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Chapter 20: Introduction to Carbonyl Chemistry

4 Reduction reactions

[1] Reduction of aldehydes and ketones to 1° and 2° alcohols (20.4)

o NaBH,, CHOH OH
Co or R—C—H(R)
R™H(R) _ |
[1] LiAIH, [2] H,O H
or 12 or 2° alcohol
H,, Pd-C

[2] Reduction of a,B-unsaturated aldehydes and ketones (20.4C)

OH
NaBH, R)\/ * reduction of the C=0 only
CHZOH
A I
H, (1 equiv) - _
F * reduction of the C=C only
R Pd-C R)Jv
——
OH
| Ha (excess) /V « reduction of both &t bonds
Pd-C R
[3] Enantioselective ketone reduction (20.6)
o (11(S)- or (R)- HO H

0 CBS reagent

C. C. C. . . .
R [2] HO R |or R * A single enantiomer is
formed.

(R) 2° alcohol (S) 2° alcohol

[4] Reduction of acid chlorides (20.7A)

[1] LiAIH, RGH,OH
[2] H0 1 alcohol * LiAlH4, a strong reducing agent, reduces
Q — an acid chloride to a 1° alcohol.
R | -
[1] LIAIH[OC(CHg)sls c|;o| *  With LiAIH[OC(CHs3)s3]3, a milder
[2] H,0 R™ H reducing agent, reduction stops at the
aldehyde aldehyde stage.
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[5] Reduction of esters (20.7A)

[1] LAIH,
2] H,O ':CHZOH * LiAlH,, a strong reducing agent, reduces
0 17 alcohol an ester to a 1° alcohol.
A" oR 5
[1] DIBAL-H /('l,\ *  With DIBAL-H, a milder reducing agent,
(21H;0 ach{Jlehy:e reduction stops at the aldehyde stage.

[6] Reduction of carboxylic acids to 1° alcohols (20.7B)

D [1] LiAIH,

C.
R™“OH [2] H,O

RCH,OH

1% alcohol

[7]1 Reduction of amides to amines (20.7B)

? [1] LiAIH,
/C\ e > RCHz_N
R T [2] H,O |

amine

¢ Oxidation reactions

Oxidation of aldehydes to carboxylic acids (20.8)

e All Cr®" reagents except PCC

|CO| CrO3, NayCry07, K,Cr,07, KMnO, 9 oxidize RCHO to RCOOH.
R™ H o R/C\OH * Tollens reagent (Ag,O + NH4OH)
Ag,0, NH,OH carboxylic acid oxidizes RCHO only. Primary (1°)
and secondary (2°) alcohols do not
react with Tollens reagent.
# Preparation of organometallic reagents (20.9)
[1] Organolithium reagents: R—X + 2L _. +  LiX
[2] Grignard reagents: R—X M “Ma-
g g " 9 (CH3CH2)20
[3] Organocuprate reagents: R—X + 2L R—Li + LiX

2R—Li + Cul



Introduction to Carbonyl Chemistry 20-3

[4] Lithium and sodium acetylides: B Na* “NH, —
R—-C=C-H ——— =~ R—C=C~ Na* + NH,
a sodium acetylide
R—Li
R-C=C—H R—C=C—Li + R—H
a lithium acetylide

4 Reactions with organometallic reagents
[1] Reaction as a base (20.9C)

N G - e * RM =RLi, RMgX, R,CuLi
A=M =+ HTO-R RA)» woR This acid-base reaction occurs with H,O,
ROH, RNH,, R,NH, RSH, RCOOH,
RCONH,, and RCONHR.

[2] Reaction with aldehydes and ketones to form 1°, 2°, and 3° alcohols (20.10)

Q [1]R"MgX or R'Li OH
C. R—C—H (R
R H(R) (2] H0 R ")

19, 2°, or 3° alcohol

[3] Reaction with esters to form 3° alcohols (20.13A)

0] [1] R"Li or R"MgX OH
!
R—CIJ—R"

(2 equiv)

R™ TOR'
[2] H,O R

3° alcohol

[4] Reaction with acid chlorides (20.13)

(M R"'(-zi o R'MgX OH * More reactive organometallic reagents—R"Li
qui) R—C—R" and R"MgX—add two equivalents of R" to an
o [2] H0 R acid chloride to form a 3° alcohol with two
Lo 3° alcohol identical R" groups.
R™Cl
1] RouLi 0 * Less regctive organometallig reagents—
2 _C. R',CuLi—add only one equivalent of R' to an
(2] H0 T(etonF:e acid chloride to form a ketone.
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[5S] Reaction with carbon dioxide—Carboxylation (20.14A)

0
[1] CO
R—MgX 2 R—C
[2] HO* oH

carboxylic acid

[6] Reaction with epoxides (20.14B)

a [1] RLi, RMgX, or R,CulLi

7N [2] H,0

OH . .
[1] R'Li or RMgX | (|;\ * More reactive organometallic reagents—
[2] H,0 R_ﬁ;_(‘; R'Li and R'MgX—react with o, f3-
o R unsaturated carbonyls by 1,2-addition.
& o —] allylic alcohol
R™ \‘C/ ~ —
[1] R’,CuLi o | * Less reactive organometallic reagents—
[2] Ho,0 R ?7?7 R';CuLi— react with a,B-unsaturated
R carbonyls by 1,4-addition.
ketone

4 Protecting groups (20.12)

[1] Protecting an alcohol as a zert-butyldimethylsilyl ether

o o
R-O-H + CI=Si-C(CHg}y —— R—0—Si~C(CHq)s
CHj N NH CHj3
[CI-TBDMS | [R-O-TBDMS|
tert-butyldimethylsilyl ether

[2] Deprotecting a fert-butyldimethylsilyl ether to re-form an alcohol

CHs (CHaCHaCH,CHo)N* F~ CHg
R_O_§|_C(CH3)3 + F_§I_C(CH3)3
CHs CHg

R—O—TBDMS| [ F-TBDMS |
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Chapter 20: Answers to Problems

[11Csp>—C
PO A/ w G b. The O is sp? hybridized.
\ «~—[2]o: Csp>—Osp? Both lone pairs occupy sp? hybrid orbitals.

