

¢ Tentative, see experimental.

2 Complex multiplet 6.0-6.4.

¢ Arom., T 2.03-2.77; arom. Me, T 7.55.
7 OAc, 7 7.¢4 (in CDCly).

1,2:3,4-Di-O-isopropylidene-a-D-galactopyranose (IV)

The signal for Hy) in this compound had no lines separated to the base line.
The 6-hydroxyl peak (a broad singlet) was removed by shaking the sample with
deuterium oxide (ca. 0.3 ml) and allowing the layers to separate out. The spectra of
the 6-O-toluene-p-sulphonyl derivative (V) and the 6-O-acetyl derivative (VI) gave
clear multiplets for Hqay and Hey only. The lines from Hey (V and VI) and H,y (VD)
were tentatively assigned by analogy with the other compounds.

TABLE 1I COUPLING CONSTANTS (C.P.S.)

Compound Scolvent Jiz2 Ja,3 J3,4 Ja,5

1 CDClg 5.0 2.4 7.8 J4,5, = 2.0; Ja,5, = 1.4; .151,5=I == 13.0
I CDCl3 5.0 2.4 7.8 1.6 J5,6, = 5.9; Js,85 = 775 J6,.8, = 9.8
I Me2CO 5.2 2.4 7.8 1.8 J5.6, + J5,6, = 13.6

I MeaCO 5.2 2.4 7.8 2.0 J5,6 = 6.8

IV CDCl3 5.0 2.4 8.0 1.4%

A" CDCl3 5.0 2.4 7.8

VI MezCO 5.0 2.4 8.0 ca. 1.5%

@ Tentative, see experimental.
DISCUSSION

Diaxial coupling constants for vicinal hydrogen substituents on six-membered
rings in a chair conformation have been shown to be large. Typical values for the
fragment (A) of a pyranose ring (i.e. Jia,2a) are 5 to 8 c.p.s. for a series of pyranose
acetates? and 6 to 7 c.p.s. for some of the corresponding aldopyranoses in dimethyl
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CONFORMATION OF ARABINOPYRANOSE DERIVATIVES 5

sulphoxide solution!l. For fragments in which one of the oxygen atoms has been
replaced by a less electronegative atom the values may be higher. Thus for
B-D-xylopyranose tetraacetate, Lemieux ef al.10 found Jya,5a to be & ¢.p.s. and for
some 2-deoxypyranosides, Lemieux and Levine!? found J1a,24 to be 7.8 t0 9.9 c.p.s.
and Jza,3a to be 11.0 to 11.4 c.p.s., while for inethyl (methyl 4-deoxy-g-L-arabino-
hexopyranosid)uronate Schmidt and Neukom!3 found Jas3s to be 7.2 c.p.s., and

(A) (B)

J3a,aa to be 8.0 c.p.s. A similar trend can be seen in the 5-thioxylopyranose
derivatives whose p.m.r. spectra were obtained by Raoer al.14, Thus, §-D-Xylopyranose
and methyl B-D-xylopyranoside have Jia,2s values of 7.2 c.p.s. whereas 5-thio-
p-D-xylopyranose has a Ji 4,24 value of 8.2 c.p.s. and methyl 5-thio-8-D-xylopyranoside
one of 8.4 c.p.s. The latter compound has Jzs,3a = Jsada = 8.6 c.p.s., and
Jaa,5a = 11.2 c.p.s. for the fragment (B).

The conclusion drawn from such results, and from similar results for other
six-membered rings!® is that a coupling constant in the range o-4 c.p.s. does not
correspond to a diaxial relationship for hydrogen substituents on a six-membered
ring. If the arabinopyranose derivatives studied in this work adopted the CI chair
conformation (C) then the coupling constant (Jz2,3) would be at least twice that obser-
ved: we can therefore rule out this conformation. The alternative IC chair confor-
mation (D) is a priori less likely due to the 4-2 effect,16 and the 3,5-diaxial interaction
in the galactose derivatives; furthermore this conformation does not fit the p.m.r.
spectral data. The arabinose derivative and the galactose derivatives are clearly
conformationally very similar and the value of Ji,5, + Ja,5, found for the arabinose
derivative rules out a diaxial relationship between Hg) and His, or Hys,.

Me o
M H
€ H
(o] H
H O
Me-—f—O
Me
(C) (D)

The second conclusion that has been drawn from values for diaxial coupling
constants is that the variation observed is not entirely due to conformational differ-
ences and must be partly due to the electronegativities of substituent atoms or groups
on the fragment studied. Williamson7 has shown from his studies of a rigid bicyclic
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system that increased substituent electronegativities lead to smallercoupling constants.
Laszlo and Schleyer!8 have confirmed this result for a similar system. This has been
applied by Coxon and Fletcher!d to explain their observation that the value for J1a,2a
in 2,3,4,6-tétra-O-acetyl-f-D-galactopyranosyl cyanide (10c.p.s.) is considerably
larger than the corresponding values found for ordinary glycosides. Rao et a/.14
contrast their values for the anomeric diaxial coupling in the 5-thioxylopyranose ring
with the corresponding coupling in the xylopyranose ring in terms of conformational
change alone. However, sulphur is considerably less electronegative than oxygen and
at least part of the difference observed must be due to the different substitution pat-
tern. The parameters of Lenz and Heeschen?20 used by Rao ef a/.14 do not allow for a
vicinal coupling constant as large as that observed for the Hug)-Hs,) interaction
(11.2 c.p.s.). Recently, Williams and Bhacca?! have suggested that the orientation
of an electronegative substituent may have an effect on the coupling constants obser-
ved in a cyclic system. In view of this possibility, and the clearly demonstrated effect
of the electronegativity of substituents on coupling constants, the application of the
Karplus equation?2 with a single set of parameters to a cyclic compound such as a
pyranose ring is clearly an approximation. However, carefully used, it can give
information which will continue to be useful until a survey of more spectral data
than is available at present leads to a more precise approach.

Since a chair conformation is clearly unlikely for the di-O-isopropylidene-
arabinopyranose ring, the most likely conformation is one which approximates to a
skew conformation. Angyal and Hoskinson! have shown that on theoretical grounds
the most stable skew conformation is one in which the bridgehead angies for both
isopropylidene rings are 33°. In view of previous p.m.r. studies of dioxolanes2.3,23,24
a bridgehead angle of 30 to 40° is to be expected for both isopropylidene rings.

TABLE III
DIHEDRAL ANGLES OF HYDROGEN SUBSTITUENTS ON THE ®-GALACTOPYRANOSE RING FOR THE CONFORM-
ATIONS IN THE FLEXIBLE CYCLE

Conformation® dre° o3t daa®  Pasc
B:E 60 120 60 60
S1,5E 71 87 33 71
B:=E(E) 60 60 o 60
S2,0(G> 33 49 33 33
B3A(F) o 60 60 o
S13A 33 87 71 33
Bi1A 6c 120 60 60
S2,4A 71 153 33 71
B2A 60 180 o 60
Sa.s 33 169 33 33
B3E o] 180 60 o
S4,0E 33 153 7! 33

@ The conformations are described by the symbols of Isbell and Tipson®8 where B denotes a boat
and S a skew conformation. The values were calculated arithmetically from the angles quoted by

Angyal and Hoskinson?, :
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CONFORMATION OF ARABINOPYRANOSE DERIVATIVES 7

Examination of Table III in which the angles for all the boat and intermediate skew
conformations of the «-galactopyranose ring (strictly the angles for the corresponding
cyclohexane derivatives) are given, shows that if we eliminate all conformations with
either two bridgehead angles of 60° or one bridgehead angle of 71°, together with all
conformations with a dihedral angle between H2) and Hg, of 169° or 180°, then only
three ideal conformations of the boat cycle are left. These are the boat conformations
(E) and (F), and the skew conformation (G). For these three ideal conformations,
the coupling constants derived from the Karplus relationship with the parameters
of Abraham er al.?> are given in Table IV. Comparison with the results shown in
Table II shows that to a first approximation the skew conformation (G) is adopted
by these molecules. To the extent to which it is valid to apply these parameters, the
comparison also indicates that the actual conformation is intermediate between the
skew (G) and the boat (E). It is significant that this conformation is precisely that
which best fits the 1,2-0-alkylidene-«-D-glucopyranose derivatives studied by Coxon
and Hall3. The large value for J3,4 in these compounds indicates that the bridgehead
hydrogens of the second isopropylidene ring must have a considerably smaller dihe-
dral angle than for any other such ring previously studied by p.m.r. spectroscopy,

Me Me Me

X H O7LMe
o]
Po 7“\\0\ HN\® R
M
R\M—&,H © H H ¥y
/ /( H
H O Me 0 o

(e) (F)

(G)

The only discrepancy is the small value for J1.5. In 2,3:4,6-tetra- O-acetyl-8-D-
galactopyranosyl cyanide Coxon and Fletcher!? found a small value of 0.7 c.p.s.
for Ju,5 whilst Hall et al.28 found J4 5 to beo.5c.p.s. in two diethylsulphonylgalactopyr-
anosylmethane derivatives. Although these latter compounds are probably in a chair
form, the small coupling constants are also difficult to explain. The considerably
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TABLE IV

CALCULATED COUPLING CONSTANTS (C.P.S.)
Conformation Ji,2 Ja2,3 J3,4 Ja5
(E) 2.0 2.0 0.0 2.0
(&) 6.3 3.7 6.3 6.3
@®) 9.0 2.0 2.0 9.0

greater variation in the value of Jy,5 than that observed for the other ring coupling
constants is probably, at least in part, due to the different substituents on C—5.

Examination of experimentally-determined bond angles for simple iodoalk-
anes?? suggests that the bond angles for the C5—C) fragment of the 6-deoxy-6-iodo-
galactose derivative are fairly close to the tetrahedral bond angle and thatthe projected
valence angle H)—Co)-He, (¢s,.6,) should be approximately 120°. Application
of the parameters of Abraham et al.25 gives the values ca. 35° or 140° for ¢s5,6, and
ca. 22° or 151° for ¢5,sz- The difference between these, either ca. 116° or 118°, is thus
the experimentally determined value for ¢s 6, if these parameters are applicable.
In view of the earlier discussion, this measure of agreement is encouraging. Similar
application of the parameters of Abraham et al25 to the Cy)-Cs fragment of
di-O-isopropylidene-arabinose gives values of 60° for ¢4,5, and 65° for ¢4,5,. Thisgives
an experimental value of 125° for ¢5 5, which is also reasonably close to the expected
value of 120° considering the approximations involved. A tentative assignment of
Hs,) as the hydrogen directed below the ring and H, as the hydrogen directed
above the ring is also possible.
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SUMMARY

The p.m.r. spectra of a series of 1,2:3,4-di-O-isopropylidene-arabinopyranose
derivatives have been measured at 60 Mc.p.s. The derived vicinal coupling constants
show that the pyranose ring in these derivatives adopts a non-chair conformation.
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STUDIES ON CYCLIC POLYOLS
PART IV. NUCLEAR MAGNETIC RESONANCE SPECTRA AND CONFIGURATIONAL

ASSIGNMENTS OF POLYHYDROXYCYCLOPENTANES*

HEeNRY Z. SABLE**, WILLIAM M. RITCHEY***, AND J. ERIC NORDLANDERT

Departments of Biochemistry and Chemistry, Western Reserve University, and Research Department,
The Standard Oil Company (Ohio), Cleveland, Ohio (U.S. A.)

{Received January 18th, 1965)

INTRODUCTION

Previous publications!—# described the p\reparation of a series of isomeric
cyclopentanetetrols, a number of related cyclitols. halo-cyclitols, and epoxycyclitols,
as well as derivatives of many of thesz compounds. The configurational assignments
were based on the structures of the starting materials and the presumed siereospeci-
ficity of subsequent reactions, by analogy with similar reactions in the cyclohexane
series. In certain cases the course of reaction was different from the supposedly
analogous reaction in the cyclohexane series, and in addition there was some contro-
versy about the configurational assignment of two diols used as starting materials?l.
A completely independent means of dctermining the configuration was therefore
essential. The successful application of n.m.r.{ spectroscopy to carbohydratesi-6
and to cyclitols 7 as well as the intrinsic value of an n.m.r. study of the cyclopentane
series indicated that useful results could be obtained. The assignment of all the ring
proton resonances has been accomplished in most of the cases studied in this commun-
ication, and even when individual O-C-H resonances could not be assigned,
the spectrum of the methylene protons gave the desired information. All assignments
of configuration previously based on chemical grounds have been confirmed by the
n.m.r. study. Definite parallels have been found between the cyclopentane series
and the hexachlorobicyclo|2.2.1jheptenes® and related norbornenz compounds?
with respect to the internal chemical shifts between the methylene protons and
adjacent O—-C—H or Br—C-H protons.

*Supported in part by U.S. Public Health Service grant AM-07719 from the National Institute of
Arthritis and Mctabolic Diseases. Presented in part at the 146th National Meeting of the American
Chemical Society, Denver, Colorado, January 20-23, 1964.

**Department of Biochemistry; to whom communications should be addressed.

***+The Standard Qil Co.

{Department of Chemistry.

1{The foliowing abbreviations are used: n.m.r., nuclear magnetic resonance; p.p.m., parts per million;
¢.p.s., ¢ycles per second; TMS, tetramethylsilane; Wy, widtir at half-height.
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N.M.R. SPECTRA OF POLYHYDROXYCYCLOPENTANES I
MATERIALS AND METHODS

N.m.r. spectra were recorded with a Varian Associates DP-60 n.m.r. Spectro-
meter with TMS as internal standard. Spectral data are reported as follows: chemical
shifts are expressed on the d-scale in p.p.m. downfield from TMS (the value of 4§ is
positive in this direction); coupling constants (J) are expressed in c.p.s. Unless other-
wise stated solutions of the sampleswere 10%, or less (w/v) inCCly, CDCl3, orCD30D.
Most of the values of § and J were obtained by direct measurement of the spectral
lines. Line positions were reproducible to -4 0.01 p.p.m. or better, and coupling
constants were reproducible to 4-0.2 c.p.s. or better. In four cases (Vlla, b and IXa,b)
the spectra were measured at three different concentrations and the parameters
extrapolated to zero concentration. The exact values of d and J were obtained with
an IBM 7090 computer using the program of Swalen and Reilly!0. Bulk susceptibility
effect due to the compound being studied was negligible in all cases. The values of
0 and J obtained by direct measurement and by computation were in close agreement.

The configurations of variously substituted cyclopentane derivatives are shown
in Fig. 1. T-x2 compounds of known structurc were included in the study. These are

RO OR RO OR RO RO RO OrR RO
RO OR OR OR OR

I I m ji7g by B
RO OR RO RO OR RO
< T Y T
OR OR
Xa a,b I a,b IX a,b X a,b
Y cn OR
Br Br R R Nco s
\ lo}
O S
O
HO  OH o\C o C~cH,
CH
TRSTR 3
XTI XU a,b,c Xm p-ua

Fig. 1. Compounds studied. Compound [ is unknown but the configiration is included for the sake
of completeness. II-VI, R = Bz. VII-X, R = H for the “a” series and R = Bz for the “b” series.
Xlla, b, c, R = Br, OH, NBz respectively. XIV, R = Bz.

the two bromo compounds XI and XlIIa which were described by Thielet! and by
Young er alt?2. All the other substances shown (except I, which is still unknown)
are described in the other papers of this series!—3.13
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The numbering of ring protons is shown in Fig. 2. All the compounds studied
xcept XTIV have two methylene protons and four other ring protons. The methylene
protons are numbered so that H; and H¢ always have a cis-relationship.

Hs

(R, ) (R3Hy)

Fig. 2. Numbering of ring protons.
RESULTS
Bromo compounds

The spectra of the two compounds of known configuration (X1, XIIa) were
measured first. The spectral parameters are summarized in Table I, and the spectrum

TABLE 1
N.M.R. SPECTRA OF THE SYMMETRICAL 1,4-DIBROMO COMPOUNDS
Compound Protons Appearance 3 Jig Jis Jis J56
X1 Hj 4 Multiplet 4.14 total width 18.2 c.p.s.
Ha 3 Doublet 4.37 4.5
Hs Doublet of triplets 2.34 6.1 14.9
Hg 5-Line multiplet 3.22 7.6 15.0
OH Singlet 4.56
Xlla Hi,a Doublet of doublets 4.27 © 3.2 6.2
Ha 3 Singlet 50I O
Hg Doublet of triplets 2.46 3.2 16.1
H; Doublet of triplets 3.12 6.2 16.0
CHg-endo® Singlet 1.45
CHgz-exo0% Singlet 1.31

8 The assignment of the two methyl signals to the endo- and exo-methyl groups is based on an
unpublished study by the authors?6.

of XTIz is shown in Fig. 3. In each of these cases the higher field signal in the methyl-
ene region has been assigned to Hs and the other signal to Hg. Each of these signals
consists of 6 lines. The small tripling is due to coupling of the methylene proton with
the two equivalent protons Hj and Hy, and the larger doubling represents the geminal
coupling Jss. The 5-line multiplet observed for Hg of XI arises from superimposition
of the inner lines of the two triplets. The two methylene protons and the Br—C-H
protons form an ABX system14. The assignment of Hs as “A” and Hg as “B” seems
justified on tvo grounds: (a) the angular dependence of the internal chemical shifts
between the methylene protons and the Br—~C-H protons; () the magnitude of the
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coupling constants Jax and Jex (see below). In a study of 2-substituted bicyclo-
[2.2.1]heptenes, Williamson® observed that the lower field signal in the 3-methylene
region belonged to the proton which was frans to the substituent on the adjacent
carbon atom. He also determined that the internal chemical shifts dx-64 and 6x-0g
were linearly related to the electronegativity of the substituent. Laszlo and Schleyer?
reported similar results. The findings of these authors show that in a system H-C-C-R.

n

|
| 441‘;
», \WN "f‘\...u_._M\fuM.,ﬁ... !

5.01 4.27 3.12 2-96 1.45 1.3}
Hp 5 H 4 Hg Hg T™MS

Fig. 3. 6oMc.p.s. n.m.r. spectrum of (1, 4/2, 3)-O-isopropylidene-i,4-dibromo-2,3-cyclopentanediol,
XIIa, in CDCl3. Numbers are chemical shifts in p.p.m. on the 3-scale.

the deshielding effect of R is stronger when R and H are trans to cne another than
when they are cis. The internal chemical shifts observed in our series agree well with
those reported for the norbornenes, when the assignments are made as indicated
above. In addition, in all compounds in our series except the epoxides Jgx is larger
than Jax. The conformations of substituted cyclopentanes arc not precisely certain,
but based on approximate dihedral angles H;—-C-C-H5 and H1—-C-C-Hg of 120°
and o° respectively, the expected values of Jis and Jig are approximately 2—3 c.p.s.
and 8-10 c.p.s. according to the treatment of Karplus!® (See Discussion concerning
tie conformational factors).

The 3,5 Diols

The distinction between the cis and frans isomers VII and VIII was made very
easy, since an ABX2 spectrum would identify structure VII. The spectral data for the
diols and dibenzoates are summarized in Table II. In our earlier work the cis configu-
ration was assigned to the crystalline diol, m.p. 59—60° and the trans configuration
to the liquid diol. These assignments agreed with results obtained by Schenck and
Dunlapl?, Henbest ez al.18, and Brown and Zweifell®, The spectra of the solid diol
and its dibenzoate show the expected ABX2 pattern, consistent with the proposed
structure VII. The spectra of the liquid diol and its dibenzoate show a pattern cha-
racteristic of a degenerate or deceptively simple A2Xe spectrum?20-2! consistent only

Carbohydrate Res., 1 (1965) 10-21



14 H.Z. SABLE, W.M. RITCHEY, J.E. NORDLANDER

with the proposed structure VIII. These spectral studies therefore confirm the earlier
assignments made in several laboratoriesl-12,17-18,

TABLE I
N.M.R. SPECTRA OF THE 3,5-CYCLOPENTENEDIOLS AND DIBENZOATES?
Compound Protons Appearance 3 Jio Ji5 Jie Jse
Viia Hiaqg Doublet of doublets 4-59 o 5.3 6.9 13.70
Ha 3 Tall singlet 5.87
Hs Doublet of triplets 1.41
Hg Doublet of triplets 2.73
OH Broad-based singlet 4.82
VIlh Hia Doublet of doublets 584 o 4.2 7.5 14.5
Ha, 3 Tall singlet 6.26
Hs Doublet of triplets 2.03
Hg 5-line multiplet 3.09
ViHIa Hi,a Triplet-wide lines 4.93 ? “Jax™ = 5.3
Ha g Tall narrow doublet with
widening at base 5.04
Hs,6 Triplet-narrow lines 1.96
OH Broad singlet 4.83
VIilb Hi,a Triplet 6.04 ? “Jax” = 4.8
Hz 3 Singiet 6.24
Hs,6 Triplet 2.46

e The value of J,x is an average coupling constant and not the true Ji5 or Jig, compare refs. 20,
21, 22. The other values given are the averages measured from the different signals in the spectra.

Epoxides

Treatment of VIla and VIlIa with peroxybenzoic acid produces the correspon-
ding epoxides IXa and Xa. The structure proof of IXa and a preliminary study of
its n.m.r. spectrum have been reported3. The methylene protons and adjacent
O-C-H protons (H: and Ha) form the expected ABXs system. In this case Jax and
Jux are nearly equal and the expected doublet of doublets which should represent
Hi (Ha) therefore appears as a triplet with a broadened inner line. Ju &, is too small
to cause splitting of the spectral lines in both IXa and IXb. Such small or zero splitting
has also been observed in a number of other epoxycyclopentanes. The spectrom of Xb
shows complicated patterns in the methylene, ester O-C-H, and oxirane O-C-H
regions. Spin-spin decoupiing by nuclear double resonance techniques will be required
to simpiify the spectrum before it can be analyzed. One such experiment suggests
that Jy,u, is smaller than predicted for the dihedral angle of 0°. More refined
experiments of this type are needed, however, before the spectrum can be analyzed
properly. A detailed examination of the n.m.r. spectra of these and other epoxycyclo-
pentanes wili be presented in a later publication.
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Tetrols

The most serious configurational uncertainty concerned the tetrols. Configur-
ations IIT and V seemed firmly established on chemical grounds; the former because
it was produced by cis-hydroxylation of VIII, and the latter because it was made by
acid hydrolysis of IX. The other three configurations could only be considered ten-
tative because each of them was produced in a manner that could lead to two different
structures (see Fig. 4). This uncertainty has been resolved by study of the n.m.r.

o

i cis
hydroxylation

A

I
P4
@ cis /
OR hydroxylation
OR
pavs
iy
wnr trans /
hydroxylation \
vy

Fig. 4. Configurationai uncertainties due to alternate possible hydroxylation reactions. R = H in
each case.

spectra of the tetrabenzoates of the tetrols. Structures I and II have the same kind
of methylene-group symmetry as VII, IX, XI and XII, and the methylene protons
should therefore give signals characteristic of the AB portion of an ABX. system.
On the other hand structures IV and VI have the same type of methylene-group
symmetry as VIII, and the methylene protoas should form the As portion of an
A2Xo2 system. The spectral measurements are summarized in Table IIL

The substance presumed to have structure Il shows the expected doublet of
triplets for each of the methylene protons. (The s5-line appearance of the Hg signal
is due to the fortuitous superimposition of the inner lines of the two triplets.) The
choice between configurations I and Il is based on Ji2. On the basis of dihedral
angles H,—~C-C-H> of 0° (I) and 120° (Il) J12 should be 8-10 c.p.s. (cis) and 2-3 c.p.s.
(trans). The observed value of 2.8 c.p.s. proves that II is the correct configuration.
Direct measurement of this value is possible because Hiy(H4) and Ho(Hs) form a
separate AB system* and the splitting of the Hs signal is caused only by Ji2. The
multiplet representing Hj(H4) shows fewer than the expected 8 lines, but the total
width of the pattern closely approximates Ji» + Ji15 + Ji6.

*Strictly speaking the O-C-H protons are an AgBs system in which Jio(Jan) = Ji3(Ja’'Bp’). The
couplings Jaa“’, Jar’, Ja’s, and Jagr’, do not cause observable splitting of the spectral lines.
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TABLE III
N.M.R. SPECTRA OF CYCLOPENTANETETROL TETRABENZOATES?®
Configuration Protons Appearance o Jis Jig Jis Js6
11° Hia s-Line multiplet, width
14.8 c.p.s. 5.72
Hzs Doublet 6.03 2.8 4.7 7.6 15.6
Hs Doublet of triplets 2.12
Hg s-Linc multiplet 3.30
v Hs,P Triplet 2.70 “JAX” = 4.5 C.p.S.
All O-C-H Unresolved envelope,
width 11 c.p.s. ~5.05
VI Hs P Triplet 2.76 “Jax” = 6.I c.p.s.
All O—C-H Unresolved envelope
width 22 c.p.s. ~v5.78

@ See footnote to Table II regarding “Jax™.
b The coupling constants for compound 1I are averages based on measurement of the different signals
in the spectrum, since these couplings may appear in more than one signal.

The substance formed from XV, which could have been I or IV, shows the Az
portion of an A2X» system in the methylene region and is thus proved to be IV.
The substance formed from VIII by frans-hydroxylation, which could have been
IV or VI, also shows the same kind of methylene signal. Since structure IV belongs
to the product obtained from XV, the trans-hydroxylation of VIII has produced VI.

The two remaining tetrols III and V have also been examined. In each case the
methylene protons give broad, complicated signals of the ABXY type which have
not yet been analyzed, but which are consistent with the lack of symmetry of the
molecules.

isopropylidene Tetrols

Confirmation of the configurational assignments was obtained from the spectra
of a series of isopropylidene derivatives of the tetrols. Acetonation of the 1,4/2,3-tetrol
(II, R = H) produced a monoisopropylidene derivative XIIb, which was benzoylated
to give XIIc13. The spectra of both compounds showed the expected ABX» patterns,
and Jyz in each case was either zero or very small, thus confirming the trans relation
of H; and Ha. The spectral parameters are not reported in detail here, since a number
of features of these spectra are still under investigation6. Acetonation of the 1,2/3,4-
tetrol (IV, R=H) produced only a diisopropylidene derivative XIII. The spectrum
of this substance, shown in Fig. 5 is another example of a deceptively simple spectrum.
Much of the spectral simplification is probably due to the high degree of symmetry
of the molecule. The equivalences Hi = Ha, He = Hs and Hs = Hs verify the config-
urational assignment. The following explanation seems reasonable*. Hs and He

*This explanation was suggested by Dr. Roy W. King.
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N.M.R. SPECTRA OF POLYHYDROXYCYCLOPENTANES 17

appear as a triplet at 6 = 2.13 (J = 5.0) because they form the A2 portion of an
AzXo system. Jz3 may be assumed safely to be negligible on the basis of the small
or zero Jig found in XIlabc. Hg is a doublet (6 = 4.49) due to splitting by H;. Hiis a

<
o’ ° u,
1H2 o//(':,CH3
ch,
i "
bl
R “.__,JLU\JULL'M oo v . o L‘V\———UJJL
! ! ! im uri17\
479 4.49 213 145130 TV
Hg Hoz Hsg  CHy ™S

Fig. 5. 6oMc.p.s. n.m.r. spectrum of (1,2/3.4)-di-O-isopropylidenecyclopentanetetrol XIII, in
CDCls. Numbers are chemical shifts in p.p.m. on the 3-scale.

quartet (0 = 4.79) due to the splitting by Hs and “virtual coupling”23 equally to
H; and Hg with a splitting fortuitously equal to Ji2. (See the Discussion section for
the relation of this effect to the virtual coupling described by Musher and Corey).

