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ORGANIC PREPARATIONS AND PROCEDURES INT. 18(5), 329-343 (1986) 

SYNTHESIS OF 3-SELENA-7-AZABICYCLO[3.3.1 

M. Daniel Thompson, Gary S. Smith 

NONANES AND CERTAIN DERIVATIVES 

* 
and K. Darrell Berlin 

Department of Chemistry, Oklahoma State University, 
Stillwater, OK 74078 

Intriguing aspects of the stereochemical ramif icationsl’’ and anti- 

arrhythmic action3” of 3,7-diheterabicyclo[ 3.3. llnonanes have appeared 

recently in the literature. In view of the biological activity found with 

the s u l f u r   derivative^,^ we report herein the first examples of selenium 
analogues. 

for the preparation of 4-5, the title compounds. 
Ketones 1. and 2 and selenanone (2)5 were key synthons utilized 

A conformational analysis LLR o&Ar 0 
._ - - 

NH 
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TXOMPFSOIJ, SFIITH AIJD BERLIN 

w a s  per formed on t h e s e  s y s t e m s  i n  t e r m s  of t h e  s p e c t r a l  d a t a  ( I R ,  ' H ,  I 3 C ,  

1 5 N ,  and 77Se  NMR a n a l y s i s )  o b t a i n e d .  

k e t o n e  2 t o  1 and ~ 2 ,  which i n  t u r n  were t h e n  c o n v e r t e d  t o  5-6, i n v o l v e d  a 

? 1 ~ n n i c h  t y p e  c o n d e n s a t i o n  f o l l o w e d  by a Wolf f -Kishner  r e d u c t i o n  of  t h e  

carbony1 g r o u p s .  The c o r r e s p o n d i n g  amines  w e r e  t h e n  t r e a t e d  w i t h  a 60X 

The b a s i c  o v e r a l l  c o n v e r s i o n  of 

4 - 
L 

5 - 

9 

+ 
- 7 IIH2 

Ar 

s o l u t i o n  of p e r c h l o r i c  a c i d  t o  g i v e  s a l t s  - 5 or 1 as shown i n  t h e  scheme 

b e l o w .  The s a l t s  p roved  e a s i e s t  t o  p u r i f y  i n  c o n t r a s t  t o  t h e  k e t o n e s  and 

amines  which gave e x c e l l e n t  s p e c t r a l  d a t a  b u t  c o u l d  n o t  be  f r e e d  of t r a c e  

c o n t a m i n a n t s  which l e d  t o  s l i g h t l y  i n f e r i o r  e l e m e n t a l  a n a l y s e s .  The re- 

a c t i o n s  t o  form k e t o n e s  1 and __ 2 gave  y i e l d s  which ranged  from modest  t o  

+ - 6 - I  
l JH4 OAc / N 2  / A  

v e r v  good b u t  t h e  m i x t u r e s  w e r e  d a r k  and a n p a r e n t l v  some c o m p e t i t i v e  pro-  

c e s s e s  were i n  o p e r a t i o n .  2 ' 6  

c o n v e r s i o n s  t o  t he  p e r c h l o r a t e s  were presiimablv q u a n t i t a t i v e .  

The y i e l d s  of t h e  amines  were q u i t e  f i n e  and 
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SYNTHESIS OF 3-SELENA-7-AZABICYCLO [ 3.3.1 INONANES 

A b s o r p t i o n  f o r  t h e  C=O group i n  t h e  i n f r a r e d  o c c u r r e d  i n  t h e  r a n g e  of 

1710-1730 c m - l  f o r  k e t o n e s  & and 2a,b. 

n e a r  3400 c m - l  f o r  t h e  N-H s t r e t c h  and a band n e a r  1100 cm 

c h l o r a t e  i o n . 7  

b e  due  t o  a C-Se s t r e t c h 8  b u t  t h i s  i s  n o t  conf i rmed.  

The p e r c h l o r a t e s  d i s p l a y e d  bands  

-1 f o r  t h e  per -  

-1 
A band n e a r  610 c m  a p p e a r e d  i n  t h e  s a l t s  2 and 2 and may 

A l l  p r o t o n  NMR s p e c t r a  were q u i t e  complex due t o  h i g h  s i g n a l  d e n s i t y  

i n  most r e g i o n s .  However, t h e  13C blm s i g n a l s  were i n f o r m a t i v e  a n d ,  e x c e p t  

f o r  t h e  s i g n a l s  f o r  c a r b o n  a t o  s e l e n i u m ,  t h e  13C c h e m i c a l  s h i f t s  were v e r y  

similar t o  t h o s e  found i n  t h e  s u l f u r  a n a l o g u e s .  1 ' 4  

C(2 ,4)  i n  - 1 and - 5 were 24.9 and 29 .1  ppm, r e s p e c t i v e l y ,  w h i l e  t h e  s u l f u r  

c o u n t e r p a r t s  8 and 2 and r e l a t i v e s  t h e r e o f '  ave?.aged 34.6 and 30.5 ppm, 

r e s p e c t i v e l y .  Thus t h e  s e l e n i u m  a p p e a r s  t o  b e  less e l e c t r o n e g a t i v e  t h a n  

s u l f u r  and t h e  a l p h a  c a r b o n s  a r e  less d e s h i e l d e d .  I n  v i e w  of t h e  c l o s e  

The a v e r a g e  s h i f t s  f o r  

2 

c104 

+ 

9 Ph 

s i m i l a r i t y  of c h e m i c a l  s h i f t s  of t h e  13C r e s o n a n c e s ,  w e  c o n c l u d e  t h a t  t h e  

c h a i r - b o a t  c o n f o r m e r s  f o r  1, 2, 6, and 7 are r e a s o n a b l e  as are t h e  c h a i r -  

c h a i r  forms  f o r  4 and 5. 

- - 
9 

- 

The u s e  of 1 5 N  and i n  p a r t i c u l a r  77Se NMR r e s o n a n c e s  t o  i d e n t i f y  t h e  

1-5,lO s t e r e o c h e m i s t r y  i n  3,7-diheterabicyclo[3.3.l]nonanes i s  q u i t e  rare. 

