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Oxidation of 2,:3-dihydrofuran or 2,3-dihydropyra~i \\.ith peroxybe~~zoic acicl or m-chloro- 
peroxybenzoic acid in the presence of a n  alcohol has produced, respectively, tru~~s-2-all;oxy-:l- 
h),drox);tetrahydrofi~ra~~s in 59 to 64% 1:ield and tra~~s-2-allcoxy-3-hydroxytetrahydropyrans 
in 65 to 80% >.ield. I n  the presence of ac~ds ,  these acetals isomerize readily to give an equili- 
brated mixti~re of cis and trans isomers. 

Simple modeIs of pyranosides and furanosides ~vhich possessed, in addition to the 
anomeric 11ydrox)-1 or allcoxy group, only one 11ydrox)~l group in the ring (and that 
specifical1~- on C2) were required for a studj, of the influence of substituents on the selective 
hydrogenolysis of acetals and lietals (1). The dihydroxylation of a,p-unsaturated ethers 
\\-as considered to be a Ineans to this end. 

This approach has been used by several n-orlcers, but yields in general n-ere not satis- 
factory. Glycnls ( 2 ) ,  which are a,p-unsaturated cyclic ethers, have in a number of cases 
been oxidized by peroxybenzoic acid to give, first, what is believed to be an intermediate 
epoxide. Cnder the reaction conditions this was rapidly converted into either a reducing 
sugar or a glycosicle in the presence of water or an alcohol or a carboxylic acid (2-4) 
(lieaction Scheme 1). 

r- 7 

In a similar reaction, Bergmann et al. (5) showed that oxidation of 2-methyl-5,G- 
dihydropyran n?ith peroxybeilzoic acid provided the diol 2-methyl-3,3-dil1ydroxytetra- 
hydropyran, isolated by these authors as the acyclic coinpound 4-hydroxy-4-aceto-I- 
butanol. 3Iethanolysis of a dimer of this compound, obtained if the above product was 
isolated 1 1 ~ 7  distillation a t  GO0 rather than 30°, gave 2-methyl-2,3-dimethoxytetral1ydro- 
pyran. 

I3arker et ad. (6) oxidized 5,G-dihydropyran with peroxybenzoic acid and obtained 
2-bcnzo~-loxy-3-hydroxytetrahydrop~lran, to \vhich they teiltatively assigned the t r a m  
configuration. 

Recently ( i ) ,  a mixture of hydrogen peroxide and a nitrile has beell used to convert 
72-but1.l vinj,l ether in methanol into n-butyl p-11ydroxy-a-methox~~et1~~~l ether in 
yield. I-Iere also, the intermediate was considered to be an epoxide. 

' F I O I I I  the .iLrork of I;. Sweet to be szfbti~itted to tlre Uepaittile?~t of Cltenllstry, UniTelszty of .Ilbertn, Edrrzontot~, 
as  part o j  the 7eqzt?retiiet~ts for the degiee o j  Doctor of PIzilosopl~y. 
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RESULTS X S D  DISCUSSION 

With the \\;orlt mentioned above as a basis, we have obtained a simple and Inore 
productive route to 2-all:oxy-3-hydroxytetral~ydropj~rans and 2-alkoxy-3-hydros)-tetra- 
hydrofurans, using either peroxybenzoic acid or -m-cl~loroperoxybenzoic acid to oxidize 
dihydropyran or dihydrofuran dissolved in the appropriate alcohol. The results of these 
experiments are sho\vn in Tables I and 11. In all cases the nuclear magnetic resonance 
(n.1n.r.) spectra of the con~pounds \vere consistent with the structures designated. Oxicla- 
tion of 12-butyl vinyl ether by this modified inethod gave a 92% yield of pure n-butyl 
P-hpdroxy-a-methoxyethyl ether. 

The proposal of initial formation of an intermediate epoxide as in Reaction Schellle 1 
( 5 )  is supported by the fact that  the reaction product is almost exclusively the trans-2- 
alkoxy-3-hydroxytetrahydropyran or tra~zs-2-alkoxy-3-hydroxytetrahydrofuran. This is 
in agreement \\?it11 the kno~im preferred trans opening of the epoxide ring (8). Since me 
have not yet been able to isolate the proposed epoxide intermediate, i t  is not certain that 
it actually does occur in this reaction. I-Iowever, to account for the trans product, either 
such an intermediate must be fornled or, alternatively, an "epoxide-like" transition state 
nlust be involved. Evidence for the trans assignment is shonrn below and is supported by 
n.1n.r. data. A detailed account of this and the confor~llatio~lal preference of the structures 
is given in part I1 in this series." 

