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A b s t r a c t  - i 8 I i 3 , G I A z e p i n o p h a n c  i m e t h p l  3 , 6 - o c t a n o - 1 H - a z e p i n e - 1 - c a r b o x ~ ~ -  - 

l a t e  1 a n d  I 8  l i 3 , 6  l oxep inophn i l e  i 3 . 6 - o c t a n o o s e p i n  I were s y n t h e s i z e d  f r o m  

b i c y i l o l 8 . 2 . 2  I u ~ i d e c n d i e n e ,  a n d  s t r u c t u r n l  f e a t u r e s  o f  them were  a l s o  

s t u d i e d  on t h e  b a s i s  o f  t h e i r  s p e c t r a l  d a t a .  The  e f f e c t  u f  t h e  s u b s t i -  

L u e n t s  a t  3  arid 6  p o s i t i o n s  orr t h e  s t r u c t u r e  o f  1E-azep i r r e  r i m  was 

e l u c i d a t e d  by  c o m p a r i s o n  o f  several 3 , 6 - d i a l k y l - l H - a z e p i 1 , e  d e r . i v a t i v e . 5  

k i t h  t h e  t i t l e  n z e p i n o p l r a n e .  

R e s u l L s  and Discussion 

Ir, h s e r i e s  o f  3 . 6 - d i s u b s t i t u t e d  1 H - a z e p i n e s  L C . '  14.' k3 a n d  if.' t h e  c h a r a c -  

t e r i s t i c  r e a c t i o n  o f  n i t r e r r r  l e a d i n g  d i r e c t l y  t o  c o r r e s p o n d i n g  b i c y c l i c  h e t e r o -  

c y c l e s ,  p y r r o l o l 3 , Z - b l p y r r o l e  d e r i v a t i v e s  has r e c e n t l 5 -  beeen ~ e p o r t e d .  A c o r r e -  

l a t i o n  b e t w e e n  t h e  r e a c t i v i t y  o f  n i t r e n e  arid s u b s t i t u e n t s  o n  1 H - a z e p i n e  r i n g  i s  

p a r t i c u l a r l >  i n t e r e s t i n g .  T h e  1 3 . 6 l a z e p i n o p h a n e  s y s t e m  is t h e  f i r s t  Lo b e  s u c -  

c e s s f u l l y  s y n t h e s i z e d .  



Synthesis of i8lp-cyclophane 151 from ii,oi-bicycloi8.2.2Itetradecadiene 141 by 

means of dehydrogenation using 2,3-dichloro-5,6-dicyanc-l.4-benzoquinone was rep- 

orted by Gassman et el.' However., though the mechanism is unknown so far, the 

present authors achieved a direct coniersion from the diem 4 to 181~-cyclophane 

by treating with equimolar methyl N,N-dichlorourethane IDCUI in benzene at 5'C in 

83% yield. Oring to the thermal instability of p-cyclophane 5 ,  the ordinary 

thermal decomposition reaction of methyl azidoformate as a nitrene source could 

n o t  be applied to tire formation of 1H-azeplne ring. The reactlon of nltrene, 

generated by a base-promoted U-elimination of methyl N-Ip-nitrobenzenesulfonoxy1- 

cnrbamnte using trirthylamine at 5'C in dichloromethane, with 18lp-cycluphane 15) 

resulted in the Eorm-tion of i8113.61azepinophane (methyl 3,6-octano-1H-azepine-l-  

carbuxylateli21 and methyl N-12,'-octanophenyllcarbamate 161 in 5.9% and 3.9% 

yield, respectively. The former may be formed by the expected valence tauto- 

merization via intermediate 1, and the latter from a C-N bond cleavage of inter- 

mediate 8 

A temprraLur.e-dependence behavior on the basis of restricted rotation of -C02Me 

group on the 1H-azepine ring was observed in the '~-nmr I500 MHz) spectrum of the 

azepinophane. The activation enthalpy iAH=12.2 kcal/moll of this restricted 

rotation m s  determined by means o f  DNMR method. Similar dynamic behaviors were 

also obser~ed for all 

of the other azepines 

Hr 
i la-31. The chemical 

la R= H R - 
lb R= Me shifts of ring protons 
- 

1C R= 'pr of la-d and 2, which - 
t Id R= B" 

were measured above - 
le R=-ICH ) - each coalescence temp- - 2 8 

6.5 6.0 5.5 e r a t u r e ,  were shown in 
G(pprn) 

