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REACTIONS OF ALKENES

O\ = CC
where X = Cl, Br, or |
HX
—
|t X

1. BH3/THF

O\Z.HzoleaOH
—

i

+
%
e

B
H

Formation of Alkynes

Br
X Br,, CH,Cl, 2eq. KOH
[ .
©N ethanol
Br
Reactions of Alkynes
trans
leq. HBr / 1eq HBr -
N _CHiCOMH_ \>_<
trans
leq. Brp Br H leq. Bry Bry Br
= — —
Br B Br
H20, OH
., H2S0,, 0
AN " W\%H —_—
= A - 1
HgSO,4 H aketone

enol, which
tautomerizes to ketone

BH3, H
1_0
H,0,, ag. NaOH —_ >
ot L’ Q\%OH - \/\f

H
enol, which
tautomerizes to ketone

H,, Pd/C

Ha,
Lindlar's catalyst

Li, NHg

Br
R,
Ry N + \\\
HO H

=

Halohydrin formation

Ry H
R H

KMnQ/H"
—» CO +

P

#® )
[e] o o
B NEY
heat H OH OH

+
Y &
RN
%

+
]

o

+
K ¢ \\\“s
§ %
© 6
2

S
B
H

:.E
g z

+

A W Y

an aldehyde

2 1 KMnO4/H* o 1
~ > 1 2 + CO,
- heat /\)'LOH
NaNH; (a strong base)
NN — _ > D \—
=—H = Na + NH3
acetylide anion
NN — o "
— Na s —— NN — NS
THF - T
new C-C bond

SUBSTITUTION/ELIMINATION SUMMARY
. Nucleophiles: are atoms with a lone pair of
electrons. In nucleophilic substitution they
donate the pair of electrons to form a new
covalent bond. (factors listed from most important
to least important)
I->Br->CI->F-
CN->OH->F
H2S>H.0
- the best nucleophiles are negatively charged
(ie. OH- > H.0)
- the larger the atom the better the
nucleophile (ie. I- > Br-> CI- > F)
- smaller molecules are better nucleophiles
than larger ones
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- the lower electronegativity of the atom with
the lone pair, the stronger the Nu
(ie. CN->OH->F)

. Leaving Groups: groups that best stabilize a
negative charge (tosylate, iodide, bromide,
chloride, acetate)

(factors listed from most important to least
important)
- good leaving groups leave neutral
- good leaving groups are stable anions
(resonance stablilized)
- larger the atom bearing the negative charge
the better the Lv group
(I->Br->Cl->F)
- more electronegative the atom bearing the
negative charge the better the leaving group
(F>0->N->C)
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— Tosyl groups are very stable as they delocalize the negative charge
R over 3 different oxygens

Note: halogens are good leaving groups too as they are
very electronegative, but they don’t have resonance
stabilization like tosyl groups
. Bases: Are atoms with a lone pair of electrons.
An atom with a lone pair of electons can be a base
or a nucleophile. By definition if an atom with a
lone pair attacks at the carbon it is a nucleophile.
If it pulls a proton it is a base.
- good bases are negatively charged
- the bigger the molecule with the lone pair
the better the base and poorer the Nu
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MECHANISM DETERMINATION

SN?

. 10 > benzylic/allylic > 20 > (3¢ does not work)
. Needs a stong nucleophile

. 30> benzylic/allylic > 20 > (10 does not work)
. Weak nucleophiles will do since any nucleophile
will attack a carbocation

. Doesn’t matter what the carbon with the leaving
group is, since you’'re pulling an H
. Need a strong base

. 30 > benzylic/allylic > 20 > (1° does not work)
. Weak bases will do since any base will attack a
carbocation

CARBOCATION STABILITY
30> benzylic/allylic > 20 > 10
H

benzylic leaving group  Lv. CHg

W~ benzylic carbon

( CHy
/
allylic Ieavin;m/
N
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BASE OR NUCLEOPHILE?

small ——— Nu

large — = base
negative———— strong
neutral —— s weak

WHEN THE ATOM WITH THE LONE PAIR CAN ACT
AS A BASE OR NUCLEOPHILE:

SN2 and E2 will compete and SN and E? will compete.
To determine the mechanism:

- Look at degree of substitution of the halide, the
more substituted, the greater the chance that it
will undergo an Sn1 or an E1

- Look at what the halide is reacting with ->

-a Nucleophile (Sn2 or Sn1) >a Base (E2 or E1)
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- If you have a molecule which can act as a base
or a nucleophile look at the double bond that
would be formed in the elimination
mechanism. If itis conjugated or highly
substituted elimination will be favoured over
substitution.

