
TETRAHYDROFURANS 
I. 2,2-DIILlETIIYL-4-SUBSTITUTED-4-HYDROXYMETHYLTETRAHYDROFURANS 

AND RELATED COMPOUNDS1 

Substituted methallyl~ualonic esters ( I )  were reduced with lithi~lm aluminum hydride to  
the corresponding 2-methallyl-1,3-propanediols (11) .  These diols I1 ~lnderwent cyclization on 
treatment with a ~niileral acid to the isomeric 2,2-di1nethyl-4-substituted-4-hydroxy1neth~l- 
tetrahydrofurans ( I V ) .  I1 and IV were converted to  the respective carbamates 111 and V, 
which exhibited pharn~acological activity. The assigned structures of the cyclic compounds 
IV were proved by infrared analyses and the following tra~~sformations. Ring scission of 
2,2-dimethyl-4-allyl-4-hydroxy111ethyltetrahydrof~1ra11 ( I V e )  with acetic anhydride - pyridine 
hydrochloride yielded 2-allyl-2-111ethally1-1,3-propanediol diacetate ( S e ) .  Catalytic reduction 
of IVe gave 2 , 2 - d i m e t h y l - 4 - 7 ~ - p r o p y l - 4 - h y d r o s y m e  ( I V d ) .  Reductive 
cleavage of the tosylate VI  112, of 2,2,4-trimethyl-4-h>~drox>~111ethyltetrahydrof1ra11 ( I V b )  with 
lithi~lm aluminum hydritle yielded the Icnown 2,2,4,4-tetranlethyltetrahydrof~1ran ( I X b ) .  

While preparing 2,2-dis~1bstit~1tecl-1,3-propanediol dicarbamates, i t  was noted that an 
interinecliate, 2-allyl-2-metl1all)il-1,3-propanediol (IIe), was labile to hydrochloric acid 
affording a compouncl assuinecl to be 2,2-climetl1yl-4-allyl-4-hydrox~~metl1yltetral1ydro- 
furall (IVe). This assignment, macle by analogy with a lcno\vn method of preparing 
tetrahydrofurans (1-3), was subsequei~tly verified. Since IVe possessed interesting phar- 
macological activity it was cleciclcd to prepare additional 2,2-diinethyl-4-~~1bstituted-4- 
hydroxymethyltetrahydrofura~~s (IV). Thus substituted inetl~allyln~alonic esters (I) were 
reduced to the corresponding 2-substit~1ted-2-methal~yl-1,3-propanediols (11) and sub- 
secluently cyclizecl by means of mineral acid. Both I1 ancl IV were convertecl to the 

YI* 

corresponding carbamates I I I and V (Fig. 1). :-<I 

Subs t i t~~ted  methallylnlalonic esters (I) were reduced by lithium alurni~~urn hydride 
(4) to 2-s~1bstituted-2-metI~allyl-1,3-propai1ediols (11) (Table I). The use of sodium:and 
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'Ma~zlrscriPt received M a y  4, 1860. 
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CH, 11 CH3 R CH:, I< 
I I I I I I 

H2C=CCH,-C-C02Et LiAII-I., I-I?C=CCI-12-C-CHzOH 1. COCI2 H~C=CCI-I~-C-CH~OCONHZ 
I I 
COzEt CHzOH 2. NHaOH 

I 
CH?OCONI-I:! 

CHI R -/ R 
I I Act0 1. COClz 

EI?C=CCH?-C-CH~OAc - ~ 3 1 $ o ~ ~ ~ 2 ~ ~  
I pyridine. HCI 

CHz0.4~ 

X I IV 'I' 

VII I  

an alcohol (ethanol, 1-propanol, 1-butanol) (5) was unsatisfactory. Decolnposition of 
the excess hydride was effected in two stages by the successive addition of methanol ancl 
water. Mineral acid was oinitted in order to preclude possible ring closure between a 
hydroxyl and the methallyl group. The diols I1 were converted to the crystalline dicarba- 
mates I11 (Table 11). 

