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in ethanol. The yellow oxidation product had ultra- 
violet absorption maxima consistent with those of 2,4- 
dimethoxytiitrosobetizene8 but not with p-nitroso- 
anisole. Structure IVe for the yellow oxidation prod- 
uct accounts for the known properties. The  ethoxy 
group, arising from an  attack by solvent during the 
oxidation, is pictured a t  position 5 instead of 7 of the 
chroniatie ring, because in formation of both a-tocored 
and a-tocopurple oxidation occurs a t  the 5 position. 

The antioxidant effectiveness of the fatty acid hy- 
clroquiiione was measured by determining the induc- 
tion time of autoxidation of methyl liriolenate a t  100'. 
In  these cxperinients, I r  mas about seven times more 
cff ective on a w i g h t  basis than ~u-tocopherol.~ 

S o  toxirity of the fatty acid hydroquinoiie was found 
for Swiss whit,e mice over a period of 15 weeks when 
the animals consumed diets contaitiing up to 0.1% 
(w/w) IC in the diet. At levels of 0.3, 1, and 3y0 in 
the diet for 16 days, the animals decreased their food 
iritalie and gained less weight than the controls. The 
results are similar to those found for hydroquinone fed 
to r:tts.I0 

After 5 days on the diet the mice consuming the 0.3, 
1, and 37" diets began excreting material that  turned 
red on the paper under the cages after it had been ex- 
posed to air for 1s hr. The intensity of the red (solor 
increased with the amount of hydroquinone in the diet. 

I:att,y :wid quinone I1 w a d  definitely toxic a t  the 3y6 
level in the diet. F'ithin 14 days, 3 of 4 rats had died, 
with death being preceded by a period of trembling 
and hunching of the bacl;. At the 0.3% level, weight 
gain of the animals \vas not as rapid as the controls, 
arid a t  the 1% level there was a weight loss. 

Experimental SectionIL 
2-(w-Carboxynonyl)-6-pentyl-4-nitrophenoI (Ia).-12-Oxo- 

octadecanoic acid1* (11.95 g, 0.04 mole) was dissolved in 50 ml 
95yo ethanol and mixed with a solution of sodium nitromalon- 
aldehyde monohydrate13 (6.28 g, 0.04 mole) and 4 g of NaOH 
i n  50 ml of water. The resulting red solution was allowed to 
react for 1 week a t  60". This reaction time is probably longer 
than necessary, because, i n  the case of the tocopherol analogs 
described below, the yield of nitrophenol did not change between 
3 and 6 days. The reaction mixture was poured into 300 ml of 
water containing 20 ml of concentrated HCI, and the precipitated 
product was collected in a Buchner funnel, washed with water, 
and dried in air (13.01 g). Crystallization from 25 ml of 
ethanol a t  -15" gave 1.43 g of keto acid starting material. 
llemoval of the mother liquor solvent in vacuo and crystallization 
of the residue from a 1:  1 solution of benzenepetroleum ether 
(30-60") gave 9.25 g (0.024 mole, 61% yield) of the p-nitro- 
phenol derivative, mp 84-85'. A sample crystallized several 
times from the benzene-petroleum ether solvent melted a t  87.6- 
88.4", XFz 326 mp (log e 3.97). 

( 8 )  .L Uurawoy, M. Cais, J. T. Chamberlain, F. Liversedge, and .I. R. 
Tliompson, J .  Chen .  Soc., 3721 (1955). 

(9) \\it11 another method for measuring antioxidant effectiveness (t1. L. 
Olcott and E. Einset, J .  A n .  Oil Chemists' SOC., 35, 101 (1958)), it was found 
tha t  tlie fatty acid hydroquinone was less effective than a-tocopherol (private 
coinmunication from Dr. Olcott). 

(10) .I. J. Carlson and N.  R.  Brewer, Proc. SOC. Ezptl. E d .  &fed . ,  84, 684 
(1953). 

(11) Elemental analyses were performed a t  Elek iVlicroanalytical Labora- 
tories, Torrance, Calif. Melting points were observed in a Thomas-Hoover 
capillary melting point apparatus and are corrected. Ultraviolet absorption 
measurements were made with a Beckman DU spectrophotometer. Silicic 
acid adsorption clironiatograpliic columns were prepared by pouring a slurry 
of silicic acid in acetone into a glass ctiromatographic tube and were activated 
by wasliing i n  sequence w i r l i  t w o  column volumns each of acetone, ether, and 
pentane. 

(12)  R. Perrotte, Conp t .  R e n d . ,  199, 358 (1934). 
(13) 1'. E. l.'anta, "Organic Syntheses," Coll. Vol. I V ,  John \\'iley and 

Sons, Inc., New York, N.  Y., 1963, p 844. 

Anal. Calcd for Ct1H33~05: C, 66.5; H, 8.76; N,  8.69. 
Found: C, 66.4; €1, 8.67; N, 3.42. 

