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Organonitrogen Chemistry
Chemistry of organocyanides (also knows as nitriles):

Synthesis of organocyanides:

A] Nucleophilic substitution with cyanide ion: Cyanide ion is an ambident nucleophile: soft eny\ ‘C=N: Nard end AN > AC
When reacted with alkyl halides R-X, where R is amenable to nucleophilic displacement, the product is a R=X KCN R-C=N
mixture of organocyanides and isocyanides. The product ratio can be made to favour the organocyanide aq. ethanol or
by choosing potassium cyanide as the source of CN . The reaction is generally carried out in aq. ethanolic DMF or DMSO
solution but using polar, protic solvents such as DMF or DMSO improves the yield. (R=1°or 2° alkyl)
S\2
Failure in case of tertiary alkyl halides where elimination ensues.
B] Dehydration of amides and aldoximes:
. . . O P205 or PC|5
Amides can be dehydrated in variety of manners: & R-C=N
R™7"NH,  or POCI5 or SOCI, P is oxophilic
Concentrated sulphurif: acid is unsui'table here as P=0 bond is strong
the cyanide produced is hydrolysed in that medium. cl, C ol ol
A4
A representative mechanism of this dehydration using 'e) CI/C\[\‘ I:)C|4 H@ 0 '.D‘[CT‘ H@ Cl
PCls is outlined : — = /g@ Cl — s+ R-C=N + O:P<—CI
R LNHZ NH, R wH - Cl Cl
Aldoximes offer cyanide when treated under Beckmann reaction condition:
H N
H i\
=N
>:N\ Q Q R QAC
R OH
H NH,OH.HCI syn Me)J\o)J\Me - AcOH
=0 + > + > >~ R-C=N
R NaOAc, opt. pH heat Me i
OH 0 nitrile
aldehyde =N - AcOH
. Hq O
anti < >:N 7

Use of strong acid is not encouraged as it might induce the hydrolysis
of the product cyanide or the aldoxime itself.
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Organonitrogen Chemistry

Page 2
Chemistry of organocyanides (also knows as nitriles):
. . Me Me
Synthesis of organocyanides (contd.): H2N—N' |
- - . 0 Me N™ "Me Et,NLi _
C] Treatment of a suitable hydrazone with a base: )]\ )J\ > R-C=N
R H opt. pH R H HMPT

N,N-dimethylhydrazone
of an aldehyde

D] From Grignard reagent:

In Grignard reagent the R part is nucleophilic, so we need to have a source of cyanide where the cyanide carbon is electrophilic and carries a good LG.

Such a reagent is cyanogen chloride, produced by oxidizing sodium cyanide with chlorine:

- th id k-
R/ng NC-ClI . en acid work-up R—C=N
(cyanogen chloride)
6+
This is the best technique for preparing tertiary alkyl cyanides ‘L
which are difficult to prepare otherwise: ><C s ><|v|g|3r + CI—C=N S cl—Cl + @CEN
SN

LG

E] From carboxylate salts: o

i NC—B 200 °C, sealed tube
* + —_— r
R/C\O@M@

- R-C=N + CO, + MBr [*="4C]

This labelling study indicates that the C-N bond cleavage takes place during the reaction course.

A plausible mechanism for this.rather unusual transformation is outlined below:

* R O *
* 0] - 0] —
R —_— —_— 7C [——— — » R—C= +
03 N:& R ! R-C=N + CO,
B

acyl isocyanate R
- isolated as proof
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Organonitrogen Chemistry
Chemistry of organocyanides (also knows as nitriles):
Synthesis of organocyanides (contd.):

F] Decarboxylation of a-cyanocarboxylic acid:

Recall the decarboxylation of B-keto carboxylic acids, i.e. EAA and DEM derivatives:

Similarly, a-cyanocarboxylic acids decarboxylate,
eventually affording cyanides:

Page 3

CcoO
H 2 _H
(0] (0] (0] (0]
B ~ “~ taut.
@]
H

B-ketoacids

enol form ketone form

Mechanism is pretty similar to such decarboxylations that we have seen already:

