Reactions Studied Through Chem 315 — Review (Partial Key Starts on Page 3)

A. Alkane Reactions

Example Reactants

: 6 7 8
1 2 3 4
cH, . N T

Reaction Conditions Studied

a Br, b 0O,
hv A
—_— >

B. RX Compounds

Example Reactants

Reaction Conditions Studied

(0]
€] e o |
H—oO /\0 )ke e e 7
—_— —_ = o N=—c Na+ HC=—=c Na 1.
a b d e f
C

o]
z

1. LIAIH, 1. NaBH,

H—O
2. workup 2. workup AN /\OH

—_— OH 2. NaOH e}
g h  —— j _— -
i k
Extra Reaction Sequence to Alkynes
Br ® )
Br 1. Na R;N
2
/\ ; Br 2. Workup=
C. ROH Reactions
Example Reactants OH OH 8

.
4 5 6 OH
1 2 3 )\ OH
OH OH
HaC——OH /\OH NS

Reaction Conditions Studied

toluenesulfonyl chloride
H—Br SO,/ A Cf_g_s CrO; )k K ﬁ
- SOCI PBr 294 pyndine  H,O o]
(8{ :IC)II 2 3 25 OH S—ClI RN
b c d e f H,S0, (Catalyst) | 3
a 1. NaH -
1. NaH 2 ﬂ, —) © cl
NaH 2. Br j / \ I
—_— /\BI’ N
g _— .
h %» pyridine
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D. Alkene Reactions

Example Reactants 6 7 8
1 2 3 4 5 <j| X

Reaction Conditions Studied 0
Hy0* CH3OH,* 1. Hg(OAc), 1.Hg(OAc), Br, Br, 1.BHs o 1.BH; o C _OH
H,0 CH;OH H,0 CHOH B,  H,0 CHOH 2.H,0,/HO 2.Bry/CH30 o
a b < . 4 € f 9 h i mCPBA
H—B r
Hz H_2 / Pd Na 0504 1. 031 -78°C 1. 03, -78°C 1 03, -789C 1 BI’Z / HZO r
Pd  quinoline NH; or > NaBH © 5 NaOH (or H-CI
— —> —»  KMnO, 2.CH3SCH; 2. NaBH, 2. H,0,/HO . Nal or H-1)
J k I —_— s - — T 4 - —
m n P d s
E. Alkyne Reactions
Example Reactants 5 % 6 /
1 2 3 4 /
‘Reaction Conditions Studied
H3()+ 1 NaNRz
: 1. NaNR
H,O leg. 2 €J. leq. 2 eqg. 1. R,BH e H, H_2 / Pd Na 1.NaNR, 2. O 2. CHS-CZHO
Hg*2 (cat) Br2  Br, H-Br H-Br 2.H,0,/HO Pd quinoline NH; NaNR; 5 cH,-Br / \ 3. workup
—_— T ——————> —> —> —> — > ——— g ugkip —
a b ¢ d e f 9 h [ j K i m

F. Epoxide Reactions

G. Carbonyl Reactions
0]

Epoxides can be prepared from alkenes 2 ways.

1. Bry/H,0

MCPBA 2. NaOH

Example Reactants
0]
A ’

Reaction Conditions Studied

. S]
H0'  CHiOH," NaOH CH;0° 1 LiAIH, 1. NaBH, LN==c Na* HC==c Na' 1 LDA (R,N°Li")
H,0 CH3OH H,O  CHOH 2. workup 2. workup 2. workup 2. workup 2. workup
a b c d e f g h i

N0—=0~0

Example Reactants 6 7
o} o} 4 5
o | I i
C C o} ©
b e o ek,

Reaction Conditions Studied o
©, vy 1.LDA (R,N"Li*
. S _ 1. LDA (R,N"Li 2
L LiAlH; 1 NaBH, LN=c Na* Hc=c Na' ' | _érz P CrOs
2. workup 2. workup 2. workup 2. workup 3' WOI’SkUp /\ H,0
a b c q > — 3. workup g

f
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Possible Answers:

Alkane Reactions

Br,
e h 0 Brz 0,
— A A
SN AL 2C0,(@ + 3H,0 SN s 3c0,9) + 4H0
free radical substitution combustion = oxidation free radical substitution combustion = oxidation
RX Reactions
1-bromopropane
[S] /\e )<o
Br H—O Bi (0] O Br
SN e U I R e\ NS P
Sp2 a Sn2 b E2 c
o)
Na* Na*
B S ° HC= ce G
r o B N=cC =
N - o _~_— \”/ P a /\/c/ /\/ =
S\2
N i SN2
1. LiAlH, H— All of these
1. NaBH
Br 2. workup 2. worku4 \ /\ are "No Rxn"
NS —> PN /\/ p PN /\/ (no R* at
OH primary C)

Sn2

Sn2

2-bromopropane

M*

0
]
Br o/\
o
o
—_—
Sn2 d

Br e
H—oO
e /\ ——
E2 a
N
Na*
Br e ”l Na*
N=Cc ¢ B L LiAlH, 1. NaBH,
- HC_C 2 workup 2, workup
e
Sn2 E2 e
o
Br H o, OH Br /\ O/\ Br )‘\
N\, oH o
—_— OH
i i
Sl Su Sul “

2-bromo-2-methylpropane

[S]
/K
c

o
Br
(S]
(0]
_—
d
E2

Br ) Br )
o NG
—_— —_—
a b
E2 E2 E2
Na*
o Ne* o Br o Br 1. LiAlH, T 1 NaBH,
N=C HC=cC 2 workup o pyn that 2. workup  No Rxn that
—e> —e> g we Know. —h> we know.
E2 E2
o o)
Br H—oO, OH Br o /\ Br )J\
\H /\OH O
- . OH
i j k
Shl Sl Syl
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ROH Reactions

1-propanol
H—Br
SN lrhal Ll e PV P PBr3 — Y
or H-1) SN b
Sn2 a acyl substitution & Sy2 Sn2 (twice)
o S04l Cro, CrO
—_— OH ridine OH 3
/\/ q /\ py /Y /\/ /Y
El oxidation oxidation
1 NaH 1. NaH

NaH

/\/OH

acid/base

_’/\/a@ /\/ /\

acid/base & Sy2

h

2)<
acid/base & E2

N

(e}

A

H,S0, (Catalyst)

/\/OH (- HZO)

acyl substitution (in acid)

P

toluenesulfonyl chloride

/\/ 4©7|S!—C|

acyl-like substitution

pyrldlne

Ts = tosyl group
(similar to "I" in
R-I compound)

N* o

acyl substitution

2-propanol (isopropyl alcohol)

i (':a:glr & " 7 SO,/ A
or H-1) SOC'z PBry L, /\
— - N
Syl acyl substltutlon & Syl Sn2 (twice)
OoH o oH o° o 1 NaH N
CrO; CrO3 NaH Na
)\ pyridine )\ . )\ /\Br
e — g —_—
oxidation € oxidation acid/base acid/base & Sy2 h
Ts = tosyl group
. (similar to "I" in
5 N R-I compound)

2.
OH Br
)\
i

acid/base & E2

k

(- HzO)

acyI substitution

H,SO, (Catalyst)

s 1|

acyl-like substitution

toluenesulfonyl chloride
OH K ﬁ T
)\ s—cl 0/
P
o

—_—
pyridine

Ak

acyl substitution

A
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2-methyl-2-propanol (t-butyl alcohol)

