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Table I. Yields and Physical Data 

yield, 
compd % 

l b  87a 
l e  35b 
If 70 
2a 91 
2d 34d 
2e 8 1  
2f 30d 

mp, O C (purification) formula 

103.5-104.5 (ethanol/water) C,,H,, F,N,O, 

105-105.5 (ethanol/water) C~H,,F,N,O, 

165.5-166.5 (ethanol/water) C1,Hl1F,NO, 

- 

134-1 35 (ethanol/water) Cl,HllF4NO4 

142-144 (ethanol/water) C,,HlOFJO, 
267-269 (water) C,H,F,NO, 

27'6-27gC (water) '9 H10FN03 

calcd 
C H N 

42.86 3.30 8.33 
46.61 3.85 4.53 
54.27 5.06 7.03 
40.69 2.85 7.91 
44.05 3.08 4.28 
49.77 4.08 6.45 
44.23 3.41 4.31 

found 
C H N 

42.97 3.40 8.30 
46.64 3.54 4.48 
54.02 5.22 6.92 
40.62 3.01 7.87 
44.05 3.10 4.32 
49.91 4.29 6.22 
44.11 3.47 4.18 

a Yield based on  tyrosine methyl ester hydrochloride. Yield based on  l b .  Lit.' m p  278-279 "C. Yield based o n  2a. 

Table 11. Proton Nuclear Magnetic Resonance Spectral Data (ppm)a 

lb 
l e  
1fC 
2a 

2d 
2e 
2f 

aromatic protonsb 

CH, CH, CH H, H, H6 
~ 

3.81 3.20 (dd, 6)  4.84 (d t ,  6 )  7.81 (d ,  2)  7.08 ( d ,  8.5)  7.31 (4, 2, 8 .5)  
3.80 3.14 (dd,  5) 4.84 (d t ,  6) ABC portion of ABCX multiplet 6.64-7.04 

3.24 (dd,  7 )  ABC portion of ABCX multiplet 6.90-7.20 
3.82 3.16 (dd,  7 )  4.83 (dt, 7 )  7.16 (9, 2, 7.65 ( m )  

3.82 3.12 (dd,  6 )  
3.24 (dd,  6 )  

3.81 8.07 (d ,  6) 4.78 ( t ,  6)  AB portion of ABX multiplet 6.28-6.48 (H,, H,) 

4.36 ( t ,  7) 

4.83 (dt ,  6 )  
4.38 ( t ,  6)  

10.5) 
A, portion of A,X, multiplet centered at  6.68 (H2, H,) 
A, portion of A,X, multiplet cenkered at  6.96 (H,, H,) 

100-MHz s ctra measured in CDCl, except where indicated. Multiplicity and coupling constants (hertz) are given in 
parentheses. $Ib-f, H, is ortho to R,. 2a-e, H, is ortho to F. Measured in 0.1 M DCl. 

plates, Analtech) and mass spectrometry (Finnigan, model 1015 
D). Yields and physical data are shown in Table I. Proton NMR 
data are given in Table 11. The fluorination procedure was 
identical with that  deiacribed previously.7 

N-(Trifluoroacetyl)-3-nitro-~-tyrosine Methyl Ester (lb). 
To  100 g of trifluoroacetic anhydride cooled in an ice bath was 
added in portions 25 g (0.11 mol) of L-tyrosine methyl ester 
hydrochloride. After the exothermic reaction had subsided, the 
solution was stirred a t  room temperature for 2 h, and the excess 
trifluoroacetic anhydride was removed by rotary evaporation. 
Methanol was added and removed by rotary evaporation. The 
residue ( la)  was dissolved in 100 mL of glacial acetic acid, the 
solution was cooled to I10 "C in an ice bath, and 5.5 mL of fuming 
nitric acid was added dropwise over 10 min. The solution was 
stirred for 1 h a t  10 "C, warmed to room temperature and stirred 
for 1 h, and poured into 500 mL of an ice-water slurry. The 
precipitate was collected by filtration and recrystallized from 
waterlethano1 to  give pure lb .  

