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Questions 1-10: Identify the major organic product for the following reactions


1.  


2.  


3.  


4.  


5.  


6.  


7. 


8.  


9. 


10. 
11. Suppose you are reacting methyl bromide with sodium hydroxide in DMSO. Which of the following changes would cause the rate of the reaction to quadruple: This is an SN2 reaction bc strong nucleophile and polar aprotic solvent and because the alkyl halide is not sterically hindered
a. Doing the reaction in half the original volume of solvent
b. increasing the concentration of methyl bromide by a factor of two 
c. increasing the concentration of sodium hydroxide by a factor of two 
d. increasing both sodium hydroxide and methyl bromide concentration by a factor of two 
e. both a and d
f. none of the above
12. Suppose you are an analytical chemistry intern at a major chemical company and are trying to determine the identity of an impurity in a certain product. The desired product has the following functional groups: ketone, alkyne, alkene, and ether. After doing an IR on the mixture, you find that there is a strange peak at 3300 cm-1 that is very strong and broad. What kind of impurity do you suspect is present in the sample? (give general class of molecule) 
This is likely some kind of alcohol impurity because the 3300 cm-1 peak corresponds to the O-H stretching vibration. 
13. Explain why the Hoffman elimination reaction results in the Hoffman product exclusively on the premise of its transition state. Compare this transition state to the transition state seen in “normal” elimination reactions. 
Hoffman elimination results in the Hoffman product because the ammonium group is a bad leaving group. Because it is a bad leaving group, rather than a positive charge developing on the carbon to which it is attached, a negative charge develops in the transition state. This negative charge prefers less substituted carbons and therefore the Hoffman product results (less substituted alkene). 
14. Suppose you wanted to perform an SN1 reaction, would water or ethanol be your preferred solvent? Explain your reasoning on the premise of the reaction mechanism. Hint: do not get caught up in the protic vs aprotic schema, this is a more nuanced question. 
First, all SN1 reactions proceed through carbocations. Because this is an obligate intermediate in SN1 reactions, we have to look for the solvent that will support ions the best. It is known that water is a more polar solvent than ethanol and therefore water would be the preferred solvent for SN1 reactions (polar solvents will support ion formation better). This is corroborated by the dielectric constant of water and ethanol (78.4 vs 25.3). Higher dielectric constant = better ion support system. 
15. Why do you suspect that secondary alcohols can undergo SN1 reactions much quicker than secondary alkyl halides under acidic conditions? 
Secondary alcohols do not form ion pairs when the OH group leaves because under acidic media, the alcohol group gets protonated to a “water” leaving group. In contrast, alkyl halides release a negatively charged halide anion that will be attracted to and form an ion pair with the carbocation, thus preventing as effective SN1 reactions. In short, in the case of alcohols in acid, the leaving group is H2O that will not ionically bond with the carbocation while in the case of alkyl halides, the leaving group is X- that WILL ionically attract the carbocation. 
Questions 16-20: Rank each set of compounds in order of increasing nucleophilicity in DMSO 
16. NaSCH3, NaNH2, NaOH: NaSCH3, NaOH, NaNH2 because in DMSO, better bases = better nucleophiles. 
17. NaOAc, NaNH2, Na3PO4: NaOAc, Na3PO4, NaNH2
18. NaF, NaCl, NaBr: NaBr, NaCl, NaF
19. NaOAc, NaF, NaOCOCF3: NaOCOCF3, NaOAc, NaF
20. NaOCH3, NaI, NaNH2: NaI, NaOCH3, NaNH2
Questions 21-25: Rank each set of compounds in order of increasing reactivity with NaOH in DMSO

21. 



22. 



23. 



24. 



25. 


Questions 26-30: Provide a reasonable synthetic route to produce the compounds indicated using carbon-based compound with less than seven carbons and any necessary reagents. The only functional groups that can be in your starting compounds are halides, alcohols, and ethers. Everything else needs to be made from scratch. If you plan to do a Suzuki reaction then you can use any boron-based compound you want as long as the carbon linker abides by the rules above. 

26. 



27. 



28. 



29. 



30. 


Questions 31-35: Determine the compound that is most likely to give the IR spectrum shown based off the answer choices. 
31. [image: ]

a. 

b. 

c. 

d. 


