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SYNTHESIS OF (-)-CAMPHENE DERIVATIVES AND EVALUATION OF
THEIR BIOLOGICAL ACTIVITIES

SUMMARY

Terpenes are aromatic oils that give their fragrance and taste. These compounds have
additionally been acknowledged to hold an array of medicinal advantages, (+)-
camphene is a one of example cannabis terpene possessing a strong musky and earthy
smell with hints of pine. (+)-Camphene is a primary ingredient in many perfumes, oils,
and topical lotions. It is also naturally present in conifers, nutmeg, ginger, and
rosemary. A common synthetic method for (£)-camphene is to use pinene, another
cannabis terpene. (£)-Camphene is commonly used in some of salves, creams and
lotions that are cannabis-based and its possibility of this ability to treat skin conditions
such as eczema and psoriasis indicates camphene could hold antifungal and
antibacterial effectiveness.

Camphene is generally more commonly found in indica strains with medicinal
potential and is notable. In this study, (-)-camphene (70) will be used as key
compounds for the synthesis of new biologically active compounds (73-77). Starting
from (-)-camphene [75% (camphene with 90% fenchene)], bromination reactions and
Suzuki-Miyaura coupling reactions will be carried out. In this bromination system, (-
)-camphene (70) will be dissolved in dichloromethane (20 mL), and Br; (dissolved in
CH:CI) will be added dropwise to the reaction mixture with the help of a pressure
balanced dropping funnel. When aniline is added to dibromo-(-)-camphene (71) and
the reaction mixture is boiled under reflux for 2 hours, (1S,4R)-3-(Bromomethylene)-
2,2-dimethylbicyclo-2,2-dimetilbisiklo[2.2.1]heptane (72) will be obtained.

Brominated derivatives suitable for metal-catalyzed reactions are an important key
compound for many new products. In this study, it is planned to apply metal-catalyzed
Suzuki-Miyaura coupling reactions for the synthesis of new (-)-camphene derivatives
from monobromo-(-)-camphene. Coupling reactions of bicyclic structures were carried
out in the presence of catalysts such as Pd(PPhs)s and various boronic acids (phenyl,
4-methoxyphenyl, 4-thiomethylphenyl, 4-ethylphenyl, 4-trifluoromethoxyphenyl).
Following the general synthesis procedure for the synthesis of relevant compounds,
monobromo-(-)-camphene (72) and related boronic acid compounds (73-77) were
interacted with, then K>COz was added to the reaction mixture as a base, toluene
ethanol and water as solvents (1:1:1) was added and boiled under reflux at 110°C for
17 hours. Then, the crude product was extracted with ethylacetate (3x50 mL) and the
organic phase was dried with Na2SO4 and the reaction mixture was purified by silica
gel column chromatography. The final compounds were characterized using *H NMR,
13C NMR and FTIR spectroscopy methods; they were also shown to be photoactive
and negatively polarimetric.

The biological effects of (-)-camphene derivatives (cancer cell lines and cell culture,
cytotoxicity test, DNA fragmentation by agarose gel electrophoresis, migration assay,
antibacterial and antifungal activity measurement by microdilution assay) were
examined. In this study, A549 (ATCC, CCL-185), Calul (ATCC, HTB-54), and
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H1650 (ATCC, CRL-5883) lung cancer cell lines, SW1353 (ATCC, HTB-94)/MG63
(ATCC, CRL-1427)/, and Saos2 (ATCC, HTB-85) bone cancer cell lines], Beas2B
(RRID, CVCL-0168) normal lung cell line, and HC (Sigma Aldrich, 402-05A) normal
chondrocytes cell line were used. MTT test was used to measure the effects of the
synthesized compounds (71-77) on cell proliferation and NCI-60 survival parameter
values. It was determined by the LDH method whether the compounds to be tested
(71-77) were cell cytotoxic or cytostatic. DNA laddering activity of the (-)-camphene
compounds was evaluated by a DNA laddering assay in accordance with the standard
method. Wound healing assay was used to determine the effect of the compounds on
the migration of cells. It is a method based on measuring the proliferation ability of
cells in the medium containing the test substance. For measuring the antibacterial and
antifungal activities using microdilution test in this project [E. faecalis VRE ATCC
19433, E. faecalis ATCC 29212, S. aureus MSSA ATCC 29213, S. aureus ATCC
25923, S. aureus MRSA ATCC 46300, E. coli ATCC 25922, P. aeruginosa AGME
ATCC 27853, C. albicans (ATCC 10231), S. gordonii (NCTC 7870) and A.
actinomycetemcomitans (ATCC 33384)] were used. Therefore, these molecules lack
antimicrobial properties against all bacteria and fungi but they have the effect of (-)-
camphene molecules are partly responsible for their anticancer activities it may be a
good option for cancer treatment and compound 72 was more cancer-specific for bone
and lung cancer types, and make it is the most convenient one for further preclinical
studies.
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(-)-KAMFEN TUREVLERININ SENTEZIi VE BiYOLOJIiK
AKTIiVITELERININ DEGERLENDIRILMESI

OZET

Terpenler, koku ve tatlarini veren aromatik yaglardir. Bu bilesiklerin ayrica gesitli tibbi
faydalar sagladigi da kabul edilmistir. (+)-Kamfen, cam terpeni olarak bilinen bir
cannabis terpeninin gii¢lii bir misk ve toprak kokusuna sahip bir drnegidir. Kamfen
C10H16 kimyasal formiiliine sahiptir ve molekiil agirligi 136,24 g/mol’diir. Kamfen, D-
kamfen ve L-kamfen olarak da bulunur. Kamfen kati bir goriinlime sahiptir ancak
erime noktast 50°C'dir. (£)-Kamfen suda c¢oziinmezken sikloheksan, alkol ve
kloroform igeren dogal ¢oziiciilerde kolaylikla ¢oziiniir. Toksafen ve kafurun her
ikisine de kamfen denir. Izobornil asetat gibi tatlandiricilar ve aromatikler ve diger
kimyasallar1 olusturan organik bilesikler ara madde olarak islev goriir. 1800’lii yillarda
yakit olarak gaz yagi yerine kamfen kullanilmustir. (£)-Kamfen bir¢ok parfiim, yag ve
topikal losyonun ana bilesenidir. Ayrica kozalakli agaclarda, hindistan cevizi, zencefil
ve biberiye gibi bitkilerde dogal olarak bulunur. (+)-Kamfen i¢in yaygin bir sentetik
yontem, baska bir kenevir terpeni olan pinen kullanmaktir. (+)-Kamfen, kenevir bazl
bazi merhemlerde, kremlerde ve losyonlarda yaygin olarak kullanilir ve kamfenin
antifungal ve antibakteriyel etkinligi sayesinde egzama ve sedef hastaligi gibi cilt
hastaliklarini tedavi etme yetenegine sahip oldugunu gdsterir.

Terpenler bir¢ok bitki ve hayvanda bulunan genis ve ¢esitli bir organik bilesik sinifidir.
Terpenler karakteristik aroma ve tatlariyla bilinirler ve ayn1 zamanda ¢esitli biyolojik
islevlere sahiptirler. Terpenler birgok reaksiyon i¢in uygun yapiya sahip bilesiklerdir.
Terpenler, organik sentez kimyasinda 6nemli rolii olan oksidasyon, izomerizasyon,
polimerizasyon, hidrojenasyon ve indirgenme reaksiyonlarini verirler. Ayrica kamfen
gibi bisiklik monoterpenlerde Wagner-Meervein yeniden diizenlemesi gergeklesebilir.
Bisiklik monoterpenlerin diizenlenmesi yillardir ilgi odag1 olmustur ve hala bisiklik
monoterpenlerde iyonik katilma reaksiyonlar1 Wagner-Meerwein  yeniden
diizenlenmesi nedeniyle meydana gelmektedir. Bisiklik monoterpenlerdeki Wagner-
Meerwein yeniden diizenlemesi, metil grubu gibi bir siibstitiientin ¢ift bag iizerindeki
bir karbon atomundan tek bag tizerindeki bitisik bir karbon atomuna geg¢isini icerir. Bu
stirece genellikle rezonans veya komsu gruplar tarafindan stabilize edilebilen bir
karbokatyon ara {riinliniin olusumu eslik eder. Wagner-Meerwein kurallari,
karbokatyon ara maddesinin stabilitesine dayali olarak yeniden diizenlemenin
sonucunu tahmin eder.

Bu ¢alismanin en 6zgiin yani bisiklik yapiya sahip kamfenin brominasyonu ve bu
brominasyon esnasinda diizenlenmenin durdurulmasidir. Bisiklik yapidaki rijit
alkenlerin bromlanma reaksiyonlar1 klasik alkenlerin bromlanma reaksiyonlarindan
oldukgca farklidir. Normal sartlar altinda brominasyon reaksiyonlar1 bromonyum iyonu
tizerinden yiiriirken, bu tiir molekiillerin brominasyonunda ¢ogunlukla bromonyum
iyonu non-klasik karbokatyona gore diizenlenir. Bu sebeple brominasyon non-klasik
karbokatyon {izerinden ilerler. Klasik ve non-klasik karbokatyon arasindaki en temel
fark, klasik karbokatyonlarin ii¢ kimyasal bagda alti elektrona sahip bir karbon
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atomuna sahip olmasi,non-klasik karbokatyonlarin ise ii¢ merkezli, iki elektronlu
yapisinin olmasidir. Iyon gecisi, bisikloheptan iskelet yapisina sahip olan klasik ve
non-klasik karbokatyonlarin (+)-kamfen hidrokloriiriin izobornil kloriire yeniden
diizenlenmesi sirasinda olusur. Bu ¢alismalardan sonra devam eden arastirmalarda
Meervein kimyasal reaksiyonlardaki bu tiir iiriinleri karbonyum olarak tanimlamistir.
Farkl1 bir arastirmada 2-norbornil tosilatin solvolizi sirasinda olusan ara {iriinler non-
klasik karbokatyonlar olarak tanimlanmistir.

Kenetlenme reaksiyonlar1 organik kimyanin vazgegilmez ve temel reaksiyonlarindan
biridir. Calismalarimizin biiyiik bir kismini brominasyon reaksiyonlar1 yaninda
Suzuki-Miyaura ¢apraz kenetlenme reaksiyonlari olusturmaktadir. Organik kimyada
karbon-karbon baglarinin olusumu i¢in genellikle Suzuki-Miyaura ¢apraz kenetlenme
reaksiyonlart ile gerceklestirilebilir. Organoboronik asit ile halojeniirler veya triflat
arasinda Suzuki-Miyaura capraz kenetlenme reaksiyonlar1 i¢in bir paladyum
katalizoriiniin kullanilmasi gerekir. Pd ve Ni gibi gecis metalleri tipik olarak katalizor
olarak kullanilir. "Pd(0)-Pd(II) katalitik c¢evrimi"ni kullanan bu geleneksel
reaksiyonun mekanizmasi, oksidatif katilma, transmetalasyon ve rediiktif eliminasyon
adimlarindan olusmaktadir. Hem ¢evre dostu hem de basit olan Suzuki-Miyaura
capraz kenetlenme reaksiyonlar1 poliolefinleri, stirenleri ve siibstitiie edilmis
bifenilleri sentezlemek i¢in kapsamli bir sekilde arastirilmis ve siklikla uygulanmistir.

(¥)-Kamfen monosikloterpenlerin bir ¢esididir. Kamfen genellikle tibbi potansiyele
sahip indika tiirlerinde daha yaygin olarak bulunur ve dikkate degerdir. Bu calismada
(-)-kamfen (70), yeni biyolojik olarak aktif bilesiklerin (73-77) sentezi i¢in anahtar
bilesikler olarak kullanilacaktir. (-)-Kamfenden [%75 (%90 fenchenli kamfen)]
baslayarak brominasyon reaksiyonlar1 ve Suzuki-Miyaura kenetlenme reaksiyonlari
gerceklestirilecektir. Bu brominasyon sisteminde, (-)-kamfen (70), diklorometan (20
mL) iginde ¢oziilerek, Bro (CH2Cl2 iginde ¢6ziinmiis), bir basing dengeli damlatma
hunisi yardimiyla reaksiyon karigimma damla damla eklenecektir. Dibromo-(-)-
kamfene (71) anilin eklenip reaksiyon karisimi 2 saat boyunca geri sogutucu altinda
kaynatildiginda (1S,4R)-3-(Bromometilen)-2,2-dimetilbisiklo[2.2.1]heptan (72) elde
edilecektir.

Metal katalizli reaksiyonlar i¢in uygun bromlu tiirevler bir¢ok yeni {iriin i¢in 6nemli
bir anahtar bilesiktir. Bu c¢alismada metal katalizli Suzuki-Miyaura kenetlenme
reaksiyonlari, monobromo-(-)-kamfenden yeni (-)-kamfen tiirevlerinin sentezi igin
uygulanmasi planlanmaktadir. Bisiklik yapilarin kenetlenme reaksiyonlart Pd(PPhs)s
gibi katalizorler varhi@inda ve ¢esitli boronik asitler (fenil, 4-metoksifenil, 4-
tiyometilfenil, 4-etilfenil, 4-triflorometoksifenil) ile gergeklestirilmistir. Ilgili
bilesikler sentezi i¢in genel sentez prosediirii izlenerek monobromo-(-)-kamfen (72)
ve ilgili boronik asit bilesikler (73-77) ile etkilestirilmis, ardindan reaksiyon
karistmina baz olarak K2COs, ¢oziicii olarak toluen etanol ve su (1:1:1) eklenip
110°C'de 17 saat boyunca geri sogutucu altinda kaynatilmistir. Daha sonra ham iiriin
etilasetat (3x50 mL) ile ekstrakte edildi ve organik faz Na»>S0s ile kurutuldu ve
reaksiyon karigimi silikajel kolon kromatografisiyle saflastirildi. Nihai bilesikler, *H
NMR, 3C NMR ve FTIR spektroskopi ydntemleri kullanilarak karakterize edildi;
ayrica fotoaktif ve negatif polarimetrik olduklar1 da gosterildi.

