Typical First Year Organic Reactions Beauchamp 1

Organic Reactions Summary
For Use as a Study Guide

Beauchamp
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Typical First Year Organic Reactions Beauchamp 2

Important acid/base reactions used in the examples below. Write out every one of these easy mechanisms.

-5
K = 10 — ll:]+ll

52 = 12 at Me, 1° and 2° RX

Acid Rase MNew Base Comments
sodium hydroxide ,
: ® O ' .
0} 5 Na© "p—H 5 0} ® 5
|| KRCO H=} ” Ma i Carhoxylates are good
¢ H I : ¢ : iles
R \0/ ; 4 K Hy () ! R \Oe ; nucleophiles,

H,
ketones / aldehydes

_ 1020 7

€q 1(]-37

ketone enolates

at 3°RX,

carboxylic acids 4 qqrle carhoxylates
sodium hvdride )
' ® : '
' M eH ! .
i > : H, N-1® ralkoxides are (K nucleophiles,
2 : K, iROH} : C ‘ 16,2 = 152 at Me and 1° RX, and
C H ' = —a ! o R il il , &
R \0/ 4 K iH} R \0 strong bases, 1°2 = $,2 at 2°
: 1(]-17 — ] : :; 30
;1]00[]0]5 . €q = F - 1U+lh H 'd”(O:\'.ideS ' lnd FRX.
sodium hydroxide .
E N o : E
H ; » ' H, Na@ ' thiolates are good nucleophiles,
C2 H _ _Ky(RSH) /c\ o ' S\2 > E2 at Me, 1° and 2° RX,
R g f M Ky(H0) 5 R S 1 and strong bases, E2 > Sy2 at
: _ 10 _ ;g8 : . 1 30RX.
thiols DT 10 thiolates
sodium amide )
: ® : :
' Na @NRZ ' '
> ! o ' terminal acetylides are Tk
R—{=—=0C—H = h;atR('('Hl R— = N:a®  nucleophiles, Sx2 > 12 at Me and
: 1 KHNR : P10 RX, and strong bases, 112> 8,2
: 10 ! at 2° and 3°RX
terminal alkynes eq 1037 =10 . terminal acetylides ' it 2 and 3 ’
H n-butyl lithium .
: @ : ® :
1 Li en-Bu ! o) Li ' .
N » ' N : LDA is a very strong base that
5 _ Ka(HNRy) !s allso very stericalbly hi_ndered,
eq K,(H-C4Ho) : it always acts as a base in our
diisopropylamine : %7 1050 * LDA = lithium diisopropylamide
1.DA = lithium diisopropylamide
o : Na Ong, ! 0 :
|| - ' ” » enolates are pood nucleophiles,
¢ H : K (RCOUH;} : ‘. o 15,2 132 at Me, 1°and 2° RX
N : = ——— ! ~.. ® RS , ,
R C ! K HNR) R/ CH, Na vand strong bases, 152 = 8.2
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Typical First Year Organic Reactions

LDA = lithium diisopropylamide

Beauchamp

: @ : :
0 : Na eNR2 : o : _
|| : - ; || r enolates are good nucleophiles,
R C H : _ K4ROCOCH;) ! R C. o ! Sy2 > E2 at Me, 1° and 2° RX,
So T L Kea™ K (HNR) o7 e, Na  and strong bases, E2 > Sy2
R 5 _10% e at 3°RX.
esters ; Keq = 107 1 ester enolates ;
LDA = lithium diisopropylamide
! ® o : :
0O ' 2egs. Na ~NR, ' ® 0O !
|| ! - ! Na || renolates are good nucleophiles,
H C H : _ K(POCCH) | g _C_ © nN&  Sn2>E2atMe, 1°and 2°RX,
\O/ \C/ Keq = Ka(HNRy) o/ \CHR2 and strong bases, E2 > Sy 2
Rz E _ 0% _ o {at 3°RX.
carboxylic acids : = 109 - 10 acid dianion :
LDA = lithium diisopropylamide
; ® : :
; 2egs. Na eNR2 ® :
N ' - ' N Na ' enolates are good nucleophiles,
X . : :
\C\ H A Ky(©0,CCHy) ! \\c\ o 1 S\2 > E2 at Me, 1° and 2° RX,
% : e~ K, (HNR,) 5 CR, +and strong bases, E2 > Sy 2
2 ‘ -30 : 1at 3°RX.
nitriles : Keq = 10 = 107 ' nitrile enolate ; AIRX
! 10°% ; :
n-butyl lithium ,
l (C) : :
H E 1.1 en-I%u ! H
R ; > R « n-buty1 lithium removes proton
>J'\® x = Mjphﬁ \LQ c) I‘rom-Wittig salt and m':kpes i
R PPhy ' KatH-C4Ho} R/ ™~ PPh;, zood nucleophile at ketones and
Wittia salt = vid : _ 103 _ 117 ; + aldebydes, forming alkenes.
= . ' T ' betaine '
n-butyl lithium .
' @ ' '
T Li en-Bu : :
R i R. © « n-butyl lithium removes proton
\C Xe ! — Ka(HCR,SPhy) ™~ + from sulfur salt and makes a
® Ke . CL ® :
R \Sph2 : 9 Ky(H-C4Ho) ; ™ + good nucleophile at ketones and
E _ 0% _ a7 2 : aldehydes, forming epoxides.
sulfur salt = ylid Keg = 1090 betaine :
n-buty! lithium removes proton
from dithiane and makes a
, n-butyl lithium . good nucleophile at all of our
m L& © -Bu : m : electrophiles. It can react once
' > ' or twice in Sy2 reactions.
Kz(dithiane) i * Sulfur acetal forms carbonyl
S S ' K. = _aﬁ_ 1 S S '
N : 4 Ky(H-C4Hy) N : group after hydrolysis using
H/ ~ K- 1033 _ 10417 H/ © Li i Hg*2. Makes aldehydes and
dithiane e qg50 ' dithiane carbanion

+ ketones.
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Typical First Year Organic Reactions Beauchamp 4
Arrow-Pushing schemes for the above reactions
. . @
(|:|) N:? . |C|) . ® Na ®
e.. Na RIS H, © H, Na
C\&\ Hf\ O—H /c\ O /C\Q\/HK\:H O H
R O S H H R ..O.. —_— R ..O..@ H/
carboxylic amds sodium hydoxide carboxylates alcohols sodium hydride alkoxides
@ H @ S]
Na @ e Na *
H2 o H2 Na YA /C VA \e /C @
i g NPy C © c” *NR L
R \s/ = - NS N R e, R
thiols sodium hydoxide thiolates terminal alkynes sodium amide terminal acetylides
T/‘\ i o ® ﬁ Na :ﬁ.
( .o H2 O'N'. 1<)
N H,C__C VRS
- C H :NR ©
Cc CH g\ e 2
\r © H, 3 \r Y R e . / “cH, Na
— LDA H, LDA
diisopropylamine ~ N-butyl lithium lithium diisopropylamide ketones / aldehydes ketone enolates
: 0" ® ‘0" 2eqs.® ® ‘0"
|| I~ Na || Na y M I\ H/\@ Na Na || ©
\ o \D : *NR, N N o7 >N INR, 0 N N
Rz —_— .0, .CR, e R, — . . SoR2
esters LDA ester enolates carboxylic acids LDA acid dianion
Na ® “NeL N&
% H k\@ Na \R \ ) \ /C\ S_. : .
Rz NR, CR, S .
g Li®
nitriles itri
LDA nitrile enolate dlthlaﬂe - butyl lithium dithiane carbanion
©) @
15 s R._© |> e mH RO
> 3@ E N O e > C HCCugyy > o
PPhs H, 3 / \PPh3 SPh, H, SPh,
Wittig salt = ylid n-butyl lithium betaine sulfur salt = ylid n-butyl lithium betaine
Organometallics used in our course (Mg, Li and Cu)
e o . . . © ©
Br . I ®
S ® : Br H . - S
R/\\_/ Li — RG !, . R'\/‘ Li BI’(‘B R< Li
i Li organolithium
h Li g
bromohydrocarbons discard reagents
..Br-. . S .-B . .. 0 e 42 e <)
. ° r e . o M .
R Mo —e BT GBe | mawgT
\) e @ \/ e« @ [e) )
bromohydrocarbons Mg Mg R+ (MgBr)
Grignard reagents
(organomagnesium reagents)
.. © .
c® g —— reacts with RBr (Sy2)
-t /CU S) /R . . .
o —> R ©/ o — /Cu ® — > reacts with acid chlorides
- RY Li R {
R/ Li Li —> reacts with a,B-unsaturated C=0

dialkyl cuprates
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Typical First Year Organic Reactions Beauchamp 5

Sn2 versus E2 choices at 2°RX.

At secondary RX (X=OTs, I, Br, Cl) S\2 and E2 products are in close competition with each other. Anions whose
conjugate acids have higher pK,’s (stronger bases have weaker acids) generally produce more E2 relative to Sy2. The
examples that we will emphasize at 2°RX centers are carboxlyates (Sy2 > E2) vs hydroxide and alkoxides

(E2 > SN2), and cyanide (Sy2 > E2) vs terminal acetylides (E2 > Sy2), azide (Sn2 > E2) vs dialkylamides

(E2 > Sn2) and metal hydrides (Sn2 > E2) vs simple hydride (E2 > Sy2). Higher basicity and steric hindrance in
either RX or the electron pair donor also favors E2 > Sy2.

The following examples show similar looking base/nucleophiles (used in our course) that react differently with 2°RX
structures. (They all react by Sy2 at methyl and 1°RX and they all react by E2 at 3°RX.) It is the reactions at 2° RX
centers that are ambiguous.

2° RX structures are the most ambiguous.

