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Figure 1.—Concentration dependence of the apparent molar
extinction coefficients of compound I, R = ClI;. Carbon tetra~
chloride solutions at 30°: values observed at 3604 cm™!, @;
at 3395 em™!, O. Lines A and B represent the corresponding cal-
culated values for monomer~dimer equilibrium [Kgimer = 58 1.
mol ! (Emonomer 112 at 3604 Gl’n-—l; edimer 916 at 3395 ¢m~! and
25 at 3604 cm1)].

tion for the monomer species with data of Joris and
Schleyer! gives additional support for the axial posi-
tion of the hydroxy group. Last, but not least, the
stereochemistry of the system I was studied indepen-
dently by different methods with the same results (¢f.
ref 11 and references therein; also ref 7, p 189).

The dimerization constant of I (58 1. mol~!) is an
order of magnitude higher than that of &-butyl aleohol®
(0.8 1. mol—1) or the association constant of t-butyl alco-
hol-acetone!* (1.0 1. mol—!); nevertheless, it is lower
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than the dimerization constant of n-nonanoic acid!®
(1500 1. mol—Y, all data at 30° and in CCL solutions).
In the case of I no special forces can be invoked to
assist dimerization, such as resonance effects in car-
boxylic acids or diols' or »—= interaction in hydroxy-
acetophenones.® The only possible factor is the steric
arrangement which allows the simultaneous formation
of two hydrogen bonds in the dimer II. In line with
that interpretation all six known derivatives of type I
give the same pattern.2® It may be pointed out that
in all these compounds the cyclohexane rings probably
have g slightly distorted chair conformation.®* Fur-
ther, relatively strong and broad bands around 3400
em~! were observed for dilute solutions (around 5 X
10—% M, ¢f. ref 15) of the following compounds: 4-
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hydroxy-2-butanone? (also alleged to be'! a carbonyl
overtone), and decalone and cholestane derivatives
containing & cyclohexanone moiety with an axial g-
hydroxy group.* These substances may constitute a
new class of strongly self-associating compounds.?
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Dihalocarbenes? and carbethoxycarbene® react less
easily with acetylenes than with olefins. We undertook
this study to see if unsaturated carbenes*s could add to
acetylenes, since substituted methylenecyclopropenes
might thus be synthesized.

On treatment of a solution of ethoxyacetylene and
5,5~-dimethyl-N-nitrosooxazolidone (1)® in 1,2-dimeth-
oxyethane (glyme) with solid lithium ethoxideetha-
nolate,® the theoretical amount of nitrogen was rapidly
evolved. By suitable procedures 4-methyl-2,3-penta-
dienal diethyl acetal (II) was isolated in 359 yield.
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I, R =H; R, = C:H,
I R=H; R, = CH,
IV, R= CHQ; Rl = Csz

When sodium methoxide was used instead of lithium
ethoxide, the mixed ethyl methyl acetal III was formed
in 339, vield. In addition to the allenic acetals IT and
III, there was formed a mixture of higher boiling prod-
uets which on alkaline hydrolysis yielded quantities of
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2-methyl-1,2-propanediol as previously described.?
When l-ethoxypropyne’ was used in place of ethoxy-
acetylene, a 379, yield of 2,4-dimethyl-2,3-pentadienal
diethyl acetal (IV) was obtained. Thus, a new route
to allenic acetals is at hand.

In line with a previous suggestion® for the mecha-
nism of reaction of an unsaturated carbene with ole-
fins, the following mechanism for the reaction of un-
saturated carbenes with alkoxyacetylenes is proposed.
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The vacant orbital on the carbene carbon of A lies
in the plane of the paper as represented. We assume
that electrophilic attack® by A occurs on the nonoxy-
genated carbon of the ethoxyacetylene to yield B which
then proceeds by paths a or b to the allenic product.®?
Cyeclization (path a) would lead to a methylenecyclo-
propene C so labile that attack of alkoxide ion as
shown! would be expected to yield D which on pro-
tonation yields the allenic acetals II, III, or IV. Al-
ternately, rehybridization of the dipolar ion B (path b)
could yield the carbene E which would react with an
aleohol to give the final acetal II, III, or IV. The
changes of B to C and B to E involve different geometri-
cal paths. We cannot suggest which change is more
favorable but prefer that which leads to E because this
path does not require a ring closure followed by re-
opening.

