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Summary of Alcohol Syntheses, Ch. 10 (and Review of Old Ones).

Na
R-OH —— R-ONa

Mg

RMgBr

j\ 1. RMgBr  OH
H H H™I H
2. H30" R’
formaldehyde 2° alcohol

i 1. RMgBr  OH
R H R7I H

aldehyde 2. H3O" R
2° alcohol

0
L 1. RMgBr  OH

R R" . R7I R
H50 R
3° alcohol

ketone

O

)J\ 1. R'MgBr  OH
R> OR ) . R i) R'
ester - H30
(or carbonyl 3° alcohol
chloride)

H H

o) 1. R'MgBr OH

o g R,&
ethylene ) + H H

y 2. H30 1° alcohol

oxide

* Potassium (K) andogous
» Key way to convet alcohol to
alkoxide, reactive as Sy2 nudeophile

and E2 base.

» Alkoxideformation-Sy2 route to ether
» Thedectrophie R-X mug be Sy2
reactive, preferably 1°with agood

leaving group

-Li isandogousfor making RLI,
which also act andogousy.

-MgBr is spectator: RO is key.

1. H,CO H_ H
R'MgBr R,XOH

2. H30"  1°alcohol

1. RCHO R H
R'MgBr R,><OH

2. H30*  2°alcohol

1. RR)CO R R"
R'MgBr

2. Hy0* R OH

C 3° alcohol

1. RCO,R R R

R'MgBr : R,XOH
2. HO 3¢ alcohol
1 2 H H
R'MgBr R OH
2. H30" H H
1° alcohol

Mech?

1 carbon Mech
chan
extenson

Mech

All three Mech
R groups
can be
different.

At least 2 Mech
R groups
mug be
the same

2-Carbon Mech
chan
extenson
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9 )OL NaBH, 1. LiAIH, OH Mech
xoH CH3OH i R/L\H
Ideh 3 2. H3O"
aldehyde 1° alcohol
10 )OJ\ NaBH, 1. LiAlH, OH Mech
R™ R o g R/*\R"
CH3OH 2. H30" H
ketone 2° alcohol
11 i 1. LiAlH, OH NaBH, will " Mech
P NoR Ny not react wit
2. H30" H esters
ester 1° alcohol
Review Routes to Alcohols
. OH
10 RN HO, H™ R)\ Markovnikov
1. Hg(OAc),, H,0 OH
11 R/\ o )2 Ho )\ Markovnikov
2. NaBH, R
12 1. BHg-THF
RN R~ OH anti-Markovnikov
2. H,0,, NaOH

13 R—X NaOH R-OH  S\2 mech, needs 1° or 2° system

and an excellent leaving group

2
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Summary of Mechanisms, Ch. 10

RCE)+ B@ + |\/|g2+ Not for Test

(-) e @ @
R-Br +Mg — Rw

For Test:
@) OH
SN @)> /|\
RTR 5 po® RIR
aldehyde Zemay be R@ (RMgBr)
or ketone o
or formaldehyde or H™ (NaBH4 or LiAlH,)

) @)
mech: g)I\'R/\—Z@> R/IZ\R' _ R/I\R-
Z

o)
R R2Ho R

Zemay be R@ (RMgBr)
esters

Q@ .
gcr:id chlorides or H™ (LiAlH,)
©
o)
mech: C Z@ ‘ o
Rl ¢ 'RJ\Z
fOR A\
| 2
\]
¥\

4
o 1.R®
2. Hs0
A ®
© Hz0
mech (3/; R 07 s g~PH
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101,2 Intro, Classification
“Alcohol”: OH attached to a saturated, sp°, “alkyl” carbon

10 2° 3° Alcohols. based onwhehe thecarbonwith the OH is 1°, 2° or 3°

OH 30 OH % OH
X < SO

H H

“Phenol”: OH attached to an aromatic
-Note: phengl, not phenyl

OH
©/ ool X 4-phenyl-1-butene
pheno
phenyl, as substituent

“Enol” or “vinyl acohol': OH attached to an akene

©/0H enol or vinyl alcohol

Problem: Classify each of thefollowing either asa phenol, as acarboxylic acid, or asa 1°, 2° 3°,
or vinyl alcohol:

phenol vinyl alcohol  2°alcohol 3°acohol 1°alcohol carboxylic acid

10.3 Nomendature

A. IUPAC, when acoholis priority fundiond group andis part of the core name: x-alkanol
* Choo= longest carbonchan that hasthe OH attached

* Remember to nunber!