Less basic, so Sy2 > E2. | More basic, so E2 > S\2. Less basic, so Sy2 > E2. i Morebasic, so E2> Sy2.
] '.O. 1
A NI P I
‘N=C: ' —C—=C: : A .
R 0. .
cyanide ] terminal acetylides carboxylates ¢ hydroxide and alkoxides
pK, of conjugate acid = 9 pK, of conjugate acid = 25 pK, of conjugate acid = 5 pK, of conjugate acid = 16-19
Less basic, so Sy2 >E2. ! More basic, so E2 > Sy2. Less basic, so Sy2 >E2.  : Morebasic, so E2> S\2.
: ® Ho® °© e
o ' o ® o | Na Li ! H: Na
N. : Na S ;
© =z ; N H—B—H H—AI—H ! © e
© N ® R R : H: K
o Na H . _H hydrides
! sodium borohydride ! K. of coniugate acid = 37
azide ' dialkyl amides lithium aluminum hydride PK, OF conjugate acid =
pK, of conjugate acid =5 : PK, of conjugate acid = 37 pK, of conjugate acid=?
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Typical First Year Organic Reactions Beauchamp 6

Making RBr from alkane and alkene hydrocarbons and alcohols

a. RBr from alkanes - mechanism using Br, / hv for free radical substitution of alkane sp® C-H bonds to form sp®
C-Br bonds at the weakest C-H bond.

overall reaction ‘Br:
gz : ér .E;r : hv H B
. - . R —Br:
I Pt o CH B
H,C CHs H3C/ \CH3
1. initiation (\ﬂ
: 'E;r—i?;r : ﬂ» : .Br° °I.3.r: AH = 46 kcal/mole
......... weakest bond ruptures first
2a propagation
H H H BE = +95 kcal/mole™
\ / ,/\ .. \ . BE = -88 kcal/mole
XY ‘Br: — o H—Br:
PN . PN . AH = +7 kcal/mole
H,C CHj HsC CHs (overall) AH=-15

BE = +46 kcal/mole > both steps

2b propagation o
H\ N\ ﬂ H\ /Br-' . BE = -68 kcal/mole
. AN s
C PBr—Br: ——s PN - AH = -22 kcal/mole
H3C/ \CH3 HsC CHjs (overall) )
3. termination = combination of two free radicals - relatively rare because free radicals are at low concentrations
H\ /_\‘ //\ . H °°Br:.
P o — \C/ keal/mol
o AH = -68 kcal/mole

H3C CH3 H3C/ \CH3

H |CH3

S

/\C\ /C/\ HSC\CH/CH\CH AH = -80 kcal/mole

H3C CHs HsC CHg | 8
CH;, very minor product
Example reactions
Bry/h
CH, 2V H,C—Br .
achiral
e Brz_th, /\Br achiral

enantiomers
(Rand S)

)Br\/
Brz—/hV, )<3r achiral
y

Brz /hv

can do E2 twice,

2Bry/hv to make alkynes

PN —
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Typical First Year Organic Reactions Beauchamp 7

Br
Bry/hv allylic substitution
/\ X

b. RBr from alkenes (anti-Markovnikov addition of HBr using free radical chemistry): mechanism using HBr /

ROOR / hv for free radical addition to alkane pi bonds (anti-Markovnikov addition = Br adds to less substituted
position to form most stable free radical intermediate, and then H adds to more substituted position)

HBr H,
overall reaction E R,0, (cat.) /C\ _Br
SN T HaC C
H3C CH2 H2
1. initiation (two steps) (\
~ . -
\,.O / R hv R\o' ,O\R AH = 40 kcal/mole
(cat.) e
/\ [\ /) . BE = +88 kcal/mole
H—Br R\ _ H Br . BE =-111 kcal/mole
e reagent O 8H = -23 kealimole
2a propagation H
H
C . BE = +63 kcal/mole
H C/ \g\v [\ “Br: —_— . o BE = -68 kcal/mole
3 2 o /C\ _Br,
HsC ﬁz AH = -5 kcal/mole

2b propagation
| /\ F\ /) Hy . .. ~BE=+88kcal/mole | AH=-15

: . . l .gr: BE=-98 kcal/mole
I H—Br: —> H,C C - both steps
H> AH = -10 kcal/mole | (2a+ 2b)

3. termination = combination of two free radicals - relatively rare because free radicals are at low concentrations

/\‘f\ \/

/ \ B _C \ /Br AH = -68 kcal/mole
HsC HsC
HZ H2
CH,
/_\1/_\ / 22 C|H AH =-80 kcal/mole
—_— ~ Br =-
Br e / ch NG B eH ¢
H H3C C | H2
2 H, _
CH; very minor products
Example reactions
H-Br/ hv B _
/\ ROOR (cat.) P achiral
—_—

Brz / hV
ROOR (cat.)
- . Br achiral
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Typical First Year Organic Reactions

Beauchamp 8
Br

X Br,/hv

ROOR (cat.) R/S
- enantiomers
Br
BI’2 / hV

ROOR (cat.) cis and trans
e

c. RBr from alkenes (anti-Markovnikov addition of HBr using borane chemistry):

Br, / CH3O™ for anti-Markovnikov addition of H-Br to alkane pi bonds (concerted, syn addition of H-BH, to alkene pi
bond, followed by complex with Br, and migration of R group to Br)

H,
overall reaction H 1. (BH5) C Br
C N CENC) N
IR 2. Bry, CH30 HsC C
HC™  CH, 2% 3 H,
step 1 R
CHs H\ HsC, H \
L L
He™ “ScH b H,C ChiiH
| | syn addition, with | |
H,C CH, H at more substituted H,C CH,
\c/ position and B at less \c/
H, substituted position. H,
step 2
R
R R
HG, H He H o o G,
/c, B—R //c, ,B/R 14
. . C
HZC/ \Cmn\\H Br—Br: HZC/ \C, Br—Br H2C/ \C’Br
. .o ‘y, '/,/
WD T ) A iy
2 \C/ 2 HZC\C/CHZ HZC\C/CHZ )
H2 HZ H2
¢ H,C—O
R R
HsC, H ©
% 4 \B<R HsC ,H Q\\B/R
CH % .« _-CH
PN e Br Neluil c ® I\O/ 3
H,C . H C/ \C/Br .
7 2 “,
HC|: &y - | i
2 2
\C/ HC_ _CH:
H, ﬁ
2
Example reactions
1L (BH3), o Br ;
P 2. Bry, CH30 N achiral
—_—
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Typical First Year Organic Reactions

Beauchamp

1. (BH3), )
2. Bry, CH30 Br achiral
—_—
Br
\ 1.(BH3), o
2. Brz, CH3O R/S
- enantiomers

=

1. (BHa), Br

2. Br,, CHy0

“
Z
z
2
v

(%) or (dl) enantiomers

d. RBr from alcohols:

i. mechanism using HBr Sy2 at methyl and 1° ROH; Sy1 at 2° and 3° ROH, with possibility of rearrangements

acid H
gz o/\ ! base 22 . /® 5.2 H, H
N ~ T = e (@] N C Br
HsC ﬁ ~ .Br, tBr: Hsc/ \C/ \H —_— HgC/ \C/ . '.O/
2 b . He - \H
H
He— . to . o .
\§ H_ .  acid S Snl H |f > S
~ A F N E
HC Cn Br. base c ¢ — HSC\\/C\ HC %
C|H o L e e, T O\ CH: ) = e ew,
CHs (|;H3 sp2=flat L pottom (|:H S (top)
rearrangement l -
H "Br.
H2 .o H, e \C‘
HsC tBr: HyC @ _C >y
\C/ \CH3 [ \3>C/ \CH3 CH CH,
LBr? , | R (bottom)
CH3 achiral CH3 CH3
Example reactions
o HI SN Sn2
—_—
OH o -
z N
: HCI \)\ R/S
O E—— enantiomers
HBr Snl
E—— achiral

OH

y:\files\classes\Organic Chemistry Tool Chest\Reactions Lists\Org rxns summary, SN-E, C=0, epoxides chem, with mechs.doc



Typical First Year Organic Reactions Beauchamp

10
R 4OH
HBr St
B —— i
Br achiral
S rearrangement
OH cl
HCI Sn2or Syl
achiral
Br
HO H Ve 3
R HaC_ | _C~_ HsC-_ .CH
e /\C. 3 \(lz CH;  ° CH™ “CH,
3V~ ~N
o CH, HBr CH;  major CH3 minor
> achiral R/S
CHy rearrangement enantiomers

CH
\
T “\\\\\ 3 HBr Br T “\\\Br
OH CH

achiral (cis and trans) 3

ii. mechanism using PBrs : Sn2 at methyl and 1° ROH; Sy1 at 2° and 3° ROH, with possibility of
rearrangements

H
/22\ o) Tr - ) gz '%/ Sn2 c: / "
B . N Br
HsC AP Bri” He” \C/\T\PBrz e g
2 B (,.Br ik " .
. PBr,
PBr,

o. ./ H .
H\..O\ l_| IBI’ H\@O l_| Syl H/\CL 3 514

:: _— t/ 3 - H3C \ — C:
H.C C ) H.C c ~ HC .

3 \CH/ \CH3 Br/P\Br., 3 \CH/ \CH3 (|: ® CH3 N R CH3
| | ) CH3 ) adds to CHs

CH, CH; Br both faces RN
rearrangement l g SB N

H, H H,;C c
.y 2 3 \ / \

H3C C . -e H @ C CH CH3
~c \CHg “Br: 3C\c/ cH °
/ - ’
Br | achiral | o
CH3 CH3
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Typical First Year Organic Reactions

Beauchamp 11
Example reactions
/\OH P/l, = Ply /\I S\2
B —
OH Cl
2 SN2
\/\ PCl, R/S
_— enantiomers
/}\ PBr; /}\ Sl
OH —_— Br achiral
R OH
PBr, Sl
—_— .
Br achiral
S rearrangement
OH Cl
PCl3 Sy2 or Syl
achiral
Br
HO H E|3r 22 S
5 HC | - H,C .CH
e \cj UC7TCH;  PTCHT CH,
3 3 CHs major CH3 minor
| Sl achiral R/S
CHs N rearrangement enantiomers
\\\\\CH3
CH (111 N\
R ]
M o PBr; B i ‘\\\\Bl'
OH CH
Sni achiral (cis and trans) 3

iii. mechanism using SOBr;, Sy2 at methyl and 1° ROH; Sy1 at 2° and 3° ROH, with possibility of rearrangements

e o .',bi:)/'ér';
H, .
OO I —_— H, ® /9\?7
H3C C H S\ . C '.O s .
H, terr” " B, N O
Br. RK HaC C H
H;

N Q. o

\\s'° H 3 \\s°° "\ D

o// \Br ® O//‘7 . B.r. :@ B E—— (\/S\B}..

. .. \Hk/.c O\H .

