ORGANIC SYNTHESIS AND MODIFICATIONS

GENERAL OBSERVATIONS AND EXAMPLES

In order to synthesize organic compounds from iaoigraw material it is
very useful to know that the following two orgami@mpounds, acetylen@=cH and
methanolCH;OH, can be easily prepared. These two compoundseaunrited into
more complex ones. Other compounds that can bky egsthesized from inorganic
raw material like e.gdCOONa, or (COONa)etc. have limited interest.

In many occasions we have to work reversibly ireotd find the synthesis
procedure, this means that we have to progressisienplify’ the compound that we
have to synthesize, up to the point that we geplercompounds with known
synthesis procedure. Some examples follow in dmldemonstrate the synthesis
procedure.

Example 1 :

From acetylene and inorganic materials we will pregoutane.

When the compound is relatively simple we workha tollowing way. We consider
the general preparation methods of the correspgrsiiries to which the compound
belongs, we evaluate them one by one and we aiiy them or reject them.

The general methods of alkane preparation are atetllas follows, in order to be
used for the preparation of butane:

1. Two of the methods that we use in order to obtlkare from alkyl halides,
the addition oH, or the use of organo-magnesium compounds, should
generally be rejected. The reason is that theskadstrequire the synthesis of
an alkyl halide with 4 carbon atoms, which is difilit to prepare.

2. In order to apply the Wurtz method, an alkyl haldéh two carbon atoms
should be prepared. This compound can be easipapzd from acetylene.
The sequence of the reactions is the following:

CH=CH + H, —s CH,CH, ﬂ» CH ;CH,CI
2CH3CH2C| + 2 Na ———> CH3CH2CH2CH3 + 2 NacCl

3. The preparation method from salts of saturated rmammnic acids with Na
and with NaOH as an agent, in the presenceadf should be rejected,
because it requires the preparation of a monocarlaaid with 5 carbon
atoms, which is difficult to prepare from acetylene

4. The preparation method from electrolysis of satdasalts of monocarbonic
acids with Na should also be rejected due to tbetfet it is also complicated.
Although, in case we choose to apply this methoel réaction sequence is the
following:



CH=CH + H2 — CH2CH2

+2H,0
—_—

-NH ;

2CH,CH,COONa

\_> 2Na* * Ze:

CH 5CH ,COOH

+ NaOH

+ HCI

—_— CH 3CH 2C|

+NaCN

e —_—
Nac CH 3CH,CN

— > CH,CH,COONa + HO

2CH,CH,COO —> CH;CH,CH,CH; + 2C0O, +2e

+2H,0

2Na >

2NaOH + H

5. The application of the alkaline preparation metrstdsting from the
hydrogenation of unsaturated hydrocarbons, reqtheegasy preparation of
an unsaturated hydrocarbon with 4 carbon atoms €6¥CH in a straight
chain. Starting from acetylene after condensatierget vinyl acetylene.
Thus, we have the following synthesis:

Cl

H

NH
2CH=CH ——» HC=C—C=CH, — =

Example 2:
The compound 3 hexene (hexene 3) is going to lmaped from acetylene and
inorganic materials.
In case we have to synthesize a compound whicl kkasplex, or long, carbon
chain, starting from simple compounds, the proceduat was mentioned gxample
1, is not sufficient. Besides that method we have to shaalditionally one of the
synthesis methods of carbon chains.
In this case the appropriate method for carbonnchyithesis is the one based on the
following reaction:

CuCl

Ni

RC=CNa + RBr —> RC=CR' + NaBr

Thus, we need to prepare the following compound:

CF%'(:HZ

T

?

- C=C-CH,~CHj

CH3CH,CH,CH

The attachment will take place at the points iniddy the arrows.

Thus, the compounds GEH,Br and NaC =CNa should be prepared initially.

CH 3'CH 27

Br Na

-C

-Na B

-CH,CH 5



The sequence of the reactions is the following:

+ HB
CHZCH + H, — CH,=CH, ———— CH3CH,Br

H, + 2CH 3CH ,Br
CH=CH + 2Na —> NaC=CNa

Y

-2NaBr

+ H
— CH,3CH,C=CCH,CH; ——2= CH3CH,CH=CHCH ,CH,

TWO SPECIFIC OCCASIONS

1. Write down the series of the reactions according twhich a) the

composition of the alcohols and b) the decompositicof the alcohols by
one carbon atom is achieved.

