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can be inferred from our findings, in addition to the large
amount of evidence accumulated in the literature. Some
of the phytoalexins mentioned by CruicksHANK!® are
derived from phenolic acids. KLARMAN Y isolated phenolic
substances from soybeans infected with phytophtora me-
gasperma; so did BierN, Wirriams and Kué®® after in-
fecting the beans with various fungi.

This paper does not deal with the physiological and
toxicological sides of the phenomenon. However, in view
of the ultimate aim of human consumption, these aspects
have to be kept in mind, as clearly pointed out by SINGLE-
TON and KRATZER®,

Zusammenfassung. Beim spontanen Brdunen und Er-
hitzen von gelagerten Soyabohnen bilden sich Phenol-
sduren, welche eine aktive Rolle in Entstehen des Lager-
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schadens spielen und auch als dessen Frithindikator dienen
koénnen.
A. FRIEDLANDER? and S. NAVARRO

Stoved Products Reseavch Laborvatory,
Ministry of Agricultuve, P.O. Box 15030, Jaffa (Isvael),
22 November 1971.
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18 W. L. Bieny, J. Ku¢ and E. B. Wirriams, Phytopathology 98,
1255 (1968).
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Synthesis and Stereospecific Synthesis of some Alkyl-5-Amino-1-Glycofuranosyl Imidazole-4-Car-
boxylates Related to Intermediates in Purine Nucleotide de novo Biosynthesis

The aminoimidazolecarboxylic acid ribotide C-AIR (I)
is an important intermediate in the biosynthesis de novo
of purine nucleotides?, and is of value for the synthesis of
acyclic intermediates in the same pathway. We have
synthesized the nucleotide previously? by phosphoryla-
tion of the isopropylidene ribonucleoside (I1a), subsequent
removal of the isopropylidene group with acid, and hydro-
lysis of the ester with alkali. The imidazole ester (I1a) was
obtained by the reaction of 2, 3, 5-tz4-O-benzoylribofuran-
osylamine (ITT) with the formimidate (IVa), hydrolysis of
the derived tribenzoyl nucleoside, and condensation of the
resulting nucleoside with dimethoxypropane and tosic
acid, or by condensation of the 2,3,-O-isopropylidene
ribofuranosylamine tosate (V)? with the same reagent
(IVa) in the presence of base.

Subsequent reactions of the protonated isopropylidene
ribofuranosylamine (V) with (IVb) (prepared by refluxing
ethyl-x-amino-a-cyanoacetate with triethyl orthoformate
in acetonitrile for 45 min) and base, however, gave a
mixture of the - and f-isopropylidene aminoimidazole
nucleosides ((VI) and (IIb), respectively), which were very
readily separated without chromatography and obtained
as crystalline solids (Table I). Closer examination of the
earlier reaction of (V) with the methyl ester formimidate
(IVa) and base also revealed the presence of the corre-
sponding «-nucleoside.

Table 1.

Imidazole Vield m.p.°C  [a]} (C, %)® Amax(nm)® [&] BraTTon

nucleoside (%) MAaRSHALL®
Amax(nim)

(X1IV) 75 177-9  —24° (0.4) 266 [12,640] 513
(VD) 22 188-190 —70° (0.3) 267 [11,060] 508
(IIb) 16 180-2  —97°(0.3) 267 [12,900] 512
(IIa) —  161-2  —100° (0.3) 267 [13,200] 508
(X) [A] 20 2256  -+95°(0.2) 267[13,000] 518
(XI)[B] 20 1902  +43°(0.2) 266[12,700] 508

* Measured in DMSO. » Slight inflection at 230—240 nm; solvent me-
thanol.

The same mixture of «- and g-nucleosides (VI) and (IIb)
was also obtained by a modification of this last synthesis
which involved prior reaction of the ribosylamine tosate
(V) with ethyl formimidate hydrochloride and triethyl-
amine, and subsequent reaction of the mixture of inter-
mediates (VII), which are presumably formed, with
ethyl-a-amino-a-cyanoacetate.

The structure assigned to the methyl f-nucleoside (ITa)
was confirmed by elemental analysis, and comparison
(TCL, IR, UV, m.p. and mixed m.p.) with material already
prepared via the benzoyl intermediate and earlier shown
to have the f-configuration by conversion into inosine?
and into various intermediates in the de novo pathway
leading to purine nucleotides.