The p r e s e n c e  of  t h e  t h i o p h e n e  r i n g  c a u s e s  a n  a d d i t i o n a l  d o w n f i e l d  s h i f t  f o r  

b o t h  t h e  15N and 77Se r e s o n a n c e s  i n  a l l  s y s t e m s .  I n  t h e  k e t o n e s ,  t h e  15N 

s i g n a l s  ranged  from 35.16 t o  40 .31  ppm i n  LaLc and a t  62.84 and 67 .09  ppm 
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THOMPSON, SMITH AND BERLIN 

l o s s  

a x  i a  

T h i s  

i n  2a,b. I n  t h e  s a l t s ,  t h e  r a n g e  w a s  f r o m  4 8 . 0 3  t o  58 .54  ppm f o r  and  

a t  6 2 . 3 9  a n d  57 .67  ppm f o r  __ 7a.b. F o r  c o m p a r i s o n ,  N - b e n z y l p i p e r i d o n e  - h a s  a 

s i g n a l  a t  4 9 . 1  ppm [ f r o m  NH3(2.)] w h i l e  - N - e t h y l p i p e r i d i n e  h a s  n s i g n a l  r e -  

p o r t e d  a t  5 0 . 8  ppm. 

__ la-c compared t o  t h e  s i g n a l  f o r  .- N b e n z y l p i p e r i d o n e  i s  l i k e l y  d u e  t o  t h e  

n i t r o g e n  a tom b e i n g  i n  a c h a i r  c o n f o r m a t i o n  i n  a b i a s e d  s y s t e m  a n d  w i t h  a 

y - s h i e l d i n g  e f f e c t  o p e r a t i n g  v i a  i n t e r a c t i o n  w i t h  t h e  a x i a l  C ( 1 , 2 )  and  

C ( 4 , 5 )  bonds .  ""* The 15N s i g n a l s  f o r  k e t o n e s  2a,b is r e m i n i s c e n t  of 

t h a t  found  i n  t h e  s u l f u r   relative^.^ 
e x p e c t e d  t o  b e  c o n s i d e r a b l y  d e s h i e l d e d  4 y 1 1  a l t h o u g h  no model s y s t e m s  w i t h  

a s e l e n i u m  atom w e r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  

__ 

The i n c r e a s e d  s h i e l d i n g  f o r  t h e  15N s i g n a l  i n  k e t o n e s  

The p r o t o n a t e d  a m i n e s  2 a n d  w e r e  

'The 77Se s h i f t s  w e r e  n o v e l  and  a p p e a r e d  [ r e l a t i v e  t o  (H C )  S e ]  i n  t h e  3 2  

r a n g e  of  77 .00  t o  8 6 . 2 8  ppm f o r  k e t o n e s  &. I n  s h a r p  c o n t a s t  t h e  s i g n a l s  

f o r  k e t o n e s  2a,b a p p e a r e d  a t  30.60 a n d  26.67 ppm, r e s p e c t i v e l y .  T h i s  d r a -  

m a t i c  zLpj'ield s h i f t  m u s t ,  i n  o u r  o p i n i o n ,  s u r e l y  a r i s e  f rom a y - s h i e l d i n g  

e f f e c t  f rom t h e  C ( 1 , 8 )  a n d  C ( 5 , 6 )  b o n d s  and  p o s s i b l y  f rom some i n f l u e n c e  

f rom t h e  a r y l  r i n g s  a t  C ( 6 , 8 ) .  Aga in  t h e r e  i s  no  p r e c e d e n t  i n  any  s e l e n i u m  

m o d e l s .  I n  sa l t s  5 a n d  - 7 t h e  r e s u l t s  w e r e  e v e n  more s t r i k i n g .  The c h a i r -  

c h a i r  s y s t e m  2 had  a s i g n a l  a t  189 .41  ppm w h i l e  Lb and  . 5 ~  had  s h i f t s  n e a r  

88 ppm. I n  t h e  b i c y c l i c  s y s t e m s  _ _  7 ,  7a had  a 77St, s i g n a l  a t  5 . 1 1  ppm w h i l e  

d u e  t o  

5 , 6 )  

s h i f t  . 

- 

- 7b showed a s i g n a l  a t  2 . 2 5  ppm. T h i s  enormous 14pj'icid s h i f t  

o f  H-bonding t o  t h e  Se a tom.  Thus ,  t h e  e f f e c t  of  C ( 1 , 8  

bonds  c a n n o t  bc f u l l y  a s s e s s e d  i n  terms of  enhancemen t  

f i c l d  i s  r i p e  f o r  d e v e l o p m e n t .  

may be  

a n d  C 

t o  t h e  

EXPERIMENTAL SECTION 

A l l  r e a c t i o n s  w e r e  p e r f o r m e d  u n d e r  n i t r o g e n  and  i n  a good hood .  R e s i d u e s  

from t h e  r e a c t i o n s  were  d e s t r o y e d  by a d d i n g  b l e a c h .  A l l  effric7nts f rom t h e  

r e a c t  ions were t r a p p e d  v i a  t h e  u s e  of a l c o h o l i c  KOI1. L~A?T. '~ ' , ' J :  L;-L1i'?,3 

P1U::T I?:,' cv'(II?Iv A?' A l , i ,  ' l ' lMI~, 'S  IN I IANI)I, INC S!,7LENI-I/M  om of if!'^ ) 1 / 1 " d M  4iV!: . ! ! : I  :::I! 'k'!.,'' i;!' 
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SYNTHESIS OF 3-SELENA--7-AZABICYCLO[3.3.1]NONANES 

CONSIDERED POTENTIALLY TOXIC. N o  danger was encountered when the above 

technique was applied and no odors could be detected. 

were taken in a Thomas-Hoover apparatus and are uncorrected. IR spectra 

were gathered on a Perkin-Elmer 681 as KBr pellets or filsm. 
and 77Se spectra were recorded on a Varian XL-300 unit operating at 299.99, 

All melting points 

All 'H, 15N, 

30.41, and 57.22 MHz, respectively. 

XL-lOO(15) or an XL-300 unit at 25.20 or 75.4 NHz, respectively. Chemical 

shifts were measured in ppm downfield for 13C (from TEE), for 15N [from 
NH3(L) using 15NH NO as an external reference], and for 77Se [from (H3C)2Se 

(0 ppm) using (C6H5Se)2 (481.0 ppm) as the external, secondary reference]. 

Chemical shifts for lH were measured in 6 values (from TMS). Elemental 

analyses were performed by Galbraith Labs, Knoxville, TN. 

7-(2-Thiophene)methyl-3-selena-7-azabicyclo[3.3.1]nonan-9-one (la).- To a 

solution of 2-aminomethylthiophene (1.39 g, 12.3 mmol) and of glacial acetic 

acid (1.10 g, 18.3 mmol) in methanol (60mL) was added paraformaldehyde 

(3.0 g, 100 mmol), and the resulting mixture was heated to reflux. Then 

ketone 3 (1.00 g ,  6.13 mmol) was added and boiling was continued for 5 hrs. 

