
 1

Columbia University    C99ORG21ak.DOC S3444Q      Summer 99 
Professors Irving J. & Grace B. Borowitz   Exam No. 1    July 16, 1999 
 Answer Key  Correct structures are marked with an asterisk * 
 
Name:_______________________________________________       Grade:_______________ 
Please use a non-red pen. Answer questions in the provided space. If you write any answers on the back of the 
page, indicate this on the front of that page. Points appear in ( ) and/or margins. Good Luck!  
Question   Max Pts    Points   Question       Max Pts    Points   
1.  5+6+4   = 15   4.   4+5+ 3+4+3      = 19     
2. 2+4+3+2+2+3  = 16   5.   4+4+3+4_______________=  15___  _  
3. 5+3+5+4+3   = 20____ ______6._4+3+4+(2 x 2)___________=  15   __  
       Total          100    
1. (15) a. A compound C3H6O has IR peaks at 3500 (broad), 2900, 1630 and nothing in the 1700-1800 cm-1 

range. . Circle the correct structure below and explain your choice: 
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Ans= #3.  3500 cm-1 = OH stretch; 2900 CH stretch; 1630 C=C stretch 
 
The spectrum shows hydroxyl and C=C double bonds, thus #3 
 
5pt    (2pt for structure, 3 pt for explanation) 
 
1b. A compound  C5H12O has the following 1H NMR spectrum. Circle the correct structure by explaining every 
peak including areas and splitting. : δ= 1.0 ppm (d, 6H), 1.2 (d, 3), 1.5 (mult, 1), 3.6 (mult, 1)), 4.4 (s, 1).  
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Ans= #3 
Twin methyls at δ 1.0 ppm give a doublet split by CH. CH3 (C 4) =doublet at δ 1.2 (d,3), deshielded by OH 
CH (carbon 2) at δ 1.5 is a multiplet since it is split by 6H of the two methyls and also by CH of Carbon 3 
CH of carbon 3 is deshielded to δ 3.6 because of the OH group; it is a multiplet since split by C2 H and C4 
methyl (counts as 1 H). 
The OH is at δ 4.4 and UNSPLIT because protons on oxygen exchange ca 1000 times faster than the normal 
NMR “resonance” occurs (thus not enough time to interact with neighbors) 
6pt   (2 pt for correct structure; 4 pt for explanation) 
 
1c. Explain how the NMR data excludes two of the wrong structures. BE SPECIFIC. Give real (approximate) 
numbers.   DO 2 OUT OF 3 ONLY  
4pt 
No. 1 is excluded since it has only 1 CH3 (δ=1) and 4 CH2 groups which are deshielded to ca δ 1.7 and ca δ 3.6 
for CH2 next to OH (counts as 2 H here). 
 
No.2 excluded ; has two CH2’s: one at δ 1.7 and one at δ 3.6 (next to OH).  
 
No. 4 excluded: has 3 CH3 groups all together at δ 1.0 and unsplit; one CH2 at δ 3.6 ppm.  
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2. (16) a. Using a 60 MHz NMR instrument, the 1H NMR spectrum of a compound had two peaks separated 
by 50 Hz. Circle the correct separation of these two peaks if a 300 MHz instrument was used? 

 
2 (1)  50 Hz (2)  100 Hz  (3)  500 Hz  *(4) 250 Hz  (5)  3 ppm 
         correct answer (50 x 5)  
 
2b. Using completely proton decoupled 13 C NMR, give 2 differences between CH3CH2C(=O)CH2CH3 (A) and 
CH3CH2 -O- CH== CH2 (B).. Consider  chemical shifts and the number of different peaks.     
 
Compound A  has 3 different peaks (carbons) :  CH3 ~10 ppm, CH2 deshielded to 30-40 ppm,  C=O  above 200 
ppm 
 
Compound B  has 4 different carbons: CH3   10 ppm,  CH2O   deshielded by oxygen to 40-50 ppm, =CH2  
regular alkene  100-110 ppm,  OCH=    deshielded by oxygen to ~ 150 ppm. 
4pt 
 
2c.Write 3 reasons for using tetramethylsilane (TMS) as the proton NMR calibration standard?  
3pts 
ANSWERS:  (DO 3 ONLY) 
 
1. TMS is very volatile; easy to remove from solution 
2. TMS is inert; doesn’t react with organic molecules 
3. TMS has a singlet of very shielded protons (δ = 0) ; no splitting 
4. It is at or near the right end of the usual range of proton absorption.  
  
 
2d. In electrophilic aromatic substitution, the attacking electrophilic species  is neceearily a (choose one): 
 
 (1) neutral species  (2) positively charged species  **(3) Lewis Acid 
 
2Pt (4) proton   (5) carbocation  
 
2e. Circle the group whose IR stretch occurs at the LOWEST frequency: 
 
2 (1) C-H (2) C-O *(3) C-Br (4) C-N  (5) C=O 
     correct 
 
2f. Does the above circled group’s stretch involve the MOST or the LEAST amount of energy? Explain your 
answer briefly, i.e. relate frequency and energy.  
3pt 
 C-Br’s  stretch involves the LEAST amount of energy. Larger frequency number = greater energy 
 












