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10.1 g ( 0.10 mol) of triethylamine were taken up in a mixture
of 100 ml of benzene and 25 ml of ether, and cooled to 0° with
stirring under Na.

A solution of 20 g (0.10 mol) of a-bromoacetophenone in 60
m] of benzene was added dropwise over 1 hr; and the reaction
mixture was dllowed to warm to room.temperature. Filtration
to remove triethylamine hydrobromide and treatment of the
filtrate with dry hydrogen chloride yielded the crude hydrochlo-
ride salt of the product as a syrup. Recrystallization from 2-
propanol afforded 8.0 g (339) of the salt as an off-white solid,
mp 170-172°,

Samples of the free base for photolysis were secured by ether
extraction of a basic aqueous suspension of the salt. The final
product was a yellow oil: ir 5.90 (s), 6.18 (s); nmr & $.0-7.3
(m,»H),5.95 (s, 2 H), 4.16 (3, 2 H), 3.70 (3, 4 H).

This compound is very susceptible to oxidation to N-phen-
acylpyrrole, and gave unsatisfactory elemental analyses. Its
high-resolution mass spectrum showed a parent ion at m/e
187.0994 (caled 187.0997).

Photolyses.—The phenacylamine salts were irradiated in 100-
mg quantities as 19 solution in 1:99 water-methanol with a
Pyrex-filtered 4350-W Hanovia source; the free allylamine de-
rivatives were irradiated as 19 benzene solution in a Rayonet
“merry-go-round’’ apparatus using 3000-A lamps. Irradiations
were carried outin an atmosphere of purified nitrogen.

Products were isolated by preparative gas phase chroma-
tography of the photolysis reaction mixtures following removal
of solvent by atmospheric pressure distillation.

Registry No.—I¢, 33777-39-8; Id, 33777-40-1.
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The facile preparation of o-metalated carboxylate
salts (dianions) (I) (eq 1) has provided unique op-
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R({?HCOOLi + 2HN(@#-Pr); (1)
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I

portunities for derivatizing long-chain fatty acids at the

a-methylene carbon.?—5 ‘
The reaction of a-metalated carboxylate salts with
formaldehyde is shown in this report to be a facile, high-
vield synthesis of a-alkylhydracrylic and a-alkylacrylic

(1) Paper IV: P. E. Pfeffer and L, S. Silbert, J. Org, Chem., 86, 3290
(1971).

(2) Eastern Marketing and Nutrition Research Division, Agriculture
Research Service, U. 8. Department of Agriculture.

(8) P.L.Creger, J. Amer. Chem. Soc., 89, 2500 (1967).

(4) P. E, Pfeffer and L. 8. Silbert, J. Ory. Chem., 88, 262 (1970).

(5) P. E. Pfeffer, L. 8. Silbert, and J. M. Chirinko, Jr., J. Org: Chem,,
87, 451 (1972).

NoTEes

acids. Prior to this development, low-molecular-weight
derivatives of both classes of compounds were incon-
veniently prepared by multistep reactions, generally in
low yields (20-609).® Several single-step syntheses
have been described in the patent literature, although
vields in general never exceed 2097

The synthesis of 8-hydroxy acids or esters by reaction
of carbonyl compounds with metalated carboxylic acids
or esters has been previously reported by other in-
vestigators.®~* However, the reaction of formaldehyde
was not included among their aldehydes examined, an
omission that would have provided the key hydracrylic
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
acids (II) (eq 2) and the latter compounds are readily

- ! H+
RCHCOO~ 4+ HCHO ——> —OCHz(fHCOO‘ —_—

R
HOCH.CHCOOH (2)

11
dehydrated by acid catalyst to a-alkylacrylic acids
(IID) (eq 3). The wa-alkylacrylic acids (III) are ad-

H+

HOCH,CHCOOH —> CH,=CCOOH + H,0O (3)
A,

R distillation 1‘1
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vantageously distilled from the reaction zone during the
dehydration process. In the present development, each
of the two classes of derivatives is isolated in yields
generally exceeding 90%.

The advantages of using hexamethylphosphoramide
(HMPA) as a cosolvent in tetrahydrofuran (THF)
solution for solubilizing salts and dianions of low solu-
bility has been demonstrated for several reactions.*?
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 the dilithiated salts
and that heterogeneity due to poorly solubilized di-
anions is not a barrier to a successful reaction.!?: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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TasLe I

YiELDS AND PROPERTIES OF a-ALKYLHYDRACRYLIC Acips, HOCH,C(R)YHCOOH.
REACTION OF o ANIONS WITH FORMALDEHYDE

—Yield,? G e,
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 47484
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 85,9 61
Octadecanoic 33785-89-6 Hexadecyl 85.5-87.0 29 80¢
¢1s-9,10-Octadecenoic 33780-97-1 c1s-7,8-Hexadecenyl h 93
Phenylacetic? 529-64-6 Phenyl 117-118/ 93

@ Yields determined by gle.

of hexamethylphosphoramide (HMPA) per mole of carboxylic acid in tetrahydrofuran (THF') except where indicated.
4 Lit, mp 47-48°: E. E. Blaise and A. Luttringer, Bull. Soc. Chim. Fr., 33, 635 (1903).
mixed cations; prepared from the sodium salt of the carboxylic acid.