(-)-Kamfen tiirevlerinin biyolojik etkileri (kanser hiicre hatlari ve hiicre kiiltiird,
sitotoksisite testi, agaroz jel elektroforezi ile DNA fragmentasyonu, migrasyon deneyi,
mikrodiliisyon deneyi ile antibakteriyel ve antifungal aktivite 6l¢limii) incelendi. (-)-
Kamfen tiirevlerinin biyolojik etkileri (kanser hiicre hatlar1 ve hiicre kiiltiirt,
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sitotoksisite testi, agaroz jel elektroforezi ile DNA fragmentasyonu, migrasyon deneyi,
mikrodillisyon deneyi ile antibakteriyel ve antifungal aktivite 6l¢iimii) incelendi. Bu
caligmada A549 (ATCC, CCL-185), Calul (ATCC, HTB-54) ve H1650 (ATCC, CRL-
5883) akciger kanseri hiicre hatlari, SW1353 (ATCC, HTB-94)/MG63 (ATCC, CRL-
1427)/ ve Saos2 (ATCC, HTB-85) kemik kanseri hiicre hatlari], Beas2B (RRID,
CVCL-0168) normal akciger hiicre hatlar1 ve HC (Sigma Aldrich, 402-05A) normal
kondrosit hiicre hatlar1 kullanildi. Sentezlenen bilesiklerin (71-77) hiicre cogalmasi ve
NCI-60 hayatta kalma parametresi degerleri tizerindeki etkilerini 6lgmek i¢in MTT
testi kullanildi. Test edilecek bilesiklerin (71-77) hiicre sitotoksik mi yoksa sitostatik
mi oldugu LDH yo6ntemiyle belirlendi. (-)-kamfen bilesiklerinin DNA merdivenleme
aktivitesi, standart yonteme uygun olarak bir DNA merdivenleme tahlili ile
degerlendirildi. Bilesiklerin hiicrelerin go¢ii lizerindeki etkisini belirlemek i¢in yara
tyilesme denemeleri kullanildi. Test maddesini igeren ortamdaki hiicrelerin ¢ogalma
yeteneginin Ol¢iilmesine dayanan bir yontemdir. Bu projede mikrodiliisyon testi
kullanilarak antibakteriyel ve antifungal aktivitelerin 6lglilmesi i¢in [E. faecalis VRE
ATCC 19433, E. faecalis ATCC 29212, S. aureus MSSA ATCC 29213, S. aureus
ATCC 25923, S. aureus MRSA ATCC 46300, E. coli ATCC 25922, P. aeruginosa
AGME ATCC 27853, C. albicans (ATCC 10231), S. gordonii (NCTC 7870) ve A.
actinomycetemcomitans (ATCC 33384)] kullanildi. Bu nedenle bu molekiiller tiim
bakteri ve mantarlara karsi antimikrobiyal 6zelliklere sahip degildir ancak (-)-kamfen
molekiilleri bu 06zelliklere sahiptirler, antikanser aktivitelerinden kismen
sorumludurlar, kanser tedavisi i¢in iyi bir segenek olabilir ve bilesik 72 kemik kanseri
icin daha ozgiidiir ve akciger kanseri tiirlerini daha ileri klinik 6ncesi ¢alismalar i¢in
en uygun hale getirmektedir.
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1. INTRODUCTION

Terpenes are aromatic oils that give their fragrance and taste. These molecular
compounds have also been recognized to carry an array of medicinal advantages when
blended with different cannabinoids and terpenes, the synergistic recuperation nature
of cannabis simply takes impact, however, every terpene has specific traits of its very

own (Quintans-Junior et al., 2013).

(+)-Camphene is one of the cannabis terpenes naturally found in ginger, rosemary,
conifer, and nutmeg it is often synthesized from pinene cannabis terpene. Also, a
significant component of numerous scents, oils, and topical treatments. Research on
its some of capacity to possibly cure psoriasis and eczema on the skin suggests that
camphene it can have antibacterial and antifungal efficacy. (+)-Camphene is usually
more prevalent in indica strains with noteworthy high medicinal potential (Hachlafi et
al., 2023; Girola et al., 2015).

For many years, studies looked into (£)-camphene's like antioxidant quality as a
potential treatment for lung inflammation, and it had a good role for regulating
cardiovascular health furthermor it observed notable reductions in cholesterol and
triglycerides, and in December 2012 (+)-camphene demonstrated potential as a potent
antioxidant, pain reliever, and antiinflammatory (Martinez et al., 2012). In vivo,
camphene showed effectiveness against cancer by impeding the growth of very

aggressive (Hachlafi et al., 2023; Vallianou et al., 2011).






2. LITERATURE REVIEW

2.1. Terpenes and Their Importance

Terpenes (Greek: terebinths = tar wood, Latin; Pistacia terebinths) are classical.
Terpenes are organic compounds that are naturally occurring in plants, including
cannabis. They produce the distinct flavor and aroma of various cannabis strains as
well as a variety of possible therapeutic effects. Terpenes are typically found in
essential oils. Essential oils are often liquid, intensely scented, and flammable
chemicals, industry uses for them include perfumery and cosmetics in general. Water
vapor is dragging them along. Organic materials are highly soluble in solvents but
insoluble in water. Every aspect of a plant, including its leaves, fruits, and flowers,
may be found in its organs. More than 2000 essential oil constituents have been
discovered thus far. Terpenes, or phenylpropanoids, are the most significant of them.
Furthermore, volatile nitrogen and sulfur-containing molecules are also found to be
present in many water vapors. The constituents of essential oils can normally be
divided into four classes for analysis (aromatic substances, terpene substances,
straight-chain hydrocarbons, sulfur-bearing, and nitrogen compounds) (Khaleel et al.,
2018; Christianson, 2017; Trombetta et al., 2005). About 90% of the chemical
components in essential oils are terpenes. One of the most popular categories of
organic compounds is terpenes. Animals and plants both provide a variety of purposes,
but they are also crucial for adding flavor to meals. Citrus, cinnamon, and other spice
flavors, for instance, are distinguished by several terpenes. Are the most well-known
terpenes including limonene and citral, both found in lemons, camphor, and pinene,
eugenol, found in cloves, Anatol, thymol, geraniol, and menthol, all found in pine trees
and cannabis, they are found in the plant's resin glands (Ceylan, 1987). There are over
100 different terpenes that have been identified in cannabis, and each strain may
contain different combinations and concentrations of these compounds. Terpenes can
have a variety of effects on the human body, depending on their chemical makeup
(Ramos da Silva et al., 2021). For example, some terpenes may have antiinflammatory
properties, while others may have anti-anxiety or anti-depressant effects. Some

terpenes may also work in conjunction with cannabinoids, such as THC and CBD, to



enhance their therapeutic benefits. Additionally, terpenes may additionally play a
position inside the entourage effect, that is the theory that the specific compounds in
cannabis work collectively to create an extra full-size therapeutic effect than any one
compound alone. In summary, terpenes are essential components of cannabis that
contribute to its flavor and aroma, as well as potential therapeutic benefits (Khaleel et
al., 2018). Understanding terpenes and their effects can help individuals select strains

that best suit their needs and preferences.

2.2. Structure and Classification of Terpenes

Terpenes are a diverse group of organic compounds made up of isoprene units, which
are five-carbon building blocks (Figure 2.1). Terpenes can be categorized into many
groups based on the quantity of isoprene units they contain (Kim, 2018; Wang et al.,
2018).

(1 Isoprene unit) C5 Hemiterpene )\/
(2 Isoprene unit) C;; Monoterpene w
(3 Isoprene unit) C,5 Sesquiterpene W

(4 Isoprene unit) C,, Diterpene x X X
(5 Isoprene unit) C,5 Sesterpene AN AN AN AN
(6 Isoprene unit) C;, Triterpene N S S S §

(8 Isoprene unit) C ) Tetraterpene

Figure 2.1. Classification of terpenes by isoprene units.

Monoterpenes: Monoterpenes are 10-carbon compounds formed by the combination
of two isopentane molecules. They can be acyclic and mono or bicyclic some a typical
example of monoterpene chemicals (Figure 2.2) (Kim, 2018; Mabou and Yossa, 2021).
The most prevalent class of terpenes found in cannabis is citrus-smelling limonene can
be found in citrus fruit oils. The oils of coniferous trees have the aromatic compounds
alpha- and beta-pinene, which smell like pine. Many biological characteristics of
monoterpenes include antiseptic, antibacterial, antifungal, and antiinflammatory
effects and they may have neuroprotective benefits and have the potential as anticancer
drugs (Croteau et al., 1988; Nikitina et al., 2017; Ramos da Silva et al., 2021).
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Figure 2.2. Acyclic, monocyclic, and bicyclic monoterpenes.

Sesquiterpenes: Sesquiterpenes consist of three isoprene units’ molecules, beta-
caryophyllene, humulene, farnesene, and bisabolol are a few examples that are
frequently used. Black pepper contains beta-caryophyllene, which has a spicy, woodsy
aroma. Hops contain humulene, which smells earthy and woodsy. Apples contain
farnesene, which provides a green, fresh aroma. Chamomile contains the chemical
bisabolol, which smells flowery and woody. Sesquiterpenes also possess a range of
biological qualities, such as antibacterial, antifungal, antiseptic, and anti-inflammatory
(Hossain et al., 2008; Ramos da Silva et al., 2021).

Diterpenes: These contain four isoprene gadgets, and are less commonplace than
sesquiterpenes. Examples of diterpenes encompass phytol and geranylgeraniol (Ramos
da Silva et al., 2021).

Sesterpenes: These contain 25 carbon atoms and five isoprene units. They are less
common than other terpenes, such as monoterpenes and sesquiterpenes, but they have
been found in a variety of organisms, including fungi, bacteria, and marine organisms.

Sesterpenes have a diverse range of chemical structures (Mabou and Yossa, 2021).
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Triterpenes: These contain six isoprene units and are less common than diterpenes.
Examples of triterpenes include beta-sitosterol and lupeol (Ramos da Silva et al.,
2021).

Tetraterpenes: These contain eight isoprene units and are the least common type of
terpenes found in cannabis. Examples of tetraterpenes include carotenoids and
chlorophyll. Terpenes can also be classified based on their chemical structure which
includes acyclic, monocyclic, and bicyclic terpenes (Mabou and Yossa, 2021). Acyclic
terpenes have a linear structure, while monocyclic terpenes have a single ring structure,
and bicyclic terpenes have two fused ring structures overall, the structure and
classification of terpenes are essential for understanding their properties, functions,
and potential therapeutic benefits (Hachlafi et al., 2023; Ramos da Silva et al., 2021).

2.3. Existence of Camphene and Its Benefits

(+)-Camphene is one of a kind of monocycloterpenes (Figure 2.3). These molecular
compounds of terpenes are aromatic oils that give their fragrance carrying a musky
and pungent earthy scent with a piney undertone and an array of medicinal benefits,

cleansers, and tastes (Quintans-Junior et al., 2013).

Figure 2.3. (+)-Camphene structure.

(+)-Camphene is found in nutmeg and ginger naturally, conifers, and rosemary,
serving as a key component in creams, oily, and fragrances. During the 1800s,
camphene was used as fuel in place of kerosene. Are explosive unique lamps are made
for. Currently, scent, perfume, and camphene are industrially used chemical
intermediates (Croteau et al., 1988; Banthorpe and Baxendale, 1968). Oils that include
camphene include turpentine, cypress, citronella, scarlet oil, and others. It forms a
small part of the plant oil, apricot, carrot, cinnamon, ginger, cumin seeds, nutmeg,
cardamom, and turmeric are additional ingredients in camphene (Harborne et al.,

1993). Michael Thurman in 2020 to the analysis of cannabis camphene as a
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monoterpene with a bicyclic structure and a pungent odor it is used as an additive in
meals and as a perfume additive (Thurman, 2020). When camphene is found in
hashish, it does give the oil a slightly piney fragrance as well as an earthy or musky
one. According to reports, camphene has the potential to heal skin conditions like
psoriasis and eczema. Thus, (+)-camphene may be one of the more advantageous
monoterpenes in hashish lotions. It may be of interest for more research due to its
membrane-defensive and antithrombotic properties, so it is from time to time

synthesized from more another’s terpenes like pinene (Nikitina et al., 2017).

2.3.1. Camphene specifications and names

(£)-Camphene with chemical formula C10H16 and a molecular weight of 136.24 g/mol,
having primary congeners D-camphene and L-camphene is referred to as (CAS No.
79-92-5) (Figure 2.4). It is a drab solid with and melting point of 50°C. (x)-Camphene
does not dissolve in water, while cyclohexane, in natural solvents that include alcohol
and chloroform, is effortlessly soluble. The refractive index is 1.45 and the density is
0.90 g/cm?, the flash factor is 39°C. Its boiling factor stages from (156-160°C).
Toxaphene and camphor are both called camphene. Flavorings and aromatics, such as
isobornyl acetate, and organic compounds forming other chemicals, function as
intermediates (Kim, 2018).

e

D-camphene L-camphene

Figure 2.4. D-camphene and L-camphene structure.
Preferred IUPAC names of (+)-camphene:

3,3-Dimethyl-2-methylene-norcamphene,  2,2-Dimethyl-3-methylenebicyclo[2.2.1]
heptane, 2,2-Dimethyl-3-methanylidenebicyclo[2.2.1]heptane, other names of (*)-
camphene:

(1R)-2,2-Dimethyl-3-methylenebicyclo[2.2.1]heptane.
(1R,4S)-2,2-Dimethyl-3-methylidenebicyclo[2.2.1]heptane.

