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ABSTRACT 

HYDROGENATION OF HISTIDI NE METHYL ESTER 

Walter T. Kurek 

Master of Sci ence 

Youngstown State University, 1977 

This investigation undertakes the synthesis of an 

N-acetylated imidazoline derivative of histidine meth yl 

ester. The synthetic method involved hydrogenating a 

sample of histidine methyl ester using an acetic anhydride 

solvent and a platinum oxide catalyst. The reaction was 

carried out at room temperature and at a pressure of 60 

psi. Four reaction product s were found using thin layer 

chromatography . developed with fi ve per cent methanol in 

chloroform. 

From previous work with the hydrogenation products 

of imidazole, three p roducts were expected for the 

reduction of histidine methyl ester, name ly, the unreduced 

N-acetylhistidine methyl ester, the partially reduced 

imidazoline derivative and t he completely reduced 

imidazolidine derivative. The fourth product was suspected 

of being an alcohol or acid (COOH) imidazoline derivative. 

A number of chromatograph ic methods were investigated 

for purifying the imidazoline derivative, the desired 

product. Silica gel G proved suitable for the separation 
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of N-acetylhistidine methyl ester, a major contaminant. 

Under the conditions used, two successive column runs 

were necessary to remove N-acetylhistidine methyl ester. 

Hydrazinolysis of the residue obtained after 

removal of the substituted histidine ester resulted in 

a white solid having a melting point of 92-94°c. The 

hydrazide, while impure, appeared to contain as a major 

component the hydrazide derived from an N-acetylated 

imidazoline derivative of histidine methyl ester. This 

was supported by the fact that the hydrazide showed a 

strong UV absorbance at approxi-mately 280 nm corresponding 

to the N,N-diacetylimidazoline r i ng. 
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CHAPTER I 

Introduction 

Scientists are now able to identify the amino acid 

sequence of biologically important polypeptides among them 

secretin, glucagon, cholecystokinin and angiotensin. By 

substitution of a single amino acid in biologically active 

peptides they have been able to cre ate analogs of a number 

of peptides and as a result been able to identify the active 

groups. They have also been able to produce specific 

antagonists (compounds that have the same affinity for the 

receptor as the agonist have, but are devoid of intrinsic 

. 't ) 1 activi y • 

The biological importance of histidine is well known. 

The amino acid histidine is essential in young children 

and has been found to be present at the active site of a 

number of enzymes like chymotrypsin, trypsin, and pancreat i c 

ribonuclease. Histidine has also been found in a number 

of small peptides present in the body. In particular 

angiotensin II, an octapeptide, contains a histidine 

residue at position six. This peptide has been suspected 

of playing a major role in some forms of hypertension. 

Experimentation has reached the point where more than one 

hundred analogs of angiotensin have been prepared and 

results indicate that out of the total eight amino acid s 
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present in the active polypeptide five (amino acids four 

through eight) are the most important for activity. 2 Few 

of the analogs prepared have had significant and prolonged 

inhibitory activity on angiotensin 11 3 and scientists 

seem to have extensively covered a large number of possible 

replacements and sequence changes in the peptide. This 

then suggests another area of research. That involves the 

synthesis of new amino acids or modifications of naturally 

occurring amino acids and substitution of these in 

biologically active peptides. This could be important not 

only in the synthesis of new peptides, but also in research 

dealing with the role of an individual amino acid in 

biological systems. For example, a histidine analog could 

possibly be incorporated in the growth media of bacteria 

which need histidine in the synthesis of proteins. This 

could cause inhibition of protein synthesis by the 

organism or the modification of the activity of those 

proteins synthesized. It might also be interesting to see 

if this analog caused a decrease in the synthesis of 

histidine itself by attecting the enzymes necessary for 

synthesis through feedback inhibition. Today, a synthetic 

analog of a single amino acid could be used in a wide 

range of chemical research. 

This investigation deals with the initial steps in 

the synthesis of a new amino acid analog of histidine. 
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Histidine ( ~-amino-4(or 5)-imidazolepropionic acid) 

has the following structure: 

Histidine 

I 

It is a non-essential amino acid in adult humans4 but an 

essential amino acid in children. It was isolated separately 

by Kossel 5 and Hedin6 in 1896. 

The portion of the molecule which is of major concern 

to us is the imidazole nucleus. Imidazole is a five-membered 

heterocyclic ring which contains two nitrogens. The nitrogen 

which is first in the numbering sequence is an imino nitrogen, 

the other nitrogen which is third in the numbering sequence 

is a tertiary nitrogen: 

5;=\ 
Hl_N~N3 

2 
Imidazole 

I I 

The solubility of imidazole is high in polar and low in non­

polar solvents. 7 The simple imidazoles fail to exhibit 

selective absorption in the ultra-violet region. 8 •9 
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However, selective absorption is observed in imidazoles in 

which the imidazole ring is conjugated with a carbonyl group, 

such as in imidazole carboxald ehyd e and imidazolecarboxylic 

acids. 7 Imidazole is a monoacidic base and also exhibits 

weakly acidic properties. It is extremely stable to drastic 

treatment with acid or base, and catalytic hyd rogenation 

leaves the imidazole ring unaffected. Since imidazole obeys 

Huckel's rule for aromaticity it should show aromatic 

character and it has been shown t hat imidazole undergoes 

typical aromatic substitutions. 

Examination of the physical properties of imidazole 

shows that its boiling point (256°c at 760 mm Hg ) is much 

higher than that anticipated becau s e of extensive hydrogen 

bonding. Due to the absence of t h i s facto r , N-alkyl 

derivatives (but not C-alkyl subs ti tuents) h ave much lower 

boiling points. 11 In f act , clo se s t udy has d e mo nstrated 

that in solution imidazole exists as aggregates of twenty 
10 

or more molecules. 11 

R R-... n-... , / ' 
I ' I \ 

I I I I I 
. . . . ·N \ 'N· .. . . . ·H· . . . . . ·N\ I N· . . . .. ·H- .. .. . ·NI IN· ... . 

""'' .. __ ,/ "'-..'----/ --....,_>-,,"/ 
~ ~ ~ 

III 



5 

It is this imidazole ring and its chemical characteristics 

that give histidine its activity in biological systems and 

it is this same ring that will be al t ered in this work. 

Substituted imidazolines and i mi d azol i dines are 

k n own and the parent rings have the t al l owing structures: 

I\ 
H-N N-H 

v 
2-Imidazoline Imidazolidine 

IV v 

Until 1961 substituted imidazolines and imidazolidines 

were not prepared by catalytic hydrogenation of imidazoles. 

In this work the previously reported synthesis of 

. 11 
N,N-Diacetyl-4-imidazoline was studied. This synthesis 

was performed by catalytic hydrogenation of imidazole usi ng 

a platinum oxide catalyst and acetic anhydride as the 

• 
solvent (Reaction 1). Their results indicate that 

N-acylation of the ring is a necessary accompaniment of the 

reduction of imidazole. The extension of this method to the 

reduction of histidine methyl ester was then tried with the 

subsequent attempt at the isolation, purification and 

identification of the products (Reaction 2). 

Future work would involve removal of the three ace tyl 

groups, conversion of the ester to the free carboxyl and 

possible substitution of the imidazoline analog into a 



biologically active polypeptide normally containing a 

histidine residue. 

6 
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H-N N 

~ Acetic 
Anhydride 

VI 

Acetic Anhydride 

;r::=~\:---CH2-~-COOCHJ 

I CH -C-N N-C-CHJ 
J a ""- / 11 C=O 

0 ~ 0 I 
CHJ 

VII 
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( 1 ) 

( 2) 
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CHAPrER II 

Historical 

"The most common synthesi s of imidazoles is that 

due to Radziszewski which involves t he cond ensation of a 

.12 dicarbonyl compound with ammonia and an aldehyde." 

CHO 
I + 2 NH

3 
+ OCHR 

CHO 
/\ 

H-N N 

~ 
R 

VIII 

8 

(3) 

Several other syntheses are closely related to thi s and give 

intermed iates which cyclize to imidazole. 

The tetrah ydro derivative o f imi d a z ole known as 

imidazolidine is generally prepared by c ondensi ng an aldehyde 

. 1 . . 13 . witn an ethy enediamine. One or both amino groups must 

be secondary becau se wi th two primary amino groups, 

condensation with an aldehyde gives a Sch iff base. 

/\ R-v-H 
R 

(4) 
I 

+ R CHO 

IX 
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The dihydro derivative of imidazole gives the 

possibility of three isomeric imidazolines, depending on the 

position of the double bond: 

~ /\ 
H-N N H-N N-H 

·~ ~ 
2-Imidazoline 3-Imidazoline 4-Imidazoline 

x XI XII 

14 
Several 3-imidazolines have been prepared but 2-imidazolines 

are the most common and have received most attention. 

2-Imidazolines can be prepared from 1,2 diamines by reaction 

with a mono-or dicarboxylic acid, or with an acid derivative. 

Reaction of ethylenediamine with acetic acid, for example, 

gives 2-methyl-2-imidazoline. Another synthesis of 

2-imidazoline i nvolves the catalytic reduction of the mono 
15 

acetyl derivatives of t:t. -aminoni triles. 

/ 
N 
I 
H 

XIII 

(5) 
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It was thought that the di-and tetrahydro derivatives had 

to be prepared by special synthetic methods and no method 

used imidazole as the starting material. 

