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7. Organic Compounds: Cycloalkanes

and their Stereochemistry

 انكًُُبء انفشاغُخ وِانحهقُخ  الانكبَبد

انفصم انسبثع 

2

- Prostaglandins

- Steroids

يقذيخ  
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فٍ انزىرش  ثبَشَظشَخ  وانحهقُخ  الانكبَبدثجبد 

3

ػذو وجىد انجشوثبٌ  و انجُىربٌ انحهقٍ فٍ انطجُؼخ ؟؟ ػهم انسجت

انًشكجبد انطجُؼُخ رحزىٌ ػهً حهقبد خًبسُخ و سذاسُخ ؟؟ 

Cycloalkanes  CnH2nالاكبَبد انحهقُخ انًشجعخ  

هٍ يشكجبد رزكىٌ يٍ انكشثىٌ و انهُذسوجٍُ ربخز انزشكُت انحهقٍ و  نهب انصُغخ انجضئُُخ انزبنُخ

4

Cycloalkanes
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Ring Strain in Cycloalkanes

Baeyer Strain Theory

Johann Friedrich Wilhelm 
Adolf von Baeyer

• First graduate student of Kekule’

• Developed theory that cycloalkanes possess different amounts 

of strain or stability, depending on the size of the ring. 

• Awarded Nobel Prize in 1905 for work with organic dyes.

• Total synthesis of indigo.

"I have never set up an experiment to see 
whether I was right, but to see how the 
materials behave".

6

انحهقُخ  الانكبَبدثجبد  وانزىرش انحهقٍ  
Stability of Cycloalkanes: Ring Strain

 فشض ثبَش اٌ ارساد انكشثىٌ انحهقبد رقغ فٍ يسزىي واحذ

 و قبسٌ قًُخ انضاوَخ فٍ انحهقبد انًخزهفخ  و قبسَهب ثقًُخ انضاوَخ
فٍ انهشو انشثبػٍ 

C
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–  Angle Strainانزىرش انزاوٌ 
the amount of strain due to deviation from normal bond angle.

Conformations and Stabilites of Cycloalkanes
Cycloalkanes possess types of strain that do not exist in noncyclic alkanes

600

Cyclopropane

What is the normal bond angle for an sp3 carbon?

109.5o

Deviation 109.5 – 60 = 49.9o

8

109.5- 60 = 49.5 109.5- 90= 19.5

109.5 – 108 = 1.5 109.5- 120 = -11 
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Stability of Cycloalkanes: The Baeyer Strain Theory

 Baeyer (1885): since carbon prefers to have bond angles of approximately 109°, ring sizes other 

than five and six may be too strained to exist

 Rings from 3 to 30 C’s do exist but are strained due to bond bending distortions and steric 

interactions

4-10

Ring Strain in Cycloalkanes

Ring Size Heat per CH2

kcal/mol

Ring Strain per CH2,

kcal/mol

Total Ring Strain, 

kcal/mol

Long-Chain Alkane 157.4 0.0 0.0

3 166.6 9.2 27.6

4 164.0 6.6 26.4

5 158.7 1.3 6.5

6 157.4 0.0 0.0

7 158.3 0.9 6.3

8 158,6 1.2 9.6

-CH
2
-[ ]n +    3/2nO2  nCO2 +   nH2O   +   Heat

The more heat per CH2, the less stable the alkane.

انحهقُخ  الانكبَبدحشاسح احزشاق 
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Summary يهخص: 
: و هٍ   الانكبَُخعىايم انزىرش فٍ انحهقبد 

ٌانزىرش انزاو (Angle strain :)

 ثبَشوهى انزٌ اقزصشد عهُخ  َظشَخ 

انزىرش انفزمstrain )Torsional( انكسىفٍانزىرش  او  

eclipsing strain)   )

نزشكُم انهُئخ فٍ انًشكجبد انًفزىحخ حُث رفضم انىضع  يشبثخوهى 

staggered   انكسىفٍعهً انىضع eclipsed  –

ٍانزىرش انفشاغstrain Steric 
رصبدو   انًَكىٌ فٍ انغبنت عُذ رىاجذ يجبيُع كجُشح  يزجبوسح  يًب َىدي 

يٍ ثى رسعً كم يجًىعخ َزُجخ نزنك نشعم انفشاغ انًزبح  وثُُهًب  

CONFORMATIONS OF CYCLOHEXANE

هُئزه  وانحهقٍ   انهكسبٌ

12
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close side

far side

Conformations of Cyclohexane 

4-14
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أعهً انًسزىي 

ادٍَ انًسزىي 

أعهً انًسزىي 

هُئخ انكشسٍ 

Chair conformation

هُئخ انقبسة   

Boat conformation - 

Conformations of Cyclohexane 
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Conformations of Cyclohexane

 Boat conformation
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انزىرش انفشاغٍ ثبنُسجخ نزساد 

  C1, C4هُذسوجٍُ 

أعهً انًسزىي 

هُئخ انقبسة   

Boat conformation - 
Eclipsed conformers 

16

4.5 Conformations of Cyclohexane

 chair conformation
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4.5 Conformations of Cyclohexane

 chair conformation

رُبفش ثٍُ يجبيُغ انًثهٍُ انًزجبوسح 

الأفقُخ   وانشواثط انؼًىدَخ 
Axial and Equatorial bonds

 سذ سواثط هُذسوجٍُ ػًىدَخAxial bonds

 ٍُافقُخسذ سواثط هُذسوج Equatorial bonds  

 ًإنً أسفم ورزشرت انشواثط ثشكم يزجبدل إنً أػه  .

18
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A three-dimensional model of  the chair form of cyclohexane with all H atoms drawn

رزشرت انشواثط ثشكم يزجبدل إنً أعهً و إنً أسفم20

الأفقُخ   وانشواثط انؼًىدَخ 
Axial and Equatorial bonds
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 سذ سواثط هُذسوجٍُ عًىدَخAxial bonds

 ٍُافقُخسذ سواثط هُذسوج Equatorial bonds
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يُظش ػهىٌ 

يُظش سفهٍ 

22

Conformational Mobility of Cyclohexane

 Chair conformations readily interconvert, resulting in the exchange of 

axial and equatorial positions by a ring-flip

1

1
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انخطىاد انًزجعخ فٍ سسى انهكسبٌ انحهقٍ عهً هُئخ انكشسٍ 

How to Draw Cyclohexane
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رسزكًم كزبثخ ثبقٍ انشواثط الأفقُخ  -6
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رقسى أَىاع انشواثط إنً ثلاس أَىاع –7

6

1

2

3

4
5

6

1

2

3

4
5

6

6

1

2

3

4
5

6

6

ساثطزٍُ أفقُزٍُ 

ساثطزٍُ  يزىاصَزٍُ

ساثطزٍُ  يزؼبكسٍُ
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انشواثط الأفقُخ و انؼًىدَخ  يىاقغ 

Axial and Equatorial Positions

 كم رسح كشثىٌ فٍ انهكسبٌ انحهقٍ َحزىي ػهً ساثطخ افقُخ و ساثطخ ػًىدَخ  

26

انزغُش انهُئٍ فٍ رساد هُذسوجٍُ انهكسبٌ انحهقٍ 

Conformational Mobility of Cyclohexane

10.8 kcal/mol