* Theoxygen itself does not countas a number

OH

OH
Cl Cl

4 A-dichloro-2-propyl-1-pentanol
4-ethyl-3-heptanol
B. Cyclodkanols: The OH-carbonisautomatically Number 1

OH

@/\/
cis-2-allylcyclohexanol
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C. x-Alken-z-ol. When an akene is in the main carbon chan, you need two number
descriptors, onefor theakene, the secondfor thea cohol.
* TheOH 4till dictates the numbering
* TheOH number gets moved right before the* ol”
* Theakenenumber goesin front, in frontof the“aken” portion
* Note: you only putthe OH number rightin frornt of the “ol” when you have an akenol
(or akynol)

OH

)\/\/ (E)-4-hexen-2-ol or trans-4-hexen-2-ol

D. Didls: x,y-akanediol

OH

Ao 1,4-pentanediol

E. Fundiond GroupPriority: CO.H > C=0 > OH > amine> alkene > hdide
* When you have more than one fundiond group, the highe priority dictates the
nunmbering
* Thehigher priority isused in the“core name’
» Thelower priority group may beforced to be named asa substituent

F. OH asaSubdgituent: “Hydroxy”
OH

O  3-hydroxycyclohexanone

G. CommonNames: Alkyl acohol

A A
Methyl alcohol |sopropy! a cohol t-butyl acohol

H. Subgituted Phenols
 |UPAC: usnunbes, with OH carbon#1
e  Common:
o Ortho: 2-postion, adjacent
o Meta: 3-podgtion, two carbons away
o Para: 4 postion
o Skill: beableto use orrecognize either system

@[OH OH OH
Br p
/;
IUPAC: 2-bromophenol 3-vinylphenol 4-isopropylphenol

Common ortho-bromophenol or meta-vinylphenol or  para-isopropylphenol
0-bromophenol m-vinylphenol or p-isopropylphenol
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104 Physca Propeties. Dominaed by H-Bonding

BP: Match theboiling point for thefollowing structures: 359 137, 187°

OH
/\o/\ /\/\OH )\/OH
35°(noH-bond) 137°(H-bond) 187°(more H-bond

Water solubility: water solubility decreases as hydrophobt R getslonge
* Ingenegd,
0 R! 4 carbons ROH subdantially water soluble
o0 R" 5carbons ROH minimal water solubility

/\OH /\/OH /\/\OH /\/\/OH /\/\/\OH /\/\/\/OH

infinite infinite 9.19/100mL 2.7g/100mL 0.69/100mL 0.1g/100mL

105 Commercialy Important Alcohols
» Toxic: All alcoholsare “toxic” if swallowed in sufficient quantities

OH
CH30H ~OH A
* Chesp e 200mL (702! desth * Rubbing acohol
* Solvent * Least toxic alcohol * 100mL! death
 Fud * Alcoholic beverages * Kills garms on skin, but
e 100mL! desath * Fermentation not absorbed
e 15mL! blindness * Solvent

106 Acidity of Alcohols and Phenols
A. Alcohols are weak acids! can beionized by stronge bases

©
ROH +B~ —= RO" +BH

» goesto theright(akoxide) only if RO@ ismore stable than B ©

e eX. @NHz, @CHg

* ex. If aless stable oxygen anion can convet to amore stable oxygen anion
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B. Acidity Table

Acid Base
Class Strucure | Ka Strength Anion Strength
StrongAcids H-Cl 107 | Most cl© L east
o 0 10° j\
Carboxylic Acid . J\OH = oe
Phenol ©/OH 10 e
Water H,O 10 HO O
Alcohol ROH 10" ROO
Amine (N-H) RNH, 10% RNH ©
Alkane (C-H) RCHs 10 | Least RCH, © M ost

Noteg/skills:
1. Beableto rank acidity.
2. Memorize/lundestand neutral OH acidity ranking: RCO,H >H,O > ROH
* Reason: resonance stabilization of theanion
3. Predict deprotonaion (acid/base) reactions
* Anyweak acid will be deprotonaed by astronger base (lower ontable)
* Anyweak acid will not be deprotonaed by aweaker base (higher ontable)
4. Predict ether/water extraction problems
* If anorganic chemical is neutral and stays neutral, it will stay in ether layer
* If an organic chemical is ionized (by an acid-base reaction), it will extract into the
aqueouslayer

Problems
1. Draw arrow to show whether equilibrium favors produds or reactants. (Why?)

