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CHEMISTRY 12A FALL 2018

EXAM 1

SEPTEMBER 25,2018

NAME- WRITE BIG

‘STUDENT ID:

SECTION AND/OR GSI IF YOU ARE IN THE LABORATORY COURSE:

Probl Points
e You will have 75 minutes in which to work. roblem (Maximum)
« BE NEAT! Non-legible structure drawings will not be 1 8
graded. ‘ :
. . 2 14
e Only answers in the answer boxes will be graded — you can '
write in other places, but we only grade the answers in the 3 18
boxes.
. 4 20
 All pages of the exam must be turned in.
* No calculators ' S - 9
e No stencils 6 6
e Molecular models may be used 7 15
8 14
9 ‘16
Total 120
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1. (8 points) Nomenclature questions:
a. Draw the molecule that the name represents.
(25,45)-1,2,4,5-tetrabromopentane

R M H &

N &

b. Name the following molecule, including stereochemistry.
H

NN

A4

(2) —3—eth yl —5— VR 2'N gk -2 ~hevane,

2. (14 points) Consider the two carbocations shown below

OCHj ® OCH;

a. Draw the resonance structures of the molecule on the left. Use arrows to show the flow of electrons.

b. Draw the resonance structures of the molecule on the right. Use arrows to show the flow of electrons.

!
o OCH, f .ocﬂg (\jéocj ] :%cng
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¢. Which molecule is more stable? Explain your answer.

o CH .
O ) /O R b Mmoot Avab e he caoane ond ogﬂuz_
s' | D ONON L S Uhares haoo all ociess
ohich 1S more Syakle. athdhon This

cran CRATT Vo more  RAONICe Sera ey
<o Choaf U oprend ot O0tA mibre adom

oniCh 1S more Sdable

3. (18 points) You are planning to run the reaction below to éynthesize this cyclic amide.

OCHz O - HCO ;
HaC + HOCH
OCHy ——> 3
HC™ N\ 0
Ho S H .

N

In order for this reaction to proceed rapidly, the NH, and the C=O need to be close to each other
(gauche). You are trying to decide between the following two stereoisomers to use as a starting material.

OCHg O '~ QCH3 O

HyCoo A
/ NHp

a. What is the relationship between stereoisomers 1 and 27

OCH;  ©F OCHs

1 . 2

A0S CeOMYy=>

b. Draw Newman projections of 1 looking down the bond indicated with the arrow. Draw the three
staggered conformations and identify the most stable conformer. Note: CH;, NH;, and CH,C(O)OCH3
are of similar size and are about twice as large as OCH3.

OCM} »

CH

CH : .

o P W Y 2 ol CHy

—_— ' "~ —= H 2°
7 H 0Cn,
OCH <, ‘
AW\O.S\' Sable—
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¢. Draw Newman projections of 2 looking down the bond indicated with the arrow. Draw the three

staggered conformations and identify the most stable conformer. Note: CHs, NH, and CH,C(O)OCH;
are of similar size and are about twice as large as OCHs. - :

o otYs

t CHs
-

N

Mmost Syable

d. Considering the stability of the staggered conformations you determined in part b and ¢, which
stereoisomer is the best choice for this reaction? Remember that the NH; and the C=0 need to be close
to each other (gauche) for this reaction to proceed. Explain your answer briefly.

Compound L 2 Yhe besk choick, “The mosy srabls
S\-o»%x\no\ confortnohon has The Nr, dauChe 4o /\/?

G e
b o de moSh Srakle confdrenzs e canot i+ has P 13
LWLy numbAr o ﬂa.wcmvmwm,ﬁun& Irhas, gxi&mw&mﬁ

ln CompPuad & , thee mosy Swoble conformer o -Nirty
“ Mocna, anh o eath othes

4. (20 points) Consider the series of molecules below.
a. Identify the hybridization and lone pair orbital for the indicated atoms. If there are no lone pairs, write

A o
TETTR TN TR

1.
Hybridization of 2 N B
indicated carbon sP SP SP ' <*

Type of orbital for

lone pair on
indicated carbon

SP
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il.

H H H, H
Yy U O
@ / . B
Hybridization of 2
nitrogen =3 %** ‘ 5?3 SFg
Type of orbital for | | |
lone pair on N}A- P N% gp3
nitrogen

¢. Rank the following sets of molecules by the property indicated. Explain your ranking and include
relevant structures in your explanation. :

(0] Q 0 e (0]
i. Basicity *v\g_l , >‘/U\,QH2 >|/U\<3 .
2 : 2
Y3 M CH X
. .
1 2 3 4

Rank Basicity by putting compound numbers in the boxes

2] |2 y ||

More

€ Less
Basic

Basic f
Give an explanation for each compound’s position in the ranking. Include relevant structures in your explanation.

Compound Explanation

mogi‘:ﬁ‘;’d resoatnate  Jhnt Seread s A A 2nd CACKON

. Of@
1 a4 an O¥wWaeNn e ?
smb:ugegﬂbm )ﬁ%?”z = /’(\é% < M

NEARAVL ChaE & thore stainls On roore @\ ( WOALE. coreon

. H

OLAARUC ChEL T Nox roonete Syl eARe .
2 Mg e Unarges b oon an  sp? hpbAduged (AakO~
IS is ool SYRkle Yhan SE caneon vy R ocomars
AL U ONY  OAAL el Fo e nuclems tn an Orbi bl ¥ ot
Vv A hishy- peCceptaal S ~ ~

Laaoh Svable . Noghue choa- localiged on Canlstn,
3 At G ND TOONAALE W dasha e eheugd. AN
: Jf;\v)md,{gsgé, Fhis iz oo vy SkHdng ba

Negative Chogt & SabiLigd (o reoenantl. o -
4 SO o Rt (Wt Chande on é; e Wc,hzvmé. W‘ﬂ%f

E = ST ey
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H H
ii. Acidity NG N (%f N:
v O O
D U ,
1 2 3 4 |

Rank Acidity by putting compound numbers in the boxes

\ 3 2 Y
More Less
Acidic Acidic

Give an explanation for each compound’s position in the ranking. Include relevant structures in your explanation.

