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A STUDY OF THE MANNICH REACTION WITH PROPARGYL ALCOHOL
R. L. SaLvapor axp D. SiMoN

Although 1-alkynes are known to partake in the Mannich reaction, the seceming
inertness of propargyl alcohol in undergoing this condensation prompted us to investigate
the mechanism of this reaction. During this investigation we applied these theoretical
aspects to the synthesis of a group of aminobutynols of the type R.N-—CH,—C=C—
CHOTI1. The sequence of events in the Mannich reaction has been subject to many
debates, two explanations being offered. One possible course is an aldol condensation of
the active hydrogen component I with formaldehyde, followed by reaction of the acety-
lenic alcohol IT with a secondary amine to produce the Mannich base TT].

R'—C=C—H + IHMCOH — R'—C=C—CI1,01 4+ RoNH — R’—C=C—CIl1,—NR ;
1 IT I11

The alternative is the formation of the methylol derivative of the amine IV, followed
by its reaction with the active hydrogen compound (1).

HCHO + HNO; - HO—CH.—NR: 4+ R'—C=C—I1 — R —C=C—CI1.—NR.
v I 111

Since the acetylenic compound, in our case, was propargyl alcohol, it seemed probable
that the second type of reaction was followed. Formation of the hydroxymethy] derivative
of the acetylenic compound would lead to the production of 2-butyne-1,4-diol, with the
probability of amination of both ends of the chain. The high yields of the expected
products, however, precluded this line of reasoning. Also, attempts to isoclate 2-butyne-
1,4-diol were unsuccessful. Although the Mannich reaction proceeds well for 3-alkyl- and
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NOTES 2571

3-aryl-1-alkynes (2) and for some hydroxy-l-alkynes (3), the method is not available
if the hydroxy group of the latter is propargylic.

Although Mcl.eod and Robinson (4) and Fernandez et al. (3) have shown that ethers
of the type ReN-—CH>—0O—R are formed under conditions similar to those of the
Mannich reaction, and although it has been shown that propargyl alcohol reacts with
amine and formaldehyde preferentially at the hydroxylic group rather than the acetylenic
C—I1, under the conditions described in this paper we were unable to isolate these ethers
from the reaction mixture even without the copper catalyst, the bis-aminomethane
R.N—CI1s—NR, being the main product isolated. We must therefore conclude that the
preferential reaction cited above does not obtain under these conditions. The limitation
imposed upon the reaction with propargylic alcohols was overcome by esterifying (3)
or etherifying (6) the hydroxyl function.

We have circumvented these steps by the use of cupric sulfate as a catalyst, following,
to a limited extent, a German patent (7). The process was greatly modified. The elucida-
tion of this process threw light upon the mechanism of the Mannich reaction. It is well
understood that 1-alkynes may be envisioned as possessing two polarization forms V and
VI, in which form VI accounts for the “acidity’ of the acetylenic hydrogen. A hydroxy
group propargylic to the acetylenic function prevents formation of the “acidic’ polariza-

54 56— 5— 5+
R—-C=C—H R—C=C—H
vV VI

tion form VI by virtue of an electron shift involving an unbound electron pair on the
oxygen atom. This phenomenon probably accounts for the well-known acidity of the
hydrogen on a propargylic hydroxyl function. The electron shift would, incidentally,
reverse the polarization pattern of the molecule and preclude the existence of an active
acetylenic hydrogen (VII to VIII). However, since the Mannich reaction depends

H H
| 86— 5+ | 84+ 85—
H—C—C=C—H - H—C—C=C—HU
{ | i
(:OH :OAAH
VI VIII

precisely upon the presence of such a labile hydrogen, the condensation does not take place.
The sharp and strong band at 2 118 cm™ in the infrared absorption spectrum of propargyl
alcohol shows that the acetylenic bond is strongly polarized, but the absence of condensa-
tion implies that it exists mainly as form VIII, which can account for both the acidity of
the hvdroxyl hydrogen and the lack of acidity of the acetylenic hydrogen. The formation
of the copper salt IX (8) would produce, however, a labile center, or in essence a carbanion,
which would react with the aminomethylol formed between the secondary amine and
formaldehyde. The identical copper salt was produced by the reaction of cupric sulfate

10—CH,—C=C® cu®
IX
and propargyl alcohol alone in a basic medium, even at room temperature. In this case,
reduction of the cupric ion is probably effected by the acetylene itself. Since the reaction
was carried out in an aqueous medium, insoluble reaction products could be isolated and
identified. An oily layer was immediately produced during the preparation of 4-piperidino-
2-butyne-1-ol. Upon distillation of this layer, a vigorous evolution of formaldehyde was
noted, and the distillate was identified as bis-piperidinomethane (1). The amine and
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formaldehyde were not introduced in a 2:1 ratio, however, and the initial product was
identified as piperidinomethanol. This product was identified by its infrared spectrum,
which was identical with that of the piperidinomethanol produced by the method of
Henry (9). Attempts to prepare 4-piperidino-2-butyne-1-o] from piperidinomethanol and
propargyl alcohol in the presence of cupric ion in a basic medium resulted in inferior
yields, whereas the preparation from the bis-piperidinomethane gave yields similar to
those of the whole reaction itself (some yield was obtained even in the cold). It was there-
fore concluded that the principal species involved in this reaction, when run in a slightly
basic medium, is the bis-piperidinomethane formed from the aminomethylol under the
influence of heat, and the following mechanism is proposed for the reaction. Although the
existence of these intermediates has been postulated by Wagner (10) and reviewed by
Helman and Opitz (1), and although the properties of the stable species have been studied
in some detail, we have isolated and identified the above-mentioned intermediates from
the reaction itself.

