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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. So4.937 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. JpA961], 34, 484

Cook, D.Can. J. Chem1961, 40, 445



N-Acylonium ions (acylammonium ions)
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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

Krshnke, 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.S[etrahedron198Q 36, 2269
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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. Che963 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. ERQO03 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. Cherl9645 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
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Brown, H.C.; Brady, J.DJ. Am. Chem. Sod952 74, 3570
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Brown, H.C.; Wallace, W.Jl. Am. Chem. Sod953 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

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. So0&.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
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EtBr ——» EtMgBr —r

H MgBr
2FeC§
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-3 MgBrCI !

- FeC), <®>
Kealy, T.J.; Pauson, P.Nature1951, 168 1039
Wilkinson, G.; Rosenblum, M.; Whiting, M.C.; Woodward, RIBAm. Chem. S04.952 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 =Cl, Br
Fischer, E.O.; Lindner, H.H. Organometallic Chen1964 1, 307

Aromatic s-complexes (see Meisenheimer-Jackson complexes and Janovsky complexes for negatively charged complexes;
Wheland intermediates for positively charged complexes)
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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

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. Chem1946 11, 543
Golumbic, C.; Stahlmann, M.A.; Bergmann, WM1.0rg. Chem1944 11, 550
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|
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Kerwin, J.F.; Ullyot, G.E.; Fuson, R.C.; Zirkle, CL.Am. Chem. Sod.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. So.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. Che 968§ 6, 1
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Gilcrist, T.L.; Rees, C.WCarbenes, Nitrenes, and Aryndégppleton-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
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Haeussermann, ©Chem. Ber190Q 33, 939
Haeussermann, ©€Chem. 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)

LYttringhaus, A.; Saaf, @nn. 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,1L.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. Chenill955 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
MYller, 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 PPh;
~_ + 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.; Schsllkopf, 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.2998§ 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




MYller hydrocarbon (biradical)

Cl Cl
Ph Ph
Sl
Ph Ph
Cl Cl

MYller, E.; Neuhoff, HChem. Ber1939 72, 2063
MYller, E.; Tietze, ENaturwiss.194Q 28, 189
MYller, 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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MYller, E.: Pfanz, HChem. Ber1941, 74, 1051

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

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

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

Schsnberg, A.; Cernik, D.; Urban, W€hem. Ber1931, 64B, 2577
SchsSnberg, AChem. Ber1934 67B, 1404

Dufraisse, CChem. Ber1934 67B, 2018

Schsnberg, AChem. Ber1935 68B, 162

Schsnberg, AAnn. Chem1935 518 299

Ph Ph

paramagnetism of biradicals:

MYller, E.Z. Elektrochem1934 40, 542

MYller, E.: Klemm, W.; Schuth, WNaturwiss.1934 22, 335
MYller, E.; MYller-Rodloff, IAnn. Chem1935 517, 134
MYller, E.; MYller-Rodloff, IChem. Ber1935 68B, 1276
MYller, E.; MYller-Rodloff, IAnn. Chem1936 521, 81
MYller, E.; Bunge, WChem. Ber1936 69, 2164; 2168
MYller, E.Naturwiss.1937 25, 545

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

Schsnberg, ATrans. Faraday Sod936 32, 514
Allen, F.L.; Sugden, Sl. Chem. Sod.936 440
Dufraisse, CJ. Am. Chem. S0.936 58, 858
HYckel, EZ. Physik. Chenll936 B34, 339

Ph — Ph Ph Ph
O~~~ — 2~~~
\ / \ Ph Ph
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Norrish Type |
7 /\ + CH,=CH, + CC

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

———» /\/\/CHO
—
Norrish Type I
R> R> *3 R2
0O 0 Hg abstraction OH
hn
A ——
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 Saocl938 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

b cleavage /K

B
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- CO
N——N

Dowd, P.J. Am. Chem. S0d.966 88, 2587 (first observatlon of biradicals by ESR)

R3
R, / R, R3 R
ROH
| — —
R, \ =5
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. Sod.979 101, 5098
*3
0

0] @]
hn CH2=CH2 \ |
— —_— " " >

Freilich, S.F.; Peters, K.S. Am. Chem. So4.981, 103 6255;1985 107, 3819 (evidence for biradical in Paterno-BYchi 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 procesdéey: 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 reactilggvier: 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
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Harder, SChem. Eur. J2002 8, 3229
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. Sod.973 95, 584 (thermodynamic stabilities of cations and anions via electrochemical oxidations)
Breslow, R.; Drury, R.RJ. Am. Chem. S08.974 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. So0d.976 98, 4222 (thermodynamic stabilities of cations and anions via electrochemical oxidations)
Breslow, R.; Goodin, Rl. Am. Chem. So0&.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. So0d.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. Chenil 955 67, 439

Knunyants, I.L.; Gambaryan, N.P.; Rokhin, El&p. Khim.1958 27, 1361
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HCI Ph” * TPh Ph Ph
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+ NaOH
/\ —> Ph-CH, — N

cl T _or "N Ph OH
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R
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NH—NH NH,-NH, —>
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