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Preparative methods have been developed for the synthesis of a-X-methyl-n-histidine, a-X,X-dimethyl-L-
histidine, and a-X,N,N-trimet.hyI-L-histidme (hercynine) from L-histidine. These procedures are suitable for 
the synthesis of the 14C-labeled compounds. 

Studies by Askari and Melville2 on the synthesis of 
ergothioneine (2-mercaptohistidine betaine) by Neuro-
spora crassa showed that hercynine (histidine betaine) 
is an intermediate compound in the biosynthesis. To 
establish the relationship of the monomethyl and di
methyl derivatives of histidine to the synthetic path
way and to investigate the nature of the enzymatic 
methylation reactions, it was desirable to have methods 
for the laboratory synthesis of the methylated histi
dines. The methods which we have developed for 
the synthesis of the a-N-methylated histidines are 
applicable for use with uC-histidine, 14C-formaldehyde, 
or 14C-methyl iodide for the preparation of the labeled 
compounds. These compounds should prove of value 
in studies of other biological reactions of histidine. 

Racemic a-N-methylhistidine was first prepared by 
Fargher and Pyman,3 by the treatment of a-chloro-/?-
imidazolepropionic acid with methylamine. Uhle and 
Harris4 prepared the DL compound via 4(o)-chloro-
methylimidazole and dimethyl X-methyl-X-acetyl-
aminomalonate. The L isomer was synthesized by du 
Vigneaud and Behrens5 from L-histidine by protection 
of the imidazole nitrogen with a benzyl group and the 
a-aniino nitrogen with a tosyl group, followed by treat
ment with methyl iodide and then removal of the pro
tecting groups by reduction with sodium in liquid am
monia. In the method reported here, the procedure 
which Quitt, et al.S' used with other amino acids was 
modified and applied to histidine. Reductive alkyla-
tion of L-histidine with benzaldehyde yielded a-X-
benzylhistidine, which was methylated by the Esch-
weiler-Clarke7 modification of the Leuckart method; 
the benzyl group was removed by catalytic hydro-
genolysis to form a-XT-methylhistidine. 

A method for the preparation of a-X,X-dimethyl-
histidine has not previously been described, although 
Ingram3 showed that histidine solutions which had 
been subjected to catalytic hydrogenation conditions 
in the presence of formaldehyde no longer contained 
appreciable ninhydrin-positive material; also, he 
assumed the formation of the a-N,N-dimethyl deriva
tive. We have used this method as the basis for a 
preparative procedure. 
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The synthesis of hercynine from a-chloro-/3-imidazole-
propionic acid and trimethylamine has been reported,9,10 

although the final product was characterized only as 
the platinum salt or the picrate, and the yields appear 
to be low. The formation of hercynine by the oxida
tion of ergothioneine with ferric chloride2,11 is of limited 
value because of the relatively high cost of L-ergothio-
neine and the lack of suitable methods for preparing 
the isotopically labeled compound. We have found 
that hercynine can be readily synthesized by the allevia
tion of a-X ,X-dimethylhistidine with methyl iodide. 

Experimental Section 

Optical rotations were determined in a 1-dm tube with a 
Zeiss precision photoelectric polarimeter at 546 and 578 nui and 
were extrapolated to 589 imj by the use of Drude's equation. 
Specific rotations were determined in 5 A" H O and calculated 
in terms of the anhydrous free bases. .Melting points were 
obtained with a Thomas-Hoover capillary apparatus calibrated 
with the compounds supplied with the apparatus. Xitrogen 
analyses were carried out in a Coleman nitrogen analyzer on 
samples which had been dried over P2Os for 1 hr at 100° in vacuo. 
Hydrogenations were performed at room temperature in a Parr 
lowT-pressure apparatus (H2 pressure 3.2-3.5 kg/cm2 , 10%, 
Pd-C) . Reaction mixtures were examined qualitatively by 
ascending chromatographv on Whatman Xo. 1 paper with (n-
Bu) 3 X-EtOH-H 2 0 (1:8:1 v / v / v ) or with 0.1 M NaOAc-
EtOH (1:3 v / v ) : compounds were located by spraying with 
diazotized sulfanilic acid and carbonate12 or with ninhydrin. 
The respective lit values with the two solvents were histidine, 
0.20 and 0.32; a-N-benzylhistidine, 0.71 and 0.71: a-X-methyl-
histidine, 0.29 and 0.50; spinacine, 0.23 and 0.37; a-N,N-
dimethylhistidine, 0.41 and 0.57; and hercynine, 0.15 and 0.55. 
Where analyses are indicated only by symbols of the elements 
analytical results obtained for those elements were within ±0.3''-J 
of the theoretical values. 