If the reaction mixture, obtained from the epoxidation and alcoholysis of the a$- 
unsaturated cyclic ether, \\.as worl;ed up immediately after completion of the reaction 
(about 12 to 14 h),  the trans isomer nras obtained, as s h o ~ \ ~ n  by gas-liquid chronlatography, 
conta~llinated by less than 1 yo of the cis isomer. If the reaction mixture stood for "a)-s a t  
room temperature before n;ork-up, the amount of cis contaminant increased to about 
&lo%, sho~ving that  iso~nerization had tnlten place, no doubt caused by the presence of 
the benzoic acid."When pure trans-2-rnethoxy-3-hydrox)itetra11ydropyrai~, obtained by 
gas-liquid chromatography, was dissolved in the appropriate alcohol containing some 
p-toluenesulfonic acid, an equilibrium mixture (39:Gl) of cis and t ~ a n s  isoiners n-as 
obtained. The same proportion of cis and trans isomers ivas found n~hen pure cis isonler 
was equilibrated under the sanle conditions (Reaction Scheme 2).  In a si~llilar manner, 
the acid-catalyzed iso~nerization of trans-2-methoxy-3-liydroxjrtetrahydrofuran gave an 
equilibriuln mixture of cis and tra7zs isonlers in the ratio of 20:80 (Reaction Sclieilie 3).  

OCH, 

' F .  Saeet (1nd I?. I<. Bio.;r?~, it1 piepnratio?~. 
' T l ~ e s z  ocet(~1.s ni.c 11.ydiolyzed c~tzd iso~t~eii;erl ezlieiizely easily, a t ~ d  cai~,  be picsei:'cd  OIL!^ i i ~  g l ~ ~ ~ i i l ~ ~ i . ~  c ( ~ i . ~ ~ ' i ~ l l j  

clenticd zcizder ulknlitle ~ o ~ ~ d i t i o ? ~ . ~ .  
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'I'ABLE I 

trafzs-2-Alltoxy-3-hydro.uytetrahydropplas frorn the reaction of 118-chloroperbenzoic or perbenzoic acid with 5,6-dihydropyri111 in nlcohol (ROI~I) 

.. 

yo analysis 

Substi tue~lt  Calcd. I:oi~nd 
Boiling point Refractive index, - 

I< R' (melting point) ~ I J  (temperature) C H N C 1-1 N % yield 

CaH:, H G Y a t 2 . 5  mm 
C?I-16 DNB (llG-117") 
C213s CI13 46-47" a t  5 . 2  lnln 

i-C3H7 H G3-64" a t  2 m m  
i-C3H7 DNIi (06-97') 
i-C3117 CIIa 92-93" a t  30 mm, 

56-57" a t  7 In111 

r .  I he cis isomer 
CI~IP 1-1 tigo a t  2 .2  mm$ 
CI-I 3 I>NB (8s") 

*DNB = 3.5-dinitrobenzoyl. 
?Obtained by separation of a n  equilibrated solution of cis and 1l.alrs isomers. 
SRlicro-de~ermination. 
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SWEET AND BROWN: P\iK.iSS A N D  FURANS. I 1575 

The  trans and cis assignments of the t\\ro iso~lleric 2-methoxy-3-11ydroxytetrahq.dro- 
pyrans are supported by  the n.1n.r. signals for the respective anomeric protons. Tha t  for 
the trans isomer occurs as a doublet a t  T 5.80 ( J  = 5.2 c.p.s.) whereas that  for the cis 
isomer is a doublet centered a t  T 5.43 ( J  = 3.2 c.p.s.). I t  is known that  axial protons shoiv- 
signals a t  higher field than do those occupying an  equatorial position (9). Furthermore, 
the coupling constant of 3.2 c.p.s. agrees with the axial-equatorial relation of the C1 and 
Cz protoils found for both conforrrlations of the cis isomer, and that  of 5.2 c.p.s. is in 
agreement with an  "average" signal obtained from two conforinatioils of the trans isomer, 
one of \vhich has a trans diaxial relation for the CICz protons, the other conformer having 
these two protons located diequatorially (9) (Reaction Scheme 2). 

The  trans-2-methoxy-3-hydroxytetral~ydrofran gave a singlet a t  T 5.22 for the anomeric 
proton (unresolved even a t  high resolution). The signal for the anomeric proton of the 
cis isoiner was a doublet centered a t  T 5.05 ( J  = 6.3 c.p.s.). These figures support the 
trans and cis configurational assignments. 

A Inore detailed discussion of the conforillational arrangements \\;ill be given in part  I1 
in this series.? 

