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I. In t roduct ion 

The chemistry of biguanides has provided a fertile field of chemical 
research ever since the first preparation of the parent base by Rathke (524) 
in 1879. However, this interesting branch of organic chemistry has 
apparently so far not been the subject of a comprehensive review. The 
present summary is intended to survey very briefly all aspects of the 
existing knowledge of biguanide chemistry. Particular attention is given 
to the striking advances of the last 25 years, but earlier work is referred 
to whenever it provides the necessary background to more recent pro- 
gress. 

The study of the chemistry of biguanides received renewed impetus by 
the realisation that 1-p-chlorophenyl-5-isopropylbiguanide ("Paludrine") 
is an effective antimalarial drug. Outstanding contributions were made by 
Curd, Rose, and their co-workers, who reported, between 1946 and 1950, 
the results of their reinvestigation and extension of many aspects of 
biguanide chemistry in a memorable series of papers (546). During the 
same decade, much interest was shown by the American Cyanamid 
Company in the synthesis of guanamines by the interaction of biguanides 
with esters. More recently, biguanides have once again attracted wide- 
spread interest as oral hypoglycemic drugs. However, by the time the 
most useful of these, 1-~-phenetylbiguanide, had been firmly established 
(726) in 1957, little chemical work remained to be done, and the relevant 
information has therefore appeared mainly in the pharmacological lite- 
rature. 

A discussion of metal complexes of biguanides has recently formed 
part of an extensive review (532) on co-ordination compounds, so that 
this subject need not be considered here in detail. As in the past, Indian 
laboratories continue to be the main source of publications on this aspect 
of biguanide chemistry (38, 193, 195, 281, 282, 300, 435, 527, 528, 529, 
533, 586, 649, 650). 

In view of the manifold interest and obvious medical value of bi- 
guanides it is not surprising that a large proportion of the available 
information is embodied in patent specifications, many of them of fun- 
damental scientific interest. Although investigations on biguanides have 
been diverse, much remains to be done. It is hoped that the present ac- 
count will go some way towards stimulating further interest in the chem- 
istry of these reactive and versatile compounds, and that some of the 
inconsistencies and omissions in the literature will become the subiect 
of further studies. 
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Nomenclature 

In conformity with the practice of Chemical Abstraas and most major 
journals, the name biguanide is adopted in the present review. The term 
diguanide is also used, particularly in British publications. 

The following accepted mode of numbering the molecule enables all 
derivatives to be named unequivocally: 

I 2 3 4 5 
H2N'C( : NH).NH-C( : NH)NH2 

The name biguanidine occasionally appears in the literature in error; 
this should of course apply to the distinct class of compounds based on 
the parent structure NHg.C( : NH)-NHNH.C(: NH)NH2. 

Structure 

The structure of biguanide (I), whether regarded as a condensed system 
of amidino-groups or of guanidine-units, reflects the chemical versatility 
and high reactivity of this series of compounds. The close relationship of 
biguanides with amidino(thio)ureas, cyanoguanidines, biurets (and 
hence indirectly with guanidine and urea) is demonstrated by the 
existence of comparable syntheses, and by the general physical and 
chemical behaviour of relevant compounds. Because of its particular 
chain-length, the biguanide-grouping is able to participate in a variety 
of simple cyclisation reactions. 

In common with other compounds related to urea, biguanide cannot 
be adequately defined by a single structural formula, but is represented 
as a resonance hybrid of contributing mesomeric forms. Because of the 
remarkable accumulation, in the biguanide pattern, of groupings capable 
of undergoing prototropy and mesomerism, the number of theoretically 
possible canonical structures is large. Thus, the simplest biguanide 
structure (I) may resonate among seven mesomeric forms (I a--g). The 
molecule may assume further tautomeric configurations (e.g. I h), 
including those of zwitter-ions (e. g. I i, j), and each of these forms may 
in turn undergo mesomerism. Moreover, the structure may be stabi- 
hsed as six-membered configurations, such as (I k), by hydrogen 
bonding, 

A knowledge of the site of protonation in biguanides is of particular 
interest, because of the importance of such cations as reactive entities, 
and their possible function in physiologically active biguanides. The 
problem has attracted a great deal of attention (see Section VI) and has 
been the subject of critical discussion (206, 227, 602). A recent study 
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(7#2a) of the n.m.r, spectra of several biguanide derivatives has provided 
evidence in favour of the highly symmetrical structures I 1 and I m for 
the mono- and di-cations of biguanide. The tri-cation has several possible 
prototropic structures, one of which is shown (I n). It  is recalled that 
guanidine is a particularly strong base since its cation, 

~ + H ~ N . . . . C (  NH2 ~ +  

NH2 ~ + 

having its charge spread uniformly by mesomerism, is perfectly symmet- 
rical and has a v e r y  large resonance energy. The high basic strength of 
biguanide may be ascribed to a similar origin. 

The numerous highly coloured metal complexes obtainable from 
biguanides and elements of the transition series have posed yet another 
interesting structural problem. The accumulated evidence suggests that 
the structures agreeing most satisfactorily with the observations are of 
type (I o; M = divalent metal). This aspect of the subject has been dis- 
cussed fully by Ray (532). 

A recent X-ray-crystallographic investigation (86) has provided the 
first accurate structural picture of a biguanide derivative, namely that 
of the antimalarial Paludrlne (1-p-chlorophenyl-5-isopropylbiguauide 
hydrochloride) (Fig. 1). The biguanide part of the cation consists of two 

Cl l  
I 1.734 

120.5 118.8 
~ , C  4.,~.~ 

c31 o.  m . 3  

C212o.s zzz.e C6 C 10 C 11 
z.'~-~, z 1~.9~-~ ~ . ~ ' ~ , , ~ 1 1 . 6 ~  
" ' ,~-:.CI.~.~ 'z~ ~o C9 "," 
116"5,1 125"8 108"51 109"4 

,i, Z29"6 124o6 I,~ 
.N1 ~ N3_ t.~ N5 

~, ",.T4..~ ( - ~ , 7 . . ~  s %" �9 
~%~/ 115.~"f 125.0 123,6 "11"1'7o3 "~"P~-- 

,:I ~ ""  
C12 . . . . . . . . . . . . . . . . . . . .  N2. N4 . . . . . .  ...s-a~ . . . . . . .  --C12 

~ ; "cz  2"" ;""  

Fig, 1. Bond lengths and interbond angles of Paludrine (86). (Reproduced by hind 
permission of the author, and of lhe ChemicaZ Society, London) 
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planes of atoms, each containing a CN3-group, intersecting at  an angle 
of 58.9 ~ The mean C-N-distance being 1.33 .~, there is no distinction 
between formal single and double bonds, thus providing evidence for 
the mesomeric nature of the structure. 

H~N--C--NH--C--NHz H~.N=C--NH--C--NHz HzN--C=NH--C--NH~. 

I1 I1 I tl I I1 
NH NH NH NH N H  NH 

e e 
I I a  I b  

~B ~B cB ~B 
HsN--C--NH--C=NHz HzN--C--NH=C--NHz H2N=C--NH--C~NHs 

li I ~ I I I 
N H  NH NH N H  N H  N H  

e e ~ e 
Ic I d  I e  

HsN--C=NH--C=NH~ H2N=C--NH=C--NHs H~N--C=N--C--NHs 

I I i I I II 
NH NH N H  NH NH2 NH 
e o E) e 

I f  I g  I h  

~9 ~9 
HsN--C--NH--C--NHs H~N--C--NHs--C--NHs /NH_< NHs 

N H  N NH N HzN--C ~N 
e e k N H . . - H  / 

Ii Ij Ik 

H H H  H 

\ N /  \ N  / 

RI--N:=C:~N:=C=~N--R 4 

i i 
R s Rs 

I1 

- + 

H H H  H 1 2-[- 

\N/ \~/ 

J R1--N==C~=N=~C~=N--R 4 

I i I 
R z H R ~ 

Im 

H H H  H 

\N/ \N ( 
li Ii "I-I 

R I - - N  -''" C~N---- C - ~ N - - R  r 

I i I 
R s H R s 

I n  

- 2 +  

H s N \  . . . H z N _ c < N H  / , c = ~ \  ,- 
HN M NH 

I o  

xp 
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II. Synthesis of Biguardde 

Existing syntheses of the parent compound are listed in Beilstein's 
Handbook. 

A recent new synthesis of biguanide, affording 50--60% yields of 
product, utilises the reaction between O-alkylisoureas and equimolar 
proportions of guanidine and its hydrochloride in ethanol (612). Small 
amounts of melamine and cyanoguanidine are formed as by-products. 

HsN" C. OAlk ~- H2N'C'NH~ 

II If 
NH NH 

�9 H2N- C. NH- C- OAlk 

7' 
HsN.C.NH.C.NHs 

II II 
NH NH 

A related approach to biguanide is the ammonolysis of 0-methyl- 
amidinoisourea (352, 354). The hydrochloride, when kept in 28% ammo- 
nium hydroxide solution at 15--20 ~ for 20 hours, is reported to produce 
biguanide in 98~ yield. 

Detailed descriptions of the preparation of biguanide sulphate (347) 
and of the isolation of the free base therefrom have recently appeared in 
Inorganic Syntheses (325, 436). 

Cyanobiguanide 

With acetone and hydrogen chloride, cyanoguanidine forms the addition 
compound If; this yields melamine on treatment with alkalis at room 
temperature, cyanamide being eliminated. In the presence of copper or 
nickd hydroxide, an intermediate cyanobiguanide-complex salt can be 
isolated, and converted by dilute nitric acid at 20 ~ into cyanobiguanide 

(NHs.C'NHCN)s.MesCO'2HCI 0 ~  NHsCNHC.NHCN 
n u 
NH NH NH 

(II) (III) 

L eNH~ NHs J NH~ NHs 

(Ill a) (III b) 
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nitrate (III) (51) (see also ref. 758). Infra-red (51, 453) and ultraviolet 
(453) spectra suggest that the structures of the nitrate and free base in 
media of pH 6--9 are I I Ia  and I I Ib  respectively. 

!'!/. Synthesis of Substituted Biguanides 

A. Ammonolys i s  of Cyanoguanid ines  

The fusion of cyanoguanidine with ammonium salts is one of the earliest 
and most widely used syntheses of the parent compound, biguanide 
(31, d/9, 482, 630, 63/). The nature of the ammonium salt used influences 
the yield [e.g. NH4C1, 21--23% (3/); NH4I, 45% (d82)] but the view 
that this effect is attributable to the lowering of the fusion temperature 
(203, 668) has not been confirmed (488). Rackmann's (518) original 
ammonolysis of cyanoguanidine, using aqueous ammonia under pressure 
at 110 ~ in the presence of cupric sulphate, has recently been reported to 
yield amidinourea rather than biguanide. Attempts to apply Rackmann's 
procedure to N-arylsulphonyl-N'-cyanoguanidines gave only 7--12% 
of the required biguanides, the majority (30--40%) of the starting mate- 
rial remaining unchanged, while part (12--32%) was hydrolysed to the 
sulphonylguanidines (379). 

More recently, ammonium sulphonates have proved excellent reagents 
for converting cyano- into amidino-groups (488). Applied to the present 
case, the use of ammonium sulphonates at 140--160 ~ is particularly useful 
in the production of 1-arylbiguanides (d4, 488, 613, 67d). As expec- 
ted, action of two moles of ammonium sulphonates results in 
guanidines. 

NH NH 
n ~ 

CHz.NH.C-NH-C.NH~ CHz.NH.C.  NH.C- NH2 

. t ,, 

C H s ' N H ' C ' N H ' C - N H s  kk CHsOH NH NH 
n n (VII) 

NH NH -HzO 

(~v) / /  (v) 

H 
CHz NH~ CH~" NH. C" NH" C" NHs / ,)I--NNNH" 
I �9 I n H ~ "N'/ tl C-NH a 

CHz NHz CH2NH2 NH NH NH 

(vi~ (vm) 
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The fusion of equimolar amounts of ethylene diamine hydrochloride 
and cyanoguanidiue gives, according to conditions, different products 
that have been the subject of some controversy (99, 184, 190, 530). 
Dittler's (184) original results and formulation (IV) have not been sub- 
stantiated. The reaction yields in fact (99, 190, 510) 2-guanidinoimidazole 
(VIII), also obtainable by  dehydration using fuming sulphnric acid 
of [3-hydroxyethylbiguanide (VII) (510), or by heating ethylenedibi- 
guanide (V) (510). In presence of cupric sulphate and two moles of cyano- 
guanidine, the dibiguanide (V) formed is stabilised by complex-formation 
and becomes the main product of the reaction (99). 

Biguanides as Reaction Intermediates 

The intermediate existence of biguanide in the synthesis of guanidine 
salts by  fusing cyanoguanidine and ammonium salts has frequently been 
discussed (68, 173, 419, 629), and has recently been reconsidered (489, 
668). It is recalled, in support of this view, that cyanoguanidine and 
aqueous ammonia react in the presence of cupric sulphate to form a 
copper-biguanide complex (518). Under these conditions, the copper 
presumably removes the biguanide as soon as it is formed, and prevents 
further breakdown. It is thus widely accepted that biguanide salt is 
primarily formed, and decomposes under the influence of a second 
molecule of ammonium salt to yield two moles of guanidine salt (Path a). 
Sugino (668), however, has provided some observations suggesting that 
biguanide salt decomposes by itself either to a guanidine salt (Path b) 
or back to cyanoguanidine. 

[ H2N,C,NH,C.NH~.HX ] NHsHX 
H2N'C-NHCN + NHsHX ~ H ~ ~ 2 H2N.C-NHz.HX 

NH NH (a) H 
NH [ Nit 

(b) 

H2N'C" NH2"HX + NH2CN 
II 
NH 

Later workers (489) have postulated the existence of intermediate 
biguanide in the interaction of cyanoguanidine and ammonium nitrate in 
liquid ammonia (at relatively high temperatures). The reaction is thus 
thought to adopt the same reaction path as that of the analogous fusion, 
but positive evidence for this view is difficult to obtain, because of the 
rapidity with which all postulated intermediates are onverted into 
guanidine salts. 
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The fusion of cyanoguanidine and ammonium nitrate in the molar 
proportions 1 : 2.4 has recently been reinvestigated quantitatively (356) 
by tracing the dependence on time of the melt-content of biguanide, 
guanidine nitrate and cyanoguanidine at three separate temperatures 
(130 ~ 140 ~ and 150~ At each temperature, the formation of biguanide 
nitrate starts as soon as the reaction mixture is placed in the thermostat. 
Its content in the melt rises to a maximum and then diminishes, the 
decrease setting in when its formation rate becomes less than that of 
guanidine nitrate. 

Fusion of 1-methyl- or 1,1-dimethyl-3-cyanoguanidine with am- 
monium nitrate at 120--150 ~ produces 1-methyl- or 1,1-dimethylbigua- 
hide (362) as expected. 

B. Arninolysis of Cyanoguanidines 

The action of amines on cyanoguanidine, the logical extension of the 
ammonolysis described in the foregoing section, is undoubtedly the most 
widely used route to substituted biguanides. Numerous examples of its 
broad applicability occur throughout the literature (9, 27, 32, 35, 36, 41, 
52, 305, 313, 338, 426, 427, 473, 534, 547, 558, 562, 581, 671, 685, 693), 
many of them in the form of patent specifications (14, 75, 706, I58, 185, 
222, 383, 424, 444, 445, 515, 596--598, 724). 

RNH. C. NHCN + R'NH2 --~ l~NH. C. NH. C- NHR' 

NH NH NH 

The reaction may be carried out successfully by the conventional fusion- 
technique. In the course of the synthesis of numerous aryl- and alkyl- 
biguanides by this procedure, the substituted guanidine rather than the 
biguanide was occasionally formed in a side reaction. In such cases the 
biguanide first formed may be cleaved partially by way of an intra- 
molecular hydrogen-bonded form (602) (cf. section VI, B3). 

~ r ~ e RNH2. ~ ~N.~. /NH2 R N H 2 ~ c / N  
C C 
I II ~ | / + 

NH2 N L ~'§ 

HRNH. C. NH2 -]- NH2 

II H CN 

A variation of the procedure employing an excess of acid obviates the 
need for fusion of the reactants and allows aqueous media to be used (735). 
This technique has been thoroughly investigated by Curd, Rose and their 
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co-workers. Interaction of arylamine salts and aromatic cyanoguanidines 
in boiling aqueous media proceeded in good yields (742, 149, 750, 361), 
the biguanide salt often separating directly on cooling. The optimum 
amount of water is between 12.5 and 18% of the total weight of the 
equimolar mixture (728). The reaction is accelerated (25, 748) in aqueous 
dioxan or cellosolve, and is catalysed (749) by zinc or copper salts. 

Tertiary bases (e. g. pyridine or dimethylaniline) are preferable as solvents to 
water (335, 336) for condensing certain aromatic amines and the parent,  cyano- 
guanidine. When the amine concerned lacks acidic substituents, an equivalent of a 
mineral acid is a useful catalyst (336) : i t  is best introduced as a salt of the amine or 
a tert iary base, or as gaseous hydrogen chloride, to maintain anhydrous conditions. 
If the amine does contain acidic substi tuents an acid catalyst is unnecessary (335). 

Aliphatic amines and arylcyanoguanidines interacted slowly (148), even in the 
higher-boiling solvents, but  were condensed successfully in aqueous ethanol con- 
raining cupric sulphate or copper bronze (ldS, 15t). This method wa~ finally super- 
seded by the introduction of even higher boiling solvents, e.g. nitrobenzene (T43, 
232, 456) when good yields of the desired biguanides were obtained in numerou~ 
examples (456). Once again, copper or zinc salts are effective as catalysts (152, 154). 

The condensation of alkylcyanoguanidines and arylamines (143, 154) 
(i. e. alkyl and aryl groups "crossed") is important in that certain alkyl- 
cyanoguanidines, in contrast to the aryl-homologues, are readily acces- 
sible. Boiling water or aqueous or anhydrous cellosoIve are the solvents 
of choice, but direct fusion of the reactants has also been employed (133). 
The general method has been extended to more highly substituted cyano- 
guanidiues (58, I33, 534, 598), and to halogeno-substituted amines (132). 

Following the discovery of the antimalarial activity (148) of biguani- 
des and quinoline derivatives, a variety of substituted quinolyl-biguanides 
were synthesised (9, 42, 101, 788, 298, 303, 306, 428, 558, 583, 585) by 
these procedures. The production of a series of o~,oJ-hexamethylenebi- 
guanides (724) illustrates the use of secondary amines in this synthesis. 

It is noteworthy that cyanoguanidine and p-aminosalicylic acid react 
in acidified boiling water with simultaneous decarboxylation (608), giving 
m-hydroxyphenylbiguanide instead of the expected 1-(3-hydroxy-4- 
carboxyphenyl)biguanide. The decarboxylation under such mild con- 
ditions appears to be anomalous, since p-aminobenzoic acid (100) and its 
esters (97) do give the expected biguanides. 

(VIII) 

CH(OEt)~ CH(OEt) 2 NH 

I , I II 
C H z . N H R  CH2"NR" C( : NH)NH.C .NH2  

1 
rc o ] 

R 
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The condensation of cyanoguanidine and aminoacetal (or its methyl- 
homologue) yields the expected diethylacetal of biguanidoacetaldehyde; 
this is cyclisable to 2-guanidinoimidazole (or its 1-methyl-homologue) 
(VIII) by means of mineral acids (576). 

An example of the application of a hydrazide in this general synthesis, 
amongst others (91, 391, 392, 416), is the reaction of isonicotinic acid 
hydrazide and cyanoguanidine in the presence of acid to yield isonico- 
tinoylaminobiguanide [C5H4C0" NHNH- C( : NH)- NHC( : NH) �9 NH~] 
(391,392, 416). Long-chain fatty acid hydrazides react similarly (685). 

