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Supplementary Material
Table S5 Table summarizing reactions that lead to the suggestion, discovery, and identification of various reaction intermediates

Acylium ions (oxocarbonium ions)
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Reviews:
Olah, G.A.; Germain, A.; White, A.M. i@arbonium longG.A. Olah; P.v.R. Schleyer, eds.) Wiley-Interscience: New York, 1976, Vol. 5, p. 2049
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Treffers, H.P.; Hammett, L.B. Am. Chem. So04.937 59, 1708

Burton, H.; Praill, P.F.GJ. Chem. Sod.955 729

Chmiel, C.T.; Long, F.AJ. Am. Chem. S04.956 78, 3326

Ladenheim, H.; Bender, M.LJ. Am. Chem. Sod96Q 82, 1895

Bender, M.L.; Feng, M.Sl. Am. Chem. Sod96Q 82, 6318

Bender, M.L.; Ladenheim, H.; Chen, M.L.Am. Chem. Sod.961, 83, 123
Yamase, YBull. Chem. Soc. JpA.961], 34, 484

Cook, D.Can. J. Chem1961, 40, 445
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Reviews:
Beckwith, A.L.J. inThe Chemistry of Amidé&abicky, J.; ed.) Wiley-Interscience: New York, 1970, Chapter 2, p. 77-81

Krohnke, F.; Heffe, WChem. Ber1937, 70B, 1720

Prey, A.Chem. Ber1942 75, 537

Adkins, H.; Thompson, Q.E. Am. Chem. S0d.949 71, 2242
Klages, F.; Zange, BAnn. Chem1957 607, 35

Cook, D.Can. J. Cheml962 40, 2362
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Reviews:

Chan, T.H.; Ong, B.Sletrahedron198Q 36, 2269
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Camp, R.L.; Greene, F.D. Am. Chem. So4.968 90, 7349
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Crandall, J.K.; Machleder, W.H. Am. Chem. Sod968 90, 7292
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Reviews:

Stock, L.M.Adv. Phys. Org. Chei963 1, 35

Berliner, E.Prog. Phys. Org. Chem.964 2, 253

Baciocchi, E.; Illuminati, GProg. Phys. Org. Cheml.967, 5, 1
Olah, G.A.Acc. Chem. Red.971, 4, 240

Lenoir, D.Angew. Chem. Int. ERO03 42, 854

(i) Charge transfer complexes

Reviews:

Dewar, M.J.SElectronic Theory of Organic Chemisti@xford University Press: New York, 1949
Kosower, E.MProg. Phys. Org. Chemrl9645 3, 81

Blatchly, J.M.Educ. Chem197Q 7, 62

Ruasse, FAdv. Phys. Org. Cherl993 28, 207
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Dewar, M.J.SNature1945 156 784 (first suggestion)
Dewar, M.J.SJ. Chem. S0d.944§ 406; 777




CHs

HAICI, H* AICI,

; :
T
@

Brown, H.C.; Brady, J.DJ. Am. Chem. Sod952 74, 3570
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Brown, H.C.; Wallace, W.Jl. Am. Chem. Sod.953 75, 6265
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Addison, C.CRec. Trav. Chim. Pays-B495§ 75, 626
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Kross, R.D.; Fassel, V.Al. Am. Chem. S04.957 79, 38
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CHCl, jpr CHCl,
R1

l"‘|Reeves, L.W.; Schneider, W.Gan. J. Cheml1957, 35, 251
(proton NMR signal of chloroform as function of concentration of aromatic or olefinic compound)

Brown, H.C.; Stock, L.MJ. Am. Chem. So&957, 79, 1421
R2

R, NC cn Ri=H R =H

Ry =H, R, =CH,

NC CN Ry =CHs, R, =CH,

Merrifield, R.E.; Phillips, W.D.J. Am. Chem. S04.958 80, 2778
Cairns, T.L.; Carboni, R.A.; Coffman, D.D.; Engelhardt, V.A.; Heckert, R.E.; Little, E.L.; McGeer, E.G.; McKusik, B.C.; Middleton, W.J.;
Scribner, R.M.; Theobold, C.W.; Windberg, HEAmM. Chem. So&.958 80, 2775
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Manuel, T.A.; Stone, F.G.AChem. Ind1959 1349



HX X=CI, Br

Brown, H.C.; Melchiore, J.J. Am. Chem. Sod965 87, 5269

NO,

Schenk, G.H.; Vance, P.W.; Pietrandrea, J.; Mojzi®\r@l. Chem1965 37, 372
(i) "Sandwich" complexes (metallocenes)

Reviews:

Jutzi, P.Pure Appl Chem1989 61, 1731

Grebenik, P.; Grinter, R.; Perutz, RGhem. Soc. Re1.988 17, 453
Jonas, KPure Appl. Cheml984 56, 63

Schloegel, KPure Appl. Chenl97Q 23, 413

Schloegel, KTop. Stereochem.967, 1, 39

Hein, F.Chem. Ber1919 52, 195



MgBr
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EtBr ——» EtMgBr —r

H MgBr
2FeC§

o+2
3 e

-3 MgBrCI !

- FeC), <®>
Kealy, T.J.; Pauson, P.Nature1951, 168 1039
Wilkinson, G.; Rosenblum, M.; Whiting, M.C.; Woodward, RIBAm. Chem. S08.952 74, 2125
Woodward, R.B.; Rosenblum, M.; Whiting, M.C.Am. Chem. S0d.952 74, 3458

Eiland, P.F.; Pepinsky, R. Am. Chem. Sod.952 74, 4971
Wilkinson, G.J. Am. Chem. Sod.954 76, 209

MX, + nAICk + 2 MgCy ——» [MCgMeg]™" [AIX 4],
M = Co, Rh; X =ClI, Br
Fischer, E.O.; Lindner, H.H. Organometallic Chen1.964 1, 307

Aromatic o-complexes (see Meisenheimer-Jackson complexes and Janovsky complexes for negatively charged complexes;
Wheland intermediates for positively charged complexes)
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Reaction with nucleophiles, Nu

Reviews:

Ross, S.DProg. Phys. Org. Chem.963 1, 31

Stock, L.M.Adv. Phys. Org. Cherh963 1, 35

Berliner, E.Prog. Phys. Org. Chem.964 2, 253

Baciocchi, E.; Illuminati, GProg. Phys. Org. Cheml.967 5, 1

l"‘|Buncel, E.; Norris, A.R.; Russell, K.Ruart. Rev. Chem. Sot968 22, 123
Olah, G.A.Acc. Chem. Red.971], 4, 240
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+ HF + BR == BF,

H H
Kilpatrick, M.; Luborsky, F.EJ. Am. Chem. So4.953 75, 577

Olah, G.A.; Kuhn, S.J.; Pavlath, Nature1956 178 693
Olah, G.A.; Kuhn, S.J.; Pavlath, A. Am. Chem. So&958 80, 6535; 6541
Doering, W.v.E.; Saunders, M.; Boyton, H.G.; Earhart, H.W.; Wadley, E.F.; Edwards, W.R.; LabeiraRedron1958 4, 178

Arylium ions (see phenyl cation)

Aziridinium ions
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Reviews:
Crist, D.R.; Leonard, N.Angew. Chem. Int. EA.969 8, 962
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Golumbic, C.; Fruton, J.S.; Bergmann, MOrg. Chem1946 11, 518
Fruton, J.S.; Bergmann, M. Org. Chem1944 11, 543
Golumbic, C.; Stahlmann, M.A.; Bergmann, W1.0rg. Chem1944 11, 550

\N/ | Cl

|
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Kerwin, J.F.; Ullyot, G.E.; Fuson, R.C.; Zirkle, CL.Am. Chem. S0d.947, 69, 2961
Hanby, W.E.; Hartley, G.S.; Powell, E.O.; Rydon, HINChem. Soc. Abstt.947 519
Schultz, E.M.; Sprague, J.M. Am. Chem. S04.948 70, 48

Fuson, R.C.; Zirkle, C.LJ. Am. Chem. So4.948 70, 2760

Freundlich, H.; Salomon, &. Physik. Chenil933 166A 161

Bartlett, P.D.; Ross, S.D.; Swain, C&Am. Chem. S04.947, 69, 2971

Benzyne (arynes)

Reviews:
Fields, E.K.; Meyerson, &dv. Phys. Org. Ched 968§ 6, 1
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Gilcrist, T.L.; Rees, C.WCarbenes, Nitrenes, and Arynégppleton-Century Crofts: New York, 1969

Fields, E.K. inOrganic Reactive Intermediatg$s.P. McManus, ed.) Academic Press: New York, 1973, p. 449
Brown, R.F.CEur. J. Org. Chem1999 3211

Sander, WAcc. Chem. Re4.999 32, 669 (m-benzyne and p-benzyne)

Pellissier, H.; Santelli, MTetrahedron2003 59, 701 (arynes in syntheses)

rolysis
O/ y y CH, +“ + other produc

Berthelot, A.Compt. Rendl866§ 63, 790

Berthelot, A Ann. Chem1867, 142, 254

Berthelot, A.Bull. Soc. Chim. Fr1867, 7[2], 218

Badger, G.M.; Spotswood, T.M. Chem. Sod.96Q 4420

SOsR NaOH
+ RSQNa + HO0

Kekule, A.Compt. Rendl864 64, 753
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Limpricht, H. Chem. Ber1874 7, 1439
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Kym, O.J. Prakt. Chem1895 51[2], 325

cl N
cl
cl cl 2 PHN- K* PhoN NPh,
S + 2 KClI
cl
cl

Haeussermann, ©Chem. Ber190Q 33, 939
Haeussermann, ©€hem. Ber1901, 34, 38
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Stoermer, R.; Kahlert, BChem. Ber1902 35, 1633 (first suggestion of existence of triple bond in small ring compounds)

Cl
| — —
- HCI

Meyer, K.H.; Bergius, FChem. Ber1914 47, 3159

Bachmann, W.E.; Clarke, H.J. Am. Chem. Sod.927, 49, 2089 (first suggestion of existence of benzyne)

Lattringhaus, A.; Saaf, GAnn. Chem193Q 542 250 (aryl-phenol rearrangement)

Cl
"+ KNH, —»
" kal

50% 50%

Roberts, J.D.; Simmons, H.E. Jr.; Carlsmith, L.A.; Vaughan, \0..8m. Chem. Sod953 75, 3290
Roberts, J.D.; Semenov, D.A.; Simmons, H.E. Jr.; Carlsmith,L.Am. Chem. So4956 78, 601
Roberts, J.D.; Vaughan, C.W. Jr.; Carlsmith, L.A.; Semenov, D.Am. Chem. So4.956 78, 611
Scardiglia, F.; Roberts, J.Detrahedron1957, 1, 343

Bottini, A.T.; Roberts, J.0J. Am. Chem. S0d.957, 79, 1458
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Wittig, G.; Fuhrmann, GChem. Ber194Q 73, 1197
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Wittig, G. Naturwiss.1942 30, 696

Wittig, G.; Harborth, GChem. Ber1944 77, 306; 316
Wittig, G.; Pohmer, L.Angew. Chenil955 67, 348
Wittig, G.; Pohmer, LChem. Ber1956 89, 1334
Wittig, G. Pure Appl. Cheml963 7, 173

\
F

Ph (COOH)

Ph Li COOH (Ph)

S

Huisgen, R.; Rist, HNaturwiss.1954 41, 358
Huisgen, R.; Rist, HAnn. Chem1955 594, 137
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Huisgen, R.; Knorr, RTetrahedron Lett1963 1017
Levine, R.; Leake, W.WSciencel 955 121, 780
Mdller, E.; Roscheisen, @hem. Ztg1956 80, 101

Cl R
RNa

_— R =amy

Morton, A.A.; Davidson, J.B.; Hakan, B.ll. Am. Chem. So0&.942 64, 2242
Morton, A.A. J. Org. Chem1956 21, 593

Heaney, H.; Mann, F.G.; Millar, 1.T. Chem. Sod.957, 3930
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Nam, H.H.; Leroi, G.EJ. Am. Chem. S04.988 110 4096 (first observation of 3,4-pyridyne)

Betaines (phosphonium betaines)

Reviews:

Wittig, G. Pure Appl. Cheml964 9, 245
Vedejs, ESciencel98Q 207, 42

Wittig, G. Sciencel98Q 210, 600

+
Br + nBuLi PPhs
~_ + PPy ——> ~_ P Br | —— ~_"
- nBuH -
- LiBr ylide
_ L .
0 -0 PPh ;
+ h 3 pnL o) PPhs {BUOH
\/PP o+ - > - Lt ————»
— R H - PhH - LiOtBu
R R - O=PPh

betaine
Wittig, G.; Schollkopf, U.Chem. Ber1954 87, 1318
Wittig, G.; Haag, WChem. Ber1955 88, 1654
Wittig, G.; Pommer, H. DE 32741 BASF (1954)

Biradicals
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Reviews:

Kuivila, H.G. Acc. Chem. Red.968 1, 299 (organotin hydrides and organic free radicals)

Borden, W.T. (ed.piradicals, Wiley: New York, 1982

Platz, M.S. (ed.Kinetics and Spectroscopy of Carbenes and Biradi¢denum Press: New York, 1990

CramerJ. Chem. Soc. Perkin Trans.1998 1007 (biradicals - Paul Dowd)
Arnold, B.R.; Bucher, G.; Netto-Ferreira, J.C.; Platz, M.S.; ScaianoBra&tlicals, Radicals in Excited States, Carbenes, and Related Species

Springer-Verlag: Weinheim, 1998
Sander, WAcc. Chem. Re4.999 32, 669 (m-benzyne and p-benzyne)

Thiele hydrocarbon (biradical)

Ph Ph Ph Ph

N> d N e N =
. \

Ph Ph Ph Ph

Thiele, J.; Balhorn, HChem. Ber1904 37, 1463

Chichibabin hydrocarbon (biradical)
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r
Ph Ph
Ph Ph

Chichibabin, A.EZh. Russ. Fiz.-Khim., Obshchesth@07 39, 925
Chichibabin, A.EChem. Ber1907 40, 1810

Schlenk-Brauns hydrocarbon (biradical)

Na or K
- NaCI or
KCI
l
Ph Ph
a or K
- NaCI
- KCI

Schlenk, W.; Brauns, MChem. Ber1915 48, 661; 716




Muller hydrocarbon (biradical)

Cl Cl
Ph Ph
Sl
Ph Ph
Cl Cl

Mduller, E.; Neuhoff, HChem. Ber1939 72, 2063
Miuller, E.; Tietze, ENaturwiss.194Q 28, 189
Miuller, E.; Tietze, EChem. Ber1941, 74, 807

2 PhCOCI 0 o
AICI3
Cl
i 2 PhLi
Fe

Ph Ph
C Cl < Ho OH
Ph Ph

Ph

or AgCl

Ph Ph

Ph Ph

- CuCl l Cu or Ag

21
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Muller, E.; Pfanz, HChem. Ber1941, 74, 1051

Wittig, G.; von Lupin, FChem. Ber1928§ 61B, 1627

Wittig, G.; Leo, M.Chem. Ber1929 62B, 1405

Schonberg, A.; von Vargha, Chem. Ber1931, 64B, 1390
Wittig, G.; Leo, M.Chem. Ber1931, 64B, 2395

