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r ,  I he starting material for the  synthesis of the  isomeric chloro ketones (3  and 4) was trans-2-decalone, which was 
converted to :l(e)-phenyl-trans- 2-decalone (1) and :~(e)-hydroxy-:~(a)-phenyI-tran.s~~-det~alone (2) .  Compound 1 
wtis chlorinated by sulfuryl chloridr in carbon tetrachloride to yield the  axial chloro ketone 3, while compound 2 
was chlorinated hy thionyl chloride in carbon tetrachloride to  yield the  equatorial chloro ketone 4. Potassium 
! P V ! -  butoxide was used to effect the rearrangement both in ethanol (E) and 1,2-dimethoxyethane (1)). T h e  prod- 
uct from :1 whon the  rearrangement was performed in D included 2-phenylhexahydroindan-2-carhoxvlic acid liso- 
lated as the methyl ester (5)l and 2-phenacyl-1-cyclohexaneacetic acid lisolated as  the methyl ester (6) l .  Rear- 
rangement of 3 in E: yielded 5 ,  6, and l-ethoxy-~~-phenyl-trans-'L-decalone (7) .  Favorskii products were not evi- 
dent when 4 was suhjected to  rearrangement conditions. I t  can he concluded tha t  the axial conformation of the 
chlorine atom is more favorable I'or the  Favorskii rearrangement. Compound 7 was apparently produced either 
l'rom a cyclopropanone intermediate or  an enol allylic chloride. 

An a t tempt  was made by Smissman e t  al.? to determine 
whether a cyclopropanone intermediate or a dipolar ion 
was operative in the  Favorskii rearrangement of a pair of 
conformers, viz., 3(a)-bromo-tran.s-2-decalone (8) and 
:~(e)-bromo-trans-2-decalone (9). Since the  axial compound 
gave no rearrangement product in either polar or nonpolar 
solvents whereas the equatorial compound rearranged in 
both solvent types, it was concluded t h a t  the  results of this 
study disputed the  role of the dipolar ion as  a n  active par- 
ticipant in the  Favorskii rearrangement. If this conclusion 
were valid, if  not on a general basis, then a t  least for rigid 
systems such as the trans-decalones, it could be predicted 
that  of the two conformers used in the  present study, viz., 
3(a)-chloro-3(e)-phenyl-trans-2-decalone and S(e)-chloro- 
3(a)-phenyl-trans-2-decalone, the  equatorial isomer would 
give the  Favorskii product. 

Results 
T h e  two chloro ketones 3 and 4 were synthesized by the  

chlorination of 3(e)-phenyl-trans-2-decalone ( I )  and 3(e)- 
hydroxy-3(a)-phenyl-trans-2-decalone (2) .  Compounds 1 
and 2 were synthesized by published methods:' Potassium 
tert-  butoxide was used to effect the  rearrangement both in 
the polar solvent ethanol and in the  nonpolar solvent 1,2- 
dimethoxyethane. T h e  products of the rearrangement were 
hydrolyzed and separated into a n  acidic fraction and a neu- 
tral fraction. T h e  former was subjected to  Fischer-Spier es- 
terification prior t o  column chromatography on alumina. 
T h e  components of the neutral fraction were separated by 
column chromatography on silica gel. 

CI 

I 3 

Q 
2 4 

Rearrangement of the axial chloro ketone 3 in ethanol 
gave, after esterification, the  methyl ester of 2-phenylhex- 
ahydroindan-2-carboxylic acid (5 ,  2% yield) and 2-phen- 
acyl-1-cyclohexaneacetic acid (6,  2% yield). The neutral 
components included compounds l,-ethoxy-3-phenyl-trans- 
2-decalone (7, 2% yield) and S(e)-hydroxy-3(a)-phenyl- 
trans- 2-decalone (2, 42% yield). A polymeric material was 
also isolated. 

T h e  yield of 5 was similar (2%) when the  rearrangement 
of 3 was performed in dimethoxyethane. Compound 6 was 
also isolated (<l% yield). Sublimation of the  crude acid 
fraction prior t o  Fischer-Spier esterification yielded benzo- 
ic acid. T h e  neutral components included polymeric mate- 
rial. 
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Base treatment of the  equatorial chloro isomer 4 when 
dissolved in ethanol yielded the ester 6 (7% yield) and some 
unknown material. T h e  neutral products contained poly- 
meric material. 

