
Tetrakdron Vol. 41, No 36. pi XV-7682 1991 oLMo-4020191 53 oo+ 00 

Pmted m Great Bntam 0 1991 Pergamon Pms plc 

CONFORMATION AND CONFIGURATIONAL ASSIGNMENT OF CIS AND TRANS 
3PDIMETHYL-6-t-BvTn-S~-DMYDR03R-THIOPYRAES 

AND S-METHYL CATIONS 

Giovanna Barbarella@), Alessandro Bongml ’ ‘(s), Bim F. Bonini(&) , Massimo Zambiancbi(@ 
and Paolo mf% 

(8) Istnuto det Compostt de1 Carbomo Contenenn Eteroatomr e loro Apphcaxrom, 
Consrgho Naxronale Rrcerche, Vta della Chunrca 8,40064 Oxxano E , Bologna, Italy 

($) Drpartunento dr Chmuca dell’ Umversita’, Via Selmr 2.40127 Bologna, Italy, 

(&) Drparnmento dr Chunrca Orgamca dell’ Umvetstta’, Vrale Rtsorgunento 4, Bologna, Italy 

(Received in UK 3 Aprd 1991) 

Abstract The assrgnment of the cis and tranr configuratton of 3,4-dune@l-6-t- 
butyl-5,6-dthydro-2H-thtopyran-S-oxuies and S-Methyl cattolts IS made by 
I70 NMR, and by force field calculatwns 

Cand 
It 1s shown that the preferred conforma- 

non of all compounds 1s the half chair and that a previous configurational 
assrgnment of the S-ox&s should be reversed 

This report describes the conflgurauonal assignment and the conformation of CIS and trans 3,4- 
&methyld-t-butyl-5,6-drhydro-2H-thropyran-S-oxrdes (la,lb) and S-Methyl cauons (2a,2b), made by 
l3 C and l7 0 NMR, and by force field calculauons The present mvestrgatron 1s part of a more extensive 
study on the structure and the stereochemrstry of 5,6-drhydro-2H-thropyran denvattves obtamed by 
cycloaddrnon of thmcarbonyl compounds and therr oxides with drenes l-2 

Me 

Me 

X = 0 (la,lb) 
X = CH, (2a,2b) 

The lrteratute on the conformattonal preferences of 5,6-dthydro-2H-thropyran dertvauves 1s scarce, 
m spite of the fact that these compounds are intermediates in the synthesis of important natural 
products 3-4 Accordrng to a recent IR and Raman study the Qkhhydro-2H-tluopyran nng 1s nonplanar 
and the half charr is the mmrmum energy conformanon However, for subsmuted 5,6-dthydro-2H-thropy- 
rans the preferred conformanon 1s reported to be either boat or half charr, dependmg on the subsutuuon 
pattemG9 

We wrll show that the preferred conformaaon of the S-oxuies and S-Methyl caaons exammed here 
1s the half charr and that a prevrously reported’ configurattonal assignment of the CIS and trans S-oxides 
should be reversed 
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Results and dituxwh 

Table 1 gives the I3 C and l7 0 NMR chemical shifts of la.lb and the l3 C chemical shifts of 
2a,2b Table 2 gtves the results of MM2 force field calculations of the conformation of 2a,2b and, for 
companson, also of the startmg sulfide Force field calculahons were not camed out on la and lb, smce, 
for this kmd of molecules, the torsional force constants between the P-O- group and the double bond are 
not avatlable 

The proton chemical shtfts of la and lb have already been reported’ However, 2D carbon-proton 
correlated spectroscopy shows that the previous asstgnment of the H-5,H-5’ and H-6 protons of one of the 
isomers 1s incorrect (see the expenmental section) In la.lb and 2a,2b the t-butyl group 1s equatonal, as 
proved by the fact that the proton H-6 always has one large (11-12 Hz) axial-axial and one small (4-5 Hz) 
axial-equatortal 3 J(H-6,H-5) couplmg constant and is, consequently, axial The gemmal 2J(H-2,1-I-2’) cou- 
pling constants are 17 0 and 17 5 for la and 2a, respecnvely, and 15 0 Hz for both lb and 2b No vana- 
Dons are observed m the proton spectrum of all compounds in the temperature range -9O”C$ T$ +lOO” C 
Tins indicates that there 1s a high degree of conformatzonal homogeneity in all compounds, due to the 
blasmg effect of the bulky t-butyl group Unfortunately, this makes the proton-proton couphng constants 

