Appendix: Synthetic Transformations

Synthetic Transformation 8.1: Addition of H and OH without rearrangement (Oxymercuration-Demercuration)

R CH R
/" Hg(OAC), H,0 R\ F}ZC HIOAC NaBH, R\ /CH3
T e—ocn THF (solvent) ~ R\/C_CH ] R\/C_CH\

H 1st Synthetic Step H OH 2nd Synthetic Step H OH

(Addition of H and OH can be accomplished using acid/water--however, such conditions promote carbocation rearrangement.)

Synthetic Transformation 8.2: Addition of H and OR without rearrangement (Alkoxymercuration-Demercuration)

R CH, R H,C—HgOA R CH
/ Hg(OAc),, HOR \ /2 997 NaBH, \ / 3
R—~c—ch > R—\__ > R—
THF (solvent) /C SN /C CH\
H First Synthetic Step H OR Second Synthetic Step H OR

(Addition of H and OR can be accomplished using acid/HOR--however, such conditions promote carbocation rearrangement.)

Synthetic Transformation 8.3: Anti-Markovnikov Addition of H and OH

R R R R R R
/ BH3 \ / H,O,, NaOH \
C——CH > — > —
THF (solvent) /CH CH\ water (solvent) /CH CR
R 1st Synthetic Step R BH, 2nd Synthetic Step R OH

Synthetic Transformation 8.4: Anti-Markovnikov Addition of H and Br

R R HBr R\ R
c=—cH peroxides (ROOR) SH—cl)
heat or light /
R R Br

(from Part A) Synthetic Transformation 8.5: Markovnikov Addition of H and X (X = ClI, Br, or |)

R R
HX \
fe— —_— X\
C—CH cold, dark C—CH;
K no peroxides /
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Synthetic Transformation 9.1: Addition of Brz to an Alkene

\\\\\\" Br E ():BI’ E
5 Br

Br

Brz

trans only

Synthetic Transformation 9.2: Oxidation of an Alkene to an Epoxide

(0]
R =H or alkyl H
y cl O—O/ Note: many peroxy o H
R R acids of this general R
. form can accomplish R)J\O—O/ .
c this transformation C\
|| MCPBA | (6]
c (meta-chloroperoxybenzoic acid) C/
R/ \R > R/ \R

Synthetic Transformation 9.3: anti-Markovnikov Epoxide Ring Opening (Basic Conditions)

©
1) strong base (e.g. RO™) 2) dilute acid —_—

HsC H . ) ) . HsC OK
_ ‘ AN acting as a nucleophile neutralize solutlon‘ s ‘
‘u, \\\‘~ _ - “y, S

//C—C\\\ other strong bases... for example... //C—C\\

/ RAC RO dilute H,SO, l \

o HO H

where R = H or alkyl

Synthetic Transformation 9.4: Markovnikov Epoxide Ring Opening (Acidic Conditions)

onmmm——] N
(0) H
25 (H D 2 B >
) W ‘v, o
//C—C\\ HOR /C—C\
\ / R =H or alky! l \
(0] H5C OH

Synthetic Transformation 9.5: Markovnikov Addition of Brand OR to an Alkene

N
o) H
A Br, HOR /, ! \\
7 \ > 7, \
////C_C\\\\ R = H or alkyl Gt
=Rora
HsC H y \
HsC Br

Synthetic Transformation 10.1: Hydroboration-Oxidation

l) BH3 2) Hzoz, NaOH

THF H,0

Hae™

OH
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490  Appendix: Synthetic Transformations