Chemicals.—L-Histidine hydrochloride hydrate was obtained 
from Oyclo Chemical Corp. and from. General Biochemicals 
Corp. CH 20 was obtained from Fisher Scientific Co. as an ap
proximately 37%. aqueous solution, with and without MeOH as a 
stabilizer. Catalyst (10%, Pd-C) was from Nutritional Bio
chemicals Corp. ' T h e C6H ;,CH2NMe, and 97% HC0 2 H were 
from Eastman Kodak Co. The IRA-410, ion-exchange resin was 
from Rohm and Haas. 

a-N-Benzyl-L-histidine.—To 21.0 g (0.1 mole) of L-histidine-
HC1-H20 in 120 ml of H20 were added 120 ml of MeOH, 40 ml 
of benzaldehyde, and 20 ml of CeHiCH2NMe2. The clear solution 
was hydrogenated (5 g of catalyst) until the rate of H2 uptake 
decreased markedly {11 .5 hr). The catalyst was separated on 
a sintered-glass funnel and washed with H 20, and the combined 
nitrates were concentrated to a white solid in a rotary evaporator. 
The residue was dissolved in 100 ml of H20, and crystallization 
w-as effected by the addition of 500 ml of Me2CO. After storage 
overnight at 5°, the bulky precipitate was collected, washed with 
Me2CO, air dried, and recrystallized as before; yield 21.1 g 
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(86%), mp 198-200°, [<*]22D +28.9° (c 1.0, 5 Ar HC1). Anal. 
(C13H15N302) N. 

A 2.45-g sample of the product was debenzylated by catalytic 
hydrogenation in 50 % HO Ac. The reduction product was acidi
fied with HC1 and crystallized from H 2 0-E tOH to yield 1.76 g 
(84%,) of L-histidine-HC1-H20, mp 253-2.54° dec, [«']22D +14.1° 
{c 1.0, 5 A' HC1). The histidine-HCl-HaO used for the synthesis 
of the benzyl derivative had mp 253-254° dec, [a]22« +14.0° 
(c 1.0, 5 A" HC1) after crystallization from H 2 0-EtOH. 

a-N-Methyl-L-histidine.—To 24.5 g (0.1 mole) of a-N-benzyl-
L-histidine in 300 ml of HC0 2 H was added 8.4 ml (0.11 mole) 
of 36.8% CH 2 0 solution. The solution was heated rapidly to 
reflux temperature, maintained under reflux for 15 min, and 
cooled under running water to room temperature. The solution 
was concentrated to a thick syrup in a rotary evaporator, and 
the residue was dissolved in 100 ml of H 2 0 and reconcentrated. 
This last step was repeated, the residue was dissolved in 100 ml 
of H 20, and 100 ml of HOAc was added. The solution was 
hydrogenated (2 g of catalyst) for 30 min. The catalyst was 
filtered off and washed with H 2 0. To the combined filtrates was 
added 8.0 ml of concentrated HC1 (0.1 mole), and the solution 
was concentrated to a thick syrup in a rotary evaporator. The 
evaporation was repeated twice after dissolving the residue in 
100-ml portions of H 20, the last evaporation being continued 
until a dry glass was obtained. The residue wras dissolved, with 
heating, in 20 ml of H20, the solution was mixed with 100 ml of 
DMSO, and 800 ml of EtOH was added. Crystallization com
menced within a few minutes and was completed during storage 
overnight at 5°. 

