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This is a ‘syllabusl‐like’ document since in this era of comprehensive Course Management Systems, I no longer produce a
traditional syllabus document. Instead, I use the CourseWeb site to provide a rich context of what we will learn, resources
required to achieve that learning, as well as resources optional to making that learning easier.
The course is divided into modules (essentially chapters of our textbook) and each module has its own web page detailing
learning objectives, problem assignments, lecture notes and handouts, links to animations and other on‐line resources,
implemented in‐class clicker questions, and more.
The CourseWeb site also contains numerous versions of old exams, their static keys, some video answer keys, as well as
quizzes (when used). Captured in the rest of this document are the details from each module’s main web page as well as
screen shots that summarize catergories of information that supports learning in the course.
The first 10 pages of this document contain the course policies and the course schedule – these are the closest items we have
to a syllabus. As each component is created as a web page first, formating into a paper document does not do justice to how a
student learner in the course would access/view the content.
Each module’s (chapter’s) landing page contains known book typos, an introduction to the big idea of the module, a handful of
learning objectives, module (chapter) advice, a listing of module’s sub‐themes, a link to the incomplete lecture notes
(designed to maximize learning during class rather than simply spending one’s entire class time transcribing!), un‐answered
clicker questions (posted after the module is completed in class; since answers are only provided in lecture, it is a good
strategy to jot down the CQ number and the answer choice at the end of its discussion), end‐of‐chapter exercies that should
be practiced (divided into three sets with every student expected to master at least the first set and chem majors mastering
through the third set), and a summary of the optional and required on‐line homework for that module.
The courseweb site also gives you instant access to copies of assessements you took, their answer keys, and how you
performed on those assessment.
The “Learning and More…” tab lists a small number of (usually peer‐reviewed) publications that can help understand why the
variouis pedagogical approaches used in the course are known to be valuable. These items are for your own edificiation as a
learner. If you want my recommendation where to start with this collecion, begin with the 37 minutes of you‐Tube video by
Stephen Chew on how to get the most ouf of studying.
Many aspects of the CourseWeb site’s contents are only hinted out in this document but all of which are fully accessible to
enrolled students.
The course’s landing page (on CourseWeb) contains useful announcements, ofter written versions of in‐class statements.
These announcements are usually not pushed to student’s email account. While the announcments are posted in reverse
chronological order (most recent at the top), this printed document presents one page of announcements that were present
at the beginning of the class.
During the term when the course is taught the indiviudal module (chapter) landing pages are made avaialbe to students about
one week prior to that content coverage in the class (i.e., the web site builds its content through the semester). Similar,
answer keys to old exams and quizzes are only made available 72 hours prior to the date of the relevant exam/quiz in the
current semester. Answer keys for current exams and quizzes are posted the minute all students have turned in their
completed assessment. (In other words, this ‘syllabus‐like’ document is only made available once the course is completed.)
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Last updated: 14 September 2017

Course Information

Copyright
Notice: All materials produced by Professor Joseph J. Grabowski for this course, are made available to enrolled
students only, for their own personal use. All other uses of the materials, including but not limited to, reposting on
other web sites, is prohibited without the express written permission of Professor Grabowski. These materials
may be protected by copyright. United States copyright law, 17 USC section 101, et seq., in addition to University
policy and procedures, prohibit unauthorized duplication or retransmission of course materials. See Library of
Congress Copyright Office and the University Copyright Policy.
Course Materials

Text: Organic Chemistry: Structure and Function, 7th Edition (First printing), by P. Vollhardt and N. Schore; W.H. Freeman and
Company, 2014.
On‐line Homework: Sapling Learning ‐‐ See link under the Links Tab and see folder under the Course Documents Tab.
Lecture Notes: Incomplete copies of the Powerpoint slides used in lecture are posted to the CourseWeb site prior to
lecture. It is recommend that all students come to class with a copy of these slides to facilitate note taking. No other copies of
the powerpoint slides will be provided.
Optional: Study Guide and Solutions Manual for Organic Chemistry: Structure and Function, 7th Edition by N.E. Schore; W.H.
Freeman and Company, 2014.
In the Chemistry Library in Chevron Science Center, you can access reserve copies of the 7th edition of Vollhardt and Schore's
textbook. The library usually retains a copy of the older edition as well. Study Guides and Solution Manuals for both
editions are also on reserve in the same location.
Models: A set of molecular models helps students understand the molecular‐based approach that we use in this course.
Although not required, it is strongly recommended that you borrow or buy a set of models such as Molecular Model Set for
Organic Chemistry by Allyn & Bacon and that you use these models throughout the course. You will be allowed to use
molecular models during all exams EXCEPT THE FINAL. Model kits are often sold in the bookstore. You can also find some on‐
line; for instance, see the model kits available from https://duluthlabs.com/ and www.indigo.com.
Old Exams are available through the Course Web site. Additionally, the ACS‐SA sells old exams from a variety of previous
Orgo courses ‐ all of these provide additional practice at problem solving and are a good general purpose learning tool. Be
advised that there is no implied guarantee that exams written for courses using a different text or by a different Professor are
perfectly relevant to any specific exam in our course; they are of course an excellent resource to really self‐test your
knowledge of the broader world of Organic Chemistry and so are a valuable additional resource for the dedicated
student. Some of these materials can be purchased in CSC‐107

Chemistry 0320, Organic Chemistry 2

Professor: Joseph J. Grabowski
Contact: joeg@pitt.edu (e‐mail)
Office: CSC, Room 705
Office Hours: Monday 4:00‐5:00 pm, Tuesday 9:00‐10:00am, Wednesday 10:30‐11:30am, and Thursday 12:00‐1:00pm.
Please note ‐ that due to the multiple responsibilities that I have, on occasion I will not be at these office hours. In those cases,
I will try to remember to post a note on the announcements area of this web site and on my door. If my door is open, come on
in. If my door is closed and there is no note, it is highly likely I will be back within 5 or so minutes.
In general I have learned that IM, texting, and email are insufficient methods for a conversation or explanation ‐‐ but they are
great tools to set up a face‐to‐face meeting to have a conversation to explain something. Therefore, I do not 'tutor' organic
chemistry via email. Please bring your questions to me in person, in office hours, or immediately before/after any lecture, or
to your TA during recitation; do not send questions via email.

Class Meeting Times ‐ Chem 0320

Lectures will begin promptly each Monday, Wednesday, and Friday at 1:00 pm and will conclude at 1:50 pm. in Chevron
Science Center 150. In my opinion, based on many years of both being a student and teaching students, ATTENDING ALL
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LECTURES & RECITATIONS and DOING ALL PROBLEM SETS AS IF THEY ARE EXAM QUESTIONS, are by far and away the most
efficient ways of learning the Organic chemistry that we will be responsible for.
Please respect the class ‐‐ if you must enter the classroom after the start time (see above) or leave before the end time (see
above), I request that you use the doors at the rear of the classroom.
Recitations will be a part of this course with the expectation that every student will attend every week. At each recitation,
your TA will take attendance, clarify the explanation of any concept on which you may have a question and allow you to work
through challenging, exam‐level problems. You should faithfully attend and actively participate in your recitation each week.
Tutoring is a resource all of us should use ‐ it is best thought of as "consultation" ‐ we use it to make our lives easier by
relying on experts to guide us to the right path that more quickly will move us into the realm of 'expert understanding'.
Tutoring is available, FREE, in the on the balcony (see http://www.chem.pitt.edu/undergraduate/tutoring).
Tutoring: individual and small group tutoring for many Chemistry courses: including Organic Chemistry 2. This is a free
service to any undergraduate student who is enrolled in the course Students can check our website
(https://www.asundergrad.pitt.edu/connected‐community/peer‐tutoring/peer‐tutoring‐courses) for more information
and to see our most up‐to‐date schedule.
Students can make hour long appointments to meet with a tutor at our center (G1 Gardner Steel Conference Center on the
corner of Thackeray and O'Hara St.) Monday‐Friday from 9‐4. All they need to do is call us at 412‐648‐7920 to schedule an
appointment, or they may stop by in person to make appointments. Students may make up to two tutoring appointments per
week.
Private (for hire) tutors are listed on the Chemistry Department's web site
(see http://www.chem.pitt.edu/undergraduate/tutoring .

Course Description ‐ Chem 0320

This two‐semester sequence of Chem 0310 and 0320 is a introduction to the theory and practice of organic chemistry through
the study of structural principles, reaction mechanisms, and synthesis of all types of organic (i.e., carbon‐based)
compounds. The basic goals of the courses are to develop an appreciation of and skills at using the methods of "molecular
analysis" which have made organic chemistry such a powerful intellectual discipline that leads to understanding many
phenomena, from the basis of cellular structure and function to how to provide specific therapeutics at affordable costs to
combat a host of human ailments. The two‐course sequence will prepare a student for advanced topics in biochemistry,
molecular biology, medical sciences, chemistry, chemical engineering, and material sciences, to name but a few. The broad
goal of the course is to allow a student to develop a deep understanding of the chemistry of carbon‐based compounds and
reactions so that they can apply that understanding to, among other things, biochemical reactions.
Prerequisites: A strong understanding of all the topics covered in general chemistry is helpful in Chemistry 0310 and it is
impossible to master the material in Chemistry 0320 without having understood the principles of Chem 0310.
Chem 0320 course is a continuation of Chem 0310. The semester will continue where Chem 0310 left off. It is assumed that
you have mastered the material in Chapters 1‐13 of the textbook (we are using the same textbook that was used last term for
Chem 0310). We will cover Chapters 14‐26 this term, the largest fraction of which deals with chemistry of carbonyl
compounds. (Students who receive less than a C‐ grade in Chem 0310 should repeat that course before attempting to take
Chem 0320.)
Outline in brief: The course is organized around Chapters 14‐26 in the Vollhardt and Schore (7th edition) textbook. Course
evaluation is based on 3 in‐class assessments (each assessment is combined from an hourly exam and 2 quizzes), graded
electronic homework, and a comprehensive (for 2‐terms of orgo) final exam.