(1R,4S)-6,6-Dimethyl-5-methylidenebicyclo[2.2.1]heptane.
7



Sometimes known as methylenenorbornan [(1R,4S)-2,2-Dimethyl-3-
methylenenorbornane]. As with organic compounds, it is traditional to use the D and

L nomenclature with camphene based on the configuration as (S-configuration at the
a -carbon). (+)-lsomer name is [(D-Camphene), (+)-Camphene]: (1R,4S)-2,2-
Dimethyl-3-methylenbicyclo[2.2.1]heptane, (1R)-2,2-Dimethyl-3-methylenebicyclo
[2.2.1]heptane, and (—)-isomer name is [(L-Camphene), (-)-Camphene]: (1S,4R)-2,2-
Dimethyl-3-methylidenebicyclo[2.2.1]heptane, (1S)-2,2-Dimethyl-3-ethylenebicyclo
[2.2.1]heptane.

2.4. Terpenes Reactions

Terpenes are a large and diverse class of organic compounds found in many plants and
animals (Quintans-Junior et al., 2013). They are known for their characteristic aromas
and flavors, and they have a variety of biological functions. Some common reactions
of terpenes are:

Oxidation: Terpenes can be oxidized to form various products, such as alcohols,
ketones, and aldehydes, for example, limonene, a common terpene found in citrus
fruits, can be oxidized to form carvone, which is responsible for the aroma of spearmint
(Hachlafi, et al., 2023).

Isomerization: Terpenes can also undergo isomerization, which involves rearranging
the atoms within the molecule to form a different isomer for example, a-pinene can be

isomerized to 3-pinene (Wang et al., 2018).

Polymerization: Terpenes can also polymerize, or combine with other molecules of
the same type, to form larger molecules. Resins and other natural compounds may
result from this method (Chen et al., 2013).

Hydrogenation: Terpenes can be hydrogenated, or reacted with hydrogen gas, to form
saturated hydrocarbons. This process can produce terpenes artificial versions of new
properties (Christianson, 2017; Souza et al., 2019).

Reduction: Terpenes can also be reduced, which involves adding electrons to the
molecule to reduce its oxidation state, for example, geraniol, a terpene found in roses,
can be reduced to form the alcohol nerol (Hachlafi et al., 2023; Mabou and Yossa,
2021). Overall, terpenes are highly reactive and can undergo various chemical

reactions, which can be exploited for multiple industrial and medical applications.
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2.5. Wagner-Meerwein Rearrangement Mechanisms in Bicyclic Monoterpenes

The regulation of bicyclic monoterpenes has been the focus of attention for years and
still is ionic addition reactions in bicyclic monoterpenes occur because of the Wagner-
Meerwein rearrangement (Birladeanu, 2000). The Wagner-Meerwein rearrangement
in bicyclic monoterpenes involves the migration of a substituent, such as a methyl
group, from a carbon atom on the double bond to an adjacent carbon atom on the single
bond (Chen et al., 2013; Smith, 1999). This process is usually accompanied by the
formation of a carbocation intermediate, which can be stabilized by resonance or
neighboring groups. The Wagner-Meerwein rules predict the rearrangement's outcome
based on the carbocation intermediate’'s stability (Figure 2.5) (Adamczyk-WozZniak et
al., 2021).

R4
Ry R Rs Re _ _H+ 1
~ 1,2-H shift(Y=H) . =

Ry
X © ®  1,2-Alkyl shift(Y=R) Ry Y 3
-X 1,2-Aryl shift(Y=Ar) ®
R - R > R Re
Y R,

Y
R, ¥ R, Y | Nu
2° carbocation 3° carbocation
Nu R
3
R= hydrogen, alkyl,aryl Ry

Figure 2.5. Wagner-Meerwein rearrangement mechanisms reaction.

Mechanisms of the Wagner-Meerwein rearrangement have been proposed for these
products isobornyl chloride is formed because of the addition of hydrogen chloride to
camphene from bicyclic monoterpenes, while bornyl chloride has been reported to
form in o, B-pinene (Balkanci, 2010; Smith, 1999). This can be achieved by migrating
the substituent to a more highly substituted carbon atom, or to a carbon atom that is
closer to a carbonyl or other electron-withdrawing group. (£)-Camphene (1) is
transformed into isobornyl chloride (4) by the addition of hydrogen chloride from
bicyclic monoterpenes, and can see that with a,-pinene (5,6) and bornyl chloride (9)
are formed while chloride is formed for this mechanism has been proposed (Figure
2.6) (Titova et al., 1995).



Isobornyl chloride
3* 4

Camphene
1 2

Z\H Cl
H
o B A A AL
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6 7 8 9
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Figure 2.6. (+)-Camphene is transformed into isobornyl.

2.6. Brominated Organic Derivatives and Their Importance

The most common of these is naturally occurring bromomethane. One of the most
notable applications of synthetic brominated organic compounds is the use of
polybrominated diphenyl ethers (PBDES) as fire retardants. The usage of brominated
molecules as an intermediary or a coloring agent is widespread across the paint
industry. Important components used in the creation of azo dyes include bromo

dinitroaniline which is a supplementary item (Figure 2.7) (Tutar, 1999).

(o] NH, O
H o " + N+
Brx -O’ N -

A\ o

\/c Br @ @ N\@/

Br

H n Br

Bromomethane Polybromoinated diphenyl ether Bromodinitroaniline

Figure 2.7. Bromomethane, polybrominated diphenyl ether, bromodinitroaniline.

Bromine has other applications as fumigants and biocides, dyes, pharmaceuticals, and
designer drugs the manufacture of fire retardants is the primary industrial use of
bromine. A variety of secondary bromine compounds are also found in nature, and due

to their impact on the environment, these compounds have come under increased
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scrutiny. Bromine compounds are relatively nonpolar like most organohalides (Tutar,
1999). Bromine is a dark red liquid at room temperature more electronegative than
carbon. The carbon in the carbon-bromine bond is electrophilic, they are alkylating
agents. The carbon atoms connected to bromine are very vulnerable to nucleophilic
attack because the carbon-bromine bond is very weak (C-Br: 276 kJ/mol) (Balkanct,
2010; Hachlafi et al., 2023). Because of this, aryl bromides supply a fairly simple
displacement reaction. A transition to practically any molecule by electrophilic
displacement is possible with aromatic bromides since they also make metal-halogen
exchange simple (Smith, 1999). Aryl bromides function as an intermediary and
essential part in the conversion to other derivatives thanks to these characteristics. For
many applications, organic bromides stand for a compromise in terms of reactivity and
cost. The bromine compound family is gradually expanding, and new compounds are
constantly being created for both established and emerging applications (Balkanci,
2010; Sokolova et al., 2021). The major reactions of organic bromides include
reductive conjugation, debromination, nucleophilic substitution, and grignard

interactions.

2.7. Bromination Reactions

Overall, bromination reactions are useful tools for introducing bromine atoms into
organic molecules, and they find applications in a wide range of fields, including
pharmaceuticals, materials science and chemical synthesis. There are several different
types of bromination reactions, including electrophilic bromination although the
electrophilic addition of bromine to olefins is a well-known and widely researched
reaction, the bromination reaction and the nature of the intermediate are still
controversial (Balkanci, 2010; Brown, 1997). The mechanism of bromination
reactions which is one of the basic reactions of unsaturated compounds is complex
(Figure 2.8).
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Figure 2.8. Electrophilic bromination mechanism.

As a result of the first attack of bromine in the mechanism, a bridged bromonium or
bromo carbonium ion (11, 11%*) is formed first (Acer, 2009). It is accepted that bromide
(12) or tribromide anion (12*) is formed as a counter ion, depending on whether the
solvent is protic or aprotic. These ion pairs rapidly turn into dibromide products (13)
because of the ionization of the weak charge transfer complex (Demirci Giiltekin,
2005). In addition to kinetic information, product stereochemistry, and effects are
explained based on this basic mechanism. The formation of cyclic bromonium ions as
an intermediate in the electrolytic bromination of olefins was first described by Roberts
and Kimball 1937 reported that adamantanylidene (14) to adamantane (15) is
brominated (Demirci Giiltekin, 2005). The X-ray structure by isolating bromonium
tribromide salt from the reaction definitively revealed the structure of the three-
membered bromonium ion they have put (De la Mare et al., 2013). In addition, this
salt is completely alternating again with Brz in the bromination reaction, showing that
it is converted from adamantanylidene to adamantane by the same group in which the
bromonium salt is formed and the intermediate is alternating shown (Figure 2.9)
(Brown, 1997).
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Figure 2.9. Adamantanylidene bromination reaction.

It is used as an intermediate in the bromination reactions of unconjugated olefins
bromonium ion is formed. These reactive intermediates then produce antiaddiction
products (De la Mare et al., 2013).

2.7.1. Bromination in bicyclic systems

The bromination of rigid alkenes in bicyclic structure is quite different from the
bromination of classical alkenes (Titova et al., 1995). While bromination reactions
under normal conditions run on the bromonium ion, in the bromination of such
molecules mostly the bromonium ion is regulated to the non-classical carbocation.

Thus, bromination proceeds via the non-classical carbocation.

2.7.1.1. Classic and nonclassical carbocation

The key difference between nonclassical and classical carbocation is that classical
carbocations (16) have a carbon atom having six electrons in three chemical bonds,
whereas the three-center, two-electron (18) structure of nonclassical carbocations
(Figure 2.10) (Balkanci, 2010). In the transition ion (20) is formed during the
rearrangement of classical and nonclassical carbocations (+)-camphene hydrochloride
(19) which has a bicyclo heptane skeleton structure, into isobornyl chloride (21)
(Nevell et al., 1939). In later years, Meerwein defined such products in chemical
reactions as carbonium ions (Titova et al., 1995; Yilmaz et al., unpuslished). Winstein
and Trifan examined the solvolysis of 2-norbornyl tosylate and defined the
intermediates formed as nonclassical carbocations (Figure 2.11) (Winstein, 1961;
Winstein and Trifan, 1952).
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Non Classical
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Figure 2.10. Classic and nonclassical carbocation.

o S
c _Cl Cl
Cl
19 20 21
Camphenhydrochloride Isobornyl chloride

Figure 2.11. Adding chlorine to (+)-camphene.

Based on their studies, the same group suggested that the norbornyl cation, which they
formulated as (22) has three resonance rings in the form of (23-26) (Figure 2.12).

éAH 2\ = élﬂ(é\g
% @
23 24 25 26

Figure 2.12. Mechanism of adding chlorine to norbornyl.

In allylic or benzylic cations, the positive charge can be distributed over different
carbons. However, in such a delocalization event, molecular orbitals are formed
because of m-atomic orbitals interfering with the carbocation center. Such
intermediates are known as classical carbocations (Figure 2.13). Cation (27-29) is
stabilized by the (*1) effect of methyl groups and by hyperconjugation. There is no
distribution of the positive charge in this molecule on the methyl carbons (Giltekin et

al., 2008).
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Figure 2.13. Classic examples of carbocations.

Nonclassical carbocations are distributed on different carbons because of
intramolecular delocalization via c-electrons instead of positive charge m-electrons.
This statement is the biggest property that distinguishes nonclassical carbocations
from classical carbocations. (Giiltekin et al., 2008). Collins and Harding have seen
products in which the labeled carbon is dispersed to unusual positions because of the
2-cyclopentenylethyltosylate (30) and acetolysis of 2-exo-norbornyltosylate (31)
obtained results show that ionic reactions in bicyclic systems continue over
nonclassical carbocations. Electrophilic addition reactions of bicyclic olefins generally
proceed through nonclassical carbocations (Figure 2.14) (Collins and Harding, 1969).
As a result of this, both skeletal regulation and stereochemical changes are seen. The
bromination reactions of such systems have been studied in a wide range (Gtiltekin et

al., 2008).

OAc

TsO

Figure 2.14. Non-classical carbocation rearrangement products.



2.8. Bromination at Low Temperatures

In the bromination of norbornadiene (39) in chlorinated solvents at low temperatures
(0°C), dibromide (42) formed as a result of the Wagner-Meerwein rearrangement and
as a result of homoallylic conjugation, nortricyclanic compounds (40 and 41) were
obtained (Winstein and Trifan, 1952). In this reaction, normal addition products (no
formation of trans dibromide (43)) indicate that the reaction over bromonium ion

cannot compete with the nonclassical carbocation (Figure 2.15).

Br
Br Br Br Br
Br,/CH,Cl
\ 2/ CHLLL + +
0
39 0°C
* 40 41 Br 42

Br
Br

Br
Br 43

Figure 2.15. Low temperature bromination of norbornadiene.

So, the low temperature bromination of benzonorbornadiene (44). The result of the
bromination reactions of benzonorbornadiene (44) at room temperature and lower

temperatures is a quantitatively regulated product (46) (Figure 2.16).

Br
\ Br,/CHCl;
_—
(0-10°C)

44 45 46

Figure 2.16. Low temperature bromination of benzonorbornadiene.

Nortricyclanic products formed in the bromination of norbornadiene were not
observed in this molecule. Because the formation of such a product causes the
deterioration of aromaticity (Meinwald and Wiley, 1958). In such a system, bromine
can approach the double bond electrophilically in two ways. As a result of the attack

16



by the benzo ring endo-bromonium ion (45) and the attack in the direction of the
methane bridge, exo-bromonium ion (48) is formed. There are certain factors that
decide the formation of these two intermediates. The stereochemistry of electrophilic
addition to double bonds in bicyclic systems depends on some effects such as steric
factors, torsional effect, interference of @ and o orbitals in transition, formation of
nonclassical ion, and rapid equilibrium with classical ion (Titova et al., 1995). The
stereochemistry of the electrophilic addition of benzonorbornadiene (44) depends on
the stabilization of the transition state nonclassical carbocations (46 and 49) by the

interference of @ and o electrons (Figure 2.17) (Tutar and Balci, 2002).

Br

Figure 2.17. Formation mechanism of benzonorbornadiene.

