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Synthetic Applications (I) of the Tandem [2,3]-Wittig-Anionic Oxy-Cope
Rearrangement:
Stereoselective Disubstituted Tetrahydropyran Synthesis by Electrophile
Initiated Cyclisation
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Abstract: Reduction of the 8,e-unsaturated aldehydes produced by tandem [2,3]-Wittig-anionic oxy-
Cope rearrangement followed by stereoselective electrophilic cyclisation and reductive removal of the
electrophile leads to single diastereoisomers of tetrahydropyrans. © 1997 Elsevier Science Ltd.

Treatment of cinnamyl allylic ethers with potassium hydride and 18-crown-6 in THF produces
3,e-unsaturated aldehydes in good yield via tandem [2,3]-Wittig-anionic oxy-Cope rearrangement. If the alkyl
substituent R is branched (e.g. -Bu, i-Pr), exclusive E olefin gcometry is obtained (Scheme D.!

R
K\/ _25eqKH, R, _# __ NaBH; R, _Z#
1.5eq lB-crown 6 MeOH
O XxP THE 1, 1.5h 0°C 30 min

95%

Scheme 1. Stereoselective 5.e—unsaturated alcohol preparation

In our initial work we reduced the aldehydes to the corresponding alcohols to allow jodine initiated
electrophilic cyclisation to tetrahydropyrans to determine the stereochemistry of the tandem rearrangement.?
We proposed six-membered chair transition states for the stereoselective cyclisation in which the phenyl group
and the iodonium ion prefer to adopt an equatorial orientation, Figure 1. The newly formed ring stereocentre
is the same regardless of starting alkene geometry so reductive removal of the electrophile produces a single
stereoisomer. Herein we report the effect of varying the steric bulk of the alkyl group and the nature of the
electrophile in the synthesis of single diastereoisomers of disubstituted tetrahydropyrans.

Figure 1. Stereoselective electrophile initiated tetrahydropyran formation
Reduction of the 8e-unsaturated aldehydes proceeded smoothly with sodium borohydride in methanol
at 0 °C to produce the required unsaturated alcohols with no change in the geometric ratio of the alkene.
Initially we examined halogen electrophiles; iodine (I2),23 N-iodosuccinimide (NIS),* and iodine
monochloride (IC1)S were selected as sources of I* and 2,4,4,6-tetrabromo-2,5-cyclohexadienone (TBCO)®
was chosen as a convenient source of Br* for electrophilic cyclisation. Better yields were found when I3
(Method A) was used as electrophile, compared with NIS, ICl and TBCO (Scheme 2 and Table 1). A single
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diastereoisomer of iodotetrahydropyran 2c, 4¢ and 2d was isolated if the precursor alcohol was
geometrically pure (entries 6 and 7, R = i-Pr, t-Bu) otherwise two diastereoisomers of halogenated
tetrahydropyrans 2, 3 were isolated in ratios that were consistent with stereospecific conversion of the
starting geometry of the alkene (entries 1-5, R = Me, n-Bu).”
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aR=Me Method A : 1, (3 eq), NaHCOj3 (3 eq), MeCN, -23 ‘C-rt,24h
bR = n-Bu Method B : NIS (1.2 eq), CH,Cly, -78 'C - r.t.
¢Re=iPr Method C : ICI (2 eq), NEt3 (2 eq), CH,Cly, -78°C - r.t.
dR=tBu Method D : TBCO (1.2 eq), CH,Cly, dark, r.t., 1 week
e R = n-Pr Method E : 1.1eq Phenylthiomorpholine (1.1 eq), TfOE-I (1.1 eq), CH,Cl,, 0'C,2h
Method F: NPSP (1.7 eq), PPTS (0.3 eq), CH,Cl,, -78 C-r.t,9h
Scheme 2.
Table 1. Electrophile initiated cyclisation of unsaturated alcohols (1a-e)
Entry Substrate R Substrate Et Method Yield Product ratio?
geometry? 1% 2 : 3 : 4 : 5
E:Z
1 la Me 75:25 I+ A 65 77 23 - -
2 la Me 75:25 I+ B 39 77 23 - -
3 1a Me 75:25 I+ C 26 77 23 - -
4 1b n-Bu 79:21 I+ A 78 87 13 - -
5 1b n-Bu 79:21 Brt D 56 79 21 - -
6 1c i-Pr 100:0 It A 80 74¢ - 26¢ -
7 1d -Bu 100:0 It A 62 100 - - -
8 le n-Pr 84:16  PhS* E 57 284 ¢ 54 7
9 le n-Pr 84:16  PhSet F 86 284 o4 5d ¢
10 1d t-Bu 100:0 PhSet F 97 57¢ - 43¢ -

aE: 7 ratio measured by GC; PRatio measured by GC; € ratio measured by mass from flash column chromatography isolation;
dratio measured by mass between diastereoisomer pair 2.3 and 4,5 and then GC analysis of each pair.

The stereochemical relationship between tetrahydropyran diastereoisomers listed in Table 1 was
proved by treatment with Bu3SnH and catalytic amount of AIBN which produced a single diasterisomer of
disubstituted tetrahydropyran 6 or 7 stereoconvergently (Scheme 3) as demonstrated by 400 MHz 'H NMR,
and GC analysis.? This demonstrated unequivocally that the only difference between 2a and 3a was at the
stereogenic centre bearing iodine, arising directly from the double bond geometry, and not from the
orientation of the iodonium ion during cyclisation. The stereoconvergency of diastereoisomeric pairs of 2, 3
and 4, 5 after the reductive removal of electrophile is shown in Table 2.