Course Rationale

"We believe that a course should do more than provide students with a strong background of knowledge in a field. We believe
that a course should enable students to use their strong backgrounds to solve problems, and that a truly valuable course
should focus beyond the final exam to add to students' future lives, abilities, and skill sets and prepare students to think for
themselves in the discipline after the course is over. Designing such a course is a challenge and involves providing not only
opportunities for students to master content but also opportunities for students to practice thinking for themselves in the
discipline so that they will be prepared to do so after the course is over." (Tewksbury and Macdonald, 2008)

Page 4 of 49

"Science is not necessarily about absolute truths. It represents our best discernment based on the results of scientific
processes applied to quantifiable data. Theories change and evolve over time as our understanding grows, new questions are
asked, experiments are performed, and new data are gathered. Science doesn't have all the answers, nor does it purport
to. Scientists don't gather "facts". That said, critical thinking and analysis are applied in an unbiased fashion to data gathered
in response to a question posed. The results have their limitations. They can also illuminate startling findings (e.g., evolution,
the expanding universe, plate tectonics, global warming). Provable, testable results provide strong insights into our natural
world." (J. Pedicinio, 2008)
"Chemistry is a central science in the sense that it bridges such disparate areas as physics and biology, and connects those
long‐established sciences to the emerging disciplines of molecular biology and materials science. Similarly, ... organic
chemistry sits at the center of chemistry, where it acts as a kind of intellectual glue, providing connections between all areas of
chemistry. One does not have to be a chemist, or even a scientist, to profit from the study of organic chemistry." (M. Jones,
1997)

Chem 0320 Course Goals

We will continue to address three big questions from Chem 0310 (Orgo 1):
(1) How do I understand structure and properties of millions of compounds?
(2) How do I appreciate and predict electron movement in any organic reaction mechanism (i.e., how do I appreciate and
predict reactivity of organic compounds)?
(3) How do I apply the fundamental principles of organic chemistry to appreciate structure, properties, and reactions of
compounds that will only be discovered tomorrow?
By addressing the three questions noted above, we will begin to experience (within the sub‐discipline of organic chemistry)
the three things that chemists do (J. Chem. Ed., 2006, 83, 655‐661):
‐‐ they explain phenomena.
‐‐they analyze matter to determine its chemical make‐up.
‐‐they synthesize new substances.
In addition, we will also use and further develop items in a chemist's toolbox (a collection of procedures and models that are
used a s needed when directing syntheses, conducting analyses, and developing explanations).
In a broader sense, the goal of this course is help all students enhance their proficiency in science. Proficiency in science can
be considered to have four strands:
1. Know, use, and interpret scientific explanations of the natural world.
2. Generate and evaluate scientific evidence and explanations.
3. Understand the nature and development of scientific knowledge.
4. Participate productively in scientific practices and discourse.

Words from the preparers of standard exams...

"Every year, students tell us that they really know more than they demonstrate on their final examination in organic
chemistry. Sometimes the questions are described as "tricky"; sometimes insufficient time is thought to be the problem; and
sometimes the material is judged to be different from what was covered in class. These problems most often result from
chemistry having been learned as a set of reactions and techniques, rather than as a coherent set of conceptual models that
enables comprehension of the submicroscopic world. We urge you, as you are learning chemistry, to strive for genuine
understanding of the concepts and models. For example, rote learning of named organic reactions that are meaningless to you
is not learning chemistry; and that knowledge will not serve you at exam time." (Preparing for Your ACS Examination in
Organic Chemistry, I.D. Eubanks and L.T. Eubanks, 2002 American Chemical Society Division of Chemical Education
Examinations Institute.)

Course Requirements and Grading

Course Grading: Your course grade will be determined from your performance on the equivalent of three "assessments"
(each assessment is composed of one hourly and two quizzes and described in a bit more detail below), on‐line homework,
and the final exam. The dates for each component of each assessment are shown on the Course Schedule and should be
considered tentative since they may be changed at the professor's discretion.


IMPORTANT NOTES
o There will be no makeup assessments (either quizzes or hourlies).
o No late homework assignments will be accepted. (Click here for an amusing article on excuses for missing due
dates.)
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o

See the statement below about exam regrades

Basic Weighting Scheme (500 points total):
Three assessments 100 points each (= 300 points)
Online homework 100 points (Total points in Sapling will be re‐scaled to a maximum possible of 100 points towards the
ultimate course grade; the best 12 of the assignment scores will be used; we will shoot for 13 and will have at least 12.)
Final exam 100 points
Alternate Scheme (aka 'Stuff Happens')
What if you miss one or more components of one of the assessments (something happened that prevented you from being
there for that exam or quiz) or turn in one poor assessment performance relative to your performance on the Final
(something happened that prevented you from studying for that in‐class assessment even though you were able to take the
test)? Answer: At the completion of the course, each student's grade will be calculated as described by the basic weighting
scheme AND by dropping the lowest assessment score while increasing the final exam contribution (maximum possible) from
100 points (20% of the Final Grade) to 200 points (40% of the Final Grade). The better final grade for each student will be
used. In effect, if you show improved performance on the final exam, the final exam will count for a larger fraction of your
grade then in the basic weighting scheme and a poor assessment is completely discounted. If you miss components of one
assessment, the alternate method takes the pressure off of you from having to find the time to make up the exam missed due
to stuff happening. Typically, more than two‐thirds of all past students have used the Alternate Scheme (for a large variety of
reasons, including doing everything and on‐time, but just performing at a higher level on the final than the in‐class hourlies).
Letter Grades
In order to reduce competition between students and to foster group learning, I am going to continue the grading approach I
used in comparable courses previously. I will set the TENTATIVE point totals now for the letter grade cutoffs. This way, the
entire class can earn the letter grade they desire without worrying about what everyone else in the class is doing. The
following points are based on a total possible of 500. Note especially that the ± breaks are not public information and are
designed for borderline cases. It would be wrong to assume any published grade range is equally sliced. Earned Extra Credit (if
any is offered) may not exceed 50 points. The scheme below ANTICIPATES an average assessment score (including the finall)
of 55‐60% and a homework average of 86%. If either average is significantly different at the end of the term, the scheme will
be adjusted accordingly.
TOTAL POINTS
400 + above
344‐399
288‐343
232‐287
Less than 231

LETTER GRADE (all tentative till semester end)
A‐ to A+
80% and above
B‐ to B+
69%‐79%
C‐ to C+
58%‐68%
D‐ to D+
47%‐57%
F
46% and below

Exam Re‐grades
The following policy will be strictly adhered to. For any exam or quiz to be re‐graded, a completed "Re‐grade Request Form"
must be filled out and returned to Professor Grabowski within seven calendar days of the exam or quiz being returned to the
class. No exam will be considered for a re‐grade if any marks have been made on it by anyone since the original grading was
done. Your entire exam will be re‐graded‐‐not only that portion that you request. There is, therefore, a chance that you may
lose rather than gain points.
Extra Credit
A maximum of 50 points of earned extra credit can be used in computing a final grade. There may or may not be any Extra
Credit offered during the semester. If any amount of Extra Credit is offered, that amount is solely up to the discretion of the
instructor. Any Extra Credit will be offered to the class as a whole. It is anticipated that the only Extra Credit offered this term
will be through:
(1) the use of the Clickers during each lecture (about 30 points maximum offered), and
(2) first identification of typos in the textbook (does not apply to the Study Guide/Solution Manual) that is listed on this
web page (must match both version and printing);1 point per typo, maximum 5 points per student. Use the
appropriate Discussion Board Forum to communicate typos to me AND to the class.
(3) thoughtful participation on surveys designed to collect data used to revise practices so as to improve student
learning.
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Assessments

Three Assessments
As shown on the schedule, there will be an hourly and two quizzes after each of the three 4‐chapter units. In combination, an
hourly and the two associated quizzes equal one assessment worth 100 points. Each hourly is worth 66 points (50 minutes)
and each of the two quizzes is 17 points (13 minutes each). Hourlies are comprehensive thru the chapters as noted on the
schedule. Quizzes are anticipated to be focused on specific topics announced in class one week prior to the quiz (e.g., a quiz
might focus on two mechanisms from a defined list of four). Quiz dates are also noted on the schedule.
Final Exam
The final exam in this course will be a standardized exam for 1‐year of Organic Chemistry. It is written by the American
Chemical Society Exams Institute and is wholly in line with content covered in our course. The exam is a 70‐question, 110‐
minute exam, multiple choice (4 possible answers). No aids are allowed (no calculators, models, NMR shift tables, etc.). In
previous semesters, most students completed the exam prior to the end of the exam period. As you likely expect for a final
exam, many questions integrate several different ideas. A few questions may cover examples that we have not covered but
those types of 'extension' questions are solvable by application of the core concepts of organic chemistry that we stressed. In
my mind, the best way to answer most ACS exam questions is to read the question, work out the solution, and only then look
at the answer choices. Rely on the organic chemistry "instincts" you have been honing for two semesters. The final problem
sets in SL are a set of questions selected by the software company and designed to review for the ACS exam. Since the exam
is normed, you will be able to get one data point about your mastery of Organic as compared to your peers across the
nation. Some of the clicker questions used in lecture will come from their practice set of questions. While the ACS sells a
practice book (http://uwm.edu/acs‐exams/students/student‐study‐materials/), I don't think it has any value compared to
the resources already in use by you.
Exam dates and times:
All assessments are given only at the one time that the entire class has the assessment. No early or delayed exam dates are
possible for individuals. The exam drop policy can be used if you have to miss one scheduled exam time (note that it is not
possible to 'drop' the final as the final exam is the only one that is comprehensive for all content). The schedule has the dates
for all assessments listed but those dates are subject to change as we actually progress through the semester. A change in date
of a planned assessment is rare and on the few occasions that it did happen in the past, it was delayed by one class period to
accommodate either actual pacing for that term, or on appeal of a large fraction of the class due to other exams on the same
date.

Clickers

We will use an Audience Response System (clickers) during every class. On your way into the classroom, please pick up the
specific clicker assigned to you and make sure it works. Be sure to return the clicker at the end‐of‐class. When returning the
clickers, store it in the correct location with the number visible to the user and side‐by‐side in the bin otherwise your clicker
will fall out while the bin is rolled).
If your assigned clicker is missing or not working, get a paper copy of the Broken/Missing clicker form from
Prof. Grabowski (2nd shelf of the projector cart), fill it out during lecture, and turn it in at the end of class. Please only ever
take a clicker that is assigned to you. If your assigned clicker is not working, put it in a "Broken" or "Repair Me" red bin at the
bottom of one side of the clicker rack ‐‐ usually it just needs new batteries and/or the electrodes cleaned.
I usually try to use about 3 clicker questions a day in lecture (but ranges from 0‐7). From all the questions asked, 22 will be
selected to be worth 1 point of Extra Credit to every student who answers it. Eight of the clicker questions (could be the same
ones from the set of 22 or different ones) will be selected to be worth 1 additional point IF answered correctly. Thus up to 30
points of Extra Credit can be had by class participation in the clicker questions. The questions assigned points will NOT be
identified beforehand and no Extra Credit Clicker points will be awarded the first week of class although clickers will be used.
The Clicker Unit (by number) assigned to each student is one of the columns in the Grade Center. Find the clicker unit
assigned to you there.
Any student purposely using a clicker not their own will lose all clicker points for the entire semester.

