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The 1H and 13C NMR spec t ra  of 2 ,5 -d imethy l -4 -methy lene- l ,3 -oxa th io lane  were  analyzed by 
compar i son  of the calculated and exper imenta l  p a r a m e t e r s  with the aid of a paramagnet ie  shift 
reagent .  The data obtained f rom the NMR spec t ra  were  used for  the es tabl ishment  of the s t ruc -  
tu res  of the products  of i somer iza t ion  and alcoholysis  of 2 ,5 -d ime thy l -4 -me thy l ene - l , 3 -oxa -  
thiolane.  

An unsa tura ted  oxygen- and sulfur-containing he te rocyc le ,*  to which one of the following s t ruc tu re s  
(I-IV) can be assigned on the basis  of the resu l t s  of e lementa ry  analysis  and the IR and mass  spec t ra ,  is 
fo rmed  in the reac t ion  of sodium sulfide with acetylene in the p resence  of water:  

CH~,~.~CH 3 , CH~_~C~ ~CH~ ~ C H  3 

CH 3 C:H~ CH3 CHa 

I 11 11t IV 

With the aid of 1H and 13C NMR spec t roscopy  we were able to  unambiguously prove that the h e t e ro -  
cycle obtained is 2 ,5 -d imethy l -4 -methy lene- l ,3 -oxa th io lane  (I) and that the cis to t r ans  rat io is 55 : 45. 

Inasmuch as there  are no data in the l i t e ra ture  on the NMR spec t ra  of compounds of this type,  we 
encountered  difficulty in the in terpre ta t ion  of t he i r  1H and 13C NMR spec t ra .  We found it n ece s sa ry  to ad-  
ditionally use some special  NMR spect roscopic  methods: 1) a study of the PMR spec t ra  of solutions in 
a romat ic  solvents;  2) an analysis  of the changes in the PMR spec t ra  in the p resence  of paramagnet ic  shift 
reagents  (PSR); 3) IH--{ ill} double homonuelear  resonance  under  "total  decoupling', and "INDOR" condi-  
t ions;  4) record ing  of the 13C NMR spec t ra  at var ious  t empera tu re s  under  conditions of complete noise de-  
coupling with the protons;  5) ~3C-{ IH} double he te ronuc lea r  resonance  by the "o f f - r e sonance ,  method; 6) 
a study of the NMR spec t ra  of some der iva t ives  of the he te rocyc le  under  considerat ion.  

These  methods in conjunction made it possible to find the chemica l  shifts (CS) of all  of the IH and 13C 
nuclei  and the 1H-1H s p i n - s p i n  coupling constants  (SSCC) and to make the complete assignment  of all of 
the signals in the IH and 13C spec t ra  (Fig. 1), the p a r am e te r s  of which are  p resen ted  in Table 1. 

Methods 3 and 5 have been widely used for  the identification of coupled IH and 1H and ~H and 13C nuclei 
and the assignment  of them to a definite i somer ,  espec ia l ly  in the case of protons with close CS. 

In the case of s i x - m e m b e r e d  rings III and IV, in the 1H spec t rum one should expect  the signals of two 
olefinic protons in the cis  configuration with an SSCC of "~9 Hz for  IH or  6 tIz for  IV [2] in the fact of a dif-  
fe rence  of the o r d e r  of 1 ppm (III) o r  2 ppm (Iv') in t he i r  CS [3, 4]. As seen f rom Fig. 1 (spectrum a) and 
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TABLE 1. P a r a m e t e r s  of the 1H and laC NMR Spectra  of I somer ic  
2 ,5-Dimethyl -4-methylene-1 ,3-oxath io lanes  a 

