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reagent of Overell and Petrow!? was fairly effective. There
was somnte indication that more vigorous conditions were re-
quired for the 2,5-series than the 3,4-series. Tlie polymers
prepared by this method of deacetylation analyzed poorly
for carbon, hydrogen and nitrogen. A summary of results
is given in Table I.
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Because 2-nethyl- and 2-chloro-3,4-diltydroxyplienylalanine inhibited tlte nrultiplication of influenza virus int the allantoic
fluid of the chick embryo, the following additional 2-substituted derivatives of DOPA and tlieir dimethyl ethers have been

synthesized for biological screening: 2-bromo-, 2-fluoro-, 2-ethyl- and 2-nitro-DOPA.

In addition, tlie synthesis of 8-(2-

methyl-3,4-dihvdroxyphenyl )-N-ntethyl-a-alanine and 8-(2-chloro-3,4-diltydroxyphenyl)-g-alanine has been performed.

3,4-Dihydroxyphenylalanine (DOPA) is the sub-
strate of several enzyme systems such as dopa
oxidase and dopa decarboxylase which convert it
to melanins? and to 3,4-dihvdroxyphenethylamine
and norepinephrine.®* These reactions play an im-
portant role in animal and plant metabolism and
have been studied extensively in vitro and in vivo.
Interference with these reactions should prevent
the accumulation of the respective reaction prod-
ucts in certain pathogenic conditions and for this
purpose inhibitors for dopa decarboxylase have
been sought repeatedly.®~* When 2-methyl-3,4-

in vitro, and the same substance and its 2-chloro
analog!! were screened for anti-phenylalanine be-
havior in various biological systems. Since several
analogs of amino acids had been found to possess
antiviral activity,’®!* it seemed desirable to test
the effect of both compounds against influenza
virus. In the course of these experiments it was
observed that both compounds inhibited the multi-
plication of the PR-§ strain of influenza virus in the
allantoic fluid of the chick embryo.” Although in
rats infected with the virus these two compounds
were inactive, additional 2-substituted derivatives

X
CH: O/\Y CHO7 ) RO/ \CH,CH(NH:)CO.H
CHaO\/ CH,O\_ ROY,
s X R X
Br () CH, Br (IV)
Br CH,C1 (1) F (VD) CH; F (IX)
F CH,C! (VII) CoH, (XIX) CH, CoH* (XXII)
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NO, CH,Cl1 (XI) CH; CH; (XXNV'T)
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* The position of this group has not been confirnted conclusively,
Fig. 1.
dihydroxyphenylalanine!''? became available, it of 3,4-dihydroxyphenylalanine were prepared with

was included in a series of some two hundred com-
pounds in tests for dopa decarboxylase inhibition
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the hope of overcoming this obstacle.

For the synthesis of 2-bromo-3,4-dihydroxy-
phenylalanine, 3-bromoveratrole (I)* was chloro-
methylated to 2-bromoveratryl chloride (I1);
this was condensed with diethyl acetamidomalonate
to give III which was hydrolyzed to 5-(2-bromo-
3,4-dimethoxyphenyl)-a-alanine (IV) with hydro-
chloric acid. 8-(2-Bromo-3,4-dihydroxyphenyl)-a-
alanine (V) was obtained by ether cleavage with
47% hydriodic acid. By an analogous sequence
(VI = VII = VIII — X) 3-fluoroveratrole (Vv
was transformed into B-(2-fluoro-3,4-dihydroxy-

(13 G. J. Martin, ''Biological Antagonism,’”’ The Blakiston Co.,
New York. N. Y., 1951, p. 147,
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where the biological evaluation of compounds described in tliis paper.

