
4234 J. Org. Chem., Vol. 36, No. 18, 1970 NOTES 

Compd 
no. 

la 
l b  
IC 
Id 
2b 
2c 
2e 
3a 
3b 
3c 
6a 
6c 
6e 
7 
9 

10 

Yield, 
% 

77 
65.5 
88 
70 
63 
34 
63 
80, 
880 

l O O h  

94 
73 
76 
70 
85 
88 

Crystd 
froma 

A 
A 
Be 
€3 
C 
D 
B 
C 
C 
C 
B 
B 
€3 
E 
C 
E 

TABLE IV 
YIELDS AND PHYSICAL DATA FOR THE SYNTHESIZED COMPOUNDS 

Empirical 7- Calcd, %- 9 

Mp, OCb formula C H N 
183-234 c z 6 H z t) N z 86.63 5.59 7.770 
199-225 CzeHisFzNz 78.77 5.45 7. 07d 
190-240 CzsHz*Nz01 79.97 5.75 6.66 
250-280 CZ6H20NzOz 79.57 5.14 7.14 
273-275 dec CreHid"zNz0 76.08 3.93 6.83 
295-297 dec CnaHzzNzOa 77.40 5.10 
260-267 dec CaoHzzNz06 73.46 4.52 5.71 
299-300 CzsHisNz 87.12 5.06 7.82 
275-280 Cz6HieFzNz 79.17 4.09 7.10 
288-290 CzsHzzNd% 80.35 5.30 6.69 
215-240 CZSHZZNZ0 83.55 5.51 6.96 
203-213 CaoHzsNzOa 77.90 5.67 6.06 
195-222 CazHzeNzOs 5.40 
137-140 Cl9Hl6NZ 83.79 5.92 10.29 
159-160 CioHiaNzO 79.70 4.93 9.78 
220-221 C21H18N20 80.23 5.77 8.91 

-- Found, %b- 
C H 

86.50 5.54 
78.86 4.86 
79.79 5.83 
79.57 5.28 
76.23 3.87 
77.43 5.28 
73.78 4.57 
86.85 5.41 
79.15 4.28 
80.30 5.14 
83.57 5.55 
77.70 5.48 

84.01 5.89 
79.91 5.03 
79.97 5.77 

-7 

N 
7.97 
6.78 
6.83 
7.17 
6.85 

5.67 
7.67 
7.01 
6.85 
6.97 
6.24 
5.32 
9.99 
9.97 
9.11 

a Solvent key: A (pyridine), B (p-dioxane), C (toluene), D (0-dichlorobenene), E (ethanol). Melting points were determined on a 
Fisher-Jones apparatus and are corrected to standards. The wide ranges indicate that melting depends on the temperature a t  which 
the substance is put on the plate. If put on a t  or below the lower 
figure, melting begins a t  the given point but spreads over a wider range. Microanalyses were determined by Schwarzkopf Microanalyti- 
cal Laboratories, Woodside, N. Y., and A. Bernhardt, Elbach uber Engelskirchen, West Germany. c Calcd: mol wt, 360. Found: 
mol wt, 365. Calcd: F, 9.58. Found: F, 9.34. e Under Nz atmosphere. f Obtained from AlzOa oxidation of la. 0 Obtained 
from the oxidation of 1b with an equivalent amount of m-chloroperoxybenzoic acid. * Obtained from the disproportionation reaction 
of IC. 

If put on within a degree of the top figure, the melting range is 1'. 

and dried giving 6a, 6c, or 6e.I8 Attempts to monoacetylate 
l b  or, by prolonged boiling, to diacetylate la  produced the 
corresponding azo compound in each case. 

Reduction of 2J'-Azoxyfluorene (2a) with Phenylhydrazine.- 
A mixture of 1 g of 2a and 10 g of phenylhydrazine was heated 
to 225" for 30 min. At 165', evolution of gas began. The 
resulting oil was cooled and poured into water to form a white 
precipitate, which was filtered off and dried to give 0.85 g (90%) 
of 4a, mp 125-127'. 