0]
H H O ia 6- i _NH -N
R COOH heat X R \H via 6-membered cyclic TS= R\C//C R c
RTOCN * CO HOG ALY , — X
H CN \\N H H H
CO,
The oc-cyanoca.rbox.yllc acids are derlve.d from R COONa NaCN R COONa acidification R COOH
a-halocarboxylic acid salts (why salts?): >< —_— —_— ><
H Cl Hzo, heat H CN H CN
E Indirect method:
: OH
G] From compounds containing H H ! HH Ne_f e N~ .
the nitromethyl group: ®.0 PClj A v ! X@/,O reaction )J\ NH,OH.HCI )J\ ML R-C=N
"o pyridine - RN R™°H  NaOAc R H cyanide
O ! o aldehyde oxime
A plausible mechanism is outlined below:
H H H H H H
@, 0. ®. 00 ci PCI
RXN,O R/KN/O PCly R/g'}D R R/g[Tj 3 Rk N
o® OH HoO CI Cl ; OH Ospg
I aci-form POCI, ﬂ odra 2 b 3
) . w is oxophilic
the O-atom is more nucleophilic than SN
H)(H o it is in nitro due to conjugation 5 il | N /\ H J]
®_0 in the latter is oxophilic _N.
R™N RQ ©
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Organonitrogen Chemistry

Page 4
Chemistry of organocyanides (also knows as nitriles): H
N
Synthesis of organocyanides (contd.): 0-5°C NC O Hi 1 2-addition
~ MeS~c*Coy  direct addition
H] Nucleophilic addition reactions: 10 H € 2 , .
| H (major)
. - 13 NaCN, HCN
Alkenes are generally unreactive towards HCN addition Me/C\C//C\H
but C=C conjugated with EWG can undergo such an addition, 25 4 H 1 0
as we have seen previouspy. H 80 °C 0" n, 7 Hy
~ C /C\ /C\
Me” SC4°CN ~— = Me C” CN
| H2
H
formally 1,4-addition, conjugate addition
(major)
) ] . ® O
I] Aromatic cyanides are best prepared by Sandmeyer reaction: NH> N, Cl CN
AN NaNO,, HCI N AN CuCN, KCN X
The reaction is believed to proceed in a free radical pathway:
S)
CN ©
culCN [NC-Cu-CN]
N@
| > +2 |NG-cu-on] SET D + N, + NC-CU-CN 21322%%?
/< /S ’ ’
(T‘,N
X i X CU\CN reductive XN I
| + NC-Cu-CN —— | —— || + Cu—CN
// // elimination //
o+
X MgX ‘L CN
M Et —C=
The cyanogen chloride route is also useful: | o g, dry ELO -~ N CI—C=N N

/- L
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Organonitrogen Chemistry Page 5

Chemistry of organocyanides (also knows as nitriles):

Reaction of cyanides: HBA
\ H O H
A] Lower molecular weight cyanides are water-soluble, can form H-bonds with water. ./”/
As the size of R increases, the water solubility drops. /,/N"
Organocyanides are relatively volatile because Ar/R-CN cannot form H-bonding among themselves. R/C HBD
B] Hydrolysis: H,0® 0 @
——— R + NH
Alkyl or aryl cyanides can be hydrolysed in either acid or base medium heat OH 4
to the corresponding carboxylic acids, or their salt, as the case may be:
R-C=N
R—CEN’:/\/ nucleophilic/basic end (attacked by both
acid and alkali) HO®. H,0 ¢ H;0% o o
electrophilic/acidic end heat O@ OH
The mechanism of hydrolysis under acidic condition: + NH3T
<nucleophilic attack>
<protonation> <PT> <protonation>
® : ) NH  <tautom.> NH
_/__H (® H,0 N -H R4 .
R-C=N: R-C=N—H R— —_— .
(acts as a base) (acts as an ®OH, OH sp2 o
electrophile)
<nucleophilic attack> .
® ® <PT> <proton§)tlon> . <loss of LG>
NH, M y ®  Ho OH HOYOH
H,0 O  OH - H
R =R £ "X I — 3
_ R™ >NH R7A™NH R™ (NH;
®O0-H O-H 2 4 "NH,
resonance-stabilized cation sp®
DoH <acid-base reaction> ®
RJ< + NHj RJ< + NH,
OH <52 OH
pKj, ca. -6 P pK,ca. 9

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)
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Chemistry of organocyanides (also knows as nitriles):

Reaction of cyanides:

<nucleophilic attack> <nucleophilic attack>

The mechanism of hydrolysis <protonation>

under basic condition: ©
N/~ on OH/*HQ)H OH  <tautom.> (Ef OH .oH
R-C=N: R

R~ o =———— R~ R7 “NH,
(acts as a N NH H> JC
electrophile) P P

pd

<loss of LG> O © <acid-base reaction> 0
+ NH —~— T
R‘< 2 R o + NH3
OH 2 O
pK,cab P pK, ca. 35
Point to note that alkyl or aryl cyanides are susceptible to hydrolysis in both acidic as'well as basic medium R—C:N",\/ nucleophilic/basic end, can

because they contain both electrophilic as well as nucleophilic centres within the same structure: undergo protonation

electrophilic/acidic end, attacked by

Hydrolysis of cyanides is thus a valuable technique for synthesis of'carboxylic acids: nucleophiles