(16) J. 1. Simonsen and M. G. Rau, J. Chem. Soc., 113, 782 (1918).
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4308 CarL KAISER AND ALFRED BURGER

phenyl)-a-alanine (X); here, isolation of the inter-
mediate dimethoxy derivative IX was possible but
not necessary. This held also for the similar series
«i steps from 2-nitroveratryl chloride (XI)¥ to
3-(2-nitro-3,4-dihydroxyphenyl)-a-alanine (XIV).
The position of the chloromethyl group in 11 was
proved by oxidation to 2-bromoveratric acid.®
In an analogous manner, 2-fluoroveratryl chloride
(VII) was oxidized to 2-fluoroveratric acid. The
identity of this acid was established by a Schie-
nmiann synthesis from methyl 2-aminoveratrate.
An attempt was made to synthesize 3-(2-bromo-
3,4-dihydroxyphenyl)-«-alanine (IV) by a shorter
route starting from the readily accessible 2-bromo-
isovanillin (XV).* The acetoxy-azlactone from
this aldehyde was hydrolyzed to a-benzamido-2-
bromo-3-hydroxy-4-mmethoxyeinnamic acid (XVI)
but this compound was debrominated to DOPA on
heating with hydriodic acid and phosphorns,

Br

HOr/\]CHO 1, liippurie acid

CH'JO\\\/‘ 2, NaOH
XV
\IICOCUH
HO/wCHf- =:CCOH HI
—> DOPA
XVI

a-Benzamido-2-nitro-3,4-dimethoxycinnamic
acid (XVII) was prepared from 2-nitroveratral-
dehyde?! in a similar way and was hvdrogenated in
the presence of Adams catalyst in the hope of secur-
ing the corresponding saturated 2-amino deriva-
tive. While this compound was undoubtedly
formed, it lactamized spontaneously to 3-benzamido-
7,8-dimethoxy-3,4-dihvdro-2-quinolone (XVTII).

CH:O0  NO.
CH:;Of/ / Ci:O:H
N CNHCOCH; —>
\//\ 7
CH
XVII
CHO H O
CH, o/\/\ 7
‘ ]
N\

\,

N
NHCOC¢H;
XVII

The yields in the preparation of the ethyvl sub-
stituted malonate ester XXI from 3-ethy Iveratrole
(XIX) were so low that a different route to 3-
(ethyldihydroxyphenyl)-a-alanine (XXIII) was
chosen. 3-Ethvlveratrole,® obtained by the Fu-
ang-Minlon 1nodification of the Wolff~Kishner
method®® from 2,3-dintethoxyacetophenone, was

{18) K. H. Slotta and ¥, Lanerson, J. prak). Chem., 189, 220 (1031),

(1) WA Rodionow and A, M, Fedorowa, Bl soc, chym .. 6, 178
(1039,

(20) M. Pavly, Ler., 48, 2013 (1015),

v R, Pschorr and C. Snmuleanu, #bid., 32, 3407 (18439,
22y W, Mosimann and J. Tambor, 1b/d., 49, 1252 (191),
2% Hoeang-NMialon, THIS JorryaL, 68, 2187 {101

Val, 79

subjected to a Gattermmann aldehyde syuthesis
with hydrogen cyanide; the position of the formyl
group in the resulting ethyldimethoxybenzaldehydc
could not be proved conclusively since oxidation
with potassium permanganate or chromic acid only
led to an ethyldimethoxybenzoic acid which de-
composed on continued oxidation. The same acid
was obtained from the oxidation of the chloro-
methylation product of 3-ethylveratrole. Since
the chloromethylation of 3-methyl-, 3-chloro-,
3-bromo- and 3-fluoroveratrole introduced the
chloromethyl group ortho to the 3-substituent, a
siniilar orientation could be expected for the
chloromethylation of 3-ethylveratrole. In support
of this assumption the infrared spectra of pertinent
dimethoxybenzoic acids are listed in Table I. Tt
inay be significant that 2-methylveratric acid and
our ethyldimethoxybenzoic acid differ from 5-
methvlveratric acid i their absorption charac-
teristics at 11.0-12.3 u.  The aldehyde and chloro-
methyl derivatives obtained from 3-ethvlveruatrole
are tentatively assigned the structures 2-ethyl-
veratraldeliyde and 2-ethylveratryl chloride (XX),
respectively.

