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The intensely colored solutions which result from 
mixing electron-deficient aromatic compounds with 
bases have fascinated chemists since the late 1800's. 
A variety of interactions can occur, but one of the 
most common is formation of covalently bonded u 
complexes. 

The first reference to such complexes appeared in 
1900 when Jackson and Gazzolo proposed 1 as the 
colored product resulting from reaction of picryl 
ethers with potassium alkoxides.la Meisenheimer 
further substantiated this proposal by isolating the 
same complex from 2,4,6-trinitrophenetole and po- 
tassium methoxide and from 2,4,6-trinitroanisole and 
potassium ethoxide.lb 

NO, 
1 

Many further reports of such complexes resulting 
from a variety of bases and electron-deficient aro- 
matics followed the initial report by Jackson and 
Gazzolo. Many of these were unsubstantiated, the 
only evidence for u complexation being development 
of color on mixing the reactants. Since charge-trans- 
fer complexes, radical ions, acid-base reactions, and 
substitution reactions are all complicating factors, a 
more definitive method for assigning structures was 
needed. 

In 1964 a major development in the structural 
characterization of anionic u complexes occurred 
with a report of the pmr spectrum of 1 (R = C H S ) ~ ~  
which is fully consistent with the structure originally 
proposed by Jackson and Gazzolo. After this report, 
pmr data on numerous u complexes rapidly accumu- 
lated in the literature. Recent crystallographic stud- 
ies support the pmr data.2b-d The general structure 
of such complexes is now well established. 

Formation of the complexes involves delocalization 
of electron density originally associated with the nu- 
cleophile into the electron-deficient aromatic with 
concomitant formation of a covalent bond to an aro- 
matic ring carbon. The latter becomes tetrahedral in 
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the complex. This process is represented schemati- 
cally in eq 1 for the simple case of a charged nucleo- 

H Nu 

+ Nu:- -+ Q 
phile reacting with an electron-deficient benzene 
containing the electron-withdrawing group(s) E. 

The complexes initially studied most intensely 
were the adducts of nucleophiles with benzenoid and 
naphthalenoid polynitro aromatics. It is now realized 
that nitro groups are not necessary for rapid irrevers- 
ible complexation. Numerous aromatic and heteroar- 
omatic compounds readily form quite stable com- 
plexes with many different nucleophiles. The aro- 
matics have included thiophenes,3 ~elenophanes,~ fu- 
r a n ~ , ~  purines,6 anthracenes,' pyridines,s d i a ~ i n e s , ~  
polycyanobenzenes,1° benzofuroxans,ll azulenes,12 
and t r o p o n e ~ , ~ ~  as well as numerous benzenoid and 
naphthalenoid polynitroaromatics. The nucleophiles 
have ranged from simple hydride, sulfite, methoxide, 
cyanide, hydroxide ions, etc., to carbanions, amines, 
halomethyl anions, and a variety of organometallic 
compounds. 

The appearance of several reviews of the chemistry 
of such anionic u complexes during 1968-197014 and 
extensive experimental work show that such organic 
anions are of much interest to physical organic 
chemists. Detailed study of the factors which influ- 
ence the formation and decomposition of anionic u 
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complexes provides valuable information about the 
structure and general behavior of organic anions in 
solution. Moreover, formation of such complexes is a 
useful tool for studying nucleophilic reactivity and 
mechanisms of base c a t a l y ~ i s , l 5 - ~ ~  as well as mecha- 
nisms of enzyme and micellar catalysis.6.1s 

Anionic IJ complexes result from reaction of sodi- 
um cellulosate membranes and fabricslg with 2,4,6- 
trinitrostyrene and related aromatics and are also 
considered to arise from addition of cellular thiol and 
amino groups to appropriately structured electron- 
deficient drugs, resulting in inhibition of nucleic acid 
synthesis and potential antileukemic activity.20 
Moreover, they have for many years been important 
in a variety of pharmaceutical color tests.21 Very re- 
cently they have been proposed as biophysical probes 
in immunological studies because of their fluorescent 
properties.22 