O

O
Resonance
HO + H)J\ o@ Stability

OH
2. Which of thefollowing will deprotonae methanol?

H,O CHsCO,Na PhONa NaOH NaNH-» CHsMgBr
No No No No Yes Yes

| An acid (left side) will only be deprotonaed by an anionbase that islower ontherightside
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3. When thefollowing are dissolved in ether and then treated with NaOH/water, which would
extract out of the ether layer into thewater layer?

'| HO } !
l HO@ HO@
0 Y0 ©

O
O@ o +H,0
+H,0 +H0

No, stays neutral, stays in ether

Yes, converts to anion, water soluble  Yes, converts to anion, water soluble

106B Formation of Sodium, Potassum Alkoxides; 2-Step Convasion of Alcohols into Ethers
viathe Alkoxides

R-oy Na,_ R-ONa * Potassum (K) andogous
1 » Key way to convet alcohol to
R-c2 alkoxide, reactive as Sy2 nudeophile
K and E2 base.
R-OH —— R-0K
1. Na . » Alkoxideformation-Sy2 route to ether
2 | R-OH 5 R-X R-O-R « Theédlectrophie R-X mug be Sy2
' reactive, preferably 1°with agood
leaving group

Reaction 1: Key source of nudeophilic/basic alkoxides

©
HOH 1 Na H OCH H O
2. CH3Br
1. BHs-THF 3. Na
NS ~""0H —————— """ 0CH,CH,4
2. NaOH, H,0, 4. CH3CH,Br

10.7 Synthesisof Alcohols: Review: Seep. 2, from Alkyl Halides (Sy2) and Alkenes
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108 Organonetdlics RM (M =Meta) =ROM @

3

Pow DR

Mg -Li isandogousfor making RLIi
R—Br RMgBr . '
"Grignard Reagent" which also act andogousy.
oL o -MgBr is spectator: RO is key.
R—Br RLi + LiBr

We will focusonthe magnesium reagents RMgBr
RMgBr = “Grignad Reagents” (Victor Grignad)

Key: Thisistheway to make R o, strongnudeophiles/bases
RMgBr are formed viaredox reaction.

* Mg givesuptwo electrons is oxidized

» Bromineisreduced to bromideanion

» Carbonisreduced to carbanion

R(?J, B@ + Mgz+ Not for Test

©)
QBr '/:l\7|g — R+ B@ + Mge
° \_/

Theformation of Grignad Reagentsis completely general for all R-Halides:
o 39 20 and 1° akyl hdidesal work well

* Aryl andVinyl hdides aswell as alkyl hdides work well

* RCI, RBr, andRI all work well

» For class, we will nomally use bromides, dueto synthetic accessibility

View ascarbanions. RMgBr = R© Super Strong Bases and Nucleophiles

* Thecounterion metal is a spectator

» Stability-reactivity prindple: very ungable! very reactive

* Thisgreat reactivity isvery useful (as nudeophile)

» Thisgreat reactivity (as base) hasimplication for prope technical use (see following)

. Solvent and handling: Grignard reactants RMgBr mug be made stored, and handled in

specia solvents unde special conditions
* Nowater alowed

0 RO+H,0! R-H+ HOO Destroys carbanion
* No acoholor amines or acidsallowed either, or carbanion will jus deprotonae them too
» If any chemicals with carbonyls are present, they too will react with the carbanion by
nudeophile/electrophile reaction

R@J’)OQ—»
N

0
* Grignadsand other organometallics are madein either alkane or ether solvents.
0 Thesedon't have any acidic hydrogensthat protonate carbanions
0 Thesedon't have any carbonyls that react with carbanions
Two perspectives for dealing with organometallics in general and RMgBr in paticular
«  Mechanigtic Thinking: R©
* Predict-the-produd thinking: R-MgBr: easier to see source and subgitution produd.

