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the procedure of Weinstock and Boekelheide® did not lead
to any recognizable products except for a small amount (ca.
5%) of recovered tetraphyllicine.

Selenium Dehydrogenation of Tetraphyllicine.~—~An inti-
mate mixture of 300 mg. each of tetrdphyllicine and black
selenium was heated at 300° for 5 minutes, cooled, mixed
with sand and extracted continuously for 18 hours in a Soxh-
let extractor with benzene. The extract was stirred with
mercury¥ for 4 hours, filtered through Celite powder and the
residue after removal of the solvent was distilled at 130~140°
and 0.015 mm. The yellow oil (75 mg.) which had distilled
over was treated in ether solution with picric acid and the
precipitate was recrystallized twice from methanol to vield 8
mg. of fine, yellow needles, m.p. 269-271° dec., undepressed
upon admixture with an authentic specimen (m.p. 273-275°
dec.) of ind-N-methylharman (IX) picrate?®%; the infrared
spectra (potassium bromide pellet) were identical.

Acetylation of Tetraphyllicine.—A mixture of 100 mg. of
tetraphyllicine, 4 cc. of benzene and 2 cc. of acetic anhydride
was heated under reflux for 6 hours, concentrated i vacuo
and diluted with ice-water. After making basic with am-
monia, the product was extracted with ether and then with
dilute hydrochloric acid, leaving a negligible residue in the
ether solution. The acid extracts were again made basic,
extracted with ether and the product was chromatographed
on Merck acid-washed alumina. Apparently homogeneity
was indicated by its chromatographic behavior (including
infrared examination of most fractions eluted with chloro-
form and chloroform-methanol), but the substance could not
be crystallized. It was then distilled at 160-165° and 0.002
mm. whereupon a heavy, colorless oil was obtained which
crystallized rapidly; it melted partially at 60°, resolidified
and yielded a clear melt at 154°; ASES“ 5.78 and 8.0 u.
Since it could not be recrystallized satisfactorily, the distilled
material was sent for analysis and while the latter was not
very satisfactory, it indicated clearly (together with the rele-
vant infrared bands) that the substance was O-acetyltetra-
phyllicine.

Anal. Caled. for szHzaNzOgi C, 75.40; H, 7.48; N>
7.99; acetyl, 12.28. Found: C, 75.70; H, 8.19; N, 7.22;
acetyl, 10.52.

Tetraphyllicine was obtained in excellent yield when the
acetate was heated with an ethereal solution of lithium alumi-
num hydride or with 59, methanolic potassium hydroxide.

Ozonolysis of Tetraphyllicine.—Ozone was passed for 15
minutes through an ice~-cold solution of 45 mg. of tetraphylli-
cine in 6 cc. of 29 acetic acid containing one drop of hydro-
chloric acid. The solution immediately turned deep pur-

(36) J. Weinstock and V. Boekelheide, TaIs JourNaL, 75, 2546
(1953).

(37) This method for removal of selenium was described recently
by J. Jacques, G. Ourisson and C. Sandris, Bull. soc. chim., 1293
(1935).

(38) R.B. Woodward and W. M, McLamore, THI1s Jour~NaAL, 71, 379
(1949).
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ple and the excess ozone was swept out with nitrogen gas.
The resulting dark brown solution was distilled in a current
of nitrogen into an ice-cold agueous sulfuric acid-ethanol
solution of p-nitrophenylhydrazine yielding 15 mg. (55%)
of acetaldehyde p-nitrophenylhydrazone with m.p. 124-
125°, undepressed upon admixture with authentic material.
No hydrazone formed in an appropriate blank experiment.
Hydrogenation of Tetraphyllicine (X) to Desoxyajmaline
(VIII).*—A chloroform solution of 55 mg. of tetraphyllicine
was treated with 5 ce. of hydrogen chloride-saturated chloro-
form and the solvent was removed. The resulting hydro-
chloride was hydrogenated at room temperature and atmos-
pheric pressure in 959 ethanol solution with 25 mg. of pre-
reduced platinum oxide catalyst whereupon one equivalent
of hydrogen was consumed within one hour. Filtration of
the catalyst, evaporation to dryness, addition of dilute am-
monium hydroxide solution and isolation with chloroform
yielded a crystalline residue which was recrystallized from
methanol—-acetone to furnish 43 mg. of fluffy, colorless nee-
dles showing m.p. 800-305°, undepressed upon admixture
with an authentic specimen of desoxyajmaline (VIII).20-22
The infrared spectra of the two specimens in Nujol mull were
identical and the rotatory dispersion curves® (methanol
solution) agreed within the acceptable 39, range inherent in
rotation measurements at such dilute concentration.

