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ABSTRACT 

The glycosylamines of the common aldohexoses react with p-diketones and 
with benzoylacetaldehyde yielding N-glycosyl derivatives of B-amino c&unsaturated 
ketones. The structures of these substances are discussed on the basis of their chemical 
and spectroscopic properties_ 

INT-RODUCTION 

Previous work’ has shown that glycosylamines react with ethyl acetoacetate 
to yield ethyl 3-(glycosylamino)crotonates (1). Because the N-glycosyl derivatives 
of Bamino a,/.%unsaturated ketones and esters (2) may be of interest as intermediates 

in the synthesis of nucleosides and related substances, we have investigated their 

properties and methods of preparation. In this paper, we describe several ketones of 
the type 2 obtained by reaction of @diketones and benzoylacetaldehyde with 
aldosylamines. The reaction of 2,4-pentanedione with glycosylamines has been 
previously studied2, and, under the conditions used, resulted in the formation of 
(tetrahydroxybutyl)pyrroles (e.g., compound 3), presumably via intermediates of 

co&&t 

Me x 
I 

7 
G-NH-C=CH-CO-R’ CH OH_-(CHOH) 

2 
NH Rr H, olkyl 

G n’=oIkyl , ctryt , a*bxy, 

G= glycosyl 
t 3 

1 

4 R= R’= Me 
SR==H,R’=Ph 
6 R = Ma,R’= Ph 

*Presented in part at the 12th Biennial Meeting of the Real Sociedad Espafiola de Fisica y Quimica, 
Salamanca, June 1965; A. Gdmez Sgnchez, J. Velasco de1 Pino, and U. Scheidegger, Anafes Real 
Sot. Espaii. Fis. Q&m. (Madrid), 62-B (1966) 487. 
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REACTIONS OF GLYCOSYLAMlNES 21 

structure 2 (R = R’ = Me)_ It is also known3 that Zamino-2-deoxy-D-glucose reacts 
with 2&pentanedione, l-phenyl-l,Zbutanedione, and benzoylacetaldehyde, yielding 
derivatives 4-6. 

RESULTS AND DISCUSSION 

The reactions of the glycosylamines of the common aldohexoses (D-glucose, 
D-gaIactose, D-mannose, and L-rhamnose) with J?-diketones (2&pentanedione, 
l-phenyl-1,3-butanedione) and with benzoylacetaldehyde took place in methanol at 
room temperature yielding N-glycosyl derivatives of J-amino a,fl-tinsaturated ketones 
7a-16a. Reactions with 1-phenyl-1,Zbutanedione were better carried out in methanol 

containing acetic acid, as otherwise the corresponding products were obtained in 
admixture with other unidentified substances. The physical constants and yields of 
the products are indicated in Table I. The reactions OF /3-D-glucopyranosylamine 
and B-D-galactopyranosylamine with 2,4_pentanedione gave syrups which could 
neither be crystallized nor converted into crystalline derivatives. The condensate 7s 

of /3-D-glucopyranosylamine and benzoylacetaldehyde was also obtained as a 
syrup which was easily transformed into a crystalline tetra-O-acetyl derivative 7b. 
Compound 54a was identical with that obtained directly in the reaction of L-rhamnose 
with 2&pentanedione and ammonia4. 

Evidence for the structures of these substances is presented in the following 
discussion of their properties. They gave positive Fehling’s and ferric chloride tests, 

%H,OR” 

Ry:~NH_&&R~ 

OR” 

R R’ R” 

7a H Ph H 

7b H Ph AC 

tIaMe Ph H 

so we Ph AC 

R R’ R” 
110 Me Me H 

llb Me Me AC 
120 H Ph H 

12b l-l Ph AC 
13oMe Ph H 
13bMe Ph AC 

R R’ R- 
9a H Ph H 
9b H Ph AC 
‘100 Me Ph H 
iObMe Ph AC 

R R’ R’ 

140 Me Me H 
14b Me Me AC 
‘150 H Ptl H 
150 H Ph AC 
16oMe Ph H 
16bMe Ph AC 

presumably because of their hydrolysis to the parent &dicarbonyl compound and 
sugar; Hydrolysis also took place during the chromato&aphy; on paper, of analytically 

