Web pages Beauchamp 1

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
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 6
; : ; ; N . % ! Pz & o 9
HyC——Br H3C—:—OH HeC——NH, H;C——SH >eC Py = PN \/o\<
: ' HaC™ ™ HsC™ HaC 3 / “CH

methane + Bro/hva, 1 +ester (Sy2) ; 1+ O

2+ HBr b, ester + NaOH a. propyne + NaNR (2 ways) (2 wa
- 2 ys)
2+PBry 31+ He0*, H,0 N@ 1+NaCN (Sy2) b. bromomethane )
2 + SOBr, 2. 31+HgXHhO L NaSH (52 2. 40 + NaNR, RO +RBr (S\2)
2 +a. TsClipy (Sn2)
b NaRr b. NaBH, (Sn2) © b. bromomethane
' a.13+NaBH, 2. NaOH
b. WK
12 Q 13 0 14 0 15 0
L I, L I
(2 ways) W \ / H/ \o//\ W \ON et
(2 ways) Y (2 ways) 2 ways) (2 ways) @ way)
RO +RBr (52 (O *RBIGND peof srer RCO + RBr RCOY +RBr RCO;” +RBr
(Sn2) (Sn2) (Sn2) (Sn2)
ROH+RBI(S\L)  Rcocl + ROH  RCOCI + ROH RCOCI + ROH RCOCI + ROH
(acyl substitution) (acyl substitution) (acy! substitution) (acyl substitution)
o OH
16 <|3| 17 <|>| 18 22 )J\ 23
e e N HBC /J\ /J\/ HiC” HCTW NoH  HeTh T on
H H H OH HsC 3 3 s 3

2+CrOz/py 2+CrOs/H,0 a 1+Mg (orLi) a.1+Mg (orLi) a1+Mg (orLi) a 1+Mg (orLi)

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

(PCC) (Jones)  b. methanal b. ethanal b. propanal b. propanone T2 b. alkyl methanoate
¢. WK ¢. WK c. WK c. WK c. WK c. WK
24 25 26 27 28 o} 29 o
) ' OH
SN e ) )
HaC” - HaC HCo HyC” > HeC™
CHz . acid chloride + cuprate acid chloride + cuprate
a.1+ Mg (orLi : i
a.1+Mg (orLi) a1+Mg (orLi) E %g '\e/lpgox(%rel_l) b.3C epgxi(de ) E’ it;awe%igﬁ:eLl) g %)r;g\gr?erg?t:ill_(;)
2 \e}\l/l&ll ethanoate b alkyl propanoate "\ e c. WK ethanoic acid + propanoic acid +
2 egs methy! lithium 2 eqgs methyl lithium
30 31 32 33
. _CHs
H c/ ch/\ HgCN
(2 ways) (2 ways) (2 ways) (2 ways) 1. ketone + LDA
cuprate + RBr  cuprate + RBr cuprate + RBr - cuprate + RBr 2 ways) CH, 2. RBr (compound 1)
cuprate + enone
cuprate + RBr (conjugate addition) a. enamine + 1

b. H,O (hydrolysis)
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Web pages Beauchamp 2

2. Given starting material = ethane,(CH3;CH3)

1 2 3 4 5 6 7 8 9
/\Br /\OH /\NHz /\SH \//C/ \/// / /ov \/\/‘OV

ethane + Bry/hy Lvester(Sy2) 4 1+ 0 (2 ways) (2 ways)
2+ HBr b. ester + l\iaOH o a. 40 + NaNR, a. propyne + NaNR;
2+ PBr; 31+ H,0*, H,0 N 1+NaSH (Sy2) 1+ NaCN (Sy2) b bromoethane b. bromoethane RO® + RBr (Sy2)
2+ SOBH, a. 31+HgX,/H,0 N
2+a. TsCl/py b.NaBH, (Sn2) ©
b. NaBr a. 13 + NaBH, 2. NaOH
b. WK
10 1 12 © 13 9Q 14 9 5 Q
. . N
. O : .. N N PR
/\/( R e R)J/\OA )L\o/ )J\o//\ )J?\ON
(2 ways) (2 ways)
) (2 ways) (2 ways) (2 ways) (2 ways)
RO™ +RBI (Sn2) RO +RBr(w2) RCO,” +RBr RCO;> +RBr RCO;” +RBr RCO,” +RBr
Sy2 (Sn2) (Sn2) (Sn2)
ROH +RBr (Sn1) égo)c. + ROH RCOCI + ROH  RCOCI + ROH RCOCI + ROH
(acyl substitution) (acyl substitution) (acyl substitution) (acyl substitution)
T 17 18 | 19 20 OH 21 OH 23
) )J\ \/<\OH R N \}J‘J\
o7 H OH b b ~ TOH
@ Cy)vays) a.40+R,BH  2+CrOyH,0 a.1+Mg (or L)
Jones i . ’
RCO,” +RBr b. H,0,/ HOP . CHgBr/M)g g. %ngtm%al(or Li) ' a 1+Mg (orLi) a 1+Mg (orLi) b. CO,
(Sn2) b CO WK a.1+ Mg (orLi) b. propanal b. propanone c. WK
RCOCI + ROH 40+ H,0*/H,0 2 ~-2 ¢ b. ethanal c. WK c. WK
(acyl substitution) c. WK c. WK 5 + H,S0,/H,0

2+ CrOs/py (PCC) ethanenitrile

28 29 o
N OH
\/\/OH \/\( \/JJ\

acid chloride + cuprate

al+Mg (orLi) —al+Mg (orli) — al1+Mg (orLi) a2+ Mo (o L) %3‘10+ ('e\/lgxi(gg H E' gt;alxlegni%eu)
b. alkyl methanoate b. alkyl ethanoate  b. alkyl propanoate  b- \2/\(/3K9P0X'de WK P ethanoic acid +
c. WK c. WK c. WK C. :

