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a-l-he PMR spectra at 220 MHz of some Amadori rcammgcmcnt products deduced from 
Dgkcosc with p-fduidine (1). N-mcthylphenylamim (2). di-butylamine (4). piperdine (5). and 
morpholinc (6) have bctn studied in detail. 

Compounds l-6 appear to exist in sotutioa prdomin~Uy as an equilibrium mixmrc of the furanose 
and pyTan05C rin& ‘Ihe pyrMo4e rirQI OCCUN CXChlSiVdy in Ihe o(D)-%-COnfOnnath (CO~TCS~~~~S IO 

Reeves IC~fcemation). The furanose rim a&ably exists as a mixture of bob the B- and 
(I--T. in which the a-anomcr is fav&.- 

tNtRODtKTtO!U 
An Amadori compound’ arises from a complete 
conversion of an N-substituted aldosylamim in the 
presence of an acid to an N-substituted I ‘- amino - I - 
deoxy - 2 - ketose (r) or a hemiacetal ring structure 
derived from it (II, III) (see Scheme I). 

Generally the presence or absence of a CO ab- 
sorptioo band in the IR spectra is used IO assign the 
keto structure (I)&’ or the cyclic forms (II. III),cJ 
respectively. As far as the cyclic structures are 
concerned, no further spectroscopical evidence is 
given for either the 5-H or the dmcmbercd ring-111 
structure. Usually it is assumed’ that the 6- 
membered ring is more stable. 

The hrst assignment of ring size to an Amadori 
compound is given by Kuhn et al.* by chemical 
means. They demonstrate that 1.3.4.5 - letra - 0 - 
methyl - B - D - fructopyranosc can be formed from 
the Amadori compound I - deoxy - p - tolylamino - 
D - frWtOSC. 

It should be possible to distinguish between 
structures I. II and III on the basis of the vicinal 
and geminal coupling constants. For instance, the 
magnitude of the geminal coupling constant of the 
methylene group at C atom 1’ in structure I 
(I - 17-19 Hz)‘~” will differ considerably from that 
of the corresponding group in II or III (J = 
II-13 Hz). From the magnitude of the vicinal cou- 
pling constant we may even bc abk IO deduce the 
conformation of the ring in structure III. 

In order lo present direct spectroscopical evi- 
dence for structures I. II or III, and the position of 
the hemiacetal OH-group under a given set of 

conditions, we studied the PMR 
220MHz of the following Amadori 
(Scheme 1): 

spectra at 
compounds 

1: R’ - dKH,. R’= H (Ref 7) 
2: R’ = 6, R’ - CH, (Ref 5) 
3: R’ - R’ - &CH, (Ref 12) ~. ~_ ~~~ ~_~ _ 
4: R’ = R’ = CHKH,), (Experimental) 
5: R’ + R’ = c(C,H,,) (Ref 5) 
6: R’ + R’ - c(C.H.0) (Ref 12). 

In addition we examined the PMR spectrum of p 
- D - fructose (7) as reference compound. 

RESVL’TS AND DISCUSSWON 
Analysis of fhe PMR spectra. Examination of 

the PMR spectra of 14. recorded in 5- 
deuteropyridine (pyr-d,) shows that all the com- 
pounds, except 3, consist of a mixture of at least 
two components. As 3 occurs as a singk compo- 
nent, the assignment of the signals in its spectrum is 
facilitated. The signals of H, and Hi appear as two 
doublets at 6 = 3.50 and 3.88ppm (J gem = 
13.5 Hz). The doublet at S = 4.87 (I - 10.0 Hz) 
should be assigned to proton H, (in each of the 
structures 1. II or III as given in Scheme 1, H, is 
coupled only with Ii.). On account of the obscrvcd 
spacitu~s of IO-0 and 3-O Hz. the signal at 6 = 
495ppm arises from I&. Among the remaining 
signals the multipkt at S = 4.75 which is not well 
resolved can be attributed to H,, and the doublet of 
doubkts at 6 = 4.49 (J = 12.0 and l-0 Hz) and at 
6 - 4.83 ppm (J = 12-O and I.0 Hz) to H; (axial) and 
H; (equatorial) respectively. 
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Asimilaranalysisofthespeclraoff,t,4,Sand6 
in pyr-d, gave the results shown in Tables I and 2. 
From the striking sim&ritics in coupling constants 
(Table 2) we conciude that the major components in 
these five compounds have the same structure as 3. 
Comparison of the coupling constants of 5 and 6 
(Tabk 2. values between brackets), in IA0 with 
those determined in pyr-d, indicates that in &O 5 
and 6 also have the same structure as 3. 

