PROCESS FOQ PREPARI NG MONG- N—ALKYLATED POLYAZAMACROCYCLES The preseﬂfm"

i nventi;on cgncerns a proce<s bl g;gqu o- ed
pol yazarracrocycl es. T. A F %d 57-75 (1984) has
shown that sinple alkyl ati\ ai """" eI e% I’O_Dhl | es and

pol yazanmacrocycl es for the- '8?“@0 %ﬁt "Shjal i zed
pol yazamacrocyFes result ir ‘“\”651" t Foncof- aor?l“g(et nono, bis, and

tris alkylated products whi F‘é“cﬂl ff PGt 'toofé%"é’ra'te and purify. To
overcome this problem Iar @P@ﬁc%sggcéﬂﬂmer acyel-e,£0f] exanpl e 5-10

equi val'ents rel at i y@ckd sk BriFARNE MoRo-nIRNAAPDAbLOARMRYRIEYBESM St uder et
al., Helv.ChimActa. 69, 2081-86 (1986) and by .E. Kinmura et al.
J. Chem Soc, Chem Conmun. 1158-59 (1986) "Addi tionally, auxili ary bases

The present invention concerns a process for preparing mono-N-alkylated polyazamacrocycles.

T. A. Kaden, Top.Curr.Chem, 121, 157-75 (1984) has shown that simple alkylative techniques using
electrophiles and polyazamacrocycles for.the production of mono-N-functionalized polyazamacrocyles result
in the formation of a mixture of mono, bis, and tris alkylated products which are difficult to seperate and

s purify. To overcome this problem, large excesses of macrocycle. for example 5-10 equivalents relative to
electrophile, have been employed by M. Studer et al., Helv.Chim.Acta. 69, 2081-86 (1986) and by E.
Kimura et al., J.Chem.Soc.Chem.Commun, 1158-59 (1986). Additionally, auxiliary bases have used together
with large excesses of macrocycle to obtain the mono-N-alkylation product by M. Studer et al., supra.
Purification of the desired mono-N-alkylated product from the large excess of starting material and inorganic

. 10 saltis a major problem associated with these meihods. Additionally, the cost associated with employing a
large excess of expensive reagent is prohibitive.

Other mono-N-alkylation attempts by F. Wagner et al., Inorg.Chem. 15, 408 (1976) involve selective
deprotonation of a transistion metal complex of a polyazamacrocycle with sfr?:ng base followed by alkylation
with methyl iodide. Further synthetic manipulation of this compound nesscessitates metal removal and

15 punfication which can be tedious.

Additional synthetic routes which afford mono-N-functional. polyazamacrocycles involve lengthy, protec-
ton, functionalization, deprotection schemes which are divergent and not always general. For example, see
P. S. Pallavincini et al., JAmer.Chem.Soc. 109, 5139-44 (1987) and published European palent application
0 232 751 (1984). —

20 In light of these limitations on mono-N-alkylation techniques existing in the art, it would be desirable to
employ a direct alkylation approach which would not be reliant upon the use of excess macrocycle and an
auxiliary base and yet would be selective for the desired mono-N-aikylated product.

Surprisingly, the present invention provides 'such a process for preparing selsctively the mono-N-
alkylated products without the use of large excesses of macrocycle and auxiliary base. The present

25 invention is directed to a novel process for preparing a mono-N-alkylated " polyazamacrocycle which
comprises reactmg an electrophile with between one to five equivalents of a polyazamacrocycle in a solvent
which will not promote a proton transfer. This process results in a greater selectivity for the desired mono-
N-zikylated product compared to the bis, tris, tetra or higher N-alkylated products.

The present invention concerns the reaction of an appropriate electrophile (E) with- a free base

- 30 polyazamacrocycle (M) in a relatively non-polar, preferrably relatively aprotic solvent. The ratio of E to M is
about one E to about five M equivalents, preferrably from about one E to about three M equivalents, more
preferrably from- about one E to about two M equivalents, and most preferrably from about one E to about
one M equivalent.

The present process is very general and can produce selective mono-N-alkylation products with various

35 polyazamacrocycles and electrophilies. A slight excess of polyazamacrocycle is preferred to insure
complete conversion of the electrophile; however, only small differences in isolated yield occur when larger
excesses of the polyazamacrocycle are used.

The polyazamacrocycles used in the present invention must contain at least two nitrogen atoms.
However, the polyazamacrocycles can also contain other hetero moieties such=as oxygen atoms

<0 (pclyoxazamacrocycles) or sulfur atoms (polythioazamacrocycles). Also included in the term
polyazamacrocycles are any symmetrical rings such as polyazamacrocycle, azaoxamacrocycle or
ticyclopolyazamacrocycle (i.e. bridged moieties or fused rings, but the mono-N-alkylation rezction occurs
on the nitrogen atom of a saturated ring) which bears secondary amines capable of mono-N-atkylation.
Preferably the secondary amines are 2! chemically equivalent. The macrocycle preferably has a plane of

<5 symmetry and the total number of heters atoms (O, S, N) should preferably total an even integer. The final
macrocycle also contains 'a methylene moiety, (-CHz-), . where n is irom 2-4, as a spacer between the
hetero atoms. The term "polyazamacrocycles” means ail of these heterocyclic posibilities and includes, for

~.... example, .1,4-diazacyclohexane, . 137-tnaz.=cyclononane, 14.7.10-tetraazacyclododecane,  1.4.8,11:

"{etraazac; /ciotetradecane. 1.4.7,10,13- pentaazacyclopentadecane 1,4,7,10,13,16- hexaazacyclooctar‘ecane.

50 1,7,13-lriaza-4,10,16-trioxacyclooctadecane, 1,7-diaza-4,11-dithiacyclododecane and the like.

The electrophile {(RX) used in the present process is one capable of accepting a pair of electrons frem
one of the nitrogen atoms in the polyazamacrocycle. A covalent bond results fzom the reaction between the
slectrophile and polyazamacrocycle and selective mono-N-alkylation results. In the term RX, the R term is a
moiety which- will yield the desired mono-N-alkylated product, particularly any alky!, alkylaryl, or atkyl-
hetercaryl functionality. Some examples of the R term are C1-C. alkyl, cyzno, pyridinyl, CO.R! or CON(R'};

.
This Sheet Hags Been Rep| aced .

[ 1]




have used together with | arge excesses of macrocycle to obtain the

mono- Nzal kyl ati on product by M Studer et al., supra. Purification of the
desired nono-N- al kyl ated product fromthe | arge excess of starting
material and inorganic salt is a najor problem associated with these

met hods. Additionally, the cost associated wth enploying a | arge excess of
expensi ve reagent is prohibitive. REPLACEMENT SHEET 1 O JAN 1997 2 :

where R' is H, C:-C: alkyl. C:-C. alkaryl where the aryl portion can be a 5 or 6 member ring having
carbon. sulfur. nitrogen or n<ygen atoms. The X term is any leaving group. Such leaving groups are well
known in the art such as, for example, chloro, bromo, iodo, acetate, trifluoroacetate, triflate, mesylate. diazo,
brosylate and other similar known groups. Some suitable electrophiles are, foi evample. d,+2-bromo-4-N-
5§ phthalamidebutanoic acid isopropyl ester, d.-2-bromo-4-(4-nitrophenyl)butancic acid isopropyl ester, d,F2-
bromo-4-(4-nitrophenyl)butanoic acid methyl ester, 4- nitrocinnamyl bromide, 4- mtrophenethyl bromide, 4-
nitrcbenzyl bromide. benzyl bromide and other similar known groups. o

Concéentration of the reagents is not critical for the present process but for economlc reasons and

reasonable reaction times, the present process is preferrably conducted under non-dilution conditions such

10 as 1 X 107*M to 2M in gach reagent. Mono-N-alkylations conducted under these concentrations afford the
desired product in good to excellent yield with unexpectedly high selectivities. The mono-N-alkylated
polyazamacrocycle is obtained in a selectivity of at least 40 percent, preferrably from 50 to 98 percent.
compared to the bis, tris and or tetra N-alkylated products.

The solvent used for the present process is one which will not premote a proton transfer. A suitable

15 solvent is a relatively non-polar, relatively aprotic solvent such as, for example, chloroform (CHCI3), carbon
tetrachioride (CCli), methylene chloride (CH:Clz), tetrahydrofuran, 1,4-dioxane, and acetonitrile, or a
relatively non-polar, relatively aprotic hydrocarbon solvent such as, for example, benzene, cyclohexane, n-
hexane, and toluene, or a relatively non-polar, protic alcohol such as, for example, n-butanol, t-butanol,
isopropanol, n-hexane! and the like. The preierred solvents are the relatively non-polar, relatively aprotic

“20 solvents, especially chloroform. The term “relatively aprotic” meéans that the solvent does not donate a
proton to the reaction under the pracess conditions. The term "relatively non-polar” means thzt the solvent
has a relatively low dipcle moment. as seen from the above listed examples of suitable solvents.

Temperature employed is in the range of from -78 to 100" C, preferrably from -25 to 40" C. mere
preferrably from 0 to 25° C. The time of the reaction, at a temperature of from 0 to 25° C, is from 10 to 2%

25 hours. The time of the reaction will vary inversely with the temperature; however, the lower temperatures
are preferred to aid in selectivity of the desired mono-N-alkylated product.

The absence of base from the displacement conditions of the reaction helps to prevent epimerization of
chiral electrophillic reagents. Hence, optically active mono-N-alkylated adducts are potentially available by
this present process. The product formed will possess the inverted optical form from the starting

50 -electrophile reagént. For example, the resulting mono-N-alkylated::polyazamacrocycle product has the
opposite optical configuration from the optically active e-haloacid ester.

The present process does not require the presence of an auxiliery base. Although trace amounts of
such bases may be used, the process is conducted in the substiantial absence of an inorganic auxiliary
base such as. for example, sodium hydrexide, fithium hydroxide, potassium hydroxide, sodium carbonate,

35 potassium carbonate and the like, or of an organic auxiliary base such as, for example, triethylamine,
trimethylamine. pyridine, 4-N,N-diethylaminopyridine, diazobicyclododecans, diazobicyclononane and the
like. '

Futhermcre, the absence of strong base and a low temperature allows for incorporaticn cf other latent
functionalities into the periphery of the polyazamacrocycle. For example, both ester and phthalamido

<9 functionalities are tolerant of the mild conditions of the present process. A grocedure in the art {M. Studer et
al.. Helv.Chim.Acta. 69, 2081-86 (1986)] which employes lithium hydroxide in poiar protic solvents such as
aqueous ethanot or methanol may be expected to hydrolyze these groups.

The present process has been used to make valuable synthetic precursors to bifuncionzl chelstor

. molecules for radioactive pharrnaceuticals. [Ses for example, European Patent Application 83 111 497.7 and

45 European published application 296.522, published December 28, 1989, by W. J. Kruper et al.] The brevity
of the five step synthetic approach to these compounds, of which the present mono-N-zikylation step is
critical, is superior to the nine step procecs for other pharmaceutical products by M. K. Moi et al.,
JAmer.Chem.Soc, 110, 6266-27 {1988). ’

The mono-N-aIk_w'ation process of this investion depends upon the availebility of the desired elec-

50 trophile. In the case of substituted a-haloacid esters, commercially availzble acids may be brominated and

ccnverted to an ester in a one pot, two step procecure using N—bromosuccmlmlde {see D. N. Harpp et al.,

J.Org. C.aem 40; 3420-27-(1975)]. This ionie. bromination procedure. |s supenor 1o the siandard Hell- V0||crd-
Zelinski process and allows for exclusive alpha halogenatuon of alkanoic acids which conizin even reactive
benzyl groups. Optically active a-halozcids zre readily available from the corresponding amino acids using
recent advances in diazotization chemistry [see B. Koppenhoefer et al., "Organic Synthesis”, Vol. 68, Ed. C..
Heathcock, Pub. Wiley-Interscience, N.Y., pp. 151-57 (1988)]..Other electrophiles used in this inventicn may
be prepared by procecures known in the art or can be purchased commercially.