Acidic products from the  rearrangement of 4 in a nonpo- 
lar solvent included benzoic acid. Compound 6 was isolated 
after esterification (<l% yield). Again polymeric material 
was present in the neutral fraction. 

Discussion 
Previous results2 using the bromo compounds 8 and 9 

had indicated tha t  the  dipolar ion is not a necessary inter- 

Br 

8 9 
mediate in the Favorskii rearrangement. It was suggested 
by Bordwell and House"' tha t  the axial bromo compound 
8 undergoes side reactions faster tha t  it undergoes the Fa-  
vorskii rearrangement. T o  provide further evidence con- 
cerning the steric requirements of the  Favorskii rearrange- 
ment, compounds 3 and 4 were synthesized. T h e  infrared 
analysis of these compounds supported the assigned stereo- 
chemistry, since the  carbonyl stretching frequency ob- 
served in 4 was increased by about  20 c m - '  relative to  3.,5 
Only the axial isomer 3 gave the  Favorskii compound 5 and 
the neutral compound 7 even though larger amounts of 4 
were used in the  study. Both isomers gave compound 6 and 
both produced polymeric compounds as the major prod- 
ucts. 

Many references t o  the Favorskii rearrangement may be 
found in the papers by Bordwell, who has provided addi- 
tional evidence tha t  ionization of the carbon-halogen bond 
facilitates the  formation of the  Favorskii product, and tha t  
a dipolar ion is probably in equilibrium with a cyclopropa- 
none" (Figure 1). 

T h e  results obtained from this study of 3 and 4 indicate 
tha t  the  conformation of the chlorine atom does influence 
the  yield o f  compound 5. T h a t  7 could have arisen from 1 -  
chloro-3-phenyl-trans-2-decalone, which might have been 
present as  a n  impurity in compound 3, was discounted. 
Analysis by NMR did not reveal the  presence of such an 
impurity, and yet compound 7 could he obtained in en-  
hanced yield (10-15%) when 3 was treated with sodium 
ethoxide in ethanol. Further, there was no difference in the 
physical properties of 3 when it was prepared from 1 or 
from 13. A cyclopropanone intermediate might be involved 
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Figure 1. Intermediates involved in the formation of the Favorskii 
acid 5 and compound 7. 
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in the  formation of  7. A similar explanation was advanced 
by House and Frank,!) who demonstrated that  the trans- 
decalone derivative 14 under Favorskii rearrangement con- 
ditions will produce side product 15, analogous t o  com- 

H 

14 15 

pound 7. Alternatively, as envisioned by Bordwell and 
Carlson,; the enolate anion may form a n  equilibrium with 
a n  enol allylic chloride and i t s  corresponding ion pair. T h e  
latter could then react with ethanol to  produce compound 
7. 

I t  is unlikely tha t  hydroxy ketone 2 was produced by a n  
S N 1  type reaction during the  course of the reaction, since it 
was demonstrated tha t  hydroxy ketone formation during 
the course of the Favorskii reaction is not subject to  a salt 
effect. "I Therefore, compound 2 probably arose from the  
corresponding alkoxy oxirane during work-up. 

Compound 6 was produced by ring opening but  the reac- 
tion mechanism was not elucidated. A similar acidic prod- 
uct was observed when the  bromo compounds 8 and 9 were 
exposed t o  Favorskii conditions.' Rordwell"' has demon- 
strated tha t  compound 10 is converted to  compound 11 by 
reaction with oxygen in the  presence of methanolic sodium 
hydroxide, which suggests tha t  compound 6 is formed by a 
similar mechanism. Apparently, the benzoic acid found in 
the present investigation was generated from acid 6. T h e  

@ 
I 

I O  I I  
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formation of polymers under Favorskii conditions might be 
a consequence of alkylation by the enolate anion," al- 
though the possibility t ha t  an  enone such as 12 might be 
produced and then polymerize should be considered. 

