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Table S6. Table summarizing thermodynamically stable analogues of reaction
intermediates

Acetoxonium ions

No stable analogues observed to date.

Acylammonium ions
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Katritzky, A.R.; Burton, R.D.; Shipkova, P.A.; Qi, M.; Watson, C.H.; Eyler, J.R.
Chem. Soc. Perkin Trans1®98§ 835

Acylium ions
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Tortajada, J.; Berthomieu, D.; Morizur, J.P.; Audier, HLEAm. Chem. S04.992 114,
10874
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Camp, R.L.; Greene, F.D. Am. Chem. Sod.968 90, 7349
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Crandall, J.K.; Machleder, W.H. Heterocyclic Chenl969 6, 777
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Erden, I.; Drummond, J.; Alstad, R.; Xu, Fetrahedron Lett1993 34, 1255

Aromatic sigma and pi complexes

See Meisenheimer-Jackson and Janovsky complexes for negative aromatic sigma
complexes. _ N o
See Wheland intermediates for positive aromatic sigma complexes.
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Kealy, T.J.; Pauson, P.Nature1951, 168 1039
Wilkinson, G.; Rosenblum, M.; Whiting, M.C.; Woodward, RIBAm. Chem. Soc.
1952 74, 2125
Woodward, R.B.; Rosenblum, M.; Whiting, M.@C..Am. Chem. So@.952 74, 3458

Eiland, P.F.; Pepinsky, R. Am. Chem. S0d.952 74, 4971
Wilkinson, G.J. Am. Chem. S04.954 76, 209

BF,
|
|
@ND
S
Feldman, M.; Jackson, J.Aetrahedron Lett1964G 797

(i) Janovsky complexes
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Janovsky, J.VChem. Ber1886 19, 2155

(i) Meisenheimer-Jackson complexes
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Jackson, C.L.; Robinson, W.8m. Chem. J1889 11, 93
Jackson, C.L.; Gazzolo, F.Am. Chem. J190Q 23, 376
Jackson, C.L.; Earle, R.Bm. Chem. J1903 29, 89
Meisenheimer, JAnn. Chem1902 323 205

(i) Wheland intermediates (arenium ions)
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Olah, G.A.; Kuhn, S.Nature1956 178 693
Olah, G.A.; Kuhn, S.Jl. Am. Chem. Sod958 80, 6535
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Olah, G.A.; Schlosberg, R.H.; Porter, R.D.; Mo, Y.K.; Kelly, D.P.; Mateescu, &.D.
Am. Chem. Sod. 972 94, 2034
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Olah, G.A.; Staral, J.S.; Asencio, G.; Liang, G.; Forsyth, D.A.; Mateescu JGAD.
Chem. Soc1978 100 6299
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Effenberger, F.; Reisinger, F.; Schoenwaelder, K.H.; Baeuerle, P.; Stezowski, J.J.;
Jogun, K.H.; Schoellkopf, K.; Stohrer, W.D.Am. Chem. So4.987, 109, 882
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Laali, K.K.; Hansen, P.EL Org. Chem1991], 56, 6795
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Rathore, R.; Hecht, J.; Kochi, J.K.Am. Chem. So4998 120 13278



H
X = [B(FsPh)], [CB11HClg]
Reed, C.A.; Fackler, N.L.P.; Kim, K.C.; Stasko, D.; Evans, D.Rm. Chem. Soc.

1999 121 6314
Stasko, D.; Reed, C.A. Am. Chem. So2002 124 1148
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Meyer, R.; Werner, K.; Muller, TChem. Eur. J2002 8, 1163

Ra

Et;Si* [CB1;HRsXg]” + HCI + arene—s ESICl + [H(arene)][CB;;HRsX ]

R = H, Me; X =Cl, Br; arene = benzene, toluene, m-xylene, mesitylene, hexamethyll

Reed, C.A.; Kim, K.C.; Stoyanov, E.S.; Stasko, D.; Tham, F.S.; Mueller, L.J.; Boyd,
P.D.W.J. Am. Chem. So2003 125 1796
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Boga, C.; Del Vecchio, E.; Forlani, Eur. J. Org. Chem2004 1567

Arylium ions
No stable analogues observed to date.

Azepinium ions

R N H R
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\ / — > [ 4 ]-
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R =tBu, OMe

Satake, K.; Kubota, Y.; Cordonier, C.E.J.; Okamoto, H.; KimuraAvgew. Chem.
Int. Ed.2004 43, 736

Aziridinium ions

N+ C|O4-

Leonard, N.J.; Jann, K. Am. Chem. So04.96Q 82, 6418
Leonard, N.J.; Jann, K. Am. Chem. S04.962 84, 4806
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Olah, G.A.; Szilagyi, P.J. Am. Chem. S04.969 91, 2949

Rl\ /CH Rl\ /H R; =H, Me, t-Bu

ii ii R, = H, Ph, Me
R; = COOEt, PhCi
Baret, P.; Rivoirard, E.M.; Pierre, J.I.. Heterocyclic Chen198Q 17, 201

Benzynes (arynes)
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Buijink, J.K.F.; Kloetstra, R.K.; Meetsma, A.; Teuben, JddgjanometallicsL996 15,
2523

Betaines (phosphonium betaines)
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Puke, C.; Erker, G.; Aust, N.C.; Wurthwein, E.U.; Frohlich).FAm. Chem. Soc.
1998 120, 4863

Erker, G.; Hock, R.; Wilker, S.; Laurent, C.; Puke, C.; Wirthwein, E.U.; Aust, N.C.;
Frohlich, R.Phosphorus, Sulfur, Silicon and the related elem&889 153-154 79
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Puke, C.; Erker, G.; Wibbeling, B.; Frohlich, Rur. J. Org. Cheml1999 1831
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Thiele, J.; Balhorn, HChem. Ber1904 37, 1463 (n = 1)
Chichibabin, A.EChem. Ber1907, 40, 1810 (n = 2)

Ph Ph

Ph Ph
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Schlenk, W.; Brauns, MChem. Ber1915 48, 661; 716
Muller, E.; Muller-Rodloff, . Ann. Chem1935 517, 134
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Muller, E.; Neuhoff, HChem. Ber1939 72, 2063
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Schwab, G.M.; Baumel, AZ. Physik. Chenll957, 10, 347
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Mayer, U.; Baumgartel, H.; Zimmermann, Bngew. Chem. Int. EA.966 5, 311

Carbanions

Ph Ph
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Schlenk, WAnn. Chem191Q 372 1
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Peters, DJ. Chem. Sod. 959 1757
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Janzen, E.G.; Gerlock, J.IL. Organometallic Chen1.967, 8, 354
PhC Li* MgN-CH,CH,NMe,

Brooks, J.J.; Stucky, G.[J. Am. Chem. S0d.972 94, 7333

/O
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Matteson, D.S.; Hagelee, L.A. Organometallic Chenl975 93, 21

+
NBu,

Reetz, M.F.; Huette, S.; Goddard,R.Naturforsch. BL995 50, 415

Fares, V.; Flamini, A.; Pasetto, .Chem. Soc. Perkin Trans.200Q 4520
[MR(18-crown-6)]

M =Rb, Cs

R = Cp, M&Cp, fluorenyl, indeny

Neander, S.; Behrens, U.; Olbrich,J-Organometallic Chen200Q 604, 59
Carbenes

(i) Carbenes - singlet
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Cattoén, X.; Sole, S.; Pradel, C.; Gornitzka, H.; Migueul. Krg. Chem2003 68,
911
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Goumri-Magnet, S.; Kato, T.; Gornitzka, H.; Baceiredo, A.; Bertrand, &m. Chem.
So0c.200Q 122 4464

N2
)k - N(iPr),
|

hv
MesSi —
_N2
N(iPr),
N(iPr), ~o+ _NGP), N(iPr);
Messi/\P/ Messi™  Np , 7
| > | <«—>» MesSi—C=P

Baceiredo, A.; Bertrand, G.; Sicard, I Am. Chem. So@.985 107, 4781

Igau, A.; Grutzmacher, H.; Baceiredo, A.; BertrandJGAm. Chem. So04.988 110,
6463

Igau, A.; Baceiredo, A.; Trinquier, G.; Bertrand,Agew. Chem. Int. EA.989 28,
621
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N/ _CHCN ; N L
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Ar = 2,4,6-tri4-butylphenyl, HMDS = hexamethyldisilazide

Martin, D.; Baceiredo, A.; Gornitzka, H.; Schoeller, W.W.; Bertranda@&ew. Chem.
Int. Ed.2005 44, 1700

(if) Carbenes - triplet
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Wasserman, E.; Kuck, V.J.; Yager, W.A.; Hutton, R.S.; Greene, F.D.; Abegg, V.P.;
Weinshenker, N.MJ. Am. Chem. S0d.971], 93, 6335

Tomioka, H.; Nakijima, J.; Mizuno, H.; liba, E.; Hirai, Kan. J. Chem1999 77, 1066
Itakura, H.; Tomioka, HOrg. Lett.200Q 2, 2995

Br Br

Br I I Br

Tomioka, H.; Watanabe, T.; Hirai, K.; Furukawa, K.; Takui, T.; ItohJKAm. Chem.
So0c.1995 117 6376