Th_e polyazamacrocycles such as 1,4,7,11-tetraazacyclododecane and similar cryptand ligands may be

L]
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O her nono- N-al kyl ation attenpts by F. Wagner et al., Inorg.Chem 15, 408
(1976) ;invol ve sel ective deprotonation of a transi st | on netal conplex of a
pol yazarracrocycl e with strong base foll owed by al kylation w th nethyl

i odi de. Further synthetic nmanipulation of this conpound nesscessitates
metal renoval and purification which can be tedious. Additional synthetic
routes which afford nmono- N-functional polyazanmacrocycles involve: | engthy,
protection, fuchisphal a&mehtedﬂmetﬁt@pméne&.t.seoan.e.ﬁﬂ‘seémé iR infaRs@] FodbyErgent and
not always geaesiedes T.F0ORKRK QRN ULmer.CHRESIE 96. 2588-70Bd7MAM NGlidM arti®b byDT. o Adkins

J. Aner . Chem 8at.. 0riDR, SyH 1385 28/86(921 D@7). Ve Gdyprtzl ihis heghiEprscapenn nir@train these
applicati on gymzlslgcawiro{yg_g;g@gnow commercially available.

The invention will be further clarified by consideration of the following examples, which are intended to
be purely exemplary of the use of this invention.

General Experimental

10

In the following examples, the equipment used was as follows:

Mass spectra were obtained on either a Finnigan TSQ mass spectrometer or a VG ZAB-MS high resolution
mass spectrometer;
*H and **C NMR spectra were obtained using a Varian VXR-300 spectrometer; and

15 IR were recorded on a Nicolet SSX FT/R instrument.

In the following examples. all solvents were Fisher HPLC grade materials. All preparative chromatraphy
of organic compounds was performed using flash chromatography techniques by W. C. Still et al.,
J.Org.Chem, 43, 2923-2925 (1978) and employed the following solvent systems:-

Solvent System 1 - CHCla:CH;OH:conc, NH.OH 2:2:1 (V:Vv);
20 Solvent System 2 - CHCl3:CH3OH:conc. NH.OH 12:4:1 (V:V:V); and
" Solvent System 3 - CHCI3:CH3;0H:conc. NH.OH 16:4:1 (V:V:V).

Ry values are reported using thesa solvent systems and commercially available silica plates.

1.4.7,10-Tetraazacyclododecane and 1.4,7,10, 13-pentaazacyclopentadecane were purchased from Par-
rish Chernical Co.

25 1.4.8,11-Tetraazacyclotetradecane was purchased from Aldrich Chemical Co.

The following terms used in the examples are defined as follows:
conc. means concentrated;
dec means decomposition; and
%% means percent.

30 ’

Preparation of electrophiles
a5 Example A

Preparation of d,~2-bromo-4-(4-nitrophenyl\butanoic acid methyl ester.

40 To a solution of 5§ mL of carbon tetrachloride and 15 mL of thiony! chioride was added 10.46 g (0.05
mole) of 4-(4-nitrophenyl)butanoic acid under a nitrogen atmosphers. The solution was brought to reflux for
cne hour with initial rapid liberation of 'hydrogen chloride and sulfur dioxide. Following the gaseous
liberation, 11.0 g (0.06 mcls) of N-bromo-succinimide in 25 mL of carbon tetrachloride and 3 drops of 48%

~ aqueous hydrogen bromide catzlyst was added to the warm solution whereupon bromine liberation

<5 occurred. The dark red solution was refluxed for an additional 15 minutes, cooled and poured info 100 mL
of methanol with stirring. TLC (60:40 ethyl acetate:n-hexane) indicated a product c¢haracterized by R, =
0.69. The excess solvent was removed and the dark red oil was filtered through a flash silica gel pad 1 in. X
6 in. (2.5 cm X 15.2 cm) using methylene c:loride as the eluent. Evaporation of solvent gave 145gofa
colorless oil which was an 85:15 mixture of the title productmethyl ester of the starting material and was

so0 further characterized by:

'H NMR (CDCl3)
: $8:1€(d);-7.38(d), 4.20(d)); 3.79(s), 2. 88(m)
12C NMR (CDCI;;)
5169.6, 147.5, 129.3, 123.7, 53.0, 44.4, 35.5, 33.0.
55

Example E

4 \
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I'n light of these limtations on nono-N- al kylation techniques existing in
the art, it would be desirable to enploy a direct alkylation approach whi ch
woul d ‘not Be reliant upon the use of excess macrocycle and.an auxiliary
base and yet woul'd be selective for the desired nono- N al kyl ated product.
Surprisingly, the present invention provides such a process for preparing
sel ectively the nono-N al kyl ated products w thout the use of I-arge
excesses of macrocycle and auxiliary base. The present invention is

di rect ed t oPaparrisnesf o ‘67"6’&‘8‘5 -nfrephengioEipRRiciafigisR P N- - al kyl at ed

p0| yazamacr OC){'Cl Ffl ester as o%gm drals Sa%?ear oq éol'n Idaarlar%lue% I‘c]:lrulde c;ﬂond Ween one
to five equgsgpgj

tr

DG 0 omaodahiy B AHBR THS Yokl (1L 75 &ﬁn; Joas\%vﬁh oot
pronot e any unbrominated ester and was further characterized by:

'H NMR (CDCl3)

3 8.16(d), 738(d) 5$05(septet) 4, 14(dd), 2.88(m), 2.39(m), 1.29(d);

2C NMR (CDCIJ)

§168.7, 147.7, 129.3, 123.8, 69.9, 451 35.6, 33.0, 21.5, 21.2.

10

Example 9_

15 Preparation of trans-p-nitrocinnamyl bromide.

In 35 mL of dry acetonitrile under nitrogen atmosphere was added 7.3 g (27.9 mmele) of triphenyl-
phosphine. To the solution was added dropwise over 15 minutes 4.31 g of bromine {27.0 mmolg) while
cooling the reaction mixture to maintain the temperature between 0-10° C. The solution was allowed to

20 warm 10 room temperature (about 22-25" C) and 5.0 g (27.9 mmole) of p-nitrocinnamyl alcohol (Pfaultz &
Bauer Chemicai Co.) was added as a slurry in 50 mL of acetonitrile which caused an exothermic reaction,
temperature about 45" C. The resulting dark red solution was heated for one hour at 60" C with stirring and
then poured into 500 mL of ether. Triphenylphosphine oxide precipitated from the solution after standing
overnight (about 16 hours). The solution was filtered and 15 g of {lash silica gel was added to the solution,

25 followed by solvent removal. The resulting powder matrix was applied to a 3 in. X 8 in. (7.6 cm X 20.3 cm)
flash column and the desired product was eluted with hexane, followed by 20% ethyl acetate in hexans to
yield 5.8 g {23.9 mmole) of the desired pure trans product in 86% yield (MP = 75-76"C. Ry = 0.81, 60:40
ethyl acetatern-hexane) and was further characterized by:

- "HNMR (CDCl3)

20 88.17(d), 7.51(d), 6.70(dd), 6.56(dlt), 4.16(dd);

'2C NMR (CDCl3)
§147.3, 142.1, 132.0, 129.8, 127.2, 123.9, 31.8.

35 Example 2

Preparation of d,-2-broma-4-(N-phthalamido)butanoic acid isopropyl ester.
<0 Into a flask equipped with a trap and water condensor was placed 14.8 g (100 mmole) of phthalic
anhydride, -10.3 g (100 mmole) of y-aminobutyric acid (Aldrich Chemical Co.), 1.3 mL of triethylamine and
150 mL of toluene. The mixture was brought to reflux and 1.75 mL of water was removed azeotropically
= over 1.5 hours. The solution was allowed to cool and stand overnight (about 16 hours). The resulting white
crystais that formed were filtered, washed with hexane and dried. The crude crystals were then washed with
45 250 mL of 5% aqueous hydrogen chioride and 100 mL of cold water. After drymg. 19.0 g (81.5 mmole) of
4-(N-phthalamide)butancic acid was obtained in 82% yield (MP = 114.5-115.5 C, recrystallized from 30%
methanol in water) and further characterized bv:
*H NMR (CDCl3)
§7.84(dd), 7.72(dd), 6.05(bs), 3.77(t), 2.42(t), 2.0Z(p);
50 *2C NMR (CDCly)
8177.9, 169.4, 134.0, 123.3, 37.1, 31.2, 236.

- The ghove prepared 4—(N-phthalam|do)butanoxc acxd was taacted by the procedure of Example A and B
to obtain the title ester as a white solid, yield 68%, (MP = 72-74. 5°C, Ry = 0.38, chioroform) after flash
silica gel chromatography using chloroform as an eluant, and further characterized by:

--85 *H NMR (COCls)
67.85(dd), 7.73(dd), 5.04(septet), 4.23(dd), 3.85(dt), 2.51{m), 2.36(m}, 1.29(d), 1.26(d).
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proton transfer. This process results in a greater selectivity for the
desired nono- N-al kyl ated product conpared to the bis, tris, tetra or

hi gher N-al kyI ated products. The present invention concerns the reaction of
an appropriate electrophile (E) with a free base pol yazanacrocycle (M in a
relatively non-polar, preferably relatively aprotic solvent. The ratio of E
to Mis about one E to about five M equival ents, preferably from about one
E to about three M equivalents, nore preferably from about one E to about
two M equi vizheRlobine imbiodd0St preferably from about one E to about one M

equi val ent .~ The "present process is very general and can produce selective
nono- N- al kyl.ati on products with various pol yazamacrocycl es and

el ectrophi | Be@ple! A s|ight excess of polyazamacrocycle is preferred to

i nsure cdnpl et.e conversion of the el ectrophile;

Preparation of 1.4.7, 10-tetraaza-1-[(4-nitrophenyl)meth'yl}cyélodddeé'ana.

The free base, 3.5 g (20.3 mmoles) of 1.4,7,10-tetraazacyclododecane and 1.7 g v 7.87 mmoles) of p-
10 nitrobenzyl bromide in 50mL ofchloroform were stirred under nitrogen for 24 hours at 25 " C. The chioroform
slurry of hydrobromide salt was then applied to a 1 in. X 17 in. (2.5 cm X 43.2 cm) column of flash silica gel
(Solvent System 3). The product, 2.13 g (6.93 mmoles) was obtained as a pale yellow solid (MP = 128-
29°C, R, = 0.58 Solvent Systern 3) in 88% yield and further characterized by:
‘H NMR (CDCl3) .
15 88.18(d). 7.49(d). 3.69(s). 2.82(t), 270(t) 2.59(m);
13C NMR (CDCl3)
5147.2, 128.4, 123.8, 58.8, 51.7, 47.1, 46.3. 45.1.

20 Example g

Preparation of 1,4,7,10-tetraaza-1-{2-{4-nitrophenyl)ethyl]cyclododecane.

25 To a stirred solution of 3.5 g (20.3 mmole) of 1,4,7,10-tetraazacyclododecane in 50 mbL of pentene
stabilized chioroform was added dropwise over five minutes with vigorous stirring under a nitrogen
atmosphere 4.0 g (17.4 mmoles) of 1-bromo-2-(4- nitrophenyljethane (Aldrich Chemical Co.). The stirring
was continued overnight at about 25°C whereupon crystals of amine hydrobromide precipitated from
solution. The contents of the flask were applied to a flash silica gef column 1 in. X 18 in, (2.5 cm X 45.7 cm)
30 which had been pre-eluted with §% methano! in chloroform and 200 mL of this solution was applied as an
eluent, followed by elution with Solvent System 3. The p-nitrostyrens .(1.45 g, 9.7 mmole, R, = 0.88,
Solvent System 2) was cleanly separated from 2.27 g (7.05 mmole) of the desired product as an orange
yellow oil (yield 40.6%) which solxdmed upon standing (Ry = 0.73, Solvent System 2). A sample was
recrystallized [MP = 146.5-148. 5°C (dec)] from chloroform/cyclohexane and was further characterized by:
35 'H NMR (CDCl3)
38.14(d), 7.40(d), 2.91(1), 2.77(1), 2.72(t), 2. 50(!) 2.60(s);
*3C NMR {CDCly)
51485, 129.6, 123.4, 55.5,51.4, 46.9, 45.9, 45.1, 33.7.