RESONANCE:

- occurs when there’s a,B-unsaturation next to an
atom with a charge or an atom with a lone pair
next to a carbocation

- to draw the resonance contributor always move
electrons (ie. Either the double bond in the case of
a cation and lone pair of electrons in the case of a
negative charge)
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REDUCTIONS:
NaBH, or
Q LiAIH, OH NaBH, and LiAIH, = H™ (reducing agents)
)J\ )\ mild strong
R R R
aldehyde or ketone
o) LiAIH,
——» RCH,0OH NaBHj, not strong enough to do this
R OR
o LiAIH,
)J\ RCH,OH  NaBHj, not strong enough to do this
R OH
o LiAlH,
)J\ RCH,NR NaBH, not strong enough to do this
R NR
GRIGNARDS
RX + Mg — = RMgBr = R~

Grignard acts as a base 1st if there’s an acidic proton
(ROH, RCO2H) otherwise it acts as a Nu.

e
{R C——Mg— X} Jv acting as a nucleophile

2. H,0*
RCOH + RMgX —3 RCO, + RH + MgX acting as a base
Mg 1. C(?z
ether 2. acidify

%Br XﬁMgBr

REACTIONS OF ALCOHOLS:
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Alcohols: are amphoteric (can act as an acid or a base)

R—OH + NaorNeH ——> R—0O + Na'+H,

HCI, HBr or HI
(R%C—OH—» (R)C-X(whereX=Cl,Brorl) S\
HI

R-CHHOH——> R-CH-X (where X=Brorl) SN

10
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%02
ROH + PB;, ——— R-Br
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ALKENE STABILITY
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R group = an alkyl group
Zaitsevss rule: says you form the most stable double bond
Br

1R group

© 1 eq NBS
benzylic bromination
Br
1 eq NBS
allylic bromination
OXIDATIONS

A
PCC =CrO3 + HCI + @ (weak oxidizer)

Chromic Acid = H,CrO4/acetone
or K,Cr,04/H,S0O4/acetone

or CrO3/H,S0O4/acetone

(strong oxidizers)
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PREPARATION OF PHENOLS:
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OXIDATION OF PHENOLS TO QUINONES USING
FREMY’S SALT (KSO3)NO
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ACIDITY SUMMARY
Strongest acids Weakest acids
Better leaving groups Poorer leaving groups
Weakest conjugate bases Strongest conjugate bases
HI > HBr > HCI jk @ >ROH >)k> R———H >)k :< > RNH > RC
pkalessthan1 5 2% 35 50
IONIC BOND

. an atom from the left side of the periodic table
bonding with an atom on the right side (ex.
NacCl)

POLAR COVALENT BOND
. two atoms from the right side of the periodic table
bonding with one another (ex. C-O)

NON-POLAR COVALENT BOND

. 2 of the same atoms bonding to one another or a C-H
bond, since they have very similar electronegativity

*»**NOTE*** a polar molecule has at least one polar

bond non-polar molecules have only non-polar bonds

- an atom is SP3 hybridized if it contains only
single bonds (tetrahedral geometry)

- an atom is SP2 hybridized if it contains 1 double
bond (trigonal geometry)

- an atom is SP hybridized if it contains 2 double
bonds or 1 triple bond (linear geometry)
determining formal charge: # of electrons an
atom wants (4 for C, 5 or N, 6 for O) — (# of
bonds and each electron in a lone pair)
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- a single bond has 1 ¢ bond
- a double bond has 1 ¢ bond and 1 = bond
- a triple bond has 1 o bond and 2 = bonds

WILLIAM ETHER SYNTHESIS: (Follows SN2
Mechanism strong Nu and C-Lv should be primary)
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Br,
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H,0 disulfide
This reaction can be reversed (generating 2 sulfides) by
adding Zn/HCI.
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ELECTROPHILIC AROMATIC SUBSTITUTION'
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When adding a 2nd substituent to a mono substituted

benzene ring:

With the exception of the halides, all electron
withdrawing groups are meta-directing and all electron
donating groups are ortho- and para- directing.

