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The Islamia University Bahawalpur 
Department	
  of	
  Chemistry	
  

	
  
M.	
  Sc.	
  (III	
  Semester)	
  CHEM-­‐22341	
  	
   	
   	
   	
   	
   Advance	
  Organic	
  
Chemistry-­‐I	
  	
  
Credit	
  Hours:	
  04	
  
	
  
Instructors:	
  	
  	
  	
  	
  	
  Prof.	
  Dr.	
  Shazia	
  Anjum	
  
Class	
  Day:	
  	
  	
  	
  	
  	
  	
  Monday-­‐Thursday	
  

Class	
  Room:	
  	
  	
  	
  	
  	
  	
  Room	
  No.	
  	
  
Class	
  Timing:	
  	
  	
  	
  	
  08:30-­‐09:30	
  	
  am	
  

	
  
Chem. 21341 Advance Organic Chemistry – I            
 
Reactive	
  Intermediates:	
  	
  
	
  
Structure,	
  formation	
  and	
  reactions	
  of	
  Carbocations,	
  Carbanions,	
  Carbenes,	
  Nitrenes	
  
and	
  Benzynes.	
  
	
  
Photochemistry:	
  	
  
	
  
Concept	
   of	
   photochemical	
   and	
   photophysical	
   processes,	
   Analysis	
   of	
   Pericyclic	
  
reactions;	
   Electrocyclic	
   and	
   Cycloaddition	
   reactions;	
   Sigma-­‐tropic	
   rearrangements	
  
using	
  Frontier	
  Molecular	
  Orbital	
  Approach.	
  
	
  

TEACHING	
  METHODOLOGY	
  
The	
   class	
  will	
   be	
   conducted	
   in	
   lecture	
   and	
  discussion	
   environment.	
   The	
   instructor	
  will	
   deliver	
   the	
  
lecture	
  and	
  the	
  students	
  will	
  be	
  encouraged	
  to	
  critically	
  evaluate	
  the	
  information	
  and	
  participate	
  by	
  
asking	
  questions.	
  

GRADING	
  AND	
  EXAMS	
  
Regular	
   class	
   tests	
   will	
   be	
   conducted	
   at	
   the	
   end	
   of	
   each	
   chapter	
   to	
   assess	
   understanding	
   of	
   the	
  
subject	
  matter.	
   The	
   assignments,	
   quizzes,	
   surprise	
   tests	
  will	
   evaluate	
   conceptual	
   learning	
   through	
  
multiple	
   choice	
   and	
   problem	
   based	
   questions.	
   Final	
   assessment	
   will	
   be	
   done	
   in	
   the	
   annual	
  
examination	
  conducted	
  by	
  the	
  university.	
  
	
  
COURSE	
  CONTENT	
  
	
  
Week	
  	
  1	
   Introduction	
  of	
  Reactive	
  Intermediates	
  	
  
Week	
  	
  2	
   Structure,	
  Formation	
  and	
  Reactions	
  of	
  Carbocations	
  
Week	
  	
  3	
   Structure,	
  Formation	
  and	
  Reactions	
  of	
  Carbanions	
  
Week	
  	
  4	
   Structure,	
  Formation	
  and	
  Reactions	
  of	
  Carbenes	
  	
  
Week	
  	
  5	
   Structure,	
  Formation	
  and	
  Reactions	
  of	
  Nitrenes	
  
Week	
  	
  6	
   Structure,	
  Formation	
  and	
  Reactions	
  of	
  Benzyne	
  
Week	
  	
  7	
   Introduction	
  to	
  Concept	
  of	
  Photochemical	
  and	
  Photophysical	
  Processes	
  
Week	
  	
  8	
   Review	
  



Week	
  	
  9	
   Mid	
  Term	
  Examination	
  

	
  
APPOINTMENT	
  WITH	
  THE	
  INSTRUTORS	
  
Prof.	
  Dr.	
  Shazia	
  Anjum	
  will	
  be	
  available	
  in	
  her	
  office	
  Monday	
  to	
  Friday	
  during	
  office	
  hours.	
  