Course Policies

Remote Communication Devices
It is required that all students will disable remote communication devices for the duration of each and every class. Under no
circumstances should a cell phone ring during lecture OR a student disrupt the class by taking or placing a phone call. Using a
cell phone in ANY FASHION during an exam is consider cheating so please put your cell phone out of sight during in‐class
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exams (a clock will be provided). Use the smart phone app "Pocket Points" to help motivate you to not be distracted by non‐
orgo things on it.
Letters of Recommendation
It is common for students in Orgo to request letters of recommendation (for Pharmacy School, Medical School, Dental School,
Summer Research Programs, etc.) from their lecturer. If you want a useful letter of recommendation at the end of the term, it
is imperative that you go out of your way to make sure I know who you are (and feel free to remind me often of your name as I
am terrible with recalling names). If you anticipate needing a letter, arrange to make such a request by the end of the term ‐
requesting a letter a year "after the fact" is not nearly so useful as you might imagine.
Religious Observances
The University of Pittsburgh has a tradition of recognizing religious observances of members of the University community in
instances where those observances may conflict with University activities. When conflicts occur between a religious
observance and a University activity or evaluation, the students and faculty are expected to make every effort to reach
mutually agreeable arrangements to reschedule the activity or provide a substitute activity or evaluation. Students are
expected to alert the faculty to the potential for such conflicts early in the term.
G‐Grades:
(First see Arts and Sciences policy on G‐grades posted
here: https://catalog.upp.pitt.edu/content.php?catoid=72&navoid=6226#grading‐systems.) For this course, a G‐Grade will be
granted if the student has taken two of the three hourlies with a combined passing grade on them, has regularly participated
in the lectures and recitation, and is up‐to‐date on their electronic homework. The G‐Grade allows one additional term to
complete course work (note that there are three terms per year including the summer term). To arrange for a G‐grade, a
contract must be negotiated and signed with the Professor prior to the due date for current course grades.
Cheating Policy
Don't!
Academic Integrity
Students in this course will be expected to comply with the University of Pittsburgh's Policy on Academic Integrity. Any
student suspected of violating this obligation for any reason during the semester will be required to participate in the
procedural process, initiated at the instructor level, as outlined in the University Guidelines on Academic Integrity. This may
include, but is not limited to, the confiscation of the examination of any individual suspected of violating University Policy.
Furthermore, no student may bring any unauthorized materials to an exam, including dictionaries and programmable
calculators.
Disability Services
If you have a disability for which you are or may be requesting an accommodation, you are encouraged to contact both your
instructor and Disability Resources and Services (DRS), 140 William Pitt Union, (412) 648‐7890, drsrecep@pitt.edu, (412)
228‐5347 for P3 ASL users, as early as possible in the term. DRS will verify your disability and determine reasonable
accommodations for this course. All students certified by DRS must take their exams through Pitt's Testing Center.
Accessibility
Blackboard is ADA Compliant and has fully implemented the final accessibility standards for electronic and information
technology covered by Section 508 of the Rehabilitation Act Amendments of 1998. Please note that, due to the flexibility
provided in this product, it is possible for some material to inadvertently fall outside of these guidelines.
Copyright Notice
These materials may be protected by copyright. United States copyright law, 17 USC section 101, et seq., in addition to
University policy and procedures, prohibit unauthorized duplication or retransmission of course materials. See Library of
Congress Copyright Office and the University Copyright Policy.
Statement on Classroom Recording
To ensure the free and open discussion of ideas, students may not record classroom lectures, discussion and/or activities
without the advance written permission of the instructor, and any such recording properly approved in advance can be used
solely for the student’s own private use.

Page 8 of 49

Course Advice

Exams
Will be composed of questions requiring ability to APPLY knowledge learned.
Will only occassionally include any memorized lecture or reading material.
Can include questions directly from assigned problem sets.
Topics will include:
Structure and Reactivity Questions
Organic Reactions (Give products; give reagents; give starting material)
Reaction Mechanism Analysis
Organic Synthesis
Our Organic Chemistry Answer Key is posted in the General Documents Folder under the Course Documents area. I
strongly encourage you to read, study, reflect on, and to practice the items summarized on this short document.
Some advice from previous Organic classes to you..
Areas to become adept at
o Mechanisms and Curved Arrow Notation.
o Use the homework problems to prepare for the exams.
o Tests very much reflect the lecture notes (in terms of areas emphasized).
o Learn to take notes rather than just "transcribe" the lecture.
Areas that caused students problems
o Skipping lecture and/or recitation.
o Doing problems by looking at the answer key prior to writing out your own complete answer.
o Creating "rules" for organic chemistry that are inappropriate.
o Not keeping up ‐ the course is fast paced.
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Schedule
Schedule; subject to change at the Professor's discretion. Class meeting time: MoWeFr 9:00-9:50am
Class
Date
Mtg MWF 9:00AM
1
28-Aug-17
2
30-Aug-17
3
1-Sep-17
-4-Sep-17
4
6-Sep-17
5
8-Sep-17
6
11-Sep-17
7
13-Sep-17
8
15-Sep-17
9
18-Sep-17
10
20-Sep-17
11
22-Sep-17
12
25-Sep-17
13
27-Sep-17
14
29-Sep-17
15
2-Oct-17
16
4-Oct-17
17
6-Oct-17
-9-Oct-17
18
10-Oct-17
19
11-Oct-17
20
13-Oct-17
21
16-Oct-17
22
18-Oct-17
23
20-Oct-17
24
23-Oct-17
25
25-Oct-17
26
27-Oct-17
27
30-Oct-17
28
1-Nov-17
29
3-Nov-17
30
6-Nov-17
31
8-Nov-17
32
10-Nov-17
33
13-Nov-17
34
15-Nov-17
35
17-Nov-17
36
20-Nov-17
-22-Nov-17
-24-Nov-17
37
27-Nov-17
38
29-Nov-17
39
1-Dec-17
40
4-Dec-17
41
6-Dec-17
42
8-Dec-17
43
13-Dec-17

M
W
F
M
W
F
M
W
F
M
W
F
M
W
F
M
W
F
M
Tu
W
F
M
W
F
M
W
F
M
W
F
M
W
F
M
W
F
M
W
F
M
W
F
M
W
F
W

Comment
CSC-152
1st class

Add/Drop ends

Quiz 1a (17 pts)

Quiz 1b (17 pts)

Exam 1 (66 pts)

Monday classes!
Homecoming
Quiz 2a (17 pts)

Quiz 2b (17 pts)
Withdraw deadline
Exam 2 (66 pts)

Quiz 3a (17 pts)

Makeup Quiz

Quiz 3b (17 pts)

Exam 3 (66 pts)
Last Class
Final (100 pts)

Chapter
Chapter 14
Chapter 14
Chapter 14
Chapter 15
Chapter 15
Chapter 15
Chapter 16
Chapter 16
Chapter 16
Chapter 17
Chapter 17
Chapter 17
Chapter 18
Chaps 1-17
Chapter 18
Chapter 18
Chapter 19
Chapter 19
Chapter 19
Chapter 20
Chapter 20
Chapter 20
Chapter 21
Chapter 21
Chapter 21
Chapter 22
Chapter 22
Chaps 1-21
Chapter 22
Chapter 23
Chapter 23
Chapter 23
Chapter 23
Chapter 24
Chapter 24
Chapter 24

Topic
14-Delocalized Pi Systems
14-Delocalized Pi Systems
14-Delocalized Pi Systems
Labor Day Holiday
15-Benzene, Aromaticity, EA
15-Benzene, Aromaticity, EAS
15-Benzene, Aromaticity, EAS
16-EAS of Substituted Benzenes
16-EAS of Substituted Benzenes
16-EAS of Substituted Benzenes
17-Aldehydes and Ketones
17-Aldehydes and Ketones
17-Aldehydes and Ketones
18-Enols and Enolates
18-Enols and Enolates
18-Enols and Enolates
19-Carboxylic Acids
Fall Break
19-Carboxylic Acids
19-Carboxylic Acids
20-Carboxylic Acid Derivatives
20-Carboxylic Acid Derivatives
20-Carboxylic Acid Derivative
21 - Amines
21 - Amines
21 - Amines
22-Substituted Benzenes
22-Substituted Benzenes

22-Substituted Benzenes
23-Ester Enolates
23-Ester Enolates
23-Ester Enolates
23-Ester Enolates
24-Carboyhydrates
24-Carboyhydrates
24-Carboyhydrates
Thanksgiving Holiday
Thanksgiving Holiday
Chapter 24 24-Carboyhydrates
Chapter 24 24-Carboyhydrates
Chaps 2526 Selected topics from 25 & 26
Chaps 1-24
Chaps 2526 Selected topics from 25 & 26
Chaps 2526 Selected topics from 25 & 26
Chaps 1-26 10:00am-11:50am
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Types of Resources Available
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Examples of Available Content
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Examples of Exams/ Chem 0320, Organic Chemistry II /
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Examples of Course Documents /
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Course Documents / Chapters

Chapter 1‐13 Review
Chapter 1‐13 Review Problem Set (Sapling Learning)
Chapters 1‐13, Questions to facilitate Review
Part A: This is a sub‐set of the questions for material in Chapters 7‐13 in Vollhardt & Schore (of course, Chaps

1‐6 are necessary to master material in 7‐13). This assignment is made available to help remind you of some
of the key concepts from Orgo 1. It is NOT designed to be comprehensive of all of the content of Orgo 1.
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Parts B, C, and D contain the 143 Vollhardt & Schore questions in the SL database that are taken directly from

the same numbered question in our textbook (all 143 questions are from Chaps 1‐13). They are divided into
groups of 50, 50, and 43 simply out of convenience, and the questions placed in each group was done
randomly. Parts B, C, and D, are provided to give you additional practice/review with feedback. Part A is the
review set I'd start with. None of these review sets contribute directly to a Chem 0320 course grade.
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Chapter 14. Delocalized Pi Systems
Updated: 23 August 2017
Textbook Typos 7th Edition
If you spot others, use the appropriate Discussion Board forum (under the Communication tab) to identify
it and to receive extra credit points.
Textbook Typos 6th Edition

Page 662, Exercise 46: In problem 46, a double bond is printed on the wrong carbon, giving a carbon with 5 bonds. (ML)
If you spot others, use the appropriate Discussion Board forum (under the Communication tab) to identify it and to receive
extra credit points.

