Columbia University C990ORG12.DOC  S3443D Summer 99
Professor Grace B. Borowitz Exam No. 2 June 14, 1999

Name: Sterie O’ Chemistry Grade:
Please use a non-red pen. Answer questions in the provided space. If you write any answers onthe back of the
page, indicate this on the front of that page. Points appear in parentheses( ). Good Luck!

Question Points M ax. Points Points Ear ned
1. (4+3)(6+3+4) = 20
2. 4+(5+5)(3+3) = 20
3. (3+3+3)+3 = 15
4. 4+3+(6+4+3) = 20
5. (3+3)+4+(3+3)+4 = 20
6. 3+2 = 5
Total = 100

1. (200 a (1) Defineenantiomers and give an original example (one not given in this exam) of a pair of
enantiomers. Enantiomers:  Stereoisomer sthat are nonsuperimposable mirror images.
Stereoisomers: Molecules with same molecular formula, same sequence or connectivity of atoms,
but different arrangementsin space.
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(2) Compare the properties of apair of enantiomers with a pair of diastereomers.

Enantiomers: Enantiomers have similar physical properties except for the direction of rotation
of the plane of polarized light. They might also react at a different rate with a particular enantiomer.
They are difficult to separate physically as a racemic mixture. They require resolution or conversion
to diastereomer s befor e they can be separ ated.
Diastereomers: Diaster eomers have different physical properties and may be easily separated by
such means as recrystallization, chromatography (hplc, column, tlc, gc), and fractional distillation.
b. Which of the molecules below is/are chiral? Note that more than one answer is possible. For compounds

1 and 2, determine the (R) or (S) chirality if any of the C, in compound 1 and of the C, and C3 of

compound 2. Show how you determined your (R) or (S) chirality assignments using the Cahn-1ngold-
Prelog Sequence rules. Name compound (2) by ITUPAC nomenclature including the chirality of C-2 and
C-3. Draw an enantiomer or enantiomers, if any, for compounds 3 and 4.
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6+3 Name:  (2S,3R)-dihydroxybutanoic acid
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2. (200 a Givethefull IUPAC name of this compound including (E,Z) designation. Show how you arrived

101

101

a your (E,Z) determination.
b
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(E)-3-bromo-2,4-dimethyl-2-heptenoic acid

b. Show the structure(s) of be the major product(s) of the reactions shown? Show the mechanism by which

you arrive at the product(s).
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Label and show the energy profiles for these reactions. Label x and y axes with their appropriate
designations. Locate the reactants and products and any transition states or intermediates formed. Note
the energy of activation, Ea for the rate-determining step and the overall -DH (exothermic) for the
reaction.
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3. (15) a Fill inthe structure for the major product of the following reactions.

@

CHIO Ho© CH,
NG CH;0 3
H> CH,Cl TS cHoH
500C (SN2) H
3
) o
CHO 3 HO® CH CH
>—a - >S=—="°  + ho +a°
CHCH, 50 0C H OCH,
3
3
5, Hz0 CHngs'- -:CH3OCHs @ ©
O >—:"-* a — >—OH + Ho< + HO +d
CH,CH, 200C CHCH, CH,CH3
3
b Which of the reactions in 3a could safely be used to relate configuration. Briefly, why?
3.(1) Thisreaction proceedswith retention, so it isreliable and predictable.
3
c. Whichion isthe strongest nucleophile in an aprotic solvent such as dimethylsulfoxide?
@ I @ B @ c  *@F (5 Theseareadleqa.
3
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4. (200 a Which of the following is not/are not good leaving group(s)?

