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(54) Title: PROCESS FOR PREPARING 1,4,7,10-TETRAAZACYCLODODECANE AND ITS DERIVATIVES
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(57) Abstract

The invention concems a process for preparing 1,4,7,10-tetraazacyclododecane (cyclenc) and its derivatives on an industrial scale by

the cyclotetramerization of benzylaziridine prepared in situ.

(57) Zusammenfassung

Die Erfindung betrifft ein Verfahren zur Herstellung von 1,4,7,10-Tetranzacyclododecan {Cyelen) und dessen Derivaten in technischem
Mafistab durch Cyclotetramerisierung von in situ hergestellten Benzylaziridin,




The cyclotetramerization of N-substituted aziridines offers
a method for the production of 1,4,7,10—tetr§azacyclododecane
that appears to be basically simpler. Various variants of this
reaction are described in the literature. In this case, -the
corresponding N-substituted aziridine is first produced from
benzylethanclamine and isolated. aziridine is then
cyclotetramerized at low yield in the pPresence of Brénsted acids,
such as, e.g., p-TsOH (J. Heterocyclic Chem. 1868, 305) or Lewis l
acids, such as trialkylaluminum (US Pat. 3,828,023) or BF,-
etherate (Tetrahedron Letters, 1570, 1367). Although the process
can be implemented only for the production of small amounts
(< 5 g), it is still the state of the art 16 years after the
first publication (WO 95/31444).

All previously described cyclotetramerization reactions
require the use of pure aziridiﬁes, which, as is generally known,
have strong mutagenic and carcinogenic action (Roth, Giftliste,
VCH Weinhein). For-this reason, the cyclotetramerization of |
aziridines, which seems to be the simplest method for the
production of 1,4,7,10-tetraazacyclododecane, is virtually unused
on an industrial scale. There is therefore a great deal of
interest in a technically practicable process for the production
of‘1,4,7,10-tetraazacyclododecane that is basically’
environmentally benign and largely safe.

The object of this invention is therefore to provide a
practicable process for the production of 1,4,7,10-
tetraazacyclododecane on an industrial scale, which process

overcomes the above drawbacks and in particular avoids the threat




to humans poseé by mutagenic and carcinogenic aziridine
intermediate stages.

This object is achieved by the process according to the
invention, as it is characterized in the claims.

In this case, this is a process for the production of
cyclene derivatives by cyclotetramerization of benzylaziridine
derivatives, characterized in that the benzylaziridine derivative
is produced in situ and is tetramerized without isolation into a
tetrabenyzlcyclene derivative with the addition of a strong acid,
and finally the benzyl groups are removed by hydrogenation.

| Within the framework of this invention, the term cyclene
derivatives is intended to comprise both 1,4,7,10-
tetraazacyclododecane and those derivatives in which the ethylene
bridges have alkyl subgtituents. The term cyclene derivative
thus also relates to, for example, the compounds [25-
(2a,5a,8a,11a)]-2,5,8,11-tetramethy1-1,4,7,10~
tetraazacyclododecane and {25-(20,5q,8a,11a))~-2,5,8,11~
tetraethyl-1,4,7,10-tetraazacyclododecane.

Analogously, the term tetrabenzylcyclene derivatives within
the framework of this invention is intended to conprise both
1,4,7,10-tetrabenzy1-1,4,7,10-tetraazacyclododecane and those
derivatives in which the ethylene bridges have alkyl
substituents. The term benzylaziridine derivative within the
framework of this invention is intended to comprise
bengzylaziridine and those derivatives in which the aziridine ring

has alkyl substituents. The term benzylaziridine derivative thus




also relates to, for example, the compounds (S)-1-benzyl-2«
methyl-aziridine and (S)-l-benzyl-z-ethy;-aziridine.

The invention therefore relates to a process for the
production of optionally substituted 1,4,7,10-
tetraazacyclododecane derivatives b& tetramerization of
corresponding educts. The invention preferably relates to the
prodpction of 1,4,7,10-tetraazacyclododecané. ‘