	
  

BOOKS	
  RECOMMENDED	
  	
  
(Latest	
  available	
  editions	
  of	
  the	
  following	
  books	
  are	
  recommended)	
  	
  
	
  

1. Francis	
   A.	
   Carey,	
   Richard	
   J.	
   Sundberg,	
   2007,	
   5th	
   Edition,	
   Advanced	
   Organic	
  
Chemistry	
   Part	
   A:	
   Structure	
   and	
   Mechanism,	
   Springer-­‐ Verlag	
   Berlin	
  
Heidelberg	
  .	
  	
  	
  

2. Peter	
  Sykes,	
  A	
  Guide	
  Book	
  to	
  Organic	
  Chemistry,	
  1985,	
  6th	
  Edition,	
  John	
  Wiley	
  
&	
  Sons,	
  New	
  Jersey,	
  USA.	
  

3. Milton	
  Orchin,	
  Roger	
   S.	
  Maccomber,	
  Allan	
  E.	
   Pinhas,	
  R.	
  Marshall	
  Wilson,	
  The	
  
Vocbabulary	
   and	
   Concept	
   of	
   Organic	
   Chemistry,	
   2005,	
   2nd	
   Edition,	
   A	
   John	
  
Wiley	
  &	
  Sons,	
  Inc.,	
  Publication,	
  New	
  Jersey.	
  

4. J.	
  Cleyden	
  N.	
  Greeves.	
  S.	
  Warren	
  and	
  P.	
  Wothers,	
   “Organic	
  Chemistry”	
  Oxford	
  
University	
  Press	
  (2001). 	
  

	
  

 

 

Lecture Notes 

Week	
  	
  
10	
  

Introduction	
  to	
  Concept	
  of	
  Photochemical	
  and	
  Photophysical	
  Processes	
  

Week	
  	
  
11	
  

Analysis	
  of	
  Pericyclic	
  Reactions	
  

Week	
  	
  
12	
  

Analysis	
  of	
  Cycloaddition	
  Reactions	
  	
  &	
  Frontier	
  Molecular	
  Orbital	
  Approach	
  

Week	
  	
  
13	
  

Analysis	
  of	
  Cycloaddition	
  Reactions	
  	
  &	
  Frontier	
  Molecular	
  Orbital	
  Approach	
  

Week	
  	
  
14	
  

Analysis	
  of	
  Electrocyclic	
  Reactions	
  &	
  Frontier	
  Molecular	
  Orbital	
  Approach	
  

Week	
  	
  
15	
  

Analysis	
  of	
  Electrocyclic	
  Reactions	
  &	
  Frontier	
  Molecular	
  Orbital	
  Approach	
  

Week	
  	
  
16	
  

Sigma-­‐tropic	
  Rearrangements	
  &	
  Ene-­‐Reactions	
  

Week	
  	
  
17	
  

Review	
  

Week	
  	
  
18	
  

Final	
  Term	
  Examination	
  



Introduction of Reactive Intermediates  

 
 
 
Structure, Formation and Reactions of Carbocations 

 



 

 
 
 

 
 
 



 

 

 

 



 
 

 

 



 

 

 
 



 
 
Structure, Formation and Reactions of Carbanions 
 

 
 

 
 



 

 
 

 



 

 
 
Structure, Formation and Reactions of Carbenes  
 

 
 



 

 
 

 



 
 

 
 

 
 



Structure, Formation and Reactions of Nitrenes 
 

 

 

 



 
Structure, Formation and Reactions of Benzyne 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Benzyne	
  
	
  



 
 
 

 
 
 
 
 



 
 

 
 
 
 



 
 
 

 
 
 



 
 

 
 
 



 
 

 
 
 



 
 

 
 
 



 

 
 

 
 



 
 

 
 



 
 

 
 



