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Reaction of cis-2-chloro-6-phenylcyclohexanone (1) with 0.05 M NaOMe in MeOH gave only cis- and trans- 
2-methoxy-6-phenylcyclohexanones. Observation of a small k B r / k C '  rate ratio (ca. 4) for this reaction showed 
that the deprotonation step was rate limiting. Even 2 M NaOMe failed to produce Favorskii ester from 1, 
whereas piperidine in MeOH gave the Favorskii amide in high yield. Piperidine was also effective in giving a 
Favorskii product from l-bromo-l,3,3-triphenyl-2-propanone whereas NaOMe was not. With 1-chloro-2-phenyl- 
2-propanone ( 5 )  piperidine gave a high yield of Favorskii amide. In the presence of 0.17 M piperidine and 0.17 M 
NaOMe in MeOK 5 gave 60% of amide and 40% of ester. It is suggested that the superiority of piperidine to 
methoxide ion in promoting Favorskii rearrangements in these systems is caused by its ability to form a Favorskii 
amide from an intermediate other than a cyclopropanone; enamine 19 is suggested as a likely intermediate. 1- 
Bromo-l,3-diphenyl-2-propanone reacted with piperidine in 507, ether-chloroform to give 60% of amide; no 
amide was formed in MeOH. 

Reactions of a-halo ketones with alkoxide bases pro- 
ceed by two principal pathways: (1) attack a t  the 
carbonyl group leading to a-alkoxy oxiranes and (on 
work-up) to a-hydroxy ketones or a-hydroxy ketals, 
and (2) enolate ion formation leading to Favorskii re- 
arrangement products and a-alkoxy ketones. Enolate 
ion formation is strongly promoted by the presence of a 
phenyl group at the a'-carbon atom. For example, 
PhCHzCOCHzCl reacts with 0.05 M NaONIe in NeOH 
to give a quantitative yield of Favorskii ester,3a 
whereas the isomeric PhCHClCOCHa gives only 13% 
yield under these  condition^.^^ We have now examined 
the effect of substitution of a phenyl group into the 
a position of 2-chlorocyclohexanone by studying the 
behavior of cis-2-chloro-6-phenylcyclohexanone toward 
NaOlIe in MeOH and toward piperidine in JIeOH. 
The investigation with secondary amines was extended 
to certain other a'-phenyl-substituted a-halo ketones. 

The reaction of secondary amines with a-halo ketones 
has generally been reported to give a-dialkylamino 
ketones as the primary product ( S N ~  reaction). In  
some instances small yields of Favorskii amides (20- 
30%) have been reported, h ~ w e v e r , ~  and two examples 
are known in which an amine derivative (an aminal) of a 
cyclopropanone was obtained in appreciable yield 
(37% from a-chlorocyclohexanone and 41% from 
a-chlorocycloheptanone) .5 In  the present paper sec- 
ondary amines have been found to produce Favorskii 
amides from several a'-phenyl a-halo ketones in high 
yields. The ability of piperidine to produce Favorskii 
products from two of these under conditions where 
methoxide ion is unable to do so is of synthetic and 
mechanistic significance, 
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Results 

Reactions with Sodium Methoxide in Methanol.- 
Reaction of cis-2-chloro-6-phenylcyclohexanone (1) 
tyith 0.05 M NaOYle in JIeOH gave a nearly quan- 
titative conversion into a mixture of cis- and t~aris-2- 
methoxy-6-phenylcyclohexanones (2 and 3, respec- 
tively) ; little or no Favorskii ester (methyl 2-phenyl- 
cyclopentanecarboxylate) was formed. Increasing the 
sodium methoxide concentration to 2.5 M gave essen- 
tially the same result. Reactions with XaOMe in 
aprotic solvents (DJIE, DMSO, EtzO) also failed to 
produce ester. 

Rates of halide release at  0" in NeOH were deter- 
mined under second-order conditions using varying 
concentrations at  1 (0.00106, 0.00108, 0.00121, and 
0.00118 M )  and of NaOlIe (0.00951, 0,0698, 0.073, 
and 0.119 M ) .  The average second-order rate con- 
stant was 9.0 i= 2 X M-' sec-' (T = 0.99 for each 
run). The rate constant for the bromo analog of 1, 
determined in the same manner, was 3.67 =t 0.23 X 
lo-' M-' sec-'. 

Reactions with Secondary Amines.-Reaction of 
chloride 1 with excess piperidine at 0" for 1 hr gave 
conversion in high yield into Favorskii amide (trans- 
2-phenylcyclopentanecarboxpiperidide, 4). Amides 

0 

YYoMe 4 Zand 3 

4 

were also produced in high yields using high con- 
centrations of piperidine in methanol or 2.8 M di- 
methylamine in aqueous methanol. With low con- 
centrations of piperidine in l IeOH (0.10 to 0.33 M )  
mixtures of methoxy ketones (2 and 3) and amide 4 
were obtained. For example, with 0.10 M piperidine 
in MeOH about 55% of methoxy ketones and 45% 
of amide were formed. Increasing the concentration 
of piperidine to 0.33 114 increased the amount of amide, 
and an increase in amide relative to methoxy ketones 
was also observed on adding NaOMe (0.15 to 0.30 M). 
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Use of 0.33 M 2,2,6,6-tetramethylpiperidine in mgthanol 
gave only methoxy ketones (2 and 3) and no amide. 