If we invoke a dipolar ion intermediate, then the se- 
quence of events illustrated in Figure 1 will explain why it 
was the axial chloro and not the equatorial isomer tha t  
gave the desired Favorskii acid. However, the results ob- 
tained in this study are in contrast to those obtained by 
Smissman e t  al.2 in the closely related system described 
above. Presumably, the  axial bromo ketone 8 and the equa- 
torial chloro ketone 4 undergo side reactions faster than 
they can undergo the Favorskii rearrangement. 

Although an interesting example of a Favorskii-like reac- 
tion has been reported where an internal SN2 displacement 
of the halide ion probably occurs,12 it appears that  in the 
Favorskii rearrangement of a-halo ketones such a displace- 
ment is unlikely. 

Experimental Section 
3(a)-Chloro-3(e)-phenyl-trans-2-decalone ( 3 ) .  A. Sulfuryl 

chloride (650 mg) was added to a solution o f  ~(e) -phenyl - t ran~s-2-  
decalone (1.1 g) in CCI.1 (25 ml). After 6 hr a t  room temperature, 
the mixture was poured onto ice water. T h e  CC1.i layer was sepa- 
rated, dried (MgSOI):i and evaporated to  yield a solid, mp 115' 
(recrystallized from acetone in 72% yield). Anal. Calcd for 
CII;Hl&IO: C, 73.10; H, 7.25; CI, 13.5. Found: C,  73.23; H, 7.40; CI, 
13.20. Infrared (CHC1,J 3.43, 3.5, 5.85, 6.26,6.92 p .  

R. A solution of 2(e)-phenyl-trans-decalin 2J-oxide:' (300 mg) 
in CHCI:, (30 ml) was stirred with concentrated HCI (5 ml) for 45 
min. T h e  CHCI,, layer was separated, dried, and evaporated to 
yield an oil, 3(a)-chloro-3(e)-phenyl-trans-'l-decaIol (13): trifluo- 
roacetate derivative mp 65-66' (recrystallized from isopropyl alco- 
hol). Anal. Calcd for ClxH&IF:,O.: C, 60.84; H,  5.53; CI, 9.8. 
Found: C, 60.84; H, 5.53; CI, 9.8. Compound 1 3  (250 mg) was di 
solved in a solution of DMSO (4  ml) and acetic anhydride (4  ml) 
and the mixture was then stirred for 24 hr a t  room temperature. 
Addition of water precipitated an oil which then crystallized, mp 
115' (acetone). 

J(e)-Chloro-:j(a)-phenyl- t rans-2-decalone (4). Thionyl chlo- 
ride (12 ml) was added to a solution of 3(e)-hydroxy-3(a)-pheiiyl- 
trans-"decalone ( I !  g) in CCI., (4 ml). T h e  solution was stirred for 
18 hrs and then ice-cold water was added dropwise until the  thion- 
yl chloride was destroyed. T h e  CCI.1 layer was separated, dried 
over MgSO,, and evaporated to yield an initial oily product which 
was recrystallized from Skelly B ( m p  136-137') in 55'% yield. Anal. 
Calcd for CIl;HI&IO: C, 73.10; H,  7.25; CI, 13.5. Found: C, 73.14; H,  
7.39; CI, 13.32. Infrared (CHCl:J 3.42, 3.5, 5.78, 6.22, 6.89 p .  

Favorsk i i  R e a r r a n g e m e n t  of Compounds  3 a n d  4. To study 
the  reaction under polar conditions a solution of compound 3 (1.6 
g) and potassium tc>rt-hutoxide (2  g) or 4 (3.7 g) and potassium 
tprt-butoxide (4.6 g) in absolute ethanol (125 ml) was stirred a t  
room temperature for 10 hr. Reactions using nonpolar conditions 
involved stirring a solution of compound 3 (7.8 g) and potassium 
tert-butoxide (9.6 g) or compound 4 (11 .3  g)  and potassium /c ,r t -  
butoxide (12.8 g) in dimethoxyethane (250 ml). T h e  solvent was 
then removed hy evaporation and water (30-100 ml)  was added. 
T h e  mixture was refluxed for 8 hr, cooled, and extracted with ether 
(4 X 15 ml or 4 X 60 ml) to remove neutral fraction A. Acidification 
of the mother liquor with l@n HCI, followed by extraction with 
ether (4 X 15 ml or 4 X 50 ml), gave an acidic fraction R. 

