N

N

Stabilizing Effect by Geminal Dioxy Substitution and
Anomeric Effect in 3,6-Dihydro-6-methoxy-1,2-oxathiin
2-Oxides
Brigitte Deguin, Pierre Vogel

» To cite this version:

Brigitte Deguin, Pierre Vogel. Stabilizing Effect by Geminal Dioxy Substitution and Anomeric Effect in 3,6-
Dihydro-6-methoxy-1,2-oxathiin 2-Oxides. Helvetica Chimica Acta, 1993, 76, pp.2250-2253. <hal-01908973)

HAL Id: hal-01908973
https://hal.science/hal-01908973v1

Submitted on 30 Oct 2018

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Au‘to':'lizition
HAL Authorization


https://hal.science/hal-01908973v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Stabilizing Effect by Geminal Dioxy Substitution and Anomeric Effect
in 3,6-Dihydro-6-methoxy-1,2-oxathiin 2-Oxides

by Brigitte Deguin and Pierre Yogel*

The hetero- Biefs-Alder addition of SO, to (£)-hexa-1,3-dicne (4) gives firsl 6-ethyl-3,6-dikydro-1.2-oxaihim
2-omide { = G-ethylsuliine) wath the Et group occupyving a pseudoaxial position, and then the more stable stereo-
isomer & with the Et subsiituent in a pseudoeguatorial position, The 80, additions te L-methoxybuta-1.3-diene {7;
anrd to I-methoxy-3-[(timethylabylexyTbuta-1,3-dicne (8) give the 6-methoxysultines 9 and 10, respectively, with
the MeCk groups in pseudoaxial positions and winch do not egnilibrate with sultnes having pseudoequatonal MeC
substituents {anomeric effect). A lower limit of 440 = 3.9 keal/mol was evaluated at —60° for the stabilizing effect
arsing from the geminal vionity of a MeO and sulfinate moiety in 3,6-dihydro-6-methoxy-4-[(Irimethylsilyljoxy]-
1.2-oxathin 2-oxide.

At low temperature and in the presence of a suitable catalysl, simple 1,3-dienes add
reversibly to SO, giving the corresponding 3,6-dihydro-1,2-oxathiin 2-oxides { = sultines)
i11. 1n the case of {E)}-piperilene (1), sultine 2 with a pseudoaxial Me group is formed
at —80° (Alder endo tule); at —60°, 2 is decomposed into 1 4 SO,, and the more stable
sultine 3 wilh the Me subsltuent in a pseudoequatorial position is formed [ 1] (Scheme).
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We report here our studies on the hetero-Diels-Alder addition of SO, to {£)-hexa-1,3-
diene (4), (£)-}-methoxybuta-1,3-diene (7), and 1-methoxy-3-[(trimethylsilyl)oxy]buta-
1,3-diene (8). They allow one to establish the existence of a stabilizing effect by geminal
dioxy substitution {2] and of an anomeric effect [3] (4] in MeO-substituted sultines.

When mixtures of 4 (0.13-0.35um), SO, (4-15M), CF,COOH (0.18 -0.28M), and toluene
(0.08-0.18m; internal NMR reference) in CD,Cl, {0.2-0.4 ml) were allowed to react
at —80° (5-mm FPyrex NMR tubes, sealed i vacuo), the sultine 5 was formed in 4 few h.
Raising the temperature to —60° led to cycloreversion of Sinto 4 + SO, and the formation
of the more stable sultine 6. Equilibrium constants K, = (3-4)- 107 mol'dm’ and
Ky = (1.8-6)- 107 mol~'dm’ were measured by 'H-NMR signal integration (tcliene
as internal reference) for equilibria 4 + 8O, 2 5 and 4 + SO, < 6, respectively, at —60°.
The ecquilibrium constant did not depend on the amount and concentration of
catalyst (CF,COOH) present. Under similar conditions, equilibrium constants &, = (0.4
1.2)-107 mol™'dm’ and K, = (0.4-2)- 107 mol "dm’ were evaluated at —60° for equilibria
1+ 80,2 2and 1+ SO, 2 3, respectively. The structure of sultines 5 and 6 were deduced
tfrom their 'H- and “C-NMR spectra (see Exper. Part) which were very similar to those of
2 and 3, respectively [[]. The pseudoequatorial position of H—C{6) in 5 and the pseudoax-
ial position of H—C(6) in 6 were established by their vicinal coupling constants with
H—C(5) and their homoallylic coupling constants with CH,(3) [5].