F i g u r e  1 Chemical s h i f t  o f  a -  and y-protons o f  1H- Figure 1. There exis- 
azepine derivatives 

ted a marked relation 

between the chemical shift of Y-proton of the aeepine ring and bulkiness of the 

alkyl substituents in the series of 3,6-disubstitutrd asepines, that is to say, 

the more the bulkiness of the substiturnts increases, the more the shielding of 

Y-protoll decreases. In addition, the electronic spectra of la and id, shown in 

Figu1.e 2 together with spectrum of 2, displayed a similar tendency, that is, an 

obvio~ts hgpsochromic shift w a s  observed in the case of id compared to that of la. 
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Scheme 1 



There data su;is~st that the bulky nlk:l substituents at 3.6-positions of the 

azcpine r i n ~  deform the seven-membered structure effectively. In the case of 2. 

the effect of Lhe oct.arru-bridge on the seren-membered r i n g  structure is apparently 

similar to that. of bulk? a l h l  substituents. The fully optimized MNDO' calcula- 

tior, (Table l i  s h u ~ s  that tire angles of 8 and 8 2 ,  khich are defined by Figure 

3, iiicreased as the bulkiness of the snbstituents incr.eased. In particular. 0 

Table 1 Selected angles (degrees) of 
IH-azepine derivatives based on 
HNDO optimized structures 

compound e  e 2  L C ~ O ~ L C ~  

~igure 3 Side vier of aeepine ring. B l ,  
e 2  are dihedral angles of 
planes C3-C6-C4 and CZ-C7-N and 
plane C2-C7-C3, respectively 

rh0h.s n rrmal.huble variation. The increasing in the anele fl is due to decreas- 

ing in the internal angles of C 3  and C 6  compared to those of la. Meanwhile. in 

the case of azepiu~i~hane 2 ,  he expect that the angles fl and B become %ider by 

a mechanical tension between C 3  and C6 which is iufer.red from phane-structure. 

\ 
250 300 350 LOO 

Wovdmglh(nrn1 

Figure 2 Electronic spectra of h , U  Figure 4 Electronic spectra of 3a, 2 , 7 -  
and 2 in cyclohexane dimethyloxepin and 3a,Ia-indan- 

oxide in cyclohexane 

Irt113.6iOsrp~nopl1unes ln=5,6 and 101 hare been synthesized as the precursors of 

corresporldirrl: p-cytilophanes. However, they have one or more substituerits on the 

ring i n e v i t a b l ~ . ~  We report here the first synthesis of [8li3,6 iorepinophane 

which has no substituents on the rinq. Epoxidatiorr reaction of bicyclodiene 4 

using m-chloroperbenzoic acid lMCPBAi gave 1 2 - o x a t r i c y c l o I 8 . 3 . 2 . 0 ~ ~ ~ ~ ~ 1 p e n t a d e c -  
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Oxepin Benzene oxide 

Table 2 Chemical shifts of a-protons on oxepin ring 
and related compounds 



phanes 3a and 3b were close to that in 4,s-dihydrooxe~in rattler than in ozepin. 