Introduction
This chapter extends the discussion from the end of last semester (we were discussing chemistry of systems in
which two adjacent carbons had overlapping p‐orbitals; i.e., alkenes and alkynes). What happens if there are more
than two parallel p‐orbitals? This is the concept of delocalization, which we have already introduced through our
analysis of resonance. Special chemical behavior is found for delocalized systems that are of the "correct" size AND
cyclic; we will examine these, especially the parent molecule, benzene (this latter activity will occur in the next
chapter). Note, due to their very specialized nature, we won't be discussing the section on Electrocyclic Reactions
though you may want to read that in order to understand the Chemical Highlight discussing immunosuppressants.
Learning Objectives
1. Be able to identify, without explicit prompting, when delocalization is important, or not.
2. Be able to discuss the special characteristics benzene.
3. Be able to predict the products from a Diels‐Alder reaction and be able to recognize a set of reactants and
conditions as those belonging to the Diels‐Alder reaction.
Chapter Synopsis
14‐1 The Allyl System
14‐2 Radical Allylic Halogenation
14‐3 Nucleophilic Substittuion of Allylic Halides
14‐4 Allylic Organometallic Reagents
14‐5 Conjugated Dienes
14‐6 Kinetic vs Thermodynamic Control
14‐7 Extended Conjugation
14‐8 Diels‐Alder Cycloaddition (New Reaction Type!)
14‐9 Electrocyclic Reactions (we will skip this section)
14‐10 Polymerization of Conjugated Dienes (review of ideas introduced in 12‐14 & 12‐15).
14‐11 UV Spectroscopy
Chapter Advice
(1) Remember ‐ delocalization requires that p‐orbitals be parallel. Never forget your understanding of the 3D
character of chemistry, versus the 2D world of paper and projection screens!
(2) Continue to be wary of the difference between resonance and equilibirum, as discussed in detail last
semester.
(3) Practice chanting the following "mantra" as you spend your 55 minutes per day doing "an exam's worth of
questions": "All reactions and reaction steps must be mass and charge balanced."
Lecture Notes (Incomplete, 4 slides per page)
o

Chap14_PiSystems_incomplete_v2.pdf (769.912 KB)

Clicker Questions
o

CQs_Chap14_2181.pdf (211.898 KB)
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Electronic Resources

On the publisher’s web site:
 Animation: Addition of HCl to 1,3‐butadiene
 Animation: Radical allylic halogenation
 Animation: Diels‐Alder cycloaddition (endo rule)
On the publisher’s web site
 Rate and Regioselectivity in the Diels‐Alder Reaction (a 5:47 minute video on YouTube; posted 9 Jan 2010).
 Figure: MO's of butadiene

Sapling Learning, Chapter 14
Optional Problem Set

Required Problem Set

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
32, 33, 34, 36, 37, 38, 39, 41, 43, 44, 54, 58, 60, 63, 78, 79, 80, 81.
Set 2: Still want more practice? Then do these: 35, 40, 42, 46, 49, 50, 51, 52, 56, 74, 75, 76.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 45, 47, 48, 53, 55, 57, 59, 61, 62, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 77.
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Chapter 15. Benzene & Aromaticity
Updated: 11 September 2017
Textbook Typos 7th Edition

Page 682, top chemical reaction: (Electrophilic Acylation) The acylium ion shown is not drawn with EITHER both
resonance structures, or JUST the one most important. (The least important is shown. See page 681, two‐thirds the way
down for one of the two correct ways to show the acylium ion (here, as a pair of resonance structures.)

6th Edition Textbook Typos

Page 709: In step 3 of the Friedel‐Crafts mechanism, the carbon at the ortho position is missing a positive formal
charge. (AP)
Page 713: In model problem 15‐31: the last step of the mechanism, the curved arrow should start at the Chlorine‐
Aluminum bond and not on the lone pair of the Chlorine. (MC)
Page 714: In the Bromobenzene Formation mechanism, the curved arrow should start at the iron‐bromine bond not at
the bromine alone. (MC)
Page 719: In the solution, the second point of what is given lists the molecular formula of DDT as C15H9Cl5 (the letter "l"
in subscript) instead of C14H9Cl5 (ST)
Page 727, Problem 58 states that structures A and B are two resonance forms of the same molecule. The bonds are not
rearranged on structure B to accurately show the other resonance form. (MV)

Introduction
In this chapter, we will explore the structural implications of the stabilizing effects of aromaticity. The discussion
will introduce the key ideas by focussing on the unique properties of benzene, the prototypical aromatic molecule.
One new chemical reaction appears, electrophilic aromatic substitution, of benzene (using a variety of reagents,
leading to different products). This reaction is elaborated in the next chapter, where the substrate is a substituted
benzene.
Learning Objectives
1.
2.
3.

Recognize aromatic molecules and reactive intermediates, and the consequence of change of aromaticity during a
reaction mechanism.
Be able to quantify the special stability of benzene.
Be able to discuss and draw the complete mechanism of any electrophilic aromatic
substitution reaction. (Knowing the mechanism also means that you can identify the products given starting
materials or provide the products necessary to synthesize a given product.)

Chapter Synopsis

15.1 Naming the Benzenes
15.2 Structure and Resonance Energy of Benzene
15.3 Pi Molecular Orbitals of Benzene
15.4 Spectral Characteristics of the Benzene Ring
15.5 Polycyclic Aromatic Hydrocarbons
15.6 Other Cyclic Polyenes & Huckel's Rule
15.7 Huckel's Rule for Charged Molecules
15.8 Electrophilic Aromatic Substitution
15.9 Halogenation of Benzene
15.10 Nitration and Sulfonation of Benzene
15.11 Friedel‐Crafts Alkylation
15.12 Limitation of Friedel‐Crafts Alkylations
15.13 Friedel‐Crafts Acylation

Chapter Advice

Most of the chapter is pertinent. The section on spectral properties will not be discussed ‐ last semester we learned the
chemical shift of aromatic protons and how to recognize a 1,4‐disubstituted benzene from the H‐NMR data. One caution: be
sure to also always think about your reference point; for example, both benzene and cyclopentadienide are cyclic, 6‐pi
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electron, conjugated (and therefore aromatic) systems and demonstrate enhanced "stability" but they do not have the same
stability. Cyclopentadienide is very stable for a carbanion but nowhere near as "stable" as the neutral molecule benzene.

Lecture Notes (Incomplete, 4 slides per page)
Attached Files:
o
Chap15_Aromacity_incomplete.pdf (1.263 MB)

Clicker Questions
Attached Files:
o
CQs_Chap15_2181.pdf (196.415 KB)

Electronic Resources

No great ones identified yet ‐‐ if you spot any, let me know.

Sapling Learning, Chapter 15
Optional Problem Set

Required Problem Set

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
38, 42, 45, 47, 48, 49, 53, 54, 55, 56, 60, 66, 69‐73.
Set 2: Still want more practice? Then do these: 36, 37, 39, 40, 41, 43, 52, 57, 58, 62.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 44, 46, 50, 51, 59, 61, 63, 64, 65, 67, 68.
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If you can do "Set 1" problems quickly and accurately, without referral to your notes or the textbook or the study guide or by
simply remembering the answer, you should be in good shape for the exam. If you can likewise do the "Set 2" problems, you are
in great shape for the in-class exam. If you can do the "Mastery" problems based on pure understanding of organic principles,
you are in fantastic shape for the in-class exams.

Exercise Answer Keys (video; selected problems)
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Chapter 16. Electrophilic Attack on Benzene Derivatives
Update: 19 September 2017
Textbook Typos 7th Edition

Page 708, Table 16‐1. The amide substituent (‐NHCOR) is actually less reactive than the ether substituent and so
should be at the right end of the listing for the "Moderate and strong activators". The similar chart distributed
through the incomplete lecture notes has the order correct.
Page 716, Exercise 16‐21 asks you to synthesize a molecule containing a phenolic functional group, starting from
benzene. We won't learn how to convert benzene into phenol until much later in the course. So the Starting Material
for this exercise should be phenol rather than benzene.
If you spot others, use the appropriate Discussion Board forum (under the Communication tab) to identify it and to
receive extra credit points.

Introduction
In this chapter, we examine how substituted benzenes react via reactions developed previously for benzene itself.
The key to this chapter is not memorization ‐ but understanding of the mechanism of electrophilic aromatic
substitution. The first and rate‐determining step is the formation of a delocalized cation. Different types of
subsitutents do affect the stability of this cation and make it "easier" or "harder" than creating the cation from
benzene. Analysis of the possible cations also identifies the "directing" ability of a substituent.
Learning Objectives
(1) Be able to draw reaction coordinates for any EAS reaction and for any competiting pair of EAS reactions.
(2) Be able to explain and predict rate perturbations on EAS by various substituents.
(3) Be able to design synthetic routes to mono‐ to polysubstituted benzenes.

Chapter Synopsis

16.1 Activation or Deactivation by Substituents on a Benzene Ring
16.2 Directing Electron Donating Effects of Alkyl Groups
16.3 Directing Effects of Substituents in Conjugation with the Benzene Ring
16.4 Electophilic Attack on Disubstituted Benzenes
16.5 Synthetic Strategies Towards Substituted Benzenes
16.6 Reactivity of Polycyclic Benzenoid Hydrocarbons
I encourage to read this section but our primary focus will be on benzene derivatives, not PAHs.
16.7 Polycyclic Aromatic Hydrocarbons and Cancer
We won't discuss this section in class but if you are interested in Health Sciences (and entrance exams to such), I
encourage to read this section.

Chapter Advice

There is nothing like "practice" to ensure success in Orgo. Be sure to be doing an "test‐worth" of problems each night, at least
six nights a week. Increasingly problems/exercises/challenges are going to require you to explore multiple possible
'solutions' and then to pick the best of several. The "best" answer, on occasion, will depend on experimental, cost, and waste‐
handling procedures that are beyond the scope of this course. Such limitations should not hinder anyone from suggesting
reasonable (on paper) solutions to any of the problems/challenges/exercises we will encounter.

