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Stereochemistry of Cyclic Ether Formation. Part 1. Stereoselective 
Intramolecular Cyclisation of Aliphatic Disecondary 1,4-Diols and 
their Sulphonate Esters to Tetrahydrofurans 
By M. Lj. MihailoviC,*t S. Gojkovib, and 2. CekoviC, Department of Chemistry, Faculty of Sciences, University 

Several methods of eliminative cyclisations of diastereoisomeric disecondary 1.4-diols and their 1.4-disulphonate 
esters, leading to the formation of tetrahydrofurans, have been studied, and it was found that they all proceed 
stereoselectively by SN2-type mechanisms, with inversion of configuration a t  one (1.4-diofs) or both (1.4-disul- 
phonates) chiral centres, so that meso (i.e. erythro) 1.4-diols and (i.e. threo) 1.4-dimesylates afford only trans- 
2.5-dialkyl-tetrahydrofurans, while the respective diastereoisomeric substrates are converted exclusively into cis- 
2.5- dialkyltetrahydrofurans. 
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Two different approaches to tetrahydrofuran ring 
closure are known which can be used for syntheses of 
saturated five-membered cyclic ethers from acyclic 
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substrates. The first (Scheme 1) (formally an eliminative 
cyclisation) has been achieved in different ways, e.g. 
by cyclodehydration of 1,kdiols (Scheme 1, a)  with 
acids,l-3 salts, 394  a l ~ r n i n a , l * ~ . ~  or dimethyl sulphoxide ; 
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by internal dehydrohalogenation of 1 ,khalogenohydrins 
(Scheme 1, b)  with bases; 8 by elimination of sulphonic 
acid from 1,4-diol monosulphonates (Scheme 1, c) ; 
by hydrolytic decomposition of 1,4-diol disulphonates 
(Scheme 1, d )  ; l>l1 by intramolecular eliminations of 
1,4-hydroxy-ethers (Scheme 1, e) l2 or their sulphonate 
esters (Scheme 1,f).13 

z 
SCHEME 1 

(b) Y = halogen (a)  Y = OH (c) Y = OS0,R3 
% - H  Z = H  Z = H  

(d )  Y = 0 ~ 0 ~ ~ 3  z = OSOR~ 2 = alkyl Z = allrpl 

The second approach (Scheme 2) involves functionalis- 
ation of a non-activated %carbon atom by way of 
intramolecular oxidative cyclisation of monohydric 
alcohols with lead tetra-acetate,14-17 lead tetra-acetate- 
iodine,l7>18 or silver or mercury(I1) oxide or acetate- 
halogen (bromine or iodine) .18-m 

(e) Y = OH ( f ) Y  = OS02R3 

H 
SCHEME 2 

Whereas oxidative ring closure of secondary aliphatic 
alcohols (Scheme 2) is non-stereoselective, affording a 
mixture of cis- and trans-2,5-dialkyltetrahydrofur- 
ans,14-16920 little is known about the stereochemistry 
of formation of five-membered cyclic ethers from di- 
secondary acyclic 1,4-diols and their derivatives (Scheme 
1). We have reinvestigated some of these procedures 
and, by using as model substrates the symmetrical 
diastereoisomeric hexane-2,5-diols (I) and (IV), we have 
found (Scheme 3) that under a variety of experimental 
conditions [such as cyclodehydration with concentrated 
sulphuric or phosphoric acid or dilute (15-25%) 
aqueous sulphuric acid (Scheme 3, A ) ,  with dimethyl 
sulphoxide (Scheme 3, B) ,  or with alumina (Scheme 3, C), 
or intramolecular elimination of acid from the corres- 
ponding monomethanesulphonates (prepared in situ 
and decomposed thermally in pyridine 9, (Scheme 3, D)j 
cyclisation is stereoselective ; in all cases the meso- 
diol (I) affords only trans-2,5-dimethyltetrahydrofuran 
(111) and the &-diol (IV) is converted exclusively into 
cis-2,5-dime t h ylt e t rahydrof uran (VI ) . 

The results obtained suggest that all these stereo- 
selective cyclisations do not involve an SKl type mechan- 

* M. €7. Clarke and L. N. Owen, J .  Chem. Soc., 1950, 2108; 
J .  Colonge and P. Garnier, Bull. SOC. chim. France. 1948, 432; 
M. Akhtar and D. H. R. Barton, J .  Amer. Chem. Soc., 1961, 83, 
2213; F. D. Greene, M. L. Savitz, F. D. Osterholtz, H. H. Lau, 
W. N. Smith, and P. M. Zanet, J .  Org. Cbem., 1963, 28, 5 5 ;  C. 
Walling and A. Padwa, J. Amer. Chem. SOC., 1963, 85, 1697. 