IH CS, ppm IH--IH SSCC. Hz I ~C CS, ppm 
' l INo. of 

No. b cis i trans No. b cis trans No. protonsC cis trans 

1,48 1,46 
5,27 [ 5,46 
1,33 ] 1,25 
4,30. t 4,75. 
4,82 t. / 4,82 I, 

4 82 t. I 4.82 d 
4',73" I 4,76 

I--2 
3--4 
5--6 

[(4--6)+(4--5)]/2 
2--4 

5,8 5,9 
6,1 6,4 
t,2d 1,2d 
2,1 e 1,6 e 
0,2 0,4 

80,30 
152,05 
81,28 
20,65 
98,40 

t8,10 

81,24 
152,76 
80,54 
22,27 
98,82 

19,59 

aFor pure liquids at 25 ~ with te t ramethyls i l ane  as the in ternal  
s tandard (for both IH andlSC); the accuracy  in the measu remen t  of 
the CS was ~0.01 ppm, and the accuracy  in the measu remen t  of the 
SSCC was +0.1 Hz. 
bThe numbers  of the 1H and 13C nuclei  a re  indicated in conformity  
with Fig. 1. 
CThis is the number  of d i rec t ly  connected 1H nuclei found during 
record ing  of the t3C spec t rum by method 5 (see the text) .  
d20 mole % in cumene.  
eThe finding of the t rue  values of the SSCC was hindered by super -  
imposit ion of the signals of the AB port ion of both i somers ;  the hal f -  
sum of the SSCC, which cha rac te r i zed  the ABX degenerate  spin 
sys tem [1], is p resen ted .  
fThis is the cen te r  of the multiplet  of  the H 5 and H e protons  (cis, 
t r ans ) .  

Table 1, the H 5 and H e CS pract ica l ly  coincide. Recording 
of the 1H NM1R spect rum in an aromat ic  solvent (cumene) 
enabled us to find the IH~-lHe SSCC, which was 1.2 Hz for  
both i somers ;  this excludes the i r  cis configuration at the 
double bond. 

6 s ~ 3 2 &ppml 

~ 11 =C,~ S- ;C H2-'-- !-CH(. --CH~ 

, 1 ca  

~6o uo ~2o Ioo so 5o <o 2o~,ppmo 

Fig. I. NMR spectra of 2,5-dimethyl- 

4-methylene-l,3-oxathiolane: a) PMR 

spect rum;  b) PMR spect rum in the p r e s -  
ence of the paramagnet ic  shift agent; 
c) 13C NMR spect rum.  

The i somer ic  composit ion of oxathiolane I shows up 
graphical ly in the 13C NMR spect rum during complete noise 
decoupling with the protons [Fig. 1 (spectrum c) and Table 
1]; the spec t rum contains 12 signals grouped in pa i r s .  
Moreover ,  in the CS region corresponding to carbon atoms 
with sp ~ hybridization there  are  two signals of 13C nuclei 
(5 ~152 ppm) that do not contain d i rec t ly  connected p ro -  
tons and two signals of carbon atoms (5 ~98 ppm) that 
each contain two protons d i rec t ly  bonded with them.  In 
the case of compounds of the III and IV type, all of  the 
olefinic carbons should each contain one connected p r o -  
ton, i .e. ,  they should be observed  in the 13C spect rum,  r e -  
corded by methods 5, as doublets; this is not actually ob-  
served .  All of this ,  toge ther  with 13C CS, which do not 
agree  with the values cha rac te r i s t i c  for  t h e - C  = C - S -  
a n d - C  = C - O - f r a g m e n t s  [5, 6] in s ix -membered  he t e ro -  
cycles  III and IV, makes i tposs ib le  to exclude the la t te r  
f rom fur ther  considerat ion.  

