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Abatrect-Tetraphenylcyclopentadienone 1 is transformed in 85% yields to the cis diol2 with sodium nitrite-aqueous 
acetic acid, under conditions usually employed for deamination. This change, and clean cis-hydroxylation of 
tetramethyl cyclobutadiene constitute notable examples of cis-hydroxylation with sodium nitrite-aqueous acid. 
Reactions of tetracyclone with dinitrogen trioxide, dinitrogen tetroxide, dinitrogen pentoxide, nitrous acid and nitric 
acid show that nitric acid is the reagent involved in cis-hydroxylation. Unknown facets related to the chemistry of 
oxides of nitrogen, the most significant being the existence of the oleAn+N,O,=adduct equilibrium have been 
revealed, and the chemistry of the adducts has been studied. Of a variety of substrates examined, only dienes 
respond to the sodium nitrite-aqueous acid reagent. The minimum requirements for the reaction are that the 
substrate be a good diene and that the initially formed [4 + 21 adduct shall decompose by a C-N bond rupture. A 
similar sequence explains the fascinating transformation of tetracyclone to pentaphenyl pyrrole in boiling 
nitroknzene. 

This paper presents, inter alia, work related to the 
rationalization of the following two fascinating transfor- 
mations: 

1 85% 2 

I-K CH, 

3 4 

The genesis of the 1 * 2 cis-hydroxylation, under condi- 
tions employed for de-amination, was the result of the 
surprising discovery that tetracyclone reacts with excess 
freshly distilled n-butyl nitrite to give 2. 

It is astonishing that the reactivity of tetracyclone 
towards alkyl nitrites has escaped detection thus far since 
these two reactants are invariably present in reactions 
involving the generation and characterisation of arynes 
from appropriate amino acid precursors? Subsequent to 
our preliminary report on the l-2 change,) Professor 
Criegee kindly informed us that tetra- 
methylcyclobutadiene-nickel chloride complex un- 
dergoes clean cis-hydroxylation when stirred with aque- 
ous sodium nitrite.’ The structural assignment for 2 was 
confirmed by comparison with sample prepared in 31% 
yield by reaction of 1 with nitric acid.’ Further, the cis 
assignment was confirmed by the preparation of 2 by 
treatment of 1 with osmium tetroxide under carefully 

tRespectfully dedicated to Professor T. R. Govindachari on the 
occasion of his sixtieth birthday. 

SAII spectral data are presented in Experimental. 

controlled conditions. Parallel studies were then initiated 
to understand these arresting transformations and to 
explore the NaNOJaq AcOH combination as a new 
cis-hydroxylating agent. The former studies yielded in 
addition to a logical explanation of the cis-hydroxylation, 
several novel transformations. It has now been possible to 
predict the requirements for this type of cis- 
hydroxylation. These are unusual and only highly 
selective substrates satisfy the required conditions. 

The sodium nitrite-aqueous acetic acid combination 
could provide a variety of reagents such as nitrous acid, 
dinitrogen trioxide, dinitrogen tetroxide, dinitrogen pen- 
toxide and nitric acid. Consequently a study of the 
reaction of tetracyclone with each of the above reagents 
was investigated. Such a study not only provided a 
rational route to the 1 + 2 change, but also brought to light 
several subtle factors associated with oxides and oxy- 
acids of nitrogen. 

Reaction of dinitrogen trioxide with tetracyclone 
At low temperatures dinitrogen trioxide has been 

identified as the reactive species involved in sodium 
nitrite/aqueous acid reactions and therefore it was 
considered probable that this reagent may be involved in 
the 1+2 change. Following this reasoning, an ice-cooled, 
dry, benzene solution of 1 was treated dropwise with a dry 
benzene solution of diitrogen trioxide prepared by 
reaction of ASZOO, and nitric acid6 until the intense pink 
colour of tetracyclone was completely discharged. The 
reaction was extremely rapid and took only few minutes 
(-10 min) for completion and removal of benzene under 
no exclusion of moisture gave rise to the cisdiol2 in 85% 
yield. However, removal of benzene under reduced 
pressure and rigorously dry conditions gave a colourless 
foamy material, m.p. !WC(dec), assigned structure s on 
the basis of analysis, IR and molecular weight 
(osmometry).$ Alternate formulations possessing a 
C-NO, linkage are considered unlikely in view of the 
extreme ease with which the adduct is transformed to the 
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Ph,, p” N/O- 

Ph 

dial 2 as well as its ready reversal to tetracyclone and 
di~trogen trioxide (vide infra).* 