Rates of reaction of piperidine (0.990 M )  with 1, 
and its bromo analog, in NeOH a t  0" were determined 
conductometrically; for 1, IC = 1.85 f 0.03 X 
M-I sec-I (average of three runs with r = 0.999 or 
better) and, for the bromo analog, k = 3.99 =tO.O9 X 

M - I  sec-I (average of three runs with r = 0.999 
or better). 

Reaction of l-chloro-3-phenyl-2-propanone ( 5 )  with 
1 M piperidine in methanol also gave Favorskii amide 
(6) as the principal product. With XaOMe present 5 
gave both Favorskii amide (6)  and Favorskii ester (7); 
for example, with 5 and 0.17 piperidine and 0.17 M 
KaOhIe 60% of amide 6 and 40% of ester 7 were 
formed. With 0.17 M piperidine and 0.33 M KaOMe 
40% of amide 6 and 55% of ester 7 were formed. Re- 

0 

R z N H  PhCH,CH,CONR, 
II 

6 
PhCH,CH,CO,Me MeOH 5 

7 

action of l-chloro-3-p-tolyl-2-propanone (8) with 2 M 
piperidine gave the corresponding amide (9) along 
with ca. 30% of l-piperidino-3-p-tolyl-2-propanone, 
10 (Sx2 product). Using 1 M piperidine and 1 fW 
IKaOMc in XeOH gave amide 9 and the corresponding 
cstcr ( l l) ,  but no 10. 

Reaction of l-bromo-1,3-diphenyl-2-propanone (12) 
with 0.1 M piperidine in &OH gave S N ~  product, 
l-piprridino-l,3-diphenyl-2-propanone, pluq a small 
amount of methoxy ketone; no amide was formed. 
With 0.5 M pipcridine in 50% (v/v) ether-chloroform 
40% of the amino ketone and 60% of amide were ob- 
tained. 

Reaction of l-bromo-l,3,3-triphenyl-2-propanone 
(13) with neat piperidine or with 7 M piperidine in 
MeOH gave Favorskii amide as the principal product. 
With 1 M piperidine in MeOH only ea. 10% of amide 
was formed, together with ca. 35% of 1,3-diphenyl- 
indanone' and ca. 10% of l-methoxy-l,l,3-triphenyl- 
2-propanone .6 [ 1,3-Diphenylindanone did not react 
with (neat) piperidine to form the amide under the 
experimental conditions. ] 

Discussion 
Formation of a-methoxy ketones 2 and 3 from the 

reaction of cis-2-chloro-6-phenylcyclohexanone (1) with 
low concentrations (0.05 M )  of NaOMc in MeOH is 
expected by analogy with the behavior of 2-chloro- 
cycl~hexanone'~ and of PhCH2COCHMeC1 (14) .7b 

The behavior of 1 differs, however, in that no Favorskii 
ester is produced even a t  high concentrations (2 M) of 
NaOMe. (With 2 ill NaOllIe 2-chlorocyclohexanone 
gives 49% of Favorskii ester and 47% of hydroxy 
ketal,'" and 14 gives 100% of Favorskii e ~ t ' e r . ~ ~ )  
Substitution of a phenyl group into t.he a' position of 
2-chlorocyclohexanone greatly enhances the rate of 
enolate ion formation relative to attack a t  the carbonyl 

(6) The indanone and methoxy ketone are the principal products formed 
with sodium methoxidein methanol; see ref 1. 
(7) (a) E'. G. Dordwell and J. G .  Strong, J. Org.  Chem., 88 ,  579 (1973). 

(b) F. G. Burdwell and M. W.  Carlson, J. Amer. Chem. Soc.,92,3370 (1970). 

group in 1; production of a-methoxy ketones (by 
methanolysis of the enol allylic chloride) and of Favor- 
skii ester is thereby favored over hydroxy ketal for- 
mation. 3 , 4 , 7  The presence of an additional a'-alkyl 
(ring) substituent in 1, as compared to 14, would be 
expected to enhance the methanolysis rate,8 which 
accounts for the formation of a-methoxy ketones in 
preference to Favorskii ester even in the presence of 
high concentrations of KaONe. 

