Only typical first year organic reactions are listed below, following simplistic rules (used in my course). Workup
means neutralize acid or base conditions to get a neutral product (could be acid or base). Real organic reactions can
often be ambiguous when all of the details are included (solvent, temperature, concentration, counter ions, catalysts,
etc.). Organic chemistry’s middle name is “ambiguous’ (Organic Ambiguous Chemistry). For your first time through
organic, | simplify some of that ambiguity by making reaction choices more clear cut than they might be if all factors
are considered. If you are learning from another instructor, who disagrees with my rules, or if you find the inevitable
errors, just change a reaction to suit your needs. These reactions are your working tools to synthesize more
complicated molecules. | have tried to include reagents for most of the 1C, 2C and 3C examples that we study. These
are your building blocks to 4C, 5C, 6C and larger organic molecules, many of which are listed after the 1C, 2C and 3C
examples. You should also be able to sketch out a plausible mechanism for each reaction. | left a few blank spaces in
case you or | need to add in any additional reactions. Unlike biochemistry, organic mostly uses simple monofunctional
molecules, so you don’t often have to worry about competing functional groups (called chemoselectivity). Your
choices are limited to the few reactions that are in our tool box. Try to have some fun as you make your own creations.
Please let me know when you find the errors. You will find alkene and alkyne reactions at the very end.
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58 1 Mg orLi 59 1. Mg or Li OH 60 0
Br B 29 Br 1Mgorli
o/\ \)J\ N | B
H oH (0] CH 3. workup OH
83 Worku 3 3 work 3 S
worktp 2° alcohol Workup 39 alcohol __,  carboxyliacid
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e . .
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8 5 L 8 5 L o 90 o LMoorli
r 2.
o 0 o]
~_Ct Br N~ Cl OH
Li — Li - \/\g m
CUprateS 2. Workup Cuprates 2. WOrkUp 3. Workup
91 OH 92 oH 93
Br Br
HBr PBry o SOB, Br
—_— e —_—
SN2 at Me, 1° RBr SN2 at Me, 1° RBr ) SN2 at Me, 1° RBr
Sylat 2°, 3° RBr Syl at2°, 3° RBr Syl at 2°, 3° RBr
OH 1 1scl, py. Br 9
2. NaBr
—_—
prevents rearrangement at 2° ROH
97 1. NaBH, 99
0] 2. wg;kup OH o only OH 0o only OH
. 1. LiAIH
)k 1. LiAIH, )J\ ; L'ALH“ )ko/R 2. workus )
H 2 workup OH workup ek
—_—
100 101 102
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_N L LiAIH or P show where the reaction occurs.
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—
103 1.NaBD, 104 105
0 2. workup OH o) only DD
or 2N L LIiAID,
)K 1. LIAID, \)1\ R ; '—'AI'(D4 b |[—~C" 2 workup NH,
2. workup D wor up >
e
106 1. NaBD, 107 1. NaBD, 108 1. NaBD, OH
2. workup OH 2. workup 0 2. workup
0 or b o] or \)\ or D
f E ; LIAII(D4 1. LIAID, 1. LIAID,
. worku 0
UP- 10alcohol 2. workup 2° alcohol 2'W°rk,Up 3° alcohol
106 108
O * O
TSOH (-H,0) //\o OH é/\ 0 HO
H " OH ><H L — H
TsOH
protect aldehydes and ketones —  protect alcohols deprotect aldehydes and ketones
109 o 110 111
H,0 )1\ ~8 )k RO/ A CH
o O/\ H —_— H3C H — H3C/ 3
deprotect alcohols Clemmenson's reduction Wolff-Kishner reduction
85 86 87
Q HNNH, Q@ SH SH s s s. _g  RaneyNi
)j\ RO® /A _CHg BF; >< (loaded with H,) CH,
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Wolff-Kishner reduction > thioacetal thioacetal




3C starting compound = CH;CH,CH;

1 Br 2 B 3
' ) 2 Br. Br
Br, o@ eqgs.
/\ hy K /\ Br,
—_— hv
free radical substitution E2 at 1°, 2°, 3° free radical substitution
4 6 1. 3 egs.
1. 3 egs. OH
Br.  Br 1.3egs / Na&Rz Br, Br , Nacl)\le
NaNR, 2 :
2. WOI’kUp / )Q /\Br / /”\H %
3. workup
double E2 rxn 2= SN2 at Me, 1° — > C=0 addition
7 1.3 egs. ) . 9 1. NaH
Br Br NaNRz . excess 2
\) NaNR, \/\ D
FZ 2. workup ~_-°H X
3. workup rxn 2 = Sy2 at less T
— hindered C zipper reaction E2 > Sy2 at 2° RX
12
10 HBr Br 1 Br OH Br
ROOR NaOH NaOH
/ hv
~F . — . \/
anti-Markovnikov Sn2 at Me, 1° E2>S\2at 2°
13 1. NaOH 1 NaOH 15
O 2. 2.
Br NasSH SH
~"gr P e N\
OH g o OH —>
0 20 S\2 at Me, 1°, 2°
SN2 at Me, 1°, 2 Sy2 at Me, 1°, 2° N
16 17 % NaOH 18 % NaOH
Br SH <O - Br
NaSH /\ —»Br /\ )\
— SH /\S/v SH /\S
SN2 at Me, 1°, 2° Sn2 at Me, 1°, 2° Sn2 at Me, 1°, 2°
19 21
1. NaNj Br 1. NaN, O 1. NaOH
2. LiAIH, 2. LiAlH, 2,
~"gr o3, workup NH, )\ 3. workup )\ NH 5 NaoH BT
0 0 0 — > \/\NHZ
Sn2 at Me, 1°, 2 SN2 at Me, 1°, 2° Sn2 at Me, 1°, 2°
22 1. NaOH 23 24 1. n-BuLi
(0]
2. Br NH, H 1 n-BuLi H 2. Br
T NH | Br |
N /\/ P N P
S 3. NaOH g ~F g Z > N\
Sn2 at Me, 19, 2° E2 at 1°, 20,3° E2at1° 2° 3°
25 26 Br 27 1. NaNR,
2.
~"
Br NaCN \/\C Br
N NaCN N
- %N C\%N / Y /v
Sp2 at Me, 1°, 2° Sn2 at Me, 1°, 2° rxn 2 = Sy2 at Me, 1°
28 29 30 :
1. NaNR, . S 1. n-BuLi
> Br o L s 2B 5: :
/\/ Br )\
/ )\ \/ > — S > > S
S 0 90
E2>Sy2at 2° Sn2atMe, 1%, 2 S s\2at Me, 1°, 2°