HCHO + H:0

R.N—CH.OH === R,NH + HCHO — R,N—CH,—NR;
v X

“In an acidic “In a basic ®
H® medium” medium’’ H

©) <)
[RZNH-—CHon:l “—= R;N=CH; ==——=R:N—CH,—HNR:

—H,0 —R,NH
X1 X1l X1l
DCuy
®
R.N—CH: 4+ ©C=C—CH,0H — R,N—CH,—C=C—CH.0H
X1V IX XV

It must be understood that the different species 1V and X have different stabilities.
Whereas [V is unstable in an acidic medium, rapidly reverting to the amine salt and
formaldehyde, X will actually form a stable salt. Thus, the pathways of the reaction in
acidic and basic media are somewhat different. The reaction in a slightly acid medium
contributes to two species at differing rates. The reversible reaction involving IV to
regencrate the amine and formaldehyde predominates. However, the formation of the
carbenium species X1II by way of the unstable methylol salt XI is also accomplished, but
at a much slower rate, as evidenced by the long reaction time in this medium. In a slightly
basic medium, X is formed in the reaction, and also by the thermal decomposition of IV.
This bis-aminomethane rapidly forms the carbenium species XIII through the inter-
mediate salt XII. It is postulated that the carbenium ion X1V, stabilized by resonance
with XIII, is the reactive species in both reactions (1), The carbanion IX formed from
cupric sulfate and the 1-alkyne would then enter into reaction with XIV to produce the
desired Mannich base XV. A similar series of events was noted during the synthesis of the
diisopropy! analogue. By following the changes in the pH values during the preparation
of the reaction, it was noted that the introduction of formalin, even when carefully
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neutralized, brought about an abrupt drop in pH. The resultant solutions were strongly
resistant to subsequent change in pld by the addition of excess amine until the amount of
amine calculated to produce the bis-aminomethane was introduced. This strongly
indicates a parallel course for all the reactions in the series, even those whose bis-amino-
methanes are soluble in water.

The effect of pH on the yield in the reaction was studied. The diethyl analogue was
prepared several times at varying initial pH values. It was established that at a pH
greater than 8, the reaction, as evidenced by the precipitation of metallic copper, was
complete after 55 min. At a pH less than 7 the reaction required at least 5% h, and at
pH 3 no reaction occurred. At a pH greater than 9 the yield decreased. It was decided to
run all future reactions at pH 8.4.

TABLE 1
Effect of pH on the yield of 4-diethylamino-2-butyne-1-ol

Initial pld Yield (%) Time of run . Remarks
9.0 62 55 min Metallic copper precipitates
8.4 80 " Some precipitation of metallic copper
7.9 80 5% h Some copper propargylate remains
6.0 80 " Some copper propargylate remains
5.0 77 " Copper propargylate slow to form
4.5 75 " Copper propargylate slow to form
3.8 65 " Copper propargylate slow to form
3.0 0 " Copper propargylate does not form
7.0 0 ” No copper 101 present

It should be noted, therefore, that the reaction should be run in a medium which is
acidic enough to form and stabilize the postulated carbenium ion but not acidic enough
to prevent the {ormation of the acetylide.

EXPERIMENTAL

The melting points were measured by the capillary method in an electrothermal apparatus and are
uncorrected. Carbon—hydrogen analyses were determined by Dr. C. Daesslé, 5757 Decelles Avenue, Montreal.
Amine nitrogen was determined by direct titration in acetic acid, using a Radiometer pH meter with a
standard glass electrode and a sleeve-type calomel electrode filled with saturated potassium chloride in
anhvdrous acetic acid. The hydrochloride salt (compound 6, Table II) was determined by the mercuric
acetate — acetic acid method of Pifer and Wollish (11) with the same titrating apparatus.

4-Dimethylanino-2-buiyne-1-ol

Dimethylamine (1.2 moles) was dissolved in 80 ml of water and the solution was brought to pH 9 by the
addition of a solution of 509 sulfuric acid. One and six-tenth moles of 409, formaliu solution was added to
the mixture followed by 1 mole of propargy! alcohol. A solution of 5 g of anhydrous cupric sulfate in 50 ml
of water was admixed with the contents of the reaction vessel, and the pH adjusted to 8.4 by the addition
of excess dimethylamine solution.

