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1.Describe the point group of each following molecule: (10 pts)
a. Chloroethylene  b. Borazine (planar)

¢. Naphthalene d. Sg (puckered ring) e. 1,1’-Dichloroferrocene
<
Fe
Cl

2.White elemental phosphorus consists of tetrahedral P4 molecules and is an important source of phosphorus for
synthesis. In contrast, tetrahedral Asq is unstable, and decompose to a grey As allotrope with a sheet structure.
However, AsPs has been isolated at ambient temperature as a white solid, in which As atom replace one vertex of
the tetrahedron. (a)The Raman spectrum of AsP3 exhibits four absorptions (as below). Is this consistent with the
proposed structure ? Why ?(10 pts) (b)Could a pure sample of P4 be distinguished from pure AsP3 simply on the
basis of the number of Raman peaks ? Why ?(5 pts)
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3.0n the basis of the 18-electron rule, identify the first-row transition metal for the following equations: (8 pts)
a.[M(CO)1
b.HsCM(CO)s

c.[( 7 *-CaHa)( 7 >-CsHs)M]*
d.[M(CO)3(NO)]" with a linear M—N—O (M: second-row transition metal)

4.To consider the following complexes, (a)Why are two of these complexes tetrahedral and the rest octahedral?
(7 pts) (b)Why is tetrahedral geometry more stable for Co(II) than for Ni(II)? (4 pts)
[Co(CO)]" ; [CH(CN)6]* ; [Fe(H20)6)** ; [CoNO2)s]* ; [CoNH3)e]** ; [Cu(H20)s]* ; MnO«

5. To consider the donor-acceptor complexes (CH3)sN—SO3 and HsN—SOs3 in the gas phase, (2)Which has the
longer N—S bond? Why?(3 pts) (b)Which has the larger N—S—O angle? Why?(3 pts).
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Organic Chemistry (50 points)

1. Please name the following compounds (in English). (6 points)

(a) (b) (c) (d)

(e) F ®
Cl CO,H ~OH
AL T e Yoo N ()

2. Write a detailed mechanism for the following reactions. (16 points)

(5 points)

b
@) E></ H2304 (cat.) CtOH (b) ©/NH2 NaNOz, HCI Q/N?CIG
= H,0 :

(6 points)

¢ O i) NaOEt O O
OEt ii) H;0* OEt

(5 points)

3. Provide proper conditions for the following transformations. Some will need more than one step and you
may use any needed reagents. (14 points)

(a) (2 points) (b) (2 points) __H

T ._)\ OH | N P
c) (1point) O d o 1 point OH
(7 —— Ayt )WOEt {1 pord PASES
0]

o)

H (1 point)
/ — YT (I C( (1 point)

(@ (h)
O - /©\ (2 points) O/”\ ‘/\/“\‘
OoN Br
0} o NH, (2 points)
C (2 points)
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4.  How many signals would each compound give in its 'H-NMR spectrum? Also provide the ratio of the -

signal areas. (8 points)

(a) (b) ' (c)
Br Y NN ﬂ
Br

5. For each of the following, identify the product that would be formed through the indicated sequence of

steps from the given starting material. (6 points)

@) i) Bry, hv
MeO ii) NaOEt, EtOH, heat
ily BE 5 THF
iv) HyO,, OH"
©) iy © MgBr
o) i) HsO*
/U\H C

iii) Swern oxidation
V) S , heat

®) i) ? . HA (cat.)

O i) Mel
v :
iii) H;0*

iv) (a) LAH, (b) H;0*
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