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ABSTRACT

The Beckmann rearrangement (BKR) is an acid-induced rearrangement to produce amides
and lactams from oximes. However, the traditional reagents used in the experimental
studies suffer from several problems including poor reactivity, hazardous byproduct
formations.

In a recent study on BKR by Yadav et al., the product was obtained with a better yield and

high stereoselectivity with an efficient organocatalysis process.

In the study,
cyclopropenones are used as an organocatalyst that are the precursors of the
cyclopropenium ion. The stability of these three membered ring structures derived from
the delocalization of the two-pi electrons over three 2p orbitals and possessing an ionic
charge that leads to high reactivity towards anions. An organocatalytic mechanism via
formation of a Meisenheimer complex is suggested since neither imidoyl chloride nor 2,3-
diphenylcyclopropenone were observed during the experiment. After a short while
Lambert et al. published a study similar to Yadav et al. based on the organocatalyzed BKR

with cyclopropenium ion and its products. (2)

In the study, experiments were conducted at
room temperature and in the presence of nitromethane or acetonitrile solvents. Lambert et
al. proposed two different mechanisms based on experimental results: organocatalytic and
self-propagating mechanisms as distinct from the previous studies. Another study by
Lambert et al. proposed that the reaction may be self-propagating rather than
organocatalytic. The mechanism of the organocatalytic BKR is not clarified completely.

In this theoretical study, the role of the cyclopropenium ion is investigated and the
different mechanisms are designed based on the experimental findings. The geometrical
structures of all stationary points in the energy profile are optimized at the M062X/6-
31+G(d ,p) level of theory including solvent effects. The alterations in the oxime and
cyclopropenone ring substitutents should have an the impact on the efficiency of the
reaction. Therefore different oximes and cyclopropenes are studied. (Scheme 1) The
ultimate aim of this study is to elucidate the mechanism of the cyclopropenium activated
BKR reactions with a computational approach.
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Scheme 1: Modeled cyclopropenium ion catalyzed Beckmann Rearrangement.
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OZET

Beckmann Yeniden Duzenlenmesi, oksimlerden amid ve laktam eldesinde yuUksek sicaklik
ve kuvvetli asidik kosullar altinda gerceklesen bir tepkimedir. Geleneksel yéntemlerle
gerceklesen sentezlerde duslik verimle Urin elde edilirken ayni zamanda cok miktarda
zararli yan Urn olusur.

Son zamanlarda Yadav ve arkadaslan tarafindan siklopropenon organik katalizorQ
kullanilarak Beckmann yeniden dizenlenmesi tepkimesi gerceklestiriimis ve bu ¢alismanin
sonucunda Beckmann yeniden duzenlenmesi tepkimesi uUrunleri cok daha yuksek bir verim

ile elde edilmistir. Y

Siklopropenonlar siklopropenyum iyonunun onculeridir ve
siklopropenyum iyonu, iki pi elektronunun U¢ adet 2p orbitali Gzerinde delokalizasyonu
sonucunda pozitif yuklli ve yuksek termodinamik stabiliteye sahip bir molekuldur. Deney
sirasinda ne imidoyil klorir ne de 2,3-difenilsiklopropenon go6zlemlenmediginden,
Meisenheimer kompleksinin olusumu Uzerinden ilerleyen organokatalitik bir mekanizma
yapisi Onerilmistir. Kisa bir sure sonra Lambert ve arkadaslarn tarafindan da
siklopropenyum iyonu varliginda Beckmann vyeniden dlzenlenmesi tepkimesi

gerceklestirilmistir. 2)

Deneyler oda sicakhginda gerceklestiriimis olup nitrometan ve
asetonitril ¢ozuculeri kullaniimistir. Elde edilen deneysel veriler 1siginda diger
calismalardan farkh olarak organokatalitik ve kendiliginden ilerleyen olmak Uzere iki ¢esit
mekanizma Onerilmistir. Gerceklestirilen diger calismalarin sonucunda ise mekanizmanin
kendiliginden ilerleyen yol Gizerinden gidebileceginin daha olasi oldugu savunulmustur. Bu
nedenle tepkime mekanizmasi tam olarak aydinlatilabilmis degildir.

Bu teorik calisma ile siklopropenyum iyonunun roli arastiriimis ve deneysel sonuclara bagli
olarak fakh mekanizmalar tasarlanmistir. Calisma kapsaminda hesaplamalar asetonitril
ortaminda M062X fonksiyoneli kullanilarak 6- 31+G(d,p) baz seti ile gerceklestirilmistir. Bu
calismanin amaci siklopropenyum aktivasyonlu Beckmann yeniden duzenlenme tepkime
mekanizmalarini hesapsal bir yaklasimla aydinlatabilmektir. Bu amacla siklopropenon
halkasi ve oksim yapisi Uzerinde degisiklige gidilmis ve ortaya ¢ikan tim bu farkliliklarin
olasi mekanizmalar Uzerindeki etkilerinin arastinlabilmesi icin Sema 1'de belirtilen
tepkimeler modellenmistir.
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Sema 1: Calisma kapsaminda modellenen tepkimeler.

Anahtar Kelimeler

Siklopropenyum, Beckmann Yeniden Duzenlenmesi.
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