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The paths of research rarely lead in straightfor- 
ward fashion from starting point to desired goal. Al- 
though intention predisposes the route, chance or oc- 
currences along the way often enforce a change of 
course. Just such an interplay of intent and chance 
has dominated my chemical career, begun approxi- 
mately 50 years ago. 

Following a few years of synthetic activity (which 
I shall here pass over), an idea, which I attempted to 
realize experimentally, captivated me. It concerned 
the influence of ring strain on ring opening when an 
accumulation of phenyl groups on a C-C linkage 
predisposes a molecule to diradical (diyl, for short) 
f0rmation.l 

o 
The diradicals 2 were synthesized as shown in 

Scheme I. Phenylmagnesium bromide was added to 
the diketone 1, and the resulting glycol was convert- 
ed to the corresponding dichloride by reaction with 
HC1. The halogen was then removed by reaction 
with elemental copper. 

As the space models illustrate (Dreiding models 
did not exist a t  the time), the terminal radical cen- 
ters could not close together in a strain-free fashion 
for n = 1 or 2, but could for n = 3 or 4. 

Scheme I 
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Molecular weight determinations (in benzene solu- 
tions) of these oxygen-sensitive diyls indicated that  a 
strong intermolecular association exists when n = 1 
or 2, but not when n = 3 or 4. In the latter case, the 
radical centers can join intramolecularly. From this 
finding, it follows that cyclization occurs when ring 
strain permits. 

Despite this apparently reasonable conclusion, 
doubts must be registered, since recent investiga- 
tions2 have shown that  the triphenylmethyl radical 
does not dimerize to the hexaphenylethane structure 
but, as shown in the following scheme, yields a p -  

(C~H&C-C(C&)B # %CQ")BC 

(C6H5)3C 0 " c 6 H 5 ) 2  - 
H 

(1) G. Wittig and M. Leo, Ber. Deut. Chem. Ges., 61, 854 (1928); 62, 
1405 (1929). 

(2) H. Lankamp, W .  T. Kauta, and C. MacLean, 7etrahedron Lett.,,249 
(1968); H. A. Staab, H. Brettschneider, and H. Brunne, Chem. Ber., 103, 
1101 (1970). 



Vol. 7, 1974 From Diyls over Ylides to M y  Idyll 7 

quinoid system. With this finding, the situation be- 
came so complex that we did not resume work on 
these systems. 

In connection with these studies, syntheses of the 
hydrocarbons 3 and 6, which we thought should 
likewise tend to  diyl formation, were attempted, as 
outlined in Scheme 11. Starting materials were the 
appropriate dicarboxylic esters, which were trans- 
formed into the corresponding glycols. While these 
glycols were produced in only moderate yield from 
the reaction of diester with phenylmagnesium halide, 
reaction with the readily accessible phenyllithium, 
prepared according to the procedure of Ziegler from 
bromobenzene and lithium, proved far superior. Fur- 
ther transformation of these glycols could, a t  that  
time, only be realized in the following manner.3 The 
diglycolate, prepared by reaction with potassium 
phenylisopropylide, formed on heating with CH31 the 
corresponding glycol dimethyl ether, 5. This ether was 
then converted into the desired hydrocarbon by al- 
kali metal splitting followed by demetalation with l 

(CH3)2CBrCBr(CH3)2. During the course of its prep- 
aration, tetrabenzocyclobutane (3) rearranged to 
triphenyldihydroanthracene ( 4 )  according to  the 
above-mentioned Nauta triphenylmethyl dimeriza- 
tion to thep-quinoid structure. 

Scheme I1 
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In contrast, tetraphenyldihydrophenanthrene (6),  
prepared in a similar fashion, was a stable hydrocar- 
bon, showing no tendency to radical dissociation 
even when substituents, R, introduced a degree of 
ring strain through a forced twisting of the biphenyl 
system. 

While the tetraphenyldihydrophenanthrene (6) 
was thermally stable (mp 340°, no decomposition) 
and even in solution was inert to oxygen, its aryl- 
weakened C-C bond was recognizable through its 
(3) G Wittig, and M Leo, Ber Deut Chem G e s ,  64, 2396 (1931), G 

Wittig and H Petri, Justus Liebigs Ann Chem , 505,17 (1933) 

reaction with potassium to form the ring-opened di- 
potassium derivative. All in all, the ring closure ap- 
pears to contribute rather to  the stabilization of the 
ethane bond. 

This stabilizing influence was even more impres- 
sively demonstrated by the recently synthesized tris- 
(biphenylene)ethane, prepared4 as shown in Scheme 
111. 

