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ABSTRACT 

Accurate p m r. parameters for methyl 2(R)- and 2(S)-(L-arabzzzo-1,2,3,4_tetra- 
acetoxybutyl)ttiazohdme+R)-carboxylate (1 and 2), 3-acetyl-2(R)-(L-arabzzzo-2,3,4- 
tnacetoxy-l-hydroxybutyl)tiazohdme-4(A)-carboxyhc acid 4,l ‘-la&one (3), and 
N,N-d~methyl-3-acetyl-2(R)-(L-arabmo-2,3,4~a~toxy-l-hydroxybutyl)thiazoh~ne- 
4(R)-carboxannde (4) were obtamed by computer-asslsted analysis of their spectra. 

The polyacetoxyalkyl side-cham was shown to possess a planar ug-zag conformation 
111 each compound, although some lstortrons occurred m 3 and 4 The con@ura&ons 
at C-2 m the diastereoisomers 1 and 2 were asccrtamed on the basis of the JNH,cH 
coupling-constants 

INTRODUCI’ION 

P m r. spectroscopy IS an estabhshed method m the study of the conformations 
of acychc sugar derivatives m solution These studes rely upon the analysis of vlcmal 
‘H/lH couphng constants It IS therefore of pnme importance to obtam a complete 
set of accurate couphng-constants Tlus ObJectWe sometunes cannot be easily reahzed 
for carbohydrates, the skeletal protons of wbch generally form tightly coupled, six- 
or seven-spm systems that very often gve degenerate spectra that are not amenable 
to analysis ezther by first-order tecbruques or computation Therefore, it is not 
surpnsmg that, although a conszderable body of literature exzsts on this subJect1-4*fs, 
accurate p m r data obtained by iterative fittmg of expetunental to theoretical spectra 
are rarely found’ 9 6 

IteraWe computer analysis of spectra IS warranted, as (a) data obtazned in tbzs 
way are generally considered to be the most rehable and accurate, and (6) a good fit 
between calculated and expenmental spectra IS, m Itself, a strong confirmation of the 
assignment. 

In connection ~th our &u&es’ on open-cham sugar denvatives derived from 
L-cystemne, we now report some cunformational and cotigurational charactemtics 
of methyl 2(R)- and 2(S)-(t-arabz~o-l,2,3,4-tetra-acetoxybutyl)tluazoh&me+4(R)- 
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carboxylate (1 and 2), 3-acetyl-2(R)-(L- arabmo-2,3,4-tnacetoxy-l-hydroxybutyl)- 
t~azoh~ne_4(R)-carboxyhc acrd 4,1’-iactone (3), and N,N-drmethyl-3-acetyl-2(R)- 
(L-arabz~o-2,3,4-tnacetoxy-l-hydroxybutyl)~azolz~ne-4(R)-carboxarde (4), as 

deduced from the computer-asslsted analysis of their p.m r spectra in different 

solvents 

RESULTS AND DISCUSSION 

The W-MHz p m r data are summanzed m Tables I and II, and parameters 
obtained from the iterative calculatron are given m Table III Comparrson of the 
first-order and calculated couphng constants shows a reasonable agreement between 

the two sets of data, except for J2.,3, and .T3,,4b for compound P (difference, 0 77 and 
0 56 Hz, respectrveiy) Smaller devratlons (< 0 3 Hz) can be attnbuted to expen- 
mental maccuracres m measurmg the hne positrons and to the consequence of the 
almost degenerate nature of the transrtrons m complex spectra, as recently pomted 
out by Coxon* Inaccuracres m the first-order, chemrcal-shaft data are as much as 
5 Hz m some cases 

Although there are consrderable differences between the chemrcai-shrft values 
obtamcd m drfferent solvents (Table I), the couphng constants do not vary srgmficantly 
on changmg the solvent (Table II, J2, 3, for compound 4 IS an exceptron, see below) 
Given A&rs lack of sennttvity of the coupimg constants to the solvents, we have 
recorded ail spectra for solutrons m pyndme-ds, as there IS a greater spread of the 
chemical sh& than for chloroform, thus facrhtatmg the spectral anaiysrs In 

comparilson mth chloroform, pyrrdme generally causes a non-umform downlIeld- 
sluft for all of the signals, wrth a few exceptrons (H&b and H-5a m compound 4). 