The rate of chloride ion release from 1 with SaONe  in 
MeOH a t  0" is ca. 22 times faster than from 2-chloro- 
cyclohexanone. The rate acceleration can be at- 
tributed to the presence of the phenyl substituent in 
1, but the rates are not strictly comparable because 
preequilibrium carbanion-enolate ion formation is 
appreciable for 2-chlorocyclohexanone,9 whereas for 
1 the relatively small kBr/kC1 rate ratio (ca. 4; compare 
with 63 for PhCH2COCH2X) shows that proton re- 
moval is largely rate limiting. In  this respect the be- 
havior of l resembles that of 14 (kBr/1cC1 = 0.9).7b 
The 73-fold slower rate for chloride ion release for 1 as 
compared to 14 is no doubt due primarily to retardation 
of the deprotonation rate caused by the presence of 
an additional a'-alkyl (ring) substituent in 1. 

The ability of secondary amines to produce high 
yields of Favorskii amide from 1 in light of the failure 
of even high concentrations of methoxide ion to 
produce Favorskii esters suggests that the amide is 
being formed by a route not availablc for ester for- 
mation. One possibility is reaction via an enamine 
allylic chloride in a route similar to that suggested by 
Szmuszkovicz and coworkers6 for the conversion of 
2-chlorocyclohexanone with piperidine into the aminal 
of the Favorskii cyclopropanone (1 7). 

15 16 17 

An alt'ernative pathway for the formation of 17, which 
does not appear to have been ruled out, is reaction of 
piperidine wit'h an intermediate cyclopropanone. (Con- 
versions of cyclopropanones into aminals are known to  
occur readily.lO) The behavior of 1 toward piperidine 
(re1at)ive to methoxide ion) described above is accounted 
for much more readily by postulating an enamine 
intermediate, however, and the formation of Favorskii 
amides from l-chloro-3-phenyl-2-propanone ( 5 )  and 
from l-bromo-l,3,3-triphenyl-2-propanone (13) can 
also be accommodated best by this mechanism. There 
is persuasive evidence to  favor an enamine intermediatc 
over a cyclopropanone intermediate in the case of 5 .  
Here we have good reason to believe that the nearly 
quantitative yield of Favorskii ester formed from 5 and 
KaOMe-&OH is derived from a cyclopropanone 
i~~ te rmed ia t e .~  One would not expect piperidine to  be 
able to compete with methoxide ion for this inter- 
mediate since the carbonyl group is ordinarily much 

(8) The  ethanolysis rate of MezC=CHC€IzCI is ea. 65 times tha t  of 

(9) F. G. Bordrvell, R. R.  Frame, R .  G .  Scsmehorn, J. G .  Strong, snd  

(10) W. J. M .  Van Tilborg, S. E. Sohaafsma, H. Steinger, and T. J. 

MeCH=CHCHgCI: 

S. Meyerson, J. Amer. Chem. Soc., 69,6704 (1967). 

de Boer, Ree.  T r w .  Chem. Pays-Bas, 66,417 (1967). 

C. A,  Vernon, .I.  Chem. Soc., 423,4462 (1954). 
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more receptive to attack by methoxide ion.ll Forma- 
tion of a higher yield of amide than ester from 5 on 
treatmcnt with equivalent amounts of piperidine and 
methoxide ion is, therefore, inconsistent with the 
generation of both the amide and ester from a cyclo- 
propanone intermediate. It seems more likely that the 
amide is derived from an enamine intermediate (com- 
parable to  15) and that the ester is derived from a 
cyclopropanone intermediate. If this explanation is 
correct, enamine formation must be a rapid reaction 
since the second-order rate constant for the reaction of 
5 with methoxide ion is 2.6 X 10-I M-l sec-' a t  O o e 3  
Loss of bromide ion from 13 in the reaction with XaO- 
Me-OH to form l13-diphenylindanone is ca. 10 times 
faster,' which may explain the inability of amide 
formation (presumably via the enamine) to compete 
with 1,3-diphenylindanone formation (presumably via a 
dipolar ion) except a t  high concentrations of amine. 
The rate of loss of halide ion from 1, or its bromo 
analog, with NaOLIe-MeOH is of the same order of 
magnitude as for 5 (see above). Enamine formation 
can be reasonably expected to compete favorably, 
therefore, with formation of the a-methoxy ketone from 
1, as observed. 

Comparison of the behavior of 1 and 2-chlorocyclo- 
hexanon@ toward piperidine shows that the presence of 
the phenyl group promotes enamine formation at the 
expense of the S N ~  reaction, and causes formation of 
Favorskii amide in place of the aminal. The phenyl 
group no doubt promotes enamine formation by facili- 
tating deprotonation of an intermediate, such a5 18. 
The effect of methoxide ion in increasing the yield of 
amide can be explained as facilitating this deprotona- 
tion. 

The phenyl group would also be expected to promote 
cleavage of aminal21 to amidinium ion 22. The latter 

+ 
0 NR, 

1 18 
+ 

R2N, ,NRy 

19 20  21 

2 2  

would be hydrolyzed to amide on work-up or by the 
mole of water released in converting 1 into 19. 