1,3/2-Cyclopentenetriol (XIV)

The configuration of this substance was established unequivocally by Gaoni2¢
who first synthesized it. The C= C-H proton signal is a single line at d = 6.23 p.p.m.
and the O—C-H protons appear at d = 5.92 p.p.m. as a single line with some unsym-
metrical broadening at the base (W, = 2.2 c.p.s., width of base = 6.6 c.p.s.). The
O-C-H protons form an AB;z system with nearly identical chemical shifts. In such
systems the intensity of the satellite lines diminishes as the ratio* J/d increases. Since
in the present case J/6 is extremely large, the satellite lines are not observabie. Conse-
quently no statement can be made about the coupling constants in this system?25.

DISCUSSION

N.m.r. spectra of cyclopentane derivatives cannot be interpreted as easily as can the
spectra of the corresponding cyclohexanes. In the latter case the molecule may be

*In this ratio the denominator is the difference in chemical shifts of the two nuciei.
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18 H.Z. SABLE, W.M. RITCHEY, J.E. NORDLANDEK

considered to exist in one or other of the various chair or toat conformations.
The conformation of cyclopentane derivatives is more complicated. Cyclopentane
itself is in constant wriggling motion, rapidly changing shape among the various
possible conformations in which one or two carbon atoms arz out of the plane of
the others. The same may be true of substituted cyclopentanes, in which case the
coupling constants determined are really time-average values. On the other hand
Brutcher and Bauer26 suggest that polysubstituted cyclopentanes exist in a favored
conformation. Possibly this question may be resolved by a study of vicinal coupling
constants when a much larger body of data becomes available. As noted above,
.In many cases the observed line splittings are not true coupling constants, but are
averages of two related couplings affecting the proton in question. This is probably
true in all the cases in which the A2 X2 patterns were observed. It is interesting that in
spite of these considerations, the methylene signals of related cyclohexanetetrols
aiso appear as the Ao portions of A2Xo systems’, presumably because of rapid
interchange between two equivalent conformations.

Virtual coupling, which is probably concerned in many of the spectra reported
here, has also been a feature of the spectra of many of the other cyclopentane deriva-
tives under investigationl16. Virtual coupling, as described by Musher and Corey23
involves the case of H,—C—C(—-Hq)-C—H: in which H and H; are coupled either very
weakly or not at all, whereas strong coupling Hp H and HqH; exists. In this situation
the signal for Hr may appear as a triplet, and the (unjustified) first-order analysis
indicates Jpr = Jqr - Hp and H; are separated by four bonds. The present case is
different, since the separations HiHg and H;Hs arc each three bonds.* Nevertheless
the effect is probably the same as that described above. H; and Hg are strongly cou-
pled, Hi and Hs are weakly coupled and Hs and Hg are strongly coupied. This system
also has some of the characteristics of an AA’X system which gives the same spectrum
as an AsX with an apparent coupling constant = 1/2 (Jax + Ja-x). Several examples
of such spectra in variously substituted bornanes are reported by Flautt and Erman??.
It should be noted that in XIla,b,c, and XI1I, Jg, u, seems to be zero, whereas in Il
and X1 Ju, g, is measurable, and is of the order of 2—4 c.p.s. This discrepancy may
be related to differences in confermation of the compounds or electronegativity of
the substituents, but there is inadequate experimental evidence for deciding between
these alternatives at present.

The appearance of Hg at lower field than Hs is a consistent finding in the various
derivatives whose spectra we have been able to evaluate. Both Hs and Hg are deshield-
ed by the substituent on the neighboring carbon. The deshielding effect on Hg is
always greater than that on Hs. This finding is in agreement with similar observations
in a variety of substituted norbornenes8:® in which an angular dependence of the
deshielding-effect, and a linear relationship between the electronegativity of the sub-
stituent and the internal chemical shifts dx-d4 and dx-0s, were found. In the present
case (see the notation in Fig. 2) Hx, Hs, Hps and R are Hiwy, Hs, Hs, and R;

*Musher and Corey actually mention such a system, but emphasize the system described above.
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respectively. Table IV shows the internal shifts observed in our series of compounds.
The individual chemical shifts are quite variable because of the differing shielding
effects of the other substituents in the molecules and the spatial relationships of
these substituents to the protons under consideration. The variability of chemical
shifts in our series is illustrated further by the difference of 0.4 p.p.m. in the location
of the vinyl proton signals between VIIa and VIIb. The reason for this shift is probably
related to the anisotropy of the phenyl ring. An effect of the same magnitude is seen
in the signals of the oxirane O-C—H protons of IXa and IXb. Detailed analysis of
this effect is now under investigation. In spite of this variability, the agreement
retween our series and the norbernenes is remarkably good and justifies the assign-

TABLE 1V
VARIATION OF INTERNAL CHEMICAL SHIFTS WITH SUBSTITUENT ELECTRONEGATIVITY?®
R Compound Sx Sa os 8x—08a O0x—38s Lirerature values for norbor-
nenes
VIila 4.59 1.41 2.73 3.18 1.86
XIib 4.06 1.68 2.08 2.38 1.98 2.73% 1.820
OH IXa 4.01 1.27 2.08 2.74 1.93
Average 2.77 1.92
11 5.72 2.12 3.30 3.60 2.42
VIiib 5.84 2.03 3.00 3.81 2.75
OBz Xlilc 5.45 2.20 2.68 3.25 2.77 3.58% 2.530
IXb 5.39 1.88 2.68 3.51 2.71. 3.06¢ 2.05¢
Average 3.54 2.66
Br XI 4.14 2.34 3.22 1.80 0.92
Xia 4.27 2.46 3.12 1.81 1.15 1.98¢ 1.13¢
Average 1.81 1.04

2 The values for R = OBz are compared with published values for R = OAc in the norbornene series.
b See ref. 8.
¢ See ref. 9.

ments of the Hs and Hg signals in the spectra. On the other hand we are unable to
observe a regular effect of electronegativity of the substituent on Jax and Jsx such
as was observed in the norbornenes. The simplest explanation for this discrepancy
is that in the norbornenes the dihedral angles Ha.—C-C-Hx and Hg-C-C-Hx vary
only slightly, whereas in-our series of compounds the dihedral angles would be expect-
ed to vary considerably under the influence of such factors as intramolecular hydro-
gen bonding, electrostatic repulision, and crowding of bulky substituents.

When this study was undertaken only three of the tetrols were available in
crystalline form, and it was necessary to study crystalline derivatives. A great deal of
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information was obtained from the signals of the methylene protons. This was
possible largely because O-benzoyl rather than O-acetyl derivatives were available.
Almost certainly some of the methylene signals would have been obscured by the
acetate methyl signals had O-acetyl derivatives been studied. On the other hand much
information can also be obtained from study of the acetyl methyl signals of carbo-
hydrate acetates?8, and obviously no single type of derivative can be used to obtain
all the information in all cases. Our study of cyclopentane systems is now being
extended to include acetates, aminocyclitols and unsubstituted cyclitols. N.m.r.
studies of these compounds, as well as certain long-range shielding effects will be the
subject of future communications.

Note added in proof. In the spectrum of XIII (Fig. 5) the signal for Hz(Hz)
appears at higher field than the signal for Hi(Hs). This may be due to long-range
deshielding of Hj or long-range shielding of Hz by the oxygen atoms on the same
side of the plane of the ring. Preliminary study of models suggests that the prin-
cipal effect is probably long-range shielding of Hz by Os.
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SUMMARY

The configuradions of five cyclopentanetetrols and both 3,5-cyclopentenediols
have been established by examination of their n.m.r. spectra. The configurational
assignments are based to a large extent on the nature of the methylene signals
(A=Xs, ABX» or ABXY), and in one case the magnitude of the vicinal coupling con-
stant is used as the basis of assigning the 1,4/2,3 structure in preference to the all-cis
configuration. The present conclusions confirm earlier assigoments based on purely
chemical grounds. Spectral data for the ring protons of the tetrol tetrabenzoates,
diols, epoxydiols and corresponding dibenzoates, a dibromoglycol and several
O-isopropylidene derivatives of cyclopentanepolyols are presented. The internal
chemical shifts between the A, B and X protons of the ABX» system observed in
many of these compounds have been studied. The internal shifts x—3Ja and §x—éy
agree well with the internal shifts reported for the ABX system in two series of sub-
stituted bicyclo[2.2.1]heptenes. The linear variation of internal chemical shift with
electronegativity of the substituent and the angular dependence of deshielding found
in the bicycloheptenes is thus also found in the cyclopentanes. Uniike the case of the
bicycloheptenes, which are rigid, the coupling constants Jsx, Jsx and Jag do not
vary linearly with the electronegativity of the substituents, presumably because of
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the additional factor of variability of the dihedral angles in the various cyclopentanes,
due to the greater flexibility of these molecules.
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INTRODUCTION

The acid-catalysed equilibration reaction of benzaldehyde with tetritols and
higher polyhydric alcohols affords derivatives of 2-phenyl-1,3-dioxan in preference
to those of 2-phenyl-1,3-dioxolan2; glycerol is exceptional in that this preference is
reversed3. Whilst it is usual for the diastereoisomers of 2-phenyl-1,3-dioxolan deriva-
tives to be formed to similar extents, there is no substantiated example of the occur-
rence of diastereoisomeric2-phenyl-1,3-dioxan derivatives; supposed diastereoisomers
are, in fact, dimorphs®. It has been predicted® and verified experimentally® that the
preferred 2-phenyl-1,3-dioxan derivatives have the phenyl group equatorial in a chair
form of the 1,3-dioxan ring. On the assumption that the kinetic control operative on
benzylidenation under basic conditions might result in the formation of both diaste-
reoisomers, the reaction of benzylidene halides with suitable sugar derivatives in the
presence of potassium rerz-butoxide was investigated.

There have been few reports of the reaction of gem-dihalides with diols. The
reaction of a dihalogenomethane with a steroidal diol? and with vicinal dihydric
phenols®, each in the presence of a base, has been described, and we have reported
on the methylenation of cyclohexane-cis- and frans-1,2-diol and certain methyl
4,6-0O-benzylidenehexopyranosides using dibromomethane and sodium hydrided.
Apparently, there has been no report of comparable reactions with benzylidene
halides.

RESULTS AND DISCUSSION

When a mixture of methyl 2,3-di-O-methyl-z-D-glucopyranoside, benzylidene
bromide, toluene, potassium zert-butoxide, and tert-butanol was boiled and the pro-
duct subsequently fractionated on silica gel, elution with benzene—ether (9:1) gave
approximately equal amounts (ca. 30%, combined yield) of the diasteroisomeric forms
(4 and B) of methyl 4,6-O-benzylidene-2,3-di-O-methyl-«-D-glucopyranoside.
Diastereoisomer B (m.p. 122-123°, [«]p -+ 97°, acetone), eluted second, was identical
with the product obtained by acid-catalysed benzylidenation of methyl «-p-gluco-

*For a preliminary report of some of these results, see ref. 1.
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pyranoside followed by methylationl®. Elemental analysis and molecular weight data
indicated compound A4 (m.p. 125.5-127°, [«lp - 184°, acetone) to be a methyl
O-benzylidene-di-O-methylhexoside, and although it was isolated as a stable, crystal-
line solid, addition of hydrogen chloride to its solution in carbon tetrachloride at
25-30° caused smooth and complete isomerization into diastereocisomer B. The
isomerization was readily followed by observation of th= change in the pattern of the
n.m.r. signals for the protons in the methoxyl groups (see below). Thus, compound A4
must be the second, diasterecoisomeric form of methyl 4,6-O-benzylidene-2,3-di-O-
methyl-a-D-glucopyranoside.

The complete conversion 4 — B indicates that diastereoisomer A4 is thermody-
namically unstable in the presence of acid and explains thzs formation of only single
diastereoisomers in the acid-catalysed conversion of glucopyranose derivatives into
4,6-0O-benzylidene compounds.

Similar benzylidenation of methyl 2,3-di-O-methyl-x-D-galactopyranoside
under basic conditions gave, in 34% combined yield, the known! 4,6-O-benzylidene
derivative (D, m.p. 117-119° [a]p + 167°, chloroform) and a new diastereoisomer
C (m.p.158-160°, [«]p -+ 109°, chloroform). Addition of hydrogen chloride to a
solution of diastereoisomer C in chloroform caused smooth and complete conversion
into diastereoisomer D. A parallel sequence of reactions was carried out with methyl
2,3-di- O-methyl-g-pD-galactopyranoside which gave the known 4,6-O-benzylidene
derivativel? (F, m.p. 142-144°, j«]p + 18°, chloroform) and a new diastereoisomer
E (m.p. 156.5-157.5°, [¢]p —27°, chloroform). The conversion E— F was effected
with a chloroform-hydrogen chloride mixture. As with the p-glucopyranoside deriv-
atives described above, the new isomer (C and E) in each pair of 4,6-O-benzylidene-
D-galactopyranose derivatives was eluted first during chromatography on silica gel.

The facile conversions C — D and E - F indicate that diastereoisomers of the
type C and E are thermodynamically unstable in the presence of acid, and are there-
fore unlikely to be present to a significant extent when the acid-catalysed conversion
of galactopyranose derivatives into 4,6-O-benzylidene compounds has reached
equilibrium.

The n.m.r. spectra of the methyl 4,6-O-benzylidene-2,3-di- O-methyl-x-D-gluco-
pyranosides 4 and B in chloroform showed significant differences (see Table I),
in particular a marked shift to low field of the benzyl proton signal in diastereoisomer
A. This shift could be accounted forl3 by the existence in isomer 4 of the 1,3-dioxan
ring in a chair form with an equatorial benzyl proton, but such a conformation would
be markedly destabilised by the substantial, aaverse, non-bonded interactions associa-
ted with the axial phenyl group4. The facile, acid-catalysed conversion 4— B is clearly
indicative of steric strain in isomer 4 suich as would be present in conformation (II)
which contains a boat form of the 1,3-dioxan ring. Several features of conformation
(II) are noteworthy: (1) the close approach of the benzyl proton to the C—5 hydrogen
atom results in substantial deshielding, (2) the phenyl group is in a sterically relatively
favourable position, (3) because of the low steric requirement5 of the lone pairs of
electrons on oxygen, the non-bonded interactions between the lone pairs on the ring
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oxygen atoms of the 1,3-dioxan ring and the substituents-at C-4 and C—6 may be
relatively low, and in consequence the boat form may not be energetically very unfav-
ourable. Whilst the available evidence does not permit precise determination of the
conformation of diastereoisomer A, it seems likely that a shape near to that of struc-
ture (II) is adopted.

H H i
Ph O
H ] O\
O
o) H
© MeO H
MeO
MeO H Fh OMe
MeO OMe

T it

The chemical shift of the benzyl proton signal for diastereoisomer B is typicallé
of an axial benzyl proton in the chair form of a 2-phenyl-1,3-dioxan ring with axial
protons on the same side of the ring, and is consistent with the conformation (I).

TABLE i
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPIC DATAY FOR SOME 4,6-O-BENZYLIDENEHEXOPYRANOSIDE
DERIVATIVES? (T SCALE)

Methyl 4,6-O-benzylidene-2,3-di- O-methyl-e-pD-glucopyranoside (ca. 8% solutions in CCly)

Ph.CH Glycosidic H ' O-CH3
A 4.06 5.50 (doublet, J. ca. 3.5 c.p.s.) 6.37, 6.65, 6.67
B 4.62 5.30 (doublet, J ca. 3.5 c.p.s.) 6.47, 6.57, 6.64

Methy! 4,6- O-benzylidene-2,3-di-O-methyl-=- and 8-p-galactopyranoside (ca. 8% solutions in CHCly)

Ph.CH Glycosidic H O-CHg3
C(x)  3.72 4.95 (doublet, J ca. 3.25 c.p.s.) 6.36, 6.39, 6.53
D(x) 4.43 4.98 (doublet, J ca. 2.25 c.p.s.) 6.42, 6.44, 6.51
E@B 3.70 6.30, 6.37, 6.39
FB) 4.39 6.32, 6.37, 6.44

¢ Determined using a Varian A60 spectrometer with Me4Si as external reference.
b The configuration22 at the benzylidene carbon atoms is (R) in cyclic acetals B, D, and F, and (S)
in the respective isomers 4, C, and E.

Marked differences in the n.m.r. spectra (see Table I) were also observed for the
methyl 4,6-O-benzylidene-2,3-di-O-methyl-¢-D-galactopyranosides C and D. The
most noteworthy of these was the marked shift to lower field' of the benzyl proton
signal in the sterically strained isomer C. Two double-chair structures of the cis-deca-
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lin type ring system are possible in the 4,6-O-benzylidene-D-galactopyranose deriva-
tives involving® “O”-inside (III) and “H™-inside structures (Vil) with equatorial
phenyl groups. The n.m.r. spectroscopic evidence which has been adducedl? in
favour of the predicted> “O™-inside structures with equatorial phenyl groups when
related ring systems are formed under normal conditions of acid catalysis, applies to
the 4,6-O-benzylidene-D-galactepyranoside case and the structure (JIT) may be con-
fidently assigned to diastereoisomer D. However, the conformational situaticn is
not so clear for the sterically-strained diastereoisomer C. The substantial shift to
low field of the benzyl proton signal in the latter compound would be expected for the
boat conformation (IV) [or a conformation near to this shape which is analogous
to that (II) suggested for the D-glucopyranoside derivative 4] or the “H’-inside
conformation (VII); (IV) and (VII) are different conformations of the same structure.

h
Ph

H
H o
H
P H .
o
O OMe
MeO. r! MeO
MeO
RZ
OMe
I R'=H, R2=0OMe, R3:=Me R'=H, R2:OMe hars

¥ R'-OMe, R%-H, R*-Me g /' =OMe, R%=H

¥ R'=H R’-OMe, R3:=H

In conformation (IV), the benzyl proton is in close proximity to the ring oxygen atom
of the tetrahydropyran ring, and in (VII), the benzyl proton is in a 1,3-diaxial relation
with C—3; subsequent deshielding would be expected in each case. Also, each confor-
mation would be associated with adverse, non-bonded interactions but conformation
(VID) would be particularly destabilised by the endo-methoxyl group at C-3. The
fact that diastereoisomers C and D each had a doublet for the glycosidic proton of
similar chemical shift (see Table I) with only slightly different coupling constants,
and methoxryl proton signals of similar chemical shifts suggests that the conformation
of the tefrahydropyran ring is substantially the same in each case. By analogy with
the results of Capon and Thacker8, the inversion of the chair form of the tetrahy-
dropyran ring in the conformational change (IV)-- (VII) should give rise to a sub-
stantial upfield shift of the signal for the glycosidic proton which changes from an
equatorial to an axial position. However, it should also be noted that in conformat-
ion (VII) the glycosidic proton and C-6 are in 1,3-diaxial relationship and a com-
pensating downfield shift could result1®.

In the p-D-galactopyranoside seties, the sterically strained diastereoisomer E
also has the benzyl proton signal displacsd to low field but, unfortunately, the signal
for the glycosidic proton in each diastereoisomer was displaced upfield into the region
of the ring proton signals and could not be identified. By analogy with the results in
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the a-series, isomer E is tentatively assigned structure (VI) and isomer F, more cer-
tainly, structure (V).

it is of interest to note that the members of each pair of diastereoisomers in
Table I showed significantly different ontical rotations, and the origin of these diffe-
rences is being further investigated.

Although much use has been made in the past of benzylidenation of polyhydric
alcohols in preparative procedures, little is known of the precise course of these
reactions. Benzylidenation of diols under homogeneous conditions can bes readily
followed by observing the development of the n.m.r. signals for the benzyl protons
in the formed acetals. Preliminary results20 obtained on benzylidenation of 1,4-anhy-
dreerythritol and cyclohexane-cis-1,2-diol in nitromethane or dimethylformamide
with catalysis by toluene-p-sulphonic acid clearly showed the operation of kinetic
control in the carly stage of the reaction. In each case, under the conditions employed,
there was rapid formation of the isomer with the benzyl proton exo in the respective
fused ring system, followed by relatively slow isomerization to an approximately
equimolar exo, endo-mixture. The marked difference in chemical shift of the benzyl
proton signals for the diastereoisomers C and D of methyl 4,6-O-benzylidene-2,3-di-
O-methyl-a-D-galactopyranoside prompted an examination of the homogeneous,
acid-catalysed benzylidenation. By varying the acid concentration in the sys: ym methyl
2,3-di- O-methyl-a-D-galactopyranoside— benzaldehyde—nitromethane—toluene-p-sul-
phonic acid at 25-30° it was possible to select conditions where benzylidenation
occurred moderately slowly (¢4 reaction ca. 2 h). The reaction proceeded to ca. 90%,
completion with the development of a signal at v 5.10 due to diastereoisomer D;
there was no detectable signal at 4.56 due to diastereoisomer C; the chemical shift
of the latter signal was determined for this solvent system by the addition of dia-
stereoisomer C. Thus, if formed at all, diastereoisomer € must undergo rapid isomer-
ization to diastereoisomer D and hence does not accumulate.

With methyl « or f-D-galactopyranoside, benzylidenation can occur in the
3.4- and/or 4,6-positions. There is no report of the direct formation of a 3,4- O-benzyl-
idene derivative and the preceding results make it unlikely that the reported2!
variations in physical constants for methyl 4,6-O0-benzylidene-z-p-galactopyranoside
are indicative of diastereoisomers. None of the fractions of a reaction mixture
obtained from a zinc chloride-catalysed benzylidenation of methyl «-D-galactopyran-
oside at room temperature showed other than the single benzyl proton signal
associated with the 4,6-O-benzylidene derivative (m.p. 168-170°, [x]p + 144°,
chloroform, ¢f. m.p. 171° [«]p + 144°, chloroform, recorded by Fletcher et al.2t)
which may be assigned!? the structure (VIIH).

In the initial stage of benzylidenation of methyl «-D-galactopyranoside under
homogeneous conditions using the system benzaldehyde-dimethylformamide—
toiuene-p-sulphonic acid, benzy! proton signals could be detected at 4.77, 4.51, and
4.26, the last signal being very weak. The signal at 4.77, which increased in strength
with time and uitimately corresponded to ca. 90%, reaction, may be assigned to the
4,6-0-benzylidene derivative (VIII), and the signals at 4.51 and 4.26, which reached
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a steady although low intensity before diminishing and disappearing, may be assigned
to the 3,4-O-benzylidene derivatives, (IX) and (X), respectively having exo- and
endo-benzyl protonst®.19, The operation of kinetic control in the early stages of the
reaction is therefore demonstrated. Using the system benzaldehyde-nitromethane-—
toluene-p-sulphonic acid, methyl 2,6-di-O-methyl-=-D-galactopyranoside, for which
benzylidene acetal formation can occur only at the 3,4-position, gave first a benzyl

CH,OR?

I R'=H, R?%=Ph, R®r
X R=Ph, R%-R®:H

XI R=H, R=Ph, R=Me
p-uid

R'=Ph,R%:H, R®*-Me

proton signal at 4.78 followed by a signal at 4.53 due, respectively, to the isomers
{XI) ard (XII) with exo- and endo-benzyl protons (assignment by analogy with other
results16.19), When the nitromethane was replaced by fert-butanol only a single signal
for benzyl protons appeared at 4.65 corresponding to the isomer {XI).

EXPERIMENTAL

Benzylidenations under basic conditions

(@) Methyl 2,3-di-O-methyl-o-D-glucopyranoside

A solution of the title compound?? (2.7 g) in a mixture of a N-solution of potas-
sium fert-butoxide in tert-butanol (40 ml) and toluene (40 ml) was added dropwise
to a boiling solution of benzylidene bromide (3.5 g) in benzene (500 ml) during 3.5 h
and the mixture was then boiled overnight. The cooled mixture was washed with
water, dried (MgS0O,), and evaporated to give a residue (2.7 g) which was fractionated
on silica gel (100 2, Davison). Elution with benzene-ether (9:1) gave a product
(0.74 g), m.p. 95-102°, [«]p -+ 143° (¢ 2.0, acetone), which showed components with
RpF values 0.5 and 0.6 on examination by thin-layer chromatography on Kieselgel
using benzene—methanol (9:1) and detection with vanillin-sulphuric acid23 or iodine
vapour. Subsequent elution with ethyl acetate afforded material (0.96 g) with Rp
0.3, presumably title compound.

The above product mixture (from two similar experiments) was refractionated
on silica gel (150g) using the same solvent mixture. The fractions (50 ml) were examin-
ed by thin-layer chromatography and n.m.r. spectroscopy (for benzyl proton signals).
Fractions 17-26 contained a single component (0.5 g) with a benzyl proton signal
at 4.06 (CCly), and recrystallisation from ether-light petroleum (b.p. 60-80°) gave
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the 4,6-O-benzylidene derivative A (0.12 g), m.p. 125.5-127°% [«]% + 184° (¢ 0.5,
acetone) {Found: C, 62.1; H, 7.1; Mol.wt. (Rast in camphor) 285. Ci;sHz220¢ calc.:
C, 61.9; H, 7.2%,; Mol. wt. 310].

Fractions 27—-36 contained diasterecoisomer A together with the known benzyl-
idene derivative B. From the combined fractions pure diastereoisomer B, m.p.
122-123°, [«]p 4 97° in acetone, was isolated.

When diastereoisomer A (50 mg) was dissolved in carbon tetrachloride (0.6 ml)
which was 0.07N with respect to hydrogen chloride, rearrangement was complete
withir 5§ min [ascertained on the basis of the benzyl proton and methoxyl proton
signals in the n.m.r. specirum (see Table I)]. The solution was diluted with carbon
tetrachloride, washed with aqueous sodium hydrogen carbonate, dried (MgSOy),
and concentrated. Recrystailisation of the residue from ether-light petroleum (b.p.
60-80°) gave diastereoisomer B, m.p. 121° (mixed m.p. 122°).

(b) Methyl 2,3-di-O-methyl-« and f-D-galactopyranoside

A solution of the title compound (x-anomer!! 2 g) in a mixture of an N-solution
of potassium rert-butoxide in fert-butanol (4o ml) and benzene (40 ml) was added
dropwise to a boiling solution of benzylidene bromide (3.5 g) in benzene (500 ml)
during 2.5 h. Boiling under reflux was continued for 20 h. The cooled mixture was
washed with water (2 X 150 ml), then dried (MgS0O,), and concentrated. The residue
(2.9 g) was fractionated on a column of silica gel (Davison, 100 g) by elution with
ether—benzene (1:9). Eluted first was the 4,6-O-benzylidene derivative C (0.6 g),
m.p. 158-160° [from ether-light petroleum (b.p. 60-80°)}, [«]p + 109° (¢ I.0, chloro-
form) [Found: C, 62.0; H, 7.0; Mol, wt. (Rast in camphor) 272. Ci6H2:0¢ calc.:
C, 61.9; H, 7-2%; Mol. wt. 310]. Eluted seccond was the known!! 4,6-O-benzylidene
derivative (D, 0.35 g), m.p. 117-119° dx]p 4 167° (c. 1.0, chloroform).

Using essentially the above conditions, methyl 2,3-di-O-methyl-g-D-galacto-
pyranoside!? (0.95 g) was benzylidenated. The crude, oily product (1.7 g) was frac-
tionated on silica gel (50 g). Elution with benzene—ether (4:1) gave first the 4,6-0-
benzylidene derivative E (0.26 g), m.p. 156.5-157.5° [z]lp —27° (¢ 1.0, chloroform)
(Found: C, 61.7; H, 7.3%), followed by the known12 isomer (F, 140 mg), m.p. 142—
144°, [«lp + 18° (¢ 1.0, chioroform).