1-Acylaminobiguanides are cyclised by alkalis without difficulty, 
with loss of water, to 5-guanidino-l,2,4-triazoles. Their interaction with 
formic acid affords the expected guanamines in the majority of examples 
(391, 392) (see also Section VII, I). Contrary to a previous claim (91), 
isonicotinic acid hydrazide dihydrochloride and cyanoguanidine do not 
give the biguanide under neutral conditions, but form merely a molecular 
adduct of the reactants (416). 

Sulphonylbiguanides are available from sulphonylcyanoguanidines by 
this general reaction as follows (581) : 

RSOsCI-Jc NH2. C- NHCN -~ RSOz. NH. C. NHCN 

n ii 
N H  N H  

ArNH,  
J 

R S O 2 . N H . C . N H . C . N H A r  

n Ii 
NH NH 

Sen and GupLa (581) have recently claimed the preparation of carbamoyl- 
biguanide (and its sulphur-analogue) by refluxing cyanoguanidine with urea nitrate 
(or thiourea) in aqueous solution. However, the remarkable ease with which com- 
pounds of this type are cyclised to triazines (see Section VII,  K and L) would suggest 
that  this report requires further confirmation, as does the alleged synthesis (581) of 
corresponding aryl-derivatives by procedures (see Scheme) that  would clearly be 
expected to lead to ring-closure (see also Section IV). 

NI - Iz .C .NHCN-] -NHs .CX.NHs  - ~ N H ~ . C . N H . C . N H . C . N H z  

li II II II 
NH NH NH X 

ArNHz 

NHz.C,  NHCN-~- A r N H . C X . N H z  -~ NH~, C, NH.C .  N H . C . N H A r  

II II U 11 
NH NH NH X 
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Production of Dibiguanides 

The use of diamines in this synthesis affords the expected dibiguanides 
(549, 562), or a bis-cyanoguanidine may be condensed with two moles of 
amine (345, 358, 549). The use of both bis-cyanoguanidine and a diamine, 
however, may give rise to polymeric biguanides that are difficult to 
fractionate (549). 

In the above reactions, aromatic amine salts give better results than 
the free bases (lzl, 15), which are indeed reported to fail to react with 
cyanoguanidine (117). Aliphatic amines react more smoothly in the 
presence of some free amine (14, 15). As aromatic amine salts dissociate to 
a much larger extent than do aliphatic amine salts, it is believed (14, 1~, 
that a considerable amount of free aromatic amine is present in the 
reaction mixture. Since Curd and Rose (148) have also shown that use of 
(100%) free aliphatic amine lowered the yields of biguanides, a mixture 
of free amine and amine salt wou]d appear to be most favourable for 
biguanide formation. 

C. Ammonolysis of Amidinothioureas 

An obvious approach to biguanides is the ammonolysis or aminolysis of 
the sulphur-function in amidinothioureas (IX), and their S-alkyl-deriv- 
atives (XlV). An early example of this reaction is due to Bamberger (30). 

P~'NH2 
RNH-C.NHCN-~- R N H ' C ' N H ' C ' N H 2  ~ R N H ' C ' N H ' C ' N H R '  

II 1t II ~ tl 
NH NH S NH NH 

(x) (ix) (Xl) 

I~'NH 2 
R R ' N - C . N H . C = N H  RNH.C.NH-C-NArR ~ RNH.C.NH-C.NArR 

II I U ~ II II 
NH SAlk NH S NH NR' 

(xIv) (xii) (xm) 

1. Use of Desulphurising Agents 

In an attempt to employ this route Curd, Rose et al. (58) treated p-chloro- 
phenylamidinothiourea with isopropylamine and mercuric oxide, but 
obtained mostly N-p-chlorophenyl-N'-cyanoguanidine, Efforts to improve 
the results by numerous changes in conditions were unsuccessful; in all 
cases biguanides were merely by-products, formed in yields less than 5%. 
A later patent (154) has however claimed the successful use of this route. 
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The authors (58) consider that the small amounts of biguanides arise 
from the intermediate cyanoguanidines by further action of amines. Thus, 
small yields of Paludrine are obtainable from N-p-chlorophenyl-N'- 
cyanoguanidine and methanolic isopropylamine under similar conditions, 
either with or without mercuric oxide. Secondly, amidlnothioureas give 
cyanoguanidines on being boiled with mercuric oxide in methanol in the 
absence of amines, although their presence facilitates the reaction. 
Finally, amidlnothioureas and amines, when reacting under the preferred 
conditions of this condensation involving the corresponding cyano- 
guanidines (143), gave improved yields of biguauides. 

In this synthesis, more fully substituted amidinothioureas of type 
(XlI) are of special interest in that they cannot preferentially form 
cyanoguanidines by loss of hydrogen sulphide. Thus, the interaction of 
~,m-disubstituted amidinotkioureas and amines (133, 154) in the presence 
of a desulphurising agent is a flexible general method for the synthesis of 
biguanides, and has been extended to 1,2,4,5-tetrasubstituted biguanides 
(2~). Ammonia similarly produces 1,5-disubstituted biguanides (154). 

2. Use of S-Alkylamidinoisothioureas 

It is well known that alkylthiol-groups undergo aminolysis and allied 
reactions more readily than do free mercapto-groups, and S-alkylamidino- 
isothioureas (XlV) should therefore be particularly suitable starting 
materials in biguanide synthesis. This route, described in the patent 
literature (154, 515, 516), has been re-examined in detail by Curd, Rose 
et al. (58, 133). No desutphurising agent is required in this modification 
(133). 

Aromatic members of this series (XlV; R = A r y l ,  R ' = H  or Aryl) 
reacted with alkylamines in methanol under a variety of conditions to 
afford variable yields (20--90%) of biguanides (58, 377). In many exam- 
ples, however, cyanoguanidlne was again the main product, its formation 
being apparently favoured by the presence of water (58). 

Aliphatic S-alkylamidinoisothioureas (XlV; R = R' = Alk) and aryl- 
amines react readily (143) under conditions favouring the condensation of 
alkylcyanoguanidines with arylamines. This provides further evidence, 
though not proof, that the reaction involves intermediate alkylcyano- 
guanidines (X). 

In the preparation of 1,5-disubstituted biguanides by this method, 
alcoholic ammonia at 100 ~ in a closed vessel is used (133). Thiourea is an 
effective desulphurising agent (133). 

The reaction between the pyrazole derivative (XV) and amines has 
given results of interest (580) : when (XV) is refluxed in cyclohexylamine 
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or morpholine (Y = CeHn or N ( , ~ O )  (i. e. at ca. 130 ~ both the pyrazole- 
and the methylthio-groups are replaced, with formation of 1,4-disubsti- 
tuted 5-phenylbiguanide (XVI; Y = C s H n  or N(,.~O). At the lower 
boiling point (78 ~ of n-butylamine, the pyrazole-group is still replaced, 
but the methylthio-group remains unattacked, 1-(n-butylamidino)-2-S- 
methyl-3-phenylisothiourea (XVII) being obtained (580). 

Y N H ' C ' N H ' C . N H P h  ~ YNI~ ~ " ~ T  nBuNH2 x n B u N H . C . N H . C = N P h  
]l II " N  "~'' SMe II I 

NH NY I I NH SMe 
HN= C" NH- C= NPh 

(XVI) (XV) (XVll) 

3. Mechanism 

During their study of the synthesis of Paludrine-analogues, Curd, Rose 
et al. (58) observed that ammonolysis in ethanol of the S-methylisothio- 
urea (xvnI:  R = p-C1CeH4; Alk = isoPr) gave, instead of the expected 
Paludrine (XlX), the O-ethylisourea (XXI). Their interpretation of this 
result (postulating the intermediate formation of a carbodiimide (XX), 
and subsequent addition of ethanol) appears open to question, however, 
because carbodiimides are known to react with alcohols only with 
difficulty except in the presence of catalysts (761, 373). In the absence 
of ethanol, aminolysis of XVIH by isopropylamine yields 1-p-chloro- 
phenyl-4,5-diisopropylbiguanide as expected (58). 

RNH.C.NH.C=NAIk ~ [RNH.C.N=C=NAIk~ EtOH~ RNH-C-NH.C=NAIk 

I [ 11 r II I 
NH SMe L NH J NH OEt  

t (xvIn) {xx) (xxi) 

~'go 
R N H .  C" N H -  C- NHAIk  : R N H "  C" N H z  + N H z C S N H A l k  

U II 
N H  N H  N H  

( X l X )  

D .  C o n d e n s a t i o n  of  G u a n i d i n e s  a n d  T h i o u r e a s  

Under the influence of desnlphurising agents, guanidines and thioureas 
combine to form biguanides (XIX), albeit in low yields (122, 515). In 
their re-examination of this reaction, Curd, Rose et al. (24, 57, 154) 
synthesised 1,5-disubstituted biguanides; however, the yields did not 
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exceeded 5%, irrespective of the desulphurising agent used. According 
to later claims (633, 634), improved yields are achieved in high-boiling 
non-polar solvents (e.g. toluene, xylene, anisole, di-n-butyl ether) at 
temperatures above 110% 1,3-Disubstituted thioureas afforded 1,2,5- 
trisubstituted biguanides, again in low yields, by the mercuric oxide- 
ethanol procedure (24). 

In the conventional extension (24) of this synthesis to S-alkylisothio- 
ureas, low yields of the expected biguanides were obtained. Curd, Rose 
et al. (128, 731) have improved this synthesis by performing the conden- 
sation under conditions which first convert the S-aikylisothiourea into 
the corresponding cyanamide (i.e. in non-hydroxylic organic media 
boiling above 100 ~ and in the presence of an alkali metal alkoxide). 

E.  Ammono lys i s  and  Aminolys is  of Dithiobiurets  

1-Aryldithiobiurets (371), on reaction with ammonia and a desulphurising 
agent, are reported to yield cyanoguanidines (681). 

S-Alkyl-derivatives of dithiobiuret undergo aminolysis, as expected 
(141, 144). In the examples studied a desulphurising agent was needed to 
prevent the aminolysis stopping at the guanylthiourea stage.Details of 
the behaviour (including some anomalous results) of p-chlorophenyl- 
dithiobiuret (208), and its 4-S-methyi- (208) and 4-S-ethylderivative (295) 
in this group of reactions are on record. 

That the reaction may proceed via the corresponding carbodiimide 
[cf. guanylthioureas (see Section III, C3)], is supported by the obser- 
vation that interaction of 1-p-chlorophenyl-5-isopropyI-4-thiobiuret 
(XXII) and mercuric oxide in methanol gave 1-p-chlorophenyl-4-methyl- 
5-isopropyl-4-isobiuret (XXIII) (141) : 

]~go 
p-CIC6H4- NH, C- NH. C. NHPrl ~ p-CICeH4" NH. C- NH. C= NPr I 

I1 , U I 
0 S 0 OMe 

(XXll) (xxln) 

Further, isodithiobiurets of the type ArNFI-CS.N: C(SAIk)NAIks 
(lacking the necessary hydrogen atoms for carbodiimide formation) are 
not convertible into biguanides (141). 

The sulphur atoms in dithiobiuret can be successively alkylated. It  is 
therefore possible to synthesise 1,5-dJsubstituted biguanides carrying 
unlike substituents by the stepwise alkylation and replacement of the 
alkylthio-groups of dithiobiuret, as has been described (295) for Paludrine 
(XXVlII, R = p-CICeH4). 

2~ ~or=~.  a z ~ .  For~a2., Bd. ]O/S 3 9 1  



F. Kurzer and E. D. Pitchfork 

RNH. C. NH. CNH2 
II II 
s S 

EtI NH8 ~ 
�9 R N  = C. N H .  C. N H z  R N H .  C. N H .  C. N H z  

I fl II 11 
SEt S NH S 

(xxlv) (xxv) (xxvl) 

EtI IsoPrNH2 
�9 RNH- C" N : C. NH2 > RNH. C. NH. C" NHisoPr 

ii I il il 
NH SEt NH NH 

(xxvn) (xxvm) 

This attractive synthesis has the serious disadvantage that with the exception 
of the first stage, the yields (of XXVI to XXVIII) are low throughout (15~/o, 26~o, 
and 10~/o respectively). According to the authors (295), the final compound (XXVIII) 
is in fact an isomeric form of Paludrine. This is discussed in Section III  N. 

F .  A m m o n o l y s i s  of O - A l k y l a m i d i n o i s o u r e a s  

Yet  ano ther  similar  route to biguanides  utilises the ammonolys is  a nd  
aminolysis  of O-alkylamidinoisoureas. The use of this  group of reactions,  
first briefly referred to in the pa t en t  l i terature  (516), was developed b y  
Curd and  his co-workers who first publ ished (138, 739) adequate  experi- 

men ta l  detai ls ;  i t  was la ter  pa t en ted  in  J a p a n  (353, 354). 

ArN : C" NH" C" NRR' ArNH- C" NH" C" 0Alk 

NH NH 0A/k NH 

(XXIX) ~ (XXXI) 
ArNH. C.NH. C. NRR" 

U 
NH NH 

(xxx) 

G. C o n d e n s a t i o n  of  G u a n i d i n e s  a n d  O - A l k y H s o t t r e a s  

The  condensat ion  of O-alkylisoureas and  guanidines  (R = R '  - -  Alk) was 
also pa t en ted  (729, 130) b y  Curd and  his co-workers. 

ArNH. C--OAlk -{- NsN. C. NR R' -~ ArNH. C- NH. C. NRR" -{- EtOH 
li il ii il 
NH NH NH NH 
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The interaction (578) of O-methylisourea and N-methylglycine occurs 
normally at low temperatures to yield the expected creatine (XXXII) 
(21%). At 40--50 ~ the production of 1-methyl-l-biguanide acetic acid 
(XXXIII) in low yield has been reported, but the mechanism of its 
formation ist not clear. 

H2N--C--OMe + MeNH. CH2COOH -~ H~N. C. NMe. CH2COOH 
II II 

NH NH 

(XXXli) 

H~N.C. NH. C. NMe. CH2C00H 
II H 
NH NH 

(XXXlII) 

H .  A d d i t i o n  of C y a n a m i d e s  to G u a n i d i n e s  

An inspection of the structure of biguanides (XXXIV) 

RR'N--C 

II 
NH 

.NH----~-], ~-- NR-R - 

A B 

(XXXlV} 

shows that  the molecule may be built up theoretically from the fragments 
indicated by the lines (A) or (B). The second alternative, i. e. the synthesis 
from amines and cyanoguanidines, is the subject of Section I n  B. The 
former approach, i.e. the condensation of guanidines and cyanamides, 
was described (524) as early as 1879, but the yields reported were minute. 
Later examples, without experimental details, were recorded in the 
patent literature (515, 516) and a single additional example was given in 
an Indian publication (36). The reaction has been re-investigated in great 
detail by  Curd, Rose and their group (5, 6, 7, 153, 154). Whilst their work 
was awaiting publication (5), a synthesis of Paludrine by fusion of the 
arylguanidine and alkylcyanamide was described by another group of 
investigators (302). 

The suitability of dialkylcyanamides was first examined (5, 6). In 
boiling butanol, pentanol or toluene, biguanides were formed, the best 
yields being obtainable in the last solvent (192, 632). The synthesis was 
also effected by fusion of the reactants at 130 ~ The rate of formation of 
the biguanide was followed by means of the sparingly soluble bigua- 
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nide-copper complex: maximum b]guanide formation occurs after 15-30 
minutes from mono-, and after 2--3 hours from di-alkylcyanamides. The 
reaction, though successful with aryleyanamides (5, 6, 7, 153, ;54), is 
apparently not generally applicable to disubstituted cyanamides (5) 
and is not generally promoted by using part of the guanidine in the form 
of its hydrochloride (5). 

Although monoalkylcyanamides polymerise readily at high temper- 
atures (412), they afford biguanides in yields not inferior to those from 
the more stable dialkylcyanamides. This favourable result may be due 
in part to the greater reaction rates of the monoalkylcyanamides. 

The preparation and subsequent pyrolysis of a monoalkylcyanamide 
salt of a guanidine has been suggested (50) as a route to biguanides. 

With N,N'-disubstituted guanidines the problem arises whether 
1,2,S- (XXXV) or 1,3,5-trisubstituted biguanides (XXXVI) are produced, 
or a mixture of both. Relevant experiments (5) show that  the former 
(XXXV) are in fact obtained to the exclusion of the latter. 

RNH- C. NR'- C �9 NH R" -~- RNH. C. NHR" + R'NHCN --~ RNH. C. NH- C. NHR* 
U li II ~ il 
NH NH NH R'N NH 

(xxxvI )  (xxxv)  

The interaction of p-methoxybenzylideneaminoguanidine (XXXVlI ; 
R = p-Me0. Cell4") and dimethylcyanamide (580) gave 17% yields of al- 
leged 1-dimethyl-3-(p-methoxybenzylideneamino)biguanide (xxxvln). 
The possible condensation at the free amidino-grouping (of xxxvlI) 
was not considered by the author. 

N~CHR 
I 

RCH=N-NH.C-NH2+Me2N'CN --~ MesN-C'N-C.NH2 
II U 

NH NH NH 

(xxxv l I )  (xxxv l i I )  

I. Interaction of Cyanamides and Amines  

1. By Initial Cyanamide Dimerisation 

An ingenious use of monoalkyl- or atkoxyalkylcyanamides in the synthesis 
of b]guanides utilises (201) their rapid dimerisation at elevated tempera- 
tures to cyanoguanidines (XXXIX), which are subsequently treated with 
hydroxyalkylamines: any unchanged cyanamide would yield a guanidine; 
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the fact that none is found indicates that dimerisation is complete. This 
reaction provides an exceptionally easy route to 1,3,5-trisubstituted 
biguanides (XL). 

R" NHCN 
130o ~ ' R ~  

, RNH-C-NR'CN ' �9 RNH.C-NR-C'NR'R" 

NH NH NH 

(XXXlX) (XL) 

2. From Aniline and Cyanamide 

The reaction between three moles of aniline hydrochloride and one of 
cyanamide is stated (409) to furnish triphenylbiguanide, but no structure 
for the product has been given. 

3. As Secondary Products 

The formation of a biguanide as a by-product in a condensation of a 
cyanamide and amine (225) (which would normally be expected to yield 
a guanidine) and as main product in the reaction of glucosamine and 
cyanamide (437) has been noted. In the former example, the small 
amount of biguanide probably arose by further reaction of the primary 
guanidine (which formed the main product) with cyanamide. In the 
second example the biguanide may be the result of the interaction of the 
amine and intermediate cyanoguanidine. 

J. From Dicyanimide and Amines 

Another variation of the synthesis of biguanides utilising the conden- 
sation of cyano-compounds and amines is the reaction of dicyanimide and 
two moles of amine (457, 465, 581,582). In practice (457) a dicyanimide 
metal salt is fused, or heated in water or in an organic solvent with an 
amine salt, preferably between 90 and 130 ~ Condensation may also be 
effected using free dicyanimide in aqueous acid media (581). 

2 RR'NH + NC'NH'CN -* RR'N'C'NH'C'NRR' 

ff II 
NH NH 

The method is normally limited to the production of symmetrically 
substituted biguanides; by the stepwise addition of unlike mines,  
biguanides bearing different 1- and 5-substituents (e.g. isoCsHlsNH- 
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-C( : NH) .NH.C( : NH).NEtPh) (534) are obtainable. It will be noted 
that this variation of the synthesis approaches the general route dealt 
with in Section III B. 

K. Addi t ion  of Carbodi imides  to Guanidines  

1,2-Disubstituted biguanides and more highly substituted analogues may 
be synthesised by the addition of carbodiimides to guanidines (122). 

Reaction is terminated at the desired monoaddition-stage by using 
free guanidine (base), and acetone as solvent (376, 377). Guanidine salts 
and carbodiimides in dilnethylformamide, in spite of the presence of 
excess of the former, yield 1,2,6-trisubstituted isomelamines (XLIII), 
presumably by loss of arylalnine from the intermediate labile triguanide 
(XLII) (375). 