N-(Trifluoroacetyl)-3-fluoro-~-tyrosine Methyl Ester (le). 
Hydrogenation (3 atm) of 9 g (0.025 mmol) of l b  in 200 mL of 
ethanol over 200 mg (of platinum oxide was complete in 2 h. 
Removal of the catalyst by filtration and evaporation of solvent 
afforded IC. This was dissolved in 500 mL of cold 50% fluoroboric 
acid. Diazotization was accomplished by addition of 1.9 g (0.28 
mol) of NaN02 dissolved in 5 mL of water. After 2 h, the solution 
of diazonium fluoroborate Id  was irradiated (Pyrex filter) for 3 
h. The fluoroboric acid was neutralized to pH 7 with concentrated 
aqueous sodium hydroxide while the solution was cooled in dry 
ice/acetone. The solution was then extracted with ether until 
TLC showed no more product in the extract. After the solution 
was dried (Na2S04) artd the solvent removed by rotary evapo- 
ration, the residue obtained was chromatographed on silica gel 
(0.5% methanol/chloroform) to give le ,  purified further by re- 
crystallization from aqueous ethanol. 

3-Fluoro-~-tyrosine (If). A 1.0-g (3.23 mmol) sample of le 
dissolved in 20 mL of' 6 N HC1 was heated on a steam bath 
overnight. Rotary evaporation gave a white crystalline residue, 
which was dissolved in a minimum quantity of water. Neu- 
tralization with a concentrated solution of sodium acetate pre- 
cipitated the free amino1 acid If: 450 mg recrystallized from water; 

N-(Trifluoroacetyl)-3,5-difluorotyrosine Methyl Ester 
(2d). Nitration of le ((2.0 g, 6.5 mmol) in 20 mL of acetic acid 
with 0.35 mL of fuming nitric acid and workup as before gave 
2a. Hydrogenation of 2~1 (1.7 g 4.8 m o l )  gave the amine 2b, which 
was diazotized in 200 imL of cold fluoroboric acid. Irradiation 

[cY]'~D -8.7" ( C  0.2, 0.5 N HCl) (lit.5 [cY]'~J~ -5.7'). 

0022-3263/80/1945-2016$01.00/0 

(1 h) and isolation as before afforded a mixture of 2d and 2f. 
Chromatography (silica gel, 0.5% methanol/chloroform) gave 541 
mg of 2d. 

3,5-Difluoro-~-tyrosine (2f). A 250-mg (0.76 mmol) sample 
of 2d was hydrolyzed by heating (steam bath) overnight in 10 mL 
of 6 N HCl. Isolation and recovery of the free amino acid was 
performed as for I f  to give 133 mg of 2e: [a]25D -4.7O (c 0.2,0.5 
N HC1). 
3,4-Dihydroxy-5-fluoro-~-phenylalanine ( 5 - F l u o r o - ~ -  

DOPA) (2g). Continued elution of the column used for the 
isolation of 2d with 1% methanol-chloroform afforded 2f. 
Aqueous acid hydrolysis of 2f (HBr or HC1) produced the cor- 
responding hygroscopic noncrystalline salts of 2g, which proved 
resistant to recrystallization attempts. Attempts to isolate the 
free amino acid likewise were unrewarding. Tentative identifi- 
cation of 2a was based on identical TLC behavior with authentic 
5-fluoro-~,~-DOPA and on chemical-ionization mass spectral data. 

