Chem 316 Synthesis Problems Beauchamp 1
Alkanes

starting

structures —> CH, / /\

reaction
conditions

0,/ A 1CO, +2H,0 2CO,+3H,0 3CO, +4H,0 5CO, + 5 H,0 6 CO, + 6 H,0
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B
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~ \/\
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C
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Chem 316 Synthesis Problems

Beauchamp 2
S)
Lo E2>S\2
E2>S\2 E2> 52 E2>S\2
C” Na G % N N N N
e Z Z
NH, NH,
NH
1. NaN, NH, 2
2. LiAIH, H3C/ /\NH2 \/\NH2 E2>S5y2
1. 0
@N'H e NH N
NH 2
N N E2 > S\2
2. NaOK HiC NH, NH,
3.R-Br
4. NaOH
"Gabriel"
SH SH
Na S H H SH
s PN SN E2>S\2
Lo HcT TH s 57 )\ Q/
e SR o~ e ~__SsR
Na s R R SR E2>S)2
R/S He” R /\s/ \/\s/ )\ Q/ "
""""""""""" I S 2 S Sy
Mg iCH,  fCH,—CHy e 0. (BMg"  BrMa) EMg o (BM)
(BMg®  (BrMg)* HsC HC: pe” [ e ‘ o e | o
(BrMg) H CH,
H ® @ @
L@ cn { CH,——CH, 2 by Li L® Li o. L®
Li 3 PN PR © . AR
Li HyC HC:  He” | “cHq : ©  HC CH,
H CH,
e

R—Cu-R CH poor at
Li@ R/ 3 R/\ /v £> tertiary RX
R R
R R

Alcohols
) OH
starting OH OH
structures —> OH OH
/ \/\
reaction H3C /\ OH OH )\ Q/ O/
consitions
® ® e 0) ©
(0]

NS NS Na Na R 0 © NS

) ) 0 0 ®

H HsC 2] S N Na NS
1 Ne(I‘B H o o \/O \/O \/O
9 N HsC™ ~7 SO NN \( \Q E2 > Sy2

B
HBr
Br i Br Br Br
SOBr:
? ch/ ZN Br \/\Br )\ O/ 4\

PBT3

a. Ts-Cl / py

2. NaBr

(0}
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Chem 316 Synthesis Problems Beauchamp 3

)Cf\OH io/ io/\ io/\/ )OJ\OJ\ )(T\O/Q )Cf\o )Oj\oj<

TsOH (cat)
(-H20)
AR T
TsOH (cat)
(-H,0) ketal ketal
_____________________________________ O o
(0] (0] (0] (0] No
CrOs )I\ )1\ \)J\ )1\ W reaction
pyridine H
(PCC) HH H
CrO3 0}
H,0 (0] O (0] (0] (0] No
(Jones) )I\ )1\ \)]\ )}\ reaction
H OH OH OH
Amines
_ NH,
starting NH NH,
NH 2
structures —> NH, 2
reaction H3C/ Z NH, \/\NHZ )\ Q/
conditions
\
o o o 0 o
)J\CI N/ N )kN/\/ )J\NJ\ )J\N/O )J\N )j\NJ<
H
A
H H N, ~ /\ ~ ~ J\ ~ /O ~
N N ~
pH = 5,(-H,0) H H N N N N N
(0]
TN N N I T /\NJ\ /\N/Q N N
pH = 5,(-H,0) H H
P P
pH = 5,(-H,0) H N N N N N
Nitriles
4 N N
tart N ——N 7 gz
stsrt?étm%s — N = c= C C/
C% /\C \/\ C
reaction P I Cx
con;iitions HsC N NN

)OI\ \)OJ\ i i i
HCITHO ) o Sk, NH, MNHZ \HJ\NHZQ)}\NHZ O)‘\NHZ >HJ\NH2
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Chem 316 Synthesis Problems Beauchamp 4

Fli o) o) o) 0 o] o 0
Al )I\ \)J\ /\)J\
R R HeC” H H H H H H H
1. DIBAH
2. WK
o) 0 0 0 0 0 o)
LIS SN S |
2.WK HsC R R R R R R R
1. LiAIH,

