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Why Synthesis

1. Curiosity ?

e.g. Thediscovery of the chemistry of Boranes

Alfred Stock-

Boron Chemistry- due to the strong affinity of boron

to oxygen Boric acid (HsBOs;) dominates the
chemistry of boron in oxygen atmosphere, i.e. nature.
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Hydrides of Boron-



e.g. BoHe, BaH 10, BsHg, BsH11, BeH10, BioH 14,
BsNsHs.....
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BsNsHe

-Chemistry of Boron hydrides are rich and has many
uses in organic synthesis (hydroboration- H. C.
Brown, Purdue University), fuels, medicine and many
others.

L ook for structures & reactivity-
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Cvs. B

The chemistry of boron was limited to boric acid
(H3BO:s)

(H. C. Brown-Purdue University-West L afayette,
Indiana, USA)

2. Accidental Discovery

Simple chance + careful observation ? new compounds

L ook for changesin color, precipitate formation, gas evolution, yield of
unexpected product .....

Try tofind out what ‘went wrong’' ? significant & spectacular

discoveries.

E.g. Synthesis of Ferrocene [Fe(CsHs),]
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Attempted to prepare dihydro fulvalene

Kealy & Pauson:



: )
dihydro-fulvalene

FeCl;

0

2MgCpBr + FeCl, ? Fe(Cp),+ MgBr, + MgCl,

+MgBr,?  MgCpBr (Cp=CsHs)
Tetrathiafulvalene

s

Problem Set #1

Polypyrol



Polythiophine

Polyanaline
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Polyphenylenevinylene

“XcH,
HaCx L

n

di-thienyl ketone



di-2-pyrolketone

poly-vinylpyridine




di-2-pyridyl ketone

3. Test theories

Alfred Werner-1893-Optical isomerism of hexacoordin
ate compounds.

cis[Co(en),(NH3)Br]** resolveinto + & - form.
Optical activity thought to be centered on Carbon
atoms of ethylenediamine (optically inactive), but
Warner insist that optical activity isduetothe
geometrical configuration arount the metal center.

| solated a compounds that does not have carbon.

H 6+

/" \

Ca Co(NH 3)4




4. Fulfill needs

New compounds because they are urgently needed:
e.g. preparation of CeSto handle molten U
(uranium) & Pu (Plutonium) and avoid oxidation by
oxygen.

Boron hydrides:

U(BH,)3(BH3CH3) & U(BH3CH3),

To make volatile Uranium compounds.

5. Improve synthesis & New M ethods for synthesis



What is needed?
1. Knowledge
I.  Thermodynamics

DG =-RTInK =-nfE° = DH -TDS
K = equilibrium constant, temp. variations

InNK =DS°/R -DH°/RT
dinK/dT = DH°/RT? van’'t Hoff Equation
li. Descriptive Chemistry
Oxidants, reductants, acids, bases....

iii. Personal skills—



Solvents

Why solvents:

1. Intimate contact between reactants. Homogeneous
VS. heter ogeneous reactions

2. Control reaction rate, i.e. reactionsthat are violent
in the absence of a solvent may becarried out in a
control fashion using solvent--- dilution effect

3. Control reaction conditions, e.g. temperature and
polarity

4. Product separation utilizing solubility differences
polarity

5. Product analysis and characterization

6. Stabilize solid state structures-solvated crystals

H,O? common? cheap? purity? dissolve many compounds



Types:

a. Protic, e.g. H,O and NH; HF and HCI

2NH, NHs* + NH;

2HF H® + HF,

b. Aprotic-no hydrogen

€.g. .
ZBrF3 Bri, + Brk,4

POCl; POCI," + CI

Solvations------ POCIs----donor property of asolvent  -----
tendency of a solvent to coordinate.

AQUEOUSVS. NON-AQUEOUS

Or Coordinating and Non-coordinating
solvents



Solvent Purification

a. Distillation
b. Drying (drying agent)

Purify to avoid side reactions by impurities

------ most frequent impurity in non-aqueous solvents

1. H,O, removed by ketyl reagent

Na

(CeHs)CO + Na (CsHs)CO™ Na.
Caution: Na =====vigorously react with H,O

2. Peroxides:

a. Water soluble peroxide
Test I,(aq) in H* ? brown? confirm peroxide
Reflux in the presence of Cu Cl, then distillation
Water insoluble peroxide

Test: 1 mg (Na/K),Cr,O; in1ml H,0 then H,SO,4 &
ether? blue? confirm peroxide



Use Fe€''SO, in H,SO, to remove peroxide.
Drying reagents.

LiAlIH === react with protic species and removesthem
from solvents

CaH,==calcium hydride===reflux

KOH===== for amines

Silica (SIO;) D > 300° and activated alumina (Al,O3) D >
500°

Desiccants
CasS0O, drierite
CaOo

CaCl 2



Petroleum ether
Cyclohexane
CCl,

Benzene
CH,CI,

CHCI;
(CH3CH,),0
CH3;CH,CO,C,Hs5
Pyridine
Acetone
n-PrOH

EtOH

MeOH

H,0
CH3;COOH

Solvent Polarity

increase polarity



Polarity scale

Donor or acceptor properties

I.e. ability of solvent to coordinate to a solute

Empirical parameters

Table 3 Solvent dependence of the MLCT absorption maxima of
fac-[Re(CO)(dpk)Cl] 1. cis-[Re(CO)(FPhy)(dpk)Cl 3 and cis[Re-
(CO)a PPy {(CHMN)2CIO)OH) 1] 4 at 208 K

Eyerk] mal !