OH ;'_BI' Br OH Br
or H-C H,SO4/ A
or H-1) sock, 4\ _PBry anniie
— d
a b
Sul
acytsubstitutiom & Syt SN2 &Syt
OoH OH S 1. NaH
Cro, Cro, o7 o 2.
pyridine ~ No_ HO e N /\Bf
— Reaction f Reactlon _h> /
acid/base acid/base & E2
0 Ts = tosyl grou
1 NaH toluenesulfonyl chloride (similar)t/og'l" iﬁ
o R-1 compound)
T
|sl.—C| o )
H,SO, (Catalyst) )J\ ”
(+ HZO) (o) o
pyrldlne
acid/base & E2 acyl substitution acyl-like substitution
acyl substitution
Alkene Reactions
propene
CH CH
OH 3 3
HyO* PN CHOH," ¢ 1. Hg(OAc),  oH 1. Hg(OAC), o
3 H,0 CH3OH
/\ Ho = CH4OH /\ 2 NaBH, /\ 2. NaBH,
+ it P i - > + i
E* addition  a E* addition b E* addition c E" addition d
ek 1.BH
Br, OH Br, 3
2 H,0,/HO
/ _> )\/ /\ - )\/ /\CH3OH SR OH
—_— Br . .
E* addition E*addition T £ addition O anti-Markovnikov addition
LBH; o ’ Na
P 2.Br,/ CH30 Br > H, /Pd NH; N
= —_— N /\ Pd quinoline  No /\ — o
i . : PN /\ Renction |~ Reaction
anti-Markovnikov addition reduction k
Oso4
1. 04, -78°C 0 OH
, 1. 0, -78°C
PN KMn04 2. CHaSCHy. ¢
— 2. NaBH, & _OH
I > ~ 2 H3C
oxidation oxidation oxidation HaC
L 0y 78°C_ 1. Bry/ H,0 o
A\ 2 HZO?’HO 2. NaOH
—_—
oxidation acid/base & Sy2 d
o]
cl Forgot this one.
Br
H—=Br
/\ mCPBA /<’ )\
oxidation E" addition s
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cyclopentene

OH 0.
1. Hg(OAC 1. Hg(OAC
HO" CH40H,* e EI(ZO Y 9(3 2 ou,
H,0 CH;0H 2.NaBH, 2, NaBH4
E" addition 0 E+ addition
OH

E*addition @ E* addition b
LBH;, o
Br dl Bz Br2 2. H,0,/ HO
2 (dn H,0 (dn CH3OH h
", —_— v,y —> ",
E* addition K E*addition | “lom E* addition “Ioch, 1 anti-Markovnikov addition

1. BH3
<j| 2. BrZICH30 <j/ H, <:| ‘ H, / Pd Na
pd quinoline  No_ NH;  No
el — Reaction B > Reaction
reductlon J k

anti-Markovnikov addition

HO
OSOA 1.0y, -78°C c¢ ° 1.0, -78°C /OH 1.0, -78°C \070
KMnO4 (meso) 2. CH3SCH3 : <j| 2. NaBH4 <j 2. szZ/HO <:
Cee C\OH /C§o
HO

oxidation oxidation oxidation oxidation

Forgot this one.

1. Bry/H,0
2. NaOH S moeea H—er

E* addition & SN2 oxidation E* addition

Alkyne Reactions

1-butyne
Br Br Br
Hs0* Br
leq. 2 eq.
— HZ?Z BrZ / Br d
Hg™ (cat.) — — \ 2
—_—
E* addition a addltlon b g E* addition c Br
Br ) B Br 1. R,BH "
S leq. - €q. — 2. H,0, 1 H®
— H-Br ﬁ H-Br T
- N _’e f H
E* addition d E* addition anti-Markovnikov addition
Ha H, / Pd
N Pd - 2 Na  Normally, trans alkenes
E—— /v — qumollne NHj3 are the product, but this
_ g \ /v — reaction doesn't work on
reduction reduction reduction I terminal alkynes.
e
_ NaNR, c_ 1. NaNR,
I —_— f— \ 2. CH3 Br
) i Na® \
acid/base acid/base & Sy2
1. NaNR,