The adduct 5 could be transformed to the dial 2 with 
great ease and under a variety of conditions, such as 
treatment with water, aqueous acetic acid, moist dioxane 
and moist tetrahydrofuran. In the latter two cases a flash 
of the tetracyclone colour was observed. This suggested 
that the change 5+2 was not direct but proceeded 
through tetracyclone. This was demonstrated in a most 
dramatic manner by treating the adduct ‘5 with dry 
methanol. The reaction mixture at once assumed the 
characteristic pink colour of tetracyclone and evaporation 
of solvents under exclusion from moisture gave tetracyc- 
lone in quantitative yields. This unexpected reversal has 
no precedent. We rationalize this transformation on basis 
of the following equilibrium: adduct$tetracyclone 
+ N& The facile reversal is in good agreement with 
structure S for the adduct. Attempts directed at further 
characterization of the adduct 5 were unsuccessful 
principally because of the extreme readiness with which it 
undergoes reversal. The possibility that it is a simple 
charge transfer complex is highly unlikely in view of lack 
of coIour, IR spectra, and non-appearance of peaks either 
in the visibte near IR region, or ESR signals. The lack of 
colour and the ESR study also excludes structures 
involving a nitroso grouping in the adduct 5. A dimeric 
structure for the adduct 5 is also excluded on the basis of 
osmometric molecular weight data.? The reversal of the 

N*’ 
d 

+ NzO, - a - coo- 

bh 

6 

*The orientation of the N,O, in adduct 5 is supported by the 
formation of nitro-olefin from “tricyclonc” which has an 
unsaturated position adjacent to carbonyl. 

t Copious evoiut~on of oxides of nitrogen took place on boiling a 
clear dry benzene solution of 5 to give a complex mixture, 
exhibiting a streaking TLC pattern and consisting of at least nine 
products. 

dinitrogen trioxide adduct was further demonstrated in a 
fascinating manner by treating it with anthranilic acid to 
produce tet~phenylnaphthaiene 6 in 20% yields. This 
reaction is ~tion~ized on basis of reversal of the adduct 
to tetracyclone, reaction of the elements of dinitrogen 
trioxide so produced with anthranilic acid to give 
o-diazonium carboxylate which in turn undergoes frag- 
mentation to benzyne to be captured by tetracyclone to 
give the product 6. 

The reversal of adduct 5 to tetracyclone can also be 
brought about by weak bases like carbazole and skatole. 
In constrast, added tetracyanoethylene did not affect 
adduct 5. 

We rationalize that the reversal of 5 is initiated by 
acceptance of elements of NO’ by any type of 
nucieophile present to generate the stabilized ion 7 
which in turn readily loses elements of NO,- to give 1: 

Ph Ph 

Ph Ph 

S 7 

Ph 

-57 

Ph 

Ph Ph 

1 

Consequently, it would be predicted that any dinitrogen 
trioxide adduct which could by loss of elements of NO”, 
yield a stabilized ion similar to 7 should show pronounced 
tendency for reversal. This was demonstrated with the 
only well characterized dinitrogen trioxide adduct, 
namely, that arising from methyl methacrylate.’ This 
compound exists as a colourless dimer 8 at room 
temperature, with rapid monomerization to the blue 9 
around 70°C: 

8 9 

When solutions of 9 are allowed to stand at 0°C for 3-4 
days methacrylate is formed (NMR). This exceptionally 
facile reversal is in excellent accord with the earlier 
~tion~i~tion: 

8 9 

COOCH, 
-NO+ 

-. O,N-CH~-~+CHJ 

H CooCHl 
- ‘czc’ 

H’ ‘CH, 
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Additionally when 9 was treated with 9,9’- 
difluorenylidene 10, the dinitro compound 11’ was isolated 
in 50% yields. The formation of 11 is rationalized on the 
basis of reversal of 9. The elements of dinitrogen trioxide 
formed at this temperature (7O’T) would exist in 
~~ib~~ with other oxides of nitrogen. Com~und 11 is 
formed by homolytic addition of dinitrogen tetroxide so 
produced to 10: 

8-9 Z 
H, ,COOCH, 

,c==c, + NzO> 
H CH, 

2N20, e N,O, + 2N0 

Interestingly dinitrogen tetroxide with tetracyclone at 
0°C gives only cis dibenzoyl stilbene thus indicating a 
preference for V-addition at lower temperatures (path b) 
(vide Ma). 

The reversal of methyl methacrylate dinitrogen trioxide 
adduct is a sinuous process. It is most likely that, 
similar reversal also takes place with tetracyclone adllluct 
5 although the solvent assited reversal is definitely a more 
facile one. 

