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AND COMPLEXES THEREOH

(71) We, SCHERICO LTD., of Teplerstrasse 5, 6000 Lucerne, Svii tzerland,
a body corporate constituted under the laws cf Switzerlend, do hereby declare the inven-
tion for which we pray that a patent may be granted w us and the method by which
it is to be performed, to be particularly described in and by the following statement: —
5 This invenrion refates to novel macrocyciic heterocyclis compounds, to processes
for their preparation, to comuieves formed from the novel macrocyclic compounds

and to processes for the preparation of such complexes.
The novel macrocyclic compounds of 1his fuvention may be iliustrated by the

general formula I

wi

/\/]\'J o~ (1)

10 A/{ } 10

where each R; is hydrogen, a hydrocarbon greup having up to 12 carbon atoms oc an
alkoxycarbonyl group having up to 10 carbon atoms, or both R, form together a
grouping of the general formula 11

A [ A
AN \\ re )
/ . D/l. LJP \ (IIII

15 (i.e. providing a bridge between the two X-greupings in the molecule); i5
cach A is a hydioc mbon group having up o 12 carton atoins;
cach X is nitrogen or 'Jhom‘x(n us;
each D is oxvgen, sulfur, > R (R being hydrogen or a hvdrocarbon gronip having
up to 12 carbon atoms) or a hvdre carbon group having up 10 12 carbon stems, wi :h
20 the proviso that, at least two of the groups or atoms represented by D are selected 20
from oxygen, sulfus and >N-R, and that when each X, is hy du\crn hydrocarbon
or alkoxycarbonyl and both X are nitrog gen, then cne of these two groups or atoms

[Price 25p]



groupi ng of the general fornula 11 [err] 15 (i.e. providing a bridge
between the two X-groupings in the nol ccul e); 15 each Ais a
hydr ocarbon group-havi-hg—up—te: 12—earbon- atons;—each X is nitrogen or.
phosphorus; each D is oxygen, sulfur, [err] (R being hydrogen or a

hydr ocar bon group havi ng up to-12.carbon atons) or a hydrocarbon group
having up to 12 carbon atons. with 20 the proviso that, at |east
two of the groups or atons represented by D are sclected 20 from oxygen,

sul fur and >N-R, and that when eachsf,3sir s hydr ogen, hydrocarbon or 2 3

al koxycarbonyt—amd—bottr—X—are thenome of thesgt roups or -
atoms [Price 2 prescnted by D is oxygen or sulfur and the othee is oxygen or >N—R; an 1, 304, 357

f m, n anu hol mber from Q to 5 inclusiye.
2 SR SEnt O B BT SROB RGN S UL Yroanghkhgq @t her s
oxygen or >|\F1mﬁ.omazﬁdm&aﬁﬁhd)ifm huntls @Ngndil If&maia I el eivvydrbe /o e 0 to 5
i ncl usi ve. | nxbinudead damﬁnigstnnm ‘he-s @b;ppmjrfdswaf hotitssteitimy efitog@nndder t hed
phosphoni um gl fem e COB’éJh‘E}tS%FTd%'“?ﬁ“ ety L4 ormul a 1,

’lﬂ -() lUC.; W lh'l orgs Thc or 11]0 anic

the nitrogen ané h\ :3‘011 groups rcprc?g ol élcﬁf«.fgflbl{' hevcc'f?qp@cuf]ds of
gener al for mthdod atlSlﬁsVlPﬂg:rﬁc@ﬁLt atrdighiiahd &g&ncdaﬂdbmr alkylehe plaosphonas and

conpl exé&s f orzreps havomfomh bwndgnsosﬁ cly esnahydne, fxxymnlmcabtlula*ﬂdm romi¥Phe N
and/ or P-oxi d&¥ “C“,‘i)/;)ﬁ‘r“tdﬁ"g ‘Q‘éﬁ[ﬁ‘ #;’lm‘}‘“‘ﬁﬁ l ’fg ‘l;’clé{‘f};ph"é‘]““ﬁh‘é’(fﬁ%& 8‘(& rbon groups
represent ed Ko adii: hm el LEaStE Y CalPollbatgs. Preferred
are: strai ghticnadashch lammhﬁdnmlaajm@ Ql&i léy]p@nﬂuﬁrkﬁimaﬂ enyd- cﬁ-l’l&yl,l@re- gr oups
havi ng T om Zerglly Brednbdrmalybnidc syetingas \éwwcelriecqup épytfefniey hayeit yl ele and
10 hexyl ene é‘lﬁahﬁw@\cﬁ?bﬁf;@g& t;%fl]r ‘g‘t‘rc gcs anegl p c(%\.r.JJ N kaxlxe e ca1bon

cycl oal kenyl ang. OFOURSt SHGIIAS b CLAROM) 93 QBNtYE §n& vek Vel ohexyl ene
and cycl oheptaphsned saﬂgixttohe:lrﬁ‘c‘idm-alk&‘al gm»aisea.lagmblagsto $ hebaossmspondi ng
cvcloal Ryl endlttiir -%Hl‘@ fep ?tala 58 srpmlcag\'c l'ﬁbeﬂ lluem,h- diherptefryted and ZAr omat i ¢
groups such a:é“’@) E}E& ﬁ :é ) s J g%ﬁ on ul\. 11( cuu'} {\:gk‘ 11’1:011351[“{ abl y

pheny! ene- di -yt hyd o ogJ @Lm RGBic Be A &.nRdhAGeRlunln Xnidk ef er abl y
have 15 an a:hdthla‘t mcrogml eethyO at b‘agdqedi th nX'md Thee th'I‘tDGlaz‘cbDﬂy geoups

represert ed byafipepysps gi¢ istd bty have from 1 to 8 carbon atonms. Preferred
are strai ght and branched al kyl groups having from1 to 8 carbon atons and
strai ght or brancheéed al kcnyl gro;pé\h,ai‘/{n,g/‘gom 2 to 8 carbon atons. 20

O her typical representatives ar m@f’}y aral kyl and arvl groups. The
preferred 20 al koxycar bonyl ﬁ\oupg represehted by g)er‘iijare t hose havi ng

up to cight carbon atonns. A/ N N

2 \/A\o/\/\-
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3 / AN o \O/A\ 3
LN N N, 2) X=N
Y N=P
]
\A/ \ /
4
/ \ - \ A \
X/A\ AN UAN 2) X=N
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30 X? s/ Ng” \x b?) X--p 30
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Preferred groups of conpounds of this invention are those in which m n and
p are integers fromO to 2 and in which borh X are the sant and conpounds

“n-whitch—each—X-s ni trogen,—each—O—+s—oxygen—and—m n and-p—areother—than——

zero. Typical 25 .configurations are |isted bel ow

25 A . A Alerr] 2 3

1, 304, 367 3 [err] 4

1,204,367 4 1,304,367 4 SR3 R

~+err] [er r]——'Fh&%—ypr+:a+——re1aFeseH{~a{—+ ves. -8t--t-he—conpeunds—ef—t-hi-s—i-avent i on

may be illustrated by inserting v(arlous groups for A and [err] in the above

formul ae: [err] whercin Li formulae (|) to (xi) Ris a hydrogen atomor a

hydr ocarbon group (with the \\/'25/20 proviso that the tota

nuihtber of carbon atons in groups A/and R 8oe§}\not exceed 20 12) and in
rom1l to 9 darNon atons.

formul a (X||) Ris a hydrocarbon QP\oﬂﬁ‘hgyﬁﬂg\
4

A\ O { 1) 67
5 The phosphonl um and/ or  armoni um sal t $4h mayArbe il ustrated by t he
fabl owi ng general fornulae: [err] wherein A, Db R [err] X, mand p are as
previously defined and. Z is an_inorganic or organic anion. It is obvious
to one skilled in the art that geveraLpf(herA configurations are possible.
The conpounds of this invention na be°pre‘bar d by usingaknpwy chemical 10
réacti ons The principle of the pr ,g_essh,g ),/s\t condense bwoX+Pnear

co ounds to form 10
pounds N \A/

20
8. R
A

25 - | /\NR/ \rm/ \ 2 3=

b) X=P
\ /|\A/,\A
q R R
\A/ NP Ny /
0.
/A\O/A\O/A\ '
5 X R1—x a) X=N !
NN N b) X==P
it
x(\ox\/\/:\x 5 X=N
1 b)Y X=P
\ NP )
12.
AL A
N NN
oy 5 RiX a) X=N
NN g b) X=P
30 P 3.
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a cyclic conmpound or to introduce a bridge into a cyclic starting conpound,
wher eby the desired bicyclic conpound may be obtained. 10

A suitabl e process for the prepar ationof—the—conpounds—ef—t-his—nvention——
is characterized in that a conpound of the general formula Il [err]
wherein A, D, mand n are as previously defined and either Y is selected
fromthe group- ings [err] R, and X being as previously defined [err]
bei ng a hydrogenol ysabl.e group and [err] being the sane as [err] and Vis a
| eaving group (as hereinafter definb¥h3thich is sufliciently labile 4o be 5 __
di splaced by Y; or Y is the grouplng N 20

[err] 6 i 1, 304, 367

6 and Vis the grouping O [err]ﬂcgk?&rheh as above defined and Hal
representing a halogen atom th ensatg, bei ng per d using high

di lution techni ques; that any ca o /gkgupé in a so- ed 5

conpound is reduced to [err] and t Mif Mesired, ,a conpound obt ai ned by
any of the 5 previous steps is subjected to one or nore of the fol |l ow ng
finishing steps: (a) hydrogenolysis of gny hydrogenol ysabl e groups
represented by [err] (b) transformatpqm pn{o a phosphoni um and/ or ammoni um
salt; (c) transformation of an& ﬁh@nd/or ampnixpansalt into the
free com 10 pound; NG —A b) X=P

10 (d) transformation into a N-\\ﬂpf 14%® de (e) transformation into a
conpl ex containing an organic or |norgan|c cation and (f) transformation
of a conplex into the free conpound, fcr exanple by treat- nent with an
acid. 15 Bv the term "hagt g'gr as used herein is ntant a
group bound to a carbon 15 atg by/a\§;n bond and .c | e of |eaving

t he bonded site together with {he el’ct rfons whi ch ig lbound to the
carbon atom Exanples of | eaving /Gup§ﬁw@ h are suffi‘ci’ently labile to be
di spl aced by Y A AT

The typical representatives of the compeunds of this invention may be illustrated

5 by inserting various groups for A and R, in the above formulae: 5 2
i A=—CI.-CIIR—
(i) A=—CH,~—~CHR—CH,— or ~~CHR~-CH - CH,—
. R
(iii) A= § 2
f 10
(iv) A= P "QC"Z\ :
10 (v) A=unsaturated analogs of the groupings (i) to (iv) 10

. R '
) A= fi;EF
15

R

. = <
(vii) A= ,C)iz_.Q CHy_

(viii) R,=—CH,; —CH;—CILR; wemCH,—CHR—~CHj; and unsaturated
analogs

15 ix) 1= -l ¥ 15
SR 20
W r= X

sy R,=H
(xit) Rﬁ:ﬁ
—C—OR

whercin i formulae (i) ic ( ) R is a hydrogen atom cr a hydrocarbon ?rnup {with the 25
20 provisy h at the total number of carbon aroms i groups A and R, dsos not exceed 20
12) and in formula (sii) R is a hydroec arbon group having from 1 to 9 cacbon atoms.



i ncl ude hal ogen atons and net hane-sui fonate or p-tol uene-sul fonate groups.
20 The nost preferred hal ogen atom in the above reaction is

brom ne—and—the—prefer—26—red-hydrogenolysabte—group i s—the benzyl group.

O her exanpl es of hydrogenol ysabl e groups are [err] Various enbodi ments of

t he above process may be illustrated by the reaction schenmes A to H bel ow
[err] 6 7

1, 304, 367 [err] 1, 304, 367 13043 . 8 [er;]
9 4 L 305367 1,304,367 ..

9 [err] In order to PheMRn: orhthhe ahdy BB h@RnOfalt {)Q}h)}’ﬁ’&ﬂﬁsura cheyarnaansat i on in
the first step of gthellapolre: described reactio s is carried our using high
di lution techniques. Any inert soIvent y be used but benzcne is
preferred. The acid Aorned durlmg ,ja J rﬁactlon must be
neutralized. This may be acconpH hed @.?kb es of the diamne to
each nol e of the halide, or by add\ng arfu {/base partlcularly a
tertiary amne such as a trialky | amfie m/ di ne, preferably
triethylam nc. The reduction of the car nyI groups in the second. step of
the reactions B, D, F 10 and G is preferably carried out by rreans
of [err] 'in tetrahydrofurane. R Qi her possi bl e reducing agents are
m xed nmetal hydridesBsuch as for ema e\ err] [err] For the preparation

of cyclic lacrams according tt & ﬁim in reactions B and G
preferably the disalt of the& de group (pref I% Eﬁe di -al kali 15

nctal salt) is used.

15 The transfornatlon of a conpound\oflfer into a phosphoni um and/ or
_ : Rg;{i i .
C: - ANY I\ n
R , 71 N ® R

\\\\ v \4 f} /// On+3)z<)

wherein A, D, R, &y, X, m and p arc as proviously defined and 7 is an inorganic or
orgapic anion. It is obvious to one skilled in thie art that several other configurations
are possible,

The compounds of this invention may be prepared by using known chesical

10 reactions, The principle of the processes is o condense two lincar compounds to form 10
a cyclic compum‘d or 1o jntroduce a bridge inte a cyclic starting compound, whercby
the desired bicvclic compound may be obh.mcd
10 A suitable process for the preparation of the compounds of this invention is
characterized in that a compound of the general formula 111
A A A
; ANVZI T AN m)
15 v’ Nﬂ 4% v 15
is condensed with a compound of the general formula IV
A A A )
NN YN ()
v D D n v
wherein A, ID, m and n arc as previously defined and cither Y is seiccted from the group-
; ings
15
H §
| | !"2
/N\ U\ N ond S
20 e NN \ 20
/C R| / \R
R; and X being as previously defined R, being a hydrogenolvsable group and R,
being the same as R; or Ry, and V is a leaving group (as bereinafter defined) which is
sufli c1cmly labile 1o be displaced by Y;
or Y is the grouping
3 : H—N—R; . 25



ammoni um salt may be acconplished by using standard met hods such as
reaction with suitable quaternizing agents; for exanple al kyl hal i des such
as -nmet hyl i odide—Si m larby—any—hydrogenobysablegroups—ay be renoved by
usi ng standard techni- 20 gues such as catalytic or electrolytic
reduction. Exanples of catal ysts which may be 20 used are platinum
pal | adium rhodium and ruthenium Preferably the reduction is perforned by
means of [err] Thus the i medi ate product of reaction schene C (a
phosphorf um and/ or _ammoni um sal t) #3671 f desired, subsequently be 6
transformed i Loy ihe fdubgs macrocycle by reduction in presence of [err]

10 1, 304, 367

10 Also the transformation of a corrpd@md of formula | into its phosphorus
and/ or nitrogen oxide may be acconpl |éhﬁd by appl yi ng standard oxi dation
procedures such as treatnment with excess d| | ut e hydrogen peroxide in water
or with perphtatihgasatdvel dififcddnt) @l refresenting a halogen atbshttBicohdemsationmstig at e product
of the above redeinedoyping § uahotlluttldnetccﬁxmeles,nta@r"oxzevwln]lcgroulu in a so-ddrapeghrpound but
rather a’deri VHPROY ¥ Fdped e SHdinditidl fidony Phﬁq p‘b’? vy & e of the
structural el ENERS sydilaRbles: qs%orr%&r JUBHBIS 0L, tHRshEAE! AOM Bafigure; n such
a case, the I'TB.CI’(19yrﬁrlsfoﬁn'm@rm]ﬂﬁurpdo"hlﬁm*ﬁlub&ﬁ@u&ﬂhhl}dmhllbeI’ate from such
dcrivatives, by éer)atnmzrmh lplr dc@ﬂmhlesmsue landglgr fppongsigaip inge the Gestaamnt Wit h

i 0i
dilute aéd d mﬁé‘f‘@‘g}/mmg s \Cl moa -ané Ornpfmdc, salt of the macrecycl elfis

formed, or with R&ks Y HHo8 kg b t2ining an orgamic or inorganic cation and 0 Any such
salt may be dissai weﬂfomﬂmmaben cam <t i@ aheRecWotnfouad) fat dshifple, @ ah@nge resin.

The sc-obtai ne@maqtbe%oagd solution of the free macrocyclc may then be
i sol at edlby evapdy i t 5 eEErREL S 1 ¥ h“f%’e“*g%@ﬁ)ﬁrgﬁ’t’q’ bwuf)fowﬁ% conffounds

a o]ﬂ"lc Bon able of leaving ed site vnf‘1 the
i n whi Ch [ er I JeickiSnos WL QGAL Bk Dkl ale group, it is
al so possi bl e t oLus@la ofti@arihd atgqﬁonmﬁuMmmfcmﬁtmlﬂukao Ibbldlsplmcmuych 15 R

in the defini tichde dflos A Nsmh ’drn@) e snéwdmtoomurhtm@mjee tghepﬁdem red

substi tueht s al, AR A COL e b?:@ﬁié LA
substituents nBysDee A 2 Kgomic d&"Fhus as an
exanpl e the 4, 13- "dncn:etbfmydmﬂq% ofEQhr:lﬁimfz@bﬂ’o&ﬁmaﬁﬂb\lﬁhmdtcam By ehaoet a- 20
decane may be sgitgidned! &ewor ding to the fo]l owi ng reacti on schenes:
20 [err]

A

h—n”” A D/[ D]/ \q“,.
\A/D\{/J\/

B Br/f \D/f' \D}/ \Sr
25 . 25
\ /fA\ V‘
o W,

e \D/E‘

\A/ e JFA/

+

7

—— e



10 1, 304, 367
11 [err] In the above reactions the reagents nentioned may be repl aced by

any ot-her—stitable—r eagents—H—the—vethyl ati-en—agents -of reagents are

repl aced by other alkylating 5 agents, conpounds in which [err]
represents hi gher hydrocarbon groups are obtained. 5 The conpounds in
which [err] represents al kenyl groups nmay be obtained foll ow ng the sane
procgdures. Jhe starting conpounds of thssgeneral fornulace Il and IV Ty
‘be—obt ai ned aceor-di-ng—to—kmnmowrmethodsT—Sonme-of the nost conveni ent et hods
are illustrated by 10 th% Exanpl es.

10 The conpounds of this inventionNare regadihy,. sgVubIe in nost common
organi c solvents and in water. The/novén ocychic cofipounds have an
unusual ability to form stabl &cd s I>pdhpﬁt|ble cations. In the
nonocyclic conpounds, i.e. those co df of formula | in which
[err] is hydrogen, alkyl, alkenyl or alkoxy- arboyl the cation 15
-pressmably is held in t he centre of the crocgycle. In the bicyclic
conpounds, i.e. those compounds of g®t rﬁu?? ?’ whesrei n both [err] together

forin a third bridge between the two nltrogen ato , tile bridges between
the two nitrogen atons probably fo%g1q ge, c ich the cation is
situgted. The ability to forn1conp|exq\é§gﬁ\ e ablllty 20 of the
conpl exes fornmed seemto depend,.onlttie J of . the hetero atons or
20 groups surrounding the cation a ive diametcrs of the
ring(s) and the cation. Conpl exes o \Euﬁ tlic conpounds are nuch | ess
stabjse than the conpl exes forned fron1 catioin with bicyclic
conpounds, and macrocyclic conpounds fornlng stabl e conpl exes with catiens

-of a certain dianmeter are not ablecgo foiﬂ1coqtm&5 pl exes with cations
havi ng much | arger di aneters. ( 25
Eachpomacrocyclic nolecule is able /o/ﬁer | ex with one cation. The

magni tude of the charge on the cat' n has no |nf fiencc. The cations may be
“inorganic or organic. The conplexes LHEP/;FIQ generally readily soluble
‘in water, [err] 30 and in acetone h pol ar sol vents, whereas
they are slightly soluble &lr cssentlally 30 insoluble in non polar
organi c sol vents. They dissoci ate atﬁg HDAQ\ Al ess acid pH Protonation of
the free diam ne hinders co(ﬁf dﬁm« t d\hgaﬂs~(;;§he di ssoci ati on of
sa

t he conpl ex by di spl acenment t he e Thc di ssociation is
accom plished by treatnent with any aC|d | Iudlng Lewts aci ds. Rel ease of
the cati-on may 35 al so be acgonp IS %d by treating the conplex with a
quat er ni zi ng agent. f'cqulexes arc normal ly forncd by
di ssol vi.ng the macrocyclic conpound an

23 )}‘\/

Q‘. “"'é \D/{ \Djn kx——c.uz---Q 29
Sk



the cation vyielding conmpound in a common sol vent, such as for exanple
acetone, nethanol or water. The m xture nornmally is heated approximately to
the boiling point of the sol vent-—+H—the conmptex—fornmed is insoluble in the

~ sol vent used, the conpl ex 12
1, 304, 367 - 12 13
wi Il crystallize and may be separated bg filtration. If the conplex forned
is solubl® ill the solvent used, it W¥->fe i sol ated by evaporating tife 7 __
solution to dryness. The nplexes na b _purified by recrystallization.
Conpl exes may al so be forred whep” yi el di ng.conpound (e.g. the
salt) 5 i s insol uble |ﬂ*t e solven sed-4lt+ is sufficient to bring a
solution of the nmacrocyclic ? ther with the crystalline salt
and agitate the mxture with or hou Heatlng The formation of conpl exes

is possible even if the cation ylelgln ﬁ and the conplex are
insoluble in the nedi um used. Iﬁ\$his~z%3e “hesracrocycl e and 10 t he
cation yielding conpound are mxéd in the Ppres ce of a medium which is

t hen 10 agitated and heat ed, mhereby th crystalline macrocycl e
gradual Iy changes into the %\ 5 crystalline conpl ex. The
~presence of a conplex in sol |&n‘één ernlned by spectroscopic

anal ysis, as the addition of es changes in the spectral
patterns of the macrocycte fS;i oI Nlon

15 The novel conpl exes make i

Qgﬁ use certain chemcal reagents in
sol vents where they are nornallg éoﬂmﬂle For exanpl e potassium fluoride

is insoluble in chloroform e eas a conplex of the salt with

4,7,13, 16, 21, 21 ||eanXZ-l,¢2@ '*6 cIo[8 8, 8] hexacosane is readily
sol uble. 20 The properties of the macrocyclic
conmpounds of this i nventi o'l 10 nmake them of value for
use in nuch the sane way and o[/t ig pur poses as chel ati ng agents.
Thus, the cation conplexing pré&perities?of the conpounds render them of

val ue in processes directed to the- dcsalination of beines or to the
separation of netals, for exanple tp t gfratlon of netals such as the
transition metals and 25 /aﬁk}e %rog1 | ow grade sources of
these netals and to subsequently obta| ; 55 such netals in high purity
form In this connection, the conpounds are considered to be particularly
‘useful in the separation of high co &? such as those of the platinium
group. In the separation of uraniftim ? nl n & ores, the uranium may be
conpl exed with the macrecycl c conpound and the .resulting conpl ex

subsequent|ly separated in [ }/
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30 aqueous sol ution. The conpounds of the invention may al so
advant ageousl y be used 30 for cation transport and for the
—pr eparaten—of—on selective-nenbranes—and etectrodes. The conpounds are
al so of use in chem cal syntheses, e.g. in polypeptide and pro- tei
synt heses, wherein the conpounds advantageously sel ectively protect
ammoni um cati on groups derived from am no groups in the amno in

_Addi i onal | ¥,

the corn- 35 poundd:3Pedé’

bc used as a catalyst f

n

aci d.
or_idnic

“reactions in a polar organic nedla whercin 35 the macrocyclic
conpounds activate the reacti a an "a ent-§@parared ion pair"
mechani sm When i ncor por at ed n phar- tilcat-tConpositions the conmpounds

of this:inven-

tion " tie-up " taNace n% alﬁnand Steus, prevent the oc

-of catalytlc oxi dati on due 40 to thc presence of trace netals.