Tetraphyllicine Hydrogenated Desoxyajmaline
<) VIII)

Wave (X tetraphyllicine
length, mu [a] (¢ 0.12; [e] (¢ 0.14) [al (¢ 0.075)

700 +94° +74° +75°
650 100 89 89
589 135 112 116
550 160 130 137
500 206 169 173
450 276 224 232
400 387 324 338
375 480 397 407
350 588 478 488
340 6545 513 516
335 658 526 531
332.5 667 525 539
330 671 525 540
327.5 659 520 535

(39) Poisson, Goutarel and Janot (ref. 28b) have described the
hydrogenation of the rauvomitine (XI) saponification base to desoxy-
ajmaline (VIII).

(40) For experimental details see C. Djerassi, E. W. Foltz and A. E.
Lippman, THis JourNaAL, 77, 4354 (1955), and later papers in that
series. We are indebted to Mrs. Rosemarie Riniker for the current
measurements.
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The Synthesis of DL-Canaline, DL-Canavanine and Related Compounds'

By Davip D, NYBERG? AND BERT E. CHRISTENSEN
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A general discussion of the most satisfactory methods of preparation of O-substituted hvdroxylamines and hydroxyguani-

dines is given.
over-all yield is described.

homolog of pL-canaline resulted only in the isolation of DL-serine.

peared as a product in this investigation.

In 1929, Kitagawa discovered the hitherto un-
known amino acid canavanine (NH,C(=NH)-
NHOCH,CH,CH(NH,)COOH)? in the Jack bean

(1) Published with the approval of the Monographs Publication
Committee, Oregon State College as Research Paper No. 306, School
of Science, Department of Chemistry.

(2) National Science Foundation Fellow 1954-1956.

(3) M. Kitagawa and T. Tomiyama, J. Biochem. (Japan), 11, 265
(1929).

A new and practical synthesis of pL-canaline by a five-step reaction scheme from v-butyrolactone in 7%
pL-Canavanine is prepared directly from pL-canaline.

An attempt to synthesize the lower
An interesting material believed to be a polyoxime ap-

meal from which he was extracting urease to be
used in connection with his studies of the mech-
anism of urea formation in pig liver.
He reported that this new amino acid upon treat-
ment with arginase* would yield urea and a second
(4) (a) M. Damodaran and K. G, A. Narayanan, Biochem. J., 34,

1449 (1940); (b) M. Kitagawa, J. Agr. Chem. Soc. Japan, 16, 267
(1939); C. A., 34, 1196 (1940).
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amino acid canaline (H.NOCH.CH,CHNH,COOH).

The fact that canavanine was the first and, to
the authors’ knowledge, the only derivative of
hydroxyguanidine to be found in nature has focused
attention upon this compound. However, the
main interest in canavanine stems from the fact that
it has been shown to be a potent growth inhibitor of
many organisms.® This growth inhibition may be
due to the competitive antagonism of arginine,
which is not surprising in view of the close struc-
tural relationships between the two amino acids.

Canavanine, for example, has been found to in-
hibit the multiplication of the Lee influenza virus
in the chick embryo and in tissue culture.® It has
also been shown to be inhibitory to the growth of
the mouse encephalomyelitis virus in tissue cul-
ture.’

It was such biological interest in canavanine
that provided the stimulus for the work reported
in this paper, and some of the synthetic compounds
described herein were prepared for biological test-
ing.

The only reported work on the synthesis of cana-
vanine is that of Kitagawa who prepared this
amino acid® by a tedious method from the canaline
obtained by the enzymatic cleavage of L-canava-
nine itself.# For obvious reasons this was not a
practical procedure for the preparation of L-canava-
nine but was undertaken in a effort to establish the
structure of this interesting amino acid. No
yields were reported by Kitagawa, and the direc-
tions given are lacking in clarity and detail.

Kitagawa also established the relationship of
L-canaline and L-a-amino-y-hydroxybutyric acid®
by showing the one to be the hydrogenation prod-
uct of the other. Then starting with a-amino-v-
hydroxybutyric acid he succeeded in a five-step
sequence of reactions (in which no yields were re-
ported) in preparing canaline.

Borek and Clarke!® attempted several methods
of synthesis but were unable to prepare canaline by
any of the procedures used. Their starting mate-
rial was acetone $8-bromoethoxime, prepared from
the sodium salt of acetone oxime and ethylene
bromide. These workers were able to prepare
several amino6xy compounds; however, the closest
to the structure of canaline was y-carboxypropoxy-
amine (4-aminodxybutanoic acid).