The tetracyclone adduct 5 in aqueous acetic acid yields 
the diol 2, by a process involving complete reversal; in 
contrast the methyl methacrylate adduct 8 in aqueous 
acetic acid yields exclusively the nitro olefin 13 by partial 
elimination: 

5 1 

10 11 

Parenthetically 9,9’-tiuorenylidene 10 exhibits a pro- 
nounced tendency to add dinitrogen tetroxide as shown 
by the formation of 11, even on treatment of 10 with 
sodium nitrite-aqueous acetic acid around 0°C. The 
reversal of the methyl methac~late adduct 8 was 
demonstrated in a fascinating manner with tetracyclone 1 
at 70°C to give cis-dibenzoyl stilbene (20%) and 2- 
beuzoyl-3,4,Qriphenylfuran 12 (60%). The formation of 
thest products could be rationalized on the basis of 
addition of dinitrogen tetroxide to 1 proceeding by two 
possible pathways, namely, 1,Zaddition (path a) and 
l&addition (path b) both of which have precedence. 

The t~nsfo~ation of the @adduct to the furan takes 
place in an unexpected manner. The l&adduct is 
transformed to cis dibenzoyl stilbene involving the novel 
extrustion of CO: 

bq ACOH H\ ,COOCH, 

O2N 
,c=c\ 

CH, 
13 

Reaction of &nitrogen retroxide with tetracyc~o~e . 
Addition of dinitrogen tetroxide’ to tetracyclone at 0“ 

led rapidly to a 20% yield of cis dibenzoylstilbene. 

8#9_ 
H, ,COOCH, 

A=\ + NAh 
H CH, 

2N,O, _ N,0,+2NO 

-2~0 ph,h 
-EO Ph ‘0 * Ph 

*Ii attempts to simulate the conditions of the methyl 
Interestingly, when the clear solution resulting from the 

methacrylate addbct-tetracyclone exchange, an ice-cold dry 
additiop of N20, to tetracyclone at 0“ was refluxed for 1 hr 

benzene solution of dinitrogen tetroxide was injected into a dry and then worked up, a 55% yield of the stilbene was 

benzene solution of tetracyclone, held at 80”, until complete obtained and no furan could be detected. These results 
decolorization. Work-up after an additional hour &IX gave a indicate that at o”, N,O, adds exclusively to give the 
very compkx mixture from which, by careful preparative TLC, l&adduct, which then undergoes thermal CO-extrusion 
cis dl~nzoyt~til~ne (5%) and furan 12 (-1%) could be isolated. to give the stilbene.* 
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Reaction of dinittvgen pentoxide with tetracyclone reactivity of the dienes and its reaction with sodium 
Dinitrogen pentoxide reacted with tetracyclone in a n&&aqueous acetic acid. Thus, 2,5- 

manner similar to N203. Thus, when a methylene chloride 
solution of N20J” 

diphenylisobenzofuran 16 reacted readily with sodium 
was treated with tetracyclone in nitrite aqueous acetic acid at 0” to give o-dibenzoyl 

methylene chloride instantaneous decolorization took benzene in 80% yields. The furans 17 and 18 reacted, 
place and addition of aqueous acetic acid gave diol 2 
(55%. Alternatively, when the methylene chloride was 

although less readily, under conditions where the reagent 
could not be well defined to give the cis diioyl olellns: 

evaporated under rigorous exclusion from moisture and A variety of olefinic systems in&ding dihydrotetracyc- 
the residual foamy, highly reactive material treated with lone, diphenylcyclopropenone, tetraphenylethylene, cis- 
dry methanol, reversal took place leading to 55% of dibenzoylstilbene and trans-dibenzoylethylene, were 
tetracyclone. The dinitrogen pentoxide adduct is assigned found to be totally unresponsive to NaNOJaq AcOH 
structure 14: reagent. 

Ph 

Ph 

1 14 

The reversal of dinitrogen pentoxide adduct 14 could be 
readily rationalized on the basis of acceptance of 
elements of NO1’ by the solvent to give 15 which then 
loses NO,- to give 1: 

Ph 

l v 

Ph 
-No,- 

I I 
Ph Ph 

I 

The work described thus far clearly rules out the oxides 
of nitrogen, namely, dinitrogen trioxide, dinitrogen 
tetroxide and dinitrogen pentoxide as the reagents 
involved in cis-hydroxylation which leaves the two 
oxyacids, namely, nitrous and nitric acid. Indeed it has 
been demonstrated that the dinitrogen trioxide and 
dinitrogen pentoxide additions are clearly divorced from 
cis hydroxylation. It was found that nitric acid, made free 
of nitrous acid by addition of urea is equally effective 
while pure -nitrous acid prepared by passing aqueous 
sodium nitrite over an ion exchange resin at 0°C” reacts 
quite slowly with the substrates when compared to the 
usual conditions employed in the change 1 + 2. Further, 
nitric acid reacts with all substrates that give products 
with NaNOJaq AcOH, although in lower yields. 

