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The facile preparatlon of a-metalated carboxylate
salts (dianions) (I)‘ (eq 1) has provided unique op-

THF
RCHzCOQH + 2L1N(1,-Pr)2 —_—
 HMPA

RCHCOOLi + 2HN(:-Pr); (1)
L
1
portunities for derivatizing long-chain fatty acids at the
a-methylene carbon.s=5 -

The reaction of a-metalated _carboxylate salts with
formaldehyde is shown in this report to be a facile, high-
yield synthesis of a-alkylhydracryhc and a-alkylacryhc
acids. Prior to this development, low-molecular-welght
derivatives of both classes of compounds were incon-
veniently prepared by multistep reactions, generally in
low yields (20-609).5 Several single-step syntheses
have been described in the patent literature, although
yields in general never exceed 209,.7

The synthesis of -hydroxy acids or esters by reaction
of carbonyl compounds with metalated carboxylic acids
or esters has been previously reported by other in-
vestigators,8—10 However, the reaction of formaldehyde
was not included among their aldehydes examined, an
omission that would have prov1ded the key hydraerylic

- acid intermediates—the primary methylol derivatives—
for convenient preparations of a-alkylacrylic acids.

The initial reaction of formaldehyde with the

metalated carboxylates produces a-alkylhydracrylic
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.acids (II) (eq 2) and the latter compounds are readily

-, . H+
RCHCOO- + HCHO —> -OCHz(lJHCOO- —
I
HOCHz(IJHCOOH @)
L
II

dehydrated by acid catalyst to a-alkylacrylic acids
(III) (eq 3). The a—alkylacryhc acids' (ITII) are ad-

H+ .
HOCHoCHCOOH —-——-—> CH2=CCOOH + H0 - (3)
R dxstxllatlon
III

vantageously distilled from the reaction zone during the
dehydration process. Inthe present development each
of the two classes of derivatives is 1solated in ylelds
generally exceeding 90%,.

. The advantages of usmg hexamethylphosphoramide
(HMPA) as a cosolvent in tetrahydrofuran (THF)
solution for solubilizing salts and dianions of low solu-
bility has been demonstrated for several reactions.4s
Recent reports on alkylations of dianions!*-!? have in-
dicated that mixed cationic species of metalated
carboxylates, e.g., [LiNa]?*, impart improved re-
activity to dianions compared to thedilithiated salts
and that heterogeneity due to poorly solubilized di-
anions is not a barrier to a successful reaction.2.13
The use of mixed cations would provide an alternative
to the use of HMPA, were the advantages of the former
found to be general for reactions other than alkylations.
In order to determine the relative merits of mixed
cations and HMPA in the formylation reactions, the
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TabLe I

Y1ELDS AND PROPERTIES OF a-ALKYLHYDRACRYLIC ACIDS, HOCH,C(R)HCOOH.
REACTION OF o ANIONS WITH FORMALDEHYDE

Yield,* %p———————
Starting acid Registry no. R Mp or bp, °C (mm) THF THF-HMPA'

Hexanoic 33785-85-2 Butyl 114-116 (10) 97
Nonanoic 33785-86-3 Heptyl 47-484

) 88 (0.3)° 96, 65,¢ 12/ 90, 31/
Tetradecanoic 33785-87-4 Dodecyl 75-75.3 89
Hexadecanoic 33785-88-5 Tetradecyl 81-81.7 85,0 61
Octadecanoic 33785-89-6 Hexadecyl 85.5-87.0 29 80¢
¢is-9,10-Octadecenoic 33780-97-1 ¢is-7,8-Hexadecenyl ho- 93
Phenylacetic* 529-64-6 Phenyl 117-1187 93

a Yields determined by gle.

All purified products analyzed satisfactorily by elemental analysis, nmr, and mass spectra. ®One mole

of hexamethylphosphoramide (HMPA) per mole of carboxylic acid in tetrahydrofuran (THF) except where indicated. ¢ Methyl ester.

