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2,2-Bis(hydroxymethyl) tetrahydrofuran (I, It = 
€I) and itjs tetrahydropyran analog (111, R = H )  
have been prepared by the reaction sequences indi- 
cated. In the synthesis of I11 (R=H),  the inter- 
mediate 2,2-bis(hydroxymcthyI)-3,4-dihydropyran 
(11, R=H)  was also isolated and observed to iso- 
merize to l-hydroxymethyl-6,8-dioxabicyclo [3.2.1]- 
octane (IV, R = H )  under the influence of acidic 
reagents or hest. 

hydro(4II) pyran (:trrol(:iii dimrr) ant1 formaldchydc 1)). a 
prorrdiirc simil:ir to that  of I (R=TI), Init, whcrcin thr  finnl 
distillation step mns coiitliirtcd Iiclow 1 mm. prc.wire in 
order to minimize isonicrization t o  IV ( R = f J ) .  

2,2-13is(hydroru,ti~:IhUl)lell.rth!/dTor~n (111, R = €1). 
C:Ltalytic Iiydrogciiation of I1 ( R = I I ,  0.1 1 molc) i l l  ethanol 
(150 ml.) over Rancy (\V-7) nickcl (10 g.) a t  rooin tcmprra- 
ture and GO p.s.i.g., gxvc 111 ( R  = I I ) ,  in qu:intit:itivc yicld on 
eulmquent distillation. 111 ( R  = 11) h:ta also bccn ot)t:tincd 
by catalytic hydrogenation of B (see reaction sclieme) as 
formcd in situ from equimolar proportions of acrolein dimer 
and fornialdehyde under alkaline conditions. However, 
when so prepared, 2-h~~droxymethyltetrahydropyran is in- 
variably formed as a by-product in very significant amounts. 

2-H?/drozymeth?//6,8-rliozabicl/clo [S.Z.l] octane (IV, R = H) , 
Isomerization of I1 ( I t=H)  was accomplished (a) by hent,ing 
alone at 200' for 3 hr., (b) with Iioron trifluoride etherate in 
ethcr at reflux t,cmperntiire for 2 hr., and (e) hy distilling in 

TABLE I 
PIIYSICAI. PROPERTIES OF THE DIOLS 

M.P. 
(Uncorr.) 

Com- or Calculntcd Found 

I €I--* 51-53 csI-Il2os 54.52 9.1G 54.14 9.17 
pound R- B.P. (Mm.) Formllla C, % 1x1 % N, % C, % H, % N, % 

110 (0.47) 
~ N O Z C ~ H ~ C O -  179.5-180 CmHia09Nz 55.81 4.21 G.51 5G.02 4 .75  6.G8 
Ci7H3sCO- (37-68 C ~ Z ~ ~ S O O ~  75.85 12.13 75.84 12.04 
CIIJ-~  82 (15)  CIHld)3 59.97 10.07 (30.11 10.2s  

5 

124 (0.OG) CinHzsO, G3.07 0.39 

5 1-52 
138-130 
44-45 
97-100 (0.25)  
127-128 
45.5-4G. 5 
101 (5) 
114 (10) 
04.5-05 
3G. 5-37.5 

58.31 8.30 
57.01 4 .10  G . 3 3  

57.51 9 .05  
56.75 5.54 G.30 
76.05 12.17 

58.31 8.39 
57.33 5 .16  4.78 
73.12 11.29 

(iR.89 0.31 

58.40 8.29 
57.03 4.16 G.39 

57.45 9 .48  
56.72 4.59 G.28 
76.35 12.17 

'58.48 8.31 
57.27 5.27 4.91 
73.17 11.00 

IIygroscopic. b Hydroxyl; calcd.: 25.75; found: 24.G3, 24.07. c n'. 1.4339. na: 1.4750. nz: 1.4790. 

