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(ac t i v i t y  11-111) basic a lum ina .  T h e  benzene eluate af forded 0.190 
g (56%) o f  a l i g h t  ye l low o i l .  

T h e  p r o d u c t  underwen t  s l ight  decomposit ion u p o n  d i s t i l l a t i on  
[short pa th ,  oven temperature 140" (0.1 m m ) ]  or u p o n  preparat ive 
t h i c k  layer  chromatography w i t h  si l ica gel H: Amax  ( f i lm)  3.0, 
3.45, 3.55, 5.90, 6.10, 6.92, 7.30, 9.05, 10.60, 11.0, a n d  13.25 mp; 
6 ~ ~ s  (CDC13) 1.08 ppm (s, CH3).  A f te r  s tanding for  several weeks 
a sample so l id i f ied (mp 77-78") but satisfactory ana ly t i ca l  values 
could n o t  be  obta ined.  
t-2-hlethyl-r-lH,~-5~,~-7H,t-8H-tricyclo[6.3.~.~~~~]undecan- 

e-2-01 (11). A m i x t u r e  o f  100 m g  (0.55 m m o l )  o f  t he  d ib romohy-  
droazulenol 10, 100 m g  o f  lithium wire, a n d  3 ml o f  t e r t - b u t y l  a l -  
cohol in 3 ml o f  te t rahyd ro fu ran  was s t i r red a t  r o o m  temperature 
for  2 days.16 T h e  m i x t u r e  was caut ious ly  quenched w i t h  12 ml of 
water  a n d  t h e  p roduc t  was iso la ted w i t h  ether. Shor t -pa th  d i s t i l -  
l a t i o n  [oven temperature 70"(0.1 m m ) ]  a f forded 50 m g  (500/0) o f  a 
colorless o i l ,  w h i c h  gave a p redominan t  peak o n  the  gas chro- 
ma tog ram (UCW-98  c o l u m n  a t  205") w i t h  re ten t i on  t i m e  of 3.2 
min: A,,, ( f i l m )  3.0, 3.45, 6.9, 7.3, 9.0, 11.0, a n d  13.75 mp; &MY 

(CDC13) 0.68 (m, cyc lopropy l  H )  a n d  1.10 ppm (s, CH3).  
A n a l .  Ca lcd  for  C12H2oO: C, 79.94; H, 11.18. Found :  C, 79.68; 

H, 11.19. 
t - 2 - M e t h y l - r - l H , t - 5 ~ ,  t-7~,t-8~-tricyclo[6.3.~.~~~~]undecan- 

e-7-01 (9). A m i x t u r e  o f  0.332 g (2 m m o l )  o f  t h e  hydroazulenol  8,l 
3.42 g (6.5 m m o l )  o f  methy lene iodide, a n d  1.4 g (20 m m o l )  of 
zinc-copper couple in 20 nil o f  ether was s t i r red a t  r o o m  tempera-  
ture for  3.5 days.8 T h e  m i x t u r e  was f i l tered, a n d  the  ether was 
washed w i t h  3% aqueous hydrochlor ic  acid. W o r k - u p  o f  t he  ether 
so lut ion a n d  sho r t -pa th  d i s t i l l a t i on  [oven temperature 70" (0.1 
m m ) ]  o f  t h e  p roduc t  a f forded 0.350 g (97%) o f  a colorless o i l  w h i c h  
showed a p redominan t  peak o n  t h e  gas ch romatog ram (UCW-98 
c o l u m n  a t  205") w i t h  re ten t i on  t i m e  o f  3.8 m i n :  Amax  ( f i l m )  3.0, 
3.45, 6.95, 7.35, 9.20, 9.82, 10.62, 11.05, a n d  13.75 mp; 
(CDC13) 0.44 ( m ,  cyc lop ropy lH)  a n d  1.10 ppm (s, CH3) .  

H, 11.31. 

dis t i l la t ion.  

A n a l .  Ca lcd  for  C12H200: C, 79.94; H, 11.18. Found :  C, 79.95: 

A sample o f  t h i s  ma te r ia l  so l id i f ied ( m p  43-44") u p o n  shor t -path 
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In the course of examination of selected amides of po- 
tential value in the Vilsmeier-Haack reaction it became 
evident that little information is available on otherwise 
unsubstituted N-aroylazetidines. Only a few of these com- 
pounds appear to have been r e p ~ r t e d . ~ . ~  Moreover, exist- 
ing methods for the preparation4-' of azetidine itself are 
not only lacking in experimental simplicity but are un- 
suitable when it is desired t o  prepare small quantities 
only. 