0 0 o ie. 0O FGI C-CN o

O-H O—-H logical O-H hydrolysis or

d’ © . @®._
- illogical R+ "C=N
. . . . . . . . . . N
Hydr.onS|s in either acid or bazse me3d|um e.ntalls a chgnge in h?/brld|sai1t|on of the . H,N_ O
cyanide carbon from sp to sp“ to sp” and finally to sp“. So sterically hindered ~
systems such as 2,6-dimethylbenzonitrile do not allow complete hydrolysis and Me Me HO@ Me Me m
stops the reaction at the amide stage:
heat

Recall that ortho-disubstitution permits change of hybridisation on the reaction 2,6-dimethylbenzonitrile 2,6-dimethylbenzamide
site from sp to sp? but not sp? to sp>, as was seen for esterification of mesitoic N o o
acid (Aac1, revise!). Phenylcyanide, on the other hand, is smoothly E:I 0.0 O\C/(—)EH
converted to the benzoate salt when heated with alkali, a reaction that you have o sp—" 2
done yourself while in Sem-2. No steric hindrance such as that seen in the HO via:
2,6-dimethylated analogue is present here, so full hydrolysisis ensured. heat

Page 6 benzonitrile benzoate




Organonitrogen Chemistry
Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

B] Hydrolysis (contd.)

Let us take a closer look at the hydrolysis of cyanide:

R-C=EN ——— > R-C

\ \
/ NH, OH

more electrophilic

CNis -R, -l
N )
less electrophilic R /
W\
NH,
®
%(_/

resonance compromises
electrophilicity
for NH,, +R > -

A plausible mechanism for this partial hydrolysis is outlined below:

| I/O\: H + OH
D
nUCleOp'liliC due to a-effect

O-0OH

R«f

R-CEN?
(acts as a
electrophile)

Gl e
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So, theoretically, the reaction can be stopped at the amide stage for
every organocyanide, if we can set up the appropriate condition.

Several methods are available:

i) RCN dissolved in concentrated sulphuric acid in cold condition, and water is
continuously poured into it,

ii) shaking RCN.with concentrated HCI,

iii) using.alkaline hydrogen peroxide:

(0]
veratric amide

S) 0
H,0,, OH /
R-C=N —22 -~ R-C + O + Hy0
NH»
© Examples:
i Me 1,0, aq. NaOH Me
5 ~ EtOH, 50 °C NH;
| \N
‘ )
| o-tolunitrile o-toluamide
0, - 0 E
02’ H20 R-¢ : OMe OMe
NH, MeO H,0,, aq. KOH MeO

. 45 °C NH2
| SN

veratronitrile
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Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

C] Reduction of cyanide: Na, ethanol H

Important method to obtain pri i or LIAIF, c:

mportant method to obtain primary amines: -CE=N ——— R~

p p y R-C=N —— Hy Pt R”™7"NH,
. . . o , ) i ) reduction H reduction H H
We have seen this reaction previously while discussing synthesis of primary amine. R-CEN ——> /g _ >
This reduction involves the intermediacy of an imine, which, if hydrolysed, would give cyanide R NH R NH;
access to an aldehyde. imine primary amine
intermediate
This is done by carrying out the catalytic reduction in presence of water which _ _hyc_irolysis, H
hydrolyses the imine that is captured in situ by semicarbazide in form of a imine intercepted /g
semicarbazone to protect form further reductions. Final deprotection reveals R O
the target aldehyde: aldehyde
H,, R Ni, H,O H H 9 O
_ 2, maney NI, Fj H,C=0 R__0O
R-C=N o [R/C\\NH}—’ [R/C\\O } A R\fN\NJ\NHZ 2 Y. N
4 H more reactive H,C™ N NH;
HZN\NJ\NH formaldehyde
H 2 reacts and exchanges

semicarbazide
Other general methods for conversion of RCN to. RCHO is available:

i) Stephen's reduction:

SnCl,, dry HCI, ether H H
—e= ~ _CO® Cs
R-C=N RSN 0]

o steam distilled
H,ClI TR
Ether is saturated with dry’hydrogen chloride, SnCl, is suspended in it, then the RCN is added, followed by 1 hour stirring
and then steam distillation is done. The imine hydrochloride actually forms a complex:

H. Stephen

H 20
_.C® 1889-1965
[ R \NHzL SnClg ( )

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)




Organonitrogen Chemistry Page 9

Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

C] Reduction of cyanide: General methods for conversion of RCN to RCHO (contd.):

ii) Reduction with lithium triethoxyaluminohydride, Li[AIH(OEt)s] (LTEAH):