2-Ethylveratraldehyde gave §-(2-ethyl-3,4-di-
methoxyphenyl)-a-alanine (XXII) by an azlactone
svnthesis followed by hydrolysis, saturation of the
side chain and removal of the benzoyl group. The
ether groups of XXII were cleaved with hydriodic
acid (XXIII).

In order to study the effect of various structural
alterations in the amino group of antiviral 2-sub-
stituted derivatives of 3,4-dihydroxyphenylalanine,
3-(2-methyl-3,4-dihyvdroxyphenyl) - N -niethyl- a-
alanine (XXIV) and 3-(2-chloro-3,4-dihydroxy-
phenyl)-3-alanine (XXV) have been sy nthesized.
Diethyl  acetamido-(2-methyl-3,4-dimethoxyben-
zyl)-malonate!* was hydrolyzed and decarboxylated,
the amino acld XXVI was tosvlated and the N-

CH, cl
107 N\ CH.CHCO. HO(NUI(\ H,)CH,COLI

i \
HON o NHCH; HOl

NXIV
tosyl derivative treated with dimethyl sulfate.
Scission of the methoxyl groups and the N-tosyl
linkage furnished XXIV. The chloro derivative
XXV was prepared by subjecting 2-chloroveratral-
dehyde!! to a Perkin reaction, treating the re-
sulting 2-chloro-3,4-dimethoxycinnamic acid with
hydroxylammine and cleaving the methoxyl groups.

3-(2-Fluoro-3,4-dihydroxyphenyl)-a-alanine had
activity against influenza virus similar to 8-(2-
methyl-3,t-dihvdroxvphenyl)-a-alanine. 2-Bromo-,
2-fluoro-, 2-ethyl- and 2-nitro-DOPA and their
dimethyvl ethers were screened for bacteriostatic,
antifungal and antiviral activity. In chick em-
bryo protection tests, using the PR-8 strain of
the influenza virus, XXII and XXVI possessed
slight activity. 3-(2-Chloro-3,4-dihydroxyphenyl-
3-alanine (XXYV), in concentrations of 1:500, i
hibited the growth of Histoplasma capsulatum and
Micrococcus pyogencs, as well as Diplococcus pneu-
moniac, and provided slight protection in muice in-
fected with this organism.?

NXV
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Experimental®

General Directions. (a) Chloromethylation of Veratrole
Derivatives (II, VII, XX).—A solution of 0.25 mole of the 3-
substituted veratrole derivative and 0.50 inole of mono-
chloromethy! ether in 175 ml. of glacial acetic acid was
stirred and warmed. Reaction times and temperatures
were as follows: for 3-bromoveratrole,’® 24 hr., 50-55°;
for 3-ethylveratrole,?2 8 hr., 30°; and for 3-fluoroveratrole,”
24 hr., 60°. The mixture was poured into 750 ml. of ice-
water and the colorless solid recrystallized.

(b) (1) Structural Proof of Chloromethylveratrole De-
rivatives.—A solution of 1.5 g. of the chloromethyl deriva-
tive and 3.0 g. of potassium permanganate in 50 ml. of water
and 1.0 ml. of 25% sodium hydroxide solution was refluxed
for 1 hr., filtered from manganese dioxide and acidified.
Tlie precipitated benzoic acid derivatives were recrystal-
lized. 2-Bromo-1® and 2 fluoroveratric acid were identified
by mixture melting points with samnples prepared by un-
equivocal routes.

