
Synthesis of a-N-Methyla tecl Histidines' 

Preparative methods have heeii developed for the >>-titheni$ of Lu-S-iiiethyl-i~-liist iditie, ol-S,S-tlirriethyl-r.- 
These pi,oc~ediire- arc siiilahle f o r  hihtidiiie, and cu-T,T,N-triniet,hyl-L-hijtidilie ihercaviiiiie) frorii 1.-hi-tidine. 

t lie .;ynthesis of the IT-labeled compound<. 

Studies by Askari mid ,\lelville? 011 the bylithehis of 
ergothioneine (2-mercaptohistidine betaine) by Neuro- 
spo, a crussa showed that hercynine (histidine betaine) 
is ati intermediate compound in the biobyiithesis. To 
establish the relationship of the monomethyl and di- 
methyl derivatives of histidine to the synthetic path- 
w:iy nnd to investigate the nature of the enzymatic 
methylation reactions, it wa< desirable t(J have method. 
for the laboratory hynthesis of the methylated histi- 
diiiw. The methods which n e  have developed for 

of the a-S-methylated histiditi+ :w 
use with llC-hi<tidinc, 'T'-formaldehj de, 

or 14C'-methyl iodide for the preparatioiL of the labeled 
mnipounds. These compouiidi -hould prove ot vnluc. 
i r i  <tudies of other biological reac 

Racemic a-S-methylhibtidiiie firit prepared bg 
I'argher aiid I'yman,j by the treatment of a-chloro-p- 
imidazolepropionic acid with methylamine. Uhle arid 
Harrii4 prepared the DL compound iia 4(5)-chlorn- 
nicth) limidazole and dimethl 1 S-methyl-S-acetyl- 
~~miiionialoriate. The I, isomer n as 
Vigneaud arid Behreny5 from L-histi 
of t h r  imidazole nitrogen with n benzj 1 group arid the3 
a-ciriiiiio nitrogen with a tosgl group, followed by treat- 
merit with methyl iodide arid then removal of the pro- 
tecting groups by reduction with <odium 111 liquid am- 
monia. In the method reported here, the procedure 
nliich Quitt.  et a/..fi used \\ith other amino acids wat 
modified arid applied to hi\tidirie. Reductive alkj-la- 
tiori of 1,-histidine with benzaldehyde yielded a-S- 
benzylhistidine, which meth? lated by the Esch- 
wcilrr- Clarke' modification of the IArucliart method, 
the benzyl group W L S  removed b ~ ,  catiilvtic h! (hi- 
genolysis to form a-S-methylhistidirie. 
-1 method for the preparation of a-S,S-dimethj 1- 

histidine has not previously been described, although 
IrigrairiY shon ed that histidine solution< which had 
been subjected to catalytic hydrogenation  condition^ 
in the prescnce of formaldehyde no longer contained 
nppreciablc nirihSdrin-positive material ; also, h(b 
ashlimed the formation of the  a-S ,S-dimeth> 1 deriva- 
t n e .  \Ye havr u d  thih method :i* the t n  
1)reparative procedure. 
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The synthesis of hercyiiirie from a-chloro-p-imidazole- 
Ixopionic acid arid trimethylamine has been r e p ~ r t e d , ~ , ' ~  
although the f i r i d  product mw characterized only a:, 
the platinum salt or tlie picrate, and the yields appear 
t o  be low. The forination of hercytiine by the osidn- 
tion of ergothioneine with ferric chloride2$" is of limited 
value because of the relatively high coet of L-ergothio- 
iieine and the lark of suitable methods for preparing 
the i<otopicnllj lahcled compound. We have found 
t h a t  hercynirie c:m be readily qxthesized b3- the dkyI:i- 
t io11 of a-S,S-diniethylhi~tidiIie with methyl iodide. 

Experimental Section 
Optical rotatioiiz were determined in a 1-dm tithe with ti 

Zeisx precision photoelectric polarimeter at 546 and 5%' mp and 
Lvere extrapolated to  389 nip by the iise of Drude'x equation. 
7pecific rotatioiih were determined in 5 S IICl and calculated 
i i i  terms of the anhydroris free bases. Jlelting point$ were 
ohtairied with :i Thomah-Hoover capillary apparatiis calihrated 
with the compouiids siipplied with the apparatiis. Kitrogeti 
aiialyhes were carried out  i r i  ii Colemaii iiit rogeri analyzer O I L  

samples which had been dried over P,Oj for 1 hr at 100" in vac'uo. 
IIydrogeriationh were performed a t  room temperature in  a Parr 
low-preasiire appitraiiih (R, presstire 3.2-3.5 kg/cmz, 1 Of;;, 
I'd-C). Reaction mixtures were examined qualitatively by 
ascending chromatography o i i  Rhatman Xo. 1 paper with (n- 
Bu)3S-EtOH-H20 (1:s: 1 v/v/v) o r  with 0.1 M NaOAc- 

compomnds were located by spraying with 
lie acid and csrboiiate12 or with ninhydrin. 

