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1,N-Dicarbobenzoxyhistidine (L and pr) (I) were obtained from benzyl chloroformate and histidine (L and DL, respec-

tively).
tives II.
tion or wia the chloride hydrochloride IV.

Compound I was decarbobenzoxylated by amines or alcohols yielding the corresponding N-carbobenzoxy deriva-
1,N-Dicarbobenzoxy-L-histidine methyl ester hydrochloride (III) was obtained from I either by direct esterifica-
1-Carbobenzoxyimidazole hydrochloride (V) and 1l-carbobenzoxybenzimidazole

hydrochloride (VI) were prepared. The l-carbobenzoxy groups of V and VI were found to be similar in reactivity to those

of I and III.

1,3-Dicarbobenzoxy-2-hydroxybenzimidazoline (VII) and the corresponding 2-methoxy and 2-benzyloxy

derivatives (VIII and IX) were synthesized, and their reactivity toward sodium methoxide and hydrogen chloride was in-
vestigated. Non-aqueous titrations were applied to the investigation of the structure and the reactivity of these compounds

(see Table I).

The synthesis of various N-acyl derivatives of
histidine has been described.? The N-benzoyl,*
N-p-nitrobenzoyl® and N-carbobenzoxy® deriva-
tives were prepared from the amino acid and the
respective acyl chlorides in dilute alkali; N-acetyl-
histidine” was synthesized from histidine and acetic
anhydride in glacial acetic acid. Although the
imino group of imidazole can be acylated, 1,N-di-
(2-naphthylsulfonyl)-histidine® is the only 1-acyl
substituted histidine known. Thefailureto prepare
histidines substituted in the 1-position by acetyl
or benzoyl is probably due to the susceptibility of
the imidazole acyl bond to alkaline hydrolysis.?
1,N-Diacylhistidine ester derivatives, however, are
readily obtained from histidine ester and an acyl
chloride under anhydrous conditions.+*!%  Action
of excess acyl chloride on histidine ester in aqueous
sodium carbonate causes opening of the imidazole
ring which undergoes the well known Bamberger
reaction.!!

Because of the importance of the carbobenzoxy
derivatives of amino acids in peptide synthesis,!?
and since little was known concerning the synthe-
sis and properties of carbobenzoxy derivatives of
histidine, an investigation of the reaction between
L- and pL-histidine and benzyl chloroformate was
undertaken.

Dicarbobenzoxy-L-histidine (I) was obtained
by coupling vr-histidine with two moles of benzyl
chloroformate in aqueous solution at 0°, at pH 9
to 10, followed by acidification to pH 2.4 where-
upon it precipitates. Excess mineral acid must be
avoided since the product is amphoteric. The
crude dicarbobenzoxy derivative is unstable, de-
composing at room temperature within several
hours to give N-carbobenzoxy-L-histidine (II).
Two considerably more stable forms of I,1a and Ib,
were obtained on crystallization from methanol and

(1) A preliminary report on this work was presented at the 21st
Meeting of the lsrael Chemical Society: A. Patchornik, Bull. Res.
Coune. of Israel, 6A, 10 (1957).

(2) See K. Hofmann, “Imidazole and Its Derivatives,' Interscience
Publishers, Inc., New York, N. Y., 1953,

(3) H. Pauly. Ber.. 43, 2243 (1910).

(4) 0. Gerngross, Z. physiol. Chem., 108, 50 (1919},

(5) H. Pauly, ibid., 64, 75 (1910).

(6) M. Bergmann and L. Zervas, Ber.. 65, 1192 (1932),

(7T) M. Bergmann and L. Zervas, Biochem. Z., 203, 280 (1928),

(8) H. Pauly, Z. physiol. Chem., 42. 508 (1904).

(9) M. Bergmann and L. Zervas, 1b7d., 175, 145 (1928).

(10) Th. Wieland, Axn.. 580. 139 (1953).

(11) A. Kossel and E. Edlbacher, Z, physiol, Chem., 98, 396 (1915);
E. Bamberger, Ann., 278, 267 (1893).

(12) H. D. Springall and H. D. Law. Quart. Revs., 10, 230 (1956).

ethanol, respectively, and were found to contain
one molecule of alcohol.