(2) 2-Fluoroveratric Acid.—An ice-cold stirred suspen-
sion of 23.7 g. of methyl 2-aminoveratrate!® and fluoboric
acid, prepared by saturating 60 ml. of 489 hydrofluoric
acid with boric acid at 10°, was diazotized with 30 ml. of a
339 aqueous solution of sodium nitrite. The yellow di-
azoniutn fluoborate was filtered and recrystallized. For
data, see Table II. Thirteen grams of the salt was decom-
posed by heating at 170° for 2 hr., the black tarry residue
was distilled under reduced pressure aud recrystallized.

A mixture melting point of the resulting methyl 2-fluoro-
veratrate with a sample obtained by diazomethane methyla-
tion of 2-fluoroveratric acid from tlie oxidation of 2-fluoro-
veratryl chloride sltowed no depression.

Saponification of 0.1 g. of methyl 2-fluoroveratrate with
0.5 ml. of a hot 109, sodium hydroxide solution yielded,
upon acidification, 70 mg. (74.569,) of 2-fluoroveratric acid,
m.p. 188-190°. A mixture melting point of this substance
and of the acid procured by oxidation of 2-fluoroveratryl
chloride remained undepressed.

(c) Diethyl Arylacetamidomalonates (III, VIII, XII, XXI).
—To 250 ml. of an absolute ethanolic solution of 0.13 mole
of sodium ethoxide were added 0.13 mole of diethyl acetami-
domalonate and 0.13 mole of the 2-substituted chloromethyl-
veratrole, and the mixture was stirred and refluxed for 8 hr.
The precipitated sodium chloride was filtered, the filtrate
concentrated under reduced pressure and the residue re-
crystallized.

(d) B-(2-Substituted-dimethoxyphenyl )-«-alanine De-
rivatives (IV, IX, XIII, XXII, XXVI).—To a solution ot 2.0
g. of the respective diethyl arylacetamidomalonate in 5 ml.
of glacial acetic acid was added 8 ml. of 379 hydrochloric
acid, and the mixture was heated at 95° for 6 hr. The sol-
vents were distilled under reduced pressure, the crystalline
hydrochloride was triturated with dry acetone and recrys-
tallized.

The free phenylalanine derivatives were prepared by
buffering the aqueous solutions of the hydrochlorides with
potassium carbonate to pH 5-6 and purifying by repre-
cipitation from dilute hydrochloric acid solution with the
same reagernt.

(e) Nuclear 2-Substituted Derivatives of DOPA.—(1) A
solution of 8.5 g. of the diethyl malonate derivatives (VIII,
XII) in 40 ml. of redistilled 479, hydrobromic acid was re-
fluxed for 7 hr. while hydrogen was bubbled through, con-
centrated under reduced pressure at 90° and the residual
hydrobromide was recrystallized. The amino acid was
liberated by adjusting the concentrated aqueous solution of
the pure salt to pH 5-6 with sodium acetate with the help of
a trace of sodium hydrosulfite. The material crystallized
on cooling.

(2) Solutions of 6.4 g. of the dimethoxyphenylalanine de-
rivatives (IV, XXII) in 60 ml. of 479, hydriodic acid were
refluxed for 7 hr., concentrated as above, and the amorphous
residue was adjusted to pH 5-6 with a saturated solution of
sodium acetate. The amino acids crystallized on pro-
longed standing.

(f) Azlactones.—Starting with 2-bromoisovanillin,? 2-
nitroveratraldehyde?! and 2-ethylveratraldehyde, respec-
tively, a mixture of (.08 mole of the aldehyde, 0.09 mole of
hippuric acid and 0.09 mole of anhydrous sodium acetate
and 35 ml. of acetic anhydride was heated at 95° for 3 hr.

(24) All melting points are corrected.
bara J. Williamson.

Microanalyses by Miss Bar-
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The mixture solidified; it was diluted with 100 ml. of abso-
lute ethanol, cooled to 0° and the crystalline deposit was
filtered and washed with water.