The choice between s t ruc tu res  I and II can be made 
on the basis of an analysis  of the CS of the 1H e, 13C4, 13C~, 

and lSCT signals.  Proceeding from the resu l t s  that we previously  obtained in a study of 5 -m e th y l en e - l , 3 -  
dioxolanes [7, 8], in the NMR spec t ra  of oxathiolane II one should have expected CS of the o rd e r  of 3.90- 
4.40 ppm 6ut not 4.80 ppm for  the protons of the exocyel ic  methylene group, and CS of " 8 0  ppm instead of 
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TABLE 2. Obse rved  and Calcula ted ACS 1H Values in the PMR 
Spec t rum of 2 ,5 -D ime thy l -4 -me thy l ene - l , 3 -oxa th io l ane  Containing 

Eu(DPM)3 a 

aC8' (ppm) on atoms 
Compound 1 ~ 3 , 4 5 b 6 b 

!-cis(exptl.) 1,00 1,4t ' t,03' 1,41 0,41 0,4I 
1-trans(exptl.) 1,00; 1.61 0,84, 1,58 0,42 0,42 
I-cis, l-trans (oalc.) 1,00 ; 1,84 1,00 1,84 0,60 [ 0,52 

aThe values  were  n o r m a l i z e d  with r e spec t  to the ACS Ill1 va lues .  
bThe e x p e r i m e n t a l  ACS values  for  the cen t e r  of  the mult iplet  a r e  
indicated.  

TABLE 3. P a r a m e t e r s  of  the PMtR Spect ra  of the Products  of the 
React ion of Oxathiolane I with Methanol (pure liquid) 

Cpm- 
pound R' 

vi~  CH~ 
Vtb 
VIc 
Vld H 

R e R a , R , 

~, ppm 88CC, Hz [ % 
H [CH~ R' ] R 2 R" ! R' 'CHr-ll R,--R:] (+3) 

t OCH3 tCHa 5,t5 1A6 
H H CH~ }ocH~t5,I8 1,45 
CHa CHa OCHa 5.28 1,39 
CH3 OCH3 CHa 5,31 1,41 

1,18 3,65 
1,1313,85 
3,97 1,14 
4,22 ,13 

i 

323] 1,47 5,8 
1,4613,24 t 5,8 
1,45 3,25 6,t 
3,27 1,44 5,9 

6,3 I 45 
6,4 I0 
6,4 35 
6,5 I0 

98 ppm for  the 13C nucleus d i rec t ly  cormectect to it. The I3C a tom,  which has sp 3 hybr idizat ion and contains 
a sulfur  a tom in the o~ posi t ion should have a CS of ~40 ppm [9] for  II r a t h e r  than 80 ppm,  as  follows f rom 
the expe r imen t s .  Finally,  the SSCC of the olefinic protons in he t e rocyc le s  of the II type have a different  
absolute value (3.0 Hz [8] instead of 1.2 Hz). Thus the d i spar i ty  between the p a r a m e t e r s  of the NMR sp ec t r a  
and s t ruc tu re  II is obvious.  

Inasmuch  as the re  is no descr ip t ion  of the iH and laC NMR s p e c t r a  of 4 - m e t h y l e n e - l , 3 - o x a t h i o l a n e s  
in the l i t e ra tu re ,  we undertook an a t tempt  to make an approx imate  calculat ion of the CS of the 1H and laC 
s ignals  for  he te rocyc le  I, p roceeding  f rom known additive s chemes  for  1H-substituted e thylenes  [3, 4] and 
1 ,3-dioxolanes  [8]* and for  13C in alkenes [9], s a tu ra ted  he te rocye les  [10], and subst i tu ted al iphatic  c o m -  
pounds [11, 12]. The resu l t s  of the calculat ion not only a re  in sa t i s fac to ry  a g r e e m e n t  with the expe r imen ta l  
iH and 13C CS of I but also provide  a bas i s  fo r  the ass ignment  of the obse rved  IH s ignals  to the cis and 
t r a n s  i s o m e r s .  The definit ive a s s ignment  was made on the bas i s  of  a number  of  well-known pr inciples :  
The methyl  groups at tached to C5(4) in 1 ,3-dioxolanes  have a deshielding effect  on the proton at tached to 
C 2 in the cis  posi t ion re la t ive  to them [8, 13, 14], whereas  a methy l  group at tached to C 2 has an effect  on 
the cis  proton at tached to C5(4); as a rule ,  the long range s p i n - s p i n  coupling constants  of the protons a t -  
t ached  to C 2 and C 5(~) have g r e a t e r  absolute va lues  when they are  mutual ly  t r a n s  or iented  [8, 15]; s t e r i c  
in te rac t ion  of subst i tuents ,  speci f ica l ly  in subst i tuted cyclopentanes  [16] and 4 - m e t h y l e n e - l , 3 - d i o x o l a n e s ,  
leads ,  as a rule ,  to a shift in the s ignals  of the 13C nuclei bonded to them to the region of s t ronge r  sh ie ld-  
ing [17]. Allowance for  the pr inc ip les  enumera t ed  above enabled us to confidently ass ign  the c o r r e s p o n d -  
ing 1H~ and IH4 and 13C~ and 13C8 s ignals  to the cis  and t r ans  configurat ions.  

