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COMPLETE SPECIFI CATION
Biguanide 'Compositions

“We, U.S. ViTAMIN CORPORATION, a cor-
poration organized and existing under the
laws of the State of Delaware, United States
of America, located at 250 East 43rd Street,
New York 17, State of New York, United

vention, for which we pray that a patent may
-granted to us,. and the method by which

‘scribed in and by the following statement: —

This invention relates to a composition of
matter and a manner for utilization thereof.
More particularly it pertains to a composition
which contains as the essential constituent &
biguanide derivative and indicafes correlated
improvements and discoveries whereby a
composition is provided which has the pro-
perty of lowering blood sugar.

For many years the appropriate .treatment

mellitus has been through the use of injectible
insulin, This method has been most satisfac-
tory and has indeed prolonged the lives and.
sustained the good health of hundreds of
thousands of diabetics.

tain reservations. Since 'the diabetic condi-
tion is a chronic one, it requxres constant and,
.ordinarily, daily ipjeettdn of insulin. It has

make his own m]ecmons and thus introduce
the hazards of improper measurements and
non-aseptic m]ectlon techniques.
now available is subject to deterioration on
standing, and unless . properly refrigerated,
will lose its potency.

i [Pr:ce s, 64 ]

_sulin) are frequently utxhzed and nnproper
‘resuspension of these insulins tesults in more

- of a varying suspended insulin.
States of America, do hereby declare the in~

it is to be performed, t6~be particularly. de-_

.tional injections.

- volves difficulties concerned with the patient’s

of the hyperglycemia associated with diabetes -

The use of injectible
insulin has associated with it, however, cer- .

been the practice to permit the patient to
"that attend the use “of insulin,

Insulin as = -
- rapidly and effectively lower blood sugar S

An addmonal hazard'
associated .with the use of insulin is that in -
i . the achievement of desxrably long-acting m-
sulins, suspensions of active msulm (NPH in- -

or less than the indicated dosage being ad-
ministered and measured as a volumetric dose -

There is also associated with the use of
insulin the factor .that the physical and
emotional stress of day to day existence will
require additional quantities of insulin. This
entails“d4n estimate by the physician or the
patient of his forthcommg stress, or addi-
Additional factors asso- .
ciated with the use of insulin are that it in-

economic, psychological and mental levels
which make proper therapy difficult using .in-
sulin injection. Insulin therapy by injection

‘is also associated with great inconvenience for
‘those individuals who are not at home and - N
are confronted with the problem of aseptic .~ .~
injections of an m;ectlble requiring constant’ 60
. refrigeration. S

These objections could be overcome by an

" oral therapy which would lower blood sugar

levels, and which would be in the form of tab-

lets containing a stated quantity of an actives "65
- stable ingredient, ;

It is the principal object of the invention to

'._prov1de a hypoglycemic composition which

obviates the above - mentioned dlsadvantages ——

70
It is an ob]ect of the invention to provxde

a composition which upon oral ingestion will

levels for sustained periods.

o

It is a further ob;ect of the invention to 75 ..

'..prov1de a composition which can be readily, -

effectively and economically prepared. and

'accurauely measured, and wl'nch can. be ad-.
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_ the invention have the followmg gcleral struc-

/( in which R1 is a stralght chain saturated alkyl
40 group containing 4 or 5 carbon atoms -and
-R;_is hydrogen (b) in which R, is phenyl-
CH,). ‘where n is 1 or 2 and the phenyl

wherein R, and R, have the same meanings as
-hereinabove,
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from acidic mnitrogen compounds of
type which form salts with/| the Dbiguanide
tha;ﬁgnsuch as thegp 8 - chloro
hylfine, saccharin, p. imide, benzoxazine-
24 - dione, and substituted benzoxazine-
2,4 - diones, oxazolidine - 2,4 -~dione, 5-
substituted oxazolidine - 2,4 - diones; 1-
butyl - 3 - p - methylbenzenesulfonylurea,
succinimide, barbltunc acid, and substituted
- barbituric acids.
The biguanides, as will subsequently be éx-
- emplified, may be prepared by .suitable
methods., Some of the compounds used as
starting materials for the synthesis of the
biguanides are known and commercially
available, whereas others can be prepared
~ by known methods. Thus the fusion of equiva-
lent quantities of an amine hydrochloride and
dicyandiamide for 0.5—3.0 hours at 120—.
200° C. affords the hydrochloride of the big-"
uanide as illustrated by the followmg general .
formula:

causes precipitation of the less soluble substi-
tuted biguanide - nitric acid salt, which can
be purified. Alternatively, basification and
- cooling of an aqueous solution of. the fusion

mixture with strong sodium hydroxide pre- 105 "4

cipitates the biguanide as the free base which - -
can be separated-and purified by - recrystalliza- - -
uon, and converted to the salt desued by
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crystallized from 95% isopropanol. 628 g. of N - methylbenzylamine- hydro-
’ is calculated for C,HN,Cl: chloride and 33.6 g. of dicyandiamide were
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. 170° C. and
_perature of 170—179° C. for 50 minutes. The

. filtered. On cooling, the product

" minutes,

49.7; H, 6.7; N, 29.0.
Found: C, 49.7; H, 6.7; N, 294. .
' : EXAMPLE 2.

)F"/- Hexamethylenebiguanide hydrochlari&e.‘

The hydrochloride of hexamethyleneimine
was prepared by passing hydrogen chloride in-
to an ethereal solution of the free base.

22 g. of hexamethyleneimine hydrochloride
and 12.6 g. of dicyandiamide were mixed and
fused. The mixture begins to melt at 97° C.
(bath 127° C.) and fused completely at. 120°
C. (bath 132° C.). The bath temperature was
raised gradually over a 1-hour period to about
heating continued at a bath tem-

fusion mixture was cooled and dissolved in 130

_ cc. of hot ethanol, treated with carbon and fil-
‘tered. The alcoholic filtrate was treated with
" 300 cc. of dry ether _
was dissolved in 180 cc. of -

and 18.9 g. of precipitate
was obtained which
hot isopropyl alcohol, treated with carbon and
was obtained.
Analysis Calculated for C,H.N,Cl: G
43.8; H, 8.3; N, 31.8. :
Found: C, 43.5; H, 7.9; N, 32.0. '
' * EXAMPLE 3.

Nt - p - Chlorobenzylbiguanide (free base).
The hydrochloride of p - chlorobenzylamine
was prepared
in Example 2. . -

17.1 g. of p - chlorobenzylamine hydro-
chloride and 8.4 g. of dicyandiamide were

mixed and fused as above. The mixture be-~

gins to melt and froth at 107° C. (bath 130°
C.). The bath temperature was raised gradu-
ally to about 170° C, over a period of 30
‘whereupon an exothermic reaction
was noted with internal temperature rising .to

- ture begins to melt

from the free base as described - .
. mobenzamide and reduction with lithium-alu- . -

mixed and fused as in Example 1. The mix-
at 80° C. and fuses com-
pletely at 126° C. (bath 139° C.). The bath
- temperature was gradually raised to

over a 25-minute period. Heating (bath 160—

95

160° C..

168° C.) was continued for an additional 2.25
100

‘hours. The cooled fusion product was dis-
solved in water, treated with carbon and
filtered. The aqueous filtrate was treated with

80 cc. of 40% sodium hydroxide with cooling -

and stirring. A yellowish oil separated and con-

gealed to a soft solid after standing at 5¢C. .

The soft solid of the free base was separated
‘and dissolved in 380 cc. of acetonitrile and fil-
tered. The acetonitrile filtrate containing the
free base was treated with 19 ml. of glacial

acetic acid with stirring. A white precipitate
separated which was filtered, rinsed with aceto- -

nitrile, filtered and dried yielding the product

hol." .

. Analysis Calculated for CiH;sN,Og:- C, .
| 118

54.3; H, 7.2; N, 264,
Found: C, 54.1; H, 7.1; N, 260.

- EXAMPLE 3. o
N‘-m-Bro.mobenzylbliguanide nitric acid
salt.

r_n-Bromobenzylamine was prepared 'Iby re-
action of m - bromobenzoylchloride—>m - bro-

minium hydride to m - bromobenzylamine

which was converted to the hydrochloride.
12.7 g. of m - bromobenzylamine hydro-

.chloride and 4.8 g. of dicyandiamide were

mixed and fused as above. The mixture begins ™
to melt at 125° C. (bath 139° C.) and fusion .