Tetraliydrofurans have been prepared by the acid-catalyzed ring closure of y-un- 
saturated monoalcohols (1-3). When 2-substit~~ted-2-methallyl-1,3-propanediols (11) 
were contacted with concentrated hydrochloric or sulphuric acid, the hitherto unreported 
cyclic 2,2-di~nethyl-4-substituted-4-1~yclroxy~netliyltetralydrofuras (IV) were obtained. 
This conversion occurred most satisfactorily when the diols I1 were treated with 1-3 
volulne per cent of concentrated hyclrochloric acid in the presence of a solvent. Tetra- 
hydrofuran was particularly suitable since the cyclization was readily controlled ancl 
the reaction mixture could be used directly in the preparation of carbarnates. When 
methanol was usecl as a cliluent, there was no indication that i t  supplantecl or colnpetecl 
with the primary alcoholic function of I1 because IV was the sole product. This is an 
interesting finding in view of the mechanism of cyclization proposed below. The use of 
a larger amount of acid led to a decrease in the yield of IV. For example, with 2-allyl-2- 
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metllallyl-1,s-propa~iediol (IIe), not only did the expected cyclizatioil occur, but also 
the ally1 group and tlie remaining hydroxyl group tended to interact. Whereas ~nethallyl- 
substituted cliols under\vent facile iso~~ierization, 2-allyl-1,s-propanediol (XI)  required 
proloiiged ireatment with a larger amount of acicl. The cyclized products IV (Table 111) 
were convertecl to tlie crystalline carba~nates V (Table IV). 

-- -- -- 

B.p. 
c- ' 
/0 

S o .  R 13' K ' Yield "C ~ n n l  

IVb CH:< CH; CH; 72.6 92-105" 15 
1Vc CH'CH:, CH3 CH3 9G.4 118-124' 15-20 
1Vd CHeCH?CI-I:( CHB CH3 94.2 120-127" 15 
1Ve CHeCH=CH.I CHn CHn 91.9 123-126" 15 

The cyclization of 2-substituted-2-metliallyl-1,3-propanedil (11) may be showii as  
occurring via an ionic mechanism (Fig. 2). Thus a proton adds to the olefin I1 to give a 

tertiary carbonium ion VI. Intramolecular reaction between the charged carbon atorn 
of VI and one of tlie primary liydroxyl groups affords an  oxonium ion VII from which 
a proton is expelled giving IV. Such a mechanis~n allows for the formation, via a R/Iarltow- 
nikoff addition, of a tetraliydrofuran rather than a tetrahydropyran ring and also depicts 
the catalytic role of hydrogen ion in promoting such a reaction. 
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Assigninent of structure IV to the products of cyclization was supported by infrared 
absorption data. The isoinerizatioil of 2-substituted-2-methallyl-l,3-propai~ediols (11) to 
IV required an increase in the number of methyl groups from one to two, the appearance 
of a cyclic ether group, ancl the loss of the inethallyl and a hydroxyl group. A11 inspection 
of the infrared spectra of I1 and IV showed that these changes did occur. They were 
exhibited by the appearance in the 7.25-7.35 region of a doublet (gem-dinlethyl) in 
place of a single band (methyl), the loss of the 11.2 w band (methallyl), the narrowii~g 
and shifting of the hydroxyl band froin 3.0 to 2.95 11, and finally the shifting of the 
9.6-9.8 11 band (hydroxyl) to 9.5-9.6 w (hydroxyl, cyclic ether) (6). I11 aclditio~l IV 
possessed a strong unassigned band a t  12.95 w.  

Supporting evidence for the forinulation ol the cyclic compounds IV \\.as obtained 
by cleaving the ring of IVc, a typical member of the group. Surprisingly, in this instance, 
the use of methods that have beell described for the cleavage of tetrahydrofurails (7-11) 
led to intractable mixtures. I-Iowever, the conversion was effected by applying a method 
used successfully in the field of sapogenin chemistry (12-14). Thus acetic anhydride - 
pyridine l~ydrocl~loride (12) readily converted IVc in excellent yield to 2-allyl-2-methallyl- 
1,3-propanediol diacetate (X), identical with a sample prepared by the acetylation of 
IIe (Fig. 1). I-Ience, the inethallyl and hydroxyl groups that  had disappeared during the 
cyclization of the diol I1 to the isomeric IV, have reappeared upon ring opening. 