Scheme I11 
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9 

The carbinol 8 was formed by reaction of ketone 7 
with o-lithiobiphenyl and then converted into the 
desired hydrocarbon 9 via an  acid-catalyzed, two- 
fold, consecutive Wagner-Meerwein rearrangement. 

This first aromatic propellane, whose mere ap- 
pearance causes, I think, a certain feeling of well- 
being, melts without decomposition a t  475". Its actu- 
al spatial structure (9a) was proved by nmr spectros- 
copy (see Figure 1). It showed the almost symmetri- 
cal ABCD spectrum that  is produced by four types 
of aromatic protons, in the ratio 1:l:l:l. The central 
ethane linkage of 9 could not be cleaved, even with a 
sodium-potassion alloy. Evidently, close aryl pack- 
ing prevents penetration of the alkali metal into the 
interior of the molecule. 

Since the tendency toward diradical formation was 
suppressed in the compounds mentioned, we wanted 
to examine the series in which the phenyl groups 
were replaced by anisyls. To this end, the dicarboxy- 
lic ester starting materials of Scheme I1 were to be 
treated with p-lithioanisole.5 This was our intention; 
however, in trying to overcome some unexpected dif- 
ficulties, which we shall describe, a new goal attract- 
ed our attention. 

(4) G. Wittig and W. Schoch, Justus Liebigs Ann Chem, 749, 38 

(5) G. Wittig, U. Pockels, and H. Droge, Ber Deut. Chem Ges , 71, 1903 
(1971). 

(1938). 
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Figure 1. 

When p-lithioanisole, prepared according to the 
procedure of Gilman from p-bromoanisole and lithi- 
um, was reacted with the dicarboxylic ester, a mix- 
ture of unidentified compounds was formed. To de- 
termine precisely what had taken place on treating 
p-bromoanisole with lithium, the questionable p- 
lithioanisole was exposed to benzophenone, since in 
this case an unequivocal course of reaction was to be 
expected. 

OCHj OCH, OCH3 OCH, $ \ + $  -+J +Q’+= 
Li Br Br 

10 
OCHj OCHj 

I 

Br 
11 

Instead of the expected major product, p-anisyldi- 
phenylmethanol, a bromine-containing carbinol was 
isolated. Its structure as 11 was established by con- 
version to the well-characterized o-anisyldiphenyl- 
methane through zinc dust distillation. The prelimi- 
nary reaction process leading to the lithioorganic 
compound 10 was thus established. The initially 
formed p-lithioanisole metalates the still present p- 
bromoanisole to form 10, which reacts further with 
benzophenone to produce the isolated carbinol 11. 

After noting that phenyllithium can likewise met- 
alate p-bromoanisole to form 10, our interest in 
studying aromatic proton lability as a function of 
ring substituent was aroused. In the course of these 
investigations, we came to the surprising result that 
aryl iodide, bromide, and even chloride undergoes 
exchange with the electropositive alkali metal of 
phenyllithium in preference to  the obvious condensa- 
tion with subsequent lithium halide cleavage.6 
(6) 6.  Wittig and U .  Pockels, Ber Deut Chem Ges , 72,89 (1939) 

OCH, OCH, 

Br 
Br I 

Br 
Simultaneously and independently, H. Gilman ob- 

served the same behavior upon treating aryl halides 
with butyllithium. This rapid halogen-metal ex- 
change is probably a multicenter process, occurring at  
the front side of the exchanging ligands. 

Br 

H 

H 

H 
Consonant with this view is the observation7 that 

tripticyl bromide also rapidly undergoes exchange 
with butyllithium. This is remarkable in that, ac- 
cording to P. D. Bartlett, even strong nucleophiles 
such as NaNH2 are ineffective in displacing hridge- 
head bromine. An S N ~  reaction on tripticyl bromide 
from the backside is made impossible by the fixed 
nature of the benzene rings, while an S N ~  reaction, 
such as occurs with the highly reactive trityl bro- 
mide, supposes a more-or-less coplanar configuration 
of the benzene rings, which in this instance is impos- 
sible. That  there is nothing similar to a coplanariza- 
tion of the benzene rings in tripticyllithium is shown 
by its lack of color in solutions, in contrast to the 
deep red of triphenylmethyllithium. 

Among the halogens of the various benzene sys- 
tems that we investigated, fluorine proved to be 
unexchangeable. Here we found an unexpected 
course of reaction.8 During the study of biphenyl for- 
mation, each of the monohalobenzenes was treated 

( 7 )  G. Wittig and U. Schollkopf, Tetrahedron, 3, 91 (1958); G. Wittig 

(8) G. Wittig, G. Pieper, and G. Fuhrmann, Ber. Deut. Chem. Ges., 73, 
and W. Tochtermann, Justus Liebigs Ann. Chem., 660,23 (1962). 

