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Abstnwl The bchaviour of the hydantoin ring in the aminorncthylation reaction was studied in 
order IO dcrcrmux the orientation of this substitution. II was found that posrtion 3 is the most 

reactive one and this rcsul~ is ralionaliuul in terms of mflucncc of structural factors. 
Mono-aminomethyl derivatives of hydantoins (1 IO XV) arc dcxrlbcd. 

CONSIDERING the different positions where an atom or group can bc introduced in the 
hydantoin ring, several papcrsl show that substitution occurs either at the nitrogen in 
position I or in position 3, or at the carbon in position 5. Substitution in N, occurs 
more frequently, for cxamplc nitration and formaldehyde in acid medium; the 
introduction of only one alkyl group results always in substitution at position 3 but 
thcsc compounds can be further alkylated in position I ;* regarding substitution in 
position 5, it is known that condensation with aldchydes (usually aromatic aldehydes) 
takes place with the methylene group at C,. 

The simultaneous introduction of two aminomethyl groups was achieved by 
Bombard&i and Taurins3 who obtained the l,3-bis(N-morpholinomcthyl)-dcrivativcs 
by reaction of hydantoin or its 5.5~&methyl derivatives with formaldehyde and 
morpholinc in yields of 22 and 40 per cent rcspcctivcly. They also report that the 
I ,3-bis(N-morpholinomethyl)derivatives are hydrolysed by acid. 

The purpose of this work-by the introduction of the aminomethyl group into 
only one position of the hydantoin ring - was to determine the orientation of this 
substitution reaction. The monosubstitutcd derivatives (I XV) were prepared from 
equimolccular amounts of the hydantoin, the secondary amine and formaldehyde in 
yields of 63-100 per cent cxccpt for compound V, the yield in this case being only 
31 percent. 

The former approach for solving the structure of the mono-aminomcthyl-deriva- 
tivcs was by means of the Stuckey’s spectroscopic mcthod.4 According to this method 
hydantoins with hydrogen on the nitrogen in position 3 show a bathochromic dis- 
placement in the ultra-violet region and an increase in intensity of absorption when 
changing from neutral or acid medium to an alkaline one Generally, instead of the 
end absorption that hydantoins present in neutral or acid medium, there is an appear- 
ance of a maximum in alkaline solution. Using the 1,5,5-trimcthylhydantoin it was 
shown hcrc that the obscrvcd maximum is simply a shift of one already prcscnt at 

’ I!. Wart. Chrm. Rec. 46, 403 (1950). 
* A. Kovclli. %. M. I.ugoncs and P. Vchsco. An&s asoc. quim. Arpnrino 30, 225 (1942). 
’ C. C. Bomhnrdtcrl and .A. Taurms. Cbtwd. 1. C’ICmt. 33, 923 (1955). 
’ K. I-.. Sruckcy. 1. Chrm. Sot-. 331 (IY47). 

Y3 
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lower wavelength that he assumed, but could not observe due to limitations of the 
experimental procedure (Table 1). 

The ultra-violet spectra of compounds VIII and X show a maximum at 221 rnp 
in alkaline medium and only end absorption in neutral solution. These results should 
indicate that substitution took place at N, but this conclusion is invalidated by the 
following observations: the 3-(N-piperidinomethyl)-1,5,5-trimethylhydantoin (Xl) 
and the 1,3-bis(N-morpholinomcthyl)-5,5-dimcthylhydantoin (XVI), in which both 
positions arc occupied, show this same type of displacement of their spectra in 
alkaline medium. In alkaline medium identical spectra arc obtained for 3_(r\;-piperi- 
dinomethyl)-l,5,5-trimethylhydantoin (Xl) and 1,5,5-trimcthylhydantoin (literature’: 
J 231 mp; log E,,,,_ 
x”,‘,c coincident. 

3.91), and similarily the spectra for compounds XVI. VIII and 

Compound 
ku~ral medium Alkaline mcdlum’ 

a msx log Cmaz ! A,.. log Cmax 
-.. -- - .--.. --_- .__.. - ..- _--_..- 

1.5.5-Trimcthylhydantoin 214 3.49 229 3.72 

X’ end absorption 221 3.83 

VIII idcm 220 3.82 

1.3-Bis(S-morpholinomcthyl)_5,5-dimc~hylhydantoin idcm 221 3.82 
3-(K-Pqxridinomethyb-1,5.5-trimcthylhydantoin 217 3.50 2.w 3.73 

l Solvent: alcohol SO’; i. in mp 
’ Sodium hydroxide 001 N. 
e In absolute alcohol and alkaline medium with sodntm cthoxide the results were coincident. 