Solution
+HCHO O
a) Mg . RMgl === RCHOMgl 2
-H,0 -Mg(OH)I
ROH + H—> RI , RCHOH
+
+KON pon 22, RCHNH, =N
KI -N,, -H0
b)
-H,0 +NH, 0 +KBroO
RCHOH + O, ——» RCOOH ———% RCOONH, —> RCONH, ———> RNH, —>
-H,0 -KBr, -CO,
+HNO,

—% ROH+ N, + HO

2. Write down the series of the reactions according tavhich a) the
composition of the monocarbonic acids and b) theetomposition of the

monocarbonic acids by one carbon atom is achieved.
Solution

- +2H +HI
8) RCOOH + ROH—"5 RCOOR — == RCH,0H —> RCHl + H,0

+KCN H,O

+2
- ———> RCH,CN —— RCH,COOH + NH
+C
i_>+'\/'9 RCHMgl 2 » RCHCOOMgl 2+ RCH,COOH + Mg(OH)



0
b) RCH,COOH + NH; —> RCH,COONH, ——2 RCH,CONH, —>

-H,0
+KBroO + HNO +0O
_— 2 2
KBr, -CO , RCHzNHZ _-N2 ,-H20> RCHon — RCOOH + |‘bo

Synthesis of hydroxy-acids and unsaturated acids

3. Starting from the appropriate carbonylic compound prepare the
following compounds: a) 2-methyl-2-hydroxy propanicacid b)
methakrylic acid.

General instructions

When we want to prepare hydroxy acid in which t@d+and the

-COOH groups are placed in the same carbon atorapply the synthesis
method which is based in the addition of HCN in dperopriate carbonylic
compound. The same initial procedure is also agplieen we want to
prepare unsaturated acid, in which the —-COOH gesupell as the double
bond are placed in the same carbon atom. In tsis & start in a reverse
way in order to find the sequence of the reactions:

Hs CI:H3 CHg
H3C—?—COOH B — H3C—?—CN - H3C—C\\
OH O—H O
Thus for the solution of this problem we get thibofwing reactions
sequence.
Solution
CH, CH,
+ 2H,0
a) HC—C—CHs + HCN —— H3c—(|:—CN —_— H3C—C|:—COOH + NH;
(0] OH OH
CH,
| -H,0 + 2H,0
b) H3C—(|3—CN W» H2C=C|I—CN —_ H2c=(|:—COOH + NHj
OH 2mme CH, OH

4. Starting from acetylene, hydrocyanic acid and iaorg material prepare the
following compounds:

a) galactic acid cHg(iHCOOH b) acrylic acid H2C=(H:—COOH
OH

5. Starting from acetylene, hydrocyanic acid and inorgnic material prepare
the following compounds: a) 2-hydroxypentanic acidb) 2-pentenic acid.
Solution



6.

_ ., CuCl,NH,CI H +H,
a) 2HC=ECH ————» HC=C—C=CH, —— H,C=CHCH=CH,

+H2 +1/202
—> CHyCH=CHCH,0H — o CH;CH,CH,CH,0H —
-2
+2H,0
— = CH3CH,CH,CHO _HCN _ CHSCH,CH,CHON —
OH
—> CHCH,CH,CHCOOH  + NH,
OH
“H,0 +2H,0
—_

b) CH3CH2CH2(|3HCN o CH3CH,CH=CHCN
2°oUy

OH

—> CH4CH,CH=CHCOOH + NH,

From propanic acid prepare propenic acid.

Instruction

When we want to modify a saturated monocarbonid xto an unsaturated
acid with one double bond, in which the —COOH grang the double bond
are placed in the same carbon atom, we follow tbdification procedure of
the acid to an a-halide acid.

Solution
P, 600 C +2NaOH
CH;CH,COOH +Cp, ————> CH3C[HCOOH - -
-HCl -NaCl, H,0
Cl
+ HCI
H,C=CHCOONa —> H,C=CHCOOH + NaCl

Starting from propene and inorganic material prepae the compound 3-
hydroxybutanic acid.

General instructions

When we want to prepare a hydroxy acid in which-t&é¢ and the -COOH
groups are placed in neighboring carbon atoms, wesapply the synthesis
method which is based on the addition of the H@I@he double bond of an
alkene.

In this case in order to find the sequence of #aetions we start reversely
as follows:

CH3(|3HCH2COOH <—CH3?HCH2CN - CHSC‘)HCHZ—Cl ~—— CHCH=CH,

OH OH OH

Thus, the solution of the problem is the follownegctions sequence.




