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Filed 17 Feb. 1970 (23) Conplete Specification filed 5 June 1970 (44)
Complete Specification published 24 Jan. 1973 (51) International
Classification. C07D 99/02, 105/02; CO7F 9/54// A61K 27/00 (52) Index at
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4 6 7 8 (72) Inventor JEAN-MARI LEHN (54) NEW  MACROCYCLIC HETERCCYCLIC
COMPOUNDS AND COMPLEXES THEREOF (71)    We, SCHIERICO LTD., of
Topferstrasse 5, 6000 Lucerne, Switzerland, a body corporate constituted
under the laws of Switzerland, do hereby declare the inven- tion for which
we pray that a patent may be granted to us and the method by  which it is
to be performed, to be particularl   described in and by the following
statment:- 5           This invention relates to novel macrocyclic
heterocyclie compounds, to processes  5 for their preparation, to complexes
formed from  the novel macrocyclic compounds and to processes for the
preparation of such complexes. The novel macrocyclic compounds of this
invention may be illustrated by the general formula I [err] where each
[err] is hydrogen, a hydrocarbon group having up to 12 carbon atoms or an
alkoxycarbonyl group having up to 10 carbon atoms, or both [err] form
together a 



grouping of the general formula 11 [err] 15      (i.e. providing a bridge
between the two X-groupings in the molccule);                15 each A is a
hydrocarbon group having up to 12 carbon atons; each X is nitrogen or
phosphorus; each D is oxygen, sulfur, [err] (R being hydrogen or a
hydrocarbon group having up to 12 carbon atoms) or a hydrocarbon group
having up to 12 carbon atoms. with 20          the proviso that, at least
two of the groups or atoms represented by D are sclected  20 from oxygen,
sulfur and >N-R, and that when each R, is hydrogen, hydrocarbon or
alkoxycarbonyl and both X are nitrogen, then one of these two groups or
atoms [Price 25p]    2                                           1,304,357
2             3 represented by D is oxygen or sulfur and the other is
oxygen or >N--R; and each of m, n and p is a whole number from 0 to 5
inclusive. Included amongst the compounds of this invention arc the
phosphonium and/or ammonium salts of the compounds of general formula I,
the nitrogen and/or phos- 5       phorous oxidcs of the compounds of
general formula I having tertiary nitrogen and/or   5 phosphorus and
complexes formed from  the compounds of general formula I and from the N-
and/or P-oxides, with organic or inorganic cations. The hydrocarbon groups
represented hy A and D  preferably  have at least 2 carbon atoms. Preferred
are: straight and branched chained alkylene and aikenylene 10      groups
having from 2 to 8 carbon atoms such as ethylene, propylene, butylene and
10 hexylene and their unsaturated analegs; cvcloalkylene and
cycloalkenylene groups such as cyclopropylene, cyclobutylene, cvclohexylene
and cycloheptylene  and their un- saturated analogs; the corresponding
cvc1oalkylene-di-alkyl groups such as cyclobexy- lene-dimethyl and aromatic
groups such as phenylene and phenylene-di-alkyl, pre- 15      ferably
phenylene-di-methyl. The groupings A which are adjacent to X preferably
have  15 an aliphatic moiety attached to X. The hvdrocarbon groups
represented by [err] preferably have from  1 to 8 carbon atoms. Preferred
are straight and branched alkyl groups having from 1 to 8 carbon atoms and
straight or branched alkcnyl groups having from 2 to 8 carbon atoms. 20
Other typical representatives are cycloalkyl, aralkyl and arvl groups. The
preferred    20 alkoxycarbonyl groups represented by [err] are those having
up to cight carbon atonms. 



Preferred groups of compounds of this invention are those in which m, n and
p are integers from 0 to 2 and in which borh X are the samc and compounds
in which each X is nitrogen, each 0 is oxygen and m, n and p are other than
zero. Typical 25      configurations are listed below:
25 A     A     A [err]    2           3
1,304,367                                      3 [err]    4
1,304,367                                             4           5 R     R
[err] [err] The typical representatives of the compounds of this invention
may be illustrated by inserting various groups for A and [err] in the above
formulae: [err] whercin Li formulae (i) to (xi) R is a hydrogen atom or a
hydrocarbon group (with the              25 20      proviso that the total
number of carbon atoms in groups A and R, does not exceed     20 12) and in
formula (xii) R is a hydrocarbon group having from 1 to 9 carbon atoms.
4          5                                           1,304,367
5 The phosphonium and/or  ammonium salts may be illustrated by the
following general formulae: [err] wherein A, D, R, [err] X, m and p are as
previously defined and. Z is an inorganic or organic anion. It is obvious
to one skilled in the art that several other configurations are possible.
The compounds of this invention may be prepared by using known chemical 10
reactions The principle of the processes is to condense two linear
compounds to form.   10 



a cyclic compound or to introduce a bridge into a cyclic starting compound,
whereby the desired bicyclic compound may be obtained. 10
A  suitable process for the preparation of the compounds of this invention
is characterized in that a compound of the general formula III [err]
wherein A, D, m and n are as previously defined and either Y is selected
from the group- ings [err] R, and X  being as previously defined [err]
being a hydrogenolysable group and [err] being the same as [err] and V is a
leaving group (as hereinafter defined) which is sufliciently labile to be
displaced by Y; or Y is the grouping .i     20
[err]    6                                          1,304,367
6 and V is the grouping 0 [err] [err] being as above defined and Hal
representing a halogen atom, the condensation being performed using high
dilution techniques; that any carbonyl groups in a so-obtained 5
compound is reduced to [err] and that, if desired, ,a compound obtained by
any of the   5 previous steps is subjected to one or more of the following
finishing steps: (a) hydrogenolysis of any hydrogenolysable groups
represented by [err] (b) transformation into a phosphonium and/or ammonium
salt; (c) transformation of any phosphonium and/or ammonium salt into the
free com- 10      pound;
10 (d) transformation into a N- and/or P-oxide; (e) transformation into a
complex containing  an organic or inorganic cation and (f) transformation
of a complex into the free compound, fcr example, by treat- ment with an
acid. 15          Bv the term "having group" as used herein is mcant a
group bound to a carbon  15 atom  by a single bond and capable of leaving
the bonded site together with the electrons by which it was bound to the
carbon atom. Examples of leaving groups which are sufficiently labile to be
displaced by Y 



include halogen atoms and methane-suifonate or p-toluene-sulfonate groups.
20           The most preferred halogen atom  in the above reaction is
bromine and the prefer-  20 red hydrogenolysable group is the benzyl group.
Other examples of hydrogenolysable groups are [err] Various embodimnents of
the above process may be illustrated by the reaction schemes A to H below:
[err]    6             7
1,304,367 [err]    1,304,367                                       8 [err]
9                                             1,304,367
9 [err] In order to prevent the formation of polymers, the condensation in
the first step of the above described reactio s is carried our using high
dilution techniques. Any inert solvent may be used, but benzcne is
preferred. The acid formed during the          5 reaction must be
neutralized. This may be accomplisihed by using two moles of the diamine to
each mole of the halide, or by adding a fuiher base, particularly a
tertiary amine such as a trialky lamine or pyridine, preferably
triethylaminc. The reduction of the carbonyl groups in the second. step of
the reactions B, D, F 10       and G  is preferably carried out by rreans
of [err] in tetrahydrofurane.         10 Other possible reducing agents are
mixed metal hydrides such as for example [err] [err] For the preparation
of cyclic lacrams according to the process indicated in reactions B and G
preferably the disalt of the amide group (preferably the di-alkali 15
mctal salt) is used.
15 The transformation of a compound of formula I into a phosphonium  and/or



ammonium  salt may be accomplished by using standard methods such as
reaction with suitable quaternizing agents; for example alkylhalides such
as methyl iodide. Similarly any hydrogenolysable groups may be removed by
using standard techni- 20       ques such as catalytic or electrolytic
reduction. Examples of catalysts which may be         20 used are platinum,
palladium, rhodium  and ruthenium. Preferably the reduction is performed by
means of [err] Thus the immediate product of reaction scheme C (a
phosphonium  and/or ammonium salt) may, if desired, subsequently be
transformed into the free macrocycle by reduction in presence of [err]
10                                           1,304,367
10 Also the transformation of a compound of formula I into its phosphorus
and/or nitrogen oxide may be accomplished by applying standard oxidation
procedures such as treatment with excess dilute hydrogen peroxide in water
or with perphthalic acid in ether. 5            Often the immediate product
of the above reaction is not the free macroccyclic         5 compound but
rather a derivative thereof additionally containing part or all of the
structural elements of other constituents of the reaction mixture; in such
a case, the macrocyclic compound is subsequently liberated from such
dcrivatives, by standard procedures such as for example treatment with
dilute acid whereby the acid addition 10      salt of the macrecycle is
formed, or with other hydrelyzing agents.                      i0 Any such
salt may be dissolved in water and treated with an atlion exchange resin.
The sc-obtained aqueous solution of the free macrocyclc may then be
isolated by evaporation to dryness. For the preparation of those compounds
in which [err] is a hydrocarbon or alkoxy- 15      carbonyl group, it is
also possible to use a starting compound of formula III in which     15 R,
in the definition of Y is hydrogen, and to introduce the desired
substituents at any stage of the process. The introduction of these
substituents may be accomplished by means of known methods. Thus as an
example the 4,13-dimethyl-1,7,10,16-tetraoxa-4,13--diaza-eycloocta- 20
decane may be obtained according to the fo]lowing reaction schemes:
20 [err]    



10                                                        1,304,367
11 [err] In the above reactions the reagents mentioned may be replaced by
any other suitable reagents. If the methylation agents or reagents are
replaced by other alkylating 5       agents, compounds in which [err]
represents higher hydrocarbon groups are obtained.       5 The compounds in
which [err] represents alkenyl groups may be obtained following the same
procedures. The starting compounds of the general formulace III and IV  may
be obtained according to known methods. Some of the most convenient methods
are illustrated by 10      the Examples.
10 The compounds of this invention are readily soluble in most commnon
organic solvents and in water. The novel macrocyclic compounds have an
unusual ability to form stable corn- plexes with compatible cations. In the
monocyclic compounds, i.e. those compounds 15      of formula I in which
[err] is hydrogen, alkyl, alkenyl or alkoxy-carboyl, the cation      15
presumably is held in the centre of the macrocycle. In the bicyclic
compounds, i.e. those compounds of formula I wherein both [err] together
forin a third bridge between the two nitrogen atoms, tile bridges between
the two nitrogen atoms probably form a "cage" in which the cation is
situated. The ability to form complexes and the stability 20       of the
complexes formed seem to depend on the arrangement of the hetero atoms or
20 groups surrounding the cation and on the relative diametcrs of the
ring(s) and the cation. Complexes of the monocyclic compounds are much less
stable than the complexes formed from  the same catioin with  bicyclic
compounds, and macrocyclic compounds forming stable complexes with catiens
of a certain diameter are not able to form com- 25      plexes with cations
having much larger diameters.                                         25
Each macrocyclic molecule is able to form  a complex with one cation. The
magnitude of the charge on the cation has no influencc. The cations may be
inorganic or organic. The complexes formed, are generally readily soluble
in water, [err] 30       and in acetone or other polar solvents, whereas
they are slightly soluble oir cssentially  30 insoluble in non polar
organic solvents. They dissociate at a morc or less acid pH. Protonation of
the free diamine hinders complex formation and leads to the dissociation of
the complex by displacement of the equilibrium. Thc same dissociation is
accom- plished by treatment with any acid including Lewis acids. Release of
the cation may 35       also be accomplished by treating the complex with a
quaternizing agent.                 35 The complexes arc normally formcd by
dissolving the macrocyclic compound and 



the cation  yielding compound in a common solvent, such as for example
acetone, methanol or water. The mixture normally is heated approximately to
the boiling point of the solvent. If the complex formed is insoluble in the
solvent used, the complex    12
1,304,367                                                12           13
will crystallize and may be separated by filtration. If the complex formed
is soluble ill the solvent used, it may be isolated by evaporating the
solution to dryness. The complexes may be purified by recrystallization.
Complexes may also be formed when the cation yielding compound (e.g. the
salt) 5       is insoluble in the solvent used. It is sufficient to bring a
solution of the macrocyclic  5 compound together with the crystalline salt
and agitate the mixture with or without heating. The formation of complexes
is possible even if the cation yielding compound and the complex are
insoluble in the medium used. In this case the macrocycle and 10       the
cation yielding compound are mixed in the presence of a medium  which is
then         10 agitated and heated, whereby the crystalline macrocycle
gradually changes into the                       5 crystalline complex. The
presence of a complex in solution can be determined by spectroscopic
analysis, as the addition of the cation causes changes in the spectral
patterns of the macrocycle 15      ill solution.
15 The novel complexes make it possible to use certain chemical reagents in
solvents where they are normally insoluble. For example potassium  fluoride
is insoluble in chloroform, whereas a complex of the salt with
4,7,13,16,21,21 IIexaoxz-1, 10-diiaza- bicyclo[8,8,8]hexacosane is readily
soluble. 20            The cation complexing properties of the macrocyclic
compounds of this invention       20            10 make them  of value for
use in much the same way and for the same purposes as chelating agents.
Thus, the cation complexing  properties of the compounds render them of
value in processes directed to the dcsalination of beines or to the
separation of metals, for example to the separation of metals such as the
transition metals and 25       the actinifes from  low  grade sources of
these metals and to subsequently obtaining    25 such metals in high purity
form. In this connection, the compounds are considered to be particularly
useful in the separation of high cost metals such as those of the platinium
group. In the separation of uranium from crude ores, the uranium may be
complexed with the macrecyclc compound and the resulting complex
subsequently separated in 



