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The reaction between methyl 4,6-O-benzylidene-«-D-gluco-
pyranoside and cyanogen bromide afforded a mixture of products.
The main component was identified as methyl 4,6-O-benzylidene-a-
D-glucopyranoside 2,3-imidocarbonate. Small amounts of the corre-
sponding 2,3-carbonate, 2- and 3-carbamate were also formed.

Enzymes and other proteins may be attached to soluble or insoluble carriers
of polysaccharide nature by the cyanogen bromide method described by
Axén and coworkers.,2 We have shown that cyanic acid esters can be used for
similar coupling reactions.® It seems reasonable to assume that at least some
of the active groups formed by these two reagents are identical.

In the original paper?! on the cyanogen bromide method, it was suggested
that the intermediate reactive groups as well as the final linkages consisted
of imidocarbonic acid esters. It was also suggested that carbamate groupings
might be of importance.

The molecular weight of dextran preparations increases on treatment with
cyanogen bromide ¢ or cyanates,? indicating the formation of cross-linkages.
Since soluble dextran preparations containing 0.3 equiv. of nitrogen per
glucose residue may be prepared, only a few of the incorporated groups are
thus involved in cross-linkages. The formation of imidocarbonate structures,
not involved in cross-linkages, has been proposed. In the case of p-glucose
residues trans-fused 2,3- or 3,4-O-imidocarbonates may be postulated.

In order to study this possibility, the reaction between methyl 4,6-O-
benzylidene-a-D-glucoside (I) and cyanogen bromide has been investigated.
As reference compounds we also prepared the 2,3-carbonate (I1II) and 2- and
3-carbamate derivatives (IV, V) of IL.
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EXPERIMENTAL

Apparatus and methods. IR-spectra in KBr were recorded on a Unicam 200, and the
NMR was measured in a Varian A 100 NMR spectrometer. An LKB 9000 mass spectrom-
eter was employed for the mass spectrometric measurements.

Starting material I, and refersnce compounds 111, IV and V were prepared as previously
described.®

The reaction between cyanogen bromide (BrCN) and I. In a typical experiment I
(5.0 g) was dissolved in hot water (250 ml). The solution was stirred vigorously and cooled
rapidly to give a fine suspension. BrCN (10 g) dissolved in water (125 ml) was added with
stirring during 75 min and the pH was kept at 10.7 by automatic addition of 2 M sodium
hydroxide. After stirring for another 15 min, the suspension was neutralized with 2 M
hydrochloric acid. The solid material was filtered off and dissolved in chloroform (50 ml)
which was shaken with two small portions of water (2 x 10 ml), filtered and evaporated
to dryness. The residue (3.0 g) was dried ¢n vacuo at 50°C overnight. (Found: N 4.3.
Cale. for C,;H,,0,N: N 4.6.)

Treatment of the product of the reaction between I and BrCN with 0.1 M HCI. The
title product (0.5 g) was shaken 4 h with 0.1 M hydrochloric acid (50 ml). The mixture
was evaporated in vacuo at 50°C. The residue was suspended in water (20 ml) which was
evaporated. The treatment with water was repeated once.

Treatment of methyl 4,6-O-benzylidene-«-D-glucopyranoside 2,3-carbonate with 0.1 M
HCI. The same procedure as above was used.

Stability of the product of the reaction between I and BrCN. The title substance was
dissolved in 99 9 ethanol, chloroform, benzene, and methylene chloride. The solutions
were kept at room temperature for certain periods of time. The solutions were then
evaporated to dryness and the IR-spectra of the residues recorded.

RESULTS

On treatment of a dilute aqueous solution of methyl 4,6-O-benzylidene-o-
D-glucoside (I) with cyanogen bromide an amorphous product was obtained,
which because of its reactivity could not be crystallised or purified by other
procedures. The main component of this product is assigned the structure
methyl 4,6-0-benzylidene-«-D-glucoside 2,3-imidocarbonate (I1) on the follow-
ing evidence. A strong absorption in the IR, at 1710 cm™, was attributed to
the carbon-nitrogen double bond. 2-Imino-1,3-dioxolone absorbs at 1710 cm™.8
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Table 1. Partial interpretation of NMR-spectra of I, ITI, and I treated with BrCN.