The dense, powdery product was collected and washed with 
EtOH. The air-dried material (13.8 g, mp 252-254°) contained 
spinacine (2) as indicated by paper chromatography. The product 
was purified by two crystallizations from H 2 0-DMSO, in each 
case by heating with 1 ml of H 2 0 /g of solid and adding 5 vol of 
DMSO. This procedure, which removed spinacine, was followed 
by two crystallizations from aqueous EtOH, by heating with 5 
ml of H 2 0 /g of solid and adding 5 vol of EtOH. The final product, 
8.2 g (40%) of small hexagonal plates, was chromatographically 
pure; mp 266-267° dec, [a] 22D +39.3° (c 1.0, 5 A' HC1). Methyl
histidine-HCl which we prepared from L-histidine by the method 
of du Yigneaud and Behrens5 showed mp 266-267°, [«]22D 
+ 39.5° (c 1.0, 5 A' HC1). Anal. (C7H12C1N802) N. 

A sample of the methylhistidine-HCl was converted to the 
free base by treatment with the hydroxide form of IRA-410 ion-
exchange resin and crystallization from H 2 0-E tOH. The product 
had mp 256-257°, [a]22D —15.3° (c 1.0, H20), compared to the 
literature5 values of mp 266°, M 2 0 D -13 .5 ° (c 1, H20). 

A 2.06-g sample of the methylhistidine-HCl was converted to 
the dimethyl derivative by catalytic hydrogenation in the 
presence of CH 2 0 under the conditions used for the conversion 
of histidine to the dimethyl derivative as described below. From 
the reduction mixture, 2.33 g (98%) of crystalline product, mp 
112-115°, was obtained, which on recrystallization from H 2 0 -
EtOH yielded 1.72 g (72%) of a-N,N-dimethyl-L-histidine-HCl-
H20, mp 114-115°, [« ] 2 2 D +58.5° (c 1.0, 5 Ar HC1). 

a-N,N-Dimethyl-L-histidine.—To 21.0 g (0.1 mole) of L-
histidine-HCl-H20 in 300 ml of H 2 0 was added 17 ml of 36.8% 
aqueous C H , 0 solution and 5 g of catalyst; the mixture was 
hydrogenated for 1.25 hr. The catalyst was separated by filtra
tion and washed with H20, and the combined filtrates were con
centrated to a thick syrup; this was dissolved in 200 ml of MeOH, 
and then 500 ml of E t 2 0 was added portionwise. Crystallization 
of the oil which separated was aided by trituration. After 
storage at 5° overnight the crystals were collected and washed 
with E t 2 0 . The somewhat hygroscopic material was dissolved 
in 20 ml of H 2 0 with heating, and 200 ml of EtOH was added. 
The crystals which separated from the solution during storage 
overnight at 5° were collected and washed with cold EtOH. 
The air-dried «-N,N-dimethvI-L-histidine-HCl-H20 weighed 
19.4 g (82%), mp 114-11.5°, [a]22D +58.9° (c 1.0, 5 AT HC1). 
On drying for analysis it showed a weight loss corresponding to 
that expected for a monohydrate. Anal. (C8Hi4ClN302) X. 

Hercynine.—A solution of 23.8 g (0.1 mole) of a-N,N-di-
methvl-L-histidine-HCl-H20 in 500 ml of MeOH was adjusted 
to give a reading of 9 on a pH meter by the addition of con
centrated NH4OH (ca. 42 ml). Mel (10 ml) was added, and the 
solution was kept at room temperature overnight. Evaporation 
of the solution at reduced pressure gave a white, solid residue 
which, in the minimum amount of H 20, was passed through an 
ion-exchange resin column prepared by converting 240 g of IRA-

410 chloride to the hydroxide form with 2 N NaOH and washing 
with HjO. The sample was washed through the column with 
H 2 0 . The first 500 ml of effluent was collected and concentrated 
under reduced pressure to a solid residue. This was dissolved 
in 150 ml of warm MeOH, and E t 2 0 (350 ml) was added to 
turbidity. Storage at 5° overnight yielded 18.2 g of crystals 
which were recrystallized from 150 ml of MeOH and 360 ml of 
E t 2 0 . The Et20-washed air-dried product weighed 17.5 g (89%,), 
mp 237-238° dec, [a] 22D +44.5° (c 1.0, 5 N HC1). Anal. (C9H15-
N302) N. 

