
GUANIDINE COMPOUNDS 

I\ . .  :I(;E?'YLATION OF SOILIE ALKYL-SUBSTITUTED GUANIDINES WITH 
ACETIC ANHYDRIDE AND ETHYL ACETATE1.2 

Ii. CREENII.\LGII .\ND Ii. A. 13. BANN.\RD 

ABSTRACT 

'fhc acctylatiorl of some mono-, N,N-, and N,Nf-diallcylguanidi~les was studied using 
c ~ h y l  acetate and acetic anhydride. Except for the N,N-diallcylguanidines, the action of 
ethyl acetate on the free bases gave monoacetyl derivatives. Acetic anhydride with the 
acetate salts gave diacetyl derivatives with monoalliylguanidines, acetamido-1,3,5-triazines 
with N,N-dialkylguanidi~les, and unstable di- and tri-acetyl derivatives with N,N'-diallcyl- 
guanidines. The assignment of symmetrical structures to the mono- and tri-acetyl derivatives 
and an asymmetrical structure to the diacetyl Gerivatives was supported by nuclear magnetic 
resonance spectra. The ultraviolet spectra of the monoacetyl derivatives exhibited one peal; 
in the region 230-235 mp whilst the diacetyl derivatives showed two pealcs in the regions 
220-230 mp ancl 253-263 mp. Some comments are made on the infrared spectra of these 
compounds. 

In  an earlier paper in this series Cockburn and Bannard (1) reported the for~nation 
of amino- (I) and acetarnido-s-triazines (11) on acetylation of alkylguanidine saIts under 
vigorous conditions. 

R 'R" 

I. R = H ;  R', R" = H or all;yl 

11. R = CH3CO; R', R" = H or allcyl 

111.  R = CH3CO; R', R" = CH, 

Iiyabinin (2) had previously show11 that  the products obtained on acetylation of 
guanidine acetate were dependent on the conditions used. Under mild conditions, an 
acetylated guanidine derivative was obtained rather than an s-triazine derivative. The 
present study, in which the acetylation of several mono-, N,N-, and N,N1-diallcylguanidines 
with ethyl acetate and acetic anhydride was esamined, revealed that  the type of allcyl 
substitution also influenced the product obtained. The  opportunity was talcen to  examine 
the infrared and ultraviolet spectra of the acetylated guanidines isolated. 

Various conditions for the acetylation of trans-2-guanidocyclohexanol with acetic 
anhydride were examined to  determine which gave the highest yield of acetylated pro- 
ducts. The  addition of sodiunl acetate did not influence the yields and was therefore 
omitted, since it merely complicated isolation of the products. I t  was found that  a 
shorter time of heating a t  100' than that previously employed for the acetylation of 
guanidine (3) was beneficial, since even the relatively stable diacetyl derivatives were 
degraded or cyclized on prolonged heating with acetic anhydride a t  this temperature. 

l.lI(~rr I /  to ~ p t  1 ece~t'ed Ja?zliary 3, 1061. 
C o r ~ t r z b ~ ~ t ~ o ~ t  f ,  oiiz Defence Research Cl~e?~aical Laboratories, Ottawa, Canada. I'resented at tlze 4Srd .I?z?zz~uL 

Corrfirericc c t j  the Clrerrrlcal I?tstitz~te of Ca?zada, Ottawa, Otztario, Jzrne 13-15, 1960. 
Isszred as D.R.C.L. Report No. 339. 

?I 'uf t  111, Calr. J .  Chelri. 37, 1810 (1059). 

Cali. J. Cliern. \'ol. 30 (1961) 
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The use of the readily soluble acetate salts rather than the inore insoluble hydrochlorides, 
nitrates, or sulphates enabled a reaction period of 30 ~ninutes to be used. 

Acetylation of the monoalkylguanidines under these conditions gave the diacetyl 
derivatives in yields exceeding 79y0, together with small amounts of the corresponding 
acetylated ainino compounds. The latter products were shown to result froni degradation 
of the diacetyl derivatives by acetic anhydride, since on warming of diacetyl cyclo- 
hexylgua~~idine for 1 hour a t  100' with acetic anhydride, acet!-1 cyclohesylamine ~~21s  
isolated in 50% yield. 

The NIX-dialkylguanidines gave, in general, acetamido-s-triazii~es, althougli i l l  the 
case of N,N-diinethylguanidine a diacetyl derivative was also isolated. The resultsgiven 
in Table I show that the arnount of diacetyl derivative (IV) decreases as the arnount 
of acetanlido-s-triazine (111) increases when the heating period is prolonged. I t  t11~1s 
appears that diacetyl derivatives are intermediates in the formation of triazines from 
N,N-dialkylguanidines. This behavior contrasts with that of the diacetyl derivatives 
of the monoalkylguanidines, which, on being heated with acetic anhydride, are degraded 
rather than cyclized. The formation of triazines from monoalkylguanidii~e acetates or 
monoacetyl derivatives has been reported (4) but inore drastic conditions were involved 
(0.5 hour a t  200'). 