 
Introduction to Concept of Photochemical and Photophysical Processes 
 
Most reactions carried out in organic chemistry laboratories take place between 

molecules, all of which are in their ground electronic states. In a photochemical reaction, 

however, a reacting molecule has been previously promoted to an electronically excited 

state by absorption of light. A molecule in an excited state must lose its extra energy in 

some manner; it cannot remain in the excited state for long. The subject of electronic 

spectra is closely related to photochemistry. A chemical reaction is not the only possible 

means of relinquishing the extra energy in a photochemical process. Electrons can move 

from the ground-state energy level of a molecule to a higher level (i.e., an unoccupied 

orbital of higher energy) if outside energy is supplied. In a photochemical  process, this 

energy is in the form of light. Light of any wavelength has an energy value associated 

with it given by E=hν  , where ν   is the frequency of the light (n= velocity of light c  

divided by the wavelength λ  ), and h  is Planck’s constant. Since the energy levels of a 

molecule are quantized, the amount of energy required to raise an electron in a given 

molecule from one level to a higher one is a fixed quantity. Only light with exactly the 

frequency corresponding to this amount of energy will cause the electron to move to the 

higher level. If light of another frequency (too high or too low) is sent through a sample, 

it will pass out without a loss in intensity, since the molecules will not absorb it. 

However, if light of the correct frequency is passed into a sample, molecules will use that 

energy for electron promotion, and the light that leaves the sample will be diminished in 

intensity or altogether gone. A spectrophotometer is an instrument that allows light of a 

given frequency to pass through a sample and that detects (by means of a phototube) the 

amount of light that has been transmitted, that is, not absorbed. A spectrophotometer 

compares the intensity of the transmitted light with that of the incident light. Automatic 

instruments gradually and continuously change the frequency, and an automatic recorder 

plots a graph of absorption versus frequency or wavelength. When an electron moves 

from one electronic level to another, it moves from a given vibrational and rotational 

level within that electronic level to some vibrational and rotational level at the next 

electronic level. A given sample contains a large number of molecules, and even if all of 

them are in the ground electronic state, they are still distributed  among the vibrational 



and rotational states (though the ground vibrational state, Vo , is most heavily populated). 

This means that not just one wavelength of light will be absorbed, but a number of them 

close together, with the most probable transition causing the most intense peak. But in 

molecules containing more than a few atoms, there are so many possible transitions, and 

these are so close together that what is observed is a relatively broad band. 

 

 

 
 



 

 

 
 

 



 

 

 
 



 

 

 
 

Pericyclic Reactions 
An important body of chemical reactions, differing from ionic or free radical reactions in 
a number of respects, has been recognized and extensively studied. Among the 
characteristics shared by these reactions, three in particular set them apart.: 
      1. They are relatively unaffected by solvent changes, the presence of radical initiators 
or scavenging reagents, or (with some exceptions) by electrophilic or nucleophilic 
catalysts.  
      2. They proceed by a simultaneous (concerted) series of bond breaking and bond 
making events in a single kinetic step, often with high stereospecificity. 
      3. In agreement with 1 & 2, no ionic, free radical or other discernible intermediates lie 
on the reaction path. 

Since reactions of this kind often proceed by nearly simultaneous reorganization of 
bonding electron pairs by way of cyclic transition states, they have been termedpericyclic 
reactions. The four principle classes of pericyclic reactions are 
termed: Cycloaddition, Electrocyclic, Sigmatropic, and Ene Reactions. 



Analysis of Cycloaddition Reactions 
 

 
 

 
 



 
 

 
 



 
 
 



 
 
 
 
 



 
 
 



 



 
 
 



 



 



 



 
 



 



 



 
 
Analysis of Electrocyclic Reactions 
 

 



 

 
 



 

 
 



 

 



 
Cheletropic Reactions 

 

 



 

 
 



 

 
 
 
 



Sigma-tropic Rearrangements 
	
  

 

 

 
 



 

 
 



 

 



 

 



 

 



Ene- Reactions 

 



 



 

 

 

 

 

 

Class Tests 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Class Test:1         

Write products of following reactions: 

 

 

 

 

 

 

Class Test:2 

Write down mechanism of following reactions: 

 
 

Class Test:3  

Write a note on angle strain of benzyne molecular structure and how does it effect on 

chemical reactivity? 
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Assignments 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Solving problems at page number 951 (10.1 to 10.20) of “Francis A. Carey, Richard J. 

