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faintly positive and saponification, acidification, and steam dis- 
tillation into bromine water did yield tribromophenol (0.16 g., 
2y0, m.p. 92", mixture melting point undepressed). The reaction 
material after this treatment no longer gave a positive ester test. 
This reaction mixture waa considered to be essentially entirely an 
acid mixture, however, by its behavior and infrared. The fact 
that not all of it waa removed from the solvent by the alkaline 
waah is explained by the reluctance of acids like IV to be so ex- 
tracted. They form soaps and emulsions, complicating such ex- 
traction techniques. 

Triphenylbromoethylene (VII) .-For comparison purposes 
(see above) this halide waa prepared by the reaction of bromine 
in acetic acid with triphenylethylene (K & K Laboratories), as 
reported.18 From the hydrocarbon (6.0 g., 0.0234 moles) the 
bromide waa obtained as white needles (7.5 g., 97q7,), m.p. 117- 
118', lit.*8 m.p. 115.5', hi:", 285 mp ( e  9720). The infrared 
spectrum waa in accord with the proposed structure and waa 
identical with that of the halide isolated from the Cristol-Firth 
treatment of T (see above). 

y,y,y-Triphenylbutyryl Peroxide (X).-The acid IV waa con- 
verted to its acid chloride in the usual fashion with thionyl chlo- 
ride: The acid chloride (4.18 g., crude material ca. 12.5 mmoles) 
waa added to dry ether (50 ml.) in which waa suspended sodium 
peroxide (0.55 g., 7 mmoles). Three drops of water were added 
and the mixture waa stirred a t  0". Another drop of water waa 
added after each hour. After 2.5 hr., further sodium peroxide 
(ca .  0.1 9.)  waa added. After 3 hr., the initial yellow color (due 
to the sodium peroxide) had faded, whereupon the material wm 
placed in the'refrigerator overnight. Water (10 ml.) waa added 
and the mixture waa filtered at  the pump. Acetone washes of 
the glassware were added to the collected precipitate, and the 
solution waa allowed to evaporate in the air (4.05 g. ,  quantitative 
yield). The peroxide waa difficult to purify, but the following 
method afforded pure material, though with great loss. The 
crude peroxide above was treated with hot acetone (300 ml.), 
filtered from insoluble matter, and, while warm, diluted with 

water to cloudiness. The peroxide settled out on cooling as a 
white, microcrystalline solid (1.1 g., 28%), m.p. 116' dec. (on a 
block preheated to loo"), infrared 5.48 and 5.58 p (peroxide 
C=O), iodometric titration gave a purity of >goyo). 

Anal.lg Calcd. for C44H8804: C, 83.78; H, 6.07; 0, 10.15. 
Found: C, 84.01; H, 6.06; 0, 10.04. 

Decomposition of the Peroxide X.-Several decompositions 
were carried out in the following way. A weighed amount of 
peroxide X (ca. 130 mg.) waa refluxed in pure dry carbon tetra- 
chloride (10 ml.) in a slow stream of nitrogen for 15 min., followed 
by 2-min. standing, with a previously tared Ascarite tube at- 
tached to the condenser. After the reaction, the Ascarite tube 
waa reweighed to determine the carbon dioxide evolution. Evap- 
oration (air) of the solvent left crystalline material which waa 
then titrated for peroxide iodometrically. The results (averaged) 
indicated 39% carbon dioxide evolution (on the basis of 2 moles of 
carbon dioxide/mole of peroxide) and 67% peroxide recovered, 
implying (within error) essentially complete carbon dioxide evolu- 
tion for the amount of peroxide reacted. From a decomposition 
carried out in the higher boiling solvent chlorobenzene, the entire 
reaction product waa saponified and acidified. Steam distilla- 
tion into bromine water indicated a trace (at  most) of tribromo- 
phenol. 

Conversion of y,Y,y-Triphenylpropyl Bromide (VI) to y,y,y-Tri- 
phenylbutyronitri1e.-The reaction product VI (1.8 g.), sodium 
cyanide (0.3 g.), and dimethyl sulfoxide (25 ml.) were heated 
with stirring a t  130-140" for 50 min., a t  which time another 0.3 
g .  of sodium cyanide waa added and the mixture heated 10 min. 
further. Addition of water and treatment of the ether phase in 
the usual way8 gave the nitrile, which waa recrystallized from 
ethanol (0.6 g., 40%), m.p. 135.5-137", undepressed when ad- 
mixed with the nitrile prepared from the iodide, infrared identical 
with that of the known. 