tautomeric character of which w a s  confirmed from Table 2. This clearly indicated 

that the oxepinophane 3a and 24 favurahly mainlained a triene structure in con- 

trast to oxepin's features. The electronic spectra of 3a, 3e,ia-indanoside and 

2,7-dimethylosepin which inhibited the benzene oxide structiire by the steric 

effect of two meth>~l groups IFigure 41 showed a similarity bath in figure and 

intensity f u r  3a and 2.i-dimett,yluxepin. It has been lrrrown that the electronic 

spectrum of oxepin was influenced bs the polar~ti of solvents used owins to the 

valence isomerization. In the C R S e  of oxepinophane a, no such sisn~iicant change 

in the spectrum was observed. Even in methanol-water 11:l v / v  ) .  Lhe trierne struc- 

ture of 3a was confirmed obviously from the spectrum. Further, a hrpsochromlc 

shift by 25 nm compared to the absorption maximum of 2.i-dimethylosepin has obser- 

ved ill it. Ke consider that this shift is attributable to deformation of the 

triene system by ortamethylene bridge. 
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EXPERIMENTAL SECTION 

General Information. Melting points were determined on a Yanaqimoto micro melting 

point apparatus and were uncorrected. Infrared spectra were recorded on a Jascu 

IRA-1 spectrophotometer. Electronic spectra were measured on a HITlCHI Model 200- 

10 or on a HI'TACHI 228 spectrophotometer. N m r  spectra were recorded in CDC13 

lunless otherwise indicated) on a JEOL PMX-60 lfor ' ~ i  or on a Varian VSR-500 (for 

'H or 13c). Elemental analysis was carried out on a Panagimoto HT2 CHN Corder. 

XNDO calculation w a s  performed on a NEC ACOSlOOO computer. Bic~clol8.2.2ltetra- 

deca-11,13-diem and 12-oxatricyclo18.3.2.0111131pentndec-ll-ene were prepared 

according to Gassmsn's report. ' 
[81Paracyclophane. To a solution of 4 12.08 q ,  10.9 mmoli in dry benzene 150 mli 

was added a solution of DCO ll.5i g ,  10.9 mmoli in dry benzene 120 mil gradually 

under nitrogen at a rate to maintain the reaction temperature ut 5-10T. The 

reaction mixture was stirred at the same temperature for 10 h and then at room 

temperature for 5 h. ri 20 % aq. NaliS03 I200 mil was added at S-lOT, and the 

mixture was stirred for 1 h. The organic laser was separated and the aqueous 

phase was extracted with ether. Chromatography on a silica eel column lherane : 

ethyl acetate = 9:1 v/vi of the ether solution gave 1.iO p 183 % yield) of I, 
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which was identical in all respects with the literature compound. 9 

Reaction of [81parecyclophane with nitrene. To a stirred suspension of N-ip- 

nitrosulfonoxylurethane 1604 ms, 2.19 mmoll and 5 (2.06 e ,  i.89 mmoll in dichlro- 

methane 11.4 mll was added slowly a solution of triethylamine 1240 mqi in dichlo- 

romethene 10.5 mll at 0%. After 0.5 h at O C  and 2 h at room temperature, hexane 

(50 mll was added to the reaction mixture. The resulting precipitate was filtered 

and the filtrate was concentrated in vacuo and chromatographed on a silica %el 

column. Elution with a mixed solvent ihexane : ethyl acetate = 9 : 1 v/vl save 

methyl 3,6-octano-lH-aeepine-1-carboxy1ate (21 in 5.9 % yield, methyl 2,5-octa- 

noghenylcarbamate 161 in 3.9 % yield and unreacted B 11.94 el. 

2 : pale yellow oil; Irineatl 1715 cm-' iC=01; 1~-nmriCC141 80.70-2.40im, 16H1, - 

3.70 I s ,  3H1, 5.76 is, 2H1, 6.10 is, 2111; 13C-nmr S 21.74 it), 26.05 it], 26.5i 

it), 31.99 it), 52.94 iql, 127.48 id]. 133.49 ls.dl 154.64 is]; Amax lcyclo- 

hexane) 216 l l o q ~ =  4.301, 246 13.431 300 (3.901 330 nm 12.i31: Anal. Calcd for 

C16H23N02: C, 73.53; H, 8.87; N, 5.39. Found: C, 73.12: H, 8.95; N ,  5.21; ms Calcd 

for C16H23N02, 261.1723: Found 261.1716. 