» WK /\NH2 \/\NHZ /\/\NHZ Y\NHZQ/\NHZ O/\NHZ >(\NH2

Organometallics — except for reactions with RCO,H, these reagents react in a similar manner

© S H + + +
: : Ch— . .. (BMg)*  (BMg) . .. BrMg)
Gignag __ (CHs T CHTCH O @ 3 \( ) o Emg) i ~
reagents (BrMg)* (BrMg)* HsC l—|2C : HaC | CHsq : o H,C CH3
_______________________________________________________ Mg M NS CHa
i ®
organolithium Hy i o-. ® ® Li® © Li(-B

reagents —  : CH, ¢ CH,—/CH;,

T Lf .
C © c €] . C
reaction @ Li@ H,C H,C : H3C/ | \CH3 : [S) H3C/ | \CH3
COn;iltIOnS Li H CH
3
1. H,C=0 PN OH
L OH \/\OH /\/\OH )\OH Q/\OH O/\ OH

L~ e o e st

T S e P Y o

2 K e
10

)j\o/R B( /\>(\ OH
2. WK >I\OH OH OH OH OH OH
AN Ao, Oy
— e on 2N N0 NN o o Q/\/ O/\/ >j\/\OH
B N N )\/LOH --------------- oH
2.WK "\ \)\OH /\)\OH \/\)\OH OH m m >‘\)\OH
AN M S S e O
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Chem 316 Synthesis Problems

Beauchamp 5
o 0
R/ )l\ \)J\ /\)j\ R R
R R
2. WK R R R
1. o0

1.
N N OH OH
R AN
2wk TR N R N NN NN NN
Only organolithium reagents
0] 0
o o) o) (@] (0] 0

)l\O/H )j\R \)J\R /\)J\R \H‘\R R O)‘\R >ﬁ‘\R
o o ® Li® ® ®
Li i

0.5 egs.

@ Li
Li Li Li S]
o \ o o Q o o
CuBr H3;C—Cu—CHj, Cu—\ _\—cﬁa—\_ >>Cu4< Cu@ QCU Cu

Cuprates — Organocopper reagents

cuprates

@ ®
® Li @ :

feaxtion HyC—CU—CH, cu _\_C?_\_ >>0u4< CU@ QC“O cu

\ \

O

0 o] o) o) 0 o
R)I\C| )j\R \)J\R /\)J\R R R O)‘\R >ﬁ‘\R
/Br

CH
Ralkyl R 3 R/\ R/\/ )\ /Q /O )<
coupling R R R R

conjugate
addition

Aldehydes and Ketones

o} o} o
aldehydes 0] 0 0 (o]
& ketones  — )I\ )J\ )J\
reaction H H H H R
consitions
H30" / H,0 HO OH

HO OH HO OH
OH
HQ  OH HO OH HQ OH HQ
hydrates X
equilibrium H H H H R
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Chem 316 Synthesis Problems Beauchamp 6

Ho 01 [ [\

i
]
@
8
]

(0} 0}
O (0] (0] (0] (@) 0} o) (0]
Ts-OH (-H,0)

ketals H><H >< H H >< R

(reversible)
NH

N4 2 N/\ N/\ N/\ N/\ ’\f/\ l\f/\ N/\
o) A PR | |

2 H H H H

Cr03/H20 Q
(Jones) )I\ )j\
H OH OH OH

1. LiAlH, OH OH

OH
OH OH
2. WK OH
Hae” ~on
1. NaBH, 3 H R
2. WK

Zn/ HCI
Clemmenson CH, / )\ PN
Reduction

RA® Na® CH, e )\ PN < ] OA R
A
Wolff-Kishner
reduction

PR
Pl s K\R

7z R |
.P. Y\R <:|/\R O/\R
Wittig R
reaction

ool LA L aY T oY

Baeyer-Villagar
reaction

Alkenes

alkenes

conditions
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Chem 316 Synthesis Problems Beauchamp