Example 3

Preparation of 1,4.7,10-tetraaza-1-[1-carbomethoxy-3-{4-nitrophenyl)propyl]cyclododecane.
45 .

To a stirred solution of 1.72 g (10.0 mmole) of 1,4,7,10-tetraazacycliododecans in 17 mL of pentene
stabilized chioroform was added 2.07 g (5.82 mmole) of crude d,F2-bromo-4-(4-nitrophenyl)butanoic acid
methyl ester (prepared by the procedurz of Example A) over a five minute peroid under a nitrogen
atmosphere. The reaction mixture was stirred for 48 hours at about 25°C and TLC (Solvent System 2)

50 indicated the conversion to the desired monoalkylation product (R; = 0.73, ninhydrin, ivdine,” and UV
active). The yellow chloroform_solution was applied to a.1 in. X.16 in. (2.5 cm X 40.6 cm) flash silica gel
column which had been praeluted with 5% methanolic chioroform, followed by elution with-250 mL of.the
preelution solvent system, and then elution with Solvent System 2. The fractions containing the desired
product were combined and evaporated affording 2.15 g (5.46 mmole) of the desired product (MP = 156-

ss 159°C, recrystallized from chloroform, ether) in 84% yield and further characterized by:
'H NMR (CDCI3)
§8.14(d), 7.39(d), 3.71(s}, 3.39(dd), 2.5-3.0(m), 2.08(m), 2.01({m});
3C NMR (CDCl3)

\
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however, only small differences in isolated yield occur when | arger
excesses of the pol yazamacrocycle are used. Accordingly, there is provided
accor di ng to a broad formof the invention a process for- preparing a

nono- N- al kyl at ed pol yazanacrocycl e consisting essentially of reacting an

el ectrophile with between about one and three equivalents of a

pol yazamacrecycle in a solvent which will not pronbote a proton transfer and
recovery of the thus prepared nono- N-al kyl at ed pol yazanmacrocycl e; wherein
the electrophile is represented by the formula RX wherein Ris a [err]

al kyl; a [erf‘727a!“R}I"‘%hlzéﬁ‘?3§ R R Pat4éd b rh* 2%&PPho, pyridinyl, [err] or
[err] npDiety where [err] is Hor [err] alkyl; or an al kyl aryl Wnere t he

al kyl portiogahsederr] and the aryl portion is a 5 or 6 nmenber carbon ring
or a9 rreni)eT—rT'n'g cont ai ni ng carbon and one or nore hetero atons sel ected
fromsul fur, nitrogen or oxygen and X is chloro, brono, iodo, acetate,
trifluoroac e?feﬂa@ﬁm phTi4, I“h't3@°"‘aﬁi&§é‘}"l <atb@i5°P'eli'°az?o(4'ni\fOmesfynvbméone'aWGhamer'ei n the
pol yazanacr ocy n ato _least one

cd T o A Sl P SRR P o i

'H NMR (CDC!:)

58.14(d). 7.49(d), 5.09(septet). 4.86(s), 3.38(dd.s), 2.5-3.0(m), 2. Sﬂ(m). 2.11(m), 1 29(d)

*3C NMR (CDCh)

8171.9, 149.1, 146.5, 129.5, 1236, 68.7, 61.9, 49.5, 46.8, 46.7, 45.5, 45.3, 32.9, 32.1, 22.1, 22.0;

15 IR{CDCl3) cm™
3450,.2860, 1735, 1350. 915.

Example 5§
2 -

Yields of mono-N-zlkylation of p-nitrobenzyl bromide (Aldrich Chemical Co.) with 1.4.7,i0-
tetraazacyclododecane.
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of oxygen sulfur and nitrogen, and a nethylene noiety, [err] where nis
from2- 4, as a spacer between the hetero atons such that the total carbon
and hetero atonms in the polyazamacrocycle is 12, 13 or 14. The
pol yazamacrocycl es used in the present invention nust contain at |east two
nitrogen atons. However, the pol yazamacrocycles can al so contain other
hetero noi eti es such as oxygen atons (pol yoxazamacrocycles) or sulfur atons
(pol yt hi oazamacrocycl es). Also includes in the term pol yazamacrocycles are
any symretrical rings such as pol yazanmacrocycl e, azaoxamacrocycl e .

or bicycl opol yazamacrocycle (i.e. bridged noieties f d rings, but the
nono- N- al kyl-ation reaction agcurs on the nitrogen(pk‘ of sat ur at ed

ring) whi-ch bears secondary ajm nes capabi e of nono-{- al kykati on. Preferably

J~cheni cal | y equi val ent rocycl e
4ymmet ry and it, <\/, \\;5

M
Ny
/\< R

oy

10 - E

Y

30
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4 total nunber of hetero atons (0, S, N) should preferably total an even
i nteger,. The final macrocycle also contains a nethylene noiety, [err] ,
where n is from2-4, as a spacer between the hetero atons. The term

"pol yazamacrocycl es” nmeans all of these heterocyclic posibilities and

I ncl udes, for example, 1,4-diazacyclo- hexane, 1,3,7-triazacycl ononane,
1,4,7,10-tetraazacycl o- dodecane, 1,4, 8, t etraazacycl ot etradecane,

| ,4,7,10, 13- pent aazacycl opent adecane, 1, 4,7, 10, 13, 16-

Lor ey o e TR SR TR
e ' MonO | BIS | TRIS
5a | 110 1 .| cHCl 49 T 5 4511
58 | 115 1 | CHCl 86 10 3 6.6:1
0 5¢ | 1115 | ax10-? | cHch 73 9 | 2 7.4:1
50 | 1:15 1 | cH:0H 39 16 3 | 241
S5E | 1:1.5 1 CH3(CHz);0H 43 15 3} 301
5 A | s 1 | CH;OH™ 34 19 7 1.8:1

‘A is not a process of the invention.
“Isolated yield of product after flash chromatography; process at 25° C.
1.0 equivalents of KCO3 added relative to bromide.

-

20

Example 6
25 -

Preparation of various mono-N-alky!polyazamacrocycles using the process of the invention.

o In Table il following._v_arious electrophiles were reacted with polyazamacrocycles which gave yields

30 greated than 40% - selectivity for the desired mono-N-alkyIpolf/azamacrocycle. expressed as percent (%) <
isolated yield. The process was run using the equivalents and solvents given in Table ! and by the
procedure of Examples 1-4. Table Il following indicates the structure of the desired mono-N-alkyl-
polyazamacrocycle formed by the reaction in Table II.

35
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The el ectrophile (RX) used in the present process is one capabl e of
accepting a pair of electrons fromone of the nitrogen atons in the

pol yazanmacrocycle. A covalent bond results fromthe reacti on between the
el ectrophil e and pol yazamacrocycl e and sel ecti ve nono-N al kyl ati on
results. In the termRX, the Rtermis a noiety which will yield the
desired nono- N-al kyl ated product, particularly any alkyl, alkylaryl, or
al kyl heteroaryl functionality. Sonme exanples of the Rtermare [err] alkyl,
cyano, pyridinyl, [err] or [err] where [err] is H [err] alkyl, [err]

al karyl where the aryl portion can be a 5 or 6 nenber ring having carbon,
sul fur, nitrogen or oxygen atons. The X termis any |eaving group. Such

| eavi ng groyps are wekl known
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Iin the art such as, for exanple, chloro, brono, iodo, acetate,
trifluproacetate, triflate, mesylate, diazo, brosylate and other simlar
known groups. Sonme suitable electrophiles are, for exanple,

d, | -2-brono-4- N pht hal am dobut anoi ¢ acid i sopropyl ester, dl-2-brono-4-
(4-ni trophenyl ) butanoic acid isopropyl ester, d,1-2-

br ono- 4- (4- ni trophenyl ) but anoi ¢ acid nethyl ester, 4- REPLACENMENT SHEET
10 JAN 1997 nitroci nngnyl brom de, 4-nitrophenethyl brom de, 4- nitrobenzyl
brom de, benzyl bronige and other simlar '
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**p-nitrostyrene isolated in 54% yield
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known groups. Concentration of the reagents is not critical for the present
processtbut for econom c reasons and reasonable reaction tinmes, the present
process is preferrably conducted under non-dilution conditions such as 1 X

10-3Mto 2Min each reagent. Mono-N-al kyl ati ons conduct ed under these
in good to excellent yield with

concentrations afford the desired product.

unexpectedly high selectivities. The nono- N al kyl ated pol yazanmacrocycle is

obtained in a selectivity of-at |east 40 percent, preferrably from50 to 98
tris and/or tetra N-alkyl ated products The

percent, -conpared to the bis,
sol vent used for the present process is one
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which will not pronote a proton transfer. A suitable solvent is a
relatively non-polar, relatively aprotic solvent such as, for exanple,
chloroform’[err], carbon tetrachloride [err] nethylene chloride [err]
tetrahydrofuran, 1,4-dioxane, and acetonitrile, or a relatively non-polar,
relatively aprotic hydrocarbon solvent such as, for exanple, benzene,

cycl ohexane, n- hexane, and toluene, or a relatively non-polar, protic

al cohol such as, for ewanple, n-butanol, t-butanol, isopropanol, n-hexanol
and the like. The prefé&rred solvents are the relatively non-pol ar,
relatively aprotic sol 8ents, especially chloroform The term"relatively
aprotic" meapns that thg sol vent does not donate a proton to the reaction
under the process '

% ISOLATED YIELD
64
58

29

SOLVENT
(1.5) CHCl3
CHCly

(1.2)

25

TABLE II CONT'D

30

(EQ)
\

=
e

Y

)

MACROCYCLE

N
E’N

5

© CO,CHICH3),

<0

By

ELECTROPHILE

Cl

<5

©
O

EX

J

O,N
[ EHN

50

*Flash chromatography purification based upon electrophile as limiting reagent (1.0 eq.)
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conditions. The term"relatively non-polar” neans that the sol vent has a
relatiyely | ow di pole nonent, as seen fromthe -above |isted exanpl es of

sui tabl e sof vents. Tenperature enployed is in the range of from-78 to
[err] preferrably from-25 to [err], nore preferrably fromO to [err]. The
time of the reaction, at a tenperature of fromO to [err] is from10 to 24
hours. The tinme of the reaction will vary inversely with the tenperature;
however, the | ower tenperatures are preferred to aid in selectivity of the
desired nono- N-al kyl ated product.
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The absence of base fromthe displacenment conditions of the reaction hel ps

to prevent epinerization of chiral electrophillic reagents. Hence,
optically +active nmono- N al kyl ated adducts are potentially available by this
present process. The product fornmed will possess the inverted optical form

fromthe starting el ectrophile reagent. For exanple, the resulting
nono- N- al kyl at ed pol yazanacrocycl e product has the opposite optical
configuration fromthe optically active a-hal oacid ester. The present
process does not require the prese of- an UX|I|ary base ough trace
anounts of such bases nayjbe usedz th pro onduct nﬁbh?ﬁ
substiantial absenge of & i rganlc X|I|ar as
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such as, for exanple, sodium hydroxide, |ithium hydroxide, potassium
hydr oxi de, sodi um car bonate, potassium carbonate and the |ike, or of an
organic auxiliary base such as, for exanple, triethylanine, trinethylan ne,
pyridi ne, 4-N, N-di et hyl am nopyri di ne, di azobi cycl ododecane,

di azobi cycl ononane and the |ike. 7 Futhernore, the absence of strong
base and a | ow tenperature allows for incorporation of other |atent
functionalities into the periphery of the polyazanacrocycle. For exanple,

both ester and
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pht hal am do functionalities are tolerant of the mld conditions of the
present process. A procedure in the art [M Studer et al., Helv.ChimActa.
69, 2081-86 (1986)] which enployes |ithium hydroxide in polar protic
sol vents such as aqueous ethanol or nethanol nay be expected to hydrolyze
t hese groups. The present process has been used to nmake val uable synthetic
precursors to bifunctional chel ator nol ecules for radioactive
pharmaceuticals. [See for exanple, European Patent Application 89 111
497.7 and Eur opean publlshed appll on 296, 522, published Decenber 28,
1989, by W J. Kruper et al. Mrev}ty of the fhép\ggep ynt hetic
approach to thes@ conpogpds §? Wi ch £he present no- N-alkyl ation step is
z . o
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is superior to the nine step process forother pnarnaceutlcal

M K. Mi et al.

nmono N—élk?latlon process of this invent

products by

: ) , J.Amrer. Chem Soc. 110, The
; is i H HE“ the avail ability
of the desired electrophile. In the case ed+a- hal oaci d esters,

commercially avail abl e acids may be brom nated and converted to an ester

in

a one pot, two step procedure using N-bronosuccinimde (see D N_ Har pp et
al ., J.Org. Chem @upr edgigenp ! th 19%55°%w-" Phrsargnhia '"ese F"J?Pn' l" df 'éwra@n s
Super  or to_t hels cFfraR D T e Ve Pk o w.%
excl usi ve alpm% Q e?" con*ofemarkandic acl con aln even ré%%glve
benzyl groupss tlca y "active a- hal oaci ds
Claims
1. A process for preparing a mono-N-alkylated polyazamacrocycle which comprises reacting an
10 electrophile with between one to five equivalents of a polyazamacrocycle in a solvent which will not promote
a proton transfer.

