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added dropwise with constant stirring. The hydrazones imme 
diately dissolved, and the bromides precipitated out in 80-85 % 
yieMs after 10-30 min, the time depending mainly on the re- 
activity of the DNPs. In the case of hydrazidoyl bromides 6n-p, 
usually a 4-fold excess of bromine was used, and, after 4 h of 
stirring, the solution was warmed on a sand bath. The hydra- 
zkloyl bromides thus obtained were separated from the solution, 
washed with a little acetic acid and then with petroleum ether, 
and recrystallized from appropriate solvents (Table I). 

Hydraz/doy/ BromMes 6q-1. Hydrazones 5q-t (0.04 mol) 
were added to a mixture of 200 mL of glacial acetic acid and 
120 mL of acetic anhydride containing sodium acetate (27 g), 
and the temperature was lowered to 0-5 O C  by means of an 
ice-salt bath. To this was added over a I-h period bromine 
(0.04 mL) dissolved in 5 mL of acetic acid. After additional 
stirring for 3 h, the solution was poured into 2 L of water. A 
yellow product so obtained was stirred for some time and then 
left overnight at room temperature. The product was filtered, 
washed with water, and dried under vacuum. The products so 
obtained were generally crystallized from alcohol or aqueous 
alcohol. 
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The end contents of 14 2,P-dlsubstHuted 
5-cyanocyclopentanones and the analogous 
2,2disubstituted 6-cyanocyclohexanones are reported. 
The Brown-Brewster-Schechter predlctlon of less 
enollzatlon for the five-membered allcycllcs vs. the 
slx-membered analogues is valld for all but three cases 
(Ph, I-CSH,; Ph, CHSPh; Ph, tt-C,Ho). 

We previously reported (2) the development of a procedure 
for determining the percent enol for 2-cyanocyclohexanones by 
an infrared technique. Using this method for 14 compounds in 
the cyclohexanone series and 7 analogous compounds, which 
were available to us, in the cyclopentanone series (3, 4) gave 
data which led to a correlation attempt via the Brown-Brew- 
ster-Schechter proposal (5) to exo/endo bonds in five- or 
six-membered rings. The rule predicts less enolization in the 
five-membered compounds. 

We now report the synthesis of the remaining seven 2,2- 
disubstituted 5-cyanocyclopentanones and their enol contents 
as well as the necessary l-cyano-2-methoxy9,3disubstituted 
cyclopentenes (H, H; Me, Me; Ph, n-C5Hl,; Ph, Ph) employed 
as conjugated nitrile standards. 

Table 1. Percent Enol of 2Cyanocyclohexanones and 
2-C~anoc~clopentanones in Dioxane 

mol % enol 

substituents 

R R' 
H H 1 
Et Et 2 
Me Me 4 
C 6 H 5  i-butyl 6 
C 6 H 5  i-propyl 6 
C6H5 Et 6 
C 6 H 5  cyclohexyl 6 

C 6 H S  'HZ C 6 H 5  8 
C 6 H 5  n-propyl 8 
C 6 H 5  n-butyl 8 

9 

C 6 H S  n-amyl I 

37 
18 
20 
6 
5 

10 
6 

10 
4 

10 
5 

24 

Absorption of the keto nitriles in dioxane at 2210 cm-l 
(conjugated CN) gave the concentration of the enol form by 
reference to a calibration plot for a related I-cyano-2-meth- 
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Table 11. Boiling Points or Melting Points eC) of Compounds I-IV 

substituents compd I I1 111 Iv 
145 (1 mm) 157 (1 mm) mp 90-91 145 (1 mm) 
140-143 (1 mm) mp 71.5-73.5 mp 143-144.5 140 (1 mm) 
180-181 (1 mm) 172-173 (1 mm) mp 96-98 180 (1 mm) 
163-165 (1 mm) 165-168 (1 mm) mp 92.5-93.5 165 (1 mm) 
159-160 (1 mm) 173-178 (1 mm) 175-180 (1 mm) 160 (1 mm) 
mp 109.5-110.5 180-190 (1 mm) mp 141-142 mp 109.5-110.5 
185-187 (1 mm) 220-222 (2 mm) mp 103.5-104.5 187 (1 mm) 

oxycycloalkene. The cyclopentanone compounds are arranged 
in increasing percent enol in Table I. Replicate determinations 
were f0.3% in five of six cases and f0.8% for the exception. 