Solution
+KCN +2H,0
CH;CH=CH, + HCIO — CHg?chu Cl CHs?HCF&CN —2

OH OH

CH3?HCHZCOOH + NH,
OH

8. From acetylene and inorganic material prepare the @mpound 2-methyl-
3-hydroxybutanic acid.
Solution

+H

H
2 HCECH — HC=C—C=CH, —— H,C=CHCH=CH, — 2

+HCIO +KCN

H H
H3C_(%_CI:_CH3
OH CI

H H +2H,0 H H

—_— H3C—C—C—CN 2 . H3C—C|:—CIZ—COOH + NH;
I |
OH CHj, OH CHj;

9. From acetylene and inorganic material prepare the @mpounds a) 5-
hydroxy-3-pentenic acid b) 5-hydroxypentanic acid.

Observation

When the hydroxy acid does not belong to any ottitegories mentioned
in the exercises 5 and 9 then there is not a spexdthod that we have to
follow.

Solution
+H,

H
a) 2HCECH —> HC=C—C=CH, — 2 » H,C=CHCH=CH, 11O

+KCN
KCI

2H,0

+
— HOCH,CH=CHCHCI HOCH,CH=CHCHCN ————»

— HOCH,CH=CHCH,COOH + NH;

b) Starting with the compound prepared in a,
HOCH,CH=CHCHCOOH + H, — HOCH,CH,CH,CH,COOH



SYNTHESIS OF SIMPLE COMPOUNDS THAT ARE USEFUL FOR THE
PREPARATION OF MORE COMPLEXED ONES

Starting from inorganic raw material it is easytepare the following 16
compounds, which in their turn could be used tgare more complex compounds.

1) CHZOH 2) CH3l 3) HC=CH
4) H,C=CH, 5) H,C=CHCI 6) CH3CHO
7) CH43CH,CI 8) CH ;CH,OH 9) H,C=CHCH=CH,

10) CH3CH=CHCH 4 11)CH30H2C|HCH 3 12) CH;CH,CH,CH,0OH
Cl

H
13) CH4CH ,CH,CH,CI 14) CH,C=CH 15) H3C—C|:—CH3

cl
16) CH 3COCH 4

ZnO
1) CO + 2§ —> CHOH
2) CHOH +HI — CH3l +H_0

+2H,0

-CO
3) CaO + 3 — CaG HC=CH + Ca(OH)

4) HCECH +H, —> H,C=CH,

5) HC=CH + HCI —> H,C=CHCI
H,S0, Hg
HgSO,

6) HC=CH + H,0

CH,CHO
7) H,C=CH, + HCl — > CH,CH,CI
8) H,C=CH, + H0 —222% » CH,CH,OH

H H H
9) 2HC=CH — HC=C—C=CH, —2%» H,c=C—C=CH,

H H
10) H,C=C—C=CH, + 2H, — CH,CH—=CHCH,

11) CH,CH=CHCH, + HC| — CH3CH2C|2HCI-5
4o Cl
H,SO, +H
12) H,C=C—C=CH, +H0 2% CH,CH=CHCHOH —> CHyCH,CH,CH,OH
13) CH,CH,CH,CH,OH + SOCL— CH,CH,CH,CH,CI +S0, + HCl
-1/2H CHCI
14) HC=CH + Na—> HC=CNa-—““» HC=CCH, + NaCl
+ HCl H
15) HC=ECCH; +H, —> H,C=CHCH, —> H3C—C|:—CH3
Cl
+ CaO

16) 2CH;,CHO + 0, —>2CH;COOH —o (CH,COO)Ca SN CH,COCH, + CaCQ

2



PREPARATION OF ORGANIC COMPOUNDS FROM INORGANIC RAW MATERIAL

CHCI
CO + 2H —> CH,OH —— HCHO
HCOOH

CaO + 3C|— CaG

/ H2C:CH2
HC=CNa <—— HC=CH CH,CH,
CHLCI l
H,C= CHCl
HC=CCH; H
/C\
He? e CHiCHO —CH,COOH —(CHCO0),Ca™
| J —= CH,COCH,

H,C=CHCH, HC\ /CH
/N ;

CH3;CHCH;  CH,CHCH, H H
| H20=C_C=CH2 _>CH3CH2CH2CH3

[ RN

CH,CH= CHCH,0H
CH,CH=CHCHCI CHCH-CHCH

‘ NG

CH,CH,CH,CH,OH CH,CHCH,CHs = CHCHCH,CH
OH Cl

\
CHsCH,CH,CH,CI

CONNECTION OF CARBON CHAINS

General
For the connection (joining) of two carbon chaimattbelong to two different
compounds, three methods are mainly used. Thededseare described in the

following reactions.

1) 2RI + 2Na—> R—R + 2Nal

2) RCECNa + R'Cl—» RC=CR' + NaCl

RI

3) RMgCl + RCOR"—» R—C— R
|
OMgCl

Other methods for the connection of carbon chalkesthe Collé method that is
described in the following reaction, have limiteterest.



