CH 335

First Midterm Exam

Form A

Name

You may use model kits but no other material with chemical information without
instructor approval.

Monday, January 24, 2022

Please do not use any electronic gadgets.

hydrogen

2
H He
1.0079 4.0026
lithium beryllium boron carton nitrogen oxygen fluoring nean
3 10
Li | Be B|C|[N|O]| F |Ne
6.941 90122 10.811 12.011 14.007 16.999 18998 20.180
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
1 12 13 14 15 16 17 18
Na | Mg Al | Si| P | S |CIl|Ar
22,9080 24,305 26.982 28,086 30.974 32.065 35463 30048
potassium | caloium scandium Titaniurm wanadium | chromium | mandanese iron coball nickel copper zine galium | germaniam | arsenic selenium bromine kryplon
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
K | Ca Sc|Ti|V |Cr Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br| Kr
39,008 40.078 44 956 A7 BAT 50.942 51.996 54.938 55845 58.933 58693 63.546 65.39 60.723 72.61 74922 78.96 79.904 83.680
rubidium stontium yitrium Zirconium niobium | molybdenum| fechnetium | ruthenium rhodium palladium sitver cadmium indlium tin antimony tellurium iodine xenon
37 M 45 47 48 50 51 53 54
Rb| Sr Y | Zr |Nb|Mo| Tc |Ru|Rh|(Pd|Ag|(Cd|In |[Sn|Sb|Te| | | Xe
85468 A7 62 80,906 91224 92.906 95.94 98] 101.07 102.91 106.42 10787 112.41 114.82 1168.71 12176 127.60 126.90 131.29
caesium Barium Tutetiorm Tafnium Tantalum tungsten thenium osmium ridium Platinum aold mercury thallium lead bismuth polonium astaline radon
55 56 57-70 il T2 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Ba| * |Lu|Hf | Ta|W Re|Os| Ir | Pt | Au|Hg| Tl |Pb| Bi | Po| At | Rn
132.91 137.32 174.97 178.49 180.95 183.84 186.21 190.22 192.22 195.08 196.97 200,59 204.38 207.2 208.08 [209] [210] [222]
francium radium dubnium bohrium hassium meitnerium | ununnilium [ unununiom | ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 112
Fr| Ra|*x*| Lr | Rf | Db | Sg | Bh| Hs | Mt (Uun|Uuu(Uub Uuqg
L [223 [226] [262) [261) [262) [268] [264] [269) [268] [271) [272) [277]) L [289 |
Tanthanum cerum samarium | europium | gadofniom | terbium | dysprosium | holmium erbium hulium yiterbiom
*Lanthanide series 20 0 ot gy ki 4
La|Ce| Pr|{Nd(Pm|Sm|Eu|Gd|Tbh |Dy|Ho| Er | Tm| Yb
138.91 14012 140.91 14424 (145 150.36 151.98 1567.25 158.93 162.50 184.92 167 .26 168.93 173.04
actinium thorium protactinium uranium neptunium platonium americium curium berkelium californium | einsteinium fermium | mendelevium|  nobelium
** Actinide series 89 20 9 92 93 94 95 96 97 98 99 100 102
Ac|Th|Pa| U |Np|Pu|Am|({Cm|Bk | Cf | Es [Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243) [247] [247] [251] 252] 257] 256 250




1. (30 points) Write the expected products for each of the following reactions. Specify
stereochemistry where appropriate (you may write “racemic” in place of drawing a second

enantiomer).

A.
Excess H,,
Lindlar's catalyst
B.
1. Hg(OAc),, H,O
2. NaBH,
C. C|2, CHzclz
W -
D. Ph CH2|2, Zn-Cu
Ph; i
E CaC, + BT -
(2.5 eq.)
HI (excess)

Y

H
|
H
éoH
Cl H (racemic)
Cl

S



2.

(25 points)

transformations.

A.

1R

=

Cl_Cl

5

HBr

Cl,, CH;OH

1. BH3eTHF or BoHg

2. NaOH, H,0,, H,0

mCPBA (or any percarboxylic acid)

(or CaC,, or HCCH/strong base)'

1. Strong base (NaNH,)--excess

2. H,0

Write (over the arrow) the reagents needed to accomplish the following

/Y\

Br CH;
Cl. H
(racemic)
H,CO CHs
OH
Ag\ (racemic)
S H

0]
— AH (racemic)
O/
©//



3. (20 points) Write mechanisms (using the correct electron-pushing formalism, and as many

steps as needed) for each of the following transformations.

A

OH Brz, CH20|2 O

: ?r:
: Bﬁ I

o -E;r:
» o
OH

|
OroX
(Br® QjBr
Br




4. (16 points) Long-chain fatty alcohols are often observed to be chemical signaling agents
in insect biochemistry. Fill in the boxes for intermediate structures or reagents in the
following synthesis of (9S, 10R)-1,9,10-octadecanetriol. (You may abbreviate using the (CH;),
terminology).

1 eq. CaC, A.

P N NG . .
Br ——— /\/\/\/\\@ Without protonation
=CH3(CH;)gCH,Br Y by water!
@

=CH3(CH,)sCH;—C=C*:

P NG N g
= Br
= CH,=CH-(CH,)sCH,Br

AN _

=CH3(CH,)gCH;—C=C—(CH,)sCH=CH,

H,, Lindlar's Catalyst
(Pd, BaCOs5, C)

D. OH 1. W)\Bjﬁ/ /\/\/\f\/\/\/\/
. - H
2. NaOH, H,0,, H,O

* This reagent reacts selectively with monosubstituted alkenes
in the presence of more highly substututed alkenes

1. 0sO,
2. NaHSO,

OH

HO
OH



5. (9 points) The heat of hydrogenation for trans-cyclooctene, shown at the right) is -34.4
kcal/mol.

H  H, Pd/C

Explain why this is different from that for /

cis-cyclooctene (-23.0 kcal/mol). AH° = -34.4 keal/mol >

C=C bond, decreasing the overlap AH° = -23.0 kcal/mol ~

between p orbitals and weakening the pi
bond. Numerically, this effect is worth 11.4 kcal/mol.

Trans cyclooctene is a strained alkene.

Placing the trans double bond in a ring H,, Pd/C
imposes a force that slightly twists the Q

(A secondary observation, not necessary to answer what was asked, is that cis cyclooctene
gives a much lower than expected heat of hydrogenation. This is due to ring strain arising
mostly from torsional eclipsing interactions in cyclooctane.)



Bond strengths (kcal/mol):

F-F
Cl-Ccl
Br-Br

I-I
H-F
H-Cl
H-Br
H-I

CHs-H
CH5CH;-H
(CHs3)2CH-H
(CHs3)sC-H
CHs-F
CHs-Cl
CH3-Br
CHs-1I
CHsCH, - F
CH5CH, - C1
CH3CH2-Br
CHsCH,-I
(CHs3).CH-F
(CHs).CH-C1
(CHs3).CH-Br
(CH3)2CH-I
(CHs3)sC-F
(CHs)sC-Cl
(CH3)3C Br
(

38
58
46
36
136
103
87
71
105
101

98.
96.

110
85
70
57

111
84
70
56

111
84
71
56

110
85
71
55

Typical Heats of Hydrogenation

RTX

-30 kcal/mol

RTY
R

-28.2 kcal/mol

R R
R/& -27.9 keal/mol R)\ -26.5 kcal/mol

RXxR -27.4 kealimol

R
R

N

R

-26.3 kcal/mol



