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This material was identical by the usual criteria with an authentic 
sample of Xb.2' 
9,10-Dideuterio-2,7-dirnethylphenanthrene (XIb).-A mixture 

of 700 mg. (2.29 moles) of I - I Ib ,  5 ml. of 2 5 5  S a O D  in D20, 
and 5 mi. of dioxane was refluxed with stirring for 3.5 hr.  The 
work-up proceeded as above to  give 425 mg. (90.icIc) of crude 
product, m.p .  96.5-98". Sublimation and recrystallization from 
methanal yielded white crystals, m.p .  10%'. 

.-lnal. Calcd. for C16H12D2: 14.30 atom "( excess D .  Found: 
14.20 atom yc excess D. 

2,7-Dihydro-4',1 "-dirnethyl-3,4-5,6-dibenzothiepin (Vc).- 
A mixture of 25.0 g. (0.068 mole) of 6,6'-dimethyl-2,2'-bis- 
(bromomethyl)bipheny1,2? 48 g.  (0.20 mole) of sodium sulfide 
nonahydrate, 1200 ml.  of methanol, and 60 ml. of water was re- 
fluxed with stirring for 18 hr.  The solvent was evaporated 
under reduced pressure and to  the residue was added 300 ml.  of 
water. The insoluble gray solid was separated by filtration, 
washed thoroughly with water, and dried. There was obtained 
16.1 g. (98X' ; j  of crude sulfide, m.p .  95-98', which after re- 
crystallization from ethanol was obtained as  white prisms, m.p.  
98.5-99". 

(21) T h e  author is grateful t o  Prof .  R f .  S. Fewrnan for the authentic 

(22)  E 11 Bergrnann and Z .  Pelchowicz, J A m .  C h e m .  Soc., 76, 2663 
sample of Xb .  

(19531. 

Anal. Calcd. for C16H16S: C, 7'9.95; H ,  6.71. Found: 
C ,  79.81; H ,  6.74. 

2-Chloro-2,7- dihydro-4', 1 "- dimethyl-3,4-5,6-dibenzothiepin 
1,l-Dioxide (VIIc).--A 7.9-g. (0.0329 mole) sample of Vc was 
chlorinated and oxidized as  described above to give 7 . 2 5  g. 
(71cc) of white crystals from ethanol, m.p .  192-196'. 

Anal. Calcd. for C16Hl5ClO2S: C ,  62.63; H ,  4.93; S, 10.45. 
Found: 

Attempted Rarnberg-Backlund Rearrangement of V11c.- 
An 800-mg. sample of VIIc was refluxed with 10 ml.  of dioxane 
and 10 ml. of 25Yc sodium hydroxide solution for 24 hr.  The 
cooled solution was diluted with water and extracted with chloro- 
form. The combined organic layers were washed with water, 
dried, filtered, and evaporated to  give 800 mg. of recovered I.IIc, 
m.p. 186-191". Infrared comparisons of starting material and 
product showed them to be identical. Longer reactions periods 
( to  7 2  hr . )  likewise resulted solely in the isolation of \711c. 

C ,  62.71; H,  5.07; S, 1059.  

Acknowledgment.-The author gratefully acknowl- 
edges support of this work in part by Petroleum 
Research Fund Grant 169G, administered by the 
American Chemical Society, and in part by a grant 
awarded through the office of the Vice President for 
Research, The Ohio State University. 

[COSTRIBUTION FROM THE EVANS CHEMISTRY LABORATORY, THE OHIO STATE VNIVERSITY, COLUMBUS 10, OHIO] 

a-Halosulfones. 11. The Ramberg-Backlund Rearrangement of a,a-Dichlorosulfones. 
The Solvolytic Fate of a-Chloroepisulfones' 

BY LEO A. PAQUETTE 
RECEIVED FEBRUARY 29. 1964 

Dichlorination and oxidation of dibenzyl sulfide has yielded exclusively a,a-dichlorodibenzyl sulfone Di- 
chlorination and oxidation of the 2,7-dihydro-3,4-5,6-dibenzothiepins I 7 I a  and \.IIb has given rise to mixtures 
of a,a- and a,a'-dichlorosulfones These cases represent the first two examples of the a,a'-dichlorination 
of sulfides The Kamberg-Backlund rearrangements of the a,a-dichlorosulfones were studied, discussion of 
the solvolytic fate of the chloroepisulfones formed as intermediates in these reactions is presented 