Tomioka, H.; Hattori, M.; Hirai, KJ. Am. Chem. Sod.99q6 118 8723

Tomioka, H.; Watanabe, T.; Hattori, M.; Nomura, N.; Hirai JKAm. Chem. Soc.
2002 124 474

Nakajima, J.; Hirai, K.; Tomioka, HOrg. Biomolec. Chen2004 2, 1500
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N
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Tomioka, H.; Okada, H.; Watanabe, T.; Banno, K.; Komatsu, K.; Hiral, Km. Chem.
So0c.1997 119 1582

Hu, Y.M.; Hirai, K.; Tomioka, HChem. Lett200Q 94

Hu, Y.M.; Ishikawa, Y.; Hirai, K.; Tomioka, HBull. Chem. Soc. Jp001, 74, 2207
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/.\ Ar = X =H, Me, tBu, F, ClI, BI
AT AT OMe, CN, N@

X

Tomioka, H.; Mizuno, H.; Itakura, H.; Hirai, Chem. Commuri997, 2261
Itakura, H.; Mizuno, H.; Hirai, K.; Tomioka, H. Org. Chem200Q 65, 8797

it

Tomioka, H.; Itakura, H.; Hirai, KChem. Commurl997 2261

CF3

PN Ar =

Ar Ar

iPr CF3

Hirai, K.; Tomioka, HJ. Am. Chem. So8999 121 10213

Tomioka, H.; lwamoto, E.; Itakura, H.; Hirai, Klature2001, 412 626
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Tomioka, H. inCarbene Chemistry: from fleeting intermediates to powerful reagents

Marcel Dekker, Inc.: New York, 2002, Chapter 4, p. 139

tBu tBu

XY

Itoh, T.; Takada, A.; Hirai, K.; Tomioka, KDrg. Lett.2005 7, 811

(iii) Arduengo carbenes (imidazolylidenes)

N N
Arduengo, A.J. lll; Harlow, R.L.; Kline, MJ. Am. Chem. S04.991, 113 361
Dixon, D.A.; Arduengo, A.J. I10. Phys. Chenl991], 95, 4180

Arduengo, A.J. lll; Dias, H.V.R.; Harlow, R.L.; Kline, M. Am. Chem. S08.992
114 5530
Arduengo, A.J. lllTetrahedron1999 55, 14523
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iPr\ /\ /iPI’
>_<
Kuhn, N.; Kratz, TSynthesid 993 561

Mes__ /\ /Mes
N N
CIHCI

Arduengo, A.J. lll; Davidson, F.; Dias, H.V.R.; Goelrich, J.R.; Khasnis, D.; Marshall,
W.J.; Prakasha,_T_.Kl.. Am. Chem. S04.997, 119 12742
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Faust; Gobel€hem. Commur200Q 919
>‘\ PN )<
N N

l'~‘|Denk, M.K.; Rodezno, J.M.; Gupta, S.; Lough, A.JOrganometallic Chem.
2001 617, 242

(iv) Bertrand carbenes

~ N(iPr),
/\T/

N(iPr),
Baceiredo, A.; Bertrand, G.; Sicard, I Am. Chem. So@.985 107, 4781
Igau, A.; Grutzmacher, H.; Baceiredo, A.; BertrandJGAm. Chem. So04.988 110,
6463
Igau, A.; Baceiredo, A.; Trinquier, G.; Bertrand,Agew. Chem. Int. EA.989 28,
621

Me3Si

(v) Grubbs carbene
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Despagnet-Ayoub, E.; Grubbs, RHAmM. Chem. So2004 126, 10198

(vi) Wanzlich carbenes (imidazolinylidenes)

Ph  Ph Ph
A /

N N N
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Ph  Ph Ph

Wanzlich, H.W.; Schikora, EAngew. Chenil96Q 72, 494
>‘\ N )<
N N

l'~‘|Denk, M.K.; Thadani, A.; Hatano, K.; Lough, AAingew. Chem. Int. EA.997,
36, 2607

N

N N

/

Arduengo, A.J. lll; Calabrese, J.C.; Davidson, F.; Dias, H.V.R.; Goerlich, J.R.;
Krafczyk, R.; Marshall, W.J.; Tamm, M.; Schmutzler,HRlv. Chim. Actdl999 82,
2348

Arduengo, A.J. lllTetrahedron1999 55, 14523

Carbenium ions
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+ AICl; — + AlCl,
Ph Ph Ph Ph

Norris, J.F.; Sanders, W.\m. Chem. J1901, 25, 54
Norris, J.FAm. Chem. J1901], 25, 117
Norris, J.FAm. Chem. J1907 38, 627

HaN HoN

+
— NH;
O X-

HyN

NH, fuchsine

Kehrmann, F.; Wentzel, Ehem. Ber1901, 34, 3815
Baeyer, A.; Villiger, VChem. Ber1901], 35, 1189
Baeyer, A.; Villiger, VChem. Ber1901, 35, 3013
Baeyer, A.Chem. Ber1905 38, 3815

o o]
)‘\ + SbR, —> J + SbFRy —» Me,C' SbRy
tBu

tBu F -CO

Olah, G.A.; Kuhn, S.J.; Tolgyesi, W.S.; Baker, EIBAmM. Chem. S0d.962 84, 2733
Olah, G.A.Rev. Roum. Chinl962 7, 1129

Olah, G.A.; Tolgyesi, W.S.; Kuhn, S.J.; Moffatt, M.E.; Bastien, 1.J.; Baker, E.Bm.
Chem. Socl963 85, 1328

R1
+\
Ro

Pittman, C.U. Jr.; Olah, G.A. Am. Chem. So4.965 87, 2998



Olah, G.A.; Lukas, JI. Am. Chem. S0@.967, 89, 4739 (magic acid)

+ SbF.
+ SbF,” 6

Olah, G.A.; Svoboda, J.J.; Ku, A.Bynthesid 973 492 (low temperature)

+ -
SbZFll

Hollenstein, S.; Laube, T. Am. Chem. S04.993 115 7240 (X-ray at - 30C)

Dileeshi, S.; Gopidas, K.RChem. Phys. Let200Q 330, 397

Ar OH (0]

Ar~_ T _Ar Ar
Ar . Ar
HBF,

BF,

Suzuki, T.; Nagasu, T.; Kawal, H.; Fujiwara, K.; Tsuji,Tetrahedron Lett2003 44,
6095

[CHB 1 MesBrg]

19



Kato, T.; Reed, C.AAngew. Chem. Int. EQ004 43, 2980

tBu SiMe3 tBu

A
tBu p .t p Bu CFgSO,0
\

tBu tBu

Sebastian, M.; Hoskin, A.; Nieger, M.; Nyulaszi, L.; NieckeARgew. Chem. Int. Ed.

2005 44, 1405

Carbenoids (metallocarbenes)

CO
CO OPh

oc—M— M =W, Cr, Mc

CHs

Fischer, E.O.; Maasbol, Angew. Chem. Int. Engl. E&964 3, 580
Fischer, E.OAdv. Organomet. Cherd976 14, 1

M83CCH2
Me3CCHy |4< M = Ta, Nk
MesCCH, CMes

Schrock, R.R.; Meakin, B. Am. Chem. Sod974 96, 5288
Schrock, R.RJ. Am. Chem. Sod974 96, 6796

CT H
CH3_TT:<
Cp A

Schrock, R.RJ. Am. Chem. So&975 97, 6577

Schrock, R.R.; Guggenberger, LJJAm. Chem. Sod.975 97, 6578
Schrock, R.R.; Fellmann, J.0. Am. Chem. So&.978 100, 3359
Schrock, R.RJ. Organometallic Chenl.976 122 209

Schrock, R.RAcc. Chem. Red4979 12, 98

20



21

™~ S ~
| Si
/ \\\\CI I\
/Zr.‘\
aweP | Pru,
P )\ "'ljpr
iPr/ Ph H \iPr

- Fryzuk, M.D.; Mao, S.S.H.; Zaworotko, M.J.; MacGillivray, LR.AmM. Chem.
S0c.1993 115 5336

- Fryzuk, M.D.; Duval, P.B.; Mao, S.S.H.; Rettig, S.J.; Zaworotko, M.J.;
MacGillivray, L.R.J. Am. Chem. S04.999 121, 1707

- Fryzuk, M.D.; Duval, P.B.; Mao, S.S.H.; Zaworotko, M.J.; MacGillivray, LIR.
Am. Chem. Sod. 999 121, 2478

N_)r\ - - Pr
H

Buijink, J.K.; Teuben, J.H.; Kooijman, H.; Spek,QrganometallicsL994 13, 2922

Ar

R

’l\ tBu

Megp_ch

Coles, M.P.; Gibson, V.C.; Clegg, W.; Elsegood, M.R.J.; Porrelli, ebem.
Commun1994 1963
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. ~
/ | .\\\\C:I SI\
/ Hf\
|l"P | P,
ippv )\ "ipy
iPr/ Ph H \iPr

l'~‘|Fryzuk, M.D.; Duval, P.B.; Patrick, B.O.; Rettig, SQfganometallic2001, 20,
1608

Carbynes
CO  ph co
\‘\\ \\\\CO
oc—W— +Bl; —» | —W—c—ph + CO + BjOMe
7 v
oc ocC
co OMe Cco

Fischer, E.O.; Kreis, G.; Kreiter, C.G..; Cornelius, G.; Miller, J.; Huttner, G.; Lorenz,
H. Angew. Chenil 973 85, 618

