
CHEE 324 Organic Process Development 

 

Instructors: Professor J.S. Parent     

  Dupuis Hall, Room 409   

    

Textbooks: “Organic Chemistry” by Clayden, Greeves, and Warren 

   

Contact Hours:   The course involves 3 one-hour lectures and 1 one-hour tutorial each week. 

        (Lecture/Lab/Tutorial) = (3/0/1)  

 

Course Description: Students will expand their knowledge of functional group interconversions and C-C 

bond forming reactions learned in ENCH 245, and apply retrosynthetic analysis to propose multi-step 

syntheses of organic target molecules.  Selection of reagents, solvents and reaction conditions will be 

examined in the context of process safety, reaction yield, product isolation, and profitability.  This will be 

followed by studies of target molecule recovery by extraction, recrystallization, distillation and 

chromatography. 

 

The design component of the course is a series of two-hour design challenges in which student teams 

generate solutions to process development problems.  This includes proposing reaction sequences for 

producing a target molecule, conducting safety analyses of hazardous reactions, choosing from multiple 

synthetic routes, and recommending separation trains for product isolation.  

 

Evaluation: CEAB Unit Breakdown: 

Fundamentals Exam (Week 2) 10% Mathematics    0 

Design Project 15% Basic Science   12 

Midterm Exam (Week 7)  20% Engineering Science  10 

Design Challenges  20% Engineering Design  20 

Final Exam  35% Total    42 

Prerequisites: ENCH 245 and CHEE 311; no co-requisites or exclusions. 

 

Course Policies: CHEE 324 will follow the policies of the Chemical Engineering Department, as detailed at 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html 

 

Assigned Problems: Problem sets will be provided throughout the term to illustrate key principles.  Only 

some problems will be marked, but it is essential that all exercises be completed.  Skeletal solutions to these 

problems will be presented in tutorial sessions to allow students to monitor their progress. 

 

Design Exercises: Several group design challenges will be undertaken, each illustrating a main principle of 

the course. Attendance at these sessions is mandatory, and students will be assigned a mark of zero if 

they do not complete an exercise, as dictated by departmental policy. 
  



Course Outline 

 

1. Retrosynthetic Analysis:  

- disconnections, synthons, and reagents 

 

2. Review and Expansion of Functional Group Interconversions: 

- functionalization of alkanes  

- functionalization of isolated and conjugated alkenes 

- transformations of alkynes, aromatic hydrocarbons  

- transformations of alkyl halides and alcohols  

- transformations of amines 

- transformations of aldehydes and ketones 

- transformations of carboxylic acids and related functional groups 

- protecting groups for alcohols, amines, aldehydes, ketones and carboxylic acids  

 

3. Review and Expansion of Carbon-Carbon Bond Formation:  

3.1 Reactions of Organometallic Compounds 

- Grignard reagents (alkyl, alkenyl, alkynyl, aryl) + carbon electrophiles 

- Organolithium reagents + carbon electrophiles 

- Organocopper(I) reagents + carbon electrophiles 

3.2 Stabilized Carbanions and Related Compounds 

- carbanions from M-CH2-M (M = -NO2, -CO-R, -CO-OR, -C≡N, etc.) 

- carbanions from M-CH2-R 

- Wittig reagents 

- Acyl carbanions 

- Aromatic nucleophiles (Electrophilic Aromatic Substitution) 

 

4.  Ring Closure and Ring Opening Reactions 

- Intramolecular cyclization by nucleophile-electrophile interaction 

- Pericyclic reactions 

 

5.  Principles of Product Isolation 

- Work up procedures and safety hazards 

- Product purification by crystallization, chromatography, distillation and reslurrying 

- Final product form and impurity considerations 

 

6. Organic Synthesis to Organic Process 

 - Developing Process Flow Diagrams for batch processes 

- Scale-based selection of synthetic routes 

 - Selection of reagents, solvents and operating conditions 

 - Unit operations on lab/pilot/plant scales 