Inasmuch  as he te rocyc le  I contains an exocycle  double bond, it cannot have such conformat ional  labi l -  
ity as 1,3-dioxolane o r  cyclopentane.  Two conformat ions  of  the . h a l f - c h a i r .  type a re  apparent ly  the mos t  
populated conformat ions  for  each  i s o m e r .  

.(c.9 "" ~of" 

8teric interaction between the CH 3 groups in the ois isomers should lead to a shift of their 13C signals to 
stronger field as compared with the corresponding siguals of the trails isomer. It therefore might have 
been assumed that the CS of the signals of these carbons would be more sensitive to redistribution of the 
populations of the conformations, let us say, as the temperature changes. In fact, as the temperature rises 

* When we used  inc remen t s  of  this  scheme for  4 - m e t h y l e n e - l , 3 - o x a t h i o l a n e s  we found it n e c e s s a r y  to take 
into account  the high r igidi ty  of the la t t e r .  
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f rom 25 to 55*, for  example,  ACS ~3C6 in the cis i so m er  is 0.13 ppm as compared  with 0.04 ppm in the t rans  
i somer .  This is in good agreement  both with the assignment  of the signals and with the fact that the dif-  
fe rences  in the shielding of the CI-I 3 groups of the i somers  are  actually due mainly to s t e r i c  interaction.  

Inasmuch as all  of the protons in the i somers  of I under  considerat ion are  involved in s p i n - s p i n  
coupling, whereas  all of  the t3C nuclei in tu rn  couple with the protons,  the careful  per formance  of expe r t -  
ments  involving double hem.nuc lea r  (1H-{ 1H}) and he teronuclear*  (lSC-{1H}) resonance enabled us to 
make the complete assignment of all of the remaining 1H and ~3C signals .  This is impossible to do di rec t ly  
from the lit and, par t icu lar ly ,  the 13C NMR spectra ,  inasmuch as the rat io of the unsepara ted  i somers  
formed in the react ion is close to unity. 

The resul ts  obtained upon record ing  the spec t rum in the p resence  of t r i s (d ip iva loylmethanato)europi -  
um [Eu(DPM)3] (Fig. 1, spect rum b) and comparison of the shifts of the lines (ACS) of the complex r e l -  
ative to t he i r  positions in the spect rum of a sample without an additive [18] consti tuted an independent con-  
f i rmat ion of the above assignment of the signals of the protons of each of the i somers .  The following facts 
are  evident f rom a compar ison  of spec t ra  a and b in Fig. 1: f i rs t ,  the IHl-~H6 ACS values in the spec t rum 
of the t rans  i somer  exceed the corresponding values for  the cis  i somer  by a fac tor  of approximately  three ;  
second, in each of the i somers ,  ACSiHI-~LXCS1H 3, whereas  ACS 1H~--ACS 1H4. As is well known [19], in 
the case of a pseudocontact  coupling mechanism the ACS value for axially symmet r i ca l  complexes  should 
be de termined by the distance (r) f rom the coordinating ion to the resonat ing nucleus of the ligand and the 
angle (0) between the corresponding radius vec to r  and the axis of sy m m et ry  of the Eu 3+ complex.  