Sundberg, 2007, 5th Edition, Advanced Organic Chemistry Part A: Structure and 

Mechanism, Springer- Verlag Berlin Heidelberg” with the help of cited references. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Class Presentations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Topics for Presentations  
(MSc 3rd Semester) 

1.  Bushra Shabbir Reactive Intermediates and their Role in Organic Chemistry 

2.  Aiman Javeria Structure and Formation of Carbocations in Organic Chemistry 

3.  Asma Gulzar Carbocations in Organic Syntheses 

4.  Rabia Zakir Structure and Formation of Carbenes in Organic Chemistry 

5.  Danish Ali Carbenes in Organic Syntheses 

6.  Sana Afzal Structure and Formation of Nitrenes in Organic Chemistry 

7.  M. Naveed Hameed Nitrenes in Organic Syntheses 

8.  Muhammad Mujahid Structure and Formation of Benzynes  

9.  M. Naveed Irshad Benzynes in Organic Syntheses 

10.  Amina Noreen Regioselectivity of Mono- and Di-substituted Benzynes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Mid-Semester/Final Exam Question Paper 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



 
 
                   The Islamia University of Bahawalpur 

Department of Chemistry 
 

MSc (Semester III)- Course (CHEM-22341) 
Organic Chemistry; Mid Term Examination  

Total Marks 30 Time Allowed: 75 min 
NOTE: Time allowed will be strictly observed. You will have to hand over answer sheet 
(MCQs) after 20 min and before getting the next part of the question paper and its answer 
sheet. 

 
Name of the Candidate and Roll No. 

 

 

 
PART-I (MCQs) Pick the best answer    (Marks 10) 
 
1. Carbenes can be generated from:- 

a. α-Elimination  b.    Hydrazone  c.    Ylide d.     All of these 
 
2.   Singlet carbine is:- 
      a. Electrophile             b.     Nucleophile  c.    Ambiphilic d.     None of these 

 
3. Which of the following carbocations provides this carbocation 

 
 
  
4.
 Hybridization in singlet carbene is: 

a.    sp3   b.     sp2   c.   sp   d. sd3   
 
5. What is NOT TRUE about triplet nitrene? 

a.    paramagnetic  b.     diamagnetic  c.   sp hybridized   d.     2S+1=3 
 
6. In general……………………..groups are present in singlet carbene? 

a.    Bulky b.     Acidic c.   +I (inductively e’ donating) d.   -I  (inductively e’ 
withdrawing)    
 
7. What is TRUE about reactivity of triplet carbene? 

a.    diradical mechanism       b.     stereospecific       c.   concerted  d.     both b & c 
 
8. What is NOT TRUE about reactivity of singlet nitrene? 

a.    concerted  b.     stereospecific c.   diradical mechanism    d.     both a & b 
 
9. The structure of benzyne was determined by: 

a.    Georg Wittig  b.     John D. Robert c.   F. W. Bergstrom d.     J. F. Bunett 
 
10. Regioselectivity of unsymmetrical arynes mainly depends on: 

a.   Inductive effect of R      b.   Mesomric effect of R     c.   Steric effect of R    d.     both c & b 
 

	
  

	
  



 
The Islamia University of Bahawalpur 

Department of Chemistry 
MSc (Semester III)- Course (CHEM-22341) 
Organic Chemistry; Mid Term Examination  

 
 

Name of the Candidate and Roll No. 
 

 

 
PART-II         
 (Marks 10) 
 
Q. No. 2 Write short answers to following questions 
  
1. Write key differences carbanions and carbocations.    (2 marks) 

2. Write any 02 methods of carbenes generation   (2 marks) 

3. Write any 02 methods of nitrene generation    (2 marks) 

4. Write any 02 methods of benzyne generation    (2 marks) 

5. How to overcome undesirable side products while synthesizing benzynes from 

aryl halides with strong bases?       (2 marks) 

           

 
PART-III         (Marks 10) 
 

1.  Write a note on the hybridization in carbenes, nitrenes and benzynes       (6 marks) 

2. Account for the following:               (4 marks) 

i) Show how benzynes react in electrophilic reactions. 

ii) Write mechanism of formation of following product: 

 
 

 

 

 

 

?
OH OH

CHO



 
                   The Islamia University of Bahawalpur 

Department of Chemistry 
MSc (Semester III)- Course (CHEM-22341) 

Organic Chemistry; Final Term Examination  
Total Marks 50 Time Allowed: 120 min 

NOTE: Time allowed will be strictly observed. You will have to hand over answer sheet 
(MCQs) after 30 min and before getting the next part of the question paper and its answer 
sheet. 