A sample of hercynine prepared from natural L-ergothioneine 
by oxidation with FeCl3

2 showed [a]22D +44.7° (c 1.0, 5 N HC1) 
and possessed an infrared spectrum identical with that, of the 
synthetic hercynine. 

Discussion 

The procedures reported here provide convenient 
methods for the preparation of the a-X-methylated 
histidines in good to excellent yields from the readily 
available L-histidine. The optical purity of the syn
thetic hercynine is established by comparison with L-
hercynine prepared by the oxidative desulfurization 
of natural ergothioneine. The identical specific rota
tions of the two preparations also provide confirmatory 
evidence for the L configuration of natural ergothio
neine, which heretofore has been based on a partly 
racemic preparation of synthetic ergothioneine.13 The 
optical purities of the monomethyl- and dimethyl-
histidines are established by the conversion of these 
compounds to L-hercynine, and in the case of the mono-
methylhistidine by comparison with the same com
pound prepared by the method of du Vigneaud and 
Behrens.5 

The major difficulties encountered in developing these 
methods were associated with the synthesis of methyl-
histidine. It seems likely that other workers have also 
experienced difficulties, for although Quitt, et al.f 
described the synthesis of several methylamino acids 
including a-X-methyl-L-lysine and a-X-methyl-L-argi-
nine, they did not describe studies with histidine. 
More recently, Ebata, Takahashi, and Otsuka14 ex
tended the method of Quitt, et al.f to other amino 
acids, but stated that they experienced difficulties with 
histidine, and reported that the reaction product showed 
a high, negative optical rotation. In our studies, it 
became evident that it was necessary to control care
fully the conditions used both for the synthesis of a-X-
benzylhistidine and for its subsequent methylation 
in order to avoid or minimize the formation of bicyclic 
compounds in each step. 

The formation of a-X-benzylhistidine by the reduc
tive benzylation of histidine with benzaldehyde and 
hydrogen is subject to two competing reactions: the 
base-catalyzed cyclization of the intermediate azo-
methine or carbinolamine, and the acid-catalyzed 
hydrogenolysis of the reduction product, benzylhisti-
dine. In the method of Quitt, et al.,6 in which XaOH is 
used as the base, we found that the reaction mixture 
contained, in addition to benzylbistidine, appreciable 
amounts of histidine and a Pauly-positive compound 
which was isolated as a crystalline dihydrate and which 
appears to be 4-phenylspinacine (1, Scheme I). This 
was readily formed from a solution of histidine and 
benzaldehyde in 1 N XaOH at room temperature; 

(13) H. Heath, A. Laivson, and C. Rimington, J. Chem. ,SV., 2215 (1951). 
(14) 11. Ebata, Y. Takahashi, and H. Otsuka, Bull. Chem. .Soc. Japan. 39, 

2535 (1966). 
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SCHEME I 
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quanti tat ive conversion to 4-phenylspinacine occurred 
when the solution was heated at 100° for 1 hr. The 
assigned structure (1) is in agreement with a nitrogen 
analysis and with the further finding tha t on catalytic 
reduction in H 2 0-AcOH, a ninhydrin-positive substance 
was formed which was not identical with 1 (.'^-benzyl
histidine3 and which gave a yellow Pauly test in con
trast to the red or orange colors given by histidine and 
its derivatives which have no substi tuents on the 4(5) 
carbon atom. The reduction product is presumably 
4("))-benzylhistidfne. An alternative structure for the 
cyclization product, formed from nucleophilic a t tack 
by the nitrogen atom of the imidazole ring on the azo-
methine carbon atom, is less likely because l(3)-sub-
sti tuted histidines generally give negative Pauly tests, 
and the expected ninhydrin-positive reduction product 
would be either 1(3)-benzylhistidine or histidine. 