When the exo-bromonium ion (48) is formed, this ion is stabilized by the interference
of the aromatic ring « orbitals, and eventually, the bromonium ion transforms into the
homobenzyl ion (49) which is more energetically stable (Balkanci, 2010). The endo-
bromonium ion (45) formed as a result of approaching bromine from the endo face, on
the other hand, can only be stabilized as a result of interference of ¢ electrons. This is
less preferable. In addition, there is an aryl migration over the exo-bromonium ion, and
the arranged product in the skeletal structure is transformed into (50, 50%*). Only alkyl
migration can occur via endo-bromonium ion. The product (47) formed because of

alkyl migration is more in the tensile skeleton structure (Balkanci, 2010).

2.9. Low Temperature Bromination of (+)-Camphene

Camphene’s responses to bromination have been known since the late 19th century all
the research that was done either had insufficient experimental data or was unable to
decide the structure analyses because there were no speculative measurements. Titova

etal., in 1995 conducted significant research on the bromination of (+)-camphene three

17



compounds were shown from the reaction between molecular bromine and (+)-
camphene (1) methylene chloride in the relevant study. Bromo-(+)-camphene which
is a byproduct of addition separation is one of these products (51) (Titova et al., 1995;
Yilmaz et al., unpublished). It is isolated from bromocamphene with rather poor yields
(Gtiltekin et al., 2008). It is understood that the arranged items combine to generate
(52) primary products (Figure 2.18).

Br
Br,/CH,CI, 7z
> Br 4+ + Br
0°C
Br Br Br

1 51 (59%) 52 (10%) 53 (5%)

Figure 2.18. (+)-Camphene bromination.

According to the study in question, the following mechanism governs how products
are formed. The Wagner-Meerwein rearrangement produces the arrangement products
(52 and 53), as may be inferred from the method depicted in (Figure 2.19).

The mechanism shows how non-classical carbonation is used to carry out bromination
(Gtiltekin et al., 2008; Horasan et al., 2003; Tutar, 1999).

Br
Brz/CHzclz se-C i Br-
—_— —_— —_— Br
0°C +

/ L Br 5 1
Br
Br Br -
Z Br+ »e-C T Br
—_— T ‘_—‘ —_— Br
52

Br Br Br Br
L 52* 52%* - 53

Figure 2.19. (+)-Camphene bromination mechanism.
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2.9.1. Camphene reactions
In a study of (+)-camphene (1) with aqueous acetic acid in the presence of

heteropolyacid, acetate, and hydroxide compounds, which are the products of

regulation, were synthesized (Figure 2.20) (Souza et al., 2019).

OAc= Izobornil asetal

OH= Izoborneol

X
55
H* HX
- +
-H HX
1 .
OAc= Bornil asetal
X= OAc, OH X OH= Borneol
56

Figure 2.20. (+)-Camphene acetylation in the heteropolyacid.

Isobornyl nitrate was obtained from (1) as the main product in the study in which N2O4
was used as a solvent in the interaction of (+)-camphene with N2O4 and concentrated
HNOsz (Balkanci, 2010). In this reaction, zeolite was used as a catalyst in a
concentrated HNO3s medium. Depending on the structure of the solvent and the ratio

of the zeolite product primarily intronization product (58) was obtained (Figure 2.21).

OH2 CH,NO,

57 CH,;NO,

Figure 2.21. (+)-Camphene interaction with N2O4 and HNO3

In 2006 Lana obtained diisobornyl ether from camphene by using heteropolyacid
(H3POg) as a catalyst in their study (Figure 2.22) (Lana et al., 2006).
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OH

O
61

Figure 2.22. Synthesis of diisobornyl ether from camphene.

This reaction unlike what we mentioned before was not in acetic acid but in
nitrobenzene and benzene sequentially (Lana et al., 2006). In most cases,
isobornylether (61) was obtained as the main product in homogeneous and
heterogeneous systems little amount of isoborneol (62) was observed to occur. In some
cases, besides isobornylether and isoborneol, very few oligomerization products have
been isolated. The formation of regulation products in almost all additional reactions
of camphene has led to new searches. Several studies have been conducted for the
synthesis of camphene derivatives without editing. Foca et al., in 2002 used tin and
platinum compounds as catalysts in the diastereoselective hydroformylation of
camphene, one of which was catalyzed by platinum-tin compounds in (PtCl.-
(PPh3)2/SnCl,/PPh3) where tin chloride is absent platinum complexes could not be
effective in the hydro formation of camphene (Foca et al., 2002). In the presence of
catalysts (+)-camphene (1) reacts with CO and Hz to form linear aldehydes. When
using SnCl, and platinum complexes of equal molarity, 50% amount of the product
and 89-96% of this product is (63 or 63*) 15% exit isomer (36) is formed (Figure 2.23)
(Foca et al., 2002).

PtClzLZ/SnC12

CO/H,/Benzen

Figure 2.23. Synthesis of aldehyde from camphene.
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Other significant characteristics that make (£)-camphene proper for various
electrochemical reactions are, the Suzuki—Miyaura coupling reaction partly because
the boronic acid compounds are low in toxicity and have good stability and simplicity
of synthesis and the production of new compounds with different characteristics we

explain the coupling reaction mechanism in Figure 2.24.

2.10. Suzuki-Miyaura Coupling Reactions Mechanisms

Generally can used Suzuki-Miyaura coupling reaction in organic chemical reactions
about the synthesis of (C-C) bonds (Tutar et al., 1996; Gujral et al., 2012; Yilmaz et
al., 2023; Yilmaz et al., unpublished). It involves using a palladium catalyst to cross-
coupling between organoboronic acid and halides or triflate. Late transition metals like
Pd and Ni are typically used as catalysts. The mechanism for this conventional
coupling, using the "Pd(0)-Pd(I1) catalytic cycle" as an example, consists of three key
components (Figure 2.24) (Liu et al., 2011).

R;-X + Ry-B(y), Pd ., /Base -~ R,-R,
R;-pd(ll)-X _AOH X= Halide
Oxidative addmon y= Organoboron campounds
AX A=Li, Na, K
R{,R,= Aryl, phenyl

Precatalyst y

PA(ll) PSS b0y R,-Pd(Il)-OH o

—B—OH
R,—B ~<<AOH_ R,-B(y),
Transmetallation A* |
Rl R2 y
Reductive elimination R]—Pd(ll)—R2 )I’
OH QB —OH

+

y
Figure 2.24. Suzuki-Miyaura coupling reactions mechanism.

1. Oxidative addition: C-hetero atom bond of electrophiles R1-X to the Pd(0) to form
the R1-Pd(I1)-X.

2. Trans metalation: Nucleophiles R2-B(y)2 with the Pd(11)-X bond to form R1-Pd(I1)-
Ro.

3. Reductive elimination: The intermediate R1-Pd(I1)-R2 to make the coupling product

R1-R2 and finish a cycle by renewing the Pd(0) species (Figure 2.24).
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So far, this model has been extensively studied and widely applied in coupling
reactions to synthesize polyolefins, styrene, and substituted biphenyls which are
crucial in the pharmaceutical, materials science, and electronics sectors that are both
environmentally friendly and straightforward (Roglans et al., 2006). In this study we

used a Pd(0) catalyst to give compounds 73-77.

2.11. Optical Rotation of Terpenes

The optical rotation of terpenes can vary depending on the specific terpene molecule,
the enantiomeric form, and the experimental conditions. While optical isomers have
most of the same physical and chemical characteristics, their shape matters when a
difference occurs between optical rotation. A biological reaction will be aided by one
optical isomer, whereas the other will either have no effect or a different effect. Some
examples of terpenes and optical rotations when measured at 20°C using sodium D-
line light (wavelength of 589 nm) and a standard concentration of (1 g/10 mL) in
ethanol (Figure 2.25) (Wiberg et al., 2004).

a-Pinene: This is a common terpene found in the essential oils of pine trees and many

other plants. It exists as a mixture of two enantiomers: (+)-a-pinene (64) and

(-)-a-pinene (65). The specific rotation values for (+)-a-pinene and (-)-a-pinene are
around +17.5° and -17.5°, respectively (Wiberg et al., 2004).

B-Pinene: This is another terpene found in various plant essential oils, including those
of pine trees. It also exists as a mixture of two enantiomers: (+)-p-pinene (66) and (-)-
B-pinene (67). The specific rotation values for (+)-f-pinene and (-)-B-pinene are

approximately +39.0° and -39.0°, respectively (Wiberg et al., 2004).

(£)-Camphene: This is a terpene commonly found in essential oils such as fir oil,
artemisia annua, neroli, camphor, lavender, acorus, and turmeric. It exists as a mixture
of two enantiomers: (+)-camphene (68) and (-)-camphene (69). The specific rotation
values for (+)-camphene and (-)-camphene are around +104°, and -85° respectively
(Quintans-Junior et al., 2013; Mort and Autschbach, 2007; Wiberg et al., 2004).
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LG Pk (B

(+)-a-Pinene  (-)-a-Pinene (+)-B-pinene (-)-B-pinene
+17.5° -17.5° +39° -39°
64 65 66 67
(+)-camphene (-)-camphene
+103° -85°
68 69

Figure 2.25. Optical rotation of terpenes.

2.12. Biological Activities of Terpenes

Over the past years, increased terpenes studies have been published on the biological
properties of terpens as they have been used in traditional medicine for millennia.
(Wang et al., 2018). In recent years, biological properties have been extensively
demonstrated to prove the mechanism of action of essential oils for different terpenes
the most important of these characteristics (Martinez et al., 2012; Smith, 1999).

1. Antioxidants (Adorjan and Buchbauer, 2010; Chukicheva et al., 2010).

2. Displays antitumor activity in vivo anticancer (Machado et al., 2022).

3. Inhibit inflammatory and neuropathic (Smith, 1999).

4. Skin penetration-enhancing activity (Quintans-Junior et al., 2013).

5. Cardiovascular and antihypertensive effects (Ramos da Silva et al., 2021;
Vallianou et al., 2011).

6. Anticonvulsant and sedative activity (Quintans-Junior et al., 2013).

7. Antimicrobial agent and antibacterial agent and effect (De Freitas et al., 2020;
Hachlafi et al., 2023; Rasoul et al., 2012).

8. Antifungal agent (Hossain et al., 2008).

9. Antituberculosis agent (Ramos da Silva et al., 2021; Souza et al., 2019).

10. Insecticidal activity (Prates et al., 1998).
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11. Diminished muscle dysfunctions, such as reduced muscle mass and glucose
uptake (Baek et al., 2020).
12. Reduces plasma cholesterol and triglycerides (Smith, 1999).

13. Antiviral activity against several types of viruses (Sokolova et al., 2021).

2.13. Importance and Scope of The Study

Terpenes molecular compounds are also known to have a range of medicinal benefits.
Also found naturally in conifers, ginger, nutmeg, and rosemary camphene is used as a
main ingredient in many topical creams, perfumes and oils, it is commonly used in
creams, ointments, and lotions, and it can treat skin conditions camphene can have

antifungal and antibacterial efficacy (Quintans-Junior et al., 2013).

Since the compound (-)-camphene (69) pure is very expensive on the market and
difficult to extract, it was prepared from its analogs and in feasible ways that are useful
for preparing derivatives that are difficult to obtain, thus obtaining different treatments
and research for this compound. In this study, all (-)-camphene-derived compounds
73-77 that were prepared were screened for the presence of the assigned biological
activity. Therefore, the idea of this study is to discover new strategies for preparing
compounds that are difficult to separate and prepare, as well as being expensive in the
markets, and to prepare them to use the simplest means and in quantities satisfactory
to industries, and such antibacterial materials. For future projects that reduce the risk
of spreading the disease. Within the scope of this study, it was aimed to synthesize (-
)-camphene derivatives that were starting from (-)-camphene (70) by using Suzuki-
Miyaura coupling reactions and by linking different phenylboronic acids (phenyl, 4-
methoxyphenyl, 4-thiomethylphenyl, 4-ethylphenyl, 4-trifluoromethoxyphenyl) with
palladium as a catalyst in the presence of nitrogen gas and the base medium. In
particular, the Suzuki-Miyaura reactions have been widely developed and used in the
synthesis of other compounds, it has the added advantage of being easy to prepare in
large quantities, and the reactions occur at a high temperature and are usually rapid.
Reactions are readily monitored as they come to an end when the nitrogen is no longer
released, N2 gas is an excellent leaving group as it doesn't affect the reaction mixture;

hence, a compound's

In this study, we have a levorotatory compound that took their optical rotations when

measured at (23°C) using sodium D-line light (wavelength of 589 nm). Accordingly,
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the findings demonstrated that 47 and 72 were capable of inducing an anticancer effect
without affecting normal cells. On the other hand, when considering all treated bone
cancer cell lines, the 76 and 72 molecules with strong anticancer effects are the most
convenient ones for further preclinical studies because they exhibit low cytotoxicity
towards normal chondrocyte HC cells. When evaluating 71, 72, and 76 molecules
together with MG63 bone cancer cells, it was expressed that these molecules exhibited
strong antiproliferative effects When considering Saos2 cancer cells, these molecules
in the range of TGI values exhibited similar or better anticancer effects compared to
the control medication, 5SFU. We saw the anticancer activity exhibited by subjected
molecules except for compounds 73 and 77 was found to be at a similar or higher level
than the standard anticancer medication 5FU in SW1353 cancer cells. In contrast to
the positive control group, 5FU, it was compound 74 very toxic against HC-normal
chondrocyte cells, despite being found to be more affected by bone cancer cells. This
situation limits the use of the 74 agents. If these 71 and 74 molecules' toxic effects
against lung and chondrocyte normal cells, respectively, are reduced by chemical
modification, they may be a good option for cancer treatment. Compound 72 was more
cancer-specific for forms of bone and lung cancer, and that make it most of convenient
one for further preclinical studies. The MTT and LDH test results, which show the
therapeutic and cytotoxic features, respectively, were evaluated together. It was
vigorously expressed that compounds 72, 74, and 76 show the most optimal cytotoxic
effect against cancer and antiproliferative and normal cells compared to the positive
control, 5FU. Overall, the (-)-camphene substances have the ability to start an
apoptotic cascade in cells and result in the development of apoptotic DNA
fragmentation. The (-)-camphene molecules are partly responsible for their anticancer
activities when we did the Migration test results of 71, 75, 76, and 77 molecules and
The changes that occurred in the cell morphology by applying TGI doses of (-)-
camphene molecules indicate that the effect mechanism of the (-)-camphene, including
apoptosis, is in line with the MTT, DNA degradation, and cell migration test results of
the (-)-camphene molecules. On the other hand, these molecules lack antimicrobial
properties against all bacteria and fungi. Therefore (-)-camphene compound may be a

good option for cancer treatment in the future.
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3. MATERIALS AND METHODS

3.1. Material

3.1.1. Solvents and chemicals

References most of the chemicals and solvents used in the tests are bought for the
research, dryers, and chemical reagents from the Merck, Fluka, Aldrich, Sigma-
Aldrich, Tekkim and Alfa Aesar brands are used. Technical (domestic) solvents are
proper for column chromatography and washing when used after distillation over

dryers in synthesis and very pure solvents are obtained by import.