30 0 31 32 33 i)\

acid chloride + cuprate
a.1+Mg (or Li) (2 ways) (2 ways) (2 ways) (2 ways) 2 ways) 1. ketone + LDA

b. propanenitrile cuprate + enone
ethanoic acid + cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBI ¢ prate + RBr  (conjugate addition) 2 RBY (compound 1)

2 eqs propy! lithium

a. enamine + 1
b. H,0 (hydrolysis)

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

Z NN =z OH \> S Non

1+ K* t-butoxide
Br, a. 39 + NaNR, Br. / HiO 38 + mCPBA 38 + 0s0,
2/ Hp

2+ HpS04/A b. WK 41 + NaOH (or KMnOy)

Wittig =
methanal + ylid
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Web pages Beauchamp 3

3. Given starting material = propane,(CH;CH,CHy)

a.
)\ )\ )\ )\ 8
a. 1 + ester (Sy2)
propane + Bro/hv y ester + NaOH 1

2+HB
24 PBI’r3 31+ H30% H,0 N@ 1+ NaCN (Sy2) (2 ways) (2 ways) (2 ways)
2+ SOBr, a. 31+HgX,MH,0 1+ NaSH (S\2) RO® +RBr(Sy2) RO +RBr(S\2) RO +RBr (Sn2)
2+a TsClipy D NaBHq (Sn2) ©
b. NaBr a. 13+ NaBH, 2. NaOH ROH + RBr (Sy1) ROH + RBr (Sy1) ROH + RBr (Sy1)
b. WK
11 )\
\‘/ (2 ways) (Iots of ways)
ROH + RBr (Sy1) RCOZ +RBr 2+ CrO4/H,0 .
a.1+ Mg (orLi .
(Sn2) (Jones) b et alrMg k) ai1+mg(orLi) a1+Mg (orLi)
RCOCI + ROH 2 + CrOs/py c. WK .\G;Vlgna b. propanal b. propanone
(acyl substitution)  (PCC) c. c. WK c. WK
33 + Hy0%/H,0
...and more
20 21 22

OH @

a. 1+ Mg (or Li)

a.l+Mg (orLi) 4 1+Mg (orLi) a.1+Mg (orLi) b.3C epoxide cuprate acid chloride + cuprate  acid chloride + cuprate

b. CO, b. alkyl methanoate b. 2C epoxide c. WK P g. 1t;; Mg _go_z Li) E. 1+ Mg (g;r_ll_l)
WK c. WK ; . ethanenitrile . propanenitrile

¢ & WK 2RLI+ CuBr ethanoic acid + ethanoic acid +

5 + HyS0,/H,0 2 eqs propyl lithium 2 egs propy! lithium
25 26 27 30 ¢

1. ketone + LDA
2. RBr (compound 1)

(2 ways) (2 ways) (2 ways) (2 ways) (2 ways)
cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr

cuprate + enone
(conjugate addition) a. enamine + 1

b. H,O (hydrolysis)

(]
a. 32 + NaNR 31+ mCPBA
1+ K* t-butoxide 31+Br, b. WK 2 31+Br/H,0 31 +H,0,/HO
34 + NaOH
all from % a 39 o 40 41 42 3
H
LRBH o  (lotsof ways) a. NaNR, 39 + Na/NH;, 39 +Pd / H, 39+ Pd / H,
b.H,0,/HO" 2 +CrO4H,0 b. CHg-Br quinoline
(Jones)
2 + CrOz/py
(PCC)
33+ H;0%/H,0
...and more
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Web pages Beauchamp 4

b.
! 2 8 : : > N o /
\/\/l\Br / OH " NH SH N <
2+HB I 7
+
5t PBrrs é1++N:%"|L(SN2) © 1+NaSH(Sy2)  1+NaCN(s\2) 14NaCCH (Sy2) 1+ NaCCCHj (Sy2)
. 3 S] N
5: SOTBrczl/ b H02 HO
a. TsClipy
b. NaBr Sn2) 0
S 231 Lo
8 9 10 2 9
o N . V\
)/O% v ?\/\ /\/“/O\,\/\ ! N
R A R 07N
(2 ways) (2 ways) (2 ways) (2 ways) (2 ways)
RO® + RBr RO® + RBr RO® + RBr RO® + RBI RCO® + RBr
(both Sy2) (both Sy2) (both S2) (both Sy2) (Sn2)
RCOCI + ROH

(acyl substitution)

Ao Thpndions G

(2 ways) (2 ways) 2 ways) 2 ways) (2 ways)

2+ CrOy/ (2 ways)
© RCOY +RBr RO +RBr + CrOglpy
RCO,” +RBr RCO;” +RBr 2 2
52 %) (Sn2) (512) (PCC) 2 el
RCOCI + ROH RCOCI + ROH RCOCI + ROH RCOCI + ROH B+aRBH o nitrile 4 HoSOWH,0
(acyl substitution) (acyl substitution) (acyl substitution) (acyl substitution) b. Hy0,, HO sl
19 20 OH 21 OH - oH
M OH /\/‘J\ /\/J\/ /\)\/\
a. 1+ Mg (or Li) a.1+Mg (or Li) al+M i i
. . g (orLi)
b. methanal b. ethanal b. propanal a.1+ Mg (or Li) z' elllzy'\lﬁr?legﬁ;rl;(:;te )
¢. WK c. WK c. WK b. propanone ¢ WK a. 1+ Mg (or Li)
c. WK ' b. alkyl ethanoate
................................................................................................................................ CWK .
26 o] 28 o]
27 , on 29
N /WOH R \
N OH N <
(2 ways)
i . a.1+Mg (or Li) a.1+Mg (or Li) acid chloride + cuprate
1+ M L N 3 p
b alkyl gm(;’;nogte a1+ Mg (orth b. 2C epoxide b.3C epoxide a.1+Mg (or Li) b. ethanenitrile
c. WK . WK2 c. WK c. WK ethanoic acid + 2 egs propy! lithium
5 + H,S0,/H,0
30 o] 31 32 33 34
2 ways
acid chloride + cuprate ( ¥s) (2 ways) (2 ways) (2 ways) (2 ways)
a. 1+ Mg (or Li) b. propanenitrile ~cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr cuprate + RBr
ethanoic acid + 2 eqs propy! lithium
36 o 37 (e}