Fischer, E.O.; Kreiter, C.G.; Muller, J.; Huttner, G.; LorenzAHgew. Chem. Int. Ed.
1973 12, 564

Fischer, E.O.; Kreis, G.; Kreissl, F.; Kalbfus, W.; WinklerJEOrganometallic Chem.
1974 65, C53

O,N
C|ZO

G —Vl\/E C—S NOZ
Co

Greaves, W.W.; Angelici, R.Ilnorg. Chem1981, 20, 2983

CO\\CO R = alkyl, aryl, NR;
X—M=c—R M=Cr, Mo, W
oc =

L X =Cl, Br, |

Fischer, H.; Fischer, E.Q. Molecular Catal1985 28, 85
Cumulenes

() heteroallenes
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OMe

Ito, S.; Sekuguchi, S.; Yoshifuji, M. Org. Chem2004 69, 4181

(ii) ketenes

e

C—C=0

Staudinger, HChem. Ber1905 38, 1735
Smith, L.I.; Hoehn, H.HOrg. Synth. Coll. Vol1955 3, 356
Taylor, E.C.; McKillop, A.; Hawks, G.HOrg. Synth1972 52, 36

GO

Alborz, M.; Douglas, K.TJ. Chem. Soc. Perkin Trans1882 331
t-Bu
C—C=—o0
/
t-Bu

Newman, M.S.; Arkell, AJ. Org. Chem1959 24, 385
Newman, M.S.; Arkell, A.; Fukunaga, J. Am. Chem. S04.96Q 82, 2498
Kabir, S.H.; Seikaly, H.R.; Tidwell, T.T0. Am. Chem. So4979 101, 1059



C=—=C=0

Cl

Ziegler, E.; Sterk, HMonatsh. Chenil967, 98, 1104

Finnerty, J.; Andraos, J.; Yamamoto, Y.; Wong, M.W.; Wentrup. @m. Chem. Soc.

1998 120 1701

Ph

M83Si

Brady, W.T.; Cheng, T.Cl. Organometallic Chenl.977, 137, 287

(@]
t-Bu‘{

t-Bu
(@]

Kappe, C.O.; Evans, R.A.; Kennard, C.H.L.; Wentrup).@®Am. Chem. S04.991],
113 4234

Kappe, C.O.; Faerber, G.; Wentrup, C.; KollenzJGrg. Chem1992 57, 7078
Kollenz, G.; Dalvi, T.S.; Kappe, C.O.; Wentrup,ARKIVOC200Q 1, 84

o

MesSi C/

C SiMe3
o/
- Zhao, D.C.; Tidwell, T.TJ. Am. Chem. So4992 114, 10980
- Allen, A.D.; Moore, P.A.; Missiha, S.; Tidwell, T.T. et 41.0rg. Chem1999 64,
4690
- Allen, A.D.; Huang, W.; Moore, P.A.; Far, A.R. Tidwell, TJ.Org. Chem200Q

(o2]

5, 5676
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l'~‘|Huang, W.; Moore, P.A.; Far, A.R.; Tidwell, T.T. et&lOrg. Chem200Q 65,
3877

0]

Z

MesSi c” R____B
COOEt H

Ph H
Ph M

C SiMe MeSi H

— 3
Rl\T/ H H
R2

l'~‘|Huang, W.; Fang, D.; Temple, K.; Tidwell, T.J.Am. Chem. S04.997, 119
2832

N\
C———C—"20
Et3Si

Marsden, S.P.; Pang, W.Khem. Commurd.999 1199

Ph\ /

—Si
C——C——-290

H

l'~‘|Allen, A.D.; Tidwell, T.T.J. Org. Chem1999 64, 266

(iii) ketenylidene phosphoranes

Matthews, C.N.; Birum, G.Hl'etrahedron Lett196G 5707
Daly, J.J.; Wheatley, P.J. Chem. Soc. A966 1703
Matthews, C.N.; Birum, G.HAcc. Chem. Red4.969 2, 373

(iv) silaallenes
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R3Si
R SiMe3

Si

/

R3Si SiMej

Ichinohe, M.; Hayata, Y.; Akira, £hem. Lett2002 1074

(v) acylthioketenes

Ar
Ammann, J.R.; Flammang, R.; Wong, M.W.; WentrupJ.rg. Chem200Q 65, 2706
2,4- and 2,5-Cyclohexadienones
2,4- and 2,5-Cyclohexadienimines

Crowther, H.L.; McCombie, Hl. Chem. Sod.913 103 536
Crowther, H.L.; McCombie, HProc. Chem. S0d. 913 29, 68

O - Na+ e}
+ Br — 5 —
AN NaBr

Curtin, D.Y.; Crawford, R.JChem. Ind195q6 313

SOzTol p SOzTol p

SO, Tol-p
/
—N
S




Couitts, I.G.C.; Culbert, N.J.; Edwards, M.; Hadfield, J.A.; Musto, D.R.; Pavlidis, V.H.;
Richards, D.JJ. Chem. Soc. Perkin Trans1985 1829

Cyclopropenyl cations

Ph
A BF4_
Ph Ph

Breslow, RJ. Am. Chem. Sod957 79, 5318
Breslow, R.; Yuan, CJ. Am. Chem. So&.958 80, 5991
Breslow, R.; Hover, HJ. Am. Chem. So&.96Q 82, 2644

Dications

+ +
H,N NH,

Wurster, CChem. Ber1879 12, 522

Wourster, C.; Sendtner, Rhem. Ber1879 12, 1803
Wurster, C.; Schobig, EZEhem. Ber1879 12, 1807
Wurster, CChem. Ber1879 12, 2071

Wurster, CChem. Ber18846 19, 3195

SO L
_/ 7 \_/

2Cr 2 Br

Brian, R.C.; Homer, R.F.; Stubbs, J.; Jones, Rature1958 181, 446

Fielden, R.J.; Homer, R.F.; Jones, R.L. GB 785,732 ICI (1958-02-18)

Brian, R.C.; Driver, G.W.; Homer, R.F.; Jones, R.L. GB 813,531 ICI (1959-05-21)
Boon, W.R.Endeavourl 967, 26, 27

C—(CHy)n—C [SbFs],

+0 O+

Olah, G.A.; Comisarow, M.Bl. Am. Chem. Sod964 88, 3313
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R1
H—NC\>—<+ [SbFs 1,
_ .

Olah, G.A.; Calin, MJ. Am. Chem. So&968 90, 943

R R

@ [SbF;], R=H, Pl

R R
Olah, G.A.; Bollinger, J.M.; White, A.M]. Am. Chem. S0d.969 91, 3667
Olah, G.A.; Mateescu, G.[J. Am. Chem. So&97Q 92, 1430

C+ + [SbFs1,

Bollinger, J.M.; Olah, G.AJ. Am. Chem. S04.969 91, 3380

Km\\ Q [BF,T,

N+

Alder, R.W.; Sessions, R.B. Am. Chem. Sod979 101, 3651

Ph
/Ph
P
P+ S Ph 412
/
Ph
Ph




Blankespoor, R.L.; Doyle, M.P.; Smith, D.J.; van Dyke, D.A.; Waldyke, 8 Qrg.

Chem.1983 48, 1176

S+
| [CFsSOsT,
S+

Fujihara, H.; Akaishi, R.; Furukawa, Bhem. Commurl.987, 930

TOt=1QL

Awaji, H.; Sugimoto, T.; Yoshida, Z.0. Phys. Org. Chenli988§ 1, 47

Q c [SbFs],

Q [SbFs],
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[SbFs],

Malandra, J.L.; Mills, N.S.; Kadlecek, D.E.; Lowery, JJAAM. Chem. S04.994

116 11622
Mills, N.S.; Malandra, J.L.; Burns, E.E.; Green, A.; Unruh, K.E.; Kadlecek, D.E.;

Lowery, J.A.J. Org. Chem1997, 62, 9318

tBu tBu
FSO;H/ T
SbF5/SQCIF
) O
H
H

Laali, K.K.; Gano, J.E.; Gundlach, C.W.; Lenoir,DChem. Soc. Perkin Trans. 2
1994 2169



[SbCk 1>

Suzuki, T.; Yoshino, T.; Ohkita, M.; Tsuiji, 3. Chem. Soc. Perkin Trans200Q 3417

Ar Ar

Ar = 4-MeOGH,

Iwashita, S.; Ohta, E.; Higuchi, H.; Kawal, H.; Fujiwara, K.; Ono, K.; Takenaka, M.;
Suzuki, T.Chem. Commur2004 2076

Dinitrenes

i W :_N_N_;

Ichimura, A.S.; Sato, K.; Kinoshita, T.; Takui, T.; Itoh, K.; Lahti, PN¥lec. Crystals
Liquid Crystals Sci. Tech. Sect. A: Molec. Crystals Liquid Cry&ta5 272, 279

1,3-Dioxolenium salts
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o

O

Meerwein, H.; Wunderlich, KAngew. Chenil957, 69, 481

O Ph
(e
@)

Meerwein, H.; Allendorfer, H.; Beckmann, P.; Kunert, F.; Morschel, H.; Pawellek, F.;
Wunderlich, K.Angew. Cheml 958 70, 211

o R
("

0
Meerwein, H.; Hederich, V.; Wunderlich, Krch. Pharm1958 291, 541

O H

("

0
Meerwein, H.; Hederlich, V.; Morschel, H.; Wunderlich,Aan. Chem196Q 635 1
1,3-Dipoles

(i) azomethine imines
No stable analogues observed to date.

