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During my research I aimed to synthesize new, chiral (thio)squaramide, and (thio)deltamide hydrogen-bond

donor organocatalysts. In these organocatalysts the chiral induction is provided by a well-known, natural, chiral

scaffold: the cinchona alkaloid. I used cinchona-amine to build this cinchona skeleton into the catalyst. This

cinchona unit was prepared in two reaction pathways: the first one (A) contains a stereoselective nucleophilic

substitution with sodium azide, meanwhile the second route (B) is a one-pot reaction in which the appropriate

cinchona-amine derivative was gained using Bose–Mitsunobu, and Staudinger reactions. [2] (Scheme 1.)

In the past decade using dual H-bond donors as organocatalysts’ unit has become of great interest. Their activities are directly related to their hydrogen bond donation

capability which is correlated with the acidity of the NH groups. The first, dual hydrogen bond donor unit was the widely known urea. During the evolution of hydrogen bond

donors many other strained ring structures were discovered, which have even higher acidity of NH groups. [1]
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Table 1. Application of  organocatalysts (1a, 1b) in asymmetric Michael addition of  β-nitrostyrene and acetylacetone 

(ee = enantiomeric excess)

MsCl = methanesulfonyl-chloride

TEA = triethyl-amine

DCM = dichloromethane

DIAD = diisopropyl-azodicarboxylate

DPPA = diphenilphosphoril-azide

THF = tetrahydrofuran

83%

90%

A

B

Scheme 1. Synthesis of  cinchona-amine from chiral quinine

The new binaphthyl-cinchona-squaramides were synthesized using commercially available (R)-dimethyl-

binaphthalene, dimethyl squarate and the beforementioned cinchona-amine. (Scheme 2.) The development of the

thio analogue organocatalyst was attempted in many ways, but the thiosquaramide was only gained when the

former binaphthyl-cinchona-squaramide 1a was thionated with P4S10·pyridine complex. It must be noted that

thiosquaramide-derivatives decompose on silica gel hence it is obligated to use neutral aluminium oxide for the

purification of these thio-compounds. [3–7]

The catalytic activity of the prepared organocatalysts 1a, 1b was studied in enantioselective Michael addition which

is widely used as a C–C coupling method. (Table 1.)

To prepare the new (thio)deltamide organocatalysts I first attempted to synthesize deltic acid methyl ester

from the commercially available tetrachlorocyclopropene (TCCP). For this purpose two different reaction

routes were used, both performed at low temperature (-20 °C) due to the high reactivity of TCCP. In the first

route TCCP was reacted with methanol using AlCl3 as a Lewis acid catalyst in dichloromethane, and then

hydrolysed with aqueous NaHCO3 solution. In the second pathway I avoided the non-eco-friendly AlCl3

catalyst and added directly the TCCP into methanol, and hydrolysed in the aforementioned way. (Scheme 3.)

In both ways the similar side-product was gained, but unfortunately I could not isolated the required

product. Possibly, this side-product was one of the ring-opened derivative of cyclopropene [8], consequently I

would like to use less reactive reagents to prevent the ring opening of cyclopropene in the future.

Scheme 2. Synthesis of  binaphthyl-cinchona-(thio)squaramides

According to literature [9] only secondary amines can react with TCCP without ring opening therefore I

would like to produce the 2,4-dimethoxibenzyl (DMB) protected cinchona-amine derivative. This DMB

protected amine can form an ionic intermediate with TCCP which can be converted to the proper protected

deltamide with excess of base. After this, DMB protection group can be removed with the application of

trifluoroacetic acid. (Scheme 4.)

After successful synthesis of deltamides I would like to examine, and compare their catalytic activity with

squaramide analogues in enantioselective Michael addition.

Scheme 3. Preparation of  deltic acid methyl ester, and the possible structure of  by-product

Scheme 4. An alternative synthetic route for disubstituted deltamide
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