EXPERIMENTA~\L 
LIeltii~g points are ~~ncorrected. 
Analyses were carried out with a Burrell I<-2 Kron~o-Tog OII a 2.5 m colurn~~ paclced with either 25% 

Carbowax 20 R I  on Gas Chrorn P (60-80 mesh) or 20% butanediol succi~~ate  on Chromosorb U. I-Ieli~~ni 
was used as the carrier gas a t  a flow rate of GO ml/rnin, and the c o l u ~ n ~ ~  temperature \vas 150'. 

Separation of cis and tr(~1is iso~l~ers was accoi~~plished with an  Xerogrnph autoprep, model A-700, using a 
col~~rnn packed with 257; Carbowax 20 iL1 on Gas Chrorn P (temperature 1'75") and heliuln as the carrier 
gas a t  a flow rate of 110 ml/min. The equilibrium tnistures of cis and t m m  isomers were analyzed by gas- 
liquid chro~natography on the butanediol succinate column by comparison of peak areas n~i th  those obtz~ined 
from known and carefully weighed mixtures. These figures are consistent. \\,it11 those obtained by 1l.m.r. 
analyses. 

Elemental analyses were carried out by Miss L)arler~e Roberts, D e p a r t m e ~ ~ t  of Cl~emistry, University 
of Alberta, Edmonton, and by Dr. C. Daessle, 575'7 Decelles -Avenue, hIontreal. 

Nuclear ~nagnetic resonance spectra (in CDCla) were obtained with a Vnrian ;I-GO spectrometer. A Perkin- 
Elmer rnodel 421 grating spectrophotometer was used to obtain infrared spectra of CI-IC13 solutions of the 
compounds. 

4 , 5 - D i l ~ y d ~ o J 1 ~ r a ? ~  \vns prepared, accordir~g to a ~nodificatio~~ (10) of published directions ( l l ) ,  by the base- 
catalyzed isomerization of com~nercially available 2,5-dihydrofura~~. 1:ractiorlal distillation ill a spinning- 
bar~d colun~n gave an inco~llplete separation of the two isomers, as shown by gas-liquid chro~n;ltographic 
and r1.nL.r. spectroscopic a11;1lysis of each fraction. A 4 ft column paclced with stainless-steel saddles gave an 
excellent separat io~~.  The 4,5-dihydrofuran boiled a t  52.5" and 695 mm, ?D?O 1.4338, 77D" 1.4304 (lit. b.p. 
.5:3-55" a t  745, 1.4200 (10); b.p. 54.3" a t  TGO mm, 77DZ0 1.4283 (12)). 'The 2,5-dihydrofuran boiled a t  
63-65" and '700 mm,  tlD?".4'2E)'7, 7 ~ ? 0  1.4309. 

Getzcral P r o c e d ~ ~ r e  for llie Preparn t io?~  oJ 8-illko.~y-S-1zydrox~~tetraI~ydro~~~~rn1i~ (111d 2 - A l k o . ~ y - ~ ~ - J 1 y d ~ o . ~ y -  
te l~n1zydrof~11-am 

To a cold (-10" to -5') solution of 0.35 Inole of corn~nercial 5,G-dihydropyran or 4,s-dihydrofi~ran (10) 
in 350 ml of anhydrous alcohol.' was added, over a period of 35 ~ n i n  with stirring, a s~lspe~lsiol~ of 0.36 mole 
of perosyber~zoic acid (13) or TIZ-cl~loroperoxybe~~zoic acid (FhIC Corporation, 500 Roosevelt X V ~ I I L I ~ ,  
Cartaret, Neiv Jersey) in 150 1n1 of dry chloroform. The tenlperature during this addition was maintained 
a t  -10' to -So. Stirriug was continued a t  -5" for 15 nlin after complete addition of the oxidant. The 
cool i~~g bath was then removed and the reaction mixture was stirred a t  room temperature overnight. The 
chloroforln, alcohol, and excess dihydropyran (clihydrofuran) were removed under reduced pressure with 
a rotary evaporator and a water bath a t  50°. 'The residue, consisting of a mixture of benzoic acid or 711-chloro- 
benzoic acid and the 2-all;osy-3-hydroxytetrahydropyra11 (2-alltoxy-3-hydrox);tetrahydrof~1ran), was shaken 
vigorously with 400 ml of chloroform, and the mixture then cooled to O0 and filtered ~ ~ n d e r  suction. The 
benzoic acid residue in the funnel was washed tivice xvith 35 ml portions of cold chloroform. The combined 
chloroform extracts a l ~ d  mother liquor were extracted with 107; a q ~ ~ e o u s  sodium carbonate. Since these 
alcohols are water soluble, the aqueous sodit~m carbonate solution \vns saturated with sodium chloricle and 
extracted in t11r11 with chloroform to recover any of the alcohol. The combined chloroform extracts \Yere 
dried (Ya?SO.,), filtered, and then freed from solvent (rotary evaporator). The colorless residue \vas 

dFor t11e prepaicllro?~ of the t-blrtoxy n~~nlogzre ,  t1i.e d i l ~ y d r o p ~ r a l ~  ( d i l ~ y d ~ o J i l r a n )  w a s  d7ssoIved 211 n 11iiatlrre of 
t-blrtyl alcolz01 (225  1111) diluted w z t l ~  chlorofo~tiz (I26 n i l )  to  preoelit solidifiration oJ tlie alcohol n t  these low 
t e?~cpera t~~res .  
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fractionally distilled under reduced pressure in a spinning-band column. The r e s ~ ~ l t s  are s11ow11 in Tables I 
and 11. 

