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The Hydroboration Mechanism

H— Hz
| H BH,
C c’H Ha - ‘= "c C'H
= - —_— -
/ N\ 7N /\
- concerted transition state [ & Ef';H 1+ - hydrogen §2.2) iS more
(all bonds forming and breaking| ~ H--BJ electronegative than boron (2.0)
at the same time) A - in the transition state, the H (5
s lines up with the carbon best able
- ) )
* syn addition of B-H to stabilize positive charge (i.e.
across the alkene - -

the most substituted carbon)

Transition state
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Step 1: Deprotonation of H,O»
N ® 9

a {: aH
v " H.. ..0 .
HO-0O—H —_— \0—0 . Na@ T Hgo' .
L) U — .. .
The conjugate base of H,0O, is a
better nucleophile than H,0, itself

Step 2: Attack of peroxide on boron
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Mechanism of the key rearrangement step

Step 3: Rearrangement

In this step the pair of electrons in the C-B bond attack oxygen, breaking the weak
O-0 bond of peroxide, and a new C-O bond is formed:

ﬁ Break O-0O o
© H,E—O :‘OH redrawn
Hp5 —O—0H H / " nicely
N W = Mo
‘} _c{'u Break C-B 4 f-| ! 1? ‘C.;.,,
H Form C-O H
It can be helpful to draw
this “ugly version” first Q--
before redrawing - OH
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Step 4: Hydrolysis of B-O bond
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Step 5: Protonation
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Hydroboration will favor the less hindered face of the alkene

If the alkene is on a molecule with pre-existing chiral centers, one face of the alkene
may be more accessible to reagents than the other, leading to diastereomers

top face
approach - favored
(less hindered)

i?( - A o A Ay

Note that oxidation

bottom face occurs with |
approaqh complete retention > 99 % <1%
(more hindered) of stereachemistry

major minor
* denotes chiral center diastereomer diastereomer



When hydroboration is performed on propene, the result is a 94.6 ratio of
anti-Markovnikov to Markovnikov alcohols A and B

OH
1) BH, OH
HCS 2 NaOH, HC™ ' H3C)\
H20, 94% 6%

What do you predict will happen to anti-Markovnikov selectivity on
trifluoromethyl propene?

1) ©H,4
2) NaOH,
H20,
A) Higher anti-Markovnikov selectivity (more A, less B)

FCT

B) Lower anti-Markovnikov selectivity (less A, more B)
C) About the same (+/- 2%)
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Oxidative Cleavage - O
Breaking the cyclic H /l-k/\/\(o
intermediate H

The aldehvde is further oxidized to KMnQO4
carboxylic acid as described above. | H,0

0
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Chapter 6
Organic Compounds

—Alkyne and Conjugated Dienes
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1.How do we name alkynes?

2. What are the structures and shapes of Alkynes?

3.What is the electrophilic additions to alkenes?

4. Why are 1-Alkynes (Terminal alkynes) weak acids?

5. How can an acetylide anion be used to create a new carbon-carbon bond?
6. How can alkynes be reduced to alkenes and alkanes?

/. What are the structures and shapes of conjugated Dienes?

8. What are the characteristic reaction of conjugated Dienes?
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EERE DL Alkynes

H
! HO

HsC—CEC'CEC'CEC—C\ Ichthyothereol
C
/0

(convulsant used by Amazon
Indians for poisoned arrowheads)

H.C—C=C—C=C—C Capillin
i (Active against skin fungi)
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Hydrocarbons that contain a -C=C- bond are called
alkynes.

General formula: C . H,,

n is the number of carbons in the chain.

Ethyne C,H, CH=CH

Propyne C;H, CH=CCH,
1-Butyne C,H, CH=CCH,CH,
2-Butyne C,Hs, CH,;C=CCH,;
1-Pentyne C,H;, CH=CCH,CH,CH;,
2-Pentyne C.Hg CH,C=CCH,CH,

3-methyl-1-Butyne CgHg HCECC|HCH3
CH,
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1. Nomenclature

@ BEFESBC=CRRIKIKEENEHE;
@ wWSIRES=RmEN—IRFIR, FARGMANT
RIERINE,

Similar to the Nomenclature for alkenes, only the
suffix —ene in alkenes is replaced by —yne.

| [ /Q
CHj <

4,4-dimethyl-2-hexyne
4,4-dimethylhex-2-yne

4-Methyl-2-pentyne

= X 3-methyl-1,4-hex-di-yne

3-methylhex-1,4-diyne
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HC=C—CH,CH,CH3 1-I R Pent-1-yne

