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work and fo r  th e  a p p a re n t en rich m en t o f  a m ix tu re  in  7a by d i s t i l -  

l a t i o n  p re v io u s ly  re p o r te d  by t h i s  g ro u p . 36

R ed u c tio n  o f  an 80:20  m ix tu re  o f  7a and 7b w ith  LiAlH4 in  

d ie th y l  e th e r  (R eac tio n  2 -1 ) gave an 80:20 m ix tu re , 10a and ,10b,

REACTION 2-1

,Me M®
Li A i m  _ dKiiiih iuiQ i «—Si~CI i— S i-H

I |
Me Me

7  SOAAA

r e s p e c t iv e ly ,  th e  two isom ers o f  1 , 2-d im e th y l-1- s i l a c y c lo b u ta n e , 

as  de term ined  by g lp c . S im i la r ly ,  r e d u c tio n  o f  a 60:k0  m ix tu re  o f  

7 gave a 6 0 :^0  m ix tu re  o f  10 in d ic a t in g  th e  r e a c t io n  is  

s te re o sp e c  i f  i c .

In  o rd e r  to  d e te rm in e  th e  s te re o c h e m is try  o f  th e  r e a c t io n ,  

10a and 10b w ere s e p a ra te d  by p re p a ra t iv e  g lp c . The s t r u c tu r e s  o ffS/VV <VS/V

th e  two isom ers w ere a ss ig n e d  from "Hi and l3 C NMR chem ical s h i f t s
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(F ig u re s  2-1 and 2 -2 ) .  No a ttem p t was made to  judge th e  r e l a t i v e

3
(28.4)

T ’cHsMi
(23.11

H 4.42

(-2 .3)
CH? 0.32

8(29.6)

10b

If ^ 3 '
1 2 0 . 4 )  

r v  (.7.0)yCHf GM
4 - —^Si 

(9.0) I j
H 4JJ1

10a

F ig u re  2 -1 . 1H (u n d e r lin e d )  and 13C ( in  p a re n th e s e s )  chem ical 
s h i f t s  f o r  c i s -  and t r a n s - 1 . 2- d im e th v l-1- 
s i la c y c lo b u ta n e , in  CDCI3 r e l a t i v e  to  TMS.

s t a b i l i t i e s  o f  s i la c y c lo b u ta n e  con fo rm ers . The r in g  i s  known to  be 

puckered b u t a ls o  to  be f l ip p in g  ex trem ely  r a p id ly  on an NMR tim e 

s c a l e .2 3 j 37 j 3a i n many s u b s t i tu te d  c y c lo a lk a n e s  s u b s t i t u e n ts  e x e r t  

an in f lu e n c e  on the  chem ical s h i f t s  o f  p ro to n s  on an a d ja c e n t carbon  

th a t  i s  s te r e o s p e c i f ic  and g r e a te r  when th e  s u b s t i t u e n t  and p ro to n  

a re  c i s  to  one a n o th e r  th an  when th ey  a re  t r a n s . 39 M ethyl groups 

g e n e ra l ly  show th e  e f f e c t  o f  s h ie ld in g  c i s  p ro to n s  on a d ja c e n t 

c a rb o n s , 40-43  and in  th e  case  o f  th e  t r a n s  iso m er, I 0 b» s h ie ld in g  

o f the  p ro to n  on S i by th e  c is  C2-Me gave r i s e  to  a reso n an ce  a t  

s u b s t a n t i a l l y  h ig h e r  f i e l d  (6 k.k-2) th a n  th e  Si-H  o f th e  c i s  isom er 

(5 I4-. T5) - A lso , the  Si-Me and C2-Me p ro to n s  appeared  a t  a h ig h e r  

f i e l d  ( s l i g h t l y ,  b u t c o n s i s te n t ly )  in  th e  c i s  iso m er. The p ro to n



FIGURE 2 -2 . 1H NMR s p e c tra  (100 MHz) o f  t r a n s -  and 
c i s - 1 , 2-d i in e th y l- l - s i la c y c lo b u ta n e  in  
CDCI3 .
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on C2 cou ld  n o t be re so lv e d  from th e  o th e r  r in g  p ro to n s  so th a t  no 

u s e fu l  co u p lin g  c o n s ta n t  d a ta  were a v a i la b le ,  no r cou ld  a n u c le a r  

O verhauser e f f e c t  be d e te rm in ed . On th e se  b a s e s ,  10a was a ss ig n ed  

th e  c i s  s t r u c tu r e  and 10b th e  t r a n s  s t r u c tu r e .  The s te reo c h e m ica l

13assignm en ts  w ere confirm ed by C chem ical s h i f t s  fo r  which a 

re a so n a b ly  c lo se  analogy  to  th e  p re s e n t  system  e x i s t s  in  a s tu d y  o f 

m e th y l- s u b s t i tu te d  p h o sp h e tan es . 44 S te r i c  i n t e r a c t io n  betw een th e  

m ethyl groups o f th e  c i s  isom er gave r i s e  to  re so n an ces  a t  h ig h e r  

f i e l d  fo r  bo th  th e  Si-Me (6 ~7-0) and th e  C2-Me (fi 1 5 .6 ) r e l a t i v e  

to  th e  SiMe (6 - 2 .3 )  and C2-Me (d 1T«3) o f  th e  t r a n s  isom er. This 

h igh  f i e l d  s h i f t  was a ls o  observed  f o r  th e  C2 re sonance  o f th e  c i s  

isom er.