(2 ways)

3

7

/ 1. ketone + LDA
cuprate + enone 2. RBr (compound 1)
(conjugate addition)
a. enamine + 1
b. H,0O (hydrolysis)
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Web pages Beauchamp 5

Group 1

VRN
ch/ \CH3 HsC CH; 13 © Li®
11 12 14
S S L
0
1 2 3 3 4 55 . 6
Br2/hv e, ) .‘o'- 1. o Nae Nae ’ e
PR (Sn2) N e
K @ " " )J\ © /\OH Oe Ne
. . water (Sy1) o (Sn1) -
potassium t-butoxide T N (Sn2) phthalimidate
(make) 2. I\(I%C;Ee)(acyl substitution) (mgke) (an imidate) (make)
7 8 9 10 2. NaOH (acyl substitution)
Na ® %o 2 o 0 n 12 13 o 1 o
<) Na 5 . 1. Li 4
S q Li : . -Cu-
PC==N .. < .>\H )k Mg Li 2. 1/2 eq. CuBr R(fu”pgt/e)'" (make)
cyanide H R 'S, e:CHZ Grignard organolithium make react cuprates with
rxn reagents - _
dithiane anion (make) Ketone enolates (make) cuprates RX, RCOCI, a,B-unsat C=0

1. Group 2

(0]

o PN o
R U N o
6

o
SH
\) @ @ R

oO—2=I

(e}

s s M8 i e
HiCa_ /‘sz HCo_CH, \/\GCU/\/
c S LP®
8 H, Hy
10 11 14
9 12 13
1 2 o 3 4 5 o 6 o 7
1. Na
9:6 Na - o o N2 6 o . o .
@ N © '.O‘ o N N ] o - Na
K N ® )J\ e Na C=N %
. . Na o] cyanide
potassium t-butoxide  (s2) (Sn2) phthalimidate ¢, (oo (Sn2)
(make) (an imidate) (Sn2)
8 9 10 2. NaOH (acyl substitution)
3 ® 13
S, i 0 1 12 14
§ >('9\LI Li® LLi RCUR/LS
© ) i ) -CU-R/LI - (make
H— 31 'é H . on Mg Li 2.1/2 eq. CuBr (cuprate) ( )
> o ? Grignard organolithium make react cuprates with
dithiane anion (make)  ketone enolates (make) rxn reagents cuprates RX, RCOCI, a,B-unsat C=0
Group 3
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Web pages Beauchamp 6
o)
@
(S]
\)7\ \)7\ 7 o)J\ o M
P e N
- N H OH \) \) \)
1 2 3 4 5 6
Ts
g \)Br \jl
7 8 9
1 2 3 4 6 9 7 (four ways) 8 ( four ways)
L o o o ° - HBr HCl
H,SO,/A Crggrfe':)zo Crgg ée':)zo NGE Na H TIS Cb' ’t _‘t’yt_ PBr, PCl,
(-Hx0) sodium sodium (acyl substitution) SOBr, SOCl,
rearrangement - (E2) (E2) hydride a hydride a. TsClipy a. TsClipy
rz;slil ¢ 2~ (acyl substitution)  (acid/base) b.NaBr b.NaCl
Br (SN2 & Sy1) (Sn2 & Sp1)
(Sn2) )
last approach avoids Sy1 (& rearrangements)
2. Group4
o]
® Ts
OH o o/\ )k ©, Na o Br cl
PO G G PPN
1 2 3
5 6 7 8
4
1 2 2 3 4 5 6 7 (four ways) 8 ( four ways)
1. 1<) o €]
H ) ) . HBr HCI
Hsogs ool el N K Na  H: O e, PCl,
(-H;0) sodium sodium (acyl substitution) SOBr, SOCl,
rearrangg:nent (E2) (E2) hydride cl hydride a. TsCl/py a. TsCl/py
izzsls)l ¢ 2 PN (acyl substitution)  (acid/base) b.NaBr b.NaCl
Br (Sn2 & Sy 1) (Sn2 & Sy1)

(Sn2)

last approach avoids Sy1 (& rearrangements)
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Web pages Beauchamp 7

Group 5
OH o R Br OH Br Br Br Br
)\ )\ )\ \) \) \(Rg (RS) (RS)
1 2 3 4 5
B 6 7 8
r OH ] /o