A solution of isomer C (m.p. 158-160°, 0.1 g) in chloroform (0.5 ml) was treated
with a small amount of a saturated solution of hydrogen chloride in the same solvent.
When isomerization was complete (20 min, followed by n.m.r. spectroscopy), the
solution was diluted with chloroform, washed with aqueous sodium hydrogen car-
bonate, then dried (MgSQy), and concentrated to give an almost quantitative yield
of diastereoisomer D, m.p. 117-118° (mixed m.p.). Essentially similar results were
obtained for the conversion £ — F.

Homogeneous benzylidenations

(@) Methyl 2,3-di-O-methyl-a-D-galactopyranoside

A solution of the title compound (0.1 g) in nitromethasic {0-5 mi) was treated
with a solution of toluene-p-suiphonic acid (0.25 mg) in benzaldehyde (0.5 ml),

Carbohydrate Res., 1 (1965) 22—-30



DIASTEREOISOMERIC BENZYLIDENE DERIVATIVES 29

and the development of benzyl proton signals was followed at ca. 3¢°. The extent of
reaction (90%) was determined by the addition of benzoin (221 mg) and comparison
of the integrated areas of the peaks for the benzyl proton in the benzylidene acetal
(z 5.10) and in the benzoin (4.23).

(b) Methyl p-galactopyranoside

A solution of the x-glycoside (0.1 g) in dimethylformamide (0.5 ml) was treated
with a solution of toluene-p-sulphonic acid (20 mg) in benzaldehyde (0.5 ml). The
development of benzyl proton signals was followed at ca. 30°. The extent of reaction
(ca. 90%) was determined as in (@). A similar reaction extent was observed for the
B-glycoside. )

(¢) Methyl 2,6-di-O-methyl-a-D-galactopyranoside

A solution of the title compound?4 (0.1 g) in nitromethane (0.5 ml) was treated
with a solution of toluene-p-sulphonic acid (0.5 mg) in benzaldehyde (0.5 ml) at ca.
30°. The benzyl proton signal at 4.78 appeared first followed by a signal at 4.53.
When equilibrium had been reached in a reaction performed on a preparative scale,
the solution was washed with aqueous sodium hydrogen carbonate and water, then
dried (MgS04),and concentrated to give a residue which was freed from benzaldehyde
by elution from silica gel (20 g) with benzene-ether (9:1). The product, [oc]:f)l'5
-+ 139.5° (¢ 1.0, chloroform), which failed to crystallise and could not be distilled
was, presumably, a mixture of compounds (XI) and (XII).

In a parallel experiment, the nitromethane was replaced by an equal volume
of rert-butanol. Under these conditions only one benzyl proton signal (4.65) appeared.
Isolation of the product as described above, after dilution of the mixture with chloro-
form, gave isomer (XI), [oc]:li)l'5 + 144.5° (¢ 1.0, chloroform), which also failed to
crystallise and could not be distilled.
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SUMMARY

Treatment of methyl 2,3-di-O-methyl-«-D-giucopyranosidec with benzylidene
bromide, toluene, potassium zert-butoxide, and tert-butanol gave two diastereoiso-
meric 4,6-O-benzylidene derivatives (4 and B). The complete conversion A4 — B
was effected with carbon tetrachloride-hydrogen chioride. Only diastereoisomer B
was formed on acid-catalysed benzylidenation. Closely parallel results were obtained
on benzylidenation of methyl 2,3-di-O-methyl-z- and g-p-galactopyranoside under
basic conditions. The possible conformations of the benzylidene derivatives are
considered on the basis of n.m.r. spectroscopic data. At equilibrium in the acid-
catalysed benzylidenation of methyl ¢-D-galactopyranoside the only product present is
the 4,6-O-benzylidene derivative, m.p. 168-170°, [«]lp + 144° in chloroform. In the

Carbohydrate Res., 1 {1965) 22—30



30 N. BAGGETT, J.M. DUXBURY, A.B. FOSTER, J.M. WEBBER

early, kinetically-controlled, stages of the reaction, small amounts of the diastereoiso-
meric 3,4-0-benzylidene derivatives were detected.
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ACYLATED OSAZONES AND ANHYDRO-DERIVATIVES

H. EL KHADEM, Z. M. EL-SHAFEI, AND M. M. A. ABDEL RAHMAN
Chemistry Department, Faculty of Science, Alexandria University Alexandria, Egypt (U.A.R.)
(Received December 3ist, 1964)

It has been shownl.2.3 that monosaccharide phenylosazones when refluxed
with acetic anhydride yield colorless dianhydrophenylosazone acetates. We have
now extended this reaction to the phenylosazone acctates. For this purpose we pre-
pared tri- O-acetyl-D-erythro- and b-threo-pentose phenyiosazones, treated them with
boiling acetic anhydride, and obtained s5-acetoxymerthyl-3-formyl-1-phenylpyrazole
N-acetylphenylhydrazone (Ia). Similarly, tri-G-acetyl-6-deoxy-D-I/yxo-hexose phenyl-
osazone was prepared and converted into 5-(D-glycero-i-acetoxyethyl)-3-formyi-
I-phenylpyrazole N-acetylphenylhydrazone (Ib). Likewise, the tetra-O-acetyl-p-lyxo-
hexose phenylosazone of Wolfrom et alt gave 5-(D-glycero-i.2-diacetoxyethyl)-3-
formyl-1-phenylpyrazole N-acetylphenylhydrazone (Ic). The identity of these com-
pounds was established by comparison with authentic specimens we prepared
earlier! by the action of boiling acetic anhydride on the free phenylosazones. It
seems that the phenylosazone acetates are converted into the dianhydrophenylosa-
zone acetates by the removal of two molecules of acetic acid. The yields, however,
were considerably lower than when the free osazones were used, suggesting that
on boiling the free osazone with acetic anhydride only a minor part of it is acetylated
and subsequently converted into the dianhydrophenylosazone acetate, while the major
portion undergoes dehydration first and then acetylation. This would account for
the higher yield obtained on using the phenylosazones rather than their acetates.

We have also extended the dianhydrophenylosazone formation to substituted
phenylosazones. Thus, on boiling D-arabino-hexose p-chlorophenylosazone with
acetic anhydride we obtained 1-p-chlorophenyl-5-(D-g/ycero-1,2-diacetoxyethyl)-3-
formylpyrazole N-acetyl-p-chlorophenylhydrazone (II, R =CH20Ac), which was
saponified to give i-p-chlorophenyl-5-(D-glycero-1,2-dihydroxyethyl)-3-formylpyra-
zole N-acetyl-p-chlorophenylhydrazone. Similarly, L-xplo-hexose p-chlorophenyl-
osazone yielded the enantiomorphous i-p-chlorophenyl-5-(L-glycero-1,2-diacetoxy-
ethyl)-3-formylpyrazole N-acetyl-p-chlorophenylhydrazone. Likewise, D-erytiiro-
pentose p-chlorophenylosazone yielded 5-acetoxymethyl-1-p-chlorophenyl-3-formyl-
pyrazole N-acetyl-p-chlorophenylhydrazone (II, R =I1). These three fully acetylated
compounds showed infrared spectral absorptions characteristic of the O- and N-acetyl
groups, with the ester band at 1750 cm~1, the amide band at 1675 cm~1, and the
C=N band at 1580-1600 cm~1. The structure of the p-glycero isomer (I, R = CHa
OAc) was further established by its nuclear magnetic resonance (n.m.r.) spectrum,
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which was quite similar to that of the phenyl derivative reported earlier3. The spec-
trum showed resonance in the 7 2.4 region which was assigned to the aryl group
protons and to the proton of the pyrazole ring, and a singlet of unmit proton
intensity at T 2.7 was assigned to the strongly deshielded methine hydrogen of the
hydrazone function. The methylene group from C-6 of the hexose precursor appeared
as a two-proton doublet, T 5.55, split by the adjacent proton, J = 6.0c.p.s. The
latter proton (at C-5 of the hexose) gave the expected triplet of unit proton intensity
at = 4.0, with J = 6.0 c.p.s. A singlet of three-proton intensity appeared at t 7.35,
and was assigned to the methyl protons of the N-acetyl group. Two singlets, each
of three proton intensity, appeared at = 7.94 and 7.97, and were assigned to the methyl
protons of the two O-acetyl groups.

Ac Ac Ac
H(|:=N—I!«l / \ HC=N—I!I—© HC=N—L4©
= |
C==N C== C=—
- D >
HCa=aC HC=CIZ HC=(|:

CH,0Ac H(,30Ac HCOAc
CHj, CH,OAC
(Ia) (Ib) (i)
/I-\c
HC=N—N Ci AcN AcN
h h
He”” W HC? N
\N ct (l: rL C N
oy o
He—ac” | N N
| AcOCH AcOCH
HCOAc |
Pl? HCOAc AcOCH
HCOAc HCOACc
(I) CH,QAc CHaQAc
(m) (I¥)

Hexose phenylosazones were recently® found to react with benzoyl chloride
yielding N-benzoyl-tetra-O-benzoyl derivatives. In a similar reaction, we treatzd the
phenylosazones from p-glucose and D-galactose in pyridine with acetyl chloride,
and obtained the expected pentaacetates. These showed in their infrared spectra
an ester band at 1750, an amide band at 1675-1690 and a C=N band at 1610 cm™1,
denoting the presence of O- and N-acetyl groups. Accordingly, they were formulated

Carbohydrate Res., 1 (1955) 31-37



as N-acetyl-tetra- O-acetyl-D-arabino-hexose phenylosazone (III) and N-acetyl-tetra-O-
acetyl-D-Iyxo-hexose phenylosazone (IV).

We have also studied the benzoylation of phenylosazones w1th insufficient
amountis of benzoyl chloride, and have obtained from D-arabino-hexose phenylosa-
zone a crystalline tetrabenzoate which showed only one carbonyl band at 1725 cm-1,
denoting absence of the N-benzoyl group. We therefore suggest that it is the tetra-O-
benzoyl derivative reported by Fischer and Freudenberg$, and later bv Engel?. These
authors were unable to isolate it in a crystalline form. We have also obtained, by
incomplete benzoylation of the phenylosazone from L-sorbose, a monobenzoate
which is presumably the 6-benzoate.

EXPERIMENTAL

Infrared spectra were measured with a Perkin Elmer “Infracord” infrared
spectrophotometer; nuclear magnetic resonance spectra were obtained with a Varian
Associates Model A6o n.m.r. spectrometer, with deuteriochloroform as the solvent
and tetramethylsilane (z = 10.00) as the internal reference standard. Microanalytical
determinations were made by A. Bernhardt, Miilheim, W. Germany.

Arylosazone acetates (Table 1)

The osazone (2 g) was dissolved in pyridine (15 ml), treated with acetic anhy-
dride (1o ml), and the mixture kept overnight at room temperature. It was then
poured onto crushed ice (200 g) and washed repeatedly with water. The D-xylose
and p-fucose derivatives were crystallized from aqueous ethanol, and the others
were purified by repeated precipitation from hot aqueous ethanol.

5-(Acetoxymethyl)-3-formyl-1-phenylpyrazole N-acetylphenylhydrazone (Ia)

(@) From tri-O-acetyl-D-erythro-pentose phenylosazone. Tri-O-acetyl-p-erythro-
pentose phenylosazone (6 g) was refluxed for 30 min with acetic anhydride (65 ml).
The pale brown solution was poured onto crushed ice (200 g) and left overnight.
The aqueous layer was decanted and the residual oil was washed repeatedly with
water until it solidified (one day). The sclid was crystallized from aqueous ethanol
as colorless needles, yield 0.6 g, m.p. 196°, undepressed on admixture with an authen-
tic specimen obtained by refluxing D-erythro-pentose phenylosazone with acetic
anhydride.

Anal. Calc. for Co1HsoNysOs: C, 67.02; H, 5.30; N, 14.90. Found: C, 66.64;
H, 5.43; N, 14.61.

(b) From tri-O-acetyl-p-threo-pentose phenylosazone. Tri-O-acetyl-D-threo-
pentose phenylosazone (4 g), treated with acetic anhydride (20 ml) as in the preceding
experiment, yielded the same product, m.p. and mixed m.p. 196°.

Anal. Found: C, 67.10; H, 5.51.
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5-(D-glycero-1- Acetoxyethyl)-3-formyl-r-phenylpyrazole N-acetylphenylhydrazone (Ib)

Tri- O-acetyl-6-deoxy-D-Iyxo-hexose phenylosazone (0.8 g) was treated with
boiling acetic anhydride (10 ml) as above, then poured onto crushed ice (100 g), and
the crystalline precipitate was crystallized from aqueous ethanol, m.p. and mixed
m.p. with an authentic specimen 173-174°.

5-(D-glycero-1,2-Diacetoxyethyl)-3-formyl-1-phenylpyrazole N-acetylphenylhydrazone

(o)

Tetra-O-acetyl-D-Iyxo-hexose phenylosazone (2 g) was refluxed with acetic
anhydride (20 ml) for one hour, and processed as before. After three days the residual
oil solidified, and was crystallized from aqueous ethanol as colorless needles, m.p.
and mixed m.p. with an authentic specimen 130-131°.

I1-(p-Chlorophenyl)-5-(D-glycero-1,2-diacetoxvethyl)-3-formylpyrazole WN-acetyl-p-
chlorophenylhydrazone (II, R= CH,0Ac)

D-arabino-Hexose p-chlorophenylosazone (5 g} was treated as above with acetic
anhydride (70 ml) for one hour, poured onto crushed ice, and the residual oil washed
repeatedly with water. After two days the oil solidified and was crystallized from
aqueous ethanol as colorless needles, m.p. 149-151°, []20 + 48° (c 1, chloroform);
soluble in ethanol and chloroform, insoluble in water, vxlflf’r{ 1750 (OAc), 1675 (NAc),
1600 (C=N) cm-1.

Anal. Calc. for CegH22CloN4Os: C, 55.71; H, 4.26; N, 10.83. Found: C, 56.09;
H, 4.62; N, 10.26.

I-(p-Chlorophenyl)-5-(L-glycero-1,2-diacetoxyethyl)-3-formylpyrazole N-acetyl-p-

chlorophenylhydrazone

L-xylo-Hexose p-chlorophenylosazone (7 g) was similarly treated with acetic
anhydride (100 ml) for 4 h, and then poured onto crushed ice (s5co g). The aqueous
solution was decanted, and the residual oil was washed repeatedly with water where-
upon it solidified and was crystallized from aqueous ethano! as colorless needles,
m.p. and mixed m.p. 151°, [«]20 —47° (¢ 0.13, chloroform).

Anal. Found: N, 10.48.

I-(p-Chlorophenyl)-5-(D-glycero-1,2-dihydroxyethyl)-3-formylpyrazole N-acetyl-p-

chlorophenylhydrazone

1- (p-Chlorophenyl) - 5-(D-glycero- 1,2-diacetoxyethyl) - 3-formylpyrazole N-
acetyl-p-chlorophenylhydrazone (0.5 g) was saponified with 209, ethanolic ammonia
(20 ml) overnight at room temperature. The product was evaporated nearly to dryness
on the water bath, whereupon the N-acetyl derivative separated. It was purified by
repeaied precipitation from hot aqueous ethanol, rgf; 3325 (OH), 1675 (NAc),
1600 (C=N) cm™L

Anal. Calc. for CooH1gCl2N4O3: C, 55.43; H, 4.16; N, 12.93. Found: C, 55.22;
H, 4.26; N, 13.26.
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5-(Acetoxymethyl)-1-(p-chlorophenyl)-3-formylpyrazole N-acetyl-p-chlorophenyl-

hydrazone (II, R= H)

D-erythro-Pentose p-chlorophenylosazone (10 g) was refluxed for 4 h with acetic
anhydride (1co mli), and the reaction mixture was poured onto crushed ice (I kg).
After two days the residual oil solidified, and was crystallized from aqueous ethanol as
colorless needles, m.p. 158-160°, vXBr 1750 (OAc), 1675 (NACc), 1580 (C=N) cm™.

Anal. Calc. for CaiHi1gClN4Os: C, 56.63; H, 4.05.-Found: C, 56.37; H, 4.31.

N-Acetyl-tetra-O-acetyl-p-arabino-hexose phenylosazone (11I)

D-arabino-Hexose phenylosazone (5 g) in cold, dry pyridine (50 ml) was treated
while stirring with acetyl chloride (20 ml) during 2 h. The cold reaction mixture was
poured onto crushed ice (500 g) and the agueous solution was decanted. The residual
yellowish brown acetate was then washed repeatedly with 29, aqueous sodium
bicarbonate and water. The acetate was purified by repeated precipitation from hot
aqueous ethanol, vEBr 1750 (OACc), 1675 (NAc), 1610 (C=N)cm1

Anal. Calc. for CasHaeNyOg: C, 59.15; H, 5.63; N, 9.85. Found: C, 59.60;

H, 5.80; N, 9.80.

N-Acetyl-tetra-O-acetyl-p-iyxo-hexose phenylosazone (IV')

Dp-lyxo-Hexose phenylosazone was treated with acetyl chioride as above, and
the product was crystallized from aqueous ethanol as yellow needles, m.p. 13g-141°,
[oc]2D0 + 48° (¢ 0.8, chloroform), soluble in ethanol, methanol, and chloroform, and
insoluble in water, vgul’-‘; 1750 (OAc), 1690 (NACc), 1610 (C=N)cm1.

Anal. Found: C, 5§8.78; H, 5.57; N, 9.32.

Tetra-O-benzoyl-p-arabino-hexose phenylosazoned

D-arabino-Hexose phenylosazone (I g) in dry pyridine (10 ml) was treated with
benzoyl chloride (2 mi). The temperature rose rapidly and an abundant precipitate
of pyridine hydrochloride separated. After standing overnight at rcom temperature
the reaction mixture was poured onto crushed ice (100 g) and stirred with frequent
decantation of water. After 2 days the product solidified and was crystallized from
methanol-benzene as yellow globules, m.p. 145-148°, [«}2} —24° (¢ 0.9, chloroform),
vEBr 1725 {OBz), 1600 (C=N) cm-L

Anal. Cale. for Cy6HgsNiOg: C, 71.52; H, 4.92; N, 7.24. Found: C, 72.05;
H, 5.12; N, 7.10.

6-O-Benzoyl-L-xylo-hexose phenylosazone®

L-xylo-Hexose phenylosazone (i g) in pyridine {10 ml) was benzoylated as
above with benzoyl chloride (2 ml) overnight at room temperature. The mono-0O-
benzoyl derivative crystallized from methanol as yellow aggregates, m.p. 180-182°
(dec).

Anal. Calc. for CasHogN4Os: C, 64.93; H, 5.63; N, 12.12. Found: C, 65.35;
H, 5.82; N, 12.29.
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SUMMARY

The phenylosazone acetates from pentoses, 6-deoxyhexoses and hexoses were
boiled with acetic anhydride yielding dianhydrophenylosazonz acetates of the type
(Ia—c). Similarly, p-chlorophenylosazones from D-glucose, L-sorbose and D-arabinose
yielded dianhydro-p-chlorophenylosazone acetates. Acetyl chloride reacted with the
phenylosazones from D-glucose and p-galactose yielding the N-acetyl-tetra-O-acetyl
derivatives (ITI) and (IV). The phenylosazones from D-glucose and L-sorbose gave
a tetra- and a mono-O-benzoyl derivative, respectively, in crystalline form when an
insufficient amount of benzoyl chloride was used during benzoylation.
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BORIC ACID DERIVATIVES AS REAGENTS IN CARBOHYDRATE

CHEMISTRY
PART IV¥. THE INTERACTION OF PHENYLBORONIC ACID WITH HEXOPYRANOID

COMPOUNDS

R.J. FERRIER, A.J. HANNAFORD, W.G. OVEREND, AND B.C. SMITH
Department of Chemistry, Birkbeck College, Malet St., London, W. C.1 (Great Britain)

(Received February 2nd, 1965)

Previous workers investigated the interaction between equimolar amounts of
methyl g-pD-glucopyranoside and phenylboronic acid, and concluded that in boiling
acetone part of the glucoside was fully esterified, part was unaltered, and products
containing the reactants in the ratio 1:1 were not formed in significant amounts2.
Since a discrete cyclic ester has now been obtained in nearly quantitative yield by
carrying out the condensation in benzene solution, it seems probable that, in the
experiment with acetone, the initial product was largely destroyed during the sub-
sequent treatments.

The cyclic ester formed from methyl a-D-glucopyranoside was found to have
the 4,6-cyclic structure, and with excess of the acid it formed a 2,3-(diphenylpyro-
boronate)?. The methyl f-D-glucopyranoside ester was required for comparison with
the «-derivative, and since sites other than 4,6 could react with the acid (the 2,4-diol
of the methyl xylopyranosides takes part in condensations?) it was subjected to struct-
ural analysis. On acetylation and benzoylation it afforded crystalline products which
were identical with those obtained by treatment of methyl 2,3-di-O-acetyl- and
methyl 2,3-di-O-benzoyl-g-D-glucopyranoside with phenylboronic acid, and therefore
this cyclic ester also has the 4,6-structure. Further condensation with the acid caused
the formation of methyl g-D-glucopyranoside 2,3-(diphenylpyroboronate) 4,6-phenyl-
boronate which, like the corresponding polyester in the «-series, was exceedingly
susceptible to hydrolysis. Methyl g-D-glucopyranoside 4,6-phenylboronate was
isolated readily from the products of partial hydrolysis.

Methyl «- and g-D-glucopyranoside both react, therefore, at positions 4 and
6 with phenylboronic acid, in the same way as they do with borate anions®. In the
latter case a significant difference exists between the stabilities of the complexes
formed, since the M values obtained on electrophoresis of the «- and fg-glycosides
in borate electrolyte at pH 10 are o.11 and o0.19, respectively. The non-bonded
interactions between the axial methoxyl group and H-3 and H-5, which are held
to be responsible for destabilising the x-complex®, also occur in methyl «-D-gluco-
pyranoside 4,6-phenylboronate, and so it was expected that this ester would show
greater susceptibility to hydrolysis than the f-anomer. No difference could be detect-

*For Part III, see ref. 1.
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ed by polarimetric methods; both esters were hydrolysed completely on the ad-
dition of 4% water to dioxan solutions (2%). One phenylboronate has been report-
ed to require 309, water for hydrolysis?. ’

3-0-Acetyl-D-glucal which was required for other studies has been prepared
(in slightly impure form} by way of its phenylboronate. Acetylation of D-glucal
4,6-phenylboronate gave a crystalline product which, after hydrolysis of the boronate
ring, did not reduce the periodate ion (see Table I) and was therefore 3-O-acetyl-
D-glucal 4,6-phenylboronate. Propan-1,3-diol was added to a solution of this ester
in acetone and, after removal of the solvent and extraction of the residue with light
petroleum, syrupy 3-O-acetyl-D-glucal (contaminated with 59 of the initial phenyl-
boronate) remained.

An analysis has been undertaken of the structures of the phenylboronates
formed from a series of hexopyranoid compounds with the p-/yxo-configuration at
C-3, C-4, and C-5 (e.g. 1), which could condense at either the 4,6- or 3,4-sites. A
surprising feature of this work is that high yields of pure products were obtained
in every case, mixed products were not encountered. From the ester derived from
methyl f-D-galactopyranoside, a crystalline dibenzoate was formed which was ident-
ical with methyl 2,3-di-O-benzoyl-f-D-galactoside 4,6-phenylboronate prepared
from methyl 2,3-di- O-benzoyl-f#-D-galactoside, and therefore the unsubstituted giyco-
side had reacted at the 4,6-positions. Subsequent analyses on the other esters of this
series were carried out using a more convenient method. The unsubstituted hydroxyl
groups in each ester were protected by acetylation and the products were subjected to
periodate oxidation under conditions in which the boronate ester groups were com-
pletely hydrolysed. 3,4-Boronates liberated a vicinal diol and therefore reduced one
molar equivalent of periodate; the 4,6-esters gave unreactive dihydroxy-compounds.

CH, OH

HO Q

(D

Like the methyl glucosides, methyl «- and g-D-galactopyranoside both formed
a 4,6-cyclic ester, as did 1,5-anhydro-D-galactitol and its 2-deoxy derivative. Alterna-
tively, D-galactal and methyl 2-deoxy-«-D-I/yxo-hexopyranoside (methyl 2-deoxy-«-b-
galactoside) condensed with the reagent to give esters which, after acetylation and
hydrolysis, reduced 1 mol of periodate and were therefore 3,4-boronates. In galactal,
the influence of the double bond is to decrease the angle subtended by the Cg-O
and C)—O bonds from the 60° of a perfect chair (O3)—Os) distance 2.76 A) to near
zero (O@3)—Oy distance 2.48 A), and since the O—-O distance in phenylboronic acid
will be near 2.38 A (the corresponding distance in crystalline orthoboric acid? is
2.36 A and in trimethyl borate® 2.38 A) such a distortion would increase the availa-
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bility of the 3,4-diol to the reagent. Molecular models show that any distortion
from a perfect chair conformation in the case of the «-glycosides, brought about by
repulsion between the axial methoxyl group and H-3 and H-5, would also cause ring
flattening and decrease the O@)—~O¢ distance. It is proposed that with methyl 2-
deoxy-a-D-lyxo-hexopyranoside such a conformational effect accounts for the form-
ation of the 3,4-ester, while with metnyl «-D-galactoside this distortion would be
inhibited by the presence of the 2-hydrox¥! grouping which would be required to
approach the aglycone. Suppori for this explanation comes from the finding that
methyl 2-deoxy-g-D-/yxo-hexonvranoside, which is not susceptible to the “flattening”
effect, gave the 4,6-cyclic ester. This same etfect, brought about by 1,3-diaxial inter-
actions, has been invoked to account for the variability in the n.m.r. chemical shifts
of the anomeric protons of «-glucosides?.

Periodic acid oxidations were carried out on the anomeric methyl 2-deoxy-D-
Iyxo-hexopyranosides in an attempt to confirm that the O)—O¢4) distance was less
in the «- than in the f-compound; efforts to do this by n.m.r. and infrared spectro-
scopy were unsuccessful. The f-isomer was found to oxidise more rapidly than the
a-compound (0.7 mol periodate reduced in 9o and 170 sec, respectively), and, since
the 3,4-diol in the B-glycoside (assuming that the molecule adopts a nearly perfect
chair conformation) would be almost ideally suited for cyclic dianion formation with
the oxidising agent!?, this result is in accord with that to be expected if the O3)—O)
distance is appreciably diminished in the case of the a-compound.

A similarity exists between the mode of action of acetone and of phenyl-
boronic acid with methyl «-D-galactoside and D-galactal. In the presence of zinc
chloride, which is believed to catalyse the formation of kinetically-controlled pro-
ducts!, galactal gives mainly the 3,4-isopropylidene derivativel2, while the 4,6-ketal
is formed in large amounts from the glycosidell.

1,5-Anhydro-p-galactitol 2,3-(diphenylpyroboronate) 4.6-phenylboronate was
prepared and, like the glucitol analogue, was found to exhibit none of the unusual
instability of the methyl glucoside polyesters.

EXPERIMENTAL

Optical rotations of the phenylboronates were measured in dry dioxan within
the concentration range 0.7-3%. Methyl 2-deoxy-«-D-Iyxo-hexopyranoside was
prepared from D-galactall3, and the f-isomer was kindly supplied by Dr. J.C.P.
Schwarz (University of Edinburghk). The preparations of the phenylboronates were
carried out in boiling benzene3; on numerous occasions it was advantageous to add
the carbohydrate component in methanolic solution.