Schonberg, A.; Cernik, D.; Urban, \§hem. Ber1931, 64B, 2577
Schonberg, AChem. Ber1934 67B, 1404

Dufraisse, CChem. Ber1934 67B, 2018

Schonberg, AChem. Ber1935 68B, 162

Schonberg, AAnn. Chem1935 518 299

Ph Ph

paramagnetism of biradicals:

Miuller, E.Z. Elektrochem1934 40, 542

Miller, E.; Klemm, W.; Schuth, WNaturwiss.1934 22, 335
Mdller, E.; Miller-Rodloff, .,Ann. Chem1935 517, 134
Mdller, E.; Miller-Rodloff, .Chem. Ber1935 68B, 1276
Muller, E.; Muller-Rodloff, . Ann. Chem1936 521, 81
Mdiller, E.; Bunge, WChem. Ber1936 69, 2164, 2168
Miller, E. Naturwiss.1937, 25, 545

Mdller, E.; Dammerau, Chem. Ber1937, 70B, 2561
Mdller, E.; Sok, GChem. Ber1937 70B, 1990
Clar, E.Chem. Ber1935 68B, 2066

Schonberg, ATrans. Faraday Sod 936 32, 514
Allen, F.L.; Sugden, Sl. Chem. Sod.936 440
Dufraisse, CJ. Am. Chem. S04936 58, 858
Huckel, E.Z. Physik. Chenll936 B34, 339

Ph — Ph Ph Ph
O~~~ — 2~~~
\ / \ Ph Ph



— Nt CO

Norrish Type |
7 /\ + CH,=CH, + CC

0 0
hv “ H, abstraction 20
SNN\FA C
a cleavage ]
H abstraction

———» /\/\/CHO
—
Norrish Type I
R> R> *3 R2
0O 0 Hy abstraction OH
hv
—  ——
R R1 R1 "

Bamford, C.H.; Norrish, R.G.W.. Chem. Sod.935 1504
Norrish, R.G.W.; Bamford, C.HNature1936 138 1016
Norrish, R.G.W.; Bamford, C.HNature1937 140, 195
Norrish, R.G.WTrans. Faraday Socl937, 33, 1521

Bawn, C.E.H.; Hunter, R.Hrans. Faraday Saocl1938 34, 608
Fuson, R.C.; Lundquist, W.H. Am. Chem. So4938 60, 1889
Enderlin, L.Ann. Chim. Physl938 10, 5

Bawn, C.E.H.; Milsted, Jirans. Faraday Sacl939 35, 889

[ cleavage /K

B
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- CO
N——N

Dowd, P.J. Am. Chem. S04.966 88, 2587 (first observatlon of biradicals by ESR)

R3
R, / R, R3 R
ROH
| — —
R, \ R,
R4

Bergman, R.G.; Jones, R.R.,Am. Chem. S0d.972 94, 660 (Bergmann cyclization)

CH» u CH, =

Pagni, R.; Burnett, M.N.; Dodd, J.R.Am. Chem. Sod.977, 99, 1972

"0 CH,



Rule, M.; Matlin, A.R.; Dougherty, D.A.; Hilinski, E.; Berson, JAAmM. Chem. S0od.979 101, 5098
*3
0

0] @]
hv CH2=CH2 \ |
— —_— " " >

Freilich, S.F.; Peters, K.3. Am. Chem. S04.981, 103 6255;1985 107, 3819 (evidence for biradical in Paterno-Buichi reaction)

Bridged carbocations (see halonium ions, non-classical ions, and phenonium ions)

7
A

Nevell, T.P.; de Salas, E.; Wilson, Cl..Chem. Sod. 939 1188 (first suggestion)

Carbanions

R;——C—Rg3

R2

Reviews:

Szwarc, M. (ed.LCarbanions: living polymers and electron transfer proceséaey: New York, 1968

Kaiser, E.M.; Slocum, D.W. i@rganic Reactive Intermediatg$.P. McManus, ed.) Academic Press: New York, 1973, p. 337
Hogen-Esch, T.EAdv. Phys. Org. Cher 977, 15, 154

Stowell, J.CCarbanions in Organic Synthesi/iley: New York, 1979

Buncel, E.; Durst, T. (edsQomprehensive Carbanion Chemistry, Part A: structure and reactislggvier: Amsterdam, 1980
Gau, G.; Assadourian, L.; Veracini, ¥og. Phys. Org. Cheml.987, 16, 237

Nibbering, N.M.M.Adv. Phys. Org. Cherd.988 24, 1

25



26

Harder, SChem. Eur. J2002 8, 3229
l'~‘|Buncel, E.; Dust, J.MCarbanion Chemistry: structures and mechanisthdord University Press: Oxford, 2003

stabilities of carbanions:

Breslow, R.; Balasubramanian, K.Am. Chem. Sod.969 91, 5182 (thermodynamic stabilities of cations and anions via electrochemical oxidations)
Breslow, R.; Chu, WJ. Am. Chem. Sod97Q 92, 2165 (thermodynamic stabilities of cations and anions via electrochemical oxidations)

Breslow, R.; Chu, WJ. Am. Chem. Sod973 95, 411 (thermodynamic stabilities of cations and anions via electrochemical oxidations)

Breslow, R.; Mazur, MJ. Am. Chem. S04.973 95, 584 (thermodynamic stabilities of cations and anions via electrochemical oxidations)
Breslow, R.; Drury, R.FJ. Am. Chem. S0@.974 96, 4702 (thermodynamic stabilities of cations and anions via electrochemical oxidations)
Breslow, R.Pure Appl. Chenl974 40, 493 (thermodynamic stabilities of cations and anions via electrochemical oxidations)

Wasielewski, M.R.; Breslow, R. Am. Chem. Sod.976 98, 4222 (thermodynamic stabilities of cations and anions via electrochemical oxidations)
Breslow, R.; Goodin, Rl. Am. Chem. S0&.976 98, 6077 (thermodynamic stabilities of cations and anions via electrochemical oxidations)

Bank, S.; Ehrlich, C.L.; Zubieta, J.A.Org. Chem1979 44, 1454 (trityl carbanions)

Bank, S.; Ehrlich, C.L.; Mazur, M.; Zubieta, J.A.Org. Chem1981, 46, 1243 (trityl carbanions)

organomagnesium compounds

Hallwachs, W.; Schafarik, Ann. Chem1859 109 206
Cahours, AAnn. Chem1859 114, 227

Grignard, V.Ann. Chim. Physl901, 24, 433

Zincke, T.; Suhl, R.SChem. Ber1907, 39, 4148
Fromberz, K.; Meigen, WChem. Ber1907, 40, 403
Schiff, H.Ann. Chem1907, 352 73

Ph Ph

+ +
> NMe, NMe,

Ph Ph H H
Schlenk, WAnn. Chem191Q 372 1

Wren, H.J. Chem. Sod.91Q 95, 1583

Wren, H.J. Chem. Sod.91Q 95, 1593
Tarbouriech, P.Xompt. Rendl91Q 149 862
Freylon, GAnn. Chim. Physl91Q 19, 551



Mitchell, A.D.; Thorpe, J.FProc. Chem. S0d.911], 26, 248
Mitchell, A.D.; Thorpe, J.FProc. Chem. S0d.911], 26, 2261
Dieckmann, WChem. Ber1911], 44, 981

Busch, M.; Limpach, OChem. Ber1911, 44, 1573
Locquin, R.Compt. Rendl911, 153 284

Curtius, T.Chem. Ztg1912 35, 249

Tarbouriech, P.Xompt. Rendl913 156, 75

Wislicenus, W.; Elvert, H.R.; Kurtz, Ehem. Ber1914 46, 3395
Curtius, T.J. Prakt. Chem1914 87, 513

Heiduschka, A.; Langkammerer, Bl. Prakt. Chem1914 88, 425
Hiller, S.J. Prakt. Chem1914 88, 731

Busch, M.; Lotz, HJ. Prakt. Chem1914 90, 257

Brady, O.L.; Dunn, F.Rl. Chem. Sod. 914 105 2409; 2872
Brady, O.L.; Dunn, F.FProc. Chem. S0d.914 30, 240; 292
Raffo, M.; Rossi, GGazz. Chim. [tal1915 45, 28

von Meyer, FJ. Prakt. Chem1915 92, 255

Chattaway, F.D.; Clemo, G.R. Chem. Sod 916 109 89
Poccianti, PAtti Accad. Linceil915 24, 1135

Poccianti, PGazz. Chim. Ital1915 45, 111

Brady, O.L.; Dunn, F.Rl. Chem. Sod 916 109 650
Andreasch, RMonatsch. Chenil917, 38, 203

organolithium compounds

Schlenk, W.; Holtz, Chem. Ber1917, 50, 271

Andreasch, RJ. Chem. Sod 91§ 114 80

Conant, J.B.; Wheland, G.W. Am. Chem. S0d.932 54, 1212 (stabilities of carbanions from hydrocarbon acidities)

Carbanions via Elcb (elimination unimolecular carbanion) mechanism
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+ +

NMez + H,O0 —» NMe3 +
Ar/\/ Y — Ar/\/ + H3O

+
NMeg
N N — X+ NMe

Ar = p-NOz'C6H4

Hughes, E.D.; Ingold, C.Kl. Chem. Sod.933 523
Hughes, E.D.; Ingold, C.K.; Patel, CB5.Chem. Sod 933 526

Carbenes or methylenes (general)

Reviews:

Huisgen, RAngew. Chenil955 67, 439
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Moss, R.A.Acc. Chem. Red4.98Q 13, 58

l'~‘|Griller, D.; Nazran, A.S.; Scaiano, J&cc. Chem. Red4.984 17, 283

Platz, M.S. (ed.Kinetics and Spectroscopy of Carbenes and Biradi¢dénum Press: New York, 1990

Tomioka, H.Res. Chem. Intermediat&994 20, 605

Liu, M.T.H. Acc. Chem. Red.994 27, 287

Regitz, M.Angew. Chem. Int. EA.996 35, 725

Zaragoza, FTetrahedron1997, 53, 3425

Tomioka, H.Acc. Chem. Red4.997 30, 315

Tomioka, H.Bull. Chem. Soc. Jph998§ 71, 1501
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JA . CH,
CH2|2 —_— : CH2 —_— CHZZCHz
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Nef, J.U.Ann. Chem1897, 298 202 (general methylene theory)



30

(e
N |
hv or A hv or A C
S /\ -
Ry R, -N, Rz -CO
Ry R,

Staudinger, H.; Kupfer, @Chem. Ber1911, 44, 2197
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Skell, P.S.; Garner, A.YJ. Am. Chem. S04.956 78, 3409 (connection between multiplicity of carbene and stereochemistry of cyclopropane trappe

product)
Skell, P.S.; Garner, A.YJ. Am. Chem. S04.956 78, 5430 (connection between multiplicity of carbene and stereochemistry of cyclopropane trappe

product)
0

SO SR oo
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Ph Ph
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R R R R R R
[ | | |
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Arduengo, A.J. lllAcc. Chem. Red4.999 32, 913 (stable carbenes)
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KOtBu
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Carbene (Bertrand)

Reviews:
Bertrand, GChem. Rev200Q 100 39 (stable carbenes)
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Olah, G.A.; Kuhn, S.J.; Tolgyesi, W.S.; Baker, EIBAmM. Chem. S0.962 84, 2733
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H » R;C" FSQ + H,

R
| FSOH-SbF;

R
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Carbynes

R—C
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hv [
Hg+2 | _ e Hg + 2 NZ + 2 EtOOC_.C.

2
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2,4- and 2,5-Cyclohexadienones

0
R )
H R.- I |
) H
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O - Na+ o

+ Br — 5 —
AN NaBr
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2,4- and 2,5-Cyclohexadienimines
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N
R, N
S ZARN Ry
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NH,
F F
2 tBuOCI
- 2tBuOH
F F
R

R = Me, MeO, nBu
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tBu




46

Doepp, D.; Krueger, C.; Makedakis, G.; Nour-el-Din, AGhem. Ber1985 118 510

Cyclopropenyl cations

Ry R1 Ry
+
~— /. ~— /\ —>
+
Ro R3 R> R3 R> R3
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Ph OtBu
BUOH
| - o
Ph
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Ph Ph

H20 HBF,

— BF,

Ph Ph Ph
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Dications

Reviews
Nenajdenko, V.G.; Shevchenko, N.E.; Balenkova, E.S.; AlabuginChém. Rev2003 103 229
(i) Benzidine rearrangement

+ +
NH—NH NH,-NH, —>
H
+ + -2H+
HoN NH, = HoN
H

Hofmann, A.W.Proc. Roy. Soc. Londdh863 12, 576
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Nz

(i) Dications synthesized in magic acid
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H
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-2CO -H,0 N N \
Rs (CO)5Co Co(CO)3 (CO)5Co Co(CO)3 (CO)3Co Co(CO)3 R3

Nicholas, K.M.; Pettit, RTetrahedron Lett1971, 37, 3475
Nicholas, K.M.; Pettit, RJ. Organometallic Chenl972 44, C21
Connor, R.E.; Nicholas, K.Ml. Organometallic Chenl.977, 125 C45

Nitrenes

R—N R——N ¥
- - .

singlet triplet
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Kirmse, W.Angew. Chenil959 71, 540

Horner, L.; Christmann, AAngew. Cheml 963 75, 707

Abramovitch, R.A.; Davis, B.AChem. Rev1964 64, 149

Lwowski, W.Angew. Chem. Int. EA.967, 6, 897

Gilcrist, T.L.; Rees, C.WCarbenes, Nitrenes, and Arynégpleton-Century Crofts: New York, 1969
Lwowski, W. (ed.)Nitrenes Wiley: New York, 1970

Abramovitch, R.AChem. Soc. Spec. Puil97Q 24, 323
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Abramovitch, R.A. inOrganic Reactive Intermediatg$.P. McManus, ed.) Academic Press: New York, 1973, p. 127
Tomioka, H.Bull. Chem. Soc. Jph998§ 71, 1501

Gritsan, N.P.; Platz, M.&\dv. Phys. Org. Cher2001, 36, 255

0] 0] o
R R'OH
P — o N\ ,
R NH -HBr R N N——=C=o0 N oR
0

. )j\NH/O\H/RZ + H,O —— R;NH, + CQ + R,COOF
1

¢}
Lossen, W.Ann. Chem1872 161, 347 (Lossen rearrangement)
Tiemann, FChem. Ber1891], 24, 4162 (first proposed as transients in Lossen rearrangement)
Lengfeld, F.; Stieglitz, JAm. Chem. J1893 15, 215
Stieglitz, JAm. Chem. J1896 18, 751
Stieglitz, JAm. Chem. J1903 29, 49

H Ph

N ——>  PhyC—N > ) =N
phac” x - HX " \

Ph Ph

Morgan, A.F.J. Am. Chem. Sod916 38, 2095
Vosburgh, I1.J. Am. Chem. S0d.916 38, 2081
Stagner, B.AJ. Am. Chem. S04.916 38, 2069
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Curtius, T.; Schmidt, FChem. Ber1922 55, 1571
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Taylor, T.W.J.; Owen, J.S.; Whittaker, D.Chem. Sod.938 206