1. n-BuLi

<: >—//\/Bf <:S

dithiane = Sy2 at Me, 1°, 2°

C

1. n-BuLi S
2 Br <
> S

dithiane = SNZ at Me, 1°, 2°

B
|
<: HnglHZO/\)j\
S —_— H

aldehydes

34 o
{ >—< HgX,/H,0
S - H

aldehydes

C

HgX,/H,0 9
/\)J\/
ketones

36 S
0
HnglHZO
S D ———
ketones

1.LDA,-78°C o

)k/\/Br)J\A

)Ksr

1. LDA,-78°C

J

enolate rxn 2 = S\2 at Me, 1°, 2°

39 .
o LLDA-78C o

)kz./\/ Br )K/\
RO — RO

enolate rxn 2 = S\2 at Me, 1°, 2°

enolate rxn 2 = S\ 2 at Me, 1°, 2°
40
1. LDA -78°C

AL I

enolate rxn 2 SNZ at Me, 1°, 2°

41

H3C

_c? /\/BV/\/C

1. LDA,-78°C
N 2. N

N\

enolate rxn 2 = Sy2 at Me, 1°, 2°

42 1. LDA,-78°C
N
/0/4 2. Br C/¢N
HsC SN
—_—

enolate rxn 2 = Sy2 at Me, 1°, 2°

43 44 45
Ph
| ~_Br Ph ® ~_~ Ph /‘\ Ph @/k Ph @N 1.nBuLi O
S R 7 o | Br ° 2. H,C=0
S —_— —_—
L Sp2 at Me, 1°, 2° Ph B e S22t Me. 19 20 Ph B Ph Br
T N2 at Me, 1°,
47 1. n-BulLi 1.n- BuL|
Ph ®)\ 1. n-BuLi Q Ph\%/v 2. ph @)\
2.H,C=0 I o o \)l\
b 8® g Ph B _’QA/ b B®
49 Ph 50 Ph @)\ 51
Ph\ ~"Ng Ph\%/v \| Ph Ph @N 1. n-BuLi
P ~ p 2. H,C=0
e - Ph | Be / Ph h Br Ph/ o 2 /\/
Ph Ph Br P Ph B —
S\2 at Me, 1°, 2° SN2 at Me, 1°, 2°
52 53 )\
Ph _® i i ®/\/ N Ph 3 A
~p % E’%{"é o | 1. n-BuLi o | 1. n-BuLi
P | e 2. CH;CH=0 2. CHaCH=0
Ph Br Br > Z alkenes Br — Z alkenes
55
57 1. n-BuLi
P 1 neBuli A N L nBuLi N 2. CH,CH=0

h/l 2.0

Ph Bre \)L

—> Z alkenes

h/l

\)L

Ph Br
Z alkenes

Ph ®N3nBuL|
\/\/
o 4wk

Ph Br E alkenes

58 1. n-BuLi
2.0

Ph @N \)LH
P 3.n-BuLi NN
Ph” | B° 4. workup

h —_— E alkenes

59

MeO

N 1.RO®

Ojﬁ)/\’( 2.\)01\ /

OMe O H

—_—

60

10



62 63
OH 0 OH (0]
Cro3 CrO, CrO,
H,0 py.
> OH
1° alcohol PCC aldehydes 1° alcohol Jones  carhoxylic acids | 2° @lconol PCC ketones
64 65 66
OH Cro,
H,O
—_—
2°alcohol  JON€S ketones
67 o 8 9 o TsoH 0
0 1. NaOH socl \)I\ (-H20)
2. 2 P /\
\)J\ /\Br\)J\ N \)k — OH OH 0
OH — o O OH cl —
rxn 2 = Sy2 at Me, 1°, 2° Fischer ester syn.
0 9 ii " 2 !
~ 2 N o}
\)J\ )I\OH (0] 0 Cl —» 0 N
: P TN
N
H
73 74 75 0 ~_NH;
0 5 o 0 AN XL
Cu/\ 0 (6] O
N ~sH PN
cl Li Cl — > S -~
—_— N
H
s 7 0O 0 N
(0] © ami
\)I\ j\/ /\_>OH ~ s \)I\O)I\/ ) 2" amines
(6] )I\/ Q
L i
/\ \)J\
0 57 3° amides
73 TsOH 74 75
0 TSOH
\)1\ ¢ HZ%)H 0 (-H20) N/\ '\f/\ 1. NaH;BCN HN/\
\/ 2\)\ NH 2. worku
H \/ 2 | \)\H p
make imines make imines 2° amines
76 7 1. TsOH (-H,0) 8 1. TsOH (-H,0)
P 0 § TSORERO) A
NN ; NaHk3BCN HN SN~ \/J\l/\ 2~ N N
)l\ . workup H é NaHk3BCN )J\ 2. NaH3;BCN
.worku :
2° amines bl 3° amines 3. Mp 3° amines
79 80 81
82 _ 83 1. Mgor Li 84 % Mg or Li
1. Mgor Li Br _ . 0
y o 3. workup OH Br H
3 Workup > K
—_— 3. workup

11



85 1. MgorLi OH 86 1. Mg or Li 87 1. Mgor Li
2. 0 2. 0 2. 0 OH
Br )I\ Br )j\ OH Br )I\
H
3. workup \) 3. workup /\/}\ )\ 3. workup
88 1 Mg or Li 89 1. Mg or Li OH 90 1. Mg or Li
2. 0 2.0
Br
\) /\)\/\ HJ\O/\ Br )I\O/\ i
3. workup 3. workup \) 3. workup /\/}\/\
—_— —_—
a1 1 Mg orLi OH 92 1 MaorLi 93 1. Mg or Li 0
2 0C0. 7 gr 20°C=0
)j\ Br % worlds 3. workup
O/\ \) . )\ > oH
3. workup —_— OH
94 1. Mg or Li 95 1. Mg or Li 96 1. MgorLi
2.0 OH Br 2.0 OH 2.0
Br )\) Br AN OH
""" 3. workup 3. workup P
R » 3. workup
—_—
1. Mgor Li 99 i
97 1 Mg or Li 98 > C? % Mé] orLi
Br )\)\ Ar L i AT ¥
Br
3. worku \/\/}\ )\
3. workup - xup 3. workup )\/}\
100 1. MgorlLi 101 1.Mgor Li 102 1. Mgor Li
2. 2. OH 2.7 _N
o OH Br 0 O’ c* 0
Br 3. WOrkUp O’ )\ N Workup "/// /\/BI‘ 3. WOI'kUp
/\/ —_— "/,//\ . —
103 % Mg or kll 104 1 Mg or |_| 105 l Mg or LI
’ Z (0]
~C Br
3. workup
—_— 3 workup 3. W0kaP
106 107 108
109 1. only Li 110 1 only Li 111 o
2. (0]
1. Li N
Cu
2.CuBr ~
/\/Br \)I\OH Q /\/Br u, L('D
3. workup \)l\/\ 3. workup !
N cuprates
112 @)\ 113 o 114 @
B 1. Li /\/CU CU
2 Cubr \( Li® —> o
— L@ \/\(:/l/ cuprates 2. worku
cuprates 2. Workup