Addi tionally,

when adm ni stered to an am malf

conpound has an action on bi ol ogi cal eéffbm ‘\g/an sns such as nerv

conductiton, sodi um potassium process

requiring the regulation of catign

in the host 45

and bone. These conpounds are t hig useL%‘ inN cegﬁltlons in animals
COE

In addition to the foregoi ng Taé ocyll
been found to possess phanmacol ogic anc it
conpounds of the invention, e.g. 4,13
-dinmethyl -1, 7, 10, 16-t et r aoxa- 4, 13- dlai
antiviral act|V|ty agai nst A |ﬂ+4u&ﬁza MA

t he

fibroblést ti ssue culture. 50

B of this invention

our ed> my a nodificati
15 wel | recogni zZeg-+h .L¢q\ 140ds of Her mann
tfuonally, the bicyc

macrocyclic conpounds of this invention,e.qg. 50 4,7, 13,16,

, 24- hexaoxa-

1, 10 di azabi cycl ¢f
hibit catcchol anine induced F?ee/fatty act

vitro with isolated adigose tissue. These conpotinds™ are therefore

in the treatnment of diabetes and hyperli a. 55
Stabilitv constants of macrocycle Qghpl s RQ aqueous sol ution
55 General We havc determ ned by asuP he‘bki in water, the

equi librium constants for reactions of the follomnng type,
illustrated by bicyclic am ne naur C s] k13 -
y bicy A2 AN 8

1 301, 367

1%

10

20

i
\\/' T e
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// \m/{ Dm
— R3— 1 ~—R3
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In order to prevent the formation of polymers, the condensaiion in the first
sicp of the above described reactions is carried out using high dilution tcchniqucs.
Any inert solvent may be used, but benzene is preferred. The acid formed durmg ihe
reaction must be neutralized. 11115 may be accoraplished by using two moles of the
diamine to cach mele of the halide, or Ly adding 4 “fuiiher base, pmum]a:ly a tertiary
amine such ss a trialkylamine or pyridine, prcfcxnbly wricthylamine.

The reduction of the carbonyl groups in the second step of the reactions B, D, F
and G is preferanly carried out by means of LIAD, or B.JH, in tetr 111ydmfur°n'-
Other possible reducing agents are mixed matal hydzides such s for cxample NaBI,,
LIAIHL(OCH),), LiAlH, /AICL and NaBH, /BF,.

For the preparation of cyclic lactams according to the process indicated in
reactions B and G preferably the disalt of the amide greup (preferably the di-atkali
metal salt) is used.

The transformation of a compound of formula I inte a phosphonium and/or
ammonium salt may be accomplished by using siandard methods such as reaction with
suitable quatcrnizing agents; for example alkylhalides such as methvl iodide.

Similarly any hy dmt_rcnol_w able groups may be removed by using standard techni-
ques such as caml\uc or elecirolvtic reduction. Examples of catalysts which may be
used are platinum, palladium, rhedium and ruthenium. mecmbr\ the reduction is
parformed by means of LiAlH,. Thus the immediate product of reaction scheme C
(a phcmhomun and /or ammonium salt) may, if desired, subsequently be transformed
into the free macrocycle by reduction in presence of LiA]H 4

chﬁecﬂadeoane denon- strate

[err] where

currence

40 manmmal s. t he

ous

and caIC|un1netahoI|sn1 of muscle

have

~For exanpl e, the N-al kl at ed

on of

in chick
lic

21

Shglﬁﬁ\héﬁqc $anefhave been found to in-
i zation which rested in

of use

the type being
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10 [err] | aw of mass action constant; A =

bi cyclic am ne under consideration; 5 [err] =macrccycl e conpl ex;
S [err]l—=—cation; [ ]~—aet—|-L\7LH—y—e4f—t—he ronrc—species. 15—

Equi l i bria present Conplexation [err] 25 Pr ot onati on of
the diamne [err] Protonation of the macrocycle conplex [err] 15 e

have verified that the last two equilibria of protonation of the macrocycle
15 cor‘rpjoex remai n conparitively nggljsgi bl e ancl have established g formul g

rel ati ng—terri—56 ‘O“‘t‘hE"}TH'"a'n'd" aft—constants—of-the ——
. Also gz transformation of a comgow 1d of formula I into its jhosphorus and/ov
m xture: [err 1 1, 304, 367
Coitragen oside may hnfa( o1y a d b n m[j dau i1 Tochu €S su{jp f
14 [err] — CofigHil i’m Ael i cm e adiicent ration o

t he ami ne, Iithd’ﬂo reactlontoo ace (rol cs/ |tre ferr of the nmetal, if
no reacfi on tooRftql Tacem(lwb‘mcsrl)thm ¢fet)\c El*emr} aqtign e;smplt elgsfetedﬂ%mtmm es- ditre 5
[err] are prEFIRR FI’V“CQé‘h“‘Yﬁ“i'ﬁe o9 PEraly MaRHe M eIt h dilute

structura cments Q CO'i‘IltLl\.nL% C‘IC‘I \L’LII'C in Sllf a c

5 hydrochi OF Inber&ddi 1cox'nf)1wu£ch bsEm el 'c@f Oﬁl SHERGR y @ t"&'smthlovm con-
centration [ ghéclurbsofict RefeiSexBhble &ag;aau iR dMire At whdhd@y I-[&r@a qages) . After
addi ti od of aﬂtlohtbwm};zwlaﬂrtlst Cdfort‘vhb°11}€{‘|ﬂtdlfl§¥113de(‘JtSUtI on of t he ami nédcf

Ry C ALCT L3110, T W A 1
known conceny A BIRIE BEee O b LR i Ence al{ o
the sane congg J([;amw — used TRE“det'érm natton [err] the
solution is titFatedpryztabonddfltsecoGdunds in vwhidh Rk avgdphl-iseasikrpent s of the
sol uti ol¥s. Egelengerap, ibfs ﬂadmsvi:lgm pF @vmﬂle‘sua gkl e fopfulf B it ‘@s}ﬂ appliyng the
pr ecedi ng foﬁwlo Lcut;é&qu in cuu no ?t =l sL.Jf men‘egfr:nl\falbﬁéhonﬁtxz '"WhI chis

i,gaﬁ Sl ougho T t e L Shtarned (at

appr oxi mat el Y GoNns tration. Resu

[err]) %A) Al kathus Met: al cSmRﬂcf cheﬂﬁien’lﬁahﬂ-1[7&0,!1(}--tctmom 4,13-diaza- C)leOCl’l—
2 decane may be obtained according to the follewing teaction schemes: 20
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[err]

14

15 5) N
4, 304,367
i nmetals [err] (B) Alkaline - Earth Metals [err] For all the al kaline

al kal

earths [err]
1, 304, 367

i nviention wil |

15 1, 304, 367

Reference salt [err] [err]

[err] 16 - 17

16

17 [err] [err] The

now be illustrated by vgygidd? the fol |l owi ng exanpl es:

Exdnpl e

"I Preparati-on"of Tri glycolyl (h[orlde A~ " Preparation of Triglycolic Acid

5 100g

of nitric acid (dengit BE)/QT heatcd to [err] C 20 g. of

triethyl ene glyeol are addedsix sﬁall rktons sgqcigs to kcep the

temperature at about 45 Cto \_uf\_/\w_

sLep

10

20

= 40 50 C. After this

the mxture is agitated for about 20 m xtures at [err] and then for
one hour at about [err] C. The solution is evaporated under vacuumat 70 C

for

10

15

2 to 3 hours. A viscous paste of/a\growni sh colour is
obt ai ned. 100---120 m of 10 berizeng are addes and waler is
disti11ed off. N

Upon cooling the diacid cr akLi/zes/and

L: VARYARYARN
H~N H-H CI.COOCH3

9 —_—

A

VanYanYanN
-H3000~ 1 N ~-C00~- Ch1
AS

WA
0 0
—= Cli3—H o o N—CHj
NACAS

In the above reactiens the reagenmts mentioned may Lo *plgccd by any other
suitable reegents. If the methylation agents or reagents are repiaced by other alkylating
agents, LOI]"}."uh]ldS in which R, r»pn ints higher hydrocarbon groups are obtained.

'l‘hc compounds in which R, represents alkeayl groups may be obtained following
the same procedures,

The starting compounds of the geacral formulae 1T and IV mway be obisined
according 1o known methods. Some of the most convenjent miciheds are illusirated by
the Examples.

The componnds of this invention are readily soluble in most common organic
solvents and in water.

The novel macrocyclic compounds have an unusua! ability to form stable com-
plexes with compatble caiienis. In the moenecyclic compounds, i.e. those compounds
of formula I in which R, is bydrogen, 2iky), alkenyl or alkoxy-carboiy!, the cation
presumtiably is held in the centre of the macrocycle. In the bicyclic conlm_md.s‘; ie.
those compounds of formula I wherein boih R, together foxin a third bridge between
lhc h\t, nitrogen atems, the lndgcs berween e wwvo pitrogen atoms probably form a

‘cage” in which the cation is situated. The ability to form (01119‘0\05 and the stability
of the complexes formed seum te depend on the arrangement of the hetero atoms or
groups surrounding the cation and on the relative diameters of the ring(s) and the cation.
Complexes of the monocyclic compounds are much less stable thaw the complexes
Jormed from the same cution with bicyclic compounds, and macrocyclic compounds
forming stable complexes with catiens of a certain diameter are not able 1o form com-
plexes with cations having much larger diameters.

Fach macrocyclic molecule is able 1o form a complex with one catien. The
magnitude of the charge en the cation has no influence. The cations may bz inorganic
or organic.

The complexes formed are generally readily selubie in water, CIICL, CILCl,,
and in acctone or other polar solvents, whereas they are slightly soluble or cascmia.lly
insolublec 1 non polar orgauic solvents. They dissociate at a moie or less acid pH.
Protenation of the free diamine hinders comyslex fermation and leads to the dizscciation
of the complex by displacement of the equilibrivin. The same dissociation is accom-
plished by treatment with anv acid including L\.“l'i acids. Rclease of the cation may
also be accomplished by wreating the complex with a quaternizing agent.

The complexes arc normally formied by dissoiving the macrocyclic compound and
the cation yielding compound in 2z common solvent, such as for example acetone,
methanol or water. The mixture normally jis heated approximately to the boiling point
of the solvent. If the complex formed is insoluble in the solvent used, the complex

W
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is recrystallized froma m xture of acel ene and benzene. The solid is dried
under a 45 vacuumof 0.1 mm Hg and the acid obtai ned has

—inmp. [ e+}—35——— PMR{A16) . 3. 80 ppm{singtet) 425 ppnm(singtet)
15 B. Preparation of Triglycolyl Chloride 15 g. of the acid obtained
above, 30 g. of oxalyl chloride, 1,00 m . anhydrous
50 benzene and three drops of pyridine are m xed and agi ated for 24 hours.
Petrol eunpether is added and the prodigts7 s decanted. The m xture isi2

filtered -and +he—ben2eﬁe-—2e—~—-———amd—t—he—exe—ss——of—"oxa'l—yi —Thioride s 2
evapor at or wi t fidurryshibiat pdgmay be sepouctiy dysiporiaficoampis: PBpEdt #iwi ce, each
time with 100nf 6f *8 EhzE rﬂ?,‘ e B Ui DoBtehiaa Mo H P 19761 - Fhe oil is
diluted with a° pé&»s WiKos I:\lét b}?f foﬁ;g 'rhuan@l P8 FelBE Bmpound (e.g. the sbIY et her and
after coobki ng tsQnsauble MpaEe aﬂxmma‘«bieﬁtv\ieemmoomtiueqfrpe\rlatomroedvamdcrm[}étnr] t Be
product cryst atdnlpz'eld tepgther Wikiethe eselbtesseigpel tar e Kwes WadoT: EhH“tpet rol eum

ei ther care 25Mig . belng taken that tbe. g 2098 0 p Gl NE O

contact with npgi h%léin@mkﬁéﬁ%l 15\?&1}' ?ésdftn uafl{g ok g}@‘ﬁl Sftcaﬂn}drr%hﬂ:gﬂﬂdw ce and
washi ng twi ce wktchioetyhetng dhpupd adwdtediis tdriredcusfdemeduy abidumtad 0. 114 n.

Hg. mp.:[err] ag(teqcohd@ [uernfd] “13'@5 ﬂp‘pfmspéw ngl @"ﬁc)“k acedplly Yipges (59 dl ct) 5

1, 304, 367 Exa”fwséd o Qf chiidh e QR by %0» trosce l&?&ﬁ’ﬁ@t ane A
Preparation of ,Tgi¢ tcgﬂh(%ln%%(é: Mﬂ@% 111l J;i bﬁ@%{ ﬁc é’éﬂ :gl (pJQtrut §flt h%lcﬁﬁ& gl ycol and
13.3 g. ofs anhydsious. pyridi ne are sl ovﬁy ad 10 100 g. of 15
phosphorous tri br éMbd@cm‘q\l@ ‘H’g‘,j? it @psin uavjrql L‘éé@l“?‘fﬁg, fhéi"‘f*rf x‘t lr’"é‘" Af t er
S standing ovelEu af FOUTH, SEMer AR A IR Eus BAIEH on to e
and the organi glc,p_t RS h Sca SRS A b Sy ABR " wat er
hydr ochl ogi ¢ aci dlﬁ:l’kd)(dll‘doﬂﬂkﬁ\gaf*nﬁmdi dmrc xsuiopshat @moﬁxﬁxtlseﬁ nch rstqni dnat i oA% under io
vacuum [err] armdkeQuagn pfnvalpggior pipgeintripsh é(?nﬁp'@un”d irad 6)5:;@ H@g Pupgpes as Yi el d:
60--70 % chelaning agents. Jhu, the cation cemplexing propertics o ¢ compeimds tender

T 0 1 Tue in o\c ses . chrpeted. to the desalination of heines or 19 the sepatation
10 PMR [err] 30[21111@&1(5 lgpmf J.l“p Le,gl),m,11§m|20[»{gp,mll(§l ROketicnBuctalPh@par at i on of
Tricthyl epze Giycok Db ploint Ihalgtoré ehercls6d wys. ofuphthal rum»qie gt euiinged WAt h 50
g. of potossi umch hy'dip o»dwd@urlwf@e@ ‘rﬁ"b“é‘tha‘rﬂoi’k COTHREL A k%qté‘“ fed 4% at ed for

24 hours and fPFESTEY f‘b t SRE e hIEhAT it ;)5« s ST ”h‘qm gned. 7.5 g

grol e Gies, ni
of the clibr Omihd" 'cort?iraf’c‘r}%dcohﬁcupﬁﬁltd Ac Qmut“, &mﬁxamﬂ,ﬁ-ldﬂﬁy mﬁ(ﬁ}d' with ,
15 30 aqueous sciution. The rr‘m;c\mds of the invection may also advantageously be used I
for cation trangport and for the preparation of fon selective rmembranes '"m c h.ctro.hs
The coin x,unds are also of use in cheraical syntheses, e
tein synibcses, wherein the u)]'u»ounus advan '.;ou&l* ¢
cation grouns derived from amino grougs in the amino ¢

leV l/lOAL\_t a
Additional

35 pounds may be used as & catalyst fo* jonic reactions in a polar organic me: 1'1 W m.rua 35
the macrocyclic compounds ectivate the reaction via an “ agenv-scparared ion pair ”
mechanism.

When incorporated in pharmaceutical compesitions the compotuds of this inven-

tion “ tie-up ” trace metals ‘m‘ thus prevent the ocruuuv e of camlytic oxidetion due .
40 to the presauce of trace metals. Additicnally, when admiuistered to an animal, e.g. 40

mammais, cempound bhas sa actien cn h“‘ogum caiicn  mechanisims ‘"Ch as

nervous tion, sodium-potassium pumy, and colcium metabolism of muscle and

bone. The anounds are thus useful in conditions in aniinals requiring the regulation

of cation exchange within the host. B
45 In addition te the foregoing l'l'luclf"“(]](, compounds of this invention have been 45

found te possess pharmacological activity. For exaiapic, the N-alkylited compounds of

the n-Vcrmon c.g. 4,13 -dimethyl-1,7,10,16-1eiraoxa-4,13-diazucyclooctadecane, demen-

strate antivi al acmm against A, mﬂqu.m wikn measur v a modification of the

well recogaized i witro racihods of Hermann in chick fibrablast dssue culture.
50 Additiuna ly, the bicyclic macrocyclic Lompou"m of this invention, e.g. 50

4,7,13,16,21,24-hicxaoxa- 1,10- (nJ"l/dblL.V(.lOij 8,81 hexacosan, have been found to in-

lnmt catcchol amine induced free farty acid mehilizaiion ,hcn rested im0 wiieo with

isolated adinose tissuc. These compounds are therefors of use in the ticatment of

diabetes and byperlipemia,

55 Stability constants of macrocycle cornplexes in aquecus selution 33
General
We have determined by raecasuring the ptl, in water, the \qumb"mm censtants
for reactions of the following & pe, the type being fllustrated by bicyelic amine macro-
cycles: —

15



30 M. dinmethylformam de and 9 g. of the potassium phthalim de obtained
above, and the m xture is heated for one hour at [err] After cooling, 50

m. water and 50 m . chl orof ormareadded. After—decant ation—the organic
| ayer is washed with dilute potassium hydroxide, then with water and is
dried over potassium sulphate and 20 evaporated. The title conpound
crystallizes out and is recrystallized from acetic acid. 20 Yield
~ferrf-mp.: 1475 C PMR (CDCO): 3.5-3.830pmm (multiplet); 3.60 ppm 13
M singlet); 7.80 (multiplet). C ~Preparation of —T;8 =~Drammno =36~
"di oxaoctane 22.4 g. of the pr odugt obtained in step B are suspended in 250
M . ethanol and 25 heated untig F@fffux. 19 nil. of N H and water
i err]s are added and the héating under Ks25 frof I]ux‘ is continued for 2 hours.
“MAfter this tinme, the reaction is practical'[lfgi“[m ished. 25 m . of 10N
..ghydrochloride acid is added and the m xture”iss headed under refkux for an
ndadditional half hex. The majority of the alcohol is distilled off, and the
ar esi tual sol ution i & f Flavesf gdssaergn smtturat ed with potassi um hydroxi de. The
e xture is goured. Q,,i.}.;"J‘l’l‘:g’l‘f(f‘ccjﬂ’@t‘;b;“?f?]‘i"’tflﬁli“dﬂq“iqui d extractor and extracted
Y ’@f"‘uff‘d’n""i S 30 evaporated, and the di an ne

W th benzene. The begpzengus
jedistilled under a vaclumctiwd oOhSios¥ipkigsat 88 C. Yield [err] PMR [err]

2. 855ppm (tripl e%) ;.”L_er r] 3.50 ppm (tripler) and 3.60 ppm (singlet). 35
S Exanpl e 3 Comnmlomaresent 35 Preparation of
;’f'S, 12 - Dioxo - 1, 7,50 16 - tetraoxa - 4,13 - diazacycl oot adecane This

reaction is carried out appl yi ng @ hisghs ‘il ti @g) t echni que. A sol ution of

14, 805 0 g. of the diam£e+ btained in Exanple 2 (O 1
“pmole) in 500 m . anhydrous benzene afig=a $8l ution of 11.g of the 10
s dichilorid obtained in Exanple 1 in 500 (] [hydr ous 40 benzene arc

«2 added to 1,200 ni. anhydrous benzcnc over “a pcriod of 8 hours under

1z 40 ¥Pgorous agit Btwiicandhadidene a nitrogen atrnmosphere. On termination, thc
* benzene solu- lionis filter eg and,evapprated to dryness. The crystalline
qresidue is dissolved in an- 1 2 +#* (k) hydrous bezene and passed

n t hrough a col um of al um ni um®oxt des 4 The pol(yzﬁers formed during the
e _desired conpound 45

d reaé?ion are retained and a pure ng lijiron of 't
; recrvstal | i z&t FQff rloi] axzmﬁtt]j_méj of benzene and

My = AH

® is obtained. After Qf¥
, heptane, the title 45 pr Odlrf +1‘E‘pr oduced;rm p. --[err] Yield =
. [err] 15 PVR [er1]"23.06 ppm ( mdfitli pl et) 50
1 Exafipl e 4 N ‘ . 50 Preparation of
7 1,7,10, 16 - Tct r 5ERETon of dhegnacrogyicls semies| ooct adecanc
- ' & 34 L
o AMiig ™" e At (k)
i 40
'3 2+ — 4 "
: AMRET == am* 41t (k1)
g ] ~
| =[] [5) o] ]
I 45 “““—'5: —
; [aMHp3+] (amsr?)
15 We have verified that the last two equilibria of protenation of the macrocycle 1%
‘ 50 : complex, reiain comparitively negligible and have establishicd a formula relating K,
to the pH and &ll constants of the mixture:
‘h . Kg = bCp-ac b
F —————e. v P
) 'bCM"(bCA"‘aC) C
55 wheve: ¢ o Cy+ [on] - [wt]
3 : 3 & 1] +12
, P -___[H 2 +E_l

K2 K1 K2



A solution of 18.5 g. of the diam de obtained in Exanple 3 in 450 nl.

anhydrous 20 tetrahydrofurane is slowv added to a

m Xt ue—ef—156—m— anhydrous—tetrahdrof uranc—and—12—g. ferrir—whirtestiTring
end hearing at the reflux tenperature. After the addi- 55 tion is
conpl etcd, the mxLurc is stirred tinder refiux and under a nitrogen

at nosphere 55 for 24 hours. After cooling to room tenperature the
excess reagent is destroyed by adding a mixturc of water and THF (1: 2).