81 a-sinensal ‘0: n: Cp—Op
Csp>—Csp?

20.1

20.2 A carbonyl compound with a reasonable leaving group undergoes substitution reactions. Those
without good leaving groups undergo addition.

(0]
D ? ? c
a. . b. c. c. _C. d. “H
CHs”~ “CH,4 CH3CH,CH,~~ ~Cl CH;~ ~OCH,4
no good leaving group Cl—good leaving group OCHg-reasonable leaving group no good leaving group
addition reactions substitution reactions substitution reactions addition reactions

20.3 A carbonyl compound with a reasonable leaving group (NR; or OR bonded to the C=0)
undergoes substitution reactions. Those without good leaving groups undergo addition.

)OJ\ no good leaving group
ition reaction
o J/ addition reactions
0] (0] 0
OH
’}‘ : O All other C=0's have leaving groups.
H OH substitution reactions

20.4 Aldehydes are more reactive than ketones. In carbonyl compounds with leaving groups, the
better the leaving group, the more reactive the carbonyl compound.

2 D 2 ?
C. or C. } C. C.
& CH4CH,CHs~ ~“H CH4CH,CH;™~ CHj € CHecHy >cl " CHy” “OCH,
less hindered carbonyl better leaving group
more reactive more reactive
b i i d ? o
. /C\ Or /C\ ’ /C\ Or /C\
CH3CH,” “CH,4 CH3CH(CH5)”~ ~CH,CHy CH;~ “~OCH, CHs~ "NHCH,
less hindered carbonyl better leaving group

more reactive more reactive
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20.5 NaBHj4 reduces aldehydes to 1° alcohols, and ketones to 2° alcohols.

? NaBH, OH
C. —C—
a. CH3CH2CH2/ H CH3OH CHyCH,CH, E H

NaBH,
CHZOH

NaBH,

CH4OH

20.6 1° Alcohols are prepared from aldehydes and 2° alcohols are from ketones.

a = b_QOH: Q:o c @OH: @O

A

OH

H, (excess) M

Pd-C

NaBH, (excess)

CH4OH

NaBD,

CH4OH

20.7
OH 3° Alcohols cannot be made by reduction of a carbonyl group,
because they do not contain a H on the C with the OH.
1-methylcyclohexanol
20.8
(0]
: F 2] H,0 F d.

(0] OH (0]
NaBH4 )\/v )J\/\/
b. M = e. =

CH,OH
O H, (1 equiv) 0 i
uiv
c )W 2 q )j\/\/ f. )I\/\/
' Pd-C
20.9
Q NaBH, OH H
a. /\)K/ CHSOH /\/\/ + /\/k/
cHO NaBH,
b. CH5OH 0K
NaBH
C. (CHg)sC o _NaBH: _cq C—<:>~0H + (CH C—<:>—0H
(CHa)s ‘<:>: CHaOH (CH3)s (CH3)3
20.10
o HO H
Cl  [1] (5)-CBS reagent Cl
A [2] H0 B

s

D OH

Ko~
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20.11
Part [1]: Nucleophilic substitution of H for CI
(.E:I) O) !9:
> — 7 ~ CH - CI-
CHg 7 "Cl 1] ° |5| & 2 cHyH,
FAIH H repl .
+ AlHg aldehyde eplaces C

Part [2]: Nucleophilic addition of H™ to form an alcohol

:0: :OH
l('o? CH g /FH OH CH é H OH
S 3 37 VT + T”
CHy 7 'H 3] Y (4] H
HzAI—H + AlH; 1° alcohol

20.12 Acid chlorides and esters can be reduced to 1° alcohols. Keep the carbon skeleton the same in
drawing an ester and acid chloride precursor.

0 <
// CI
a. E}CHZOH — E}c\ E} /©/
cl OCH,

CH,OH CH30
cl ocH,  © /©/ — 9
CH30 C.
b. OH E o or o /@/ OCHj,

CHZ0
20.13
o] [1] LiAIH, ('c?: [1] LIAIH CH,N(CHg)
N I 4 2 3/2
N y 5 OH . N(CHg),
%o [2] H, />@ ¢ U [2] H,0
o)
o) (1] LiAIH [1] LIAIH
4 4
b. /\/\)J\NHQ P N N d. NH NH
[2] H;0 ? [21H:0
20.14

)

M M
©/ ©/ c. N — )kN
H H
o)
CH2CH3 - CH:CHs 'T')k
CHZCHs CHZCHS or CH,CHs
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20.15
. CH30 (0]
Q [1] LiAIH, oH 8 [1] LiAIH,
[2] H,O OH [2] H,O
+ HOCH3
NaBH, OH NaBH,
CH30H )\/\/COOCHS CH4OH
0 0 [1] LIAIH,
NN

b. cHz0 OH [2]H,0 HO OH + HOCH;z

NaBH, . .