Normally, LAH reduction converts RCN to RCH,NH,, but H OEt

with the modified reagent lithium triethoxyaluminohydride, Li@ AI/ HEtO; OFt H H

at low temperature, the reaction may be arrested, so that _ EtO"© OEt CL Al H,0, I.t. [ ('3\ ] ('3\
aqueous work-up may afford the aldehyde. R-C=N >~ RN O OEt R"°NH|—/ > R™ 0

Recall that with the increasing number of alkoxy groups, the reducing ability of the alkoxy.-aluminium hydride decreases (you might want to think why this is
so considering the fact that the same substitution increases the reducing capacity of borohydride reagents).

iii) Reduction with diisobutylaluminium hydride (DIBAL/DIBAL-H):

The Al-atom of DIBAL is a Lewis acid, so the reduction is /;\N\ C@ 'T' H,0, L.t. 'T'
fundamentally different from those by LAH or borohydrides: R-C=N: R-C=N-AID — G5 Al —— R/C\\O
— 7 N o J\
electrophlic Al-atom o
fundamentally different trapped at -78 °C
D] Reaction with Grignard reagents: from LAH or NaBH,
A general method for ketone synthesis:
V/_R\1ng RIAr  o® H3;0", heat R/Ar hydrolysis ~ R/AT
ArlR-CEN —————> C=N MgXx ————> C=NH|— =~ C=0
) indryether 4 ! try the 4
Ry R4 . R4
mechanism!
not ameneable to imine, unstable in
However, the GR can act as a base H H H H
if the organocyanide contains a highly )4 M H Ml + H-Me G/)(l,‘\ - /Cli\\
acidic C-H bond, e.g. Ph™ "CN  indryether  pp” >cN Ph™ " "Csy Ph C\\N@

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)




Organonitrogen Chemistry Page 10

Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

E] Reaction with activated aromatic rings:

An extension of the reaction of organocyanides with Grignards is the Houben-Hoesch synthesis, where an activated aromatic ring is made to react with a
Lewis acid-activated alkyl cyanide in an aromatic electrophilic substitution, giving access to an aromatic ketone:

® O
H3C\C/NH >Cl H3C\ .0
HO OH " cHyeN, ether, O OH ' H;0, boled /@ /\© ZnCly, dry HCI  Hz0, A
ZnCl,, dry HCI ether, j
OH OH resorcinol
phloroglucinol phloroacetophenone OH O O
Me Me
OH OH Cl
CHs Me ZnCly, dry HCI  H20, A ) CHs HO
+ = Me ether
HO OCH, N HO OCH;

he electrophile for Houben-Hoesch Reaction is generated from the cyano compound in acidic medium in the following way:

o— 5—
ZnCl ZnCl
© o R ZnCl, R ~AT~2 ® AnCh
R—CEN:/;\HQ R-C=N—-H ¢l /C=N\ —_— C=N&+ — > R-C=N3d+
c’ H CO H H
imino chloride ZnCl, effective electrophile
®
R-C=N-H Il?
c® ©O
OH “NH,CI

The reaction occurs only with very highly activated aromatic compounds ?
such as di- and polyhydric phenols. Monohydric phenols react mainly at X RCN, HCI, Lewis acid N
oxygen to give imido-esters: |

|// //

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)




Organonitrogen Chemistry
useful reactants for ketone synthesis

Chemistry of organocyanides (also knows as nitriles): from Grignards

Reaction of cyanides: /
MeO OMe R MeO OMe
. . _. . MeOH (excess) | same \ L/
E] Reaction with alcohol: R—-C=N > C =— —= C.
dry HCI R OMe Kll O. N. R OMe
orthoester

- . : ® /—\ OMe @ M- S
This is called the Pinner reaction and /"™ ® MeOH R« H R MeOH A. Pinner

it proceeds in the following way: R-C=N: R_CEL\I_H _ H@ NH / ONH, - H@ (1842-1909)

OR;
. . S} oy Y.
The intermediate R*& Cl MeQ OIVI%‘HGD MeO )OMe _ NH5 %OH MeO)fMe
® NH, M . ® —3> R —
R NH, R NH5 Me -H R® "OMe
is known as the Pinner salt.
. . . . OEt . . OEt
It can react with various nucleophiles to afford different products, _ EtOH, dry HCI / o dil. acid /
e.g. if a limited amount of alcohol is used, and then worked up with R-C=N > R_Er():\\l\lH Cl > R_C\b
2

dilute acid, we will get an ester.

This is a useful technique to convert -CN to COOR.