After the resulting red solution had been cooled to room temperature, the 

methanol was evaporated to a red oil. Partitioning the oil between water 

and ether (100 mL:30 mL) gave an ether portion which was discarded. The 

aqueous layer was made basic (NaOH, 1.5 g ,  37.5 mmol) and the resultant 

yellow suspension was extracted (ether, 5 x 40 mL). The combined extracts 

were washed ( H 2 0 ,  2 x 30 mL) and dried (K2C03). 

oil which was digested in boiling petroleum ether (bp 60-71°C) (3 x 100 mL). 

Evaporation gave ketone la as a colorless viscous oil (1.72 g, 47%). I R  

(film): 

3.18 [m, 4 H, H(1,5), H(6,8)ax], 3.27 [dd, 2 H, H(6,8)eq, J = 11.7 Hz, 3.4 

All "C spectra were obtained on an 

4 3  

Evaporation gave a brown 

- 
1710 cm-l (C=O); 'H NMR (DCC13): 6 2.60-2.74 [m 4 H, H(2,4)], 3.02-  

H z ] ,  3.75 [ s  

24.8 [c(2,4) 

125.5 [ C ( 2 ' )  

ppm 40.31 [N 

2 H, H(10)], 6.80-7.30 [m, 3 H, ArH]; - 13C NMR (DCC13): ppm 

, 46.0 [C(1,5)], 55.6 [C(lO)l 58.5 [C(6,8)1, 124.9 [C(4')1, 

, 126.1 [C(3')], 141.4 [C(l') , 212.9 [C(9)]; 15N NMR (DCC13): 

7)]; 77Se NMF. (DCC1 ) :  ppm 86.28 [Se(3)]. Ketone la proved 3 
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THOMPSON, SMITH AND BERLIN 

difficult to purify further and was converted to %. 

7-p-Methoxyphenethyl-3-selena-7-azabicyclo[3.3.l]nonan-9-one (lb).- To a 

solution made of p-methoxyphenethylamine (0.93 g, 6.16 mmol) and g l o -  

cia1 acetic acid (0.50 g, 8.33 mmol) in methanol (40 mL) was added para- 

formaldehyde (1.50 g, 50.0 mmol), and the resultant solution was heated to 

reflux. Ketone - 3 (1.00 g, 6.13 mmol) was added in one portion and boiling 

was continued for 4 hrs. Evaporation of the methanol gave a red viscous 

oil which was dissolved in water (150 mL) and made basic by addition of 

KOH (85%, 1.0 g ,  15.2 mmol). The resulting yellow suspension was extracted 

(ether, 5 x 40 mL) and the combined extracts were washed (H20, 30 m1,) and 

dried (K2C03). Evaporation of the ether gave & (0.72 g, 35%) as a light 

yellow o i l .  IR (neat) 1723 cm 

8 H, H(1,2,4,5,11)], 2.96-3.14 [m, 6 H, H(6,8,10)], 3.71 [ s ,  3 H, OCH3], 

6.72-6.90 [m, 2 H, H ( 3 ' ,  5')], 7.00-716 [m, 2 H, H ( 2 ' ,  6')]; 13C NfP. 

(DCC13): 

57.8 [C(lO)], 58.2 [C(6,8)], 112.8 [C(3', 5'11, 128.5 [C(2', 6')], 130.9 

[C(l')], 156.9 [C(4')], 212.5 [C(9)]; 15N NMR (DCC13): ppm 35.43 [N(7)]; 

77Se (DCC13): ppm 78.81 [Se(3)]. Ketone proved very difficult to 

purify to a satisfactory elemental analysis and was converted to 2. 
7-(3,4-Dimethoxy)phenethyl-3-selena-7-azabicyclo[3.3.l]nonan-9-one (lc).- 

To a solution of 3,4-dimethyoxyphenethylamine (2.23 g ,  12.3 mmol) and 

glacial acetic. acid (1.0 g, 16.6 mmol) in methanol (60 m1,) was added para- 

-1 ( C = O ) ;  'H NMR (DCC13): 6 2.50-2.80 [m, 

ppm 24.6 [C(2,4)], 32.0 [C(ll)], 45.4 [C(1,5)], 54.2 [C(OCH,)], - 

formaldehyde (3.0 g, 100 mmol),and the resulting solution was heated to a 

boil Ketone -. 3 (2.00 g ,  12.3 mmol) was added and boiling was continued for 

4 hrs. The resultant brown solution was evaporated to a brown oil which 

was added to water (150 mL). The mixture was extracted (ether, 4 x 50 mL) 

and the combined extracts were washed (H 0, 30 mL) and dried (K CO ) . 
Evaporation gave a dark brown oil which, after digestion with petroleum 

ether (bp 60-71°C) and  followed by evaporation,gave 15- as a pale vellow 

2 2' 3 
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SYNTHESIS OF 3-SELENA-7-AZABICYCLO[3.3.1]NONANES 

oil ( 1 . 4  g, 3 1 % ) ,  I R  (film) 1730 cm-l (C=O); 'H NMR (DCC13): 6 2.60-2.80 

[my 8 H ,  H ( I , 2 , 4 , 5 , 1 1 ) ] ,  3.00-3.20 [m, 6 H ,  H ( 6 , 8 , 1 0 ) ] ,  3.80 [ s ,  3 H ,  

OC€l3)], 3.84 [ s ,  3 H ,  OCl13)], 7.70-7.90 [m, 3 H ,  ArE)]; 13C NMR (DCC13): 

PPm 25 

[C(10)  

213.8 

77.00 

4 I C ( 2 , 4 ) 1 ,  33 

, 59.1  [ C ( 6 , 8 )  

C ( 9 ) l ;  1 4 N  NMR 

se(3)]. Since 

2 [ C ( l l ) l ,  46.2 [ C ( 1 , 5 ) ] ,  55.7 [both OCH3], - 58.6 

, 111.3 ,  112 .0 ,  120.5,  132.8 [ C ( l ' ) ] ,  141 .2 ,  148.7,  

(DCC13) ppm 35.16 [ N ( 7 ) ] ;  "Se NMR (DCCI3): Ppm 

Ic proved very difficult to purify for a satisfac- - 
tory analysis, it was converted to &. 

composition. 