Registry No. la ,  1604-54-2; lb, 5106-00-3; IC, 73210-50-1; Id, 
73210-52-3; le, 73210-53-4; If, 139-26-4; 2a, 73210-54-5; 2b, 73210- 
55-6; 2d, 73210-56-7; 2e, 73246-30-7; Zf, 73210-57-8; L-tyrosine methyl 
ester hydrochloride, 3417-91-2. 
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Since the s t u d y  of aromatic compounds has provided 
excellent tests of the validity of various MO methods, 
calculations on the new aromatic arsabenzene2 should be 
particularly interesting. Results from CND0/23 and ab 

(1) Baaed in part on: Chan, W.-T. Ph.D. Thesis, University of Mich- 

(2) Ashe, A. J., 111. Acc. Chem. Res. 1978, 1 1 ,  153. 
(3) Hase, H. L.; Schweig, A.; Hahn, H.; Radloff, J. Tetrahedron 1973, 

igan, 1977. 

29, 475. 
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Figure 1. Dipole moments and charge distributions on the ring 
atoms of arsabenzene by various methods: a, ref 3; b, ref 4; c, 
ref 5; d, calculated from the charge densities in ref 5 and the 
geometry from ref 15; e, ref 6. 

initio (STO-3G basis set)4 calculations have been pub- 
lished, and calculated dipole moments and charge densities 
are available. More recently an HMO treatment, param- 
eterized from the UV photoelectron spectrum, has ap- 

Although all three methods correctly predict that 
the negative end of the dipole is toward the arsenic: the 
calculated charge densities on individual atoms diverge 
greatly (see Figure 1). Thus an independent empirical 
estimate of charge densities seems highly desirable. While 
'H and 13C chemical shift values from the NMR spectra 
are most frequently used to correlate charge densities in 
aromatic compounds,' the NMR spectra of arsabenzene 
are dominated by very large diamagnetic effects due to the 
arsenic atom8 and do not lead to charge density informa- 
tion. Our approach has been to obtain the Hammett 
substituent constants (a) for each of the three positions 
on the arsabenzene ring and to use the values to estimate 
the charge desities. 

Although the Hammett u-p relationship was originally 
defined to correlate electronic effects on benzene rings, it 
should be valid to extend the relationship to hetero- 
aromatic systems, with the heteroatom treated as a sub- 
~ t i t u e n t . ~  Thus the pK, values of 2-, 3-, and 4-arsa- 
benzenecarboxylic acids define the corresponding u con- 
stants. The pK, value of 4-arsabenzenecarboxylic acid has 
been reported.l0 The necessary 2- and 3-arsabenzene- 
carboxylic acids have been obtained by the hydrolysis of 
their methyl esters, which were prepared by a modification 
of our previous pr0cedure.l' The pK, values of the three 

~ ~~~ 

(4) Clark, D. T.; Scanlan, I. W. J. Chem. Soc., Faraday Trans. 2 1974, 
vn rnnn 
I W ,  ILLL. 

(5) Herndon, W. C. Tetrahedron Lett. 1979, 3283. 
(6) Ashe, A. J., 111; Chan, W.-T. Tetrahedron Lett. 1975, 2749. 
(7) Schaefer, T.; Schneider, W. G .  Can. J.  Chem. 1963, 42, 966. 

Nelson, G .  L.; Williams, E:. A. Prog. Phys. Org. Chem. 1976, 12, 229. 
(8) Ashe, A. J., III; Sharp, R. R.; Tolan, J. W. J.  Am. Chem. SOC. 1976, 

98. 5451. - - ,  - - - ~  
(9) Jaffi5, H. H.; Jones, H. L. Adu. Heterocycl. Chem. 1964, 3, 209. 

(10) Maerkl, G.; Kellerer, H. Tetrahedron Lett. 1976, 665. 
Tomasik, P.; Johnson, C. I). Ibid. 1976, 20, 1. 

Table I. pK,'s of Benzoic Acid and 
Arsabenzenecarboxylic Acids at 20.0 "C 

with the Derived u Values 

acid PK, 0 

benzoic 4.20 t 0.03 0 
2-arsabenzenecarboxylic 3.93 * 0.03 0.3 
3-arsabenzenecarboxy1ic 3.79 i 0.03 0.4 
4-arsabenzenecarboxylic (4.10)= 0.1 

(I Reference 10. 

arsabenzenecarboxylic acids as well as that of benzoic acid 
are listed in Table I. 