2. The process of Claim 1 wherein the solvent is a relatively non-potar, relatively aprotic solvent.

3. The process of Claim 2 wherein the solveat is chloroform, carbon tetrachioride, methylene chloride,
tetrahydrofuran, 1,4-dicxane or acetonitrile.

15 4. The process of Claim 2 or 3 wherein the solvent is chioroform.

5. The process of Claim 2 wherein the solvent is & hydrocarbon solvent.

6. The process of Claim 5 wherein the solvent is benzens, cyclohexane, n-hexane or toluene.

7. The process of Claim 1 wherein the solvent is a relatively non-polar, protic alcohol.

8. The process of Claim 7 wherein the solvent is n-butanol, t-butanol. isopropanol or n-hexanol.

20 9. The process of Claim 1 wherein the polyazamacrocycle is symmetrical.

10. The process of Claim 9 wherein the polyazamacrocycle has a methylene moiety containing from 2-
4 carbon atoms between hetero atoms.

11. The process of Claim 10 wherein the polyazamacrocycle is 1.4-diazacyclohexane. 1,3.7-
triazacyclononane, 1,4.7,10-tetraazacyclododecane, 1,4,8.11-tetraazacyclotetradecane, 1.4,7,10, 13-pen-

25 taazacyclopentadecane, 1.4,7.10,13.16-hexaazacyclooctadecane, 1,7,13-triaza-4,10,16-trioxacyclooc-
tadecane or 1,7-diaza-4,11-dithiacyclododecans.

12. The process of Claim 1 wherein the electrophile is RX wherein R is a2 moiety which is any alkyl or
alkylaryl funt':tionéiity which will yield the desired mono-N-aikylated product, and X is any leaving group.

" 13. The process of Claim 12 wherein X is chloro, bromo, iodo, acetate, trifluoroacetate, triflate,
30 mesylate, diazo or brosylate. S ’

14. The process of Claim 13 wherein the elsctrophile is d,+2-bromo-4-N-phthalamidobutancic acid
isopropyl ester, d,+2-bromo-4-{4-nitrophenyljbutanoic acid isopropy!l ester, ¢,F2-bromo-4-(4-nitrophenyl)-
butanoic acid methyl ester, 4-mtrocmnamyl bromide, 4-nitrophenethyl bromide, 4-nitrobenzyl bromide or
benzyl bromide.

35 15. The process of Claim 12 wherein R is an optically active a-haloacid ester.

16. The process of Claim 15 wherein the resulting mono-N-alkylated polyazamacrocycle product has
the opposite optical configuration from the optically active a-haloacid ester.

17. The process of Claim 1 wherein the temperature is from -78 lo 100 C.

18. The process of Claim 17 wherein the temperature is from -25 to 40 C.

40 18. Tha process of Claim 18 wherein the temperature is from 0 to 25°C.

20. The process of Claim 1 wherein between one to three equivalents: of polyazamacrocycle are used
relative to the electrophite. ’

21. The process of Claim 1 wherein between one and two equivalents of polyazamacrocycle are used
relative to the electrophile.

45 22. The process of Claim 1 wherein about one equivalent of polyazamacrocycls is used relative to the =
electrophile. _

23. The process of Claim 1 wherein the mono-N-alkylated polyazamacrocycle is obtained in a
selectivity of at least 40 percent.

24. The process of Claim 1 wherein the mono-N-alkylated pclyazamacrocycle is obtained in a

50 selectivity of from 50 to 88 percent.
55
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PROCESS FOR PREPARING MONO-N-ALKYLATED'POLYAZAMACROCYCLES

The present invention concerns a process for

Preparing mono-N-alkylated polyazamacroeycles.

T. A. Kaden, Top.Curr.Chem. 121, 15775 (1984)

has shown that simple alkylative_teehniques using

electrophiles and polyazamacrocycles for the  production

of mono-founctionalized polyazamacrocyles result in the

formation of a mixture of mono, bis, and tris alkylated

productp which are difficult to seperate ang purify.
overcome this problem, large excesses of macrocycle,

eéxample.5-10 equivalents relative to electrophile, have
been employed by M. Studer et al., Helv.Chim. Acta. 69,
2081-86 (1986) and by E. Kimura et al., J.Chem.Soc.Chem.
Commun. 1158-59 (1986). Additionally, auxiliary bases
have used together with large excesses of macrocycle to
obtain the mono-N-alkylation product by M., Studer et

al., supra. Purification of the desired mono-N-

dlkylated product from the large excess of starting

material and inorganic salt is a major problem

associated with these methods, Additionally, the cost
associated with employing a large excess of expensive

reagent is proHibitive.
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~s€e T.7S. Adkins et al., J.Aner.Chem Soc. 96, 2268—F0—{+3=H—an=a review
articl% by T. J. Adkins et al., CrganicSynthesetREgLAgghﬂain Wth
advent of this versatile procedure, a nunber of
macrocycl es are now commerci ally avail able. The
clarified by consideration of the follow ng exar ht ended to
"be purely exenplary of the use of this2invention. nental In
the foll owi ng exanpl es, the equi pnment used was gs foll ows: Mass spectra
wer e obtained on either a Fihnigan TSQ nass specironeter or a VG ZAB- M5
hi gh .

|
bel f urt her

Other mono-N-alkylation attempts by F. Wagner
et al., Inorg.Chem. 15, 408 (1976) involve selective
deprotonation of a transistion'metal complex of a
polyazamacrocycle with strong base followed by -
alkylation with methyl iodide. Further synthetic
manipulation of this compound nesscessitates metal
removal and purification which can be tedious.’

LN

Additional synthetic routes which afford mono-
N-functional polyazamacrocycles involve lengthy,
protection, functionalization, deprotection schemes
which are divergent and not always general. For
example, see P. S Pallavineini et al., J.Amer.Chem. Soc.
109, 5139-44 (1987) and published European patent
application 0 232 751 (1984).

In light of these limitations on mono-N-
alkylation techniques existing in the art, it would be
desirable to employ a direct alkylation approach which
would not be reliant upon the use of excess macrocycle
and an auxiliary base and yet would be selective for the
desired mono-N-alkylated product.

Surprisingly, the present invention provides
Such a process for preparing selectively the mono-N-
alkylated products without the use of large excesses of
madrocycle and auxiliary base. The present invention is
directed to a novel process for preparing a mono-N- _
alkylated polyazamacrocycle which comprises reacting an
electrophile with between one to five equivalents of a
polyazamacrocycle in a solvent which will not promote.a
proton transfer. This process results in a greater
selectivity for the desired mono-N-alkylated product
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3 &i NVRspecita were obtained using a
résol uki on nggg_gpﬁﬂLLgneggz_ 13 andléfsgre rqggggaqhggaﬁk_1aﬂiet ceing a
o Pt Pgﬁgwfes my bx 4 HPLC gr ade

+UWT“2 I | er

[ t. xanpl es, all so e
Ingfte;lug‘leg Il pre arﬁl%&p htomat raphy of org I \\g\/asdg.egg;nrre
using flash fc roﬁéﬁ&b aphy tied¢hni ques bylygmf; ol vent oyst ens

43, 2923-2925 _;gzalwandmeﬁﬁlayed the 40 g _
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compared to the bis, tris, tetra or higher N-alkylated
products. '

The present invention concerns the reaction of
an appropriate electrophile (E) with a free base
Polyazamacrocycle (M) in a relatively non-polar,
preferrably relatively aprotic solvent. The ratio of E
to M is about one E to about five M equivalents,
preferrably from about one E to about three M
equivalents, more preferrably from about one E to about
two M equivalents, and most preferrably from about one E
to about one M equivalent.

The present process is very general and can
produce selective mono-N-alkylation products with
various polyazamacrocycles and electrophilies. A slight
eéxcess of polyazamacrocycle is preferred to insure '
complete conversion of the electrophile; however, only
small differences in isolated yield occur when larger
éxcesses of the polyazamacrocycle are used.

The polyazamacrocycles used in the present
invention must contain at least two nitrogen atoms.
‘However, the polyazamacroecycles can also contain other
hetero moieties such as oxygen atoms
(polyoxazamacrocycles) or sulfur atoms
(pquthioazamacﬁocYcles). Also included in the term
polyazamacrocycles are any symmetrical rings such as
polyazamacrocycle, dzaoxamacrocycle or
bicyclopolyazamacrocyele (i.e. bridged moieties or fused
rings, but the mono-N-alkylation reaction occurs on the
nitrogen atom of a saturated ring) which bears secondary
amines capable of mono-N-alkylation. Preferably the
secondary amines are all chemically equivalent. The
macrocycle preferably has a plane of sSymmetry and the



Sdl vents System 1 - [err] [err] 2:2:1 (V:V:V); 50|VJREPEA§EMHQ¥T

. el f ]
- r] 16:4:1 (ViViv).

:4:1 (V:V:V); and Sol vent System 3 [err] [ dr : *
gg{Léslgrg reéorteg)using t hese sol vent systens and cong{&%&?Q???a aill ab
silica plates. 1,4,7,10-Tetraazacycl ododecane and %, 7, cél -
pent aazacycl opent adecane were purchased from Parris e .

1,4,8,11-Tetraazacycl ot etradecane was gurchased from Al drich Chem.cal Co.

The following terns used in the exanples are

total number of hetero atoms (0, S, N) should preferably
total an even integer. The final macrocyecle also
contains a methylene moiety, ('CHZ')n » Where n is from
2-4, as a spacer between the hetero atoms. The term
"polyazamacrocycles" means all of these heterocyclic _
posibilities and includes, for example, 1,4-diazacyclo-
hexane, 1,3,T-triazaeyclononane, 1,4,7,10-tetraazacyclo~
dodecane, 1,#,8,11-tetraazacyolotetradecane, '
1,4,7,10,13-pentaazacyclopent&decane, 1,4,7,10,13, 16~
hexaazacyclooctadecane, 1,7,13-triaza-4,10, 16-trioxa-

cyclooctadecane, 1,7-diaza-4,11-dithiacyclododecane and
the like.