6,8-Di(2,-thiophene)-3-selena-7-azabicyclo[3.3.l]nonan-9-one (2a).- To a 

solution of 2-thiophenecarboxaldehyde (1 .38  g, 12.3  mmol) and dry ammo- 

nium acetate (0 .094 g, 1 2 . 3  mmol) in absolute alcohol (20 mL) heated to 

boiling was added freshly sublimed ketone ?_ (1 .00  g, 6.13 mmol) in abso- 

lute alcohol ( 1 5  m L ) .  Boiling was continued f o r  10 min with ethanol being 

added to maintain volume. The colorless solution turned yellow and the 

flask was stoppered and allowed to cool and stand for 3 days. A yellow 

solid formed and was filtered from the dark red solution. The solid was 

dissolved in benzene (100 mL) and the solution was treated with decoloriz- 

ing charcoal. Filtration followed by evaporation gave a light brown 

solid which was recrystallized (methanol) to give 0 . 4 0  g (18%) of ketone 

- 2a as a light yellow solid. Mp 155-161°C (dec); IR (KBr) 3260 cm-' (N-H), 

1723 (C=O); 'H NMR 6 2.16 [b s ,  1 H ,  H ( 7 ) ] ,  2 - 8 0  [m 4 H ,  H(1 ,5)  and H(2,4)  

ax], 3.57 [d, 2 H ,  H ( 2 , 4 ) e q ,  J = 10.0 Hz], 5.32 [d, 2 H ,  H ( 6 , 8 ) ,  J = 4.0 

Hz] ,  6.90-7.40 [m, 6 H ,  ArH] - I3C NMR (DCC13): ppm 29.3  [ C ( 2 , 4 ) ] ,  54 .6  

[ C ( 1 , 5 ) ] ,  59.1 [ C ( 6 . 8 ) ] ,  123 7 ,  124 .8 ,  126.3 [ C ( 2 ' ,  3 ' ,  4 ' ) ] ,  147.0 [ C  

( l ' ) ] ,  212.5 [ C ( 9 ) ;  15N NMR DCC13): ppm 67.09 [ N ( 7 ) ] ;  77Se NMR (DCC13): 

ppm 30.60 [Se(3)]. 

elemental analysis and was converted directly to amine 6a. 

Attempts to distill lee- gave de- 

Again __ lc proved difficult to gain a satisfactory 

.- 
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THOMPSON, SMITH AND BERLIN 

____- 6,8-Di(4-chlorophenyl)-3-sele~a-7-azabicyclo[~.3.1]nonan-9-one (2b ) . -  T o  

a s o l u t i o n  of ammonium ace ta te  (0 .94  g ,  1 2 . 3  mmol) and p - c h l o r o b e n z a l d e -  

hyde ( 1 . 7 3  g ,  1 2 . 3  mmol) i n  a b s o l u t e  a l c o h o l  (20 mL) h e a t e d  t o  b o i l i n g  w a s  

added f r e s h l y  subl imed k e t o n e  2 (1 .00  g ,  6 . 1 3  mmol) i n  a b s o l u t e  a l c o h o l  

( 1 5  mL). The new s o l u t i o n  w a s  b o i l e d  f o r  10 min w i t h  a l c o h o l  b e i n g  added 

t o  keep a c o n s t a n t  volume ( t h e  s o l u t i o n  t u r n e d  y e l l o w ) .  The s o l u t i o n  w a s  

s t o p p e r e d  and a l lowed t o  s t a n d  f o r  3 d a y s  a t  room temp ( t h e  s o l u t i o n  t u r n -  

ed reddish-brown and a y e l l o w  s o l i d  formed) .  The l i q u i d  w a s  d e c a n t e d  t h e  

s o l i d  w a s  d i s s o l v e d  i n  bezene  (100 mL). The f i n a l  s o l u t i o n  w a s  t r e a t e d  

w i t h  d e c o l o r i z i n g  c h a r c o a l  and f i l t e r e d .  E v a p o r a t i o n  of t h e  benzene  gave  

a l i g h t  brown s o l i d  which w a s  r e c r y s t a l l i z e d  ( a b s o l u t e  e t h a n o l )  to g i v e  

- 2b a s  a l i g h t  t a n  s o l i d  (0 .33  g ,  1 3 % ) .  Mp 219-220°C ( d e c ) ;  I R  (KBr) 3280 

c m  (N-H), 1722 (C=O); 'H NMR (DCC13): 6 1.70  [ b  s ,  1 H ,  H ( 7 ) ] ,  2 .69  [ m ,  

4 H ,  H(1 ,5)  and H ( 2 , 4 ) a x ] ,  3.56 ( d ,  2 H ,  H ( 2 , 4 ) e q ,  J = 10.2 H z ) ] ,  4 .99  

[ d ,  2 H ,  H ( 6 , 8 ) ,  J = 4 . 1  H z ] ,  7.30-7.40 [ M ,  8 H ,  A r ? ] ;  13C NMR (DCC13): 

ppm 29.0 [ C ( 2 , 4 ) ] ,  53.9 [ C ( 1 , 5 ) ] ,  63.4 [ C ( 6 , 8 ) ] ,  128 .2  [ C ( 2 ' ,  6 ' )  o r  

C ( 3 ' 5 ' ) ] ,  128.8 [ C ( 3 ' ,  5 ' )  o r  C ( 2 ' ,  6 ' ) ] ,  133.7 [ C ( 4 ' ) ] ,  142.5 [ C ( l ' ) ] ,  

213.4 [ C ( 9 ) ] ;  1 5 N  NMR (DCC13): ppm 62.84 [ N ( 7 ) ] ;  77Se NMR (DCCl 3 ) :  pprn 

26.67 [ S e ( 3 ) ] .  Ketone 2 proved  e x c e e d i n g l y  d i f f i c u l t  t o  o b t a i n  i n  p u r e  

form t o  g i v e  a s a t i s f a c t o r y  e l e m e n t a l  a n a l y s i s  and w a s  c o n v e r t e d  t o  kb-. 

____ 7-(2-Thiophene)methyl-3-selena-7-azabicyclo[3.3.l]nonane Hydroperchlor-a-tT 

__ (5a).- Ketone .- la ( 1 . 0  g ,  3.33 mmol) and anhydrous  h y d r a z i n e  (95%,  2 . 0  g ,  

5.94 mmol) were d i s s o l v e d  i n  t r i e t h y l e n e  g l y c o l  (TEG, 40 mL) i n  a j a c k e t e d  

f l a s k  equipped  f o r  d i s t i l l a t i o n .  P e l l e t  KOH (85%,  3 .0  g ,  45 .5  mmol) was 

added a l l  a t  once and t h e  r e s u l t i n g  m i x t u r e  w a s  s t i r r e d  and h e a t e d  (140- 

145°C) by  b o i l i n g  x y l e n e  i n  t h e  j a c k e t  of t h e  f l a s k .  A f t e r  4 h r s ,  t h e  

r e a c t i o n  m i x t u r e  w a s  c o o l e d  t o  room temp and poured i n t o  cool  water (150 

ml,). T h e  r e s u l t i n g  s u s p e n s i o n  was e x t r a c t e d  ( e t h e r ,  5 x 40  mL) and t h e  