Dinitrenes

E N X—N "

] | |
quintet
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Nimura, S.; Yabe, A. iMagnetic Properties of Organic Material@.M. Lahti, ed.) Marcel Dekker: New York, 1999, Chapter 7, p. 127

wd N\ NS_;N;.Pf‘QZ.NH.N@N

Trozzolo, A.M.; Murray, R.W.; Smolinsky, G.; Yager, W.A.; Wassermad, Bm. Chem. S04.963 85, 2526

N3 N
hv - Z en
2N
- 2 - = CN
N3 N N

Hall, J.H.J. Am. Chem. S04 965 87, 1147
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] |
N3 N3 "N N®
hv - ..

s

2N,

Wasserman, E.; Murray, R.W.; Yager, W.A.; Trozzolo, A.M.; Smolinskyl.@m. Chem. S04.967, 89, 5076 (first quintet nitrene observed)

Chapyshev, S.V.; Tomioka, Bull. Chem. Soc. J@»003 76, 2075

Trinitrenes
N ]
"N X——N *®
] n
septet
Reviews:
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| | | |
N3 N = n
NC CN NC CN NC CN
hv
e —
77 K -2N, . .
N3 N3 - Ny N3 N3 BN N =
CN CN CN

Wasserman, E.; Schueller, K.; Yager, W@&hem. Phys. LetlLl968 2, 259
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n u n
N3 N ® N® N®
hv hv hv
—> ~ N —» HCN + NC-N=C=N-CI
- I\|2 B N2 n T2 n =
N3 N3 N3 Ng "N N3 "N NE

3

Sato, T.; Narazaki, A.; Kawaguchi, Y.; Niino, H.; Bucher A&gew. Chem. Int. ER003 42, 5206
Sato, T.; Narazaki, A.; Kawaguchi, Y.; Niino, H.; Bucher, G.; Grote, D.; Wolff, J.J.; Wenk, H.H.; SanderJWARV. Chem. So2004 126
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Nitrenium lons

N
RN
R, *t Ry
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OH + OH, Ph

H N H,0
2
N N N :
~ > ~ T T ~ — N+ ——» PhC=0 + Ph-NHF
prsc” " " R Prac” " " R -H0  Phc” -+ R thc/ R &
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>

+
H,O
N — N — N+ —— Ph,C=0 + Ph-NHF
phec” ** R -CF Phac” =+ R Proc” R

Stieglitz, J.; Leech, P.NChem. Ber1913 46, 2147
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Aéw NaOCI g MeOH
e — > e 4 —_—

N -Cr
c

MeO
Gassman, P.G.; Fox, B.Chem. Commurl964G 153

Gassman, P.G.; Fox, B.. Am. Chem. Sod967 89, 338

MeOH
o te T
\CI *
CI\
cl N



109
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2 I
— SO —>»
_|2
-SQ,?
Y Y
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N SO3- N+ i\l
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—
- SO,

Ph Ph Ph

Novak, M.; Kahley, M.J.; Eiger, E.; Helmick, J.S.; Peters, H.Am. Chem. S04.993 115 9453
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Nitrilium lons

+
Ri—N=—C—R;
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Hegarty, A.FAcc. Chem. Red.98Q 13, 448

OH (|)H TZ
~ o o) o) OH
N P,O5 NN N+ o\I/o\ P
| = | I — e
0 0 II I
R1 R2 Ry R, o) o
R1
R
2\,|\| RZ\N o
)\ OH - J\ - )’L -Ro
R O\F|)/O\P¢O - PG5 Re OH Ry NH

II I
0 ¢}
Beckmann, E.Chem. Ber 1886 19, 988 (Beckmann rearrangement)
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O——N——-"20
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Olah, G.A.; Narang, S.C.; Olah, J.A.; LammertsmaR#0c. Natl. Acad. Sci. USRA982 79, 4487
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. N—0
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Ridd, J.H.Adv. Phys. Org. Cherdh978 16, 1

Olah, G.A.Acc. Chem. Re4.98Q 13, 330
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Non-classical ions (hypercoordinate carbocations, sigma-bridged cations)

BsO — éb e@«—’
1 _OBs |.

H [1,2-H]
;Jr i

A
[1,6-H]
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Winstein, S.Quart. Rev. (Londonl 969 23, 1411

Bartlett, P.D.Non-classical lons: reprints and commentary.A. Benjamin, Inc.: New York, 1965
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[116_H]
— ; —>
OBs -OBs k -~ ~
1 +
I
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Winstein, S.; Morse, B.K.; Grunwald, E.; Jones, H.W.; Corse, J.; Trifan, D.; MarshallAskh. Chem. So&952 74, 1127
Winstein, S.; Trifan, DJ. Am. Chem. So&.952 74, 1147; 1154

Olah, G.A.; White, A.M.J. Am. Chem. S04.969 91, 3954; 3958; 5801

+
I}CHZ

Roberts, J.D.; Mazur, R.H. Am. Chem. Sod951, 73, 3542
Brown, H.C.Sciencel946 103 385

Brown, H.C.; Fletcher, R.9. Am. Chem. Sod949 71, 1845
Brown, H.C.; Berneis, H.LJ. Am. Chem. Sod953 75, 10

Bu tBu tBu

tBu Cl > B e =

-CrI tBu” * ~—— {Bu
/\

Bartlett, P.D.J. Chem. Educl953 30, 22
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- OTS (;\/j “

Heck, R.; Prelog, VHelv. Chim. Actdl955 38, 1541

Oxenium ions

R O+
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Dimroth, K. Top. Current Chenml 985 129, 99

AICl3 |
/
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ocl + AlCl; === o\ _ o A,
. |

Martin, D.; Weise, A.; Becker, £hem. Ber1964G 99, 1266
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On O+ @] )\ Ry
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R1 tBu R3 R1 tBu R3 R4 N// ') R3
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+ N=C:< — + N=—C — — />_<
R4 R4 R2 N R4
R2 R2 R2
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N+—O NO, — R S — > ——OMe +
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BF,
| O+ O | OH

O,N

Abramovitch, R.A.; Inbasekaran, M.; Kato, 5Am. Chem. Sod973 95, 5428
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—_—
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RO ——» RO + 26

Bursey, M.M.; Hass, J.R.; Harvan, D.J.; Parker, G.Am. Chem. So@979 101, 5489
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== —>
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l'~'|Deslongchamps, P.; Rowan, D.D.; PothierHeterocycles 981, 15, 1093
l'~'|Deslongchamps, P.; Rowan, D.D.; Pothier(sn. J. Cheml1981, 59, 2787
O O- A|C|3
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/ ACl,

N—0 —> N+ phd

o @)
Uto, K.; Miyazawa, E.; Ito, K.; Sakamoto, T.; Kikugawa,Ffeterocycles1998 48, 2593

OH 0) O]
tBu tBu Br, tBu tBu CH3CN tBu tBu tBu
KBr H,0
tBu R tBu tBu

Hegarty, A.F.; Keogh, J.B. Chem. Soc. Perkin Trans2D01, 758
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== <> — N3
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Novak, M.; Glover, S.AJ. Am. Chem. So2004 126, 7748

Oxirene

R1 Ry

Reviews:
Hopkinson, A.C.; Lien, M.; Yates, K.; Csizmadia, 1/80g. Theor. Org. Chenl.977, 2, 230
Lewars, E.GChem. Rev1983 83, 519

O]

CrG;
—= = A

Berthelot, M.Bull. Soc. Chim. Fr187Q 14, 113 (first claim; proven false)
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Madelung, W.; Oberwegner, M.Bnn. Chem1931], 490, 201 (second claim; proven false)
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nBu nBu

Schubach, H.; Franzen, ¥nn. Chem1952 557, 60 (third claim; proven false)

0 0 o)
J\H/Rz hv or A )k/Rz A
Ry T R1 e — > R R,

N2

McDonald, R.N.; Schwab, P.A. Am. Chem. S04.964 86, 4866
Stille, J.K.; Whitehurst, D.DJ. Am. Chem. So4.964 86, 4871
Barnes, M.F.; MacMillan, dl. Chem. Soc. @967 361

\ hv . .
/c*=c=o \—c* o > Me,C*. + CO + MgC. + C*C

l'“‘|Csizmadia, I.G.; Font, J.; Strausz, JOAm. Chem. Sod968 90, 7360
Clark, D.T.Theor. Chim. Actd 969 15, 225
Thornton, D.E.; Gosavi, R.K.; Strausz, DAm. Chem. Sod97Q 92, 1768
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Zeller, K.P.; Meier, H.; Kolshorn, H.; Mueller, Ehem. Ber1972 105 1875
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Tanaka, K.; Yoshimine, Ml. Am. Chem. So4.98Q 102 7635 (ab initio calculations at 4-31G)
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l'~‘|Hop, C.E.C.A.; Holmes, J.L.; Terlouw, J.K.Am. Chem. S04.989 111, 441
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\
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deltate squarate croconate rhodizonate

Reviews:

West, R Aldrichimica Actal968 1, 3

West, R.; Niu, J. ir€hemistry of the Carbonyl Grouf]. Zabicky, ed.) Interscience: New York, 1970, Vol. 2, p. 241 - 275
West, Rlsr. J. Chem198Q 20, 300

West, R. (ed.pxocarbonsAcademic Press: New York, 1980
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HO OH KOMe
MeOH
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HO OH
(@]

West, R.; Niu, H.YJ. Am. Chem. Sod962 84, 1324

CnOn'M

West, R.; Powell, D.LJ. Am. Chem. S04.963 85, 2577
Ito, M.; West, RJ. Am. Chem. S04.963 85, 2580 (squarate, croconate)

Patton, E.; West, R.. Phys. Chenil97Q 74, 2512 (rhodizonate)
West, R.; Eggerding, D.; Perkins, J.; Handy, D.; Tuazon, E.&m. Chem. Sod.979 101, 1710 (deltate)
Oxonium ions
Ry
0 +
PN
R, R3
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Perst, HOxonium lons in Organic Chemistryerlag Chemie: Weinheim, 1971
Perst, H. inCarbonium lons(G. Olah, P.v.R. Schleyer, eds.) Wiley: New York, 1976, Vol. 5, p. 1961

(i) Acetoxonium ions
Reviews:
None.
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0 0 o\f/o 0 0

Winstein, S.: Hess, H.V.: Buckles, R.E.Am. Chem. Sod.942 64 2796
Winstein, S.; Buckles, R.B. Am. Chem. Sod942 64, 2780; 27871943 65, 613

(i) Flavinium salts
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Blackburn, M.; Sankey, G.B.; Robertson, A.; Whalley, WIBChem. Sod 957 1573
Dudley, K.H.; Ehrenberg, A.; Hemmerich, P.; MuellerHelv. Chim. Actal964 47, 1354
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(iif) Flavylium salts
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Jurd, L.Recent Adv. Phytoched®72 5, 135

lacobucci, G.A.; Sweeny, J.Getrahedron1983 39, 3005
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HO o =, H OH cyanidin
cr 2 OH OH delphinidin
- OMe OMe enidin (malvidin, syringidi
OH
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Pratt, D.D.; Robinson, R.; Williams, P.Bl.Chem. Sod.924 125 199
Robertson, A.; Robinson, B. Chem. Sod.926 1713

Robertson, A.; Robinson, B. Chem. Sod.927 242; 1710
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(iv) Meerwein salts
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||5t Me
+ - +
0o X o) X" X = BF,, SbC, AuCl,, Bi,l,, Hgls, picrate
e e e e 1/2 'SnGj, 1/2 PtCk
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O
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NO,
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e /Me OH
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+
Br

Winstein, S.; Ingraham, L.LJ. Am. Chem. S0d.952 74, 1160
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Collie, J.N.: Tickle, TJ. Chem. Soc. Tran$899 75, 710
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Praill, P.F.G.; Whitear, A.LJ. Chem. Sod 961 3573
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+ —N> | ——Ph
N HCI N/

Haworth, J.W.; Heilbron, I.M.; Hey, D.H. Chem. Sod.94Q 349
Hey, D.H.; Stirling, C.J.M.; Williams, G.Hl. Chem. Sod.955 3963

R-H
Ar N=——N——NMe, —Nr Arm + MeN® —— Ar-R + MgNH
- N2

Elks, J.; Hey, D.HJ. Chem. S0d. 943 441



Hardie, R.L.; Thomson, R.H. Chem. Sod. 958 1286

l'~‘|Basterfield, S.; Dyck, A.Xlan. J. Res1942 20B, 240
Tiffeneau, M.; Tchoubar, B.; Le Tellier, Sompt. Rendl943 217, 588
Huisgen, R.; Horeld, GAnn. Chem1949 562 137
Szwarc, M.; Williams, DJ. Chem. Physl952 20, 1171
Jacquiss, M.T.; Szwarc, NNature1952 170, 312
l'~'|Ingold, K.U.; Lossing, F.RCan. J. Chem1953 31, 30
[PhACOO}Pb —» 4 Ph® + 4CO + P
Phes + Ar-H — Ph-Ar + H=
Hey, D.H. Stirling, C.J.M.; Williams, G.Hl. Chem. Sod.954 2747

Ph NHPh Ph NHPh Ph
/ LiAIH 4 /  H,0,
——N B —— NH R
Ph Ph Ph
decalin
// major
N
/ Ph,CH,
Ph » Ph-H + PHCH-CHPh,

major
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Cohen, S.G.; Wang, C.H. Am. Chem. Sod.955 77, 3628
PnPb + AgN@Q —— Ph® + Ag + P{PbNG;

OH

Phs + EtOH —» Ph-H +)_\
H

2 Phm ——» Ph-Ph
Spice, J.E.; Twist, WJ. Chem. Sod.956 3319

O(CO)Ph o
Ar-H
Ph—I| e = ——5 PhCOOAr + H
-Phl  pp om
O(CO)Ph
l -CQ
Ar-H

Phs ——» Ph-Ar + Hs

Hey, D.H.; Stirling, C.J.M.; Williams, G.Hl.. Chem. Sod. 95§ 1475

AgzO

PhNHNH, » Ph N——N H » Phes + H __5 pp-H
- H,O - N,
-2Ag i \A\r-H

Ph-Ph Ph-Ar + H=
Hardie, R.L.; Thomson, R.H. Chem. Sod. 957 2512



o)
| e
C

Ph » Ph N—N® + B§C Ph

l CH,OH

(lT

Ph——N=——NH + CH30——C—Ph

l-Nz

Ph-H -—— Phs + Hs=

Cohen, S.G.; Nicholson, J. Am. Chem. S04.964 86, 3892
Cohen, S.G.; Nicholson, J.Org. Chem1965 30, 1162

Porter, G.; Ward, BProc. Roy. Soc. London965 287, 457 (UV spectrum in gas phase)

Cercek, B.; Kongshaug, M. Phys. Chenll97Q 74, 4319 (UV spectrum in aqueous solution)
Ikeda, N.; Nakashima, N.; Yoshihara, K. Am. Chem. S04.985 97, 3381 (UV spectrum in gas phase)