F ree  r a d ic a l  c h lo r in a t io n  u s in g  CC14 and benzoyl p e ro x id e  

was c a r r ie d  o u t on 10a to  g iv e  Ja (R eac tio n  2 -2 ) .  The r e a c t io n  was

REACTION 2-2

-Me

-Si-H
I

Me
10

w v

CCL

B ZgO g rMe

-Si—Cl 
I

7

g r e a te r  th an  95$ s t e r e o s p e c i f ic  as de term ined  by NMR. S im ila r ly ,

10b gave 7b . S ince th i s  r e a c t io n  goes th rough  a s i l y l  r a d ic a l  r*rJV

in te r m e d ia te ,4 5 j46 10a was presumed to  have a r i s e n  from Ja w ith
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r e t e n t io n  o f c o n f ig u r a t io n .47" 50 1H chem ical s h i f t s  of th e  Si-Me 

groups in  th e  c h lo r id e s  o f fe re d  a d d i t io n a l  ev id en ce  th a t  Ja had the

c i s  s t r u c tu r e  and Jb the  t r a n s  s t r u c t u r e .  Due to  s h ie ld in g  o f  th e
r  11 '

c i s  C2-Me in  Ja the  Si-Me appeared  a t  h ig h e r  f i e l d  (6 0 .5 5 )  th a n  the' ” 1 1 rŝ sj

Si-Me in  7b (6 0 .6 2 ) .  Perhaps s u r p r i s in g ly ,  th e  assignm en t meant 

th a t  th e  o r ig in a l  r in g  c lo s u re  gave a s u b s t a n t i a l l y  g r e a te r  amount o f 

th e  c i s  isom er th an  t r a n s  iso m er, w hereas co n fo rm a tio n a l a n a ly s is  

in d ic a te s  th a t  m ethyl i s  a p p re c ia b ly  l a r g e r  th an  c h lo r in e 51 and 

CNDO/2 c a lc u la t io n s  in d ic a te  th e  t r a n s  isom er i s  therm odynam ically  

more s ta b le  52 The s te reo c h e m ica l assignm en ts  w ere in  acco rd  w ith  

th o se  made p re v io u s ly 24 and le d  to  th e  f irm  c o n c lu s io n  th a t  

r e d u c tio n  o f  S i-C l by LiAlH4 in  th e  s i la c y c lo b u ta n e  r in g  system  

proceeded w ith  r e t e n t io n  o f c o n f ig u ra t io n .  Hie ang le  s t r a i n  e f f e c t  

was thus con firm ed .

R eac tio n  o f a J0:J>0 m ix tu re  o f  Ja and 7b r e s p e c t iv e ly  w ith  

m ethanol u s in g  q u in o lin e  as an a c id  a c c e p to r  (R eac tio n  2 -5 ) gave a

REACTION 2-5

.Me
“T  MeOH ^  | T
4 ^ ,  Q uinoline L ^ - o w e

I 1
Me Me

nn/u /vW

70:50  m ix tu re , 9a and 9b r e s p e c t iv e ly ,  o f  th e  two isom ers o f
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in te rc o n v e r te d  to  o th e r  p e n ta c o o rd in a te  in te rm e d ia te s  by t u r n s t i l e  

r o t a t i o n  (TR) o r B erry  p se u d o ro ta tio n *63”63 A s in g le  t u r n s t i l e  

r o t a t i o n  (P a th  l )  fo llo w ed  by lo s s  o f  th e  le a v in g  group would le ad  

to  r e t e n t io n  o f  c o n f ig u ra t io n  w hereas a double  t u r n s t i l e  r o t a t i o n  

(P a th  2) would r e s u l t  in  in v e r s io n  o f  c o n f ig u r a t io n .  The same 

mechanism was p o s tu la te d  f o r  th e  r e c e n t ly  observed  r e t e n t io n  

r e a c t io n  o f a cy c lo b u tan e  and h as  been  a p p lie d  numerous tim es 

in  phosphorus c h e m is try . 6 4 *66

Why in  some c a se s  a (TR)1 p ro cess  i s  p r e f e r r e d  and in  

o th e rs  a (TR)2 rem ains unknown. The answer may l i e  in  re a so n in g  

s im i la r  to  t h a t  a p p lie d  to  e x p la in  th e  n u c le o p h i l ic  s u b s t i t u t i o n  

a t  phosphorus in  a four-m em bered r in g  in  w hich in v e rs io n  o f 

c o n f ig u ra t io n  was o b se rv e d . 67 I f  R i s  more a p ic o p h i l ic  th a n  X 

14-d would be formed f a s t e r  th a n  lU-b o r  14c. The s h o r t e s t  ro u te  to
zvrs/v

p ro d u c t th en  i s  a (TR)1 to  g iv e  14c fo llo w ed  by lo s s  o f X w hich 

would r e s u l t  in  in v e r s io n  o f  c o n f ig u ra t io n .

D isc u ss io n  o f  Hass S p e c tra .

The mass spectrum  o f  10 showed in te n s e  peaks a t  P -28 and 

P-36  co rre sp o n d in g  to  lo s s  o f  Ĉ fl.4. and C$ l 6 (Scheme 2 - 4 ) ,  th e

*B erry  p s e u d o ro ta t io n  o f  a t r ig o n a l  b ipyram id  i s  th e  in c re a s e  o f  
th e  an g le  betw een two e q u i t o r i a l  s u b s t i tu e n ts  from 120°  to  l 80°  w ith  
th e  s im u ltan eo u s  d e c re a se  o f  th e  an g le  betw een th e  a x ia l  s u b s t i tu e n ts  
from  180° to  120°. The r e s u l t s  o f  a s in g le  t u r n s t i l e  r o t a t i o n  i s  th e  
exchange o f  one a x ia l  s u b s t i t u e n t  and one e q u i t o r i a l  s u b s t i t u e n t  w ith  
s im u ltan eo u s r o t a t i o n  o f  th e  o th e r  th r e e  s u b s t i t u e n ts  by 120° .
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SCHEME 2-k
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form er b e in g  th e  base  p eak . A m e ta s ta b le  peak a t  5li3 was observed th a t  

co rresponded  to  lo s s  o f  C^ 4 from  th e  m o lecu lar io n . Loss o f  C^ 4 

from s i la c y c lo b u ta n e s  h as  p re v io u s ly  been o b se rv ed . 6 8 *69 A ll  

o th e r  s i la c y c lo b u ta n e  d e r iv a t iv e s  f o r  w hich th e  mass s p e c tr a  w ere 

reco rd ed  showed lo s s  o f  and C^I6 from  the  m o lecu lar io n  a l s o .