Reaction of unsaturated systems with sodium nitrite 
aqueous acetic acid 

Of the several systems reacted with sodium nitrite 
aqueous acetic acid under conditions of the 1 + 2 change, 
the diene systems responded quite favourably. Even 
amongst them a strong parallel was observed between the 

Tetracyclone undergoes cis hydroxylation with aqueous NiCI, 
and NaNOI. 

tlndeed nitric acid mimics ozone in the transformation of 
furans to cis acyl olefins. 

16 

Ph 

Ph 

N*1 
’ qAcoHwc Ph 

Phn 

y 
SqAcoHalrc 

Ph 

18 

Rationalization 
We conclude that the sodium nitrite-aqueous acetic 

acid reaction takes place through nitric acid, which is 
produced from nitrous acid: 

3 HNOGHNOI t 2 NO + HzO. 

The above process is a favourable one under conditions of 
sodium nitrite-aqueous acetic acid reactions” and the 
superior yields obtained with the reagent can readily be 
explained on the basis of sodium nitriteaqueous acetic 
acid as a steady source of nitric acid, thus, avoiding 
unfavourable side reactions that take place with nitric 
acid alone. 

Our work’ and that communicated by Professor 
Criegee:’ as well as that of others’ strongly support the 
fact that nitric acid could readily react with powerful 
1,3diene systems.t Consequently, it is reasonable to 
surmise that the primary step in the interaction of the 
dienes with nitric acid is the formation of simple [4 + 21 
adducts of the types 19, 20 and 21. The diverse 
possibilities that are available for the further fragmenta- 
tion of these unstable intermediates are outlined below. 

Path a leading to the N-O bond rupture is not preferred 
in systems 19 and to, both these cases preferring path b, 
leading to a C-N bond rupture. In the case of 19 the C-N 
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0, 
‘L-OH 

-0’ 

Ph 
. 

Ph 

0 

Ph -0,. 
o/9-OH 

‘OH 

zt _ phpq-O” _ phpe-O- y; , ph-j-$$ 
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bond rupture leads to a highly stabilized ion. In the case of 
isobenzofuran, the oxygen bridge in adduct 21 makes 
N-O bond rupture overwhelmingly possible, since this 
mode makes the ready extrusion of elements of, nitrous 
acid possible, leading to products. Thus the N-O bond 
rupture could be predicted to lead to cis olefinic 
diketones. In contrast to this, the cases where the C-N 
bond is ruptured the stabilized nucleophilic systems 
created, namely 22 and 23 undergo facile intramolecular 
addition to produce intermediates 24 and 25. Species 24 
and 25 are precisely those which could, in principle, arise 
from [4 + 21 addition involving nitric acid and the dienes, 
the former acting as a 1,3-dipoiar species. But the present 
work makes such a direct addition unlikely, particularly in 
view of the inertness of diverse oiefinic systems to either 
sodium nitrite-aqueous acetic acid or nitric acid. The 
transformation of 24 and 25 to the cis dials can be most 
readily rationalized on the basis of loss of elements of 
NO’ from the corresponding conjugate bases. 

The above reaction discovered by Dilthey” and reinvesti- 
gated by us” has many similarities with the cis- 
hydroxylation. The most striking observation is the 
formation of furan 12 from tetracyclone and nitrobenzene 
and p-cyanonitrobenzene in 6% and 20% yields respec- 
tively. The l-+12 change can be rationalized via 
interme~ates 26 and 27, which are similar to 19 and 22 
envisaged for the cis hy~oxylation. 

The unusual sodium nitrite-aqueous acetic acid cis- 
hydroxylation is explained on basis of generation of 
nitrous acid, equilibration to nitric acid, [4+ 21 addition, 
C-N bond rupture, recyclization and extrusion of 
elements of NO’ from the cyclized adduct. The minimum 
requirement for observance of cis-hydroxylation are that 
the substrate be a good diene and that the initially formed 
[4+ 21 adduct should preponderantly decompose by a 
C-N bond rupture. These requirements, as can be readily 
seen, restrict drasticatly the types of systems which could 
undergo cis-hydroxylation. 

At the present time the NaNO~~aq AcOH cis- 
hydroxylation appears to be a rare reaction. It is certain, 
however, that further work based on the conclusions 
presented here would bring out, as in the case of benzoin 
condensation, many additional examples. 

The participation of the nitro function in thermal 
cycloaddition reactions is very rare. Nevertheless, in the 
event that the NaNO~/aq AcOH cis-hy~oxylation pro- 
ceeds through steps outlined above, it should be expected 
that tetracyclone would react with other reagents 
possessing the nitro function. ‘Ibis is indeed so. 

Ph 

Ph 

Ph 

Ph 

EXPERIMENTAL 

Mps and boiling points are uncorrected. Unless otherwise 
stated, IR spectra were recorded on a Perkin-Elmer model-137 
instrument, and NMR spectra on a Varian A-60 instrument using 
TMS as internal standard. Silica gel G (Stahl) was used for thin 
layer chromatography and column chromato~aphy with silica gel 
(BDH). 