The middle spectrum in Fig 1 is the PMR spcc- 
trum of 2 in pyr-d, in the low-field region. The 
signals due to the major component are assigned as 
indicated in the figure and the assignments are 
confirmed by spectrum simulation (lower spec- 
trum). 

The doublets at 6 = 3.80 (J = IS Hz) and at 

6 -4.19ppm (i = 15 Hz, partly ovcflappcd) are 
tentatively assigned to H, and H;, of the minor 
component in 2. It should be remarked that this 
assignment may tquaily well be interchanged with 
the signals at 6 = 3.77 and 6 = 3.98 ppm. Proton H, 
and H, of the minor component can be easily recog- 
nited as a doublet of doublets at 6 = 4.71 ppm 
(J - 7.5 Hz) and at 6 = 5.07ppm (J = 7.0 and 
7.5 Hz) respectively. H, and H; appear as a doublet 
of doubkts at 6 = 4.20 (J = 3.0 and 11 Hz) and at 
8 = 4.28 ppm (I = 4.0 and 1 I Hz). The signal of 
proton H, is obscured by signals of the major com- 
ponent. The upper spectrum in Fig 1 is the simu- 
lated spectrum of the minor component in 2 and 
confhms the assignment of the different signals. 

The first-order chemical shifts and coupling COEI- 

T&k 2. First-&r cou#ing constants (Hz) of the protons of the major component in 
comzwmds 14. dek?nnkd from the spectra recorded in pyridined, as solvent 

CornpoUnd I’,, Jr J l % JU J’u I’, 

1 

5 
: 

6‘ 

12.W IO.0 39 1.5 I .o 12.0 

IS.0 13.5 IOQ 10-O 3.0 3.0 I.5 1.s I.5 I.0 12.0 12.0 
13.0 100 3.0 1.S 1.S 12.0 
13.0 10~10~0) 3.n3.n l.s(l~S) I-S(I-0) 12*0(12.5) 
1343 lo~qlo~o) 3q3~s) l+HI*S) l.ql.0) 124x12~s) 

‘CoupIiq constants with the NH-proton were 3.0 and 7.0 Hz rcspcctively. 
l Va&s betmen brackets were determined from the spectra recorded in DIO as 

solvent. 

t __--~._ -- 
150 G(Ppmf 400 

Fig 1. PMR spectxum of 1dtoxy-l-(N-methy~~Dfntctose (2) in pyridincd, at 220 MHz (mid- 
dle). Simulated spectrum of minor componenr in 2 (upper) and of major cornponm t in 2 flower). 



struchlrt of N-substituted l-amine 1&0xyufnJclows 2895 

stants of the minor component in ld arc given in 
Tabks 3 and 4. 

Srnutvrol assignment. The magnitude of the 
gcminal coupling constants of the mcthykne pro- 
tons (H, and H;) next to the N atom, which varies 
between 12.0 and 15.0 Hz flabk 2). indicates that 
the major component in ld occurs either in the 
fumnose (2) or pyranosc form (3) (Scheme 1). 