cuprates

12
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115 1. )\ /\/ 117 1.
/\/CU Br \( /\/CU Br
Li(’9 L| 2 k @ —
2. workup workup Li 2. workup
cuprates cuprates cuprates
119 1. 0
© )\ e A~ /\( o @)\ o]
~cu cl
Li® 2. workup Li 2. workup Li® 2. workup
cuprates cuprates cuprates
121 1 Mg or Li 122 1. Mg or Li 123
% (0] OH OH HBr
TR o e
3. workyf 3. workup
p - SN2 at Me, 1°
125 26
OH HBr Br OH Br
PBr3 PBI’3
— /\/OH - N Br )\ —_—
SNl at 20, 30 SN2 at Me, 10 SNl at 20, 3°
127 128 129
Br 1. TsCl, py.
oy SOBr 5 OH o 2 NeBr .
> r SOBr:
N P SN —_— /\/
S\2 at Me, 1° Syl at2°, 3° prevents rearrangement at 2° ROH
130 OH B 131 132
1. TsCl, py.
2. NaBr
B
prevents rearrangement at 2° ROH
133 1. NaBH, 134 1. NaBH, 135
2. worku 2. workup onl
o) o OH i > o 1 1L A)I/H
2 workan )J\ 2 vk \)J\OH 2. Wlorku;J1 \)
2. workup 2. workup
H - —_—
136 137 L LiAH 138 1. LiAIH,
0 only OH 2N 2' wlorkus /k/cé/N 2. wor.kup
\)J\ R 1 LiAlH, \/\/C/ —
(0] 2. workup ~ )\/\
- NH, NH
139 140 1. NaBD, 141
Using NaBD, or LiAID, will o 2. workup OH 0 only OH
show where the reaction occurs. or
Also, LiBH, and NaAIH, are )k 1. LiAID, \)J\O R ; LIA|I<D4 D
i worku
available, all at greater expense. 2. workup D p D
142 143 144
\)?\ TsOH (-H,0) é/\o )’J\ TsOH (-H20) cé/\o OH | Q
HO
H HO\/\OH ~"0OH o) 0 O/v
— H — TsOH
protect aldehydes and ketones protect aldehydes and ketones protect alcohols




OHOQx

TsOH
—— protect alcohols

146 //\
0]

X,

deprotect aldehydes and ketones

—_— H

147 //\O H,O*

deprotect aldehydes and ketones

0]

LN

148

Hz0* OH
H,0 \)
/\/ E—

Qx v L

150
0]

A,

Zn /[ HCI
L /\

() . .

deprotect alcohols deprotect alcohols Clemmenson's reduction
151 152 153
O 0 o
H,NNH H,NNH

zn/ng /\ \)k —>2 ° 2 )j\ _>2 2
—_— RO¥ /A S)

)‘\ H /\ RO¥ /A /\

Clemmenson's reduction

Miscellaneous other reactions not required for our course. You can add others, if needed.

P R i 3 )
(0] R Ni (0]
SH SH S S S S aney Ni SH SH S S
J\ BF, < (oaded with Hy)  Hz )J\ BF, ><
H (-H,0) H H H H > H/ \H H (-H,0) H
e N e — .
thioacetal thioacetal thioacetal
4 m 5 6
Raney Ni (0] SH SH Raney Ni
>< ('Oaded withHy)  ch, )J\ BF3 N8 Sy (loaded with Hy)
H3C H  (-H0) H H —
thioacetal > thioacetal thioacetal
g more environmentally friendly (alds,kets) g Mmore environmentally friendly (alds,kets)

)\ RUO4 )OJ\
Pr4N
Tetrapropylammonium perruthenate
Ley oxid. (no H,0 =alds, with H,0 = acids)

(possible side reactions)

0 OH

OH (o] )
Al(Oi-Pr),)
A A= I g

Oppenauer oxidation

(possible side

reactions)

(0] OH . OH 0
Al(Oi-Pr)3)
M = L

Meerwein—Ponndorf-Verley reduction

DMSO DMsO
CH2C|2 OH (o] OH EtN O (g
)\ + urea )\ Cl O
Colllns oxid. makes aldehydes oxalyl chloride
and ketones Moffatt oxid. Swern oxid.
1 0 -
3 periodinane 14 Moffatt oxid 15
|\0Ac O Swern oxid
AcO Periodinane oxid
)\ — Qfe¢ )J\ Collins oxid
Dess Martin oxid.
18

16

17

14
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Each of the following proposed synthetic approaches is built on the earlier preparations. Specific reactions are given for the 1C,
2C and 3C compounds. Those are used to make 4C compounds, which are then used to make 5C compounds, which are then
used to make 6C compounds. Many example sequences are not efficient or practical, but given to show how reactions can be
used. All of the C-C bond forming reactions involve nucleophile/electrophile strategies. Reagents are only shown for the C1,
C2 and C3 compounds. It is assumed that you can supply the necessary reagents for C4 and higher compounds (they are repeats
of the 1C, 2C and 3C examples), though brief hints may be given under the reaction arrows. The target molecules are mainly
alcohols aldehydes, ketones or acids.

4C targets (alcohols, aldehydes, ketones and carboxylic acids)

1. butan-1-ol, butanal, butanoic acid

OH Br OH Br
Q o)
— — A
5 CH, .
.0 (Mg or Li) 3C 4C (Mg or Li) 2c 2C
o)
0 B oH 8 (enolate Br Q
“ LDA,-78°C)
- = - <
OH (Mg) (0] . OR OR
4C 1C 3C 4C (LiAIH,) 4c 2C 2C
OH o)
Bo  cn,
— N - (Ph)P
. (BHg) 4c (P ylid) xc H 1C
o]
Br o S Br
H (R,BH) (NaNR, g  (nBui g pee
4c 4c SNy) 2c 2C 4 Sn2) 1c
/\)7\ - - f 0 -
= \) /\)J\ Z"
=z NaCN =z
C c
OH " (acid or e (Sn2) 1c H N
4c base) 4C N 3C 4c (DIBAH) 4c
OH OH

Q g OH A S
- = o_ I Z - — /N Z
/\)(Pd,Hz) /\ CH, 4 . /\/ (NaNRy)



2. butan-2-ol, butan-2-0ne
OH

( | Br OH (NaNRy 0
Mg orLi (Mg or LI)\)J\ (Pd,Hy) aNR;
Z 4 xc "o

ac
o Br . Br
\)\(Mg s Li)/<’ | \)\(LIAIHA)\/Q \)k (Ph) \)J\ > ) |
- PH)S D -
CH 2 @ : CH
’ 4C (S ylid) (n-BuLi) 2C 1c :
OH 0 Bre@ o, o o .
(+:0" /\/ - \)J\ (Ph)sF’/ \)J\ - )J\ 2 egs. k
3 4 i H !
4c (P ylid) 3C 1c ic (Li) 5c OH ”c
0 [o] B o B
2 eqs |’ C/ Tr o] e 4N r
: -
- CHs (Mgor L.)\/ CHs (Mg or Li) 1€
4 (Li) 3¢ ©OH 1c ac 1c 4 2C ac
i i Br o (cuprate) 0 %
| % (H:0")
- 3 / 3C
- a CH, - . (,\m ) _Br
4C (cuprate) 3C 1C 4 4c 2 HC 1
? / oH — \ (Pd,H,
" 4c T
(H0) \// A B Hoy  °@ quinotine) =
4c - 2 2Cc ~—
4c ic xS ~— 4c
4C (E) (Na, NHz)

3. 2-methylpropan-1-o|, 2-methy|propanal 2-methylpropanoic acid
Br®

Br 0
Y QH (Ph)3P 3
2
Mg or Li 3C
( gorti) 3C 1C ac (BHs) ac (P ylid)

4c
Br OH
t (0} Br
A - |
OH ~C (HZSOA)
(Mg) o) (Mg or Li) CHs
BT S U AU .A S o
o
//N Br
¢ NaCN