S
o)
R

Mg Electrophile
R-Br ——— R-MgBr

R—Electrophile
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109 Addition of RMgBr to Carbonyl Compounds Alcohols are Produced

o E) Exothermic Addition of Carbonor Hydrogen Anions
S]\ R,@ o * | bond(made) stronge than " bond(broken)
S /}\ * Ooxygen anion more stable than carbanion
R

Carbonylis strongly € ectrophile
-much stronge even than a 1° alkyl iodidéel
1. Breakable" bond

2. Carbonyl polarity

ol e
PR—
e P

Additions of Grignard Reagentsto Carbonyl Compounds

10

From Carbonyl’ s Perspective From Grignad'’s Perspective
0 1. H,CO H H 1 carbon Mech
1. R'MgBr OH . 2 -
4 H)J\H 9 R'MgBr R,XOH chain
H™ I H + :
2. H3O* R 2. H3O 1° alcohol extenson
formaldehyde 2° alcohol
0 1. RCHO R_ H Mech
' OH
5 1 RMgBr R'MgBr <o
R H + RAH 2. H3O" 20 alcohol
aldehyde 2. H3O R
2° alcohol
o 1. RMger  OH A MBr 1. R(R")CO R_ R" All three Mech
6 R)J\R,, 9 R~ >on R groups
RO R 2. H0*
k - H0" R 3 30 alcohol €A1 be
etone 3° alcohol different.
o 1. RMgBr  OH MaB 1. RCO,R R><R At least 2 Mech
7 or A gur R Son R groups
R7ITR +
2. HyO* R 2. HyO 3° alcohol must  be
ester the same
(or carbonyl 3° alcohol
chloride)
Pattern:

1. After reaction, theorigind carbonyl carbonwill have oneand only oneC-O single bond

2. Forformadehyde adehydes, and ketones, oneR group adds(reactions4-6)
3. For estersor carbonyl chlorides (“acid chlorides’), two R groupsadd

0 Replace notonly thecarbonyl p-bond butalso the“extra’ C-O or C-Cl single bond

4. Produd output

Formaldehyde(2H’'s) ! 1°acohol

Aldehyde(1H)! 2°acohol

Ketone(OH)! 3°acohol No need for all 3 attachments to bethe same.
Ester (OH) ! 3°acohol. At least two common attachments at end.

o

o OO
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Predicting Grignad Reaction Produds
1. From carbonyl perspective:
* Thecarbanion R’ addsto the carbonyl carbon
* Thecarbonyl =0 gets replaced by —-OH
» For formaldehyde aldehydes, and ketones: the two attachments on the origind carbonyl
carbonremain attached as spectators
» For esters or acid chlorides: the one non-heteroatom attachment on the origind carbonyl
carbon remain attached as spectators.
0 The“extra’ heeroadom ges replaced by a second carbanion R’

2. From Grignad perspective:
*  Where R-MgBr begins R-C-OH ends
o In other words the MgBr gets replaced by the carbonyl carbon

Note: Be sure tha in theproduct, no carbonhas more than oneC-O bond

Draw produds from thefollowing reactions

10 2° or 3°?
1. PhMgBr OH

¢}
1
)l\/\ 2. Hy0" /i?/\

o . OH OH

Hol="Ne%
O 2. HzO*
H3CO\H/\ 1. excess CH3MgBr
@) 2. H3O* OH
O
5 1. Mg 2. Ph” “CH, /\/T\H OH
BT Ph ~ Ph” | CH,
3. HyO* CHs
Br 1. Mg OH
2. H2C:O
6

3. H 0"
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109E Grignad Reaction with Ethylene Oxide (Simplest Epoxide)

H H 1 & H H 2-Carbon Mech
8 O LRMg RI&OH R'MgBr R,>$<OH chain
gg}é’f”e 2. Hs0 1° alcohol 1° alcohol
Notes
1. Resultsinal®Alcohol
2. Predicting product: Two carbonsend up in between the carbanion R’ and the OH
3. Ethyleneoxide and formaldehydeare complementary Grignard acceptors leading to 1°

alcohols
o Ethyleneoxide extendsthe carbonchan by two (relative to the origind RMgBr)
o Formaldehydeextendsthe carbonchan by one(rdative to theorigind RMgBr)
4. 2-Carbonethylene oxideand 2-carbonethand give different produds
0 Ethyleneoxide! theOH is1°andtheOH istwo carbonsremoved fromthecarbanionR
0 Ethand! theOH is2°andtheOH and carbanionR are both connected to the same
carbon