Reaction of tetracycione with excess n -butyl nitrite. lsoiation of 
cis- 2.3 - dihydroxy - 2,3,4,5 - tetraphenylcyclopent - 4 - en - I - one 
2 

To a stirred solution of tetracyclone’” (O.Sg, 1.3 mmole), in 
20 ml benzene. freshly distilled n-butvl nitrite (I.3 a. 13 mmole) -. 
was added. ‘Ibe mixture was stirred overnight at room tempera: 
lure, and solvents evaporated under reduced pressure. The 
residue on crystallization from benzene gave 0.38g (70%) of a 
white crystalline compound, m.p. 190-191°C (dec) identified as 
cr’s-2,3 - hihydroxy - 2.3.4.5 - tetraphenylcyclopent -4-en - I -one 2 
on the basis of mixed m.p. WO-191°C dec) and other comparisons 
with an authentic sample (vide infra). 

(Calc. for t&HI@,: C, 8325; H, 5.26. Found: C, 83.52; H, 
4.98%) IR: P,., (KBr): 3400 (OH); 1698 (C=O) cm-‘. NMR: 8 
(CDCI,): 7.2 (aromatic protons). 

Reaction of tetracyclone with sodium nitrite and aqueous acetic 
acid, A standard procedure for the preparation of 2 

A stirred solution of tetracyclone (0*5g, 1.3 mmole) in IOml 
benzene was treated with acetic acid-water (3:2, 5ml) and the 
mixture was cooled to 0°C. Solid sodium nitrite (0.5 g, 7 mmole) 
was introduced over a period of ISminutes below 5°C. The 
colourless reaction mixture was stirred for an additional 30 min. 
the layers separated, the organic layer washed several times with 
water, dried (MgSO,) and solvents evaporated under reduced 
pressure. The residue on crystallization from benzene gave 046 g 
(85%) of 2, m.p. l98-191% (dec). 

Reaction of tetracyclone with osmium tetroxide: isolation of 
oufhentic 2 

A solution of tetracyclone (0.5 8, I.3 mmole) in 20 ml ice-cooled 
dry ether was treated with osmium tetroxide (0.33 g, I.3 mmole) 
and pyridine (1 ml) and the mixture was stirred at room 
temperature for 72 hr. The insoluble complex was decomposed 
with mannitol (Sg) in 10% aqueous KOH @ml) and stirring 
continued for I? hr. The reaction mixture was extracted with 

Ph 

Ph Ph As-Ph;Ar-NC 

12 
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methylene chloride, the organic layer washed with water, dried product indicated presence of fct~phcnyln~hthalene (by com- 
(MgSO,) and solvents were evaporated under reduced pressure. parison with authentic f~t~ph~yln~hf~enc). The crude pro- 
The residue on c~stallizafion from benzene gave 0.34 g (63%) of a duct was then ch~ma~ph~ over silicic acid using 
white crystalline compound, m.p. 190-191°C (dec.), whose m.p. benteneihexanc 1:l and benienc as clucnt. A pale yellow 
was not depressed by admixture with 2 (m.p.. 190-191°C dec) compound 0+85g (20%), m.p. 169°C. identified as tefraphcnyl- 
prepared from tetracyclone and nitric acid.’ naphthalenc by comparison with authentic sample,’ was obtained. 

Reaction of rerracyclone with sodium nit&e in aqueous nickel 
rhloride: isolation of 2 

A stirred solution of tetracyclone (0.3848, 1 mmolc), in 5 ml 
benzene was mixed with NiCI,.6H,O in water (2,35 g, 10 mmole, 
20 ml, pH 6) and cooled to 0°C. To this, solid sodium nitrite (2 g, 
28 mmole) was added over a period of 24 hr. Stirring continued for 
48 hr. maintaining the temperature below WC, when no tefracyc- 
lone remained (by TLC). Then IO ml of benzene was added, the 
organic layer separated, washed several times with water, dried 
(M8SOJ and solvents evaporated under reduced pressure. The 
residue on crystallization from benzene gave 0.250 g (60%) of 2, 
m.p. l9l-l92’C (dcc) which was identical in all respects to authentic 
2. Tetracyclonc was recovered unchanged in the absence of added 
nickel chloride. 

Preparation of dinitrogen trioxide adducr of methyl 
methacrylate’: isolalion of dimer 8. monomer 9 and demonsrru- 
Gon of reversal 

Reartion o~retra~yrl~ne with dinitrogen trioxide in the presence of 
aqueous acetic acid: isolation of 2 

A stirred solution of tetracyclone (0.2 g, 0.52 mmole) in 5 ml 
benzene was treated with acetic acid-water (3:?. 5 ml) and 
mixture cooled to 0°C. A dilute dry benzene solution of dinitrogen 
trioxidc was added dropwise until decolorization was complete 
(IO ml). The clear solution was stirred for additional 30 min, the 
organic layer separated, washed several times with water, dried 
(MgSO,) and solvents evaporated under reduced pressure. The 
residue on crys~llization from benzene gave 0.18g (85%) of 2, 
m.p. 192-193°C (dec). 