Irrespective of whether the major component of 
ld occurs as the B- or a -anomcr, the values of the 
vi&al coupling constants given in Tabk 2 provide 
unequivocal evidence for the Gmcmbcrcd ring 
structure in the D - ‘c, - conformation (Scheme 1). It 
is, however, reasonabk to assume that all the 
alkylamino groups in 14 will preferably adopt an 
equatorial position (= p-anomer). The good corres- 
pondence in chemical shifts and coupling constants 
of l-6 with those of /3 - D - fructose at equilibrium 

Fables 5 and 6) canflrms our assumption. as it has 
been proved” that Dfructoac in solution exists prc- 
dominantly in the more stable @-pyranoid form. 
The magnitude of the vi&al coupling Wnstants of 
p - D - fructose (Tabk 6) ckarty shows that the 
pyranosc ring of /I - D - fructose has the y,- 
conformation (Reeve8 1C conformation) in eque- 
ous solution. The doubkt at 6 = 4.07ppm 
(J = 3.5 Hz) has been tentatively assigned to proton 
H, of /3 - D - fructofurarme” 

The values of J,,. coupling constants and vicinal 
coupling constants (Table 4) for the minor compe 
nent. together with the fact that the major compe 
ncnt in 14 has the pyranosc form. indicate that the 
minor component in 14 has the 5-membered ring 
structure 2 (Scheme 1). 

Conftrmatory evidence for this conclusion is 
presented by the absence of an absorption at 

Tabk 3. Chemical shifts 8 (in ppm) of the protons of the I-alkylamine~/3-wrabiwbexubfunmose s~~cturc. the 
minor ccmponcllt in coqXnmdr 14. determined from the spectra rccotded io pyrkGwdy a5 solvent 

Compound 8H, bH; 6H, 8H, 6H, 8H, 6H; otha.5 

1 3.n(d) 3Wd) 4Wa) 5.OYdd) 4.54(m) 4.21(&i) 4_28(dd) 2.17(s); 6&4(d): 
6Wd) 

2 3.80(d) 4.1w-f) 4.71(d) 5.07(dd) 4.51(m) 4.zo(dd) 4.2466) 3.05(s) OT 
3.00(s); 7.51(m) 

wwor I4-0%01’ I5wd)r 13-021s): 3.15wl 
3 

2&d) 3&d) 
- - - - - - 

4 4.5&d) Jmdd) 4.53(m) 4.27(&i) 4.2!Wd) 169(m) 
wwm 

!I 2.TI(d) 29400 4.54(a) 4+4(dd) 4.50(m) 4.2Wki) 4+25(dd) - 
I4.8Wa)l 

6 - - - - - - - 2.67(m) 

‘Signal has been tentatively attributed lo the Q-anamer. 

Table 4. Fii-order coupiing EonstaMs (HZ) of the protons of the 
minor component in compounds 14. dctd from the qxctra 

nxaikdinpyridiaed,usolvult 

Compound J;, J”’ 3, I, 3; 3; 

1 13.0 7.5 6.0 5.0 3.0 12.0 
2 ls@(l5~o)’ 7.y3.5) 7.0 34 4.0 Il.0 
3 - 

7*0(33) 
_ - - - 

4 14.0 6.0 4.5 5.5 Il.0 
5 13.0 6.y3.5) 6-O 4.5 5.5 II.5 
6 - - - - - - 

l Values bctwcca hckcts arc tentatively as&n4 lo the a- 
amnlwx. 

T&k 5. Chemical shifts 8 (in mm) of the protons of B -Dfruckne (I) a( wtibrium 

Sokent bH, 8H; 8H, 8H, 8H, aH, 8K others 

w-d, 4.U.3’ 4+Wf) 4+X66) 4*3&m) 4.12(&i) 4.5O(dd) 4&3(m); 
5.16(d) 

40 3.52(a) 3+wd) 3_76@d) 3*86(d6) 3%(m) 367(dd) 399(dd) 4.07(d) 

‘Not resolved. 



