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SN2 Mechanism - Concerted Backside Attack SN1 Mechanism - Carbocation Intermediate
DMSO or DMF (polar aprotic) H,0/EtOH (polar protic), 25°C
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100% inversion of configuration, 2 order kinetics

4

CH3X 9201 3° 2° 1° VYDAV / NN ININ
7292 SN2 1291 E2 (O POY) E2 (oY) Sn2 PN ©Yoa
(TIRVD-Y0IN YIT)) SN2 vyn + E2 vyn + PN 919N P

(RO~ ,0H

7293 SN2 E2 E2 (Opoy) E2 IALEALE
OOy IN9IN) SN2 vyn + NI UITY PIN DININYPI

(tert—BuO ™)

1293 SN2 Sn1 Sn2 Sn2 wyn oroa
PN 929INY P

(CN™ F)

(vN) SN2 El1on Syl E1/Sn1 Sn2 von oroa
50179 57919 DN (TIND SOIN) wIn 9ININYPI)

(H,0 ,ROH)

01 NINN (9712) NI¥IHN DYNINA NN (5”12) NNN MYPIY AN



sHIYN
DIPNN Y2 NINPNIYR TTIYN (4) DININ o
SN2 110 (DMSO ,11DN) S0119N 1919 DRN o

E1/Sn1 11yn (91199N ,010) 20179 51919 Dnn .

NaOCH,CH3, KOC(CHjs)s, NaNH,, NaOCHjg : prn 929I85p) pin 0901

.| NH2~ Amide

| OH™ Hydroxide
| RO~ Alkoxide, including CH3O ™~ (Methoxide) and CoH50O ™ (Ethoxide)
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2 in Cyclohexane - Antiperiplanar Requiremet
t-BuOK, t-BuOH

Br
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HBr

A 4
+

9195 Y111 £993 NVPYHD

Y1VPID MING = (1NYI) YVPNIT AN NPVPHV-NPASVPNII PNIPY

DIPYNI NIDD MM 29 NYIY

(H*/H20) 58010 198970

21901 IYPN DY NINNVINY >

9NN INPN NN DY IPOPIAIP NN .2
DN NYYPN )

INNVINS-NT T

(1IN NN PINSN DY OH) 2IP)NIPIN HH29Y HMd 98N
(M1 ND) 118N9N-N989921979

DOVNNIA NN ,NAYY-1T IR NAYY-TN NPNY NI NANVND OOV OMMNIN OY ,NMNY MYIAP NIDIN NIYVINND C=Cwva> VP NV
DN



1933319 DIMINIVD | NVDVPYDINA AN DYVIINY nFAPY)
Yy »25v-TN \ka% - INPON H» NIYINITIN
nONN NOWN ;d/Pt/l\?
1 - PPN YN OPIN HX like HBr nYs5 nssabvnmatn
1POVPIIP
T - 1IPNIIPIN 5D B H,S04 01) NIYITIN
ORI R-C=C-R +H,0 - — (N8PIN
T - DIPIIPIN SUNY) 1NN H2S04 = 910N DY) NINYTIN
WOPIIP (MTBE R-C=C-R+ CH;0H — — (A1YY91199N
" 71 YOIN - TYNT-PN X, like Cy Bry NI%IND
DYINYN
" 7T YOIN any OH PATMYN H,0 ERLELAVE
DYNYN NI Xy ——
YHPYTI NI - IPNHNIPIN-VIN TPV PN HBr . VIN NIYINYMINTIN
ROOR /hv 21PPIN
(NOY9Pr1Y)
JOON AT PO - PALS KMnO4, OH-,H,0 I8N
- —
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mechanism for cis glycol formation
H H -
0 o 350 o __,0H
- N ~7 o] ]
< |]"'..'__"' ;;N-‘In\x » { /\In\ _H0, 4 + MnO;
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cyclopentene
a cyclic manganate
intermediate

cis-1,2-cyclopentanediol

Syn Dihydroxylation
OsQO, or KMnQ, (cold, dilute)
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Both OH from same face



Hydroboration-Oxidation
1) BH-THF 2) H,O,, OH
— /\/OH
Anti-Markovnikov, syn addition

Epoxidation with Peroxyacids
mMCPBA, CH,Cl,, 0-25°C

0]
/\/ + HO\O)]\ —_—

.