The respective Rf values u-ith the two volveiits were histidine, 
0.20 arid 0.32; cu-N-hen~ylhihtidiIlr:, 0.71 arid 0.71 : a-T-rnethyl- 
histidirie, 0.2!) and 0..iO: spinaci~~e, 0.23 itnd 0.37;  a-N,S- 
dimethylhistidine, 0.41 and 0.57: arid hercynirie, 0.13 and 0.63. 
\\-here analyses are iiidicated orily by Fymbols of the elemeii 
analytical resii1t.q ubt,aiiied for tho,-e c:Iements were nithiii 1 0 . 3 '  
of the theoretical values. 
Chemicals.-I.-IIiPtiditie 1iytlrcJchlciride hydrate wits obttLiiiecl 

Chemical Corp. and fium General Biochemicals 
0 was obtained from Fisher Scientific Co. as an ap- 

proximately 3ic; aqiieoiis lritioii, with aiid without XeOH as x 
>tabilizer. Catalyst (10 Pd-C) was from Nutritional Hio- 
chemicals Chrp. The C: . C H s N M e ~  and 97%; IlC0,II were 
from Eastman Icodak (:(I. The IRA-410, iori-exchange resin W:LA 

f rom Rohm and H:iah. 
a-N-Benzyl-L-histidine. --Til 2 1.0 g (0.1 molt:) of L-histidine. 

IIC1. 1 1 2 0  in 120 nil ( ~ f  H 2 0  wei'e i~dded 120 nil (if MeOEf, 40 nil 
< ) f  benzaldehyde, atid 20 nil of CsIWH2N,\le2. The clear solution 
was hydrogenated ( 5  g of caralyst) until the rate of Hz uptake 
decreased markedly ( 1  ~ ~ 1 . 5  hr). The catalyst was separated on 
a sintered-glass fiuinel and washed with 1320, and the combined 
filtrates were concentrated to a white solid in a rotary evaporator. 
The re$idue was dissolved in 100 ml of H20, and crystallizatioii 
wab effected by the addition of  500 nil of Me2C0. After storage 
overnight at  .io,  lie hulky p ipit ate wah collected, washed with 
.\Ie,CO, air dried, arid re( .talliaed as before; yield 21.1 g 

4) 13. h;ngeiand arid I;. l i u l a c l i e r ,  Zerrtr. Pkv,.iol., 26, 568 (1912). 
! 10) ('. l'asini and .1. Vercrliune, G n z z .  Chim. ItaL., 86, 349 (1955). 
i 11 G .  Narger x n d  -1. J. Iswins, ./. C'hem. So?., 99, 2336 (1911). 
1 IS) Ten volumes of 0.257, siilfanilic acid in 1% HCI mixed with 1 vol of 

&' ; NaNO:; color developed b y  spraying with 7 %  XmCOa. 
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(867,), mp  198-20O0, [a]??o $28.9" (c 1.0, 5 s HCl). dnal. 

A 2.43-g sample of the prcdirci, \vas debeiizylaled by catalytic 
hydrogeiiat ioti i i i  ,YOf,'; I-IOAc. The rediictioii prodrict was acidi- 
fied with HCl aiid .iallized from IT20-EtOH to  yield 1.i6 g 
(84c',,) of L-hktiditie Cl'HxO, mp 253-254' dec, [ a ] * * ~  +14.l0 
(c 1.0, 5 A\. I ICl) .  The histidiiie.IIC1.IIsO irsed fur the hyiiiheaia 
of the beiizyl derivati nip 2.53-2.54" dec, [ a ] %  f14.0' 
(c 1.0, 3 A\- HC1) after zatioii from H,O-EtOH. 

a-N-Methyl-L-histid o 24..5 g (0.1 mole) of a-N-benzyl- 
L-histidine in 300 ml of HC02H was added 8.4 ml (0.11 mole) 
of 36 .85~ CIT2O soliitioii. The soliltion was heated rapidly to 
reflux temperatlire, maintained uiider reflux for 13 min, arid 
cwoled uiider riiiiriiiig water to room temperature. The solution 
was concentrated to a thick syrup in a rotary evaporator, and 
the residiie was dissolved iri 100 ml of HIO arid reconcentrated. 
This last step was repeated, the residue was dissolved in 100 ml 
of HLO, and 100 nil of HOrlc was added. The solution was 
hydrogenated (2 g of catalyst) for 30 miii. The catalyst was 
filtered off aiid washed with H*O. To the combined filtrates was 
added 8.0 ml of coriceritra C1 (0.1 mole), aiid the soliition 
was concentrated to a thic ip in a rotary evaporator. The 
evaporation was repeated after dissolving the residue in 
100-ml portions of H,O, the last evaporatioii being continued 
i i r i t i l  a dry glass was obtained. The residiie was dissolved, with 
heatiiig, iti 20 ml of H,O, the soliitiori war mixed with 100 ml of 
1>hLPO, aiid 800 ml of EtOH was added. Crystalhatioil com- 
menced within a few minrites aiid was completed diiriiig storage 
overnight a t  3". 