(29) Galbraith Laboratories, Inc., Knoxville, Tenn. 
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The nitration of various substituted a-benzylidene-7-butyrolactones and -7-valerolactones is reported. 

The factors influencing these electrophilic substitutions are discussed. 

The 
substitution occurred generally at the same position where the corresponding benzoic acids and benzaldehydes 
were reported to undergo nitration. The 
structures of the obtained nitro compounds were proved by oxidative degradation to the corresponding benzoic 
acids. Derivatives of the nitro compounds were prepared and some of their properties are reported. 

Further exploration of a new rearrangement which 
CY- (2-aminobenzyl idene) - y-buty rolac tone (111) under- 
goes was attempted. This rearrangement was princi- 
pally investigated as a convenient route toward a syn- 
thesis of dictamnine alkaloids. 1.4 Consequently, type 
I11 compounds with substituents like methoxy, ethoxy, 
and methylenedioxy were prepared. Two general 
methods for the synthesis of this type of compound are 
available : (1) condensation of the appropriate sub- 
stituted benzaldehyde with y-butyrolactone (I), or (2) 
nitration and reduction of an appropriate substituted 
a-benzylidene-y-butyrolactone (11). 

It was shown in a previous paper of this series6 that 
the condensation of I with electron-withdrawing groups, 

(1) Part XII: 
(2) National Institute of Health Fellow, 1961-1963. 
(3) Poatdoctoral Research Fellow, 1961-1963. 
(4) (a) H. Zimmer, Angew. Chem. 75, 144 (1961); 140th National Meet- 

ing of the  American Chemical Society, Chicago, Ill., Sept., 1961; (b) H.  
Zimmer, F. Haupter, J. Rothe,  W .  E. Schrof, and R. Walter, 2. Noturforach., 
lab ,  165 (1963). 

H. Zimmer and R. Walter, 2. Noturforech, lab, 669 (1963)' 

(5) H. Zimmer and J. Rothe, J .  Ore. Chem., 94, 28 (1969). 

I1 111 

e.g., nitro or cyano groups, proceeded poorly or not a t  
all. Attempts to use aminobenzaldehydes in this type 
of reaction led to excessive tar formation. Conse- 
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quently, route 1 was not used. Route 2, on the other 
hand, appeared much more promising for obtaining the 
desired class of compounds, since it previously was 
showna that nitration of I1 led to a mixture of a-(2- and 
4-nitrobenzylidene)-y-butyrolactone which easily could 
be separated and then reduced to 111 (and the 4 isomer). 
This showed that the a-methylidene group in I pos- 
sessed activating properties and, therefore, caused ortho 
and para orientation in electrophilic aromatic substi- 
tution. Therefore, it  was hoped to obtain some o-nitro 
isomers as reaction products of the nitration of sub- 
stituted 11. This paper describes in some detail the 
results of the nitration of several type I1 compounds 
substituted by hydroxy, methoxy, ethoxy, methylene- 
dioxy, chloro, and methyl groups. 

Results and Discussion 
The usual nitration procedures employing HNOs- 

HzS04 or H2S04-KN03 which were applied in the nitra- 
tion of IIB did not work with the substituted type I1 
compounds used in this study. Instead, only tars 
were obtained. Nitration, however, was accomplished 
with concentrated nitric acid (d 1.42) as nitrating agent. 
Care was taken that the temperature did not rise over 
0-5'. Best results were achieved a t  about -lo', 
when yields of 95-100% of nitration product were ob- 
tained. On the other hand, type I1 compounds sub- 
stituted by deactivating groups needed fuming nitric 
acid for nitration. Through the introduction of one 
nitro group the phenyl ring became so deactivated that 
under the elected conditions no further nitration took 
place. In  Table I the compounds obtained by these 
nitrations are reported along with some of their de- 
rivatives. 