Neither functional group reduced

CH3;0H

20.16
Hp
a. NN COzCHzCHs COgCHzCHs
(1 equiv)
o) Pd-C o)
Ho
b. X CO,CH,CHj3 - CO,CH,CH,
(2 equiv)
0 Pd-C

OH + CH3CH2OH

4?
@) o]
T T

CO,CH,CH, L1oAMs

c. NG

2CHCH; 2] H,0
o)

CHZ0

CHSO\O/OH

d. CO,CH,CH, _NaBHa “ CO,CH,CHs
CH3OH
0 OH
20.17 Tollens reagent reacts only with aldehydes.
Ag,0, NH,OH
AGO, NHOH 1 reaction OH 82 4
a. @CHon— b. MCHO —
Nazcr207 @COOH Nagcr207

H,SO,, Hy0 H,SO,, Hy0

OH



20.18
OH
CHO
HO
B
OH
NaBH, CH,OH
a.
OH
[1] LiAlH, CH,OH
[21H0  Ho
20.19
a. CHzCH,Br + 2Li CHgCH,Li + LiBr
b. CHzCH,Br + Mg CH4CH,MgBr
20.20

HCECCHQCHZCHchQCHchs + NaH

HC=CCH,CH,CH,CH,CH,CH;  + CHaMgBr
20.21
a <:>—|_i + H,0 <:> + LiOH
CHy CHs
b. CH3_(|3_MgBI' + HQO
CHs CHj

| — .
CH3—C—H + HOMgBr d. CHCH,C=C—Li
|
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“OH
HO
0
Il
C\
OH
o}

OH

(0]
PCC CHO
c. B
(0)
H
OH (”)
Ag,O, NH,OH C

d B J2 4

(0]

CrOs

H.SOy4, H,O

C. CHsCHoBr + 2Li CHaCHoLi  + LiBr

20H30H2L| + Cul—— L|CU(CH2CH3)2 + Lil

Na*~ C=CCH,CH,CH,CH,CH,CH5 + H, <—— hydrogen gas

BrMgC=CCH,CH,CH,CH,CH,CH; + CHy <—— methane gas

MgBr
C. + Hzo

+ Hzo

O/ + HOMgBr

CHyCH,C=CH + LiOH

20.22 To draw the product, add the benzene ring to the carbonyl carbon and protonate the oxygen.

H 21H,0

OH

|
o " QMgBr CH4CH, —C—CH,CH

C
PN
b. CHaCHy;~ “CH,CHs 21 o

0]

H
|
0 (1] @MgBr CH3CH,—C—H

C.
C. CHsCH,” H 2] H,0

d E%o 5 @MgBr >

[2] H,0
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20.23 To draw the products, add the alkyl or phenyl group to the carbonyl carbon and protonate the

oxygen.
1] CH3CH,CH,Li [1] CgHsLi OH
a /\”/\ u» /}(\ c Q:O 6115
o) [2] H0 HO CH,CH,CH,4 [2] H,0
T 1 CH,=0
b lé H—C—H [2] H,O

20.24 Addition of RM always occurs from above and below the plane of the molecule.

? HOH HOH

[1] CHzCH,MgBr /k/ + )\/

CHy” "H [2] H,0

[1] CH5CH.L CH,CH4 OH
b. CHs (0] CHj3 + CH4
[2] H,O OH CH,CHj4

a.

20.25
OH o
OH o} >Q/ MgBr
i I d :)J\/ +
a. | CHs G~ CHs |==>CHsMgBr + Oy, ‘
3
H
o]
b CH,0OH MgBr (II: !
: O — O/ N O + CH4CH,MgBr
¢ oH MeBr + @ CHzMgB
. , r
O—(ID—CHQCHg EO/ H™  CH,CH, — s
H
or
o 0
Q?—CHZCHa :O—/( + CH4yCH,MgBr
H H
20.26
OH O
a. )\/\)V — )\/\)v + CHgli SN o = X Li
linalool
(three methods) )W )J\/

lavandulol

+ CH2=O
~ A0
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b. N — N CHO c¢. Linalool is a 3° ROH. Therefore, it has no H on the
OH carbon with the OH group, and cannot be prepared by
reduction of a carbonyl compound.
] NaBH,
CH,OH
20.27
N(CHj3), N(CHg),
OH
0]
> (:/r + BrMg
OCHg OCH
venlafaxine
20.28
CHy? CHg? ch.OH
TBDMS—CI ¢-c=cH
[1]1Li-C=CH
imidazole
[2] H0
HO TBDMSO
estrone TBDMSO
(CH3CH,CH,CH,)4NF
OH
79 c=cH
ethynylestradiol
HO
20.29
OH
0 [1] CH3CH,CH,CH,MgBr |
/C\ (2 equiv) CHSCHZ_Q_CHZCHZCHZCHS
a. CH3CH2 Cl [2] Hzo CHQCH2CH2CH3
(0]
c. [1] CHsCH,CH,CH,MgBr OH
b ©/ OCH,3 (2 equiv) CH3CH,CH,CH,—C—CHoCH,CHoCH,
[2] H,O
(0]
c. OCH,CHj (2 equiv) CHsCH,CH,CH, ~C—~CH,CH,CH,CH
[2] H0 CH,CH,CH,CH,CH,4
20.30

OH 9
I C +
CH,

i

or

(2 equiv)

0]
[

/C\
(CH3CHCHR)sCOH == CH40"“CH,CH,CH; + CHsCH,CH,MgBr

(2 equiv)
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o ;
C. CHy—C—CH;CH(CHg), == CH;0” “CH,CH(CHy), " szigﬂﬂf)r
CH,

20.31 The R group of the organocuprate has replaced the Cl on the acid chloride.

o) .
i [1] (CH3),CuLi 0 ('c? [1] (Ph),CuLi o
P - C ~
a. CHyCH Ol g CHaCHy~ G CHCH™ "Cl 1,0
0 [1] [CH3CH,CH(CH3)),CulLi 0
b. \)]\C| [21 H,O /ﬁ/k/
20.32
o) . o}
a [1] LIAIH[OC(CHa)sls s & [1] (CH5CH,),Culi o}
~ ~ 0N
a. (CHs)zCHCHg/ Cl [2] HZO (CHS)ZCHCHZ/ H c. (CH3)ZCHCH2 cl [2] HZO )\)K/
0 @) .
b Co . []CHsCH,Li (2 equiv) HO d ¢ DILAR,
" (CHg),CHCHy~ ~>Cl st = €9 w " (CHoCHCH, ™ Cl 51 o (CHg),CHCH,CH,OH
[2] HO
20.33
o o)
I
C. :(@CuLi + __C. ><
a @ CHs R = Cl 4+ [(CHa)sCl,Cui
O 0
or or
(l? (0]
¢ G+ (CHy)Culi
CHz| — cl cl + [(CHg),CHI,CuLi
—
o) o)
20.34
o) o)
I [3] Hy0* I

a.

