
g. of oil which, on trituration in petroleum ether, gave 
0.12 g. of white crystals which melted a t  135-135.5". This 
~>ruiluct hnd the same elemental analysis and ultraviolet 
:ibsorption as a sample of 4-hydroxy-2,4,6-tri-t-butyl-2,5- 
c!cloliexadien-I-one (SII)  prepared by the decomposition 
o r  ~,-l,~~-tri-i-hut~l-l-nitro-2,5-cyclol~exa~lien-l-otie.11 The 
iiiixture melting point \vas not depressed. Evaporation of 
the  petroleum ether and recrystallization of the residual 
crystals from petroleum ether and from alcohol ultimately 
yiclded 0.5 g. of an additional white crystalline product. 
!ii.p. 234-235'; A$;:b 246 m,U (E 11,000) and 319 nip 
[E  420); infrared bands a t  5.98 and 6.05 p (quinone czr- 
I)rinyli; 5.56 and 5 . 7 0 , ~  (other carbonyl bands). 

111 a similar experiment using double the amount of maleic 
:mliyttride antl the same quantities of other reactants, an  
:dd i t  i o n d  compound was isolnted from the neutral fraction 

111 an earlier paper' it was showii that  stable 
aryloxy radicals add to unsaturates to form 4,4'-al- 
kenc- and '4..~'-alkenylene-bis- (5,~,G-trisubstituted- 
2,5-cyclohexadienone) derivatives. Stable radi- 
cals investigated were those formed by the oxida- 
tion of hindered 2,4,G-trisubstituted phenols which 
(lid iiot contain hydrogen on  the a-carbon atoms. 
ChIoroprene was found to be the most active u n  
saturate exnmiiictl. 'The present paper describes 
the reaction o f  chloroprene under oxidizing condi- 
tions with 5.i;-di-t-butyl-~-rnethylphenol and 2,G- 
tli-i-but~-l-~-isopropylphenol, neither of which forms 
at1 aryloxy radical of high stabilit;;. Oxidations of  
these phenols have been studied by a number of 
i iivestigators -8 and shown to proceed through 
lree radical intermediates. 

In the present work, these phenols were found to 
rcxct with chloroprene to forin crystalline, 1 :1 atl- 
ducts which have the probable structures I and 11. 
Iicactiotis wcre carried out ~iiost conveniently by 
iiiixiiig ;L benzene solution o f  the phenol with an ex- 

' of lead dioxide and chluroprcne in a pressure 
i csscl and shaking a t  ,ioo for 16 hours. Under 
t h c w  coiiditic ins t',(i-di-t-~,utyl-4-iiiethvlphenol gave 
;L 75','', yield of the adduct. At 2.7', the adduct W:LS 

( I )  \V, 1: lIatcharrl, R 13. I.ipsc<;mh and  1'. \V. S ~ ~ c e y ,  'I'EIIS 

2 C .  I ) .  Ccxbk, J .  Oig .  C h e w , ,  18, '201 ( 
, S .  (;, :<LLS!I n!id I1 R. I'i:inajian, THIS Jouxx.\r., 77, 

nd \V, A.  \Vatus,  J .  C/???JI Six , 5.13 ( l < l X ) ,  
A .  Waters,  i b i d . ,  385 (1951). 

>. It. Copiiinger. THIS Juirnx.%!,, 74,  I - l i j l>  

, I  I C .  I ) .  Cook and €3. E .  Norcross, zo id . ,  78, 3 i 9 7  (103ti). 
( 8 )  C, 11. Y o h e ,  J .  E,  Dunbar, R .  L. Padrutti,  F. >I,  Schheiilr, 

I :  (.,, l{ I.cr a n d  I.: C .  Smith, J .  Org.  C h e v . ,  21, 1289 (l'J50). 

0 

LYhen the phenol and stoichioiiietric aniciuiit 01 
aqueous alkaline potassium ferricyanide wcri 
added siiiiultaneously to 3. solution of chloropreI!< 
in benzene a t  3 . 7 O ,  the adduct was iorrned in I 

1-ield. _%bout 8 C ;  o l  4 -I'-ethq-lene-bis- [ 2 , k I i  i- 
&tylphenol] also was obtained There was 110 

cvidencc for the forrriatio!i of 2 1 pheiiol ChlOlCJ- 
prene adducts oE the tvpe tiescrihcd previciusly' (I: 

2 2 adducts o f  the additive clinic1 t x  pc clescribcrl 
IiV Coffinan and Je11::c I 

The structure proposcd for the 2 (I-cli-t-butvl- I -  
niethylpherlol adduct (1) 15 b d 5 C d  ripill1 eleiiic:it,tl 
cdmposition, iriolccitlar n eight a i d  absorptio!: 
spectra data m d  1lj>()i1 the properties of its hyclro- 
genation products i:Ieiiiental anal\ si5 antl ni( )kc- 
ular weight agree ior thc composition CIJH?;OC1 
The infrared :Lhsorption sptctruin shoivs bands iii 