Direct esterification of I with methanolic hydro-
gen chloride or treatment of I with diazomethane
and subsequent acidification with hydrogen chlo-
ride led to the methyl ester hydrochloride III.
The hydrochloric acid of 11T was removed by diazo-
methane to yield the free ester IIla. Treatment
of I with thionyl chloride yielded the corresponding
acid chloride hydrochloride 1V, which gave I1II on
treatment with methanol. Unlike other N-carbo-
benzoxyamino acid chlorides, IV failed to cyclize to
the respective N-carboxy-a-amino acid anhy-
dride.'3

Dicarbobenzoxy-L-histidine (I) is readily decar-
bobenzoxylated by nucleophilic reagents such as
sodium methoxide and amines, yielding N-carbo-
benzoxy-L-histidine (II). With ammonia and ani-
line, the corresponding benzylurethans formed were
also isolated. ~N-Carbobenzoxy-L-histidine (II) is
an amphoteric substance owing to the presence of
the acidic a-carboxyl group and the basic imidazole
group in the molecule. Its solubility in water,
sparing solubility in ethanol and insolubility in ace-
tone, ethyl acetate and benzene suggest a zwitter-
ionic structure.

1,N-Dicarbobenzoxy and N-carbobenzoxy-DL-
histidine were prepared analogously to the respec-
tive L-histidine derivatives. The melting point
and solubility of N-carbobenzoxy-pL-histidine dif-
fered considerably from that of N-carbobenzoxy-
L-histidine. A comparison of the properties of
both forms with those reported by Bergmann and
Zervas for N-carbobenzoxy-L-histidine® (see Ex-
perimental) suggested that the substance isolated
by these authors was in fact the racemic form.

For the purpose of comparing the properties of the
1,N-dicarbobenzoxy-histidine with those of other
carbobenzoxyimidazole compounds, carbobenzoxy-
imidazole hydrochloride (V) and carbobenzoxy-
benzimidazole hydrochloride (VI) were prepared
by coupling imidazole and benzimidazole, respec-
tively, with carbobenzoxychloride either in alkaline
aqueous medium or under non-aqueous conditions.
Both V and VI are decarbobenzoxylated analo-
gously to 1,N-dicarbobenzoxyhistidine by nucleo-
philic reagents such as amines and sodium methox-
ide. On heating they split off benzyl chloride and
carbon dioxide similarly to 1,N-dicarbobenzoxy-
histidine methyl ester hydrochloride (I1I).

(13) E. Katchalski, Advances in Protein Chem., 6, 123 (1951),
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In the case of benzimidazole, 1,3-dicarbobenzoxy
derivatives could be prepared. When benzimida-
zole was coupled with two moles of benzyl chloro-
formate in the presence of aqueous alkali, 1,3-

dicarbobenzoxy-2-hydroxybenzimidazoline  (VII)
NH N—COOCH;
AN C;H,COCI N
: \ / moles; \ /
N N—COOC;H;
VII
HCl J
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’ N—COOC/H; N—COOC;H;
SN \ HCL N \\
U CH < l CHOR
Ny WA
N-HCl N—COOC;H;
VI VIII, R = CH;
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was formed. The pseudobasic hydroxy group of
VII is very reactive yielding with alcohols the cor-
responding 1,3-dicarbobenzoxy-2-alkoxybenzimid-
azolines. The methoxy and benzyloxy deriva-
tives, to which formulas VIII and IX are ascribed,
resemble the corresponding dibenzoyl compounds
described by Gerngross.'* Unlike 1-carbobenzoxy-
imidazole derivatives, VIII and IX are not decarbo-
benzoxylated by sodium methoxide in alcohol at
room temperature. Anhydrous hydrogen chloride
on the other hand causes rapid decarbobenzoxyla-
tion with the formation of 1-carbobenzoxybenzimid-
azole and benzyl chloroformate. The difference
in behavior toward nucleophilic reagents between
the carbobenzoxy group attached to imidazole and
those combined with benzimidazoline is not sur-
prising considering that the pyrrole nitrogen of the
former is markedly acidic in character.? The sensi-
tivity of the I,3-dicarbobenzoxy-2-hydroxybenz-
imidazoline (VII) and its alkoxy derivatives VIII
and IX toward hydrogen chloride may be explained

(14) O. Gerngross, Ber., 46. 1913 (1913).
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by an assumed cleavage of the C(2)~O bond by the
halogen acid leading to the formation of 1,3-
dicarbobenzoxybenzimidazolium  chloride (X).
Similarly to the labile complexes of tertiary amines
with acid chlorides, X decomposes readily into 1-
carbobenzoxybenzimidazole and benzyl chloroform-
ate.
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For the elucidation of the structure and reactivity
of the various imidazole derivatives described above
non-aqueous titrations'® proved of considerable
value. The titrimetric properties of imidazole,
benzimidazole and histidine and of some of their
acyl derivatives are summarized in Table I. The
data given demonstrate that the free imidazole
groups are considerably more basic than their re-
spective acyl derivatives. Thus while a free
imidazole group requires one mole of HClO, using
thymol blue (TB) as indicator (yellow to red) (see
no. 1 and 3), its acyl derivatives do not consume
HCIO; under these conditions (see no. 7). This
behavior explains also the observation that the
hydrochlorides of the acyl imidazole derivatives
impart a red color to TB (see no. 9). In the pres-
ence of crystal violet (CV) in glacial acetic acid,
which requires a higher acidity than TB for its
color change (violet to green), both the free and the
acylated imidazole groups are titratable with one
mole of HCIO, (no. 7).