The order of increasing acidity is benzoic C 4- C 2- C 
3-arsabenzenecarboxylic acid, while the corresponding u 
values are 0, 0.1,0.3, and 0.4. It should be recognized that 
the carboxylic acid and carboxylate anion groups of the 
2-acid may be subjected to relatively large proximity effects 
from the adjacent arsenic atom which could influence its 
pK, value.12 Nonetheless, it is tempting to assign the 
relative electron densities of these positions as benzene > 
4- > 2- > 3-arsabenzene. The small but positive u values 
clearly indicate that all of the carbon atoms are slightly 
electron deficient with respect to benzene, which requires 
the arsenic to be slightly electron rich. We have arrived 
at a similar conclusion independently from an analysis of 
the ESCA and Auger spectra of ar~abenzene.'~ However, 
the small differences in values of the u constants suggest 
that there is not much difference in electron density be- 
tween different carbon atoms. 

The dipole moment of arsabenzene can be thought of 
as the vector sum of the charge densities on individual 
atoms. If it is assumed that u values are directly pro- 
portional to charge density a t  the corresponding carbon 
atoms,14 the known structure15 and dipole moment6J6 of 
arsabenzene can be used to calculate the empirical charge 
densities tabulated in Figure 1. These empirical charge 
densities must be regarded as very approximate because 
of our assumptions and the fact that we have neglected 
any contribution from the hydrogen atoms. 
Our charge densities are in modest qualitative agreement 

with those obtained by Clark's ab initio calculations and 
Herndon's HMO model. However, both treatments predict 
too large a charge separation as indicated by their un- 
realistic dipole moments. On the other hand, while 
Schweig's CND0/2 calculation predicts a reasonable value 
for the dipole moment, both the low electron density on 
arsenic and the relatively large difference in electron 
density between C2 and C3 are not supported by our work. 
We hope that our estimate of the charge distribution of 
arsabenzene will be useful to others applying MO methods 
to arsabenzene and other group 5 heterobenzenes. 

(11) Ashe, A. J., 111; Friedman, H. S. Tetrahedron Lett. 1977, 1283. 
Ashe, A. J., 111; Chan, W.-T.; Smith, T. W. Ibid. 1978, 2537. 

(12) This effect is analogous to the ortho effect, although the steric 
portion of the ortho effect is likely to be absent. See: Fujita, T.; Nishioka, 
T. Prog. Phys. Org. Chem. 1976,12,49. 

(13) Ashe, A. J., 111; Bahl, M. K.; Bomben, K. D.; Chan, W.-T.; Grim- 
zewski, J. K.; Sitton, P. G.;  Thomas, T. D. J .  Am. Chem. SOC. 1979 102, 
1764. 

(14) Considerably better correlations are found by using multiparam- 
eter substituent constants. See: Topsom, R. D. Prog. Phys. Org. Chem. 
1976,22,1. Although our approach is recognized to be naive, a t  present 
the single-parameter u constants are the only experimental measure of 
electron availability on the arsabenzene ring. However, we are encour- 
aged that the pK, values of azuloic acids show reasonable correlations 
with charge densities calculated by HMO and VESCF methods. See: 
McDonald, R. N.; Reitz, R. R. J.  Org. Chem. 1972, 37, 2703. 

(15) Wong, T. C.; Ashe, A. J., 111; Bartell, L. S. J .  Mol. S t r u t .  1975, 
25, 65. 

(16) Lattimer, R. P.; Kuczkowski, R. L.; Ashe, A. J., 111; Meinzer, A. 
L. J .  Mol. Spectrosc. 1975, 57, 428. 