16 In 1961, Bauer began his paper in the Journal of 

Organic Chemistry with the line, "The remarkable resistance 

of the imidazole ring to catalytic hydrogenation is well 

established." He then reported the synthesis of a previously 

unknown compound, namely, 1,3-diacetylimidazolidine. This 

reduction of imidazole was done by catalytic hydrogenation. 

The hydrogenation proceeded smoothly at room temperature 

and atmospheric pressure in an acetic anhydride solvent using 

platinum oxide as the catalyst. Hygroscopic white crystals 

were obtained after recrystallization from ethanol-ether in 

eighty per cent yield and having a melting point of 95°c. 

The diacetylimidazolidine was found to be very soluble in 

water, ethanol, acetone and in hot benzene. It was 

sparingly soluble in ether. 
11 

In 1966, Vail, Barker and Moran reported the synthesis 

of another related new compound, an intermediate in the 

synthesis of diacetylimidazolidine but not reported by Bauer. 

The compound, 1,3-diacetyl-4-imidazoline was again formed 

by hydrogenating imidazole in acetic anhydride using a 

platinum oxide catalyst but the pressure was increased to 

500 psi with hydrogen gas. The white crystalline solid was 

recrystallized from ethanol resulting in a fifty per cent 

. . 0 
yield and a melting point of 239-240 c. 
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CHAPTER III 

Experimental 

Preparation of Platinum Oxide 

The procedure for this preparation of platinum 

oxide, Adams catalyst, is a modification of that given by 
17 

Vogel in his 11 Textbook of Practical Organic Chemistry. 11 

A sample of platinum wire weighing 6.17 g was 

di ssolved in aqua regia. A solution was achieved by heating 

a mixture of ·. finely cut platinum wire and aqua regia on a 

steambath for at least eight hours. The solution was then 

evaporated to dryness, the res idue dissolved in concentrated 

hydrochloric acid and the solvent a gain evaporated. 

Dissolving in concentrated hydrochloric acid followed by 

evaporation was repeated twice. The result on cooling to 

room temperature was brown, rod-like crystals of 

chloroplatinic acid. These crystals were dissolved in a 

minimum amount of water, followed by addition of a saturated 

solution of ammonium chloride to give 13.50 g of bright yellow 

crystals of ammonium chloroplatinate which were then dried at 
0 

100 C. The yield of (NH4 ) 2 Ptc1 6 was about ninety six per cent. 

To 35.72 g of potassium nitrate was a dded 3.04 

~ Of ammonium chloroplatinate. The mixture was powdered , 

thoroughly mixed and th e n slowly h e ated in an evaporati ng 

a· 
ish over a Fisher burner until the evolution of gas slackened 
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and the solids melted to a brown solution. The heating was 

continued until the temperature rose to about 300°c when 

the solution was placed in a muffle furnace at 500-530°c 

for thirty minutes. 

After cooling, the solid mass was broken up to aid 

the solution of nitrates in warm water. The dark brown 

platinum oxide was washed twice by decanting and then using 

Whatmann #541 (hardened, purified) filter paper until the 

filtrate was clear and the cat alyst was free of nitrates 

(care must be taken that the precipitate does not become 

collodial from excess washing). There was obtained 1.42 g 

of catalyst which was then dried in a desiccator. A yield 

of eighty seven per cent was the best obtained in several 

runs. 

It must be remembered that the catalyst thus obtained 

(Pto
2

·H20) must be converted to the a ctive f orm of finely 

divided platinum black which is the actual catalyst. This 

was done by hydrogenating the catalyst in an appropiate 

solvent under a h ydrogen a t mosph e r e a t a pressure of about 

60 psi. The theoretical uptake can b e calculated from the 

chemical equation: 

(6) 

In the case where the platinum oxide was hydrogenated 

in an anhydride solvent the a ctual hydrogen uptake was 

somewhat higher than that calculated. This was also reported 
12 

by Bauer and has not yet been explained. Bauer did report, 
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however, that acetic anhydride consumed a small amount o f 

hydrogen with the formation of aldehyde and a little ethyl 

acetate. 

Calibration of Hydroge nation Apparatus 

A 0.1 g sample of platinum oxide was suspended 

in 150 ml of ninety five per cent ethanol and the mixture 

was then hydrogenated for thirty minutes in a Parr 

hydrogenator to activate the catalyst. Next, 11.6 g 

(0.1 mole) of maleic acid was added and a total uptake of 

7.0 psi was observed after approximately seventy minutes. 

Hydrogenation for another hour resulted in no further 

uptake of hydrogen. The suspension was then filtered and 

the filtrate evaporated on a rotary evaporator to give 

white crystals with a melting point, after recrystallization 

f rom water, of 187-9°c (literature melting point of succinic 
18 

acid 188°c). 

A 7.0 psi drop has been shown to correspond to the 

reduction of one double bond for 0.1 mole of any compound 

containing one or more double bonds. 

Preparation of N7 N-Diacetylimidazoline 

From Imidazole 

To 150 ml of acetic anhydride was added 1.00 g 

of platinum oxide. This suspension was placed on the 

hydrogenator, the reaction vessel was evacuated using a 

water aspirator and hyd~ogen introduced. The evacuation 
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and introduction of hydrogen was repeated three times as in 

all subsequent hydrogenation experiments. After the third 

time the hydrogen pressure was adjusted to 60 psi and the 

suspension shaken vigorously. Th e amount of hydrogen taken 

up by the catalyst-solvent mixture and the time necessary 

to reach the maximum uptake varied somewhat in different 

runs with the same amount of catalyst but in every case the 

hydrogen uptake was greater t han t h at calculated. The 

calculated pressure dro~ for 1.00 g of platinum oxide 

is 0.62 psi. 

When no further hydrogen was taken up by the mixture, 

2.04 g (0.03 mole) of imidazole was dissolved in acetic 

anhydride, the suspension placed on the hydrogenator, 

evacuated several times as s t ated above and finally reduced 

at a starting pressure of 60 psi (the maximum limit for our 

hydrogenator). After approximately twenty four hours the 

pressure dropped 3.0 psi (0.9 psi more than the theoretical 

uptake). At this point the reaction mixture was removed 

from the hydrogenator and poured over 300 g of crushed 

ice to convert excess acetic anhydride t o acetic acid. The 

suspension was stirred until only one liquid layer was 

present, filtered, and the filtrate evaporated under vacuum 

on a rotary evaporator at a temperature never exceeding 

so0 c. 

White crystals weighing 4.86 g were left after 

evaporation. This is greate r than the 4.61 g calculated 

as the theoretical yield and is d ue t o t h e presence of 



sor.1e residual acetic acid , de t ectabl by its odor. 

The diacetylimidazoline was r e crystal lized twice 

from ninety five per cent ethano l to a cons t ant melting 

point of 238-39°c (reported melting point of 

15 

11 
diacetylimidazoline by Vail, Barker and Moran 239-40°c). 

There was recovered 2.69 g of recrysta llized 

d iacetylimidazoline, a yield of fi fty e i ght per cent . 

Preparation of Diacetylimid azoline 

From 1-Acetyl imidazole 

The identical procedure us ed for the preparation of 

diacetylimidazole from imidazol e wa s also followed for 

1-acetylimidazole. The total pressure drop for 3.31 g 

(0.03 mole) of 1-acetylimidazole was 2.6 psi (0.5 ps i 

greater than the theoretical uptake)~ the total time elapsed, 

twenty five hours. The product recrystallized once f rom 

ninety five per cent e thanol had a melting point of 234-37°c 

and wei ghed 1.30 g, a yield of twenty eight per cent. 

Attempted Reduction of Histidine 

Th e hydrogenation procedure described above was 

used with histidine. A 4.65 g (0.03 mole) sample of 

histidine free base was shaken with hydrogen using Adam's 

catalyst and acetic anhydride as the solvent . After 

hydrogenating for over twenty fou r hours the pressure drop 

amounted to only 0.4 psi , much l e s s t han the expected 2.1 psi. 

The evaporation product was a dark b rown viscous oil. An 
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attempt was mad e to form crystals by recrystallizat ion from 

ninety five per cent ethanol, but the result was the 

original brown oil. 

Preparation of Anhydrous Methanol 

Approximately 1200 ml of methanol and 15 .U g ot 

magnesium turnings were placed in a 2 l round bottom 

flask equipped with a reflux co ndens e r. The system was 

protected from atmospheric moisture wi t h a drying tube 

containing Drierite (anhydrous calcium sulfate). After 

about one minute, hydrogen evolution began . Later, it was 

necessary to slow the reaction by c ooling the reaction flask 

in an ice bath. When all magnesium h ad reacted, the 

suspension which was cloudy, was refluxed for five hours. 

The methanol was th~n distilled , the fir st and last 100 ml 

fractions being discarded. Ma teria l boiling at 64°c was 

c ollecte u and used in the preparation of histidine methyl 

ester dihydrochloride. 

Preparation of 
1~ 

Histidine Methyl Ester Dihydrochloride 

An apparatus was set up that woul d allo~ hydrogen 

chloride gas to be passed through a solution without 

allowing any trace amounts of water into the system. The 

apparatus consisted of three s e parate chambers connected 

in series. The f irst chamber was a d rying tower fill e d 

with calcium c h l oride (mes h 4 ) t hat removed water vapor from 



17 

the hydrogen chlo ride gas . Th ne x chamb r was a t rap t o 

prevent any solution from backing up into the drying tower. 

The third chamber was a gas bubbling apparatus in which 

the reaction was carried out. 