Lecture Notes (Incomplete, 4 slides per page)
Attached Files:

o

Chap16_EAS_incomplete.pdf (1.117 MB)

Lecture Notes ‐ Orgo 1 Review Sides for Chap 16 Concepts
Attached Files:

o

Chap16_OrgoReviewSlides.pdf (109.352 KB)

Guidelines For Resonance
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Attached Files:

o

GuidelinesForResonance.pdf (26.331 KB)

A Chapter 1 slide re‐discussed on day 1 of our 3 day sojourn through Chapter 16.

Clicker Questions
Attached Files:

o

CQs_Chap16_2181.pdf (235.28 KB)

Electronic Resources

Organic Chemistry Help: 3 simple tricks for EAS with Indiana Jones, http://www.youtube.com/watch?v=CKCtEAQOn8c, (a
3:03 minute video on YouTube).

Exercises

Want an on‐line "quiz" to help test your understanding of reactive sites in multiply‐substituted benzenes? Check out the web
site here: http://www.stolaf.edu/depts/chemistry/courses/toolkits/247/js/aromatic/arosel.htm
Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY: 30, 32, 33, 34,35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 55, 59, 60, 61, 62, and 63 .
Set 2: Still want more practice? Then do these: 46, 48, 49, 50, 51, 54, 56, and 57.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 31, 47, 52, 53, and 58.
If you can do "Set 1" problems quickly and accurately, without referral to your notes or the textbook or the study guide or by
simply remembering the answer, you should be in good shape for the exam. If you can likewise do the "Set 2" problems, you are
in great shape for the in-class exam. If you can do the "Mastery" problems based on pure understanding of organic principles,
you are in fantastic shape for the in-class exams.
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Sapling Learning, Chapter 16
Optional Problem Set

Required Problem Set

Attached Files:

o

Chapter16#26_NeededNewReactions.pdf (42.068 KB)

NOTE: (See the attached document from whence this sentence has been taken.) Three reactions utilized in question
#26 (Chapter 16) are not discussed until Chapter 22. The three reactions are shown below
(one nucleophilic aromatic substitution and two that proceed via a diazotization strategy [aka use sodium nitrite as
the first of the two reagents]).
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Chapter 17. Aldehydes and Ketones
Updated: 28 September 2017
Textbook Typos 7th Edition
If you spot typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

6th Edition, Textbook Typos

Page A‐34, Answers to Exercises: #17‐15 The cyclopentone is attacked by morpholine, but after the attack, the book
drops the O on the morphopline throughout the remainder of the mechanism. (MC)
Page A‐35, Answers to Exercises: #17‐20 the ketone is protected by an acetal group, but the regeants in step 3 (H+,
H2O; the acid work up) will destory the acetal and convert it back to ketone whereas the keto group should remain
protected through the use of the methyl lithium reagent. (LW)
Page 823, Problem 17‐49: Two issues with this question.
(a) The molecule Bombykol in number 49 has a double bond between the fourth and fifth carbons from the left.
However, these two carbons have no hydrogens attached, giving each of them only three bonds. (ST)
(b) The wrong compound might be shown;
see http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=445128 (ML)

Introduction
Carbonyl chemistry is arguably the most enjoyable and the most important organic chemistry topic of the entire
year; the greater fraction of your organic chemistry experience going forward will entail working with carbonyl
compounds of one form or another (e.g., sugar/carboyhydrate chemistry is heavily the chemistry of the carbonyl
group). This chapter draws our entire attention to the beautiful and rich chemistry of the carbon‐oxygen double
bond. This chapter introduces us to Addition Reactions and later on, we will extend our interest to the position
immediately adjacent to the carbonyl group (the alpha position). As you read and work through this chapter, try to
see how all topics basically relate to two big concepts: Reversible Additions and Irreversible Additions.
Learning Objectives

(1) Learn the multistep mechanisms of the reversible addition reactions: hydration; acetal formation, imine formation,
and enamine formation. Note well the many similar, nearly identical steps, as well as the branch points where the
reactions diverge. {Acetals are key to understanding numerous synthetic chemistry strategies as well as all the
biological organic chemistry of the sugars. Imines and enamines are key if you are seriously interested in synthetic
chemistry or enzyme‐catalyzed reactions.}
(2) Extend our synthetic repertoire by adding two new irreversible addition reactions of carbonyl compounds, the
Wittig reaction and the Baeyer‐Villiger oxidation. These augument the carbonyl addition reactions discussed last
semester, particularly using Grignard and organolithium reagents, as well as metal hydride reductions. All C‐C
forming reactions are extremely handy and are most easily incorporated into synthesis problems by the
retrosynthetic approach.

Chapter Advice
For the reversible addition mechanisms, you can simplify the big picture, by developing an appreciation of each
step of each mechanism in terms of whether it is a protonation, a deprotonation, an addition of a nucleophile, or an
elimination of a nucleophile. If you are like most of us, you'll find the irreversible additions considerably easier to
learn than the reversible additions; use the extra time here to practice your "working backwards" strategies,
introduced last term to solve synthesis problems approach ‐ I cannot stress too strongly how the retrosynthetic
approach makes hard problems straightforward.
I will not put any mass spectra questions (part of section 17.3) on exams that I write.

Lecture Notes (Incomplete, 4 slides per page)
Attached Files:

o

Chap17_RCOR1_incomplete.pdf (1.025 MB)

Lecture Notes (extras)
Attached Files:
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Incomplete mechanism for Oxygen Exchange in Acetone (3.797 KB)
Incomplete mechanism for Imine Formation/Hydrolysis (3.833 KB)
Incomplete mechanism for Acetal Formation (4.165 KB)

o
o
o

Clicker Questions
Attached Files:
CQs_Chap17_2181.pdf (283.694 KB)

o

Electronic Resources
Attached Files:

o
o

Shockwave animation on the mechanism of acetal formation. (101.085 KB)
Shockwave animation on the mechanism of the Wittig reaction. (295.307 KB)

Molecular Orbitals of Formaldehyde

Chapter Synopsis

17.1 Naming the Aldehydes and Ketones
This section is not very important; scan it quickly.
17.2 Structure of the Carbonyl Group
This is essentially a review; scan it quickly.
17.3 Spectroscopic Properties of Aldehydes and Ketones
Again, this should be mostly a review (NMR and IR); we'll skip the mass spec stuff.
17.4 Preparation of Aldehydes and Ketones
Reviews sections 8.6, 12.12, 13.7‐13.8, 14.3, and 15.13.
17.5 Reactivity of the Carbonyl Group: Mechanisms of Addition important.
17.6 Addition of Water to Form Hydrates Important.
17.7 Addition of Alcohols to Form Hemiacetals and Acetals Important.
17.8 Acetals as Protecting Groups Important.
17.9 Nucleophilic Addition of Ammonia and its Derivatives Important.
17.10 Deoxygenation of the Carbonyl Group Important.
17.11 Addition of Hydrogen Cyanide to Give Cyanohydrins Important.
17.12 Addition of Phosphorus Ylides: The Wittig Reaciton Important.
17.13 Oxidation by Peroxycarboxylic Acids: The Baeyer Villiger Oxidation Important.
17.14 Oxidative Chemical Tests for Aldehydes read through this section if you are interested.

Other Stuff

Knockout Drops = Mickey Finn = Chloral Hydrate.

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
25, 27, 30, 31, 32, 33, 36, 37, 38, 41, 44, 45, 46, 48, 51, 52, 57, 58, 65, 66, and 68.
Set 2: Still want more practice? Then do these: 29, 35, 39, 40, 42, 43, 49, 50, 53, 61, and 67.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 26, 28, 34, 47, 54, 55, 56, 59, 60, 62, 63,
and 64.
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Here's a quick way to test your understanding of some of the easier aspects of EAS: Regioselectivity of Electrophilic Aromatic
Substitution Quiz

Sapling Learning, Chapter 17
Optional Problem Set

Required Problem Set
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Chapter 18. Enols, Enolates, and the Aldol Condensation
Updated: 6 October 2017
Textbook Typos 7th Edition

If you spot typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos, 6th Edition

Page 831: At top of the page under Hydrogen‐Deuterium Exchange of Enolizable Hydrogens, the picture that follows says
"Not αhydrogens" when it should say not β hydrogens. (TB)

Introduction
This is the second chapter that extensively discusses the chemistry of aldehydes and ketones. Here, we relate the
simple nucleophiles introduced in Chapter 17 adding to carbonyls with the more complex enolates and related
species. As in just about every reaction we have discussed, both a nucleophile (enolate or enol) and an electrophile
(carbonyl compound or protonated carbonyl respectively) are needed for these condensation reactions. Look
again for the pairing of strong nucleophile with weak electrophile, or weak nucleophile with strong electrophile.

The interconversions of acyl compounds is really nothing more than the addition‐elimination process introduced last chapter.
The wealth of this chemistry is easily handled if you focus on understanding the mechanism (the process, the driving force). If
you chose to forgo understanding in lieu of memorization, I wish you luck for I think that road is fraught with hazards and
booby‐traps. More than ever, this means that all problems must be "worked out" and I urge you to always show your
intermediate work no matter how simple the question being addressed appears to be. Don't ever forget that the addition‐
elimination process is an equilibrium and can proceed in either direction. Also, don't be fooled by thinking all reactions must
be bimolecular; the nucleophile and the electrophile (again!) can be at "opposite ends" of the same molecule. Get into the habit
of looking at the entire molecule before you start.

Learning Objectives

(1) Learn the aldol reaction, the mechanism, and how to see the pair of reactants used to create an aldol product. This
objective implies that we must first understand the acid and base properties of aldehydes and ketones, and the reactions of
enols and enolates.
(2) Describe the similarities and differences between aldol, crossed‐aldol, and intra‐molecular aldol reactions.
(3) Compare and contrast the mechanism of the hydration reaction of an aldehyde or ketone to the aldol reaction mechanism.
(4) Be able to recognize the unique properties and utility of alpha‐beta unsaturated compounds and to use them for synthetic
purposes.
(5) Know when 1,2‐ and 1,4‐carbonyl addition products will predominate under stipulated reaction conditions.
(6) Describe the products of any Michael reaction and use this reaction in appropriate synthetic problems.
(7) Describe the products of any Robinson Annulation, draw the detailed mechanism (as on p. 1055 but modified to show the
best resonance structure always) and use this reaction in appropriate synthetic problems.