EXPERIMENTAL

G eneral fo r  A ll  C h ap ters

U nless o th e rw ise  s t a t e d ,  a l l  r e a c t io n s  w ere ru n  in  th re e -n e c k  

round bo ttom  f la s k s  equ ipped  w ith  a m agnetic  s t i r r e r ,  r e f lu x  

c o n d en se r, a d d i t io n  fu n n e l ,  and therm om eter. A ll  g la ssw are  was 

flam e d r ie d  and f lu sh e d  w ith  n i t r o g e n  p r io r  to  co n d u c tin g  th e  

experim en t under an a tm osphere  o f  n i t r o g e n .  A ll d i s t i l l a t i o n s  w ere 

th rough  a 7 cm V igreux column u n le s s  s ta t e d  o th e rw is e . Commercial 

anhydrous e th e r  was used  as s u p p l ie d .  P e n ta n e , q u in o l in e ,  h ex an e , 

dim ethylform am ide (DMF), and h ex am ethy lphosphoric  tr ia m id e  (HMPT) 

w ere d i s t i l l e d  from  ca lc iu m  h y d r id e .  M ethanol was d r ie d  over 3 ^  

m o lecu la r s ie v e s ;  ca rb o n  t e t r a c h l o r id e  ov er U X m o lecu la r s ie v e s .  

Where mixed s o lv e n ts  w ere u s e d , th e  p e rc e n t co m position  quoted  i s  

volume p e rc e n t .  N uclear m agnetic  reso n an ce  (NMR) s p e c tra  were 

o b ta in e d  r o u t in e ly  on a V arian  A60A, equipped w ith  a V - k j k j  V a ria b le  

Tem perature C o n tro l le r ,  o r  on a V arian  HA 100. The so lven t aid  s ta n d a rd , 

w hether i n te r n a l  o r  e x t e r n a l ,  a re  r e p o r te d .  Chem ical s h i f t s  o f 

s ta n d a rd s  w ere: b en zen e , 6 7*24; d ich lo ro m e th an e , 6 5*28. In f r a r e d

(IR ) s p e c tr a  w ere re c o rd ed  u s in g  a P e rk in  Elmer 137- A P e rk in  Elmer 

Model 900 equipped w ith  a flam e io n iz a t io n  d e te c to r  was used f o r  

ro u t in e  g a s - l iq u id  p a r t i t i o n  chrom atograph ( g lp c ) .  P re p a ra t iv e  

g lpc  was c a r r ie d  o u t using a P e rk in  Elmer Model F -2 1 . Glpc-m ass 

s p e c tra  w ere o b ta in e d  on a P e rk in  Elm er 990 g lpc  in te r f a c e d  th rough  

a Biemann-Watson s e p a r a to r  to  a H ita c h i-P e rk in  Elmer RMS-*4- Mass

27



28

S p e c tro m e te r. Mass s p e c tr a  w ere ta k en  a t  70 eV and a re  re p o r te d  

as m/e ( r e l a t i v e  abundance).



CHAPTER I I  

EXPERIMENTAL 

( 3" C h lo ro b u ty l)d ic h lo ro ra e th y ls i la n e .

In  a 250 ml 3-n eck  f l a s k  equ ipped  as u su a l w ere p laced  77*0 g 

(O .85O m ole) o f  3-c h lo r o - l - b u te n e  and 0 .1 0  ml o f  0 .2 0  M c h lo r o p la t in ic  

a c id  h ex ah y d ra te  in  iso p ro p y l a lc o h o l .  The m ix tu re  was b ro u g h t to  

r e f lu x  and 8 8 .3  ml (9 7 .7  g , O .85O m ole) o f  d ic h lo ro m e th y ls i la n e  was 

added dropw ise over a 2 hour p e r io d . A f te r  c a . 25 ml o f  th e  s i l a n e  

had been added th e  tem p e ra tu re  ro s e  to  65“70°  and rem ained  th e re  

d u rin g  th e  rem ainder o f  th e  a d d i t io n .  A f te r  a d d i t io n  was com plete 

th e  r e a c t io n  m ix tu re  was h e ld  a t  80- 95°  fo r  1 hour and th e n  70°  

o v e rn ig h t.

D i s t i l l a t i o n  gave a f r a c t i o n ,  bp 93"9°/32~ 3  mm., w hich was 

r e d i s t i l l e d  to  g iv e  120.5  g (69$ y i e ld )  o f  th e  d e s ir e d  p ro d u c t, 

bp 9 0 -7 ° /2 9 -3 0  mm ( L i t . 70  bp 1 8 2 -3 ° ) . NMR71 (CC14 , i n t e r n a l  TMS),

6 0 .7 9  ( s ,  3H), 6 1 .0 8  to  6 2 .1 2  (m, 1|H), 6 1 .53  (<*, 3 -0 ,  and 6 3-92 

(m, 1H).

1 - C h lo r o - l ,2 - d im e th y l- l - s i la c y c lo b u ta n e ,^ .

In  a 1 - i  3" neck f l a s k  equipped as u s u a l was p la c e d  21 .9  g 

(0 .900  g-atom ) o f  kO mesh magnesium powder and 600 ml o f e th e r .

