!compared to the b1s tris, tetra or hlgher N—alkylated products. .

The present invention concerns the reaction of an appropriate electrophile (E) w1th
a free base polyazamacrocycle (M) in a relatively non-polar, preferably relatlv__ely aprotic
solvent. The ratio of E to M is about one E to about five M equivalents, prefé'fébly 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 equ1va1ent

The present process is very general and can produce selectlve..__mono-N-alkylatlon
products with various polyazamacrocycles and electrophilies. A slight excess of
polyazamacrocycle is preferred to insure complete convers.iqnf'- of the electrophile;
however, only small differences in isolated yield occur when larger excesses of the
polyazamacrocycle are used. L

Accordingly, there is provided according to a broad form of the invention a process
for preparing a mono-N-alkylated polyazamacrocycle conmstmg essentially of reacting an
electrophile with between about one and three equlvalents of a polyazamacrocycle in a
solvent which will not promote a proton transfer and recovery of the thus prepared
mono-N-alkylated polyazamacrocycle; wherem the electrophile is represented by the
formula RX wherein R is a C;-Cg4 alkyl; a__,CleC4 alkyl which is substituted with a cyano,
pyridinyl, CO,R! or CON(RY), moiety__.f--_‘ﬁ‘if/'liere Rl is H or C;.Cy4 alkyl; or an alkylaryl
where the alkyl portion is C{-C4 and thearyl 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 pnemaddltlonal 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
nitrogen atoms. “However, the polyazamacrocycles can also contain other hetero
moieties suc_:_h as oxygen atoms (polyoxazamacrocycles) or sulfur atoms
(polythioazamacrocycles). Also includes in the term polyazamacrocycles are any
sym'r'net:__i(':azl' ringg such as  polyazamacrocycle, azaoxamacrocycle or
bicyclopolyazamacrocycle (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
alk chemically equivalent.. The ‘macrocycle preferably has a plane of symmetry and the
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ORI CLAIMS
1. A process for preparing a mono-N-alkylated polyazamacrocycle conmstmg
essentially of reacting an electrophile with between about one and three eqmvalents 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 electrophlle is
represented by the formula RX wherein R is a C1-C4 alkyl; a C{-Cy4 -_alkyl which is
substituted with a cyano, pyridinyl, CO,R! or CON(R!), moiety Where:.lil' isHor C; Cy
alkyl; or an alkylaryl where the alkyl portion is C;-C4 and the ary_l;_._ﬁortion isaSor6
member carbon ring or a 9 member ring containing carbon and on__,e'ﬁi' more hetero atoms
selected from sulfur, nitrogen or oxygen and X is Cthl'O,_‘._"i.'_b.l.'OIIIO, 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, (—CHj—),, where n is from 2-4, as a spacer | between the hetero atoms such that
the total carbon and hetero atoms in the polyazamacr "'cycle is 12, 13 or 14.
2. A process of claim 1 wherein the solvent isfa‘non-polar, aprotic solvent; a polar,
aprotic solvent; or a protic alcohol.
3.  The process of claim 2 wherein the solvéiit 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 wherem ‘the solvent is chloroform, methylene chloride,
tetrahydrofuran, acetonitrile or 1 4-d10xane

7.  The process of claim 6 wherem the solvent is chloroform.

8.  The process of claim 2 wherem the solvent is a protlc alcohol.

9.  The process of clann 8_ _wherem the solvent is n-butanol, t-butanol, isopropanol, or
n-hexanol. S |

10. The process of clalm 1 wherein the polyazamacrocycle contains at least two
nitrogen atoms and._____._at ‘least one additional hetero atom and a methylene moiety,
(—CHjy—), where. 11 1s 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, 1,4,8,11-tetraazacyclotetradecane, or 1,7-diaza-4,10-
dithiacyclododecane. .

13. The process of claim 1 wherein the electrophile is d,l,-2-bromo-4-N-
phthaiamidobutanoic acid isopropyl ester, d,I-2-bromo-4-(4-nitrophenyl) butanoic acid
isopropyl. _ester, - - d,1-2-bromo-4-(4-nitrophenyl)butanoic. ~ acid methyl ~ester, 4- °



‘nifrocinnamy! bromide, 4—nitrdphenethyl bromide, 4-nitrobenzyl bromide, or benz__y'l"-"?-
bromide. -
14, The process of claim 1 wherein R is an optically active o-haloacid ester

1S. The process of claim 14 wherein the resulting mono-N—alkylated

polyazamacrocycle product has the opposite optical conflguratlon from the optically
active oi-haloacid ester. o

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 tempe tire is from about 0° to about 25°.

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

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

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

22. The process of claim 1 wherein the mono-N—alkylated polyazamacrocycle is .
obtamed ina selectmty of from about 50 to.about 98%. . "




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.



