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Abstract — A series of 4-penten-1,3-diol derivatives were prepared and treated with
phenylselenenyl chloride to provide tetrahydropyrans. The stereochemical course of the reactions
is consistent with a chair-like transition state in which the oxygen substituent at the 3-position
largely occupies an axial site. A structurally related 3-methyl-4-penten-1-ol derivative gave a
major product consistent with a chair transition state in which the methyl group occupies an

equatorial site.

During the course of studies directed toward natural products with tetrahydropyran substructures, we have
studied the stereochemical course of electrophile-initiated cyclizations of 5-aryl-4-penten-1-ols.'* This
work has recently been extended to cyclizations of the type shown in equation 1 (1 — 2).° This
communication describes results that reveal an unexpected stereochemical preference dictated by the 3-

oxygen substituent.

OH _R' O_L_R'
5 I Electrophile
R 4 » R 2 )
3 Stereochemistry ?' s E
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Studies began by examining the reactions shown in equation 2. Thus, treatment of alcohol (3) with
phenylselenenyl chloride in dichloromethane at -78 °C gave a 96% yield of a 3:1 mixture of diastereomeric
tetrahydropyrans (4) and (5), respectively.*” The stereochemical assignment for 4 was based on an 11 Hz
coupling between H, and H,, indicative of a trans relationship, and the appearance of H, as a broad singlet,
indicative of a cis relationship with H,. On the other hand, in 5 both H, and H, were coupled to H, by 11
Hz.® Similar treatment of 6 with phenylselenenyl chloride gave a 4:1 mixture of tetrahydropyrans (7) and
(8) in 90% yield.®
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It is notable that if the cyclizations described in equation 2 occur via a chair-like transition state, the chair in
which the allylic oxygen is axially disposed is preferred. This can be explained by a combination of steric
effects (avoidance of a gauche interaction between the C, substituent and the adjacent geminal methyl
groups) and electronic effects (the C, oxygen can behave as an electron-withdrawing group, and thus
deactivating group, when equatorially disposed through CO,—C=C, overlap, but not when axially
disposed).”'® To examine the role of steric effects in the process it was decided to study a substrate lacking
the gem-dimethyl group. Therefore 4-penten-1,3-diol derivative (9) was prepared using the 3-step reaction
sequence described without comment in Table 1.

OH _Ph  pysecl, CH,CI, Me Ph,

OR 1 o
=0 Ph = SePh
| - T 0)
Me

Me or Me
3 R =CH,OCH, 4 R=CH,0CH; 96% (3:1) 5 R=CH,0CH,
6 R = SiMe,t-Bu (TBS) 7 R=SiMey-Bu  90% (4:1) 8 R =SiMe,Bu

Treatment of 9 with phenylselenenyl chloride gave a 4:1 mixture of tetrahydropyrans (10) and (11) in 90%
yield (equation 3). Once again the stereochemistry of the tetrahydropyrans was based on the appearance of
H, as either a doublet of doublets (J = 11, 3 Hz) in 10 and as a triplet (J = 11 Hz) in 11. This result
indicates that the gem-dimethyl group does not play a role in the stereochemical course of the reactions
shown in equation 2.

Table 1: Synthesis of Cyclization Substrates''

Ar O« _OEt _Ar O _OFEt _Ar OH _Ar
| Step A I Step B | Step C |
q — = R —— R —_— R
R
0 R on OTBS R orBs

A: R,C=C(OEt)(OLi), THF B: TBSCI, imidazole C: DIBAL-H

Synthesis Yields (%)
of R Ar Step A Step B Step C
9 H Ph 91 93 79
12 Me E-CH=CHPh 78 84 87
15 H E-CH=CHPh 50 98 71
18 Me E-CH=CHPMP 51 72 85

It was next decided to extend this process to substrates with C,-styryl groups. Therefore cyclization
substrates (12, 15 and 18) were prepared (Table 1) and subjected to the aforementioned cyclization
conditions (equation 4). Each reaction delivered a 4:1 mixture of diastereomeric pyrans in modest to good

yield.'> The C, alkoxy group occupied an axial site in the major product in each case."” It is also notable
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that the styryl group survives the reaction without suffering competitive addition of phenylselenenyl

chloride.

OH _Ph  phsect, CH,CI, OTBS o O
> ~0 Ph >=SePh (3
-78 °C SePh  * OTBS
2
OTBS
9 10 90% (4:1) 11

If the diastereoselectivity observed in the aformentioned cyclizations was due to a stereoelectronic effect, it
was reasoned that replacing the C, alkoxy group with an electron donating substitutent might reverse the
sense of stereoselectivity. In other words cyclization might occur from a conformation in which the C,
substituent occupied an equatorial site. Therefore alcohol (21) was prepared and examined.'"* Indeed
treatment of 21 with phenylselenenyl chloride provided 22 in 82-92% yield with at least 20:1
diastereoselectivity.” The stereochemistry of 22 was once again based largely upon the appearance of H,

as a triplet (J = 11 Hz).

Ar
OHl PhSeCl, CH,CI, OTgs -
5 - = 4)
R ~ R + (
3 78 OC M\
R OTBS R
12 R = Me Ar = Ph 13 R=MeAr=Ph  69%(41) 14 R=Me Ar=Ph
15 R=H Ar=Ph 16 R=H Ar=Ph 39%(4:1) 17 R=HAr="Ph

18 R = Me Ar = p-methoxyphenyl 19 R =Me Ar=PMP 76% (4:1) 20 R = Me Ar = PMP

In summary, the electrophile-initiated cyclization route to tetrahydropyrans has been extended to

accommodate placement of alkoxy groups at C, of the tetrahydropyran. This may have some synthetic

6

value given that many tetrahydropyran-containing natural products are oxygenated at C,.' Furthermore,

this study has uncovered another example of a cyclization that may occur via a chair-like transition state in

17

which a backbone substituent prefers to occupy an axial rather than equatorial site.© We suggest that this

unusual preference may be due to a stereoelectronic effect.

OH _Ph Ph
PhSeCl, CH,Cl, O for’
| Z SePh )
78 °C Me
Me 82-92% (20:1)
21 22
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