In the previous paper of this series,' the preparation 
of 2-chloro-2,i-dihydro -3,4-5,6-dibenzothiepin 1, l-di- 
oxides and a study of their rearrangement to phenan- 
threnes was reported. The present communication is 
concerned with the preparation and Ramberg-Back- 
lund rearrangement of a,  a-dichlorosulfones. Of es- 
pecial interest to us was the question of whether such 
sulfones would be susceptible to  alkali-induced rear- 
rangement, and also the solvolytic fate of the inter- 
mediate chloroepisulfones. 

The only report in the literature to date which bears 
somewhat on this question is that  of Ramberg and 
Backlund2 in which the reaction of bis( a-chloroethyl) 
sulfone (I) with aqueous potassium hydroxide was 
found to give rise to potassium 2-butene-2-sulfonate 
(111). The formation of I11 can easily be formulated 

CH? 
K O H  / KOH 

CHaCHClS02CHCICHI + CHaCH-C -+ 
c1 \s/ \ 

I 
0 2  

I1 CHS 
/ 

CH3CH=C 

'SOPK" 
111 

(1) a-Halosulfones. I. I.. A .  Paquet te ,  J A m  Chem S O L . ,  86, 1085 
(1964) 

(2 )  I>. Ramberg and B. Backlund. Avkiz'. Kemi  Mineral .  Geoi , 13A, No. 27 
(1940) ,  see also further mention of this reaction by F. G. Bordwell and 
G I). Cooper. J .  A m .  Chrm Soc , 7 3 ,  5187 (1951) 

as proceeding in a manner totally analogous to the re- 
arrangement of a - h a l o ~ u l f o n e s ~ ~ ~  ; that  is, S N ~  displace- 
ment of either chlorine atom by the other a-sulfonyl 
carbanion to give the chloroepisulfone 11, which upon 
attack by hydroxide ion affords 111. Despite the at-  
tractiveness of this mechanism, however, several other 
possibilities can be visualized which are consistent with 
the results. The ensuing report delineates our efforts 
to provide evidence for the formation of chloroepisul- 
fone intermediates. 

Results 
Addition of 2 equivalents of sulfuryl chloride 

to a solution of dibenzyl sulfide (IV) in carbon 
tetrachloride, followed by direct oxidation of the result- 
ing dichlorosulfide, gave the CY, a-dichlorosulfone VI as 
the only p r o d ~ c t . ~  

Q - - c H , s c H ~ ~  3 
IV 

(3) N .  P. Seurieter and F. G Bordwell, ib id . .  86 ,  1209 (lR03).  
(4)  The  polychlorination of dimethyl sulfide also resulted in all t he  hydro- 

gens of one carbon atom being replaced by chlorine befol-e the second 
methyl group was at tacked:  W. E Truce, G H. Bii-um, and E. T McBee. 
i b i d . ,  74, 3594 (1952). 
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In contrast, dichlorination and oxidation of 2,i-di- 
hydro-3,4-.7,(i-dibenzothiepin (1-1 Ia) afforded the a ,  a'-  
dichlorosulfone I'IIIa in 2.9% yield and the 0, a-di- 
chlorosulfone IXa in X3.5</2 yield. The structures were 
supported by their n.ni.r.  spectra. Similarly, the di- 
benzothiepin VIIb gave rise to i7111b (9.(i5< yield) and 
IXb (;34..7y0 yield). In these latter cases are found the 
first two examples of the a ,  a'-dichlorination of sulfides. 
A reasonable explanation for this change i n  reaction 
course can be gained from an inspection of Dreiding 

VIIa, R = H  VIIIa, R = H IXa, R = H 
b, R = CHa b, R = CH3 b, R = CH3 

models. The initially formed monochlorosulfide reacts 
with a second mole of chlorinating agent and the salt X 
is formed Two reaction alternatives are now opeii to 
this intermediate. First, the strong inductive effect of 
the a-chloro substituent would tend to promote the re- 