The n.rn.r. spectra (in deuteriochloroform) and the i~lfrared spectra (in chloroform) of each product n.ere 
consistent Ivith the structures assigned. 

The :3,5-dil~itrobenzoates were prepared by the addition of 1.5 g of commercial 3,s-dinitrobenzopl chloride 
to a solution of 500 mg of the alcohol in 5 nil of dry pyridine. ?'he solutioll was heated in a water bath a t  
85" for 15 min and cooled, and then the bullc of the pyridine \\,as removed by rotary evaporation. The 
residue, dissolved in diisopropyl ether or in chloroform, was washed successively with 5 ml quantities of 
ivater, 5% aqueous sodium carbonate, and water. The ether was removed, and the resultant glassy material 
was crystallized three times fro111 aqueous methanol and simultaneously decolorized with charcoal. The solid 
\\.:is dried overilight i l l  a vacuum desiccator a t  room temperature and 0.3 mm pressure. 

2-Alkory-3-nzetRorytetru1zydropyraizs (2-ALkoxy-3-nretl~oxyletralzydrof~~rans) 
'The alcohols \\,ere lnethylated by the silver oxide - methyl iodide procedure with dimethylformamide as  

solvent (14), or by the reaction of sodium hydride with a solution of the alcohol and methyl iodide in 
1,2-dimethoxyethane. The latter method is similar to procedures which have appeared recently (15, 16). 
X typical experiment, with appropriate modifications, is described below for the methylation of 2-t-butoxy-3- 
hydroxytetrahydropyrnn. The pyran (16.0 g, 0.092 mole) was dissolved in 100 ml of 1,2-dimethoxpethane" 
containing 14.2 g (0.10 mole) of methyl iodide. 'The solution, in a 300 ml, three-necked flask equipped with 
a magnetic stirrer, an efficient condenser, and a thermometer, was cooled to 10' and four equal portions 
(total of 2.4 g, 0.10 mole) of sodium hydrideQvere added, with stirring, while the reaction mixture was 
liept a t  5-10". 'The rnixture was then stirred for 2 h while it came to room temperature. The 1,2-dimethoxy- 
ethane was removed by distillation a t  atmospheric pressure until o~~e-quar ter  of the volume of the mixture 
remained. The addition of 100 ml of dry diethyl ether precipitated the bulk of the sodium iodide. The 
filtered solution was freed from ether, and the residue was distilled in a spinning-band column to  give 
14.9 g (66yo) of material boiling a t  61-62O and 7 mm, 7oZ5 1.4322. 

The physical constants for the methplated compounds are shown in Tables I and 11. 

I s o ~ ~ e r i z a t i o ~ z  of trafzs- and cis-2-ilhthoxy-3-hydroxytetral~ydropyrans 
-4 solution of pure trans-2-methosy-3-hydroxptetrahydropyran in dry metha1101 containing a catalytic 

amount of concentrated hydrochloric acid was refluxed for 2 h. Analysis by gas-liquid chromatography 
indicated an equilibrium mixture of 617, tra?zs and 39% cis isomers. Pure cis-2-methoxy-3-hydroxytetra- 
hydropyran subjected to the same conditions gave the same proportion of t r a m  and cis isomers. 

The alcoholic solution of the equilibrated mixture was stirred with an  excess of solid sodium carbonate 
as a suspension for half an  hour until carbon dioxide evolution ceased. The solution was then filtered and 
freed from solvent on a rotary evaporator. The residue was dissolved in chloroform, washed with aqueous 
s o d i ~ ~ m  carbonate (lo%), dried (NaZSOI), filtered, and then freed from solvent. The isomers were separated 
with an Xerograph autoprep. I t  was more convenient to  inject the mixture as a solution in an equal volume 
of solvent (CMC13), since the injector unit had a holdup of about 2-3 ml. 

The t r a m -  and cis-2-n1ethoxy-3-hpdroxytetrah)~drofurans were isomerized in a similar manner. 

The authors thanli the National Research Council for financial support during the 
developrrrent of this worb. 
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