Using the equation in [20], ACS =K(3 cos20 -- 1 ) / r  3 (where K is a constant) and assuming the distance 
f rom Eu3+to the coordinating S o r  O atom in the r ing is 3.0 ~ [21] and approximate bond lengths ( C - H  
1.10 A, C - O  1.40 ~t, C - S  1.70 /~, C - C  1.55 ~, and C =C 1.35/~) and angles between them ( C - O - C  1100, 
C - S - C  1000, and O - C - S  and O - C - C  1100) [22], averaged for  the two conformations,  we were able to 
show that the assumption of coordination of the paramagnet ic  ion with the S atom does not give even a 
rough qualitative cor respondence  between the observed and calculated ACS values.  Moreover ,  a calculation 
of ACS 1H s tar t ing from coordination exclus ively  at the oxygen atom gives not only qualitative but also good 
quantitative agreement  with the exper imenta l  resul t s  (Table 2). 

It follows f rom Table 2 that the adopted conformational  model of he terocycle  I is sufficiently com-  
petent* and coordination is rea l ized  at the oxygen atom. The absence of appreciable coordination at the 
sulfur atom [23] is apparently due to the considerably lower basic i ty  of this cen te r  as compared  with the 
oxygen atom. In fact, as is well known [24], d i rec t  bonding of a sulfur  atom to an sp2-hybridized carbon 
atoms leads to a pronounced decrease  in its basici ty .  The considerable  difference in the corresponding 
ACS values in the i somers  is apparently due to the difference in thei r  r e a g e n t - s u b s t r a t e  dissociat ion con-  
stants .  The cer ta in  amount of s te r ic  hindrance to complexing in the cis i somer  is mos t  likely responsible  
for  this .  We were unable to observe the 13C NMR spec t ra  of the complexes (~15 mole %I in CC14). 

Independent proof  of the s t ruc ture  of he terocycle  I was obtained in a study of its t he rma l  i so mer i za -  
tion to 2 ,4 ,5- t r imethyl - l ,3 -oxa th io le  (V} and of i somer i c  products  of addition to oxathiolane I of methanol  
(Via-d). 

R ~ 

(~H3~ -~ (~  H3 H 3C~/ ,~ .~  " 

H CH 3 R ~ 

V VI a - d  

The isomer iza t ion  was ca r r i ed  out d i rec t ly  in the pickup of the NMR spec t romete r ;  in a 10% solution 
in CC14 oxathiolane I underwent 70%isomerizat ion to oxathiole V at 100 ~ in 90 min.  One's  attention is drawn 
to the fact that the disappearance of the signals of both i somers  proceeds  symbatical ly.  The p a r a m e t e r s  
of the lqMR spect rum of V (of the pure liquid at 25 ~ with te t ramethyls i lane  as the standard;  the number  of 
the proton, its CS in par ts  per  mill ion, the multiplici ty,  and the SSCC in her tz  are  indicated) are:  ~H ~ 5.73, 
quartet ,  5.9; 1H2 1.52, doublet, 5.9; IH 3 1.69, quartet ,  1.0; IH4 1.64, quartet ,  1.0. The 13C chemical  shifts 
in par t s  per  mil l ion are:  13C2 82.40, ~3C4 101.10, 13C~ 139.75, ~3C6 23.50, ~3CY 11.74, and 13C8 11.60. The 

*Off resonance and complete decoupling of the individual 13C nuclei for  finding the CS of the d i rec t ly  coup- 
led protons.  
~The resu l t s  of a study of the i somer ic  I with PSR additives by 1H and ~C NMR methods for  the elucidation 
of the problem of the conformation of the he teror ings  will be published separa te ly .  
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assignment was proved by i3C-{ IH} double NMR. The parameters of the 1H NMR spectra of VIa-d and 
their  percentages in the mixture of isomers are presented in Table 3. The identification of all of the sig- 
nals is the spectrum of the mixture was accomplished by comparison with the PMR spectra of the individual 
components (isolated by means of preparative chromatography) and analysis of the IH CS in the spectra of 
the latter on the basis of known additive relationships [8]. 
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