The base-catalyzed alcoholysis of the acylimmida-
zole group discussed previously, is evident from the
titrimetric data of these compounds with HCIO,
after previous exposure to catalytic quantities of
methoxide in the presence of excess methanol (see
no. 8, 10 and 12). Thus while benzoylbenzimida-
zole does not absorb HCIO, when TB is used as in-
dicator, one mole of HCIO, is consumed after expo-
sure of the substance to methanol in the presence
of sodium methoxide (no. 9). For III, V, VI and
benzoylbenzimidazole HCI (no. 10) one equivalent

(15) J. 8. Fritz, ‘“Acid Base Titrations in Nonaqueous Solvents,'
The G. Fredrick Smith Chemical Co., Columbus, Ohio, 1952.
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TaprLe 1

NON-AQUEOUS TITRATIONS OF IMIDAZOLE DERIVATIVES”

Moles
per
mole
com- Indi- Color
No. Compoeund Titrant pound cator changef
1. Imidazole or benzimida- HCIOs 1 B Y — R
zole HCIO: 1 cv A
NaOMe tr” TB Y — B
2, Imidazole-HCl or benzi- HCIO4 tr’ TB V—R
midazole-HCI HCI1O: trf cV V=G
NaOMe 1 TB Y — B
2. Histidine, free base HClO: 2 TB Y —R
HCIO: 2 Vv Y —=GC
NaOMe 1 TB Y —B
4. Histidine-HCI HCIO4 1 T8 Y —R
HCl1O4 1 Cv V-G
NaOMe 2 TB Y—B
5. N-Carbobenzoxyliisti- HCI104 1 TB Y — R
dine (11) HCI1O4 1 Cv V-G
NaOJlle 1 TB Y — B
6. II + 1 mole NaOMe HC IO 2 TB B—Y—=R
7. 1-Benzoylbenzimida- HC104 tr’ TB Y —R
zole' or 1.N-dicarho-  HCIO: 1 CV VG
benzoxyhistidine NaOMe  tr" T Y —> B
methyl ester (I11la})
8. 1-Benzovlbenzimida- HC10: 1 TB B—Y—-R
zole® or I11a + trace
NaOMe (MeOH:
9. 1,N-Dicarbobenzoxy- NaOMle 1 TB R—Y—38B
histidine methyl ester-
HCI (111), I-carbo-
benzoxybenzimida-
zole-HCI (V1), 1-car-
bobenzoxyimidazole-
HCI (V) or 1-benzoyl-
benzimidazole-HCI
10. I, V, V1 or 1-benzoyl- HCIO; 1 TB B—Y—=1R
benziniidazole-HCI.
+ 1 mole NaOMe
(MeOH)
11. 1,N-Dicarbobenzoxy- HC1Os tr” TB Y—R
histidine (laj HCIO: 1 Ccv V=G
NaOMe 1 TB Y —B
12, Ta + 1 mole NaOMe HCIO: a TB B—Y—>R
(AMeOH)
13. 1,3-Dicarbobenzoxy-2-  HCIO: tr° TB Y—R
methoxybenzimidazo- HCIOs trf V. V=G
line (VIII) or 1,3-di- NaOMe tr° TB Y-—-B
carbobenzoxy-2-ben-
zyloxybenzimidazo-
line (I1X)
4. VIIL, IX, + trace HCIO4 trf TB Y —-R

NaOMe (MeOH)

* Sainples of 0.1 to (0.2 mmole of the compound were dis-
solved in 10 ml. of solvent and titrated with 0.1 N standard
solutions from a 2-ml. microburet. Thymol blue (TB) was
used as indicator and dioxane as solvent for titrations with
HCIOs in dioxane and NaOMe in benzene—methianol.
Crystal violet (CV) served as indicator and glacial acctic
acid as solvent for titrations with HCIOy in glacial acetic
acid, "V = vellow; R = red; \" = violet; G = grecu,.
“tr = trace {(about 0.02 ml.}. “ Prepared according to O.
Crerngross, ref. 14,

of sodium methoxide was added to neutralize the
hydrochloric acid present, prior to the titration with
perchloric acid of the parent imidazole compounds
formed as a result of the base-catalyzed alcoholysis.
The titration data given in no. 14 show that, as
mentioned previously, no base-catalyzed alco-
holysis takes place in the case of dicarbobenzoxy-
benzimidazolinie derivatives,

The discussed alcoholysis reaction was also fol-
lowed spectrophotometrically in the case of 1,N-
dicarbobenzoxyhistidine (Ia) (see Experimental).
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Experimental

All melting points are uncorrected.