2-Fluorenylazobenzene @).--To a solution of 1.8 g (0.01 mol) 
of 4a in 40 ml of ethanol, 1.1 g (0.0103 mol) of nitrosobenzene 
and 2 ml of glacial acetic acid were added. The mixture was 
heated to 50' and allowed to cool. The precipitate was filtered 
off and recrystallized from ethanol giving 2.6 g (95%) of 8, mp 
174-175" (lit.20mp 173-174'). 
N1-2-Fluorenyl-N2-phenylhydrazine (7).-A solution of 1.35 

g of 8 in 10 ml of pyridine was treated with 10 mg of Ru on C 
(5%) and 1 ml of hydrazine hydrate (100%) and boiled until the 
solution was decolorized (5 min). After filtration, the solution 
was concentrated to 5 ml. Addition of 30 ml of petroleum ether 
(bp 30-60°), brought out 0.95 g of 7, mp 137-139'. 
N1-Acetyl-N1-2-fluorenyl-N a-phenylhydrazine ( 10) .-Acetyla- 

tion, as above, of 2.7 g of 7 gave 2.75 g of 10, mp, 318-321°.21 
N-2-Fluorenylazoxybenzene @).-A solution of 2 g (0.0074 

mol) of 7 in 50 ml of toluene was treated with 2 g (0.01 mol) of 
m-chloroperoxybenzoic acid, boiled for 10 min, and cooled. The 
yellow precipitate was filtered off, washed with ethanol, and 
dried, giving 1.8 g of 9, mp 159-160'. 

Registry No.-la, 24247-79-8; lb ,  26319-77-7; IC, 
26319-78-8; Id, 26319-79-9; 2a (cis), 26332-74-1; 2a 
(trans), 26332-70-7; 2b (cis), 26332-75-2; 2b (trans), 
26395-33-5; 2c, 26319-80-2; 2e (cis), 26332-76-3; 2e 
(trans) , 26347-40-0; 3a (cis), 26332-77-4; 3a (trans), 

(19) All of the mono-N-acetylhydrazo compounds were obtained analyti- 
cally pure with respect to  c, H, and N. However, in no case were values 
for N-acetyl correct or anywhere near correct. With 6& this was true for 
two different commercial analysts. However, we were able t o  analyze in- 
directly for N-Ac by reductive splitting, thus recovering an equivalent of 
N-acetylated amine within reasonable limits of theoretical values. As a 
oheok on this anomalous situation we made the known mono-N-acetyl- 
hydrasobenzene. N-acetyl values for this otherwise analytically pure com- 
pound also were abnormally low (Calcd: 19.03. Found: 14.26). 

(20) 0. M. Friedman, R. M. Gofstein, and A. M. Seligman, J .  Amer. 
Chem. SOC., 71,  3010 (1949). 

(21) None of the other possible mono-N-acetyl isomer was detected. 
Reductive splitting of 10 led to a quantitative yield of N-(2-flnorenyl)acet- 
amide. 

26332-71-8; 3b (cis), 26332-78-5; 3b (trans), 26332-72- 
9; 3c, 26347-41-1; 4a, 153-78-6; 4b, 363-16-6; 6a, 
24225-71-6; 6c, 26319-84-6; 6e, 26319-85-7; 7, 26319- 
86-8; 8 (cis), 26332-79-6; 8 (trans), 26347-42-2; 9 
(cis), 26332-80-9; 9 (trans), 26332-73-0; 10,26319-87-9. 
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The classical method for determining the stereo- 
chemistry of ketoximes is based upon the preferential 
migration of the group anti to the oximino hydroxyl 
group during the Beckmann rearrangement. The 
shortcomings of this method for stereochemical assign- 
ment are well known.' Recent nmr studies have pro- 
vided alternate and more generally reliable techniques 
for assigning configuration. In  the method of K a r a  
batsos,2 nmr spectra were obtained in carbon tetra- 

(1) (a) P. A. 8 .  Smith in "Molecular Rearrangements," Part I, P. De- 
Mayo, Ed., Interscienoe, New York, N. Y., 1963, p 601; (b) w. 2. Heldt, 
Org. React., 11, 1 (1960). 