Compound

Explanation

Most acidie, Matreendr s po&fh‘vda Changtdh end At
S6? hubrdigadhs  -loar parr b MmO Iruhts wR S
N T PR N L M P2 D coanr CLOXA KD NI IVY)

Thars CON) e ts PO Yradrte Then oA R
Cf")“k‘*"" b\.,\‘:“‘;)h MOSY L CRAA =L . "

Newreal - 0SS g tdic fimn poshivtly Chargtd
Conyr{al age W TCSONOA LR Srualaged ) So 2 b More Geada s

N LT R

Post H‘r‘-ﬂ? ernd N=F withbei more aevdae fhan neamwad
M-, ARis T s Y cown ')u&mk o d oé a normel ming

St haba'digd d no resmnanct

Lo oSk on il ¢ \
C Neamtral  no resoncnad g ,Bw)b/\’w%m (V]
. » J

5. (9 points) Consider the pairs of molecules below and identify them as chiral, achiral and/or meso.
Indicate whether the molecules are constitutional isomers, enantiomers, diastereomers, identical or
different molecules that are not isomers. ‘ :

a.

HO se\o : . _— . . .
0 O Circle one: constitutional isomers  enantiomers  diateromers
“ny Hos "0y @ different molecules
0

Circle: achiral @ achiral

meso meso

Page 6 of 11



Q/ Circle one:Constitutional isomeBs enantiomers diateromers
."llll
identical different molecules

Circle: chiral (achiral) ~ chiral Gehird

meso meso

Circle one: constitutional isomers ((enantiomers’) diateromers
K |/ identical different molecules

Circle: @D achiral (hiral )achiral

meso meso

C.

6. (6 points) Consider the molecule below.

a. Fill in R or S for the indicated chiral centers in the structure above.

b. You recently completed a synthesis of this molecule. You are concerned that you may have a mixture
of enantiomers. The specific rotation of the pure compound is 60°. If your isolated compound has a
specific rotation of 54°, what is the ratio of the desired molecule to its enantiomer? Show your work.

sY - 9 = e
= = o = L x100 = 40
Ts 00 o .)< 1O - X q0/v

907 (4D 1o2e 1 (Y (-) D

459 (+) 5% (~)
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7. (15 points) Consider the pairs of molecules shown below. Circle the molecule that is the most stable

in each pair. Describe the factors that destabilize one compared to the other in the box provided.
a.

Grelad Cing hra ot Sradnsd ring
Tour ¢ 2 Mmecmbaged (*:A%\ Aaye _
oy the Same nounnt d&. f«\"’\é’
prretA <o e muliaale W] a0
Ymrotmbared lagy w @3s stk e

oA L RrstOneS Serou—
Bex Lvﬁﬂg’m or 40° ongliz Y- IO?\ >
forssonedd = e cipsing in Ko ehay

B --ml

Cretled fmort Sruble betaunl

VW e M Ore subShtwd albent,

oane IS Mo Srable thaa GS
H H bicarne CLE \a diotn & &'3&&

| 50( I 5}3 riric IAKS R LROAL be hatt ~
. I o 4/0upa Yt~ 0Le S
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8. (14 points) Alkenes can undergo addition of boranes as part of the hydroboration reaction, as shown
below. The B-H bond is broken and the double bond system forms a bond with the boron all in one step

as shown with the arrows.
H

\
H/ =H ~ B Ve
—* H
™

a. Draw a molecular orbital dlagram of the C=C bond Sketch and label all orbitals and label the LUMO
and HOMO.

A

¢ &\ W g R
so T/\‘\ N .?J' / \""1 22 S?
S LA a7 HOMpD
%8
\j‘i«/

b. What is the hybridization of boron in BH;? Sketch the geometry of BH;. The lowest unoccupied
orbital on boron is the empty p orbital. Sketch this orbital on your drawing of BH; below.

a)'n?mrﬂ
H ,,,M, ”"""‘H {:j anr
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¢. In this reaction, the LUMO of BHj; interacts with the HOMO of the C=C bond. On a line drawing of
the molecules, sketch the HOMO of the C=C bond interacting with the LUMO of BHs.

9. (16 points) The reaction of B-H bonds with alkenes from problem 8 occurs in one step, and therefore,
both new bonds (C-H and C-B) will be formed on the same side of the molecule. When the boron is
substituted with large alkyl-groups it will bond to the less substituted carbon of the alkene. Therefore, in
the following reaction, there are two possible products.

. , ' H
{Bu H/Il,. Il"'n
_H
/Bk . —_— Bl tBu OR B tBu
T <

a. Draw both chair conformations compound 3. Draw in all hydrogens on the cyclohexane ring.
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b. Draw both chair conformations of éompound 4. Draw in all hydrogens on the cyclohexane ring.

¢. Which product is more stable? Explain your answer.

PC"Od\AC;\‘ Bt/ ALY ﬁ{vu@ o2 QGDU‘W@KO\.O; ‘A

6 Vs conforemahOng, This et I, 3- o axi<d
(jmeS’.{—m'c_.) inkrathons ¢$h¢b"t€3u (M/&w\mo\hu ,
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