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product decomposition, and other factors affecting
the isolation of a product.

Variation of the specific rate constant with tem-
perature is also shown in Table I (runs 13, 14 and
15). Thereaction hasa low temperature coefficient
which is not particularly surprising for an aldol-type
condensation.2p
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The Isolation of the Toxic Principles of Mamey
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RECEIVED AUGUST 1, 1952

The insecticidal properties of the various parts of
the mamey tree (Mammea americana L.) have been
recognized for many years.! Although the seeds
from the fruit of this tree have been the subject
of numerous investigations,? the isolation of the
toxic compounds in pure form has not been pre-
viously reported.

Outlined below is a procedure which led to the
isolation of one pure, toxic, crystalline compound
and to ome toxic amorphous solid. These two
substances were highly toxic to several species of
insects and accounted for 819, of the toxicity of
mamey extract. Their powerful action as fish
poisons facilitated their isolation since this per-
mitted the use of guppies as the bioassay test
animal.

Experimental

Seeds of mature fruit were sectioned, dried at 45° in a
forced-draft oven for 24 hours, ground to 80 mesh, and ex-
tracted for 8 hours with petroleum ether in a soxhlet type
extractor. A light-red, sticky, semi-solid mass, represent-
ing 5% of the dried powder, was obtained after evaporation
of the solvent. Heating under high vacuum for 2 hours at
100° was required for the removal of the last traces of sol-
vent. Other non-polar solvents served as well as petro-
leum ether for this extraction. This semi-solid mass was
dissolved in the minimum amount of acetone and placed in
an ice-bath for 24 hours. A non-toxic white, powdery
solid, melting sharply at 78°, was obtained. The yield was
1.5% of the dried extract. The acetone in the filtrate was
evaporated under reduced pressure and the residue dis-
solved in petroleum ether to give a 109, solution. Fifty ml.
of this solution, equivalent to 5.0 g. of dried extract, was
placed on a 75 X 150 mm. column prepared with silicic acid
(Merck 200 mesh) and developed with a 1:10 mixture of
ether and petroleum ether. After the initial band had
separated into three distinct bands, the silicic acid was ex-
truded, sectioned, and the three bands extracted with ether.
The immobile band at the top of the column was not toxic
and was discarded. The procedure was repeated five times
and the corresponding extracts of the two mobile toxic bands
were combined. This gave a preliminary separation.

The ether solution of the leading toxic band was partially
evaporated and the remaining ether gradually replaced with
petroleum ether while boiling on a steam-bath. Cooling
in an ice-bath for 24 hours produced 2.3 g. of well-formed,
colorless crystals, representing several crystalline modifica-
tions. Numerous recrystallizations from ether—petroleum
ether showed these crystals to be a mixture of compound A,
m.p. 130-131° (2.1 g.), and several other crystalline com-
pounds which have not yet been obtained in pure form.
Compound A showed approximately the same LDj as the

(1) D. de Grosourdy, “El Médico Botdnico Criollo,” Vol. 1I(2),
Paris, (1864), p. 511,

(2) M. A. Jones and H. K. Plank, THIs JoURNAL, 67, 2262 (1945);
H. K. Plank, J, Econ. Entomol., 87 (6), 737 (1944), and refs. cited.
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original extract, .e., 1.5 p.p.m., and thus accounted for
7% of the toxicity of the original extract. The mother
liquors when combined and partially evaporated yielded
0.5 g. of light-yellow crystals, m.p. 70~90°. This mixture
was resolved into three crystalline substances, melting at
82-84°, 101-102° and 114-115°, These last three sub-
stances appeared to be solvates, for they effervesced strongly
at their melting points.

Compound A dissolved readily in dilute alkali to give a
vellow solution and gave positive phenolic tests. This
compound added methylmagnesium bromide readily, but
did not liberate methane in the Zerewitinoff apparatus.
The ultraviolet absorption spectrum obtained with a Beck-
man model DU spectrophotometer, using 959, alcohol as the
solvent, showed maxima at 244, 249, 255, 261 and 334 mu.