In this study the starting material for the syn-
thesis of canaline was vy-butyrolactone (see Fig.
1). It possesses a preformed four-carbon chain
system which hence makes unnecessary any com-
plicated carbon-to-carbon condensations and lends
itself readily to the reactions involved. This lac-
tone was brominated according to the directions of
Livak, et al.,!'* to give an 899 yield of a-bromo-vy-

(5) (a) B. Volcani and E. Snell, J. Biol. Chem., 174, 893 (1948);
(b) N. H. Horowitz and A. Srb, ibid., 174, 371 (1948); (c) T. Suzuki,
S. Muraoka and K. Konobu, J. Pharm. Soc. Japan, T4, 534 (1954);
C. A., 48, 16116 (1954); J. B. Walker, J. Biol. Chem., 212, 207
(1955).

(6) K. S. Pilcher, et al., Proc. Soc. Exp. Biol. Med., 88, 79 (1955).

(7) H. E. Pearson, D. L. Lagerborg and R. J. Winzler, ébid., 79, 409
(1952).

(8) M. Kitagawa and A, Takami, J. Biochem. (Japan), 23, 181
(1936).

(9) M. Kitagawa, ibid., 24, 107 (1936).

(10) E. Borek and H. T. Clarke, J. Biochem., 128, 479 (1938).

(11) J. E. Livak, ¢t al., Tais JOURNAL, 67, 2218 (1943).
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butyrolactone, which was treated with 289, aque-
ous ammonia in a similar manner to that of Plien-
inger!? to vield (689;) «-amino-v-butyrolactone
hydrobromide. Opening the lactone ring accord-
ing to Fischer and Blumenthal'? gave an 849,
yield of di-2-amino-4-hydroxybutanoic acid (pL-
homoserine).

To introduce an aminodxy group on the Cs-atom
of the lactone (or homoserine) required a prior in-
troduction of a bromine or iodine atom, while at
the same time protection of the a-amino group and
inactivation of the carboxyl group were desired;
5-(2-Bromoethyl)-hydantoin (I) meets such re-
quirements. Livak!! had prepared this compound
from homoserine, in 519, yield. The average
yield obtained in this Laboratory was only 429.
However, it was possible to prepare it directly
from the lactone in 399 yield by merely neutraliz-
ing the hydrogen bromide with the calculated
amount of potassium carbonate and proceeding di-
rectly to the synthesis of 5-(2-bromoethyl)-hydan-
toin without the isolation of homoserine. This
resulted in a small increase in the total yield of the
hydantoin from y-butyrolactone. The bromo com-
pound was easily converted to 5-(2-iodoethyl)-
hydantoin (V) in 769, yield by sodium iodide in
acetone.

As a means of introducing the aminodxy group,
hydroxyurethan!* was used in alcoholic potassium
hydroxide to give a 539, yield of 5-[2-(carbethoxy-
aminotxy)-ethyl]-hydantion (II).1%% 1In contrast
to some of the other methods, no ambiguous prod-
ucts or isomers have been reported in the litera-
ture by workers using this procedure. Further-
more the homogeneous reaction medium simplifies
observing the progress of the reaction via the pre-
cipitation of the potassium halide side product.
This reaction was studied quite thoroughly, and it
was found that a ratio of hydroxyurethan to 5-
(2-bromoethyl)-hydantoin of 2:1 gave the best re-
sults. A 1:1 ratio resulted in only an 119} yield
and a 3:1 ratio gave no increase in yield (519);
almost identical results were obtained using 5-

(12) H. Plieninger, Ber., 83, 265 (1950).

(13) E. Fisher and H. Blumenthal, ibid., 40, 106 (1907).

(14) A. T. Fuller and H. King, J. Chem. Soc., 963 (1947).

(15) D. Nyberg and B. E. Christensen, THIs JoURNAL, T8, 781
(1956).

(16) (a) L. W. Jones, Am. Chem. J., 20, 1 (1898); (b) C. H. Hecker
ibid,, 80, 444 (1913).
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(2-iodoethyl)-hydantoin. The use of potassium
ethoxide in anhydrous ethanol was tried using a
1:1 ratio; very crude material in a 269, yield was
obtained.

pL-Canaline (III) was obtained in 569, vyield
from 5-[2-(carbethoxyaminodxy)-ethyl]-hydantoin
by hydrolysis with 13.39, barium hydroxide for
12 hr. at reflux temperature. The canaline thus
obtained was isolated as its picrate from which it
was recovered in quantitative amounts.

pL-Canaline was converted to DL-canavanine
(IV) by the use of methylisourea hydrochloride ac-
cording to the method of Kurtz'’; however, a
vield of only 10-129, was obtained. The reason
for these low yields is not known to the authors.
Slight variations in reaction conditions such as
ratio of concentrations of reactants and length of
reaction time did not affect the yields greatly.
Methylisothiourea sulfate was also used sticcess-
fully but in only one run. This procedure is
not applicable to the synthesis of an optically
active form of canaline because of rapid racemiza-
tion of the hydantoin intermediate in alkaline solu-
tion.!® The over-all yield of canaline from =-
butyrolactone was 79, and that of canavanine
0.9%.