2018 J. Org. Chem. 1980,45, 2018-2020 

Experimental Section 
Methyl 3-Arsabermzenecarboxylate and Methyl 2-Arsa- 

benzenecarboxylate. A solution of 1.7 g (12 mmol) of arsa- 
benzene and 2.3 g (27 mmol, 2.2 equiv) of methyl propiolate in 
20 mL of mesitylene was heated a t  120 "C for 15 h, after which 
all low-boiling materials were removed by vacuum distillation. 
Analysis of the residue by GLC (l/* in. X 8 ft  column, packed with 
20% Carbowax 20-M on Chromosorb W at  185 "C) showed methyl 
l-arsabicyclo[2.2.2]octn-2,5,7-triene-3- and -2-carboxylate present 
in the ratio of 63:37. The mixture of carboxylates was used without 
further purification. 

A solution of the two carboxylates obtained above and 2.8 g 
(12 mmol) of 3,6-bis(2-pyridyl)tetrazine in 20 mL of methylene 
chloride was stirred for 16 h. GLC (1/4 in. X 5 f t  column packed 
with 5% SE30 on Chromosorb W at  150 "C) showed no unreacted 
starting materials. Tlhe suspension was then filtered, and the 
residue was washed with cold benzene. The solvent was then 
removed from the filtrate and the residual oil distilled under 
vacuum to give a light yellow oil: bp 67 OC (0.1 torr); yield 1.67 
g (70% based on arsalbenzene). 

GLC analysis (1/4 in. X 5 ft column packed with 15% XF-1150 
on Chromosorb W a t  '175 "C) of the oil showed the presence of 
methyl 3- and 2-arsabenzenecarboxylate in the ratio of 6238. The 
two carboxylates can be separated by preparative GLC and were 
found to be identical with those obtained by the pyrolysis of the 
corresponding methyl imabicyclo[ 2.2.2]octatriene~arboxylates.~~ 

3-Arsabenzenecarboxylic Acid. To a solution of 102 mg (1.9 
mmol) of sodium methoxide in 10 mL of 1:1 (v/v) water-methanol 
was added 119 mg (0.6 immol) of methyl 3-arsabenzenecarboxylate 
in 200 pL of methanol. The mixture was heated at 70 "C for 15 
h. It was then extracted once with methylene chloride, which was 
found to  contain no starting material. The base was then neu- 
tralized with a solution of 409 mg (2.15 mmol) of p-toluenesulfonic 
acid monohydrate in 5 mL of water, and the product was extracted 
into methylene chloride (4 X 7 mL). Removal of solvent by 
distillation gave a white solid. The crude yield was 111 mg (100%). 
A 98-mg sample was recrystallized from 6 mL of water to give 
70 mg (71%) of white needles: mp 86 "C; 'H NMR (CDC13) 6 
8.07 (1 H, t ,  J = 9 Hz), 8.43 (1 H, d, J = 9 Hz), 10.03 (1 H, d, J 
= 9 Hz), 10.63 (1 H, s), 11.67 (1 H, br 8); mass spectrum, m / e  184 
(M+, C&&02, base peak). Anal. Calcd for C6H&02: C, 39.16; 
H,  2.74. Found: C, 3!3.21; H, 2.84. 

2-Arsabenzenecarbxylic Acid. An analogous procedure was 
followed by using the following amounts of materials: 103 mg 
(1.9 mmol) of sodium methoxide, 127 mg (0.64 mmol) of methyl 
2-arsabenzenecarboxylate, and 418 mg (2.20 mmol) of p- 
toluenesulfonic acid monohydrate. The crude yield was 110 mg 
(93%). A 93-mg sample was recrystallized from 6 mL of water 
to  give 71 mg (76%) (of yellow needles: mp 86 "C; 'H NMR 

(1 H, d, J = 8 Hz), 9.87' (1 H, d, J = 8 Hz), 11.85 (1 H, bs); mass 
spectrum, m / e  184 (Mk, C6HJs02, base peak). Anal. Calcd for 
C6H&O2: C, 39.16; €I, 2.74. Found: C, 39.00; H, 2.80. 