TABLE I 
Variation of product composition on heating 
N,N-dirnethylg~~anidine with acetic anhydride 

a t  100" for various periods of time 

Ileating Percentage yield of products 
period 
(min) 111 IV 

With N,N'-dialkylguanidines, the proclucts obtained were ver$~dependent oil the 
individual structure of the guanidine. Both six-membered ring compounds gave unstable 
diacetyl derivatives which could only be isolated by vacuum distillation. Attempts to 
purify them by chromatography on alumina, or recrystallization from alcohol gave t.he 
inore stable inonoacetyl derivatives. E,N'-Dimethylguanidine together with 2-imino- 
iinidazolidine gave compounds whose analysis indicated a triacetyl derivative. Because 
of the peculiar spectral and chemical properties of triacetyl 2-iminoimidazolidine it is 
discussed more fully later in the paper. 

Acetylation of all~ylguanidines with ethyl acetate was studied with the object of 
preparing ~nonoacetyl derivatives. Ostrogovich ( 5 )  reported the acetylation of amino- 
triazines by boiling them with ethyl acetate or acetic acid. The reaction most likely 
occurs by nucleophilic attack of the rr electrons of the guanidine on the ester, similar 
to the inode of action formulated by Gordon et al. ( G )  for the ammonolj~sis of esters. 
Simons and Weaver (4) showed that ethyl acetate reacts with n~onoalkylguanidine free 
bases in the cold to give the monoacetyl derivatives. We modified their procedure by 
using Ainberlite 1 RA-400 (01-1) resin. prepared in absolute alcohol to generate the free 
base. 'This procedure had the advantage over the usual one in which the h!~drochloritle 
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GREESIIALGH A N D  B A N S X R D :  G~T.\KIDIKI~: COMPOUNDS. I\' 1019 

is treated with sodium ethoxide in that it gave quantitative conversion to the pure free 
base, uncontaminated with inorganic material. The type of alkyl substituents again 
affected the type of product obtained. With the exception of the N,N-dialkylguanidi~les 
all the alkylguanidines gave monoacetyl derivatives by this method. Since Angyal and 
Warburton (7) and Neivelt et al. (8) have shown that methyl guanidines, regardless of 
the type and degree of allcyl substitution have a pK, greater than 13.4, basicity is 
obviously not the reason for lack of reactivity. I t  is interesting to note that 2-imino-5- 
hydroxyhexahydropyriinidine gave only a mono-N-acetyl derivative, indicating that the 
method could be used to selectively monoacetylate a guailidine moiety in a molecule 
also possessing a hydroxyl fuilction. Acetylation of guanidine itself gave a inonoacetyl 
derivative which is still basic (pK, 8.2) but would not form a diacetyl derivative' on 
further treatment with ethyl acetate. 

'TABLE I1 

Ultraviolet absorption of monoacetyl guanidines in absolute alcohol 

Cotnpound Xmnx (nw) log Emnrr 

Acetyl guauidine 230 4 .24  
Hcetyl methylg~~anidine 234 4.31 
Acctyl cyclohexylguanidine 3 2  4 .30  
N-Acetyl guanidocyclohexanol 934 -1.26 
Acetyl N,Y1-dimethylguanidine 234 4 .2:3 
Acetyl 2-i1ninoi11lidazolidine 230 4 . 2 4  
Acetyl 2-iminohcsahydropyri~nidi~~c 234 -1 .2:3 
Acetyl 2-imino-5-hydroxyhesahydropyrimiclinc 235 4 . 3 1  
Hcetyl guanicline acetate 230 3 . 9 2  

'I'he ultraviolet spectra of the inonoacetyl guanidines, when lneasured il l  ethanol, .ill 
exhibit one peak in the range 230-235 mp as shown in Table 11. This absorption is 
independent of the type of allcyl substitution possessed by the guanidine moiety. .\ 
sinlilar observation was reported by McI<ay el nl. (9) for alkyl nitroguanidines. 

It-KH 0 I<-% 13 0 R-KH 0 
\ /I \ - iI \ - ll 

C=S-C-CI-I., C-N-C-CHJ C-N-C-CI-I , 

/ / + // 
R-XH R-NH R--NM 

( V )  (VI (VI 1) 

I<-5~ 
- 

0 R-N I I 0 
\\ I \ c - L C - C l  I ,  

C-N=C-CI-I , 

R-NI-I 
/ + // 

K-NI-I 
(VIII) (1x1 

Since neither guanidine nor primary or secondary arnides absorb strongly above 210 111p, 

the absorption indicates conjugation of the acetyl carbonyl group with the guanidine 
moiety. I t  was therefore concluded that ~nonoacetyl guanidines exist in the acetyliinino 
form (V, R = alkyl or H) and this was confirmed in the case of acetyl2-irninoimidazolidine 
by measurement of its nuclear magnetic resonance spectrum. 