._o\\
® S..\ o
22 O/ Br.
SN0
H,C C
3 Hz\} H
Br:° l Su2
H;
c Br
H3C/ \C/
H>
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Typical First Year Organic Reactions Beauchamp

12
.0*
\ Br- \\S T
He = o \Br ./ B H
Q H Q H—" 1 H—5" - >l
Q" o H HsC
\\ > — ® \ O 5 N T
HiC O~ N HsC - t//d St | K 3
C|H CHs "Br: ? \CH/ ch, Yo cw, St CHy “upr:®
CH | ad.d.s to
3 CH, CH3 l both faces
rearrangement Br{ H
0 O .O\ Hz HC  ~C ~
\ . \\ . \ . H H C CH R CH3
\S' - //3 - (\/S\/B) HaC_ /Cz\ r © 3 \ / \ Hy
Vi ® Jo o B c CHg \/‘| CHy
.0 . \H . \H Br/| CHs -
Ny L .o CHs achiral \B
\.Br... :Br: e \ 3
L 7
*cH S\CH3
CH,
Example reactions
o socl, N s
%)H S\2
: socl, RIS
\/\ - enantiomers

SOBr,
OH

R 4OH
SOBr,
_—
S

achiral

achiral

E
C.

rearrangement
OH
©/\ —»SOBrZ Sn2 or Syl
achiral
HQ H i CgH
R HC |- H3C
\C_ ~c CH; > SCH™ “CH,
HC O SOBr, |

CH, . CH;  major CH3 minor

| Sl achiral R/S
CH, rearrangement enantiomers
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Typical First Year Organic Reactions Beauchamp 13

CH
CH ||II|||-@\ 3
\
[[TXIIIn e s SOBr2 Br ‘\\\\Br
—_— [T
Snl CH

achiral (cis and trans) 3

iv mechanism using 1. TsCl/pyridine 2. NaBr Sy2 at methyl, 1° and 2° ROH, avoids rearrangements

. " 7 \N: L:i\/Ar/P <:/\ —D \\/AIr
‘S |> — O/H\O H\/

H3C\ / C |S — @® \ — @ \ \
3

H;C €
0. HiC L O ~en”

CHs
CH, CH CH, |

avoids rearrangement

at 2° centers CH, i CH,
. o\\ A
r
. N\
R A H 5 7 N—H
S HiCl - H O C)
© v \O . ClH (_ \$ :Cl:
. H.C C
3
CH, \CH \\CH3
Example reactions
1. TsCl/ py.
/\OH 2. NaBr /\Bf 1. acyl substitution
- 2. SN2
o Br
H 1. TsCl/ py. 1. acyl substitution
A 2. NaBr 2.S:2
S B
1. TsCl / py.
/4\ 2. NaBr Sl
OH e Br achiral
R OH \\\\I -
1. TsCl / py. chiral
2. Nal
- 1. acyl substitution
S 2.S\2
OH 1. TsCl / py. achiral
2. NaBr
—_— 1. acyl substitution
2.S\2
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Typical First Year Organic Reactions

Beauchamp 14
HO\ H H Br
H,C /(f 1. TsCl / pyridine H5C /Cf
e s cH, 2. NaBr e R cH,
S |
Snl '
CH3 N CH3 enantiomer
R S
OH |
1. TsCl / pyridine
R 2. Nal R )
S - $ enantiomer
N Sni <
2. SN2 reactions using RBr compounds:
a. mechanisms using NaOH, Sy2 at methyl and 1° RBr; E2 > Sy2 at 2° and only E2 at 3° RBt,
H H H
.9, /—\>\ (\' Sn2 \ / o
o} ne—gri — o—c, o
H H\\ l ve \ ///
H H
D, H D
.© (\' Sn2
O /\\\T\C_?’r - \O_ “, > Br :°
H VAR S \"n
CH, HC
ch/ CH,
H
.S, \ -
K O X /\‘ —Br .
(\\\\‘\ . / \ / .
H N H—CY /[ s o~ R .gi:®
e2>82 N T, B
|_CH; — H% CH,
a E2 (-CH,-H) E2 (-CHg-H) E2 (-CH,-H) 2 \CH
Sn2 3
Hp
Example reactions
Sn2
N NaOH /\OH inversion of
Br - . configuration
\/\ E2>Sy\2
Er /\/ OH
H NaOH \/'\
\/R\ = S
NaOH E2
Br
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Typical First Year Organic Reactions

Beauchamp 15
R Br
NaOH E2 > S\2
—_—
S S
Br OH  achiral
NaOH
— Sn2
b. mechanisms using NaOCHgs, Sy2 at methyl and 1° RBr; E2 > Sy2 at 2° and only E2 at 3° RBr,
H H,C H
.S, /\*\ ﬂ Sn2 \ / .o
O wEBr: - 0—¢C., 1Br:
HsC B 1 \ "y 2
H H
D HaC D
.9 /_\>\ ﬁ Sn2 \ / o
/O.. >C—Br: — :0—cC., S Br
H3C \\ R .. S \///H
CH, HaC_
H3C/ CH,
H
S N\
. . H
~0; /\\C—Br H3C,
. (—\\\\“ s / \ / .
H-C Ny H—C /v s O— R 'e
? Hz/ X E2>Sy2 = \/\ -9 C"/,/// +Bre
/CH3 —_— H !: CH3
a C\ E2 (-CH,-H) E2 (-CH,-H) E2 (-CHy-H) o on
SN2 3
Hp
Example reactions
CH Sn2
N NaOCHj /\O/ °inversion of
Br —_— configuration
N~ E2>S\2
Br X NS _CH,
= /\/ 3
H NaOCHs; \)\
\/R\ —_— / o
/}\ NaOCHj E2
—_—
Br
R Br
NaOCH, E2 > S\2
e
S S
/CH3
Br © achiral
NaOCH,
—— SN2
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Typical First Year Organic Reactions Beauchamp 16

¢. mechanisms using NaO,CCHpg, sodium carboxylates, Sy2 at methyl 1° and 2° RBr; and only E2 at 3° RBr
Ester synthesis (can hydrolyze with NaOH (base) to ROH and RCO;H, providing an alternate approach to

secondary alcohols).

CH;3
. (\@ ) H\ (\, . ::o=c\ /H
HsC o P HsC “o: - N )
\ﬁ/v\H 0\ . 3 \|C|:/ A ’\H\\;\\\i_Br. — '-Q_C\',,,// Br
H
20: o) H H
""""""""""""""""""""""""""""""""""""" /o
.. D\ [\' sz M C P H\ 0
H3C o O.. /_\‘C_Br . \ . S _ S
A S 0 C. NaOH 0 C
S O ORI
CH -0 H,C
. sk Br: H,C 2
. O s H3C \CH3 \CH3
S) H\
e T T~ e / H
HsC o} ~.C—Br _ H H
TN H—cY/ s 7 sese2 TR ) NaOH N, /&
I Ha — .o—c, R — ¢,
7
20 Ha C\/CH3 = H%///CH3 z%l\CHg
<Ry 2
W “Bre ScH, CHs
Example reactions
O O
HyC—Br c| Na '! CHy SN2
S) 3
R/ \O R/ \O/
e
0]
o N\
aullll Br || Na® /C_R
C
R/ \O@ d Sw2>E2
achiral
A
C—R
/ OH
o NaOH / H,0
_— acyl
29 alcohol substitution
(0]
)<Br L
S) E2
R/ \O
R
(0]
0 || Sn2
®
\/\Br u Na \/\ /C\
R/ \o@ (6] R
—_— allylic and benzylic, very fast Sy2 reactions
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Typical First Year Organic Reactions Beauchamp 17

| n

/\Br c

R/ ~ o@ no reaction

—_—

o
|

d. mechanism using potassium t-butoxide, KOC(CHj3)3, Sn2 at methyl and E2 at 1°, 2° and 3° RBr,

e
HsC o H (\y S\2 HsC H
/C \\\“(:_.Br ..O_C,I BI’ e
HC™ WY B Y
CHj H H
D H H
N E2 Ne——D N
HC e WC—Br: — J //C/D
\.~© oy P z O
/C \ C‘CHB Hb/c\ H3C/C\ .%I’.
H,C \ CHs H
CH; b @
o H /v
HsC N\ =
\ .C—Br:
N Y g E2 (-CH,-H) Z
H3C/ \ \_’H H; E2 2 L Br ®
CH N\ 2aCH; — NN *
3 2 C\ s E2 (-CHy-H)
Hp E2 (-CH,-H)
Example reactions
E2 > Sy2
PN KOC(CHs), = anti
Br - . elimination
Er \/\/\/
KOC(CHy); E2
W =
/}\ KOC(CHa)s E2
Br
R Br
KOC(CHj), E2
—_—
S S
HsC
. \C/CH3
r e
KOC(CHa)s 0~ CH, Sn2
—_— no other
option

e. mechanism using NaSH, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr,

y:\files\classes\Organic Chemistry Tool Chest\Reactions Lists\Org rxns summary, SN-E, C=0, epoxides chem, with mechs.doc



Typical First Year Organic Reactions

Beauchamp 18
H H H
.S, \ Sn2 \
/OS.. /’\:‘C_Br. —_— S— ’ Br @
- W s
H H l \ H
H H
D, H D
2oL\ (\' Sn2 \ / o
S ».C—Br — s—cC., Br
H N l R S \///H
CH, HC
H3C/ CH,
H
'5 & "\ "
/ . \\\ b .
H H—cV/ s Sn2 S— Br :©
H, N - \,,//H
_ H,C
Hy C\ 2 \CH
3
Hp
Example reactions
Sn2
N NaSH /\SH inversion of
Br —_— configuration
Br SH
\/E\ NasH \/'\ Sn2
R - s
/}\ NaSH /K E2
—_—
Br

Py
@

\\\\\\\ S H

S
- . SN2
S
Br NaSH SH achiral
SN2

R
|
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Typical First Year Organic Reactions

Beauchamp 19
f. mechanism using NaSCHs, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr
H HsC H
S —— N\ Sn2 N 5
/ S’ \\\\\‘IC_Br —> . .S-_ C\"/ /, BI’ M
H3C // .
H H
HsC D
.9, /—\*\ (\' Sn2 \ / o
/So'. \! —Br: . .S._ 0 Br:
HyC WY R s\
CH, HyC_
e CHs
H
- @,. /——\_>\ HsC H
S, \\\\\\C—Br \ o
H,C H—cY / s SN2 s—cC., : Br
H, N R\
h,—c— H,C §
— 2
RN CH,
Hp
Example reactions
- Sn2
N NaSCH, /\S/ 8 inversion of
Br —_— configuration
CH;
gr S/
H NaSCH;
\/\
R ’ S
/}\ NaSCH, /j\ E2
—_—
Br
R gBr

\\\\S\
NaSCH,
—_—
NaSCH, achiral
N2

Br

(e
t
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Typical First Year Organic Reactions