Half chatr and boat conformutrons of 3,4-dunethyM-t-butyl-5,6-dthydro-2H-thlopyran, with 
the t-butyl group equatonal The axial and equatonal orientation of the subsntuent on sulfur in 
the S-oxides (la,lb) and rn the S-methyl cations (2a,2b) are indicated by the dashed lrnes 

of little help m estabhshmg the preferred confonnatlons Indeed, there are no ngld model compounds to 
wluch the J values of la,lb and 2a,2b could be compared and, moreover, the dihedral angles between 
adJacent protons m the half chau conformation are not dramatically different from those III the boat (see the 
figure) 

Exammatlon of the oxygen and carbon chemical shifts reported m table 1 shows that m the 
pours la,lb and 2a,2b one isomer has the subsutuent on sulfur which 1s equatonal and the other which is 
axial For the sulfoxldes this 1s proved by the comparison of the chemical shifts of the oxygen atom, -14 
ppm and Sppm for la and lb, respectively, with those reported for the axial and equatonal isomers of the 
ngld tram-1-thladecalm(-11 4and5 6ppm)‘O and of several patrs of thlane-S-oxldesl 1 For the 
S-Methyl cations the axial and equatonal settmg of the substltuent on sulfur 1s proved by the 6( l3 C) values 
of S-Q13, 17 5 and 25 2 ppm for 2a and 2b, respectively, which are the same as those found for several 
dmstereomenc pours of axlal and equatonal thramum canons 12a-b (cf, for example, the 8(13 C) value of 
the axial and equatonal Isomers of 4-isopropyl-S-methyl-thlamum cation, 17 4 and 25 7 ppm, respechve- 
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1~)‘~ On the other hand, the chemical shift dfference between the carbons C-2, C-6, C-5 of la and lb 
and between the same carbons of 2a and 2b m, in fact, the dBerences expected on the basis of the p and 

Table 1 I3 C chemical shIftsa of la,lb,2a,2b and I70 chemical 
shftsb of la,lb. 
____________________~__________~~~~_________~~~~~_________~~~~~________~~~~~~______ 

la lb 2a 2b 

c2 53 8 55 3 39 3 406 
c3 128 5 129 3 128 0 124 5 
c4 115 0 1188 1159 1204 
c5 248 32 6 27 2 31 1 
C6 63 8 71 1 58 5 68 3 
(J-I3 202 19 8 20 0 19 9 

19 6 19 4 19 3 19 8 
wH3)3 33 6 33 7 34 9 35 2 
CU-+ 13 28 3 28 9 28 2 27 6 

SW3 17 5 25 2 

SO -140 50 
____________________~_______~~~~~~~_____~-------~~~-~--~------~~~-----------~~~---- 

a) In cD,CI,, in ppm from TMS, b) In CD2C$, m ppm from external 
deionized water 

Y effects exerted by an axial and an equatonal S+-O- and S+-CH, grou~‘~-~ Smce, m the axral onen- 
tanon, S+O and S+-CH3 both give smaller p effects and larger y effects than m the equatonal onen- 
tanonl”b , la and 2a have C-2, C-6 and C-5 resonatmg at lower frequencies than the correspondmg 
carbons of lb and 2b 

However, the knowledge of the axml or equatonal onentatlon of the subshtuent on sulfur 1s per se 
msuffclent to assign the configuration of la,lb and 2a,2b Indeed, the figure shows that the axml or equa- 
tonal onentatlon of the subsutuent on sulfur leads to opposite configuranonal assignments, dependmg on 
whether the preferred conformanon 1s the half chm or the boat 

The large deshreldrng shown by H-Sax (6( 1 H) = 2 65 ppm) m the isomer which has the P-O- 
group axial (la) with respect to H-Sax (6(lH) = 2 09 ppm) of the isomer which has the V-O- group 
equatonal (lb) and with respect to the same proton in the sulphlde (&lH) = 2 15 ppm)‘, IS a clue to under- 
stand the conformanon of this Isomer In fact, the deshleldmg expenenced by H-Sax m la mrllcates that this 
proton and the S+-O- group are syn-axial 12cJ3-15 . But, H-Sax and the S+-O- group in la can be syn- 
axml only d the conformation IS the half chiur It follows that la has the CIS configuration and, m conse- 
quence, lb has the rruns Moreover, the rrans isomer lb must be m the half chrur conformation to allow 
both subsntuents, the t-butyl group and the the oxygen on sulfur, to be equatonal (see the figure) 