Anal. Caled. for CisH204: C, 71.26; H, 7.33. Found:
C,71.15,71.10; H, 7.62, 7.56.

The ether solution of the middle toxic band was evaporated
and a light-red oil was obtained which was extracted several
times with petroleum ether. The tacky residue that re-
mained was taken up in a 1:10 ether—petroleum ether mix-
ture and rechromatographed three times on a silicic acid
column as described above. This led to the isolation of 3.1
g. of a highly toxic material. The LDs of this golden-yellow
amorphous substance which softened at 170~175°, was 0.25
p.p.m. by the guppy bioassay method? and accounted for
749, of the toxicity of the original extract. This LDso of
0.25 p.p.m. indicated that this substance was approxi-
mately 209, as toxic as rotenone under the same conditions.
The molecular structures of the toxic compounds described
above are now being investigated by Professor J. L. E. Erick-
son, Louisiana State University. A report of this work will
ge submitted from his laboratory to THIS JOURNAL at a later

ate,

During the past year this Laboratory received
several requests for samples of these pure toxic
compounds, indicating a widespread interest in
these potential insecticides. A recent press release*
from the University of Puerto Rico stated that
mamey extract contained ‘‘antibiotic substances
which were active in vifro against one or more
bacteria.”

(3) C. Pagén, ibid., 41 (6), 042 (1948).

(4) “Informacién Oficial,’”” Ndim. 19, Oct. 4, 1951, Universidad de
Puerto Rico.
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An Investigation of the Hammick Reaction
By NELsoN H. CANTWELL AND ELLIS V. BROWN
Recervep NoveEMBER 13, 1952

In an attempt to elucidate the nature of the Ham-
mick reaction®? with a view to extending it, we var-
ied the character of the carbonyl reactant by intro-
ducing substituents into its nucleus.

The various carbonyl compounds which were suc-
cessfully coupled with picolinic acid upon decar-
boxylation are listed in Table I. In initial investi-
gations various solvents such as dibromobenzene,
nitrotoluene, bromoanisole, xylene and p-cymene,
equivalent in amount to the aldehyde used were
added to the reaction mixture to determine what
effect they might have on the yield. This proved
to be very practical for the yield of carbinol was in-
creased in every case. The best yields were ob-

(1) D. Ll. Hammick and P. Dyson, J. Chem. Soc., 1724 (1937): 809
(1939).

(2) D. L. Hammick and B, R. Brown, ibid., 173 (1949); 659
(1949).
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TABLE I

HaMMICK REACTIONS WITH PicoLIiNic Acip® AND VaRIOUs CarRBoNYL COMPOUNDS

Carbonyl compound Product

Benzaldehyde Phenylpyridylearbinol?
Benzophenone Pyridyldiphenylearbinol®
Acetophenone Phenylpyridylmethylearbinol®

p-Methoxybenzaldehyde p-Methoxyphenylpyridylearbinol

mi-Nitrobenzaldehyde m-Nitrophenyl pyridyl ketone

m-Nitroplienylpyridylnethyl-
carbinol

p-Chilorophenylpyridylearbinol

m-Nitroacetophenone

p-Chlorobenzaldehyde

¢ gsol acid in 30 g, ol carbonyl componnd.
cymiene), ¢ Reference 1 and 2. ¢ This is the boiling point.

TasLe 11

Temp.,

Acid Aldehyde °C. Result
Pyrimidine-4-carboxylic Anisaldehyde 245 XNeg.
Thiazole-2-carboxylic Anisaldehyde 90  Neg.

Benzaldehyde 90 Neg.

4,5-Dimethylthiazole-2- Anisaldeliyde 93 Neg.
carboxylic Benzaldehyde 93  Neg.
4-Methylthiazole-5-carbox-  Benzaldehyde 175  Neg.
vlic Anisaldehyde 175  Neg.
2-Methylthiazole-4-carbox-  Benzaldehyde 178  Neg.
ylic Anisaldehyde 178  XNeg.
o-Nitrobeuzoic Benzaldehyde 175  Neg.
Anisaldehyde 175 Neg.