Additional chemical evidence for the structures of 2,2-dimethyl-4-substituted-4- 
hydroxymethyltetrahydrofurans (IV) was obtained by the elimination of the hydroxyl 
group. Thus IVb was tosylated and the ester VIIIb reduced with lithium alun~inum 
hydride (15) to 2,2,4,4-tetrainethyltetrahydrofuran (IXb) (Fig. 1). The infrared absorp- 
tion curve and boiling point of IXb were the same as those previously reported (16). 
The 4-ally1 analogue IVe was siillilarly converted to the expected 2,2,4-trimethyl-4- 
allyltetrahydrofuran (IXc) as judged by infrared analysis, where bands typical of the 
tosyl group appeared in the spectrum of VIIIe, and disappeared in that  of IXe. IVe, 
VIIIe, and IXe exhibited bands denoting the presence of the allylic double boncl, inethyl 
groups, and the cyclic ether linkage. 
2,2-Diinethyl-4-allyl-4-hydroxyinethyltetrahydrofuran (IVe) was hyclrogeilated over 

platinum giving 2,2-dimethyl-4-n-propyl-4-hydroxyinetl~yltetrahydrofurai~ (IVd). IVd 
was also obtained when diethyl n-propyli~~etl~allylinalonate (Id) was reduced with lithium 
aluminum hydride to 2-n-propyl-2-methallyl-1,3-propanediol (IId) and subsequently 
ring-closed with mineral acid. 

The inoilocarbainates V were inore active than the dicarbainates 111 upon the central 
nervous system of animals. The ally1 derivative Ve was particularly effective as an anti- 
convulsant (17). More comprehensive results of the pl~arinacological evaluatioil will be 
reported elsewhere. 

EXPERIMENTAL 

Boiling points and melting points (Fisher-Johns apparatus) are ~~ilcorrected. Infrarecl 
absorption spectra were obtained with a Beckman IR-5 spectrophotoineter equipped 
with a sodium chloride prism. Solids were examined in potassiuin bromide pellets and 
liquids either as thin films or as solutions in carbon disulphide. 

Preparation of iMono- and Di-substituted i~~ulonutes 
Diethyl sodiomalonate aild diethyl sodio-alkyl- (and -all<enyl-) malonates were treated 
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WXSSON ET AI,.: TETRAHYDROFUR.4NS 929 

with the appropriate alliyl halide (bromide or chloride) in the customary manner giving 
the corresponcling mono- and di-substituted malonates. These were purified by distillation 
in  nacuo. The preparation of some of these malonates has been described (18). Diethyl 
methylmalonate (Sapon), diethyl ethylmalonate (Distillation Products Industries), 
diethyl n-propylmalonate (Sapon), ancl diethyl phenyllnalonate (Benzol Products) were 
used without further purification. 

Preparation of Substitz~ted 1 ,S-Propanediols 
The follolving procedure illustrates the general nlethod used for preparing the 1,3- 

propanediols listed in Table I. A solution of 100 g of diethyl allyl~nethallylmalonate (Ie) 
in 246 1111 of anllydrous ethyl ether was adcled dropwise over a 3-hour period to a well- 
dispersed and vigorously stirred mixture of 22.5 g of lithium aluminum hydride in 554 ml 
of anhydrous ethyl ether maintained below 25" C in an atmosphere of nitrogen. The  
reaction mixture was stored overnight a t  room temperature. Excess hydride was dis- 
charged by the addition of 27.2 1111 of methanol in 66 ml of ethyl ether; the resulting 
con~plexes mere decomposed by the successive addition of 15.6 ml of 50Yo nnlethanol and 
31.2 1111 of water while maintaining the tenlperature of the mixture below 25" C. The  
ethereal phase was separated and the residual solids were washed four times with ethyl 
ether. The combined ethereal extracts were washed with water twice, filtered, and 
evaporated, leaving 65.2 g (97.5Y0) of crude 2-allyl-2-methallyl-1,3-propanediol (IIe). 
Infrared: A,,,, 3.0 (hydroxyl), 3.25, 6.1 (unsaturation), 7.25 (methyl), 9.6-9.8 (hydroxyl), 
10.9 (allyl), 11.25 (methallyl) p. This product was distilled in vaczlo and used directly 
for the preparation of either 2,2-dimethyl-4-allyl-4-hydroxymethyltetrahydrof~iran (IVe) 
or 2-allyl-2-methallyl-1,3-propanediol dicarbamate (IIIe). 