(i) azonium imines
No stable analogues observed to date.

(iii) carbonyl imines
No stable analogues observed to date.

(iv) carbonyl oxides
No stable analogues observed to date.

(v) carbonyl ylides



N X = H, OMe, BI

O,N X

Hamaguchi, M.; Ibata, TTetrahedron Lettl974 4475

CF3
MeoN /O+
\( .
NMe,
F3C
CF3

Januilis, E.P. Jr.; Arduengo, A.J. Il Am. Chem. S04.983 105 5929

(vi) nitrile ylides

Hegarty, A.F.; Eustace, S.J.; Tynan, N.M.; Pham-Tran, N.N.; Nguyen,JMChem.
Soc. Perkin Trans. 2001, 1239

(vii) nitrilimines
No stable analogues observed to date.

(viii) nitrosoimines

Bamberger, E.; Padova, R.; OrmerodABn. Chem1925 446 269

Scott, F.L.; Lalor, F.J.Chem. Ind1966 420

Vis, J.H.; Meinke, PJ. Heterocyclic Chenl97Q 7, 1417

Akiba, K.; Matsunami, S.; Eguchi, C.; Inamoto,Bull. Chem. Soc. Jph974 47, 935
Bravo, P.; Ticozzi, CGazz. Chim. Ital1975 105 91

(ix) thiocarbonyl imines
No stable analogues observed to date.

(x) thiocarbonyl ylides
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Rl\
NC. N—R>
\\ //
/ \
-, \
NC N—R3
R4

Tamagaki, S.; Oae, $etrahedron Lettl972 1159

NC N \,N
IQ%S--%
NC /

Gronski, P.; Hartke, KTetrahedron Lett1976 4139

o
/
NH;
2/
\6
NH;
\6
0

Koser, G.F.; Yu, S.MJ. Org. Chem1976 41, 125

CN )
N(iPr),
|C} S+=X ‘
NC i .
N N(IPI’)Z
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Nakasuiji, K.; Nishino, K.; Murata, I.; Ogoshi, H.; YoshidaAfigew. Chenil977, 89,
904

+
R S _ Rl
Y \(
R H
Huisgen, R.; Li, X.; Mloston, G.; Knorr, R.; Huber, H.; Stephenson, De8ahedron
1999 55, 12783

—_— > —>
s -N \
S "

Romanski, J.; Mloston, G.; Szynkiewicz,Synthesi2003 2259

Enols

OH
MeO

Hart, H.; Swatton, D.WJ. Am. Chem. So&.967, 89, 1874
Mes OH

Mes Mes

Biali, S.E.; Rappoport, Z. Am. Chem. S04.983 103 7350

Ph Ph
MeO OH
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McGarrity, J.F.; Cretton, A.; Pinkerton, A.A.; Schwarzenbach, D.; Flack, Angew.

Chem.1983 95, 426

Ar OSiMe3 Ar OH
nBuy,NF/AcOH
- ‘ -
- FSiMg
Ar OSiMe3 - nBL|40AC Ar OSiMe3

O'Neill, P.; Hegarty, A.FChem. Commurl.987 744

Mes OH

N QQ

Mes = mesityl (2,4,6-trimethylphen
Rochlin, E.; Rappoport, 4. Org. Chem2003 68, 216
Ar—NH CN F3C
CF3
HO o)

o
Lei, Y.X.; Casarini, D.; Cerioni, G. Rappoport,Z.0Org. Chem2003 68, 947

Mes OH
Mes OH

Allen, B.M.; Hegarty, A.; O'Neill, PJ. Chem. Soc. Perkin Trans1897, 2733

Episulfonium ions
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SO; -

O2N NO,
S+—R R = Me, Et, nPr, nBu, tE

NO,

Pettitt, D.J.; Helmkamp, G.K. Org. Chem1964 29, 2702
Owsley, D.C.; Helmkamp, G.K.; Rettig, M.F. Am. Chem. So4.969 91, 3606; 5239

Ry St R>
H; R, = H
Ph; R = Me

Rl
N R
OTs

Kil'disheva, O.V; Lin'kova, M.G.; Rasteikiene, L.; Zabelaite, V.; Pociute, N.;
Knunyants, I.LDokl. Akad. Nauk SSRO72 203 1072

>

S+
Q Clo,”

)k NH COOMe

Henkel, J.G.; Amato, G.39. Med. Chem1988 31, 1279

Germylenes
S
)
i

Ge
o
Jutzi, P.; Hoffmann, H.J.; Brauer, D.J.; KruegerA@gew. Chenil973 85, 1116
Jutzi, P.; Hoffmann, H.J.; Wyes, K.Bl. Organometallic Chen1974 81, 341

Cl

OB\, Y=0OMe, SMe, MgN, Et,P



38

Riviere, P.; Satge, J.; Dousse, G.; Riviere-Baudet, M.; Courédt,@ganometallic
Chem.1974 72, 339

ME3Si\(Ge\(SiME3

M63Si SiMEg

Davidson, P.J.; Harris, D.H.; Lappert, MF.Chem. Soc. Dalton Trank977, 2268

MesSi Ge SiMej
Me3Si>‘/ \‘/
M63Si SiMEg

Jutzi, P.; Becker, A.; Stammler, H.G.; NeumannOBjanometallicsL991, 10, 1647

G G
R\ e e\ /R R\ s e\ /R
N N N N

\/ \—/

Herrmann, W.A.; Denk, M.; Behm, J.; Scherer, W.; Klingan, F.R.; Bock, H.; Solouki,
B.; Wagner, MAngew. Chem. Int. EA.992 31, 1485

tBu .- tBu
/@\/Ge\/@\
tBu tBu tBu tBu

Jutzi, P.; Schmidt, H.; Neumann, B.; Stammler, HO@yanometallicsL997, 15, 741

tBu\ /Ge\ /tBu
N N

Schaefer, A.; Saak, W.; Weidenbruch, M.; Marsmann, H.; Henk&h&m. Ber1997,
130 1733
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CF3 - CF3
/@{Geé@\
F3C CF3 F3C CF

Bender, J. IV; Holl, M.M.B.; Kamp, J.WOrganometallicsL997, 10, 1647

sbe

Mes Mes

Simons, R.S.; Pu, L.; Olmstead, M.M.; Power, RRjanometallicsL997, 16, 1920

Tb Mes
N/ 3
Ge—Ge ) P
/ \ Mes Tht
Mes Tht

Kishikawa, K.; Tokitoh, N.; Okazaki, RChem. Lett1998 239
(first spectroscopic observation of equilibrium)

Megsi Ge SiMeg
Me3Si SiMe3

Kira, M.; Ishida, S.; Iwamoto, T.; Ichinohe, M.; Kabuto, C.; Ignatovich, L.; Sakurai, H.
Chem. Lett1999 263

\ e i " o
Ge —= 2 P
/ \ Mes Tht
Mes
R

Mes Mes

\ /

Si—Ge = 2 Ge

-~ ves” simes; R = Me (Mes), CH(SiMg), (Tbt

Mes Mes



Weidenbruch, MEur. J. Inorg. Chenil 999 373

Halonium ions

Hartmann, C.; Meyer, \Chem. Ber1894 27, 426
:CI+ I :Br+ Cr

l'~‘|Sandin, R.B.; Hay, A.Sl. Am. Chem. S0d.952 74, 274

Br+

EI /N g

Strating, J.; Wieringa, J.H.; Wynberg, Bhem. Commuri.969 907

?\:[I /BR \J:/f Br

Bortolini, O.; Chiappe, C.; Conte, V.; Carraro, Eur. J. Org. Chem1999 3237

Hydronium ion
H,O + HBr — > H3;0" Br (SO, solvent

Bagster, L.S.; Cooling, @. Chem. Sod.92Q 117, 693

H,O" CIO, H,0" NOy H,O" HBF

Volmer, M.Ann. Chem1924 440, 200

Klinkenberg, L.J.; Ketelaar, J.A.&Rec. Trav. Chiml935 54, 959

Richards, R.E.; Smith, J.A.$rans. Faraday Sod 951, 47, 1261

Kakiuchi, H.; Shono, H.; Komatsu, K.; Kigoshi, &.Chem. Physl951, 19, 1069
Bethell, D.E.; Sheppard, N. Chem. Physl953 21, 1421
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Iminium ions

(X))

Leonard, N.J.; Hay, A.S.; Fulmer, R.W.; Gash, VAJNAM. Chem. Sod955 77, 439

(D

Leonard, N.J.; Hay, A.S. Am. Chem. S04.956 78, 1984

>7N+ Cloy

Leonard, N.J.; Paukstelis, J.¥.Am. Chem. S04963 28, 3021

OTs

Scribner, R.MJ. Org. Chem1965 30, 3203

OMe Me
Nt—/ N+_< NT=—
BF, FSO; Me BF4
tBu
N+_J NF=—
BF, BF,

Nelsen, S.F.; Kessel, C.R.; Brien, DI1JAmM. Chem. Sod98Q 102 702
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Ketene zwitterions