The complexity of the simple addition process, eq 
1, is increased if there is more than one site on the 
aromatic which can be attacked or if the nucleophile 
is ambident or tautomeric, i . e . ,  eq 2-4.23-26 The fac- 

NO, RCHCOCH,R’ 

RCH,COCHR’ - 
KO2 

O ~ N ~ K O ~  H RCHCOCH1R’ O ~ N ~ N O ~  H R’CHCOCH2R 

I I  I I  (2) 

SO2- NO,- 
0- 0 

NO, 

NO2 

+ CHO- -- 
KO2 

-m$ OCH3 Nc*No2- OCHj xp‘” CH30 OCH3 

OCH, H (4) 

OCH, 
NO, NO, NO,- 

(15) K. T. Leffek and P. H. Tremaine, Can. J .  Chem., 51,1659 (1973). 
(16) J. A. Orvik and J. F.  Bunnett, J .  Amer. Chem. Soe., 92, 2417 

(17) C. F. Bernasconi, J .  Amer. Chem. Soc., 92, 129 (1970). 
(18) J. H. Fendler, E. J. Fendler, and S. A. Chang, J.  Amer. Chem. Soc., 

(19) Y. Avny, R. Rahman, and A. Zilkha, J .  Macromol. Sci. Chem., 6, 

(20) P. B. Ghosh, B. Ternai, and M. Whitehouse, J.  Mpd.  Chem., 15, 

(21) K .  A. Kovar, Pharm. UnsererZeit, 1, 17 (1972). 

(1970). 

95,3273 (1973). 

177 (1972). 

255 (1973). 

tors which govern the possible modes of isomeric ad- 
dition have been studied intensively. In the case of 
methoxide addition to 2,4,6-trinitroanisole, rapid ad- 
dition a t  C-3 yields the kinetically favored product 
which slowly rearranges to the thermodynamically 
favored C-1 complex, 1 (R = CH3).27 Similar behav- 
ior is observed for related systems as in eq 4.26 
Quantitative studies of kinetics and equilibria in 
complexation of this type have been made by many 
workers. 

Even in symmetrical systems where isomeric addi- 
tions, i .e.,  (2)-(4), are precluded, simple nucleophiles 
can give several adducts. The interaction of hydrox- 
ide with sym-trinitrobenzene (TXB) is illustrative 
(eq 5, Nu =OH).28,29 Although there is substantial 

Nu:- 
TNB * 

ilN” - 
4 1 2 

N U  

4 3 

evidence in certain cases for nucleophilic amine at- 
tack on a ring substituent ( i e . ,  NO2) to yield struc- 
tures like 430,31 (Nu = NR2), such structures are not 
as commonly observed as those arising from nucleo- 
philic attack on the ring.32-37 

Few chemical reactions of anionic v complexes 
other than simple oxidation or reduction have been 
investigated in much detail. The most common 
“reaction” is merely departure of the aromatic sub- 
stituent bonded to the carbon which suffered nucleo- 
philic attack in complexation, i .e.,  consummation of 
S N A ~  displacement for which the complex is an un- 
stable intermediate. If this substituent is hydrogen, 
the poor nucleofugicity of hydride ion usually results 
in a relatively stable complex. 