Synthetic Transformation 10.2: Catalytic Hydrogenation

Hz
— Pt® or Pd°
", & -
H c/ﬂCH the Pt or Pd surface area is maximized by
3 3 coating the metal on particles of carbon dust
(Pt/C or Pd/C) H H
cis only
Synthetic Transformations 10.3-10.5: Stereoselective Alkyne Reductions
| ]
R——C——C——R
R c—c—nr H, / Pt or Pd metal -~
10.3 ||
H H
H, / Ni,B H H
R—C=c—R or -~ Ny
10.4 - > c—=¢C
Ho/Lindlar Catalyst yd AN
R
Lindlar Catalyst = Pd that has been "poisoned" (deactivated) by mixing with CaCOs3, quinoline and lead acetate
NaP (sodium metal) H R
105 R—Cc=—=c—R NH;3 ( (liquid amonla)' \C C/
R/ H
Na/NH; is commonly confused with the strong base NaNH,, (in which Na* is acting as a spectator counterion)
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Synth Transf 10.6: Oxidation of 1° Alcohol to an Aldehyde

Appendix: Synthetic Transformations 491

Synth Transf 10.7: Oxidation of 2° Alcohol to a Ketone

/H PCC

o 0

(pyridinium
| chlorochromate) | |
G — c
R \\H SN
H
1° alcohol (R = alkyl) aldehyde

KMnO4

/ H or

O Na,Cr,0-/acid/water O

| or |

c CrOj/acid/water c

PasN >
R \ R R/ \R
H ketone
2° alcohol (R = alkyl)

Synth Transf 10.8: Oxidation of 1° Alcohol to a CA

OH KMnO4
| or 0
Na,Cr,O-/acid/water | |
¢ or
R/ \\H CrOg/acid/water /C\
H > R OH
1° alcohol (R = alkyl) carboxylic acid

Synthetic Transformation 10.10: Cleavage of a

1) 0s0, 4

~

Synth Transf 10.9: Syn Addition of 2 OH Groups

S H

a cold, dilute KMnOy, solution, followed by KOH ;g
can be used in place of the highly toxic OsO,4

OH

o

2) Hy0, or NaHSO3

OH

C=C Double Bond using Ozone (Ozonalysis)

Rs
1) ozone (O3)

2) Zn, acetic acid

R, R;
N _/
> c—o o—Cc
/ \
R) H

Synthetic Transformation 10.11: Cleavage of a C

=C Double Bond using Permanganate (MnOs~)

R1 R3 R R3
. / \H 2) Hy® H,0 \
2 R, OH

Synthetic Transformation 11.1: Markovnikov Addition of H and X (X = CI, Br, or I)

one molar equivalent X H more (excess) X H
HX \ / HX \ /
R—C=—=cC—H > c=—c¢ > X~ (¢
dark, cold / \ dark, cold / \\
no peroxides R H no peroxides R H
vinyl halide . o
geminal dihalide
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492  Appendix: Synthetic Transformations

Synthetic Transformation 11.2: Addition of Xz (X = Cl or Br)

one molar equivalent X

X N \

/

C—=cC

more (excess)

R
/ X2

\

X

trans = major product

X R
\x
R X

Synth Transf 11.3: Markov. Addition of H.0 to an Alkyne

Synth Transf 11.4: anti-Markov. Add’'n of H20 to Alkyne

Hzo o H2
' 1) BH3, THF
R = H ';253%47 “ = )—3’ R/C\C/H
R CHs NaOH, H,O
e}
Synth Transf 11.5: Deprotonation of an Alkyne Synth Transf 11.6: Hydrolysis of a Nitrile
0
NaNH2 HZO, H2804
R—C=—C—H —>» R—C==C R—C=——N > ||
acetylide anion c
R o
Synthetic Transformations 13.1-3: Halogenation of an Alcohol
H, H—X H, 13.2 H, socl, Ha
131 | R—C—OH ——> R—C —X R—C —OH —% » R—~C —X
H.0 13.3 PBrs
2

Synthetic Transformations 13.4a-d: Examples of Synthetic Uses of Sn2 Reactions

H

2 any nucleophile in Table 13.2 H,
13.4a| R—C —LG > R——C —Nuc
LG =Cl, Br, l or OTs
H, NaOH or KOH H,
13.4b| R—C —LG - R—C —OH

LG =Cl, Br, | or OTs

H

2
13.4c | R—C —LG

Na metal (Na°) + alcohol (ROH) = NaOR

LG =Cl, Br, l or OTs

13.4d NaNH,

\J

(2 Na®+ 2 ROH -> 2Na* + 2RO~ +1 Hy)