1193 (1940). 
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with phenyllithium in ether solution under identical 
conditions. We found to our surprise that  the sup- 
posedly sluggish fluorobenzene reacted unusually 
rapidly to give biphenyl in ca. 75% yield, while the 
remaining halobenzenes gave only a 5-7% yield. Our 
explanation of this result was that  biphenyl forma- 
tion is preceded by an ortho metalation of the halo- 
benzene, which is promoted by the inductive effect of 
the highly electronegative fluorine. Supporting this 
explanation was the finding that biphenyl is not pro- 
duced directly, but rather o-lithiobiphenyl. In 1942, 
we further assumed that  elimination of metal and 
halogen follows,-leading to dehydrobenzene.9 Phenyl- 
lithium adds to  this to form the o-lithiobiphenyl 
which was found. 

MF 

UIi + c6H6 

C,H,F + C6H& - 
n 

Li 
dehydrobenzene 

/--l 

- + Li'y-J - 
A strict proof for the intermediate appearance of 

dehydrobenzene was later supplied independently by 
Roberts,lo who allowed [1-14C]chlorobenzene to react 
with potassium amide in liquid ammonia and isolat- 
ed the two expected anilines in yields of approxi- 
mately 50% each. He named the short-lived interme- 
diate benzyne. 

"2 

"2 
u 

Later, we were able to  demonstrate the existence 
of the intermediate dehydrobenzene, using the con- 
sideration that it should act as a dienophile.ll As the 
diene and solvent we chose furan, since as an ether it 
should favor organometallic exchange while a t  the 
same time serve as a trapping agent. In an exciting 
experiment, o-fluorobromobenzene reacted with lith- 
ium amalgam in furan, and we isolated the endo- 
oxide 12 as a Diels-Alder adduct in good yield. 

12 

Among other diene additions is the addition of de- 
hydrobenzene to anthracene to  form triptycene, pre- 
viously prepared by Bartlett in a totally different 
way. His reaction could be remarkably simplified12 if 

(9) G. Wittig, Naturwissemchaften, 30,699 (1942). 
(10) J .  D. Roberts, H. E .  Simmons, L. A. Carlsmith, and C. W. Vaug- 

ham, J. Arner. Chern. Soc., 75, 3290 (1953), cf. R. W. Hoffmann, "Dehy- 
drobenzene and Cycloalkynes," Verlag Chemie, Weinheim, and Academic 
Press, New York and London, 1967. 

(11) G. Wittig and L. Pohmer, Chern. Ber., 89,1334 (1956). 
(12) G. Wittig and E. Benz, Tetrahedron, 10,37 (1960). 

one treated the more readily available fluorobenzene 
with phenyllithium, with the latter being maintained 
in low concentration by a trick. This was accom- 
plished by use of lithium hexaphenyleneantimonate, 
which produces a slight amount of phenyllithium in 
the reversible equilibrium outlined below. 

+ C,H,F 
[(C&)ab]Li e (C,H&Sb + Ce,H& +a 

H @;n :.- / 

' I  
H 

In this context, is the synthesis of tribenzotripty- 
cene.13 By addition of dehydronaphthalene endoxide, 
available from the reaction of dehydrobenzene and 
furan, to pentacene, the adduct 13 was produced; 
this could then be converted into the desired hydro- 
carbon 14 by dehydration in acetic anhydride-HC1. 

U 

H' 
13 

H 
14 

W 

The life span of dehydrobenzene in the gas phase14 
has been determined from the thermal decomposi- 
tion of bis-( o-iodopheny1)mercury as well as phthalo- 
yl peroxide to biphenylene a t  600" in an argon atmo- 
sphere under reduced pressure. When furan is inject- 
ed behind the decomposition zone, naphthol is pro- 
duced as a secondary product, arising from the pri- 
marily formed dihydronaphthalene endoxide. Under 
these conditions, the life span of dehydrobenzene 
was determined to be 20 msec. 

0 
I1 

W 

The reagent, phenyllithium, having opened so 
many fertile sources for us, gained the status of a 
chemical divining rod. Our attention now turned to .. 

(13) G. Wittig, H. Harle, E. Knauss, and K. Niethammer, Chern. Ber., 

(14) G. Wittig and H. F. Ebel, Justus Liebigs Ann. Chern., 650, 20 
93,951 (1960). 