The analysis of the couphng-constant data was based on the well-estabhshed 
prmcrplesl that these couplmgs represent average values for raprdly mterconvertmg 
rotamenc specres and that the Karplus equatxon 1s quahtatrveiy vahd for the averaged 
couphngs 

Methyi 2(R)-(~-arabz~o-l,2,3,Ptetraacetoxybutyl)tlzlazohdme-4 
(1) drd not give a satrsfactory spectrum m chloroform, but m pyndme afforded a fully 
analyzable spectrum Expenmental and computed spectra are shown rn Frg 1. The 
most-stniung feature of the spectrum 1s a clearly resolved doublet of doublets at 
4 90 p p-m (J 12 and 5 2 Hz), which collapsed to a doublet (J 5 2 Hz) on addmg 
deutenum oxrde (Frg. 1) Srmultaneously, a partially mdden “tnplet” (J 12 Hz) at 
3 25 p p m drsappeared and the complex multrplet at 3 96 p p m slmphfied to a 
four-hne pattern that was assigned to H-4 on the basrs of its chenucal shrftg and by 
double irradratron (of H-5a) The doublet at 4 90 p p m m the spectrum of the 
D,O-treated sample was assrgned to H-2, as thrs rs the only proton that IS coupled to 
only one other proton Irra&ation of thrs srgnal caused the double doublet at 
5.72 p p m to collapse to a doublet, m&catmg that rt should be assigned to H-l’ The 
double doublet at 5 80 p p m IS assrgned to H-2’, because the smaller spacing equals 
that found m the H-i’ muitrplet and also because aii other protons give more- 
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complex patterns (H-3’ 1s coupled to three nelghbours, and H-4a’ and H-4b’ gve an 
eight-lme pattern around 4 30 and 4 46 p p m charactenstic of the AB part of an 
ABX subsystem) The e&t-lme multlplet at N 3 p p m IS uneqmvocally asslgned7* lo 
to H-5a and H-5b of the tbazohdme ring The large couplmg (J 12 Hz) of the NH- 
proton to both H-2 and H-4 1s m&cativeg*11-13 of the trarqtram arrangement of 
the K-Z-NH-H-4 segment Since C-4 has the R conf@ration (L-cysteme), the 
tranqtrans relatlonshlp estabhshes the configuration at C-2 as R It 1s to be noted, 
m tbs connection, that the NH-CH coupling could not be observed m chloroform 
solution because of the enhanced NH proton-exchange rate The other couplmg 
constants (Tables II and III) of the polyacetoxyalkyl ade-cham are compatlble”14 
with an extended, planar, ug-zag arrangement (P conformation’), which IS the 
favoured conformatlon for open-cham denvatlves having the arahno configuratlon 
The mxennedlate value (5 2 Hz) of Jz,l mdrcates, however, that rotarners lb and lc 
contrlbute to a sl,&cant extent to the rotamer eqmhbnum around the C-2-C-l’ 
bond, although they contam a “ 1,3-dlpolar mteractlon” between AcO-2’ and the 
N or S atoms, respectively, of the tiazolldme rmg, rotamer la IS free of such an 
interaction 

I 
6.0 

, 
55 

I 
50 

* 
4.5 b(PP.m) 

Fig 1 Par&l IOO-MHz ‘H-n m r spectra of 1 III pyndme-d5-D20, top, calculated, bottom, 
expenmental (the truncated peak at -4 8 p p m anses from HOD) 

Methyl 2(S)-@-arabmo- 1,2,3,4-tetra-acetoxybutyl)tluazohdme-4(R)-carbox- 
ylate (2) displays, m three different soIvents, a large J2,1 value (Tables II and III), 
which shows that conformatxon 2a IS practically exclusive for tlus compound T~K 
conformational preference cannot be understood sunply m terms of 1,3-dlpolar 
interactions In attemptmg to rattonahze the J2 ,1 value of the 2(R) dlastereoisomer 1, 
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zt is assumed that both the 
1,3-drpolar mteractrons are, 
formations lb or lc On the 
to explam the quasi absence 