Acetylations were carried out by dissolving the boronates in dry pyridine at
0° (zc ml/g of ester) and adding acetyl chloride (1 ml/g of ester), slowly with stirring.
After 2 h benzene was added and the pyridinium chloride and solvents were removed.
Distillation of the residues gave colourless viscous syrups which crystallised on treat-
ment with light petroleum (b.p. 40-60°) or with light petroleum-benzene.
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TABLE 1
PHENYLBORONATES AND THEIR ACETYLATED DERIVATIVES
No. Phenylboronate derived from Yield  No. Acetyl Yield Periodate
% derivative % consumption
of compound (mol)
b Methyl S-p-glucopyranoside 98 10 1 822,340
2 Methyl a-p-galactopyranoside 93 II 2 77¢% 0.04
3 Methyl §-p-galactopyranoside 98 12 3 895,660 0.02
4 Methyl 2-deoxy-a-p-Iyxo-hexo-
pyranoside 93 13 4 260 1.00
5 Methyl 2-deoxy-f-p-Iyxo-hexo-
pyranoside 99 14 5 96,360 0.05
6 1,5-Anhydro-2-deoxy-D-
lyxo-hexitol 88 15 6 29 0.05
7 1,5-Anhydro-p-galactitol 83 16 7 43% 0.02
8 D-Galactal 83 17 8 69 1.07
9 D-Glucal 82 18 9 726,400 0.09
2 Crude products.
¥ Pure crystalline products.
Found (%) Calc. (%4)
No. M.p. [eddp C H B OMe Formula C H B OMe
(degrees) (degrees)
1 185-186 — 94 55.8 6.3 3.9
2 II9-120 -+ 147 55.9 6.4 4.0 I1.1 Ci3H17BOs  55.7 6.1 3.9 II.I
3 176-177 — 28 55.8 6.3 3.8 10.9
4 159 + 114 58.9 6.3 4.1 I11.9
s 188 — 1 59.7 6.6 44 L5 CiaH17BOs s59.2 6.5 4.1 11.8
6 114-1I5 + 60 61.3 6.3 4.8 Ci2H15BOs4 616 6.5 4.6
7 I4I-I42 -+ 69 57.8 6.0 4.3 Ci2H15BO5; 57.6 6.0 4.3
8 104 — 87 62.0 5.7 4.6
9 128 — 53 62.6 5.7 4.6 CioH13BOs 62.1 5.6 4.7
10 123-I124 — 99 56.1 5.8 3.0 8.7
IX 166—-167 -+ 232 56.2 5.8 3.0 8.7 Ci7H21BOg  56.1 5.8 3.0 8.5
12 145 + 75 56,4 6.0 3.0 8.2
I3 I32-133 -+ 39 58.7 6.6 3.7 10.5
14 131 — 87 582 6.5 3.7 10.3 CisHi9BOgs 58.9 6.3 3.5 10.1
15 89 + 172 60.2 6.2 4.2 Ci14Hi17BOs 60.9 6.2 3.9
16 143-144 + 177 577 57 34 CigH19BO? 57.5 5.7 3.2
17 98-99 - 74 61.7 59 4.0
18 88-89 — g0 61.6 5.4 4.1 } CuHisBOs 613 5.5 3.9

Methyl 2,3-di-O-benzoyl-B-D-glucopyranoside 4,6-phenylboronate

The phenyiboronate (2.0 g) was dissolved in dry pyridine (25 ml) at 0° and
benzoyl chloride (2.0 mi) was added slowly with stirring. After 16 h at room tempera-
ture, dry benzene (20 ml) was added and the pyridinium chleride and solvents were
removed. Extraction of the residue with dry benzene and crystallisation from benzene—
light petroleum (b.p. 40-60°) gave the benzoate boronate (2.0 g, 57%), m.p. 123-124°,
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[¢]p —2.6° (Found: C, 66.7; H, 5.1; B, 2.1; OMe, 6.4. Co7H25BOs calcd.: C, 66.4;
H, 5.2; B, 2.2; OMs, 6.4%). It was identical (m.p., mixed m.p., infrared spectrum,
and optical rotation) with the ester formed by condensing methyl 2,3-di-O-benzoyl-
B-D-glucopyranoside with phenylboronic acid. In addition, methyl 2,3-di-O-acetyl-
B-D-glucopyranoside afforded the same compound as was obtained by acetylation of
methyl g-pD-glucoside boronate (m.p., mixed m.p., optical rotation, and infrared
spectrum). ’

Methyl 2,3-di-O-benzoyi-B-D-galactopyranoside 4,6-phenylboronate

Similar benzoylation of methyl g-D-galactopyranoside 4,6-phenylboronate
(1.0 g) afforded the dibenzoate (0.5 g, 29%), m.p. 161-162°, [«]p 4+ 125° (Found:
C, 65.5; H, 4.8; B, 2.3; OMe, 6.5%), identical (m.p., mixed m.p., optical rotation,
and infrared spectrum) with the ester formed from methyl 2,3-di-0-benzoyl-§-D-
galactopyranoside.

3-O-4cetyl-p-glucal

The acetylated boronate (1.18 g, see Table I) was dissolved in acetone (25 ml)
and propan-1,3-diol (0.326 g, 1.0 mol) was added. The optical rotation of the solution
changed immediately (— 4.0 - —2.5) and after 1 h the solvent was removed. The
residue (0.617 g, 77%), after extraction with cold light petroleum (b.p. 40-60°;
3 x 25 ml), had [«]p —65° (¢ 3, MeOH) (Found: B, 0.20%,).

Methyl B-D-glucopyranoside 2,3-(diphenylpyroboronate) 4,6-phenylboronate
Treatment of methyl f-bD-glucopyranoside with triphenylboroxole (1.0 mol)
or of the 4,6-phenylboronate with the anhydride (0.66 mol) afforded the polyester
(83%, from the glycoside), m.p. 185-186°, [«¢]Jp —127° (Found: C, 62.7; H, 5.5;
B, 6.9. Ca5H25B307 calc.: C, 63.8; H, 5.4; B, 6.99,). Particular care had to be taken
to avoid hydrolysis during recrystailisation from carbon tetrachloride-light petroleum

(b.p. 40-60°).

1,5-Anhydro-p-galactitol z,3-(diphenylpyroboronate) 4,6-phenylboronate

Condensation of the anhydrohexitol or its 4,6-phenylboronate with appropriate
amounts of phenylboronic acid gave the polyester (789, from the anhydride), m.p.
201—203°, [«lp + 177° (Found: C, 65.8; H, 5.1; B, 7.2. C24He3B30¢ calc.: C, 65.5;
H, 5.3; B, 7.4%). This compound could be recrystallised from benzene saturated
with water.

Periodate oxidations

(@) Phenylboronate acetates
The reduction of the periodate ion was followed spectrophotometricaliyl4,

using appropriate control solutions in the “blank” cells. Oxidations were performed
by adding an agueous solution of the reagent (0.03M) to an equal volume of ester
solutior (0.025M in aqueous dioxan 30:70). In each case it was demonstrated by
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polarimetric examination that, under the conditions of the oxidations, the boronate
ester linkages were completely hydrolysed. The values of periodate consumption
given in Table I are those found after 12 h, in which time methyl «-D-glucopyranoside
reduced 2.1 mol of the reagent under the same conditions. In those cases where
no oxidation occurred, the periodate solution was shown to be active by subsequent
addition of methyl «-r-glucopyranoside to the solutions of boronates.

(b) Methyl 2-deoxy-a- and -f-p-lyxo-hexopyranosides

Oxidations were carried out in aqueous solution using 0.0075M reagent.
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SUMMARY

Methyl g-p-glucopyranoside, like the «-anomer, reacts smoothly with phenyl-
boronic acid (1 mol) to give a 4,6-cyclic boronate which, with excess of reagent, forms
a 2,3-pyroboronate. The nature of the products obtained from hexopyranoid deriv-
atives which possess the D-Iyxo-configuration at C-3, C-4 and C-5 was found to be
dependent upon the substituents at C-1 and C-2. Whereas methyl «- and g-p-galacto-
pyranoside, methyl 2-deoxy-g-D-/yxo-hexopyranoside, 1,5-anhydro-p-galactitol, and
1,5-anhydro-2-deoxy-D-lyxo-hexitol afforded 4,6-cyclic esters in good yield, the only
products obtained from D-galactal and methyl 2-deoxy-z-D-Iyxo-hexopyranoside
possessed the 3,4-cyclic structures.
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SIALIC ACID AND RELATED SUBSTANCES
PART II. A COMPARATIVE ASSAY OF N-ACETYLNEURAMINIC ACID

KoNosHIN ONODERA, SHIGEHIRO HIRANO, AND HIROKO HAYASHI
Laboratory of Biochemistry, Department of Agricultural Chemistry, Kyoto University, Kyoto (Japan)
(Received December 7th, 1964)

INTRODUCTION

Members of the sialic acid family have the same basic skeleton of neuraminic
acid, which may be regarded as a condensed product of pyruvic acid with 2-amino-2-
deoxy-b-mannose. Our previous work?! described the condensation of oxalacetic acid
with N-acetyl-D-galactosamine (2-acetamido-2-deoxy-D-galactopyranose).

The assay of sialic acid has been carried out mainly with colorimetricprocedures,
such as the thiobarbituric acid2—4, resorcinol55, direct Ehrlich?, alkali-Ehrlich3, and
diphenylamine® methods. Among these methods, more commonly employed proce-
dures are the thiobarbituric acid, resorcinol, and direct Ehrlich methods. It has often
been observed that analytical results on the same biological material depend on
the assay method employed. Therefore, it is of interest and impcrtance to make
comparative assays with these methods, especially with reference to a statistical
procedure, in order to find the method most suitable for the analysis of sialic acid in
biological materials. The statistical method has recently been used in many fields
and satisfactory results have been reported®.

" Thus, the present paper describes a comparison of the factors influencing color
formation, with use of the three methods in the presence and absence of some other
substances.

MA(TERIALS

N-Acetylneuraminic acid was isolated from cow colostrum according to a
procedure reported by Clark et al.1® with a slight modification as follows: 1,400 ml
of fresh cow colostrum was defatted by centrifugation and 2.0 volumes of acetone
were added to give about 100 g of precipitate, which was washed with acetone and
dried. The acetone powder was hydrolyzed and passed through a Dowex-1X10 (acetate
form) column (5 X 55 cm, 50200 mesh). The column was eluted with 0.3 N-phos-
phoric acid. The eluates, which were positive for the direct Ehrlich reaction?,
were carefully neutralized with N-sodium hydroxide and concentrated under
reduced pressure to give a dried material. This was fractionated into six
fractions with wwater, methanol, and ether. Of these, the two fractions which were
relatively strongly positive for the direct Ehrlich reaction were dissolved in a minimum
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volume of water, and five volumes of acetic acid were added. The mixture was stored
in a refrigerator overnight. The resuitant crystals were recrystallized twice from water—
acetic acid (1:5, v/v) to give about 200 mg of N-acetylneuraminic acid, m.p. 185-186°
(decomp.), [od,’ —31° (c 0.1, water). (Found: C, 42.27; H, 6.20; N, 4.13. CuH1sNOs
calc.: C, 42.72; H, 6.19; N, 4.53%). The reported valuesl! are m.p. 185-186°
(dec.), [oc]f)2 —32°in water. Additional crude crystals (ca. 100 mg) were obtained
from the remaining fractions. The infrared spectrum of the product was identical with
that of authentic N-acetylneuraminic acid, and paper-chromatographic examination
showed no contamination with N-glycolylneuraminic acid. The product was allowed
to react with p-dimethylaminobenzaldehyde, with thiobarbituric acid following
oxidation with sodium metaperiodate, and with resorcinol, to afford the characteristic
absorption spectra of sialic acid.

Heparin, sodium salt, was a gift from the Upjohn Company, Kalamazoo,
Michigan, U.S.A.

Keratosulfuric acid, calcium salt, was a gift from Prof. K. Meyer, Columbia
University, New York, N.Y., U.S.A.

Hyaluronic acid, calcium salt, isolated from bovine brainl2, had [a]llj —62°
(¢ 1.0, water). [Found: uronic acid (by carbazole reaction), 40.6; hexosamine, 36.5;
N, 3.84; SO42~, negative. (C11HzoNO11.2Ca), calc.: uronic acid, 44.2; hexosamine,
40.2; N, 3.54%])

METHODS

In the assay of N-acetylneuraminic acid, some fundamental factors were chosen
for study, from various steps of each of the three procedures. It was intended to
determine the effect of these factors on color formation as measured by optical
density values. The factors for the thiobarbituric acid method are: 1A, the concen-
tration of buffer solution (1 M and 2 M); IB, the amount of sodium metaperiodate
(IB1, 20 umoles; IB2, 40 umoles; and IBs, 60 umoles); IC, the time and temperature
of periodate oxidation (o, 5, 10, 15, 20, and 40 min and 15, 25, and 30°), IE, the con-
centration of sodium arsenite (IEq, 5%; IE1, 10%; and IE», 20%,); 1J, the concentration
of thiobarbituric acid (IJo, 0.3%; 1J1, 0.6%;; and Jo, 1.2%); and IG, the cooling time
and conditions after the completion of the reaction wiih thiobarbituric acid (5 min
in an ice bath, 30 min at 25°, and 60 min at 25°). Those for the resorcinol method
are: ITA, the amount of resorcinol (0.1, 0.2, and 0.4Y; solutions); IIB, the time of the
reaction with resorcinol (10, 30, 40, 60, 90, and 120 min); IIC, the cooling time after
the completion of the reaction (15, 30, and 60 min); and IID, the chilling time before
centrifugation. Those for the direct Ehrlich method are: IIIA, the amount of p-di-
methylaminobenzaldehyde (25, 50, and 100 mg); IIIB, the time of the reaction with
p-dimethylaminobenzaldehyde (10, 30, 60, 90, and 120 min); and I1IC, the cooling
time after the completion of the reaction (10, 20, 30, and go min). Analyses of the
factors were carried out by dividing the experiments into five groups for the thio-
barbituric acid method, and into three groups for the resorcinol and direct Ehrlich
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methods. The factors consisted of two to six levels, and their main effect was analyzed.
Analysis of the factors was assigned to L.8(28) and L4(23) for the thiobarbituric
acid method, L9(34%) for the resorcinol and direct Ehrlich methods according to the
orthogonal arrangements. Optical density was measured as a characteristic value
in all the experiments. Each assay was performed in duplicate, and, therefore, 16
assays in L8(26), 8 assays in L4(23), and 18 assays in L9(3%) were carried out in all.

For setting up the corresponding calibration curve using the new conditions
suggested by the study, there were carried out a total of 38 assays for the thiobar-
bituric acid method, a total of 33 assays for the resorcinol method, and a total of
8 assays for the direct Ehrlich method. Each assay was repeated three to six times on
each aliquot against €ach reagent blank, and each calibration curve was calculzted by
the method of least squares.

For tests of interference with color formation, several acidic substances which
are adsorbed on cation-exchange resin were examined, and the experiment was
periormed by assaying 1,000 ug of each substance in the presence of 9.646 ug of
N-acetylneuraminic acid for the thiobarbituric acid method, 53.47 ug of N-acetyl-
neuraminic acid for the resorcinol method, and 127.5 ug of N-acetylneuraminic acid
for the direct Ehrlich method.

Acid hydrolysis of biological materials was carried out with o.1 N-sulfuric acid
for 9o min*, and purification was performed according to the procedure using
a Dowex-2x8 column?3,

A Hitachi photoelectric spectrometer (EPU-2A) was used in the experiments.

RESULTS AND DISCUSSION

The graphic representation of the effect of some main factors on color for-
mation is shown in Fig. 1. This is based on the analytical results of the variations for
the thiobarbituric acid, resorcinol, and direct Ehrlich methods.

The thiobarbituric acid method

Tests of imiportance in color formation indicate that factors: IBiBa, IFiJo,
1E 1 E», and IC are significant in this order at the critical rate of 0.5%, factors IBaB3
and IG at the critical rate of 5.0%, and all other factors do not strongly affect color
formation. With respect to factor IB, Warren2 proposed o.1 ml (20 zmoles) of
0.2 M-sodium metaperiodate in 9 M-phosphoric acid. Aminoff2 reported a condition
for maximum color formation at pH 1.2 in 0.125 N-sulfuric acid. Our experiment
showed that the use of 0.2 m! (40 gmoles) of the reagent resulted in the maximum
optical density. In the case of factor C, higher optical density was observed by
allowing to stand for 10-15 min at 25°, and treatment at higher temperatures resulted

*A test of acid hydrolysis of the acetone powder prepared from cow colostrum indicated that hydro-
lvsis for 9o min gave maximum optical density as assayed with the thicbarbituric acid and resorcinol
methods, and the optical density did not change up to 240 min. Therefore, hydrolysis for 9o min
was employed in the experiment.
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in a decrease of optical density. Factor IG resulted in higher optical density on
storage for 30 min at 25° than that on storage for 6o min at 25° or for 5 min in an
ice bath. The latter condition was proposed by both Warren2 and Aminoff3. Factors

04}
% 03 Ie
o I8
o IE
I
0.2 d
e
18 20 40 60 (zmoles) TA o1 02 04 (%)
1E 5 10 20 (%) o 0O 10 20 (min)
1S 03 06 12 () mA 25 50 100 (mg)
IG 5 30 60 (mn)

ic

mB

B
IC (o] 5 10 15 20 40 (min)
B 10 30 60 S0 120 {min)
mBa 10 30 60 S0 120 (min)

Fig. 1. Graphical representation of the effect of some factors on color formation. I, Thiobarbituric
acid method (IB, the amount of sodium metaperiodate; IE, the concentration of sodium arsenite;
13, the concentration of thiobarbituric acid; IG, the cooling time, and conditions afterthecompletion
of the reaction with thiobarbituric acid; IC, the time and temperature of periodate oxidation).
11, Resorcinol method (IIA, the amount of resorcinol; IID, the chilling time before centrifuging).
II1, Direct Ehrlich method (I11IA; the amount of p-dimethylaminobenzaldehyde; I1IB, the time of
the reaction with p-dimethylaminobenzaldehyde). O.D.* does not represent the direct reading of
optical density, and it is 2 value obtained by the direct sum in order to examine the comparative effect
of each factor.

IE and IJ gave the maximum color formation under the same conditions as those in
the original one. A little higher optical density was observed with use of cyclohexanone
than that with use of butanol which was proposed by Aminoff3. Factor TA did not
have much effect on color formation.

The resorcinol method
Tests of significance in color formation indicate that factors IIB, IID, and
ITA are important in this order at the critical rate of 0.5%;, and that factor IIC does not
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exert much influence on color formation. With respect to factor IIB, the maximum
optical absorbancy was observed on heating for 60 min. Factor IIA resulted in the
maximum optical absorbancy with use of 2 ml of 0.2% resorcinol solution, and
factor YID gave the maximum optical density on chilling the tube for 10 min in an
ice bath after addition of isopentyl alcohol. The conditions suggested by the study for
factors ITA and IID are the same as those used originally by Svennerholm?.

The direct Ehrlich method

Tests indicate that factors IIIB and IITA influence color formation in this
order at the critical rate of 6.5%. With respect to factor IIIB, the condition of the
original procedure was that of heating for exactly 30 min in a boiling-water bath.
In our experiments, heating for 9o min gave the maximum absorbancy. For factor
IIIA, the use of excess reagent gave slightly higher optical density values, but factor
IIIC did not exert much effect on color formation.

TABLE 1

CALIERATION CURVES FOR THE ASSAY OF N-ACETYLNEURAMINIC ACID BY THREE METHODS

Merhods Calibration curves® Analytical Standard error
ranges (ug) of Y (%)

‘Thiobarbituric acid =25.90X — 1.184 3.5-16 4.5

Resorcinol Y=153.3X 4 3.242 30-110 i.7

Direct Ehrlich Y =862.0X — 69.07 100650 6.0

a Y is ug of N-acetylneuraminic acid and X is optical density.

A comparison was made in regard to the calibration curves, as shown in Tablel.
The resorcinol method gave a relatively lower standard error (1.7%) in comparison
with those obtained with the thiobarbituric acid method (4.5%) and with the direct
Ehrlich method (6.0%). Color formation is linearly proportional in the ranges
3.5-16.0 ug of N-acetylneuraminic acid for the thiobarbituric acid method, 30-110 g
of N-acetylneuraminic acid for the resorcinol method, and 100-650 ug of N-acetyl-
neuraminic acid for the direct Ehrlich method.

In applying the methods to the assay of sialic acid in biological materials,
it is of interest to determine if other substances interfere with color formation on
use of these mew conditions. There are several reports on interfering substances,
especiaily neutral compounds, for the thiobarbituric acid method?3, for the resor-
cinol method?, and for the direct Ehrlich method4.15. Alais and Jollés'¢ and Eylar
et al17 reported that the thiobarbituric acid method gave slightly lower values than
those obtained by the resorcinol method, whereas Gibbons!® noted excellent
agreement between the two methods.

The results of our tests on the influence of acidic compounds are shown
in Table II. The resorcinol method gave slightly higher results in the presence of other
substances, and the thiobarbituric acid method showed interference effects similar
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to that in the direct Ehrlich method. In regard to the thiobarbituric acid method, it
is questionable whether an optimum amount of periodate will still be available to
split N-acetylneuraminic acid in order to give a maximum color yield, because each
of the compounds tested will take up varying amounts of periodate. Therefore, it is
very important to remove other substances as completely as possible, by means of
ion-exchange columns, in the assay of sialic acid.

TABLE II
EFFECTS OF SOME COMPOUNDS ON COLOR FORMATIONS
Compoundsb Resorcinol Thiobarbituric Direct Ehrlich
method, ¥, acid method, method, %,

Hyaluronic acid (Na salt) -+ 13 + 8 + 13
Glycine o + 5 + 10
Heparin (Na salt) -+ 11 + 12 + 7
L-Glutamic acid — 2 + 7 + 9
D-Glucuronolactone -+ 73 — 17 -+ 10
Keratosulfuric acid

(Ca salt) + 4 — 2 + 7
Deoxyribonucleic acid + 37 — 25 + 1
Ribonucleic acid + 55 — 1 — 10
Uridine 5-phosphate + 3 — 21 — 11
Adenosine 3-phosphate -+ 73 — 21 — 16
Cytidine s-phosphate + 3 — 33 ~ 20
Guanosine s-phosphate + 34 — 18 — 41
Adenosine s-triphosphate - 62 — 19 — 48
None o] o o

¢ The experiment was performed with corresponding methods using the new conditions suggested in
the study; <+ indicates increase in optical density and — indicates decrease in optical density in
comparison with no addition of other compounds.

% One mg of each compound was examined in the presence of 9.65 ug of N-acetylneuraminic acid
for the thiobarbituric acid method, of 53.5 ug of N-acetylneuraminic acid for the resorcinol method,
and of 128 ug of N-acetylneuraminic acid for the direct Ehrlich method.

A comparison was made of the sialic acid contents of various biological tissues
and fluids as determined by the three different methods using the new conditions, as
shown in Table III. Differences between the values obtained with the resorcinol and
thiobarbituric acid methods might arise, since the proportions of the different kinds
of sialic acid in these biological materials are not known. However, the resorcinol
method gave relatively little higher values in comparison with the thiobarbituric acid
method, as observed in the test for interference in color formation. Body fluids of the
silk worm, Bombyx mori, showed a positive color formation with the thiobarbituric
acid method, but did not give any color formation with the resorcinol and direct
Ehrlich methods; this effect is under investigation.

These experiments indicate that it is necessary to use at least two methods, such
as the thiobarbituric acid and resorcinol methods, for estimating the sialic acid con-
tents of biological materials.
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TABLE III
SIALIC ACID CONTENTS OF SOME BIOLOGICAL MATERIALS ANALYZED BY THREE DIFFERENT METHODS®
Biological materials No. of Thiobarbituric Resorcinol Direct
samples acid method method Ehrlich
method

Human colosttum

(second day after parturition) I 294 339
Human colostrum

(fourth day after parturition) 5 138 167
Human colostrum

(sixth day after parturition) 4 67.7 147
Acetone powder of

human colostrum 2 1,110 1,705
Cow colostrum

(first day after parturition) 2 145 168 200
Cow colostrum

(second day after parturition) 2 99.5 122 88.6
Cow milk 4 23.5 26.4 19.8
Acetone powder of cow

colostrum 6 450 540 240
Body fluids of silkworm,

Bombyx mori 3 21.3 o o

Body fluids of silkworm,
Bombyx mori, infected with

polyhedrosis 3 84.3 o o
Crude, bovine submaxillary gland 2 5,090 5,960 5,310
Egg white (hen) 2 15.6 18.4 22.0
Egg yolk (hen) 2 101 85.9 108

e Sialic acid (mg)/100 g of biological material. The sialic acid contents were estimated as N-acetyl-
neuraminic acid.
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SUMMARY

The assays of N-acetylneuraminic acid by the thiobarbituric acid, resorcinol,
and direct Ehrlich methods were investigated comparatively by a statistical examin-
ation, in order to studyv the factors influencing color formation. Interference with
color formation in the assay with the thiobarbituric acid method was similar to that
with the direct Ehrlich method, and different from that with the resorcinol method.
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INTRODUCTION

In recent years, the role of sulphated mucopolysaccharides in skin has excited
much interest and there is evidence that, although present in very small amounts,
they may be of considerable importance. For example, avitaminosis C causes reduc-
tion in the amounis of sulphated mucopolysaccharides and collagen formationl.
Dramatic effects such as that induced in the epidermis in vitro by vitamin A, which
inhibits keratin formation and causes accumulation of mucopolysaccharides in the
cells, also indicate some vital function for these compounds?-3,

However, the precise nature of the polysaccharides involved in these processes
is not known. A mucopolysaccharide fraction was first isolated4 from freshly-dissec-
ted pig skin by extraction with sodium hydroxide at 37°, and later from human skin
by a similar method®. Digestion of pig skin with papain and trypsin at 37° to reduce
contamination by protein®, permitted the mucopolysaccharide fraction to be separa-
ted, by alcohol precipitation of the calcium salts, into hyaluronic acid and chon-
droitin sulphates B and C. Digestion of rat skin with papain at 60°, followed by
trypsin at 37°, yielded mucopolysaccharide material which could be fractionated
into chondroitin sulphate, hyaluronic acid, and heparin. This was achieved by
utilising the differential solubility of the cetylpyridinium chloride (CPC) complexes
tollowed by chromatography on an anion-exchange resin?-8. The individual chond-
roitin sulphates were not separated by this procedure.

These methods involved the use of very large amounts of tissue and, in many
cases, did not give a clear-cut fractionation. In this study, all the skin polysaccharides
were separated on Deacidite FF (Cl- form). A column, once calibrated, can be used
in conjunrtion with sulphate-labelling, to separate micro-amounts of mucopolysac-
charide from biopsy specimens and hence to detect biologically-induced changes.

MATERIALS AND METHODS

The dorsal skin was removed from new-born rats which had been killed by
cervical fracture. Each litter of 10-12 animals provided 4—5 g wet-weight of skin and
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so 45 litters were required to provide the 20 g used for extraction purposes. After
initial labelling, the skin was deep-frozen and bulked until the required weight had
been collected.

For the individual labelling of the skin from each litter of rats, 1.0 mc of
Nas35S0, was added to 20 ml of a tissue-culture medium consisting of 60% modified
Hanks B.S.S., containing lactalbumen hydrolysate, antibiotics, and 40%, horse serum.
The final volume was divided between two petri dishes. The skin was cut into pieces
(approx:mately 1 cm square) and placed with the dermis in contact with a sheet of
lens tissue which lay upon a disc of stainless-steel gauze inside the petri dish. Support
upon stainless steel in this manner, a modification of the method of Trowelld,
ensures that the skin remains at the surface of the tissue-culture medium. Incubation
was carried out for 24 h at 37° in an atmosphere of 95%, oxygen and 5%, carbordioxide.