The electrophile (RX) used in the presert
process is one capable of accepting a pair of electrons
from one of the nitrogen atoms in the polyazamacrocycle.
A covalent bond results from the reaction between the
electrophile and polyazamacrocycle and selective mono-N-
alkylation results. In the term RX, the R term is a
moiety ‘which will Yield the desired mono-N-alkylated
product, particularly any alkyl, alkylaryl, or
alkylheteroaryl functionality. Some eéxamples of the R
term are C41-Cy alkyl, c¢yano, pyridinyl, COZR1 or
CON(R1)2 where R1 is H, Cq-Cy alkyl, C1-Cy alkaryl where
the aryl portion can be a 5 or 6 member ring having
carbon, sulfur, nitrogen or oxygen atoms. The X term is
-ény leaving groub. Such leaving groups are well known
in the art such as, for example, chloro, bromo, iodo,
acetate, trifluoroacetate, triflate, mesylate, diazo,
brosylate and other similar known groups. Some suitable
electrophiles are, for example, d,/-2-bromo-Y4-N-
phthalamidobutanoic acid isopropyl ester, d,l~-2-bromo-4-
(4-nitrophenyl)butanoic acid isopropyl ester, d,l-2-
bromo—u-(u—nitrophenyl)butanoic acid methyl ester, 4-

Rf
e
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niﬁrociﬂnamyl bromide, H-nitrophenethyl bromide, i4-

nitrobenzyl bromide, benzyl bromide and other similar
known groups. '

Concentration of the reagénts is not critiecal
for the present process but for economic reasons and
reasonable reaction times, the present prbcess is
preferrably conducted under non-dilution conditions such
as 1 X 10~3um to 2M in each reagent. Mono-N-alkylations
conducted under these concentrations afford the desired
product in good to excellent vield with unexpectedly
high selectivities. The mono-N-alkylated
Polyazamacrocycle is obtained in a Selectivity of at
least 40 percent, preferrably from 50 to 98 percent,

compared to the bis, tris and/or tetra N-alkylated
products. '

?he solvent used for the present process is one
which will not promote a proton transfer. A suitable
sSolvent is a relatively non-polar, relatively aprotic
solvent such as, for example, chloroform (CHCl3), carbon
tetrachloride (CCly), methylene chloride (CH,C1,),
tetrahydrofuran, 1,4-dioxane, and acetonitrile, or a
relatively non-polar, relatively aprotic hydrocarbon
Solvent such as, for eéxample, benzene, cyclohexane, n-
hexane, and toluene, or a relatively non-polar, protie
aléohol sSuch as; for example, n-butanol, t-butanol,
isopropanol, n-hexanol and the like. The preferred
Solvents are the relatively non-polar, relatively
aprotic solvents, especially chloroform. The term
"relatively aprotic" means that the solvent does not
donate a proton to the reaction under the process
conditions. The term "relatively non-polar" means that



nDIe) of 4- (4-ni trophenyl ) butanoic acid under a nitrogen atnosphere.

solution was brought to reflux for one hour mLLn_LﬂLL%aLJQMQJ;

Fol |
of hydrogen chloride and sul fur dioxi de. _

11. Oyg (8 06 nole) of N-bronmp-succininmde in
and 3 drops of 48% aqueous hydrogen brom de cht
sol uti on whereupon brom ne |iberationgoccurref.
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refluxed for an additional 15 m nutes, cool ed{ahd poured._in

it e: n- hexane)

. av o ¢
met hanol with stirring. TLC (60.40 et hyl ace
product characterized by Rf 0.69. The exces: I e
dark red oil was filtered through a flash silica gel pa

i ndi

in. X6 in.

cm X 15.2 Cnlhe solvent has a relatively low dipole moment, as seen
from the above listed examples of suitable solvents.

Temperature employed is in the range of from
-78 to 100°C, preferrably from -25 to 40°C, more
preferrably from 0 to 25°C. The time of the reaction,

at a temperature of from 0 to 25°C, is from 10

to 24

hours. The time of the reaction will vary inversely
with the temperature; however,’ the lower temperatures
are preferred to aid in selectivity of the desired mono-

N-alkylated product.

The absence of base from the dlsplacement

conditions of the reaction helps to prevent

epimerization of chiral electrophillic reagents. Hence,

optically active mono~N-alkylated adducts are
potentially available by this present process.

The

product. formed will possess the inverted optical form
from the starting electrophlle reagent. For example,
the resulting mono-N-alkylated polyazamacrocycle product
has the opposite optical configuration from the

optically active a-haloacid ester,

The present process does not require the
presence of an auxiliary base. Although trace amounts
of 'such bases may be used, the process is conducted in
“the substiantial absence of an inorganic aux111ary base
Such as, for example, sodium hydroxide, lithium
hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate and the like, or of an organic
auxiliary base such as, for example, triethylamine,
trimethylamine, pyridine, 4-N,N- dlethylaminopyridine,
diazobicyclododecane, diazobicyclononane and the like.

The
| i beration
i beration,
y trachlorlde

ed and the

(2.5
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i i 85:15 m xture of t
of a colorless oil which was an further charla 75d by 1H AVR
the starting material and was fur . 3 8169. 6,
[orr] So 160y, 756" & 20ad), 3 ra(s), "2 oo(ml 3G Sugylem | 6400
147.5, 129.3, 123.7, 53.0, 44.4, 35.5, 33.0. Exapl e B Frep

d, | -2-brono-4-(4- nitrophenyl)butanoi @ acid isopropyl

Futhermore, tﬁe absence of strong base and a
low temperature allows for incorporation of other latent
functionalities into the periphery'of the .
Polyazamacrocyecle. For examplé, both ester and
phthalamido functionalities are tolerant of the mild
conditions of the present process. A procedure in the
art [M. Studer et al., Helv. Chim.Acta. 69, 2081-86 (1986)]
which employes lithium hydroxide in polar protic
Solvents such as aqueous ethanol or methanol may be
expected to hydrolyze these groups.

The present process has been used to make
valuable synthetic precursors to bifunctional chelator
molecules for radioactive pharmaceuticals., - [See for
example, European Patent Application 89 111 497.7 and

European published application 296,522, published _
December 28, 1989, by W. J. Kruper et al.] The brevity
of the five step synthetic approach to these compounds,
of which the present mono-N-alkylation Step is critical,
is superior to the nine step process for other
Pharmaceutical products by M. K. Moi et al., J.Amer.
Chem. Soc. 110, 6266-27 (1988).

The mono-N-alkylation process of this invention
depends upon the availability of the desired
electrophile. 1In the case of Substituted a-haloacid
esEers, commercially available acids -may be brominated
and converted to an ester in a one pot, two step
procedure using N-bromosuccinimide [see D. N. Harpp et
al., J.Org.Chem. 40, 3420-27 (1975)1. This ionic
bromination procedure is superior to the standard Hell-
Vollard-Zelinski process and allows for exclusive alpha
halogenation of alkanoic acids which contain even
reactive benzyl groups. Optically active!a-haloaeids



fication.
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The tifle ester was obtained as a clear oil in 5096V|9Ld_apvewE?pench| g

) . : CRsEn I
the crude acid chloride with isopropanol and chioma eﬁmﬁﬂﬂ? e

= hl ori de) e-ot0

duct [err] = 0.73, nethylene c ) ¥ :

Iggrggfnated[estLr and was further charactgrgg.ﬂ)byioég&

7.38(d), 5.05(septet), 4.14(dd), 2.88(m, 2.39(my, 1923 13F
8168.7, 147.7, 129.3, 123.8, 69.9, 45481, Sd. : .0, .

Preparation of trans-p-nitrocinnanyl brom de.

under nitrogen

88. 16(d),

'@I)H@"[lg r NMVR [err]

Exanmple C

In 35 nL of dry acqtonitrile

are readily available from the corresponding amino acids
using recent advances in diazotization chemistry [see B.
Koppenhoefer et al., "Organic Synthesis", Vol. 66, Ed.

C. Heathcock, Pub. Wiley-Interscienee, N.Y., pp. 151-57

(1988)]. oOther electrophiles used in this invention
be prepared by procedures known in the art or can be
purchased commercially.

The Polyazamacrocycles: such as 1,4,7,11=-

may

tetraazacyclododecane and similar eryptand ligands may

be prepared by well documented methods which utilize

a

template effect in a multi-step procedure. For example

see T. S. Adkins et al., J. Amer Chem. Soc. 96, 2268-70
(1974) and a review article by T. J. Adkins et al.,

Organic Syntheses 28, 86-97 (1978). Witn advent of this ‘

versatile.procedure, a number of these Symmetrical
macrocycles are now commercially available.

The invention will be further clarifjed by
consideration of the following examples, which are

intended to be purely exemplary of the use of this
invention. '

General Experimental

In the following eéxamples, the equipment use
was as follows:

Mass spectra were obtained on either a Finni
TSQ mass Spectrometer or a VG ZAB-MS high
resolution mass spectrometer;

g and 13¢ NMR spectra were obtained using a
Varian VXR-300 Spectrometer; and

d

gan



' ; f triphenyl phosphi ne.
: A d 7.3 g (27.9 mole) o
at nosphere was adde _ SR A AN~
' added dropw se ove . . ’ S
33!?2'820¥?ﬁg the reaction mxture to maintain tR?PL?EE@ﬂﬂTﬁ

The solution was allowed to marn}tolggﬁ
[errL.O (27.9 muol e) of p-nitrocinnanyl a cone
ggd) ﬁasgadded as a slurry in 50 nmL o? ?gsif t
exot her ni ¢ reaction, tenperature abou :

sol uti on.was heated for

IR were recorded on a Nicolet Ssx FT/IR

instrument.

In the following exaﬁples, all solvents were
Fisher HPLC grade materials, All preparative

flash chromatography techniques by W. C. Sti11l et al.,
Jd.Org. Chem. 43, 2923-2925 (1978) and employed the

following Solvent systems:

Solvent System 1 - CHCL3:CH3OH:conc. NHyOH

2:2:1 (V:V:V);

Solvent System 2 - CHCl3=CH30H:conc. NHy0H

12: 421 (Vevev); and -

Solvent System 3 - CHCl3=CH30H:oonc. NH,0H

16:4:1 (Vevev),

Rp values are reported using these Solvent
Systems and commercially available siliea pPlates.

’1,4,7,IO-Tetraazacyclododecane and 1,4,7,10,13-
pentaazacyclopentadeoane were purchased from Parrish

Chemical Co.

1,4,8,11-Tetraazacyolotetradeoane was purchased

from Aldrich Chemical Co.

The following terms used in the examples are

defined as follows:
conc. means concentrated;
dec means decomposition; and

% means percent.



one hoyr at [err] with stirring and then poured into 500 nL of ether.
Tri phenyl phosphi ne oxide precipitated fromthe solution after standing
(about 16 hours). The solution was filtered and 15 g of flash

over ni ght
silica gel
resul ting

was added to the solution, followed by s ]
powder matrix was applied to a 3 in. X8 %Eﬂ,%cmﬂﬂig

flash colum-and the desired product y@s eluted with hexane follo

20% et hyl.

acetate in hexane to yield 5.8 g (23.9 mmpl g) 10 JANeS@si |r

trans product in 86%yield (MP =[err] [err] 0.81, BOL40 ethyl

acetate: n-

88. 17(d),

hexane) and was further characterized by:{[err] NVR [err]
7.51(d), 6.70(dd), 6.56(dt), 4.16(dd);

d
€

3 cn)

d pure

Preparation of electrophiles
Example A

Preparation of d,l-2-bromo-4-(4-
nitrophenyl)butanoic acid methyl ester.

.To a solution of 5 mL of carbon tetrachloride
and 15 mL of thionyl chloride was added 10.46 g (0.05
mole) of 4-(u-nitrophenyl)butanaic acid under a nitrogen
atmosphere. The solution was brought to reflux for one
hour'with initial rapid liberation of hydrogen chloride
and sulfur dioxide. Following the gaseous liberation,
11.0 g (0.06 mole) of N-bromo-succinimide in 25 mL of
carbon tetrachloride and 3 drops of 48% aqueous hydrogen
bromide catalyst was added to the warm solution
whereupon bromine liberation occurred. The dark red
solution was refluxed for an additional 15 minutes,
cooled and poured into 100 mL of methanol with stirring.
TLC (60:40 ethyl acetate:n-hexane) indicated a product
characteh&zed by Re = 0.69. The excess solvent was
removed ‘and the dark red oil was filtered through a
flash silica gel pad 1 in. X 6 in. (2.5 em X 15.2 cm)
using methylene chloride as the eluent. Evaporation of
solvent gave 14.5 g of a colorless oil which was an
85:15 mixture of the title product:methyl ester of the
starting material and was further characterized by:

T4 NMR (CDC13)

88.16(d), 7.38(d), 4.20(dd), 3.79(s), 2.88(m);

13¢ NMR (CDC13)

8§ 169.6, 147.5, 129.3, 123.7, 53.0, 44.4, 35.5, 33.0.