6 : pale yellow oil; Irineatl 3330 IN-HI. 1713 cm-I iC=Ol: 1 ~ - n m r i ~ ~ 1 4 1  S 0.60- - 

1.80 (n, 12H1, 2.47 (m, 4H1, 3.66 is, 3HI, 6.26 ibr. 1H). 6.86idd, J=8.0. 2.0 Hz, 

lH), 7.25id. Jr8.0 Hz, lHI, i.59 id, J12.0 Hz, 1Hl: Anal. Calcd for C16H23K02: C, 

73.53: H, 8.87; N, 5.39. Found: C, 73.68; H, 8.72; N, 5.26. 

12-0xatricyclo18.3.2.011'131pentadec-14-ene (10). To a solution of 1 10.537 q ,  

2.83 mmoli in dry dichloromethane 15 mll was added qreduallv a solution of MCPBA 

10.54 g, 3.13 mmoll in dry dichloromethane (5 lnli under nitrogen at O'C. After 

stirring for an additional hour at the same temperature, the mixture was stirred 

st room temperature fur 1 h. The resulting solution was washed successively with 

aq. Na2S03 and satd. NaHC03. and dried over anhydrous M4S04. The epohide O was 

obtained as a colorless oil 10.579 41 in 98 % yield. 

10: Irlneat) 1660, 870, 765 cm-l; '~-nmr 81.0-1.9 116HI. 2.6i im, 2HI, 3.09 im. - 

1H1, 3.25 im, 1H1, 5.48im, 2HI: 13C-nmr 623.19 it), 24.66 it), 25.29 it]. 25.il 

It), 26.97 it]. 28.37 it), 28.i6 it], 31.22 it], 31.97 id). 37.34 Id], 55.17 Id], 

58.14 id), 127.56 id], 130.13 id]: Anal. Calcd for Cl4HZ20: C .  81.50; H, 10.i5. 

Found: C, 81.23; H, 10.81. 

I81(3,6)Oxepinophane (3,6-Octanooxepin) l3aJ To a solution of egoside 10 10.490 

g, 2.37 mmoll in dry dichloromethane 17 m11 was added slowly a solut~an of dist- 

illed bromine 10.380 q, 2.37 mmoll in dry dichlorometharie 13 mli under nitroqen in 



n d r y  i c e - a c e t o n e  b a t h .  T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  f o r  6  h  a t  room t e m p e r a -  

t u r e  a n d  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  l e a > i n e  a l i g h t  brown a i l .  Ch roma to -  

g r a p h ?  on art a l u m i n a  columrr a n d  e l u t i o n  w i t h  n m i r e d  s o l ~ e n t  i h e x a n c  : e t h v i  ace- 

t a t e  = 4  : 1  i v / r ) !  e u v e  0 . 5 5 8  g  164 % y i e l d )  o f  d i b r o m i d e  as a p a l e  y e l l o w  o i l .  

W i t h o u t  f u r t h e r  p u r i f i c a t i o n ,  t h e  d i b r o m i d e  was d i s s o l v e d  i n  a m i x t u r e  o f  d r y  

w r i d i n e  I 1 0  m l i  a n d  DBO 1 0 . 9 3  q ,  6 . 1  mmol! a n d  h e a t e d  t o  a r e f l u x  f o r  1 0 0  min  

u n d e r  n i t r o e e n .  . A f t e r  c u o l i r r y .  (.he r e a c t i o n  m i x t u r e  was  p o u r e d  i n L o  2.4X t i yd ro -  

c h l o r i c  a c i d  I 5 0 0  m l l  a n d  e x t r a c t e d  w i t h  d i c h l o r . o m e t h n n c .  The  organic l a y e r  was  

c a s h e d  w i t h  s a t d .  Xat1CO3 a n d  d r i e d  o v e r  a n h y d r o u s  ?lgS04 a n d  e v a p o r a t e d  u n d e r  

r e d u c e d  p r e s s u r e .  The  r e s i d u e  was c h r o m a t o g r a p h e d  on a s i l i c a  g e l  columrr i h e a n e i  

t o  o b t a i n  3a  as c o l o r l e s s  n e e d l e s  i n  i 8  X y i e l d .  