Chemicals: Bromine, (-)-camphene technological caliber, 75% (90% as camphene
and fenchene), (phenyl, 4-ethylphenyl, 4-thiomethylphenyl, 4-
trifluoromethoxyphenyl, 4-methoxyphenyl) boronic acid, palladium(0), potassium

carbonate, toluene, aniline, hydrochloric acid, and N gas.
Solvents: Dichloromethane, chloroform, hexane, benzene, diethyl ether, and ethanol.

Desiccants: Calcium chloride and sodium sulfate were used.

3.1.2. Purification
The purification processes of all solvents used in the experiment were conducted by

modern methods as stated in the literature (Perrin et al., 1988).

Chloroform: Chloroform brought from abroad is used directly in reactions and
crystallization processes. The chloroform used in the column process was utilized from

locally supplied chloroform.

Dimethyl chloride: Dimethyl chloride is used in reactions and crystallization
processes. In the column and extraction processes, technical dimethyl chloride was

used.

Acetone: Acetone, which is generally used in the cleaning processes of laboratory

materials, is technically supplied.

Diethyl ether: While absolute pure ether is used in crystallizations, indigenous in

extraction processes is used.



Hexane: In chromatographic column operations, technical hexane was used after
being distilled by fractional distillation method via CaCl.. Absolute hexane was used

directly in the crystallization processes.

Benzene: In chromatographic column operations, technical benzene was used.
Protective steps have been implemented to avoid skin contact with substances that are

known to cause cancer.

3.1.3. Chromatographic analysis

In chromatographic methods in separation and purification procedures, classical
column chromatography has often been used silica gel 60 (0.063-0.200 mm) as filler
and (230-400 mesh ASTM) from Merck branded. Hexane was used as the eluting

phase in column chromatography.

3.1.4. Spectroscopic methods

The *H NMR and *C NMR measurements required for the structure analysis of the
compounds obtained in pure form at the end of our studies were taken using Varian
Mercury 300 MHz NMR spectroscopy in our department. Infrared spectra were
recorded from Spectrum TWO FT-IR spectroscopy in our department.

3.1.5. Rotary evaporator
Heidolph brand 4003-G3 vertical type to remove solvents in the reaction medium in a

low vacuum evaporator was used.

3.1.6. Optical rotation
Measurements required for optical rotation by P8000 (A. KRUSS Optronic, Germany)
using cell a 0.5 dm, all the [a] values are units of deg cm? g%, and concentration units

are given in g/100 mL.

3.1.7. Precision balance weighing operations.
Made with Precise branded, 220 g capacity, 0.0001 precision balance.

3.1.8. The biological effect
All the materials, tools, and cells for the biological activities of our compounds were

done at the Yozgat Bozok University, Faculty of Medicine, Basic Medical Sciences.
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3.2. Method

3.2.1. Bromination reactions

This is carried out at low temperatures bromination (0°C) created with an ice-water
bath, bromine solution prepared in the required proportion in the pressure-
compensated dropping funnel was added dropwise. Excess bromine and solvent were
removed under a low vacuum. The substance is purified and crystallized in silica gel

columns (Figure 3.1).

Figure 3.1. Bromination reactions of (-)-camphene.

3.2.2. Dibromo-(-)-camphene reaction

Dibromo-(-)-camphene and aniline in a reaction flask. The reaction flask is covered
with thermal cotton fibers to avoid heat loss and exposure to light. Stirring of the
reaction solution was permitted on the hotplate for 2h reflux. It is extracted in an
organic solvent. After drying the separated organic phase. At a rotating evaporator, the
solvent was eliminated. The mixture of products in the silica gel column has been
divided (Figure 3.2).
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Figure 3.2. Dibromo-(-)-camphene reaction.

3.2.3. (-)-Camphene derivatives reaction

Monobromo-(-)-camphene, phenylboronic acid, potassium carbonate, Pd(PPhs)s and
toluene, ethanol and water, as a solvents into the three neck reaction flask influenced
reaction balloon for 17h reflux with N2 gas the reaction at 110°C was stirred (Figure
3.3). The supernatant was extracted in an organic solvent and after drying the separated
organic phase, the solvent was removed from the rotary evaporator. The product mix
in the silica gel column has been segregated. These steps by step were repeated by
using the boronic acid compounds (4-thiomethylphenyl, 4-ethylphenyl, 4-
methoxyphenyl, 4-trifluoromethoxyphenyl).
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Figure 3.3. Derivatives reaction.

3.2.4. Optical rotation
In a standard volumetric vial prepared for all synthesized compounds 1 g/10 mL in
dichloromethane, you apply the equation to find values of specific rotation when

measured at 20°C using sodium D-line light (wavelength of 589 nm).

T a
[a]}\' - o x 100

[l = Specific rotation
T = Temperature

A = Wavelength
o« = Optical rotation

C .
= Concentration

¢ = Optical pathlength
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3.2.5. Biological activities

3.2.5.1. Cancer cell culture and cell lines

In this study we used lung cancer cell lines [A549 (ATCC, CCL-185), Calul (ATCC,
HTB-54), and H1650 (ATCC, CRL-5883)] and bone cancer cell lines [SW1353
(ATCC, HTB-94), MG63 (ATCC, CRL-1427), and Saos2 (ATCC, HTB-85)]. Beas2B
(RRID, CVCL-0168) normal lung cell line, and HC (Sigma Aldrich, 402-05A) normal
chondrocytes cell line. We prepared cells under sterile conditions in a laminar cabinet.
As soon as the cells were confluent, they were incubated at 37°C with 5% COg in
supplemented DMEM. or RPMI 1640 medium containing FBS 10% and PenStrep 2%
solution. With 10000 cells per well were seeded measuring plates. After 16h
approximately of pre-incubation, test molecules were added and measurements were

performed after 24h of incubation.

3.2.5.2. Measurement of cell proliferation and determination of NCI-60 survival
parameters

MTT test was used to measure the effects of the synthesized test 73-77 on cell
proliferation and NCI-60 survival parameter values (Mosmann, 1983). After
incubation, this test protocol was applied of test substances and cancer cell lines for
24h. The results were as %cell inhibition and the optical density of the solvent
(DMSO) treated cells it was assumed 100%. The MTT method used on cells of
increasing concentrations of each test substance [1.96, 3.91, 7.81, 15.63, 31.25, 62.5,
and 125.0 pg/mL] based on a specified range of values NCI-60 survival parameters of
test substances. By using a logarithmic function on the logarithmic curve prepared
from the absorbance values obtained it was analyzed after the following formulas were
used for the measurement of NCI-60 survival parameters (Glso, LCso and TGI); Cell
proliferation: [(Ti-Tz) / (C-Tz)] x 100 if the [Ti>/=Tz] (cytocytic effect) or [(Ti-Tz) /
Tz] x 100 if the [Ti < Tz] (cytocidal or cytotoxic effect), (Tz; zero point, C; control
growth, Ti; inhibition by test substance). TGI: Concentration value that reduces growth
by 100% (Ti = Tz), Glso: Concentration value that reduces growth by 50% ([(Ti-Tz) /
(C-Tz)] x 100 = 50), LCsp: concentration value that by 50% kills cells in the medium
([(Ti-TZz) / Tz] x 100 = -50).

3.2.5.3. Cytotoxicity test of (-)-camphene derivatives
By the LDH method was determined the compounds 73-77 to be tested if cytotoxic or
cytostatic (Decker and Lohmann-Matthes, 1988). Increase in LDH in the culture
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supernatant an increase in the amount of cells that die during the incubation period,
depending on the substance tested, will result. Lactate dehydrogenase (LDH) is a stable
cytoplasmic enzyme that is found in most cells, for this reason the LDH cell
cytotoxicity kit was used according to the manufacturer's procedure. So the change in
the amount of formazan formed as a result of LDH enzyme activity was measured and
evaluated according to the formula below; %Cytotoxicity = [(Substance Absorbance -
Low Control) / (High Control - Low Control) x 100].

3.2.5.4. DNA fragmentation by agarose gel electrophoresis for (-)-camphene
derivatives

By using a DNA laddering assay in accordance with the standard method DNA
laddering activity of the compounds was evaluated (Gong et al., 1994). Briefly, 7.5 x
10° cells were placed into 25 cm? culture flasks and treated with TGI concentrations
of the compound 73-77 at 37°C with 5%CO2 overnight. Initially, a precipitate
containing DNA was taken out of the digest using a 50 uL phosphate-citrate buffer
and centrifuged at 1500 x g for 5 minutes, and then 40 pL of supernatant was
transferred to a microcentrifuge tube. Tween20 (5 nL) solution (0.25% in ddH20) and
RNase A (5 uL) solution were added to the supernatant and then incubated for 30 min
at 37°C. Next, (5 pL) proteinase K was added to each tube and re-incubated for 5 min
at 37°C. Finally, the DNA-containing precipitate of the microcentrifuge tube was
added 5 pL of loading buffer and loaded to 1.5 %agarose gel containing 0.5 pg/mL
ethidium bromide and electrophoresed for 40 min at 200 mA. After electrophoresis,

by UVP gel imaging system DNA fragmentation on gels was imaged.

3.2.5.5. Migration assay of (-)-camphene derivatives

A wound-healing assay was used to determine the effect of the compound 73-77 on
the migration of cells. It is a method based on measuring the proliferation ability of
cells in the medium containing the test substance. A two-compartment silicon well (-
Dish) was used for this test. There is a distance of 500 um between the two chambers
of this silicon well. Cells are loaded at 35000 cells/70uL in each chamber of the two-
compartment silicon well and incubated for 24 hours. After incubation, the silicon well
is removed by holding it from its corner with the help of forceps, and the old medium
is discarded. Then, approximately 2 mL of fresh medium is added and test molecules
are placed at the Glso dose. From this moment, the specimens begin to be

photographed. Photographs were taken on p-Dish, in which the test substances were
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put every 24 hours, until the gap of 500 um in the p-Dish, which was used as a control,
was filled.

3.2.5.6. Antibacterial and antifungal activity measurement with microdilution
assay for (-)-camphene derivatives

In this project, E. faecalis VRE ATCC 19433, E. faecalis ATCC 29212, S. aureus
ATCC 25923, S. aureus MSSA ATCC 29213, S. aureus MRSA ATCC 46300, E. coli
ATCC 25922, P. aeruginosa AGME ATCC 27853, S. gordonii (NCTC 7870), A.
actinomycetemcomitans (ATCC 33384), and C. albicans (ATCC 10231) were used.
By micro-well dilution method MIC values of the compound 73-77 against bacterial
strains were determined. To determine the minimal inhibitory concentration (MIC)
values, inocula of bacteria were prepared using 12h Mueller-Hinton broth cultures, and
to 0.5 McFarland standard turbidity suspensions were adjusted. The C. albicans
(ATCC 1023) strain was retained on solid Sabouraud dextrose agar at 35° C in an
incubator, 24h later, fungal inocula were prepared using RPMI-2% glucose broth and
were counted using a Neubauer chamber and trypan blue stain to obtain a final
concentration of 1.5x10° cells/mL. Used only to count live C. albicans (the trypan blue
counting method with the Neubauer chamber), each substance dissolved in (DMSO)
and serial twofold dilutions were made in a concentration range in microplate wells
containing nutrient broth from 4 to 512 ug/mL. Determined visually the growth after
incubation of microorganisms at 35°C for 24h, the minimum level of focus at which

there was no visible growth (turbidity) was taken as the MIC.

In this project, E. faecalis VRE ATCC 19433, E. faecalis ATCC 29212, S. aureus
ATCC 25923, S. aureus MSSA ATCC 29213, S. aureus MRSA ATCC 46300, E. coli
ATCC 25922, P. aeruginosa AGME ATCC 27853, S. gordonii (NCTC 7870), A.
actinomycetemcomitans (ATCC 33384), and C. albicans (ATCC 10231) were used.
By the basis of a micro-well dilution method MIC values of the compound 73-77
against bacterial strains were determined, to determine the minimal inhibitory
concentration (MIC) values, inocula of bacteria were prepared using 12h Mueller-
Hinton broth cultures, and suspensions were adjusted to 0.5 McFarland standard
turbidity. The C. albicans (ATCC 1023) strain was retained at 35° C on solid
Sabouraud dextrose agar in an incubator, 24h later, fungal inocula were prepared using
RPMI-2% glucose broth and were counted using a Neubauer chamber and trypan blue
stain to obtain a final of 1.5x10° cells/mL. To count live C. albicans was only used the
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trypan blue counting method with the Neubauer chamber. Each substance dissolved in
(DMSO) and serial two-fold dilutions were made in a concentration range in
microplate wells containing nutrient broth from 4 to 512 ug/mL. Growth of
microorganisms was determined visually at 35°C after incubation for 24h. The lowest

concentration was no visible growth (turbidity) was taken as the MIC.
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4. EXPERIMENTAL AND RESULTS

4.1. Low Temperature Bromination of (-)-Camphene

Brz, CH2C12

0°C

70 Br™ .,

Figure 4.1. Low temperature bromination of (-)-camphene.