H>
R——C —LG

R—C=—C—H >
(strong base)

H>
R——C —OR

H;

> R—C—=C——C —R
LG =Cl, Br, | or OTs
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Synthetic Transformation 14.1: Alkyl Halide (R—X) or Tosylate (R—OTs) to Alkene (via E1)

R H
| | weak base

R——C—C—R

ethanol (or other polar protic solvent)

R
(usually the solvent) |

H

R——C——C—R

g

(works with any
good leaving
group, e.g. OTs)

H
X on 2° or 3°, allylic or benzylic

heat
both E and Z when
stereoisomers are possible

Synthetic Transformation 14.2: 20 or 3¢, Allylic or Benzylic Alcohol to Alkene (via E1)

R H

R——C—C—R

acid
(usually H,SO,4 or H3PO,)

R H

R——C——C—R

OH H

OH on 2° or 3°, allylic or benzylic

heat

both E and Z when
stereoisomers are possible

Synthetic Transformation 15.1: Radical Clorination of an Alkane

R R R cl
Cly \ /
/CH—R light (hv) CH—R /C—R HCI
CHs "hv" = common symbol for light cl CH, CHs
Synthetic Transformation 15.2: Radical Bromination of an Alkane
R R Br Br A
a reagent that
\CH—R . Bra \C/ R o) N O generates Br radicals,
light (hv) -~ / HBr v the active species in a
CH or NBS (N-bromosuccinimide) CH radical bromination
3 and heat () or light (hv) 3 N-bromosuccinimide
Synthetic Transformation 16.1: Lithium or Grignard Reagent from an Alkyl Halide
posmoossiEooToooooos y R=alkylorH X=Cl, Br,orl possomsiEoTTooooooos y
i | LiX 1 | i | i
i ) i 2 Li metal Mg metal i i
i R——C—Li | ————— R—C——X ———» R—C——MgX 1
! ! diethyl ether diethyl ether ! !
! ! (solvent) (solvent) ! !
i R i R i R i
i think of it as a salt... i i think of it as a salt... i
1 1 1 1
Tk o i
i ® i i | ® i
I R C: L | Mg2* O] I R c: MgX |
i | i x| = MgX i | i
1 1 1 1
i R i i R i
LR H L H
Lithium Reagent pronounced "green-yard" [ Grignard Reagent
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Synthetic Transformation 16.2: Reaction of a Lithium or Grignard Reagent as a Base

R HOR (alcohol) R
| o |
R—(|:—z Z=Li or MgBr HOH (water) R R—(|:—H
R =H or alkyl R R ©0R or ©0H
Synthetic Transformation 16.3: Replacement of a Halogen with a Deuterium
T T
R C X Li or Mg metal N D,0 R R C D 90D
B | diethyl ether B B |
R =H or alkyl R (solvent) R

Synthetic Transformations 16.4 and 16.5: Alcohol or Ether from an Aldehyde or Ketone

ﬁ RsC—2 OH
Z=Li or MgX H;0*/H,0 (dilute acid
16.4 PN . ( i R——C——CR;
R' R' diethyl ether |
R =H or alkyl (solvent) R'
R.C—Z H, O—CH,R"
ﬁ : R'—C —X | 2
Z=Li or MgX 1° alkyl halide .
16.5 c 9 (1 alky ) R——C——CR;
N diethyl ether
R R
R =H or alkyl (solvent) R'
Synthetic Transformation 16.6: Reduction of an Aldehyde or Ketone to an Alcohol
O ® OH
R = H or alkyl || LiAIH, or NaBH, HsO H,O (dilute acid) |
o > > C
R/ \R R/ \\R
aldehyde or ketone H  alcohol

Synthetic Transformation 16.7: Lithium Dialkyl Cuprate Reagent from an Alkyl Halide