It was found that 5-[2-(carbethoxy-aminotxy)-
ethyl]-hydantoin could be hydrolyzed with 489
hydrobrobromic acid to 5-[2-(aminoéxy)-ethyl]-
hydantoin hydrobromide (VI). This material was
treated with methylisothiourea sulfate in an en-
deavor to introduce the guanidinotxy group. The
product from this operation, without characteriza-
tion, was immediately treated with 13.59 barium
hydroxide for 12 hr. and the hydrolysate worked up
in a manner similar to that for canavanine. Only
canaline monoflavianate was isolated, however. It
was not possible to tell from this result whether the
aminodxy hydantoin had been guanylated or not.
Such a compound may have been degraded, uinder
the alkaline conditions used in the hydrolysis to
regenerate the aminotxy compound. It had been
hoped that such a guanidinotxy compound would
be stable, under such alkaline conditions, in view of
the known alkaline stability of canavanine.!®

One of the early objectives of this study was the
synthesis of the lower homolog of canaline. For
this purpose it was decided to employ the Strecker
reaction to make the a-amino acid and the oxime
method of Borek and Clarke! to introduce the
aminodxy group.

The acetal, acetone O-[2,2-(diethoxy)-ethyl)-
oxime (VII) (see Fig. 2) was prepared in 519, yield
from the sodium salt of acetone oxime and bromo-
acetal” in dry toluene. (An attempt to substitute
comimercially available chloroacetal for bromoace-
tal was unsuccessful.) This acetal was hydro-
Iyzed with 19} hydrochloric acid in the presence of
a large excess of acetone. This liberated the alde-
hyde group but retained the oxime linkage to give
very crude acetone O-formylmethyloxime (VIII).

From the analytical data, it appears that acid

(17) A. C. Kurtz, J. Biol. Chem., 180, 1253 (1949),

(18) H. D. Dakin, Biochem. J., 13, 308 (1919).

(19) M. Kitagawa, J. Biochem. (Japan), 26, 23 (1937).

(20) S. M. McElvain and D. Kundiger, *‘Organic Syntheses,” Coll.
Vol. ITI, John Wiley and Sons, Inc., New York, N. Y., pp. 123-125.
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hydrolysis in the absence of acetone caused a
hydrolytic cleavage of the oxime to initially form
2-aminodxyacetaldehyde, NH,OCH.CHO, which
polymerized in a head-to-tail fashion to give a
polyoxime (X).

Having obtained the crude aldehyde (VIII) in
good yield, a Strecker reaction was runinan attempt
to produce the desired amino acid. Asiswellknown,
a strong mineral acid is used to hydrolyze the a-
amino nitrile intermediate in this synthesis; since
only pL-serine (IX) was isolated from the reaction,
it was concluded that the acid hydrolysis resulted
in the degradation of the aminodxy group to the
hydroxyl group. Such a result was not com-
pletely surprising since Sidgwick?' mentioned that
O-ethylhydroxylamine was hydrolyzed by hydro-
chloric acid at 150° to ethyl chloride and hydrox-
ylamine.

An attempt to utilize a hydantoin intermediate
according to Holland and Nayler?? to make the de-
sired amino acid was also unsuccessful,

Experimental

5-(2-Bromoethyl)-hydantoin (I).—e-Amino~y-butyrolac-
tone hydrobromide!? (27.3 g., 0.15 mole) was dissolved in
90 ml. of water, and anhydrous potassium carbonate (10.4
g., 0.075 mole) added with stirring. The slightly alkaline
solution was heated on the steam-bath for a few minutes,
and then a solution of potassium cyanate (13.0 g., 0.16
mole) in 50 ml. of water was added. The final solution was
heated on the steam-bath for 2 hr. The rest of the proce-
dure was carried out according to Livak, ef al., who used pL-
homoserine for this preparation. The solution was treated
with 100 ml. of 489, hydrobromic acid and heated for an
additional 2 hr. on the steam-bath. The solution was
evaporated to dryness in vacuo and the residue digested
with 150 ml. of hot acetone and filtered. The potassium
bromide residue was washed until white with hot acetone.
The acetone filtrate was evaporated and the residue heated
for 2 hr. on the steam-bath with another 100 ml. of 489 hy-
drobromic acid. After evaporating in vacuo, the residue
was dissolved in 75 ml. of hot water, brought to pH 5-6 with
concentrated ammonia, filtered and cooled. The crude
crystalline product was removed 48 hr. later and immediately
recrystallized from 70 ml. of water; yield 6.5-12.1 g.
(21-399;) which melted at 139.5-40.0°. A mixed melting
point with the same product prepared from pL-homoserine
showed no depression.