6 5 4 3 2 1
H3;C—C=C—CH,-CH=CH; 1-B/-4-# Hex-1-ene-4-yne

6 5 4 3 2 I
H,C—C=C—CH=CH—CHj,4 2-CM-4-1R Hex-2-ene-4-yne




( FEXAAE

Acetylene i 2p orbitals

2p orbitals
(a)

(b)
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HRIBHEE .
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* 5%u f (1) Electrophilic Additions to Alkynes

R X X-X (1eq.) )l( )l(
S X-X (1eq.) - eq.)p P_C—_C—
R——H >X>—<H R-C—-C-H
X X
(trans-) (anti addition)
H-X (1 A - H-X (1eq.) )n( ITI
R——=H 2 ed)_ =< > R-C-C-H
X H L
X H
(E or Z) (syn + anti addition)
H CH, H ?r
HBr,Br- N/ HBr,Br- I
H3C Br Br
AL 90%

(Z)-2-Bromobutene 2,2-Dibromobutane
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R—C=CH ——» :C=CH2 L— R—(!J—CHa
X X
mE RN E- @K
» oM, FIERESE—T-
» REZFIINAGETES AN B A R 00K
» B ENMA: (D) fBERKY (2) FlEZEKY
LT (Hg=meCuih) TF7ERT, ZHELLXHEZ A
S = H—CI i
H,C=CH—C=CH cucH » H,C=CH (i: CH;

Cl
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BER
R—C==CH + HOH—2%% o p_¢=—CH,——% R—C—CH,
HgSO, | |
OH O H
H,SO BESI _
CH==CH + H-OH— 4>|-|2c=(l~,|.| == 3 H,¢—CH
OH
H,S0, BEERY
H,C-C=CH + H-OH——3H,C= — 3% H,—C—CH
3 Hgso, . N26=§—Ch; 2p G Chs
OH H O

The intermediate undergoes acid-catalyzed rearrangement to give
a ketone instead. This process is known as a keto-enol
tautomerism.
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Tautomerism

=im I, BTBERECEGERERRITIHEIEE, &
FESFEEHYNR, WEERWINR,

BERAEM: 3FPEAR—RFRUBRPM~ENE
HEBIIaF.

H <”> H
¥R
CH;C==CHCH; == CH3C—CHCH;

SH#EE 2678KJ/mol 2741KJ/mol EiSE!
1% 99%



FFXAL ¥ (2) Hydrogenation

R R
2 H, N,
R—C=C—R Bt H—C—C—H
t / \
H H

The reaction can be stopped at the alkene stage if a
less active or ‘poisoned’ catalyst is used.

Lindlar's catalyst R\ ,R
R—C=C—R >  c=C
H, 7 "\

H H

Lindlar’s catalyst consists of metallic palladium deposited on calcium
carbonate which is then treated with lead acetate and quinoline. (s-m#sss-

RS )

The stereochemistry of the alkene from such a reaction is Z since both
hydrogen atoms are added to the same side of the alkyne.
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(3) Weak Acidity of terminal alkynes

2RC=CH + 2 Na——> 2RC=CNa +H,

RC=CNa + HOH — RC=CH + NaOH

HC=CH + NaNH, H-NH,+ HC=C Na

K= 25 K’ = 35

H-OH + HC=C Na ~ HC=CH + NaOH

0K = 15.7 0k2= 25

H—C=C—H  CH,=CH—H CH3;CH,—H
ShkpRZ, AEFHISE, BRI,
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RC=CH——

/E%f !l[l ﬁL

AR )

sz/CC|4
e

ﬁﬁ% § EKM“O4

AR

[Ag(NH;3),]NO;

[CU(NH3)2]CI

~RC=CAg| + NH; + NHNO,

>~ RCECCul + NH; + NH,NO,

HRERAEFREENRR, AHEHER

| el AgNHINO;
ﬁm ﬁCU(NH:&)zCI

— > R =

—>F4RiE AR

%A Al



@) FFRALT  (4) Alkylation of Terminal Alkynes

The hydrogen of a terminal alkyne is weakly acidic and can be

removed with a strong base such as sodium amide (NaNH.) to produce
an alkynide ion.

The alkynide ion can be treated with a primary alkyl
halide to produce a disubstituted alkyne.