Three ml o f  1 , 2-d ib rom oethane  was added and th e  m ix tu re  r e f lu x e d  fo r  

15 min. To t h i s  a c t iv a te d  magnesium was added dropw ise 6 1 .7  g 

(0 .3 0 0  m ole) o f  ( 3-c h lo ro b u ty l )d ic h lo ro m e th y ls i la n e  in  hO ml o f 

e th e r  over an e ig h t  hour p e r io d  w ith  r e f lu x in g .  R e flu x in g  was

29
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c o n tin u e d  fo r  th re e  days and s t i r r i n g  a t  room tem p era tu re  f o r  f iv e  

d a y s .

The r e a c t io n  m ix tu re  was f i l t e r e d  under n i t r o g e n  and th e  

r e s id u e  washed tw ice  w ith  e th e r .  The s o lv e n t  was removed by r a p id  

d i s t i l l a t i o n  and the  rem ain in g  l iq u id  d i s t i l l e d  to  g iv e  25-5  8 (65$ 

y ie ld )  o f % bp 6 l~ 5 ° /9 2 -3  mm, ( L i t . 24 bp 6 2 -4 °/1 1 0  mm). NMR (100 MHz) 

(CDCI3 , i n t e r n a l  CHC13 ) , 6 O.59  ( s )  and fi O .65  ( s )  ( t o t a l ,  3*0,

6 1 .1 2  (d ) and 6 1 .15 (d ) ( t o t a l ,  3*0, 8 1 .0  to  6 2 .0  (m, 4H ), and 

6 2 .45  (m, 1H). R e la t iv e  i n t e n s i t i e s  o f  85:15 w ere observed  f o r  the  

s i n g l e t s  a t  6 O.59  and 6 O.65  r e s p e c t iv e ly .  MS: 13l*-( 13 ) ,  119(6 ) ,

108( 35 ) ,  106( 100 ) ,  9 2 ( 8 6 ) ,  78 (6 3 ) ,  6 3 (4 7 ) and m e ta s ta b le s  a t  6 6 . 3 , 

6 4 .7  and 5 7 . 3 .

I f  th e  s o lv e n t  was removed by slow  d i s t i l l a t i o n  and th e  

p ro d u c t d i s t i l l e d  a t  760 mm (bp 121- 3° )  a 75$ y ie ld  was o b ta in e d  o f 

a 6 0 :4 0  m ix tu re  o f  7a and 7b r e s p e c t iv e ly .

K eeping th e  r e a c t io n  v e s s e l  in  a c o ld  b a th  a t  4 -6 °  d u rin g  

a d d i t io n  o f th e  s i la n e  and fo r  fo u r  d a y s , p lu s  seven  days a t  8 - 10°  

f a i l e d  to  in c re a s e  th e  iso m eric  r a t i o  above 8 5 : 15>

A ttem pted  sp in n in g  band d i s t i l l a t i o n  o f 7 a t  J60 mm r e s u l te d  

in  is o m e r iz a t io n  to  a *4-7:53 m ix tu re  o f  th e  two iso m ers . S p inn ing  

band d i s t i l l a t i o n  a t  I 50 mm (bp 81- 2° )  f a i l e d  to  s e p a ra te  th e  

iso m e rs .

1 ,2 -D im e th y l- l- s i la c y c lo b u ta n e , 10

In  a 250 ml J-nack  f l a s k  equipped as u s u a l was p laced  125 ml 

o f  e th e r  and 2 . 3O g (0 .2 4 2  g-atom  o f  H) o f  c ru sh ed  l i th iu m  aluminum
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h y d r id e . To t h i s  s t i r r e d  m ix tu re  was added 2 5 .1  g (0 .1J2  m ole) o f  

a 60 :40  m ix tu re  o f  Ja and Jb r e s p e c t iv e ly  in  30 ml o f  e th e r  a t  a r a t e  

s u f f i c i e n t  to  m a in ta in  r e f lu x in g .  R eflu x in g  was c o n tin u e d  1/2 -h o u r  

a f t e r  a d d i t io n  was co m p le te .

A f te r  f i l t e r i n g ,  th e  r e a c t io n  m ix tu re  was added to  I 50 ml of 

ic e  w a te r  c o n ta in in g  g o f  ammonium c h lo r id e .  The e th e r  la y e r  was 

washed once w ith  1 M aqueous ammonium c h lo r id e ,  tw ice  w ith  w a te r ,  

and d r ie d  over magnesium s u l f a t e .  D i s t i l l a t i o n  gave 10 .1  g (59$ 

y ie ld )  o f  10 , bp 8!+-7° ( L i t . 25 bp 85“ 7 ° /7 ^ 8  mm).

A n a ly s is  by g lp c  u s in g  a 16 f t .  x 1 /8  in .  column o f  15$ 

A piezon L on 60-80 mesh Chromosorb W a t  850 showed an im p u r ity , 10$, 

r e t e n t io n  tim e o f 4 .2  m in, and th e  two iso m e rs , ,10b and lO g, 

r e t e n t io n  tim es o f  i t . 7 and 5«5 m in, 57$ and 55$ r e s p e c t iv e ly  ( 10a : 10b 

r a t i o  o f  5 9 :4 1 ) . S im i l a r i l y ,  r e d u c tio n  o f a 78 :22  m ix tu re  o f  Ja and 

gave an 80:20  m ix tu re  o f  10a and 10b as de term in ed  by g lp c  

a n a ly s is  o f  th e  r e a c t io n  m ix tu re .