OH
1. Hg(OAC),/H,0
2. NaBH,
no rearrangement

OH

@)
I
o
T
o
T
o
T
E )
o
T

OCH,4
OCH OCHg3;
1. Hg(OAc), OCHs )\3 OCH;, OCHs OCHj
CHaOH ) \)\ \)\
2. NaBH, TN

no rearrangement

HBr )
rearrangement

OH OH OH OH OH OH
1.HsB o
2. H,0,/ HO

B
Br Br Br Br Br Br
1. H;B o
2. Brz / CH3O \)

-
A
-

w
o
3 ;
(']
8
{Q
{
e
S 2
@ @

Br Br Br Br (dI) racemic Br Br (dl) racemic
1. excess
oucess % / % % \{H \‘// @
2. WK
_ triple bond triple bond
is not possible is not possible
Br Br gr Br Br Br Br
Br, / H,0 H \H \‘/\ \‘)\ w )\H Oj
7
OH
OH OH SR/RS OH Rry/ss OH OH RR/SS

0 10) (0] o] (0]
, 0 ""//
NaOH L O
(dI) racemic

meso meso
0 0 (0] (0]
0 ////,/ o K7
mCPBA i /<] O
dl) racemic
(dn i meso meso
H H
050, oH OH Y 2 OH o oA
H,0/HO 0
or
KMnO, RR/SS meso meso 0N
H,0/HO" OH OH OH () racemic ~ OH Rs/sr OH OH RS/SR
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Chem 316 Synthesis Problems Beauchamp 8
D D 2 2 D D D
Pd/ D, \H \H\ \‘/\ w )\H O:
RR/SS meso
D D . D meso
D (d1) racemic RS/SR D D RS /SR

1.04,-78°C
2. CH3SCHs

>:o %
e

1.0, -78°C CHs CH,

)O
2. NaBH, OH OH )O

I

\_O \_O
I I
0—o0O
LI

o

I

o

I

o o Q OH
)k )k )J\ )J\ )k o _0
1.03,-78Co oH H™ oH OH OH H” oH
Q o o o 0 oy
)J\ >

2. H,0,/ HO o
e HJKOH _____ )ko“ _______________ OH .. XOH)J\HLOHOHO
Alkynes

s 7

\
0 o} 0 (0} Q

H?é/sﬁgﬂ )J\H )J\ \)J\ \)J\ ©)‘\/

"""""""""""" o o o o e

L RZBH © )J\ \)J\ /\)J\ \)J\
2. H,0, / HO H H H

probably
mixture
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Chem 316 Synthesis Problems

Beauchamp 9
quinoline \/\ X
(Lindlar's cat.) / /\ \
/
Na/ NHj3 does not work does not work doe\ilgﬁtovr\:ork / X
i i i well on _ N
(Birch Reduction) termmgl a(iEynes terminal alkynes terminal alkynes
1. excess
NaNR2 P P %
2. WK P =
(zipper rxn) zZ / % O/\
lexcessOH """"""""""""""""""""""
NaNR2
OH OH OH \
2.
3. WK OH
Lexess T
NaNR2
2.

]

Xo
>
\: 2
:\9
"’\\9

3. WK OH
- iRz
Hj\H /\OH /OH \/\OH \/OH O/\/OH
B e
- iRz R R R R
R)OJ\H /\ OH /\ OH \/\ OH \/\ OH O/\OH
3. WK R
- RanR2 R R RS ROR RV R
Z'R)OJ\R /<OH /OH \/OH \/OH ©\<0H
3. WK R R
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Chem 316 Synthesis Problems 10

Propose synthetic reactions for the indicated target structures from the given starting materials. Show the starting
material (methane, ethane and propane), a reaction arrow with the reagent and a product for each synthetic step of your
synthesis. If a compound has been prepared earlier you do not need to remake it (just refer to the part where you made
it). Common organic reagents may be used as needed. Additional “carbon” compounds available include

Beauchamp

bromobenzene, cyclohexane, carbon dioxide and sodium cyanide.

1. Given starting material = methane,(CHy,)

Target molecules (the part from methane has the “C” written out).