The mixtlre is filteredl and the fib¥hdi’c is 25 14 i

evaporated to dryReSScendhs: 5254 AYG kS d},lgg,)ol ved in benene and the solution~
i s passed t hr ough =aCof@hHit: of Qe apn@ie i Lo\ﬁdzwthrnb@n,'sﬁf&%naé @lplant . The sol ution
i s evaporated tdl\dﬂrcww-m@@ ion of the mugd,3f wndctdf tek plme@rghs,t’!ajc?‘l zation from

benzene/ petrol eit q@r crpr 249 moAefs ”he desi red product 60 i s obtained.

20 5 K and K, are preliminaril rermined by 111" r9-4£ %E(EL il
20 21 M p. = 1ipGir (,Oi'mi :iL:ﬁfn 1ré:n<(‘oYpl:§lzlrxéc og(stfl{{;tfp c s'(l nhwn E‘rtf r] 3. 58 ppm

(singlet + tripl er) Foerﬂrtic (‘ﬂ Mcmﬂet x)m Examhnloech Li "l for the large cages).

5. S . Pr eg) Lgﬂé ﬁluon 012:1 110%wn u'1 ‘mk(’f th ru 1 4 linc: ohﬁxaoxa - 1,10 -
di azabi cycl o[ % 1 on, in the presence o '1 %aﬁﬁluw SE J céo ce T"I‘I ed OUt
appl yi ngot he dhgkecdod #E HORmie@ARE tm,lerd A, 9! st Ans Qr -t cng he cyglic

di am ne obt aiwés PI|mdEsa te o tharpdludong Hpch ofintt afi aitiiliyel pvite ai muEOO m .

anhydr ous berffdpd e HETERE et ok vabbies ghiexd K. i n 500
m . anhydrous' henzéhe] " 8btained | EXEnpt 8“8 s added to 1000 ni. an-
10 10 hvdrous benzene durlng 10 hours under nitrogen at mosphere and

under agitation. The salt of tri et_rll%l am ne and |the hydrochloric acid
preci pi tates and % PYRRAE 26P1C =1hé&'Pil trate is evaporated to dryness .
The residue is di sg9latgd mciisbenzene and passed through a colum of [err]

usi ng henzenc as an cluant. The product is crystal lized 15 froma
hexane- benzene mi xt/Air &

15 15 mip.4 o-Yield 50% PI\/R peaks between 3.3
and 4.6 ppm Exanpl %@parﬁtl on of “4%f Lf[:?»a[J16 2 “‘ 4 a(‘(g‘)exaoxa - 1,10 -

di azabi cycl o [8, 8, 8] ~trekacosanc 20 [err] IS prepar ed accordl ng
to the process dcscribed in " Og. Reactions " 13, 20
?E’iéhgrze(égﬁﬁ) 20 \Hf%%lnu ron ot 119 0f "The Ibrlmglylgm Oem q%mede. obt al ned in

Li+ 1.5% 10t 4.18 =3, o><10 pK,=:7.52
Nat 5.5x102 2.74 Ky==1 2x1 1%)0; pK,=9.92
K+
Rb* <1018 <1.5 ApKs)=0.10
Cst

) /‘”\ /N "‘\

N //\/0'/\\ /N Reference salt = NMMc, Br l—)
\_-/o\_/o__ 10
Cation Ky -pXs Protonation of the amipe

Li* 2.7 x 10 2.43 Kl.-.—.3.2;_1%; pK,:=:7.50
Na#+ 1.9x10° 5.28 | Ky=3. 0><101 pK,=10.52
K 8.2x10% 3.91

Rir+ 3.5 108 25y | AP0

Cs* <lots <1.5




tetrahydrofurane is slowy added to 15 ml. cf the fresh prepared [err]

sol ution under nitrogen atnosphere and at a tenperature of 0" C.  The

m xture is agitatcd at—thrs—iﬁi———————tenperarure—for—30—nrnutes—and“—”——————”‘

thereafter 1 hour at reflux tenperature. 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

cquound is obtained: 30 0 30 hi s conmpound i s hydrol ysed By
——adding 20 ﬁibnﬁbLhydLQChLQfLC,aﬁLd e Heat- 30~ 35 ing*hnd a

solution is obtained. The nlxture is evaporated to dryness under vacuum on

a rotatory evaporat es due is dissolved in 10 m . water and the

solution is passed tﬁg um  of ani o an. e&gha@ge Fesin ( Dowex 1)

CICICIIC

("DONEX" is a Reglst rk) e colum 1S Wdsh g/ With water unti
thefe is no basic 35 tlon The water is evaporated. The residue
is recrystallized fron1hexane and dried 35 40 in vacuum (0.1 man.

Hg) 890 ng. of the desired product is obtained. [err] Yield 95% PM [err]
(triplet); [err] ppmi&siingl et trjpl ﬁt;) 4|0 Protonation of the amine

Exanpl e 7 . - —8 40 45
Pref¥arati on of 4.1B Lfi ngt hel§ear bpnyl-& 1) 7K:-192x80:-rR.et/rBoxa - 4, 13 -

di azacycl o- oct adcrarg; 69t he dia ne obtain in Exanple 4 are

di ssolved in 30 m nethénd? gﬁh 3 m. ﬁ] wat er x,-Ao ,§3guykgnggj 3.6g [err] in
15 mM methanol is pdéed whil.ex4® noollng and agitating. The agitation
is maintained for|24 hours xture S 45 50
filtered and the f ﬁPate eb&bg}at dt godrynéggfiﬁWe residue is
recrystallized frown@HCI/pe&ﬂ@Ieu ekhef. [err] Yield 80% PMR [err]™

Si gnal s at about 3-65ppm—5€ !

Exanpl e 8 50 55
Preparation of 4,13 - Di nethyl - 1,7,10,16 - tetraoxa -4,13 -
di azacycl oct adecane A : of the compound of Exanple 7 dissolved in 20

m. dry ether are@sl a ded\;o 3 g. [err] in5 . dry ether. The
mxture is agltated ur ThenIS QH p m . Frr] i s added
h@ A

followed by 10 m . fxture i's nTtere dand ho/

\__/ A\ ANS
Cation, K pK, Protonation of the amine
—2

Lit Ky=4.7%10; pK,:- 7.33

Na* <108 <1.5 -9
K,=3.2x10; pl,==8.50

X+
ApK)~0.10

Rb 4x10? 2.60

Cst 1.5x%x10% 2.18

5) '
/ﬂ 0/ “‘\O/“‘\O .
N N\_O7 \/o N Reference salt == LiCl (—-\—)
: 1

0

pK, == 7.31
pK, = §.15

For Li, Na, K, Rb : K. <1075
Cst 1 Kam 60 pRex].7 (2:0.5)



20 1 1, 304, 367
21 evaporated to dryness. The rcsidue is extracted ct ter and benzene.
The solution is evaporat ed-to—dryness and—am—otrt—whtech boit+s—at—ferri—at—a—
pressure or 0.05 nmm [err] is obtained. PMR [err] 2.70 ppm [err]
(singlet); 5 [err] 3.65 ppm (si-nglet triplet)
5 13: Alternatively this conmpound may be obtained by reacting
N, N -di net hyl -1, 8-di - am no- 3, 6-di oxaoctane with triglycolyl chloride
~follow ngéthe rocedure of Exanples iBkahfil e 9 10 0 16 17
Preparation of Thée KSCN - Conplex of 1I1,7,I0; 16 - Tetraoxa - 4,13 diaza -
cycl o- eeane 524 ng. of the macrocyclic conpound and

d

9 \Ie~crad
1 94 ng. of KSCON /é‘e}?;% uxeéd \p 20 ml . of acetonel\for 5 mnutes. The
"@@‘ T ‘5@

acctonc is then re vaciinm Rafigutchdt +dsfiduel is recrystallized
fhe® The cyystal | ine conpl ex
[err] -

from[err]/Petroleu lts at 15 15
15 Exanpl e 10 Preparation of the [errpkConpbex of 1,7,10,16 - Tetrraoxa -
4,13 - diaza cyclo- octaducane A solution of 2.62 g. of the nmacrocyclic
conpound in 10 m. [err] is mixed 20 PXe=7.70 29 with a solution of
1.70 g. of [err] g bhedRaithemid € £]ordhe blue conplex is 20

i medi ately forned and precipiates. After filtration and
recrystallimation fromT err] the pure conplex is obtained. Exanple 11 25
Preparation of the = Conpl ex.ef 4,7,13,16,21,24 - hexaoxa - 110 -

di aza- 25 &§§EQMm CRIRA 6ol bi cyclo [ 8,8,8] hexacosane
25 130 nmy. aninelpﬂﬁr§5fﬁﬁgrﬁh§CN are nixed in a flaskN\20 m . acetonc are
added. The mi xuire € reg/L t he b&eficng sPorMMaudti I{-al | solid materia

has di ssol ved. Aften evaporadtyon to dryness the resi due't’s el -tracted with
chl orof orm which di ssorves the conpl ex. The chloroformsolution is also

evaporat ed to drynessl thyisllici aaghsthe<t®f yst al - 30 i ne conpl ex. The
conpl ex may be recrystallized from acetone-heptane.lt nelts at 30 [err]
PVMR [err] Exanple 12 Preparation of the [err] - Conplex of 4,7,13, 16, 21, 24
- hexaoxa - 1,10 3 dj Z9QK€XC|O' 30 35
[ 8,8, 8] hexacosan& 0 _ 0435 37.6 ng. amne
and 21 ng. [err] a&fﬁﬁ%sgﬁgygg~ln 10 &&kkn%@&gLTﬁﬁgxh (fa
_/~¥_/\_J/ 190
A(pKe) = . 0.10

Cation Ks -pKs -

Mg+ <102 <2

Cat+ 5.0 10 6.70

St 1.2 107 7.07

Ba+t

- 0
N
N/\/O/\/O/\/N Reference salt == NMe, Br (———)
0

10

AQpKs) == -= 0.10

Cation Ks -pK
Mgt+ <10? <*
Cat+ 1.74x 10! 4.24
Srt+ 1.02x10° 8.01
Bat-+ 3.0x10° 9.48




solution is then
w th net hyl ene chl

evaporated to dryness.

oride. After filtration of the sol ution,

The solid residuc is extracted
et her

is added

unti | —erystattt+zati on—sets—i-a—Fre—eryst alHH-nhre—conplex- does—not—melt but

darkens at about |

40 Exanple 13 Preparation of Tetraglycolyl
Tetragl ycohic Acid 100 g

C 20 -of tetraet
—portidns sf a

s__Lo_kepn the t enperatur d af ahnm

err] 35 10

Chloride A
hyl ene 40

4§V%6 gl yco

[err]
L J

PVR [err] 2.80 ppm (triple:)
Pre paration of

of nitric acid (density =1.38) are heated to 450
are added in s

_.45__E.el__|’_ =

/|

After this step tk nlxture is,agitated for about 20 m nutes at [err] and
then for one hour “alfouty | [e r]o g\solut

hosy ion is evapor ted under vacuum at
[err] for 2 to 3 hog K\A3coub paste.of a. col our is oblained.
100 to 120 m . ed and wat er Ps slo |l ed off. The diacid

of beqgzenA ark a
is a viscous oil. which does 45 not crystallize.

50 PMR [err] 3/5 ppm (singlet); -4.22 ppm (st@§bet): B0 Preparation of

Tetragl ycol yl ChIOrkﬂgog 9. of thL_ ® d obtained above, 50 g. of oxaly

chloride, 200 mM. @n yﬁr 1s_hehzen siix drops of pyridine are m xed and

aghated for 6 hourps. Paer mxture is| pO 55 filtered and the
};%&Fw chEéFi de

benzene: and t he exce S, of is evaporated on a rotatory

55 evaporator wthp S P ti ng. The|-evaporation is repeated twi ce. each tine
with 100 m . of benzspe 1he proaducit obtzined is a veilow oil.which docs not
crystallize. PMR [prr]: 3.75 pPr (jul tiplet); 4.52 ppm (singlet) 22

1, 304, 367 Bat+ 5.6 x10° 5.75 22 Exanple 14 °

Preparation of 1,1T - Diamino 3,6,9 - trioxaundundeane A: Preparation of

Tetract hyl ene G ycol D brom de 300 g. of tetraethyl ene glycol and 100g of
anhydrous pyridine are sIomAy added S to 727 g. of phosphorus
Nter 5

ntoice and the
hydrochl oric acid
r vacuum [err] and

tribromcl, vhile 3. Q—Qooling the m xture.
5 cooling to roon1tg éwﬁkgreo e m xture is poure
organi ¢ phase is d W t h Rufiste sainek I:iLl

and dried over sodi _é\_ﬁéter distillation ul

0.4 mMmmHg) the title conpound i s obtained. 1Q@K9 1 yhel d: 60%
10 Cation K, -pXy

Mg+t

Cat <102 } <

Syt J

Ba+ 3%10° 3.48

0. =
) VeV,
NN 0NN
/0\_..._/0\_./0\.../
For Mg, Ca, Sr: pKy <?

Reference salt == LiCl (—Ii)
\10

For Batt : Kg = 5.1 x10%

pKs = 4.71 4+ 0.20

(C) Other cations studied
R0
\__/ A

N
Reference salt == NMc!4-Br~ (———)
10/



PMR (CDCl ): 3.70 ppm (nultiplet)

10 B : Preparation of Tetracthylene G ycol Diphthclimde 161 g. of

di pht haI imde are mxed with .50 g of potassium—hydroxide in 500 m .
ethanol . The nixture is agitated “for 241 hours and filtered and pocassi um
pht hal i m de 15 is obtained. 217 g. of..the dibrom de obtained in part
A of this exanple is mxed with 15 15 1000 m .

di met hyl f or mam de and 260 g. of the potaSS|un1 pht hal i mi de obt ai ned gbove,
and the ffxture is heated for_eight Hou}i{_at_[ err]. ALLeL__QooJ_l_ng,__.t_h}g 9
m xture is poured into 3(:{14.t§{ﬁ$v @fro colytk water-.1 The precipitate is ilttered,
washed with water and acetone anrl (dried under vacuum The title conpound
is recrystallized f /—“tﬁa ol. 20 Yield 85 % n.p. [err]

20 20 PMR @éﬂr’ pm(smglet) 3.80 ppm (nultiplet); 7.80
(multiplet) C p th,n\u/ 1,11 - Diamno - 3,6,9 - trioxaundecane 254
g. of the product o step B are suspended in 1000 et hanol and

heat ed under refl ux. 90 g. of [err] in 90 . water is added and the heating
under 25 rcflux is continued for hours. After this time the 10
reaction is praai@a lly fimshed pKs 2D ApKs Zaofcmmy)tlr ochloric acid

i s added unti | (pH—3tts—obtatnet—and—t-he-mxture-tstheated-under reflux for
an addi ti onal 1aﬁﬁ*hqur“ﬁ%b’re5|d@dﬂ xR0l |S“FPTT€réH” Fhe kclution is
evaporated to HyRess.| 250; pjys ters re| adged langihdergakmben | s saturated

with potassiun hydrdxide.” The fixture {s agaijn filtered o remave 15
preci pitated KCl Pand [301.13x10" j g pBulbed]ihPdlal | i quiiieBi g ﬁ ractor and
extracted with)benzene. The benzene 30 30 so ionjis
evaporated, and the diamne distilled under a vacummof 0.2 mmHg is [err]
Yield-72% PVR [err] 1.30 ppm (si ngI et); [err] 2.85 ppm 20
(triplet); [err]: 3.48 ppm (triplet) and 3.60 ppm (singlet). 35

Exanpl e 15 ' 35 Preparation of
5,15 - Dioxo - XLQ\ - hexaoxa -4,16 - diaza - cyclo- tetracosane
Thi s reaction |s rrlad omt Iylngahlgh d|Iut| techni que. A solution
of 4/ . of tihvéergicant nelibbira) ned in Exanple 14 in %
500 ni. anlydrous h_p%_gﬂ@_rﬁ a/40 sol ution of 1?0.4 g. of the

di chl ori de obtained in Exanple 13 in 500 m . anhydrous 40 benzene

are added to 1,200 m . anhydroils beanéne :ové&; -a3.per nﬁid B8 1@lhour s under
vigorous agitation and under a nitrogd®™* zatn15‘sp*rﬂar’é1 _____ %_?{nbn tion, the ¥
benzene solution is filtered and evaporated io dryné’ he-0iTy residue is
di ssolved in an- hydirous benzene and passed through a colum of al um ni um
oxi de. The pol yners 45 45 formed during the
reaction are retaliséereaivg w4l s Lerard wnvp et tablgds $am'®onpot i nd

. 5
45 is obtained. After evaporation ofgthg.henzene, the title product is ’
produced as a viscous Preparation of Triglycolyl Chloride
5 A. Preporation of Triglycolic Acid 5
1060 g. of nitric acid (density=1.38) arc heated to 457 C. 20 g. of tricthylenc
glyveol are added in small portions so as to keep the temperature at about 43° C w0 40
50° C. Afwer this step the mixture is agitated for aborr 20 minutes ar 45° G and
then for one hour at about §0° C. The solution is eviporated m'.cic-r vacuum at 70° C
10 for 2 tc 3 heurs. A viscous paite of a Lrownish Lolom is L“t od, 100-—120 ml of 10
beazene are added and warer is distilled oif, Upon cooling, the ’hd(_ld crysinllizes and .
is recrvstallized from a mixture of acelenc and benzene. Uhe solid is dried under a 4

vacuum of C.1 ;un. Hg and the acid ebtained has
m.p. =740 C-..753 c. :
PMR (in 1,Q): 3.80 ppm {singlet); 4.25 ppm (singler) 15

i
Ui

B. Preparation of Triglycely! Clloride
15 g. of the acid ebizined above, 30 g of oxalyl chloride, 100 ml. aniivdrous 59
Lenzenc and three drops of pyridiae are wixed and agiwated for 24 hours. Petrolevm
ether is added and the Lmd\ ct 1s decanted, The wixture is filiered and the benzene
20 and the excess of oxalyl chloride is evaporated on o rotatory cvapoerater without heating. 20
The cvig ion is repearedd \’.lCL. cach time with 100 1..1. of Z The product
obtained 15 a vellow ofl. The ol is diluted with @ mixtors ! cther and peireleum
cther and afier cooling to a tcmperature beuseen rcom 12 rature and --70° G,
the product crystallizes oud. Lhe Lx\‘?hlls aze then “‘nhul with petroleum ether, care
25 buing raken thar the produci does not come into coutact with meisture in the air. After 25
recrystallizing twice and washing wice with vilwr, the product s dried under o vacuam ”
of 0.1 mun. Tig. m p.:=20° C—-30° C (crude ‘mrhxu) o0
PALR (CICLy) 3 3.85 ppm (singlet); 4.52 pom (singlet).

55




oil. Yield= [err] [err] Exanple 16 Preparation of 1,7,10,13, 19,22 Hezaoxa -
4,16 - diazacycl ot etracosane 55 A sol ution of
30g. of the dianide obtained in Exanple—15 iA—=200—n. anhydreus

tetirahydrofurane is slowy added to a m xture of 50 nml. anhydrous tetra-

55 - hydyr of uane and 18 g. [err] while stirring and heating at the

refl ux tenperature. 55 After the addition is conpleted, the mxture is

Sti rrlgd under refl ux and under a nltrpgﬁn,ﬁt m)sphere for 24 hours. After
——eooling t o room-tenperature-t-he—+edueing agent——is-———

60 destroyed by adding a mxture of wh 'é’nha7n (THE(1:2) . The mixture is

filtered and the, fi)l 14aLe 1“3}:95})5@ J,W_ Laeedr ;m@&‘“ﬁ* e residue is

di ssnived in benze & “ldi;lﬁh@cléa igﬁ[ 133 ¢ (é anhydrous 83 dine are slewiy added

1, 304, 367 5 10 1()0 " of pl msp“orous .uhro.m(k while agitaiag and cooling the m-\QJ& i/ S(zpasseﬂ

t hr ough a col um: men"[ ey ]"'1w'tt o appegugghy er\lﬂfc ‘-Fhlé'“s 199t'P dﬁéi é‘e*va por a-

1

M ot if ERTH yipd
LR Oy arynes S Al LD o ORRL TRt BED Mﬁ%ﬁn %igm%@ s

q CourI ess of
whi ch crystallizgs, mn@\&o,@rmpra ure. Yi el'd err
~[err] 10 Yi ~|d5 cerm}, Exanpl e 17 Preparation of 2,12 .. di oxo - 10
4,7,10, 16, 19, 22 F21R BB ifﬁ@ﬁamémﬂ iplen)d 370 e s cycl o- 10
"'[11 11, 11] [err]; 1 a0 , ea n.i.$.carried Qut applying the high
dil uti on techn que?gi%;g“ BB B ekt o siysf ne
oht ai ned i n Exargkel. 1 eandmé 134@110& fof Pet’fhljﬂ aiihecd md500:siv. phenky'dr ous
benzene ands a soﬁl mwmh of 1 t“lﬁe‘cdvltﬁhl gvr‘:fbtrek{@ JZng\ Pp‘f‘ﬁpﬁﬂjg i ‘a’r’ih?cq}*b‘tjs 15
benzene) obt a n..nfil}l]h E.}Sahlﬁl“ @*#B(‘):itsu qqf @1%‘6\“ (ifﬁpgr‘?jl;haﬁ@ qu\lu$ b%hzene
dduring ten hOUf%ﬁ%ﬂd@fmoﬂatﬁQgﬁﬂda&‘f@%& 84180, afh- thd @k cradi- b ivoR ainkhe salt  of
triethylam ne 15otassivm hydkdide, then “amd,atclﬂemhydwochbm ipgaiendsupphaeispd t at es and

is filteredo off cwrhretufﬂ iy MUa't: %@dlé\ﬁa\tﬁwl&béa and is reciystallipal e gEYnEs's. THA

residue is di ssc}J RG] d.pas ) Qfalerr] using
]%/ 15{Flh’e pro ué%n ¢ ﬁwﬁﬁﬁ) f gh ]@W’Cﬂ%@kgﬂ;?ystal i zes

benzene as an cl'tant:
on standing. m [C. PepsioR0f 1,8 - Diamin@03,6 - dioxaocPWR [err] (broad peaksg, [err]

20 224 g of the product obwined iu siep B are ey vded in 250 ml. cihanol &n
25 heated under TCﬂu\ 19 ml of 1 and water {5654) are added rua v
refiux s continued for 2 hours. After this tine, the rewction is practically {inishad.