The isom ers w ere s e p a ra te d  by p re p a ra t iv e  g lpc  on a 5 '^ "  x 

5 /it"  column o f 10$ A piezon L on 60-80 mesh Chromosorb W o p e ra tin g  a t  

a te m p e ra tu re  o f  850 w ith  a n i t ro g e n  flow  r a t e  o f 270 m l/m in. The 

t r a n s - and c i s -iso m ers  had r e t e n t io n  tim es o f 6 . it and J .2  m inutes 

r e s p e c t iv e ly .  A ttem pted  sp in n in g  band d i s t i l l a t i o n  o f 10 r e s u l te d  in  

p o ly m e riz a tio n . NMR (100 MHz) (CDCI3 , i n t e r n a l  TMS) 10a: 0 .2 8  (d ,<N/S/V

J  =4Hz, 5H ), 6 1 .05 (d ,  5H ), 6 O.76  to  6 1 .95 (m, itH), 6 2.i+5 (m,

1H), and 6 i t .75 (m, 1H); lOb: O .52  ( d ,  J  = itHz, 5*0 , 6 1 .11 (d , 5H ),

6 O.58  to  6 1 .87  (m, itH ), 6 2 .4 0  (m, 1H), and 6 It.it2  (m, 1H): IR

( f i lm ) :  2900 s ,  2100 s ,  lit50 m, litOO w, 1250 s ,  1180 w, 1150 m,
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1060 m, 970 m, 920 s ,  890 s ,  855 s * and 730 8 5 mass spec trum :

100(10) ,  8 5 (1 4 ) , 72 ( 100) ,  5 8 (4 5 ) , 45 (4 5 ) and a m e ta s ta b le  a t  5 l» 8 .

S te r e o s p e c if ic  P r e p a ra t io n  o f 1 - C h lo ro - l ,2 -d im e th y l- l - s i la c y c lo b u ta n e  

from  1 ,2 -D im e th y l- l - s i la c y c lo b u ta n e .

In  a 25 ml one-neck  f l a s k  equ ipped  w ith  a co n denser was 

p laced  2 .1 6  g (2 1 .6  mmole) o f  95$ is o ra e r ic a l ly  pure  JjOa, 17 ml 

(175 mmole) o f d ry  carbon  t e t r a c h l o r id e  and 0 .0 5  g o f  benzoyl 

p e ro x id e . The m ix tu re  was h e ld  a t  80° f o r  1 h o u r ,  an a d d i t io n a l  

0 .0 5  g o f benzoyl p e ro x id e  added and th e  m ix tu re  h e a te d  a t  80°  1 

h our lo n g e r . A n a ly s is  o f th e  r e a c t io n  m ix tu re  by NMR showed a 9 4 :6  

r a t i o  o f 7a and 7b .

D i s t i l l a t i o n  gave I .63  8 (56$ y ie ld )  o f  94$ is o m e r ic a l ly  

pure  7a ,  bp 59- 6 l ° / 89-90  mm.<W

S im i la r ly ,  r e a c t io n  o f O .78  g o f  98$ ,10b* 1 .0  ml o f  carbon  

t e t r a c h l o r i d e ,  and 0 .0 2  g o f  benzoy l p e ro x id e  in  an NMR tube  a t  80° 

fo r  1 hour gave >95$ pure ,Jb , as de term in ed  by NMR a n a ly s is  o f th e  

r e a c t io n  m ix tu re .

1 ,2 -D im e th y l- l-m e th o x y -l-s ila c y c lo b u ta n e , £ .

To 3*34 ml (8 2 .8  mmole) o f  m ethanol and 10.1 ml (8 2 .8  mmole) 

o f  q u in o lin e  in  60 ml o f  e th e r  was added dropw ise 11 .12  g ( 8 2 .8  

mmole) o f a 70 :30  m ix tu re  o f  £a  and in  10 ml o f  e th e r .  A f te r  

s t i r r i n g  4 h ou rs th e  m ix tu re  was f i l t e r e d  and d i s t i l l e d  to  g ive  

4 .15  g (38$  y ie ld )  o f  9 ,  bp I I 5- 9 0 ( L i t . 24 bp 7 5 "7 ° / 135 mm). NMR24 

(CC14 , i n t e r n a l  b en zen e ): 5 0 .1 0  ( s )  and 6 0 .1 5  ( s )  ( t o t a l  3H)»
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6 0 .8 0  to  6 2 .30 (m, 8H ), 6 3-k0  ( s ) ,  and 6 3 .k8  ( s )  ( t o t a l  3H). 

R e la t iv e  i n t e n s i t i e s  o f  70:30 were observed  fo r  s in g l e t s  a t  8 0 .1 0  

and 6 0 .1 5  r e s p e c t iv e ly ,  and 70:30 fo r  s in g le t s  a t  6 3*^0 and 3 .k8  

r e s p e c t iv e ly .  IR ( f i lm )  2900 s ,  11+60 m, lij-20 w, 1250 s ,  1190 m,

1130 m, 1100 s ,  970 m, 920 m, 880 m, 85O m, 83O s ,  800 s ,  and 

755 s .

R eduction  o f  1 ,2 -D im e th y l- l-m e th o x y - l-s i la c y c lo b u ta n e .

In  an 8 ml v i a l  w ere p laced  6 .5  mg (0 .7 3  mg-atoms o f  H) o f 

LiAlH4 and 2 .0  ml o f  e th e r .  Through a septum  5 2 . mg (0.U 0 mmole) 

o f  a 70:30  m ix tu re  o f  ^ a  and ^ b  was added v ia  sy rin g e  and th e  m ix tu re  

s t i r r e d  1 /2  h o u r. G lpc-m ass sp ec tro m e try  a n a ly s is  showed 10a and 

10b w ere formed in  a 75:25  r a t i o .

1 ,2 - D im e th y l- l - f lu o r o - l- s i la c y c lo b u ta n e ,  8 .