When the alkyl group R was i-Pr (Table 1, entry 6) two separable compounds were formed, one was
the expected iodotetrahydropyran 2c and the other an unexpected diastereoisomer 4¢ which was the result of
the iodonium ion adopting an axial orientation during cyclisation. Phenylsulfonium® PhS+* and
phenylselenononium!® PhSe* ions, generated by phenylthiomorpholine!!/triflic acid and
N-phenylselenophthalimide (NPSP)/PPTS!0 respectively also promoted efficient cyclisation producing a
mixture of four diastereomeric tetrahydropyrans 2, 3, 4, 5 (entries 8-10). Fortunately diastereoisomers 2
and 3 were separable by flash column chromatography from the other pair of diastereoisomers 4 and 5
corresponding to equatorial and axial orientation respectively of the ions during cyclisation. The
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diastereoisoselectivity between the isomeric pairs 2, 3 and 4, 5 was not high as observed for iodine, where
4, 5 was observed only once, and favoured the axial product. When the alkyl group R was #-Bu and there
was therefore a single geometry of alkene in the substrate, cyclisation occurred with PhSe* to produce two
separable diastereoisomers (entry 10, 2d and 4d) of tetrahydropyran in excellent yield. This demonstrates
unequivocally that use of PhS* and PhSe* as electrophiles leads to the phenylsulfonium and
phenylselenononium ions adopting an axial orientation in preference to the equatorial orientation selected by
the corresponding iodonium ion during cyclisation (Scheme 4). PhSe+ as the electrophile gave better yields
than PhS+ but showed very little difference in diastereoselectivity. The stereochemistry of all separable
diastereoisomers was proven by detailed structural analysis (400 MHz 'H NMR and COSY experiments!2
and GC) and identity of samples produced by reductive removal of the electrophile. In particular, the
reduction of mixtures of diastereoisomers to produce a single diastereoisomer confirmed the
stereoconvergency of the overall process.(Table 2)

P P p p
_BusSnH AIBN
R ) o) R }é{ o) THF reflux 3h
E 2,3 E 4,5 H
Scheme 3.
Table 2. Reductive removal of the electrophile - proof of tetrahydropyran stereochemistry
Substrate R E Yield/% Product®
2a + 3a Me I 71 6a
2e + 3e n-Pr PhSe 96 6e
4e + Se n-Pr PhSe 90 Te
b’ i-Pr 1 80 6
4 i-Pr I 80 Tc
2d t-Bu PhSe 89 6d
4d t-Bu PhSe 89 7d

4 single diastereoisomeric product isolated and confirmed by 400 MHz 'H NMR, COSY and GC.

P
OH oo +
KE%R — Pl/téR\E PhSe*, PhS*
+ "~OH

R =n-Pr, E = PhS, PhSe,

R=i-Pr, E=1

almost exclusive R =1-Bu, E = PhSe ca. 2:1 preference

Scheme 4. Dependence of stereoselectivity of cyclisation on electrophile
Acid-catalysed epoxide opening!3 was used to produce the substitution pattern opposite to that
favoured by iodine mediated cyclisation (Scheme 5). The single geometric isomer of unsaturated alcohol 1d
was epoxidised with mCPBA with slight excess of NaHCO3 in CH,Cl; at 0 °C to form two diastereoisomers
in the ratio of 4.3:1. This is consistent with the hydrogen-bonded interaction between oxygen and hydrogen
atoms of peracid and the unsaturated alcohol.!4 A possible chelated transition state A is proposed based on the
observed diastereoselectivity of the epoxidation. The major anti diastereoisomer of epoxide 8 was subjected to
cyclisation catalysed by camphorsulfonic acid via epoxide opening from intramolcular nucleophilic attack of
hydroxyl group giving hydroxyl-functionalised tetrahydropyran 10 as a single diastereoisomer.!3

xo \_"t
2 Y%

ph Ph
Ph OH  25eqmCPBA, CH)Cl  p, @8 A A~ 1 eq CSA : A Ar
\C: t-Bu ; OH 0.1eq *
1d NP py 25 eqNaHCO;, 0 °C-rit. . CHClL, o} o] ‘Q-(-);H
43:1 70% ph 0 C,79% o P%{
t- Bu\}\/\/\oﬂ 10 t-Bu

Scheme 5. Stereoselective epoxidation and acid-catalysed stereospecific cyclisation
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In conclusion, we have demonstrated the use of I+, Br*, PhSe* and PhS+ ions as useful electrophiles

for cyclisation after the reduction of the aldehydes from tandem [2,3]-Wittig-anionic oxy-Cope rearrangement
of bis-allylic ethers. Halogen based reagents were generally more diastereoselective, favouring the cis
substitution pattern, than phenylselenyl and phenylsulfenyl analogues which were found to be more likely to
allow axial orientation of the intermediate PhS+* or PhSe* ions leading to the trans substitution pattern. A
hydroxyl-functionalised tetrahydropyran was also synthesised as a single diasterecisomer by employing
stereospecific acid catalysed epoxide opening.
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