Attempts to react I with 3-hexyne under similar con-
ditions were unsucecessful.
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Experimental Section!!

4-Methyl-2,3-pentadienal Diethyl Acetal (II).—To a stirred
solution of 10 g (0.07 mol) of I in 100 ml of glyme and 24.5 g of
ethoxyacetylene!? at room temperature was added in four portions
8 g (0.08 mol) of solid lithium ethoxide ethanolate.! The theo-
retical amount of nitrogen was evolved during 1 hr, cooling being
necessary to keep the temperature near 40°. After pouring the
reaction mixture onto ice a conventional work-up yielded 3.93 g
(35%) of II as a pale yellow liquid, bp 72-77° at 16 mm (949,
pure by glpe). The analytical sample was obtained by prepzra-
tive glpe on a 12 ft X ¥/s in. aluminum column packed with 129,
Carbowax 20M on 60-80 Chromosorb W at 120° using a helium
flow of 100 ml/min. The infrared spectrum had a characteristic
allene band at 1992 em™ (5.0 ») and acetal bands at 1160 em—?
(8.6, 9.3 ). The nmr showed a complex multiplet at & 4.77
(2 H, vinyl H and acetal H, AB pattern (J ~ 8-10 cps), the
A part being further coupled with the vinyl methyl groups (/' ~ 3
cps), a complex multiplet at & 3.48 (4 H, OCH,CHj;),?® singlets
at 1.83 and 1.80 (6 H, vinyl CH;, J =2 3 cps), and a triplet at
1.17 (6 H, OCH,CH;). The parent peak in the mass spectrum
(70 eV) was at 170, mol wt 170.

Anal. Caled for C,oHis02: C, 70.6; H, 10.6. Found: C,
70.5; H, 11.0.

A sample of II was prepared from 1-bromo-3-methyl-1,2-
butadiene!* via the Grignard reagent reaction with ethyl ortho-
formate.® The crude reaction product (289, yield, bp 63-80°
at 17 mm) was separated into two components (4:1) by prepara-
tive glpe. The major component proved to be identical with II
as shown by ir and nmr spectra, and retention time on glpe
analysis.

After heating a solution of IT in 3:1 water-glyme containing a
small amount of sulfuric acid at 90° for 90 min, a small amount
of 4-methyl-3-ketovaleraldehyde was isolated by preparative
glpe. This compound proved identical with authentic keto-
aldehyde prepared by acylation of methyl isopropyl ketone with
ethyl formate as described.!

4-Methyl-2,3-pentadienal Ethyl Methyl Acetal (III).—This
compound was prepared in 339 yield as described for I except
that dry sodium methoxide was used in place of lithium ethoxide.
The crude product, bp 65-70° (15 mm), was purified by prepara-~
tive glpe to yield the analytical sample: ir band at 5.0 p; nmr
8 4.77 (m, 2 H, =CH, CH(OR),), 3.48 (m, 2 H, OCH,;R), 3.22
(s, 3 H, OCHjy), 1.73, 1.66 (two broadened singlets, 6 H, =C-
(CH;),), 1.17 (t, 3 H, OCH,CH;).

Anal. Caled for CoH1s0:: C, 69.2; H, 10.3. Found: C,
68.9; H, 10.6; parent peak (mass spectrum, 70 eV) m/e 156,
mol wt 156.

2,4-Dimethyl-2,3-pentadienal Diethyl Acetal (IV).—A solution
of I in glyme and excess l-ethoxypropyne’ was treated with
lithium ethoxide ethanolate® as described for the synthesis of II.
There was obtained in 379, yield a pale yellow oil, bp 79-84°
(12 mm), which was about 959, pure by glpe. The analytical
sample, obtained by preparative glpe, had an ir band at 5.0 p
and nmr bands at & 5.73 (s, 1 H, CH(OR),), 3.42 (m, 4 H,
OCH,CH;), 1.67 (s, 6 H, =CCH;), 1.52 (s, 3 H, =CCHj,),
1.13 (¢, 6 H, OCH,CH;, J = 7 cps).

Anal. . Caled for CyHy0,: C, 71.6; H, 10.9. Found: C,
71.5; H, 11.1; parent peak (mass spectrum, 70 eV) 184, mol
wt 184.
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