We and workers in cJapan have observed in several 
cases38-49 an intramolecular analog of the multiple 
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Scheme, I 

0 8  
5a, R = H or alkyl 

, 

b, R = C,H,, CO,CH,, 
or any electron- 
withdrawing group 

0 0 

-o,$ 
6a, R = H or alkyl 7a, R = H or alkyl 
b, R = C,H,, CO,CH,, b, R = C,H,, CO,CH,, 

or any electron- 
withdrawing group withdrawing group 

addition leading to 2. This reaction (Scheme I) read- 
ily occurs under appropriate conditions for com- 
plexes containing a potential nucleophilic site y to 
the tetrahedral ring carbon. The ease with which it 
takes place can be rationalized by looking at  the ge- 
ometry of a typical complex, 5,  of a ketone with 
TNB. The distance between C, and C6 in the con- 
formation of 5 favorable for cyclization (measured 
from Dreiding models) is quite appropriate for bond- 
ing. In the presence of a weak or strong base, direct 
base attack a t  Cs to yield structures like 2 cannot 
compete with proton abstraction a t  C, followed by 
intramolecular attack to'yield 6. In view of the large 
number of different types of easily prepared u com- 
plexes containing potentially nucleophilic side 
chains, this reaction has promise for the preparation 
of new bicyclic and heterobicyclic systems if methods 
for modifying the nitronate functions can be found. 

The mechanisms by which these bicyclic struc- 
tures form, including the directive effects of aromatic 
substituents and the effects of side-chain structure 
on the ease of intramolecular cyclization, are of in- 
terest to us. Much of our initial work has been done 
with carbanions and enamines, but it appears that  
urethanes, guanidines, amidines, and other related 

or any electron- 
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structures will also yield bicyclic anions similar to  6 
and 7 when they are condensed with electron-defi- 
cient aromatics (v ide infra).  , 

Addition of excess tertiary amine to a saturated 
solution of TNB in acetone results in the rapid for- 
mation of the trialkylammonium salt of the complex 
5a which precipitates from solution as purple crys- 
tals after a short time. Formation of 5a in this in- 
stance occurs by irreversible attack of small equilib- 
rium quantities of acetonate produced from reaction 
of the amine with a~etone.26,~59~0 No further reac- 
tions of  the trialkylammonium salts o f  5a have been 
observed to occur in such solutions. 

Surprisingly different results are observed when 
(1) stronger bases than tertiary amines or (2) more 
acidic ketones than acetone are employed in prepa- 
ration of the complex, or (3) when complexes like 5a 
containing nonacidic ketones are prepared with sec- 
ondary rather than tertiary amines. These changes 
modify the reaction sufficiently so that intramolecu- 
lar cyclizations leading to 6 and 7 can occur. 

Although this behavior was puzzling a t  first, it can 
be understood when the detailed mechanisms for the 
formation of 6 and 7 are ~onsidered.403~5 Ions like 6a 
and 6b as well as 7a and 7b can form similarly. Base 
abstraction of H, in 5 followed by intramolecular at-  
tack a t  Cs yields 6a or 6b. The abstraction in 5a  is 
facilitated by strong base (i.e., sodium hydroxide49), 
whereas in 5b it is facilitated by the presence of the 
electron-withdrawing groups R.39,45 The unreactivity 
of the trialkylaqmonium salt of 5a in solutions of 
tertiary amine is thus understandable since in the 
presence of weak base the nonacidic H, is not readily 
removed. If the conjugate acid of the base used to 
form 6 is sufficiently strong, protonation of the un- 
conjugated nitronate function in 6 leads to 7. With 
sodium hydroxide 6a is isolated as the disodium salt, 
whereas with trialkylamines 7 is isolated as the trial- 
kylammonium salt. In strong base, and with simple 
ketones like acetone, even further addition and cycli- 
zation can occur to yield tetracyclic salts like 8.47 

Since the secondary amines used to form the dial- 
kylammonium salts of 7a are not significantly more 
basic than the tertiary amines (i.  e., triethylamine) 
which lead only to the stable and unreactive trialk- 
ylammonium salt of 5a, an alternate mechanism 
must be operative in the case of cyclizations effected 
in these instances. We have shown that in the case of 
secondary amines the enamine intermediates 9 and 
10 are precursors to the diethylammonium salt of 7a 

Addition of previously prepared and purified ena- 
mines (like 11) to TNB results in formation of an iso- 
lable immonium zwitterion 12, which upon hydroly- 
sis yields 7a (R = CHS). 