(g) Hydrolysis of Azlactones.—Tlie azlactones were re-
fluxed with 30 volumes of a 19} sodium hydroxide solution
in 509 aqueous ethanol for 10 minutes, the mixture was
filtered and the filtrate acidified with 1097 hydrochloric
acid. The precipitated oils crystallized on standing.

Reductive Cleavage of a-Benzamido-2-bromo-3-hydroxy-
4-methoxycinnamic Acid.—To an ice-cold mixture of 35 ml.
of acetic anhydride and 35 ml. of 579% hydriodic acid was
added 3.5 g. of red phosphorus and 6.5 g. of the acid XVI,
and the mixture was refluxed for 3 hr. After filtering from
phosphorus and extraction with ether, the solution was
evaporated to dryness under reduced pressure, the residue
was taken up in 10 ml. of water and buffered to pH 5-6 with
sodium acetate. After standing for several days, 2.5 g.
(77%) of crystals deposited which were recrystallized from
water, m.p. 280° dec. The compound contained no lalo-
gen and did not depress the melting point of 8-(3,4-dihy-
droxyphenyl)-a-alanine.

2-Ethylveratraldehyde.—3-Ethylveratrole?? (30 g.) was
dropped with stirring into a suspension of 29.8 g. of pow-
dered aluminum chloride in 21 ml., of benzene at 0°, and
then an anhydrous solution of 18.6 g. of hydrogen cyanide
in 25 ml. of benzene wag added. A slow stream of anhy-
drous hvdrogen chloride was passed through at 28-30° for
8 hr., and the dark red mixture was poured onto a mixture
of 106 ml. of 379, hydrochloric acid and 250 g. of crushed
ice. Excess hydrogen cyanide was boiled out, the cooled
mixture was extracted with ether, the ether extract was
dried and distilled. The aldeliyde was a straw-colored oil,
b.p. 145-148° (5 mm.), vield 24.8 g. (70.5%;). It was con-
verted to the oxime and semicarbazone (Table II).

Oxidation of the aldehyde with alkaline potassium per-
manganate or chromicacid yielded the same ethyldimethoxy-
benzoic acid, m.p. 152-154°, which also resulted from the
oxidation of ethyldimethoxybenzyl cliloride (XX).

a-Benzamido-2-ethyl-3,4-dimethoxyphenylpropionic Acid.
—A solution of 1.0 g. of a-benzamido-2-ethyl-3,4-dimeth-
oxycinnamic acid in 50 ml. of absolute ethanol containing
0.1 g. of Adams catalyst was hydrogenated under 3 atm. of
pressure at 25° for 48 hr. and worked up as usual. The
oily residue of the evaporated solution crystallized on stand-
ing. The vield was quantitative.

The benzamido group was hydrolyzed with a 5:8 mixture
of glacial acetic acid and 379, hydrochloric acid as de-
scribed under the general directions (d) above.

3-Benzamido-7,8-dimethoxy-3,4-dihydro-2-quinolone
(XVIII).—A solution of 13.0 g. of a-benzamido-2-nitro-
3,4-dimethoxycinnamic acid in 100 ml. of absolute ethanol
was hydrogenated in the presence of 0.25 g. of platinum
oxide at a pressure of 3 atmospheres for 24 hr. and worked
up. The filtered solution deposited 4.5 g. (399¢) of a color-
less product on cooling, m.p. 223.5-226° after recrystalli-
zation from ethanol. The substance was insoluble in dilute
acid and base.

Anal. Caled. for CsHisN:2Oy:
Found: C, 66.42; H, 6.23.

2-Chloro-3,4-dimethoxycinnamic Acid.—A mixture of
20.6 g. of 2-chloroveratraldehyde,!! 10 g. of anhydrous so-
dium acetate and 20 ml. of acetic anhydride was heated at
170-180° for 8 hr., allowed to cool and diluted with 100 ml.
of water. The solid precipitate was filtered and recrystal-
lized.