b. g MM Sy B1C0  goo BT oy

1M 2] CO
c. CHSOOCHZBr Mg cmoOCHzMgBr [21 CO CH3O@—CHZCOO‘

l [3] HyO*

CH@OCHQCOOH




20.35

O~ O

+ enantlomer
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c. oy — o

)Q/\:%

20.36 The characteristic reaction of a,-unsaturated carbonyl compounds is nucleophilic addition.
Grignard and organolithium reagents react by 1,2-addition and organocuprate reagents react by

1,4-addition.

o] o]
[fi:I:CHS [1] (CHg),CuLi Chs
a. —_—
[2] H0
CH CH
3 CHs 3
HO C=CH
CHs
[1lH-C=C—Li
[2] H,O
2 CHs

b. W [1] (CHg),CuLi /\”/\(\

0 [2] HO 0

[1]H—C=C—Li
[2] H,O

HO C=CH

[1] (CHo=CH),CulLi
a. = = c. ~
W [2] H,0 W w [2] H0
OH
)W

o}
0 )\)J\ [1] CHo=CHLiI

(2] H0

O
=~ (1] CH3 )>CuLi
TRIHO H.O

HO C=CH

[1]H—C=C—Li F
[2] H,O

[1] CHo=CHL

KA

OH
(from a.)
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20.38
a. CHsCH,OH M» CH4CH,Br CH3CH,MgBr
[2] H,0
bCK CK
(from a.)
C.
(from a.)
o Oron e Qw22 O
PBr3 H,0 <:>_< PCC <:>_<
CHsCH,0H FE€+  CH,CcHO OH o
OH
(from d.)
H,S0, mCPBA O
CH30H2OH CH2= H2 A
20.39
o} o)
OH
a \/\)J\ ReBh \/\)J\ 1] CHMgBr \/\)\
' H CHoH " >"on ¢ H
[2] H,O
o o)
. OH
H S H
[2] H0 [2] H,O
o)
o~ 0
c. H 2 S on b~ L T CHg o
Pd-C H No reaction
0 [2] H,O
OH
d. \/\)I\H PcC No reaction j [1]HC=CNa \/\)\
: H
o o [2] H,0 N
Na20r20
e. MH ! O [1] CH,C=CLi OH
H2S04, H0 oH \/\)I\
o o H o1h,0 X
Ag,0
NH,OH OH % OH SN 0-TBDMS

imidazole



20.40

20.42

e. /\/MgBr
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OH 0 oH
NaBH, )j\/\
[1] CHzMgBr X/\
CH4OH A g
[2] H,0
0
. OH CeHs OH
MUAR L h M~ [ICeHsLi s
[2] H0 [2] H,O
OH 0
Ha . .
i [1] (CH3),CulLi
Pd-C )\/\ M o No reaction
[2] HO
OH
PCC__ No reaction . [1] HC=CNa X\
' 2] H,0
Na20r207 . 0
———— No reaction P OH
H,80,, H;0 .~ [icHc=CL %A
[2] H.0
Ag,0 ) OH TBOMSCI O-TBDMS
No reaction . )\A
NHOH imidazole
Li (2 equiv) /\/\Li + Lgr d NN H,O _~_~ +LiOH
Mg
7 ger e. 7 > “Mger 2 ~""D 4 DOMgBr
[1] Li (2 equiv) CH3C=CH
> (CHsCH,CH,CHy)oCuLi - = "L ~~" + LiC=CCHs
[2] Cul (0.5 equiv)
CH2:O H2O
— NS CH3COOH ~
OH g. _~_MgBr N+ CHyCO0
O:O Hz0 /iO)O h. _~_MgBr HC=CH . = + Hc=c~
0
OH o~ mgBr 00 o ]
CHaCH,COCI ~ H,0 /\/t/\ OH
-
OH
CH3CH,COOCH;  H,0 /\/t/\ j. -~ MgBr _HO W
k Mgar P20 D+ oD
oo~ MgBr 22 L N F +

HO O 4+ TOH

CH3CH,0H

~ N+ CHsCH,0~

(0]
T
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20.43
o
Il
O/ C\CI (CH3CH,CH,CH,),Culi
a.
o
I
O/C\OCHa (CHSCHQCHchz)QCULI
b.
o
. CHz  [1] (CH3CH,CH2CH,),CuLi
[2]1 H,0
d A CHy (1] (CH,CH,CH,CH)Culi
CHs [2] H,0

)
I

C.
©/ CH,CH,CH,CHs

No reaction

CHj

CH,oCH,CH,CHs

PNS

20.44 Arrange the larger group [(CH3);C—] on the left side of the carbonyl.

H OH HO H
a.  NaBH,, CHgOH i7(;(\\ . 3
0 s R
HO H
%J\ b. [1] (S)-CBS reagent; [2] H,O
R
H OH
C.  [1] (R)-CBS reagent; [2] H,O 2
S
20.45
OH HO_ CHjs
C\CH
a. NaBH,, CH;0H CHy  d. [1]CHali: [2] HoO O/ 8
0 Q HO, ChHZCH,
“CH
[:::T/C\CHg b. Hs (1 equiv), Pd-C CHs €. [1] CH3CH,MgBr; [2] H20 [:::]/ 8
OH
A 2
CH,4

c. Ho (excess), Pd-C

“CH,4

X
CH=CH2

f. [1] (CH,=CH),CuLi; [2] H,O




20.46

@)
[

C.
a. (CHg),CHCH,CH,”  ~Cl

Il
C.
b. (CH3),CHCH,CH,”  ~ClI
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0
[1] LIAIH[OC(CHa)sls 1
/ ~N
2] 0 (CH3),CHCH,CH,”™ ~H