The skin was minced with scissors, defatted with acetone followed by chloro-
form-methanol (2:1, v/v),air-dried, frozen in liquid nitrogen, and ground by mechani-
cal means. Tt was then incubated for 20 h at 37°, with one fiftieth of its weight of the
proteolytic enzyme ficin in the presence of its activator L-cysteine (0.007M), in 0.02M-
acetate buffer (pH 5.8) on a slow shaker. Any residual protein was removed by
shaking three times with chloroform—pentyl alcohol (10:1, v/v), followed by the addi-
tion of cold trichloroacetic acid to 10%. After standing at 4° for 30 min, the precipitate
was removed by centrifugation and the solution dialysed against running water for
24 h before lyophilisation.

Deacidite FF (100—200 mesh; 7-9% cross-linking) was heated with 6N-hydro-
chloric acid followed by 6n-sodium hydroxide, and washed three times with 6N-
hydrochloric acid. It was then suspended in water, packed as a slurry into a column
(44% 1 cm), and washed overnight with distilled water. The extract (51ing) was
placed onto the column and eluted (8o ml/h; 10 ml fractions) at ambient tem-
perature using 20ml water, 8oml 0.5 M-NaCl, 8oml 1.25 M-NaCl, 8omli 1.5 M-NaCl,
8oml 2.0 M-NaCl and 100 ml 4.0 M-NaCl (Fig. 1).

Peak number
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Fig. 1. Fractionation of mucopolysaccharide extract of rat skin on Deacidite FF. (——), orcinol
reaction; (- - -), radioactivity.

Each fraction was dialysed against running water for 24 h to remove the sodium
chloride, and the series scanned using the orcinol!? and carbazole reagentsl. In ad-
dition, each fraction was examined for radioactivity using fine filaments of NE1o2A
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plastic scintillator (Nuclear Eaterprises, Sighthill, Edinburgh). Positive fractions were
bulked into individual peaks, freeze-dried, and dissolved in distilled water (10 ml).
Extracts I, IT and III (Tables I, ITI, and IV) refer to products from separate experi-
ments which were fractionated as described above.

Identification metheds

The following identification methods were employed:

(@) Carbazole:orcinol ratio

The uronic-acid contents of the fractions were assayed by the carbazole method
of Dischel? and the orcinol method of Svennerholm!19, using p-glucurono-6,3-lactone
as a standard. Chondroitin sulphate B shows a depressed carbazole value due to the
presence of L-iduronic and not D-glucuronic acid!2. Chondroitin sulphates A and C,
both of which contain p-glucuronic acid, have carbazole:orcinol ratios near to unity.
Heparin!3, however, although containing D-glucuronic acid, gives a ratio greater than

unity (Table I).

=

TABLE I

ANALYTICAL DATA ON RAT-SKiN MUCOPOLYSACCHARIDE COMPONENTS
Peaic number Carbazole: N-sulphate: N-acetyl-oligo- Conclusion
orcinol ratio orcinol ratio saccharide®:

orcinol ratio

Extract 1
3 1.0 0.2:1 0.2:1 CSb_-A
4 0.8 o.1:1 0.8:1 Cs-C
5 0.3 0.3:1 0.3:I CS-B
6 2.3 0.9:1 0.3:1 Heparin
Carbazole at
430 mu
7 0.8 0.1:1 0.1:X Keratosul-
phate
Extract I
3 1.0 0.2:1 CS-A
4 1.0 0.8:1 Cs-C
5 0.7 0.0:1 CS-B
6 0.0.1
Standards
Chondroitin sulphate 1.0 0.I:1
(Evans Medical Ltd.)
Heparin 2.1 0.9:1
Keratosulphate Carbazole at
430 mp
0.8

9Liberated by hyaluronidase and reactive to assay of Reissig er alt5.
®CS = Chondroitin sulphate.
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The orcinol colorimetric method was used as a measure of the amount of muco-
polysaccharide present. The intensity of colour produced by this reagent for uronic
acid has been standardised for chondrsitin sulphate and also for heparin (Table II).

TABLE II
THE QUANTITATIVE ORCINOL REACTION OF CHONDROITIN SULPHATE AND HEPARIN
Polysaccharide ung Equivalent Calculated Actual
glucurone weight (ug) weight (ug)
presem‘ present
Chrondroitin
sulphate 6.6 18.5 17.5
6.5 18.2 17.5
Heparin 15.1 37.8 41.0
17.6 44.0 41.0

This standard could not, however, be applied to keratosulphate which contains no
uronic acid, but reacts with carbazole due to the galactose content. Maximum
absorption appears at 430 myu and not at 530 mu.

(b) Susceptibility to testicular hyaluronidase

Chondroitin sulphates A and C are degraded when incubated with testicular
hyaluronidasel4 and the oligosaccharides released may be estimated5 using Ehrlich’s
reagent. As substitution in position 4 of the N-acetylgalactosamine moiety suppresses
the colour formation in this reaction6.17 the oligosaccharides of chondroitin sulphate
A should not be detected, and any reaction can therefore be attributed to the presence
of chondroitin sulphate C. Chondroitin sulphate B, heparin, and keratosulphate
are not attacked by hyaluronidase.

(¢) N-Sulphate estimation

Heparin carries N-sulphated hexosamine as part of the molecular chain. This
may be estimated assuming that the mild conditions required to hydrolyse the
N-sulphate group will not hydrolyse the N-acetyl groups present in the chondroitin
sulphates18,

(d) Characterisation of amino-sugars after hydrolysis

The hydrolysate (3N-hydrochloric acid for 6 h at 100°) obtained from whole rat
tissue was fractionated on Dowex 50 (H* form)!9. Elution with o.3n-hydrochloric
acid up to three times the volume required to elute glucosamine revealed after hexos-
amine assay that only glucosamine and galactosamine were present. The positive
fractions were bulked, reduced to dryness, and the hexosamines further characterised
by paper chromatography in butanol-pyridine-water (6:4:3)20. )

Heparin and keratosulphate contain 2-amino-2-deoxy-D-glucose (D-glucos-
amine) residues, while the three chondroitin sulphates contain 2-amino-2-deoxy-p-
galactose (D-galactosamine). The two hexosamines may be distinguished by an adap-
tation2! of the Elson—-Morgan reaction22. The method depends upon the differing
abilities of the amino-sugars to complex with borate, and thus suppress colour for-
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mation with Ehrlich’s reagent. With borate present, the colour intensity produced
by glucosamine is reduced to between24 and 309, of its original value, and that produ-
ced by galactosamine to between 50 and 65%,. Since only these two hexosamines are
present, they may be distinguished in this manner. For the quantitative determination.
of hexosamine, the Rondle and Morgan adaptation?3 of the Elson—~Morgan reaction2?
was employed.

(e) Uronic acid identification after hydrolysis?’

Glucuronic acid and iduronic acid were idertified by their effluent positions
upon a column of Dowex 1 (acetate form); elution was with o.1N-sodium acetate.
This resin is approximately equivalent to that used by Dziewiatkowski24. The iduronic
acid used to calibrate the column was very kindly supplied as a gift from the Radio-
chemical Centre, Amersham, Bucks.

(f) Sulphate estimation after hydrolysis

Sulphate ion was sstimated by the method of Dodgson?2:,

(g) Infrared spectra

Infraredspectra of theseparated fractions, and of reference substances where pos-
sible, were obtained using a Perkin—Elmer Model 21 spectrometer with rock-salt optics.

(h) Column chromatography

Samples of heparin, chondroitin sulphate, shark keratosulphate (a gift from
Dr. Karl Meyer), and hyaluronic acid were passed down the column of Deacidite FF
and eluted as described previously. Their effluent positions (Fig. 2) were found to
correspond with those of certain of the skin-polysaccharide fractions. Adenosine
3-pliosphate S5-phosphosulphate (PAPS), prepared from a guinea-pig liver by the
method of Hilz and Lipmann26, was eluted from the same column in fractions
610 and corresponds with peak 2 in the rat-skin separation (Fig. 1).
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Fig. 2. Effuent position (fractions) on Deacidite FF of hyaluronic acid (5), chondroitin sulphate
(15—24), heparin (33), and keratosulphate (42).

RESULTS

Fig. 1 indicates the effluent position of various peaks obtained from the muco-
polysaccharide material of skin as shown by the orcinol reaction and the presence of
radioactivity.
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Peak 1 carried no sulphate and gave very high values with both the carbazole
and the orcinol reagents, but also contained residual protein. It appeared in the posi-
tion at which umbilical-cord hyaluronic acid was eluted, and was therefore regarded
as a mixture of hyaluronic acid and protein.

Peak 2 did not occur when authentic samples of hyaluronic acid, chondroitin
sulphate, heparin, or keratosulphate were passed down the column. It was also only
slightly positive to the colour reagents, but carried the greater part of the radioactivity.
When [32P] phosphate and [35S] sulphate were both incorporated into the tissue-
culture medium prior to the incubation and extraction procedures, radioactive
scanning showed that this fraction contained phosphate as well as sulphate. Since
this fraction appeared to resemble “active sulphate” more closely than mucopoly-
saccharide it was investigated separately?2?.

Peak 3 gave a carbazole:orcinol ratio of unity, consistent with the presence of
elucuronic acid (Table I). The degree of stability shown by the N-substituent towards
nitrous acid indicated N-acetylated hexosamine. This was confirmed by the presence
of an N-H deformation mode in the infrared spectrum, which also indicated the
presence of O-sulphate. In the fingerprint region (700-1000 cm—%), the infrared
spectrum was consistent®® with the material being either chondroitin sulphate A or B.

The low value obtained in the detection of N-acetylhexosamine-containing
oligosaccharides after incubation with testicular hyaluronidase indicated that either
the molecule was unattacked by the enzyme or that it was substituted in position 4

TABLE Il
GLUCOSAMINE AND GALACTOSAMINE CONTENT OF RAT-SKIN MUCOPOLYSACCHARIDE COMPONENTS
Concentration %4 Colour Conceniration %% Colour
of intensity% of intensity® '
galactosamine with borate glucosamine with borate
J77:4 present ne present
12.0 61 17.0 39
24.0 71 29.0 38
60.0 65 57.5 43
120.0 61 86.0 39
115.0 39
Peak hydrolysate Peak hydrolysate
Extract I
3 71 6 32
4 67 7 47
5 72
Extract I
4 73 6 42
7 43

@Elson-Morgan test21—23
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(Table I). The use of borate in conjunction with the Elson—-Morgan reaction indicated
that galactosamine was present (Table III). It was concluded that peak 3 was chon-
droitin sulphate A.

Peak 4 gave a carbazole:orcinol ratio of 0.8 (Table I) indicating the presence
of glucuronic acid. The very low value obtained in the N-sulphated hexosamine deter-
mination precludes the possibility that the fraction contains heparin or heparitin
sulphate. The material was susceptible to attack by testicular hyaluronidase and the
liberated N-acetylhexosamine oligosaccharides were detectable by the assay of
Reissig et al.15 It was concluded that peak 4 must be mainly chondroitin sulphate C.
The detection of galactosamine (Table III) and glucuronic acid in the hydrolysed
material supported this conclusion. Finally, the infrared spectrum corresponded
fairly closely with that reported by Mathews?28 for chondroitin sulphate T, with
bands at 775 and 1000 cm™L.

Peak 5 (carbazole:orcinol ratio well below unity) showed the depression of
colour formation in the carbazole reaction associated with the iduronic acid present
in chondroitin sulphate B.

In the estimation of N-sulphated hexosamine, the degree of lability shown by
the N-substituent was somewhat surprising, but the molecule was fairly resistant to
attack by testicular hyaluronidase. Furthermore, the detection of galactosamine by
the method of Tracey?! (Table IIT) and of iduronic acid by separation upon a column
of Dowex 1 (acetate form) indicated the presence of chondroitin sulphate B. The
infrared spectrum of this material showed bands at 855 and 920 cm~1 in the fingerprint
region, resembling those reported by Mathews?8 for chondroitin sulphate B.

Peak 6 was eluted in a position similar to that of heparin (Figs. 1 and 2) and
the carbazole:orcinol ratio exceeded unity as did that of an authentic sample of the
polysaccharide. The heparin-like character of the material was confirmed by the high
value obtained in the estimation of N-sulphated hexosamine. Glucosamine was
detected in the borate—FElson—Morgan determination (Table III) and the column
separation of uronic acids indicated mainly glucuronic acid with traces of other
orcinol-positive materials, which were eluted subsequently to the main fraction.
Peak 6 and an authentic sample of heparin had infrared bands in the fingerprint
region at 940, 890 and 8oo cm-1.

Peak 7 contained hexose but no uronic acid (carbazole reaction, Table I).
Because of this, none of the tests using the reaction of b-glucurono-6,3-lactone with
orcinol as a quantitative standard was applicable. This material represented only a
very small percentage of the extract and in effluent position it corresponded with the
main band obtained from shark-cartilage keratosulphate. Glucosamine was detected
after hydrolysis (Table IIT) and one sample, kindly tested for us with galactose oxidase
by Dr. G.I. Pardoe, contained galactose. It was therefore concluded that peak 7
must be keratosulphate.

Further amounts of the major fractions from another extract were assayed
for the ratios of their component moieties. Hydrolysis was in 3N-hydrochloric acid
for 6 h at 100°. The results obtained are shown in Table IV.
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TABLE IV
ANALYTICAL DATA FOR RAT-SKIN MUCOPOLYSACCHARIDE COMPONENTS

Peak number Carbazole:orcinol Molar ratio Molar ratio
ratio hexosamine:uronic sulphate:uroaic
acid (orcinol) acid (orcinol)

Extract I

3 1.I 0.4:1 0.7:1

4 1.0 1.0:1 r.2:1

5 0.7 1.0:1 1.0:1

6 3.7 1.0:1 1.6:1

7 0.5 0.31 INH
DISCUSSION

A technique for the simultaneous separation of all the polysaccharides of whole
skin has been found to give consistent results with several extracts and, in part at least,
this may be attributed to the thorough removal of protein by ficin. When trypsin,
papain, pepsin, or sodium hydroxide-extraction were used in preliminary experiments,
polysaccharide was obtained, but a high proportion of accompanying protein made
separation and identification difficult. In the present method, residual protein was
eluted together with hyaluronic acid, and the remaining polysaccharides contained
only small amounts of bound peptides.

The presence of chondroitin sulphates B and C and heparin in rat skin has been
confirmed, and in addition smaller amounts of chondroitin suiphate A and keratosul-
phate were detected. The extracts were prepared from samples (ca. 20 g) which were
very much smaller than those used by previous workers®-7.

The total amount of polysaccharide from the 20 g batches of tissue fractions
was only about 20 mg, consisting of approximately 509, hyaluronic acid and 50%,
sulphated mucopolysaccharide, most of which was chondroitin sulphates B and C.
Most of the techniques described above enable the individual polysaccharides to be
characterised on this scale. Further experience with the fractionation techrique and
its application to other tissues, e.g. cartilage, has given us confirmation of the repro-
ducibility of the method. When [14C] iduronic acid was tissue-cultured with human
skin and the resulting product submitted to the above fractionation, it was found that
the only polysaccharide labelled after 4 h appeared on the column in the position of
chondroitin sulphate B.

The method appears particularly promising when applied to biopsy specimens
since the incorporation of 35502~ by a tissue-culture method permits the study of even
smaller amounts of tissue. For example, it is possible to obtain a separation pattern on
the basis of scanning for radioactivity alone when there is insufficient material to
scan with the colour reagents. This provides a method of further studying polysac-
charide metabolism and tissue abnormalities. It has already been established that
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substances such as vitamin A and hydrocortisone alter the amount of [35S] sulphate
taken up by skin and that more than 60%, of that sulphate is incorporated into the
mucopolysaccharide fraction2?. By the use of [14C] glucose instead of [35S] sulphate
it has also been established that the actual amount of mucopolysaccharide was increas-
ed, and that the vitamin A effect was not just due to over-sulphation.

1t is therefore permissible to use 35502~ incorporation as a reliable indicator
of mucopolysaccharide changes. Changes in the amount of activity, however, are
related not only to the amount of mucopolysaccharide but also to the rate of turnover.
In some experiments the keratosulphate was only weakly active, thus reflecting a
slow turnover rate.

It has beern: reported3? that in cartilage the proportion of keratosulphate increas-
ed with age. It is therefore interesting that in the skin of new-born rats it should be
detectable in small amounts. No data are yet available concerning the proportions of
this polysaccharide in older skin.

SUMMARY

A technique has been devised for the separation of the polysaccharides of rat
skin on a single column of Deacidite FF resin. A combination of micromethods in
conjunction with 3580y labelling has been employed to characterise the individual
poiysaccharides on a microgram scale.
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INTRODUCTION

From mucopolysaccharide extracts of [35S] sulphate-labelled rat skin, fract-
ionated on Deacidite FF (Cl- form), material can be obtained! which contains
phosphate and sulphate, but little carbohydrate as shown by reaction with the orcin-
o2 and carbazole3 reagents. The very high level of radioactivity in the material,
and the iability of the sulphate, suggested that it might be a mucopolysaccharide
intermediate, or a substance resembling adenosine 3-phosphate s5-phosphosulphate
(PAPS).

Robbins and Lipmann? established that ATP-linked sulphate activation invol-
ved the production of PAPS, and several investigators have demonstrated the transfer
of sulphate from the latter tc various polysaccharide acceptors. Suzuki and Stromin-
gerd extracted from hen isthmus an enzyme which would catalyse the transfer of
[35S] sulphate from PAPS to chondroitin, and chondroitin sulphates A, B and C.
Similarly, Spolter and Marx8, working with mast-cell tumours, demonstrated that
[35S] PAPS served as a sulphate donor to heparin.

This study is concerned with the elucidation of the nature of a phosphate-
containing fraction from rat skin, and the preparation of a similar material from
guinea-pig skin. A comparison is made between these fractions and PAPS prepared
from guinea-pig liver.

MATERIALS AND METHODS

Active phosphate-containing fractions were prepared from the skin of new-born
rats and from adult guinea-pig skin, as described previouslyl.

Preparation and purification of PAPS from guinea-pig liver

The ATP-sulphurylase and APS-kinase necessary to effect the biosynthesis of
PAPS from adenosine 5-triphosphate (ATP) were obtained from guinea-pig liver by
the method of Hilz and Lipmann?. The enzyme system also contains a phenol
sulphokinase which enables the activity of the isolated protein mixture to be assessed
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via the sulphation of p-nitrophenol, which has an absorption maximum in alkaline
solution at 420 mu. Phenol sulphokinase transfers sulphate from PAPS to various
phenolic acceptors. p-Nitrophenol sulphate gives no colour in alkaline solution so the
reaction provides a test for the presence and activity of the enzyme system. Once
it had been established that the activation system was present, then a system was
set up for the biosynthesis of PAPS.

The protein-free incubation mixture was placed onto a column (1.6 X I9cm)
of Dowex 1 (formate form, 200-400 mesh), prepared by the method of Siekevitz
and Potter®, and maintained at 4°. The column was washed with water (50 ml)
followed by gN-formic acid-0.3N-ammonium formate, until the optical density had
fallen below 0.1 at 260 mu. The PAPS was then eluted with sN-formic acid—N-
ammonium formate, 10 ml fractions being collected4 (see Fig. 1).
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Fig. 1. Fractionation of nucleotide sulphates on Dowex 1 (formate form). (- - -), radioactivity;
( ), optical density at 260 mpu.

Comparison of prepared PAPS and the phosphate-containing fraction
(@) High-voltage electrophoresis
Portions of each fraction were spotted onto Whatman No. 3MM paper along
with Nas35S0; and a mixture of adenosine mono-, di-, and tri-phosphates as markers,
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and subjected to electrophoresis at 28 volts per cm for 9o min. The buffer solution
consisted® of 50% o0.05M-citrate-phosphate (pH 6.5) and 50% o.1M-Tris-acetate
(pH 6.5). After drying, the electrophoretogram was affixed to Kodirex X-ray film
and exposed for 3 days. After develoopment of the film, the electrophoretogram was
exposed to ultraviolet light, and the positions of absorbing spots were marked.

(b) Low-voltage electrophoresis
Elecirophoresis of prepared PAPS and the phosphate-containing fraction was
carried out with the same markers at 8 volts per cm for 5 h. The individu. | materials
were placed as bands across 2” strips of Whatman No. 1 paper and separated in
o.1m-citrate buffer® (pH 5.5). On the dried strips, the radioactive rnaterial was
visualised by exposure of an X-ray film, and u.v.-absorbing spots wece marked as
before.

(¢) Two-way chromatography!

Whatman No. 1 paper was developed overnight in (1) o.05M-ammonium
formate (pH 4.3)-isopropanol (3:2), dried, turned through 9o°, and irrigated for 17 h
in (2) isobutyric acid-M-ammonium hydroxide—o.1M-sodium versenate (100:60:1.6).
Radioactive and u.v.-active spots were detected as before.

(d) Column chromatography
A portion of the prepared PAPS was placed onto a column of Deacidite FF
(Ci—form) and eluted with increasing concentrations of sodium chloride, as described
previouslyl. The eluate was scanned both for radioactivity and absorption at 260 mu.

Further purification and study of the phosphate-containing fractions

The fraction was dissolved in a minimum of distilled water, placed onto a
column of Dowex 1 (formate form) as described previously, and eluted with water
(20 ml), g4N-formic acid-o0.3N-ammonium formate (20o0ml), and finally 5N-formic acid—
iN-ammonium formate. The eluate was scanned for radioactivity, and u.v. absorption
at 260 mu (Fig. 1). Positive fractions were bulked, dialysed free of formate, lyophilised,
dissolved in 10 ml of deionised water, and subjected to the following procedures.

{I) Pentose and 2-deoxy-D-erythro-pentose determinations
Portions of the separated peaks were hydrolysed with 10% trickloroacetic
acid (0.5 ml) at 100° for 15 min, and separately analysed for pentosel? and 2-deoxy-
D-erythro-pentosels.

(2) Phosphate determination
Orthophosphate was determined by the method of Berenblum and Chain4
after hydrolysis with either N-hydrochloric acid at 100° for 30 min (30 min phos-
phate), or a mixturs of 60% (w/w) perchloric acid (analytical grade) and conc.
sulphuric acid (microanaiytical grade) (2:3, v/v) for 5 min at 100° {total phosphate).
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(3) Sulphate determination
Sulphate was determined, after hydrolysis with 2N-hydrochloric acid at 100°
for 16 h, by the method of Jones and Letham?!5. In this method the phosphate is
removed prior to the determination of sulphate, and so does not interfere.

(4) Identification of nucleotide bases

Purines can be released from nucleotide fragments during mild hydrolysis
procedures, but are destroyed by vigorous treatment, whereas release of the pyrimidine
bases requires a far more drastic hydrolysis. Two hydrolyses were performed. For
the first, portions of each peak component were treated with N-hydrochloric acid
at 100° for 1 h, then the acid was removed in vacuo over potassium hydroxide pellets,
and the hydrolysate redissolved in a minimum of distilled water. Suchireatmentreleas-
es the purines, but the pyrimidines remain bound in cytidylic or uridylic acids.

A further portion of each peak was evaporated to dryness in vacuo,and hydrol-
ysed in 729, perchloric acid (1 ml) for 1 h at 100°. The hydrolysate was neutralised
with potassium hydroxide and concentrated to 0.5 ml, and the precipitated potassium
perchlorate was centrifuged off; more potassium perchlorate was removed after
further concentration and cooling to 0°. The hydrolysates were finally evaporated to
dryness and redissolved in a minimum of distilled water.

Each hydrolysate was examined by paper chromatography using Whatman
No. 1 paper, and dsvelopment for 15h at 27° with (1) a mixture of isopropanol
(68 ml), conc. hydrochloric acid (16.4 ml), and water (15.6ml)15 or (2) water saturated
with butanol'?. The nucleotides bases were detected by exposing the paper to u.v.
light. The u.v.-absorbing spots were eluted from the chromatograms with o.1N-hydro-
chloric acid, and the u.v. spectrum of each was determined using a Unicam SP 500
spectrophotometer. The blanks were obtained by eluting from a similar strip of the
developed chromatogram.

(5) Identification of amino-acids

The final portions of each peak component were hydrolysed in 6N-hydrochlor-
icacid at 100° for 16 h, and the acid was removed in vacuo over potassium hydroxide.
The hydrolysates were then subjected to two-way paper chromatography in butanol-
ethyl methyl ketone-water-ammeonia (5:3:1:1) followed by butanol-acetic acid—water
(4:1:5)18. The chromatograms were developed with ninhydrin. In later work hydrol-
ysates were subjected to automatic analysis on the Technicon Amino-acid Auto-
analyser.

Sulphate donor ability

A portion of the phosphate-containing fraction from a Deacidite FF (Cl-form)
column was incorporated into a tissue-culture medium as the sole source of radioactiv-
ity. Several pieces of fine human-skin were then incubated upon this medium for
4 h. After removal from the medium, some portions of skin were treated with 0.15%,
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trypsin prior to separation into dermis and epidermis, while the others were retained
as whole skin. All skin fragments were maintained at —70° for several minutes,
dialysed against o.iM-sodium sulphate, dried to constant weight, and counted?®.
The specific activity of each piece could then be calculated. To test that any apparent
“donation” was not due solely to surface adsorption, the procedure was repeated
vith a piece of dead human-skin as recipient. Skin was regarded as dead after main-
tenance at —70° for several minutes, and such skin did not adsorb or incorporate
activity from the medium. : )

RESULTS

Electrophoresis and Chromatography

The electrophoretic data obtained for both prepared PAPS and the phosphate-
containing fraction obtained from rat skin are shown below. The fractions do not
separate under the conditions employed.

-

MOBILITY (SO~ M == 1)

Buffer ATP Phosphate-containing PAPS
fraction
o.iM-citrate (pH 5.5) 0.50-0.56 0.83 0.77-0.83
Tris-acetate/citrate—
phosphate (pH 6.5) 0.50-0.53 0.83 0.77
sool 0.6
N
400} 0.4
T £
] o
@ &
= %
5 a
] o ;
200} 02 ;

[o] 2 4 6 8 10 12 14 16
Fraction number

Fig. 2. Fractionation of guinea-pig liver PAPS on Deacidite FF (Cl~ form). (
[ U ), optical dersity at 260 my.

), radioactivity:
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In the two-way chromatographic examination, PAPS had Rare 1.1.and 0.55, and the
active phosphate-containing material Rate 1.0 and 0.45, in solvents 1 and 2, respec-
tively. : -

Column chromatography of the prepared PAPS upon Deacidite FF (Cl- form)
exactly as carried out in the preparation of the phosphate-containing fraction.
resulted in elution of a radioactive and u.v.-absorbing peak in fractions 6-8, the elut-
ion position of the peak containing active phosphate material (Fig. 2).

The active material from guinea-pig skin appeared in the same position as
PAPS when eluted from a Dowex 1 (formate form) column. The corresponding mater-
ial from rat skin appeared as two peaks, with the major one corresponding with
PAPS, and the second peak five fractions later. -

Table I summarises the analytical data for these peaks. The figures for peak 1
obtained from rat skin and for the peak from guinea-pig skin are in agreement with
those quoted by Robbins and Lipmann4 for their “active sulphate fractions”. Peak
2 in rat skin contained cytosine, pentose, sulphate, and phosphate, but no adenine.