These facts lead to the dcfinitc conclusion that in alkaline solution a fission of the 
linkage between the hydantoinic nitrogen and the aminomcthyl group occurs, thus 
regenerating the parent hydantoin: 3-(N-pipcridinomcthyI)-1,5,5_trimethylhydantoin 
giving the 1,5,5-trimcthylhydantoin and the substances XVI, VIII and X affording 
55dimethylhydantoin. The values hcrc given for the last three aminomcthylderiva- 
tives in alkaline medium agree with registered values’ for the 5,5dimcthylhydantoin 

(Lx 223 mp; log ellLlx 3.88). 
This cleavage is very fast since the spectrum rcgistcrcd within four minutes after 

the addition of the base may bc exactly reproduced after 24 hours. 
A successful approach to this structural problem is based on comparative methyla- 

tions of 1,5,5_trimethylhydantoin and 3,5,5-trimethylhydantoin with diazomcthane; 
substitution only being possible at the more acidic N- -H in position 3. This reaction 
affords a new method for distinguishing substitution at positions 1 or 3 of the hydan- 
toin ring, and depends like others (increase of solubility in water by alkali5 and 
clectromctric titration4) on the difference in acidity of the hydrogens in positions 1 
and 3; on account of the behaviour of the aminomcthyl-dcrivativcs with bases, it is 
possible to predict that the two methods5s4 cannot hcrc bc applied. 

The mcthylation of the 1,5,5-trimethylhydantoin with diazomcthane appears in 
the litcraturc’ and the product m.p. 85” described as 1,3,5,5-tctramcthylhydantoin 
must have been impure since the substance obtained cithcr by mcthylation in the usual 

‘ !%z for example G. P. Lampson and If. 0. Singher. /. Org. Chrm. 21,684 (1956). 
* L. W. Plckctt and M. McLean. 1. Amer. Chrm. Sot. 61.423 (1939). 
’ H. BIIU and K. Slot~a, /. P&f. Chum. 113. 233 (1926). 
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way (methyl iodide in alkaline medium) or with diazomcthanc melts at 1061065”. 
This compound does not show the N ,H band in the infra-red present in the starting 
hydantoin (KBr: 3.21 cc; Nujol: 3.22 cl) and the methoxyl analysis, being zero, 
indicates beyond doubt that the compound is the 1,3,5,5-tctramethylhydantoin. 

Since VI, VIII, X and XII cannot bc methylated with diazomcthanc it is concluded 
that rhc aminometh$ group in rhese compounds is situated at N-3 position. 

I 

--6, --.c -0 / -_c .--c-_--o , 

/ N $4 
H 

‘C’ ‘” 
.Cn,O.H N' - - N ’ 

\ - H,O ,’ . CYN 
I H :; 
0 0 

C& .N’ 
\ 

Further evidence supporting this conclusion is provided by comparison of the 
easiness of reaction with appropriately substituted hydantoins (Table 2). The I- 
methyldcrivativcs of hydantoins (I .5,5-trimethylhydantoin and I-methyl-5,5-penta- 
mcthylenehydantoin), react at 20’ with morpholinc or piperidine (and formaldehyde) 
producing in very high yields (74 to 91 per cent) the cxpccted products. Applying 
the same conditions to the isomers methylated in N, (3,5,5-trimethylhydantoin and 
3-mcthyL5,5_pentamcthylenchydantoin) the starting compounds are rccovcred 
quantitatively or in good yield. 

I Morpholine Pipcridinc 
Starting hydantoin 1 :6 isolated 7; ruzovercd p: isolated 7: rccovercd 

product hydantom product hydantoin 
_ - _ - _ _ _ _. -_ .._ . . - -_ - - - - . _ ..-.- _ 

SMcthyl-’ 2x 59 
I ,S.5-Trimcthyl- 79 91 
3,5.5-Trimethyl- 85’ 45 
I-Methyl-5.5~pcntamcthylene- ; 74 74 
3-Slcrhyl-5.5~pcntamcthylcnc- 100 loo 
Hydantom” (unsubstitutcd) 75 
5.5-Dlmcthyl- 100 67 
5.5-Pcntamcthylene- 97 83 

The parent hydantoins with no substitucnt on the nitrogen atoms afford the 
mono-aminomcthyldcrivativcs in good yields and these compounds are, therefore. 
rcgardcd as N-3_derivatives(A). Comparing hydantoin itself and its 3-mcthyl- 
derivative (in more dilute solution than for the preceding comparisons) similar results 
were obtained (Table 2). 