Some contribution to the structure froin the other canonical forms of the guanidine 
moiety (VI) and (VII), together with a small contribution from forrlls (VIII) ancl ( I S )  
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would also be expected. Bryden et al. ( lo) ,  from crystallographic studies, showed this 
to be the case for nitroguanidine, which is best formulated as a resonance hybrid which 
combines both the forins postulated by McI<ay et (11. (9) and by I<irliwood and Wright (11). 

The infrared spectra of inonoacetyl guanidines would be expected to show two bands 
in the region 1700-1500 cm-l corresponding to the stretching vibrations of the C=N 
and the C=O of the acetyl group (amide I (12)). Table I11 shows the results obtained. 

The spectra mainly show one very strong broad band a t  1620-1580 cm-l with shoulders 
on the high and low frequency sides. This strong band is presumably due to the unresolved 
vibrations of the C=N and C=O groups. Two bands are observed only in the cases of 
the monoacetyl derivatives of 2-iininoiinidazolidine and 2-imino-5-acetoxyhexahydro- 
pyrimidine. The stronger band, a t  1580 cin-l and 1595 cm-' respectively, was assigned 
to ainide I vibrations, since it is doubtful whether the intensity of the C=N vibration, 
even though it is known to increase on conjugation (13), would approach that  of an 
anlide I. Also, the amide I is linown to be nlore susceptible to displacement than the 
C=N vibration. The large shift fouild for the amide I band can be attributed partly to 
intramolecular hydrogen bonding as shown in X and partly to conjugation. Examination 
of the spectrum of triacetyl 2-iininoimidazolidine, a compound which contains no NH 
bond shows a ~lorrnal amide I vibration with no absorption around 1600 cm-I. 

R-NH 

?'he second band found in the spectra of both inonoacetyl 2-irninoimidazolidine and 
~no~loacetyl 2-irnino-5-acetoxyhexal~ydropyrimidine occurs a t  1620 cm-l and is assigned 
to the C=N stretching vibration, the shift to  lower frequency resulting from conjugation 
with the acetj~l group. In the literature, the C=N vibration for substituted nitro- 
guanidines is variously assigned, Leiber et al. (14) give 1680-1661 cm-', Randall et al. 
(1 5) 1G95-1639 cm-l, and I<urnler (16) 1689-1618 cm-l. I<umler7s assignment for the 
C=N vibration in 2-nitriminoimidazolidine a t  1618 cm-l agrees closely with that of 
the acetyl analogue, but his assig~l~nent of a band a t  1664 cm-I in nitroguanidine itself 
seenled high. Monoacetyl gua~lidiile also shows a band a t  1660 cm-l which we thought 
was most liliely due to the NI-12 deformation vibrations as  suggested by Jones (17) for 
guanidine. Attempts to deuterate acetyl guanidine resulted in hydrolysis, but deuteration 
of nitroguanidine caused the band a t  1664 cm-l to disappear whilst another band appeared 
a t  1290 cm-l. I-Ience I<urnler's assign~nent of the 1664 cnl-I band in nitroguanidine to 
the C=N appears to be in error and i t  must appear a t  lower frequencies together with 
the vibration for the nitro group. 

The diacetyl guanidines possess characteristic ultraviolet spectra by means of which 
they can be readily distinguished fro111 mono- or tri-acetyl guanidines. All the diacetyl 
guanidines show two pealis in the regions 212-225 rnp and 243-263 mp as shown in 
Table V. 

In all cases examined the extinction coefficient of the low wavelength peak was just 
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TABLE 111 

Infrared absorption of some monoacetyl guanidines in the region 1700-1550 cm-' 
. ........ ..... ............. ........................ .... 

Compound Absorption (cm-I) 'Type of spectrum 
..... ... ........ ... ....... . .- 

0 
2 

1660 (111) 1605 (sh) 1600 (vs) - I<Br pellet <-, Acetyl guanidine FI z 
Acetyl c)rclohes)~lg~tanidine - 1615 (sh) 1590 (vs) 1565 (sh) I<Br pellet z 

-. 1640 (sh) 1505 (vs) 1575 (sh) Chloroform soltltion $ 
- 1640 (sh) 1600 (vs) 1580 (sh) I<Br pellet 9 - 

1620 (sh) 1595 (vs) 1560 (sh) I<Rr pellet 
-- 1620 (sh) 1595 (vs) 

ii 
1570 (sh) Chloroform solution j 

Acet) 1 2-iminoimidazolidine 1660 (ur) 1620 (sh) 1595 (vs) 1565 (sh) I<Br pellet 0: 
- 1620 (s) 1580 (VS) - Chloroform solution k 
.- Xcetyl 2-imino-5-acetoxyhe~~ihydropyrimidi~~e 1620 (s)  15!)5 (vs) 1575 (sh) I<Br pellet ,. 