130

is complete at 153° C. Heating was con-
__unue_d at bath temperature of 150—160° C.

105 .

which was recrystallized from isopropyl alco-

11(_)

120

125
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EXAMPI.E 7. . anide or biguanide salt. The proportion of the
N'-n- hydrochlaride. excipient should be at least sufficient to sep--

of n - amylamme was
dry hydrogen chloride
into an ethereal solution of the amine. The
- insoluble hydrochloride was filtered and dried.

52.9 g. of n - amylamine hydrochloride ‘and
36.2 g. of dicyandiamide were ground an

The hydrochloride
=prepared by passing

* gradually with stirring on an oil bath over a

50 one hour period to 158°

“at this temperature for
mixture was cooled,
,isopropanol, treated with carbon and ﬁltered

product, m.p-: 174—176° C..

Analysis Calculated for. C,H,.N_.,Cl
40.5; H 8.8; N, 33.7. .
_ Found C,407,H 88,N,338

55 °
Gy

d - from about 0.3 to about 4 parts for 1 part of
intimately mixed. The mixture was heated" '

C. and maintained
four hours. The fusion
dissolved in 229 ml. of -

Upon cooling there was obtamed 241 k3 of

f%s“flatlbn of their essenti al |ac

arate the particles of the hypoglycemxc agent
from each other, and to cause qmck solutxon'
or dispersion of the: hypoglycemic composl-
tion when contacted with the gastric ‘juice o of
the stomach. The amount thereof may be .

100

the active ingredient.
As solid excipients utilization may be made

of lactose, sucrose, starch, pre-gelatinized
starch, gum arabic, gum tragacanth and mix-~
tures of these. Suitably, the solid excipient |
-may’ contain also admixed “magnesium stear- -
ate, talc, cornstarch, or two or more of these 110 -
additives to promote separation of the com-
position from the plunger and mould used

in shaping the oomposmon into tablets for '

- use orally

105
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. treated animals, the MLD as routinely_ e:stab-. -
lished here does not reflect the true toxicity of

It will be understood that the biguanidé
- derivative mentioned in the above composi-
tion may be substituted by any of the other

- with the talc,

. tabletting machine or for

derivatives described herein on an equal
weight basis. '

In making the tablet the biguanide is
mixed with the sucrose and gum acacia, and
then with the starch made previously into a

granular powder. This mix is then blended
magnesium stearate and the
stearic acid which act as mould lubricants.

" The whole is now mixed in a -pony mixer or

other suitable powder mixing equipment, and
then is ready for tabletting on any type of
filling into hard

gelatin capsules.

illustrative data demonstrating the effective-
_ness of the novel compositions as oral hypo-
. glycemic agents. :
After

hypoglycemic .activity had been

anides were evaluated by the oral route in
“terms of their capacity to lower blood sugar
levels of test animals. The routine pro-
cedure was to establish the minimum lethal
dose (MLD)
then to assess

the biguanide at a level approximately one

‘paste with a small amount of distilled water.
_ This mixture is dried at low heat and put .
through a granulator which converts it into &

The following specific examples preseht'

established by subcutaneous route the bigu-
. hypoglycemia with the' effect being noted only.

in the laboratory animals and -
the hypoglycemic activity of

third of that of the established MLD. As will

the compounds but rather the level at which

“they cause a hypoglycemic death.

The following results were obtained in

guinea pigs and are expressed as a function

of time in terms of the percentage reduction
in blood sugar from that found for the normal
animal. Thus a normal level of 80 mg.%

reduced to 209 is represented as a 75% re-

duction. .
Guinea pigs were used as the test animal

and the findings are indicated in Table 1.