OH -— - 1c

4c (ab(;ge;)r 4C (Sn2) 3 4C (DIBAH)

(enolate
LDA,-78°C) 4C

i
E
)_>
I
()
B
o]
f o
o
b
#O
T
E
et
=
C
\/
o
o

4, 2-methy|propan-2-o|

OH o e
9 ® _CH;
- eds. CH Ph)ZS 1c

(Mg or Li) 1c (Mg or Li) »c OR (LlAIH4) i“c (s ylid) ac

O
&
O
=
-
o
<_
g
s
‘;<
-
g?
=
%@
B
Lé
(/)
z
c
B
%
UU
.3‘
A:
(=)
=4
=}
=
a
kS
oO—
I
3



5C targets (alcohols, aldehydes and carboxylic acids)
1. pentan-l-ol pentanal, pentanoic acid

NP SN I . |

(Mg or Li) 1C 4C (Mg or Li)

5C 2 3C
o}
\/\)J\ C/O /\) \/\) \/\)J\ \) )J\
- Z
OH
Br @ Hs
\/\/ - (Ph)a
sc (BH3) (P ylid)
oo
H (NaNR, :
5C (RzBH) 5C Sx2) 3c (n-BuLi)
o Br o} )
N
\/\)J\ eid. \/\/C// 4_/\) NecN \/\)j\ - \/\/C//
0 OH (%Calget)lr 5C (Sn2) pr 1c 5C H (DIBAH) 5C
OH OH
= Q /
\/\) \/\ CHZ / (P<d,_H2) 4 - ii //
(PdHy) (NaNR,) 1C 4 5C 5C (NaNRy) oc 3c
2. pentan-2-o| pentan-2-one
______________ 5 C(Mgorwscwgorw e 50 goriy T 20 ¢
OH Q © o Q
o Br®/CH3 OH (Ejﬂz) (Nﬂz)%
o~ <] — NGO / /3C ’
o s aH) S L I . 1__° _____________________ o /SC __________________________ “
o
/\)J\ " T
- CHy
s (Mg or Li) 4C 1c (Mg or Li) Hs
OH o
o ©_ \)
SN —
HgX ®h”
oy s¢ Pyl ac ’ s CH3
/\)J\ /\)7\ Q \)Br (o]
~ CH (Soch) OH /\)J\ (cuprate) )j\
5C (cuprate) a0 C3 2 ac s s o
o) o Br 0 Br o)
2 eqs.
/\)J\ e | /\)J\ \) )J\
- CHs3 -
5C (LD 4c ©OH 1C 5C (Li) 2 HO™ 2c

; 0
/\)J\ oy A~ \)B Z /\)J\ (nola ) J\

C 5C LDA,-78°C)  o¢

17



3. pentan-3-o| pentan-3-one

2 eu \)\/ - | o)
2C 1Cc 5C (MgorLi) 1C 4C

(Mg or Li) 3C (Mg or Li)
0 o}
(0] Br o
N Br Li Br
\)J\/ - \/C// ) \)J\/ \)J\ ) \)J\/ ﬂ\)J\ ’ ey
5C (Mg or Li) 3C 2 (cuprate) 3c Cl 2C 5C 3c OH 2C

-1-ol, 2- . 2-
OH
/Y Br ﬁ Br /O
-~ OH =— =€
. CH =
5C (Mgoor Li) ac 1 2 5C (Mg) o 1c

OH O
Br Q
OR (<—I \)J\ oRr H >
5C (LiAIH,) 5C enolate (n-BuLi) 4
LDA,-78°C) = 2C sc 5¢ S

5. 2-methylbutan-2-ol

OH (o}
Br OH OH
(Mg or Li) 0 o br Br
| 2 eqs.
5C : CHs - OR CH,
2c 3C 5C (MgorLi)  4¢ 1c 5C (Mg or Li) s 1c
OH Tr Br ® CH3
(Ph)QS
- H (L>‘/ (L|AIH ) /Y
5C (Mg or Li) 1¢ 4C 4, (S ylid)
OH

OH
- AN o \fo Br @ (¢] \
5C (H;0") sc (Pylid) 3C (Ph)3 5C (Pd H,) / 5c (NaNRz) 2c



6. 2-methylbutan-3-ol, 2-methylbutan-3-one

OH OH 0 0 S
Br 0 Tf I|3r Br
— Y )J\ -~ CH y CHy ﬁ/gc
5C (MgorlLi)  3c o H 5C (MgorLi) 1c ac 5C (n-BuLi) sie 1c
OH 0
Br N
B ® _cH, | X N B
-— 7
(F‘h)ZS CH; ORl -~
5C (L|AIH4) 5C (S ylld) 4 5C (Mg or Li) 1c ac HyC 2C 3C
OH OH
\T>\ |Br )J\ Br © /\ - ° Br@@
- CH; —=— (Ph),S N - (Ph)aP/\
5C (Mg or Li) 4c e ©ylid o 2 5C (BHs) 5C (P ylid) 3C 2
o] o]

Br Br
- B A CHZ /“\)\ - O/
5c (Mg or Li) 3C ”c (Mg orli) 1C 4C HO = (Mg or Li) 1c 4
o S Br o o )
N
H/u\)\ - > /“\)\ - \\C\)\ /“\)\ - \C\)\
' S i
5C (n-BuLi) 4c Ho ¢ (ﬁge;)r 5C o (DIBAH) sc
OH 0 ° o Q o g
K)\ S~ (® ylid) (th)ca CHs /“\)\ X o )l\rg iy
- -~ Ph)P B o H | “OMe
5C (BH3) 5c H 40 1c H 5C RBH) 5 RO 4c 1c N, OMe
............................................................................................................................................ s
OH
i - Br ? Q ? 2eqgs
-~ RO (enolate Y )J\ - )J\
5C (LiAIH,) sc LDA,-78°C) 3C sc YoRr | H e (Li) H” 1c DOH 4C
8. 2,2-dimethylpropan-1-ol, 2,2—dimethy|propanal 2,2-dimethylpropanoic acid

{o]
I
(o
e
=2
«
1
C
@
oO=—=0
I
:
Z
««
2
C
J>
(@]
@
O,
0O,
H
o\
@]

4C 1Cc
o
Br Q
1 78°
OO TS o [ i X o
3 Mg or Li
5C - oc N thutoxide g 6C (Mg or Li) 4c 2
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6C targets (alcohols, aldehydes, ketones and carboxylic acids)

1. hexan-1-ol, hexanal, hexanoic acid

Br
OH Br OH OH
0]
-
- - 4C
(MgorLi) CH2 PBry (Mg or Li) A
6C 1c 5C 5C 6C 2C
o] (NaNRz Br OH
/\/\)J\ - /\/\\ <—SN2) \ /\) <_HBF /\)
H (R,BH) X \
6C 6C 2c ac ac
T BXCBSS
(NaNR,) Br
X AN
6C (NaNR;) ac
""""""""""""""""" o Ty T oy
0 0 B @
/\/\) ~ / - PPh
(BHy) oC (P ylid) g e Cro;
5C 1C py. 5C (made above)
6C T
(R,BH) 5C %
, S
Hg* :
/\/\)J\ H,0 >v n<_BuL| > M
H <«<—
6C S S Br
5C 1C