___________________________ =
R R 2Lix i !
4 Li metal _ Cul i _ i
2 R—C—X —m8— 2R—C—Li ——» 1 R—C—Culi-C—R
X=Cl, Br, or | . | !
R R=alkylorH R L'Ii R R i
i think of it as a sall... i
i R R i
] |
| o o | |
Note: only one of the original two molecules becomes H R ce CuLi—C R i
nucleophilic. The other is hoplessly stuck to the CulLi i ° i
and becomes part of the counterion. i | | i
: R R i
g g g 4
Lithium Dialkyl Cuprate
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Synthetic Transformation 16.8: Reduction of a Nitro Group to an Amine

R——NO,

zinc metal/mercury metal amalgum = "Zn(Hg)"
HCI

R——NH,

Synthetic Transformations 19.1-19.6: Reagents for EAS

495

Synth. . +
Reactant Transf. Electrophile (E") Reagents Product(s)
D
19.1 D* Any deuterated | N
' strong acid PN
z
® N0z
19.2 O—N—0O H,S04 and HNO; @
o0 (1] = Z
ﬁ anhydrous sulfuric | X SO:H
19.3 ® acid (H,SO, with _
S
| N " X no water) \
PN ® ® Br, and FeBr; X B X
z 19.4 B Or ¢ or | \ |
benzene Cl, and FeCl;
when Z =H R
195 R® R-X, AlXs | o R = alkyl grou
' (X=ClorBr) /\\ ylgrotp
I
1]
® _C._ AlXg A
19.6 C R X R |
(X =ClorBr) \ R= aIkyI group

Synthetic Transformation 19.7: Reduction of a Benzyl Carbonyl

(@)
X
\C/

R

H,/Pd

H,C

or
Zn(Hg)
HCI

_R

Note that Zn(Hg)/HCI has no effect on
ordinary C=C r bonds.
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Synthetic Transformation 21.1: NAS (Nucelophilic Aromatic Substitution)

X Nuc
= | Nuc@ = |
XX XX

Z Z

under normal condition there must be at least one EWG ortho or para to leaving group
(Certain conditions do not require an EWG. See Synth. Transf's 21.2 & 21.3 in Exercises)

X=F,Cl,Brorl

@
Z = Strong EWG, e.g. NO,, carbonyl, or NR;
Nuc= PoH ©0R or RyN

Synthetic Transformations 21.2 and 21.3: Benzyne Reactions

NaOH
D as00c X NaNH, NH,
21.2 2) dilute acid 21.3 NH; (liquid)
X=Cl,Brorl X =Cl, Brorl
Synthetic Transformations 22.1-22.3: Changing an o/p to a m Director, or Vice Versa
_ NO, Zn(Hg), HCI (reduction) N NH,
Synthetic 221 >
Transformations
22.1-22.2
H,, Pd (reduction)
22.2 -
R R =H or alkyl
_ \ R Oy__-OH
Synthetic H—C C
Transformation o
22.3 KMnO,, H,O (oxidation)
22.3
Synthetic Transformations 22.4 and 22.5: Acylation and de-Acylation of Anilines
O
acyl group I
O o . .. _C
NHz TR : HNT CH,
_C j/c\ ' Jhﬁ nllechanism‘s of
] . oth these reactions
H3C O . _C_I-j3_,= NaOH(aQ) will be covered in
the next
@ 22.4 22 S ChemActivity.
Problems: N .
f Z (a non-nucleophilic ﬁ
rll]-L(I:ItIcI;Jcl)?q'tEvAvirk pyridine  weak base) single EAS likely at para position

(Friedel-Crafts reactions ok)

Copyright © Houghton Mifflin Harcourt Company. All rights reserved.



Appendix: Synthetic Transformations 497

Synthetic Transformations 22.6 (and 19.3): Sulfonation and de-Sulfonation of Aromatic Rings

Synthetic Transformation 22.7: Complete Reduction of Benzene

24} H,/Pt at 130 atm pA)
or . .
Zy . Z, note that if Z contains
Ho/Rh (rhodium metal) reducible functional groups
> they too will be reduced
Z =any group all H's added to same side of the ring!