2896 S. B. TJAN and 0. A. M. V. D. oUWEUND 

T&k 6. CoupI@ constants J (in Hz) of tbc protoas of 

solvent I,, Jw’ J., I, 3; 3; 

M-d, - IO.0 3.5 I.5 I.5 12.0 
(7.0) 

40 12.0 IO.0 3.0 1.5 1.0 12.5 
(3.5) 

‘Values between brackets arc tentatively assigned lo 
&M0fltCr. 

1720 cm-’ in the lR spectra of 1 and 3-6 @yr-d3. 
Besides the doublet with a coupling constant of 
about 7.0 Hz. assigned to proton H, of the furanosc 
form, the spectra of 2,4 and 5 in pyr-d, also show a 
doublet with a lower intensity and a specing of 
3.5 Hz (e.g. the doubkt at 8 - Se05 ppm in the 
specVum of 2 in Fig 1). 

It is not unrcasonabk to aasurnc that bath the @- 
and a-anomer of the furanosc form arc present in 
solution and that the doublet at lowest field and 
with the lower intensity arises from proton H, of 
the a -anomer.” 0’ 1 

In contrast to 1 and 3-6 in pyr-d,, 2 in pyr-d, 
shows in its JR spectrum a small absorption at 
1720 cm-’ (Fig 2) due to st~cturc I (Scheme 1). The 
IR spectrum of 2 in KBr (Fig 2), however, ckarly 
indicates that, in the solid state, 2 exists exclusively 
in the I - deoxy - 2 - ketose form’ (I). 

Fig 2. Infrared spectrs of I- daoxy - I- (N - IncthylaniIi- 
no) - D - fructose (2): KBr disk (thin tine), in pyridincd, 

(bdd line). 

somewhat, depend@ on the substituents on the 
amino group (Table 7) and the solvent (Table 8). 

Assuming that the extinction cocfiicient of the 
CO group in the solid state is about the same as in 
pyr-d, solution, the amount of I can be estimated to 
LX lower than 10%. This value agrees well with the 
amounts of I given in Tabk 7. in which the 
equilibrium compositions for compounds l-6 are 
summarized. These values are obtained by me-as- 
urement of the peak intensities in the NMR spectra. 

In more polar solvents the furanoid form of 4 is 
favaurcd (Tabk 8). probably bacause its polar 
groups arc better distributed than those of the 
pyranoid form of 4 in such solvents.“ 

TaMe 7. JZquihhium composition (46) of I, II and III far 
c0mpau~I~ l-6 in pyridincd, (cone 0.2 M; temp 157 

Whatever the structure of the Amadori rear- 
rangement products in the solid state may be I, II or 
III, in solution they evidently all exist in @lib- 
rium with each other (Scheme 1). and the cyclic 
structures II or III are favoured. The complete ex- 
changeability of the methylene protons H, and H; 
of 5 and 6 by dcuterium strongly supports such an 
equilibrium. Such an exchange takes only place via 
the enol form Ia (Scheme 1) of 1 - dcoxy - 2 - ketose 
structure I. The position of the equilibrium varies 

II III 

Compound I B-anomer a-enomer @-anomcr 

1 - 20 5 75 
2 5 39 8 48 
3 - - - la3 

4 - 26 11 5 - 25 13 62&) 
6 - 30 7WIW’ 

‘In 40 dution. 

Table 8. fnllucnce of soivmt on the equilibrium coinpShh~~ (96) of I. u. d 

IIIfof4(conc0~2M;cemp 15? 

II III 
DiCkCtiC 

!blvmt constant I @nomcr a-ancnncr /3-anoalcr 

CD. 2-3 - 10 
CfxL 4.8 - 15 5 ii 
W-d, 12.7 - 26 11 63 
CDKOCD, 20.7 - 28 17 55 
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coFIcLuslo~ 

1. The Amadori compounds l-6 deduced from 
N-substituted r&o&cosamincs exist in solution 
predominantly as an equilibrium mixture of the 
furanose and the pyranosc ring. The position of the 
equilibrium depends on the substitucnt on the 
amino group as well as the solvent. 