Since the syn-axial effect of a S+-CH, group IS neghgble ‘2~ , the same lme of reasoning cannot be 
apphed to 2a and 2b The fact that the proton-proton couplmgs of 2a and 2b are nearly the same as those of 
la and lb and that the stereoelectronic properties of an S+-CH3 and an S+-O- group are slmllar12c*13 , 
suggests that the S-Methyl canons should have the same conformanon as the S-oxl&s Further evidence 
that the preferred conformation of 2a and 2b is, m fact, the half chm 1s provided by the force field calcula- 
tions reported in table 2 Accordmg to force field calculations, the half chau Hrlth the r-butyl group equato- 
nal 1s the preferred conformanon of both 2a and 2b, as well as of the conespondmg sulfide It 1s seen that 
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m the crs momer - where the tendency of the S-Methyl group to be axml 1s tUfilled16 - only the half charr 
with the t-butyl equatorial and the S-Methyl axial 1s populated In the zruns isomer - where the S-Methyl 
group 1s forced to be equatonal- the strain due to the settmg of the subsutuent on sulfur 1s msuffictent to 
reverse the preferred conformauon, whmh 1s sttll the half chair However, tn this case, the calculattons 
pm&t that other conformers should be populated, although to a much lesser extent. In this respect, tt 1s 
worth notmg that the half chatr wrth the t-butyl and the S-Methyl group both uual has nearly the same 

Table 2. MM2 force field calculated conformational energies (E, kcahnol) and torsional 
angles (1234 and 3456, m degrees) of 3,4-drmethyl-6-t-butyl-5,6-tiydro-2Z+thiopyran 
and the correspondmg CIS and truns S-methyl cations 

Sulfide 
_______________________ 

E 
_-_____ 

hcaeqb 1158 
hc. ax 14.75 

b eq 14 69 
b ax 15.73 

1234 3456 

hcCeq 21 15 
hc ax 12 22 
b eq -53 -58 
b ax -51 -54 

E E 
___ ____ _ ___ ___ 

ClS hc eqd 1395 tram hc eqeq 15 17 
hcaxeq 2194 hc axax 1597 
b eqeq 19 93 b eqax 1602 
baxax 2123 b axeq 18 14 

1234 3456 1234 3456 
---___________ ______________ 

ClS hc eqax 20 12 trans hc eqeq 27 10 
hc.axeq 13 24 hc.axax 10 19 
b eqeq -49 54 b eqax -50 57 
baxar -51 52 b axeq -52 53 

a) h c = half chm, b = boat For homogeneity. the notauon ax and eq mstead of endo and 
exq 1s also used for the boat conformauon; b) t-butyl; c) t-butyl, methyl 

energy as the boat with the t-butyl equatorial and the S-Methyl axial Note also that, when the subsutuents 
change from the equator-ml to the axial ortentahon the variations of the &hedral angles for the half than 
conformation axe larger than those for the boat Clearly, the half than conformauon 1s more capable than 
the boat to adapt its geometry to the stenc reqmrements of the subsutuents 

Smce the preferred conformauon for both the CIS and the truns S-Methyl cauons 1s the half chau, tt 
follows that 2a, the isomer with the S-Methyl group axtal, is the CIS one and 2b. the isomer wtth the S- 
Methyl group equatortal, IS the truns The invariance of the proton spectrum of 2b with the temperature 
suggests that m solutton them IS a higher degree of conformational homogenetty than predicted by the 
calculations, posstbly due to further stablllzauon of the preferred conformauon by specific solute-solvent 
interacttons 

In conclunon, the presence of the t-butyl group locks the thlopyran nng m the half chau conforma- 
uon and the replacement of a lone pan on sulfur by an oxygen atom or a methyl group does not lead to 
conformational changes This result is contrary to what would have been expected on the basis of the 
behaviour of other substituted thlopyran denvattves whose preferred conformation is the boat, cf. for 
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example, crs-l&DmIethyhsotan 2&&0x& 6 Tlus suggests that, m thus land of compounds, 

the confqurattonal asstgnement of the CIS and frans isomers requues the ptevlous deternunatron of the pre- 

ferred conformations. Fmally, the configuranonal asslgnement of the S-ox&s la and lb, already 
reported’, must be reversed 