R—C=C—H + :NHy — > R—C=C: + NH;,

R—C=C: + R'—X —— R—C=C—R"’

_ H Br H H
R-C=C: + H-)—H »R—C=C—H + =~ +Br
H CH, H CH,

This reaction works best with primary alkyl halides.
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H
|5+ &

H—C=C"Na* + H—C—Cl:i——— H—C=C—CH; + Na'Cl~

15
a new C—C bond
(a nucleophile) (an electrophile) is formed

Propose a synthesis for each alkyne starting with acetylene and any necessary organic and inorganic reagents.

CH5C=CCH,CH,CH,CH,

£ o

1) NaNHs  3) NaNH,
CHsC=CH *  CH3C=CCHCH;CHoCHj
2) BICHE], 1) BrCHsCHaCHoCHsy, )

c) HC=CH

W
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Propose a synthesis for each alkyne starting with acetylene and any necessary organic and inorganic reagents.

[ﬂDhm@ﬂqm (b)



R—C=C'Na"’

JRE G T
FIZR T

R'—X «
» R—=C=C—R' + X
" 1° S, 2 -
(R: 1°08) S\2 wupinge
0
(1) L g 6
» R—C=C—CH,CHR'
(2) H,0 S\2
B A
S
(1) R'—C—R"(H) @H
» R—C=C—C—R"(H)
(2) H,0  FAzmAY iF

o-REE (RABED
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CHECHE\ _CH,CH,0H
IC=C\
H H
NEINHE BF_CHECHg
H—C=C—H — HC=C'Na' ¥ CH,CH,—C=CH
0
NaNH, 1./\
—» H;CH,C—C=C'Na" mﬁ CH,CH,—C=C—CH,CH,0H
2
CH,CH
HE - 3 E\C_C/CHECHEOH
Lindlarfg {7 4 H



£\ b x4 L . :
'\@}' 5%"£/{T 4. Co njug ated Dienes

A conjugated diene consists of two alkene units
separated by a single bond.

H
H 0.137 nm\C C/H
No=a T\,
A \ 0.148 nm
H H
0.108 Nnm
1,3- T8
AR R4S 14

1) BKFIIME: 2) IRIGERIKER RIZED;
3) BFIRE-UCHRIE(E;
4) HYEARATLIZEILHRINR.
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H,C—C=—CH, H,C—HC—C=—CH,
> HETIRR . AR — 1 R
H,C—CH—CH—/CH, H,C—C—CH—CH,
CH,

> RECER: AIMVRES A RER.

H,C=CH—CH,~CH—CH,  H,C—CH=CH—C(CH,),—CH=CH,
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FHRR: FIHENERIETE, MESFRRFREALEHE

=i, LIEEIHERIKIEG, BRITEEE
saAYER

B RIRYSSBY
> m-niLip - H,\O\

> — CH—CH= ¢ _H
> p-nitiE HC=CH—CH=CH, /B\g‘ /6\% |

X rAEFITES SRIIEHE, Mre-TetiE



p-nitiE: HIFEFpHIESTUERZKRIFIER

> SHFIHEEE(p-1dtlie): BFHATFEFE, WEX=EKE
F LEENRFERIINIEF. HpEHTtmiESSRIE

> FREBF IR (p-n3the) . BFENFRFEL, WiEsk =[5
F LERNRFHFRZHNpMEINGEREIESF. tBHEpNEFIT
BEZS514E

) .1
CH,=CH-H,C QCHQ
T 33
LR Y
H oK+ ZHE / H
H

=B
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Electrophilic Additions of

HBr 4 3 2 1 4 3 2 1
H,C=CH=-CH=CH, —H,C=CH-CH-CH,* H,C—CH=CH-CH,
| |
Br H H Br
1,2'7]"52 1,4'7.'"]52
- 80°C 80% 20%
40°C 20% 80%

EmBFF1,4-006k, (EmBEFITF1,2-006k.

H* /Nt N\
H,C=CH-CH=CH, —> CHZZCH-CH—(;:HZ > CHZ—CH:CH—(I:HZ
H H
Allylic carbocation
Br Br

CH2=CH—(I3H-(I:H2 (I:HZ—CH=CH—(I:H2
Br H Br H
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summary

1. RIZAYaE

2. RIZAIEHS

3. IRIZHIMES TR
FAEMRREN (HEE-EzVEERE)
{EISHRM
AinRIERIEL %
RinRIZRIGTEA

4. HiRZIEERIEEE S 3B R,

41
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