OH OH
tBu tBu tBu tBu
hv
—> + Brs
| |
Br

149
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OH OH OH om
tBu tBu tBu tBu tBu tBu tBu tBu
+ > +
|
Br Br
Lappin, G.R.; Zannucci, J.$etrahedron Lett1969 5085
308 nm
Ph-N=O0 —— Ph= +=8 N=(
Ar 12 K

Engbert, J.M.; Dick, BAppl. Phys. BL996§ 63, 531
Engbert, J.M.; Slenczka, A.; Kensy, U.; Dick,BPhys. Chenil996 100, 11883

(iv) Benzoyl radical

: /o
Reviews (acyl or acetyl radicals):
Vinogradov, M.G.; Nikishin, G.lUsp. Khim.1971, 40, 1960

Caronna, T.; Minisci, FRev. Reactive Species in Chemical Reactl®@¥gj 1, 263
Boger, D.L.Isr. J. Chem1997, 37, 9349
Chatgilialoglu, C.; Crich, D.; Komatsu, M.; Ryu,Ghem. Rev1999 99, 1991



o o}

2 )}\ +Zn—>2J.+ZnC§

Ph Cl Ph

) 0 o)
Ph o) Ph

Ph
Norris, J.F.; Franklin, D.RAm. Chem. J1903 29, 141 (suggestion)

O

I -
" + Ph=®
‘_

Ph Ph Ph

) - )th
)
2 Ph® —5 Ph-Pr
Glazebrook, H.H.; Pearson, T.G6.Chem. Sod 939 589
Ph Ph

@)
J . o+ N= N/ - N N/
/ /

Ph Ph O

Ph
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Kharasch, M.S.; Zimmerman, M.; Zimmt, W.; Nudenberg,JMOrg. Chem1953 18, 1045

(0] O
| .
« + Ph-CHO —> PN
Ph Ph (@] Ph
O
[ ] + N —_ N%
Ph —_— _
Ph

Kharasch, M.S.; Schwartz, D.; Zimmerman, M.; Nudenberg]).\@rg. Chem1953 18, 1051

)J\ |

N ph A

Ph N —'ZJ'
-N2  pp

o)

Mackay, D.; Marx, U.F.; Waters, W.A. Chem. Sod 964 4793

(0] (0]
hv
— "
/@)‘\Br -Brn= /@)
R R

R =H, CI, OMe

Schmidt, U.; Kabitzke, K.H.; Markau, Kkngew. Chenml 965 77, 378
Schmidt, U.; Kabitzke, K.H.; Markau, Konatsh. Chenil 966 97, 1000
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tBuO (0]
o Sowy — 2CO + 2tBuOs

O

tBuO® + Ph-CHO—» tBuOH + Ph-C=0
(@]

Ph-C=0 + R-N=O—» Ph)J\N/ i

On
Mackor, A.; Wajer, T.A.J.W.; de Boer, T.Detrahedron1968 24, 1623
Krusic, P.J.; Rettig, T.Al. Am. Chem. Sod97Q 92, 724 (ESR)

e [ ]
|2< 21

]
Ph-CHO + 1= —> Ph-C=0 + HI
. Ph
Ph-C=0 + } = /c=o + |
|

Solly, R.K.; Benson, S.Wl. Am. Chem. S0d.971], 93, 1592

O]

Ph hv

o
| Ph
Ph —> "t
Ph
OR

OR
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Ledwith, A.; Russell, P.J.; Sutcliffe, L.d. Chem. Soc. Perkin Trans.120972 1925

l"‘|Simoes., J.A.M.; Griller, DChem. Phys. Letl.989 158 175 (photoacoustic calorimetry of benzoyl radical)

(v) Acyl radical

0
J )
R
Reviews:
Vinogradov, M.G.; Nikishin, G.lUsp. Khim.1971, 40, 1960

Caronna, T.; Minisci, FRev. Reactive Species in Chemical Reactl®¥3 1, 263
Chatgilialoglu, C.; Crich, D.; Komatsu, M.; Ryu,Ghem. Rev1999 99, 1991

hv
(COClp —— 2 = COCI
10
hv
(COClp — = COCOCI + CIn
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(s COCl —» CO + Cln
" COCOCl —» 2 CO + Cls
22 RH+Cl"—» R + HCI

R= + (COChH — RCOCI +m= COC

" COCIl — CO + Cin

Kharasch, M.S.; Brown, H.Q. Am. Chem. So4942 64, 329
Kharasch, M.S.; Kane, S.S.; Brown, HICAm. Chem. So4.942 64, 1621

hv .
(CH3)2C:O —_— .CH3 + Cl‘b'C:O
|
CHy-C=0 —» CO +* CH

CH3-(.3=O + O, —» CH,COO0" + o= ?
. CHs
CH; + (CH;),C=0 —» CH, + %o
= CH,
CHs ]
0 + O, — CH3COOH + H-C=(
= CH,

n
sCH; + Q —» H-C=O + HO
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]
H-C=O —» CO + H=

H-C=0 + Q —» CO, + OHs=

He+ Q — HOOS=

Marcotte, F.B.; Noyes, W.A. J§. Am. Chem. S04.952 74, 783
tBu-O-O-tBu —» 2 tBuO™®

tBuO® —— CHi=+ (CH;),C=0

CHz" + CO = CHg-C=0

tBuOs + CO —— tBu® + CGQ

Porter, G.B.; Benson, S.W. Am. Chem. So&953 75, 2773
O 0] @)

\ J —, 2\,

/ \

N——N
- N2

Cramer, RJ. Am. Chem. Sod957 79, 6215

" k
RCHO —» RCO ——» CO + Rm
_Hl

K, l ccl, H N

RCOCI + = CC RH RCI



Applequist, D.E.; Kaplan, L. Am. Chem. S04.965 87, 2194

NBuSn-H — nBugSne +  Ha

0]

0
/k + nBSne —> J. + nBuSn-X
R X R
0

o]

).+H._’)l\

R R H
0
J.—»R-+co

R

R® + nBySn-H — R-H + nBySn™®

@) @]
Jl + R. —_— )‘\
R R R

R = PhChH, PC, PhCHO

Kuivila, H.G.; Walsh, E.J. Jd. Am. Chem. So49664 88, 571
Walsh, E.J. Jr.; Kuivila, H.Gl. Am. Chem. So4966 88, 576
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hv [
Ph Ph —_— Ph 4 Ph-Cl‘b
| .
Ph « —» CO + Ph-CH

|
Ph-CH, + Ph-CH, —» PhCH,CH,Ph
|
Ph-CH + O, —» Ph-CH,0-O

|
Ph-CH,0-0* + Ph-CH, — Ph-CH,-0-O-CH-Ph

Maillard, B.; Ingold, K.U.; Scaiano, J.G. Am. Chem. So4.983 105 5095
Lunazzi, L.; Ingold, K.U.; Scaiano, J.C@.Phys. Chenl 983 87, 529

(vi) Benzyl radical

< :>—CH2

Reviews:
Porter, GChem. Soc. Special Pudlio57, 9, 139
Lei, X. Res. Chem. Intermediat&99Q 14, 15

3 PhCHCI + AsC} + 6 Na — (PhCH,)sAs + 6 NaCl

(PhCH,)sAs + 3 PhCHCI —» (PhCH,),AsCl; + 2 PhCHCH,Ph
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Michaelis, A.; Paetow, UAnn. Chem1884G 233 60
Dodonov, J.; Medox, HChem. Ber1935 68B, 1254

CHs hv CH,Br
Br,
—’

Kharasch, M.S.; Margolis, E.; White, P.C.; Mayo, RIRAm. Chem. So4937, 59, 1405

Kharasch, M.S.; White, P.C.; Mayo, FROrg. Chem1938 3, 3

l'*’|Blades, A.T.; Steacie, E.W.Ran. J. Cheml1954 32, 1142 (pyrolysis of toluene)

Norman, I.; Porter, GProc. Roy. Soc. Londd955 230A 399

Porter, G.; Wright, FTrans. Faraday Sod 955 51, 1469

Beckwith, A.L.J.; Waters, W.Al. Chem. Sod.957 1001 (benzyl radicals reacting with anthracene)
Porter, G.; Windsor, M.\WNature1957 180 187

Porter, G.; Strachan, Erans. Faraday Sod 958 54, 1595

Porter, G.; Strachan, Bpectrochim. Actd958 12, 299

PhCH,-CI — PhCH," + CI
2 PhCH* + Fe —» 2PhCH,* + Fé&?2
2 PhCH® — PhCH,-CH,Ph

Sisido, K.; Udo, Y.; Nozaki, Hl. Am. Chem. So&.96Q 82, 434
Hodgkins, J.E.; Megarity, E.J. Am. Chem. S0d.965 87, 5322 (EPA solid matrix)
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tBuOOtBu —» 2 tBuO ™

/A S/ R

R \—— R* \—

l'~‘|Kennedy, B.R.; Ingold, K.UCan. J. Cheml966 44, 2381

(vii) Koelsch radical

Koelsch, C.FJ. Am. Chem. Sod932 54, 4744
Koelsch, C.FJ. Am. Chem. Sod957 79, 4439

Group IV centred radicals except carbon (Si, Ge, Sn)

(i) Silyl

R1

e SN
Rs R,

Reviews:
Jackson, R.AAdv. Free Radical Chem969 3, 231
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Jackson, R.AChem. Soc. Special Pudlo7Q 295

Sakurai, H. ifFree Radicals(J.K. Kochi, ed.) Wiley: New York, 1973, Vol. 2, p. 741

Arthur, N.L.; Bell, T.N.Rev. Chem. Intermediaté®7§ 1, 37

Alberti, A.; Pedulli, G.FRev. Chem. Intermediaté987, 8, 207

Dohmaru, T. irReactions of Special Radicals in Chemical Kinetics of Small Organic Radicd3s Alfassi, ed.) CRC Press: Boca Raton, 1988,
Vol. 3, p. 165

Chatgilialoglu, CNATO ASI Ser. Ser. @989 257, 119

Chatgilialoglu, CNATO ASI Ser. Ser. @989 260 115

Chatgilialoglu, CChem. Rev1995 95, 1229

Korolev, V.A.; Nefedov, O.MAdv. Phys. Org. Chem.995 30, 1

Chatgilialoglu, C.; Schiesser, C.H.Tie Chemistry of Organic Silicon Compoun Rappoport, S. Patai, eds.) Wiley: Chichester, 2001, Vol. 3,
p. 341

A
H3Si SiH3 » 2 HySi®

A
H3Si—SiH,~—SiHz —» H3Si & + H3Si—SiH, »

HySi—SiH, 8 —» H3Si = + H,Si .
Emeleus, H.J.; Reid, @. Chem. Sod.939 1021 (pyrolysis of disilane and trisilane)
(CH3COO)  cyysi
CLSH + &~ - > \/\M/
5 hv 5
(CH;C00), —» 2 CH;COO™
CH;COO ——» CHz= + CQ

CHz® + HSICf, —» CH, + CLSi®
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R-CH=CH, + CkSi® —» R-CH-CH,SiC

R-CH-CH,SiCl; + HSiCl; —» R-CH,-CH,SiCly + CkLSi

Sommer, L.H.; Pietrusza, E.W.; Whitmore, FJICAm. Chem. S0d.947, 69, 188 (first suggestion)

Burkhard, C.A.; Krieble, R.HJ. Am. Chem. So&.947 69, 2687

Barry, A.J.; DePree, L.; Gilkey, J.W.; Hook, D.EAmM. Chem. S04.947, 69, 2916

~N

SiClg

- —/

(PhCOO)

HC——cH + CkLSiH

Sicls > via Cl;Si®
(PhCOO)
RCH=——CH, + CkLSIH ——— > RCHj;
S
Burkhard, C.A.; Krieble, R.HJ. Am. Chem. So.947, 69, 2687
F F Me
_ \__/ hv Mew. __CF, Me. _CF, _CF |
Me,SiH, + /—\ > < H/S|i "CF,H /Si CF, CFoH Me——Si—CF,CF,H
F F Me Me CF,CFoH

.

Geyer, A.M.; Haszeldine, R.N. Chem. Sod.957, 1038

Menapace, L.W.; Kuivila, H.Gl. Am. Chem. S08.964 86, 3047

Walling, C.; Cooley, J.H.; Ponaras, A.A.; Racah, E.Am. Chem. S04.966 88, 5361

Y

Bennett, S.W.; Eaborn, C.; Hudson, A.; Hussain, H.A.; Jackson, JRGxganometallic Cherh969 16, P36
Bennett, S.W.; Eaborn, C.; Hudson, A.; Jackson, R.A.; Root, KIDChem. Soc. A97Q 348

Krusic, P.J.; Kochi, J.KJ. Am. Chem. So&.969 91, 3938



(iPr);Si = (tBu);Si ®
Jackson, R.A.; Weston, H. Organometallic Cheni984 277, 13 (ESR)

hv
tBuO-OtBu —» 2 tBuO™*®

tBuO® + (M@Si);SiH —» tBUOH + (MgSi);Si =

OI

(Mg;Si)sSi + RNQ —> N Si(SiMe3)3
R/ \O/

Ol

R/N\O/Si(SiMes)S —» R-N=0 + (MgSi);SiO*

(MesSi)sSiO n + (MeySi);SiH —> (Me;Si)zSIOH + (Me;Si)sSi »

Ballestri, M.; Chatgilialoglu, C.; Lucarini, M.; Pedulli, G.F.Org. Chem1992 57, 948

(i) Germyl

R1

Ge
/ | \
R3 Ro

Reviews:
Korolev, V.A.; Nefedov, O.MAdv. Phys. Org. Cherh995 30, 1
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hv
tBuO-OtBu ———» 2 tBuO *

tBuO * + MgGeH —> MeGen + tBuOH

Me3Ge

Kawamura, T.; Kochi, J.Kl. Organometallic Chenl.973 47, 79
(iif) Stannyl

R1
Sn
“EN
3 R2
Reviews:
l"‘|Baines, K.; Dicke, R.; Neumann, W.P.; VorspohINATO ASI Ser. Ser. £989 260, 107
HiySn =

Morehouse, R.L.; Christiansen, J.J.; Gordy, M WChem. Physl964 45, 1751 (ESR, 4.2 K, Kr matrix)
Jackel, G.S.; Gordy, WRhys. Revl1968 76, 443

| |
R-CH=CH, + R;Sn®* —» R'-CH-CH,SnR;

]
R'-CH-CH,SnR; + R;Sn-H —» R'-CH,-CH,SnR; + ReSn ®

Neumann, W.P.; Albert, H.J.; Kaiser, Wetrahedron Lett1967 2041



u
R,Sn. + BSn. —» R3Sn®* + RSA

R = (MgSi),CH
Davidson, P.J.; Hudson, A.; Lappert, M.F.; Lednor, FOhem. Commurl.973 829

hv
tBuO-OtBu ———» 2 tBuO *®

tBuO * + nBuSnH —> nBuSn® + tBUuOH

nBusSn
nBuSn*® + —> \.

