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Abstract: The keto-enol cqulllbrlua of 2-methoxycarbonyl-3-oxo-4-methyl-B- 

oxablcyclo!3.2.1]-octane 1s dramatically affected by the stereo- 

chealstry of the )-methyl group. 

The equllibrlum between a keto compound and Its en01 tautomer depends on a 

number of structural features. These may Include the formation of an 

lntrarolecular hydrogen bond, conjugation of the double bond. the extent of 

substltutlon on the double bond, the eIectronegatlvlty of the substltuents and the 

ring site If the en01 double bond is part of a ring (exe or endo). Ne wish to 

report an example where the stereochemlstry of a proximate methyl group has a 

dramatlc effect on the keto-enol equlllbrlum. 

Because of our Interest In the chemistry of l nol sllyl l thersl, we examined 

the condensation of I,3-bls~trlmethylslloxy)-l-aethoxy-l,3-pentadlene (I_)2 and 

2,5-dlmethoxy-tetrahydrofuran (2) with tltanlum tetrachlorlde as Lewis acid. It 

was found that when 2 l qulvalents of TlCl, were used, a mlxture of 2 and 4 was 

obtalned in the ratio of 2:l in an overall yleld of 571. 

Coapounds 2 and 2 could be separated by TLC-mesh column chromatography'. 

According to thelr mass spectra (C Ic,HlrOc by exact mass measurements), 2 and ! are 

Isomers. The dlstlnctlon between 2 and ,' was quite apparent In thelr 

spectroscopic data. The lfl nmr peak of the enollc proton of 2 appeared at 11.68 

PP.. In the lr spectrum, l nollc O-H, C=C and C=O (ester) stretching frequencies 

appeared at 3600 _ 3300 cm-1 lbr), 1615 cm-1 and 1660 ~a-1 respectively. On the 

other hand, compound 5 seens to be two isomers 12 spots on TLC) which could not be 

separated In our hands. Its 1~ nar spectrum shored resolved signals at 3.76, 3.73 

ppm is, each Or(e) for the methoxy groups and at 1.01, 0.98 ppm id each, J-6.8 Hz) 

for the methyl groups respectively; carbonyl stretchlng frequencies for ketone and 

ester appeared at 1715 and 1740 cm-1 In the Ir spectrum. 

In light of these spectroscopic data, and our previous work on the 

condensation of 2 with 1,3-bls~trlmethylslloxy)-l-methoxy-l,3-butadlene~, 3 and 4 

are asslgned to have the blcyclo[3.2.11-structure. Since the relatlve 

stereochemlstry at C-l and C-S are already flxed, four stereolsomers (A-0) In the -- 
keto-form are expected from the blcycllc structure. Actually, only three products 
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90'. This conclusion is consistent with that of the decoupled spectrum of 2, 

since irradiation of the methyl doublet at I.23 ppm reduced the quartet at 2.06 

ppm to a singlet. Yith the aid of a molecular model, we concluded that the methyl 

group at C-4 in 2 and _6 Is c. 

On the other hand, the enol silyl ether z (Fig. 2) was obtained from 4 by 

Et,W/ZnCll/He,SIC1. The high yield (92%) of the single product 7 from the mixture 

of two components in " suggests that the two lsoaers of 4 are Isomeric at C-2. On 

the basis of Ill nar, compound 7 is distinct from 5 and therefore lsoaerlc at C-4. 

The rli nmr spectrum of z shows a slnglet for wthoxy at 3.63 ppm and a 

doublet for the C-4 methyl group at 0.93 ppm. Carbon-carbon double bond 

stretching was evident at 1615 CD" in the Ir spectrum of 7. Irradiation of H-5 

at 4.31 ppm caused the l ultiplet at 2.76 ppm, assigned to C-4, to collapse to a 

quartet. The methyl doublet at 0.93 pp. collapsed to a singlet when H-4 uas 

Irradiated. Inversely, the aethlne multlplet at 2.76 ppa changed to a doublet, on 

irradiation of the methyl group rt C-4. Finally, when both l ethylene groups at 

I.83 ppm were irrrdirted, the bridgehead proton (H-1) peak at 4.9 ppm collapsed to 

a singlet and another bridgehead proton (H-5) peak at 4.31 ppm to a doublet. From 

these experiments. the coupling constant between H-4 and H-5, J4,5 = 4.8 Hz, u&s 

deduced suggesting a dihedral angle between H-4 and H-5 of about 45'. Ye 

concluded that the methyl group at C-4 in z was endo. 