13C NMR [err] 8147.3, 142.1, 132.0, 129.8, 127.2, 123.9, 31.8. Exanple D
Preparation of d,|-2-brono-4-(N phthal am do)butanoic acid isopropyl ester.

Into a flask equi pped with a trap and water condensor was pl aced

(100 nmol e) of phthalic anhydride, 10.3 g (100 mmlej)—e yric
acid (Aldrich Chemcal Co.), 1.3 nL of trlethyla_.-a-m ‘ t ol uene.
The m xture was brought to reflux andql. 75 nL of \Wg :
azeotropically over 1.5 hours. The sol ution was .Ilomqqlgchp67 and st and

Example B

Preparation of d,-2-bromo-4-(4-
nitrophenyl)butanocic acid isopropyl ester.

-The title ester was obtained as a clear oil in
50% yield after quenching the crude acid chloride with
isopropanol and chromatographic ﬁurification. The
product (Rg = 0.73, methylene chloride) was devoid of
any unbrominated ester and was further characterized by:

'H NMR (CDC13)

88.16(d), 7.38(d), 5.05(septet), 4.14(dd), 2.88(m),
2.39(m), 1.29(d);

3¢ NMR (CDC13)

816807’ 1”’707, 129.3, 123.8, 6909, 45.1, 35-6, 3300!
21.5, 21.2}

Example C
Preparation of trans-p-nitrocinnamyl bromide.

In 35 mL of dry acetonitrile under nitrogen
atmosphere was added 7.3 g (27.9 mmole) of
triphenylphosphine. To the solution was added dropwise
over 15 minutes 4.31 g of bromine (27.0 mmole) while
cooling the reaction mixture to maintain the temperature
between 0-10°C. The solution was allowed to warm to
room temperature (about 22-25°C) and 5.0 g (27.9 mmole)
of p-nitrocinnamyl alcohol (Pfaultz & Bauer Chemical
Co.) was added as a slurry in 50 mL of acetonitrile




18 overnight (about 16 hours). The resulting white crystals_ thaLaierned
were filtered, washed with hexane and dried. The ﬁgﬁgi‘

washed with 250 nL of 5% aqueous hydrogen chlorid A
water. After drying, 19.0 g (81.5 mmol e) of 4-(N pht hal am do but n ic acid
was obtained in 82%yield (MP = [err] recrystallizgd frp@UAﬂO
wat er) and further characterized by: IZrr] NWR [erf]
6.05(bs), 3.77(t), 2.42(t), 2.02(p); NWR [err]

which caused an exothermic reaction, temperaﬁure about
45°C. The resuiting dark red solution was heated for
one hour at 60°C with stirring and then poured into 500
mL of ether. Triphenylphosphine oxide precibitated from
the solution after standing overnight (about 16 hours).
The solution was filtered and 15 g of flash silica gel
was added to the solution, followed by solvent removal.
The resulting powder matrix was applied to a 3 in. X 8
in. (7.6 cm X 20.3 cm) flash column and the desired
product was eluted with hexane, followed by 20% ethyl
acetate in hexane to yield 5.8 g (23.9 mmole) of the
desired pure frans product in 86% yield (MP = 75-76°C, Re

= 0.81, 60:40 ethyl acetate:n-hexane) and was further
characterized by:

H NMR (CDC13) .
§8.17(d), 7.51(d), 6.70(dd), 6.56(dt), 4.16(dd);

3¢ NMR (€DC13)

§147.3, 142.1, 132.0, 129.8, 127.2, 123.9, 21.8.

Example D

Preparation of d,/-2-bromo-4-(N-
phthalamido)butanoic acid isopropyl ester.

Into a flask equipped with a trap and water
condensor was placed 14.8 g (100 mmole) of phthalic
anhydride, 10.3 g (100 mmole) of y-aminobutyric acid
(Aldrich Chemical Co.), 1.3 mL of triethylamine and 150
mL of toluene. ' The mixture was brought to reflux and
1.75 mL of water was removed azeotropically over 1.5
hours. The solution was allowed to cool and stand



8177. 9,

7.73(dd),
1. 26(d).

L, 169.4, 134.0, 123.3, 37.1, 31.2, 23.6. The above ore..
4- (N—phthalan1do)butan0|c aci d was reacted by the pq
and B to obtain the title ester as a white solid, vyi
0.38, chloroform after flash silica gel chronatogra
an el uant,

and further characterized by: [err] NWVR [ ¢
5.04(septet), 4.23(dd), 3.8%4dt), 2.51(m, {2 36(n) 1 d) ,
14

overnight (about 16 hours). The resulting white
crystals that formed were filtered, washed with hexane
and dried. The crude crystals were ‘then washed with 250
mL of 5% aqueous hydrogen chloride and 100 mL of cold
water. After drying, 19.0 g (81.5 mmole) of UY-(N-
phthalamido)butanoic acid was obtained in 82% yield (MP
= 114.5-115.5°C, recrystallized from 30% methanol in
water) and further characterized by:

TH NMR (CDC13)

87.8”(dd)’ 7-72(dd)9 6.05(b5)y 3-77(1’-)’ 2.42(13)’
2.02(p)s

13¢ NMR (CDC13)
8177.9, 169.4, 134.0, 123.3, 37.1, 31.2, 23.6.

The above prepared 4-(N-phthalamido)butanoic
acid was reacted by the procedure of Example A and B to
obtain the title ester as a white solid, yield 68%, (MP
= T2-T4.5°C, Rp = 0.38, chloroform) after flash silica
gel chromatography ﬁsing chloroform as an eluant, and
further characterized by:

TH NMR (CDC13)

87:85(dd), 7.73(dd), 5.04(septet), 4.23(dd), 3.85(dt),
2.51(m), 2.36(m), 1.29(d), 1.26(d).



Process of the invention. Exanple 1 Preparation of 1,4,7, 10 tetraaza-

ni trophenyl ) net hyl ] cycl ododecane. The free base, rgr =)
1,4,7,10-tetraazacycl ododecane and 1.7 g (7.87 nniﬂag) >
bromide in 50 ni of ohl oroform were stirred under hi rogen for 24 hqh
[err]. The chloroformslurry of hydrobrom de salt

in. X 17 in. I

e

en

(2.5 cm X 43.2 cn) colu of flash sijlijca gel (Solve

, of

zyl
rs at

beaNms’i e 1C)a 1
t

i System

3). The product, 2.13 g (6.93 mml es) was obt ai ned as—ea—pate yellom/solld

(MP [err]

[err] = 0.58 Solvent System3) in 88%yileld and further.d
characterized by:

Process of the invention.

Example 1

Preparation of 1,4,7,10-tetraaza-1-[(4-
nitrophenyl)methylleyclododecane.

- The free base, 3.5 g (20.3 mmoles), of
1,4,7,10-tetraazacyclododecane and 1.7 g (7.87 mmoles)
of p-nitrobenzyl bromide in 50mL ofchloroform were
stirred under nitrogen for 24 hours at 25°C. The
chloroform slurry of hydrobromide salt was then applied
toa 1 in. X 17 in. (2.5 cm X 43.2 cm) column of flash
silica gel (Solvent System 3). The product, 2.13 g
(6.93 mmoles) was obtained as a pale yellow solid (MP =
128-29°C, Ry = O. 58 Solvent System 3) in 88% yield and
further characterized by:

'H NMR (CDC13)
§8.18(d), 7.49(d), 3.69(s), 2.82(t), 2.70(t), 2.59(m);
3¢ NMR‘(CDCl3)

6147.2, 128.4, 123.8, 58.8, 51.7, 47.1, 46.3, u45.1.

Example 2

Preparation of 1,4,7,10-tetraaza-1-[2-(4-
nitrophenyl)ethylleyclododecane.

To a stirred solution of 3.5 g (20.3 mmole) of
1,4,7,10-tetraazacyclododecade in 50 mL of pentene
stabilized chloroform was added dropwise over five
minutes with vigorous stirring under a nitrogen
atmosphere 4.0 g (17.4 mmoles) of 1-bromo-2-(4-



rr] NVR [err err] 7.49(d), 3.69(s), 2.82(t), 2:70(t
kﬁR %e}r] g14712F 12%.4, 123.8, 58.8, 51.7, 47.1, 46.3,
Preparation of 1,4,7,10-tetraaza-1-[2-(4- nitrophenyl)e
To a stirred solution of 3.5 g (20.3 mmvl e) of
1,4,7,10-tetraazacycl ododecane in 50 nL of pentene stab
was added dropwi se over five mnutes wah vigorous stir
nitrogen atnosphere 4.0 g (17.4 muol es) of 1-brono-2-(4

nitrophenyl)ethane (Aldrich Chemical Co.). The stirring
was continued overnight at about 25°C whereupon crystals
of amine hydrobromide precipitated from solution. The
contents of the flask were applied to a flash silica gel
column 1 in. X 18 in. (2.5 cm X 45.7 cm) which had been
pre-eluted with 5% methanol in chloroform and 200 mL of
this solution was applied as an eluent, followed by
elution with Solvent System 3. The p-nitrostyrene (1.45
g, 9.7 mmole, Ry = 0.98, Solvent System 2) was cleanly
Separated from 2.27 g (7.06 mmole) of the desired '
product as an orange yellow ocil (yield 40.6%) which
solidified upon standing (Re = 0.73, Solvent System 2).
A sample was recrystallized [MP = 146.5-148.5°C (dee)]
from chloroform/cyclohexane and was further
characterized by: _ . f

H NMR (cnci3)

§8.14(d); 7.40(d), 2.91(t), 2.77(t), 2.72(t), 2.50(t),
2.60(s);

13¢c NMR (CDC13)

§148.5, 129.6, 123.4, 55.5, 51.4, 46.9, 45.9, 45.1,
33.7. |

Example 3

Preparation of 1,4,7,10-tetraaza-1-[1-
carbomethoxy-3-(M-nitrophenyl)propyl]cyclododecane.

To a stirred solution of 1.72 g (10.0 mmole) of
1,4,7,10-tetraazacyclododecane in 17 mL of pentene
Stabilized chloroform was added 2.07 g (5.82 mmole) of
crude dJ-Z-bromo-u-(u-nitrophenyl)butanoic acid methyl



15 ni tyophenyl)ethane (Aldrich Chem cal Co.). The stlrrlng was conti

overni ght at about [err] whereupon crystals of am ne-t .
precipitated fromsolution. The contents of the fla ﬁﬁKﬁmﬂmﬂ“ﬁﬁﬁﬁﬁ a

nued

flash silica gel colum 1 in. X 18 in. (2.5 cm X 45} 7[cm whi ch ha
pre-eluted with 5% nmethanol in chloroformand 200 np bf 4tdijgNspbutilo
applied as an eluent, followed by el utg on with Sol ven} ysten13 The
p-nitrostyrene (1.45 g, 9.7 mole, Rf = 0.98, Sol vepht -System2)
separated from2.27 g (7.06 mmle) of the desired pfoduct as an or an

yel | ow oi |

heen
n was

cdl eanly’
e

(yield 40.6% which solidified upon standing [err] = 0.73,

Sol vent System 2).

ester (prepared by the procedure bf Example A) over a
five minute peroid under a nitrogen atmosphere. The
reaction mixture was stirred for 48 hours at about 25°C
and TLC (Solvent System 2) indicated the conversion to
the desired monoalkylation product (Rge = 0.73,
ninhydrin, iodine, and UV active). The yellow
chloroform solution was applied to a 1 in. X 16 in. (2.5
em X 40.6 cm) flash silica gel column which had been
preeluted with 5% methanolic chloroform, followed by
elution with 250 mL of the preelution solvent system,
and then elution with Solvent System 2. The fractions
containing the desired product were combined and
evaporated affording 2.15 g (5.46 mmole) of the desired
product (MP = 156-159°C, recrystallized from chloroform,
ether) in 94% yield and further characterized by:

'y NMR (CDC13)

§8.14(d), 7.39(d), 3.71(s), 3.39(dd), 2.5-3.0(m),
2.08(m), 2.01(m);

3¢ NMR .(CDC13)

8172.7, 149.3, 146.4, 129.2, 123.6, 62.3, 51.2, 48.9,
47.2, 45.8, us5.4, 32.8, 30.9.