Draw produds from thefollowing reactions

1 2. H,C=0 OH
I /\)
3. Hz0*
O
2 1. Mg 2. /\
B _~_-MgBr A~ ~_OH
3. H;0*
(@]

3. Hy0*
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Reaction M echanisms for Grignard Reactions

Formaldehyde, Aldehyde, or Ketone asCarbonyl Compound (Reactions 4,5, and 6)

aldehyde O 1. RO OH
or ketone )J\ " @
or formaldehyde RO R 5 ho RT R
S ®
o H3O OH
mech: C:jj)\ R‘@ 4\ 4\
R™ R R R R LR

1. Two simple steps
a. Addition
b. Protonation
2. Timing:
a Thecarbanionisadded first, at onestep in time, unde strongly anionic conditions
b. Later acid isadded, in a secondlaboratory step. This provides a cationic environment

3. RMgBr = R-MgBr =R © carbanion
a The® MgBr stuff is spectator, doesn’t need to bedrawn in

b. Ignorein mechanisms
c. Inredlity, it actudly does play anontivia role, but we'll save that for grad school!

Draw mechanisms for thefollowing reactions
1. PhMgBr OH

! C)Cl)\/\ 2. H30* /M

Ph

Ph H30
/Ti/\ |
Ph

|
A)\H 2. HyO* A;tH

O

A
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Estersor Acid Chlorides: More Complex, Needs to Explain Two Additions and More
Bond Breakings

O

Q
0 1. RO OH C)OQ/—\R'@ Q fast $ig

. ® e ROR ———= g
R™ OR" 2. H;0 R' Addition R' Elimination \ o

esters or fast

acid chlorides Addition

0 VN

R Cl /*\ — '
acid chlorides R R' R" Protonation R R' R

1. Four Step Mechanism:
a. Addition
b. Elimination
c. Addition
d. Protonation
2. Timing:
a Thecarbanionisadded first, at onepointin time, under strongly anionic conditions
0 Thefirst three stepsall occur unde these anionic conditions
b. Acidisonly added much later, in asecondlaboratory step. This gives a cationic
environment.
c. Whydon't youjud protonae after thefirst step?
0 Thereisno proton source available, andthe elimination proceedsingead!

3. What if | add only oneRMgBr?

0 1. 1 PhMgBr OH 0 OH 0

1 0.5/|\ *os No A\ o M
OCH3 o HsO" PhPh OCHg PhOCH3 Ph
3° ROH S.M. After Grignard reaction, never

show any products in which a
carbon has more than one oxygen

Why? Kindtics and Reactivity. MEMORIZE.

Relative H,O O o o
.o 2 > > >
Reactivity:
ty é’éH RJ\H RJ\R R)J\OR
Aldehyde Ketone Ester
Acid/Base Steric Advantage. Stablized for electronic reasons

Transition-state less Therefore less reactive
crowded and more stable

» Largedifferencesin reactivity, with ketone> ester
» Eliminaionstep 2isalso very fast
* Thus unde theanionic condiions theadditionisthe dow step
0 After it does hgopen, eiminaion and another addition happensbang-bang.
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Draw Mechanism:

Co 1. PhMgBr (excess) OH
|
)\OCHg 2. HyO* phF D
pi
©
0 Q
</w o CO/—\ o o/\Hgo@ OH
OCHs . “ocH, + )J\© il A\Ph /{\Ph
Ph Ph

Cyclic Ester: TheO-Carbonyl single bondbreaks, butthe other C-O single bonddoes not break
-theresult isformation of adialcohol

Draw produd and mechanism for thefollowing:

OH OH

T Two protonations

1. PhMgBr (excess)

2. Hy0*

l pi> H30@ T

Hy0P
S A\ © )