Beauchamp 20
g. mechanism using NaCN, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBt,
H H
S \ . SN2 / °
c* 7  T—Cc—&Br: . :N=Cc—C,
..N%/ W l \I/I/H Br
H H
D D
o N\ (\' Sn2 /
4C . /_—_\:\:\C Br RN :N=c—C, Br S)
NZ HY R s | &
CHZ H2C
He” cH,
H
@. /_—\-sc_é.r . /H
Cc:* S o .
N H—cY /[ s Sn2 N=c—c, Br "
2 . R \’/,//CH .o
—C— H,C
- 2
@ \ CH,
Hp
Example reactions
N o2
NaCN C inversion of
/\Br - §N configuration
I
B <
\/EF\N —>NaCN \/S'\ Sn2
/}\ NaCN /K E2
Br

a
|

N
S \\\\\\C /
SN2

NaCN O\
S
C .
Br NaCN \\N achiral

.
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Typical First Year Organic Reactions

Beauchamp 21
h. mechanism using NaCC-R, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr
H H
o, N\ Sn2 /
c*~  T——=c—-8  e— -0
C// RS l r — R—C=C C\,,//// Br:
R
H H
D D
o, —— N\ [} , Sn2 / %
=€ e Br: — R—C==c—¢C,, S Br:
= HY l R \I///H
R CH, H,C
2
He” > cH
H . . .@
((;).. /\—>\C éor . ° $.r : D
gz A br-
/ \\ .
R/C \_7 H <_'C::’;/ S E25> 5,2 /v \/\ r\ R_CZC_CIW/ R
7
CHy —> \ CHs
a C E2 (-CH,-H) E2 (-CHg-H) E2 (-CHy-H) Sn2 HZC\CH
3
Hp
Example reactions

Sn2
PN NaCC-R /\ inversion of
Br —_— configuration
= /v
H NaCC-R
\/\ .
R E2 > S\2
NaCC-R E2
—_—
Br
R Br
NaCC-R E2>S\2
—_—
S S
B Can achiral
r NaCC-R ¢
—_— \R
Sn2
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Typical First Year Organic Reactions Beauchamp 22

i. mechanism using 1. NaNs, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr 2. LiAlH, 3. Workup,
makes 1° amines (RNH,)

) H
H “N
N o H
® @N /\EC—Br 52 \\N’) H  H—AI—H / N
o N i N e \'.v / | H,N—C,, N\
N ! o NTC, 4w L% O
- Br © H —_— — H
H SN2
b .
N H
Y D
N /’\\\c Bri Sy2 \\N’7 D o s /
® 4 \\\\ @ / A N
e N H R - \\Nl———c S H—AI—H HN—C. N
. “, ’/// N
N HC/CHZ e & < |L Wi A
3 : B.r HZC\ —_— — HZC\CH
CH, S\2 3
H (\,
. —. ..N T
o ~C—Br X\
@ 4N. o . N H o H N
“ H—CcY/ s N —AlI— A\
eN4N Hz/ 5.2 ® O H—AI—H o Rc/ \N
. CH N——C,, N—T N,
v~ 3 —— . , 4,
—_— . * R\ H Wk Y,
: C\ :Br:e © H% 7CH; —_— — E C
.o 2 2
Hy cH, Sn2 TCHg
Example reactions
1. NaNj,
N 2. LiAIH, /\NH2 Sy2
Br 3. workup twice
—_—
Br 1. NaN, .

2. LiAlH, \/'\
3. workup Sn2
—_— S
1. NaNj;
2. LiAIH, E2
3. workup

—_—

5

us]
=

1. NaN;
2. LiAIH,
3. workup

EE—" .

Br 1. NaN3 NH, achiral
2. LiAIH,
3. workup Sn2
—_—

Sn2

U):;U
us]
-

w w
Z

Z

I

N

H

y:\files\classes\Organic Chemistry Tool Chest\Reactions Lists\Org rxns summary, SN-E, C=0, epoxides chem, with mechs.doc



Typical First Year Organic Reactions Beauchamp

23
j. mechanism using 1. Na* imidate, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr 2. NaOH

‘o o 2/2 ‘0
/)\Br'
. Na® —l> IS) o .
N—H e, acid/base N. ® N N\
t_/-_ O—H rxn Na Sn2
. rxns
imidate o
imide .0: K " -0 alkyl imide é,‘o_.
K = —at _ 107 o resonance stabilized makes
eq Ke 1016 10 imidate less basic and a better !
behaved nucleophile S O—H
o acyl substitution #1 ®

3
) S Na
‘O . H—H . reaction leads to .
/é 9 ‘0 a primary amine ok

acid/base

..© .
\ N N

H
0 ituti O . {O\/ )
acyl substitution #2 . Q. ® 105 H
0) Keq=—— = 10*1° ©
l 10-15
.'O~_ H
{\ 2N (?\1 / '\N
H : :
N H/ / \
] acid/base H _ _
ko=t e DO throw away primary amine
o 1 4% also made by
Q: . 1. NaNj
.4 - 2. LiAlIH,
o Look at similarities with ester hydrolysis, just above. *O. 3. workup
Example reactions

(@]

1. NaOH
N—-H 2. 1. SN2
/\BI' /\NHZ N
(0]

2. acyl substitution

3. NaOH (2 times)
? 1. NaOH
. Na
2. Br NH2
N—-H = R
\/\
0 3. NaOH S
1. NaOH
Q 2.
Br
O 3. NaOH
1. NaOH
0 2. . _RBr \\\NHz
S
(@] 3. NaOH
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Typical First Year Organic Reactions Beauchamp 24

k. mechanism using ketone enolates, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr (See acid/base reactions at
the beginning for synthesis of LDA.)

//o
0
0 NGO L@ H HyC—C H
I N ‘- S\2°
{\ R R /C\@ . —Br N& * H\C_C
ch/ ~c~ LDA HsC CH, N l — 2 )
H2 —_— H \
-78°C H
” /\"N" Lf-D O D
P AN I o N Qr N
LDA N wC— S
HsC ﬁz e HsC CH; H\\\l R HZC—‘C,,I///
-78°C _CH, H\c H
2
HgC \CH3
H
(0] s 0 @ o
| A /_R\/N\R 3 [ [\v Hc——c// H
H C/C\C/ H LDA _C° e B Sn2 : /
’ H, — HsC CH H—C f S — H,c—C.,
0, 2 R Wy,
-78°C CHs A “cH
Ha__C/ ZC\
\ CH,
Hy
Example reactions
0 0
1. LDA, -78°C _ Sw2
) inversion of
" configuration
0
0 1. LDA, -78°C
)]\ 2 Br
SR Sn2
S
0 1. LDA, -78°C
2.
E2
Br
o)
O R Br S\\\\\\\\
)J\ O: Sn2
S s
1. LDA, -78°C Q

)‘\ 2. ©/\Br o
Sn2
—_—
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Typical First Year Organic Reactions Beauchamp

25

I. mechanism using ester enolates, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr,

(0]
.6 e 4
NN N LT
C {\ H R /C\@ —Br SN2+ \ o /
RO/ \C/ LDA RO CH, \\\\l — H,C C.,,//
H, —_— ot \ “H
______________________________ 8
(0]
(0] . ® (0]
“ NS Li D //
g N H/:/ g ﬂ . S\2 RO—C\ /D
P ~C—Br —
RO ﬁz LDA RO/ \,QHZ \\\l R HZC———C.,,///S
-78°C _CHy H% H
HaC 2" ™cH,
H
O . .0 @ e} 0
/'\.N. Ui ﬂ /
SRl N o,
N\ N
RO g, ROT gH HAACY/ s — H,C
-78°C 2 R “7cH
CH
P - HZC\
\ CHs
Hy
Example reactions
(0] O
. Sn2
R\ )J\ 1.LDA, -78°C R\ /U\/\ inversion of
o) 2. g, o configuration

1. LDA, -78°C

0
2. Br
R z
0] SR

.LDA, -78°C

0] 1
2.
R\o
Br

2

@)
S
/K E
o}

_7Q0,
o 1. LDA, -78°C
R )J\
e

S‘\\\\\\\)J\ O/ R

:j\ Sn2
S N

1. LDA, -78°C

2. R . Br
SV
0
o

O
R
ol achiral
S\2
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Typical First Year Organic Reactions Beauchamp 26

m. mechanism using acid dianion enolates, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBt,

0 //O
1ol " o TR S
© /C\(\/H R LDA R © /C\(_E,?-{ W —Br L H,C—C
(@) C o 2 \ l I///
H, — 4 3. Wk A 7H
______________________________ NSRS SRR
0] . .0 o
NG L D /
ﬂ H/R\/ SR I Y Sn2 wo—d D
NS LDA o 2 wE—Br — s
° ¥ — o CH: uY [ R H,c——C.
2 .. 3. Wk \’///
-78°C _CH, H
HsC HZC\CH3
H
0 o @ o
Y i y (. ot ]
@ W —Br:
o \ﬁ/ A o cn, AN s i HC——C
2 H “,
78°C ZC/CHa awk R\ "cn,
- 2
SN > CH,
Hp

Example reactions

0 0
1.2 egs. LDA
2.
H ~ /\Br H ~ )J\/\ Sn2
0 3. workup (0]

1.2 egs. LDA O

]
2. Br
z OH
3. workup S

1.2 egs. LDA

H

3. workup

1.2 egs. LDA

(0]
0 2. R 4Br
)J\ O: S o~ H
H
~ o S

3. workup S
1.2 eqs. LDA O

0 2.
H )J\ ©A8r o Al
~o Si2

3. workup
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Typical First Year Organic Reactions Beauchamp 27

n. mechanism using nitrile enolates, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr,

N
P y N\
: /_\ N Li N NN C H
N§C (\ ) R/ \R \C o —|.3.r SN2 /
~c LDA CH, S l -~ — HC—C.,
k . P H A “H
-78°C H
. .0
N W D N\
ASS /R\/ R AN N SN2 N D
e C.® C—Br: — /
~rL LDA ~ e B .
5 — cH, WY [ R He—¢.,
’ -78°C Li _CH, H% H
2
H5;C \CH3
H
N \ N N
N\C (\ H R/ \R N\ o - é. . \\\C /H
~ LDA C o _.. re SN2
5 L R VE 2 Ne—d,
i -78°C P A R\ e
—C_ 7 HoC
Hp
Example reactions
N 1.2 egs. LDA N 5.2
\C\ 2N Br \\C inversion of
CHs 3. workup NN configuration
1.2 egs. LDA N
e : =
\CHa \/R\ 5.2
3. workup S
1.2 egs. LDA
2.
N\\C /s\ /K
~ E2
CH;3 Br
3. workup
1.2eqs. LDA
2 R
N Br S
\\c S \C
~ N
CH,3 S N 5.2
3. workup S
1.2 eqgs. LDA