Analysis  of F r a c t i o n s  A a n d  B Obta ined  f r o m  3 Using  Po- 
t ass ium te r t -Butoxide  in Ethanol .  Fraction B was dissolved in  
methanol which had been saturated with dry HCI gas, and te solu- 
tion was then refluxed for 24 hr. Dry column chromatography 
using CHCI,, and neutral alumina resulted in the isolation of' the 
Favorskii methyl ester 5 ( 3 3  mg): 2.2% yield; ir (liquid film) 5.78 
(s), 6.24, 6.9 p ;  NMR (CDCI,,) 6 7.2 ( 5  H, aromatic), :if32 (3  H,  
methyl ester), 0.8-3.1 (14 H, aliphatic envelope). Anal. Calcd for 
C i ; H J h :  C, 79.02; H, 8.50. Found: C, 79.48; H,  7.60. 

A sample o f t h e  Favorskii methyl ester 5 was refluxed with '.'O% 
KOH (aqueous) solution for 6 hr. Upon cooling the solution was 
extracted with ether. T h e  aqueous phase was separated, acidified 
with 10% HC1, and extracted with ether. T h e  ether solution was 
separated, washed with water, dried, and evaporated to yield an oil 
which crystallized ( m p  11 1-1 12' from aqueous ethanol): ir (liquid 

film) 2.7-4.2, 5.85, 6.24 p;  N M R  (CDC1:I) 6 10.87 ( 1  H,  broad acid- 
ic), 7.3 (5 H,  arcimatic), 0.2-2.8 (14 H, aliphatic envelope). Anal. 
Calcd for Cir ;H2r,02:  C, 78.6; H,  8.25. Found: C, 78.94; H, 8.71. 

T h e  second component of the acidic fraction was the methyl 
ester 6 (28 mg, 1.7% yield): ir (liquid film) 5.76, 5.92, 6.25, and 6.9 
p;  N M R  (CDCI:J d 7.9 (aromatic or tho protons), 7 . 3  (aromatic 
meta protons), 3.6 (3 H,  methyl ester), 0.7-3.1 (14 H, aliphatic). 
T h e  ester was converted to  its 2,4-dinitrophenylhydrazone deriva- 
tive, m p  165' (from aqueous ethanol). Anal. Calcd for Cz,,Hzi;N IOi!: 
C, 60.51; H, 6.18. Found: C, 60.64; H,  5.79. A 2,4-DNI' derivative 
(mp 126-129O) was also prepared of the free acid of 6. Anal. Calcd 
for C~.H~.IN.IOI;: N,  12.7. Found: N,  12.6. 

Ether  extract A was chromatographed on a silica gel column 
using CHCI,I-CCI., (1:1) as  the eluent. T h e  first fractions contained 
7 (24 mg, 1.4%): m p  6 3 O  (isopropyl alcohol-water). Anal. Calcd f o r  
CI"~~O.: C, 79.4; H, 8.8. Found: C, 79.63; H, 9.1. NMR (Cl)Cl,J 6 
7.2 ( 5  H, aromatic), 4.25 ( 1  H, methine), 3.5 (3 H, methine and 
methylene superimposed), 0.5-2.6 (aliphatic envelope). Successive 
fractions contained the  hydroxy ketone 2 in 42% yield (379 mg) 
and finally an unknown polymeric material (240 mg). 

Analysis  of F r a c t i o n s  A a n d  H Obta ined  f r o m  3 Using Po- 
t ass ium te r t -Butoxide  in  1,2-Dimethoxyeth;inc. Henzoic acid 
was sublimed by heating fraction R in a sublimation flask a t  120' 
(oil bath) .  Identification was achieved by mixture melting point, ir, 
and NMli  analysis. 

Fraction €3 was subjected to Fischer-Spier esterification. Tho 
methanolic solution was separated from an insolu1)le material (2.1 
g) and then evaporated to yield an oil (750 m;) which was then 
chromatographed on neutral alumina (dry column) by eluting with 
chloroform. T h e  first fraction contained the methyl ester 5 ( 19:1 
mg, 2.6%)) whereas the second fraction contained the methyl ester (i 
(27 mg), < l %  yield. 

Ether extract A after evaporation left a polymeric residue ( m p  
'.'15-220°, mol wt 660). 