Ph (0 O

é) C S U N-I Fmn

Ethylene Oxide M echanism

Co
o 1RO R N\ @

2 OH ©  H0
2. H30 Addition :
Protonation
Sn2

Draw produd and mechanism for thefollowing:

/\/MgBr i. /\/\/OH
2. H0®
@
- SN
NN : S -OH
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More Grignard Practice. Including polyfunctional Molecules: (Know relative

readivity)

O Cl) 1. PhMgBr (excess)

1 | OH OH
Ph Ph
Cl) Cl) 1. PhMgBr (1.0 equivalent) Cl) OH
2
HsCO 2. Hs0* HsCO Ph
0] 1. PhMgBr (1.0 equivalent) 0 o
|
3 )\/\ | via !
H3CO OH 2 Hi0* H3CO)\/\OH cho)\ﬂo@
Starting material!
0 1. ™Mbt OH
4 o T 7 MeBr
2. H3 H
O

Bng/ﬁ/ ' \4/\(
2. H3(§D OH

Br 1. Mg
6 N 0K
2. H,C=0
©)
3. H30
O
7 1. CH3MgBr (excess)

e r

. HO
5 H38—> NN
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Grignadsin Synthesis. Provide Precursors.

17

» Think backwardsfrom Targetsto Reactants.

* ldentify possible Grignadsand Grignad acceptors

* Pattern:
» 3%alcohol, all three attachmentsdifferent " Ketone Precursor
» 3°alcohol, two (or more) of the attachmentsidentical * Ester
e 2%alcohol " Aldehyde
* 1%alcohol” Formaldehyde or ethylene oxide

0]
\/MgBr ¥ )J\)\

OH 0
\/*\)\ HsC-MgBr + \)U\

O

/IN /TN

O
MgBr +
o Ph)kOCH3
Ph—MgBr +
Ph \)J\/
0]

OH (0]
MgBr +
\/IL\/\ ~.Mg HJ\/\

OH

ph._J

o

d Ph—MgBr +
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Provide Reagents for the Following Trandormations Y ou may use whatever reagents, induding
ketones or aldehydes or Grignadsor esters, tha you need.

* Key: Trytoidentify key C-C connectionin the produd tha wasn’t present to start with
» Try toidentify thewhere thereactant carbonsare in thefind produd

* Numbering your carbonchansis very hdpful.

* Usudly best to work backwardsfrom the produd

N
Ph™ "Br Ph 2 steps plus
M H3O™ workup

2.H\n/\ OH

1. HBr (no peroxides)
2. Mg

N 3 steps plus
3. H,C=0 H3O™ workup

b. 4. H;O* OH

1. HBr, peroxides

2. Mg
3 steps plus

Ph OH H3;O* workup

w

PhCO,CHs
4. Hg0*

1. Mg
2. ethylene oxide

d. 3. HzO*

OH
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Combining Grignard Reactions with Other Reactions
1. PhMgBr

/\i 2. H,0*

a 3. HyS0O,, heat

.

3. Hy0*
PhBr \(\OH

H,S0O, Ph
BH,-THF
b. 6. NaOH-H.,0,

o

10.10 Redtrictionson Grignad Reactions

* RMgBr=R ©  carbanion, highly ungable, highly reactive.
» Undablein the presence of:

1. OH’s(ge protontrander reaction)

2. Carbonyis (get Grignad-type nudeophilic addition)

1. Solvent limitations RMgBr cannotbeformed and used in the presence of
+ H20
* ROH
* Any solvent withaC=0

Which Solvents (if any)

O O
Would be OK for _~_~4, )J\/\ )]\O/\ Ao || NN
Handling RMgBr?,

2. Subdrate limitations Any organohdide tha aso contains an OH or C=0O bond can’'t be
convated into auseful RMgBr, because it will self-destrudct.

Which subsgrates could

o 0
be conveted into o
RMgBr, and HO™ ™""Br )J\/\Br )J\O/\Br SN | N e

subsequently
reacted with CH3;CHO?