3 a :  mp 47 'C ;  I r i n e n t i  1 6 1 0 .  1 5 i 0 ,  i 0 5  c m - l ;  ' ~ - n m r  6  0 . 8 5 - l . i 0  i l 2 H i .  1 . 8 5  i m .  
~p 

2H1, 2 . 2 0  l m ,  2 H i ,  5 . 9 6  I s ,  Z H I ,  6 . 2 6  l s , 2 H I ;  13c-nmr  6  2 1 . 6 3  l t i ,  2 6 . 0 5  i t ] ,  

2 6 . 7 5  ( t i ,  2 9 . 4 3  I t ) ,  1 2 9 . 2 2  I s ] ,  1 3 2 4 3  i d i ,  1 3 8 . i 2  I d ] ;  h m , , i c ~ c l o h e x a n e i  214  

i l o q 6  = 3 . 8 0 1 ,  2 i l  1 3 . 3 3 )  nm: A n a l .  C a i c d  Fo r  C14H200: C. 8 2 . 3 0 :  H .  9 . 8 i .  Found :  C ,  

8 2 . l i ;  H,  9 . 9 2  

D i m e t h y l  bicyclo[8.2.21tetradeca-ll,l3-diene-ll.l2-dicarboxy.late 1 1 2 )  A m i x t u r e  

of d i e m  9 l i . 2 6  e .  4 4 . 2  mnml! a n d  d i m e t h y l  a c e t y l r n e d i c a r b o x y i a t e  1 6 . 4 0  e ,  4 5 . 1  

mmoll was  h e a t e d  i n  a s e a l e d  Pyrex t u b e  a t  2 0 0 T  f o r  3  11. C h r o m u t o ~ r a p h ?  o n  a 

s i l i c a  g e l  c o l u m n  I c t h y l  a c e t a t e  : h e s a n e  = 1 : 9  v / v i  g a v e  3 . 1 2  q 1 2 3  % y i e l d i  o f  

1 2  a s  c o l o r l e s s  n e e d l e s .  . - 

1 2 :  mp 56-58.C; I r l n e a t l  I i I O ,  1 6 1 0 ,  1 6 0 5  cm- l :  ' ~ - n m r i C C l , i  6 0 . 9 0 - 2 . 2 0  I l G H i ,  - 

3 . 0 9  l e ,  l H i ,  3 . 4 9  lm. l R i ,  3 . 6 5  i s ,  3H1, 3 . 6 8  i s ,  3H1, 5 . 5 9 - 5 . 9 5  i m ,  ? H I ;  1 max 

l c s c l o h e x a n e i  224  nm ( l o g  E . 3 . 6 4  1 :  A n a l .  C a l c d  f o r  C18H2604: C .  i 0 . 5 6 ;  H .  8 . 5 5 .  

Found :  C ,  i 0 . 3 8 :  H .  8 . 5 1 .  

D i m e t h y l  12-oxatricyclol8.3.2.011~13lpentade~Cl4-ene-l4,l5-diarboxla~e (13) i 

s o l u t i o n  o f  12 5  , 3 . i 5  mmoli a n d  MCPBA i i 9 5  mg, 4 . 6 0  mmoll i n  d r y  d i c h l o r o -  

m e t h a n e  120 n t l l  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  14 h .  The  s o l i i t i o r ~  w a s  washed  

s u c c e s s i ~ e l y  w i t h  1 0  % aq. N a 2 S 0 3 ,  s a t d .  NaHC03 a n d  w a t e r ,  a n d  d r i e d  o v e r  a n h > ~ d -  

rous MqS04. The s o l u t i o n  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e s i d u e  

was c h r o m a t o g r a p h e d  on  a s i l i c a  g e l  co lumn  le t !>>-1  a c e t a t e  : h e s a n e  = 2 : s  v/v!. 

g i v i n g  e p o h i d e  13 as  c o l o r l e s s  n e e d l e s  i n  8 8  % y i e l d .  