(2) G. J. Karabatsos, R. A. Taller, and F. M. Vane, J .  Amer. Chem. SOC., 
86,2326 (1963). 



NOTES J. Org. Chern., Vol. 56, N o .  l b ,  1970 4235 

Ref 

l b  
l b  

a . . .  
0 . . .  

l b  

7 

9 . . .  

Compd no. 
I 

I1 
I11 
IV 
IV 
V 
V 

VIE 
V P  

VIIe 
VI16 
VIIe 
VI10 

VIIIf 
VIII 

IXh 
I X  

TABLE I 
EFFECT OF HYDROQEN CHLORIDE ON 60-MHz NMR SPECTRUM O F  

N-OH 

R1-d--R2 
vo $ r- 

Registry no. R1 Rz Hz from TMS 2 ml 

26306-05-8 C6H5 CHa 124.7 1 . 3  
26306-06-9 CeHi CBH~CHZ 245.7 1 .4  
26306-07-0 CsH5CH ( OCHa) CsHb 308.7 -24.4 
26306-08-1 CsH5CHCHa CHa 100.2 1.1 

Ce"CHCHa CHa 206.3 -3 .4  
1188-11-0 CHaCHz CHsCHz 136.6 . . .  

CHaCHz CHaCHz 118.6 . . .  
26306-10-5 n-C3H, CHa 102.8 . . .  
26306-1 1-6 CHa n-C& 97.4 . . .  
10048-64-3 CsH5CHz CHa 99.4 3 . 5  

Ca&CHz CHa 196.5 . . .  
10048-65-4 CHa CaHsCHz 215.8 3 .2  

CH3 CaH5CHz 93.4 . . .  

CHz(CHz)aCHz 126.2 . . .  

d 

d 

d '  

d 

d 

d 

100-64-1 CHz(CHz)aCHz 147.5 1 .0  
d 

26358-61-2 CH=C (CHa)CHzC(CHa)zCHz 367.5 -1.7 
CH=C (CHa XHzC (CHs )zCHz 147.0 1 .5  

Vo - VHCl, HZa- 
6 ml 10 ml 

3 . 4  5 .0  
3 . 5  4.9 

-49.5 -55.3 
3.0 4 . 5  

-10.2 -17.0 
2.2 3 .3  

-1.5 -3 .1  
1 .7  2.2 

6 .5  10.3 

7 . 3  10.7 
-1.9 -5 .1  

2.7 9 . 1  
-2.2 -4.3 
-4 .5  -7 .3  

3 . 5  5 .5  

. . .  d -2 .0  

-6.7 -14.0 

a Chemical shift in benzene solution minus chemical shift after treatment with the indicated volume of concentrated hydrochloric 
d Differences of less 

6 Where stereoisomeric mixtures were studied, the first entry 
acid vapor. 
than 1 Hz were considered insignificant and, therefore, are not reported. 
is the principal isomer. f Cyclohexanone oxime. 

b R. K. Hill, J. Org. Chem., 27, 29 (1962). 0 A. Campbell and J. Kenyon, J. Chem. Soc., 25 (1946). 

R. H. Mazur, J .  Org. Chem., 26,1289 (1961). h anti-Isophorone oxime. 

chloride and in benzene. The magnitude of the ben- 
zene-induced changes in chemical shifts were then taken 
as an indication of configuration. Correlation of l5N- 
H coupling constants with stereochemistry has been 
accomplished, although the cost of I6N-labeled hydroxyl- 
amine hydrochloride makes the method rather expen- 
sive. Studies relating the chemical shift of the oximino 
hydroxyl proton to  configuration have also been con- 
ductedS4 

We wish to  report an nmr method for assigning ketox- 
ime stereochemistry which is simple and inexpensive. 
I n  addition, the procedure reported here obviates the 
need for comparing one's own experimental data with 
previously compiled values, which may or may not be 
applicable to  the compound at  hand. 

