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Important Note: The term nitrogen centered radical refers
to a species where the initiating radical is localized on
a nitrogen atom, not to transformations that terminate
with a nitrogen radical. Numerous examples of the latter
are known and are not discussed here.

Three types of Nitrogen Radicals:

1. Neutral Aminyl Radicals

R\
N -
/
R
a. Generation
/N@
R N@ A
\ 17
,N_N or hv
R
R\ hv
/N—CI
R
b. Reactivity
— Dimerize to form hydrazines, which disproportionate to form imines
and amines

— Abstract allylic hydrogens preferrably
— Can add to styrenes and arenes, if there are no allylic protons

Stella, L. Angew. Chem. Int. Ed. Eng. 1983, 22, 337; Neale, R.S. Synthesis. 1971,1, 1
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2. Protonated Aminyl Radicals R
R/N®—H
a. Generation
R hv or Fe'
R/N—CI H@
R TiCls, MeOH g
R/N—OH @

b. Reactivity
— Adds to unsaturated hydrocarbons and arenes
— Abstract protons if favorably disposed and activated

3. Aminyl Radicals Complexed to Metal lons R @
/N—MCI
R
a. Generation
R CuCl or FeSO,
N=Cl or TiCl,
R

Must use neutral conditions to generate, otherwise protonated
aminyl radicals are obtained

b. Reactivity
— Add to dienes, acetylenes, or alkenes
— No acid prevents electrophilic chlorination of the substrate

Selected Transformations:

1. Hofmann-Lo6ffler-Freytag Reaction:

H 1. v or Fell, HO 4/—/
/\/\N@ CN
|
Cl 2. Base
Mechanism?

H hv or Fe'l H
I I
USSR
H

) "

H

N e T e
vl ~ I
H H
Basic C 4/_/
N
Workup
2. Synthesis of a-Chloroketones from Alkynes:
Rll

Rll R"

R L HO R® R
o)\( N X

Cl R Cl

Stella, L. Angew. Chem. Int. Ed. Eng. 1983, 22, 337; Neale, R.S. Synthesis. 1971,1, 1

Neale, R.S. Synthesis. 1971,1, 1; Wolff, M.E. Chem. Rev. 1961, 63, 55
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3. Synthesis of a-Amino Ketones from Alkenes:

QO (O
O —

4. Synthesis of Oximes from Alkenes:

®
Cng hv C-H (\@
O T TR

| N0

(o) o
j

/:NOH

5. IBX Reactions:

@)
m IBX N
©/ THF/DMSO ©/

6. Synthesis of y-Lactones or Pyrrolidines:

Cl CI
rll hv, PhH A, 5min
o —_—
R/\/\H/ R 10 min, RT R
(@]

<
st

- V
N R ié

R

7. Aube, J. J. Am. Chem. Soc. 1992, 114, 5466:

Ph Ph ("
Cha
oy o pﬁ *)“3
o)
Ph'" Ph'
Ph Cuo Cuo
| ou |
Ph Ph (s Ph
\
o\ N
Me)\N'q = Me/kN D
— S Me” (N
Ph*~ Ph*? :
CuO CuO Ph'’
CuO‘)
Ph
)OJ\/\/‘ i\ -
>—Me Ph="
Ph Cuo >95% ee

Neale, R.S. Synthesis. 1971,1, 1; Nicolaou, K.C. Angew. Chem. Int. Ed. Eng. 2001, 40, 202

Neale, R.S. Synthesis. 1971,1,1; Aubé, J. J. Am. Chem. Soc. 1992, 114, 5466
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8. An Alternative to Nitrogen Stitching:

TiCly

C _ = N

N_
f AcOH
| 62%
Cl
JJ

N7 TiCls N
/ 60%
Cl
TiClg N
AcOH
46%
Cl
9. Aryl Amination:

Fe!

-

N
Cl™ |
R

: “.‘
R
H,SO,
_ > 90%
Cl_ hv
N _N
Me Me

81%

10. Cyclizations involving Nitriles:
Br CN "BuzSnH /N
AN AIBN 349
Mechanism?

Br|N| Y |N|)
Y,
X X
'/ NL"”\_
— o

N
(.@N Y y

11. Synthesis of a Twistane:

H
1. TFA, hv N
—_—
NCI 2. Na, 'PrOH
H

Stella, L. Angew. Chem. Int. Ed. Eng. 1983, 22, 337

Bowman, W.R. Tetrahedron Lett. 2000,41, 8989; Heusler, K. Tetrahedron Lett. 1970, 11,97
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Syntheses:

1. A Chemzymatic Ligand
Corey, E.J. Tetrahedron Lett. 1989, 30, 5547:

1. (COCl),, 1. LAH, THF,
0O,
Hom DCM, DMF BnHNm A, 93%
2. BnNH,, 2. NBS, Et,0,
0 TEA, 80% © o°C
at ‘
CuBr (cat), : LiOH
Ph\/NBr —_— B ——
0 OC, 85% N : 4 DME, A
Bnp =
Name? Br Stereochemistry?
30:1
H 1. (COCI),, DMSO, H
- —78 °C; TEA, 93% -
T 2. PhLi, THF, —=78 °C, 93% T
—_—
N7~ 3. 10% PAOH/C, Hs, N7:"XPh
By 5y MeOH, AcOH, 99% HH By

Synthesis of Chiral Starting Material Using a CBS Reduction.