2.
N Br ZN
\\C C achiral
\CH3 Sp2
3. workup N
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Typical First Year Organic Reactions Beauchamp

0. mechanism using dithiane anions, Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr,

@
. N~ 5 Ll N S H
N Hg \ M \C—I.3.r Sn2 \ /
/C {7 © C H\\\‘\‘l s e /CH_C\,,I//
> Lhd /
S H S/ H S o H
D,
S /v S S\ 2 S D
NP LI L T N/
% © C w CH—C, S
/ H V_/ / / \’///
® HsC ~ch,
H
N e T s, L < H
% * o \ S r Sn2 \ /
/N ‘/ — /c sy — CH—C.,
77
S o Iy S S/ 2\ CH,
TN CH,
Li Hb

S
1. n-BuLi
2./\ mversnon of
Br
configuration

S
S 1. n-BuLi S
2. Br
> = >H|||n S SN2
: S \/R\ :S :
1. n-BuLi
S 2.
> /}\ =
S Br
1. n-BuLi
@ C( Y
Sn2
[ S S S\j N
S 1. n-BuLi
2. S achiral
> Br
S OA SJ 2
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Typical First Year Organic Reactions Beauchamp 29

Hydrolysis of thioacetals (one as aldehyde and one as ketone)

®
) 8 R
; +
NG Hzc:/v N L Q Br HG? s Cog—Mo
¢ ¢ S8 P s SN
H/ \‘f/ . il T N % \/\
) _ _
1,3-dithiane H @ \/\ 2. workup
e (@S0 Continued below 10 2 ketone) |
3 >s”
S\ . m
Hg* .
Hg . __// g :O.. . Hg . g
/® N P 2SI 5@ ‘S
ij\ - /C\\/\ " " /C\/\ /7C\/\
| Qs AN H—207\ ‘o H AN
H
H

H H
S | o | |
\ C resonance C . C
7\ -
< TN A NI
S N H&_,_,/ e aldehyde

©

m Li(‘9 |_i69 .
° m tBr: m
TN S m e A L
)

Py

ca= AN ¢
/\/\H/_>/\/ e /\>\/ 2w0rkup/\/\/

H H &___/ * ketone
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Typical First Year Organic Reactions

Beauchamp 30
p. mechanism using LiAIH, or NaBH, (and deuterides), Sy2 at methyl, 1° and 2° RBr and only E2 at 3° RBr,
® D H
Li H
D—AI—D \\\\\IC—Br N D—C\,,,/
H\ > //H
D H H
D, D
N2 H \ S\2
o| ———=t—usr ™, e
H—E|3—H HY 4 R A “H
CH
ek H,C
H HsC becomes \CH3
achiral
________________________________________ e
D \ .. H
Li o | WL Bre Sp2 /
D—AI—D H—C S - p—=cC.,,
| H> R \"%chy
CH
D _ 3 2C
Ha C\ \CH3
Hy
Example reactions
N LIAID, /\D inversion of
Br configuration
Br D
H NaBD
\/R\ - \k SN2
LiAID, /K E2
B
Br
R Br
NaBD,
B ———
S

S \\\\\D
s
LIAID, ©/\D achiral
Sy2

Br

H
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Typical First Year Organic Reactions Beauchamp

g. mechanism using diphenylsulfide to make diphenylsulfonium salt, Sy2 at methyl, 1° and 2° RBr and only E2 at
3° RBr, used to make a diphenylsulfonium ylids, which are used to make epoxides with aldehydes and ketones.

Th y Q Ph T o ..
‘o™
. C) ®| . ||>

C

Br, ® |
si_ N s I\ 4 g 1. n-BuLi
= — 2 CH
Ph/ \)r/ \ Ph/ \C/ N2 2. H,C=0 /§\ Py
N A L
. .(9 H H I
tBri
Ph = phenyl °° ylld salt ¢
similar Ph Ph
mechanisms | ) /(;H2 ® Lﬁ E|2
Ph/s : HZC\ Ph/"\C/ \O S)
o Hy~—
s
H :Br: /\ o CH ..
. H . Ph / 3 ok
Ph N s Ph CH
AN /_;\A\\“IC??{“ Sn2 \g Q\C/ AN 1 B ®£ HzC (|:| D%
S. — —C, @ 2. H,C=0 PN
/ L, Ph/ \ Li My Ph o CU ~4
PH H,C
HyC 2 \CHs
ylid salt L
Ph
Ph
| s oly %
C CH BN ~o
S SN ~— T T e 0
o HaC HC\(\) R -0
H
N g O
o . ] : ’/\ 1<) Ph CHs K
Ner ™ e Ph H CH 4 0
e s \@ O/ oo 1. n-BuLi ®] Hoe | %
/ H2 SNZ, S__R_C"//,/ 2 HZC:O /S\ /C\
Ph |_CH, / A “cH Li — Ph oG CH; H H
Ha—‘ Ph ZC\
\ CHs
Hp ylid salt l
Ph
Ph
. olyg
c CH SN _C~_..0
S SN ~— T e 0
Ph/ H3C C A_) ch// N~
HsC h,c—CHz
Example reactions
Ph/ \Ph 2.n-BuLi /<l inversion of
3. H,C=0 configuration
B ——
1. Br
- R 0
PN et
Ph Ph 2.n-BuLi S\2
3. H,C=0 S
E——
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Typical First Year Organic Reactions Beauchamp

N . n-BuLi

Ph Ph

32

E2

s CQ
P ph )

Ph Ph

achiral

Sn2

A
T
SN

r. mechanism using triphenylphosphine to make triphenylphosphonium salt, Sy2 at methyl, 1° and 2° RBr and
only E2 at 3° RBr, used to make a triphenylphosphonium ylid to make Z and E alkenes with aldehydes and ketones.

. ©
+Br:
Ph H Q‘ . .o '/\
N No-BU 52 Ph H = 2
Ph—P < __,C : \® N/ ~_CH:  1nBui
/ / \ Ph——P—C.,,/// ® 2.H,C=0
Ph H CHs / \ "CH, Li —
PH ”
Ph = phenyl ylid salt
BS)
H I|3h CI):
Ph : Ph X/
. C ~ W H
Ph_/P=O,' Him, 2 CHy - Ph/P\/CyC\CH3
k Z alkenes §
Ph CH, H CH,
oxaphosphatane
. ©
Br:
Ph H Q‘ i T~
N_BY 52 Ph Q H e O
Ph—P:__ ,C A \N® NV A~ _CH 1. n-BuLi
/ 7/ \ Ph—FP—C., ® 2.H,C=0
Ph H,C  CH, Ph/ \ “ch, Li —
| Ho \
i CH
Ph = phenyl HsC ylid salt 3
BC)
g Th O:
Ph B Ph //
. C ~ .n\\\\H
Ph—\P:O: H3C/Iln..c/ ‘CHS B — ph/P\/C-:\}/C\CH?,
Ph k Z alkenes \S\
CH2 H3C CH
/ s
H;C H3C oxaphosphatane

Ph /:6:
Ph\l (I:‘.\\\\\H
Ph/@\,C\/ e,

H CH,

(NG CH, c

oo\
© "L > CH;

betaine
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Schlosser Modification of the Wittig reaction to make E alkenes

H—OH;
H ®
/\ /H ® S o /H
WA 5—a o o
PhsP 0=C PhsP / \ acid/base PhsP® O/C\ pnp - 97C
\ . / R cZ—y R at-78°C \ R neutralize %)\ / \R
C—H — / U k —_— > C|3 (@) - C—R
R/ © R . R © The stereochemistry H
betaine H 'C/\/ of the alkene is
2@ Li® flat sp? carbon determined in this step.
extra equivalent of n-BuLi Cfm rea(.:t from
either side
H (\ ,H
Phyp=° /:C~R Pth/o_C';//
Rlllln.c \ /R
phosphine \ L£—=R
oxide b « $
H
E alkene

Ph - .

Example reactions
1. -
P _Br \
Ph/|\Ph 2. n-BuLi N
3. CH4CH=0 Normal Wittig
Z alkene preferred

P T\Ph
2. n-BuLi
Ph _ Normal Wittig
M_O Z alkene preferred

L /}\
P Br
ah n-BuLi /K

Ph
Ph
—

1. R4 Br
/F’\ SV ~
Ph Ph 2.n-BuLi Normal Witti
L _ ormal Wittig
3. CH3;CH=0 S Z alkene preferred

1.

Br
P :l N
Ph/ |\Ph - ©/\\
2. n-BuLi Normal Wittig

Ph
3. CH;CH=0 Z alkene preferred

1. /\Br
2.n-Bui e e
P 3. CHyCH=0
SN 4.-78°C, n-BuLi Schlosser modification
of the Wittig

Ph
Ph 5. HCl, warm E alkenes preferred

Ph
E2

Ph

y:\files\classes\Organic Chemistry Tool Chest\Reactions Lists\Org rxns summary, SN-E, C=0, epoxides chem, with mechs.doc
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Sn1 reactions using RBr compounds:

a. RX compounds with water. Sy1 conditions form carbocations with possible rearrangements. Alcohol
synthesis is the major product with E1 as mlnor product (unless reaction is run at high temperature).

/ﬂ\: OH,
H . .
<:>\/ s @O\.D O\:

H
top = bottom H
H 0:° H A
\ H,0 : / H0: N H
. H top \. H—O~H AN Y
Br, H .O—yq ®Q 3 H O
Gl T/\ir/ ' \¢ §®
C H3C HsC e >
T e, \T/ ® cH, - \C|H e HaC\CH/C\CH
Sul _ s
&, sp, = flat CH, bottom CH, S (top) (,: 4, R (bottom)
3
rearrangement ¢ Y Y
H,0 :
H, 22 H,0 .
MO MO~ o1 H—QUH Gt
c CH3 H C CHs H-.C C : \:\\ S
°.O/| \O/, s NN ' ¢ \
5 - // ©) - ® c CH; HyC - ~ HsC
\ CHs \ " CH, | : CH CHs \CH/ cH
H achiral H CH, ' S (t ?
CHs S (top) CH; R (bottom)
Example reactions
. H,0 )
HsC Br no reaction
Syl > El
H,0
nninBr —_— OH diastereomers
top & bottom
achiral
Br H,O OH Sy1>ElL
—_—
top = bottom
\/\Br H,0 \/\Br Syl
—_—
resonance stabilization of R*
/\ H,0 no reaction, vinyl
= Br L carbocation is too

unstable
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b. RX compounds with alcohols. Sy1 conditions form carbocations with possible rearrangements. Ether
synthesis is the major product with E1 as minor product (unless reaction is run at high temperature).

