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Abstract -— The allylic epoxides /1/-/4/ were transformed to

the tetrahydrofurfuryl alcohols /17/-/20/, respectively. The

formation of /6/ and /10/ in the hydroboration-oxidation of

/4/ is interpreted. The monohydroboration-oxidation of /13/ and

/14/ gave /15/ and /16/, respectively.
Recently, we reported a convenient stereoselective synthesis of allylic alcohols
by the reduction of vinylic epoxides with diborane]’2 Extending our study to
other unsaturated epoxides, the hydroboration of representative allylic epoxides
41/-45/ was examined. Stoichiometric experiments /BH3 in THF, 0°C/ revealed fast
/5=10 min/ utilization of one hydride equivalent per mole of the epoxide. In the
case of /1/+/3/, the second hydride eguivalent was used in 24 h and the reaction
stopped at this stage, whereas /U/ used 2.5 hydride equivalents and hydrogen
evolution was observed / 0.4 mole of H, per mole of the epoxide/. The hydrobora-
tion-oxidation products obtained from /4/ were isolated and identit'ied as a mix-
ture /75 % yleld/ of /5/-/10/ by glc comparison with authentic samples. In

addition to the diols, a mixture of triols was also obtained.
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The stereachemistry of /6/ and /10/ ruling out a simple reductive epoxide ring
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opening and the hydrogen evolution during the reaction may be explained assuming
the sequence of transformations involving the intermediates /11/ and /12/. Ally-
lic alcochols of similar structures to /11/ and /12/ have been postulated as the

intermediates in the reduction of epoxides with diborane?
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The monohydroboration of [l/-[ﬂ/ with BHB/THF followed by standard alkaline

W

hydrogen peroxide oxidation /2 h, 2o°c/ gave the corresponding epoxy alcohols

and products of their cyclization, e.g. a mixture of 4,5-epoxy-i-pentanol /2L %/
tetrahydrofurfuryl alechol /70 %/ and 3-hydroxytetrahydropyrane /6 %/ wes obta~-
ined from /1/. Similarly, 45/ gave 1-/3-hydroxypropyl/-?-oxabicyclo[h.1.0]heptnno
/27 %/ and 1-oxaap1ro[h.ﬂ decan-6~0l1 /73 %/. By stirring of these mixtures with
M NaOH solution, the epoxy alcohols were transformed into the cyclic products,
Alternatively, the oxidation of the organoboranes derived from Al/-é&/ with
hydrogen peroxide in the presence of 100 % excess of sodium hydroxide resulted

in the formation of /l?/-/gg/ as the main reaction products /Table t/. Smell
amounts of diols which were also Fformed could be separated by distillation. No
attempt wns made to optimize the reaction conditions. However, a 10-15 % inorease
in the yilelds of the cyclized products was observed when bis-/3-methyl-2-butyl/-
borane was used as the hydroborating agent. In a marked contrast, the monohydro~
boration-oxidation of 5,6eepoxy-1-hexene /13/ end trans-1-methyl-4-isopropenyl-7-
oxabicyclo @u1.0]heptane /14/ carried out under the same conditions as described
above gave 5,6-epoxy-i~hexanol /15/ [130 nmr, /CDCla/,S , 62.20 /01/, 5241 /C5/,
47.08 /06/, 32.38 and 32.20 /C, and Ch/, 22,32 /Cg/] and trans-t-methyl-li-/1=
methyl-Z-hydroxyethyl/-?-oxabioyclo[h.1.Q]heptana /16/ [1H nmr, /001“/,8 , 0.75
/34, d, J 6.5 Hz, CHB/, 1.20 /3H, s, CHB/. 1.25 - 2.07 /8H, m, CH, end CH/, 2.78
/184, 4, J 5.0 Hz, CH-0 epoxide/, 3.28 /2H, 4, J 5.0 Hz,CHz—O/, 3.50 /14, s, OHﬁ
in 75 and 80 % yield, respectively,Clearly, oxidation of the organoborane inter-

mediates derived from /1/-/4/ proceeds with fast cyclization. Cyclzations of
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Table 1. Monohydroboration-Oxidation of Allylic Epoxidesa

epoxideb % product composition vie1ld®
4,5~epoxy=1=pentene /1/ tetrahydrofurfuryl alconol® /l?/ g2 s
¢]
3-hydroxytetrahydropyranee 8

3, J~dimethyl=-4, S5=epoxy-

~twpentene /2/ 3,3-dimethyltetrahydrofurfuryl alcoholf/lg/ 81
h,h-dimethyl-3-hydroxytetrahydropyranef 6 6%
3, 3-dimethyl-1,4~pentanediol® 13

4,5«epoxy=li-methyl-1-

pentened [2/ 2-methyltetrahydrofurfuryl aloohol® 719/ 82
2=methyl-1,5-pentanediol® 4 6
2-methyl-1,%-pentanediol® 6 °
bemethyl-1,4%-pentanediol® B

1=allyl-7=0xabioyclo

[h.l_o]heptane /h/ 1-0xaspiro [lluj]deoan-6-oli /20/ 86
ois-2-/2-hydroxypropyl/-oyclohexano13
trans-2-/2-hydroxypropyl/-cyolohexancl® 62

1-/Buhydroxypropyl/-cyklohexanolg

woWw W

2-/3-hydroxypropvyl/-cyclohexanols'J

“Hydroborations carried out in THF at 0°Cc for 2 h, epoxide/BH3 ratio 3 : 1.
Oxidation with Hzo2 in the presence of 100 % excess of NaOH for 10 h at room
temp. bPrepared by epoxidation of the corresponding diene with peracetic acid,
°Isolated vields. dP;epared by dehydrochlorination of 1-chloro-h-penten-2-olu

with powdered KOH in Et,0. ®Jdentified by comparison /glo, ‘30 nmyr/ with the au~

2
thentic samples,. fComposition based on 'H nor and gle. 8ldentified by glc compa-
rison of the diol, its trimethylsilyl ether and trifluoroacetate with the authen-
tic sample. Brsolated by distillation, bp 72-73°%C /b mm/,’H nmr, /001h/,5 $1.12
/3H, s, CHS/, 1.37 - 2,12 /b8, m, CH,-CH,/, 3.32 /2H, s, CH,0/, 3.77 /2H, t, J 6
Hz, CH,0 in the ring/, 4.54 /1H, s, OH/. 11so1ated by distillation, bp 70-72%
/1 ma/, ‘3¢ nwr, foDc1,/,b , 86.80 /0.7, TH.66 [Cgfy 67.61 /Cy/s 35.87 /Cu/s 31
63 /C1o/, 28.03, 26.7%, 23.684 and 23.78 /CB' Cyy Cg end Cg/’ IA mixture of ois

and trans isomers.

?-apoxy aloohols in a basic medium have often been observed previously':’”6 Al-
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though the yields of tetrahydrofurfuryl alcohols obtained in this study are only
moderate, the tranasformation is simple, 1t can be easily scaled up to molar qua-

ntities and it c¢an provide compounds with geminal substituents in the ring.
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