25 ml. of 10N hydrechloride acid is added and the mixtore is heased uader refiux for

an additional half hour. The majority of the uleoho] is disulled off, and the residusi

solution is filterad and sawrated with potassivan hydrozide. The rixiere js poured .

30 into a liquid-liquid extractor and extracred with benzene, The bepzenc solution is 30

evaporated, and the diamine distlled under a vacuum of 0.5 mm. Ilg at 8§8° C.
Yield==70%..

PMR (CDCL): CH,—N: 2.85 ppm (wiplet); Cl.—O: 3.50 ppm (triplet) and 3.60

ppm (singiet).

caling under 25

25 HExample 3 35
Preparation of 5,12 - Dioxo - 1,7,10,16 - tetraoxa - 4,13 - diazacycloociadecane
This reaction is cartied out applving a high dilution technigue. 5 solution of 14.8
5 g. of the diamine obtained in Example 2 (0.1 mole) in 560 ml. enhydious henzers and
a solution of 11.2 g. of the dic:hf.mid(_ chicived in Example 1 in 560 mlb anhydrous
40 benzene arc added to 1,200 ml. anhydrous benzene cver a period of 8 hours Lnr F 40
vigorous agitation and uader a nitrogen atmosphere. On termination, the benzene sola-
tion is filicred and evanerated o dryness. The crystalline residue i.'\ dissolved in an-
10 hydrous benzene and passed through a column of sluminium oxide, The polviners
' formed during ihe reaction ave retained and a pure solutien of the desived compemd
45 is obtained. After recrvstallization from a mixture of benzene and heprane, the title 45
product is produced.
m.p.==1117 C. Yield=76%,.
15 PMR (CDLCL): —CO0—Cl1.—0: 4.00 ppm @ingler); —-CIH~-N and -—CH.—QO:
' 3.6 ppm (muliiplew) .

50 Examplc 4 : 50
Preparation of 1,7,10,16 - J‘ctmoxa - 4,13 - diazacycloo actadecane
A solution of 18.5 g of the diamid ¢ obtained in Hxamyple 3 in 450 ml anhvdrous
20 tetrabvdrofurane is slow l\ added (0 a mixture of 150 ml. 'mh\’1 ‘ous tetrahydrofuranc
. and 12 g. LiAlll, while surr*n'z and heating 2t the reflux temperaiure. Afier the addi-
55 tion is completed, the mixture is stirred un’kr refiux and vnder a nitrogen atmosphere 55
for 24 hours. After cooling 1o room temperacure the excess reageni is destroyed by
adding a mixture of warer and THF (1: 7\ The mixture is filtered and the fhraic
25 cvaporated to drs "1r‘<~ The residue e dissolved in benzene and the solution is pﬂqscd
throu gh a column of ALO, with bensene as cluant, The solution is evaporated to dry.
60 ness and after recrystallizaticn from benzene/patral echer 13.5 g, of the desired product ¢0
is obtained,



peak). Exanple 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 accordi ng_to the.process-descrbeed—+n-' Og—Reactions '13,
31- 25 32 (1963). A solution of 1.3 g. of the bicyclic diam de

obtained in Exam pe 17 in 20 m . tetrahydrofurane is slowy added to 15 m .
of the fresh prepared [err] solution (1.6 nole) under nitrogen atonosphere
and at a tenperature of [err].The m Xture is 30 30 agitated
at this 2@iliperature for 30 mnuted:*&htf7t hereafter hours at reflex 20 o
t enper a- 3q ur e5 A 5@;1 ccoalil g,g,to room tenperature the excess reagent™
I's destroyed bama dmg) Ot —cof 36itph @Ad-theuag! utipny. i s7seyapor ated on a
rotatery evaporatpleginder vacuum The bis-am no-borane of the title
conpound i s obtained by extraction ?rf the residue with chloroform 35

Thi s compound gyl gl ysesidby - 94 iGh%e Mo BN Dyl BGRLRLI By g1 d unger

heat - 51ng to re X Tonm\awh@ws and”’ ['ut i’on 'S "obt ai ned.

The m xture is e\ﬂaparcabnedcumdeam {®Bying the high dilution leLhmquc vacuum 0| I on a
rotatory evaporafy ?‘l’hl‘“q'h &}g é!" ;?*@iﬁc@'@t‘}ﬁ v@ﬂ“qflgl‘ f # 4 d t he
solutiongs pq§ n H: us Den Qa)“hﬁmﬁf ﬁ %k : Héﬁgg %\‘h Wexlol) i0

Thc col umm i's W@ _n)vM\, thanaiEfoudibad bek au,los .\a@ RBSUG anm&t ip. The wat er
i s evaporat ed. salﬂ'hénrcesiadue and tehgddeiic edd mh@(ﬁums and bt alltqmelcbbeI ha
col our| ess oj [filtzate is evaporated to c’r}m 55, '1he residue is c’.mgfl@,uygn e L.Pcefl [err] 2.85

ppm (triphet) }{g? bg,;:t clummaol Gl Qyiiioe (g e SHEFL i i S A

Preparation aqhp5112 ¢ 12650@/ 1,7,10,16,19 - pemaoxa - 4,13 - diaza
cycl oenei coaan@{k (CLCL): 4%ord eaks bety: LcnS 3 qu f! 6 ppm This reaction is
carried out applying a high d| I ut| hni que. A solution of 31.8 g.

of the diamne dRRed 403 Examml e ?r'li éOQQ o BHRY AL QUG PENZENe and a
sol utionzof 17. 81%8%1q af p-idhed dt&hl@rlb &\1& gb&al (m&dfllunﬁl%%c’ @rcﬂepﬁl’m;lOOO ol . 20

anhydr ous benﬁéﬁé’éﬂﬂ@)added to 1, 200 m . anh drous benzene over a period of

solution of, 0 impide in a1grle i St i L.
é4 POUI‘ S u[]dertcnu -drofyranc i ,s f‘gﬁr 6('(‘:.%71 10 1?11g ! 1'?1 8*@ i Eﬁg‘gq?; A, Q’)\El#l. O?Q mde at lrm;spher €.
crni nati on gt a{bu k&6 ar o unrm e 9 he mntur\_ is agitated ar thxsso ution is

filtered2and evapeonad eﬁl 3D Gnifl k¢ NES Ficredhre lcmylshatrluknenrr Q8k0UBe (23: 0. ) Ps dis-
sol veed i n anhydous dbenzehe adirg pas sédiatchrough sdugoliummpafcdabum ni um 2
oxi de. The pol §ABFS RO IE dUr Y™ Hes riéabt foivare hetti rstourdsa pure

sol ution of the desired conmpound i s obtained. After rcerystallization from
a mxture of benzene and hept ane/—5§/—\,-— the title product is produced.

" 55 m p. err] Yield
p- =1 ] BHg——u/\/o/\/o/\ Iy --—85
\_J\_

<

30 This compouvud is hydrolysed by adding 22 ml. 6N hydrochleric acid wnder heat- 30 3
ing and a solution is obtained. The mixture is evaporuied 16 di'j,'l.'-CS.‘i under vacuum
on a roiatory evaporater. The residue is dissolved in 10 ml water and the solution is
€ 32

pussed throuzh a columi of an aninn cxchange resin {Doviex 1) (" DOWEX?” is a
Registered Trade Mark), The column is washed with warer vatil there is no basic

N

35 reaciion. The warer is evaporated. The rosidue is recrysiallized from hexane and dried 35 40
in vacuun (0.1 mm. ¥{g). 890 mg. of the desired prodict is obtained.
m.p. =63 C—59” C. Yiold 95° /
P_ﬂ_'_.'e (CDCl): —CFL—N: 2.65 ppm (riplet); -—Cil,—O: 3.65 ppm (singlec+-
tripla':t)
40 LIxample 7 40 45
Preparation ¢of 4.13 . Dimethoxycarbonyl - 1,7,10,16 - tetraoxa -~ 4,13 - diazacyclo-

octadccane

3.6 g. of the dizmine obtained in Fxample 4 ave dissolved in 30 ml. methanol and

3 111 water. A soluiion of 3.6 g. CICO.CH. in 15 m! meithanel is added while
45 cocling and ogituiting. "The agitation is maintained for 24 hours. Lhe mixivre is 45 50
1\(@&1 and the filirate evaporated to dryness. The residue is cecrystallized irom
CIICl /petroleurt ciher.

1‘11.1.}.:--:IO~'.‘-" C. Yicld 80%,.
PAR(CDCL): Sigeals ar about 3.65 ppm.

5C Tixample 8 50
Lreprration of 4,13 - Dimethyl - 1,7,10,16 - tetraoxa -~ 4,13 - diszacycleoctadecanc
A:r 3 goof the o mpound of L lmplc 7 dissolved in 20 ml. diy cther are slowly
added o 3 2. LIAHT, in 5 ml dry ether. The mixiure 1\ agitated for 24 hours, Then
3 g4 ¥OMHI in 6 ml. ILO is added followed by (0 ml. {,0. The mixture is filtered aad

(841
w




PVMR [err] and [err] 3.5 to 3.9 ppm (conplex mulliplet); 55

[err] 4.05 ppm (singlet). Exanple 20 60 Preparati on of
1,7.10,16,19—Pentaoxa—31-13 -—diazaeycl oeneicosane - 60
A solution of 6.7 g. of the diam de obtainied in Exanple 19 in 100 m .
anhydr ous 24 1 304. 367

24 tetrahydrolurane is slowy added to a m xture of 50m , anhdrous
tetrafydrofurane and 3.8g. [err] while stirring. After t he addition is
—compl¥te, the mixture is stirred undet?Pe¥¥ux and under_a nitrogen %

at mosphere for 1l 8aun s dlAf.serlI@QQI’Llr‘nQA\TnQrtd’«‘OsGm&Q‘Wﬁ@iﬁ&h}éﬁ Th R@uicnrent is
sgest royed bv adds m@(u(aﬁ iy onad@ nn dine 12:5bnds rWHIF ath @lessudd of 0.05 om. ikgowed by 10

m [err] and theg? ter.,The xture i and-t he
filtrate i § evad ;zt@)tcn?dr i i ;jrtléo (RE {8 @ ¥hol 3 Védl‘“h %’é’ﬁ?éne agd
:jthe solution is pagséeitdyr mugh,ngouc@i,ﬂ 63Jm£xarws]mwngm Beninrne-gsdiel uant .
The solution_is amaﬁcﬂcatt\erdmbo el yrnﬁssuahlduchr@mmmt' thspoltat nedxaslen

ol ourl ess oil e crystallizes at | ow tenperature. 10 m p. about
[err] Yield 70% amole
1-10 PMR [ernp Nilpcpl-58 @pme (\gcmgl@tv}m ffer‘rlm% Buppn.- (iRl ) cycoerr] 10

23, 5-3.7 ppm (two sin Iets-l-trlplet . clixaepd € 21 Preparation of 14,21, Di oxo
': 4,7,10, 16, 19, 24 ér g, l@]ﬁg@%@c)chﬁmwg wind angy 1§ ”iatgt@f X arpmefluxed in AD

ot acctone nminues 1ALt (‘{ll‘ is then I'L_ﬂl()\’ UNAcr yacuu, &l
u[ 8, 8, 11] nonacos ﬁ’w- i3 recrys ml].zud fror CHCL /P(l*omin cther. The cryvstallipe com 1[\,;. 11111‘ ThC .
reactd on i $5car redc.oudss applying the"high dilution techni que A sol utimwen of

2.45 g. of the cycllc di am ne obtained in Exanple 20 and 2 g of

triethylamne i ) r N nd.a sol ution of the dichloride
(1.8 g in 200 M IL”“"h"“ol“ dtfs HRESECE “*uiﬁ%ﬁ(’zd%&ﬁ%eﬁé? -SBthi & in
EX8.ITp| e 113 is add@dsot‘xﬂofﬂ.m}nﬁ of PRNZ-ENS: le:l'lfahin@mf iNOULS QENOR s AQked

2,ni t rdpen aikirosphethe: ahdoundber ¢ ddnatiiehin Thel SElLOHoIht biretdtilant no &Ad

4 hdyrochloric ’(’3“‘“‘-*”%@% AETE préchiniar: esl‘“iahd‘“ifé‘mf iFt erEFgrFion TH& filtrate
“i's evaporated t o Urymess . TRECFEHGHS LY ssol ved i n benzene and passed

lcthr ough a columm of [err] using benzenema.s 1@an eluant. After evaporation of
“t he ol vent, t hé’lcn‘@sr"dué ter ist@AY I-mes- ol sf,amvm@i Theﬂm odutt - dbai ned i S

"t he desired compoun 4 .2 N ‘p‘bg@’ﬁ hemerge 65
é m me and am arc NVACy m F na. 20 ml._aceipne, are
25 PAR Ler 1] (bhoad pRakST T, o pRRIT VR Mol R RERKE) e
Afier cv 13@*".1;01[ to diyness the residuz is extracted with chloroferm, which dissclves
the complex, The chloreferm solution is 2lso evaporated to dryness, yielding the crystal-
30 linc complex. The complex may be recrystallized from acctere-hepizne, Ir meits at 30
163 C—164° C,
PMR (CDCL): —-Cl,—-N: 2.56 ppm (nipley)

Exampie 12
Preperation of the BaCl, - Complex of 4 7,13,16,21,24 - heraoxa - 1,10 - diazabicyclo-

. ; 30 35 [8,8,8] hesacosane 35
ika 37.6 mg. amine and 21 mg Bal 1_,2[1__0 are dissoived in 10 ral. water. The
‘ aulvmm is then evaperated dmmxs The solid residue is extracted with metbylene

o

chloride. After filuaiion of the solution, ciher is added until crystallization sets in.
2 The ery %ra}‘mc comules does not melt bui darkens at ahout 200° C.
35 40 PMR (CDCL): =~CH.—N: 2.80 ppm (tripict) 40

ey

) ]'>,<1 iple 13
! Preparation of Tetraglycolyl Chloride
A Preparation of Teiraglycelic Acid

B 160 g. of nitric acid (density=1.38) arc heated 10 45° C 20 g. of tctraethylenc
40 45 glycol are added in small portions so as to keep the temperature at amut 45° C— 45
- 50 * . After this step rhe mistare 15 agitated for about 20" minutes at 457 C and then
) for cne hour abour §0° C. The soluiien is evaporated vader vacunm ar 767 C for
o 2 10 3 hours. A viscous paste of a brownish colour is obwmined. 160 to 120 ml of
i 15 5 benzene are added and water is distiiled off, The diacid is a viscous oil which docs _
" i not crystallize. ) ) 50
PAMR (1.0): 3./5 ppm (singlet); 4.22 ppm {singlet)

HH ]-’rc_,&ara.‘z'on of '1'(3('7"7,qi".,vco?j,'l Chloride
28 g, of the acid ol btained above, 50 g. of oxalvl chicride, 200 ml. anhy:‘.rous
benzeaz and iy drops of pyridine are miixed <ni aghated for 6 hours. The mixture is
50 55 filtered and the bonrene and the excess of exalyl chloride is evaporaied on a rotatory 55
_,'_ evaporator without licating. The eveporation is rs pemm awice, each §me with 100 mi.
v of benzene, The product obtained is 2 veilow ¢il, which docs not crysallize.
N PMR (CDCL;): 3.75 ppm (muhiplet); 4.52 ppm {singlet)




Exanpl e 22 Preparation of 4,7,10, 16,19, 24,27 - heptaoxa- 1,13 -

di azabi cyl o[ 8, 8, 11] nonacosane 30 [err] is prepared according LO
the process deseribed in " Qrg.  Reacti ons———13,— - 30 31--- 32
(1963). A solution of 1.5 g of the bi cyclic dianide obtained in Exanple 21
in 15 m . anhydrous tetrahydrofurane is slowy added to 15 m of the fresh
prepared [err] solution (1.2 M under nitrogen atnosphere and at a

tenperature of [err]. The m xture 35 is agitated at this tenperature
for 30 mmutes and thereafter 2 hours3mpsreflux tenpera- 35 ture. The kX
excess reagent T3 destroyed by —addi ‘r’ﬁ‘ of water and the sofutionis

evaporated on a rotatory,evanoratqy.v ‘.ﬁﬁm @uwg\,“‘[hg_n,,@l s-am no- bor ane of

the title conpaundyis:0htghnes x,xll?hl(ﬁ;c@om-ou,m i's hydrolysed by adding 30

m . 6N hydr ochl ori &g iofl teragtetendigabl and Q0C g. of anhy mgmatwﬁgﬂxw{mﬂm ddgd hour s and
a solutioff is obia Bed PITIE I WbUREs gy afldepfg e misue, A 40 vhacyumd
0% ot arory SORPIT L TR 0 A & oL LN Ud L p AEHS VAR ana e
solution is pas&&dh hﬁ@ughuauan mhumxaﬁlan anlz@ncax@hamgewgg&bm& Dowex 1).
The colum is wasped ivsitdnewvat er until there is no basic reaction. The water

i s evapor & ed. ‘ﬁkgé;’ due is drjed.in vacuum (0.1 nm Hg). | g. of ¥he

desired product’™ ,)o(ﬁ;l %éodpplfg‘numm) as a colourless |iquid. 10

45 Yiel d [err] ©NRb@btiln of Cbodepligle \oiscbievitlctimiangl et); [err] (triplet).

Exanpl e 23 50 161 Proepahratlmmh apf mByd] @ir's SO, csvkgmesmm?lsdl@ldt@l 1w @2 27,30 -

oct aoxa - 13¢ clh'v élaﬁ qn:cfl for Zb; hours and bcrcd ad potass: 1“5]03 whalimi fllc. 5
ne ) gl g H s e u t J

(5, 10, 11 bt ) A &éyl” o ﬁﬁ,nd“. #ﬁi@ficé’ ""két"ff,\ xéfas‘ti‘hahb bt hifvehi gh

di lution technla&um Hx&el Mihbon o cid ;L&'Zurg a0foob r‘(f'yELdoEnvdlfﬁnﬁxktﬂﬁ bt ai ned in

Exanpl e 20 and ¥ uéh gno bfitctsvé cgld n»ettrh hapicrigiaiens 100drivasha@hiydrnusnbenzene and

a sol ution of G hf‘%f‘b‘&%é g hesGle compeundy s remeiHlizAnFRIFBES- benzgne)
obt ai ned Ph Exaiiph ;ea;@%" 550 AdH 8, &5, 10000/t RERASIR (ovipBF E

during 2 hours under ni'trogen atnosphere and under agltatl on. The salt of
triethyl anine &hd ff'hvemh dxfd);dh’r Bivingo ad:p8 - prrewifsiqrat es and is filtered off.

The filtrate ig e¥ mgu %g élr"ﬁff)‘&;‘f*s”’ ¥ pesieparted &1 ROHINREAN n benzene

". W lL[' is adoed ap: g Tnde
and passed, t hr QUG A&l Of 8] Tkl e DD AL 06 S pRliShLURRkeaThe d8Si T edss
product i s obt ainedydast 1aucmdot4r 188 SuMll SIE AUS “oB@ined and GE |ml\mm is hcatcd
60 [err] under reflux for an additiona 1 h'ﬂf hour, "The sesidual m‘ sl ~Ixs filiered; ihe <rhltmg
(o (¢ warer are mdded and the soluiion is saturated wit
6 0 PMR [er I‘] pc‘*qs,uﬁbxﬁho(/wﬁﬁm uf -\mn 1 again fiwered to rem precipitared XCL and
30 is poured Imo a ligaid-lguid exwacior and cowacted with beazene. The benzene 30 30
scluticn is evaporated, and the diamine disviiled under a vacmm of 0.2 ram Hg is
1147 C—1162 C. Yield==72%.,.
PUMR (CDCL): —NH,: 1.30 ppm (singiet); CH—N: 285 ppm {(iciplet);
—Cil-—0: 3.48 ppm (triplet) and 3.60 ppm (singler).

35 Lxamnle 15 35

Preparation of 5,15 - Dioxo - 1,7,10,13,19,22 - hexaoxa - 4,16 - diaza - cyclo-

tetracosanc
This reaction is carried cut applving a high dilution technique. A selutdon of 40

15.4 g of the diamine obuiined in Bx ampl 14 in 500 ml. anlydeous benzene and a
40 sclution of 10.4 g. of the dichloside obtained in Lxample 13 in 500 ml. anhydros 40

benzene ace added o 1,200 ml anhydrous henzzoc over a b i of 10 hours under

vigorous agitaiion and under a nitrogen avnosphere. On tcumination, the benzene

solution is filicred and evaporated to dryuaess. he olly residue is dissohved in an- .

hvdrous benzene and pussed througn a coluiun of aluminium oxide. The polymers 45
45 formed during the reaction are retained and a pure sclution of the desired compound 45

is obtained. After evaporaiica of the benzeng, the tide producr is pioduced as a viscouns

oil.

Yield=68%.