-1 
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SYNTHESIS OF 3-SELENA-7-AZABICYCLO[3.3.1]NONANES 

combined e x t r a c t s  were d r i e d  (K CO ) .  T h i s  s o l u t i o n  of 4a w a s  f i l t e r e d  

and 60% H C 1 0 4  ( 1 . 0  g ,  6 .0  mmol) w a s  added dropwise  and s l o w l y  caused  an  

o r a n g e  s o l i d  t o  p r e c i p i t a t e .  The f i l t e r e d  s o l i d  was r e c r y s t a l l i z e d  ( i s o -  

p r o p y l  a l c o h o l ,  d e c o l o r i z i n g  c h a r c o a l )  twice t o  g i v e  z, (0 .88  g ,  68%) as 

w h i t e  n e e d l e s .  Mp 141.0-141.5"C; 'H NMR (DMSO-3) 6 1 - 7 4  I d ,  1 H ,  H ( 9 ) ,  

J = 13.6 H z ] ,  1 .86 [ d ,  1 H ,  H ( 9 ) ,  J = 13.6 H z ] ,  2 .43 [ b  s ,  2 H ,  H ( 1 , 5 ) ] ,  

2.64 [ d ,  2 H ,  H ( 2 , 4 ) a x ,  J = 12.0 Hz] ,  3.19 [ d ,  2 H ,  H ( 2 , 4 ) e q ,  J = 11.3  Hz], 

3.35 [m,  2 H ,  H ( 6 , 8 ) a x ] ,  3 .62  d ,  2 H ,  H ( 6 , 8 ) e q ,  J = 12.7 Hz] ,  4 .53 [ d ,  2 

H ,  H(10) ,  J = 5 . 3  Hz] ,  7 .17 [dd ,  1 H ,  K ( 3 ' ) ,  J = 5.1 Hz, 3.7 Hz] ,  7.36 

[ d ,  1 H ,  H ( 2 ' ) ,  J = 3 . 3  Hz] ,  7 .75  [ d ,  1 H ,  H ( 4 ' ) ,  J = 5.1  Hz] ,  9 .24 [ b  s ,  

1 H ,  H ( 7 ) ] ;  1 3 C  NMR ( D M S O - 3 )  ppm 21.9 [ t ,  C ( 2 , 4 ) ] ,  25.3 [ d ,  C ( l , 5 ) ] ,  28.6 

[ C ( 9 ) ] ,  54 .9  [ t ,  C ( l O ) ] ,  56 .1  [ t ,  C ( 6 , 8 ) ] ,  127.2 [ d ,  C ( 4 ' ) ] ,  129.3 [ d ,  

C ( 2 ' ) ] ,  130.5 [ s ,  C ( l ' ) ] ,  131 .8  [ C ( 3 ' ) ] ;  I 5 N  NMR (DMSO-c16) ppm 58.54 [ N  

2 3  - 

( 7 ) ] ;  "Se NMR (DMSO-d6) ppm 189.41 [ s e ( 3 ) ] .  

Anal .  Calcd :  f o r  Cl2HI8C1NO4Se: C ,  37.27; H ,  4 .69 ;  N ,  3 .62;  Se ,  20.42. 

Found: C ,  37.20; H ,  4.76; N ,  3.60; Se,  20.10. 

7-p-Methoxyphenethyl-3-selena-7-azabicyclo[3.3.1]nonane H y d r o p e r c h l o r a t e  

__ ( 5 b ) . -  w a s  used  and was charged  w i t h  k e t o n e  

- l b  ( 0 . 6 5  g ,  1 .92  mmol), h y d r a z i n e  (95%,  1.00 g ,  29.7 mmol) and KOH (85%,  

3 .0  g ,  45.5 mmol) i n  TEG (25  mL). The s u s p e n s i o n  w a s  s t i r r e d  a t  140- 

145°C ( b o i l i n g  x y l e n e  i n  t h e  j a c k e t  o f  t h e  f l a s k )  f o r  3 h r s  d u r i n g  which 

a small amount of  H 0 and e x c e s s  h y d r a z i n e  d i s t i l l e d  from t h e  sys tem.  

A f t e r  c o o l i n g  t o  room temp, t h e  r e a c t i o n  m i x t u r e  w a s  d i l u t e d  (H20, 100 mL) 

and t h e n  e x t r a c t e d  ( e t h e r ,  5 x 40 mL). The combined e x t r a c t s  were d r i e d  

(K CO ) o v e r n i g h t  and were t h e n  t r e a t e d  s l o w l y  w i t h  60% p e r c h l o r i c  a c i d  2 3  

( 0 . 5  g ,  3 .0  mmol). An o r a n g e  p r e c i p i t a t e  formed and w a s  f i l t e r e d  and 

r e c r y s t a l l i z e d  ( a b s  e t h a n o l )  w i t h  t h e  a i d  o f  d e c o l o r i z i n g  c h a r c o a l  t o  

g i v e  - 5b a s  w h i t e  n e e d l e s  ( 0 . 5 8  g ,  7 1 % ) .  Mp 208.5-209.0"C: 

__ 

The same equipment  a s  i n  

2 

'H NMR (DMSO- 
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THOMPSON, SMITH AND BERLIN 

d ) 5 1 . 7 3  [ b  s ,  1 H ,  H ( 9 ) ,  J = 14 H z ] ,  1 .90  [ b  d ,  1 H ,  H ( 9 ) ,  J = 14 Hz] 4 

2.42  [ b  s 2 H ,  H ( 1 , 5 ) ]  2 . 6 5  [ d ,  2 H ,  H ( 2 , 4 ) a x ,  J = 12  Hz] ,  3 .02  I t ,  2 H ,  

H ( 1 1 ) ,  J = 7 H z ] ,  3 .22 [ d ,  2 H ,  H ( 2 , 4 ) e q ,  J = 12 H z ] ,  3 .30  [m, 2 H ,  

H ( 1 0 ) ] ,  3.36 [ d ,  2 H ,  H ( 6 , 8 ) ,  J = 1 2  Hz] ,  3 .76  [ s ,  3 H ,  OCH3], 3 .86 [ d ,  

2 H ,  H ( 6 , 8 ) e q ,  J = 1 2  H z ] ,  6 .97 [ d ,  2 H,  H ( 3 ' ,  5 ' ) ,  J = 9 H z ] ,  7 .12 [ d ,  

2 H ,  H ( 2 ' ,  6 ' ) ,  J = 9 Hz] ,  8 . 9 2  [ b  s ,  1 H ,  H ( 7 ) ] ;  

ppm 21 .9  1 5 ,  C ( 2 , 4 ) ] ,  2 5 . 3  [ d ,  C ( l , 5 ) ] ,  28.5 [ t ,  C(9)  o r  C ( l l ) ] ,  28 .9  

[ t ,  C(11)  o r  C ( 9 ) ] ,  5 5 . 0  [q, OcH3], 56 .7  [ t .  C ( 6 , 8 ) ] ,  58 .9  [ C ( t ,  C ( l O ) ] ,  

114 .0  [C(3', 5 ' ) ] ,  127.7 [ s ,  C ( l ' ) ] ,  129.6 [ d ,  C ( 2 ' ,  6 ' 1 1 ,  1 5 8 . 1  [s, 

C ( 4 ' ) ] ;  

13C NMR (DMSO-%) 

1 5 N  NMR (DMSO-3) pprn 48.10 [ N ( 7 ) ] ;  77Se  (DMSO-d ) ppm 8 8 . 6 4  4 

ISe(3)  I .  