4 Lit. mp 47-48°: E. E. Blaise and A. Luttringer, Bull. Soc. Chim. Fr., 33, 635 (1905):
mixed cations; prepared from the sodium salt of the carboxylic acid.
¢ 2 mol of HMPA.
TInicluded as a representative example of an aromatic preparation.

pared from the potassium salt of the carboxylic acid.
saturated acid and esters.
J. K. Wood, J. Chem. Soc., 115, 828 (1919).

formylations of dianions with varied counterions were
carried out in the presence and absence of HMPA.
a-Alkylhydracrylic Acids.—The results of these
preparations are assembled in Table I and show the
importance of conducting the formylations in homo-
geneous solutions to attain high yields of a-alkylhy-
dracrylic acids. Short-chain dianions such as dilith-
iated nonanoate are sufficiently soluble in THF in
the absence of HMPA to achieve an efficacious formal-
dehyde reaction (969, yield), whereas long-chain di-
anions such as octadecanoate require dissolution by
HMPA for successful formylations (80% in HMPA vs.
299, without HMPA). The results also highlight the
importance of the counterion type, since yields diminish
in the order [LiLi]2*+ (96%,) > [LiNal**+ (65%) >
[LiK ]2+ (129%). These results are explained in part by
the low solubility of the [LiNa]?+ and [LiK]?* di-
cationic species in THF solutions, indicating a slow
progressive reaction between formaldehyde and the
heterogeneous phase of the metalated carboxylates. It
is evident from the example of a-heptylhydracrylic acid
(Table I) that yields increase as the solubility of the
mixed salt species, e.g., [LiK]?*, is increased by in-
clusion of HMPA as cosolvent, thereby providing a
convincing argument for carrying out dianion reactions
in homogeneous solutions. ' ’
a-Alkylacrylic Acids.—Dehydration of an «-alkyl
hydracrylic acid is conveniently carried out in a dis-
tillation flask for subsequent ¢n vacuo distillation of
the a-alkylacrylic acid. The a-alkylhydracrylic acid
containing one drop of phosphoric acid as catalyst is
heated n vacuo at 180° for 30 min to promote formation
of estolides (intermolecular polyesters of undetermined
size), the presence of which was indicated by their ir
spectra. Elevation of the temperature to 270° py-
rolyzed the estolides, and the dehydrated product was
distilled at reduced pressure. ~Distillation of the acrylic
acids during the dehydration process is essential to
effect a disproportionation of estolide to olefinic acid
and hydroxy acid as well as to minimize destruction of
the liberated products by the acid catalyst. Excellent
yields of isomerically pure a-alkylacrylic acids (Table
II) are simply obtained. Absence of isomer IV as a
- possible product by isomerization of IIT (eq 4) was indi-
cated by gle and nmr analysis. _
Thermal dehydration of a-alkylhydracrylic acids by

e Dianion present in reaction with [LiNa]2*
/ Dianion present in reaction with [LiK]** mixed cations; pre-
» Methyl ester decomposes on distillation to a mixture of un-
i Lit. mp 116-117°: A. McKenzie and

TasLe IT
a-ALKYLACRYLIC ACID PREPARATION v¢a DEHYDRATION OF
a-ALkyraypRACRYLIC Acips, HOCH:C(R)HCOOH.

YieLD AND PROPERTIES OF a~ALKYLACRYLIC
Acips, CH—=C(R)COOH

Registry ———a-Alkylacrylic acid —
R no. Mp or bp, °C (mm) Yield,* %
Butyl 4380-88-5 111-113 (10)» 94
Heptyl 1118918 122 (0.5) 94, 70,4.79¢
Dodecyl 33785-92-1 44-45
157 (0.2) 90
Tetradecyl 6818-50-4 55-55.8 84
Hexadecyl 6818-51-5 60-61.0