D. D. Reynolds and W. 0. Kenyon, J .  Amer. Chem. Soc., 
1950, 72, 1593; see also refs. 1 and 6. 

lo K. Alder and W. Roth, Chem. Ber., 1955, 88, 407. 
l1 A. R.  Jones, Chem. Comm., 1971, 1042. 
le W. B. Renfrow, D. Oakes, C. Lauer, and T. A. Walter, J .  

Ovg. Chem., 1961, 26, 935. 

ism with carbonium ions [ e g .  at  C(2), Scheme 31 as 
intermediates, but proceed by an intramolecular S N 2  
substitution process with inversion of configuration at 
one chiral centre, i.e. a t  the asymmetric carbon [e.g. 
C(2), Scheme 31 containing the leaving group (L). 
The cyclic transition states with an appropriate arrange- 
ment of attacking and leaving group [at C(5) and C(2), 
respectively] should be easily attainable, because the 
conformations required for such an intramolecular 

Me 
HO-C-H 12 H 

H I  
I 
CH2 

H0.- C f  H 
I 

Me 
L---4'H 

Me 
4 '\ 

Me H 

IAl X =  H2SO4 (+H20) ; I31 X = Me2S0 ; (GI X=AL2O3 
or H3PO4 

L =  H 2 0 +  

- +  p=y- L =  ?-$Me2 L=  k-b- H-0 
lol X=PhS02Cl ( 1  mot) 

+ pyridine 

SCHEME 3 

L = PhS03 

displacement are relatively favourable, as represented 
in Scheme 3 by (11) and (V) for the meso- and h-di- 
as t ereoisomer, respectively . 

When cyclodehydration of the diol (I) or (IV) is 
l 3  S. E. Cantor and D. S. Tarbell, J .  Amev. Chem. Soc., 1964, 

86, 2902; see also S. Winstein, E. Allred, R. Heck, and R. Glick, 
Tetrahedron, 1958, 3, 1, and references therein. 

14 B9. Lj. MihailoviC, 2. CekoviC, 2. MaksimoviC, D. JeremiC, 
Lj. Lorenc, and R. I. MamuziC, Tetrahedron, 1966, 21, 2799. 

15 M. Lj. MihailoviC, R. I. MamuziC, Lj. &+MamuziC, J. 
BoSnjak, and 2. CekoviC, Tetrahedron, 1967, 23, 216. 

l6 M. Lj. MihailoviC and 2. CekoviC. Synthesis. 1970, 209. 
l7 K. Heusler and J. Kalvoda, Angew. Chem., 1964, 76, 518; 

Angew. Chem. Internat. Edn., 1964, 3, 526. 
l8 K. Heusler and J. Kalvoda, Synthesis, 1971, 501. 
l* R. H. Hesse, Adv. Free-Radical Chem., 1969, 3, 83. 
Lo M. Lj. MihailoviC, 2. CekoviC, and J. StanlioviC, Chem. 

Comm., 1969, 981. 
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2462 J.C.S. Perkin I 
closure in the diastereoisomeric dimesylates (VIII)  and 
(IX) does not proceed by an Ssl mechanism but follows, 
as shown in Scheme 5 for the conversion of the meso- 
diester (VIII) into the cis-ether (VI), a double SN2-type 
displacement process, involving two successive sub- 
stitutions [one (X) intermolecular and the other (XI) 
intramolecular], with inversion of configuration at  each 
chiral centre [C(5) and C ( 2 ) ] .  