In the reaction chamber wa s p laced 460 ml of dry 

methanol to which 30.33 g o f L-his t idi ne free base was 

added. As hydrogen chloride gas was slowly bubbled into 

the mixture all but a very small amount o f the histidine 

dissolved in the methnaol. As the solution became s aturated 

with hydrogen chloride, f ine whi te cry s t als of hist i di ne 

methyl ester d ihydrochl oride pre c i pi tated . The suspe n s i on 

was f iltered and t h e s o l i d was washed with a nhyd rous e t her . 

There were obtained 45.3 6 g of c rystals, a y ield o f 

n inety six per c e nt. Th e s e c rystal s we re r e crysta l l i zed 

from methanol. 

Pr eparation of Sodium Methox ide 

A r e f lux appara tus wa s set up and p r o t e cted f r om 

moistur e with a d rying tube c ontaining Drieri te . To 200 ml 

o f d ry methanol wa s added 10. 0 g of sod i um metal 

s pheres. The sodi um wa s add ed over a e r i od o f a bou t 

f ifteen mi nu te s t o c o n trol t he reaction. When t he r e action 

was c omplete , a 25 ml a liquo t o f t h e s odium methoxi de 

solution was d ilu ted to 250 ml with d istilled water i n a 

volumetric flask . Th is s o lution was t hen stand ardized 

against p otas s ium hydrogen p hth a l ate (.005 mol e ) and the 

concentration o f the orig i nal sodium me thoxide was calculat ed 



to be 0.218 M. 

Preparation of 

Hi stidine Methyl Este r Free Base 

To 150 ml of dry methanol was added 10.0 g 

(0.041 mole) o f histidine methyl ester d ihydrochloride. 

This suspension was then heated on a hot plate to aid in 

the solution. Next, 37. 88 ml of sod i um methoxide in 

methanol (0.218 M) was added dropwise from ·a buret. The 

resulting s uspension was heated to ins ire that all 

histidine methyl ester dihydrochloride had di ssolved 

18 

and reacted. The suspensi on was cool e d in an ice bath fo r 

approximately one hour for maximum p r e cip itation of the 

sodium chloride . Tne suspension wa s f iltered using a sma ll 

c o nical Hucnner funnel ana the ilt r a te evaporated on a 

rotary evaporator under vacuum a t a temperature never 

exceeaing ~u0c. The residue was a mixture ot sodium cnloride 

aua u uil. To this nnxture approximately 30 ml of 

chlorof orm was added and the mixture f iltered. The residue 

(NaCl) was washed with chloroform and the filtrate evaporated 

to give a clear oil of histidine methyl ester. The ester 

was dissolved in methanol and evaporated on a rotary 

evaporator, first with the aid of a water aspirator then 

for approximately thirty minute s with a vacuum pump . The 

weights of 6 . 98 g for the h i s tidine ~ethyl ester f ree base 

and 4. 8 2 g for sodi um chloride are ery close to the 

theore tical yield ( 98- 99 pe r c ent ). 
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Reduction of 

Hist i dine Methyl Ester Free Base 

The hydrogenation p r ocedure des cribed pre viously 

was used for the his i ine methyl ester free base . To ljO 

ml ot acetic anhydride was added 2 . 00 g of platinum oxide . 

The s u spension was hydrogenateL unti l no further uptake 

of h ydrogen occurred to reduce t e platinum oxide . 

A 5 .07 g (0 . 03 mole ) sample of histidine methyl 

ester free base was dissolved i n 15 ml of acetic anhydride 

wi th cooling i n an ice bath . This solution a nd a no t her j 

ml acetic anhyd ride wash of the f lask were added to tr1e 

hyd rogenation bottle . This entire suspension was then 

hydrogenated fo r for t y three hours until the t o tal pres sure 

drop amounted to 3 . 5 psi (1 . 4 psi over the calcula t e d drop ). 

Th e synthesis of t h e d esired product was followed 

during the c ourse of the hydrogenation . This was done y 

st pping the h ydrogena t i on , taking a 0.5 ml aliquot and 

d il u t ing it to 5 ml in a vol m t ri c t lask . The suspension 

was filtered and the f iltrate diluted 1 : 625 . The absorba nc e 

of these diluted aliquots was then measured at 280 nm . The 

point in the c ourse of the reduction a t whi c h the h ighest 

absorba nce is obtained correspond s to the maximum fo r mation 

of t h e desired product (the diacetylimidazol ine der iva tive ). 

This was expected f r om theoret ical as well as experimenta l 

considerations. 
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Theoret i cally it is known t hat selective absorption 

was expected since the imidazol e r ing is conjugated with a 

carbonyl group (see introduction). The desired compound 

contains two carbonyl groups one bound to each nitrogen 

of the imidazole ring. Previous experime ntal results 

indicate that imidazole and N , N- deace t ylimidazolid ine have 

very little ultra-violet absorbance whereas 

N, N-diacetylimidazoline shows strong ultra-violet absorbance 
20 

around 280 nm. 

The hydrogenation mixture was poured over 300 g 

of crushed ice. Upon melting of the ice, the two layers 

were stirred until the acet ic anhydride had hydrolyzed. The 

s uspension was filtered and t he filtrate evaporated to 

dryness under v acuum. The result was 10.23 g of a clear 

viscous oi l. The theoretical yield was 8 . 9 1 g . Thus , 

t he oi l contained some r e sidual acetic acid . 

A graph of the kinetic d ata for this hydrogenation 

is given on the foll owing page ( Fi gure 1). 

21 
Preparation o f Paul y Reag ent 

The Pauly r e a gent must be prepared i mmedi ately 

prior to its use . Three separate solutions are necessary: 

(1) sulfanilic acid - to 90 ml of concentrated hydrochloric 

aci d was added 0.907 g of sul fani l ic acid . This was 

then diluted by the addition of 90 ml of water , (2) five 

Per c ent sodium nitrite , (3) ten per c e nt sodi um carbonate . 

To p r epar e the reagent , 2U ~ oi cold sul fanilic 
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acid and 20 ml ot co.id sodi um n Ltri - w · re added l:ogether 

and allowed t o stand be low 20°c for f ive minutes. Then 4 0 

ml of sodium carbonate was add 

The reagent was u sed by spraying a fine mist of t e . 

solution on a thin layer chromatography p lat e (Eastman no . 

6060) to produce a red c ol o r after reacting with i midaz ole. 

The cola is a positi ve test f or t he dete c t ion of the 

unred uced imidazole ring in the hyd r ogenation p rod ucts. 

Preparation of N-Acetyl ­

histidine Methyl Ester TLC Standard 

To 20 ml of acetic anhydrid e was added 1.91 g of 

histidine methyl ester fr e e base . The solution was 

re t luxed for one h o ur on a ste am bath using a condenser 

equipped with a drying tube. During t h i s period the solution 

changed from rose to clear r ed . The solution was then 

added to 150 g of crushed ice. The sol v e nt was removed 

under vacuum using a rotary evaporator leaving a residual 

oil of N-acetylhistidine methyl ester. 

Attempted Purification of the 

Histidine Methyl Ester Reduction Product Using a 

Cation Exchange Batch Method 

Dowex ~uw X 4 cati on exchange resin (1.15 g) was 

washed with 50 ml o f d eionized water by sti rring for two 

hours. The resin was filtered with suction and the 

resin resuspended in another 1 50 ml of deionized water. 
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The resin suspension in water was stirred mechani cally 

while cooled in an ice bath. A 1.00 g sample of the 

red uced histidine methyl ester product was dissolved in a 

minimum amount of water and also cooled in an ice bath. The 

solution was then added d ropwis e t o the suspensi on with 

st i rring, and stirring was c onti nued for two hours after the 

addition with c ooling in a n ic bat~ . The suspension was 

then filtered with suction. The filtrate was e vapo rated t o 

d ryness leavi ng 0.50 g of a c l e ar viscous oil, a 43.5 per 

cent recovery. 

he residual oil was d i ssol ved i n a minimu m a mount 

of sol vent (approximately 5 to lU ml of tive per cent 

methano l in c hloroform ). The s o l u t i o n wa s s potted a t 

different c o ncentrations on a thi layer c hromatography 

she e t made of silica gel wit a fif teen per cent c a lcium 

sulfat e backi ng . The c o ating c o ntained a f luores cent 

indicator for easy identification of a ny ultra-violet 

absorbing spots. The s heet was d veloped with five per cent 

methano l in chloroform and viewed under ultra-violet light 

at a wavelength of approximately 254 nm to detect the 

imidazoline compound ( s). 1'he s cet was also sprayed with 

Pauly reagent to detect any unr 0 duced imidazole derivative. 

An iodi ne chamber was used fo r t h e detection of all s pots 

separated a f t er d evelopment ot the TLC p late and ninhydrin 

reagent was sprayed on the p l ate to d e e ct f ree ami no groups. 

The above i dentifi c at ion method s were al l done by 

cutting the TLC p late into strips containi ng three spots per 
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strip . A particular visua l i z Lj n Lcchni u wa s then u cd 

on eac h strip . The ultra - v iolet ahsor bances were perfor med 

usi n a n ultra- viol e t viewer and cou l d b e done without 

c utti ng t he sheet since th is method did not alter the 

compo u d s on the sheet . 