Cleavage of the C-X bond is not involved in the rate- 
limiting step of enamine formation, judging from the 
small (-4) kBr/kC1 leaving group effect observed for the 
reaction of 1 and its bromo analog with 1 M piperidine 
in JleOH. According to the scheme shown, depro- 

(11) For example, methoxide ion is 101 to  103 more effective in attacking 

(12) \V. P. Jencks and M.  Gilchrist, J .  Amer.  Chem. Soc. ,  8 0 , 2 6 2 2  (1968). 
the carbonyl group in aryl acetates than is piperidine.12 

tonation of 18 will be rate limiting.13 The smaller 
amount of amide us. Sx2 product formed from the p-  
methyl derivative of 5 can be accounted for by retarda- 
tion of the deprotonation step in the reaction leading to 
amide. Work designed to gain additional information 
concerning the details of the mechanistic scheme shown 
for 1 is in progress. 

Experimental Section 
cis- and trans-2-Methoxy-6-phenylcyclohexanone (2 and 3).- 

To 200 ml of 0.05 LV sodium methoxide in methanol a t  0" (pre- 
pared with 10 mmol of dry sodium methoxide, Matheson-equiv- 
alent weight 100 by titration) was added 0.97 g (0.0048 mol) 
of cis-2-chloro-6-phenylcyclohexanone (l), mp 122-123' . I 4  The 
solution was stirred for 2 hr at 0" and then neutralized (phenol- 
phthalein) with glacial acetic acid, concentrated under reduced 
pressure to 10% of its original volume, and shaken with water 
and ether. The organic phase was washed with brine and then 
water, dried, and concentrated to yield 0.90 g (99%) of a solid, 
mp 47-53'. Analysis of the crude material by nmr indicated 
that two methoxy ketones accounted for 70 and 30% of the prod- 
uct (by comparison of integrals of sharp singlets a t  6 3.2-3.4 and a 
multiplet at 7.0-7.4 (see below)). Fractional crystallization 
from ether-hexane gave 0.356 g (367,, three crystallizations) of 
pure cis-2-methoxy-6-phenylcyclohexanone: mp 74-75' ; nmr 
6:;;; 1.4-2.3 (broad multiplet, 6, CH2), 3.32 (s, 3, OCHI), 
3.40-4.0 (multiplet, 2, CH), 7.00-7.40 (multiplet, <5, Ph);  ir 
hzzi 3.40, 5.81, 6.90. The structure was based on equilibration 
data (see below). 

Anal. Calcd for C13H1602: C, 76.44; €-I, 7.90. Found: C, 
76.49; H ,  8.07. 

Chromatography of combined mother liquors from the crys- 
tallizations described above yielded a second (trans) methoxy 
ketone from fractions eluted with 8% ether in hexane: S:$ 
1.4-2.4 (m, CH2, 6), 3.28 (s, 3, OCHI), 3.40-4.00 (m, 2, CH), 
7.0-7.4 (m, 5, Ph) .  The cis isomer was eluted with pure ether. 
Both the cis and trans isomers were subjected to equilibration 
conditions (0.1 M sodium methoxide in methanol. 0", 44 hr or 
0.5 M methoxide, O", 24 hr).  The cis isomer predominated in 
each instance by a factor of cu. 4: 1 (nmr analysis); unidentified 
products accounted for 3% of the total product. 

Product Distribution Runs for Reactions of 2-Chloro-6-phenyl- 
cyclohexanone (1) with Metal Alkoxides in Methanol, tert-Butyl 
Alcohol, Dimethoxyethane, Dimethyl Sulfoxide, Ether, and 
Dichloromethane .-The solvent and base were combined and 
brought to the predetermined temperature. In the case of con- 
centrated methoxide solutions, sodium or potassium was in- 
troduced to the alcohol solvent. The substrate was then in- 
troduced, and the solution was maintained at  temperature for 
the prescribed time neutralized with glacial acetic acid, and 
shaken with ether and water. The organic phase was washed 
twice with water, combined, dried, and concentrated under 
reduced pressure and analyzed by nmr. Integration of the 
aromatic region (five protons) us. peaks corresponding to the 
methoxy ketone products (vide supra) gave ratios of 2.3-3: 1 of 
&/trans. Other products included 2-hydroxy-6-phenylcyclo- 
hexanoriels (42%) from reaction of 1 with 1 .O M potassium tert- 
butoxide in tert-butyl alcohol, and methyl 2-phenylcyclopentane- 
carboxylate (ca. 407,) from 4.8 M potassium methoxide in meth- 
anol. The ester was identified (nmr) by comparison with a 
sample prepared from the corresponding acid (see below). 