5 A,

Stereospecific syn addition - retention of alkene geometry

CCL, or CH,CL,, 0°

Br
Br——Br _— Brg + [Br-] —_— \H\
intermediate
Stereospecific anti addition, rate: Cl, > Br, >> |,

intermediate

Halogenation - Anti Addition via Halonium lon

Y

Halohydrin Formation - Markovnikov
H,O (large excess)

Br O Br\)<

intermediate
H,0 attacks more substituted carbon of bromonium ion

Anti-Markovnikov HBr Addition
ROOR (peroxides), hv

N e AN —
intermediate
Radical mechanism - only works with HBr, not HCl or HI
HX Addition - Markovnikov Regioselectivity
No peroxides, -20°C to 25°
V/ + HBr

—

ccl+]c +

Br
[Br-]

)\
intermediate intermediate
Rate: HI > HBr > HCl >> HF | Carbocation stability controls



Ozonolysis - Complete Mechanism
1) 04, -78°C
2) Me,S or Zn/AcOH

i A
O,
A b=

(0]

-

intermediate
Reductive workup - aldehydes/ketones | Oxidative - acids
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HBr Addition - Anti-Markovnikov HBr Addition - Markovnikov
ROOR (peroxides) No peroxides
Br
/\+ HBr — /\+ HBr —_— )\
Radical mechanism H to less substituted carbon
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Lindlar

Partial Reduction to cis-Alkene
H,, Lindlar catalyst (Pd/CaC0,/Pb)

/ -_—
~ =

Poisoned catalyst stops at alkene - stereoselective syn
addition
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Partial Reduction to trans-Alkene
Na, liquid NH,;, -33°C

\/_./\C/_./\/\

intermediate
Radical anion mechanism - trans more stable
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Alkyne Halogenation
Br, (10r 2 equiv), CCl,
Br Br
— + Br Br > A _— Br)>(
Br Br Br
intermediate
Anti addition, can stop at dibromoalkene with 1 equiv
181201 099 DY MM 2.3
YN TN 1139910 0IN19ID 190N 8N DYVIINIY nFPE)]
0”371 9IR 7T MISPINIVING + 2IPHDIPIN 1 Nop H,0 - INYTIN

Alkyne Hydration - Markovnikov
H,0, H,S0,, HgSO,

L 4

intermediate
Keto-enol tautomerization, terminal - methyl ketone

H2S04, HgSO4

O
o —

(R—C=C—H) 0293190 05pYX Yv mann .3
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Alkyne Halogenation
Br, (10r 2 equiv), CCl,

Br Br

——— + Br Br > /S Br)>(

Br Br Br

intermediate
Anti addition, can stop at dibromoalkene with 1 equiv
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Williamson Ether Synthesis
DMSO or THF

[k+] + Br/\ _ /\OJ\ + IKe] + Br-]

SN2 mechanism - requires 1° (or Me) alkyl halide

MY MOV 5.2

nNINT DINID DYVIINIY norv

CH3;0H + CHy;=CH, 1NPHIIPI YN R—OH+x%p1 1PYNY MarD

NINIIINIIVD
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Epoxide Synthesis Methods
Alkene + mCPBA or Halohydrin + base

Direct epoxidation or intramolecular SN2

{2IUN - DITOPIIN NNIND 6.2

DININD NN 980 N912I9INIIVD -3 9710 DIINY P =9 NNIT PN DINID
nanna HT PN Nu-C-C-OH YVUIN 99019 NINS 1NN SN2 {=233-21-F
nanna H v HO-C-C-Nu IOIN 49011 AN NI Syl [-123°7-31))
Epoxide Opening - Base Catalyzed
CH,ONa, CH,OH
OH
o o}
/Q/ * Na/ \ - /0 7””""'// + [Na+]
SN2: Nu attacks less substituted carbon
Epoxide Opening - Acid Catalyzed
CH,0H, H,S0,
OH OH
O
LT AN — 0
intermediate
SN1-like: Nu attacks more substituted carbon
DIVINIIY NINDIT