The bicyclic ions 7 are amazingly stable crystalline 
salts which melt in many instances without decom- 
position at  temperatures ranging from 100 to 200". It 
is most surprising that simple monocyclic bis ad- 
ducts like 2 which are analogous to 6 and 7 cannot 
be readily isolated. There have been only two reports 
of isolated bis adducts (Nu = SOs-- and 

(R = C H 3 ) . 4 0  

C H 3 C O C H 2 - ) . 5 1 a * b  

(50) R. M. Murphy, C.  A .  Wulff, and M. J. Straws, J. Amer. Chem. 
soc., 96,2678 (1974). 



184 Strauss Accounts of Chemical Research 

Several types of electron-deficient aromatics and 
ketones have been condensed in an effort to deter- 
mine the scope of the reaction and to understand the 
structural factors favoring cyclization. Using the 
symmetrical aromatic TNB, we can study the effects 
of varying the ketone component. Variation of the 
aromatic reactant clarifies the directional effects of 
aromatic substituents on the cyclization. These 
points are now considered. 

The steric requirement for reasonably close prox- 

(51) (a) R. A. Henry, J.  Org. Chem., 27, 1637 (1962); (b) I. M. Sosonkin, 
S. S .  Gitis, and A. Y. Kaminski, J.  Org. Chem. USSR, 7, 2322 (1971); (c)  
H. Schran, S. P. B. Taylor, and M. J. Strauss, unpublished results. 

imity of the nucleophilic site on the side chain and 
the electrophilic nitro olefin moiety of the ring is 
demonstrated when TNB is bridged with simple cy- 
clic ketones, presumably through enamine intermedi- 
ates like 13, analogous to 9.42 When n = 4 or 5 cycli- 
zation readily occurs, but with n = 3, no bicyclic 
product can be obtained. In this latter instance reac- 
tion terminates at  the u complex stage. Dreiding 
models of 13 show that the distance between C-3 
(C-5) and C, in 13 ( n  = 3) is almost 50% great,er 
than in 13 ( n  = 4 or 5) in the most favorable confor- 
mations for intramolecular cyclization. 

Since the u complex precursors to bicyclic prod- 
ucts always have an sp2 center adjacent to the nu- 
cleophilic site in the side chain and f l  to the ring, it 
was of interest to determine whether or not this trig- 
onal center favorably influenced the geometry of the 
complex for intramolecular cyclization. Examination 
of the favorable conformation for cyclization (;.e., 
5a) led us to believe that this would be the case 
since the internal nucleophilic site is brought in close 
proximity to the nitro olefin portion of the ring by 
this trigonal geometry. Interestingly, attempts at  cy- 
clization of 14 which has a potentially nucleophilic 
side chain similar to that in 5a (R = C~HF,), but 
which has a tetrahedral center f l  to the ring, fail- 

II 
NO2- 

14 

NO, 
l 
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ed.slc Although it might be concluded that this fail- 
ure results from the hybridizational change of trigo- 
nal to tetrahedral at  Cb, the steric problem intro- 
duced by the two bulky groups C6H5 and COC6H5 a t  
C, cannot be overlooked. In fact, u complexes pre- 
pared from TNB and 1,l-di- as well as 1,1,3,3-tetra- 
phenylacetone which might be expected to cyclize as 
readily as 5a (R = C6H5) do so only very ~lowly .~ lc  
Tertiary carbanionic sites on the exocyclic side chain 
can attack intramolecularly, however, as 15 readily 
cyclizes to 16. The steric problems in this latter case 
should be much less than in 14. 

n O  

NO*- 
15a 

15b 

16 

Formation of 16 might not be expected to result 
from cyclization of 15a since 5a does not cyclize in 
the presence of tertiary amine. However, 15a should 
form readily in solutions of tertiary amine, acetyl- 
butyrolactone, and TNB. The fact that 16 is the 
final product of this reaction deserves some com- 
ment. 