Kawamura, T.; Kochi, J.Kl. Organometallic Chenl.973 47, 79
RsSn *® R = (MgSi),CH

(R2N)38n u R = M%Sl, tBu
Hudson, A.; Lappert, M.F.; Lednor, P.\J/.Chem. Soc. Dalton Trank976 2369

hv
R;SN-SNR ———» 2 R;Sns

R3Sn S

S . ~
R;Sne + s=< — s—'<
s= =

S
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S S R3SnS S
RiSna + E Hj —_» CH,=CH, + ,>____< j
S S '

S S
l'*‘|Forrest, D.; Ingold, K.UJ. Am. Chem. Sod.978 100, 3868
R3Sn =
R = PhC(CH),CH,, Ph, Mes, 2,4,6-triethylphenyl, 2,4,6-triisopropylphe

Lehnig, M.; Buschhaus, H.U.; Neumann, W.P.; Apoussidi8ull. Soc. Chim. Belges98Q 89, 907

iPr iPr iPr

iP Sn—3Sn / iPr ] — [ iP Sn n
3 3 3
iPr iPr iPr

Lehnig, M.; Apoussidis, T.; Neumann, W®hem. Phys. Letl983 100 189 (ESR)

Group V centred radicals (N, P)
Nitrogen centred radicals:

Reviews:

Nelsen, S.F. ifrree RadicalgJ.K. Kochi, ed.) Wiley: New York, 1973, Vol. 2, p. 527
Michejda, C.J.; Campbell, D.H.; Sieh, D.H.; Koepke, RS Symp. Sel978 69, 292
Miura, Y. Trends Org. Chenll 997, 6, 197

Alfassi, Z.B. (ed.N-Centered RadicalViley: New York, 1998

() Aminyl
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PN
Ry Ro
Reviews:
Danen, W.C.; Neugebauer, FAngew. Chenil975 87, 823
PheC* Ph,N-CPhy
PbO, A el

2 PI‘ENH R —— PhZN-NPhZ <_—V 2 PQN ]

vo N\

L PRN-NO
Wieland, H.Ann. Chem1911, 381, 200
Wieland, H.; Gambajarin, £hem. Ber1906 36, 1499
R R R R1
1 HgO 1\ / 1 A
2 N——NH, > N——N——=N—-~N — 2 N ®
/ / \ -N; /
Ro R> R R2

R; =Me, R =Me; R =Me, R, =Ph
Erusalimskii, B.L.; Dolgoplosk, B.A.; Kavunenko, A.Bh. Obshchei Khiml957 27, 267; 301

R
/ /R
ON N —> O,N N + tBuOs
}—o—OtBu - CG, .
o)

Pedersen, C.J. Org. Chem1958 23, 255
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NH, NH

tBu tBu tBu tBu

tBu tBu

Atherton, N.M.; Land, E.J.; Porter, Grans. Faraday Socl963 59, 818

Ph Ph Ph
\

— N—N— N, + 2 N "
N N=—N N 77 K 2
:< >:o ccl, o:<
N—-cl hv N .
—_— + CiI=
o) 77 K O=<
CCl,
Johnston, K.M.; Williams, G.H.; Williams, H.&Ghem. Ind1966 991

Johnston, K.M.; Williams, G.H.; Williams, H.J. Chem. Soc. Sect.1®646 1114

hv
Ry;N——N=——=N——NR; » N + 2RN*®

Kochi, J.K.; Krusic, P.1J. Am. Chem. So4969 91, 6161
Danen, W.C.; Kensler, T.T. Am. Chem. Sod97Q 92, 5235
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tBu-O-O-tBu ——» 2 tBu-O =

[>NH + tBuOws —» tBUOH + [>N .

Danen, W.C.; Kensler, T.T.etrahedron Lettl971, 2247

Nelsen, S.F.; Landis, R.T.; Kiehle, L.H.; Leung, TIHAmM. Chem. S0d.972 94, 1610

(i) N-alkoxy-N-alkylamino radicals

PN
R, OH

Reviews:
None.

Ti*® + H,0, —» Ti** + OH + HO =

Ry OH Ry OH Ry /O )

/ N\ /

— N > HO / N » HO NH

R> R2

l'~‘|Smith, P.; Fox, W.MCan. J. Cheml969 47, 2227
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0
J\ (@] i |:|
R >
\NH o~ . g \Ot

Danen, W.C.; West, C.T. Am. Chem. So4971, 93, 5582

Bu

tBu-O-O-tBu ——» 2 tBu-O =

NH N
r~ opy t BUO® —> tBUOH + 7 \OtBu

CHy-N=N-CH; —» Ny + 2CH ®

N

NH + CHgw —» CHy + 7N

PN
R OtBu

Danen, W.C.; West, C.T.; Kensler, TJ.Am. Chem. Sod973 95, 5716

OtBu

(iif) Amido radicals

(@]
Rz
)}\ /
Ry N
| |

Reviews:
Goosen, ASouth African J. Cheml979 32, 37

0 o)
hv )]\ R1 R
Cl
- > Ro+ C| = tBu M
R1 'il Ry N
| |

Me tB1
Ro
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Danen, W.C.; Gellert, R.W.. Am. Chem. Sod972 94, 6853

(@]
OtBu
)J\ -
R N
[

Koenig, T.; Hoobler, J.A.; Mabey, W.B. Am. Chem. So0d.972 94, 2514

o]

o)

)}\ B + € (aq) —>» )k + Br

NH CHg NH

n
o) 0 OH

)1\ » )1\ - /K

NH < CHjs N+ HD T ey

|

CHs

CH3 3 N ®

Fessenden, RWChem. Lett1974 29, 364

(iv) Hydrazy!l
PN
Ry |\||

Ro

Reviews:
Nelsen, S.FACS Symp. Sel.978 69, 309
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Ph Ph
PbO, u
2 PhN-NHPh —— 2 PhN-NPh e N—N\
PhZN Nphz
Ph3C/ NO
h
thN_N thN—N
CPhs NO

Goldschmidt, SChem. Ber192Q 53, 44

| |
Ph,N—N cl

Goldschmidt, S.; Wolf, A.; Wolffhardt, E.; Drimmer, |.; Nathan ABn. Chem1924 437 194

NOPh NOPh
NO-Ph P \ + \ +
—_— -0 — N—~Ph
N—Ph \ /N. Ph T
O2N N . N+— N <«—p OoN N —
n / an
-0
NO, NO, NO,

Turkevich, J.; Oesper, P.F.; Smyth, CIPAmM. Chem. S04.942 64, 1179 (dipole moment measurement)
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Ph n

N Ar
A—N=—N—-Ar + — A N

Ph

Wan, J.K.S.; Hess, L.D.; Pitts, J..Am. Chem. S04.964 86, 2069

NOZPh NOzPh
KMnQO
N—FPh 4 N—Ph
nBu,N+ Br- /
O2N NH — > OxN N
]
NO, NO,

*|Brown, K.C.; Well, J.ACan. J. Cheml986 64, 1836

o R, RL  R2
[ >  OEt  Me
. Et Me
R P N N
! | \ OEt HtBu
R, OPh HtBu
R1 Et HiBu

Tordo, PNATO ASI Ser. Ser. £984G 189 191

R

R
(@) (@)
/N tBUO-OtBU 7/~ N\ R i

X N—NH—T—OEtT> X N—N—IID—OEt
_|LR OEt —FR OEt
R

X=0,CH; R=H, Me "
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Lucarini, M.; Pedulli, G.FJ. Org. Chem200Q 65, 2723

(v) Nitroxide radicals

Reviews:
Keana, J.F.WChem. Revl978 78, 37
Perkins, M.JAdv. Phys. Org. Cherh98Q 17, 1

Volodarsky, L.B.; Reznikov, V.A.; Ovcharenko, V3ynthetic Chemistry of Stable NitroxidERC Press:

QH KMnO, or Q-
| PbO,
KNO, + 2 KHSQ ————» N — N+
2 - KOH 058" 505 - ke Ke-0s8" ™ S0s- K+

Fremy, EAAnn. Chim. Physl845 153], 408; 459

H HN
NH NH HN NH
\ [ ]
NH <€—» NH = '

>: . / />_NH
N N+ N+

\ \ \

On O- O -

Piloty, O.; Schwerin, B.GChem. Ber1901], 34, 1870; 2354

Boca Raton, FL, 1994
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Piloty, O.; Vogel, W.Chem. Ber1907, 36, 1283

NH HN@ (;[NH
_ — —_—
. >—< . - > <
N+ N+ N N
\ /
o) o}

Niementowski, SChem. Ber191Q 43, 3012
Kuhn, R.; Blau, WAnn. Chem1958 615 99

(vi) Thioaminyl radicals
ST™Ry

R;——N

Reviews:

Bassindale, A.R.; Ipey, J. @hemistry of Sulphenic Acids and Their Derivati\(8s Patai, ed.) Wiley: Chichester, 1990, p. 101

Miura, Y. Trends in Org. Chenl997, 6, 197

Miura, Y. Recent Res. Development Org. Ch&sn§g 2(Pt. 2), 251
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tBu

|

N—S Cl
tBu

Miura, Y.; Katsura, Y.; Kinoshita, MChem. Lett1977 409

AN
/ \

Miura, Y.; Asada, H.; Kinoshita, M.; Ohta, K. Phys. Chenml983 87, 3450

Ph

Ph / N S R R =alkyl, ary
Ph
Miura, Y.; Isogai, M.; Kinoshita, MBull. Chem. Soc. Jph987, 60, 3065

(vii) Sulfonamidyl radicals

Rl\ e N\
SO, Ry

Reviews:
Bassindale, A.R.; lley, J.N. @hemistry of Sulphonic Acids, Esters, and Their Deriva(@ePatai, ed.) Wiley: Chichester, 1991, p. 197 - 247
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K+ -O—S—O0—0O0—S—0-K+
[ [
0] 0]
'
_NH;
sop - K,S0y, - H,SO,

Dewar, P.S.; Forrester, A.R.; Thomson, RIHChem. Soc. Perkin Trans. 11972 2862

N—OR

tBu SO,

Teeninga, H.; Engberts, J.B.F.Rec. Trav. Chim. Pays-B4978 97, 59

X

O O

Z I I
| K+ -O—S—0O0—0O0—S—0 - K+

O O
'

_NHOMe
SO2 = KZSO4, = HZSO4

Forrester, A.R.; Johansson, E.M.; Thomson, R.KiChem. Soc. Perkin Trans. 11979 1112

SO,

_N-OMe
SO,
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Y Y
/  hv / tBuO = Y
RSO;—N —» RSO,—N <*—— RSO,—/N Y = alkyl, alkoxy
. - tBUOH
Br H
tBu tBu
/  tBuO= .
RSO, N > RSO, N » RSO + tBu-N=O ——
- tBuOH . RSOZ/
H

Teeninga, H.; Zomer, B.; Engberts, J.B.RINOrg. Chem1979 44, 4717

R R
/v /
MeSO,—N —» MeSO,—N R = Me, Et, CHMQ
-C| = u
Cl

Danen, W.C.; Gellert, R.W.. Am. Chem. Sod98Q 102 3264

(viit) N-Thiosulfonamidyl radicals

R, N R
SO, S

Reviews:
None.
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SO,-N hv
\ \ SAr
SAr N /
SO,-N
/SAr Pb}f "
SO,-N
< > “\
H

Miura, Y.; Kunishi, T.; Kinoshita, MJ. Org. Chem1985 50, 5862
Miura, Y.; Kunishi, T.; Kinoshita, MBull. Chem. Soc. Jpd.985 58, 1696

(ix) Verdazyls

Reviews:
Power, P.PChem. Rev2003 103 789
Ph Ph Ph Phe "
Mel \ [O] 'T' ’i‘
PhNH——N — > N——N —_— N N
N=——N-Ph /

>
N—/—N-Ph \‘/

Ph
Kuhn, R.; Trischmann, HAngew. Chem. Int. EA.963 8, 155
Kuhn, R.; Trischmann, HMonatsh. Chenml 964 95, 457
Kuhn, R.; Neugebauer, F.A.; Trischmann Mbnatsh. Chenml 966 97, 846

Ph

_»

Ph
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A

r Arq O Arq Ary Ar Arq
/ [O] .
2 N—NH, + —> 2 N—NH—CH —» 2 N—N—CH
r Ary A Ary Ar, Ar,

Aro 2
Ar Arg
]>:N— N==CH
Arp Arz 12

Kuhn, R.; Neugebauer, F.Monatsh. Cheml963 94, 1

Arq Arq. Arq Ar Ar
BF 1 1
\ 5\ / o1\ ./
2 N—NH; + HC(OEt} —» N—N——CH—NH—N = — N——N=—=CH—N——N
Arp Ary Aro Ary Ary

Kuhn, R.; Neugebauer, F.A.; Trischmann Ahgew. Chem. Int. EA964 3, 232
Kuhn, R.; Trischmann, HMonatsh. Cheml 966 97, 554

Ph Ph
Ph Ph | |
/ \ u N _N
N—N H N—N ( ||\1 |\|1 ﬁ
Ph—</ CH —Ph
>Z( 2)47< / ph” "~ N N N\Ph
N—N H N—N . .
] \ /
Ph Ph

Kuhn, R.; Fischer-Schwarz, ®lonatsh. Chenil964G 97, 517
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N\ N N / _>‘ N N+ =
/ n \ /
Ph
R1 R1 R,

Ph N
NN \( \/
N N
Ri= || )
N N

[ ] N\\

Kuhn, R.; Neugebauer, F.A.; Trischmann Mbnatsh. Chenl 966 97, 525
Kuhn, R.; Neugebauer, F.A.; Trischmann Athgew. Chem. Int. EA.965 4, 72
Kurusu, Y.; Yoshida, H.; Okawara, Metrahedron Lett1967 3595

Neugebauer, F.AAngew. Chem. Int. EA973 12, 455
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Neugebauer, F.A.; Fischer, H.; SiegelJRem. Ber1988 121, 815

Phosphorus centred radicals:

Reviews:

Bentrude, W.G. irFree Radicals(J.K. Kochi, ed.) Wiley: New York, 1973, Vol. 2, p. 595
Walling, C.; Pearson, M.S.opics Phosphorus Chemh964 3, 1

Cadogan, J.I.GAdv. Free Radical Chem.967, 2, 203

Bentrude, W.GANnn. Rev. Phys. Cheh967, 18, 283

(1) Phosphinoyl (phosphonyl, phosphono) radicals
0
PN
Ry R,

Reviews:
Rachon, JPol. J. Environ. Studie$99q 5, 62

0
|| OR A o RO\ 0
ot || ||
D — 2
P—OR PN —_— /P O——P—OR
OR ” RO OR |
RO OR

)

R = Et, nPr, nBu
Michalski, J.; Stec, W.; Zwierzak, ALhem. Ind1965 345
I I
e RENMe B Me(CHb)s

P
P RN
EtO Et

l"‘|Davies, A.G.; Dennis, R.W.; Griller, D.; Ingold, K.U.; Roberts, BW®lecular Physicd973 25, 989
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| yrays I I
OR OR O -
- 7
R = Me, Et

Kerr, M.C.L.; Webster, K.; Williams, AMMolecular Physicd973 25, 1461
Geoffroy, M.; Ginet, L.; Lucken, E.AVlolecular Physic4976 31, 745

ﬁ

PENN
X X

Roberts, B.P.; Singh, K. Organometallic Cheni978 159 31 (ESR spectrum)