30       aqueous solution. The compounds of the invention may also
advantageously be used        30 for cation transport and for the
preparation of ion selective membranes and electrodes. The compounds are
also of use in chemical syntheses, e.g. in polypeptide and pro- tein
syntheses, wherein the compounds advantageously selectively protect
ammonium cation groups derived from  amino groups  in the amino in acid.
Additionally, the corn- 35       pounds may bc used as a catalyst for ionic
reactions in a polar organic media whercin       35 the macrocyclic
compounds activate the reaction via an  "agent-separared ion pair"
mechanism. When incorporated in pharmaceutical compositions the compounds
of this inven- tion " tie-up " trace metals and thus prevent the occurrence
of catalytic oxidation due 40      to thc presence of trace metals.
Additionally, when administered to an animal, e.g.          40 mammals. the
compound has an action on biological cation mechanisms such as nervous
conduction, sodium-potassium  process, and calcium metaholism  of muscle
and bone. These compounds are thus useful in conditions in animals
requiring the regulation of cation exchange within the host 45
In addition to the foregoing macrocylic compounds of this invention have
been found to possess phamacological activity. For example, the N-alklated
compounds of the invention, e.g. 4,13
-dimethyl-1,7,10,16-tetraoxa-4,13-diazacyclooctadecane, demon- strate
antiviral activity against A influenza win measured by a modification of
the                15 well recognized in vitro methods of Hermann  in chick
fibroblast tissue culture. 50            Additiuonally,  the  bicyclic
macrocyclic compounds  of  this  invention  e.g.      50 4,7,13,16,21
,24-hexaoxa- 1,10 diazabicyclo[8 8,8] hexacosane have been found to in-
hibit catcchol amine induced free fatty acid mobilization which rested in
vitro with isolated  adigose tissue. These compounds are therefore of use
in the treatment of diabetes and hyperlipemia. 55
Stabilitv constants of macrocycle complexes in aqueous solution
55 General We havc determined by measuring the pH, in water, the
equilibrium  constants for reactions of the following type, the type being
illustrated by bicyclic amine macro- cycles: -    13
1,301,367                                            13 [err] where 



10                       [err]   law of mass action constant; A.  =
bicyclic amine under consideration; 5            [err] =macrccycle complex;
5 [err]  = cation; [ ] --activity of the ionic species. 15
Equilibria present Complexation [err] 25                   Protonation of
the diamine [err] Protonation of the macrocycle complex [err] 15        We
have verified that the last two equilibria of protonation of the macrocycle
15 complex, remain comparitively negligible ancl have established a formula
relating [err] 50                    to the pH and all constants of the
mixture: [err]    14                                            1,304,367
14 [err]  Concentratioi of added acid (moles/litre) [err]= Conccntration of
the amine, if no reaction took place (molcs/litre) [err]= of the metal, if
no reaction took place (molcs/litre) [err] is expresseed in moles- litre 5
[err] are preliminarilv determined by titrating the diamine with dilute
5 hydrochloric acid, in the presence of a reference salt of known con-
centration [err] for the small cages, [err] for the largc cages). After
addition of a known quantity of thc salt to a solution of the aminc cf
known concentration, in the presence of a non-complexcd reference salt of
the same concentra- 10      tion used for the determination of [err] the
solution is titrated with dilute HCI     10 taking pH measurements of the
solutions. Each point of addition provides a value of [err](by applyng the
preceding formula). Calculation should provide a value of K. which is
approximately constant throughout the titration. Results obtained (at
[err]) (A) Alkali Metals Reference salt [err] 



[err]    14         15                                           1,304,367
15 5) N                                Reference salt [err] [err]    16
1,304,367                                            16 [err] For the
alkali metals [err] (B) Alkaline - Earth Metals [err] For all the alkaline
earths [err] [err]    16       17
1,304,367                                           17 [err]    [err] The
invention will now be illustrated by way of the following examples: Example
1 Preparation of Triglycolyl Chloride A.  Preparation of Triglycolic Acid
5 100g  of nitric acid (density=1.38) are heatcd to [err] C 20 g. of
triethylene glyeol are added in small portions so as to kcep the
temperature at about 45 C to                           40 50  C. After this
sLep the mixture is agitated for about 20 mixtures at [err] and then for
one hour at about [err] C. The solution is evaporated under vacuum at 70 C
10       for 2 to 3 hours. A viscous paste of a brownish colour is
obtained. 100---120 ml of          10 benzene are added and waler is
distilled off. Upon cooling the diacid crystallizes and 



is recrystallized from a mixture of acelene and benzene. The solid is dried
under a               45 vacuum of 0.1 mm. Hg and the acid obtained has
imp.[err] 15        PMR (in 1)0): 3.80 ppm (singlet); 4.25 ppm (singlet)
15 B.  Preparation of Triglycolyl Chloride 15 g. of the acid obtained
above, 30 g. of oxaly1 chloride, l00 ml. anhydrous
50 benzene and three drops of pyridine are mixed and agiated for 24 hours.
Petroleum ether is added and the product is decanted. The mixture is
filtered and the benzene 20       and the exe.ss of oxalyl chloride is
evaporator without heating      20 The evaporation is repeated twice, each
time with 100ml of benzene.The product obtained is a yello oil.The oil is
diluted with a mixture of ethyl ether and petroleum           55 ether and
after cooling to a temperature between room temperature and  [err] the
product crystallizes out. The crvstals are the then washed with petroleum
either care 25       being taken that the product does not come into
contact with mositure in the air.After      25 recrystallizing twice and
washing twice with ether, the product is dried under a vacuum of 0.1 min.
Hg. m.p.:[err] (crude [err] 3.85 ppm (singlet); 4.52 j)ppm (singlct).
1,304,367 Example 2 Preparation of 1,3 - Diamino - 3,6 - dioxaoctane A.
Preparation of Tricthylene Glycol Dibromide 66 g. of triethylene glycol and
13.3 g. of anhydrous pyridine are slowly added 5       10 100 g. of
phosphorous tribromwide while agitating and cooling the mixture. After
5 standing overnight at room  temperature, the mixture is poured on to ice
and the organic phase is decanted, washed with water and dilute
hydrochloric acid and dried over sodium  sulphate. After distillation under
vacuum [err] and 0.5 mm. Hg) the the compound is obtained. 10       Yield:
60--70 %
10 PMR [err] 3.4-4.0 ppm (multiplet). 3.70 ppm (singlet) B.  Preparation of
Tricthylenze Glycol Diplithalinide 161 g. of phthalimide are mixed with 50
g. of potossium  hydroxide in 500 ml. ethanol. The mixture is agiated for
24 hours and filtered and potassium phthalimide 15      is obtained. 7.5 g
of the clibromride obtained in part A of this example is mixed with
15 



30 ml. dimethylformamide and 9 g. of the potassium phthalimide obtained
above, and the mixture is heated for one hour at [err] After cooling, 50
ml. water and 50 ml. chloroform are added. After decantation, the organic
layer is washed with dilute potassium hydroxide, then with water and is
dried over potassium  sulphate and 20       evaporated. The title compound
crystallizes out and is recrystallized from  acetic acid.      20 Yield
[err] m.p.: 175 C. PMR  (CDCl): 3.5-3.85 ppm  (multiplet); 3.60 ppm
(singlet); 7.80 (multiplet). C.  Preparation of 1,8 - Diamino - 3,6 -
dioxaoctane 22.4 g. of the product obtained in step B are suspended in 250
ml. ethanol and 25       heated under reflux. 19 nil. of N,H and water
[err] are added and the heating under   25 reflux is continued for 2 hours.
After this time, the reaction is practically finished. 25 ml. of 10N
hydrochloride acid is added and the mixture is headed under refkux for an
additional half hour. The majority of the alcohol is distilled off, and the
residual solution is filtered and saturated with potassium  hydroxide. The
mixture is poured. 30       into a liquid-liquid extractor and extracted
with benzene. The benzene solution is       30 evaporated, and the diamine
distilled under a vacuum  of 0.5 mm Hg at 88   C. Yield [err] PMR [err]
2.85 ppm (triplet); [err] 3.50 ppm  (tripler) and 3.60 ppm (singlet). 35
Example 3                                                 35 Preparation of
5,12 - Dioxo - 1,7,10,16 - tetraoxa - 4,13 - diazacyclootadecane This
reaction is carried out applying a high dilution technique. A solution of
14.8 5                    g. of the diamine obtained in Example 2 (O.1
mole) in 500 ml. anhydrous benzene and a solution  of 11.g of the
dichilorid obtained in Example 1 in 500 ml. anhydrous 40      benzene arc
added to 1,200 ml. anhydrous benzcnc over a pcriod of 8 hours under
40 vigorous agitation and under a nitrogen atmosphere. On termination, thc
benzene solu- lion is filtered and evaporated to dryness. The crystalline
residue is dissolved in an- 10                   hydrous bezene and passed
through a column of aluminium  oxide. The polymers formed during the
reaction are retained and a pure solution of the desired compound 45
is obtained. After recrvstallization from  a mixture of benzene  and
heptane, the title          45 product is produced. m.p. --[err] Yield =
[err] 15                    PMR [err] 3.6 ppm (multiplet) 50
Example 4                                                 50 Preparation of
1,7,10,16 - Tctraoxa - 4.13 - diazacyclooctadecanc 



A solution of 18.5 g. of the diamide obtained in Example 3 in 450 ml.
anhydrous 20                    tetrahydrofurane is slowlv added to a
mixture of 150 ml. anhydrous tetrahdrofuranc and 12 g. [err] while stirring
end hearing at the reflux temperature. After the addi- 55       tion is
completcd, the mixLurc is stirred tinder refiux and under a nitrogen
atmosphere         55 for 24 hours. After cooling to room  temperature the
excess reagent is destroyed by adding a mixturc of water and THF (1: 2).
The mixture is filteredl and the filtratc is 25
evaporated to dryness. The residuc is dissolved in benene and the solution
is passed through a column  of [err] with benzene as cluant. The solution
is evaporated to dry-. 60      ness and after recrystallization from
benzene/petrol either 13.5 g. of the desired product    60 is obtained.
20                                             1,304,367
20         21 M.p.= 115 C--1 16" C. Yicld: 80% PMR  (CDCI): [err] 3.58 ppm
(singlet + tripler); [err] (triplet) Example 5
5 5       Preparation of 2,9 - Dioxo - 4,7,13,16,2i.24 .. hexaoxa - 1,10 -
diazabicyclo[%,8,8]-           5 hexacosane The reaction is carried out
applying the high dilution technique. A solution of 5.24 g of the cyclic
diamine obtained ill Example 4 and 4.4 g. of tricthylamine in 500 ml.
anhydrous benzene and a solution of the dichloride (4.4 g. 10      in 500
ml. anhydrous henzene) obtained in Example 1B is added to 1000 ml. an-
10         10 hvdrous benzene during 10 hours under nitrogen atmosphere and
under agitation. The salt of triethylamine and lthe hydrochloric acid
precipitates and is filtered off. The filtrate is evaporated to dryness .
The residue is dissolved in benzene and passed through a column of [err]
using henzenc as an cluant. The product is crystallized 15      from a
hexane-benzene mixture.
15         15 m.p.[err]. Yield 50%. PMR [err] : several peaks between 3.3
and 4.6 ppm Example 6 Preparation of 4,7,13,16,21,24 - hexaoxa - 1,10 -
diazabicyclo [8,8,8] hexacosanc 20            [err] is prepared according
to the process dcscribed in " Org. Reactions " 13,           20         20
31--32 (1963). A  solution of 1 g. of the bicyclie diamide obtained in
Example 5 in 20 ml. 