F] Ritter reaction/amidation:

Reaction of cyanides with highly electrophilic carbocations, Me>:CH or Me)i\/'e 1. CH3CN, H SO, Me ﬁ_c Ve
2 /\ =v
Me Me 0]

an efficient technique for synthesis of tert. alkylamines.: H 2. H,0 Me e
The mechanism: l
H
Me Me_ Me Ko Me o Nnzc-r | Me @ Me._N.__Me
J=CHy or M J-Me e T NFCMe |
Me Me”. OH Me Me . Me Me O
S)
TN H o l OH, H,0, A
O Me. _N_ _Me
_ HO OH,H,0,A  Me Me Me Me
Me Me i i
O amide hydrolysis Me NH, Me NH,
t-butylamine

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588) Page 11




Organonitrogen Chemistry Page 12

Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

G] Thorpe nitrile condensation:
(0] (0] O O

. I 1. NaOEt, EtOH
Recall the Claisen ester condensation: R\)kOEt + R\)kOEt R\)J\HJ\OEt

. N . 2. H;0®
This takes place through nucleophilic substitution R
by an enolate derived from one of the ester molecules
onto the ester group of the other.

O
Note carefully that the oxidation number of the carbon atom of the RJJ\ R-
ester carbonyl is same to that of the cyanide group: T

ON.=+3 O.N.=+3

If we take a look at the hydrolysis reaction of cyanides and esters, certain similarities also emerge. So we can say that cyanides are carboxylic acid
derivative mimics.

Considering this aspect, a Claisen condensation-like reaction from cyanides is entirely expected and we have Thorpe nitrile condensation:

NaNH,, S heat, 0O
_N _N ether N" N dil. HCI QN 1. dil. KOH o ¢H -CO, R
va/ + RvC// . R Cc~ > R C// -~ R
: ® o)
protonation and 2. H30 R
R e _ .
hydrolysis of imine R hydrolysis of B-ke’zacid a symmetrical
cyanide ketone

The anion derived from one of the alkyl cyanides makes a nucleophilic attack
on the electrophilic cyanide carbon of the other:

O _N_ The restof the
R Cgl\\l o ” C//N@ dil. HCI RJJ\(C’ synthesis is pretty
+ NH — + NH — straight-forward.
H><§ 2 \f 3 hydrolysis R
R pK, ca. 35 dil. HCI
pK, ca. 25 enolate derived - .
from organocyanide hydrolysis
3 o [This enamine is isolated
_N N , NH NH, if the condensation is done
R CMC R N dikHe g N R. s ™ with tBUOK/EBUOH, the
~ R aldol-like alcohol then acts as the J. F. Thorpe
addition R R R proton source.] (1872-1940)
imine enamine

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)
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Organonitrogen Chemistry Page 13
Chemistry of organocyanides (also knows as nitriles):

Reaction of cyanides: NaNH,, . . o
G] Thorpe nitrile condensation (contd.): RVC///N + RVC///N ether dil. HCI 1. dil. Kog _ heat - RJJ\/R
2. H30 i
SRl a symmetrical
o ketone
If we need an unsymmetrical ketone like: RJJ\/R1
O (|) O OI
we may consider the following disconnection: R\)J)C/R1 — R ® @/R1 or R\ﬁ%l\/& — R\@ @K/R1
R R
R C///N r 1 same starting W N\\\C R
L — — ~
~ 9, material ﬁ:,
N N

Therefore, we need a cross-aldol-type condensation here.

Thorpe nitrile condensation can be done with dinitriles where CN 1 LDA. DME 1. dil. KOH
an intramolecular condensation leads to a cyclisation: : : 3 E(\:o al E/\:o
®
This variant is closely similar to Dieckmann condensation. 2. Hs0 2. H30
CN CN 3. heat

It is also known as the Thorpe-Zeigler reaction (after-Karl Zeigler)

This concept can be extended further. The carbanion derived from alkyl cyanide can be made to react with other electrophiles, e.g. esters and alkyl halides.
Subsequent hydrolysis of the cyanide group will reveal the carboxylic acid, which, in suitable cases can be knocked off.

Consider the following target molecules:

o]

0
— R I
R R ~o o R R%OH FGI RV'VACN RgCN — R._CN
[ s R1 .

I
@
x

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)




Organonitrogen Chemistry
Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

G] von Richter reaction:

. . . . . ethanolic KCN
A curious aromatic nucleophilic substitution reaction: >

reflux
. Lo , , COOCH
This reaction is known as von Richter reaction. [X = Cl, Br]

NO,

Carboxylation o- to position occupied by the nitro group in the starting material. An example of cine substitution