Chapter Advice
This material is greatly reduced in complexity if you develop a consistent strategy to always have a plan. Do not
start on a complicated problem without an analysis of what needs to be accomplished. Things to fix in your mind
before really attempting a problem: acid or base? which bonds broken? made? rings made or broken?.
Additionally, pay particular attention to all the resonance structures and recognize that the shorthand we adopt is
to always show the best resonance structure if we only show one resonance structure. The easiest way (the only
way!) to get a handle on this chemistry is to draw it, not read about it ‐ this is why there are an enormous number
of problems at the end of the chapter; do them!
One last piece of advice. A common difficulty for students is to forget to apply the fundamental acid‐base chemistry they
know.

Lecture Notes ‐ incomplete, 4 slides/page
Attached Files:

o

Chap18_Enols_incomplete.pdf (405.095 KB)

Examples of Mechanisms to Master
Attached Files:
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o
Base‐catalyzed (with heat) Aldol condensation {Exam 2, Fall 2016} (16.595 KB)
o
Base‐catalyzed (with heat) Aldol condensation {Exam 2, Spring 2010} (9.368 KB)
Aldol, either base‐catalyzed or acid‐catalyzed (and if you know the Aldol, you also know the retro‐Aldol). Some (limited)
examples are posted here.

Clicker Questions
Attached Files:

o

CQs_Chap18_2181.pdf (261.078 KB)

Electronic Resources

Aldol reaction, with
dehydration: http://media.saplinglearning.com/priv/he/vollhardt/Animated_Mechanisms/css/vs4e_a13_r19.html
Robinson annulation: http://media.saplinglearning.com/priv/he/vollhardt/Animated_Mechanisms/css/vs4e_a14_r31.html

Chapter Synopsis

18.1 Acidity of Aldehyes and Ketones: Enolate Ions important.
18.2 Keto‐Enol Equilibria important.
18.3 Halogenation of Aldehydes and Ketones important.
18.4 Alkylation of Aldehydes and Ketones important.
18.5 Aldol Condensation very important.
18.6 Crossed Aldol Condensation important.
18.7 Intramolecular Aldol Condesation important.
18.8 α,Β‐Unsaturated Aldehydes and Ketones important.
18.9 Conjugate Additions to α,Β‐Unsaturated Aldehydes and Ketones
18.10 1,2‐ vs 1,4‐Additions of Organometallic Reagents important.
18.11 Michael Additions and Robinson Annulations important.

important.

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
35, 37, 38, 41, 42, 43, 45, 50, 51, 52, 55, 56, 57, 58, 66, 68, 69, 70, and 71.
Set 2: Still want more practice? Then do these:
32, 33, 34, 39, 40, 42, 47, 48, 49, 59, 60, 64, and 65.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 36, 46, 53, 54, 61, 62, 63, and 67.
If you can do "Set 1" problems quickly and accurately, without referral to your notes or the textbook or the study guide or by
simply remembering the answer, you should be in good shape for the exam. If you can likewise do the "Set 2" problems, you are
in great shape for the in-class exam. If you can do the "Mastery" problems based on pure understanding of organic principles,
you are in fantastic shape for the in-class exams.
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Sapling Learning, Chapter 18
Optional Problem Set

Required Problem Set
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Chapter 19. Carboxylic Acids
Last Updated: 13 October 2017
Textbook Typos, 7th Edition
Chap 19, p. 835, first structure: (α-Bromopropionic acid) should be (αR-Bromopropionic acid). (credit to IB)
If you spot other typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos, 6th Edition

A general error in this chapter is the inappropriate loss and appearance of a bare proton. As we have repeatedly discussed,
this is wrong as there is never such a thing in solution ‐ an acid is always donating the proton and a base is always required to
accept it. Be sure you always show the proton donor and acceptor in all reactions involving a proton transfer.

Introduction

This chapter is focused on the chemistry of carboxylic acids: RCO2H. Carboyxlic acids contain both an acidic proton and an
electrophilic carbonyl group ‐ these sub‐functionalities dictate the reactivity of carboxylic acids. Acids are common in nature
and in many aspects of modern society. Our efforts in this chapter are equally split between learning some new
transformations and understanding the mechanisms by which carboxylic acids are made or react.

Learning Objectives
(1) Learn the addition‐elimination mechanism of acyl compounds.
(2) Learn to use the reagents necessary to convert carboxylic acids into their four most important
derivatives.
(3) Learn how to reduce carboxylic acids to primary alcohols and brominate the carbon alpha to the carboxy
group.
Chapter Advice
Watch out for these common errors:
(1) Getting confused by all the "spinach" that is peripheral to the addition‐elimination mechanism.
(2) Getting hung up by the large number of steps and not realizing that a huge fraction are just proton
transfers.
(3) Confusing the basicity of the two oxygens on a carboxylic acid or ester ‐ it is the carbonyl oxygen that is
the more basic site.
Chapter Synopsis

19.1 Naming the Carboxylic Acids Read only if you are interested in this topic (we are minimizing focusing on
nomenclature in this course).
19.2 Structural and Physical Properties of Carboxylic Acids Read only if you are interested in this topic
19.3 Spectroscopy and Mass Spectrometry of Carboxylic Acids Read only if you need a refresher of topics learned
in Orgo 1 (MS is a topic we omit from this course).
19.4 Acidic and Basic Character of Carboxylic Acids important.
19.5 Carboxylic Acid Synthesis in Industry Read only if you are interested in this topic
19.6 Methods for Introducing the Carboxy Functional Group important
19.7 The Addition‐Elimination Mechanism important
19.8 Carboxylic Acid Derivatives: Acyl Halides and Anhydrides important
19.9 Carboxylic Acid Derivatives: Esters important
19.10 Carboxylic Acid Derivatives: Amides important
19.11 Reduction of RCOOH by LAH important
19.12 The Hell‐Volhard‐Zelinsky Reaction important (the transformation, not the name)
19.13 Biological Activity of Carboxylic Acids Read only if you are interested in this topic

Lecture Notes, incomplete, 4 slides/page
Attached Files:

o
Chap19_Acids_incomplete.pdf (387.652 KB)
o
Chap19_RxnsReviewedIntroduced.pdf (37.46 KB)
Update 11 October 2017: Added a link here to that one summary slide from today's lecture.
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Clicker Questions
Attached Files:

o

CQs_Chap19_2181.pdf (347.936 KB)

Electronic Resources

Acid
catalyzed esterification: http://media.saplinglearning.com/priv/he/vollhardt/Animated_Mechanisms/css/vs4e_a15_r18.htm
l

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY: 30, 33, 35, 36, 37,
38, 39, 40, 41, 42, 44, 45, 49, 52, 59, 60, and 61.
Set 2: Still want more practice? Then do these: 29, 31, 32, 34, 43, 47, 50, and 51,
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 27, 28, 46, 48, 53, 54, 55, 56, 57, and 58.
If you can do "Set 1" problems quickly and accurately, without referral to your notes or the textbook or the study guide or by
simply remembering the answer, you should be in good shape for the exam.

Sapling Learning, Chapter 19
Attached Files:

o
Chap20_SelectedHydrideTransformations.pdf (80.627 KB)
epending on the question pulled for each individual from the database of questions, you may encounter a hydride reagent
reducing an ester to an alcohol, an ester to an aldehyde, or an acid chloride to an aldehyde. These three transformations will
be introduced in Chapter 20. If you encounter these transformations in your Chap 19 problem set, the attached document
(Chap20_SelectedHydrideTransformations.pdf) should be consulted.
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Optional Problem Set

Required Problem Set
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Chapter 20. Acyl Compounds
Last Updated: 18 October 2017
Textbook Typos 7th Edition

Page 903, Side bar: Midway through the side bar, "cocoa butter" is incorrectly shown as "coca butter". (SS)
Page 910, "Mechanisms of Amide Reduction...": the aluminum atom under the middle arrow is missing its "ell". (JS)
If you spot typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos 6th Edition

Page A‐40, Answers to Exercises: #20‐2 The list is in decreasing order and should used > instead of <.
Page 966, Problem 46c: next to the structure of γ‐Valerolactone, says "γ‐Valerolactone, impotant in the fragrance
industry..." but should say "γ‐Valerolactone, important in the fragrance industry..." (MW)

Introduction
The interconversions of acyl compounds is an addition‐elimination process. The wealth of this chemistry is easily
handled if you focus on understanding the mechanism (the process, the driving force). If you chose to forgo
understanding in lieu of memorization, I wish you luck for I think that road is fraught with hazards and booby‐
traps. More than ever, this means that all problems must be "worked out" and I urge you to always show your
intermediate work no matter how simple the question being addressed appears to be. Don't ever forget that the
addition‐elimination process is an equilibrium and can proceed in either direction. Also, don't be fooled by
thinking all reactions must be bimolecular; the nucleophile and the electrophile (again!) can be at "opposite ends"
of the same molecule. Get into the habit of looking at the entire molecule before you start.
Learning Objectives
(1) Explore the wonderful diversity of the addition‐elimination reaction and be able to draw the mechanism
of any such process.
(2) Be able to correctly predict the products of any reaction between a nucleophilie and an acyl compound,
even if it is a new reaction.
(3) Know which carboxylic acid derivative is most appropriate for any step in a multi‐step synthesis problem.
Chapter Advice

A common difficulty for students is to forget to apply the fundamental acid‐base chemistry they know.
As ever, be sure each step of each mechanism is fully mass‐ and charge‐balanced. While ensuring balance does not guarantee
correctness, the lack of balance guarantees an incorrect answer.

Chapter Synopsis

20.1 Relative Reactivities, Structures and Spectra All parts important although the spectra less so.
20.2 Acyl Halides These are useful synthetic relay materials on the way to other carbonyl derivatives; be sure to know
this material.
20.3 Acid Anhydrides Very analogous to acid halides; be sure to know this material.
20.4 Carboxylic Acid Esters Versatile and common materials in the lab and in nature; arguably an important part of
this chapter..
20.5 Esters in Nature Read this section if you are interested in how nature uses esters.
20.6 Amides The least reactive, yet perhaps the most important carboxylic acid derivative; be sure to know this
material.
20.7 The Hofmann Rearrangment A reaction primarily of interest to professional chemists only‐read if you are
interested.
20.8 Nitriles Often considered as "masked" (or protected) carboxylic acids. Be sure to master this section.