5-(2-Iodoethyl)-hydantoin (V).—5-(2-Bromoethyl)-hy-

dantoin (I) (2.07 g., 0.010 mole) and sodium iodide (1.80 g.,
0.012 mole) were dissolved in 30 ml. of acetone and the
solution refluxed for 0.5 hr. An additional 20 ml. of ace-
tone was added, the solution cooled to room temperature
and potassium bromide removed by filtration. The filtrate
was evaporated to remove acetone and the residue taken up
in 35 ml. of hot water, filtered and cooled to precipitate the
product as tan colored tiny crystals; vield 1.93 g. (76%),
m.p. 168.0-169.5°. Two recrystallizations from water
gave tiny white scales melting at 172.5-173.0°.

Anal. Caled. for CH;IN,0,: C, 23.6; H, 2.8; N,
11.0. Found: C, 23.2; H,2.7; N, 11.0.

5-(2-(Carbethoxyamino&xy)-ethyl)-hydantoin (II).—To

an aleohalic solution of potassium hydroxide made from 3.96
g. (0.06 mole) of 85% potassium hydroxide and 60 ml. of
absolute alcohol was added 6.21 g. (0.03 mole) of 5-(2-
bromoethyl)-hydantoin (1) and a solution of 6.30 g. (0.06
mole) of hydroxyurethan'* in 40 ml. of absolute alcohol.
On warming, a light brown solution was obtained which was
refluxed for 3 hr., cooled and filtered to remove potassium
bromide. The filtrate was evaporated to dryness and the
sirupy residue dissolved in 30 ml. of water, neutralized with
dilute hydrochloric acid and placed in the refrigerator; 24

(21) N. V. Sidgwick, T. W. J. Taylor and W, Baker, “The Organic
Chemistry of Nitrogen.” Rev, Iid., Oxford, Clarendon Press, 1937, p.
161,

22) D. O. Holland and J. I1l. C. Nayler, J. Chem. Soc., 3403 (1952).
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to 48 hours later a crop of white needles (2.88 g., m.p. 151.5~
153°) was removed. (Sometimes no crystals appear.)
The mother liquor was evaporated on the steam-bath to one-
half of its original volume and set in a refrigerator overnight.
The product was removed and the mother liquors exhaus-
tively extracted with ether. The ether extract was evap-
orated to one-fourth of its original volume and cooled to give
additional product (m.p. 150-153°), over-all yield 2.0-3.6
g. (529). Recrystallization from water gave colorless
needles melting at 152-153°.

Anal. Caled. for CeH;3N;:05: C, 41.6; H, 5.7; N, 18.2.
Found: C, 41.3; H, 5.8; N, 18.4.

Experiments with 5-(2-iodoethyl)-hydantoin did not im-
prove the yield nor did decreasing the ratio of 5-(2-bromo-
ethyl)-hydantoin to hydroxyurethan from 1:2 to 1:3. A
1:1 ratio resulted in only an 119, yield of a very crude
product.

5-(2-(Aminotzxy)-ethyl)-hydantoin hydrobromide (VI).—
5-(2-(Carbethoxyaminoéxy )-ethyl)-hydantoin (2.31 g., 0.01
mole) was refluxed in 4.2 ml. of 489, HBr for 2 hr. The
brown hydrolysate was immediately evaporated to dryness
in vacuo and the residue thoroughly dried by adding a little
absolute alcohol and evaporating once again. The residue
from this operation was triturated with a small amount of
absolute alcohol and finally placed in the refrigerator.
Brown colored crystals were then recovered and washed
with ether; yield 2.09 g. (879,). A recrystallization from
95%, ethyl alcohol gave tan colored crystals, m.p. 167-168°
dec.