Experimental Section 

IUuterruls The preparanon of the S-ox~des (la, lb) has already been reported’ We have found that 
a better separatton of the two isomers (each isomer about 90% pure) 1s achieved by repeated elunons on 
slllcagel plates with a mixture made of 48% light petroleum, 48% ethyl acetate and 4% methanol The 
proton spectra m CD+& were the followmgs CIS isomer (la) G(‘H),ppm 3.15 (2H. s. H-Zax, H-2@, 2 65 
(lH, t, H-Sax), 2 18 (lH, m, H-6ax), 2.07 (lH, m, H-Seq), 177 (3H, s, Me), 171 (3H, s, Me), 108 (9H, s, 
t-Bu), truns isomer (lb) &lH),ppm 3 44,3.47 (2H, m (AB), H-2ax. H-2eq), 2 64 (IH, q, H-6ax). 2 43 
(lH, q. H-Seq), 2 09 (1H. q, H-Sax), 172 (6H, s, Me), 1 34 (9H. s. t-Bu) 

The sulphomum salts were obtamed as 4 1 mixture of the CIS, 2a. and trans, 2b, isomers m the 
followmg way 3,4-~methyl-6-mmethylsdyl-6-r-butyl-2~-5,6-tiydrotluopyran (0 38 g , 1 48 mmol) was 
reacted with methyl mfluoromethanesulphonate m anhydrous CH& (10 ml) at room temperature over- 
night Evaporanon of the solvent gave m quantitative yield l,3,4-mmethyl-6--r-butyl-6-mmethyls1lyl- 
2H-5,6&hydrothlopyranmm mfluoromethanesulphonate as a solid, m p 93-95’C (dlethylether), which 
was subjected to the denlylation without further punficanon Tlus salt (0 31 g , 0 74 mmol) was dissolved 
m wet CI$CN (5 ml) and treated with an eqmmolar amount of CsF for 2 days under argon at room tem- 
perature The solvent was removed under vacuum and the residue extracted ~nth dethylether to remove 
the nng-contracted products formed durmg the reaction l7 The solid residue was extracted again with 
CH.&, evaporaaon of the solvent left 2a and 2b (0 12 g ,75%) as a thick ofl. The proton spectrum of the 
two isomers m CD+& IS the followmg CIS isomer (2a) &‘H),ppm 4 16 (lH, d, H-2eq), 3 64 (lH, d, H- 
2ax), 2 5(2H, m, H-Seq,H-Sax), 3 50 (lH, q. H-6), 2 68 (3H, s, S-a-3). 1 80 (6H, s , Me), 1 15 (9H, s, t- 
Butyl), frans isomer (2b) S(‘H)gpm 3 00 (lH, d, H-Zax), 3 89 (lH, d, H-2eq), 2 5 (2H, m, H-5ax,H-5eq), 
3 19 (lH, q, H-6), 2 78 (S-cH_3), 1 90 (3H, s, Me), 1 84 (3H, s, Me), 1 14 (9H, s, t-Bu) 

NiUR Spectra Proton and carbon NMR spectra were recorded with a Vanan XR-200 or Gemml- 
300 spectrometer workmg at 200 and 300 MHz ( 1 H) and 50 and 75 MHz ( l3 C) Signal assignments were 
made with the aid of carbon-proton (1D DEPT, 2D HETCOR NMR) correlated spectroscopy The 
HETCOR spectrum allowed the correct assignment of the proton resonances of la In fact, the proton 
resonatmg at 2 65 ppm (H-Sax) should be correlated to the carbon resonating at 24 8 ppm, whereas the 
proton resonating at 2 18 ppm (H-6) should be correlated to the carbon resonating at 63 8 ppm Proton 
NMR low temperature expenments were carned out with the Vanan Gemuu-300 spectrometer using the 
standard vanable temperature equipment, m CD+& (low T) and DMSO-% (high T) The l7 0 spectra were 
recorded at 40 67 MHz with a Bruker CXP-300 spectrometer, using a high power probe (no spuuung, no 
lock) and a home-made 15 mm solenoid insert 

Computational detarls Calculations were camed out on a Vax Station 2000 using the Allmger 
MM2 (87) programme 
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