EXPERIMENTAL' 

Thta for theso compoiinds are included in Table I. 
2,2-Ris( h!/dros?/nzeth?/l)letrah?/drof~~r~n (I ,  R = H). To a 

stirrctl solution of tctrahydrofiirfural ( 1  mol) in formalin 
l :E fX , ;  2.5 moles forma'ltlehgdc), aqueous sodium hydroxide 
( 1.1 5 moles in 50 mi. water) was added dropwise over a period 
of almit 10 min., mhilc maintaining the ternperaturc at 
:tl)out 50" Iiy the aid of an ire Imth. In another 15 min. tho 
trnipcr:ttiirc started to decline and heat was applied (55-GOo) 
for an aclilitional G O 4 0  niin. Exhaustive cxtraction with 
Iiutanol and siikiscqiient distillation of t,he hit,nnol ph:tsc 
gave I (R=H) ,  approuiinatcly 90% yicld based on the 
tctrahydrofurfural, as a colorlcs~ oil which solidified on 
standing at room tenipcrature. Altcwmtively, I ( R = H )  was 
also obtairicd by rntalytic hydrogcnntion of A (sce reaction 
whvme) which was formed in s i fu  liy reartion of cqnal inolrs 
of tt.trnhydrofurfurn1 nncl fornialdeliytlc iindcr :illtnline cnn- 
tlitioiis. 

2,2-nis(hydrozymethlll)-S,L-tlih?/tlrop!/ran (11, R = 11). 
This diu1 was prepnrcd in %yo yic,lcl from 2-forrny1-3,kli- 

the prcscnce.of 0.5% p-toluenesulfonic acid. The yield of IV 
( R  = H) ohtnincd on distillation was upward of 90% in all 
cases. Mineral acids and cation exchange resins of the sul- 
fonic typc also caused isomerization of I1 (R = H) to IV (R = 
11). 

p-Nitrobenzoic eatersz of I, 11, 111, IV (R=p-NO? CSI14- 
CO -). Thc palc yellow derivativcs, prepared by the pyritliiic 
met,hotl, were recryst:dlized from al)solutr ethanol. 

Sfearic  esfers of I, 111, I V  (R =C17EI&O-). Thcse deriv:\- 
tivcs werc ohtnined 11y heating I, IT, 111 (R=€I)  with t\vicc 
the molar amoiint of stearic acid a t  200-230" for al)out 5 hr. 
and removing tlin formed water. Recrystnllizntion from 31,- 
soliite et,hnnol produced the pure compoiinds. In thc case of 
I1 (I? =H), ieomcrization to IV ( R = H )  occurred during the 
hcating prriod with stearic :wid; the crude stearic ester of 
IV (R=Cl7H,,C0-) w a s  obtained by fractionation a t  190- 
210" (0.35 min.). 

2.2-Bis( nielhorymdhyl) tetrahydrofuran (I, R = CH,) . This 
dcrivnt ivo was prrpwcd using dimethyl siilfate.3 The crude 

(2)  R. I,. Shriner and R. C. Fuson, The S~/stcmatic 
Idenlj'raiion of Orgnnic Compounds,  3rd cd., J. Wiley and 
Sons, IIIC., Kitw York, 1048, p. 1G4. 

(3 )  \Ir. R. Tiirner, ,I. Am. Chem. Soc., 52, 32-51 (19.30). 
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product [h.p. 77-87' (15 mm.): 53% yield] was freed from 
monoether by heating with phthalic anhydride and subsc- 
quent distillation. 