Assignment of the f-structure to the corresponding
ethyl ester nucleoside (IIb) was confirmed by elemental
analysis, mass spectrum (M* = 327) and by comparison
of optical rotation (Table I), and circular dichroism
(Figure 1) measurements with these of the methyl
B-nucleoside (ITa). The f-ethyl ester nucleoside (IIb) with
ammonia gave the aminoimidazole carboxyamide (IIc)
which was identical (TLC in several solvents) with that
produced from the f-methyl ester (ITa). The structure
assigned to the ethyl a-ester (VI) was confirmed by ele-
mental analysis, mass spectrum (M+* = 327) and the
differences in optical rotation (Table I) and circular
dichroism (Figure 2) measurements compared to those of
the f-ester (IIb). The a-riboside (VI) also differs from the
B-anomer in behaviour on thin layer chromatogram, and
rate of loss of isopropylidene group in 109, aqueous acetic
acid at 100°C (the f-form required 2 h for complete
deacetonation compared with 31/, h for the o-form; some
aglycone was formed in each case).

In addition the assignments agree well with Hupson’s?
isorotation rules. These rules have been shown to apply to
analogous purine nucleosidess. The NMR-spectra were not
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— S. C. HarTMAN and J. G. Bucuanan, A, Rev. Biochem. 28, 365
(1959). - J. BappILEY and J. G. BucHANAN, Q. Rev. chem. Soc. 77,
329 (1957).
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Elemental analyses and mass spectra (M} 397,
M}, = 397) agreed well with the structure of ethyl 5-amino-
1(2, 3: 3, 6-di-O-isopropylidene-p-mannofuranosyl)imida-
zole-4-carboxylate. Application of Hubson’s rules to the
mannosyl imidazole nucleosides indicate that A can be
assigned the «- configuration (X) and B the f-configura-
tion (XI). Further evidence for these assignments is
provided by comparison of the shift in the visible spectral
maxima of the dyestuffs produced in the BrAaTTON-

conclusive in the case of the imidazole ribonucleosides
since the H,- protons are split by about the same amount
in each case (Table II})S.

In the same manner a mixture of 2 1sopropy11dene
mannofuranosylaminoimidazole derivatives, A and B
(Table 1), were obtained by condensation of 2,3:5,6-O-
isopropylidene-pD-mannofuranosylamine tosate (VIII)?
with either the formimidate (IVa) and base, or.by prior
reaction of the mannosylamine tosate with ethyl form-
imidate hydrochloride and triethylamine and subsequent
reaction of the mannosyl formimidates (IX), which are
presumably formed, with ethyl a-amino-a-cyanoacetate.
The furanose configuration of both isomers was confirmed
by removal of the isopropylidene groups with aqueous
acetic acid and isolation of formaldehyde as the dimedone
derivative in good yield after periodate oxidation of the
derived nucleosides®.

5 T. R. Emerso~ and T. L. V. ULBricHT, Chemy. Ind. 52, 2129 (1964).
T.L. V. ULBricHT, J. P. JEnNINGS, P. M. Scores and W. KLvNE,
Tetrahedron Lett. 73, 695 (1964).
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7 N. J. Cusack, P. W. Rucc and G. Seaw, Chem. Commun. 190
(1970).

8 R. E. REEVES, J. Am. chem. Soc. 63, 1476 (1941).
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MarsHALL? assay of the mannose nucleosides when com-
pared with those of the ribose analogues (Table 1), when
a characteristic difference appears according to whether
the isopropylidene and imidazole ring systems are in the
cis or trans configuration. The NMR-spectrum of the
a-imidazole mannosyl nucleoside (X) shows the H,” proton
as a singlet (Table II), whereas the f-anomer has a very
broad singlet showing a tendency to split. This confirms
the #rans H,’, H,” proton arrangement in the a-form and
the ¢is H,’, H,’ proton arrangement in the g-form?0.