H 
I 

c1 
XI 

I c1 
XI1 

arrangement in favor of the a,  a-dichlorosulfide XI ; 
however, the introduction of a second chlorine atom a t  
that position represents a sterically unfavorable proc- 
ess. On the other hand, X can also rearrange intra- 
molecularly in  the opposite direction, that  is, away from 
the first chloro substituent, to afford the sterically un- 
hindered a, a'-dichlorosulfide X I I .  The relative 
amounts of the dichlorosulfones (see above) indicate 
that although the inductive effect of the chlorine atom 
is the more powerful of the two influences, the steric 
factor is of a sufficient order of magnitude to inhibit the 
exclusive formation of the a,  a-dichlorosulfones, 

Submission of a,  a-dichlorodibenzyl sulfone (VI) to 
the conditions of the Ramberg-Backlund reaction gave 
rise to 1,2-diphenylethylene-l-sulfonic acid ( i O . G % ) ,  
characterized as its p-toluidine salt (XIIII? and tolan 
(XIT', Iiy;, yield), which was found to be contaminated 
with 0: i 2 7 ,  of 1-chloro-1 ,"diI'heriylethylene.~ 

Similarly, solvolytic rearrangement of IXa with di- 
oxane- .2 sodium hydroxide under reflux afforded 
pheria~itlirenc-!~-suliorlic acid (isolated as its #-toluidine 
salt X\T i n  4i,:3(-;  yield) arid !I-chlorophenanthrene 
\X171) in i;.(icC yield. The structure of both products 

s,,j) U ' e  h a i r  uni<,rtunately not a>  >-et heen ahle t o  ascertain the stere<)- 

W ?he concentration c,f 1-chloz-u l.~--diphenylt'th?lene was too l o w  to   per^ 

chemistiy o f  S I 1 1  

r . i t  unwjuivocal stereochemical assignment. 

,SO,H "2 
2,V KaOH 

1'1 - C6HbCH=C, 
dioxane' C6H5 0 

XI11 
CH, 
+ 

were established beyond doubt by mixture melting 
points and comparison of their infrared spectra with 
those of authentic samples.' 

XV XVI 

IVhen IXb was refluxed under the same reaction 
conditions for 16 hr.,  however, the a,  a-dichlorosul- 
fone was recovered intact in Y0yG yield. More pro- 
longed reaction periods (to 2 .5  days) gave analogous 
results. 

Discussion 
In the preceding paper of this series, evidence 

was obtained that the Ramberg-Backlund rearrange- 
ment of %-chloro-2,i-dihydro-3,4-5,G-dibenzothiepin 
I ,  1-dioxides proceeds cia an intramolecular S s 2  
nucleophilic displacement of chloride ion by an a- 
sulfonyl carbanion to give rise to an episulfone inter- 
mediate. I t  was shown that in the rearrangement 
process the benzene rings of the biphenyl system had to 
attain coplanarity to arrive a t  this intermediate. Fur- 
thermore, additional considerations supported the 
S s 2  displacement of halide ion as the route to the epi- 
sulfone. Extrapolation of the argumentation employed 
earlier' to the results obtained herein with the a,a- 
dichlorosulfones leads to the conclusion that such re- 
arrangements proceed through a chloroepisulfone inter- 
mediate. 

Of the three possible pathways considered in the pre- 
vious paper to account for episulfone formation (car- 
bene insertion, dipolar ions, and S s 2  displacement), 
only the latter can be applied to the a,a-dichlorosul- 
fone cases. Obviously, carbene formation is no longer 
a possibility; the formation of a dipolar ion, already 
considered unlikely for monochlorosulfones, ' would be 
even less likely in the present case because of the added 
destabilization of the carbonium ion by the attached 
chlorine atom. These considerations suggest by the 
process of elimination that the chloroepisulfone inter- 
mediates are formed by the intramolecular S s 2  dis- 
placement of a chloride ion by a proximate a-sulfonyl 
carbanion, That  hydroxide ion participates in the 
cleaxcage of chloroepisuliones is evident from the ulti- 
mate isolation o f  sulfonic acids. 