2RCOO — R—R +2CO, + 2e

2RCOON
a\_> oNa 25 2Na 223 2NaOH + H

EXERCISES

A. Wurtz synthesis

10.From 1-propanol (propanol-1) and inorganic raw mateial prepare the
compounds: a) hexane b) 2,3-dimethylbutane

Solution
a) CH;CH,CH,OH + SOCl, —> CH;CH,CH,Cl + SO, + HCI

2CH,CH,CH,Cl  + 2Na — CHyCH,CH,CH,CH,CH;  + 2NaCl

b) CHyCH,CH,OH ;;24 CH,CH=CH, —— CHyCHCH
Cl
2CHCHCH; + 2Na— CH3(fH—|CII:—CH3 + 2NaCl
Cl CH; CHz

11.From acetylene and inorganic material prepare the ampounds a) 2,6-
oktadiene (oktadiene-2,6), b) octane.

Solution

H +H2 H H +HCI
@) 2HC=CH —» HC=C—C=CH, —2» H,C=C—C=CH, —>

— CH;CH=CHCHCI

2CH;CH=CHCHCI + 2Na — CH,CH=CHCHCH,CH=CHCH, + 2NaCl

Ni
b) CH,CH=CHCH,CH,CH=CHCH, — CH,;CH,CH,CH,CH,CH,CH,CH;,

B. Synthesis reactions that are based on the folpveaction:
RC=CNa + R'CI —— RC=CR' + NaCl

12.From CH3OH, acetylene and inorganic material prepare the ampounds:
a) 2-pentyne (pentyne-2) b) pentane.
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Observation
The procedure for the determination of the reastsgguence is showed in

the next scheme.
H2 HZ
H;C—C=C—C—CH, H3;C—Cl NatT—C=[Na CIT—C—CHgy

o

Solution

a) CH;OH + SOC} — CHCl + SO, + HCI

HC=CH + H, — H,c=CH, "™ ¢ ch gl

- +Na
HC=CH + Na ﬂ» Na— C= CH % H3C—CECH —_—
NaCl “1/2H,

+ CHCH,CI H,
— HC-C=CNa ———*> H,C—C=C—C—CH; + NaCl

H,
b) H3C—C=C—C—CH;z *2H; —— CH,CH,CH,CH,CHj

13.From CH3OH, acetylene and inorganic material prepare timepounds: a) 4-
methyl-2-hexyne (4-methylhexyne-2) b) 2-butynetybe-2).

14.From inorganic raw material prepare the followimgnpounds: a) 3-hexyne
(hexyne-3) b) 3-hexanone (hexanone-3)
c) 3-hexanol (hexanol-3)

15.From acetylene, 1-propanol (propanol-1) and inorgaic material prepare
the compounds:

a) CH 3CH ,CH ,C=CCH ,CH ,CH 4 b) CH 3CH ,CH ,COCH ,CH ,CH ,CH 5
H ___H H H Ho H
c) ch—cl:—c=c—c|:—cH3 d) ch—c—c—c—cl:—cH3

CH, CH3 CH ;OH CH3
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Solution

@) CHCH,CH,OH + HI —> CH,CH,CH,l + H,0
_ -H 2CH;CH,CH,I
HC=CH + 2Na M2, Nacs oNg ZHCHCH CH;CH,CH,C=CCHCH,CH;, + 2Nal

b) CHCH,CH,C=CCHCH,CH; + H,0 — 1222 H9

fosg - CHeCHCH,COCHCH,CH,CH,
-H0 +HCl
€) CHCH,CH,OH ——Z== CHCH=CH, Mo CHCHCH
250
Cl

H H
ZCH3C|:HCI-|3 + NaC=CNa——> H,C—C—C=C—C—CH, + 2NaCl

Cl CH3 CH3
g H _ H Ni HHHH
CH; CH; CH, CH
+H,0 H H HxH

———» H,C—C—C—C—C—CH,
H,SO, |
CH;OH CH;

16.From acetylene, propanol ambrganic materigbrepare the compounds:
Ho H, H
a) HC—C—C— EC—CI:—CH3 b) CH3CHZCH2CH2CH2CIHCFg

CH3 CH3

17.From acetylene andorganic materigbrepare the compounds

H, H H H
a) ch—c—lc—csc—lc—c—cug
Chg CHg

b) CH,CH=CHCHC=CCHCH=CHCH,

18. From acetylene, CHCH(OH)CH 3 and inorganic material prepare the
compounds:

a) H,C=CHCH,C=CCH,CH=CH, b) H,C=CHCH,C=CCH,CHj

Solution
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H -H,0 Cl
8) HiC—C—CH —go= HC=CHCH ——2 = H,C=CHCHCI + HCI
|