Several attempts at acctylating VIII to transform it into the I-acetyl-3-(N-mor- 
pholinomcthyl)-5.5-dimethylhydantoin(IV) and looking for further structural evidence 
were unsuccessful. 

The mechanism of aminomcthylation reactions have been extensively discussed 
by Hcllmann and OpitzR who assign to the carbonium-immonium ion (originated 

’ ti. Hcllmann and G. Optrr. Angrw. Chrm. 68. 26s (1956). 
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from formaldehyde secondary amine and a proton) primordial importance as amino- 
methylating agent. On the other hand Zinner er a/.* point out that the formation of 
N-aminomethylderivatives may occur through this same path or by initial reaction 
between formaldchydc and the “acidic” component N. H, and they give cxperi- 
mental data supporting that the hydroximcthylbcnzazole is an intermcdiatc in the 
aminomcthylation of bcnzazolcs with secondary amines. 

Considering cithcr mechanism it can be explained why the h’,. H is more reactive 

than the N,- H under the conditions studied. After the hydroximcthyldcrivative of 
the secondary amine is formed, the carbonium-immonium ion will be originated (a) 
reacting N,-H predominantly bccausc its acid dissociation constant (pK, 9.12 for 
the hydantoinlO) is much higher than that of h’, H (pK, 14 or morea); the hydantoin 
anion (B) that leads to the final product according to (b) being formed at the same 
time. 

(0) nOH,C- N ) l 
+ 

\ _,’ 
(B) 

If instead the reaction starts with nucleophilic attack on the formaldchydc by the 
“acidic” component N-H, the most reactive part will also be N,-H since according 
to the procedure used the equilibrium (c) is first established wherein position 3 will 
participate prevailing over position I, and hence the hydantoin anion (B) will bc the 
one added to the formaldehyde. 

-_t -C--:0 
,- 

(cl I + HN 

/N’\C2N\H ) ___L +/ \, 

L. --- 
,,?N_ + v 

\ l/ 
n 

!I (01 
0 

Considering either reaction mechanism it could be anticipated that in the presence 
of one mole of acid the aminomethylation would be made difficult by the opposition 
of the acid to the dissociation of N,-H and N,-H (as mentioned above the whole 
process leading to the carbonium-immonium ion from the amine. and formaldehyde 

requires a proton): in fact aminomethylation of 55dimethylhydantoin using mor- 
pholinc hydrochloride instead of the free base. under conditions (65”) in which both 
nitrogens arc attacked, yielded only 5 per cent of compound VIII and 92 per cent of 
the unreactcd hydantoin was rccovercd. 

Other experiments show that for hydantoins substituted at C,, there arc reasons 
of a steric nature besides the electronic factors, that make position 3 the easier to 

react. 

* H. Zmncr and B. Spangcnbcrg, Chrm. Be. 91. 1432 (1958). and references rhcrcin cited. 
I”J. K. Wood. 1. <‘hem. Sot. 89. 1831 (1906). 
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From the 3,5,5+imcthylhydantoin it is possible to obtain the I-(N-morpholino- 

methyl)-3,5,54rimethylhydantoin carrying out the reaction at 65’, but under identical 
conditions the 3-methyl-5,5_pcntamethylcnehydantoin does not react. Accordingly, 

the bis-morpholinomcthyldcrivativc in positions I and 3 of the 5,5dimcthylhydan- 
toin, already described in the literature. 3 is obtained in good yield under conditions 
wherein the 5,5-pcntamethylcnehydantoin is only substituted in position 3 (almost 
quantitative yield of compound XII) even if the heating is much longer. 

By comparison of the results obtained in aminomcthylation experiments carried 
out in dilute solution (Table 2) with 3,5,5-trimcthylhydantoin and with 3-mcthyl- 
hydantoin (recovering 95 and 59 per cent of unrcactrd hydantoin rcspctivcly), it is 
concluded that two methyl groups at C, render substitution at 9, more ditkult; 
their influence must be due on the one hand to stcric hindrance and on the other 
hand to the dccrcascd acidity of N,- H owing to the excrtcd inductive effect. 

EXPLHIMEN'I'AL.' 