Preparation of Si l ica Gel Co lumns 

A g lass wool plug was p l aced in the bottom of a 

glas s column filled with s olve nt ( fi ve per cent methanol 

i n chloroform ). Sand was add e d to c over t he g lass wool 

and a s l urry of silica gel a nd s o lvent was poured into the 

column and t he ge l all owe t o e t t l e . The s olvent l ve l 

was then lowered to t h e top ot the si lica ge l, the compound 

d issolved i n a ini um amou t of solvent was adde d , ad s orbed 

o n to the column a nd the rese r voir f i lled wi t h solvent . A 

Buchl e r Fractomat a utoma t ic fract io o lle ctor was us ed t o 

collect 5 ml fractio n s . Ul tra-violet a b sorbance value s 

we r e then de ermi ne d for selected fra c tions . 

Since t he amount o f s i lica gel used varied with t he 

quantity of compound to be sepa rated it is d ifficul t to 

give exact amount s h e r . But , in gene ral, for 1.0 g of 

reduced histidi ne meth yl ester product t o be separated , 

65 g o f s ilica ge l for c o lumn ch romat ography (part i cle 

size 0. 2 to 0 . 5 mm) was used . 

In lat e r wo rk silica ge l G for th i n layer 

chromatography acc . to stah l (p articl e size 10- 40JA) was 

Used . Thi s s i l i c a gel a fforded a be t ter s eparation but , 



d ue to the much smaller parti cle ize , the f l o w rate was 

drastically reduced and it wa s necessary t o decrease the 

amount of silica gel in t he c o l umn to increase the flow 

rate. To separate a 1.20 g sample of reduced histidine 

methyl ester, 25 g of silica gel G was used. A 4.13 g 

sample was separated on a col umn containing 50 to 55 g 

25 

of silica gel G. This amount ( 55 - 60 g ) of silica gel 

approaches the upper limit fo r t his column ( 60 X 2.5 cm). 

Larger amounts would result in too s low a flow rate. The 

above separations were done on a 600 mm column with a 

25 mm internal diameter. It was found subsequently that a 

narrower column gave a better s e p a ration. Also, the flow 

rate for this large column (50- 5 5 g silica gel G) was about 

0.5 to 0.75 ml per minute, slower tha n was desired. 

The ultra-violet absorbance data was collected by 

determining the absorbance of every other fraction at a 

wavelength of 280 nm using a Beckman DB Spectrophotometer. 

Then from a plot o f absorbance vs . f ract ion number, one 

could determine the i d eal fractions to spot on the thin 

layer chromatography plate. Th e Pauly positive material 

was determined from thin layer chromatography of these 

selected fractions . The fractions from both columns that 

contained the least amount of Pauly positive material, due 

to the unreduced imidaz ole ri ng, and contained the largest 

amount of ul tra-viol et absorbing ma terial, d ue to t he 

presence 0 £ the imidazoline ring , we r e combi n e and 

evaporated . Evaporati on of these f r act ions und e r vacuum 
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yiel ded 2 . 06 g of residual oil . 

The r e sidual oil was disso ve in a mini, um a mount 

of five per cent metha1ol in c1lorofo rm and add d to a nothe r 

si lica gel G col umn containing 25 9 of g e l . The c olumn 

wa s 600 mm l ong and had an jnternal di ameter of 15 mm . A 

flow rate of about 1 . 0 ml per minute was a chieved by 

making the total volume of the solvent i n the reservoir 

about o OO ml . As the solvent in the reservoir was d epleted 

the t l ow rate decreased . The u l tra-viol et absorb ances were 

determined for every other fra c t ion at a wavelength of 

280 nm as stated a bove . Thin layer c h romatography was performed 

01 1 selected fractions and those fract i ons containing t h e 

least amo unt of Pauly positive material and those s h owing 

the g reatest ultra-viol et abso r 1a ncc were conbinert and 

evaporated . 

An ester test was also d one on selected f r act ions . 

This t est wac pertor me f or t he firsL time on these f ractions 

and will be d escri ed in more d e a i l in the a llo wi ng pages . 

Experim ntally it wa s found tha t a 600 mm colum 

wi th a n internal di amete r of 15 mm ga ve the ~es t s aration . 

Al though a constan t f low rate was di fficult to achieve , one 

varying fro 0 .7 5 ( fifteen drops ) to 1 . 00 ml (twenty d r ops ) 

per inute gave a good separation with l ittle diffusi o n . 

The c o l umns used were obta ined from Ace Glass Incorporated 

an were equipped with ei t her a g l ass s topcock or a teflon. 

scre w, which had a hole in the center to allow solvent to 

Pass through . 
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Prepar ation o f Cation Exe a nge Columns 

The same method used f or t he pre parati on of the 

s ilica gel col lli~ns was used for the cation exch a n ge c o lumns . 

The column wa s equi pped wi th a gla s woo l p l u g c overed with 

s and a nd t h e r es in added to t h e c o l umn a s a slu r r y . A 30U 

mm column wa s used with an i nt erna l di a eter of llmm . The 

fl ow r ate was regulated wit t h e s cock to a constant 

flow r a t e of 1 ml per mi nute. The r e du ced h i sti di ne me t h yl 

e ster p roduct was d issolved i n a mi n i mum amount o C d eioni z e 

water , an actsorbe d o n t o the c o l umn . Sol vent (de ionized 

water ) was added to t h e reser voi r a n e luted thr ough t h e 

c o l umn . Fra c t ions o f 5 ml we re c o l e ctec on the Fr ac o~at 

a utoma ti c f r a c tion c ollector and c~e c.e for u l t ra-viol e t 

a ' sor b a nce a t 2uU nm . T1i n la e r c r1rornatograph y was 

perfor med o n s e l e cte d fractions spott i ng a 10 ml 

s amp l e of each fract ion and evclo · ng the plate wi th five 

er cent met a o l i n c 1l oroform . 

co1 b i n e a nd evaporated . 

The fr a ctions were t h en 

Preparation of ·xc h a nge Co l umn 

An a nion e xc a nge o l Lrnn wa prepare in an a t t empt 

t o convert h i tid i n e me thyl ester dih ydr o chlori de to the 

tree ba se . Bi o - Ra d anal ytica l g ra c anion exc hange r e si n 

AG 1, 8 was used . T 1e res ·n , to begin wi th , was i n t he 

c lor i d e f o r1 a nd i t was neces s ary 

hydro'id e -ar m. 

) c onve r t i t t o t h e 
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To 300 ml of 2 M sodium hydroxide w s added 125 g 

o f the anion e xchange resin . Th e s u s p ension wa s stirred 

fo r b-7.n ty three hours, and poure into a c o lumn 600 mm 

l ong and having an i nternal d iameter of 2~ mm . Th e 

rese r voi r wa s fi lled with 2 M s oaium h ydroxide and th 

flow rat e ad justed t o .~ ml per minute . The eluent was 

checked f o r chloride b y c ollecting ten drops from the c o lumn, 

aci d i fing wi th nitri c acid a nd ad ing t e n d r ops o f .1 M 

silver rutrate to give a wh ite precipitate of s ilver 

chlo r ide as a positiv e t es t . After 1 2 l o f 2 M sodium 

hydroxi d e h a d p a ssed through the c o l umn t h e eluent s h owed 

a negat · v e tes t f or ch loride . ex t , 4 l of deioni zed 

water was p a .s s ed through the c o l umn un t il the pH of the 

e luent was neutral. The resin at th is point was in the 

hydroxi de form and was ready fo r use . 

To 15 ml o f deionized water wa s add ed 9 . 68 g of 

histidine methyl este r dihydrochloride. This solution 

was then added to the t op of the c o l umn . Upon addition of 

the dihydrochloride , heat was l iberated a nd bubbles appeared 

at the top of the column . After approximately three minut es 

the resin h ad r e settled . The eluen t was then c hecked 

periodi cally for the imidazol e ri ng ot histidine using the 

Pauly reagent described p r eviously . After passing 3.2 1 

of deioni z ed wate r through the c o l umn , a ll test s for h istidine 

were negative . 

The r s i n was then removec fro the c o .lumn , a dded 

o 500 ml of 2 ammonium hy roxi de nc 0tirr ad f or o ne 
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hour. The s uspension was then dec anted a nd the process 

r epe ated with a nother 500 ml of ammonium hydroxide. Pauly 

tests of the ammonium l1yd roxide washes were both negative. 

The 9 .68 g of histid i ne methyl e ster 

dihydroch l o r ide was never r ecover e • A positive test 

observed when the r esin was sprayed wi th Pauly reagent 

indicates that the c ompound was stil l bound to the r esin. 

~ o fur ther work was done to r e cover the histidine methyl 

ester. The failure o f the desired compound to be e luted 

may be d ue to hydrolysis of the ester by the resi n , a strong 

base. The carboxyl group s o libera ted would be strongl y bou nd . 

22 
Determination of An Ester Using Hydroxylamine 

This test was used semi -quantitatively to determine 

the fractions containing the maximum amount of an e ster. 

The 5 ml fractions were collecte d from a column 

chromatography separation of a r educed h istidine methyl 

ester mixture using si l ica gel G a s the stationary phase . 

The following four reagents we re used to detect the 

presence of ester: (1) 2 .M h ydroxylamine hydrochloride 

(this solution should be stored in t h e cold), (2) 3.5 N 

sodium hydroxide, (3) concentrated hydrochloric acid 

(specific gravity 1.18) diluted with two parts by volume 

of distilled water, (4) 0.37 M ferric chloride. 