Analysis of F r a c t i o n s  A a n d  B Obta ined  f r o m  at Using 1'0- 
tass ium te r t -Butoxide  in  Ethanol .  Ether  ext r w t  H was evapo- 
rated and esterified (methanolic HCI). After removal of the solvent 
an oil was obtained which was purified by dry column chromatog- 
raphy (alumina and CHCI ,). T h e  first fraction was a n  unknown 
(18 mg), ir 5.76 p ,  NMR (CDCI,,) 6 7.9, 3.66, 3.5:),  0.8--:3.05, whereas 
the major fraction was the methyl ester 6 (260 mg, 7% yield). 

Analysis of ether extract A hy column chromatography (silica gel 
and CHCI.;-CCI 1) revealed the presence of an iiiiknown polymeric 
material. 

Analysis of Frac t ions  A a n d  B Obta ined  f rom 4 Using Po- 
tass ium te r t -Butoxide  in  Dimcthoxycthane .  After evaporation 
of the ether, the acidic fraction H was heated a t  120' in a suhlima- 
tion apparatus. Henzoic acid was sublimed. A Fischer-Spier esteri- 
fication was then performed on the residue. T h e  esterified prod- 
ucts were chromatographed o n ,  alumina (Woelm), eluting with 
chloroform. T h e  first fraction (50  mg) was not identified. Its in- 
frared spectrum was devoid of aromatic and carbonyl ahsorption 
bands. A second fraction was also unknown (176 mg). T h e  third 
traction was identified as the methyl ester o f 6  (338 mg, l'X, yield). 

Analysis of the residue ohtained from ether extract A hy column 
chromatography (silica gel and CHCI,I-CCI I )  revvaled the presence 
o t  an unknown polymeric material. 

Kegis t ry  No.-1, 19297-0:1-1; 2, :13201-0l-:l: 3, 5319931-55-8; 4, 
.S:3993-t56-9; 5 ,  5:1993-57-0; 5 free acid, 533993-56- I ;  6, 5:199:3-59-2; 6 
2,4-I)NP, 5:399:3-60-5; 6 free acid 2,4-DNl', 539933-61-6; 7, 5;199:1- 
6'2-7; 13, 5:199:3-6:3-8; 13 trifluoroacetate, 5:199:3-64-9; Ble)-phenyI- 
t rans-  decalin ?,:<-oxide, 54053-46-2, 
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Stereochemistry in Trivalent Nitrogen Compounds. XXV. Solvent and 
Medium Effects on Degenerate Racemization in Aminosulfenyl Chlorides' 

Morton Rahan,*2 Dan A. Noyd, and Lynaia Bermann 

I l e p a r t m e n t  of Chemistry, Wayne S t a t e  Iiniurrsity, Iletroit,  Michigan 48202 

H(w.iucid August 12, 1974 

T h e  barriers to  degenerate racemization in a series of N -benzyl-N -methylsulfenamides, RSN(CH:')CH2Cf;H:,, 
have been determined by observing the coalescence of the nmr signals of diastereotopic benzyl methylene protons 
which is associated with degenerate racemization. In each of these compounds the ligand, It, a t  sulfur has a het- 
eroatom (CI, 0, N, or S) attached to sulfenyl sulfur. T h e  barrier of the  chlorosulfenamide (11 = CI) in contrast to  
the other members of the  series, showed a dramatic decrease (4.2 kcal/mol) when the solvent was changed from 
toluene-ds to  chloroform-d Addition of tetramethylammonium chloride or tetraethylammonium perchlorate also 
results in a substantial increase in the  rate of degenerate racemization. These changes provide evidence for a 
pathway for degenerate racemization in addition to torsion about  the  N-S bond. Heterolysis of the S-N bond and 
S N 2  displacement by chloride ion a t  sulfur were considered as  possible racemization mechanisms. 

T h e  substantial barriers to  rotation about the N-S for- 
mal single bond in sulfenamides renders this moiety a unit 
of axial chirality in suitably substituted compounds. This  
axial chirality can be made manifest by the observation of' 
chemical shift nonequivalence of diastereotopic benzyl 
methylene protons in the  low-temperature nmr spectra 
of N-henzylsulfenamides. T h e  coalescence of signals for 
diastereotopic benzyl methylene protons which is observed 
a t  higher temperatures is associated with a topomerization 
in which a chiral sulfenamide molecule is reversibly inter- 
converted with i ts  mirror image, Le., a degenerate racemi- 
zation. 