(1961); G. Wittig, H. F. Ehel, and R. W. Hoffmann, ihid., 673.1 (1964). 
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proton-labile substrates, aliphatic as well as aromat- 
ic. 

The process of proton-metal cation exchange ap- 
peared to us to be of basic importance; following met- 
alation the electron density a t  carbon is increased 
and thus a free or solvated carbanion might be ex- 
pected. This negatively charged species stands in 
contrast to the carbonium ion with its positively 
charged carbon atom. 

The question which attracted our attention was: 
how do carbanions, with their negative charge, con- 
trast in behavior with carbonium ions, the properties 
of which had already been widely investigated? 

From these extensive studies, I present only a few 
characteristic examples, and only insofar as they 
again demonstrate the interplay of choice and 
chance. 

At the time, we were not aware that hydrogen 
atoms bound to carbon in quaternary ammonium 
salts are proton labile. We discovered this during an 
absurd attempt to prepare pentamethylnitrogen 
from tetramethylammonium halides and methyllith- 
ium.15 

It had been experimentally confirmed that the 
octet principle is strictly valid for the elements of the 
first eight-element period, which includes nitrogen. 
The goal of synthesizing compounds with pentacoor- 
dinate central atoms was achieved only when the 
analogous experiments were carried out on the re- 
maining elements of the fifth main group, i.e., phos- 
phorus, arsenic, antimony, and bismuth. Their pen- 
taphenyl derivatives could be readily synthesized,le 
and, in the case of antimony, the pentamethyl com- 
pound as well.17 Pentamethylantimony, being of a 
purely nonpolar nature, is a liquid, bp 126". 

Tetramethylammonium chloride, upon reaction 
with either methyl- or phenyllithium, loses a proton 
and forms a product which we named trirnethylam- 
monium methylid ( 15). 

[(CH,),N]Br + RLi [(CH3),;-EH,]LiBr or 
15 

N-ylide 

+ 
[(CH,),N-CH,Li]Br- (CH3),N 

W 
16 

We named this new class of compounds the N-yl- 
ides, since nitrogen is bound to the neighboring car- 
bon in a homononpolar fashion (yl) and simulta- 
neously is classified as ionic (ide). Since the parent 
ylide compound does not exist salt-free, its structure 
remains indefinite. However, trimethylammonium 
fluorenylide (16) can be isolated salt-free and is 
given the ylide structure.18 Ylides as well as crypto- 
ylides were extensively investigated in the following 
period.lg 

(15) G. Wittig and M. Rieber, Justus Liebigs Ann. Chem., 562,  187 

(16) G. Wittig and K.  Clauss, Justus Liebigs Ann. Chem., 577, 26 

(17) G. Wiitig and K. Torssell, Acta Chem. Scand. 7,1293 (1953). 
(18) G. Wittig and G. Felletschin, Justus Liebigs Ann. Chem., 555, 133 

( 1949). 

(1952); 578,136 (1952). 

( 1944). 

Extending this concept to quaternary phosphoni- 
um salts showed that they could be more readily 
converted into P-ylides by treatment with organo- 
lithium compounds than the analogous ammonium 
salts into S-ylides. The reason for this greater proton 

[(CH,)J']+ -I- R-- --+ (CH,),P-CH,,,(CH,),P=CH? 
+ -  

-RH 

f -  

P-ylide P- ylene 

( C J G " C H z  (CsHJ3P=CH:! 

mobility is that phosphorus, in contrast to nitrogen, 
can expand its outer electron shell to a decel. This 
makes possible an energy-lowering resonance stabili- 
zation between the ylide and the ylene forms. The 
same applies, of course, to phosphonium salts such 
as the triphenylmethylphosphonium halides which 
yield on proton abstraction triphenylphosphinemeth- 
ylene, with partial P=C bonding. 

In the case of the N-ylides, the semipolar nature of 
the N-C bond was demonstrated by addition of' the 
ylide to benzophenone to produce well-defined be- 
taines. 2o 

0.- 
+ -  f I 

(CHJ,N-CH, + (C,H,),CO ---+ (CH&N-C&-C(C,H,), 

(CGHj)3P=CH2 + (CSHbXCO ---+ (C6H&PO (C,Hj),C=CH, 

When the same reaction was carried out with tri- 
phenylphosphinemethylene, the expected betaine 
adduct was not obtained but, surprisingly, triphenyl- 
phosphine oxide and l,l-diphenylethylene were.21 
The initially formed betaine 17 evidently converts, 
due to the ability of the central atom to expand its 
valence shell, into the nonisolable four-membered 
ring 18, which subsequently fragments to yield the 
final products.22 