The alkaline h ydroxylamine was prepared by adding 

equal volumes of hydroxylamine h ydrochloride and sodium 

hydroxide . This solution keeps for approximately three 
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hours at room temperature. To a 0.1 ml aliquot, taken 

from each fraction to b e tested, was added 2.0 ml of 

alkaline hydroxylamine. After reacting for at least one 

minute, 1.0 ml of acid was a dded followed by 1.0 ml of 

ferric chloride. The a b s o r b ance of the purple-b rown c olored 

solution was determi ned immediately at a wavelength o f 

540 nm using a Bausch a nd Lomb S Jectroni c 20. The formation 

of gas bubbles was avoided by shaking the solution after 

the addition of each reagent. Since our test solutions were 

in five per cent methanol in chloroform, it was necessary 

to shake the mixture to ensure that the reduced his t idine 

methyl ester had been extracted f rom the chlorotorm and 

reacted with the hydrox ylami ne . 

Hydrazinolysis of Red uct ion Product of 

Histidine Methyl Ester 

The fol l owi ng procedure was used to convert the ester 

to the corresponding hydrazide . A 1 . 61 g s a mple of 

reduction product from which Pauly p ositive material was 

removed by co..Lumn ch r omatography , was i ssolved in 4~ ml 

o f a b so..Lute methanol. A 30 ml aliquot of thi s solution 

was placed i n a 50 ml round botto f lask . To this solution, 

1. 5 ml of an eighty f ive per cent solutio n of hydrazine 

h yd rate was added. The resul t ing s o lution was refluxed 

f or three ours using a conde nser equipped with a drying 

tube . The r eac tion mixture was t h e1 evaporated to d ryness, 

followed by the a d d ition of met h a nol and a second evapo ration 



31 

using a water aspirator to a chieve t e desired pressure . 

Re s idual s o lvent and hydrazine was t e n evaporated 

overnight u s ing a vacuum pump . The result was a white 

hygroscopic solid weighing 2 . 23 g , having a mel t ing 

0 0 point between 4 S C and 7S c. The solid was then s uspended 

in 4S ml . of ethyl acetate and the s o l vent was boiled with 

the r esul t that part of the sol id d issol ve d . The hot 

suspe nsion was filtered and the solid extracted with an 

additional SO ml of boili ng e t h yl acetate . Afte r being 

allowed to stand at s0 c overnight there was obtained from 

the first filtrate a small amount of a whi t e s olid, melting 

point 92-94°c. 

Reagents and Materials 

The f ol lowing i s a list of the r e a gents and 

equipment used in the experimental section of this work. 

Note that the manufacturer and other p e rtinent i nformation 

is also given. 

1. Acet ic anhydride - Fisher Scientifi c Company. 
2. 1-Acetyl imidazole - Aldrich Chemical Company. 
3. Ammonium chlorid e - 'Baker Analyzed' Reagent. 
4. Ammonium hydroxi d e - 'Baker Analyzed' Reagent. 
S. Anion exchange resin - Bio-Rad Analytical 

Grade AG 1 X 8, 100-200 mesh , chloride form . 
6. Beckmann DB Spectrophotometer - Fish er Scientific. 
7. Calcium chloride - ' Baker Analyzed' Reagent , 

mesh 4. 
8. Cary 14 Spectrophotomet er - Ca ry Instruments. 
9. Cation exch ange resin - Dowex SOW X 4, 

S0-100 mesh, hydrogen form, polystyrene type , 
sulfonic acid. 

10. Chloroform - 'Bak er Analyzed' Reagent . 
11. Drierite - anhydrous c a lcium sulfate, Hammond. 
12. 9S per cent Ethanol - I . S.I . Gold Shield. 
13. Ethyl acetate - ' Bake r Analyzed ' Reagent. 



14. Ferric (III) chloride heAahydrate - 'Bake r 
Analyzed' Reagent. 

15. Fraction collector - Frac tomat Automatic 
Fraction Collector , Buch l e r Instruments. 

1 6 . Glass columns - Ace Glass Incorporated. 
17. Glass wool - A. H. Thoma s . 
18. Hydrazine hydrate - 5 per cent solution, 

Fisher Scientific Company . 
19 . L-Histidine (free base ) - Nutritional 

Biochemical s Corp . 
20. Hydrochloric acid ( cone.) - Analytical 

Reagent 37 per cent . 
21. Hydrogenator - Parr Instruments. 
22. Hydrogen chloride (gas) - Matheson. 
23. Hydroxylamine hydrochloride - Fisher 

Scientific Company. 
24. Irnidazole - Eastman. 
25. Magnesium turnings - Mallinckrodt. 
26. Maleic acid - Eastman. 
27. Methanol - Fisher Scientific Company. 
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28 . Ni tric acid - DuPont Reagent 7U-71 per cent. 
2~. Platinum wire - Engelhart Industries. 
30. Potassium nitrate - ' Baker Analyzed' Reagent. 
31. Rotary evaporator - Buchler Instruments. 
32. Silica Gel - 0.2-0.5 mm for chromatography, 

Merck AG Darms tadt ( e r man y ). 
33. Silica Gel G f or thin layer chroma tography 

acc. to St ah l, 10-4 0 )A, · erck AG Darmstadt 
(Germany). 

34 . Si lver nitr ate - ' Bacer A alyz ed ' Reagent . 
35. Sod i um c a r bonate - ' a e r Analyzed ' Reagent. 
3 6 . Sod ium hr roxide - J . T . Baker , J . S . P . 
37. Sodium metal (spheres ) - Math eson , Colman, 

Bell, Analyz e e agent . 
38 . Sodium nitrite - ' Bake r Analyzed' Reagent. 
39. Sprayers f or t in layer chr<mnatography (TLC ) -

Nutritional Biochemicals Corp., contai s 
d i e lorodifluoromethane . 

40 . Silica Gel G TLC sheet s - Eastman , with and 
wit~out fluorescent indi cator. 

41. Spectronic 20 Spectrophotometer - Bausc h and 
Lomb . 

42. Sulfanilic acid - Fisher Scientific Gompany. 
43. TLC chromagram chamber p late set - Eastman. 
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CHAPI'ER IV 

Results a nd Discuss ion 

1 6 
The work of Bauer, t ogethe r with the later 

11 
investigations of Vail, Barker and Moran, s howed that 

the hydrogenation of imidazol e with p lat inum oxide cat alyst 

in acetic anhydride can yield either N,N-diacet ylimidazoline 

or N,N-diacetylimidazolidine, depending on how far the 

reaction is allowed to proceed . 

The ultra-violet absorbance spectrum of a 0.000500 

per cent solution (3.25 X 10-S M) o f N,N-diacetylimidazoline 

in water was run on a Cary 14 Spectrometer (Figure 2). This 

solution showed a maximum absorbance at 277 nm with a molar 

4 absorptivity of 1.93 X 10 • 

Diacetylimidazoline is a conjugated system and 

would therefore be expected to show ultra-violet absorbance. 

Diacetylimidazolidine, on the other hand, does not exhibit 
20 

significant absorbance in the region of 280 nm. 

The ultra-violet absorbance of diacetylimidazoline 

derivatives was an important tool in locating and identifying 

the analogous reaction product of histidine methyl ester. 

All identification techniques used i n this early work were 

essential in later experimentation. The UV absorb ance 

was determined for fractions f rom column chromatography 

to locate and estimate the desired compound . The absorbance 
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was also used as a n easy v isualization t echniq ue in 

fluo rescent t h i n l ayer ch r omatography (TLC). The 

diacetylimidazoline derivatives appeared in the UV viewer 

as a blue spot agains t an orange background. The fact that 

imidazole couples with diazotized sulfanilic acid to form 

highly colored azo compounds was used as a test f or any 

unreduced imidazoles. The Pauly reagent used in this test 

was very sensitive and convenient. It was used as a 

visualization spray on TLC plates or added to solut ions 

to give a qualitative determination of imidazole 

derivatives. Iodine vapor gave a dark spot with all products 

separated by TLC. Finally, a semi-quantitative test for 

e sters was performed on fractions from column chromatography. 

The ester test was also used as a crude visualizat i o n spray 

for TLC. The techniques descri bed here we re all used 

later to investigate t1e reduct ion o f h istidine methyl ester . 

The hydrogenat i on of histidine (I) was a ttempted 

as an extension o f previous work wi th imidazole. His t i di ne 

was dissolved in acetic anh yd ride a nd h ydroge nated with a 

platinum oxide catalyst. The result after hydrolysis of 

excess acetic anhydride, removal o f platinum black a nd 

evaporation of solvent was a dar k b rown viscous oil. Since 

there was no h ydrogen uptake d uring t h e reaction it was 

concluded t h at the imidazole rin g was left unaffected. Thin 

layer chromatography of the product developed with 1-butanol 

( 80 ml ), g l acial acetic acid (20 ml) and distilled water 

(2U ml) s howed only one s pot . The spot gave a positive 
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Figure 2. UV Absorption Spectrum o f N,N-Diacetylimidazoline 
and Reduction Product of Hi stidine Methyl Ester. 
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Pauly test i ndicating an i ntact imid a z ole ri ng and showed 

no UV abso r bance . Ninhydrin , used to i nentify free amino 

groups in amino acids, was sprayed and gave a negative tes t . 

This indicates a reaction of the alpha amino of histidine . 

From this data it was concluded that the product was 

N-acetylhistidine. 

XIV 

One of t h e few r e p o rted reduc t i ons of the imidazole 
1 6 

r i ng was that car ried out by Bauer in 1 961. He 

hydrogenated an imidazol e sample in acetic anhydride and 

isolated N,N-diacetylimidazolidine as the final product. 