Ci&ohj& Res., 10 (1969) 19-33 
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pure samples of t&e 2&pentanedione derivatives lla and Ma, and of the condensate 

of 1-phenyl-1,Zbutanedione with 8-D:glucopyranosylatine @a); since spots appeared 

corresp’onding to the parent glycoses and glycosylamines in addition to those of the 

condensates (see TableII). Similar observations have been made’” on ethyl 3-(glycosyl- 
amino)crotonates (1) and on simpler glycosylamines’. Further evidence of the 

formation of free glycoses and B-dicarbonyl compounds in the hydrolysis of the 
substances under discussion was obtained for 3-(#CD-glucopyranosylamino)-I-phenyl- 

2-buten-l-one (8aj; treatment of this compound with 0.2~ hydrochloric acid gave 
l-phenyl-1,3-butanedione and D-glucose (characterized as N-p-nitrophenyl-B-D-gluco- 

pyranosylamine). However, the N-glycosyl derivatives of /?-amino a&unsaturated 
ketones seemed to be more resistant to hydrolytic cleavage than ethyl 3-(glycosyl- 
amino)crotonates; for example, the optical rotation of an aqueous solution of 
4-(P-D-mannopyranosylamino)-3-penten-2-one (lla) changed from +251 -’ + 120” 
in two months without having reached equilibrium; paper chromatography then 
showed the presence of D-mannose and unchanged compound Ha. Under the same 
conditions, ethyl 3-(B-D-mannopyranosylamino)<rotonate was completely hydrolyzed 
in five days. 

TABLE II 

CHROMATOGRAPIiIC MOBlLlTIES= OF COMPOUNDS 7R-16a AND REFERENCE SUBSTANCES 

Subsrance (formrda) RF 

3-(B-D-Glucopyranosylamino)-l-phenyl-2-buten-l-one @a) 0.06, 0.12, 0.15, 0.67 
B-D-Glucopyranosylamine 0.07, 0.13, 0.16 
D-Glucose 0.16 
3-f~-D-Galactopyranosylamino)-I-phenyl-bpropen-l-one (9a) 0.59 
~-~-D-GaIactopyranosyIamino)_l-phenyl-~-buten-I-one (lOa) 0.68 
4-(8-D-Mannopyranosykunino)-3-penten-2-one (lla) 0.21, 0.40 
3-(8-D-Mannopyranosylarnino)-I-phenyl-2-propen-l-one (123 0.60 
3-(~-D-Mannopyranosylamino)-i-phenyl-2-bu~en-l-one (13a) 0.66 
D-Mannose 0.21 
4-@-L-Rhamnopyranosylamino)-3-penten-2-one (14a) 0.30 0.60 
3-~-L-Rhamnopyranosylamino)-l-phenyl-2-propen-l-one (15a) 0.73 
3-~-~-Rhamnopyranosylamino)-I-phenyl-2-buten-l-one (16a) 0.73 
r-Rhamnose 0.30 

=On Whatman No. 1 paper with butyl alcohol-water-ammonia (40:10:49:1, organic phase) as solvent; 
RF measured at 20”. 

Treatment of compounds 7a-16a with acetic anhydride in pyridine at 0” gave 
the corresponding acetates 7b-16h. The physical constants of these substances have 
been included in Table I. Catalytic (sodium methoxide) deacetylation of I-phenyl3- 
(i,3,4,6-tetra-U-acetyl-B-D-glucopyranosylamino)-Zbuten-l-one (8b) regenerated the 
parent compound $a; hydrolysis of 8b with dilute formic-acid6 gave l-phenyl-1,3- 
butanedione and 2,3,4,6-tetra-O-acetyl-D-glucose. 

Carbohyd. Res., 10 (1969) 19-33 
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The u-v. spectra of compounds Sa-16a (Table III) were similar to those3 of the 
2-amina-2aeoxy-~gl~c~e derivatives3 4-6. The i.r. spectra of compounds &-16 
and those of the acetates 7b-16b (Table III) showed bands at 1640-1600 (ketone C = 0), 
1585-1575, and 1560-1530 cm-’ typical of intramolecularly bonded b-amino 
u&unsaturated ketones3b*c7. The large shift to low frequencies of the carbonyl 
band of these compounds is considered to be a consequence of the highly pronounced 
mesomeric character of the enamino ketone system and of the strong, intramolecular 
hydrogen bond. For the same reasons, the N-H stretching bands of the acetates were 
very broad and displaced to low frequencies. It was then concluded that, in the solvents 
used, compounds 7-16 were completely, or to a large extent, in the chelated form 17. 