Chemical shift J-values (ppm) Coupling constants (Hz)
Compound Pyridine-d; CDCly Pyridine-d; CDCly
H,|H,| H;| H,|B—H* H,| H, | Hy | H,!B-H* J, | Jpy | Jgy | J12| Jaz | Jgs
I 5.03)4.05/ 4.45/3.91) 5.71 |4.63|~3.80 | — | — | 545 | 3.5 9.4|~9.0 3.2 | — -
111 5.39/4.67|5.18 4.40| 5.84 |5.12] 4.18 |4.83/3.93| 5.55 |~3.0f 11.5( 9.5 3.1 11.5( 9.5
I treated
with BrCN| 5.28, 4.33| 4.86/ 4.3 | 5.76 |5.14] 4.05 |4.69| — l 5.57 3.0/~10.8| — | 3.0 |~10.8|~9.0

% Methine proton in the benzylidene group.

The absorption of the hydroxy groups in the starting material at 3500 cm™
had disappeared. It was replaced by a weak but fairly sharp band at 3400 cm™,
assigned to the NH-group. In the mass spectrum of the above mentioned
product, a peak at m/e 307 and a strong peak at m/e 264 are assigned to the
molecular ion and to M —43 of II, respectively. Weak peaks at m/e 308 and
325 indicate the presence of the trans-carbonate (I1I) and of the carbamates
(IV and V). Authentic samples of these all gave strong (M — 43) ions, probably
due to the elimination of the fragment C,H,0.

The NMR spectrum of I treated with BrCN (Table 1) differs from that
of I but resembles that of II1, which also contains a trans-fused five-membered
ring. These differences may in part be ascribed to the distortion of the pyranose
ring by the trans-fused five-membered ring in IT and III.

The product containing IT was not stable but decomposed during chromatog-
raphy on silica gel or on standing in polar or non-polar solvents. The reactions
in benzene solution could be followed by IR; the typical absorptions at 1710
em™ diminished and had disappeared after 60 h at room temperature. An
absorption at 1670 cm™!, which was observed after 15 h but not after 60 h,
indicates the formation of an unstable intermediate. The final product showed
absorption at 1570 cm™ and 3500 cm™2.

The average molecular weight of this product as determined by VP os-
mometry was 540. Mass spectrometry, using solid inlet, indicated the presence
of at least two components. For the component appearing at 120°C, the
heaviest ion was found at m/e 590, whereas that for the component appearing
at 180°C had m/e 921. It is known that imidocarbonates are unstable and may
give 2,4,6-trialkoxy-1,3,5-triazines in the absence of catalysts.”s® The forma-
tion of such triazines by trimerisation of II is indicated by the IR-absorption
at 1570 cm™1,° and the appearance of m/e 921 (3 x 307) in the mass spectrum.

The product obtained from the reaction between cyanogen bromide and
I was treated with dilute hydrochloric acid to remove the benzylidene groups
and the behaviour of the resulting material was studied. The IR spectrum
of the product was very similar to that obtained by similar treatment of
methyl 4,6-O-benzylidene-«-D-glucopyranoside 2,3-carbonate. The product
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from activated I showed additional bands at 3200 — 3100 cm™ and 1410 em™.
This agrees well with the absorption of ammonium chloride which might
be formed from IT on acid hydrolyses. A rather broad carbonyl band at 1780
cm™ was observed in both cases. It is known that diphenyl imidocarbonate
in weakly acid media is transformed into the corresponding carbonate.!?

DISCUSSION

From the results discussed above, it may be concluded that the main
product formed when I is reacted with cyanogen bromide in aqueous alkali
is the reactive cyclic imidocarbonate II. It seems reasonable to assume that
the 2,3- or 3,4-linked cyclic imido carbonates are formed when cyanogen
bromide or cyanates are allowed to react with dextran or cross-linked dextran
(Sephadex). 4,6-Linked cyclic imidocarbonates at the terminal D-glucose
residues and interchain imidocarbonates may also be formed. Cyanogen
bromide activation has also been applied to agarose?2?® a polysaccharide
composed of alternating (1-»3)-linked p-p-galactopyranose and (1->4)-
linked 3,6-anhydro-«-1.-galactopyranose residues. This polysaccharide contains
no vicinal hydroxyl groups and the reaction product is assumed to contain
cyclic 4,6-imidocarbonate groups and interchain imidocarbonates.

It is known that acyclic imidocarbonates react with amino acid esters to
give N-substituted imidocarbonates.” In agreement with this ammonia is
liberated when alanine methyl ester is coupled to Sephadex by the cyanogen
bromide method.! However, on coupling glycine to activated Sephadex, no
ammonia was liberated.? Preliminary results also indicate that an isourea
derivative is formed in the reaction between the product containing II and
glycine.

The present results therefore strongly support the assumption that cyclic
imidocarbonate groups are formed in reacting polysaccharides with cyanogen
bromide and that they constitute the reactive groups in the subsequent
reaction with proteins or other amino compounds. Further studies are required
to establish the structure and properties of the linkages formed during the
coupling reaction.
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