H\ |f|\: 6H2
A <:>(D e > ;-
o S\l \_/ ® \ \

CH
top = bottom 3 CH,
H
H
“Br. H H top \.. /O.. H “0.
* A T e g
: —Q“H g
H3C /C\ ch\\//\c\ R ® \5 H :Q('B R
CH CH, — ¢ ® ch, o e \c
, SNl Sp, = flat | — \CH CH3 HSC\CH/ \CH
CHs CHj bottom 3
CH. S (top) , R (bottom)
H Hs
R—O/ rearrangement l ' Y v
), H—g"
H> 2 gz \ . .
H3C\ /C\ H3C\ N R H, H R—O° \l‘l H O/R
. ¢ CHy  H_ /<,3 CHs e Y_C_ \§ \F
07| - G.,O@ - o CHy | HCol O e \:
\ cH |\ CHs | , CH CH e en
R achiral R CHs : , :
: S (top)
: CHs CH; R (bottom)
Example reactions
H;C—Br /\OH no reaction
—_—
Syl>El diastereomers
/\ top & bottom
il Br OH achiral
_— Q
Br o) Syl >E1l
/\OH ~_—
— top = bottom
\/\ /\OH \/\O/\ Snl
Br —
/\Br /\OH no reaction
B —
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c. RX compounds with liquid carboxylic acids. Sy1 conditions form carbocations with possible
rearrangements. Ester synthesis is the major product with E1 as minor product.

top = bottom

H
s 0]
3 H/\| s ‘0“H \/?
HsC C \ C ®N 3 H ~O:
O N = e[ \: N
N s C” @\ CHs HC . O (;
| S\L sp, = flat | — CH CHy O TN
CHs CHj bottom | | 3
CH, S(top) &H, R (bottom)
HO l rearrangement .. + +
: ‘0"
0: :
H, H |
HaC ¢ HsC H : 0" H o
¢ cw @\c/ cH, HaC c’ ! \F H9
/ O/ N TN ! \; .
) - ® C CH; HsC_ /C\ H.C C .0
CHS \ it'{ | i CH CH > en” en,
ool —H)  on O | L, s (top)
h - CHs CH; R (bottom)
.0 '
)’7\
H3C'—Rr —>UH no reaction
0 S0 =11
)k o
ol Br JH a diastereomers
E— top & hottom
achiral
(W]
Rr )J\ Sl 11
OH top = hottom
—_—
0
I Br )L()H \/\n L
—_— :
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0
/\ I3r )J\ no reaction
H
—_—
d. Oxidation of ROH with: CrO3/ pyridine (PCC). Synthesis of aldehydes or ketones.
© \ @ o5
/ \ O\ .oO.. / N—H v\/oo..
H e T A
5 ’\ﬁ — NS N “|3 Q
] | . /:r@ . L] HiC_ /cz
AP 9 Q HC T c” |
C | H C | H Hx H
Hy H Ho
| /N, .
primary alcohols )
PCC = pyridinium chlorochromate oxidation ok e o
of primary alcohol to an aldehyde (no water to / N\ ® || AORING
hydrate the carbonyl group) N—H H.C o \ (O]
3 e
_ \C/ \H ,.Cr\\ .
H, o
aldehydes
H
CrO5 / pyridine
/\OH (PCC) oxidation
—_—
O
OH O
CrO; / pyridine
(PCC) oxidation
e
CrOg3 / pyridi
/l\ r ?P(F:)égl " no reaction
OH
OH CrO3 / pyridine 0]
ﬂ, oxidation
0]
OH CrO; / pyridine
(PCC) H
B
oxidation
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e. Oxidation of ROH with: CrOs / acid / water (Jones). Synthesis of carboxylic acids or ketones.

H .'Oo. . /_\H @ \c\:/o-. ®/O\ \é/q-.
TN ﬂr /3 H/O\H (:o/ \9. H H 5Ny
| Nyt —» | — | )
H3C C . - HsC C H.C C
3\C/|\H \/|\ 3\C/|\H
H, H H> H H, H
Jones = CrO3 / H,0 / acid H /
primary alcohols primary alcohols oxidize to carboxylic acids \ . l
------------------- (water hydrates the carbonyl group, ~ ==-----===----mssmooomsssmsoooes o Q)
which oxidizes a second time ) H / e
H <. O
H Q7
. o | i .
157 ot 0 7 /__\ Q \ o
| N || .Cr
@ resonance | H H Xp*
HsC C - H.C - HsC C o
NN e O ) N >Ny
ﬁz H ﬁ H hydration of H,
2 the aldehyde aldehydes (cont. in water)
l v >y H y 9y 10
’ @é . ~o~ \(\: 0
H . ., . r
. N 0] A N
o T g Ng. H o] A Uy 07 o
HyC i—eo/ N T H | AN e c|:
N~ . C - NATTONA
N TN, LN ¢ [ o
2 H H2 H —_— 2 H \H
second oxidation of the carbonyl hydrate
© H
o0 © . | gD o
® . 6"
. \Cr/Q' H/Q\H \ér/ '
H o 0 LT N0
® | u g;| -
b H;C C
|_|/ \H \ ~ \.O,/H - 3 \C |\O.'
Hz Fo . \
carboxylic acids . H
H H
OH
CrO3/ acid / H,0 o
/\OH (Jones) oxidation
—_—
O
OH o
CrO3/acid / H,0
(Jones) oxidation
_—
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Typical First Year Organic Reactions Beauchamp 39

CrO3/acid / H,0O
(Jones) no reaction
_—

0O

CrO3/ acid / H,0O
(Jones) OH
—_—

OH
OH CrO3/ acid / H,0 o
M» oxidation
l :] OH

oxidation

d. Oxidation of ROH with: DMSO / CIOCCOCI / Et3N (Swern, many variations). Synthesis of
aldehydes or ketones.

. ) ek
. O % ..o . ..O M //
S5 /g ﬂ EtsN \  coal /\CEC\CﬁI
l NN 107 \» “|3 '
H,e™ * >CH | | “ ®
3 8 o) 93\ /.S.\ XS)
DMSO HyC™ ™" CHs HsC CH;  :Cl:
oxalyl chloride K/
""""""""""""""" d‘CH '
Et;N ¢ @
’ H /y | i . o}
DN 0: \ 0 ®
° | 3 HsC i HsC CHy é//
- 3 . 3
HiC G N P g )
ﬁ | H H2 H | RC)
2 H Cl :Cl;
(|:H3 primary alcohols °
@ (\ _______________________________________________________________________________
'- + NEt.
:.(.)/S\Q/H 3 @ C|:H3
| Hz /So' © (|)| CH,
¢ | H NN .S
: H O /| A) H, CH,
aldehydes
) H
DMSO / oxalyl chloride
/\OH (Swern) /K oxidation
0
OH (0]

DMSO / oxalyl chloride
(Swern) oxidation
—_—
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(Swern)
—_—

OH
OH DMSO / oxalyl chloride o]
M oxidation
O
[ j OH

DMSO / oxalyl chloride
(Swern) H

—_—

oxidation

e. RCO,H with thionyl chloride. Synthesis of esters. Amides, thioesters and anhydrides (Need to make
RCOCI with SOCI; + acid.) There are a varlety of approaches you could propose for this transformation.

o 0" ‘o
. ‘o \S/ \ / \/ -
1 ‘\ = T pa T
C H ) S .. = > resonance resonance
R \0/ :C|./ \..C[. /”\ _H (|3\ H (L\‘\ H’/\fBase
o R o @ C/ o R o7
e ® °Q"
o N\
.. 9 || ﬁ A C.)/“\-CI
¢ Cl S \/
bt =
Cl /\ o P - l
_.® L S
C . -~ R—C=—=0:«>» R—(Cc=—0. = | o~
R \o' ® ) C .. 0
- Uacyllum ion R \O :Cl: H— Base

resonance

ester synthesis from acid chloride and alcohols
.'O S

There are many variations of ROH and
RCO,H joined together by oxygen.
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amide synthesis from acid chloride and amines o ..©
‘0 ..) : (.:.l :
R @
R /\
\)\N/ H o —_ /N\<7
it R
| R
2
; '
..O :
There are many variations of RNH, or R,NH R
and RCO,H joined together by nitrogen. . ® R
N 7~
| H3N
H
anbydride synthesiz rom acid chloride and carhoxylic acids g H £ . Ele
o d A e 1
o 0> NN (0 0
Ll Ve oy
RN ' ¢
O" 0" —
There are many variations ol Ry C{,H and H {:.1 :
R,C U, Hjoined together by oxvgen. )L )J\
Lo
0 0
)L K001, )J\
— .
OH l
0 )
%OH 500, 1
—
) ()

OH Cl
SO0,
—_—
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f. ROH with acid chlorides. Synthesis of esters. (Need to make RCOCI with SOCI, + acid.)
0

acyl
substitution

acyl
OH )J\ substitution
PN R cl )J\ )\
O acyl
)J\ 0 substitution
AN A P
OH —_— R (0]
0O acyl
Q/ )L )J\ /Q substltutlon
R Cl
O O acyl
OH )J\ )J\ substitution
g. RNH, with acid chlorides. Synthesis of amides. (Need to make RCOCI with SOCI, + acid.)
O
S S W
substitution
R cl N

R N
E—

H

/\NHZ
Q acyl
)J\ )J\ substitution
)\ R Cl R N
H
acyl
substltutlon
R Cl
NH,
o e) acyl
Q/NHZ )J\ )J\ /O substitution
R Cl R N
H
O/\NH

O O

acyl
)J\ )J\ substitution

R N
H
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43

h. RSH with acid chlorides. Synthesis of thioesters. (Need to make RCOCI with SOCI; + acid.)

0

[§]
)J\ acyl
substitution
R s O\

0 acyl
)J\ suhstitution
I 5

0]
acyl
)J\ )< substitution
R S

e) acyl
)J\ /O substitution
R S

-
o

Cl

0]

acyl
)k substitution

i. RCO,H with acid chlorides. Synthesis of anhydrides. (Need to make RCOCI with SOCI; + acid.)

0 0 0]
0 acyl
)k substitution
H oH R cl R (0] H
—_— There is no 1C acid chloride, so the
anhydride works as a substitute.
0 0
0 0 acyl
)J\ substitution
OH Ik i
B I 0
0 o o acy]
0 )k suhstitution
OH )}\ K 0
K (]
—_—
01 0
O o acyl
)J\ sulstitution
OH R 0
[} 'l
—_—
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j. ROH with sodium hydride, NaH. Synthesis of sodium alkoxides.

