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FMO Theory:

Atomic Orbitals s,p,dand f.
**electronegativity decreases bond energy™**

Hybrid Orbitals sp, sp” and sp’

Molecular Orbitals |o orbitals
\aondths wWhen  odetods o in Fhaae

Sp* + sp* S +sp*
DD el OO
c—c H—H C—H bonding
spX + spX S+8 s +sp*
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c—C H—H C—H Anti-bonding o*
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N-orbitals
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P-orbitals

empty p orbital empty p orbital

. B(OH), 8’0H ﬁ no empty p orbital
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Week 5
Converting hydroxide to good leaving groups:
Usb3 'I‘himts\ ch\oride
]
u
P d«
. RT~0s—c\ » R7TTOS—a ’
R 6u ’ \ I + Sod
-.nG
y2pod leowtia, geoup.
Pseudowalide “ (OTe)
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Nucleophilicity and Basicity:

Deprotonation to generate an anionic intermediate raises energy of the HOMO and is often a key
step in Sy2 reactions

Proton transfer:

Proton transfer steps involve addition to ¢* orbital of H-X bond. The consequence is that the
transition state of proton transfer is linear, not bent.

That’s why proton transfer through a 4-membered transition state is geometrically impossible.

n —»

HyN ™ (H e, LiINEAR &% TS
+
PKa a-3 Ko 9.8

Proton transfers to and from carbon are usually slow. The more nuclei that need to be reorganised,
the slower the reaction because it comes at an energy cost.

— hybridisation changes from sp3 to sp2 and therefore shape changes from tetrahedral to trigonal

planar
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0O © Bose 0 0
AN — AN e & e
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t

Sp° sp*
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pKa plays a major role in deprotonation reactions!

Diffusion-controlled proton transfers including heteroatoms are extremely fast when ApK,> 3

APKc\:" b-F = Alfusion -conkro\\ed, coNes LpKa= ©-5 = slow
i ®
)k O@ H ’@o“l i\.“‘\a H_Nme.s
PKQ?’ s“ PKQ: -3 PKQ? ___q.s Pkatq%

Carbanions:

Don’t really exist in solution; they’re masked by compounds such as enolates or ylids. Naked
carbanions don’t exist as they’re too reactive.

In enolates/ylids etc, phosphorous and sulphur stabilise the carbanions via n—o¢* bonding.

C .
p;gf/-e H) > PhoP=2h,

n
Destabilising 6 conjugation, where electrons in the n orbital experience repulsive interaction with

electrons in the o orbitals. repulsive. n n electvons

Ve ""'/
Nucleophilic ¢ bonds:

Carbanion equivalents (i.e., C-Mg or C-Li bonds). They’re typically so basic that they promote
elimination over S\2 reactions, so enolates are the only useful carbanion for Sy2 reactions.

- S+ ®
c.g., FNO descrighions HiC —Li E
El e — F E2 o P oF
H
v
H sp*
= (S} 'k
e &

This is whoy 3, 2° o 1°
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Week 5
Synthesis of Carbon-Heteroatom Bonds
Substitution at the Carbonyl Carbon
FMO description of double bonds
QP Q Q
@/1[)9n % WOQ” ‘ d/log ‘
17 1
Emo p L p
I ,,,,w;itrggen | )_L
x (C=N) — oxy%en
/8_8 ‘‘‘‘‘‘ 7 (C=0)
c=n weorlt be /8_8
foX\ef, lone
poirS WU be.,
Electronegativity lowers energy of HOMO and LUMO
Thus the lowest energy is the C=0 bond, making the LUMO more accepting of the Nu attack.
Contrastingly, the C=C bond won’t accept from a Nu, but will donate to an E.
Nucleophilic
Addition 0 0 H¥/H,0 OH
Substitution
Reaction: o o P on Pt QH,
Condensation )L > /}\ = /{\ =2 A\ — \I(
O, :NH : NH N
s R R R o/ M
R NH .
Substitution
Reaction: -
Acyl Transfer o © r OH
. — 4\ fvé 2L — /‘\ .t XB
| NH
P '? \R RN H \
R-NH, A R
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Peptide Coupling Reagents: Pimony aming. + Codooglic ocid + DCC.