1 2 3 4 5 N 7 8 9
i —_ HC——NH,  HsC——SH \ Z / " % P NG
H3C——Br HsC : OH 3C™ 2 3CT H3C/< e X IS, \/ >\CH
methane + Bro/hva, 1 +ester (Sy2) , 1+ O
2+ HBr b. ester + NaOH a. propyne + NaNR (2 ways) (2 ways
. . 2 ys)
g:zgg 31+ H30*, H,0 Ne 1+NaCN (Sn2) b. bromomethane Roe RBr (.2
I + r
243 TeCl jpy & 3LHHIXIH,0 1+ NaSH ($\2) a. 40 + NaNR, (Sn2)
b. NaBr b. NaBH, (S\2) © b. bromomethane
' a.13+NaBH, 2. NaOH
b. WK
10 11 12 9 13 9 14 0 15 0
SN O\'l\lCH et ﬂ CH ” ‘ ﬂ . ” .
Y 8 H/ \ / ¥ H/C7I\o)\/\ H/ \ON H/C\o
(2 ways) (2 ways) @ ways) @ ways) (2 ways) (2 ways)
1S
RO® + RBr (Sy2) RO +RBrSw2)  Rco® +Rer RCOS +RBr RCOY +RBr (RSC%Z +RBr
(Sn2) (S\2) (Sn2) N
ROH+RBISND)  peocl + ROH RCOCH + ROH RCOCI + ROH RCOCI + ROH

(acyl substitution)

I

o] c H3C
W N T on
2+ CrOg/py 2 + CrO4/H,0

(acyl substitution)

b. CO,

(acyl substitution)

S A

a.1+Mg (orLi) a 1+Mg (orLi) a.1+Mg (orLi) a. 1+Mg (orLi) a.1+Mg (orLi)

(acyl substitution)

CHs

a. 1+ Mg (orLi)

(PCC) (Jones)  b. methanal b. ethanal b. propanal b. propanone b. alkyl methanoate
c. WK c. WK c. WK c. WK c. WK c. WK
24 26 27 28 0 29 0
\ OH

//\/ OH e
HsC

\

HsC™ "

Hac*

acid chloride + cuprate

acid chloride + cuprate

a.1+Mg (or Li a.1+Mg (orLi) ; a.1+Mg (or Li

a.1+Mg (orLi) a1+Mg (orLi) b. 2C ep%x(ide ) b.3C epoxide z' 1t; Mg _go_: L) b. propar?ersitrile)
b. alkyl ethanoate  b. alkyl propancate (s c. WK Sttt ncid & propanoic acid +
c. WK 2 eqgs methyl lithium 2 eqgs methyl lithium

30 31 32 33

“._CHjs
ch/( ch/(\ H3CN
(2 ways) (2 ways) (2 ways) (2 ways) 1. ketome + LDA

cuprate + RBr  cuprate + RBr cuprate + RBr  cyprate + RBr

(2 ways)
cuprate + RBr

CH3

cuprate + enone
(conjugate addition)

2. RBr (compound 1)

a. enamine + 1
b. H,O (hydrolysis)
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Chem 316 Synthesis Problems Beauchamp 11
2. Given starting material = ethane,(CH3;CH3)

1 2 3 4 5 6 7 / 8 9
FZ N . Oy RN
P P /\NHZ P \//c/ \/// y = P SO
ethane + Bry/hy Ltester(Sy2) 4 1+ 0 (2 ways) (2 ways)
2+ HBr b. ester + N+aOH o a. 40 + NaNR, a. propyne + NaNR,
2+ PBry 31+ H30%, H,0 N 1+NaSH (Sx2) 1+ NaCN (S\2) b, bromoethane b. bromoethane ROP + RBr (Sy2)
2+S0Br, @ 31+HgXy/H,0 N
2+a. TsClipy b.NaBH, (Sn2) ©
b. NaBr a. 13 + NaBH, 2. NaOH
b. WK
10 0 13 O 14 © 15 O
NN o .. L e
/EV;;"/S) ~ )J\o//\ )J\*o/ )J\o//\ )L\o//v
) (2 ways) (2 ways) (2 ways) (2 ways)
RO® + RBr (Sy2) RO +RBr (Sy2) RcO® +RBr rco® +Rer RCOS +RBr RCOS +RBr
Sy 2 (Sn2) (Sn2) (Sn2)
ROH + RBr (Sy1) (R(IZ\‘O)CI + ROH RCOCI + ROH RCOCI + ROH RCOCI + ROH
(acy! substitution) (acyl substitution) (acyl substitution) (acyl substitution)
T 17§ 18§ 9 20 OH 21 OH 23
)J\ ‘\ )J\ )J\ \/‘f\OH . . \}J\
o H oH 9 » < o
(2 ways) a. 40 + R,BH 2+ CrO3/H,0 ’ ; )
rRco® +RB b. H,0, / HCP (Jones) 5 1+ Mg (or Li) .o &1+ Mg (erth
2 r - [0, a CH.BI/M b' i g I a.1+Mg (orLi) a 1+Mg (orLi) b. CO,
(Sn2) N C03 9 \Tvi ana a.1+Mg (orLi) b. propanal b. propanone c. WK
RCOCI + ROH 40+ H;0%H,0 2 -2 c. b. ethanal c. WK c. WK
(acyl substitution) c. WK c. WK 5+ H,50,/H,0
2+ CrO4/py (PCC) gthanenitrile
+ H,S0,/H,0/A
24 OH 27