6C 6C 4C (made above) 6C
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" DIBAH
0 B Q (acid or T ( )
(Mg or Li) (0] N
/\/\)J\ = C/ ‘baSE) C//
OH o/ OH /\/\/
6C 5C (made above) 1C 6C 6C
........................................................................................................................ .
o T CT .
/\/\) - \/\/OH - \/\\ ” \/\) NaCN
(Pd,H,) (NaNRy) X CH,
6C 6C 5C (made above) 1c 5C (made above)

g
r

/
Do
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2. Other 6C target molecules

6C

/\/\)OH /\/\)J\ /\/\)OJ\
6C H 6C OH

6C

\/60\):H\M
S\

OH 6C

)6(:\(\)6(:\’(\
OH

6C

6C

U\/ M jj\)\/
H HO
6C 6C
:I()/ \HOIO/
6C e T
6C 6C
OH (0]
OH 6C

H\/\ H\’H\/\ HO\’H\/\
6C 6C
i 6C 6C
OH
6c 6c \)i/
o) 6C
H\[P‘\/ l
6C
[0) N K » i W © N
H 0
M " "
6C H OH 6C 6C 6C
S SR S S © S S SO

O
HO
6C
O

L OH S
6C 6C

OH



Alkene reactions

Ethene —does not show regioselectivity or stereoselectivity

22

1 Br 2 3
H,S0, OH 1. HgX, 1 H0 OH
HBr H,0 2. NaBH,
~ . 7 9 7~ PN
rearrangement possible rearrangement possible same as 1, but no rearrangement
4 CHz | 5 Br |6 OH
1LHgX,/CHOH o HEr 1BH; o
2. NaBH 2. H,0,, HO
/ 4 / R%SR /
. —> . anti-Markovnikov addition
no rearrangement anti-Markovnikov addition syn addition
7 1. BH,4 Br 8 9
/ 2. Bry, CH30 ) / Br, B l_?ré
. —— Br 2 N Br
can make / = HO K
anti-Markovnikov addition . alkynes %amgeg
syn addition anti addition anti addition P
10 11 Ccl. mCPBA 12
1.Br/HO © P 0 1. mcPBA
- B2/ My D H 2. H30" / H,0 0
/ - H
~ 2.NaOH “ o-d D e N
anti + backside = syn syn addition anti addition, Sy1-like
13 14 1. mCPBA 15
L. MCPBA m + 1. mCPBA
o HO® / 10 2. CH4OH* / CH30H 2. CH30° / CH40H
: 2 OH OH OH
/ e HO/\/ / I H3CO/\/ cho/\/
anti addition, Sy2-like anti addition, Sy1-like anti addition, Sy2-like
10 1. O3, -78°C v 18
et 0 1. 0,4, -78°C 1. O3, -78°C
' OH 3 o
2. CH3SCH,4 2 2 H.0. / HO z)k
Z L |~ 2nen o] Z ano:
— CH,
cuts C=C, makes aldehydes and ketones cuts C=C, makes two alcohols cuts C=C, makes acids and ketones
2
19 050, 0 H, / Pd 21
/ or OH or
/ KMnO, HO/\/ D,/ Pd CH;
=~ 20 e
syn addition syn addition
22 23 24
25 26 27




Al

kene reactions

Propene —shows regioselectivity but not stereoselectivity

1 Br 2 3
/\ HBr /\ 2 4 2. NaBH,
rearrangement possible rearrangement possible same as 1, but no rearrangement
4 CH; | 5 6 OH
e 1.BH
1. HgX,/ CH;OH O HBr \/ 5 H2032 HSD
N 2 NaBH, ~ 7 ROOR : :
e —
. anti-Markovnikov addition
no rearrangement antl-Markovnlkov addition syn addition
7 1. BH, o Br |8 9
_ 2. Bry, CH;0 \) Br, J\/Br
R —
anti-Markovnikov addition N calnkmake can make
syn addition anti addition alkynes anti addition  epoxides
10 11 ol mCPBA 12
PN > ma?C OD\ <\ >—/< ; rgcc?*B/AH o) OH
\ 2. NaOH /\ D\ /\ - 3 2
— \ \ —_— HO
anti + backside = syn syn addltlon anti addition, Sy1-like
13 14 15
1. mCPBA L mCPBA+ ; gﬁpgé/ CH30H
2 Hoe/ H.0 2. CH30H" / CH;0H 3 3
/\ : 2 OH /\ OH
XN —> Ho N — HeOo /\ T HCO
anti addition, Sy2-like anti addition, Sy1-like anti addition, Sy2-like
16 CH, |17 18 0 H OH
CH 1. 0, -78°C
105 -78C O | 1.0,,-78°C OH : 2.H,0,/HO O T
~ 2. CH3SCH; )J\ 0 ~ 2. NaBH, ) OH ~ )}\ 0
—_— —_— >
H OH
cuts C=C, makes aldehydes and ketones cuts C=C, makes two alcohols cuts C=C, makes acids and ketones
1 0s0, 20 H, / Pd D 2t
" J\/OH D,/ Pd D
X KMno, Ho X D
—_— —> —>
syn addition syn addition
22 23 24
25 26 27




Alkene reactions

Cyclohexene — shows stereoselectivity but not regioselectivity

R

1 B 2 OH 3
r H,S0, 1. HgX, / H,0 OH
HBr H,0 2. NaBH,
R —_— _—
rearrangement possible rearrangement possible same as 1, but no rearrangement
4 5 Br |6 OH
1. HgX, / CH50H HBr 1.BH; o
2. NaBH, Och ROOR 2. H,0,, HO
R 3 hv >
no rearrangement anti-Markovnikov addition ant Mig(r? Xgldki?i\c/)r? ddition
7 1. BH3 Br 8 Br 9 Br
2. Bry, CHy 0 Br,
— Brz Hzo
- "uyy oK
anti-Markovnikov addition anti addition Br can make
syn addition anti addition  epoxides
10 11 mCPBA 12
cl 1. mCPBA o
1. Bry/ H,0 o) s
2. NaOH o H 0 2.H;0"/H;0
O_o —_— ‘/"//OH

anti + backside = syn syn addition anti addition, Sy1-like
i 14 1 mCPBA 15 1. mCPBA
1. mCPBA OH 2. CH30H* / CH30H o 2. CH,0° / CH,0H
2. HO® / H,0 ~cH Oy
—_— ., — : — 3
“/oH “
R . . 7/, “,
anti addition, Sy2-like anti addition, Sy1-like OH anti addition, Sy2-like “OH
H OH
16 _o |V 18 1.0, -78°C 0
1. 0g, -78°C 1. Oa. -78°C OH S)
- O, 2. H,0,/ HO
2. CH3SCHg 2. NaBH,
- ANe) — o
H OH _ OH
cuts C=C, makes aldehydes and ketones cuts C=C, makes two alcohols cuts C=C, makes acids and ketones
20
19 050, OH H, / Pd o |
or or
KMnO, D,/Pd
—_ OH —_— —_—
syn addition syn addition D
22 23 24
25 26 27