tetrahydrofurane is slowly added to 15 ml. cf the fresh prepared [err]
solution under nitrogen atmosphere and at a temperature of 0" C. The
mixture is agitatcd at this 25       temperature for 30 minutes and
thereafter 1 hour at reflux temperature. The excess         25 reagent is
destroyed by adding 5 ml. of water and the solution is evaporatcd on a
25 rotatory evaporator under vacuum. 1 g. of the diborane of the title
compound is obtained: 30 0 30            This compound is hydrolysed by
adding 20 ml. 6N hydrochloric acid under heat-      30         35 ing and a
solution is obtained. The mixture is evaporated to dryness under vacuum on
a rotatory evaporator. The residue is dissolved in 10 ml. water and the
solution is passed through a column of an anion exchange resin (Dowex 1)
("DOWEX" is a Registered Trade Mark). The column is washed with water until
there is no basic 35       reaction. The water is evaporated. The residue
is recrystallized from hexane and dried  35         40 in vacuum (0.1 man.
Hg) 890 mg. of the desired product is obtained. [err] Yield 95%. PMR [err]
(triplet);  [err] ppm (singlet+ triplet) 40
Example 7                                                 40         45
Preparation of 4.13  Dimethoxycarbonyl - 1,7, 10,16 - tetraoxa - 4,13 -
diazacyclo- octadccane 3.6 g.of the diamine obtained in Example 4 are
dissolved in 30 ml. methanol and 3 ml. water. A  solution of 3.6g [err] in
15 ml methanol is added while 45       cooling and agitating. The agitation
is maintained  for 24 hours. The  mixture is         45          50
filtered and the filtrate evaporated to dryness. The residue is
recrystallized from CHCI/petroleum ether. [err] Yield 80%. PMR [err]"
Signals at about 3.65 ppm. 5C
Example 8                                                50          55
Preparation of 4,13 - Dimethyl - 1,7,10,16 - tetraoxa -4,13 -
diazacycloctadecane A :  3 g. of the compound of Example 7 dissolved in 20
ml. dry ether are slowly added to 3 g. [err] in 5 ml. dry ether. The
mixture is agitated for 24 hours. Then 3 g. KOH in 6 ml. [err] is added
followed by 10 ml. [err]. The mixture is filtered and    



20         1                                               1,304,367
21 evaporated to dryness. The rcsidue is extracted   ct ter and benzene.
The solution is evaporated to dryness and an  oil which boils at [err] at a
pressure or 0.05 mm. [err] is obtained. PMR  [err]  2.70 ppm  [err]
(singlet); 5            [err] 3.65 ppm (singlet  triplet)
5 13: A.lternatively this compound may be obtained by reacting
N,N'-dimethyl-1,8-di- amino-3,6-dioxaoctane with triglycolyl chloride
following the  rocedure of Examples Example 9 10          0
Preparation of the KSCN  - Complex of 1,7,10; 16 - Tetraoxa - 4,13 diaza -
cyclo-                10 ctadecane 524 mg. of the macrocyclic compound and
1 94 mg. of KSCON  are refluxed in 20 ml. of acetone for 5 minutes. The
acctonc is then removed under vacumm, and the residue is recrystallized
from [err]/Petroleum ether.The crystalline complex melts at 15         15
[err]
15 Example 10 Preparation of the [err] Complex of 1,7,10,16 - Tetrraoxa -
4,13 - diaza   cyclo- octaducane A  solution of 2.62 g. of the macrocyclic
compound in 10 ml. [err] is mixed 20          20       with a solution of
1.70 g. of  [err]  in 10 ml. [err] The blue complex is            20
immediately  formed and  precipiates. After filtration  and
recrystallimation  from [err] the pure complex is obtained. Example 11 25
Preparation of the RbSCN - Complex of 4,7,13,16,21,24 - hexaoxa - 110 -
diaza- 25                                       bicyclo [ 8,8,8] hexacosane
25 130 mg. amine and 35 mg. RbSCN  are mixed in a flask. 20 ml. acetonc are
added. The mixuire is heated to the boiling point until all solid material
has dissolved. After evaporation to dryness the residue is el-tracted with
chloroform, which dissolves the complex. The chloroform solution is also
evaporated to dryness, yielding the crystal- 30        line complex. The
complex may be recrystallized from acetone-heptane.It melts at     30 [err]
PMR [err] Example 12 Preparation of the [err] - Complex of 4,7,13,16,21,24
- hexaoxa - 1,10 - diazabicyclo- 30          35
[8,8,8] hexacosane                                       35 37.6  mg. amine
and 21 mg. [err] are dissolved in 10 ral. water.The 



solution is then  evaporated to dryness. The solid residuc is extracted
with methylene chloride. After filtration of the solution, ether is added
until crystallization sets in. The crystalline complex does not melt but
darkens at about [err] 35           10       PMR [err] 2.80 ppm (triple:)
40 Example 13 Preparation of Tetraglycolyl Chloride A:  Pre paration of
Tetraglycohic Acid 100 g  of nitric acid (density =1.38) are heated to 450
C 20 g. of tetraethylene 40          45        glycol are added in small
portions so as to keep the temperature at about [err]         45 [err]
After this step the mixture is agitated for about 20 minutes at [err] and
then for one hour about [err] The solut ion is evaporated under vacuum at
[err] for 2 to 3 hours. A  viscous paste of a brownish colour is oblained.
100 to 120 ml. of benzene are added and water is distilled off. The diacid
is a viscous oil. which does 45            50       not crystallize.
50 PMR [err] 3/5 ppm (singlet); -4.22 ppm (singlet) B:  Preparation of
Tetraglycolyl Chloride 28 g. of the acid obtained above, 50 g. of oxalyl
chloride, 200 ml. anhydrous benzene and six drops of pyridine are mixed and
aghated for 6 hours.The mixture is 50           55       filtered and the
benzene and the excess of oxalyl chloride is evaporated on a rotatory
55 evaporator without leating. The evaporation is repeated twice. each time
with 100 ml. of benzene.The product obtained is a veilow oil.which docs not
crystallize. PMR [err]: 3.75 ppm (multiplet); 4.52 ppm (singlet)    22
1,304,367                                                22 Example 14
Preparation of 1,11 - Diamino  3,6,9 - trioxaundundeane A:  Preparation of
Tetracthylene Glycol Dibromide 300 g. of tetraethylene glycol and 100g of
anhydrous pyridine are slowly added S       to 727 g. of phosphorus
tribromicl, vhile  gitating and cooling the mixture. After             5
5 cooling to room temperature, the mixture is  poured on to ice and the
organic phase is decanted, washed with water and dilute hydrochloric acid
and dried over sodium sulphate. After distillation under vacuum [err] and
0.4 mm.Hg) the title compound is obtained. 10       Yield: 60%.
10 



PMR (CDCI ): 3.70 ppm (multiplet)
1O B :  Preparation of Tetracthylene Glycol Diphthclimide 161 g. of
diphthalimide are mixed with 50 g. of potassium  hydroxide in 500 ml.
ethanol. The mixture is agitated for 241  hours and filtered and pocassium
phthalimide 15      is obtained. 217 g. of the dibromide obtained in  part
A of this example is mixed with     15         15 1000 ml.
dimethylformamide and 260 g. of the potassium  phthalimide obtained above,
and the mixture is heated for eight hours at [err] After cooling, the
mixture is poured into 3 liters of cold water. The precipitate is ilttered,
washed with water and acetone anrl (dried under vacuum. The title compound
is recrystallized from  ethanol. 20       Yield 85 %, n.p. [err]
20         20 PMR [err] 3.60 ppm (singlet); 3.80 ppm  (multiplet); 7.80
(multiplet) C:  Preparation of 1,11 - Diamino - 3,6,9 - trioxaundecane 254
g. of the product obtaincd in step B are suspended in 1000 ethanol and
heated under reflux. 90 g. of [err] in 90 . water is added and the heating
under 25       rcflux is continued for 3 hours. After this time, the
reaction is pracically finished.      25         25 ION hydrochloric acid
is added until pIi 1 is obtained and the mixture is heated under reflux for
an additional half hour. The residual mixture is filtered; the sclution is
evaporated to dyness. 250 ml. water are added and the solution is saturated
with potassium  hydroxide. The mixture is again filtered to remove
precipitated KCI and 30       is poured into a liquid-liquid extractor and
extracted with benzene. The benzene     30          30 solution is
evaporated, and the diamine distilled under a vacumm of 0.2 mm Hg is [err]
Yield-72%. PMR  [err]    1.30  ppm   (singlet);  [err]  2.85  ppm
(triplet); [err]: 3.48 ppm (triplet) and 3.60 ppm (singlet). 35
Example 15                                              35 Preparation of
5,15 - Dioxo - 1,7,10,13,19,22 - hexaoxa -4,16 - diaza - cyclo- tetracosane
This reaction is carried out applying a high dilution technique. A solution
of                     40 15.4 g. of the diamine obtained in Example 14 in
500 ml. anlydrous benzne and a 40       solution of 10.4 g. of the
dichloride obtained in Example 13 in 500 ml. anhydrous         40 benzene
are added to 1,200 ml. anhydroils benzene over a period of 1O hours under
vigorous agitation and under a nitrogen  atmosphere. On termination, the
benzene solution is filtered and evaporated io dryness. The oily residue is
dissolved in an- hydirous benzene and passed through a column of aluminium
oxide. The polymers                   45 45       formed during the
reaction are retained and a pure solution of the desired compotind
45 is obtained. After evaporation of the benzene, the title product is
produced as a viscous 



oil. Yield= [err] [err] Example 16 Preparation of 1,7,10,13,19,22 Hezaoxa -
4,16 - diazacyclotetracosane                             55 A solution of
30g. of the diamide obtained in Example 15 in 200 ml. anhydrous
tetirahydrofurane is slowly added to a mixture of 50 ml. anhydrous tetra-
55       hydyrofuane and 18 g. [err] while stirring and heating at the
reflux temperature.      55 After the addition is completed, the mixture is
stirred under reflux and under a nitrogen atmosphere for 24 hours. After
cooling to room temperature the reducing agent  is
60 destroyed by adding a mixture of water and THF(1:2). The mixture is
filtered and the filtrate is evaporated to dryness. The residue is
dissnived in benzene and the solution    22       23
1,304,367                                                  23 is passed
through a column of [err] with benzene as [err] The solution iS evapora-
ted  to  dryness  and  the  desired product is  obtained as a colourless of
which crystallizes at low temperature. m.p.= [err] C Yield [err] 5
[err]             5 [err] Example 17 Preparation of 2,12 .. dioxo -
4,7,10,16,19,22,27,30,33 - nonaoxa - 1,13 - diazabicyclo- 10
[11,11,11] [err] 10           The reaction is carried Out applying the high
dilution technique. A solution of 7.0    10 g. of the cyclic diamine
ohtained in Example 16 and 4.4g of triethylamine in 500 ml. anhydrous
benzene and a solution of the dichloride (5.2 g.in 500ml. anhydrous
benzene) obtained in Example 13B is added to 1200 ml anhydrous benzene
during ten hours under nitrogen atmosphere and under agitation. The salt of
triethylamine 15        15       and the hydrochloric acid precipitates and
is filtered off, The filtrate is evaporated          15 to dryness. The
residue is dissolved in benzene and passed through a column of [err] using
benzene as an cluant. The product is a colourless oil. which crystallizes
on standing. m.p. [err] 20        20       PMR [err] (broad peaks); [err]
20 



peak). Example 18 Preparation of 4,7,10,16,19,22,27,30,33 - nonooxa - 1,13
- diaza - bicyelo[11,11,11]- pentairiacontane 25         25           [err]
is prepared according to the process describecd in ' Org. Reactions '13,
31-          25 32 (1963). A solution of 1.3 g. of the bicyclic diamide
obtained in Examlpe 17 in 20 ml. tetrahydrofurane is slowly added to 15 ml.
of the fresh prepared [err] solution (1.6 mole) under nitrogen atomosphere
and at a temperature of [err].The mixture is 30         30       agitated
at this teiliperature for 30 minutes and thereafter hours at reflex
tempera-    30 ture. After cooling to room  temperature the excess reagent
is destroyed by adding 10 ml. of water and the solution  is evaporated on a
rotatery evaporator under vacuum. The bis-amino-borane of the title
compound is obtained by extraction of the residue with chloroform. 35
This compound is hydrolysed by adding 25 ml. 6N hydrochloric acid under
heat-           35 ing to reflux for 3 hours and a solution is obtained.
The mixture is evaporated under 35                   vacuum oil on a
rotatory evaporator. The residue is dissolved in 10 ml. water and the
solution is passed through a column of an anion exchange resin Dowex 1).
Thc column is washed with water until there is no basic reactien. The water
is evaporated. The residue is the desired product, obtained as a
colourless oil.                               40 Yield [err] PMR [err] 2.85
ppm (triplet):  [err] : 3.65 ppm  (singlet and triplet) Example 19 45
Preparation  of 5,12 - Dioxo - 1,7,10,16,19 - pemaoxa - 4,13 - diaza
cycloeneicoaane        45 45                         This reaction is
carried out applying a  high dilution  technique. A  solution of 31.8  g.
of the  diamine obtianed in Example 11 in 1000 ml. anhydrous benzene and a
solution of 17.8 g. of the dichioride obtained in Example 1 in 1000 ml.
anhydrous benzene are added to 1,200 ml. anhydrous benzene over a period of
14 hours under 50       vigorous agitation and under a nitrogen atmosphere.
Ol tcrnination, the benzene            50 50                    solution is
filtered and evaporated to dryness. The crystalline residue (25 g.) is dis-
solveed in anhydrous benzene and passed through a column of aluminium
oxide. The polymers formed during the reaction are retained and a pure
solution of the desired compound is obtained. After rcerystallization from
a mixture of benzene and heptane, 55       the title product is produced.
55 m.p. = [err] Yield 