TABLE 1

ANALYTICAL DATA FOR THE PHOSPHATE-CONTAINING PEAKS OBTAINED ON FRACTIONATION OF EXTRACTS
FROM RAT AND GUINEA-PIG SKIN®

Peak Phosphate:  Sulphate: Ribose: Adenine or: 30 minute
cytosine phosphate
Rat skin 1 1.8 1.0 I.1 0.75 1
2 0.8 1.0 0.9 0.5 trace
Guinea-pig skin 1 1.6 I 0.8

2Assays for deoxyribose were negative. Adenine and cytosine were determined after recovery from
a paper chromatogram.

TABLE 11

CHROMATOGRAPHY OF THE BASES RECOVERED FROM THE PHOSPHATE-CONTAINING PEAKS
Base Rp in solvent r  Rp in solvent 2 Amgpx
Adenine 0.36 0.43 261
Guanine 0.24

Uracil 0.70 259
Thymine 0.78 264
Cytosine 0.48 0.34 265
Adenosine 0.38 0.33

Cytidylic acid 0.58

Peak 1 (HCI1 hydrolysate) 0.32 0.38 260
Peak 1 (HCIO4 hydrolysate) 0.34 0.43 262
Peak 2 (HCI hydrolysate) 0.53

Peak 2 (HC1O4 hydrolysate) 0.44 0.36 266
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The Ry values obtained on paper chromatography of the nucleotide fragments
present after both mild and rigorous hydrolysis are compared in Table II. The Rr
values in solvent 2 were found to be very dependent on temperature. Further confir-
mation of the identity of the bases was obtained by plotting the ultraviolet spectra
of the components eluted from the chromatogram. This latter procedure also permit-
ted a quantitative estimation of base concentration, using ezez = 13.1 X103 for
adenine and ge74 = 10.2 X 103 for cytosine. The values obtained are, however,
dependent upon the achievement of efficient hydrolysis of the nucleotide, without
destruction of the base. )

The adenine-containing fractions from the skin of both new-born rat and
guinea-pig ear contained the following amino-acids: aspartic acid, glutamic acid,
glycine, serine, valine, alanine, and leucine. The cytosine-containing component from
rat skin contained the same seven amino-acids, with the addition of threonine.

TABLE III
THE INCORPORATION OF 33503~ INTO SKIN FROM Na33504 AND “ACTIVE FRACTION”
Medium Skin
counts/ml/sec counts/glsec
Na’S04 70.0 119
67.0 116
65.4 109
“Active fraction” 27.0 430
27.0 420

The phosphate-containing component was about ten times more efficient than
sulphate ion as a sulphate denor to skin. The comparative experiments were perfor-
med with approximately the same amount of radioactivity added to the medium
for either donor (Tabie III). Since the phosphate-containing fraction is the more
efficient donor, it cannot donate sulphate ion via a dissociation process.

DISCUSSION

Material which is very similar to PAPS has been isolated from the skin of both
rat and guinea-pig. When examined electrophoretically in two buffers, by paper chro-
matography, or by passage through two anion-exchange columns, it was indistin-
guishable from PAPS synthesised by the method of Hilz and Lipmann?. The material
contained phosphate, adenosine, ribose, and sulphate, and acted as a very efficient
sulphate-donor to skin.

The main difference between our material and PAPS was that the former was
associated with several amino-acids. Both our material and the material prepared
after Hilz and Lipmann? were largely retained in the sac during dialysis. Enough
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activity still remained to mark an X-ray film after electrophoresis of the dialysed
material. We have found no reports, other than that of Torii and Bandurski29,
describing dialysis of PAPS. These authors were working with an enzyme system
which reduced the [33S] sulphate of PAP35S to [35S] sulphite, and then coupled it to a
long-chain moiety giving X-358073. They did not stop this reaction before commencing
dialysis, and the PAP35S activity may have been lost as dialysable sulphite. In fact,
they continued the reaction long enough for all of the X-35803 activity to exchange
with unlabelled SOZ~ ion, and dialyse away.

Baddiley et al.2! have achieved a chemical synthesis of both PAPS and ade-
nosine-5-phosphosulphate (APS). We assume that our material contains PAPS
which is weakly bound to a peptide chain. Since isolation of the material involves
rigorous removal of protein [denaturing with chloroform—pentyl alcohol (10:1 v/v),
followed by precipitation with trichloroacetic acid], the peptide chain must be very
short. Since the material had already been incubated with the proteolytic enzyme
ficin at an earlier stage, it may not occur thus in vive.

The extreme lability of the sulphate group makes purification of the material
very difficult. Passage through Dowex 1 (formate form) with elution by sN-formic
acid-M-ammonium formate caused 90% of the radioactivity to be lost, even when
the operation was carried out at 4°. This difficulty has prevented the testing of indivi-
dual subfractions for their ability to donate [35S] sulphate to skin.

Hitherto, cytosine has not been reported as being involved with a precursor
stage of mucopolysaccharide biosynthesis, but the base is a component of cytidine
5-(NV-acetylneuraminic acid monophosphate) and the cytidine pyrophosphate deri-
vaiives of ribitol, glycerol, and choline, as well as occupying the terminal position in
transfer ribonucleic acid. Derivatives of uracil which form the nucleotide—polysac-
charide moiety involved in polysaccharide back-bone synthesis were, as one might
expect, not detected. They would have been lost in the first dialysis step. The cytosine-
containing fraction was detected only in the skin of new-born rats, not in the skin
of the adult guinea-pig. The adenosine-containing fraction from the two types of skin
appeared to be identical; even the same amino-acids were present in identifiable

amounts.

SUMMARY

From rat skin and from guinea-pig skin a material has been isolated which is
indistinguishable from adenosine 3-phosphate 5-phosphosulphate (PAPS). In addi-
tion, rat skin appears to contain a sulphated cytidine monophosphate.
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STUDIES ON THE BIOSYNTHESIS OF STARCH GRANULES
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INTRODUCTION

It is now weli-established that during growth there are changes in the amount
of starch, and the characteristics of the starch granules, stored in the plant. Such
studies have been carried out on maizel-2, sweet corn3, barley4, smooth-seeded and
wrinkled-seeded peas?, and tobacco leavesS. The general pattern resulting from this
work is that as the plant matures, its starch-content increases, whilst there is concur-
rently an increase in both the average size of the granule and the amount of the amyl-
ose component that it contains. In the case of poiato starch, the work of Halsall
et al.” indicated that the percentage of amylose remained constant for two varieties
of the growing tuber. There is evidence, however, that the amylose-content may
vary with the botanical variety of tuber8, and our earlier results on the starch from
the tuber and shoots of the sprouting tuber® indicated that immature potato starch
may contain less amylose than the mature granules.

In this work, therefore, we have studied the physical and chemical properties
of starch isolated from the growing potato tuber. Furthermore, the properties of the
amylose and amylopectin components have been studied, for apart from our work
on pea starches5, there is little evidence in the literature as to whether changes occur
in the fine-structure of the components during growth. The occurrence and properties
of starch material differing in character from conventional amylose and amylopectinl9
have also been investigated. Such results have an important bearing on theories of
starch-biosynthesis.

EXPERIMENTAL

Growth and isolation of the starches

The potatoes (var. Pentland Crown) were grown at the Scottish Plant Breeding
Station, Pentlandfield, Roslin, Midlothian, Scotland, in the 1962-season. Tubers were
harvested at intervals of ten days after the appearance of leaves on the plants, and
were separated into sizes varying from < I to 15 cm in longitudinal diameter. Starch
was isolated from the different-sized tubears, and was purified by the method given
earlier®.

*For Part 11, see ref. 5.
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In a similar manner, starch was also isolated from the shoots (i.e. the under-
ground stems devoid of tubers) and the original seed-tubers (6—7 cmn diameter)
from mature plants, the dry growing-season leaving the latter intact.

Estimation of the percentage of starch in the plant material

The fresk potato sample (200 mg) was ground with an equal weight of silver-
sand, and then heated for 30 min at 98°. After cooling in ice, perchloric acid (72%;
6 ml) was added. The mixture was then extracted for 20 min before water (40 ml)
was added and the whole was centrifuged. The residue was then re-extracted two or
three times with perchloric acid until the washings gave no iodine-stain. The combined
supernatant liquor and the washings were then made up to a standard volume
{500 ml), and aliquots were taken for estimation of starch-content by the phenol-
sulphuric acid method of Dubois er al.11, Duplicate estimations gave results agreeing

to 4 3%.

Characterization of the starches

The granular size distribution, the number-average particle diameter, the
percentage of phosphorus, the average gelatinization temperature, and the iodine
affinity of the starches were determined as described by Banks and Greenwood?.

Fractionation of the starches

The starch samples were pretreated with liquid ammonial?, prior to their
dispersion into water by boiling for 1 h under nitrogen, and the addition of thymol
to precipitate the amylose. The amylose was purified as the butan-i-ol complex.
The amylopectin was obtained by freeze-drying the supernatant liquors after removal
of the amylose-complex. These methods have been given in detail elsewherel2.

In each fractionation, the anomalous amylopectin fraction!? was also isolated
from the supernatant liquor from the recrystallization of the initial thymol-amylose
complex.

Subfractionation of the anomalous amylopectin
Subfractions were obtained by the stepwise addition of ethanol to a 0.25%
solution of the intermediate material from starch 6 in dimethyl sulphoxide at 35°.
Precipitates were washed with ethanol, redispersed in water, and freeze-dried. Seven
fractions were obtained.

Characterization of the fractionation products

Methods described in the earlier parts of this series5.® were used to measure:

(i) Iodine affinity, to obtain the purity.

(i) Percentage of phosphorus, except that the optical density of the reduced-
phosphomolybdate-complex was measured at its maximum of 820 mu. The optical
density was then almost twice that at the wavelength of 675 mu used by Fogg and
Wilkinson'3, and with this modification, the method using ascorbic acid as reducing
agent was as sensitive as that suggested by Bartlett!4.
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(iii) Limiting viscosity number [7]] in M-potassium hydroxide at 25°.
- (iv) Percentage conversion into maltose under (a) the action of purified f-amyl-

ase, and (b) the concurrent action of f-amylase and Z-enzyme.

(v) Average length of unit-chain of amylopectin-materials by periodate oxida-
tions. (Our procedure has also been detailed elsewherel5).

(vi) Sedimentation measurements of aqueous solutions of amylose and amylo-
pectin.

(vii) Molecular weight by light-scattering for amylopectins, except that Millipore
filters were used for clarification [type VM (50 mu) for solvent, and type RA
(1.2 ) for solutions], and the angular scattering was measured in cylindrical cells

in the range 30-120°.

Separation of starch granules into fractions of differing size

Starch 6 (30 g) was separated into 5 fractions of granules of differing size by the
technique of Decker and Hoellerl§, the granules being allowed to sediment through
distilled water. The resultant distribution curves are shown in Fig. 1.
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Fig. 1. Number-average-size distribution curves of the granules of starch 6(- - -) and its subfractions
(curves 1—-5).

RESULTS AND DISCUSSION

Properties of the granular starches
An exact criterion for assessing the maturity of potato starch is more difficult

to establish than is the case for the cereal starches. In the first instance, we used the
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size of the potato tuber. Although this may be influenced by unequal growth rates
rather than differences in age, potato tubers harvested at different times were graded
on a size-basis. Starch was also isolated from the underground roots and the residual
seed-tuber. Table I shows that the starch content increased with increase in size of
the tuber, from a lower value of 5%, up to an apparent limit of about 18%,. (The starch-
content of the o—1 cm tuber was equivalent to that for the shoots, whilst that for the
seed-tuber was reduced to 3%.) Furthermore, the properties of the granular starches
isolated from the tubers of increasing size show (Table I) the same general trends as
have been attributed in previous work to changes in maturity (see Introduction).

The variation in the percentage of nitrogen present in the starches is purely
random; the corresponding low protein-contents illustrate the efficiency of the puri-
fication procedure. (The higher values for starch R were due to the difficulty of sepa-
rating the small amount of starch present from the fibrous, residual tuber-tissue).
All the fifteen starch samples contained comparable amounts of phosphorus, and
there was no apparent trend with increase in maturity of the tuber (¢f., however,
ref. 17). Although phosphorus is thought to be present as the ester-phosphate, there
is the possibility that some may arise from contaminating phosphorus-compounds,
e.g. nucleic acid and phospholipids.

Fig. 2(a) shows that the increase in average granular size was directly propor-
tional to the size of tuber; indeed, other evidence [see Fig. z{b)] suggests that a more
fundamental criterion for maturity is the size of the granule.
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Fig. 2. (a) Variation of tuber size (-@-) and percentage of amylose (-O -) with average granule size.
(b) Variation of average gelatinization temperature (G.T.) with percentage of amylose in the starch
(- X -~) and the average granule size (-{J-).

In agreement with our earlier observations on pea starches’, the increase in
maturity of the potatc starch was associated with a large overall change in the iodine
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affinity of the granules. Although iodine affinity cannot give an exact estimate of che
percentage of amylose, relative changes can be accurately determined. In these
experiments, the apparent amylose-content increased from 12.5% for starch 1 to
an apparent limit of about 209, for starch 13. There is, in fact, a direct relation between
the percentage of amylose and the granular size as shown in Fig. 2(a), and so the
biosynthesis of starch cannot be a simple equilibrium process. This raises the problem
of whether a granule is formed in the amyloplast, to an invariant size, or whether
further growth can occur. Radioactive studies!8-19 indicating that the granule grows
by apposition suggest that the latter may occur. If this is so, when small granules
of low amylose-content form large granules—with an overall higher percentage of
amylose—there must be more amylose in the outer layers of a granule than internally.
However, some intussusception may also occur2S.

The average gelatinization temperature decreases directly in relation to the
granular size, as shown in Fig. 2(b). This figure also shows that the gelatinization
temperature is influenced directly by the percentage of amylose present in the granule.

The properties of the starch from the shoots (S) were similar to those for
starch 1 (0-1 cm tuber), whilst those for residual seed-tuber starch (R) and a com-
parable-sized mature tuber were similar, in agreement with our earlier results®.

Fractionation of the granular starches

Amylose and amylopectin components were obtained by conventional disper-
sion and fractionation techniques, after a liquid ammonia pretreatment of the granu-
les to ensure complete dispersion. It was found that the initial thymol-amylose pre-
cipitates from starches 1 and S were difficult to isolate; the possible effect of this on
the properties of the components will be discussed later.

Properties of the amylose components

Potentiometric iodine titrations indicated that all the samples were pure, this
conclusion being substantiated by the complete conversion of the samples into
maltose under the concurrent action of g-amylase and Z-enzymel®,

The incomplete conversion with pure f-amylase (Table II) was thus not due to
contaminating amylopectin, and the B-amylase limits indicate that, as the starch
granules mature, the amylose component becomes less susceptible to degradation
by the enzyme, i.e. some “barrier” is being introduced. This trend in S-amylolysis
limits affords a strong indication that the barrier is a natural one and not an artificial
product of the fractionation procedure. Since the ester-phosphate in amylose is a
possible cause of the barrier®:2L, we carried out careful phosphorus-determinations on
amylose-samples 3, 7, 10, and 12. The results showed that the apparent phosphorus-
content was 0.002-0.003%,, with no trend. In view of (f) the large effect of traces of
amylopectin-impurity on the observed phosphorus-content, and (ii) the observed
quantities being at the extreme limit of the experimental method, it is thought unlikely
that an ester-phosphate group is the barrier. Although Radomski and Smith22
reported a positive correlation between amylose f-amylolysis limits and the phos-
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phorus-content, their phosphorus-contents were up to ten times greater, and their
B-amylolysis limits were some 15-20%, lower than any values we have found. Further-
more, these authors presented no evidence for the purity of their amylose samples,
and it seems very likely that these were contaminated with amylopectin.

With the exception of the o-1 cm tuber, an increase in maturity was accom-
panied by an increase in limiting viscosity number for the amylose. This indicates
an increasc in molecular size. Some indication of the magnitude of this change is
shown by the values of number-average degree of polymerization calculated from
the viscosity results, using the relation developed by Cowie and Greenwood?23,

The sedimentation coefficient and limiting viscosity number of amylose samples
3,7, 11, and 13 were measured in o.15M-potassium hydroxide. Weight-average
moleculer weights were then calculated from these values using the Scheraga—
Mandelkern equation2!. The results (2 x 105, 8 X 105, 1.2 X 105, and 1.3 X I0OS,
respectively) confirmed that the molecular weight of the amylose is increasing with
maturity, as we found in our work on pea amyloses5. )

The high [#]-value for amylose 1 was found in two independent fréctionations.
Comparable results were obtained for the shoot amylose, S. It is likely that in these
samples loss of very low molecular-weight material occurred during fractionation
of the starch.

It is of interest to note that the increase in[z]-value and the decrease in f-amyl-
olysis limit for samples 2-13 were both directly proportional to the percentage of
amylose in the parent starch (see Fig. 3); conversely, the [p]-value and the g-limit
were directly related.

I | I ]
600 — —4 a0
-
= £
.
200 —
-1 80
| . { l I

14 16 18 20
Amylose-content (%)
Fig. 3. Variation of [5j}-value (- O-) and f-amylolysis limit (-@-) with amylose-content of the starch.

Properties of the amylopectin components

The phosphorus-contents of these samples varied randomly (see Table II),
as did those for the parent starches. Iodine-affinity measurements showed that a
high degree of purity (>>99.7%) was obtained on fractionation. The average length
of unit-chain and the S-amylclysis limit for the amylopectins from immature starches
were significantly higher than those for the mature ones. This indicates a slight increase
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in the degree of molecular branching, with the apparent internal chain-length remain-
ing effectively constant. The values of chain-length and f-amylolysis limit for the
mature starches were lower than those for other varieties of potato%.15. The shoot
amylopectin, S, appears to have an unusually large average length of unit-chain.
The molecular weights of samples 1, 4, 7, 10, 12, and 13 were determined by
light-scattering measurements in o.1m-sodium chloride. In agreement with earlier
work in these laboratories5, the second virial coefficient in this solvent was negligible.
Data were evaluated by the method of Zimm25, and a typical result is shown in Fig. 4.
Table II shows that there is a profound increase (from 9 X 108 to 130 X 109) in
molecular weight of the amylopectin with increase in maturity. The root-mean-square
end-to-end distance showed a corresponding increase from 1040 to 2120 A.

1 [
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Fig. 4. Zimm-plot25 for amylopectin 12 in 0.1M-aqueous sodium chloride.

Properties of the intermediace material

The yields of the intermediate material described by Banks and Greenwood!?
varied from 1—59%, (see Table II1). Todine-affinity measurements indicated the essential
absence of linear material. S-Amylolysis limits were generally less than those for the
corresponding amylopectin-sample. The average lengths of unit-chain show a
decrease, with increase in maturity, down to values of 12 and 13, in agreement with
earlier resultsi®. Samples 2, 6, 9, and 13 were examined in the ultracentrifuge. The
sedimentaiion coefficients increased with maturity, but samples 2 and 6 were ap-
parently homogeneous, whilst 9 and 13 were heterogencous. However, the ultracentri-
fugation of a mixture of two components is complex. Johnston and Ogston2¢ have
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TABLE UI
PROPERTIES OF INTERMEDIATE MATERIAL1? ISOLATED FROM DISPERSIONS OF THE STARCHES
Starch " Yield Amylose B-Limit? Chain-length 10138°
sample 0] content (/)%

I 2.4 2.3 50 26 n.d.

2 0.8 1.3 n.d. n.d. 3

3 2.6 - 1.9 50 n.d. n.d.

5 4.6 2.1 52 ‘19 n.d.

6 2.2 2.2 n.d. n.d. 1I

7 2.4 1.3 52 I3 n.d.

[ 2.0 1.3 52 n.d. 11 and 130
Ii 2.8 2.3 54 iz n.d.
13 2.5 3.4 53 n.d. 19 and 215
S 1.4 1.5 50 n.d. n.d.

a Calculated from iodine-affinity measurements.

b Percentage conversion into maltose on treatment with f-amylase.
¢ Sedimentation coefficient at 0.3% concentration in 0.1M-NaCl.
n.d. = not determined.

shown that in a mixture of fast- and slow-moving components, the apparent concen-
tration of the former is drastically reduced. We have shown recently2? that this
effect is very pronounced with starch-type materials. Sample 6 was subfractionated
by the addition of ethanol to a dimethyl sulphoxide solution, but the fractions showed
no trend in either p-amylolysis limit, or in Amax (555 mu) of the iodine-complex.

These intermediate materials appeared to have the properties of degraded
amylopectin, in agreement with our earlier suggestion1®.

Separation of a starch sample into granules of different sizes, and the properties of
these fractions

The above results indicated that the properties of both the starch and its sepa-
rated components depend essentially on granular size. Starch 6—in the middle of the
maturity serics—was separated, therefore, into fractions varying in number-average
granular diameter from 7 to 37z (¢f. Fig. 1). The gelatinization temperature and iodine
affinity for these samples (Table IV) showed identical trends with increase in granular
size, as did the starch samples graded on the basis of maturity (Table I). An analogous
result was obtained when two of these starches were fractionated. The properties of
the amylose and amylopectin in Table V show the same trend—with increase in
granular size—as is found in Table II.

The properties of a starch and its components must depend essentially, there-
fore, on the size of the granule.

Biosynthesis of the starch granule
- The above results show that with increase in maturity of potato starch there
is—in addition to changes in the size and properties of the granule—a profound
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TABLE 1V
PROPERTIES OF THE STARCHES SEPARATED BY SEDIMENTATION
The starches were characterized as in Table I.

Starch Yield No.-av. Av. gelatiniza-  Iodine Amylose(C})
sample Siwt.) granular tion remp. affinity
diam. (1)
6 100 28 63.5 3.35 17.2
6.1 28 37 62.5 3.80 19.5
6.2 38 28 63.5 3.50 18.0
6.3 21 16 64.5 - 3.25 16.7
6.4 6 10 65.5 3.10 16.0
6.5 4 7 67.5 2.80 14.4
TABLE V

PROPERTIES OF THE COMPONENTS OF STARCHES 6.1 AND 6.52

Amyloses Amylopectins
Starch sample B-Limitt Purity B-Limit Chain-length  Internal
@) @) 7 (VA] Ol chain-length
6 87 101 345 99.7 53 23 8
6.1 85 99 400 99.6 52 22 8
6.5 91 101 310 99.8 59 25 8

@ As in Table IV.
¥ Percentage conversion into maltose under the action of (i) pure f-amyiase, and (i) §-amylase and
Z-enzyme.

alteration in the fine-structure of the components. The biosynthesis of amylose and
amylopectin is, therefore, not a simple process20. Current theories of starch-biosyn-
thesis are those of (i) Erlander®8, involving a glycogen-type precursor, and i)
Whelan?9, involving the independent synthesis of amylose and amylopectin. Our
results indicate that biosynthesis is more complicated than either of these theories
would suggest. It is hoped to present a detailed discussion of this problem elsewhere.
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SUMMARY

Starch granules have been isolated from potato tubers of various stages of
maturity, and their properties investigated. Increase in maturity was accompanied
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by an increase in granule size and amylose-content, whilst the gelatﬁlization-temp-
erature decreased. The amylose-content and gelatinization-temperature were both
directly related to granule size. The starches have been fractionated into their amylose
and amylopectin components, and the fine-structure of these investigated. For both
components, it was found that with increase in maturity there was (f) an increase in
molzcular size, and (#i) a decrease in the extent of conversion into maltose by f-amyl-
ase. The properties of an intermediate fraction have also been characterized. One
starch sample was separated into granules of different sizes, and the properties of
these and their component amylose and amylopectin wers studied. The results
indicated that the fundamental properties of a sample of potato starch are determined
essentially by the size of the granules.
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Araucaria bidwitli GUM

G.O. AspmaLL AND R.M. FAIRWEATHER
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(Received January 29th, 1965)

The characteristic resinous exudates of coniferous woods are terpenoid in
character. In the course of an investigation of such a resin from the Australian
bunya pine (Araucaria bidwilli) the presence of an accompanying polysaccharide
was noted, and through the kindness of Professor A.J. Birch, F.R.S. and Dr. D.C.C.
Smith, this material was placed at our disposal. As far as we are aware this is the first
report of a polysaccharide exudate from a coniferous tree, and it was of particular
interesi to compare the structure of this polysaccharide with those of other exudate
gums from deciduous trees and with those cf polysaccharides from the woods of
typical conifers.

RESULTS AND DISCUSSION

A dispersion of the exudate from Araucaria bidwilli had been poured into acid-
ified ethanol to give an acidic polysaccharide with an equivalent weight of approxi-
mately 1,600. Galactose, arabinose, and rhamnose had been recognised as constituent
sugars by paper chromatography of the hydrolysate.

Hydrolysis of a sample of the polysaccharide gave galactose, arabinose, and
rhamnose in the molar proportions of 13:3.5:1, together with acidic sugars. A larger
sample of the polysaccharide was hydrolysed and the hydrolysate was passed through
diethylaminoethyl-Sephadex to adsorb acidic sugars. The neutral sugars were separat-
ed by filter-sheet chromatography and crystalline D-galactose, L-arabinose, and
rL-thamnose hydrate were isolated. Desorption of the acidic sugars gave a mixture
which contained glucuronic acid and two aldobiouronic acids, and the components
were separated chromatographically. Aldobiouronic acid I was chromatographically
indistinguishable from 6-0-(8-D-glucopyranosyluronic acid)-p-galactose. Hydrolysis
of the disaccharide gave glucurounic acid and galactose, and reduction of the derived
methyl ester methyl glycosides with potassium borohydride followed by hydrolysis
gave glucose and galactose. The aldobiouronic acid was methylated and examination
by gas chromatography of the methanolysis products from the methylated derivative
showed the methyl glycosides of 2,3,4-tri-O-methylglucuronic acid, and 2,3,4- and
2,3,5-tri-O-methylgalactose. In a similar series of experiments aldobiouronic acid 11
was shown -to be the methyl ether of I, namely, 6-0-(4-O-methyl-g-D-glucopyrano-
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syluronic acid)-b-galactose. The optical rotations, [x]p 0° and 4-3°, of the two aldo-
biouronic acids were consistent with the presence of f-glycosidic linkages.
B-D-GpA 16 D-Gal (I) 4-Me f-D-GpA 1—6 D-Gal (IT)

Under mild conditions of hydrolysis three neutral oligosaccharides were detec-
ted with the chromatographic mobilities of 6-0-g-D-galactopyranosyl-pD-galactose
(major component), 3-0-g-D-galactopyranosyl-p-galactose (minor component), and
3-0-8-L-arabinopyranosyl-L-arabinose (tracecomponent). Thehighly branched nature
of the polysaccharide was further indicated by the gas chromatographic examination
of the methanolysis products from the methylated polysaccharide which indicated
the presence of methyl glycosides of the following sugars (approximate relative
proportions in parenthesis); 2,3,4-tri-O-methylrhamnose (+), 2,3,4- (trace) and
2,3,5-tri- (+-+), and 2,5-di-O-methylarabinose (trace), 2,3,4,6-tetra- (+-+-+), 2,3,4-
(+-+) and 2,4,6-tri- (+4), and 2,4-di-O-methylgalactose (+-+-+), and 2,3,4-
tri-O-methylglucuronic acid (+-). In a separate experiment the acidic sugars
formed on hydrolysis of the methylated polysaccharide were separated by
adsorption or diethylaminoethyl-Sephadex. Treatment of the acidic sugars with
methanolic hydrogen chloride furnished methyl glycosides of 2,3,4-tri-O-methyl-
glucuronic acid and 2,3;4-tri-O-methylgalactose. Reduction of the methyl ester
methyl glycosides with lithium aluminium hydride followed by hydrolysis afforded
2,3,4~ tri-O-methylglucose and 2,3,4-tri-O-methylgalactose. These experiments indic-
ate that themethylated acidic sugar fraction was composed largely of the fully etherified
aldobiouronic acid, 6-0-(2,3,4-tri~-O-methylglucopyranosyluronic acid)-2,3,4-tri-O-
methylgalactose.

