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Acetylenic Alcohols from «,5-Unsaturated Aldehydes and Ketones'

By G. F. HENNION AND D. 7J. LiEB?

Introduction

The addition of Grignard reagents to «,3-
unsaturated carbonyl compounds has been studied
extensively since Kohler's® first observation of
1,4 addition in reactions of this type and the chem-
istry of the competing 1,2 and 1,4 reactions has
received considerable attention.? It appears that
the mode of addition usually depends on the chem-
ical character of the reactants, although certain
metal salts may also influence the course of the
reaction.® Generally, however, if the carbonyl
group is very reactive, 1,2 addition predomi-
nates. Thus o,8-unsaturated aldehydes add
mainly in the 1,2 position, except with f-alkyl
Grignard reagents, where considerable 1,4 addi-
tion may occur.® Organo-zinc compounds usually
resemble the magnesium compounds in this re-
spect, but the more reactive organo-alkali com-
pounds favor 1,2 addition.”

A recent new application of this type of reac-
tion is the addition of sodium acetylide (in liquid
ammonia) to certain «,8-unsaturated aldehydes,
reported by Jones and McCombie,® whereby 1,2
addition occurs, yielding ethynyl carbinols. This
reaction has also been studied in this Laboratory
and extended to include several «,8-unsaturated
ketones.® Because of the ionic character and
notable reactivity of sodium acetylide in liquid
ammonia, it was felt that this reagent would add to
a variety of a,8-unsaturated carbonyl compounds
in the 1,2 manner only, <. e., by anion addition at
the carbon atom of lowest electron density.!?
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orga?cmetallic compounds) and NaC=CH with the system—C=
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tion. Where the addendum molecule behaves as a cationoid donor
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oxygen of —C==0. Resonance may now operate to transfer the
seat of minimum electron density to the g-ethylenic carbon where the
subsequent union of the anionoid center makes for an over-all 1,4
addition. With anionoid reagents, however, the initial reaction
should be one of direct union of the anionoid group to the carbon

atom of lowest electron density, i. ¢., the carbon of =0, result-
ing in 1,2 addition. Since sodium acetylide in liquid ammonia is
hanism
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R;C=C—C—R + (—C=CH)~ —» o
R2C=CI——C;——CECH
R

This was found to be the case in the reactions
studied, namely, with crotonaldehyde, methyl
vinyl ketone, ethylidene acetone, mesityl oxide,
and benzalacetone. With cinnamaldehyde, how-
ever, a brown, amorphous, and apparently poly-
meric condensation product was obtained, from
which no definite compound could be isolated.
Though the purified enyne alcohols were obtained
in rather low yield, they gave no test for the car-
bonyl group with 2,4-dinitrophenylhydrazine re-
agent.

When a sample of 4-hexen-1-yn-3-ol (from cro-
tonaldehyde) was reacted with methanol in the
presence of mercuric oxide and a little boron tri-
fluoride, the usual mode of addition!! took place,
and 2,5-dimethoxy-2,5-dimethyl-1,3-dipropenyl-
1,4-dioxane was formed.

?H
9CH;—CH=CH—CH—C=CH + 2CH,0H —>
CH,
CHy—CH=CH—CH—C—OCH,
ol o

CH,;O——}C——-—»CH——CH=CH——CH;~,
CH;

The various compounds are described in Table
I

Experinental

The Reaction of Crotonaldehyde with Sodium Acetylide.
-——One hundred and seveity-five grams (2.5 moles) of
freshly distilled crotonaldehyde, diluted with an equal
volume of dry ether, was added dropwise (two hours) to
2.5 moles of sodium acetylide!? in two liters of liquid am-
monia. Mechanical stirring was used throughout the re-
action and an outside temperature of about —60° main-
tained by cooling with solid carbon dioxide and acetuiie.
Stirring was continued for three hours after the final addi-
tion of crotonaldehyde, the cooling bath removed, and the
ammnionia evaporated. The residue was covered with 500
mil. of ether, and 200 1nl. of water added dropwise followed
by careful acidification with cold 504} sulfuric acid. The
cther layer was separated, and the aqueous solution ex-
tracted with two 100-ml. portions of ctller. The conibined
cthereal extract was washed with saturated brine, dilute
sodium carbonate solutioni, again with brine, and dried
over anhydrous magnesium sulfate. A small amtount of
hydroquinone was added, the ether distilled off, and the
product vacuum distilled rapidly to a receiver packed in
ice and salt. Thirty-two grams of polynieric residue re-
mained behind, correspondiig to 139, 6f the theoretical

here an anionoid reagent, it should react by the latter
untess steric repulsions force the anionoid addition on the g-ethylenic
carbon.—G. F, H.