Investigation of certain of the reactions reported indi- 
cated that the sequence employed by Vaughan, et a/. (eq 
1) could, by the application of improved methods, be used 

TsKHCH2CH2CH,OTs -- T s N 3  -+ H Z T 3  (1) 
1 2 3 

in small-scale operations to afford a somewhat better yield 
than previously r e p ~ r t e d . ~  Thus, the cumbersome cycliza- 
tion of 1 by the action of ethoxide or tert-butoxide over 16 
hr was found to be unnecessary, as the same result could 
be obtained by use of aqueous hydroxide over approxi- 
mately 4 hr with much less effort. 

For the reductive detosylation of 2, sodium naphthalen- 
ides in diglyme medium (which in the present context is 
far superior to dimethoxyethane or tetrahydrofuran) was 
found to be suitable. The benefit of this method lies not 
only in considerably improved yields but also in the great- 
er simplicity of operation than that of Vaughan's method 
where reduction by sodium in amyl alcohol affords some 
40% of product only after a somewhat tedious sequence of 
operations. 

The present radical-anion reduction is quick and avoids 
complex work-up procedures, as the azetidine is obtained 
as an approximately 1 M solution in diglyme by simple 
distillation from the reaction mixture. The yield of azeti- 
dine is approximately 70% of theoretical. 

The N-aroylazetidines listed in Table I were prepared in 
fair yield by the use of the azetidine-diglyme solution (to 
which was added an equimolecular quantity of triethyl- 
amine in order to conserve azetidine and simplify purifi- 
cation) and the appropriate aroyl chloride. The identity of 
each of these derivatives was established by the usual in- 
strumental and analytical means. 
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Table I 

Notes 

Ar  Mp,a  " C  Yield, 70 vc -0 ,  cm-1' 6-CH2- Registry no.C 

Pheny l  61-62 54 1625 a 4 . 3 1  3420-62-0 
b 2 . 3 5  

4-Nitrophenyl 122-123 56 1620 a 4 . 3 6  51425-89-9 

4-C hiorophenyl 107 . O  45 1605 a 4 . 3 0  51425-90-2 

4-Tolyl 86-86.5 68 1605 a 4 . 3 0  51425-91-3 

3,5-Dinitrophenyl 155-156 48 1630 a 4 . 4 7  51425-92-4 

2-Fury1 120-120.5 65 1620 a 4 . 4 2  51425-93-5 

b 2 . 4 5  

b 2 . 3 6  

b 2 . 3 4  

b 2 . 5 3  

b 2 . 4 0  

a Uncorrected,  recrystailized from hexane  or toluene-hexane. Run as Nujo l  mulls. c Satisfactory analytical  data ( 1 0 . 3 %  
for C ,  H, C1, N) were reported for all  new compounds  listed. 

Experimental Section 
3-(4-Toluenesuifonamido)pro~yl~4~~oluenesulfonate (1) was 

prepared by the method of Vaughan, et a2.,5 and used without 
further purification. 

4-Toluenesulfornazetidido (2). To a suspension of 6.72 g (17.5 
mmol) of' 1 in 550 ml of water (the optimum volume for the high- 
dilution technique required) was added 176 ml of 0.1 M sodium 
hydroxide solution and the mixture was refluxed until most of the 
solid had dissolved (3-4 hr). The light pink solution was treated 
with charcoal and filtered while hot. On cooling, glittering white 
needles, 3.15 g (85% average), mp 123-124" (lit. mp 118-120"), 
were formed. 

Azetidine (3). A solution of 16 g (125 mmol) of naphthalene in 
100 ml of diglyme was magnetically stirred in a 500-ml flask fi t-  
ted with a dropping funnel and a short fractionation column cou- 
pled to a condenser? receiver, and three small ice-cooled traps 
containing diglgme. The apparatus was flushed with dry argon, 
and ea. 10 g of sodium shot was added in one batch. After stirring 
for 30 min, a solution of 6.28 g (25 mmol) of 2 in 60 ml of warm 
diglyme was added over 40 rnin and stirring was continued for a 
further 30 min under a very slow stream of argon. This was fol- 
lowed by distillation (terminated when the boiling point of di- 
glyme was reached) and the combined distillate (ea. 20 ml) and 

trap contents [ca. 10 ml) were assayed acidimetrically. Average 
yield was 70% of theoretical. 

Registry No.-1, 51425-88-8; 2, 7730-45-2; 3, 503-29-7; benzoyl 
chloride, 98-88-4; 4-nitrobenzoyl chloride, 122-04-3; 4-chloroben- 
zoyl chloride, 122-01-0; 4-methylbenzoyl chloride, 874-60-2; 3,5- 
dinitrobenzoyl chloride, 99-33-2; 2-furancarbonyl chloride, 527- 
69-5. 
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