2. 0 1.NaNR,  HO

— /\ o 2. CH3-CHO
\. 3. workup 3. workup —
’ —m

acid/base & Sy2 | acid/base & acyl addition
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2-butyne
Br Br
H;0* o
- H,0 1qu - 2 eq.
— Hg+2 (Cat.) — 2 —_— Br2
E* addition e E* addition E* addition c B Br
Br
o)
1 2eq. P _ %lﬁﬁﬁ/Ho
eq. : .
__ H-Igr A H-Br 20
e f
E* addition d E* addition anti-Markovnikov addition
H>
H, /Pd Na
—_— i /\/ quinoline / _ NH; \
g > —_— /v
reduction reduction h reduction i
excess o excess
NaNR,  — 1. NaNR,
= — \ 2. CHg-Br —
j ® e ) )
acid/base (zipper reaction) I acid/base & Sy2 k (zipper reaction)
excess exCess
1 NaNR2 L NaNR,  HO
2.CHyCHO
— 3. workup 3. workup
(zipper reaction)

acid/base & Sy2 (zipper reaction)

acid/base & acyl addition

Epoxide Reactions

propeneoxirane

/Aig)v

acid/base & Sy1-like

CH30H,*

\A

acid/base & Sy1- Ilke

CH3OH
)\/ C
Sn2 & acid/base

NaoH  ¢H
H,0

— OH

CH,0° OH

CHSOH

1. LiAlH,
2. Workup

SN2 & amd/base SN2 & aad/base

1. NaBH,
2. workup

T L

Sn2 & acid/base

QAL
N_C Na*
/A 2. workup )\/

Sn2 & aud/base SN2 & amd/base

Q HC_C Na*
2. workup )\/

2 1. LDA (R,;NOLi*)
2. workup

P

E2 & acid/base i
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cyclohexeneoxirane

[E— .

\\\\\\O\
() H30+ (e} CH30H2+ " CHj
H,0 (df) CH30H (d
—> —_—
acid/base & Sy1- like 2 "//OH acid/base & Sy1-like b OH
OH
\\\\O
o NaOH o CHy® N \CH3
H,0 (dh) CH,OH (@)
y,
Sn2 & acid/base ///OH Sn2 & acid/base d OH
OH
o 1. NaBH,
2. workup
f

H
1. LiAlH,
2. workup
—>
Sn2 & acid/base

Sn2 & acid/base

1= na*

2. workup
—>

O

@

Sn2 & acid/base

(di)
/,///

OH o OH
o HC=—c Na’
2. workup (di)
_— .
h K
\\N Sn2 & acid/base \

1. LDA (R,N°Li")

2. workup
—_—

v

E2 & acid/base

(S OH
i ©/ (dh

Carbonyl Reactions

ethanal (acetaldehyde)

o) . o)
[ ; LIALH4 | 1. NaBH,
. workup 2. workup
C N N C
< a o e H b " on
acyl addition & acid/base acyl addition & acid/base
OH o) OH
©
I Ln=c Na* | I HC==c Na' |
c 2. workup CH c CH
PN NG PN 2. workup N
HsC H . > HC HsC H ————>  HC
3 N - C 3 \\N 3 N - d 3 \
acyl addition & acid/base acyl addition & acid/base
o, .
Q 1. LDA (RN Li) o 1. LDA (R;NCLi*) .
|C| 2. CHy-Br | 2. 0
/ \ 3. workup C
e \H/ \ ch/ \H 3. workup HO !
—_—
amd/base & SN2 2 acid/base & Sy2 f
o)
0
|| Cr03 |
C H,O
SC : g e on

oxidation
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propanone (acetone)

OH

o} ) o}
| 1. LiAlH, I 1. NaBH, oH
c 2. workup c 2. workup
—_—
ch/ \CH3 a ch/ \CH3 5
acyl addition & acid/base acyl addition & acid/base
o H3C OH
|| LN=C" Na' NS || HC==c Na’
PR 2. workup PN 2. workup
HsC CHy  —— > HC ‘X HaC CHy ———— M€ %
acyl addition & acid/base N 1 acyl addition & acid/base
Q, .
Q 1. LDA (R,N°Li) 0 o 1. LDA (R,NCLi*) .
C| 2. CHy-Br I [ 2. 0
~_  3.workup H5C C c / \
H3;C CH3G—> \CH/ \CH3 H3C/ \CH3 3. WOI’kup HO
B
acid/base & Sy2 lH3 acid/base & Sy2 f
o)
|| CrO;
¢ H,0 No
H3C/ \CH3 g, Reaction
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