- 
CEI? + ,CH, 

( C 8 , ) J '  + p M 2  - G H d Y  $ac,rr,,, 
o/ 0 - 

17 

IS 
That  the first reaction step here is likewise betaine 

formation was demonstrated through the reaction of 
triphenylphosphinemethylene with benzaldehyde. In 
this case the betaine intermediate could be isolated. 
This betaine then undergoes the fragmentation reac- 
tion to triphenylphosphine oxide and styrene on 
heating.22 Though this method of carbonyl-to-olefin 
conversion had been discovered more than 30 years 
previously by Staudinger and Braunholtz, 23 our 
chance observations opened the way for its general 

(19) See A. W. Johnson, "Ylid Chemistry.:" Academic Press, New York, 

(20) G. Wittig and M.  Rieber, Justus Liebigs Ann. Chern , 562, 177 

(21) G. Wittig and G. Geissler, Justus Llehigs Ann. Chem., 680, 44 

(22) G. Wittig and U .  Schollkopf, Chem. Ber., 87,1318 (1954). 
(23) H. Staudinger and W. Rraunholtz. H e b .  Chim. Acta, 4, 897 (1921); 

N.  Y., 1966. 

( 1949). 

(1953). 

cf.  also H. Staudinger, BerDeut. Chem. Ges., 41,1356 (1908). 
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preparative use.24 This technique gained special in- 
terest in the synthesis of natural products,25 which I 
unfortunately do not have time to discuss here. 

Equally unexpectedly, investigation of radical an- 
ions led to a new area of interest, discussed below. 
Triphenylammonium perchlorate ( 19), with its posi- 
tively charged nitrogen, can be contrasted to sodium 
triphenylborate (20), the radical center of which 
bears a negative charge. Whether or not the dimers 
have the structure 20a or the p-quinoide structure 
20b, in analogy to the dimer of triphenylmethyl, still 

20b 
remains unanswered. When compound 20, prepared 
from triphenylboron and sodium in ether, was titrat- 
ed with methanol to determine its concentration, the 
yellow solution was surprisingly decolorized by only 
half the calculated amount of methanol. 

With the finding that sodium methoxytriphenylbor- 
ate and sodium triphenylborate are produced, one 
can visualize the reaction as the formal complex 
combination of sodium methoxide and sodium hy- 
dride with triphenylboron.26 Analogous boronates 
were already known from the investigations of 
Schlesinger and Brown. 

The ability of boron to act as a tetracoordinate 
central atom is also demonstrated by the addition of 
phenylsodium to triphenylboron. This complex salt 

(CGHB)SB f C6H5Na e [(C6H5)4B]Na 

serves today as an analytical reagent for K, Rb, and 
Cs ions as well as for the quantitative determination 
and separation of ammonium and alkaloid salts. 

While systematically investigating the chemistry 
of these complex salts, the original project of exam- 
ining the sodium triphenylborate radical anion was 
put aside and has not been picked up since. 

The complex salts with negatively charged central 
atoms were for understandable reasons termed "ate" 
complexes.27 Their comparison with the longer 
known onium complexes led to the recognition of the 
following rule. As a result of the inductive effect of 
the central atom in onium complexes all ligands, R, 
are cationically labilized and the hydrogens on 

(24) G. Wittig, Angew. Chem., 68,505 (1956). 
(25) G. Wittig, Festsch. Prof. Dr. Arthur Stoll Siebzigsten Geburtstbg, 

(26)G. Wittig, G. Keicher, A. Riickert and P. Raff, Justus Liebigs Ann. 

(27) G. Wittig, Angew. Chem., 62,231 (1950); 70,65 (1958). 

48 (1957). 

Chem., 563,110 (1949). 

onium complex ate complex 
L 7 ' ?  B-C- + e  H N t C - H  

neighboring carbons are proton mobile; conversely, 
in ate complexes, all ligands, R, a t  the central atom 
are anionically labilized and hydrogens on neigh- 
boring carbons become hydride labile. This funda- 
mental rule explains numerous reactions, and its 
value as a heuristic principle can be demonstrated 
by the following examples. 

On reaction of fluorobenzene with phenyllithium 
in the presence of diethylamine, diethylaniline is 
formed as the major product. However, the isomeric 
a-phenyldiethylamine is also formed.28 

CHzCH3 
---c 

N(C2H5)2 N(C2H5)2 + 0, .t , 
, NC~HS 

0 - 1  H 

Li 

Li 

ate complex 

23 
A closer examination showed that, in all likeli- 

hood, the reaction proceeds as follows: lithium di- 
ethylamide, initially formed from phenyllithium and 
diethylamine, combines with short-lived dehydro- 
benzene to form the nonisolable ate complex 21 
which, with a hydride shift, disproportionates to 
Schiff base 22 and phenyllithium. Phenyllithium and 
22 then add to produce the lithium derivative 23 
which, upon hydrolysis, yields a-phenyldiethylam- 
ine . 