@ e
O—NcH), *@°%on  *@ F® @ 1° ® 0so<O)-cks

4
b. Increasing the temperature of a chemical reaction usually greatly increases the rate of the reaction. The
most important reason for this is that increasing the temperature markedly increases :
(1) the probability, orientation or entropy of activation factor.
(2) the collision frequency.
* (3) thefraction of collisions with energy greater than or equal to E,
(4) theenergy of activation.
(5) theamount of hesat released in the reaction.
3
c. (1) Check al of the following carbocations that are quite likely to rearrange to a more stable
carbocation intermediate in just one step?
CH, ®
e CHs CHs CH,
CH,4 o CHs | e _H
O/ CHy—C—C
J?H3 H ® ®
H H
* (1) 2) £ @ * @) 5) * (6)
6

(2) Show the mechanism for one such rearrangement and the structure of the rearranged carbocation.

Chs CH; H

H
® H
s N CH | & H L
, — 2 CHg—Elj-C\ ——> CH,—C—C—H
* (1) * (3) CH, H @ éHg
CH, H ®
) ‘(WCHg CH3 C p) @ ?HZ
@
o — A O/ H
* @\
H H

* (6)

Note: The alylic C* and the 3°C" formsin (5) are comparable in stability and would both exist as
resonance forms-not a rearrangement.

4

(3) Give the structure of the predominant alkene resulting by loss of a H * after that rearrangement.

H
* (1) — CH, CHy M
*x QB — » _<
CH; CH,
CH,
. @) —> ©/ CH,
H * (6) ——> 6

3
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(200 a S\2rectionsof thetype, Nu:” + R-L %%%® Nu-R + :L”  arefavored:
(Choose dl that apply).

(1) by high heating .

(2) by using asolvent of high polarity.

(3) by using a high concentration of the nucleophile.
(4) by the use of tertiary substrates.

(5) by the use of primary substrates.

Briefly, why?

Because the TS contains both nucleophile and alkyl halide, the rate of the reaction is 2" order.
Rate =ky[Nu: ][ R-L]. Thusrateis proportional to the concentration of nucleophile. Also, a
primary substrate presentslesssteric hindrancetorear attack.

. Which alkyl halide would you expect to undergo Sy1 hydrolysis most rapidly?

(1) (CHg)3C-F (2) (CHg)sC-Br ™ (3) (CHg)3C-l  (4) (CH3)3C-Cl
Briefly, why?

The C-I bond iseasiest to break, becauseit isthe weakest. | isthe best leaving group becauseit is
the weakest base (most stable anion) upon leaving.

. What would be the major product of each of the following reactions? Name and show the mechanism by

which the major product is formed.

oy
(1) H H o
CH H H CH3CH,O
(CH3)sC H 3CHy (CH,C
H. H CH,CH,OH
H H 0
) 3 55 -C CH,
&)
CHyCH,0 E2

H
O CH,
il CHs CHg
@ CHs 8% 4HOP(OH);  CH,
CHs - _>CH3 ® —>»CH,
55°C HOH
:OH E1l ® +  H,0

d. Fill in the missing reactants, reagents, intermediates, and products in the following synthesis. Show the

proper stereochemistry.

O CH, Br CHs CH;
P,Br, xs © NH, |
CH;—CH,—C—C—CH,CH; — CH3CH,—C—C——CHCH; — 5 CH3-CEC-C|:—CHZCH3
PBI I NH; (1)
CHs (PBro) r CHg CH,
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6. (05) a Which halide cangive only one product from elimination of HBr with sodium ethoxide in
ethanol ?

(1) 2-bromo-4,4-dimethylpentane % (3) 2-bromo-3,3-dimethylpentane
(2) 3-bromo-2-methylhexane (4) 3-bromo-2,2-dimethylpentane

3
b. Using arrows to indicate the direction of electron flow, show and name the mechanism for the above
reaction and give the structure of the product.
H © :0CH,CH,4 o
lllll ] H > + HOCH2CH3
H \></
©
( Br Br: 7

2

NOTE: Number (4) above gives amixture of trans- (mgjor) and cis-(minor) 4,4-dimethyl-2-pentene by
antiperiplanar (E2) elimination of HBr.

Br CH H
\3C C/
H - > AN
maj or

RO® \_.IH
i
H H
H
H tBu . C C
CH3 CH3/ \tBU
JH minor
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