Determination of 1)issociation Constants. The ionization 
constants of benzoic acid, 2-arsabenzenecarboxylic acid, and 
3-arsabenzenecarboxylic acid a t  20.0 f 0.1 "C were determined 
by potentiometric titration under nitrogen, with a Radiometer 
titrator T I T 2  and a Radiometer ABU 12 autoburet. The glass 
electrode was standardized before and after each determination. 
The method of Albert and Serjeant was used to determine the 
pK, values." 
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The autoxidation of alkylidenetriphenylphosphoranes 
(ylides) has been found to be a valuable method for the 
preparation of symmetrical olefins2p3 including cyclic 
 one^.^^^ A similar method for the preparation of sym- 
metrical olefins by autoxidation of the carbanion of ben- 
zyldiphenylphosphine oxide was reported by Horner and 
co-workers.6 Ketones were obtained by the same author 
by autoxidation of (1-phenylalky1)diphenylphosphine ox- 
ides. 

In this report the autoxidation of the anions derived of 
diphenyl [aryl[ (4-nitrophenyl)amino]methyl]phosphonates 
will be described which leads to the formation of the 
corresponding aroyl anilides. The phosphonates which are 
starting materials for this reaction are easily obtained in 
a one-pot reaction from diphenyl phosphite, an aniline, and 
an aromatic aldehyde7?* (Table I). They are transformed 
into the corresponding a-heterosubstituted phosphonate 
carbanions smoothly by using potassium tert-butoxide in 
dimethyl sulfoxide as base. For the autoxidation, the 
carbanions were placed under 50 psi of oxygen and shaken 
for 12 h. In every case the corresponding anilide (Table 
11) was isolated in a fair to good yield. 

Discussion 
The overall reaction sequence for the autoxidation of 

ylides was formulated by Bestmann3 as in Scheme I. The 
ylide was cleaved by oxygen initially into one molecule of 
triphenylphosphine oxide and a molecule of aldehyde. The 
latter then reacts with an unoxidized ylide in a typical 
Wittig reaction to give the final products, the symmetrical 
olefin and a second molecule of triphenylphosphine oxide. 

The mechanism of the autoxidation of the diphenyl 
[aryl[ (4-nitrophenyl)amino]methyl]phosphonates of this 
study has not been investigated. Neither we nor the earlier 
 investigator^^*^ have any evidence to decide upon the de- 
tailed mechanism of the oxygen carbanion interaction. 
Two modes of reaction seem to be the most reasonable: 
(a) the oxygen and the carbanionic species react in a 
concerted manner to form a 1,2-dioxaphosphetane as an 
intermediate which fragments into products, or (b) a 
peroxide intermediate forms first which collapses via the 
four-membered intermediate into products (Scheme 11). 
In the light of recent findings it seems more probable to 
assume that the oxygen in the highly basic solution reacts 

(1) (a) Paper 9: Rusty E. Koenigkramer and Hans Zimmer, Tetra- 
hedron Lett., 1017 (1980); (b) presented in part at the ACS/CSJ Chem- 
ical Congress, Hawaii, Apr 1979, Abstract No. ORGN 508; (c) projected 
PbD. Thesis, University of Cincinnati, June 1980; (d) M.S. Thesis, 
University of Cincinnati, 1977. 

(2) H. J. Bestmann, Angew. Chem., 72, 34 (1960). 
(3) H. J. Bestmann and 0. Kratzer, Chem. Ber., 96, 1899 (1963). 
(4) H. J. Bestmann, H. Haberlein, and 0. Kratzer, Angew. Chem., Int. 

(5) H. J. Bestmann, Angew. Chem., Int. Ed. Engl., 4, 830 (1965). 
(6) L. Horner, H. Hoffmann, G. Klahre, V. G. Toscano, and H. Ertel, 

(7) E. K. Fields, J. Am. Chem. SOC., 74, 1528 (1952). 
(8) Hans Zimmer and D. M. Nene, J. HeterocycL Chem., 15, 1237 

Ed. Engl., 3, 226 (1964). 

Chem. Ber., 94, 1987 (1961). 

(1978), and additional references therein. 
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