The results of these experiments show that the polysaccharide contains a
branched framework of p-galactopyranose residues, mutually joined by 1—3 and
I—-6 linkages, in which the outer chains are terminated by units of p-galactopyranose,
6-0-(f-p-glucopyranosylurenic acid)-p-galactopyranose (approximately one third of
the glucuronic acid residues are present as the 4-methyl ether), L-rhamnopyranose,
and r-arabinofuranose residues. In addition, a small proportion of L-arabinose
residues are probably present in units of 3-O-f-L-arabinopyranosyl-L-arabino-
furanose. Evidence concerning the distribution of 1—3 and 1—6 linkages in the
galactan framework was obtained by examination of the degraded polysaccharide
formed by Smith’s procedurel. Reduction of the periodate-oxidised polysaccharide
with sodium borchydride followed by mild acid hydrolysis afforded degraded poly-
saccharide A. Further degradation in a similar manner furnished degraded polysac-
charide B. Degraded polysaccharide A contained galactose and arabinose residues in
the approximate proportion of 20:1, and degraded polysaccharide B was composed
essentially of galactose residues only.

The degraded polysaccharides A and B were examined by (a) partial hydrol-
ysis, (b) periodate oxidation, and (c) methylation. Partial hydrolysis of the degraded
arabinogalactan A showed that 3-O-f-galactopyranosylgalactose was the disac-
charide formed in greatest amount, with only small amounts of the 1,6-linked isomer;
even smaller amounts of the latter disaccharide were formed on partial hydrolysis
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of degraded galactan B. The degraded polysaccharides A and B consumed 0.27
and o0.15 mol of periodate per sugar residue, respectively, and these results show
clearly that the two successive degradations had led to the formation of polysac-
charides which approximated increasingly to linear 1— 3-linked galactans. Complete
methylation of the degraded polysaccharides could not be achieved. Jones and
Reid? have also observed that a similar degraded polysaccharide obtained from
mountain larch arabinogalactan was resistant to complete methylation. Despite
incomplete methylation, however, examination of the cleavage products from the
methylated polysaccharides showed 2,4,6-tri-O-methylgalactose to be the dominant
component sugar. The additional recognition of 2,6-di-O-methylgalactose as an
important cleavage product suggested that the resistance to methylation was associat-
ed primarily with the axial 4-hydroxyl group of 3-O-substituted galactose residues
since no evidence for the presence of any substantial proportion of 4-O-substituted
galactose residues in the original polysaccharide had been obtained from other
experiments. Assuming that 2,6-di-O-methylgalactose and possibly also 2-O-methyl-
galactose were cleavage products arising from incomplete methylation of the degraded
polysaccharides, and hence of little or no structural significance, Table I compares
semiquantitatively the structural units present in the original gum and in the two
degraded polysaccharides derived therefrom. It may be noted that the arabinose
residues in degraded arabinogalactan A were detected only as furanose end-groups,
which probably arose from the degradation of 3-O-B-arabinopyrancsylarabino-
furanose side-chains.

TABLE I

APPROXIMATE RELATIVE PROPORTIONS OF STRUCTURAL UNITS IN Araucaria bidwilli GUM AND DEGRADED
POLYSACCHARIDES DERIVED THEREFROM

Structural unit Original Degraded Degradea
gum galactan A galactan B
Araf 1% ++ + —
Arap 1—3 Araf 1. - — —

Rhap 1. + — —
Galp 1.  +++ -+ +

-3Galp 1. 4+ +++ +++

.6 Galp 1. + -+ + trace

.3 Galp 1 ++ 4 ++ -+
6

(a-Me) GpA 16 Galp 1. 44 -~ —

On the basis of the present evidence the following partial structure may be
proposed for the polysaccharide from Araucaria bidwilli gum. The principal chain
is composed mainly, if not exclusively, of 1—+3-linked p-galactopyranose residues to
which are attached as side-chains other D-galactopyranose residues joined by 1—6
linkages. The side-chains are terminated by D-galactopyranose, D-glucuronic acid
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(or its 4-methyl ether), L-rhamnopyranose, L-arabinofurancse, and, infrequently,
L-arabinopyranose residues. The precise points of attachment of the various rhamno-
pyranoseand arabinofuranose end groups are not yet known, nor is it possible toassess
the length of the side-chains which are terminated by D-galactopyranose or D-glucur-
onic acid residues. Furthermore, some degree of multiple branching is indicated
since the periodate degradations do not result in complete removal of all the side-
chains from a comb-like structure. The polysaccharide clearly belongs to the same
structural class as the arabinogalactans from the woods of other coaifers, e.g. lar-
ches?-% and pines®-7 in possessing similar arrangements of galactose residues. Like-
wise, Araucaria bidwilli gum resembles the exudate gums from Acacia seregal (gum
arabic)® and A4. pycnantha®, but contains a lower proportion and less complex
arrangement of arabinose and rhamnose residues on the periphery of the molecular
structure. In contrast to gum arabic, where D-glucuronic acid residues carry end
groups of L-thamnopyranosel®, Araucaria bidwilli gum contains glucuronic acid
residues as end groups only and the rhamnopyranose end groups must be attached
elsewhere, probably to galactopyranose residues (see Fig. 1).

.3 Galp 1—3 Galp 1—3 Galp 1—3 Galp 1—3 Galp 1—3 Galp 1.

6 6 6 6 6
) + t t 0
1 X I R I
Galp Galp R-—>3 Galp Galp
6 6 6 6
$ 0 4 4
I I 1 1
Galp Galp Galp Galp
6 6
4 0
I 1
GpA 4-Me GpA

Fig. 1. Proposed structure for Araucaria bidwilli gum (R = Araf 1., Arap 1—>3 Araf 1. (infre-
quently), or Rhap 1.).

EXPERIMENTAL

The polysaccharide was received as a white powder, [«lp +11° (¢ 0.5, water)
[Found: uronic anhydride (by decarboxylation), 10.1%]. Paper chromatography was
carried out on Whatman No. 1 and 3MM pagers using the following solvent systems
(viv): (A) ethyl acetate—pyridine-water (10:4:3); (B) ethyl acetate-pyridine—water
(8 :2:1); (C) ethyl acetate-acetic acid—formic acid~water (18 : 3: 1: 4); (D) butanol-
ethanol-water (4:1:§, upper layer); (E) butanol-acetic acid-water (4:1:5, upper
layer); (F) butan-2-one, half saturated with water. Rg values of methylated sugars
refer to rates of movement relative to 2,3,4,6-tetra-O-methyl-p-glucose in solvent D.
Gas-liquid chromatography was carried out on columns of (@) 109 by weight of
butan-1,4-diol succinate polyester on Celite at 175° and (b) 10% by weight of poly-
phenyl ether [m-bis(7-phenoxyphenoxy)benzene] on Celite at 200°. Retention
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times (7)) are quoted relative to methyl 2,3,4,6- tetra-0-methyl—,B-D—glucopyranosxde
as an internal standard!l. Optical rotations were observed at ca. 18°.

Partial hydrolysis of the polysaccharide

The polysaccharide (10 mg) was heated with 0.5N-sulphuric acid (3 ml) for1 h
on the boiling-water bath, and the cooled solution was neutralised with Amberlite
resin IR-4B(HO-form), filtered, and concenirated. Paper chromatography of the
hydrolysate in solvent A showed arabinose, galactose, rhamnose, three neutral oligo-
saccharides with the mobilities of 6-0-p-p-galactopyranosyl-D-galactose (Rgalactose
0.39, major component), 3-0-f5-D-galactopyranosyl-D-galactose (Rgalactose 0.53, minor
component), and 3-O-f-L-arabinopyranosyl-L-arabinose (Rgslactose 0-82, trace),
and unidentified higher oligosaccharides. )

Characterisation of neutral and acidic sugar components

The polysaccharide (2 g) was hydrolysed with N-sulphuric acid (50 ml) for
4 h on the boiling-water bath. The cooled solution was partially neutralised with
barium hydroxide, centrifuged, and fully neutralised by shaking with Amberlite
resin LA—2 in chloroform (5% v/v, § X 20 ml), shaken with Amberlite resin IR-120
(H* form) and concentrated to a syrup (1.9 g). The syrup was adsorbed on a column
of diethylaminoethyl-Sephadex A-25 (formate form, 6 X 3 cm). Elution with water
gave neutral sugars (1.4 g) and elution with aqueous 39, formic acid gave acidic
sugars (0.42 g). The neutral sugars were separated by filter-sheet chromatography in
solvent B to give (i) D-galactose (I.I g), m.p. and mixed m.p. 163°, [«]p +79°
(equil.) (¢ 0.8, water); (ii) L-arabinose (161 mg). m.p. and mixed m.p. 159°, [¢}p 104"
(equil) (c 0.9, water); and (iii) 1-rhamnose monohydrate (50 mg), m.p. and mixed
m.p. 93°, [«¢}p +6.7° (equil.) (¢ 0.7, water). In a similar experiment, the neutral sugars
were separated chromatographically in solvent B, and colorimetric estimationl?
showed the presence of galactose, arabinose, and rhamnose, in the molar proportions
of 13:3.5:1.

Paper chromatography of the mixture of acidic sugars in solvent C showed
glucuronic acid and two aldobiouronic acids (Rgalactese 0.20 and 0.61). Filter-sheet
chromatography in solvent C furnished aldobiouronic acid I (216 mg) and aldobiour-
onic acid I (70 mg).

Aldobiouronic acid I (Rgalactese 0.20 in solvent C) was chromatographically
indistinguishable from 6-0-(8-D-glucopyranosyluronic acid)-p-galactose and had
[elp 0° (¢ 1.5, water). Hydrolysis with 2N-sulphuric acid gave glucuronic acid aad
galactose. Reduction of the derived methyl ester methy! glycosides with potassium
borohydride followed by hydrolysis gave glucose and galactose, in approximately
equal amounts. Methyl sulphate (1 ml) and aqueous 30% sodium hydroxide (1 ml)
were added dropwise during 2 h to aldobiouronic acid I (100 mg) in water (5 ml),
and the solution was stirred vigorously under nitrogen at o° for 12 h. Methy! sulphate
(3 ml) and aqueous sodium hydroxide (6 ml) were added with stirring at room
temperature during 5 h, and similar additions of reagents were made on 4 successive
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days. The reaction mixture was heated on a boiling-water bath for 30 min to destroy
excess of methyl sulphate, cooled, acidified with dilute sulphuric acid, and poured
into ethanol (4 vol.). The precipitated sodium sulphate was removed at the centrifuge,
and the suvernatant liquid and washings were concentrated to*small volume (50 ml)
and extracted with chloroform. The resulting methylated aldobiouronic acid was
converted into the silver salt (120 mg) and further methylated twice with methyl
iodide (10 ml) and silver oxide (1.5 g) to give methylated aldobiouronic acid I (70 mg).
Hydrolysis of the methylated aldobiouronic acid gave 2,3,4-tri-O-methylglucuronic
acid (Rg 0.87 in solvent E) and 2,3,4-tri-O-methylgalactose (R¢ 0.69). The methylated
aldobiouronic acid was heated in a sealed tube with methanolic 4% hydrogen chloride
for 18 h at 100°. Examination of the resulting methyl glycosides by gas chromato-
graphy on columns @ and b showed the presence of components having the retention
times of methyl glycosides of 2,3,4-tri-O-methylglucuronic acid (a, 7" 2.50 and 3.21;
b, T 1.78 and 2.20), 2,3,4-tri-O-methylgalactose (a, T 7.3; b, T 2.61 and 2.88), and,
in small amount, 2,3,5-tri-O-methylgalactose (a, T 4.43).

Aldobiouronic acid II (Rgalactose 0.61 in solvent C) was chromatographically
indistinguishable from 6-0-(4-O-methyl-p-D-glucopyranosyluronic acid)-D-galactose
and had [«]p +3° (c 0.9, water). Hydrolysis with 2N-sulphuric acid gave 4-O-methyl-
glucuronic acid and galactose. The aldobiouronic acid (10 mg) was converted into
the methyl ester methyl glycosides with methanolic hydrogen chloride, reduced with
potassium borohydride, and hydrolysed to give approximately equal amounts of
galactose and 4-O-methylglucose. A portion (3 mg) of the hydrolysate was oxidised
with periodate!3, and paper chromatography of the oxidation products showed
2-O-methylerythrose (RF 0.55 in solvent D), a characteristic product from 4-O-
methylglucose. Aldobiouronic acid II (50 mg) was methylated as described for
aldobiouronic acid I. Paper chromatography of the hydrolysis products and gas chro-
matography of the methanolysis products from the methylated derivative indicated
the presence of the same cleavage products as those formed from methylated aldo-
biouronic acid 1.

Methylation of the polysaccharide'®

A suspension of the polysaccharide (400 mg) in ethereal 19 diazomethane
(100 ml) was stirred vigorously for 18 h. The resulting polysaccharide methyl ester was
dissolved in dimethyl sulphoxide (10 ml) and NN-dimethylformamide (10 ml), and
barium hydroxide octahydrate (10 g) was added to the solution at 0°. With continuous
stirring, portions (2 ml) of methyl sulphate were added after 30, 90, 120, and 180 min
(the temperature being allowed to rise after 30 min), and stirring was continued for
2 days. The reaction mixture was dialysed against running tap-water for 5 days,
treated with Amberlite resin IR-120 (H* form) to remove cations, and freeze-dried to
give partiaily methylated polysaccharide (355 mg) (Found: OMe, 31.2%). Further
methylation with methyl iodide (2 ml) and silver oxide (2 g) in NN-dimethylforma-
mide (6 ml) furnished methylated polysaccharide (210 mg), [«]p —49° (¢ 0.6, chloro-
form) (Found: OMe, 42.8%,, not raised on further methylation).
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A sample of the methylated polysaccharide was heated in a sealed tube with
methanolic 4% hydrogen chloride for 18 h at 100°. Examination of the resulting
methyl glycosides by gas chromatography on columns @ and b showed the presence
of components havirg the retention times of the methyl glycosides of the following
sugars (figures in parenthesis indicate incomplete resolution of certain comporents
on one column only): 2,3,4-tri-O-methylrhamnose (g, T 0.47; 6. T (0.47)), 2,3.4-
(a, T 1.06; b, T 0.83) and 2,3,5-tri-O-methylarabinose (a, T 0.56, 0.73; b, T (0.47),
0.60), 2,5-di-O-methylarabinose (@, not detected; b, 0.70), 2,3,4,6-tetra-O-methyl-
galactose (a, T 1.80; b, T 1.52, 1.60), 2,3,4-(a, T 7.5; b, T 2.60, 2.88) and 2,4,6-tri-O-
methylgalactose (@, T 4.16, 4.74; b, T 2.07, 2.37), 2,4-di-O-methylgalactose (b, T 3.57,
4.24), and 2,3,4-tri-O-methylglucuronic acid (g, T 2.50, 3.24; b, T 1.77, 2.21).

The methylated polysaccharide (50 mg) was refluxed with methanolic 2%,
hydrogen chloride (5 ml) for 2 h, and the solution was neutralised with silver carbon-
ate, filtered, and concentrated. The resulting syrup was hydrolysed with N-sulphuric
acid for 4 h at 100° and the solution was neutralised with barium hydroxide and
barium carbonate, treated with Amberlite resin IR-120 (H* form) to remove barium
ions, concentrated to small volume, and adsorbed on a column (4 X I cm) of diethyl-
aininoethyl-Sephadex A-25 (formate form). Elution with water gave neutral sugars,
examination of which by paper chromatography showed the presence of a trace of
2-O-methylgalactose, in addition to those sugars which had been previously charac-
terised by gas chromatography of their methyl glycosides. Elution of the column with
aqueous 3%, formic acid furnished methylated acidic sugars which were heated in a
sealed tube with methanolic 4% hydrogen chloride. Examination of a portion of the
resulting methyl glycosides by gas chromatography on columns a and b showed
the presence of components having the retention times of methyl glycosides of 2,3,4-
tri-O-methylglucuronic acid (@, T 2.50, 3.22; b, T 1.77, 2.22) and 2,3,4-tri-O-methyl-
galactose (a, T 7.5; b, T 2.66, 2.94). The remainder of the methyl glycosides was
reduced with potassium borohydride and hydrolysed. Paper chromatography of
the resulting sugars in solvent D showed 2,3,4-tri-O-methylglucose (R¢ 0.88) and
2,3,4-tri-O-methylgalactose (Re 0.72). No dimethyl ethers of glucose or galactose
were detected.

Periodate oxidation of the polysaccharide and isolation of degradzd polysaccharides
A and B

The polysaccharide (100 mg) was oxidised with sodium metaperiodate solution
(1o ml, o.15M), and the consumption of reagent was determined spectrophotometri-
callyls and corresponded to 1.43 mol per sugar residue (constant after go h). The
polysaccharide was oxidised with potassium metaperiodate according to the procedure
of Halsall et al.16, and the formic acid liberated corresponded to 0.64 mol per sugar
residue.

The polysaccharide (8 g) was oxidised with o.15M-sodium metaperiodate
(800 ml) for go h. Ethylene glycol (7 g) was added to the solution to destroy excess of
periodate, sodium ions were removed by passage through Amberlite 1¢sin IR-120
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{(H* form), and the resulting solution was neutralised with barium hydroxide and
barium carbonate. Barium salts were removed by centrifugation and the combined
centrifugate and washings were treated with potassium borohydride (11 g) for 2 days.
The resulting solution was stirred with Amberlite resin IR-120 (H* form) to destroy
excess of hydride and to remove potassium ions, filtered, and concentrated with
repeated additions of methanol to remove boric acid as methyl borate. The residue
was treated with N-sulphuric acid (200 ml) at room temperature for 3 k, neutralised,
concentrated to small volume (50 ml), and poured into ethanol (200 ml). The precipit-
ated, degraded polysaccharide A (2.07 g) was separated and concentration of the
supernatant liquid afforded a syrup (2.8 g). Paper chromatography of the syrup
in solvent C showed glycerol (Rgalactose 2-38) and small amounts of two non-reducing
substances (Rgalactose 2.08 and 1.91), but no reducing sugars. Hydrolysis of a portion
of the syrup gave in addition traces of galactose and arabinose. The degraded poly-
saccharide A (1.3 g) was degraded in a similar sequence of reactions involving period-
ate oxidation, reduction, and hydrolysis with cold dilute acid, and furnished degra-
ded polysaccharide B (771 mg) and a syrup which contained the above-mentioned
non-reducing substances (Rgaactose 2-38, 2.08, and 1.91) and gave traces of galactose
on hydrolysis.

Examination of degraded polysaccharide A

Degraded polysaccharide A had [«]Jp +26° (¢ 0.7, water) and colorimetric
estimation of the sugars formed on hydrolysis with N-sulphuric acid for 4 h at 100°
showed the presence of galactose and arabinose in the molar proportions of 20: 1.
A sample of the polysaccharide was heated with 0.5N-sulphuric acid for 1 h on the
boiling-water bath, and paper chromatography of the hydrolysate in solvent A
showed arabinose, galactose, 3-0-f-galactopyranosylgalactose (Rgalactose 0.53), and
the polymer-homologous galactotriose (Rgainctose 0.23), with only relatively small
amounts of 6-O-f-galactopyranosylgalaciose (Rgalactose 0.35). Periodate oxidation
of degraded polysaccharide A resulted in the consumption of 0.27 mol of reagent
with the liberation of 0.09 mol of formic acid per sugar residue.

The degraded polysaccharide A (150 mg) was methylated (6 days) as described
above for aldobiouronic acid I, acetone being added as required to maintain the
partially methylated polysaccharide in solution. Further methylation of the product
(120 mg) (Found: OMe, 32.19%,) with metkyl iodide and silver oxide, and with methyl
iodide and silver oxide in NN-dimethylformamide afforded incompletely-methylated
degraded-polysaccharide A (51 mg), [«]lp —16° (¢ 0.7, chloroform) (Found: OMe,
37-4%. not raised on further methylation). A portion of the methylated polysaccharide
was heated with methanolic hydrogen chloride and examination of the resulting
methyl glycosides by gas chromatography on columns a and b showed the presence
of components having the retention times of methyl glycosides of 2,3,5-tri-O-methyl-
arabinose (a, T 0.53, 0.70; b, T 0.47, 0.60), 2,3,4,6-tetra-O-methylgalactose (a, T
1.72; b, T 1.54), 2,3,4- (a, T 7.0) and 2,4,6-tri-O-methylgalactose (a, T 3.92, 4.46;
b, T 1.98, 2.26), and 2,4- (b, T (3.46), 4.02) and 2,6-di-O-methylgalactose (a, T 9.5).
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Hydrolysis of the methyl glycosides afforded sugars which were shown by paper
chromatography in solvents D and F to include the above-mentioned sugars together
with 2-O-methylgalactose. Paper chromatography in solvent F readily separated
2,4~ and 2,6-di-O-methylgalactose.

Examination of degraded polysaccharide B

Degraded polysaccharide B had [e]p +30° (¢ 0.6, water) and gave on hydrol-
ysis galactose with only a trace of arabinose. Partial hydrolysis of the polysaccharide
with o.5N-sulphuric acid for 1 h on the boiling-water bath furnished 3-0-g-galactopy-
ranosylgalactose and the polymer-homologous trisaccharide, and only traces of 6-O-4-
galactopyranosylgalactose. Periodate oxidation of degraded polysaccharide B resulted
in the consumption of 0.15 mol of reagent and in the liberation of 0.04 mol of formic
acid per sugar residue.

Methylation of degraded polysaccharide B (150 mg), as described for degraded
polysaccharide A, yielded incompletely-methylated degraded-polysaccharide B
(56 mg), [«]p —12° (c 0.8, chloroform) (Found: OMe, 36.6%). Examination by
gas chromatography of the methyl glycosides formed on methanolysis of the
methylated polysaccharide, and by paper chromatography of the sugars formed
on subsequent hydrolysis showed the presence of tetra-, 2,3,4- and 2,4,6-tri-, 2,4-
and 2,6-di-, and 2-O-methylgalactose as cleavage products.

ACKNOWLEDGEMENTS

The authors thank Professor Sir Edmund Hirst, F.R.S., for his interest and
advice, and Messrs. Alex Cowan and Sons Ltd. for financial assistance (to R.M.F.).

SUMMARY

The polysaccharide exudate from the gymnosperm, Araucaria bidwilli, contains
residues of D-galactose, L-arabinose, L-rhamnose, and D-glucuronic acid (in part
as the 4-methyl ether). Graded hydrolysis affords 6-O-(8-D-glucopyranosyluronic
acid)-D-galactose and 6-0-(4-O-methyl-g-D-glucopyranosyluronic acid)-pD-galactose.
The methylated polysaccharide contains residues of 2,3,4,6-tetra-, 2,3,4- and 2,4,6-
tri-,and 2,4-di- O-methylgalactose, 2,3,4~, and 2,3,5-tri-,and 2,5-di-O-methylarabinose,
2,3,4-tri-O-methylrhamnose, and 2,3,4-tri- O-methylglucuronicacid. Successive degrad-
ations by periodate oxidation, borohydride reduction, and mild acid hydrolysis,
furnish arabinogalactan A and galactan B in which 13 linkages predominate.
It is concluded that the polysaccharide possesses a highly branched structure with
a main chain of 1—3-linked D-galactopyranose residues to which are attached side-
chains carrying more D-galactopyranose residues in 1—6 linkages and terminated by
p-glucuronic acid, D-galactopyranose, L-arabinofuranose, r-arabinopyranose, and
L-rhamnopyranose residues.
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Preliminary communications

2-Deoxy sugars

PART X. 5,6-O-CARBONYL-2-DEOX Y-3-(-p-NITROBENZOYL~D-arabino-HEXOSYL BROMIDE.
A STABLE, CRYSTALLINE O-ACYLGLYCOFURANOSYL HALIDE OF A 2-DECXYHEXOSE*

The “a,f-methyl-2-deoxy-D-glucofuranoside” of Hughes et 2/.1 has now been
shown, by paper chromatographic analysis, to consist of an anomerically pure methyl
2-deoxy-D-arabino-hexofuranoside (II), plus substantial amounts of an approxima-
tely equal mixture of methyl «- and f-2-deoxy-D-arabino-hexopyranosides (III and
IV), and unconsumed “2-deoxy-D-glhicose” (2-deoxy-D-arabino-hexose, I). p-Nitroben-
zoylation of the syrupy mixture arising from the methyl glycosidation of “2-deoxy-p-
glucose” (I) led to a mixture of p-nitrobenzoic esters from which, by fractional
recrystallization, there was obtained in pure form a methyl 2-deoxy-3,5,6-tri-O-p-
nitrobenzoyl-D-arabino-hexoside (V), m.p. 142—-144° and also 168-169°; [azﬁ:‘.1 —122.3°
{c¢ 1.00, chloroform). Calc. for CegH23N3O14: C, 53.72; H, 3.7I; N, 6.72. Found:
C, 53.70; H, 3.66; N, 6.49. Attempts to replace directly the severely hindered C-1
methoxyl group of V by hydrogen halide failed.

Methoxide-catalyzed saponification of V gave crystalline methyl 2-deoxy-D-
arabino-hexofuzanoside (II), m.p. 80-81°; {ac]%)4 + 117.1° (¢ 0.99, ethanol). Calc.
for CsH140s: C, 47.19; H, 7.92. Found: C, 47.20; H. 7.82. On conformational grounds
and because of its strongly positive specific rotation, the a-D-anomeric configuration
is provisionally assigned to II, as well as to V. Treatment of II with carbonyl chloride
gave the §5,6-O-carbonyl derivative VI, m.p. 90-91°, [oz]zﬁ1 + 132.4° (¢ 1.00, ethanol).
Cale. for CgH1206: C, 47.06; H, 5.92. Found: C, 47.21; H, 6.15. Nitrobenzoylation
of VI gave methyl 5,6-0-carl‘3)2nyl-2-deoxy—3- O-p-nitrobenzoyl-a-p-arabino-hexo-
side (VII), m.p. 213-—214°; [«]p + 22.4° (¢ 1.00, dichloromethane). Calc. for
Ci15H15NOg: C, 51.00; H, 4.28; N, 3.96. Found: C, 51.08; H, 4.10; N, 3.96. Replace-
ment of the C-1 methoxyl group of VII by hydrogen bromide in dichloromethane
was facile, yielding crystalline 5,6-O-carbonyl-2-deoxy-3-0-p-nitrobenzoyl-p-
arabino-hexosyl bromide (VIII), m.p. 125-132° (dec.); [ocﬁ)4 —35.1° (¢ 0.436,
acetone). The anomeric configuration of the bromide VIII has not yet been deter-
mined, but is presumed to be «-D, in which the bromine atom occupies a position
trans to the substituted side-chain at C-4 of the furanose ring.