1 3 :  mp i 2 - 7 3 T ;  I r l n u j o l l  l i 5 0 .  1 6 2 2  c m - l ;  ' ~ - n m r  6  1 . 1 0 - 1 . 6 3  l l 5 H i .  2 . 0 1  i m ,  1H1,  . .. 

3 . 1 9  I t ,  5 ~ 3 . 3  Hz,  l H I ,  3 . 2 2  ( b r  t ,  J z 5 . i  H z ,  1H1,  3 . 3 1  l d d ,  J z 4 . 2 ,  1 . 0  Hz ,  1 H 1 ,  

3 . 5 3  l b r ,  1H1 ,  3 . 6 9  I s ,  3H1, 3 . 8 0  i s ,  3 H i ;  13c-nmr  S 2 2 . 6 4  I t  2 3 . 9 9  I t ) ,  2 4 . 8 0  
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i t ) ,  2 4 . 8 9  l t l ,  2 6 . 0 0  i t ) ,  2 i . 8 5  i t ,  t w o  c a r b o n s ) ,  2 8 . 4 1  i t ) ,  3 3 . 6 1  i d  3 7 . 2 6  

I d ) ,  5 1 . 9 7  i q i ,  5 2 . 1 9  i s ] ,  5 3 . 9 8  i d i ,  5 7 . 3 0  i d ) ,  1 2 7 . 1 4  I s l ,  1 4 4 . 9 6  I 1 6 5 . 3 9  

I s ] ,  1 6 8 . 2 6  1 s ) ;  ~ m a x i c ~ c l u h e r a n e l  2 2 6  nm i l o g c  = 3 . 6 6 1 :  A n a l .  C a l c d  f o r  C18H2605: 

C, G i . 0 6 ;  H,  8 . 1 3 .  F o u n d :  C.  6 7 . 1 3 :  H ,  8 . 0 4 .  

R e a c t i o n  of e p o x i d e  w i t h  b r o m i n e .  To a s t i ~ r e d  s o l u t i o n  o f  e p o x i d e  13 1 1 5 7  mg, 

0 . 4 8 7  mmoli i n  d r y  d i c h l o r o m e t h a n e  1 3  m l l  %as a d d e d  g r e d u a l l y  a s o l u t i o n  of 

b r o m i n e  1 8 0  mg, 0 . 5 0  m n w l l i n  d r y  d i c h l o r o m e t h a n e  ( 5  m l l  u n d e r  n i t r o q e n  i n  a d r v  

i c e - a c e t o n e  b a t h .  Thp  r e a c t i o n  m i x t u r e  cns s t i r r e d  f o r  4  h  a t  room t e m p e r a t u r e  a n d  

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  A brown r e s i d u e  was c h r o m a t o g r a p h e d  on en 

a l u m i n a  c o l u m n  i e t h y l  a c e t a t e  : h e r a r r e  = 3 : i  v / v )  a n d  t h e n  on  a r e v e r s e - p h a s e  

s i 1 i r ; n  g e l  c o l u n m  ( F U J I  GEL ODs-Q k a t e r  : m e t h y l  a l c o h o l  = 3 : l i  v / v i .  The forma- 

t i o n  o f  u s u a l  b r o m i n e  a d d u c t s  c o u l d  n o t  b e  o b s e r v e d  a n d  d i r n e t h s l  2 , s - o c t a n o p h t h a -  

l a t e  1 lies o b l a i n e d  i n s t e a d  a s  a c o l o r l e s s  o i l  i n  i . 8  % y i e l d .  