Finally, i t  should be rioted that the solvolytic fate 
of the chlorucpisulfone intermediate varies with the 
nature of the molecule of which i t  is a segment. Thus, 
whereas I has been reported' to yield exclusively the 

( 7 )  The author is indehted t o  Professori 1) J .  Hennessy and P B I). de  la 
Mal-e foi- the  authentic samples of XI- and  XVI ,  respectively 
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sulfonic acid 111, 1V affords predominantly the sulfonic 
acid XI11 but also a substantial amount of a vinylic 
chloride (or its subsequent transformation product, the 
acetylene XIV), and IXa produces equal amounts of 
both possible products, XV and XVI. The following 
mechanistic pathways are consistent with the experi- 
mental observations. First, i t  seems likely that  the 
sulfonic acids arise by the concerted attack of hydroxide 
ion a t  tetravalent sulfur and concomitant ejection of 
chloride ion (see XVII) .  This mechanism is in line 

0 2  

XVII 

XVIII 

with the relative ease of cleavage of carbon-sulfur 
and carbon-chlorine bonds in other displacement reac- 
tions. 

The vinylic chlorides most probably result from step- 
wise cleavage of the episulfone ring to give the anion 
XVIII .  This anion, which in suitable cases may enjoy 
an appreciable lifetime, may then invert and subse- 
quently displace bisulfite ion from the normal rearward 
position. That  vinylic chlorides arise only in those 
cases where R is an aromatic system is evident from the 
stability gained by carbanion XVIII  upon the intro- 
duction of such substituents. 

Experimentals 
ap-Dichlorodibenzyl Sulfone (VI).-To a stirred solution of 

42.8 g.  (0.20 mole) of dibenzyl sulfide (11') in 200 ml. of carbon 
tetrachloride a t  room temperature was added dropwise a solution 
of 58.0 g .  (0.428 mole) of sulfuryl chloride in 80 ml. of carbon 
tetrachloride. When the addition was completed, the solution 
was stirred a t  room temperature for approximately 60 min. and 
warmed to  60" for 10 min. until gas evolution ceased. After cool- 
ing, the solvent was evaporated under reduced pressure to  give 
t h e  e,a-dichlorosulfide 1. as a pale yellow oil. 

To  a stirred solution of V in 800 ml. of chloroform cooled to 
0-5' was added 69.0 g. (0.40 mole) of m-chloroperbenzoic acid in 
portions a t  such a rate tha t  the temperature did not exceed 30". 
The mixture was stirred for 3 . 5  hr.  a t  room temperature. The 
precipitated m-chlorobenzoic acid was removed by filtration 
and washed with a small amount of chloroform. The combined 
filtrate and washings were shaken with saturated sodium bicarbon- 
a t e  solution, dried, and evaporated. Trituration of the oily 
product with hexane gave 40.2 g. (63.6%) of white solid, m.p. 
124-127". Three recrystallizations of this material and benzene- 
hexane gave pure VI ,  m.p.  131-135'. 

Anai.  Calcd. for CI4Hl2C1202S: C ,  53.34; H, 3.84; C1, 
22.49; S, 10.17. Found: C ,  53.40; H ,  3.75; C1, 22.65; 
s, 10.07. 

In additional experiments, VI  was occasionally obtained in a 
polymorphic form, m.p .  111-112". The n.m.r. and solution 
infrared spectra of the polymorphs were identical. 

ilnei. Found: C, 53.75; H , 3 . 8 4 ;  C1,22.48; S, 10.13. 
2,2-Dichloro-2,7-dihydro-3,4-5,6-dibenzothiepin 1 ,I-Dioxide 

(IXa) and 2,7-Dichloro-2,7-dihydro-3,4-5,6-dibenzothiepin 1,l- 
Dioxide (VIIIa)..-To a stirred solution of 21.2 g. (0.10 mole) of 
2,7-dihydro-3,4-5,6-dibenzothiepin (V1Ia)IO in 100 ml. of carbon 

(8) P. G. Bordwell and G. D. Cooper, J .  An?. Chem. SOC., 73, 5187 (1951). 
(9) hlelting points are uncorrected. Combustion analyses were deter- 

(10) W. E. Truce and D. D .  Emrick, J .  A m .  Chem. SOC., 78, 6130 (1956). 
mined by the Scandinavian Microanalytical Laboratory, Herley, Denmark. 

tetrachloride a t  room temperature was added a solution of 29.0 g. 
(0.214 mole) of sulfuryl chloride in 40 ml. of carbon tetrachloride 
during 45 min. Approximately midway through the addition, 
a solid separated which subsequently redissolved. When the 
addition was completed, the solution was stirred a t  60" for 45 
min, ,  cooled, and evaporated. The crude mixture of dichloro 
sulfides was obtained as a pale orange oil. 