The formation of 4-phenylspinacine in the reductive 
benzylation reaction was effectively eliminated or 
markedlj" reduced by replacing the XaOH with an or
ganic base. When Et ; !X was used, phenylspinacine 
was not formed, but benzylation was incomplete and 
appreciable amounts of histidine were present in the 
reaction mixture. This result may be ascribed to the 
fact that an appreciable increase in pH occurred during 
the reduction. Complete benzylation could be ac
complished by adding the benzaldehyde in two equal 
portions, with catalytic reduction after each addition. 
When CsHsCHjXMea was used in the reductive benzyla
tion, no phenylspinacine was detected and essentially 
quanti tat ive conversion to benzylhistidine occurred. 

The reductive methylation of a-X-benzylhistidine 
with C H 2 0 and H C 0 2 H likewise required careful con
trol of conditions to minimize the formation of 5-
benzylspinacine (3). This substance was readily formed 

when a mixture of benzylhistidine and C H 2 0 was heated 
in DMSO or DMT. The crystalline product which was 
isolated gave a nitrogen analysis corresponding to .">-
benzylspinacine hydrate and, after catalytic reduction 
in HoO TiOAc, yielded a compound which was isolated 
as the crystalline hydrochloride. This reduction prod
uct analyzed correctly for the hydrochloride of spin-
acine (2) and gave a yellow color in the Pauly reaction. 
This compound was identical, in rotation, chromato
graphic behavior, and response to the Pauly test, with 
spinacine prepared by the treatment of L-histidine in 
concentrated H O with CTTO.1 ' However, the specific 
rotation of the .spinacine, isolated after hydrogenation 
of the Leuckart reaction mixture, varied with the time 
of heating. Spinacine hydrochloride which was isolated 
after remixing periods of 5-10 min showed [«]'--]> 
— 11">° {c 1.0, 5 N H( ' l ) , while the spinacine hydrochlo
ride isolated after a refiuxing period of 1 hr showed 
[ap2i> - 1 5 . 0 ° . compared to [ap-n - 1 1 5 ° (<• 1.0, .") .V 
HC1) for spinacine hydrochloride prepared according to 
Xeuberger. l ; ' We were not able to devise conditions for 
the Leuckart reaction which would completely elimi
nate the formation of 5-benzylspinaeine. Opt imum 
yields of mefhylhistidine and more reach' purification 
of the product were experienced when the refiuxing 
time was limited to 10-20 min. Although it was possi
ble to isolate, in crystalline form, the intermediate 
«-X-benzyl-a-X-methylhistidine as the dihydro-
chloride. this substance crystallized only with difficulty 
and the final yield of a-X-methylhistidine was higher 
when the synthetic procedure was carried out without 
isolation of the intermediate. 

The reductive methylation of histidine with CH..0 
and H2 resulted in quanti ta t ive conversion to a-X.X-
dimethylhistidine, as indicated by chromatographic 
analysis of the reaction mixture. Similarly, the con
version of dimethylhistidine to hercynine by methyla
tion with Mel was essentially quanti tat ive. This latter 
finding is in contrast to the difficulties which are ex
perienced in a t tempts to synthesize hercynine by the 
direct methylation of histidine, in which methylation 
of the imidazole ring occurs and a pentamethyl deriva
tive can be formed." Under the conditions which we 
used for the methylation of dimethylhistidine, histidine 
itself is not readily methylated. In contrast, the «-
nitrogen atom of a-X,X-dimethylhistidine is apparently 
a sufficiently strong nucleophile that it is readily methyl
ated under these conditions, while neither the imidazole 
ring nor the XH-jOH which is used as the base in the 
reaction is methylated to any significant extent. 

All three synthetic procedures have been successfully 
applied on a milligram scale to the synthesis of the 
14C-labeled, methvlated histidines. using labeled histi
dine or OHoO. 
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