Rates of Halide Ion of 2-Chloro-6-phenylcyclohexanone, 1, and 
2-Bromo-6-phenylcyclohexanone.-The kinetic procedure fol- 
lowed a previously described method.78 Typically, 4.70 ml of 
0.1085 iV sodium methoxido in methanol cooled to  0' was rapidly 
added to  50.0 ml of 0.00118 M 1 kept a t  0" under nitrogen in a 
single-neck pear-shaped flask. A 5-ml-capacity automatic 

(13) Another possible route to 19 would be attack of piperidine on the 
enolate chloride to  give an  adduct which forms 19 by loss of hydroxide ion. 
Deprotonation of 1 mould then presumably be rate limiting. I t  seems doubt- 
ful, however, t ha t  addition of piperidine to the enolate chloride (or enol 
chloride) could be fast enough t o  make deprotonation rate limiting. 

(14) G. Berti, F. Rottari, B. Macchia, and F. Macchia, Tetrahedron, ZZ, 
1 R O  (1966). 

(15) Identified by comparison of the nmr spectrum with tha t  of an  authen- 
tic sample prepared by the method of W. Treibs, M.  Weissenfels, Ber . ,  98, 
1374 (1960). 
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pipet (plunger type, Cole Parmer) was inserted and secured wit,h a 
tightly fitting syringe cap. The flask was shaken and immersed 
above the pipet chamber in an Aminco Model 4-8600 constant 
temperature bath held at  0.0 * 0.003'. Aliquots (4.0 ml) were 
drawn a t  various times and delivered into a quenching solution 
of 2 ml of acetone and 0.5 ml of 1 M nitric acid and titrated 
potentiometrically with 0.00283 M silver nitrate solution using a 
Sargent Model D titrator equipped with a constant rate buret 
and platinum electrodes. The second-order data were treated 
in the usual way and analyzed by a least-squares program.18 
Acceptable runs were followed to 3 half-lives, gave r = 0.991 or 
greater and standard deviations of 6% or less of the calculated 
rate constant. Rates (followed to 3 half-lives) were reproducible 
to within 16%. 

Reactions of 1 with Secondary Amines.-Reaction of 1 with 
1 .O M piperidine in methanol or neat piperidine gave conversion 
into amide 4 in high yield. Typically, 50 mg (0.00024 M )  of 1 
was added to a chilled mixture of 851 mg of piperidine in 10 ml 
of methanol. The solution was stirred and maintained at  0" for 
3 hr and poured into water, rinsed with ether, and shaken. 
Excess piperidine was removed by washing several t,imes with 
water. The organic phases were combined, dried, and con- 
centrated to yield 52 mg (85%) solid, mp 83-83', whose nmr 
spectrum showed no peaks corresponding to 2 or 3 or methyl 2- 
phcnylcyclopentanecarboxylate. One crystallization from ether- 
hexane gave trans-2-phenylcyclopentanecarboxpiperidide (4): 
mp 87-88'; nmr 6 1.2-1.7 (m, 6), 1.8-2.3 (m, 6), 3.0-3.7 (m, 6), 
7.16 (m, 5 ,  Ph); XE53.40, 3.50, 6.12,6.95. 

Anal. Cnlcd for CI7Hz5NO: C, 79.33; H, 9,Ol.  Found: C, 
79.55; H, 9.13. 

The amide 4 produced was shown to possess the more stable 
trans configuration by an exchange-equilibration run similar to 
one reported for isomers of methyl 2-methyl-2-phenylcyclopen- 
ianecarboxylate.7a To 4 ml of methanol-0-d (I)ia,prep, 99% 
isotopic purity) was added 230 mg of freshly cut sodium and 100 
mg of 4. The solution was refluxed under nitrogen for 100 hr 
and then 0.2 ml of deuterium oxide was added. The reaction was 
treated in the manner described above. The neutral and base 
fraction, 70 mg (70y0), mp 80-82" (crude), possessed an nmr 
spectrum closely similar to that of the untreated pure amide, 
except that integration showed the loss of 0.8-1.5 of one proton in 
the region 3.0-3.7 ppm. No met.hyl ester was detected. The 
aqueous rinsings were acidified and reextracted to produce, after 
treatment, 30 mg of solid, mp 78-80' identified ns trans-2- 
phenylcyclopentanecarboxylic acidsd (see below) whose nmr 
spectrum showed 0.8-1.2 of one proton loss in t'he methine region 

An aut'hentic sample of trans-2-phenylcyclopentanecarboxylic 
acid was prepared from 4 wit]h 48% aqueous hydrobromic acid 
refluxing for 10 hr.bd A sample of methyl 2-phenylcyclopentane- 
carboxy1at)e was prepared from 1.00 mg of the acid, mp 82-84'. 

Rates of Reaction of 2-Chloro-6-phenylcyclohexanone, 1, and 
2-Bromo-6-phenylcyclohexanone with Piperidine in Methanol at 
O'.-A 5.00-ml portion of a stock solution of 1.00 M piperidine in 
methanol was placed in a 6-ml conductometric cell and equili- 
brated 0.3 hr in an ice-water bath. Approximately 3 mg (0.023 
mmol) of halo ketone dissolved in 0.200 ml of methanol was then 
added, and the mixture was shaken. The cell leads were attached 
to a Y.S.I. Model 31 conductivity bridge and readings were 
taken 'GO 3 half-lives. Infinity readings were taken after 7 
half-lives and the pseudo-first-order data were t'reated in the 
usual way. Correlation coefficients and st,andard deviations 
were obtained by a least-squares prograrn,'e and the second-order 
rate constants were corrected for dilution of base and solvent 
concentration at  0" .  