2 4. Dinitrobenzoic Benzaldehyde 165  Neg.
Anisaldehyde 165  Neg.

P Refers to reaction without solvent.

Uield Carbon, % Hydrogen, ¥,
Grams % M.p., °C. Caled. Yound Caled. Found
1.3 17" 78
4.1 54
2.1 91° 105
4.8 48
1.9 23" 152(7451nm.)’

4.2 HU°

2.3 26" 131

3.1 59°

1.5 15

4.7 48 118 63.22 63.50 3.53 3.32
2.0 207 130 63.91 64.12 4.91 4.86
4.1 427

2.0 983 65.96 66.32 4.51 4,13
5.9 5y

¢ Refers to reaction with solvent (p-

The reactions were carried out in anisaldehyde and,
where the decarboxylation temperature of the acid
was low enough, in benzaldehyde. All of the acids
gave negative results in that they did not yield the
expected carbinol, a coupling product between the
decarboxylated acid and the carbonyl compound.
Hammick! has shown that 2,4,6-trinitrobenzoic
acid gives a negative reaction.

The reaction was also carried out on various
methyl substituted picolinic acids, utilizing anisal-
dehyde as the carbonyl reactant and p-cymene as
the solvent. The results are reported in Table I11.
All of the methyl substituted picolinic acids gavc
a positive Hammick reaction and the expected
coupling products.

TasLe 11

HaMMIck REACTIONS ON METHYL SUBSTITUTED PICoLINIC AcCIps 1¥ 30 GRAMS OF ANISALDEHYDE AND 30 GRAMS OF

p-CYMENE
Methyl substituted Product, p-methoxyphenyl- Temp., Yield, M.p., Carbon, % Hydrogen, %
picolinic acid¢ carbinol °C Grams % °C. Caled. Found Caled. Found
s5-Methyl 3-Methylpyridyl- 165 2.8 35 68 73.36 73.23 6.55 6.39
4-Methyl 4-Methylpyridyl- 173 4.9 53 96 73.36 73.10 6.55 6.50
5-Methyl S>-Methylpyridyl- 177 4.3 47 75 73.36 73.21 6.55 6.44
6-Methyl 5-Methylpyridyl- 170 5.2 57 w7 73.36 73.53 6.55 6.68
4,6-Dimethyl 4,6-Dimethylpyridyl- {74 0.1 49 95 74,07 74.25 6.706 .57

@ 5.5 grams in each case except for 4,6-dimethylpicolinic acid where 6 g. was used.

tained in p-cvmene. These findings are in agree-
ment with those previously reported by Tilford,?
Shelton and Van Campen on the effect of solvents
on this reaction. The experimental procedure was
the same as that employed by Hammick.! The
vields utilizing p-cymene as solvent for the reaction
are reported under yield as (b) in Table I.

p-Nitrobenzaldehyde, 2,4-dinitrobenzaldehyde,
cinnamaldehyde and p-dimethylaminobenzalde-
hyde gave negative results both with and without
the addition of solvents.

In an attempt to extend the reaction to acids
other than those successfully employed by Ham-
mick, the reaction was carried out on the thiazole,
pyvrimidine and nitrobenzoic acids listed in Table II.

(3) C. H. Tilford, R. S, Shelton and M. 8. Van Campen, THIS JoUr-
naL, 70, 4001 (1948).
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Reactions of Ethylenimines. IV. With Carbon

Disulfide

By LeaLLy~y B. CLaPP AND JOHN W. WATJEN!
RECEIVED JULY 24, 1952

In repeating Gabriel’s*$ synthesis of a 2-thiothia-
zolidone from an ethylenimine and carbon disul-
fide in ether, a 279, yield (Gabriel reported no
yields) of 4,4-dimethyl-2-thiothiazolidone was ob-

(1) Taken in part from the Senior Thesis of John W. Watjen, Brown
University, June, 1932.

{2} 8. Gabriel and R. Stelzner, Ber., 28, 2929 (1893).

i3) S. Gabriel and C. F. von Hirsch, ibid., 29, 2747 (1806).