R 

>->- 
/o-R’ 

18 G = p-o-goloctop--ranosyl 

G-u__.,/ 
R’ G=glycosyi 

G-NH 19 G =/+D-~onnopyronoSyl 

17 

The p.m.r. spectra of compounds 7-16 confirmed their structures and gave an 
indication of their anomeric configurations. Data from the spectra of the acetates of 
the condensates of benzoylacetaldehyde, namely, compounds 7b, 9b, 12b, and 15b, 
are indicated in Table IV. The absorptions of the enamine portion of these substances 
were very similar to those of the intramolecularly bonded cis forms of the enamines 
derived from benzoylacetaldehyde and simple amines’ and to that3= of the tetra-0- 
acetyl derivative of compound 5. The chelated cis structures were derived from the 
positions of the N-H signals at very low field and the magnitude of the vicinal coupling 
constants, .JZ,,s,, between the two olefinic protons. The protons of the sugar moiety of 
these substances, as well as those of compounds discussed later, were identified by 
double-resonance experiments and/or by consideration of the chemical shifts and the 
coupling constants. All of these chemical shifts and coupling constants observed 
were consistent with the compounds, having pyranose rings. The assignment of the 
B-D-anomeric configuration was straightforward in the D-glucose and D-galactose 
derivatives, compounds 7b and 9b, by considering the values of J,,z. In the case of 
the D-mannoseand L-rhamnosederivatives (12b) and (15b), respectively, the assignment 
of the anomeric configuration was tentatively made by comparing the chemical shifts 
for H-l with those for the same proton in compounds 7% and 9b having the D-ghrco 
and D-gala&o configuration. The paramagnetic shift of 0.20-0.29 p-p-m_ okserved 
thereby was ascribed to the deshielding effect produced on an axial H-l by the change 
of the acetoxyl group on C-2 from the equatorial to the axial position. Similar 
paramaguetic shifts t-ave been observed before in acetjlated aldopyranoses ga*b in 
penta-acetylglycopyranosykuninesgc, and in the O-acetyl derivatives of ethyl 3-(glycos- 
ylamino)crotonates . lb Substances 12b and 15b would then have H-l in an axial 
position and, therefore, P-D and B-L configurations, respectively. 

The p.m.r. spectra of 3-(glycosylamino-I-phenyl-Zpropen-l-ones (9a, 12a, 
and 15a) (Table V) were taken in methyl sulphoxide-d6 in order to prevent effects 
due to hydrolysis and/or mutarotation’b*lo. Under these conditions, the D-galactose 

Carbohyd. Res., 10 (1969) 19-33 
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and D-mannose.de&ttives, (t&j and (IZaj, ,etiste&as a n&urn OF the ck form 
(type 17) and the corresponding trans foti (18 and 19,.rkpectively):. The existence 
CT? I% rwo isomerk arms ofthe 3-(fT_D-gafactopyranosyfamko)-l-phenyM-propen- 
l-one (9a) was deduced from the presence in the spectrum (Table V) of the two 
doubkts at 6 5.85 (Jz’,3’ BBHZ} and 6 6.14 (.&> 12.4 Hz} WIG& based on the 
coupling constants, were assigned to H-2’ of the cis and trans forms, respectively. 
The.quartet at a 7.2? (.:NH,3. IZSHZ; Jza XL.0 Hz) was assigned to H-37 of the 
cis form; the corresponding signal of the rrms form was not observed and must be 
‘hidden under the m&Z&t c&the aroma& protunS @ ?.&%.O). The quartet centered 
& 6 IQ29 (J&H,,< 12.5Hz; JfiH.1 8 SHZ} was as&ribed to rh& N-ff 0f the L+.? form, 
and the triplet (JNH,I 8.5 Hz; JI,t 8.0 Hz) at 6 4.31 to H-l. These assignments were 
conlirmed by irradiation of the N-H quartet, causing the collapse of the H-l and 
cis H-3’ signals. Furthermore, treatment of the sampIe with deuterium oxide changed 
the cis H-3’ quartet &to a doublet (J,, 3 , .) and the H-l triplet into a doublet (J1 & The 
cis-tram ratio (2:l) for compound 9a was obtained from the integral values of the 
H-2’ doublets, and the magnitude of J 1 ,* proved the /3-D-anomeric configuration. 
Similar observations were made in the spectrum of 3-(/3-o-mannopyranosylamino)- 
I-phenyl-2-propen-l-one (12a) (Table V) which was a mixture of the cis and trans 
forms in the approximate ratio of 4~1. A different picture, however, was shown by 
the p.m.r. spectrum of the L-rhamnose aialogue (151~) which, under the conditions 
observed, existed in the cis form onIy. The anomeric configurations of the two last 
compounds were tentatively assigned by considering again the b-values of the H-l 
protons; they showed paramagnetic shifts of approximately 0.35 p.p.m_ relative to 