OH
RS) R o TN, oy /j\

RS _H (g o
OH /</ O, HO. fe) © H /\ /</
Y\ \CHz \CH3 N
15

Br,

C
OH
o 10 11 12 (LH 14
13
Rg = regioselectivity (Markovnikov, anti-Marrkovnikov or not applicable)
St = stereoselectivity (syn, anti or random addition)
1 (two ways) 2 (two ways) 3 4 5 5 ;
H.O* Ho 1 HgX/H0 ROH,*, ROH 1. HgX,/ROH HBr 1. BH; ° 1. BH; Br, Br, / H,0
3V M 2. NaBH, rearrangements 2. NaBH, rearrangements 2. H,0,, HO™ 2.Br,, CH30"
rearrang%rlnents o rearrangements possible O rearrangements possible anti-Markovnikov  anti-Markovnikov Rg=NA Rg=Y
possible Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y St=Y,anti St=Y,ant
Rg=Y _ _ = = St=Y, syn St=Y,syn (convert to
St=N St=N St=N St=N St=N Y Y cony
- 1. hydroboration epoxide in NaOH)
10 11 12 13 2. oxidation
8 9 o 15 16
050 mCPBA 1. 05, -78°C 1.05,-78°C 1.0, -78°C 14
Br, / ROH or 4 or 2. CH3SCH,4 2. NaBH, 2.H,0,, HO Pd/H CH,l, C|+'|Bf3 )
KMnO 1. Bry/H,0 2 Zn (Cu) K* t-butoxide
Rg=Y 4 2. NaOH Rg=NA Rg = NA Rg=NA Rg = NA
St=Y,anti  Rg=NA Rg=NA 8= NA St=NA St= Nj\ St=Y, syn gztg = \;\IA ?tg_:\;\léyn
= = ' =Y, syn =Y,
St=Y, syn St=Y,syn catylic 4
dihydroxylation  epoxidation ozonolysis reduction
Group 6
Br
= OH Br T
— )\/ \)\ E ) ? ’
(enantiomers) ; ;
enantlomers (enantlomers) (enantiomers) (enantiomers)
( ) (enantlomers) (enantlomerS) (enantlomers) %E%‘? (25,39) (25,39)
E /\ (2R.3R) (2R,3R) (2R,3R)
O CH, CBr,
o HO N
\ / o
meso
(meso) mes") i 12 14 15
(2R.35) (2R.3S) 13 (meso) (meso)
Rg = regioselectivity (Markovnikov, anti-Marrkovnikov or not applicable) OH
St = stereoselectivity (syn, anti or random addition) (2R,38) (2R39)
1 (two ways) 2 (two ways) 3 4 5 6 7
H.O' Mo L1 HIX)/H0 ROH,* ROH 1. HgX,/ROH HBr LBH; o LBHg ° Br, Bry/ H0
30, 1 s 2 NaBH, rearrangements 2. NaBH, rearrangements 2. H0, HO™ 2.Brp, CHyO"
rearrang.e;)r:wen S o rearrangements possible no rearrangements possible anti-Markovnikov  anti-Markovnikov Rg = NA Rg=Y
passible Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y St=Y,anti St=Y,anti
Rg=Y St=N St=N St=N St=N St=Y, syn St=Y,syn (convert to
St=N 1. hydroboration epoxide in NaOH)
10 11 12 13 2. oxidation
8 0590 MCPBA  1.05,-78°C 1.0, -78C 1.0, -78°C 14 15 16
Br, / ROH o or 2.CH;SCH;  2.NaBH,  2.H,0, HC> Pd/H CHyl, CHBr;
KMnO 1. Bro/H,0 2 Zn (Cu) K™ t-butoxide
Rg=Y 4 2. NaOH Rg=NA Rg = NA Rg = NA Rg = NA
St=Y.ani  Rg=NA  pona 0 St St=NA =Yoo oy a St v, oy
- = ’ =Y, syn =T
-S’[ =Y, syn St=Y, syn catylic 4
dihydroxylation  epoxidation ozonolysis reduction
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Beauchamp

Group 7

~ Ao
I
(o]

Py

--nlllo/

Q

Br

@

OH (enanuomers) (enanuomers (enantlomers) (enantlomers) (enanuomers) (meso) (ena(r;tsio?:ge)rs) (enantiomers)
OH (2R,3S) (2R’ 35) (25,3R)
H N cBr, (2R,39)
C, OH
IR
9 HsC [¢] HO. \/\
(enantiomers) H ~ 0. ©° H H
H \ / 15 E E
(Sg%%) (enantlomers) = q 12 1 B - =
R, _) B _ _ 11 _ (enantiomers) (enantiomers)
Rg = regioselectivity (Markovnikov, anti-Marrkovnikov or not applicable) OH (25,39) (25,3S)
St = stereoselectivity (syn, anti or random addition) (2R’,3R) (2R,3R)
1 (two ways) 2 (two ways) 3 4 5 6 7
H.O" H,0 1 HOXp/H,0 ROH,", ROH 1.HgX,/ROH HBr 1. BHy 1. BHg
rear?ang;emzents aBH, rearrangements 2. NaBH, rearrang_ei)r:wents 2. Hy0, HO® 2. Bry, CH30° Br, Br, / H,0
possible  '° rearrangements possible ~ NO rearrangements possible anti-Markovnikov  anti-Markovnikov
Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=NA ~ Rg=Y .
9° St=N St=N St=N St=N St=Y,syn St=Y,syn St=Y,anti St=Y,anti
St=N ) ,
. 9 10 11 12 13 14 15 16
Br,/ ROH 050, MCPBA 1.0, -78C  1.0,-78C 1.0, -78°C od /1 CH,, CHBry
or ) Brz;Hz o 2CHsSCHy  2.NaBH,  2.H,0,/HO 2 Zn (Cu) K* t-butoxide
Rg=VY KMnO i _
St= Y, anti ‘ 2.NaOH  Rg=NA Rg=NA Rg=NA Rg = NA Rg = NA Rg =NA
' Rg=NA Ra = NA St=NA St=NA St=NA St=Y,syn St=Y, syn St=Y,syn
St=Y,syn 9=
St=Y, syn
Group 8
OH O\R Br OH Br Br Br Br
O/
ke o ey ®
1 3 4 8
achiral i achiral achiral achlral
achiral on (enantlomers (enanuomers) (enantiomers)
=0 OH
c C/ | /O
t g, C O
H H,
C c CBr,
%O ~OH Cx
| o
12 on
(meso) (meso) achlral achiral 15
Rg = regioselectivity (Markovnikov, anti-Marrkovnikov or not applicable) achiral achlral (meso) (meso)
St = stereoselectivity (syn, anti or random addition)
1 (two ways) 2 (two ways) 3 4 5 6 7
+
H0" H,0 1 HOX2/H,0 ROM,', ROH 2. HoX; [ROH rearralr;{Berments 1.BHs o 1.BH, ) B
rearrangements 2 \aBHa rearrangements 2- NaBFl osgible 2. H205, HO 2. Bry, CHs0 k Bro/ H,0
possible " rearrangements possible MO rearrangements P anti-Markovnikov anti-Markovnikov
Ra=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=Y Rg=NA ~ Rg=Y
g__ St=N St=N St=N St=N St=Y, syn St=Y, syn St=Y,anti St=Y, anti
St=N ' !
g 9 10 11 12 13 14 15 16
Br,/ ROH 0s0, MCPBA | 1.0,78C 1.0, 78°C 1.0, -78°C od /1 CHyl, CHBry
or LBrjH,0 2 CHsSCHs 2. NaBH, 2.H,0,, HO 2 Zn (Cu) K™ t-butoxide
Rg=Y KMnO, ; —
St=, anti 2. NaOH Rg = NA Rg=NA Rg=NA gtg_—\;\‘/'\ Rg = NA Rg = NA
Rg =NA Ra = NA St=NA St=NA St= NA =Y, syn St=Y, syn St=Y,syn
St=Y,syn 97
St=Y,syn

