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2,2-Bis(hydroxymethyl)tetrahydrofuran (I, R=
H) and its tetrahydropyran analog (III, R=H)
have been prepared by the reaction sequences indi-
cated. In the synthesis of III (R=H), the inter-
mediate 2,2-bis(hydroxymethyl)-3,4-dihydropyran
(II, R=H) was also isolated and observed to iso-
merize to 1-hydroxymethyl-6,8-dioxabicyclo[3.2.1]-
octane (IV, R=H) under the influence of acidic
reagents or heat.
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hydro(4II)pyran (acrolein dimer) and formaldchyde by a
procedure similar to that of I (R=H), but wherein the final
distillation step was conducted below 1 mm. pressure in
order to minimize isomerization to IV (R=H).
2,2-Bis(hydroxymethylMelrahydropyran (111, R=H).
Catalytic hydrogenation of II (R=1I1, 0.11 mole) in ethanol
(150 ml.) over Raney (W-7) nickel (10 g.) at room tempera-
ture and 60 p.s.i.g., gave IIT (R =1), in quantitative yicld on
subsequent distillation. IIT (R =1I) has also been obtained
by catalytic hydrogenation of B (sce reaction scheme) as
formed <n situ from equimolar proportions of acrolein dimer
and formaldehyde under alkaline conditions. However,
when so prepared, 2-hydroxymethyltetrahydropyran is in-
variably formed as a by-product in very significant amounts.
1-Hydrozymethyl-6,8-diozabicyclo[3.2.1] octane (IV, R =H),
Isomerization of II (R =H) was accomplished (a) by heating
alone at 200° for 3 hr., (b) with boron trifiuoride etherate in
ether at reflux temperature for 2 hr., and (¢) by distilling in

TABLE 1
Puysican ProreRTIES OF THE DioLs
M.P.
(Uncorr.)
Com- or Calculated Found
pound R— B.P. (Mm.) Formula C % H% N% C% H% N,%
I H—oab 51-53 Coll120s 54.52 9.16 54.14 9.17
110 (0.47)
p-NO.C:H,CO— 179.5~180 CaH 504N, 55.81 4.21 6.51 56.02 4.75 6.68
CrHuCO— 47-68 Ca3500s 75.85 12.13 75.84 12.04
CHy—= 82 (15) CgH 1605 59.97 10.07 60.11 10.28
5
124 (0.06) C1sHa05 63.97 9.39 63.89 9.34
O
11 H— 51-52 ChH,20s 58.31 8.30 58.40 8.29
p-NO,Cell,CO— 138-139 CaHs05 N, 57.01 4.10 6.33 57.03 4.16 6.39
111 H--s 44-45 ’
97-100 (0.25) C:H,1.0; 57.51 9.65 57.45 9.48
p-NO,C:H,CO— 127-128 CuH2004N, 56.75 5.54 6.30 56.72 4.59 6.28
« CyHyuCO— 45.5-46.5 CiHexOs 76.05 12.17 76.35 12.17
v H— 101 (5) .
114 (10) C.H,,0; 58.31 8.39 58.48 8.31
p-NO.CH,CO— 04.5-95 CuH 06N 57.33 5.16 4.78 57.27 5.27 4.01
CiH3:CO— 36.5-37.5 CasH 604 73.12 11.29 73.17 11.00

« Iygroscopic. ® Hydroxyl; ealed.: 25.75; found: 24.63, 24.07. ¢ n%} 1.4339. 4 n%5 1.4750. ¢ n%’ 1.4790.

EXPERIMENTAL!

Data for these compounds are included in Table 1.
2,2-Bis( hydrozymethyltetrahydrofuran (I, R=H). To a
stirred solution of tetrahydrofurfural (1 mol) in formalin
(37%. 2.5 moles formaldehyde), aqueous sodium hydroxide
(1.15 moles in 50 ml. water) was added dropwise over a period
of about 10 min., while maintaining the temperature at
about 50° by the aid of an ice bath. In another 15 min. the
temperature started to decline and heat was applied (55-60°)
for an additional 60-00 min. Exhaustive extraction with
Lutanol and subsequent distillation of the butanol phase
pave I (R=H), approximately 909% yicld based on the
tetrahydrofurfural, as a colorless oil which solidified on
standing at room terpcerature. Alternatively, I (R=H) was
also obtained by catalytie hydrogenation of A (see reaction
scheme) which was formed in situ by reaction of equal moles
of tetrahydrofurfural and formaldehyde under alkaline con-
ditions.
2,2-Bis(hydroxymethyl)-3,4-dihydropyran (11, R=H).
This diol was prepared in 83% yicld from 2-formyl-3,4-di-

(1) Analyses by Miero-Teeh Laboratories, Skokie, T11

the presence of 0.5% p-toluenesulfonic acid. The yield of IV
(R=H) obtained on distillation was upward of 90% in all
cases. Mineral acids and cation exchange resins of the sul-
fonic type also caused isomerization of II{(R=H) to IV(R =
).

p-Nilrobenzoic esters? of I, II, ITI, IV (R =p-NO, Cll,-
CO-). The pale yellow derivatives, prepared by the pyridine
method, were recrystallized from absolute ethanol.

Stearic esters of 1, 111, IV (R =C;H;;CO—). These deriva-
tives were obtained by heating I, IT, III (R =H) with twice
the molar amount of stearie acid at 200-230° for about 5 hr.
and removing the formed water. Reerystallization from ab-
solute ethanol produced the pure compounds. In the case of
11 (R =H), isomerization to IV (R =H) occurred during the
heating period with stearic acid; the crude stearic ester of
IV (R = CyH;;:CO—) was obtained by fractionation at 100-
210° (0.35 mm.).

2,2-Bis(methorymethyl) tetrahydrofuran (I, R=CH;). This
derivative was preparced using dimethyl sulfate.? The crude

(2) R. L. Shriner and R. C. Tuson, The Systematic
Identification of Organic Compounds, 3rd ed., J. Wiley and
Sons, Ine., New York, 1048, p, 164.

(3) W. R. Kirner, J. Am. Chem. Soc., 52, 3251 (1930).
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product [b.p. 77-87° (15 mm.): 539, yield] was freed from

monoether by heating with phthalic anhydride and subse-

quent distillation,
2,2-Bis(2-tetrahydropyranoxymethyl)tetrahydrofuran (I, R

= ). Using a slight modification of the procedure of

0
Woods and Kramer* and an excess of 2,3-dihydro(4H)pyran,
a mixture of the mono- and bis-2-pyranoxymethyl deriva-
tives was obtained. The pure ‘‘bis’’ compound was obtained
by careful fractionation.
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3-Cyclohexene-1-acetamide
WERNER R. BoEHME!®
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As part of an investigation of the nuecleophilic
reactions of mono- and ditosyl derivatives of cis-
and trans-1,4 - cyclohexanediols we condensed

(1)(a) Present address: Shulton, Inc., Clifton, N. J.
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cthyl malonate with trans-1,4-ditosyloxycyclohex-
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 cyclohexeneacetamides!®
rather than that of the more compact and much
higher melting norbornanecarboxamides.?

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 diminished.t® The
influence of steric factors upon the reactivity of
certain alicyclic tosyl esters has been discussed*
and Ingold® has pointed out the similarity in reac-
tivity of the tosylates of secondary aleohols toethat
of tertiary alkyl halides.

These considerations indicated the structure of
the diester to be ethyl 3-cyclohexene-l1-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-l-acetamide was obtained in good
yield. ‘

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