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Title: Synthesis of 1 4.7 10-Tetraazacyvclododecane: Cyclen

Introduction: The goal of this experiment 1s to produce 1.4.7.10-Tetraazacyclododecane

using the starting materials triethyvlenetetramine, a liquid commonly used for epoxy
curing agents, and N N-Dimethvlformamide dimethyl acetal, which 15 used in this
experiment to form carbon-carbon bonds. Making this molecule 15 a topic of interest
because 1t 15 quickly becoming a necessary intermediate for the synthesis of many

different medicinal agents.

Overall Synthetic Reaction Scheme:
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Experimental:

First use a drying agent such as anhydrous Mg30as on excess TETA (Og or more) followed by a gravity
filtration. To a stirred solution of linear TETA (2.884g g, 0.0196 mol) was added N, N-dimethylformamide
dimethyl acetal (5g, .039 mol). The solution was refluxed for 30 min_ The reaction mixture was dried in
vacuo. The resulting off-white solid was recrystallized from THF. The resulting white solid was filtered
under a blanket of nitrogen and 1solated 1n 5% yield (2.45g).

Mote: The amounts that were used within the article for this step were divided by 34.674 1n order to zet the starting
matarials on 2 scale that involved neither of the beginning reagents being above 3z. Another alteration was the first step to
dry the TETA, which 15 added 1n order to make more pure TETA. It 15 too expensive to but the better grade of TETA so it s

more practical to just remove the water using a dryving agent instead.



Warnings (safety and environmental):
TETA: health hazard rating of 3, flammability of 1, and reactivity of 0. If 1t is combusted it can

potentially releaze carbon monoxide, carbon dioxide, and nitrogen oxides into the air, but we do
not plan to combust thiz material

N, N-dimethylformamide dimethyl acetal: Highly flammable. Harmful by inhalation. Irntating to

eves and skin.
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Experimental: A 300mL three-neck round-bottom flazsk equipped with a stirrer, a condenzer, and a
nitrogen inlet was charged within 692 ml of acetonitrile, the previouszly made product (2.45 g, 0.0147
mol), 1.2-dibromoethane (3.87 g, 0.0206 mol), and K2C0: (1.53 g, 0.0113 mol). The mixture was heated to
reflux while being stirred. After 3h at reflux, the K2CO: was filtered and the filtrate was dried in vacuo.
Typically, the zalt was taken up 1n water withoot purification and carried on to the hydrolysis step.
However, the pure zalt form may be 1zolated by rinsing the crude zo0lid with a minimal amount of cold

acetonitrile, followed by filtration under nitrogen, which yielded a pale yellow solid weighing 1. 73g for a
vield of 70%.

Mote: The amounts that were used within the article for this step were alterad to use the entire previcusly made product at
the start of thiz step. The paper used 38.8% ofits first product 1n this step. The scalar of 34 674 was also carrnied through to
this step.

Warnings (safety and environmental):
1. 2-Dibromoethane: Can cause cancer - Group II (very hazardous), may cauze harm to the
vnborn child, toxic by inhalation, in contact with skin, and if swallowed. Irritating to eves,
respiratory system and skin. May capse long-term adverse effects in the aquatic environment. If
it is combusted it can potentially release carbon monoxide, carbon dioxide, and hydrogen

bromide into the air, but we do not plan to combust this matenal

Anhydrous Potassium Carbonate: May seriously irritate respiratory system and eyes. Skin

irritant.
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Experimental: The cyclized intermediate from the previous step (1.73g) was dizssolved in water to give a
total volume of 6 88 ml and added dropwise to a refluxing solution of 6.12mI of caustic (8 equiv, 1.97g).
The caustic solotion was heated for an additional 30 min after the addition of the previously made
product. The agueous caustic solution was gravity filtered while hot. The filtrate was then concentrated
{in vacwoo) patil crystalline of cyclen was obszserved in the zolution. After the mixture had cooled to
ambient tem perature, cyclen was filtered and the precipitation process was repeated oatil no further
crystallization occurred. The final aqueocus filtrate was dried in vacuo, and the remaining eyclen was

removed by extractions of the solid residue with hot toluene. The overall yield of cyclen was §8%
{1.522g).

Mote: The amount made of the cychized intermediate from the previous step was carried through to this step and ratios

wera applied to scale the onginal experimental to our smaller experniment s1ze

Warning (safety and environmental):

Potassiom Hydroxide: health hazard rating of 3, flammability of 0, and reactivity of 0.
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Costs:

T0% technical grade triethylenetetramine: 5. 08/g

95% purum N N-Dimethvlformamide dimethyl acetal: 51 08/g
1.2-dibromoethane: 502/g

potassium hydroxide: 5.02/g

Anhydrous Potassium Carbonate: $.06/g