performed in dimethyl sulphoxide (Scheme 3, B), it is 
probable that the reagent, by some sort of association 
with one hydroxy-group, increases polarisation and 
therefore eases the breaking of one C-0 bond [i.e., 
the C-L bond in (11) and (V)] a t  the carbon undergoing 
S N ~  substitution with inversion of configuration, as 
shown for transition states (11, B)  and (V, B). A similar 
situation might be involved possibly in the dehydrative 
cyclisation of diols (I) and (IV) by means of alumina 
[Scheme 3 (11, C) and (V, C)]. For tetrahydrofuran 
formation by dehydration of 1,4-diols with dimethyl 
sulphoxide, Gillis and Beck7 have suggested a cyclic 
transition state in which one molecule of the reagent is 
associated with both hydroxy-groups (VII). However, 
since the proton of one (the attacking) hydroxy-group 
and the oxygen atom of the other (leaving) hydroxy- 
group must be relatively close to each other, the con- 
formations adopted in the transition state (VII) for 
the 5S- (R1 = Me, R2 = H) and 5R-diastereoisomers 
(R1 = H, R2 = Me), corresponding to such a require- 
ment, would allow intramolecular substitution at the 
carbon attacked [e.g. (2R)] without inversion of con- 
figuration, resulting in the wrong stereochemistry of 
ether ring closure. 

$57 
inversion 
at C(2)  

Me 

On the other hand, an opposite stereochemical course 
is observed (Scheme 4) in the eliminative cyclisation’of 
the dimesylates of the diastereoisomeric hexane-2,5-diols 
(VIII)  and (IX), as also observed recently by Jones.ll 
These hydrolytic reactions, carried out thermally in 
alkaline or neutral aqueous media (in dilute sulphuric 
acid the reaction occurs, but a t  a slower rate), are again 
stereoselective, but here the meso-diester (VIII)  is 

Me Me 

Me 

Me 

meso cis (meso)  d l  trans [ d l l  

( 2 R 9 5 S )  ( 2 S , 5 R )  ( 2 R , 5 R )  ( 2 S , 5 S )  

(YnI1 ( Y I I  (Ix) (III1 
Ms = MeSO, ; reagent : HO- or H,O 

SCHEME 4 

converted exclusively to the cis-ether (VI), while the 
&-isomer (IX) affords only the trans-ether (111). 

These results suggest that tetrahydrofuran ring 
* Details of the cyclisations of unsymmetrical disecomdary 

1,Pdiols and their esters will be published separately. 

A11 the procedures for cyclisation of liexane-2,5-diol 
(except dehydration with alumina) and its dimesylate 
(except hydrolysis in dilute sulphuric acid) afforded 
2,5-dimethyltetrahydrofuran in very good yield (70- 
ca. 9O”/b, see Experimental section, Tables 1 and 2). 

With unsymmetrical disecondary 1,4-diols (Scheme 1, 
a ;  R1 # R2) and their disulphonate esters (Scheme 1, 
d, R1 # R2) as substrates, it was found that these 
ring closure reactions to five-membered cyclic ethers 
follow the same stereochemical course, i.e. trans-2,5- 
dialkyltetrahydrofurans are formed stereoselectively 
from erythro-1,4-diols and threo-1,4-diol disulphonates, 
while threo-l,4-diols and erythro-l,4-diol disulphonates 
are converted exclusively into cis-2,5-dialkyltetra- 
hydrofurans. * 

The results described here should find two useful 
applications: (a) as a synthetic tool, which provides 
the possibility to prepare separately both the trans- 
and the cis-isomers of a 2,5-disubstituted tetrahydro- 
furan from only one, no matter which, diastereoisomer of a 
disecondary lJ4-dio1; and (b) as a convenient means for 
determining the diastereoisomeric composition and rela- 
tive ratio of an acyclic disecondary 1,4-diol (of known or 
unknown configuration), since the separation of, and the 
assignment of the cis-trans-stereochemistry to, isomers of 
a 2,5-dialkyltetrahydrofuran are readily achievable 
on the basis of differences in gas-chromatographic 
retention times on suitable columns (the cis-isomer 
having a shorter retention time l 5 , l 6 s 2 l )  and differences 
in the signal positions of the a-protons [on C(2) and 
C(5) ]  in n.m.r. spectra (the chemical shift of these 
protons in the trans-isomer being displaced down- 
field 15,163 21922). 