In  a 50 ml 1 -neck  f l a s k  w ere p laced  15*33 g ( l l ^  mmole) o f 

a 70:30  m ix tu re  o f  and J b  r e s p e c t iv e ly  and 9*0 g (87  mmole) o f 

anhydrous z in c  f l u o r id e .  The f la s k  was equipped w ith  a m agnetic  

s t i r r e r  and s e t  fo r  d i s t i l l a t i o n .  D i s t i l l a t i o n  gave a f r a c t i o n ,  

bp 85- H 20 , which was combined w ith  9*0 g ( 8j  mmole) o f  f r e s h  z in c  

f lu o r id e  and r e d i s t i l l e d ,  th e  f r a c t io n  bp 8O-850 b e in g  c o l l e c te d .  

R e d i s t i l l a t i o n  o f  t h i s  f r a c t io n  from 1 .0  g o f f r e s h  z in c  f lu o r id e  

gave 9 .2 1  g (68$. y ie ld )  of 8 , bp 8 3 "^ ° . NMR (CC14 , i n t e r n a l  b e n ze n e ); 

6 0 .2 5  (d , J  = 8 Hz) and 6 0 .3 2  (d ,  J  = 8 Hz) ( t o t a l  o f  3H ), 6 1*05 

(m, 3H ), and 6 O.83  to  2 .25  (m, 5H); e s tim a te d  r e l a t i v e  i n t e n s i t i e s  

w ere 70:30 f o r  d o u b le ts  a t  6 0 .25  6 0 .3 2  r e s p e c t iv e ly .  19F NMR
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(CFC13 , s o lv e n t  as  r e f e r e n c e )  6 157*6 (m) and 0 15^*7 (m) ( r e l a t i v e  

i n t e n s i t i e s  o f  7 5 ;25 r e s p e c t iv e ly ) ;  MS: 118(7)» 1 0 3 (6 ) , 9 ^ (9 4 ) ,

77(77)> 76 ( 100 ) ,  63 ( 5 0 ) ,  6 2 (9 2 ) ,  4 7 (8 3 ) , and m e ta s ta b le s  a t  4 2 .8  

and 5 0 .2 ; A n a l, c a l c 'd  f o r  C sH n F S i: C, 5 0 .7 9 ; H, 9 . 3 8 ; S i ,  2 3 . 7 8 .

Found: C, 5 0 . 5 9 ; H, 9 .4 0 ;  S i ,  23 .6 0 .

A s im i la r  p r e p a ra t io n  u s in g  a 50:50 m ix tu re  o f  Ja  and Jb  

gave a 70 :30  m ix tu re  o f  8 a and 8b as d e term ined  by NMR.rw  /w

R ed uction  o f  1 ,2 -D im e t h y l - l - f lu o r o - l - s i la c y c lo b u t a n e .

In  an 8 ml v i a l  equ ipped  w ith  a m agnetic  s t i r r e r  were 

p laced  4 5 .6  mg (4 .9 4  mg-atoms o f  H) o f  LiAlH4 and 5* ml o f  e t h e r .  

A f te r  eq u ip p in g  w ith  a septum  O .5O g (4 .2  mmole) o f  a 70:30  m ix tu re  

o f  8a and 8b was added v ia  sy rin g e  and th e  m ix tu re  s t i r r e d  15 m in. 

G lpc-m ass sp e c tro m e try  a n a ly s is  showed 10a and JjQfe w ere formed in  

a 68:32  r a t i o .

1 ,2-Dime thy l - l - ( j > - t o  l y l ) - l - s i l a c y c lo b u t a n e ,  ^11.

To 3 0 .0  g (0 .2 2 3  m ole) o f  a 50:50 m ix tu re  o f  Ja and Jb in  

100 ml o f  e th e r  was added dropw ise a s o lu t io n  o f £ - to ly lm agnesium  

brom ide p rep a red  from  4 2 .0  g (0 .245  m ole) o f  4 - brom otoluene and

8 .0  g (0 .3 3  m ole) o f  magnesium tu rn in g s  in  400 ml o f  e th e r .  A f te r  

s t i r r i n g  under r e f lu x  fo r  1 h o u r th e  m ix tu re  was h y d ro ly zed  by 

a d d i t io n  to  35 g o f  ammonium c h lo r id e  in  500 ml o f  ic e  w a te r .  The 

e th e r  la y e r  was washed once w ith  w a te r  and d r ie d  o v e r magnesium 

s u l f a t e .  A f te r  rem oving th e  s o lv e n t ,  th e  rem ain ing  l iq u id  was 

d i s t i l l e d  to  y ie ld  29*0 g (68$  y ie ld )  o f  a 50:50 m ix tu re  o f  11a and
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JLlb, bp T 3 "5 °/l* 0  nun. NMR (CH^J12 , s o lv e n t  as r e fe re n c e )  6 O .5O (s )  

and 6 0 .5 2  ( s )  ( t o t a l ,  3H) (ca. 50 = 5 0 ) , 8 O.98  (d ,  J  ■= 7  Hz) and 

8 l .l i+  (d , J  = 7 Hz) ( t o t a l ,  3*0, 6 O.95  to  8 1 .95  (m, kVL), 8 2 .3 7  

(b road  s ,  3*0 , 6 2 .31  to  6 2 .6 1  (m, 1H) g 7«2*t- (m, 2H) and 7*56 

(m, 2H ); IR ( f i lm ) :  2900 s ,  1600 m, U+50 m, lkOO w , I 25O s ,  1180 w,

1130 m, 1110 s ,  97O m, 920 w, 87O m, 85O s ,  and 780 s ;  Mass spec trum : 

190( 16 ) ,  1 7 5 (1 ) , 162(^ 5 ) ,  1^8 ( 100 ) ,  1 3 5 (6 7 ), 1 5 ^ 5 ) ,  1 5 5 (7 5 ),

131(22 ) ,  119( 5 9 ) ,  105( 20 ) ,  9 5 ( 20) ,  and m e ta s ta b le s  a t  I 3 8 . I  and 

1 1 0 .8 . A nal, c a l c 'd :  C, 75 .7 1 ;  H, 9 . 5 3 ; S i ,  I k .J 6 . Found: C,

7 5 .5 2 ; H, 9 -^ 5 ;  S i ,  1 5 .0 0 .