O
[1] (CHo=CH),CulLi I

C.
(CH3),CHCH,CH,~ ™ ~“CH=CH,

[2] HO
o (1] (CstsMg)Br OH
equiv
C\ (CH3)20HCH2CH2_C_CGH5
CH3),CHCH,CH,” ~~Cl .
C. ( 3)2 2 2 [2] HQO CGHS
I [1] LiAIH, CIDH
C. CHg3),CHCH,CH,—C—H
d- " (CHg),CHCH,CH,” CI [2] H,0 (CH3),CHCH,CH, i
20.47
% .
& [1] LiAIH,
a. <N CH3CH,CH,OH
CHyCH;™~~OCH,CHCHy "1y H,0
& (2 equiv) |
b. CHyCH,~ ~OCH,CH,CHs CH3CH2—C|)—CH2CH2CH3
(2] H0 CH,CH,CHj
0 o)
I [1] DIBAL-H I
C.  CHsCHy~ “OCH,CH,CHs 2] H,0 CHsCH,” H
20.48
OH o)
Cro M
CHO 3 Ag20 COOH
a. HO/\/\/ HyS0%. H,O o OH . Ho/\/\/CHO A HO/\/\/
H NH,OH
CHO P CHO Na,Cr,O
b, HO™ " __PCC_| O)\/\/ 4 ho o~ CHo NaCr0r HOOC -~ COOH
H,S0,, H,0
20.49
0 NaBH, OH o) (1] LiAIH,
a.)J\/\/\ ¢ OH /\/\/OH
COOCH, CHsOH COOCH;  (CHg),N (2]H,0 (CHaloN
o]
b. O [1]LIAH, OH . 9 [1] LIAIH[OC(CHg)3l; O

MCOOCH:; [2] H,O

OH
)K/YOH [2] H,0 H)J\/\[(

0] 0]

CH,0H Cl
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20.50

CHg CHs
[1co [1] CHo=0 _~_-CH0H
Hs MgBr 2 CH,4 cooH f o~ ~MgBr —— — =~ 2
[2] H0
[2] H30*
CH3 CH3

o [1] (CHg )gCuLl o

O [1] CH3CH,MgBr /\/\)K/ [2] H,0
[2] H,0 O@L\
[1] CHsMgBr <:>_><
_~_-CHO (11 CeMLd [2] H,0
i & [1] CgHsLi O/\/

o

=)

coci  [11CeHsMgBr [2] H,0
d ©/ (excess) Q @ OH
[2] H,0 102 [1] (CHa),CuLi
CeHs [2] H,0

[1] CHgMgCl CH,

e. @COOCHZCHB (excess) Q & on,
[2] Hzo (l)H

20.51

i HO CeHs

)J\/\/ [1] C6H5MgBI’ HO CGH5
X 4<:>: [1] CHaLi .
.(CHy)sC o) CHa)sC L+ (CHg)sC 7
(CHg)s 2] H,0 (CHg)3 ><:>\OH (CH3)s ><:>/’OH
[1] CHaCH,MgBr OH CH,CHj
.\ .
[2] H,0 CH,CHs OH
CHa CHa
.CH=CH,
O; [1] (CH=CH),CuLi O’ O\
[2] H,O ‘CH= CH2
[11Mg
-~ >COOH
[2] CO, ?

[3] HzO*

H
[1] (5)-CBS reagent \\\OH
©)‘\/\/ (21 H0
H OH
©/N\/\/ [1] (R)-CBS reagent ’
[2] H.O
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O

1] LiAIH

h. [ 4 CH,OH

%OCHchs “F + HOCH,CHs
: [2] H,0 -

H H

20.52 Both ketones are chiral molecules with carbonyl groups that have one side more sterically
hindered than the other. In both reductions, hydride approaches from the less hindered side.

The CHj; groups on the bridgehead carbon

2 H's make the top more hindered. H™ attacks
less hindered from below to afford an exo OH group.
Attack comes from above. Attack comes from below.
A% _[LAH, Aiw—from above HILAH,
[2] H20 2] HZO OH
from
endo OH group exo OH group below

The concave shape of the six-membered ring makes the
bottom face of the C=0 more sterically hindered. Addition
of the H™ occurs from above to place the new C—H bond
exo, making the OH endo.

20.53 Since a Grignard reagent contains a carbon atom with a partial negative charge, it acts as a base
and reacts with the OH of the starting halide, BrCH,CH,CH,CH,OH. This acid—base reaction
destroys the Grignard reagent so that addition cannot occur. To get around this problem, the OH
group can be protected as a fert-butyldimethylsilyl ether, from which a Grignard reagent can be

made.

basic site\ acidic site
o v B
Bng/\/\/OH ———— = CH3 _~_ 0O + HOMgBr

T ] proton transfer

These will react.

Mg

OH
Br/\/\/

INSTEAD: Use a protecting group.