H-l in the D-galactose derivative 9b. This paramagnetic effect is of the samebrd$;r 
of magnitude as that produced on an axial H-i of glycopyranoses by changing the 
hyciroxyl group on C-2 from an equatorial to an axial dispositionqu* ’ *. Consequently, 
H-l in compounds 12a and 15a should be axial, and have the B-D- and #I-L-anomeric 
configurations, respectively. Assignments on the same basis have been previously 

made lb in ethyl 3-(glycosylamino)crotonates. 
Data of the p.m.r. spectra of the condensates of 1-phenyl-1,3-butanedione 

and those of their corresponding O-acetyl derivatives are presented in Tables VI 

and VII. The chelated structures (17) of these substances were deduced from the 
presence of the N-H signals at very low fields and from the similarity of these spectra 
with those of the intramolecularly bonded forms of enamines obtained in the reactions 
of I-phenyl-1,3-butanedione with simple amines” and with 2-amino-2-deox+D- 
glucose 3c. The value for J 1 ,2 proved the /3-D-anomeric configuration in the derivatives 
of D-glucose (compounds 8a and 8b) and D-galactose (compounds 10a and lob); 
The H-l protons in the condensates of D-mannosylamine and L-rhamn;sykunine 
(13a and 16a, respectively) showed paramagnetic shifts of approximately 0.30 p.p_m. 
relative to R-1 in compound I3a having the D-&U&J configuration; similarly, the 
H-l signals in the corresponding O-acetyl derivatives (13b and. 16b) were shiFted 
approximately 0.15 p.p_m. to lower field compared to compound 8b having the 
D-gZuco configuration. These paramagnetic shifts are those expected’b*g*ll for an 

Carbohyd. Res.. 10 (1969) 19% 
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TABLE VI 

CHEMICAL SHI&TS (6, p.&MIl.) AND COUPLING CONSTANTS (+i) OF COMPOUNDS B- pn AT 

100 h’%i-iZ IN METHYL SULPHOXIDE-& 

Substance N-H H-2’ Me-3’ Aromatic I-i-1 
protons 

8a 11.27da 5.84 2.18 -7.44rnb 4.62t 

10a 

13a 

16a 

JNH,l8.2 
11.28d 
JNH,I 8.5 
llJ4d 
JNH,I 9.0 
11.27d 
JNErJ9.0 

5.84 2.13 

5.82 2.16 

5.81 2.13 

J1,2 8.0 

4.56t 
h,2 7.4 
4.9Oq 
Jl,2 ~1.0 
4.874 
J1,sNl.o 

Wgnal multiplkities are indicated as following: d, doublet; t, triplet; q. quartet; and m, multiplet. 
The absence of any indication implies that a singlet was observed. Womplex signal of intensity 
three. Xomplex signal of intensity two. 