e

O

Oz
oL

@@@@

o : :
N bl increasing
@ SH oy —F ayl  —oH reactivity
o - —H o -
—CCH bewee  _NHCCH
deectivetors "
activators
i
KMnO, C.
4 \OH
(works for R = 1° and 2° but not 3°)

1eq NBS

benzylic bromination

1eq NBS

allylic bromination

PtorRh/C 1 Pd/C

REACTIONS THAT PRODUCE ALDEHYDES:
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REACTIONS OF KETONES AND ALDEHYDES:

LiAIH,
o

HCN OH

\"‘-'.-I
e

o

I

o 0=
S

N | Q)

= T2,

[y
acetal formation
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HO OH P >< 2~ and backwards)
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reductive aminolysis

H know this forward
E}O L HNR — _N (know this forwar
1° amine R

+ M0 and backwards)
an imine or Schiff base

a secondary
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NHZNHZ
Wolff-Kischner reduction
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CONJUGATE ADDITION REACTIONS:
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CARBOXYLIC ACID SYNTHESIS: le/C\CI R/C\NFk 7 o
KMnO4 COzH * alkyeted vice
©/\ ©/ o o o) CARBONYL CONDENSATION REACTIONS:
NO2 NO2 ” ” NH ” for 1°and P armines Add reedtion oH o 0
. R/C\O/C\R1 R/C\N N\
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KCN NH,  SOCl, d o) o rentard
_SOCh N
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Rl/C\OR Rl/C\NI-Q 4 / ~ N
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O/ ~T - O/OMOH ” H,0 /H* Tl
C C
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cN LAH 4 R OR Ri— T~on ) .
©/\/ ©/\/\NH ) o o Intramolecular Aldol: (only works if a5 or 6 membered
Heo " I NaOH I ring is formed)
B - -
N 0 _—C— _ b °
N H30+ R 3 OR R o
—_— —_— ‘ o o CH )
g | |C| HCI/H,0 I EN::OHI + Hpo
= c thano
o Ri/ \NR ) R,/ \OH . CH, cH,
N~ (e} [e} 350 °C o o o 2,5-Hexanedione 3-Methyl-2-cyclopentenone
©A/CN DIBAH ©A)J\H H,0 WH HO)-K/\)J\OH — U (a 1,4-diketone)
toluene
/\/\(07”a+ L N0
o CLAISEN CONDENSATION:

(0]

LiAlH, o) o
AcID DERIVATIVE REACTIONS: ©)J\ e [ o Lodon

Fisher Esterification 9 DIBAH 0 Il LNaHTHF + EoH
/\)OJ\ O )w/k g - )w/\OH /H/k()/ T " o MGT»
Ethyl benzoate Ethyl acetate benzoylacetate
on - ocH, LiAIH, (accepton) (coreor) v et
. . . -
making an acid halide >I\‘/U\ NH,
Io o

soc [ > os o MICHAEL REACTION:
C + —_— r

2 _C~ M Q I Q
S ether " " = " fl)

R OH R cl
CHyCOH, + H,C=CHCCH, 12-’:?005‘*6““‘“' CHac\I-tcH(CHz)ZCCHg
- M3

COEt CO,Et

1. LIAIH(OBu),, ether i

PB r3 R C ! 2. H30" R H Ethyl 3-Butene-2-one 94%
Br CuL| acetoacetate
0 v m ©)H STORK- ENAMINE REACTION:
[j “cl [j e

elher
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i o i f f i ALPHA SUBSTITUTION REACTIONS OF ENOLS _tL, F&C‘%ch N cHerbon
)k ] )k/[k l )k ’ )L i )k CHscoH i Peat i

R c R R R OR R NR, R oH )H )Krsr __heat _ )JW Aneranine

acid halide anhydride ester amide acid

- the more stable the leaving group the more reactive /\)J\ 1. PBrg, Bry /\HJ\
s I
the derivative 2. HLO OH

||
Br CHCHCCH [}
ocestee (O o + ’|\‘
g adbmie
: —> o +aE, . "
> g Al5diketone (7199
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MICHAEL ANNULATION:

REACTIONS OF ENOLATES:
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+ N - ex. If there is an O in the molecular