1,N-Dicarbobenzoxy-L-histidine (I}.—Beunzyl chloroform-
ate (17 ml.) was added in ten portions to an ice-cooled solu-
tionn of r-listidine hydrochloride hyvdrate {10.5 g.) in 2 N
sodium hydroxide (50 ml.). After tlhie addition of cach
portion of the reagent tlie mixture was vigorously shaken
and its pH adjusted to 9-10 by the addition of 2 N sodium
livdroxide. A total volume of approximately 60 ml. of
alkali was consumed and the coupling was completed within
20 minutes. Tlie inixture was then acidified to pH 2.4 with
cold 4 N hydrochloric acid. Tlie white precipitate foried
was caused to coagulate by shaking, tlie supernatant was
discarded and the crude product (I) was immediately re-
crystallized from mcthanol. The 1,N-dicarbobenzoxy-1.-
histidine crystallized witlh one molecule of methanol (laj;
vield 16 g. (709), m.p. 105-107° dec. when heated quickly,
@' % 415.3° (¢ 6.3, in acetone—methanol 4:1 by voluine).

The crystalline material was air-dried at roown tempera-
ture before analysis.

Awnal. Caled, for CowH. N0 CH;0H: C, 60.6; 1. 5.5;
N, 9.2; CH30. 6.8; nent. equiv., 455. Found: C, 60.
H, 5.5; N, 9.2; CH,0, 6.7 (prolonged dryiug #n vacue at
roou temperature resulted in a marked decrease in weth-
oxyvl); neut. equiv., 455 determined by anhydrous titration
in methanol with 0.1 N sodium metlioxide using thymol blue
as indicator, or in glaciul acetic acid with 0.1 N perchloric
acid in glacial acetic acid using crystal violet as indicator.
No titratable groups could be detected on titration in diox-
anc with 0.1 N perchloric acid in dioxane using thiymol blue
as indicator. A solution of 1,N—dicarbobenzox_V—L—histidin(:
in methanol shows an absorption nmaximum at 2380 A. with
a molar absorption coefficient e = 3200.

When the crude [,N-dicarbobenzoxy-L-histidine wus
crystallized from ethanol, crystals with one molecule of cth-
anol, Ib, were obtained.

Anal.  Caled. for CyuHuNOsC.H;0H: C, 61.4; H, 5.8
C.H;0, 9.6; ueut. equiv., 469. Tound: C, 62.0; H. 5.7
CoH;0, 9.5; neut. eqniv., 471 deterinined as above.

3
3

Ta and Ib are soluble in acetone and acetic acid, sparingly
soluble in cold ethanol and insolable in ether and petroleum
cthier. Methanol and cthanol were the ounly two solvents
found from which erystals of I could be obtained. Thus
it could not be erystallized from propanol, butanol, benzenc
or ethyvl acetate.

When the crystalline dicarbobenzoxy-L-listidine prepara-
tions containing wmethanol (Ia) or ethanol (Ib) were kept
in closed vessels at room temperature for several weeks de-
composition oceurred. From the resulting viscous material
N-carbobenzoxy-r-lhistidine could be isolated in a 70-85Y%
vield by trituration with ether and acetone and erystalliza-
tion of the solid residue from ethanol; w.p. 163°. unot de-
pressed by admixture with a sample of N-carbobenzoxy-1.-
Listidine (m.p. 166-167°% prepared as described below. A
similar decomposition occurred withiu several hours when
the ervstallization of I from aleoliol was delayed.  Decarbo-
benzoxylation also occurred when crude preparations of I
were heated on a water-bath in ethylacetate or glacial acetic
acid for half an honr. In these cases partial racemization
took place (see footnote 16).

1,N-Dicarbobenzoxy-pr-histidine.-- 1, N-Dicarbobenz-
oxy-p1-histidine was preparcd from pr-histidine analogously
to thie respective rL-commpound. The pi-dicarbobenzoxy
derivative crvstallized with one molecule of methanol from
metlianol; yield 70¢¢, m.p. 86° dee.

Anal. Caled. for CuHa N0 CH:OH: C, 60.6; H, 5.5;
N, 9.2; CH,0. 6.8; necut. cquiv., 455. Fouud: C, 60.3;
H, 5.5: N, 9.5; CH;0, 6.8; nent. equiv., 456, determined
by anhyvdrous titration with 0.1 N sodium methoxide as
above.