The reaction between a primary amine and an unsymmetrical j3-dicarbonyl 
compound dan, in principle, give rise to two isomeric enamines. Thus, the condensates 
of glycosylamines with benzoylacetaldehyde might have structure 20 instead of the 
structure of type 22 considered above. The former possibility, however, can be 

Ph 0 
I II 

G-NH-C=CH-CR 

20R=H 21 R= Me 

R 0 
I II 

G-NH-C = CH-C-Ph 

22R=H 

ruled out purely on the basis of the p.m.r. spectra already discussed (Tables IV and V). 
They clearly indicate the formation of di-substituted olefins rather than of a&unsatu- 
rated aldehyd& This is further confirmed by the similarity of these spectra with 
those corresponding to the condensates of benzoylacetaldehyde with primary 
amines * and with 2-amino-2-deoxy-D-glucose3’. It has been well established that 
these substances react with the carbonyl group of benzoylacetaldehyde and of l-phenyl- 
1,3-butanedione which is further away from the phenyl group. Similar arguments 
precluded structure 21 for the condensation products of glycosylamines and l-phenyl- 
1,3-butanedione. 

The p.m.r. spectra of the enamine portion of the 2,4-pentanedione derivatives 
Ha,. TXb, and 14b (Table VIII) were very similar to those of the chelated form of 

Carbohyd. Res., 10 (1969) 19-33 
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4-(alkylamino)-3-penten-2-one ’ 9 I2 and to that’= of the tetra-O-acetyl derivative of 
compound 4. On the other~hand, H-l in compound lla had almost the same &value 
as ethyl 3-(B-~-mannopyranosylamino)crotonate1b; similarly, H-l of the O-acetyl 
derivatives llb and 14b had the same b-values as the O-acetyl derivatives of ethyl 
3-(p-D-mannopyranosylamino)crotonate and ethyl 3-(B-L-rhamnopyranosylamino)- 
crotonatelb. Compounds lla, llb, and 14b were therefore formulated with the 
chelate structure 17 (R = R’ = Me) and, tentatively,~ with the B-D- or /3-L-anomeric 
configurations. 

The above results and those previously reported’*’ lezd to the conclusion 
that the reaction of /I-dicarbonyl compounds and primary amines is extensible to 
amino sugars (glycosylamines and 2-amino-2-deoxy-D-glucose). The N-glycosyl 
derivatives of @unixto a,@nsaturated ketones and esters produced in these reactions 
tend to adopt the chelate structure 17 which requires that the amino and keto (or ester) 
groups are in cis disposition. Furthermore, the compounds of this kind having-the 
D-ghC0, D-galacto, and D-mUnn0 configurations are obtained as B-D anomers, and 
those having the L-rhumno configurations as B-L anomers. 

EXPWMENTAL 

Melting points are uncorrected. Solutions were-evaporated below 40”. Identi- 
fication of compounds was based on mixed melting points and comparison of i-r. 
spectra. Paper chromatography was performed on Whatman No. 1 paper, with 
butyl alcohol-ethanol-water-ammonia (40: 10:49: 1, organic phase) as the developer 
and indication with alkaline silver nitrate. Optical rotations at 5461A were determined 
with a Bendix-Ericsson Type 143C polarimeter. The U.V. spectra were obtained on a 
Beckman DU spectrophotometer, and i.r. spectra on a Perkin-Elmer 621 instrument. 
The p.m.r. spectra were measured on a Varian HA-100 spectrometer, with tetra- 
methylsilane (6 = 0) as the internal standard. The glycosylamines were prepared 
as described previously’“. Fiysical cons tants, crystallization solvents, yields, and 
analytical data of new compounds are indicated in Table I. 

Reactions of aldosylamines with benzoylacetaldehyde. - A suspension of 
0.01 mole of glycosylamine in methanol (40 ml) containing 0.01 mole of benzoylacetal- 
dehyde was shaken at room temperature until complete dissolution occurred (I-14 hj. 
Evaporation of the solvent left a crystalline residue which, after recrystallization 
from the appropriate solvent, gave pure 3-(glycosylamino)-1-phenyl-2-propen-l-one 
(9a, 12a, and 15a). The derivative 7a from /3-D-gQ~copyranosylamine was obtained as 
a syrup that could not be crystallized. 