> 

II ~ H | 
N 

(XLII) H 

2RN:C:NR 
NHs'C'NHz 

II 
NH 

RN:C:NR 

RNH.C-NH.C.NHs 
~ H 

R N  N H  

PhNH'C--S--S--C'NHPh 

fl II 
Ph N NPh 

{XLI) (XLIV) 

(XLIII) 

sym-Triphenylguanidine and diphenylcarbodiimide similarly yield 
sym-pentaphenylbiguanide (420). The thermal decomposition of tetra- 
phenyldithioformamidine (XLIV), giving sym-pentaphenylbiguanide as 
one of the products, has been interpreted in terms of the above reaction. 
The primary decomposition products are, inter alia, diphenylcarbodiimide 
and sym-triphenylguanidine, which then react as above (323). 

The addition of carbodiimides to N,N'-diaminoguanidine is yet 
another extension of this general synthesis. Although it is the hydrazino- 
group of diaminoguanidine that participates more rapidly in this addition- 
process, the central imino-group becomes the reactive centre when the 
hydrazino-functions are suitably blocked, e.g. by hydrazone-formation. 
Thus, the acetone dihydrazone of N,N'diaminoguanidine reacts with 
diphenylcarbodiimide yielding 3-(N,N'-diphenylamidino)- 1,2-di(iso- 
propylidenearnino)guanidine [i. e. PhNH. C(: NPh)-N : C(NHN : CMe2)~] 
which is in fact a substituted 1,2-diaminobiguanide (37d). The compound 
readily undergoes cyclisation to 1,2,4-triazoles (374). 
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L. Synthesis from Aminomagnesium Halides 

Biguanides are accessible by a Grignard reaction of guanidinomagnesium 
halide with a substituted cyanamide, and hydrolysis of the resulting 
complex (59--67). The method is of considerable theoretical interest but 
so far only of limited practical importance. 

The required Grignard reagents are formed from the substituted 
guanidines and ethyl magnesium halide in ether (59), with simultaneous 
evolution of ethane. Their assigned structure (XLV) accounts satis- 
factorily for their reactions, although their true structure will obviously 
be essentially ionic and exhibit resonance effects. 

The interaction of guanidinomagnesium halides (XLV) with disubsti- 
tuted cyanamides (XLVI), for example, affords substituted biguanides 
(XLVIII) (59). The variation in yields (7 to 48%) is attributed (59) to 
differences in solubility in ether of the guanidinomagnesium halides and 
the resultant complexes, and to the electronic effects of the substituents. 

Monosubstituted cyanamides require two equivalents of guanidino- 
magnesium halide to allow for replacement of the acidic cyanamide 
hydrogen by the MgI moeity (59). The reaction proceeds in low yield and 
fails with monoarylcyanamides. 

Aminomagnesium halides (XLIX) may also serve as a source of the 
same substituted biguanides (XLVIII) by reaction with substituted 
cyanoguanidines (L), but yields are again low and variable. The possible 
mechanism of this group of reactions has been discussed (59), but the 
studies are as yet incomplete. 

R R ' N -  C- N H .  MgX + R ~ R ' N  �9 CN 

II 
NH 

(XLV) (XLVI) 

RR'N .MgX + R " R ' N  �9 C. NHCN 

tl 
N H  

(XLIX) (L) 

RRtN �9 C- NH" C- N R " R ' "  

XMgN N H  

(XLVII) 1 

RRIN �9 C ' N H .  C. N R ' R "  

H il 
N H  N H  

{XLVIII) 

M. Miscellaneous Syntheses 

I. From Biguanide and Aromatic Amines 

A patented (113) preparation of monoarylbiguanides consists of prolonged 
refluxing of an aromatic amine with biguanide in 10--15% hydrochloric 
acid. Although biguanides are stable in boiling hydrochloric acid of this 
strength for short periods (see Section VII C), the claim must be regarded 
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with reserve in view of the different reaction of substituted biguanides and 
amines which has been reported (166) (cf. Section VII, C). 

2. From Diphenylcarbodiimide 

sym-Pentaphenylbiguanide [PhNH �9 C(: NPh) NPh. C(: NPh)NHPh] arises 
in the interaction of equimolar amounts of diphenylcarbodiimide and 
triethylphosphine (327). 

3. From Suitable Chlorine-Containing Compounds 

A single report (315) claims a synthesis of biguanides which utilises the 
replacement of a chlorine atom by an amino-group in suitable guanyl- 
chloroformamidines [e.g. R2N.C(: NH).N--CC1.NR2] (31d). The dif- 
ficulty of preparing the starting materials (31d) would appear to exclude 
the widespread use of this synthesis. 

4. From trans-l-Amino-2-hydroxycyclohexane 

An unexpected formation of a biguanide occurred (754) in the reaction of 
trans-1-amino-2-hydroxycyclohexane (LI) with cyanogen bromide in the 
presence of sodium acetate. In addition to the expected trans-2-amino- 
3a,4,5,6,7,7a-hexahydro-benzoxazole (LII), traces of its trimer having 
the biguanide structure (LIII) were obtained. 

N (LI) 
C=NH 
! 

(LID (LIID 

This trimer was then synthesised by refluxing the benzoxazole (LII) 
with toluene-p-sulphonic acid in benzene. In contrast, the cis-isomer of 
(LII) is stable under these conditions. The mechanism of formation of the 
trimer (LIII) was discussed (754). 

5. From Selected Triazines 

Biguanides are also formed by the breakdown of certain triazines. Thus al- 
coholic hydrochloric acid converts 2-dichloromethyl-6-phenylguanamine 
(LIV) into phenytbiguanide (LVI, R----Ph) (,r and aqueous ethanol 
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cleaves 1-p-nitrophenyl- 1,2-dihydro-4,6-diamino-2,2-dimethyl-s-triazine 
(LV) to p-nitrophenylbiguanide (LVI, R=p-NOg.C6H4.) under sur- 
prisingly gentle conditions (441). The readiness of the latter reaction has 
been ascribed (441) to the effect of the electron-attracting nitro-group 
which reduces the basicity of the nitrogen atom at N 1. As, however, in 
both cases a bignanide is used to synthesise the triazines concerned, the 
practical value of these reactions is limited. 

PhNH~N~NH2 I~NH.C.NH.C.NH a H2N~N~] NH~ 
II II : - N,~/N NH Nit N ~ N "  ~sH4"N~'P "~ ~ 

CHCI 2 

(LrV) (LV~) (LV) 

It might be noted here that p-nitrophenylbignanide is remarkable in 
that it can be synthesised (441) from p-nitroaniline and cyanognanidine at 
the very low temperature of boiling acetone in excellent yield and purity. 

N. Isomer/c Forms of Biguanides 

Two reports in the literature have dealt with alleged isomers of Paludrine. 
A sample of this compound, obtained in 1947 by Russian workers (45) by 
the standard synthesis had m.p. 129 ~ (from benzene) and thus appeared 
to be identical with the material of Curd, Rose et al. (143). Prolonged 
drying and seeding allegedly converted this "labile form" (m.p. 129 ~ 
into a "stable form", m.p. 144 ~ (45). 

A second report of this alleged phenomenon appeared in 1952 (295). 
Specimens of Paludrine synthesised from 1-p-chlorophenyldithiobiuret 
(see Section n I  E) had m.p. 201--202 ~ (instead of 129 ~ (l&3), and were 
regarded as an isomer of Paludrine. It is interesting in this context that 
successive replacement of sulphur atoms in the opposite order (i,e. 4 
and 2) by isopropylamine and ammonia in 1-p-chlorophenyldithiobiuret 
yields (296) authentic Paludrine, m.p. 129 ~ There is no doubt that 
structural assignments to these alleged isomers remain to be confirmed. 

IV. Formation of Triguanides from Biguanides 

Following the discovery of the antimalarial properties of Paludrine (148), 
an obvious step in the search for active compounds was the synthesis of 
the comparable triguanides (LVII). Several attempts by Indian investi- 
gators with this object in view appear to have been unsuccessful (304). 

399 



F. Kurze r  and  E.  D. P i tchfork  

Thus, the interaction of various monosubstituted biguanides and 
cyanamides under a variety of conditions gave, in some cases, 2,4-di- 
substituted melamines (LVIII) (and sometimes melamine itself), that 
may have arisen from primary intermediate triguanides (LVII). The 
attempted condensations of two moles of a cyanamide with one of guani- 
dine, or of equimolar quantities of a cyanoguanidine and guanidine also 
failed, giving in each case unidentified products that were not the desired 
triguanide. 

RNH.C. NH. C. NH2 + R'NCS 

n H 
NH NH 

R N H . C . N H . C . N H . C . N H R '  

II il ii 
N H  N H  S 

a B 

HN.a.N~ 
NIt  

(LIX) 
t 
t 
I 

�9 [ ~ ," 
RNI-I �9 C - NH. C �9 NHz + R NHCN ~ [R_NH �9 C - NH. C. :NH - C �9 NHR 

I[ II l il U 11 
NH NIt  [ NH NH NH / L 

R N t t C N  -t- NH~.  C. NI-I~ + R N H C N  RNI-I �9 C. N H C N  -t- N H  2" C. NHR"  

n 11 II 
N H  N H  N H  

(Lx) 

R N H ~ N ' ~ N H R  

.~ ~ N~,N 
NH z 

(LVIII) 

A synthesis of triguanides, claimed by workers (297) of the same 
laboratory, consists of the condensation of substituted biguanides with 
isothiocyanates to the thioureido-biguanides (LIX), and their subsequent 
ammonolysis, in presence of mercuric oxide, to (LVn). However, it has 
since been conclusively shown (377) that under the specified conditions 
the products of this reaction are in fact 1,2-disubstituted isomelamines 
(LX); they may arise from the primary open-chain adducts (LIX) by 
immediate cyclisation with loss of hydrogen sulphide. The original 
claims (297) are therefore regarded as unsubstantiated, as are the results 
of a later paper (557) employing the alleged synthesis (see also Section 
n I  B). 

A preliminary report (46~) has claimed a synthesis of 1,1-dialkyl- 
triguanides by fusion at 180 ~ of biguanide salts with dialkylcyanamides. 
In the absence of fuller details, this report is regarded with reserve, in 
view of the established instability (377) of triguanides (304) under the 
conditions specified for this synthesis. 
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Speculations on the existence of tetraguanides have appeared (478) in the 
patent literature. The production of biguanides by fusion of cyano- 
guanidine with amine hydrochlorides is often attended by evolution of 
ammonia. This observation prompted the statement "that the reaction 
often proceeds . . ,  beyond the formation of the simple biguanide radi- 
c a l . . .  Possibly two biguanide radicals lose ammonia with formation of a 
polyguanide radical such a s . . .  a tetraguanide.'" In view of the uncer- 
tainty concerning the existence of triguanides and the comparable tetruret 
(371) the production of tetraguanides at these elevated temperatures 
must be regarded as very questionable. 

VI. Physical Properties 

A. General 

Biguanides, no matter how highly substituted (57), are strong bases that 
form stable salts with inorganic and organic acids (e.g. picric (332), 
picrolonic (759), tannic (332, 712), mesotartaric, mesoxalic, tartronic 
(723)). Being diacid bases, they normally yield dipicrates (60,l) but 
monopicrates are also formed, particularly with increasing bulk of their 
Nl-substituent. 

In the dihydrochloride (602), the second molecule of acid is not firmly 
bound because of protonation of the second basic site by internal hydrogen 
bond formation. This would suggest that in the dipicrate, one mole of 
picric acid participates in salt formation, and that the second mole of 
picric acid is added to the hydrogen-bonded cation (LXI) forming a 
molecular complex. The existence of a monopicrate might thus serve to 
point out structures with steric inhibition of hydrogen bonding. 

]RR'N'~C/N~%C/NH 2 

[I I (LXX) 
HN NH 

"....H ~ 

Heptamethylbiguanide catalyses the addition of phenyl isocyanate to 
alcohols more powerfully than do other amines, a property that is ascribed 
to its high basic strength (211). 
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Salts of substituted biguanides with N-acylsulphonamides, of general 
structure [RSO2N-COR']e[R'NH2C(: NH)NH.C(: NH)NH~]e have 
been prepared (380), as have addition complexes with 2-hydroxy-4,6- 
dimethylpyrimidine (411). 

The 1,5-disubstituted biguanides have been described in detail (148). 
They are generally low-melting solids which are sparingly soluble in cold 
water. The lower members are sufficiently soluble to give strongly alkaline 
solutions.They rapidly absorb atmospheric carbon dioxide and are best cha- 
racterised as their stable and crystalline acid salts (1,18, 149, 152, 153, 232). 

The crystal structure of 1-p-chlorophenyl-5-isopropylbiguanide 
hydrochloride ("Paludrine") and some analogues has been examined by 
X-ray diffraction methods (86) (see page 380). The organic cation is roughly 
U-shaped, and the chloride ion is coordinated to six nitrogen atoms. The 
biguanide part of the cation consists of two planes, intersecting at 58.9 ~ 
each containing a CN3-group, with a mean C-N length of 1.328 A. 

The unit cell dimensions and the space-group of biguanide acid sul- 
phate are (440) a 11.507; b 20.446; c 7.203/~, and Pbca. Data are also 
available for ruthenium biguanide sulphate (287) and copper biguanide 
chloride (288). 

B. Spectra and Dissociation Constants 

1. Introduction 

A knowledge of the acid strengths and absorption properties of biguanides 
has provided much of the basis for discussing the more detailed structure 
of the biguanide molecule. One of the earlier comprehensive studies (227) 
of the ultraviolet absorption properties of biguanides was aimed at cor- 
relating their structure and antimalarial activity. Although this objective 
was not attained, the measurements provided much useful information, 
including, for example, data for calculating dissociation constants of 
biguanide and its derivatives (see Table 1). 

2. Acid Dissociation Constants 

Biguanides usually behave as mono- and di-acid bases, combining with 
H + ions to form the conjugate acid, but may also act as acids. The acid 
dissociation constants of many biguanides have been measured, and are 
collected in Tables 1 and 2. 

+ H+ 
H ~ N . C - N H - C . N H s  -*---- H 2 N - C . N H . C . N H ~ - ~  H ~ N . C . N H . C . N H ~  

II II ~ II H II 
NH N H  N H  NH N H  N -  

+ H  + 
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Table 2. Dissociation constants of biguanides 

Compound pK1 PK2 I~ef. 

Biguanide 11.51 2.94 (177) 
i 1.52 2.93 (sag) 
11.50 2.93 {569) 
11.49 2.95 (37) 
11.52 2.94 (37) 

> 4.00 2.86 (544) 

Methylbiguanide 11.44 3.00 (559) 
11.41 2.99 (569) 

Ethylbiguanide 11.47 3.08 (569) 

Dimethylbiguanide 11.52 2.77 (56P) 
11.53 2.73 (569) 

1,2,5-Trimethylbiguanide 17.2 a (666) 
1,2,4,5-Tetramethylbiguanide 17.2 a (666) 
Methoxyethytbigu anide 11.47a (301) 
Diethylbiguanide 11.68 2.53 (569) 

11.64 2.56 (569) 

n-Propylbiguanide 11.35 3.10 (194) 
Propylbiguanide 11.35 a (30 I) 
Methoxypropylbigu anide 11.40a (801) 
iso-Propylbiguanide 11.35 3.10 (lg4) 
n-Butylbiguanide  11.28 2.92 (/94) 
n-Hexylbiguanide 11.44 3.30 (194) 
Cyclohexylbiguanide 11.39 3.20 (194) 
Ethylhexylbiguanide  I 1.40 3.10 (194) 
Propanolbiguanide 11.50 a (301) 
Ethanolbiguanide  11.53a (301) 
Benzylbiguanide 11.25 2.70 (19d) 
p-Phenetylbiguanide 10.82 2.70 (194) 
Phenylbiguanide 10.72 2.14 ( 777) 

10.72 2.16 (569) 
10.76 2.13 (569) 
10.70 2.16 (37) 
10.72 2.16 (37) 

p-Tolytbiguanide 10.84 2.60 (194) 
Naphthylb iguanide  10.24 2.05 (569) 

1 -(2'-Anthryl) biguanide 10.4 (558) 
1 - (3'~ biguanide b (558) 
1 - (6"-Quinolyl)biguanide I0.7 a (558) 
1-(8~Hydroxyquinol-5"-yl)biguanide 11.8 a (9) 

a Al though not  specified in the  papers, the  values are hs ted  here as first acid disso- 
ciation constants,  in view of their  numerical  values. 

b A p K  value was not  obtained for this  compound because of i ts  s t rong tendency to 
form mice/les, even in dilute solutions. 
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Table 3. Dissociation constants of dibiguanides 

Compound pK1 pK2 pK3 pK4 Ref. 

Ethylenedibiguanide 11.76 11.34 2.88 1.74 (569) 
11.83 11.28 2.90 1.76 (569) 

Phenylenedibiguanide 11.39 9.87 2.15 1.41 (569) 
11.35 9.80 2.18 1.38 (5t~9) 

Hexamethylenedibiguanide I 1.54 10.75 3.49 2.28 (19d) 
11.52 10.76 3.51 2.36 (194) 

The pK i values show clearly that biguanide, and its mono- and dialkyl- 
homologues are stronger bases than are arylbiguanides. Similar obser- 
vations are made in the dibiguanide series (see Table 3). 

The pK values computed from ultraviolet absorption measurements 
(227) confirm that bignanides are invariably di-acid bases. Since the 
parent compound, biguanide, is a strong base, a reported pK1 value of 
12.8 (227) must be regarded with some reserve. Its pKg (3.1) is lower than 
might be expected for the singly charged cation (LXII), the pKz of the 
structurally comparable malondiamidine being 9.0. The singly charged 
cations of both these compounds are possibly stabilised by hydrogen 
bond resonance (LXIII a,b: R = N H  or CH~) (see also ref. 206). In 
biguanide, additional ionic species (LXIV a,b; LXV) are also possible. In 
(LXV) all the four terminal amino-groups are approximately equivalent; 
the cationic charge will be distributed among them and the ion will be 
stabilised by a high resonance energy. However, the structure of the 
singly charged cation can clearly not be assigned from a study of disso- 
ciation constants alone. 

H~.N FNH~ -~ + HNH ....... NH HN ...... HNH I%~ C ~I I II II I 
+ C C + 

HN ~ N H  H H N ~ C ~ R  / "~NH2 Hg.N / ~R/%NHg. 

(LXII) (LXIII  a) (LXIII b) 

+ 
HNH ....... NH HN ....... HNH H~N NH~ 

I II II I II I 
H~N / X N /  XNH~ H ~ N / C X N / C ~ N I - I 2  

H H 

(LXIV a) (LXIV b) (LXV) 
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3. Ultraviolet Absorption Spectra 

Attempts to gain further insight into the more detailed structure of 
biguanides in general, and of Paludrine in particular, were made by 
studies of their ultraviolet spectra, including those of simpler mole- 
cules, which may be regarded as the component parts of 1-aryl-5-alkyl- 
biguanides (227), but the succes of this approach was at first limited 
(227). 

The spectrum and dissociation constants of biguanide were later (322) 
redetermined and substantially confirmed, values being recorded for the 
neutral molecule (at pH 14.5 and above) and for the singly and doubly 
charged positive ions (at pH 5 to 10 and pH < 1.5, respectively) (see 
Table 1). Single protonation of biguanide does not displace its absorption 
maximum but only decreases its intensity. Addition of a second proton 
excludes the existence of a conjugated resonating system, and displaces 
the absorption band into the vacuum ultraviolet region (see also ref. 
687). From these observations, biguanide and its ions were represented 
thus: 

H2N NH2 H2N NH2 H2N NH~ 
I J 1 J J I 

H 2 N / / C : ~ % N A N H  H . N / / C ~ N / % N H 2  H 2 N / C ~ N / C N ~ N H ~  

+ + H + 

A further comprehensive study, but limited to 1-(~-phenethyl)- 
biguanide has been undertaken by Shapiro et al. (602). On the basis of 
their experimental findings (Table 4) they summarised (602) the behaviour 
of this compound at various hydrogen ion concentrations by equations 
( i )  - -  (vii) (B = PhCH~CHz.NH.C( : NH)NH.C(:  NH)NH2). 