In asingle neck flask of 4 g, (90% as (-)-camphene and fenchene) technical grade,75%
(70) was dissolved in (20 mL) from CH2Cl, magnetically stirred in the ice bowl. Br
in 20 mL CH2Cl> (32.3 mmol) the solution was added dropwise over 15 minutes. The
reaction medium turned brown (Figure 4.1). After stopping the dripping process, the
mixing continues until it became at room temperature. 60 mL water with diethyl ether
(2 x 60 mL) used to separation the oily layer and, dried by Na>SOs, and evaporatin of
the solvent. By silica gel column chromatography using hexane the crude was
purificated to gave (7.6 g, 91%) as a colorless liquid, and after 7-15 days in the
refrigerator were obtained crystals (71). A supernatant was indicated by *H NMR
analysis (Figure 4.2). The fact that all protons are in the aliphatic region in the *H NMR
spectrum of 2,10-dibromobornan indicates that the compound is a fully saturated
hydrocarbon. In the lowest part of the spectrum (4.2 ppm), the doublet of the doublet
belongs to the proton on carbon 2 to which the bromine is attached. Signals in the
entire aliphatic region in the **C NMR spectrum of the (71) are associated with the
structure in harmony. The spectra and melting point of the compound agree with the

literature were compared it was observed that all values were compatible (Figure 4.3).

IH NMR (CDCls, 300 MHz, ppm) 8 4.33 (dd, J232 = 4.81 Hz, Jaa = 4.50, 1H), 3.79
(d, Jerz = 9.93 Hz, 1H, Heraer), 3.47 (d, Jorz = 9.9 Hz, 1H, Hersr), 2.0-1.9 (m, H,



H3ex, and Hazen), 1.85-1.80 (M, 2H, Heex and Heen,); 1.60-1.58 (M, 2H, Hsex, and Hsen),
1.5 (m, H, Haex), 1.22 (S, 3Hschz), 0.94 (S, 3HocH3).

13C NMR (CDCls, 75 MHz, ppm) 8¢ 56.9, 53.4, 49.7, 48.5, 42.3, 37.5, 34.6, 26.5.

FTIR (cmt) v = 2958 (-CHy), 2885 (-CH), 1458 (-CHs), 1388 (-CHy), 1227 (C-Br).
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I|l|
L O (W
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ppm (f1)
Figure 4.2. 'H NMR of 2,10-dibromo-(-)-camphene.
Br
Br
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Figure 4.3. 3C NMR of 2,10-dibromo-(-)-camphene.
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Figure 4.4. FTIR spectrum of 2,10-dibromo-(-)-camphene.

4.2. 2,10-Dibromo-(-)-Camphene Elimination Reaction with High Temperature

7%
E/Z (80/20) Z

Figure 4.5. 2,10-Dibromo-(-)-camphene reactions with aniline.

In a single neck flask wrapped in thermal cotton fibers added (71) and aniline (10 gr,
30 mL) followed by stirring at the hotplate with reflux for 2 hours (Figure 4.5). The
oily layer was extracted with methylene chloride (2 x 35 mL) and water (3 x 60 mL)
after the organic phases’ solution was extracted with hydrochloride acid 10%, the
organic phases combined and dried with Na.SOs, and the solvent was removed to give
black dense liquid-like crude product, applied to a silica gel column was done using
hexane as the mobile phase solvent. An oily yellow liquid substance was obtained (4.2
g, 57.2% yield) for (E/Z) (1S,4R)-3-(bromomethylene)-2,2-
dimethylbicyclo[2.2.1]heptane (72, 72*), it was determined consisted of (80/20), and
all crudes were indicated by *H NMR analysis (Figure 4.6).
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'H NMR (CDCls, 300 MHz, ppm) 8 5.63 (s, 1H), 3.12 (dd, Jiiiex = 3.61 Hz, Jujjen =
3.61 Hz, 1H, H1), 2.03 (dd, Jasex = 1.50 Hz, Ja5en = 1.5 Hz, 1H, Ha), 1.75-1.62 (m, 2H,
Heex, and Heen), 1.47-1.24 (m, 2H, Hsex, and Hsen), 1.08 (S, 3HcH3), 1.04 (s, 3HcH3).

13C NMR (CDCls, 75 MHz, ppm) 8¢ 161.3, 94.2, 49.3, 45.3, 44.5, 37.0, 29.1, 27.2.

FTIR (cm™) v = 3070 (C=C), 2957 (-CH>), 2867 (C-H), 1458 (C-C), 1308 (C-Br).

Br

T T T T T T T T !

6.2 6.0 58 5.6 5.4

.

T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0n.s

Figure 4.6. 'H NMR of (E,Z)-3-(bromomethylene)-2,2-dimethylbicyclo [2.2.1]
heptane.
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Figure 4.7. C NMR of (E,Z)-3-(bromomethylene)-2,2-dimethylbicyclo[2.2.1]
heptane.
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Figure 4.8. FTIR of (E,Z)-3-(bromomethylene)-2,2-dimethylbicyclo[2.2.1] heptane.

The mixture consisting of (72 and 72*) was reapplied with a silica gel column (15 mm
diameter, 2000 mm length), and a new crude was collected as each 25 mL and looking
at the *H NMR spectrum. The real crude of the Z isomer (72*) started coming from
the 12th item and was isolated 20% as a colorless liquid. The *H NMR spectrum for Z
isomer looking at in the olefinic region (5.8 ppm) a single singlet is observed it belongs
to the H at the very end of the double bond. Other protons resonated in the aliphatic
region (Figure 4.9, 4.10). In the 3C NMR spectrum two out of ten signals are olefinic
in the region of these bromines which resonates at 93 ppm and is attached to the carbon
to which it is attached belongs. The leftmost signal is understood to belong to the

quaternary olefinic carbon (Figure 4.11).

IH NMR (CDCl3, 300 MHz, ppm) &n 5.83 (s, 1H), 2.74 (dd, Juiieex = 3.63 Hz, Jijj6en =
3.63 Hz, 1H, H1), 1.90 (dd, Jis.sex = 2.71 Hz, Jasen = 2.71 Hz, 1H, Hy4), 1.91-1.86 (m,
2H, Heex, and Heen), 1.76-1.58 (M, 2H, Hsex, and Hsen), 1.05 (s, 3Hchs), 1.02 (s, 3HcH3).

13C NMR (CDCls, 75 MHz, ppm) 8¢ 158.7, 92.9, 50.4, 49.1, 43.7, 37.2, 28.8, 24.2,
23.9, 23.1.
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Figure 4.9. *H NMR of (E)-3-(bromomethylene)-2,2-dimethylbicyclo[2.2.1]heptane.
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Figure 4.10. *H NMR of (Z)-3-(bromomethylene)-2,2-dimethylbicyclo[2.2.1]heptane.
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Figure 4.11. 3C NMR of (2)-3-(bromomethylene)-2,2-dimethylbicyclo[2.2.1]
heptane.
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It is obtained as the main product in the mixture formed by the elimination of normal
addition products. It is the E isomer of the brominated derivatives of (-)-camphene.
When the literature is examined, the main Z isomer is obtained as the product
(Garamszegi and Schlosser, 1998; Sonawane et al., 1984). The brominated compound
of camphene detailed descriptions of the related compounds in the literature, where
the spectrum analyses are not given. The spectra of the E isomer are very similar to
the Z isomer, E in the *H NMR spectrum olefinic H is seen in a slightly higher area
(5.6 ppm) than Z this is in harmony with the structure. In the Z isomer, the H of the
olefin is the same as the bridging methylene shares space (Figure 4.10). The thrust
observed here is slightly lower than that of the olefinic hydrogen. Provides resonance
in the field. Monobromo-(-)-camphene (72) has COSY, DEPT, and HETCOR analyses
confirm the structure. Compound 72 in the olefinic and aliphatic region in the 3C
NMR spectrum a total of 10 signals are displayed two of these signals (161.2 and 94.2
ppm) are in the olefinic region (Figure 4.11).

4.3. (1S,4R)-3-Phenyl-2,2-Dimethyl [2.2.1] Heptane

Br

/ 4

Pd(PPh3)4/K,CO4
+ 17h Reflux -

72 73

Figure 4.12. (1S,4R)-3-Phenyl-2,2-dimethyl[2.2.1]heptane reaction.

To an rt stirred added monobromo-(-)-camphene (72) phenylboronic acid (1leq, 1.2 eq)
and (toluene/ethanol; 1:1) as a solvent, and the solution was stirred until the boronic
acid wholly dissolved. To this solution, 0.5 eq was added Pd(PPhs)s followed by an
aqueous solution of potassium carbonate (0.95 mg in 8 mL H.0). Mixed the
ingregients for 3 min and then heated 110°C to 17h reflux until N2 gas showed
complete consumption of the starting material (Figure 4.12). After allowing the
reaction mixture to cool, the supernatant with chloroform was separated and removal
of the solvent in vacuo, by silica gel chromatography (hexane gradient) gave 60% yield
(0.3 g) yellow oil liquid (1S, 4R)-3-phenyl-2,2-dimethyl[2.2.1]heptane (73) was
indicated by *H NMR analysis (Figure 4.13).
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1H NMR (CDCI3, 300 MHZ, ppm) 6H 749'745 (m, 1HHbenzene), 628 (m, 1Hethy|ene),
3.10(5, H, H4cyc|opentane), 1.98 (S, H, chyclopentane), 1.69 (51 H, HSCycIopentane), 1,50 (S,
H5cyc|0pentane), 1.40 (5, H, H7cyc|opentane), 1.08 (S, HCH3)-

13C NMR (CDCls, 75 MHz, ppm) 8¢ 195.5, 140.0, 129.6, 127.9, 126.5, 48.5, 44.0,
37.3,35.5,29.9.

FTIR (cm™) v = 2955 (C-Hpp), 2867 (-CH2), 1560 (C=Cpn), 1459 (C=C), 749 (-CHs).
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Figure 4.13. 'H NMR of (1S,4R)-3-phenyl-2,2-dimethyl[2.2.1]heptane.
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Figure 4.14. 3C NMR of (1S,4R)-3-phenyl-2,2-dimethyl[2.2.1]heptane.
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Figure 4.15. FTIR of (1S,4R)-3-phenyl-2,2-dimethyl[2.2.1]heptane.

4.4. (1S,4R)-3-(4-Thiomethylphenyl)-2,2-Dimethyl[2.2.1]Heptane

HO\ 5 /OH
Br
/ Pd(PPh;),/K,CO; /4 /
+ 17h Reflux S

Figure 4.16. (1S,4R)-3-(4-Thiomethylphenyl)-2,2-dimethyl[2.2.1]heptane reaction.

To an rt stirred 1 eq compound 72 was added to 4-thiomethylphenylboronic acid (1.2
eq) with the (toluene/ethanol; 1:1) as a solvent, and the solution was stirred until the
boronic acid wholly dissolved. To this solution, 0.5 eq was added Pd(PPhs)4 followed
by an aqueous solution of potassium carbonate (0.95 mg, in 8 mL H20). Mixed the
ingregients for 3 min and then heated 110°C to 17h reflux until N2 gas showed
complete consumption of the starting material (Figure 4.16). After allowing the
reaction mixture to cool, the supernatant with chloroform was separated and the
removal of the solvent in vacuo, by silica gel chromatography (hexane gradient) gave
the title compounds a 97% vyield (0.4 g) vyellow crystal (1S,4R)-3-(4-
thiomethylphenyl)-2,2-dimethyl[2.2.1]heptane (74) was indicated by 'H NMR
analysis (Figure 4.17).

1H NMR (CDCI3, 300 MHZ, ppm) BH 735'731 (m, Hbenzene), 628 (m, Hethylene), 321
(S, Hacyclopentane), 2.50 (M, Hscha), 1.95 (S, Hecyclopentane), 1.49 (S, Hscyclopentane), 2.01 (S,
chyclopentane), 1.08 (m, HCH3).
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13C NMR (CDCls, 75 MHz, ppm) 8¢ 159.5, 140.0, 127.9, 127.8, 125.5, 116.3, 78.5,
47.0, 45.3, 38.5, 29.9, 19.8.

FTIR (cm™) v = 2940 (C-Hpr), 2865 (C-Hmetny1) 1655 (C=C), 1490 (C=Cp), 1099 (C-
S), 862 (C-H).
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Figure 4.18. 3C NMR of (1S,4R)-3-(4-thiomethylphenyl)-2,2-dimethyl[2.2.1]
heptane.
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Figure 4.19. FTIR of (1S,4R)-3-(4-thiomethylphenyl)-2,2-dimethyl[2.2.1]heptane.

4.5. (1S,4R)-3-(4-Ethylphenyl)-2,2-Dimethyl[2.2.1]Heptane

HO, OH
N g
Br
/ Pd(PPh;),/K,CO; /
+ 17h Reflux CH,CHj;
72
CH,CH; 75

Figure 4.20. (1S,4R)-3-(4-Ethylphenyl)-2,2-dimethyl[2.2.1]heptane.