Although 5a (R = H) will not cyclize in the pres- 
ence of weak tertiary amine bases, u complexes pre- 
pared from TNB and acetylacetone or ethyl acetoac- 
etate, 17 (R = CH3CO or C2H502C), cyclize rapidly 
under such  condition^.^^ The initial complex which 
might be expected to result from addition of tertiary 

W ~ N Q  H RCHCOCH, W ~ N O ~  H CH2COCH2R 

NO; NO,- 

* d I I  7 

17a 

amine to a solution of TNB and ethyl acetoacetate 
or acetylacetone might be 17a, which by analogy to 
the behavior of 5a (R = H) would not be expected to 
cyclize. Rapid equilibration of 17a and 17b would 
allow a pathway for cyclization through 17b, how- 
ever, and this is presumably what occurs. Similar 
equilibration of 15a and 15b must provide a route to 
16. 

In the systems we have studied, intramolecular 
oxygen attack by the enolate side chain is never ob- 
served. This might seem surprising in view of the 
wide variety of u complexes prepared with oxygen 
bases. It appears that  the nucleophilicity of enolate 
carbon toward electron-deficient aromatic carbon is 
considerably greater than that of enolate oxygen. 
This supposition is confirmed by recent thermody- 
namic  measurement^.^^ In fact, solvolysis of the 
methoxide complex of TNB, 18, in acetone rapidly 
yields 5a (R = H).52 It  is, therefore, not surprising 
that even the complex 19, prepared from phloroglu- 
cinol and TNB in the presence of tertiary amine, cy- 
clized to 20, not 21.42 

Y PCH, ozNeNoz - acetone 5a(R = H) 

odoH 

19 

21 

Aromatic substituents also affect the pattern of 
cyclization. The simplest change from symmetrical 
TNB is replacement of one nitro group to yield a 1- 
X-3,5-dinitrobenzene. When X = H, cyclization fails 
to o~cur .~ lC  This is not surprising since the propene 
nitronate product 22a should be much less stable 
than the nitropropene nitronate product 7 resulting 
from cyclization of 5. Formation of 22b does not 
occur for reasons to be discussed shortly. 

0 (52) R. Foster and C. A.  Fyfe, Tetrahedron, 21, 3363 (1965). 
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r H RCHCOCH,R y2 1 
NO,- I 

NO2 
% % 

H H  

0 
2 2a 

When X is some electron-withdrawing substituent 
other than NQz, two isomeric B complexes, 23 and 
24, can form, and each of these could presumably cy- 
clize to two different products, 23b and 24b, through 
the bicyclic dianion intermediates 23a and 24a. The 
only product observed for several different X substit- 
uents (X = CN, CQ2R, COR) is 24b, and this result 
can be rationalized in two different ways.44 The acti- 
vated complex for the slow step in the cyclization 

R R 

process resembles 23a or 24a as charge is developing 
on X or NO2 ortho to the side chain.45 Since 24a 
should be much more stable than 23a, cyclization 
occurs solely through the former to 24b regardless of 
which u complex is formed initially. Alternately, it is 
possible that the only u complex precursor to prod- 
uct is 24, which may be kinetically favored over 23. 
This latter possibility is supported by recent work 
which provides evidence for kinetically favored u 
complexes formed by nucleophilic acetonate attack 
para to the X s ~ b s t i t u e n t . ~ ~  Such an explanation 
would require that cyclization of 24 be much more 
rapid than its reversion to 23, however. 