Cyclization of 2-Metlcallyl-1,s-propanediols ( I I )  
The general procedure used for the cyclization of 2-111etl~allyl-1,3-propa1lediol and 

2-substituted-2-methallyl-1,3-propanecliols to give the 2,2-dimethyl- and 2,2-dimethyl- 
4-substituted-4-hydroxymethyltetrahydrof~irans, listed in Table 111, is illustrated by the 
following example. 

A solution of 65.2 g of 2-allyl-2-1nett~allyl-1,3-propanediol (IIe) in 40.5 nll of dry 
tetrahydrofuran was treated a t  room temperature with 1 ml of concentrated hydrochloric 
acid. The solution was warmed gently until, a t  approximately 50" C, an exothermic 
reaction occurred. External heating mas discolltinuecl while the temperature of the 
reaction lnixture rose spontalleously to 94' C. The  solution was then refluxed for 2 hours. 
The  solvent was removed under reduced pressure and the residue distilled giving 59.9 g 
of 2,2-di1nethyl-4-allyl-4-hydroxymetl~yltetralydrofuran (IVe), b.p. 122-126" C/5 mm. 
The cyclization of IIe was also effectecl with 0.5-1.0 volurne per cent of hydrochloric acid 
in the absence of solvent. I-Iolvever, the reaction was extrenlely vigorous and difficult to 
colltrol by external cooling. The yield of IVe mas substantially decreased. 

Cyclization of 2-Allyl-1,3-propanediol (XI) 
2-Allyl-1,3-propanediol (XI) was cyclizecl by more drastic conditions than those 

described above. Thus a mixture of 11 g of X I  and 1 nll of concentrated hydrochloric 
acid mas refluxed for 17 hours. Following renloval of the hydrochloric acid, distillation 
of the product (10.9 g) yielded 7.3 g (66.3%) of 2-n1ethyl-4-hydroxymethyltetrahydro- 
furan (S I I ) ,  b.p. 75-78" C/5 mm. The infrared spectrum possessed a strong band a t  
7.25 p (C-CHp) but no band indicative of a double bond. 
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Preparatio?~ of 2,2-Disubstituted 1,3-Propanediol Dicarbamates (111) 
The procedure using tetrahydrofuran as solvent (19) was found to be superior to that 

wherein chloroform-toluene served as solvent and antipyrine was included as  a hydrogen 
chloride acceptor (20). The products I11 (Table 11) were recovered from the reaction 
mixtures by chilling the aqueous solutions after evaporating the organic solvent, and 
were recrystallized from aqueous alcohol. (Infrared: A,,,, 2.95,5.85,6.2 p (primary amide).) 

Preparation of 2,2-Dimethyl-~-s~~bst.it~~ted-/t-carbamyloxytetrazydrofurans (V) 
The method used for preparing V (Table IV) was a modification of that applied 

above. The following exanlple was typical of the procedure. A solution of 57.3 g of IVe 
in 77.6 ml of tetrahydrofuran was added dropwise during 1 hour to 55.2 g of phosgene 
dissolved in 63.1 1111 of cold tetrahydrofuran (-8 to 4" C). The nlixture was stirred for 
30 minutes a t  this temperature and then stored overnight a t  room temperature. The 
solutioll was added over a 1-hour period to a stirred mixture of 276 ml of concentrat-ed 
ammonium hydroxide and 3.4 g of sodiunl bisulphite lnai~ltained a t  10-27" C (subse- 
quent study showed that bisulphite could be onlitted). After stirring for 3 hour, sufficient 
water was added to dissolve the solids. Distillation afforded a residue that was extracted 
four times with ether. The combined ethereal extracts were washed twice with 25-ml 
portions of water and the ether removed. The  residue (72.6 g) was distilled giving 67.7 g 
of Ve, b.p. 111-119" C/0.02-0.04 mm, solidifying a t  room temperature. The  material 
was crystallized fro111 ether - petroleuln ether giving 64 g (89.10j0) of Ve, m.p. 55-57" C. 
When the distillation of crude material was omitted, Ve was obtained in lower yield. The 
substance could also be crystallized from acetone - petroleunl ether, aqueous methanol, 
or methanol - petroleuln ether. i\/Iolecular weight (Rast):  calc. 213; found 211, 216. 
Infrared: A,,, 3.0, 5.8, 6.2 (primary amide), 3.25, 6.1 (unsaturation), 10.95 (allyl), 7.25, 
7.35 (gem-dimethyl), 12.95 p. 