To an rt stirred compound 72 (1 eq.) was added to 4-ethylphenylboronic acid (1.2 eq.)
with the (toluene/ethanol; 1:1) as a solvent, and the solution was stirred until the
boronic acid wholly dissolved. To this solution, 0.5 eq. was added Pd(PPhs)4 followed
by an aqueous solution of potassium carbonate (0.95 mg, in 8 mL H20). Mixed the
ingredients for 3 min and then heated 110°C to 17h reflux until N2 gas showed
complete consumption of the starting material (Figure 4.20). After allowing the
reaction mixture to cool, the supernatant with chloroform was separated and removal
of the solvent was in vacuo, by silica gel chromatography (hexane gradient) to give
96% yield (058 g) yellow oil liquid (1S,4R)-3-(4-ethylphenyl)-2,2-
dimethyl[2.2.1]heptane was indicated by *H NMR analysis (Figure 4.21).
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1H NMR (CDCI3, 300 MHZ, ppm) 8H 723 (Hleenzene), 721 (m, H13benzene), 616 (m,
Hethylene), 3.45 (M, Hchz), 2.64 (M, Huacyclopentane), 1.98 (S, HHzicyclopentane), 1.67 (M,
Hrecyclopentane), 1.54 (S, Hscyclopentane), 1.36 (M, 2Hcha) and 1.38 (m, Hcrs).

13C NMR (CDCls, 75 MHz, ppm) 8¢ 159.1, 143.5, 136.2, 128.5, 116.5, 49.5, 43.3,
39.5,29.2, 26.8.

FTIR (cm™) v = 2965 (-CHs), 2896 (-CHs), 2832 (-CHy), 1608 (C=C), 1508 (C=C),
1239 (C-C).
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Figure 4.21. *H NMR of (1S,4R)-3-(4-ethylphenyl)-2,2-dimethyl[2.2.1]heptane.
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Figure 4.22. 13C NMR of (1S,4R)-3-(4-ethylphenyl)-2,2-dimethyl[2.2.1]heptane.
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Figure 4.23. FTIR of (1S,4R)-3-(4-ethylphenyl)-2,2-dimethyl[2.2.1]heptane.

4.6. (1S,4R)-3-(4-Methoxyphenyl)-2,2-Dimethyl[2.2.1]Heptane

HO_ _OH
Br
/ Pd(PPh,)/K,CO 74 /
+ 3)4/ 88 3= o
17h Reflux
72
0 76
N

Figure 4.24. (1S,4R)-3-(4-Methoxyphenyl)-2,2-dimethyl[2.2.1]heptane reaction.

To an rt stirred compound 72 (1 eq.) was added to 4-methoxyphenylboronic acid (1.2
eq.) with the (toluene/ethanol; 1:1) as a solvent and the solution was stirred until the
boronic acid wholly dissolved. To this solution, 0.5 eq. was added Pd(PPhs)4 followed
by an aqueous solution of potassium carbonate (0.75 mg, in 8 mL H>O). Mixed the
ingredients for 3 min and then heated 110°C to 17h reflux until N2 gas showed
complete consumption of the starting material (Figure 4.24). After allowing the
reaction mixture to cool, the supernatant with chloroform was separated and removal
of the solvent in vacuo, by silica gel chromatography (hexane gradient) to give 85%
yield (0.35 g) of white crystal-like cotton. (1S,4R)-3-(4-Methoxyphenyl)-2,2-
dimethyl[2.2.1]heptane (76) was indicated by *H NMR analysis (Figure 4.25).

'H NMR (CDCls, 300 MHz, ppm) 61 7.20 (M, Hra1zbenzene), 7.01 (M, HH1zbenzene), 5.99
(S, Hethytene), 3.82 (m, Hochs), 3.19 (M, Huacyclopentane), 1.90 (S, HH1cyclopentane), 1.70 (S,
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Hrecyclopentane), 1.55 (S, HHscyclopentane), 1.42 (S, Hurcyclopentane), 1.25 (S, Hrscyclopentane),
1.15 (m, Hcha).

13C NMR (CDCls, 75 MHz, ppm) 8¢ 158.9, 131.0, 130.9, 116.5, 113.5, 55.8, 48.8,
43.5,39.1, 29.1, 26.9, 23.8.

FTIR (cm™) v = 2949 (-CHs), 2865 (-CH), 2831 (-CH), 1608 (C=Cpn), 1509 (C=C),
1240 (C-O).

Figure 4.25. *H NMR of (1S,4R)-3-(4-methoxyphenyl)-2,2-dimethyl[2.2.1]heptane.
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Figure 4.26. 3C NMR of (1S,4R)-3-(4-methoxyphenyl)-2,2-dimethyl[2.2.1]heptane.
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Figure 4.27. FTIR of (1S,4R)-3-(4-methoxyphenyl)-2,2-dimethyl[2.2.1]heptane.

4.7. (1S,4R)-3-(4-Trifluoromethoxylphenyl)-2,2-Dimethyl[2.2.1]Heptane

Pd(PPh3)4/K2CO3 OCF,
17h Reflux

OCF,

Figure 4.28. (1S,4_R)-3-(4-Trif|uoromethoxylphenyl)-2,2-dimethyl[2.2.1] heptane
reaction.

To an rt stirred compound 72 (1 eq.) was added to 4-trifluoromethoxyphenylboronic
acid (1.2 eqg.) with the (toluene/ethanol; 1:1) as a solvent and the solution was stirred
until the boronic acid wholly dissolved. To this solution, 0.5 eq. was added Pd(PPhs)s
followed by an aqueous solution of potassium carbonate (0.75 mg, in 8 mL H.0).
Mixed the ingregients for 3 min and then heated 110°C to 17h reflux until N2 gas
showed complete consumption of the starting material (Figure 4.28). After allowing
the reaction mixture to cool, the supernatant with chloroform was separated and
removal of the solvent in vacuo, by silica gel chromatography (hexane gradient) to
give 96% vyield (0.41 g) yellow oil liquid (1S,4R)-3-(4-methoxyphenyl)-2,2-
dimethyl[2.2.1]heptane (77) was indicated by *H NMR analysis (Figure 4.29 ).

1H NMR (CDCI3, 300 MHZ, ppm) BH 753 (m, H12benzene), 719 (m, H13benzene), 602 (m,
Hethylene), 3.22 (s, HH4cycIopentane), 1.95 (s, HchycIopentane), 1.83(s, HHchcIopentane), 1.81 (s,
HHscyclopentane), 1.56 (S, HH7eyclopentane), 1.35 (S, H7cyclopentane), 1.09 (M, Hchs).
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13C NMR (CDCls, 75 MHz, ppm) 8¢ 169.0, 157.5, 138.0, 129.5, 120.5, 48,5, 43.3,
37.5, 35.5, 29.2, 26.2

FTIR (cm™) v = 2960 (-CHa), 2865 (-CH,), 1503 (C=Cpn), 1462 (C=C), 1258 (C-O),
873 (C-F).
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Figure 4.29. 'H NMR of (1S,4R)-3-(4-trifluoromethoxylphenyl)-2,2-dimethyl[2.2.1]
heptane.
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Figure 4.30. 3C NMR of (1S,4R)-3-(4-trifluoromethoxylphenyl)-2,2-dimethyl[2.2.1]
heptane.
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Figure 4.31. FTIR of (1S,4R)-3-(4-trifluoromethoxylphenyl)-2,2-dimethyl[2.2.1]
heptane.

4.8. Optical Rotation

All synthesized compounds are prepared 1 g/10 mL in dichloromethane you apply the
equation to find values of the obtained flip angle measured at 23°C using sodium D-

line light (wavelength of 589 nm), 0.5 dm length of the polarimeter cell (Table 4.1).

Table 4.1. Optical rotation of (-)-camphene derivatives.

Compound 71 72 73 74 75 76 77
a 015  -0.26 -0.59 -0.09 -0.73 -0.15 -0.10
lo]sT 30 52 -118 -90 -146 -30 -100

4.9. Antibacterial Assays

4.9.1. Evaluation according to NCI-60 screening methodology for a new (-)-
camphene derivatives

To determine the cytotoxicity effect of compounds 71-77 used the MTT assay on lung
and bone cancer together with normal lung and bone cells, in the NCI-60 screening
methodology, high LCso values demonstrating that 71-77 have less cytotoxic effects
are desirable. At the same time, low Glso and TGI values which are also preferable
features in the screening methodology indicate that the test substances have a greater
cytostatic effect. Accordingly, the findings demonstrated that 47 and 72 (Glso value
1.07-1.68, TGI value 2.36- 55.97, and LCsp value > 500 pg/mL for A549, Calul, and
H1650 lung cancer cells) were capable to induce an anticancer effect without affecting
normal cells (Glso value 1.16-1.27, TGl value 2.66-23.72, and LCso value > 500 pg/mL
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for Beas2B normal lung cells) (Table 4.2). On the other hand, when considering all
treated bone cancer cell lines, the 76 and 72 molecules with strong anticancer effect
(Glso value 1.02-1.63, TGI value 1.22-33.47, and LCs value 6.10 - > 500 pug/mL for
MG63, Saos2, and SW1353 bone cancer cells) is the most convenient one for further
preclinical studies because they exhibit low cytotoxicity towards normal chondrocyte
HC cells (Glsp value 1.06-2.14, TGI value 2.26-39.79, and LCso value > 500 pg/mL)
(Table 4.3). The anticancer effect exhibited by these molecules (in the range of TGI
values 2.36-21.52 ug/mL) was better than the control drug, SFU, in H1650 cancer cells
(Table 4.2). When considering Calul cancer cells, these molecules (in the range of
TGl values 4.30-71.79 pg/mL) exhibited similar or better anticancer effects than the
control drug, 5FU (Table 4.2). The compound 71, different from the others, was found
to be more effective on cancer cells but also it was very toxic against Beas 2B normal
lung cells (LCsp value 101.9 pg/mL), which precluded the use of it (Table 4.2). When
evaluating 71, 72, and 76 molecules together with MG63 bone cancer cells, it was
expressed that these molecules exhibited strong antiproliferative effects (in the range
of TGI values 1.46-30.65 pg/mL) (Table 4.3). When considering Saos2 cancer cells,
these molecules (in the range of TGI values 1.22-103.5 pg/mL) exhibited similar or
better anticancer effects than the control drug, 5FU (Table 4.3). When examining
Table 4.3, it was seen that the anticancer activity exhibited by subjected molecules
except for 73 and 77 was found at a similar or higher level than the control anticancer
drug 5FU in SW1353 cancer cells (TGI values 1.42-20.25 pg/mL). When compared
to positive control 5FU, it was seen that 74 was very toxic against HC normal
chondrocyte cells (LCso value 313.73 pg/mL) despite it being found to be more
affected on bone cancer cells (Table 4.2). This situation limits the use of the 74 agents.
If these 71 and 74 molecules' toxic effects against lung and chondrocyte normal cells,
respectively, are reduced by chemical by modifying, they may be a good option for

cancer treatment.
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Table 4.2. Glsp, TGI, and LCsp values for tested compounds against A549, Calul, H1650, and Beas2B*

Compounds AB49** Calul** H1650** Beas2B**
(ug/mL) G150 TGl LC50 GI50 TGl LC50  GI50 TGl LC50 GI50 TGI LC50
74 1.13 3.59 >500  1.27 15.5+0.8 >500  1.07 2.36 >500 1.16 2.66 >500
76 1.30 6.00 >500 1.12 2.77 >500 1.05 2.01 >500
75 1.02  13.77£0.7 >500 1.78  21.52+1.0 >500 1.06 2.07 >500
71 1.68 508 160.6+53  1.15 9.41 >500 1.51 7.50 >500 1.04 1.56 101.945.0
77 1.07  71.79£2.7 >500  1.28 458 >500 1.61 6.91 >500
73 1.00  12.85+0.6 >500  1.37 5.71 >500 1.61  10.86+0.5 >500
72 1.68 55.97+2.0 >500  1.21 4.30 >500  1.39 4.42 >500 227  23.72+1.1 >500
5FU 151  483+1.5 478.0£17.2 152  62.1+3.0 452.4+17.1 153 521427 420.9+16.1 1.40  452+2.8 427.5+15.0
*Percent inhibition noted is mean values + SDs of three independent measures.
** |f percent inhibition is smaller than 10, the SD value is <0.5.
ol Table 4.3. Glso, TGI, and LCso values for tested compounds against MG63, Saos2, SW1353, and HC*
Compounds MG63** Saos2** SW1353** HC**
(ug/mL) GI50 TGI LC50 GI50 TGI LC50 GI50 TGI LC50 GI50 TGI LC50
74 1.14 230 184.1%7.1 1.1 1.84  35.75+1.4 1.03 1.39  19.23+0.9 1.12 2.28 313.73£14.0
76 1.03 1.46  43.32+1.8 1.02 1.22 6.10 1.04 142 17.92+0.9 1.06 2.26 >500
75 1B Ss000SE000 233 103.5+4.2 >500 1.2 9.98 >500
71 1.37  30.65¢1.5 >500 1.36 339  124.0+4.9 146  20.25+1.0 >500
77 1.77  35.15+1.8 >50
73 1.68  38.33+1.7 >50
72 1.35 8.90 >500 1.63  33.47%1.6 >500 1.53 6.74 >500 214 39.79+1.: >500
5FU 1.53 40.742.8  451.2+19 1.62 53.142.¢ 423.4+18 152  445+18 417.0x14 1.65  56.5+2.0 423.4+17

*Percent inhibition noted is mean values + SDs of three independent measures.
** |f percent inhibition is smaller than 10, the SD value is <0.5.



When the findings from both normal and cancer cells were reviewed in detail, it was
vigorously speculated that compound 72 is more cancer-specific for bone and lung

cancer types, and makes it a most convenient one for further preclinical studies.