BH+CI-(HaO) v BH+ + C1- (i) 

BH+CI-(HC1) ~ r  BH~ ++ + 2 C1- (ii) 

BH2++C12--(H20 ) * BH + + 2 C1- + H + (iii) 

B(H~O) - - , ~  BH+ + O H -  (iv) 

BH+(NaOH) + O H -  ~ B + H ~ O  (v) 

BH+CI-(CH3OH) ~ B(CH3OH)H + + C1- (vi) 

B(CHsOH) -~ B H + + C H s O  - (vii) 

The high intensity absorption of the species BH+C1- indicates the 
presence of a system of conjugated double bonds. With increasing acidity 
of the solvent, the absorption due to BH+C1 - diminishes and disappears 
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Table 4. Ultraviolet absorption of fl-phenahylbiguanide (602) 

Compound Solvent Anmx (m[~) ~ X 10-a 

~-Phenethylbiguanide HC1 Water  233 14.5 
10-aN HC1 233 11.2 
10-2N HCI Non-specific absorpt ion 
10-4N NaOH 233 14.S 
10-1N NaOH 232 12.7 
N N a O t t  225--228 (plateau) 12.0 
Methanol 234 17,7 

~-Phenethylbiguanide 2 HCI Wate r  233 14.3 

Phenylbiguanide HC1 Wate r  242 14.6 
5 • 10-3N HCI 242 11.8 
10-aN NaOH 223--230 (plateau) 12.4 

at pH 2. In water, the dihydrochloride shows the same spectrum as 
BH+CI-, indicating rapid hydrolysis of the doubly charged to the singly 
charged cation (equation iii). The spectrum in dilute alkali is identical 
with that in water, indicating the presence of the singly charged cation 
(equation iv). Increasing basicity of the solvent removes the proton from 
BH + and the resultant spectrum is that of ~-phenethylbiguanide itself 
(equation v). In methanol, a hyperchromic shift is observed. These data 
and certain chemical properties (see Section VII F) suggest that ~- 
phenethylbiguanide in methanol is transformed as shown by equation 
(vii). 

The experimental results indicate that forms such as LXVI contribute 
significantly to the structure of BH +. Other cyclic forms, open-chain 
forms (both conjugated and unconjugated) and a variety of ionic forms 
may also be written. 

The electron-releasing character of the [3-phenethyl-group should 
make its nitrogen the most susceptible to proton attack in (LXVIa). 
Again, the RN-group in (LXVI c) is the most basic site for attachment 
of a hydrogen bond. Since highly hypoglycemic biguanides exist which 
contain an RNMe- instead of a RNH-group (the structure of which cannot 
be represented by LXVIc), LXVIa is likely to be the preferred form 
(602). 

The disappearance of all but the non-specific absorption from the 
spectrum with increasing acidity reflects a loss of conjugation as the 
doubly charged cation is formed (equation ii): this transformation is 
represented by the formation of (LXVII) (BH, ++) which permits the widest 
charge separation. 
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+ N 
[RNH2 �9 C/ %kC.NH21 
! H I ! 

L _1 

+ N N + N 
RNHz'C / ~C'NHz RNH'C / ~C'NHz HsN.C / ~C-NH: 

11 I U ] I~ i 
HN'....,H//NH H2+N NH2 RN',.. H / - N H  

(LXVI a) (LXVI b) (LXVI c) 

H H H~. H2 
+ N + N + N N + 

RNH,-C / X"C-NH . RNH2.C ~/ "X,C.NH , RNH~.C/+~C.NH~ RNH.C/+X'XC.NH, 
II II It [I II It fl II 

HN NH~ H~N NH2 HN NH~ HN NH2 
+ + + + + 

(LXVII) (LXVI I I a) (LXVIII b) (LXVIII c) 

Since the molecule is stable as BH~++CI~ --, a third proton is required 
for hydrolysis, once the two potential sites for proton acceptance have 
been protonated. Addition of this proton is formulated in terms of struc- 
tures (LXVIII  a--c). 

The ultraviolet spectra of a number of substituted arylbiguanides 
have been recorded and the effects of various substituents in both the 
aryl and biguanide moiety examined (608) (see Table 5). Similarities in 
the absorption properties of arylbiguanides and acetanilides are note- 
worthy. 

As a result of these measurements, a structure (LXIXa) has been 
suggested for the arylbiguanide cation containing an aryl-group (steri- 
cally hindered by R') or an alkyl group at N 1 (in addition to the Nl-aryl  
group), and the term "biguanide resonance" has been applied to this type 
of structure. "Acetanilide resonance", typified by (LXIXb),  is regarded 
as a significant factor where R = hydrogen and the aryl group is not  
sterically hindered. The authors claim (608) that  forms such as (LXIXc) 
should show greater bathochromic shifts and extinction coefficients than 
are in fact observed. 

+ + + 

, - - ( "  ~ = N . C " * ' " C "  - -  �9 ~ 

m<-----x r , ~ -  + , II / ~ " l l "  
~ /~-N~.H...NH HN NH H2N NH 

(LXIX a) (LXIXb) (LXIX c) 
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Table 5. Ultraviolet absorptio. (608) of arylbiguanides 

! 

R~ \>NR":'~ C. NH. C. NH~ �9 HCI 
II II 
NH NH 

R" R ~max e • 1O_ 3 
m~z 

H H 242 14.6 
H Me 237 14.4 
FI Et  236 16.5 
2-Me H 236 15.6 
2-Me E t  235 19.0 
3-Me H 240 13.8 
3-Me Et  236 17.4 
4-Me H 240 15.0 
2-Cl H 236 14.9 
3-C1 H 249 13.7 
4-C1 H 252 15.2 
2-Br H 235 15.2 
3-Br H 249 14.1 
4-Br H 254 16.6 
3-I i'-I 228 25.0 

243--261 14.2 
3-CF3 I-I 248 14.3 
3-OH H 233--45 13. I 

275--286 5.3 
3-MeO H 235--251 13.4 

274--287 4.6 
4-NH2 I-I 257 18.0 
2,3-di-Me H 235 17.5 
2,4-di-Me H 235 17.5 
2,5-di-Me H 236 16.4 
2,6-di-Me H 235 17.9 
2,4,6-tri-Me H 235 20.4 
2,6-di-Et H 235 18.2 
2-Me-3-C1 H 234 16.9 
2-Me-4-Ct H 236 19.3 
2-Me-5-CI H 237 14.4 
2.Me-6.CI I~ 236 16.8 
2-Me-4-Br I-I 236 19.7 
2,3-di-C1 H 232--244 14.1 
3,5-di-C1 H 254 14.7 
2-MeO-5-CI H 287 4.7 
4-NH2-2.6-di-CI H 243--252 13.1 
2,5-di-MeO H 238--246 12.2 

295 5,3 
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The ultraviolet spectra of a number of further biguanides, recorded 
during other investigations, are collected in Tables 6 and 7. 

Table 6. Ultraviolet absorption of biguanide derivatives 

Compound Solvent /max e Ref. 
m~ 

l -p-Chlorophenylbiguanide 10-9N HCI 250 1.245 X 104 (126) 

1 - ~-Phenethylbiguanide HCI Water 234 (166) 

l -~-Phenethylbiguanide 2 HCI Water  234 (166) 

l-Benzyl-S-methylbiguanide HC1 Wate r  236 1.65 X 104 (604) 

l -BenzyLS,5-dimethylbiguanide HCI Wate r  236 1.46 • 104 (604) 

1-Benzyl-l ,5-dimethylbiguanide HCI Wate r  238 1.55 • 104 (604) 

1-Benzyl-l ,S,5-trimethylbiguanide HC1 Water  240 1.79 • 104 (604) 

1,S-Dibenzylbiguanide HCI Wate r  237 1.78 • 104 (604) 

1,5-Dibenzyl-2-methylbiguanide HC1 Water  240 1.74 X 104 (604) 

244 1.89 • 104 (604) 

10-2NHCI  250 1 .18•  104 (126) 

10-1N HCI 236--246 9.5 X 103 (653) 
(plateau) 

Hexane 264 (73) 
230 

HCl 280 (73) 

E thanol  225 3.55 X 104 (74) 
258 3.16 • 104 
280 8.91 • 103 

259 2.0 • 104 (74) 

223 1.58 x 104 (74) 
262 5,01 X 103 
282 3.16 X 10 s 

230 2.24 X 104 (74) 
275 5.63 • 103 

1,5-Dibenzyl-l ,5-dimethylbiguanide HCI Water  

Paludrine 

Paludrine 

Paludrine 

Paludrine 

1-(2-Methoxyphenyl) biguanide 

1 -Phenylbiguanide E thanol  

1-Methyl-5-(4-methoxyphenyl) biguanide E thanol  

1-Isopropyl-S- (4-methoxyphenyl) - E thanol  
biguanide 
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Table 7. Ultraviola absorption of biguanlde derivatives (78) 

P~ R2 

NH2.C-NH-C.N N.C.NH. C.NH2-2HCI 
II 11 ~ l} 11 
NH NH H R 3 Nil NH 

R1 R2 R3 Solvent ~(max emax • 10-4 
m~ 

H H H Water  238--239 4.2 
Me H H Water  239--240 3.7 
Me H Me-trans Water  240--241 4.2 
Me H Me-cis Water  239 3,2 
Me Me H-trans Water  240 3.4 
Me Me H-cis Water  238--239 3.1 

Validity of Beer's Law 

In the colorimetric estimation of ~-pbenethylbiguanide the plot of readings 
against concentration is found (670) to be a straight line at concen- 
trations less than 10-4M. Above this concentration, ~-phenethylbi- 
guanide in solution deviates sharply from Beer's Law. It may be con- 
cluded that in the low concentration range over which Beers' Law is 
valid, the compound exists in the monomeric state in aqueous solution. 

4. Infrared Spectra 

Infrared data are available for biguanide (688) and 1,1-anhydrobis([3- 
hydroxyethyl)biguanide hydrochtoride (432). 

5. Nuclear Magnetic Resonance Spectra 

An examination of the n. m. r. spectra of a number of alkylbiguanides has 
recently provided valuable evidence concerning the site of protonation in 
the biguanide-structure (742a). The measurements suggest a symmetrical 
structure (I I) for the monocation. Its further protonation occurs selec- 
tively and reversibly at N-3 to produce the dication (Im). Further 
protonation in concentrated sulphuric acid involves an attack of the 
proton on the ,:-electron system of (I m) at N-l, N-2, N-4 and N-5. The 
trication has consequently one of several possible prototropic structures, 
one of which is shown (I o). 

6. Conductance 

Conductance measurements of biguanide and its nitrate at various 
concentrations (672) have given values for their conductance ratio of the 
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order of those of { Ba(OH)z, showing that biguanide is an exceptionally 
strong organic base. The second basic dissociation constant, determined 
by this method (672), is 2.24 • 10 -1~ 

Table 8. Dissociation of biguanide : B (OH) 2 Z BOH + +OH- 

Concentration 
(moles]litre) 0.1 0.05 0.01 0.004 0.001 

A / Aco 0,626 0,722 0.872 0.928 0,959 
( A ~ = 234) 

7. Nature of Ionic Species 

The percentages of ionic species of 1-(8'-hydroxyquinol-5"-yl)biguanide 
("5-biguanidoxine") present at pH 7.3 in water at 20 ~ are (9): anion 
< 0.01%; cation, 97.9%; zwitterion, 2.1%; neutral molecule, none. 

C. Sur face  T e n s i o n  

Values of the surface tension of solutions of Paludrine as a function of 
concentration have been recorded (202). 

D. Chromatography  of Biguartides 

Biguanide is absorbed by cation exchange resins and is eluted therefrom 
with hydrochloric acid. 1,1-Dimethy]biguanide, absorbed on Amberlite 
CG-120 resin, may be eluted (508) with solutions of sodium and potassium 
dihydrogen phosphate. 

Elution curves for biguanide in the presence of related compound~ 
(e.g. cyanamide, cyanoguanidine, guanidine, urea, thiourea) have been 
established (690). Various ion-exchange resins are suitable (108, 686, 689). 

Data are available for the behaviour, during gas chromatography, of 
1,1,2,2,4,4,5-heptamethyl and 1,1,2,2,5,5-hexamethylbiguanide (770). 

VII. Chemical  Properties 

In the following Sections the chemical properties of biguanide and its 
derivatives are systematically considered. Attention may be drawn to the 
particularly extensive and detailed recent studies concerning biguanides 
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as sources of guanamines and pyrimidines (Section H). The basic nature 
and properties of biguanides have already been dealt with in Section 
VI B. 

A. Thermal Decomposition 

1. Arylbiguanides 

The thermal decomposition of phenylbiguanide, both in the presence and 
absence of ammonium chloride and aniline hydrochloride, has been 
studied in some detail (669) with the following results (equations 1 and 2, 
R ---- Ph) : 

R_NH.C.NH~+HsN.CN 4-RNH.C.NH.C-NH~-~ HsN.C-NHs+RNH .CN (I) 

II 11 tl li 
NH NH NH NH 

PhNH. CN + PhNHs. HCI-~ PhNH. C. NHPh- HCI 

II 
NH 

(2) 

In the presence of aniline hydrochloride, 1,3-diphenylguanidine 
hydrochloride is an additional product; its formation can be accounted 
for in four ways, but proceeds in fact exclusively according to equation 
(2) (669). 

An additional by-product, m.p. 201--205 ~ (27% relative to phenyl- 
biguanide) was formulated (669) as either 2,4-diphenylmelamine or 1,2- 
diphenylisomelamine. The melting points (216--218 ~ and 254 ~ respec- 
tively) of these two melamines subsequently synthesised (375--377) 
clearly suggest that the by-product was 2,4-diphenylmelamine. 

2. Alkylbiguanides 

The thermal decomposition of methylbiguanide hydrochloride proceeds 
similarly (673) (equation 1, R =  Me). At the high temperatures, the 
cyanamide and methyl cyanamide formed trimerise to melamine deriv- 
atives. In the presence of an equimolar amount of ammonium chloride, 
biguanide and guanidine are obtained. Pyrolysis in the presence of one 
mole of methylamine hydrochloride resembles that of the aryl analogue 
in giving methylguanidine and guanidine, but differs from it in that the 
production of 1,3-dimethylguanidine was not confirmed. 

According to the patent literature (638) pyrolysis of biguanide in 
closed vessels provides melamine in almost quantitative yields. 
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3. Acylbiguanides 

A number of examples are recorded in the patent literature of the for- 
mation of guanamines (LXXI) by heating acyl (usually lauroyl or ste- 
aroyl) biguanides (LXX) to 170--220 ~ (53, 252, 267--272). 

RCO-NH.C.NH-C-NH2 
]I II 170-~20 ~ H2N|'N ]|NH2 ~ ' "  

N H  N H  ~ N~., .N 
1% 

(LXX) (LXXI) 

B. Act ion of Alkalis 

Arylbiguanides are unaffected (608) on being boiled in equimolar amounts 
of alkalis for short periods (30 min.). Alkylbiguanides are stable to alkalis 
at ambient temperatures (602), but both alkyl (602) and aryl (726) 
biguanides are decomposed at higher temperatures. Alkylbiguanides 
yield guanidines, ureas and amines after relatively short periods (2 hr.), 
but prolonged alkaline hydrolysis (18 hr. under nitrogen) cleaves arylbi- 
guanides completely into amines and ammonia. Paludrine (45) gives 
p-chloroaniline after one hour's treatment with boiling alkali. 

C. Action of Mineral Acids 

The acid hydrolysis of biguanides under a variety of conditions yields 
chiefly amidinoureas; the subject has been reviewed by Ray (531). The 
reaction proceeds slowly under very mild conditions at room temperature: 
thus, Paludrine, when stored in 2N hydrochloric acid slowly deposits 
N-p-chlorophenyl-N'-isopropylamidinourea hydrochloride (140). That 
this product was not the isomeric N-isopropyl-N'-p-chlorophenyl- 
amidinourea was verified by its unequivocal synthesis from isopropyl- 
guanidine and p-chlorophenyl isocyanate (140) : 

p-CIC6H4. NH. C. NH �9 C �9 NHPrl + HCI 

II II 
NH NH 

-.,. / /  
p-CIC6H4" NH.C. NH. C. NHPr I 

O NH 

p-CICeH4. NCO + HgN. C. NHPr i 

II 
NH 
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The mild acid hydrolysis of p-(snbstituted)sulphonamidophenylbi- 
guanides to the corresponding amidinoureas proceeds rapidly and almost 
quantitatively (368). The presence of a phenyl- (368) or alkyl- (370) 
group in position N 5 of these sulphobiguanides inhibits hydrolysis, but 
comparable substituents in the p-sulphonamidophenyl-group are without 
effect (370). A kinetic study (369) of the effect of substituents in the 
sulphonamido-group, and in position N 6 of the biguanide molecule has 
shown that  the hydrolysis is usually, a unimolecular reaction. Velocity 
constants, at 32 ~ and 46 ~ , for eight compounds are available (369). 

Conversion to the amidinourea occurs rapidly (20 min.) under the 
influence of boiling acids (383, d39) ; heterocyclic biguanides are reported 
(589) to give amidinoureas in 60-80% yield after 30--45 rain. refluxing 
in 12% hydrochloric acid. However, on more prolonged action, the bi- 
guanide chain may  be cleaved: m-chtorophenylbiguanide, for example, 
is decomposed into N-amidino-N'-m-chlorophenylurea (28%) and m- 
chloroaniline (47%) (608). 

In view of the generally easy hydrolysis of biguanides, it is surprising 
to find (602) that  B-phenethylbiguanide is resistant to the action of 
acids. After prolonged heating with 3N and 6N hydrochloric acid, 50% 
sulphuric acid or polyphosphoric acid, the diacid salt is recovered in each 
case. Possible explanations of this observation have been discussed (602). 

A detailed quantitative study of the acid hydrolysis of biguanides has 
been carried out (653) using Paludrine and three related compounds 
(LXXII--LXXV) under carefully controlled conditions: the results 
clearly showed that  the rate of hydrolysis decreases with increasing degree 
of substitution in the biguanide-structure. 

p-C1CdH4"NH" C. NH. C. NH~ p-Chlorophenylbiguanide 

NH NH (LXXII) 

p-C1CdH4" NH. C- NH.C. NHPr l 
II ! 
NH NH 

Paludrine 

(LXXlII) 

p-C1CdH4. NH. C- NH. C. NMePr i l-p-Chlorophenyl-5-methyl-5- 
I[ isopropylbiguanide 

NH NH (LXXIV) 

N_ ~CHs % 
II // NH ~4 NH(CH2)2NEt 2 

2-p-Chlorophenylguanidino-4- (o~- 
diethylamino) ethylamino-6- 
methylpyrimidine 

(LXXV) 
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Both Pahdrine and its 5-methyl-homologue (LXXIV) are quanti- 
tatively hydrolysed on being heated with 0.25 N hydrochloric acid under 
pressure (20--25 p.s.i.) during twelve hours (652). This quantitative 
reaction is of practical importance: the resulting p-chloroaniline may be 
diazotized and coupled to give a dye, thus providing a basis for the esti- 
mation of Paludrine. 

The synthesis of biguanides by condensation of arylamines and 
cyanoguanidine (Section III B) requires acid conditions. In the presence 
of too high a concentration of acid, however, amidinoureas will result 
(572, 730). Thus, the appropriate reactants give the desired 1-aryl- 
biguanides in boiling 12% hydrochloric acid, but yield N-amidino-N'- 
arylureas in 22% acid. Since 22% hydrochloric acid converts the bi- 
guanide into the amidinourea (730), support is provided for the primary 
formation of the biguanides. 