In contrast to the above reaction sequences, 3,5-O-
isopropylidene-p-xylofuranosylamine tosate (XII) with
ethyl formimidate hydrochloride and triethylamine gave
a readily isolated crystalline compound, m.p. 119-121°C.
[o]d = + 9.0°(C = 2.8% in DMSO) in excellent yield
(>65%,). We assign the oxazoline structure (XIII) to this
compound. Evidence for this structure comes from ele-
mental analysis, and IR-spectra (absence of O—H, but a
strong band at 1620 cm~! (C = N), and a doublet at
1380 cm~1; characteristic of the isopropylidene group).
The mass spectrum shows a very small mass ion at 199
(M)*and 200 (M + 1)+ but a strong peak at 184 (M —CH,)*;
this pattern is common in these types of isopropylidene
sugar derivatives. NMR-spectra in CDCl; shows a one
proton singlet at 7 = 2.97 corresponding to the proton of
the oxazoline ring, and a one proton doublet at 7 = 3.8
corresponding to the glycosidic H,” proton (Juy., m, =
6.040.5 Hz).

In addition the oxazoline reacted smoothly with
ethyl-a-amino-a-cyanoacetate to give the xylofuranosyl
imidazole (XIV) in excellent yield (Table 1) with no
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Fig. 1 and 2. Circular dichroism spectra of some anomeric imidazole
ribonucleosides. Crosses mark maxima and minima of curves.

Table II. Nuclear magnetic resonance® spectra of some aminoimi-
dazole nucleosides

Imidazole nucleoside TH, JH,, Hy
(VI) 4.04 3.54+0.5 Hz
(ITb} 4.17 3.540.5 H.
(X) [A] 4.03 Singlet

(XT1) [B] 4.39 Broad singlet

= Reference tetramethylsilane. Solvent dg DMSO:D,0 (4:1).
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evidence for the presence of any p-isomer in the product.

The structure of (XIV) was confirmed by elemental
analysis, and mass spectrum (M+ = 327). The a-configura-
tion is assumed because of the mode of synthesis and the
absence of any other aminoimidazole nucleoside in the
reaction mixture (TLC examination), which implies that
no mutarotation occurs at the acyclic intermediate stage
(R-N=CH-NH-CH (CN)COOEt where R is the isopropyl-
idene xylofuranosyl moiety).

Earlier work on the condensation of the isopropylidene-
ribo-, manno-, and xylofuranosylamine tosates (V), (VILI)
and (XII), respectively 7, with acyclic g-ethoxy acryloyl
urethanes suggested that only a single isomer was being
formed, generally in excellent yields of up to 80%,. How-
ever, it is clear from our current results on aminoimidazoles
that mixtures of anomeric isomers are produced. This
implies that either the glycofuranosyl tosates are anomeric
mixtures or that mutarotation occurs in subsequent reac-
tions, either with the unprotonated glycofuranosylamines
or with the acyclic intermediates which are formed in
these types of reactions. The formation of a single pure
isomer from the oxazoline (XIII) and ethyl-ec-amino-«-
cyano-acetate suggests that there is little or no mutarota-
tion of the acyclic structures formed in this reaction. In
addition the variation in yields of the various «- and -
isomers produced using acryloylurethanes and formimi-
dates would suggest that if, as seems inevitable, mutarota-
tion is occurring, it is happening with the unprotonated
glycofuranosylamines which are liberated during the
reactions. Confirmation that this is so has come from a
study of the rapid change of optical rotation of the un-
protonated isopropylidene ribofuranosylamine and from
the accompanying ready formation of the corresponding
bis-ribofuranosylamine (XV) 1 [m.p. 153-154°; M+ = 361;
[a]fy — 144° (C=0.49%, DMSO)]. Also preliminary kinetic
experiments involving the reaction of the formimidate
(IV b) with simple aliphatic amines reveals that the rate
is very slow (4-5 h for completion at room temperature)
compared with that of the acryloylurethanes which react
within seconds of mixing. :

The stereospecific synthesis of nucleosides from oxa-
zoline precursors offers a valuable new route to a variety
of N-substituted glycosides and these and the various
related reactions outlined above are under further invest-
igation.

Zusammenfassung.  5-Amino-Glycofuranosylimidazol-
Derivative wurden durch Kondensation der Isopropyliden-
glycofuranosylamine mit Athyl-N-(Cyano-N-Athoxycar-
bonylmethyl)formimidat oder durch Reaktion von Athyl-
formimidat-Hydrochlorid mit den Furanosylaminen,
wozu Athyl-a-amino-a-cyanoacetat hinzugefiigt wurde,
dargestellt. Bei den Ribose- und Mannosederivaten, wur-
den «- und p-Formen als Kristalle isoliert. Eine neue
stereospezifische Synthese von Xylofuranosylamino-
imidazol iiber ein Xyloseoxazolin wird beschrieben.
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