-- - . -  -- -- - -- - - P u 

. . 
Infrared :tbsorption of some diacetpl guanidines in tllc region 1750-1550 cm-I u - 

z 
- -- -- - -- --- -- -- - - . -- 0 

Co~npound Absorption frequencies (cm-I) Type of spectrum 0 

- - - - .- -- - -- - -- - -- - 
0 
3 
.j 

Uiacetyl guanidine - 1700 (s)  1625 (s)  1585 (vs) 1550 (m) I<Br pellet o 
1740 (s )  1705 (s )  1620 (sh) 1570 (m) I<Br pellet 

c 
Triacetyl fra~zs-2-g~1anidit~ocycI01~exa1~ol 1595 (\a) z 
Diacetyl cyclohes)~lguanidine - 1700 (s)  1615 (sh) 1600 (xis) 1565 (m) I<Br pellet u 

'/1 
Diacetyl N,N-dirnetl~ylg~~atiidi~ie - I705 ( m )  1620 (sh) 1505 (vs) 1550 (m) I<Br pellet - 

- - 
< 

Diacet).] 2-iminohesahydropri11iidi1ie 1670 (tn) 1595 (s)  I<Br pellet 
..... - 1680 ( ~ n )  - 1605 (s)  Chlorofor~n solutio~i 

Diacet),l 2-imino-5-acetosyhesahydropyrimidi~~ 1725 (s)  1680 (111) 1620 (m) 1595 (vs) I<Br pellet 
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'TABLE V 
I'ltraviolet absorption of diacetyl guanidines 

- - -.. - 
-- - -.- . . -- 

Co~npound A,,,,, (mp) log en,,,, A,,, (mp) log em,, Solvent 

Diacetyl guanidine 212 3.85 243 1.25 
Diacetyl guanidocyclohesanol 222 3.88 255 4.23 
Diacetyl cyclohexyl~i~arlidi~~e 22 1 4.03 254 4.25 
Diacetyl methylguanidine 218 4.01 254 4.24 
Diacetyl N,N1-din~ethylgnanidine 225 3.87 263 -1.29 
Octa-acetyl streptidine 220 4.27 254 4.55 

(3.88)* (4.25)" 
Diacetyl 2-in1inohexahydropyri1llidi1lc 223 3.85 256 4.24 
Diacetyl 2-imino-5-ncetoxyhexahydropyri~nidine 225 3.97 254 4.17 

Abs. ethanol 
Abs. ethanol 
Abs. ethanol 
Cyclohexane 
Abs. ethanol 
Abs. ethanol 

Cyclohesane 
Cyclohexa~le 

' C o g  f,,,/guanidine moiety. 

about half that for tlie peak a t  higher wavelength. Uiililce inoiloacetyl guanidines, allcyl 
substitution does affect the chroinophore for the diacetyl guanidines, resulting in a 
variation of 13 mp for the first peak and 20 mp for the second. The bathochromic shift 
observed in the ultraviolet spectra in going from mono- to di-acetyl derivatives is com- 
patible with a further lengthening of the .rr electron path. An asymmetrical structure 
XI was assigned to the diacetyl derivatives based on nuclear inagnetic resoiiance studies 
wit11 the diacetyl derivative of 2-iminohexahydropyrimidine. 

0 
II 

R-N 
/c-c1-13 

I<oriidorfer (18) postulated the existence of both symmetrically and asyminetrically 
substituted diacetyl guanidines. Later Ryabinin (2) established that oilly one isomer 
exists, but did not specify which one. The infrared spectra of the diacetyl guanidines 
also give ample evidence for the asyminetric structure, the results being given in Table IV. 

The spectra exhibit a very strong broad band in the region 1620-1585 cm-I together 
with a strong band in the region 1705-1670 cm-I. The first band is similar to that 
exhibited by the monoacetyl guanidines and, as in that case, is ascribed to the unresolved 
stretching frequencies of tlie ?=N and the C=O of the acetylimino group. The second 
band is assigned to the ainide I vibration of the second acetyl group by analogy with 
the absorptio~i observed for the acetanlido group in 6-methyl-2-cyclohexylamino-4-aceta- 
mido-1,3,5-triazine a t  1680 cm-l, 6-methyl-2-dimethylamino-4-acetamido-l,3,5-triazine 
a t  1685 cm-I, and 6-methyl-2-piperidino-4-acetan~ido-1,3,5-triazine a t  1690 cm-I. The 
shift to higher frequencies of the amide I band of the second acetyl group is expected, 
since Richards and Thompso~i (19) showed that substitution of an amide nitrogen with 
an eIectrophilic group produces this effect. We found the ainide I band above 1700 cm-1 
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if the second acetyl group is present as a seco~idary ainide a i d  below if present as a 
tertiary ainide, e.g. diacetyl N,N-dimethylguanidine absorbs a t  1705 cm-I (I<Br) and 
diacetyl hexahydropyrimidii~e a t  1670 cin-I (I<Br). Since the main difference between 
1-he a~ilides is in the nature of the third group attached to the ainide nitrogen, i.e. either 
a hydrogen or an allcyl group, the spectral data call be explaiiled in terins of the electron- 
donatiilg power of the third group. The alkyl group is able to contribute a greater share 
of its electroils to the ainide nitrogen than the hydrogen, thus reducing the demand 
placed on the nitrogen by the acetyl and acetyliiniilo groups. Ileilce the increase in 
freq~ieilcy is not as great for the tertiary amide. In diacetyl guanidines possessing a 
secondary runide group, a third band in the range 1575-1560 cm-I is found, due to the 
amicle I1 vibr a t '  1011. 