PMR [err] and [err] 3.5 to 3.9 ppm  (complex mulliplet); 55
[err] 4.05 ppm (singlet). Example 20 60                 Preparation of
1,7.10,16,19 - Pentaoxa - 1,13 - diazacycloeneicosane                   60
A solution of 6.7 g. of the diamide obtainied in Example 19 in 100 ml.
anhydrous    24                                               1 304.367
24 tetrahydrolurane is slowly added to a mixture of 50ml, anhdrous
tetrahydrofurane and 3.8g. [err] while stirring. After the addition is
complete, the mixture is stirred under reflux and under a nitrogen
atmosphere for 11 hours. After cooling to room temperature, the   rent is
destroyed bv adding  10 ml. water in 25 ml. THF, fol- 5        lowed by 10
ml [err] and then 30ml water. The mixture is           5 filtered and the
filtrate iS evaporatd to drness. The residue is dissolved in benzene and
the solution is passed through a column of [err] with benzene as eluant.
The solution is evaporated to dryness and product is obtained as a
colourless oil which crystallizes at low temperature. 10      m.p. about
[err] Yield 70%
10 PMR [err] Nil: 2.50 ppm (singlet); [err]:2.80 ppm (triplet); [err]
3.5-3.7 ppm (two singlets-I-triplet). Example 21 Preparation of 14,21,Dioxo
- 4,7,10,16,19,24,27 - heptaoxa - 1,13 .. diazabicyclo- 15
[8,8,11]nonacosane                                            15 Thc
reaction is carried out applying the high dilution technique. A solution of
2.45 g. of the cyclic diamine obtained in Example 20 and 2 g of
triethylamine in 200 ml. anhydrous benzene and a solution of the dichloride
(l.8 g in 200 ml. anhydrous                  20 benzene) obtained in
Example 113 is added to 1200 ml. benzene during 5 hours under 20
nitrogen aimosphere and undcer  agitation. The salt of triethtlamino and
hdyrochloric        20 acid precipitates and is filtered off. The filtrate
is evaporated to dryness. The rcsidue is dissolved in benzene and passed
through a column of [err] using benzene as an eluant. After evaporation  of
the solvent, the residue crystallizes on standing The product obtained is
the desired compound. 25       rn.p [err] Yield 65%.
25 PMR [err] (broad peaks); [err] 4.0-4.3 ppm (very broad peaks). 



Example 22 Preparation of 4,7,10,16,19,24,27 - heptaoxa- 1,13 -
diazabicylo[8,8,11] nonacosane 30            [err] is prepared according LO
the process deseribed in " Org. Reactions ", 13,         30 31--- 32
(1963). A solution of 1.5 g of the bicyclic diamide obtained in Example 21
in 15 ml. anhydrous tetrahydrofurane is slowly added to 15 ml of the fresh
prepared [err] solution (1.2 M) under nitrogen atmosphere and at a
temperature of [err]. The mixture 35       is agitated at this temperature
for 30 minutes and thereafter 2 hours at reflux tempera-  35 ture. The
excess reagent is destroyed by adding 5 ml of water and the solution is
evaporated on a rotatory evaporator under vacuum. The bis-amino-borane of
the title compound is obtained. This compound is hydrolysed by adding 30
ml.6N hydrochloric acid under heat- 40       ing at reflux for 2 hours and
a solution is obtained. The mixture is evaporated undcr          40 vacuum
on a rotatory evaporator. The residue is dissolved in 10 ml. water and the
solution is passed through  a column of an anion exchange resin (Dowex  1).
The column is washed with water until there is no basic reaction. The water
is evaporated. The residue is dried in vacuum  (0.1 mm. Hg). I g. of the
desired product is obtained 45       as a colourless liquid.
45 Yield [err] PMR [err]  (triplet); [err] (singlet); [err] (triplet).
Example 23 50       Preparation of 2,12 - Dioxo - 4,7,10,16,19,22,27,30 -
octaoxa - 1,13   diazabicyclo-              50          50
[8,11,1l]dotriacoatane The reaction is carried out applying the high
dilution technique. A solution of 1.67 g of the cyclic diantine obtained in
Example 20 and 1.2 g. of the triethylamino in 100 ml. anhydrous benzene and
a solution of the dichloride (1.30g. 55      in 100 ml anhydrous benzene)
obtained in Example 13B is added to 1000 ml benzene     55           5
during 2 hours under nitrogen atmosphere and under agitation. The salt of
triethylamine and the hydrochloric acid precipitates and is filtered off.
The filtrate is evaporated to dryness. The residue is dissolved in benzene
and passed through a column of [err] using benzene as an eluant.The desired
product is obtained as a colourless viscous 60      cil.
60 [err]
6 0 PMR [err] 4.35 ppm  (broad p eak) 
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25 Example 241 Preparation of 4,7,10,16,19,22,27,30 - ocaoxa - 1,13 -
diazabicyclo[S,11,11]dotri- acontane [err] is prepared according to the
process described in " Org. Reactions" 13, 5         5        31-32 (1963).
5 A  solution of 1.2 g. of the bicyclic diamide obtained in Example 23 in
20 nil. tetrahydrofurane is slowly added to 10 ml of the fresh prepared
[err] solution (1.6 Al) under nitrogen atmosphere and at a temperature of
[err] The mixture is agitated at this temperature for 30 minutes and
thereafter 2 hours at reflux temperature. 10       10       The excess
reagent is destroyed by adding 3 ml. of water and the solution is evapora-
10 ted on a rotatory evaporator under vacuum. 1.13 g. of the
bis-anine-borane of the title compound is obtained by extracting the
residue with chloroform. This compound is hydrolysed by adding 40ml. 6N
hydrochloric acid under heat-- ing for 2 hours and a solution is obtained.
The mixture is evaporated under vacum 15       on a rotatory evaporator.
The residue is dissolved in 10 ml. water and the solution        15 is
passed through a column of an anion exchange resin (Dowex 1). The column is
15                  washed with water until there is no basic reaction. The
water is evaporated. The residue is the desired product, obtained as a
colourless liquid. Yield [err] 20       [err] (triplet); [err] (singlet
20 20                        and tripl t.) Preparation of the  CsSCN
complex o.f 4,7,10,16,19,22,27,30,33  - nonaoxa .- 1,13- diazabicyclo
[11,11,11] penatriacontane 25         25             100 mg. of the
macrocyclic compound chained in Example 18 and 45 mg. of            25
CsSCN  are refluxed in 20 ml. of acetone for 5 minutes. After filtration,
the solvent is evaporated. The residue is extracted with chloroform,
filtered again and evaporated to dryness. The complex is crystaliized from
aectene/ethyl acetate. m.p. [err] 30        PMR [err] (triplet); [err] :
3.55 pprn (triplet) and                    30 Example 26 Preparation of
Ethylene- bisthioglycolic acid dichloride A.  Preparation of Ethylene-
bisthioglycolic acid 



35             Thioglycolic acid (20 g.), water (20 ml.), ethanol (20 ml.),
and  a solution of                 35 sodium hydroxide (17.6 g.) in water
(30 ml.) are mixed in a flask and heated at reflux temperature
1,2-Dibromoethane (18.5 g.) is added with strong agitation over a pcriod of
three hours. The mixture is refluxed for another two hours. After
filtration, the filtrate is evaporated to dryness and taken up in a mixture
of water (100 ml) and 40       12 N  hydrochlorc acid (60 ml.). The mixture
is extracted with ether (50 ml. three             40 times) The organic
layer is separated, dried over sodium  sulfate and evaporated to dryness to
give the crystalline sub-title compound which is then recrystallized from
oluene. m.p [err] (Yield [err] [err]   3.0 ppm  (singlet; 41-I): [err]
45 (singlet; 4H). B.  Preparation of the dichloride of the preceding acid
15 g. of the above diacid are added to a mixture of 100 ml. anhydrous
benzene and 100 ml. anhydrous ether. Then. 30 g. oxalyl chloride are added
the flask being pro- ected bv a calcinm  chloride tube. The mixture is
stirred for 36 hours and the  diacid             50 progressively dissolves
as it is being transformed. into the  coiresponding dichloride. The
solution is then evaporated to dryness (without heating) leaving a brownish
solid residue which is recrystallized from  a mixture of anhydrous ether
and petroleum ether by cooling at - 70' C in a dry ice-acetore mixture. 55
55           The solid yellowish dichloride is obtained in a nearly
quantitative yield.                     55 m.p. -= approx. [err] (crude
product) PMR [err] ppm (singlet; 4TI)- S--CH-CO:  3.55 ppm (singlet: 4H) 60
Example 27 60                             Preparation of 3,6-dithia-
1,S-diamino-octane                             60 8.5 g. potassium metal
are dissolved in 100 ml. anhydrous tertity-butatanol (hcar.-    26
1,304,367                                               26 ing at [err]
accelerates the process). When the metal is entirely dissolved 15.4 g.
cyste- amine are added at once. The mixture is stirred for one hour until
all the solid has dis- solved. 18.8 g. l,2-dibromethane are then added
slowly (over approx. thirty minutes); the reaction is excthermic. The
mixture is stirred overnight at room temperature, then 5       filtered
through a sintered glass funnel; the solid rsi;due is washed with benzene.
The     5        5 



combined organic lavers are evaporated to dryness. A viscous brownish oil
is obtained. This oil is taken up into benzene (l00 ml.) and filtered
through a short column of alu- mim  (approx. 20 g.) The column is washed
with an additional 250 ml. of benzene. The benzene solutions are evoporated
to dryness. The yellowish residue crystallizes to 10       yield tile title
compound.
10 m.p. - approx. 35  [err] Yield: 85%) PMR [err]  (singlet: 4H) [err] 2.72
ppm (singlet: 4H): [err] 2.75 ppm (multiplet: 8H) Example 28
15 15       Preparation of 3,14 - Dioxo - 1,16 - dioxa - 7,10 - dithia -
4,13 - dieza - cycloocta-         15 decane This reaction is carriecl out
applying a high dilution technique. A solution of 10.2 g of the diamine
obtained in Example 27 in 500 ml, anhydrous benzene and a solu- tion of 6.1
g. of the dicloride obtained in Example 1B in 500 ml. anhydrous benzene 20
are added to 1,200 ml. anhydrous benzene over a period of ten hours under
vigorous     20        20 agitation and under a nitrogen atmosphere. On
termination, the benzene solution is filtered, the residue is washed with
benzene and the combined benzene solutions are evaporated to dryness. The
residue is dissolved in anhydrous benzene and passed throuogh a short
column of alumina (30g) The polymers formed during the reaction 25
are retained and a pure solution of the desired compound is obtained. After
recrvstal-  25       2 lization from a mixture of benzene ancl beptane, the
title product is produced. m.p. [err] Yield = 60% PMR [err]  2.80 ppm
(singlet: 4H): [err] 2.80 ppm (multiplet:  4H); [err]  3.45 ppm (multiplet:
4H); [err] 30            3.72 ppm (singlet: 411); [err] ppm  (singlet: 4H)
Example 29 Preparation of 1,16 - dioxa - 7,10) - dithia - 4,13 - diaza
cyclooctadecane A solution of 7 g. of the cyclic diamide obtained in
Example 28 in 100 ml. an- hvcrous tetrahydrefurane is added slowly to 50
l. of a freshly prepared solution (1.5 35       M) of diborane in anhydrous
tetrahydrofuran under nitrogen atmosphere and at a tem-35 perature of [err]
The mitxure is then heated to reflux for two hours. The excess reagent is
clestroyed by adding 10 ml of water and the solution is evaporated to
dryness on a rotatory evaporator under vacuum. 100 ml. 6N hydrochloric acid
are added to the resi- due and the mixture is refluxcd for two hours; a
clear solution is obtainded. This solu- 40       tion is then evaporated to
dryness under vacuum.. The residue is dissolved in 30 ml.  40 water and the
solution is pressed through a column of an anion exchange resin (Dowex 