Other alkenes to consider. .
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Web pages Beauchamp
7. Group 9
R
o o/ B
Br
ketones enol ether can be hard to control aldehydes can be hard to control
)}\ via enol via enolate
not as good /\
Co, 10 1 on terminal
alkynes
Rg = regioselectivity (Markovnikov, anti-Marrkovnikov or not applicable)
St = stereoselectivity (syn, anti or random addition)
1 2 3 4 5 6 7 8 9
Br, / ROH KMnO,
H;0%, H,0 ROH,*, ROH HBr HBr LRBH o Br, Br, 2
(Hg'™ cat.) (Hg'2 cat) (1eq) (2eqs) 2 M0 HO™ 1 2 (ot
. 9 . anti-Markovnikov (Leq) (2e0s) Rg = NA
_ _ Rg=Y Rg=Y _ Rg=NA Rg =NA Rg=Y =
Rg=Y Rg=Y . _ Rg=Y o i = mi St=Y, syn
St= N St= N St=N St=N St= Y, syn St=mixed  St=mixed St = mixed harsh conditions
10 1 . }EH 13 14 15 16 17 18
a 3
Pd/H, Pd/H, (Birch) " HN P
- 1) l Na H,N 1. Na* H,N 1. Na* H,N
quinoline 1. Na* HyN 1 Na’ HZN 2 2. o 2 2 can continue using
. . —_—

Rg = NA Lindlar's Cat. 2 H.o— zipper reaction
St=Y, syn (makes E, not good H.C==0 )1\ |>\ /\Br

Rg=NA with terminal alkynes) 3. WK

o S=vor sk AWk awK sw
8. Group 10
o] O/R Br Br Br 2 Br Br, Br O/R
/_» \)}\ \/& \/& \)k /\)J\H )ﬁﬁ‘& )S( )ﬁ/\wBr
1 2 3 4 5 6 7 Br Br 8

)k ~ “~ HO OH
W /ﬁ N\/\ on OH
10 11 12 5 Z F \W\
14 15 16 17

Rg = regioselectivity (Markovnikov, anti-Marrkovnikov or not applicable)
St = stereoselectivity (syn, anti or random addition)

1 2 3 4 5 6 7 8 9
Br, / ROH KMnO
H;0",H,0  ROH,* ROH HBr HBr LRBH o Br Br ? )
(Ho" cat) o cat (1 eq) 2 eqs) 2. H,0,, HO . 2 ; 2 (hot)
: (Hg™ cat) anti-Markovnikov (1 eq) (2 eqs) Rg = NA
_ _ Rg=Y Rg=Y _ Rg=NA Rg =NA Rg=Y -
Rg=Y Rg=Y - - Rg=Y \ \ - St=Y,syn
— St=N St=N _ = = St = mixed
St=N St=N St=Y, syn St=mixed St=mixed harsh conditions
10 1 12 13 14 15 16 17 18
Na/NH
Pd/H P8 o
Pd/H, ) I'Z (Birch) ) 1 Na* HzNe 1.Na*H,N 1. Na'H,N 1.Na* HzNe _ )
quinoline 1. Na* H,N 5 o 5 © 2 o 2 can continue using
Rg = NA Lindlar's Cat. 2.H,c=—0 : ‘ PPN —  zipper reaction
St=Y,syn _ (makes E, not good Br
ot gtg —\;\IA with terminal alkynes) 3. WK H
complete =Y, syn
reduction 4 3. WK 3. WK 3. WK 3. WK
(makes Z)
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Chemical Catalog of Reagents