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

® One mole
¢ Methyl ester.
¢ Dianion present in reaction with [LiNa]2?+*
7 Dianion present in reaction with [LiX]2+ mixed cations; pre-

pared from the potassium salt of the carboxylic acid. ¢ 2 mol of HMPA. * Methyl ester decomposes on distillation to a mixture of un-

saturated acid and esters. * Included as a representative example of an aromatic preparation,

J. K. Wood, J. Chem. Soc., 115, 828 (1919).

formylations of dianions with varied eounterions 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 THEF 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 (809, in HMPA vs.
299%, without HMPA). The results also highlight the
importance of the counterion type, since yields diminish
in the order [LiLi]** (969,) > [LiNal**+ (659,) >
[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
convineing argument for carrying out dianion reactions
in homogeneous solutions.

a~Alkylacrylic Acids.—Dehydration of an a-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
vields of isomerically pure a-alkylacrylic acids (Table
II) are simply obtained. Absence of isomer IV as a
possible product by isomerization of III (eq 4) was indi-
cated by gle and nmr analysis,

Thermal dehydration of a-alkylhydraerylic acids by

7 Lit. mp 116-117°: A, McKenzie and

TasLe 11
a-ALKYLACRYLIC ACID PREPARATION via DEHYDRATION OF
a-ALKYLHYDRACRYLIC Acipg, HOCH,C(R)HCOOH.

Yi1ELD AND PROPERTIES OF a-ALKYLACRYLIC
Acips, CH~=C(R)COOH

Registry - Alkylaerylic acid—-—-—
R no. Mp or bp, °C (mm) Yield,* %
Butyl 4380-88-5 111-113 (10> 94
Heptyl 1118-91-8 122 (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

@ Yields determined on distilled product by gle. All products
analyzed satisfactorily by gle, 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, 68, 2050 (1962); Chem. Abstr.,
58, 12774e (1963). ¢ Uncatalyzed dehydration. ¢ Sulfuric acid

catalyzed dehydration.
CH2=(‘ICOOH — R’CH=(|}COOH (4)
R CH;
111 IV

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 desiceator over phosphorus pentoxide.

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

Preparation of 2-Heptylhydracrylic Acid.—The following prep-
aration of 2-beptylhydracrylic 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.t

Paraformaldebyde (8 g) was heated at 180-200° to generate
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formaldehyde'* and the formaldehyde vapors were carried by a
stream of N; over the surface of a stirred THF 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 was extracted 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 (90%,). 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 a-hexadecyl (hexane); a-phenyl (ethyl
aleohol). e-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 & 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 (94%). The long-chain
derivatives were also recrystallized, 2-dodecylacrylic acid from
hexane and 2-tetradecyl- and 2-hexadecylacrylic acids from ace-
tone. Table Il records properties and yields.

Registry No.—Formaldehyde, 50-00-0.

(14) L. F. Fieser and M. Fieser, ‘‘Reagents for Organic Synthesis,”
Wiley, New York, N. Y., 1967, p 397.
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The photo-Fries rearrangement has been widely in-
vestigated and extended to simple vinyl esters,? as
well as to the 1,3-dienyl acetate system, which is re-
ported to undergo both 1,3- and 1,5-acyl migration.?
The latter finding raises questions concerning the pho-
toreactivity of 3-phenyl vinyl acetate derivatives which
may a prior: undergo 1,3-acyl migration as a simple
vinyl system or 1,5 migration to the ortho ring position,
which would constitute a vinylogous Fries rearrange-
ment (eq 1), a new reaction of potential synthetic and

H
N s

Yo o o M
COCH; fy COCH, COCH,

mechanistic importance. Furthermore, this prospect
prompted studies on the thermal reactivity of this sys-
tem which were carried out both in the presence and
absence of Lewis acids.
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Irradiation (254 nm) of phenylacetaldehyde enol
acetate (1), as a mixture of the cis and trans isomers,*
in benzene or acetonitrile solution, yielded the known
a-acetyl phenylacetaldehyde (2)° as the only apparent

H__OH,
CH i
NCH O w ~°
OCOCH, c,HB
1 2

primary photoproduct, which was determined by mon-
itoring (gle) the reaction at less than 59 conversion
with the use of an internal standard. Throughout the
reaction course, no additional products were in evidence
in significant amounts, although 2 was found to be
photolabile and attained a2 maximum concentration of
about 25%,. The product 2, mp 69-70°, was isolated
by silica gel chromatography and characterized by
elemental and spectral analysis (see Experimental Sec-
tion). This result parallels the known photorearrange-
ment of B-phenyl enamides, which also undergo 1,3-
acyl migration.t v

With the hope of enhancing the prospect of 1,5-acyl
migration, the photochemistry of 1l-acetoxy-2-phenyl-
cyclohexene (3)7 was also investigated, in which case
(1) the phenyl and acetoxy groups are fixed in the
requisite cis configuration for concerted migration, and
(2) 1,3 migration is sterically more hindered. How-
ever, only the product of 1,3 migration, the previously
unknown 2-acetyl-2-phenyleyclohexanone (4), was pro-

.
©

OCOCH,
3 4

duced together with small amounts of 2-phenyleyclo-

hexanone. The assignment of structure 4 was readily

deduced from elemental and spectral analysis (see Ex-

perimental Section).

In the absence of Lewis acids, this system was found
to be remarkably heat stable. Both 1 and 3 were quan-
titatively recovered after being heated in benzene or
acetonitrile solution at 550° for 30 min in sealed tubes,
as evidenced by gle and infrared analysis. Compound
3 remained essentially unchanged on passage through
a Vycor tube packed with glass helices (1 X 25 cm) at
750°. On-the other hand, when the helices were
packed to a height of 50 c¢m, only trace amounts of
starting material and volatile products were detected.

On heating 3 at 210° in benzene together with an
equimolar amount of boron trifluoride etherate and an
internal standard, slow decomposition occurred (about
509 in 1.5 hr); however, only trace amounts of prod-
ucts could be detected by gle analysis, suggestive of a
polymerization process. The bulk of the material was
apparently polymerized, as well, on treatment of 3
under standard Fries conditions with aluminum chlo-

0
COCH,
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