2b 2c / 

N/OAc (occurnng m lb) or S/OAc (occurrmg m lc) 
or at Ieast one of them IS, too small to destabrhze con- 
other hand, both mteractrons are important If one trres 
of rotamers 2b or 2c for the 2(S)-compound 2 Thrs 1s 

another prece of evidence that, m adchnon to others l 5, shows that “there IS con- 
siderabIe evidence to drctate caution m the formulatxon of hard and fast rules to 
pre&ct conformatronal behavlour m these acychc moleculesl” 

The cotiguratron at C-2 m compound 2 was also determmed on the basis of 
the NH-CH coupling constant Thrs couplmg could not be measured in chloroform 
or pyndme solutron because of raprd proton-exchange In benzene-d, solutron, 
however, the sphttmg of the H-2 doublet could be seen clearly, and .Tz NH was 
N 8 0 Hz Such a couphng constant requires ggl lP1’ the H-2-NH dihedral angle to be 
-309 which IS in agreement wrth the angle measured on a Drexdmg model When 
C-2 has the S cor&guration, the NH-H-2 dihedral angle 1s 30” m both of the most- 
probab!e conformahons ’ 6 of the thrazohdme rmg 

As Judged from the data m Tables II and III, compound 2 otherwrse drsplays 
very srmrlar srde-cham couphngs as its R drastereorsomer, hence, rt should adopt the 
expected P conformatron m the solvents studred. 

The spectrum calculated for this compound wnh the data @ven in Table III 
fits the experunental spectrum well (Fig 2) 

The ede-cham couplmg constants for 3-acetyl-2(R)-(L-arabmo-2,3,4-&i- 
acetoxybutyl)thmzohdme_4(R)-carboxyhc acrd 4,1’-lactone (3) (Tables II and III), 
m both pyndme and chloroform, deviate srgmficantly from those expected for the P 
conformatron However, rt is considered more reasonable to attnbute the change in 
the J1s,28 and J2’s I values to a drstortron of the tetrahedral CH-angles rather than to 
a change m the conformer eqmhbnum Thrs assumption IS supported, to some extent, 
by the unusually small value (0 6-O 7 Hz) of J,,I., whxh requires the H-2-H-l’ 
dihedral angle to be -100” Thus angle was found to be actually 90-100” when 
measured on a Drerdmg model. In thrs case, the srx-membered lactone ring adopts a 
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1 I 1 

55 50 45 4a ~(PP.n-d 

Fig 2 Part& IOO-MHz ‘H-n m r spectrum of 2 m CDC13-D20 top, chelated, bottom, expen- 
mental (peaks marked * anse from H-4) 

I 
6.0 

I 

55 
I 

5.0 

, 
45 b[ppm) 

Fig 3 Part& 200-MHz ‘H-n m r- spectrum of 3 1x1 pyrdme-d, at IOO”, top, calculated; bottom, 
experhental <the extra peaks in the multipret at ~5 5p p m anse from H4) 
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flattened-boat conformation, and the side-chain assumes a quasi-equatonal onenta- 
txon Since the C-2 and C-l’ bond-angles are distorted on account of the flattened- 
boat geometry of the tetrahydro-l&oxazmone ring, it seems to be a plausible 
assumption that the bond-angle distortion 1s propagated along the side-cham through 
C-Z’ and C-3’, thereby causing the H-I’-H-2’ and H-2’-H-3’ &hedral angles to 
depart from the Ideal values of 60” and 120”, respectively. 

The spectrum of 3 m chloroform-d solution &splays a very broad, one-proton 
signal at 4 7-6 3 p p m , m pyndme-d, solufio~, tis signal IS somewhat narrower. 
In both spectra, there is a broadened doublet at 4 6-4 7 p p m , which, on closer 
mspechon on the expanded spectrum, reveals an ad&tional sphttmg of -0 7 Hz On 
mcreasmg the probe temperature, the very broad srgnal becomes much sharper, the 
other signals being virtually unaffected Irralatlon of tis temperature-dependent 
resonance (6 07 p p m m pyndmc-cis at 100”) removes the -0 ~-HZ sphttmg, and 
the signal at 4 7 p p m collapses to a sharp doublet Irradation of ths doublet 
causes the slgnal at 5 57 p p m to colIapse to a doublet (J 6 5 Hz) On the basis of 
these spm-decouplmg expenments, the temperature-dependent signal at 6 07 p-p m 
was assigned to H-2, and those at 4 7 and 5 57 p p m to H-1’ and H-2’, respectweIy. 
The computed spectrum, based on tins assignment., fits well with the expenmental one 
(Fig 3) 