7 QO A COFt NH, Né e .
L . L N Ot N Ot fool= _ formula the IR can tell you ifitis a
o o Miceel raction |5 S R /@i +HNO, + HSO, —— HSO,  + 2H,p ketone or aldehyde, carboxylic acid or
3Buene2one B e o alcohol. If none of these peaks are
Annuation prodct R observed then it is probably an ether
NH, N=NHSO, ! ex. If there is an N in the molecular
] O/ HNO, Nal O/ formula the IR can tell you if it is an
AMINES: H;S0, N-H or nitrile. If neither of these
Basicity Review Aniline lodobenzene (6794) peaks are observed the N may be a
A base is an atom with a lone pair of electrons. The best N tertiary amine or amide. If it was an
bases are negatively charged. N N NABE, heat i amide you would observe a C=0 peak
NH ©/ ) in the IR.
_ _ \ | >
RCH >RN >OH> RN>RNH > © > @ 1)&\"; ROR-NR Aniline a 3. Gather information from the NMR spectrum
N oropenzene - Easy things to spot in the NMR are
e N ° aromatic ring, aldehyde, carboxylic acid
©/—> ©/ M ©/ and alkene.
- If there is 4 or more units of
SYNTHESIS OF AMINES: Aniline pene! unsaturation immediately look to see if
NaCN 1. LiAIH,, ether there is an aromatic ring in the structure
RX —» RCN W RCH,NH, DIAZONIUM COUPLING REACTION: ép;;lr(ni)n the NMR spectrum between 6.8-
Alkyl halide 17 amine v - Then look for the number of CH3 peaks
0 1. LiAIH,, ether oy LNH , N=NHso; Y NG there are (integrate for 3 protons)
Il W N . N - Then use all the data you’ve learned
R—C—NH; 1° amine from the molecular formula, IR and NMR
where Y =- OH or ~NR, An azo compound to draw possible structures. Then look at
CH, CH, each structure and compare them to the
" C_é no, o Proatalyst y c—<|: " number of chemical shifts in the NMR
S T Emaal T ?| DEGREES OF UNSATURATION: and the splitting and integration
p_ten_BE:y‘lﬁnmhenzene p_ten;:t;an“me o000 observed in the NMR. The structure
CHcHEr chehnk=i CHCHNH - A molecule’s degree of unsaturation (D.0.U.) is simply should match the ob?e_rv_ed NMR data
HCH the number of multiple bonds or rings present in the perfectly. If it doesn’tit s not the correct
N L LiAM, efr molecule. structure.' Eliminate it and look at the
e~ Zro - each ring or double bond is one degree of next possible structure.
) " . unsaturation
;zr;dmeﬂéﬁ ZPrenyiet i ZPrenyethylarine (357%) - each triple bond is 2 degrees of unsaturation

. ***To calculate a molecule’s degree of unsaturation***
GABR'E'— AMINE SYNTHESIS! calculate the saturated number of H’s = (2n

+2) where n = # of carbons

I bt
°§ KOH g_\ f “R% g\ - for each halogen (F, Cl, Br, I) subtract 1 from
C)N_H “Etharol” N o @E N—R + K the saturated number of H’s
I ﬁ ﬁ - ignore the number of oxygens — they do not
erhalimice Pmmumo . affect the molecule’s D.O.U.
phthalimide lOH/Hzo - for each nitrogen add 1 to the saturated
_ number of H’s
€0 - take the new number you calculated for the
RNH, + @E saturated number of H’s, subtract the actual
co, number you have in the molecular formula
REDUCTIVE AMINATION: and divide by 2 to give the degree of
. unsaturation.
I . ’i‘Hz
CH,CCHs CH,CHCH3
“NH3 AN APPROACH TO STRUCTURE
©/ Hy/Ni ©/ * HQ  DETERMINATION:
2! .
Phenyl-2-propanone Amphetamine
1. Determine the units of unsaturation
HOFFMANN ELIMINATION: 2. Gather information from the IR spectrum
CHyl cCHRCHyT 290 =0, + NGy From §n IR sp_ectrum you should be able
CHOIN — e 2SS o et om0y | to tell if there is a C=0, O-H, COzH, N-H,
Hexylamine Heoftrimetiyl: nitrile, C=C or alkyne

- an IR is good for determining
functional groups present when there
DIAZOTIZATION REACTION: are heteroatoms in the molecular
formula
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