OH—, RO~, NH; :0»v9s0a -
H*/Hy0, H" /ROH :0m¥mn -

19>8mn oonon — HySO4 ywwH™T ooxy ox :9sw

Epoxide Opening - Regiochemistry

Acidic & more substituted | Basic - less substituted

HO H,N
g H2N\)< * HO\X
O

Acid: SN1-like | Base: SN2 mechanism
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193391 80 DIVIINIY

NURA DINOIR SN2 Sn2
R—R—Cl + NaOH > R—OH + NaCl N

IMWIYY HINIIIN Sn1l

S
R—...R—X + H,0 2% R—OH + HCI

R—X —— R—OH

Primary:

A~_C  + NaoH 32~ _OH + Nacl

Tertiary:

cl o Sy OH
/x Py 0Ny 5 /X +  Hcl
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EANACICE] H,0 Y3 (3°) OyvNY (3 Sy1 DININ +7¥MN HX
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Y9°89DINYIVD H3POg3 2°,1° N9 71990 Sn2 b0 PBrg
1aY3
ssnvown | SO, 1, HCL 2°,1° 7190 71990 WP voa+  SOCI,
0927 7aY%a MNP (PRNRDINMO

SN1 Mechanism - Carbocation Intermediate
H,0/EtOH (polar protic), 25°C

Br OH
>< —_— + [Br-] —— ><
C:

intermediate intermediate
Racemization + rearrangement possible, 1st order kinetics



SN2 Mechanism - Concerted Backside Attack
DMSO or DMF (polar aprotic)

Br OH
fon] * \)({) \) ® o

100% inversion of configuration, 2nd order kinetics

SN2 vs SN1 - Substrate Effects
SN2: CHy > 1° >2° >>3° | SNT: 3° > 2° >> 1° > CH,

| | OH OH
Lo TN )\+>< — s —OH + o N+ )\+><

Methyl/1° > SN2 only | 3° - SN1only | 2° 5 both possible

009191 DNMIMN
PBI‘3

an napnn) R—OH + PBrs — R—O"—PBry + Br™ »
(monoySy2)Br~ + R—O1"—PBry, — Br—R + O=PBr; .1

Alcohol - Alkyl Bromide via PBr;

0°C, ether solvent

. OH
H O/w + PBI3 —_ o /OH —_ Br + HO—P—OH
OH

intermediate
SN2 at carbon - clean inversion, mild conditions

SOCls,
(va9r1MYs ny) R—OH + SOCly — R—0-SO-Cl1+ Cl™ .»
(1o>noy) R—0O—SO—-Cl — R—Cl + SO5 1 .2

Alcohol - Alkyl Chloride via SOCL,
Pyridine, 0-25°C

Os. 0l o
HO\)\ + | —_— YO‘ w — ClQ\ + 0= =0 + HCl
|

C

intermediate
Gaseous byproducts (S0,, HCI) drive reaction forward

R—0O—-SO—CN Yapm MYn 9y moanopn napnn wnann (NaCN oy nannn Ywnb) 99I89p) ©°0aa v DX
.SN2-292110 90 AW n NI¥NPaNPN

1-Phenylpropan-2-ol to 1-Phenylpropan-2-nitrile

OH 1) SOCI;
ESJ'I\/Q > -

2) NaCN

(S)-1-phenylpropan-2-ol (S)-1-phenylpropan-2-nitrile

Net retention of stereochemistry (S to 5)



OH Cl

\\\\‘\‘\‘ N4’

(5)-1-Phenylpropan-2-al (R)-1-Phenyl-2-chloropropane (S)-2-Phenylpropionitrile

(DIPYN NTP¥3) DITINIYN YU NISVTINT .9

NYIYN S0 Sa0n nFLY) avy
nPYMN - N0 NIY N»apY OHnxen - R—OH + H,SO, — R—OH,* + HSO,~ 81019