The nitration occurred nearly always at the same 
position a t  which the corresponding benzoic acids or 
benzaldehydes were reported to undergo nitration. 
This can be readily explained by assuming that the 
strong electron-donating groups on the phenyl ring as 
used in this study were the only ones which exerted an 
orientation upon the incoming nitro group and, there- 
fore, take preference over the weak ortho-para orienta- 
tion power of the methylidene group. In Table I1 the 
results of nitration are reported and the findings are 
compared with the behavior of the corresponding 
benzoic acids and benzaldehydes under these conditions. 

The only exception was compound 25. In 
this case, however, the deviation from the normal 
behavior can be accounted for by steric hindrance with 
the a-methylidene-y-butyrolactone group possessing 
larger spatial requirements than either the carboxylic 
acid or the carboxaldehyde groups. In agreement with 
this assumption is the fact that a-(3,4,5-trimethoxy- 
benzylidene)-y-butyrolactone could not be nitrated, 
whereas the nitration of 3,4,5-trimethoxybenzoic acid 
was reported to take place a t  the 2-~osition.~,8 

Compound 24 was expected to undergo nitration a t  
6-position. This is analagous to 2,5-dimethoxybenzoic 
acid, which was reported to have been nitrated, yielding 
the 6- and 3-nitro derivativese; however, 24 underwent 
nitration a t  the 4-position. This is also in agreement 

(6) H. Zimmer and J. Rothe, J .  Org. Chem., 14, 100 (1959). 
(7) J. Pollak and H. Feldscharek. Monateh.. 49, 139 (1908). 
(8) J. Harding, J .  Chem. Soe., 99, 1585 (1911). 
(9) See under k, Table 11. 
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TABLE I1 
Agreement of 

nitration 
No. of compound Position of nitration in Position of nitration in position with 

in Table I corresponding benzoic acid Ref. corresponding benzaldehyde Ref. substituted I1 
I 3 U 3 b Yes 
2,41 6 C 6 d Yes 
10 3 e f Yes 
18 5 B 5,6  h Yes 
22 3 i 3 j Yes 
25 3 , 6  k 6,  (3) k No 
28 6 1 6 m Yes 
35,49 6 n 6 0 Yes 
40 6 P 6 Q Yes 

a See ref. 12. b M. Schopff, Ber., 24, 3776 (1891); C. Pad ,  ibid., 28, 2413 (1895), and further references; K. Auwers and H. Rohrig, 
ibid., 30, 996 (1897). R. Fittig and J. Remsen, Ann., 159, 134 (1871); F. Haber, Ber., 24, 624 (1891); G. Ciamician 
and P. Silber, Gazz. chim. ital.,  331, 371 (1903); A. H. Salway, J .  Chem. Soc., 95, 1163 (1909); M. T. Bogert and F. R. Elder, J .  Am. 
Chem. SOC., 51, 534 (1929). IA.  Einhorn and J. P. Grabfield, Ann.,  243, 370 (1880); E. Worner, Ber., 29, 157 (1896); 
M. P.  De Lang, Rec. trav. chim., 45, 45 (1926). * W. H. Perkin, R. Robinson, and F. W. Stoyle, J. Chem. Soc., 125, 
2357 (1924). R. Fittig, and W. Ramsay, Ann., 168, 251 (1873); E. Kloppel, Ber., 26, 1733 (1893); M. L. van Scherpenzeel, Rec. 
trav. chim., 20, 158 (1901). See ref. 10. ' W. Merch, Ann.,  108,54 (1858); F. Tiemann and K. U. Matsmoto, Ber., 9, 938 (1876); Th. Zincke and B. Francke, Ann.,  293, 177 
(1897). J. Szabo and E. Vinkler, Acta Chim. Sci. Hung., 
17, 201 (1958). P See ref. 19. 

c See ref. 13. 

e See ref. 14. 
See ref. 15. 