A stirred solution of methyl methacrylatc (Sg, 50mmole) in 
IO ml ether was treated with aqueous sulphu~c acid (2:3, IO ml) 
and the mixture was cooled to 0°C. Solid sodium nitrite (f,g, 
70mmole) was introduced over a period of 15 min while 
maintaining the temperature below 5°C. The reaction mixture was 
stirred for additional 30min when some white solid began to 
separate. The mixture was quickly filtered, the white residue was 
washed with cold ether (IO ml) and then with cold water (20 ml) 
and dried to yield 3.5 g (40%) of 8, m.p. 100-l 10°C.’ (Calc. for 
[C$H,,O,N&: C, 34.1; H, 4.6; N. 15.9. Found: C, 34.0; H,4.56; N, 
15.18%). IR: v,.. (KBr): 1740 (C=O): 1545, IWcm“. NMR: 6 
(CD$XCD,): 1.45 (saturated CH,), 3.88 tmethylcne). On warming 
in benzene the dimcr yields the blue monomer. NMR: 6 
(CD,COCD,): 146 (saturated CH,), 5.37 (mcthylene). Blue 
solutions on standing at 0” for 34 days are quantitatively 
transformed to methyl methacrylate. NMR: 6 fCDCI,): I.93 (q, 
-CH,), 3.73 (s, -OCH,), 5.54 (IH), 6.08 (IH). 

Reaction of 9,9’-difluorenylidene wirh dinirrogen rrioxide adduct of 
methyl methacrylate: isolation of 9,9’-dinitro-9,9-difiuorenyl 11 

Reaction of tetracgcione with dinitrogen trioxide in benzene under 
anhydrous conditions: isolaGon of the adduct 5 

A stirred and ice cooled solution of tetracyclone (0*5g, 
I.3 mmole) is IO ml dry benzene was treated dropwise with a dry 
benzene solution of dinitrogen trioxidc until decolorization was 
complete. The solvent was removed in vacua and without heating 
under rigorously dry conditions to give O+g (83%) of a 
noncrystalline solid 5, m.p. 95°C (de@. (Calc. for C,,HmN,O,: N, 
6.08. Found: N, 6.01%). Molecular weight (o~momet~): 4502 
IS; calculated: 460. IR: v,..(KBr): 1750 (C=O); 1540, 1335 cm-’ 
and also present 3500 (OH); 1698 (C=O) cm ’ due to dccomposi- 
tion of S to 2. 

A stirred solution of 9,~~ifluorenylidene prepared from 
9-bromofluorenc’* (0.328 g, I mmole) in 20 ml benzene was mixed 
with warm (~-7O’C) benzene solution of dinitro8en trioxide 
adducf of methyl mcthacrylate (0.342 g, - 2 mmolc, 20 ml) under 
anhydrous condition and stirring continued at fro-70°C for 2 hr and 
then at room temperature for 24 hr. Solvents were removed under 
reduced pressure and the residue was crystallized from ether to 
give 0.21 g (50%) of 9,9’-dinitrod,9’-dilluorcnyl, m.p. 183-184°C 
identified on the basis of comparison with an authentic sample.’ 
(Calc. for C H N 0 C, 74.28; H, 3.8; N, 6.69. Found: C, 74.18: zh Ih 2 . . 
H, 3.56; N, 6.62%). IR: v,, (KBr): 1540 (asymmetric. -N02), 1335 
(asymmetric, -NO,) cm-‘. 

Reaction of ~~racyc~one with dinirrogen trioxide a&fuct of rnei~y1 
methacrylafe in dry benzene: isolation of cis-dibenzoyl-stiibene 
and 2-benroyl-3,4,5+iphenylfumn 12 

Reaction of tetracyclone with dinitrogen trioxide in dry benzene. 
Reversal with absolute methanol 

A stirred solution of tctracyclone (0.384 g, 1 mmole) in IO ml dry 
benzene was treated dropwise with a dilute dry benzene solution 
of dinitrogen trioxidc until dccolorization was complete, keeping 
the temperature below 5°C. Absolute methanol (30 ml) was then 
added immediately to the reaction mixture and stirring continued 
for 4 hr maintaining the temperature below 5°C. Then solvents 
were removed under reduced pressure under anhydrous condition 
to give 0.29 g of tctracyclonc (TLC) (75%) which on crystallization 
from benzene/ethanol gave 0.2g (55%) of tctracyclone, m.p. 
223°C. 