The dense, powdery product wa3 collected and wa5hed with 
EtOH. The air-dried material (13.8 g, mp 232-2.54') contained 
spiiiacirie (2) as indicated by paper chromatography. The prodirct, 
was plirified by two crystallizations from H,O-D;\ISO, in each 
case by heating with 1 nil of H,O/g of solid and adding 3 vol of 
DllSO. This procedure, which removed spinaciiie, was followed 
by two crystallizations from aqueous EtOH, by heating with 5 
ml of H,O/g of solid arid adding 5 vol of EtOH. The final product, 
8.2  g ( 4 0 7 )  of small hexagonal plates, was chromatographically 
piire: mp 266-267" dec, [ a ]  2 2 ~  +39.3" (c 1.0, 5 -V HC1). IIethyl- 
hihtidine .HC1 which we prepared from L-histidine by the method 
of dri J7igiieaird arid Behreiisj showed mp 266-267', [ a ] 2 2 ~  
+39..i" (c 1.0, 3 :V HCI). dna l .  (CiH&lS,O,) X. 

A sample of the methylhistidiiie.HC1 was converted to the 
free base by treatment with the hydroxide form of IRA-410 ion- 
exchange resiii and crystallization from H,O-EtOH. The prodiict 
had mp 256-23T0, [ a ] * * D  -13.3" (c 1.0, H,O), compared to the 
literatiire5 values of mp 266", [ ~ ] * O D  -13.5' (c 1, H20). 

A 2.06-g sample of the methylhistidirie.HC1 was converted to 
the dimethyl derivative by catalytic hydrogenation in the 
presence of CH20 iinder the coiiditioiis used for the conversion 
of histidine to the dimethyl derivative as described below. From 
the redirctioii mixture, 2.33 g (9SC;) of crystalline product, mp 
112-115", was obtained, which on recrystallization from H20- 
EtOH yielded 1.72 g ( i2yc)  of a-N,N-dimethyI-L-hi~tidine.HCl. 
H20 ,  mp 114-11.5°j [ c x ] ~ ? D  +58.5" ( e  1.0, 5 

a-N,N-Dimethyl-L-histidine.-To 21.0 g (0.1 mole) of L- 
histidine.HCl.Hn0 i r i  300 ml of Ha0 was added 17 ml of 36.85 
aqiieoirs CHrO solution aiid 5 g of catalyst; the mixture was 
hydrogenated for 1.2.: hr. The catalyst was separat,ed by filtra- 
tion arid washed with H,O, aiid the combined filtrates were con- 
centrated to a thick syrup; this was dissolved in 200 ml of JleOH, 
arid then 500 ml of E t& 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 Et20. The somewhat hygroscopic material was dissolved 
i i i  20 ml of H 2 0  with heating, and 200 ml of EtOH was added. 
The crystals which separated from the soliition during storage 
overnight at 5' were collected and n-ashed with cold EtOH. 
The air-dried a-N,N-dimethyl-L-histidine.HCl. H 2 0  weighed 
19.4 g (82%),  mp 114-ll.i", [ a I z 2 ~  +58.9" (c 1.0, 5 -Y HCl). 
On drying for aiialyhis it showed a weight loss corresponding to 
that expected for a monohydrate. Anal. (C8H&1S302) S. 

Hercynine.-A soliition of 23.8 g (0.1 mole) of a-N,X-di- 
methyl-L-histidine.HCl.H& iri 300 ml of l IeOH was adjristed 
to give a reading of 9 oti a pFI meter by the addition of coii- 
centrated NH,OH (ca. 42 ml). 11eI (10 ml) was added, and the 
solrition was kept at room temperature overnight. Evaporation 
of the solution at  reduced pressure gave a white, solid residiie 
which, in the minimum amount of HzO, was passed through an 
ion-exchange resin column prepared by converting 240 g of 11th- 

(Ci8HijK;802) Y .  

HCl). 