32. [image: ]

a. 

b. 

c. 

d. 
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a. 

b. 

c. 
d. [image: Image result for cocaine chemical structure]
35. [image: ]

a. 
b. [image: Image result for morphine chemical strucutre]

c. 

d. 
 
Questions 36-39: Determine the compound that is most likely to give the proton and carbon NMR spectrum shown. 
36. Molecular formula: C7H16
Proton NMR peaks: 
A: 1.378 ppm multiplet
B: 0.834 ppm singlet
C: 0.830 ppm doublet

[image: ]
37. molecular formula: C9H13N[image: C:\Users\Joseph\Documents\School\NeighborhoodGeeks\Organic Chemistry\meta-aminopropylbenzene proton NMR.PNG][image: C:\Users\Joseph\Documents\School\NeighborhoodGeeks\Organic Chemistry\meta-aminopropylbenzene carbon NMR.PNG]



38. C5H12O[image: C:\Users\Joseph\Documents\School\NeighborhoodGeeks\Organic Chemistry\isopropyl-methyl ether proton NMR.PNG][image: C:\Users\Joseph\Documents\School\NeighborhoodGeeks\Organic Chemistry\isopropyl-methyl ether carbon NMR.PNG]
39.C4H7OCl
 [image: C:\Users\Joseph\Documents\School\NeighborhoodGeeks\Organic Chemistry\3-chlorobutanone proton NMR.PNG][image: C:\Users\Joseph\Documents\School\NeighborhoodGeeks\Organic Chemistry\3-chlorobutanone carbon NMR.PNG]


Questions 40-44: Determine the major organic products for the following reactions


40. 


41. 


42. 


43. 

44. 


Questions 45-49: Determine which compound would have a higher lambda max in its UV spectrum and explain your reasoning. 


45.  more conjugated 

46.  more conjugated with lone pair of nitrogen

47.  more effective conjugation because nitrogen will share its electrons more easily

48.  the molecule on the left isn’t even conjugated 

49. More conjugation
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1. strong nucleophile

2. polar aprotic solvent
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C7H16

Degrees of unsaturation: (2(7+1) - 16)/2 = 0

There are no pi bonds or rings in this

There are three proton peaks and four carbon peaks

Therefore, one of the carbons must not have any hydrogens

The 0.834 singlet is neighbors the carbon with no hydrogens and since there are 9H, they are likely 3 

equivalent methyl groups
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3

CH

3

R

There are 0.830 ppm doublet indicates we have a shielded proton near only one proton and since there are 

6 of them they are likely two equivalent methyl groups

CH

3

CH

3

H

R

The one neighboring proton that is near the two equivalent methyl groups would be split into a multiplet

and would be at a higher chemical shift because it is a methyne proton, this exactly fits our 1.378 ppm

Thus all protons have been assigned, now lets look for the carbons if we put these two fragments together
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That gives us exactly the same number of carbons we need! Thus this is the structure
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C9H13N

Degrees of unsaturation: (2(9+1) - 13 + 1)/2 = 4

There are a total sum of 4 pi bonds and rings in this compound

The peaks above 6 ppm in the proton NMR tell us that this is an aromatic compound

Thus there is a benzene ring, which accounts for all 4 degrees of unsaturation

There is a grand total of 4 protons in the aromatic region, therefore the benzene ring must have two 

groups attached
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or
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The para isomer does not work because it would only give two proton peaks

Therefore the ring must be the ortho or meta isomers (we will figure this out at the end)

The next highest peak in the NMR is a triplet 2H peak, that gives us this fragment
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The next highest peak in the NMR is a 2H sextet, thus it is near a methylene and a methyl group

C

H

H

C

H

H

CH

3

R'

or

C

H

H

C

H

H

CH

3

R'

So lets count all the elements and see what we are missing so far since this appears to be the alkyl portion

C:9 

H: 11

N: 0

Therefore the remaining elements 1N and 2H must belong to the other group on the benzene ring

C

H

H

C

H

H

CH

3

NH

2

or

C

H

H

C

H

H

CH

3

H

2

N

Now we need to distinguish between the ortho and the meta isomers, to do this we need to look at the 

chemical shifts of the signals in the aromatic region and compare them to what we would get in both cases