Reactions of l-Chloro-3-phenyl-2-propanone ( 5 ) ,  l-Chloro-3-p- 
tolyl-2-propanone ( 8 ) ,  l-Bromo-1,3-diphenyl-2-propanone (12), 
and l-Bromo-l,3,3-triphenyl-2-propanone (13) with Piperidine 
under Various Conditions.-The reaction and analytical pro- 
cedures used for reaction of the halo-2-propanone series was the 
same as that described for 1 above. For 5 and 13 the weighed 
yield after acidic work-up (see above) was a.t least 85% of theory. 
For 8 and 12 the crude products were obtained by pouring the 
reaction mixture into distilled water and washing five times. The 
organic phases were combined, dried, and concentrated as before 
and then analyzed. Procedures and analytical data for pure 
products are given below. 

(6:::'* 3.0-3.6). 

(16) Kindly supplied Iby W. J. Boyle, Jr. 

3-Phenylpropionylpiperidide (6).-To 41 mg of l-chloro-3- 
phenyl-2-propanonea was added 4.8 ml of methanol containing 
278 mg (0.67 M) of piperidine at  0'. The reaction was main- 
tained at  0' for 6 hr, neutralized, and extracted. The crude 
organic product 34 mg, contained 40% of starting material and 
60% of 3-phenylpropionylpiperidide: 8$iya 1.4-1.7 (m, 6) ,  3.3- 
3.8 (m, 4), 2.5-3.1 (AzB2, 4), 7.2 (m, 5). 

3-p-Tolylpropionylpiperidide (P), and l-Piperidino-j-p-tolyl-2- 
propanone (lo).-To 0.8 g of 2-p-tolyl-3-chloro-2-propnnone~ 
was added a solution of 8.5 g of piperidine and 40 ml of methanol. 
The mixture was kept a t  0" for 18 hr, washed with dilute hydro- 
chloric acid, and rinsed with ether. The organic phase was 
combined, dried, and concentrated to yield 666 mg of pale yellow 
oil, identified as 3-p-tolylpropionylpiperidide: 6$:? 1.4-1.7 (m, 
6), 2.3 (s, 3), 2.5-3.1 (A2Bz, 4), 3.2-3.7 (m, 4), 7.0 (s, 4 ) ;  At: 
3.40,3.45,6.05. 

Anal. Calcd for ClaHzlNO: C, 77.88; H,  9.15, Found: C, 
78.13; H, 9.28. 

The amide product was hydrolyzed (water, methanol, and 
potassium hydroxide) to yield the known'' 3-p-tolylpropionic 
acid, mp 115-116' (lit." mp 116"). Analysis showed S",",",'l 2.3 

The combined aqueous washings were neutralized with 10% 
aqueous potassium carbonate and reextracted, and the ether phase 
was washed five times with water. The organic layers were 
combined, dried, and concentrated to yield 300 mg of yello;,i 
identified as l-piperidino-3-p-tolyl-2-propanone, 10: TMS 

1.3-1.7 (m, 6), 2.1-2.5 (m, 4) ,  2.3 (9, 3), 3.1 (s, 2), 3.7 (s, 21, 
7.1 (s, 4); 3.40, 5.80. An analytical sample was obtained 
from chromatography on silica gel (16% ether in hexane). 

Anal. Calcd for Cl;HZINO: C, 77.88; H, 9.13. Found: C, 

(s, 3),  2.5-3.0 (AzB2,4), 7.0 (s, 4), 10.0 ( 6 ,  1 ) .  

77.85; H, 9.36. 
l-Pioeridino-l.3-di~henvl-2-~ro~anone and 2 ,J-Diphenyl- 

propioiy1piperidide.-To 0.4' of l-chloro-1,3-diphenyl~2- 
propanonel8 was added 1 ml of piperidine. The solution was 
kept for 15 min a t  25' and then evaporated under reduced pres- 
sure. The residue was shaken with dilute hydrochloric acid and 
et,her; the organic phase was washed five times with water, 
combined, dried, and concentrated to give 217 mg of a solid 
which was Crystallized twice from ether-hexane. The crystalline 
product, mp 88-89', was identified as 2,3-diphenylpropionyl- 
Dioeridide: a$:'? 1.3-1.6 (m, 6),  2.8-4.2 (m, 7), 7.05 (s, 5 ) ,  . .. . -  
7.10 (8, 5);  X::i3.40, 3.50,6.15. 

Anal. Calcd for CzoHz3NO: C, 81.87; H, 7.90. Found: C, 
81.72; H,  8.12. 