410 chloride to  t,he hydroxide form with 2 LV XaOH and washing 
with 1120. The sample was washed throiigh the coliimn with 
H20. The first 500 ml of effiireiit was collected and concentrated 
uiider reduced pressure to a solid residue. This was dissolved 
in 150 ml of warm MeOH, and Et20 (350 ml) was added to 

e a t  3' overiiight yielded 18.2 g of crystals 
allized from 150 ml of MeOH atid 360 ml of 

EtsO. The EI2O-washed air-dried prodiict weighed 17.5 g (89c;',), 
mp 337-238' dec, [a]  ?*D +44.5' ( e  1.0, 5 S HCI). Anal. (C9HIj- 

A4 sample of hercyiiine prepared from natiiral L-ergothioneine 
by oxidation with FeC13? showed [ a ] 2 2 ~  +44.i" (c 1.0, 3 AV IICl) 
and posessed an  infrared spectrum identical with that, of the 
synthetic hercynine. 

N302) N. 

Discussion 
The procedures reported here provide convenient 

methods for the prelmation of the a-S-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 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. I t  seems likely that other workers have also 
experienced difficulties, for although Quitt, et al.,G 
described the synthesis of several methylamino acids 
including a-S-methyl-L-lysine and a-S-methyl-L-argi- 
nine, they did not describe studies with histidine. 
More recently, Ebata, Takahashi, and Otsukal4 ex- 
tended the method of Quitt, et al.,'j t o  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-N- 
benzylhistidine and for its subsequent methylation 
in order to avoid or minimize the formation of bicyclic 
compounds in each step. 

The formation of a-S-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 u Z . , ~  in which XaOH is 
used as the base, we found that the reaction mixture 
contained, in addition to  benzylhistidine, 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 S n O H  nt room temperature; 

Lauson, and C Rimington, J Ctcem. S o c  
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c juarit it ative coii~ersion to -I.-~~heiiyl~~~iriaciiie occurred 
h e a t d  :it 100" for 1 hr. Thc 

i i  111 agreeinelit with n iiitrogeii 
:iiialy+is and with the further finding that on cntdytic 

fornicd M hich x i s  riot ideiitical with 1 (3)-benzj 1- 
idiiicj and nhich gave :I yellow Pauly test iii coii- 

trait to the red or orange colors given by histidiiic und 
i t  i dcrivatirw which have no suljstituents oii the 4(5) 
(m h i i  :itom. The reductioii protfuct i i  pieiumably 
I(.j)-hcnzylhistidiiie. -411 :iltcm:itive structure for thc 
cyclization product, forined from nucleophilic at  tach 
1 , ~  the. iirtrogeri atom of thc  imidazole ring oii the azo- 
nietliirir c;wtion atom. i i  les\ l i l dy  t)ee:Lu+c 1(3)--ub- 
slit utcd histidiiiey generally give iiegative l'uul\ tests, 
:iiit1 tlic cq)cctcd riinhydriii-posit I\-e reduction 1,rocluct 
\\auld tic either l(:~)-beiizylhistidiiie or hiqtidinc. 

Tlic foimatioii of 4-pheri? lspiiiacine iii the recluct ive 
Intioil rextioii \\-as effectively elimin:ited or 
d l j  retliiced b!. replacjng the S u O H  with a11 or- 

g i u c  h s c .  \Yhcu E t  IT \\"ab u i e d ,  pheii? 1~1)iiiacine 
\\:is not formed, but benzylatioii was ~iiconiplctc and 
:iplircciable aiiiourit- of histidine n crc llrewit iii the  
i.cs:ic.tioii ~ i i i \ t i~rc .  Thii result m:i\ tlcl : i \ c r ibd  to  the> 
t ~ c t  that  a11 appreciable increaqe i i i  1)H occurred (luring 
I l iv  reductiori. C'ompletc Ix~iizylatioti c ~ > u l c l  tw :I('- 

cw~iq~ l i -h r t l  hj :i(Idiiig the hiz:ildeh\ r l c  111 tu  o eqii:il 
1 1 0 1  t i o i i h .  ivith c:it:dytic reduction a t tw  t3:ich :idditioii. 
\Vhci i  C'6H,C'H2SlIc2 \vas u5ed 111 the icdiictivcl bcnxyl:i- 
t i o i i ,  110 ~,l.icii\-lsl)in:iciiie WL> dctectcd aiid e ~ ~ i i t i a l l y  
clri:iiitit:itive coiiver;sioii t o  berizj Ihi+tidiiic occurred. 

'l'lit, r d u c t i v c  methylation of oc-S-~)eiizylhistidiiie 
\\ itli C ' H 2 0  arid HCOLH likewiw required careful con- 
ti01 of coi id i t io~i~  t o  niiiiiniizc thc formation of 5- 
i ~ o i i x ~  Isliiii:wiii(' (3) .  Thi? iiihst:tiiccl \va t  readily fornirtl 