The last step, joining phenyllithium with ethyli- 
deneethylamine, could be readily reproduced in a 
separate experiment. The redox reaction via the ate 
complex remained, however, problematical. To sup- 
port the hypothesis that  lithium diethylamide can 
function as a hydride donor, it was allowed to react 
with benzophenone, which, as we can now see, has 
played a key role in clarifying quite a few different 
reactions. Reduction of benzophenone to benzhydrol 
was expected and, coupled to this, oxidation to the 
Schiff base 22, via the ate complex 24, which serves 
in a four-center process as an intermediate in the 
equilibrium between starting and final products. 
Benzhydrol was isolated in 35% yield; however, in 
place of the expected ethylideneethylamine, a more 
complex Schiff base of structure 27 was produced. 

As our investigations showed, lithium diethylam- 
ide and benzophenone disproportionate via the ate 

(28) G. Wittig, H.-J. Schmidt, and H. Renner, Chem. Ber., 95, 2377 
(1962). 
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6 'N-CzH5 
Li 

24 

CH3- CH=NC2H5 + LiN(C,H,), -+ 
22 

LiCH2-CH=NCzH5 + HN(C2H6), 
25 

CHz 
/ \  

( C J W  CH H+ 
(CJ15)& + CH2-CH=NC,H, - I II - 

II I 0, /NCJb  
0 Li Li 

26 

(C,H,)zC-CH,-CH= NC2Hj ------t 

I 
OH 

27 
(C,H,)$=CH-CHO + HJCzH5 

complex, recognizable for a brief time by its deep vi- 
olet color, to ethylideneethylamine and benzhydro- 
late. The Schiff base 22 is then metalated by the still 
present lithium diethylamide to produce 25 which 
couples with the remaining benzophenone to give the 
isolated Schiff base 27 via the intermediate 26. As- 
tonishingly, the entire process goes to completion in 
ether a t  0" within 1 min. The redox reaction becomes 
the only observed process when a rnetalated amine is 
used which forms a nonmetalatable Schiff base after 
Oppenauer oxidation. Lithium benzylanilide, for ex- 
ample, reacted with benzophenone in 90% yield to 
give benzylideneaniline and benzhydrol. 29 

I) 

slow 

.1 
Our main interest in the complex reaction of lithi- 

um diethylamide and benzophenone was now fo- 
cused on the process following the redox reaction 
leading to Schiff base 28. This compound, upon 
treatment with acid, afforded P-phenylcinnamal- 
dehyde in excellent yield. Thus, an aldol condensa- 

CH$H=NR + LiNR'2 - LiCHZCH-NR 
-"Ti'* . .+ 

(C H ) C + LiCH,CH=NR --t (C6H&c-CH2CH=NR % 
H& I 

OLi 
'11 
0 

28 
(C,H&C= CH- CHO 

R c-C&~,; R' = CH(CHJ2 
(29) G .  Wittig and H.-D. Frommeld, Chem. Ber., 97,3548 (1964). 

tion was realized in which the CH2 group of acetal- 
dehyde reacted with the carbonyl group of a ketone, 
moreover an aromatic ketone. 

Here chance afforded an opportunity 'which we ex- 
ploited. The possibility of a directed aldol condensa- 
tion could be developed into a preparatively useful 
method having a broad base of a p p l i ~ a b i l i t y . ~ ~  

This involvement with the experimental possibili- 
ties of a directed aldol condensation formed part of 
the final phase of my research, my idyll. By this, I 
mean the time of my Emeritus existence, during 
which I can devote myself completely to research free 
of administrative burdens and lecturing duties. So 
far as I can now see, this new technique leads to use- 
ful results. 

Into this same idyllic time falls yet another project 
dictated by intention and, as yet, undisturbed by 
chance; I refer to synthesis of three-dimensional 
polyaromatics with which I wish to close this Ac- 
count. 