The basic product obtained in the manner described above was 
300 mg of pale yellow oil, identified as 1-piperidino-1 ,a-diphenyl- 
2-propanone: 8;:","sa 1.4-1.8 (m, 6) ,  2.2-2.5 (m, 4),  3.8 (AB, 2, 
J = 14 Hz), 4.0 (s, l ) ,  7.0-7.4 (m, 5 ) ,  7.3 (m,  3 ) .  An analytical 
sample was obtained by chromatography on silica gel (8% ether- 
hexane). 

Anal. Calcd for CznH23KO: C, 81.87; H, 7.90. Found: C, 
81.69; H, 8.09. 

2,3,3-Triphenylpropionylpiperidide .-Freshly distilled piperi- 
dine (20 ml) was saturated with nitrogen for 20 min after which 
600 mg of 1-bromo-1,3,3-triphenyl-2-propanone' was added. 
The solution was maintained under nitrogen for 30 min at 2.5" and 
then poured into excess aqueous hydrochloric acid and shaken 
with ether. The organic phase was washed twice with water, 
dried, and concentrated to give 635 mg of a red-brown solid which 
was crystallized from ether-chloroform. The crystalline product 
(mp 213-214') was identified as 2,3,3-triphenylpropionylpiperi- 
dide: 1.0-1.4 (m, 6), 3.2-3.6 (m, 4), 4.8 (AB, 2, J = 12 
Hz), 7.0-7.4 (m, 15); XE,": 3.40,6.15. 

Anal. Calcd for C2sH27P;O: C, 84.51; H,  7.37. Found: C, 
84.41; H ,  7.3.;. 

Registry No. -1, 6824-92-6; 1 bromo analog, 36702- 
36-0; 2, 37108-06-8; 3, 37108-07-9; 4 (NRz = piperi- 
dino), 37108-08-0; 5, 937-38-2; 6 (NR2 = piperidino), 

02-0; 12, 29417-77-4; 13, 33609-27-7; piperidine, 
21924-11-8; 8, 24253-14-3; 9, 37112-01-9; 10, 37112- 

(17)  K .  KindlerandT. Li, Chem.Ber . , 74 ,  321 (1941). 
(18) A. W. Fort. J .  Amer. Chem. Soc. ,  84, 2820 (1962). The bromo 

ketone which mas ueed in the product studios was prepared by Dr. A. C. 
Knipe acoording to the method of Smith and Wilson: J .  Chem. Soc. ,  1342 
(1955). 
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110-59-4; 3-p-tolylpropionic acid, 1505-50-6; 2,3-di- phenylpropionylpiperidide, 371 12-08-6 ; trans-2-phenyl- 
phenylpropionylpiperidide, 371 12-06-4; 1-piperidino- cyclopentanecarboxylic acid, 37105-09-1 ; methyl trans- 
1,3-dipheny1-2-propanone, 37112-07-5; 2,3,3-tri- 2-phenylcyclopentanecarboxylate, 37108-10-4. 

Favorsltii Rearrangements. VIII.1 Effects of Methyl Substitution 
and a Test for Internal Return from Enolate Ions 

FREDERICK G. BORDWELL" AND JOHN ALIIY~ 
Department of Chemistry, Northwestern University, Evanston, Illinois 60,901 

Received J u l y  $1, 197%' 

Tertiary bromide (or chloride) CIHaCHZCOCMe2X (5) reacted with 0.05 M NaOMe t,o give principally CaH3- 
CH2COCAIe20AIe (8) plus a small yield of C8HsCHzCMezCOzMe (9). With 1 d4 YaOMe the per cent of Favorskii 
ester (9) increaaed at  the expense of a-niet'hoxy ketone (8). The isomeric chloride CeHjCHCICOCHMer ( 6 )  also 
gave 8 as the major product (plus minor amounts of 9) with 0.05 Jf NaORile, and again the formation of 9 was 
favored by increasing the methoxide concentration. On the other hand, bromide 6 gave principally C6H6CHOH- 
COCHRIes (presumably uia an a-methoxpoxirane intermediate) and only small amoi1nt.s of 8 and 9. Rate 
studies showed that the rate of format'ion of 9 from chloride 6 and bromide 6 were identical, within experimental 
error. This coiitrasts with the results from the C6H3C~feXCOCH3 system where kBr/kCl  = 105. Rlechanistic 
interpretations are given. The rate of deuterirun exchange for Ct.HjCH2COCHI\Ie2 corresponded closely enoirgh 
l o  the rate of halide loss from CaH3CHXCOCHMez to show that little or no internal return occurs to the CaHj- 
CI%(O-)=Chlez enolate ion during deiuteriuni exchange in methanol. 