N-Carbobenzoxy-L-histidine (II).—Alcololic potussiuin
liydroxide (1.00 N, 10.0 1nl.) was added to a suspension of
1b (4.69 g.% in ethanol (10 1nl.) and the mixture left at room
temperature for five minutes.  The mixture was iteutralized
witli 1.00 N aqueous perchlorie acid (10.0 ml.3, and the po-
tassium perehlorate formed was filtered off.  The filirate
was coucentrated in eacuo to a volume of about 5 ml., aleo-
Lol £20 ml.) and benzene (20 ml.t were added and water re-
moved by azeotropic distillation i vacuwo.  The residue was
treatedd witlh lint aleoliol (15 ml.) and auy insoluble poras-
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sium perchlorate was filtered off. Crystallization of N-car-
bobenzoxy-L-histidine in the filtrate started after the addi-
tion of acetone (10 ml.). The crystalline product was col-
lected after two days. Yield 2.3 g. (809,), m.p. 164-165°
dec.; after recrystallization from ethanol m.p. 166-167°
dec.,'® [a]??2D —25.0° (¢ 6.0, in 6 N hydrochloric acid).

Amnal. Caled. for CyH;3N304: C, 58.1; H, 5.2; N, 14.5;
uneut. equiv., 289.3. Found: C, 58.0; H, 5.2; N, 14.2;
neut. equiv., 290, determined by anhydrous titration in
ethanol with 0.1 N sodium methoxide or with 0.1 N per-
chloric acid in dioxane using thymol blue as indicator. When
1T (500 mg.) was hydrolyzed with boiling 6 N hydrochloric
acid (10 inl.) for 1.5 hours, the hydrolysate gave a specific
rotation of [a] %D +413.0° calculated for a quantitative yield
of histidine (26.8 mg.).7

N-Carbobenzoxy-L-histidine is soluble in alcohol and
water and is insoluble in acetone, benzene and ether.

N-Carbobenzoxy-pr-histidine.—N-Carbobenzoxy-pL-his-
tidine was prepared from 1,N-dicarbobenzoxy-pL-histidine
analogously to the rL-compound; recrystallized from eth-
anol, m.p. 209-210° dec.

Amnal. Caled. for CyH15N304: C, 58.1; H, 5.2; N, 14.5;
neut. equiv., 289. Found: C, 58.1; H, 5.4; N, 14.2;
neut, equiv., 290, determined by anhydrous titration with
0.1 N sodium methoxide.

N-Carbobenzoxy-pL-histidine is soluble in boiling alcohol
and boiling water; it is sparingly soluble in cold water and
alcohol and is insoluble in acetone, benzene and ether.

Decarbobenzoxylation of 1,N-Dicarbobenzoxy-L-histi-
dine. a. By Aniline.—1,N-Dicarbobenzoxy-L-histidine
(Ia) (0.86 g.) was dissolved in aniline (2 ml.) and the solution
was heated on a water-bath for half an hour. N-Carbo-
benzoxy-L-histidinne was precipitated by the addition of
acetone (20 ml.) and recrystallized from alcohol-acetone;
vield 529 of the theoretical, m.p. 162° dec. After recrys-
tallization from ethanol m.p. 164-165° dec., not depressed
by admixture with II prepared as described above; neut.
equiv., 290, determined by titration in alcohol with per-
chloric acid in dioxane using thymol blue as indicator.
From the mother liquor N-phenyl benzylcarbamate was
isolated in 859 yield, m.p. 75-76°, after recrystallization
from ethanol. The m.p. was not depressed on admixture
with an authentic sample of N-phenyl benzylcarbamate.!®

b. By Ammonia.—1,N-Dicarbobenzoxy-r-histidine (Ib,
0.5 g.) was dissolved in concentrated ammonia (2 ml.)
whereupon crystallization of benzylcarbamate began. The
mixture was lieated on a water-bath for five minutes to bring
the decarbobenzoxylation to completion. Benzylcarbamate
(0.132 g., 82%) crystallized out on cooling, m.p. 85-86°,
not depressed on admixture with an authentic sample of
benzylcarbamate.'® The inother liquor was brought to
dryness i1 vacuo and the residue dissolved in ethanol (3 ml.).
N-Carbobenzoxy-L-histidine (m.p. 163-164°) crystallized
on standing at room temperature.

c¢. By Sodium Methoxide.—In tliis case the extent of
decarbobenzoxylation was followed spectrophotometrically
at 2380 A. where 1,N-dicarbobenzoxy-L-histidine (Ia) lias a
molar absorption cocfficient of € = 3200, whereas the result-
ing N-carbobenzoxy-L-histidine and tlie inethyl benzylcar-
bamate each have molar absorption coefficients of about e =
200. Ina 0.014 Af solution of Ia in methanol, in the pres-
cuce of two equivalents of sodium methioxide, decarbobenz-
oxylation at roow temnperature was complete within a few
winutes.