The ultraviolet spectra of the triacetyl derivatives obtained from N,NJ-dimethyl- 
guanidine and 2-iminoimidazolidii~e were similar, showing only one peak a t  232 mp 
and 234 inp respectively. This absorptioil is similar to that obtained with the 1110110- 
acetyl derivatives, although it seems unlikely that the same chrornophore is involved. 
The infrared spectra showed no absorption above 3000 cin-I or near 1600 cm-I in either 
case, and this was interpreted as evidence for intramolecular hydrogen bonding between 
the N-1-1 and acetyliiniilo groups in mono- and di-acetyl guanidines. The spectra 
differed in that triacetyl N,NJ-diinethylguanidine shows two strong bands a t  1690 and 
1620 cm-I (film), whereas triacetyl 2-iininoimidazolidirie shows three in chloroforin 
solution a t  1745, 1690, and 1645 cm-I and four for a I<Br pellet a t  1725, 1690, 1680, and 
1620 cm-l. The band a t  lowest frequency is thought to be due to the ainide I of the 
non-hydrogen-bonded acetyli~niilo group, whilst bands a t  1690 cm-I are due to the 
a~nide I of the tertiary ainides. The band found a t  1745 cm-I (chloroform) and 1725 c111-~ 
(I<Br) in triacetyl 2-iminoii1lidazolidi1le appears to be associated with the C=N, since 
it is missing froin the methanol adduct of triacetyl 2-iminoiinidazolidi~le where addition 
has taken place across the C=N bond. Since it is also missing from triacetyl N,NJ- 
dimethylguanidine, it appears to be associated with the cyclic structure. The shift in 
the amide I frequently observed for the lactain group in ethylene urea froin 1652 cm-I 
to 1752 cm-I (I<Br) in the diacetyl ethylene urea lend; credence to this idea. 

The proof that triacetyl 2-iminoiinidazolidine has a syininetrical structure (XII) was 
obtained from its nuclear inagiletic resonance spectrum, which showed three peaks at 
3.41, 4.96, and 5.12 p.p.m. upfield fro111 chloroforin with relative intensities 4:6:3. The 
first peak was assigned to the inethylene hydrogens and as no splitting was apparent, 
it was taken as evidence that they were equivalent. Ti'lle two remaining peaks were 
assigned to the methyl hydrogens of the acetyl groups, the intensities indicating that 
two of the three methyl groups were similar. Forinatioil of an additioil product on 
wariniiig of triacetyl 2-iminoiinidazolidine with alcol~ol is of interest in view of the fact 
that dinitro-2-iminoiillidazolidiile also exhibits such a property with alcohols and rumines 
(20). The cyclic structure (XIII) was assigned to it on the basis of its analysis and 
infrared spectrum. The presence of bands a t  3142(m), 1650(s), and 1525(m) cin-I (I<Br 
pellet) was taken as indicative of the forination of a secondary amide. The absence of 
the C -=N group was indicated by the stability of the additioil product to boiling water, 
since under these conditions triacetyl 2-iminoimidazolidine readily yields diacetyl 
ethylene urea. 

To summarize, this worlc has shown that the products obtaiiled on acetylatioii of 
alkylguanicliiies depend on the degree and positioil of allcyl substitution, as well as the 
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conditions used. Analogies have been shown to exist between the chemistry of the nitro 
and acetyl derivatives of alkylguanidines. This is to be expected, since a similarity 
does exist between the inductive and mesorneric effects of the two groups, although it 
is of a qualitative nature. I-Iowever, the extent to which a guanidine moiety is nitrated 
or acetylated is not necessarily the same, e.g. 2-iminoimidazolidine forms a dinitro (20) 
but a triacetyl derivative. 

II 

CI-1,-N 
/C-CH3 

OCI-I, 

CH 2- N 
/ \ 

NHCOCI-I, 
\ 

(XII)  (XIII)  

The difference in reactivity of the five- and six-membered cyclic N,N1-dial1;ylguani- 
dines on acetylation must be attributed to the effect of the geometry of the ring on the 
guanidine moiety, since no difference exists in the basicity of these guanidines. 