H,SO,
OH
-H H,C=CHCH,CI
HC=CH + 2Na —2» NaC= CNa' 22 e H,C=CHCH,C=CCH,CH=CH, + 2NaCl

— HCI
b) HC=ECH + H, —» H,C=CH, ——“» CH,CH,CI

1/2

Hy
— NaC=CH

- + H,C=CHCHLCI
HC=CH + Na >

-NacCl

— > H,C=CHCH,C=CH %» H,C=CHCH,C=CNa —>
- 2

CHCHLCL  H,C=CHCH,C=CCH,CH, + NaCl

3. Synthesis reactions that are based on the follovaagtion:
R’

|
RMgX + R'COR" —> R—(IJ—R"
OMgX

General instructions

The reaction above is mainly used to prepare catgd@hols and the compounds
that may result from them. In order to apply thistbesis we have to choose the
appropriate alkyl halide and the appropriate cayborwompound, in such a way that
these compounds can be easily prepared.
For the preparation of the tertiary alcohol of thee,

y

R—:C—R"
OH
there are three possible combinations of organoresigm and carbonylic

compound:

RMOX + RCOR'  ~____ 'T' T.
+
RMgX + RCOR" ——» R—Cl:—R" RO, R=C—R" * Mg(OH)X
OH
R'MgX + RCOR  — OMgX

In a similar way for the preparation of a non syrnmuoeecondary alcohol (using this
method) there are two possible combinations:

RMgX + RCOH ~___ n H . RO R—O—R"  + Mg(OH)X

|
RMgX + RCOH—" ' OH

OMgX

For the preparation of a primary alcohol (using timethod), there is only one
possible combination. The only carbonylic compotivat should be used is the
HCHO compound.
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PROBLEMS

19.  Prepare the following compound in three differemaly/s

OH by choosing different pair of alkyhalide and carbonylic
compound each time.

20. From CH3CH(OH)CH 3 and inorganic material prepare the compound
CH 4

H
H3C_C|_C_CH 3
CH ; OH

Determining the synthesis procedure

The above compound will result from the hydrolysfishe following compound
CH,

H3C—IC_|:—C—CH3

(|:H3 OMgX
which is best to be prepared from the following ponnd,
ch:—(H:—cH3

MgX

Solution

H 0]
H3C—(|:—CH3 +1/20, —> H,C—C—CH; + H,0

OH
-S0, -HCl H *+Mg H
H3C—E—CH3 + SOC}, 2, H3C_?_CH3 5 HLL—C—CH; =
OH Cl MgX
CHj CH,
+ CH3COCH, H +H,0 H
———> HC—C—C—CH; ——> H,C—C—C—CH; + Mg(OH)X

CH; OMgXx CH; OH
21.From CHCH,OH andinorganic materigbrepare the compound
CH3;CH,CH(OH)CH;

22.From CHCH,OH, CHCH(OH)CH; andinorganic materiaprepare the
compounds:
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CH
H H H O H, [ °

a) H3C—C|:—CIZ—CH3 b) H3C—(|:—C—CH3 c) H3C—C—(|3—CH3
CH, OH CH, OH

23.From acetylene, CHCH(OH)CH 3 and inorganic material prepare the
compound,

CH
H, Hy Hy [ 3
ch—C—C—C—CIZ—CHS
OH
Solution

CHGHCH; +1/20; ——> CH,COCH, + H,0
OH

_ _._H +H; H H +HCI
2HC=CH—> HC=C—C=CH, —> H,C=C-C=CH, ——>

+Mg
—> CHCH=CHCHCl —— CH,CH=CHCHMgCl —

|CH3 |CH3
+ CH,COCHy +H0
> CH;CH=CHCH,CC
CH3CH=CHcrbC|CH3 aoma G Fbl H —»
OMgCI OH

CH,
+H, |
— ™ CHCH; CH.CHGCH

Ni
OH

24.From CH3CH,CH,OH and inorganic material prepare the compounds:
CHj,
H H H: H, H, |
a) H;C—C—C—C—CH3 b) H3C—C—C—(|3—CH3

CH3OH OH

Solution
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a) CHCH,CH,OH +1/20, — CHyCH,CHO + HO

CH3CH,CHO % HiC—C=CH, —H o H3C—CTZ—CH3 Mo
Cl
— HsC—CHi-CHs TR H3C—|C_|:—CH3—CH22—CH3 0
MgCl CH; OMgCI
HZ

H H
> ch—?—c—c—c:H3 + Mg(OH)CI
CH; OH
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