 
Name of the Candidate and Roll No. 

 

 

 
PART-I (MCQs) Pick the best answer    (Marks 20) 
 
1. ONE	
  is	
  WRONG	
  about	
  the	
  theory	
  of	
  Photochemistry	
  	
  

a.	
  Initially	
  the	
  molecule	
  is	
  present	
  in	
  GS	
  (Ground	
  state)	
  which	
  then	
  energized	
  to	
  ES	
  (excited	
  state)	
  	
  
b.	
  The	
  energy	
  of	
  the	
  product	
  is	
  always	
  higher	
  than	
  that	
  of	
  the	
  ES	
  
c.	
  The	
  energy	
  of	
  the	
  product	
  may	
  be	
  higher	
  than	
  that	
  of	
  reactant	
   	
   	
   	
   	
  
d.	
  The	
  excited	
  state	
  is	
  also	
  called	
  the	
  transition	
  state	
  

2.	
   Intramolecular	
  photochemical	
  reaction	
  that	
  involves	
  abstraction	
  of	
  γ-­‐hydrogen	
  is	
  called:	
  

a.	
  	
  	
  Norrish	
  Type	
  I	
   b.	
  	
  	
  Diels	
  Alder	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  c.	
  	
  	
  Sigmatropic	
  Rearrangement	
  	
  	
  	
  	
  	
  	
  	
  	
  d.	
  	
  Norish	
  Type	
  II	
   	
  
	
  

3. A	
  reaction	
   in	
  which	
  a	
  conjugated	
  molecule	
   forms	
  two	
  single	
  bonds	
   from	
  terminal	
  atoms	
  of	
  

the	
  conjugated	
  system	
  to	
  a	
  single	
  atom	
  on	
  another	
  molecule	
  to	
  give	
  a	
  cyclic	
  adduct	
  is	
  called:	
  

a.	
  	
  	
  Diels	
  Alder	
   	
  	
  	
  	
  	
  	
  	
  b.	
  	
  	
  	
  Electrocylic	
  	
  	
   c.	
  	
  	
  Cheletropic	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  d.	
  Sigmatropic	
  rearrangement	
  

4. ONE	
  among	
  the	
  following	
  is	
  TRUE	
  for	
  the	
  Pericyclic	
  Reactions	
  

a. These	
  reaction	
  cannot	
  be	
  completed	
  without	
  free	
  radical	
  or	
  ionic	
  intermediate	
   	
   	
  
b.	
   The	
  reactions	
  are	
  completed	
  through	
  concerted	
  mechanism	
  (single	
  step	
  reactions)	
  
c.	
   These	
  reactions	
  are	
  mostly	
  affected	
  by	
  the	
  use	
  of	
  solvents	
  or	
  catalysts	
  
d.	
   These	
  reactions	
  love	
  the	
  involvement	
  of	
  electrophilic	
  or	
  nucleophilic	
  reagents	
  

5. All	
  are	
  WRONG	
  for	
  Electrocyclic	
  Reactions	
  Except:	
  

a. Intermolecular	
  cyclization	
  takes	
  place	
  through	
  the	
  displacement	
  of	
  electron	
  in	
  the	
  compound	
  
b. The	
  Con-­‐rotatory	
  motions,	
  both	
  the	
  terminal	
  rotate	
  anti-­‐clockwise	
  rotation	
  	
  
c. There	
  is	
  no	
  control	
  of	
  stereochemistry	
  during	
  these	
  reactions	
  
d.	
   In	
   these	
   reactions,	
   shuffling	
   of	
   electrons	
   takes	
   place	
   and	
   terminal	
   rotations	
   result	
   into	
  

cyclization	
  

6. ONE	
  is	
  TRUE	
  for	
  Norrish	
  Type	
  Reactions	
  in	
  Photochemistry	
  

a. These	
  reactions	
  stand	
  only	
  for	
  alkenes	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  b.	
  These	
  reactions	
  give	
  only	
  the	
  cyclic	
  product	
  

c.	
  	