@ (€]
~a H: S] acid/hz
/\(“JH /\(j N acid/hrase
o o 00 N
)\ Na- H: )\ acid/hase
—_—
I-'.@ H :e acid/hase
—_—
OH on 1®
OH ®. © SENC)
O/ Na™ H: Q/O Na acid/base
—
€]
OH ®,, O O Na@
©/\ Na™ H: acid/base
—

k. ROH with sulfuric acid / heat. Synthesis of alkenes (our only useful E1 reaction. Rearrangement is
possible).

T hLg—somm " ©
| . 3 | 0—SO04H
H_O,'\f ——> H—O0—H
A K\ /H
- heat -
SR o
H H—O—SOsH ® H —
\} slow step
. o—so3
pK, = -10 water is a good .
secondary alcohol leaving group bp = +83°C
bp = +161°C aIcohoI—» alkene  distills out
Apr = 780C
|
H\ ” H H—0" /_\H CHs
0 heat H\a/H c | (\/ y
H—O—SO3 < ©) H3C\(|:/(g\c/ H3C\(‘(B:/C\C/
—> | / H  rearrangement | / \H
pK,=-5 slowstep ¢y, H CHy, H
alcohol 2° carbocation ‘ 3° carbocation
""""""""""""""""""""""""""""""""""""""""""""""""""""""" o
o | |
. H,C C
HO:S—Q: H—O0—H e cw,

alkene |
(E1 mechanism) CHs
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N H,S0, / A P robably E2
OH 29Uy / p y
OH
H,S0, / A
)\ = AN E1
H,50, / A /K
OH
OH
—_—
on ‘

E1
H,S0, / A
e

I. Double elimination from dibromoalkanes to form alkynes and terminal acetylides used in many additional
reactions (Sy2 with RBr, C=0 addition to aldehyses and ketones, and reaction with epoxides)

2 egs. Br, N \3 ® ( v

O\_H
PN > Nf‘@ HooNa / (\ o
' - .o NN
N

/
[
\\
/

R R 3" equivalent
H most stable
® | ,7 a anion in mixture
(0]
H a I
\ H ) \ Na
N 2. workup \
H 2. E'Zr{
) .
N X) TR © y
AN Y
"~ c S\2
| N\ 500 H .
b R NN B CH _C @"\ Ne
R/ 7 \R
AN X N
-
b d
HO d @ 2 —
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The zipper reaction moves a triple bond in an unbranched linear chain to the end and allows all of the above
reactions.

2
H o CH
/C/U\H‘/_\"N‘e N C/CH2 /C/ 2
/C/ g s C// - /C/
R R R™ o
"""""""""""""""""""""""""""""""""""""""""""""""" “ ANl
N
R R/ \R
Ny H
\ 6. -y /H /H |
: s Z° ZS 0 e
F ) RO € - R c“AH
JE—— C.' C R\ /
" = N T A
H/\ H N H ,L ©. /N
N N
R\N/R R R R OR
l TUNU e eeeneaaae
o) H
//C. 2. workup
R~ C H H
C °'Q/® /C/
/\ PR F
H H H H R
H,

J. Formation of conjugate base + addition of epoxide electrophile forms an alkynyl alcohol via Sy2 reaction.

1. NaNR,

A A =
R
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Epoxide chemistry

47

a. Epoxides with aqueous hydroxide (followed by workup = neutralization).

0 NaOH

A e

2. WK

HO
\/\OH achiral

NaOH
H,0

R

2. WK

HO_ R

OH chiral

NaOH
H,0

R

2. WK

OH

7 H
//,////o

achiral

O
o R
: O
R
NaOH
(6 H,0
—_—
S S 2. WK

S \\\\\\\O H

S

diastereomers

b. Epoxides with alcoholic alkoxide (followed by workup = neutralization).

0

RO / ROH
/\ —_—
2. WK

HO
\/\OR achiral

RO / ROH

—_—

2. WK

HO R
Y\OR chiral

RO® / ROH

_

OH
":,////// OR achiral

2. WK

0
7 R
0
2. WK
R
o RO® / ROH
—_—

s s

S \\\\\\\O R

S

diastereomers

c. Epoxides with aqueous acid.
o H,S0, / H,0

A (H30%)

2. WK

HO
\/\OH achiral
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H,S0, / H,0
(H30%)

2. WK

48

S
OH chiral
(inversion)

H,S0, / H,0
(H;0%)

2. WK

achiral

A
L4

H,S0, / H,0
(H;0%)

2. WK

diastereomers

d. Epoxides with alcoholic sulfuric acid.

H,S0, / ROH
(ROH,")
—_—

2. WK

HO
\/\OR achiral

H,SO, / ROH
(ROH,")

2. WK

OH chiral
(inversion)
OR

H,SO, / ROH
(ROH,")
_—

2. WK

achiral

H,S0, / ROH

(ROH,")

2. WK

e. Epoxides with cyanide (followed by workup = neutralization).

NaCN
DMSO

_

2. WK

HO\/\
C achiral

NaCN
DMSO

———

2. WK

HO_ R
S chiral

NaCN
DMSO

[

2. WK

.,,,,,/// P c achiral
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R N
0 NaCN
DMSO and SRR
—_— >
S S 2. WK

diastereomers

NG HO
i j R \/\ achiral
2. WK R
q NE HO R
—.0
A R——: NN chiral
R —_— \
2. WK R
(o) Na o R
—.0 H
R — , % achiral
_— /////
2. WK
R
R
Ng
0 R——=——=:° and SRR
—_—
S S 2. WK

diastereomers

g. Epoxides with LiAlH, (LAH) (followed by workup = neutralization).

1. LiAIH,
0
2. WK .
{ } Hov achiral
_—
HO .
0O 1. LiAIH, chiral
No inversion,
\/RA 2. WK S but priorities
> have changed.
(0] 1. LIA|H4 OH
2. WK ", achiral
.—> //////
No inversion, OH
R but priorities
1. LiAIH, have changed.
(0]
2. WK
—_—
S S

achiral
S R YOH not stereoismers
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h. Epoxides with NaBH, (followed by workup = neutralization).

Beauchamp

50

o 1. NaBH,
f E 2. WK Hov achiral
0 HQ chiral
1. NaBH,
No inversion,
R 2. WK S but priorities
have changed.
o 1. NaBH, OH
2. WK 'u,,///// achiral
No inversion, OH
R but priorities
1. NaBH have changed.
(e} - NabHy achiral
2. WK
S S
S R YoH  hotstereoismers

i. Epoxides with cuprates (followed by workup = neutralization).

o]

/\

®
1. (CH3),Cu  Li
cuprate reagent
2. WK

_—

HO achiral
\/\CH3

®
1. (CHy),Cu Li
cuprate reagent
2. WK

HO

achiral

CHs

@
1. (CH3)2CU Li
cuprate reagent

2. WK
_—

OH

achiral
gy _— CH3;

A
0

@
1. (CH3)2CU Li
cuprate reagent
2. WK

[ —" .

not stereoismers R 4OH
S\\\\\\\CH}O/
S S H

6]
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J. Epoxides with lithium diisopropyl amide (LDA, followed by workup = neutralization).

R/ \R
lithium diisopropylamide (LDA)

2. WK_» enantiomers S

1. e L
R N\R
lithium diisopropylamide (LDA) \/\/OH

2. WK

—_—
1. 1<) Li
AN
R R ]
lithium diisopropylamide (LDA) achiral
2. WK

) not stereoismers R 4OH
1. o Li
AN
R R
lithium diisopropylamide (LDA) S
—_—
S s TOH

achiral

.o

OH

oLe

2. WK

k. Epoxides with Grignard reagents (followed by workup = neutralization).

1. E'z
N €] (€]
o] H3C/ H,C: (MgBr)

[\ Grignard reagent HO\/\/\achiral

2WK —mm

1. 22 HQ
NG €] ®
H5;C H,C: (MgBr) chiral
Grignard reagent R

2WK —mm

H,
L C

0
\/RA
O ~  © ®
Hsc/ H,C: (MgBr) OH _

Grignard reagent -:,,,//// achiral

R
(0]

S s

2. WK >

SN~
1. gz
NG e ®
HsC HoC: (MgBr) S5 VoH OH
Grignard reagent

2WK ——0 Sy
not stereoismers S RN
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Typical First Year Organic Reactions Beauchamp 52

I. Epoxides with organolithium reagents (followed by workup = neutralization).

1. HsC_ organolithium reagent
HO
S
2 HC: Li

achiral
—_—

HsC 2. WK

1. HsC  organolithium reagent HQ

e @
HC: Li R chiral
—_—
HsC 2. WK

1. HsC organolithium reagent

O
\/RA
0 \ €] @
¢ OH
HC: Li .
QQ / -,,,,//// achiral
HsC 2. WK
R
)i> i
S S

1. H,C organolithium reagent R‘\\\\\\K OH

° @
/HC: Li
—_— ‘1,
OH Z
HsC 2. WK S7s STs
not stereoismers

m. Epoxides with conjugate base of phthalimide (followed by hydrolysis and workup = neutralization).

1 (0]
' NaOH
N—H HO
0 ] ~_ NH
i E 2. epoxide o) 2 achiral
3. NaOH
4. WK
1 (0]
' NaOH
N—H HQ
2. epoxide Y \)R\\ chiral

3. NaOH NH,
4, WK

O

NaOH
N—H
OH

(]

o

0
\/RA
o
2. epoxide o) .
7 hiral
{ : :I 3. NaOH ", NH ac
AWK T U0
R NaOH R \NH, OH
OH 7
S S S S S S “NH,

2. epoxide
3. NaOH

4. WK not stereoismers
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Typical First Year Organic Reactions

Beauchamp

a. Aldehydes and ketones in aqueous acid form carbonyl hydrates.

H,S0, / H,0
(H30%)

carbonyl hydrate

53

HO OH

5

(@) ;O
T

H,S0, / H,0
(H;0%)

carbonyl hydrate

HO  OH

x

H,S0, / H,0
(H30%)

carbonyl hydrate

OH
OH

Q

QQ*

H,S0, / H,0
(H30™)

carbonyl hydrate

OH

o

b. Aldehydes and ketones in aqueous base form carbonyl hydrates.

I

NaOH
H,0

carbonyl hydrate

HO  OH

b

¢

NaOH
H,0

carbonyl hydrate

HO OH

x

NaOH
H,0

carbonyl hydrate

OH

Q

Q>

NaOH
H,O

carbonyl hydrate

OH

.
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Typical First Year Organic Reactions Beauchamp 54

c. Aldehydes and ketones with Jones reagent. Converts aldehydes to carboxylic acids.