T o  a stirred solution of 34.5 g. (0.20 mole) of m-chloroperben- 
zoic acid in 400 ml. of chloroform cooled to 0-5' was added drop- 
wise a solution of the crude chlorination product in 50 ml. of 
chloroform a t  such a rate that  the temperature did not exceed 
5-10', The mixture was then allowed to stand overnight a t  
room temperature. Utilization of a work-up similar to  tha t  de- 
scribed above for V I  afforded a colorless gum. Crystallization of 
this gum from benzene-hexane yielded 13.7 g.  (43.79;) of white 
solid, m.p. 145-170'. Careful chromatography of this solid 
on silica gel (elution with benzene-chloroform 1 : 1) gave 900 mg. 
of VIIIa,  m.p.  220-225", and 10.5 g. of IXa ,  m.p. 194-196'. 
In addition, therewas an overlapping fraction of both components, 
m.p .  138-200'. 

Two recrystallizations of VTIIa from benzene-hexane gave 
pure white needles, m.p.  234-235'; A:: 225 (35,250) and 270 
m p  ( e  3400). 

.4nel. Calcd. for C14HloC1202S: C, 53.68; H, 3.22; C1, 
22.64; S, 10.24. Found: C ,  53.99; H, 3.51; C1, 22.49; S, 
10.57. 

TWO recrystallizations of IXa  from benzene gave white needles, 
m.p .  198.5-199'; 213 (36,250), 250 sh (8200) ,  and 279 nip 
(E 4050). 

Anal.  Found: C ,  53.53; H,3.35; C1, 22.37; S, 10.36. 
2,2-Dichloro-2,7-dihydro-4 I ,  1 "-dimethy1-3,4-5,6-dibenzothie- 

pin 1 ,I-Dioxide (IXb) and 2,7-dichloro-2,7-dihydro-4',1 "-di- 
methyl-3,4-5,6-dibenzothiepin 1,l-Dioxide (VIIb).-To a stirred 
solution of 4.8 g .  (0.02 mole) of 2,7-dihydro-4',1"-dirnethyl- 
X,4-5,6-dibenzothiepin (V1Ib)l in 30 ml.  of carbon tetrachloride 
was added dropwise a solution of 6.1 g.  (0.045 mole) of sulfuryl 
chloride in 10 ml. of the same solvent. When the addition was 
completed, the solution was slowly warmed to 60" with stirring 
during 15 min. The solution was cooled and evaporated under 
reduced pressure and the residual pale yellow oil was dissolved in 
25 ml. of chloroform. 

With stirring, this solution was added sloivly below 25' to an 
externally cooled solution of 7.8 g. (0.045 mole) of m-chloroper- 
benzoic acid in 50 ml.  of chloroform. The resulting mixture was 
allowed to stand a t  room temperature overnight and was worked 
up as above. The residual gum was fractionally crystallized 
from a benzene-hexane mixture to afford 2.35 g. of crude IXb ,  
m.p. 198-205' dec., and 650 mg. of crude 1YIIb. m.p .  133-145" 
dec. (total yield, 3.0 g.,  44.1% for the two steps). 

Pure I X b  was obtained as small white prisms from benzene- 
hexane; m.p. 208-210°. 

Anal. Calcd. for ClaHleC1202S: C, 56.31; H ,  4.13; C1, 
20.78. Found: C ,  56.35; H ,  4.20; C1, 20.99. 

Pure VIITb was obtained as white beads from benzene-hexane; 
m.p. 173-175'. 

Anal. Found: C, 56.14; H ,  4.23; C1, 20.82. 
Ramberg-Backlund Rearrangement of VI.--A solution of 6.3 

g. (0.02 mole) of Y I  in 60 ml. of 2 Xsodiuni hydroxide and 30 ml. 
of dioxane was refluxed with stirring for 18 hr.  After cooling, 
the solution was treated with 60 ml. of water and extracted with 
three 40-ml. portions of chloroform. The aqueous layei was 
acidified with concentrated hydrochloric acid and this solution 
was treated with 3.0 g.  (0.03 mole) of p-toluidine. X precipitate 
formed immediately which was filtered, washed thoroughly with 
water, and dried. There was obtained 5.15  g. ( 7 O . S c ; )  of the 
p-toluidine salt of 1,2-diphenylethplene-l-sulfonic acid ( X1.1) as 
a buff-colored solid, m.p.  198" dec. Recrystallization of this 
salt from water gave the analytical sample as long pale yellow 
needles, m.p.  198' dec. 