*Presented before the Division of Carbohydrate Chemistry, 149th National Meeting of the American
Chemical Society, Detroit, Michigan, April 5, 1965. This work was supported in part by U.S.
Public Health Service, Grant No. CA 07514, from the National Cancer Institute.
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The bromide VIII reacted readily with silver p-nitrobenzoate to give 5,6-0-
carbony1-2-deoxy- ,3-di- O-p-nitrobenzoyl-D-arabino-hexose (IX), m.p. 204-205°;
[oz]]) —3.2° (c 0.286, dichloromethane). Calc. for CaiHigN2Qi2: C, 51.64; H, 3.30;
N, 5.74. Found: C, 51.82; H, 3.33; N, 5.65. The anomeric configuration of ITX has

CH,OH CH,OH CH0H
/—o OH o O, OCH,
Lot 9 — OH + OH
HO HO OCH; HO
l 1 o ™
HocH2 PNBzOCHz
HOCH NB?OCH
k 2 k OPNB2 a
OCH,
[ o g
1
,OCH2 CHz
O=C.
ocH C:gCH O.
OPNBz
i.._/ OCH; C OCH;
yi h2id
EtOYN !
OCH, N CCH Q,
- 2 ™ 2
o= L} o o—c ok o }——N
-~ OEL
- OPNBz OPNBZ N OEt
Br ——
l hriiig x
1
OCH,
O=C<OC ; H\/L ° PNEt CZHS NCgH 2
Z=
OpNB>V\/OPNBZ =P ~OaNCerla
X

not yet been determined. The latter conversion indicated that the bromide VIII
would have utility in the preparation of 2-deoxy-D-glucofuranosyl glycosides and
2-deoxy-D-glucofuranosyl nucleosides. As a test, we were successful in coupling
VIII with 2,4-diethoxypyrimidine, by the Hilbert—Johnson procedure?, to give I-
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(5,6-0 carbonyl-2-deoxy-3-0-p-nitrobenzoyl-p-arabino-hexosyl)-4-ethoxy-2{1 H)-pyri-
midinone (X), m.p. 223—224.5°; [oc]%4 —7.4° (¢ 1.54, dichloromethane). Calc. for
C20H19N3010:C, 52.07; H, 4.15; N, 9.11. Found: C, 52.21; H, 4.22; N, 9.09.

To the best of our knowledge, crystalline methyl glycofuranosides and crystal-
line O-acylglycofuranosyl halides of 2-deoxyhexoses were unknown prior to this
work, full details of which will be published at a later date.
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An unsaturated ketohexose

Although many unsaturated sugars have been prepared, the following is believed
to be the first description of a simple unsaturated ketose.
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An aqueous solution of 3-deoxy-2- O-methyl-f-p-erythro-hexofuranos-2-ene (I)*
was treated with sodium borohydride at 30-40° to reduce the aldehydo form (Ia)
present in solution. Sodium ions were removed from the mixosture by an ion-exchange
resin, and the boric acid by distillation with methanol. The mild, acid treatment invol-
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(5,6-0 carbonyl-2-deoxy-3-0-p-nitrobenzoyl-p-arabino-hexosyl)-4-ethoxy-2{1 H)-pyri-
midinone (X), m.p. 223—224.5°; [oc]%4 —7.4° (¢ 1.54, dichloromethane). Calc. for
C20H19N3010:C, 52.07; H, 4.15; N, 9.11. Found: C, 52.21; H, 4.22; N, 9.09.
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ved in this procedure caused an allylic rearrangement?,.so that the product obtained
was the unsaturated ketose (IT) (3,4-dideoxy-kero-D-glycero-hexulos-tfrans-3-ene).
The ketose was a syrup® that gave a single spot on chromatograms; the gas
chromatography of its trimethylsilyl derivative showed only one component. The
ultraviolet and infrared spectra were consistent with the structure (II) (Amax 225 my,
&, 7000; a strong band at 1705 cm~! with medium bands at 1645 and 975 cm—2).

The p.m.r. spectrum of the ketose (II) was similar to that reported? for 3,4-dide-
oxy-D-glycero-hexosulos-trans-3-ene hydrate (an acyclic, unsaturated hexosone),
except that the signal for the proton(s) at C-1 was now of intensiiy 2 and at = 5.33.
Furthermore, the spectrum of the ketose (II) showed no signs of any impurity or
of other forms. The ketose consisted, therefore, of the trans isomer (J3,4 = 16.4 ¢.p.s.)
free of the cis isomer.

- Sodium borohydride reduction, as above, of the ketose (II) yielded a syrup,
from which a small proportion of trans-3-hexene-D-threo-1,2,5,6-tetrol (IIT) crystal-
lized out. Several recrystallizations gave m.p. 114°, [¢]lp —2° (water), Amax 189 my,
J3,4 = 15.5c.p.s. The syrup readily formed di-O-isopropylidene acetals, the isomer
(AV) being readily obtained crystalline, m.p. 80-82°, [«]p +55° (¢ 2, chloroform),
Js,a = 15.4 c.p.s.: properties identical with those of the compound recently prepared
by Haines? by another method. Mild, acid hydrolysis regenerated the tetrol (III) in
good yield. The tetrol is of interest because a compound® with the same Rr value,
believed to be a 3-hexene-1,2,5,6-tetrol8, has been isolated from the alkaline degra-
dation of blood-group substances.

Commonwealth Scientific and Industrial Research Organization, E.F.L.J. ANET
Division of Food Preservation,
Ryde, N.S.W. (Australia)
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INTRODUCTION

Cells of wild strains of Escherichia coli which have been grown in media not
containing maltose are capable of attacking maltose only slightly, if at all. This weak
action of some strains has been attributed to a constitutive maltasel. The presence
of maltose in the growth medium elicits the formation of an enzyme, amylomaltase,
which catalyses the reaction

n maltose = (glucose), - n glucose
and there is evidence that the ability of induced cells to attack maltose is attributable
almost exclusively to this enzyme!-2. The polymer products of the action of purified
enzyme preparations ordinarily consist of short-chain, «-(1— 4)-linked dextrins3:4,
but if glucose is removed continuously by glucose oxidase, amylose-like products
can be obtained5. A detailed study of the properties of highly purified amylomaltase
from E. coli ML 308 has been undertaken by Wiesmeyer and Cohn8.7. The induction
of amylase-like enzymes in E. coli has not been studied, but Monod and Torriani®
mentioned that partially purified preparations of amylomaltase had definite amylase
activity. On the other hand, Welker and Campbell® have investigated the induction
of amylase in Bacillus stearothermophilus, and have shown that maltodextrins are
more effective inducers than maltose.

Research in the Department of Chemistry at Birmingham University has, over
the years, yielded a number of compounds structurally related to maltose and malto-
dextrins. The availability of these compounds offered an opportunity to undertake a
comprehensive survey of their potentialities as growth substrates for Escherichia coli,
their ability to induce in this organism enzymes capable of attacking maltose, and
their susceptibility to attack by cells induced with maltose.

METHODS

Organism and growth conditions

The amylomaltase-inducible ML 30 strain of Escherichia coli (kindly supplied
by Professor J. Monod) was used throughout the work. The basal mineral composi-
tion of media was that recommended by Cohen and Rickenbergf'. For growth tests,
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carbon sources were included at a concentration of 0.1%, (w/v) and media were inocu-
lated with an aqueous suspension of cells grown on nutrient agar. For induction tests,
the cells were pregrown in mineral medium containing 0.1 or 0.2% (w/v) succinic
acid. Exponential phase cells were inoculated into fresh medium of the same compo-
sition, and when the cell density had reached 50 pg dry wt./ml the compound under
test was added. After two further generations, the cells were harvested by centrifu-
gation, washed, and assayed. Growth was measured in a Unicam SP 500 spectropho-
tometer at 650 mu. Cell density was determined from a standard curve, relating dry
weight concentration to optical density.

All cultures were incubated shaken at 37°. The volumes of cultures depended
on the quantity of substrate available, but amounted to one-tenth or one-fifth of the

flask volume.

Enzyme assay

Cell suspensions were first treated with toluene and sodium deoxycholatel®.
The assay mixture comprised treated cells, 0.5-2.c mg dry wt./ml; substrate, 0.025—
0.1 M (weight concentration for polysaccharides); 0.05 M-phosphate buffer (pH 7.0)
The mixture was incubated shaken at 37°, usually for one hour, then a sample was
withdrawn and placed in a boiling-water bath for 5 min to destroy enzyme activity,
and finally cell debris was removed by centrifugation. For quantitative analyses, the
glucose content of a suitably diluted sample of the supernatant was determined
employing glucose oxidase under the conditions recommended by Dahlqvistil.
For qualitative analyses paper chromatography was employed. Samples were placed
on Whatman No. 1 filter paper and irrigated with pentyl alcohol-pyridine—water
(1:1:1) for 2024 h, and the spots detected with alkaline silver nitratel2.

Enzyme preparation
Amylomaltase was prepared and partially purified as described by Monod
and Torriani5.

Maltose
Maltose was determined by the method of Dischel3.

Chemical preparations

Maltotriose, maltotetraose, maltopentaose, and maltohexaose were isolated
as described by Barker et al.l4. The isolation of the two isomeric trisaccharides,
O-x-D-glucopyranosyl-(1 - 3)- O-x-D-glucopyranosyl-(1—4)-p-glucose (I) and O-o-D-
glucopyranosyl-(1—4)- O-a-D-glucopyranosyl-(1—3)-D-glucose (II) (for some exper-
iments a mixture of the trisaccharides was employed), together with the homologous
mixture of tetrasaccharides from nigeran, was as described by Barker ef al.15. Maltitol
and maltotetraitcl were obtained from the corresponding sugars by reduction with
sodium borohydride. Methyl S-maltoside was obtained by converting maltose into
hepta-O-acetyl-z-maltosyl bromidel6, and then carrying out an exchange reaction
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with methanol-AgeCOs, followed by deacetylation by the method of Zemplén and
Pacsul?, 1-Thiomaltose (Found: C, 39.7; H, 6.5; S, 8.9. C12H22010S calc.: C, 40.2;
H, 6.1; S, 8.99%) was obtained by reaction of the above glycosyl bromide with potas-
sium polysulphide usinz methods similar to those adopted by Wrede and Hettche18
for the preparation of 1-thiocellobiose. The reaction of 1-thiomaltose with alkaline
hypoiodite!?® indicated a molecular weight of 353 (calc.: 358). Synthetic amylose
and amylopectin were isolated as described by Barker et al.290.

RESULTS

Ampylomaltase activity of cells growing logarithmically on maltose

Whole cells attacked maltose, but glucose did not accumulate and was clearly
utilised by the cells. Toluenisation destroyed the ability to utilise glucose and the
production of glucose from maltose was approximately linear with time. Table I
gives the results of a typical assay.

TABLE 1
LIBERATION OF GLUCOSE FROM MZALTOSE BY TOLUENISED PREPARATIONS OF MALTOSE-GROWN CELLS OF
E. coli

Cells were grown on maltose, toluenised, and then included in an assay mixture of composi-
tion: maltose, 0.1M; cells, 2 mg dry wt./ml; o.o5M-phosphate buffer (pH 7.0). The mixture was
incubated shaken at 37° and samples were removed at intervals, heated, and centrifuged, and the
glucose concentration determined by means of glucose oxidase.

Time Glucose liberated

(min) (¢ molelmg dry wi.cells)
10 4.0

20 9.0

40 15.0

60 21.5

Inclusion of o0.00iM-sodium iodecacetate had no effect, but o.05M-sodium
fluoride caused ca. 5% inhibition. If phosphate buffer was replaced by either tris or
citrate buffers in the same concentration, the activity was reduced ca. 30%,. Inclusion
of o.oo25M-potassium dihydrogen phosphate in assay mixtures buffered with tris
or citrate did not increase the activity.

Ability of compounds to support growth of E. coli

A wide variety of compounds was examined and Table II reveals that, of the
compounds structurally related to maltose, only maltodextrins can serve as sole carbon
source for growth. Compounds were tested serially and with each series a glucose
control was included. A number of other substances, not related structurally to malt-
ose, were also examined. The organism exhibited normal behaviour with common
sugars and was able to grow on trehalose.
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TABLE IT
COMPOUNDS STRUCTURALLY RELATED TO MALTOSE, AND THE GROWTH OF E. coli

Compcunds were included as sole carbon source at a concentration of 0.1% (w/v) in a basal
mineral medium (10 ml) which was inoculated with 0.1 ml of an aqueous suspension of cells grown
on nutrient agar. Cultures were incubated shaken at 37° and examined after 24 and 48 h.

Compounds utilised Compounds not utilised

for growth Jor growth

Maltose Mailtitol

Maltotriose Methyl f-maltoside

Maltotetraose Methy: hepta-O-methyl-f-maltoside
Maltopentaose Nigeran trisaccharides
Maltohexaose Nigeran tetrasaccharides

Ability of compounds to induce the formation of amylomaltase

The compounds listed in Table IH were added to cultures growing on succinic
acid. As some of the substances were available in only small amounts, inducing
power at 0.000IM initial concentration was compared with that of maltose in the
same initial concentration. The effect of a few compounds at 0.00IM initial concen-
tration was also examined.

TABLE III
COMPOUNDS TESTED AS INDUCERS FOR AMYLOMALTASE IN E. coli

Compounds were added at o.0001n initial concentration, except compounds marked ¢ which
were added at 0.001M concentration, to cultures growing logarithmically at 37° on succinic acid.
After two further generations, the cells were harvested and assayed for amylomaltase activity.
The activity of the culture which had received maltose was taken as 100%.

Compound Amylomaltase Compound Amylomaltase
activity activity

Maliose 100 Synthetic amylopectin? 3
Maltotriose 109 Potato amylopectin® 6
Maltotetraose 100 Maltobionic acid 6
Maltopentaose 11X Methyl hepta-O-methyl-f-maltoside 6
Maltohexacse 20 Methyl f-maltoside 4
Trehalose 10 Melezitose 7
Maltotetraitol 6 Nigeran irisaccharides® 3
Maltitol 3 Nigeran tetrasaccharides® 3
Nigeran trisaccharide (I) 3 Methyl x-D-glucoside® 8

an 3 1-Thiomaltose® 3

bAdded at an initial concentration of 36 mg/100 ml

The effect of adding maltose at 0.002M initial concentration on the growth and
enzyme activity of cells is shown in Table IV.
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After the addition of maltose, the growth rate ircreases and formation of indu-
ced enzyme occurs apparently without Iag in a manner similar to that described by
Wiesmeyer and CohnS.

TABLE 1V

EFFECT OF ADDITION OF MALTOSE ON GROWTH RATE AND AMYLOMALTASE ACTIVITY OF CELLS OF E. coli
GROWING ON SUCCINIC ACID

A culture growing shaken at 37° on succinic acid was divided into two parts when the cell
density had reached ca. 50 ug dry wt./fml. One part received maltose, (0.002M initial concentration)
the other, no addition. Incubation was continued, and at intervals the growth of both cultures, and
the maltose concentration and amylomaltose activity of the maltose-supplemented culture were
determined.

Time Culture growing Culture growing Maltose concen- Ampylomaltase acti-
(D] on succinic acid. on succinic acid tration vity. (u moles glucose
Concentration of and maltose (mg/ml) liberated/h/mg dry
cells Concentration of wt. cells)
cells
(ng/mli) (ug/ml)
o 45 45 0.68 0.6%
1 75 9o 0.54 18.8
2 139 183 0.20 24.2
3 231 375 o 29.6
4 285 475 a a
5 285 490 a 26.5

aNo determination made.
bAmylomaltase activity just prior to addition of maltose.

Maltodextrins added at approximately 0.0015M concentration also altered the
growth rate and yield, whereas methyl f-maltoside, maltitol, or synthetic amylopec-
tin altered neither of these parameters (Table V).

Effect of induced-cell preparations on various compounds

The action of toluenised preparations of maltose-grown cells on various
compounds was examined qualitatively by paper chromatographic analysis. Glucose,
together with its higher homologuss was liberated from maltose, the maltodextrins
(4—6 units long), the nigeran trisaccharide (I), synthetic amylose, and amylopectin.
Quantitative estimations of activity at 0.025M substrate concentration revealed that
the rates of attack on the maltodextrins were similar to that on maltose. Other com-
pounds were attacked only slowly, if at all, but the synthetic polysaccharides were
attacked at an appreciable rate (Table VI). For these experiments, cells which had
been stored at 4° for 48 h were employed. The amylomaltase activity was lower than
normal, but subsequent experiments with more active cultures consistenily showed
that maltose-induced cells were able to attack the synthetic polysaccharides. On the
other hand, purified amylomaltase preparations had a low activity with these com-
pounds.
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TABLE V *
EFFECT ON MEAN GEMERATION TIME AND YIELD IN STATIONARY PHASE OF ADDITICN OF COMPOUNDS
TO CULTURES OF E. coli GROWING ON SUCCINIC ACID

Cultures of E. coli were grown shaken at 37° on succinic acid. When the cell concentration had
reached ca. 50 ug/ml, the compounds listed below were added at an initial concentratior of ca.
0.00I5M.

Compound added Initial concen- Mean genera- Yield of cells at
tration tion time in log  stationary phase
{mg/roo ml) phase after (ug/ml)

addition (min)

Succinic acid® 75 174
Maltose 50 65 345
Maltotetracse 100 55 450
Maltopentaose 125 55 510
Methyl f-maltoside 50 75 164
Maltitol 50 75 182
Synthetic amylopectin 50 75 182

aCorresponds to a culture which reccived no addition.

TABLE VI
ACTION OF TOLUENISED PREPARATIONS OF MALTOSE-GROWN CELLS OF E. coli ON VARIOUS SUBSTANCES

Induced cells were toluenised and then suspended in o.iM-phosphate buffer (pH 7.0) at a
concentration of 4 mg dry wt./ml. To 0.5 ml of the cell preparation was added 0.5 ml of a 0.5M-s0l-
ution of the substance to be tested and the mixture incubated at 37°. Finally, the mixture was heat-
treated and centrifuged, and the glucose content determined.

Substance Glucose liberated Substance Glucose liberated
(umolelh/mg dry (umolefhlmg dry
wt. cells) wt. cells)

Maltose 6.2 Panose o

Maltotriose 5.0 Potato amylopectin® 1.5

Maltotetraose 6.5 Glycogen? 0.7

Maltopentaose 4.2 Dextran® 0.8

Maltohexaose 5.6 Methyl f-maltoside o

Trehalose 2.2 Calcium maltobionate o

Maltotetraitol 0.8 Synthetic amylose2 8.6

Nigeran trisaccharides 0.5 Synthetic amylopectin® 7.2

Nigeran tetrasaccharides o

2Concentration in ieaction mixture, 85 mg/ml.

The ability to attack the synthetic polysaccharides appears to be directly related
to maltose induction, since cells grown on succinic acid as sole carbon source attacked
the polysaccharides at only a very low rate. The behaviour with trehalose was in
agreement with the results obtained with purified preparationss. Cells induced with
maltose yielded glucose from trehalose at ca. 30% of the rate at which maltose was
attacked, but cells grown on trehalose as sole carbon source had less than 10%, of
the amylomaltase activity of cells grown on maltose.
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Inhibition of enzyme action and enzyme formation

The presence of p-xylose, D-glucose, D-galactose, panose, trehalose, maltitol,
methyl e-D-glucoside, or methyl f-maltoside at 0.05M concentration in assay mixtures
with maltose at this same concentration had no effect on enzyme activity. 1-Thiomalt-
ose at 0.05M concentration caused 80%, inhibition, but was without effect at 0.01m
and 0.005M concentration. I-Thiomaltose at 0.00IM concentration in a growth
medium with maltose at this same concentration had no effect on maltose uptake,
and also at 0.00IM concentration caused no diminution in the degree of induction
brought about by o.oooriM-maltose.

Utilisation of maltodextrins in the presence of maltose by growing cultures

When a mixture of maltose and maltotetraose (0.001M each) was added to a
culture growing logarithmically on succinate, the chromatographic evidence strongly
suggested that maltotetraose was utilised before maltose. A mixture of maltodextrins
and maltose was added to a growing culture, but the fate of the higher oligosacchari-
des could not be adequately assessed chromatographically because of salt interference.
However, maltotetraose was utilized before there was a qualitative diminution in
the maltose concentration.

Action of purified enzyme preparations on radioactive substrates

The homologous series of [14C] labelled maltodextrins from maltose to malto-
decaose could be readily isolated after paper chromatographic separation of a digest
obtained by incubation of {14C] maltose (6.2 mg: 100 uc) with amylomaltase (0.5 ml)
for 30 min at 37°. Each saccharide was dissolved in o.1M-tris buffer pH 6.8 (0.5 ml),
incubated with amylomaltase (0.5 ml) at 37°, and then analysed at intervals by paper
chromatography and autoradiography. Maltotriose in three hours was completely
converted into maltose and glucose, while maltotetraose gave maltotriose, maltose,
and glucose. The tetrasaccharide disappeared after two hours and the trisaccharide
after six hours. Maltopentaose rapidly gave the homologous series of lower sacchari-
des as indeed did maltohexaose. It was significant, however, that even when the malto-
pentaose and maltose had disappeared a maltohexaose spot still persisted. After
conversion of maltoheptaose into the lower homologous series of amylosaccharides,
the maltopentaose and maltotetraose disappeared but the maltohexaose persisted.
This persistence of maltchexaose in the digestion products was also noticed when
malto-octaose, maltononaose, and even maltodecaose were incubated with amylo-
maltase. The initial breakdown patterns in these cases were 86 + 2;9—>6 + 3;
106 + 4. This preferential persistence of maltohexaose may be associated with
helix formation. The [*4C] saccharides were at very low concentration (<1 mg/ml)
under the above conditions. When [14C] maltotetraose was mixed with maltotetraose
(5 mg) and incubated with the same amount of enzyme-buffer as above, the sole init-
ial products (3—6 min) were maltopentaose and maltotriose, followed later (15~20 min)
by maltohexaose and maltose.
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DISCUSSION

The observation that cells grown in the presence of maltose, unlike cells grown
on succinate as sole carbon source, are capable of attacking synthetic polysaccharides
with the production of glucose suggests that an amylase or phosphorylase type of
enzyme is induced concurrently with amylomaltase. Monod and Torriani® mentioned
that partially purified preparations of amylomaltase can attack amylose, and they
attributed this action to amylase or phosphorylase impurities which could be elimin-
ated by further purification. The action on synthetic polysaccharides could be
considerably reduced if amylomaltase preparations were partially purified.

The specificity of amylomaltase induction is high and, moreover, apart from
the synthetic polysaccharides and trehalose, maltose and maltodextrins are the only
compounds attacked by toluenised preparations of induced cells. Monod and Tor-
riani® showed that amylomaltase preparations had no action on sucrose, lactose,
melibiose, cellobiose, or methyl «-D-glucoside, and Wiesmeyer and Cohn? demon-
strated that, of a large number of compounds tested, only glucose, mannose, and
methyl f-maltoside could act as glucosyl acceptors with amylose in the reverse react-
ion catalysed by pure preparations of amylomaltase. Of a number of compounds,
including methyl x-D-glucoside, methyl f-maltoside, and 1-thiomaltose, tested for
inhibitory action on the activity of toluenised preparations of induced cells, only
1-thiomaltose was an effective inhibitor. These results are in contrast to those of
Wiesmeyer and Cohn? who showed that methyl «-D-glucoside and methyl f-maltoside
competitively inhibited the action of pure preparations of amylomaltase. On the other
hand, 1-thiomaltose was without effect on either maltose uptake or induction of
growing cells, and it seems likely that with whole cells, and possibly with toluenised
preparations, permeability effects are involved.

The results of the studies of the action of purified enzyme preparations on
[14C] labelled maltodextrins are difficult to interpret. The experiments with maltotet-
raose show a different preduct pattern depending on the concentration of substrate.
At high concentration, a typical amylomaltase action, with the production of higher
oligosaccharides, is observed, but at iow concentration it seems possible that water
acts as the chief transglycoside acceptor. In some respects, the action patterns at low
substrate concentrations are reminiscent of those reported by Robyt and French2?!
for the action of Bacillus subtilis amylase on maltodextrins.
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SUMMARY

The effect of a number of compounds structurally related to maltose on the
growth, amylomaltase induction, and amylomaltase action of an inducible strain of

Carbohydrate Res., 1 (1965) 97-105§



AMYLOMALTASE OF E. coli ) 105

Escherichia coli has been investigated. Only maltose and maltodextrins were utilised
as sole carbon source for growth, and only maltodextrins had an inducing power
comparable to that of maltose. Of a number of compounds tesied, only maltose and
maltodextrins were attacked at an appreciable rate by induced cells, but induced cells
could also produce glucose from synthetic amylopectin. 1-Thiomaltose was the only
effective inhibitor of amylomaltase action. The action pattern of purified amylomalt-
ase preparations on [14C] labelled maltodextrins has been examined.
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INTRODUCTION

Diplococcus pneumoniae Type I capsular polysaccharide contains L-rhamnose?,
together with D-glucose and D-glucuronic acid2. Methylation studies3.4 showed that
(a) the L-rhamnose was linked at positions 1 and 3, (b) the D-glucose was involved
in 1,4,6-branch points, and (c) the D-glucuronic acid was linked at positions 1 and 4,
and also occurred as non-reducing terminal units. Infrared spectra and the optical
rotation3 suggested that some of the glycosidic linkages in the type specific polysac-
charide had the x-configuration, but the precise location of these was not known.
The present studies were designed to elucidate the anomeric character of the rham-
noside linkages, and to determine the location and arrangement of the rhamnose
units in the polysaccharide.

MATERIALS AND METHODS

The sample of Pneumococcus Type Il specific capsular polysaccharide (SII)
used in these studies was kindly purified by Dr. S.M. Amir, employing deprotein-
isation with trifluorotrichloroethane, followed by fractionation with cetyltrimethyl-
ammonium bromide. After ethanol precipitation, and removal of nucleic acid by ribo-
nuclease digestion, a polysaccharide with [oc]zl_f -+ 51.2° (¢ 0.81, water) was obtained.

Standard method of induction

Aliquots (25 ml) of enriched medium5, consisting of KH2PO4 (4.7 g), (NH4)250,4
(2.0 g), MgS0O;.7H:20 (0.2 g), CaClz. 2H20 (0.01 g), FeSO4.7H20 (0.005 g), L-gluta-
mic acid (0.5 g), glycine (0.1 g), succinic acid (6.0 g), and yeast extract (Difco Ltd.,
1.0 g) in one litre of aqueous solution adjusted to pH 6.8 with potassium hydroxide,
were dispensed in conical flasks (250 ml). After sterilisation, a supplementary vitamin
mixture [containing biotin (10 xg), thiamine (1.0 mg), nicotinic acid (1.0 mg), and
p-aminobenzoic acid (1.0 mg) per ml of solution] (20 ml per litre) was added before
inoculation with Klebsiella aerogenes (NCIB 9479) from agar slopes. After growth
for 24 h at 37°, the organism was again subcultured (5 1) in the same manner, and
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incubated for a further 16 h, by which time maximum growth was obtained. The
organism was harvested by centrifugation and washed with sterile distilled water
(0.1 X the volume of the previous culture). The.washed cells were resuspended in
sterile distilled water at a concentration 25 X that of the original culture. Induction
units of a minimal mineral medium containing KH2POs (4.7 g), (NH4)2S50, (2.0 g),
MgS04.7H20 (0.2 g), and succinic acid (6.0 g) in one litre of aqueous solution adjus-
ted to pH 6.8 with potassium hydroxide, were inoculated with a sufficient volume
of resuspended cells to give a cell concentration of 0.28 mg per ml, determined by
the absorption of cell suspensions at 6§50 mux. The inducer solution, sterilised by
membrane filtration, was added aseptically before commencing incubation at 37°.

Separation of medium constituents

Cell-free samples for analysis were obtained by centrifugation of culture ali-
quots. A quantitative separation (1.0 ml aliquots) of macromolecular substrate
and low molecular-weight cleavage products was obtained by gel filtration on Sepha-
dex G-25 (Pharmacia Ltd., exclusion limit 3-4,000, bed volume 66 ml). Analyses were
performed on the material obtained by Iyophilisa