R e a c tio n  o f  11 w ith  HF./N<PV

In  a d ry  p o ly e th y le n e  t e s t  tu b e  equipped w ith  a p o ly e th y le n e  

s to p p e r  was p la ce d  v ia  sy r in g e  1 .7  g o f  H .. Anhydrous HF was bubbled 

th ro u g h  11 f o r  3 h o u rs  by u se  o f  a s t a i n l e s s  s t e e l  n e e d le .  A f te r  

s ta n d in g  o v e rn ig h t n i t r o g e n  was bubbled  th rough  th e  s o lu t io n  f o r  1 

h o u r . The r e a c t io n  m ix tu re  was an a ly zed  d i r e c t l y .  NMR (CCI4 , 

e x te r n a l  TMS), 5 0 .2 8  ( t ) ,  5 0 .6 0  to  1 .80  (m ), 5 2 .31  ( s ) ,  and 

g 7 .1 0  ( s ) ,  th e  l a t t e r  two chem ica l s h i f t s  c h a r a c t e r i s t i c  o f  to lu e n e ;  

MS: p a re n t mass 138 . The p ro d u c t p ro b ab ly  was s e c -b u ty l-  an d /o r

n - b u ty ld i f lu o r o m e th y ls i la n e .

A s im ila r  r e a c t io n  was stopped  b e fo re  a l l  s t a r t in g  m a te r ia l  

was consumed. NMR a n a ly s is  showed no 8  was p r e s e n t .
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R eac tio n  o f  11 w ith  Brom ine./%iv

To It-.h-0 g (23*2 mmole) o f  11 in  10 ml o f  CC14 h e ld  in  an 

ic e  b a th  was added 3*7 g (23*2 mmole) o f  brom ine in  10 ml o f  CCI4 . 

A f te r  a d d i t io n  was com pleted  th e  s o lv e n t  was removed by d i s t i l l a t i o n  

under reduced  p re s s u re  and th e  p ro d u c t d i s t i l l e d  to  g iv e  h.5  g ( 55$ 

y ie ld )  o f  a c le a r  l iq u id  t e n a t iv e ly  i d e n t i f i e d  as a 2:1  m ix tu re  o f  

bromo ( 3-brom obuty1 )m ethyl (jj- t o l y l  )s  i l a n e  and bromo (3 -b ro m o -l- 

m e th y lp ro p y l)m e th y l(£ .- to ly l ) s i la n e , bp 105-135 ° /0 .9  mm. NMR (CCI4 , 

i n t e r n a l  TMS) 6 O.76  ( s ) ,  6 O.8 7  to  6 2 .1 0  (m ), 6 1 .66  ( d ) , 6 2 .33  

( s ) ,  6 3 .3 8  (m ), 6 1k 20 (m ), 6 7*12 ( d ) ,  and 6 ( d ) .

1 ,2-Dime t h y l - l - ( l 4--m e th o x y p h e n y l)- l-s ila c y c lo b u ta n e , 12.

To a s o lu t io n  o f  26 .9  g (0 .2 0 0  m ole) o f  a 50:50  m ix tu re  o f  

Ja and ^ b  in  100 ml o f e th e r  was added w ith  s t i r r i n g  th e  top  la y e r  

o f  a s o lu t io n  o f  ^--methoxyphenylmagnesium brom ide o b ta in e d  from

3 9 .0  g (0 .2 0 8  m ole) o f  jj-b ro m o an iso le  and 7*0 8 (0 .2 8 7  m ole) o f  

magnesium tu rn in g s  in  350 ml o f  e th e r .  The low er la y e r  was th en  

added dropw ise and th e  m ix tu re  s t i r r e d  2 h o u rs  under r e f lu x .

The r e a c t io n  m ix tu re  was h y d ro ly z e d  in  300 ml o f ic e  w a te r  

c o n ta in in g  20 g o f  ammonium c h lo r id e .  The e th e r  la y e r  was washed 

once w ith  w a te r  and d r ie d  o v e r magnesium s u l f a t e . A f te r  rem oving 

the  s o lv e n t ,  th e  rem ain ing  l iq u id  was d i s t i l l e d ,  th e  f r a c t i o n  bp 

80- 6 ° / 0 .5  mm was c o l le c te d  and r e d i s t i l l e d  to  g iv e  2 6 .7  g (65$ y i e ld )  

o f  a 50 :50  m ix tu re  o f  12a and 12b, bp 7 2 ~ 6 ° /0 .3  mm. NMR (CH^Cla, 

so lv e n t  as r e f e r e n c e ) (100 MHz) 8 0 .5 5  ( s ) and 8 0 .5 7  ( s )  ( t o t a l  3*0 

(c a . 5 0 :5 0 ) ,  8 1 .03  (d ,  J  = 7 Hz) and 6 1 .1 8  (d ,  J  = 7 Hz) ( t o t a l  3H ),
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8 0.9*1- to  8 2 .00  (in, t o ) ,  8 2 .55  (m, 1H), 8 3-82  ( s ) ,  and 8 3 -85 ( s ) ,  

( t o t a l  5H ), 8 6 .99  (m, 2H ), and 8 7*59 (m, 2H ); IR ( f i lm ) :  2900 s ,  

1600 s ,  1*1-80 s ,  1270 s ,  12*1-0 s ,  1180 m, I I 30 w, 1110 s ,  1140 m,

965 W, 9**5 w, 87O w, 85O m, and j 8 0  mj mass sp ec tru m : 2 0 6 (1 4 ) ,

191( 2 ) ,  1 7 8 (5 2 ), 1 64 (100), 151(6 1 ) ,  1 3 5 (3 7 ), 1 3 4 (3 8 ), 121 (2 2 ) ,

1 1 9 (1 9 ), and m e ta s ta b le  a t  109*5J A n a l, c a l c 'd  f o r  C igH iaO Si: C,

6 9 .8 4 ; H , 8 .7 9 ;  S i ,  I 3 . 6 I .  Found: C, 6 9 -9 1 ; H, 8 .9O; S i ,  1 3 .7 4 .