2,2-Bis(Btetrahydropyranosymelhyl) tetrahydrofuran (I, R 

). Using a slight modification of the procedure of 0 0 

Woods and Kramer' and an excess of 2,3-dihydro(4H)pyran1 
a mixture of the mono- and his-2-pymnoxymethyl deriva- 
tives was oht,ained. The pure "tiis" compound was obtained 
by careful fractionation. 
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3-Cyclohexene-1-acetamide 
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As part of an investigation of the nucleophilic 
reactions of mono- and ditosyl derivatives of cis- 
and trans-1,4 - cyclohexanediols we condensed 

( I ) ( a )  Present ndtlrcss: Shulton, Inc., Clifton, N. J. 

ethyl malonate with 2~ans-1,4-ditosy~oxycyc~ohex- 
ane in the presence of sodium ethoxide. A product 
was isolated in low yield whose elementary analy- 
sis corresponded to that calculated for 7,7-dicar- 
bethoxynorbornane. Saponification and decarboxyl- 
ation of the diester followed by conversion to the 
amide, however, gave a monocarboxamide whose 
properties differed from those of norbornane-7- 
carboxamide. The infrared spectrum of the conden- 
sation product supported the structure of an un- 
saturated dicarboxylic ester and the melting point 
of the monocarboxamide was in the range of those 
reported for the known cyc1ohexeneacetamideslb 
rather than that of the more compact and much 
higher melting norbornanecarboxamides.2 

The behavior of certain tosyl esters in nucleo- 
philic reactions has been recorded by earlier in- 
vestigators. Although primary tosyl esters undergo 
nucleophilic displacement rather readily' and in 
good yields, the reactivity of the tosyl esters of 
secondary alcohols is greatly dimini~hed.~?~ The 
influence of steric factors upon the reactivity of 
certain alicyclic tosyl esters has been discussed4 
and Ingold6 has pointed out the similarity in reac- 
tivity of the tosylates of secondary alcohols th tha t  
of tertiary alkyl halides. 

These considerations indicated the structure of 
the diester to be ethyl 3-cyclohexene-1-malonate 
and that of the monocarboxylic acid amide derived 
from it to be 3-cyclohexene-1-acetamide. 

The synthesis of 3-cyclohexene-1-acetic acid and 
its amide via the Diels-Alder condensation with 
unactivated dienophiles, such as vinylacetic acid, 
requires the use of high temperature and introduces 
the possibility of double bond migration. The 
reaction of butadiene with acrylic acid to form 3- 
cyclohexene-1-carboxylic acid, on the other hand, 
can be carried out at low temperatures without 
isomerization. When 3-cyclohexene-1-carbonyl chlo- 
ride was subjected to the Arndt-Eistert reaction 
3-cyclohexene-1-acetamide was obtained in good 
yield. 

Elementary analysis, a comparison of the 
infrared spectra and mixed melting point deter- 

( l ) (b )  Cyclohexeneacetamides: A1-(m.p. 151°), 0. Schnider 
and J. Hellerbach, Helv. Chim. Acta, 33, 1437 (1950); 
A*- (m.p. 147-148"), M. Moussrron and F. Winternitz, 
Compf. rend., 217, 428 (1943); U- (m.p. 146.5-147.5"), 
A. Ya. Bcrlin and L. V. Sokolovn, Zhur. Obshchei Khim., 25 ,  
347 (1955). 

(2) Norbornanecarboxamides: 1- (m.p. 235-236'), 2- 
endo- (m.p. 210.5-211.5"), W. R. Boehme, J .  Am.  Chem. 
Soc., 81, 2762 (1959); 2-ezo-(m.p. 192.5-193.5'), W. R. 
Boehme, E. Schipper, W. G. Scharpf, and J. Kichols, 
J .  Am. Chem. SOC., 80, 5488 (1958). 

(3) W. Braker, E. J. Pribyl, and W. A. Lott, J .  Am. 
Chem. SOC., 69, 866 (1947). 

(4) N. K. Matheson and S. J. Angyal, J .  Chem. SOC., 
1133 (1952). 

(5) L. N. Owen and P. A. Robins, J. Chem. SOC., 320 
(1949). 

(6) C. K. Ingold, Structure and Mechanism i n  Organic 
Chemistry, Cornell University Press, Ithaca, 1953, p. 341. 