Preparation of 2,2-Dimethyl-~.-allyl-4-liydro.xytnet~~yltetraIzydrofi~ra?~ (IVe) from the Car- 
bamate Ve 

A mixture of 16 g of 2,2-dimetl1yl-4-allyl-4-carba~nyloxy~etlyltetraldrofura (Ve) 
(m.p. 54.0-55.5" C),  12 g of sodium hydroxide, and 250 ml of ethanol was refluxecl for 
8 hours. After dilution with water, the ethanol was removed by distilling i ? z  oaczlo. The 
aqueous residue was cooled, saturated with sodium chloride, and extracted five times 
with ethyl ether. The ethereal extracts were washed with water and reduced to dryness. 
The resulting oily product was vacuum-distilled, yielding 8.2 g (64%) of IVe, b.p. 116- 
117" C/lO-15 mm. Analysis: Calc. for CloI-Il8O2: C, 70.56; 1-1, 10.66. Fou~ld:  C, 70.17; 
H, 10.45. Main infrared absorption bands: A,,, 2.95, 3.25, 3.40, 3.50, 6.10, 6.90, 7.08, 
7.23, 7.78, 8.24, 8.40, 8.56, 8.90, 9.4-0.75, 10.05, 10.95, 11.42, 11.60, 12.94 p. 

Preparation of 2- Allyl-2-metkallyl-1 ,S-propanediol Diacetate (Xe) 

(a) From 2-AllyL-2-methallyl-1 ,S-propanediol (IIe) by Acetylation 
A solution of 20 g of 2-allyl-2-methallyl-1,3-propanediol (IIe) in 110 n11 of acetic 

anhydride and 22 ml of anhydrous pyridine was heated for 1 hour on a steam bath and 
then allowed to stand for 18 hours a t  room temperature. The solution was poured into 
400 ml of cold water and the mixture stirred for 1 hour at room temperature. The  mixture 
was extracted five times with ethyl ether and the combined ethereal extracts washed 
successively with water, 50jo llydrochloric acid, saturated saline solution, 50jo sodium 
bicarbonate, and finally with water. After drying over sodium sulphate, the solvent nras 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

64
.1

07
.1

4.
30

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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removed leaving 28.42 g (95%) of the crude acetate. Distillation of this product afforded 
2-allyl-2-rnethallyl-1,8-propanediol diacetate (Xe), b.p. 153-157' C/ l6  mtn, A,,,,, 3.78, 
8.0-8.2, 9.6-9.7 (ester), 33.25, 6.1, 10.9-11.2 (unsaturation) b. 

(b) From 2,2-Dimetl~yl-~-allyl-/t-hydroxymet1zyltetrahydro~~1~ra~~ ( I  ITe) by 7'rcczt1nc?zt with 
-Icetic ilnl~ydride - Pyridine IiTydrochloride 

X stream of hydrogen chloride was passecl into a mixture of 130 1111 of acetic anhydride 
and 12 1111 of pyridine until 5.2 g had been absorbecl. After adding 22.86 g of 2,2-dimethyl- 
4-allyl-4-l~ydroxyinetl~yltetral~ydrofuran (IVc) the solution was refluxed for 5 hours and 
then stored over~~ight  a t  5' C. Excess anhpclride was decoinposecl by addirig 2000 1111 of 
water and stirring the mixture for 1 hour. The mixture was \vorkecl up as clescribed in 
procedure (a) to give 33.8 g (98.9%) of crude product. Several clistillations of this 
material gave Xc, b.p. 155-1GO0 C/17 mm. The infrarecl specti-urn was iclentical with 
that of the prorluct from ~~rocedure (a). 