ArN H2+  HsN" C. NH.  CN 

Zl 
NH 

A r N H . C . N H . C . N H 2  

II n 
0 NFI 

22% HCI 

""~0/-"* ArNH �9 C- NH.  C. NHs  

II Ii 
NH NH 

Time, as well as acid concentration, is a factor controlling the nature 
of the product. Thus p-bromoaniline and cyanoguanidine successively 
yield the corresponding biguanide and amidinourea, either of which may 
be isolated at the appropriate time (729). 

D. Action of Nitrous Acid 

The interaction of biguanide and nitrous acid yields cyanoguanidine. 
Pdlizzari (497), who first described this reaction, considered that it in- 

H2N'C'NH'C'NH2 +HNO2 ~ [H2N.C.NH.C.NH.NO] 

JJ li i ii i 
NH NH [ NH NH J 

(LXXVZ) 

-~ H2N'C" NHCN + N2 +HsO 

II 
NH 
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volved the formation of an intermediate of type LXXVI [the reaction 
path resembling that of the corresponding reaction of guanidine (69d)], 
and not the direct withdrawal of a molecule of ammonia as ammonium 
nitrite which would yield the by-products on further decomposition. 
During studies of the Van Slyke determination of biguanide, Rosenthaler 
(552) showed that less than half a mole of nitrogen is evolved per mole of 
biguanide, but the other reaction products were not examined. 

In contrast, 1-substituted biguanides are hydrolysed to N-amidino- 
N'-substituted ureas (LXXVII) (498), the structure of which is confirmed 
by the unequivocal synthesis of their isomers (LXXVIII) by acid hydro- 
lysis of the appropriate cyanoguanidine. 

RNH. C. NH. C. NHz --,- RNH- C. NH" C. NHz 

fl If II II 
NH NH 0 NH 

(LXXVII) 

RNH- C- NH. C- NHz 4- RNH. C" NHCN 
II Jl II 
NH 0 NH 

(LXXVIII) 

Nitrous acid converts 1-aryl-5-alkylbiguanides into N-aryl-N'- 
alkylamidinoureas, and not N-alkyl-N'-arylamidinonreas, as shown by the 
unequivocal synthesis of the former (740). Alkylbiguanides behave (602) 
as the foregoing aromatic analogues, excepting ~-phenethylbiguanide 
which did not give pure products (602). 

PhNH. C. I~H.C- NHPh ~. 

If N 
0 NH 

(LXXIX) 

PhNH'C" NH" C" NHPh '< r- l=hNI-I ~I ~'~' N~NN.~ ~ 

~ NHPh NH NH 
(LXXX) 

Wystrach (757) attempted to employ this reaction with a different 
obiect: 1,5-Diphenylbiguanide was treated with two moles of nitrous acid 
at 25 ~ with the aim of obtaining the unknown 4,6-dianilino-as-tetrazine 
(LXXX). However, the products were in fact the amidinourea (LXXIX) 
and one mole of nitrogen per mole of diphenylbiguanide. Wystrach has 
therefore suggested that the low recovery of nitrogen observed by Rosen- 
thaler (552) may indicate the possible iormation of some as-tetrazine in 
this reaction; its careful reinvestigation might be rewarding. 
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E. Oxidation and Reduction 

1. Action of Oxidising Agents 

Although biguanides are reactive compounds, the biguanide chain ap- 
pears to be resistant to oxidation. The parent compound, biguanide, 
does not react with iodine (372) ; Paludrine gave no recognisable products 
when treated with lead tetra-acetate, potassium ferricyanide, hydrogen 
peroxide and acid or alkaline potassium permanganate (56). 

2. Action of Reducing Agents 

In general, the biguanide structure appears to be tairly stable towards 
reducing agents. Iron and mineral acids, for example, appear to be 
without effect, several cases (521,548, 753) being known in which 1-(p- 
nitrobenzenesulphonyl)biguanides are reduced to the corresponding 
amino-compounds by this reagent. Similarly, the biguanide-moeity 
remains intact when biguanides are debenzylated by palladium on 
carbon (416, 604). 

The action of hypophosphorous acid, both in the presence (556) and 
absence (408) of potassium iodide, on p-biguanidophenylarsonic acid 
gives p,p'-bis-biguanidoarseno-benzene, the biguanide portion being 
again unaffected: 

OH 
I 

PhNH.  C. NH.  C .NH.CsH4,  As~O 

II H I 
NH NH OH 

P h N H - C . N H - C .  NH,  C8H4. As=As-  C6H4- NH.  C. NH" C ' N H P h  

II 11 II II 
NH NH NH NH 

Paludrine is cleaved by zinc amalgam and acid to a primary amine 
(615), which may be diazotised in situ and coupled to yield a dye; a color- 
imetric estimation of Paludrine is based on this reaction sequence. 

F. AIkylation of Biguanides 

The alkylation of acyl (usually lauroyl or stearoyl) biguanides, generally 
by means of dimethyl sulphate at 100--110 ~ has been the subject of 
numerous patents (53, 54, 234, 241--245, 248--251, 275, 277). However, 
the structure of the final products was not specified except in one case 
(276) where the position of the methyl-group remained again undefined 
("methyl 2-stearoyl-S-phenylbiguanide"). 
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Another example concerns the action of isopropyl iodide in isopropanol 
on the "stable form" of Paludrine (d5) (see Section III N), an unfortunate 
choice of starting material. The product is stated to be 1-p-chlorophenyl- 
2-isopropylbiguanide hydriodide [p-C1C6H4NH. C( : NPri) �9 NHC( : NH)- 
NH~.HI]. 

~-Phenethylbiguanide is reported (602) to be resistant to methylation 
but as it behaves generally somewhat anomalously, e.g. in its stability 
towards acids (Section VII C), this provides no information as to the 
general behaviour of biguanides on alkylation. Thus, methyl iodide in 
methanol converted ~-phenethylbiguanide merely into its hydriodide, and 
similar results were observed with methyl tosylate, and benzyl bromide. 

It is these reactions that are thought to provide some justification for 
equation (vii) [in Section VI B3] according to which [~-phenethylbi- 
guanide in methanol exists to some extent as biguanidium methoxide. 
This being so, the reaction with alkyl halides is the nucleophilic dis- 
placement of the halogen ion by methoxide with formation of the methyl 
ether and the salt of the biguanide. 

G. Acylat ion of Biguanides  

The conversion of biguanides into guanamines under the influence of 
acylating agents is well known (see also Section VII 12). Acetic anhydride 
or benzoyl chloride in conjunction with alkali react with the parent 
compound, yielding 2-methyl- (5"19) or 2-phenyl-4,6-diamino-s-triazine 
(77) (LXXXI; R = Me or Ph) respectively. 

H2N~_ N~NH2 RNH~N~ NHR' 
N~N N-~IN 

R CH 3 
(LXXXl) (LXXXII) 

The acetylation of p-chlorophenylbiguanide has accordingly, by 
analogy, been formulated (7d7) to yield 2-methyl-6-p-chlorophenyl- 
guanamine (LXXXII;  R=p-C1CeH4, R ' = H ) ,  and that of Paludrine 
(277) to yield the isopropyl analogue (LXXXII;  R = p-C1CsH4, R' = Pr 9. 

Arylsulphonyl Halides 

In contrast, sulphonyl halides acylate biguanides in the expected manner, 
the parent compound, for example, being convertible into l~b-nitro- 
benzenesulphonylbiguanide. The reaction has been extended to 1,1- 
disubstituted biguanides (548) and to several other examples (767, 527). 

419 



F. Kurzer and E. D. Pitchfork 

H.  Condensation with  Esters 

The reaction of biguanides with esters was first studied in detail by 
Rackmann (578) who showed that ethyl formate and arylbiguanides gave 
2,4-diamino-6-substituted s-triazines (LXXXIII,  where R',  R" and R" 
may vary widely). 

R'NI-I" C" NH" C" N H R "  -I- R ' "  COOAlk R'n ,ff'NM NHR" q- AlkOH 
U U ~ N.~NIII +HgO 
NH NH NHR' 

(LXXXm} 

1. Saturated Esters 

In 1940, phenylbiguanide and ethyl formate were reported (735) to react 
at room temperature to give a triazine, also formed on fusion of phenyl- 
biguanide and diphenylformamide at 145 ~ Further experience gained 
with Paludfine (t55)showed that the products were N~-arylguanamines 
(LXXXII[;  R ' = P h ,  R ' : R m = H ;  or R'=p-C1C~H4; R*=Pr~;  
R "  ~ H). The condensation thus involves the N 2 and N a positions of the 
biguanide molecule. The cyclisation is widely applicable to 1-substituted 
biguanides (607) and generally proceeds in good yields. The arylbiguanide 
salt of formic acid is isolated as a by-product. 

a) Biguanide 

During the 1940"s the chemistry of guanamines (LXXXIII) attracted 
much attention, especially from investigators of the American Cyanamid 
Company who reported in the patent literature their observations on 
the interaction of biguanides and a wide range of carboxylic acid esters. 

Formoguanamine (LXXXIII;  R" = R ~-~ R" = H) was readily 
accessible (697) from biguanide and formates, but yields diminished 
sharply when esters of higher carboxylic acids were employed. However, 
metal alkoxides proved excellent condensing agents which promoted the 
formation of guanamines containing long aliphatic chains (e. g. 2-stearo- 
guanamine, 2-1auroguanamine, etc.) in good yields. This catalytic effect 
of the alkoxides appears to be primarily chemical, as increasing amounts 
(optimum: equivalent quantities) raise both the speed and yield of the 
reaction. Various metal alkoxides are suitable, and methanol and ethanol 
are the preferred solvents. 

The condensation of biguanide and methyl dodecanoate at room 
temperature, for example, affords 83% yields of (LXXXIII;  R'  = R n = H, 
R ~ C l l H z 3 )  in the presence of sodium ethoxide (1 mole), but only 
54% yields in its absence after 18 hours" refluxing. The use of ethyl 

420 



The Chemistry of Biguanides 

difluoroacetate (F2CHCOOEt) and related esters in this reaction has 
also been reported (365). 

b) Alkyl- and Arylbiguanides 

1-Alkyl or 1-arylbiguanides (697) react analogously: 1-Arylbiguanides 
condense slowly with esters other than those of formic acid (226), but 
metal alkoxide-catalysts (475) or caustic alkalis (477) have again been 
employed (475) to good effect. The synthesis has been widely used (19, 
727, 204, 221, 417, 593, 599, 607,602, 677, 701). 

Esters of aromatic (instead of aliphatic) acids react rapidly at room 
temperature (701). but the addition of a condensing agent is still desir- 
able when 1-substituted biguanides are used. 

Heterocyclic carboxylic esters (708) are as reactive as formate and 
acetate esters. Extended to 1-substituted biguanides, the reaction is 
promoted by metal alkoxides. Since the heterocyclic ring must be five- 
or six-membered and contains a conjugated system of double bonds, the 
reaction resembles formally that involving ~,~-unsaturated esters (see 
below). Several successful examples are on record (599, 606). 

2. a,~-Unsaturated Esters 

a) Biguanide 

~,~-Unsaturated esters (703) are particularly active, participating in 
smooth and rapid condensations with the parent base, even in the absence 
of catalysts, although these are desirable for 1-substituted biguanides. 
A negative substituent on the ~-carbon atom of the ester exerts yet 
additional activation. 

 2N,CN N  H,N,C H  
RC =CHR' CH2CHCH ~ CHzCH2OMe 

OR 

(LXXXN) (LXXXV) (LXXXVI) 

The double bond of certain ~,~-unsaturated esters (e.g. crotonates, 
methacrylates) is so reactive that it tends to add the elements of the 
alcohol present as solvent; the resulting ~-alkoxy-substituted guanamines 
(LXXXV) (79) are therefore readily and cheaply produced, and the use 
of expensive ~-alkoxycarboxylic esters required in the conventional 
synthesis (705) is avoided. Crotonic esters give the alkoxyguanamine 
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(LXXXV) exclusively; methacrylic esters afford the a,~-unsaturated 
guanamine (LXXXIV; R = Me; R ' =  H) as the main product (61%), the 
alkoxyguanamine appearing as a by-product 

The condensation of biguanide with acrylate esters [e.g. methyl 
acrylate in presence of sodium methoxide (d8ff)] was expected to afford a 
vinyl-tfiazine (LXXXIV, R = R ' =  H), but gave in fact 2-(}-methoxy- 
ethyl)guanamine (LXXXVI) (51%). The desired vinyl-triazine was 
finally synthesised (486) from phenylbiguanide and acrylyl chloride in 
aqueous acetonitrile and its structure proved by its hydrogenation to 
2-ethyl-6-phenylguanamine. 

b) Arylbiguanides 

The reaction between phenylbiguanide and acrylate esters in the pres- 
ence of molar quantities of sodium ethoxide has been studied in detail 
(486). The available evidence suggests that the condensation proceeds as 
follows: 

o o 
IJ II 

CH2=CH'C'OR' +-O!R+ H + * RO'CH2"CHs'C'OR" (i) 

o II ANH 
RO. CHs. CHs. C. OR' + PHhN. C/ \C �9 NH2 

H H 
NH NH 

H2NcN~ NHPh 
N,,~N (ii) 
CH2CHzOR 

O O 

II II 
CH2=CH.C. OR' +-OR ~ RO" CH2. CH2. C-ONa + R'OH 

The competing reaction (iii) cannot be entirely suppressed. In the absence 
of a catalyst, the same reaction is claimed (486) to give the open chain 
adduct [PhNH-C( : NH)NHC( : NH) "NHCH2CH2C00H]. 

:Esters containing two double bonds display activation and are suit- 
able reactants in the guanamine synthesis (705). 

In one case, namely the interaction of phenylbiguanide and ethyl 
cinnamate, the product is reported (642) to be a pyrimidine (LXXXVII). 

Ph 
PhNH. C. NH. C. NH2 + PhCH~CH- CO ~.Et , H: ,F / "~  

II II PhNH.C-N~ 
l! N H  N H  NH 

(LXXXVn) 
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3. Esters containing Negative Groups 

Esters activated by a negative group (e.g. cyano, halogen, carboxy, 
carbalkoxy, sulpho, nitro, acid amide, carbonyl, hydroxy, alkoxy, etc.) 
are particularly reactive in this general synthesis of guanamines (699). 
Surprisingly, this activation appears to be independent within wide 
limits of the position of the negative group in the chain, as is illustrated 
by the following two exampIes: 

Crr,elt,COOEt H2NfN~NHz 
HzN i(N~'.INH 2 OEtl H~N.C.NH.C- NH~ NaSO,.C,H, .COOB u N-..~N 

, Jl II ' C.H,. N',,#N Y.: 80*/, at NH NH Y.: 100% ; 8hr 
CH2CH2OEt room temp.  at  room temp. SOsNa 

In reactions involving 1-substituted biguanides, the activating influ- 
ence of negative groups is less effective, so that addition of a metal alkoxide 
may be necessary to ensure satisfactory yields of 2-substituted guanamines 
(609, 699). Disubstituted biguanides require vigorous conditions (609). 

Numerous patents have dealt with condensations of this type, each 
treating one particular activating group in detail (e.g. halogen-esters 
(704), keto-esters (696), sulpho-esters (698)). 

a) Halogeno-Esters 

Haloesters have been particularly widely used (dSff, 599, 600, 602, 605, 
606, 609) in this synthesis. Amongst the large number of examples stud- 
ied, an anomalous reaction has been noted. While phenylbiguanide and 
mono- and di-chloroacetic esters afford the expected guanamines in good 
yields (54--61%) (600), ethyl trichloroacetate gives almost exclusively 
(84%) 2-amino-4-anilino-6-hydroxy-triazine (LXXXlX), the expected 
trichloro-substituted guanamine (XC) arising only in traces (1.3%). The 
course of this reaction has been formulated as follows (600): 

PhNTH NH 

(xcl) 

PhNI-I -,~N~..,NHz 

OH 
84 7. 

(LXXXlX) 

HzN NH z 

coogt (LXXXVm) 

or PhNHTN<'(NHz 
N~.~N 

CCls 
i.~% 

(xc) 
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The facile elimination of the trichloromethyl anion favours the for- 
mation of (LXXXIX) and provides the driving force for triazinc for- 
mation. The alternative possible initial formation of (XCI) seems less 
likely, since cyclohexylamine and ethyl trichloroacetate give cyclo- 
hexyltrichloroacetamide (C6Hn'NH-CO-CCI3) and not the cyclo- 
hexylurethan (600). 

The above results were verified in a later study (605), but several 
other halogenated esters (R.CO2Et; R = C F 3 ;  C2F5; C3F7; CFCIs; or 
CHBrs) did not show this effect. The mechanism postulated (605) is 
essentially that given before (600); it is noteworthy however that the 
detailed structure of the biguanide employed as reactant in methanol 
differs from that given in an earlier paper (602) by the same authors, thus 
introducing some inconsistency into the discussion of the detailed mech- 
anism. 

The interaction of phenylbiguanide with ethyl r162 
(but not with the corresponding chloro-ester) in methanol-sodium 
methoxide (600) yields phenylbiguanide hydrobromide in addition to the 
expected 2-(~-bromoethyl)-6-phenylguanamine (19%). It seemed possible 
that this salt had arisen by dehydrohalogenation of the guanamine; the 
likelihood of this view was supported by the observation that interaction 
of the guanamine and phenylbiguanide gave phenylbiguanide hydro- 
bromide and a polymeric residue. Phenylbiguanide and ethyl ~-bromo- 
propionate similarly gave phenylbiguanide hydrobromide and ethyl 
acrylate by dehydrohalogenation; the latter condensed with phenyl- 
biguanide under the prevailing conditions to 2-(~-methoxyethyl)-6- 
phenylguanamine (i. e. the phenyl derivative of LXXXVI). 

The reaction between 2-(~c-bromoethyl)-6-phenylguanamine and 
phenylbiguanide was carried out (486) in an unsuccessful attempt to 
obtain a vinyl-guanamine; phenylbiguanide hydrobromide, however, 
was recovered. 

b) Hydro~cy-Estcrs 

An anomalous reaction of the hydroxy-activated ester, ethyl lactate has 
also been noted (602). With ~-phcnethylbiguanide this gave, in addition to 
the expected guanamine (XCII), the corresponding hydroxy-compound 
(XCIII), but no chemical evidence for this formulation was given. 

N,,~ N P~-,~N 
NHCH2CH~Ph NHCH~CH2Ph 

(xcn) (xcm) 
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c) Keto-Esters 

i) Ethyl Acetoacetate. In their condensation with biguanides, ethyl aceto- 
acetate and other keto-esters (150, 596) react in two distinct ways; 
attack at N 4 and N 5 of the biguanide molecule yields pyrimidines, but 
interaction at positions N 2 and N 4 (or N~) results in triazines. The conden- 
sation of keto-esters and the parent compound, biguanide, normally 
proceeds readily in the absence of condensing agents, but addition of a 
metal alkoxide is usually advantageous for substituted biguanides. 

1-Monosubstituted Biguanides. 1-Monosubstituted biguanides can 
presumably undergo both types of condensation with equal ease, the 
prevailing reaction depending on the nature of the 1-substituent. In the 
interaction of p-chlorophenylbiguanide and ethyl acetoacetate (147) the 
main product (80%) was the appropriate pyrimidine (XCIV, R =  
=p-C1CsH4), a smaU amount of by-product being formulated as the 
triazine (XCV; R--p-C1C6H4). Similar parallel condensations have been 
described (150, 298, 417), including examples involving 1-heteryl- 
biguanides (584). 

OH O 

RNIt" C'NH CH, 1~,~1~ PrNH. C.NH%NflCH . N,,~tN 
I[ NHR II NHPr NH NH 

(xcrv) (xcv) (xcw) (xcvn) 

HN I! 