28 29 o
* OH
\/\/OH N N

acid chloride + cuprate

al+Mg (orli) aleMgorl) —al+Mg(orli — &1¥Mo(orth B2 g OO & L0 T (LD
b. alkyl methanoate b. alkyl ethanoate b, alkyl propanoate 0. 2C epoxide WK p ethanoic acid +
c. WK c. WK c. WK c. WK c.
0 o 31 2 33 34
acid chloride + cuprate
a.1+Mg (or Li) (2 ways) (2 ways) (2 ways) (2 ways) (2 ways) 1. ketone + LDA

b. propanenitrile
ethanoic acid +
2 eqs propyl lithium

cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr 2. RBr (compound 1)

cuprate + RBr  (conjugate addition)

a. enamine + 1
b. H,O (hydrolysis)

38 39 40 41 42 43
o)
Br / Br\/\ HO.

/ \/\Br / on \> \/\OH

1+ K" t-butoxide
Br, a. 39 + NaNR, Brs / HaO 38 + mCPBA 38 + 0sO,
/Ay

2+ H,80,4/A b. WK 41 + NaOH (or KMnOy)

Wittig =
methanal + ylid
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Chem 316 Synthesis Problems Beauchamp 12
3 Given starting material = propane,(CH3;CH,CHy)

)\ 8
a. 1+ ester (Sy2)
propane + Br,/hv b. ester + NaOH 1

5 . Egr; 31+ Hy0", H,0 N@ 1+NaCN (Sy2) (2 ways) (2 ways) (2 ways)
2 + SOBr, N ill;HF?XZ/ Hz0 1+ NaSH (Sy2) RO® +RBr(s,2) RO +RBI(Sy2) RO +RBr (S\2)
2+a TsClipy 0-Nabh, (S\2) ©
b. NaBr a. 13 + NaBH, 2. NaOH ROH + RBr (Sy1) ROH + RBr (Sy1) ROH + RBr (Sy1)
bh. WK
11
)J\ )\ ;
\‘/ 2 Ways) (Iots of ways)
ROH + RBr (Sy1) RCOZ +RBr 2+ CrO3/H,0 .
a.1+Mg (orLi ;
(Sn2) (Jones) b. metha%al( ) g' 1 ; Mgl (orLi) a.1+Mg (orLi) a l1+Mg (orLi)
RCOCI + ROH 2+ CrOg/py ¢ WK -S\t/é‘”a b. propanal b. propanone
(acyl substitution)  (PCC) c. c. WK c. WK
33 + Hy0*/H,0
...and more
20 21 22 o

YT

a.1+ Mg (orLi)

a. 1+ Mg (or Li) a.1+Mg (or Li) a.1+Mg (or Li) b.3C epoxide cuprate acid chloride + cuprate acid chloride + cuprate
b. CO, b. alkyl methanoate b. 2C epoxide c. WK z- lt; Mg _go'li Li) g- %rgg\gr?ersptpl_el)
c. WK c. WK ; . ethanenitrile . anenitri
¢ WK 2RLi+ Cubr ethanoic acid + ethanoic acid +
5 + H,S0,4/H,0 2 eqs propyl lithium 2 egs propy! lithium
25 26 27 30 @
(2 ways) (2 ways) 2 ways (2 ways) 1. ketone + LDA
te + RB ( ys) (2 ways) 2. RBr (compound 1)
cuprate + RBr Cuprate r cuprate + RBr cuprate + RBr cuprate + RBr cuprate + enone