Nucleophiles / Bases - electron pair donors Electrophiles / Lewis Acids - electron pair acceptors
<) <) Br R
H—O Na* H—S Na* Br Br Br
hydroxide hydrogen RX =  HsC—Br R/\B /\/
(buy) sulfide " R R R R
(S] (€] methyl primary secondary tertiary allylic benzylic
/.\0 Na* /\s Nat
a(|k0>l<('d)es alkyl sulfides R Br
make (make) R
° o R>‘\/Bf /\Br O/ ~— These 3 examples are mostly unreactive in Sy and E reactions.
o) + ) .
)< S P T <
o Na* N R
t-butoxide carboxylates o o o o o gz ~
o N
(make) (make) I I I I /C/ e I
_____________________________________________________ C C C =z
7 + N PN N PN o O
NaH aldehydes M H R H R R o - R
° o ® o & methanal aldehydes ketones cx,[}-uns_aturated carbon dioxide  nitriles imines
N N=—N=——N ketones -
= Na* azide o 0 o o o o Q
NN
eRc—?Nf """"""" N g T N >k v N T \NR2 T o
N==C Na* inal carboxylic acids  acid chloride anhydrides esters amides (1°,2°,3%)  carboxylic acid
cyanide ;gg‘;;:‘ dis & derivatives
(buy) (make) e Ing gIOD) e
o) o]
o) S Ph epoxides
(€] \e o o) o] Q
)J\'—i@ { >: Ph—/P—gH2 ioi o
[S]
R CH, IS Li® Ph
enolates diéhiane WG YO | e e e
k carbanions
(make) (make) (make) Strong Mineral Acids o
e H,SO0. I e ©°
® ® R: Li® Li® 2SO0 H—Cl  p—gr  H—I S—OH HNO; H;0  ROH,
r: (MgBr) : © sulfuric  hydrochloric  hydrobromic hydroiodic I nitric acid
A . R—Cu—R acid acid acid acid o
?egggﬁgd organolithium lithium toluenesulfonic acid
reagents eyl (MAKE) | T T m e
(make) (mgake) dialkyl (make) Other Lewis Acids PCl, HgX, o
________________________________ CUPTALeS e, socl, 0 cl phosphorous FeXs BH, mecuric Il
LiAIH NaBH R thionyl chloride \\C_C/ trichloride feric trihalide borane ion ﬁ—cl
4 " / \\ PBr. BF. o
3 AlX 3
LAH (buy)  sodium \A—H _ SOBrp c o phosphorous aluminium R,BH boron  toluenesulfonyl chloride
lithium borohydride / thionyl bromide  gyalyl chloride tribromide trihalide dialkylborane  trifluoride
aluminium (buy) DIBAH o
hydride diisobuty! Reducing Reagents Oxidizing Reagents 0s0, CrO5;/H,0
e aluminium Na/NH H, /Pd 20, o o Jones
® i ) ] Ivtic 1.05,-78°C 1.0 -78°C 1.0, -78°C -
(RO);AIH Li hydride Birch Conditions catalytic S KMnO,  CrO / pyridine
lithium trialkoxy (buy) _ h)_/drogenatlon 2.CH3SCH; 2. NaBH, 2.H,0,/HO BCe
aluminium hydride H, / Pd/ quinoline Br, Cl, H,0, CuBr
(buy) (Lindlar's Cat.) bromine chlorine peroxide  cuprous bromide
Always act as Bases ® <) ®
E) €] 1. Na R,N e Li LDA
Na* H: K* H: 2. workup N  lithium
sodium hydride potssium hydride sodium amide diisopropylamide
(buy) (buy) (buy) (make)
Neutral Nucleophiles / Bases - electron pair donors (lone pairs and pi bonds) ﬁ
N P
SN SN H,S S o
R R R Ph Ph 2 PN H,0 N c
= % o e X FL |h " b HO g H e o
. . . hydrogen ;
enamines o thiols
alkenes  alkynes enol ethers agﬂzlgzsc phosphines sulfide water alcohols carboxylic acids
aromatics (1°2°.3%)
Available organmetallics, can act as nucleophiles or_as bases (organolithium reagents, for now, later magnesium_ and_copper_reagents too) ®
Li
o e o o o o i
e @ Ho . ¢ OH. | ¢ Li o
Eh, Li y C/C\C/CHZ Li ch\C/C\CH' e \CH3 _gn L
s H, H, 8 CHs H,C”
methyl lithium n-butyl lithium sec-butyl lithium t-butyl lithium vinyl lithium phenyl lithium
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Web pages Beauchamp 11

Always available:  CH, " N O ©

Br

/ HO.
Ph Br
Ph = phenyl
Provided for now: pheny
/\/ Br HO.
)\ ©/ ©/\ /\/ /\/\Br Br \/\Br
Make (propose a synthesis for RBr - possible from 1. R-H, 1. Bry/hv, free radicals
Br Br
2. R-OH, 2. many ways (see below) make
3. alkenes 3. addition of HBr Br phenylethyne
Br Br Br Br Ph
)\ )<B \)\ ! I A\
r )\ )k
make B make
ethyne propyne

Make (propose a synthesis for ROH - possible from R-Br, alkenes, esters, C=0, epoxides)

//\)\/\//\/\ il on

1.S\2 0r Syl

2. ester hydrolysis

3. carbonyl reduction
4. open epoxides

Make (propose a synthesis for esters - possible from R-Br + carboxylate, acid chlorides + alcohols, carboxylic acids + alcohols)

OAc OAc
OAc
OAc
~ OAc OAc
3C /\O Ac N P N oAc
OAc

OAc
OAc Ac R
OAc N o
he” N
1.RBr=S5y2o0rSyl Hs OAC = acetate (ester)
2. acyl substitution

3. Fischer ester synthesis

0=—=0
1

Make (propose a synthesis for ROR' - possible from 1. R-Br, 2. alkenes)

R
O/R O/
0 o
H3C/ \R /\O/R )\ /\/ \R \)\ /\/\O/R O\R
R
O/ O\

o v
O—g g ©/\O/R ? = P PN
)\ Ph R
= ph 1. RBr=Sy2 or Syl

2. alkene addition reactions

Make (propose a synthesis for ROTs from ROH, make alkyl tosylates from alcohols using TsCl/py = toluenesulfonyl chloride/pyridine) )<

. _ e )S\ g /\/\ \)\ )\/ elimination(::

common side rxn

o]
[

U OA vo s e = )
"OTs" = "I" as a leaving group from RX o
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Make (propose a synthesis for RNH, - possible from R-Br + phthalimide,= Sy2 at methyl, 1°, 2° RX, but not 3° RX)

NH, NH; NH
2
NH,
~ NH
HSC /\NHZ /\/ 2 /\/\ NH2
NH,
NH,

not possible
o this way

NH
O/ | ©/\NH2 ©)\ NHZ N_H
phthalimide o

Make (propose a synthesis for thiol - possible from R-Br + NaSH = Sy2 at methyl, 1°, 2° RX, but not 3° RX)

SH not possible
this way
SH SH
SH
O/\SH P )\ Thiols are very
= = SH  stinky compounds,
Ph SH Ph = o N and often biologically
active.