Monoaminomefh~l dcr~r~.~fi~~s. The followmg proccdurc was gcncrally used. The secondary 
amine (0.001 mole) was added to a solution of the hydantoin (ON)1 molt) in methanol (I ml) cooled 
in a water bath (hca~ is evolved) and IO the solution thus obtained formaldehyde (407: aqueous 
solution, Owl mole) was added. After standing 2 hr at room temp the solution was evaporated to 
dryness in vacuum and bcnlene was added several tlmcs to cnsurc the removal of all the water from 
the crude product. 

Dirazt crystalliz;rtion of the latter furnished the desired derivative except for II and V whose 
isolation was done as follows. 

3-(K-Pipcri~inomcfh~l~S-mcrh~~-5-e~h~~h~~&n~~i~~l). The partly oily crude product was dissohcd 
in bcn7cnc and chromatographcd+ in a column of neutral Woclm alumina (2.5 g) activily II. elutrng 
with the same solvent and taking fractions of 5 ml each. i’rac~~cally all the product was collected in 
the first fraction (partly oily) and only a few mg more were obtarned from the next fractions usmg the 
same solvent, bcnrcnc chloroform and chloroform. Crystalh~tion of the firsr fraction gave com- 
pound II. 

I-(N-.Murpholinomc/h~/~3,5,S-rrimefh~~h~~nf~in(V). The crude product was chromatographcd 
(5 g of alumma Woclm. neutral. activity II) using successively benzene. bcnlcne with gradual addition 
of chloroform and finally chloroform for clution. The bcnrenc clutcd fraction after r=rystalliration 
atTordcd compound V; the cluatc from bcnzcnc chloroform (9:1 IO I :I) furnIshed 27 mg of the 
starting 3,S.Strimcthylhydantoin tdcntlficd by m.p. and mlxcd m.p. 

In Table 3 data about purification, analysis, etc. of the ammomethyldcrlvativcs are given. 
Compurisons ofreacficiries. llydantoins and thclr I and 3-methyl dcrivatitcs wcrc compared in 

reactions with morpholtne and prpcridine maintaining the solution in a thermostat and followmg rhc 

gcncral procedure above described; reaction conditions and results arc indiwtcd in Tables 2 and 3. 
‘I‘hc comparison of the pentamcthylcnchydantoin derivatives ucrc performed at 65’ because at 

20 it is not possible IO obtain a homogeneous medium since the S,S-pcntamcthylcnchydantom and 
its 3-methyl derlvatlvc do not dirsolvc completely and with the former, the reaction product soon 
bcgms to separate. 

From the experiments with 3-methyl-5.Spcntamcthylcnchydantoin and morpholmc or pipcridinc 
(65’ ; 6 hr) washing the crude product with hexane, the unmctcd hydantoin was recovered quantlta- 
tivcly (m.p. and mixed m.p.) The 3-methyl-S,5-pcntamctilcnchydantoin was prepared by mcthylation 
of the parent hydantoin with methyl iodide in alkaline me&urn working as for the 1 J.5.Sterramcrhyl- 
hydantoin (see below); yield 60”,:. m.p. 210 211” (methanol) (literature:‘” m.p. 212 213’). 

l The mp.. taken in scukd capillaries. arc not corrcclcd; the ultraviolet and infra-red spectra wcrc 
measured in Gary (Model It MS) and Perkin-Elmer (model 21) recording spcztrophotometcrs respectively. 
The microanalyscs were carrlcd out by Dr. A. Ikmhardt (Mulhcim. Germany). 

+ The clutlon of the aminomethyl derivatives should be done quickly IO avold a long contact with the 
alumma smcc othcnvisc u ~th some of these substances considerable dccompsnion was observed. 

” H. C. Carrington and W. S. Waring. 1. (Irm. .Soc. 3S4 (19X1). 
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Substitution in the hydantoin ring-l 99 

Aminonvthylarion uing morpholinc hydrochloride. To a solution of 5.5dimcthylhydantoin 
(OGOl mole) and morpholinc hydrochloride (0.001 mok) in methanol (I ml). formaldehyde (solution 
401”. OGOl mole) was added and heated for 12 hr in a bath at 65”. After evaporation to dryness in 
vacuum, the residue was dissolved in a solution of sodium btcarbonatc (Oal mole) in water (2.5 ml) 
and then evaporated again under diminished pressure (benzene was addal to remove water com- 
pletely). 

Ihe dry residue was extracted with hot benzene (I ml) which by concentration to a small volume 
afforded 11 mg (5 7;) of a compound m.p. 143-147” proved to be idcntiwl with compound VIII by 
mixed m.p. 