(16) Bergmann and Zervas (ref. 6) give m.p. 210° for N-carbo-
benzoxy-L-histidine but do not report an optical rotation. 1n the prep-
aration of this compound the authors used a procedure similar to that
employed by us for the preparation of 1, followed by heating of the
intermediate in acetic acid. When a solution of 1 in glacial acetic
acid was evaporated to dryness and the residue crystallized from alco-
hol we obtained a smali yield (15%) of material with m.p. 210° identi-
cal with N-carbobenzoxy-pL-histidine. It seems therefore that some
racemization occurs during the decarbobenzoxylation of 1 in acetic acid
and that the pL-compound only was isolated by the above authors
owing to its low solubility in alcohol.

(17) M. S. Dunn., E. H. Frieden, M. P. Stoddard and H. V. Brown,
J. Biol. Chem., 144, 487 (1942), give for L-histidine [«]®»D +13.3°
(¢ 4.05, in 6.08 ¥ hydrochloric acid).

(18) H. v. Soden and W. Rojahn, Ber.. 84, 2809 (1901),

(19) H. E. Carter, R. L. Frank and H. W. Johnston, Org. Syutheses,
23, 13 (1946).
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The above quantitative decarbobenzoxylation reaction
also could be demonstrated titrimetrically, Thus when a
0.1 M solution of Ia in methanol was neutralized with one
equivalent of 0.1 N sodium methoxide to the blue end-point
of thymol blue it consumed two equivalents of 0.1 N per-
chloric acid in dioxane on back titration to the red end-
point (see Table I, no. 6).

1,N-Dicarbobenzoxy-L-histidyl Chloride Hydrochloride
(IV).—1,N-Dicarbobenzoxy-L-histidine (Ib, 1.0 g.) was
dissolved in thionyl chloride (1.0 ml.) at 0° and the solution
diluted with ethyl acetate (20 ml.). The crystalline 1,N-
dicarbobenzoxy-L-histidyv] chloride hydrochloride separated
out within half an hour on seeding or scratching. Thecrys-
tals were washed with ethyl acetate and dried i vacuo over
phosphorus pentoxide and potassium hydroxide; yield 0.5 g.
m.p. 98-100° dec.

Anal. Caled. for CuHnO;N:Cl: C, 55.2; H, 4.4; N,
8.8; Cl, 14.8; mol. wt., 478.4. Found: C, 55.9; H, 5.0;
N, 9.4; Cl, 14.8; equiv. wt., 244 deterinined by anhydrous
titration in aniline with 0.1 &V sodiuin methoxide using thv-
ol blue as indicator. This corresponds to a molecular
weight of 488 assuming the presence of two acidic groups per
molecule. The presence of an acid chloride group was dem-
onstrated by titration with sodium methoxide as above after
hydrolysis in moist pyridine at room temperature. Three
equivalents of sodium methoxide were consumed per mole
of the starting chloride hydrochloride IV,

IV is soluble in chloroform and is insoluble in ethyl ace-
tate aud benzene.
1,N-Dicarbobenzoxy-L-histidine Methyl Ester Hydro-
chloride (III).—Crude 1,N-dicarbobenzoxy-L-histidine (I)
obtained froin 10.5 g. of L-histidine hydrochloride hydrate,
was dissolved in ethyl acetate (50 ml.), and the solution was
washed with water and dried over sodium sulfate. To the
dried solution an excess of diazomethane in ether was added.
When evolution of nitrogen had ceased, dry hydrogen chlo-
ride was passed through the solution, and the crystals
formed were collected and dried ¢z vacwe over potassium
hydroxide; vield 17.1 g. (72%), m.p. 113° dec.; after re-
crystallization from acetone m.p. 117-118° dec.

Anal. Caled. for Cy3H20sN;Cl: C, 58.3; H, 5.1; Cl,
7.5; CH;0, 6.5; neut. equiv., 474. Found: C, 58.5; H,
5.4; Cl, 7.6; CH;0, 6.4; neut. equiv., 473, determined by
anhydrous titration in ethanol with 0.1 N sodium methoxide
to the blue end-point using thymol blue as indicator. The
ester hydrochloride gives a red color with the indicator which
turns yellow when about half of the titrant has been added.
This indicates that partial decarbobenzoxylation had oc-
curred. IIT also can be titrated with 0.1 N tributylamine
in dioxane to the yellow end-point of thymol blue, consum-
ing one mole of base. In this case no decarbobenzoxylation
occurs.

Alternatively III was prepared by direct esterification of
1,N-dicarbobenzoxy-L-histidine (Ia). Ia (1.0 g.) was sus-
pended in anhydrous methanol (20 ml.) and the mixture
saturated with dry hydrogen chloride at 0°. After 12
hours at room temperature the clear solution was brought
to dryness ¢n vacuo at a water-bath temperature of 35°, and
the crystalline residue was triturated with anhyvdrous ether,
collected and dried 4n wacuo over potassium hydroxide;
vield 0.80 g. (77%), m.p. 115-117° dec.; mneut. equiv.,
471, determine« as above.