1 L. Gattermann, Ann., 347, 354 (1906); V. Hanzlik, and A. Bianchi, Ber., 32, 1288 (1899). 

' This study. R. Pschorr and C.,Sumuleanu, Ber., 32, 3412 (1899). 
Hochster Farbwerke, German Patent 254,467; A. Claus and A. W. Bucher, Ber., 20, 1624 (1887) 

with the nitration of w-bromo-2,5-dimethoxyaceto- 
phenone, which upon nitration yielded the 4-nitro 
derivative along with the 6-nitro isomer. lo 

The position at which the nitration took place on 
type I1 compounds was generally determined by potas- 
sium permanganate oxidation, which yielded the cor- 
responding benzoic acid. All these acids were known 
compounds; in a few instances in which there were only 
scanty literature references available, the structures of 
the resulting benzoic acids were further confirmed by 
their n.m.r. spectra. Additional proof for the position 
of nitration was provided in the following ways. First, 
the type I1 compound was hydrogenated to yield the 
a-aminobenzyl-y-lactone derivative, or, in cases in 
which nitration took place ortho to the methylidene- 
lactone group, the corresponding 2-oxo-1,2,3,4-tetra- 
hydroquinoline. l 1  Secondly, only the nitro group was 
reduced to the amino group. Again, if the nitro group 
occupied the ortho position, type I11 compound could 
be rearranged by ultraviolet radiation4 in alcoholic 
solution to yield the corresponding 2-oxoquinoline, the 
corresponding furoquinoline, or both products (Scheme 

SCHEME I 
R 

- rx" 'H 
R' 0 0 

.OH 

R' a: 

(10) R. W. Boat and C. A. Howe, J .  Am. Chem. Soc., 79, 5864 (1951). 
(11) H. Zimmer and R.  Walter, Notwwise., 60, 331 (1963). 

I ;  details will be published in a forthcoming communi- 
cation). 

Experimental 
Melting points are uncorrected. Microanalyses by A. Bern- 

hardt , Mikroanalytisches Laboratorium in Max-Planck Institute, 
Muhlheim/Ruhr, Germany, and Aug. Peisker-Ritter, Mikro- 
analytisches Laboratorium, Brugg, Switzerland. 

Condensations.-The condensations were run aa described in 
literature .I 

Nitrations. A .  Nitration of a-Benzylidene-7-butyrolactones 
with Activating Substituents in the Phenyl Group.-A solution 
of 250 ml. of nitric acid ( d  1.42) waa cooled by means of an ice- 
salt bath. While being stirred 50-80 g. of carefully powdered 
and dried a-benzylidene-7-butyrolactone species waa added. The 
internal temperature was held for the next 4 hr. a t  - 10' and then 
permitted to rise to +5". Nitration took place even though in 
some cases solution was not complete. The mixture was poured 
into 1000 ml. of water. A yellow precipitate occurred, which was 
filtered by suction and thoroughly washed with cold water and 
ice-cold ether. Recrystallization either from methanol or ethanol 
was performed. 

Nitration of a-Benzylidene-ybutyrolactones without Acti- 
vating Substituents in the Phenyl Group.-A solution of 50 ml. 
of fuming nitric acid waa cooled with ice and 5 g. of the carefully 
powdered compound was added keeping the temperature below 
+ 5 O .  After 30 min. the mixture was diluted with 150 ml. of 
mater. 

Verification of the Nitration Products. General Procedure. 
A .  Verification of the Structures of the Compounds 1, 10,18,22, 
25, 28, 35, and 49 (Table I).-To a suspension of 2 g. of a-nitro- 
benzylidene-7-butyrolactone derivative in 300 ml. of water waa 
added 7 g. of potassium permanganate. The temperature waa 
held at  80-90' for 2-3 hr. The manganese dioxide waa filtered 
off and the hot yellow solution was concentrated by evaporation 
to 50 ml. Acidification with 10% sulfuric acid gave free acid. 

Verification of the Structures of the Compounds 2,40, and 
41.-The procedure was the same aa A, except that the oxidation 
was performed at  room temperature over a period of 4 hr. After 
acidification the solution waa extracted with benzene, which was 
evaporated. The resulting oil waa recrystallized from methanol. 
The melting points of these acids did agree with the ones reported 
in the literature, the only exception being 2,5-dimethoxy-4- 
nitrobenzoic acid. 3-Nitro-4-hydroxybenzoic acid was obtained 
from compound 1, m.p. 184-185°12; 6-nitro-3,4-methylenedioxy- 
benzoic acid from compounds 2 and 41, m.p. 172013; and 3-nitro- 

B. 

