Nitrene:

Intermediate

A nitrene or imene (R—:N-) is the nitrogen analogue of a carbene.

The nitrogen atom is uncharged; it has
therefore considered an electrophile.

Examples:

only six valence electrons. It is

o i
R-N: RCO-N: Ph—N: R-O-L-N: CH;80,N:
Adkyl Acyl Phenyl Carboalkoxy Methanesulfonyl
nitrene nitrene nitrene nitrene nitrene

Structure of Nitrene:

Simple nitrene has:

a) Singlet state, sp’ with non-bonding electrons have an opposite spin

in sp’ orbital.
b) Triplet state, sp with non-bonding
sp’ orbital and p orbital.

electrons has the same spin in

The triplet state is lower in energy than the singlet state.

« -— Normal paired lonepair

R—=N: =— These two electrons may be paired or unpaired

v,

R=N

sp triplet

R—N

R-N:t4

O

sp’?singlei

Singlet and Triplet States

4
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S
O \'\ O b 4

Singlet Singlet

* sp? hybridized carbon

* non-bonding electrons have
opposite spin - occupy an sp?
orbital

*« XCY angle 100-110°

/X_QQ@\)
\\ "@QD/.

Triplet

QO...MY

X—C.

@@

Triplet

+ sp* hybridized carbon (or sp )
* non-bonding electrons have
same spin — occupy an sp? and p

orbital

* XCY angle 130-150°
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Formation of Nitrene:

Four general methods are used for the generation of nitrene:

1- Thermolysis or Photolysis of azides.

Examples:

Intermediate

? Ny Q.
HSCQS—N=N+:N_ T L] ch S—N:
I CgHsg [
0 0
tosyl azide
— —_— 0
ﬁ i Q Acyluide \cl) % N
NaN; /N ‘ - ®¢) _-.- ¢ "
HC=0—C—Cl ——» Hsc—o—c\N ;N/ T W c\ca/d' HiC—0 N
A or hy .
FE-D-«ELI‘-NE, F{-D-:E-N: + N» R = alkyl, aryl
O 0
o _i I'I-
\ )N N:
h."lr w
HNy —— HN.
.
Mechanism:
"3 - Ay o miT Al : N
N‘:}_—NEN e -iN_N=N: W f N2
1 L A
R " " b) light R

2- From isocvanates with expulsion of CO.

Examples:
=« CO

R-N=C =0 R-N:
NCO N-

o-isocyanobiphenyl
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Intermediate

3- From a-elimination.

Examples:

H
‘!lwl ‘base ﬁ'
R ———= RaexX | —™ Fif

H . _
R-N-0SOAr 22%¢ o N: + BH + ASO,
R_N I—'__ “---

“0SiMes, M

4- From heterocyclic compounds.

Examples:

0 . )
N Aor hv .
[} O —_—— R
RL“.I-_D>= O, o
R R
= — =200 °C -~ “
arE—-Nem
SN A

Reactions of nitrenes:

1- Cycloaddition with alkenes.

" R
R.
1,3-dipolar addition h‘r Q,N hv  ~ KN\ i
—C=C— + RN, > —=C— —= C—C + Nyt
| | ] orA | \
Triazoline

v . 2" N
HN:; - HN, =——=

@ /
Z—z——Zz
+
o =2
l &
Z
z/// \Z"-?“
élv

0
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Intermediate

0
O P (B p— CDN—CGR

2- Cycloaddition with alkvnes.

Example:
NR; N
B /N\ i é" \C,NRQ
R—=—R" + RN-N: — | o,/ o, i
2-azirine 1-azirine

3-Insertion_reaction of nitrenes (ring expansion): (nitrene C-H
insertion) a nitrene can easily insert into a C-H bond yielding an
amine or amide.

H
R—G-N + RC—H—= R'ﬂtl.‘l.vrﬁ—crza
8]

Examples:

O =
RO-C-N: + @ — CN—CGER

= -CH o ~_~CH
ﬂ/“m\’[a * v, Ar rﬂ{ CH; " [{f‘-\.-f 2
— | ol e A \K/L
S 10K — e T, =" “NH
A=C
M
-\'\
Azacycloheptatetraene

[al
RN: H* _H* NHR
Q2 Qpm £ (fwm
+
sl
H

= “~NANR
4 L
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Intermediate

HO-N CHy
= AcyO " N |
#  wylonose, 1358°C, 2d

0
:-laut:)J\r]”*t NH,OH H€C™ ) A :
O S
|
H
P oxime i:Tuindula

0 / AcOH
=l e

4- Rearrangement of nitrenes:
a- 1.2- hydrogen shift:

R/ R R=H
; j‘u- H,0 P

Example:
‘s 1,2-hydrogen shift
R,CH—N: e R.C=NH
b- Hoffman rearrangement:
il
i ““NH,  NaOH,Bry B e
s THE70°C 7 S\
Mechanism:
i
CF// Br—Br 8] P 0
(9 » Base & Youy Base
volh — % —— ~H - - —
HJ{H’ n’&mn HJJ‘IIQ’ HJLN A
Br (l
l‘BI'
He0 or H, " " Base
—— Ny !
S0 AOH DU o,
IspCyanate

c- Curtius rearrangement:

o 0 Toluene >L ?
Sk diy wanmt Dby,

65 °C, 10 min

Acyl azide Isocyanate
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Intermediate

Mechanism:
(9 1 2N O N i
P s - = ~N
A | R N _— e o
‘)L'N"" - H'J\EN":‘.#" —Ng H'JJ\!'I} — R ‘-":-.."N‘_-G

d-Lossen rearrangement:

O
A N
0 [ ~Ca
b o
0

Mechanism:
0 0
-ROCH M.
JL ;r_:‘jﬁl _—— .r_.\,l —_— H.I’ "C‘c{r
R 1_I|‘~I I A7 NI/ (o]
H s)
w_

e- Schmidt rearrangement of ketones:

=

OH OH — .H,
ik +i .__ PEE - -Ha0O ]
HN3 == N—N=N: ";' ~Nz
O e (O — (P |+
Mechanism:
@
; _H 2 ®N,,
D./_\H—N ;O’,.-—-..\‘ ':3 HOQ{;:/’_\ ® HOw NH
J L B g T V.
R 1 R R 2 R R IR' R R
R Ch2 ‘T A
}’ Beckmann =2 ® N Baeyer-
_N f -———— QNL 5 <w—— L O)INY 4 Villiger
R pathway R R pathway
A R7 R
Y Y
. R.. .H S R® _H R H
R - i - L
P N Ny~ N N N
= DU - B -
T 8 MY 10
n J o R o R HO"™ 'R
l H50
R' R' R
o) -H* tautomerize
Ae, e L - ks
R 7 R R
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