A stirred solution of fctracyclonc (0.384 g, I mmole) in IO ml 
benzene was mixed with warm (60-70°C) benzene solution of 
dinitrogcn trioxidc adduct of methyl methacrylate (0.352g, 
2 mmolc, 10 ml). Stirrin8 was continued for 30 min at 60-70°C 
when fctracyclonc colour disappeared. Solvents were removed 
under reduced pressure and the residue on crystallization from 
ether gave 0.24 g (60%) of white needles, m.p. 164-166°C identified 
as Z-~nzoyl-3.4~-~pheny~~ 12 on the basis of comparison 
with authentic sample.” The filtrate was evaporated and the 
residue on crystallization from ethanol gave 0.046 g (20%) of pale 
yellow needles, m.p. 2&14”c, identified as cis dibenzoyl stilbene 
on the basis of comparison with authentic sample.‘* (Calc. for 12 
(C,H,Oz): C, 87.0; H, 5.0. Found: C, 86.91; H, 5.1%). 

Reaction of tetracyclone with dinitmgen trioxide under anhydrous 
condirions and then exchange with anrhranilic acid: isolaiion of 
fetrapheny~naphthalene 6 

Reaction of terracyclone wirh dinitrugen t&oxide 

A stirred solution of tctracyclonc (0,384 g, 1 mmolef in 20 ml dry 
methylenc chloride was treated dropwise with a dilute solution of 
dinitrogcn trioxide in dry methylene chloride until dccolorization 
was complete. Then anthranilic acid (0.15 g, I mmolc) in dry 
tetrahydrofuran (10 ml) was added to the reaction mixture in one 
lot and stirring continued at room temperature. Tctracyclone 
colour reappeared soon after the addition. Diglyme (IOml) was 
added and the mixture was heated to remove all the methylene 
chloride and tetrahydrofuran. Then it was refluxcd at 160°C for 
2-3 hr. Tetracyclone colour disappeared again. Solvents were 
removed under reduced pressure. TLC ex~ination of the crude 

(a) Addition at 0°C and work-up: isolation of cis-dibenzoyl- 
s~ilbene in few yields. To a stirred ice cooled Ccl, solution of 
fefracyclonc (0,384 g, 1 mmolc, 20 ml) was added dropwise a dilute 
CCL solution of N20: fill decolorization was complete (-10 ml). 
After 0.5 hx stirring, the mixture was poured info ice-water, the 
orgnnic layer separated, washed several times with water, dried 
(MgSt&) and evaporated. ‘ilte gummy residue on crystallization 
from ethanol gave 0.75g (20%) of cisdibenzoylstilbenc, m.p. 
213-14°C. 

(b) Addition at (PC and work-up ajter reffux: isolation of 
cis-dibtnzoyl sttibene in enhanced yields. To a stirred ice c&cd 
cc& solution of fetracyclone (0.384 g, 1 mmole, 20 ml) was added 
in drops a diiufc solution of NzO. in Ccl, fill dccolorization was 
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complete. The solutien was allowed to warm to room temperature 
and refluxed for 1 hr. Solvents were evaporated and the residue on 
standing crysmlhzed. Recrystallization from etbmtol gave 0,212 g 
(55%) of cis dtbenzoykthylene, m.p. 21 l-12°C. 

Reaction of methyl methacrylate with sodium nitrite-aqueous 
acetic acid: isolation of the nitro-olcjin 1.3 

A stirred solution of methyl methacrylate (5g, 5Ommole) in 
IO ml benzene was treated with acetic acid: water (3 : 2,20 ml) and 
the mixture was cooled to 0°C. Solid sodium nitrite (5 g, 70 mmok) 
was gradually introduced over a period of 15min while 
maintainmg the temperature below 5°C. The reaction mixture was 
stirred for additional 6 hr the layers were separated, the organic 
layer was washed several times with water and dried (MgSO.) and 
solvents evaporated. The residue on distillation gave 3.6 g (45%) 
of an yellow liquid b.p. 90°C (4 mm) identified as methyl 2-methyl- 
3nitroacrylate 13.’ (Calf. for C,H,NO,: C, 41.37; H, 4.82; N, 964. 
Found: C. 41.4, H. 4.9; N, 9.4%). IR: Y,.. (CHCI,): 1725 (0); 
1640 (C=C); 1540 (asymmetric, -NO,), 1350 (symmetric, -NO?) 
cm-‘. NMR: 6 (Ccl,): 2.2(d,-CH,), 3.8(s,-OCH,),7.6 (q,-H). 

Reaction of dinitrogen trio.& aaifuct of methyl methyocrylate 
with aqueous acetic acid in benzene: isolation of the nitm-olefin 
13 

A warm solution of dinitrogen trioxide adduct of methyl- 
methacrylate (1*76g, 10 mmok) in 30 ml benzene was stirred at 
room temperature with acetic acid : water (3 : 2, 10 ml) for 24 hr. 
then poured into water, organic layer separated, washed with 
water, dried (MgSO,) and solvent removed. The residue on 
distillation gave 0.72 g (50%) of 13, b.p. 90°C (4 mm). 