1. CBS Reduction 1. "BusSnH
o o~
Br 2. Ac,0, Py Br 2. TBDMSCI, A N

0 AcO H Name?

2. (x)-13-Deoxyserratine
Zard, S.Z. Angew. Chem. Int. Ed. Eng. 2002, 41, 1783:

0 OTBS
M 1. ~_MgBr M 1. "BuLi
Z 2. TBSOTf Z

2.6-

2. HMPA, 83%

THPO™ > Br
OTBS
\\ 1. Coy(CO)g Jones
AN 2. NMO-H,0
DCM/THF, 89%
THPO

Name?

1. 1BuO,CCI, TEA

cl
A NHOH

TEA
3. BzCl, TEA, 81%

—_

. TBSOTH,
TEA, 83%
R ——

2. LAH

3. TBAF, 58%

13-Deoxyserratine
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3. (¥)-Catharanthine
Fukuyama, T. Heterocycles. 2002, 56, 313:

N 1. BnBr, E” 1. CbzCl, PhH,
N 0°C to RT 80 °C, 62%
| - - bty
= 2. NaBH,, A (3 steps)
EtOH, 0 °C 2. Br,, DCM, 97%

Mechanism?

Cbz 1. DABCO, Cbz
MeCN, 80 °C | 1. KOH, EtOH, 80 °C
Br/,' —— _—
2. 100 °C, Et0,C % 2. I, NaHCOs,
H50, 67% (4 steps
Br EtOZC]/COZEt CO,Et 2 (4 steps)
EtO
Cbz HO | Cbz
TEA, DCM, o
O NH2 O
1. Ac,0, Py,

74% (2 steps)
2. Zn, AcOH, DCM
—_—
3. CH2N2, Etzo,
83% (2 steps)
Mechanism?

AcO
| ?bz 1. Lawesson's Reagent,
0 Py, Tol, 110 °C, 86%
.
N Y 2. AIBN, HgPO,, TEA,
H "PrOH, 90 °C, 40-50%
COQMe

Mechanism?

AcO Cbz

1. KoCOs, MeOH
| 2. MsCl, TEA, DCM,
82% (2 steps) \
_ =
N 3. Et,SiH, Pd(OAC),, N
H EtOH, EtOAc, 96% H  CO,Me

Catharanthine

/)

4. (x)-Lycopodine
Grieco, P.A. J. Am. Chem. Soc. 1998, 120, 5128:

OMe OMe
MeO 1. Birch conc. HpSO,,
2. LAH 'BUOH, 70%
MeO CO.H MeO
OH
1. TBDPSCI, imid. tBUOMgBr,
2. LDA, THF, -78 °C; THF; ADDP,
—_— —_—
ICH,CH,CH,0TMS, —78°C to RT,
3. K,COs, MeOH, 66% BUO i 68%
OH OTBDPS Mechanism?
CHO SPh
9, THF, 0 °C
to RT; NaOH THF, -78 °C,
Li._~_0OTBS
9
OTBDPS fSB - OTBDPS
Mechanism?
Synthesis of 9?
SPh
SPh
H 1. HCI, THF
TBSO LiClO,+OFEt,, 2. K,CO3, MeOH
TFA, 66% \H 3. 0-NBSeCN, BugP,

THF; HyO,, 60%

Mechanism? BuO

A
OTBDPS OTBDPS
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4. (x)-Lycopodine (Continued)
Grieco, P.A. J. Am. Chem. Soc. 1998, 120, 5128:

. TBAF, THF

2. MsCl, TEA, DCM;
—_—

Nal, acetone, 80%

. "BugSnH, AIBN, 65%

1. NH,OH, EtOH,
NaOAc, 100%
B ——

2. SOCly, dioxane

Name?

1. AgBF,
—_—
2. NaCNBH;,
MeOH, 46%

Mechanism?
Name?

H Me
Lycopodine

. Li('BuO),AIH,
0 °C to RT, 90%

2. Ac,0, DMAP

R —

3. Nal, HgCl,,

TMSCI, H,0,
MeCN, 70%

1. Red-Al, 80%
—_—
2. NCS; TPAP, 50%

5. Peduncularine (Formal)
Weinreb, S.M. Tetrahedron 2001, 57, 8779
Hiemstra, H. J. Am. Chem. Soc. 1989, 111, 2588

OMe O OMe O Pr,NEt,
_ J\ DCM, 12Kbar, J\ (PhSe),DCM,
| TRnew h P
OH RT, 65% —50 °C to RT,
X OH (EtO),PClI, 70%
Mechanism?
HO H
MeO H
1. Hy0,, DCM, 1. (COCI),, DMSO,
SePh 0 °C to RT, 90% N’ DCM, —-60 °C
}N- conny oM 60 ¢
2. BBr3, DCM, 2. TEA, RT, 96%
e} —78 to —20 °C, 83% 0 3. PhgPMeBr, "Buli,
Intercepted THF. 85%
Intermediate B9
\\ 1. Lawesson's \\ 1. DCM, THF,
Reagent ©) —78 to 0 to 20 °C,
N- —_— N- e
2. Mel, Et,O . LO/\(\,MgBr
o} MeS 0

2. NaCNBHjg, AcOH

PhNHNHS,

0] >

vo H H,SO,
44%
(ca1:1)

Peduncalarine