Their results indicate that N-acylation of the ring is a 

necessary accompaniment of the reduction of imidazole. 
23 

Other workers using derivatives of histidine reported that 

under ordinary conditions of acylation, introduction of an 

acyl group into the imidazole portion of histidine residues, 

possessing a f ree carboxyl group, was not possible. This 

t hen sugge sts a possible explanation of the fact that t he 

cataly tic hydrogenation of hi s tidine was unsuccess ful. 

Wi thout N-acylation o f t he imidazole n ucleus of histidine 

reducti on of t he ring woul d be i mpossibl e . Howeve r, n 
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the case o f meth yl esters o f ot-N-acyl h1st1d1nes, a second 

acyl group can be r e adily introduced i nto t he imidazole 

ring . Thus, histi d ine methyl ester meet s t h e condi tion 

f or the hydrogenation of the i midazole ring, whereas 

histidine, itself, does not. The next s t ep then was the . 

synthesis of histidine methyl ester (VII)• This compound 

no longer contains a free carboxyl and might be reduced with 

less difficulty. 

The reduction of histidine methyl ester in acetic 

anhydride with hydrogen and platinum oxide catalyst was 

performed three times. The resulting products we re 

identical in each hydrogenation, and evapor ation of the 

solvent left a clear viscous oil . The hydrogen uptake in 

e ach case was greater than that calcula t ed but t his was 

of minor c oncern since the pres s ure gauge o n the Parr 

+ hydrogenator was on ly accurate to a bout - 0 . 2-0.3 psi . 

The scale al so varied with fluctuations in room 

tempe rature . 
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Since t he hydrogenati on of imidaz ole gave two 

products, three components were suspected in the product 

of the hydrog enat ion of histidin e methyl ester. These 

were: 

N-Acetylhistidine Methyl Ester 

xv 

\ 

-CH -CH-COOCH 
2 I 3 

NH I 
I CH -C-N N-C-CH 

3 II "'-. / II 3 C=O 

o "V 0 I 
CH

3 

Imidazoline Derivative 

XVI 
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!\ CH2-!-COOCH3 

CH -C-N N-C-CH I 
3 11 " / II 3 C=O 

0 ~ 0 I 
CH3 

Imidazolidine Derivative 

XVII 

The UV absorbance s pectrum of a 0.001 per cent 

solution of red uction prod uct of h i st i d ine methyl ester in 

wate r was run o n a Cary 1 4 Spectrometer ( Fi gure 2). The 

solution showed a maximum a b sorb a nc e a t 28 0 nm. This 

absorb ance was a s cribed t o the di a cetylimidazoline r ing. 

Since a d iacetylimidazoline derivat ive shows UV 

absorption, this could be used to follow the progress o f 

the h ydrogenation (see e x p e r imental s e c tion , Ch a p ter II I 

for details). The absorbanc e a t 280 nm o f an aliquot of 

t h e reaction mi x ture was dete r mi ned at d i f ferent times 

d uring the c ourse of t h e reaction. Th e absorbance should 

increase with increased concentrat i on o f the imidazoline 

derivative , the maximum absor ban c e co r responding to 

maximum formation of the desired compound. The absorbance 

should then decrease as the imidazoline derivative is 

converted to the imidazolidine derivative. The rate of 

the reduction was followed fo r t he last two hydrogenations . 

The results were similar and are given below. 
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Table I 

Hydrogenation of Histidine Methyl Ester 

Se c on ~ yd rogenation Third Hydrogenation 

Time (hrs ) Abs o rbance(280 nm) •r i me (hrs) Ab sorbanc e (28 0 nm) 

1Y.5 0.210 17.0 0.215 

23.5 0.235 19.3 0 . 235 

29 . 0 0.2 60 22.0 0.225 

4 3.0 U.225 24 .5 0.170 

The t otal hydrogen uptake for the second hydrogenation 

was 1.4 ps i over th a t catl.culated for the reduction of o ne 

double bond. The total h ydrogen up t aJ e f or the thir · 

hydrogenation was only 0 . 4 ps i over the theoretical uptake. 

Obviously, the second reduction wa s run fo r too long. The 

difference in t h e rate of fo r mation of t he imidazoline 

derivative could be attributed to the activity of the 

catalyst since the hydrogenation s were done with different 

catalyst preparations. The point to be made is that the 

formation of the desired product could be followed by UV 

absorbance as was suspected. 

After the proper solvent h ad been found a thin layer 

chromatographic separation of the reduction products o f 

histidine methyl es t er was a chieved . The chromatogram 

developed with five per cent methanol in chloroform showed 

three separate spots . The followi ng table summarizes the 

TLC data c ollected to this point. 
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Table II 

Thin Layer Chromatography 

Sample UV Vi ewer (2~ 4 nm ) Pauly Ninhydrin ' 

1 Imidazole 

2 Di acetylimidazoline 

3 Histidine 

4 Reduction Product 
of Histidine 

Reduction Products of 
Histidine Methyl Ester 

Sa Highest Rf Spot 

Sb Middle Rf Spot 

Sc Lowest Rf Spot 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

The Rf values for these c orn ounds are not given 

because of t h ei r vari abil ity . The sequenci ng of the spots 

and t heir orientation with respect to each other was very ' . 

repr oducible. 

The TLC data for the hy rogen a tion mixture for 

h i s tidine methyl ester varied sli ghtly f r om what was 

expected. The Pauly positive and non-UV absorbing spot 

was ascribed to N-acetylhistidine me thyl ester for 

reasons to b e given later. The Pauly negative but UV 

absorbing spot was suspected of being the imidazoline 

derivative. The second UV spot was totally unexpected and 

did not appear to be a n imidazolidine derivative since a 

completely reduced ring compound would not be expected to 
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absorb UV light. The second UV spot would then have to 

be an imidazoline derivative since the latter shows UV 

absorbance and is also Pauly negative. These results 

suggest a side reaction most likely i nvolving the ester 

linkage. Two possible reactions are: (1) red uction 

of the ester to give a primary al coh ol, or (2) hydro lysis 

of the ester producing a free carbox yl. The structur e 

of the corresponding compounds a re a s follows: 

r=\ 
CH2-~H-CH20H 

NH 
I CH -C-N N-C-CH 

3 II~ I 3 C=O . I I 
0 0 CI 

3 

XVI II 

,XIX 
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The following (Figure 3) is a replication of 

a typical TLC of the reduction products of histidine methyl 

ester. The chromatogram was eveloped with five per cent 

methanol in chloroform and identi fi cation of the spots 

is given . The spot on the left is a separation ot - acetyl­

histidine methyl e ster prepared in the lab. 

The highest Rf spot (Sa, Figure 3) f or the reduction 

of histidine methyl ester was thought to be the desired 

imidazoline derivative. This is t he larger UV spot a nd 

it was expected t h at the formation o f this imidazoline 

derivative was favored . The for a t ion of the second UV 

a b sorbing compound by either hydrolysis o r reducti on o 

the ester linkage would be much slower , resul t ing in a lower 

total concentration in the final p r oduct . This UV a sorbing 

compound would t1en be seen as t he smaller UV spot , on a 

TLC chromatogram . 

The - acetylhistid i ne methyl e ster seen spotted in 

Figure 3 (6b) was prepared by r efluxing istidi ne methyl 

ester in acetic anhydride fo r approximately t h r ee hours . 

The TLC of the product shows two spots , t h e larger one was 

assumed to e ~ -acetylhisti ine methyl ester . The resu l t s 

o ~ the TLC permit the assertion t hat _T- acetylhistidine 

methyl ester i s p resent in the reduction product of 

histi d i ne et y l e ster . The much smaller second spot (6a, 

Figure 3) may be unreacted hi s tidine methyl e ster. Tl1 is 

is supported by the fact that the spot is Pa uly positive 

and s hows no UV absorption. 



Solvent Front 

O Sb 
o 6a 

o Sd 

0 Sc 

1 2 

1. N-Acetylhistidine Methyl Ester 
2. Reduction Product of Histidine Methyl Ester 

Figure 3. TLC of N-acetylhistidine Methyl Ester and 
Reduction Product of Histidine Methyl Ester. 
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Spot Sa was Pauly negative and UV positive, 
spot Sb was also Pauly negative and UV positive 
and spot Sc showed no UV absorbance and was 
Pauly positive. Spot Sd was only iodine 
positive. Spot 6a was only Pauly positive, 
and spot 6b was also only Pauly positive. All 
spots were iodine positive. 
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The resul t s to this point indicate t h at three 

components weFe actually obtai ned from the reducti on of 

histidine methyl ester . One c ompound (Sc, Figure 3) was 

N-acetylhistidine m'ethyl ester . The desi red compound 

al so seems to be present (S a , Figure 3) but the 

imidazolidine derivative was no t found , mainly due to the 

lack of a good visual ization metho for a ll spot s present . 

The completely redu ed i mi d azol i dine woul d b e negati ve 

to UV and Pauly. Later, work with i odi ne v apor per i tted 

visualization o f a s pot immediately a bove t h e Pauly 

positive spot and this wa s ascribed to t h e 

imidazolidine der iva tive (Sd , Figure 3). 

The next logical step was the separation, isolation 

and identification o f the component s of the reducti on of 

histidine methyl ester. This, it turned out, was more 

difficult than expected. Th e f irst choice was c olumn 

ch romatograph y using sili ca gel as the stationary phase 

a nd a me thano l in c hloroform solvent s ince this system 

separated the reaction mixture on a TLC sheet. The silica 

ge l used had a p a rticle size of 0 . 2- 0 . 5 mm . 