21 Unpublished results. 
22 D. Cagnaire and P. hlonzeglio, BuEZ. Soc. chiuvt. France, 

1965, 474. 
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EXPERIMENTAL 

Gas chromatography : a Varian Aerograph instrument 
series 1200 (flame-ionisation detector) was used for analytical 
work, and a Varian Aerograph instrument model A-700 
(thermistor detector) for preparative purposes, with 
columns of Carbowax 20M or 1 , 2,3-tris- (2-cyanoethoxy)- 
propane adsorbed on Chromosorb P; carrier gas H,; tem- 
perature 40-60". N.m.r. spectra were recorded on a Var- 
ian A-60A spectrometer ( K l ,  was used as solvent and 

(111) , b.p. 92-94".15 [With higher 1,4-diolsJ either 
symmetric or unsymmetric and depending on the boiling 
point of the cyclic ether product, some or all the reactions 
listed in Table 1 shmld be performed under reflux (without 
direct distillation of the products), the mixture in the 
flask extracted with diethyl ether, and worked-up as 
usual.] When cyclodehydration was effected with di- 
methyl sulphoxide, the yields of cyclic ethers were somewhat 
lower (Table 1, B). From preliminary observations i t  

TABLE 1 
Eliminative cyclisations of meso- (I) and f-hexane-2,5-diol (IV) to truns- (111) and cis-2,5-dimethyltetrahydrofuran (1'1) 

Procedure Substrate Product (74) 
h r 

Bath7 Diastereoisomer of hexane-2,5-diol 2~5-Dimethy1tetrahydrofuran 

Reagent (amount) 
(.4,) H,I'O,l, S6nb (0 .3  ml) 

temp. (0.01 mol) tram cis 

-c (11') 85 

("C) (111) (lru 
170-1 85 meso (I) 84 

( .4J Conc. H,SO, (0.3 ml),* anh. CaSO, (1.5 g), and 205 nzeso (I) 50 
acetone (15 nil) & (117 44 

4 (I\-) 80 

s (IY) 72 

& (IV) 3 2 d  

( A 3 )  25%, H,SO, (10 ml) * 1 3  110-120 ineso (I) 82 

(6 )  Me,SO (0.12 mol) 180b meso (I) 64 

(Cj Basic R1,0, (0-3 g) 1 , 6 1  c 220 nzeso [I)  35 d 

( D )  PhSO,Cl (0.01 mol) 9 and anh. pyridine (0.04 110-125 meso (I) 88 
mol) & ( IV) 85 

The mixture was worked-up as described previously.1 
loo", the diastereoisomeric hexane-2,5-diols did not undergo dehydrative cyclisation. 
material) were hexa-2,4-diene 

5 For 48 h. b For 8-10 h. c With 25% aqueous sodium hydroxide a t  
d Other products (besides recovered starting 

(8%) and hex-4-en-2-01 (17%) (C. Pr6vost, Bull. Soc. chim. France, 1944, 218). 

tetramethylsilane as internal standard) and i.r. spectra on 
a Perkin-Elmer Infracord instrument model 337. 

Cyclisations of the Diastereoisomeric Hexane-2,5-diols to 
trans- and cis-2,5-DimetJzyZtetrahydrofuran.-Commercial 
(Fluka) hexane-2,5-diol, which is a mixture of diastereo- 
isomers, * was esterified with phthalic anhydride, and the 
resulting diesters were separated 23 into meso-hexane-2,5- 
diol bis(hydrogen phthalate) , m.p. 160-162", and its 
'-diastereoisomer, - m.p. 184-185".23 Saponification, fol- 
lowed by chromatography on alumina and/or distillation,23 
afforded meso-hexane-2,5-diol (I), m.p. 40-41°, and 
t-hexane-2,5-diol (IV), m.p. 23-24.5°.24 

The cyclisations of the diols (see Table 1) were carried 
o u t  in a small flask fitted with a short but efficient fraction- 
ating column, which was connected a t  the top to a con- 
denser set for distillation. The meso- (I) or f-diol (IV) 
(0.01 mol) and the reagent were placed in the flask, and the 
mixture was stirred magnetically and heated in an oil-bath 
as long as the trans- (111) or cis-2,5-dimethyltetrahydrofuran 
(VI) distilled over (up to 94"; usually in a temperature 
range of 60-90"). The distillate was dried (K,CO,), 
the products analysed and separated by g. l .c . , l5~~~ and 
clisracterised by their n.m.r. ~pectra.l~9~'  When a larger 
amount of d id  was used, the distillate, prior to drying, 
was washed with a small volume of saturated aqueous 
sodium hydrogen carbonate which was then extracted with 
diethyl ether, and the products were purified by distillation ; 
cis-2,5-dimethyltetrahydrofuran (VI) , b.p. 90-92", trans- 