1, Trade Mark). The column is washed with water until there is no reaction.
The combined water solutions obtained are evaporated to dryness under
vacuum on a water bath [err]. The residue is recrystallized. 45       Yield
-= 70% m.p. [err]
45          45 PMR [err] 2.77 ppm  (complex band: 16H): [err] 3.59 ppm
(singlet: 4H; triplet: 4H) Example 30 Preparation of 2,9 - Dioxo- 4,7,13,16
- tetraoxa - 21,24 -- dithia - 1,10 - diazabicyclo-               50 50
[8,8,8]hexacosane                                  50 The reaction is
carried out applying the high dilution technique. A solution of 3.5 g. of
the cyclic diamine obtained in  Example 29 and 1.3 g. of tricthylamine in
400 ml. anhydrous benzene and a solution of the dichloride (2.7 g. in 400
il. anhydrous ben- zene) obtained in Example 1B are added to 1000 ml.
benzene during eight hours under          5 55       nitrogcn atmosphere
and under agitation. The triethylamine hydrochloride precipitates   55 and
is filtered off. The  filtrate is evaporated to dryness.  The rcsidue is
dissolved in benzene and passed through a column of [err] (20 g) using
benzene as an cluant. Thc solutions are evaporated to dryness. Thc product
is a [err] oil. Yield [err] [err]  3.6 ppin (broad sigi tais: 2011); [err]
4.0 ppin (broad signals: 4H).    27
1,304,367                                                   27 Example 31
ration  of 4,7,13 - 16 - tetrawl"'. - ;1,2' - dithiad -. .i
diaabiccloISRR] :h-:xacosanc / A solution ': 1 .6)   of the blicc cli  n
vd.!'d.'   obut edli oeci niE It-am:!oe 30 in 30 .nl]. an- 5        5
hydrous tetrohvc,-ci  ran i:i slowvly addedr to  0 (!ill. of the itesh
prp-ireui dibo-anei ,0ol-     - (1.5 N) un.cJr ni l'roi atmo~phceice andl a
tv.liporiatu1.o. e of 0  ( G.he Iinixilure is srirred trwc hcurs i;e rcdiux
re;npenra:ire. 'Ihc cxuoss reagent iS d stroved by a(idingS 5 itt,. of
water and  .1 he solution is cvop)cratc do; o t rotatoryV       *r'tm under
vacuuml. lhis residue is tiarccl vith 50 il. 6 N  h'drochloric acid nn'i"r
1-atog at refITX fc 10      i0 o       tw  holirs ant' a sluLiorn is
oh:ailn':d. T'h3e mixtur  is cvalto"' .'rd u"i&r vSlCUIll oil a       10
rotatory cLzipcqrQIOC  (waur Wlal 800   10-  C(. 'l'Te. residue is
dis:solv'd in 50  llit. sw'. -aer and -l thi  scl.tion 's passed. 0nro- '0h
a coluaino. c  an anaon exchan   resin (Dowex 



1, T rade Niarlf-i. LTie column is w     'toh:)d with N.vae r nil:i there
is no hasic reaction. lie wae' u  is evap.r lucl. 7hcI residue iS r'rid in
v acu'lanm (0.l  m. JUg) arnd recrystallized 15       fro'u a beriz ne
a:udI; ae    t ni:rsurc, stelcug ii" desired coMpound.
15 15         m.p. -- 785  C'-S0" C (Yield: 95/) PAiR   (CDCl'4:   N-GiL
C.l----0}-           " --   - G- I:--CC   2.65   ppm-n  (multipiet:
161:1); S, --ClJ.65                   '        T!---S: ; > 2..............
90 ppmin (sinlet: 4-'11); O-CI-I.-^-:  3.69 ppm!l (triplet: SIPs); 3.65
ppin (singet: 81I) 20)       20
Example 32                                                    20
Preparation of 5,12 - dioxo - 1,7J.0,16 - tetraflhia - 4,13 - diaza - cN
cooetadecane 5This react0ion is carried out Ip,:lyivng a higih diiluton
techmo IC A. SOIUOlI *f }% tg. of te diamitne obtained in ExaIple 27 ((.1
nmole) in 50' ml ni  h.hdaious benacue and I solut01On- of 1     . of the
CjiCh0loride obtl:atle l   in E-amnple 2G .0u 500 ian] ly d- 25        25
ton-s inarne are added to 1,200 (nl. anhy-dtoros 1)cnrciI over a flu od o
ight hours                 25 1nudeC  ViarooUs  a'gtittiotl :nd under a
niiLaoctn atolostd;hre. Most of 1!i desired anjlid peccopirates cdion""
':1c course of thia'caction. ('1 teCrolhialtiCn  a.le 1,tiDZenlC solut?1on
iS filere'd ar~d es-an-e iase to dryness.   snill anoullnt (2 ,.) of sofin
-?.'esiduc is obtaired. h'lle solid pi-ccipin i C  loarmied duriA r Ithe
high dilution  .e-wu-o'n ar  extrac-ted trhee 30        30       tiecs
itJh 250  l;,l. boiling chloirofor. The'I resid]ue obtained from)I the(
benzcnc lasve;         30 is !d.ddeci to the cono nined chloroform c1
ir-actS. This s'lution is ia  tcred throeugh t? short colutlr of 0t lii 'no
(30, g.), tle colulnun bcing- trashed wilh IIU  odd ilion-al 1,000 nil. cf
clhOrofoln-l. TI  O flohltiort obr-ireci iS co;tccntrtecia and tbe des'
flt'd cialni   crys l-1 11]zcs out. 35       m.p -= 1108 C-14,9' C (Yield-
L Si;%)                                                                35
35                  PAIR   (ODGD:C):   --CiI ---S.-:    2.65-2.90   ppm
(complex,   band:   1211); '!'-t0''--.'-t2-S   3.25 p;t (singlct: 411);
----N-I--: 3.52 ppmi (ullnipl: 41-I) Example 33 4
Preparation of 3,7,10,16 - tctradhia - 4,13 - diazacvclooatndecane
40 A. solution of dihbcrne (20 nil.; 1.5 N) inl anbvydious tctrahl-&roforan
is added diopwisc to a suslJ Wlson of 2 g. of tlic diamide o)taiteCd in
Example 32 in 50 mzl. so- l:yidrolts tetrahydialu     - uder nitro;en at
roam11. teMI:uAMauL1rC. The solid dissolves giv.- iu'T a clcar sOiiution.
After tle additioa' is cow-p  ted th]e rnixynne is retl'ed durin- fo !m 45
4 5       hours and a solid nrceirt'k-re is forined  AMier cooli :ag to
noo--i l p-ia,;lrC, tle cxcess        45 I ic.gent is destrovc't hn addilng
carecftlly 10 ni'. of wvater. The sclvcn'- s arc evaloor-ted to dlryness
aDid 6 i  byb rochioric acicd '50 ml.) is adldedck  to rtc solid rusil~'tc.
The mnix- tile i; rcfliluxd for thr c hours: ah. souid does nor dissolvc,
the rnuixture Iciniaining 



lie-aroocneoeos. i r'-' lli::itlatC is eva'porated to drioess and a
solutiot. of 10%/  sod uan :o       hydroxidlz in watcr t50 tluD is adcdcdf
to th" rcsiduz                                                50 50
'T he heterogencous mixcure is extracted trim: times wtith chloroformn (S0
ml.) 'TIc conbined chlo(oform,. layers arc dried ever sodiuml sultfatc anid
filtcred through a short titunlina (20 g.) .:'lunmil. The solvirt is
removed and the solid produ1ct is recrystallized from ethanol. [err]
55 55                    PMR [err]:one complex band from 2.75 to 2.83 ppm.
Example 34 Preparation of 2,9 - dioxo - 4,7 - dioxa - 13,16,21,24 -
tetrathia - 1,10 - diazabicyclo- [8,8,8] hexacosane 60          60
The reaction is carried out applying the high dliution technique. A
solution of 1.0             60 g. of the cyclic diamine obtained in Example
33 and 0.3 g. of tricthylamine in 100 ml.    28
1,304,367                                                     28 anhydrous
benzene and a solution of the dichloride (0.8 g. In 100 ml. anhydrous ben-
zone) obtained in Example 1B are added to 1.000 ml.anhydrous benZENE DURING
TWO hours under nitrogen atmosphere and under vigorous agitation. The salt
of triethyl- amine and the hydrochloric acid precipitates and is filtrate
is evapora- 5        tcd to dryness. The residue is dissolved in benzene
and filtered through a column of     5 [err] followed by 500 ml of
chloroform. The Solvents are evaporated, having the title compound as a
viscous oil which may crystallize on standing. Yield: [err] 10
[err]                   10 3.65 ppn (broad bands: singlet-l-tripiet: 12H);
[err] around 4 ppm (several broad peaks: 411) Example 35 Preparation cf 4,7
- dioxa - 13,16,21,24 - tetrathia    1,10 - diazabicyclo[8,8,8]hexa- 15
cosane A  solution of 0.6 g. of the bicycle diamide obtained in Example 34
in 10 ml. tetrahydrofuran is slowly added to 1  ml. of the freshly prepared
[err] solution (1.5 M) under nitrogen atmosphere and at a temperature of
[err] The mixture is refluxed for two hours. The excess reagent is
destroyed by adding 5 ml. of water and the solu- 



20        tion is evaporated on a rotatory evaporator vacuum. The solid
residue is treated  20 with 50 ml. 6N hydrochloric acid under reflux for
two hours. The mixture is evapora-                    20 tcd to dryness
under vacuum on a rotatory evaporator. The residue is treated with a
solution of tetraethylammonium hydroxide until a basic reaction is
obtained. The mix- ture containing a precipitate, is extracted several
times with chloroform. The solutions 25        arc filtered through alumina
and evaporated to dryness leaving the title compound as 25 a crystailine
residue. The solid residue is recrvstallized from  a  benzene-hexane
mixture and dried in vacuum (0.1 mm Hg.) [err] (Yield [err] [err] Example
36 Preparation of 2,9 - dioxo - 4,7,13,16,21,24 - hexathia - 1,10 -
diazabicyclo[8,8,8]- 35
hexacosane                                                  35 The reacion
is carried out applying the high dilution technique. A solution of 4.5 g.
of the cyclic diamine obtained in Example 33 and 1.5 g of triethvlamine ill
500 ml. hot anhydrous benzene (maintained at approx. [err] during the
addition or in 400 ml. anhydrous chloroform and a solution of the
dichloride (3.5 g. in 400 ml.anhydrous 40        benzene) obtained in
Example 263 is added to 1000 ml. anhydrous benzene during  six  40 hours
under  nitrogen atmosphere and under vigorous agiation. The salt of
triethyl- amine and the hydrochloric acid and the produce precipitate and
are filtered off. The benzene layer contains only a very small amount of
produce. The solid is extracted three times with hot chloroform. The
combined chloroform solutions are filtered 45        through an alumina
column. The bicycle amide is cluted with methanol. After evapo-
45 molan to dryness tl e title !)roduct is cotiaincd as a viscous oil.
Yie!d 20C/% P1'IR  (CDC!,):  CI12-S :  sevcral broad peaks betwen  2.5 arAd
3.1 p as (2011); COC -T--SC .--NTA: seveal ,broad peak-s locbt-wen 3.2 anid
3. in   '1211) 50 50
:Examplc 37                                                    50
Preparation of 4`7,13,11.21,24 - hexathia - 1,10 -
diabicyeio[SSS8]:ecicosann 20 mi. of tlhc fre'sh prepared  1 . SOlution is
adled :to at sulspension o'  i g. 01of 'the bicvclie diamide obiitincd in
Exaple 36 in 20 in!. terhlyvdrofturao  mino r niirot' l .g ~t~melvlfi2OS z
andi at a temo.l erature of 0T' C. 'Thhe nitu:o iS igitatedl at tI's
temperature 55        for thiirty minutes aUnd the:reafter four hoturs at
refluX- t'ii''"razure. The;C c2:CCsS reagent         55 