N.~m,~- m~J'-NA-CH3 N..~N II / 
NH N ~  
(xcwm [xctx) (c) 

OH ~ OH ~ H2N'C'~ H2NyNy(CH,)t0CQCHz 
H2N~ CH(OH)CHa HN ~',N"-'CH (OH) CHs lq~,,N 

NIt NHz 

(CT) (OH) (cIn) 

The interaction of 1-(p-arsonophenyl)biguanide and ethyl acetoace- 
tate failed to give the expected 2-(p-arsonophenylguanidino)-4-hydroxy- 
6-methylpyrimidine under a variety of conditions (408), as did the corre- 
sponding reaction with diethyl malonate. Condensation did occur, how- 
ever, with acetylacetone (see Section VII J 5) (see also ref. 590). 
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1,5oDisubstituted Biguanides. Since the "blocked" NS-position of 1,5- 
disubstituted biguanides is less likely to participate in condensations, the 
formation of pyrimidines might be expected to be inhibited. Paludrine 
was studied in detail (277) from this point of view, since a condensation 
of this type might occur in the living body, and its elucidation might 
contribute to our understanding of its drug mechanism. 

Condensation under the usual conditions gave in fact the pyrimidine 
(XCVI, R =  p-C1C6H4) in only 10--15% yield. Even an excess of ethyl 
acetoacetate raised the yield only inconsiderably (to 30%), the rest of the 
product being a brown viscous oil, from which the supposed triazine 
(XCVlI) (arising by NZ,N4-addition) was isolated. The alternative 
possible N2,N~-addition would result in the theoretically possible struc- 
ture (xcvIII). However, as Paludrine is known to react with ethyl 
formate at N2,N 4 (372), it is assumed by analogy that ethyl acetoacetate 
reacts similarly. 

ii) Other Keto-Esters. A keto-group, whatever its position in an ester 
activates the condensation, but its location is important in determining 
whether or not a pyrimidine is formed. With ~3- and y-keto-esters some 
pyrimidine is always produced. 

Methyl acetoacetate is reported (696) to yield the triazine (XCV; 
R = H) as main product (85%), the pyrimidine being the by-product, of 
probable structure (XCIX) rather than (XCIV; R = H ) .  However, in 
view of the opposite conclusion in the case of the condensation of ethyl 
acetoacetate and substituted biguanides (see above), this formulation 
requires careful confirmation. 

The interaction of biguanide and ethyl 4-ketopentanoate affords the 
tfiazine (C) and pyrimidine (CII ?) in equal yields (40% each) (696). The 
structure of the latter (CI or CII) was not confirmed, but on the basis of 
the results of the corresponding reaction of ethyl acetoacetate (see above), 
structure (CI) seems more likely. 

The reaction of biguanide and ethyl luvinate also affords equal pro- 
portions of the expected triazine and the pyrimidine (699). 

Esters containing a keto-group beyond the T-position cannot give 
rise to pyrimidines, but are still highly activated, as is shown by the 
excellent yields (93%) of (CIII) obtained from biguanide and 2-keto- 
tridecanoate (699). 

d) Cyano-Esgers 

Cyano-esters react with biguanides with results not unlike those of keto- 
esters. Thus, biguanide and methyl 2-cyano-4-ethyloct-3-enoate (699, 
703) [CHs(CH2)sCHEt.CH--CH.CH(CN)CO2Me] give a product which 
may be either a triazine or a pyrimidine, but a choice has so far not been 
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made. Similar doubt exists regarding the product from biguanide and 
ethyl cyanoacetate: it was formulated as a pyrimidine (10), but is stated 
to be a triazine in the patent literature (699). 

4. Lactones 

Lactones, which may be regarded as internal esters, react with biguanides 
yielding guanamines (476) (e. g. CIV). Their reactivity varies with their 
structure; some lactones require the presence of metal alkoxides as 
condensing agents, and these are also desirable when substituted bi- 
guanides are used. In the non-catalysed condensation of phenylbiguanide 
and propiolactone, the isolation of an open-chain compound (CVI) in 
addition to the expected triazine (CV) has been claimed (486). The 
structure of (CVI) was assigned on the basis of its analogy with the pro- 
duct obtained from the non-catalysed reaction of phenylbiguanide and 
ethyl acrylate. 

HzN'C'll NH. C,h~I~]i + C6H~o~ O ~ H2NTN ~,..,~. NH2 
NH NH CH= CHC6H4OH -o 

(clv) 

NH NH N-,,~N 
CH2CH2OH 

(cv) l e t  

COCHzCLI2OH 
I 

PhNH-C.NH.C.NFI 
li J] 
NH NH 

(cvI) lo% 

5. Esters of Dibasic Acids 

The use of dibasic esters in this general condensation has also been studied 
in considerable detail. Much of this information has been disclosed in the 
form of patents. Two or more moles of biguanide react with esters of 
aliphatic dibasic acids (700) to yield diguanamines as expected. Insuf- 
ficient biguanide gives rise to mixtures, said to consist of the poly- 
methylene diguanamines and an o~-carbalkoxy-polymethyleneguanamine. 

Esters of the lowest straight-chain dibasic acids (e.g. malonic acid) 
and biguanide are reported to yield almost exclusively the biguanide salt 
of the carboxymonoguanamine, the biguanide condensing with one of 
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the ester groups only. This tendency to form the carboxymonoguanamines 
decreases with increasing molecular weight of the dibasic acid, and with 
an increased excess of biguanide over the theoretical requirement (700). 
As usual, the use of condensing agents (e.g. AlkONa) is generally desir- 
able when the reaction is extended to alkyl- or arylbiguanides. 

According to Thurston (702), the lower dibasic esters yield pure 
carboxymonoguanamines so readily that this reaction is an excellent 
synthetic route, when confined to the lower esters. It has been applied to 
1-aryl- and alkyl-biguanides as usual, and to the alkali metal salts of half 
esters. The reaction involving diethyl malonate is represented below; 
succinic acid esters (292, 699) react similarly. 

H2NyNyNH2 
COOEr NN][~:~N N N I H2 H2 + 

HzN'C'NH'C'NH2ll II + ~ H2 * Ns 
NH NH COOEt CH2 

' H2N~NANH2 COOH 

(so%) (5%) 

The reaction has been reinvestigated thoroughly by Sokolovska et al. 
(643). Phenylbiguanide and diethyl malonate in presence of sodium 
ethoxide give in fact a mixture of four products (CVlI-CX; x--  1) the 
structures of each of which were verified by synthesis. Phenylbiguanide 
and monoethyl malonyl chloride gave the same four compounds but in 
different ratios, with (CVII) and (cvIII) predominating. The action of 
higher dibasic esters studied by the same workers (644) gave comparable 
products (CVII, CX) (see also ref. 684). 

(CHz)xCOOH (CH2)xCOOEt 
(CVII) 14-4% (CVIII) 22.7% 

PhNH~N~]NFI 2 

PhNH" C'NII .H.,~O N-.~N 
}iN ~ i ~  (CH2)x - , i  

N-)'-N 
O PhNH~N~NH2 

(CIX) 34-79'o (CX) 9-2~'o 
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The replacement of one ester group by an acid chloride group in- 
creases the total yield of the ester (CVIII) and its parent acid (CVII) (to 
70--89%). The yield of the monotriazine was also substantially improved 
by the continuous removal of the water from the reaction mixture. The 
reaction rate and yield of (CVIII) rose with increasing length of the 
alkyl chain of the half ester chloride. In view of these detailed obser- 
vations, a re-evaluation of other patented examples of this ester-bi- 
guanide condensation might be desirable. 

Aromatic dicarboxylic esters (or alkali salts of the half esters) in 
conjunction with two moles of biguanide (710) or its alkyl- or aryl- 
homologues afford the biguanide salt of an arylcarboxyguanamine, to- 
gether with occasional traces of the appropriate diguanamine. Dibasic 
esters incorporating a double bond adjacent to the ester grouping (e.g. 
MeOOC. CH = CH- COOMe) react analogously (293, 7; 1). 

tt2N N~ NH 2 

H2N.C.NH.C.NH ~ + , _ _  
II II ~ " C O O M e  ~ C O O H  NH NH 

The reaction of the "cyclic" biguanide o-phenylenebiguanide (CXI) 
with esters proceeds under the usual conditions (537); the biguanide 
appears to act almost entirely as an amidine, giving rise to the pyri- 
midine (CXII). Phenylbiguanide similarly affords (CXIII). 

' ~ - - N H  NH 
/ II 

H 
(cxl) 

C'r-.E 

(cxn) 

R1.  ̀  ..COOEt 

R2"C"cOOEt 

P h N H . C - N H . C - N H  2 
lJ it 

NH NH 

PhNH.C �9 N 

(CXIII) 

The condensation of diethyl formylsuccinate with amidines is an 
established pyrimidine synthesis (16, 714). Extended to 1-substituted 
biguanides, the reaction yields 2-guanidino-4-hydroxy-5-carbethoxy- 
methylpyrimidines as follows (684): 
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RNH. C. NH. C, NH2 + HOCH=C COOEr 
II II I 
NH NH CHs--COOE% 

N__,OH 
IRNH" ~.NH~ ~ C H 2 C 0 0 E  t 

NH N 

Carbamylguanamines (CXIV) may be prepared from biguanides and 
ester amides of dibasic acids in the usual manner (709), preferably in the 
presence of metal alkoxide. The rather difficultly accessible ester amides 
may be replaced by the more readily available imides of the dibasic 
acids (45,4). 

O 

H2N'C'NH'C'NHZll II + ~NI-I ~" H2N~(N~]NHzN-..4N 
NI-t NH O C8H4" CONH2 

(cx~v) 

Oxalates. The interaction of phenylbiguanide and diethyl oxalate 
presents certain anomalous features (485). In methanol at 10 ~ the react- 
ants produce an immediate quantitative precipitate of a yellow com- 
pound "Y",  of composition C10HgNsO2. Continued reaction at room 
temperature slowly Melds 2-metoxycarbonylphenylguanamine (CXV) 
and is complete after six days. These experimental results were confirmed 
independently by Italian investigators (536). 

The structure of the labile intermediate compound "Y'" is uncertain. 
On the basis of its physical properties and chemical behaviour (which 
cannot be detailed here), possible formulations that were originally (485) 
considered included a six-membered bridged carbonyl-structure, as well 
as seven- or five-membered rings. The Italian group of workers (536) 
favoured the seven-membered ring-structure (CXVI) for the intermediate 
"Y",  and 5-phenylguanamine structures (CXXI) for the final stable 
products. 

However, a reinvestigation by Russian workers (642) showed con- 
clusively, that the final triazines were in fact substituted 6-phenyl- 
guanamines (CXV). Compound "Y'" was represented as either c x v n  
or CXVln, and its transformation into 2-amino-4-anilino-s-triazineW~- 
carboxylic acid (or a derivative) was explained in terms of the rupture 
of a - C O - N H -  linkage (in either c x v n  or CXVlII): the resulting 
1-phenyl-4-acylbiguanide (CXlX) gave the final stable triazine-com- 
pound (CXX) on cyclisation. 

In the presence of sodium ethoxide, the intermediate is not formed, 
and the reaction affords 2-amino-4-anilino-s-triazine-6-carboxylic acid 
in one stage (642). 
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The corresponding reaction of cyclohexylbiguanide has given compa- 
rable results (607). The primary intermediate was not identified but, as a 
basis for discussion, was formulated as the six-membered bridged carbonyl 
compound (CXXlI). 

FI2N-~NTCOOMe HN~[,H,.~NH PhNH.C.N.~NH// r.'[~'-- PhNH"C"//m---n=x,n . . . . .  
N~-~,N Ph- .Ph HN HN~IJ~ O HN o ~ H  

O O 
(cxv) (CXVl) (cxvn) (CXVlrr) 

HN-~.NPh BY~_N 
NII COOH CO N'HC6H. 

I COOK 
(CXXl) (cxx) (CXlX) (cxxn) 

I. Action of Acids, Acid Amides, Halides and Anhydrides 

Guanamines are obtainable from biguanides by the action of reagents 
other than esters. These include the amides, halides and anhydrides of 
organic acids, as well as the acids themselves. 

1. Acid Amides 

Formoguanamines are reported (476) to be readily accessible in high 
yields from biguanides and formamide (the latter acting both as solvent 
and reactant), the products being more easily purified than those obtained 
from the ester-biguanide condensation. Substituted biguanides react 
equally readily so that condensing agents are not required. 

In the hands of other workers (d85), however, the method has given 
less favourable results, affording much lower yields, even on prolonged 
refluxing in formamide. The product from phenylbiguanide and forma- 
mide was formulated as 3-phenyl- (536) and not 6-phenylguanamine 
(compare ref. 476). 

Boiling dimethylformamide gives (485) the same formogaanamines as 
does formamide; below 100 ~ however, this compound does not react with 
biguanide~ and is in fact an excellent solvent ~or a variety of fheir con- 
densations with other reactants (375--378). 

Unlike acylamides, sulphonamides react with biguanides to yield 
mainly open-chain compounds, but the biguanide structure is cleaved in 
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the process. Thus ~-phenethylbiguanide and p-aminobenzenesulphon- 
amide yield a mixture of p-aminobenzenesulphonylguanidine [RSO~NH �9 C 
( : NH)NH~] and 1-p-aminosulphonyl-3-~-phenethylguanidine [RSO2 
N H - C ( :  NH)NHCH~CH2Ph] (15 rains, at 50--55 ~ in methanol); a 
similar reaction ensues with 1,1-dimethylbiguanide. 

2. Acids, Acid Halides and Anhydrides 

Boiling 96% formic acid converts biguanides into formo-guanamines 
(758, 485): this variation of the synthesis has been widely used, espe- 
dally in patent work (19, 113, 127, 221,593, 599, 677). 

Treatment of biguanides with acyl halides in alkaline media also 
yields guanamines (518). The use of sodium hydroxide results in only low 
(10--15%) yields of difficultly purifiable guanamines (578), but the reac- 
tion proceeds smoothly and in good yield (518) in milder alkalis (e.g. 
sodium carbonate). In the presence of metal alkoxides (297) the reaction 
may be carried out at room temperature. These striking improvements 
are also effective with substituted biguanides; the method is generally 
applicable to the synthesis of a wide range of guanamines (CXXIII), 
including those incorporating higher alkyl-groups in the 2-position (700). 
Substituted carboalkoxy-acid halides (292) and unsaturated acid halides 
(293) afford the corresponding carboxyguanamines or unsaturated 
guanamines respectively. 

NR"I~"' 
l NR" R" HN, Ph Ph NH C=NH 
/ + R'. COal ~=N, ~ ' - N  N - - ~  

I! NH H 
NH 

(cxxm) (cxxw) 

Phenylbiguanide and stearoyl chloride are reported (236) to yield 
5-phenylformoguanamine, and not 5-phenyl-6-heptadecylformoguana- 
mine, as would be expected from the general course of this reaction. The 
product of phenylbiguanide and adipyl chloride has been formulated 
(237) as the 5-phenyl- rather than the 6-phenyl-ditriazine. 

An important industrial improvement was provided by the observation 
(455) that under appropriate conditions cheap salts of biguanide could be 
substituted for the costly free bases. Thus acid chlorides or anhydrides 
are claimed to react in inert organic solvents (e.g. acetone, dioxan, 
pyridine, benzene) with biguanide salts in the presence of alkalis, giving 
near-quantitative yields of guanamines. Substitution of an acid chloride 
or anhydride by an ester in non-hydroxylic solvents gives only negligible 
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yields. The reaction, which may be extended to 1-substituted biguanides, 
offers considerable economic advantages (455). As an example, biguanide 
sulphate and succinic anhydride in dioxan-sodium hydroxide provide 
62% yields of 2,4-diamino-6-co-hydroxyethyl-s-triazine. Absence of 
dioxan or use of ethanol as solvent affect the yield adversely (5%). 

3. Action of other Reagents 

Phenylbiguanide, when boiled with either diformylhydrazine or tri- 
ethoxymethane gave a product formulated (536) as 3-phenylguanamine. 
Since the authors synthesized this "3-phenylguanamine" by alternative 
methods, several of which have since been shown (642) to yield 6-phenyl- 
guanamine, it is likely that the above product is in fact 6-phenylguana- 
mine. 

j .  React ions  wi th  Ke to -Compounds  

The interaction of biguanides and ketones was studied thoroughly by 
Curd, Rose and their co-workers (58), and independently by Modest and 
Levene (443). It has become a widely used synthetic route to certain 
dihydrotriazines (27, 43, 44, 56, 136, 756, 785, 200, 226, 417, 477, 493, 
534), the chemistry of which has been reviewed recently (442). 

1. 1-Substituted Biguanides 

p-Chlorophenylbiguanide was found (58) to react with acetone in the 
presence of piperidine as a catalyst to yield a product which did not give 
a copper complex and was formulated as 2-amino-4-p-chloroanilino-6- 
dimethyl-5,6-dihydro-s-triazine (CXXV). Since 1-aryl-2,$ (or 4,5)- 
dialkylbiguanides, as well as 2-p-chlorophenylguanidino-4-~-diethyl- 
amino ethylamino-6-methylpyrimidine (747) retain the power of forming 
copper complexes, the alternative formulation of the above product as 

RNH- C.NH~ C.NH 2 
II II 
NIl NH 

+ 

CHsCOCH s 
H 

NH 2 m~H'C'NH~NXCH ~ H2N~N~NH2 HN~N| NH 
BNH~N N CHs 

R N ~ N  " - 
HsC- "CH3 HsC "CH s 

(cxxvl) 
(cxxvn) (cxxv) R -- P-ClCsH4" 
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(CXXVI) may be rejected. Structure CXXVI is also inadmissible because 
the product cannot be reduced to 1-p-chlorophenyl-5-isopropylbiguanide, 
and has no antimalarial properties. 

Further details concerning this reaction were provided by Carrington, 
Crowther and Stacey (95) in investigations concerning the structure of the 
biologically active metabolite of Paludrine. The condensation of p- 
chlorophenylbiguanide hydrochloride and acetone in aqueous solution 
gave small amounts of 4,6-diamino-l-p-chlorophenyl-l,2-dihydro-2,2- 
dimethyl-s-triazine (CXXVII). The yield depends, inter alia, on the 
amount of acetone used and becomes near-quantitative in the presence 
of a small excess of acid. Modest et al. (443) have later suggested that 
under neutral conditions the reaction does not proceed at all, and that 
the minute yields of the dihydrotriazine (CXXVII) had been due to the 
catalytic effect of a trace of acid as impurity in the reaction mixture. The 
condensation is reversible, the ketone and biguanide being regenerated by 
hot dilute aqueous acid (95). 

The experimental procedure can be varied by the use of reagents 
which will give biguanides in situ and thus form the required triazine. 
Examples include (493, 554) the interaction of arylamines (e.g. p-chloro- 
aniline hydrochloride) and cyanoguanidine, followed by acetone and 
hydrochloric acid. Acetone may be replaced by its bisulphite compound, 
by diethyl acetal or by isopropenyl acetate, but p-chlorophenylbiguanide 
fails to condense (173) with acetone diethyl acetal at 130 ~ Under the 
correct acid conditions, the isomeric p-chloroanilino-triazine (CXXV) is 
not formed; on the other hand, the free p-chlorophenylbiguanide base did 
not react with acetone in the absence of a catalyst. 

The 1-chlorophenyl-compound (CXXVII) isomerises readily to its 
p-chloroanilino-isomer (CXXV) on being heated above its melting point, 
or warmed in solution. The two triazines are easily distinguished by their 
ultraviolet absorption spectra. In view of the ease of this isomerisation, 
analogues of (CXXVII) obtained by this route must be examined closely 
to ascertain their true nature. 