A considerable time ago, we noted that certain 
ethers undergo isomerization upon metalation. 31 An 
example of this is the intraanionic ether isomeriza- 
tion of benzhydryl phenyl ether in tetrahydrofuran.32 

L1 
C&& I 

(C6H,),CHOC6H5 -----+ (c6fIj)&OC& ----) (CBf&)JcOLi 
29 

After metalation of 29 a rearrangement takes 
place, the mechanism of which was established 
through kinetic studies. On the same basis the bis 
ether 30 was isomerized to the glycols 31,33 

CH,-- CH 

OH 

30 QY CH - CH, @ 
CH,-CH, & A H &  
31b 

4 

32 33 
Whether 31a or 31b is produced could not be de- 

termined. Dehydration by various methods yielded 
three stereoisomeric hydrocarbons 32 which, upon 

(30) G. Wittig and H. Reiff, Angew. Chem., 80, 8 (1968); G. Wittig, tlec. 

(31) G. Wittig and L. Lohrnann, Justus Liebigs Ann. Chem., $50, 260 

(32) G. U'ittig and E, Stahnecker, Liebigs Ann. Chem. 605,69 (1957). 
(33) G. Wittig and G. Skipka, Justus Liebigs Ann. Chem., in press. 

Chent. Progr., 28,45 (1965). 

(1942). 



Vol. 7, 1974 From Diyls over 

careful structural analysis, proved to be the cis,cis-, 
cis, trans-, and trans, trans-tetrabenzo[a, c,g, i]cyclo- 
dodecenes. Their cyclization to the corresponding cy- 
clobutane 33 compounds is now being investigated 
with reference to the Woodward-Hoffmann rules. 

The synthesis of purely aromatic three-dimension- 
al hydrocarbons, in contrast to aromatic-olefinic cy- 
clics, was achieved in the following fashion.34 When 

34 
the ate complex 34, synthesized through reaction of 
o-dilithium biphenyl with chromium(II1) chloride, 
was treated with copper(I1) chloride, two atropisom- 
eric 0-hexaphenylenes were isolated. Their structures 
35a and 35b were determined with the help of the 
usual ir, uv, and nmr spectroscopic techniques. 

and 

35a 35b 

In agreement with these results, Stuart-Briegleb 
models could be used to construct both a strain-free 
centrosymmetric structure, 35a, and a second only 
slightly strained screw-shaped conformation 35b. Of 
these, the conformation of 35b was positively estab- 
lished by X-ray analysis. I t  was also separated into 
its optical antipodes. 

In connection with these studies, an ortho-meta- 
coupled hexaphenylene was synthesized.35 The 
thermo-labile compound 36 produced by reaction of 
o,o’-dilithiobiphenyl with biphenylene iodonium io- 
dide rearranged on heating to diiodohexaphenyl 37. 
This latter compound could then be dehalogenated 
to hexaphenylene 38 by reaction with copper powder 
in refluxing nitrobenzene. 

From inspection of Dreiding models, i t  can be seen 
that two atropisomeric cyclic hexaphenylenes, 38a 
and 38b, can exist. The IH nmr spectrum of hexa- 
phenylene (Figure 2) ,  synthesized as mentioned 
above, showed multiplets a t  6 7.1-7.69, 6.35-6.68, 
and 6.02, with relative intensities 8:3:1. The two lat- 
ter signal groups are assignable to the hydrogen 
atoms of the benzene rings whose planes face one an- 
other. Their upfield shift is a result of aromatic an- 
isotropy. These signal groups permit a differentation 
between 38a and 38b. While in 38b the four protons 
are magnetically nonequivalent and thus an ABCX 
spectrum is to be expected, an AB2X system would 

(34) G. Wittig and K.-D. Rumpler, Justus Liebigs Ann. Chem., 751, 1 

(35) G. Wittig, S. Fischer, and G. Reiff, Justus Liebigs Ann. Chem., in 
(1971). 

press. 
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Figure 2. 

Li 

&- 
36 

I 

w I 

37 

Cu-powder 

in nitrobenzene 
____) gg$ 38 

38a 

38b 

be shown by 38a. On the basis of the chemical shifts 
it is assumed that  this spectrum is of the AB2X vari- 
ety. For verification, the chemical shifts and cou- 
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pling constants were taken from the experimental 
spectrum by approximation and used in the simula- 
tion of a spectrum.36 The best agreement was ob- 
tained with hexaphenylene atropisomer 38a. 