OtBu

0]
s
{BuO o \”/ —» 2tBuO= + 2CG
O

0] o]
I I

RO—pP—H + tBUOR—s Lo p s + tBUOF

OR OR
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O
RO—Pl' + :< — / <
S-tBU O—P S-tBu

RO OR

Stella, L.; Merenyi, R.; Janousek, Z.; Viehe, HIGPhys. Chenill98Q 84, 304

O
O\\ I hv 9 ﬁ
/ P—Ph > J LT P
. | ~ o

O

—or — (o
R

o
N—O" —» N—O—T—Ph
Ph

Baxter, J.E.; Davidson, R.S.; Hageman, H.J.; OvereeMakromolec. Chem. Rapid Comma@87, 8, 311 (first nitroxide trapping of
phosphinoyl radicals)



185

0 0 o]
| | hv I |
Rq C P R > R c" + =®mp R,
Rs3 R3
0 0 0 0
|| hv I |
Ry C ||> OR; P> Ry c" + =®mp OR;
OR3 OR3

Majima, T.; Schnabel, Wl. Photochem. Photobiol. A: Chefr®89 50, 31
Majima, T.; Konishi, Y.; Bottcher, A.; Kuwata, K.; Kamachi, M.; SchnabelJWPhotochem. Photobiol. A: Che&®91], 58, 239
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)}\ph 0 Ph
Ar P/ g ) m+ ®p
| A |
O o

N\

R-X
(ﬁ COOMe/ \

Ph——P
/ Ph
Ph . |
X Ph
\P/
COOMe ”
o

Sluggett, G.W.; McGarry, P.F.; Koptyug, I.V.; Turro, NJJAm. Chem. S04.996 118 7367
Weber, M.; Khudyakov, 1.V.; Turro, N.J. Phys. Chem. 2002 106, 1938
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Weber, M.; Turro, N.1J. Phys. Chem. 2003 107, 3326

O o o o o o
(I v I (.
A—C T A > A—cC " + sp—C—Ar
R R

0O O
O, [
— > =0-0—P—C—Ar
R
Ph-SH ﬁ’ ‘"3
—> H—P—C—Ar
- Ph-Ss |
R
O 0
(. Br-CCl, T
=P C Ar > Br—P—C—Ar
-ClhCn
| 5 !
R " o0 o
. ROOC
CH,=CHCOOR -l
— IID—C—Ar
R
7 \ -
—N+ N+
)\ I N\ =
_ — + P—C—Ar + —N N N

Jockusch, S.; Turro, N.J. Am. Chem. So4998 120 11773
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~
PPh,

Zhao, N.; Strehmel, B.; Gorman, A.A.; Hamblett, I.; Neckers, D.®@hys. Chem. A999 103 7757

0 0

| hv I
Ph——P——CH,Ph » ph——pP & + " CHy-Ph

Ph Ph

Zhao, N.; Neckers, D.@. Org. Chem200Q 65, 2145

(i) Phosphinyl radicals

PN
R; R

2

Reviews:
Bentrude, W.GAnNnn. Rev. Phys. Cheh967, 18, 283

0 @]
)L/O )L
o Y — L. *CO+ CHy
O
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CHs® + PCL —» CH5-Cl + = PC}

R-CH=CH, + = PC} —» R-E)H-CHZ-PCIZ

R-C.:H-CHZ-PCIZ + R-CH=CH —> R-(.ZH-CHZ-CHR-CHZ-PCIZ
R-C.ZH-CHZ-PCIZ + PC, —» R-CHCI-CH,-PCl, + = PC}

|
R-CH-CH,-CHR-CH,-PCl, + PCl, —» R-CHCI-CH,-CHR-CH,-PCl, + = PC}

Kharasch, M.S.; Jensen, E.V.; Urry, WHAmM. Chem. S0d.945 67, 1864

NC\ N=N /CN > 2 NC%I
/ N7
NC% " + RP-H —> NC%*H + RPw
RoP
\—/ * RP* — >_/' >_/' >_ + RPs
RoP

- R,P= l R,P-H

RoP
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Pellon, JJ. Am. Chem. Sod961 83, 1915

P
\ —
R/ . R =Cl, Br

Andrews, L.; Frederick, D.L]. Phys. Chenml969 73, 2774 (IR spectra in solid Ar matrix)

Ph Ph

ALY :
pP—P > 2 P
/ 0\ o e

Ph Ph

l'~‘|Wong, S.K.M.; Wan, J.K.SSpectrosc. Lettl97Q 3, 135

- E’\R R = NMe,, Et, EtO, Me(CH)s

l'*’|Davies, A.G.; Dennis, R.W.; Griller, D.; Ingold, K.U.; Roberts, B/®lecular Physicd 973 25, 989

%0co y-rays

R3P _— Rzpl + R.
77 K

R =H, iPr, OMe, SMe, Ph, CI, SPr, ¢

Fullam, B.W.; Mishra, S.P.; Symons, M.C.RChem. Soc. Dalton Trank974 2145
Fullam, B.W.; Symons, M.C.R. Chem. Soc. Dalton Trank975 861

hv
PP —— > Ph,P = + Phs

Cook, W.T.; Vincent, J.S.; Bernal, I.; RamirezJFChem. Physl974 61, 3479
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hv
tBu-O-O-tBu —— 2tBuO ®

R R R R

\ \* / "

/P—P + tBuOms —>» tBuO P P —> /P\ +

R R tBuO
R R R R
R = OEt, NMe

l'~‘|Griller, D.; Roberts, B.P.; Davies, A.G.; Ingold, KIJ.Am. Chem. Sod.974 96, 554
%0Co y-rays

P(OR% T’ 'P(OR} + RO»

Kerr, C.M.L.; Webster, K.; Williams, K. Phys. Chenl975 79, 2650

Cl

- | MesSi P iM
Mess'\N/P\N/S'Me3 Na e3SI\N/ \N/SI e

—
| | - NaCl | |
SiMes SiMej SiMej SiMe3
Cl
| .
Me3Si P SiMe3 Na MesSi P SiMe3
—_—
- NaCl
SiMej SiMes SiMe3 SiMes

Gynane, M.J.S.; Hudson, A.; Lappert, M.F.; Power, iem. Commurl.976 623



Gynane, M.J.S.; Hudson, A.; Lappert, M.F.; Power, P.P.; Goldwhit&, Ghem. Soc. Dalton Trank98Q 2428
Cowley, A.H.; Kemp, R.Alnorg. Chem1983 22, 547

P
/ \
CHs CHs

Roberts, B.P.; Singh, K. Organometallic Cheni978 159 31 (ESR spectrum)

M83Si P SiMe3
\( \‘/  Fo(COy —»

SiMe3 SiMe3

Me3Si P SiMe3
Y \( + Co,(CO) —»

SiMe3 SiMe3

Fe(CO), -

SiMe3
(00)300\ %
Me3Si P
SiMej

SiMe3

Co(CO)3

SiMej

SiMej3

Cowley, A.H.; Kemp, R.A.; Wilburn, J.@. Am. Chem. S04.982 104, 331

(iif) Phosphoranyl radicals

+ Fe(COy

+ 2CC
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Reviews:

Bentrude, W.GACS Symp. Sel.978 69, 321
Roberts, B.PAdv. Free Radical Cherd98Q 6, 225
Bentrude, W.GAcc. Chem. Red4982 15, 117
Bentrude, W.GReactive Intermediates983 3, 199

R-S-H + P(OE) — R-SH + S=P(OEj}

Hoffman, F.W.; Ess, R.J.; Simmons, T.C.; Hanzel, B.8m. Chem. Sod954 78, 6414
hv u

BrsCH —» Bro,CH + Brs

|}
PhP + BLCH ——  PhyP-CHBr,

[ ] + [ ]
PhP-CHBr, + BrCH —  [PhsP-CHBR]Br™ + BrC

Ramirez, F.; McElvie, NJ. Am. Chem. So0d.957, 79, 5829
R-S-S-R —» 2 R-S»=

n | |
R-S + P(OEy) —>» R-S-P(OEY

| |

R-S-P(OEt) —» R=® + S=P(OE}
R-S= + R® — 5 R-SR
Walling, C.; Rabinowitz, RJ. Am. Chem. So&.957, 79, 5326
Walling, C.; Rabinowitz, RJ. Am. Chem. S04.959 81, 1243

Walling, C.; Basedow, O.H.; Savas, EJSAm. Chem. S04.96Q 82, 2181
Buckler, S.AJ. Am. Chem. S0d.962 84, 3093



hv
tBuO-OtBu —» 2 tBuO=

R;P + tBuO* —— R3P-OtBu

n
(RORP + tBuOs — (RO)P-OtBL

Krusic, P.J.; Mahler, W.; Kochi, J.K. Am. Chem. So0&972 94, 6033

hv
tBu-O-O-tBu —— 2tBuO =

OR RO TR
| |
| + tBuOm®s —» (BuO P OR » tBum + O=—P—OR
PN
RO OR RO OR
R = Et, Me

l'~'|Griller, D.; Roberts, B.P.; Davies, A.G.; Ingold, KIJ.Am. Chem. So0d.974 96, 554

OMe

MeO—P OMe

OtBu
Roberts, B.P.; Singh, K. Organometallic Chen1978 159 31 (ESR spectrum)
(iv) Thiophosphinoyl (phosphinothioyl) radicals
S
P

N

R1 Ro
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Reviews:
None.
S S
| v |
R ||3 Cl P R |:>| m + C|n
R R
[ A
R—pP = + tBu-N=O » R =) N\
Il Il tBu

Karlsson, H.; Lagercrantz, @cta Chem. Scand.97Q 24, 3411
S

P
N
EtO/ " TOEt

l'*’|Davies, A.G.; Dennis, R.W.; Griller, D.; Ingold, K.U.; Roberts, Bv®lecular Physicd 973 25, 989
Group VI centred radicals (O, S, Se)

Oxygen centred radicals:
(i) Acetoxy (acetoxyl) radicals

O

BN

R o"

Reviews:
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Brodie, B.C.Ann. Chem1858 108 79

Hey, D.H.J. Chem. Sod 934 1966

Waters, W.AJ. Chem. Sod 937, 113

Roberts, J.S.; Skinner, H.Arans. Faraday Sod 949 45, 339

l'~‘|McDoweII, C.A.: Thomas, J.Hl. Chem. Sod 949 2208; 2217

Marcotte, F.B.; Noyes, W.A. J3. Am. Chem. Sod.952 74, 783
Volman, D.H.; Graven, W.MJ. Chem. Phys1952 20, 919
Nicholson, A.J.CJ. Chem. Physl952 20, 1811

Norrish, R.G.WZ. Elektrochem. Angew. Physik. Char52 56, 705
Porter, G.B.; Benson, S.W. Am. Chem. So&.953 75, 2773
Nicholson, G.R.; Szwarc, M.; Taylor, J.\M/..Chem. Sod.954 2767

l'~‘|Ausloos, P.; Steacie, E.W.Ran. J. Cheml955 33, 47
l'~‘|Farmer, J.B.; Lossing, F.P.; Marsden, D.G.H.; Steacie, E.WWG&hem. Physl955 23 1169

0 0
oA
- > s + CHyn (slow)
0
J . ——» CO + CH™ (fast)

Szwarc, M.; Taylor, J.WJ. Chem. Physl955 23, 2310



196

2
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C{ o N "0 R
AN N\O)J\R ne P SR o
Rt |- )k
o oN "0 R

Barton, D.H.R.; Crich, D.; Motherwell, W.B.etrahedron1985 41, 3901

(ii) Alkoxy radicals
R—oO*"

Reviews:
Walling, C.Pure Appl. Cheml 967, 15, 69

l"‘|Griller, D.; Wayner, D.D.MPure Appl. Cheml989 61, 717
Orlando, J.J.; Tyndall, G.S.; Wallington, TGChem. Rev2003 103 4657

H+

Fe(CN)™
O-OH —> o®" + H,C
- Fe(CN)3

Fordham, J.W.L.; Williams, H.L]. Am. Chem. So0&.95Q 72, 4465
Kharasch, M.S.; Fono, A.; Nudenberg,NOrg. Chem195Q 15, 763



197

/ | [ | | |
O0—0—\ > | o t o
| | | | |
Ph > | o *t o Ph

Kharasch, M.S.; Fono, A.; Nudenberg, WOrg. Chem1951], 16, 105
Kharasch, M.S.; Nudenberg, N.; Arimoto, FSgiencel951, 113 392 (addition to olefins)
Boardman, HJ. Am. Chem. S04.953 75, 4268

PN

ROOH + F& 5, RO® + F&

RO* + F¢¥ — RO + Fé°
Orr, R.J.: Williams, H.LJ. Am. Chem. Sod955 77, 3715

hv
O—OH > oO" + HO=®

/ N\
Q_o.+ / | o on o

Zwolenik, J.JJ. Phys. Chenml 967, 71, 2464
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OO —-Or

Niki, E.; Kamiya, Y.; Ohta, NBull. Chem. Soc. Jph968 41, 1466

®> o — ®_< r CHy prscissio

l'*‘|Howard, J.A.; Ingold, K.UCan. J. Cheml969 47, 3797

(iif) Iminoxyl radicals

Ry on
=

R2

Reviews:

Rozantsev, E.QJsp. Khim.1966 35, 1549

Ra /OH KsFe(CN)y] R /O RL R2
>:N —_— _N !:'BU Me

I-Pr I-Pi
or PhQ i-Bu  i-Pi
R2 or AgO R2

Fedtke, M.; Mitternacht, HZ. Chem1964 4, 389
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: / Pb(OAc)4 B /
—N

R,

Lemaire, H.; Rassat, Aletrahedron Lettl1964 2245
Ry OH
/ Ce(NQ)4 : /
——N
NH (N03)
Ro
Thomas, J.R]J. Am. Chem. S04964 86, 1446
R OH  pp Ry o"
> / o >7 /
—N E— —N
R> R2
Gilbert, B.C.; Norman, R.O.Q. Chem. Soc. (Phys. Ord.P66 86

N N
= \OH Pb(OAc), = \o .