is de~stroyedt byv addi:   5 ml. of water and thc s(Oluioo `n caperatcd on
a rotatory cva- pnltor  ttider vacuu,  i50 ml. 6 N iivdltoellorioa.-    arc
addedlr and tile mixture is heC-i:d U:tdr micl   fur fuir hours. The
mixture iS ommInt l;d to ciryoss unlder vacuum
60 ott a rotatory eviporator. 'eli  mnixtuiac is madie alkzz:iine \.ith
NT(ONr NT/10 and is cx-    28 1,304,367
29 tracted three times with chloroform. The chloroform solutions are
filtered through hexane mixture lending to the title compound. [err]
Example 38 Preparation of 1.5-diamine-3-oxapentane 1,5- DichlOro-3-
oxapentane is treated with potassium phthalimide, followed by 10
hydrazinolysis of the resulting diplnhalimido-derivative and consecutive
acidfication           !0 whereby the bis-hydrochloride of the title
compound is obtained. The bis-hydrochloride is treated with a very
concentrated (approx. 10N) solution of potassium hydroxide in water and
continously extracted with benzene in a liquid- liquid extractor for
several (three to five) days. The solvent is evaporated and the liquid 15
residue is distilled under reduced the desire compund.
15 [err] (from  the initial 1,5-dichloro-3-oxapentane). PMR [err] 1.30 ppm
(singlet: 4H); [err] 2.90 ppm (triplet: 411); [err] Example 39 20
Prenaration of diglvcolic acid dichloride
20 To 13.4 g. of diglycolic acid covered with  chloroform  (150 ml.), 45 g.
phosphorus pentachloiride are added in one aliquot. After standing for ten
minutes at room temperature the mixture is heated slowly to reflux
temparature over a period of one hour and  is then left under reflux for
1.5 25       hours. The solvent is then evaporated at room temperature
under reduced pressure                     25 (water pump). Then, the
phosphorus oxychloride formed during the reaction is taken off at room
temperature under 0.5 pm pressure (oil pump). The remaining oil is
distilled (oil bain of the desired dichloride. [err] sufficiently low
pressure. 



Example 40 Preparation of 5,9 - dioxo -  1,- triaxa- 410 -
diazacyxlopentadecane This reaction is carried out applying a high dilution
technique. A solution of 29.6 g. of the diamine obtained in Example 2 (0.2
mole) in 1000 ml. anhydrous benzene and a solution of 1 7.2 g. (0.1 mole)
of the dicloride obtained in Example 39 in 1000 ml. anhydrous benzene are
added to 1,200 ml. anhydous benzene  over a period of eighteen hours under
vigorous agitation and under a nitrogen atmosphere. On termina- 40
tion, the benzene solution is filtered and evaporated to dryness. The crude
solid residue       40 is almost pure [err] It is recrystallized from  a
hot mixture of tctra- hydrofuran and heptane giving the title product.
[err] [err] Example 41 Preparation of 1,7,13 - Trioxa - 4,10 -
diazacyclopentadecane A. solution of 1 5.7 g. of the diamide obtained in
Example 40 in 300 ml. hot al- 50       hydrous tetrahydrofuran is slowly
added to a mixture of 50 ml. anhydrous tetrahydro-     50 50
furan and 15 g. [err] while stirring over a period cf 1.5 hours. After the
addition is completed, the mixture is stirred under reflux and under a
nitrogen atmosphere for twenty hours. After cooling to room temperature the
excess reagent is destroyed by adding a mixture (45 ml) of water and THF
(1: 2), followed by 15 ml [err] 55        and  45 m1. water. The mixture is
filtered the filtrate is evaporated to dryness. The          55 55
residue is dissolved in benzene and the solution is passed through a column
of [err] with benzene as cluant. The solution is evaporated to dryness and
a semicystalline pro- duct is obtained (mixture of crystals and all oil)
which proves to b2 the desired product. Yield  89% [err]    30
1,304,367                                                    30 Example 42
Preparation of 2,9 -dioxo - 4,7,13,16,21 - pentaoxa -1,10 -
diazabicyclo[8,8,5]tri- cosane The reaction is carried out applying the
high dilution technique. A  solution of 5        8.72 g. of the cyclic
diamine obtained in Example 41 and 8.8 g of triethylamine  in             5
500 ml. anhydrous benzene and a solution of the dichloride (8.6 g. in 500
ml. anhyd- 



rous benzene) obtained in Example 1B is added to 1000 ml. anhydrous benzene
during ten hours under nitrogen atmosphere and under agitation. The salt of
triethylamine and the hydrochloric acid precipitates and is filtered off.
The filtrate is evaporated to 10        drvness. The residue is dissolved
in benzene and passed through a column of [err]       10 (100 g.) using
benzene as an cluant. The title compound is obtained as an oil which
crystallizes on standing. The product is recrystallized from a
hexane-benzene mixture.                 10 m.p. [err] Yield 45% PMR [err]
several peaks between 3.3 and 4.6 ppm. 15
Example 43 Preparation of 4,7,13,16,21 - pentaoxa - 1,10 -
diazabicycle[8,8,5] tricosane A solution of 5 g. of the bicyclic diamide
obtained in Example 42 in 50 ml. an- hvdrous tetrahydrofuran is slowly
added to 50 ml. of the fresh prepared [err] solution (1.0M) under nitrogen
atmosphere and at a temperature of [err]. The mixture is afi- 20
taced at this temperature for thirty mixtures and thereafter 1.5 hours at
reflux tempera-         20 ture. The excess reagent is destroyed by adding
10 ml.of water and the solution is evaporated on a rotatory evaporator
under vacuum 3.5 g. of the diborane of the title                    20
compuncl is obtained (m.p. [err]). [err] 25             This compound is
hydrolysed by adding 50ml.6N hydrochloric acid under heat-              25
ing and a solution is obtained. The mixture is evaporated to dryness under
vacuum on a rotatory evaporator. The residue is dissloved in 30ml. water
and the soultion is passed through a column  of an anion exchange resin
(Dowex 1, Trade Mark).The column is washed with water until there is no
basic reaction. The water is evaporated. The title 30        compound is
obtained as a colourless oil (3 g.) Yield- [err] [err] Example 44 35
Preparation of 5,9 - dioxo - 1,7 - dioxa - 4,10 - diaza - cyclododecane
35 This reaction is carried out applying the high dilution technique. A
solution of 10.4 g. of the diamine obtained in Example 38 (0.1 mole) in 100
ml. anhydrous ben- zene and a solution of 8.6g. (0.05 mole) of the
dichloride obtained in Example 39 in 100 ml anhydrous benzene are added to
1000 ml, anhydrous benzene over a period 40        of 50 minutes under
viqorous agitation. The reaction mixture is filtered and the resi- due is
washed with hot chloroform (3 x 500 ml) The combined solutions are evapora-
[err] to dryness leaving a crystalline residue (m.p. [err])which is
recrystal- lized from a hot mixture of chloroform and heptane giving the
desired product. 



[err] Example 45 Preparation of 1,7-dioxa-4, 10- diazacyclodecane A
suspension of 5.0 g. of the diamide obtained in Example 44 in 100 ml
hot-an- 50        hydrous tetrahydrofuran and 4.8g [err] which stirring
over a period of one hour. After the addition is completed, the mixture is
stirred under reflux and under a nitro- gen atmosphere for eighteen hours.
After cooling to room temperature the excess [err] gent is destroyed by
adding a mixture (15ml) of water and THF (1:2) followed by 5 ml. [err] and
15ml water. The mixture is filtered and the filtrate is evapo- 55
rated to dryness. The residue is dissolved in benzene and the solution is
passed through    30
1,304,367                                                         31 a
column of [err] with benzene as clunt. The solution is evaporated to
dryness and after recrystallization from her benzene/heptane the desired
product is obtained. [err] [err] Example 46 Strongly basic solutions When
solid potassium hydroxide is added to a solution of 4,7,13,16,21,24 - hexa-
[err]-diaza- bicyclo[8,8,8]- hexaocosane (obtained in Example 6) in
anhydrous 10        tetrahydrofuran, a very strobgly basic solution is
obtained as XOII dissolves in the             10 solvent under complex
formation with the bicycl diamine. The strong basicity may be shown by
adding some fluorene: an intense red colour, due to the formation of the
fluorenyl anion, develops immediately. By treating this strongly  basic
solution with air the fluorenone is obtained. When no bicyclic amine is 15
present the anion is not formed and the solution remains colourless.
15 The samc obscrvations may be made when KOH is replaced by another base
such as sodamide. 20
Example  47 Purification of Tetraglycolic acid 20        A.  Preparation of
tetraglycolic acid dianilide
20 Tetraglycolic acid dichloride is prepared as described in Example 13.22g
of this diciloride in 50 ml.anhydrous benzene are treated at [err](ice
bath) with 35g. aniline ill 50 ml. anhydrous benzene. The mixture is heated
to [err] for ten minutes and is 



poured into a separation funnel :200 ml. water and 200 ml. chloroform are
then added. 2         The orgainic layer is separated and washed with 200
ml [err] hydrochloric acid           25 them with 200 ml. water. The
solution is dried over sodium sulpate and the solvents are evaporated. The
dianilide is thus obtained as an oil crystals of the dianilide may be
obtained by crystal- lization: 25          30              1)  firsr from
acetonc-waler  (dissolved in hot acetone; water added until the mix-
30 ture becomes cloudy); 2)  then from acetone-hexane (dissolved in hot
acctone;hexane added until cloudy) using a crystal from  (1) to initiate
crystallization (m.p. [err] 3)  finally again from accetone-water:a white
crystalline product (19g) contain- 30              ing one mole of water,
is thus obtained, m.p. [err] [err] All signals arc sharp; no impurities
present. B.Hydrolysis of the dianilide 35                       19 g. Of
the dianilide obtained previously are suspended in 200ml. [err] sodium
40 hydroxide in water. The mixture is refluxed for approx twenty hours.
After cooling to room temperature, the liquid mixture (the aniline formed
forms an upper layer)   is washed three with 150ml. benzene. The water
layer is then brought to pH 1 using [err] hydrochloric acid and evaporated
first at the water pump and then at the oil pump while heating on the steam
bath. The residue [err] tetraglycolic acid is          45 washed wiih
acetone, filtered and thc solid on the funnel is washed two times with ace-
tonc. The acetone solution is evaporated to dryness. The oily residue
obtained is pure tetraglycolic acid; PMR spectrum as described in Example
13A; small peaks due to contaminating compounds have completely disappeared
(purity approx [err] 45                  Yield [err]
50 Example 48 Preparation  of 19,26  dioxo - 4,7,13,16 - tetraoxa - 1,10 -
diazabicyclo[8,8,8] hexa- cosane The reaction is carried  out applying the
high dilution technique. A solution of 50             10.48 g. of the
cyclic diamine obtained in Example 4 and 8.8 g of triethylamine in
55 300  ml.  anhydrous benezene and a solution of the dichloride of
octane-1,8-dicarbonxylic acid (8.44 g. in 500 ml. anhydrous benzene) is
added to 1200ml anhydrous benzene during ten hours under nitrogen
atmosphere and under [err]The salt of triethyl- amine and the hydrochlolic
acid precipitates and is filtered off. The filtrate is evapora- 55
60         ted to dryness.
60 