The infrared method was substantially superior to the NMR 
method when applied to this problem. 

The percent enol for the cyclopentanones range from 1 to 
13 % , and for the cyclohexanones they range from 4 to 37 % . 
The largest difference is in the first entry-the unsubstiiuted 
2-cyanocycloalkanones, Le., 1 % vs. 37%. In the cyclo- 
pentanone series the lower enol values tend to be related to 
symmetry of identical simple substituents. 

Comparison of enolization of the five-membered compounds 
wlth their six-membered analogues generally supports the 
Brown prediction. There are three exceptions according to this 
data, but the differences are not striking. 

Experimental Sectlon 

Infrared spectra were obtained on a Perkin-Elmer Section 
Model 237B instrument. NMR spectra were obtained on a 
Perkin-Elmer R24 instrument. Elemental analyses were by G. 
I. Robertson Laboratory, Floham Park, NJ, and were submitted 
to the editor. All spectra were consistent with the assigned 
structures, and representative curves will be published in the 
Sadtler Series at a later date. I-Methyl-3-p-tolyltriazene was 
purchased from willow Brook Laboratories, Inc., P.O. Box 526, 
Waukesha, WI  53186. 

Synthetic Sequence. The additional cyciopentanones re- 
quired for this study were synthesized via the previously de- 
scribed (3) sequence: Le., alkylation of the appropriate alkyl- 
phenylacetonitrile with I-bromo-3-chloropropane to the 5- 
chloro-2-alkyl-2-phenylpentanenitrile (I) - 2-alkyl-Bphenyl- 
hexanedinitrile (11) - 2-alkyC2-phenyl-5-cyanocyclopentanon- 
imine (+ enamine tautomer) (111) - 2alkyC2-phenyl-5-cyan* 
cyclopentanone (IV). Although several of the precursor com- 
pounds in this sequence were previously reported (6), we found 

some differences in properties and have listed all additional 
compounds prepared in our work. The boiling points or melting 
points are listed in Table 11. 

l-Cyano-2-met~~cyc~pehoxycyclopentenes. Equimolar quantities 
of the 2-cyanocyclopentanones and I-methyl-3-p-tolytriazene 
were dissolved separately in ether. Slow addition of the ketone 
usually evolved nitrogen. When gas evolution was not spon- 
taneous, the mixture was refluxed for 10-30 min. The mixture 
stood ovemlght, and then 10% HCI was added. Fwther washes 
with dilute NaOH and then water were followed by drying (Mg- 
SO,). After being filtered, the solution was concentrated. Li- 
quids were purified by distillation and solids by recrystallizatlon 
from 50% ethanol. Pure products were obtained in 50-80% 
yields. The parent compound had bp 101-104 O C  (25 mm). 
The 3,3disubstituted compounds were as follows: CH3, CH3 
(bp 123-128 OC (1 mm)); Ph, nC5Hll (bp 160-166 OC (5 mm)); 
Ph, Ph (mp 118-1 19 "C). These compounds were utilized as 
the calibration standards as previously descrlbed (2) for the four 
types of cyclopentanones: H, H; alkyl, alkyl: phenyl, alkyl; and 
diphenyl. 

~ e n n h a t k n  of En&. The previously described procedure 
was utilized (2). 
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The chemistry of hydroxamic acid has been of considerable 
interest to this research group since 1960 ( 7). Over this period 
the preparation and the properties of more than 200 hydrox- 
amic acids were reported (2- 73). The present investigation 
deals with the preparation and the properties of 13 N-aryl- 
hydroxamic acids, I 

Thirteen new N-substltuted hydroxamlc acids were 
prepared by the acylation of N-arylhydroxylamine with 
appropriate acid chloride at low temperature In ethereal 
solutions containing a suspension of a l u m  bicarbonate. 
The yields range from 40% to 90%. These compounds 
were characterized In terms of elemental analyses, 
melting points, and uitravlolet and Infrared spectra. 

'Pari of the Ph.D. Thesis of V.C.K., Ravishankar University, Ralpur, India, 
1981. 

R-C=O 

I 
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