A pfeferred embodiment of the process starts from readily
accessible benzylethanolamine, which is cenverted by heating (80-
150°C, preferably 90-110°C) with 1-1.4 eguivalents of
concentrated sulfuric acid in an organic solvent {(e.g., toluene,
cyclohexane, heptane, i.a., concentration: 10-20%) and
azeotropic distillation of the water that is produced in this
case into the corresponding sulfuric.acid ester. The reaction
‘time in this case is 2-10 hours. The latter is'heated with 2-5
equivalents éf an aqueous alkaline solution (e.g., NaOH, KOH) ,
and the benzylaziridine that is produced in this case in a second
reaction vessel, which together‘with the first forms a closed
system, is continuously azeotropically distilled off with water.
The aqueous benzylaziridine emulsion that is thus formed can,
after dilution with an organic solvent (e.g., ethanol, methanol,
THF), be reacted surprisingly completely to form
tetrabenzylcyclene by continuous addition of at least 0;25—0.4.
mol (preferably 0,25-0.35 mol) of a strong acid per mol of
benzylaziridine (i.e., equivalent amount of acid relative to the
product). As an organic solvent, e.g., ethanol, methanol, or

tetrahydrofuran (THF) can be used. As a strong acid, for




example, para-toluenesulfonic acid (p-TsoH), methanesulfonic acid
(MaCH), sulfuric acid, or BF,—etherate can be used. After the
reaction mixture is alkalized (0.2-0.5 equivalent of base, e.q.,
NaCH, KOH), the product is obtained by crystallization from polar
solvents (e.q., THF; ethanol, acetone, isopropanol, diethyl
ether, ethyl acetate, furan, dioxane, water or their nixtures)
and is then hydrogenated in an organic solvent (ethanol,
methanel, isopropanol, THF) with the aid of a catalyst (Pd/c,
amount 5-20% relative to the tetrabenzylcyclene derivative,
preseure: 1-20 bar). After the catalyst is filtered and the
solvent is distilled off, 1,4,7,10-tetraazacyclododecane is
obtained at a yield of 45-60% of the theoretical total yield.

Analogously to this synthesis, alkyl-substituted
benzylethanolamine can also be used, e.g., L-2-
benzylaminopropanel or L-2-benzylaminobutanol, to obtain cyclene
derivatives that have branches in the ethylene bridges, In a
preferred embodiment of this synthesis, (S)=1~benzyl-2-methyl~
aziridine is produced analogously to the above~described process
from L-2-benzylaminopropancl and is reacted without isolation to
form [25-(2&,5&,8a,11a)]-2,5,8,11-tetramethyl—1,4,7,10—
tetrakis(benzyl)-1,4,7,10-tetraazacyclododecane by
teiramerization, from which (28-(2«,S5«,8¢,11a)]1-2,5,8,11-
tetramethyl-1,4,7,10-tetraazacyclododecane is obtained by
hydrogenation. -

The process of cyclotetramerizing the benzylaziridine
derivatives according to the invention differs from the process

that is known in the prior art in that no isolation of the




aziridine in pure form is necessary. The procedure described
thus makes if poseible to carry out the process in a closed
system and thus to avoid the threat posed to humans and the
environment by aziridine, which is carcinogenic.

In contrast to the process for cyclotetramerizing
benzylaziridine that is known in the prior art, a stoichiometric
amount (0.25-0.35 mol relative to one mol of benzylaziridine) is
used instead of a catalytic amount of an acid (p-TsOH, MsOH,
sulfuric acid, BFy-etherate or trialkylaluginum). In tests to
scale up the known process and to be able to produce 1arger
amounts of 1,4,7,10-tetraazacyclododecane in this process, only
12-25% of theoretical yield was achieved using catalytic amounts
of p~TsOH in the reaction of the benzylaziridine emulsion that is
produced in situ. It has now been found, surprisingly enough,
that by continuously adding 0.25 to 0.35 equivalent of p~-TsOH
(relative to the benzylaziridine) to the azeotrqpically
distilled-off benzylaziridine emulsion at 60-78°C within 6-9
hours, the yield of 1,4,7,10ftetrabenzy1—1,4,7,10-
tetraazacyclododecane can be improved to 60-65% of tlie theoretic
yield.

Other advantages of this process are the high overall yield
and small amounts of waste (Na=-sulfate in the case of aziridine
proauction and toluene in the case of hydrogenation) in contrast

to known processes.
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Enbodiments:

The following examples are to explain the subject of the

inventiocn without'intending‘that they be limited to this subject.

Example 1

53 ml of concentrated sulfuric acid is added to a solution
of 95 ml of benzylethanclamine in 690 ml of toluene. The
suspension that is produced is heated to boiling for 2 hours.
The water that is produced in this case (14 ml) is separated with
the aid of a water separator. After cdoling to 20°, the
reaction mixture is mixed with 1300 ml of water and absorptively
precipitated for 10 minutes, and the organic phase is separated.
Then, the aqueous phase is guickly added to a solution of 92.2 g
of NaOH in 95 ml of water that is introduced into a second
reaction vessel. The reaction mixture is heated:to boiling. 880
g of water-N-benzylaziridine emulsion in a third reaction vessel
is distilled off through a distillation bridge. The emulsion is
mixed with 880 ml of ethanol and heated to 60°C. To this end, a
solution of 38.0 g of p-TsOH in 19 ml of water is added within 8
hours via a metering pump. After the addition is completed, it
is refluxed for two hours. Then, the reaction mixture is nixed
with a solution of 12.0 g of NaOH in 20 ml of water. The
precipitated product is filtered and recrystallized from 600 ml
of 2:1 ethanol~THF mixture. The tetrabenzylcyclene (53 g) thus