Solvent 1 3 1 (m*) 1244
Triethylamine 30061 251,35 318.20 0.14
Diethy] ether 305.21 25348 323.36 0.27
Tetrahydrofuran 31157 255,65 325.12 0.58
Dimethylformamide 31980 261,12 332.34 0.88
Dimethyl sulfoxide 32162 262.37 334.20 1.0
Carbon tetrachloride 201.81 246,18 326.00 0.29
Chloroform 30213 250,03 320,60 0.58
Chlorcbenzene 30621 253.48 330.51 0.71
Methylene chloride 308.36 254,56 333.27 0.83
Mesitylena 30213 25241 323.36 0.41
Toluene 30213 252,41 323.36 0.54
Benzene 30213 25241 326.90 0.59
Anisole 30836 254.45 328,69 0.73
Pyridine 31157 256.75 330,51 0.87

Emvicr VS. Solvent parameters
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Solvent Reactivity
e.g. CHsCN, DM SO, DMF, EtOH, CCl,

4,C—CN )P Gk

° /N4< //S_CH3
H,C H O

Acetonitrile dmf dmso

NON-INNOCENT SOLVENTS

e.g.

NbCl; + dmso Nb(Cls)(dmso)

oxygen bound

dmso

NbOCIg(deO)Z + (CH3)28C|2

F. A. Cotton and G. Wilkinson, Advanced Inorganic
Chemistry, 5" Ed, Wiley, New York, 1988.



CCl, (oxidizing agent)

reflux
Re'''Cl3(PR3), + CCl, Re'VCl4(PR3);

Free radical mechanism



Reactions of Alcohols

trans-mer-PhN=Re(PPhs),Cl; + dppe

EtOH D Ph,PCH,-CH,PPh, (dppe)

trans- [PhN=Re(dppe),CI]**

mer-O=Re(bipy)Cl; + PhNH,

xylene | D

mer-PhN=Re(bipy)Cl; + H,O

EtOH D
bipy

trans-[PhNRe(bipy),OEt]"
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EtOH, KOH
PPhs
RUCl5.3H,0 RUHCI(CO)(PPhs)s
EtOH,reflux

Advanced Inorganic Chem. 5™ ed., F.A. Cotton & G.
Wilkinson



Nitriles

CHs;CN
2-
ReClg~™ + L-L Re(=NCH,CH3)Cls(L-L)
CH1;CN CH3; CH>N
Re =CH,CHj;
Scheme |
gane. HX
{n-Bu N)Re,X, + dopbe + RCH = Ra{NCH,R X (dppba) {1
reflus 20 b
X=0CIL R =Et
X = Br, B = Me, Et, |-Pr
MeCH feone. HC1
(g-Bu N} ReyCly » dppbe % [3-ReCl{dpphbe), (2
reflux i2 b
beneene or toluens
R, ClP-n-Pry), + dopbe * a-ReyCiddppbel, i3)
reflux 1-2 d
eons. HCI
o-Re,Cl,idppbely + EICN ——————® Re(NCH,Et)Cl ldppbe) (41
reflus 18 B
come. HCI
o-Re Ol dppbely + dppbe 4+ EICN —ir  ReNCH,ENCidpnhe) +
reflux 24 b
lranz-Rellidpphel, EL
MeCM, reflox 1d
trans-[ReClyldppbe )y /Cl-nH,0 2 ¥ 11ang-ReCldppbe), )

CHC./CCt,, reflux 2d
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Aqueous vs. Non-aqueous

trans-[0s"'=N(tpy)Cl,]*

+4e 3H* +e CH;CN

Os(NH;)(tpy)Cl>

[Cl(tpy)Os-N=N-Os(tpy)Cl ] ™

CH:CN

[Cl(tpy)Os(NCCH )] ***

= = =
N N N
tpy

1. Mohammed Bakir, David W. Pipes, S. Erasmus Vitols, Derek J. Hodgson, and
Thomas J. Meyer, " The Reversible I nterconversion Between Os(V1) Nitride to
Os(l1) Amming" J. Am. Chem. Soc., 1990, 112, 5507.

2. Mohammed Bakir, Peter S. White and Thomas J. Meyer, " Preparation of
Og(1V)-phosphoraniminato Complexes Containing Polypyridyl Ligands.
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Nitriles
TiCl; + RCN TiCl3(NCR); blue
Ti''Cl; + CH,CICN* TiCl3(NCR)3
blue
Ti''CI(NCR),
yellow
TiCl; + CCICN [TiCl,(CNCCl3)]
Free radical mechanism
RCN

RuCly(PPhs)s RUCIx(RCN)x(PPh3),



TiCls + zr''Cl, THF  trans{TiCly(THF)4]"

+
Zr'"'Cl3(THF)

TiCl, + RCN TiCl(RCN),

Organic byproduct

CCl

3

N~ XN

A
Cl.C N CCl
2-methyl-4,6-bis(trichloromethyl)1,3,5-triazine

benzene, RT
VO(acac), + SOCI, V Cly(acac), + SO,




Zn/NH3(aqg.)
RUCl5.3H,0 [RU(NH3)e]**
NH_,C]

[RU" (NH3)sCI]**

H->0
Zn(HQ)
Zn/RCN

[Ru(NH3)s(H,0)]**

[RU(NHg)s(NCR)**
Advanced Inorganic Chem. 5" ed., F.A. Cotton & G.
Wilkinson