TBDMS-CI
OH OTBDMS Mg
imidazole ether BrMg o
protected OH (1] ©
[2] H,O

OH (CHaCH,GH,CH,) NF OH
OH OTBDMS

A
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20.54 Compounds F, G, and K are all alcohols with aromatic rings so there will be many similarities in
their proton NMR spectra. These compounds will, however, show differences in absorptions due
to the CH protons on the carbon bearing the OH group. F has a CH,OH group, which will give a
singlet in the 3—4 ppm region of the spectrum. G is a 3° alcohol that has no protons on the C

bonded to the OH group so it will have no peak in the 3—4 ppm region of the spectrum. K isa 2°
alcohol that will give a doublet in the 3—4 ppm region of the spectrum for the CH proton on the

carbon with the OH group.
(1] 03
2] CHySCHg o ¢
o} OH I [1] Mg
[1] CeHsMgBr H2304 HCI c p _[@ACH0 CH,OH E
[2] H2O [3] HO

[1] LiAIH, G
2] H,0 CEmo

Br MgBr

PBrs Mg @ (1] CGH5CHO
[2] Hzo

1

20.55

0 [1] (R)-CBS
R O Cl reagent Nal
a. S [2] H,O /s.
R o

‘ CH3CH2 5SiCl

~
\

-
/

imidazole

H OSi(CH,CHg)s H OSi(CH,CHg),

\r KF R, Q:OA/NHCH(CHs)z . ., |
'S
5 (CHa)CHNH, 7 c

Ne)

-



‘ O N(CH)
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b. O [1] C¢HsMgBr
[2] H,0
o}
(Zand Eisomers)
(0]
o [1] LiCu(CH=CH-CHCsH11) COOCH;
. COOCH; OR'
=
2]H RO
RO [21H-0 G OR' | several
steps
COCH
=
HO
OH  PGE;,
20.56
- H™OH
:0: .
‘:) 5 :0:
O: M-'— —»MC\ .
a ¢ 0: Or  HEOH
+
+ —
+ RigBr CHa~MgBr + MgBr ‘

+
BrMg—CH,CH,CH,CH,—MgBr + MgBr

:OH
HOMgBr + M
OH

o~

H®OH  HTOH
(g

o: [, 6: (& 'S QF N
b. 0 } oa ot
CH,CH,CH,CH,—MgBr  BrMg ™~ ™) i i

+

+ MgBr ‘

:OH B
HOMgBr + MQH
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20.57
CH;—MgBr Co: -
QCH3 - 0 -
:0:
(CH3)sCOH + :OH
@
OH 2“2 HONM
+ :OH ( . 0CH;
H—OH
% (.
H—OH
(s
CH,OH + *OH
20.58
:0: .0~
iy LD,
MgBr + CH3Q/ \QcHs—> CH30_—C0QCH3 > CH30 + CH3O
N .
+ MgBr
MgBr
HO=—H<" N\
of ||5 O
:0: D S .
O8O — @ — o) e
+
MgBr MgBI’ + CH30
H,O
20.59
CH,OH MgBr O b H
— + C . /\(\/ — +
191 (e T I ¢
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(0]
C. (CHgaCOH === (CeHg),C=0 + Bng@ OQ/ — (:/r b uger

BrMg
d. p—
0] o +
0]
~_-MgBr +
or ]
CH3MgBr  +
20.60
oH i 0
a. — _C +
QCO CHaO QMgBr CH3O/C\CH3
(2 equiv) NN
2 equiv
OH Q (2 equiv)
e C
b. CHz—~C—CH,CH,CH(CHa), CHgO~ ~“CH,CH,CH(CHg), + CHg-MgBr
CHa (2 equiv)

20.61

OH
iVAv«\ { )—c-cnon,
(two ways)
(three ways)

oH i
OO - _
¥ L + Li—CH,CH,
or 9 L
(three ways) — + E>7Li O)‘\CHzCHs + O/
or O .
1] Li
. /C\
- ’ QL' CHsCHp™  OCH;  + 0/(2 equiv)
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20.62

a. S OH — U MBr o+ & HO M H
PROSET S
C6H5 P f -
X +  _~_MgBr

20.63
Mg H,O
B MaB 2
CeHs/\/ ' CeHs/\/ d CeHs/\
Br KOC(CHy)3 H,
CeHs™ >~ CeHs™ CeHs™ ™
Pd-C
g LiAH,
CeHs/\/ CeHs/\
20.64
PBr. M
3 /\BI’ g
(@)
PCC 1] BrMg—CH,CH
a. on (1] BrMg 2CH3 N
H [2] H,O
OH
CH5OH
| PBr,
CHsBr
Mg
i [1] CHsMgBr )Oi PCC )?\ [1] CHsMgBr XH
H [21H0 [2] H,0
(from a.)
OH _PBrg_ Br [1]Mg
)\ [2] H,C=0 )VOH
(from b.) (3] H0
CH3;0H PCC
O
H PBA 1] BrMg—CH,CH
q. /\OH 2804 CH2 CH2 mC A [] rivig 2 3 /\/\OH
(from a.)
[2] H,O
20.65
Mg MgB Q
PN SN Mger —
OH
N

HLO’/\/\)\/

ANCHO e e

/\Br
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20.66

OH PBr3 Br Mg MgBr [1] CH2=O CHQOH
% O [21H,0
MgBI’ [1] CO2 COOH
O/ [2] H30* O/

OH (0]
. CrO; [1] CHzMgBr oy HeSOs mCPBA o

- H,S04, Hy,0 [2] H,0
major product

OH OH (0]

d H,SO, mCPBA o [1] CgHsMgBr PCC
[2] H,O
CeHs CeHs
e. (jo [1] CH3CH2CH2MQB|’ O(\/ 2804
OH
[2] H,0 Pd-C O/v

o
' [2] H,0O CH [2] (CHa),S CHO

major product

OH MgBI’ (0]
(from a.)
9 PCC H PCC
[2] H:0

(from a.)