3. Atmophee/Glassware/Storagelimitations Make, store, andusein:
» water-free dried glassware
* moisture-free atmopheae. (Dried air, or else unde nitrogen or argonatmophee)
*  When stored for extended periods mug have very goodseals so tha no air can leak in.
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10.11 Alcohols by Redudion of Carbonyls: H © Addition

20

o j)\ NaBH, 1. LiAIH, OH Mech
R oA choH > R/||4\H
Ideh 3 2. H30"
aldehyde 1° alcohol
10 )OJ\ NaBH, 1. LiAl, /T\H Mech
R™ R R7I R
CH3OH 2. H30* H
ketone 2° alcohol
110 1. LiAlH, OH NaBH,will  Mech
PN A not react with
R™ "OR R”I™H o
2. HzO* H ers
ester 1° alcohol
Mechanism
Aldehydes and Ketones
aldehyde ) NaBH, o 1. LiAIH, OH
or ketone ., R/|\R"
or formaldehyde R™ R CH3;OH 2. Hy0* H
S)
NaBH, = H )
4 mech: CO S) @ H3O@ OH
LiAlH, = HO Ol R R/{\R" /’\ .
R” "R" H or R7ITR
H
HTQCH;
Esters
3 & NP
Q O 3 OH
S e = Geme 7 7
R” “OR" — R R — = R7°H — R7I°H R TH
tor Addition H Elimination Addition H H
es SLOW Fast
+ OR"
Cyclic Egters
o H 0 Hy0P
CO/\H S Q) Elimination CO/\H@ 3 OH
O H
é paion [ d o A4 @ © @
0 o HyOP OH
Double Protonation
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Notes:
* Mechanisms are exactly like with Grignad reactions

* LiAlIH; andNaBH,4 fundionas hydrideanionsH ©
* For mechanisms, jus draw H O rather than tryingto involve theLi and Al and NaandB...

H H H
@ ! — "
NaBH,= Na H@B_H - > /é\ H LiA|H4 = Na® H@AIJ_H Al\l +
0 H™H & H™H

* Boron is onerow highea than aluminum, and in keeping with nomal periodic paternsis
more electronegaive

0 Because boron is more eectrongydive, the BH,© anion is more stable, and less
reactive.

# TheboronholdstheH © moretighty.

0 Aluminum beng less electronegaive doesn’t attract and hold the H © as well, and
thusis congderably more reactive.

Reactivity
Aldehydes Ketones Esters
LiAlH,4 Yes Yes Yes
NaBH4 Yes Yes No

LiAIH,ismuch stronger, NaBH, much weaker

1. LiAlH4isstrongenoughto react with esters, NaBH, isn’t

2. Selectivereduction: if both an ester and an aldehydeketoneare present:
* LiAlIH4reduces both
» NaBH, selectively reduaes the aldenydédketonebut leaves the ester untoudhed

3. LiAlH, is strong enough to readt with and be destroyed by water or alcohol; NaBH,4
isn't

LiAIHs + HO'! Hz(QSS) + LiOH + AlH3 + heat

a Asaresault, LiAlH4 is harder to use and store

b. Acid hasto beadded in a subsequent step with the LiAlH, ; (thus 2-step recipe)

c. NaBH4 can be run in alcohol solvent which serves as a proton source for protonéing
alkoxide

d. Solventrestrictions glassware mug bedry, wet air mug be excluded, etc.

e. Because NaBH, is stable to water, it's easier to handle in air, easier to store, much easier
to work with

f. Default: for a smple aldehyde or ketone reduction, normally use NaBH, because
it’sso much easer

4. LiAlH, isstrongenoughto react with esters, NaBH,4 isn't
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Draw the produdsfor thefollowing reactions

O O 1. LiAlH,4 OH OH OH
| |
? ? NaBH, o4 O
|
2 MOCHa H,0 )\)\OCHs
OH
QL LA,
C 2. HyO* d"; HO OH
3. OH
H 1. LiAIH, NaBH,
Phko or Ph”” ~OH
2. H30" H,O
4.
OCHj 1.LIAHg . NaBH,
not Ph” “OH
Ph” 0O 2. HyO* H,O
5 CgHgO2
Draw the mechanism for thefollowing reaction.
(cl) NaBH, OH
Ph Ph
\)\HKCH3OH -
©
o /\HCOCH3 OH
Ph
%\H Ph%H
6. H H
(o OH
1. LiAlH, y MOH
0 ) Y
2. H0
@H ° H30" H3O*