Make (propose a synthesis for alkene from 1. RBr = E2 reaction or 2. ROH = E1 reaction)

/\/ \ 1. RBr + K* t-butoxide
= P 2. ROH + H,S0,/A

E2: from 1-bromobutane

Make (propose a synthesis for alkyne from RBr,, 1. double E2 reaction using RZ(RI Na* 2. Workup)/

aldehyde
/ ketone
/ // from: e alkene (E/2)
from: 1,1-dibrompropane allr<]ane ol
1,1-dibromoethane 1,2-dibromopropane other rxns possible
1,2-dibromoethane 2,2-dibromopropane
Make (propose a synthesis for alkyne from RBr + terminal acetylides = Sy2 at methyl, and 1°, but not 2° RX and 3° RX) R
: . , R //
P % ! , \ ! , \ 4 I \ % "/ o \
o™ X X X P e %
R R R *
R = H from ethyne or CH; from propyne R
The zipper reaction can move an internal triple bond to the terminal position through a sequence of (CH,)s.
& & CH 1 RN N H H H
NN T * RN Na c c c
“ 2 2 R,N-H R C C ‘X
e Ha Ha Xc
R 2. workup ~
internal triple bond terminal alkyne H
Make (propose a synthesis for nitrile from RBr + NaCH = Sy2 at methyl, 1°, 2° RX, but not 3° RX)
N /\ AN
\\ c 74 K C\\ \N
HsC™ N
N
||| ||| amides
c carboxylic acids
------------- aldehydes
ketones
1°amines
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Make (propose a synthesis for aldehyde from primary alcohol, oxidation = PCC)

Q PCC = CrOa/pyridine
(no water)
H H
)}\ )J\ \)J\ /\)J\ Ph/ﬁ(

(o}

Make (propose a synthesis for ketone from secondary alcohol, oxidation = 1. PCC or 2. Jones)

1. PCC = CrOs/pyridine

(no water)

)J\ \)J\ 2. Jones = CrOg/acid
(with water)

Make (propose a synthesis for carboxylic acid from primary alcohol, oxidation = Jones) Jones = CrOy/acid
\H}\ (with water)

Make (propose a synthesis for acid chloride from carboxylic acid + SOCI, [thionyl chloride], acyl substitution)
o]
)J\ i I
)J\ \)J\ /\)J\ al /ﬁ(
Cl Cl

(not stable)

Make (propose a synthesis for primary amide from acid chloride + ammonia or an amine = acyl substitution)
o)
(0] o (o]
)J\ \)J\ /\)J\ NH,
NH; NH, NH;

Make (propose a synthesis for alky! ester from acid chloride and alcohol, ROH, acyl substitution,
or also see above = Sy2 with RBr + carboxylate, and also Fischer esterification = carboxylic acid + alcohol, remove water) ©

° o
)J\ \)J\ /\)J\ Ph \R
not from
[e)

acid chloride

Make (propose a synthesis for ketones from propanone and methyl, primary and secondary RBr, enolate Sy2)
1. ketone

o o o o
)J\/‘/ )J\/‘/\ M )J\/\/\ O
i e . > AN p i )J\/\/Ph
2.LDA/-78°C
o] 3. RBr

)J\/\A. workup
Ph < pp
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Make (propose a synthesis for alkyl dithiane from dithiane and methyl, primary and secondary RBr, Sy2)

s s s S 1. dithiane
2. n-BuLi
. )\/ 3 ° 3 3. RBr
, % N R 4. worku
S ; s /’ S .', S . s X p
E E AN Ph
S s
S N
S
S } s ' S .
s Ph

Make (propose a synthesis for RCI from ROH - four ways: 1. HCI, 2. PCls, 3. SOCI,, 4. a. TsCl/pyridine, b. NaCl, also possibilities for "Br" and "I" below)

: : . L
e N N N TN
1. S\2 1. SN2 1. S\2 1. S\2 1. S\2 1. Syl 1 sy 1 syl
2..S\2 2..5\2 2..S\2 2..5\2 2..S\2 2. 51 2.5yl 2. 501
3. 5\2 3. 5\2 3..5\2 3..5\2 3. 532 3. Syl 3. Sl 3 sul
4a. acyl subst.  4a. acyl subst. 4a. acyl subst. 4a. acyl subst. 4a. acyl subst. 4a. acyl subst. 4a. acyl subst.  4a. acyl subst.
b. Sn2 b. Sn2 b. S\2 b. Sn2 b. SN2 b. Sn2 b. .2 b. Syl
[of
al 1. ROH + HCI + 1.ROH + SO0Cl,
cl cl :
also HBr, HI v also SOBr,
Sn2 or Syl Sn2 or Syl
1. S\l LS 1sd o 1so o mmmmmmmmmmmmeemeees pororomomemnmemeoeooes
2. Sl 2.5 ; 2“1 ; 2“2 1L.ROH+PCl; | 1 ROH +TsClipyridine
3.5yl 3.5\ 3. Szl 3 5:2 { (acyl substitution)
4a. acyl subst. 4a. acyl subst. 4a. acyl subst. 4a. acyl subst. also PBr3 o2 Z\lsa(él)
b. SN2 b. Sn2 : N
§ § b Sn2 b- Sn2 Sy2 or Syl 5

also 2. NaBr or 2. Nal

Special Reaction: form epoxide from bromohydrin in NaOH

® o O ®
SO e Na W Br © Na
H Br OH OH
—_— —_—

iven for now i . i
g epoxide given for now epoxide

Strong nucleophiles reacting with epoxides (Sy2-like reaction)

® ®
1 Na© 1. Na ec.
c* . o g
Q ..N// (buy) N\ \>\ N2 uy)
\> —_— . N// —_—
' R 2. worku
2. workup Sy2 attack either side ®) P Sn2 attack less hindered side
1 N® ®
. Na o ®
/ K L. Na 9 1. Na /e"
] / ” " / Z o
\> __ (make) /\/ (make)
2. workup (make)
. . 2. Workup . .
SN2 attack either side Sn2 attack either side 4’2 workup Sn2 attack either side
® e .
1 Na © ® © 1L Na P e OH
L Na%: " OH Z 4 (R)
0 (make) T>\ % h (R) T>\
2. workup (make) ® (make)
(R) Sn2 attack less hindered side ®) 2.workup  S\2 attack less hindered side 2. workup Sn2 attack less hindered side
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© e
1. Ha o 1 H .
c ¢ T _C ¢
e \ﬁ/ _ he” N e . o
T> 2 Li o9 Mo >
n-buty lithium | oH \>\ n-butyl lithium . S
(buy) NN~ (buy) ©)
—_—
2. workup Sn2 attack either side 2. workup
1. ® 1. o
o o Na o, N
OH C] a OH
\> OH HO/\/ \>\ OH HO
(buy) (buy) ©)
2. workup Sn2 attack either side 2. workup S2 attack less hindered side
H
H
(R)
Q | o Pl o ® H_liH HO\/'\
\> H—O—H HO \>\ - oH
o _
H——O—H attack either side H—O—H Sn1-like, attack at better & +,
but from opposite face
1 ®
e Na L N@
OR . (s e a R . OH
o (make) R ™" o OR o X
\> _ > 0" (make) ©)
2. workup —_ .
Sn2 attack either side 2. workup . .
Sn2 attack less hindered side
i ©) | ®
R OH S ®
o | @ N /\/ o R——O——H HO R
\> R—O—H 0 \>\ . o
—_— .
R—O——H attack either side R——O—H Sn1-like, attack at better & +,