(11) Hennion and Murray, THIS JOURNAL, 64, 1220 (1942).
(12) Hennion, Proc. Ind. Acad. Sci., 47, 116 (1938).
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TarLe I
Prvsicar CONSTANTS AND ANALYTICAL DATA
Yield, B.p,
Compound Source % °C. Mm. #¥p an
4-Hexen-1-yn-3-0l¢ Crotonaldehyde 46 66 20 1.4650 0.9155
3-Methyl-4-penten-1-yn-3-ol Methyl vinyl ketone® 21 58-59 60 1.4444  .8895
3-Methyl-4-hexen-1-yn-3-o0l Ethylidene acetone” 27 61-62 25 1.4530 .8886
3,5-Dimethyl-4-hexen-1-yn-3-ol Mesityl oxide 24 65-66 17 1.4629 8939
3-Methyl-5-phenyl-4-penten-1-yn-3-ol Benzalacetotic 20 114-116 4 M. p, 50-51
2,5-Dimethoxy-2,5-dimethyl-3,6-dipropenyl-1,4-dioxane 22 M. p., 119-120
—-—Mol, wt —— ~— —Carhon, & -——— ~—Hydrogen, 9--— — MR

Formula Caled. ohsd. Caled. Obsd. o Caled. Ohsd.d Caled. Obsd.

CsH;0 28.96 29.00

CeHO 96 97 75.00 75.20 8.33 8.4 28.96 28.69

C;H,,0 110 108 76.36 76.80 9.09 9.3 33.58 33.45

CsH1.0 124 125 77.42 77.41 968 9.4 38.20 38.24

CyoH;,0 172 174 83.72 83.12 .98 6.91

CiH04° 256 258 65.62 65.67 9.37 9.43

¢ Previously reported by Lespieau and Lombard, Compt. rend., 198, 2179 (1934), and by Jones and McCombie, ref. 8

" Supplied by the Jackson Laboratory, du Pont Company.
{10] 9, 10 (1928).
caled., 24.2; obsd., 23.8.

yield of carbinol. The distillate was put through a
small Fenske-Whitmore column, yielding 112 g. of 4-
hexen-1-yn-3-ol, a colorless liquid, b. p. 66° at 20 mm.

Other Reactions with Sodium Acetylide.—The above
procedure was used. One and four-tenths moles of methyl
vinyl ketone yielded 30 g. of the carbinol and 5 g. of resi-
due. Two moles of ethylidene acetone gave the expected
carbinol and 26 g. of residue, most of which could be dis-
tilled with decomposition at 65-127° at 4 mm. Mesityl
oxide (3 moles) returned 132 g. unreacted, 44 g. of the
carbinol, and 29 g. of higher boiling residue. One mole of
benzalacetone gave only 35 g. of carbinol and 83 g. of
higher boiling material. One and one-half moles (198 g.)
of cinnamaldehyde formed 211 g. of brown amorphous
solid, soluble in benzene and ligroin.

Addition of Methanol to 4-Hexen~1-yn-3-o0l.—The previ-
ously described procedure!® with 96 g. of 4-hexen-1-yn-3-ol

¢ Prepared according to Grignard and Fluchaire, Ann. chim.,
4 Analyses (except last line) by Arlington I.aboratories, Fairfax, Va.

¢ Analysis for methoxyl, %,

gave 28 g. of solid after distillation of the excess methauol.
Several crystallizations from aqueous methanol afforded
a white crystalline solid, m. p. 119-120°.

Summary

1. The 1,2 addition of sodium acetylide to a
number of «,8-unsaturated carbonyl compounds
is reported and five products are described.

2. The addition of methanol to 4-hexen-1-
yn-3-ol gave a cyclic addition product identified
as 2,5-dimethoxy-2,5-dimethyl-3,6-dipropenyl-1,4-
dioxane.
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The Synthesis of /-Roemerine’

By Lo MARION AND VERNON (GRASSIE

Roemerine was discovered in the papaveraceous
plant Roemeria refracta, D.C., by Konowalowa,
"Yunussov and Orekhov? who assigned to it the
formula CisHyi7O:N. Subsequently, with the aid
of degradative experiments, they demonstrated
that roemerine is a methylenedioxy-aporphine,?
possessing the structure VII. This alkaloid being
the first example of a naturally occurring apor-
phine carrying no substituents except in the tetra-
hydroisoquinoline moiety, it was of interest to
attempt its synthesis which, furthermore, was de-
sirable to confirm the proof of the structure VII
assigned to it.

For this synthesis it was necessary to prepare
3-3,4-methylenedioxy-phenylethylamine and 2-

(1) Published as'N. R. C. No. 1184.

(2) Konowalowa, Yunussov and Orekhov, Bull. soc. chim., [3] 6,
811 (1939).

(8) Ibid., [5] 6, 1479 (1930); [5]7, 70 (1040).

nitrophenylacetic acid required as starting ma-
terials.

From the amine I and the acid chioride
II, 6'-nitrophenylaceto-3-3,4-methylenedioxy-
phenylethyl amide III was obtained which, by a
modified Bischler-Napieralsky reaction, was con-
verted to 6’-nitro-1-benzyl-6,7-methylenedioxy-
3,4-dihydroisoquinoline IV. The methiodide V
of this base was reduced with zinc and hydro-
chloric acid to 6'-amino-1-benzyl-2-methyl-6,7-
methylenedioxy-1,2,3,4-tetrahydroisoquinoline VI
isolated as the dihydrochloride. In the Pschorr
ring-closure reaction this dihydrochloride gave
rise to dl-roemerine VII and an unidentified by-
product. The racemic base was resolved into its
optical isomers by treatment first with d-tartaric
acid and then with /-tartaric acid. Synthetic /-
roenterine was found to exhibit dimorphism. .For