: I r l r r e a t l  1 7 2 0  c m - I ;  'H-nmr S - 0 . 0 5  ( b r ,  Z H i ,  0 . 4 7  im, Z H ) ,  0 . 8 1  i m ,  2H1, 1 . 0 4  

l m ,  2 H i ,  1 . 4 0  i m ,  2H1, 1 . 6 1  i m ,  2 x 1 ,  2 . 4 9  i d d d ,  J = 1 3 . 2 ,  9 . 1 .  5 . 2  H z ,  2H1,  3 . 1 2 i d t ,  

J . 1 3 . 2 ,  5 . 5  H z ,  2 H i .  3 . 8 3  ( s ,  6 H 1 ,  7 . 2 6  i s ,  2 H i ;  13c-nmr  S 2 5 . 4 6  I t i ,  2 9 . 2 4  [ t i ,  

3 0 . 3 4  I t ) .  3 3 . 9 0  ( t i ,  5 2 . 3 3  ( q l ,  1 3 2 . 0 8  i s ) ,  1 3 2 . 8 8  i d i ,  1 4 0 . 6 6  I 1 6 8 . 1 3  i i i :  

A n a l .  C a l c d  f o r  C18H2,,0,: C ,  7 1 . 0 3 ;  H ,  i . 9 5 .  F o u n d :  i', 7 0 . 7 8 ;  H, 7 . 8 8 .  

D i m e t h y l  3,6-octanooxepin-4,5-dica1.boxylate (B). A  s t i r r e d  s o l u t i o n  o f  e p o x i d e  

U 1 3 . 8 6  g ,  1 2 . 0  m m o l l ,  f i n e l y  g r a n u l a t e d  X - b r o m o s u c c i n i m i d e  1 2 . 4 2  q .  1 3 . 6  mmoll 

a n d  n c a t a l y t i c  a m o u n t  o f  b e n z o v l  p e r o x i d e  i n  d r y  b e n z e n e  1 6 0  m l  I ,  was r e f l r u e d  

C u r  l i  h u n d e r  n i t r o g e n  s t r e a m .  A f t e r  c o o l i n g  a n d  e v a p o r a t i o n  o f  s o l v e n t ,  t h e  

~ s i d u e  was c h r o m a t o g r a p h e d  o n  an a l u m i n a  c o l u m n  ( e t h y l  a c e t a t e  : h e x a n e  = 1 : 9  

\ / v i  f o r  t h e  p u r p o s e  o f  d e h , v d r o b r o m i n a t i o n .  T h e  e l u e n t  was c o n c e n t r a t e d  a n d  

chromntoql.aymhed on a r e r e r s e - p h a s e  s i l i c a  g e l  col i imn ( F U J I  GEL ODs-Q, w a t e r  : 

xmethanul = 1 9  I q i \ . i n q  3b as: a c o l o r l e s s  o i l  i n  5 . 5  % y i e l d .  

3 b :  I r l n e a t )  1 7 1 5 ,  1 6 2 0 ,  1 6 0 0  c m - I ;  'A-nmr 8 0 . 9 7 - 1 . 3 5  i l 0 H i .  1 . 4 8  lm.  2H1, 1 . 8 1  

i d d d ,  J = 1 , 1 . 2 ,  1 4  2 . 6 H z ,  2 H I ,  2 . 4 3  i m ,  2H1, 3 . 7 3  Is,  6 H i ,  6 . 1 7  I d ,  J = 1 . 6 H z ,  2 H I ;  

1 3 ~ - n m r  8 2 2 . 2 1  I t ) ,  2 6 . 2 8  l t l ,  2 5 . 8 7  I t ) ,  2 8 . 4 2  i t ] ,  5 2 . 2 7  l q l ,  1 2 6 . 7 9  I s ] ,  

1 3 8 . 4 1  I ,  1 4 5 . 0 7  i d ] ,  1 6 6 . 6 2  1 ;  , l m , , l c y c l u h e x a n e i  2 8 2  nm l l o g s = 3 . 3 6 1 :  A n a l .  

C a l c d  f o r  C18H2405: C ,  6 i . 4 8 ;  H, 7 . 5 5 .  F o u n d :  C ,  6 7 . 2 3 ;  H,  i . 4 3 .  
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