
Chemistry 5361/8361      Thursday, November 7, 2002 
 

Midterm Exam 2 
 
 
 

Please do not open or sign this packet until you are instructed to do so. 
 
 
Please write all of your answers for this exam this exam packet.  Although you may use 
as many blue books for scratch work as you would like, the blue books will not be 
collected at the end of the exam or graded. Answer each question in the space provided if 
you can, but feel free to continue your answer on the back of the page if you need more 
room. (Please write a note by your answer pointing us to the continuation if you do this.) 
Feel free to remove the corner staple if this helps you analyze the spectra; you will have 
the opportunity to re-staple your exam at the end.  The exam in this packet is designed to 
take 1 hour to complete. You will be given 2 hours total to finish the test. 
 
This exam contains two problems, which are split into parts. Many of these parts can be 
answered independently. Do not get stuck on one part and then assume that you will be 
unable to answer the rest of the question—move on. In addition, partial credit will be 
given for incorrect but still plausible answers, so guess on problems you cannot answer 
perfectly. 
 
At the end of the 2 hour exam period you will be asked to return your exam to the 
proctor. (You may, of course, also turn the packet in earlier if you choose.) You are 
allowed to use any materials you brought with you before the exam. However, we ask 
that you not bring any materials in or out of the room while you are taking the exam. 
Please do not take any part of the exam packet with you when you are done; everything 
will be returned to you after the exams are graded. 
 
This packet should contain 21 pages, including this one. (The last page contains a chart of 
isotope ratios and exact atomic masses, and is not part of the graded exam.) Please check 
to make sure that your packet contains 21 pages before beginning your exam. 
 
 
 
 

Name:  __________________________________________________ 
 
 
 
 

Signature: __________________________________________________ 
 



1. One important recent development in IR spectroscopy of organic molecules has been 
on-bead, IR microspectroscopic characterization of combinatorial libraries. Bing Yan 
and coworkers at Novartis Pharmaceuticals reported the synthesis of a complex 
aromatic product 5 via surface reactions on chlorinated polystyrene (Merrifield) resin 
(1). Monitoring each step by IR spectroscopy meant that the product did not have to 
be cleaved from the resin for analysis until the very end of the synthesis. 

 
 

 
 
 
 
 All steps between 1 and 4 were monitored by IR microspectroscopy, and the IR 

spectra obtained are shown on the next page. (Important peaks have been labeled.) 
Cleavage of the ester connection to the bead generated the product 5, for which there 
was too little material to analyze by NMR. However, positive-ion-mode electrospray 
mass spectrometry (ESI-MS) gave the exact mass and isotopic pattern shown on page 
4. Three candidate structures for 4 and 5 are also shown on page 4. 
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Candidate structures for 4 and 5: 
 

 



a. (4 pts) In the structures of molecule 2 below, circle the structural features that are 
responsible for the IR absorbances observed at 3345 cm-1 and 1720 cm-1. 

 
 

 
 
 
b. (6 pts) How does the transformation from 2 to 3 change the IR spectrum? Why? 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. (8 pts) Yan considered 5a, 5b, and 5c (m/z = 314) as potential candidate structures 

for 5—but the parent peak he observed by mass spectrometry was one mass unit 
heavier (m/z = 315) than all of these. Explain why. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



d. (20 pts) Based on the data at your disposal, which do you think is the correct 
structure of 5—5a, 5b or 5c? Of the IR data, the exact mass peak positions, and 
the isotopic ratios, which were helpful to you in choosing the correct structure and 
which were not? Explain. (The tables on the last page of this exam will help you 
answer this question.) 

 
 Correct Structure: 
  (5a, 5b or 5c) 
 
 
 Explanation: 

 



 
2. The spectra on pages 11-19 of this exam refer to strychnine, whose structure is given 

below: 
 
 
 

 
 

 
 

 
Page  Description 

  
11 1H NMR, 300 MHz, CDCl3. 

12-14 Close-ups of page 11, w/ integrations and 
peak labels. 

15 1H-1H COSY, 300 MHz, CDCl3. 
16 Close-up of page 15. 
17 1H-13C HMQC, 500 MHz, CDCl3. 

 Writing on this page will be graded; 
see part c. 

18 Copy of page 17 (for scratch work). 
 Writing on this page will not be graded. 

19 1H-1H NOESY, 500 MHz, CDCl3. 
 Writing on this page will be graded; 

see part d. 
20 Copy of page 18 (for scratch work). 

 Writing on this page will not be graded. 
 
 
 
 

a. (4 pts) There are five, independent sets of coupled protons in the structure of 
strychnine. On the structures on the following page, circle each of these sets. (One 
of the sets has already been circled as an example.) Every proton in strychnine 
belongs to a coupled set. Make sure you have not left any out. 



 
 
 

 

 
 

 

 

 

 
 

 

 
 

 

 
 

 

 



b. (26 pts) In the COSY spectra shown on pages 15-16, crosspeaks corresponding to 
the four simpler sets of coupled protons are shown in gray, and those 
corresponding to the most complicated set are in black. (Gray and black peaks 
that overlap are shown as black.) Based on the information in the 1H-1H COSY 
and 1H-13C HMQC NMR spectra, assign chemical shifts, within 0.05 ppm, to each 
of the protons in the chart below. 

 
 

proton δ (ppm) 

H8 
 

H11 (x2) 
  

H12 
 

H13 
 

H14 
 

H15 (x2) 
  

H16 
 

H20 (x2) 
  

H23 (x2) 
  

 
 
 
c. (8 pts) The HMQC data can be used to verify your assignment of the paired 

protons (H11, H15, H20 and H23) listed above. On the HMQC spectrum on page 17, 
circle  each crosspeak that corresponds to these four pairs of protons, and connect 
each pair with arrows. (The identical HMQC spectrum on page 18 is for scratch 
work only. Marks on page 18 will not be graded.) 



d. (12 pts) The four pairs of protons discussed above (H11a/b, H15a/b, H20a/b and H23a/b) 
cannot be stereospecifically assigned from only the COSY data. However, the 
NOESY spectrum of strychnine allows for definitive assignment of all of these 
protons. 

 
 i) On the NOESY spectrum on page 19, circle three crosspeaks that help you 

assign at least one of these pairs. (The identical NOESY spectrum on page 20 is 
for scratch work only. Marks on page 19 will not be graded.) Label these circles 
A, B and C. 

 
 ii) Then, on the 3-dimensional structure at the top of page 19, show the NOE 

interaction responsible for each crosspeak you labeled with an arrow, and label 
the arrows A, B and C accordingly. 

 
 
e. (12 pts) Given the information you discovered above, correctly assign three of 

the four pairs of protons from part b in the chart below. (Your choice which three. 
Please leave the fourth set blank.) 

 
 

proton # δ (ppm) for Ha δ (ppm) for Hb 

H11   

H15   

H20   

H23   

 
 

 

 
 
Thicker bonds and larger atom 
labels are closer to you; thinner 
bonds and smaller labels are 
receding into the page. This 
part of strychnine is shaped like 
a cup, with H8, H17a and O at 
the outer rim and H15a/b and H16 
at the bottom. 
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1H- H NOESY, 500 MHz, CDCl1
3
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1H- H NOESY, 500 MHz, CDCl1
3

H

O
H

H

H

H

H

H

N

H

H

H

H

H

H

H H

H

H

H

12 23a

23b

11a

11b

22

14

13

20a

18a

18b

17b

17a

8

20b
15b

16

15a

Writing on this page
will be graded. Use
this page for scratch work.

not






