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EXPERIMENTAL 

T t i a ( ~ y l p h e n y l ) p h o s p h i n e ,  I. Butyllithium 
(850 cc. of 0.86M solution; 0.73 mole) was dropped (2.5 
hr.) into a cold (-75'), efficiently stirred solution of o- 
bromobensyl methyl ether' (141 g., 0.701 mole) in 300 cc. of 
dry ether under nitrogen. (Carbonation with Dry Ice of a 
similar reaction mixture permitted the isolation of 62y0 of o- 
methoxymethylbemoic acid, m.p. 89-92', showing that the 
interchange had proceeded as desired. Recrystallization 
from hexane raised the melting point to 95-95.5°.)e The 
addition of 32 g. (0.233 mole) of phosphorus trichloride in 
100 cc. of ether over a period of 15 min., Warming to room 
temperature, followed by stirring for 20 hr. and 1 hr. at  re- 
flux converted the lithio derivative to the phosphine I. The 
reaction mixture was hydrolybed by addition, with supple- 
mental cooling, of 350 cc. of saturated aqueoua ammonium 
chloride. Concentration of combined ether extracts furnished 
large, colorless crystals of the phosphine; 43.7 g., m.p. 
105-106'. Another 8.8 g. of phosphine was collected on fur- 
ther evaporation of the solvent; total yield, 580/,. Distilla- 
tion of the liquid residue yielded 35.7 g. (38%) of n-butyl 
bromide. 
An analytical sample waa prepared by recrystabation of 

the phosphine from 95% ethanol; m.p. 105.5-106'. 
A d . 7  Calcd. for CJfAP: C. 73.08; H, 6.90. Found: . .  ~~ 

C, 72.79; H, 6.91. 
T t i s ( ~ y 1 p h m y l ) p h o s p h i n e  oxide. (a) chdda- 

tion with Iodine. To a solution of 0.82 K. of Dhomhine 1 in 
15 cc. of ether waa added 0.6 g. of iodinein % cc. bf ethanol 
and six drops of pyridine. In contrast to the reaction of tri- 
phenylphosphine with iodine, which decolorizes immediately, 
the iodine color in this preparation slowly faded during 20 
min. heating on a ateam bath. Excess iodine waa r e d u d  
by a few drops of sodium bisulfite solution, then 10 cc. of 
water was added to the chilled solution. The precipitate was 
washed twice with water and dried; 0.70 g. (81%) of crude 
oxide; m.p. 146.5-147.5'. Two recryatallhations from alco- 
hol raised the melting point to 147-147.5'; weight 0.49 g. 

And.' Calcd. for &Hn0lp: C, 70.23; H, 6.63. Found: 
C, 69.87; H, 0.71. 

(b) Hydrogen peroxide. Hydrogen peroxide (0.3 g. of 30% 
solution) with a few cubic centimeters of water was added to 
a solution of 0.90 g. of phosphine I in 20 cc. of acetone. 
Moat of the acetone was removed in tmw, leaving 0.92 g. 
(97%) of the phosphine oxide; m.p. 145-146'; 146-147' 
after recrystalhation. It did not depress the melting point 
of the oxide prepared by iodine oxidation. 

Methyl tria(o-m&hoqpnethylphyl)phoaphium iodide. 
A mixture consisting of 1.42 g. of the phosphine I, 16.3 g. of 
methyl iodide, and 0.5 g. of fine copper wire was refluxed on a 
atesm bath for 1 hr.; then excess methyl iodide was distilled. 
Removal of the copper left 1.93 g. (99%) of white crystals; 
m.p. 202-202.5'. Reactions carried out in the absence of 
copper developed a yellow color which was d3Ecult to remove 
from the crystalline product. Two recrystallizations of the 
methiodide from ethanol gave 1.55 g. (80%) of product with 
a slightly higher melting point; 202.5-203'. 

A d . '  Calcd. for ~ x , O ~ P I :  C, 55.98; H, 5.64. Found: 
C, 56.29; H, 5.53. 

Tria(o-chbrotnt?thylph~Z)phasphine, 11. To 11.5 g. 
(0.098 mole) of boron trichloride in an ice cooled flask was 
slowly added 8.90 g. (0.0226 mole) of phosphine I. The mix- 
ture waa kept cold for 8 hr., then 40 cc. of pentane was 
added and the mixture allowed to warm to room tempera- 
ture overnight. The caked solid waa washed with water, 
heated to remove pentane, and washed again with water. 