32                                                 1.304.367
32 The product is an oil which crystallizes on standing. [err] 5
Example 49 Preparation of [4,7,13,16 - tetaoxa-1,10- diazbicyclo [8,8,8]
hexacosane A  solution of 7 g. of the bicyclic obtained in Example 48 in 80
ml. an- hydrous tetrahydrofuran is slowly acided to 70 ml. of the fresh
prepared [err] solution (1.0M) under nitrogen atmosphere and at a
temperature of [err]. The mixture is agita- 10        ted at this
temperature for thirty minutes and thereafter 1.5 hour at reflux tempera-
ture. The excess reagent is destroyed by adding 20 ml.of water and the
solution is evaporated on a rotatory evaporator under vacuum 6g of the
diborane of the title compound is obtained (m.p. [err]) 15 [err] This
compound is hydrolysed by adding 100 ml. 6N hydrochloric acid under heat-
ing and a solution is obtained. The mixture is evaporated to dryness under
vacuum on a rotatory evaporator. The residue is dissolved in 20 ml. water
and the solution is passed through a column of an anion exchange resin
(Dowex 1, Trade Mark). The column 20       is washed with water until there
is no basic reaction. The water is evaporated. The title compound is
obtained as a white crystalline solid. [err] Example 50 Preparation of the
KSCN-complex of 4,7,13,6,21  - pentaoxa - 1,10 - diazabicyclo- [8,8,5]
tricosane. 100 mg Of the macrocyclic compound are dissolved in chloroform
and an excess 30        solid KSCN  is added. After standing overnight at
room temperature the mixture is filtered and the solution is evaporated to
dryness. The residue is crystallized from an ether-acetone mixture. Thle
crystalline complex melts at [err]               35 Example 51 Preparation
of the [err]- complex of 4,7,10,16,19,24,27- heptaxa-1,13-diaza-
bicyclo[8,8,11] nonacosane 70 mg. Of the macrocyclic compound and 70 mg.
solid [err] are re- 



fluxed in 20ml. acerone for five minutes. The acctone is then removed under
vacuum and the residue is treated with 25 ml. chloroform. After filtration,
the chloroform is evaporated and the residue is crystallized from  a
chloroform-benzene-ether mixture. 40        A crystalline complex is
obtained.
40 m.p.= above [err] Example 52 Further complexes of 4,7,13,16,21,24  -
hexaoxa - 1,10  - dizazbicyclo[8,8,8] hexacosane The following complexes
have been obtained by the method already described in 45        Example 11,
or else their formation has been observed by spectroscopic methods:
45 [err] 50                                               Example 53
50 Complexes of 4,7,13,16,21 - [err] This compound obtained in Example
43,gives stable complexes with various metal salts in particular it readily
forms complexes with transition metal salts. The    1,304,367
33 3 2 complexes of the following salts have been prepared by mixing
methanol solutions of the salt and of the complexing agent and letting the
complex crystallize out, else their formation has been observed by
spectroscopic methods: [err] Example 54 Preparation of
2,9-dioxo-4,7,13,18-tetraoxa-1,10-diazabicyclo[5,5,8]cicosane The reaction
is carried out applying the high dilution technique. A solution of 8.7 10
g. of the cyclic diamine obtained in Example 45 and 11 g of triethylamine
in 200 ml. anhydrous chloroform and 30 ml. anhydrous benzene and a solution
of the dichloride 15                       15 20 ;.'  'f~lil~i   55 2.0
25                         25 J  get 25         30               30 [err]
40 



40
re. action.p, 45          45
Exampnle 56                                                        45 50 50
34                                                           1,304,367
34 S-:tranglev 1b.1asn  s.;al lionu  havc  a'so  bEccn        '*U    -
::ing  the  proceduire of .x -i-;-. C46.  ;.;) lC herthe  Fo>i.r, *io   of
t  i.-.          v    il  !;s bcen  obserrved  wincii ad&IK-liag fluo
i'enl~ e 10 anl ax::;lhyd:lr~ttus i' d~aw1.UILII:::.    s olut~oi it   ti
Zl ipt ccn cx  wa-nd   '.virh A5
Fmimple 57?
5 A.  P repar, nnif  of 2-chhroc i.  -L  tlh  at P5 t  ;;IJII 322    g f.
Cf'( CIC(if-ITI- , c'n Ic   il                     w ' *.  , was satvucAtcd
wvith  gasouis  IICI, and  120 g. nofrriox''m ct l    was  fi
l    uc'- v'I h C1   the so501. l  i .as again saturatcd I:u, I IC.]. TIhl.
lo-wer 'aycr wrs scrl'i'ttic't, crics' over CaCG ,  antd  dry  CO,  7passcd
10         rhueomnl tie S;)i    l i s  i n On to renni'ove ro.:- ';';9
f-if. Upon  t'r !.-actionadoin. at rcduccd prcssuire Yhe       10       It
uviCT  por'ioVn  bo'is ac 6;-  73"  ('/.'3-27 2 -ia. c. small amnount of
trio.xynicLhvteca no~pears in the Fnrcrui. lhc vr -'ll is
33ppr 0 >30 1B.  1  epa/aicoM   of 2. *chl, o)etl'z;o   ; -c~to l.,t1-'e
IMixin    i 3D       at  Ic oaof       't o-,amiic; in "  cmpIc A  al  2
g. 2   ceppe r cvaujd                     1r l5         C1 ,CN).`, fbvlaix
A            n    '-,c a he:;;;%   gives    lo a rco.(:tc;.1 wInich11 is
controlled  by                 15 cooiingf di ihusk    .;'th    x . '. .
clcciml iS                                 2 ;   - I   hating on  a water
bath  for tc';o'   T'.  'The IC.. CIo   miiLCt is                  d  at
reduceAd  prcssure  xVivhtcni  re- ,nilyal .r tK e v    ; (Ci NT) .ie'd~ /;
.; oS 'wi   ti;lc tO corrpouund. hSi.: -8 fl        /0.S  rXilln. Yicid
3ty- l 2 0        C,   Prroaiornq  of 2-cidoroct ho-c" nauc  acid
20 .T  is  c-c'nl . ill!  ias  ort c r-ed' tby  irei        120  g. of the
pruouct obtaincd  ill tx.rxomtc 5 3 'B -ii"oh  250 :-.l. al. ut    ' ' cae
I-LI  R etio            e 0s1t  il'l r:.Icl a sh.ort ii0W, a, d i' is
a`1rCS'.   to Lu cool 'i;C Ll"':- t- CI .0t1. i i t!     :cdioll, vwItch
i.. Inily cmpleted 5 l, iw"cninr&  ov a stcn   ia l.   for t; -thJ'"C hu'-
ie 1s dd1;ucJl with ani    C . equal vchi',ne (of wvavcr, ani cf(a':'rJd
u 'eu.  ti  7.'- 1h     (CC f.0 ;!usmcS Of Ctier. 'he  eher iS evarra-
25 tCoit 1P1'J the,  "rc cu;., as distUbcd si, t'a-unaliu,
'5 h).p5. 130}/3  -5       . .   Prep-rcur -       us: 'su'. 'iO -1
. a cid 9 2   . (0.1 .      , of di nil',1';  aIct) anr   '";s.'c din  a
ed'atioa of 12 7.. N-.l(1'  . i; 



30         t10  i). SNatero     1 38      a  d c ; l -obe"    .b'ncd  -i
i:,la;I e i,5c 7   a' : :1 ad  cl sloly (oerI               30 qr "C
K~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ "                                  -i  ,I
v~,,I iCECCI}r~x.  ' c  -~lm i  adl CS e .r  lu~rue it *':1::.1'::0' to '0;
C  fo'r t-    I  iS  Afte  c.nol- i'"'l. 1'        i  13 :SttiiiniO WUit "
C:)j'.".'1,*A;'.i -    I'l a'd -1 -c    :i i':!i-.' 1   s \'fi~itl (%:11cr
(3 x l 1'5   1   : 158 -'c e J_   iy'   are 0.0 , ink.d, c:   c'      e::e
sodi"'um ii, I i  - m a  va-prai.ed 'o zrypnc-ss. T!.z " ' t-Li.e prott   .
,.1',.) is o:1.--'1 afS a very Vi: ;-  -           oIl. 3.5         'Id
350/ ]A'l'i.>7. (,D2'):    2.i-T.-::.35  ppml   t,..W:  wT[;--'---  --t-0:O
3.4i  pp~nl Cvrooglr'i.C
C 2. 1 -0 C-9T -:     o.  u5   k    iLet:  '11);  -- --" .'f--C0C:  4.2
pplu (Sir'gler (1ni"). 40                 I'1w_, dbjrY'jric  *f' the
diiacid ooa;',ind  ivr  EIvIn-!C 57D  is n-prired  usinig  c:alyl
40 .;-2' nlie ;'1 thr: Su'iiC wa'v as des.:. itc.1n
17:'i1'. .'    the   i''s- is a viscoils oiL ''--I ' ~C rl(I)  "   ('t   -
2 '   "'' -~ Qrip~c ?ih     'S    ffi'-'-.O--'-   3.3 ppml ,:"1-) ,   u- -
-', --:     'S5 ppml (tQri"lt: 2ES                 )-'('''3        3I
45.l..                .;(tt7t          I,
A5 j -flcflpac 58 2P clar< ti 0ttr2l.  9     dioxo - 4,0 (1o 1    li.3.;0
- 7,21.24  - turict - Ii  tO- diazaticyclo-a [ s SSItex aco, ale ti ''is
ine- i   :r  carried  olut '';.--'' I    ilk  hi-.h dihil-u')'I t'cln.`
A''\ solutin  of 50          i''   0. Ci:   'C  (''''--'ir' A.   in' ' i
l" 29  "rd 2  'g.  nric lh:rsmicc  -r  -Q(1 ml. en'.                 50
!Idro   L i'1       ' . an  IS sut'o   1,            in  i' t cl the  ( 'd
obu'- n-k  j ;'.: I          5713: ini 200 tatL       'dxn. f       :
arc.       Loe iz  ,00 mi. m'  ,','i0ous be         ne aver a period of
2.5'1 hon' lt'-' r Vx . en'.,    ..         1 u-    l lr a to ' .
uo<   n;r. {' 'er mii itoLI, t;oo flzairen.' 80     )'ll io!: i: itrCe
ar. l    lroCL` t'ed to d   u-13 ss. 55                r. 00  oily
"""''i'-''',er          -" vc'   ;n                i '^       it'i '  (li.C
rfd.) c firc' cr   through  a  5I ci'Ulolul' of a1i'-noniuis't osida s d
. 5   g .) hir 1rroduct is  kt i ed i Ii 0a mixture :  chluo l'of:-a ardl
hanizelcic (307'/1          . 'l'lhe "iir'. is ovapucaz:d  to; dri rVss
OIivn   a viscous cii, MW;cli is  1io eCs;re          1unad Iyicld (
-iroi  507`,) P2,.!)  (CDll, h: 'vryY r; 'np's  ve;"  '  Jscm  2.5  3  W.0
p-pm; S-'C1-"-CL    4-N'CI.: from 60                2.5 to 2.9 p
O--:,  .-  -       ti-: jr -, 3.5 to 1.0 ppJm.
60    *~~~               ^ .--.-.
..1,304a,367
35. Of of
Exlunn!t. 59 't rn                            Prepi'aration -- 'o,13,16 -r
moxa - 7,21,721 -  ;ii lla - 1l(o -    abivl o F SJ.X II texacose 