Anal. Caled. for CsH;0O:N3;Br: C, 25.0; H, 4.2; N,
17.5. Found: C, 24.7; H, 4.3; N, 17.5.

pL-Canaline (pDL-2-Amino-4-aminosxybutanoic Acid) (IIT).
—5-(2-(Carbethoxyaminoéxy)-ethyl)-hydantoin (2.31 g.,
0.01 mole) and barium hydroxide octahydrate (18.15 g.)
were refluxed in 55 ml. of water for 12 hr. The white solid
residue was removed and the filter cake extracted with 25
ml. of boiling water and finally washed with 25 ml. of hot
water. The combined filtrate and washings were treated
with 5.7 g. of ammonium carbonate by heating and stirring,
the barium carbonate was removed and washed with hot
water and the filtrate and washings were evaporated to
dryness in vacro. Attempts to bring about crystallization
of the material obtained at this stage were unsuccessful.
Picric acid (5.4 g., 0.02 mole) was added with 100 ml. of
water, and the mixture was heated to effect solution, filtered
and allowed to crystallize at room temperature. Tiny
yellow needles of prL-canaline dipicrate were obtained, re-
moved and washed with a little water; yield 3.38 g. (57%)
melting at 189.5-191.5° with slight sintering at 187.5°.
Recrystallization from water gave crystals melting at
190.5-191.0°.

Anal. Caled. for C;gHigNzOur:
Found: C, 32.45; H, 2.9

In order to prepare free canaline, the dipicrate (14.6 g.,
0.0247 mole) was decomposed with 100 ml. of hot 109, sul-
furic acid. After cooling in a refrigerator overnight, the
picric acid was removed and washed with a little ice-water.
In order to remove all traces of picric acid from the filtrate
and washings, they were combined and extracted exhaus-
tively with ether. The now colorless solution was diluted
to 450 ml. and treated with barium hydroxide octahydrate
to quantitatively remove sulfate ion. The barium sulfate
was removed and washed with a little hot water. The
filtrate and washings were evaporated to near dryness in
vacuo and 20 ml. of isopropyl aleohol added to the residue
followed by refrigeration; yield 3.18 g. (969 from picrate)
of white crystals melting at 198-201° dec. Two recrystalli-
zations from aqueous isopropyl alcohol gave white needles,
m.p. 195-198° dec.

A paper chromatogram using the butanol-acetic acid-
water (4:1:5) system gave an R; value of 0.59 and indi-
cated only slight traces of impurity. The synthetic product
gave a positive ninhydrin test and an orange-red color with
1allkaline picrate ( Jaffe’s test) which is characteristic of cana-
ine.

Anal. Caled. for CH,(N20;: C, 35.8; H, 7.5; N, 20.9.
Found: C, 35.9; H, 7.8; N, 20.7.
pL-Canaline monoflavianate, prepared from equimolar

quantities of canaline and flavianic acid in water, was ob-
tained as yellow crystals which melted at 201-202.5°. Re-

C, 3245, H, 2.7.
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crystallization from water raised the melting point to 207-
208°.

Anal. Caled. for CsH1eN4O1S: C,37.5; H,3.6. Found:
C,37.6; H,3.5.

pr-Canavanine (pL-2-Amino-4-guanidinosxybutanoic
Acid) (IV).—Canaline (III) (0.67 g., 0.005 mole) was con-
verted to its copper complex with 0.72 g. of cupric carbonate
or 0.44 g. of cupric oxide by boiling the reactants in water for
10 minutes and then filtering. The deep blue solution was
evaporated to 7-8 ml. on the steam-bath. After cooling in
an ice-bath, methylisourea hydrochloride” (1.1 g., 0.01
mole) and 5.0 ml. of 2 N sodium hydroxide were added.
The solution was allowed to sit at room temperature for two
weeks. At the end of this time, it was noted that crystalli-
zation of a purple-pink material had occurred and the pH
of the solution had decreased from approximately 10 to 8.
The solution was acidified to congo red with dilute hydro-
chloric acid (purple-pink crystals dissolved), treated with
hydrogen sulfide and filtered. The filtrate was brought to
boiling to remove hydrogen sulfide. (At this point Kita-
gawa? refluxed his synthetic product for 20 hr. with 10%
hydrochloric acid to remove a contaminant. Similar treat-
ment of this product gave no improvement in yield or qual-
ity.

yF{avianic acid dihydrate (1.75 g.) dissolved in a little warm
water was added and the solution placed in the refrigerator.
The next day yellow crystals of a crude canavanine flavian-
ate were collected (1.90 g.). This was immediately re-
crystallized from water to remove a high-melting contami-
nant of unknown constitution; yield 1.22 g., m.p. 200-220°
dec. Satisfactory analvtical data for this compound were
not obtained, but the results suggest the material to be a
monoflavianate.