(57%). 

(6) G. R. Clemo and G. A. Swan, J .  C h .  &., 617 
(1946). H. Gilman, G. E. Brown, F. J. Webb, and 5. M. 
Spata, J. Am. Climr. &., 62,977 (1940), and J. V. Braun, 
E. Anton, and E(. Weiasbach, Ber., 63B, 2847 (1930). 

(7) Carbon and hydrogen analyses by Miss H. Beck. 

On drying 7.5 g. of solid, m.p. 117-131', was obtained. 
Recrystallization from ethanol-water gave 4.03 g. of ma- 
terial melting a t  132-137'. Subeequent recrystallizations 
from alcohol and from chloroform raised the melting point to 
140-141'. 

A d . 7  Calcd. for GIH1&hP: C, 61.86; H, 4.45. Found: 
C, 62.02; H, 4.33. 

Thia phosphine was converted to ita oxide in 94% yield 
with 30% hydrogen peroxide by the procedure descnbed 
above; m,p. 178-181'. Recrystabation two times from 
chloroform-pentane gave the pure oxide, m.p. 185-185.5', 
which exhibited the characteristic strong absorption in the 
infrared at 8.45~ attributed to P 4  bonding?*@ 

Aml.7 Calcd. for GIH~&&OP: C, 59.52; H, 4.28. Found: 
C, 59.56: H, 4.33. 

Readion of ZZ with aluminum &ode.  (a)  Nitromethane 
solvent. The chloromethylphenylphosphine 11, (0.42 g.) in 
15 cc. of nitromethane was added to a solution of 0.55 g. of 
aluminum chloride in 20 cc. of nitromethane and the mix- 
ture was heated on a steam bath for 40 hr. The mixture was 
poured into dilute hydrochloric acid and nitromethane was 
removed by steam distillation. On cooling, a brown solid 
(0.38 g., 87y0) was recovered, m.p. 172-175'. Ita infrared 
spectrum was the same as that of the phosphine oxide, N. 

(b) Aluminum chloride. To 1.1 g. of aluminum chloride in 
15 cc. of carbon disulfide was slowly added 0.75 g. of I1 in 15 
cc. of carbon disulfide. The solution immediately turned a 
deep red. After standing at  room temperature for 2 hr. it  was 
poured onto ice, hydrochloric acid was added, and the 
organic layer was separated and washed with water, dried, 
and warmed to distill the carbon disulfide. Crystals (0.40 g., 
53%) of phosphine 11, aa shown by the infrared spectrum, 
remained. Recqwtdiiation from ether-pentane yielded 
0.30 g. of recovered phosphine, m.p. 135-137'. Some tars 
insoluble in ether or concentrated hydrochloric acid were also 
obtained from the reaction mixture. 
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(9) Our infrared spectra were taken in a Baird double 

beam recording spectrophotometer. The sample was dis- 
persed in a plate of potassium bromide. 
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Symmetry requirements for dinitroso aromatic 
compounds, e.g. 4-methyl-l,2-tjdinitrosobenzene 
(I), do not allow the structural assignment a8 
isomeric furoxanes, e.g. 5(6- )  methylbenzfuroxane 
(11), although they have been so described since 
1912.2J Meisenheimer, h g e ,  and Lsmparter 
demonstrated the unsymmetrical nature of the 
furoxane ring in a preparation of isomeric furoxanea 
by an oxidation of corresponding y-(amphz? 

(1) Partial support of this work under contract DA-Ol- 
OO9-ORD-428 with the Office of Ordnance Research is 

(2) A. G. Green and F. M. Rowe, J. Chem. Soc., 101,2452 
(1912). 

(3) J. H. Boyer, R. F. Reinisch, M. J. Damig, G. A. 
Stoner, and F. Sahhar, J. Am. Chem. Soc., 77, 5688 (1955). 

gratefully acknowledged. 



1808 NOTES VOL. 23 

&oximes of p m e t h o q  bemil.' Both furoxanes were 
obtained from &(anti) and B-(syn) dioximes of the 
unsymmetrical bemil.* This method has now been 
chosen to establish the symmetry requirements for 
a monogubstituted derivative of 9,lO-dinitroso- 
phenanthrene. 