N-Acetyl-L-( w-carboxynonyl)-6-pentyl-p-aminophenol (Ib).- 
T o  5.0 g (0.0132 niole) of l a  in 7 5  ml of acetic acid was added 
20 g of SnCIt.2H20 in 20 rnl of concentrated HC1. The solution 
was heated on the steam bath for 1.5 hr and then diluted with 75 
ml water. After cooling to room temperature, 5 ml of acetic 
anhydride was added, and the material was allowed to crystallize 
in the refrigerator. The colorless crystals were collected in a 
Buchner fiitinel and washed with two 50-ml portions of distilled 
Eater. After dryiiig in uucuo (CaCL), the product weighed 5.4 g. 
I t  contained CI- and cquld be stored for several months in a 
screw-capped bottle withont milch apparent autoxidation, al- 
though the surface of the lumps of, material developed a purplc 
color which did not cxtend into the interior of the pieces. 
2-(w-Carboxynonyl)-6-pentyl-p-quinone (II).--To 2.5 g (0.0064 

mole) of Ib  in  100 ml of acetic acid was added 10 g of Fet(S04)3. 
1320 in 25 ml of water, and the mixtiire was allowed t o  stand for 
24 hr a t  room temperature. Uiiring this time, the color becainc 
dark red and then finally orange-red. .4fter 24 hr, all of the ferric 
salt had dissolved, and cryst,als of the quinone had appeared. 
The product was dissolved by heating and recrystallized i n  th6 
refrigerator. The collected qriinoiie, washed with water and 
dried in air, weighed 1.5 g (0.0043 mole, 67% yield). liecrystal- 
lization from dilute methanol gave 11, mp 68-69', A::" 259 nlp 
(log e4.15). 

Anal. Calcd for CUIH,,04: C. 72.5; H, 9.25. Found: C, .. .~ ~ 

72.2; H, 9.26. 
2-(~-Carboxynonyl)-6-pentyl-p-hydroquinone (Ic).-Zinc dui t  

(0.2 g)  added to 0.75 g (0.0023 mole) of I1 and 1 g of fiised sodiiim 
acnetate in 25 ml of acetic acid caused the disappearance of the 
yellow color of the quinone within a few minutes. Unreacted 
zinc was removed by filtration, and the soliition was diluted with 
water and cooled in a refrigerator. The hydroqiiinone derivative 
was obtained as nearly colorless crystals. After collertiiig, 
washing with water, and drying in t~acuo the yield was 0.75 g 
(0.0023 mole, 100cjo). ,411 analytical sample was crystallized 
from aqiieous methanol, mp 93.4-94.4", 290 nip (log e 3.5%). 

Anal. Calcd for C2111340a: C, 72.1; H, 9.78. Found: C, 
71.9; 11, Y.45. 

l-Phytyl-2-butanone.-In a manner similar to that described 
for phytyla~etone, '~  phytyl bromide15 from 25 g (0.084 mole) of 
phytol was treated with the sodium salt of ethyl propioacetate 
(10 g, 0.070 mole). After hydrolysis and decarboxylation of the 
condensation product, 1-phytyl-2-butanone distilled in a molec- 
ular still a t  100 p in  an oil bath a t  190". The yield was 16.3 g 
(0.047 mole, 67% from ethyl propioacetate). 

Anal. Calcd for C24H460: C, 82.2; H, 13.2. Found: C, 
82.0; H, 13.0. 

4-Nitro-2-phytylphenol (IIIa).-Sodium nitromaloiialtieli~de 
monohydrate (7.85 g, 0.05 mole) was dissolved in warm dilute 
ethanol (150 ml of 95% ethanol and 25 ml of water). To this 
was added 16.8 (0.05 mole) of phytylacetone14 in 25 ml of 95% 
ethanol followed by 3 g (0.075 mole) of NaOH pellets. After 
complete solution was attained by heating and stirring, the 
solution was kept a t  60" for 1 week. Crude I I I a  was isolated 
by pouring the reaction mixture into 200 ml of water containing 
10 ml of concentrated HCI and extracting with 30-60" petrolerim 
ether. The extract was washed and dried (RIg904), and, after 
evaporation of the solvent, weighed 17.23 g. The absorbance at 
322 mp showed that the crude material contained 495; of the 
expected product. I n  another preparation using 0.0:32-mole 
quantities, the nitrophenol concentration in the reaction mixture 
was 64% after 3 days and had not changed i n  6 days. 

The crude product was purified in 5-g batches by silicic acid 
chromatography on a 7.5 X 16 cm column, the nitrophenol being 
eluted by 8% (v/v)  ether in pentane. A sample was further 
pnrified by silicic acid rechromatography on a smaller scale to 
give a pale yellow oil: 
322 mp (log e 3 , ~ 7 ) ,  ~ O . O I S N a O H - E 1 O H  max 415 mp (log e 4.26). 

Anal. Calcd for C26H43N03: C, 74.8; 11,  10.4. Found: C, 
74.9; H, 10.1. 

0zonizationl6 followed by vapor phase chromatography of a 
pure sample showed only one large oxidation fragment identified 
as 6, IO, 14trimethyI-2-pentadecaiiotie by cornparisuii with the 
prodiict from a similar osidation of phytol. 

x",lH 321 mp (log e 3.881, ~2~: -"OH 

(14) P. tiarrer and ti. S. Yap. Helu .  C h i n .  d c l a ,  24, 089 (1941). 
(1.5) L. I .  Bniitli and H.  E. Ungnade, J .  Ory. Chen . ,  4 ,  2U8 ( lY3Yl  
(16) R. A .  Stein and N. Nicolaides, J. L i p i d  h a . ,  8 ,  4 i 6  (1962). 