Br Br Br Br Br
# ethanolic KCN COOCH Br. ~ ethanolic KCN Br
o +
reflux reflux
N02 NOZ
? COOH [r COOH
Br Br Me Me
NO2 gthanolic KCN NO2 gthanolic KCN
f - f -
Br AN retx Br COOH A retux COOH
Br Br
A plausible mechanism is outlined below:
Br Br Br Br
oxidation of the carbon
CN & bearing the cyano group
> - -
nucleophilic attack at the ortho-postion H H by the adjacent
with respect to nitro group, as this position CN @ CN nitro group gC\\{\l)
O2 s activated towards such attack due to the NO, @O,N\O@ o N,
strong -1 and -R effect of -NO,. o 0
. N Br Br Br Br
intramolcular nucleophilic diazotisation-type reaction .o
attack on cyano group to form N=N bond H>Q
_0
c” -
~ NH . ,~C30 ) COOH
SINLO o-N  NH; N=N
O/

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)
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Organonitrogen Chemistry
Chemistry of organocyanides (also knows as nitriles):
Reaction of cyanides:

G] von Richter reaction: Br Br _
ethanolic KCN enters o-to nitro One of the early examples of cine-substituion where the
entering group takes up a position adjacent to the one
reflux COOH vacated by the leaving group
NO,
Br

Proof of mechanism for von Richter reaction:

a) The following intermediate has been isolated: o
q//
O/,N NH,

b) Of the two nitrogen atoms of N, - one comes from nitro group and another from ~ CN - this has been confirmed through isotope labelling studies.

Br Br
ethanolic KCN . NEN
reflux
@N 5 COOH
0”0

¢) When using other aromatic cyanides in the reaction medium, it is found that those are not hydrolyzed under this reaction condition. So it cannot
be a simple substituion by cycanide and subsequent hydrolysis.

Using von Richter reaction in the preparation 2-bromo-3-methylbenzoic acid:

N02 N02
Br,, FeBrs aq. alc. KCN COOH
in SgAr, Me is activating while Br Br
Me NO, is deactivating Me Me
4-nitrotoluene 2-bromo- 2-bromo-3-methylbenzoic acid
4-nitrotoluene yield 7-8%

Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)




Organonitrogen Chemistry Page 16
Chemistry of organoisocyanides (also known as isonitriles, carbylamines):

Synthesis of isocyanides:

9\
A] Nucleophilic substitution with cyanide ion: Cyanide ion is an ambident nucleophile: soft eny‘ -C=N: Nard end

When reacted with alkyl halides R-X, where R is susceptible to nucleophilic displacement,
the product is a mixture of organocyanides and isocyanides.

The product ration can be made to favour the isocyanide by choosing silver cyanide as the source of CN™, R—X AgCN _ R—?\LJ)ZC@
The reaction is generally carried out in aq. ethanolic solution: aq. ethanol -
It was earlier believed that when R-X is treated with AgCN, Ag@ ® ®
we should have the following situation: R—X RG—Ag —> R + AgX
hard
electrophile

In this case, the extent of '+' charge over 'R' is significant to consider it to be a hard electrophile. Thus via a hard-hard interaction between R-X and the
nitrogen end of cyanide through SN1-type reaction we get R-NC, an alkyl isocyanide as the major product.

However, this explanation depends upon the attack by the free cyanide ion (of AQCN) which appears to be ambiguous because it is now known that AQCN
has much less ionic character than KCN.

Since Ag® is a soft acid, it remains attached with the carbon centre of cyanide ion and there is also some scope of a back bonding between the filled
d-orbital of the silver ion and the vacant =n* orbital of the .cyano group.

As a result, AGCN has significant covalent nature and subsequently when it is used to react with R-X, only the nitrogen end is available to attach itself with
the electrophilic carbon centre of the alkyl-halide. This, of course, leads to the alkyl isocyanide, R-NC.

® 0O Ag—C=N:
_K ) C_N no free cyanide,
cyanide ion is free only N-end available to an electrophile

l l

alkyl cyanide is the major product isocyanide is the major product
—_Cc= ® O
R-C=N R—N=C
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Chemistry of organoisocyanides (also known as isonitriles, carbylamines):

Synthesis of isocyanides:

B] Carbylamine reaction:

A diagnostic test to detect the presence of a primary amines is Hofmann's carbylamine test where the amine _ CHCl3, KOH, A _®: o

. : . : . ; o : . R—NH, R-N=C

is treated with chloroform in alkaline medium to produce the vile-smelling isocyanides (aka carbylamines) . . . .
primary amine isocyanide

The reaction proceeds via the in situ formation of strongly electrophilic dicholorocarbene intermediate:

NS H
(of /—;)@ of C@ o c|\C./_;\lH2 HNH ® o o ® o
i )

N.© -H N Z.Cl - Cl =
Cl H - cl” T R'®" ~Cl R™C —>HCI R-N=C
Cl a-elimination Cl Cl él Cl ) isocyanide
cB stabilized by dichlorocarbene
i) - | effect of Cl - an electrophilic carbene int.