EXPERIMENTAL 

All melting points are uncorrected unless otherwise stated. Microanalyses are by 
Micro-Tech Laboratories, Sltokie, Ill., and J. Helie of these laboratories. Ultraviolet 
spectra were measured on a Cary Model 14 P.R/I. recording spectrophoton~eter, while 
the infrared spectra were measured on a Baird double beam recording spectrophotometer. 

Starting Materials 
Methylguanidine was purchased from Ailann Research Laboratories. Cyclohexyl- 

guanidine, 2-guanidocyclohexano1, N,N-dimethylguanidine, guanylpyrrolidine, and 
guanylpiperidine were prepared from the corresponding arnines by the action of l-guanyl- 
3,5-dimethylpyrazole nitrate as described by Bannard et al. (21). The method of Mold 
et al. (22), employing cyanogen bromide and n~ethylarnine, was used to prepare N,N'- 
dimethylguanidine. Synthesis of 2-irninoimidazolidine, 2-iminohexahydropyrin~idine, and 
2-imino-5-l~ydroxyhexahydropyri~nidine involved first preparation of the corresponding 
cyclic nitrirnines as described by McICay and Wright (23), followed by treatment of the 
nitrinlines with liquid anlmonia as reported by Stefanye and Howard (24). We isolated 
these compounds as the acetate salts, which are described in Table VI. 

All the other alkylguanidines were converted into the acetate salts 115. ion exchalige 
and dried prior to acetylation with acetic anhydride. 

21cetylation of Gz~anidine Free Bases witlz Ethyl Acetate 
An Amberlite IRA-400 (01-I-) resin column (15 ml) was prepared in the usual Ilinnner, 

then washed for 24 hours with absolute ethanol excluding carbon dioxide. Guanidine 
hydrochloride (500 mg, 5.2 ~nillinloles) was dissolved in absolute ethanol (L5 ml) and 
the solution passed through the column, after which the column was washed with absolute 
ethanol, a total of 100 ml eluate being collected. Evaporation of the latter to dryriess 
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TABLE VI 

Cyclic guaniditle acetates 
-- - . - 

0 w 
C FI N m 

1;1 
- 5 

Compound Formula m.p. Calc. Found Calc. 1;ound Calc. Found F 
- 

CsHt,02N3 186-188" 41.37 41.51 7.64 7.81 28.95 28.66 
n' 

2-Iminoimidazolidine acetate =: 
2-Imil1ohexah~dro~~rit~1idine acetate C6H1302N3 141-143' 45.27 45.32 8.37 8.30 26.30 26.17 > 

Z 
2-11nino-5-h~drox~hexahydropyritnidi11e acetate CcHt303N3 134-135' 41.13 40.90 7.48 7.65 23.99 23.91 U 

- m 
i 
z 
Z > 

TABLE VII w 
0 

Monoacetyl guanidines 0 C 
> 5 

C H N S Yield z 
Colnpound Formula n1.p. Calc. Found Calc. Found Calc. Found (yo) m 

0 

188-190" 35.63 35.62 6.95 7.07 41.56 41.56 89 
0 

Acetyl guanidine C I H ~ O N ~  
-4cetyl methylguanidine C4H90N3 158-160" 41.72 41.45 7.88 7.62 36.50 36.63 73 5 

0 
Acetyl 2-iminoimidazolidine C613,ON; 227-229' 47.23 47.05 7.13 7.11 33.05 32.93 84 C 

Z 
Acetyl cyclohesylguanidine CeH170N3 163-165' 59.98 59.96 9.35 9.28 22.93 23.10 92 F 
Acetyl 2-guanidinocyclohexanol CgH1702N3 1S3-185' 54.25 54.34 8.60 8.57 21.09 21.26 80 - 
Acetyl 2-irnino-5-hydroxyhexahydropyrimidine CcHl102N3 213-215" 45.85 45.84 7.05 7.25 26.74 26.82 87 

< 

Acetyl 2-irni11ohesahydropyrin1idi11e CcHI1ON3 189-191" 51.04 51.07 7.85 8.00 29.77 29.55 71 
-- - ~ .  
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i i ~  zacl~o gave a colorless oil which was dissolved in absolute alcohol (0.5 1111),  to  \vhich 
solution freshly distilled ethyl acetate (0.5 ml, 5.2 millimoles) was slowly added. i-\lthough 
colorless crystals formed instantly, the solution was allowed to stand overnight a t  room 
temperature before they were filtered off, washed with ethyl acetate/eth:unol and iinally 
recrystallized from ethanol,/acetone to give 475 mg (80y0) of nlonoacetyl guanidine as 
colorless prisms, m.p. 188-190". 'The compound was characterized by its acetate, m.p. 
178-180°, lit. 180" (3),  picrate m.p. 237-23g0, lit. 238' (2). 