PMR (CDCL): ~CH.—~0 and —CH,~N: 3.60 ppu (threc peaks) 50
50 —C0— UL»—() 3.85 ppm (singlet) ' 50

Exampic 16 T
Preparation of 1,7,10,13,19,22 Hexaoxa - 4,16 - diazacyelstotracosans
A solution of 30 g. of the dismide ebiained in Exaravic 15 in 200 ml.
anhvdrous teteabivdrofurane is slowly added to a mixture of 50 wil anhydrous tetra-
hydrofurme and 18 g, LiAIL while stirring andd iicaiing ot the reflus semperatuce. 55
Afrer the addition is completed, the mixwire is stiveed under reitue and under a sitrozen
astmosphere fur 24 heours. After cooling to room tawperature the reducing agen: is 60
destroyed by adding a mixwre of water and IV (L: 2). Che mixture s filte red and the
fittie is evaporaied o dryness. The residue is dissolved in benzene and the solution

h
Ui

(%2
(W1




24 25 1, 304, 367
25 Exanpl e 241 Preparation of 4,7,10,16,19,22,27,30 - ocaoxa - 1,13 -
di azabi cycl o[ S, 11, 11]dotrr——aeeﬂtane [eFF}—+e—pFepaFed i
process described in " Og. Reactions” 13, 5 31-32 (1963).
‘5 A “solution of 1.2 g. of the bicyclic diamde obtalned in Exanple 23 in
20 nil. tetrahydrofurane is slowy added to 10 m of the fresh prepared
[err]z2sol ujd on (1.6 Al) under nitroganmaxﬂmsphere and at a tenperaturs of
—Terri—The mxture 15"~ 'tated'at‘Thrs~renp ‘f:g Iﬁrﬁure§*aﬁd“‘
thereafter 2 ho?ﬂ%“&t”ﬁeﬁﬁh i@nﬁe ﬁﬂe‘mf@"“jﬂ“j K lonless aANBEXCESS
£31Ted pr acl 1§ obtuined as A colourless 1
reagent is destE@yegﬂb \adghngtg.nﬁ wat ef “and 't he“'sol ution 1s evapor a-
idded0 ted on a rotanﬂfyxeyapmmayor under vacuun1 1.13 g. of the
AMupi s- ahi ne- sor an@MaY (AHE.t INH et ppodingichs Cobt-ai el 1y @xtwadii-Agithe 3
e esidue with chi or 5POR S 6”C8Rdound i s hydrol ysed by adding 40m . 6N
:qu@lydrochloric acid under heat-- ing fofs.2.heurs and a solution is obtained.
The nixture is ewaparahedlundedn -vigcons,146:2.27,30,33 ongx: rotaatohyﬂteayaporator
The rl8si due is dissol ved in 10 n1llmat Beoigrigone sol ution 7 ol5 1S,
passed t hr8ugh 3 §1L \f&, - pgéﬁ? OB PRXEHE, ngéfy‘ﬁuﬁf(ﬁﬁﬁg “ﬁi@ﬁ?} col dfm is
15 ml. anh WA E ﬁﬁl/c 'V\@)ﬁ &ba LNl i Jtlh@'E &.1 & ;hQudasl.eeaction. The
) omiwat er is evapor atredc) dlnéncd es Beluel SRt heddesh nay 1pIr otiptd ;s bobtaided as a
f”“%ologtless 11 quited, howts ey llewr‘ QQ“MNH’”mfeF “&éﬁidketgtmpeﬂhjﬂ‘§in Ieg
<

e_V,JmZO 2 and the Ty oz.l foric o gﬂ\“‘fl“ 4 ¢ “1 1513 oy CN
Jove The ryesi m be ;;',\':, U ZS
re iconpl ex o.f 4, 7,ALé l.éwléx ﬁud%?dls ucpaomaexacoumls el a;aim Leyclo

cand 11, 11, 11] penakmma@matane 25 100 ng. of the

woly | v /Exanpl e 18 .
G o 5y Z?F‘?W R @""@J«waifé‘f’&ﬁmfﬂ OmiliEac 43 PP 14 ¢ at 20,

the solvent is evaporated The residue is extracted with chloroform

filtered again and evaporated to dryrigssvic The conplex is crystaliized from
andgect ene/ et hyl aééfaﬁémCHTﬁloﬁ%%ﬁTzéﬁﬁb"”““‘%&ﬁﬂ{e¢¥1 -(Hei'piethi err]

ader entairiacent
hed. 3.55 Pprn % riplet I?rl prepared, according 1 p\hc Process ?@m@&aﬁpbﬁ ?@\CE Ny Qﬁrﬁ‘t ion ®§
ated Et hy enef |sthB@ ygo P'caci'd di énloride A Preparatlon of Et'hyl ene-
uvonpi st hi ogl ycol ic aci‘;d‘:ohuml of 1.3 g of thz bicyclic diamide obiained in Example 17 in 20 ml
with 1cua}}d1mu e s slrw bv added 10 15 mib of the ficsh prepared B.H, solution (1.6
and mole) under pitrogen aimoesphere and at & (eanperature of 09 C. The mixtire is
eie 30 30 agitated at tis tamperatore for 30 minuies and therealior 2 hours at refluy teupera- 30
7 s ture, After conling to reom wemperature the cxcess reagent is destroyed L) adl fimn 10
ml of water and the selution s cvasorated on a rotarery evapoiralor URGLr Vacnun.
<t); The bis-smine-borane :.,f ihe titde compound is obtained by extraction of the rosidue
with chlorofoim.
35 This compound js Liydrolysed by adding 25 ml. 6N hydrochloric acid under heat- 35
ing to reflux for 3 hours and « solation is (ml uried. The mixture is evaporated under
35 VACUUBT Qi1 & TOLELOTY C¥ .pox‘.tm. The residne i1s dissolved in 10 ml. weier and the
Jo- solution is passed through a cclumn of an anion exchange resin (Dowex 1). The
column is washed with water until there iy no basic reaciden. The water s eveporared.
of 40 The residue is the desired produc, obtained as a colourless oil. 40
da Yield 95%. '
aus 40 PMR (L,JU b -—CH.--N: 2.85 ppm (riplety; —CH.~—-G: 3.65 ppm (singlet and
der triplet)
e
an- Example 19
°TS 45 Preparation of 5,12 - Dioxo - 1,7,10,16,19 - poraoxa - 4,13 - dinza - cycloencicozane 45
d 45 ‘This reaction is ca x]."\j out "ﬂrhinq a high diletion technigque. A selution of
s 31.8 g. of the diamine obizined in Exrmple 14 in 10’10 ml. anhvdious benzepe and a

solution of 17.8 g. of the mch eride obuained in Exusmple 1 in 1000 ml anhydrous
benzene are added 1o ],2(‘() ml. anhydious benzene over a poried of 14 hours under
ks) 50 vigoreus agitation and under & nitrogen atmosphere. On termination, the benzene 50
50 solution js fikered and eveporsted to rirj‘rc;s* The crvatalline residue (73 q) is dis-
solved in anhvdrons benzene snd passed throush a cohmmn of amminium oxide. The
polymars fermed during the reacuon are retained and o puve solution of the desired

compound is obigined. After reerystallizadon from a mixture of benzene and hepione,
55 the title product is produced. _ 55
m.p.=9)" C--91° C. Vield 75 /.
- PMR (CDCL): —CIL.—0— and —CIL~N: 3.5 to 3.9 ppm {complex multipler);
55 —CO--CI.—O: 4.05 ppm (singlet). .
is Example 20
e 60 Preparation of 1,7.10,16,19 - Pentnoxa - 4,13 - diazacycioencicosane €0

a A solution of 6.7 ¢. of the dmmdf_ obizined in Exarmaple 19 in 100 ml. anhydrous



35 Thi ogl ycolic acid (20 g.), water (20 m.), ethanol (20 m.),
and a solution of 35 sodi um hydroxide (17.6 g.) in water
(30 mM.) are mixed in a flask and heat ed—at—refHHux—tenperature

1, 2-Di bronoethane (18.5 g.) is added with strong agitation over a pcriod of
.three hours. The mxture is refluxed for another two hours. After
filtration, the filtrate is evaporated to dryness and taken up in a m xture
of water #4400 nm) and 40 12 N 1Wﬂsochl orc aC|d (60 m.). The mixture’
is extracted w th ett ner r 0 AQ-T he organi ¢
ayer 15 separ AFBUTUREE ot AR S ERTE b B ARG IR dryness to
gi ve the cryst ahdd n@«usum kel ele@gaaoujnd W GA 1] Soe DRl a@r[ystt»al»dmzed from
ol uene. m p [ ermjpedged “\dr»eltld g is fewedd by 3ddg pmnmn Frsiengl 2t pl AT, Yol- [err]

45 (singl ét; 4¢ ‘('" v 0% ‘aﬂ“éjt (o a‘f "‘Eh,é el hq{q?q}de“ejﬁ % p eddi ng &ci d
13 & of the aULYE HIAIT B are aaed 4 o2 dw b ot R ous
benzene and 10Qsion @&hy@tr@uls Le\tnaerw Ihe.am gm @&@Jnmba &h | @lduds are added
the fl askB)Pel ng'lphm aeclﬂleciﬁg}vn a:nuﬁahtm»nm chl ori de tube The m xture |51§ 10
stirred f 36 Ayest r v y di sSol ves
as it is being trggfs% gl’mg ¥ Sﬁf”i“_ﬁ Rl Vesﬂoﬁé?ﬁbn s or(rs[t‘e The
solution is then evaporat ed rynesS (w thout heati ng) | eaving a browni sh
solid residue which is recr aI | i zetkafeplo®l a mi xture of anh%/drous ether .
and pet r ol eum é’t‘“rfféfr*“%y"fc’o"&lji)l‘fgoat”’“ 19,8637n- eyt de3 acErobie xturg. 55
55 The g0l i@k Qs i g?, B??ﬁé o &0 QBt ALned. 10 Auear |y
quantitative yiabd. of the cyclic diamins obiained in Li 55[)1mel'p'x' 427, aPRE: &xt'nulﬁl,erlpbo (crude
product) PMR [ efrirhpioam ‘islr_fTWIng@t’l stmev) cf @c {1@%@@(183 B20P n(lhi&ldmgd et: 4H) 60,
Eeampl © 27, 60 Cnd ML i Wil e v ron e g o

1, S-di am no- octang,, ceipitates and is filtered oh llu. filtrate 1 L\“'p ‘6‘9[ LD%})QNH pﬁiéi i.v m méAPal

are di ssol ved iindid0Qdrh boanhyda @hk&.dtl&ﬁt‘]t'ﬁ/ccbm‘tna(t‘aﬂ KRE Bz 25 ard

1, 304, 367 cluant. After cvapors 11(1 of the solvent, the residue crystalli izes on 26udingg Thd [err]

accel er at gs thé‘“ Hﬁ)&’ eyl is iy r’a"‘;;ﬁ'épi’f@t‘al is entirely dissolved 15.4 25
%) o Qe et

pa )5
cyste- am ne arogh\ \,ﬁt ): tu fige nd?”te 81 X5URe 4.8 BLid 189, ker_@ne Qour until
all the solid has dis- sol vem_ﬂzﬁn&(gk.)lv,)Zrdal\@romet hane are then added

slowy (over approx. thirty m nutes) the reactl on is exct her m c The
mxture is stirred over g|7gj)11;( ['agt f"éhﬁp | tered 30

araticn of 24 2PLION - xmc 0 a 0ga
t hr OUgh a3<§| nt er gﬁ 18 |a$»§>luuqln“- “on,n ﬁ) §Q)l )L. ?l JWL Pé gl k,uL.L t3h bengene.
The 5 31--52 (1963).
A s(_luizion of 1.5 g. of the bicyelic diamide obtained in Example 21 in 13 ml
hydrous tcn':-!hymofvrmc is s.ov]v added to 15 mbl of the fresh prepared BoH,
n (1.2 M) under nircogen atmosnhere and at a wimparaiure of 0° C. Vhe mixture 35

W

35 is ad at this cemperature for 30 miwnees and thereafier 2 hours at reflux e apera- 35
ture. The excess reagent is destroved by adding 5 mi of waicr and the selation is
vapetared on a roiatory evaperater wader vacuum. The bis-amine-borane of the dte
nd is obtained.
This compouwxd is hivdrolysed by adding 30 ml. 6N hydrochloric zcid under heat- 40
40 ing ar reitux for 2 hours and a solutinn is ebiained, The mixture is evapaceted under 40

vacuun on & rotatory ovaporator. Toe residvz {5 disselved in 10 wl. roand the
sclution is passed roufrn a colubm of an anien exchenge resin (Powex 1), The
colurmy is washed wich water umil theie is no basic reaction. The water is evaporaicd.

The Jb is dricd in vacuum (0.1 rom. Hg). 1 g of the desired product is obtained 43
45 as a cclourless liquid. 45
Yield 733/

PME {(CDCL): —CH.~N: 2.75 vpm (tripler); —CIH,—0: 3.70 ppm (singlet);
3.65 ppa (wiplee),
Example 23
Preparation of 2,12 - Dioxo - 4,7,10,16,19,22,27,30 - ocizoxa - 1,13 - diazabicyclo- 50 50
8,11, 11{dotriacontane
The reaction is carried out appi;mv the high diluion lxc""lq.xb
A solation of 1.67 g. of 1he cyclic diamine obtained in ¥xa rpp’ 20 and 1.2 5. of
) the ticthvlamine in 100 ‘ml. ach vdrows beazene and a schution of the dichloride (1. 30 g.
55 in 160 mt anbydrous bonzene) obtained in Ix zamiple 1373 1y added to 1060 il Laucnc .
during 2 hoes m.ch nitroron atmosphers anad under agization, The salr of ricthylamine
and the hvdvochl oric acid precipitates and is filrered off filtrare {s ova i:\rcd io
drynass. ‘The residue is dis solvad in benzene and passed thicugh a colwna of AlLGC,
using Lenzene as an cluaat. The desired product is obuaind as a colsurless viscous
60 cil. €0
Yicld 50‘?/,. 60
PMR ;’)i';l;.,): 3.4--3.8 ppm (broad peais); —-CC--CH,~-C: 4.35 ppm (broad
pb‘ X

vl
[

w
(%21

55




conbi ned organic |avers are evaporated to dryness. A viscous browni sh oil

is obtained. This oil is taken up into benzene (100 mM.) and filtered
through_a short col um-of alu-—mm (apprex—20—g¢g)—Fre—cotum—+ts—washed——
with an additional 250 m . of benzene. The benzene sol uti ons are evoporated

to dryness. The yell ow sh residue crystallizes to 10 yield tile title

conpound.

10 mp. - approx. 35 [err] Yield: 850/% Pl\/R[err] (singlet: 4H) [err]} 2.72
ppm @singl @ : 4H): [err] 2.75 ppm (mubt¥pfet: 8H) FExanple 28

15715 “Preparation of 3,14 - Di q_aggmﬂth 16 - dioxa - 7,10 - dithi a -

‘“(A 13 - dieza - pyglrobstea-4,7,10,16,19,22,2150 decane —Thlis ra@acbtq@ﬂ ,il1511¢damr| ecl out

\mappl ying a high d| lution techni que. Aolatio

.t he dl am ne

folobt ai ned i Exapp %lg( J"’hl’%‘@o“m‘l“" H’hS}‘drl(fU‘s“ Beﬂ%’édné ﬁﬁ’ gmsc 8% ‘¢ion of 6.1
¢ iy, of5the diclorl dg sgblt BiAag ¢ n: Exanphe dBid-nnbO W rxapbydrious nhenzene 20

"fiﬁgare added to 1, 288:ytdofurs amhydb.ﬂusﬂbenmeme :0VEr tha fper pogdidf Bikrohow s under

iesVi goOr ous 20(1 6 T\i) undep Qv gpgint %iti’i‘ g triderrs 1ﬁF vF 8yén Tae ﬁb‘é‘phé“r e. On

O:

termnatiop, thEREEOZHEIHH APy i R eRAL ey R TS Wi Shed i th
benzéhe an theleag |r(ﬂ@§i'\ RRRLEBERS! Wl QST 1ar 6 SV BPRFRAL nmmmess The
residue is di SSO:lthLd'xdhsnL‘aflhyldl’c&ut&ubﬁmﬂﬁﬁﬁ amwlp»a&sad t hrouogh a short

col um of al umi na g’xTh‘él Fiplres oy Rofine ”g:luﬂ Hgfre Q~Hé‘"3r'éléd‘f’116ﬁ
are" ot at g a4 g SHL A B ot e g e R BETL ok neo. 4o

“orecrystal -7 25 j p'msnd ucl L’,z@ c.leﬁﬂn ol @41 ‘amm%] chuel nzepaharwb aPept ane, the

ot 1 U1 & pr oduct i susp:rdodumadu . thefebsrjo Wﬁelld‘umnﬁﬂ)% PNR ermpratc@. 88 ppm

”;J(SI ngl et : e Lr’}])lq the g predcnub gl set colovdgp ligufder r] 3. 45 ppm (nul tiplet:
wsdH); [err] 030 PMR (CDCL --CY{Z_WW%?;Z}HQLE%M Abh)iolersd 2P { Sllﬂ@Lg' et o9 4H)

LlExa le 29°Pr epar afuk @,lrpl@)‘

":ur'

. anExanple 28 in
el . of a freshl ypﬁi"’éb&’ &l 1%“0%4'?%‘11,}(;(01”3

: ‘I

."
RN
d

[
e

e

6.

7

i

dithia - 4, - |aza
“cycl {bct adecane A sol ution of 7 g. of the c cI i ¢ di am de obt ai ned

s t tLrK f s, added sl y to 50
o i ]1“0 il:l&"‘Jé@%bﬁ di"8% féne(?i%l anhydr ous

tetrahydrofsuran unggrmgict i leﬁ{&uﬁ\taﬂD&ﬁ) 806 ARGt B JngBY 85 pes afeuse of 2ferr]
5. The M txure is CHEN fre atbeckdtin 20 ef. lolixcehor ot wx.h@un‘srcr Theicexbessanéagent i s
“clestroyed by afh ()““h q’diI hi‘ﬂ"w fe. Refrgicicy Hiht farog ]ul‘éli“trﬁ 0 SYhHBFAETEd to
dryness” on a’ rotalG} y. eV aREr &t ot tnder“VACHUm 06 . 6N hydrochloric acid
care added 30 the,‘ﬂ've(sm Loue.and-N:hecojpsd Whiee; s_muuxc;d< baf (tive) haur s; 3a
‘cleagy sol ution i s dEmimdedks) This solu- 40 tion is then evaporated to
“dryness under vacuum . The residue |sLd| 5591 ved in 30 . 40 water and the

sol ution i's pressed throwal, ol 4id! bilodRbANAAENARGE T esin (Dowex

A, Prepevation of I I/Iy[ ne - bisihisglycolic acid
35 35 Ihr-rluohc acid (20 g.), water (20 ml), cthanol (20 ml), "vd a solution of 35
sodium hydroxide (17.6 v) m warer (30 11]\ are mixed in a flask and heated at
refux h.r"p"r(m.rc 1,2-Dibremocihane (18.5 U\ is added with strong agiration cver
a poriod of thiee hours. The mixture is ie fluxed for another two hours. After iliravinn,
the filtrate is ¢ rated ¢ dryness and taken up in a2 mixture of water (160 ml) and
40 12 N hydroch acid {60 mk). The mixture is extracted with ether (50 ml. three 40

40 times). The crgunic layer Is separated, dried over sodium sulfate and cvaporated to
dqncc‘, to give the oystalline sub-title compound which is then 1"C1'\f\l'l]11/(,d fromi
tolueie.
m.p.=107¢ C (Yizid 80%.)
45 45 PMRE (D:0): §---CH.—CH—S: 3.0 ppm (singlet; 4I1): S~CIL—CO: 3.55 ppm 45

(singlet; 471).

B. Preparation of the dichloride of the preceding acid
15 g. of 1hc ebove diacid are added to a mixture of 100 ml anhydrous benzene
50 _ and 100 ml. anhyvdrous cther, Then 30 g. oxalyl chloride are added the Bask being pro-
2 a0 tected by a calcium chloride tube. The mixture is sthred for 36 hours and the dis
rogressively dissolves as it is being transformed into the corresponding dichinsride.
The solutien is then evaporsted to dryness (meut hca ing) leaving a browaish solid .
residuc which is reeryvstallized from a mixtwre of anhydrous cther and peireleum ether
. by cooling at —70% Cin a dry ice-acetorne mixture.
55 55 « The solid yellvwish dichloride js obtained in & nearly quantitative yield, 55
m.p. == "pp..ox 30" C (crude product)
PMR (CDCL): S—CH.—CH.~S: 2.92 ppm (singlet; 4H): S—~CH.—CG: 3.35
ppmn \smgrlu 41T

60 Example 27
60 Preparation of 3,6-dithia~1,8-diamino-octane 60
8.5 g. potassium metal are disselved in 100 snl. anhydrous tertiery-butanel (hear-



1, Trade Mark). The colum is washed with water until there is no reaction.
The conbi ned water solutions obtained are evaporated to dryness under

vacuumon a water bath [err]. The residue is—+eerystallized. 45 Yield
-= 70% mp. [err]

45 45 PMR [err] 2.77 ppm (conplex band: 16H): [err] 3.59 ppm
(singlet: 4H, triplet: 4H Exanple 30 Preparation of 2,9 - Dioxo- 4,7,13,16

- tetraoxa, 21,24 -- dithia - 1,10 ‘3gl,%abl cycl o- 5020 ..