A 1.0 g sample of the reduct ion product was 

di ssolve d in a minimum amount o f ch oro form and adsorbed 

onto the col umn . The firs t forty five tubes were el te 

with two per cent methano l i n ch l o rof orm the n t he r emaining 

tubes with f ive per c ent metha nol .n c hlorotorm. A t otal 

of 28 0 f ractions , contain ing 5 ml of e luent each, we r e 

col lected . Th e r e sults i ndicate that a par tial separation 
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did occur, the last fractions contai n ing only Pauly 

positive material, but the fract ions containing the most 

UV absorbing material (fractions 100-140 ) also contained 

Pauly positive material. Evaporation of the latter 

fractions yielded only 70 mg of a brown oil. 

Two methods were used to locate the compounds 

eluted from the column. First, the UV absorbance was 

determined of selected fractions using a Beckmann DB 

Spectrophotometer at a wavelength of 280 nm. Having 

applied the same technique to follow the formation of the 

desired product during the hydrogenation, one could also 

locate the imidazoline derivative in the fractions from 

column chromatography rapidly. The strongest UV absorbing 

fractions should contain the highest concentration of the 

desired imidazoline derivative. Selected fractions were 

then spotted on a TLC sheet and developed with five 

per cent methanol in chloroform. The spots were identified 

with a UV viewer at 254 nm and by spraying the entire 

sheet with Paul y reagent. 

The drawback to this separation was that too many 

tubes were collected . This proved tedious when measuring 

t he UV absorbances and the first tubes evaporated slightly 

before the remaining tubes were collected . The two per 

cent methanol in chlorof orm solvent was abandoned in favor 

of a five pe r cent methanol in chlor oform solution. This 

concentration should reduce the number of fractions 

required. 
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The ease of separation fo und u sing thin layer 

chromatograph y. ,was not transf erab l e to c o lurnn c hromatography 

as was expected . A diff ere nt me t hod to r emove t h e N-acet yl-

histidin e methyl este r i mp u ri t y was a t t empte d . It wa s 

bel ieved t hat t he unredu c ed compound ( since it con t ai ned 

th e b a s ic i midazo le r~ng ) would be posi t ive ly ch arged in 

the aci dic e nvi ronment o f a strong cation e x change r esi n , 

l ike Dowe x SOW . The p o s itiv e l y charged c ompound: 

xx 

woul d be held b y t he r esi n allowing the unch a r g e d prod uct s 

to p ass t hroug h t h e column . 

The f i r st use o f this me thod e ployed ve ry s mall 

q uant i t i e s o f res i n a nd sample . A 0 . 070 g p artiall y 

pur i f ied sample from the s ilica g e l col umn mentioned 

prev iously (fract ions 100-140 ) was a d sor b ed onto a column 

cont ai n ing 0.5 g of cation exchang e r esin . Fracti ons 

of 5 ml were c o l lected ana the UV a bsor banc e dete rmined. 

A spot o f eac h fr a c t ion was made on a TLC sheet and s p rayed 

wi th Pa uly reagent . The res ults a re give n belo w. 
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Ta b l e III 

Ion Excha nge Chromatogra hy 

Fraction Absorbance(28 0 nm) Pauly UV Viewer (254 nm) 

1 0.70 + 

2 0.315 + 

3 0.120 + 

4 0.08 5 + 

5 0.07 0 + 

The resul t s indicate that t h e Pauly positive 

unreduced compound was absent in the fir st fraction. This 

fraction, showing the highest UV absorb ance , should 

contain the largest amount of the des i red imi dazoline 

derivative. Evaporation of the f i rst fraction yielded 

0.013 g of a brown oil. Since this method was successful 

on such a small scale it was decided to increase the 

amounts of sample and resin to 2.00 g and 10.0 g 

respectively. 

The resin was added as a slurry to a column 300 

mm long and having an internal diameter of 11 mm. A 2.06 

g sample of reduction product was dissolved in a minimum 

amount of deioni zed water and adsorbed onto · the column. 

Fractions of 5 ml were collected and the UV absorbance 

determined at 280 nm, the frac tions were also checked for 

unreduced imidazoles with Pauly reagent. This was done in 

an ice bath by mixing 0.1 ml of sul fanilic acid with 0.2 



ml of test solution and then 0.1 ml of five per cent 

sodium nitrite was added and left to stand for three 

minutes. Finally, the solution was made alkaline with 

addition of 0.3 ml of ten per cent sodium carbonate. 

A red color is a positive test for unreduced imidazole. 
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Results after one column chromatography separation 

indicated that all Pauly positive 1aterial had not been 

removed. The fractions containing the most UV absorbing 

material were combined and evapo rated . The residual oil 

was chromatographed on a second column using 10.0 g of 

cation exchange resin. Again the fractions containing the 

mos t UV absorbing material and the l east amount of Pauly 

positive material were combined and e vaporated. TLC of 

this residue developed wi th fi ve per cent methanol in 

chloroform showe d streaking rather than d iscrete spots with 

iodine and Pauly reagent. Thi s was a ttributed to either 

impurities present from the resin, hydro lysis of the 

compounds by cation exchange resin, o r possible hydration 

of t he double bond in the imidazoline ring. 

To minimize possible hydrolysis of the desired 

compound, a different method to remove t h e Pauly positive 

material was attempted using Dowex SOW X 4 cation exchange 

resi n . This time the rea ction mixture was s imply s tirred 

with the resin rather than bei ng passed through a column . 

The resin was fi rst washed by stirring a suspension i n 

dei oni zed water for approximate ly two hours . The filtered 

res in was then stirred a gain wit de ionized water while 
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being cooled in an ice b ath . A cooled solution of red uced 

h istidine me thyl es ter d issolved i n a mini mum amount of 

deionized wate r was added d r opwi ·e to t e suspe n sion. After 

all the sampl e h a d been added, the susp ension was stirre 

fo r an additional two h ours . e , t he s u s pens i on was 

filtered a nd the filt rate evapo r a t e d to d ryness . TLC of 

this fi rst r e sidue showed a s mall a mount o f Pauly positive 

material. The above proced ure wa s r e eated using the first 

resid ue but TLC of this seco nd r es i due showed the same 

type of streak i ng found with t he elue n t col lect ed from 

c o l umn chromatog r aph y using c at i on exchange r e sin . Dowex 

SOW X 4 cation exchange res i n wa s hen a bandoned as a 

possible meth od for removal o f t h e Pa uly positive material . 

Two b atch methods were enough to remo ve t he unreacted 

imidazole derivative but apparent side rea ct ions c aused 

by the resin made this method undesirable . Possible a 

b a t ch method using a weaker cation e x change r e sin would 

prove to be more favorable . 

Since the cation exchange method could not be used, 

silica gel for column chroma tography was aga·in tried as a 

method of s eparation. Three separate columns were prepared 

containing 45 g , 25 g and 15 g of silica gel . The solvents 

used were ten per cent, seven per cent and five per cent 

methanol in chloroform, respect ive ly. A sample o f reduced 

histid ine methyl ester weighing 1.1 g wa s added to the 

firs t column, the fractions that had the high est UV 

absorbance and the least amount of Pauly positive mater ial 



were combined, evaporated and the residue added 

to the second column. Fractions from the second column 

were combined and evaporated as above and added to the 

third column. The final residue from the third column 

(fractions 9-27) weighing 0.18 g contained no Pauly 

positive material and TLC of fractions showed two UV 

absorbing spots, one of these being much more prominent. 

The data for the above separation can be found in the 

following pages. 
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The data from these separations showed that the 

Pauly positive material could be removed by three separate 

column chromatography runs. The only drawback of t hi s 

method was poor recovery o f UV absorbing material. A 

different silica gel adsorbent label ed for thin layer 

chromatography was tried in another column , namely silica 

gel G. This silica ge l G had a particle size of 10-40}'\ 

and smaller columns were prepared to achieve a desi rabl e 

f l ow rate o - a bout 0 . 5-0.7 5 ml per minu t e. 

The first two separation s of the eduction product 

of h istidi ne methyl ester usi ng si i a gel G were carried 

out using samples o f 1.19 g a nd 4 . 13 g . The sol vent o r 

each column was · five per c ent methanol in chlorof orm . 

The column u sed was bO U m l ong and h a d an internal d iameter 

o f 25 mm . Sili c a gel G weighing 25 g and ~ U g respe c tively 

were used for each c o l umn . The fract ions were combine~ 

a n e va o rated as described p re i o u s ly . The result 

ind icate t hat a larger amount of auly posit"ve mater ial 
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Figure 4. The Second and Third Column Chromatography 
Runs of the Reduced Histidine Methyl Ester. 

The resin used was silica gel for column 
chromatography (particle size 0.2-0.5 mm). 
The column dimensions were 600 X 15 mm. 
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Figure 5. TLC of Fractions Collected from Third Column 
Chromatography Run on Previous Page. 

The solvent was five per cent methanol in 
chloroform. All spots identified by UV 
absorbance, no spots were Pauly positive. 
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was r emoved using silica gel than fo r s i lica gel fo r 

column c h romatography . The residues f or each column were 

comb ined to g ive a t otal of 2 . 0 6 g o f a b r own oil. This 

material was a ded to a third colum contain ing 25 g o f 

sil i ca gel G. The sa ple was elutec with five per cent 

methanol in ch loroform. The column in t is case was 600 

mm long and h a an i nternal diamet er o f 15 mm . An ester 

test using hyd roxylamine hydrochloride was also performed 

on s e l ected fractions . The r esults are given in the 

fol lowing pages. 