I1IT also was obtained from the chloride liydrochloride IV
(0.1 g.) by treatment with methanol (0.5 ml.) coutaining
one drop of pyridine. The resulting solution was diluted
with ether (10 ml.) and saturated with dry hydrogen
chloride. The miethyl ester hydrochloride IIT wlhich sepa-
rated out was recrystallized from acetone—ether; m.p. 118°
dec.; neut. equiv., 470, determined as above.

1,N-Dicarbobenzoxy-L-histidine methyl ester (IIla) was
prepared by treatment of an alcoholic solution of III with
an excess of diazomethane in ether. The reaction mixture
was brought to dryvness and the oily residue left to crystal-
lize at room temperature; m.p. 45-46°,

Anal. Caled. for CysH23N306: C, 63.1; H, 5.3; N, 9.6;
neut. equiv., 437. Found: C, 63.2; H, 5.4; N, 9.7;
neut. equiv., 440, determined by titration in glacial acetic
acid with 0.1 & perchloric acid using crystal violet as indi-
cator. No sodium methoxide or perchloric acid was
consumed when thymol blue was used as indicator (see
Table I, no. 7).
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The free ester is soluble in the usual organic solvents and
is insoluble in petroleum ether and water.

1-Carbobenzoxyimidazole Hydrochloride (V). a. In Non-
aqueous Medium.—Benzyl chloroformate (0.75 nil.) was
added to an ice-cold solution of imidazole (0.68 g.) in an-
hydrous benzene (10 ml.) and the mixture was left at room
temperature overnight. Imidazole hydrochloride, which
had separated out, was removed by filtration, and the fil-
trate was saturated with dry hydrogen chloride at 0°. The
crystalline l-carbobenzoxyimidazole hydrochloride formed
was collected, washed with ether and dried in vacuo over po-
tassium hydroxide and phosphorus pentoxide; yield 1.05 g.
(88%), m.p. 74-76° dec.

Anal. Caled. for CyHpO,N:Cl: C, 55.3; H, 4.65; N,
11.7; Cl, 14.9; neut. equiv., 238.7. Found: C, 54.3;
H, 4.8; N, 11.9; Cl, 14.9; neut. equiv., 242, determined
by titration with 0.1 N sodium methoxide in ethanol using
thymol blue as indicator; neut. equiv., 246, determined by
titration with 0.1 N tributylamine in dioxane using thymol
blue as indicator. The change in color at the end-point is
from red to yellow.

V' is soluble in hot alcohol, hot acetone and is insoluble in
ether. On heating or prolonged standing at room ternpera-
ture V decomposes yielding benzyl chloride and carbon
dioxide. Similarly to the 1,N-dicarbobenzoxy-L-histidine
(D), V is decarbobenzoxylated by sodium methoxide. Thus
imidazole could be isolated as the picrate (67 mg., m.p.
207-208°) from a reaction mixture of V (72 mg.) in methanol
(1 ml.) and 0.1 N methanolic sodium methoxide (3.0 1nl.).

b. In Aqueous Medium.—Imidazole (0.68 g.) dissolved
in water (10 ml.) was coupled at 5° with benzyl chloroform-
ate (1.5 ml.) in benzene (10 ml.) at pH 9-10. Approxi-
mately 10 ml. of 1 N sodium hydroxide was consumed dur-
ing the course of the reaction, which was completed within
20 minutes. The benzene layer was separated, and the
aqueous layer extracted twice with benzene (40 ml.). The
combined benzene solutions were dried over anhydrous so-
dium sulfate and saturated at 0° with hydrogen chloride.
The oil which separated was dissolved in acetone and crystals
were obtained by the addition of ether (50 ml.); yield 0.3 g.,
m.p. 74-75° dec., not depressed on admixture with a sample
of V prepared as described in the preceding paragraph.

1-Carbobenzoxybenzimidazole Hydrochloride (VI).
a. In Non-aqueous Medium.—Benzyl chloroformate (1.6
ml.) was added to a suspension of finely powdered benzimil-
azole (2.36 g.) in dry benzene (50 ml.). The mixture was
shaken for one hour and the resulting benzimidazole hydro-
chioride was filtered off. Tlie benzene solution was diluted
with dry ether (50 ml.) and saturated with dry hydrogen
chloride at 0°. The crystalline 1-carbobenzoxybenzimida-
zole hydrochloride (VI), was collected, washed with ether
and dried 7% vacuo over potassiun hydroxide and phosphorus
pentoxide; yield 2.4 g. (839,), m.p. 99-100° dec.

Anal. Caled. for C:H;30:N,Cl: C, 62.4; H, 4.5; X,
9.7; Cl, 12.3; neut. equiv., 289. Found: C, 62.2; H,
4.2; N, 9.2; Cl, 12.2; neut. equiv., 289, determined by
titration with 0.1 N sodium methoxide in ethaiol using
thymol blue as indicator.