[ 8, 8, 8] hexacosane N -50-TFhe-reacti-on—+s5—
carried out appinyhng® wl‘tlg:kludlphutﬂ Ot tw@chm qumhA soblutlilon gofsi@. 5 g. of

the cyclic di aniyes @bt“é‘f n“‘“Eb(a‘ liestogl anepe fog ugll s herspl {”' dehytani ne

400 11 anhyr ogchaipénk Q@ UL O R AR 4oo

i |. anhydrgus bfRicaz60h @Mnﬁ@i tubnc XDl ErcdBe v esadded LEwalOQQ m . 5
benzene duri ng emghntd hgzunrcsla\umdeﬁ vaporated o drydpssB B viscous br»nmﬂlrcdwmaalcmspher e
and under agi taﬂl’lé)F)“sTH@ Fit i“ﬁi &rﬁlq?é“‘ﬁyﬁlfbbhr‘dli“éé“ et 55 and

5 {11 vercd of FLIETIL{£atl L R anpial i ‘b“‘iﬁ‘»\m&%ssm‘f(ih%h‘}été‘,%l due i 5

“The zenc

di ssol ved jon befizene iand mpassed roug a4 colum of [err] 0 g) using 10
benzene as an cl i?}?eﬂe?fﬁﬁgd %mﬁ;dfscta‘be/s)evapor at ed to d[r gezsé? Thc product

> PR GSiL v
o ot e Sh Ty LR TG0t . (g T T $7220m) ¢ er)
1, 304, 367 Example 28 27 Exanple 31 15
ration ofi54,7, E&paratﬂ:ﬁof- 3t et Pawt "'116 d'b\fﬂ 27,10-- tdlhtahILEhf dl"/al- cylooctw— 15
di aabi ccl ol SRR] h- . xacosanc / GH<C' - cli n
Tt O oo e R R IR T wn}i"b }:;:‘1;: et 53
hydr ous tet I‘OhVé,,m &l d @ﬂtlLdlml& l@\ﬁH u)Ldad Q [N-tﬂi inGcd hi ‘}h\u@us chhfald t esh
prp-ireui 2 bo- aner‘dcpl%ﬁ—’c’) sl aphydrdysSeol nelpmerGUgrerio oflthrl@wsammvgh@el ce andl &b
tv.liporiatul. o‘““ét“’@fm @ under @ fgozpy ﬁ”XIP Hj"‘é’li s“”’é‘ﬂ“ﬁ‘fr éﬂ‘ bpeiee FEBPS i ;e redi ux
renpenracive. (PN £ iﬁh‘:ﬁﬁ; TerEbVRdTRY A S AT AL, | of
water and .1 el HtshodNcol-Fin GY @R mmioc;, i 1L '::L1'SQtrﬂ;t(0!"vyM7 the reactical ' t M under
vacuun . |1%is r esireitigediagd b ipar cohtiow iof the BBirdd conborNt ishi dr@bbﬂur@rmm»adzl d n@3i"r %
1-atog at ref| Thafien fige o misiug of ppazcne an l‘t%““\"hdn‘ PifcsPrahet s @odirghi orn i s
ohi al T d. T NAE A ST 3IEORL N 5 bt Ui ) QUL Oy 10
rotatory clLzi peqr Qukapielwayy, Saki, 8805 pp MCLNL W) Te- aresiciyed:s .
di s:solv' d3%in 50 72}@n1\$nglct 4188 D--aiitl—C : th mﬂsd\sﬂctuﬁn s passed. Onrd? '0h*
a coluaino. ¢ an anaon exchan reS|1;>1m (P

Preparation of 1,16 - dioxa - 7,10 - dithin - 4,13 .. diaza ¢yclooctadecane
A solution of 7 g. of the cyc}ir dinuide obtained in Exampic 23 in 100 m! an-

3

hwdreus tetrahydrefurane is added ¢ v 10 50 mi. of a freshly prevared solution (1.5 -

hydrous tetrahydrofurane is added slowly to 50 ml. of & freshly prevared solution (1.5 55
35 M) of diborane in anhydrows temabydroluran under nitregen atmosphere and at a tem- 35

peratare of 07C. The mixtue is then heared w refiux for two hovrs. "The exeess reagent

15 destvoyed by adding 10 ml. of water and the sclodon is C\"lp’)"l[\.[ tu dryness on a

FOALOTY CYAPOTALOT undee vacuum. 100 ml, 6\4 Lydrocuicric acid see addaed fo the resi-

dun anfl the mixture s refluxed for two hours; 4 ¢ olution 3s - ined. This solu- \
40 tion is then evaporated to dryness under vacwam. s dissolved in 30 ml 40 40

water and the solution is pressed through a colun of an anion exchs 1¢e resin (Dowex

1, Trade Mark)., The columu is washed with water uniil there is no basic reaction. The

combimd warter solutions obtained are ovaporated 1o deyness vader vacuuim on o water

baih (802 Cr-—-*lou C). Uhe residue is reerystallized. . .
45 Yield =707, mp. ~ 45° C ' 45 45

PMR (CDCL): (AL——N +CH.—-8: 2.77 prm (complex band: 16i): CH,~-O:

3.59 ppm (singlet: 411; wipler: 4H)

' Yrample 30 -
Prepuration of 2,9 - Dioxo ~ 4,7,13,16 - tetraoxa ~ 21,24 - dithia - 1,10 - diazabicyclo- _ 50
50 [8,3,8 1 hexacosane 50
The reaction is carricd out applving the high dilution LLan ique. A solution of 3.5
g. of the cyclic diamine ebiined in Example 29 and 1.3 g. of tricthylamine in 400 ml,
an‘nydm!.ls benzene and a solurion of the dichloride (" / o in 400 vdrous ben-
zene) o btained in Bxample 1B are added 1o 1000 ml. ¢ ; L hmlr undar -
55 nirreren Amoxpl cre ond under agivation. The tricthy 1<. w0 ot ¢ precivitates 55
and is filtered off. The filirate is cvaperated 1o dryness, The rwdd\, is dissolved in
benzene and possed theough a column of ALQO, 20 g.) using benzeae as an cluant, The
golutions a:z evaporated to dryness, The product is a viscous oil.
YJ\.l’l 5‘.,\’)
60 PMR: _-CLI —§om O CIL—S--CH,: 2.8 ppm (complex broad band: SH); 60 60
Cil 3.6 ppm (broad siznais: 20H); CO---Clle—Q—:
4

55

[ 31
0N
(‘ pm ( broad signals:



1, T rade Narlf-i. LTie colum is w "toh:)d with N.vae r nil:i there
is no hasic reaction. lie wae' u is evap.r lucl. 7hcl residue iSr'ridin

v acu—tanm{o—+—m JUg)—arnd-treerystallized 16— fro'u-aberizne

a:udl; ae t ni:rsurc, stelcug ii" desired coMound.
15 15 mp. -- 785 C-S0" C(Yield: 95/) PAIR (CDO ' 4: NG L
Cl----0}- - -G |I:--CC " 2.65 ppmn (rultipiet:
161: 1‘?(; S, 27-CJ.65 1,304,367 T---S: 5 >2......... 27 ...
. 20 ppm n (stmtetT 41T O Cr=17 °’;‘\"mp] Q—pprﬁ”r (tripretT "SIPs)5 " 3.65
-'qQD' n (singet: 83120 o 47,13 296 - tetrace - 21,24 - dithia ~ 1,10 - diazabicyclo[8,£,8]-
efxanpl e 32 ¢ 9( . h\n}cimc thia - L1 yeer ZO]

@reparation of 5, 12 selu@i:0X06 ¢ d HEHidkliE Ginside eturiaddl i Eganple£01830 mivaza - cN
*&ooet adecafie 5desv'llr5é§6?ens cs‘gf'nn{,sj'%‘@rcgg‘@d'*@utd’ I“]}o)“l 2 Byihprrgsa fib T“I?ufd1“| | ut on
fleChrm IC A , S mc }]Od sb/f txgi'ux(? upt*z T‘?‘bﬁ; h‘w 1 btﬁ <.é‘dl Dl EX. ..... té 27 (( 1

vnm)l e) in 50 LN vealds Fld%&lh@uﬁa1b£ﬂaﬁb{%"waﬂc&, a 9@t outd LOAq0r G ,dblmctm of

5@ ChOI oride’ obﬂi s adsider & ticargdnwibh Sinnpkvé\l RGrocBuric50@ unam]l iye of-rel@S fer 25
ton-s!% narife ar Eedtred™d 8 “1‘“200» 1““”aﬁbj\§h foide lr"os“ﬂ ROUE AN ‘él‘*‘ A lu & o

ht hours rotatory f(.\u,; TRTGY g (Q L{g xit(tan n )g mnder a

P ll‘]g water and ihe scl uc mn lx AT an € 1- excis 251 { ydd oy

niilaoctn atol ost Ohadir @uroMySE mQxfnnls I 08 S @ekcan)il meke pesseaphfnamsj iedi on
:1c course of thimals @'al«;@noh"h rcideeelCr:oddhin akd O L aml Eells i rBrenlli@dsol ut ?1on

_Aq_s filere B ar~g" és" “e;,‘j,d "g’ffdal;,ﬂkyn'é%: he dgiid PmRll I nt (2 ,.) of 4dfin

“?.'eSiduc is o}at‘a{l r(@ gkﬁ _____ Utf’_pa LCCIQ@IN bof pPanm el dur(,gpf. r lthe

:gbigh dilution .e- muru ncar_-,s £%190 ggmt @dgider Rew, 80.cH, 36\)3 s (triplet:t 1 €CS

-t Jh 250 |5, 1. bodthi 6 ol @rgiof &) The'l resid]lue obtained from!| the(

*”benzcnc | asve; 30 is ! d.ddeci tp t cono nined chloroformcl

"froact’s. THUS ' pthomioh s 618 - ab&S eld"lt')hkd)ﬁ“lgmnt 2:8hark - 6okt Ot 1P " no
"1630 g.), tle col urnur.diet BGarrked aghegdvivd + Bich bthioddinichs. GNsokionl9f0B0 ni | . cf
seg| hOrof ol n-1. Tl* of@cf figtht 1k0rsmcd01bitn«| wect 0% redy) e 649tk @iy fao'armi “Fige des'’

S decialn BEYSUIRE T1EAds SR R S, S B igR S HhageiC (V1 h£Lo

I— Si; /O N under vigorous -.r.;c:n .nq’;.ll der a 1,111:;2.1 armosphere, Most ‘0‘ the G‘Csn'?,d uﬂj‘d"l

35 precipialRAbRng (kX &&)ihe reactionCiCh wermin®iion; ihe bon2enb 5ol Rio ppm

(COpr| ex, ban@wm AIQ];\_‘@)\' rated to- ctrf)ha, A um.ht@.ogn (2 8) ijsopa tulglgpng:it@pd 411);
Y. N-O 3 52 [b\pfﬁlm (]"}gl\. ‘)q“l |h?,(r:ﬂ c.lu ,:'Exl" hiohy (li lﬂ 11 ;cuu{\)n‘ fml u;::au:i ;1 ged

Preparati off of Budadly 38 sk b GORTA, Tl dnh Ok ardevt) Soshiedan

40 A. solution ﬂfo“dmhlﬂcmnen v12Q3fn§|rj the cdludm N)n’fhﬂh)ccaﬂlklvydlk QUG m\,r-ahml - & of or an

i s added di opwi S‘Cf'lf”@f%f‘ls i 31‘1W‘18Q37I‘1 rof isZzogpenngfed phd te disard dene) aid-eCd i n
'Exarrpl e 32,4 n SJQ’ _ ,,80%0 (g I;s tetrahydl al u - uder nitro; en,at

roan@,j teM uAMéML @;m _s&hd; dl §sql.vesy glpv,,1 (bothpils @ Dg;l{dcarlzs@ iution.

rAf ter tle additi oa--cx‘s (cuano 3. 15eehut h] gt T AlIXY-ANe-Gis— et d2 rech (@uhiphe: fo !'m 45
-,ﬂ4 5 hours andla solid nrceirt'k-re |s forined AMer cooli :ag to
*noo--i | p-ia,;l rC tle cxcess 1<>.m§ dsdc.gent is destrovc't hn addi | ng

rcar egf t11y4010 ni'. of MMALES: of ThEe 86 MGz - S13akG LuabeRkated to dlryngss

=xaDid 6 1 byb rochbcsliupnacidiaet <50’0n111 ;)14 ) adhdedalk rctdyditieus ol dadedr usi | ~' t c.
“heThe mix- tile f“"l"r‘bf‘[’ﬁl“k‘tl' ito¥l 2t hef Be Rignids oorgped “Sbﬂil“tﬂ?" d6és *har “#i ssol v,

or Yl h 1? H, ofurene under nitrogen at roem teaypserature. 1he salid dissolves giv-
the rnuixture | 91 Y 1 Zar m m. After the addition is compleed the mixture is refluxed during four

2

45 45 hours and a col.u_ precipitate is {formed. Afier coo}ir.g to rooi emiporature, the excess 45
reagent is destrove:d by adding (‘Iul ily 10 ml. of water. The selvenis arc evaporated

0 dryness and 6 N by rhorhlor.: acid (30 ml.) is added 1o the solid residue. The mix-
ture is refluxed for throe hours: the solid does not dissolve, the mixture remaining
heicrogeneons, The miniure s cvaporatcd to dryness and a sclution of 10%, sodium

e 50 hy(ho xide in water (50 ml.) is added to the residus. 50
50 ‘I'he heterogencous mixture is extracted three tmes with chloreform (50 al) Tl
5 combined chlorafer layers are dricd over sodium suifate and filiered lhfough a short
L alumina (20 g.) colomn. The solvent is removed and the solid prodner is recrystallized
b from cthanol.
r 55 . 1259 C Yicld 509 55
S 55 PAMR (CDCly): onc complex band from 2.75 1o 2.83 ppm.

xample 34
Preparation of 2,9 - dioxo - 4,7 - dioxa ~ 13,16,21,24 - weirathia - 1,10 - diazabicyclo-
[E‘ 2\,uﬂlcmco< 1nc
B 60 60 The reaction is carried out a;‘pu ing the hish dilution technigue. A sclutien of 1.0 00
g. of the cyclic diamine obtained in mepn 33 and 0.3 g. of wicthylamine in 1C0 ml.



| i e-aroocneoeos. i r'-'" Ili::itlatCis eva porated to drioess and a

solutiot. of 10% sod uan :o hydroxidl z in watcr t50 tluD is adcdcdf
to th" _rcsiduz . 50-56

..... . JU T JU

"T he heterogencous mxcure is extracted trim times wtith chlorof or m (SO
m.) "Tlc conbined chlo(oform. |ayers arc- drled ever sodium sultfatc anid

filtcred through a short titunlina (20 g.) .:"lunm|. The solvirt is
renoved ang the solid produlct is rearystal | i zed from et hanol [err] 28
55 55 PivR—[ er-rj—*orre—t onplex *band‘f’rom 0 283 ppm > 9

Exanpl e 34 Prepdfigtiof B 2nl ”"QFP’E)X‘ e digh ’g

tetrathia - 1,1{:2 .ﬁx aia&“y‘fﬁ’,g\ww B NEXat 08 ADE 60ho salt of wibyBO

The reaction i SyGad 4kl eg 'leltmaa[aip WY g (Ehes h1 ‘g.-h*lldlcllldtfj DR Hrechinigpeer- A

solution of 1.Owd to dryaess. The *«ﬁt@u?\ dpf nthe teyetei o ditard eeugbt WSO N Béanpl e
33 and 0.3 g. O‘F“?f\?‘b?e Hyicar Fe'°

100 A ERORE e 28 0o us of

1, 304, 367 o u-;:asl?};:lo;;s“limﬁ;“p J’Lf u\.lh Ic, titic C§Tbul nd as a viscous oil .l,zhéchanhydr oUS

benzene and a seolmutken of the d| chloride (0.8 g. In 100 m . anhydrous ben-

zone) obt aioned I’HREfa?rﬁbDeleE}—érel/adu“eld\‘tt(W1‘ @Oolffrﬂ \drv@%? eRZENE BURI NG

TWO hours under h?p“h gr‘éﬂ'énﬂ'“uhde% Yvtyord adi‘ “B‘fl R The salty,
Ay dr

of triethyl- anlné“““ hloric acid preC|p|tates and is filtrate
is evapora- 5 tcd to dryness The residue i s dissolved in benzene

and filtered through a colum By #9)  f o) | owed %/W,SQ,Q;n . Of

chl or of orm,_ The Sﬁ%@hf%‘éré‘“’évabﬁ%& ég‘ “HEb ngl el Y PEC Eshipdiitid as, a

vi scous 0i P’ whi ch fay&RYSHR! J iof 8o QR Gt ARG hiTsaf:ex 13} 140 ml ?
[err] teeahydeofuran E0s 18‘.1\65Ldpnpm ()bmoadubands prgih mglleﬁi {olutioni @pet 12H);
[err] around 4 pbmlc(tsewer»almrbmaddpe%tke‘m&lll% E)@drfp KR Sls\ltp?gqé'r“ ion cf 4,7
- dioxa - 13, 16(‘1(211';,0? o E&ndrcp mmj*l‘;ﬂk q:( ‘u\ @i ; ,,Cyt}d [\)g‘bc lﬁr"ﬁk xa- 15
cosane A ?é)()l ut ‘Q-[f“plfn l\glcﬁq (lu, e BiLyeheodis @m) € 1obk ak nelﬁ]lﬂd ﬁmExarYpl“% 342
in 10 m. tetrahyds af;u;r«an ‘th@l@V\dny addedchmrdor. Whe redfuc tidiee ﬁfuries*hlay pr epar ed

[err] solution (L%:L iBn p@1'»1Epﬂ(ﬂérlmr?frl:mﬂb:gé}’?:}’}d‘t Wﬁéplﬁer}e‘ﬁhﬁ a,f"tl“a"“ 1é‘ﬂ“ka;t ure of
Lerr] The gi xt ULE dice f BELAREREDL A JR QHTS . THE CBRCERS Thedisnt T

aze ming m cVI 55
destroyed by a ddhp&gm cEUsch Wat &1 ‘and t he 501 u- 25
"The solid rezidue is recrystallized from a benzene-hexane mixture and dried in
vacuum (0.1 1o g
m.p. = 86° C-~87° C(Yi:ld = 95%,)

R ’(Cﬁ i ux 1 LZ\;L gyg o
) Mk m]*\r r') 15 b\x weie dufi

3

30 P .’R (CDC,): —CH—CHy - § - NwCEl: 2,70 ppm (aultiplet: 2010); ) "0
e CIL~-CT: T_,——-b 2.90 p n \‘vo rd band: ,-E); CH.,—0: 3.60 ppm (lriplet: 8

420 3.68 ppm (singlet: 4H).

Example 36
Preparation of 2,9 - dioxo - 4,7,13,16,21,24 - hexathin - 1,10 - diuzabicyclo[8,3,8]- -
35 hexacosane 35 +3
The reaction is carricd out applving the high d ih tion ‘cc}wium A solution of 4.5
g. of the cyclic diamine obtained in Hxampic 33 and 1.5 g. of iriethylanine in 500 ml.
kot anhydeous benzene (mzxiutai.-‘..\':d at appm:‘:. 607 C during the addition) or in 400
ml, anoydrous calereform and a soh riion of the dichlard G ml, anbydrous
40 tenzene) obtnined in Example 268 is added 1o 1000 ol avhydrous benzene duriag six 40
hours under ui n atmosphere and under vigovous i The sale of wicthyl-
amiue and the hvdrochloric acid and the Pw‘hu. 5 e {ilicred off. The
benzeie layer conrains ouly a very small amouni of produce. i .-;0'1(‘ is extracted
Tive ith hot chloroform, "Fhe comoined  chiforofors ions are filtered
45 through an alun column. The > amide is ciued with me 'lu wl. After evapo- 45
ration to dryness the title product is coizined as a viscous oil,
Vield 20%
PATR (CDCLY: CH,—S: SCVLlul broad pmm batwee a ?S dT‘-” 31 ppm (20FD);
COCTL, ——-o - CH,—N: vral broad peaks between 3.2 and 3.3 pp (125D,

40

135

30
50 Example 37 50
Preparation of 4 7 1%‘,1( 21,24 - hexathia - 1,16 - & Hiaxabicycin[8,8,8] Lex ﬂcos“mP :
2C ml. of the fresh prepared B.H, solution is adiied o a suspension of 1 og, of the
clic diamide bt uinee in Fxample 36 in 20 an wuler mu(,,"ul <
cee and at a temperatuce of 0% C. The mituce is agitated At iliis wnperaturn ’
rlnxL\ minutes and thereaflter four hours at 1..1"1\ teisperaare, ‘Ui excess reagen L 55
“esteoyed | by addicg S mb of water and the solatien rated on a roratery evi-
patator under vacuum, 30 mi. 6 N hydeochloric acid are added and the misture is
Leared vuder reflux fur dour hours. The mixture is evapowatad to dryacss under vacaum
cn a rotatory evaperator. The mixwuiz is made alkaline with NaOIl N/10 and is cx-

55




20 tion is evaporated on a rotatory evaporator vacuum The solid
residue is treated 20 with 50 m. 6N hydrochloric acid under reflux for
two hours. The m xture is evapetra— 20-tecd-to-dryness
~under vacuumon a rotatory evaporator. The residue is treated with a
sol ution of tetraethyl ammoni um hydroxi de until a basic reaction is
obtai ned. The m x- ture containing a precipitate, is extracted several
_tinegtwit h chloroform The sol utions, ,%56( arc filtered through gg! um na
nep@nd evapotfiated to.deyness. | eaVLngthé_tJ Yie conpound_as-25_a-crystaill ne
g esi due. The s@iced thes richdewivs cileehns t' al: | dizethnf rsomiosa achénzénieelzxane
13 xture and dral'etﬂl‘i nld\ﬁacuun’f'(@t‘gt“tmnllltg idfegip pderyiizst dopey florffery] Exanpl e
"6 Preparati on’“Q;f‘_‘f ’1“,'1"(111' ‘"x‘b‘”“ iyg cougidi 6 21, 24 - hexathia - 1,10 -

di azabi cygl o[ 8pg18LDC %’5% Nor Gl CHpm-S 1 2.68 ppn (singlet: 24HD); See Ol CH—3 : 5
a--:mhexacosane 7001‘pmmr"]ct 12H) 35 The reacion
is carried out applying the high dll.—',ilggtlﬂfn Jgechnique. A solution of 4.5 g.
o.0f the cyclic dianine obtajned, in Exanple 33 and 1.5 g of triethvlianmine ill

32500 Y. hot anhydropsubenzens, Ziegi ntakned:, aheaphl SXeheE didul iy t he
addi tion @r i nhyd0Guitsis cart}h;ydr mug dghihonofictarand s eokutivonidfathe 10
di chl oride (3.9% 1'\'“}1*’1& roghiorgln PR 16 U se ‘ﬁ@ﬂn *Gﬁim'l’cben“zene gbt ai ned in
Exanpl e 263 i s, adflEd™ de’O“ ;:;sgam QLS BRI EER STk 40 hour s
sa-under i trogem@tm&p & v aRnds LB S8t oV Q:Oﬁﬁluél (agtsatu)@tw e aali
trietshyl -15am n:eualndz\ltsh!adhyadr @Cthict}l’xtb&rmlhdf 1&ntdwtch@npmﬂduce pr eci pi tat B and
‘mlare filtered ‘Behzene l%t“érﬁoé wom he ingil Joogichley st rcamunt  of

02 produce. The sZﬁl IRd 1_~,§I ?x‘tgt‘g(;te e /"é”‘tl 'qth“ “hot! ¥R GPetof' i The
- conbi ned chl orof or m sol Ut ons are filtered 45 t hrough an al um na
dcol ugn. The bicycle am de is clut ediwntl 39t hanol . After evapo-
“1"-'1 45 mol an o dryness thﬁtc@am qn@ﬁilj o Csa"édpi‘@.‘;l (g g a yrl scous o0i ¥
s Yield 200 % PLY|LE 110’(W cu,ji ol gl cavered Mg GRS A hERk S BREHEN 2.5 ar Ad
ions 3.1 p as (2011 5 /@QCWIWS@ {1 m A‘nsayeael, perlkl:QaKk lae@l@-lsmlaggbttmmen 3.2 anid
1as 3, |29 ' 1211) to&ﬁ‘*@@un,}u ature over o posiod of cae hour and s tht a left vader 1cfiux for 1.5
s : Exanpl ¢ 37 hours, Fhe solvent is ihen cvaveracd b room teiperateTe under reduced pressuig ) 25

(vgten, pyap). bhe tn Iospn t-lt de ia furing the reaction s taken
PI’ epar at ion Of Ll71U’i\3 clﬁ-» t]w F%éxrhtfbl; Lssmciu,(‘T"(]jn m\ The udnmu oil xé . .
. di abi cyei of SSSBlanenD: COSAR20° mm,mg 14t\|.thg ik G&IrsftiIapar e SAution is
45 adlgg :to at sk spéthsﬂoﬂrnh'ﬂi" 110 3 EF. the bi cvcl i e d| am de ob| | tincd in

. Exapl e 36¥i n 20" Ufer(‘t‘rl Wrdr gt t (e (Rae- r t}t % t~nel vl ff’OZOS z
andi at a temf.6f ‘,gﬂoti PRYOP 6T R HRG Wi e t*gi’t SR |
terrperature 55 for “thi | rty mnutes aund the:reafter four hoturs at
refluX- t'ii'""razure. The; C c2: CCs8xmelgtnt

5] Preparation of 5,9 - dioxo - 1,7,13 - mqu - 4,10 - diaxs lC\.u—]Oj)~1 wadecane

35 35 ‘Tkis reaction is ¢ 4 cut applyin f;, a high dilaricn techaique. A solution of 29.6 35

L5 £ the diamine cbta in Exampic 2 (0.2 moie) in 1000 . anbydrovs benxenc

al, tion cu 1/ Z g {01 mole) of thc cuchlonm cotained in Bxaraple 39 in 1000

1) n c added to 1,200 ml. eznhydreus benzene over a period of

g cighteen ‘mu.rs unﬂ ViZorols agitation “V1 undcer a pitropen atmosphere. On termina-

B 40 0 tton, the benxenc soluiion §s filtered and evaporated to diyness. The crude solid residue 40

1. s almwost pure (. 1479--148° C). It is recrystailized from a hot mixture of tetra-

- h) drofuran and i iving the iitle product.