The material uncxtractcd by bcnzcnc was rccxtractcd with xvcral portions of hot absolute 
ethanol and upon evaporation of the combined alcoholic extract yicldcd 0.118 g (92:6) of 5,5- 
dimcthylhydantoln, identified by IIS m.p. and mixed m.p. 

Mcfhylurions with d~azomerhunc. For these maction excess of diazomcthanc in ethereal solution 
was used (prcparcd from 0.003 mole of Diarald”) and directly distilled into a dioxanc solution of 
@oOl mole of the substance to be mcthylatcd; the final solution was allowed to stand 24 hr in a 
rcfrrgcrator and then evaporated under reduced pressure. 

Compounds VI, VIII. X, XII and 3,5.5-trimcthylhydantoin were recovered quantitatively and 
identified by m.p. and mixed m.p. ; attempts to methylate X and the 3.5.5~trimcthylhydantoin using 
dichloromcthane as solvent and adding 0.0012 mole of the boron trifluoridc+thyl ether compkx 
wcrc also unsuaxzssful. 

Under the conditions indicated formerly. 1.5.5-trimcthylhydantoin furnished’ after rccrystalliza- 
tion of the crude product from ethyl ether-hcxane 0.110 g (71 %) of 1.3.5,5-tcrromcrhy/hy~nroin, 
m.p. 101 -106 , which rccrystallimd again from ethyl ether provided 68 mg. m p. 105-106”. (Found: 
C, 53.84; H. 7.58; N. 17.71; 0.20.31; -OCH,, 0.00. C,H,,N,O, requires: C, 53.81; H. 7.75; 
N. 17.93; 0.20.48’,& 

The same substance was obtained by mcthylation with methyl iodide: a solution of 1,5.5-tri- 
mcthylhydantoin (0.01 mole) in alcohol (6 ml) containing sodium hydroxide (041 mole) was mixed 
with methyl iodide (0.01 I mole) and hcatcd 3 hr at 60” followed by evaporation in vacuum. Extrac- 
tions of the solid with ethyl ether and concentration gave 0.530 g (34 %) of 1,3.5.5-tetrdmcthylhydan- 
toin, m.p. 103-105” which after further rccrystalhrations from acctonc*thyl ether remained constant 
at 106-106~5”; there was no depression in the m.p. when mixed with the sample obtained with 
diazomethane. 

Accrylarion orrcmprs. The acctylation of VIII following several procodurcs was unsucassful. 
Aaztyl chloride in pyridine (at 25” or 65’); in excess of acetic anhydride at 80” or 130”; acetic an- 
hydride and pyridine at I IO”; sodium hydride in bcnxnc and subsequent addition of acctyl chloride; 
kctcne in prcacncc of anhydrous sodium acetatc.i’ and silver perchlorate and acetyl chloride in 
nitromcthane. It was not possible to obtain the acctylatcd product and the starting substance (VIII) 
could bc recovered only in some cases and in low yields. 

Alrempr IO obtain the 1.3-hir(N-morpholinonurhyn-5.S-pcnmnurh. To a solution 
of 5,5-pcntamcthyknchydantoin (OGO2 mole) in methanol (6 ml) morpholinc (0.004 mole) and 
formaldehyde (solution 40 “/<, OGO4 mole) were added and maintained at 65” during I5 hr (homo- 
gencous medium throughout the heating period). The solvent was rcmovcd in vacuum and the 
residue after washing with 2 ml warm hcxanc gave 3-(N-morpholinomethyl)-5.5pcntamethykm- 
hydantoin (O.SOO g; 94%). m.p. 175 ,178”. and gave no depression when mixed with the above 
described specimen XII. 

Under identical conditions but using 5,5-dimethylhydantoin and heating 2 hr with subsequent 
removal of the solvent (in vacuum) a solid was obtained which after recrystallization IWI~ from 
cyclohcxanc yicldcd 0.340 g (52”:) of 1,3-bis(N-morpholinomcthyl)_S,5-dimcthylhydantoin (XVI). 
m.p. 129 ‘I 32’ which was raised to 134 ,I 36” (litcraturc:a m.p. 134-l 34-S”) by rcctystallization from 
hexanc. (Found: C, 5514; H, 764. Cak. for C,,H,,N,O,: C, 5519; H, 8.03%). 

I* Th. J. DcBoer and H. J. Backer. Rec. Trac. Chlm. 73.229 (19%). 
I’ R. E. Dunbar and W. M. Swenson,/. 0~. Chrm. 23. 1793 (1958). 