Reaction of methylmethacrylate with dinitrogen trioxide followed 
by aqueous work-up: isolation of the nitro-olefin 13 

A stirred benzene solution of methyl metbacrybrte (5g, 
50 mmole, IO ml) was treated with excess benzene solution of 
dinitrogen trioxide and the mixture was cooled to 0°C. Stirring 
continued for 6 hr and the reaction mixture was diluted with cold 
water (50 ml). The layers were separated, the organic layer was 
washed several times with water and dried (MgSO,) and solvents 
evaporated. The residual liquid on distillation gave 4.2 g (53%) of 
13, b.p. 90°C (4 mm). 

Reaction of tetracyclone with dinitmgen pentoxide in methylene 
chloride: isolation of 2 

To a stirred ice cooled solution of tetracyclone (0*384g, 
1 mmole) in 10 ml methylene chloride was added dropwise a dilute 
methylene chloride solution of dinitrogen pentoxide“’ until 
decolorization was complete. The mixture was stirred for another 
30 min and was then poured into ice cold water. The organic layer 
was separated, washed several times with water dried (MgSO,) 
and solvents removed. The residue on crystallization from 
benzene gave 0.23 g (55%) of 2, m.p. 191-19X (dec.). 

Reaction of 2Jdiphenylisobenzofttran with sodium nitrite and 
aqueous acetic acid: isolation of o-dibenzoyl benzene 

A stirred ice cooled solution of 2Jdiphenylisobenzofuran 
(0.27Og, 1 mmole) benzene (20ml) was treated with aqueous 
acetic acid (I : 3,5 ml). To this, solid sodium nitrite (0.5 g, 7 mmole) 
was added over a period of 15min while maintaining the 
temperature below 5°C. Stirring was continued for another 30 min 
after which the mixture was diluted with water (30 ml), the organic 
layer separated, washed several times with water, dried (MgSO.) 
and solvents removed. The residue on crystalliition from ether 
gave 0.23 g (80%) of odibenzoyl-benzene. m.p. 146-148°C. 

Reaction of 2,5-diphenylisobenzofuran with dinitrogen ttioxide 
followed by aqueous work-up: isolation of o-dibenzoyl benzene 

A stirred ice cooled solution of 2,5diphenylisobenzofuran 
(0.27g. 1 mmole), in 20ml benzene was treated dropwise with a 
dilute benzene solution of dinitrogen trioxide (10ml) until the 
yellow colour of 2,5diphenylisobenzofuran disappeared. Stirring 

was continued for aenther 30 min at the end of which the react&n 
mixture wart diluted with cold water (30 ml). The organic layer was 
separated, washed several times with water, dried (MgSO.) and 
the solvents removed under reduced pressure. The residue on 
crystallization from ether gave 0.23g (8046) of odibenzoyl 
benzene, m.p. 146148°C. 

Reaction of tetracyclone with sodium nitrate and cone H2SO. in 
dark: isolation of diol 2 

Under protection from light, a stirred solution of tetracyclone 
(0-384g, 1 mmole) in 2Oml methylene chloride was treated with 
solid sodium nitrate (Zg, 24 tmnole) and cooled to w. Cone 
RSO, (98%) (Sml) was added and stirring continued for l5hr 
while maintaining the temperature at 0°C. At the end of 15 Iu when 
the tetracyclone colour disappeared (TLC) the reaction mixture 
was diluted with ice cold water (5Oml), organic layer separated 
washed with water then with saturated aqueous NaHCO, and 
tInaIIy with water, dried (MgSO.) and solvents evaporated under 
reduced pressure. The residue on crystaIlization from benzene 
gave 0*2g (48%) of 2, m.p. 192-1W”c (dec). 

Reaction of tetracyclone with HNO, in dioxane in the presence of 
urea at room temperature: isolation of diol 2 

A solution of tetracyclone in dioxane (0.5 g, 1.3 mmole, 10 ml) 
was first treated with 2Omg of urea and then with cone HNO, 
(70%) (2mI). The solution was kept in the dark at room 
temperature with occasional shaking. Tetracyclone colour began 
to fade after 7 days and at the end of 15 days no tetracyclone was 
left (TLC). The solution was diluted with ice cold water @ml) 
and extracted with benzene (20 ml). The organic Layer was washed 
Iirst with water and then with aqueous NaHCO, and finally with 
water, dried (MgSO.) and solvents removed under reduced 
pressure. The residue on ctystakation from benzene gave 0.20 
(60%) of 2, m.p. 190-192°C (dec). 
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