The temperature dependence of the H-2 signal can be attnbuted to the hmdered 
rotation of the N-acetyl group Accordmgly, a broad acetyl-methyl signal at 

I , 4 

6.0 5.5 5.0 45 i(F*pmJ 

Fxg 4 Pamal 100-MHz IH-n m r spectrum of 4 m Pyrdme-&, top, calculated; bottom, expen- 
mental (peaks marked * anse from K-4) 
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2.31 p p m. becomes consrderably sharper when the temperature of the sample IS 
increased. The unusually large downfield-shrft (6 07 p p m ) of H-2 1113, as compared 
to 1 or 2,~ also indicative of the strong sluehiing arrsing from the N-acetyl carbonyl 

group 
The experimental and computed spectra for N~-~ethyl-3-acety1-2(R)- 

(L-arablo-2,3,A-tnacetoxy- 1 -hydroxybutyl)thiazohdme_4(R)-carboxamrde (4) are 
shown m Fig 4. The H-2 signal 1s readrly identrfied as a sharp doublet at 5 20 p p m 
A much broader “doublet” at 4 20 p p m becomes sharper on adding I&O 
Irrahatron of thrs signal results m the collapse of the 5 20-p p m signal to a singlet. 
Thus, the srgnal for H-l’ occurs at 4 20 p p m and, moreover, smce rt was shown to 
be coupled to an OH-group (l&O-exchange), this OH-group 1s located at C-l’. 

Aco*-p 
AC 

AC Aco&fi OH I CONMe -. N 

5 

4b 

40 

Aco&pNMe2 

4c 

Inspectton of the couphug-constant data (Tables II and III) reveals that the 
srde-cham conformatron of 4 IS close to the predicted P conformatron. Furthermore, 
the large (10 Hz) J2 1. value shows that 4a 1s the favored rotamer around the C-2- 
C-l ’ bond in both chloroform and pyndme solutions The decrease m J2 ,3n (6 5 Hz) 
m pyndme solutron, as compared to 9 4 Hz m chloroform, IS somewhat puzzhng It 
suggests some contibutron from the bent rotamers 4b and 4c m the conformer 
equrhbrmm It 1s equally possrble, however, that the free OH-group mteracts specr- 
fically wrth the pyndme through a hydrogen bond and that It 1s the consequent 
chstortron of the H-2’-H-3’ d&edral angle that IS reflected m the value of Jz.,s _ 

ExPERmENTAL 

The compounds studied were prepared as descnbed’ earlrer P m r spectra 
were recorded on a JEOL MH-100 Instrument for solutions contaming -5% of 
tetramethylsrlane as an internal lock substance. For computation, the reqmred 
spectral regrons were expanded to 50 Hz and recorded at least three times Lme 
posrtrons were measured wrth the ard of a Hewlett-Packard model 53OOA/5301A 
d@al frequency counter R m s error of the lme-frequency measurements was 
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0 05 Hz. In one case (compound l), the spectrum was recorded at 70” (probe temper- 
ature), because the accuracy of the frequency measurement was better at thts temper- 
ature. Except for a uniform sharpemng of all spectral hnes, no change could be 
detected m the spectrum upon heating 

Iterative calculattons were done with the aid of the LAOCNS program17 
mod&d with a plomng routme that allows a Gaussian or Lorentnan hne-shape, or 
an arbitrary mixture, to be used for the plot In each case, the calcuianon was done 
on the srx-spin system that comprised the side-chain backbone protons plus H-2 Of 
some 200 transrtrons obtamed after the tnal calculatton, 40-50 transitions were 
generally assigned to 20-25 measured frequencies The calculation converged after 
2-3 iterations All of the criteria put forward by Coxons for the vahdlty of the spec- 
trum analysis were satisfied by the present computations 
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