All the othei- monoacetyl derivatives shown in Table VII were prepared ill a similar 
nlaililer. 

.Icetylation 01 Gz~nnidine ilcetate Salts with Acetic '1 tzl~ydridc 

Cyclolce~ylg iinnidirze 
Cyclohexylguanidine 11yd1-ochloride (500 mg) was converted to the acetate salt b)- ion 

exchange using Amberlite IRA-400 (OAc) resin. The acetate salt was thoroughly dried 
in vacuo (0.05 mm) a t  room temperature before addition of acetic anhydricle (5 ml). 'I'he 
mixture was heated at 100" for 1/2 hour, after which the acetic anhydride was removed in 
vacz~o leaving 493 mg of brown oil. The oil was chromatographed on Woelm IV neutral 
alumina and gave two fractions. Elutioil with 2:l hexane/benzene yielded a crystalline 
material, which, after recrystallization froin pentane, gave colorless prisms, n1.p. 71-72', 
and analyzed for diacetyl cyclohexylguanidine. Calc. for CllI-I190?Na: C, 38.64; I-I, 8.50; 
N, 18.65. Found: C, 58.87; H, 8.64; N, 18.36%. Yield: 445 mg (8670). Further elution 
with ether gave inore crystalline material which was recrystallized from ether/pentane 
yielding fine white needles, m.p. 106-107", lit. 107' (25), yield 37 mg (10%). Analysis 
and inelting point indicated it to be N-acetyl cyclol~exylan~ii~e, and this mas confir~ned 
by preparation of an authentic sample and comparison of the infrared spectra. 

2-Gz~a~ridocyclolzcxnnol 
2-Guanidocyclol~exanol sulphate (500 ing) was acetylated as described above yielding 

530 ing of light brown oil which gave two products on chromatography. The first was 
obtained by elution wit11 2:l l~exane/benzene, and after recrystallization from pentane 
yielded colorless crystals, ln.p. 69-70', which analyzed for a triacetyl derivative, the 
infrared spectrunl indicating O,N,Nf substitution. Calc. for C13H?104N3: C, 55.11; I-I, 
7.47; N, 14.83. Found: C, 55.04; I-I, 7.53; N, 14.53%. Yield: 498 mg (79%). The second 
product which was eluted with 1:L ether/cl~loroform, appeared from analysis, infrared 
spectrum, and 1n.p. 117-118°, lit. 117' (2G), to be 0,N-diacetyl trans-2-aminocyclo- 
hexanol. Yield: 26 iilg (5%). Verification was obtained by synthesis of the coinpound 
and comparison of the infrared spectra. 

N, N-Dimetlzylgi~alzidine 
N,N-Dimethylguanidiile sulphate (475 nig) was acetylated as above and the crude 

material chro~natographed on neutral alu~iiina yielding two products. The first product 
was obtained by elution with 1:  1 pentane/benzene and after recrystallization froin 
benzene/ether gave coloiless prisms, 111.p. 115-117', which ailalyzed for 4-acetalnido-2- 
dimethylamino-6-i~1etl~yl-1,3,6-triazie Calc. for CJ1130Nj: C, 49.22; 11, 6.77; N, 35.88. 
Found: C, 49.44; I-I, 6.83; N, 35.83y0. Jvield: '77 ing (32y0). The infrared spectrum was 
in agreement wit11 this assignment. A second substailce was obtained by elution with 
2:l cl~lorofornz/ether which gave colorless prisnls after recrystallization from methanol /' 
ether, n1.p. 176-178', and anal~.zecl for diacetyl N,N-dimet11ylgua11idi11c. Calc. for 
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CsH1302N5: C ,  40.11; 13, 7.65; 3 ,  24.55. Founcl: C, 49.24; I-I, ' 7 . 2 ;  N, %4.90'jo. Yield: 
92 mg (31%). 

2-Iminoi.midazolidi7ze 
2-Iminoin~idazoIidi~~e hydrochloride (500 ing) was acetylnted as above and the oily 

product remaining after removal of the acetic anhydride slowly crystallized. Further 
recrystallization from acetone gave long white needles, 111.p. 141-142', which, from its 
analysis, appeared to be triacetyl 2-iininoimidazolidine. Calc. for C!,I-I1303Na: C, 51.17; 
I-I, 6.20; N, 19.0; CI-13C0, 61.13. Found: C, 51.25; H, 6.33; N, 19.85; CI33C0, 60.82%. 
Yield: 441 mg (51%). 

Warming the triacetyl derivative with methanol for 20 minutes a t  50' gave a quanti- 
tative yield of the methanol adduct, which mas recrystallized from the same solvent, 
giving white rhombohedra1 crystals, i11.p. 165-167'. Calc. for C10H1704N3: C, 49.39; 
H, 7.04; N, 17.28; C133C0, 53.60; CI-130, 12.77. Found: C, 49.56; I-I, 7.00; N, 17.06; 
CF13C0, 53.63; CH30, 12.437,. 