Example Y

Preparation of 1,4,7,10,13-pentaaza-1-[1-
carboisopropoxy-3-(4-nitrophenyl)propyll-
cyclopentadecane.

The purified desired product was obtained as a
light yellow 0il in 77% yield after chromatography on



Aisanple was recrystallized (MP = [err] (dec)] fromd

and was further characterized by: [err] NVR [err] 88. ?&@Lﬁtﬁﬁﬂﬂ%fs

2.91(t),

HEET

123.4, 55.5, 51.4, 46.9, 45.9, 45.1, 33.7. Exanple 3 |Plepdhgayp

1,4,7,10-tetraaza-1-[ 1- carbonet hoxy- 3-(4-nitrophenyl])
To a stlrred solution of 1.72 g (10.0yymole) of
14,7,10-tetraazacycl ododecane in 17 nL of pentene

2.77(t), 2.72(t), 2.50(t), 2.60(s): NMR [erd] il48 5, 120.

M99
ropyl ] cycl odogle

ane’

cane.

silica gel (Rp = 0.82, Solvent System 2) and further

characterized by:
'H NMR (CDC13)

58.14(d), 7.49(d), 5.09(septet), 4.86(s), 3.38(dd,s),
2.5-3. o(m), 2. 30(m), 2.11(m), 1.29(d)s

13¢ NMR (CDC13)

§171.9, 149.1, 146.5, 129.5, 123.6, 68.T, 61.9, 49.5,
46.8, 46.7, 45.5, 45.3, 32.9, 32.1, 22.1, 22.0;

IR (CDC1l3) em™!

3450, 2860, 1735, 1350, 915.

Example 5

Yields of mono-N-alkylation of p-nitrobenzyl
bromide (Aldrich Chemical Co.) with 1,4,7,10-
tetraazacyclododecane. '



stabi |l iszed chl orof orm was added 2.07 g (5.82 nmol e) OigyiUdC S

d, | - 2- brono- 4- (4-ni trophenyl ) but anoi ¢ aci d net hyl

t he procedure of Exanple A) over a five mnute pero

at nosphere. The reaction m xture was stirred for 48 ho rsqgt é@Fﬁ%ﬁ [ ]
and TLC (Sol vent System 2) indicated the conversion tfofthe &
nonoal kyl ati on product (Rf = 0.73, ninfydrin, iodine he

yel | ow chl orof orm sol ution was applied to a 1 in. X {6 in. (2.5 cm X 40. 6

cm) flash silica gel colum which had been
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preel utted with 5% net hanolic chloroform followed by elution with 250 nL of
the preelution solvent system and then elutign with Solvent System 2. The

fractions containing the desired product wer r.-m "r TR
affording 2.15 g (5.46 mmole) of the desi .%i‘”‘!’qﬁﬂhi? y

recrystallized fromchloroform ether) in 94% \i el dand

characterized by: [err] NVR [err] 88.14(d), 7. 9(11Q)JA% ®.39(dd),

2.5-3.0(m, 2.08(m, 2.01(m; [err] NWVR [erf]] §8172.7, 146. 4, 129.2,
»om. .._ 4

123.6, 62.3, 51.2, 48.9, 47.2, 45.8, 45.4, 3j.
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Preparation of 1,4,7,10, 13-pentaaza-1-[1-
carBoisopropoxy 3-(4-nitrophenyl) propyl] - cyclopentadecane The purified

desi red product was obtai ned as allight]yeI503E0|gO:'T‘ ch -al L€
chr omat ogr aphy on 17 silica gel [err LOFMINT g
further characterized by: [err] NVR [err] 88.14(d), {7. ~o8t b et ),

4.86(s), 3.38(dd,s), 2.5-3.0(m, 2.304g), 2.11(m,

Example 6

Preparation of various mono-N-

alkylpolyazamacrocycles using the process of the
invention.

In Table II following, various electrophiles
were reacted with polyazamacrocyecles which gave yields
greated than 40% selectivity for the desired mono~-N-
alkylpolyazamacrocycle, expressed as percent (%)
isolated yield. The process was run using the
equivalents and solvents given in Table II and by the
procedure of Examples 1-4. Table III following
indicates the structure of the desired moné-N-

alkylpolyazamabrocycle formed by the reaction in Table
II.



[err] NVR [err] 8171.9, 149.1, 146.5, 129.5, 123.6, 68.7, 61.9, 49.5 46.8,

46.7, 45.5, 45.3, 32.9, 32.1, 22.1, 22.0; IR [err]r ’ 1350,
915. Exanple 5 Yields of nono-N-al kyl ati on of p-nif§
(Aldrich Chemical Co.) with 1,4,7, 10- tetraazacycl pdpdecane. 18 Efr
' 10 JAN 1907
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Imn Tabl,e 1l follow ng, various electrophiles were reacted with

pol yazamacrocycl es whi ch gave yields greated than 40@6select|V|ty fQ

desired nono-N- al kyl pol yazamacrocycl e, expressed as
yi el d. The process was run using the equival ents and}
Table Il and by the procedure of Exanpl es 1-4. Table

formed by theexeaction in Table I1I. 21
o
Ne)
-
Q
2.
+*
(]
-
w
>
] o ©
(7] ~ 0 Lond
[ o
<
-md
Q
.
X
-
&
> = w ol
3 ¥ T §
.9 v = o
N s 0
w
v (\ / o\
3= z
¢ DRGNS A
€O E z z N \]
= z
— =
3} 3 K
~ 3 et
wy o] ] ON
= o &} o
I . S
. F
Qo 4 = .
o =
-
|\
w
_'.
Rt
5 @
o o - o o e

*Flash chromatography purification based upon electrophile as limiting reagent (1.0 eq.)
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Ot her ' enbodi ments of the invention will be apparent to those skilled in the
art froma consideration of this specification or practice_of the invention

di scl osed herein. It is intended that the SpeCifiCatio“gﬁ?ﬂAﬁﬁFﬁRﬂﬁﬁﬁﬁﬁf
1

considered as exenplary only, with the true scope and S ot—the
i nvention being indicated by the follow ng cl ains: 31 {CLAI MS
28 - 10 JAN 1997
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1.: ‘A process for preparing a nono-N-al kyl at ed polyazanacrocycle
consisting essentially of reacting an electrophile with ;h y
and three equival ents of a polyazanacrocycle in a sol ven

by the formula RX wherein Ris a [err]28lkyl; a [err].
substituted with a cyano, pyridinyl, [err] or [err] nD'etv
or [err] alkyl; or an alkylaryl where t he al kyl porti o
aryl portionis a 5 or 6 nenber carbon ring or a 9 nmenber r
carbon and one or nore hetero atons selected fromsul fur, nitrogen ©
oxygen and X is chloro, brono, iodo, acetate, trifluoroacetate, triflate,
mesyl ate, diazo or Dbrosylate; and wherein the polyazamacrocycle
contains at |least two nitrogen atons and at | east one additional hetero
atom sel ected fromthe group consisting of oxygen sulfur and nitrogen, and
a nmethylene noiety, [err] where nis from2-4, as a spacer between the
hetero atons such that the total carbon and hetero atons in the

pol yazamacrocycle is 12, 13 or 14.
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2.¢ ‘A process of claim1 wherein the solvent is a non'R; -A Eﬁﬁg{ﬂb4L
sol vent; a polar, aprotic solvent; or a protic aIcohoE LAC

claim2 wherein the solvent is a non-polar, aprotic s )
of claim3 wherein the solvent is carbon tetrachlorid tquyg ,1Q?n ene,
cycl ohexane or n-hexane. 5. The process of claim?2 rein the 3 IS
a polar, aprotic solvent. 6. The proc88s of claimb5 jwhere
chl orof orm nethyl ene chloride, tetrahydrofuran, acettanitrile or
1, 4-dioxane. 7. The process of claim®6 wherein the solvent 1s
8. The process of claim2 wherein the solvent is a protic alcohol. 9. The
process of claim8 wherein the solvent is n-butanol, t-butanol,

i sopropanol, or n-hexanol. 10. The process of claim1 wherein the

pol yazamacrocycl e contains at |east two nitrogen atons and at | east one

addi tional hetero at8n1and a_net hyl ene noiety,
Other embodiments of the 'invention will be

apparent to those skilled in the art from a consideration
of this specification or practice of the invention
disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the
true scope and spirit of the invention being indicated by
the following claims:




[err] where nis from2-4, as a spacer between the hetero atons. 11. The
process of claim| wherein the polyazamacrocycle is symmetrical. 12. The
process of claim1 wherein the pol yazamacrocycle is 1,4,7,10-
tetraazacycl ododecane, 1,4,8,11 -tetraazacycl otetradecane,. or 1

, 7-di aza-4, 10- dlthlacyclododecane 13. The process of cIa|n1 1 wherein
the electrophlle Is d,|,-2-brono-4- N-Bﬂhthalan1dobutann|c acid isopropyl

ester, d,|-2-brono- 4-(4 nitrophenyl) butanoic acid i ¢ PER@EM@E EEE] '
d, | -2-brono-4-(4-nitrophenyl)butanoic acid nethyl |es AEENENT
SHEET 32 nitrocinnanyl brom de, 4-nitrophenethyl Ibrem de, 4-nitropenzyl
broni de, or benzyl ' : 1OJAN 07

+ € L M s o+

1. A process for preparing a mono-N-alkylated
pblyazamacrocyele which comprises re;cting an
electrophile with between one to five equivalents of a
polyazamacrocycle in a solvent which will not promote a
protoh transfer.

- 2. The process of Claim 1 wherein the solvent
is a relafively non-polar, relatively aprotic solvent.

‘3. The process of Claim 2 wherein the soivent
is chloroform, carbon tetrachloride, methylene
chloride, tetrahydrofuran, 1,4-dioxane or acetonitrile.

4. The process of Claim 2 or 3 wherein the
solvent is chloroform.

5. The process of Claim 2 wherein the solvent
is a hydrocarbon solvent.

6. The process of Claim 5 wherein the solvent
is benzene, cyclohexane, n-hexane or toluene.

This Sheet Has Been R

[NV i



brom de.

opti cal

[err]-hal oacid €Ster. 15. The process claim 14 ok e
resulting nono- qqnlm “mx“n“m“mfamacrocycl e productlm‘ﬁé\ﬂ bo‘}ﬁﬁiﬁ
{

confi gur
The process of cl aﬂnnl wherei  the tenperature is fro
1000. 17. The process of claim16 where32 the tenper

[err] to about 400. 18. The process of claim 17 wherdin

14. The process of claiml mhereln Ris an optically active

hal oaci d_ester.

bayg JAﬁrﬁ]ﬁ t g

reis fromab

ically active [err]

fromabout [err] to about 25[err]. 19. The process off_claim 1l wherein
bet ween about one and about two equival ents of pol yazamacrocycle are

relative to the el ectrophile..

ut
T

equi val ent of polyazaqpcrocycle is used relative to the el ectrophile.

The process of claimT?

obtained in aiselaestdldtiivelly asloneps1afP%rotic alcohol.

8. The process of Claim 7 wherein the solvent
is n-butanol, t-butanol, isopropanol or n-hexanol.

9. The process of Claim 1 wherein the
polyazamacrocycle is symmetrical.

10. The process of Claim 9 wherein the
polyazamacrocycle has a methylene moiety containing
from 2-4 carbon atoms between hetero atoms.