Ph Ph

/ \

N N N
() emeee—2[_

N N

\ /

Ph Ph Ph Ph

Reqitz, M.; Hocker, J.; Weber, Bngew. Chem. Int. EA.97Q 9, 375

N
Et0OC | X
)‘\(N" F

Et00C” T
o)

Gompper, R.; Wolf, UAnn. Chem1979 1388

l'~‘|Ye, X.; Andraos, J.; Bibas, H.; Wong, M.W.; Wentrup JCChem. Soc., Perkin
Trans. 1200Q 401

Fiksdahl, A.; Plig, C.; Wentrup, G. Chem. Soc. Perkin Trans.200Q 1841



/
\

Kollenz, G.; Holzer, S.; Kappe, C.O.; Dalvi, T.S.; Fabian, W.M.F.; Sterk, H.; Wong,
M.W.; Wentrup, CEur. J. Org. Chem2001, 1315

Andersen, H.G.; Mitschke, U.; Wentrup, .Chem. Soc. Perkin Trans2P01, 602

Ketenyl transition metal complexes

@ 2 PMe @

! 1
oC—WwW—Co —m—m» M63P7VI\/TPMG3

ll oc 0
C Wz

Kreissl, F.R.; Frank, A.; Schubert, U.; Lindner, T.L.; HutnerAGgew. Chenml 976
88, 649
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—FPh

1.2 KCN
(- KBr)

2. [PhP-N=PPR* X'
(- KX)

44

[Ph,P-N=PPR]*

Fischer, E.O.; Filippou, A.C.; Alt, H.G.; Ackermann, K.Organometallic Chen1983

254 C21

+
|Fe(CO)(Cp)

/ \

CH,—c—o0 PF/

Bodnar, T.W.; Cutler, A.RJ. Am. Chem. So4.983 105, 5926

Mercurinium ions

AcOHg

OAc

Et

Lemaire, H.; Lucas, H.J. Am. Chem. So&955 77, 939

|
%/ - // \ = —

Et

Et

HgOAcC

+2 2
H “, Hg*
. +2
" Hg Hg +2

Olah, G.A.; Clifford, P.RJ. Am. Chem. Sod973 95, 6067
Olah, G.A_; Clifford, P.RJ. Am. Chem. So&971, 93, 2320

Nitrenes



45

Hinsberg, W.D.; Dervan, P.B. Am. Chem. So4978 100, 1608
Shultz, P.G.; Dervan, P.B. Am. Chem. Sod.982 104, 6460; 6466
Sylvester, A.P.; Dervan, P.B. Am. Chem. S04.984 106 4648

Nitrenium ions

+ +
\ /I \ ) Cloy
+ +
PhCHa N\ _CHs CHa~, N\ _CHs
N

\ /| CFaSO; N_ -

Boche, G.; Rangappa, K.; Harms, K.; Marsch 2MKristallogr. 1996 211, 581

Boche, G.; Rangappa, K.; Harms, K.; Willeke, C.; MarschZMristallogr. 1996

211 583

Boche, G.; Andrews, P.; Harms, K.; Marsch, K.; Rangappa, K.S.; Schimeczek, M.;
Willeke, C.J. Am. Chem. So&996 118 4925

Robert, M.; Neudeck, A.; Boche, G.; Willeke, C.; Rangappa, K.S.; Andrews\w .J.
Chem.1998 1437

Rangappa, K.S.; Mallesha, H.; Kumar, N.V.A.; Lokanath, N.K.; Sridhar, M.A.; Prasad,
J.S.Molecular Crystals Liquid Crystals Sci. Tech2R01, 357, 291



NO,
~. N clo,”

Doreswamy, B.H.; Mahendra, M.; Sridhar, M.A.; Prasad, J.S.; Mantelingu, K.; Basappa,
K.; Rangappa, SMolecular Crystals Liquid Crystals Sci. Tech2B803 403 67

Cl
N+ -
/\N/ \N C|O4

Mantelingu, K.; Rangappa, K.S.; Basappa; Doreswamy, B.H.; Mahendra, M.; Sridhar,
M.A.; Prasad, J.Sl. Chem. Crystallograph?004 34, 141

Nitrilium ions
No stable analogues observed to date.

Nitronium ions

O——N+——0 X [O=N+=O] X'2

2

X = BF,, PR, AsFg, SbR, AuF, X =Snk

Woolf, A.A.; Emeleus, H.1J. Chem. Sod.95Q 1050; 1053

Olah, G.A.; Kuhn, S.J.; Flood, S.Bl.Am. Chem. So&.961, 83, 4581

Olah, G.A.; Kuhn, S.1. Am. Chem. So4.962 84, 3684

Olah, G.A.; Kuhn, S.J.; Flood, S.H.;: Evans, JCAm. Chem. So04.962 84, 3687

[ O=N+=O] X [O=N+=O] X‘2
2
X = BF,, PR, AsFg, SbR X = SiFg, Snk

l“|Kuhn, S.JCan. J. Cheml967, 45, 3207
Kuhn, S.J. US 3,375,084 Dow Chemical Co. (1968-03-26)

Nitrosonium ions

[:N+

o| BF,
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Wilke-Dorfurt, E.; Balz, GZ. Anorg. Allgem. Cherl926 159 197
Welte, F.Die Nitrosylborfluorids Stuttgart, 1930
Olah, G.; Noszko, L.; Kuhn, I.; Szelke, @hem. Ber1956 89, 2374

. N+——0

Clo,”

Hofmann, K.A.; Zedtwitz, AChem. Ber1909 42, 2031

Olah, G.A.; Overchuk, N.A.; Lapierre, J.C.Am. Chem. Sod965 87, 5785
Olah, G.A.; Friedman, NlI. Am. Chem. So4.964 88, 5330

. N+—0| X

O

x-2
2
X = BF,, PF;, AsFs, SbF; X = SiFg, SNk

. N+——0

Kuhn, S.JCan. J. Cheml967, 45, 3207
Kuhn, S.J. US 3,375,084 Dow Chemical Co. (1968-03-26)

Non-classical carbocations
No stable analogues observed to date.

Organometallic esters
No stable analogues observed to date.

Oxenium ions

Ph
Ph Ph Ph Ph
Ph Ph
HX or i
—> — 5 + X

Ph Ph Ph Ph Ph Ph Ph | Ph

X .

o" "OH OH @]

+

X = ShC}, BF,
Dimroth, K.; Umbach, W.; Thomas, i@hem. Ber1967 100, 132

Oxocarbons
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O
HO OH  KOMe
MeOH
—_—
HO OH
O

West, R.; Niu, H.YJ. Am. Chem. Sod.962 84, 1324
Oxonium ions

Et Me

| + +

(@) BF, 0 BF,
N~
Et/ ™~ Et Me/ M

e

Meerwein, H.; Hinz, G.; Hofmann, P.; Kronig, E.; Pfeil JEPrakt. Chem1937 147,

257

Meerwein, H.; Battenberg, E.; Gold, H.; Pfeil, E.; Willfang,JGPrakt. Chem194Q
154 83

Meerwein, H.Org. Synth1966 46, 120

/

O+
SbFy

Manner, J.A.; Cook, J.A. Jr.; Ramsey, BJGOrg. Chem1974 39, 1199

Ozonides
No stable analogues observed to date.

Paterno-Buchi biradicals
No stable analogues observed to date.

Phenonium ions

Seidl, G.; Huisgen, R.; Wimmer,Ann. Chem1964 677, 34
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X
X = H, Me, OMe, Ck
SbF;

Olah, G.A.; Comisarow, M.B.; Kim, C.J. Am. Chem. Sod969 91 1458

@

SbFy SbFy SbFy

Olah, G.A.; Porter, R.0J. Am. Chem. So&971 93, 6877

R, = H, R, = OMe
R, r, Ri=OMe, R =0OMe
SbF,

Manner, J.A.; Cook, J.A. Jr.; Ramsey, BJGOrg. Chem1974 39, 1199

Phosphenium ions

tBu tBu
/
N AgPR N
| p+ CI — | p+ PR + AgC
/ /
N N
\ \
tBu tBu
tBu tBu
/
[N\ Cl AgPF; N
P . . P+ PRy + AgC
/¢ /
N N
\ \

tBu tBu



l'~‘|Denk, M.K.; Gupta, S.; Lough, A.Eur. J. Inorg. Chenil999 41

Phosphonium ions
No stable analogues observed to date.