(l'J58) 
f 9 )  n D CiFirnlli -111 7 1 Tinner  I H i i  l r , l K N Z T  80, 2876 
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the 6-p region of the infrared, indicative of the 
quinone-type carbonyl and carbon-carbon un- 
saturation. Hydroxyl bands are absent. At least 
three reasonable structures (neglecting the position 
of the chlorine atom) can be postulated to fit the 
analytical data, I, IV, V, but only I fits the ultra- 
violet absorption spectrum which shows a peak a t  
24lmp ( E  8600). This absorption is indicative of 

0 0 
I '  

IV V 

the 4,4-disubstituted-2,6-di-t-butyl-2,5-cyclohexa- 
dienone of I and IV and is similar to 
the absorption recently reported for spiro [4.5]deca- 
1 ,4-dien-3-one.11 Structure I V  is excluded because 
of the absence of the expected conjugated diene ab- 
sorption in the 230 mp region. Structure V should 
show absorption a t  longer wave length in the 275 
mp region.' 

Products obtained by hydrogenation of the 2,6- 
di-t-butyl-4-methylphenol-chloroprene adduct de- 
pended upon the conditions employed. Hydro- 
genation in absolute alcohol with palladium-on- 
carbon catalyst gave a product which melted a t  
105-1OG.Ei0, had the composition C1SH300, and re- 
tained the 4,4-disubstituted-2,6-di-t-butyl-2,5-cy- 
clohexadienone structure as indicated by absorp- 
tion at  242 mp. It is postulated to have the struc- 
ture VI. h second hydrogenation product re- 

0 o 

+A+ ++,+ 

v v 
VI 1-11 

sulted from hydrogenation in glacial acetic acid in 
the presence of platinum oxide. It melted at  
44-45', had the composition C19H320 and exhibited 
an ultraviolet absorption maximum a t  234 m p  
similar to the absorption maximum a t  235 mp oh- 
served for 1-methylcyclohexene-3-one. l 2  

The adduct formed from chloroprene and 2,6-di- 
t-butyl-4-isopropylphenol appears to be analogous 
to the 4-methylphenol adduct on the basis of ele- 
mental analysis and similarity of the ultraviolet 
absorption spectra. It most likely has the struc- 
ture IT. 

A possible mechanism for the formation of the 
spiroadduct involves the addition of the hydroxy- 
di-t-butylbenzyl radical (VIII), known to be an 
intermediate in the oxidation of 2,6-di-t-butyl-4- 
methylphenol, to chloroprene to form an allylic 
radical IX,  which adds intramolecularly to the aro- 
(10) C. D Cook and R. C .  W~odwor th ,  THIS JOURNAL, TIS, 6242  

(11) S .  Winstein and R. Baird, rbzd , 79, 756 (1957). 
(12) L. W. Butz, B. L. Davis and A .  A.  Gaddis, J .  Org.  Chem.,  la, 

( 1  953). 

120 (1947). 

matic system to give a spiro radical X.  Subse- 
quent oxidation of this radical converts it to the 
spirocyclohexadienone I, 

HO 
KO KO \/ 

VI11 CH? CH2 C'H? CII? 
I I  I /  

CH1 CH CH2 CII? 

I I 
I X  c1 x c1 

Experimental 
2,4-Di-t-butyl-g(or 8)-chlorospiro [5.5]undeca-l,4,8-tri- 

en-3-one (I).-A mixture of 15.0 g. (0.064 mole) of 2,6- 
di-t-butyl-4-methylphenol (Shell Ionol, n1.p. 69-70'), 
60 g. (0.68 mole) of stabilized chloroprene, 50 g. (0.21 mole) 
of lead dioxide and 60 ml. of benzene was placed in a pres- 
sure bottle and tumbled at 50" for 16 hours. The mixture 
was filtered (49 g. of solid) and the filtrate was concentrated 
on a steam-bath to give an amber oil which solidified on 
cooling. This solid was dissolved in methanol, filtered 
from a little insoluble red solid, and then allowed to  crys- 
tallize to give 14.3 g. (7470 yield) of light yellow crystals 
which melted a t  103-106". Two treatments with decoloriz- 
ing charcoal in ethyl alcohol yielded shiny white platelets, 
m.p. 111-112". Anal. Calcd. for CI9H2iOC1: C, 74.35; 
H, 8.87; C1, 11.58; mol. wt., 309. Found: C, 74.58, 
74.43; H ,  9.01, 9.06; C1, 11.49; mol. wt., 305, 295 (ebuilio- 
scopic in benzene). -4bsorption spectra showed quinone- 
type bands at 6.01, 6.1, 6.14 and 6.75 p in the infrared 
and maxima a t  241 m p  ( e  8600) and a t  363 mp (E 19) in the 
ultraviolet. 