Reactions of aldosylamines with I-phenyl-1,3-butanedione. - A suspension of 
0.01 mole of glycosylamine in methanol (40 ml) containing acetic acid (2 ml) and 
0.01 mole of 1-phenyl-1,3-butanedione was shaken at room temperature till dissolution 
(l-l 8 h). The crystalline residue left after evaporation of the solvent was recrystallized 
from the appropriate solvent, yielding 3-(glycosylamino)-1-phenyl-2-buten-l-one (;3a, 
lOa, 13a, and 16a). 
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Reactions of aldosyiamines with 2,4-pentanedione. - A suspension of 0.01 mole 
of D-mannosylamine or L-rhamnosylamine in methanol (20 ml) containing 0.03 mole 
of 2,4-pentanedione was shaken at room temperature until dissolution. Evaporation 
of the solvent left a syrup which crystallized upon treatment with ether and then 
with warm methanol. Several recrystallizations from methanol or ethanol gave the 
pure product lla or Ida. The reactions with p-n-glucopyranosyhunine and B-D- 

galactopyranosylamine gave syrups that could not be crystallized. 
Acetylation of compounds 7a-16a. - A solution or suspension of the sample 

(1.0 g) in pyridine (10 ml) was treated with acetic anhydride (5 ml) for 2448 h at 0” 
with occasional shaking. The mixture was poured onto ice, and the material that 
separated was washed thoroughly with water. In most cases, crystalline substances 
were obtained at this stage and were readily recrystallized in the solvents indicated 
in Table I. When the product remained syrupy, it was dissolved in chIoroform. The 
solution was washed successively with 0.2~ suiphuric acid, saturated, aqueous sodium 
carbonate, and water, and was then dried (MgSO,). The residue obtained after 
evaporation was crystallized from the appropriate solvent. 

Hydrolysis of 3-(8-D-gIucopyranosyZamino)-I-phenyZ-2-buten-I-one @a). - A 
solution of compound Sa (1.0 g) in 0.2N hydrochloric acid (50 ml) was kept for 24 h 
at room temperature. The crystalline solid that separated was filtered off and, after 
recrystallization from propan-2-01, identified as l-phenyl-1,3-butanedione (0.47 g, 
94%). Paper chromatography of the filtrate showed the presence of substances 
having the same mobiIities as di-D-ghtcosylamine, D-glucosylamine, and D-glucose 
(main product). Evaporation of this solution gave a syrupy residue. A portion (0.3 g) 
of this syrup was treated with p-nitroaniline (0.5 g) and cont. hydrochloric acid 
(0.02 ml) in boiling methanol (20 ml). Refrigeration of the reaction mixture gave 
N-p-nitrophenyl-j?-D-ghtcopyranosylamine dihydrate (0.2 g), m.p. 187-189”, identical 
with an authentic specimen. 

Deacetylation of I-phenyl-3-(2,3,4,~-tetra-O-acety~-~-D-g~~copyranosy~amino)- 

Muten-I-one (8b). -A sample (1 .O g) of compound Sb was deacetylated by treatment 
with methanol (10 ml) and 1 ml of a 0.2M solution of sodium methoxide in methanol 
for 3 h at room temperature. Evaporation of solvent gave a crystalline residue (0.7 g) 
which, after recrystallization from ethanol-ethyl acetate, gave pure 3-(8_D-ghCO- 

pyranosylamino)-1-phenyl-2-buten-l-one @a). 

Hydrolysfs of I-phenyZ-3-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylamino)-2- 
buten-l-one (Sb). - A solution of compound 8b (1.0 g) in a mixture of 1% formic 
acid (50 ml) and ethanol (15 ml) was boiled for 7 h. The solid that separated was 
filtered off, recrystallized from propan-2-01, and identified as I-phenyl-1 ,3-butanedione 

(0.2 g, 40%). The filtrate was concentrated, and extracted with chloroform (4 x 5 ml). 

The combined extracts were washed successively with 0.2~ hydrochloric acid, 5% 
aqueous sodium hydrogen carbonate, 2% aqueous sodium bisulphite, and water 
(10 ml of each), and dried (CaCL). The solvent was removed, and the residual syrup 
was crystallized from chioroform-light petroleum, yielding 2,3,4,6-tetra-O-acetyl-D- 
glucose (0.16 g), m.p. 12l-122”, identical with an authentic specimen. 
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