In earlier papers we have shown that met,hyl substit'u- 
tion has a dramnt'ic effect on t'hc mode of reaction with 
bases of .the isomeric aryl-a-chloro-2-propanones, 
ArCHzCOCHzCl (1) and ArCHClCOCHS (2). Most 
l-chloro-3-aryl-2-propanones (1) react with 0.05 A4 
sodium methoxide in methanol a t  0" to give quan- 
tit'ative yields of Favorskii esters, ArCHzCH~C0zhle.~ 
Methyl substit'ution a to the chlorine (ArCH2- 
COCHMeCl, 3) changes the rate-limiting step of 
t'he Favorskii rearrangement and causes the forma- 
tion of a-methoxy ketone  by-product^.^ On the other 
hand, most 1-aryl-1-chloro-2-propanones ( 2 )  react with 
0.05 114 NaOlle in NeOH a t  0" to give low yields of 
liavorskii esters (10-40%);5 the major products are 
a-methoxyoxiranes, Lvhich are converted into a- 
hydroxy ketones during processing.j Here methyl 
substitution a t  the a' position (ArCHCICOCHz;\le, 4) 
eliminates thc formation of a-methoxyoxiranes and 
leads to the formation of Favorskii esters and a- 
methoxy ketones, the relative amounts of which depend 
on the methoxide concentration. (With PhCHz- 
COCHlIeC1 and 2 A4 NaOMe only ester is formed and 
with 0.0001 M SaOJIe only a-methoxy ketone is 
formeda4) In  order t'o continue the st'udy of the effect 
of methyl substitut'ion the reactions of the isomeric 
a-halo ketones PhCH2COClIezX ( 5 )  and PhCHX- 
COCHlle2 (6) have now been examined. The reaction 
of 6 took on added interest with the observation that the 
rate of halide release from an analogous a-halo sulfone, 
I'hCHBrSOzCHAIez, was over 500 times faster than the 
rate of base-catalyzed deuterium exchange of the 
tertiary hydrogen atom in the corresponding unhalo- 
genated sulfone, PhCH2SO&Hlle2, presumably because 
the internal return occurring in tho exchange reaction 
was eliminated or decreased in the Rambcrg-Baclilund 

( 1 )  For  Part  VI1 see F. G.  Rordwoll and J .  Almy, J .  O r g .  Chem., 38, 571 
(1973). 

(2) Nationid Institutes of Ilenlth Postdoctoral Fellow, 1969-1971. 
This investigation was supported by Public Health Service Research Grant 
h-0. CA-50610 from the National Cancer Institute. 

( 3 )  F. G. Bordwell, R. G. Scarnehorn, and W .  R. Springer, J .  Amer. 

(4) F. G. Bordwell and M. W. Carlson, i b i d . ,  9 2 , 3 3 i O  (1970). 
( 5 )  F. G.  Bordmell and R.  G. Scamehorn, i b i d . ,  90 ,  6751 (1968). 

Chem. Soc., 91,2087 (1969). 

reaction.6 Comparison of the rate of methoxide-induced 
chloride ion release from 6 with the rate of metlioxide- 
catalyzed deuterium exchange for the Corresponding 
ketone, PhCHzCOCH1\Iez ('7), offered a way, then, to 
test for internal return from tlie enolate ion of 7. 

Results 

Preparation of Bromo and Chloro Ketones 5 and 6.- 
Bromination of 3-methyl-1-phenyl-2-butanone (7) a t  

Brz, CHZCI, 
( -  780)  Ph CHBrCOCHMe, 

PhCH&OCHMeZ Brz ,  cc,, 
7 -1. 20-65" PhCH,COCBrMe, 

5 

lon- temperature gave l-bromo-3-methyl-l-phenyl-2- 
butanone (6, X = Br) contaminated with small 
amount of the isomeric bromo ketone 5 .  At room 
temperature 5  vas the principal product. The isomers 
were separated by chromatography. 

Chlorination with sulfuryl chloride gave cliloridcs 5 
and 6, but conditions decidedly favoring one isomer 
over the other were not easily realized, and chromato- 
graphic separation was morc difficult than with thc 
bromides. Pure samples of chloride 6 were obtained by 
removal of the morc reactive tertiary chloridc 5 by 
treatment with methanolic sodium mcAthoxide. A pure 
sample of chloridc 5 was obtained from bromide 5 by 
treatment with LiCl in DAIF. 

Reactions of Halo Ketones 5 and 6 with Sodium 
Methoxide in Methanol.--Reactions of mixtures of 
either bromides 5 and 6 or chlorides 5 and 6 with 0.05 
M KaOJle in NeOH shoned that the tertiary a-halo 
lietones 5 reacted completely to  give essentially a11 
a-methoxy ketone (8) before an appreciable reaction of 
the secondary a-halo ketones 6 had occurred. Experi- 
ments with pure bromide 5 at higher metlioxide con- 
centrations gave some Favorskii ester 9 at the expense 
of a-methoxy lietone (8). 

( 6 )  F. G. Bordwell and hl. D. Wolfinger, zbzd., 93, 6303 (1971). 