] m.p. = 14997507 C ir= 75°/o

o~ PAR (CDCl): NeCH o CH-—0: 3.60 ppm (multipler: 81); O-—-CH.—-CH—On

.- 45 15 3.67 ppm (sinplet: 4D, 3 —=CO— CH.—0: 4.08 ppm (singict: 4I0); N1I: 7.15 45

pirta (broad Land: 2IT).

Example 41
Prcp wation of 1,7,13 - Trioxa - 4,10 - d'd/atv'l pentacecane
A solution of 15.7 ¢ of the diamide cbiained in Example 40 in 300 ml. het an-
hydrous tetrahydrofuran is slowly added to a mixture of 50 ml. anhydrous wetrahvdro- 50
furarr and 15 g. 1AL, while sdmving over a period of 1.5 hours, After the additior
is com np‘ttcd the mixuvme is stivred vader rcf‘u\ and under a nivegen atmosphere for
twenty hours. Afier cooling to room temperature the excess reagent is dcmmcd by
adding a mixture (45 mk) of water and TR (1:2), foliowed by 15 ml. NaOH 15%,
and 45 ml water. The mixture is fiftered aad the filtrate is evapoisied to drviess. The 55
55 residue is dissolved in benzene and the solutien Is wncd through a column of ALG,
with b n/nc as cluant. The solurion is evi) porated 10 drviess and a semicrvstaliine pro-
duct s oby tn‘d {mixture of crysials and an oil} which proves 1o be the desired product.
. Yicld « §9%, ' ) _
50 PAR (CDCL): CH~~IN: 2.75 ppm (triplet: 8H); CH~~G: 3.6C ppm (triplet-+ 60
singlet: 12H)

T
o

50

v
g



i s de~stroyedt byv addi: 5 mM. of water and thc s(A uioo "n caperatcd on
a rotatory cva- pnltor ttider vacuu, i50 mM. 6 Niivdltoellorioa.- arc
addedlr and tile mxture is heGi:d U-tdrmiel—fur fuir hours. The

m xture i S omint |;d to ciryoss unlder vacuum

60 ott a rotatory eviporator. '"eli mixtuiac is nmadie alkzz:iine \.ith
NT(ONr NT/10 and is cx- 28 1, 304, 367

29 tracted three tines with chloroform The chl orof orm solutions are
filtered3® hrough hexane mixture |endPHdio the title compound. [errP® '
Exanpl e 38 Preparation of 1.5-dianipg;3z0axapentane 1,5- Di chl Oro-3-
oxapent ane i s Hdpeai@d\mot hiipat-agsigzp thahi\m deo fd@HlﬂV\&dﬁ[?By %0

hydr azi nol ysi's of t he resul t| ng di pI I"Ibbafl"ul m do-derivative and consecutive
acidiicanion . oot e Rl AN oenor e BELLTR Ll e
conpound *i s oBtiS& J;heb\b‘ s hdr el aride bs wﬁ roSaT S0 Wb b s

concentr at ed (lapra,mxlo (LQIMQ mhuhmomn of: c‘pomas{m)umahyadroomdse 2 dhrM@ter and
continously extr kmtsedldw idrshenzeweend mdarokipropgivaion |’ ilqurﬂd opxicthglenioe f or
several (4 hred’d gerydedlionagal by ngwhf A gxabbf‘ﬁfeéf%' ”‘f‘\ﬁg liquj,d 15

dis; Ul\L. Ny il O, celurtin of

residue i's di %d{ FJ ‘eL .L\qu‘;egnc '1: o ‘h)\ QL §mr“§u'ﬁqnpﬁﬂ *d as an oil w mch
15 [err] (f I’OfEhsrLﬂ"lﬁsloﬂkthd'i&J" L;ﬁndjuahd 2c0x3ox ape Athans) bandMRnikerer | 1. 30 ppen

(singlet: 4H) mp.enlp]” QYLQ4pPm (triplet: 411); [err] Exanple 39 20
Prenaration of 3R §P<al ?C&'f‘éé‘f 3P HATEH) oY P &6 PP

20 To 1334 g. of diglycolic acid coyergd mith chloroform (150 ni. 45 g.
phosphorus pent achlepisrical ef €, e, 18ddeghniaf ONGo akihAriatic| Mt ekcsatcandi ng fgr t e
m nutes at room trewb!emamﬁra of He '*mgklt draid ghidedlt ie d sl 1'1t5@ aflefat ux

t enpar at ur e ox)“grm BRTd et b olel gt atfrl Pt en pIeerid Bl iRt | ux for

111: gL '1"““0\“ soratir agy
1.5 25 4 2

Lot he auyoare’is
' I hg R lr\éeutunhsl-idh% i BV AREF At Eed oaL o Sam Lefher at uj,e
under reduced (eSSUSEss reagent is desicoyed by 13 125r1( viater: (pulp): soluilhen, t he

Hals

phosphor us oxyrozm*tar»dde;“f ropcderiongd heme?aétﬁ sopf hsdbakent g filat room 20
t enper at ur e urfeBPCU! I5ohsHseARBSIE 18T Chunp) . The remmining oil is
distilled (oil bain of the desired d| chloride. [err] sufficiently |ow
ressure. —\
P 20/ N 4 \’“ © 25
Hzo—H 0/\/i‘s—-8h
A
N/
25 This compound is hy-'“ m sed by addi 1;_ 50 ml. GN -h_\,-'dn_‘u?h‘-.oric acid unde: heat- 75 30

ss under wacvum on
in JU ml W Lm the scluiivn is pussad

through a coluom of an anion oxchange vesia {Dowex 1, Trade Mark). The column is

washed with waier uniil these is no basic recstion. The waiee is evaporated. The side )
30 co_rzx;zamm} iy ehained as & colourless oil (3 g.) %0 35

Yicld = 95%, _

PAIR (DCOLY: ——CH—N: 2.65 prm (ripler: 12H); --CH,~ 0O 3.60 ppm (trip-

e - Lol Q
let: 12£0); 3.70 ppm (singles: 8H).

ing and a seiution is obis . The mis

a roiatery ater. The msiduc is dis

Example 44 ,_
35 Preparation of 5,9 - dioxo - 1,7 - <ioxa - 4,10 - diava - cyclododecone 35 10
This rerciion is carricd ot ﬂooI\ ing the high diludon techizmigue. A solution of
16.4 g. of the diamine obiained in Exo 1*;‘: .)u \\) 1 oowle) in 160 sl anh iydrons bea-
zene mﬂ a s*humu of 8.6 g. {0.05 role) of die dichioride ob uv ad in Txample 39 in
: I anhydrous beazenz ars addzd 1o 1000 ), anhy e over a period
40 of 50 minuics under vigorous agitation. The reaction mi cred and the yesi- 49 45
due is washed with hot chleroform (32<5360 ml) The corabined wlutius are cvapora-
1ed to dreness leaving a crystalline residue Zrnp. =] =Y whick is rocvysial-
tized froni 2 het mixrure of chloreform ard bepisine giving the desirad product.
m.p. = 182°—-183° C Yield = 657, ,
45 PMR  (COCL):  Ne—Cll--0F—0: 3.60 ppm (broad nuliplet:  $%); 45 50
CC—C tl,~-0: 4.15 ppm (singlet: 4H); NE: 7.65 ppoy (broad band: 2%)

u\"mplc 45
Preparapion of 1,7 - dioxa - 4, 13- c’h
A suspeasion of 5.0 g, of the diamide ol :

ane
i 100 wml. Lot an-

i
(1]

50 hydroas tetrahvdrofuran and -3 o LiIATE, a period of one hour, 50
Adler the addition is completed, the mignue |\ ml w mm 4 niteo-
gen atmosphere for cighicen Dotes, £ ; Y 5 e
gent is d e by adding a m' oy Ly
3 n'i N2OI1 157, and 15 wl. v, i > i { o= 49
55 rated o dryness. The residue is dissoivcc‘. in benzene and the sokition is pasucd throu uh 53 -



Exanpl e 40 Preparation of 5,9 - dioxo - 1,- triaxa- 410

di azacyxl opent adecane This reaction is carried out applying a high dilution
techni que. A sol ution of 29—6—g—ef—the-di am-ne—obtained A Ex .
nole) in 1000 m . anhydrous benzene and a solution of 1 7.2 g. (0.1 nole)
‘of the dicloride obtained in Exanple 39 in 1000 m . anhydrous benzene are
added to 1,200 m. anhydous benzene over a period of eighteen hours under
vi gorous agitation and under a nitrogen atnosphere. On term na- 40

tion,3% he :benzene solution is flltered.@nﬂ evaporated to dryness. Thélcrude

e e e

SOl d T esicdue T al st ery s recrysiallized Trom a
YU 1 DCI L U0 18 (‘\ (e} Loalli

sjwhot mixture of fhg ‘1'£’§f€hy§ ,plumﬁl ani %@m‘]ne ‘giwﬁ,qn& éﬁtnh.‘.)u@l.product-

- [err] [err] Exaﬂplea4&nPremamammon of 1,7,13 - Trioxa - 4,10 -
.“‘ﬂlazacyclopentédﬁt&ﬁgiA"éblufimm’@wmm Bii% g(“ofwthé’dWaﬁWﬁetd%balned in
e fxanpPe 40 in 300 L hot  QPPREGPt: 81D hydrous tetrahydrofuran is sloWy
.aringdded to a m xture of 50 m . anhydrous tetrahydro- 50 50

minfuran and 15 g. [err] while stirringiamgr 4 period cf 1.5 hours. After the
%doaddltlon is conpleted, the nlxguéemré @tyrweﬂMUnde[ ef| ux and under a :
jupltroﬂen atnnsphe?ﬁﬁj@'“ %Emggfb Uy, i | qjﬂgﬁgﬁwﬁ ik 3}( ﬁﬁ; diifferature the
wre€XCess reggent rltslwcéasupm o DY AEATLRY R X Uk 84D 185 o ehahe and 1FHF .
(1: 2), fo |0W&¢chym&5un1ﬂq¢wﬁ V55Hndtfmm saidhin 45 mt. mater The m xture is

filtered the filtrageopstgyay eré‘t exe & dilypess Mumhe: an intmse 1 tgls" 55
residue is di Sﬁdgin ]?@n\xr snpﬁnmzled1 2 a: dfﬁ'(hévl;:gdl it!I(g ??c‘ ] 1p'au é%g};iq 711 I th a colum
of [éfr] with Beniene.as LG U] 2 NS SOk 4O, k. @Mapor ated o dryness and
- ang senlcystalllne hosamd wetrvatnsobtyai ned: ¢irh X100 8  afwcdny stalles banchdal | oi |)
emhi ch proves t @s$9%ti¢fe desired product. Yield 89%[err] 30
271, 304, 367 Examule 4 30 Exanple 42
A,pPrep§¢at|on of 2,9 -dioxo - 4, mngsmgéh ,(u@antaqxa -1,10 -
titledi azabi cyed o[ 8,48, Byprmmnqosag@uThemnhaebaon is carried out applylng the
high dilution tecHpgl gl pd digllatlt orivoepre 5“’”““%“‘?‘?2” 130?9tﬁq‘§ycllc
diari ne- obt ai ngff ' %mrme:;. SEA R OaE B S AR R 5

500 m . anhydrqusc 61 2608 1 AR0E ek Ol QRO rlbhﬁuldt Ehlrard AenbB 6o in 500
m . anhydzs The organic ] is scparatedd and washed with 25

00 ml. 5% hydrochioric acid and

then with 280 1l water,
The solution is dricd over sodium sulfate and the sclven (s are cvapoiar ed, ‘The
ilide is thus ebtained #s an oil erystals of the dianilide 1may be obtalned by cry sr:.‘.l—

13,

lization:
ar- 75 30 1) first from acetone-weier (dissolved in hot acctone; water added vng] the mix- 30
01 ture becomes cloudy?);
sed 2) then froin acctone-hexane {dissolved in hot acctone; hexane added il cioudy)
-8 usmr, a crystal from (1) e inttlate erystaliization (nup. 557 C)
itle 3) finelly again from acctone-water; a white crystalline I dunt "19 o) conain-

30 34 ing one muole of water, is thus obialined, m.p. 58% € Yiid-:

i PR O i O——CH—Cl1—0: 3.75 ppm (singlei: 817) CL---—C[J;»—CC: 4.06
p- ppm sml :t: 43); arcmatic protons: 7.0-7.6 ppm (ﬂ“n]lx“cf' 10 .

All signals arc sharp; o Impuritics jrresent.

.1

o

L S

\’
W
154

Y. Hydrolysis of the dienitide

40 19g Of e w"m;lnk obirin cd 1)1cnrms]\ are su”w-d(d in 2 ') mi. }S”A ,c.l'“: 40

oL hy qurlf. I W 231N}

e Toom 1o

in washed th

2 using 107, ] toric acid and evaporated Jirst ¢

+i- 40 45 oif pump while Leating the sweam bath. {he res

- washed with accione, fltered and the solid on the funndd |

- tone. The acetoune solutdon is evaporated to diyness, The (‘-1\ residug abtained is pure
tetraglycolic acid; PMR specirum as described in I Ixanple siall praks due 1o

_ B contaminating compounds have completely disappeared (por 11) approx, 99%/)

5 43 50 Yield == 90%, 5

forms an rmpnj \u\ is
iz breaght 10 pH 1
s pump and taen av the i
Cl- tetragiyeolic wcid) is 45
d two 1imes with ace-

, . the ]1']11 @ tulL, (1'1" ainli
s \.u: 150 ml. beozenc.

Example 48

Preparation of 19,26 - diozo - 4,7,13,16 - tetraoxs - 1,10 - diazabicyclo[8,8,8] hexa-
: coszile

The reaction is carried out applying the bhigh dilutien wchaigue, A solation of
1048 g. of the cyclic dizmine cbiained in Example 4 and S.S g. of trinthvlamine in
300 ml. anhydrous benzene and a soluiion of the d*cNoujr i octane-1 8 -dicarboxviic
acid (8.44 g. in 300 ml. anhvdrovs benzene) is added 10 1200 mi anhvdrous heazene
during ten hours under nitvogen aimosphers and urder ceiwtion. The salt of tricd
amine and the hyvdrochloric acid pr 'mpn.ltcs and 1s futered off. The filuzte is evapora-
55 60 ted to dryness.

L
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1
(=]

w\n
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60



rous benzene) obtained in Exanple 1B is added to 1000 ml. anhydrous benzene
during ten hours under nitrogen atnosphere and under agitation. The salt of
triethylam ne and the hydrochl oric_acid precipitates—and-is filtered off.
The filtrate is evaporated to 10 drvness. The residue is dissolved
-in benzene and passed through a colum of |err] 10 (100 g.) using
benzene as an cluant. The title conpound is obtained as an oil which
crystallizes on standing. The product is recrystallized froma

hexane- benzene mi xture. ,W Jp, m p. [err] Yield 45% PMVR [grr] Y
several peaks' between-3-3-and-4-6-ppm— S

Exanpl e 43 Prepar aifhecwn‘dof hgﬁ’l &8;1/16 Qllus ~pzemhag)xa - 1 10 - '

di azabi cycl e[ 8, 0s e‘*'A @I tiQn of 5 bigycl.ic diam de

obt ai ned i n Exal T‘ ‘é—%? R anlf,l",'r)\eq[r*oh igt'reahy lpg l|:ah il‘s‘”sl ow y

added to 50 ml. of the fresh prepared [err sol ution (1.0M under ni trogen;
at nosphere5and at a terrperature of [ &kmple Phe m xture is afi- 5 )
taced at this tenpg a Lﬁi‘éﬂio‘r'ﬂ?ﬁ?r%y O XEUFQS"\ A he h”’ﬁ aptoee 1 5 hours at
ot T ux t emper a-y ok e sy g art Heitie Qb g bgnie C B Pl by adi ng

10 nl.of water amdr tlher 5i0bddh b@sph&e vap@rai,a wQNt & Cotatany-ewapor at or

under vacudm 3. & gt thefmtlhe‘udr borarren ofict g irtaltg: 1.5 hour vt reflux ternpera- 10
conpuncl is obt#lnéEe FYThIeageRy § ipucyed by pads; 0 ml. of waier iy ‘l‘ddh’tﬁound is
hydrol ysed by adtffid Rt ‘%e‘dr‘o‘é‘rﬂ“&r“* SPEEP® EntleP® eyt of the vt 25
ing and a sol ut(rrqn.._.n&oazbt ained. The nixture is evapor at ed to dryness under
vacuumon a rotatory evaporator. The residue is dissloved in 30m. water 15
and the soultion is passed thr&r@h/a_‘qfl}(rﬁr \@ @n anion exchange resin
(Dowex 1, jrade Mark).The col ygn-iis"washed withewater until there is po

basi c reaction. The water is evap \ix@ (he/trtle 30 compound is
obtained as a colourless oil (3 g.) e‘l‘d ‘[err] [err] Exanple 44 35 20
Preparation of 5, Spge dl.0%04 55 nkirdivssd A Q¥R 100%n 18 pyedl 842 wiaGY&l pdodecane

35 This reacti opg k&l Carkih:ed c@bbcdapR! Wkng i he i@ dishid i-an teehrhque. A

sol ution of 10. (4'ogltmolf- qoheor ditamiside: nobbalrun'ed i nl. Exawpd‘ ge 38:tifPis pusspdl €) in 100
m . anhydr ous bigFy:El ‘zfeﬁ‘e”"ahrd @ s‘di_l& -r--'a . 6F11 8UB f EitSf‘h‘d*l)e;“Co?'“ ‘he ‘ }
di chl ori de%obt af, (%mlc“;r Xamphg 39 kD mfg” FedRhy dF SUST BERYEHE  al's add¥d to 7
1000 m anhydrzﬁ)us denzeneyeMerssa peri od 40 of 50 m nutes under

vi qorous agitat+@i. (CTRe): 1 edCidon Mbxpur@roks ikl t8hed-Ghd-X hé-i0 egn- due is
washed with hot cHPOroL rﬁf{‘?{ BOD Y e bt Yt SHFLEIRRs Bdb e evgpora-

(‘D

[err] to dryness Iea Vi ¢ Ny & cry talline residue (mp. [err])which is
recrystal- lized from a hot m xture @facohl or of orm and heptane giving the
desired product¥reparation of tha K§CN-complex of 4 7 13,15,21 - pentaoxa - 1,10 - diazabicyclo-
8,3 )jun,o:aan
1C0 mg. Gf ihe macrucyelic ¢ ound a ¢ disselved in ciloroform ond 2n excess
30 selid K 'C\' added, rinigrhe al reom rempesiur the mizture s 30
fltered and the solu Phi residus s crystallized from an

cther-acetone mixture, The copstaliie cornplox r-.‘.::lrs at 131°---132° C. 35

'1‘{“&. 51

Preparation of the BalSCN),-com of 4,7,10,16,19,24,27 - heptiexa - 1,13 - diaze-

35 | o,g 11]1‘ aqaCosane 35
70 mg. ©f the macrocycli ."m_' BuECN)., HLO are re-
i 20 ml accto iren v vod wdcr vacuum
a residue 18 ¢ : : i u, te chlorsforn is
ev A and the residue {s crysin lrm‘ frcuu a cioraforar-tewrepe-ciher mixiuee, 40

490 Ac 1y<. alline comnlex is obtained. : 40
mmLp. = above 2507 C.

Exanple 52
Turther complewns of 4,7,13,16,21,24 - hexaoxa - L’LG - dirzabicveln[8,3,8 Thexacosuns