Synthetic Transformation 23.1: Hydrate Formation

H
% 1o .o
%) (catalyst) 0
!! os H N H |
H C/ \ H H <N H — C—_*”
3 . . 7~
aldehyde (alternatively, hydroxide HsC \ hydrate

can be used as a catalyst) H

Synthetic Transformation 23.2: Cyanohydrin Formation

(ﬁ HC=N (|3H
O
= talyst
R/C\R C=N (catalyst) R R/C\\R
aldehyde hvdri
or unhindered ketone Cyanonydrin

Synthetic Transformation 23.3: Acid Halide Reaction (Nucleophilic Acyl Substitution)

X =ClorBr
e ONuc (e.0. HS® RPN, RzNe, R3Ce, HO, etc.) 0
R=Horalkyl || or [I o
Cc - C X
R X H—Nuc (e.9. H,0, ROH, NR3) R™ Nuc
acid halide With neutral nucleophiles a non-nucleophilic
base such as pyridine must be used

Synthetic Transformation 23.4: Preparation of Acid Halides from Carboxylic Acids

(ﬁ SOClI, (thionyl chloride) X = Cl o
or I
c hosphorus tribromide = C
R on PBrs (phosp ) X=Br_ Oy
carboxylic acid acid halide
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Synthetic Transformation 23.5: Imine Formation

o R'=H or alkyl R'\N
R'—NH, I
(NH3 or primary amine)

R=H
or alkyl I

o
R” R

aldehyde or ketone

H* (acid catalyst)

Synthetic Transformation 23.6: Enamine Formation

R' R'
R=H ﬁ R’ = alkyl (not H) NS
or alkyl R R'—NH (secondary
CH \ amine)
| R |
R

aldehyde or ketone

~
R/

H* (acid catalyst
( ys) enamine

Synthetic Transformation 23.7: Hemiacetal and Acetal Formation

(0]
ﬂ
R” R
aldehyde
or ketone
R =H or alkyl

OH
e !
(acid catalyst) R~ \\OR'
—_— R

2nd molar egivalent of OR'
R'—OH C|Z
~ '
rR”\ OR
R

acetal
("full acetal")

R' = alkyl (not H)

R'—OH

H* (acid catalyst)

adding excess alcohol
(R'-OH) drives the
reaction to the right

hemiacetal
("half-acetal")

H H
\O/

removing
water drives
the reaction
to the right

Synthetic Transformation 23.8: Protection of a Carbonyl Against Nucleophiles

aldehyde or ketone

H@

(catalyst) 0

0
)J\ / \
R R HO OH

X

ethylene glycol R

R =H or alkyl (ethane-1,2-diol) i tal
cyclic acetal

(no reaction with nucleophiles)

Synthetic Transformation 23.9: Williamson Ether Synthesis

NaH

—_—

R'—X
R—COH

alcohol

(X=Cl,Br,orl)
ether

Synthetic Transformation 23.10: 1,4-Addition to an a,,3-Unsaturated Carbonyl

R,C

R

r

© o
1) Nuc Nuc_ = N®, Rs®, and & nucleophiles

Nuc

0
| 2)Diute acid (") I EXCEPT...

©

C
\C/ ~q

—————— R,C C

\R

R =H or alkyl H

Grignards, lithium reagents, and RC—C
(which all undergo 1,2-addition instead of 1,4-addition)

Note that LiR,Cu reagents undergo 1,4-addition
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Synthetic Transformation 23.11: 1,4-Addition of an Amine to an a,B-Unsaturated Carbonyl

R =H or alkyl o H®
|| RoNH
R,C C -
\C/ \R Note that other neutral nucleophiles (e.g. H,O) can
R undergo this reaction, but like the "hydrate" in Model 2,
the equilibrium favors the starting material