Catalytic Iicdi~ction o] 2,R-Dinzct1~yl-~-allyl-~-I~ydroxymetlzyltetraI~y~Ero~z~ra~~ ( I  Ve) 
A solution of 23.53 g of 2,2-dimetl1yl-l-alIpl-4-l~pclroxymetl~yltetral~ydrofumn (1Ve) in 

300 nil of ethanol \\.as shaken wit11 hydrogen and 0.5 g of platinum oxide under slightly 
positive pressure. LApproximately 1 mole of hydrogen was absorbed within 30 minutes. 
Folloaiing removal of the catalyst, the solvent was evaporated giving 23.6 g of a yelloni 
oil. Distillation zn oc~c2~o affoi-tled 20.(i g (87.4%) of 2,2-dimetl~yl-4-~z-propyl-4-l~ydroxy- 
metl~yltetral~ydrofui-an (IVtE) as a colorless oil, b.p. 50-65" C/0.06-0.07 mm. 'The infra- 
recl spectrum of IVd iilclicated the absence of unsaturatioi~ ancl was indistinguishable 
from that of a sample prepared from diethpl 12-propylmetl~al lyl~~~alo~~atc  (Id) by recluctio~~ 
and sul~secluent 1-i~ig closul-e. 

Con~ler~io~7 of 2,2,4-Trzmetl~yl- $-1~ydroxy~~zet1~yItetr~~1~ydrof1~ra~z ( I  Vb) to 2,2,4,$-T'etrat1~etl~yl- 
tctral~ydrof ~ ~ r a ~ z  (IXb) 

((1 ) 2,9,4- Tr~methyl-~-tosylo.~ynzct1~3~ltetrnl~ydroj1~ra?z ( 17111b 
p-Toluencsulphonyl chloride (79 g) clissolved in 140 ml of I-edistillecl 1)) I-dine \\.as 

adclccl cluring 1 hour to a vigorously stirrecl solution of 39.:; g of 2,2,4-ti-imethyl-l-l1~~cl1-oxy- 
metl~)rltetral~ycli-ofuran (IVb) in 110 1111 of redistilled pyridine, maintained a t  5' C. The 
mixture was stirred with cooling for an aclditional 3 hours and left ovei-night a t  1-00111 

temperature. I t  was pourecl onto crushed ice ancl acitlificcl with concenlrated hydro- 
chloric acid. The mixture was extracted six times \vith ethyl ether, and the combined 
ethereal extracts \\,ashecl to neutrality nrith water ancl evaporated, affording 79.5 g 
(97.7y0) of crucle tosylate VIIIb. The substance was not pul-ifiecl but used clil-ectly for 
the follol\iing recluction. Infrarecl: X ,,,, 6.23, 7.3-7.1, 8.4-8.5, 10 :3-10.5, 10.95, 11.3, 
12.7, 14.2, 15.0 p (aromatic, tosyl). 

(b) Lztlz~um AIIr~~tz~nunz IIydrzde I ~ C ~ I L C ~ L O I L  O] 2,~2,~-7'r111~et1~3~1-$-to~ylot.yn~ct1zyltetra- 
I~ydroj~~ran  (TTIIIb) 

rl solution of 79.5 g of tosylate VIII6 in 100 ml of anhyclrous ethj l  ether was aclded 
dropwise cluring 1 llour a t  35-30' C to 16.2 g of lithium aluminum Ilydride clissolved i l l  

800 1111 of anhydrous ethj  l ether. The miuture was refluxed for 8 hours with vigorous 
stirring, coolecl, anrl tlccompose~l \\lit11 icc ancl water. The solids were repeatedl) estracted 
with ethyl ether, ancl thc rombincd ethereal extracts washed with water and concen- 
trated, yielcling 27.8 g of yellow oil. Two distillations ol this oil gave 12.9 g of 2,2,4,4- 
tetramethyltetrah) tlroluran (1x15) boiling a t  116-1 18' C ,  n,,1° I .1'Lf!; reportecl (1 6) boiling 
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point 120' C ancl nD20 1.4061. The infrared spectrum of IXb was identical with that 
reported (16). 
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