2. The pyranosc form occurs exchrsively in the @ 
(D) - ‘C, - conformation (Reeves 1Gnotation). 

3. The furanosc ring probably exists as both the 
/3- and a-anomer, with the p-anomer being fa- 
vored. 

ExppltIMBwfN. 
hfCrhO&.IhePMRSpCCCra(11220MHZWerr~~ded 

with a Varian spectrometer: sodium 22.3.3. - tctra- 
dcutao - 3 - (UimcthylsilyI) poprionate was used as the 
intanals~in40~.AV~A620icomputa 
was used for spcctnun simulation. 

SynthrsLo~l-dcoxy-l-dl-n-burylomfno-n- 
fru~Ou.AndxturrOf~~(0.~mde)da-D-~~ 
hydratcPad7SmloftrierhylanriDewuplacedinaU)Oml 
Encckul flank thtcd with a rcBu ccmdcnsor, a thamoaw- 
ta~ostirrer.64~5~(0~smdc)ofdi-n-butylPmiae~ 
30 0 (0.5 mok) of AcOH were added simuhaacou sly tothe 
vigorously stirred mixture. The warm mixture (45? was 
then heated to 75”. and kept at &at tamp for 1 h. Tbc 
mixture was Iben pourrd into 1 litre of a 1: 1 mixture of 
EtOH and acetone. Ma be@ kit to stand ovanight at 
(P tbc product was filtered off. Rccrystallbtian from 
acetomyieldbdthtpurrl-dboxy-I-di-n-butylamino- 
D - fNCtDSC With ITI+. w-99”. [a]:: - w.8” (M&H). 

l hbwatmy for A@ied Scientific Rcscarc h mJ0). 
D&t. The Ncthcrbds. 

Ackaowfedgemcnrs--nK authoa wish to thank Mr. L. J. 
Hm of the Laboratory for Applied Scieatifk 
Rcsauch (-I-NO) D&t. The Ncthcrtands. for rccadiq~ 
UK PMR spectra. and Mr. J. H. Altcna and Mr. C. J. 
Tcunis for their skilful assistance. 

‘L. M. J. Vmuaetcn. Adwn C&hydrate Chem. 22. 

272 (1%7) 
‘Anon.. J. C. S. C7um. &mm. SOS (1973) 
‘E. F. L. J. And and T. M. RcynoUs. Auttr. 1. chrnr 10. 
182 (1957); F. Miched and A. Frowein. C&m. Bcr. m, 
1599 (1957); K. Hcyns and W. Bnltcs. Jbld 93. 1616 
(1960); K. Hcyns. T. Chiemprascrt and W. B&es. Ibid 
1.1. 2877 (1970) 

‘K. Heyns and W. Baltcs. J&i 91.622 (19%); F. Michael 
and G. Iiagcmann. Ibid 92. 2836 (l9S9) 

‘P. Weygand. H. Simon and R. van Ardcnnc, Ibid 92. 
3117 (Ins) 

‘E. F. L. J. Anct. Ausrr. J. Chem. 12, 280 (19S9) 
‘P. Micheel and W. Hillme. Chcm. Be. 93.2383 (1960) 
‘K. Heyns, H. Paulsen and H. Schroeder, Tcmhedron 
13. 247 (1961) 

‘R. Kuhn, 0. Krtlgcr and A. Sceligcr, L&b@ Atut. 618, 
82 (19s 

‘“y. L. X0 w and C. J. Col6a. CIln 1. C%em. U.ZS59 
(l%T) 

“S. J. An& aad K. James. Austr. J C&m. 23. 122.S 
(1970) 

“J. E. Ho&c and B. E. Fisher. Merti in Curbohydrafr 
C7wmfsrry Vd. II, p. 99. Academic Press Inc.. New 
York (1963) 

“D. DoddnIl and A. Allerhand. 1. Am. CTum. Sot. 93. 
m (1971) 

‘W. Pigman and H. S. Is&l. Adwn Carbohydrate Own. 
23. 33 (1968) 