(conjugate addition) a. enamine + 1
b. H,O (hydrolysis)

32 33 34 35 36 37
O.
Br / Br\)\ \>\ HO\)\
/\ Br OH OH

€]
a. 32 + NaNR 31 + mCPBA
1 + K* t-butoxide 31 +Br, b WK 2 31+ Br,/H,0 31+H,0,/HO
34 + NaOH
38 o] 39 o 40 41 42 43
all from
H

1RBH o (lotsof ways) a. NaNR, 39 + Na/NH; 39 +Pd/H, 39+ Pd/H,
b. H,0,/HO 2 + CrO3/H,0 b. CH;-Br quinoline

(Jones)

2 + CrOs/py

(PCC)

33 + H30*/H,0

...and more
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Chem 316 Synthesis Problems Beauchamp 13

)\ )\ )\ )\ > N e 9 10
Z 5O
N C o N <ol /\/ ,
H 3 /\( > v > s
2+ HBr a. 1+ ester (Sy2) 1

2+ PBIr, b. ester + NaOH
2+ SOBr2 31+ H30%, H,0 Ne 1+ NaCN (Sp2) (2 ways) (2 ways) (2 ways)
2+a. TsCl/py a. 13 + NaBH, 1+ NaSH (Sp2) RO® +RBr(Sy2) RO +RBr(Sy2) RO +RBr (Sy2)
b.NaBr b, WK (Sn2) ©
2. NaOH ROH +RBr (Syl)  ROH +RBr (Syl) ROH + RBr (Sn1)
11
)J\\ )\ ;
\‘/ S
2 ways) (Iots of ways)
ROH + RBr (Sy1) R(;o2 +RBr 2+ CrO3/H,0 .
a.1+ Mg (orLi :
(Sn2) (Jones) b. metha%al( ) g' 1t; M% (orLi) a. 1+ Mg (orLi) a. 1+ Mg (orLi)
RCOCI + ROH 2 + CrO4/py c. WK .\eN}?na b. propanal b. propanone
(acyl substitution)  (PCC) C c. WK c. WK
33 + Hy0*H,0
...and more
20

WW

a. 1+ Mg (orLi)

a.1+Mg (orLi)  a 1+Mg (or Li) a.1+Mg (or Li) b.3C epoxide  acid chloride + cuprate acid chloride + cuprate
b. CO, b. alkyl methanoate b, 2C epoxide c. WK a.1+Mg (or Li) a.1+Mg (or Li)
c. WK c. WK c. WK b. ethanenitrile _ b. propanenitrile
ethanoic acid + 2 eqgs propyl lithium ethanoic acid + 2 eqgs propyl lithium
5 + H,S04/H,0
24 25 26
(2 ways) (2 ways) (2 ways) (2 ways) (2 ways) 1. ketone + LDA
2. RBr (compound 1)
cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr cuprate + enone
(conjugate addition) a. enamine + 1
b. H,O (hydrolysis)
32 33 34 » 36

31 / o

all from 3 " ¥ o 3 40 41 43 Q
A \)J\H )J\ / s~ [ i/\ \)J\
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Chem 316 Synthesis Problems Beauchamp 14
b.