24



Alkene reactions

1-methylcyclohexene — shows stereoselectivity and regioselectivity

1 2
H,S0,
HBr —cH, achiral H,0 CH, achiral
2 2
rearrangement possible Br rearrangement possible OH
3 4
;- :géﬁ /H,0 1. HgX, / CH3OH
' 4 achiral 2. NaBH, achiral
B —— ,,/// CH3 —_— ,,/// CH3 |
same as 2, but no rearrangement OH no rearrangement O\CH3
5 enantiomers enantiomers 6 enantlomers
\\Br \\\
HBr Seh 1LBH; g
R?OR 2. HZOZ, HO
\%
ST - o ,,,
anti-Markovnikov addition H diastereomers CHs anti-Markovnikov addition (syn) Hs
7 1. BH3 o enantiomers H 8 enantiomers
2. Bry, CH;0 S8 S M B
—_— (IH Br, ~ By S H
—=CH, o H > =~ CH Br
anti-Markovnikov addition H “CH, S “ar 8 ,,/CH
syn addition anti addition 3
9 enantiomers Br 10 enantiomers
Br, ~=H 1.Br,/ H,0 ",
H20 7=CH, O 2. NaOH 0 <o
—_— “, o
//CH3 e ",,///
anti addition can make epoxides anti + backside = syn 7
11 ol mCPBA enantiomers 12 H enantiomers oH
0 " 1. mCPBA D OH S H
H (o <o 2.H30" / H,0
0-0 / 3 —_— o CH3 ZuOH
— 7, K Z
syn addition K anti addition, Sy1-like OH CHs
13 i 1. nCPBA
enantiomers 14
1. mCPBA H OH 2. CH30OH,* / CH30H
2.HO®/ H,0 S T2
: 2 <= OH H
79CH; 7=OH >
anti addition, Sy2-like OH CHs anti addition, Sy1-like
15 1. mCPBA " 16
2. CH,0° / CH,0H M CH O —cCH; 1.0, -78°C
o H 2. CH3SCH,4 K
etone-aldehyde
R — —=(CH; —=OH
N “oH CH
anti addition, Sy2-like enantiomers ~ ° cuts C=C, makes aldehydes and ketones
18 1.05,-78°C o
1. 0,3, -78°C 3 O
N NZBHA 1° alcohol 2. H,0, | HO- =
2° alcohol — ketone-acid
cuts C=C, makes two alcohols cuts C=C, makes acids and ketones
20
0504 M OH H, / Pd &L
e OH SaH or D St H
KMnO D,/Pd
4 %, OH = CH3 —_— P D == CH,
7, 7.
syn addltlon CH3 enantiomers “OH syn addition CHs enantiomers D




Alkene Reactions
alkene examples for regioselectivity and stereoselectivity

R

Reaction v
Conditions E \/\ H E / E /\/\
(reagents) v
. ; Br : 5 : 5 achiral !
' 1 ro ! H
\*/a@ /r . il Br Ll
: : : . . ' achiral Br
achiral i rearrangement : achiral ; enantiomers . : diastereomers
................................... gy N g o g g
Markovnikov : /Y :
addition : :
HBr Br . enantiomers By Br achiral
rearrangements , . , - . .
are possible ' enantiomers : similar mixture for both stereoisomers
: OH : : i L
: ' , ' achiral |
OH . ' OH ! . '
: achiral | /K E OH' \'OH "
: ' : i : : achiral OH
achiral :  rearrangement : achiral : enantiomers diastereomers
................................... g g g U g g g g g g g g g
Markovnikov ' :
H,S0, addition ' 5
H,0 OH . enantiomers QH OH achiral
rearrangements . . ! L. . X
are possible ' enantiomers : similar mixture for both stereoisomers
: OH ; : : Lo
. ' H ' achiral |
OH . ' OH ! . '
E : /Y E : il QH Ll
. : enantiomers ' : . OH ‘ OH ; achiral 1
achiral | no rearrangement | achiral ; enantiomers | : diastereomers
................................... g g g g g g g U g gy g g g g g
Markovnikov E :
1. HeX,, addition E :
2.NaBH, rearrangements are ' OH enantiomers OH OH achiral
not expected : enantiomers similar mixture for both stereoisomers
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E : ] & OH H
E : OH ! /Y ~=OH AH ANOH
E . : OH B H : il il H
: : : Z '
achiral , . OH . . ' : CH; H CHj
OHE achiral achiral enantiomers enantiomers | diastereomers
1. BH, syn addition ; /\/ E
2. H,0,, : OH | : :
HO © anti-Markovnikov ' . ' enantiomers  OH OH achiral
» enantiomers . - . .
' : similar mixture for both stereoisomers
: : : H H
Br | Br | fBr
E E E /ﬁ/ a y : .
: ' ' Br Z '
achiral : . Br o Lo - CH; CH;
___________ Py i N entomers | distereomers
1. BH, syn addition ; /Y E
2.Bry, © : Br , :
CH-O anti-Markovnikov ; . ' enantiomers  Br Br achiral
3 ' enantiomers . . . .
' : similar mixture for both stereoisomers
Br : Br : ; : Br
. 1 Br Br ' . H
: : : ; : A1 Br
5 : o f —=Br . 11l CH,
' ' I Br "y ' Z '
: Br ! , ! - 'Br CHy Br CH;
Br i enantiomers . enantiomers :  epantiomers diastereomers
: : Br
. . ' Br H =
anti-addition, ' ' = (S,R)
Br, bromonium bridge . 1 :
prevents rearrangement .
BrY .
' meso ! Br enantiomers
OH ' OH : ' B
' H OH.! H '
' H ' il Br dllls
gy \""'!CH; \'""' OH
E Br: - E : . CH;
Br 1 enantiomers : _ diastereomers
o N E : Br : OH
anti-addition, bromonium bridge ' OH ' =
Br prevents rearrangement, water adds ' ' HO, ' :
u é the more partial positive carbon ' i '
2 i i i . S : : i
bromohydrins can be made into epoxides I\ ! | mixtores | mixtures
; meso : nantiomers | Br  enantiomers




o ! 0 § s S H
: o | Q1 iy
, : (OJ (0] : 0 : O \\\\\O
| : : 2 : "IICH; \
enantiomers s CH;
' enantiomers meso i meso  :  epantiomers | diastereomers
anti-addition, bromonium bridge
1.Br, prevents rearrangement, water adds Y 0 0
H,0 the more partial positive carbon, /<‘/ \/<1/
2. NaOH base makes alcohol oxygen into a
good nucleophile, S\2 on C-Br bond ' enantiomers . ! enantiomers
: ' enantiomers |
: o : : H
o . ' ' '
' : ! ' uilH '/,///
: E o ! : O O
: ; ; : I CH, \
enantiomers ! enantiomers . meso : meso : diastereomers

syn addition, concerted

mCPBA  addition mechanism, when epoxide
is opened in acid or base equals anti
addition of two "OH" groups.