2-Im~i~zohexahydropyrimidine 
2-Iminohexahydropyrimidine acetate (500 mg) on acetylation under the usual con- 

ditions gave an oily product which distilled a t  105-110' a t  0.01 inin, giving a clear oil 
which slowly crystallized. Recrystallizatioi~ from pentane/ether gave colorless thiclc 
prisms, m.p. 61-63', which after drying in vacuo analyzed for diacetyl 2-iminohexahydro- 
pyrimidine. Calc. for C81-11302N3: C, 52.44; H,  7.15; N, 22.94. Found: C, 52.70; 13, 6.91; 
N, 22.61y0. Yield: 371 mg (650j0). 

Attempts to chromatograph the crude product on neutral alumina or to recrystallize 
the diacetyl derivative from solvents containing alcoho1 led to the isolatioil of monoacetyl 
2-iminohexahydropyriinidine, 111.p. 187-18g0, identified by its infrared spectruin. 

2-Imilzo-6-hydroxyhexahydropyrimidine 
The acetate salt (500 ing) was acetylated in the usual manner giving an oily product 

which distilled a t  115-125' a t  0.01 min. The oil crystallized from pentane/ether giving 
fine white needles, 1n.p. 117-llgO, which analyzed for a triacetyl derivative, with the 
infrared spectrum indicating O,N,N1 substitution. Calc. for C1O1-I1504N3: C, 49.78; I-I, 
6.27; N, 17.42. Found: C, 49.40; I-I, 6.92; N, 17.627,. Yield: 325 mg (%'yo). 

Recrystallizatioil of the triacetyl derivative from solvents containing alcohol, or 
chromatography on alumina, caused decomposition. The resulting product could be 
purified either by sublimation in vacuo a t  140-150' a t  0.01 111111 or by recrystallization 
froin methanol/ether, which gave white microprisms, 1n.p. 230-232', analyzing for a 
diacetyl derivative. The infrared spectrum indicated the con~pound to be the 0,N-diacetyl 
derivative. Calc. for CsH1303N3: C, 48.23; I-I, 6.58; N, 21.18. Found: C,  48.28; 13, (3.53; 
N, 21.40%. 

Methy lgz~anidine 
Methylguailidine acetate (500 ing) was acetylated a t  100' for only 13 minutes, and 

the oily product was chromatographed on neutral alumina. Elution with benzene, 
followed by recrystallizatioi1 froiri ether/pentane furnished colorless thick needles, 111.p. 
80-82', analysis of which indicated diacetyl methylguanidine. Calc. for CGHlI02NB: C, 
45.85; H ,  7.05; N, 26.74. Found: C, 46.15; H, 6.91; N, 26.99%. Yield: 289 mg (49y0). 
Further elution with 1: 1 chloroforin/benzeile gave a solid, which, after recrystallizatio~~ 
From methanol/ether, had 1n.p. 158-160' and was identified as  ~nonoacetyl methyl- 
guanidine by comparison of infrared spectra. Yield: 53 mg (12%). 
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Guanylpipcridine 
Guanylpiperidine hydrochloride (500 ing) was converted to the acetate salt by ion 

exchange, after which it was acetylated with excess acetic anhydride for 30 minutes a t  
100". The resulting yellowish oil was chromatographed on Woel~n IV neutral alumina 
yielding only one product which was eluted with 1 : 1 pentane/ether and gave colorless 
crystals, m.p. 147-148", from acetone/hexane. Cornparison of its infrared spectrum with 
that of an authentic sample (1) together with its analysis proved it to be 4-acetamido- 
6-11lethyl-2-piperidin0-1,3,5-triazine. Yield: 202 1ng (56%). 

Gzlnny1~1yrrolidin.e 
Guailylpyrrolidine acetate (500 mg) was acetylated as described above producing a 

dark red oil together with some crystals. Treatment with cold acetone removed the oil 
leaving yellow needle-like crystals, which after recrystallization from methanol/ether 
had m.p. 173-175" and analyzed for 4-acetamido-6-methyl-2-pyrrolidino-1,3,5-triazine. 
Calc. for C10H150N5: C, 54.28; H,  6.83; N, 31.66. Found: C, 54.40; H, 6.25; N, 31.38%. 
Yield: 203 mg (67y0). 

N,N'-D,imethylguanidilze 
Dimethylguanidine acetate (500 mg) was acetylated in the usual manner, giving a 

clear oily product. Chromatography on neutral alumina caused decomposition so the 
product was purified by distillation a t  100-110" a t  0.05 mm, giving a colorless oil which 
analyzed for the triacetyl derivative. Calc. for C9I-I1503N3: C, 50.69; 13, 7.09; N, 19.71. 
Found: C, 50.39; I-I, 7.32; N, 19.92y0. (A,,, 234 mp, log E 4.2.) Yield: 444 nlg (61%). 
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