The fact that only 2 was obtained from 2 and only 1 was obtained from 4 

suggests that under silylrtlon reaction conditions, stereochemistry at C-4 reaalns 

intrct. We can therefore conclude that 2 has the methyl &t C-4 exo (F of scheme 

11, whereas 5 has the methyl rt C-4 endo (A and B of scheme 1). 

In terms of the keto-enol trutomerism between C,O n F, the enol tautomer F Is 

the major component when the methyl group is l xo. On the other hand, when the 

methyl Is endo, the keto trutomers A and B dominate in the equilibrium between A,B 

= E. 

These observations should be compared with the degree of l nolization for the 

parent compound 5 which has an enol content of about 30% in COCl, according to rH 

nmrI,8,9. 

The methyl substituent bt C-4, though removed from the site of enollrrtlon, has an 

lmportbnt effect on the extent of enolltatlonlO. A possible explanation for this 

effect of the proximate methyl group Is to consider the conformation of the 

blcyclo[3.2.11 system. It has been suggested that In the B-oxa-blcyclo[3.2.1]- 

act-6-en-one system, the six-membered ring adopts a half-chair conformation due to 

the tylng back of the C-6 and C-7 bondlo. We can apply this concept to compound 2 

(scheme 2). In ?A, the slx-membered ring Is represented In the normal chair 

conformation. Because of the bond linking C-6 and C-7 together, the chair 

flattens to a half chrlr as In 28. giving a dlhedrrl rngle between H-5 and H-4 of 

about -90' as deduced in IH nmr. In the half chair conformation, the l nol 

trutomer F Is favoured because the planarity of the enol form can be accommodated 

readily. For corpound 4, the flrttenlng of the chair (from ?A to !BI Is less 

pronounced because of the gauche interaction of the methyl group ulth the Cs_C, 

bond. This in turn leads to a higher percentage of the keto tautorers. 
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Experlmental 
Mass spectra (as) were obtrlned on DuPont 21-4928 l JSS spectroaeter, ulth the 

direct lnsertlon probe or the batch Inlet. Proton l agnettc resonance ('H nmr) 

spectra were recorded on Varlrn T-60, I-60A and XL-200 spectrometers, uslng 
chlorofora as Internal standard. Infrared spectrr[lr) were obtrlned on a 

Perkln-Elmer 297 spectrophotometer. Analytlcrl thln layer chroratographylt 1 

performed on Merck Slllca Gel 60 Flsc aluminum-backed plates and was vlsurl 1 

dlpplng Into a solutlon of ammonium wlybdate 12.59) and crrlc sulfate 119) 
H,SO,/H,O (10 l L/90 l L) and heatlng on & hot plrte. Klerelgel 60 tlF2_ uas 
for TLC-mesh chromatography. 3 Merck Slllca lKleselge1 60. 40-63u) was used f 
flash column chromrtogrrphy.7 Hexane and CH,Cl, rere dried over P,O,, 
dllsopropylamlne and triethylrmlne over CaH2, and benzene over Ra. 

TMS or 

cl was 
red by 
In 
used 
or 

The reaction of 1 rlth 2,5-dlmethoxy-THF to give 3 and 4 
To a solutlon of 2,S-dlmethoxy-THF 12) 15 101, 0.66 g) In dry wthylene 

chloride 115 l L) Jt -78.C under R, atmosphere was added tltrnlum tetrachloride (10 
nBo1, 1.9 9) dropwlse. A solutlon of 1 (5 mmol, 1.37 g) In dry CH,Cl, 125 l L) was 
added over 20 mlns. The mixture was s'ilrred at -78'C for 3 hrs and then allowed 
to *arm to 0-C. To the dark red solutlon was then added excess St aqueous sodium 
bicarbonate solutlon 12 mL). The mixture ~8s extracted ulth ether, dried over 
anhydrous magnesium sulfate. and evaporrted. The residue was separated by 
TLC-mesh column chroaatogrrphy on slllca gel uslng hexrne-ethylrcetrte 17:3) as 
eluent to give the blcycltc l nol 2 138f) and two Isomerlc ketones ', 120%). 

2-crrbo~ethoxy-3-hydroxy-4-~ethyl-8-ox~bicyclo-[3.2.1]-2- octane (3): R n 0.51; 

IH nmr (CDCl,). 6: 11.68 (I. lH), 4.88 (m,lH). 4.28 (m, lH), 3.76 ‘is. 3H , 1.95 f 

(m. SH), 1.32 (d, 3H); as. m/z = 198.0890 (M*, Calcd for C1,H,,O, 198.0892); Ir 
(neat): 3600-3300 lb, OH), 3040-2800, 1660, 1615 ca-1. 