) 205-209 (0.25) 90
cis-7,8-Hexadecenyl 33780-98-2 196-197 0.4) 90

o Yields determined on distilled product by gle. All products
analyzed satisfactorily by glc, elemental analysis, nmr, and mass
spectra. ? Lit. bp 109-110° (10 mm): E. E. Blaise and A. Lut-
tringer, Bull. Soc. Chim. Fr., 33, 760 (1905). ¢ Lit. bp 128-134°
(2 mm): Y. Yamashita, H. Kato, K. Hisano, T. Ito, and M.
Hasegawa, Kogyo Kagaka Zasshi, 65, 2050 (1962); Chem. Abstr.,
58, 12774e (1963). < Uncatalyzed dehydration. ¢ Sulfurie acid

catalyzed dehydration.
CHF(ECOOH —> R'CH=CCOOH (4)
R CH;
IIr v

use of sulfuric acid as catalyst or in the absence of
catalyst results in lower product yields. Dehydrations
by means of sulfuric acid as catalyst are accompanied
by excessive charring, while in the absence of catalyst
prolonged reaction times are required.

Experimental Section

Tetrahydrofuran, hexamethylphosphoramide, and diisopropyl-
amine were purified as previously described.*® ,

Paraformaldehyde was dried over phosphorus pentoxide before
use.

Sodium and potassium -salts of -carboxylic acids were crys-
tallized from methanol-THF, dried at 110° for 12 hr, and stored
in a desiccator over phosphorus pentoxide.

Purity of methyl esters of acrylic and hydracrylic acid deriva-
tives was examined by gle [Dow Corning 710 silicone oil (10%)].

Preparation of 2-Heptylhydracrylic Acid.—The following prep-
aration of 2-heptylhydracrylic ‘acid  and 2-heptylacrylic acid
typifies the general procedures for preparing these classes of
compounds. Preparation of a-metalated carboxylate salts has
been described in previous papers.*® , )

Paraformaldehyde (8 g) was heated at 180-200° to generate



formaldehyde!¢ and the formaldehyde vapors were carried by a
stream of N, over the surface of a stirred TH F solution (50 ml)
of a-lithiated lithium nonanoate (3.28 g, 0.02 mol) containing 1
molar equiv of HMPA: The reaction was terminated after
complete depolymerization of paraformaldehyde. The reaction
solution was cooled in an ice bath and neutralized with dilute
(10%) hydrochloric "acid until acidic. The aqueous layer was
separated and extracted with ethyl ether. To ensure complete
removal of HMPA, the ether layer. wasvextracted with four
portions of dilute hydrochloric acid. The ether layer was dried
and a-heptylhydracrylic acid was recovered, by evaporation of
solvent, yield 2.85 g (909). The crude product was purified
by crystallization from acetonitrile. )

Other similarly prepared a-alkylhydracrylic acids (Table I)
were purified by crystallization (solvent in parenthesis): . a-do-
decyl, a-tetradecyl, and. e-hexadecyl (hexane); a-phenyl (ethyl
alcohol). a-Butylhydracrylic acid was distilled in vacuum.

Preparation of 2-Heptylacrylic Acid.—2-Heptylhydracrylic
acid-(2.0 g, 0.01 mol) and phosphoric-acid (one drop) were stirred
in a R.B. flask (10 ml) equipped with a short-path distillation
head and heated to 180° in'a Wood’s metal bath under vacuum
(0.5 mm) for 30 min. The temperature was raised to 270° to
decompose the estolides and to distil pure 2-heptylacrylic acid
(head temperature, 122°), yield 1.7 g (949%). The long-chain
derivatives were also recrystallized, 2-dodecylacrylic acid from
hexane and 2-tetradecyl- and 2-hexadecylacrylic acids from ace-
. tone. Table ILrecords properties and yields. )

Registry No. —Formald_ehyde, 50-00-0.

(14) L.. F. Fieser and M. Fieser, “Reagents for Organic - Synthesis,”
Wiley, New.York, N. Y., 1967, p 397.