1 2 3 4 , 5 N 6
\/>’\Br \/>\OH © TNH, SH /\// <
2+HB P
+ r
2+PBry §1++N;%'L(SN2) © 1+NaSH(Sy2)  1+NaCN(Sy2) 1+ NaCCH (Spn2) 1+ NaCCCHj (Sy2)
BH; o N
2+ SOBer/ b. H,0,, HO
2 +a. TsCl/py
b. NaBr (Sn2) 0
e e NROH
8 9 , 10 o - 12§
O \/\/O\,\/\ /\//O\\/\ g V\ oo
/< \'\/\ R R ’ oN
(2 ways) (2 ways) (2 ways) (2 ways) (2 ways)
RO® +RBr RO® + RBr RO® + RBr RO® + RBr rRCO® +RBr
(both Sp2) (both Sp2) (both Sy2) (both Sp2) (Sn2)
RCOCI + ROH

(acyl substitution)

13 o} \14)7\ Uj\& 16 o} )\ 17 0 18 o}
\)J,\'\o( K o/<\ ! O)‘\/\/ \)J/xo B \)J\H \)J\oH

(2 ways) (2 ways) 2 Wags) v v(vaays) (2 ways) (2 ways)
e © 2+ CrOy/,
Fesc:(zj2 +RBr Eécg)z +RBr ?SC%Z +RBr Eesc%z +RBr (Pécp)y 2+ CrOgH,0
N N N
el + ROH RCOCI + ROH RCOCI + ROH RCOCI + ROH B+aRBH o (Jones)
R L - L b. H,0, HO nitrile + H,SO,/H,0

(acyl substitution) (acyl substitution) (acyl substitution) (acy! substitution) 2Y2

19 20 OH 21 OH ’3 o
MOH > X y .

a.1+Mg (orLi) a. 1+ Mg (or Li) a.1+Mg (or Li) i

b. methanal b. ethanal b. propanal a. 1+ Mg (or Li) E’ él;y’;/lr%egﬁ;#(;zate )
c. WK c. WK c. WK b. propanone o WK a.1+Mg (or Li)

c. WK ' b. alkyl ethanoate
c. WK
26 o] 28 0]
27
, oH 29
> /WOH \
N OH N 9
(2 ways)
; - a.1+Mg (orLi) a.1+Mg (or Li) acid chloride + cuprate

1+ M L \ ) p

b, alkyl r?ro(r?arnogte b %:5 Mo lorth b.2C epoxide b.3C epoxide a.1+Mg (or Li) b. ethanenitrile

c. WK . WKZ c. WK c. WK ethanoic acid + 2 eqs propyl lithium

5+ H,S0,/H,0

i\/j}\/ ) ) ) i\)\

2
acid chloride + cuprate (2 ways) (2 ways) (2 ways) (2 ways)

a. 1+ Mg (or Li) b. propanenitrile cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr
ethanoic acid + 2 eqs propyl lithium

(2 ways)
cuprate + RBr

.

(2 ways)

/ 1. ketone + LDA
cuprate + enone 2. RBr (compound 1)
(conjugate addition)
a. enamine + 1
b. H,0O (hydrolysis)
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Chem 316 Synthesis Problems Beauchamp 15

Propose a synthesis for the following compounds using only *CH3;0OH, Na*CN, and *CO, as your source of radioactive
1C isotope. Bromobenzene, methanol, ethene, propene and cyclohexene are also available. Work backwards from the
target. The last step of the synthesis should be your first step. Show the reagents and reactant for each backwards step
until you reach one of the **C compounds above and the other allowed starting structures. If a specific functional
group or type of reaction is listed, you must use that group or reaction in your synthesis. For many of the target
structures, there is more than one possible approach and for some there may be several possible approaches. Any
approach is acceptable for this problem as long as the steps are reasonable and any necessary conditions are met. Do
not show mechanisms.

Allowed *C precursors *CHSOH *COZ N ;((ZN Use any typical reagents from our course.

0 ? i Br
7 —— on )L )k Py T} ~ e
H OH OR H—=—H
B 2 T - B —~ o~
N —— oo \)k o
H OH OR Br
OH 0 r Br

Targets
) 2l\i/k ’ 7 " >(\’(\)\
SROERE!
use an acid chloride use a nitrile use a carboxylic acid
use an ester o
and a lithium reagent
5.

Y\/

use a cuprate
coupling reaction

] @/\/J\KC/\/\/\)H

use Gabriel amine synthesis and

approach #1 use NaCN use the zipper reaction use an alkyne
approach #2 use CO,

Can you make this into a secondary amine?

11 N 12. o 13 H
c” I
NW
g (T
use any approach use an enamine use an imine
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