_-OH

N -
| Pb(OAc), N /}\ .
— |
Ar )\ Ar
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l"‘|Lown, J.W.J. Chem. Soc. B964G 441

R OH R OH
/ /
=N —N N

m +
py)
@)
[

N\ + By »= —» A\ = N+ H

-2 Br
NH NH NH

Everett, S.A.; Naylor, M.A.; Stratford, M.R.L.; Patel, K.B.; Ford. E.; Mortensen, A.; Ferguson, A.C.; Vojnovic, B.; Wardhadh&m. Soc.
Perkin Trans. 2001, 1989

(iv) Nitroxyl radicals

O |
/N\
R1 R2
Reviews:
Rozentsev, E.G:ree Nitroxyl Radicals(translated by B.J. Hazzard) Plenum: New York, 1970
Rozantsev, E.G.; Sholle, V.Bynthesid 971, 190

Rozantsev, E.G.; Sholle, V.Bynthesid 971, 401
Volodarsky, L.B.; Reznikov, V.A.; Ovcharenko, V3ynthetic Chemistry of Stable Nitroxid€ERC Press: Boca Raton, FL, 1994
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Ar,-MgX " | ©]
Ary N——=0 * Ar,-Mg —> N e N
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Wieland, H.; Roseeu, Ahem. Ber1912 45, 494
Wieland, H.; Offenbéacher, MChem. Ber1914 47, 2111
Wieland, H.; Roseeu, Ahem. Ber1915 48, 1117
Wieland, H.; Roth, KChem. Ber192Q 53, 210
Wieland, H.; Kogel, FChem. Ber1922 55, 1798

PR 1. HNOYH,SO,

O -
2. HCIO, | +  Zn
2 » RO @N+:GOR —>

—— C|O4-

O-
C l C
RO N OR

Meyer, K.H.; Gottlieb-Billroth, HChem. Ber1919 52, 1476
Meyer, K.H.; Reppe, WChem. Ber1921, 54, 327

HO Ph "o Ph
NO \N/ \N/
PhMgBr O]
E— S

Huckel, W.; Liegel, WChem. Ber1938 71, 1442
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Johnson, D.; Rogers, M.; Trappe,JsChem. Sod.956 1093 (postulated existence of free nitroxyl radicals)
Rogers, MJ. Chem. Sod. 956 2784

NH HN NH HN
.
u [
N+ N+ N N
\ / \ /
0- -0 "0 O=

Niementowski, SChem. Ber191Q 43, 3012
Kuhn, R.; Blau, WAnn. Chem1958 615 99

N—O "

Lebedev, O.L.; Kazarnovskii, S.Nreatises on Chemistry and Chemical Technagl@yyrky,1959 3, 649
II'yasov, A.V.Zh. Strukt. Khim1962 3, 95
Garif'yasov, I.S.; ll'yasov, A.V.; Yablokov, Yu. \Dokl. Akad. Nauk SSSI®63 149, 876
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\

N
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R N—/—N R > N, + 2Rn=
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tBu

Ra + tBu-N=O——> N

/

R

Om

Hoffmann, A.K.; Henderson, A.T. Am. Chem. So4961, 83, 4671

Hoffmann, A.K.; Hodgson, WJ. Am. Chem. S0&.961, 83, 4675

Hoffmann, A.K.; Hodgson, W.; Maricle, D.; Jura, W.Am. Chem. S04964 86, 631
Hoffmann, A.K.; Feldman, A.; Gelblum, E.; Hodgson, WAmM. Chem. S04.964 86, 639
Hoffmann, A.K. FR 1,357,477 (1964)

Hoffmann, A.K. US 3,253,015 (1966)

Rozantsev, E.G.; Golubev, V.A.; Neiman, MIBv. Akad. Nauk SSSR, Ser. Knras5 393
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(CH2)g N o) on
/N/ \N\ + 2 o N 0 0 N
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HN 0 NH MnO, >N o N~
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NH NH NH NH
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\N+_ \N+_
/ /
O -0

Banfield, F.H.; Kenyon, . Chem. S0d.926 1612
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Gilbert, B.C.; Kirk, C.M.; Norman, R.O.C.; Laue, H.A.H.Chem. Soc. Perkin Trans1®77 497

| | | |
R-S + @ —» R-S-0-O —» R-S=0 + other produt
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l'~‘|Schepp, N.PJ. Org. Chem2004 69, 4931

MeO

Distonic radical cations

Reviews:
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Smith, R.L.; Chou, P.K.; Kenttaemaa, H.Structure, Energetics, and Dynamics of Organic ]Jdis Baer, C.Y. Ng, |. Powis, eds.) Wiley:
Chichester, 1996, p. 197

Audier, H.E.; Fossey, J.; Leblanc, D.; Mourgues, P.; TroudBlAT.O ASI Ser., Ser. £999 521, 27

Gebecki, J.; Marcinek, A. iGeneral Aspects of the Chemistry of Radic@lsB. Alfassi, ed.) Wiley: Chichester, 1999, p. 175

Golding, B.T.; Radom, LJ. Am. Chem. Sod.976 98, 6331 (prediction of stability in gas phase)
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Miyashi, T.; Takahashi, Y.; Mukai, T.; Roth, H.D.; Schilling, M.L.MM.Am. Chem. So4985 107, 1079
/\+
u OH>

l'~‘|Postma, R.; Ruttink, P.J.A.; Van Baar, B.; Terlouw, J.K.; Holmes, J.L.; Burger<CRe@. Phys. Letl986 123 409



235

+
+
/ \ . ./vNHZ

NH;
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Capozzi, G.; Melloni, G.; Modena, G.; Tonellato,Chem. Commurl.969 1520
Modena, G.; Tonellato, W. Chem. Soc. B971], 381 (stereochemical evidence)
Modena, G.; Tonellato, W. Chem. Soc. B971], 374 (kinetic evidence)

Burighel, A.; Modena, G.; Tonellato, @hem. Commuri971], 1325

l'~‘|Denes, A.S.: Csizmadia, |.G.; Modena,&hem. Commurl972 8

Ph

0O—

A\
C*H

“Ph

KMnO,



243

R1 O3SAr N R1 Cl
- R3 —
R3-S Ry HCI sy CI R3-S R,
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2 MCls + 3 Zn[CH,CMey], — 2 M[CH,CMaey]5Cl,

-3ZnCh MeaCCH, H

- 2 LiCl
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Straus, D.A.; Tilley, T.D.; Rheingold, A.L.; Geib, SIJAM. Chem. S0d.987, 109 5872
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/
(CO)40s==Si_ Fl’Cy3 SEt

+
Ru H—F|’t:Si BPh,
@ PCys SEt

Cy = cyclohexyl

Grumbine, S.D.; Tilley, T.D.; Rheingold, A.0. Am. Chem. S04.993 115 358
Grumbine, S.D.; Tilley, T.D.; Arnold, E.P.; Rheingold, Al.Am. Chem. So4993 115 7884
Grumbine, S.D.; Tilley, T.D.; Arnold, E.P.; Rheingold, Al.Am. Chem. S08.994 116, 5495

NMe, NMe,
hv
Fe(CO} + H——Si—NMe, —» (CO)Fe——Si<*+— NHMe,
-CO
NMe, NMe,

Bodensieck, U.; Braunstein, P.; Deck, W.; Faure, T.; Knorr, M.; StetAn@ew. Chem. Int. EA.994 33, 2440
Transition metal vinyl cation complexes

R1 [Ln]M M[Ln]

/ + \

Reviews:

R2

l'~‘|Chisholm, M.H.: Clark, H.CAcc. Chem. Red4973 6, 202



[PFe]

R
R
cl Q
>Pt< + H + AgPFR; W //\ /Q
Q Me - Ag Pt
Q/ \Me
R
+‘\ /Q <— <_ Me Pt
/Pt\ /Q |
Me Q

ttttttt

Transition Metal Vinylidene Complexes

Clark, H.C.; Puddephatt, RGhem. Commurl97Q 92
Clark, H.C.; Puddephatt, Rlhorg. Chem197Q 9, 2670
Clark, H.C.; Ruddick, J.0Onorg. Chem197Q 9, 1226
Chisholm, M.H.; Clark, H.CChem. Commuri97Q 763
Clark, H.C.; Puddephatt, Rlhorg. Chem1971], 10, 18

Chisholm, M.H.; Clark, H.CJ. Am. Chem. Sod.972 94, 1532

Chisholm, M.H.; Clark, H.CInorg. Chem1971, 10, 1711; 2557
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[LnlM—C=—C

R2
Reviews:
King, R.B.Acc. Chem. Red.97Q 3, 417
Herrmann, W.AAdv. Organometallic Cherd982 20, 159
Bruce, M.I.; Swincer, A.GAdv. Organometallic Cherh983 22, 59
Sailor, M.L.; Shriver, D.FAcc. Chem. Red.988 21, 374 (heterovinylidene complexes)
Bruce, M.I.Chem. Rev1991], 91, 197
Bruce, M.I.Chem. Rev1998§ 98, 2797
Puerta, M.C.; Valegra, Eoord. Chem. Re.999 193-195 977
Lin, Y.C. J. Organometallic Chen2001], 617-618 141 (Ru)
Bruneau, CTopics Organometallic Cher®004 11, 125 (Ru, Os)
King, R.B.Coord. Chem. Rex2004 248 1533
Selegue, J.FCoord. Chem. Rex2004 248 1543
Watatsuki, Y.J. Organometallic Chen2004 689 4092

Ph,C=C=0 + FgCO)y —» Fe,(u-C=CPh)(CO) + CO,

Mills, O.S.; Redhouse, A.0Chem. Commurl964G 444
Mills, O.S.; Redhouse. A.0J. Chem. Soc. A968 1282

NC cl TP CN
—= + 2PR — RgP M_C_< + 3 CC
NC M(CO)sC C'/l CN
3P PR3

M =W, Mo; R = PPk, P(OMe}, P(OPh}, P(OEt}, AsPh;, SbPh

King, R.B.; Saran, M.SChem. Commuri972 1053
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M(CO)5 : i
Cl CN

> < (CO)s(Cp)M
X CN
M(Cp)(CO)s >—<

X =H, Cl, CN; M = Mo, W

King, R.B.; Saran, M.Sl. Am. Chem. Sod.972 94, 1784
King, R.B.; Saran, M.Sl. Am. Chem. S0d.973 95, 1811
King, R.B.; Saran, M.Sl. Am. Chem. Sod973 95, 1817

Transition Metal Vinylidenecarbene (allenylidene) Complexes

[Ln]\——=C——C——=C
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Bruce, M.I.; Swincer, A.GAdv. Organometallic Cherh983 22, 59
Bruce, M.I.Chem. Rev1991 91, 197

Werner, HJ. Organometallic Chenl994 475 45

Werner, HChem. Commurd.997 903

Bruce, M.l.Coord. Chem. Re\1997, 166, 91

Cadiero, V.; Gamasa, M.P.; GimenoEdr. J. Inorg. ChenR001, 571

Werner, H.; llg, K.; Lass, R.; Wolf, J. Organometallic Chen2002 661, 137

Winter, R.F.; Zalis, SCoord. Chem. Re2004 248 1565

Rigaut, S.; Touchard, D.; Dixneuf, P.Boord. Chem. Rex2004 248 1585
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M(CO)s[=C(OEt)CH=C(Ph)(NEJ)] + EX3 — M(CO)5[=C=C=C(Ph)(NE}$)] + [EtOEXs] H*
M=Cr, W EX = BF; (when M = Cr), AlEf (when M = W)

Berke, H.AAngew. Chem. Int. Ed. Endl976 15, 624
Fischer, E.O.; Kalder, H.J.; Frank, A.; Kdhler, F.H.; HuttnerA@gew. Chem. Int. EA.976 15, 623

[Ru(=C=C=CPh)(PMey),Cp]
Selengue, J.FOrganometallicsL982 1, 217
Triplet Ketones (excited state)

o *3

Y

Ry R,

Reviews:

Brand, J.C.D.; Williamson, D.(Adv. Phys. Org. Chemd963 1, 365

Yang, N.C.Reactivity of the Photoexcited Organic Molecule, Proc. Conf. Ch&®5 145
Parker, C.ABer. Bunsen-Gesell969 73, 764

Stephenson, L.M.; Hammond, GAgew. Chem. Int. EA969 8, 261

Davidson, R.SOrganic Reaction Mechanism®971, 467

Ireland, J.F.; Wyatt, P.A.HAdv. Phys. Org. Ched976 12, 132

Davidson, R.SAdv. Phys. Org. Cherd983 19, 1

Pedulli, G.FRev. Chem. Intermediaté98§ 7, 155

Chan, 1.Y.Rev. Chem. Intermediaté987, 8, 339

l'~‘|Wan, J.K.S.; Depew, M.Res. Chem. Intermediat&992 18, 227

Armesto, D.; Ortiz, M.J.; Agarrabeitia, A.R.@RC Handbook of Organic Photochemistry and Photobiglagy ed., (W. Horspool; F. Lenci,

eds.) CRC Press: Boca Raton, FL, 2004, p. 77/1

Wagner, P.J.; Klan, P. @RC Handbook of Organic Photochemistry and Photobigl2gy ed., (W. Horspool; F. Lenci, eds.) CRC Press: Boca
Raton, FL, 2004, p. 52/1



259

Lewis, G.N.; Kasha, MJ. Am. Chem. Sod.945 67, 994

Triplet olefins (excited state)

— — *3
Ry Ra
R R3
Reviews:

Brand, J.C.D.; Williamson, D.GAdv. Phys. Org. Chem963 1, 365

Stephenson, L.M.; Hammond, GAgew. Chem. Int. EA969 8, 261

Caldwell, R.A. inKinetics and Spectroscopy of Carbenes and Biradi¢MsS. Platz, ed.) Plenum: New York, 1990, p. 77
Wilbrandt, R.; Langkilde, F.WWNATO ASI Ser. Ser. £973 410, 567

Ireland, J.F.; Wyatt, P.A.HAdv. Phys. Org. Cherd976 12, 132

Davidson, R.SAdv. Phys. Org. Cheh983 19, 1

Unett, D.J.; Caldwell, R.ARes. Chem. Intermediat&995 21, 665

Tropylium ion
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Reviews:
Harmon, K.M. inCarbonium longG.A. Olah, ed.) Wiley: New York, 1973, Vol. 4, p. 1579

Lifshitz, C. Acc. Chem. Re4.994 27, 138
Abraham, W.; Kharlanov, V. irlandbook of Photochemistry and Photobiolo@y.S. Nalwa, ed.) American Scientific Publishers: CA, 2003, Vol.