The minimum lethal dose (MLD) was
established . by intraperitoneal injection in
mice. With these active hypoglycemic agents
the lethal dose as established in the absence
of supportive glucose is essentially a measure
of toxic hypoglycemia and animals receiving

such dosage levels show blood sugar levels as

. In the instance of the control compounds,

Synthalin (decamethylenediguanidine dihydro- -

chloride) shows extreme toxicity and latent

after 24 hours; whereas with N - » - methyl-'
benzenesulfonyl - N* - # - butyl urea high
dosages are required and its overall hypo-
glycemic effect is such that blood sugar levels
cannot be depressed to the point of hypo-
glycemic death. o
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structive to of fer additional data reflecting of glucose, the anpount

whi ch di sappear ed 10 the fact that these conpounds have an in- from
the solution was assuned to be taken Sti-A-—tke acti Onu:peas
gp Dy the nuscle. The results are contained ' [ y 3

known that insulin added to an- in Table IV S - in vitr
"i-ﬂrepa‘r ation of rat d| aphragm - wi.l | o

28l B52, 584 . 9. | L TABLE IV ¥
Y ‘Increase i'n 63 usose - TS mound— . Tt ay
._ﬁsoggound T Upt ake R Rlerr] - Rlerr] yiEas
e : a " TaBie I - Mg/ g. Muscl e/ Hour ! i
Ph-CHerr]-CHerr]-.. H 6. e 1.6 prEsfEsd o
F(CHerr])[err]= -Hypoglytania in Guix_x_ea Pigs on Oral Admmmtratx? 6 = Ty _*_'{-ﬁ;_ -
: 4 5.1 6 ... L2 ..+ 9 Reduction in ' -::
AR _ 3.3 Compound U o - ¢ Glucose in Hourz4 4 % o
i 1 -~ -—Control_CompeundM.L.D.- Oral . . — . Synthgjin - bfiHkEl
|6 & % R0.8 R,  Mg/kg  Dossge 3 -5 o0 PEHEAR
2: 0 N—p-Vet@yl benzgnesul fosgyl - 51 73 100 S
6.9 N[err]-'n-'blfPVIC}{iTea _ .ﬂ s 1%68. e 0.9
. : Ph—CH,— .. CHy =~ 500 15 .. 200 - 44 : 0 ._‘.
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»CHO—Ph—CH—~H ~ 10 - s, 15 3% 1 Sos
PhCH—CH— H 10 3. & 7. 0 Sl
Control Compounds - ' : k :
. Synthalin - w0 w00 4 -}ég«:if
N-p-Methylbenzenesulfonyl-N*-p- = 77— . VI Ric Gy Y
#-Methylb siui ol T e (i
urea : : ' . ] e 5%}5 v
. ) . X ¢ i g b
>1000 150 O R i c2:c
. : : J'A'-u__,i_“";
Tt was noted that the hypoglycemic effect is serves as a convenient laboratory method for 153%:{: »;f,%;" ] ?
" reversible, with the level of blood sugar ap- the study of _dxabetes in animals. 4_.;:&{{:—- 72 S
. proaching the normal glucose levels with time,  Rats were gven 300—400 mg/kg of alloxan iy %i::;:‘ '
5 generally in 24 hours. It was also observed intraperitoneally and their blood glucose level rh,,__,-'}{ ’g‘%
«? That animals receiving glucose during the test ~rose to 200—450 mgs%. Owing to the sever- - }3'. er 2
period survived doses of the compound which ity of the diabetes, the doses of the test com- 20Q7RLREN
produced fatal ‘hypoglycemia in control ani- pound required to depress the blood sugar - JRAEEN

mals. . . . to normal levels varigd conside;ab.lyéd Cﬁn—

10 - The next series of experiments was to €s- sistent ‘values were, however obtaned when

. tablish the capacity of the compounds to reduce  the dose necessary. to lower blood glucose by Y

" the blood sugar levels of alloxan-diabetic ani- 100 mg.%' was determined. These values are 23]
. mals. While alloxan-diabetes does not com- . given ml'Table.Ifl’ as averages of four animals 1

* pletely ' parallel -human diabetes mellitus; . it n. :g;h- group. . R
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results of this table demonstrate the essential
lack of toxicity of the compounds of this in-
vention when their capacity to induce death
by hypoglycemia is overcome, by the use of
animals having pathologically high sugar
levels. In the case of the control compound,
Synthalin, dosage of 50 mg/kg resulted in

substantial falls of blood sugar but at this

level of Synthalin a progressive fall in the
blood sugar ensued and the animals ultimately
died. . -

Recently, two urea derivatives, N - sulfa-
nilyl - N* - z - butyl urea and N - p - methyl-

benzenesulfonyl - N* - » - butyl urea, have .