  	
  Only	
  the	
  carbonyl	
  compounds	
  undergo	
  these	
  reactions	
   	
   d.	
  None	
  of	
  these	
  

7. Carbenes can be generated from:- 
b. α-Elimination  b.    Hydrazone  c.    Ylide d.     All of these 

 



8. Singlet carbine is:- 
      a. Electrophile             b.     Nucleophile  c.    Ambiphilic d.     None of these 

 
9. Which of the following carbocations provides this carbocation 

 
 
  
 
10. Carbenes are: 
a.   acidic, trivalent species        b.   neutral, divalent species c.  basic, monovalent species      d.  a & c 
 
11. Hybridization in singlet carbene is: 
a.    sp3   b.     sp2   c.   sp   d. sd3   

 
12. What is NOT TRUE about singlet carbene? 
a.    paramagnetic  b.     diamagnetic  c.   no signal in esr d.     2S+1=1 
 
13. What is NOT TRUE about triplet nitrene? 
a.    paramagnetic  b.     diamagnetic  c.   sp hybridized   d.     2S+1=3 
 
14. In general……………………..groups are present in singlet carbene? 
a.    Bulky b.     Acidic c.   +I (inductively e’ donating) d.   -I  (inductively e’ withdrawing)    
 
15. What is TRUE about reactivity of triplet carbene? 
a.    diradical mechanism           b.     stereospecific                c.   concerted  d.     both b & c 
 
16. What is NOT TRUE about reactivity of singlet nitrene? 
a.    concerted  b.     stereospecific c.   diradical mechanism              d.     both a & b 
 
17. What is true about carbanions? 
a.    Complete octet b.     Diamagnetic           c.   Paramagnetic              d.        both a & b 
 
18. N-Nitrosomethyl urea is equivalent to: 
 a.    Ylides  b.     CH2N2  c.   Oxiranes  d.     All 
 
19. What is the right product of following reaction? 

 
 
20. ortho-Formylation of phenols involves: 
a.    carbenes       b.     carbocations  c.   carbanions  d.     None 
 
 
 
 
 
 
 
 
 
 

N NH2
HgO ?

NH N N N N N Na. b. c. d.   None

	
  

	
  



The Islamia University of Bahawalpur 
Department of Chemistry 

MSc (Semester III)- Course (CHEM-22341) 
Organic Chemistry; Final Term Examination  

 
 

Name of the Candidate and Roll No. 
 

 

 
PART-II         
 (Marks 14) 
 
Q. No. 2 Write short answers to following questions 
  
1. Write key differences between Cope rearrangement and Claisen rearrangement  (2 

marks) 

2. How would you describe an Inverse Demand for Diels Alder Reaction?  (2 marks) 

6. During the 2+2 cycloaddition reaction when mode of reaction is photochemical, it 

gave symmetry allowed product. How?                                 (2 marks)      

7. Rationalize the formation of:                                   (2+2+2 marks)     

 
5. How would you employ pericyclic reaction in the synthesis of following? 

(2 marks) 

           

 
 
 
 

O O

Ph
Ph

Ph

H

H

O

OO

O

Ph

+i)

O OH

ii)

N

MeO2C
CO2Me

Ph

CO2MeMeO2C

N

CO2Me
MeO2C

CO2Me

MeO2C
Ph

iii)

	
  



 
 

The Islamia University of Bahawalpur 
Department of Chemistry 

MSc (Semester III)- Course (CHEM-22341) 
Organic Chemistry; Final Term Examination  

 
PART-III         (Marks 16) 
 
1. Write a note on photophysical processes with special emphasis on Florescence 

and Phosphorescence.              (4 marks) 

2.  Draw the structure of the chief products of following thermal reactions:-                                                                                                                                                                                  

(                                                                                                      (6 marks) 

 
3. How regio- and stereochemistry is controlled in Diels Alder reactions?       (3 marks) 

4. Rationalize formation of less stable endo product that predominates in following 

reaction:          (3 marks) 

 
 

1. 2.

3. 4.O

5. 6.
Ph

Ph N O

+ SO2

O
O

O

OO

O

+
O

O

O
+

endo exo