9 

NO NO 
I 

I1 

The preparation of 2-nitro-9,lO-dinitrosophe- 
nanthrene W I )  by dehydrogenating 2-nitrophe- 
nanthrenequinone dioxime required mononitrations 
of phenanthrenequinone and the preparation, 
separation, and identification of the four isomeric 
dioximes. The dioximes were prepared from the 
quinone and hydroxylamine hydrochloride either 
in refluxing ethanol and pyridine or in ethanol and 
pyridine (or potassium carbonate) in heated pres- 
sure bottles. Structural assignment of the dioximes 
was based upon chelation tests. In  chelation with 
nickel &-aryl glyoximes with an ct-(unti) modi- 
fication give red insoluble precipitates and yellow 
or yellow-green precipitates are obtained from 
y(umphi) modiications.B There is no reaction 
between nickel salts and ,&(syn) glyoximes.B Of 
the four isomers of 2-nitrophenanthrenequinone 
dioxime, one (m.p. 197") gives a red insoluble 
nickel salt and is assumed to be the a-(anti) 
modification (111). Two others (m.p. 172" and 183") 
&ord yellow-green nickel salts and are therefore 
assumed to be the expected -y-(umphi) forms (IV, 
V). No attempt was made to differentiate between 
them. The last one (m.p. 1 9 0 - 1 9 1 O )  fails to form a 
nickel chelate and is assumed to be the @-(syn) 
isomer (VI). 

The product (VII) obtained upon dehydrogeiia- 
tion of each 2-nitrophenanthrenequinone dioxime 
was not obtained in isomeric modifications. It 
presumably requires a symmetrical arrangement of 
the NzOz moiety and is assigned the structure of 
%nitro-J/-9,10dinitrosophenanthrene (VII). It was 
also obtained upon treating phenanthrenequinone 
dioxime with nitric acid at  room temperature. 

444,94 (1925). 

____- 
(4) J. Meisenheimer, H. Lange, and W. Lamparter, Ann., 
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Reduction of both furoxanes and o-dinitroso- 
aromatic compounds brings about the f o m t i o n  of 
dioximes. Whereas amphidioximea are obtained 
from furoxanes,* the structural modification of the 
dioximes obtained from o-dinitroso aromatic com- 
pounds has not previously been determined. In  the 
present case reduction of 2-nitro-$-9,1O-dinitro- 
sophenanthrene with hydroxylamine in pyridine 
affords the lower melting amphi &oxime of 2- 
nitrophenanthrenequinone. 

EXPEBUUENTAL~ 

Preparation of .%'-nitro-9,10-phenun#renquinm diozimea. 
Procedure A.8 A mixture of 1.0 g. (0.004 mole) of Znitro-9,- 
10-phenanthrenequinone,s 20.0 g. (0.288 mole) of hydroxyl- 
amine hydrochloride, 10 ml. of pyridine, and 80 mL of 95% 
ethanol was heated at reflux with mechanical stirring for 
20 hr. as the color changed from yellow-orange to dark 
green. After 2 hr. at room temperature, pyridine hydro- 
chloride as long colorless needles was isolated by filtration. 
Upon adding 150 ml. of water at room temperature to the 
filtrate a mixture, 1.0 g. (So%), of oximea precipitsted and 
waa purified from aqueous methanol. After three precipitsr 
tions from methanol, a light green powder, one of the 7- 
(amphi) dioximes, 0.77 g. (68%), m.p. 172" (partial dec. a t  
167O), was collected. Upon the addition of a drop of nickel 
chloride solution to a sample in 5 ml. of ethanol a character- 
istic yellow-green precipitate was observed. 

Anal. Calcd. for CI~HDNIOI: C, 59.37; H, 3.20; N, 14.84; 
0, 22.60. Found: C, 59.49; H, 3.12; N, 14.88; 0,22.51. 

From the combined filtrates a flaky light yellow solid PIP 
cipitakci during 24 hr. and was isolated and dried 10 hr. 
in the vacuum oven at  60". A solution in ethanol gave a 
red precipitate, characterktic of an ,(anti) dioxime, with 
a nickel salt. The m.p. was 188-203" with decomposition, 
while charring occurred some 4' lower. 