With this, I come to the end of my tour, which has 
led us from diyls, via ylides and ate complexes, to 
my idyll. As in any process coupled with life, it is ir- 

(36) I wish to thank Dr. G .  Schilling, Institut fur Organische Chemie, 
Heidelberg, for his preparation and interpretation of the spectra. 

reversible and can be retracted only in thought. 
Along the way, we came upon various points of in- 
terest which invited us to linger for a while. Ours, 
like all such rambling tours, possesses that special 
attraction that comes from knowing that the land- 
scape spread out before us will be opened to view, 
not by intention, but by chance and surprise. I hope 
that this story will stimulate new interest in the field 
of carbanion chemistry as a place to linger and possi- 
bly further develop. 
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An Impurity Launches a Research Program 
By 1958 four binary compounds of nitrogen and 

fluorine were known: NF3, FN3, and cis- and trans- 
N2F2.I In contrast to NF3, which is particularly sta- 
ble to both heat and a variety of chemical reagents, 
the other three on the list are highly reactive and 
frequently explosive. Colburn and Kennedy2 in 1958 
added another member to the series, tetrafluorohy- 
drazine, N2F4, a reagent which promised to be stable 
enough to manipulate, yet reactive enough to be 
chemically interesting. 

It was our good fortune to have available for study 
a sample of this new N F  compound soon after its ini- 
tial synthesis. Desiring to ascertain the gas-phase 
compatibility of N2F4, a potential fluorinating agent, 
with hydrocarbons, we made up various mixtures of 
low molecular weight alkanes and N2F4. At room 
temperature no chemical change was observed. How- 
ever, when the mixtures were irradiated with a mer- 
cury resonance lamp (253.7 nm), a smooth reaction 
occurred, which resulted in replacement of a hydro- 
gen atom with an NF2 group. Because of the formal 

N>F, 
RH h,- RNF, + other products 

resemblance of this process to photochlorination, we 
dubbed it photodifluoramination. 

But are the two photoreactions mechanistically 
analogous? In order to answer this question we 
turned to the problem of purifying the N2F4 avail- 
able a t  the time. The ultraviolet spectrum of the 
NzF4 used in these exploratory experiments con- 
tained several absorption bands which were attrib- 

Near the end of World War I i ,  Carl Bumgardner graduated from the 
Naval Oriental Language School, specializing in Japanese. He received 
his B.A.Sc. in Chemical Engineering from the University of Toronto in 
1952, and in 1956 his Ph.D, in Chemistry from MIT. After a year’s post- 
doctoral work with A. C. Cope, he took a research position with the Red- 
stone Division of Rohm & Haas, Huntsville, Ala. In 1964, he joined the 
faculty of North Carolina State University at Raleigh. There he has been 
pursuing his research in the chemistry of nitrogen-fluorine compounds. 

Ernest Lawton received his Ph.D. from North Carolina State University 
in 1969, working with Professor Bumgardner. Since then, he has been a 
Senior Research Chemist at Monsanto Company, in Durham, N. C. 

uted to impurities, as well as the continuum expect- 
ed for a saturated species like N2F4. After distillation 
and chromatography over a variety of columns, a 
sample of N2F4 was obtained which gave a much 
simpler spectrum. However, besides the continuum, 
which had its low energy cut off a t  about 200 nm, 
there persisted a discrete absorption which had a 
maximum a t  260 nm with a half-band width of 20 
nm. The contaminant responsible for this band ob- 
viously was playing a role in photodifluoramination 
since the reaction was initiated by radiation near 260 
nm . 

While we were pondering the nature of this tena- 
cious impurity, Coiburn and Johnson were accumu- 
lating some curious observations regarding the phys- 
ical behavior of N2F4. Out of a meeting with these 
investigators a t  which all of our puzzles were pooled, 
there emerged the idea that  N2F4 dissociates into 
NF2 radicals, establishing an equilibrium reminis- 

N2F, F=== 2NF, 

cent of the N204-N02 system but unprecedented in 
hydrazine chemistry. This hypothesis was verified 
through an elegant series of experiments conducted 
by Colburn, Johnson, and  coworker^.^ 

The steadfast “impurity” in N2P4 could now be 
identified as NF2. This radical is the species that 
gives rise to  the 260 nm band and initiates photodi- 
fluoramination. 

What happens to  NF2 after it absorbs light and its 
reactions with various substrates is the subject of 
this Account. 
Atomic Fluorine from 

The preliminary experiments on photodifluoram- 
ination of alkanes indicated that  initially NFz was 

(1) H. J. Erne&&, “The chemistry of Fluorine and Its Compounds,” 
Academic Press, New York, N .  Y., 1969, p 77 .  

(2) C. B. Colburn and A. Kennedy, J.  Amer. Chen. ’  Soc., 80, 5004 
(1958). 

(3) F. A. Johnson and C. B. Colburn, J .  Arne?. Chem. Soc., 83, 3043 
(1961); L. H. Piette, F. A. Johnson, K. A. Booman, and C. B. Colburn, J.  
Chem. Phys., 35, 1481 (1961); C. B. Colburn and F. A. Johnson, J .  Chem. 
Phys., 33,1869 (1960). 