Lecture Notes, incomplete, 4 slides/page
Attached Files:

o

Chap20_Acyls_incomplete.pdf (298.998 KB)
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Examples of Mechanisms to Master
Attached Files:

o
o
o
o

Acid‐catalyzed transesterification {Exam 2, Fall 2016} (33.028 KB)
Acid‐catalyzed transesterification {Exam 2, Spring 2011} (17.493 KB)
Acid‐catalyzed transesterification {Lecture 30, Fall 2016} (144.7 KB)
Acid‐catalyzed transesterification {Quiz B, Fall 2016} (221.176 KB)

Clicker Questions
Attached Files:

o

CQs_Chap20_2181.pdf (292.925 KB)

Electronic Resources

None that are uniquely appropriate have been identified at this time.

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
30g‐l, 34, 35, 36, 37, 38, 39, 40, 42, 45, 46, 47, 49, 53, 54, 62, 63, 68, 69, 70, and 71.
Set 2: Still want more practice? Then do these: 32, 33, 43, 44, 48, 50, 51, 55, and 65
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 30a‐f; 31, 41, 56, 57, 58, 59, 50, 61, 64, 66,
and 67.
If you can do "Set 1" problems quickly and accurately, without referral to your notes or the textbook or the study guide or by
simply remembering the answer, you should be in good shape for the exam.

Page 36 of 49

Sapling Learning, Chapter 20
Optional Problem Set

Required Problem Set
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Chapter 21. Amines
Last Updated: 27 October 2017
Textbook Typos 7th Edition

If you spot typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos, 6th edition

Page 1015, Problem 54: Intermediates A and B have 3 less hydrogens than they should, should be C5H12ClNO and
(C5H12NO)+ respectively. (RP)

Introduction

This chapter "introduces" amines ‐ actually we already know quite a bit about them! ‐ the last functional group that we will
consider. Most of the chapter is not new and the "new" stuff is very closely related to reactions we have become very familiar
with (e.g., the Mannich reaction can be considered a variation of the aldol condensation). Amines occur commonly in nature ‐
we have already mentioned the amino acids and the peptides and proteins formed from them. The alkaloids (e.g., strychnine,
morphine, heroin, cocaine, quinine) are naturally occurring amines that are biologically "very active". As we work our way
through this chapter, you should notice that the chemistry of amines is analogous to the chemistry of alcohols and
ethers. Amines can be protonated, amines can participate in hydrogen bonding, and amines can serve as nucleophiles. The
differences between nitrogen‐ and oxygen‐based compounds are understandable in terms of differences in electronegativity
of N and O: amines are less acidic than alcohols; amines are more basic and nucleophiliic than alcohols and ethers.

Learning Objectives

(1) Acidity & basicity of amines.
(2) Review of several synthetic procedures to make amines and many uses of amines to make other compounds ‐ all of
which have been extensively discussed earlier in Orgo.
(3) Hofmann Elimination.
(4) Mannich Reaction (especially the mechanism).
(5) Examine the original laboratory synthesis of quinine and be able to draw mechanisms for the final steps summarized
in lecture.

Chapter Advice

Acidity and basicity are NOT two concepts, but rather two sides of the same coin; a strong acid has a conjugate base that is
only weakly basic at best. Since acidity and basicity are not two different concepts, most Organic chemists have long ago
dropped discussions of two different scales, an acidity scale (pKa) and a basicity scale (pKb).

Chapter Synopsis
21.1
21.2
21.3
21.4

Naming the Amines Read this section if you are interested (not very important for us).
Structural and Physical Properties of Amines
Spectroscopy of the Amine Group
Acidity and Basicity of Amines This important section should be well‐known to you by now; review if necessary.
21.5 Synthesis Amines by Alkylation Combines old familar reactions with some new ones
(e.g., azide displacement‐reduction; Gabriel Amine Synthesis).
21.6 Reductive Amination Incredibly important reaction ‐‐ used by you every day to made amino acids.
21.7 Amides to Amines Just a review; read if necessary.
21.8 Hofman Elimination Mostly a review ‐‐ but read this section anyway.
21.9 The Mannich Reaction Very important ‐ be sure to master this reaction.
21.10 Nitrosation of Amines Somewhat important ‐‐ sets up some new chemistry for the next chapter.

Lecture Notes, incomplete, 4 slides/page
Attached Files:

o

Chap21_Amines_partial.pdf (1.294 MB)

Clicker Questions
Attached Files:

o

CQs_Chap21_2181.pdf (175.663 KB)
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Electronic Resources

Animation: Mechanism of reductive animation
Animation: Mechanism of the Mannich reaction

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
28, 34, 35, 38, 39, 44, 45, 46, 47, 50, 57, 63, 64, 65, 66, and 67.
Set 2: Still want more practice? Then do these: 32, 36, 37, 40, 41, 43, 49, 52, 53, 54, 59, and 61.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 27, 29, 30, 31, 33, 42, 48, 51, 53, 55, 56, 58,
60, and 62.
If you can do "Set 1" problems quickly and accurately, without referral to your notes or the textbook or the study guide or by
simply remembering the answer, you should be in good shape for the exam.

Sapling Learning, Chapter 21
Optional Problem Set

Required Problem Set
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Chapter 22: Chemistry of Benzene Substitutents
Last Updated: 17 October 2017
Textbook Typos 7th Edition

Chap 22, p. 984: In the product, the benzylic carbon should be colored black, and the two benyzlic hydrogens should be
blue (both to be consistent with the starting materials). (credit to YM)
If you spot other typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos 6th Edition
None identified.

Introduction

This chapter is sort of a "catch all" for discussions of chemistry of substituents on aromatic rings. We've already discussed
many of the topics, e.g., benzylic resonance structures (for cation, radical, and anion), phenols, and oxidation and reduction,
etc. There is some new material here, including nucleophilic aromatic substitution, benzyne, oxidation‐reduction processes,
and arenediazonium salts.

Learning Objectives

(1) Review chemistry of the benzylic position (acidity, free radical reactions, substitutions, oxidations)
(2) Learn the nucleophilic aromatic substitution mechanism.
(3) Learn how and when benzyne is formed, and what it does.
(4) Learn the Sandmeyer and Reduction reactions of arenediazonium salts.

Chapter Advice

Look to the assigned problems, the optional book and Sapling problems, and the lecture to ensure you are up to speed on the
topics of importance to our class discussed in this chapter.

Lecture Notes, incomplete, 4 slides/page
Attached Files:
Chap22_MoreBenzene_incomplete.pdf (876.443 KB)

Clicker Questions
Attached Files:

o

CQs_Chap22_2181.pdf (161.1 KB)

Electronic Resources

Animation: SN1 of a benzylic substrate

Chapter Synopsis

22.1 Benzylic Resonance Stabilization
22.2 Benzylic Oxidations and Reductions
22.3 Names and Properties of Phenols
22.4 Nucleophilic Aromatic Substitution
22.5 Alcohol Chemistry of Phenols
22.6 Electrophilic Substitution of Phenols
22.7 The Claisen Rearrangement
22.8 Oxidation of Phenols: Benzoquinones
22.9 Oxidation‐Reduction Processes in Nature
22.10 Arendiazonium Salts
22.11 Electrophilic Substitutions with Arenediazonium Salts

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
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without looking at an answer key or your notes? Remember, all students should be able to do problems of the type in the first
of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
35, 36, 37, 38, 40, 41, 42, 43, 44, 47, 50, 51, 53, 54, 55, 58, 62, 66, 67, 73, 74, 75, 76, and 77.
Set 2: Still want more practice? Then do these: 39, 45, 46, 52, 56, 59, 60, and 65.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 48, 49, 57, 61, 63, 68, 69, 70, 71, and 72.

Sapling Learning, Chapter 22
Optional Problem Set

Required Problem Set
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Chapter 23: Ester Enolates and Acyl Anion Equivalents
Last Updated: 11 November 2017
Textbook Typos 7th Edition

If you spot typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos, 6th Edition

Page A‐49 (Answers to Exercises): #23‐16. The compound identified as heptanedioic acid is wrong becasue there are
9 Carbons on the chain. The correct name is nonanedioic acid. (LW)

Introduction
The Claisen condensation is an extension of the Aldol reaction, but now using esters rather than aldehydes and
ketones. As you work through the chapter, relate the Claisen condensation to your understanding of the Aldol
reaction (especially mechanistically!). Look for the new "twist", the decarboxylation that can occur for beta‐keto
carboxylic acids. This chapter also expands our synthetic repertoire by introducting beta‐dicarbonyl compounds
as synthetic intermediates ‐‐ recognizing their role in synthesis can be challenging since 3‐ketoacids are readily
decarboxylated.
Learning Objectives

(1) Learn the mechanism of the Claisen condensation.
(2) Learn the acetoacetic ester synthesis and the malonic ester synthesis, and be able to apply each to synthesis
problems.
(3) Learn how to generate and use acyl anion equivalents, and be able to apply such to synthesis problems.

Chapter Advice

This material is greatly reduced in complexity if you develop a consistent strategy to always have a plan. Do not start on a
complicated problem without an analysis of what needs to be accomplished. Things to fix in your mind before really
attempting a problem: acid or base? which bonds broken? made? rings made or broken?. Additionally, pay particular attention
to all the resonance structures and recognize that the shorthand we adopt is to always show the best resonance structure if
we only show one resonance structure. The easiest way (the only way!) to get a handle on this chemistry is to draw it, not
read about it ‐ this is why there are an enormous number of problems at the end of the chapter; do them! One last piece of
advice. A common difficulty for students is to forget to apply the fundamental acid‐base chemistry they know ‐ note that the
Claisen condensation is stoiciometric in base (not catalytic). Why?