The I-methoxybutadienes 7 and 8 were more reactive than 1 and 4 toward SO, and did
not require any acidic catalyst to undergo the hetero-Diefs- Alder additions. In the pres-
ence of a 70-fold excess of SO, 1.1-0.2M 7 in CD,CL (toluene reference, 0.09M) led to the
quantitative ( > 98% by 'H-NMR) formation of sultine 9 after 12 h at —60°. The latter
was stable up to —20°, temperature at which it was transformed slowly and irreversibly
into a mixture of polymeric material. Neither concurrent cycloreversion into 7 + SQ, nor
formation of a sterecisomeric suitine {with pseudoequatorial MeO group) could be
detected at this temperature. An equilibrium constant X, > 3 mol'dm’ was estimated for
equilibrium 7 4+ 80, 2 9. In the presence of a 5-6 fold excess of 80, the Danishefsky
diene 8 gave { > 98 % by 360-MHz "H-NMR) sultine 10 at --60° (after 5 h). In this case, an
equilibrium constant K, > 40 mol~'dm’ was evaluated for the hetero-Diels- Alder reaction
8 + SO, = I Neither cycloreversion, nor isomerization to a sultine with a pseudoequa-
torial MeO substituent at C(6) could be detected after prolonged staying of 10 a1 —40°. In
the presence of a large excess of SO,, 10 was rearranged into 11 which was then slowly
decomposed into { £ )»4-methoxybut-3-en-2-one above —6(0°.

Q
MeO J_/<— $0,5iMe, 11

The structures of sultines 9 and 10 were deduced from their '"H- and “C-NMR spectra
and with the help of double-irradiation experiments including 'H,"H NOE measurements.
As for §, the pseudoequatorial position of H-C{(6) in 9 and 10 was given by its vicinal
coupling constant with H—C(5) and its homoallylic coupling constants with CH,(3). The
axial position of the 5--O moiety [4b] was not established unambiguousiy').

Y Commercial {£)-1-methoxybuta-1,3-diene conlains 5-10% of the (#)-isomer. This reacted also with 80,
giving sultine %, whereas (#)-hexa-1,3-diene did not add to 50, between --§0 and 20°,



On comparing equilibrium constants K,y and K, (K,/K;> 10%, a lower limit
AAG = 3.9 kcaljmol was calculated at —60° for the stabilizing effect resulting from the
geminal vicinity of a MeO and a sulfinate moiety. Assuming that there are no significant
differential entropy orfand selution effects on equilibria 4 4 SO, 5 and 8 + 80, 2 140,
the geminal dioxy substitution effect evaluated above is comparable to that found for the
following isodesmic reaction on comparing the standard heats of formation of products
and reaciants [6].

2 Me,CH(OMe) = Me,CH + (Me(Q),CHMe AH? = —5.4 kcal/mol

The anomeric effect in sultines 9 and 10 (preference for the pseudoaxial rather than
pseudoequatorial position for the MeQ substituent) can be compared with the well-
known Edward-Lerntieux anomeric effect [3] in methyl pyranosides [4].

We thauk F. Hoffimann-La Reche AG, Buasel, the Fonds Herbette, Lausanne, and the Swiss National Science
Foundation for financial support.

Experimentz] Part
General. Sez |7).

NMR Sample Preparation. CD-Cl,y and toluene ware distilled over anh. Cal,, CICOOH over PO, 80, was
filtered threugh a column of alcaline aluminium exide 90 (act. I, Merch ) before use. [n a weighed, dry -mm KMR
FPyrex tube, dicne 4 (15.6 mg, 0.1% mmoel), e.g., tolucne (9.2 mg, 0.1 mumnol; internal ref.), CDLCly {238 mg), and
CF,COO0H (12.5 mp, 011 mmoel; catalyst} weree mixed under Ar. The soln. was degassed by several freeze-thaw
cycles al 107 Torr, Degassed SO, (ca. 0.33 ml) was transferred to the above mixture on the vacuum line. The NMR
tube was sealed under vacuum. The NMR tube, frozen in lig. Na, was warmed up to ~100° in EtOHlig. N, and
transferred into the Bricker (360 MHz) probe cooled to —90°. The {irst NMR spectrum was recorded at —80°, temp.
at which 5 was formed. Raising the temp. to —607 induced a loss of § and formation of 6. After 10 h at ~60%, the
equilibrium was reached: 4% of 5, 19% of 4, and 77"% of 4. The volume of the soln. (calibrated NMR tube) was
(.54 ml. After the NMRB experiments, the NMR tube was allowed te reach rt. and weighed together with the piece
of tube left over after the sealing: thus, the exact amount of 804 introduced in the soln, was measured (480.5 mg,
7.5 mmel}. In that experitent, K5 = 3-107° mol™'dm? and &g = 1.8- 107 mol™'dm?® were evaluated at —60°. The
equilibrium constants werc evahlaled for at least three different NMR samiples #nd had reproducible values within
cxpenimental error,