It waa treated further as described in A. 

B. 

(12) (a) F. Biehsinger and W. Bossum. B u . ,  48, 1316 (1915); (b) A. 
Deninger, J. p t o k l .  Chem., [Zl42, 552 (1890). 

(13) (a) J. Jobst and 0. Hesse, Ann.. 199, 70 (1879); (b) E.  Marneli, 
Gotr. chim. ataE.. 9911, 179 (1909); (c) J. B. Ekeley and M. S. Klemene. J .  
Am. Chem. Soc., 60, 2711 (1928). 
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4-methoxybenzoic acid14 from compound 10, m.p. 186-187". 
5-Kitro-2,3-dimethoxybenzoic acid16 had m.p. 178". The 
n.m.r. spectrum showed a 2.85-c.p.5. splitting of the aromatic 
protons which is further evidence for the assumed structure. 

Anal.  Calcd. for CgHgSOe: N, 6.17. Found: N, 6.28. 
3-Nitro-4-methylbenzoic acidle had m.p. 190". 

dimethoxybenzoic acid had m.p. 198', lit.lo m.p. 192-193'. 
Anal. Calcd. for CgHgN06: N, 6.17. Found: N, 6.18. 
Hydrogenation gave ~~(4-amino-2,5-dimethoxybenzyl)-r-b~- 

tyrolactone, m.p. 108". The infrared spectrum showed absorp- 
tion peaks corresponding to a primary amino group (2.98 and 
3.08 p )  and a carbonyl group (5.67 p ) .  The n.m.r. spectrum is 
in agreement with aromatic protons occupying the positions para 
to each other. 

Anal. Calcd. for C13HnN0,: C, 62.14; H, 6.82; N,  5.57. 
Found: 
6-Kitro-3,4-dimethoxybenzoic acid" had m.p. 187" and 6- 

4-Nitro-2,5- 

C, 63.65; H, 6.98; N,  5.59. 

nitro-3,4-diethoxybenzoic acidla had m.p. 143-144'. 3,4-Di- 
ethoxybenzoic acid was nitrated a t  0" with nitric acid ( d  1.42); 
after purification it showed m.p. 144-145". Mixture melting 
point with acid obtained by degradation showed no depression. 
6-Nitro-3,4-dichlorobenzoic acidlg had m.p. 164". 

Reduction of CY-( Nitrobenzy1idene)-y-butyrolactones to a- 
(Aminobenzy1idene)-?-butyro1actones.-The general procedure 
has been published el~ewhere.~ It was altered so that only 180 ml. 
of hydrochloric acid was used andinsteadof chloroform in thesoxh- 
let extraction dry acetone was used. The advantage was that no 
tars occurred. All amines possessed a yellow color. 

Schiff's Bases.-One-half gram of the appropriate amine waa 
dissolved in 1 nil. of benzaldehyde and heated on the water bath 
for 30 min. Addition of 5 ml. of methanol and cooling in an ice 
bath caused precipitation of yellow needles. Recrystallization 
was performed from methanol. 

I 

(14) (a) H. Salkowski, A n n . ,  163, 8 (1872); (b) V. Froelicher and F .  B.  

(15) (a) F .  C. Cannel1 and J. L .  Simonsen, ibid. ,  106, 159 (1913); (b) 

(16) See under i, Table 11. 
(17) (a) Th. Zincke and B.  Francke, Ann. ,  293, 192 (1897): (b) J. L. 

Simonsenand M. G.  Rau, J .  Chem. Soc., 113, 24 (1921). 
(18) (a) A.  G.  T'erkin and E .  R.  Watson, ibid.. 107, 206 (1915); (b) 0. 

L. Galmarini, Anales amc. quim. arg., 39, 92 (1951); (c) T. Szabo and E. 
Vinkler, Acta Chim. Sei. Hung. ,  17, 201 (1958). 

Cohen, J .  Chem. Soc., 121, 1656 (1922). 