Chapter Synopsis
23.1
23.2
23.3
23.4

β‐Dicarbonyl Compounds: Claisen Condensations
β‐Dicarbonyl Compounds as Synthetic Intermediates
β‐Dicarbonyl Anion Chemistry: Michael Additions
Acyl Anion Equivalents: Preparation of α‐Hydroxyketones

Lecture Notes, incomplete, 4 slides/page
Attached Files:

o

Chap23_EsterEnolates_incomplete.pdf (442.546 KB)

Clicker Questions
Attached Files:

o

CQs_Chap23_2181.pdf (183.806 KB)

Electronic Resources

Animation: Mechanism of the Claisen Condensation

Exercises

Do all problems within the chapter as you read each section.
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In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY:
27, 28, 30, 32, 33, 37, 45, 46, 53, 54, 55, and 56.
Set 2: Still want more practice? Then do these: 29, 34, 40, 41, 42, 44, 47, 48, and 49.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for many
but maybe of interest for chem majors thinking about heading to graduate school): 31, 35, 36, 38, 39, 43, 50, 51, and 52.

Sapling Learning, Chapter 23
Optional Problem Set

Required Problem Set

Page 43 of 49

Chapter 24. Carbohydrates
Last Updated: 6 December 2017
Textbook Typos 7th Edition

Chap 24, p. 1103: On page 1103 in the section titled "In Summary", the second to last sentence is written as
"Cellobiose is almost identical with maltose but has α β configuration at the acetal carbon". The authors used the
symbol alpha instead of using the word "a". The correct sentence is "Cellobiose is almost identical with maltose but
has a β configuration at the acetal carbon". (CC)

Textbook Typos, 6th Edition
None identified yet.

Introduction
Carbohydrates, saccharides, and sugars, at one level, should be considered synonyms by you. The biology and
biochemistry of sugars is so complex and difficult to study that is has languished as a research field until recently.
Yet the solution to a "cure" for the flu is going to involve, at some level, sugar chemistry, as are some treatment for
AIDS, or to prevent rejection in transplant patients. Cellular signaling and recognition heavily involves sugars. The
role of this part of our course is to introduce you to the organic chemistry of the sugars, including one of the
intellectual keystones of organic chemistry: Fischer's proof of the structure of glucose. As you've guessed by now,
we're going to focus on carbohydrates in this chapter as we've already discussed most of the other material.
Learning Objectives
(1) Nomenclature and structure of sugars (review Fischer projections!).
(2) Sugars exist as an equilibrium mixture of two hemiacetals and an open‐chain form.
(3) Some "redox" reactions of sugars.
(4) An intellectual appreciation of Fischer's determination of the structure of glucose.
(5) An introduction to polysaccharides.
Chapter Advice
Even though there are few new reactions in this chapter, sugar chemistry can certainly be vexing. The profuse
functionality makes for many possible choices in most reactions, and the stereochemical complexity is certainly
serious. There is the already‐introduced‐but‐not‐yet‐widely‐utilized‐till‐now sterochemical convention, the
Fischer projection, to master. Still, if you keep your wits about you, go slowly and always keep in mind that what
you are doing is applying old knowledge in a new setting, even sugar problems become do‐able (if not even easy).
Always pay close attention to stereochemistry, however.

To understand sugar chemistry, the key is the difference beween the anomeric carbon and the other carbons. It is important
never to lose track of the equilibrium between the open and cylcic forms of the sugars especially since we often write the open
form even though most of a sugar is tied up as the cyclic hemiacetal. It is the small amount of the open form that is usually the
reactive component.

Lecture Notes, incomplete, 4 slides/page
Attached Files:

o

Chap24_Carbohydrates_incomplete.pdf (1.469 MB)

Something More

Mechanism of osazone formation (not responsible for):
http://ursula.chem.yale.edu/~chem220/chem220js/STUDYAIDS/Osazone/osazone.html

Clicker Questions
Attached Files:

o

CQs_Chap24_2181.pdf (190.696 KB)

Molecules
Attached Files:
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How Artic Fish Avoid Freezing (29.876 KB)
Sugar Chemistry Finds Markets (60.667 KB)

Here's an interesting (and short) article on Lovastatin.

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY: 36, 38, 40,
42, 43, 44, 45, 58, 59, 65, 66, 67, 68, and 69.
Set 2: Still want more practice? Then do these: 33, 34, 39, 41, 46, 47, 48, 50, 51, 54, 55, and 61.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for
many but maybe of interest for chem majors thinking about heading to graduate school): 35, 37 (use models!), 49,
53, 56, 57, 60, 62, 63, and 64.

Sapling Learning, Chapter 24
Optional Problem Set

Required Problem Set

Additional Practice Problems (on the Web)

Carbohydrate Exercises: http://research.cm.utexas.edu/nbauld/ch24ex.html
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Chapters 25 & 26: Selected Topics in Heterocyclic
Compounds and Amino Acids
Last Updated: 5 November 2017
Textbook Typos 7th Edition

Chap 25, page 1125: in the box "Heterocyclopropane Drug War Heads," heterocyclopropane is misspelled
as 'heterocyclopropoane'
If you other spot typos, use the appropriate Discussion Board forum to identify it and to receive extra credit points.

Textbook Typos, 6th Edition

Page A‐54, Answers to Exercises: The solution on page A‐54 on the third structure says to add a proton to the alcohol,
loss of water as a leaving group, and then shows a CC pi bond formed. This last step also requires the removal of a
proton to create the double bond. Should be 1. +proton 2. ‐H2O 3. ‐proton. (TB)

Introduction

Chapter 25 ‐ Heterocyclic Molecules: A heterocyclic compound is a ring compound containing at least one non‐carbon atom in
the ring. We have become quite familiar with a number of simpler ones (pyridine, piperdine, pyrrole, furan, oxirane, etc.).
Many pharmaceuticals are heterocyclic compounds and many other heterocycles are biologically active. (Hence, it should be
no surprise that the pharmaceutical companies employ many experts in heterocyclic chemistry.) Very little new chemistry is
introduced in this chapter; the details will be different and interesting, but new underlying principles will appear only rarely,
if at all.
Chapter 26 ‐ Peptides & Proteins & More: Polyamino acids are complex; there can be no doubt of that. Structural matters
become more severe as questions of secondary and tertiary structure arise. Nonetheless, the microchemistry of the amino
acids and their oligiomers and polymers can still be understood through normal reactions, usually Lewis acids and Lewis
bases reacting in familiar ways. Don't be put off by the polyfunctionality, use the chemistry and chemical concepts learned
throughout your first two semesters of Organic Chemistry and you will be surprised as to how "simple" the seemingly
complex processes actually are.

Learning Objectives

(1) Degree of ionization for any acid or base as a function of pH of the solution.
(2) Consider the structures and properties of the amino acids (no memorization!); focus on stereochemistry, side chain
functionality, formal charges and isoelectric point).
(3) Laboratory synthesis of amino acids.
(4) Review the chemistry of oxiranes; learn a few new reactions of oxiranes, aziridines, and thiiranes.
(5) Review and extend the chemistry of four to six‐membered heterocycles.

Chapter Advice

(1) Read Chapter 26 from start through section 26.2 (26.1 is on amino acid structure and properties and 26.2 addresses
their synthesis).
(2) Pay close attention to the degree of ionization discussion in class as this is not included in our textbook.
(3) Read Chapter 25 from start through section 25.6 (but skip nomenclature section 25.1).
(4) Most, likely even all, of the problems in Chapter 25 can actually be done based on your deep understanding of the
chemistry and chemical principles from Chapters 1‐24.

Chapters Synopsis

Discussion order and book sections to focus on:
26.1
26.2
25.2
25.3
25.4
25.5
25.6

Structure and Properties of Amino Acids
Synthesis of Amino Acids
Nonaromatic Heterocycles
Structures and Properties of Aromatic Heterocyclopentadienes
Reactions of the Aromatic Heterocyclopentadienes
Structure and Preparation of Pyridine
Reactions of Pyridines
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Lecture Notes, incomplete, 4 slides/page
Attached Files:

o

Chap25&26_SelectedTopics_Partial.pdf (2.819 MB)

Clicker Questions

Will be posted once the unit is completed in lecture.

Exercises

Do all problems within the chapter as you read each section.
In addition to the doing the Sapling problems you should also do as many book problems as you can (especially those of the
type and challenge level in the first of the three sets discussed below). Can you write out complete answers to these problems
without looking at an answer key or your notes? Reading the answers is insufficient to master the concepts; you need to
wrestle with the problem and develop your own answer. Get in the habit of NEVER looking at an answer key the same day
you generate your own, completely written out answer. That is, practice with these problems the way you will do real exam
problems (which is without notes, a textbook or an answer key!). Remember, all students should be able to do problems of
the type in the first of the three sets below.
CHAPTER 25 PROBLEMS
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY: 1, 32, 33, 34,
35, 36, 38, 39, 40, 47, 53, 61, 62, 63, and 64.
Set 2: Still want more practice? Then do these: 37, 41, 44, 45, 48, 49, and 52.
Set 3: This third set of end‐of‐the‐chapter problems can ensure material mastery (i.e., the least important problems for
many but maybe of interest for chem majors thinking about heading to graduate school): 31, 42, 43, 46, 50, 51, 54,
55, 56, 57, 58, 59, and 60.
CHAPTER 26 PROBLEMS
Set 1: Be able to do the following problems, WITHOUT CONSULTING YOUR NOTES OR THE ANSWER KEY: 30, 32,
34, 35, 36, 37, 38, 64, 66, and 67.

Sapling Learning, Chapter 25 & 26
Optional Problem Set

Required Problem Set
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Chapters 1‐26 Review (final set of SL problems, both
optional and required)
Organic Chemistry Review Problem Sets (Sapling Learning)

Here are three review activities (FEP 3 is just of Orgo 1 questions from Vollhardt & Schore). The questions may exceed what
we explicitly covered, but are "traditional" topics, such as those covered on the ACS Exam, MCAT, PCAT, GRE, and other
standardized exams. All of the questions are solvable from the "first principles" approach that lay at the core of how I taught
Orgo 1 and 2. Two of the three activities are optional and the third is required. The required activity will contribute a max of
25 (relative) points to the required homework portion of the course ‐ it is one of the 13 "required homework assignments"
from which we will use the best 12 to compute the homework score. This 13th required activity is different than the previous
12. This one has 100 questions, has a max score of 100 (but no more than 25 points can be counted towards the homework
score), and 10% of the points per question are deducted for each wrong answer attempt. This 13th required assignment will
be available for about 3 weeks, being due at the date and time of the final exam. It should be worked on in 30‐to‐50 minute
increments starting as soon as it becomes available and is designed to be a review of all Orgo and to help prepare for the final
exam.
Optional Problem Set (Final Exam Prep 2)
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Optional Problem Set (Final Exam Prep 3)

Required Problem Set (Final Exam Prep 1)
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