VT is soluble in ethanol and is insoluble in acetone and
ether.

b. In Aqueous Medium.—Finely powdered benzimida-
zole (1.18 g.), suspended in water (20 ml.), was coupled at
0° with benzyl chloroformate (1.6 ml.) in the preseuce of 1 ¥V
sodium hydroxide (10 ml.) and benzene (20 ml.). The
benzene layer was separated and thie aqueous solution ex-
tracted with benzene (15 ml.). The combined benzene
solutions were dried over sodium sulfate, saturated with
dry lhiydrogen chloride and left at room temperature over-
night. The crystals of l-carbobenzoxybenzimidazole liy-
drochiloride which had separated out were collected, washed
with ether and dried 4n vacuo over potassium hydroxide and
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phosphorus pentoxide; yield 2.36 g. (829%), m.p. 97-99°
dec.; neut. equiv., 287, determined as above.

1,3-Dicarbobenzoxy-2-hydroxybenzimidazoline (VII).—
Finely powdered benzimidazole (2.36 g.) was suspended in
water (60 ml.) and coupled at 0°, at pH 8, with benzyl chloro-
formate (6.4 ml.) dissolved in benzene (60 ml.). The pH
was maintained during the course of the reaction (1 hr.) by
the addition of 1.0 N sodium liydroxide (approximately 35
ml, of base were consumed). The benzene layer was
separated, and the agueous solution extracted with benzene
(40 ml.). The combined benzene solutions were dried over
sodium sulfate and concentrated ¢n vacuo to a volume of 10
ml. Petroleum ether was added (50 ml.) precipitating an
oil which solidified on trituration with petroleumn cther;
vield 5.5 g. (68%;), m.p. 115-117°,

Anal.  Caled. for CysHeOsNy: C, 68.3; H, 5.0; N, 6.9;
active H, 0.25. Found: C, 68.6; H, 4.9; N, 7.2; active
H, 0.28, determined by the Zerewitinoff method. A strong
absorption band at 3.0 u due to the hydroxyl group was ob-
served in the infrared spectrum of the substance in cliloro-
forim.

1,3-Dicarbobenzoxy-2-methoxybenzimidazoline (VIII).—
Methanol (100 inl.) was added to a concentrated benzene
solution of VII obtained from benzimidazole (2.36 g.), and
the mixture was refluxed for five minutes and allowed to
cool to room temperature. Crystallization was complete
within two hours. The product was filtered, washed with
cold methanol and dried ¢n vacuo over sulfuric acid; vield
6.1 g. (73%), m.p. 125-129°. It was recrystallized from
benzene before analysis.

Anal. Caled. for CpH20:N:: C, 68.9; H, 5.3; N, 6.7;
7CH30, 7.4. Found: C, 68.8; H, 5.2; N, 6.6; CH;O,
6.

When a methanolic solution of VIII containing 0.1 equiva-
lent of sodium methoxide was boiled for one minute, the
intact starting material could be recovered in almost quarn-
titative yield.

1,3-Dicarbobenzoxy-2-benzyloxybenzimidazoline (IX)
was prepared analogously to the corresponding methoxy
derivative VIII using benzyl alcohol (30 ml.) instead of
niethanol. The benzyl alcohol solution was heated for five
minutes on the water-bath whereupon the product crys-
tallizedd. It was collected, washed with methanol and
dried 4m wvacuo over sulfuric acid; yield 759, m.p. 135~
139°; after recrystallization from benzene m.p. 142-145°.

Anal. Caled. for C;oH2s0:N2: C, 72.8; H, 5.3; N, 3.7.
Found: C,73.0; H,4.9; N,5.7.

Decarbobenzoxylation of VII, VIII and IX by Anhydrous
Hydrogen Chloride.—A solution of VIII (270 mg.) in a mix-
ture of benzene (3 ml.) and ether (2 ml.) was saturated with
hydrogen chloride at 0°. The crystals of 1-carbobenzoxy-
benzimidazole hivdrochloride which formed overnight were
collected, washed with ether and dried in vacuo over phos-
phorus pentoxide and potassium hydroxide; yield quantita-
tive, m.p. 101-103° dec., not depressed on admixture with
an authentic sample of VI; neut. equiv., 289.

To the filtrate, which had a distinct odor of benzyl
cliloroformate, 25% aqueous ammonia (1 ml.) was added
and the mixture was brought to drvness in vacuo. Crys-
tallization of the residue from water vielded benzyl carbani-
ate (609%,); m.p.84-86°, not depressed on admixture with
an authentic sample of benzyl carbamate, m.p. 86°.1?

Similar vields of VI and benzyl chloroformate were ob-
tained from VII or IX when treated as above.
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