B-(2-Chloro-3,4-dimethoxyphenyl )-3-alanine.—To a hot
solution of 6.8 g. of sodium ethoxide in 80 ml. of ethanol was
added a hot solution of 6.95 g. of hydroxylamine hydro-
chloride in 5 ml. of water. The mixture was cooled rapidly
and the precipitated sodium chloride was filtered. To the
filtrate was added 12.1 g. of 2-chloro-3.4-dimethoxycin-
namic acid and the mixture heated on a steam-bath for 24
hr. After cooling, the crystalline product was filtered.

B-(2-Chloro-3,4-dihydroxyphenyl)-3-alanine (XXV).—A
mixture of 1 g. of B-(2-chloro-3,4-dimethoxyphenyl)-3-
alanine and 10 ml. of 579 hydriodic acid was refluxed for
5 hr., evaporated to dryness under reduced pressure and the
residue was taken up in 5 ml, of water. Colorless crystals
formed when the pH was adjusted to 6 with sodium acetate.
They were filtered, washed with water, acetone and ether.

B-(2-Methyl-3,4-dimethoxyphenyl )-N-p-tosyl-a-alanine.—
A mixture of 17 g. of B-(2-methyl-3,4-dimethoxyphenyl)-

C, 66.24; H, 5.56.
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a-alanine (XXVI), 17 g. of p-toluenesulfonyl chiloride and
170 mil. of 49, sodium hydroxide solution was shaken for 24
lir. The reddish-black solution was filtered and acidified
with 109, hydrochloric acid. The gummy precipitate
solidified when the mixture was heated on a steam-bath for
30 minutes and was filtered.
B-(2-Methyl-3,4-dimethoxyphenyl }-N-methyl-N-p-tosyl-
a-alanine.—To a stirred solution of 19.6 g. of 8-(2-methyl-
3,4-dimethoxyphenyl)-N-p-tosyl-a-alanine in 100 ml. of
109 sodium hydroxide solution was added 20 ml. of di-
methyl sulfate, at room temperature. After 10 minutes,
the mixture was made alkaline by adding 109, sodium hy-
droxide solution, diluted with 2 1. of water and heated on a
steam-bath until solution was complete. After treatment
witlt Darco the solution was acidified with dilute hydro-
chloric acid. The gummy solid became crystalline after
standing for several hours.
3-(2-Methyl-3,4-dihydroxyphenyl)-N-methyl-a-alanine
(XXIV).—A mixture of 2 g. of 8-(2-ntethvl-3,4-dimethoxy-
phenyl)-N-ntethyl-N-p-tosvl-e-alanine and 17 ml. of 579,
ltvdriodic acid was heated under reflux for 4 hr. Tlie dark
brown reaction mixture was concentrated under reduced
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pressure, tlic residue suspended it 20 ml. of water and ex-
tracted continuously with ether for 5 days. Tle clear
aqueous laver was separated and concentrated to dryuess
under reduced pressure. Wlien the residue was dissolved
in 4 ml. of water and adjusted to pH 5-6, colorless crystals
appeared.

5-Methylveratric Acid.—5-Methylvanillin® was etliyl-
ated with dimethyl sulfate and 109; sodium hydroxide solu-
tion, as described for an analogous case,? and the crude oily
3-methylveratraldehyde was oxidized with alkaline potas-
stumn permanganate solution under the conditions used in
the oxidation of 2-methylveratryl cliloride.!' Recrystalli-
zation from 509 aqueous ethanol gave colorless iteedles,
m.p. 146-148°,

Anal. Caled. for CyH,204: C, 61.21; H, 6.17.
C, 60.87; H, 5.91.

Found:

(25) J. Koetschet and P. Koetschet, Helv. Chim. Acia. 13,
(1830).
(26) H. Decker and O. Koch, Ber., 40, 4794 (1907).
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The BF3'N203 Complex.

Its Use in Diazotization and Nitration!