11. The process'of Claim 10 wherein the
polyazamacrocycle is 1,4-diazacyclohexane, 1,3,7-
triazaeyclononane, 1,4,7,10-tetraazacyclododecane,
1,4,8,11-tetraazacyclotetradecane, 1,4,7;10,13-
pentaazacyclopentadecane, 1,4,7,10,13,16-
hexaazacyclooctadecane, 1,7,13-triaza-4,10,16-
trioxacyclooctadecane or 1,7-diaza-4,11-

. dithiaeyeclododecane.

12. The process of Claim 1 wherein the
electrophile is RX wherein R is a moiety which is any -
alkyl or alkylaryl functionality which will yield the
desired mono-N-alkylated product, and X is any leaving

group.

13. 'The process of Claim 12 wherein X is
chloro, bromo, iodo, acetate, trifluoroacetate,
Eriflate, 'mesylate, diazo or brosylate.

This Sheet Has Been Rei

ed

20. The process of claim 1l wherein about one

21.

whelts Preeedsnel N b2 k| At whepeipabhracPddgaite is



22: <The. process of—claim-i—whereirn—the nono- N—alkylated pol yazanpacrocycl e

is obtained in a select|V|t of fr about 50 t PEVENT
SHEET 14. The p mum“l “gﬂ ﬂ? wher ei n t h Mflm
)

d, 1- 2- br ono- 4- N—pht cid isopropyl|ester,

d, | -2-brono-4- (4- nltrophenyl tanoi c ‘aci d i soprbpyl EgUAN, 997 _
d, | -2-brono-4-(4- nitrophenyl)butanoic 3cid nethyllester, 4-nitrbc nnany!l
bronide, 4-ni trophenet hyl brom de, 4-nitrobenzyl {bfomde or benzyl} brom de.
15. The process of Claim12 wherein Ris an

14. The process of Claim 13 wherein the
electrophile is d,/-2-bromo-4-N-phthalamidobutanoic acid
isopropyl ester, d,/l-2-bromo-4-(4-nitrophenyl)butanoic
acid isopropyl ester, d,/-2-bromo-U4-(Y4-
nitrophenyl)butanoic acid methyl ester, 4-nitrocinnamyl
bromide, 4-nitrophenethyl bromide, Y4-nitrobenzyl
bromide or benzyl bromide;

- 15. The process of Claim 12 wherein R is an
optically active a-haloacid ester.

16. The process of Claim 15 wherein the
resulting mono-Néalkyiated polyazamacrocycle product
has the opposite optigal configuration from the
optically active a-haloacid ester.

17. The process of Claim 1 wherein the
temperature is from -78 to 100°C.

18. The process of Claim 17 wherein the
temperature is from -25 to 40°C.

19. The process of Claim 18 wherein the
temperature is from 0 to 25°C.

20. The process of Claim 1 wherein between one
to three equivalents of polyazamacrocycle are used
relative to the electrophile.

21. The process of Claim 1 wherein between one
and two equivalents of polyazamacrocycle are used
relative to the electrophile.

This Sheet Has Been Reﬂ]aced




opfftalfy active a-haloacid ester. 16. The process of Claim 15 wherein the
resul ting mono- N-al kyl at ed pol yazamacrocycl e producf e onposi-t
optical configuratji cally active a-h aZiHﬂ@&ﬁSdﬂ{ﬂﬁﬁ The
process of CI aim 1““[ mﬂﬂu Rﬂgmerature is fromp78 to 1000C. 1I§. {The
process G aim.1¥ whereimn thke tenperature is fromp25dy, 1. {19. The
process of Claim 18 wherein the tenperaddre is fromQ to [é%&?p The

process of Claim1 wherein between one to three equj vatents—of
pol yazanmacrocycle are used relative to the electrophile.

22, The process of Claim 1 wherein about one

equivalent of polyazamacrocycle is used relative to the
electrophile.

23. The process of Claim 1 wherein the mono-N-
a;kylated polyazamacrocycle is obtained in a
selectivity of at least 40 percent.

24. The process of Claim 1 wherein the mono-N-
alkylated polyazamacrocycle is obtained in a
selectivity of from 50 to 98 percent.

This Sheet Has Been Replaced
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21.7 The process of Caim 1 wherein between one and two eqw val ents of
pol yazamacrocycl e are used relative to-the el ectrophil g—==Ftt Slj
Been Repl aced 22. The process of Claim1l wherein ak 1

of pol yazamacrocycle is used relative to the el ectroph

p. 23. The pr SS
of Claim 1 wherein the nono-N- al kyl ated pol yazamacrocyche 4@ Jan ®9ded}ih a

selectivity of at |east 40 percent. 24. The process of alm 1l wherei
nono- N-
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PROCESS FOR PREPARING MONO-N-ALKYLATED POLYAZAMACROCYCLES

ABSTRACT
The invention relates to a novel process to prepare selectively mono-N-alkylated
" polyazamacrocycles which requires a electrophile with between one and five equivalents

of a suitable macrocycle in a solvent which will not promote a proton transfer.
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al 'kyl"alt ed pol yazanmacrocycle is obtained in a selectivity of from 50 #es 98
percent. This Sheet Has Been Repl aced

3
compared to the bis, tris, tetra or higher N-alkylated products.

The present invention concerns the reaction of an appropriate electrophile (E) with
a free base polyazamacrocycle (M) in a relatively non-polar, preferably relatively aprotic
solvent. The ratio of E to M is about one E to about five M equivalents, preferably from
about one E to about three M equivalents, more preferably from about one E to about
two M equivalents, and most preferably from about one E to about one M equivalent.

The present process is very general and can produce selective mono-N-alkylation
products with various polyazamacrocycles and electrophilies. A slight excess of
polyazamacrocycle is preferred to insure complete conversion of the electrophile;
however, only small differences in isolated yield occur when larger excesses of the
polyazamacrocycle are used. .

Accordingly, there is provided according to a broad form of the invention a process
for preparing a mono-N-alkylated polyazamacrocycle consisting essentially of reacting an
electrophile with between about one and three equivalents of a polyazamacrocycle in a
solvent which will not promote a proton transfer and recovery of the thus prepared
mono-N-alkylated polyazamacrocycle; wherein the electrophile is represented by the
formula RX wherein R is a C;-C4 alkyl; a C;-Cy4 alkyl which is substituted with a cyano,
pyridinyl, CO,R! or CON(R1), moiety where R! is H or C;.C4 alkyl; or an alkylaryl
where the alkyl portion is Cy-C4 and the aryl portion is a 5 or 6 member carbon ring or a
9 member ring containing carbon and one or more hetero atoms selected from sulfur,
nitrogen or oxygen and X is chloro, bromo, iodo, acetate, trifluoroacetate, triflate,
mesylate, diazo or brosylate; and wherein the polyazamacrocycle contains at least two
nitrogen atoms and at least one additional hetero atom selected from the group consisting
of oxygen sulfur and nitrogén, and a methylene moiety, (—CHy—),, where n is from 2-
4, as a spacer between the hetero atoms such that the total carbon and hetero atoms in the
polyazamacrocycle is 12, 13 or 14.

The polyazamacrocycles used in the present invention must contain at least two
pitrogen atoms. However, the polyazamacrocycles can also contain other hetero
moieties such as oxygen atoms (polyoxazamacrocycles) or sulfur atoms
(polythioazamacrocycles). Also includes in the term polyazamacrocycles are any
symmetrical rings such as  polyazamacrocycle, azaoxamacrocycle  or
bicyclopolyazamacrocycle (i.e. bridged moieties or fused rings, but the mono-N-
alkylation reaction occurs on the nifrogen atom of a saturated ring) which bears
secondary amines capable of mono-N-alkylation. Preferably the secondary amines are
all chemically equivalent. The macrocycle preferably has a plane of symmetry and the
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31
CLAIMS
1. A process for preparing a mono-N-alkylated polyazamacrocycle consisting
essentially of reacting an electrophile with between about one and three equivalents of a
polyazamacrocycle in a solvent which will not promote a proton transfer and recovery of
the thus prepared mono-N-alkylated polyazamacrocycle; wherein the electrophile is
represented by the formula RX wherein R is a C4-C4 alkyl; a C4-C4 alkyl which is
substituted with a cyano, pyridinyl, CO,R! or CON(R1), moiety where R is H or C,.Cy
alkyl; or an alkylaryl where the alkyl portion is C;-C4 and the aryl portion is a 5 or 6
member carbon ring or a 9 member ring containing carbon and one or more hetero atoms
selected from sulfur, nitrogen or oxygen and X is chloro, bromo, iodo, acetate,
trifluoroacetate, ftriflate, mesylate, diazo or brosylate; and wherein the
polyazamacrocycle contains at least two nitrogen atoms and at least one additional hetero
atom selected from the group consisting of oxygen sulfur and nitrogen, and a methylene
moiety, (—CHy—),, where n is from 2-4, as a spacer between the hetero atoms such that
the total carbon and hetero atoms in the polyazamacrocycle is 12, 13 or 14.
2. A process of claim 1 wherein the solvent is a non-polar, aprotic solvent; a polar,
aprotic solvent; or a protic alcohol.
3.  The process of claim 2 wherein the solvent is a non-polar, aprotic solvent.
4. The process of claim 3 wherein the solvent is carbon tetrachloride, toluene,
benzene, cyclohexane or n-hexane.
5.  The process of claim 2 wherein the solvent is a polar, aprotic solvent.
6. The process of claim 5 wherein the solvent is chloroform, methylene chloride,
tetrahydrofuran, acetonitrile or 1,4-dioxane. '
7.  The process of claim 6 wherein the solvent is chloroform.
8.  The process of claim 2 wherein the solvent is a protic alcohol. -
9. The process of claim 8 wherein the solvent is n-butanol, t-butanol, isopropanol, or
n-hexanol.
10. The process of claim 1 wherein the polyazamacrocycle contains at least two
nitrogen atoms and at least one additional hetero atom and a methylene moiety,
(—CHj,~), where n is from 2-4, as a spacer between the hetero atoms. .
11. " The process of claim 1 wherein the polyazamacrocycle is symmetrical.
12. The process of claim 1 wherein the polyazamacrocycle is 1,4,7,10-
~ tetraazacyclododecane, 1,4,8,1 1-tetraazacyclotetradecane, - or 1,7-diaza-4,10-
dithiacyclododecane. o
13. The process of claim 1 wherein the electrophile is d,l,-2-bromo-4-N-
phthalamidobutanoic acid isopropy! ester, d,[-2-bromo-4-(4-nitrophenyl) butanoic acid
isopropyl ester, d,l-2-bromo-4-(4-nitrophenyl)butanocic acid methyl ester, 4-
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nitrocinnamyl bromide, 4-nitrophenethyl bromide, 4-nitrobenzyl bromide, or benzyl
bromide.

14. The process of claim 1 wherein R is an optically active o-haloacid ester.

15. The process of claim 14 wherein the resulting mono-N-alkylated
polyazamacrocycle product has the opposite optical configuration from the optically
active a-haloacid ester.

16. The process of claim 1 wherein the temperature is from about -78° to about 100°,
17. The process of claim 16 wherein the temperature is from about -25° to about 40°.
18. The process of claim 17 wherein the temperature is from about 0° to about 25°.

19. The process of claim 1 wherein between about one and about two equivalents of
polyazamacrocycle are used relative to the electrophile.

20. The process of claim 1 wherein about one equivalent of polyazamacrocycle is used
relative to the electrophile.

21. The process of claim 1 wherein the mono-N-alkylated polyazamacrocycle is
obtained in a selectivity of at least 40%.

22. The process of claim 1 wherein the mdno-N—alkylated polyazamacrocycle is
obtained in a selectivity of from about 50 to about 98%.
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PROCESS FOR PREPARING MONO-N-ALKYLATED POLYAZAMACROCYCLES

ABSTRACT
The invention relates to a novel process to i)repare selectively mono-N-alkylated
polyazamacrocycles which requires a electrophile with between one and five equivalents

of a suitable macrocycle in a solvent which will not promote a proton transfer.
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