We notice that in our proton NMR, all of the aromatic protons are at relatively low chemical shifts, 

in particular the peak at 6.5 is very very low for an aromatic proton

What this means is that we likely need to have the electron-donating effects of both the propyl and amino group on one singular proton, this ONLY happens in the meta case, where the proton wedged in between the two 

groups gets the resonance and inductive electron-donating effects of both groups.
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C5H12O

Degrees of unsaturation: (2(5+1) - 12)/2 = 0

There are no pi bonds or rings in this compound

The oxygen therefore can only be in either an ether or an alcohol

In the carbon NMR we notice that there are TWO carbons above 50 ppm, therfore they are highly 

deshielded by the oxygen, hence this MUST be an ether

O

R R'

There are two proton peaks that are in the miscellaneous category, thus these are the protons that are 

nearest the ether oxygen

There is a large 3H singlet and a smaller 2H doublet in the miscellaneous region, this gives us the fragment

O CH

3

H

2

C CH

R'

R

The next highest signal is a 1H multiplet, indicating that we have a ton of protons near this 1 carbon

Taking into consideration that we have a 6H doublet right afterwards, we can assume that there are two 

equivalent methyl groups next to this single proton
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Thus this is the structure
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SN1 reaction bc: 

1. stabilized carbocation

2. not heated

1,2 addition product
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kinetic product
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C4H7OCl

Degrees of unsaturation: (2(4+1) - 7 - 1))/2 = 1

There must be either a pi bond or ring in this compound

The carbon NMR shows a highly deshielded carbonyl carbon, so that is where the 1 degree of unsaturation 

is

The chlorine now can be a part of either the carbonyl itself (acyl chloride) or be part of the carbon backbone 

as a group

The proton NMR shows a highly deshielded proton peak at 4.5 ppm, the miscellaneous region, thus the Cl 

must be in the backbone as a substitutent and the carbonyl must be a ketone (no aldehyde peak present)

R R'

O

This ketone has three proton peaks and four carbon peaks, the one carbon that does not have a proton is the 

carbonyl. Therefore, each carbon in the compound must be unique and the ketone is therefore asymmetrical

The highest proton peak is at 4.5 ppm and is a 1H quartet, indicating that proton has 3 neighbors. This must 

be the carbon with the chlorine and it must be next to the carbonyl because of how high a chemical shift it 

has.

C R'

O

H

3

C

Cl

H

Therefore, one half of the ketone is solved

The next highest chemical shift is a 3H singlet, this must be near the ketone as well because of how high the 

chemical shift value is.

C CH
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H

This structure looks reasonable, all proton peaks are assigned with the right splitting as well.
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SN2 reaction bc: 

1. strong nucleophile

2. polar aprotic solvent
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Both SN2 reactions bc:

1. strong nucleophile

2. polar aprotic solvent
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Have to do the chair conformation bc this is an E2 reaction

Br

(H

3

C)

3

C

Both hydrogens next to Br are available to take away

E2 reaction can proceed because Br is axial and tert-butyl is equitorial

+

C(CH

3

)

3

Remember, the tert-butyl group CANNOT be axial (it too bulky) and the halogen

HAS to be axial for an E2 reaction to occur on a cyclohexane ring.



image15.emf
Br

C(CH

3

)

3

NaOH

H2O

heat



image16.emf
C(CH

3

)

3

OH

This is an SN2 reaction bc

1. we have strong nucleophile

2. E2 reaction cannot occur because then the tert-butyl group would be axial
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This is an SN1 reaction bc: 

1. weak nucleophile

2. not heated
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This is an E2 reaction bc: 

1. strong base

2. polar protic solvent

Note: This is NOT the Zaitzev product because F is bad leaving group
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This is a tricky one. The first thing we have to recognize is that this is an SN2 reaction

All SN2 reactions proceed through a backside attack and are hindered if there is stuff in the way

Here, the leaving group is Br and it is on a wedge, therefore we would NOT want the phenyl group on a 

dash

The only choice that has the bulky phenyl group on a wedge is 3, hence it is fastest

Now between 2 and 1, the choice is hard, however, recognize that OH- is negatively charged

and we know that like charges repel, therefore the added OCH3 EDG on 1 makes more electrons 

sourround the phenyl ring and therefore repel the inncoming OH- nucleophile more hence 1 is slowest.
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For this question, you need to know that N3 groups 

can get reduced to NH2 using H2 gas
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