By G. BRYANT BacHMAN AND TAKEO HOoxama
RECEIVED JANUARY 2, 1957

Boron trifluoride reacts with nitrogen trioxide to form a stable, white, solid complex, BF; N,0s.

Physical and chemical

properties suggest that the structure is best represented as (F3B <= NO,)~(NO)*. The complex is a weak nitrating agent but

a powerful diazotizing agent in the aromatic series.

It was reported recently that boron trifluoride
forms a 1:1 addition complex with dinitrogen
tetroxide® which is an excellent nitrating agent.
It has now been found that boron trifluoride also
forms a similar complex with dinitrogen trioxide,
The combining ratio was determined gravimetric-
ally to be 1:1. The complex is a white, stable
solid, insoluble in all solvents with which it does
not react, including alkanes, nitroalkanes and
polychlorinated alkanes. It sublimes at room
temperatures and does not melt in a sealed tube
below 300°. Above this temperature, the very
dark color of the dissociation products (especially
NO,) prevents observation of the remaining solid.
These properties suggest that the complex is ionic
in character and is formed as illustrated in equation
lor2

Fi;B + ON :NO; —> (F3B «=NOy) "(NO)* (1)
A
FsB -+ O,N [:NO —> (F3B «=NO)(NOy) * (2)
B

That the preferred one of the above two formula-
tions is A is probable on the basis of the chemical
properties described below.

The BF;-N:O; complex reacts rapidly with sub-
stances with which BF; and N,Oj; react separately,
including water, alcohols, ethers, ketones, car-
boxylic acids, amines and pyridine. However,
under rather vigorous conditions it will introduce
an NO, group into aromatic nuclei. If benzene is
refluxed over the complex in a glass fiber thimble in

(1) From the M.S. Thesis of Takeo Hokama, Purdue University,
January, 1956,

(2) G. B. Bachman, H. Feuer, B. R. Bluestein and C. M. Vogt,
THis JournaL, 77, 6188 (1955).

a Soxhlet extractor for 42 hr,, a 5-069, vield of
nitrobenzene is obtained. Under the same condi-
tions, toluene yields a red-black tar, but in the
solvent nitroethane at 60-653° for 3 days, toluene
gives a 569, yield of o-nitrotoluene. Other nitra-
tion results are shown in Table I. It will be noted
that the complex produces a different ratio of
isomers than is reported for nitric acid nitrations
of toluene, l-nitronaphthalene and chlorobenzene.
This apparently is the result of its mild nitratng
action since the isomer distribution obtained repre-
sents increased amounts of the principal isomer
produced in nitric acid nitrations. Powerful re-
agents favor a more nearly statistical distribution
of isomers in aromatic substitution.

The nitrating action of the complex suggests
structure B but does not preclude structure A since
it has been shown by Ingold? that primary attack
by a nitrosonium ion is probably a factor in the
nitration of p-nitrophenol and p-chloroanisole.
Furthermore it has been shown that nitrogen tri-
oxide produces nitrosonium cations in the presence
of another strong acid, namely, sulfuric acid.??
In addition there remains the possibility that oxida-
tion by air occurs during the nitration and con-
verts the nitroso product to a nitro product or
converts the complex BF;-N.O; to BF;N.O; a
krnown nitrating agent.> To test this, naphthalene
was nitrated at 25° in three different ways: under
air, under nitrogen, and with oxygen bubbling
through the mixture. The second of these pro-
duced a low yield (149,) of 1-nitronaphthalene and

(3} C. K. Ingold, C. A. Bunton, E. D. Hughes, D. I. . Jacobs,
M. H. Jones, G. J. Minkoff and R. 1. Reed, J. Chem. Soc., 2628 (1650).

(4) C. K. Ingold and E. D. Hughes, ez al., hird., 2504 (1950).
(5) J. D, S. Goulden and D. J. Milten, #bid., 2620 (1950).