_been offered as oral therapeutics in diabetes

and these drugs are reported not to lower the

- blood sugar in the alloxan-diabetic animal.
-+ Additional work with alloxan was conducted
in rabbits with the compound B-phenylethyl-

biguanide hydrochloride. Rabbits were ren-
- dered diabetic by intravenous injection of 200

.mg/kg of alloxan. Three rabbits developed

In particulat,” the-

tclaimlin - which Rerr] is n - butyl and Rerr] is
15. A conpoobtnae (15— compewhd)which [hay used jn diabeges, Deca-
{Rlerr] is m - bromo € Yigmiging, iiva [err]
thydr ogen. . L 6. A cogpgfi i on
After cessation of treatment with the com- substantially elevat ood sugar

about 200 mg.%' and one rose to 400

is thus manifest byjthe
Rlerr] is a straight chain saturated Cerr] §
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as cl imed in cli
o284 "
-Upon oral administration of 80 mg/kg of the '

test compound the blood sugar levels of the 30

first three rabbits fell to normal levels and
could be so maintained as long as the treat-
ment was continued, The rabbit with severe
diabetes required 200 mg/kg of the test com-~

pound to reduce the blood sugar level by half. 35 o
After a period of 4 to 5 days with cessation

of treatment the blood glucose rose again in ~ -

all the animals.

The overall effectiveness as oral hypogly-
- cemic agents having been demonstrated, and 40
* with the manifestation of their essential lack

of toxicity divorced from the hypoglycemic
effect being evident from the alloxan work,
it remained to demonstrate that a dosage level

approximately -1/25 to 1/50 of that proven--45 '- Do

essentially non-~toxic would operate effectively
as a hypoglycemic agent. For this work the
rhesus monkey was selected as the test animal

using the compound 8 - phenylethylbiguanide -~ = = -
the observations are given™ 50— T

hydrochloride and
in Table III.
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the fact that these compounds have an in-
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CORRECTI ON OF CLERI CAL ERROR

SPECI FI CATI ON NO. 852,584 The

following correction is in accordance with
Conptroller acting for the Conptroller-General,
of June, 1961. 10 '
Rlerr] is p - chlorobenzyl and R[}rr] IS hydro-
met hoxybenzyl and Rerr] i s .

852, 584

which R err]

fhe Decr sron o1t e ASSHStn
.dated the twenty eight :

whi ch' [

isp -

en.
hyd 8525849 d |n ci anj in. 9 e,
& CLERK. ¢ . Leami ngton Spa: Printed for Her Majesty's St ath_"_ﬁnt
O fice, by the Courier PreSs-19B&ie IV Publ i shed by The Patent 70
Ofice, 25, So,Pth npt on_ Bui | di ngs, - London, \%C 2,. fé’lom which o
copi es may_be - obEarRoend Mgof CORRECT!| ON' CF‘
CLERI CAL ERRORR, TR FINgE) ﬁusmzo&z 584 -
4 Ph—CHy~CH,— H - -_.9 1.6
' 12 2.6
24 o 5.1
—(CHp— 6 R % &
2 - 33
_ _ 24 4.1
Control Compounds .
Synthalin Yoe o8
20 ' 2.0
N-p-Me lbenzenesulfon l- o
Nun-butyf y _ 10 0.9 .
100 0.9
Insulin 0.05 units . 1.2
.0.07 units 1.8
0.10 units 2.1

T

The insulin-like character of the biguanides
is thus manifest by the increasing capacity
to afford increased glucose uptake by the rat

5 muscle with increasing dose of the compound.

It will thus be seen that the objects set forth

above, among those made apparent from the

preceding description, are efficiently attained

and, since certain changes may be made in the
above composition of matter without depart-
. ing from the scop& of the nvention;-it is-in-_
tended that all matter contained in the above.
description shall be interpreted as illustrative
and not in a limiting sense.
WHAT WE CLAIM IS:—
1. A composition of matter for treating
diabetes mellitus by oral administration con-

10

15

having the following free base formula:
H L
"'lq =C « NHy
oW

R
'\N -
Ry

N
o

[ B S

c
Il
N

taining as the active ingredient a biguanide

which is within one of the groups (a) in which
R, is a straight chain saturated C, or C, alkyl
and R; is hydrogen (b) in' which R, is phenyl-
(CH,), where 7 is 1 or 2 and the phenyl radi-
cal may be substituted by one chlorine, bro-

25

mine or methoxy, and R, is hydrogen (© in -
which R, is benzyl and R, is meéthyl, and .