witl                                  20  4    of; soiu ' ii!:  .7M1) of a
di;- i: i'    I')                i.j*j ;wi        1 ore added to a -n'uion
of :i5 !, (- wr    bie'1c bi             :i        , i: v  i       ' 58 iL
20 ni. anhyd- 5       :         rous le'.2 i dro~ra.lG s,  n:; Z l  itrogen
a:ti ,:.; !-;  a :q~i at r0   (   ;~ hc    lreix:o is refiuJXtd         ';
f or t'! ';  1S. F jc   e         :'gcr t is Clos'.               i i
'-lflf  :  li. it Nvi. lr   iad ihie Solt- -ni is Ct..       ted or'l :;
ro1:- toryi evapoir: o  - .o;a'r varcuum. I it'u       i z iS treatcd wi'th
ctile;                           40a 31 ]l  0' 1l', t r'c t1rl '.4 (irJ
l6)! h  rcI- ':-  r ' , ''  lOOCS Il  ,         1!  wop 3: O.- r.1  is
orat.:ed to .ssed                            dryncss unlt'ir vacuuin on a
rotato rt                       i '  c res  , I s tr1-a  "cd1-iii  a
sclution :ti]le      10                 5r 10' 30' hl'lp:3l~l~lilnlo4V0"j
nvro?~detC U lil                      o' ici ' 1;';;.''''t1II   .1  irre is
cx-   10 kncoe                            treze'  r -'n- th 'o .0. ~. .53 ,
crkzc1 ml.) U1ld l 0 1 '   1   '   i?  dri   anr   i ilan'.ri. over a
COlliumn' of 3h2T...     tii. J       l' S'e         i:S, .   o,:I'irazed
to tit'lrssC   lcaV;k';so   a VISCOUS oil (I. A      : 5.  x.l   is  he
dcsircd CtImilpj'1  d. Yiecld.- 9 5 ?',;iC                  ;'j       PAIR
(Cl I'1  ):  (--S                -)--(N'-):   2.4---2.9  ppm   (co;nvl[C
banild:                           15 o vw          15
2)     l; .'-  -' .                             i  P CS  a oIDr"' sin1g   t
2.9 ppm);  C---.-CIt : rilter                                 3. A   3.7
pl,: l. icorlLj..:.a. x i.a pni) 21,2 ,-i;tnot. l-vbx' 4,71 1 6' jt.2ox:t-i
'02 (s;l2-  Ietraoxi:"otcv:!lr.(;' ISCO  hlC~lexeosane~ A.  voie'vo
pik'  ,:.  ~c of tt.fifl 11      36   ini i;4   a'sI      ctae riralnhic
20 20                  is re:: : x -  3A   1     i    JI  o'autred
.       1'  16', to 'eVC   7) 1'  1n:thl 1-6  7-di- 1 in
~~~~oxo-l/;r-c mvi:-7,10 11,,6  '.ciraaza-e~yvcr:nc :.':.-o 31 ticdJ
B.   ll    rodp'rct oI sICp - '. is rc-duced a.           n-t  orrn-ms,
fcIow'.1l, the prec"dure  of lEx.aml'Ar -I . tO  gi  10,r3 Cl
net'y.'-,i.i-<    i 7. i(;.i  ,r-eCLV'0Za-ycloociadec;uute. ;"ta-        25
25        C.    t1h Slilg ti"   1    0ozed    of PENxanm.ie  S ti ,lCiuC
Or s             B 1i  conde nsed wisjth           25' the  d-1-!  ::'  Of
hxa:I.JO:,    113  to  give  2 I  u9-lmetoyt:-2.9',-oioxo%>7,1 3,3
6-ztetroxa- fli;-1> di -l ; c;razf~lc c         IoP;.;   tk 31Cx;cove
1,i0ss,    I : w-;~.azo-bic v-1r [8,,8]t.E1exa~co'n'a D.
lof tl-he                         f o'    f.Il     , roc odurc ( Zi   l'c 6
oives -    ti c 30                   Comou l3l. : '.e ..   '. 1
l- ^:; ;-;>'. l,1                                                     30
.:Pr ' . i ,. -; ,    4.3C54,   6,7213_ 1 6 -; -2    l   ;i1 0   d'ipi-
ol-ipiJ -1oL8,3,0] lexacosane hA.   A. li.'.l~re  t        cf 9ice '!   P '
ist 1 dibn mule c A  med according         tn  Example 35 .
2A  ard  601  t. ,rc ta.  uw..p'O            lc  is leetl Cn    stcatm
Lath for 1hbrc 1O fetur hours '!.                              undel
nit-oo.!-d ma'. . '-.' the' drphospiienili,  Oiloterd   of the faor-nala
..2 '13        40                                       3[ '2 1- >-
N/Y~j/   -K J.2
35 : i1                              f3f--dli')xoa-]-i  bisktr;sns-
lZ~ioi~~sploliu-fl;:o~at a-'"-riibronslide  is ob'ifline 



4i                     B.  T'L'   eo jcivalers of litI i um  a'viu nit'
crif:c r! re- tair;' to a sus4'ension  of thc [3ilCSpi.:1i1.l s. li
oItibitiett ;iceOilt,; tO ;!CIt0;' ,- inl drtt
IIirroren.  The- miXure iS reflioxCd fer sveral hourns an;;.i the CXCCSS L.
!..T iS dest royed 1   a ili,; wet: ether fol-- .:-   '0}  lowedc  by
aqueous N;aC` . T1h   Hethr lay2r iS   trael off and  thcc solvent iS
evapor-                           40 ted. 'i w dipi jiosinnz of i1x
furjilla 5o                                          F I    C a?
-oo         P   -fO2C n                                 S (:> Cil, - -
~~~~~~~~~~~p C}  o   p   12 10- '2
i ~~~~~~~~~~~~~~~~~~~22 a        55                       [3,6-dioxo: - 1,8
-bis(ibezipJosp l       e)-octane]  is obtained. . G  A  :nixLu-e of the_
dip,,.h)aphine obtanrine   according to step 13 and one cquivalent. of i.
trwctnxc-lc ;,I,.col dil:'xonniti c  oblained accordilng.r to ttxamplc 2 A.
in diecthli-] furirnaetidc             45 a]
a     zre  -  adId drop-vwisc vver a period of rcveral hours to hot
dimeihul-J fornam-rlide 60                       (hih'h diulution)  munld-r
vigop-ou s stirrinr g  1l a iilodcr nitrogcnl. ,Areci the evl   latin of
the    36                                                      1,304,36t
36 solven-t and punr;!i;.i.:o(  of Llsh  rc,;k!;u LthC 1f3l1fyclic Ci
dipoosphonuinl a~t of rhc fe-r- -     CH-2p.3 .2r [1,7,10,16 - LCelaoxa -
4,i2,13,13 - rCui.l.-ny? --  :-,13  -i:lisphollium    yclooctadecalie 5
rifromide] is obtaincd.
5 1).  The diplhospinaluiu    salt cbtai c-I! :.ccordiing to step C is
transfcrme>tld hato the di- i}lospl'irnc of ivh(' form-1ula \(-C !12- P
n.o  - rgl,-SOi [4,13:   - cljbcnzyl - 1,7,10,16 - etriooxa - 4.13 -
I     i2VlootzeesI2] by ttcating 10        tlae salt witih L~i.\;iI   ill
scrahydrcfu . accordingto   t-e proces's of spc   3 'above.
1.0 E.  Tle product cf stepi, D  is further  resed  w-ith tr c'. y'c ;e
glycol diGtrouiel accord-                          .0 ing  Lo the irocss of
stC) C and LINac bicycl'ic dip]-;                  al. of she fmula
0~~~~~~~. 0 [4fl.1 3;, 6.21L 4 -,1 . hero xa - 1,10 - Cihen yl - 1,10
'>i!lpI'.i L I u  -- ;        8 15       h~e'Xaces:Cie IZ dihvo-lidcl] is
obtaincd.
15         3 r,  T'e beuCzgyl groups are removed following, uhn p-ocess of
stepJ  el                * teitle CoLIn- poun.d (if th;e f7normula 2.0
20~~~~~~~~ 



';' [,,/,1 3,16,2 1,24 3  ,tl:xoxa - 1,10  - rliphospplbieci,      [ '
,8,3] hxuc''osCoe    iS obtained. *0
T leamplc 62                             -0 AE)     f,,c;
S,.tij/,iljp:itit:O'-) Ct I -.r1-n~ctccxbo     rui ru0.'nn itJ g' sa~i~ V'I
s ~ ox-i-  (5 i-ll (1      7       .       i00   tli. gre P;,flu1iO  ~...(,
-pvI/scio 1.i!{) :ric  il''x-  s     in a  1~ t 1. 89;..  '' ;rr of ImuocI;
lo~ir;...c~i:-:. .:Ci e.. 1mi  al-i: srdcV! sh:wiiy olver 25  a  ..:;id7~
.t  nzours. T -he in   . - is ikAh Cd to 1i00o  o;-e; a p-iicd of 2 b r. l
S.  l:Cr coo!        25 iff1, 1 , ylrc,,hioric acid ( 00 ml) arc in!;:d,
the ac'd arddi:it--sc:;c   and is marytalilized  .i MV>': 1770 C Nt i     '
7 i   C -.  tricI~~~~'. *-{)--C14&f---~ -r.;0 5flj;^ (singlesc; 434-)
ascnssts c oportiLons: t6.oO pj   (msultlipulev;  T1)I it)  He l di chr i
.e .ci d 30 a- of the abhovr acidiar ..ricldc d  to . mixi tue of ."3   ,.!
vryoius r  t azne. Tbr en 35;        35 g.I-  '-Ii-icmlc a1e .,dded, in.
,- t-.-  psutrttc.It uy                   . ; calium .  Clt .            35
35  3 5
1-j" lub-t A,  1 tlhe mAsltir11e is slrn:J irgfour dl<-vs a1c I!- liacid
iii.!i7:.V:iVC;. COsso I ais   hcio sransfc.'v;tw~rcd i~  ac *
dH't i*         - 7OS .            n. ic! i. fit!!l vru.o. :*i-    to dcv-
3 20
[err] 35    38                                          1,304,367
38 [err] WHAT WE CLAIM IS:- 1. A macro-cyclic compound of the general
formula I [err] 5       wherein each of [err] is hydrgen, a hydrocarbon
group having up to 12 carbon atoms or      5 an alkoxycarbonyl group having
up to 10 carbon atoms, or both [err] form  together a grouping of the
general formula II 



3. (i.e. providing a bridge between the  the two X-groupings  in the
molecule); each  A is a 10      hydrocarbon group having up co 12 carbon
atoms; each X is nitrogen or phosphorus;       10 each D is oxygen, sulfur,
>N-R (R being hydrogen  or a hyfrocarbon  group) having up to 12 carbon
atoms) or a hydrocarbon group having up to 12 carbon atoms, with the
proviso that at least two of the groups or atoms represented by D are
selected from oxy- gen, sulfur and >N-R, and that when each [err] is
hydrogen, hydrocarbon or alkoxy- 15      carbonyl and both X  are nitrogen,
then one of these  two groups or atoms  represented    15 by D is oxygen or
sulfur and the other is oxygen or >N-R; and each of m, n and  p is a whole
number  from 0 to 5 inclusive. 2. A compound  according to claim 1, wherein
each [err] is hydrogen, a hydrocarbon group or an alkoxycarbenyl  group. 20
3. A  compound according to claim 2, wherein any hydrocarbon or
alkoxycatbonyl        20 group represented by  [err]   has from 1 to S
carbon atoms. 4. A compound  according to claim 2 or claim 3 wherein, m and
n are each indepen- dently 0, 1 or 2 and both X are the same. 5. A compound
according to claim 1, wherein both [err] together form the grouping 25
[err]                                                     25 providing a
bridge between the two X-groupings of the molecule.    38
1,304,367                                                           38
[err]    [err] 22. The compound of the formula 23. The compound of the
formula [err] 25
0        0    40                                            1,304,367
40 



26. The compound of the formula 27. The compound of the formula [err] 5
28. The compound  of the formula
5 [err] 29. The compound of the formula [err] 30 The compound of the
formula [err] 31. The compound of the  formula    35. The compound of the
formula    1,304,367
42 42. The compound  of the formula [err] 43. The compound of the formula
[err] 5              44. The  compound of the formula [err] 45. The
compound of the formula [err] 46. An N-oxide of a compound claimed in
enyone of claims 22, 23 and 32 to 45. 10              47. A  P-oxide of a
compound      claimed in claim 31 or  claim 34. 48.A complex formed from a
compound as defined in any   one of  claim 21 to 47 with an inorganic or
organic   carion. 49. A  process for the preparation  of a compound  of
general formula I detined in claim 1  or of an N- or P-oxide of  such a
surround of general formula  I having    [err] 



44                                                         1,304,367
44 [err] 5                53. A  process according to claim  49 for the
preparation of compounds in which                5 both X  arc  nitrogen
characterized in chat a compound of the general formula [err] is condensed
with a  compound of   the general formula 10       A, D, [err] ,m, n and
being a,  defined in claim  49.
10 54. A  process according  to any one of claims 49 to 53  characterised
in that the complex is transformed into the free compound y treatment  with
acid. 55.  A process according to any  one of claims    49 to 53
characterised in that the transformation into a  complex containing an
organic or inorganic cation is accomplished 15         by  admixing the
[err] with a cation-containing compound.
15 56. A  process according to claim 55   characterised in that the
components are adrmixed in a liquid medium. 57. A   process according to
claim 49 and substantially as hereinbefore described. 58. A compound of
general formula I   derived   in claim 1;  or an N- or P-ozide 20
of  such a  compound of general formula I having   of general formula  I
having tertiary  nitrogen or phosphous ;or
20 a  complex formed from such a compound of general formula I or from
such an N- or P-oxide or an ammonium and/or phosphonious salt of such a
compound of general formula I, whenever prepared by a process as claimed
in any   a one of claims    49 to 57. MATIYS & SQUARE Charted Patent
Agents, 10  Fleet Street London,  E,C,4 Agents fot the Applicant. Printed
for Her  Majesty's Stationery  Office by the  Courier Press, Leamington
Spa, 1973 which copies may be obtained.    