The results indicate that t h e Pauly positive material 

can be removed by two col umn chromatography separat ions 

using silica gel G. The yield of oi l (1. 61 g) collected 

from the third column also indica ted t h at t he recove ry 

is increas ed using this si lica gel. TLC of the fractions 

shows that three compounds a re pres ent. The two UV 

absorbing compounds are s u s pected of .being the desired 

compound and an alcohol or acid (COOH) derivati ve of 

a n imidazoline. The UV negative but iodine positive spot 

was suspected of being t h e c ompletely reduced imidazolidine. 

The data collected from the ester test proves that the UV 

absorbing material is an ester, strong evidence that the 

desired imidazoline derivative was synthesized . Spots 

F,G,H, and I (page 56) were identified with iodine only 

but are probably only the partially reduced imidazoline 

and completely reduced imidazolidine compounds, the 

irnidazoline spot was not seen under the UV viewer because 
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Figure 6. The Third Column Chromatography Run of Reduced 
Histidine Methyl Ester Using Silica Gel G. 

The data from the ester test is also given. 
The sample was eluted with five per cent 
methanol in chloroform and the column 
dimensions were 600 X 15 mm. 
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Figure 7. TLC of Fractions Collected from Third Column 
Chromatography Run of Reduced Histidine Methyl 
Ester Using Silica Gel G (see previous page). 

The developing solvent was five per cent 
methanol in chloroform. Only spot J was 
Pauly positive, spots A, B, D and E were 
UV positive. Spots c, F, G, Hand I were 
only iodine positive. All other spots 
also gave a positive iodine spot. 
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the spot was not concentra ted e ough . 'l'hi s only indi c ate s 

that in this case t h e i odi n e test i s a more sen s itive test 

than identif i cation using the UV v e wer . 

The UV a nd TLC data coll ected f r om the s i lica 

gel G c o lumns were v ery repro .u cibl e a s compared with c o l umn s 

p repared wi th s ilic.a g el fo r column c :iromatograpny . 1'he 

silica gel G contained thi rteen per c ent c a lcium sulfate, 

similar to the silica gel found on TLC sheets. It was 

suspected that this, along wi th the slower flow rate and 

smaller particle size, contributed to the better separation. 

The 1.61 g of residue f rom t h e third silica gel G 

column was dissolved in 4~ ml of methanol. A 30 ml 

aliquot o f t h is was combi ned with 1. 5 ml of eighty f ive 

per cent hydrazine hyd rate and refluxed fo r three hours . 

It was thought that the esters would r eact with hydr azine 

forming a solid hydraz ide . If an a lcoh ol or acid (COOH) 

derivative of imi d azoline were prese t , it would be left 

unreacted . ·rwo p roducts were expe c ted : 
0 

II 
_ CH

2
-cH-C-NH-NH

2 Ir=.=\\- fa 
CH3-~-N~N-~-~H3 ~=O 

0 0 CH3 

Imidazoline Hydrazide 

xx I 



0 

II 

/\

CH -CH-C-NH-NH 
2 I 2 

NH 
CH -C-N N-C-CH I 

3 • """ / II 3 C =O 
0 ~ O I 

CH
3 

Imidazolidine Hydrazide 

XXII 

Eva poration of the reaction mi xture first with a 

58 

water aspirator to achieve the esired pre ssure and finally 

with a vacuum pump o verni ght r esul te i a proximate y 

0 . 8 g of an off white solid . B r e crystalli zat i o n from 

hot ethyl acet a te , there was o tainec Jp roxirna tely 30 mg 

of white s olid , melting poin 92- 94°c (Fi s he r Joh s stage ) . 

The slightly hygr oscopi c sol i d was d ried with t he use 

of an Abderhalden dryer a nd s u.hmi t t d fo r el emental anal ysis . 

El emental a nalys i s woulc ot is _inqu i.s~ hetw en the t wo 

hydrazides ( compo un s XXI an x· II) but the imi azoline 

d erivative (XXI ) wou l d b e expected to show strong u l t ra-

vi olet absorbance near 28 0 , whereas the imid azolidi ne 

d erivative (XXII ) would not . 

Sub sequent t h in l ayer ch rornat o g rap y showed that t h e 

com ound submitted f o r a nalysis was i pure. However , t h e 

ni t r ogen a nalysis was suffi c iently c l o se to the calculated 

value that , when coupl ed to o ther d ata cited be low , t he 

i nferenc e seems justi f i e d that the i mi azol ine hydraz ide 
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derivat ive (comp ound XXI ) was a comp onent of the 

h ydrazino l ys is product and probabl y t he majo r c omponent 

[calculated for c12tt19N5o
4 

( compoun XXI ): N ,23.5 6 ~ fou nd 

N, 24 . 60, 24 . 87] A l ikely i mpurity is acethydrazide 

whi c h could have bee n fo r med by the reaction o f residual 

hyd razine i n t h e hydrazi nolysis produc t with e thyl acetate, 

the recrystalli z a tion solvent . 

The ultra-violet spect r um of a 0.001 6 per c ent 

s o l ution o f the recrys tallized h ydraz inolys i s prod uct 

(i.e. o f t h e same sample whi ch was submitted f or a nalysis ) 

wa9 determined using a Cary 14 Spectropho tometer (Figure 

~). Strong UV a b sor bance wi th a p eak near 28 0 nm was 

observed . As mentioned e arlier, d iacetyl i midazoline 

shows an absorpt ion maximum at 280 nm. Thus, the UV 

s p ectrum supplies evidence that the h yd razinolysis p roduct 

contains a s a major prod uct a c ompound with the 

diacetylimidazoline ring intact. 

That the diacetyl1m1dazol1nyl s e gment of compound 

XXI is unaffected by the conditions of t he hydrazinolysis 

was further supported by an experime nt in which 

diacetylimidazoline, itself, was r e fluxed with hydrazine 

in absolute methanol. A mix ture of 1.00 g of 

diacetylimidazoline, 60 ml of absolute methanol and 3.0 

ml of hydrazine hydrate was refluxe d f or three hours. 

After evaporation of solvent and excess hydrazine hydrate 

under vacuum, the me lting point of t h e white solid residue 

was the same as that of the s t art i ng material (melting 
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Figure 8. UV Apsorption Spectrum of Hydrazide Formed From 
Hydrazinolysis of Partially Purified Reduction 
Product of Histidine Methyl Ester. 



point 238-240°c). Thus, diacetylimidazoline survives 

treatment with hydrazine under the conditions employed 
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in the hydrazinolysis of the partially purified reduction 

product of histidine methyl ester. 
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CHAPI'ER V 

Summary 

Thin layer chromatography of the product of 

hydrogenation of histidine methyl ester indicates the 

presence of four compounds. Two spots, Sa and Sb (Figure 

III), showing UV absorbance. Of these, the larger one 

is believed to be °' -N-acetyl-~- (N ,N-diacetyl-4-imidazolinyl) 

alanine methyl ester (XVI). The other UV absorbing spot 

may be the corresponding alcohol which could have arisen 

from the hydrogenation of the ester group or, alternatively, 

the corresponding carboxylic acid, which could have been 

formed by hydrolysis of the ester. A third spot, Sc 

(Figure III), was Pauly positive and showed the same Rf 

as an authentic sample of N-acetylhistidine methyl ester. 

The fourth spot, ~d (Figure III), gave neither UV 

absorbance nor a Pauly test but appeared upon exposure to 

iodine vapor. In accord with expectations on the basi s 

of the reported hydrogenation of imidazole in acetic 
16 

anhydride , spot Sd is ascribed to ~-N-acetyl-~-(N,N-diacetyl-

4-imidazolidinyl) alanine methyl ester (XVII). 

Dowex SOW X 4 cation ion exchange resin was found 

effective in removing the unreduced Pauly positive material. 

However, the resin caused some destruction of the desired 

imidazoline derivative and was not used in later experimentation. 



Silica ge~ G for thin layer chromatography (particle 

size 10-40µ...) was found to give the best separation of 

reduced histidine methyl ester. These were no apparent 

side reactions and two column runs were necessary to 

remove the Pauly positive material. 
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A color test for identifying esters, involving the 

use of alkaline hydroxylamine and ferric chloride, was 

applied to fractions obtained by column chromatography 

with silica gel G. The spectrophotome tric peak for the 

ferric ion-hydroxamate complex (the product of the ester 

test) corresponded to the ultra-violet a bsorption peak 

for these fractions ( Fi gure ). This 's strong evidence 

supporting the syath esi s of an N- acylat ed imid.azol ine 

derivative (XVI). 

Tie partially purified pro uct obtained after 

column chroma tography wi th s i l ica ge l G , was tre ated with 

h yd razine to form the c orrespondi n g hydrazide. Al though 

t he hydrazide of t h e desired e ster . as impure from TLC 

r esu l ts and elemental analysi s , t he ultra-vio~ et absorbance 

at 280 nm is again strong evidence for the formation 

of ~-N-acetyl-~-( N , N-diacetyl-4-imidazolinyl) alanine methyl 

ester (XVI by the h ydrogenation of hi stidine methyl ester 

in acetic anhydride with platinum oxide catalyst. 
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