but from opposite face

Strong nucleophiles reacting with carbonyl groups (carbon

Na

yl addition reactions, aldehydes and ketones)
Na ¢

HsC H
1.
ch/ \CH3
2. workup
1. o 1. ® 1. o
Na © SN Naeo Na ©
/c’ s N OH o) //C’
[ ~NZ N II N7 £ Ton N
_C  (buy) - P (buy) ZF P !
cyanohydrin HaC H ~,
H H 2. workup Y Y/ 3 2. workup HsC CHy 2. workup
1 Hp .0 1 H, .0 L gz 63
SO O SO he” N
HsC G ﬁ HsC E‘z ® ﬁ 3 5 ®
2 A 0 A A
I ithium Ui ) ithium LI . n-butyl lithium 11
c n-butyl lithium \/\/<\0H c n-butyl lithium \/\)\ /c\ .
" h (buy) Hee” H (buy) Y TOH| HeC CHs (buy) M Non
2. workup 2. workup 2. workup N
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i i ?
o L g o 1 | ° L
o on Na v >y HO/\OH e on Na He” H Ho oM o o Na Haé/C\CH3 HO OH
— >
2. workup 2. workup —_—
(buy) carbony! hydrate (buy) carbonyl hydrate (buy) 2. workup carbonyl hydrate
i i ?
o L _C_ R ® 1. ! )\ ® 1 II o ><
o Na H H \O/\OH o N e Sh R o N hae” C\CH ~
OR ﬁ» OR P O OH OR 3 3 O OH
. workup 2. workup . e
(buy) hemiacetal (buy) hemiacetal (buy) 2. workup hemiketal

Lithium aluminium hydride (LiAIH, = LAH) and sodium borohydride (NaBH,) nucleophiles reacting with various electrophiles
(LiAID4 and NaBD, used in examples below so you can see where the hydride went.)

Reactions with RX electrophiles D

D
H3C/ /\D

J O

o A K

D
Ph/\D = Ph)\

®
® (S)
Li D 1. 0 Na D 1. O.
o | \> /\/OH e | OH
D—AI—D D D—B8—bD . D
2. workup | 2. workup (S)
(buy) D (buy) P
® ®
Li® o o M Na D o o AL oo C|> O/H
| 1. ﬂ ‘|3 e | 1. C| e | L ¢
—_ A |—— D——B——D VN D—AI—D
b ’T °owmw L | HaC H  H,c—C—H HC O ye—c—ch,
2. worku D 2. worku D 2. worku
(buy) ° P | (buy) P > (buy) P b

More reactions will be added.
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Commonly encountered nucleophiles and electrophiles thus far

Important
electrophiles

R—X
Me, 1°, 2°, 3°,
allylic, benzylic

AN

epoxides

17
o] o) e .
” ” || X = leaving
c group
R/C\H R/C\R R

esters, acid chlorides, anhydrides,
amides, carboxylic acids =
acyl substitution reactions

aldehydes, ketones =
C=0 addition reactions

Important (C vs. H competition) (C vs. H competition) (C vs. H competition) (C vs. H competition)
nucleophiles
(can also be bases) methyl, Sy2 only
- © @ |1°RX, S\2 > E2 (except
H—Q: Na 20 RX SNZ/EZ de(pends) (Sy > E) (Both Nu:2/B:© reactions are possible)
hydroxide 0 ba £y
3°RX, E2 onl
(buy) d
.9 @
R—O: Na
alkoxides Gn>E) (Both Nu:S /B:© reactions are possible)
(Sy vs E depends on
(make) RX and Nu©/B©)
.'O'-
[~
C Na
R/ \O..@ (Sn>E) (No useful reactions for us)
carboxylates (Sn Vs E depends on
(acetate) (make) [ RX and Nu2/B®)
*N==C: Na (Sn>E) (mainly Nu:® reactions)
cyanide
b (Sy vs E depends on
(buy) RX and Nu2/B9)
© e
R——C==C: Na
) ) (Sn>E) (mainly Nu:® reactions)
terminal acetylides (Sy Vs E depends on
(make) RX and Nu:e/B.e)
A'O‘-
[
Li . (<) .
/c\ o (Sn>E) (mainly Nu:= reactions)
R H,C+ (S Vs E depends on
enolates (make) RX and Nu:e/B.e)
® ©
LI H,Al—H
lithium Sy > E) (mainly Nu:® reactions)
aluminum hydride (Sn Vs E depends on N
(buy) RX and Nu:e/B.e)
® ©
Na H;B—H . o .
sodium borohydride (Sy>E) (mainly Nu:= reactions)
b (Sn Vvs E depends on
(buy) RX and Nu:e/B.e)
Many of these reactions require a workup step to neutralize the strongly basic (nucleophilic) conditions.
Always a base in our course: ha .8 ®0
o N Li' : CH,CH,CH,CH;
o ®o..
Na :H Na :NH,

sodium hydride
(buy)

sodium aminde
(buy)
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(make)

lithium diisopropylamide

(LDA)

n-butyl lithium
a very strong base and a
very strong nucleophile

(buy or make)