Adding a fourth substituent to a symmetrically 
substituted trinitro aromatic ring provides for the 
possibility of bridgehead- or anion-substituted bicy- 
clic products, and the factors which influence prod- 
uct distribution in these instances are more subtle.44 
If the u complex 26 forms, only the bridgehead prod- 
uct 26b can result from cyclization. If 25 is formed, 
25b or 26b could result from cyclization. When X is 
electron donating ( i e . ,  CH3), nucleophiles always at- 
tack meta to yield CT complexes analogous to 25.54,55 

0 0 
25a 26a 

BH"1fast B€I+lfast 

NO, 

R 

0 0 
2 3a 2 4a 

BH'1 f ast RH+/ East 

KO' 

0 
23b 

0 
24b 

0 
25b 

u 
0 

26b 

(53) M .  R. Crampton and H. A. Khan. J.  Chem. Soc., Perhin Trana 2, 

(54) E. Buncel, A .  R. Korris, and W. Proudlock, Can. J. Chern., 46, 2759 
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In the case of 2,4,6-trinitrotoluene, the only 
bridged product which can be detected and isolated 
from reaction with ketones is 25b (X = CH3). For- 
mation of 26 or 26a (X = CH3) on the reaction coor- 
dinate leading to product is thus not occurring in 
this instance. In fact the product 25b (X = CH3) 
may well be thermodynamically more stable than 
26b.44 I t  is likely, however, that the reaction pathway 
is not controlled by the thermodynamic stability of 
the products in any case, but is kinetically controlled 
by the relative stability of the precursor intermediate 
25 relative to 26 and the energies of activated com- 
plexes leading to the bicyclic intermediates for the 
alternate routes of cyclization. If 25 is always the 
precursor to cyclized product even when X is elec- 
tron withdrawing, the preference for cyclization via 
path b remains, although to a lesser extent. The 
electronic effect of X does not cause a profound 
change in the course of the reaction. When X = 
C02CH3, both 25b and f6b are isolated in a ratio of 
--80:20. When X = N-(2-02NCsHs) only 25b is ob- 
tained. If cyclization always occurs through 25 re- 
gardless of the electron-withdrawing power of x, the 
preference for cyclization via path b could be partly 
steric in origin, resulting from noncoplanarity of the 
ring and NO2 group ortho to both X and the side 
chain in 25. Such noncoplanarity would favor attack 
by path b where the NO2 group developing addition- 
al charge during cyclization is well conjugated with 
the site of anionic attack. When X is electron with- 
drawing, this effect may be partially moderated by 
increased electrophilicity a t  the carbon bonded to X, 
allowing part of the product to arise via path a. Al- 
ternately, the equilibrium between 25 and 26 may 
shift toward the latter when X is electron withdraw- 
ing, which can only cyclize to 26b. 

In summary, for both l-X-3,5-dinitroaromatics 
and l-X-2,4,6-trinitroaromatics, it appears that the 
charge-stabilizing ability of the ring substituent de- 
veloping charge in cyclization of the u complex pre- 
cursor to product is a major directing influence in in- 
tramolecular cyclizations of anionic u complexes, 

It is not surprising that electron-deficient naph- 
thalenes are bridged by ketones to yield benzobicy- 
clic adducts, since naphthalenoid u complexes readi- 
ly form and have been studied extensively by Fen- 
dler, Terrier, and  other^.^^,^^ Both 1,3-di- and 
1,3,6,8-tetranitronaphthalene rapidly yield the corre- 
sponding bridged adducts when mixed with relative- 
ly acidic ketones and tertiary amine~.~3958 

The potential utility of meta bridging reactions 
will become apparent when they are considered in 
light of further general extensions with other types of 
nucleophiles and when methods for modifying the ni- 
tronate functionality of the bicyclic products can be 
devised. These latter areas are now under investiga- 
tion in our laboratories and a complete summary is 
not yet available. The initial results are quite in- 
triguing, however. Cyanoacetylurethane readily 
bridges TNB to yield-a mixture of two bicyclic ions 
containing the 2-azabicyclononane skeleton.59 Acet- 

TNB -t- Et02CNHCOCH2CN 3 
Et0,C NC 

\ \ 
O ~ N ~ N O '  NCOCH~CN O ~ N ~ N O ;  H kHCONHC0,Et 

f- I t  ----t 
EtJiH+ 

NO,- NO; 

0 

amidine bridges TNB to yield what appears to be te- 
tracyclic ions similar to 8, whereas N, N-dimethyl- 
phenylacetamidine yields a stable zwitterion analo- 
gous to 10.60 The observation that electron-deficient 

(56)  F. Millot and F. Terrier, Bull. Soc. Chim. Fr., 11,3897 (1971). 
(57) E. J. Fendler and J. H. Fendler, J.  Chem. Soc., Perkin Trans. 2, 

1403 (1972). 