4.9.2. Cytotoxic activity of the new (-)-camphene derivatives

A new (-)-camphene derivatives were measured with the help of an LDH cytotoxicity
kit, the leaks enzyme from the cell membrane destroyed by the tested agent and is
rapidly released into the cell media supernatant, a crucial indicator of cells going
through necrosis, apoptosis, and other types of cell death. With the help of an LDH
cytotoxicity kit we measured the cytoplasmic LDH activity. In this study, cytotoxicity
induced by (-)-camphene compounds 71-77 were measured TGI concentrations. So
compound 72 at TGI concentration that were found to function well in the test MTT
proliferation and similar cytotoxicity a varying values of 17-19% for cancer and
normal cell lines compared to 5FU drug control. In addition, the other effective
molecules, 74 for Beas2B lung normal cells (18.0) and 76 for HC chondrocyte normal
cells (19.0), exhibited acceptable toxicity (Table 4.4). The tested cytotoxic effects of
(-)-camphene derivatives, were found to be effective in MTT proliferation assay, on
lung cancer cells (A549, Calul, and H1650) and bone cancer cells (Saos2, MG63, and
SW1353) were 2.7-25.5% and 2.4-29.8% at TGI concentration, respectively (Table
4.4).

Table 4.4. % Cytotoxicity for tested compounds at TGI concentrations against the
cells*

Compounds A549 Calul H1650 MG63 Saos2  SW1353 Beas2B HC

74 171 182 196 251 298 27.1 180 203
76 22.0 255 | 178 186 19.0 221 | 190
75 -? 191 | 24 80 @ 233 21.2
71 234 235 220 | 1710 261 20.4 29.8
77 142 230 18.0 22.4
73 - 182 202 - 17.2 - 23.0
72 175 184 193 180 191 17.7 195 172
5FU 185 163 155 171 142 131 165 150

*Percent cytotoxicity was noted as mean values + SDs of three independent measures (< 2.0).

The MTT and LDH assay results, which show the therapeutic and cytotoxic features,
respectively, were evaluated together, it was vigorously expressed that compounds 72,

74, and 76 turns out the most optimal effect of cytotoxic against, antiproliferative
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cancer and normal cells compared to the positive control, 5FU (Table 4.2, 4.3, and
4.4).

4.9.3. DNA degradation

In the apoptotic process, a specific caspase-activated DNase leads to a particular
cleavage of DNA at internucleosomal linker sites resulting in fragments (~200) of base
pairs like ladders. Therefore, apoptotic DNA appears like a ladder shape on an agarose
gel. To detect DNA fragments used the agarose gel DNA laddering method helps to
examine apoptotic status in a cell, the result of DNA laddering test of compounds 71-
77 induced the formation of DNA fragments in MG63, A549, and Beas2B cells
compared to the untreated cells (Figure 4.32). However, it should be said that there is
less fragmentation in the control cells (Beas2B) compared to cancer cells (MG63 and
A549). This effect highlights that (-)-camphene molecules have more anticancer
effects on cancer cells than normal cells and in untreated cells (well 1), there were no
DNA fragmentation, and intact genomic DNA was placed near the well. Overall, the
71-77 may trigger an apoptotic cascade in the cell and cause the appearance of

apoptotic DNA fragmentation.

Beas2B

-

1 234567 81 234586781 2345867 8

Figure 4.32. Effects of the 74-(2), 76-(3), 75-(4), 71-(5), 77-(6), 73-(7) and 72-(8) on
DNA laddering in A549, Beas2B and MG63 cell lines. Well (1) is an
untreated control for all cells.

4.9.4. Effect of substances on cell migration

A new anticancer agents that make the cell migration rate is a significant determinant
of cancer cells, the migration capacity of the cancer cells helps them escape from the
apoptosis mechanism. Along with invasion and angiogenesis, migration, is the most
crucial stage of metastasis. Therefore, one of the aims of newly developed (-)-

camphene molecules is to significantly reduce the migration capacity of cancer cells.
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Migration test results of compounds 71, 75, 76, and 77 that were found to be effective
during the study are as follows. According to the time-dependent migration test 71-77
used at TGI concentration significantly suppressed the migration capacity of cancer
cells (A549 and MG63) compared to DMSO group under control (Figures 4.33 and
4.34).

Table 4.5. Migration analysis of the molecules with the ImageR

A549 cell line MG63 cell line
%Area “Gapof Gapof Gapof Gapfilling Gapof  Gapof Gapof Gap filling
Day 0 Day 1 Day 2 rate Day 0 Day 1 Day 2 rate
75 43.73 4231 8.20 35.53 86.28 79.87 0 86.28
76 45.08 39.26 33.21 11.86 76.59 54,72 0 76.59
77 54.03 41.68 9.74 44.29 70,17 30.85 0 70,17
71 55.67 53.73 53.24 2.43 81.70 79.99 61.51 20.19
Control ~ 51.56 17.82 0 51.56 89,83 19,27 0 89,83

When we increased the incubation time during this test, it was understood that while
the control group continued to grow in a row, unique to cancer cells, the spaces in the
insert not filled in the groups where the compounds 71-77 were applied. According to

this test result, since these molecules inhibit cell migration, it is thought that this effect

of (-)-camphene molecules is partly responsible for their anticancer activities.

Figure 4.33. Effects of these compounds on cell migration on A549 cell lines. All
scales are 100 pm.
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Figure 4.34. Effects of these compounds on cell migration on MG63 cell lines. All
scales are 100 um.

4.9.5. Effect of the new molecules on cell morphology

In this study, the morphological effects of the (-)-camphene molecules on lung cancer
cells (A549, Calul, and H1650) and bone cancer cells (MG63, Saos2, and SW1353),
and normal lung cells (Beas2B), normal chondrocyte cells (HC) were observed and
photographed 24 hours after application. Observed morphological alteration images
here were distinguished in all cell lines treated with compounds 71, 73, and 77 for lung
cells and compounds 74, 75, and 76 for bone cells. Some of them like weak cell
attachment or floating cells, cell aggregation, cell rounding, granular formation, cell
blebbing, cellular shrinkage, and disintegration of cell clumps were determined in the
majority of the cells (Figures 4.35 and 4.36). The changes that occurred in the cell
morphology by applying TGI doses of (-)-camphene molecules indicate that the effect
mechanism of the (-)-camphene including apoptosis is in line with the MTT, DNA

degradation, and cell migration test results of the (-)-camphene molecules.
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Figure 4.35. Effect of these molecules on the morphology of A549, Beas2B, Calul,
and H1650 cell lines. DMSO-treated cells as controls. All scale bars
show 100 um.

Figure 4.36. Effect of these molecules on the morphology of HC, MG63, Saos2, and
SW1353 cell lines. DMSO-treated cells as controls. All scale bars show
100 pm.



4.9.6. Assessment of antibacterial and antifungal effects of the new (-)-camphene
derivatives

In this study used the Minimum Inhibition Concentration (MIC) method to assessment
the effects of compounds 73-77 on some pathogenic bacteria in the human body. The
MIC values of today's antimicrobial drugs as a base we considered our test molecules
to be antibacterial (256 pg/mL), and below MIC values. When MIC values of
compounds 71-77 displayed on Gram (+), and Gram (-) bacteria were examined, it was
found that the antibacterial effects of these molecules against to all strains (512 - > 512
ug/mL) were ineffective compared to SCF antibiotic used as a positive control (Table
4.6). Depending on MIC values exhibited by the compounds 71-77 on fungi it was
determined all of the compounds against C. albicans ATCC 10231 (>512 pg/mL)
strain were ineffective compared to FLZ antifungal used as positive control (Table
4.6). Therefore, these molecules lack antimicrobial properties against all bacteria and

fungi.

Table 4.6. Minimum-inhibitory concentrations (MIC, in pg/mL) of compounds.

Microorganisms 74 76 75 71 77 73 72 Control
E. faecalis VRE ATCC 19433 >512 >512 >512 >512 >512 >512 >512 8
E. faecalis ATCC 29212 >512 >512 >512 >512 >512 >512 512 4
S. aureus ATCC 25923 512 512 >512 512 >512 >512 >512 4
S. aureus MSSA ATCC 29213 >512 >512 >512 >512 >512 >512 >512 8
S. aureus MRSA ATCC 46300 >512 >512 >512 >512 >512 >512 >512 8
E. coli ATCC 25922 >512 >512 >512 >512 >512 >512 512 4
P. aeruginosa AGME ATCC 27853 >512 >512 >512 512 >512 >512 >512 8
S. gordonii NCTC 7870 >512 >512 >512 >512 >512 >512 >512 4
A. actinomycetemcomitans ATCC 33384 >512 >512 >512 >512 >512 >512 512 4
C. albicans ATCC 10231 >512 >512 >512 >512 >512 >512 >512 64

*S/CF (sulbactam/cefoperazone) and FLZ (fluconazole) are positive control for bacteria and fungi, respectively.
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5. CONCLUSION AND RECOMMENDATIONS

Our compounds have industrial, cosmetic, and therapeutic purposes. They are also
employed in fragrance. It can be utilized to create further (-)-camphene. The
substances we synthesized also served as a future starting point for the creation of other
terpene derivatives that were used as study materials. Bromocamphene compounds
can also be used in the synthesis of (-)-camphene derivatives 73-77. Pesticides,
polymers, medicinal chemicals, and cosmetics are just a few examples of the many
industrial uses for these substances. These bromo-(-)-camphene compounds serve as
helpful reagents in the synthesis of several chemicals with important biological and
pharmacological properties. Given that they are included in the structure of many
physiologically active chemicals, products (-)-camphene is crucial. The usage of
bromo-(-)-camphene is the most acceptable approach, even though other lengthy
synthesis pathways have been documented. Compounds from our investigation that
may have crucial structural components for the sources of the items we obtained were
developed by derivatives that could be synthesized, and we tried to derivatives
synthesize the structural activity of these substances. Our research's objective is to
create (-)-camphene molecules’ brominated derivatives, which will enable the creation
of bioactive chemicals. In our study, firstly, the technological caliber 75% [90% as (-
)-camphene and fenchene (70)] direct bromination reactions at low temperatures were
carried out. Bromine was connected to the aliphatic ring using CH2Cl, which we used
as the bromine solution because of our selectivity tests, and 2,10-dibromo-(-)-
camphene (71) molecules were produced with a high yield of 85% Thus, in a high-
temperature elution reaction with aniline, 10-bromo-(-)-camphene (72) was created. A
mixture of bioactive chemicals is produced when (72) combines with boronic acid
compounds 73-77 according to the test results (Figure 5.1).

In the NCI-60 screening methodology, the findings demonstrated that 47 and 72 (Glso
value 1.07-1.68, TGI value 2.36-55.97, and LCsp value > 500 pg/mL for A549, Calul,
and H1650 lung cancer cells) were capable to induce an anticancer effect without
affecting normal cells (Glso value 1.16-1.27, TGI value 2.66-23.72, and LCs value >
500 pg/mL for Beas2B normal lung cells), when considering all treated bone cancer



cell lines, the compounds 76 and 72 with strong anticancer effect (Glso value 1.02-
1.63, TGl value 1.22-33.47, and LCsp value 6.10 - > 500 pg/mL for MG63, Saos2, and
SW1353 bone cancer cells) is the most convenient one for further preclinical studies
because they exhibit low cytotoxicity towards normal chondrocyte HC cells (Glso
value 1.06-2.14, TGI value 2.26-39.79, and LCsg value > 500 pg/mL), 71 was very
toxic against Beas 2B normal lung cells which precluded the use of it. When evaluating
compounds 71, 72, and 76 together with MG63 bone cancer cells, it was expressed
that these molecules exhibited strong antiproliferative effects When considering Saos2
cancer cells, these molecules exhibited similar or better anticancer effects than the
control drug. 5FU, when examining Table 3, it was seen that the anticancer activity
exhibited by subjected molecules except for compounds 73 and 77 was found to be at
a similar or higher level compared to the anticancer medication 5FU in control in
SW1353 cancer cells, when in contrast to the positive control 5FU, it was seen the
compound 74 was very toxic against HC-normal chondrocyte cells (LCso value 313.73
png/mL), despite being found to be more affected on bone cancer cells. This situation
limits the use of the compound's 74 agents. If these 71 and 74 molecules' toxic effects
against lung and chondrocyte normal cells, respectively, are reduced by chemical
modification, they may be a good option for cancer treatment.

When the findings from both normal and cancer cells were reviewed in detail, it was
vigorously speculated that compound 72 is more cancer-specific for bone and lung
cancer types, and that make it the most convenient one for further preclinical studies.
Compound 72 at TGI concentration that were founded to be effective in MTT
proliferation test showed similar cytotoxicity values of 17-19% for cancer and normal
cell lines compared to the 5FU control drug. In addition, the other effective molecules,
compound 74 for Beas2B lung normal cells (18.0) and 76 for HC chondrocyte normal

cells (19.0), exhibited acceptable toxicity.

The result revealed of DNA laddering test for new (-)-camphene derivatives 71-77
induced the formation of DNA fragments in treated MG63, A549, and Beas2B cells
compared to the untreated cells. That's more anticancer effects on cancer cells than
normal cells. Therefore, one of the aims of newly developed (-)-camphene molecules
is to significantly reduce the migration capacity of cancer cells. Migration test results
of compounds 71, 75, 76, and 77 were found to be effective during the study, but after

that, it turns out that this effect of (-)-camphene molecules is partly responsible for
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their anticancer activities. The changes that occurred in the cell morphology by
applying TGI doses of (-)-camphene molecules indicate that the effect mechanism of
the (-)-camphene, including apoptosis, is in line with the MTT, DNA degradation, and
cell migration test results of the (-)-camphene molecules. According to MIC values
exhibited by the newly synthesized compounds of (-)-camphene on fungi, that was
determined all of the compounds against the C. albicans ATCC 10231 (>512 pg/mL)
strain were ineffective compared to the FLZ antifungal used as a positive control.

Therefore, these molecules lack antimicrobial properties against all bacteria and fungi.

RB(OH),
Pd(PPhy),
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Figure 5.1. New (-)-camphene derivatives reactions.
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Figure A.l. Antiproliferative activity of these compounds on cell lines. Cell
proliferation was measured using an MTT assay.
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