A mixture of 6.0 g. (0.023 mole) of Znitro-9,lGphenan- 
threnequinone, 120.0 g. (1.727 mole) of hydroxylamine 
hydrochloride, 80 ml. of pyridine, and 20 mL of 95% ethanol 
was heated at  reflux with mechanical stirring for 12 hr. aa 
the color of the reaction mixture changed from light to 
dark green. After overnight standing, the mlution was di- 
luted with 1.5 liters of distiied water and a flaky yellow- 

(7) Analyses by Alfred Rernhardt, Microanalytisches 

(8) W. E. Bazhmann and C. H. Boatner, J. Ana. C h .  
Laboratoriurnr, Muheim (Ruh),  Germany. 

Soc., 58,2097 (1936). 
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green precipitate of a mixtum of  oxime^ waa filtered, 5.99 
g. (a%), m.p. 150-195". The crude material waa extracted 
with 600 ml. of boiling water and then with 500 ml. of 
boiling methanol. The light green methanol du t ion  was 
filtered while d hot from an orange-green precipitate. 
Upon dilution with 200 ml. of water, 0.94 g. (13%), m.p. 
172O (dec.) of a y-(omphi) dioxime separated as a yellow 
powder (see above). The orange-green precipitate dissolved 
in 400 ml. of hot methanol over a period of 12 hr. A negli- 
gible amount of foreign material wm removed by filtration 
and the filtrate, diluted with 100 ml. of distilled water was 
stored overnight at room temperature. The other r(amphi) 
dioxime as a flaky yellow powder, 2.22 g. (33%), m.p. 183- 
185' (charring at 180") was reprecipitated from methanol 
and an analytical sample WBB dried in the vacuum oven 
for 12 hr. at 80-95O. A pale green precipitate was observed 
upon adding a drop of nickel chloride solution to an ethanol 
solution of thk dioxime. 

A n d .  Calcd. for CZ;B&O4: C, 59.37; H, 3.20; N, 14.84. 
Found: C, 59.39; H, 3.38; N, 14.75. 

Prucedure B.O In a preaeure bottle, 1.0 g. (0.004 mole) of 
Z-nitm9,lO-phenanthrenequinone was mixed with 10.0 g. 
(0.144 mole) of hydroxylrrmine hydrochloride, 4 ml. of pyri- 
dine, and 80 ml. of 95% ethanol. The bottle wm d e d ,  and 
placed in boiling water for 4 hr. It was then cooled in a 
Dry Ice and acetone bath and carefully opened. Pyridine 
hydrochloride was removed by filtration, the filtrate wm 
diluted with distilled water, a yellow flaky precipitate, lap. 
195-198", 0.95 g. (85%), was removed, dissolved in 300 ml. 
of hot methanol and reprecipitated by the addition of 80 
ml. of distilled water to the cold solution. A yellow-ormge 
powder, after three additional reprecipitations from met&- 
nol, gave an analytical sample, m.p. 194.5-195.8" of the Q- 

(anti) dioxime. In hot ethanol this dioxime reacted with 
one drop of a nickel salt solution with the formation of a red 
precipitste. 

Found: C. 59.29: H. 3.29: N. 14.66. 
A d .  Calcd. for C1rH&04: C, 59.37; H, 3.20; N, 14.84. 

In a p A e  'botii 2.0 g.'(0.008 mole) of ~nitm~,10- 
phenanthrenequinone was mixed with 20.0 g. (0.288 mole) of 
hydroxylamine hydrochloride in 80 ml. of 95% ethanol and 
5.0 g. of potassium carbonate. The bottle was sealed and 
placed in boiling water for 22 hr. during which time the 
color of the reaction m i x t w  became yellow-orange. The 
pressure bottle was cooled in the refrigerator for a day at 
15", opened, and the precipitate waa artracted twice with 
ether. The ether extracts were combined and evaporated 
over a steam bath to dryneas. The midue was dissolved in 
80 ml. of 95% ethanol and the solution waa stored for one 
week in the refrigerator. A flaky pale green solid precipi- 
tated, 0.8 g. (35%), m.p. 188-189" (dec.). After three pre- 
cipitations from methanol, the solid, m.p. 190-19lo (dec.), 
gave no precipitate upon beiig treated with a solution of 
nickel chloride. 