NR, T

R,C C
\CR/ \R

H

Synthetic Transformations 23.12 and 23.13: Wolff-Kishner and Wittig Reactions

9 HoNNH,
23.12 | | (hydrazine) H
Wolff-Kishner| o - c
Reaction PN KOH PN
R R R R
R =H or alkyl
R
2313 (H:z 1) : PPhy \ R R
. triphenylphosphi C=0
Witti / \ (triphenylphosp |r:) @H / /
poes R o _Ne R c==ch
Reaction methylor primary — 2) NN R PPh
alkyl halide is best L 3 R=Horalkyl
R' = H or alkyl (butyllithium) "Ylide" — R

Synthetic Transformation 24.1: Reduction of Carboxylic Acid Derivatives with Hydride

499

Y = H (aldehyde)” 0 *will react with H,
Y = Cl or Br (acid halide) * . (ll 1) LiAlH, o NaBH, _C primary
Y = OCOR (acid anhydride) N R OH  alcohol

0 R Y 2 H.0®
Y = OH (carboxylic acid) ) Hs
Y = OR' (ester) 0] OH

cetone™ | 1) LIAIH, or NaBH, C|H Szﬁggg;ry
R/ \R 2 H3O® R/ \R
i
. 1) LiAlH, H,
amide :
C C amine
~
R ONR, 2) H;0® R” NR,
Synthetic Transformation 24.2: Acid-Catalyzed Ester Synthesis

0 0

|| excess H@ || H,0

C H R—OH C R' .

R/ \O/ acidic R/ \O/ bgrlll\llr:eg ?efzficv;’i%tr? '
carboxylic acid alcohol conditions ester to the right

Synthetic Transformation 24.3: Acid-Catalyzed Synthesis of a CA from an Ester

(0]
SN~ 2 _— I~
R O acidic R 9)
ester conditions

carboxylic acid

R'—OH

removal of
alcohol drives
reaction to right
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Synthetic Transformation 24.4: Ester Saponification (Base-Catalyzed CA Synthesis)

o] o R—OH ® O
ll: - excess KOH (|l H |C|Z H
N~ H,O e SN O removal of . I~
R (0] 2 saponification R (@) alcohol drives acidify R O
ester carboxylate reaction to right carboxylic acid

Synthetic Transformation 24.5: Trans-Esterification

? excess H®  (acid catalyzed) ? R'—OH
/C\ /R' R*—OCH o /C\ /R" removal of
R (0) ) R 9) alcohol drives

ester A R"—ONa (base catalyzed) ester B reaction to right

Synthetic Transformation 24.6: Acid- or Base-Catalyzed Hydrolysis of an Amide

Q  R=Horalkyl H®  (acid catalyzed) o H
/C\ /R excess or /|C|:\ /H /NZ\
R N H,O 1) ©0H (base catalyzed) R (0} R™® 'R

amide R 2) neutralize with dilute acid carboxylic acid

Synth. Transf. 24.7: Grignard/Lithium Rgnt + CO: Synth. Transf. 24.8: Grignard/Lithium Rgnt + Nitrile

@ o]
R—MgBr —— O H NH
or 1) (e} C (o] ” R—C=N R'_MQBI’ HZO g 3

Synthetic Transformation 24.9: Formation of an Ester from a 1° Alkyl Halide

(@) R O
IR [ x e
H,C—X —_— X
R/ \O@ 2 R/ \O/ \R‘
carboxylate 1° alkyl halide ester
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Synthetic Transformations 24.10-24.17: Reactions of Acid Halides and Anhydrides