Anal .  C a l c d .  f o r  C H C1N04Se :  C ,  45 .24;  H ,  5 . 6 9 ;  N, 3.30;  S e ,  18.59 .  

Found: C ,  4 5 . 4 2 ;  H ,  5 .80 ;  N, 3 . 3 0 ;  S e ,  18.46 .  

16 24 ~. 

7-(3,4-Dimetho~y)phenethyl-3-selena-7-azabicyclo[3.3.l]nonane ._____ Hydroper-  

c h l o r a t e  (5c) . -  I n  t h e  same equipment  a s  d e s c r i b e d  f o r  and &, k e t o n e  

- 3 (1 .10  g ,  3 .00 mmol), h y d r a z i n e  ( 9 5 % ,  2 .00  g ,  5 .94 mmol),  and KOH ( 8 5 2 ,  

3 . 0  g ,  4 5 . 5  mmol) were d i s s o l v e d  i n  TEG ( 4 0  mL). A f t e r  4 h r s  of s t i r -  

r i n g  a t  140-145"C, t h e  brown r e a c t i o n  m i x t u r e  w a s  c o o l e d  and p o u r e d  i n t o  

c o o l  water (150 mL). The s u s p e n s i o n  w a s  e x t r a c t e d  ( e t h e r ,  4 x 50 mI,) 

and t h e  e x t r a c t s  w e r e  d r i e d  ( K  CO ) .  P e r c h l o r i c  a c i d  (60Z,  1 . 0  g ,  6 . 0  

mmol) w a s  added  v e r y  s l o w l y  and  a w h i t e  p r e c i p i t a t e  formed a t  once  b u t  

r a p i d l y  t u r n e d  o r a n g e .  The s o l i d  w a s  f i l t e r e d  o f f  and r e c r y s t a l l i z e d  

t w i c e  (abs e t h a n o l ,  d e c o l o r i z i n g  c h a r c o a l )  t o  g i v e  a s  a w h i t e  c r y -  

s t a l l i n e  s o l i d  ( 0 . 9 2  g ,  6 8 % ) .  Mp 162-163°C; 'H NMR (DMSO-d6) - 0 1.74  

[ d ,  I H ,  H ( 9 ) ,  J = 1 3  H z ] ,  1 .92 [ d ,  1 H ,  H ( 9 ) ,  J = 13 Hz], 2.42 [ b  s ,  

2 H, H ( l , 5 ) ] ,  2 . 6 5  [ d ,  2 H ,  H(2,4)ax, J = 1 2  H z ] ,  3 .02  [ 5 ,  2 H ,  H ( 1 1 ) ] ,  

3.22 [ d ,  2 H ,  H ( 2 , 4 ) e q ,  J = 12 H z ] ,  3.36 [m 4 H ,  H(10) dnd H ( 6 , 8 )  a x ] ,  

2 3  
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SYNTHESIS OF 3-SELENA-7-AZABICYCL0[3.3.1]NONAWES 

3.76 [s, 3 H, OCg3], 3.80 [s, 3 H, OCH3], 3.87 [d, 2 H, H(6,8)eq, J = 

12 Hz], 6.88-7.02 [m, 3 H, ArH], - 8.88 [b s ,  1 H, H(7)J; 

( D M S O - 3 )  

29.4 [C(9) or C(ll)], 55.4 [OcH3], 55.5 [OcH3], 56.7 [C(6,8)J, 58.9 

[C(lO)], 112.0, 112.3, 120.6, 128.3 [C(l')], 147.7 [C(3)1 or C(4')], 

148.8 [C(3') or C(4')]; 

( D M S O - 3 )  ppm 88.35 [Se(3)]. 

___ Anal. Calcd. for C17H26C1N06Se: 

13C NMR 

ppm 22.0 [C(2,4)], 25.3 [C(1,4)], 28.5 [C(11) or C(9)], 

15N NMX ( D M S O - 3 )  ppm 48.03 [N(7)]; 7 7 S e  

C, 44.90; H, 5.76; N, 3.08. 

Found: C, 44.86; H, 5.86; N, 3.04. 

6,8-Di(2-thiophene)-3-selena-7-azabicyclo[3.3.l]nonane (6a).- Ketone 

- 2a (1.00 g, 2.71 mmol) and hydrazine (95%, 1.0 g, 30 mmol) were dissol- 

ved in TEG and placed in the jacketed flask as described previously. 

By boiling H 0 in the jacket, the reaction mixture was heated to a temp 

of 100°C for 2 hrs. Ar this time, KOH (85%, 2.0 g, 30 mmol) was added 

all at once and the water was replaced by xylene in the jacket. Stir- 

2 

ring was initiated and heating at 140-145°C was continued for 5 hrs. 

After cooling to room temp, the mixture was poured into ice-cold H 0 

(200 mL) and a precipitate formed. The mixture was allowed to stand 

2 

overnight and was then filtered. The solid filtrate was taken up in 

boiling benzene and treated with charcoal. Evaporation of the benzene 

gave a residue which was recrystallized (95% ethanol) to give & as 

a light tan solid (0.64 g, 76%). Mp 183-136°C (dec); IR (KBr) 3270 cm-l 

(N-H); 

1 H ,  H(7)], 2.18 [b S, 2 H, H(l,5)], 2.32 [d, 2 H ,  H(2,4)ax, J = 12 

Hz], 2.50 [m, 1 H, H ( 9 ) ] ,  3.20 [dd, 2 H, H(2,4) eq, J = 12 Hz, 2 Hz], 

4.79 [d, 2 H, H(6,8), J = 4 Hz], 6.96 [dd, 2 H, ArH], - 7.01 [d, 

'H NMR (DCC13) :  6 1.28 [d, 1 H, H(9), J = 13 Hz],  1.78 [b s, 
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T H O M P S O N ,  S M I T H  A N D  BERLIN 

2 H ,  ArH],  7 . 2 1  [ d ,  2 H ,  ArH] ;  13C NMK ( D C C 1 3 ) :  PPm 2 5 . 0  l C ( 2 , 4 ) 1 ,  

2 5 . 8  [ C ( 9 ) ] ,  34 .6  [ C ( 1 , 4 ) ] ,  5 7 . 1  [ C ( 6 , 8 ) ] ,  1 2 2 . 2  [ C ( 4 ' ) ] ,  122 .6  [ C ( 2 ' ) ] ,  

1 2 6 . 1  [ C ( 3 ' ) ] ,  1 5 0 . 7  [ C ( l ' ) ] :  

NMK (DCC13): ppm 4 . 0 5  [ S e ( 3 ) ] .  

e x t e n t  a s a t i s f a c t o r y  e lemental  a n a l y s i s  c o u l d  b e  o b t a i n e d  a n d  i t  was 

c o n v e r t e d  d i r e c t l y  t o  &. 

