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Abstract: The stereoselective synthesis of trisubstituted tetrahydrofurans from benzyl
diazoacetate and a- alkyl B benzyloxyaldehydes or a-alkyl-B-(triethylsilyl)oxyaldehydes is
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There are many tetrahydrofuran containing natural products, some of which possess
biological activity and are of potential therapeutic interest.! As a result, the stereoselective
construction of tetrahydrofurans has been the subject of extensive investigation.2 We have
recently shown that the treatment of B-benzyloxyaldehydes with ethyl diazoacetate in the presence
stannic chioride resuited in the formation of tetrahydrofurans with a high degree of

stereoselectivity.3 For example, aldehyde 1 afforded tetrahydrofuran 2 in 75% vyield as a >10:1

mixture of stereoisomers {(eq. 1).
{ea. 1)
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(Table 1, entry 11). This result led us to study the generality of this reaction in the series of o
aldehydes, shown in Tabie 1, where the steric bulk of the a-alkyl substituent was varied from a
methyl to a #-butyl group. Based on other work from our laboratory,4 we elected to carry out this
survey using both p-methoxybenzyi (PMB) and triethyisilyl (TES) protected aicohois.

The reaction of substrates with a PMB protecting group on the alcohol afforded

tetrahydrofurans in 8-75% yieid (Tabie 1). Substraies with a TES protecting group were easier to

prepare and generally afforded tetrahydrofuran products in higher yields than the corresponding
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PMB protected alcohols. The exception to this trend was o-methyl aldehyde 1, which afforded a

higher yield of tetrahydrofuran 2 with the PMB protected alcohol (Table 1, entries 1
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largest enhancement in yield was for the reaction of a--butyl aldehyde 9, which increased from an
8% to an 87% vyield of tetrahydrofuran 10. The TES protected aldehydes generally afforded

higher yields of tetrahydrofurans with boron trifluoride etherate than with stannic chloride (Table 1,

entries 3, 4 and 7, 8).

Table 1. Stereoselective Synthesis of Tetrahydrofurans.

Entry P—Aldehyde? Conds.b Ester—R THF Yield¢
N2. CO.-R
>~ z
—a a— RMa ~ som et A~ Mo —_— - 3
1 FMb e onlig (V.0) ol § B ! 75 (10:1)8
P—o0_Aho Z—S
2 SiEts 1 BF3:0Et» (1.0) Bn 07 "CO,R 53 (7.2:1)¢
2
3 SiEt3 B SnCls (0.2) Bn B AH 44 (3.0:1)
P_O\/l\c.u.o ,\) /,(
4 SiEt3 3 BF3*OEt» (0.2) Bn 07 “CO;R 66 (3.0:1)¢
4
5 PMB SnCly (0.2) Et 21 (4.5:1)¢
PhiH.G, OH
6 PMB CHzPh  SnCly (0.2) Bn 2}‘ 29 (4.5:1)
" CHO 0~ "COzR
7 SiEt3 5 SnCl4 (0.2) Bn 2" 54 (3.0:1)¢
6
8 SiEt3 BF3*OFEt; (0.2) Bn 72 (3.5:1)¢
9 PMB FPr SnCly (0.5) Et Py PH 27 (>20:1)
P—0_~cho [ ,
10 SiEts 7 BF3+OEt, (1.0) Bn COR 67 (>20:1)
8
11 PMB +Bu SnCly4 (0.5 Bn By~ OH 8 (>10:1
12 C\'EtA CHO DE_MNEd_ /4 N = TN LA)"I"I'\ o a7 {_OMN-4\
3 9 DF3TVELR \ 1.J) DIl |} wuon Q7 \PaV. i)
i0

aPMB = p-(CH30)CgH4. PLewis acid followed by equiv. used; yields for 1.0 and 0.5 equiv of BF3*OEt, were within 3% of

ach other. °Yield is followed hu diastereomer ratio determined h\: HPLC nnnl\:cle of the crude nrnrhmf mixture unless
Uﬂull LIV . IV YV ML LTI VIV Wit

noted otherwise. leastereomer ratio determined by 'H NMR mtegratlon (see ref 3). €The crude reaction mixture was
treated with HFepyridine to remove the silyl group from the secondary alcohol.
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The reactions of aldehydes 3, 5, 7, and 9 show a preference for increasing stereoselectivity
with increasing steric bulk of the substituent o to the aldehyde. For example, the 4—ipropyl and 4-
t-butyl tetrahydrofurans 8 and 10 were produced as single diasterecisomers (Table 1, entries 10
and 12). Even though the i-propyl tetrahydrofuran 8 was formed in only 67% isolated vield (Table
1, entry 10), a thorough GC-MS analysis of the reaction mixture failed to provide evidence for the
formation of any diastereomeric tetrahydrofurans. The 67% yield appears to be due to

ol e e o H - 4
aecomposituon ol

aldehyde does not hold for a-methyl aldehyde 1.6

The assignment of the stereochemistry of the major tetrahydrofuran diastereomers is based
on TH NMR data and X-ray crystal structures. The X-ray structure of a derivative of 2,3 and of
tetrahydrofuran 6 (R = Bn), showed the alkyl and hydroxyl groups in a cis-relationship, and trans to

the ester.5 The 1H NMR spectrum of 2 and 6 (R = Bn) showed diagnostic H-H coupling constants

the major isomers of the other tetrahydrofurans to be assigned as well. As shown in Table 2, the

1H NMR data is self consistent and st

‘OH

Table 2. Summary of TH NMR Data for the Major THF Diastereomers.
H3"F.:i ',,,HZ

~o ¥icozBn

THF H1 H2 H3 J(H2—H3)|

2,R'=Me |54.43,d(J=22Hz)| 54.33,dd(J=2.2,53Hz) | §2.32,m 5.3 Hz
4, R =Et |54.46,d(J=09Hz) | 54.33,dd (J=0.8,48Hz) | 52.08 m 4.8 Hz

6,R'=Bn | 8449,d(/=08Hz)| 5431, brt(J=48Hz) 5252, m 4.8 Hz

8 R =FrPr 864.51,s 54.38,t(J=4.4 Hz) 81.81,m 4.4 Hz

10, R' = t-Bu 34.44, s 34.47,t (J=4.8 Hz) 51.88, m 4.8 Hz
The minor diastereomers were isolated in the case of tetrahydrofurans 2, 4, and 6 but could
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same relative stereochemistry. The tentative stereochemical assignment of R, PH
the minor diastereomer shown at the right is based on NOESY and 1D- { \
NOE experiments.

it is interesting to note that the stereo
independent of the Lewis acid, bidentate SnCls or monodentate BF3*OEt>, and the alcohol

protecting group. As shown in Table 1, the relative stereochemistry of the major diastereomer

remains unchanged and consistent. A priori, we expected a change or possible reversal of

In summary, we have shown that the synthesis of 2,3,4-trisubstituted tetrahydrofurans from

diazoesters and a-alkyl-B-(triethylsilyl)oxyaldehydes is a highly stereoselective and general

reaction. Further studies on this and reiated methodology are currently in progress.
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