2-carbom 
Isomers) 
lm, each 

i 

each H-2 
3H); Ir ( 

ClO”,,O, 
the same 

thoxy-3-oxo-4-methyl-8-oxabicyclo-[3.2.1~-octane (4): lmtxture of two 
HRf) = 0.4 lH), and 4.49 0.31 lm, (without 1H , H-S), sep&ratlon); 3.76 and 3.73 lH nmr 1s. each (Cccl,), 6: 5.05 3.0 and (m 4.84 

i-4, lH1, 1.8 (m. 4H), 1.01 and 0.98 (d. 

One. JH), 
and J 

neat): 3040-2820, 1740, 1715 cm-l; l s, m/z = 
- 6.8 Hz, each CHj at C-4, 

198.0884 lM*, Calcd for 
198.0892). Attempts to separate the tuo Isomers by preparative TLC gave 
mixture after purlflcBtion. 
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0-Sllylatlon of blcycllc tnol 3 to give 2-carbomcthoxy-3-trlmethylsiloxy-4-methyl- 

8-oxrbfcyclo[3.2.1]-2-octene (5) 
To a solution of blcycltc anol 2 0.3 mmol. 0.85 g) In dry ether (30 l L) uas 

added trlethylrafne (6 01101, 0.84 l L) dropwlse followed by THSCl (8 101, 1 l L) 
under W, atmosphere. After 1 hr, the mixture u&s filtered and the filtrate was 
evaporated In vacua to give the enol stlyl ether _5 quantitatively. 'Ii nmr 
(cocl 1, 6: 4.95 (I, 1H), 4.21 (a, lH), 3.7 (s. 3H), 1.93 (m,4H), 1.80 (q, 1H). 

1.28 !d, 3H), 0.22 (I, 9H); ir (neat): 3020 - 2860. 1720 and 1680 (CO,Me), 1620 
(olefln). 880 and 850 cm-r (OSiMe,); ms. 8/z (rel. tntensfty). 270 (M+, 7.9). 

0-Acylrtton of bfcyclic enol 3 to give 2-carbomethoxy-3-rcetoxy-4-methyl-8-oxrbl- 

cyclo[3.2.11-2-octane (6) 
To the l lxtura of bicyclic en01 3 (2 -01, 0.4 g) and acetyl chloride (2.2 

rol, 0.17 mL) was slowly added 2 l L of pyrtdine at O'C. The reactlon mixture was 
allowed to warm to room temperature. After 5 hrs, Ice-hydrochloric acid solution 
was added droprise to the mixture to rchfeve pH 5. The l lxture was extracted rlth 
ether (3 x 15 l L), drfed over anhydrous l agneSlum sulfate. flltered, and 

evaporated In vacua. The crude product was purlfled by flash column 

chromatography7 using ethylacetate-hexrne (3:7) as eluent to give 6; R 

f 

- 0.38, In 
81s yield. 1H nmr (COCl,), 6: 4.97 (m. lH1, 4.27 (m. lH), 3.72 (s. 3H , 2.21 (I, 
3H), 2.10 . 1.70 (m, SHI, 1.23 (d. 3H); Ir (neat): 3040 - 2820, 1765 
(cvc-OCOCM,), 1650 cm-1 (oleftn); ms. m/z (rel. IntensItyI, 240 (H+. 1.61. 

Preprratlon of 3-trlaethylslloxy-8-oxabicyclo[3.2.1]-2-octene derlvatlve 7 
Dry triethylralne (11 -01. 1.55 g) and rlnc chloride (50 g) were stlrred 

vlgorously under M, atmosphere for 1 hr. givtng J ftne suspension. A solutlon of 
2 (5 101, 1 g) in dry benzene (10 l L) was added, followed by TMSCl (10 rol. 1.3 

8L1. The l fxture was stirred overnlght Jnd 25 l L of rnhydrous ether was rdded, 
flltered and concentrated. The residue was diluted with dry hexane (30 mL), 

cooled to preclpltrte any remrlntng solids, flltered Jnd concentrrtrd to glvr the 
l nol sllyl ether 1 In 923 yield. IH nmr (COCI,), 6: 4.9 (bd. lH), 4.31 (m, lH1. 
3.63 (s, 3H1. 2.76 (m. lH), 1.83 (B, 4H), 0.93 (d, 3H), 0.16 (s, 9H); fr (neat): 
3020 - 2820, 1720 and 1690 (CO,Me). 1615 ca -1 (olefln), 880 and 845 (OTl4S); l s, 
a/z (rel. IntensItyI, 270 IN*, 9.7). 
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