Compound I also was prepared in 309. yield in 3 hours by 
slowly adding a benzene solution of 2,6-di-t-butyl-4-methyI- 
phenol to a mixture of lead dioxide, Chloroprene and benzene 
stirred a t  60" in a round-bottom flask fitted with a reflux 
condenser. .4n additional brick-red product isolated in 
12% yield was shown to be the stilbenequinone, 4,4'-acetyl- 
ene-bis-[2,6-di-t-butyl-2,5-cyclohexadienone] (111)3 by the 
melting point of an admixture with an authentic sample. 

2,4-Di-t-butyl-ll,l l-dimethyl-g(or 8)-chlorospiro [5.5]-un- 
deca-1,4,8-trien-3-one (11) .--.4 solution of 3.5 g. of 2,6- 
di-t-butyl-4-isopropylphenol (Koppers Chemical Co., re- 
crystallized from methanol, m.p. 44-45.5') in 100 ml. of 
benzene was added over 2 hours to  a stirred mixture of 88 g. 
of chloroprene, 40 g. of lead dioxide and 200 ml. of benzene 
at 60'. After standing overnight, the reaction mixture was 
filtered and evaporated to give.4.4 g. of oil which depositetl 
a few crystals on standing. Trituration in methanol gave 
0.3 g. of light yellow crystals, m.p.  15&163O. Itecrystal- 
lization from methanol raised the melting point to 172- 
173.5'. Anal. Calcd. for C21H310C1: C, 75.31; H, 9.34. 
Found: C, 75.51, 75.49; H ,  9.36, 9.75. The ultraviolet 
spectrum showed maxima a t  244 mp (e  10,500) and 317 n i p  
(E 83). 

2,4-Di-t-butylspiro [5.5 ]undeca-l,4-dien-3-one (VI) .-.I 
mixture of 17 g.  of I ,  1.0 g. of palladium-on-carbon catalyst 
and 225 ml. of absolute ethyl alcohol shaken at room tcm- 
perature under 40 Ib. /sq. in. hydrogen pressure absorbed 
2.4 moles of hydrogen per mole of adduct in 90 minutcs. 
The reaction mixture was filtered, mixed with ether and 
washed several times with water. Reaction of the washe; 
with acidified silver nitrate gave 7.9 g. of silver chloride 
(loo'% of theory). Evaporation of the ethereal solution :mtl  
recrystallization of the oily solid residue from ethyl alcolicil 
gave 8.0 g.  (53Yc of theory) of white crystals, m.p.  90-97". 
Further recrystallization yielded 1.5 g. of the spiro [ , 5 . , 5 ] -  
undeca-1,4-dien-3-one, m.p. 105-106.5°. Anal .  Calcd. 
for CIqH300: C, 83.15; H, 11.02; mol. wt., 274. Found: 
C, 83.35, 83.24; H, 11.03, 10.58; mol. wt., 255, 272 jcryo- 
scopic in benzene). Absorption spectra showed quinone- 
type bands at 6.02 and 6.13 in the infrared and maxima a t  
247 mp (E 11,500) and 355 mp (E 27). 

2,4-Di-t-butylspiro [5.5]undec-l-en-3-one (VII) .-A solu- 
tion of 1.0 g. of I in 50 ml. of glacial acetic acid was subjected 
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a t  room temperature to 40 lb./sq. in. of hydrogen pressure in g. of white crystals, m.p. 44-44.5'. A n d .  Calcd. for 
the presence of 0.1 g. of platinum oxide. After being shaken ClgH120: C, 82.54; H., 11.66. Found: C, 82.22, 82.19; 
for 18 hours, the reaction mixture was filtered, diluted with H, 11.69, 11.69. An infrared spectrum showed the pres- 
water and extracted with ether. The ether extract \vas ence of carbonyl and unsatGation bands at 5.95-6.0 and 
jvashed with sodium carbonate solution, dried and evapo- the absence of hydroxyl. Ultraviolet absorption maxima 
ated to give an oil which deposited crystals after standing in were found a t  23-1 I I IP  (6  8000) and 343 mp (e 41 0 ) .  
an ice-box. Recrystallization from methanol yielded 0.06 WILMINGTON 96, DEL 
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Synthesis of Furan Derivatives. XV. 5-Nitrofuryl Polyene Aldehydes 
B Y  HARUO SAIKACHI AND HARU OGATrih 
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Four 5-nitrofuryl polyene aldehydes ( I ,  n = 1 to 4) were prepared stepwise from 5-nitrofurfural by repeated condensa- 
tion with methyl vinyl ether in the presence of boron trifluoride etherate. This method gives considerably better yields 
than aldol condensation with acetaldehyde. Evidence is presented that the intermediates in this reaction are 1J-dioxanes 
(11). Oximes, semi- 
carbazones, thiosemicarbazones and aminoguanidine derivatives of the aldehydes were prepared, and some were tested for 
bacteriostatic activity. The oxime of the n = 2 aldehyde is highly active in vitro against M .  tuberculosis, and is of low 
toxicity in the mouse. 