This flavianate without further characterization was dis-
solved in 40 m. of hot water and treated with 1.13 g. of
barium hydroxide octahydrate dissolved in boiling water.
On cooling, the precipitated barium flavianate was removed
and washed twice with hot water. The still yellow filtrate
was treated with sulfuric acid to quantitatively remove
barium and finally charcoaled to remove the last traces of
flavianic acid. The now colorless solution was evaporated
to dryness i vacuo, and to the residue was added 20 ml. of
absolute alcohol. White to slightly gray crystals separated
which melted at 180-184° dec. on rapid heating. An au-
thentic sample of L-canavanine prepared from Jack bean
meal gave a melting point of 180-182° dec. on fast heating,
and a mixed melting point showed no depression of tempera-
ture; yield 0.09-0.11 g. (10-12%,).

The synthetic material gives a positive ninhydrin test
and a positive canavanine test with amidine-pentacyano-
ferrate reagent.??

Comparative paper chromatograms from two different
solvent systems of the synthetic and natural products as
well as mixed material gave identical R; values within each
system. The R; values obtained from the butanol-acetic
acid-water (4:1:5) system were 0.054 and 0.077 in two dif-
ferent runs while the phenol-water (809, phenol) system
gave an Ry of 0.47.

Acetone 0-(2,2-(Diethoxy)-ethyl)-oxime (VII).—The
sodium salt of acetone oxime (0.4 mole) was prepared in the
same manner as was done previously in the preparation of
acetone O-ethyloxime. The dried material was made into
a slurry with 160 ml. of dry toluene and placed aside in a
beaker temporarily. To the same flask (1000 ml., 3-necked)
used in the preparation of the oxime salt were fitted a stirrer
and reflux condenser with a drying tube. Bromoacetal®®
(160 g., 0.81 mole) and toluene (40 ml.) were introduced and

(23) W. R. Fearon, Analyst, T1, 562 (1946).
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hea‘ted by means of an oil-bath at 135°. The slurry of
sodium acetone oxime was added in small portions over 1
iir. and the subsequent mixture stirred and heated for 24 hr.
After cooling, the reaction mixture was filtered to remove the
insoluble solids. The brown filtrate was distilled through
a 42-cm. Vigreux column and the fraction boiling above 92°
(20 mm.) collected. The lower boiling portion was dis-
tilled again and additional material boiling above 92° (20
_mrn.).collected. Approximately 40-50 g. was accumulated
in this manner. Two more distillations gave 22-38 g.
(20-51%), b.p. 40-45° (1.5 mm.), 98-99° (20 mm.),
n¥®p 1.4259, of a colorless oil.

Anal. Caled. for CyH4NO,: C, 57.1; H, 10.1.
C, 56.5; H, 9.9.

The unchanged bromoacetal can be recovered from the
lower boiling distillates with little trouble

A. The acid hydrolysis of acetone 0-(2,2-(diethoxy)-
ethyl)-oxime (VII) in the presence of an excess of acetone:
In a solution of 35 ml. of acetone and 19 ml. of 19 hydro-
chloric acid were dissolved 2 g. (0.0212 mole) of acetone
0-(2,2-(diethoxy)-ethyl)-oxime (VII). After refluxing for
1 hir., the solution was cooled in an ice-bath and then neu-
tralized with anhydrous potassium carbonate to pH 7.5-
8.5. The acetone was removed by evaporation % vacuo at
temperatures not over 45°. The residue was chilled in an
ice-bath and extracted with three to four portions of ether.
Anhydrous sodium sulfate was used as a salting-out agent to
ensure complete extraction. The ether extracts were dried
with anhydrous sodium sulfate. After evaporation of the
ether, 1.3-2.5 g. of a slightly yellow oil was obtained. This
g:rude product decomposed even on vacuum distillation, and
it was not possible to obtain pure material. However, the
oil gave the typical tests expected for an aldehyde (Schiff
and Tollens tests) and is probably crude acetone O-formyl-
methyloxime (VIII). Attempts to prepare several aldehyde
derivatives were all unsuccessful. Treatment with dilute
aqueous hydrochloric acid gave a white insoluble precipitate
similar in its thermal properties to the polymeric material
described in part B.

B. The acid hydrolysis of acetone O-(2,2-diethoxy-
ethyl)-oxime with aqueous hydrochloric acid in the absence
of acetone: When the acetal, acetone 0-(2,2-(diethoxy)-
ethyl)-oxime (VII), was hydrolyzed in 1:1 or 2:1 19,
aqueous hydrochloric acid-95% ethanol in the absence of
acetone by refluxing for 15~60 minutes, a cream colored to
white gummy insoluble material was deposited. On drying
over P;0; in vacuo, it became more friable and amorphous.
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Two grams of the acetal gave about 0.55 g. of this material.
The sample analyzed below melted over the range 90-190°
dec. and gave positive Schiff and Tollens tests.