fmmmmmmmmmmmm————a

jx

enantiomers enantiomers
enantiomers
. OH . . . _
OH ' ' ' ' ' OH H
! : : OH D :
E ' OH: ' OH ! fAH AlOH
1 ; : 5 | CH;! , .
E o : "///OH E .,I//OH E ,/// 3: 1 OH II||CH3
. . : . : OH CH; OH
ceeeee... OH  cnantiomers ! enantiomers . CMMHNOMCIS | enantiomers [ ... diastereomers
1. mCPBA i OH : OH 5 . OH
.. i = I 1 enantiomers =
2. H;0*/H,0 syn addition, concerted ' z ! ' z
or addition mechanism, when epoxide | HO///,, -
is opened in acid or base equals anti ! . ! /Y\
; Eggg/; o addition of two "OH" groups. . O . - OH
. ) : meso ! enantiomers :
OH o : : H o OH H
' ! OH " OH '
: : ! ; OH . ANH AOH
oH ZOH | i1l CH; il OH
' : OH . ' % '
O o : : CH; oH CH;
| chantiomers ©  enantiomers i M ...t chantiomers i diastereomers
050, : OH | OH OH
NaOH syn-addition, concerted addition HO.
prevents rearrangement, hydrolysis ' !
KMnO, of the otsmlum lc()r pgrrc?ar;ganate
NaOH esters make cis diols : OH : OH
H enantiomers ! enantiomers E enantiomers
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forms ozonides and is oxidized
further to carboxylic acids and
ketones depending on the
substitution of the alkene carbons

1.05 /-78°C
2. NaBH,

H
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Al D
CH3

diastereomers
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enantiomers
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Random course reactions, focusing more on alkene and alkyne reactions. A few other reactions are mixed in. The
only point of synthetic sequences is to show reactions. The sequences are not always logical from a synthetic point of
view (sometimes the same compound is made more than once in a sequence to show variety).

Br )
irz % N oH 2304
\%
/ E— K / a /
Br
Brz S HBr Br °
/\ hv )\ K@ ROOR > O®
hv
- /\ — K /\
Br OH 1 Mg 0
1. CH3CO, Na H,S0, \/C 2N
2'Nﬂ{> _A> /\ — 3. workup
—
Br o
?rvz > % ZSO“ 2504
—_— K
e  »
OH
Br 1. Mg
* 9 230s N e
)L A 3
H . 2. H,0,, ou
3. workup
—_— —_—
Br
1M
2. og H,S0, X H 2504
L\ A
3. workup OH —— R
—_—
1. Mg OH
2.0 HBr o
N H,SO,4 ROOR %
3 \work A K
. workup - —> —
' ; © 1. BH
O . BH;
HB S]
)\ A \(\ —L m O@ \ o e \(\
3. workup OH B K -
W/\ H,S80, w/\ Y\
A
OH rearrangement major minor minor
mixture product product product




NH
Ph g M5 1.n-Buli . Br - 2
A\ 2 3 1. TsCl - NaN3
—p— O > PY .
Ph—p—CH, Py w/\ 21,0, B HO® > Nabs 2. LiAlH,
PH p© > 3. workup
—
Ph [©) 1. n-BuLi H
CrO
Ph_\P—CH3 2. \ 1. BH; O3
/9 o 2. H,0,, HO Py-
Ph gy — = — HO —*> Y
(0]
Ph NG 1. n-BuLi CrO
1. BH; 3 l,NaOH P
Ph— P CH, \/j\ > o 1S O 0
Ph Br S} 2 2 /\Br
—
Br
W/\ H;_SO4 \r\ ; EIH(; HO 1. TSCl, py
2 25 2. NaB
OH major product .
(rearrangement)
(0]
- i Br
Ph\ ® ; n-BuLi 1. BH, )ke 5
Ph—p—CH, ™ <:>=0 CH, 2.Br,, CH;0 :
PH B© > —> o
-78°C
HO NaOH + HO
Ph @ CH3 1 n- BuLI Br2 ; (buffer) 0 H;0
\ — = H,O OH
Ph—P—CH2 >
PH @
—> Z alkene mixture
J- Bl HO NaOH o
Ph CH; Br, (buffer)
\® / H2O — >
Ph—P—CH, 3. n- buL1
Ph S
Br -78°C, warm E alkene mixture mixture mixture
1. n-BuLi
2. O Br meso
Pho (1 )]\ P Br, )\/
Ph—P—CH, H .
Ph p© 3. n-BuLi, -78°C, warm E alkene =
Br
—
1. n-BuLi enantiomers
Ph\ ® /CH3 2. O Br, /k/l
Ph—P—CH, )L X —» Br Y
Ph p© H z
— Z alkene Br
o
O o 1.RO 1. NaNR
[ > H % : 2 % AN
MeO Br . .
| \(go quinoline
MeO o
TN, — = - Z alkene
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Pho P CH 1LnBuLi O S0 H 0 L NaBH OH
. 4
Ph—P—CH, 2 O 2 4 2. workkup
Ph Cle — >
OH 1. Mg
LBHy o 1. TsCl, py 2. 0 CO,H
= 2. H,0,, HO 2. NaBr o Cr03
3. workup
—_—
[ LMo TsOH (-H,0)
2.CO, S 2
H,SO OH
\H\ 3. workup WOH /\OH WOV 2204 \(\H/
(0]
Br Br 1. excess
2 eqgs NaNR, H 26 Br 1. excess
/ Br, 2. workup P B?S' NaNR,
- R =z PN _h72> 2. Workup /
H
Br Br
2 eqs 1. Ne;;eés 2 egs. Br Br 1. excess
Br, 2 Br2 NaNRZ
2.
e Dz, P /\ /\ /\
Br
B B 1. excess 1. excess
r ' NaNR, NaNR, OH
Zéa?s. 2 0 / 2 g, Br Br 2 0
2 Br.
/ hv H zZ /\ —ﬁ» )Q H Z
3. workup 3. workup Z
e D ——
1. excess B 1. excess
Br. Br NaNR, 2 eqs. " NaNR,
ZBegs‘ 2. 0 % /\ Bgz 2. O %
e 2 /N H OH VAN OH
v 3. workup 3. workup
—_— —_—
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C1—>C6 target molecules with "X" functionality at unique positional and skeletal positions. (X = Br, OH are particularly versital groups).

Starting sources of carbon. Br | 1C 2C 3C 4C X X
X X X X X

CHy 7 "N O ©/ )l(

CO, NaCN CH, ) \) )\ /\) \)\

i/\)x /\)x\ \)X\/ X | X X

o~ /\H\ 5‘/\ )ﬁ) )\‘/
Examples of carbon and hydride nucleophiles in our course. e o ® ‘0"
R c* Li L® L@ N .
[SEr _— c* // ” ” |_
R (MgBr*) R: Li® _cu NZ e T e c._© R c_ o o _ :
i - R Li® Na™ R . Na HsC / \C,Hz \O/ \CHZ Hzg.
Grignard organolithium cuprate cyanide terminal ketone © ester nitrile
reagents reagents reagents acetylides enolates enolates enolates dithiane anion
\@/CHz SN T Li® T N Al TN
P e o | N=C—B—H D" versi ,
Ph | H— Al—H H—B—H H [e Use "D" versions of hydrides
| | H as marker of reaction site.
Ph Ph DIBAH )
"S" ylids “P" ylids H H diisobutyl cyanoborohydride
LAH borohydride aluminum ydride
Examples of carbon electrophiles in our course.
; : 0 o 0 )J\ )J\
_ Br ! D\R Cl /
R oo ; methanal aldehydes ketones ac'd chlorides  ogrers amides carboxylic
Dv ; o (1°,20,3%) R acids
: o ! o)
bromo- RR : N = C¢
alkanes ; o” carbonyl compounds,
: epoxides PR . P
P : anhydrldes nltrlles a,B-unsaturated carbon dioxide and nitriles
H ketones
Single functional group molecules R
o o N H C//N )J\ )’k )J\
2
R R R -
bromo- . termln ;
alkanes  @lcohols  1%amines  thiols nitriles alkynes aldehydes car:coléghc acid chlondes 1° amldes alkenes aromatics