2, p. 299

Br
Br,
- —
- HBr
Br

Doering, W.v.E.; Knox, L.HJ. Am. Chem.S0d.954 76, 3203 (also first use of inscribed circle to indicate aromaticity)
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CHs glectron
|mpact

Rylander, P.N.; Meyerson, S.; Grubb, HMAmM. Chem. Sod.957, 79, 842

Vinyl cations

Reviews:

Hanack, M.Acc. Chem. Re4.97Q 3, 209

Modena, G.; Tonellato, LAdv. Phys. Org. Cherh971, 9, 185

Stang, P.JProg. Phys. Org. Cheml973 10, 205

Grob, C.A.Angew. Chem. Int. EA.972 11, 544

Stang, P.JProg. Phys. Org. Cherd973 10, 205

Subramanian, L.R.; Hanack, NI..Chem. Educl975 52, 80

Hanack, M.Acc. Chem. Red.976 9, 364

Rappoport, ZAcc. Chem. Red.976 9, 265

Stang, P.J.; Rappoport, Z.; Hanack, M.; Subramanian \lirigl Cations Academic Press: New York, 1979
Rappoport, ZReactive Intermediatel983 3, 427

Wan, P.; Yates, KRev. Chem. Intermediaté984 5, 157

Rappoport, Z.; Stang, P.J. (ed3i¢oordinated CarbocationdViley: Chichester, 1997
Okuyama, T.; Lodder, GAdv. Phys. Org. Cher2002 37, 1

Okuyama, TAcc. Chem. Re2002 35, 12
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CF3CO,

G H* /+ w CF,CO0

Cl Cl

Peterson, P.E.; Duddey, JEAmM. Chem. S04.963 85, 2865

CF3CO,
CF3COZ
- HOTS
TsO

Peterson, P.E.; Kamat, R.J. Am. Chem. Sod964G 88, 3152
Peterson, P.E.; Duddey, J.E. Am. Chem. S04.966 88, 4990

Jones, W.M.; Miller, FW.J. Am. Chem. S0d.967, 89, 1960

Fahey, R.C.; Lee, D.1. Am. Chem. S04.967, 89, 2780

Nishimura, A.; Kato, H.; Ohta, MJ. Am. Chem. S0&.967, 89, 5083

Bly, R.S.; Ballentine, A.R.; Koock, S.UJ. Am. Chem. Sod.967 89, 6993
Noyce, D.S.; Matesich, M.A.; Peterson, PEAmM. Chem. So4.967 89, 6225
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+
Ph

Miller, L.L.; Kaufman, D.A.J. Am. Chem. Sod968 90, 7282
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Grob, C.A.Bull. Soc. Chim. Fr196Q 1360

80% EtOH/HO
> <

-_BI‘-»X@ + -H*

R/

Grob, C.A.; Cseh, Gdelv. Chim. Actdl964 47, 194

Grob, C.A.; Csapilla, J.; Cseh, Belv. Chim. Actdl964 47, 1590
Huang, S.J.; Lessard, M.V. Am. Chem. S04.968 90, 2432
Grob, C.A.; Spaar, Rdelv. Chim. Actdl97Q 53, 2119

Grob, C.A.; Pfaendler, H.Rdelv. Chim. Actal971, 54, 2060
Grob, C.A.; Nussbaumer, Rlelv. Chim. Actal971, 54, 2528
Grob, C.A.Chimial971], 25, 87
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0S0,CF3 OMe
+ MeOH
—_—
— R, > —
/ i -CRsSo;  / - H*
R1 Rz Ry Ry Ry
R;, R, = alkyl

Summerville, R.H.; Senkler, C.A.; Schleyer, P.v.R.; Deuber, T.E.; Stang, Rr. Chem. S04.974 96, 1100
Stang, P.J.; Deuber, T.Brg. Synth1974 54, 79

Vinylidenes (methylene carbenes, alkylidene carbenes)

Reviews:

Hartzler, H.D. inCarbenes(R. A. Moss, M. Jones Jr.; eds.) Wiley-Interscience: New York, 1975, Vol. 2
Stang, P.JChem. Rev1978 78, 383

Stang, P.JAcc. Chem. Red.978 11, 107

Stang, P.JAcc. Chem. Red.982 15, 348

Ph H Ph

KNH./NH; (1)
> >:C: » Ph—————ph + KBr

Ph Br Ph

Coleman, G.H.; Maxwell, R.01. Am. Chem. So4934 56, 132
Emschwiller, G.Bull. Soc. Chim. Fr1935 2, 1625



Kobrich, G.Angew. Chem. Int. EA.967, 6, 41

o]

R
ON\
N 0 > .
S .
< R R
R
Newman, M.S.; Okorududu, A.Q. Am. Chem. So4.968 90, 4189

Newman, M.S.; Okorududu, A.Q. Org. Chem1969 34, 1220
Newman, M.S.; Din, ZJ. Org. Chem1973 38, 547

R R
R 0S0,CF3 N BUG |
>=/ Y >=»H e F .
- CF3SO; - HOtBU
R R R
| o | >=<
R OtBu
— R
R
R

Stang, P.J.; Mangum, M.G.; Fox, D.P.; Haak].FAm. Chem. S0&.974 96, 4562

Vinylidenecarbenes (allenylidenes, alkenylidene carbenes)
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" KotBu \_';T PhCH=CH
>_'_< “HOBu / \ kol >_'7 : -
Cl

Cl

Hartzler, H.D.J. Am. Chem. S0d.961, 83, 4990
Hartzler, H.DJ. Org. Chem1964 29, 1311

le Noble, W.J.; Chiou, D.M.; Okaya, ¥. Am. Chem. Sod.979 101, 3244
Wallach intermediate (see Dications)
Wanzlich carbenes
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Arduengo, A.J. lllTetrahedron1999 55, 14523 (imidazolylidenes and imidazolinylidenes)
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/ \ /

N N N
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N N N
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Wanzlich, H.W.; Schikora, EAngew. Chenil96Q 72, 494

Wanzlich, H.W.; Schikora, EChem. Ber1961, 94, 2389

Wanzlich, H.W.Angew. Chem. Int. EA.962 1, 75

Wanzlich, H.W.; Schonherr, H.Angew. Chem. Int. EA968 80, 153

Wheland Intermediates (arenium ions, benzenium ions)

R R R R N
+ Ef— y - y < H
tE E E

R = EDG,parasubstitution

R R
R R +
+ Ef— - >
H H H
E E E +

R = EDG,ortho substitution

H H
R R R R i
= U O
+
+

R = EWG, metasubstitution

Reviews:
Olah, G.A.Acc. Chem. Red497Q 4, 240
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Wheland, G.W.; Pauling, LJ. Am. Chem. S04.935 57, 2086
Wheland, G.WJ. Am. Chem. S0d.942 64, 900
Matlow, S.L.; Wheland, G.\WI. Am. Chem. Sod955 77, 3653
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R R R
HBr / Al,Brg +
TP —  C 5 +
H H
+
H H
~ RH H R
+
R
H RH +
—>
— < R - H*
R

H
+ H
_ R
Nightingale, D.V.Chem. Rev1939 25, 329
McCaulay, D.A.; Lien, A.PJ. Am. Chem. S04.951, 73, 2013
McCaulay, D.A.; Lien, A.PJ. Am. Chem. S04.953 75, 2411
Brown, H.C.; Smoot, C.Rl. Am. Chem. Sod.954 78, 2176




269

Gold, V.; Tye, F.LJ. Chem. Sod.952 2172 (first direct spectroscopic evidence for protonation of aromatics)
Reid, C.J. Am. Chem. Sod.954 76, 3264

R

BF,

H H

Olah, G.A.; Kuhn, S.Nature1956 178 693
Olah, G.A.; Kuhn, S.J1. Am. Chem. Sod958 80, 6535

AlCI,

Doering, W.v.E.; Saunders, M.; Boyton, H.G.; Earhart, H.W.; Wadley, E.F.; Edwards, W.R.; LabeiraRedron1958 4, 178
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R
R
R
NO NO NO
R R
R
R = Me, Et, Ph

Hubig, S.M.; Kochi, J.KJ. Am. Chem. So200Q 122 8279
Ylides (1,2-Dipoles)

Reviews:

Johnson, A.WYIlid ChemistryAcademic Press: New York, 1966

Nesmeyanov, N.AMendeleev Chenml.967, 12, 35

Lowe, P.A.Chem. Ind197Q 1070

Wittig, G. J. Organometallic Chen1975 100, 279

Morris, D.G. inRecent Advances in the Chemistry of Y|[i¢@sG. Wubbels, ed.) Butterworths: London, Vol. 10, 1983, p. 189
Lloyd, D. Non-Benzenoid Conjugated Carbocyclic Compoubktisevier Press: Amsterdam, 1984, p. 32

Johnson, A.WYIlides and Imines of Phosphordgiley: New York, 1993

Clark, J.S. (ed.Nitrogen, Oxygen, and Sulfur Ylide Chemis®yford University Press: Oxford, 2002

(i) Ammonium ylides
Ry R3
>
- N_R4
\
R2 Rs

Reviews:
Zugravescu, |.; Petrovanu, M-Ylid Chemistry(translated by C. Stoicescu) McGraw-Hill International Book Co.: New York, 1976
Clark, J.S. (ed.\Nitrogen, Oxygen, and Sulfur Ylide Chemis@xford University Press: Oxford, 2002
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H NMe3 Br’ NMes

Ingold, C.K.; Jessop, A.J. Chem. Sod.929 2357

+

H NMes BI" NMes

+
PhLi ~
e )
- PhH
- LiBr

Wittig, G.; Felletschin, GAnn. Chem1944 555 133

0
1.)‘\ OH
_ R R, R; *

MeN* X~ + Ph-Li —hr MesN+——CH, ———————> NMegs

- Ph-H 2. e) Ry i

Lix H OH

)7\
.o . — R1 R2
MepP™ X* + Ph-Li o —m% MeP+—CH, + O=PMg
- LiX Ry R,
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- Ph-H
- LiX

)7\
* i ) - Ry R,
PhP-CHy X™ + Ph-Li —————  phyp+——CH, > + O=PPh
R1 R2

Wittig, G.; Wetterling, M.H.Ann. Chem1947, 557, 193
Wittig, G.; Rieber, MAnn. Chem1949 562 177; 187
Wittig, G.; Geissler, GAnn. Chem1953 580, 44

NN
N+ Ph

e - Me,N o
atatr—ra® ()
- e —
- N2

Bamford, W.R.; Stevens, T.$. Chem. Sod 952 1975

Cl
Cl hv Cl
+ EbNH —
_N2
N==N
E

g

c
N+
| ~Et
H

Bonneau, R.; Liu, M.T.HJ. Am. Chem. S04991, 113 9872
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West, F.G.; Glaeske, K.W.; Kevin, W.; Naidu, B3¥nthesid 993 977

/ CHCI3
NMe2 Cc:|2

Tomioka, H.; Yamada, S.; Hirai, K. Org. Chem1995 60, 1298
(i) Oxonium ylides

Reviews:
West, F.G.; Clark, J.S. Nitrogen, Oxygen, and Sulfur Ylide Chemis{dyS. Clark, ed.) Oxford University Press: Oxford, 2002, p. 115 - 134

H H
— Na
™ N - Ph
N Ts v /
“NaT o
o] ph - Nals
0 \/ - N2 n

Kirmse, W.; Kund, KJ. Am. Chem. So4989 111, 1465
(iif) Phosphonium ylides
Ry R3
+/
—>7P\—R4
R, Rs

Reviews:
Gruetzmacher, H.; Heim, U.; Schoenberg, H.; PritzkowRlkbsphorus, Sulfur, Silicon, and Related Elem&883 76, 281
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KOH /\
PhgP+" . COOEt — > | PhgP COOEt =~ o, p+
Michaelis, A.; Gimborn, H.VChem. Ber1894 27, 272
Aksnes, GActa Chem. Scand.961], 15, 438
KOH
PhsP+ o COR - PhsF’/ COR =" pn,p+

R = Me, Ph

Michaelis, A.; Kohler, EChem. Ber1899 32, 1566
Ramirez, F.; Dershowitz, S. Org. Chem1957, 22, 41
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COOEt

COR ]

Ph

A +
PhP + PRON, —> PRP=N-N=CPh ——»| PhP=CPh<—»> PhsP—<—

Staudinger, H.; Meyer, #Helv. Chim. Actdl919 2, 635

Ph Ph
H  nBuLi +
——» | P,P=CPh <—> pn; -
phep+~ _ . “ph - NBUH
Br - LiBr Ph

Coffmann, D.D.; Marvel, C.Sl. Am. Chem. Sod929 51, 3496
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* PPhg

Ph3
NH,OH
—

Pinck, L.A.; Hilbert, G.EJ. Am. Chem. Sod947 69, 723

(iv) Pyridine ylides

) )

Reviews:
Zugravescu, |.; Petrovanu, M-Ylid Chemistry(translated by C. Stoicescu) McGraw-Hill International Book Co.: New York, 1976
Platz, M.S.; White, W.R. lll; Modarelli, D.A.; Celebi, Bes. Chem. Intermediat&994 20, 175

Ph Ph
PhNHNI—b X NaOH
| — |
) HZO G - H,0 Z
0+ N+ - 2% Ph N+
| | Nal |
Ph Ph

Scheider, W.; Seebach, Ehem. Ber1921], 54, 2285
Scheider, WAnn. Chem1924 438 115
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Ar N+

Ny AT NaOH '}
Br — >=< - —>—<
- H,0

o -NaBr H O- H

Krollpfeiffer, F.; Muller, A.Chem. Ber1933 66, 739
Krollpfeiffer, F.; Muller, A.Chem. Ber1935 68, 1169
Krohnke, F.Chem. Ber1935 68, 1177

Krohnke, F.; Heffe, WChem. Ber1967, 70, 864
Krohnke, FAngew. Chenl 953 65, 605
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Pinck, L.A.; Hilbert, G.EJ. Am. Chem. S04.944G 68, 2011
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N2+
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King, L.C.; Miller, F.M.J. Am. Chem. S0@.948§ 70, 4154
Ph
Ph —
O )
Ph
Lloyd, D.; Singer, M.l.CJ. Chem. Soc. Sect.1®71, 2941
Ry
Ph
N+ R2
@ \ /
Ph
Ph

R, = H, Ph; B = H, Me

Duerr, H.; Heu, B.; Ruge, B.; Scheppers@aem. CommurL972 1257
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M
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(v) Sulfimine ylides

R2
s
R3
Reviews:
None.

/Et
SO,NH, + Etzs e @SOz'N_S<
Et

Mann, F.; Pope, W.J. Chem. Sod.922 121, 1052 (first sulfimine)

SO,NH, + »> SO;"N—S+
/S\ - H,0 \
R R R

Tarbell, D.S.; Weaver, . Am. Chem. Sod941, 63, 2939

(vi) Sulfonium ylides

3
+/
N
\

Reviews:

Trost, B.M.; Melvin, L.S. JrSulfur Ylides: emerging synthetic intermediassademic Press: New York, 1975
Ando, W.Acc. Chem. Re4.977 10, 179

Ando, W. inThe Chemistry of Diazonium and Diazo Grau® Patai, ed.) Wiley: New York, 1978, Chapter 9
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Padwa, A.; Hornbuckle, S.Ehem. Rev1991 91, 263
Padwa, A.; Weingarten, M.OChem. Rev1996§ 96, 223
Doyle, M.P.Chem. Rev1998§ 98, 911
Clark, J.S. (ed.Nitrogen, Oxygen, and Sulfur Ylide Chemis@xford University Press: Oxford, 2002
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o

Ingold, C.K.; Jessop, J.A. Chem. Sod.93Q 713

__-H S+ S
N A T [y | L
2 |Ph ~ o o

No+ H

King, L.C.; Miller, F.M.J. Am. Chem. S0d.949 71, 367

(vii) Trapping of carbenes generated by flash photolysis
Reviews:

Jackson, J.E.; Platz, M.S. Adv. Carbene ChenU. Brinker, ed.) JAI Press: Greenwich, CT, 1994, p. 89
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X+

a9

l'~‘|Griller, D.; Hadel, L.M.; Nazran, A.S.; Platz, M.S.; Wong, P.C.; Savino, T.G.; Scaiand, AQ. Chem. S04.984 106, 2227

(trapping of carbenes via ylide formation)
(CHg,c=0 NP >7

— J— O+
H
CH5CN NP
N —> _\ N+ =
hv R \ /
; N/\H | H
Np H -Ny P _ Np —
N
— > — N+\ /
EN NP 4
> _>7NE'[3
H

l'*’|Barcus, R.L.; Hadel, L.M.; Johnston, L.J.; Platz, M.S.; Savino, T.G.; Scaiand, A@. Chem. S04.986 108 3928
(trapping of carbenes via ylide formation)
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—' , —
- N, tBu/\CI : N+\: /:
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Jackson, J.E.; Soundarajan, N.; Platz, M.S.; Liu, M.J7.i Am. Chem. Sod.988 110 5595
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- N2
Rl-s-R2 S
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