L .  Rubenstein, ibid. ,  649 (1926). 
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(19) (a) A .  Claw and A.  W. Bucher, Ber., 20, 1624 (1887); (b) P .  
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The reaction of 2-nitroalkyl acetates with alkali alkoxides and alkyl thiolates has been found to constitute a con- 
venient route for the synthesis of 1-alkoxy-2-nitro alkanes and alkyl 2-nitroalkyl sulfides, respectively. Michael- 
type additions of 1-alkoxy-2-alkane nitronates to 2-nitro alkenes (prepared in situ from 2-nitroalkyl acetates) 
afford l-alkoxy-2-alkyl-2,4-dinitro alkanes in satisfactory yields. Reaction of these nitro ethen with boron tri- 
chloride results in cleavage with the formation of 2-alkyl-2,4-dinitro 1-alkanols in good yield. 

It has been well-established that the Michael-type 
addition of primary nitro alkanes to a-nitro alkenes 
gives the desired adducts only in poor yield.2-6 On 
the other hand, the reaction affords high yields with 
secondary nitro alkanes. It seems, therefore, that in 
order to obtain good yields in the Michael-type addition 
with primary nitro alkanes, the latter should first 
be converted to secondary ones. Such a conversion is 
available readily in the methylolation reaction which 
converts primary nitro alkanes into secondary nitro 
alcohols.' However, a t  the basic conditions of the 
Michael-type addition, these nitro alcohols undergo 
demethylolation and cannot be employed satisfactorily. 
It was, therefore, the purpose of this investigation to 
convert the hydroxyl group in nitro alcohols into a group 
which would be stable under the conditions of the 
Michael-type addition, then to regenerate the hydroxyl 
group, and finally to convert by demethylolation the 
resulting polynitro alkanol into the polynitro alkane. 
While the first two goals of this research could' be re- 
alized, the demethylolation step which required basic 
catalysis did not lead to the desired polynitro alkanes ; 
instead, a rearrangement took place leading to isox- 
azoles.s 

(1) From the Ph.D. thesis of S. Markofsky, Purdue University, 1962. 
(2) A.  Lambert and H. A. Pimatt ,  J .  Chem. Soc., 1489 (1947). 
(3) C. T.  Bahner and H. T. Kite. J .  A m .  Chem. Soc., 71, 3597 (1949). 
(4) H. R .  Snyder and W. E .  Hamlin, ibid. ,  79, 5082 (1950). 
(5) G .  L. Shoemaker and R.  W .  Keown, %bid. ,  76, 6374 (1954). 
(6) H. Feuer and R.  Miller, J .  0 7 g .  Chem., 26 ,  1348 (1961). 
(7) H. B. Has8 and E. F. Riley, Chem Rev.. 39, 373 (1943). 

At the outset of this investigation it was hoped that 
acetals would be good protecting groups and would 
subsequently be removed readily. These expectations 
were, however, not fulfilled when tested on model com- 
pounds. For instance, 2-(2-nitro-2-methyl-l-propoxy)- 
tetrahydropyran which was prepared from dihydro- 
pyran and 2-nitro-2-methyl-1-propanol according to 
the procedure of Parhamg could not be cleaved to the 
alcohol with dilute hydrochloric acid. Stronger acids 
such as concentrated hydrochloric acid or boron tri- 
chloride caused extensive tar formation. The acetal, 
bis(2-nitrobutoxy) met hane'O (I), was quantitatively 
converted to 2-nitro-1-butanol (11) by cleavage with 
boron trichloride but was found to be unstable a t  the 
conditions of the Michael-type reaction. I was readily 
hydrolyzed in basic medium to the alcohol (11) and 
formaldehyde. 

OH - 
(HaCCHzCH( NOz)CH20)zCHz 

I PH,CCH&H( NOz)CH20H + CHzO 
I1 

Preparation of 1 -Alkoxy-2-nitro Alkanes.-Because of 
the instability of nitroalkyl acetals a t  the conditions a t  
which Michael-type additions are usually carried out, 
our investigation turned to 2-nitroalkyl et'hers in which 

(8) This transformation is discussed in a subsequent paper. H. Feuer 
and S. Markofsky, J .  Ore. Chem., 29, 935 (1964). 

(9) W. E. Parham and E. L. Anderson, J .  A m .  Chem. Soc.,  70,  4187 
(1948). 

(10) M. Senkus. ibid., 69. 1380 (1947). 