Cro, 0

acid / water
Jones
OH

I

CrO;
acid / water
Jones No reaction with ketones.

|

d. Aldehydes and ketones with Zn/HCI (Clemmenson reduction).

Zn/ HCI

(

Clemmenson reduction

o ;:o
I

Zn/HCI

Clemmenson reduction \/\

Zn/HCI

QQ|*

Clemmenson reduction

Zn/ HCI
Clemmenson reduction

e. Aldehydes and ketones with hydrazine and base (Wolff-Kishner reduction).

H,NNH, / RO°/ D

(

Wolff-Kishner reduction

H,NNH, / RO”/ D

Wolff-Kishner reduction NN

H,NNH, / RO°/ D

e

Wolff-Kishner reduction
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Typical First Year Organic Reactions Beauchamp 55

= S
H,NNH, / RO~/ D

=

Wolff-Kishner reduction

f. Aldehydes and ketones with LiAIH, (LAH).

1. LiAIH,
2. WK

I

\/\OH achiral

¢

OH
1. LIAIH, \)\
2. WK
enantiomers (R and S)
0 OH WOH
1. LiAIH, )
2. WK
achiral diastereomers
o OH WOH
1. LiAIH, R S
2. WK
chiral enantiomers
g. Aldehydes and ketones with NaBHj.
1. NaBH,
2. WK

T

\/\OH achiral

1

OH
1. NaBH, \)\
2. WK

enantiomers (R and S)

OH WOH

1. NaBH,
2. WK

Q5

achiral diastereomers
OH \OH
1. NaBH, R S
2. WK

o

chiral enantiomers
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Typical First Year Organic Reactions

Beauchamp

56

h. Aldehydes and ketones with cyanide, cyanohydrin synthesis or conjugate addition to alpha-beta

unsaturated C=0.

1. NaCN
2. acid addition
e

cyanohydrins \)\

enantiomers (R and S)

© ;:o
I

1. NaCN
2. acid addition
—_— >

cyanohydrins

\)<

enantiomers (R and S)

olbs

1. NaCN
2. acid addition
D ——

cyanohydrins

v : achiral diastereomers

Y

1. NaCN
2. acid addition
—_—

conjugate addition,
R and S enantiomers

i. Aldehydes and ketones with terminal acetylides.

OH
0] N?
— 0
1. R —
\)k 2. WK %
H —_— enantiomers (R and S) R
0 NSB enantiomers (R and S) R
— 0
1. R — HO /
\)k » WK =
_—
OH
o) N R
5 =
1.R —:
2. WK
_—
achiral diastereomers
0 NSB OH
1. R——=:° — R
2. WK
_— >

enantiomers (R and S)
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Typical First Year Organic Reactions Beauchamp 57
j. Aldehydes and ketones with LDA makes enolates (carbanion nucleophiles).

e LB enolate
NG
R/ R
lithium diisopropylamide (LDA)
_— >

o ;:o
T

) ® enolate

N\ Li

R/ R

lithium diisopropylamide (LDA)
_—

0]
©
0]
\)J\._ o
lat
° |_i@ enolate 0
N
R/ \R
lithium diisopropylamide (LDA) )
_—

ok

©

@
N\Li o .. o
R/ R enolate
lithium diisopropylamide (LDA)

=

k. Aldehydes and ketones with Grignard (Mg) reagents.

1 H, OH
' C e ®
N
e H,C: (MgBY \)\/\
Grignard reagent

o ;:o
T

2WK ——— enantiomers (R & S)
OH
1. gz
N © ®
H3C/ H,C: (MgBr)
Grignard reagent
2WK ———> enantiomers (R & S)
0 OH
i gz
~ €] @
H3C/ H,C: (MgBr)
Grignard reagent

2 WK ——mmm diastereomers (cis & trans)

1 H, OH
' C ) ®
N
H3C/ H,C: (MgBr)
Grignard reagent
2WK ——>

enantiomers (R & S)

=

y:\files\classes\Organic Chemistry Tool Chest\Reactions Lists\Org rxns summary, SN-E, C=0, epoxides chem, with mechs.doc



Typical First Year Organic Reactions Beauchamp 58

I. Aldehydes and ketones with organolithium reagents.

1. HsC OH

e . -
HC: L? organolithium
reagent

enantiomers (R & S)

9 @ -
HC: Li organolithium
reagent

enantiomers (R & S)

(0]
P
\)L
0 1. ch\ OH
€]
HC: L?D organolithium
/ reagent
HsC
: |

diastereomers (cis & trans)

N\ OH
SEC) -
HC: Li organolithium
/ reagent
H3C
2WK ——————— >

enantiomers (R & S)

m. Aldehydes and ketones with cuprates.

S @
1. (CH3),Cu Li
cuprate Cuprates react slowly with

reagent ketones, esters and aldehydes.
2. WK

[— .

© @
1. (CH3),Cu Li
cuprate Cuprates react slowly with
reagent ketones, esters and aldehydes.

2. WK

_—

o @
1. (CH3),Cu Li
Cuprates react slowly with
ketones, esters and aldehydes.

© @
1. (CHa),Cu Li

cuprate
reagent

O
A
\)Ok
O
cuprate
reagent
2. WK
_—
: |

2. WK
—_—

conjugate addition
to a,b-unsaturated
CH,4 carbonyl compounds
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Typical First Year Organic Reactions Beauchamp

n. Aldehydes and ketones with secondary amines (enamine synthesis, alkylation, hydrolysis).

H
| Tson (-H,0)
N

N

E & Z possible
2° amines =
H
H
| TsOH (-H,0) O
N

N E & Z possible

—_—
2° amines \/K
H
TSOH (-H,0)
N N

I

|~

Q

_—
2° amines
achiral R also possible
o H
| Tsom (-H,0)
N
—_—
2° amines
0. Aldehydes and ketones with primary amines (imine synthesis).
/\ N/\
NH, |
TSOH (-H,0)
H E & Z possible

[E— -

o ;:o
T

RN

/\ NH2 |
TsOH (-H20)
—_ E & Z possible

N
S w, =
TsOH (-H20)
E & Z possible

0 N

N NH =

2
TsOH (-H,0)
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Typical First Year Organic Reactions Beauchamp 60

p. Aldehydes and ketones with ammonia + NaBH3CN = primary amine synthesis.

(0] 1. NH3 NH2
2. NaH3BCN
3. WK

H -

o]
1. NH,4 NH,
2. NaH;BCN
3. WK
—_—

g. Aldehydes and ketones primary amine + NaBH3;CN = secondary amine synthesis.

L.
9 \/NHZ HN/\
\)J\ 2. NaH3BCN \)
H 3WK —
0 1
\)k ~_ " HN/\
2. NaH3BCN
AWK ———
r. Aldehydes and ketones secondary amine + NaBH3;CN = tertiary amine synthesis.
1
0 /\N/\
\)L """ 2 NaHBCN \)
H 3. WK
e E—
0 i
\)k /\N/\

"M 2.NaHzBCN \)\
3. WK
—

s. Aldehydes and ketones ethylene glycol, acid, dehydration: ketal and acetal synthesis = protection).

Q OH /\\
HO/\/ © O  acetal =
TsOH (-H,0) \>< protected aldehyde
H —_— H
(0] /-\\
Pl 3 ketal =
HO O protected ketone
TSOH (-H,0)
—_—
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(0]
HO /\/ §
TsOH (-H,0)
- 5 ketal =
protected ketone
: |

Typical First Year Organic Reactions

)
S S

TsOH (-H,0) O

> ketal =
protected ketone

t. Aldehydes and ketones with 1. LDA 2. RX = alkylation of C=0.

0
R~ R H
lithium diisopropylamide (LDA) ! achiral

2. RX (R = Me, 1°, 2°)

@
1. @N Li o
R OR
lithium diisopropylamide (LDA) R
achiral

2.RX (R = Me, 1°, 2°)

enantiomers and diastereomers
(RR, SS, RS, SR)

0]
P
\)L
®
© Lo 0
R/ \R
lithium diisopropylamide (LDA)
2.RX (R =Me, 1° 29
R
R
° Loy L
—_—
R/ \R 0
lithium diisopropylamide (LDA)
2. RX (R = Me, 1°, 2°)
enantiomers (R and S)

u. Aldehydes and ketones with 1. LDA 2. epoxide = alkylation of C=0.

]
©
1. N @
Li
0 R R H
lithium diisopropylamide (LDA)
R OH
H 2. epoxide
AS s
—_—
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Typical First Year Organic Reactions Beauchamp 62

6
1. @
/ \ Li

lithium dusopropylamlde (LDA)

2. epoxide i E
@

6
L Li

0 / \
Ilthlum dllsopropylamlde (LDA)
2. epoxide

—>

v. Aldehydes and ketones with 1. LDA 2. another C=0 = addition to C=0. Forms a beta hydroxyl
carbonyl, which can be dehydrated in acid or base (with heat) to an a,B-unsaturated carbonyl compound.

1. o L® 0
R/N\R
lithium diisopropylamide (LDA) H
Q acid
2. carbonyl —
(-H20)
- 7 . OH
@
1. o U 0 0
R/N\R
lithium diisopropylamide (LDA)
2 carbonyl 0 acid
. carbony —
_ = OH
1. © Li®
N
O R~ R ° ecid_ ©
lithium diisopropylamide (LDA) (-H,0)
0]
2. carbonyl)J\ X
OH

w. Aldehydes and ketones with mCPBA (Baeyer-Villigar oxidation) to form esters (cyclic = lactones).
0
i H
/ 0 aldehyde forms
0—0O \)L carboxylic acid
H
OH

meta chloroperbenzoic acid
(mCPBA)

— -
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0
AN

The better R, group
migrates better.

Q| -

Beauchamp
(0]
/H
0—oO
meta chloroperbenzoic acid
(mCPBA)
—_—
0
/H
0—oO
meta chloroperbenzoic acid
(mCPBA)
B —

O

Cyclic esters
are called
lactones.

Show the products of the following miscellaneous reactions.

6 1. NaOOH 6
\)J\ 2 RX (R = methy1, 1% 2° \)J\ R
—_—
OH CI/
0] 0
8001,
PN - PN
OH (|
N 0
\)J\ o \)J\
—_— k
1 (j/
0 - 0
\)L - \)J\
1 “H,
0 N
80T F
> \/
o 0
- = \_/ Ik
'l H
0
0 Ik \)J\
|
\)J\ kR—H o
cl — |

4
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Typical First Year Organic Reactions Beauchamp 64

other possible reactions

cuprates

Sulfur ylids

Phosphorous ylids (4 variations)
Ketals / acetals

Imines - amines - amides
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