1R'Li or R MgBr
0 . o Y _ Mg OH
o R'Li or R'MgBr 2) dilute acid R
R" =H or alkyl 24.14 16.4
R OR' R R' R R'
e 3s)
R NR", C . e o<
. 24.13| R'OH
2412 2 pyridine 1) LiAlH,
N T NN eSS e ) or
0 H,0 0 - : | NaBH, OH
)J\ pyréine )J\ LiAH, o NaBH, | |2) dilute acid ’
R OH 2411 R X 24.17 'R H 16.6 H
\w“// or 24.10 0 even with 1 equiv. of hydride, it
- (0] (o) )I\ is difficult to isolate the aldehyde
SOCl, © (unless you use a special
or )k )J\ P R o reducing agent such as DIBAH)
PBr3 R 0] R
Synthetic Transformation 25.1: Base-Promoted a-Alkylation of Carbonyl Compounds
O O (6]
|| || & ||
ROy Base RO R X ROy
e e.g. LDA <y methyl or primary H |
_ alkyl halide
H Y =alkylor OR enolate y HZC\R'
Synthetic Transformation 25.2: Acid-Catalyzed a-Halogentation of Carbonyl Compounds
Y =H, X, or alkyl o) X—X o}
I x=cl B I
RO Ry
/\ acetic acid H/ |
H H X
Synthetic Transformation 25.3: Malonic Ester Synthesis of Carboxylic Acids
o) o) o) o] o) o) o)
I Il U NaOR I I H,0, HyO* I I heat I
rRO” N ok rRO” e ok o™ > e o o~ e co,
/ N\ 2) R'CH,—X / N / N / N
H (primary alkyl halide) R./CHZ H R./CHZ H R,/CHZ H
Synthetic Transformation 25.4: Haloform Reaction (and lodoform Test for Methyl Ketones)
% o}
& NaOH/X, I When X = I, the product (I5CH) is a yellow
H3C/ R _— ©,.-C< X3CH precipitate. This can be used as an analytical
o R halof test for the presence of a methyl ketone.
methyl ketone aloform
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Synthetic Transformation 25.5: a-Bromination of Carboxylic Acids (Hell-Vollhard-Zelinsky)

o 1 Px; or SOCI, Q Q
R C 2 or R _C H,0 R .C
¢ oH ) Br, NBS CH X — CH  ~OH
H, | |
Br Br
Synthetic Transformations 26.1 and 26.2: Base-Catalyzed Aldol Reactions
|C|) o OH (6]
R /c OH | (|:| LOW TEMP. rxn
catalyst \ // N TNy stops
H2 _— b / \ at the aldol.
low Temp. 2 H
(note that the Z stereoisomer is also likely to form)
o H (0]
o ﬂ Son (|3H O| © on | [
R C C
\(H:/ \H catalyst \ // \ /C\ catalyst \c - \C - \H
2 .
high Temp. H high Temp. Hy
9 P 2 H / \ "dehydration" FL H,O
aldehyde aldol a,B-unsaturated aldehyde
Synthetic Transformations 26.3: Acid-Catalyzed Aldol Reaction
(0] ® H o
R (|:| acid l<-:Iatalyst R l ﬂ o
\C P \H _ \C e \ N
/ \ / | (note E and Z stereoisomers
H H H H are likely to form)

Synthetic Transformation 26.4: Claisen Reaction

] I ] ﬁ
. S S
R C R ,
N OR OR
/c\/ ~o~ R\C/C\C/C\ _R \C CEC _C _R
H
Part A H/\ /\ Part B /\ \
H ' H
HOR
HOR Claisen Product
Synthetic Transformation 26.5: Michael Reaction
donor acoepior " Jianate acoeptors
CH, here is best (1° carbon) 7 X0
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Synthetic Transformation 27.1: Gabriel Synthesis of Primary (1°) Amines

0
KOH N
—_— N:
heat
(aC|d catalyst)

2 H,O O (@]
anyl Br—R
aIkyI

@]
halide O
Named for Prof. OH
Sigmund Gabriel HoN <— ‘N—R
(1851-1924) OH R
Univ. of Berlin
@)

Synthetic Transformations 27.2-27.4: Synthesis of Amines via Reduction of Amides, Aldehydes, Ketones or Nitriles

o LiAIH,
27.2 )J\ R' .o R
R NT R™ N7 1° or 2° amine
H R'=alkyl or H H
amide
o o R R H, Hoi R
)I\ HoN | metal catalyst
27.3 R R -
R'=alkyl or H R R R R
aldehyde or ketone imine 19 or 2° amine
LiAIH,, .
_ or ~NHy o
274 | R—C=N! ————  » R—C 1° amine
nitrile  Hz/metal catalyst Ha
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