Using benzene solutions of dialkyl, cycloalkyl, alkyl- 
phenyl, and a,b-unsaturated ketoximes of known con- 
figuration, we observed that in all cases investigated, 
the addition of small amounts of concentrated hydra- 
chloric acid vapor to  an nmr sample caused the a pro- 
tons syn to the hydroxyl group to  shift to  higher field, 
while the anti a protons were shifted to  lower field. 
One of the more dramatic examples of this effect was 
provided by the spectrum of a stereoisomeric mixture of 
phenylacetone oximes, in which peak transposition 
occurred (Figure 1). I n  all cases examined, the changes 
in chemical shifts (Vo - VHCI) produced by adding 10 
ml of the reagent to  approximately 1 ml of oxime solu- 
tions were large enough to be unambiguously recognized 
and measured (Table I). That hydrochloric acid vapor 
was observed to catalyze syn-anti isomerization in 
some instances (compounds I11 and VII, for example) 
is of no serious consequence, since stereochemical purity 
may be established2f6*6 from the spectrum obtained 
before the addition of this reagent. 

(3) D. Crepaux, J. M. Lehn, and R. R. Dean, M o l .  Phys., 16, 225 (1969). 
(4) G. G. Kleinapehn, J. A .  Jung, and 8. A. Studniars, J .  Org. Chem., 32, 

(5) P. J .  Beynon, P. M. Collins, and W. G. Owrend, J .  Chenz. Soc. C, 272 
460 (1967). 

(1969). 

N 
9 O H  

N' 

mi H C I  

10 [ i , L  C A  B D  

Figure 1. 

The involvement of the aromatic solvent in causing 
this effect was deduced from a study of chloroform solu- 
tions of I, 11, 111, V, and VII. The hydrogen chloride 
ihduced spectral changes for I, 11, and V were virtually 
zero (<1 Hz). in this solvent. The effects of hydrogen 

(6) A. C. Huitrio, D. B. Roll, and J. R. DeBoer, J .  O w .  Chem., 32, 1661 
(1967). 
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chloride on the spectra of I11 and VI1 were similar in 
chloroform to those observed in benzene, but the mag- 
nitude of the changes was much smaller. These small 
changes may have been due to the presence of the aro- 
matic rings in the oximes themselves.’ 

In  agreement with previous r e p o r t ~ , ~ * ~ ’ ~  the data in 
Table I demonstrate that for benzene solutions of 
ketoximes a given set of CY protons resonates a t  lower 
field when syn to the oximino hydroxyl group than when 
anti. This fact has been explaineda in terms of com- 
plex formation between the oxime and the aromatic 
solvent. Such complexes (a preferential orientation of 
aromatic molecules with respect t o  the electric dipole 
in a polar solute) have been proposed in numerous cases 
to account for solvent-induced changes in chemical 
shifts.9-’5 The complex proposeda for oximes (1) satis- 

CI- 

/OH ti + OH 
‘N’ 

3 
factorily accounts for a large amount of experimental 
data2,5-7116117 and, based on the currently accepted 
theory of complex formation, implies that the negative 
end of the dipole moment in oximes lies in the area of 
the oxygen atom. 

We suggest that the effect of hydrogen chloride is due 
to the change in dipole moment produced by protona- 
tion of the oxime. Concommitant with this change in 
dipole moment, a reorientation of the solvent molecule18 
with respect to the oxime hydrochloride would be antici- 
pated. 