A d .  Calcd. for c~rH&*o~: C, 59.37; H, 3.20; N, 14.84. 
Found: C, 61.19; HI 2.67; N, 15.05. 
ondotzmz of . P - n d r & , l & p h e n a ~ r ~ i m  dioxime. 

Procedure A .  To 0.50 g. (0.002 mole) of each of the four 
isomeric 2-nitro-9,lO-phenanthrenequinone &oximes, in 75 
ml. of 50% ethanol, chlorine waa added over a period of 
10 min., during which time the tempera& was held at 55- 
60". As a colorlees precipitate formed, the solution turned 
from dark red to pale yellow. The mixture was chilled 
and filtered. A colorless amorphous precipitate, m.p. 
211-21Z0, was recry&allkd from aqueous pyridine and 
waahed with hot methanol, 0.45 g. (91%). An analytical 
esmple, m.p. and mixtum lap. 211-212", was dried in the 
vacuum oven for 12 hr. at  150'. 

A d .  Calcd. for CI&O~N$ C, 59.79; H, 2.50; N, 14.94. 
Found: C, 59.96; H, 2.48; N, 14.92. 

. .  

(9 )  E. Mosettig and J. W. Krueger, J .  Am. Chem. Soc., 
58,1311 (1936). 

P r d u r e  B. With stitring 0.5 g. (0.002 mole) of each of 
the four isomeric 2-nitro-9,l(kphenanthrenequinone diox- 
imes, was dismlved in 100 ml. of 69% nitric a+d. The solu- 
tion was poured into 400 ml. of ice cold water. A colorleea 
precipitate was collected as a powder, 0.39 g. (70%), m.p. 
21@-213". The crude product waa diaaalved in 20 ml. of hot 
pyridine and the hot solution waa filtered. The filtrate was 
chilled and diluted with 20-30 ml. of distiued water. A 
colorless precipitate, m.p. 211-212O, after two reprecipita- 
tions with pyridine, gave an analytical sample, m.p. and 
mixture m.p. 211-212'. 

A d .  Calcd. for CI;B~NIO~: C, 59.79; H, 2.50; N, 14.94. 
Found: C, 59.48; H, 2.40; N, 14.11. 

ime. With stirring 0.50 g. (0.OOZ mole) of 9,lO-phenan- 
threnequinone dioxime, m.p. 199-200", was added to 80 ml. 
of 69% nitric acid at room temperature. A pale brown 
flaky solid formed immediately and was dissolved in 100 
ml. of boiling ethanol. The solution waa fltered while still 
hot, chilled in a Dry Ice and acetone bath, and diluted with 
distilled water. A colorless precipitate of 2-nitr0-9,10-+ 
dinitmmphenanthrene, 0.36 g. (62%), m.p. and mixture 
m.p. 211-212", was collected. 

Reductim of hh-9,10.dinitromphenanthrene. To 0.40 
g. (0.002 mole) of %nitro-9,l(enanthrene in 
50 ml. of hot 95% ethanol and 5 mi. of pyridine, 10.0 g. 
(0.144 mole) of hydroqlamine hydrochloride was added. 
After heating at reflux temperature for 1 hr., the solution 
was poured into 300 ml. of distilled water at 0". A yellow- 
green precipitate, 0.30 g. (72%), m.p. 172-174" (dec.), of a 
d a m p h i )  2-nitro-9,lO-phenanthrenequinone dioxime was 

Nitration U& oziddion Of 9 , l O - p h n t h r ~ i -  dioz- 

'collected. 
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Of the aliphatic gemdinitro-1-alkanolsl the 2,2- 
dinitro-1-alkanols are readily prepared by the 
Henry reaction of 1,ldinitroakanes and formal- 
dehyde:1-3 The 4,4diitro-l-alkanols are pre- 

pared by the selective reduction of Michael ad- 
ducts to l,ldinitroalksnes:*' 

RC(N0r)tH + CHI0 + RC(NO&CEftOH 

RC(NO&H + C H 4 H C O & &  + 
RC( NO*)eCH&H&OzCHa - RC( NOz)FHzCH&Hs 

LiAl& 

AH 

This paper reports the synthesis of the hitherto 
unknown 3,3&tro-l -alkanols. 
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