~N><N_ 0.-" H NXN (CXX:X) 
Me E t  Me E t  

Me .N'I-I z HMe 
RNH.c- 'r 

IJ J[ "~Et 
NH NH NH 

{CXXX) (CXXXI) (CXXXII) 
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Extension of this condensation to mixed ketones (95) provided further 
confirmation for the above interpretation. Thus, methyl ethyl ketone and 
p-chlorophenylbiguanide gave successively the triazine derivatives 
(CXXVIII) and (CXXIX). The latter (CXXIX) was resolvable into its 
enantiomers by (+)-tartaric acid; this observation supports the six- 
membered ring structure of (CXXIX) and, because of the very gentle 
conditions of its isomerisation, that of its isomer (CXXVIII). 

Of the other possible structures (95) of the condensation product, the 
Schiff's base (CXXX) is not resolvable, nor, because of the tautomeric 
nature of the guanidine system, is the four-membered ring compound 
(CXXXI). A compound of the improbable structure (CXXXII) should 
yield a copper complex, which the condensation products failed to do. 

The condensation of 2-naphthylamine hydrochloride, cyanoguanidine 
and acetone yields, in addition to the expected dihydro-s-triazine, 
1-(2-naphthyl)biguanide and 3-guanidino-l-methylbenzo[f]quinazoline 
(554). 

2. 1,1-Disubstituted Biguanides 

In the general reaction, 1,1-disubstituted biguanides (95) (e.g. 1-p- 
chlorophenyl-l-methylbiguanide) afford the same product (CXXXIII) 
under both acidic and basic conditions. The phenyl analogue gave similar 
results (95). Independent studies by Modest et al. (443) confirmed the 
assigned structure (CXXXIII). 

3. 1,2-Disubstituted Biguanides 

The interaction of 1,2-disubstituted biguanides and acetone has provided 
particularly significant results (95). 1-p-Chlorophenyl-2-methylbiguanide 
and acetone reacted in the expected manner, under acidic or basic 
conditions respectively, to yield the isomers (CXXXIV) or (CXXXV). 

Me 

H N x N  C1 CaH4ND<N M e N x  N A r N x N  
Md Me Me- Me Md Me Me Me 

(CXXXIII) (CXXXI-V) (CX~V) (CXXXVI) 

Isomerisation of the acid-catalysed condensation product (CXXXIV) 
gave, according to the ultraviolet spectra/evidence, equilibrium mixtures 
of the two isomeric forms. This view was strengthened by the observation 
that treatment with alkali of the "base-catalysed'" condensation product 
(CXXXV) gave a similar equilibrium mixture [34 parts of (CXXXV) to 
one of (CXXXIV)]. 
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The observations suggest that the two condensations are direct and 
distinct. Had the base-catalysed reaction first given the aryl-dihydro- 
triazine (CXXXIV) which, under the prevailing basic conditions rear- 
ranged to the anilino-dihydro-triazine (CXXXV), an equilibrium mixture 
of the two would have been expected. Since, however, the pure anilino- 
dihydrotriazine (CXXXV) was isolated, its formation is considered to be 
direct and independent of that of its isomer (95). The formation of 
(CXXXIII) from 1-aryl-l-alkylbiguanides (see preceding Section), which 
cannot proceed by way of an aryl-dihydrotriazine, bears out this con- 
clusion. 

The condensation of acetone and 1,2-diarylbiguanides bearing 
identical substituents yields the same alkali-stable product (CXXXVI) 
under both acidic and basic conditions (95). 

4. Tri- and Higher Substituted Biguanides 

6-Amino-l-p-chlorophenyl-4-dimethylamino-l,2-dihydro-2,2-dimethyl-s- 
triazine (CXXXVII) was obtained from acetone and 1-p-chlorophenyl- 
5,5-dimethylbiguanide under acid conditions, and was isomerised by 
alkali to 6-p-chloroanilino-4-dimethylamino-l,2-dihydro-2,2-dimethyl- 
s-triazine (CXXXVIII), which also arose directly under basic conditions 
(95). Piperidine was found useful in promoting an analogous condensation 
(534). 

~<N C-NMe~ ~>< IN'Cell4 CI H " 
HzN, C-N 

Me Me Me Me II 
NH 

(CXXXVII) (CXXXVIII) (CXXXIX) 

C1C6H4NH-~N~NI-IMe 
NMe 

Me~XMe 

(CXL) 

Acetone failed to react with 1,2,2-trisubstituted biguanides (speci- 
fically with compound CXXXIX), both in acidic and basic media. Al- 
though no reaction would be expected in this case in a basic environment, 
the failure under acidic conditions is unexpected. 

No reaction occurred with 1,4,5-trisubstituted biguanides (e.g. 1-p- 
chlorophenyl-4,5-dimethylbiguanide) and acetone in basic media. 
Prolonged action under acid conditions gave small amounts of a picrate 
which appeared to correspond to the triazine (CXL). 
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1-p-Chlorophenyl-2,4,5-trimethylbiguanide failed to react both in 
acidic and basic media. In view of the results of the preceding example, 
however, this is not surprising. 

Summary 

Several of the above results were arrived at independently by Modest 
and Levene (443) in their work on the active metabolite of Paludrine. 
They confirmed the formation of aryldihydrotriazines from 1-aryl-1- 
methyl- and 1-aryl-4,5-dimethylbiguanides; they also extended the 
synthesis to 1-aryl-5-methyl- and 1-aryl-f,5-dimethylbiguanides. Addi- 
tional confirmatory results were provided by  the independent researches 
of Loo (397) who has proposed a mechanism for the base-catalysed iso- 
merisation of the aryldihydrotriazines of type CXXVII. 

The reaction is best  carried out  in the  appropriate  anhydrous  aldehyde or 
ketone, which thus  functions as reac tan t  and solvent, or in ethanol,  in  the  presence 
ot an op t imum of 1.5 equivalents of strong acid per  equivalent  of arylbiguanide 
(base). Ace~c acid as a ca ta lys t  produces, anomalously, the  "base-cata lysed"  
anilino-triazines (126, 443). The reaction t ime varies from one hour  to two weeks. 
The rates diminish in the  following order:  

Aliphatic Aldehydes > Aromatic Aldehydes :> Ketones 
Aldehydes are generally suitable, excepting highly reactive examples such as 
formaldehyde which may  undergo co-polymerisation with the  arylbiguanide in 
preference to dihydrotriazine-formation.  

a) Ketones 

The ease with which ketones participate in this synthesis is comparable 
with their power of forming bisulphite-addition products. Thus, the 
reaction goes to completion with acetone, cyclopentanone and cyclo- 
hexanone, but is progressively inhibited with higher aliphatic ketones in 
which the larger adjacent groups exert an increasingly effective steric 
hindrance on the carbonyl-group. Methyl ethyl ketone behaves anoma- 
lously, leaving some unreacted biguanide. Aryl ketones (131,443) fail to 
react. 

Table 9. Interaction of substituted biguanides with acetone 

1-Aryl-5-methylbiguanide -b acetone ~ dihydrotriazine 
1-Aryl-S,S-dimethylbiguanide q- acetone 1, dlhydrotriazine 

1-Aryl-l-methylbiguanide-bacetone ~ dlhydrotriazine 
l-Aryl-4,5-dimethylbiguanide-~ acetone ,~, ~ dihydrotriazhm 

The results summarised in Table 9 suggest that the presence of one 
hydrogen atom at each of the terminal nitrogen atoms of the aryl- 
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biguanide is essential to the success of this synthesis. The reaction is thus 
a condensation of the Mannich-type, involving the hydrogen atoms at 
N 1 and N 4 of the arylbiguanide, and the oxygen grouping of the carbonyl 
reagent. 

A particularly interesting example is the fusion of cyclohexanone (20) 
with biguanide at 140 ~ which is reported to yield the spirane 2-cyclo- 
hexylguanamine (CXLII) by cyclisation of the intermediate (CXLI) 
involving a proton shift: 

%0 + H2N" C'NH" C'NH2 
II II 
NH NH 

HN~ INH2 

. ~ ~ N~NHz 
~NIC~NH N~-~,-N" 

NH 2 

(CXLI) (CXLII) 

The experimental procedure using biguanides generated in situ from 
arytamines and cyanoguanidine, which was briefly mentioned by 
Carrington et al. (95) has been studied in greater detail by Modest (441) 
(see also ref. 417). This variation of the general synthesis has been fairly 
widely used in the production of dihydrotriazines (34, 156, 555, 574). 

Studies have recently become available concerning the kinetics and 
mechanism of the isomerisation, in dilute aqueous solution, of dihydro- 
tfiazines of this type (e.g. 4,6-diamino-l-(3,5-dichlorophenyl)-l,2- 
dihydro-2,2-dimethyl-l,3,5-triazine), and of their degradation to substitu- 
ted biguanides (683). 

b) Aldehydes 

Relatively few examples of the use of aldehydes in this general reaction 
have been investigated. Phenytbi~aanide reacts with benzaldekyde 
under acid conditions to yield the dihydrotfiazine (CXLIII) (95) (see also 
ref. 493). 

Ph 
PhNH" C" NH" C. NH~ + Ph- CHO -~ H2N~N~ph 

NH NH NH 2 

(CXLIII) 

Other aromatic aldehydes and ~-phenylalkyl aldehydes react analo- 
gously (27). Chloral gives a complex reaction mixture (485), from which 
6-phenylguanamine (11%) was isolated, p-Biguanidophenylarsonic acid 
is said (408) to add one mole of formaldehyde, but the structure of the 
addition product was not specified. 
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3. Miscellaneous Keto-Compounds 

(1-p-Arsonophenyl)biguanide fails to react with ethyl acetoacetate, but 
condenses with acetylacetone with loss of two moles of water, to give the 
appropriate pyrimidine (CXLIV) exclusively. The reaction is of general 
applicability (417, 590), affording for example, 2-(4-carboxyphenyl- 
guanidino)-4,6-dimethylpyrimidine from 4-biguanidobenzoic acid. 

~H3 

H2~ OC'cl v~ -- N gHs 

As OsH,. CsH,-NH. C. NH/C~NH6/CbHs As OsH,. C,H,.NH. C.NH~N~CHs 
II II 
Nil NH 

(CXLIV) 

N-~r-N-'N 
A.J ' PhNI-I- C-NH ~IN f" Ph 

II 
NH 

(CXLV) 

Phenyiazo-diketones (547) and dia/dehydes (423) 
CH(CHO)~] similarly yield 3-phenylazopyrimidine 
CXLV). 

[e.g. PhN=N 
derivatives (e.g. 

c) Chdidonic Acids 

The pronounced reactivity of biguanides is illustrated by their inter- 
action with S-phenylchelidonic acid (466) (CXLVI) which proceeds 
readily in good yields in boiling ethanol: the keto group, the carboxyl 
groups and the phone  oxygen (of CXLVI) all participate in this reaction, 
giving rise to CXLVn (R = aryl(or alkyl)biguanidyl). 

O iXra ~ Ph 4 RNH z ~ P h  
�9 m 

HOOC COOH RNHCO CONHR 
H 

(CXLVI) (CXLVlI) 

The same product is obtained from S-phenylchelidamic acid, the 
pyrone oxygen of which is already substituted by imino-nitrogen, only 
three molecules of biguanide being required for the formation of the 
final product (CXLVn). Similar reactions occur (464) with the parent 
chelidonic acid and with 7-pyrone. 
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K. Reactions with Cyanamides and Carbod//mides 

The condensation of biguanide and cyanamide (which, in its diimino- 
form, may be regarded as the parent compound of carbodiimides (373)) 
has apparently not been studied. The patent literature (85, 709) describes 
the manufacture of melamine by heating mixtures of biguanide or 
guanidine or their salts with cyanamide or dicyandiamide to 140--240 ~ 
but since each of these compounds alone yields melamine under these 
conditions, the course of these reactions is not clear. The only valid 
example appears to be the condensation of p-chlorophenylcyanamide and 
p-chlorophenylbiguanide to 2,4-di(p-chlorophenyl)melamine (304). 

The reaction between biguanides and carbodiimides in dimethyl- 
formamide provides a general route to substituted melamines (375). 
Thus, biguanide or its 1-mono- or 1,2-disubstituted homologues afford, 
respectively, satisfactory yields of mono- or 2,4-disubstituted melamines 
(CXLVIII) or 1,2,6-trisubstituted isomelamines (CXLIX). In each case, 
the reaction probably involves primary addition of the reactants, 
followed by the cyclisation of the resulting intermediate labile triguanide, 
with loss of amine (375): 

R'NH.C.NH.C.NHs -]- RN=C R'NH.C.NH.C.NH.C.NHR 

n II il ~ U il If 
NH NH NR NH NH NR 

RNH.C.NH-C.NHs+ RN=C RNH.C.NH.C-NH.C.NHR 

il 11 II ~ i} li II 
NR NH NR NR NH NR 

~ . , .  R'NH.,~N~NHR~[~ [ 

-ItN~2 N~,-N 
NH2 

(CXLVIII) 

-Rt~Itt ~ HN',~NH 
NH 

(CXLIX) 

L. Reactions with Isocyanate and Isothiocyanate Esters 

The interaction of biguanide (CL) and isothiocyanate esters in dimethyl- 
formamide Under mild conditions (376) gives excellent yields of 1-sub- 
stituted hexahydro-4,6-di-imino-s-triazine-2-thiones (CLII), together 
with small quantities of thioammeline (CLIII) and monosubstituted 
melamines (CLIV). Under more severe conditions, the latter (CLIV) 
become the main products. The production of these triazines is explained 
by a mechanism involving the primary formation of addition products 
(CLI), followed by their cyclisation with loss of either ammonia, hydrogen 
sulphide, or primary amine (376). 

By an analogous mechanism, 1-phenylbiguanide (CLV) ~elds the 
corresponding more highly substituted melamines (mostly CLVII, some 
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RNCS + H2N-C.NH.C.NH2 
II II 
NH Nil 

(CL) 

H 
S,~[,N,,~NH 

HN~NH 
NH 

(CLIII) 

RNCS + H2N-C.NH.C-IVHPh 

NH NH 

(CLV) 

Ph 
RN~N.~NPh 

m~yNH 
NtI 

-RNHa 

~NH.C.NH.C.NH.C.NH2] -NH s 

' l II I I  II "1 ' 
L s NH NH j 

t -~:s l(cu ) 

Ph H 
HN~N.~NR RN~N~NH 

HN~HNH RNE~NH~ 

I (CLVn) (CLIV) 

-H2S 
~NH. C.NH. C.NH- C-NHI:'h] 

' | II 11 II | 
L s NH NH 

(CLVl) 

[RNH-C-NH-C-NH-C.N~] 
l II II II 1 
L s NPh NH j 

R 

HN-.~NH 

NH (CLII) 

H PhN~'NTNa 
HN.~NH 

NH 

I (eL 

RNH. ONH" C.NH. C.N 
II II II 
iN-H Nil NH 

(CLXn) 

R sTN-~NH 
m,TyNH 

NPh 
(CLXl) (CLIX) (CLX) 

CLVIII), or thioammelines, depending on the reaction conditions; the 
available evidence suggests that the latter are 1-substituted hexahydro- 
6-imino-4-phenylimino-s-triazine-2-thiones (CLX) (377, 378). Finally, 
1,2-diphenylbiguanide produces, by the general reaction, 6-substituted 
1,2-diphenylisomelamines (CLXI) exclusively, hydrogen sulphide being 
e/iminated preferentially from the more highly substituted primary 
adducts (377). 

The postulated non-cyclic intermediates (CLI, CLVI) appear gener- 
ally to be too labile to be isolated and characterised (376, 377) (see also 
ref. 647). Claims (297, 557, 58;) of the successful preparation of com- 
pounds of this structure (e. g. CLVI, R = Ph) (297) have so far not been 
substantiated (377). Their alleged conversion (297, 557) into triguanides 
(CLXII) by ammonolysis must therefore also be regarded as unconfirmed 
(see also Section III K). 

The condensation of isocyanate esters with diguanides proceeds in an 
entirely comparable manner, providing a corresponding series of s-triazin- 
2-ones (i. e. substituted ammelines) (378). However, since loss of water 
from carbamoyl-intermediates [e.g. RNHCONH.C(: NH)NH.C(:  NH) 
-NH~] occurs much less readily than loss of hydrogen sulphide from their 
thiocarbamoyl-analogues, melamines are not formed in this reaction 
(378). The production of adducts from phenyl isocyanate aud tetra-, 
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penta-, or hexamethylbiguanide in dry benzene has been described (211, 
212). These phenylcarbamoyl-adducts have a catalytic effect on urethane- 
formation from phenyl isocyanate and alcohols (211). 

M. Reaction with Diazonium Salts 

Isopropylbiguanide reacts additively with p-chlorophenyldiazonium 
chloride (577) in the expected manner: 

p-CICsH4" N----N. C1 + H2N. C. NH. C. NHPr I 

II I{ 
NH N H  

, p-C1C6H4N=N. N H .  C. N H .  C. NHPr i  

H U 
N H  N H  

The resulting 1-(p-chlorophenylazo)-5-isopropylbiguanide is cleaved by 
hydrochloric acid to p-chlorophenot and 1-isopropylbiguanide. Similar 
observations concerning the reaction of diazonium salts with biguanides 
have appeared in the patent literature (403). 

N. Halogenation 

The halogenation of 1-arylbiguanides has been studied by Curd, Rose and 
co-workers (134, 135). On treatment of the base or its hydrochloride in 
acetic or concentrated sulphuric acid with the calculated quantity of 
chlorine, bromine or iodine chloride, the biguanide-moeity is not affected: 
halogenation occurs in the aromatic ring, and obeys the usual rules of 
aromatic substitution (134, 135). The introduction of alkyl groups (at 
N z and N 4 in the biguanide structure) has little effect on the course of 
hatogenation (134). 

A later patent (307) has claimed the successful chlorination of bi- 
guanides in positions N z and N ~, preferably using 1,5-di- or tetra- 
substituted biguanides. The reaction is performed by adding the bi- 
guanide to aqueous hypochlorous acid (preferably in 10--15% excess). 
Two chlorine atoms are successively introduced, the first at 0--10 ~ and 
the second at higher temperatures (not exceeding 30~ although some 
dichlorination tends to occur at lower temperatures. 

O. Reactions with Boron Compounds 

Biguanide reacts with arninoboranes and boron acids to give heterocyclic 
compounds (diaza-azonia-boronides) containing tetravalent boron (436). 
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Bis(dimethylamino)phenylborane in hot pyridine, for example, yields 
dimethylamine and a polymeric form (CLXIV) of the expected hetero- 
cycle (CLXIII). 

H2N'C- Nil. C -NH 2 H2N j(N,~ NH 2 H I' 1, I ?N~ [~ N"~N"v'NH' r '~" N"'NH2 ] /  

Ph Me2N. B.,NMe 2 ~  / P h "  ~'N P h "  "N" I 
L H H Jx 

I 
Ph (CLXlII) (CLXIV) 

HN" "NH+ +HN.]~NIi HN.~.NH 
H2N~N~NHz Ph I "Ph R ~" "OH 

(CLXV) (CLXVl) (CLXVII) 

Tris(dimethylamino)borane similarly fails to yield a trivalent boron 
heterocycle, but gives the spiro-compound (CLXV). A monocyclic 
system of type (CLXVI) does arise from diethylaminodiphenylborane, 
and of type (CLXVII) from phenylboronic acid and its analogues (436). 

P. Miscellaneous Addition Reactions 

1. Reaction with Ethylene Sulphide and Ethylene Oxide 

According to the patent literature (446, 447), biguanide reacts additively 
with boiling ethylene sulphide (employed in two molar excess) to yield 
mercaptoethylbiguanide (CLXVIn; X = S). 