The reaction mixture was heated at 80° under veflux (dry ice condenser), with stirring, until the greenish
precipitate, which gradually turned yellow, showing the formation of copper propargylate, was succeeded
by the deposition of metallic copper (55 min). The mixture was cooled and poured into 300 ml of cold con-
centrated aqueous ammonia. The combined aqueous solutions were then extracted for 9 h with ether in a
liquid-liquid extractor. The ether extract was separated and dried over anhydrous magnesium sulfate, and
the solvent was evaporated. The residue was distilled in vacuo to yield 91.5 g (81%) of the aminobutynol,
b.p. 76-78° at 1.5 mm, n#p® 1.4765, 4,225 0.941 (reported (12) b.p. 101° at 1.5 mm, np?™® 1.4732).

4-Diethylamino-2-butyne-1-ol

This substance was prepared by the gencral procedure described above, except that the reflux condenser
was replaced by a regular Allihn water condenser. A 1 mole run, based on propargyl alcohol, gave 112.8 ¢
(809, of the desired aminoalcohol, b.p. 92-93° at 2 mm, n#p-7 1.4784, .47 0.975 (reported (7) b.p. 105° at
2 mm).
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4-Diisopropylanrine-2-butyne-1-ol

This aminoalcohol was prepared by the general method described above, Sufficient triethylamine was
added to bring the pl to S and to aid in the solubilization of the insoluble bis-aminomethane. The reaction
was heated at 80° for 72 h. A | wole run based on propargyl alcohol gave 147.5 g (87.59%,) of the product,
np¥-7 1.4811, d-5 0.931.

4- Pyrrolidino-2-butyne-1-ol

This compound was prepared by the general method described for the dimethyl analogue. A 1 mole run,
based on propargyl alcohol, gave 117 g (84%) of the desired aminobutynol, b.p. 106-107° at 1.5 mm,
np?7 1.5039, d426:5 1.013 (reported (13) b.p. 101-102° at 0.4 mm, #p* 1.5092).

4- Piperidinog-2-butyne-1-ol

This substance was prepared in 509, dioxane—water by the general method described above. A 1 mole run,
based on propargyl alcohol, gave 122.4 ¢ (80%) of the product, b.p. 112-113° at 1.5 mm, np?-7 1.5093,
d426-5 1,030 (reported (13) b.p. 112-113° at 0.9 mm).

4-Mor pholino-2-butyne-1-ol

This aminoalcohol was prepared by the general method. A 1 mole run, based on propargyl alcohol, gave
124 g (809%) of the desired product, b.p. 104-106° at 0.1 mm, zp*-7 1.5095 (supercooled liquid), m.p. 51.5—
52.5° (reported (14) b.p. 104-106° at 0.1 mum, #p® 1.5087).

ACKNOWLEDGMENT

The authors are grateful to the National Research Council for their financial assistance
in this part of a research project.

L. HeLvax and G. Oritz.  Angew. Chem. 68, 265 (1956).
C. Maxnicu and F. T. Cuaxc. Ber. Deut. Chem. Ges. 66, 418 (1933).
E. R, H. JoxEs, I. Marszak, and [. Baper. J. Chem. Soc. 1578 (1947).
C. M. McLeoDp and G. M. RopixsoN, J. Chem. Soc. 1470 (1921).
. E. FErvaNDEZ, C. PowELL, and J. S. FowLtr. J. Chem. Eng. Data, 7, 600 (1963).
J. P. GueryoxT. Bull. Soc. Chim. France, 20, 386 (1953).
P. DivMrath, P, DUurrFNER, R, OsTER, and H. Pasepacu. Ger. Patent No, 1,100,617 (March 2, 1961);
Chem. Abstr. 55, 19960f (1961).
L. HExry. Ber. Deut. Chem. Ges. 5, 571 (1872).
L. Hexry. Bull. Soc. Chim. IFrance, {3], 13, 138 (1893).
10. E. G. WacNER. ], Org. Chem. 19, 1862 (1954).
11. C. W. PrirEr and E. G. Worrisa,  Anal. Chem. 24, 300 (1952).
12, I. Marszak, A. Marszak-IFLEURY, R. EpstEIN, J. P. GUERMONT, . JacoB, and G. MoxTEZIN. Mem.
Serv. Chim. Etat Paris, 36, 411 (1951).
3. R. DapLsLom and R. MoLLBERG. Acta Chem. Scand. 17, 916 (1963).
14. J. 1I. BiEL, E. P. SPRENGLER, and . L. FriEpyan. J. Am. Chem. Soc. 79, 6184 (1957).

LW NOURGN

ReceiveEp Marcua 30, 1966.
MEDICINAL CHEMISTRY LABORATORY,
FacuLrty oF PHARMACY,

UNIVERSITY OF MONTREAL,
MONTREAL, QUEBEC.

CONVERSION OF NEOABIET1C ACID INTO MANOOL
Er~vesT WENKERT, J. R. Mauagan, M. NussiM, AND F. SCHENKER

As a consequence of our recent total synthesis of abietoid resin acids (1), various inter-
mediates became available for possible conversion into other diterpenic natural products.
Thus, for example, the synthetic ketoester Ia (2, 3), also a product of the ozonolysis of
methyl neoabietate (2~4), appeared to be a likely candidate for transformation into
manool (II) and sclareol (II1), especially since the more readily accessible sclareol degrada-

tion product I'V had already been converted into sclareol (5) and the latter had previously
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