Uhe fodewing c_c'n')lccs have been obeained by the meihoad afresdy deseribed in 45
45 Example 11, or clse their formation has beea chservel 1 Sy s'zc.uh,..c-:;pic methods: 45
THICCO complox (nLp. = 307527 )
"‘1’.‘3(, 7). complex (imLp. = 2bove 2632 C)
£ |] l }' )
Pb(op}l) 50
50 Ixomple 53 50
4,7,13,16,21 - d0ua - l 10 - dizzabicyclo| &,8,5 Jtricosane
» ublained in sle Ie conpiexes with varicus
metz] salis 1o particudar it readily forms Conm-« xes with hapsiion metal salts, The



[err] Exanple 45 Preparation of 1,7-dioxa-4, 10- diazacycl odecane A
suspension of 5.0 g. of the diam de obtained in Exanple 44 in 100 mi

hot -an—56———hydreus—tetrahydrefuran and-—4-8g-ferr] whi-ch-stirring

over a period of one hour. After the addition is conpleted, the m xture is
stirred under reflux and under a nitro- gen atnosphere for eighteen hours.
After cooling-to roomtenperature the excess [err] gent is destroyed by
adding a mxture (15m) of water and |Tffsf;,1:2) followed by 5.n. [err}; and
15m @&t er i The—m-xt-tre+s—fi|t-eredafd—+ he—#H—t—Fate+s-—evapa—~55——————
“tated to drynessinTHe Or dsifdue g §1*d ‘%\SG‘W&?@PI nd bemzegen ‘dned! saiosofution i s
passed t hr ough !;r .,;’% :11.' GSIIL:(I clm o the cunplex ceystallize out, or clsc

. ':!E"Jj, 304, 367 Tas1w aaly IR Mg
colum of [err] with benzene BsCelunt. The selaition is evaporated to
dryness and after recrystalli gdbi=Sh from herNdnizene/ hept ane the desi Ped
product is obtained. [err] [err] Exanﬁél‘r-’l’a Strongly basic sol utions Wen

~asol i d pot assi um hydroxi de i s added t @yfpR0dution of 4,7,13,16, 21,24 - hexa-

dicperr] -di aza-  bi Ryjehof80182,8} mohex@,mmosama (n@bt athedizicic: E)oanpzt]emﬁéncl n

ac\.p methods:
31 a

1anhyd]roous 10 1J—Ct’ F”@,h dr'tsﬁartacnz,m éw@b@#qut&am*@m&fvlwf7on is
obt ai ned a¥ xa §: 4 559 ey e 2 end Yo Sl Fentr g el Bonpl eX

T 1 i th 3

GEOr MAti on Wi th BRE LD Gyl dAM. AR LS . SEE O BASIGILY dia yfo%ﬂm hown by
addi ng sone fl umh;elne b&ent 0 _.-n&gmrladuo@i t)bhlf*p!:ﬁﬂldﬁ* todert el 1f1omniait1umrn of the
fl uorenyl anion! “*?d’é’vet“o §lidr g "'éll@?t“é&*l'ﬂy’ SiBys Y e'afllh ‘FﬁlT'S‘:“S‘t’I“D fope. basic
sol uti on wth a,}, heb HE o fi.o v engie 25T uuiEr ok t:““ ?\’ " BICVERT: “g;h ne 1’ 15
present the anifR kSO : orarredmanﬂwm hen&@ciw pnu wéunﬁ.‘mhoaaru,.ess
15 THé sant obsdrhatih.ons may be made when KOH is repl aced by another base
such as sodani de 12@ solid obtaintd afrer evaporation of the oohut is recrysvallized from a ben-

Exampl e 47 Purl‘f C’aﬁ "SHIBE: Tei?}és‘é}l R MR (cre A.  Preparatfon of
it etragl ycol i ¢ aglsd :diany: ka 1y cemiplex multiplets between 2.6--3.2 ppm (4H) and 34—
“"20 Tetragl ycolic acylmincnoahl oride is prepared as descri bed in Exanpl e 13. 229
,__of this diciloride in 50 m.anhydrous benzgne are treated at [err](ice

i=bat hpo Wi t hc35g. ani Iy, g},qn{ J,m 59,,{'12; tgf}wd’f‘qﬁ d1t?ﬁr'i5>%ﬂ%-.,s,§m%sm:)<t ure is jeated

to [err] f Or t en WJ?HM 1. schmox. \0 81 “_1- aie added with a syringc t0a

e 54 in 20 mil anhydrovs

1y St SLA 1 N !
-.'fi’(_' _ ¢ :vnr.i at a 1' ure of 0° C. The mix-
Tha e ture is agitat TS afier thron hours at re-
“2 30 flux i« S TeOgent 1§ 3 3 ng 5 ml of water and the 30
sol 1-"01 5 rolatory ov or under mot. Tha residue is extrac-
fam i shteined 1 cvapoated o dryness.
X3
1 30 .
an e o/ YN ©
” BHye—? /\/0/\/,?.’-‘3“0113 35
8}
e 4 \..____./
o 35 This compound (1.7 ) is hydvolised by adding 20 ml. 6N hydrechloric acid
oy under Jwating (2.5 hours) and 2 seluiden is obwined. The mixture is evaperated to dry-
i Liess under vacuom on a rofatory evaporator. The residue is dissolved in 10 nl, water
- and the s:wluticn is posted through a columa of an anien exchange 1esin (Dowex 1, _
40 0 Trade Mark). The column is washed with water until there is no basic reacticn. The 40
water is evapolaied. The title coripound is obtained as a colourless oil.
Overalf vield =95,
PMER (CHCL): —~CH.~-N: 275 ppm (wiplet: 12H); ~-CHp~0: 3.4--3.8 ppm
e Grudtipler: 1213); 3.70 ppin {singlet: 41I).
. 45 +3 Example 56 ’ 45
) Complexes of 1.7,13,18 - tetrnoxe - 1,10 - diazabicyclo[5,5,8 cicosane
Comzplex Tormation with the tirle compound {obtained in ¥xample 55) has been
observed spoctrometrically (NMR) for the following saits:
) Li i 11 8CN
50 Na Cl ¥ Br 50
50 K SCN Ba CL
Co{SCN),

Scine of these comiplexes are vnstabe in water.



poured into a separation funnel :200 m. water and 200 m . chloroformare
then added. 2 The orgainic layer is separated and washed wth 200
m [err] hydrochloric acid————— . 25-themwth200 m. water. The
solution is dried over sodium sul pate and the solvents are evaporated. The
dianilide is thus obtained as an oil crystals of the dianilide my be

obt ai ned by crystal- lization: 25 30 1) firsr from
acet onc- val er (dlssolved |n hot acer®ise? water added untll the m x34 :
30 ture becones ¢l o udy) . then Trogfétbtoqeghgxaqg r“ Iveg M FHot

acct one; hexane;, @ddéd'Uh%'LcQLﬁ%qy)lUsﬂﬂén“iQKNSEQLabﬁt mtiin.Qn'”'t'ate
crystal l'i zat i apdiggmipiend Ok g oud dR@ldyfuagablnudl0m: aaeakanernaler : a white
crystalline prigdbct (19g) contain- 30 i ng one nole of water,

is thus ébtalnpdm (m”} J“L9,11’%ﬁg? Pgnals arc sharp; no inpurit?es 3
present. B.Hydr ol 5 SoOf e T Gl hiige éstltvqavthuulﬂhlgvmmaHC119 g. O

t he dianilide :abta Ned.pr,ewi 101U5:|\1)é:. e, su@per}ﬁlaﬁ! sb!Ri2d 0QMeain [s@%kihd SOdi Um

40 hydroxi de imthwitiedc The mnxhur@ptSUWéﬁmuxedLﬁbrﬂ&@proxﬂlwewtw hour s.
After codting lt“p-“ iR At B e Frurdinike ore ‘E‘H“e“éfy‘t fne f8rned

f or ns an UPPELy, LAY 6T e forchs. w@@bﬁdﬂgguegj ‘hsﬁfkfﬂoww Z7ENE e wat er

| ayer is then brought to pH 1 u3|ng [‘err]” hydrochl oric acid and evapor at ed
first at the WHtéﬁm@Mﬂpvéhdthém"aththdﬂOlI pun mhlle heatlng on the steam
bath. The, residué ’E‘ét‘r‘%’lt &tof é‘gtycbr plering giyogple A acd 250 g.  PBUFAH ?
acetone, 'Ti |t efad, 4t b Sl g o TR T U fﬁff.tli‘iviasﬁ“ fiol WO £ e h ace-
tonc. The acetdMesSOLULIANTHSeewapaidaded 0 dryBess: crdhe: 0 »I.\y feESl due
obtained is putemtbwtggﬂyﬁ9b$bwacwdtﬁ@NRuspeemmdntas descri bed in Exanpl e
13A; smal | pedls™ ie St oSt diihiati’ng conpounds have conpl etel y dlsappeared
(purl ty approx, [ ef. l:n]h"'l4i5u 2eelilovaett; orwu(tlc acid Yield [ er r]

50 Exanpl e 48 Pramanabrﬁnt\mtol 200Ly db:EXD 120 4, ¢ §3, 18 helik@cxa - 1 10 -
di azabi cycl o 88; BQDHEXM‘”6b3hneﬁTh€Hﬁééﬁﬂlbﬁwws aawrleddﬂmubma plying the
hi gh dilution téchh1gué“‘A §$ﬁut,bﬁ’§r e ceaction ””{ ﬁﬁg’” f the
cyclic dpsm ne; QBLALBed: 1 EXATHLEh ANG 8o Bl Ot LAk hy A0 He"

5 .
et XAl cetxhy e in o5
55 300 ml. aﬁhyﬂmousmbenaama&uandua sol'ution of the dlchlor|de of 25
oct ane- 1, 8- di dar bMéytiizemacid (8.44 g. in 500 ml. anhydrous benzene) is
added to 1200rd aphydrous benzene during ten hours under nitrogen

atnDsphere an uad&r@ﬂerr]th@m§ﬁ_ncg_ rngyhxl,ﬂ\Jdpeiﬁnd th@ hydrochlol|c
ifdalot

G4 T

3
9 C for

60 t edr m\ élrtynes's C 1o
60 11 o solut S
(3> Jt) mil.). nor luyers a
16 Jdrvness. The seb-ude nroduct (14,
35 ‘z"ix‘.td-.: 35/, a5
PR (D,0): pom {niy: S —
B N = el
wmlu 3.8% nirw 2y 2 CiL~-CO
ppn \ud“ leg: /.*.L)
K. Preparo o manothio-triglyceiic acid dickloride .
40 ide of tbc dulcl"l i .d in i ixanple 57D is veepared using cralyl 40 35
3 t The peodst is g viscous oil,
o CFlge 2,85 pom (ceiplet: 210 ppm
el 3 Cle = 5.8 Elin ItIW)” 145
o L3N
A5, C.l.l/ 45
saraple 538 .
{rioxa - 771 24 - trithin - 1,10 - diazabicyclo- Y
oo\ soluticn of
50 3o mb. an- 50
8 a. “of thc o mple S7E in
"LJ o L,z00 ml, a r a peried of
.fhv' mcut an (i termination,
% mbl) and s filicred throw 55
L).'UCE is 4 with a i chloroform
5 uwp) ated o drynoss feaving o viscous ofl, s
gx. 50%,) i
rem 2.5 0 4.0 ppm; S CYL, - NCIH,: frem
G0 50



32 1. 304. 367
is an oil which crystallizes on standing. [err] 5

32 The product
-Exanpt-e—49Preparation—of |4 7-13-16—t et aoxa~1-10-—dia

hexacosane A solution of 7 g. of the bicyclic obtained in Exanple 48 in 80
m . an- hydrous tetrahydrofuran is slowy acided to 70 m; of the fresh

prepared [err] solution (1.0M under nitrogen atnosphere and at a

tenperature of [err]. The mi xture istagpta- 10 ted at this 33
_‘fja‘r‘r‘ﬁér at ur-e-for—thirty W nutes and T h_erjqaf}er 1.5 hour at refTux tenpera-
flre. The excess LGageNt 55is3 q%s;rpyléﬁ BY addi g2k ef: wat.erand the
Swigplution is evapby(atﬂe osra.hai...rfoba,t\Q,wcnevaporatuar AMnder vactium Ggedof t he

di borane of the 4diblien L(for.‘m;ouncLbrenlabft aiihedom ip i et J8)i> A6 epwd- Thi s,

conpound iss hyehrpl: ygeérv “a‘ddi'n R A\ R E‘{N"hy‘dro‘chlhb‘lf”\:“ afil’,_'pf‘"qﬂder Heat -
sk and a sol uhj g (,l 0| gq ‘Hed frory ‘pé’ fh?(-f ; ob d S dness under

8 8 eVaporate

-adf@acuum on a rOB@L@ny'lava,pﬁknﬁt o :cthe i esi Aueoi:s ol 500y R dpfa20onl . wat er
sss@nd the sol uti dnul‘guﬁasssed mtohrouglrya g oliwmi befesan: anlmq\ewcphang@ resi n
: DoveX? 1, Tr adé’ ‘R/&FR)“"T?%“;:Q)JQM “"1" -’"}Qrafshgdd wWif B jfbr“‘untul* t here
. e W@ hsC b GOIRRURd i s

2 “I's no basic rewﬁMPﬁ i RGEr e By ApYr died
obtained as a Whie \Crystiahl dcned salpghd. [ err] Exanple 50 Preparation of the

KSCN- corrpl ex onxczb B3, 6,21 - pent aoxa - 1,10 - jgl azabi cycl o- [8, 8, 5]
wiri cogane.s 100 P g ‘the @ngi‘; %c i u- ohpg Uhg7 e ’@P$‘§]§T‘V3§ﬂ “ifPChl or 8f or m:
" .and aff excess 30 3‘ *3,p., $’QL1{114___, KSEN 5 1§ Sdded™e A 1 ér "Ll 5rai ng~ oveér ni ght at

\_,(roomterrperature the mxture is filtered and the solution is evaporated to

The resi due |_s ‘c_r stal i zed:: f-r;om(%n et he‘r.-e}cetone m Xture. Thle

dryness. ;
crystal line co Ize et ab L g o L2 Exaiffiie sy Preparation
[‘%~LH l Z’ n‘

h. n he G

of t [ert] - Qm;‘)\ ’(_ZLT 0,16, . &

11sz cycl o[ 8, 8, 11})\0WQﬂﬂC@S’§UEJ,7fQLHQAJ cﬁ,riha;.ﬂiacrocycl ic corrpound and 70 ng.
'SO|Id [err] ar?3 re- By

The p\""'; wt of swep A ds reduced at fcllowing, the precedure of

7,10, 1 ,_,]-\:—;cu::.'/l cyclee setadecane.

Iy\_
U1 Example 4 1o give 10,13 “disnet Ty~ 1,d-dioxu-
ViE- 25
33 » B s cendensed with 25
0-4,7,13,16-tetrsoxa-
D. Peduction of the exo-greuss following the procedure of xnmple 6 gives vhe tite
30 compuond.
2 30
i Prepe '~"10[8,3 $1hexacesene
A.. . bramide according vo Example
oy I
35 2A and 6C 1en & steam Lash for three to feur hours
cm under nitrozcn iund Cibromide of the formula
.
[ @ af 1@
PRI R
(‘\ T AV A -.C;,,.< S .25k
Ayl 40 1 l d = ! 0 0 P © = 35
) - 3 3
™ [3,6-disxe-1,8-bis{wibenzyiphosphenium)-octana dibromide] is obtainad
13
45 B. Two equivelents of lithivm aluminium }W drice 10 a susnension of the
p) sphis ; ofurait. The mixivre is
refluscd fo ] vs . b aiding wet ether fol-
2 lowed by g Na *"’ The ether ,:1) or g 3 the solvent is eva PO~ 40
ted. "The diphosphine of e formula
of
50 T
‘n ¢ ‘§— TP T NSNS wa
o C___, Oy ¥od 0 P[C’Z s
A 2 2
ca 55 [3,6-dioxa-1,8-bis{dibenzyIphosphine)-octane] is chrained.
i
iy C A mixmrcr (:-f T.]!!: diphasphine ebtained according o step B and onc cquivalent of
o nbtained according to Example ZA in dimcthy] furmaniide 45

43 tricthyle:
are slo
1ot
GO (high o.uhuo.l,

irop-wise over a peried of sevaral hours to hot dimethy] formamide
urler vigoroas stfvving and under nitrogen. Afrer the evi up«xu“(.)ll of the



fluxed in 20m . acerone for five mnutes. The acctone is then renoved under
vacuum and the residue is treated with 25 m. chloroform After filtration,
the chlorof ormis_evaporated and the resi due—s—erystallized from a

chl or of or m benzene-et her m xture. 40 A crystalline conplex is

. obt ai ned. C

40 m p. = above [err] Exanple 52 Further conplexes of 4,7,13,16,21,24 -
hexaoxa - 3,10 - dizazbicycl o[ 8, 8, 8]:¥éxHcosane The foll owi ng conplé%es}u
have been obt ai Q@'g.xtbi}{:i t)tlﬂ'&urmt ngxc Qt!e:-’?..@-.aﬁw n;gﬁ,s,@cfiv;l be%{l‘@u% salt of the fogxarrpl e 11,.
or else their- fanmati on has been observed by spectroscopi c nethods:

45 [err] 50 , @ & o Exanpl e 53

50 Conpl exes of 4,7,13,16,24% - [ rnT"WﬁTngbnbouq _opbtai ned in Exanpl e
43, gi ves st abl e conpl exe Kmé%ﬁ”ﬁ%;?oq;;nata]”%ﬁ%T An?particular it readijy
forns conplexes with transition &t §ans( Ehe 413 304, 367

33 3 2 conplexes of the follow ng salts have been prepared by m xing

met hanol sgl ut i dp's'%df -{Hecxa atte-1ah 'g-tHeE -cofpliekTiigh dgefitiowhdc I8t ti ng t he
conpl ex cryst al F78Qut °¥fde their formation has been observed by
spectroscopi ¢ net hodsdiphbhdu]unEXR B Q:104coRn@Pakds CANeEformed into the di- W0
2, 9-di oxo- 4, 7, 138wt etirdoxakil, 10- di azabi cycl o[ 5, 5, 8] ci cosane The reaction
is carried out applying the high di}*ﬂ)*ﬂ‘ chni que. A solution of 8.7 10
g. of the cyclic diamne 0Q£§>neq_bn Exafipl e.4b 11 g of triethylam ne
in 200 n. anhydrous chl or of5f m and\. 36\ _4nhydr 6i's benzene and a sol uti on
of the dichloride 15 15 20 ;."  "f~lil~i 55 2.0

25 [4,13 - dibenzyl - L0, 1p - e oxap5t13 - dishesphaggrlosetndecanc] by treating3 [ el r]

40 10 the salt with CIALY, I washydrofuoy according to ocess of sicp B above.

E. “The product of st2p D is {uriher v
ing o the process of swep € and the bicyche dis

slycol ditromide accord- kY
2 valt of the furmuia

G . o
D NN w )
. 7Y
{{____‘\---~CE!Z— PN 5 .ln./'\\/‘u._- £y /{’ N gar 3

o

T\ T

[4,7.13,16,21,24 - heraoxa « 1,10 - dihonzyl - 1,10 - diphosphanium - sicyns[8,8,81-

P . . . 2y
15 NG 1 dibvoraide] is obizined. 15 20
F. The Lenzyl grovgs are removed following vhe prozess of siep & aud the title com-

poundt of the ‘ovnula

/ \.\f .._—.\o/ _‘\ i
P/A\m/\/KNbCP
N A #

4,7,13,16,21,24 - hexaowa - 1,10 - diphosphabicycin[3,8,8 T hexecosans| is obiainad,

Z0 Tzample 62 . %0
Preparation of 1,2-di-{rhloiccarbonyl-muthoxy)-Lenzene.
A) 1 2-difeuboer
200 g sodium ¢ mad 110 pyrocs
are mixed ina 1 L i 12 mel 3
25 a d ot 3 hours, Vhe miniure 15 d 1o 1007 ovee u peried of 2 bours, Adier cool- 25
i drochioric acid (300 ml) are addad, the acid precipitsies and is recrystaliized in
30 50
3% 35




40
re. action.p, 45 45
5050

Exampnle 56 . 45
34 1, 304, 367

34 S-:tranglev 1b.lasn s.;al lionu havc a'so bEccn ' *U -

c:ing the proceduire of .'x-i-;-. 6. ;.;) IC herthe Fo>i.r, *io of

t i . 36 % i I ;S bcen obserrved w ncii ad& K-1i ag fl uo
_“‘“*‘éﬁ = e 10 anl _ax::;|hyd: _I r~ttus i l:dLéﬁA UI LIl:::. s olut~oi_it37 ti

s werysiadlised frou

" fz-l | pt CCﬂ CX l\-r]q]:'\ 3t hl\,%d 1""\ ‘.nl

Fm Wp| e 577? m uu'\ of chisuclonn-tonzens 3-\', 8 3 i RO
S5 A P repar, unnj bO“ﬁof 2 chhroc i.° L tlh at -P5t ;o 1Jl 322 g f.

a'( ad C(I f-1 T|1ml Ot o (§imaler 41D 2 W j_*‘_._.ni_”s,_ Mas, sat viucAt cd

wi t h gasJow s Sl\ﬁg,ﬁ;‘a d ""l"Zd g COHGHT | Pk OieL iy e orbang pigron .,”‘P§.1 -

| UCI -V ¥ :ca*tbhe S(,OSQEM'*I wit the 8Smiage in-gat Br-ated, ﬂollu-‘u‘h W C.]. TIhl.
weakeo- wer ' aycr vvrps cigige |of Stand dr PE1.UoverCatiEiss- Oah"todlf)»’dﬂy‘ 00, 7passcd

10 5 rhué%ﬂ"r’ﬂ”’ f8igPypcd | i s i nOntorenni‘overo.:- ';';9
negl-1f. Upon t'r.!.-actionadoin. at rgdugedsprcssuire Yhe 10 10 It

uvi CT por10 I OVIPpr: ;,b@,mSo»azg B -dioxd 3" 4 ](1//,”,0,'239‘271\2"ﬂ=# al,it- dsnmlikicalmount of
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