Anal.  Calcd. for C?lH21SC$S: C, 68.64; H, 5.76; N ,  3.81. 
Found: C, 68.53; H, 5.87; N ,  3.45. 

The combined organic layers were dried, filtered, and evapo- 
rated to  give a pale yellow oil which was chromatographed 011 

Florisil (elution with hexane) to yield 600 mg. ( c a .  1 T c ;  yield) 
of white solid, m.p.  40-43'. Recrystallization of this solid from 
aqueous ethanol afforded shiny white plates, m.p .  49-31". 
An infrared spectrum of this solid was very similar to that of 
tolan (XIY)." Elemental analysis indicated the presence of 

(11) The reported melting point of tolan. however, is 60-02". 
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2.06T0 chlorine, signifying the presence of 6 i 2% of l-chloro- 
1,2-diphenylethylene (unknown stereochemistry). 

Rambert-Backlund Rearrangement of IXa.--r\ mixture of 3.1 
g. (0.01 mole) of IXa ,  25 ml. of dioxane, and 15 ml.  of 2 iV 
sodium hydroxide solution was refluxed with stirring for 16 hr. 
Upon cooling the solution, there was added 60 ml. of water. 
The aqueous solution was extracted with three 30-ml. portions of 
methylene chloride, acidified with concentrated hydrochloric 
acid, and treated with 1.5 g. (0.015 mole) of p-toluidine. The 
mixture was warmed with scratching until the resulting oil had 
crystallized. After cooling, this solid was filtered and dried 
to afford 1.7 g .  (47.3Yc) of the p-toluidine salt of phenanthrene- 
9-sulfonic acid (XI-),  m.p.  210-216°. Recrystallization of this 
salt from water yielded pale yellow needles of X\., m.p. 231-232' 
[reported m.p. 229' (235' cor.),l* m.p. 230-232'13]. The infra- 
red spectrum of this material (in Nujol) was identical with that 
of an authentic specimen.' 

The combined organic layers were dried, filtered and evapo- 
rated to  give 1.0 g. (47.6Yc) of 9-chlorophenanthrene, m.p .  
49-50' Recrystallization of this sample from aqueous ethanol 

(12) L. F. Fieser, J .  A m .  Chem. Soc , 61, 2460 (1929). 
(13) Sr. IrT. G .  Solomon and D .  J. Hennessy, J .  O r g  Chrm.,  22,  1649 

1957). 

afforded white needles, m.p. 52.5-53' (reportedI4 m.p. 53-53.5"). 
The infrared spectrum of this material was likewise super- 
irnposable on that of an authentic specimen.' 

Attempted Ramberg-Backlund Rearrangement of 1Xb.-A 
mixture of 1.0 g. (2.93 mmoles) of IXb,  5 ml. of dioxane, and 8 
ml. of 2 S sodium hydroxide solution was refluxed with stirring 
for 16 hr. The cooled solution was treated with 25 ml. of water 
and extracted with three 20-ml. portions of chloroform. The 
combined organic layers were dried, filtered, and evaporated to  
give 900 mg. (90% recovery) of IXb,  m.p. 165-175'. 

Treatment of the acidified aqueous layer with p-toluidine gave 
no detectable quantities of a salt. Longer reaction times gave 
analogous results. 
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(14) P.  B. 1). de la Irlare, S. V. Klassen, and R.  Koenigsberger, J .  Chem. 
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Unsaturated Heterocyclic Systems. VIII. 2,3-Dihydro-lH-a~epines'-~ 
B Y  LEO A. PAQUETTE4 

RECEIVED APRIL 15, 1964 

The lithium aluminum hydride reduction of 1,3-dihydro-2H-azepin-2-ones has been found to afford seven- 
membered cyclic dienamines. .llthough the secondary cyclic dienamine 3a is quite unstable, tertiary analogs 
are remarkably stable when the proper precautions are observed. Treatment of the 2,3-dihydro-lH-azepines 
with perchloric acid afforded crystalline ,perchlorates resulting from protonation a t  the &carbon atom. The 
cyclic dienamines have been found to enter very vigorously into Diels-Alder reactions and to photoisomerize 
as normal conjugated cycloheptadienes. 

