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1. (10 points, 2 points each) Predict the major product of each step in the following reactions:
1) (CH3),NH
O‘O (1) (CHa)z A
{2) NaBH,CN
O=O (INHOH g
{2) Ha50,

o) A
Sat
x Claisen Rearrangement
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Oxy-Cope Rearrangernent
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2. {4 points, 2 points each} Predict the starting compound(s)for the following reactions:

O
aldol cyclization
¢ ol

Diels—Alder 7 G0CHs

¢ o

1
COLCH,

3. (8 points, 2 points each) Outline all steps in a synthesis of the following compounds.

(a)

A _COH
Et0,C”  CO,Et = \/\(
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NH, NH,
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(d)
OCH;, C
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4. (6 points. 2 points each) Sugpest a reagents (or a series of reagents) that can be used to
accomplish the following transformation:

()
H
oaleden
-—-—’- O
(b)
N
Z J
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5. (14 points, 2 point each) Please provide the reasonable mechanism for the following reactions:

(a)
0
Oﬁgo + \)IO\ 3 mol% L-Proline m
DMF, 20°C,24 h 10)
OH
(b)

o Br,, NaOH

/U\ - CH3NH,
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(1) LAIH,, Et,0
/U\N/ ) Hzo4 N7
H H
(d})
DIBAL-H Q
RCN > R)LH
(&)

()
HO Hy0"
i ———————T—
heat

(1) NHOH NH
—_—

(2) HzS0,4

(2

6. (4 point) Pheny] bromide is unreactive in either Sy2 or Syl reactions, Please draw the structure and
provide explanations for this behavior.

7. (4 point) Compound L. has the molecular formula C4HsO>. The broad-band-decoupled "*C spectrum
is shown as following: "*C NMR (CDCla): 6 170.3 (C), 61.0 (CHp), 20.7 (CHz), 14.1 (CHy). The 'H
NMR spectra shown as following: IH NMR (CDCl3): 54.12(q), 2.01 (s), 1.30 ().  Propose the
structure for L.
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|. Explain the trend for HBr (mp = -86 °C), HBr-H0 (mp = -4 °C), and HBr-4H,Q (mp = -36.8 °C). (5
points)

2. A nitrogen atom with three p clectrons could have three unpaired electrons (high-spin), or one
unpaired electron only (low-spin). Find the Coulombic and exchange energies for the atom. Which
arrangement would be lower in energy ? (5 points)

(%)

. Please assign the point group. . S g8
(2} Cyclohexane (chair form), (b) Cyclohexane (boat form), (¢) Sg (puckered s/ S
. N G- /S—'S
ring), (d) 69. (6 points) 5

4. Determine the number of IR-active C-O stretching v1brat10ns for (a) fac-[Mo{CQ);(NCCHs3)3] and (b)
mer-[Mo(CO);(NCCH3);]. (6 points)

(¥

- Analysis of CIF; gives the reducible representation (T):
(a) Whatis T ?
(b) Reduce I to its irreducible representations.
(c) Classify the irreducible representations into translational, rotational, and vibrational modes.
{d) Which vibrational medes are infrared active ? (6 points)

6. Given rational accounts for the following observations :
(a}zil"he formation constant for the addition of a third molecule of en to Cu®* is much lower than for
Ni7,
(b} Tetrahedral complexes are much more common for Co®* than for N,
() Ligands such as CO and phosphines tend to stabilize the low oxidation states of the transition
metals,
(6 points)

~

Please order the M-C distances for complexes (v*-CsHs),M (M = Fe, Co, Ni). (4 points)

8. Electron count. (a) (n3-CsH5)(n5-C5Hs)Fe(PPhg,), (b) (CO)Fe(u-CO)3Fe(CO); (has a single metal-

metal bond), (c) ReQy(H), (d) il (6 points)
3

H,C
C"—- H2

| > “P(CH,),
(CH3)3C‘*c':/ “NCH,(CH,),

(CH_»,)ZP

H

9. Please depict the electronic transition in the IyD (D : donor) adduct (I, : LUMO - 9a,%(5p); HOMO -
41, *(5p)} and indicate the donor-acceptor and charge-transfer transitions and also predict the energy
order of the donor-acceptor transition for I, in hexane (a), methanol (b) and aqueous KI (). (6 points)



iL‘i“iE):

# P 31

XM

ot B R R R A AR

A
ES

#t 8

S

H ¥ SRS

% 38

D, GROUPS
Dy | B Gfr) Gly) Cfs) ¢ olny) ol=z) ol
A | L 1 1 1 H i 1 1 283
By | 1 1 -1 -1 | I -1 -l R, | ay
B | 1 -1 1 -1 1. - 1 - Ry | 2
&, | 1 1 -1 1 | -1 | R | »
A ] i 1 T S B
Bu ] 1 1 -1 -1 =t -1 r 1 L
B 1 - [ wl -t b=l i y
By 11 - -1 - 1 S x
(ba) E 26 3G o 25 3a,| |
e’ .
AT 1 1 1 1 ) 2yl
A L1 S i 1 -1 R
E 2 -l o 2~ o1 {ay (x* = ¥29)
A ot 1 1 -t - -
A | 1 1 -1 -1 - 1]z
E* 2 -1 0 ~2 1 0 | (AR | {xzope)
Dy g 2C, Cy 2y 20," ! 25, oy 27, 1oy
Ag |11 1 1 ! ] 1 I 1 i A4
Ay | 0 1 1 - -1 i 3 1 -1 -1 | &
By, 1 -l 1 [ -1 1 -1 1 1 -1 R
F Y —1 T -l 1 1 -1 ) -1 1 x
& 2 Q -2 1] ] 2 1] -2 1] ] [R,.Ry} {xz. y3}
t i 1 | 1 =1 -1 = -1 -1
1 1 P L ) S I S
Fu | 1 -1 1 | -1 = -l -1 1
8 ! -} 1 -l TS 1 - 1 =1
C% 2 0 -2 [l [T 0 2 o 0t (xy)
€y GROUPS
Cw | E G ay{xz) oy'{yz) | I
A 1 1 1 1 z 292
Az i 1 -1 -1 E, xy
B 1 ~1 1 -1 x, Ry <
B oy -1 -1 1 R, »
@ £ 2C3 3w, 1
e I 1 U] oz AP
Az \ 1 -1 R, R
E 2 -1 ] (e ¥ (R By) | (2 — ¥ xp) (502)
Cn | E 260 G 29, 204 ]
A 1 1 1 1 t z 2
Az | 1 ; -1 -1 R,
i, 1 —~i 1 1 -1 &2 =2
P 1 ~1 H -1 1 xy
E 2 o -2 0 0 | (¥R R) | (s2p3)
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