Anal. Caled. for C,H;NO(=NOCH,CH=):
H, 5.3. Found: C, 42.9; H, 5.9.

This analysis stiggests the material to be polymeric in
nature and composed of the units =NOCH,CH= since the
carbon and hydrogen content of possible monomeric products
are much higher than that found for the material isolated.

Serine (IX).—The attempted synthesis of 3-aminotxy-2-
aminopropanoic acid via the Strecker reaction and the isola-
tion of serine (IX): Material believed to be crude acetone
O-formylmethyl-oxime (VIII) (4.1 g., 0.0356 mole) pre-
pared as described above was added to 7.2 g. of 109, meth-
anolic ammonia. To the resulting solution was added
ammonium chloride (2.86 g., 0.534 mole) dissolved in 17 ml.
of water. The mixture was heated at 80° for 4 hr. The
dark red solution was cooled and then added to 50 ml. of
concentrated hydrochloric acid (hood) and allowed to sit
overnight. The next day, the solution was heated on the
steam-bath for 3.5 hr.; additional acid (20 ml.) was added
and heating continued for 6 hr. longer. The solution was
then evaporated to dryness in vacuo and the residue redis-
solved in water and filtered to remove a black insoluble
material. The clear brown colored filtrate was passed
through an IRA-400 strongly basic anionic exchange resin
to remove the anions from the solution. The resin was then
eluted with 2 N hydrochloric acid to give an amino acid
effluent which was identified by means of the ninhydrin
test. The fractions containing the amino acid were evapo-
rated to dryness and treated with silver carbonate (0.1068
equiv.) to remove chloride. After removing silver chlo-
ride, the filtrate was saturated with hydrogen sulfide and
filtered again. The final solution was evaporated to dry-
ness and 50 ml. of absolute alcohol added. The cloudy
solution was placed in the refrigerator. The next day a
slightly vellow crystalline material was removed and imme-
diately recrystallized from water—isopropyl alcohol. A crys-
talline material, 0.46 g. (10.39, yield of serine), m.p. 175~
275° dec., was thus obtained. The material was again re-
crystallized from water-isopropyl alcohol.

A paper chromatogram using the phenol-water system
with an authentic sample of serine showed the material to be
predominantly serine with only a trace of some other mate-
rial which also gave a ninhydrin test.

C, 42.4;
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The Friedel-Crafts

Benzoylation of Naphthalene

By FREDERICK R. JENSEN
RECEIVED JULy 30, 1956

Excess benzoy! chloride added to the reaction mixture does not change the rate of the aluminum chloride-catalyzed

benzoylation of toluene or p-xylene or the amount of ortho isomer (9.7%) formed in the reaction with toluene.

In the reac-

tion with naphthalene, the addition of excess benzoyl chloride to the reaction mixture causes a large decrease in the rate of

reaction and an increase in the amount of 8-ketone (less hindered) formed.

It has besn suggested previously that the change

in isomer distribution in the reaction with naphthalene is due to the excess benzoyl! chloride complexing with the attacking
group to form a more bulky group. The results indicate that this postulate can be true only if the attacking groups are

different in the reactions with toluene (and p-xylene)and naphthalene.

for the differences in isomer distribution.

Introduction
In 1886, Claus and Feist! reported that the o-
ketone is exclusively formed in the Friedel-Crafts
acetylation of naphthalene. Ten years later Rous-
set? reported that both the «- and B-isomers are
formed. Since that time the isomer distribution in
this reaction has been investigated by numerous

(1) A. Claus and P. Feist, Ber., 19, 2896 (1886),
(2) L. Rousset, Bull. soc. chim., 18, 58 (1896).

It is shown that rearrangement is not responsible

workers, but many of the results are confusing and
contradicting.? It is now recognized that the ad-
dition of a variety of substances, which complex
strongly with aluminum chloride, to the reaction

(3) An excellent review of the experimental work is given in the
A.C.S. Monograph, C. A, Thomas, “Anhydrous Aluminum Chloride
in Organic Chemistry,” Reinhold Publ, Corp., New York, N. Y., 1941,
p. 271, Reviews are also given by G. Lock, Monatsh,, T4, 77 (1943),
and by H. F. Bassilios, S. M, Makar and A, Y, Salem, Bull. soc, chim,,
72 (1954).