(1] MgBr
0 O/froma
h OFO = OO0
(2] H,0

(from c.) major product
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20.67
OH Cl MgBr
SOCI 1] CH,=0 OH
a L PN PN o Al }CHO
OH PCC o) (fromc.) (21 H0
b
)\ )K MgBr .0
OH Br o A 2 (CH3),CHD

¢ )\ _PBrs )\ (from c.)
o (1] QMgBr
o o on L O
[1]1 CH3CHO MgBr (from b.) [2TH0 OH
% (21 H0 N MgB
gbr

. (o OH
MgBr (1] & (fromc.) [2] H,0 @(

OH
/\ [21H:0 []2Li
(from c.) j- >7Br [(CH3),CH],CulLi
[2] Cul (0.5 equiv)
MgBr [11CO; (from c.)
e 1 e >~COOH
(fromc.) 121 H (1] O¢©
[2] H,0
0
20.68
PCC (1] NaH
[2] CHgl
CHZ0
estradiol
[11HC=CLi
[2] H,O

mestranol
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20.69
o OH
AICI3 hv [2] Hzoz
@ FeBrs ©/
OH
@ _oHol @ Br, Br Mg gMgBr [1] H,C=0 Ej/v
AlCl3 hv [2] H,O
(0]
MgBr [1]CH3CH=O PCC
b. _—
©/ [2] H,O

B
O CHg Cl ©)}\ CHgBr
AlCl, OH 0
oH PCC_ H [1]CH3MgBr PCC
[2] H0

HB B Br
a >: e >j [1]Mg >7 " >L [1] Mg o
ROOR B [2] CO, [2] H,C=0

[3] H3O* [3] H,O

1M
b. >_\ Mg WOH
Br 2 2
(froma.) [3]H,0O
Br Mg ©/MgBr [1]CO, ©/COOH
: : FeBr3 : : [2] I‘|3O+
MgBr _ CHZOH CHO
[1]CH =0 PCC
2] H2O CHZ0H CH,=0

(from a.)

20.71
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OH 0]
CHO [1] PhMgBr
c. (from a.) O O PCC O O
)

[2] H0
(from b.
PBI’S Mg
d. CH4CH,CH,0H CHgCH,CH,Br CHgCH,CH,MgBr
PCC [1] CHgCH,CH,MgBr PCC
CH3CH,CH,0H CH3CH,CHO w w
[2] H0
[1] PhMgBr HO OH o)
/\[(\/ (from a.)
o] [2] H0
PCC
e. /\/OH - = /\H/H OH (@) (0]
0 H,0 PCC Brp Br
FeBry
©/MQBF
(from a.)

20.72
PCC [1] CH3CH,MgBr /\(\/ _PcC /Y\/
OH (0]

HO H
a. NN
T o
Brs
CH3CH,OH CH5CH,Br CH3CH,MgBr
H OH
)O\ PG )OJ\ [1] CH3CH,CH,MgBr X/\
b. 2] H,0
PBry Mg
CH3CH,CH,Br CH3CH,CH,MgBr

CH3CH,CH,OH

. )y o _PCC 1] CHaOH,CH,CH,MgBr boc
' [21H,0 -
0

(0] OH
Brs Mg
CHscHchchon CHscHchchzBr CHscHchchzMgBr
(2] H0

o) OH Br MaB

(fromc.) ger
[11CO,
[2] Hs0*

(CH3),CHCH,MgBr

(CH3)ZCHCHzBr

(CH3),CHCH,0H

CO,H
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e M wer M X
OH Br MgBr | H,0 )\>< PBrg K* “OC(CHj)

(from c.) )\H/

0]

20.73

[1](CH3)ZCuL| [1] CH3MgBr H.SO . Pd-C
e B (0 JRE Dm) me ()

OH OTs

b. PCC CHO [l A /\)\/\/ TsCl /\)\/\/
< "0H < [2] H,0 —
2 pyridine
JPBrS N l -CN
Mg
" /\/\MgBr

A

0
c. ocH, UTLAH, OH NaH _ O CHaCHpl
[2] HQO FeBra

(+ ortho isomer)

© [1] Br,, FeBry 'V'gBr
d.
[2 Mg W

S\ mMCPBA
0
[1] NaH Teoms-ci  QTEOMS ., QTEDMS [ R QTEDMS —oH
e. HC=CH CHSCHC=CH CHaCHC=CH CH3CHC=C CHaCHC=C
[2] CHzCH=0 imidazole [2]H,0
[3] H,0 o l(CHgCHQCHZCHg)LtNF
X
OH
20.74
Hy,
Hp H | Hq

d
1 0 lb IR peak: 1716 cm~' (C=0) l H oH l IR peak: 3600-3200 cm™' (OH)

CHSH)J\KCHS "H NMR: 2 signals (ppm) NaBH, CHSH)S;CHS "H NMR: 4 signals (ppm)
H H doublet 1.2 (Hy) CH3OH doublet 0.9 (Hy)

H Heo
Hy” CHs CHy “H, septet 2.7 (H,) He CTS CT3 He singlet 1.5 (H,)
Y i multiplet 1.7 (H,)
Ho  Hp d T triplet 3.0 (Hy)

C7H460
A
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20.75
)
H H
-1
o [1] CHsMgBr OH, LR peak 3609—3200 cm~! (OH)
Hb—’H: /\ \/CH3<—Ha CH.CH H NMR: 4 signals (ppm)
H,—H CHa=—H (2] H,0 Py singlet (6 H) 1.2 (H,)
C4HgO : Ha Ha singlet (1 H) 1.6 (Hy)
C CyoH140 sing!et (2 H) 2.7 (H) .
H NMR: 2 signals (ppm) D multiplet (5 H) 7.2 (benzene ring)
singlet (6 H) 1.3 (H,)
singlet (2 H) 2.4 (Hy,)
20.76
2 He IR peak 1743 cm™ (C=0)  [1] CH3CH,MgBr 'j'b OH; Hlo IR peak 3600-3200 cm~' (OH)
CHs/C\OCH20H3 H NMB: 2 signals (ppm) (excess) CH3;CH,—C—CH,CHg4 "H NMR: 4 signals (ppm)
triplet (3 H) 1.2 (H) [2] H,O ! CH, L triplet (6 H) 0.9 (H,)
fa o, M singlet (3 H) 2.0 (H,) Ha i a singlet (3 H) 1.1 (Hy)
e quartet (2 H) 4.1 (Hy) o quartet (4 H) 1.5 (Hy)
E CeH140