Propadienones

Lorencak, P.; Pommelet, J.C.; Chuche, J.; Wentru@h€m. Commurl.986 369

Pyrylium ions

Ro
R P
—
R4 O+ Ry
Clo,

Collie, J.N.; Tickle, TJ. Chem. Soc. Tran$899 75, 710

Balaban, A.T.; Nenitzescu, C.Bnn. Chem1959 625 74

Balaban, A.T.; Nenitzescu, C.D.Chem. Sod.961], 3553; 3561; 3564
Praill, P.F.G.; Whitear, A.LJ. Chem. Sod.961, 3573

Praill, P.F.G.; Whitear, A.LProc. Chem. S0d.96], 312

0-Quinodimethanes (o-xylylenes) and p-Quinodimethanes (p-xylylenes)
Ph : Ph

Ph Ph

Thiele; BalhornrChem. Ber,1904 37, 1469

Schonberg, A.; Michaelis, R. Chem. Sod.935 1403

NC : CN
NC CN
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Acker, D.S.; Hertler, W.RJ. Am. Chem. Sod962 84, 3370

NC CN
g/?— Ar  Ar = durene, pyrene, hexamethylben:

Melby, L.R.; Harder, R.J.; Hertler, W.R.; Mahler, W.; Benson, R.E.; Mochel, W.E.
Am. Chem. Sod. 962 84, 3374

CHaBr
Fe,(CO), .
—_— |

Fe
CH,Br oc” | “co
co

Roth, W.R.; Meier, J.DTetrahedron Lett1967 2053

&

Ph

Ph

Q/\g

Ph

Quinkert, G.; Wiersdorff, W.W.; Finke, M.; Opitz, Ketrahedron Lett1966 2193
Quinkert, G.; Wiersdorff, W.W.; Finke, M.; Opitz, K.; van der Haar, C8em. Ber.
1968 101, 2302

Grellmann, K.H.; Palmowski, J.; Quinkert, Sngew. Chem. Int. EA.971, 10, 196

0-Quinonemethides and p-Quinonemethides

%o



Heymann, H.; Trowbridge, L1. Am. Chem. S04.95Q 72, 84

tBu

¢} = R=Me, E

tBu

Cook, C.D.; Norcross, B.B. Am. Chem. Sod954 78, 3797
Cook, C.D.; Norcross, B.B. Am. Chem. So4959 81, 1176

tBu

Arq

Ary

tBu

Hinig, S.; Schwartz, HAnn. Chem1956 599 131
Musil, L.; Koutek, B.; Verek, J.; Soucek, @ollect. Czech. Chem. Commur984 49,
1949

R
e
S
S R
O
S
R =Cl, Me R
R

Nakayama, J.; Yamashita, K.; Hoshino, M.; Takemas@hem. Lett1977, 789

SR

o R=GHy

Meier, H.; Kuenzi, H.; Fuhrer, H.; Rist, Blelv. Chim. Actdl994 77, 655



NMe,

S C

NMe2

Suzuki, R.; Kurata, H.; Kawase, T.; Oda, ®hem. Lett1999 571
(p-thioquinonemethides)

Kawase, T.; Nishigaki, N.; Kurata, H.; Oda, Eur. J. Org. Chem2004 3090
Radical anions

O-

Schlenk, W.; Weichel, TChem. Ber1911], 44, 1182
Schlenk, W.; Thal, AChem. Ber1913 46, 2840

Na —| -
—> Na*
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Lipkin, D.; Paul, D.E.; Townsend, J.; Weissman, Sdiencel953 117, 534
Weissman, S.1.; Townsend, J.; Paul, D.E.; Pake, &.€Ehem. Physl953 21, 2227
Chu, T.L.; Yu, S.CJ. Am. Chem. So&.954 76, 3367

p— O —

Na" or K'

tBu tBu

Ley, K.; Mller, E.Angew. Chenl 958§ 70, 469

NC CN u

)~

NC CN

Webster, O.W.: Mahler, W.: Benson, REAmM. Chem. So4.962 84, 3678

NC CN| ™

NC CN

l'~‘|Fischer, P.H.H.; McDowell, C.Al. Am. Chem. S04.963 85, 2694
Acker, D.S.; Harder, R.J.; Hertler, W.R.; Mahler, W.; Meley, L.R.; Benson, R.E.;
Mochel, W.E.J. Am. Chem. S04.96Q 82, 6408

-2

el

Janzen, E.G.; Gerlock, J.IL.. Organometallic Chen1.967, 8, 354



_ o o —_
| |
.+ \
Li™ or
O5N NO, _
N+
NO,

Mukherjee, T.KJ. Phys. Chenl 967, 71, 2277

cl cl
CsCls CsCls
. — [18-crown-6-K']
CsCls CsCls
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Gorky, 1959, p. 649
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tBu

Hoffmann, A.K.; Henderson, A.T. Am. Chem. So&961, 83, 4671
Hoffmann, A.K.; Hodgson, WI. Am. Chem. S0d.961, 83, 4675
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T
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Py

Rozantsev, E.G.; Sholle, V.Bynthesid 971, 190
Rozantsev, E.G.; Sholle, V.Bynthesid 971, 401
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N< /N
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7049

o-" 0 o™"
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A P><N\H Ph_/P>< ..
Ph Ph ”
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N—oO "
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Rychnovsky, S.D.; Vaidyanathan, R.Org. Chem1999 64, 310
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Liao, Y.; Xie, C.; Lahti, P.M.; Weber, R.T.; Jiang, J.; Barr, Db.®Org. Chem1999
64, 5176

Ph

NC O NC o

Reznikov, V.A.; Ovcharenko, I.V.; Pervukhina, N.V.; Ikorskii, V.N.; Grand, A.;
Ovcharenko, V.IChem. Commuri.999 539
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O ’O B
tBu

Morita, Y.; Ohba, T.; Haneda, N.; Maki, S.; Kawal, J.; Hatanaka, K.; Sato, K.; Shiomi,
D.; Takui, T.; Nakasuji, KJ. Am. Chem. So200Q 122, 4825

tBu
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/

N——N

0
Poskrebyshev, G.A.; Shafirovich, V.; Lymar, SWAm. Chem. So2004 126 891
(hyponitrite radical)

(i) Radicals (acetoxy)
No stable analogues observed to date.

(ii) Radicals (phenoxy)

84
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"0 t-Bu

t-Bu

Muller, E.; Ley, K.Z. Naturforsch1953 8B, 694

Mdiller, E.; Ley, K.Chem. Ber1954 87, 922

Mdller, E.; Ley, K.; Kiedaisch, WChem. Ber1954 87, 1605
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tBu tBu tBu

HO CH> \ / OH ether’C

tBu tBu tBu

Coppinger, G.MJ. Am. Chem. S04.957, 79, 501
o
O _

tBu On

Yang, N.; Kastro, AJ. Am. Chem. S04.96Q 82, 6208

tBu

CH

tBu

tBu
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(e} R o) R

Steelink, C.J. Am. Chem. S04.965 87, 2056 (stable phenoxy radicals in lignin)

tBu
R4 e}
"0
R2 /N_R4
tBu R3

Lai, J.T.Tetrahedron Lett2001, 42, 557

(iv) Radicals (peroxy)
No stable analogues observed to date.

(v) Radicals (sulfur centred)
Ph-S-S-Ph > 2 Ph-Ss

Ph,Cn

— Ph-S-CPh
Na

L » Ph-S Na'

Ag
—» Ph-S Ag"

Ph-S=

Schonberg, ATrans. Faraday Sod934 30, 17

S\,

~

R —_—

R =H, p-MeO, p-MgN, p-COOEt, p-Ph, 0-O

Schmidt, U.; Miller, A.; Markau, KTetrahedron Lett1963 1091
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iPr

iPr

Ogawa, S.; Kikuchi, M.; Kawali, Y.; Niizuma, S.; Sato,Ghem. Commuri.999 1891

Silylenes
Tb Tht
\ e A .
Si——Si _—» 2 Si
D e
Hl Tbt/ \Mes
Mes Mes

Tokitoh, N.; Suzuki, H.; Okazaki, R.; Ogawa, X.Am. Chem. S0@.993 115 10428
Suzuki, H.; Tokitoh, N.; Okazaki, R.; Harada, J.; Ogawa, K.; Tomoda, S.; Goto, M.
OrganometallicsL 995 14, 1016

Suzuki, H.; Tokitoh, N.; Okazaki, Bull. Chem. Soc. Jph995 68, 2471

s ke
\/

l'~‘|Denk, M.; Lennon, R.; Hayashi, R.; West, R.; Belykov, A.V.; Verne, H.P.; Haaland,
A.; Wagner, M.; Metzler, NJ. Am. Chem. S04.994 116 2691

l'~‘|Haaf, M.: Schmiedl, A.; Schmedake, T.A.; Powell, D.R.; Millevolte, A.J.; Denk, M.:
West, RJ. Am. Chem. S04.998 120, 12714

Tumanskii, B.; Pine, P.; Apeloig, Y.; Hill, N.J.; West, RAm. Chem. So2004 126
7786
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CH,tBu CH,tBu
CH»tBu CH»tBu

l'~’|Denk, M.; Green, J.C.; Metzler, N.; Wagner, MChem. Soc. Dalton Trank994
2405

Gehrhus, B.; Lappert, M.F.; Heinicke, J.; Boese, R.; BlaseChem. Commuri995
1931

Heinicke, J.; Opera, A.; Kindermann, M.K.; Karbati, T.; NyulasziChem. Eur. J.
1998 541

Gehrhus, B.; Hitchcock, P.B.; Lappert, MA&Angew. Chem. Int. EA.997, 36, 2514
>‘\ /Si\ )<
N N

West, R.; Schmedake, T.A.; Haaf, M.; Becker, J.; MuelleGAem. Lett2001, 68

Me3Si Si SiMes

Me38i>Q<SiMe3

Kira, M.; Ishida, S.; Iwamoto, T.; de Meijere, A.; Fujitsuka, M.; Ito ABgew. Chem.
Int. Ed.2004 43, 4510

Silylium ions
(iPr)3Si* [Brg-CBy1Hgl

Reed, C.A.; Xie, Z.; Bau, R.; Benesi, 8ciencel993 262 402



Me(iPr),Si* X

EtSi* X X= /
\ XL

(Me,Si)sSit X

Lambert, J.B.; Zhang, S.; Ciro, S.KrganometallicsL994 13, 2430

RsSi" [Brg-CBy;Hgl” R = Et, iPr, tBt

(tBu),MeSi" [Brg-CBy;1Hgl"