OreiO = Ol = OO
3 E
‘]mew
: NRH,
10730~ OO OO
NG 8 | K
R+
HoN—
SN2 synthesis of 2° and 3° amines is often uncontrollable:
RTONH, +  BIse ﬁ» R/\H/\/ o i, RSN
~N ~N H
doeca’t  step gkill doesw't siop!

So, instead, we can use carbonyl strategies:
Reduction of Amides |(© ¥riresise Aride by

amide W‘S amk.ig_ ) redwckion_: )
foagl O el —— e

Reductive Amination aldmsd-c + omne —> amide

o

)\“ o~ - /\\NA/

condensokion

Reactivity of Metal Hydride reductants:

R H
®o-H N4 °o ° ° o 0
\ ® l
K)\R R R k )kR K)J\\" p\/\m K)s\mz R)kou
LiAlH4/THF
NaBH4/MeOH X PS =<
NaBH;CN X Y x X 4

Nole: Mechonism of amume W cordsaon
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Dependant on substituent functionality:
Elclvon-poor Loaon  TWRWIVEALS o more. SRAECUR  in thaie rdidinons.

Electron-poor substituent Electron-rich substituent
NSO ® L®
:“ N H é@
Ne— ?g H— : ~u P ~ m
h M
Reductive Amination:
Condensation Forms charged iminium intermediate
pH =5 A + R which is more electrophilic than
S R /R MeoH/H0 bonyl
< 7 3 \ carbonyls.
/\)’k " + |;l‘ # \)\“
RO _R
Mildly acidic conditions Nl
Too acidic and the 3° N amide will \/l\\-\
be protonated
Too basic and the alcohol won’t-be selecrive reduckion of
protonate to afford the H,O leaving iMatAmM >  amung
group.
Reduction R @ g Sotr=r R R Use sodium cyanoborohydride
N\ T~ N
N7 NaBH;CN \/k\
W, — NaBH;CN
W
mostk v\ucuoehi\a'c ¥ (C_‘-‘-N)
Orbitals:

* (c =% 1))

Most eled»or;hll e

C=N bed s Wghe enercpq (more nuddeopilicd Yhon  the. C=O bond..

Boranes:

Vacant p-orbital exists as a dimer with hydrogen bridges. H —8& = N

Nocank
] ]
"

Neutral borane + nucleophile — negatively charged borate

K >
H—g“\“ - S —

\Sef
| NucleopWilic

“/ QIEEY R -9 befﬂ&
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Weet 6 - Aromatic Oée/mwz%

Electrophilic aromatic

substitution Cj @ Cj @
|« + BH
@ s\ows Q““‘

(®SS)

Nucleophilic aromatic

substitution ( '] @ . Q

EVNG EWCx

Substitution via Sy1

Mechanism —
Observed. in benzene -N, O @ @
dioRenivun Cornpounds
Transition metal catalyse

. e,
cross-coupling e = 5 \l’ A s 3 Py PhafP
PhP” g’ Ll“\PA“OK") LRPd"—Or Ph” d\© - Phyp” +®

Blow), BLO0, PhP

Photoredox chemistry

Combination of transition
metals and photoredox
catalysis

Substituent Classes:

Simple conjugated Resonance |m donors

N
Systems donor r Tt acceptors 7/

o neutral

0

1 bonded systems, Resonance | acceptors 4, N o
Electron withdrawing |acceptor @A R ©+ Yo
(Z-type) 0 acceptors

Heteroatoms which Resonance |mt donors

carry a lone pair donor O acceptors @’ oR @’ NR, @—X
(X-type)

& or
@ n donors @ @

o neutral

Note: resonance effects are also called mesomeric effects

Resononce: mT—=>1* n — ¥ & — TtX