Data of { 2RS,6 RS J-6-Ethy -3, 6-difiydra- 1 Z-uxathiin 220 xide (5). TH-NMR {360 MHz, CD,CL/$0,. —#0):
6.20 (H—C(5)); 5.80 (H—C{4)}: 4.45 (H—C(6)); 3.38 (H,~C(3)¥%: 3.28 (H,—C(3); 165, 083 (ED); 2/ (3u.3e) = 16.5,
(3e4) =7, W (3ud) =3, 30(4,5) = 11, L1(3,6e) = 2, W{Be,MaCHL) = 6, S (MeCHo, MeCH) = 7, 14(3e.5) < 0.5,
1403a.5) = 2.5, {466y = 3. S (3eb6e) =05, 23,66} = 3.5 PCNME (100.63 Mz, CD,CLIS0,, —80°): 135.5
(d, ' J(C,H) = 157, C(5)); 1141 (&, 'H(CH) =171, C(d}); 79.2 (d, 'H(C.H) = 153, C(6)); 44.8 (1, 'J(C,H) = 140,
Ci31:29.3 ¢, WC HY = 125 CH,); 9.3 (g L(CH) = 120, Me).

Data of {2R8.68R J-6-Ethyl-3 f-difiydro-{ 2-uxathiin 2-Oxide {6). 'H-NMR (360 MHz, C13,CL/SD,. —60°):
5.80 (H-C(5Y); 5.70 (H-C(4)); 4.55 (H,—Ci6)}; 3.45 (H,—C(31); 3.00 (H—C(3)): 1.7, L6 (MeCH,); 0.8 {MeCH,);
2HMeCHn) = 15, 2F(3ae} = 17.5, Aiided) = 6.0, V(3a.dy = 2.5, A/{3e,5) = L0, 4703a,5) = 2.5, 3/ (3a.6a) = 4.5,
F(3e6n) = 3.0, T6aMcCH,) =50, 7.5, “J{MeCHMeCH) =7, 7.5, "C-NMR (10062 MHz, CDClL;/
80, —607): 132.0 (4, L(CH) = 152, C(5)); 114.5 (d, \7(C.HY = 175, C(8)); 70.4 {4, 'J(C,H) = 148, Ci6)): 45.3 (1,
WICH) = 140, C(3)); 26.3 (¢, "F(CH) = 125, MeCH.); 8.3 (q, W(C,H) = 120, MeCH,).

Data of {2RSE5R;-3.6-Dihyetro-6-methoxy-1,2-oxachiin 2-Oxide 19). TH-NMR (360 MHz, CDCLIB0,,
—60% 6.18 (H-Ci4)); 595 (H-C(3)); 4.65 {H—Cioy; 305 (H,—C(3)): 3.55 {H—-C(3)); 346 (MeO);
Fade)=175 W45 =90, a4 =25 MBcd=3, S6c)=30, U(3e5) =315 =25,
tid6e) = 1.5, " F(Ja,6e) = 1.0, 3/ (3c,be) < 1. PC-NMR (100,62 MHz, CD,CL,/80,, —60°): 129 (4, L/(C,H) = 177,
Ciy: 126 (d G HY = 1719, Q5 97 (d, "NCH) = 164, C(61: 58 {g. "AC.H) =145, MeQ); 535 {r
LR = 145, i

Data of (IRSESR-5,6-Dilydro-8-prethoxy-4-f { irimethyisilyl joxyp J-1, 2-oxathiin 2-Oxide (10). '[1-NMR
(364 MHz, C13,C1/80,, —60°): 4.82 (H-C(4)): 4.75 (H,—C(63); 3.65 (H,—C(3)}; 3.40 (H,—C(30); 3.43 (MeO); 015

»



(Me;Si): 2030, 3e) = 16, 24(5,6e) = 3.0, */(3e,5) = 1.5, Y(3a,5) = 2.0, *J(3a,6e) = 1.3, "J(3e,6e) < 0.5 BC-NMR
(100,62 MHz, CDLCLS0,, —60°): 151 (s, C)); 99 {d, "/ (CH) = 170, C(5)); 97 (&, \F(C,H) = 160, C(6)); 59 {q.
H(CH) = 145, McO); 54 {1, \J(C.H) = 145, C(3)); 0.65 {g, V(T H) = 119, Me,Si).

Dara of Trisethpisifyl ( E j-4-Methoxy-2-0x0but-3-enesuffinate (113, Ofl, Unstable ut 20°, can be stored in soln.
at—20°, TH-NMR {250 MHz, CDCly): 7.5 (. *7 = 11, H--Cid); 5.6 (e, 3 = [, H—C(3)); 3.72 (3, 2 H-C(1)): 3.69
(s, MeO); 0.9 (5, Me;8). PC-NMR (62,9 MHe, CDCL): 150 (s, C{2}); 166 (4, "J{C.H) = 175, T{43); 107 (4,
VACHY = 157, CE3): 69 (¢, LG, H) = 148, CLL); 57 (g, WG H) = 140, MeD); 0 (g, ' J(C,H) = 140, Me,5i).
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