Tetrahedron Letters,Vol.28,No.50,pp 6339-6342,1987 0040-4039/87 $3.00 + .00
Printed in Great Britain Pergamon Journals Ltd.

Lactols in Stereoselection 2.
Stereoselective Synthesis of Disubstituted Cyclic Ethers.
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Summary: Direct reaction of lactols with organometals (Met. = Al, Ti, Zn, Sn)
in the presence of Lewis acid provides disubstituted tetrahydrofurans and
tetrahydropyrans with high diastereoselectivity.

Lactols exhibit two distinct types of reactivity in the reaction with
nucleophiles. One 1s the behavior as the hydroxy aldehydes (path A), whose
)

usefulness in the remote stereocontrol has been clescribed.‘| Another possible
reactivity is the formal substitution of the hydroxyl group at C(1) to give the
cyclic ethers (path B). Although a number of related reactions have been
2) .
little

is known about the direct reaction of lactol itself.3) In the course of our

reported for the C(1)-activated derivatives (e.g. Cl, OAc, OMe, etc),

research on the use of lactols in stereoselection, we became interested in
the latter reaction with particular attention to the stereoselectivity as well
as to the reaction conditions to discriminate the two paths (A or B). In this
report, we wish to describe the diastereoselective direct introduction of
various groups to vy- and §-lactols leading to 2,5- and 2,6-disubstituted

tetrahydrofurans and tetrahydropyrans 2.
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The clue to modulate the reactivity to the path B lies in the employment

of Lewis acid. Combined use of the Lewis acid (BF3-OEt2 or TiCl4) with
modestly nucleophilic reagents allows to direct the reaction to the path B.
The results are summarized in Table 1. MeZZn was inert towards the lactol

11), but in combination with the Lewis acid it gave the desired product 2 in
high vyield (Run 1,2,3). When Me3Al was used as a methylation reagent,
coexsistence of Lewis acid dramatically altered the reaction path. Only diol
3 was obtained in the absence of the Lewis acid, while 2 was obtained as the
, OBt, (Run 4,5). In the case of MeTiCl3,4)
the reaction paths greatly varied with the solvents wused (Run 6,7); the

sole product in the presence of BF

tendency can be ascribed to the change in the nucleophilic character by the
Lewis Dbasicity of the solvent. In contrast, highly nucleophilic reagents,
such as MeMgBr or Meli, are not suitable for the present reaction, since they

only provided complicated reaction mixtures in the presence of BF3'OEt2.

Table 1. Nucleophilic Reaction to Lactol 1: Path A vs. Path B.S)
OH Me
1.Lewis Acid(2 equiv.) OH
Q 2.Nucleophile(3 equiv.)_ o + Me
(-78 °C-»rt.) R
R, R=CH,0SPh, t-Bu R" , 3 OH

Run Nuc]eophi]ea) Lewis acida) Solvent Yield (Z)b)
2 3

c)
1 MeZZn ————— CH2C]2 0 0
2 MeZZn BF3-0Et2 CHZC]Z 82 0
3 MeZZn T1C14 CH2C12 73 10
4 Me3A1 ————— CHZC]2 0 67
5 Me3AT BF3-0Et2 CH2C12 75 0
6 MeTiC13 ————— Et20 0 82
7 MeTiC'I3 ————— CH2C12 41 0
8 MeMgBr EtZO 0 73

9 MeMgBr BF 5+ OEt, Et,0 0 o?)

10 MeL i BF 5+ OEt, Etp0 0 od)

a) Lactol was treated with Lewis acid followed by nucleophile at -78 °c. Temperature was
gradually raised to rt. b) Isclated yields. c) Lactol 1 was recovered quantitatively, d)

Complicated reaction mixture. None of 1, 2, 3 were observed by TLC.

Further, several organometallic reagents were successfully employed as

6)

nucleophiles. Thus, organozinc, organostannane7) reagents gave good

results, which are summarized in Table 2. Various groups were introduced to
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the C(1) position of lactol
tetrahydrofurans in good yield.

1 to afford the corresponding disubstituted
8)

Table 2. Synthesis of 2,5-Disubstituted Tetrahydrofurans.s)'g)

L4 ’

OH R R
1. BF ;" 0Et,(2 equiv.) -
(o) — 0 + (o)
2. Nucleophile(3 equiv.)
_ . (-78 °C—»rt.)
R 4 R=CH,0SiPh,t-Bu R™ 4 R' g
Run 4,5 R Nucleophile Solvent Yield (2)*) 4 /5P
1T &  Me e, Zn CH,C1, 82 8.1/ 1
2 a2 Me Me A1 CH,C1, 75 10 /1
3 bt Et,Zn CH,CT, 80 8.6 /1
4 b Rt Et,AT CH,C1, 61 13 /1
5 ¢ CH,=CHCH.— (CH,=CHCH,-).SnBr, CH.CI 72¢)+4):10) 45 /4
2=CHCH, p=CHCHy=),SnBr,  CHACT, N
6  d CH,=CH-  (CH,=CH-).SnBu CH,C1 66 47 /1
2 2=CH-),SnBu, 2015 9
7 e  ph Ph,Zn £t,0 72 2 /1

2 2

a) Isolated yields. b) Ratios were determined by HpLcl) except Run 7. c¢) The corresponding
homoallylic alcohol was obtained (10 % yield) as the byproduct. d) 4, 5 were separable on Si0z TLC.

All reactions exhibited a high trans selectivity which is explained by
considering the oxonium ion intermediate, where the attack of the nucleophile
occurred from the opposite face to the substituent. Interestingly, efficient
vinylation of 1 was found to be possible in excellent selectivity by

7).12) Furthermore, the reaction to §-lactols 6

employing (CH2=CH—)ZSnBu2
under similar conditions proceeded in good yield and with excellent trans

selectivity (Table 3).

Table 3. Synthesis of 2,6-Disubstituted Tetrahydropyrans;s)'13)
OH Br Rl
(s} 1.Nucleophile(3 equiv.) o ~ o)
g 4.
2.BF»0Et,(2 equiv.)
3 2 R R

6 R=CH,CH,Ph in CHyC1, 7 8
Run 7,8 R Nucleophile Temperaturea) Yield (Z)b) 1/8 c)
1 a M Me,Zn 0°% =rt 78 50 / 1

b Et Et,Zn 0% —=rt 82 >100 / 1

_ _ < _ _9q O

3 c CHZ—CHCH2 (CHZ—CHCH2 )ZSnBr‘2 78 “C —~»rt 77 70/ 1

a) Temperature was raised to rt during 3 hr. b) Isolated yields. c¢) Ratios were determined by HPLC.11)
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The salient feature of the present process lies in the chemoselectivity
(path A wvs. path B) and in the high diastereoselectivity. Further

investigation on the synthetic application of the process is now under way.
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