- 6,8-Di(4-chloropheny_lJ-3-selena-7-azabicyclo[ 3 . 3 .  I 1nonancl (6b) . - K e t o n e  

- 2b (2 .00  g ,  4 . 7 1  mmol) ,  h y d r a z i n e  ( 9 5 % ,  2 . 0  g ,  6 0  mmol) ,  a n d  TEG w e r e  

- - 

1 5 N  NMR (DCC13): ppm 6 0 . 1 0  [ N ( 7 ) ] ;  7 7 S e  

A m i n e  !& p r o v e d  d i f f i c u l t  t o  p u r i f y  t o  t h e  

p l a c e d  i n  a s y s t e m  w i t h  a j a c k e t e d  f l a s k  a s  d e s c r i b e d  e a r l i e r .  Water w a s  

b o i l e d  i n  t h e  j a c k e t  of t he  f l a s k  f o r  3 h r s  a n d  t h e  c o n t e n t s  were s t i r r e d .  

P e l l e t  KOH ( 8 5 % ,  5 .0  g ,  76 mmol) w a s  a d d e d  a t  o n c e  and  x y l e n e  r e p l a c c , d  t h e  

w a t c r  i n  t h e  j a c k e t .  A f t e r  4 h r s  a t  140-145"C, t h e  r e s u l t i n g  m i x t r i r e  w a s  

c o o l e d  t o  60-70°C a n d  p o u r e d  i n t o  water ( 1 0 0  mL) a n d  a c r e a m - c o l o r e d  s o l i d  

f o r m e d .  

t w i c e  ( a b s  a l c o h o l  a n d  d e c o l o r i z i n g  c h a r c o a l )  t o  g i v e  kb- as a l i g h t  t a n  

s o l i d  ( 0 . 9 1  g ,  4 7 2 ) .  

NMR ( D C C 1 3 ) :  (5 1 . 3 0  [ d ,  1 H, H ( 9 ) ,  J = 1 2  H z ] ,  1 . 7 4  [ b  s ,  1 H ,  H ( 7 j J ,  2 . 0 4  

[ b  s ,  2 H ,  H ( 1 , 5 ) ] ,  2 . 2 8  [ b  d ,  2 H ,  H ( 2 , 4 ) a x ,  .J = 1 2  1121, 2 . 4 8  [m, 1 H ,  

H ( 9 ) ] ,  3 . 1 7  [ d d ,  2 H ,  H ( 2 , 4 ) e q ,  J = 1 2  Hz, 4 H z ] ,  4 . 4 3  [ d ,  2 H, H ( 6 , 8 ) ,  

J = 5 H z ] ,  7 .26 -7 .50  [m, 8 H, ArH];  -. 1 3 C  NMR ( D C C 1 3 ) :  ppm 2 5 . 1  [ C ( 2 , 4 ) ] ,  

2 6 . 9  [ ( : ( 9 ) ] ,  3 3 . 8  [ C ( 1 , 5 ) ] ,  6 0 . 9  [ C ( 6 , 8 ) ] ,  1 2 7 . 9 ,  1 2 8 . 6 ,  1 3 2 . 6  [ C ( 4 ' ) ] ,  

1 4 5 . 7  [ C ( l ' ) ] ;  1 5 N  NMR ( D C C 1 3 ) :  ppm 5 5 . 3 7  [ N ( 7 ) ] ;  77Se  NXR (DCC13): ppm 

- 0 . 7 9  [ S e ( 3 ) ] .  T h i s  amine  p r o v e d  d i f f i c u l t  t o  o b t a i n  a s a m p l e  t o  g i v c  

s a t i s f a c t o r y  elemc,ntal  a n a l y s i s  a n d  w a s  c o n v e r t e d  t o  s a l t  7b. 

6,8-Di  ( 2 - t h i o p h e n t ~ ) - ~ - s e l e n a - 7 - a z a b i c y c l o [  3 . 3 . 1  Inonane l l y d r o p e r c h l o r a t t ,  

(7a) . -  T o  a s o l u t i o n  of @ ( 0 . 5  g, 1 . 4  mmo!) i n  b e n z e n e  ( 2 0 0  mL) a n d  i s o -  

p r o p y l  a l c o h o l  

wh ich  c a u s e d  a w h i t e  p r e c i p i t a t e  t o  fo rm.  The s o l i d  turnc,d l i g h t  yc.1 low 

The s o l i d  w a s  f i l t e r e d ,  washed  (H20,  200  m L ) ,  a n d  r e c r y s t a l l i z e d  

Mp 179-180°C ( d e c ) ;  I R  (KBr) 3260  cm-' ( N - H ) ;  ' H  

. _ _  

. . ~ -~ -  _ _ ~  .___ ---.-_._-_~I____ ~ 

- _ -  

(10 tnL) w a s  a d d e d  d r o p w i s e  602 f I C 1 0 4  ( 0 . 5  g ,  3.0 m m o l )  
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SYNTHESIS OF 3-SELENA-7-AZABICYCL0[3.3.I]NONANES 

q u i c k l y  and w a s  t h e n  f i l t e r e d .  Two r e c r y s t a l l i z a t i o n s  ( i s o p r o p y l  a l c o h o l ,  

d e c o l o r i z i n g  c h a r c o a l )  gave  3 as  w h i t e  n e e d l e s  ( 0 . 4  g ,  6 3 % ) .  Mp 285°C 

( d e c ) ;  'H NMR (DMSO-&) 6 1.78 [ d ,  1 H ,  H ( 9 ) ,  J = 14 Hz] ,  2 .36 [ d ,  2 H ,  