On the basis of spectral evidence, oxime hydrochlo- 
rides are believed to be protonated on ni t r~gen. l~*~O It 
has been suggested20 that the dipole moment in these 
salts lies along the N+-H bond. If this is the case in 
benzene solution, one would anticipate a complex (2) 

(7) E. Lustig, J. Phys .  Chem., 65,491 (1961). 
(8)  G. J. Karabatsos and R.  A. Taller, Tetrahedron, 24, 3347 (1968). 
(9) D. H. Williams and N. S. Bhacca, ibid, 21, 2021 (1965). 
(10) J. V. Hatton and R. E. Richards, Mol. Phys. ,  3, 253 (1960); 6, 1953 

(1962). 
(11) H. M. Hutton and T. Schaefer, Can.  J. Chem., 43, 3116 (1965). 
(12) J. Ronayneand D. H .  Williams, Chem. Commun. ,  712 (1966). 
(13) J. H. Bowie, J. Ronayne, and D. H. Williams, J. Chem. Soc. B,  535 

(14) J. Ronayne and D. H. Williams, ib id . ,  540 (1967). 
(15) T. Yonezawa, I. Morishima, and K. Takeuchi, BUZZ. Chem. Soc. Jap. ,  

(16) G. J. Karabatsos and N. Hsi, Tetrahedron, 28, 1079 (1967). 
(17) L. Cavalli, J. Chem. SOC. B, 1453 (1968). 
(18) For simplicity, the complexes are considered to  be monomeric 1:l 

I n  actuality, association similar to  that 

(1967). 

40,1807 (1967). 

complexes of solute and solvent 16. 
proposed for aldoximes 7 may be occurring. 

(19) H. Saito, K. Nukada, and M. Ohno, Tetrahedron Lett., 2124 (1964). 
(20) H. Saito, I. Terasawa, M. Ohno, and K.  Nukada, J .  Amer.  Chem. Soc., 

91, 6696 (1969). 

having Rz closer to the diamagnetic region of the solvent 
molecule than was the case in 1. Likewise, R1 should be 
deshielded in 2 relative tto 1. While such a model ade- 
quately explains the observed changes in chemical 
shifts, so would the oxygen protonated complex, 3. 
Since the addition of hydrogen chloride catalyzed chem- 
ical exchange of the hydroxyl proton as indicated by 
signal widths in the nmr spectra, we feel there is ample 
reason to consider both of the suggested species in ex- 
plaining our data. 

Experimental Section 

Ketoximes.-All of the ketoximes used in this study were pre- 
pared in our laboratories using standard techniques21 and were of 
known configuration (see references in Table I). 

Nmr Spectra.-Spectral data reported in this paper were re- 
corded on a Varian HR6O-IL (60 MHz) spectrometer. Similar 
results were also obtained from a Varian A-60-D spectrometer. 
The studies were carried out using approximately 10% (w/w) 
solutions in benzene or using saturated solutions where solubility 
was a problem (compound 111). 

General Procedure.-The nmr spectrum of the ketoxime was 
recorded, and the chemical shifts ( VO) for the (Y protons were 
measured. Hydrochloric acid vapor was withdrawn from the 
atmosphere in a concentrated hydrochloric acid reagent bottle 
using an eyedropper of sufficient length to  reach to the bottom of 
an nmr sample tube. This gas was then slowly bubbled through 
the sample. The spectrum was recorded and chemical shifts were 
(vHC1) measured after each addition of hydrochloric acid vapor, 
made successively in 2-, 4-, and 4-ml portions. The foregoing 
volumes were based on the volume of the dropper bulb and must 
be regarded as approximate. Occasionally a precipitate began 
to form during the final addition but never became so voluminous 
that an acceptable spectrum could not be obtained. 

(21) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The Systematic 
Identification of Organic Compounds,” Wiley, New York, N. Y., 1956. 
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Following the discovery of the rearrangement of 2,2,2- 
trinitrochloroethane (1) t o  dipotassium tetranitro- 
ethane (2) in the presence of nitrite ion,2 a program was 

initiated t o  investigate the generality of this reaction 
with other substituted polynitro compounds and to 
obtain evidence pertinent t o  the mechanistic path of 
this rearrangement. The compounds investigated 
were X-C(N02)CH2-Y, where X = -NOz, -C1, -CIS,- 

* To whom correspondence should be addressed. 
(1) This work has been carried out as a part of the Lockheed Independent 

(2) F. G. Borgardt, A. K. Seeler, and P. Noble, Jr., J. Org. Chem., 81, 2806 
Research Program. 

(1966). 