Among the many intriguing areas of organic chem- 
istry currently under investigation, study of the proper- 
ties and reactivities of enamines has contributed most 
significantly to the progress of synthetic methods. 
Evidence to this effect is given by the wide variety of 
problems in which enamines have found a p p l i ~ a t i o n . ~  
The reactions of enamines have been so varied and 
numerous that studies in this area have only in rare 
circumstances progressed beyond the use of simple ena- 
mines and cyclic enamines. Lye wish now to report, 
in some detail, the preparation and selected reactions 
of a class of novel seven-membered cyclic dienamines, 
the 2.3-dihydro- lH-azepinesfi 

(1) Unsaturated Heterocyclic Systems. VI1  L. A. Paquette,  J .  A m .  
C h e m  Soc.,  86, 4053 (1963). 

( 2 )  For a preliminary account of a portion of this work, see L. A Paquette,  
Trlvnhedron L e l l e i s ,  2027 (1963). 

(3) Presented in part a t  the Gordon Research Conference on Heterocyclic 
Chemistry. S e w  Hampton, S. H.,  Aug. 24-28, 1964. 

(4) Correcpondence should he addressed to  the Department of Chemistry, 
The  Ohio State University. Columbus 10, Ohio. 

( . 5 )  For a recent review of enamine chemlstry,  see J.  Szmuszkovicz, 
"-4dvances in Organic Chemistry, Methods and  Results," Vol. I\', R. A. 
Kaphael, E.  C Taylor,  and H.  lVynberg, Ed . .  Interscience Publishers, Inc., 
New 'iork. N .  Y . ,  1863, see also G .  Stork,  .4. Brizzolara, H. Landesman, J .  
Szrnuszkovicz, and  K. Terrell. J .  A m .  Chein .  Soc., 86, 207 (1963). 

(6)  I n  keeping with the nomenclature of enamines,s we propose tha t  i be 
termed a "dienamine,"; and ii he referred to as a "cyclic dienamine." 
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( 7 )  For examples of dienarnines such as i ,  see A. A.  Bothner-By. R. S. 
Schutz ,  R.  R .  Dawson, and  I r l .  L. Solt, J .  A m .  C h e m .  S o c . ,  84, 52 (1962); 
E .  Leete, hid.. 84, 55 (1962) 

Preparation.-Recently, the interesting ring expan- 
sion of the sodium salts of 2,G-dialkyl- and 2,4,&tri- 
alkylphenols with ethereal chloramine a t  120-1 50' was 
reported from this laboratory.8 The unique 1,S-dihy- 
dro-2H-azepin-2-ones which result from this reaction 
appeared to represent, because of the degree of unsat- 
uration present in this heterocyclic system, excellent 
substrates for the preparation of cyclic dienamines. 

Lithium aluminum hydride reduction of 1,3-dihydro- 
3,5,7-trimethyl-2H-azepin-2-one (1) in ethereal solu- 
tion under an atmosphere of nitrogen afforded, after 
appropriate alkaline work-up, a white solid (3a, see be- 
low) which rapidly decomposed exothermically on ex- 
posure to the atmosphere with the liberation of white 
fumes. Although a very small amount of unreduced 
dihydroazepinone 1 could be isolated from the dark 
residue, the remainder of the decomposition product 
was a dark intractable resin. This result, despite the 
fact that  product isolation was not achieved, suggested 
that cyclic dienamine formation was occurring and 
prompted further study. 

In earlier papers of this s e r i e ~ , ~ . ~  i t  was shown that 
treatment of 1 with sodium hydride in dimethylforma- 
mide produced an anion which when alkylated gave 
rise to N-substituted derivatives such as 2a and 2b. 
When 1,3-dihpdro-1,3,5,7-tetramethyl-2H-azepin-2-one 
(2a) was prepared by this method and subjected to 
lithium aluminum hydride reduction, there was ob- 
tained in 91,8yo yield a colorless liquid which yellowed 

(8) I,. A.  Paquette,  ib id . ,  84, 4987 (19621, 86, 3288 (1963). 
(9) L. A.  Paqiiette and J. K. Reed, J .  .\fed. C h e m . ,  6, 771 (196R). 