Xie, Z.; Bau, R.; Benesi, A.; Reed, C.ArganometallicsL995 14, 3933

Si+ [HCBllMesBre]_

3

Kim, K.C.; Reed, C.A.; Elliott, D.W.; Mueller, L.J.; Tham, F.; Lin, L.; Lambert, J.B.
Science2002 297, 825

X

AN
MeZSim SiMe,
[B(FsPh)]
Me,Si SiMe, X=Br,Cl, F,F
Me3$i SiMeg

Sekiguchi, A.; Murakami, Y.; Fukaya, N.; Kabe, @hem. Lett2004 33, 530

tBu\ _~1Bu
Si+

[B(FsPhLI’

S
(tBu)zMeSi/ |\SiMe(tBu)2
Me

Nakamoto, M.; Fukawa, T.; Sekiguchi, Bhem. Lett2004 33, 38

Stannylenes
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CFs FsC
F3C Sn CF3

CF3 F3C
Edelman; Belay. Fluorine Chem1997, 84, 29
Sulfenium ions

Ph-H
AICl; + SC, ——» [AICI;8SCL] — Ph-S" [AICI,]” + HCI

Ph-H
FeCh + SCpb —» [FeCLaSCL] — Ph-S" [FeCl]” + HCI

Ph-H
SbCk + SCh —» [SbCK®SCh]—» Ph-S' [SbCE]" + HCI

Nabi, S.N.; Khaleque, M.Al. Chem. Sod.965 3626

NMe, NMe2 ’}”Vlez
1. nBuli i '
2. ¥ KPR v
SCIZ s+ CI' —> s+ PFg
A A
| |
NMe, NMe2 NMe;

Kobayashi, K.; Sato, S.; Horn, E.; Furukawa,Tetrahedron Lett1998 39, 2593

Sulfonium ions
EtS’

Oefele, Ann. Chem1864 132 82

o OJ 050
3 + 3
\

Auwers, K. von; Arndt, FChem. Ber1909 42, 2713
[[PhCH,]5S'], SQ*

Fichter; SjoéstedChem. Ber191Q 43, 3422
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3 MgS" CI « 2BiClL
Vanino, ; Mussgnugzchem. Ber1917, 50, 23

HO

CHs s+ 1/2 SQ?

3

Richter, Ann. Chem1918 416, 291
LibermannCompt. Rendl934 198 1421

O R

S+\ H SO4-
R

Ph

Bost; Schultze]. Am. Chem. So0d.942 64, 1165

CH,Ph

3 | - » 2 BiCk
S+ Cl

TN

Ray, F.E.; Farmer, J.l. Org. Chem1943 8§, 391

O,N

Me,S" -0 NO,

O2N
Ray, F.E.; Szasz, G.J.0rg. Chem1943 8, 121

Tetrahedral intermediates
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)7\ O - Na+
+ NaOEt /—* CFs OFt

CFs OEt
OEt

Swarts, FBull. Soc. Chim. Beldl924 35, 414

R, OH O
R1 O|£P Ry O Ry O
—> ~
N R2 N R, NH
0 o o
R, OH 0
Ri | -OF R, O R O
— _>
N R2 N R, NH
0 o o

Griot, R.G.; Frey, A.JTetrahedron1963 19, 1661

IS
N\ +
HO ><
HO

SO;-

O

Rogers, G.A.; Bruice, T.G. Am. Chem. S0@.973 95, 4452

R><OH

= S R = Me, Pt
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Takagi, M.; Ishihara, R.; Matsuda, Bull. Chem. Soc. Jph977, 50, 2193

Thiirenium ions

R
50, |
SbCl’ ‘ - 80°C St Shcl
S+ + _— > /
\S/ \S/ - MeS-SMe
R R R

Capozzi, G.; De Lucchi, O.; Lucchini, V.; Modena,@em. Commurl975 248

S+ S+ l+
f_} ShCl’ [\ SbCk { > cr
tBu tBu tBu tBu

Capozzi, G.; Lucchini, V.; Modena, G.; Scrimin,Tretrahedron Lett1977 911

Destro, R.: Pilati, T.; Simonetta, NLhem. Commurl977 576

S+ S+
[\ SbCk [\ BF
iPr Ph tBu Ph

Lucchini, V.; Modena, G.; Valle, G.; Capozzi, $.0rg. Chem198], 46, 4720
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/A\Cl- // \\

Lucchini, V.; Modena, G.; Zaupa, T.; Capozzi,JGOrg. Chem1982 47, 590

Thiooxonium ions

Br

/l+\ B

Furukang, N.; Inoue, T.; Aida, T.; Oae,Ghem. Commuri973 212

r

Transition metal carbene complexes
See carbenoids (metallocarbenes).

Transition metal carbyne complexes
See carbynes.

Transition metal ketenyl complexes
See ketenyl transition metal complexes.

Transition metal keteniminium complexes

: NMe, NMe,
Re(CO)5

Fe(CO),(Cp)
Co(CO)3 / I\;IO(CO)z(CD)
I\ N /A ~
————N"*

King, R.B.; Hodges, K.CJ. Am. Chem. Sod974 96, 1263

Transition metal silylene complexes
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— ./
(CO)4Os—S|\

S

e

e

Grumbine, S.D.; Tilley, T.D.; Rheingold, A.U. Am. Chem. S04.993 115 358
Grumbine, S.D.; Tilley, T.D.; Arnold, E.P.; Rheingold, Al.Am. Chem. S04.993

115 7884

TCYB SEt
H——PE=Si
pcy,  SE

Cy = cyclohexyl

BPh,

Grumbine, S.D.; Tilley, T.D.; Arnold, E.P.; Rheingold, Al..Am. Chem. S04.994

116 5495

Transition metal cationic vinylidene complexes

H

P

\
/

P

/

Fe
N\

Cl

v

Ph

P

P

+

PRy

Bellerby, J.M.; Mays, M.JJ. Organometallic Cheni976 117, C21

CcO
OC\ | +
Fe

/
Cp

BF,

Ph

(Cp)(CO),Fe—==—vph | OC

>

Cp_/Fe\

CcO

N
N

-~

I

Ph

Davison, A.; Solar, J.B. Organometallic Chen1.978 155 C8

Ph

Fe—Cp

CO

BF,
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Ph

—FP
+
Cp—Ru—C=——CH, BF,

_P_

Ph
Lomprey, J.R.; Selegue, JP.Am. Chem. Sod992 114 5518

[Fe(Cp*)(dppe)(=C=CH)]" [PF¢]
H

Cp* = dppe = PRPCH,CH,PPh,

Le Narvor, N.; Toupet, L.; Lapinte, G. Am. Chem. So&995 117, 7129

B -1+
. [BPh,]"
EtgP/Ru\\C
EtsP YR

H

R =H, Ph, COOMe, tBu

Bustelo, E.; Carbo, J.J.; Liedos, A.; Mereiter, K.; Puerta, M.C.; Valergla Apn.
Chem. So2003 125 3311

Transition metal vinylidene complexes
See vinylidenes (alkylidenes).

Transition metal vinylidenecarbene complexes
See vinylidenecarbenes (alkenylidenes).

Tropylium ions
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——MO(CO)3

-

BF,

©)

Dauben, H.J. Jr.; Honnen, L.R.Am. Chem. So4.958 80, 5570

BF,

¢

Feldman, M.; Jackson, J.Aetrahedron Lettl964G 797

BF,

Breslow, R.; Horspool, W.; Sugiyama, H.; Vitale, WAm. Chem. Sod.966 88, 3677

SbFy

<

Komatsu, K.; Akamatsu, H.; Jinbu, Y.; Okamoto,JKAm. Chem. So4988 110, 633
Komatsu, K.; Akamatsu, H.; Aonuma, S.; Jinbu, Y.; Maekawa, N.; Takeuchi, K.