(d) in which R, plus R, is pentamethylene or

hexamethylene, or a salt of such a biguanide, -

_ together with one or more innocuous solxd
substances chemically inert to the active in-
gredient.

- 2. A composition as claimed in claim 1 in
which R, is 8 - phenethyl, and R, is hydro-
gen.

30

35

3. A composition as claimed in claim 1 in -

which R, is # - amyl and R, is hydrogen.

‘4. A composition as claimed in claim 1 in

which R, is 7 - butyl and R, is hydrogen.

5. A composition as claimed in claim 1 in -
m - bromobenzyl and R, is -

which R, is
hydrogen.

6. A composition as claimed in clann 1 m_,_-
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The following correction is in accordance with the Decision of the
Assi st ant Conmptrol ler acting for the Conptroller-CGenenal, dated the

) ;3E for

Page 5,
:%E 26,

_:.nt-y ei ghth day ef——Juhe—1961. Rage—l. line 1 after "W "

"U.S. Vitam n
as"

& Phar Corporation, for n'erilfﬁi"'": k9
_ H‘ M“\‘ SPECI FI CATI O\I NO 852, 584 gs}'~¥.r~
line 15, f s read "includes"- - Page 1, I|i mér

.injection” *redd "injec-. _ - tlons
line 68 del ete hyphen after " #8%58%fe"

-yl

'_”Se” CommnchRnsp  HloropenzyL o %Rpﬁgx?drg AEE RS bein%@xybéniyl ahmﬁris

I N one of hjdRgenl our groups (a)"

3, line 38 .‘fmmpbéxmw tlaimed dn Chimsbdl' MARKS & CLERRg i

Tabl et :
for _Tab!e_ll"- read "Table

1.4) : "55[err] C' read "55.ce- Peage 6} for
Y " : Printed for Her Ma; Stationgry Office, e Press—19
¢ nyl bi guani di ne mﬂgy%ernfm (‘;;pcg 25, Ise;utyt,l:amptoo: gs m&.&ﬁmwm '
- 1st -col'um acC toplics nfa@ E ined, . I

- Page 6,

 CORRECTION OF CLERTCAL ERROR |

SPECIFIGATION NO. - 862, 684 - S

" The following correction is 1n accordance with: the Decislon of the Assismnt .
Comptroller acting ror the Compr.roller-Geneml, da.ted the twent.ye.ighth day of
June’ 19610 Lt . ) .

Page 1, line 1. after "We," msert "U 8. v1tam1n & Phamaceutical Corpomt*on, .

.« o R rormerly known. as" _ ,

;THE PATENT OF'FICE. .

z7th July, 1961., P Ds-94ez4/;(§)[m1_53_2pq.7/61.'pL L

ERRATA. - . _
SPECIFICATION No. 852,584 - . W

A Page 1, line 15, for “indicates” read
~ 0 “includes” . ' R S S
Page 1, line 29, for “injection” read “injec- .. -~ . =7 ;-

' tions” L T
Page 1, line 65,.delete hyphen after “active” . - ...
and insert comma AT A
 Page 2, line 39, before “in” insert “and are . . . 7
- thhm one of the four groups (a)” = . .l
+ Page 3, line 31, for “ N> read -“N*N** .. -
Page 3, line 38, for “fused” read “fuses” Lo
Page 4 line 10, for “55° C” read “55cc.”™ ... - -0 i
Page 4, line 41 for “Amylblguamdme” read T

. . : “Amylbigu anide” Co
S .. o . Page 5, Tablet lst colmnn, for acid” read. - ... T
! N o o “ACld” - o - ) t N

- Page I% line 26, for “Table 1" read “Table' .

" “T'ug PATENT OFFICE ..
¢ 2nd November 1964 . -
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