Combination functional group molecules

OH
(0] R Il-l R3 (o] 0 OH
? I
O S
R, S N ~ N N )J\ Ry )k )\ R R
P\ . / Ri R, Rl/ R, R1/ \Rz R1/ \Rz R; O/ Ry R, Ri R, 1 k, 3
1

R1
0 0 o 9
R e 2
Ri o R, Ri T/ 2Ry T Rl\/ Rl\/\R R,
2
H R
C1,C2,C3 — know the reactions of these carbon skeletons, C4 = (1+3) (2+2) (1+1+2) (1+1+1+1)
many examples are provided in the "Courses" web page link on C5= (1+4) (2+3) (1+1+3) (1+2+2) (etc.)
Chem 315 C1,C2, C3 synthesis. C6 = (1+5) (2+4) (3+3) (1+1+4) (1+2+3) (2+2+2) (etc.)

C7 = (1+6) (2+5) (3+4) (1+1+5) (1+2+4) (2+2+3) (etc.)
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The following examples are presented without full details. Possible structures to accomplish a transformation are
provided, assuming that you can deduce the nucleophile and the electrophiles from the context given. It is also assumed
that you are familiar with the C1, C2 and C3 example reactions at the start of this topic and once a precursor of that size
is reached, no further details are given. If that is not the case, you need to review the above material so that you can
make the necessary connections to see the ‘logic’ of the proposed approaches. Once a structure is prepared, it is used
without resynthesizing it. Dashed lines are drawn to show nucleophile/electrophiles disconnections. Finally, there may
be several acceptable approaches, but due to limited space and time only one or a couple are given.

Functional Group Target Molecules (single and multiple carbon skeletons)

Thiols

SH

NH, N; Br OH
""" e 0 By }
< | | S . _OH
T - . P s
\/ﬁ) \/Y \/ﬁ) \/ﬁ) I, W W

O
\/\ Br
also Gabriel 1° amine synthesis
N
® Z OH
H H N7
N\, X --Br /\/\
€] N/ /\/\) -~ Br A
O

Aldehydes
1% OH
M/ K/Y A Br
H — N —/\ Br/ﬁ/@m/ﬁ/hn Y
. H,
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Carboxylic acids

OH

Cuprate RBr/RBr coupling

Cuprate conjugate addition (and some ketone syntheses)

’ (0] (0]
> @
; L® L~ e
\/\Cu/\/ - \/ -— \/\Br
S}

o
2
(0] )\/\ 6] Y ¢
B

B o L r c S > OH

) lf OH @c/CH3 Cl Cu o <
u

CHs Li )J\ HsC” ® Li
OH Li 2




o NH,
-

'\ o /

Cuprate couplings

Epoxides by sulfur vlid

Ph Ph




alkynes at a branch point - use the a variation of the Wittig reaction

L o o o
: Q o o | = [
///( ” E H P\TOMe
- H P\TOMe ' - OMe
OMe N,
N, ;

Ethers

XO I,," ||3r HO. Br cl)H /O /\Br/O /\OH
w< =\ CH, SNZ\’< le\’< ey | N T s Ho S\l g

Sulfides

P NG N
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Alcohols

OH o OH
- || - H -~ R ’
Br ’ OH
v
OH OH




Alkenes by Wittig
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anti-Markovnikov addition

41

. . . syn addition anti addition, Sy1-like
anti-Markovnikov addition o cuts C=C, makes aldehydes and ketones
anti addition can make
same as 1, but no rearrangement syn addition alkynes cuts C=C, makes two alcohols
rearrangement possible anti + backside = syn can make cuts C=C, makes acids and ketones
no rearrangement anti addition, Sy2-like epoxides
[S)
Br OH %’0@
o B, O\ NaOH ™S\ _~ 1 NaH K o
hv \/OH " /\O/\ e
—_—
1 NaN 1. NaH s 1. NaOH 3. workup
. NaN, 2. NasH 2. _—
2. LiAlH, ~er Sy 3Bl NagH,
3. workup 3. NaOH ~Spr 2.workup  TsOH (-H,0) |
1. NaOH 4. workup — or HO
2 — L. LiAIH, ~"0H 0
Hag, 1.BH 1.BH e reor
RO®/A ) e ) OH 2egs.
— > 2.H0,HO 2. Bry, CH;0 HBr 50, LHOGIHO g B
Roh\?R H,0 2. NaBH, ' hv
Br
o anti-Markovnikov addition Br
la 1. 03, -78°C 1. O3, -78°C 1. 04, -78°C D no rearrangement )
2. CH5SCH; 2. NaBH, 2. Hy0,/ HO anti addition
OH
(0]
no rearrangement
1.BH, gr  1.mCPBA OH 2 |l Markovnikov addition
B, 2 Br, CHsO ) 2. CH;0H* / CHy0H Ho™ N CH, o
R — Br syn addition
> ol Chon o N Cl_ mCPBA
-Chs g o LBrR/HO O
Br, H 2. NaOH D
H,O Br Br 0-0 —_—
/ —_— HO/\/ Br/\/ B —
€]
ﬁ 0 1.RO
2. H
o 050 TSOH (-H,0) P
HBr HBr 1. Mg ¥ Mo
ROOR %7%9 2.0 NaOH ~ o MeClJ ©
L —_— )L Nz e
H
H,S0,4 3. workup KMnO,
H20 Br, 1.CHCO,Na — > NaOH 1. NaBH,
— hv_ 2.NaOH 2. workkup
> H,SO, =
1. Mg A Br; o
2.0 — H,0
ow 1.BHs O—CH H,S0,
3. workup 2. H,0,, HO Ph\ ® 3 H,0
- — ?_"%3 Ph—P—CH, \/k
TSOH (-H,0) 2 IS] Br, 1. HgX,, o
~on H;0 1.BH,
—_— M 2. NaBH, > Br
- Mg . .Br, o
2. €0, Ph ® % e disgl?stsed CH:0
3. workup Ph—P—CH; <:>=O
— Ph g© Na/NH;
H 1.05 /-78°C ROH
.03 /-
AoH 2. NaBH, Pd/H,
\""'lOH Pd/D
) Pd/D 1.Br 2
enantiomers 780 2 2
1.05 /-78°C quinoline CHg H,0
meso 2. CH3SCH; 2 NaOH
diastereomers OH 1. mCPBA
;. 330/ -75’006 niH 2. H;0*/H,0
eyl \''11ICH; or
Br OH 1. mCPBA
N //\o H;0* 0 2.HO®/H,0
\ O>< H0 J]\
Br H H —— H H
1.3eqs. deprotect aldehydes and ketones
NaNR,

N

2. workup
—_—

QO/CHs

(0)

H30* OH
H,O
— CHj3

deprotect alcohols