Tetrahedron1991], 47, 6951

Fukazawa, Y.; Harada, S.; Inai, A.; Okajima,TEtrahedron Lett1993 52, 8493

BF,

§
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Oda, M.; Sakamoto, A.; Uchiyama, T.; Kajioka, T.; Miyatake, R.; Kuroda, S.
Tetrahedron Lett1999 40, 3595

Oda, M.; Fukuta, A.; Kajioka, T.; Uchiyama, T.; Kainuma, H.; Miyatake, R.; Kuroda, S.
Tetrahedron200Q 56, 9917

X

F
N

0] 0]
C B O

Lamsa, M.; Kiviniemi, S.; Kettukangas, E.R.; Nissinen, M.; Rissanen, JJPHys.
Org. Chem2001, 14, 551

Mes

Si

)

Nishinaga, T.; Izukawa, Y.; Komatsu, Ketrahedron2001, 57, 3645
Nishinaga, T.; Isukawa, Y.; Komatsu, K.Am. Chem. So200Q 122 9312

[B(FsPh)]
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Oda, M.; Kainuma, H.; Uchiyama, T.; Miyatake, R.; Kurodal &rahedron2003 59,
2831

Vinyl cations

Ph
+
X > X
Ph

Miller, L.L.; Kaufman, D.A.J. Am. Chem. S04.968 90, 7282

Huang, S.J.; Lessard, M.V. Am. Chem. S04.968 90, 2432
I>;
Sherrod, S.A.; Bergman, R.G.Am. Chem. S04.969 91, 2115
Hanack, M.; Bassler, T. Am. Chem. S0d.969 91, 2117

X = [B(FsPh)y], [CB11HgBrg]
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Mdller, T.; Meyer, R.; Lennartz, D.; Siehl, H.BAngew. Chem. Int. EQ00Q 39, 3074
Mdaller, T.; Juhasz, M.; Reed, C.Angew. Chem. Int. EQ004 43, 1543

Vinylidenes (alkylidenes)
PhC=C=0 + FgCO)y ——» Fe,(u-C=CPh)(CO) + CG

Mills, O.S.; Redhouse, A.0Chem. Commurl964 444
Mills, O.S.; Redhouse. A.J. Chem. Soc. A968 1282

NC Cl TP CN
— + 2PRR —» RgP I\/:_C_< + 3 CC
NC: iM o |
(CO)sCp PRs CN

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

King, R.B.; Saran, M.SChem. Commuri.972 1053

Ph H
o
co oc
| / /\
(Cp) Mn C C OC—Mn——Mn—CO
C
co Ph P co

Nesmeyanov, A.N.; Aleksandrov, G.G.; Antonova, A.B.; Anisimov, K.N.; Kolobova,

N.E.; Struchkov, Yu.TJ. Organometallic Chen1.976 110, C36

H
clo c|:o H
Cp—|\|/|n——~{ ‘ P Cp l\|/|n=C:<
CO coO Ph
Ph

Antonova, A.B.; Kolobova, N.E.; Petrovsky, P.V.; Lokshin, B.V.; Obezyuk, BI.S.
Organometallic Chenll977, 137, 55
Kolobova, N.E.; Antonova, A.B.; Khitrova, O.M.; Antipin, M.Yu. Struchkov, YuWT.
Organometallic Chenll 977, 137, 69
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Cl
TPP-Fe(ll)=—C—C

]
TPP = tetraphenylporphyrin

Mansuy, D.; Lange, M.; Chottard, J.L.Am. Chem. Sod978 100, 3213

OMe

A

AN\
1\

! 7 Fe(CO)3

.

Fe(CO);

7
4

~
~
~

(CO)sFe
Aumann, R.; Heinen, H.; Krueger, C.; GoddardCRem. Ber1986 119 401
Vinylidenecarbenes (alkenylidene, allenylidene)

M(CO)s[=C(OEt)CH=C(Ph)(NE})] + EX; — M(CO)s[=C=C=C(Ph)(NE})] + [EtOEXg]  H*

M=Cr, W EX = BF; (when M = Cr), AIEf (when M = W)

Berke, H. Angew. Chem. Int. Ed. Endl976 15, 624

Fischer, E.O.; Kalder, H.J.; Frank, A.; Kdhler, F.H.; HuttnerAGgew. Chem. Int. Ed.
1976 15, 623

T° CO
R /
Mn—Cp
>=_=’ R =tBu, CH,Ph, Ph, C
R Mn—=Cp
CO
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Berke, H.J. Organometallic Chen1.98Q 185, 75
[Ru(=C=C=CPh)(PMe),Cp]"
Selengue, J.FOrganometallics1982 1, 217

Ylides

Ph
+
Ph3 -
Ph

Staudinger, H.; Meyer, Helv. Chim. Actdl919 2, 635
Coffmann, D.D.; Marvel, C.Sl. Am. Chem. S04.929 51, 3496

Ph

Ph N+
—N
~
Ph

Scheider, W.; Seebach, Ehem. Ber1921 54, 2285
Scheider, WAnn. Chem1924 438 115

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

Mann, F.; Pope, W.J. Chem. Sod.922 121, 1052

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

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



* PPhg
Ph3

NH,OH

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

{

Krohnke, FChem. Ber1935 68, 1177
p

N+

]

Pinck, L.A.; Hilbert, G.EJ. Am. Chem. S04.944G 68, 2011

X

O

Me R
\ + R = OEt, NMg, Ph, p-X-GH,
S - X = Ph, Br, NQ

Me H

Ratts, K.W.; Yao, A.NJ. Org. Chem1966 31, 1185

.
)}\/&
Ph ~"

Trost, B.M.J. Am. Chem. So4.964 88, 1587
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0]
| R, = Ph, tBL
St R, = Ph, Me
R1 > R2

Serratosa, F.; Quintana,Tketrahedron Lettl967, 2245
Ph
Ph —
D)
Ph
Lloyd, D.; Singer, M.I.CJ. Chem. Soc. Sect.1®71, 2941
Ry
Ph
N+ R,
@ \ /
Ph
Ph

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

Duerr, H.; Heu, B.; Ruge, B.; ScheppersGaem. Commurl972 1257

COOR Ry COOR
COOR
s+— — s+— —
‘ / ~
]n COOR Ro COOR ~ COOR
n=1,2,3

Ando, W.; Yagihara, T.; Migita, TTetrahedron Lett1969 1983

Ando, W.; Yagihara, T.; Tozune, S.; Imai, |.; Suzuki, J.; Toyama, T.; Nakaido, S.;

Migita, T.J. Org. Chem1972 37, 1721

) NS N

L/,// | F

Fs
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Poe, R.; Schnapp, K.; Young, M.J.T.; Grayzar, J.; Platz, 34.&8n. Chem. S06.992
114 5054

O O

EtO OEt

+ |\
Ph

Camacho, M.B.; Clark, A.E.; Liebrecht, T.A.; De Luca, J.7Am. Chem. So200Q
122 5210

P /
P+
R \
R
/Ph Fl’h
Ph
Ph,P \p+ P
Ph,P NT N
2 / N

Ruiz, J.; Marquinez, F.; Riera, V.; Vivanco, M.; Garcia-Granda, S.; Diaz, AhBew.
Chem. Int. Ed200Q 39, 1821

O- O
| |P| __OEt
Y/ Nt \OEt
Ph

Karoui, H.; Nsanzumuhire, C.; Le Moigne, F.; TordoJ FOrg. Chem1999 64, 1471
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Ynols
No stable analogues observed to date.

Zwitterions

o)
”/OEt
P

N+

Frejaville, C.; Karoui, H.; Le Moigne, F.; Culcasi, M.; Pietri, S.; Lauricella, R.; Tuccio,
B.; Tordo, PChem. Commuri994 1793

Frejaville, C.; Karoui, H.; Le Moigne, F.; Culcasi, M.; Pietri, S.; Lauricella, R.; Tuccio,
B.; Tordo, P.J. Med. Chem1995 38, 258

I
OEt
(XS
X OEt
’i‘* Ph
O -

Karoui, H.; Nsanzumuhire, C.; Le Moigne, F.; TordoJFOrg. Chem1999 64, 1471

:?:H(:@

Nakayama, J.; Zhao, L.; Otani, T.; Sugihara, Y.; IshiiCAem. Lett200Q 1248

P+
ph”” | “ph
Ph

Velasco, M.D.; Molina, P.; Fresnada, P.M.; Sanz, M.étrahedron200Q 56, 4079



(S|M83)2CH . S— C=N+ tBu

GCH(SMG@Q

(SiMe3)2CH

Takeda, N.; Tokitoh, N.; Okazaki, Rhem. Lett200Q 244

+
H NR;3 O -
/
o
~_ /
N
NO,

Boga, C.; Forlani, LJ. Chem. Soc. Perkin Trans.2001, 1408

Siri, O.; Braunstein, -Chem. Commur2002 208

Miscellaneous

(i) Cyclopentenyl trication derivative
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H\ /Pr
H i\'+ H
N+ N+
~
Pr/ N = Pr
PrNH NHPr

Breslow, R.; Wernefetrahedron Lett1999 40, 2447

(i) Cyclotrisilene

(tBu)ZMeSi\ .\\SiMe(tBu)z (Me)(tBu)Si N .\\Si(tBu)(Me)z
I\ I\
Si Si Si Si
/ \ / \
(tBu),MeSi SiMe(tBu),  (Me)o(tBu)Si Si(tBu)(Me),

Ichinohe, M.; Matsuno, T.; Sekiguchi, Angew. Chem. Int. EA.999 38, 2194
(first stable cyclotrisilenes)

(i) 1,4-Disila(Dewar-benzene) and 1,4-Disilabenzene

D O

Ando, W.Bull. Chem. Soc. Jpd.99q 69, 1
Sekuguchi, A.; Tanikawa, H.; Ando, WrganometallicsL985 4, 584
Ando, W.; Tanikawa, H.; Sekiguchi, Aetrahedron Lett1983 24, 4245

(iv) Germanethiones and germaneselones
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[ I
Tbt/ Ge\R Tbt/ Ge\R
(Me3Si),CH CH(SiMe3), (iPr)2CH CH(iPr),
Tht = R=
CH(SiMe3), CH(iPr);

Matsumoto, T.; Tokitoh, N.; Okazaki, B. Am. Chem. S0@999 121, 8811
(v) Silacyclopropabenzene

CH(SiM83)2

(Me3Si)2CH

CH(SiMej3);
iPr

iPr

Hatamo, K.; Tokitoh, N.; Takagi, N.; Nagase, 5. Am. Chem. So200Q 122, 4829

(vi) Silicon basedrm-electron systems
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