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I. Complete the foliowing syntheses. (2 points each, 30 points)
1. Q—g Mannich Rxn
o)
1. MeMgBr 1. 03

1. CHy(CO,H),, Pyridine

l Hy, Pd/IC
1.1, NaOH fo)

2, H3O+ /u\/\/\/\/002H

lodoform

lodoform

D NHZ
3. NHz + EtO-@
Curtius

-CO, l H,O
1. HONO, excess

0-5°C Br2 H20

: HSPOZ -
E‘iNH via endo TS togive . ‘'specify its relative stereochemistry!

kinetic product!

+ l Robinson
(o) O Annulation
o
©/CHO \_LI Ot NaH specify stereochemistry!
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| HBr, cat. ROOR
. L
1. BDy THF
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Me Hydroboration-Oxidation




o

AR

II. Give (R) and (S) designations for the following chiral compounds. (4 points)

H\ | \\Br O
C:C:C‘\ OH You must show the way

how you get your answerl!!
HO
a\AN! -
L__16 J w le___J

III. When isoborneo] héated with 9 M H,SO,, the product is camphene and not
bornylene. Please write a step-by-step mechanism showing how camphene is
formed. (5 points) '

HO H30+
A /

losborneol Camphene Bornytene (not formed)

IV. Please explain the following glossary briefly. (6 points)
(a) Hammond-Leffler Postulate:
(b) Hiickel’s Rule:
(c) Atropisomerism:

V. Propose a structure for the compound (C;oH;00,) whose spectra are shown
below. (5 points) Please show “index of the hydrogen deficiency” of this compound and
the way how you get the answer.
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Hint:

13 ,
C NMR (22.53 MHz, CDCI3) (8 peaks)

193.41, 162.33, 152.42, 130.34,

126.98, 126.71, 114.68, 55.47 ppm

400 MHz in D- Chloxoform
doublet
1
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|

doublet

2
~dd, J=8.0, 15.7 Hz
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1. What is the electron count for the complex shown on the right ?
(A) 14, (B) 15, (C) 16, (D) 17, (E) 18.

2. Using the diagram of unit cells shown on the right, count the numbers of H
atoms at each type of position (corner, edge, face, internal) and each atom’s
fraction in the unit cell to determine the formulas (My,Xy) of the compounds
represented. Open circles represent cations and closed circles represent anions. )
(A) M2X, (B) MX, (C) MX;, (D) MaXs, (E) MXG.

3. Which has the least solubility ? § 7 i
(A) LiF), (B) Lil), (C) AgF(), (D) Agls), (E) all are the same.

4. About [Re(CO)3(PCys).] [PCys = tri(cyclohexyl)phosphine] and [(CO)sRe—Re(CO)s], which is not
correct ?

(A) [Re(CO)3(PCys)2] does not obey 18 electron rule,

(B) [(CO)sRe—Re(CO)s], obeys 18 electron rule,

(C) [Re(CO)3(PCys),] is paramagnetic,

D) [(CO)sRe—Re(CO)s] is paramagnetic,

(E) there is a formal metal—metal (single) bond in [(CO)sRe——Re(CO s]-

5. The orbital sphttmg (Ao =10 Dq, O : octahedral field), please calculate the CFSE (crystal field stablhzatlon
energy) of high-spin d* ion,
(A) -4, (B) -6, (C) -8, (D) -10, (E) -12 Dq.

6. [Ir(NCS)(NH;)s]*" and [[Ir(SCN)(NH3)s]** belong to :
(A) hydrate isomerism, (B) coordination isomerism, (C) linkage isomerism, (D) ionization isomerism, (E)

geometrical isomerism.

7. Please order the spectrochemical series : (1) NHj, (2) CO, (3) OH, (4) H,O.
(A) (1)>2)>(3)>(4), (B) (2)>(1)>(3)>(4), (C) 2)>(1)>(@>(?3), (D) 2)>(3)>(@>(1), (E) 2>B)>(1)>(4).

VIL FR8H , 3 6 8, HE6 2

1. (a) Cr(CO)sPF;, Cr(CO);sPCls, and Cr(CO)sPBrs, which would you expect to have the shortest C-O bond ?
(b) [Cr(CO)s], [V(CO)s]’, and [Mn(CO)s]" , which has the lowest stretching frequency ?

2. Identify the A and A chirality of the rings for (a) and (b} I"I 34 -~ airs.
AN N N\
N ! N NZITxN
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3. The microstates for d? and its reduction to free-ion terms.

(@) (b)
4. Please explain :
(a) The Lanthanide contraction.
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(b) Spin pairing is much more common for 2™ and 3™ row transition metal complexes than for the 1 row
series. Why ?

5. Tetrahedral complexes often absorb more strongly than octahedral complexes of the same metal in the
same oxidation state. Why ? Vibronic coupling often provides a way to relax the Laporte selection rule. Why ?

6. Give the point groups of the following compounds : (a) C¢HgF,Cl,Br; (on the right) Br ¥
Cl
(b) Cyclohexane (boat form) , (© H;0" , (d) Diborane (B,Hj) .
I
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