I t  has been shown tha t  the electronic nature of the  suh- 
stituent at the sulfenyl sulfur atom has a major effect on 
the chemical properties of the sulfenamide gr0up.l Similar- 
ly the conformational properties of sulfenamides are 
strongly related to  the electron-withdrawing power of the 
ligand a t  sulfenyl sulfur. Electron-withdrawing substitu- 
en ts  in the  para position of benzenesulfenamides dramati- 
cally increase the barrier t o  torsion about  the nitrogen-sul- 
fur bond.5 Thus,  the  barrier t o  rotation about the N-S 
bond in N-benzenesulfonyl-N-isopropyl-2,4-dinitroben- 
zenesulfenamide is nearly 4 kcal/mol higher than t h a t  in 
the  corresponding benzenesulfenamide. T h e  rate da ta  ob- 
tained for a series of para-substituted N-benzenesulfonyl- 
N-isopropylbenzenesulfenamides afforded a Hammett  
reaction constant ( p )  of -2.1 for torsion about the  sulfenyl 
S-N bond as a function of the para substituent on the  sul- 
fenyl phenyl ring. Analysis of the  linear free energy rela- 
tionships for compounds in this and related series implicat- 
ed p-d T bonding between nitrogen and sulfur as  a major 
contributor t o  the enhanced barriers in these  compound^.^ 

Hy contrast, differences in p-d T bonding did not seem 
to have a n  appreciable effect on the nitrogen inversion bar- 
riers in N -(arenesulfenyl)aziridines.6 T h e  dependence of 
the nitrogen inversion barriers upon the electron-with- 
drawing capability of the para substituent in the  sulfenyl 
phenyl ring was negligible and the Hammett  constant ob- 

la l b  
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tained, -0.16 f 0.1, was not significantly outside of' experi- 
mental error. On the other hand, the presence of a trihalo- 
methyl group a t  sulfenyl sulfur results in a fairly substan- 
tial lowering of the nitrogen inversion barrier. T h e  inver- 
sion barriers in 1-trichloromethanesulfenyl and l-trifluoro- 
methanesulfenyl-2,2-dimethylaziridine are 2-2.5 kcal/mol 
less than the barriers which would be estimated on the  
basis of steric factors alone.7 This  rate acceleration was a t -  
tributed to  CT-T conjugation (negative hyperconjugation) as  
expressed in canonical structures la and 1 b. A similiar ex- 
planation had been used by Bystrov and coworkers to  ac- 
count for the  anomalously low nitrogen inversion barriers 
in methylenealkoxyaziridines.H They referred to  overlap 
between the  nitrogen lone-pair orbital and C-0 antibond- 
ing CT* orbital. This  explanation in a molecular orhital 
framework is equivalent to  that  expressed in a resonance 
framework using canonical structures la and 1 b. T h e  oh- 
served dependence of the nitrogen inversion barriers in sul- 
fenylaziridines upon the  electronic nature of substituents 
a t  sulfenyl sulfur also implies tha t  the nearly planar geom- 
etry a t  nitrogen found in the solid state for an N -trichloro- 
methanesulfenylsulfonamide derives from u-T conjugation 
rather than p-d T bonding as  originally suggested.:'" 

Since (T-T conjugation has been implicated as  the origin 
for reduced nitrogen inversion barriers in sulfenylaziridines 
as well as decreased ground-state pyramidality in an acy- 
clic sulfenylsulfonamide, it might also play a role in deter- 
mining the  magnitude of S-N torsional barriers in acyclic 
sulfenamides. Thus,  overlap between the nitrogen lone-pair 
orbital and the  sulfur atomic orbital used in bonding to X 
can be important only in the ground state 2a where the 

2a 2b 

XSN plane bisects the RNR' angle and must he negligible 
in the transition state for torsion where the S-X bond axis 
lies in or near the nodal surface of the  nitrogen lone-pair 
orbital. T h e  effect of significant CT-T conjugation in the 
ground s ta te  would be t o  increase the torsional barrier 