S im i la r ly ,  r e a c t io n  o f  4 - methoxyphenylmagnesium brom ide w ith  

an 85:15  m ix tu re  o f  Ja and Jb r e s p e c t iv e ly  gave an 75$ y ie ld  an 

85:15  m ix tu re  o f  12a and 12b r e s p e c t iv e ly ./\Ts/V

R e a c tio n  o f  12 w ith  HF./W

In  a d ry  p o ly e th y le n e  t e s t  tu b e  equ ipped  w ith  a p o ly e th y le n e  

s to p p e r  was p la ce d  5 -8  g o f  a 50 :50  m ix tu re  o f  12a and 12b. Anhydrous 

HF was bubbled  th rough  th e  n e a t  compound f o r  2 h o u rs  fo llo w ed  by 

n i t r o g e n  fo r  1 h o u r . D i s t i l l a t i o n  gave a f r a c t i o n  0 .9 1  g , bp 78- 83° ,  

th e  NMR spectrum  o f  w hich showed chem ical s h i f t s  c h a r a c t e r i s t i c  o f  

8a and 8b ( c a . 70:30  r e s p e c t iv e ly )  and a p p ro x im a te ly  an e q u a l amount 

o f th e  p ro d u c t o b ta in e d  from  r e a c t io n  o f  11 w ith  HF.

1-Brom o-1 ,2 - dim ethy1 - 1 - s i l a c y c 1obutane, .

In  a one-neck  100 ml f l a s k  equ ipped  w ith  a m agnetic  s t i r r e r  

and a d d i t io n  fu n n e l was p laced  10 .4  g ( 5O.5  mmole) o f  a 50:50  m ix tu re  

o f  12a and 12Jo and 20 ml o f  carb o n  t e t r a c h l o r i d e .  Bromine (8„10 g , 

5O.5  mmole) in  15 ml o f  carbon  t e t r a c h l o r id e  was added dropw ise w ith  

s t i r r i n g  w h ile  k eep ing  th e  f l a s k  in  a d ry  ic e -a c e to n e  b a th  a t  -50  to
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“ 5 5 ° . D i s t i l l a t i o n  gave 7*50 8 (83$ y ie ld )  o f  a  50*50 m ix tu re  o f  l^ a  

and 13b , bp T 0 - l° /6 8  mm. NMR (CC14 , in t e r n a l  b e n ze n e ); 6 O.6 7  ( s )  

and 6 O.73  ( s )  ( t o t a l  3H) (5 0 :5 0 ) , 6 1 .06  (d ,  3H ), and S O.9 7  to  

6 2 .7 8  (m, 5H ); mass spec trum : 180( 15 ) ,  178( 16 ) ,  165(6 ) ,  1 6 3 (6 ) ,

152( 100) ,  150( 100) ,  138( 89 ) ,  136(8 9 ) ,  12M 6 6 ) ,  122(6 6 ) ,  109(5 6 ) ,

107 (5 5 ) ,  9 9 ( 8 ) ,  9 0 (6 8 ) ,  7 6 (6 6 ) ,  and 6 2 (5 7 ) . A n a l, c a l c 'd  f o r  

C5H n B rS i:  C, 3 3 . 5 2 ; H, 6 .1 9 ;  S i ,  1 5 .6 9 . Found: C , 3 3 . 6^ ;  H, 6 .2 5 ; 

S i ,  15 . 5 5 . S im i la r ly ,  an 85:15 m ix tu re  o f  12a and 12b le d  to  a 6k<f, 

y ie ld  o f  a ^5 *55 m ix tu re  o f  V̂ ia and V$b r e s p e c t iv e ly .

R e a c tio n  o f  12 w ith  Bromine a t  - 98° .

In  a 100 ml th re e -n e c k  f l a s k  equipped w ith  a m echan ical 

s t i r r e r ,  a d d i t io n  fu n n e l and therm om eter w ere p la c e d  5*^8 g ( 2 6 .6  

mmole) o f an 85:15 m ix tu re  o f  12a and 12b and 50 ml o f e t h e r .  The 

f l a s k  was p la ce d  in  a m e th a n o l- l iq u id  n i t ro g e n  s lu r r y  ( - 98 ° )  and 

^ .25  g (2 6 .6  mmole) o f  brom ine in  10 ml o f d ry  hexane was added 

dropw ise o v e r a 1 hour p e r io d . The m ix tu re  was s t i r r e d  2 h o u rs  as 

i t  warmed s lo w ly  to  - j 8 ° .  A n a ly s is  by NMR showed on ly  a t r a c e  o f 

s t a r t i n g  m a te r ia l  p re s e n t  and th a t  l£a  and l^ b  w ere formed in  c a . a 

20 :80  r a t i o .  S im i la r ly ,  a  50*50 m ix tu re  o f  12a and 12b gave a 

30:70  r a t i o  o f  l^a  and l^ b .

S te r e o s p e c i f ic  P r e p a ra t io n  o f  13 from  10.

R ea c tio n  o f  78 mg o f 98°jo pu re  10b w ith  1 .0  ml o f  CHBr  3 

and 20 mg o f b enzoy l p e ro x id e  a t  80°  fo r  15 m ln. gave a 10:90

m ix tu re  o f  and l^ b  as d e te rm in ed  by NMR. S im i la r i ly  an 

80:20  m ix tu re  o f  10a and 10b gave a 70:30  m ix tu re  o f  13a and 13b.