H ( 3 , 4 ) a x ,  J = 14 H z ] ,  2.44 [ m ,  1 H,  H ( 9 ) ] ,  2.66 [ b  S ,  2 H ,  H ( l , 5 ) ] ,  3 .19 

[ d d ,  2 H ,  H ( 2 , 4 ) e q ,  J = 1 2  Hz, 3 H z ] ,  5.07 [m, 2 H,  H ( 6 , 8 ) ] ,  7.16 [ d d ,  

2 H ,  H ( 3 ' ) ] ,  7 .43  [ 3 ,  2 H ,  H ( 2 ' ) ] ,  7 .69 [ d d ,  2 H ,  H ( 4 ' ) ] ,  9 .36 [ b  s ,  1 

H ,  H ( 7 ) ] ,  9 . 6 1  [ b  s, 1 H ,  H ( 7 ) ] ;  I3C NMR (DMSO-%) ppm 23.5 [ C ( 2 , 4 ) ] ,  

26.2 [ C ( 9 ) ] ,  32 .5  [ C ( 1 , 4 ) ] ,  56.1 [ C ( 6 , 8 ) ] ,  127 .3  [ C ( 2 ' ) ]  o r  C ( 4 ' ) ] ,  127.6 

15 I C ( 4 ' )  o r  C ( 2 ' > ] ,  129.2 [ C ( 3 ' ) ] ,  138.9 [ C ( l ' ) ] ;  

62.39 [ N ( 7 ) ] ;  77Se NMR ( D M S O - 3 )  ppm 5.11 [ S e ( 3 ) ] .  

Anal .  Calcd .  f o r  C H C l N O  S Se: C ,  39.61;  H ,  3 .99 ;  N ,  3 .08;  S ,  14 .10  

N NMR (DMSO-d+) ppm 

- 15 18 4 2 

Se,  17.36. 

Found: C ,  39.81;  H ,  3 .97 ;  N ,  3 . 1 0 ;  Se ,  14 .35;  

Se ,  17.18. 

6 ,8 -Di (2 -ch lo ropheny l ) -3 - se l ena -7 -azab ic~c lo [3 .3 . l ]nonane  H y d r o p e r c h l o r a t e  

(7b).- Amine (1.00 g,  2 .43  mmol) w a s  d i s s o l v e d  i n  e t h e r  (200 mL) and 

H C 1 0 4  ( 6 0 % ,  1 . 0  g ,  6 . 0  mmol) w a s  added s l o w l y  w i t h  v i g o r o u s  s w i r l i n g .  

m i x t u r e  w a s  a l lowed t o  s t a n d  f o r  24 h r s  w i t h  o c c a s i o n a l  s w i r l i n g .  A 

yel low-orange s o l i d  formed and w a s  f i l t e r e d  and r e c r y s t a l l i z e d  t w i c e  ( a b s  

a l c o h o l ,  d e c o l o r i z i n g  c h a r c o a l )  t o  g i v e  7b as  a w h i t e  powder (0 .46  g ,  37%).  

Mp 272-274°C ( d e c ) ;  'H NMR (DMSO-3) 

2.36 [ d ,  2 H ,  H ( 2 , 4 ) a x ,  J = 10.8 H z ] ,  2 .53  [ m ,  2 H ,  H ( l , 5 ) ] ,  3.14 [ d ,  2 H ,  

H ( 2 , 4 ) e q ,  J = 10.5 Hz] ,  3 .38 [ b  s ,  1 H .  H ( 9 ) ] ,  4 .76  [ b  s ,  2 H ,  H ( 6 , 8 ) ]  

7.50-7.75 [ m ,  8 H ,  A r H ] ,  - 8 . 7 7  [ b  s ,  1 H ,  H ( 7 ) ] ,  9 .59  [ b  s ,  1 H ,  H ( 7 ) ] ;  

1 3 C  NMR ( ~ ~ s 0 - g ~ )  ppm 23.5  [ C ( 2 , 4 ) ] ,  26 .5  [ C ( 9 ) ] .  31 .1  [ C ( 1 , 5 ) ] ,  60 .6  

[ C ( 6 , 8 ) ] ,  128.5,  130 .9 ,  133.8 [ C ( 4 ' ) ] ,  135.1 [ C ( 1 ' ) ] ;  1 5 N  NMR (DMSO-d, - 

ppm 57.67 [ M ( 7 ) ] ;  77Se  (DMSO-3) ppm 2.25 [ S e ( 3 ) ] .  

__ 

The 

- 

6 1.77 [ d ,  1 H ,  H ( 9 ) ,  J = 12 R z ] ,  
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SYNTHESIS OF 3-SELENA-7-AZABICYCLO[3.3.l]NONANES 

9. 

10. 

11. 

12. 

13. 

Other  p e r t i n e n t  d a t a ,  i n c l u d i n g  X-ray d i f f r a c t i o n  a n a l y s i s  of 8 and 

- 9 , 4  l e n d  c redence  t o  ou r  s u p p o s i t i o n  t h a t  t h e  se l en ium sys tems are 

q u i t e  s i m i l a r .  See a l s o  r e f e r e n c e s  1-3 f o r  a d d i t i o n a l  d i s c u s s i o n  on 

such  conformers  i n  3,7-diheterabicyclo[3.3.l]nonanes. 

For some p r e l i m i n a r y  d a t a  on 77Se NMR, see: 

B .  C .  Mann, Ed., "NMR and The P e r i o d i c  Table" ,  Academic P res s :  New 

York, 1978; b .  J .  D .  Odom, W. H. Dawson and P .  D .  E l l i s ,  J .  Am. Chem. 

SOC.,  101, 5815 (1979) ;  c. M. D. Thomp-son, G .  S. Smith,  K .  Ramalingam, 

and K .  D .  B e r l i n ,  Ma tne t i c  Resonance i n  Chemis t ry ,  Submi t ted .  

For  a summary of such 1 5 N  s h i f t s ,  see: 

"Nitrogen-15 Nuclear  Magnetic Resonance Spec t roscopy" ,  Wi ley- In te r -  

s c i e n c e :  New York, 1979, Chpt .  3 .  

E.  L .  E l i e l  and K .  M.  P u t r u s i e w i c z ,  Topics  i n  Carbon-13 NMR Spec t ro-  

scopy,  3, 171 (1979) .  

Such H-bonding was d e t e c t e d  i n  t h e  s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n  

a n a l y s i s  of t h e  benzy l  d e r i v a t i v e  of 2 ( R  = b e n z y l ) ;  see r e f e r e n c e  3. 

a .  R .  K .  H a r r i s  and 

G .  C .  Levy and R .  L .  L i c h t e r ,  

(Rece ived  March 1 0 ,  1986; i n  r e v i s e d  form May 5 ,  1986) 
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