ii) conjugatuin with
vacant d orbitals of Cl

Recall that the dipole moment of isocyanides are typically less than.that of corresponding cyanides and consequently, the isocyanides
are more volatile;

Mﬂ l’lc
® © Ho = e Hr
R-C=N: R-N=C: — ® ..0 ® O -~
R-C=N: =—> R-C=N: R-N=C: =—> R-N=C:
d.m. (D): ~4 ~3
The two moments augment each other, The two moments oppose each other,
B.P. (°C): overall moment higher overall moment lower
(for R = Me) 82 60 . o : : , o ,
Dipole-dipole ineraction b/w alkyl cycanides are higher than in isocyanide.
(for R = Et) 97 77
_ Due to this larger intermolecular association the b.p. of alkyl cyanides are generally greater
(for R =Ph) 190 165 than that of isocyanides.
(for R = CH,Ph) 234 106
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Page 18
Chemistry of organoisocyanides (also known as isonitriles, carbylamines):
Synthesis of isocyanides:
C] Deoxygenation of isocyanates:
The oxygen atom of isocyanates can be stripped off to access isocyanide compounds. Recall in this connection that P-O'bond is exceptionally strong.
You might want to recap also where you have seen this very concept in action earlier.
Ns P(OEt); ®_O Na
R™ ~“Cs R—-N=C R “Cs
~0 180°C ~0
(alkyl isocyanate) We have encountered isocyanate as an intermediate in our studies relateg
Me to'rearrangement reactions where a group migrates from
(N\ C to e-deficient N
N -P~pn ® O
Ph” SC. o > Ph—N=C It is generally prepared using various reganets from primary amines,
~0 r.t. to 80°C €.g.
(phenyl isocyanate) o
/N\\
. | RN CI)J\CI —— = R "Cyy + 2HC
D] Dehydration of N-alkylformamides:

~0

This is one of the most modern and widely accepted technique for accessing isocyanides. The dehydration is generally effected with an acylating or a
tosylating agent and a base, e.g.

,—’> O
O TsCl (1.5 eqv.), pyridine (3 eqv.) ® O R. J\
R\NJ\H dichol th L 2nh ~ R-N=C elements of HOH ’}‘ H
| icholomethane, r.L., ours that is eliminated H
" L
\\ 7/ ‘
. . . . - o
The reaction possibly proceeds via formation of the O-tosylated derivative: 2\
l}l H Me
R

Can you propose a plausible mechanism for this dehydration? And while you are at it, please also think of a suitable synthesis of the starting N-alkylformamide
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Chemistry of organoisocyanides (also known as isonitriles, carbylamines):

Page 19

Reactions:

The isocyano group is unique in being the only stable functional group incorporating bivalent carbon. In valence bond terms it can be viewed as the
resonance hybrid of the following two canonical forms A and B, the former indicating its bivalent carbenic character and latter its potential as a nucleophilic
reagent. It follows that the reactivity of the isocyano group (and hence of isocyanide) is dominated by a desire to regain the stable covalent state and a
tendency to undergo insertion rather than addition, and electrophilic rather than nucleophilic attack.

—i\i:C B —— —N=C :
X X

A - carbene-like carbon B - nucleophilic carbon

A] Rections with electrophiles:

Isocyanides react violently with halogens (Cl,, Br,, I5) at ambient temp. but these reactions can be controlled R—%EC@ L» R/N\\I/X
at low temp. to afford the corresponding iminocarbonyl halides. [X=Cl, Br, 1] X
The reaction of organocyanides with anhydrous hydrogen halides (HCI, HBr, Hl) are likewise vigorous but @lﬂ
can be controlled at -15 degrees to afford formiidoyl halides as hydrochloride salts. R—%)EC@ L} R/Nﬁ/x X

cl [X=Cl, Br, 1] H

A e
Isocyanides are found to react with acid chlorides ® -0 Me” o N
to form a-ketoimidoyl chlorides: Ph—N=C — > Ph~ O
Cl

The reaction of carboxylic acids with isocyanides o”H O/H
to give anhydrides and the corresponding formamide /& R1\|¢O /g O O
can be rationalized by the intermediacy of an ® © Ry O Ry 0 H o )J\ )]\
acylimidate, which, being a potential acylating agent will R-N=C R’NYO R \|¢ * R1 O R

react with further carboxylic acid to give the observed product. H H
acylimidate N-subst. formamide

In all cases, the initial addition reaction proceeds in the following way:

-

Notice that the isocyanide is "inserted" into the E-Nu bond in each case
- a testament to the carbene-like character of the isocyano carbon:

YR
0 6 "y ©

= —N=<C— /N\ ,N
T TON RTSCT ® © Ny -Nu
\ é R_NEC + E_NU _— R \CI:
electrophilic N i
end electrophilic end
nucleophilic - isocyano carbon
one changes polarity! Study Guide to Organic Chemistry - Saha et al. Volume 2 (ISBN 9788192669588)
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Chemistry of organoisocyanides (also known as isonitriles, carbylamines):

Reactions:
; ; ; . O (@)
A] Reactions with electrophiles (contd.): )J\ )]\ 0 R.R. R
233 )
Isocyanides combine with aldehydes/ketones and carboxylic acid R—El)zg) R OH, Ry Rs > R )J\O)S(N\H
in a three-component reaction to afford an a-hydroxycarboxamide B CH,Cl,, low temp. \ .
(Passerini reaction): O (153}8 50965)
The ability of i ides t t as the "linchpin" of such multi t i 0
e ability of isocyanides to act as the "linchpin" of such multi-centre B 0 R
condensations is further demonstarted in their reaction with amines, ® O R1)J\OH , Rz)J\R3 , R4~NH; )J\ RaRs l\ll
carbonyl compounds and carboxylic acids under mild condition to afford R-N=C Rj N)Sf “H
excellent yields of a-amino acid derivatives (Ugi reaction): CHzGlzdow temp. F|<4 o)

B] Hydrolysis:
Unlike organocyanides that have both an electrophilic/acidic and a nucleophilic/basic centre within the same structure, the more contributing canonical form
of isocyanides contains only a nucleophilic/basic centre:

® @/\/nucleophilic/basic end

R-N=C . .
. . _ . (easily attacked by acid)
/\n/ucleophlllc/basw end (more contributing canonical)
R—-C=N:

¥\ electrophilic/acidic end
electrophilic/acidic end R_N:C , (not attacked by alkali - only attacked by very
, \ (less contributing canonical)  5owerful nucleophiles such as an organolithium)
(attacked by both acid and alkali)

The mechanism is outlined below:

So, expectedly, isocyanides are prone to acidic )
hydrolysis but resist alkaline medium. The acid ® @/\?-IG) ® /H\O OH, H@ OH  iaut 0
hydrolysis is rapid and affords an amine salt and R-N=C R-N=CH 2 N=C —— N=C =——0-— HUN-C
formic acid. D) R H R H R H
formamide
The lack of hydrolytic reactions in alkaline medium for ® H derivative
isocyanide is distinguishing fgature for this class of H@ C/g)H g O OH, _ H@ ® QO _ H@ ® Jo
compounds from organocyanides. HN—C/ 2 HN—C/—H HZNJC—H R-NH; + HO-C
/ \ / \ \
R H R OH R~ OH H
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Chemistry of organoisocyanides (also known as isonitriles, carbylamines):

Reactions:
. ) ) o . @ O dissolving metal H
B] Reduction: A secondary amine results when isocyanide is reduced with R-N=C _N.
dissolving metals or subjected to catalytic hydrogenation. or Hylcat. R CHs
2° amine
. : . : . . Na, ethanol
Contrast this observation with the catalytic reduction of cyanides that afford a or LIAIH Hy
primary amine. So this is another way to distinguish between the two classes R-C=N 2~ 4 R/C\NH
of compounds. or Hy,Pt 1° amine 2

C] Reaction with organolithium: generation of imidoyllithium - an acyl anion equivalent:

Page 21

Isonitriles which do not contain any a-H undergo X@ RLi = 5°C ><N £ \ H30 0
nucleophilic addition with organolithiums to afford Ne©® ——————> )J\ )J\
lithioimines (also known as imidoyllithiums or ~C Li)J\R E R E R

lithium aldimines) WhI.Ch are su§ceptlble to electrophlllc |§ocyan|ci_e imidoyllithium imine the Carbon)ﬂ carb_on is@
attack and generates imine derivatives upon reaction without a-H functionalized with E

with various electrophiles. These can be hydrolysed to
corresponding carbonyl compounds.

Note carefully that both the metal and the
alkyl part of the alkyllithium reagent adds to

the carbon atom of isocyanide.

;

very similar to the insertion reactions seen for carbenes

This method gives access to a large number of important target molecules.

The anion generated from addition of the organolithium ) R ® R
. . . . , @ @ R—L R R , E 7
to the isocyanide is an acyl anion equivalent. The same N=C: L N=C ~—» N:C/@ = 0=Co 0=C,
acyl anion is obtainable by reacting organolitium with N Ui Li® acyl anion E
carbon monoxide, ~ - illogical
nucleophile

A variety of electrophiles may be used here to combine with the imidoyllithium to access
a number of carbonyl-based compounds such as aldehydes, ketones, a-ketoacids,
a-ketoesters a-hydroxyketones and B-hydroxyketones.

. ® ©O
:0=C: =—> 0=C:
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