HsN.C.NH.C.NHa+CH2--CHs ,HzN.C-NH.C.NH.CH2CHzXH 
, \ / R II 

NH NH X NH NH 

(CLXVlII) 

H2N N,~ NHPh 

CH2CHzOEt 

(CLXkX) 

Similar reports (290) refer to adducts (presumably of the same type, 
CLXVnI; X =  O) between biguanides of high molecular weight and 
alkylene oxides. 
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2. Complex Formation with Guanamines 

The interaction of phenylbiguanide and ethyl ~-ethoxypropionate in the 
presence of sodium methoxide yields a readily dissociable molecular 
complex of the expected guanamine and phenylbiguanide (4.86) (CLXIX). 
Aqueous picric acid cleaves the complex into the picrates of its constitu- 
ents. However, the complex is not formed from the pre-formed 2-~- 
ethoxyethyl-6-phenylguanamine (or its methyl analogue) and phenyl- 
biguanide in methanol or acetonitrile, and its nature is not completely 
understood (see also ref. 605), 

3. Adducts with ,r ~-Unsaturated Compounds 

Hexamethylbiguanide (CLXIX) reacts additively in acetonitrile with 
,r compounds activated by an electron-withdrawing group 
(e.g. with vinyl cyanide) to yield saturated adducts (CLXX). By a 
suitable choice of reagents, adducts bearing substituents other than the 
nitrile group (e.g. carbamoyl, carbalkoxy) are accessible (213) : 

CHs:CH'CN Me2N. C . N = c ~ N M e  2 Me2N'C" N--C.NMe2 
}} I }[ NMe2 
NH NMe2 IqCH 9.CH2CN 

(CLXIX) (CLXX) 

Q. P romot ing  Influence of Biguanide  on Other  Reactions 

The reactions of acetylene, including its polymerisation, that occur in 
the presence of cupric chloride solution have been studied (670) in the 
(additional) presence of biguanide dihydrochloride. This solution has the 
unique property of promoting the formation of acetic acid from acetylene. 

VIII. Estimation of Biguarddes 

Since biguanides are of outstanding medicinal importance (see Section 
IX), several methods have been devised for their estimation both in the 
pure state, and in body fluids (e. g. blood, urine, etc.). The use of picro- 
lonic acid in identifying drugs of basic character, including biguanides, 
has been described (759). 

Paludrine in bulk may be estimated by titration with percMoric 
acid in glacial acetic acid (653), or gravimetrically as its copper complex 
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(653), or Reineckate (645). The copper complex method is applicable (228) 
to estimating small amounts (5--100 mg. per litre)of biguanides; if the 
copper complex is soluble in a hydrocarbon solvent, a colorimetric 
technique may replace the gravimetric method (355, 648). The nickel 
complex may be similarly used (355, 6,t8) both gravimetricalJy and 
colorimetrically. 

One of the earliest methods of estimating Paludrine and related 
compounds in blood was their pressure hydrolysis (652, 653) to the amine 
followed by diazotisation, coupling, and colorimetric estimation of the 
resulting dye. Other colorimetric estimations of Paludrine utilise its 
reaction with eosin (48) or bromothymol blue (360), or a modified 
Sakaguchi reaction involving potassium hypobromite and isopropanol 
(~-naphthol being unnecessary) (487). Several qualitative tests which rely 
on the shape of crystals formed by Paludrine and related compounds with 
certain reagents have been given (111). 

~-Phenethylbiguanide may be estimated by a colorimetric method in- 
volving ~-naphthol, diacetyl propanol and sodium hydroxide (218, 610) 
which allows the detection and estimation of 5• 10-6g. of the compound 
(218). 

1,1-Dimethylbiguanide may be estimated by colorimetric procedures 
based on its reaction with diacetyl in presence of ~-naphthol (618), or a 
modified Sakaguchi (343, 508) and other (46) reactions. 

A procedure for estimating hexamethylene 1,6-bis[1-(5-p-chloro- 
phenyl)biguanide] ("chlorohexidine') in the presence of anesthesine in 
tablets has been described (617). NI,N1Anhydro[bis(~-hydroxyethyl)]- 
biguanide (616) and other biguanides (137) have been determined by 
spectrophotometric (137, 616) (including infra-red (563)) techniques. 
Chromatographic procedures have also been described (26, 449, d67). 

Biguanide sulphate has been proposed (525) as a primary standard in 
acidimetry. It has the advantage that it is cheaper and more stable than 
some other primary reagents. 

IX. Medical Uses of Biguanides and Dibiguanides 

A. Biguanides 

Biguanides have been used for a variety of purposes in medical practice 
but their clinical importance is undoubtedly dominated by their valu- 
able antimalarial and oral hypoglycemic properties. These functions have 
been closely studied in an effort to gain an understanding of the mode of 
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action of these compounds. The present review, dealing primarily with 
the chemistry of biguanides, cannot attempt to provide more than the 
briefest outline of the voluminous literature concerned with the medical 
uses of biguanides, but an effort has been made to list all relevant 
references given in Chemical Abstracts. 

1. Antimalarial Properties 

Several excellent accounts have described the need which arose in World 
War II for new antimalarial drugs, and the chemical reasoning which led 
to the synthesis of Paludrine (1-p-chlorophenyl-5-isopropylbiguanide) 
(1d2, ld6, 5d5). Curd, Davey and Rose (ld2) found that both Paludrine 
and its 5-methyl-homologue showed antimalarial activity in chicks and 
birds; clinical trials demonstrated their activity in man. Paludrine pres- 
ently proved (2) to be of considerable therapeutic value in the prevention 
and cure of acute human malaria (415). Animal experiments (ducks) 
indicated (178, 421) that Paludrine was most effectively administered 
in the diet in order to maintain a suitable concentration in the blood. 

In view of the remarkable activity and non-toxicity of Paludrine as 
an antimalarial, surpassing the previously used drugs quinine, Mepacrine 
and Pamaquine, its mode of action and pharmacology attracted con- 
siderable interest. Immediately following its discovery, studies concerning 
its toxicity (89, 103), absorption, distribution and excretion in animals 
(651) and man (2) and those of its 5-methyl homologue (654) were carried 
out. It was soon recognised (65, 751) and confirmed (63, 66) that malarial 
parasites are able to acquire resistance (54, 340) to both Paludrine and 
its 5-methyl analogue. 

In studies aiming to elucidate the mode of action of this drug, a 
significant observation (67) was the fact that Paludrine and its 3-methyl 
homologue showed antimalarial in vivo activity (67, 716), but that both 
these compounds were inactive against malaria-infected cells in vitro 
(716). This suggested that Paludrine itself is inactive, but that it is 
converted into an active metabolite in the body. Efforts (d22) to ascertain 
the mode of action of Paludrine led to Crowther and Levi's (136) isolation 
of its active metabolite which proved to be 4,6-diamino-l-p-chlorophenyl- 
1,2-dihydro-2,2-dimethyl-l,3,5-triazine; a detailed account of the purely 
chemical work which led to the assignment of this structure is available 
(95). The metabolites, though highly active, are less useful antimalarials 
than their parent compounds (541) because of their rapid excretion from 
the organism. 

The mode of action (561) of both Paludrine and its active metabolite, 
and their interconversion (627) have been studied, as well as those of 
several of their analogues (33, 72, 232, 526, 540, 561,621). 
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A method of estimating the degree of protection from malaria in man 
has been described (168) and most aspects of malaria, including the 
chemotherapeutic action of Paludrine, have been reviewed (70, 233, 285, 
398). 

In view of the exceptional medical interest of Paludrine, the range of 
studies on its pharmacological and physiological behaviour has been very 
extensive (4, 18, 21, 71, 103, 114, 169, 170, 215, 329, 330, 341,348, 431, 
507, 523, 575, 592, 620, 658, 695, 755, 761). 

It has been claimed (635) that the copper complex of Paludrine has 
antirheumatic and antiqnflammatory properties, and that Paludrine 
possesses (431) diuretic activity. 

2. Oral Hypoglycemic Properties 

As early as 1929 biguanides had been recognised by Slotta and Tschesche 
(626) to possess orat hypoglycemic properties. Later investigators dis- 
cussed the use of alkylenebiguanides as insulin-substitutes (284), reported 
a slight hypoglycemic activity of Paludrine (103) and 1,I-dimethyl- 
biguanide hydrochloride (232) and examined the toxicity and glycemic 
action of aryl- and alkylbiguanides (732). However, none of these com- 
pounds proved successful in the treatment of diabetes. 

The first product useful in this respect, reported by Ungar, Freedman 
and Shapiro (726), was ~-phenethylbiguanide, which proved highly 
active as an oral hypoglycemic agent for many species and showed a 
curative action in human diabetes. A clinical evaluation (36`1) of its 
antidiabetic properties followed rapidly. The pharmacology of the drug 
has been studied in great detail (23, 29, 39, 49, 55, 69, 90, 12,t, 182, 328, 
366, ̀ 125, 434, 472, 483, 492, 494, 495, 499, 506, 514, 623, 640, 641, 659, 
665, 678, 726, 733, 734, 738, 748--750, 756) and its toxicity measured 
(500). Reviews on its use as an antidiabetic drug are available (125, 197, 
191, 363, 364, 429, 430, 715). A selection of references dealing with 
biological and physiological aspects of the behaviour of ~-phenethyl- 
biguanide are given in Table 10. 

Table 10. Biologiaal and Physiological studies with fl-phenethylbiguanide 

Studies referring to References 

Carbohydrate  Metabolism 

Prote in  Metabolism 
F a t  Metabolism 
Steroid Metabolism 
Clinical Aspects 
Side Effects 
Other Aspects 

(53, 283, 330, 4o2, 468, 469, 470, 320, 692, 722, 
727, 744, 747) 
(289, ,to2, 7403 
(80, 182, t83, 39e) 
(47, 164, 406, d74) 
(it, 163, 337. 639) 
(159, 38t, 499, 678) 
(1, 77, 205, 280, 326, 366, ,t13, 450, 551, 611,663) 
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Other Hypoglycemic Biguanides 

Amongst other biguanides of potential antidiabetic interest, 1-butyl- 
biguanide and 1,1-dimethylbiguanide are the most important. 

1-Butflbiguanide. The hypoglycemic activities of biguanide-homol- 
ogues vary from species to species (388, 640). The usefulness of butyl- 
biguanide as an antidiabetic agent is well-established, and numerous 
pharmacological studies have dealt with this and related properties 
(123, 72d, 174, 33d, 388, 389, 390, 480, 481, 514, 640, 641). 

High dosage (51J) of butylbiguanide, even seventy times (279) the 
therapeutic dose, did not produce any pathological changes in animals. 

1,1-Dimethylbiguanide. Numerous studies have demonstrated the 
antidiabetic properties of 1,1-dimethylbiguanide (28, 76, 232, 6dl, 660) 
and its pharmacology has attracted much attention (28, 76, 116, 196, 
232, 479, 480, 641, 660, 674, 719). A favourable report on five years' 
experience in the use of this drug has appealed (662). 

Other Examples. Good antidiabetic properties have been claimed (594) 
for compounds of the type RR'N.C( : NH)NHC( : NH)NH~ where 

(a) R = Alkyl of four or five carbon atoms; R'-----H 

(b) R=AryI(CHo)n" ( n = l  or 2); R ' = H  

(c) R = Benzyl; R' = Methyl. 

This group of compounds is further reported (595) to be helpful in the 
treatment of mental diseases, especially schizophrenia. Other biguanides 
that have been examined for their antidiabetic potency are benzyl- 
biguanide (334, 494, 495), ~-phenethylbiguanide (49d, 495) and amyl- 
and isoamyl-biguanide (7,19). The hypoglycemic activity and toxicity of 
a wide range of biguanides has been recorded (496, 604) and an attempt 
made to correlate their structures and activity (496). The effectiveness 
of copper complexes of biguanides as hypoglycemic agents has been 
considered (506). 

3. Tumor-Inhibiting Properties 

Phenanthrenebiguanides possess (384) some activity against cancer. The 
effect of biguanides on plasma protein surface has been investigated (294, 
610) with a view to the possibility of finding anti-tumor agents. Aryl- 
and naphthyl-biguanides exhibit (625) a slight anti-neoplastic activity 
in vitro in Ehrlich ascites carcinoma. 
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4. Antibacterial Action 

An exceptionally wide range of biguanides are reported to be bactericides. 
In one investigation 242 mono- to tetra-substituted biguanides were 
tested in vitro (509) for antibacterial and antimycotic activity, and over 
50% were effective. On the other hand, only one of a large number of 
arylbiguanides tested for bactericidal action was found (224) to be 
markedly active. Bactericidal biguanide derivatives are listed in Table 11. 
The action of a number of biguanides on Skigella flexnem bacteriophages 
has been investigated (387). 

5. Tuberculostatic Action 

4-Amino-4'-biguanidodiphenyl sulphone and 4,4'-diguanidophenyl suI- 
phone have no antitubercular activity (736), but  the hydrochlorides of 
2-naphthylbiguanide (731), (p-nitrophenyl) biguanide (TM) and 8-quinolyl- 
biguanide (731) have some antitubercular activity in vitro, as have bi- 
guanidodiphenyI (160) and derivatives of biguanidodiphenyl ether (333). 

6. Anti-Virial Properties 

1,1-Dimethylbiguanide has been said (232) to be analgesic, antipyretic, 
non-toxic and possibly of value as an anti-influenza drug, but  its anti- 
pyretic properties have not been confirmed (675) The compound inhibits 
the course of cowpox, influenza A, pneumonia and measles (676). 

Table 11. Bactericidal biguanides 

Compound Reference 

1-Acridyl-5-arylbiguanide (154) 
Alkoxybiguanides (,t18, 512) 
Aryl(alk) oxybiguanides (418) 
p-Biguanidoacetophenone amidinohydrazone and analogues (108) 
Biguanidodiphenyl ether derivatives (333) 
Biguanido-substituted Diphenylene Oxides (515) 
1 -p-Chlorophenyl-5-methyl-5-isopropylbiguanide (224) 
1,5-Bis(3,4-dichlorobenzyl)biguanide hydrochloride (316, 741) 
l-p-Chlorophenyl-5-phenylsulphonamido-2-thiazole- 

higuanide hydrochloride (463) 
1 -p-Chlorophenyl-S-p-sulphonamidophenylbiguartlde (463) 
1,5-Dibenzylbigu anides (231) 
Diphenylbiguanides (I07) 
Dinitrophenol salts of Arylbiguanides (309) 
Lauroxylpropylbigu anides (219. 220) 
Long-chain Aliphatic Biguanides (516) 
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Table 11 (continued) 

Compound Reference 

Methoxyphenylbiguanides (646) 
Paludrine acetate  (220) 
~-Phenethylbiguanide (342, 375, 522, 680, 742) 
Piperazinylbigu anides (339) 
5-Quinolylbiguanides (622) 

The salts of heterylblguanides are generally active (8) against viruses, 
and are of unusually low toxicity. They appear to be useful against 
influenza, herpes zoster, smallpox, Newcastle disease and canine dis- 
temper. Xylylbiguanides are also active (112) against influenza, and 
isopropylbiguanide hydrochloride inhibits Lee influenza virus in chick 
embryos (740). 

1,1-Anhydrobis(~-hydroxyethyl)biguanide hydrochloride is an influ- 
enza suppressant in mice (432). Butylbiguanide and hexylbiguanide have 
some inhibitory action on viruses (226), as have biguanidodiphenyl ether 
derivatives (333). The anti-virial activity of some additional aryl- and 
alkylbiguanides has been examined in vitro (334). 

B. Dibiguanides 

Dibiguanides are active against trypanosomiasis (318). Dibiguanides 
of the type 

Aryl-NH �9 C- N H "  C,  N i t .  (CH2) n- N H -  C- N H .  C- NH-Aryl  

II II II II 
N H  NH N H  N H  

(n~3  to 9) are bactericides (550), having maximum activity when 
n = 5 to 7 (549, 550). 

A wide range of dibiguanides have been synthesised (707, 157, 587) as 
bactericides, fungicides and sterilising agents (550). The most effective of 
these is (171) 1,6-di-p-chlorophenylbiguanidohexane ("Hibitan"), having 
a high bactericidal activity (22, 171, 414, 573) and wide potential appli- 
cations (312, 324, 351, d01, 438, 459, 588, 607). 

X. Additional Physiological Properties 

The greater part of the researches dealing with physiological and pharma- 
cological aspects of biguanides have been cited in Section IX dealing 
with their medical uses: this discussion was therefore concerned mostly 
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with Paludrine, ~-phenethylbiguanide, and related compounds. Physio- 
logical, pharmacological and allied investigations on additional biguanide 
derivatives are tabulated in the present Section (see Table 12). 

Table 12. Physiological and pharmacological pvoperties of biguanides 

Compound Reference 

Biguanide 
Biguanide, Penicillin Salt 
Phenylbiguanide 

o-Tolylbiguanide 
p-Chlorophenylbiguanide 
Arylblguanides 
1 -Axyl- 5 -alkylbigu anid es 
Quinazolylbiguanide (labelled) 
Miscellaneous biguanides 

(505, os7. 720) 
(739) 
(40, 88, 176, 186, 223, 319, 
407, 431 460, 490, 491, 737) 
(96. 311, 577) 
(229) 
(175, 535, 591) 
(775) 
U lS) 
(542, 553, 661, 746) 

XI. Industrial and other Uses 

A large number  of publications, many  of them in the patent  literature, 
have described actual and potential  uses of biguanides for a var ie ty  of 
purposes. They are collected in Table 13, and are classified according to 
the area of usefulness to which they refer. 

Table 13. Industrial uses of biguanides 

Application Reference 

Adhesives 
Anticorrosion Agents 
Antistaining Agents 
Antistatic Agents 
Detergents 
Dyeing, Use of Biguanides 
Dyeing, Use of Biguanide-Condensation 

Products 

Dyeing, Use of Acylbiguanides and 
Sulphonated Biguanides 

Floating Agents (Ore-Dressing) 
Hair-Dressing 
Insecticides and Fungicides 

(036) 
(lo,t, 118, 317, 331, 691) 
(315) 
(93. 94, 451. 452. 579) 
(04. 270, 752) 
(98, 199, 255, 309, 367. 393, 394, 395, 4o9) 
(50, 75, 82, 83, 207, 209, 230, 240, 399, 
41o. so4, 564. 5as. 560, 5e7. 568. 637, 667, 
692) 
(13, 53, 54, 172, 234, 235, 238, 243, 244, 
245, 247, 251, 253, 254, 257, 208, 275) 
(13, 172) 
(7o2) 
(o, ez, 309, 550, o2s, 7o3) 
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Table 13 (continued) 

Application Reference 

Intermediates 
Ion Exchange Resins 
Leather and Tanning 
Moth Repellents 
Paper 
Photography 

Plant Disinfectants 
Plastics 
Preservatives 
Resins 
Rubber 
Soldering Flux 
Solubilising Agent 
Stabilisers and Antoxidants: 

a) Fats and Soaps 
b) Polymers 
c) Other Compounds 

Surface Active Agents 

Textiles: 
a) Biguanides 

b) Condensation Products of 
Biguanides 

(346, 707) 
(12, 344, o79, 718) 
(290, 447, 458, 462, 717) 
(448, 550) 
(290, 320, 321) 
(102, 105, 179, 189, 192, 349, 433, 560, 
579. 6241, 655) 
(201, 273, 274. 550) 
(91, 84, 162, 153, 172, 713) 
(571) 
(20, 214, 216, 447, 619) 
(87, 359. 382, 447, 499, 543, 559, 725) 
(so3) 
(386) 

(119, 120, 121, 210, 358, 760) 
(tso, 310) 
(92, 787, 299, 308, 358, 40a, 4o4, 4o5. 530. 
570. 655) 
(53, 54, 234, 235. 246, 257, 258, 259, 260, 
265, 269, 270, 271. 272, 276, 516. 637) 

(54, 181, 198, 230, 241, 242, 248, 249, 250, 
277, 290, 320. 385, 664, 743) 
(252, 256, 260, 262, 263, 264, 265, 267, 
270. 275, 286, 400, 448, 478, 637) 
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