* When this mixture of diastereoisomeric hexane-2,5-diols was 
converted into 2,5-dimethyltetrahydrofuran by procedure ( A  3) 
and (I)) in Table 1, it  was found (by g.1.c.) that in both cases 
the ratio of cis-ether (VI) (shorter retention time) to trans-ether 
(111) was 62  : 38. Therefore (on the basis of the stereochemistry 
of thest. reactions given on Scheme 3), commercial hexane-2,5- 
diol (used i n  this work) contained 62% of &--diol (IV) and 38% 
of .meso-d~astereonier (I) (which could not be separated by g.1.c.). 

appears that in this case the reagent attacks at  higher 
temperature both isomeric ethers, but faster trans-ZJ5-di- 
methyltetrahydrofuran (111). 7 

TABLE 2 
Hydrolytic cyclisations of meso- (VIII) and f-hexane- 

2,5-diol dimesylate (IX) to cis- (VI) and trans-2,5-di- 
methyltetrahydrofuran (111) 

Substrate Product (o&) 

hexane-2,ri-diol hydrof uran 
Diastereoisomer of 2&Dimethyltetra- 

Procedure dimesylate trans cis 
Reagent (amount) a-Q (0.005 mol) (111) (W 

H,O (3 ml) and meso (VIII) 72 

~ N - N ~ O H  (16 ml) 1*11 meso (VIII) 82 
rt (IX) 80 

dioxan (7 ml) & (IX) 76 
H,O (10 ml) nzeso (VIII) 70 

25:; H,SO, (15 ml) meso (VIII) 51 
i (IX) 71 

f (13  46 
0 In  all cases the mixture was first heated for 1-2 h a t  

70-75" (bath temp.), and then the temp. was slowly raised 
(100-120") so that the cyclic ether could distil over. 

Similar results are obtained in 50% aqueous acetone (at 
reflux temp.), and in water (at 38").11 

j -  Thus, upon heating a 45 : 55 trans : cis mixture (0-4 g )  of 
ethers with dimethyl sulphoxide (3 ml) and water (two drops) 
in a sealed tube a t  180-185" for 8 h, the t ram : cis ratio of 
recovered ethers changed to 35 : 65. (Under these conditions 
the trans-ether is not converted into the cis-isomer. Moreover, 
the trans : cis ratio does not change when the mixture of diasterco- 
isomeric ethers is heated alone, or in the presence of a little water, 
a t  180-185" for 8-10 h in a sealed tube.) 

23 R. M. Dodson and V. C. Nelson, J .  Org. C h e w ,  1968, 33, 
3966. 

24 K. Serck-Hanssen, S. Stallbergstenhagen. and E. Sten- 
hagen, ArKiu Kemi, 1953, 5, 203. 
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J.C.S. Perkin I 
Cyclisations of the Diasttweoisomeric Hexane-2,5-diol Di- 

mesylates to trans- and cis-2,5-Dimethyltetrahydrofu~an.-To 
a stirred and cooled (at 0') solution of one diastereoisomer 
of the diol (3.6 g ,  0.03 mol) in anhydrous pyridine (30 ml), 
methanesulphonyl chloride (8.3 g, 0.072 mol) was slowly 
added. The resulting mixture was stirred for another 
4 h at  0', and then treated with ice (50 g) and ice-cold 
water (100 ml). The precipitate was filtered off, washed 
thoroughly with ice-cold water, air-dried, and crystallised 
from benzene or methanol. In this way, the meso-diol (I) 

25 G. M. Timmis, R. F. Hudson, R. D. Marshall, and H. R. 
Bierman, U.S.P. 3,041,241/1962 (Chew. Abs., 1962, 57, 13,898); 
G. Ferrari and E. Marcon, Boll. chinz. farm.,  1957, 96, 429 (Chew. 
Abs., 1958, 52, 6282) .  

afforded the meso-dimesylate (VIII), m.p. 101-103° 
(from benzene),l1.26 and the f-diol (IV) was converted into 
the f-dimesylate (IX), m.p. 35-36" (from methanol).ll, 26 

The hydrolytic reactions of the dimesylates (see Table 2) 
were carried out with 0.005 mol of substrate, as described 
above (for the cyclisations of the diols). No cyclic ether 
was obtained upon heating the dimesylates in glacial acetic 
acid or in anhydrous pyridine under reflux. 

The authors are grateful to the Serbian Republic Research 
Fund for financial support. 

[2/S19 Received, 11th Afiril, 19721 

26 S. S. Brown, J. L. Everett, and G. M. Timmis, B.P. 
861,818/1961 (Chem. Abs., 1961, 55, 23,347). 
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