(58) Although the bicyclic products shown here are ketonic structures, 
in many instances an appreciable part of the product when dissolved in 
polar solvents is enolic. Representing the structures as enolic necessitates 
making a distinction between enolization syn or anti to the benzo fusion, a 
distinction which we have not yet been able to make. 

(59) D. Palmer and M. J .  Strauss, unpublished results. 
(60) R. Bard and M. J. Strauss, unpublished results. 



188 Strauss Accounts of Chemical Research 

naphthalenes are readily bridged and that urethanes 
as well as amidines are effective bridging nucleo- 
philes may provide an interesting synthetic route to 
the benzomorphan skeleton, 27. Such a simple one- 
step synthesis could, of course, be of considerable 
value in preparing a series of potential opiate antag- 
onists, and we are pursuing such research at  this 
time. 

I 

NO? 
NO, 

carbon bearing an enamine moiety in the complex, 
attack occurs on the ortho substituent rather than 
on the meta ring carbon61y62 and the product is the 
naphthalene 29, not the bicyclic ion 30. 

It is interesting to note that the same aromatic 
substrates which yield 28'and 29 (R = CsH5) with 
acetone and diethylamine react quite differently 
with more acidic ketones. 1,3-Dicarbomethoxyace- 
tone and diethylamine react with 3,5-dinitrobenzo- 
phenone to yield 31 which cyclizes to 32, not 33.58,62 

0 
27 

In order to make such bridging reactions valuable 
synthetically, methods for modifying nitronate func- 
tionality in the products must be found. We and 
other researchers have begun to investigate propene- 
nitronate reactivity in a variety of systems, including 
that in the precursor c complexes. Bicyclic propene- 
nitronates are readily converted to w,P-unsaturated 
oximes, anhydrides, or ketones, and these functions 
are readily amenable to further m~dification.~g 

It has been shown in certain cases that a-complex 
cyclizations can lead to products other than those 
arising from meta bridging.61 When a carbonyl-con- 
taining substituent is ortho to the tetrahedral ring 

RC=O 
I 

A ace tone  
I1 1 1  

H N E ~ ;  
02N YO2 

KEt, 
28 

slowla 

+ 
30 

NO., NO. - - I  

29 

(61) S. R. Alpha, J.  Org. Chem., 38, 3136 (1973) 

I" 
K- 

GO* K 
0 

32 

Finally, it should be pointed out that since forma- 
tion of anionic u complexes from simple nucleophiles 
and many different kinds of aromatic and heteroaro- 
matic compounds occurs readily, all of these aromat- 
ic substrates should be susceptible to meta bridging 
reactions with carbanions (and possibly amidines, 
guanidines, and urethanes). The interesting and use- 
ful bicyclic and heterobicyclic compounds which 
might be prepared in this way could make meta 
bridging reactions quite useful to the organic chem- 
ist. Work in this area is just beginning. When more 
fully developed, and in conjunction with synthetic 
methods recently reviewed by Preston and Ten- 
nant63 involving ortho-substituted nitroaromatic de- 
rivatives, the value of electron-deficient aromatics in 
organic synthesis should be enhanced. 
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(62) The published report considers the reaction of 28 (R = CH3 or H). 
We have found, that when R = CsH:, the same reaction occurs. With more 
acidic ketones bicyclic products are obtained. 

(63) P. S.  Preston and G. Tennant, Chem. Reu. ,  72,627 (1972). 