obtained is dissolved in 500 ml of isopropanol and hydrogenated




with 10 g of Pd/c (10%) at B0°C and 20 bar of H, pressure. After
the éatalyst is filtered off, the reaction solution is
concentrated by evaporation, and the product is recrystallized
from toluene. 15.9 g (55% of theory) of cyclene is obtained as

colorless crystals. Melting peoint 110-112°,

Example 2

95 ml of benzylethanclamine is reacted with sulfuric acid

.and then with NaOH, as described in Example 1. The aqueous N-

‘benzylaziridine emulsion that is obtained is mixed with 2.6 1 of

ethanol and heated to 50°C. To this end, a solution of 29.3 g of
p-TsOH in 15 ml of water is added within 8 hours via a metering
pump. After the addition is completed, it is refluxed for two
hours. Then, the reaction mixture is mixed with a solution of
9.5 g of NaCH in 20 ml of water. The precipitated product is
filtered and recrystallized from 600 ml of 2:1 ethanol-THF
mixture. The tetrabenzylcyclene thus obtained (55.7 g) is
dissolved in 500 ml of iscpropanol and hydrogenated with 10 g of
Pd/C (10%) at 80°C and 20 bar of H, pressure. After the catalyst
is filtered off, the reaction solution is concentrated by
evaporation, and the product is recrystallized from toluene.
15.9 g (58% of theory) of cyclene is obtained as colorless

crystals. Melting point 111-113°C.




Example 3
Like Example 1, only the tetramerization is carried out with
0.33 equivalent of methanesulfonic acid. Yield 52% cyclene.

Melting point 110-112°C.

Table 1: Comparative Table on Conditions and Yields of Cyclene

Synthesis by Cyclotetramerization of Benzylaziridine

Conditions ' Yield

0.03 eq. of p-TsOH, 95% EtOH, Rfl. (analogously to | 12-25%

Lit. 1%)

0.33 eq. of p-TsOH, 50% EtOH, 60-80°C (Example 1) 55%

0.25 eq. of p-TsQH, 75% EtOH, 50-80°C (Example 2) 58%

0.33 eq. of MsOH, 50% EtOH, 70°C (Example 3) 52%

* Lit. 1: J. Heterocyclic Chem. 1968, 305.
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Claims

1. Process for the production of optionally alkyl-
substituted cyclene derivatives by cyclotetramerizatien of
optionally alkyl-substituted beﬁiylazirfdine derivatives,
characterized in that the benzylaziridine derivative is produced
from an optionally alkyl-substituted benzylethanolamine
derivative in situ by reaction with sulfuric acid and subsequent
reaction of the corresponding sulfuric acid ester with aqueous
alkaline solution,
the latter is tetramerized without isolatien of the
benzylaziridine derivative into a tetrabenzylcycléne derivative
with the addition of 0.25-0.35 mol of a strong acid per mol of
benzylaziridine derivative, and
finally the benzyl groups are rehoved by catalytic hydrégenation.

2. Process according te claim 1, wherein the opﬁionally
alkyl-substituted cyclene derivative is 1,4,7,10- |
tetraazacyclododecane. |

3. Process for the production of optionally alkyl-
substituted tetrabenzylcyclene derivatives by
cyclotetramerization of optionally alkyl-substitutea
benzylaziridine derivatives, wherein
the benzylaziridine derivative is produced from a
benzylethanolamine derivative in situ‘by reaction with sulfuric
acid and subsequent reaction of the corresponding sulfuric acid

ester with aquecus alkaline solution, and
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-the latter is tetramerized without isolation of the

benzylaziridine derivative into a tetrabenzylcyclene derivative
with the addition of 0.25-0.35 mol of a strong acid per mol of
benzylaziridine derivative. "

4. Process according to claimrl,whereinthe cyclene
derivative is [25-(2a,5a,8¢,11a) 1-2,5,8,11-tetramethyl-1,4,7,10~ .
tetraazacyclododecane.

5. Process accbrding to claim 1 or 3, wherein the acid that

is used is para-toluenesulfonic acid, methanesulfonic acid, or

sulfuric acid.

.Dated this 24th day of January 2000
Schering Aktiengesellschaft
By its Patent Atlorneys of

_Davies Collison Cave oy
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