1°<2°<3° MDY OPITP NV R—-OH," — R* 4+ H,0 DN NNOYS

95PN MNP W H NN AN DY PPOVPIAIP NV (rearrangements) D111 | IYAN 919950
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Acid Chloride Formation
SOCl, or PCl; or (COCl),

OH Cl

SOCl, preferred - gaseous byproducts

Amide Formation - Three Methods
1) RCOCL + 2 RNH,
2) DCC coupling
: RNH,*
@]

0]
OH N

DCC best for peptides - mild conditions
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TATON 7T 2 1°5M15 LiAlH, 79919 YI8N
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Haloform Reaction
Brz, OH

O 0] Br Br

O Br

Methyl ketone — carboxylate

30



NHYYOPITIP MENIN HY NN

nYn 113299 DIVIINY NN NOVIY
R-CH,OH — R—-CHO — R—-COOH 52917 )I¥NN K5Cr,07/H* 931UNA 9119 198NN
TAN JHNY DIVNI NIYIY NOIND 9Y NPXINOYPN NOPNN wyRMgX + COq Yy NISYIOPIIIP

COq H3O+ NI

NYIOPIAIP NYNIN NI NVIIVPNII V1D

nany nap NPBOPNIIN NI NI NPIOPNIY 11D
(P1sn) X~ TPDOPITIR DINVVPIN TYIN NN YN 9NN (*2Y0PNIY 9ON) 1

(1) RCOO~ VY 9INIIPN YVOPITIN VPN THYTININ 2
o RO~ NPYINOPIN NPNON INHNND DIIND TOON 3

(Tnn ) ReN~ IPINK PN DINTY TN (YPOPNII NIND D7) 4

NININ

INIID NN

01990 HISN HY NINYD

NaANVn VNI

ANINN YW Hp 1A

(D29TIMN) oMt

R—-COOH + SOCl; — R—COCIl + SO, + HCl

199195 Y931

DY7912171 DIYN NPY Y9%0) 3R—COOH + PBrs — 3R—COBr + HsPO3  19m19390 919019
VNION 11NN - DITIYN PIYN MANN

NITNISH NIYN 19221 9N 9I9INIIP)

nYYIVTN 929189 PN NOYNN R-COCIl+ H,O0 — R—COOH + HCl1 on
TPOINN

VDN NPY 929INYPI NOYNN R—-COCl+ R'OH — R—COOR’ + HC1 ELIE)
TPIINN

M9IPYIN 2 MYIN mramespnnesnn R—COCL+ 2R/2NH — R—CON(R/), + R'2NH,TCl~ 19NN
PRN 9NN

TAPIIN NP T9NNOYPI NAINN R—COCl+R'COO~ — R—CO—-0—-CO—-R’ + Cl~ v»vpiaswp

mayn

TIIYN

MapNN 190N

Y1591 PN HY NIDIN NISPITY MANN

98N VNI

MYNI YD

MWLV HMD

(TNTIR TIT) BINY

(MYOP 777) BYINY

R—COCl — R—CH,0H
R—COCL + 2R'MgX — R—C(OH)(R');

LiAlH,4

AN VIINYY

31



Hydride Reducing Agents Comparison

NaBH,: mild, selective | LiAlH,: powerful, reactive

Various C=0 — Alcohols

NaBH,: aldehydes/ketones | LiAlH,: all carbonyls +
esters/amides

Grignard Addition Mechanism
1) Et,0, anhydrous

o HO
Br<
/“\ ¢ oS 2 e X —— \)<

intermediate
Irreversible, must exclude H,0, makes C-C bond
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Fischer Esterification - Complete Mechanism
H,S0, cat., Dean-Stark or excess alcohol

0 OH OH 0
A e — A 0 —

intermediate intermediate
All steps reversible - Le Chatelier's principle
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Ester Reactions Overview
H,0/H* = acid | OH™ = carboxylate | LiAlH, - alcohols
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Amide Formation - Three Methods
1) RCOCL + 2 RNH,
2) DCC coupling
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DCC best for peptides - mild conditions
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