The absorption maxima of the polyene aldehydes agree well with the Lewis and Calvin equation. 

Several years ago i t  was discovered by American 
researchers that  5-nitrofurfural semicarbazone and 
some related compounds possessed notable bac- 
teriostatic and bactericidal activity. The nitro 
group is essential: in its absence there is little or no 
activity. Although the exact mechanism of action 
is not known, it is thought that  the compounds in- 
hibit some enzyme system involved in the carbo- 
hydrate metabolism of the microorganisms. 

We have been investigating this class of com- 
pounds for several years3 From consideration of 
reported activities, it  appeared to us that the inter- 
polation of a chain of conjugated double bonds be- 
tween the nitrofuran ring and the aldehyde group 
might be expected to enhance the antibacterial 
activity, and this prediction appeared to be borne 
out by results with three derivatives of 5-nitro- 
furylacrolein (I, n = 1) previously r e p ~ r t e d . ~  We 
have therefore tried the effect of further extension 
of the polyene chain. 

I 
Our first approach to the synthesis of I (n = 2 

and 3) was by the aldol condensation of 5-nitro- 
furylacrolein with acetaldehyde in the presence of 
piperidinium acetate, in the same way that we had 
previously prepared 5-nitrofurylacrolein itself. It 
was necessary to chromatograph the dark, resinous 
reaction product on alumina. The desired alde- 
hydes were indeed obtained in this way, but in very 
poor yields. 

In  the meantime we had found that the condensa- 
tion of 5-nitrofurfural with methyl vinyl ether in 

(1) M. C. Dodd and W. B.  Stillman, J .  Pharm. E r p .  Thcr., 82, 11 
(1944). 

(2) R. E. Asnis and J. S. Gots, Arch. Biochem., S O ,  25 (1951); 
M. F. Paul, ct ol., J .  B i d .  Chcm., 206, 491 (1954). 

(3) T. Takahashi, H. Saikachi, S. Yoshina and C. Mizuno, J .  Pharm. 
Soc. Jopon, 69, 284 (1949); C. A. ,  44, 5372 (1950); H. Saikachi, 2. 
Aramaki and T. Aoki, Phorm. Bull. Japan, 8, 194 (1955); C. A . ,  60, 
9371 (1956); H. Saikachi, H. Ogawa, I. Purukawa and H. Hoshida, 
Phorm. Buil. Jopon, 3,407 (1955); C. A. ,  SO, 13861 (1956). 

the presence of boron trifluoride etherate4 is pref- 
erable to the aldol condensation for the prepara- 
tion of 5-nitrofurylacrolein. In  this reaction, un- 
like the aldol condensation, hardly any resinous 
by-product is formed, and the one-molar excess of 
5-nitrofurfural which must be used is easily re- 
coverable from the reaction mixture. 

We therefore applied this same procedure suc- 
cessively to 5-nitrofurylacrolein and to its higher 
vinylogs. In  this way we succeeded in building up 
stepwise, in good yields, not only the n = 1 but also 
the n = 2, 3 and 4 members of the series. The 
diene and triene members were shown by mixed 
melting point to be identical with the specimens 
previously obtained by aldol condensation. The 
properties of these aldehydes are given in Table I. 

The intermediate product in this reaction is pre- 
sumed to be a m-dioxane (11). 

BF: 
RCHO + CH2=CHOCHs + 

KCHO 
RCHCHsCHOCH, - ] BFa 

CHz 

dil. HCl RCH=CHCH=O + RCH=O 

'e' 
/ \  

I1 R H 
Since the intermediate in the conversion of 5- 

nitrofurfural to 5-nitrofurylacrolein could not be 
isolated in a pure state from the brown, viscous re- 
action mixture, we examined instead the analogous 
condensation of p-nitrobenzaldehyde with methyl 
vinyl ether. From this reaction mixture, colorless 
needles melting a t  209-211" were obtained readily. 
The analysis and molecular weight of this com- 
pound were in good agreement with the expected 

(4) J. W. Copenhaver, U. S. Patent 2,543,312 (1951); R. I. Hoag- 
lin, el or., U. S. Patent 2,628,257 (1953); 0. Mer, et of.,  Helv. Chim. 
Acto, S9, 249 (1956). 