F

20.77 Molecular ion at m/z = 86: CsH;0O (possible molecular formula).

Determine the number of integration units per H:
Total number of integration units: 25 + 17 + 24 + 17 = 83
83 units/10 H's = 8.3 units per H

Divide each integration value by 8.3 to determine the number of H's per signal:
25 units/ 8.3 =3 H's
24 units/ 8.3 =3 H's
17 units/ 8.3=2H's

o) X "
CH3CH,CH,C=N M w !R peak 1721. cm™! (C=0)
[2] H3O* CHg CH,3 H NMR: 4 signals (ppm)
b HH triplet (3 H) 0.9 (H,)
fe tt  Ha sextet (2 H) 1.6 (Hy)
Hq Hq singlet (3 H) 2.1 (H,)

triplet (2 H) 2.4 (Hy)
20.78 Molecular ion at m/z = 86: CsH;0O (possible molecular formula).

Hp e ?d IR peaks: 3600-3200 cm™" (OH)

* 1651cm™! (C=C)
. CHsH H 1 A

>: [1] (CH3)sCLi H H NMR: 6 signals (ppm)
_ ' = OH singlet (1 H) 1.7 (H,)
{2} EHS ° H, H L singlet (3 H) 1.8 (Hy)

2 pob a triplet (2 H) 2.2 (H,)

Hy He He triplet (2 H) 3.8 (Hg)

H two signals at 4.8 and 4.9

due to 2 H's: Hg and Hs

singlet (1 H) 1.55 (Hy)
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20.79
H, H
(1] CHMgBr e IR peak 3600-3200 cm~"! (OH)
|:(|) L Do S 0oH "H NMR: 5 signals (ppm)
[2] H,0 } L ! triplet (3 H) 0.94 (Hy)
Ha  Fe Hy multiplet (2 H) 1.39 (Hy)
multiplet (2 H) 1.53 (H,)
singlet (1 H) 2.24 (Hy)
triplet (2 H) 3.63 (H,)
D /\/\:QT Z~"So4 + HOMgBr
<H—OH
ls
20.80
o) OH OTBDMS
gr [11(R)}-CBS Br Br
reagent TBDMSCI
HO B0 o imidazole  tBpMs—0 A
COOCHS COOCH, (2 equiv) COOCH,
HO _~_ [1] NaH Brae - Cets
Cefls ©
Br\/\/\/\Br
NH3
HN e g o Cefts
B
OTBDMS
H
A+ B —— N\/\/\/\o/\/\/CGHS
TBDMS—0 [1] LiAIH,
COOCH,§ 2] H,0
OTBDMS
H
N\/\/\/\O/\/\/CGHS
TBDMS—0

(CH3CHLCHLCHo)4NF

OH
(R)-salmeterol
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20.81
larger group
equatorial
OH~— axial
[1] L-selectride l N\

(CH3)30~<:>:0 (CH3)3C—<:>—OH = (CHy)sC Hi

[2] H,0 T
4-tert-butylcyclohexanone cis-4-tert-butylcyclohexanol equatorial

major product

L-Selectride adds H™to a C=0 group. There are two possible reduction products—cis and trans isomers—
but the cis isomer is favored. The key element is that the three sec-butyl groups make L-selectride a large, bulky
reducing agent that attacks the carbonyl group from the less hindered direction.

(op OH axial

H,O .
(CHg)s N‘\ (CHQ@%TH (CHy)C {ﬁ\H equatorial

equatorial cis product

When H™ adds from the equatorial direction, the product has an axial OH and a new equatorial
H. Since the equatorial direction is less hindered, this mode of attack is favored with large
bulky reducing agents like L-selectride. In this case, the product is cis.

Rs;B—H
Axial H's hinder )

axial attack.j"'TjO H<—axial H axial
- — — Hzo .
(CHg)3C U (CH3)3Cw\O (CHa)sC—/ ~/ ~OH equatorial

trans product

The axial H's hinder H™ attack from the axial direction. As a result, this mode of attack is more difficult with
larger reducing agents. In this case the product is trans. This product is not formed to any appreciable extent.

20.82 The f carbon of an a,B-unsaturated carbonyl compound absorbs farther downfield in the *C
NMR spectrum than the o carbon, because the 3 carbon is deshielded and bears a partial positive
charge as a result of resonance. Since three resonance structures can be drawn for an o, 3-
unsaturated carbonyl compound, one of which places a positive charge on the 3 carbon, the
decrease of electron density at this carbon deshields it, shifting the *C absorption downfield.
This is not the case for the o carbon.

122.5 ppm B

l il )\/OK 10:  hybrid: 08"
150.5 ppm — — A — <
ppm B\a NG N e :3+

mesityl oxide



20.83
CH,CN
[ﬂu+Nmmomﬂg [:j/ij[:j\
OCH3
[3] H:0 X
C15H1gNO,
\A CN _
°c NICH(CHa)zl2 C/CN
OCH,4 OCH,4

+  HN[CH(CHj3),]o
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N(CHg),
opCHeNHe oH
[]LiAH,
[2] H,O
OCHj4 OCHj4
Y venlafaxine
H—OH
s
CN
..—CN OH
:0: : l :
[ j [ j\ OCHjs
OCHj
+ "OH






